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SUBSTITUTED 6,5- HETERO-BICYCLIC DERIVATIVES
Background of the invention

This invention relates to certain pharmaceutically active  substittted 6 5-hetero-
bicyclic derivatives, pharmaceutical compositions containing them and methods of
administering them to subjects in need of their corticotropin releasing factor antagonist
activity.

The substituted heterocyclic derivatives claimed in this case exhibit activity as
corticotropin releasing factor (hormone) CRF (CRH) antagonists.

CRF antagonists are mentioned in U.S. Patents 4,605,642 and 5,063,245
referring to peptides and pyrazolinones, respectively. They are also referred to in the
following: PCT Patent Application PCT/IB95/00439, which designates the United States
and was filed on June 6, 1995 and published on December 14, 1995; PCT Patent
Application PCT/iB95/00373, which designates the United States and was filed on May
18, 1995 and published on December 21, 1895; U.S. Patent Application 08/448,539,
which was filed in the PCT on Nov. 12, 1993 and entered the U.S. national phase on
June 14, 1995; PCT Patent Application WO 95/10806, which was filed on October 12,
1993 and published on April 20, 1995, and U.S. Patent Application 08/481,413, which
was filed in the PCT on November 26, 1993 and entered the U.S. national phase on
July 24, 1995; U.S. Patent Application 08/254,820, which was filed on April 19, 1995,
Provisional U.S. Patent Application 60/008,396, which was filed on December 8, 1995;
and Provisional U.S. Patent Application 60/006,333, which was filed on November 8,
1995. All the foregoing patent applications are incorporated herein by reference in their
entireties.

The importance of CRF antagonists is set out in the literature, e.q., P. Black,
Scientific American SCIENCE & MEDICINE, 1995, p. 16-25; T. Lovenberg et al., Current
Pharmaceutical Design, 1995, 1, 305-316; and United States Patent 5,063,245, which
is referred to above. A recent outline of the different activities possessed by CRF
antagonists is found in M. J. Owens et al., Pharm. Rev., Vol. 43, pages 425 to 473

(1991), also incorporated herein by reference. Based on the research described in
these two and other references, CRF antagonists are effective in the treatment of a wide
range of stress-related ilinesses, mood disorders such as depression, major depressive
disorder, single episode depression, recurrent depression, child abuse induced
depression, postpartum depression, dysthemia, bipolar disorders and cyclothymia;
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chronic fatigue syndrome; eating disorders such as anorexia and bulimia nervosa:
generalized anxiety disorder; panic disorder; phobias; obsessive-compulsive disorder,
post-traumatic stress disorder, pain perception such as fibromyalgia; headache:
gastrointestinal diseases; hemorrhagic stress; ulcers; stress-induced psychotic
episodes; fever; diarrhea; post-operative ileus, colonic hypersensitivity; irritable bowel
syndrome; Crohn's disease; spastic colon; inflammatory disorders such as rheumatoid
arthritis and osteoarthritis; pain; asthma; psoriasis; allergies; osteoporosis; premature
birth; hypertension, congestive heart fallure: sleep disorders; neurodegenerative
diseases such as Alzheimer's disease, senile dementia of the Alzheimers type,
muttiinfarct dementia, Parkinson's disease, and Huntington's disease; head trauma,;
ischemic neuronal damage; excitotoxic neuronal damage; epilepsy; stroke; spinal cord
trauma; psychosocial dwarfism; euthyroid sick syndrome; syndrome of inappropriate
antidiarrhetic hormone; obesity; chemical dependencies and addictions; drug and
alcohol withdrawal symptoms; infertility, cancer; infertility, muscular spasms; urinary
incontinence; hypoglycemia and immune dysfunctions including stress induced immune
dysfunctions, immune suppression and human immunodeficiency virus infections; and
stress-induced infections in humans and animals.

The compounds of this invention are also believed to be inhibitors of CRH
binding protein and therefore useful in the treatment of disorders the treatment of which
can be effected or facilitated by inhibiting such protein. Examples of such disorders are
Alzheimer's disease and obesity.

Summary of the invention

The present invention relates to compounds of the formula

B
B I
RY NN f<g

|
R

-

L4

or a pharmaceutically acceptable salt thereof, wherein
the dashed lines represent optional double bonds:
A is nitrogen or CR’;
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Bis -NR'R? -CR'R?R'?, -C(=CR?R""')R', -NHCR'R?R'°, -OCR'R?R'°, -SCR'R?R"®,
-CR?R'®NHR’, -CR’R'°OR', -CR’R'°SR' or -COR?;

J and K are each independently nitrogen or carbon and both J and K are not
nitrogens ;

D and E are each selected, independently, from nitrogen, CR*, C=0, C=S,
sulfur, oxygen, CR*R® and NR® ;

G is nitrogen or carbon;

the ring containing D, E, G, K, and J in formula | may be a saturated or
unsaturated 5-membered ring and may optionally contain one or two double bonds and
may optionally contain from one to three heteroatomns in the ring and may optionally
have one or two C=0 or C=S groups;

R' is C,-C, alkyl optionally substituted with one or two substituents
independently selected from hydroxy, fluoro, chloro, bromo, iodo, -O-(C,-C, alkyl), CF,,
-C(=0)0-(C,-C,alkyl), -OC(=0)(C,-C, alkyl), -OC(=0)N(C,-C, alkyl)(C,-C, alkyl),
-NHCO(C,-C, alkyl), -COOH, -COO(C,-C, alkyl), -CONH(C,-C, alkyl), -CON(C,-C,
alkyl)(C,-C, alkyl), -S(C,-C, alkyl), -CN, -NO,, -SO(C,-C, alkyl), -SO,(C,-C, alkyl),
-SO,NH(C,-C, alkyl) and -SO,N(C,-C, alkyl)(C,-C, alkyl), wherein each of the C,-C, alkyl
groups in the foregoing R’ groups may optionally contain one or two double or triple
bonds;

R?is C,-C,, alkyl which may optionally contain from one to three double or triple
bonds, aryl or (C,-C, alkylene)aryl, wherein said aryl and the aryi moiety of said (C,-C,
alkylene)aryl is selected from phenyl, naphthyl, thienyi, benzothienyl, pyridyl, quinolyl,
pyrazinyl, pyrimidinyl, imidazolyl, furanyl, benzofuranyl, benzothiazolyl, isothiazolyi,
pyrazolyl, pyrrolyl, indolyl, pyrrolopyridyl, oxazolyl and benzoxazolyl; C,-C, cycloalkyi
or (C,-C, alkyiene)(C,-C, cycloalkyl), wherein one or two of the carbon atoms of said
cycloalkyl and the 5 to 8 membered cycloalkyl moisties of said (C,-C, alkylene)(C,-C,
cycloalkyl) may optionally and independently be replaced by an oxygen or sulfur atom
or by NZ* wherein Z* is selected from hydrogen, C,-C, alkyl, benzyl and C,-C, alkanoyt,
and wherein each of the foregoing R? groups may optionally be substituted with from
one to three substituents independently selected from chloro, fluoro, hydroxy and C,-C,
alkyl, or with one substituent selected from bromo, iodo, C,-C, alkoxy, -OC(=0)(C,-C,
alkyl), -OC(=0)N(C,-C, alkyl)(C,-C, alkyl), -S(C,-C, alkyl), amino, -NH(C,-C, alkyl),
-N(C,-C, alkyl)(C,-C, alkyl), -N(C,-C, alkyl)-CO-(C,-C, alkyl), -NHCO(C,-C, alkyl),
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-COOH, -COO(C,-C, alkyl), -CONH(C,-C, alkyl), -CON(C,-C, alkyl)(C,-C, alkyl), -SH,
-CN, -NO,, -SO(C,-C, alkyl), -SO,(C,-C, alkyl), -SO,NH(C,-C, alkyl) and -SO,N(C,-C
alkyl)(C,-C, alkyl);

-NR'R? or -CR'R?R'® may form a saturated 3 to 8 membered carbocyclic ring
which may optionally contain from one to three double bonds and wherein one or two
of the ring carbon atoms of such 5§ to 8 membered rings may optionally and
independently be replaced by an oxygen or sulfur atom or by NZ® wherein 2° is
hydrogen, C,-C, alkyl, benzyl or C,-C, alkanoyi;

R® is hydrogen, C,-C, alkyl, -O(C,-C, alkyt), chloro, fluoro, bromo, iodo, (C,-C,
alkylene)-O-(C,-C, alkyl), (C,-C, alkylene)-OH, or -S(C,-C, alkyl);

each R* is, independently, hydrogen, (C,-C, alkyl), filuoro, chloro, bromo, iodo,
hydroxy, cyano, amino, (C,-C, alkylene)-OH, CF;, CH,SCH,, nitro, -O(C,-C, alkyi),
‘N(C,-C, alkyl)(C,-C, alkyl), -S(C,-C, alkyl), -CO(C,-C, alkyl), -C(=0)H or
-C(=0)0(C,-C,alkyl);

R® is hydrogen, methyl or ethyl;

R® is hydrogen or C,-C, alkyi:

R® is phenyl, pyridyl, pyrazinyl, pyrimidyl, pyridazinyl and wherein each of the
foregoing R® groups is substituted with from one to four substituents R'* wherein one
to three of said substituents may be selected, independently, from fluoro, chloro, C, -C,
alkyl and -O(C,-C, alkyl) and one of said substituents may be selected from bromo,
iodo, formyl, OH, (C,-C, alkylene)-OH, (C,-C,alkylene)-O-(C,-C, alkyl), -CN, -CF,, -NO,,
-NH;, -NH(C,-C, alkyl), -N(C,-C, alkyl)(C,-C, alkyl), -OCO(C,-C, alkyl), (C,-C,
alkylene)-O-(C,-C, alkyl),-S(C,-C, alkyl), (C,-C, alkylene)-S-(C,-C, alkyl), -C(=0)O(C,-C,
alkyl), -C(=0)(C,-C, alkyl), -COOH, -SO,NH(C,-C, alkyl), -SO,N(C,-C, alkyl)(C,-C,
alkyl), -SO,NH,, -NHSO,(C,-C, alkyl), -S(C,-C, alkyl) and -S0,(C,-C, alkyl), and wherein
each of the C,-C, alkyl and C,-C, alkyl moieties in the foregoing R® groups may
optionally have one or two double bonds; .

R’ is hydrogen, C,-C, alkyl, halo (e.q., chloro, fluore, iodo or bromo), hydroxy,
“O(C,-C, alkyl), -C(=0)(C,-C, alkyl), -C(=0)O(C,-C, alkyl), -OCF,, -CF,, -CH,OH or
-CH,0(C,-C, alkyl);

R'® is hydrogen, hydroxy, methoxy or filuoro;

R'" is hydrogen or C,-C, alkyl; and

4
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with the proviso that: a) when both J and K are carbon and D is CR* and E is
nitrogen, then G can not be nitrogen; (b) when both J and K are carbons and D and
G are nitrogens, then E can not be CR* or C=0 or C=8S; (¢) when both J and K are
carbons and D and E are carbons, then G can not be nitrogen; (d) when G is carbon,
it must be double bonded to E; and (e) in the ring containing J, K, D, E and G, there
can not be two double bonds adjacent to each other.

and the pharmaceutically acceptable salts of such compounds.

When the ring containing D, E, G, Kand J is a 5-membered heteroaromatic ring,
it may be, e.g., pyrazolo, imidazolo, thieno, furano, thiazolo, oxazoio, triazolo or
thiadiazolo.

The term "alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent hfdrocarbon radicals having straight branched or cyclic moieties or
combinations thereof.

The term "alkoxy®, as used herein, unless otherwise indicated, means -O-alkyl,
where "alkyl" is defined as above.

Examples of more specific embodiments of formula | are the following, wherein
(R), represents from zero to two substituents, wherein such substitutents are as defined
above in the definition of formuia |.

1880



10

15

20

25

WO 98/08847

(R)

(R

3

1881

PCT/IB97/00922

(R>



10

18

20

2

th

WO 98/08847

I1-6

(R

1882

PCT/IB97/00922

[-HM



10

15

20

25

WO 98/08847

1883

PCT/IB97/00922



10

15

20

25

WO 98/08847

1884

PCT/IB97/00922

1-B/



10

15

20

25

WO 98/08847

-10-

1885

PCT/IB97/00922



10

15

20

25

30

‘WO 98/08847 PCT/IB97/00922

-11-

More specific embodiments of this invention include compounds of the above
formula | wherein B is -CHR'R?, -NR'R?, -NHCHR'R?, -OCHR'R? or -SCHR'R?, and R’
is C,-C, alkyl, which may optionally be substituted with one hydroxy, fluoro, CF, or
C,-C, alkoxy group and which may optionally contain one double or triple bond; and
R? is benzyl or C,-C, alkyl, which may optionally contain one double or triple bond,
wherein said C,-C, alkyl and the phenyl moiety of said benzyl may opticnally be
substituted with one fluoro, CF,, C,-C, alkyl, C,-C, alkoxy or chloro group.

Other more specific embodiments of this invention include compounds of
formula | wherein'R* is methyl, ethyi, chloro or methoxy; R* and R® are selected from
hydrogen, methyl and ethyl; R® is di- or tri-substituted phenyl, pyridyl, or pyrimidyl, in
which the two or three substitutents on said phenyl, pyridyl or pyrimidyl are selected,
independently, from C,-C, alkyl, -O-(C,-C, alkyl), (C,-C, alkyi)-O-(C,-C, alkyl), -CF,,
-OCF,, -CHO, -(C,-C, alkyl)-OH, cyano, chioro, fluoro, bromo and iodo, wherein each
of the forgoing C,-C, alkyl groups may optionally contain one double or triple bond;

Other more specific embodiments of this invention include compounds of the
formula | wherein B is or contains an NR'R? or CR'R?R'® moiety which forms a
saturated or unsaturated 5-membered carbocyclic ring wherein one of the ring carbons
may optionally be replaced by a sulfur or oxygen atom.

Other more specific embodiments of this invention include compounds of the
formula | wherein A is nitrogen or CR’ and R’ is hydrogen or methyl.

Other more specific embodiments of this invention include compounds of the
formula | wherein B is -CR'R’R'?, -C(=CR?R'")R', -OCR'R?R'®, -SCR'R?R'®,
-CR?R'°NHR', CR’R'°OR!', -CR?R'°SR' or -COR?,

Other more specific embodiments of this invention include compounds of the
formula | wherein A is CH, J and K are carbon and D, E, and G are nitrogen;

Other more specific embodiments of this invention include compounds of the
formula | wherein J and D are nitrogen, K and G are carbon, and E is CH, CCH,, or
CC,H..

Other more specific embodiments of this invention include compounds of the
formula | wherein B contains a -NR'R? or -CR'R?R'® moiety that is a saturated or
unsaturated three to five membered ring.

Cther more specific embodiments of this invention include compounds of the
formula | wherein J and K are carbon, and D-E-G is O-C(CH,)=C, O-CH=C,
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S-C(CH,)=C, S-CH=C, N(CH,)-C(CH,)=C, N(CH,)-CH=C, O-N=C, S-N=C,
N(CH,)-N=C, O-CH,N, S-CH,N, or NH-C(C,-C,alkyl)=C.

Examples of preferred compounds of the formula |:

7-(1-ethyl-propoxy)-6-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazoio[1,5-a]pyrimidine;

[2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-7-yi]}-(1-ethyl-
propyl)-amine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a] pyrimidin-7-yi] -
amine;

7-(1-ethyl-propoxy)-2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a] pyrimi-
dine;

[2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a] pyrimidin-7-yl]-ethyl-propyi-

amine;

[6-bromo-6-bromomethyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-b]}-
pyridin-7-yl]-(1-ethyl-propyl)-amine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo [4,5-b)-
pyridin-7-yl}-amine;

[6-bromo-5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-b]pyridin-7-yi]-
(1-ethyl-propyl)-methyl-amine; and

7-(1-ethyl-propoxy)-5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-b]-
pyridine.

Other compounds of formula | include the following:

4-(1-ethyl-propoxy)-2,7-dimethyi-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a]-
pyrimidine;

(1-ethyi-propyl)-[6-methyl-3-(2,4 B-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-7-yi}-
amine;

[3-(4-bromo-2,6-dimethyl-phenyl)-5-methyl-pyrazolo[1,5-a)pyrimidin-7-yi]-(1-ethyi-
propyl)-amine;

butyl-ethyl-[5-methyl-3-(2,4 6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-7-yl}-
amine;

3-(4-bromo-2 6-dimethyl-phenyl)-7-(1-ethyi-propoxy)-5-methyl-pyrazoio[1,5-a]-
pyrimidine;

[2,7-dimethyl-8-(2,4,6-trimethyl-phenyl)-pymolo[1,2-a]pyrimidin-4-yi]-diethyl-amine;

[2,7-dimethyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a} pyrimidin-4-yl]-ethyl-propyl-
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amine;

[8-(4-chloro-2,6-dimethyl-phenyl)-2,7-dimethyl-pyrrolo[1,2-a]pyrimidin-4-yl]-ethyl-
propyl-amine;

[8-(4-chloro-2,8-dimethyl-phenyl)-2,7-dimethyl-pyrrolo[1,2-a]pyrimidin-4-yl]-
diethyl-amine;

[8-(4-chloro-2,6-dimethyl-phenyl)-2,6-dimethyl-pyrrolo[1,2-a]pyrimidin-4-yl]-
diethyl-amine;

[2,B6-dimethyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a] pyrimidin-4-yi]-diethyi-
amine;

[2,6-dimethyl-8-(2,4 6-trimethyl-phenyl)-pyrrolo[1,2-a]pyrimidin-4-yl]-ethyl-propyl-
amine;

butyl-[2,6-dimethyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-ajpyrimidin-4-yl]-ethyl-
amine;

[2,6-dimethyi-8-(2,4,6-trimethyi-phenyl)-pyrrolo[1,2-a]pyrimidin-4-yi]-(1-ethyi-
propyl)-amine,

[8-(4-chloro-2,6-dimethyl-phenyl)-2,6-dimethyl-pyrrolo[1,2-a]pyrimidin-4-yl}-(1-
ethyl-propyl)-amine;

8-(4-chioro-2,6-dimethyl-phenyl)-4-(1-ethyl-propoxy)-2,6-dimethyl-pyrrolo[1,2-a]-
pyrimidine,

4-(1-ethyl-propoxy)-2,6-dimethyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a}-
pyrimidine;

4-(1-ethyl-propoxy)-2-methyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a] pyrimidine;

(1-ethyl-propyl)-[2-methyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a]pyrimidin-4-yl}-
amine;

butyl-ethyl-[2-methyl-8-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-a]pyrimidin-4-yl]-
amine,

butyl-ethyl-[5-methyl-3-(2,4,6-trimethyl-phenyl)-2H-isothiazolo[2,3-a}-
pyrimidin-7-yl]-amine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-2H-isothiazolo [2,3-a)-
pyrimidin-7-yl}-amine;

7-(1-ethyl-propoxy)-5-methyl-3-(2,4,6-trimethyl-phenyl)-2H-isothiazolo{2,3-a}-
pyrimidine;

4-(1-ethyl-propoxy)-2-methyl-8-(2,4,6-trimethyl-phenyl)-imidazo[1,5-a]-
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pyrimidine;

(1-ethyl-propyl)-[2-methyl-8-(2,4,6-trimethyl-phenyl)-imidazo[1,5-a] pyrimidin-4-yl}-
amine;

[2,6-dimethyl-8-(2,4,6-trimethyl-phenyl)-imidazo[1,5-a]pyrimidin-4-yl]-(1-ethyl-
propyl)-amine;

4-(1-ethyl-propoxy)-2,6-dimethyl-8-(2,4,6-trimethyl-phenyl)-imidazo[1,5-a)-
pyrimidine,;

4-(1-ethyl-propoxy)-2,6-dimethyl-8-(2,4,6-trimethyl-phenyl)-6, 7-dihydro-imidazo
[1,5-a)pyrimidine;

4-(1-ethyl-propoxy)-2,6-dimethyl-8-(2,4,6-trimethyl-phenyl)-thiazolo[3,4-a)-
pyrimidine;

4-(1-ethyl-propoxy)-2-methyl-7-(2,4 6-trimethyi-phenyl)-pyrrolo[1,2-b]pyridazine;

4-(1-ethyl-propoxy)-2,5-dimethyi-7-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-b]-
pyridazine;

4-(1-ethyl-propoxy)-2,6-dimethyl-7-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-b];
pyridazine;

4-(1-ethyl-propoxy)-2,5,6-trimethyl-7-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-b}-
pyridazine;

[2,5-dimethyi-7-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-b]pyridazin-4-yl]-(1-ethyl-
propyl)-amine;

(1-ethyi-propyl)-[2-methyl-7-(2,4,6-trimethyl-phenyl)-pyrrolo[1,2-b] pyridazin-4-yl]-
amine;

[2,6-dimethyl-3-(2,4,6-trimethyl-phenyl)-imidazo[1,2-b]pyridazin-8-yl]-(1-ethyl-
propyl)-amine;

8-(1-ethyl-propoxy)-2,6-dimethyi-3-(2,4,6-trimethyl-phenyl)-imidazo[1,2-b]-
pyridazine;

8-(1-ethyl-propoxy)-6-methyl-3-(2,4,6-trimethyl-phenyl)-imidazo[1,2-b]pyridazine;

(1-ethyl-propyl)-[6-methyl-3-(2,4,6-trimethyl-phenyl)-imidazo[1,2-b] pyridazin-8-yl} -
amine;

(1-ethyl-propyl)-[2-methyl-7-(2,4,6-trimethyl-phenyl)-imidazo[1,5-b]pyridazin-4-yl}-
amine,

[2,5-dimethyl-7-(2,4 6-trimethyl-phenyl)-imidazo[1,5-b]pyridazin-4-yl}-(1-ethyl-
propyl)-amine;
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4-(1-ethyl-propoxy)-2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-imidazo[1,5-b}-
pyridazine-b]pyridazine;

butyl-[2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-imidazo[1,5-b] pyridazin-4-yl}-
ethyl-amine,

[2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-imidazo[1,5-b]pyridazin-4-yi]-ethyl-propyl-
amine,

[2,5-dimethyl-7-(2,4,B-trimethyl-phenyl)-imidazo[1,5-b]pyridazin-4-yi}-diethyi-
amine;

diethyl-[6-methyl-3-(2,4,6-trimethyl-phenyl)-[1,2,4]triazolo[4,3-b] pyridazin-8-yl]-
amine;

ethyl-[6-methy!-3-(2,4,6-trimethyl-phenyl)-[1,2 4]triazolo[4,3-b] pyridazin-8-yl]-
propyl-amine;

butyl-ethyl-[6-methyl-3-(2,4 6-trimethyl-phenyl)-[1,2,4]triazolo[4,3-b]pyridazin-8-yi}-
amine;

(1-ethyl-propyl)-[6-methyl-3-(2,4 6-trimethyl-phenyl)-[1,2,4]triazolo [4,3-b]-
pyridazin-8-yl}-amine;

8-(1-ethyl-propoxy)-6-methyl-3-(2,4,6-trimethyl-phenyl)-[1,2,4]triazolo{4,3-b]-
pyridazine,;

7-(1-ethyl-propoxy)-1,5-dimethyl-3-(2,4 ,6-trimethyl-phenyl)-1H-pyrrolo{3,2-b]-
pyridine;

7-(1-ethyl-propoxy)-1,2,5-trimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-b}-
pyridine; o

(1-ethyl-propyl)-[1,2,5-trimethyl-3-(2,4,6-trimethyl-phenyl}-1H-pyrrolo[3,2-b]-
pyridin-7-ylj-amine;

[1.6-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-b]pyridin-7-yl]-(1-ethyl-
propyl)-amine;

butyl-[1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-b] pyridin-7-yl]-ethyi-
amine;

[1,6-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pymrolo[3,2-b]pyridin-7-yi}-ethyl-propyl-
amine,

[1,5-dimethyl-3-(2,4,6-trimethyi-phenyl)-1H-pyrrolo[3,2-b) pyridin-7-yl]-diethyl-
amine;

ethyl-[S-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-b]pyridin-7-yl]-
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propyl-amine;
butyl-ethyl-[5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo [4,5-b] pyridin-
7-yl]-amine,;
diethyi-[5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-{1,2,3]triazolo[4,5-b)pyridin-7-yi]-
amine;
[3-(4-bromo-2,6-dimethyl-phenyl)-5-methyl-3H-[1,2,3]triazolo[4,5-b] pyridin-7-yi] -
(1-ethyl-propyl)-amine;
[3-(4-chloro-2,6-dimethyl-phenyl)-5-methyl-3H-[1,2,3]triazolo[4,5-b] pyridin-7-yi] -
(1-ethyl-propyl)-amine;
3-(4-chloro-2,6-dimethyi-phenyl)-7-(1-ethyl-propoxy)-5-methyi-3H-
[1,2,3]triazolo[4,5-b]pyridine;
3-(4-bromo-2,6-dimethyl-phenyl)-7-(1-ethyl-propoxy)-5-methyl-3H-
[1,2,3]triazolo[4,5-b]pyridine;
7-(1-ethyl-propoxy)-5-methyi-3-(2,4,6-trimethyl-phenyl)-isothiazolo[4,5-b]pyridine;
(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-isothiazolo[4,5-b]pyridin-7-yl}-
amine;
(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-isoxazolo[4,5-b]pyridin-7-yi}-
amine;
7-(1-ethyl-propoxy)-5-methyi-3-(2,4,6-trimethyl-phenyl)-isoxazolo[4,5-b]pyridine;
7-(1-ethyl-propoxy)-5-methyi-3-(2,4,6-trimethyl-phenyl)-thieno[3,2-b] pyridine;
7-(1-ethyl-propoxy)-2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-thieno[3,2-b]pyridine;
(2, 5-dimethyl-3-(2,4,6-trimethyl-phenyl)-thieno [3,2-b] pyridin-7-yi]-(1-ethyl-propyl)-
amine,
(1-ethyi-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-thieno[3,2-b]pyridin-7-yi]-
amine;
(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyi-phenyl)-furo[3,2-b]pyridin-7-ylj-amine:;
[2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-furo[3,2-b] pyridin-7-yl]-(1-ethyl-propyl)-
amine;
7-(1-ethyl-propoxy)-2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-furo[3,2-b]pyridine;
7-(1-ethyl-propoxy)- S-methyl-3-(2,4,6-trimethyl-phenyl)-furo[3,2-b]pyridine;
4-(1-ethyl-propoxy)-2,5-dimethyl-7-(2,4,6-trimethyi-phenyl)-6H-pyrrolo[3,4-b]-
pyridine;
4-(1-ethyl-propoxy)-2,5,6-trimethyl-7-(2,4,6-trimethyl-phenyl)-6H-pyrrolo[3,4-b]-
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pyridine;

(1-ethyl-propyl)-[2,5,6-trimethyl-7-(2,4,6-trimethyl-phenyl)-6H-pyrrolo[3,4-b) pyridin-
4-yl]-amine;

[1.5-dimethyl-3-(2,4,6-trimethyl-phenyl)-2-thia-4-aza-inden-7-yl}-(1-ethyl-propyl)-
amine;

7-(1-ethyl-propoxy)-1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-2-thia-4-aza-indene;

4-(1-ethyl-propoxy)-2,5-dimethyl-7-(2,4,6-trimethyi-phenyl)-furo[3,4-b]pyridine;

[2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-furo[3,4-b]pyridin-4-yl)-(1-ethyl-propyl)-
amine;

[2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-2H-pyrazolo[4,3-b]pyridin-7-yi)-(1-ethyl-
propyl)-amine;

7-(1-ethyl-propoxy)-2,5-dimethyl|-3-(2,4,6-trimethyl-phenyl)-2H-pyrazolo(4,3-b]-
pyridine;

7-(1-ethyl-propoxy)-6-methyl-3-(2,4,6-trimethyl-phenyl)-isothiazolo[4,3-b] pyridine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyi)-isothiazolo[4,3-b]pyridin-7-yi}-
amine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-d]-
pyrimidin-7-yl}-amine;

diethyl-[5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-d)pyrimidin-7-yi}-
amine;

ethyl-[5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-d)pyrimidin-7-yi]-
propyl-amine;

butyl-ethyl-[S-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-d]-
pyrimidin-7-yl}-amine;

[2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo(1,5-a] pyrimidin-7-yl]-
diethyl-amine,;

butyl-[2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-7-yl}-
ethyl-amine;

butyl-ethyi-[5-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a)pyrimidin-7-yl]-
amine;

ethyl-[§-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-7-yl]-propyl-
amine;

diethyl-[S-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a}pyrimidin-7-yl]-amine;
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[3-(4-chloro-2,6-dimethyl-phenyl)-5-methyl-pyrazolo[1,5-a]pyrimidin-7-yl]-(1-
ethyl-propyl)-amine;

[3-(4-chloro-2,6-dimethyl-phenyl)-5-methyl-pyrazolo[1,5-a]pyrimidin-7-yl}-(1-
ethyl-propyl}-amine;

3-(4-chloro-2,6-dimethyl-phenyl)-7-(1-ethyl-propoxy)-6-methyi-pyrazolo[1,5-a]-
pyrimidine;

8-(4-chloro-2,6-dimethyi-phenyl)-4-(1-ethyl-propoxy)-2-methyl-pyrazolo[1,5-a}-
[1,3,5]triazine;

(1-ethyl-propyl)-[2-methyl-8-(2,4,6-trimethyl-phenyl)-pyrazolo[ 1,5-a][1,3,5]triazin-
4-yl}-amine;

4-(1-ethyl-propoxy)-2-methyl-8-(2,4 6-trimethyl-phenyl)-pyrazolo(1,5-a][1,3,5]-
triazine;

4-(1-ethyl-propoxy)-2,7-dimethyl-8-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a][1,3,5)-
triazine;

[2,7-dimethyl-8-(2,4,6-trimethyi-phenyl)-pyrazolo[1,5-a}[1,3,5]triazin-4-yl]-(1-ethyi-
propyl)}-amine;

[1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrazolo[4,3-b]pyridin-7-yl]-(1-ethyi-
propyl)-amine;

7-(1-ethyl-propoxy)-1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrazolo[4,3-b}-
pyridine,

7-(1-ethyl-propoxy)-5-methyl-3-(2,4,6-trimethyl-phenyl)-isothiazolo{4,5-b]-
pyridine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-isothiazolo[4,5-b]pyridin-7-yl]-
amine;

1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-7-(1-ethyl-propoxy)-1H-pyrrolo[3,2-
b]pyridine;

1,5-dimethyl-3-(2,6-dimethyl-4-chloro-phenyl)-7-(1-ethyl-propoxy)-1H-pyrrolo[3,2-
b]pyridine;

2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-7-(1-ethyl-propoxy)-1H-pyrrolo[3,2-
b]pyridine;

2,5-dimethyt-3-(2,6-dimethyl-4-chloro-phenyl)-7-(1-ethyl-propoxy)-1H-pyrrolo[3,2-
b]pyridine;
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7-(1-cyclopropylmethyl-propoxy)-1,5-dimethyl-3-(2,4 ,6-trimethyl-phenyl)- 1H-
pyrrolo[3,2-b]pyridine;

7-(1-cyclopropylmethyl-propoxy)-1,5-dimethyl-3-(2,6-dimethyl-4-chloro-phenyl)-1H-
pyrrolo[3,2-b}pyridine;

1,5-dimethyi-3-(2 4,6-trimethyl-phenyl)-7-(tetrahydro-furan-3-yioxy)-1H-pyrrolo[3,2-
b]pyridine;

1,5-dimethyl-3-(2,4,8-trimethyl-phenyl)-7-(S)-(tetrahydro-furan-3-yloxy)-1H-
pyrrolo[3,2-b]pyridine;

1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-7-(1-propyl-butoxy)-1H-pyrrolo[3,2-
b]pyridine;

7-sec-butylsulfanyl-1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-
b]pyridine;

cyclopropylmethyl-[2,5-dimethy!-7-(2,4,6-trimethyl-phenyl)-5H-pyrrolo[3,2-
b]pyrimidin-4-yl]-propyl-amine;

2-[1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-b]pyridin-7-ylamino)-
butan-1-ol;

1,5-dimethyl-7-thiazolidin-3-yl-3-(2,4,6-trimethyl-phenyl)- 1H-pyrrolo[3,2-b]pyridine;

[1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-b]pyridin-7-yl]-ethyl-(2,2,2-
trifluoro-ethyl)-amine;

cyclopropylmethyl-[1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrrolo[3,2-
b]pyridin-7-yi]-propyl-amine;

(1-ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyl-phenyl)-isoxazolo[4,5-b)pyridin-7-yl]-
amine,; and

7-(1-ethyl-propoxy)-6-methyl-3-(2,4,6-trimethyl-phenyl)-isoxazolo[4,5-b}-
pyridine.

This invention also relates to a pharmaceutical composition for the treatment,
prevention or inhibition of (a) a disorder the treatment of which can be effected or
facilitated by antagonizing CRF, including but not limited to disorders induced or
facilitated by CRF, or (b) a disorder selected from inflammatory disorders such as
rheumatoid arthritis and osteoarthritis, pain, asthma, psoriasis and allergies; generalized
anxiety disorder; panic, phobias; obsessive-compulsive disorder; post-traumatic stress
disorder; sleep disorders induced by stress; pain perception such as fiboromyalgia;
mood disorders such as depression, including major depression, single episode
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depression, recurrent depression, child abuse induced depression, mood disorders
associated with premenstrual syndrome, and postpartum depression; dysthemia;
bipolar disorders; cyclothymia; chronic fatigue syndrome; stress-induced headache;
cancer, irritable bowel syndrome, Crohn's disease; spastic colon; post operative ileus;
ulcer; diarrhea,; stress-induced fever, human immunodeficiency virus (HIV) infections;
neurodegenerative diseases such as Alzheimers disease, Parkinson's disease and
Huntington's disease,; gastrointestinal diseases; eating disorders such as anorexia and
bulimia nervosa; hemorrhagic stress; chemical dependencies and addictions (e.g.,
dependencies on alcohol, nicotine, cocaine, heroin, benzodiazepines, or other drugs);
drug and alcohol withdrawal symptoms; stress-induced psychotic episodes; euthyroid
sick syndrome; syndrome of inappropriate antidiarrhetic hormone (ADH); obesity;
infertility; head traumas; spinal cord trauma; ischemic neuronal damage (e.g., cerebral
ischemia such as cerebral hippocampal ischemia); excitotoxic neuronal damage;
epilepsy; stroke; immune dysfunctions including stress induced immune dysfunctions
(e.g., porcine stress syndrome, bovine shipping fever, equine paroxysmal fibrillation,
and dysfunctions induced by confinement in chickens, sheering stress in sheep or
human-animal interaction related stress in dogs);, muscular spasms; urinary
incontinence; senile dementia of the Alzheimers type; multinfract dementia;
amyotrophic lateral sclerosis; hypertension; tachycardia, congestive heart failure;
osteoporosis; premature birth; and hypoglycemia in a mammal, including a human,
comprising an amount of a compound of the formula |, or a pharmaceutically
acceptable salt thereof, that is effective in the treatment of such disorder, and a
pharmaceutically acceptable carrier.

The invention also relates to a method for the treatment, prevention or inhibition
of (a) a disorder the treatment of which can be effected or facilitated by antagonizing
CRF, including but not limited to disorders induced or facilitator by CRF, or (b) a
disorder selected from inflammatory disorders such as rheumatoid arthritis and
osteoarthritis, pain, asthma, psoriasis and allergies; generalized anxiety disorder; panic;
phobias; obsessive-compulsive disorder; post-traumatic stress disorder; sleep disorders
induced by stress; pain perception such as fibromyalgia; mood disorders such as
depression, including major depression, single episode depression, recurrent
depression, child abuse induced depression, mood disorders associated with
premenstrual syndrome, and postpartum depression; dysthemia, bipolar disorders;
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cyclothymia; chronic fatigue syndrome; stress-induced headache; cancer; irritable
bowel syndrome; Crohn's disease; spastic colon; post operative ileus; ulcer; diarrhea;
stress-inducedfever; humanimmunodeficiency ViI:US (HIV)infections; neurodegenerative
diseases such as Alzheimer's disease, Parkinson's disease and Huntington's disease;
gastrointestinal diseases; eating disorders such as anorexia and bulimia nervosa,
hemorrhagic stress; stress-induced psychotic episodes; euthyroid sick syndrome;
syndrome of inappropriate antidiarrhetic hormone (ADH); obesity; infertility; head
traumas; spinal cord trauma; ischemic neuronal damage (e.g., cerebral ischemia such
as cerebral hippocampal ischemia); excitotoxic neuronal damage; epilepsy,; stroke;
immune dysfunctions including stress induced immune dysfunctions (e.g., porcine
stress syndrome, bovine shipping fever, equine paroxysmalfibrillation, and dysfunctions
induced by confinement in chickens, sheering stress in sheep or human-animal
interaction related stress in dogs); muscular spasms; urinary incontinence; senile
dementia of the Alzheimer's type; multiinfarct dementia; amyotrophic lateral scierosis;
chemical dependencies and addictions (e.g., dependencies on alcohol, nicotine,
cocaine, heroin, benzodiazepines, or other drugs); drug and aicohol withdrawal
symptoms; hypenrtension; tachycardia; congestive heart failure; osteoporosis; premature
birth; and hypoglycemia in a mammal, including a human, comprising administering to
a subject in need of said treatment an amount of a compound of the formula |, or a
pharmaceutically acceptable salt thereof, that is effective in treating such disorder.

This invention also relates to a method of treating or preventing a disorder or
condition, the treatment or prevention of which can be effected or facilitated by
inhibiting CRH binding protein, in a mammal, including a human, comprising
administering to said mammal a CRH binding protein inhibiting amount of a compound
of the formula I, or a pharmaceutically acceptable salt thereof.

This invention also relates to a pharmaceutical composition for treating or
preventing a disorder or conditon, the treatment or prevention of which can be effected
or facilitated by inhibiting CRH binding protein in a mammal, including a human,
comprising a CRH binding protein inhibiting amount of a compound of the formula |,
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier.

This invention includes all optical isomers and other sterecisomers of

compounds of the formula |. When such compounds contain one or more chiral
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centers, it is understood that the invention includes the racemic mixtures as well as all

individual enantiomers and diastereomers of such compounds, and mixtures thereof.

Detailed Description of the Invention
The following compounds having the formulas i, lll, IV and V are useful as
intermediates in the synthesis of compounds of the formula I.

T W

QﬁJ\\fﬁﬁq%E qéJ\\feﬂD c
Ro)\\N/ ‘g’ jo\\u/ K<g

| |
RS Rg

N

Il [11

wherein T is chloro, bromo, iodo or -OSO,CF,; W is cyano, formyl, or -COO(C,-C, alkyl)
and A, J, K, D, E, G, R®, and R® are as defined above with reference to formula I.

Compounds of the formula | may be prepared as described below. In the
reaction schemes and discussion that foliow, A, B, D, E, G, J, K, R?, R® and structural
formulae |, II, lll, IV, and V are defir >4 as above.
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Compounds of the formula | wherein B is -NR'R? or -NHCR'R?R'' may be
prepared by reacting a compound of the formula Il wherein T is chloro, bromo, or iodo
with a compound of the fermula BH, in the presence of a base, with or without an
organometallic compound such as Cu(l)X, wherein X is chloro, bromo or iodo, or an
acid (such as p-TsOH (Ts=Tosyl) or another sterically hindered phenol) or an
equivalent agent known to those of skill in the art. Suitable solvents for this reaction
include DMSO, NMP, dimethylacetamide and THF. An excess of BH may be used as
both the reagent and the base. Other bases such as potassium or sodium carbonate,
a trialkylamine, a potassium or sodium (C,-C, alkoxide) and sodium hydride may also
be used. When R’ is an electron withdrawing group such as -COO(C,-C,alkyl) or CN,
the reaction generally is carried out at a temperature between about room temperature
and about 100°C. When R’ is a non-electron withdrawing group, the reaction
temperature can generally range from about 50°C to about 270°C and the pressure
can generally range from about 4 psi to about 300 psi. A pressure reactor may be
used.

Altemmatively, the compounds of formula | may be prepared by reacting a
compound of the formula Il wherein T is bromo or iodo with 1 equivalent or an excess
of BH and a base such as sodium or potassium carbonate or a sodium or potassium
(C,-C, alkoxide), in the presence of a palladium (ll) or a palladium (0) catalyst such as
Pd(OAc), or Pd(PPh,),, together with a racemic or chiral phosphino agent such as
2,2-bis(diphenyiphosphino)-1,1-binaphthyl (BINAP). Alternatively, premade
Pd(l1}(BINAP) may be used in an appropriate inert (i.e., inert with respect to the reaction
at hand) solvent such as toluene, xylene, dioxane or sulfolane, at a temperature from
about room temperature to about 180°C, preferably at about reflux temperature.

Compounds of the formuia | wherein B is -OCR'R?R'’, -SCR'R?R"’, or
-NHCR'R?’R'' may be prepared by reacting compounds in the formula Il wherein T is
chioro, bromo or iodo with a compound of the formula BH in the presence of a base
which is capable of deprotonation of BH (e.q., sodium or potassium hydride, or an
organometallic base such as sodium diisopropylamide, sodium bis(trimethyisilyl)amide,
lithium diisopropylamide, lithium bis(trimethylsilyl)amide, a sodium C,-C, alkoxide or
n-butyllithium), in an inert organic solvent such as tetrahydrofuran, acetonitrile,
dimethylsulfoxide, acetone, a C,-C, alcohol, chloroform, benzene, xylene, toluene, N,N-

dimethylformamide (DMF), methylene chioride, 1-_methyl-2-pyrrolidinone or a mixture of

1905



10

15

20

25

30

WO 98/08847 PCT/IB97/00922

-31-

two or more of the above solvents (e.g., DMSO and THF), at a temperature from about
0°C to about 180°C, preferably from about 50°C to about 180°C.

Compounds of the formula | wherein B is -CR'R?R'', -C(C=CR?R'%)R’,
-CRZR'"'NHR’, -CR?R"'OR’, -CR?R''SR', or -C(O)R? may be prepared from compounds
of the formula |l wherein W is cyano, formyl or carboxy, as described below.

Reacting compounds of formuta |l wherein W is cyano with a Grignard reagent
containing the group R? in an inert solvent such as THF, glyme, ether or dioxane, will
yield corresponding compounds of formula | wherein B is -COR?. Further reaction of
the compounds of formula | wherein B is COR? with a Grignard reagent containing R’,
using a solvent such as those referred to above, will yield the corresponding the
compounds of formula | wherein B is -CR'R?’0OH. Reacting compounds of formula It
wherein W is formyl with a Grignard reagent containing the group R?, in an ethereal
solvent such as those referred to above, will yield the corresponding compounds of
tormula | wherein B is -CHR?OH.

Compounds of formula | wherein B is -CR'R?R'' or -C(C=CR?R'")R' may be
prepared by conventional methods. Thus, reaction of a compound of the formula |
wherein B is -CR''R?’OH, (wherein R' and R? are defined as R' and R?, respectively,
except that R' may not be R' and R¥ may not be R?, with an acid such as
concentrated sulfuric acid in acetic acid, or a Burgess inner salt such as
(carboxysulfamoyl)triethylammonium hydroxide methyl ester, will yield a compound of
the formula | wherein B is -C(=CR’R'")R'. Hydrogenation of a compound of formuta |
wherein B is -C(=CR?R'")R’ using palladium on carbon (Pd/C) or a platinum dioxide
catalyst in a (C,-C,)alkanol solvent will yield a compound of the formula | wherein B is

-CHR'R’. Reaction of a compound of the formula | wherein B is -CR'R?0OH with
diethylaminosulfur triflucride or triphenylphosphine/carbon tetrachloride in an inert
solvent such as carbon tetrachloride will afford a compound of the formula | wherein
B is -CR'R?F or -CR'R*CI, respectively.

Reduction of a compound of formula | wherein B is -COR? with sodium
borohydride, in an inert soivent such as a (C,-C,)alkanol, will yield a compound of the
formula | wherein B is -CHR?0OH. Alkylation of a compound of the formula | wherein B
is -CHR?OH with an alkyl halide {such as alkyl iodide) in the presence of a base such
as sodium hydride (NaH) at room temperature, in an inert soivent such as toiuene, THF,
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dioxane or ether, will yield the corresponding compound of the formula | wherein B is
-CHR?OR'.

Compounds of the formula | wherein B is -CR’R'°NHR' may be prepared by
conventional methods such as reductive amination of the corresponding compounds
of the formula | wherein B is -C(O)R? with an appropriate amine and reducing agent
{such as sodium cyanoborohydride, sodium triacetoxyborohydride, or lithium aluminum
tetrahydride) in an appropriate inert solvent such as a C,-C, alkanol or acetic acid.

Conversion of compounds in formula | wherein B is -C(O)R? into compounds in
formula | wherein B is -C(S)R? can be accomplished using standard methods well
known in the art (e.g., using Lawesson's Reagent or diphosphorus pentasulfide (P,Ss)).
Reduction of compounds of the formula | wherein B is -C(S)R? with a reducing agent
such as sodium borohydride or lithium aluminum tetrahydride gives the corresponding
compounds of the formula | wherein B is -CHR?SH. Alkylation of compounds of the
formula | wherein B is -CHR?SH with alky! halide (such as alkyl iodide) in the presence
of a base such as sodium hydride in an inert solvent such as THF, DMF or toluene at
about room temperature will afford the corresponding compounds of the formula |
wherein B is -CHR?SR',

Compounds in formula Il may be prepared from compounds of the formula IV
or V as described below.

Compounds of formula Il wherein T is chloro, bromo or iodo can be prepared
by reacting compounds of the formula IV with from one equivalent to an excess of POT,
(wherein T is chioro, bromo or iodo) in the presence or absence of a di(C,-C,
alkyl)aniline, preferably diethylaniline, with or without a solvent (such as dichloroethane,
DMF, dimethylsulfoxide (DMSO) or acetamide), at a temperature from about room
temperature to about 180°C, preferably from about 100°C to about 150°C.
Alternatively, compounds of formula Il wherein T is chloro, bromo or iodo can be
prepared by reacting the corresponding compounds of formula i wherein T is -O-
SO,CF, with a sodium or potassium halide, in an appropriate inert solvent such as THF,
sulfolane, DMSO, DMF or acetonitrile, at a temperature from about 60°C to about
180°C. Compounds of formula Il wherein T is -OSO,CF, can be prepared by reacting
compounds of formula IV with Tf,0 in the presence of a base such as triethylamine or
pyridine, in an appropriate inert solvent such as THF, methylene chloride, dioxane,
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ether or toluene, at an temperature from about 0°C to about 50°C, preferably from
about 0°C to about room temperature.

Alternatively, compounds of formuia |t wherein T is chloro, bromo or iodo may
be prepared by reacting compounds of formula V with a (C,-C, alkyl)-nitrite and Cu(l)T,
(wherein T is chloro, bromo or iodo) in an appropriate inert solvent such as acetonitrile,
acetone, methylene chloride, THF, dioxane, benzene, toiuene, dichloroethane, DMF,
DMSO or N-methylpyrrolidinone (NMP) at a temperature from about room temperature
to about 150°C, preferably from about 40°C to about 100°C.

Compounds of the formula IV may be prepared by reacting the appropriate
compounds of formula V with sodium nitrite (NaNO,) in an aqueous acid such as
sulfuric acid, acetic acid or phosporic acid, with or without an organic solvent,
preferably in acetonitrite (CH,CN) or acetone.

Compounds of formula lll wherein W is cyano can be prepared by reacting the
corresponding compounds of formula || wherein T is chloro, bromo or iodo with
potassium cyanide, copper cyanide, sodium cyanide or a di(C,-C,alkyl)aluminum
cyanide in an appropriate inert solvent such as dimethylsulfoxide, DMF, toluene or
xylene, at temperature from about room temperature to about 180°C, preferably from
about 60°C to about 150°C, with or without Pd(ll)OAc or Pd(0)(PPh,),.

Compounds of formula {li wherein W is -CHO or -COOH may be prepared by
reacting compounds in formula Il wherein T is bromo or iodo with an organolithium
reagent such as t-Bulli, s-Buli, or n-Buli in an appropriate inert solvent such as THF,
dioxane, ether, benzene or methylene chloride, at temperature from about -120°C to
about room temperature, preferably from about -110°C to about -60°C, followed by
quenching with an appropriate electrophile such as DMF or CO, (gas or dry ice), to
give compounds of formula Il wherein W is -CHO and -COOH, respectively.

It is understood that the general organic chemistry knowledge can be applied
to change the steps of the reaction sequences described herein depending on the
feasibility of the reaction. For example, a protecting group may be used at any stage
of the various syntheses described above at which it is workable, or an ester group
may be reduced to the corresponding C,-C, alkyl group at any convenient stage.
Compounds of formulas | - XVHlI, wherein R* is chloro, bromo, -COO(C,-C, alkyl) or
-COQH, can be converted to the corresponding compounds wherein R* is (C,-C, alkyi),
-O(C,-C, alkyl), fluoro, -S(C,-C, alkyl) at any convenient stage, as appropriate, in the
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syntheses referred to above using methods described in the literature. Compounds of
formula | - XVIil, wherein R* is -O(C,-C, alkyl) or -S(C,-C, alkyl) can be prepared by
reacting the corresponding compounds wherein R* is chloro, bromo or iodo, with a
n.:leophile such as a C,-C, alkanol or a C,-C, alkanethiol, in the presence of an
organic or inorganic base. Suitable bases for such a reaction include sodium and
sodium hydride. Compounds of formulas | - XVIIl wherein R® is fluoro can be prepared
by reacting the corresponding compounds whersin R?® is chloro with
tetrabutylammonium fluoride in a suitable inert solvent such as DMSO, methylene
chloride, or tetrahydrofuran. Tetrahydrofuran is preferred.

Reduction of an ester or carboxylic acid using lithium aluminum
tetrahydride/aluminum trichloride (LiAlH,/AICI,) in an appropriate inert solvent such as
THF, ether, or dioxane, at temperature from about 100°C to about room temperature,
will afford the corresponding compound wherein R® is CH,. Conversion of compounds
wherein B is -COOH to the corresponding compounds wherein B is -CO(C,-C, alkyl)
may be accomplished using standard alkylation methods well known in art. Reduction
of compounds wherein Bis -CO(C,-C, alkyl) using standard methods well known in
the art will afford the corresponding compounds wherein R® is one of various (C,-C,
alkyl) derivatives.

Compounds of the formula I1V-a wherein A is CR” and G, J, and K are carbon
may be prepared by heating compounds of formula Vl-a with an appropriate compound
of the formula R*C(O)CR’COO(C,-C, alkyl) under acid or Lewis acid conditions with or
without a solvent, as shown in Scheme 1. Examples of such reaction conditions are:
a) heating in polyphosphoric acid; b) heating in toluene, benzene or xylene in the
presence of acid catalyst (such as p-TsOH, sulfuric acid or HCI(g)) using a Dean-Stark
trap; or c) heating in an appropriate solvent such as dichloroethane, diphenylether
(Ph,0) or Dowtherm A in the presence of a Lewis acid such as SnCl,, ZnCI,/HCI or
AlCl,.

Compounds of formula Vi-a may be prepared using methods described in the
scientific literature. (See Gazz, Chim. Ital.; 111, p167-172(1981); Chem. Pharm. Bull.;
24, 3001-3010 (1976); J. Org. Chem., 38, 1777-1780 (1973); Chem. Abstr. 68, 68982f
(1968); Aust. J. Chem.; 22, 563-572(1969), J. Chem. Soc. Perkin Trans.2, p1954, p1957
(1972), J. Heterocycl. Chem.; FR, 19, 443-445(1982); J. Heterocycl. Chem., 22,
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1496-1502 (1985); Tetrahedron, 47, 4639-4644 (1991); J. Heterocycl. Chem., 28,
2053-2055 (1991); J. Heterocycl. Chem., 29, 251-153 (1992).

Compounds of formula V-a and IV-a', wherein R is C,-C,alkyl can be prepared
by heating compounds of formula VI wherein W is -CN and -COO(C,-C, alkyl),
respectively, with an appropriate R*C(O)CH,COO(C,-C, alkyl) in the presence of a Lewis
acid such as SnCl,, AICl,, TiCl, or ZnCl,, in a inert solvent such as dichloroethane, at
about the reflux temperature, as shown in Scheme 2. Base hydrolysis of a compound
of the formula V-a or IV-a' with sodium hydroxide in H,0/(C,-C, alcohol) at reflux, or
with lithium hydroxide in water/THF or water/dioxane at temperature from about room
temperature to about the reflux temperature, foliowed by decarboxylation by heating in
a oil bath at a temperature from about 140-180°C will give a compound of formula V-b
or IV-b, respectively. Compounds of the formulas V-a and IV-a' may be converted into
compounds of the formula Il-a, and compounds of the formulas V-b and IV-b may be
converted into compounds of the formula II-b by the procedures described above. The
conversion of compounds of the formula ll-a into those of the formula li-c can be
accomplished using procedures analogous to those described above for converting
compounds wherein R® is -COO(C,-C, alkyl) into those wherein R® is C,-C, alkyl.

Compounds of formula VI may be prepared using methods described in the
literature. (See Liebigs Ann Chem., 1534-1546, 1979; Gazz. Chim. ital., 97, 25-33, 1967;

Gazz. Chim. ltal., 120, 725-730, 1990; Eur. J. Med. Chem. Chim. Ther., 26, 143-1568,
1991; J. Heterocyel. Che., Fr. 19, 443445, 1982; J. Heterocycl. Chem., 22, 1496-1502,
1985; J. Heterocycl. Chem., 31, 305-312, 1994; J. Heterocyel. Chem., 24, 243-245,

1987; J. Org. Chem. §7, 3713-3716, 1992; Liebigs Ann Chem., 1702-1710, 1984; Chem,
Pharm. Bull., 34, 701-702, 1986; Pharmazie, 48, 849-853, 1993; Bull. Soc. Chim. Belg.,
108, 181-184, 1994; and Indian. J. Chem. Sect. B, 33, 436-440, 1994).

Compounds of formula IV-c wherein Ais Nand G, J, and K are carbon may be
prepared, as shown in Scheme 3, by reacting compounds of formula VI with (R°C0),0,
R?*COOH or R*CO(OC,-C, alkyl),, in acetic acid or an appropriate inert organic solvent
such as toluene, dioxane, acetonitrile, methylene chloride or chloroform, at a
temperature from about 25°C to about 150°C, preferably at about the reflux
temperature, followed by heating in 85% phosphoric acid or an aqueous acid such as
acetic acid, hydrochloric acid or sulturic acid, preferably in 50-85% phosphoric acid.

Compounds of formula V-b may be prepared, as shown in Scheme 3, by heating the
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corresponding compounds of formula VI with excess of the appropriate compound of
the formula R°CONH, .

Compounds of formula IV-d may be prepared, as shown in Scheme 4, by
reacting compounds of formula IX with an appropriate reagent having the formula
R3C(O)CHR’COO(C,-C,alkyl) in an R®*COOH solvent at temperature from about 60°C
to about 180°C, preferably at about the reflux temperature.

Compounds of formula I-N may be prepared, as shown in Scheme 5, by
reacting the corresponding compounds of formt.lla X with a (C,-C, alkyl)nitrite, with or
without CuBr,, CuCl,, or Cul,, in an appropriate inert solvent such as acetonitrile,
acetone, methylene chloride, chloroform, benzene or toluene, preferably acetonitrile at
a temperature from about 25°C to about 150°C, preferably from about 60°C to 100°C.

Compounds of formula I-L and I-M may be prepared, as shown in Scheme 6,
by reacting compounds of formula X| wherein X is S or O with a compound of the
formula R*CHO or R*CH(OC,-C, alkyl), and an acid catalyst such as p-TsOH, HCI, HBr,
H,SO,, or HCI, in toluene, xylene or benzene, preferably toluene, with from one to ten
equivalents of water, at temperature from about 70°C to about 160°C, using a
Dean-Stark trap or in the presence of anhydrous sodium sulfate.

Compounds cof formula I-K and |-U may be prepared by reacting the
corresponding compounds of formula Xl with triphosgene and thiophosgene,
respectively, and a base such as triethylamine or pyridine in an appropriate inert solvent
such as methylene chiloride, THF, dioxane, ether, benzene or chloroform, preferably
methylene chloride or dry THF, at temperature from about 0°C to about 25°C.

Compounds of formula -V, I-W, and |-X may be prepared, as illustrated in
Scheme 7, starting from compounds of formula Xil. Compounds of formula Xlll may
be prepared by reacting the corresponding compounds of formula XlI with
hydroxylamine in acidic {e.g., in trifluoroacetic acid) or basic (e.g., in NaOAc or NaOH
and hydroxylamine hydrochloride in a C,-C, alcohol/water mixture) conditions at
temperatures from about 25°C to about 150°C, preferably at about the reflux
temperature. Compounds of formula XIV can be prepared by heating the
corresponding compounds of formula Xl in acetic anhydride, trifluoroacetic anhydride
or Tf,0, with or without a sclvent such as acetic acid or methylene chloride, in the
presence of an appropriate amine base such as triethylamine or pyridine. Compounds

of formula |-V, I-W and |I-X may be prepared by heating the comresponding compounds
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of formula XIV and pyridine in an inert solvent such as DMF, DMSO, NMP, sulfolane or
acetamide at a temperature from about 80°C to about 180°C.

Compounds of formula I-G may be prepared, as illustrated in Scheme 8, by
reducing the corresponding compounds of formula XVII. This reduction can be
performed using standard methods known in literature for reduction of a nitro group to
an amino group. Such methods include hydrogenation or reduction by iron in acetic
acid. Cyclization may occur upon reduction or heating in an appropriate solvent such
as a C,-C, alcohol, acetonitrile, toluene, THF, methylene chloride or acetic acid.

The conversion of compounds of formula XV| into those of formula XVI| can be
accomplished using methods analogous to those described above for the conversion
of compounds of formula V wherein W is cyano into compounds of formula | wherein
B is a group having a carbon atom directly attached to the bicyclic ring. The best
method for conversion of a cyano group to a -COOH group is acid hydrolysis, for
example, heating the cyano compound in 50-85% phosphoric acid or 50-90% acetic
acid, preferably phosphoric acid. The best method for converting a cyano group into
a -CO(C,-C, alkyl) is reacting the cyano compound with a Grignard reagent at a
temperature from about 0°C to about 25°C in ether, THF or dioxane. The best method
for converting a cyano group into a -CHO group is a diisobutylaluminum hydride
reduction in THF, dioxane, or ether at a temperature from about -78°C to about 25°C,
preferably from about -78°C to about -40°C.

Compounds of the formula XVi may be prepared by reacting compounds of
formula XV, wherein Hal is chloro, bromo or lodo, with a sodium, potassium, or lithium
salt of R°CH,CN in an appropriate inert solvent such as toluene, benzene, a C,-C,
alcohol, THF, DMSO, dioxane, or pyridine, with or without a Pd(ll) or Pd(0) catalyst, at
a temperature from about -78°C to about 130°C.

Alternatively, compounds of formula XVIl may be prepared by subjecting
compounds of the formula XV to halogen-metal exchange (e.g., using an organo lithium
agent such as tBuli, s-Buli or Buli at -78°C in ether, THF, or dioxane), followed by
quenching with an electorphile such as R°CHO, to give compounds of formula XVIii.
Compounds of formula XiX-a may be prepared by reacting the corresponding
compounds of formula XVIIi with thionyl chloride, followed by reduction. Reacting
compounds of formula XIX-a with a base (such as organolithium agent (e.qg., lithium
diisopropylamide or BuLi), followed by quenching with an electrophile (such as carbon
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dioxide) will yield the corresponding compounds of formula XIX-b wherein R?' is
-COOH. Compounds of formula XIX-c wherein R*' is -C(OH)R* may be prepared in a
similar fashion by quenching the appropriate compound of formula XiX-a with an
electrophile of the formula C,-C, alkyl-CHO. Compounds of formula XVl can be
prepared by reacting compounds of formula XiX-¢ with PCC (pyridinium
chlorochromate) using standard PCC oxidation methods that are well known in the art.

Compounds of formula il-d, li-e and li-f, wherein T is chioro, bromo or iodo and
D, E, R?, R® and R’ are as defined to those in formula | may be prepared, as shown in
Scheme 9, by methods analogous to those described in Scheme 2. Alternatively,
Compounds of formula 1i-d to Il-f may be prepared using procedures analogous to
those described in the literature (See: Pharm. Bull, 5, 229-231, 1957; Monatsh Chem,
100, 671-678, 1969; J. Heterocycl. Chem., 3, 218-220, 1966, Chem. Pharm. Bull,. 23,
2891-2895, 1975, J. Heterocycl. Chem., 8, 1-6, 1971; Justus Liebigs Ann. Chem, 735,
35-44, 1970; Tetrahedron Lett, 1479, 1968; and Chem. Abstr., 1939, 4988.)

The acid addition salts of compounds of the formula can be prepared in a
conventional manner by treating a solution or suspension of the corresponding free
base with one chemical equivalent of a pharmaceutically acceptable acid. Conventional
concentration or crystallization techniques can be employed to isolate the salts.
lllustrative of suitable acids are acetic, lactic, succinic, maleic, tartaric, citric, gluconic,
ascorbic, benzoic, cinnamic, fumaric, sulfuric, phosphoric, hydrochloric, hydrobromic,
hydroiodic, sulfamic, sulfonic acids such as methanesulfonic, benzene sulfonic, p-
toluenasulfonic, and related acids.

The compounds of formula | and their pharmaceutically acceptable salts
(hereinafter referred 1o, collectively, as "the active compounds of this invention®) may
be administered alone or in combination with pharmaceutically acceptable carriers, in
eithér single or multiple doses. Suitable pharmaceutical carriers include inert solid
diluents or fillers, sterile aqueous solutions, oils (e.g., sesame oil, peanut oil) and

various organic solvents. The pharmaceutical compositions formed by combining the
novel compounds of formula | and pharmaceutically acceptable carriers can then be
readily administered in a variety of dosage forms such as tablets, oil gel, powders,
lozenges, syrups, injectable solutions and the like. These pharmaceutical compositions
can, if desired, contain additional ingredients such as flavorings, binders, excipients and
the like. Thus, for purposes of oral administration, tablets containing various excipients
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such as sodium citrate, calcium carbonate and calcium phosphate may be empioyed
along with various disintegrants such as starch, methylcellulose, aiginic acid and certain
complex silicates, together with binding agents such as polyvinyipyrrolidone, sucrose,
gelatin and acacia. Additionally, iubricating agents such as magnesium stearate,
sodium lauryl sulfate and taic are often useful for tabletting purposes. Solid
compositions of a similar type may also be employed as fillers in soft and hard filled
gelatin capsules. Preferred materials for this include lactose or milk sugar and high
molecular weight polyethylene glycols. When aqueous suspensions or elixirs are
desired for oral administration, the essential active ingredient therein may be combined
with various sweetening or flavoring agents, coloring matter or dyes and, if desired,
emulsifying or suspending agents, together with diluents such as water, ethanol,
propylene glycol, glycerin and combinations thereof.

For parenteral administration, solutions containing an active compound of this
invention or a pharmaceutically acceptable salt thereof in sesame or peanut oil,
aqueous propylene glycol, or in sterile aqueous solution may be employed. Such
aqueous solutions should be suitably buffered if necessary and the liquid diluent first
rendered isotonic with sufficient saline or glucose. These particular aqueous solutions
are especially suitable for intravenous, intramuscular, subcutaneous and intraperitoneal
administration. The sterile aqueous media employed are all readily available by
standard techniques known to those skilled in the art.

The effective dosages for the active compounds of this invention will depend on
the intended route of administration and factors such as the age and weight of the
patient, as generally known to a physician. The dosages will also depend on the
particular illness to be treated. For instance, the daily dosage for stress-induced
ilinesses, inflammatory disorders, Alzheimer's disease, gastro-intestinal diseases,
anorexia nervosa, hemorrhagic stress and drug and alcohol withdrawal symptoms will
generally range from about 0.1 to about 50 mg/kg body weight of the patient to be
treated.

Methods that may be used to determine the CRF antagonist activity of the active
compounds of this invention and their pharmaceutically acceptable salts are described
in Endocrinology, 116, 1653-1659 (1985) and Peptides, 10, 179-188 (1985). The
binding activities for compounds of the formula |, expressed as 1C,, values, generally
range from about 0.5 nanomolar to about 10 micromolar., Methods that can be used
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to determine the CRF binding protein inhibiting activity of compounds of the formula |
are described in Brain Research, (1997), 745 (1,2),248-255.

The present invention is illustrated by the following examples. It will be
understood, however, that the invention is not limited to the specific details of these
examples. Melting points are uncorrected. Proton nuclear magnetic resonance spectra
("H NMR) and C'® nuclear magnetic resonance spectra (C'> NMR) were measured for
solutions in deuterochioroform (CDCl,) and peak positions are expressed in parts per
million (ppm) downfield from tetramethyisilane (TMS). The peak shapes are denoted
as foliows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; b, broad.

The following abbreviations are used in the Examples: Ph=phenyl;
iPr=isopropyi.

EXAMPLE 1
7-(1-Ethyi-propoxy)-6-methyi-3-(2.4. 6-trimethyl-phenyl)-pyrazolo[ 1 ,5-alpyrimidine

A solution of 3-pentanol {140 mg, 1.5 mmol) in 1 ml of dry THF was treated with
60% sodium hydride in oil (28 mg, 0.7 mmol) and stirred at room temperature for 10
min. Asolution of 7-chloro-5-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidine
(75 mg, 0.262 mmol) in 1 ml of dry THF was added and the resulting mixture was
heated at refiux for 6 hours. The mixture was quenched with water and extracted with
ethyl acetate. The organic layer was washed with brine, dried and concentrated to give
the crude material. The residue was purified through silica gel column chromatography
using 3:7 chcloroform:hexane as eluent to give 75mg (88%) of the titte compound.
'HNMR (CDCl,) & 7.97(s,1H), 6.97(s,2H), 6.03(s,1H), 4.56(m,1H), 2.53(s,3H),
2.32(s,3H), 2.13(s,6H), 2.10(m,4H), 1.09(t,6H) ppm.

EXAMPLE 2
[2,5-Dimethyi-3-(2,4 6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-7-yi]-(1-ethyl-

ropyl)-amine
A mixture of 7-Chloro-2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a]
pyrimidine (60 mg, 0.2 mmol) and 1-ethylpropylamine (4 ml) in 1m! of N-methylpyrro-
lidinone was heated at 125°C oil bath for 15 hrs. The mixture was quenched with water

and extracted with ethyl acetate. The organic layer was dried and concentrated and
purified through silica gel column chromatography using 20% ethyl acetate in hexane
as eluent to give 35 mg of the title compound as a yellow solid. 'H NMR (CDCl,) &
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6.96(s,2H), 6.00(d,1H), 5.77(s,1H), 3.47 (m,1H), 2.43(s,3H), 2.32(s,3H), 2.22(s,3H),
2.05(s,6H), 1.5-1.9(m,4H), 1.04(t,6H) ppm.

EXAMPLE 3
(1-Ethyl-propyl)-[5-methyl-3-(2 4,6-trimethyl-phenyl)-pyrazolo[1,5-a]pyrimidin-

7-yl]-amine

A mixture of 7-chloro-5-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a)
pyrimidine (180 mg, 0.63 mmol) and 1-ethylpropylamine (4 mi) in 1ml of
N-methylpyrrolidinone was heated at 125°C oil bath for 15 hours. The mixture was
quenched with water and extracted with ethyl acetate. The organic layer was dried and
concentrated and purified through silica gel column chromatography using chioroform
to 2% methanol in chloroform as eluent to give 195 mg (87%) of the title compound as
a green solid. '"H NMR (CDCl,) § 7.87(s,1H), 6.97(s,2H), 6.12(d,1H), 5.85(s,1H),
3.62(m,1H), 2.48(s,3H), 2.09(s,3H), 2.16(s,6H), 1.6-1.9(m,4H), 1.05(t,6H)ppm.

EXAMPLE 4
7-(1-Ethyl-propoxy)-2 5-dimethyl-3-(2 4 6-trimethyl-pheny!)-pyrazolo

1,5-a]lpvyrimidine

To a suspension of 60% Sodium hydride in oil (160 mg) in 4 ml of DMSO was
added 3-pentanol (853 mg), and then 7-chloro-2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)
-pyrazolo[1,5-a]pyrimidine (580 mg) at room temperature. The mixture was heated at
88°C overnight. The mixture was quenched with water and extracted with ethyi
acetate. The organic layer was dried and concentrated and purified through silica gel

column chromatography using 10% hexane in chloroform as eluent to give the title

compound as an orange oil. '"H NMR (CDCl,) 6 6.96(s,2H), 5.95(s,1H), 4.62(m,1H),

2.48(s,3H), 2.33(s,3H), 2.27(s,3H), 2.03(s,6H), 1.75-2.00(m,4H), 1.08(t,6H)ppm.
EXAMPLE 5

ropyl-amine
A mixture of 7-chloro-6-methyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a]
pyrimidine (200 mg, 0.66 mmol) and N-propylethylamine (2 ml) in 1ml of
N-methyipyrrolidinone was heated at 135°C oil bath for 4 hours. The mixture was
quenched with water and extracted with ethyl acetate. The organic layer was dried and
concentrated and purified through silica gel column chromatography using hexane to
10% ethyl acetate in hexane as eluent to give 150 mg of the title compound as a clear
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green oil. 'H NMR (CDCl,) & 6.95(s.2H), 5.80(s,1H), 3.85(q,2H), 3.67(dd,2H),
2.41(s,3H), 2.32(s,3H), 2.21(s,3H), 2.03(s,6H), 1.76(m,2H), 1.29(t,3H), 0.98(t,3H) ppm.

EXAMPLE &
[6-Bromo-5-bromomethyl-3-(2.4,6-trimethyl-phenyl)-3H-[1,2, 3ltriazolo[4,5-b]

pyridin-7-yl]-(1-ethyl-propyl)-amine_

To a solution of butyl nitrite (119 mg, 1.15 mmol) and CuBr2 (205 mg, 0.919
mmol) in 16 mi of acetonitriie was added N4-(1-ethyl-propyl)-6-methyl-N2-(2,4,6-
trimethyl-phenyl)-pyridine-2,3,4-triamine (250 mg, 0.766 mmol). The resulting mixture
was heated at 65°C for 1.6 hrs. The mixture was cooled to room temperature and 2N
HCI (16 ml) was added. The mixture was neutralized with 2N NaOH and extracted with
ethyl acetate. The organic layer was washed with brine, dried and concentrated to give
a brown oil. The oil residue was purified through silica gel column chromatography
using 1:1 hexane :ethyl acetate as eluent to give 61mg of [6-bromo-5-bromomaethyi-3-
(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-b] pyridin-7-yl}-(1-ethyl-propyl)-amine as
white crystals. Mp 123-126°C. 'H NMR (CDCl,) & 7.06(s,2H), 5.53(d,1H), 5.22(m,1H),
4.67(s,2H), 2.39(s,3H), 1.96(s,6H), 1.6-1.9(m,4H), 1.06(t,6H)ppm and 103 mg of
[6-bromo-5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo [4,5-b] pyridin-7-yl]-(1-et
hyi-propyl)-amine as white solid. Mp 115-117°C. 'H NMR (CDCl,) § 7.04(s,2H),
5.36(d,1H), 5.21(m,1H), 2.64(s,3H), 2.38(s,3H), 1.95(s,6H), 1.6-1.9(m,4H),
1.05(t,6H)ppm.

EXAMPLE 7

= - -[5-methyl-3-(2 4 6-trimethyi-phenyi}-3H-[1,2 S]triazolo[4.5-b
idin-7-yl]-amine -

A mixture of butyl nitrite (119 mg, 1.15 mmol) and N4-(1-ethyl-propyl)-6-methyl-
N2-(2,4,6-trimethyl-phenyl)-pyridine-2,3,4-triamine (250 mg, 0.766 mmol) in anhydrous

acetonitrile (16 ml) was heated at 65°C for 2 hours. The mixture was cooled to room

temperature and 2N HCI (16 ml) was added. The mixture was neutralized with 2N

NaOH and extracted with ethyl acetate. The organic layer was washed with brine, dried
and concentrated to give 250 mg of the crude product as a brown oil. The oil residue
was purified through silica gel column using chloroform as eluent to give 201 mg of the
title compound as golden yellow solid. Mp 131-133°C. 'H NMR (CDCl,) § 7.022(s,2H),
6.20(s,1H), 5.44(d,1H), 3.65(m,1H), 2.50(s,3H), 2.36(s,3H), 1.96(s,6H), 1.5-1.8(m,4H),
1.03(t,.6H)ppm.

1917



10

15

20

25

30

WO 98/08847 PCT/IB97/00922

43

EXAMPLE 8

[6-Bromo-5-methyl-3-(2,4 ,6-trimethyl-phenyl)-3H-[1,2 3]triazolo]4 ,5-b]pyridin
-7-yl}-(1-ethyl-propyl)-methyl-amine

To a solution of [6-bromo-5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3}triazolo
[4,5-b]pyridin-7-yl}-(1-ethyl-propyl}-amine (50 mg, 0.12 mmol) in dry THF )1.5 mi) was
added 2.5 M n-Buli in hexane (0.14 ml) at -78°C. After stirring at -78°C for 10 min, 0.5
ml of methyl iodide was added at that temperature then allowed to warmed to room
temperature and stirred for 15 min for 2 hours. The mixture was quenched with water

and extracted with ethyl acetate. The organic layer was washed with brine, dried and
concentrated to give 46 mg of brown oil. The residue was purified through silica gel
coliumn chromatography using 1:1 chloroform:hexane as eluent to give the title
compound as a golden oil. 'H NMR (CDCl,) § 7.04(s,2H), 4.35(m,1H), 3.32(s,3H),
2.70(s,3H), 2.38(s,3H), 1.94(s,6H), 1.7-2.0(m,4H), 1.01(t,6H)ppm.

EXAMPLE 9

7-(1-Ethyl-propoxy)-5-methyl-3-(2 4 6-trimethyl-phenyl)-3H-[1,2,3]
triazolo[4 5-b]pyridine

A mixture of 4-(1-Ethyl-propoxy)-6-methyl-N2-(2,4,6-trimethyl-phenyl)-pyridine-
2,3-diamine (50 mg, 0.153 mmol) and butyl nitrite (24 mg, 0.229 mmol) in 4 ml
acetonitrile was heated at 66°C for 2 hours. An additional 0.13 mi of butyi nitrite was
added and the resulting mixture was heated at 65°C for 2 hours. The mixture was
quenched with water and extracted with ethyl acetate. The organic layer was dried and
concentrated to give 58 mg of brown oil. The oil was purified through silica gel column
chromatography using 5% ethyl acetate in hexane as eluent to give 46 mg (88%) of the
titte compound as a light yellow oil. 'H NMR (CDCl,) § 7.04(s,2H), 6.60(s,1H),
5.26(m,1H), 2.67(s,3H), 2.38(s,3H), 1.94(s,6H), 1.8-2.0(m, 4H), 1.07(t,6H) ppm.

EXAMPLE 10
4-(1-Ethyl-propoxy)-2,5-dimethyl-7-(2,4 6-trimeth enyl)-5 o[3.2-d]lpy-
rimidine

To a solution of 3-pentanol (0.09 ml, 0.883 mmol) in dry THF was added 60%
NaH in oil (20 mg, 0.500 mmol) and stirred for § min. A solution of 4-chiloro-2,5-
dimethyl-7-(2,4 ,6-trimethyl-phenyl)-6H-pyrrolo[3,2-d] pyrimidine (50 mg, 0.166 mmol) in
dry THF was added to the reaction mixtiure and the resulting mixture was heated at
reflux for 2 hr. The mixture was quenched with water, extracted with ethyl acetate. The
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organic layer was washed with brine, separated, dried and concentrated to dryness to
give the title compound as a white solid. 'H NMR (CDCl,) 6 6.92(s,3H), 5.43(m,1H),
4.02(s,3H), 2.56(s,3H), 2.29(s,3H), 2.08(s,6H), 1.80(m,4H), 0.99(t,6H).

The titte compounds of Examples 11-14 were prepared by the method
analogous to that described in Example 10 starting from of 4-chloro-2-methyl-5-
substituted-7-(substituted-phenyl)-56H-pyrrolo[3,2-d]pyrimidine or 7-chloro-5-methyl-1-
substituted-3-(substituted-phenyl)-1H-pyrrolo[3,2-b]pyridine and an appropriate alcohol
or thiol and a base.

EXAMPLE 11
+)-2,5-Dimethyl-4-(tetrahydr -3-vioxy)-7-(2.4 6-trimeth olo
8.2-d]pyrimidine.

'H NMR (CDCl;) 6 6.95(s,1H), 6.92(s,2H), 5.88(m,1H), 3.9-4.08(m,4H),
4.01(s,3H), 2.56(s,3H), 2.29(s,3H), 2.2-2.4(m,2H), 2.07(s,6H) ppm.

EXAMPLE 12
2,5-Dimethyl-4-($i-(tetrah!dro-furan-s-ﬂoyj-‘l-(z.4,6—trim@ﬂ;gheny_l);ﬁ;gmolo]
3.2-d]pyrimidine.
'H NMR (CDCl;) & 6.95(s,1H), 6.92(s,2H), 5.88(m,1H), 3.9-4.08(m,4H),
4.01(s,3H), 2.56(s,3H), 2.29(s,3H), 2.2-2.4(m,2H), 2.07(s,6H) ppm.

EXAMPLE 13

dlpyrimidine.

'H NMR (CDCI,) ¢ 6.93(s,2H), 6.92(s,1H), 5.58(m,1H), 4.02(s,3H), 2.56(s,3H),
2.29(s,3H), 2.09(s,6H), 1.6-1.8(m,4H), 1.4-1.6(m,4H), 0.96(t,6H)ppm.

EXAMPLE 14

4-sec-Butylsulfanyl-2,5-dimethyi-7-(2 4 6-trimethyl-phenyl)-5H-pyrrolo[3.2-
dlpyrimidine.

'H NMR (CDCl;) & 6.97(s,1H), 6.94(s,2H), 4.34(m,1H), 4.13(s,3H), 2.63(s,3H),
2.30(s,3H), 2.07(s,6H), 1.7-1.9(m,2H), 1.48(d,3H), 1.09(t,3H) ppm.

The title compounds of Examples 15-18 were prepared using the following

procedure.
PROCEDURE FOR EXAMPLES. 15 - 18
A mixture of 4-chloro-2-methyl-5-substituted-7-(substituted-phenyl)-6H-
pyrroio[3,2-d]pyrimidine or 7-bromo-1 /5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-
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pyrrolo[3,2-b]pyridine-6-carboxylic acid methyl ester (1 mmol) and an appropriate amine
in DMSO (2 ml) was heated in 130°C oil bath until all the starting material was
consumed. The mixture was quenched with water and extracted with ethyl acetate. The
organic layer was dried and concentrated to dryness to give the corresponding 4-
alkylamino-2-methyl-5-substituted-7-(substituted-phenyl)-5H-pyrrolo[3,2-d]pyrimidineor
7-alkylamino-1,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-1H-pyrroio[3,2-b]pyridine-6-
carboxylic acid methyl ester derivative. Silica gel column chromatography may be used
for purification.
EXAMPLE 16
[2.5-Dimethyl-7-(2,4 6-trimethyi-phenyl)-5H- lo[3.2-d imidin-4-yi]-(1-eth

I-propyl)-amine
'"HNMR (CDCI,) 6 6.91(s,2H), 6.76(s, 1H), 4.61(d, 1H,NH), 4.33(m, 1H), 4.04(s,3H),
2.49(s,3H), 2.28(s,3H), 2.09(s,6H), 1.72(m,2H), 1.60(m,2H), 0.98(t,6H)ppm.
EXAMPLE 16

ethyl-amine
'"H NMR (CDCl,) § 6.96(s,1H), 6.92(s,2H), 3.93(s,3H), 3.44(q,2H), 3.40(m,2H),
2.57(s,3H), 2.29(s,3H), 2.09(s,6H), 1.67(m,2H), 1.30({m,2H), 1.14(t,3H), 0.88(t,3H)ppm.
EXAMPLE 17
2,5-Dimethyl-4-thiazolidin-3-yl-7-(2.4,6-trimethyl-phenyl)-6H-pyrrolo[3,2-dlpyri

midine
'H NMR (CDCl,) & 7.03(s,1H), 6.92(s,2H), 4.78(s,2H), 4.02(s,3H), 3.96(m,2H),
3.18(m,2H), 2.56(s,3H), 2.29(,3H), 2.06(s,6H) ppm.
EXAMPLE 18
7-(1-Ethyl-propylamino)-1,5-dimethyl-3-(2 4 6-trimethyl-phenyl)-1H-pyrrolo[3,2-b]
pyridine-6-carboxylic acid methyl| ester
'H NMR (CDCl,) & 6.98(s,1H), 6.93(s,2H), 5.40(d,1H), 3.97(s,3H), 3.91(s,3H),
3.35(m,1H), 2.57(s,3H), 2.30(s,3H), 2.09(s,6H), 1.62(m,4H), 0.87(t,6H) ppm.
EXAMPLE 19
7-(1-Ethyl-propylamino)-1,5-dimethyi-3-(2,4.6-trimethyi-phenvl)-1H-pyrrolo[3,2-b]-

pyridine-6-carboxylic acid

A mixture of 7-(1-ethyl-propylamino)-1,5-dimethy!-3-(2,4, 6-trimethyl-phenyl)-1H-
pyrrolo[3,2-b]pyridine-6-carboxylic acid methyl ester and NaOH in a 1:1 mixture of
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MeOH/water was heated at reflux over night. The resulting mixture was acidified with
2N HCI to a pH of 4-5, and extracted with chioroform. The organic layer was dried and
concentrated to give the title compound.

'H NMR (CDCl,) & 7.02(s,1H), 6.82(s,2H), 3.98(s,3H), 3.78(m,1H), 2.59(s,3H),
2.07(s,3H), 2.00(s,6H), 1.64(m,4H), 0.90(t,6H) ppm.

A mixture of 7-(1-ethyl-propylamino)-1,5-dimethyl-3-(2 /4,6-trimethyl-phenyl)-1H-
pyrrolo(3,2-b]pyridine-6-carboxylic acid was heated in 150-160°C oil bath until all the
starting material was consumed. 'H NMR (CDCl,) & 6.94(s,2H), 6.87(s, 1H), 6.1 5(s,1H),
6.10(d,1H), 4.24(s,3H), 3.50(m,1H), 2.64(s,3H), 2.30(s,3H), 2.05(s,6H), 1.77(m,4H),
1.02(t,6H)ppm.

PREP 10
4- =T enyl)-2H-pyrazol-3-ylamine

A mixture of 3-ox0-2-(2,4,6-trimethyl-phenyl)-propionitrile (2.300 g, 12.3 mmol),
hydrazine hydrate (0.93 g) and glacial acetic acid (1.55 ml) in 20 mi benzene was
heated at reflux for 4.6 hours. Reaction mixture was cooled to room temperature and
S0 mi of 18.5% HCI in water was added. The benzene layer was separated and
reextracted with 18.6% HCI. The aqueous layer were combined and neutralized with
ammonium hydroxide and stirred at rt. overnight. Precipitate formed and was fittered
to yield the title compound (0.256 g) as a yellow solid. The benzene layer was
concentrated and purified through silica gel column using 5% methanol in chloroform
as eluent to give an additional 1.450 g of the title compound; 'H NMR (CDCl,) &
7.24(s,1H), 6.95(s,2H), 4.75(brs,2H), 2.32(s,3H),2.13(s,6H) ppm.

PREPARATION B
5-Methgl-4-(2,4,6-1rimethyl-ghengl )-2H-pyrazol-3-ylamine

The title compound was prepared as white solid by the method analogous to
that described in preparation A starting from 3-0x0-2-(2,4,6-trimethyi-phenyl)-
butyronitrile. 'H NMR (CDCl,) & 7.7(brs,1H), 6.96(s,2H), 2.32(s,3H), 2.13(s,3H),
2.06(s,6H) ppm.
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PREPARATION C
2,5-Dimethyl-3-(2,4,6-trimethyl-phenyl)-4H-pyrazolo[1 6-a midin-7-one
Methyl acetoacetate (0.38 ml) was added to a solution of
5-methyl-4-(2,4,6-trimethyl-phenyl)-2H-pyrazol-3-ylamine (641 mg, 2.98 mmol) in 4 ml
of acetic acid. The reaction mixture was heated at reflux for overnight. The mixture
was concentrated to dryness and the residue was purified through silica gel column
chromatography using §% methanol in chioroform as eluent to give 560 mg (65.5%) of
the title compound as a white solid; 'H NMR (DMSO-d,) § 11.7(s,1H), 6.98(s,2H),
6.52(s,1H), 2.29(s,3H), 2.20(s,3H), 1.97(s,3H), 1.95(s,6H) ppm.
PREPARATION D
5-Methyi-3-(2 4,6-trimethyl-phenyl)-4H-pyrazolo[1,5-alpyrimidin-7-one
Methyl acetoacetate (0.7 ml) was added to a solution of

4-(2,4,6-Trimethyl-phenyl)-2H-pyrazol-3-ylamine (1.120 g, 5.57 mmol) in 5 ml of acetic
acid and the resulting mixture was heated at reflux for two days. Reaction mixture
cooled and a white solid formed. Ethanol (6 ml) was added and stirred at room
temperature overnight, filtered to give white solid which was recrystallized from ethanol
to give 673 mg(45.2%) of the title compound as white crystals. 'H NMR (DMSO-d,) &
11.9(s,1H), 7.7(s,1H), 6.95(s,2H), 5.55(s,1H), 2.25(s,3H), 2.20(s,3H), 2.0(s,6H)ppm.
PREPARATION E

7-Chioro-5-methyl-3-(2.4 6-trimethyi-phenyl)-pyrazolo[1,5-a]lpyrimidine

Asuspension of 5-methyl-3-(2,4,6-trimethyi-phenyl)-4H-pyrazolo[1,5-a]pyrimidin
-7-one {590 mg, 2.2 mmoel) in 9 mi of POCI, was treated with diethylaniline (0.7 ml) and
the resuiting mixture was stirred at reflux for 16 hours. The reaction mixture was
concentrated to dryness. The residue was treated with ice water and stirred for 20 min,
then extracted with chloroform. The organic layer was dried and concentrated to yield
an orange oil which crystallized upon standing. The material was purified through silica
gel column chromatography using chioroform as eluent to give 590 mg (94%) of the
title compound as a yellow solid; 'H NMR (CDCI;) & 8.08(s,1H), 6.98(s,2H), 6.86(s,1H),
2.56(s,3H), 2.33(s,3H), 2.09(s,6H) ppm.
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PREPARATION F
7-Chioro-2,5-dimethyi-3-(2.4 6-trimethyl-phenyl)-pyrazolo[1,5-alpyrimidine
The title compound was prepared as an oil by the method analogous to that
described in preparation E starting from 2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-4H-
pyrazolo[1,5-a]pyrimidin-7-one. 'H NMR (CDCI,) & 6.98(s,2H), 6.77(s,1H), 2.51 (s,3H),
2.33(s,3H), 2.31(s,3H), 1.99(s,6H) ppm.

PR RATI
8-Dimethyl-7-(2.4 6-trimethyl-ph -5H-pyrrolo[3,2-d midin-4-o

A mixture of 3-amino-1-methyl-4-(2,4,6-trimethyiphenyl)-1H-pyrrole-2-carbonitrile
(0.4 mmol) and acetic anhydride (0.043 ml) in acetic acid (0.01 ml) was heated at refiux
untill all the starting material was consumed. The reaction mixture was concentrated
to dryness. The residue was quenched with water and extracted with ethyl acetate.
The organic extracts was washed with brine and concentrated to dryness. The residue
was suspended in 0.6 ml of 86% phosphoric acid and heated at 130°C for 1 hour. The
mixture was cooled and poured into ice-water, stirred until solid formed. The solid was
filtered to give 2,5-dimethyl-7-(2,4,6-trimethylphenyl)-5H-pyrrolo[3,2-d]pyrimidin-4-ol.
The alternative way for the work up is via extraction technique. The ice water was
extracted with chloroform. The organic layer was dried and concentrated to dryness to
give the desired product.

'H NMR § (CDCl,) 6.92(s,2H), 6.88(s,1H), 4.14(s,3H), 2.43(s,3H), 2.29(s,3H),

2.09(s,6H).

The following compounds can be prepared in a similar manner:

2,5-Dimethyl-7-(2,6-dimethyl-4-chloro-phenyl)-5H-pyrrolo[3,2-d]pyrimidin-4-ol:

2,5-Dimethyl-7-(2,6-dimethyl-4-bromo-phenyl)-5H-pyrrolo[3,2-d]pyrimidin-4-ol;

2-Methyi-7-(2,4,6-trimethyl-phenyl)-5H-pyrrolo[3,2-d)pyrimidin-4-ol:

2-Methyl-7-(2,6-dimethyl-4-chloro-phenyl)-6H-pyrrolo[3,2-d]pyrimidin-4-ol;

2-Methyl-7-(2, 6-drimethyl-4-bromo-phenyl)-5H-pyrrolo[3,2-d]pyrimidin-4-ol: and

2-Methyl-7-(2,4,6-trimethyl-pheny!)-5H-pyrrolo[3,2-d]pyrimidin-4-ol;

PREPARATION H

 4-Chloro-2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-5H-pyrrolo[3,2-d]pyrimidine
A mixture of 2, 5-dimethyl-7-(2,4,6-trimethylphenyl)-5H-pyrrolo[3,2-d] pyrimidin-4

-ol (1 mmol) in POCI, (1.3 mi) was heated at reflux until all the starting material were
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consumed (about 1-3 hours). The mixture was concentrated to dryness. The residue
was porued into ice-water and extracted with ethyl acetate. The organic layer was dried
and concentrated to dryness to give the title compound.
'H NMR (CDCl,) é 7.18(s,1H), 6.95(s,2H), 4.16(s,3H), 2.69(s,3H), 2.31(s,3H),
2.05(s,6H) ppm.
PREPARATI |

7-Amino-1.5-dimethyl-3-(2 4, 6-trimethyl-phenyl)-1H-pyrrolo[3,2-b]pyridine-6-
carboxylic acid methyl ester

Amixtureof 3-amino-1-methyl-4-(2,4,6-trimethylphenyl)-1H-pyrrole-2-carbonitrile
(2 mmol), methy! acetoacetate (4 mmol) and SnCl, (4 mmol) in 1, 2-dichloroethane was
heated at reflux for about six hours until all the starting material were consumed. The
mixture was quenched with acetone, basified with saturated NaHCO,, then filtered
through Celite®. The filtrate was concentrated to dryness. The residue was quenched

with water and extracted with chloroform. The chloroform layer was washed with brine,
dried and concentrated to dryness to give 7-amino-1,6-dimethyl -3-(2,4,6-trimethyl-
phenyt)-1H-pyrrolo[3,2-b]pyridine-6-carboxylic acid methyl ester. The product may be
purified by trituration.
'H NMR (CDCl,) & 6.91(s,2H), 6.85(s,1H), 6.28(brs,2H), 4.10(s,3H), 3.89(s,3H),
2.62(s,3H), 2.28(s,3H), 2.09(s,6H) ppm.
PREPARATION J

carboxylic acid methyl ester
A mixture 7-amino-1, S5-dimethyl-3-(2, 4, 6-trimethylphenyl)-1H-pyrrolo]3, 2-
b]pyridine-6-carboxylic acid methyi ester (1 mmol), n-butylnitrite (BuONO) (1.5 mmol)
and CuBr, in acetonitrile was heated at 60-70°C until all starting material was
consumed. The mixture was quenched with water and extracted with ethyl acetate.
The organic layer was dried and concentrated to dryness to give the title compound.
'H NMR (CDCl,) 8 7.09(s,1H), 6.94(s,2H), 4.16(s,3H), 3.98(s,3H), 2.52(s,3H),
2.30(s,3H), 2.04(s,6H) ppm. 2,7-dibromo-1,5-dimethyl-3-(2,4,6-trimethyi-phenyl)
-1H-pyrrolo[3,2-b]pyridine-6-carboxylic acid methyl ester was also produced as a minor
component. 'H NMR (CDCl,) & 7.00(s,2H), 4.45(s,3H), 4.03(s,3H), 2.51(s,3H),
2.34(s,3H), 2.12(s,6H) ppm.

1924



10

15

20

25

30

WO 98/08847 PCT/IB97/00922

CLAIMS
1. A compound of the formula

B

S
N V“’“[

or a pharmaceutically acceptable salt thereof, wherein

the dashed lines represent optional double bonds:

A is nitrogen or CR’; _

B is -NR'R? -CR'R’R'* -C(=CR?R")R’, -NHCR'R?R"®, -OCR'R?R'?, -.SCR'R?R'°,
-CR?R'°’NHR’', -CR?R'°OR’, -CR?R'°SR' or -COR?;

J and K are each independently nitrogen or carbon and both J and K are not
nitrogens ;

D and E are each selected, independently, from nitrogen, CR*, C=0, C=s§,
sulfur, oxygen, CR*R® and NR® ;

G is nitrogen or carbon;

the ring containing D, E, G, K, and J in formula | may be a saturated or
unsaturated 5-membered ring and may optionally contain one or two double bonds and
may_optionally contain from one to three heteroatoms in the ring and may optionally
have one or two C=0 or C=S groups; —

R' is C,-C, alkyl optionally substituted with one or two substituents
independently selected from hydroxy, fluoro, chloro, bromo, iodo, -0-(C,-C, alkyl), CF,,
-C(=0)0-(C,-C,alkyl), -OC(=0)(C,-C, alkyl), -OC(=O)N(C,-C, alky})(C,-C, alkyl),
-NHCO(C,-C, alkyl), -COOH, -COO(C,-C, alkyl), -CONH(C,-C, alkyl), -CON(C,-C,
alkyl)(C,-C, alkyl), -S(C,-C, alkyl), -CN, -NO,, -SO(C,-C, alkyl), -S0,(C,-C, alkyl),
-SO,NH(C,-C, alkyl) and -SO,N(C,-C, alkyl)(C,-C, alkyl), wherein each of the C,-C, alkyl
groups in the foregoing R' groups may optionally contain one or two double or triple
bonds;

R?is C,-C,, alkyl which may optionally contain from one to three double or triple
bonds, aryi or (C,-C, alkylene)aryl, wherein said aryl and the aryl moiety of said (C,-C,
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alkylene)aryl is selected from phenyl, naphthyl, thienyl, benzothienyl, pyridyl, quinolyi,
pyrazinyl, pyrimidinyl, imidazolyl, furanyl, benzofuranyl, benzothiazolyl, isothiazolyl,
pyrazolyl, pyrrolyl, indolyl, pyrrolopyridyl, oxazolyl and benzoxazolyl; C,-C, cycioalky!
or (C,-C, alkylene)(C,-C, cycloalkyl), wherein one or two of the carbon atoms of said
cycloalkyl and the 5 to 8 membered cycloalkyl moieties of said (C,-C, alkylene)(C,-C,
cycloalkyl) may optionally and independently be replaced by an oxygen or sulfur atom
or by NZ? wherein Z? is selected from hydrogen, C,-C, alkyl, benzyi and C,-C, alkanoyl,
and wherein each of the foregoing R? groups may optionally be substituted with from
one to three substituents independently selected from chloro, fluero, hydroxy and C,-C,
alkyl, or with one substituent selected from bromo, iodo, C,-C, alkoxy, -OC(=0)(C,-C,
alkyl), -OC({=0)N(C,-C, alkyl}(C,-C, alkyl), -S(C,-C, alkyl), amino, -NH(C,-C, alkyl),
-N(C,-C, alkyl)(C,-C, alkyl), -N(C,-C, alkyl})-CO-(C,-C, alkyl), -NHCO(C,-C, alkyl), .
-COOH, -COO(C,-C, alkyl), -CONH(C,-C, alkyl), -CON(C,-C, alkyl)(C,-C, alkyl), -SH,
-CN, -NO,, -SO(C,-C, alkyl), -SO,(C,-C, alkyl), -SO,NH(C,-C, alkyl) and -SO,N(C,-C,
alkyl)(C,-C, alkyl);

-NR'R? or CR'R’R'® may form a saturated 3 to 8 membered carbocycliic ring
which may optionally contain from one to three double bonds and wherein one or two
of the ring carbon atoms of such 5§ to 8 membered rings may optionally and
independently be replaced by an oxygen or sutfur atom or by NZ* wherein Z2° is
hydrogen, C,-C, alkyl, benzyt or C,-C, alkanoyl;

R? is hydrogen, C,-C, alkyl, -O(C,-C, alkyl), chloro, fluore, bromo, iodo, (C,-C,
alkylene)-O-(C,-C, alkyl), (C,-C, alkylene)-OH, or -S(C,-C, alkyl);

each R* is, independently, hydrogen, (C,-C, alkyl), fluoro, chloro, bromo, iodo,
hydroxy, cyano, amino, (C,-C, alkylene)-OH, CF,, CH,SCH,, nitro, -O(C,-C, alkyt),
-N(C,-C, alkyl){C,-C, alkyl), -S(C,-C, alkyl), -CO(C,-C, alkyl), -C(=0)H or
-C(=0)0{(C,-C,alkyl);

R® is hydrogen, methyl or ethyl;

R® is hydrogen or C,-C, alkyl;

R® is phenyl, pyridyl, pyraziny!, pyrimidyl, pyridazinyl and wherein each of the
foregoing R® groups is substituted with from one to four substituents R'® wherein one
to three of said substituents may be selected, independently, from fluero, chloro, C,-C,
alkyl and -O(C,-C, alkyl) and one of said substituents may be selected from bromo,
iodo, formyl, OH, (C,-C, alkylene)-OH, (C,-C,alkylene)-O-(C,-C, alkyl), -CN, -CF,, -NO,,

1926



10

15

25

WO 98/08847 PCT/IB97/00922

-52.

‘NH;, -NH(C,-C, alkyl), -N(C,-C, alkyl)(C,-C, alkyi), -OCO(C,-C, alkyl), (C,-C,
alkylene)-O-(C,-C, alkyl),-S(C,-Cq alkyl), (C,-C, alkyiene)-S-(C,-C, alkyl), -C(=0)0O(C,-C,
alkyl), -C(=0O)(C,-C, alkyl), -COOH, -SO,NH(C,-C, alkyl), -SO,N(C,-C, alkyl)(C,-C,
alkyl), -SO,NH,, -NHSO,(C,-C, alkyl), -S(C,-C, alkyl) and -SO 2(C,-C, alkyl), and wherein
each of the C,-C, alkyl and C,-C, alkyl moieties in the foregoing R® groups may
optionally have one or two double bonds;

R’ is hydrogen, C,-C, alky!, halo (e.g., chloro, fiucro, iodo or bromo), hydroxy,
-O(C,-C, alkyl), -C(=0)(C,-C, alkyl), -C(=0)0O(C,-C, alkyl), -OCF,, -CF,, -CH,0OH or
-CH,0(C,-C, alkyl);

R'® is hydrogen, hydroxy, methoxy or fluoro;

R'' is hydrogen or C,-C, alkyl; and

with the proviso that: a) when both J and K are carbons and D is CR® and E is
nitrogen, then G can not be nitrogen; (b) when both J and K are carbons and D and
G are nitrogens, then E can not be CR* or C=0 or C=S; (c) when both J and K are
carbons and D and E are carbons, then G can not be nitrogen; (d) when G is carbon,
it must be double banded to E; and (e} in the ring containing J, K, D, E and G, there
can not be two double bonds adjacent to each other;

and the pharmaceutically acceptable salts of such compounds.

2. Compounds according to claim 1 wherein B is -NR'R?, -NHCHR'R?,
-OCHR'R? and R' is C,-C, alkyl, which may optionally be substituted with one fluoro,
or C,-C, alkoxy group and which may optionally contain one double or triple bond; and
R? is C,-C, alkyl or (C,-C, alky!)-CO-(C,-C, alkyl) which may optionally contain one
double or triple bond.

3. Compounds according to claim 1, wherein B is -CHR'R?, -NR'R?,
-NHCHR'R?, -OCHR'R?, -SCHR'R?; and R' is C,-C, alkyl, which may optionally be
substituted with one hydroxy, fluoro, CF;, cyclopropyl or C,-C, alkoxy group and which
may optionally contain one double or triple bond; and R? is benzyl or C,-C, alkyl, which
may optionally contain one double or triple bond, wherein said C,-C, alkyl and the
phenyl moiety of said benzyl may optionally be substituted with one fluoro, hydroxy,
CF,, eyclopropyl, C,-C, alkyl, C,-C, alkoxy or chloro group.

4. Compounds according to claim 1 wherein R® is methyl.

5, Compounds according to claim 1 wherein R*, R®, R®, R®, and R'? are
hydrogen or methyt.
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6. Compounds according to claim 1 wherein R® is di- or tri-substituted
phenyl in which the two or three substitutents are independently selected from C,-C,
akyl, O-(C,-C, alkkyl), (C,-C, alkylene)-O-(C,-C,alkyl), CF,, OCF, CHO,
(C,-C,alkylene)-OH, cyano, chloro, fluoro, brome and iodo, wherein each of the
forgoing (C,-C,) alkyl groups may optionally contain one double or triple bond.

7. Compounds 1 wherein R® is methyl, ethyl, chloro or methoxy; and each
of R*, R®, R® R® and R'?is, independently, hydrogen, methyl or ethyi.
8. Compounds wherein R°® is di- or tri-substituted pyridyl, or pyrimidyi in

which the two or three substitutents are independently selected from C,-C, alkyl,
0-(C,-C, alkyl), (C,-C, alkylene)-O-(C,-C, alkyl), CF,, OCF,, CHO, (C,-C, alkylene)-OH,
cyano, chloro, fluoro, bromo and iedo, wherein each of the forgoing (C,-C,) alkyl
groups may optionally contain one double or triple bond.

9, Compounds according to claim 1 wherein A Is N, CH or CCH,.

10. Compounds according to claim 1 wherein A is CH, J and K are carbon
and D, E, and G are nitrogen.

11. Compounds according to claim 1 wherein J and D are nitrogen, and K
and G are carbon, and E is CH, CCH, or CC,H,.

12. Compounds according to claim 1 wherein J and K are carbon, and
D--EG isO-C(CH,;)=C, O-CH=C, S-C(CH,)=C, S-CH=C, N(CH,)-C(CH,)=C,
NHC(CH,)=C, NHC(CH,CH,)=C, N(CH,)-CH=C, O-N=C, S-N=C, N(CH,)-N=C,
O-CH,N or S-CH,N.

—13.___ A compound according to claim 1 wherein B is -CHR'R?, -NCHR'R? or
-OCHR'R?, and the CHR'R? group of B is a cyclopentane ring,-a tetrahydrofuran ring
or a tetrahydrothieny! ring.

14. A compound according to claim 1 wherein the NR'R? group of B is a five
membered saturated or unsaturated heterocyclic ring.

15. A compound according to claim 14 wherein the NR'R? is a pyrrolo ring,
a pyrrolidino ring, a thiazolidino ring or a morpholino ring.

16. A pharmaceutical composition for the treatment, prevention or inhibition
of (a) a disorder the treatment of which can be effected or facilitated by antagonizing
CRF, including but not limited to disorders induced or facilitated by CRF, or (b) a
disorder selected from inflammatory disorders such as rheumatoid arthritis and

osteoarthritis, pain, asthma, psoriasis and allergies; generalized anxiety disorder; panic;
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phobias; obsessive-compulsive disorder; post-traumatic stress disorder:; sleep disorders
induced by stress; pain perception such as fibromyalgia; mood disorders such as
depression, including major depression, single episode depression, recurrent,
depression, child abuse induced depression, mood disorders associated with
premenstrual syndrome, and postpartum depression; dysthemia; bipolar disorders;
cyclothymia; chronic fatigue syndrome; stress-induced headache; cancer; irritable
bowel syndrome, Crohn's disease; spastic colon; post operative ileus; uicer;diarrhea;
stress-inducedfever; humanimmunodeficiency virus (HIV) infections; neurodegenerative
diseases such as Alzheimer's disease, Parkinson's disease and Huntington's disease;
gastrointestinal diseases; eating disorders such as anorexia and bulimia nervosa;
hemorrhagic stress; chemical dependencies and addictions (e.q., dependencies on
alcohol, cocaine, heroin, benzodiazepines, or other drugs); drug and alcohol withdrawal
symptoms; stress-induced psychotic episodes; euthyroid sick syndrome; syndrome of
inappropriate antidiarrhetic hormone (ADH); obesity; infertility; head traumas; spinal
cord trauma; ischemic neuronal damage (e.q., cerebral ischemia such as cerebral
hippocampal ischemia); excitotoxic neuronal damage; epilepsy; stroke; immune
dysfunctions including stress induced immune dysfunctions (e.q., porcine stress
syndrome, bovine shipping fever, equine paroxysmal fibrillation, and dysfunctions
induced by confinement in chickens, sheering stress in sheep or human-animal
interaction related stress in dogs); muscular spasms; urinary incontinence; senile
dementia of the Alzheimer's type; multiinfarct dementia; amyotrophic lateral sclerosis;
hypertension; tachycardia; congestive heart failure; osteoporosis; premature birth; and
hypoglycemia in a mammal, comprising an amount of a compound according to claim
1 that is effective in the treatment of such disorder, and a pharmaceutically acceptable
carrier.

17. A method for the treatment, prevention or inhibition of (a) a disorder the
treatment of which can be effected or facilitated by antagonizing CRF, including but not
limited to disorders induced or facilitated by CRF, or (b) a disorder selected from
inflammatory disorders such as rheumatoid arthritis and osteoarthritis, pain, asthma,
psoriasis and allergies; generalized anxiety disorder; panic; phobias; obsessive-
compulsive disorder; post-traumatic stress disorder; sleep disorders induced by stress;
pain perception such as fibromyalgia; mood disorders such as depression, including
major depression, single episode depression, r- ~urrent premenstrual syndrome, and
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postpartum depression; dysthemia; bipolar disorders; cyclothymia; chronic fatigue
syndrome; stress-induced headache; cancer; irritable bowel syndrome, Crohn's
disease; spastic colon; post operative ileus; ulcer; diarrhea; stress-induced fever;
human immuncdeficiency virus (HIV) infections; neurodegenerative diseases such as
Alzheimer's disease, Parkinson's disease and Huntington's disease; gastrointestinal
diseases; eating disorders such as ancrexia and bulimia nervosa; hemorrhagic stress;
chemical dependencies and addictions (e.q., dependencies on alcohol, cocaine, heroin,
benzodiazepines, or other drugs); drug and alcohol withdrawal symptoms; stress-
induced psychotic episodes; euthyroid sick syndrome; syndrome of inappropriate
antidiarrhetic hormone (ADH); obesity; infertility; head traumas; spinal cord trauma;
ischemic neuronal damage (e.qg., cerebral ischemia such as cerebral hippocampal
ischemia); excitotoxic neuronal damage; epilepsy; stroke; immune dysfunctions
including stress induced immune dysfunctions (e.q., porcine stress syndrome, bovine
shipping fever, equine paroxysmal fibriliation, and dysfunctions induced by confinement
in chickens, sheering stress in sheep or human-animal interaction related stress in
dogs); muscular spasms; urinary incontinence; senile dementia of the Alzheimer's type;
multiinfarct dementia; amyotrophic lateral sclerosis; hypertension; tachycardia;
congestive heart failure; osteoporosis; premature birth; and hypoglycemia in a mammal,
comprising administering to a subject in need of said treatment an amount of a
compound according to claim 1, that is effective in treating such disorder.

18. A method of treating or preventing a disorder or condition, the treatment
or prevention of which can be effected or facilitated by inhibiting CRH binding protein
in a mammal, comprising administering to said mammal a CRH binding protein
inhibiting amount of a compound according to claim 1.

19. A pharmaceutical composition for treating or preventing a disorder or
condition, the treatment or prevention of which can be effected or facilitated by
inhibiting CRH binding protein in a mammal, comprising a CRH binding protein
inhibiting amount of a compound according to claim 1 and a pharmaceutically
acceptable carsrier.

20. A compound according to claim 11 or 12 wherein A is N or CH, R is
methyl and each R*, R®, R®, R and R'? is, independently, hydrogen or methyl.

21. A compound according to claim 20, wherein R® is di- or tri-substituted
phenyl, wherein the two or three substitutents are independently selected from C,-C,
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alkyl, O-(C,-C, alkyl), (C,-C, alkylene)-O-(C,-C,alkyl), CF, OCF,

CHO,

(C,-C,alkylene)-OH, cyano, chloro, fluoro, bromo and iodo, wherein each of the
forgoing (C,-C,) alkyl groups may optionally contain one double or triple bond.
22.

rTT——

A compound of the formula

RB
A~
Ral = I /
RS’
or
T TB
= N
4
R3VI\\ l % )
RS~

wherein R* is C,-C, alkyl, R"* is hydrogen, methyl, chloro, bromo, -COOH or -CO0(C,-
C, alkyl), T is chioro, bromo, iodo or triflate, R® is hydrogen or C,-C, alkyl and R* is
hydrogen, (C,-C, alkyl), fluoro, chioro, bromo, iodo, hydroxy, cyano, amino, (C,-C,
alkylene)-OH, CF,, CH,SCH,, nitro, -O(C,-C, alkyl), -N(C,-C, alkyl)(C,-C, alkyl), -S(C,-C,
alkyl), -CO(C,-C, alkyl), -C(=0O)H or -C(=0)0(C,-C,alkyl);

23.

A compound according to claim 1 wherein said compound is:

7-(1 -ethyl-propoxy)-&«nethyl-s-{zll,S-timethyl—phenyl)-pyra.zoio[1 ,5-a)pyrimidine;
[2,5- Dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo|[1 ,5-a]pyrimidin-7-yl]-(1-ethyl-

propyl)-amine;
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(1-Ethyl-propyl)-[5-methyl-3-(2,4,6-trimethyi-phenyl)-pyrazolo{1,5-a] pyrimidin-7-yi}-
amine;

7-(1-Ethyl-propoxy)-2,5-dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-
a)pyrimidine;

[2.5-Dimethyl-3-(2,4,6-trimethyl-phenyl)-pyrazolo[1,5-a}pyrimidin-7-yl}-ethyl-propyi-
amine;

[6-Bromo-5-bromomethyl-3-(2,4,6-trimethyi-phenyl)-3H-[1,2,3]triazolo[4,5-
b]pyridin-7-yl]-(1-ethyl-propyl)-amine;

(1-Ethyl-propyl)-[5-methyl-3-(2,4 ,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-
b]pyridin-7-yl}-amine;

[6-Bromo-5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-b]pyridin-7-yl}-
(1-ethyl-propyl)-methyl-amine;

7-(1-Ethyl-propoxy)-5-methyl-3-(2,4,6-trimethyl-phenyl)-3H-[1,2,3]triazolo[4,5-
b]pyridine,;

4-(1-Ethyl-propoxy)-2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-5H-pyrrolo[3,2-d] pyr
imidine;

(+)-2,5-Dimethyl-4-(tetrahydro-furan-3-yloxy)-7-(2,4,6-trimethyl-phenyl)-5H-

pyrrolo-[3,2-d)pyrimidine;

2,5-Dimethyl-4-(S)-(tetrahydro-furan-3-yloxy)-7-(2,4,6-trimethyl-phenyl)-SH-pyrrolo-
[3,2-d]pyrimidine;

2,5-Dimethyl-4-(1-propyl-butoxy)-7-(2,4,6-trimethyl-phenyl)-5H-pyrrolo[3,2-
d]pyrimidine; or

4-sec-Butylsulfanyl-2,5-dimethyl-7-(2,4,6-trimethyl-phenyl)-5H-pyrrolo[3,2-
d]pyrimidine;

or a pharmaceutically acceptable salt of such compound.
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A compound of femiia () or 8 pharmaceitinaiiv acceptable salt theren?, <Formuls b
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Where B | and B Y are iIndependently ethul or reprapvh R 7 s hydrogen, S, Bz methyl, tnfluoromethy of methoxy; B & s hydragen, 8 B Y R D R, msthoxgrnsthyd, nbutyl, acetamido,
puridine v, Tiorphodine Syl

X\C\o
ry’h:&”"z

CH,

N\
W

or

Fy
' =
egar B % and B © ars ndupendently bydrogen, &y -G gallyl H p MCH o TH o, {GH 5 } 5 COG {05 NHCH 5 GH 5 -0f TH 3 D4 ©H p MMCH 5 CH 5 fu Be. The compound of clsimn 3, o1 2
pharmaseuticslly aceemintle sail theveof, wherein B ¥ s i, Be, methd or trifluaromisthyl, A compound according to olsim 1 o7 2, or 2 phanmaceutizaily acoaptable salt theres?,

whezein 2 % is Ci or 87, The compound according to ciaim 1, whesein R 4 iz R ¥ R P R—, pyridin-$l, morphotindyi o7
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Phosghones compeunds of pharmaceutioslly aceepiable salls thevenf, The compound of cialm 1, wherain B is morphalin *yior

o,

N

AW

N

Phosphores Tompounds or pharmaceuBoatly acceptable saite therend. The compnund of any one of siaims 1-4, o1 2 pharmacsutioally scceptable salt thereof, wherein 2 *is k¥ R
B s % S and R ¥ are indopendantly Ty -G g alieyl The compound of olairn 1, whereln 3- [4-bromeo-2- {Tmethyl-2H- |1 2.4] wiazol- 247 thiarei- 541 2.5 Direthyl-7- {3 propyi-butyl} -
pyrarolo 58] pyrimidine or 2 ph sutieslly sccapiabie salt theraof. The compound of claimn 1, wharein 3- (4-brome @ {B-methyb 200 11,7 4] trarch 34 thiarad 5} 7 (1 Bty
propylh -2 Sdmathylpyraacl [1E 4 pyrlmidine o 5 ph cutically avveptable salt thereof, The compound of el 1, wherein 3 {d-chioro-2marpholiedyibaitazcl Syl -7- (1
athylarogy -2, 5-dimethyi-pyrazeio 1, S-af pyrimidine, or 2 pharmaceutically acosplabie salt thereof. A pharmecmitical composition comprising 8 compound according i any one
of plglns 1 to 3 or a pharmaceuticstly anceptable sai thereol, and & zih mically acoaptabl ipient, A thersneutionlly #ffective amow of 8 compound according to any one
of clsims 110 8, oF & o cutically acceptabls salt thaoof, & used for depression, anxiety, alochal o e shuse, ohesity, hyper % bolic syrdrome, fritabie

bowel syndrome, epliepsy, stroke | Sieep disorders, allergios, migral usl syndeome, Infertiity, sewual dysfunction, congenital adrans! hyperplashs, Cushing's disesse,

5

3

§ b, stres-| o gaskiv wioer, flarmmstory disordens, pitullary of sotopic pltwitary-lnduced fumors, chionie faticue syibome, Depression, sesiety, sloohol or
substance abuse, chesity, hypertension, metabolic syndromns, iritable bowal syndrome, epilspsy, sroks, sieep disorders, allergles, inchiding administration 1o patients in nead of
spaatinend of myntascial paln, long-tern pain o rrasltiple stlerssls Migralne, premenstrual sendiome, nfatiing, saxus] dysfunction, congenital sdrensd hypaplasis, Cushing's
dissase, preterm labor, stress-induced gastic uloer, A method of weating an inflarmmatory disordes, pliuitary of sctopic phultary-induced tumer, shronic fatigue syndroms, myofiber
paln, crean pain or rsitiple sclerosis, A method of wasting amdety or depression in g patient, cornprising admind o the patlent in nead thereot @ herspautically elientive
amouet of @ compound secordig o any one of glabne Tlo 9 2 oh wutically seceptatie st thereof, Way, & methed of treating sleoha! o subsianee shizse b 2 patient
comprislg admimstering 10 a patient In nead theveo! & therapeitially effective ameurt of a comprund sorording 1o any one of clalms 110 9 or & prarmaceutically acosptable salt
tharaof. How 10 Faeat, A compound according to any ona of olaims 110 @ or a phasmaceutically acceplable salt thereo for use In tharapy, The method of elaim 1, wherein
depression, anviely, aloohol or subsiance sbuse, obesity, hyperiension, hatlc synd irritabie bowe! syndrome, epliepsy, stroke, shesp disarders, alergies, migraine,
premansiual syndrome, infertiity Used in the esimnent of sexusl dvsfunciion, cong hyperplasia, Cushing's di . F iahod, stress-inducead gasinic uear,
Inflavmnatony disosder, pluitery or sctopls phultery-induced Wmes, chronis fatigue sysdroms, myofiber paln, wgan pain or multiple sclerogls Compounds o phermaceutisatly
accepiable zalts thereot for The compound of any one of claims 1-%, or a pharm fcatly accepisble salf thersof, for use in the Teatment of anxisty or depression, The compound
accordlng (o snv one of claims 110 2, of 8 pharmaceutizally accentable sall thereof, for use I the reatment of aloohol of substancs abuse,

beﬁﬂﬁfﬁfm transistad oo Homsan

THIAZOLE PYRAZOLOPYRIMIDINES AS CRF1 RECEPTOR ANTAGONISTE} 25 a OJF1 Recopior Antagonist

The present nverdlon raistes 10 novsl thiazole pyraralopysirniding compounds, ph tical compoaitions thereo! and wir use as CRFT receptorn aniagnnists n the
santnand of peychisiic and neurosnducting disuders, naeclogioe! diseases and rmstabobic syndemme,

Corticotropin releasing fastor (ORI} is 2 41 erving acid peptide that s the primary physioiogical medulator of groophomed arthn (PUME) induced peptide secretion
irom the anterlor pituitary gland, In addition to 85 endanrine role Inthe pituitary gland, Immunchistochernical inealization of ORF has & wide range of asstonomic and
sleotophysiviogioal behaviora! effects nwhich hormones have a broad hvpothslemic distribution In the central nerous systen and sre squivalent 1o the vole of

yitens Of neiromcdiiators in the beain. Frove that. There is aiso evidencs that CHF plays an important fola in integrating responses in tha immuns system
physiclogical, paychologiost and Immeunciogies! siressors,

GRF iy asgoctatad with Alzh s 4} s, Fiuntingtons disesss, progressive nuciesr pelsy, Amyorophic leters! sclerosis, Pakingons L epaitapsy, kg

T i 1

and v abuze and related ypioms, ohesity, hollamn, a5 wel as peychiatric disorders sndt neurcingical diserdess, ncluding deprassion
and suxlety Syndrome, conganiial adransl hyperplasis, Cushing's 4 hvperienslon, stroke, miable bowe! synrdrome, stress-Induced gastele uicer, premensirusi
v sewianl dysfunction {ahins, y o 5, aliergles, multiple seiermsis, ong term pain, sleep disorders, piuliary gisnd 1Uis asseciated with

o petopio pituitary-induced tumors, chronic fatigue syndrome and myafascia! pain,

ORF reveptor subiypes CRFT and SRF2 have been dentified and ara heterpgeraousty distritated in the brain, suggesting potentisl fumctiona! diversity, For exsenple,
widely distribited beain CRFT receptors ane strongly associated with the emotions involved in exposure to environmental stressors. imnportantly, CREY recapiors other
than CRF? appesr 1o madiate the selection of amdsty-like behavior, The more disorete septal / fypothelamie distribution, and the avaliabilty of other endogenous ligands,
suopests & difeent funetions role of the CRIFZ recepiorn. Fov examply, new SRk newrepeptides with seleotive allinity for CBFZ aver CRFY vecepiors have been
reporied to kbt appetite withowt gensrating behaviora! sctivation profiles observed with selective CRFY sgonisrn. In other cases, URIFZ competition provides a similar
effact 85 reported Tor CHFT sntagonists of DRF1 gene deletions, For example, wiile CRFZ agonists am proposaed 25 appetite supp GaF gomists may sise
be important therapeutios for ohesity,

Specific pyeko [2,35-d] pyimidines, pyrrelo [3.20-d] pyvimidines, pyrarole [1,5-2] pyrimidines, 1,2 3triszolo fuseful as CRF antagonists 4,5b] pyridine and pyrazoin {1 Bal
-1,3.54mazine are discionsd In WO 26713676, WO 9729109, WO 98/0BE4T andt WO S8/38TD. 11 13 desonibad,

The prosem invention provides novel thiarole pyraroiopyrimidines useful s ORI recepior sntagonists. i fight of the shove, | s desirsbie 10 find new CRF sisgonists
skt are effective and selestive as potentially ussful therap far the treal of pryehiatric and newroendoorne disorders, newological di aitd bat

syrdeoras, i addition sinoe most commereisl ONS and cardiovasadar deugs exhils undesiiable biogvatlabiiity snd phanmsgeniinetle profies, they fnd novel compounds
with desirsbile bosvaiizhility and ph friretic profiles over kngwn CRF andagonists such as CF154528 and NBISOTTE, 1 s also prefered,

«Overddew of inventions

in ong embod % the p 1 invention provides a compound of § ia {1} or g o euticaly acceptabie salt thereol,
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Where

7 Vand R ¥ ars indepandently ethvl er nororyt

% ¥ 15 hvdrogen, O, B, mathyl, rifiucrammettyd of rrsthoxy;

QG

A

N
Mo
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o TR 4 s hydbogen, B2 R Y N methomethyl, abut s o, pyridine 4o, morphatinedt,

H,

7’»\

.

W

eqe;

R ? and R ® are indapendently hydrogen, © 1 -G 5 b, H; NGH 5 OH ., (GH 3 } 5 COG (0 NHGH 5 GH g -0r SH g GH 5 CH 5 NHGH o GH 51 be,

i anoth bodimnent, the i on provides 2 pharmacesticel composition comprising a compound of formuta () or 2 pharmaseutically accaptable aalt
theveod, and & pharmacestically avveptable sxcigiont,

in another smbodiment, the nvention provides 5 theapewically effective amount of & o of uia (1) of & ph Hy seceptabie sal thereof in s patient
with depression, smdety. slcohol or sub o abuse, chesiy, hypertension, metabolic syndrome, iritable bowel svndrome, epilepey, Soke, sleep dizorders, aliergiss,
migraing, premensitual syedrome, infertiity, sevue! dyshunction, oo { gdrenal bypespiseia, Cushing's 4 L fabiorr, stiess-induced gestrle uicer,

inflammatory disosder, pitufary of sctoplc pluitaneinduced tumor, chrorie fatigue syndrome Deprassion, anxiedy, aloohol o7 substance sbuse, obesity, hypertension,
metabndlc syndiome, riebie bowet swndrome, spliensy, stolg, sleop dlaorcars, inviuding sdministation 1o patients In nesd of Yestment of myoiascial pein. Inngterm
paln or multiple scievosis, Allergies, migraine, pes trual syndrome, bty seal dysfunctize, congenital adrenal hypesplasia, Cushing's disease, pesters labor,
stress-nduced A method of reatlng gasidle uicers, tfla wy disorders, piititary of ectopls piultssv-inducad Wwmers, chronic fatlgue syndroms, myofbromyaigia,
organ pain of saultipie solerosie,

tr another embodiment, the prasent invention is diresied to depression, amdety, slcohol or substance shuse, sbesity, hyperiension, matabolic syndrome, britab’s bowsl
syndrome, epilepsy, stroke, sleen disorders, aliergies, migraing, p trua! syndioone, inferiity, sexsl dvsiunction, congenital adrenal gland Formuta (3 for the

manfsctune of & medicament for the reatmess of hyparpiasis, Cushing's o B o b, srass-induned gesire uieer, nflammatory disordes, pluliaey o
ectopic piuan-indsced fimes, sheonis fatigue syncdrorne, myvoTasclal paky long-ter paln or multiple sclerosls The wse of a compound or & pharmacessically accepiable
gait tharaot

in snother embodiment, the p Inverition iz divected to depression, andety, aloohol or substence sbuse, cbesiy, hypertension, metabollc syndrome, Iritabie bowe

syndrome, epilepsy, stroke, sleep disorders, aliergies, rilgraine, premenstrual syndrome, Infertily, seaust dysfunclion, songenital adrens! gland A compund of formula ()
Tor wan in the treatment of vperpiasie, Gushing's dsease, prermatire lebor, strass-inducad gesiric woer, nf fory digorder, pliwitary of aotople pitwitenp-induead
warnnr, chronis Tatigue sundromes, myotfascls’ paln, orgen pain of multiple scleresis o To pharmacssically soceptable sshy thereof,

3

entlon relates 1o 8 sompound of formute {1 or 8 ph estically ace sali thereof for use in therapy.

$ohl
i+

I anpther embodiment, the

Thenighout the above and the description of the Invention, the foliowing terms should be undersiood to have the folicwing mesnings unless stated otherwize,

"alkyl® means a saturated miphatic hydrocarbon group which may be IFear or branched with 3 1o § carbon stomes Inthe chain,

https://patents.google.com/patent/KR20090052366A/en?0q=KR-20090052366-A

1938



8/1/23, 11:55 AM KR20090052366A - Thiazole pyrazolopyrimidines as crf1 receptor antagonists - Google Patents
"Fharmaesuticaly acceptable exciplers” refers 10 2 phamnmaceutically acesplable formuation carisr, soiution, or additive for improving formulaion properties. Such
wrciplonts st be compatible with the othe ngredienss of the Tormubstion, not harm ful 1o the reciplent thereol, and are well inown to thess skilled in the sel {see, ey,
femingtons Pharmacsutical Scieness , 19 T Edition, Mack Publisting Comparny, 1995). .

"Eharmecsutically acceptabls salts” refer {o nceganie and organio acid addition saits and baze addition sats of the compounds of the presant invention which are
sedadively nonboaie, These salis can e prepaved In s3 during the Bnallsekstion and pudfoation of the umpounsds. in partiouwisn soid addition ssits s he prepyred hr
individusily reacting the pariied compound & frae base form with g sultable arganic o7 Inorganic acid and isstating the salt zo formed {eq, Reminglons Phare it
Sciances , 19 1 Sdition). , Mack Publishing Company, 1995}

A “thorapevtically effective amount” or "sffective amount” refers to the invention, which will induce a desirad therapeutic effect, or a binlogical or medicinal responseto s
Tante, sisin, snimal o human, 28 sought by 2 resesrcher veis inarian, physicies of other olinichsn, The smcunt of a comoound of formula () ova pharmacestical
compasition containing a compound of fermuls {1 of the present imvention.

The terms "matmant’ “freat, 'tra«.tﬂg e, are meant 16 inciude both sfowing and reversing the progression of the disceder, These terms alse Include alieviating,

aiing. sl o o reducing one of moes symgtoms of & disonder of condiion, aven IT the disurder or condition does niot sul Hy dlssppear, and
the progression of the diaordar o condition -Eqar;‘ does not siow down of reverse. tn addition, the terms “irestrment” and ke terms inchude prophylactic {eg, prophylactic)
and onal f ion of e di ndicates projongation of deiay it tha onset of dizsese symamoms,

e B REETOf B RIS LHENETE Symbiols n Molecuiar Structurs

"Represents the attact ¢ position of a specific substituent,

When any variable exnists more than one place within any componant o Tormule £, the definition of sach axistence is ndependent of the definition of ali other entities. In
addition, combinations of sid and / of variables are only screpiable If such combinations result in siable compounds. in e selection of the compoands of the

prasent invention, those skilied in the art will recognire that various substituents, e, & * a2 e, will be selected acearding 1o weli known chemical structise connectivity
principias.

Under standard nomancisture used theoughout this spplication, the terminal portlon of the designated side chaln s first described, Tolivwed by adiacent functional
gronps wward the polet of attachemen, For e, the aryicarbongt eyl subetuent is avyiG () -MibaBoh.

Tha investion includes the following embodimests, which may altsrmatively be fusther combinad:
{2} a compound of Formula | whersin & ¥ and B 7 are athyl;

(i) & compound of Formuls Lwhersin & | and 812 are ngropyl;

ic} a compound of Formuia | wherein 1 % ig GL By, methyl or triffunrarnethyl

{) & compound of Formulz | whersin & 315 0

{=) a compound of Formula | wherein 8 3 is Br;

ory
7‘\("‘?:
A
o A (] EEE R L s B 2 A Y M. pyridindt, ropholi Aot or

~
A
& compound of foemiia ()

{i} & compousd of Fonmuls D wherein B %15 morpholin: © o

CHy
N,
~
o B o) SR RS
E3
)
& compaound of formnia ()
) eormpownids of formuia t whersin B % and R b Independantly & O g atkyl
i) # compound of Fomauls | whersin R ¥ and R % we sthyl R 21s Cland 2% s mospholin *-y;
ik} a compound of Formugla | wherain 2 7 and R 2 are npropyl, B ¥ is ©f and B 4 i morpholine * 4
0 a compound of Forala | wherein B F and B2 are etiyl, RS s Br and R4 s smorpholin- £ 40
() & compousd of Formula | whereln & ¥ and & 2 are nepropyl, 27 1s Br and B 4 s morgholin-
s

N\}\[
»
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2 gheal 12} BEEn R and R are ethwl 37 Ol and 7 Yig
CH.

T 3
e
W
W
A cnrngeamnd of formuia ()
M,
N,
AW
oF gt 10 B E ol and & 2 are mpropyl R s Cland R 1s
3
o
<
¥

A enmpoand of formgla (i)

o
W
OF mira] 14 BB v Y and B L are ethyl, R ¥ is Rrand R Y
oMy
N,
Ay

N—
Acompound of fornta (i

g
~™
& el
i
21 ppElA] (2] S Y and R D are npropyl, B 5 s Brand &Y is
CH.

T £l
M
7[“( ;p:
|
& connponnd of forrmula &)

i) tha use o ¢ compausd of formila IF o 2 ph Heally priabie sail taraof for the weatment of depression o sndety:

{s} the use of = compound of formula () or 5 ph iy acceptable salt thereot for the treatment of aicohs! or substence shuse;

{3} the use oF g compaund of Tormuia {} o¢ o pharmacautically scceptable sa% theraof for the weatmest of alcahel or substance abuse and related withdrawa! syrnptoas;
i @ compound of Formula {1 or 8 pharmaceutically accepiable sait thasso!, wherein the Kl value for GRFT binding s less than or agual 1o 500 nhy,

v} a eompound of Formisia {1} or 3 pharmacentically acosptable salt thereof, whersin the Kl valus for CRFT Binding i 50 nhd or less;

w2 cosnpound of Fosmuta 8) or & pharsaceutivally sccsptabie salt thesaof, whersh the K waive for ORF1 binding is 5 oM or less;

i} ® womgound of Fornuia () or @ pharmaceuticelly scoeptable selt thereod, wherein the K vaiue for CRFY binding Is no grester than 500 nh and selectively binds to
CRF1 {ie, has a iower Ki} than CRFZ;

iy} & compound of Formuta {} or 3 ph #tically accaptabie salt therenf, wharsin the K value for CRFY binding iz 50 nh or lesz and selectively binds to CRF1 {lg, hes
a Invess K1) then SRF2;

% a compatng of F ‘a {i}or e p faliy piabie salt theveot, whersin the G value for CRET bissding Is 5 b o5 lses snd selectively binds o GRET (o, bes 8
towree XY than CREFE;

iss} Certain exernplary compounds having better blosvellabiifty and ph oiinetic profles compared 1o some kmown GRF antegoniata (eg, 07154526 and NBISOTTE),

such sg Evample 14
The compounds of the present | fan afe p by f latad 25 ph cal compasitions administered by various ronss, Breferably such composiion is for
oial administration. Such pl sutleal compositions snd methods Tor thelr preparation are well known In the ert (see, g, Remington: The Solence snd Prectice of

Fharnacy A Genwnars, el sl, Tds, 191 ed, Mack Publishing Co. 1985

ingeneral, the compounds of formila () are effective over & wide range of dosages. For examgple, the dosege per day s usually In the range of about §.0007 to sbowt 30
mg par kg of hody weight, In some cases, dosage lavels below the inwer limit of the aferamentionsad ranges may be more appropriate, while in some cases aven larger
doses ey be used without causing any adverse side effects and thus the dosags reages may 1 iz nod dended 1o it the soope, The smount of compound aotusily

trnini dwill be ined by the physician in fight of the refevant circumstances, including the condition to be treated, the rowte of administration chosen, the
aviusl compound oF cormpounds sdministered, the lndividual patlent's responses, age and walg?e, and fhe sevesity of the patient's symploms, | will understand,

The compound of formeds {7 s @ CRFT antagonist and s wseful for the Weatimess of 4 eatabie condition, 55 described shiove, by reducing CRFT faceplos tengion of
stimubation, 41 seino scid peptide (J. Rivier et 8!, Proe. Mst! Acad) , which iz the primary ghysiclogical regulator of proplon lneoortin (POMEC} Induced peptide
seoretion from the srderior pituitary glend, 8 corticotropin releasing Taotor {DRF) , Sof {USAT 80 4851 {1983 W, Vale of 8l, Sviance 213 1304 (1981 )} ave linked Ina
number of medical condtions. For example, in addition to the sndoorine role In the pituttary gland, imrmunchistochemical localization of UBF is characterized by a wide
range of autcnomin, sectries:, hormonss with 2 broad hypothalamic distribution n the central nerveus system and the samea role as nesrotansmiltens o
perornodulatons in e brain, To provide a physiclogics! behavioral effect (W Valke et al, Rew Prog. Horm, Sos 39 245 (1983) GF Kook, Persp, Sehav | Med, 2039 (1985
EB D Souza e al, J. Newroscl | 5 3189 (1985)). There is also evidence that CRF plivs an impertant role in Inlegrating responses In the mmune system to physiclogical,
peychoiogical snd immunclogicsl stressors {ag, J5 Blalock, Mhalologlea’ RFaviows 6301 (1982) and Ses JE Morlay, (e S 41 537 {1987},

CHF by associated with psyehlatrie disordens snd nevrologics! disorders, bwludieg depression end amdety (IM Melsen, Lifs Sof, 78 209010 HE Kunael et al J
Payohisin Res. 37 525833 DF Getvnrt of al, Eur J. Phasmacol | 569 145-153), In acdifion, the role of ORF In the stiology and pathophysiology of Alzheimer's diseass,
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Huntington's diseass, progressive nuclesr paisy and amyoldrophio teral sclerosis has been claimed o be inked o dysfunction of ORF neurons in the central nervous
sysiar: {pvenviow | BB De Soure, Hosp. Prectics 2359 (1088)., Chronie administration of ORF bas been shown to seuse damage w the doparing lieage, suygesting »
soie In Parkingon’s digesse i€ lzzo ot &b, Pharmacol Biochem Behay | 87 701-708 {2008), sher neurologicel disorders sssociated with GRF nclude epliepsy [T Baram
ot ai, Braln Res . 770 8995 {1997) and migraine hoadaches {TC Theoharides ot 8l,, Endosninology 136 8745 5750 (1095)}. CRF is assoclated with alcohol and substance
abuse and related withd i I G &tal, A i, Biociem, Sshay 77 405415 Y. Shabam e al, Psyshophammacoiogy { Sl ) 187 184 1500), in
addition, TRF can be used In various endoorine disorders and cardiovasculer disesses such 23 chesiviE Timofesva and D, ficherd, Newnsendeorinology 56: 327-340
1597 metsbolic sydiome [AM Werd ot s, Metebolizrn B3 720-726 {20043, congenital adrenal tvperpiseia (D2 Merke and 58 Cutler Jr, Endoarinol | Mateh, O, Worih
A, B0 TRI-TEE (2007, Cushing's disease (M. Labeur st 2, Cur. Drug Targets lmmune Endocr Metebel Disord | & 335342 (2004}] hypertension (R Srscoe, st 8l
Brain Fes. 51 204207 (2000 and stroke [SL Stevens et al., J Dereb. Biood Flow Metab, 73 11511152 {2002), Castrointestingl disorders siich as mitable hows
syndrome Y. Yache etal, Sir ) Swrg. Supph 16-22 {000 snd stress-induned gastric uleer [N Gabry =t al, Mol Ssyohialny [ 476488, 433 (2007). |n addition, CRF can
be used n varlous areas of female health, such as promenstrus! syndrome [F Facchinetti ot ai, Pspchosom, Med | 56 418-422 (1994)], infertiity iL. Shizzonl et al,
Endocrinoiogy T35 AB06-4811 {1907, sewsal dysfunction JJE Jones et ol Am. J Shysiof, Regul. infegr, Comp Physiol 783 RES-507 (2002 and sarly snaigesis [P
Wadhws et al, Am. J Obstet Gynecol 191 10631069 (20041 There ' also evidence thet URF plays an imporiant rele In the immune systers, whish s an nflammatory
digpider {4, Gravanis and AN Margionis, Cum Med. Chern . 12: 1803-1512 {2005}, allergies JLK Singh a1, 81, Srein Bohav fmmen 13 225232 {19909]), rutipie scierosis
and other autclmmone disorders [C, Serou et 2l 4 Immanad 174; $407-8412 (2008, In addition 10 the above, ORF s assosiated with long tesm paln I, Nisen et al,
WNeurcgasiroentero! Motlf | 17: 433432 (3005)], slesp dizomsers [TM Buckley and AF Schatzberg, £ Gfn. Endoeringl Merah | 90 3106-31 14 {2005)], piultary wmer or
entophs pltuitansindhaced lurmor [0 Distarich et al, & Ol Endoudnel Metab | 83: 3327-3387 (1998Y] clvonis fatipue syrvdrome and reyofasvial pein G, Mesck and L)
Grofford, Afsum, ¥, Ciin, North Am | 26 3831002 (2000},

CHEE recaptor subhypes, ORFT and CRE2, have been dentified and ars heterogenecusty distrbuted b the braln {07 Chalmess ot al, TRE 17165672 (19961, Indioating
potantial functional dversity I80 Hehiwichs ot ol, Regul, Puptides 7108 (19971 For i, witely distributed braln CRFT receptors are stongly relioted o the smotions
associated with exposure 1o snvironmental sressors G, Liehsch et ai, Hegul, Peptide s 59 20039 (10911 W Schulz, PRAS 93 1047782 (1996)]. importanthy, CRF1
revepions, but not SRF2, appear to mediste the sal of aniety-Hke bebavior {Helnzichs e al | 1997}, More discrete sepisl / hvpoathalamic distribution [DT Shatmers et
al,J Mewrossi 15 (10 634050 {2 99EY, and the avallabiity of cnher #ndogencus lgands L) Vaughsn ef al, Nature 378: 28757 [1995) sugpest a different functions! role
for the URFZ recepter {Heinsichs ef al, 1997] For exampls, new CRF-like neurspeptides with selective affinity for ORFR over SRFT receptors hiave heen reported to inhibit
sppetite withow generating hehaviore! scibation profiles oheerved with setective CRFT competition (4. Tevvel st gl, PNAE 107 (281 S466-9473 (2004)1 In some ceses,
CHFT competition is detsrmined by the GRFY antagonist or CRF1 gens delation [SC Heinrichs, Trands in Pharmecoiogical Sciences 50 (8 311-5 { 1988), for evample,
white GRFZ sgonists are proposed a8 sppetite suppressants, GRFT antagonists may also be imponsnt thaapeutics for obesity (G Gontoregal &t 8l., Neurcandoorinafogy
G 00 TR {2004,

Braparation of Compaound of the vention

Al compounds of the o -k ion can ba prepared chemizally, for exampl ding to the synthetic routes desoribed below. Howsvey, the following discussion s
not intended to el the seops of the lavention i gry way, For axaronls, additonal syathete compounds of forrda {1 sy be prevansd By combining the specific
synthetic steps for each of the routes described In various ways, of In combination with the steps of different schemes. The produst of esch step can be recoversd by
conventions! methods ncluding extraction. evaporstion presipitation, chromatography, Bliration, wingation, orygalization and the [Re. in the Wilowing schemes, &
substituents sre 2w presdonsly defined uniess othatwise noted, and sultable reagents ave well known and recoanived in the an,

RU_R
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-N ~N, oA 2
w1 N -N o
I N ) TH e
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CH,C(O)CH,CO,EL o
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O , — 0 Rz —_— R
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T N R = Br, CH,
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R¥% = H (8a)
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The fosmstion of composnds of Tomuls (82, B, {7} or 8 {ac) can be caried st acoordig o the resciion as shown in Scheme 1. Sultalle compounds of Tormuls {Sa, B
{7} or (¥a-c) are these inwhich 8 ¥ and B 7 are as defined in formula | and R [s Hor OH 5 and &3 1s Bror ©H 5 and B ™ Is 2 compound that s H, 0H 5 or 30

inatep t of Scheme 1, pyrarsio [1,5-6] pyimidin-7-one of formuta 1) is reacted with phospherus oxychioride and dimethylaniiing in an inert solvent such as toluene ot the
refiux fenperature of the sovent, -Chioro-2 S-dimetw-pyrazolo [1.5-a] pyiimidine,

i steg 7, the Grignard tesgent of forrmata (3} (X = 5l oF B9} 12 reacted with the chinnide of formula {7) in sn nert solvant such a5 toluene ot refiux tempersiure 1o react the
Falkyl pyravciopyrt of foemula (4) Provides midnes,

Alematively, Patbyi pyrazoiopyrimidines of fomule {(4) can be obtaled as shows in steps 3, 4 and 5. in step §, ethyl acetcacetats (s aoylated with an acid halide of
foriia (4a) in the presance of magnesium chinride © give a diketo-axter of Tomuia {40). The diketo-estar of Tornula (4B} Is decarbolated under Krapoho conditions o
give the diketone of formuls {4c). For example, decarbonylation is cared out by heating (48] In dimethy suiforide ot & temperatirs of sbout 130 10 170 ° €. in step &, the
dikatone of formuls (4o is ﬂy\r-rze-i using F-aming Smethylpywrarals o form a T-alkyl pyrarclopyn of formuis (4) In 8 protic sclvent such as methano!, ethano] or scstic
woid Producss midines P § conditions sre the use of aoetic acld ot @ tempersturs of shewt D10 60° G

The pyrealopimidines of fornuls (4) are Tunctionalized with lndopyrarvslopyimidines of forrmala (B uglng evoess Modosuechimids in suetoniiriie In step &,

tnstep 7 or & of Soheme 1, lodopyrazolopyrimiding of formula (5] 1s reacted with thiazole ring chlorlde in & Neglshd oross soupling reaction to thizzolyl pyrazoic of
ferroiia {68) of (6h), Pyrimiding Is provided {Jensen, J.; Slgaarhask, M | Yedeo, B Synthasie 2001, 128), Thianok vine chioride s produced using methods wall inown 1o

these skilled i the art, Por sxample, i step 7, Zimethylsiaoyiiizaole s wiikh oy, sece of tert-bny! Bbiuen and than Bhlumesing ewchanged with Znil 5 The
ergenoing reagent 18 rescied In an bwrt sobert seeh e THE for about 12 1o 36 hows et refiux in the e of 8 palisdivm cetalyst, for evermple dichione 11,1 i
{etiphenyl-phesphing) § Y] patiadivm {8} dichios nane. Dougting with lodopyrazaiopwimitine of formuts {5} provides thisrole pyrazniopyrimivine of formuta
(B,

Abermatively, In step B, Shromo-denethylthiarcle and 2 metal sre used to genesasls thiavole ving bromide, snd ially used for Negishi oross coupling as deserlbed

for step 7 The thiazole pyrazolopyrimidine of (60} i providsd.

instep 3 of Scheme 1, the thiazcle of farmuls {65, b} is raminated 1o produce brome of dibmme thiazole of formuis 7}, whersin & 3 is Br or CH 4 . Thiazcies are

bromingted with 1 or 2 equivalienis of Kb irnids, respectively, depmding on whath Es‘aisf:HjorH_

Aoyl thiarodes of formula (35-2) are ohitsined fom Biarcies of formula (6s, ) i gtep 11 or brormothiarales of fusrmula (7) i step 10 1n step 10, halogessilthivm
axchange with r-, sec- or thuty! lithium provides 3 thiszole thium reagent, which is subsaguently electrophilic such as lndomathyl methylsther or iodobwtane, suchas an
alkyi halide React wih in step 11, the thisrske ithium resgent is formed vis deprotonetion with o, sec- o tert-buty! Bhium, Tollowed by reaction with en efectrophils such
as lodomethyl methviethes or odobutans,

‘Those skillad in the art will readily functionalize the thiazols fing Iine and thiazs'e intermadiates such as Zaimethyistanyithlazok (Dondonl, A el AL J Org, Ohem .
1988, 53, 1748) 1t will be appreciated that it can be readily manufachred, 3Sromo-d methyithianole s obtsined by bromination of Smethvithizaole with brossine in anetic
acid {Coliing, L, o AL WOSDD30S325Y, 13 Moy 2003). 2, S-dimethwk-db-pyrazolo {1 5] pyrimidinT-ons (1) is used for condensation of ethyl acstoscetate and B-methyl-
ZH-pyrazok--vlamine in reflic acstic acid. it iz sasily manufagtured by,
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The farmation of compaunds of formula {9), {10 o7 {11} can be carried out aceording o the reaction as shown in Scheme 2, Sulteble compounds of formula (83, (10 o
1o hoseln which R T, Y, 22 and B ¥ are as defined in formuls |, & 3 i Br or M 5 and Bt % 55 -8R 8 R P o - Momerphoiing] and "het” js o compound os defined,

inatep 1, bromothizzole of formula (73 Is coupled with hetarooyelle zine reagent n a Magishi cross coupiing resction to provide 3 thiazols heterooycle of forradla (3) For
sxampie, sty 22-tlarole s reated with i, seo- o terb-butyl Hithium Toliowsd by zinc chivrides a8 abiwit <30 10 -85 €. and biomoti of formula {7) Beact In s with
azcles. The reaction is carmiad out In the presence of a peliadium catalyst such as dichiors [1,7-bis {diphenyi-phosphing) ferrocens] paliadium (1} dichloromed o
tetrakis (iiphenyishosphineg pelladium (03 1 an inert sebent such as THF 1s performed prefersntialiy. The reaction is wanmed to reflus. Alematively, heteroeyslic sioe
reagents are formed froen halohatenmeycles such as 4odupridin: and 7ine matal.

in step 2 of Schemwe 2, intermediate Z4ormyl thiazols is formed via reaction with Ndormyl momphioiing after halogen-lithiunn exchange with -, ser- or thuty! ithiam,
Forny thiavole iy reduotively amingied in the presence of @ organtc smine such 85 mopholise o give mmospholing methyl thiavole of formuls {10}, Bedustive
aminstions ypically using hofganic borshydilds reagents such as sodlun barohydride of sodien cyanohorohydrice: are well known In the art, Prefered conditions sre
the use of sodiven wacetoxyhorohydride i an inert solvent such as dichloromashans or THE

nstep § bromothiarsle of formla (7} s subsiinded with an aming of maorgholing of formuia NE 2 R ® o provide sn aminotiascie of formuda (1), The reaction is
carrled out &t 70 e 110 O, using an Incrganic bass such as ceslum card i an et such as THE or diconans,
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The formation of compoends of formula {133, (34} 07 {15) can be carred o aceording 1o the reaction s shown in Scheme 3. Sultable compounds of formuta (133, (04)
of {152 e those wharein R, 82 and R4 ora ae defined Tor formula (.

Yhose skifled in the srtwill sppreciste thet 4-bromotivareles, such az S-bromethiazole of frmata (12), arz readlly mamipulated with other funstions! groups. For example,
instep 1, the bromids is dehalogenated with cuprous ohitoride to obiain thizzole of furmata { 12}, which Is subseruiantly chicrinated with M-chiorosucoinimides to ghve 4
ehiove of Toreewis {1 4) Thiavnie sy be provided,

instep & of Scheme 3, dbromothiszele of fosvisla {123 s substiuted with sodium methoxide at sbout 10010 1207 £, n an inest solvent such ss dimethytformamids: n
the prasence of copper ([} lodide In methanol 4-msthogy thiazgle,

RALR
/E:j‘:?_
s ! e /B: /E:
+
Br
CF:—%;?\ li?} (18) H
Aﬁﬂz
‘ AL 7
wAs .
oA 4 }N’N !
) N
3

s
Ni OF; i O3 NAR‘!

N
{19) (20) Br (24)

Eriﬂsl : 9
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CFj (7 N’J}‘é N
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g NN
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rRA_R RN R RA_R
w45 -
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LU M N
s s
CF5 i CF; N”J\ CF;3 NA w
(19) NH @) B @1
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E*iﬂsl Rés = NRIRET & %,N\/i'
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N-N het = }‘N
Nan s
™

The formstion of comprands of formulas (173, {18, (19), {203, (208} or {27) can be carriad out aenording 16 e reaction as shown In Schame 4. ultable compotnds of
fosrauiz {175, (16}, (120, (303, (%0} or (271) are those nwhich 27 3% 09 and &Y ave us defined in formuls e 748 i N0 8 2P o Nanospholiny! and "hat" s &
compound as defeed,

instep 1 of Scheme 4, iodopwazoiopyrimidine of formula (5} and Shromathiazaln of formuis {18) ars negisy crass eauipled 1o form dimethylpyroivithiseate of formuls
{17). For examiple, S-hromothiarole of fommuds {18) is rasted with a-, sec- of teri-butyt thium followed by ving chiodde a1 shows -80 10 -65 ° O, The nrganoning reagent is
reacted in situ with indopyrarslopyrimidine of formasta (5). The couplng reaction is praferentially carrled out In an inert solvent such as THE at reflux in the presence of a
paliadium catanst such ag bis (rkeayiphoaphing) paliadiim {6},

i step 2, dimethylpyrolylivarcle of formsla (17} s deprotested o provide an aminothiszote of formule (18, Gimedwipyrsaie is bested with bydsogasming b scetiv zeld
st & termpersture of about 80100 7 C. for about 4-8 hows, preferably sbow 6 howrs, In step 3, the same conditions as In step 2 ave ssed, exoep? that the reaction s
sondirmed for about 72 hours 1o form thiarcle acetaraide of formuls (183
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instep 4 of Scheme 4, the Z-amincthiaroie of foemisia (19) is convaried to d-bromothiazole of fomsda {20} using 3 modifed Sandmeyer reaction. Prefemed condifions
s the use of alltyisitrtios such s thutylnitriie snd copper bromide (8 In frlle st wernperatures of showt 601 B0 " C.

inatep B, >bromothiarole of formuls {20) is substituted with an amine or mergholing of formuls -MR ® 2 P 1o peovids an aminothiarole of formula {213, The reaction s
carriad ouwt i an inert sobvent such as methanol, THE ar di ., 67 the tion is butked with cxoess amine af 8 femperature of aboed 70110 ° ©. Altematively, the
semction s custled ot with reactass armine and excess ethylamine, o an borganio base such 85 coshan aarbunate. & addition, vanous deprotection steps may be

necHssary sines MR * &Y may be necessury or desirable 3o cany ot the reaction i the syrthesis of the srminothiarale of formuls {21) with additions] amine functionslity
a3 defined in formuia {1). For example, removal of ter-bulyl sster carbamic acld (800} iz also contempiated. Tha selzction snd use of sultable protecting groups is wall
frnoow andt recognived in the art {see, g, Frotecting Groups In Organic Syatehsis  Theadors & Wdlia-l tanosl).

ingtep & of Schesne 4, 2heamothisrole of fonnula (20} s coupled with 2 hatesouyoile vins resgent n s Negishi cross cousting reaction tn aive 2 fonmuls of fusmela (20s)
e shniar manne as desoribed in step 1 of Soheme & Provides a thlazsle heteraoyele

Those skilled inthe art wil appreciate thet the functionalizad thisrcles of fasmuta (181 mav be prepamd by mathods known in the art, Por example, the cyclization of
thivares with bromoketones, such s oo 1,1, riflsoropropen-2one, i3 4fuoromathyithizrol-Bylaming To provide. Subsegquent brorination and pr Ton of the
amine with hevane-2, S-dione provides 18]

Jo o

& iz

o oy T @
o= waJ M my N

R‘\{HJ L jE[R‘ )
/E:L} C:_(;f\ﬂ., nrﬁj ’

W
o (22)
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AT . NT g
"
o e N
L N L NS g H

Formation of the sempournd of formuta (23} oan be carled out aocording 1o ths resctinn a3 shown in Sohame 5. Sudtable compounds of Tormuds (23) ars those nwdhich
" and R are as defined in formuls ) and R ™ 5 defined as indicsted.

lodidopyrazolopyririding of formuta {5) and 4-chloro 2-mompholing-thiazcle of Tormels (22} are cross-linked to form pyreralopwimidine thisznie of formula (33) Form, For

pie, the reactions are coupled using & base (g cesham carbonate] inthe ¢ of copper todide, paliad and wiphenyiphosphine. The coupling
regction Is preferentialiv camried cut for 4 (o 24 howurs 8 showt 100 10 150 ° 0 in an inert sobvent such as DMF,

Thoge skilled In the art will appreciate thet the functionslized thiarcles of Tosmuis {(22) may be mrepsred In 8 manner known In the art, For example, 24 dichlorothiszele
can be rsacted with morpholine to afford 2morgholino-thigoole of formula {22), in sddition, 24-dichiorothiarole can be completely brominated fo provide 2, 5-dibromurd-

chicrothiarole. Sub 1 broming-fithium sxchange with n-bustyd fithiur at -80° O, In THF and quenching with water ghves 2-broma-d-chiorothiazole | J. Chem. Joa
Perkis Trans |+ Grg Blooey, Chem, (1872-1999), () 215213 {1997}, The 2-brome-d-chiorothivrsle can be crosslinked with & heterooyeiic 2ing reagent 1o vieid 2 thisroib vl
triaale or pyridine,
A RN RALR
B N
% I
(24} N—im N a4
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Formation of the compoussd of formula (273 can be carded out sccording to the resction sy shown in Scheme 6, Sultabls compounds of Tonmuls (37) are thoss whergin 8
Tand & % are as defined n fommule (I and “het” is defined a8 indicated for step 7 oF step 3, respectively.

inatep 1 of Scheme &, for example, hetercoyniic thizzole of formuls (75) is obiained by reaction of icdopwarclapyrinidine of formula (5) with bromathiazale of formia
{E8) The reaction s camded ot with aa lnert sobvert such s Nemethvipynoiidons i the presence of Nbutylammonium bromide snd a Ssse such a3 potassium austele
and 2 paliadism catalyst such as pellstium somtate and tris {2 4-ditert-butyi-pheay]) -phospt In @ tomp of about 100 16 150° C.

ARernatively, in step 2, thiazoly! pyrazclopyriidine of 1 ig {f2) iz lodolzad to give Z-indothiazole of formula (26}, Thiazole & freated with fithkum diisopropylamide for
ahiod ¥ hour 28 2 tesnpersture of -70 40 -B0 * O, Tolipwed by N-lodosuceiionide in aninert sobvent such as THF a1 ahout the same winperahae, This is followed by slep 3
of fosming Wlazoiyl of d-pyridyl thiszole of formuia {25) using Megish! cross coupling conditions slmilar 1o that described for step 1 of Scheme 2,

instep 4 of Scheme §, thiazoly! pyrazolopyrimidine of farmaila (25) is brominated to produce bromothiazole of formula (27}, Bromination is carrled cut using N-
Bromosuecinimide In an nert sokeent such a5 aeatoniirile i the presence of 8 smail amount of aretic acid.

&g desoribed o steps 2, 34 and 5 of Scheme 4, compounds of fonmuls (27) may be further used In which het Is 2. 5-dimsthybperale -l

‘Those skilled in the art wiil apprecizte thet the heterooyols thizzoles of formuta {24) may be readily prepared by methods lmown nthe et For example, thiazale-2-
carboxylic acid aride can be cyclized 1o triazole usi ng 1 1-dimathowy-M, M-dimethyl-meth ing follnwed by Mmeathylhydrazine 1o give irlazolyl thizzole, Which can
suvmequenty be biominated using Ndv omasusoin , '(he fi # procedw«* can yield d-ihlszol2yboyridios, which is brominated 1 ghve & Sbromothiszol-tayl -
pyridine, SBromo-2- {2 Sdimethyipyrrole- Tyt 4 fe can be sastly oblained by the reaction of Zamine-S-bromothlazole with hexane-2 S-diona. |

Az used herein, "TLEY refers 1o thin lsyer chromatography; "HPLS" refers to high pedarmance lguid chio graphy; LG / M refers to liguid chromatography / mass
spetdrssceny. G0/ ME° referg o ges clvimatography [ mess specroscupy T HEToF efers 1o highvesolution tme-of-Sighs” ARG Tefers 1o atmospheric prassure
charrical lonization,” & "Nan refers to cae million parts down-fizld from tetramethylsiiane” THE refers to terehydrufuran E10AC refers 1o ethyl acetste” MeUH referz to
methann! "ElGH refers o ethanol and "DMF refers (o dmethyliomamide,

i s helieved et ona sicled i the art can, ushig the above desoription, practive the invenstion 1o [1s llest sxtant without fusther effort, The Tullowing preperstions snd
exarmples are provided to fether dlustats the p £i tion, They sre intended to [Bustrate the Inventlon ssd are not infended o limit the Invention & this way In any
way, Reagents and starting materisls are readily avaliable to one of nrdinary skill in the art or can be readily synthesized by one of ordinary skifl In the art, Exsmples 135
provids reg e T fy et flustrate thelr prepasation, Bxsmples A theough 0 Hugtate various Diclogios! asseys thet can be used to determing the blologicat
properties of the compounds of the present invention, Those skilied in the art will immediately secognize appropriste modfications from the procedisss described in the
exanpios. The nwrme of the compound of the present investion is provided by ThemDraw Ulta® version 7.0.1, Salts are nemed 2s Toe bases and vonjugste acids,

Frragusration Bxwnpe 1
2, 5dimnethyb-&i4pyranslo |1, 5-a] pyrimidin T-one

Ethyl soetoacetate {128 g, 0.98 mol) was added dropwize to an soetic acid solution (500 ml) of Smethyl-Zripyrarel Sviamine {100 g, 0.98 mol while maintaining the
temperstre 8 2528 ° 0 bwas, The midtere was heatad (0 reflug Tor 10 bours and than cooled (0 room ternparatine, The reection was adderd to tert-hutyd roathyl ather {5
Lhconled fo § C whils maintaining the temperature below 14" ©. Sir a1 87 C. for b and filer. The resulting maeterisl was dried under vagsuum ovemnight to yvisld & wivite
sofid {158 g, 98%)

Praparation Exampla 2
Fdbore 7 Sdimethyipyrsrola [ 5] primidine

ESMS mvz (°CH 182.3 (M+1)".

i, W-dimethwianking {27 mb, 767} In & suspension of 2 5-dimethyl-dH-pyrazcla [1.5-a pyrimidinT-one (100 g, 613 mma] in oluens (150 mi) mmol) was added. To the
white suspension was sdded dropwise phosphunss owyohioride (11,2, 1”.‘? & rrrnolh, Hefiuw under lnert atmosphers for 3 bours, conl to room emperaiure and
congentrais the reaction o brown off uslhg reduced p The ol was dissohved in sthyl scetate {250 mil) and basified wih 1.0 N MaO=. The organic phase was
separated and the basi: ag phise was extracted with ethyl sostate (2 ¥ 100 mL). The orgenic phagas ware eombined, dried over snfvdrous magnesiam sulfae,
filterad and concentrated under reduced wessure 1o ghve a brows solid, Yhe maierial was puntied using flash chromsiography sluting from 80% haxanes / 20% (30% THE
{ hewanes) to 0% hexanes / T00% (307% THE /T }in g 20% Ine tal gradient atep to give a light gresn solid. {5.65 g, 9%} wasa obiained.

ES/MS miz (UCl 182.3 (M+1),

Afternative procadure:
ES/MS miz (O 1823 (MDY,
2,5 dirnethyipyrazols [1,5-a) pyelaidin T-one {30 g, 182 mmn]) was added 1o 14 diosene (50 mb). The miure wes stimed 81 22 ° 0. for 10 miptas, then N, N-dlethylaniine
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(208 ek, 128 mmod) was added, Alter further stiring for § rinutes, phosphorus oxyvehiondes {117 w126 mmol) was addsd over 15 minutes, The mixture was stined at
230 for 15 mites, then hosted 10 8085 ° C over 35 minutes and e reaction was iof? ot this temperataes For 1.5 howes, The eonled resclion mitdure was siowly
added 10 a solusion of p i dibasic phosphate {(106.7 @ 81282 mmol} s wates (328 mb) cooled to (-8 * ¢, while maintaining the tempersiurs helow 8 C. during
the addition. The mbaure wes afirmad 8t 22 * . and then medhy!4-buty! ether {150 ml} was added. The organic isver was separated and the squsous ayer was exdracied
veith methykt-butyl ether {2« 100 mL). The organic porlions weve combined, deibed over sodium suiphate, fltered and the solvent was evaporeied. Purficetion by silica gel
chramatagraphy shiting with hexanes [ othy! acetsts {21) gave the tille compound as 2 yellow soid (20.7 g, 88%).

ES/MS miz (PC1) 182.3 (M+1)".

Praparation Example 3

- {Tpropybuiyl) 2 S-dimathybpyrazols {15 gyrimidine

ESMS myz 246,3 (M=1).

Tha cven dried flask, equipped with a refax condansar, was changed with anhydrous THF {40 mi ), indine {cataiyst apount), magresiunm ribbon {192 g, 78.% mmoi) and 4
bramoheptans (5.4 kL, B2 ool The reaction was heatad to reflus i an off bath, The temperature of the reaction spie was Initlated a3 the Srignerd reaction, The
reaction was further stimed at 80 ° C. for 4 hours and cooied to mom temy . The magnesium metal s precipiteted fmay be ramrituged) angd the Grignard reagent is
Bsosrgd wder 7 * shloro 2 S-dimetydpyraaolo {156 pyrimidine in anhydious toluene (20 i} under posltive argon pressine, The Sask flied with (480 g, 26.3 runol) was
placed using cannuia. The reaction was refluxed under Bert aimasphers overrdght, The reastion was coosled tn i and quenched with water. Huted with ethyl acetate
£150 mi ), then water (100 mi) sed satursted ammaoniuen chiorids (50 mi ) were added, The aquenus phases wes separated and exiracted with dichizrornsthane {75 mi),
The srgsnic pheses wese coenbined, diled over snbwdious magnssiem sulfate, Miered snd conuentreted under reduced pressurs, The resulting residus was purified using
#azh chromatogeaphy shufing from 80% hexanes / 20% (20% sty acetale / hexanes) 1o 0% hexane /100 {20% ethyl acetate / hexanes) n a 20% noremantal gradient
ghan, Yallow crystals CLOE g 48%,

ESMS wiz 246.3 (M=1)".

Adtarnntive progadira

ES/MS vz 246 (M+1).
A mbsture of magnesi 0 3.5 g, 144 mraal} with & catalvtic srecunt of lodine (Y00 mg) In THF (100 mb) wes Beated 10 45 ¥ 0 undes 2 nitrogen strecsphere, A few
drops of bull 4-bromobeptane were sdded and the mbaure was heated untll the reaction started, Then a sohaion of &hromobeptane (17,6 mb, 849 mmal) In THE (42
frik} was edded and the lemparatare was rosintained 278570 ° O over 2 howrs, The minivre was Further meflumed for 1 how, then e reaction was cooled 15 22° 8
soiution of Fohiors-2 S-denathyi-nyrazoin {1 5a) pyvimidine 102 g 53.3 mmol) in THF {80 L} in which te prepared Grignand reagent was cooled 1007 C. under
nitrogen mirnoaphere, Was added, Magneshn reagent solwion was added vie o fn over 45 mingtes whils mskinining the temperature below 10° C. Then, the
miiure was further stimed a1 5 ° £ for 30 mivastes. 1o the miture was added 10% {wt /£ wi} squeous ammonium chieride solution (125 mb) snd stired 81 22 * & for 30
minutas. The organic layar was separsted snd the squaecus ayer extracted with ethyl seatate {3 28 mb), The orgenis lsyers ware eombined and driad over sadium

ifate, The miare Is fitared sl the solvent is evaporated, The orude materlal was puified by silios gel Tesh clvosstugraphy using bexanes 7 ethy! avetute (5/1) shuen
1o afford the tile compound (8 g, 82%%
ES/MS m/z 246 (M+1)".

Praparation fxemple 2o

- {Tpropyibund) 2 S-dimathybpyrazols {15 gyrimidine
Alternaiiee roule

Btap ¥ : Sracety-3-ono-d-propyl-epiancic acid sthyl ester

Magnesium chicride (14.63 g, 153 70 mmol) was sdded {0 dichioromethans (300wl ), then ethyl scotoacetste (1955 ml, 20.00 ¢ 153.79 mmol} was added In ona
porton and stired at room femperature for ? hous The mibdure was cooled in a cold water bath snd pyriding {2486 mil, 24,32 g, 307,32 mmol} was added dropaise, To
tha wiilte shary, d-rpropylacetyl chicelde (25.00 g, 153,70 mmoie) was added drapwise ai U ° O under aitrogen. After the addition was complete. the cooling bath was

remeved, d (o penbsient ternperature wid sthved Tor 16 hours, The reaction wag queenched with 1 N HEL {400 mi) and the bottom layer was separsted, The organic
poirlion was dried over magnes! Hate, fhered and 4 invacus to give 8 veliow off (34 g 88%) The material was used divectly in the next step without
further purtfication,

Slap 3 1 S-propyhoctaneZd-dions

Facetyh3oxe-Sprophentanaic acid ethy! ester (37 4 ¢, 126,36 mmole) was disscheed I dimethl suifoxide (100 mL) aod water {5 ml), The solution was hested 1 1350
* 6, for 68 hours of the resclion was Tacked by 80 7 MS. The rescllon was cooled down and extracted with heplane {3 # 100 mL) The combined organic portions were
wisghed with water (100 mil} and beine {100 mb), Concentration in vavun ot 53 ° C removed most of the heplanes, 28,29 g of oll wese olitsined snd used directly b the
next siep.

Btep 3 7 {propybetyl) -2 S-dimethylpyrarcio [ 5 & pyrimidine
' NMR (CDCLY 6.39 (s, 1H) 6.31 (5,
[Hy, 3.75 (m, PH); 2.55 (s, 3H); 245 (8, 3H) 173 (g, 4H); 1.23 (m, 4H), 0.85 {1, 6H).

Epropyl-cetans 2 4-done {15 5, §1.40 mmoie) was miked in acetic seld {15 mL) and cocled in an o bath, S-smino-S-methyipyrazoie (7,971 g, 81.40 mmof) was added in
poriions and gtived ol smiblent lemperature, After 3 hours the completion of the reection was cheched by GO 7 M5, Companed with the authent) ple feorn the GO, 1
was found that 1 is the cormet Isomarnc region. Bucess acetlc acld was distitind oft. Water {50 mil) was added and exracted with heptane (80 mi}. Heptanes were
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veashed with brine {50 mL). The organic laver was dried over Mg30 4, fllered and concantrated In vacso 1o give crude ol (5.8 g 793,
TH NMR (CECL): 6.39 (s, LHR 6,31 3,
VEEY 375 (m, 1H); 2,55 (s, 3H), 2.45 (s, 3H): 178 (g, 4H); 1.23 (m, 4H); 0.85 (14, 6H).

The following compounds were prepared using elther procedure essentially s deagribed In Preparstion Bxample 3, Grignard reagent was prepared using 3
Bromopantans,

Az #eha 94 Z2] 4 deojg

F-(l-ol -2 = ¥)-2 5-0) o - ¥ & Z 2 [1,5- ES/MS m/z

4 SEERE 218.1 (M+1)*

e EL ] #aa |y =23 dlolg

7-(1-ol f- T = q)-2,5-0) ol 8- e & = [1,6- ES/MS m/z

4 al® =g 218.1 (M+1)*
Praperation Ecemple &

T {Tpropyibuyd) -2Hode 2 Sdimethv pyraroio |1 5 af pyrimidine

Y ONMR (400 MHz, CDCLy: 6,42 (s, 1H), 3.74-3.70 (m, 1H), 2.58 (s, IH), 2.46 (s, 3H),

1.74-1.68 (w, 4H), 1.28-1.14 {m, 44}, 0.84 (1, J= 7.0 Hz, 6H).
7 {Toropyrbutyl) -2, 5 dimathyi-pyrazsolo {1,5-a) pyrimidine {3.08 g, 12,5 mmol) is dizsolad in snhydrous aceloniirle (28 mi) and Ricde Succinimide (4.2 g, 18.7 mmoi}
was added n & portions {070 g each) at 10 minute intervals. Stir &t roomn tamp over the weekand, anstonitrie was siwipped and the ol dilisad with
dichloromethane {100 mLj. Wash with sstursted ammonium chicride seiutlon (2 = 50 mb}L The orgenie phase was coliected, dried aver anhydrous megnesium suiphate,
fiterer and concemrated under rediiced Iressure 1o hve a dark red off, The ol was purified using fash chromatography elusing tom 100% hexanes / 0% {20% ethyt

tate /1 3 b % hesanes /1 00% (20% ety oetate 5) i 0% e tal gradient sleps to glve s orange solor O {10.97 g, 87%) was obiained,
YH NMER (400 MHz, CDCL): 6.42 (s, 1H), 3.74.3.70 (m, 1H), 2.58 (s, 3H), 2.4A (s, 3H),
1.74-1.68 {m, 4H), 1.28-1.14 {m, 4H), 083 (1, J="7.0 Hz, 6H).

The foilowing comprunds wore prepared essentially as describad In Preparation Exampia 5.

Az Hea ma & 4 dele

1H NMR (400 MHz, CDCla):
T-(1-dlg-Z2g)-3- R2%E - 6.44 (s, 1H), 3.59 (m, 1H),

6 2,5-vHg-saE=(1,6-a) 2.61 (s, 3H), 2.49 (5. 3H),
Hejrd 1.86-1.76 (m, 4H), 0.85 (1, J =
7.5 Hz, 6H).
R EL] #Hea gy =& # o e]g}

TH NMR (400 MHz, CDCls):
T-Q-clE-mRE)-3- B0 - | 644 (s, 1H), 3.59 (m, 1H),

6 2,5-tog-¥ g E2[1,5-a] 2,61 (s, 3H), 2.49 (s, 3H),
2oy 1.86-1.76 (m, 4H), 0.85 (1, J=
7.5 Hz, 6H).

Altarnative Procadurs of Praperstion Exemple 6 ©

ES/MS myz 344 (M+1)

Azetic acid (1 mb) and & solutlon of V- {1-ethybpiopyl) -2, 5dimethyhpyraroio 1.5 pwimidine {6 g, 278 mimol] In acetonitrile (60 ml) and SNHodusucoinkmide (67 g, 2338
mimof} was added B one portion, The midure was stirad ai 22 ° £ for 2 k. The sobvest was evaporated and the residue was taken up invwater (80 mi} and methytt-butyl
wiher (100 mi] The organis portion was sep i, driedd gwer sodl fohate, Bheved aad the solverd wes eveporeted 10 ghve the $tie compound (3.7 o, 6%}

ESIMS mvz 344 (ML),

FPraparstion Exsmple 7

Farmeshylsiianyi thisrole

VW NME (400 Mifz, CDCL) 813 (d, 1H, J=2.6 Hz), 7.54 {d, 1H,

S 2.6 Hz), 043 (s, 9H)
s thee-necked fask eoguipped wish 3 dropping fennel and themmomeser, nduty! Btbdum (204w, 51.0mmed, 2.5 M in hevane) and diethy) ethes (50 mi} were mined,
Goolto-78 " & and add 2 sobution of thiazole (4,25 g, B0.0 mmad In diethyl asher (80 ml) dropwise, After the addition was compiets, the reaction mixiuwre was stirad at
78 ° 4 for 30 mi and then chlorg hyisitane {5.4 g, 50 .0 mmo} was added. 5trred at -78 ° €. for 1 how and than sliowed to warmn 1o roorn tamperature,
Saturaied sudium bizarbonzie was sdded 10 quench the reaction, Yhe aguecus layer was extracisd with diethyl ethes. The combined oiganic portions wirs washed with
brine and dried over sodium sulfate. Fillrstion and concendration under reduced pressure gave a residus. Purification by distillation gave B33 ¢ {82-56 " 0/ 15 mm Hg) of
the ki comyang,

'H NMR (400 MHz, CDCL) 8.13 (d, 1H, J~2.6 Hz), 7.54 (d, 1H,
J= 2.6 Hz), 0.43 s, OH)

Preperetion Exemple 2

S-hromo-d-methyithiarole
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TH NMR (400 Mz, CDCly): 8 .69 (s, 1H), 2.43 (s, 3H).
Brornine {%.27 mi, 182 mmol) was added to o solution of £-mathyithiarole {15.0 g, 152 mmel} in acetic acid (20 mi} at 07 C. The reaction midurs was slowly warmed to
s ternperalwe sod stisved pvesnighit, Dilute with dichioromedisne and wash wish T ¥ NeGH and brine, The organic flayer wag dried over sudivmn suiphate, fltered snd
conceniratad invacus. The crude product was purified by sifioa gal column chromatography sluting with hexanss / atin sceiate (371) 1o afford the Uitte compound (2.84
& 37%]),
TH NMR (400 Mz, CDClyj: § 8.6 (s, 1H), 2.43 (5, 3H).

Prapsrating Exssnpls ¢
Thisroie-P-carbonylic scid syl suter

ESIMS miz 158 (M+1)"

To s miure of Mimathyisiylthiarele (1358 g, 858 1 mmel} In tolugne (1350 mi), 2 solution of sthyl ehicroformate (28.4 mi, 1.02 mol} In (oluens {1350 mL)} wss added
over 15 mintes, The reaction was stirred 5122 " & for 2 b The solution was added onto 28% {wi /Wi agueocus sodium carbonate {5 L) and stived for 30 minudes. The
crganic aver was separaied and the AGueoUS fayer was Fen ted with methylens chioride (2 = 1 L), The organic layers wars combined snd the soivent was svaporsied
o give the tithe sompound {134 g, 99%).

ES/MS miz 158 (M+1),

Fraparation Exsmple 10
Thiszsie?carhoxylc soid amide

ESMS me 129 (M+1}

Yo a mbdure of mathano! (75 mi} and 30% aguecus ammenium hydroide {750 mL) was added thiaznie-Z-carboeylic acid ethy! ester {150 g, 0.9 mol} and the midure was
heated to reflus Tor 1 howe, Then cooled to 227 €, snd methano] was evaporaied o vacus, The mixture was stirred st for 30 el and Hie solid wes filtered off. The
lsoiated soiid was dried under vacuum o aord the e compound {98 g, B5%),

ESMS miz 129 (M+1}.

Praparntion Exnenpde 11
T-methyi-Bthiazok24i-1H- [1,24] triazoie

1,1 Dimethowy N, Ndirnathybrethanaming (240 mL) was cooled 10 10 * . and thinzcle-2 carboxyilc ackd amide (50 g, 427 mmoi) was sddad in thres portions, Tha
reiwiure was sthred 28 10 ° O for 30 minutes, The mixture was then gradually heated 1o refiuy withi 48 miutes, The methanal formed was distiled off and then the
reaction was hested 10 700 * €. for 1.5k, The miviurs was cooket 1o 80 ° C. and svsess 1, 1-dimethoxy-N, M-dinmethyl-methanamine was remaoved by vacuum distiiation.
The residue wes cusled 10 32 ° C and hexane (200 mi.) wes added. The reliure wes Witwrated for 15 minutes, Bliered s the solids were dried 1o constant weicht befwe
use i the next sten.

ES/MS miz 167 (M+17",

The isolated solid (56 ) was sdded 10 seetic seid (630 mi.) and the mivturs was cooled to 10" . Momethyl-hysrszine (27 mi, 509 mmolj was sdded 81 5 rate such that
the lomperatuee was maintained below 157 0. The mixure was warmed to 20 0 within 30 mimsstes and then gradualiy | 48 B ° L S gt 90 0 0. for 30 mimsaes and
than ool 0 72 ° T Acktio soid was removad by vacumem distiliation. The residue was sddad to water snd the pH was adjustad to 8 by addition of 25% agusous sodivrm
hydroride solution, The aguscus laysr was sitracied with mathylt-buty! sther (33 600 mb) The organic lavers are combined and the solvent s svaporated. The mssulting
residue was purifed by silica gel chromatography using hexane / isopropanal (9/1) sluent 1o afford the tke compound (49 g, 70%1

ES/MS m/z 167 (M#15"

Fraparation Exempls 12
3. (BEromo-dhizzobied) ametheb 11124 irimaole

ESMS iz (*Be/* Br) 2457247 (M+1)

M-romosueckimide (14} in g midue of mettyl Sthiazol 2-vb T [1L240 warole (.85 g, 394 mmol) and dimethyiiormsrmide (32 mb) g, 788 renod) was added In 3
portions oves T hour, The enboire was stired a1 22 ° 5 for 18 hand then sdded to water (300 mL) cooled 1o 0-5 7 C, The sguecus kayer wes separated and extracted with
methhtbuty ether (2 x 200 i), The organic layers were combined, washed with 7% agusous sodiam bicarbonate {100 mi) and then dried over sodium sulfale
Fitirntion snd evapomation of the solvent gave the tie compound (0.5 g $3%),

ES/MS vz (B Br) 245247 (M+1)"

Praparation Exemple 13
2.5 dienethyk3- 12 (- methyh 20 {1240 ifazolb 31} thiarob Si] -7 {1-propyt bavl) -Pyrazoko {1,5-a] pyrimidine

ES/MS m/z 410 (M+1)",

F- {S-Eromo-thipzob Pyl amethelb 1 [1.2.4] ripaole (6.5 g, 238 mmol] snd 2, S-dimeting-7- {1- Sropy-bety) -pyvarsio [1,5-2) pyrimidiog £8 g, 245 mmol) was combined
K-rnathyipyrroiidons (58 mb) snd stimed in compliete soiution under niirogen. Tetre-M-butylarmmonium bromide (547 g, 167 mmol] and potassivm soetete {1 T8 g, 114
mnol} were adiad a7l the midime wes hested 10 100 ° G under 8 nitrogen stmosphere. The hot miktune was degassed with thres cycles of vanuum /7 nitrogen megs.
Then patledive scetate (276 mg, 0.24 mamol) and #s {2 4-didertbutybphanyll phosphane (787 rog, 12 mmol) wers added. The mibdure wes bested 1325 8. w4 h
under nitregen. The minure was cooled 10 22 ° & and added 1o water {750 mi) The aguecus layer was extracted with methylt-butyl ather {3 x 200 mL), the organic
poriions combined and svaporated, The regidue was purified by fitstion through # pad of sitics gel ehding haxane / ethyl soetate (401}, The prodhucts containing
fractions wers combined and the soivent was svaposated io give the Uite compound {7 g, 72%).

ES/MS miz 410 (M+17",

Fraperation Exempls 14
2.5-dirnethyl-7- (T-propytbutyl} -3-tuazol-Sybpyrazoin 11 5-5] pyrividine

ES/MS miz 320.0 (M1}
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The oven dred flask was charged with 2 rimethyvislianyliviazole (3,765 g 11.24 mol) dissolved in anhydrous THF (30 mi) and cocled t0-78 * © under nert atmosphere
ety fidhiun (2.5 A8 hawane solution, 4.8 el 1124 renoly was added slowiy and stirred 2t 78 7 C. Tor 30 minutes. Dow aliguot of anhydrmus vine chionde (226 ¢, 16.58
o} was added and strad 2t -V8° C for 30 minetes. The resction was warmed 1o room temgerature, stired for 30 minutes, and # {1-propy=buied) -3-lode-2 S-dimetihyt-
pyrszoto 1,5-] pwimiding {3624 g, 518 mmel} and dichiors [1,75Ms (diphanyiphosphine] farmocens] paliadium (f) dichloromask {0423 g, U518 mmol) ware added,
Refiur oversight inan ofl bath (G ° ) under an ner stivosphere. The reaction was cocled o rt, quenched wih saluwrated sodiu bicarbunats and diluted with syl
acetate {150 mb). The aqueous was separated and extracied with ethid acetate {75 mL). The crganic phases were combined, dried over anhydrous magnesium sulfate,
filterad and concentrated under reduced oressurs, The resulling residus wes purified vsing Resh chrometography elsting Trom 100% heranes 7 0% (30% THF 7 hexsnes)
to (% heanes ¢ 100% {30% THF 7 hexenes) v a 10% incremental gradient step to give white Solid (0,720 g, 42%) was ohlained.

ESMS miz 3290 (M=1)",

‘The foilowing compounds were propared sesentlaliy as desoribed in Prepartion 14,

ol SRR By gops

{H NMR (400 MHz, CDCls): d
Fe{l-f - m e - Ao ref g -n- | BTS (g, TH), BTS (s, TH), B28 (s,
15 el oG- -DAEEI1,5- (H), 6,47 (s, tH}), 3.62-3.55 (m,
NE 1HL, 2,65 (s, 3H), 2.61 {5, 3H),

- 1.89-1,75 (m, 4H), 0.85 (1, 6H,J =
7.5 He), 0.85 {4, 6H,.7="7,5 Ha}

EET B3t A gy el A Wog}

|H NMR (400 MHz, CDCh): d
Fel1-o § - E -2 G-clol gi-2- | .75 (s, 1H), 8.75 (5, 1H), 828 (s,
15 B b fie Q- ] B~ 1HY, 6.47 (s, IH), 3,62-._3.55 {m,

¥ RET {H), 2.65 (5, 3H), 2.61 (5, 3H),
' 1.89-1.75 (m, 4H), 0.85 (1, 6H,J =
7.5 Hz), 0.85 {t, 6H,J = 7.5 Hz),

Alternative procedure for preparmtisn 15

a-buty! ihiumn (78,5 mil, 191 mmod, 2.5 14 In hekene) is added (0 8 solution of 2-trmathylstiytblazels (30 g, 1971 mmod In THE (480 mil) ot -78° €. undar nkrogen and
adderd The wnperature was kepd below -74 ° G The mixiure was stived 30-78 ° O for 80 rain, thes 2o ohloside dry posder (359 g, 286 mmol) was added i one portion
and the mixturs was warmad 10 22 ° £ over 1 h 7 {1-ethvlorogy’) -3Hodo 2, 5-dimethyi-pyrazelo [1.5-5] pyrimidine {30 g, 87 e} and 1,1 5ils {diphenytforos Ping}
feprovens pelladivrn ) chioride (8.5 g, 8 mmod) was addad and the mibdiere was hested o fiur under nivogen for 8 hours, The mivise was eooled 1o 22 Gand 10%
aguecus ammonbsn shionds {480 mL) was sdded. The organks laver was sep fand the agusous layer was washed with methytt-butyd sther (2% 100 mL). The

arganic porlions ware eornbined, dried over sodium sulphate, fllered and the solverd wes svaposaied 10 glve the title compownd (204 5, 785 ES/MEm/ 2 301 M+ 57

Prapamtion Exsnpde 18

7= {vmthyloropyl) -3 2-ndo-thiarob Bl -2 Bdimathyi-pyrazoio [1,5-a] pyrimidi

ES/MS mtz 427 (M+1)",

Of 7= -ethbpropyt) -2 S-dimethyl-dthisrol-Sybpyrazclo [1.5-8] pyrimiding {178 g 82, 4 enenol) I3 THF (100 mil} To the midues, a freshiy prepared solution of lithivm di-
propyhamide (180 mi, 624 moal, 0.8 M n THFY was added o1 -78 ° & under a nitrogen atmosphers, and the temperature was kept below ~74 ° G during the addition. The
mivtures was sthved 58 -78 * O for 1 b, then s golution of Migdosuecinimide {15 g, 53 mmel) in THF {100 ml} was sdded whils reaintaining the termperature befow 74° 2
The rsaction was graduaily warmed to 22 €. and then & 10% squecus solution of ammonhan chlonde (800 ml) was added. The organic leyer was separated and the
aAnguenus layer was washed with methylt-baty! ether (23 200 L), The organic layars wars combined, dried ovar sediamy sulnbate, fllarad and the sovent was
meaporated, The resuiting residue was puified by siifcs gl chromatography elating with hexane ¢ sostens (5711 1o afford the title compound {15 g, 5%},

ES/MS miz 427 (M+1)",

Example 1

7 {1-othyboropyl} -2 Sdimethyl-3- (&-methyithiszok Byl pyrazoio 15 a] pwrimidine

T NMR {400 Mide, CDCl): 8
880 (5, VD, 6.48 (5, TH), 3,63 {m, 1H), 2.57 (s, 30}, 2.43 (s, 34, 2.90 (s, 3H), 1.85 (m,
A1), 0.90 {1, 6H, J = 7.3Hz). ESMS mvz 315 (M+1)",
Rieke® zine (10 g in 100 ml THE 13.2 ml, 18 48 monal} was added to Brome- 4 mathyithiazole (2,13 g 1848 mmo) and heated to reflux for 2 hoirs, The midure was
poied to room lenperaturs wil 2ne waes preciphisted by cenviugstion, Theough 7- (ethybpropyl) -odo-2 S<dimethybpyraeis 115l pyeimidine (500 ma, 2,62 mmal)
in ey levahwdrotfuran {10 mL) Nitrogen gas was hubbled, orgene rine bromide schulion was added followed by [1,1-bis (diphenyiphosphing) ferrocenel -
dichioropsiiadivee (13 (196 mg, 0,13 rrmol), The resciion mixiuse was hested to reflur overnight and eooled 1o room temyg To the reaction mi was ardded
ammonivm chicride solution and extracted with dichicromethane. The organic portion was dried over sudium sulehate, $itered and the solvant remeved in vacua. The
cude product was purfied by sllica gel cobamn clwomatography eluiing with hexane /[ ethyl scetate {377} 10 glve the tie compound (552 mg. 79%).
'H NMR (400 MHz, CDCl): §
BA0 (s, IH), 6,48 (8, 1H), 3.63 (m, 1H), 2.57 (s, TH), 2.43 {s, 3H), 2.40 {5, IH}, 1.BS {m,
4, 0.90 {t, 6H, J = T.3Hz). ES/MS miz 315 (M+1)",

Praparafon Exempls 17
3 {24 Dibromo-thlarol 840} -2 Sfimethy 2 {-propyhbuty’) -pyvavolo [1 5] pyrimidine

ESMS miz ("B Br) 486.7 (M 1),
2. 5dimethyl 7 {1 progyHbutvl) -3t Svlpyraos 1156 pyrimiding (315 g, 3.5% mmod) was dilkdad (o soetoniiviie {100 mi. Disselve in snd add 1 aligust of N
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bromossucoivmide {(4.27 g, 240 mmoll. Stk overnight under insrt atmosphere and confirm that the reaction was compiete using TLO. Concentrated under reduced
pressure, e ol wes diuted with dichloromathane (150 mib) and washed with water (75 mb). The organke phase was dried over ai suifste, fi
and concentrated under reduced presswre. The resulting off was converied to 100% hexanes /0% (0% THE / hexanes) in s gradient (30% T4 ¢ harane 0101 5-20-25-30-
354045 50-1 00%). Purtfication was caried out using flash chromatography eluting with 0% hewane / 100% (30% THF / hexane) a1 to ghve veliow crystsle {370 g 79%).
ESMS miz ("Br''Br) 486.7 (M+1)".

Excagt for using dickloromathane as solvent, the folfowlng compounds ware prepared essentiatly 8s described in Preparation Exampie 17,

AL 25E 53y 22l & delr}
MS (APCI) miz
" 3-(24-fBER-FolE-5-U)-7T-(1-9 ¥~ (Br*'Br) 459.1

EeE)-25-dde-HaF =1, 5-a]H v N
(M+1)

3-(2-H2R 4 g Holx 5 U)7-(1-dg- | ESMSmiz("Br)
3 | mzw-os-gumu-mazsis-aggud | 303 (M) |

*NBS 1.1 9% AHE 2 32 59 asl

al Al 583 93 el A delE
MS (APCI) m/z
) 3-(24-HRER-EobE-5-Y)-7T-(1-] 8- ("Br*'Br) 459.1

ZEH)-2,5-¢ -HEHEE([1,5- vl .
| o -HeRE = [ al® g]v] (M+1)

.| 8--meR-s-E-EoE-s-)-T-(1-og - | ESMS m/z( B)
3 =22)-26-99E-AAE2(5alA0R 3B M) |

*NBS 1.1 9% AHg 2 32 Fob anl

Exasmgde 4
3 {d-Hromo-d-morphatine 4y thigral- 547 -2 Sdimethyl 7 1-orooybbutd} ywezolo 11 Sal Bydmidine

-
N
2
N"s‘ﬂ’\
Lo
w-N

ESMS miz (PBry 4917 (M1

The oven dried fiask was chargad with 3 (2 4-dibromothlazot 5yi) -2 S-dimethyt 7 {3 propyt butyl) -pyrazoio {158 pyrimidies { §.973 g, 2.00 mmaol, anhydrss diokane
29 ml), morpholine #0972 g, 0.0 mmal end ceslum carbonate {1,945 g, 6.00 mmoef}. 1 was refuked in ol bath {108 ¥ L.} overnight under inert stracaphere, L/ M3 was
used o confien the reaction was comphete, Dilue with ethy! soatate (100 mb), wash with water {30 mb}, and extraot the sausous back with attal seatete (50 i, The
organio phases wers combined, dred over magnesihum suiphate, Gllered and concentrated under vedunad presewre, The resulting residue was shen from 0% hevane /
T00% (40% in 100% hexanes / 0% {7 N srponia £ 38% hexane s 40% dichioromethane / 20% ethyl acatate / 2% methanc!) in 2 10% Incremental gradient siep,
Purigation using fash chromatoaraphy shaing with dichioromethane / 20% athyl asetate / 2% methanol In 78 in / 3% b ) gave rn offwhite soild (0878 g,
BY'}

ESMS miz (PBr) 4917 (MDY

The following pies were prepared Hy as described in Example 4, using 2.0 dimethylamine / THF or morphaling s the sivine and THF or dicxane as the
salvent. The resction was run In a sealed vessel or Schienk fube,
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LA o3 g =23 dolg
{4-HaR-5-[25- Y9 E-7T-(1- =23 - &) ES/MS (TQBI‘}
5 HabER(1,5-a] AW H-3-Y|-EotZ-2-U}- .
3-(4-HE¥-3-¥2Ed-4-d-BolE-5-9)-7- |MSAPCHm?Z
6 |C-E-z2e)25-odg-RE(1,5- (*'Br) 466.5
a]fhll?-]q@ (M"’I)“
(-mgwog-(7-Q-g-zed-gs-da- | Mo APCDmE
7 | M@ER(15-al9eln@-3-9Q]-FelE-2-9)- | (VBr)424.4
=B Rl (M+1)"
{-[7-(1-olg-x=2¥)-2,6-c]u g - ES/MS miz 358
8 |wasais-algeg-3-21-4-A9-to}E- M1y’
2-4r-gvlg-e}g
0 7-(1-d g-=aw)-2,5-0 v g -3-(4-ol"-2- ES/MS m/z 400
B EEY-4-U-FohE-5-W-H AT (1,5- M)
algewd
YelAb A 6 E AR
LA f2 4 93 el A o)y
{4—Ei£—5-[2.5-t1“ﬂ§-?—(1—£i¥i-"?—§)— ES/MS (1931'}
5 W #SER[1,5-a] Helvd-3-U]-EolE-2-U}- .
o] vl el 449.8 (M+1)",
3-(4-HEE-2-LEFU-4-U-FopE-5-9)-7- | MS(AFCDHm72
6 (1-dg-==9)-2 5-t)ded-f 32 =[1,5- (*'Br) 466.5
a]iq?—]‘:]@ (M.'_])"
(4-pav-5-[7-(-og-zzd)-gsrag- | MSAPCHmzZ
7 | HBER(15-a0e0R-3-9]-HelE-2-9)- | ("Br)4244
Hefd-o}ql (M+1)"
(5-[7-(1-dg-Z==2H)-2,5- v g~ ES/MS m/z 358
8 |gazans-ameou-o-9]-4-Ag-gotE- M1
2-9}-uf ] -opgl
T-(1-o|g-22®)-2 5-r|o|d-3-(4-n]L-2- ES/MS m/z 400
¥ mEEd-1-Q-HoE-5-)-dRE=(15- M+
al= v ¥

TRRALA T 6 Y A

Enmengie 10

3 idbromo2- (Tmethyt2H 1.2 4] wlazot- 34} thiazclh Sll -2 5 dimathyl - {1 -Propytbutyl) -pyrezolo 1,58 pyrimidine

VW

8 1
NN
Nt
ESIMS miz (PBr) 487.7 (M+1)".

The oven died fask was chavged with Tanathyl- 12,40 2ok (0.498, £.00 manol) snd anhydrous THF (20 0L} and sooled 1078 * & undes et atmosphers. n-butyl
Hihium (2.5 M hexane soltion, 2.4 mi, 6.0 mmol) was added sigwly and stimed for 30 min, Une aliguot of anhydrous 2l chinade (1,36 @ 10,0 mmoll was added and
stimred 2t-78 " © for 30 minutes. The reaction I8 aliowed 1o warr b room femperatisrg, stimed for 30 mintas, and 2. (2 4-dbromothianel 3 i) -2 S-dimethyl. 7. (1 propyl
butvl oy ie 1, B pyvimd {0,973 g, 200 mmelh and dickions [1,1+bis (diphenvigh | paladivm () dichivromethane (163 g 100 mmel} were
added, The reaction was refuxed overnight in s off hath (90 ° 2. under inert simosphers. The resaction was cooled o rf, guenched with water and difuted with et
aoetate {100 ml). The ageecus portion was seoarated and thans {50 mb). Thw organic phases wers cwniined, dried over anhydimus
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magnssin sulfate, Hltered and concentrated wnder reduced pressure, The resulting resithis was taben In 100% hexanss £ 0% (10% acstonitrile £ 40% THF § 0% hexanes)

i 1% Incrernental gradiont steps from 0% hexane £ 160% (10% scetonivile 7 40% THF /7 50% Puification using fesh cromatography efuting with hexane} offorded a
white solid (0,090 g, 9%},
ES/MS oz (P8r) 487.7 (M+1),

W 3

ES/MS mvz { "B Br) 488490 (M+1Y.

2 S dimnethyt3- 12 (Z-methyh 2H- {1241 iazob 341} thtazob S4i] -7 ingestoniirile (80 L) To s salution of {1-propyl-budy’: - pymzolo 1,50 pyrimiding {6 g, 14.65 mmal), &

bromosucchvmide (274 g 154 mmol} s added In one portion, 27 3t 2t 107 C. for 10 hours, The solvent was evaporated and the residue was dissohed In a mixiure of
water (50 mb} and mathyt-thuty! ether (100 mi ). The crganic laver was separsted snd the squeous layer was extracied with additional methyi 4 Duny edher {2 € 5O ml)
The crganic povilons ware combined and the selvent wes evaporated. The vesulting maters!was purified by Bliration svough @ ped of sifica gel eluting with hevsnes /

wihyl acetate {3/} The products contalning fractions were combined and the soivent was evaporsied. Haptane (25 i) was 2dded and the soild was Fitursted. The solid

was Rivered off and dried wnder vaoum 1 afford the ttle compound (5.5 9. 77%)
ES/MS m/z { VBT B 4887400 (M1

Exsmple tHa
4 dbromod- (Emethyi 2 P1,2.4] wiarol 8-l thisrsl S -2 Sdimethyl- 7 {1 Propyl-butyl) -pyrazolo I1, 52 pyrimidine, hydrochioside

wH
Nj‘ b
Br s
Nj\r N,
N

#u-N
N HC!
5
Be /
Nﬁ\\[,’ N,
N

4 [a-bromioed- (Fmethyi-dee 1,2 4] Flarobd-dl) thiarob-5l] -2 S-dimethyl7- {1 -Propyl-butyl) -pyrazsio [1.5-2] pyrieidine (750 mg, 1.5 mmiol) Is dissalved in acelone (5
mik} sed added o 1 M HE (L84 el 184 mmol} in diethy? ether, H was, The eroiviwe was stired airt for 3 b and concentrated rvanen, The residiue was dissohved in

dlethy! ather / hexene = 171 (3 ml) and crystatized with the desited HO! salt (525 mg, 5553 B3/ MS m 7 { ™ B 400 (M + ¥ VHNMR (DG Y 820 {5, TH), 6.52 (s,
THYL 427 {5 3H)L 564 {re THL 249 {m, 3H), 244 (s, 3H, 178 (m, 4H), 198 (m, 84, 0.87 {m, 64,

The foilowing compounds were pragared sssentialiv as desoribed in BExample 160,

A0 a5hA g3l FE|# d el

T-(1-elg-=2=2d)-2,5-0g-3-[4-v12-2-(2- | ES/MS miz 396
11’ HE-2H-[1,2,41 =8 e}F-3-4)-E o}Z-5-2 - M+1)’
HabER(1,5-alHe 4

‘R dalold dfaldl THF 9 0.5 M fabeld2 A4 80 °CollA 3¢ F9b
7+

Al L] g3 oole

T-(1-de-=2%)-2 6-c] e @-3- [4-cl®-2-(2- | ES/MS m/z 396
| -2E-[L2A1RE k- )EekE-s-d)- )
HetEr(1,5-alHEqd

"o ddlold d4ldl THF 39 0.6 M 98 otE& Akg. 80 °CollM 3¢ &2t
7t4

Enmmgle 12

2- {$-Bromo-2 {2amettyt 28 [1,2.4] triazoh 31} thizzob Byl - (T-attyi-propl) 2S-simethylpyrarolo 1 5al s
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N ”"\
o '{
ts

MS (APCE mé {7Br) 4604 (M+1),

To g solution of T-methyl-1 24-rarcle (124.5 mg, 1.5 mmol} In THF {3 mL} under nitrogen atmosghens add nbutyl tihivm (2.5 M in hexane, 6.6 b, 1.5 mmoi Add 51 78
L and st for 30 minutes, Anlydeais Zine chionde (409 rag, 3.0 mnol) was added and stieing continued for 30 minutes, warraad 10 room temparaties and stired or 2
howrs. 3- {2 A-dibromo-thisrob Byl 7 (T-ethyipropyll -2 S-dimethybpyrazole 11 5-a] pyrimidine (229 mg, 0.8 rmal) foliowed by tetralds (tiphenyiphosphine) palladium (58
mig, .05 mimad) and refluced ovarnight. oot 1o room temparature, dilute with ethyl scetate and wash wiih saturated ammonia chioride. The crganic portion was dried
wvay sudiurn sulphate, ftered snd concentrated o regidue. The crude materisl wes puified by fash chrometography sluting with hexsnes: vibyl scetate (100 2.8 1o
affard the title compound as a yelioa foam 77 magl.

MS (APCH miz (8} 460.4 (M1

biteenative Prapuation of Bxstngle 471

ES/MS (mie): {*Br™ Br) 460/462 (M+1Y

7 {Tethylpropyl -2.5-dimethyl 3 32- (Z-medyt 2H- [1.2,4] vlezet-3-vl-o scetonitvile (80 enl)- To 8 solution of thiezs!-8 4 -pyrazole {1,5] pysimidine (8 g, 21 rmol} was
added acetic soid {1 mil) and N-bromosuceinknide (6.7 g, 22 mmad Added, The miiure was stimed a1 72 ¥ & for 2 b The solvent was then evaporsted and water (50 mil)
and methyl-toutd ether (100 ml) wers added to the reaulting residue. The organic portion was separsted, dried over sodivm sulphate, filtered and the sobvent was
eveporated. The e veshdue was renrystaliized from lsopropy! alvohol to give the e compound (8 7 g, 90%),

ESMS (riz): (Br/ ' Bri 4600462 (M+1).

Expmple 125
3 {d-dromo-3 {Zaaethyt 2+ {1,2.4] triazob 31} shipzob B} 7 (-athylpropyl)- 25-gimethyl pysazolo {1,5af gyrimidine, piniuene sulfonis acid

3 {4-Bromo-2- {Fanathyb TH- 112 A4] vlarol-340) Ahisrol-840 -7- (athyipropyl) 25 dimethybpyrarsio |1 5-af pydeidies (50 my, 0,900 ereol) was dissobad insestone {3
ik}, A U028 M agueous sclution of piolusne sulfunic acld (4344 pl, 8108 mmo) was added and the resulting mixture was evaporated to domess, Bthyl acstate (3 Zml)
was added 1o glve 2 parfial lvsate of 2 solld, Methano! {1 mi} was added to achlave a clesr solution. The solution was concentrated by slow evaporation untl] orystals
were obssived, The orysials were isplated by filtration and drisd at 25 O, under vasuum 10 affurd about B0 g of the il compound.

The stolchiometry of the ssits was detesmingd by lon dsmatography wsiig the folivwing HELY conditions: Solemn: P % Phensophere SAK, 4.5 5 150 mm a1 30
* 4 Mokl phaser st pH = 4.5 50% seatonirte / 50% QU025 3 sodiumn phoaphate baffer, Flow rade = 1.5 mb / min; Detection; UV a1 205 niv; injection volane = 5 gl
totime = 3 minuiss. Yheoretioal valowations: 27.20% tosyiate; Fusnd: 28 4% toaylate (average of § HPLO runs).

Example 13
4-Chiorg-F [2.5-dimathy!-7- { Tpropyrbunyt) -pyreznio |1, 5a) pyrimldin 3l thiazeh 24l -dimathy! Arving

ESMS iz (701 406.0 (MH1).

“The overedried fask was poured o {d-bromo-5- {2 5-dimaetiyt - propybbaetyd) prrazelo [1.5-a] pyrimidin-Gl] thisrole- Charged with 29-dimethylamine {2.20, 0.44
minnod} and anhydrous THF {3.0 mL} and cooled i0-78 " © under nert atmosphere. rebuty! Hihiom (1.6 M hexane solution, $.42 b, 087 mmol) was added slowly and
stimed for 30 enin, Gne aliguot of Nohlorosuccinimices (0,420 g, G889 memol) wes added and stired 2878 C for 30 mi . The lor was showesd to werm to
stived for 5 h and shecksd for progress using LO / ME, Dlisted with ethyl {194 mL}, washed with satwsted i chioride 50 mL) and $e squecus was
back extracied with dichioromethane {30 mb ) The organic ph ware coinfined, dried cver anhydrous magneshan sulfate, fitered and concentrated wnder reducead
pressure, The resulting residue was purified ssing fash dhromatography, eluting from 100% hexanes /0% {28% THE 7 hexanes) to 0% huxanes  TI0% (25% THE ¢

b Jina 10%1 gradinnt stem to give a wiite Soli (0,087 g, 48%) was obtained,

ESMS nz (°CH 406.0 (M)

Using the appeopriste bromothisxols prepared shove, the following examples were prepersd essentially a3 deserbed In bxanpie 14,

A0 FERR, E04 gols
3-(4-22=-2-BEFH-4-YU-Ee}F-5- ESMS m/z (°Cl)
R B AeG 4480 (vi+1)'
-g==-5-[7-(1-o| d-=2=4)-2,5- MS (APCI) m/z (CI)
S ittt I EL LT
axil o 97 294 dole
3-(4-822-2-R2E-4-U-H4E-5- | pyms miz (Cl)
Mol Sarenae s | w00y
(-822-5-[7-(1-] I-=28)-2,5- MS (APCT) mz ('C)
5| e e T oy
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Prapsration Exsmple 18
2 a-dichinenihiazole

ELMS miz : (PeP* e oot or o 153155/157 (MY

Ammiciure of thizzelidine-2 4-dione (30 g, 0.43 mol} n phosphorus oxyehivride (240 mL) was cocled 1o 5° © and pyridine (34 ml, 0.4% mod) was added over 18 minutes.
The mlbre wes hested (0 1257 © for 4 b and then cooted (0 22 ° §, Excess phosphorus oxychinnide was removaed by vacuumn distilation snd the residue was added {o
witer {1 1) oovind o @ temperature of §° 5 The i WG o with mathyl hioside (3w 200 mi) The srganic portions were curmbined snd the solvent was
evaporated 10 ghva the ttle compoussd (50 g, 78%)

EIMS miz : ("CPCE e a el o (S3LS587 (MY

Praparation Expmpla 19
dehiore-tenorpholine-Gia s

ESMS mviz (I} 205 (M+ 1Y,

Trr 2 miture of Fadichivesdiarale (34 g, 0.27 mol) In soetoniiriie (475 mi is added potsssium carbonate (50.9 g, 044 mol), followed by 30 miwies of mosghniine (212
ik, D778 mokh, Dropwise over, The mibcdurs was refiuxed at 43 © and then cooled i 22 ° ©. The minture s filtered and e filrate is evaporsted. The restdue was
wrigurated with bpropy sleohol (60 mi) al 227 C for T hown The solld was filtered and deied 9o constant weight under vacuum 1o afford the thle compound (345 ¢, 76%),
ES/MS mvz (“CH 208 (M+1)

Exsinpie 16

3- {&-Chioro-Eamorpholined-yhihiarok Byl <7 {1-ethyl-propy} -2 S-dimethy-pyrarclo [ 52 pyridine Midine

n-N
N

i NiNJ\

L
(-

0
o]
MS (APCE m/z (1) 420.6 (M1} 'H NMR (400 MEz, CDCLy: 6.44 (s, 1H), 379 (3,

4H, J=4.F Hz}, 3.63-3.56 (m, 1H), 3.47 {1, 4H, J=4.8 Hz), 2.55 (s, TH), 2.45 (3, 3H), 1.BE-

175 {m, 4H), 0.87 (1, 6H, J=7.5 Hz},
Limder nitrogen atmosphers, 3 {4bromo-2-morpholined - thiazol- 847 - 7- (1 ety propyl} -2, B-dimethyl pvrazolo |5, 5-a) pyrimidine {116 mg, 0.25 mnol} was dissolved In
THF{LE mb) and covled to-78 O nebutyl Bthiuss (07 mil. 2.5 M in hexenes, 0.25 mimol) was added snd stired st -78° O for 30 minutes. N-chiomsuccinimide (33.4
mg, §.25 mimnol) wes added, further stimed for 30 minutes, and slowly warmad to oo tamp swe, After stirring overnight, the reectisn was quenched b addition of
saturated srernania chioride sohution and extraciad with etin! acetats. The orgenic fayer was washed with brine, dvied over sodharn sulfats, Shered and concenbrated to
rasidue, The crude materlal was purified by flash chromatography eluting with hexsnes: dichloremathane: sthy! acetate {5 5 2} to give the title compound (34 mg),

MS (APCE miz (YC1) 420.6 (M+1)7; TH NMR (400 Mz, COChL): 6.44 (s, 1H), 3.79 (1,

4H, J=4.8 Hz), 3.63-3.56 (m, 1H), 3.47 (1, 4H, 4.8 Hz), 2.55 (s, 3H), 2.45 {5, 3H), L.88-

175 (m, 4H), .87 (1, 6H, J=7.5 Hz),

Alternatives to Praperation Sxampie &

ESIMS vz (01 420 (M 1)

7- {Tethyl propyl) -Flode- 2,8 dimattytperarels |15 8 pyrimidine (2 g, 26.2 mmaol} and 4-chigre- 2anompholing: Thiszois (7.5 g, 26.7 mmod) was combined in
dimabytformamide 30 ml} pevousiy degassed with nltrogen, Cesham carbionate (178 g 55 mmol), copper lodide (250 g, 1,371 mimmol), Wiphberyiphosphise (550 mg,
209 mmol} and paliadium sestats (117 mg, 0.82 mmol) were added. The midure was heated to 125 C for 15 h and then coolnd o 22 * O, Water {300 mL) was added
and extracted with neethybt-butyl sther {3 200 mi} The organis portions were sombined and the solvent was evaporated. Pustication by siics gel chromatography
sluting with haxanss / e¥w! scetate (3/1) sfforded the ttle compound (6.4 ¢, 6%},

ESIMS miz (FC1) 420 (M 1Y

Exmnple 65

3 {§-Chiore morpholined-vhthiaroh Sl -7 { Tethyipropyl} -2 S-dimethyi-pyrarcle 1 5al pwidineg Midine, hydrochiorid

ES/MS m/z (°CI) 420 (M+1): 'H NMRICDCI3 ) 9.18 (br,
PHY, 6,86 (5, IH}, 3,72 {m, 4H), 3.4%0m, 1H), 3.39 (my, 410, 2.48 {5, 3H), 238, 3H),
175 (m, 4H), 0.79 (m, 6H).
3 {a-Chisro-Tmorpholi-dybthiazot Syl -7 (Tethylpopyl -2 S-dimethwipwazelo [ 5a] pwidine Midine {1.40 g, 333 mmol} was dissolved in scetone {10 mi) st 50 C.
and cooled to room temperstuns, Sydrogen chiorids {2 3 in diethy! ethes, 2.0 mi, 4.0 mmol) was added and stirred well in the sonjcator. The selution was concentratad
siginly and crestaliized with HO! selt by sddtion of the minimum amoust of disthy] et The midture was cooled in the refrigerator fghin. Additional hyduogen
chicgide (2 14 In digthyt other, 2.0 mi, 4.0 raraod} was added and coied in the refrigerator, The crystaiing matesial wis filteran off and dries to give the 1ie comgpicind
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(1153, 75
ESMS myz (CL 420 (M1 'H NMR(CDCI ) 9.18 (br,
14}, 6,86 (5, 1H}, 3.72 { m, 4H), 3.49(m, 16, 3.39 (m, 4H), 2.48 (s, 3H), 2.38(s, 3H),
1.79 (m, 48), 0.79 (m, §H).

Example 17
3 {&Brome-Z-butyl-thiazch- 54y 7 {Tethybpropyls -2 5dimethwipyrazsio [1.5 5] pyrimidine

ES/MS mvz (VB 4374 (ML)

Hader nitrogen atimosphers, 3 {24-dbmmo-tareh- 590 -7 (lethybpropyd -2, Sdimethybpyeavoko [, b0 THF (3 ml) Fo o sobution of Sof pyinidine (230 mg, 2.5 mmel} v
buty! iithium {2.5 M i hevane, 0.2 mL, 3.5 mmot) was added a6 -78 7 & After 30 mirtes, T-lodobnana {138 myg, &.75 mmol) was added and stiming cominued for 1 hour,
Warmn 1o room temperature and st for 1 how. The rescilon was guenched by sddition of saliratad ammenia chioride solitlon and exrscied with ethyl acetste. The
srgamic portion was dried over sodiun siiphate, fitered and concentrated 10 residue. The orude matesisl was purified by Sash chismatography sluting with hesanes ¢
syl aeetste {10 7 1.5} to siford the 1itle comprind a3 an orsnge foam (78 mg),

ESMS miz ("Br) 437.4 (MH1)

The following sxamples were prepared essentially as described in Exampls 17,

< AL aSerd g3 =84 volE
3-U-22R- o BN Y -erE-5-g)-7- | MO AFCD
18 (-dd-zz®)-25-dde-H2z15- | mz('Br)
al= e F s 424.6 (M+1)'
LAl EEEEE 23 dojg
3-(4-BZR-2- AR A - HolE-5-2)-7- | MO AFCD
18 (1-d-z2%8)-2,5-0d8-9a52(1,5- |mz('Br)
al¥2od 424.6 (M+1)"
Expmple 18

T (vethybpropyl) -8 (Smethoxprethybdiazob S ¢} 2 S-dimetyipyrazclo [t 8] pyrimiding

MS (APCI) m/z 3453 (M+1Y.

biseder nitrogen stmosphess, 7 O-sthybpropyt] -2 5 dimethyb Sthiszol-Syhpyarolo [1,5a] pyrimidine (500 rag, 1.0 meeol) was added nebuty! fithiure (2.5 M i hesene, 0.4
mik. 1. mmoll at-78 T G S for 30 minctes and add odomethyl methy ether {205 mg. 1.7 mmoll, Stiring continusd for 1 hour, then siowly warmed to room
tempersirs and stired overnight, The reaction was quenched by sddition of satursted ammoniurm chlorids solution and surected with ethyl sostate. The organic fayer
was washed with bring, dried over sodium sulfate, fitered and oo ted o the residue invacun, The crude material was purifind by fash chromatography eliting with
haxanes ¢ athyl rostate {1072} to afford the title compound s & yeilnw foam {184 mg),

WS (APCI miz 3453 (M+1Y.

Expsrsple S0
3 {deohloro-2methowpmethyl-thianol-Syf) -7 M-etiwlpropyl) -2 S-dirmethybpyrasoio 1 5] pyrimidine

MS (APCL miz (°C1 3793 (M+1)",
- {tsthybpropyl) -3 (methowmethyl thiazot Syl -2 5-dimethwi-purazelo 1,551 pyridine in THE £ ml) To a stirred sotstion of migine (150 mg, 0.23 mmol} nbuty
fthim (2.5 M In bexanes, 174 mi, 0.43 mmall was added 8078 ° G, 8ty for 30 minates snd add Nchlorcsuceinimida (87 peg, 0553 mmal} Aftes stiring for 30 minifes,
the reaction was allowed 1o slowly warm {0 room lemp arid i toreact ¢ it The ion was quenched by addition of seturated smmanium chicrds
solution, extracied with ethy! acstate, driet over sodivm sultate, Slered snd concanirated 1o Fesidue. Purfication by flash chramatography eiuting with hestanes [ ethyl
acetates {10727 geves the ile compound {7 mg),

MS (APCE) miz (°C1) 3703 (M+1)

Example 21
7= {1-othylpropyl} -2 Sdimethyl-3- [2- (2-methyt-2H- [1.2, 4] Tlaza-3-yl) -thiazel-Sll -Fyrazolo [1.5a] pyrimiding

HSMS m'z 3820 (ML

3 {&-BromorZ- {Fanethyl-2H- 11 24] slarol Gy thisenk Sy} -7- (ethybpropyl) 2 8dimetiyhpyacsio {1 5 pyrimidie (178 my, (.58 rarmol) and wopper chionide (5 (732
i, 133 mmol) wers mixed in DMF (8 mi) and broughi to 120 * C. Hested or 24 howrs, ool 1o Foom temperature, dilute with sthyl acetate and wash with brine. The
o layer was dried gver sodium sulphate. fltered and concentrated to residue sndes vecuum, Purtfication by flesh chromatography eliting with hexenes then with
hexanes / S10A0 {10/ 1.8 gave s yellow-srange solid (45 mg).

ES/MS miz JE2.0 (M+1)7.

Altarnaiive mensiaoiuring exsmple |

ES/MS m/z 382 (M1}

To a sohution of M-mathyltriszale {11.95 g, 144 momof} in THF (600 mL} was sdded nbuty fithiumn {2 5 M In hexane, 57 6 mb, 144 mmol) gt ~78° ©. under a nitrogen
sncaphere and added The temperatung was kept below 74 ° T durlng the process. Zine chiorde dev powder {26 g, 192 mmol) was then added In one portion and the
ibkture was warmed 1o 22 5, within 1 kaus, 7- {1-athybpropyT) -8 2ndo-thiarel il 2 Bdmethybpyrazolo 115 pyrimiding (12.5 g, 29 momod) And teirakis (riphenyd)
phosphine paliadiurn cataiyst (1,15 g, 401 moel} were added In one portion, snd the mixturs was heated to reflux undar sitrogen for B howrs. The mivture wes cooled to 22
" and weater (300 rel ) was edded. The orgenin layer was sepereted snd the sguaous layer was sxtracied with snethybebutel ether (2 % 200 mij The orgenic portions
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weers cornmned, dried over scdian sulphate, fiered and the soivent was svaporsied. Purificstion by passing over a pad of silica ge! sluting with hexanss / ethy! sestate
(447 ] gave the e cumpound (8 g, 72%L
ESMS mz 382 (M+17

Expmple 32
3- {Achlorn-2- {Zmethy-ZH- 112 4] wiazob 340 thiszot 540 -7- (Tethvipropy]) -7, S-dimethytpyrarole [1,5-8] pyrimidine

ES/MS miz (Cly 416.0 (M+1Y

7 {1-othylpronyl) -2 S-dimethvl-d 13- (T-methyi-2H- [1.2.4] ¥is s dichicromethane (0.8 mb) and acetoniislle {0 5 mL) Zobd-y] thlazo-5yl) -myrezoin [, 5a] pyrinidine (70
mig, §.052 raraal} and Nohicrosuccinimide (7.6 mg, 0.056% ool Stir overnight st room tempearature in the vial Concentrated 1o the residus, Purification by hexans
fgilowed by flash chromatography elulig with hexane £ ethy! acetste (10 / 1.5) gave the 1ite compuund (15 mg).

ESMS miz (UCI) 4160 (M+1).

Exnmple 23
- {1-gthybpropy]} -3 iS-methog-2-momtolind-yHhiazobivl) -2 5-dimethytpyraanls [1,5a] Pyrimidine

ES/MS m/z 416.0 (M+1) .

4 {2-froma-trmorpholindvithiszol- Byl - 7- {1-athd-oropyt} -2 Sdimethylpyrarole [in methano! {3 mb) Mudure of 1, 5-a] pyrimidine {162 mg, 1.38 menal} with sodium
methaside {57 my, .05 mmel} and copper lndide {1} (57 myg, .33 mmol) s a sealed 4ol vial St a1 120 7 O, for 18 b Soal to room iempersturns, remove solids by
Filtrmthon and concentrate the Bltrste under vaouurs, The residue was purfied by flesh of trspraphy elhuting with | FTHF (1), The materis) was recrysiaiiived
from methanc! to give the tike compound (20 mgh

ESMS m'z 416.0 (M+1}.

Praparafon Exempls 20
A-Bromno-8- [7- {1-othylpropyl) - 2,5 dimetfyt pyrazeio £1,5 4] pyrimid@in 2y} -$iarole 2-carbeidelyde

M3 (APCT miz (M Br) 409.0 (M+1),

Hader nirogen atimosphers, 3 {24-dbmmo-tarnh- Sy -7 (lethyboropyh -2, Sdirmethybpyearoko [1,5-8] pyreidine To (230 oy, §.50 monof) of THF solution (2.5 mi -
butyl iithiun (1.6 & inhesane, 8,372 mi, 0.53 mmol} was added at-78 © O sed stirred Tor 30 minutes, A solution of THF (0.5 mL} of Nformyd morpholing (38 mg, 0,50
mrnel} was added. After stirming Tor 1 howr, the resction was stored a1 -20 © T overnight., The reaction was warmed 1o 1, diluted with ether and quenched by addition of 48

HOHA L) The orgarie phase was separated and extracted with 40 HOL(Z » 4 ml). The aquenus portions wees combined, rested with selid sodiar bicarbunate to phH =
20 and extracted with dlethy! ether, A organic lavers were combined, washed with brine, dried over sodium sulfate, fiterad and concentratad fo residue. The orude
materlst was purified by flagh chromatography siutlyg with b £ okl whans / wthyl seetate (5/8/1) 10 phve the title compound {1534 mg),

MS (APCT) miz ('Br) 409.0 (M+1)",

Expmple 24
3 {4-Eromo- - morphoiin-d i mathyt-thiszni- 541} -7- {Vethviprapy] -2.5 dimethylpyrazoio 1.5 af pwimidine

ESMS miz (Y Be) 480.0 (M+1)

hromo-§ {7- (T-ethyi-propyl) -2, 5-dimethyi-pyrazoln |1, 5a) pyrimidin-3+} -thiazoie-2-carbaldehyds { 150 mg, 0.368 mmnt}, morphoiine {38 myg, 0,408 mmof) anid sodium
ity o ohydvide (97 g, 046 maimol) weare cubl {3 ol aned snethanal (3.5 mi ), S3 ovemighs, addisionst mopholine (35 mg, 0405 mmol)
and sodivn Hscetosyborohydride (87 myg, 048 reeol) were added and stired for 2t least 4 hours, The selvent was removed In veouo, dliuted with dishloromathane and
weashed with hrine, The crgasic phase was drieg over sodl Iphate, filtered and Son: 3 in vaoue, The resuiting materis! wes purified using flash
chenenatopraphy ehating with 2 Marmmonla 0000 1) in dichl H henod 1o give s mikiure. The mirture wee sluted with water / scetonitrile 020} with water /
agetoniirlie {13,/90} and purified using a reverse phass colusnn to give the title compound {20 mg).

BS/MS miz (*'Br) 480.0 (M1},

iy

oA ey ksl

Exsmple 25
3 {&broenoTpyridinedyithiszob 840 -7 (Tethyb oropyl) -5 dimethylbovrazsio 11, 5-a) pyd tdiding

ES/MS m/z (Br) 4560 (M+1)",

blndder nitrogen streosphess, 3 (2 4-dibvomothisrob Syl -7 Chethybpropyt) -2 Sdimetiybpyraaobo [T B THF (4 mil) To s solution of S-a] pyimidine (729 myg, G5 mmel) o-
bastyl lthium {16 M in hexane, G372 mi, 0.5 mmel} wes added at-78 ¥ & After stirring for 30 minutes, anhydrous zing cionide (264 mg. 1.5 mmol} was added and
stiing continued for 30 mines. The reaction was warmed 30 1t and stirred o7 1 b & lodopyridine (103 mag, 0.5 ol was added followsd by 1,7%bis
idiphenylphosghing) ferrocene paliadivim {1} chionde {dichismmethane adduct) (0.40.8 myg, 005 mimell. . The reaction was heated fo reflux overnight. Cool to room
semperatine, diuts with ethy! acetats and wash with waker and brine. The crganic isver was dried over sodium sulphate, fitered and enncentrated o msidis, The cride
srmtarial was purified by flash chromatogrophy sluting with 28 ammonts (10 075 in dickioromet] faanit f give o misture. The mi wag eluted with wates:
acetoniirhe = B2 inwater: acetoniirhs = 10090 and punified using 2 roversed phase cohann 10 ghve the te compound {19 mg).

ESMS vz ("Br) 456.0 (M),

Drparation Exerapls 24

ERT Ind-thlazeh 2y

ES/MS miz 165 (M+1).

Thiousss (6.0 g, 5.9 mmel) and 3brome-1,1,rifucropropan-2-one (3.5 ik, 10 5. §2.3 mmol} sre added 1o sthanol (100 mi), S0 Heat 21 C for 2 h, Casled to room
sempersiune snd concenirated 10 dnmess. The reasidue was disscived in water and the pH was adjusted o greates than 17 with 7 M NaGH. Bxtracted with disthy! ether (4
#}. The combined organic extracts were dried over sodium: sulfate, iftered and concentrated In vacuo. The resuiting material was purified by sliice gel chromatography
{CH 5 Gl 3 to give the tile compound (6.9 g, 70%L

ES/MS miz 169 (M+1)"
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Fraparation Ecmmple 22
S-Bromo-duifieoromethyl thiszol 2-vlaming, hydrobromide

Erorsnine (2.0, 808 4, 35,3 romel) was sdded dropwise 1o 8 solution of At fiuoremadhybiiazobtviaming (5.0 g, 387 menol in we-cuid dletiyl ether (80 mi) | After
the addition was complete, the miniure was stired for 1 bour and then rad 10 room temp w. The solid was sollected by fitration and washed with disthy! sther

b give the tile compound {10.5 ¢ 90%). ES / ME m/ 7 {79 Br/ §1 B 247/248 M+ 13 7

Praparation Exwnpie 23
S-Brome-B {2 5dmetybpyerob Uyl St luoromethybihiarole

"H NMR (400 MHz, CDChL) 8 5.91 (s, 2H), 2.27 (s, 6H).

Hexane-¥ S-dione (3.5 mi, 3.4 g} in 2 solution of Bhromo-d-trifluore fkthiarokdylemine hydrobromide (8.0 g, 874 mmol) in mathanol (B0 mib}, 302 mmoll was
added, 87 ¢ Ight et room temperature. Phosphate buffer (50 mi, pH = 7) was added. The resulting preciphaie was collected by fltration snd washed with water The
it cake was digsalved in O, O 5 and dled over sodiur suifate. Flitration snd concentration in vecuo gave the Sile compotngd (8.2 g, 90%)

'H NMR (400 MHz, CDCly} 8 5.91 (5, 2H), 2.27 (s, 61).

Exussiple 56
3 {7 {2 Sedimethybpyirole Tyl -4t Buorometiwbihiaeoh S48 -7- (athybpropyl) -2 Sdimethyl- Pyravoio [1,5-a] pyrimidie

N

[ /s
FN’J:,_é

A solution of S-brome-2- {2 Sdimethylpyroie 1) Sirifucromethybihiarole {2.2 g, .6 mmol) in THF (28 mil} was dried in 2 diy ice bath. Cooled. thuiyl lthien (1.7 M0
pemiane, & 5k, 14.5 mmol) was added dropwise After stlving Tor A5 min, 7ine chionde (0.5 Min THE 148 mi, 7.3 mmel) was added dropwise. The mixiure was stired
S Bmbwites and the cooling beth wag ¢ f. St for 30 minutes, then 7- (et bpropy) -Sodo- 2 Sdimethybpyrarale [1.5-¢] pyriridins (1.8 g, 4.4 munofd and bis vk
hutyiphosphing) paltadium {0} (250 myg, 0.9 mmol) was added. Reflur for B4 hours. The reacton was cooled snd the midure was poured infe disthy! sther and washed
with water (7 x}. The combined weter layers were extractad with diethyl ether. The combined arganic portinns were dried over sodiumn aulphate, filtered and concenrated
to dryness invacuo, The resulting residue was purified by silics gel chromatography {75-100% OH 5 O 5 ., hexane) io give the Bile compound {7 47 g, 77%) HRT0E-AS

b calod for © 50 Mo ¥ 2 N g 37 H Y1 462.1939, found: 462.1975.

Ersenple 57

5 §7- (1-athyi-pronyl) -2, S-dimethyipyrsrole 11 Sl pyrimidis 3ol 4R syl thisrol S vlaming

BSMS miz 184 (M+1)7,

3 {2-{2.5 Dimethyb pyrote 1) S-iflucromettybhiazeb 5] -7 (Tathylprapyiin acetic aold {10 mb} To 2 solution of 25 dmethyl-pyrercio [, 5] pudmidine (1.1 ¢, 2.2
rispnnl) wiss added ydroryarming {2 ml, 50% n water), The resciion was heated 1o 82 ° © for & b, Cool to mom fenmperatiss, Pour into cdiethy! ether s wash ones with
20 MaH (2« followed by water, The orgenis portion was deiad over sodium suiphsts, iftered and concentrated {o drynsss s vacue. The rasulting residus was purifise
by gifica gel chromatogsaphy (40% ethyl acetsts In baxans? 1o glve the ttle compound {578 ¢, 87%),

ES/MS miz 384 (M+1)"

Praparation Expmpde 24
3 {2broenosttritucrometiybdhiazob B 7 (ethylpropyl) -2 5-dimetiyi-pyrazodo [1,5-a] pyrimidins

ES/MS miz (UBi'Br) 447, 449 (M41)

& enbaire of copper () bromide (840 mig, 24 mmol and thutyirbrle (036 ml, 310 mg, 3.0 ramel} i soetonitrils (20 ml) was beated 1060 * £, 5- {7 (1-sthybpropyl} <25

dirmetiwdpvrazobs 1 Bal pyrlidin 84l --wifhacramethybihiazob Iviaming {788 mig, 2.0 mmol) was added as & solld. The resction was hested 1o 807 C for 2 hours. The
fion was cooiegd, powrnd into diethyt sther and eractad with water {3 ), The organic fayer wes dried cver sodium suiphate, fitored and concentrated 10 dryness in

vacuo, The resulting residue was purified by silica ge!l dhromatography In O 5 O 5 to afford the title compound {077 g 81k

ES/MS miz { 7B Br) 447, 449 (M+1).

Exampls 28
8- [0 {Hathrbpropyl} -2 Sdimeshyb-pyraze ks {1 sl gyilmidin-3od] 4-triffuoromettyl-thigzob- Tl b -Otmsthyl-sming

3 {Foramo-d-trifuoromettwlthiazok- Sy -1 Clathybpropyd -2 S-dimethyipyrazelo {1,560 pyrimidine (313 myg, 0.7 mmad), snd 2 seeied wbe containing dirnetbyt amine (2
i I THF, 4 L, 8 mmol) in methanol 4 mi) was heated to 80 " ©for 2 h The reection wes cocled and concentrated In vacuo. The resuiting residue was purffied by silice

gel chromatography eluting with (-30% ethyl acetate in GH 5 G, 1o afford the tite compound (0,28 g, 97%), Hit ToP MS iz calod for Cye Hpu Fa Mg 8T HT 12197,
found 4727783,

The following evample was prepared essentially a3 destribed in Exanple 08 except that the reaction was refluxed for 8 hours.
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aA 53 93 [Ep——
FIR-ToF-MS m/z
TUZOIER-REE) 25 HME ST CoHaeFNSOSHH e
29 | EEEFH-4-Y--EETesdd- )
| ElolE-5-2)-me= 21, 5-a19 70 d A4A: 454.1873,

412 3]: 454.1888

AL PR L =4 dole}
HR-ToF-MS m'z
7-(l-olR-Z 2 ®)-2,5-5 ol B-3-(2- P ——
20 | RPEEH-4-Yd-4-EflFF o 20 d- Al
Ejo}E-5-2)- 212 2 [1,5-a]5 2/ o)W A= 454.1873,

41234 4541888

Exemple 30
{5 [ {Tathylpoopyi -2,5-dimethyl pyrszelo £1,5-a] pyrimidin 3y -4 trifiuoromethyl-thizzole-2 -1} -sostamide

3 §# {2 5-Dimethytpyroie T4} -4 wiflusromethyiiazal-S4l] -7 (1-ethyl progy’i-in scatic acid {25 mL) To a solution of 2,5dimethyi-pyrazeln [1.5-a) prrimidine (24 5 5.2
mnol) was sdded hydrmeyamine (0% b water, 5 ml). The reaction was hested (o 80° C for 72 b The reaction was cooled i 01, powred into dlethyl ether and washed
oncs with 2 M NalH (2 =) foliowed by water, The organic portion was dried over sodium sulphate, fltered and concantrated to drvness. The resulling residue was purified

by colusnn chramaiography sleting with 0% ethyl suetate in hevsnes to ghe the ttle vompound (0.28 g, 13%), HE-ToRMS mlz caled for CqaH o Fa M5 08T HT
AT6.1575, Found: 4761 565,

Exaveple 31

(- {5 ¥ {1-ethwlpropyl) -2 E-dimettwl-owazoio [1 %) pyrimidin- 8] -a-tiflupromethybiblazote Sytaming} -sthyl} -carbamic aoid tert-butd ester

LA
el 48
F N‘L H

ES/MS nyz 527.2 (M+1Y,

Tristhylaming (0.3 ml, 222 mg, 2.2 mmol} and & {2romo-d-irifluoromethybthianalb-5y -7- (T-ethwl In methano! {1 mb) in & solution of propyl) -2 5-dimethybmrazelo 1.5
a} pyehmiding (100 mg, G.2% mmol} Z-amine-ethyl] cadamic sold tertbuty ester (3.5 mi, 508 my, 5.2 wenol) was added. Methanol was evaporsted and heated to 80" &
cveriight, The reaction was cooled 1o 1t and consentiaied In vaouo. The resulting residue was purified By colurnn chiomatography =luting with 10-50% =thyl scetate m OH
3 3 1o afford the tide compeund (0,31 g 07%)

ESMS miz 5272 (ML)

Ushog the spgropriate sorine, the folluwing compownids wer e grecaved essentially 28 described in Exarmple 31,
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Mz E=

o EEERE 224 oy

[2-({5-[7-(1-dlg-==0)-2,5-0) o) - ES/MS mz
MEW 25 | HEER(1,5-al9F T d-3-9]-4- ‘
EfZesz2od-ge}Ez-2-d)-2=9- 569.3 (M+1)
o] =)o @] -F2 g4t tert-FE o 2=

(8)-(1-{5-[T-(1-| B -Z2B)-2,5-Jrf| &~
W | FFEZO 5-almHE P-3-2 -4 ES/MS m/z
HEO26" | sogeooug-Eolg-2-0)-9EY-3- | 5533 (M+])'
A)-FrEtat teri-5d dlse 2

N-{6-[7-(1-g-==W)-2 5-c] =&~
sl 327 | AAER(L5-alA i E-3-d]-4- ES/MS m/z

EHEFOIAU-HolE-2-A-NN-H 228~ | 5112 (M+D)'
o @-1,2-tjo}y, slEagadols

* EtOH Fell4 &4 #7F. EtOH F% % 110 °CollA 2447 Fet b,
** ROH Felle 8O °C oA gk 2ped.
**OHCL A AlE D EtOAc/H Moz E A,

MW E=

s o o &}
aAl EEERE el el

[2-({5-[T-(1-cll@-T2®)-2 5-clvigd- ES/MS m/z
MEW2S | FHE2(15-al00 E-3-U]-4- )
EfZegadqd-ge}EF--d-m2g- 569.3 (M+1)
ol ie)-o @ ]-Ft2 jH4E tert-¥8 o AT

(8)-(1-{6-[7-(1-d| Q-T2 W)-2,5-1 | L-
v | BEEE(1,5-a) 0 W3- -4~ ES/MS m/z
HZE026" | sagrondg-golg-2-0)-9EY-3- | 553.3 (M+D)'
)= Fh2 bt teri-FE ol 2H 2

N-{5-[7-(1-2-=2H)-2,5- &-
soarol 327 | ARER (151N M E-3-9]-4- ESMS m/z
EEFoEdg-EeobE-2-UI-NN - 2228~ | 511.2 (M+D*
ole-1,2-tjo}sl, 3|2 Fnstol=

* EtOH FelA 34 #7. EtOH % % 110 “ColA 2443 ¢ 7HE.
* RtOH FellM 80 °C oA ghaf 7R
' HCL 9 Al® 9 EtCAc/F Ao m e AAA
Example 33
PGS I hgtpropyl) -2, B dimathyovisrolo 1, 5-ef pyrieidin 3] -4-triforomethyl-thiszok 24 -sthane-1, diasmine, hydroshiovide

To 1 HDH ml) i metheset (3 8- T {Tethybpropyd) -2 S-dimethybpyrazoio {156 pyimidin Gy} 4 eiflusromehyltiiazel 2 ylasning) -ethyl) -carbamic aotd tert-bulyl
sster {101 g, 0,197 mmol) was added. The reaction was hested at 70 ° € overnight. The reaction was cooled and concerirated fror methana! / sthyl acetste i vacuo,

The resuiting residus was hurated with ethyl acetate to give the tile compound (B4 g, FES), 58/ MSmir 270 (M + 13 Y

The inilowing sxamples were prepared essentially as desoribed in Example 35,

A0 394 93 227 vy
N (5-[7-(1- N 9-E=8)-2,5-T09- .
s | FHERNLS-a1NE -9 s g T o n ol ESMS m/z
Bo}E_2-Q)-NI-X =W o] g-1,2- 469.2 (M+1)’
delql, dleageele]l=
(S)-1-(5-[7-(1-olB-Z = W)-2,5-1 M E- ESMS miz
3B | 9gEs(15-a1980d-3-4]-4-2AEF o9 4530 (M+1)
Bol@-2-U)-9 EelU-3-2elql, BEEgEa|s '
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SLAO werd 93 &3 wolg
Ni={5=[7=(1-ol| -2 2 W)-2 5-T]F| &~ )
ag | TFER[5-219870-3-A]-4-5AE 7 ouug- | ESMEWE
Elo}E-u-U}-NI-T 2H-of E-],2- 469.2 (M+1)"
tetdl, FlErFades
(S)-1-{5-[T-(1-og-Z8d}-2,5-r|a &~ ES/MS m/z
33 H#RE2(1,5-a]9elvd-3-¢]-4-EgEFe - +
) ~ 453.0 (M+1)
Elol&-2-U}-Y EIY-3-Uo}sl, FEERITHE
Exnmple A

invivo efficacy assessment using ox vive binding

To assess efficacy in vivo, ox vive binding wes used I svalizate compatnds of the present Invention. Dompoiunds ware adminlstered to rats via the oral route using the
procedure provided In UR Gehlert of al, EJP 509: 165153 {2005). The binding of 1% lssvarin to the cerebelium was then analyzed In vitso as described In Gehrlert et al,
Bupra, For exsmple, Example 18 provided 2 55% inhidition rate st 10 mg / kg

Exprrple B

SR filter Binding anslyels

Regiriotion of pl Fhased b GRF expression o g g recumibinant ol lnes with sufficlent receptor concentration to proceed with binding assays was
overcom:: using a Phoenix retrovirus expression system cortifind by Btantord, Membranes were prepared using 2 stable HEK-HURFY call fine and binding reections (200

ult were set up as foliows: 50 @ of 27 eavarin {final 0.2 n0M), B0 @ of compound and 100 i of CRFY mambrane { 28 ug / respanse). The reaction wes incutated for 2
b al rown wmperature snd then # fay filtration through peetrested FR Miilipore giass fiber filtes pletes (96 welig). Plates wers washed trine with iow cold
assay bufter (50 mM Trig, 12.5 mi NaCl, 1 mdd EOYA, 10 mdd MgCl o, D.05% BSA, pH 2.2), ar dried overmight and In & MicreBeta counter, Calouisted with 100 ol

b i 40, Mor-apactfic binding (NSR) was determined Inthe pressnce of 0.5 g of unlsbeled i, Thren is weare typicelly mads and intarradiste
data points were plotied by Graph Pad Prism,

Using this sssay, plary compaovnds of the p Liswasstinn inhibilt the binding of 79 Lusvavin {4 nM} i slier / adherent colis with ¥ (hfibition constant} less than 1

whd, For exarngie, K1 of Exampe 8 represented 6.2 nii.

Exemple £
GRFZ fitter hinding analysis
Resyiction of plasinid-hased | DRFZ oy ion on generating recombingnt cell lines with sufficient receptor concantiation io proceed with hinding assays was

cvercoms using & Phoenis retrovines sxpression system agoroved by Stanford, Membranes were prepared using 2 stable HEChOREZ gell e and binding reactions {204
it were setug as follows: 50 wlof 5 Lggvarin (final concentation 0.2 nbi), 50l of compound and 100 i of CRFZ membrane {75 g / response). The resction was
ingubated for 2 hows at roomn tempe and then i 3 by Biltration theough pretreated FB Millipore glass fiber flter plates (86 wells) Wash plates twize with ice
coid aasay butfer (B0 mb Tris, 125 mdd Hadl T mbd EDTA, 10 M Mgl 5, DOFR BSA, pH 7.2}, el drv overnight, snd 100 1 micro i 8 microbeta counter, Caloulaied 53

Boy! med

savari, All ively, uosnpounds were

Shnt 20, Nos-gpecific Dinding (M5B} was determined in the presence of (L8 pM of
oty asssy. This aasay was set up s Tolivees: 59 ol of 15 fgavasin final concentration 0.2 mabdl, 50 gt compound of unlabeled sevarin (MSRY, 256 uy whest gern
aggregate (WEA} 8P4 beads and CRFZ 100 pl comtaining membrane {15 ug /resction). The plates were incubsted 2t room tery for 4-5 hours and then
cenriiuged (200 K g for 10 mi Sonand radinactivity wes measurad using s Wallee Trilur sointiltation countes. Blnding was typloatly analyzed by these messurements
and the imermatiate dats points were plotied by graph pad prisms. Somg ds were first sereened a1 fxed concenirations, and when salicient sotiviy appesrsd,

, [ Trespanse curves were generated.

{ psing & seintiliation

Sartain exemplary compounds of the inventinn wees tested In the SRF2 binding assay snd showed waak affirity for the ORF2 recepton For example, Example 135 exiibied
1% infubition st o concemtration of 50 pd. These resulie suggest thet compounds of the invention are sslective for the CRFT reoeptor (relative to CRFE).

Exsmpts 1
Bicaveilatility and Phamacokinetic Properties

Distribution volurme (Vdist) s related to the amount of drug In the body versus the conventrstion of the drug in bisod of plesma, Distribution volurne refers 1o the fiuld
wilgne that nesds to contals the total srmount of dug in the body sl the same soncentration as In blood or plasmia. Vidist = amoass of drug In the body / blood o
eoncentration of duig in plasma {Goodman and Giliman's), For 3 dose of 10 mg and a plasma concentration of 10 mg / L, the distribution volume will be 1 fter,

Digtribastion vohime refers to the sdent 10 which the doug Is present In exdravesculer tissue, Large distribution volumes indicate s tendency for the compound to bind
tissue compenants 25 compared o plasma protein binding. tn the clinical setting, Véist can ba used to detenmine the lnading dose fo resch steady state concemtrations.

To et for distribution volume, male Spragas Dewiey stz (N = 3} racelved = single intravanous dose of 1 mg / kg of comp . Baverst pi nieg were eotlecterd
81 0.08 (0 24 hours afler dosing. Pleama semples were analyzed by LG/ M [ ME w detemnine plasma o0 lons, Pasma pharmarokinetic calouistinns ware
parforned o determing pt kinstic pas Imcluding Vst and plasma clesranse {Clpl

The compounds of the p | ton preferably had & desirable bivavatiabiity profile. For pie, mogt cornmercial ONS and card tar drugs have @ human

Yeiist of less than 10 L/ Kg, Compared with CRF antagonists, GP 154526 (Schuiz et sl, Proc Natf Acad, Sol (USA), 93 10477 (19361} and NSIBNTTE (Chen et al, Drug
Development Sesearch , 55 18 (JU08) ), When anshyzed separately, the ret Vdist shows 114 L/ K and Y& L/ ¥y respectively. Example 15 of the present invention shows
rak Villst only 7.2 L/ Kg afier ¥ mg / kg single dose Inravencusty when snalyzed separately.

In addition, the pl e a{Cipilsa of the rate at which drugs are removed from the body. Depending on the iIntraventus dose and the primary kinetics,
the plasemia clzarance cen be determined using the foliowing eguation Slp = doge / AUC (where AUC is a curve describing the concentration of drag in the plasma as a
function of fime trom zero to Infinii). Total area). noe ORF antsgonists 0P 54526 and NBISY 82 show ral clearance rates (CLgh of B3 and 306 mil / min/ kg,

respeciively, wien analyred separstely 5fer o sigle intravencus dose, wheress Sxannple 15 of the present invention, when analyred seperstely, CLp showsd only 5.6
i /i kg
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CRYSTALLINE COMPOSITION OF TILDACERFONT AND METHODS OF USE
AND PREPARATION THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/281,462
filed November 19, 2021 and U.S. Provisional Application No. 63/340,874 filed May 11,

2022, each of which is incorporated herein by reference in its entirety.

INCORPORATION BY REFERENCE
[0002] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent,
or patent application was specifically and individually indicated to be incorporated by

reference.

BACKGROUND
[0003] Corticotropin releasing factor (CRF) is a 41 amino acid peptide that is the primary
physiological regulator of proopiomelanocortin (POMC) derived peptide secretion from the
anterior pituitary gland. In addition to its endocrine role at the pituitary gland,
immunohistochemical localization of CRF has demonstrated that the hormone has a broad
extrahypothalamic distribution in the central nervous system and produces a wide spectrum
of autonomic, electrophysiological and behavioral effects consistent with a neurotransmitter
or neuromodulator role in the brain. There is also evidence that CRF plays a significant role
in integrating the response in the immune system to physiological, psychological, and

immunclogical stressors.

SUMMARY
[0004] In a first aspect, the present disclosure provides a crystalline composition comprising
Compound L
HaC CHs
H:C ’N;N \;
CHs

j;; cl

Compound L

(\N

O
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[0005] In some embodiments, the crystalline composition comprising Compound |

comprises a crystalline composition comprising Formula I:

HaC CH,§
/ NfN
N
s s/ CHs
5 HaC” SN

Formula 1.

[0006] In some embodiments, the crystals of the crystalline composition comprising
Compound I {e.g., comprising Formula I) have unit cell parameters at T = 150°K of: a =
34.003(4) A, b=6.5843(13) A, c = 21.062(5) A; B = 108.703(12)°, V = 4466.5(15) A’ and a
monoclinic C2/¢ space group.
[0007] In some embodiments, the crystals of the crystalline composition comprising
Compound I (e.g., comprising Formula I} is characterized by:
(a) an X-ray powder diffraction pattern comprising peaks at 10.84 +£0.2° 2.6, 1596 +
0.2°2-8,23 .44 + 0.2° 2-6, and 24 80 + 0.2° 2-6, and as measured by X-ray
powder diffraction using an X-ray wavelength of 0.71073 A
(b) an X-ray powder diffraction pattern substantially the same as shown in FIG. 1;
(¢) a differential scanning calorimetry (DSC) thermogram comprising an endotherm
in the range of about 160 °C to 170 °C;
(d) a differential scanning calorimetry (DSC) thermogram comprising an endotherm
with an onset of about 164 °C and a peak of about 166 °C,
(e) a differential scanning calorimetry (DSC) thermogram substantially the same as
shown in FIG. 2;
(f) a thermogravimetric analysis (I'GA) thermogram comprising a loss in mass of
about 11% over a temperature range of about 25 °C to about 200 °C;
(g) a thermogravimetric analysis (TGA) thermogram substantially the same as shown
inFIG. 3; or
(h) combinations thereof.
[0008] In some embodiments, the crystals of the crystalline composition comprising

Compound I {e.g., comprising Formula 1) is characterized by (a), (¢), (d), and (f).
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[0009] In some embodiments, the composition comprising a CRF1 antagonist (e g., a
crystalline composition comprising Compound I (e.g., comprising Formula I)) is
characterized by an X-ray powder diffraction pattern comprising one or more peaks at 10.84
+ (.27 20, 15.96 + 0.27 2-0, 23 44 + 0.27 2-6, and 24.80 + 0.2° 2-6, and as measured by X-
ray powder diffraction using an X-ray wavelength of 0.71073 A. In some embodiments, the
CRF1 antagonist (e.g., crystalline composition comprising Compound I (e.g., comprising
Formula 1)} is characterized by an X-ray powder diffraction patterm comprising peaks at
10.84 £ 0.2°2-0, 1596 + 0.2° 2-0, 23.44 + 0.2° 2-6, and 24.80 + 0.2° 2-0, and as measured by
X-ray powder diffraction using an X-ray wavelength of 0.71073 A. In some embodiments,
the X-ray powder diffraction pattern further comprising at least one peak selected from 5.44
+0.2°2-6,20.78 + 0.2°2-6,22.74 = 0.2° 2-6, 23.04 + 0.2° 2-6, 26.80 = 0.2° 2-8, and 28.80 +
0.2° 2-0, and as measured by X-ray powder diffraction using an X-ray wavelength of 0.71073
A. In some embodiments, the X-ray powder diffraction pattern further comprising at least
five peaks selected from 882+ 0.2°2-0, 11.70£0.2°2-0, 14.60 £ 0.2° 2-0, 1556+ 0.2° 2-0,
1670+02°2-8, 1882+ 0.2°2-6, 1918 +0.2°2-0, 2002+ 0 2° 2-6, 20 50 £ 0 2° 2-p, 21 .72
+0.292-0,2552+02°2-0, 2592+ 0.2°2-0, 2694 + 0.2° 2-0, and 28.00 + 0.2° 2-6, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A_ In some
embodiments, the crystalline composition is characterized by an X-ray powder diffraction
pattern substantially the same as shown in FIG. 1.

[0010] In some embodiments, the crystalline composition comprising a CRF1 antagonist
(e.g., crystalline composition comprising Compound L {e.g., comprising Formula 1)) is
characterized by a differential scanning calorimetry {DSC) thermogram comprising an
endotherm in the range of about 160 °C to 170 °C. In some embodiments, the crystalline
composition is characterized by a differential scanning calorimetry (DSC) thermogram
comprising an endotherm with an onset of about 164 °C and a peak of about 166 °C. In some
embodiments, the crystalline composition is characterized by a DSC thermogram comprising
an endotherm with an onset from about 160 °C to about 170 °C. In some embodiments, the
crystalline composition is characterized by a DSC thermogram comprising an endotherm
with an onset from about 130 °C to about 170 °C. In some embodiments, the crystalline
composition is characterized by a DSC thermogram comprising an endotherm with an onset
from about 160 °C to about 180 °C. In some embodiments, the crystalline composition is
characterized by a DSC thermogram comprising an endotherm with an onset at about 160 °C.
In some embodiments, the crystalline composition is characterized by a DSC thermogram

comprising a peak of about 166 °C. In some embodiments, the crystalline composition is

fad
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characterized by a DSC thermogram comprising a peak from about 166 °C. In some
embodiments, the crystalline composition is characterized by a melting point of about 166 °C.
In some embodiments, the crystalline composition is characterized by a melting point of
about 160 °C to about 170 °C. In some embodiments, the crystalline composition is
characterized by a melting point of about 150 °C to about 170 °C. In some embodiments, the
crystalline composition 18 characterized by a melting point of about 160 °C to about 180 °C.
In some embodiments, the crystalline composition is characterized by a differential scanning
calorimetry (DSC) thermogram substantially the same as shown in FIG. 2.

[0011] In some embodiments, the crystalline composition comprising a CRF1 antagonist
(e.g., crystalline composition comprising Compound I {e.g., comprising Formula 1)} is
characterized by a thermogravimetric analysis (TGA) thermogram comprising a loss in mass
of about 11% over a temperature range of about 25 °C to about 200 °C. In some
embodiments, the crystalline composition is characterized by a thermogravimetric analysis
(TGA) thermogram substantially the same as shown in FIG. 3. In some embodiments, the
crystalline composition is characterized by a TGA thermogram comprising a loss in mass of
more than 10% over a temperature range of about 25 °C to about 200 °C. In some
embodiments, the crystalline composition is characterized by a TGA thermogram comprising
a loss in mass of less than about 15% over a temperature range of about 25 °C to about 200
°C. In some embodiments, the crystalline composition is characterized by a TGA thermogram
comprising a loss in mass of less than about 20% over a temperature range of about 25 °C to
about 200 °C. [n some embodiments, the crystalline composition is characterized by a
dynamic vapor sorption (DVS) trace substantially the same as shown in FIG. 4.

[0012] In some aspects, the present disclosure provides a pharmaceutical composition

comprising crystalline composition comprising Formula I:
p 3 p p g

3 *N
e /\/g JL—cs
\ cl

Formula I,
and at least one pharmaceutically acceptable carrier or excipient,
[0013] In some aspects, the present disclosure provides a pharmaceutical composition

comprising Compound 1:
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HLC CHs
N'- \
N
4
He— |
N7 CH;

i\ cl
o8
0

Compound 1
or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable
carrier or excipient. In some embodiments, the pharmaceutical composition comprising
Compound 1 is a crystalline pharmaceutical composition. In some embodiments, the
pharmaceutical composition comprises crystalline Compound 1.

[0014] In another aspect, the present disclosure provides a method of preparing a crystalline

composition comprising Compound 1 (e.g., comprising Formula I

N—ci

N
9
Formula I,
wherein the method comprises:
a) dissolving 4-(4-chloro~5-(2,5-dimethyl-7-(pentan-3-yl)pyrazolo[ 1,5-a]pyrimidin-3-
yl)thiazol-2-yl)morpholine (Compound 1) and oxalic acid in a solvent;
(b) heating the solution or slurry from step (a); and
(c) crystallizing the solution or slurry obtained in step (b) to obtain the crystalline
composition comprising Compound 1 {(e.g., comprising Formula I).
[0015] In some embodiments of the method of preparing the crystalline composition
comprising Compound I (e.g., comprising Formula I), the solvent in step (a) comprises
acetone, heptane, water, 2-butanol, ethyl acetate, 2-propanol, methyl tert-butyl ether, ethanol,
methyl ethyl ketone, 1-pentanol, or a combination thereof. In some embodiments, the solvent
in step (a) is heptane. In some embodiments, the solvent in step (a) is methyl tert-butyl ether

or methy! ethyl ketone. In some embodiments, the solvent in step (a) is a mixture of heptane

and methyl ethyl ketone. In some embodiments, step (b) is heated at about 50 °C,
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[0016] In another aspect, the present disclosure provides a method of treating or preventing
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (QOART) in a subject in
need thereof, comprising administering to the subject a crystalline composition comprising
Formula I as described herein, the pharmaceutical composition comprising the crystalline
composition comprising Formula I as described herein, or the pharmaceutical composition
comprising Compound 1 as described herein. In some embodiments, the subject has
congenital adrenal hyperplasia (CAH).

[0017] In another aspect, the present disclosure provides a method of treating congenital
adrenal hyperplasia (CAH) in a subject in need thereof, comprising administering to the
subject a crystalline composition comprising Formula T as described herein, a pharmaceutical
composition comprising the crystalline composition comprising Formula I as described
herein, or the pharmaceutical composition comprising Compound | as described herein. In
some embodiments, the CAH is a classic CAH. In some embodiments, the CAH is a non-
classical CAH.

[0018] In another aspect, the present disclosure provides a method of improving (e.g..
lessening the severity and/or frequency) hyperandrogenic symptoms in a subject in need
thereof, comprising administering to the subject a crystalline composition comprising
Formula [ as described herein, the pharmaceutical composition comprising the crystalline
composition comprising Formula I as described herein, or the pharmaceutical composition
comprising Compound 1 as described herein. In some embodiments, the hyperandrogenic
symptoms are selected from the group consisting of acne, hirsutism, amenorrhea, and
alopecia.

[0019] In another aspect, the present disclosure provides a method of treating menstrual
irregularity, ovulatory dysfunction or infertility, in a subject in need thereof, comprising
administering to the subject a crystalline composition comprising Formula T as described
herein, the pharmaceutical compuosition comprising the crystalline composition comprising
Formula I as described herein, or the pharmaceutical composition comprising Compound 1 as
described herein.

[0020] In another aspect, the present disclosure provides a method of improving (e.g.,
lessening the severity and/or frequency) metabolic symptoms in a subject in need thereof,
comprising administering to the subject a crystalline composition comprising Formula | as
described herein, the pharmaceutical composition comprising the crystalline composition
comprising Formula I as described herein, or the pharmaceutical composition comprising

Compound 1 as described herein. In some embodiments, the metabolic symptoms are

-6 -
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selected from the group consisting of body weight, BMI, fat mass, waist circumference,
blood pressure and glycemic control. Metabolic symptoms may be evaluated using an
assessment, such as, for example, fasting lipid panel, homeostatic mode! assessment of
insulin resistance [HOMA-IR] based on fasting glucose and insulin levels, glycated
hemoglobin [HbAlc], glucose tolerance test.

[0021} In another aspect, the present disclosure provides a method of treating polycystic
ovary syndrome with functional ovarian hyperandrogenism and functional adrenal
hyperandrogenism (PCOS-FOH + FAH) in a subject in need thereof, comprising
administering to the subject a crystalline composition comprising Formula I as described
herein, the pharmaceutical compaosition comprising the crystalline composition comprising
Formula I as described herein, or the pharmaceutical composition comprising Compound 1 as
described herein.

[0022] In another aspect, the present disclosure provides a method of treating polycystic
ovary syndrome with functional adrenal hyperandrogenism (PCOS-FAH) in a subject in need
thereof, comprising administering to the subject a crystalline composition comprising
Formula I as described herein, the pharmaceutical composition comprising the crystalline
composition comprising Formula | as described herein, or the pharmaceutical composition
comprising Compound 1 as described herein,

[0023] In another aspect, the present disclosure provides a method of treating endometriosis
or improving the symptoms of endometriosis in a subject in need thereof, comprising
administering to the subject a crystalline composition comprising Formula | as described
herein, the pharmaceutical composition comprising the crystalline composition comprising
Formula 1 as described herein, or the pharmaceutical composition comprising Compound 1 as
described herein. In some embodiments, the administration of the crystalline composition or
the pharmaceutical composition improves the symptom of pain experienced by the subject.
In some embodiments, the administration of the crystalline composition or the
pharmaceutical composition reduces the symptoms of pain experienced by the subject. In
some embodiments, the administration of the crystalline composition or the pharmaceutical
composition prevents or lowers the perception of pain experienced by the subject (e.g., as
measured on a pain scale). In some embodiments, the administration of the crystalline
composition or the pharmaceutical composition eliminates the perception of pain experienced
by the subject.

[0024] In various embodiments of the methods as described herein, the crystalline

composition or the pharmaceutical composition is administered at a dose from about 5

-7-
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mg/day to about 1000 mg/day. In some embodiments, the crystalline composition or the
pharmaceutical composition is administered in a fed state. A fed state may mean that the
subject has eaten within a 30-minute period before of receiving the crystalline composition or
the pharmaceutical compositions, In some embodiments, the crystalline composition or the
pharmaceutical composition 1s administered in a fasted state. A fasted state may mean that
the subject has not eaten within a 30-minute period before of receiving the crystalline
composition or the pharmaceutical compositions. In some embodiments, the crystalline
composttion or the pharmaceutical composition is administered at least once per day. In some
embodiments, the crystalline composition or the pharmaceutical composition is administered
once a day. In some embodiments, the crystalline composition or the pharmaceutical
composition is administered twice a day.

[0025] In various embodiments of the methods as described herein, the method further
comprises administering to the subject an additional therapeutic agent. In some embodiments,
the additional therapeutic agent is glucocorticoid, a mineralocorticoid, an ACAT]I inhibitor,
or an anti-androgen agent. In some embodiments, the glucocorticoid is beclomethasone,
betamethasone, budesonide, cortisone, dexamethasone, hydrocortisone, methylprednisolone,
prednisolone, prednisone, or triamcinolone. In some embodiments, the mineralocorticoid is
fludrocortisone. In some embodiments, the additional therapeutic agent is a different CRF1
antagonist.

[0026] In various embodiments of the methods as described herein, the method further
comprises an additional treatment selected from surgical resection of the tumors and radiation
therapy, or a combination thereof. In some embodiments, the additional therapy is surgical
resection and the surgical resection is prior to, after, and/or concurrent with administration of
the crystalline composition as described herein, or the pharmaceutical composition
comprising the crystalline composition as described herein. In some embodiments, the
additional therapy is radiation therapy and the radiation therapy is prior to, after, and/or
concurrent with administration of the crystalline composition as described herein, the
pharmaceutical composition comprising the crystalline composition as described herein, or
the pharmaceutical composition comprising Compound 1 as described herein.

[0027] In various emhodiments of the methods, the subject is tfrom about 9 years of age to
about 18 vears of age. In some embodiments, the subject is from about 8 years of age to about
55 years of age.

[0028] In additional aspects, provided herein is a pharmaceutical composition comprising a

CRFI antagonist, wherein the composition is characterized by an X-ray powder diftraction

-8-
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pattern comprising a peak selected from any one or more of 10.84 £ 0.2° 2-8, 1596 £ 0.2° 2-
6, 23.44 £ 0.2° 2-6, and 24.80 £ 0.2° 2-0, and as measured by X-ray powder diffraction using
an X-ray wavelength of 0.71073 A. In some embodiments, the composition is characterized
by X-ray powder diffraction pattern comprising peaks at 10.84 + 0.2° 2-0, 15.96 = 0.2 2-9,
2344 +0.2° 2-8, and 24 80 + 0.2° 2-8. In some embodiments, the X-ray powder diffraction
pattern further comprises at least one peak selected from 5,44 + (0.2° 2-6, 20.78 £+ 0.2° 2-60,
22,74 +0.2° 2-0, 23 04 + 0.2° 2-6, 26.80 + 0.2° 2-0, and 28 86 + 0.2° 2-0, and as measured by
X-ray powder diffraction using an X-ray wavelength of 0.71073 A. In some embodiments,
the X-ray powder diffraction pattern further comprises at least five peaks selected from 8.82
+£0.2°2-0,11.70+0.2°2-0, 1460 £ 0.2°2-8, 1556+ 0.2°2-6, 16.70 £ 0.2° 2-8, 1882+ 0.2°
2-8, 19,18 = 0.2° 2-6, 20.02 £ 0.2° 2-8, 20.50 £ 0.2° 2-6, 21.72 £ 0.2° 2-6, 25.52 = 0.2° 2-6,
2592 +0.2°2-0, 26.94 £ 0.2° 2-0, and 28.00 = 0.2° 2-0, and as measured by X-ray powder
diffraction using an X-ray wavelength of 0.71073 A. In some embodiments, the
pharmaceutical composition is further characterized by a thermogravimetric analysis (TGA)
thermogram comprising a loss in mass of about 11% over a temperature range of about 25 °C

to about 200 °C. In some embodiments, the CRF1 antagonist comprises Compound 1:

H5C CHs
Newpi
HyC— N
=\ z
N SCH;,

j;: ci

Compound 1, or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically

(\N

)

acceptable excipient. In some embodiments, the pharmaceutical compaosition is a crystalline
pharmaceutical composition. In some embodiments, the crystalline pharmaceutical
composition further comprises oxalic acid. In some embodiments, the crystalline
pharmaceutical composition comprises Compound | and oxalic acid in a molar ratio of about
2:1.

[0029] In additional aspects, provided herein is a pharmaceutical composition comprising a
CRFI antagonist, wherein the pharmaceutical com-position is characterized by a differential
scanning calorimetry (DSC) thermogram comprising an endotherm in the range of about 160
°C to 170 °C. In some embodiments, the pharmaceutical composition is characterized by a

differential scanning calerimetry (DSC) thermogram comprising an endotherm with an onset
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of about 164 °C and a peak of about 166 °C. In some embodiments, the pharmaceutical
composition is characterized by a melting point of about 166 °C. In some embodiments, the

CRF] antagonist comprises Compound 1:

HaC CHs
NN
H.C—¢ N
e P
CH,

77N
(\N Js, cl

O

[0030] Compound 1, or a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable excipient. In some embodiments, the pharmaceutical
compaosition is a crystalline pharmaceutical composition. In some embodiments, the
crystalline pharmaceutical composition further comprises oxalic acid. In some embodiments,
the crystalline pharmaceutical composition comprises Compound 1 and oxalic acid in a molar
ratio of about 2:1. In some embodiments, the pharmaceutical composition is further
characterized by a thermogravimetric analysis (TGA) thermogram comprising a loss in mass
of about 11% over a temperature range of about 25 °C to about 200 °C.

[0031] In additional aspects, provided herein is method of preparing a crystalline

composition comprising Compound 1:

H,C CHs
N-- \
HsC f/N P
CHs
T Vi

Compound 1, wherein the method comprises: (a) dissolving Compound 1 and an acidin a
solvent; (b) heating the solution or slurry from step (a); and (¢) crystallizing the solution or
slurry obtained in step (b) to obtain the crystalline composition comprising Compound 1. Tn
some embodiments, the acid comprises oxalic acid. In some embodiments, the solvent in step
(a) is heptane. In some embodiments, the solvent in step (a) is methyl tert-butyl ether or
methyl ethyl ketone. In some embodiments, the solvent in step (a) is a mixture of heptane and

methyl ethyl ketone. In some embodiments, step (b) is heated at about 50 °C.

- 10 -
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[0032] In additional aspects, further provided herein is a pharmaceutical composition

comprising Compound 1:

HaC CHs
Nwp
H,C— N
L P
CHs,

Compound 1, or a pharmaceutically acceptable salt or solvate thereof, wherein Compound 1
is present in an amount of 25% w/w; and a diluent in about 5% to about 70% In some
embodiments, Compound 1 is in an amount of about 50 mg to about 200 mg. In some
embodiments, Compound 1 is in an amount of about 50 mg. In some embodiments, wherein
the diluent is selected from the group consisting of calcium carbonate, microcrystalline
cellulose, calcium phosphate, starch, pregelatinized starch, sodium carbonate, mannitol, and
lactose monohydrate, and a combination thereof In some embodiments, the diluent is lactose
monohvdrate, In some embodiments, the lactose monohydrate is about 20% to about 45% by
weight of the pharmaceutical composition. In some embodiments, the lactose monohydrate is
about 20% to about 40.25% by weight of the pharmaceutical composition. In some
embodiments, the lactose monchydrate is in an amount that is about 16.1, 40.25, 80.5, or 322
mg. In some embodiments, the diluent is microcrystalline cellulose. In some embodiments,
the pharmaceutical composition further comprises a second diluent, wherein the second
diluent comprises microcrystalline cellulose. In some embodiments, the microcrystalline
cellulose is about 25% by weight of the pharmaceutical composition. In some embodiments,
the microcrystalline cellulose is in an amount that is about 50 mg. In some embodiments, the
pharmaceutical composition further comprises a binder, wherein the binder is selected from
the group consisting of corn starch and potato starch, gelatin, sucrose hydroxypropy!
cellulose (HPC), polyvinylpyrrolidone (PVP), and hydroxypropy! methyl cellulose (HPMC),
and a combination thereof. In some embodiments, the binder comprises HPC. In some
embodiments, the HPC is about 3% by weight of the solid dosage form. In some
embodiments, the pharmaceutical composition further comprises a surfactant, wherein the
surfactant is selected from the group consisting of sodium lauryl sulfate, tetradecy! trimethyl
ammonium bromide with dodecyl, hexadecyl compound, benzalkonium chloride,

cetylpyridinium chloride, alkylsulphate, alkylethoxylate sulphate, soap, carxylate ion, sulfate
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ion, sulfonate ion, polyoxyethylene derivative, polyoxypropylene derivative, polyol
denivative, polyol ester, polyoxvethylene ester, poloxamers, glocol, glycerol ester, sorbitan
derivative, and polyethylene glycol, and a combination thereof. In some embodiments, the
surfactant comprises sodium laurvl sulfate. In some embodiments, the sodium lauryl sulfate is
about 0.75% by weight of the solid dosage form In some embodiments, the sodium lauryl
sulfate is in an amount that is about 1.5 mg. In some embodiments, the pharimaceutical
composition further comprises a disintegrant, wherein the disintegrant is selected from the
group consisting of starch, alginic acid, ac-di-sol, croscarmellose sodium, sodium starch
elycolate, and crospovidone, and a combination thereof. In some embodiments, the
disintegrant comprises croscarmellose sodium.

[0033] In some embodiments, the pharmaceutical composition further comprises a glidant,
wherein the glidant comprises colloidal silicon dioxide. In some embodiments, the colloidal
silicon dioxide is about 1% by weight of the solid dosage form. In some embodiments, the
colloidal silicon dioxide is in an amount that is about 2 mg. In some embaodiments, the
pharmaceutical composition further comprises a lubricant, wherein the lubricant is selected
from the group consisting of talc, stearic acid, magnesium stearate, sodium stearyl fumarate,
and a combination thereof. In some embodiments, the pharmaceutical formulation is in a
solid dosage form. In some embodiments, the solid dosage form is a tablet. In some
embodiments, the solid dosage form is a granules form. In some embodiments, said granules
form is packaged in a capsule. In some embodiments, said granules torm is packaged in a
sachet.

[0034] In additional aspects, provided herein is a pharmaceutical formulation, comprising: (a)
about 10 mg to about 300 mg of 3-(4-Chloro-2-(morpholin-4-ylithiazol-5-y1)-7-(1-
ethylpropyl)-2,S-dimethylpyrazolo(1,5-a) pyrimidine (Compound 1), or a pharmaceutically
acceptable salt or solvate thereof, (b) a first diluent in about 40% to about 45% by weight,
wherein the first diluent comprises lactose monohydrate; (¢) a second diluent in about 25%
by weight, wherein the second diluent comprises microcrystalline cellulose; (d) about 1% to
about 6% by weight of hydroxypropy! cellulose; (e) about 0.5% to about 5% by weight of

sodium lauryl sulfate; and (f) about 4% by weight of croscarmellose sodium.

DESCRIPTION OF THE DRAWINGS
[0035] The novel features of the present disclosure are set forth with particularity in the
appended claims. An understanding of the features and advantages of the present disclosure

may be obtained by reference to the following detailed description that sets forth illustrative
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embodiments, in which the principles of the present disclosure are utilized, and the
accompanying drawings of which:

[0036] FIG. 1 shows the X-ray powder diffraction (XRPD) pattern for the crystalline
composition comprising Compound 1 (e.g., comprising Formula I).

[0037] FIG. 2 shows the differential scanning calorimetry (DSC) thermogram for the
crystalline composition comprising Compound 1 (e.g., comprising Formula ).

[0038] FIG. 3 shows the thermogravimetric analysis (TGA) thermogram for the crystalline
composttion comprising Compound 1 (e.g., comprising Formula I).

[0039] FIG. 4 shows the dynamic vapor sorption (DVS) trace for the crystalline composition
comprising Compound 1 (e.g., comprising Formula ).

[0040] FIG. 5 shows the infrared (IR) spectrum for the crystalline composition comprising
Compound 1 (e.g., comprising Formula I}.

[0041] FIG. 6 shows the proton nuclear magnetic resonance ('H NMR) spectrum for the
crystalline composition comprising Compound 1 (e.g., comprising Formula 1).

[0042] FIG. 7 shows the Raman spectrum for the crystalline compaosition comprising

Compound 1 (e.g., comprising Formula I).

DETAILED DESCRIPTION
[0043] 4-(4-chloro-5-(2,5-dimethyl-7-(pentan-3-yl)pyrazolo[ 1,5-a]pyrimidin-3-y{)thiazol-2-
yh)morpholine (Compound 1) is a potent antagonist of Corticotropin-releasing hormone
receptor 1 (CRF1). CRF1 antagonists may be useful in the treatment of various diseases,
conditions, and disorders for which abnormal CRFT activity plavs a role.
[0044] Crystalline forms of a small molecule drug candidate, such as a CRF 1 antagonist, may
have different physical properties, including melting point. apparent solubility, dissolution
rate, optical and mechanical properties, vapor pressure, and density. These properties may
have an effect on the ability to process or manufacture a drug substance and the drug product.
Moreover, differences in these properties can and often lead to different pharmacokinetics
profiles for different polymorphic forms of a drug. Polymorphism may affect the quality,
safety, and/or efficacy of a drug product, such as a CRF1 antagonist. Thus, there still remains
a need for crystalline compositions of CRF1 antagonist. The present disclosure addresses this

need and provides related advantages as well.
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Compound 1
[0045] As described herein, Compound 1 refers to 4-(4-chloro-3-(2,5-dimethyl-7-( pentan-3-
yhpyrazolo[1,5-alpyrimidin-3-yl)thiazol-2-yl ymorpholine, which has the chemical structure

as shown below:

H,C CH,
NN
Hac’N
= =
CHs
T V)i

Compound 1
[0046] Compound 1 is a CRF1 modulator. CRF1 modulator, such as a CRF 1 antagonist or
inhibitor, are useful in the treatment of various conditions and disorders that are mediated by
CRFI activities.
[0047] In some embodiments, the present disclosure provides a crystalline composition
comprising Compound 1. In some embodiments, the crystalline composition comprises
Compound 1 and a weak acid (e.g., oxalic acid) (e.g., in a molar ratio of 2:1). In some
embodiments, the crystalline composition comprises Compound | and an acid in a molar
ratio of 2:1. In some embodiments, the crystalline composition comprises Compound 1 and
an acid in a molar ratio of 1.1,

LR

[0048] As used herein, “crystalline.” “crystalline form,” “polymorph,” “Form,” and “form”
may be used interchangeably herein, and are meant to include all crystalline and amorphous
forms of the compound, including, for example, co-crystals, polymorphs, pseudopolymorphs,
salts, solvates, hydrates, unsolvated polymorphs (including anhydrates), conformational
polymorphs, and amorphous forms, as well as mixtures thereof, unless a particular crystalline
or amorphous form is referred to. Compounds of the present disclosure include crystalline
and amorphous forms of those compounds, including, for example, polymorphs, co-crystals,
pseudopolymorphs, solvates, hydrates, unsolvated polymorphs (including anhydrates),
conformational polymorphs, and amorphous forms of the compounds, as well as mixtures
thereot.

[0049] As used herein, “co-crystal” may be used to describe crystalline compositions
comprising multi-component crystals based on hydrogen bonding interactions of hydrogen

ions to form salt forms. In some embodiments, the crystaliine composition as described
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herein are co-crystals comprising an acid (e.g., a weak acid (e g., oxalic acid)) and Compound
1

Definitions

[0050] A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject. A
pharmaceutically acceptable carrier includes, but is not limited to, a buffer, excipient,
stabilizer, or preservative, such as those known in the art, for example, described in
Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

[0051] As used herein, “treating™ and like terms refer to reducing the severity and/or
frequency of symptoms, eliminating symptoms and/or the underlying cause of said
symptoms, reducing the frequency or likelihood of symptoms and/or their underlying cause,
delaying, preventing and/or slowing the progression of diseases and/or disorders and
improving or remediating damage caused, directly or indirectly, by the diseases and/or
disorders.

[0052] As used herein, “delaying development of a disease” or the like, means to defer,
hinder, slow, retard, stabilize, and/or postpone development of the disease (such as cancer) or
a sign or symptom of the disease. This delay can be of varying lengths of time, depending on
the history of the disease and/or individual being treated. As is evident to one skilled in the
art, a sufficient or significant delay can, in etfect, encompass prevention, in that the
individual does not develop the disease. For example, a late stage cancer, such as
development of metastasis, may be delayed.

[0053] As used herein, an “effective dosage™ or “effective amount™ of drug, compound, or
pharmaceutical composition is an amount sufficient to effect beneficial or desired results. For
prophylactic use, beneficial or desired results include results such as eliminating or reducing
the risk, fessening the severity, or delaying the onset of the disease, delaying development of
the disease, including biochemical, histological and/or behavioral symptoms of the disease,
its complications and intermediate pathological phenotypes presenting during development of
the disease. For therapeutic use, beneficial or desired results include clinical results such as
decreasing one or more symptoms resulting from the disease, increasing the quality of life of
those suffering from the disease, decreasing the dose of other medications required to treat
the disease, enhancing effect of another medication such as via targeting, delaying the
progression of the disease, and/or prolonging survival. In the case of cancer or tumer, an

effective amount of the drug may have the effect in reducing the number of cancer cells;
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reducing the tumor size; inhibiting (i.e., slow to some extent and preferably stop) cancer cell
infiltration into peripheral organs; inhibit (i.e., slow to some extent and preferably stop)
tumor metastasis; inhibiting, to some extent, tumor growth; and/or relieving to some extent
one or more of the symptoms associated with the disorder. An effective dosage can be
administered in one or more administrations. For purposes of this invention, an effective
dosage of drug, compound, or pharmaceutical composition is an amount sufficient to
accomplish prophylactic or therapeutic treatment either directly or indirectly. As is
understood in the clinical context, an effective dosage of a drug, compound, or
pharmaceutical composition may or may not be achieved in conjunction with another drug,
compound, or pharmaceutical composition. Thus, an “effective dosage™ may be considered in
the context of administering one or more therapeutic agents, and a single agent may be
considered to be given in an effective amount if, in conjunction with one or more other
agents, a desirable result may be or is achieved.

[0054] As defined herein, the term “inhibition™, “inhibit”, “inhibiting” and the like in
reference to a protein-inhibitor interaction means negatively affecting (e.g. decreasing) the
activity or function of the protein relative to the activity or function of the protein in the
absence of the inhibitor. Inhibition may refer to reduction of a disease or symptoms of
disease. Inhibition may refer to a reduction in the activity of a particular protein or nucleic
acid target. The protein may be deoxyceytidine kinase. Thus, inhibition includes, at least in
part, partially or totally blocking stimulation, decreasing, preventing, or delaying activation,
or inactivating, desensitizing, or down-regulating signal transduction or enzymatic activity or
the amount of a protein.

[0055] The term “modulator” refers to a composition that increases or decreases the level of a
target molecule or the function of a target molecule or the physical state of the target of the
molecule.

[0056] The term “modulate” is used in accordance with its plain ordinary meaning and refers
to the act of changing or varying one or more properties. “Modulation” refers to the process
of changing or varying one or more properties. For example. a modulator of a target protein
changes by increasing or decreasing a property or function of the target molecule or the
amount of the target molecule. A modulator of a disease decreases a symptom, cause, or
characteristic of the targeted disease.

[0057] “Selective™ or “selectivity” or the like of a compound refers to the compound’s

ability to discriminate between molecular targets.
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[0058] “Specific”, “specifically”, “specificity”, or the like of a compound refers to the
compound’s ability to cause a particular action, such as inhibition, to a particular molecular
target with minimal or no action to other proteins in the cell.

[0059] “Pharmaceutically acceptable excipient” and “pharmaceutically acceptable carrier”
refer to a substance that aids the administration of an active agent to and absorption by a
subject and can be included in the compositions of the present invention without causing a
significant adverse toxicological effect on the patient. Non-limiting examples of
pharmaceutically acceptable excipients include water, NaCl, normal saline solutions, lactated
Ringer’s, normal sucrose, normal glucose, binders, fillers, disintegrants, fubricants, coatings,
sweeteners, flavors, salt solutions (such as Ringer's solution), alcohols, oils, gelatins,
carbohydrates such as lactose, amylose or starch, fatty acid esters, hydroxymethycellulose,
polyvinyl pyrrolidine, and colors, and the like. Such preparations can be sterilized and, if
desired, mixed with auxiliary agents such as lubricants, preservatives, stabilizers, wetting
agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring, and/or aromatic
substances and the like that do not deleteriously react with the compounds of the invention.
One of skill in the art will recognize that other pharmaceutical excipients are useful in the
present invention.

[0060] The term “preparation” is intended to include the formulation of the active compound
with encapsulating material as a carrier providing a capsule in which the active component
with or without other carriers, is surrounded by a carrier, which is thus in association with it.
Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and
lozenges can be used as solid dosage forms suitable for oral administration.

[0061] As used herein, the term “administering” means oral administration, administration as
a suppository, topical contact, intravenous, parenteral, intraperitoneal, intramuscular,
intralesional, intrathecal, intranasal or subcutaneous administration, or the implantation of a
slow-release device, e.g , a mini-osmotic pump, to a subject. Administration is by any route,
including parenteral and transmucosal (e.g., buccal, sublingual, palatal, gingival, nasal,
vaginal, rectal, or transdermal). Parenteral administration includes, e.g., intravenous,
intramuscular, intra-arteriole, intradermal, subcutaneous, intraperitoneal, intraventricular, and
intracranial . Other modes of delivery include, but are not limited to, the use of liposomal
formulations, intravenous infusion, transdermal patches, etc.

[0062] By “co-administer” it is meant that a compound described herein is administered at
the same time, just prior to, or just after the administration of one or more additional

therapies, for example, an anticancer agent as described herein. The compounds described
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herein can be administered alone or can be co-administered to the patient. Co-administration
is meant to include simultaneous or sequential administration of the compound individually
or in combination (more than one compound or agent). Thus, the preparations can also be
combined, when desired, with other active substances (¢.g. anticancer agents),

[0063] Co-administration includes administering one active agent (e.g. Compound 1
described herein) within 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours of a second active agent
(e.g. anti-cancer agents). Also contemplated herein, are embodiments. where co-
administration includes administering one active agent within 0.5, 1,2, 4, 6, 8, 10, 12, 16, 20,
or 24 hours of a second active agent. Co-administration includes administering two active
agents simultaneously, approximately simultaneously (e.g., within about 1, 5, 10, 15, 20, or
30 minutes of each other), or sequentially in any order. Co-administration can be
accomplished by co-formulation, i.e., preparing a single pharmaceutical composition
including both active agents. In other embodiments, the active agents can be formulated
separately. In some embodiments, the active and/or adjunctive agents are linked or
conjugated to one another. In some embodiments, the compounds described herein are
combined with treatments for cancer such as chemotherapy or radiation therapy.

|0064] The term “associated” or “associated with” in the context of a substance or substance
activity or function associated with a disease means that the disease is caused by (in whole or
in part), a symptom of the disease is caused by (in whole or in part) the substance or
substance activity or tunction, or a side-effect of the compound (e.g. toxicity) is caused by (in
whole or in part) the substance or substance activity or function.

[0065] “Patient,” “subject,” “patient in need thereof,” and “subject in need thereof” are
herein used interchangeably and refer to a living organism suffering from or prone to a
disease or condition that can be treated by administration of a pharmaceutical composition as
provided herein. Non-limiting examples include humans, other mammals, bovines, rats, mice,
dogs, monkeys, goat, sheep, cows, deer, and other non-mammalian animals. In some
embodiments, a patient is human. A “cancer-patient” is a patient suffering from, or prone to
developing cancer.

[0066] Unless clearly indicated otherwise, the term “individual™ as used herein refers to a
mammal, including but not limited to, bovine, horse, feline, rabbit, canine, rodent, or primate
(e.g, human). In some embodiments, an individual is a human. In some embodiments, an
individual is a non-human primate such as chimpanzees and other apes and monkey species.
In some embodiments, an individual is a farm animal such as cattle, horses, sheep, goats and

swine; pets such as rabbits, dogs and cats; laboratory animals including rodents, such as rats,
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mice, and guinea pigs; and the like. In some embodiments, the invention find use in both
human medicine and in the veterinary context.

[0067] “Disease” or “condition” refer to a state of being or health status of a patient or
subject capable of being treated with the compounds or methods provided herein. In some
embodiments, the discase as used herein refers to cancer.

” &

[0068] As used herein and in the appended claims, the singular torms “a,” “an,” and “the”
include plural reference unless the context clearly indicates otherwise.

[0069] The term “about™ when used in reference to numerical ranges, cut-offs, or specific
values is used to indicate that the recited values may vary by up to as much as 10% from the
listed value. As many of the numerical values used herein are experimentally detennined, it
should be understood by those skilled in the art that such determinations can, and often times
will, vary among different experiments. The values used herein should not be considered
unduly limiting by virtue of this inherent variation. Thus, the term “about” is used to
encompass variations of £10% or less, variations of £5% or less, variations of £1% or less,
variations of 0 5% or less, or variations of £0.1% or less from the specified value.

[0070] It is understood that aspect and variations of the invention described herein include

“consisting” and/or “consisting essentially of” aspects and variations.

Crystalline Composition Comprising Compound t (e.g., Comprising Formula 1)

[0071} The crystalline composition prepared according to the methods of the present
disclosure may be characterized by any methodology comprising the art. For example, the
crystalline composition comprising Compound 1 {{e.g., comprising Formula 1) e.g., prepared
comprising the methods of the present disclosure)) may be characterized by X-ray powder
diffraction (XRPD), differential scanning calorimetry (DSC), thermogravimetric analysis
(TGA), and/or spectroscopy (e.g., Raman, solid state nuclear magnetic resonance (ssNMR),
proton nuclear magnetic resonance ('"H NMR), and infrared (IR)). In some embodiments,
crystallinity of the solid form is determined by X-Ray Powder Diffraction (XPRD).

[0072] Formula 1 may represent a composition comprising two molecules of Compound 1
and one molecules of oxalic acid. As such, Formula I may represent a molar ratio of
Compound 1 to oxalic acid in a ratio of about 2:1.

[0073] XRPD: Crystalline composition according to the present disclosure may be
characterized by XRPD (e.g., crystalline composition(s) comprising the present disclosure
can also be identified by its characteristic XRPD peaks, such as show in FIG. 1). The relative

intensities of XRPD peaks may vary, depending upon the particle size, the sample
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preparation technique, the sample mounting procedure and the particular instrument
employed. Moreover, instrument variation and other factors may affect the 2-0 values.
Therefore, the XRPD peak assignments may vary, for example by plus or minus about 0.2
degrees.

[0074] DSC: Crystalline composition according to the present disclosure can also be
identified by its characteristic DSC thermograms such as shown in FIG. 2. For DSC, it is
known that the temperatures observed may depend upon the rate of temperature change as
well as sample preparation technique and the particalar instrument employed. Thus, the
values reported herein relating to DSC thermograms may vary, for example by plus or minus
about 4°C.

[0075] TGA. Crystalline composition according to the present disclosure may also give rise
to thermal behavior different from that of the amorphous material or other crystalline forms.
Thermal behavior may be measured in the laboratory by thermogravimetric analysis (TGA)
which may be used to distinguish some crystalline forms from others. In one aspect, the
crystalline composition as described herein may be characterized by thermogravimetric
analysis.

[0076] DVS: Crystalline composition comprising the present disclosure may also give rise to
vapors sorption behavior different from that of the amorphous material or other crystalline
forms, The vapor sorption behavior may be measured in the laboratory by dynamic vapor
sorption (DVS) which may be used to distinguish some erystalline forms from others. In one
aspect, the crystalline composition as described herein may be characterized by dynamic
vapor sorption.

[0077] The crystalline composition comprising Compound 1 {e.g. comprising Formula I)
may be vuseful in the production of medicinal preparations and can be obtained by means of a
crystallization process to produce crystalline and semi-crystalline forms or a solidification
process to obtain the amorphous form. In some embodiments, the crystallization is carried out
by either generating the desired compound (for example Compound 1) in a reaction mixture
and isolating the desired crystalline composition from the reaction mixture, or by dissolving
raw compound {e.g., Compound 1) in a solvent, optionally with heat, followed by
crystallizing/solidifving the product by cooling (including active cooling) and/or by the
addition of an antiselvent for a period of time. The crystallization or soliditication may be
followed by drying carried out under controlled conditions until the desired water content is

reached in the end crystalline composition,
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[0078] FIG. 1 shows the X-ray powder diffraction (XRPD) pattern for the crystalline
composition comprising Compound 1 (e.g., comprising Formula I).

[0079] FIG. 2 shows the differential scanning calorimetry (DSC) thermogram for the
crystatline composition comprising Compound 1 (e.g., comprising Formula 1),

[0080] FIG. 3 shows the thermogravimetric analysis (TGA) thermogram for the crystalline
composition comprising Compound 1 (e.g., comprising Formula I).

[0081] FIG. 4 shows the dynamic vapor sorption (DVS) trace for the crystalline composition
comprising Compound 1 (e.g., comprising Formula T}.

[0082] FIG. 5 shows the infrared (IR) spectrum for the crystalline composition comprising
Compound 1 (e.g., comprising Formula I).

[0083] FIG. 6 shows the proton nuclear magnetic resonance ('"H NMR) spectrum for the
crystalline composition comprising Compound 1 (e.g., comprising Formula ).

[0084] FIG. 7 shows the Raman spectrum for the crystalline composition comprising
Compound 1 (e.g.. comprising Formula I}).

[0085] In some aspects, the present disclosure provides a crystalline composition comprising
Compound 1. In some embodiments the crystalline composition comprising Compound 1 is a

crystalline composition comprising Formula I:

SN = ~N
H;C /\/5: N CHs
\ cl

Formula L
[0086] In some embodiments, Formula I represents Compound 1 and oxalic acid in a molar
ratio of 2:1.
[0087] In some embodiments, the crystals of the crystalline composition comprising
Compound 1 (e.g., comprising Formula I) has unit cell parameters at T = 150°K of* a =
34.003(4) A, b=6.5843(13) A, c=21.062(5) A; B = 108.703(12)°, V = 4466.5(15) A’ and a
monochinic C2/c space group.
[0088] In some embodiments, the crystals of a composition (e.g., a crystalline composition

comprising Compound 1 (e.g., comprising Formula I)) is characterized by:
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(a) an X-ray powder diffraction pattern comprising peaks at 10.84 +0.2°2-0, 1596 &
(0.2°2-6, 23 44 + (.2° 2-0, and 24 80 + 0.2° 2-0, and as measured by X-ray
powder diffraction using an X-ray wavelength of 0.71073 A;
(b) an X-ray powder diffraction pattern substantially the same as shown in FIG. 1,
(¢) a differential scanning calorimetry (DSC) thermogram comprising an endotherm
in the range of about 160 °C to 170 °C,
(d) a differential scanning calorimetry (DSC) thermogram comprising an endotherm
with an onset of about 164 °C and a peak of about 166 °C;
(e) a differential scanning calorimetry (DSC) thermogram substantially the same as
shown in FIG. 2;
(f) a thermogravimetric analysis (TGA) thermogram comprising a loss in mass of
about 11% over a temperature range of about 25 °C to about 200 °C;
(g) a thermogravimetric analysis (FGA) thermogram substantially the same as shown
in FIG. 3: or
(h) combinations thereof.
[0089] In some embodiments, the composition (e.g., crystalline composition comprising a
CRF1 antagonist (e.g., Compound 1 (e.g., v Formula I}) is characterized by an X-ray powder
diffraction pattern comprising any one or more peaks at 10.84 +0.2° 2-6, 15.96 + 0.2° 2.9,
23.44+0.2°2-6, and 24.80 + 0.2° 2-0, and as measured by X-ray powder diffraction using an
X-ray wavelength of 0.71073 A, In some embodiments, the XRPD pattern comprises at least
one of the aforementioned peaks (10,84 = 0.2° 2-6, 1596 + 0.2° 2-0, 23 44 + 0.2° 2-0, and
24,80 + 0.2° 2-0, and as measured by X-ray powder diffraction using an X-ray wavelength of
0.71073 A). In some embodiments, the XRPD pattern comprises at least two of the
aforementioned peaks. In some embodiments, the XRPD pattern comprises at least three of
the aforementioned peaks. In some embodiments, the XRPD pattern comprises at least four
of the aforementioned peaks. In some embodiments, the composition (e.g., crystalline
compaosition comprising a CRF1 antagonist (e.g., Compound 1 (e.g., comprising Formula ) is
characterized by an X-ray powder diffraction pattern comprising peaks at 10.84 £ 0.1° 2-0,
1596£0.1°2-0, 23.44 £ 0.1° 2-6, and 24.80 = 0.17 2-0, and as measured by X-ray powder
diffraction using an X-ray wavelength of 0.71073 A. In some embodiments, the composition
(e.g., crystalline composition comprising a CRF1 antagonist (e.g., Compound 1 (e.g.,
comprising Formula I} is characterized by an X-ray powder diffraction pattern comprising
peaks at about 10.84° 2-8, about 15.96° 2-6, about 23 44° 2.6, and about 24 80° 2-6, and as

measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A.
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[0090] In some embodiments, the X-ray powder diffraction (XRPD) pattern further
comprising at least one peak selected from 544 +02°2-0, 20.78 £ 0.2° 2-0, 22.74 + 0.2° 2-0,
23.04+0.2°2-0, 20.80 £ 0.2° 2-8, and 28,86 + 0.2° 2-6, and as measured by X-ray powder
diffraction using an X-ray wavelength of 0.71073 A In some embodiments, the X-ray
powder diffraction pattern further comprising at least one peak selected from 5.44 + 0,19 2-6,
2078 £0.1°2-0, 2274 £ 0.1° 2-0, 23.04 £ 0.1° 2-0, 26.80 £ 0.1° 2-6, and 28 86 £ 0.1° 2-0,
and as measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A In
some embodiments, the X-ray powder diffraction pattern further comprising at least one peak
selected from about 5.44° 2-0, about 20.78° 2-8, about 22.74° 2-8, about 23.04° 2-6, about
26.80° 2-6, and about 28.86° 2-0, and as measured by X-rav powder diffraction using an X-
ray wavelength of 0.71073 A,

[0091] In some embodiments, the X-ray powder diffraction pattern further comprising at
least one peak selected from 8.82 4+ 0.2°2-0, 11.70+£0.2° 2-0, 14,60+ 0.2°2-0, 1556 £ 0.2°
2-0, 16.70 £ 02°2-0, 1882+ 02°2-0, 19.18 £ 0.2° 2-0, 20.02 £ 0.2° 2-0, 20.50 = 0.2° 2-0,
21.72+02°2-6,2552+02°2-6, 2592 £02°2-0, 2694+ 0 2° 2-0, and 28.00 £ 0.2° 2-0,
and as measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A In
some embodiments, the X-ray powder diftraction pattern further comprising at least two
peaks selected from 8.82 £0.2°2-6, 11.70+£0.2°2-0, 1460+ 02° 2-6, 15.56 £ 0.2° 2-0,
16,70+ 0.2°2-0, 1882+ 0.2°2-6, 19,18 + 0.2° 2-0, 20.02+ 0.2° 2-6, 20,50 + 0.2° 2-9, 21.72
40.2° 20, 25.52 + 0.2° 2-0, 25.92 + 0.2° 2-0, 26.94 + 0.2° 2-0, and 28.00 + 0.2° 26, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A. In some
embodiments, the X-ray powder diffraction pattern further comprising at least three peaks
selected from 8.82 + (0.27 2-0, 11.70 + 0.2° 2-9, 14.60 + 0.2°2-0, 15.56 + 0.2° 2-8, 16.70 +
0.2°2-0, 1882+ 02°2-8, 19.18 = 02°2-0, 2002+ 0.2°2-0, 2050+ 0.2° 2-8, 21.72 + 0.2°
2-6,25.52+0.2°2-0,2592+£0.2°2-8, 26.94 £ 0.2° 2-8, and 28.00 £ 0.2° 2-0, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A In some
embodiments, the X-ray powder diffraction pattern further comprising at least four peaks
selected from 8.82 + (0.2° 2-0, 11.70 + 0.2° 2-6, 14.60 = 0.2° 2-0, 15.56 + 0.2° 2-6, 16.70 +
0.2°2-0, 18.82+ 0.2°2-0, 19.18 £ 0.2° 2-0, 2002 + 0.2° 2-0, 20.50 = 0.2° 2-0, 21.72 £ 0.2°
2-0,25.52£02°2-0, 2592 £ 0.2° 2-0, 26.94 4 0.2° 2-0, and 28.00 £ 0.2° 2-0, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0 71073 A_ In some
embodiments, the X-ray powder diffraction pattern further comprising at least five peaks
selected from 8.82 £ 027 2-0, 11.70 £ 0.2° 26, 14.60+ 0.2°2-0, 1556+ 0.2° 2-6, 16.70 +
0.2°2-0, 18.82+£0.2°2-6,19.18 =0.2°2-8, 2002 £ 0.2° 2-6, 2030 = 0.2° 2.6, 2172 £ 0.2°
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2-8,2552=02°2-9,2592+£0.2°2-6, 2094 £ 0.2° 2-B, and 28.00 £ (.2° 2-0, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A. In some
embodiments, the X-ray powder diffraction pattern further comprising at least six peaks
selected from 8,824 0.2 2-0, 11,70+ 0.2° 2-8, 14.60 + 0.27 2-0, 15.56 + 0.2° 2-8, 16.70 +
0.2°2-6, 18.82 + (.27 2-0, 19.18 £ 0.2° 2-0, 2002 £ 0.2 2-0, 20.50 £ 0.2° 2-0, 21 .72 £ 0.2°
2-6,25.52=02° 2-0, 2592 £0.2° 2-8, 26.94 = 0.2° 2-8, and 28.00 £ 0.2° 2-0, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A In some
embodiments, the X-ray powder diffraction pattern further comprising at least seven peaks
selected from 8. 82+ 02°2-0, 11.70 £ 0.2°2-0, 14.60 £ 0.2° 2-0, 15.56 £ 0.2° 2-6, 16.70 +
0.2°2-0,1882+02°2-6,19.18 £02°2-6, 2002 £ 0.2°2-6, 2050 £ 0.2°2-6,21.72 £ 0.2°
2-8,25.52+02°2-0,2592+0.272-6, 26.94 + 0.2° 2-6, and 28.00 + 0.2° 2-0, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A. In some
embodiments, the X-ray powder diffraction pattern further comprising at least eight peaks
selected from 8.82+£ 02 2-0, 11.70 £ 0.2°2-0, 14.60+ 0.2° 2-0, 1556 £ 0.2° 2-0, 16.70 &
0.2°2-6, 1882+ (.2°2-0, 1918 £ 0.2° 2-0, 2002 £ 0.2°2-0, 2050 £ 0.2° 2-0, 21 72 £ 02°
2-8,2552+02°2-0,2592+£0.2° 20, 20.94 £ 0.2° 2-6, and 28.00 £ 0.2° 2-0, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A_ In some
embodiments, the X-ray powder diffraction pattern comprises peaks selected from 8.82 +
0.192-6, 11,70+ 0,192-6, 1460 = 0,1° 2-0, 1556 £ 0,17 2-0, 16,70 =0,1° 2-0, 1882+ 0.1°
2-6, 19,18 = 0.1% 2-9, 20,02 £ 0.1° 2-6, 2050 £ 0.1° 2-0, 21.72 £ 0.1° 2-0, 25.52 = 0.1° 2-§,
259240.1°2-0, 26 94 + 0.1° 2-0, and 28.00 + 0.1° 2-6, and as measured by X-ray powder
diffraction using an X-ray wavelength of 0.71073 A. In some embodiments, the X-ray
powder diffraction pattern comprises peaks selected from 8.82° 2-6, 11.70° 2-6, 14.60° 2-6,
15.56% 2-0, 16.70° 2-6, 18.82° 2-6, 19.18° 2-6, 20.02° 2-8, 20.50° 2-0, 21.72° 2-0, 25.52° 2-0,
25.92°2-6, 26.94° 2-0, and 28.00° 2-8, and as measured by X-ray powder diffraction using an
X-ray wavelength of 0.71073 A,

[0092] In some embodiments, the composition (e.g., crystalline composition comprising a
CRFI1 antagonist (e.g., Compound 1 {e.g., comprising Formula I)) is characterized by a
differential scanning calorimetry (DSC) thermogram comprising an endotherm in the range
of about 160 °C to 170 °C. In some embodiments, the crystalline composition is characterized
by a differential scanning calorimetry (DSC) thermogram comprising an endotherm with an
onset of about 164 °C and a peak of about 166 °C. In some embodiments, the crystalline

composition is characterized by a melting point of about 166 °C. In some embodiments, the
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crystalline composition is characterized by a differential scanning calorimetry (DSC)
thermogram substantially the same as shown in FIG. 2.

[0093] In some embodiments, the composition (e.g., crystalline composition comprising a
CRFI antagonist (e.g., Compound 1 (e.g., comprising Formula I))) is characterized by a
differential scanning calorimetry (DSC) thermogram comprising an endotherm at about 160
°C to about 170 °C, about 160 °C to about 169 °C, about 160 °C to about 168 °C, about 160 °C
to about 167 °C, about 160 °C to about 166 °C, about 160 °C to about 165 °C, about 160 °C to
about 164 °C, about 160 °C to about 163 °C, about 160 °C to about 162 °C, about 160 °C to
about 161 °C, about 161 °C to about 170 °C, about 162 °C to about 170 °C, about 163 °C io
about 170 °C, about 164 °C to about 170 °C, about 165 °C to about 170 °C, about 166 °C to
about 170 °C, about 167 °C to about 170 °C, about 168 °C to about 170 °C, or about 169 °C {o
about 170 °C. In some embodiments, the composition (e.g., crystalline composition
comprising a CRF1 antagonist (e.g., Compound 1 {e.g.. comprising Formula I))) is
characterized by a differential scanning calorimetry (DSC) thermogram comprising an
endotherm at about 162 °C to about 166 °C, for example at about 162 °C, about 163 °C, about
164 °C, 165 °C, or 166 °C. In some embodiments, the composition {e.g., crystalline
composition comprising a CRF1 antagonist (e.g., (e.g., comprising Compound 1))) is
characterized by a differential scanning calorimetry (DSC) thermogram comprising an
endotherm at about 164 °C. In some embodiments, the crystalline composition according for
Formula I has a melting point of about 166 °C.

[0094] In some embodiments, the composition (e.g., crystalline composition comprising a
CRFI antagonist (e.g., Compound 1 {e.g., comprising Formula 1))) is characterized by a
thermogravimetric analysis (TGA) thermogram comprising a loss in mass of about 11% over
a temperature range of about 25 °C to about 200 °C. In some embodiments, the crystalline
composition decomposes above a temperature of about 50 °C, about 100 °C, about 150 °C,
about 200 °C, about 250 °C, about 300 °C, about 350 °C, or about 400 °C. In some
embodiments, the crystalline composition decomposes above a temperature of about 200 °C.
In some embodiments, the crystalline composition decomposes above a temperature of about
250 °C. In some embodiments, the crystalline composition is characterized by a
thermogravimetric analysis (TGA) thermogram substantially the same as shown in FIG. 3.
[0095] In some embodiments, the composition (e.g., crystalline composition comprising a
CRF1 antagonist (e.g., Compound 1 {e.g., comprising Formula 1))} is characterized by a

dynamic vapor sorption (DVS) trace substantially the same as shown in FIG. 4.
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[0096] In some embodiments, the composition (e.g., crystalline composition comprising a
CRFI antagonist (e.g., Compound 1 {e.g., comprising Formula I))) is anhvdrous.

[0097] In some embodiments, the crystalline composition comprising Compound 1 (e.g.,
comprising Formula [) is stable at room temperature. In some examples, the crystalline
composition comprising Compound 1 (e.g., comprising Formula 1) can be stored at room
temperature for an extended period of time without significant chemical degradation or
change in the crystalline form. In some examples, crystalline composition comprising
Compound 1 (e.g., comprising Formula I) can be stored at room temperature for a timer
period of at least about 10 days, 30 days, 60 days, 90 days, 120 days, 150 days, or 180 days.
In some examples. the crystalline composition can be stored at room temperature for a time
period of more than about 180 days. In some examples, the crystalline composition can be
stored at room temperature for a time period of 10-14 days, 10-18 days, 10-22 days, 10-26
days, 10-30 days, 10-40 days, 10-50 days, 10-60 days, 10-90 davs, 10-120 days, 10-150 days,
10-180 days, 14-18 days, 14-22 days, 14-26 days, 14-30 days, 14-40 days, 14-50 days, 14-60
days, 14-90 days, 14-120 days, 14-150 days, 14-180 days, 18-22 days, 18-26 days, 18-30
days, 18-40 days, 18-50 days, 18-60 days, 18-90 days, 18-120 days, 18-150 days, 18-180
days, 22-26 days, 22-30 days, 22-40 days, 22-50 days, 22-60 days, 22-90 days, 22-120 days,
22-150 days, 22-180 davs, 26-30 days, 26-40 days, 26-50 days, 20~ 60 days, 26-90 days, 26-
120 days, 26-150 days, 26-180 days, 30-40 days, 30-50 days, 30-60 days, 30-90 days, 30-120
days, 30-150 davs, 30-180 days, 40-50 days, 40-60 days, 40-90 days, 40-120 days, 40-150
davs, 40-180 davs, 50-60 days, 50-90 days, 50-120 days, 50-150 days, 50-180 days, 60-90
days, 60-120 days, 60-150 days, 60-180 days, 90-120 days, 90-150 days, or 90-180 days. In
some examples, the crystalline composition can be stored at room temperature for a time
period of at least 10 days, 14 days, 18 days, 22 days, 26 days, 30 days, 40 days, 50 days, 60
days, 90 days, 120 days, 150 days, or 180 days.

[0098] In some embodiments, the crystalline composition comprising a CRF1 antagonist
(e.g., Compound 1 (e.g., comprising Formula I)) is stable at room temperature or
temperatures above the room temperature and/or at high relative humidity (RH) {(e.g.,
accelerated aging conditions or long-term storage conditions). In some embodiments, the
crystalline composition is stable for at least one month, at least two months, at least three
months, at least four months, at least five months, at least six months, at least seven manths,
at least eight months, at least nine months, at least ten months, at least eleven months, at least
twelve months, at least fourteen maonths, at least sixteen months, and at least eighteen months.

In some examples, the crystalline composition can be stored at about 25 °C and at about 75%
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RH for an extended period of time without significant chemical degradation or change in the
crystalline form. In some examples, the crystalline composition comprising a CRF1
antagonist (e.g., Compound 1 (e.g., comprising Formula 1)) can be stored at about 25 °C and
at about 75% RH for a time period of at least about 10 days, 30 days, 60 days, 90 days, 120
days, 150 days, or 180 days. In some examples, the crystalline compaosition can be stored at
about 25 °C and at about 75% RH for a time period of 10-14 days, 10-18 days, 10-22 days,
10-26 days, 10-30 days, 10-40 days, 10-50 days, 10-60 days, 10-90 days, 10-120 days, 10-
150 days, 10-180 days, 14-18 days, 14-22 days, 14-26 days, 14-30 days, 14-40 days, 14-50
days, 14-60 days, 14-90 days, 14-120 days, 14-150 days, 14-180 days, 18-22 days, 18-26
days, 18-30 days, 18-40 days, 18-50 days, 18-60 days, 18-90 days, 18-120 days, 18-150 days,
18-180 days. 22-26 days, 22-30 days, 22-40 days, 22-50 days, 22-60 days, 22-90 days, 22-
120 days, 22-150 days, 22-180 days, 26-30 days, 20-40 days, 26-50 days, 26- 60 days, 26-90
days, 26-120 days, 26-150 days, 26-180 days, 30-40 days, 30-30 days, 30-60 days, 30-90
days, 30-120 days, 30-150 days, 30-180 days, 40-50 days, 40-60 days, 40-90 days, 40-120
days, 40-150 davs, 40-180 days, 50-60 days, 50-90 days, 50-120 days, 50-150 days, 50-180
davs, 60-90 days, 60-120 days, 60-150 days, 60-180 days, 90-120 days, 90-150 days, or 90-
180 days. In some examples, the crystalline composition comprising Compound 1 {(e.g.,
comprising Formula 1) can be stored at about 25 °C for a time period of at least 10 days, 14
days, 18 days, 22 days, 26 days, 30 days, 40 days, SO days, 60 days, 90 days, 120 days, 150
davs, or 180 days.

[0099] In some embodiments, the crystalline composition comprising Compound 1 (e.g.,
comprising Formula I} is thermodynamically stable.

[00100] In some embodiments, the crystalline composition comprising Compound | (e.g,
comprising Formula I) is highly bioavailable.

[00101] In some embodiments, the crystalline composition comprising Compound 1 (e.g.,
comprising Formula I) is stable under accelerated storage conditions.

[00102] In some embodiments, the crystalline composition comprising Compound 1 (e.g..
comprising Formula 1) is characterized by an infrared (IR) spectrum substantially the same
as shown in FIG. 5.

[00103] In some embodiments, the crystalline composition comprising Compound 1 (e.g.,
comprising Formula 1) is characterized by a proton nuclear magnetic resonance ("H NMR)

spectrum substantially the same as shown in FIG. 6.
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[00104] In some embodiments, the crystalline composition comprising Compound 1 (e.g.,
comprising Formula 1) is characterized by a Raman spectrum substantially the same as

shown in FIG. 7.

Compositions and Formulations
[00105] In some aspects, the present disclosure provides a pharmaceutical composition

comprising a crystalline composition comprising Formula I

HsC CHg HiC CH3
N Z NN
. < A
A G > A CHs
N" > CH; HaC

Formula I,
and at least one pharmaceutically acceptable carrier or excipient.
[00106] In some aspects, the present disclosure provides a pharmaceutical composition

comprising Compound 1

HaC CH,
N"‘l
N7
HC—< L
CH,
S
N—ci

Compound 1,
or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically acceptable
carrier or excipient. In some embodiments, the pharmaceutical composition is a crystallive
pharmaceutical composition comprising Compound 1. In some embodiments, the crystalline

pharmaceutical composition comprising Compound 1 comprises Formula L.
Dosuge Form
[00107] Tn some embodiments, the pharmaceutical composition described herein is provided

in unit dosage form. As used herein, a “unit dosage form™ is a composition containing an

amount of the crystalline composition comprising Compound 1 (e.g., comprising Formula I)
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that is suitable for administration to a subject in a single dose. Such dosage forms are
contemplated to be administered once, twice, thrice or more per day and may be administered
as infusion over a period of time (e.g., from about 30 minutes to about 2-6 hours), or
administered as a continuous infusion, and may be given more than once during a course of
therapy, though a single administration is not specifically excluded.

[00108] In some embodiments, the pharmaceutical compositions described herein are
formulated as oral dosage forms. Suitable oral dosage forms include, for example, tablets,
pills, sachets, or capsules. In some embodiments, the pharmaceutical composition comprises
one or more additional pharmaceutically acceptable excipients. See, e.g., Remington: The
Science and Practice of Pharmacy (Gennaro, 21st Ed. Mack Pub. Co., Easton, PA (2005) for

a list of pharmaceutically acceptable excipients.

Capsule

[00109] In some embodiments, the pharmaceutical composition comprising the crystalline
composition comprising Compound 1 (e.g., comprising Formula 1) is formulated as a
capsule. In some embodiments, the pharmaceutical composition is encapsulated in a hard gel
capsule. In some embodiments, the pharmaceutical composition is encapsulated in a soft gel
capsule. In some embodiments, the pharmaceutical composition is formulated as a hard gel
capsule. In some embodiments, the pharmaceutical composition is formulated as a soft gel
capsule,

[00110] In some embodiments, the pharmaceutical composition comprising Compound 1 is
formulated as a capsule. In some embodiments, the pharmaceutical composition is
encapsulated in a hard gel capsule. In some embodiments, the pharmaceutical composition is
encapsulated in a soft gel capsule. In some embodiments, the pharmaceutical composition is
formulated as a hard gel capsule. In some embodiments, the pharmaceutical composition is
formulated as a soft gel capsule.

[00111] In some embodiments, the capsule is formed using materials which include, but are
not limited to, natural or synthetic gelatin, pectin, casein, collagen, protein, modified starch,
polyvinylpyrrolidone, acrylic polymers, cellulose derivatives, or any combinations thereof. In
some embodiments, the capsule is formed using preservatives, coloring and apacitying
agents, flavorings and sweeteners, sugars, gastroresistant substances, or any combinations
thereof. In some embodiments, the capsule is coated. In some embodiments, the coating
covering the capsule includes, but is not limited to, immediate release coatings, protective

coatings, enteric or delayed release coatings, sustained release coatings, barrier coatings, seal
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coatings, or combinations thereof. In some embodiments, a capsule herein is hard or soft. In
some embodiments, the capsule is seamless. In some embodiments, the capsule is broken
such that the particulates are sprinkled on soft foods and swallowed without chewing. In
some embodiments, the shape and size of the capsule also vary. Examples of capsule shapes
include, but are not limited to, round, oval, tubular, oblong, twist off, or a non-standard
shape. The size of the capsule may vary comprising the volume of the particulates. In some
embodiments, the size of the capsule is adjusted based on the volume of the particulates and
powders. Hard or soft gelatin capsules may be manufactured in accordance with conventional
methods as a single body unit comprising the standard capsule shape. A single-body soft
gelatin capsule typically may be provided, for example, in sizes from 3 to 22 minims (1
minims being equal to 0.0616 ml) and in shapes of oval, oblong or others. The gelatin capsule
may also be manufactured in accordance with conventional methods, for example, as a two-
piece hard gelatin capsule, sealed or unsealed. typically in standard shape and various
standard sizes, conventionally designated as (000}, (00), (0}, (1). {2}, (3), (4), and (5). The
largest number corresponds to the smallest size. In some embodiments, the pharmaceutical
composition described herein (e.g., capsule) is swallowed as a whole.

[00112] In some embodiments, the capsule comprises one or more pharmaceutically
acceptable excipients.

[00113] In some embodiments, the capsule is free of additional excipients.

Tablet

[00114] In some embodiments, the pharmaceutical composition comprising the crystalline
compaosition comprising Compound I (e.g.. comprising Formula I) is formulated as a tablet.
[00115] In some embodiments, the pharmaceutical composition comprising Compound 1 is
formulated as a tablet.

[00116] In some embodiments, the tablet size is less than about 1000 mg, less than about 800
mg, less than about 600 mg, less than about 400 mg or less than about 200 mg. In some
embodiments, the tablet has a dose strength of more than about 50 mg, more than about 100
mg, more than about 150 mg, more than about 200 mg, or more than about 250 mg. In some
embodiments, the tablet size is less than about 1000 mg for a dose strength of more than
about 50 mg. In some embodiments, the tablet size is less than 800 mg for a dose strength of
more than about 100 mg. In some embodiments, the tablet size is less than 600 mg for a dose
strength of more than about 150 mg. In some embodiment, the tablet size is less than 400 mg

for a dose strength of more than about 200 mg. In some embodiments, the tablet size is less
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than 400 mg for a dose strength of 200 mg. In some embodiments, the tablet size is about 200
mg for a dose strength of about 50 mg.

[00117] In some embodiments, more than about 20% of the tablet is dissolved in
conventional dissolution media. In some embodiments, more than about 40% of the tablet is
dissolved in conventional dissolution media. In some embodiments, more than about 50% of
the tablet is dissolved in conventional dissolution media. In some embodiments, more than
about 60% of the tablet is dissolved in conventional dissolution media. In some
embodiments, more than about 70% of the tablet is dissolved in conventional dissolution
media. In some embodiments, more than about 80% of the tablet is dissolved in conventional
dissolution media. In some embodiments, more than about 20% of the tablet is dissolved in
less than 24 hours in conventional dissolution media. In some embodiments, more than about
20% of the tablet is dissolved in less than 12 hours in conventional dissolution media. In
some embodiments, more than about 20% of the tablet is dissolved in less than 6 hours in
conventional dissolution media. In some embodiments, more than about 20% of the tablet is
dissolved in less than 3 hours in conventional dissolution media. In some embodiments,
more than about 20% of the tablet is dissolved in less than 2 hours in conventional dissolution
media. In some embodiments, more than about 20% of the tablet is dissolved in less than 60
minutes in conventional dissolution media. In some embodiments, more than about 40% of
the tablet is dissolved in less than 60 minutes in conventional dissolution media. In some
embodiments, more than about 50% of the tablet is dissolved in less than 60 minutes in
conventional dissolution media. In some embodiments, more than about 60% of the tabletis
dissolved in less than 60 minutes in conventional dissolution media. In some embodiments,
more than about 70% of the tablet is dissolved in less than 60 minutes in conventional
dissolution media. In some embodiments, more than about 80% of the tablet is dissolved in
less than 60 minutes in conventional dissolution media. In some embodiments, more than
70% of the tablet is dissolved in 60 minutes in conventional dissolution media.

[00118] In some embodiments, the tablet is produced at a commercial scale,

[00119] In some embodiments, the tablet comprises one or more pharmaceutically acceptable
excipients.

[00120] In some embodiments, the tablet is coated with a coating material, e.g | a sealant. In
some embodiments, the coating material is water soluble. In some embodiments, the coating
material comprises a polymer, plasticizer, a pigment, or any combination thereof. In some
embodiments, the coating material is in the form of a film coating, e.g., a glossy tilm, a pH

independent film coating, an aqueous film coating, a drv powder film coating (e.g., complete

_J]__

2000



WO 2023/091684 PCT/US2022/050436

dry powder film coating), or any combination thereof. In some embodiments, the coating
material is highly adhesive. In some embodiments, the coating material provides low level of
water permeation. In some embodiments, the coating material provides oxygen barrier
protection, In some embodiments, the coating material allows immediate disintegration for
fast release of Compound 1. In some embodiments, the coating material is pigmented, clear,
or white. In some embodiments, the coating is an enteric coating. Exemplary coating
materials include, without timitation, polyvinylpyrrolidone, polyvinyl alcohol, an acrylate-
methacrylic acid copolymer, a methacrylate-methacrylic acid copolymer, cellulose acetate
phthalate, cellulose acetate succinate, hydroxypropyl methyleellulose phthalate,
hydroxypropyl methyleellulose acetate succinate, polyvinyl acetate phthalate, shellac,

cellulose acetate trimellitate, sodium alginate, zein, and any combinations thereof.

Oral dosage forms

[00121] In some embodiments, the pharmaceutical composition comprising Compound 1 or
the crystalline composition comprising Formula I or is formulated as an oral dosage form. In
some embodiments, the oral dosage form is selected from the group consisting of a tablet, a
capsule, a buccal tablet, a sub-lingual table, an orally-disintegrating tablet, a thin film, a
liquid solution, a liquid suspension, a syrup, a powder, and solid crystals. In some
embodiment, the oral dosage form is selected from the group consisting of a tablet, a capsule,
a buccal tablet, a sub-lingual table, an orally-disintegrating tablet, a thin film, a liquid
solution, a liquid suspension, a syrup, a powder, solid crystals, minitabs, coated pellets and
sachets.

[00122] Oral dosage forms may include capsules, tablets, pills, powders or granules. Such
forms may include forms that dissolve or disintegrate quickly in the oral environment. Such
forms may be prepared with coatings and shells. In some embodiments, these oral dosage

forms are capable of controlled or sustained release.

Pharmaceutically Acceptable Excipients

[00123] In some embodiments, the pharmaceutical composition comprising Compound 1
(e.g., crvstalline composition comprising Compound 1) or the crystalline composition
comprising Formula 1 comprises a pharmaceutically acceptable excipient. In some
embodiments, the pharmaceutical composition is free of pharmaceutically acceptable
excipients. The term “pharmaceutically acceptable excipient”, as used herein, means one or

more compatible solid or encapsulating substances, which are suitable for administration to a
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mammal. The term “compatible”, as used herein, means that the components of the
composition are capable of being commingled with the subject compound, and with each
other, in a manner such that there is no interaction, which would substantially reduce the
pharmaceutical efficacy of the composition under ordinary use situations. In some
embodiments, the pharmaceutically acceptable excipient is of sufficiently high purity and
sufficiently low toxicity to render them suitable for administration preferably to an animal,
preferably mammal, being treated.

[00124] Some examples of substances, which can serve as pharmaceutically acceptable
excipients include:

. Amino acids such as alanine, arginine, asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
proline, serine, threonine, tryptophan, tyrosine, and valine. In some embodiments, the amino
acid is arginine. In some embodiments, the amino acid is L-arginine.

. Monosaccharides such as glucose (dextrose), arabinose, mannitol, fructose (levulose),
and galactose.

. Cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose,

and methyl cellulose.

. Solid lubricants such as talc, stearic acid, magnesium stearate and sodium stearyl
fumarate,

. Polvols such as propylene glycol, glycerin, sorbitol, mannitol, and polyethylene
glycol.

. Emulsifiers such as the polysorbates.

. Wetting agents such as sodium lauryl sulfate, Tween®, Span , alkyl sulphates, and

alkyl ethoxylate sulphates.

. Cationic surfactants such as cetrimide, benzalkonium chloride, and cetylpyridinium
chlornde.
. Diluents such as calcium carbonate, microcrystalline cellulose, calcium phosphate,

starch, pregelatinized starch, sodium carbonate, mannitol, and lactose.

. Binders such as starches (corn starch and potato starch), gelatin, sucrose
hydroxypropv] cellulose (HPC), polyvinylpyrrolidone (PVP), and hydraxypropyl methyl
cellulose (HPMC).

. Disintegrants such as starch, and alginic acid.

. Super-disintegrants such as ac-di-sol, croscarmellose sodium, sodium starch glycolate

and crospovidone.
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. Glidants such as silicon dioxide.
. Coloring agents such as the FD&C dyes.
. Sweeteners and flavoring agents, such as aspartame, saccharin, menthol, peppermint,

and fruit flavors.
. Preservatives such as benzalkonium chioride, PHMB, chlorobutanol, thimerosal,

phenylmercuric, acetate, phenylmercuric nitrate, parabens, and sodium benzoate.

. Tonicity adjustors such as sodium chloride, potassium chloride, mannitol, and
elycerin.
. Antioxidants such as sodium bisulfite, acetone sodium bisulfite, sodium

formaldehvde, sulfoxylate, thiourea, and EDTA.

. pH adjuster such as NaOH, sodium carbonate, sodium acetate, HCI, and citric acid.

. Cryoprotectants such as sodium or potassium phosphates, citric acid, tartaric acid,
gelatin, and carbohydrates such as dextrose, mannitol, and dextran.

. Surfactants such as sodium lauryl sulfate. For example, cationic surfactants such as
cetrimide (including tetradecyl trimethyl ammonium bromide with dodecyl and hexadecyl
compounds), benzalkonium chloride, and cetylpyridinium chloride. Some examples of
anionic surfactants are alkylsulphates, alkylethoxylate sulphates, soaps, carboxylate ions,
sulfate ions, and sulfonate ions. Some examples of non-ionic surfactants are polyoxyethylene
derivatives, polyoxypropylene derivatives, polyol detivatives, polyol esters, polyoxyethylene
esters, poloxamers, glocol, glycerol esters, sorbitan derivatives, polyethylene glycol (such as
PEG-40, PEG-50, or PEG-55) and esters of fatty alcohols.

. Organic materials such as carbohydrates, modified carbohvdrates, lactose (including
a-lactose. monohydrate spray dried lactose or anhydrous lactose), starch, pregelatinized
starch, sucrose, mannitol, sorbital, cellulose (including powdered cellulose and
microcrystalline cellulose).

. Inorganic materials such as calcium phosphates (including anhydrous dibasic calcium

phosphate, dibasic calcium phosphate or tribasic calcium phosphate).

. Co-processed diluents.
. Compression aids.
. Anti-tacking agents such as silicon dioxide and talc.

[00125] In some embodiments, the pharmaceutical composition comprises the crystalline
compaosition comprising Formula [
[00126] In some embodiments, the pharmaceutical composition (e.g,, crystalline

composition) comprises Compound 1.
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[00127] In some embodiments, the pharmaceutical composition comprises a diluent in about
5% to about 95% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 90% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a diluent in about 5% to
about 85% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 80% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a difuent in about 5% to
about 75% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 70% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a diluent in about 5% to
about 65% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 60% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a diluent in about 5% to
about 55% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 50% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a diluent in about 5% to
about 45% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 40% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a diluent in about 5% to
about 35% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a difuent in about 3% to about 30% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a diluent in about 5% to
about 25% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a diluent in about 5% to about 20% by weight of the dosage form.
[00128] In some embodiments, the pharmaceutical composition comprises a diluent in about
95% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a diluent in about 90% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a diluent in about 85% by weight of the dosage form.
In some embodiments, the pharmaceutical composition comprises a diluent in about 80% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a diluent in about 75% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a diluent in about 70% by weight of the dosage form.
In some embodiments, the pharmaceutical composition comprises a diluent in about 65% by

weight of the dosage form. In some embodiments, the pharmaceutical composition comprises

-35-

2004



WO 2023/091684 PCT/US2022/050436

a diluent in about 60% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a diluent in about 55% by weight of the dosage form.
In some embodiments, the pharmaceutical composition comprises a diluentin about 50% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a dituent in about 45% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a diluent in about 40% by weight of the dosage form.
In some embodiments, the pharmaceutical composition comprises a diluent in about 35% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a diluent in about 30% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a diluent in about 25% by weight of the dosage form.
In some embodiments, the pharmaceutical composition comprises a diluent in about 20%% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a diluent in about 10% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a diluent in about 5% by weight of the dosage form.
[00129] In some embodiments, the pharmaceutical composition comprises a second diluent.
In some embodiments, the pharmaceutical composition comprises a second diluent in about
5% to about 95% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a second diluent in about 5% to about 90% by weight of the dosage
form. In some embodiments, the pharmaceutical composition comprises a second diluent in
about 5% to about 85% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 5% to about 80% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
second diluent in about 5% to about 75% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a second diluent in about 5% to
about 70% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a second diluent in about 5% to about 63% by weight of the dosage
form. In some embodiments, the pharmaceutical composition comprises a second diluent in
about 5% to about 60% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 5% to about 55% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
second diluent in about 5% to about 50% by weight of the dosage form In some
embodiments, the pharmaceutical composition comprises a second diluent in about 5% to
about 45% by weight of the dosage form. In some embodiments, the pharmaceutical
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form. In some embodiments, the pharmaceutical composition comprises a second diluent in
about 5% to about 35% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 5% to about 30% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
second diluent in about 5% to about 25% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a second diluent in about 5% to
about 20% by weight of the dosage form.

[00130] In some embodiments, the pharmaceutical composition comprises a second diluent in
about 95% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a second diluent in about 90% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a second diluent in about 85% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a second diluent in about 80% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 75% by weight of the
dosage form In some embodiments, the pharmaceutical composition comprises a second
diluent in about 70% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 65% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a second
difuent in about 60% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 55% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a second
dituent in about 50% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 45% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a second
diluent in about 40% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 35% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a second
diluent in about 30% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 25% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a second
diluent in about 20% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 10% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a second

diluent in about 5% by weight of the dosage form.
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[00131] In some embodiments, the diluent is selected from calcium carbonate,
microcrystalline cellulose, calcium phosphate, starch, pregelatinized starch, sodium
carbonate, mannitol, and lactose. In some embodiments, the diluent is lactose monohydrate.
In some embodiments, the diluent is microerystatline cellulose. In some embodiments, the
dituent is calcium carbonate. In some embodiments, the diluent is calcium phosphate. In
some embodiments, the diluent is starch. In some embodiments, the diluent is pregelatinized
starch. In some embodiments, the diluent is sodium carbonate. In some embodiments, the
diluent is mannitol.

[00132] In some embodiments, the pharmaceutical composition comprises a binder in about
1% to about 10% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a binder in about 1% to about 9% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a binder in about 1% to about
8% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a binder in about 1% to about 7% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a binder in about 1% to about 6%
by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a binder in about 1% to about 5% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a binder in about 1% to about 4%
by weight of the dosage form. ln some embodiments, the pharmaceutical composition
comprises a binder in about 1% to about 3% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a binder in about 1% to about 2%
by weight of the dosage form.

[00133] In some embodiments, the pharmaceutical composition comprises a binder in about
10% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a binder in about 9% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a binder in about 8% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a binder in about 7% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a binder in about 6% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a binder in about 5% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a binder in about 4% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a binder in about 3% by weight of the dosage form. In some embodiments, the

pharmaceutical composition comprises a binder in about 2% by weight of the dosage form. In
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some embodiments, the pharmaceutical composition comprises a binder in about 1% by
weight of the dosage form.

[00134] In some embodiments, the binder is selected from starches (comn starch and potato
starch), gelatin, sucrose hvdroxypropyl cellulose (HPC), polyvinylpyrrolidone (PVP), and
hydroxypropyl methyl cellulose (HPMC). In some embodiments, the binder is hydroxypropyl
cellulose (HPC). In some embodiments, the binder is starch. In some embodiments, the
binder is gelatin. In some embodiments, the binder is polyvinylpyrrolidone (PVP). In some
embodiments, the binder is hydroxypropyl methyl cellulose (HPMC).

[00135] In some embodiments, the pharmaceutical composition comprises a surfactant in
about 0.5% to about 5% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a surfactant in about 0.5% to about 4.5% by weight of
the dosage form. In some embodiments, the pharmaceutical composition comprises a
surfactant in about 0.5% to about 4.0% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a surfactant in about 0.5% to about 3.5% by
weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a surfactant in about 0.5% to about 3.0% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a surfactant in about 0.5% to about
2.5% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a surfactant in about 0.5% to about 2.0% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a surfactant in about 0.5% to about
1.5% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a surfactant in about 0.5% to about 1% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a surfactant in about 0.5% to about
0.8% by weight of the dosage form.

[00136] In some embodiments, the pharmaceutical composition comprises a surfactant in
about 5% by weight of the dosage form. In some embodiments, the pharmaceutical
compaosition comprises a surfactant in about 4.5% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a surfactant in about 4.0% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a surfactant in about 3.5% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a surfactant in about 3 0% by weight of the dosage
form. In some embodiments, the pharmaceutical composition comprises a surfactant in about
2.5% by weight of the dosage form. In some embodiments, the pharmaceutical composition

comprises a surfactant in about 2.0% by weight of the dosage form. In some embodiments,
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the pharmaceutical composition comprises a surfactant in about 1.5% by weight of the dosage
form. In some embodiments, the pharmaceutical composition comprises a surfactant in about
1% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a surfactant in about 0.75% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a surfactant in about 0.50% by weight of the
dosage form. In some embodiments, the pharmaceutical composition comprises a surfactant
in about 0.25% by weight of the dosage form. In some embodiments, the pharmaceutical
composttion comprises a surfactant in about 0.1% by weight of the dosage form.

[00137] In some embodiments, the surfactant is selected from sodium lauryl sulfate,
cetrimide, benzalkonium chloride, cetylpyridinium chloride, alkylsulphates, alkylethoxylate
sulphates, soaps, carboxylate ions, sulfate ions, sulfonate ions, polyoxyethylene derivatives,
polyoxypropvlene derivatives, polyol derivatives, polyol esters, polyoxyethylene esters,
poloxamers, glocol, glycerol esters, sorbitan derivatives, polvethyviene glvcol (such as PEG-
40, PEG-50, or PEG-55) and esters of fatty alcohols. In some embodiments, the surfactant is
sodium lauryl sulfate.

[00138] In some embodiments, the pharmaceutical composition comprises a disintegrant in
about 1% to about 10% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a disintegrant in about 1% to about 9% by weight of
the dosage form. In some embodiments, the pharmaceutical composition comprises a
disintegrant in about 1% to about 8% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a disintegrant in about 1% to about 7% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
disintegrant in about 1% to about 6% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a disintegrant in about 1% to about 5% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
disintegrant in about 1% to about 4% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a disintegrant in about 1% to about 3% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
disintegrant in about 1% to about 2% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a disintegrant in about 1% to about 1.5% by
weight of the dosage form.

[00139] In some embodiments, the pharmaceutical composition comprises a disintegrant in
about 10% by weight of the dosage form. In some embodiments, the pharmaceutical

composition comprises a disintegrant in about 9% by weight of the dosage form. In some
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embodiments, the pharmaceutical composition comprises a disintegrant in about 8% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a disintegrant in about 7% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a disintegrant in about 6% by weight of the dosage
form. In some embodiments, the pharmaceutical composition comprises a disintegrant in
about 5% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a disintegrant in about 4% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a disintegrant in about 3% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a disintegrant in about 2% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a disintegrant in about 1% by weight of the dosage
form.

[00140] In some embodiments, the disintegrant is selected from starch, alginic acid, ac-di-sol,
croscarmellose sodium, sodium starch glycolate, and crospovidone. In some embodiments the
disintegrant is croscarmellose sodium. In some embodiments the disintegrant is sodium starch
glycolate. In some embodiments the disintegrant is crospovidone,

|00141] In some embodiments, the pharmaceutical composition comprises a glidant in about
124 to about 5% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a glidant in about 1% to about 4% by weight of the dosage form. In
some embodiments, the pharmaceutical composition comprises a glidant in about 1% to
about 3% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a glidant in about 1% to about 2% by weight of the dosage form.
[00142] In some embodiments, the pharmaceutical composition comprises a glidant in about
5% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a glidant in about 4% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a glidant in about 3% by weight of the dosage form.
In some embodiments, the pharmaceutical composition comprises a glidant in about 2% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a glidant in about 1% by weight of the dosage form.

[00143] In some embodiments the glidant is colloidal silicon dioxide.

[00144] In some embodiments, the pharmaceutical composition comprises a lubricant in
about 1% to about 5% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a lubricant in about 1% to about 4% by weight of the

dosage form. In some embodiments, the pharmaceutical composition comprises a lubricant in
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about 1% to about 3% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a lubricant in about 1% to about 2% by weight of the
dosage form,

|00145] In some embodiments, the pharmaceutical composition comprises a lubricant in
about 5% by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a lubricant in about 4% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a fubricant in about 3% by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
lubricant in about 2% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a lubricant in about 1% by weight of the dosage form.
[00146] In some embodiments the lubricant is selected from tale, stearic acid, magnesium
stearate and sodium stearyl fumarate. In some embodiments, the lubricant is talc. In some
embodiments, the lubricant is stearic acid. In some embodiments, the lubricant is magnesium
stearate. In some embodiments, the lubricant is sodium stearyl fumarate.

[00147] In some embodiments, the pharmaceutical composition comprises a granulating
agent. In some embodiments, the granulating agent is purified water.

|00148] In some embodiments, the pharmaceutical composition comprises a first diluent in
about 10% to about 60% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 10% to about 40% by
weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a binder in about 1% to about 10% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a surfactant in about 0.5% to about
5% by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a disintegrant in about 1% to about 10% by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a glidant in about 0.5% to about 5%
by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a lubsicant in about 0.5% to about 5%,

[00149] In some embodiments, the pharmaceutical composition comprises a first diluent in
about 35% to about 50% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a second diluent in about 15% to about 35% by
weight of the dosage form. In some embodiments, the pharmaceutical composition comprises
a binder in about 1% to about 5% by weight of the dosage form. In some embodiments, the
pharmaceutical composition comprises a surfactant in about 0.5% to about 2% by weight of

the dosage form. In some embodiments, the pharmaceutical composition comprises a
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disintegrant in about 2% to about 6% by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a glidant in about 0.5% to about 3% by weight of
the dosage form. In some embodiments, the pharmaceutical composition comprises a

20

lubricant in about 0.5% to about 3% by weight of the dosage form.

Amounts

[00150] In some embodiments, the pharmaceutical composition comprises between about 50
mg and about 200 mg. In some embodiments, the pharmaceutical composition comprises
about 50 mg. In some embodiments, the pharmaceutical composition comprises about 200
mg. In some embodiments, the pharmaceutical composition comprises between about 1 mg
and about 500 mg of the crystalline composition comprising Compound 1 (e.g., comprising
Formula I). In some embodiments, the pharmaceutical composition comprises between about
I mg and about 450 mg of the crystalline composition comprising Compound 1 (e.g.,
comprising Formula I). In some embodiments, the pharmaceutical composition comprises
between about 1 mg and about 400 mg of the crystalline composition comprising Compound
1 (e.g, comprising Formula I). In some embodiments, the pharmaceutical composition
comprises between about | mg and about 350 mg of the crystalline composition comprising
Compound 1 (e.g., comprising Formula I). In some embodiments, the pharmaceutical
composition comprises between about 1 mg and about 300 mg of the crystalline composition
comprising Compound 1 (e.g., comprising Formula I}, In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 250 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about | mg and about 200
my of the erystalline composition comprising Compound 1 (e.g., comprising Formula I). In
some embodiments, the pharmaceutical composition comprises between about | mg and
about 175 mg of the crystalline composition comprising Compound 1 (e.g., comprising
Formula I). In some embodiments, the pharmaceutical composition comprises between about
I mg and about 150 mg of the crystalline composition comprising Compound 1 (e.g.,
comprising Formula 1). In some embodiments, the pharmaceutical composition comprises
between about T mg and about 125 mg of the crystalline composition comprising Compound
1 (e.g.,comprising FormulaI). In some embodiments, the pharmaceutical composition
comprises between about 1 mg and about 100 mg of the crystalline composition comprising
Compound 1 (e.g., comprising Formula I). In some embodiments, the pharmaceutical

composition comprises between about | mg and about 90 mg of the crystalline comprising
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Compound 1 (e.g., composition comprising Formula I). In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 80 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about | mg and about 70
mg of the crystalline composition comprising Compound 1 {e g., comprising Formula I). In
some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 60 mg of the crystalline composition comprising Compound 1 (e.g., comprising
Formula I). In some embodiments, the pharmaceutical composition comprises between about
1 mg and about 50 mg of the crystalline composition comprising Compound 1 (e.g.,
comprising Formula I). In some embodiments, the pharmaceutical composition comprises
between about | mg and about 40 mg of the crystalline composition comprising Compound 1
(e.g., comprising Formula I). In some embodiments, the pharmaceutical composition
comprises between about 1 mg and about 30 mg of the crystalline composition comprising
Compound 1 (e.g.. comprising Formula I). In some embodiments, the pharmaceutical
composition comprises between about | mg and about 20 mg of the crystalline composition
comprising Compound 1 (e.g.,comprising Formula I). In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 10 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula [). In some
embodiments, the pharmaceutical composition comprises between about 1 mg and about 9
mg of the crystalline composition comprising Compound 1 (e.g,, comprising Formula 1). In
some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 8 mg of the crystalline composition comprising Compound 1 (e.g., comprising
Formula I). In some embodiments, the pharmaceutical composition comprises between about
1 mg and about 7 mg of the crystalline composition comprising Compound 1 (e.g.,
comprising Formula I). In some embodiments, the pharmaceutical composition comprises
between about 1 mg and about 6 mg of the crystalline composition comprising Compound 1
(e.g., comprising Formula I). In some embodiments, the pharmaceutical composition
comprises between about | mg and about 5 mg of the crystalline composition comprising
Compound 1 (e.g., comprising Formula I}. In some embodiments, the pharmaceutical
composition comprises between about | mg and about 4 mg of the crystalline compositian
comprising Compound 1 (e.g., comprising Formula I). In some embodiments, the
pharmaceutical composition comprises between about | mg and about 3 mg of the crystalline

composition comprising Compound 1 (e.g., comprising Formula I). In some embodiments,
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the pharmaceutical composition comprises between about | mg and about 2 mg of the
crystalline composition comprising Compound 1 {e.g., comprising Formula I).

[00151] In some embodiments, the pharmaceutical composition comprises between about 500
myg of the crystalline composition comprising Compound 1 {e.g., comprising Formula ). In
some embodiments, the pharmaceutical composition comprises between about 450 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about 400 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about 350 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about 300 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula L In some
embodiments, the pharmaceutical composition comprises between about 250 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 200 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 150 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula [). In some
embodiments, the pharmaceutical composition comprises between about 100 mg of the
crystalline comprising Compound 1 (e.g., composition comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 90 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 80 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 70 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about 60 mg of the
crystalline composition comprising Compound | (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 50 mg of the
crystalline composition comprising Compound 1 {e.g., comprising Tormula ). In some
embodiments, the pharmaceutical composition comprises between about 40 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula [). In some
embodiments, the pharmaceutical composition comprises between about 30 mg of the

crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
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embodiments, the pharmaceutical composition comprises between about 20 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula I). In some
embodiments, the pharmaceutical composition comprises between about 10 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about 5 mg of the
crystalline composition comprising Compound 1 (e.g., comprising Formula ). In some
embodiments, the pharmaceutical composition comprises between about | mg of the
crystalline composition comprising Compound 1 {e.g., comprising Formula I).

[00152] In some embodiments, the pharmaceutical composition (e.g., crystalline
composition) comprising Compound 1 comprises between about S0 mg and about 200 myg of
Compound 1. In some embodiments, the pharmaceutical composition (e.g., crystalline
composition) comprising Compound 1 comprises about 5¢ of Compound 1. In some
embodiments, the pharmaceutical composition (e.g., crystalline composition) comprising
Compound 1 comprises about 100 of Compound 1. In some embodiments, the
pharmaceutical composition (e.g., crystalline composition) comprising Compound |
comprises about 200 of Compound 1. In some embodiments, the pharmaceutical
composition comprises between about | mg and about 500 mg of Compound 1. In some
embodiments, the pharmaceutical composition comprises between about | mg and about 450
mg of Compound 1. In some embodiments, the pharmaceutical composition comprises
between about 1 mg and about 400 mg Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 350 mg of Compound
1. In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 300 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about | mg and about 250 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 200 mg of Compound
1. In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 175 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about 1 mg and about 150 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 125 mg of Compound
1. In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 100 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about 1 mg and about 90 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about | mg and about 80 mg of Compound

1. In some embodiments, the pharmaceutical composition comprises between about 1 mg and
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about 70 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about | mg and about 60 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 50 mg of Compound
1. In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 40 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about 1 mg and about 30 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about | mg and about 20 mg of Compound
1. In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 10 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about 1 mg and about 9 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 8 mg of Compound 1.
In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 7 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about | mg and about 6 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 5 mg of Compound 1.
In some embodiments, the pharmaceutical composition comprises between about 1 mg and
about 4 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises between about | mg and about 3 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises between about 1 mg and about 2 mg of Compound 1.
[00153] In some embodiments, the pharmaceutical composition comprises about 500 mg of
Compound 1. In some embodiments, the pharmaceutical composition comprises about 450
mg of Compound 1. In some embodiments, the pharmaceutical composition comprises about
400 mg of Compound 1. In some embodiments, the pharmaceutical composition comprises
about 350 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises about 300 mg of Compound 1. In some embodiments, the pharmaceutical
composition comprises about 250 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises about 200 mg of Compound 1. In some embodiments,
the pharmaceutical composition comprises about 150 mg of Compound 1. In some
embodiments, the pharmaceutical composition comprises about 100 mg of Compound 1. In
some embodiments, the pharmaceutical composition comprises about 90 mg of Compound 1.
In some embodiments, the pharmaceutical composition comprises about 80 mg of Compound
1. In some embodiments, the pharmaceutical composition comprises about 70 mg of
Compound 1. In some embodiments, the pharmaceutical composition comprises about 60 mg

of Compound 1. In some embodiments, the pharmaceutical composition comprises about 50
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mg of Compound 1. In some embodiments, the pharmaceutical composition comprises about
40 mg of Compound 1. In some embodiments, the pharmaceutical composition comprises
about 30 mg of Compound 1. In some embodiments, the pharmaceutical composition
comprises about 20 mg of Compound 1. In some embodiments, the pharmaceutical
composition comprises about 10 mg of Compound 1. In some embodiments, the
pharmaceutical composition comprises about 5 mg of Compound 1. In some embodiments,
the pharmaceutical composition comprises about 1 mg Compound 1.

[00154] In some embodiments, the pharmaceutical composition comprises Compound T in
about 25 % w/w. In some embodiments, the pharmaceutical composition comprises
Compound Tin about 10 % to about 50 % w/w. In some embodiments, the pharmaceutical
composition comprises Compound I in about 10 % to about 15 %, about 10 % to about 20 %,
about 10 % to about 25 %, about 10 % to about 30 %, about 10 % to about 35 %, about 10 %
to about 40 %, about 10 % to about 45 %, about 10 % to about 50 %, about 15 % to about 20
%, about 15 % to about 25 %, about 15 % to about 30 %, about 15 % to about 35 %, about 15
% to about 40 %, about 15 % to about 45 %, about 15 % to about 50 %, about 20 % to about
25 %, about 20 % to about 30 %, about 20 % to about 33 %, about 20 % to about 40 %, about
20 % to about 45 %, about 20 % to about 50 %%, about 25 % to about 30 %, about 25 % to
about 35 %, about 25 % to about 40 %, about 25 % to about 45 %, about 25 % to about 50 %,
about 30 % to about 35 %, about 30 % to about 40 %, about 30 % to about 45 %, about 30 %
to about 50 %, about 35 % to about 40 %, about 35 % to about 45 %, about 35 % to about 50
%, about 40 % to about 45 %, about 40 % to about 30 %, or about 45 % to about 50 % w/w.
In some embodiments, the pharmaceutical composition comprises Compound I in about 10
%, about 15 %, about 20 %, about 25 %, about 30 %, about 35 %, about 40 %, about 45 %, or
about 50 % w/w. In some embodiments, the pharmaceutical composition comprises
Compound Tin at least about 10 %, about 15 %, about 20 %, about 25 %, about 30 %, about
35 9%, about 40 %, or about 45 % w/w. In some embodiments, the pharmaceutical
compaosition comprises Compound I in at most about 15 %, about 20 %, about 25 %, about 30
%, about 35 %, about 40 %, about 45 %, or about 50 % w/w.

[00155] In some embodiments, the pharmaceutical composition comprises a diluent in an
amount that is between about 10 mg to about 500 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
about 450 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 400 mg. In some embodiments, the

pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
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about 350 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 300 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
about 250 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 200 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amaount that is between about 10 mg to
about 150 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 100 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
about 90 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 80 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
about 70 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 60 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
about 50 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 40 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is between about 10 mg to
about 30 mg. In some embodiments, the pharmaceutical composition comprises a diluent in
an amount that is between about 10 mg to about 20 mg.

[00156] In some embodiments, the pharmaceutical composition comprises a diluent in an
amount that is about 300 mg. In some embodiments, the pharmaceutical composition
comprises a diluent in an amount that is about 200 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is about 100 mg. In some
embodiments, the pharmaceutical composition comprises a diluent in an amount that is about
90 mg. In some embodiments, the pharmaceutical composition comprises a diluent in an
amount that is about 80 mg. In some embodiments, the pharmaceutical composition
comprises a diluent in an amocunt that is about 70 mg. In some embodiments, the
pharmaceutical composition comprises a diluent in an amount that is about 60 mg. In some
embodiments, the pharmaceutical composition comprises a diluent in an amount that is about
50 mg. In some embodiments, the pharmaceutical composition comprises a diluent in an
amount that is about 40 mg. In some embodiments, the pharmaceutical composition
comprises a diluent in an amount that is about 30 mg. In some embodiments, the

pharmaceutical composition comprises a diluent in an amount that is about 20 mg. In some
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embodiments, the pharmaceutical composition comprises a diluent in an amount that is about
10 mg,

[00157] In some embodiments, the pharmaceutical composition comprises a first diluent in an
amount that is about 300 mg. In some embodiments, the pharmaceutical composition
comprises a first diluent in an amount that is about 200 mg. In some embodiments, the
pharmaceutical composition comprises a first diluent in an amount that is about 100 mg. In
some embodiments, the pharmaceutical composition comprises a first diluent in an amount
that is about 90 mg. In some embodiments, the pharmaceutical composition comprises a first
dilaent in an amount that is about 80 mg. In some embodiments, the pharmaceutical
composition comprises a first diluent in an amount that is about 70 mg. In some
embodiments, the pharmaceutical composition comprises a first diluent in an amount that is
about 60 mg. In some embodiments, the pharmaceutical composition comprises a first
diluent in an amount that is about 50 mg. In some embodiments, the pharmaceutical
composition comprises a first diluent in an amount that is about 40 mg. In some
embodiments, the pharmaceutical composition comprises a first diluent in an amount that is
about 30 mg. In some embodiments, the pharmaceutical composition comprises a first
diluent in an amount that is about 20 mg. In some embodiments, the pharmaceutical
composition comprises a first diluent in an amount that is about 10 mg.

[00158] In some embodiments, the pharmaceutical composition comprises a second diluent in
an amount that is about 300 mg. In some embodiments, the pharmaceutical composition
comprises a second diluent in an amount that is about 200 mg. In some embodiments, the
pharmaceutical composition comprises a second diluent in an amount that is about 100 mg.
In some embodiments, the pharmaceutical composition comprises a second diluent in an
amount that is about 90 mg. In some embodiments, the pharmaceutical composition
comprises a second diluent in an amount that is about 80 mg. In some embodiments, the
pharmaceutical composition comprises a second diluent in an amount that is about 70 mg. In
some embodiments, the pharmaceutical composition comprises a second diluent in an amount
that is about 60 mg. In some embodiments, the pharmaceutical composition comprises a
second diluent in an amount that is about 50 mg. In some embodiments, the pharmaceutical
composition comprises a second diluent in an amount that is about 40 mg. In some
embodiments, the pharmaceutical composition comprises a second diluent in an amount that
is about 30 mg. In some embodiments, the pharmaceutical composition comprises a second
dituent in an amount that is about 20 mg. In some embodiments, the pharmaceutical

composition comprises a second diluent in an amount that is about 10 mg,
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[00159] In some embodiments, the pharmaceutical composition comprises a binder in an
amount that is between about 1 mg and about 100 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is between about 1 mg and
about 90 mg. In some embodiments, the pharmaceutical composition comprises a binder in
an amount that is between about 1 mg and about 80 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is between about 1 mg and
about 70 mg. In some embodiments, the pharmaceutical composition comprises a binder in
an amount that is between about 1 mg and about 60 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is between about 1 mg and
about 50 mg. In some embodiments, the pharmaceutical composition comprises a binder in
an amount that is between about 1 mg and about 40 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is between about I mg and
about 30 mg. In some embodiments, the pharmaceutical composition comprises a binder in
an amount that is between about | mg and about 20 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is between about 1 mg and
about 10 mg. In some embodiments, the pharmaceutical composition comprises a binder in
an amount that is between about | mg and about 5 mg.

[00160] In some embodiments, the pharmaceutical composition comprises a binder in an
amount that is about 100 mg. In some embodiments, the pharmaceutical composition
comprises a binder in an amount that is about 90 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is about 80 mg. In some
embodiments, the pharmaceutical composition comprises a binder in an amount that is about
70 mg. In some embodiments, the pharmaceutical composition comprises a binder in an
amount that is about 60 mg. In some embodiments, the pharmaceutical composition
comprises a binder in an amount that is about 50 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is about 40 mg. In some
embodiments, the pharmaceutical composition comprises a binder in an amount that is about
30 mg. In some embodiments, the pharmaceutical composition comprises a binder in an
amount that is about 20 mg. In some embodiments, the pharmaceutical composition
comprises a binder in an amount that is about 10 mg. In some embhodiments, the
pharmaceutical composition comprises a binder in an amount that is about 9 mg. In some
embodiments, the pharmaceutical composition comprises a binder in an amount that is about
8 mg. In some embodiments, the pharmaceutical composition comprises a binder in an

amount that is about 7 mg. In some embodiments, the pharmaceutical composition comprises
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a binder in an amount that is about 6 mg. In some embodiments, the pharmaceutical
composition comprises a binder in an amount that is about 5 mg. In some embodiments, the
pharmaceutical composition comprises a binder in an amount that is about 4 mg. In some
embodiments, the pharmaceutical composition comprises a binder in an amount that is about
3 mg. In some embodiments, the pharmaceutical composition comprises a binder in an
amount that is about 2 mg. In some embodiments, the pharmaceutical composition coniprises
a binder in an amount that is about 1 mg.

[00161] In some embodiments, the pharmaceutical composition comprises a surfactant in an
amount that is between about 1 mg and about 50 mg. In some embodiments, the
pharmaceutical composition comprises a surfactant in an amount that is between about 1 mg
and about 40 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is between about 1 mg and about 30 mg. In some embodiments,
the pharmaceutical composition comprises a surfactant in an amount that is between about 1
mg and about 20 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is between about 1 mg and about 10 mg. In some embodiments,
the pharmaceutical composition comprises a surfactant in an amount that is between about 1
mg and about 9 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is between about 1 mg and about 8 mg. [n some embodiments,
the pharmaceutical composition comprises a surfactant in an amount that is between about 1
mg and about 7 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is between about 1 mg and about 6 mg. In some embodiments,
the pharmaceutical composition comprises a surfactant in an amount that is between about 1
mg and about 5 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is between about 1 mg and about 4 mg. In some embodiments,
the pharmaceutical composition comprises a surfactant in an amount that is between about 1
myg and about 3 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is between about 1 mg and about 2 mg. In some embodiments,
the pharmaceutical composition comprises a surfactant in an amount that is between about 1
mg and about 1.5 mg.

[00162] In some embodiments, the pharmaceutical composition comprises a surfactant in an
amount that is about 50 mg. In some embodiments, the pharmaceutical composition
comprises a surfactant in an amount that is about 40 mg. In some embodiments, the
pharmaceutical composition comprises a surfactant in an amount that is about 30 mg. In some

embodiments, the pharmaceutical composition comprises a surfactant in an amount that is
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about 20 mg. In some embodiments, the pharmaceutical composition comprises a surfactant
in an amount that is about 10 mg. In some embodiments, the pharmaceutical composition
comprises a surfactant in an amount that is about 9 mg. In some embodiments, the
pharmaceutical composition comprises a surfactant in an amount that is about 8 mg. In some
embodiments, the pharmaceutical composition comprises a surfactant in an amount that is
about 7 mg. In some embodiments, the pharmaceutical composition comprises a surfactant in
an amount that is about 6 mg. In some embodiments, the pharmaceutical composition
comprises a surfactant in an amount that is about 5 mg. In some embodiments, the
pharmaceutical composition comprises a surfactant in an amount that is about 4 mg. In some
embodiments, the pharmaceutical composition comprises a surfactant in an amount that is
about 3 mg. In some embodiments, the pharmaceutical composition comprises a surfactant in
an amount that is about 2 mg. In some embodiments, the pharmaceutical composition
comprises a surfactant in an amount that is about 1.75 mg. In some embodiments, the
pharmaceutical composition comprises a surfactant in an amount that is about 1.5 mg. In
some embodiments, the pharmaceutical composition comprises a surfactant in an amount that
is about 1.25 mg. In some embodiments, the pharmaceutical composition comprises a
surfactant in an amount that is about 1 mg.

[00163] In some embodiments, the pharmaceutical composition comprises a disintegrant in
an amount that is between about 1 mg to about 100 mg. In some embodiments, the
pharmaceutical composition comprises a disintegrant in an amount that is between about 1
mg to about 90 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 80 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
1 mg to about 70 myg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 60 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
I mg to about 50 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 40 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
I mg to about 30 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 20 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
1 mg to about 10 mg. In some embodiments, the pharmaceutical composition comprises a

disintegrant in an amount that is between about 1 mg to about 9 mg. In some embodiments,
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the pharmaceutical composition comprises a disintegrant in an amount that is between about
1 mg to about 8 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 7 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
I mg to about 6 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 5 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
I mg to about 4 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is between about 1 mg to about 3 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is between about
1 mg to about 2 mg.

[00164] In some embodiments, the pharmaceutical composition comprises a disintegrant in
an amount that is about 100 mg. In some embodiments, the pharmaceutical composition
comprises a disintegrant in an amount that is about 90 mg. In some embodiments, the
pharmaceutical composition comprises a disintegrant in an amount that is about 80 mg. In
some embodiments, the pharmaceutical composition comprises a disintegrant in an amount
that is about 70 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is about 60 mg. In some embodiments, the pharmaceutical
composition comprises a disintegrant in an amount that is about 50 mg. In some
embodiments, the pharmaceutical composition comprises a disintegrant in an amount that is
about 40 mg. In some embodiments, the pharmaceutical composition comprises a disintegrant
in an amount that is about 30 mg. In some embodiments, the pharmaceutical composition
comprises a disintegrant in an amount that is about 20 mg. In some embodiments, the
pharmaceutical composition comprises a disintegrant in an amount that is about 10 mg. In
some embodiments, the pharmaceutical composition comprises a disintegrant in an anount
that is about 9 mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is about 8 mg. In some embodiments, the pharmaceutical
composition comprises a disintegrant in an amount that is about 7 mg. In some embodiments,
the pharmaceutical composition comprises a disintegrant in an amount that is about 6 mg. In
some embodiments, the pharmaceutical composition comprises a disintegrant in an amount
that is about S mg. In some embodiments, the pharmaceutical composition comprises a
disintegrant in an amount that is about 4 mg. In some embodiments, the pharmaceutical
composition comprises a disintegrant in an amount that is about 3 mg. In some embodiments,

the pharmaceutical composition comprises a disintegrant in an amount that is about 2 mg. In
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some embodiments, the pharmaceutical composition comprises a disintegrant in an amount
that is about 1 mg.

[00165] In some embodiments, the pharmaceutical composition comprises a glidant in an
amount that is between about 1 myg and about 50 mg. In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is between about 1 mg and
about 45 mg. In some embodiments, the pharmaceutical composition comprises a glidant in
an amount that is between about | mg and about 40 mg. In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is between about 1 my and
about 35 mg. In some embodiments, the pharmaceutical composition comprises a glidant in
an amount that is between about 1 mg and about 30 mg. In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is between about 1 mg and
about 25 mg. In some embodiments, the pharmaceutical composition comprises a glidant in
an amount that is between about | mg and about 20 mg. In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is between about 1 mg and
about 15 mg. In some embodiments, the pharmaceutical compasition comprises a glidant in
an amount that i3 between about 1 mg and about 10 mg. In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is between about 1 mg and
about 5 mg. In some embodiments, the pharmaceutical composition comprises a glidant in an
amount that is between about 1 mg and about 2 mg.

[00166] In some embodiments, the pharmaceutical composition comprises a glidant in an
amount that is about 50 mg. In some embodiments, the pharmaceutical composition
comprises a glidant in an amount that is about 40 mg. In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is about 30 mg. In some
embodiments, the pharmaceutical composition comprises a glidant in an amount that is about
20 myg. In some embodiments, the pharmaceutical composition comprises a glidant in an
amount that is about 10 mg. In some embodiments, the pharmaceutical composition
comprises a glidant in an amount that is about 9 mg, In some embodiments, the
pharmaceutical composition comprises a glidant in an amount that is about 8 mg. In some
embodiments, the pharmaceutical composition comprises a glidant in an amount that is about
7 mg. In some embodiments, the pharmaceutical composition comprises a glidant in an
amount that is about 6 mg. In some embodiments, the pharmaceutical composition comprises
a glidant in an amount that is about 5 mg. In some embodiments, the pharmaceutical
composition comprises a glidant in an amount that is about 4 mg. In some embodiments, the

pharmaceutical composition comprises a glidant in an amount that is about 3 mg. In some
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embodiments, the pharmaceutical composition comprises a glidant in an amount that is about
2 mg. In some embaodiments, the pharmaceutical compasition comprises a glidant in an
amount that is about 1 mg,

|00167] In some embodiments, the pharmaceutical composition comprises a lubricant in an
amount that is between about 1 mg and about 50 mg. In some embodiments, the
pharmaceutical composition comprises a lubricant in an amount that is between about 1 mg
and about 45 mg. In some embodiments, the pharmaceutical composition comprises a
lubricant in an amount that is between about 1 mg and about 40 mg. In some embodiments,
the pharmaceutical composition comprises a lubricant in an amount that is between about 1
myg and about 35 mg. In some embodiments, the pharmaceutical composition comprises a
lubricant in an amount that is between about 1 mg and about 30 mg. In some embodiments,
the pharmaceutical composition comprises a lubricant in an amount that is between about 1
mg and about 25 mg. In some embodiments, the pharmaceutical composition comprises a
lubricant in an amount that is between about 1 mg and about 20 mg. In some embodiments,
the pharmaceutical composition comprises a lubricant in an amount that is between about |
mg and about 15 mg. In some embodiments, the pharmaceutical composition comprises a
lubricant in an amount that is between about 1 mg and about 10 mg. In some embodiments,
the pharmaceutical composition comprises a lubricant in an amount that is between about 1
mg and about 5 mg. In some embodiments, the pharmaceutical composition comprises a
lubricant in an amount that is between about 1 mg and about 2 mg,

[00168] In some embodiments, the pharmaceutical composition comprises a lubricant in an
amount that is about S0 mg. In some embodiments, the pharmaceutical composition
comprises a lubsicant in an amount that is about 40 mg. In some embodiments, the
pharmaceutical composition comprises a lubricant in an amount that is about 30 mg. In some
embodiments, the pharmaceutical composition comprises a fubricant in an amount that is
about 20 myg. In some embodiments, the pharmaceutical composition comprises a lubricant in
an amount that is about 10 mg. In some embodiments, the pharmaceutical composition
comprises a lubricant in an amount that is about 9 mg. In some embodiments, the
pharmaceutical composition comprises a lubricant in an amount that is about 8 mg. In some
embodiments, the pharmaceutical composition comprises a lubricant in an amount that is
about 7 mg. In some embodiments, the pharmaceutical composition comprises a lubricant in
an amount that is about 6 mg. In some embodiments, the pharmaceutical composition
comprises a lubsicant in an amount that is about 5 mg. In some embodiments, the

pharmaceutical composition comprises a lubricant in an amount that is about 4 mg. In some
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embodiments, the pharmaceutical composition comprises a lubricant in an amount that is
about 3 mg. In some embodiments, the pharmaceutical composition comprises a lubricant in
an amount that is about 2 mg. In some embodiments, the pharmaceutical composition
comprises a lubricant in an amount that is about 1 mg.

[00169] In some embodiments, the pharmaceutical composition comprises a first diluent in an
amount that is between about 1 mg to about 200 mg by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a second diluent in an amount that
is between about | mg to about 200 mg by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a binder in an amount that is between about 1 mg
to about 100 mg by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a surfactant in an amount that is between about 1 mg to about 50 mg
by weight of the dosage form. In some embodiments, the pharmaceutical composition
comprises a disintegrant in an amount that is between about 1 mg to about 100 mg by weight
of the dosage form. In some embodiments, the pharmaceutical composition comprises a
glidant in an amount that is between about 1 mg to about 50 mg by weight of the dosage
form. In some embodiments, the pharmaceutical composition comprises a lubricant in an
amount that is between about 1 mg to about 50 mg by weight of the dosage form.

[00170] In some embodiments, the pharmaceutical composition comprises a first diluent in an
amount that is between about 1 mg to about 100 mg by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a second diluent in an amount that
1s berween about 1 mg to about 100 mg by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a binder in an amount that is between about 1 mg
and 20 mg. In some embodiments, the pharmaceutical composition comprises a surfactant in
an amount that is between about 1 mg to about 10 mg by weight of the dosage form. In some
embodiments, the pharmaceutical composition comprises a disintegrant in an amount that is
between about 1 mg to about 20 mg by weight of the dosage form. In some embodiments,
the pharmaceutical composition comprises a glidant in an amount that is between about 1 mg
to about 20 mg by weight of the dosage form. In some embodiments, the pharmaceutical
composition comprises a fubricant in an amount that is between about 1 mg to about 20 mg

by weight of the dosage form.

Particle size
[00171] In some embodiments, the pharmaceutical composition (e.g., comprising the

crystalline composition comprising Compound 1 (e.g., comprising Formula I)} is in the form
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of microparticles. In some embodiments, microparticles of the crystalline composition
comprising Compound 1 (e.g., comprising Formula I} have an average size from about 1 um
to about 100 um. In some embodiments, microparticles of the erystalline composition have
an average size from about 1 wm to about 90 um. In some embodiments, microparticles of the
crystalline composition have an average size from about 1 pm to about 80 um. In some
embodiments, microparticles of the crystalline composition have an average size from about

I pum to about 70 pm. In some embodiments, microparticles of the crystalline composition
have an average size from about | um to about 60 pum. In some embodiments, microparticles
of the crystalline composition have an average size from about 1 um to about 50 pm. In some
embodiments, microparticles of the crystalline composition have an average size from about

1 um to about 40 pm. In some embodiments. microparticles of the crystalline composition
have an average size from about | um to about 30 um. In some embodiments, microparticles
of the crystalline composition have an average size from about 1 um to about 20 um. In some
embodiments, microparticles of the crystalline composition have an average size from about
1 pum to about 10 pm. In some embodiments, microparticles of the crystalline composition
have an average size from about 1 pm to about 5 pm. In some embodiments, microparticles
of the crystalline composition have an average size from about 100 wm. In some
embodiments, microparticles of the crystalline composition have an average size from about
90 um. In some embodiments, microparticles of the crystalline composition have an average
size from about 80 um, In some embodiments, microparticles of the crystalline composition
have an average size from about 70 pm. In some embodiments, microparticles of the
crystalline composition have an average size from about 60 um. In some embodiments,
microparticles of the crystalline composition have an average size from about S0 pm. In some
embodiments, microparticles of the crystalline composition have an average size from about
40 pm. In some embodiments, microparticles of the crystalline composition have an average
size from about 30 pm. In some embodiments, microparticles of the crystalline composition
have an average size from about 20 pm. In some embodiments, microparticles of the
crystalline composition have an average size from about 10 um. In some embodiments,
microparticles of the crystalline composition have an average size from about 9 um. In some
embodiments, microparticles of the crystalline composition have an average size from about
8 um. In some embodiments, microparticles of the crystalline composition have an average
size from about 7 pm. In some embodiments, microparticles of the crystalline composition
have an average size from about 6 pm. In some embodiments, microparticles of the

crystalline composition have an average size from about 5 pm. In some embodiments,
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microparticles of the crystalline composition have an average size from about 4 ym. In some
embodiments, microparticles of the crystalline composition have an average size from about
3 pum. ln some embodiments, microparticles of the crystalline composition have an average
size from about 2 wm. In some embodiments, microparticles of the erystalline composition
have an average size from about 1 pm. In some embodiments, microparticles ot the
crystalline composition have an average size less than about 100 um. In some embodiments,
microparticles of the crystalline composition have an average size less than about 90 um. In
some embodiments, microparticles of the erystalline composition have an average size less
than about 80 pm. In some embodiments, microparticles of the crystalline composition have
an average size less than about 70 um. In some embodiments, microparticles of the
crystalline composition have an average size less than about 60 um. In some embodiments,
microparticles of the crystalline composition have an average size less than about 50 um. In
some embodiments, microparticles of the crystalline composition have an average size less
than about 40 um. In some embodiments, microparticles of the crystalline composition have
an average size less than about 30 pm. In some embodiments, microparticles of the
crystalline composition have an average size less than about 20 pm. In some embodiments,
microparticles of the crystalline composition have an average size less than about 10 um. In
some embodiments, microparticles of the crystalline composition have an average size less
than about 5 pm.

[00172] In some embodiments, the pharmaceutical composition comprises the crystallineg
composttion comprising Compound 1 (e.g., comprising Formula I), wherein the crystalline
composition has a D90 from about 1 pm to about 50 um. In some embodiments, the
crystalline composition has a D90 from about 1 um to about 20 um, from about 2 um to
about 19 um, from about 3 pm to about 18 pm, from about 4 pm to about 17 pm, from about
5 um to about 16 pm, from about 6 wm to about 15 um, from about 7 wm to about 14 pum,
from about 8 pm to about 13 pm, from about 9 pm to about 13 pm, or from about 8 um to
about 12 um. In some embodiments, the pharmaceutical composition comprises the
crystalline composition comprising Compound | (e.g., comprising Formula I), wherein the
crystalline composition has a D90 of more than about | um, more than about 2 um, more
than about 3 um, more than about 4 p, more than about 5 pm, more than about 6 um, more
than about 7 pm, more than about 8 um, more than about 9 pm, more than about 10 pm,
more than about 11 um, more than about 12 pm, more than about 13 pm, more than about 14
pum more than about 15 pm more than about 16 pm, more than about 17 pm, more than about

18 pm, or more than about 19 um. In some embodiments, the crystalline composition has a
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D90 of less than about 20 um, less than about 19 um, less than about 18 pm, less than about
17 pwm, less than about 16 um, less than about 15 pum, less than about 14 pm, less than about
13 um, less than about 12 um, or less than about 11 ym.

|00173] In some embodiments, the pharmaceutical composition comprising Compound 1 i3
in the form of microparticles. In some embodiments, microparticles of Compound 1 have an
average size from about I pm to about 100 um. In some embodiments, microparticles of
Compound 1 have an average size from about | pm to about 90 um. In some embodiments,
microparticles of Compound | have an average size from about 1 um to about 80 pm. In
some embodiments, microparticles of Compound 1 have an average size from about 1 pm to
about 70 um. In some embodiments, microparticles of Compound 1 have an average size
from about I pm to about 60 um. In some embodiments, microparticles of Compound | have
an average size from about | um to about 50 um. In some embodiments, microparticles of
Compound 1 have an average size from about 1 um to about 40 um. In some embodiments,
microparticles of Compound | have an average size from about 1 um to about 30 um. In
some embodiments, microparticles of Compound 1 have an average size from about | pm to
about 20 pm. In some embodiments, microparticles of Compound | have an average size
from about 1 pm to about 10 um. In some embodiments, microparticles of Compound | have
an average size from about 1 wm to about 5 pm. In some embodiments, microparticles of
Compound 1 have an average size from about 100 um. In some embodiments, microparticles
of Compound 1 have an average size from about 90 um. In some embodiments,
microparticles of Compound 1 have an average size from about 80 um. In some
embodiments, microparticles of Compound 1 have an average size from about 70 um. In
some embodiments. microparticles of Compound 1 have an average size from about 60 um.
In some embodiments, microparticles of Compound 1 have an average size from about 50
pm. In some embodiments, microparticles of Compound 1 have an average size from about
40 pm. In some embodiments, microparticles of Compound 1 have an average size from
about 30 um. In some embodiments, microparticles of Compound 1 have an average size
from about 20 um. In some embodiments, microparticles of Compound 1 have an average
size from about 10 um. In some embodiments, microparticles of Compound 1 have an
average size from about 9 um. In some embodiments, microparticles of Compound 1 have an
average size from about 8 um. In some embodiments, microparticles of Compound 1 have an
average size from about 7 um. In some embaodiments, microparticles of Compound 1 have an
average size from about 6 pm. In some embodiments, microparticles of Compound 1 have an

average size from about 5 pm. In some embodiments, microparticles of Compound | have an
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average size from about 4 pum. In some embodiments, microparticles of Compound 1 have an
average size from about 3 um. In some embodiments, microparticles of Compound 1 have an
average size from about 2 um. In some embodiments, microparticles of Compound 1 have an
average size from about 1 um. In some embodiments, microparticles of Compound 1 have an
average size less than about 100 um. In some embodiments, microparticles of Compound 1
have an average size less than about 90 pm. In some embodiments, microparticles of
Compound 1 have an average size less than about 80 um. In some embodiments,
microparticles of Compound | have an average size less than about 70 um. In some
embodiments, microparticles of Compound 1 have an average size less than about 60 pm. In
some embodiments, microparticles of Compound 1 have an average size less than about 50
pm. In some embodiments, microparticles of Compound 1 have an average size less than
about 40 um. In some embodiments, microparticles of Compound | have an average size less
than about 30 um. In some embodiments. microparticles of Compound 1 have an average
size less than about 20 pm. In some embodiments, microparticles of Compound 1 have an
average size less than about 10 um. In some embodiments, microparticles of Compound 1
have an average size less than about 5 um.

|00174] In some embodiments, the pharmaceutical composition comprises Compound 1,
wherein Compound 1 has a D90 from about 1 pm to about 50 um. In some embodiments,
Compound 1 has a D90 from about 1 pum to about 20 pm, from about 2 um to about 19 um,
from about 3 um to about 18 um, from about 4 um to about 17 um, from about 5 pm to about
16 um, from about 6 um to about 15 um, from about 7 um to about 14 um, from about 8 um
to about 13 pum, from about 9 um to about 13 pum, or from about 8 pm to about 12 pm. In
some embodiments. the pharmaceutical composition comprises Compound 1 , wherein
Compound 1 has a D90 of more than about 1 um, more than about 2 pm, more than about 3
pm, more than about 4 u, more than about 5 pm, more than about 6 pm, more than about 7
pm, more than about 8 pm, more than about 9 pm, more than about 10 pm, more than about
11 um, more than about 12 ym, more than about 13 um, more than about 14 um more than
about 15 pm more than about 16 um, more than about 17 um, more than about 18 um, or
more than about 19 pum. In some embodiments, Compound 1 has a D90 of less than about 20
pum, less than about 19 um, less than about 18 pm, less than about 17 um, less than about 16
pm, less than about 15 pm, less than about 14 pm, less than about 13 pm, less than about 12

um, or less than about 11 pm.
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Methods of Preparing the Crystalline Composition Comprising Compound I (e.g.,
Comprising Formula 1)

[00175] Isolation and purification of the chemical entities and intermediates described herein
can be performed, if desired, by any suitable separation or purification procedure such as, for
example, filtration, extraction, crystallization, column chromatography, thin-layer
chromatography or thick-layer chromatography, or a combination of these procedures.
Specific illustrations of suitable separation and isolation procedures can be had by reference
to the examples below. However, other equivalent separation or isolation procedures can also
be used. Prior to crystallization, Compound 1 may be isolated in about 50% chemical purity,
55% chemical purity, 60% chemical purity, 65% chemical purity, 70% chemical purity, 75%
chemical purity, 80% chemical purity, 90% chemical purity, 91% chemical purity, 92%
purity, 93% chemical purity, 94% chemical purity, 95% chemical purity, 96% chemical
purity, 97% chemical purity, 98% chemical purity, 99% chemical purity, about 98% chemical
purity, or about 100% chemical purity.

[00176] In some embodiments, the crystalline composition comprising Compound [ (e.g.,
comprising Formula I) disclosed herein are obtained by crystallizing Compound 1 with a
chemical purity of less than about 98%, less than about 97%, less than about 96%, less than
about 95%, less than about 94%, less than about 93%, less than about 92%, less than about
91%, less than about 90%, less than about 89%, less than about 88%, less than about 87%,
less than about 86%, less than about 85%, less than about 84%, less than about 83%, less than
about 82%, less than about 81%, less than about 80%, less than about 78%, less than about
76%, less than about 74%, less than about 72%, or less than about 70%. In some
embodiments, the crystalline composition comprising Compound I {e.g., comprising
Formula T} is obtained by crystallizing Compound 1 with a chemical purity in the range of
about 70% to about 99%, 80% to about 96%, about 85% to about 96%, about 90% to about
96%. about 80% to 98%, about 85% to about 98%, about 90% to about 98%, about 92% to

about 98%, about 94% to 98%, or about 96% to about 98%.

Preparation of Crystalline Form 1
[00177] In some aspects, the present disclosure provides a method of preparing a crystalline
composition comprising Compound I (e.g., comprising Formula I), wherein the method
compiises:

(a) dissolving 4-(4-chloro-5-(2,5-dimethyl-7-(pentan-3-yl)pyrazolo[1,5-a]pyrimidin-

3-yDhthiazol-2-ylymorpholine (Compound 1) and an acid (e.g., oxalic acid) in a solvent;
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(b) heating the solution or slurry from step (a); and

(c) crystallizing the solution or slurry obtained in step (b) to obtain the crystalline
composition comprising Compound I (e.g., comprising Formula I).
[00178] In some embodiments, the solvent in step (a) comprises acetone, heptane, water, 2-
butanol, ethyl acetate, 2-propanol, methyl tert-butyl ether, ethanol, methyl ethyl ketone, 1-
pentanol, or a combination thereof. In some embodiments, the solvent in step (a) is heptane.
In some embodiments, the solvent in step (a) is methyl tert-butyl ether or methyl ethyl
ketone. In some embodiments, the solvent in step (a) is a mixture of heptane and methyl ethyl
ketone.
[00179] In some embodiments, step (b) is heated at about 50 °C. In some embodiments, step
(b) is heated to at least about 50 °C.
[00180] In some embodiments, the concentration of the solution comprising Compound 1
obtained in step (a) is between about 20 mg/mL and about 300 mg/mL. In some
embodiments, the concentration of the solution comprising Compound 1 obtained in step {a)
is between about 40 mg/ml, and about 250 mg/mL. [n some embodiments, the concentration
of the solution comprising Compound | obtained in step (a) is between about 100 mg/mL and
about 200 mg/mL. In some embodiments, the concentration of the solution comprising
Compound 1 obtained in step (a) is between 125 mg/mL and about 175 mg/mL.
[00181] In various embodiments, the method of preparing the crystalline composition
comprising Compound [ (e.g., comprising Formula [) involves recrystallization of
Compound 1 from a binary, terfiary, or greater solvent system, collectively understood as a
multi-solvent system. In some embodiments, the method of preparing the crystalline
composition comprising Compound I {e.g.. comprising Formula I) involves crystallization
from a mono- or multi-solvent system, where the crystallization involves dissolving
Compound 1 in the mono- or multi-solvent system at a temperature above ambient
temperature. In some embodiments, the dissolving of Compound 1 in the mono- or multi-
solvent system is performed at a temperature of about 0-90 °C, 5-90 °C, 10-90 °C, 15-90 °C,
20-90 °C, 25-90 °C, 30-90 °C, 35-90 °C, 40-90 °C, 45-90 °C, 50-90 °C, 55-90 °C, 60-90 “C,
65-90 °C, 70-90 °C, 75-90 °C, 80-90 °C, 85-90 °C, 0-80 °C, 5-80 °C, 10-80 °C, 20-80 °C,
30-80 °C, 40-80 °C, 50-80 °C, 60-80 °C, 70-80 °C, 0-70 °C, 5-70 °C, 10-70 °C, 15-70 °C,
20-70 °C, 30-70 °C, 40-70 °C, 50-70 °C, 60-70 °C, 0-60 °C, 10-60 °C, 20-60 °C, 30-60 °C,
40-60 °C, or 50-60 °C.
[00182] In various embodiments, the crystallization further involves actively heating the

solution conaining the dissolved Compound 1, for example to a temperature of about 40-100
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°C, 40-90 °C, 40-80 °C, 40-70 °C, 40-60 °C, 40-30 °C, 50-100 “C, 50-90 °C, 50-80 °C, 50-70
°C, 50-60 °C, 60-100 °C, 60-90 °C, 60-80 °C, 60-70 °C, 70-100 °C, 70-90 °C, 70-80 °C, 80-
100 °C, or 80-90 °C. In various embodiments, the solution containing the dissolved
Compound 1 is maintained at the heated temperature for a period of time, for example for
about 30 min, about 1 b, about 2 h, about 3 h, about 4 h, about 5 h, about 6 h, about 7 h, about
8 h, about 9 h, about 10 h, about 11 h, about 12 h, about 13 h, about 14 h, about 15 h, about
16 h, about 17 h, about 18 h, about 19 h, about 20 h, about 21 h, about 22 h, about 23 h, about
24 h or more.

[00183] In various embodiments, the crystallization further involves actively cooling the
heated solution containing the dissolved Compound 1, for example to a temperature of about
0-40 °C, 0-30 °C, 0-20 °C, 0-10 °C, 10-40 °C, 10-30 °C, 10-20 °C, 20-40 °C, 20-30 °C, 20-
10 °C, or 30 °C-40 °C. In some embodiments, the crystallization further involves actively
cooling the heated solution containing the dissolved Compound 1 to a temperature of about
20-30 °C. In various embodiments, the solution containing the dissolved Compound 1 is
further maintained at this lower temperature for a time period, for example for about 30 min,
about 1 h, about 2 h, about 3 h, about 4 h, about 5 h, about 6 h, about 7 h, about 8 h, about 9
h, about 10 h, about 11 h, about 12 h, about 13 h, about 14 h, about 15 h, about 16 h, about 17
h, about 18 h, about 19 h, about 20 h, about 21 h, about 22 h, about 23 h, about 24 h or more.
[00184] In various embodiments, the steps of active heating followed by active cooling are
repeated multiple times, tor example at least 2, at least 3, at least 4, at least S, at least 6, at
feast 7, at least 8, at least 9, or at least 10 times, [n some embodiments, the steps of active
heating followed by active cooling are repeated 2, 3, 4, 5, 6, 7, 8, 9, or 10 times,

[00185] In various embodiments, the crystallization further involves filtering the solution
containing the obtained crystals of the crystalline composition comprising Compound I{e.g.,
comprising Formula I). In some embodiments, the crystallization optionally involves
washing the obtained crystals by a solvent, for example by the recrystallization solvent one or
more times. In some embodiments, the crystallization optionally involves drying the obtained
crystals, for example under vacuum.

[00186] In some embodiments, the chemical purity of the crystalline composition comprising
Compound I {e.g., comprising Formula 1) is greater than 60%, 70%, 80%, 90%, 95%, or
99% In some embodiments, the chemical purity of the crystalline composition comprising
Compound I {e.g., comprising Formula 1) is greater than about 90%. In some embodiments,
the chemical purity of the crystalline composition comprising Compound I (e.g., comprising

Formula I is greater than about 95%. In some embodiments, the chemical purity of the
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crystalline composition comprising Compound [ (e.g., comprising Formula I} is greater than
about 99%. The chemical purity of the crystalline composition comprising Compound [ {e.g.,
comprising Formula 1) may be measured by any available analytical technique, for example
by HPLC analysis.

[00187] In various embodiments, the crystalline composition comprising Compound I (e.g.,
comprising Formula I) is dry. In various embodiments, the ¢rystalline composition
comprising Compound I {e.g.. comprising Formula 1) is non-solvated. In various
embodiments, the crystalline composition comprising Compound I {e.g., comprising
Formula Iy is non-hydrated. In various embodiments, the crystalline composition comprising

Compound I {e.g., comprising Formula I) is anhydrous.

Methods of Treatment

|00188] In another aspect, the present disclosure provides a method of treating or preventing
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART) in a subject in
need thereof, comprising administering to the subject a composition comprising Compound 1,
or a crystalline composition comprising Compound 1 as described herein, or a
pharmaceutical composition comprising the crystalline composition comprising Formula I as
described herein. In some embodiments, the subject has congenital adrenal hyperplasia
(CAH).

[00189] In another aspect, the present disclosure provides a method of treating congenital
adrenal hyperplasia (CAH) in a subject in need thereof, comprising administering to the
subject a composition comprising Compound I, or a crystalline composition comprising
Compound I {e.g., comprising Formula I) as described herein, or a pharmaceutical
composition comprising a crystalline composition comprising Formula I as described
herein. In some embodiments, the CAH is classic CAH. In some embodiments, the CAH is
non-classical CAH.

[00190] In another aspect, the present disclosure provides a method of improving
hyperandrogenic symptoms in a subject in need thereof, comprising administering to the
subject a composition comprising Compound I, or a crystalline composition comprising
Compound I {e.g., comprising Formula I} as described herein, or a pharmaceutical
composition comprising the crystalline composition comprising Formula 1 as described
herein, In some embodiments, the hyperandrongic symptoms are selected from the group

consisting of acne, hirsutism, and alopecia.

-65 -

2034



WO 2023/091684 PCT/US2022/050436

[00191] In another aspect, the present disclosure provides a method of treating menstrual
irregularity, ovulatory dysfunction or infertility, in a subject in need thereof, comprising
administering to the subject a composition comprising Compound 1, or a erystalline
compaosition comprising Compound I (e.g., comprising Formula [} as described herein, or a
pharmaceutical composition comprising the crystalline composition comprising Formula I ag
described herein.

[00192] In another aspect, the present disclosure provides a method of improving metabolic
symptoms in a subject in need thereof, comprising administering to the subjecta a
composition comprising Compound I, or crystalline composition comprising Compound I
(e.g., comprising Formula I} as described herein, or the pharmaceutical composition
comprising the crystalline composition comprising Formula I as described herein. In some
embodiments, the metabolic symptoms are selected from the group consisting of body
weight, BMI, fat mass, waist circumference, blood pressure and glvecemic control.

[00193] In another aspect, the present disclosure provides a methad of treating polycystic
ovary syndrome with functional ovarian hyperandrogenism and functional adrenal
hyperandrogenism (PCOS-FOH + FAH) in a subject in need thereof, comprising
admunistering to the subject a composition comprising Compound I, or a crystalline
composition comprising Compound I (e.g., comprising Formula I} as described herein, or the
pharmaceutical composition comprising the crystalline composition comprising Formula I as
described herein,

[00194] In another aspect, the present disclosure provides a method of treating polyeystic
ovary syndrome with functional adrenal hyperandrogenism (PCOS-FAH) in a subject in need
thereof, comprising administering to the subject a composition comprising Compound 1, or a
crystalline composition comprising Compound I (e.g., comprising Formula I) as described
herein, or the pharmaceutical composition comprising the crystalline composition comprising
Compound I (e.g., comprising Formula I) as described herein.

[00195] In another aspect, the present disclosure provides a method of treating endometriosis
or improving the symptoms of endometriosis in a subject in need thereof, comprising
administering to the subject a composition comprising Compound I, or a crystalline
composition comprising Compound I (e.g., comprising Formula 1) as described herein, or the
pharmaceutical composition comprising the crystalline composition comprising Formula [ as
described herein. In some embodiments, the administration of the crystalline composition or
the pharmaceutical composition improves the symptom of pain experienced by the subject.

In some embodiments, the administration of the crystalline composition or the
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pharmaceutical composition reduces the symptoms of pain experienced by the subject. In
some embodiments, the administration of the crystalline composition or the pharmaceutical
composition prevents the symptom of pain experienced by the subject. In some
embodiments, the administration of the crystalline composition or the pharmaceutical
composition eliminates the symptom of pain experienced by the subject

[00196] In some embodiments, the methods described herein result in the reduction of a
hormone level. Such hormones include deoxycorticosterone, 11-deoxycortisol, Cortisol,
corticosterone, aldosterone, pregnenolone, hydroxy pregnenolone, progesterone, 17a-hydroxy
progesterone (17-OHP), dehydroepiandrosterone, androstenediol, androstenedione,
testosterone, dihydrotestosterone, estrone, estradiol, estriol, and adrenocorticotropic hormone
(ACTH). In some embodiments, the methods described herein result in the reduction of 17a-
hydroxy progesterone {17-OHP). In some embodiments, the methods described herein result
in the reduction of adrenocorticotropic hormone (ACTH), also known as corticotropin.
[00197] In various embaodiments of the methods as described herein, a composition
comprising Compound 1, or the crystalline composition or the pharmaceutical composition
(e.g., comprising Compound 1) is administered at a dose from about 5 mg/day to about 1000
mg/day. In some embodiments, the crystalline composition or the pharmaceutical
composition is administered in a fed state. In some embodiments, the crystalline composition
or the pharmaceutical composition is administered in a fasted state. In some embodiments,
the crystalline composition or the pharmaceutical composition 1s administered at least once
per day.

[00198] In some embodiments of the methods described herein, the composition, or the
crystalline composition or the pharmaceutical composition is administered at bedtime. In
some embodiments, the methods described herein include administration of the crystalline
composition or the pharmaceutical composition described herein less than about 4 hours
before sleep. In some embodiments, the methods described herein include administration of
the crystalline composition or the pharmaceutical composition described herein less than
about 3 hours before sleep. In some embodiments, the methods described herein include
administration of the crystalline composition or the pharmaceutical composition described
herein less than about 2 hours before sleep. In some embodiments, the methods described
herein include administration of the crystalline compesition or the pharmaceutical
compositions described herein less than about | hour before sleep. In some embodiments, the
methods described herein include administration of the crystalline composition or the

pharmaceutical compositions described herein less than about 30 mins before sleep.
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[00199] In some embodiments, the methods described herein include administration of the
crystalline composition {e.g., comprising Compound 1) or the pharmaceutical compositions
(e.g., comprising Compound 1) described herein at or before the expected circadian release of
adrenocorticotropic hormone (ACTH). In some embodiments, the methods described herein
include administration of the crystalline composition or the pharmaceutical compositions
described herein about 3-4 hours before the expected circadian release of adrenocorticotropic
hormone (ACTH).

[00200] In various embodiments of the methods as described herein, the method further
comprises administering to the subject an additional therapeutic agent. In some embodiments,
the additional therapeutic agent is glucocorticoid, a mineralocorticoid, an ACATT inhibitor,
or an anti-androgen agent. In some embodiments, the glucocorticoid is beclomethasone,
betamethasone, budesonide, cortisone, dexamethasone, hydrocortisone, methylprednisolone,
prednisolone, prednisone, or triamcinolone. In some embodiments, the mineralocorticoid is
fludrocortisone. In some embodiments, the additional therapeutic agent is another
CRFlantagonist.

[00201] In various embodiments of the methods as described herein, the method further
comprises an additional treatment selected from surgical resection of the tumors and radiation
therapy, or a combination thereof. In some embodiments, the additional therapy is surgical
resection and the surgical resection is prior to, after, and/or concurrent with administration of
the crystalline composition as deseribed herein, or the pharmaceutical composition
comprising the crystalline composition as described herein. In some embodiments, the
additional therapy is radiation therapy and the radiation therapy is prior to, after, and/or
concurrent with administration of the crystalline composition as described herein, or the
pharmaceutical composition comprising the crystalline composition as described herein.
[00202] In various embodiments of the methods, the subject is from about 9 years of age to
about 18 years of age. In some embodiments, the subject is from about 8 years of age to about
55 years of age.

[00203] In some aspects, described herein are crystalline compositions comprising 4-(2-
chloro-4-methoxy-5-methylphenyl}-N-[(1S)-2-cyclopropyl-1-(3- fluoro-4-
methylphenyhethyl}-5-methyl-N-(2-propynyl)-1,3-thiazol- 2-amine (“crinecerfont™). In some
embodiments, crinecerfont is a salt (e.g., hydrochloric acid salt, p-toluenesulfonic acid salt,
etc.). Pharmaceutically acceptable acid addition salts of crinecerfont may be formed by
combining a compound having a basic moiety with inorganic acids and organic acids.

Inorganic acids which may be used to prepare salts of crinecerfont include, for example,
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hydrachloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like.
Organic acids which may be used to prepare salts of crinecerfont include, for example,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, and the like.
Pharmaceutically acceptable base addition salts of crinecerfont may be formed by combining
a compound having an acidic moiety with tnorganic and organic bases. Inorganic bases which
may be used to prepare salts of crinecerfont include, for example, sodium, potassium, lithium,
ammonium, calcium, magnesium, iron, zinc, manganese, aluminum hydroxides, carbonates,
bicarbonates, phosphates, and the like. In some embodiments, the inorganic base salt is
ammonium, potassium, sodium, calcium, and magnesium hydroxides, carbonates,
bicarbonates, or phosphates. Organic bases from which may be used to prepare salts of
crinecerfont include, for example, primary, secondary, and tertiary amines, substituted
amines including naturally occurring substituted amines, cyclic amines, basic ion exchange
resins, and the like, specifically such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropvlamine, and ethanolamine. Generally, such salts of crinecerfont may be
prepared by reacting the free acid or base forms of these compounds with at least a
stoichiometric amount of the appropriate base or acid in water or in an organic solvent, or in a
mixture of the two; generally, non-aqueous media like ether, ethyl acetate, alcohols (e.g.,
methanol, ethanol, iso-propanol, or butanol) or acetonitrile (ACN). In some embaodiments,
they crystalline composition comprises crinecerfont and oxalic acid.

[00204] In some embodiments, the crystalling composition comprising crinecerfont
comprises crinecerfont and an acid in a ratio of crinecerfont to acid of about 2:1, about 1:1, or
about 1:2,

[00205] In some embodiments, the composition comprising crinecerfont is in a capsule (e.g.,
an immediate-release capsule or a capsule for opening (e.g., comprising crinecerfont
granules}).

[00206] In some aspects, disclosed herein are methods of administering a composition (e.g,
crystalline composition) comprising crinecerfont. In some embodiments, the method further
comprises administering an additional therapeutic. In some embodiments, the additional
therapeutic. In some embodiments, the additional therapeutic comprises hydrocortisone. In
some embodiments, the hydrocortisone is an immediate-release hydrocortisone. In some
embodiments, the hydrocortisone is in a capsule (e.g., a capsule tor opening (e.g.,
hydrocortisone granules in a capsule)). In some embodiments, the hydrocortisone is an
modified-release hydrocortisone. In some embodiments, the hydrocortisone is in a hard-

capsule (e.g., a moditied-release hard capsule).

- 0649 -

2038



WO 2023/091684 PCT/US2022/050436

ADDITIONAL EMBODIMENTS
[00207] The following embodiments are given for the purpose of illustrating various
embodiments of the disclosure and are not meant to limit the present disclosure or any aspect
thereof (e.g., element) in any fashion. The following embodiments may include additional
clements disclosed herein. Changes therein and other uses which are encompassed within the
spirit of the disclosure as defined by the scope of the ¢claims will occur to those skilled in the
art.
1. A pharmaceutical formulation, comprising:
(a) about 10 mg to about 300 mg of 3(4-Chloro-2-(morpholin-4-yhthiazol-S-y1)-7-(1-
ethylpropyl)-2,5-dimethylpyrazolo(1,5-a) pyrimidine (Compound 1), or a pharmaceutically
acceptable salt or solvate thereof;
(b) a first diluent in about 40% to about 45% by weight, wherein the first diluent comprises
lactose monohydrate;
(c) a second diluent in about 25% by weight, wherein the second diluent comprises
microcrystalline cellulose;
(d) about 1% to about 6% by weight of hydroxypropyl cellulose;
(e) about 0.5% to about 5% by weight of sodium lauryl sulfate; and
(£ about 4% by weight of croscarmellose sodium.
2, The pharmaceutical formulation of embodiment 1, further comprising a glidant,
wherein the glidant comprises colloidal silicon dioxide.
3. The pharmaceutical formulation of embodiment 1, further comprising a lubricant,
wherein the lubricant comprises magnesium stearate.
4. The pharmaceutical formulation of embodiment 3, wherein the magnesium stearate
is about 1% by weight of the pharmaceutical formulation.
5. The pharmaceutical formulation of embodiment 3, wherein the magnesium stearate
is in an amount that is about 2 mg.
6. The pharmaceutical formulation of embodiment 1, wherein Compound 1 or a
pharmaceutically acceptable salt thereof is in an amount that is about 50 mg.
7. The pharmaceutical formulation of embodiment 1, wherein the lactose monohydrate
is about 40.25% by weight of the pharmaceutical formulation.
8. The pharmaceutical formulation of embodiment 1, wherein the lactose monohydrate
is in an amount that is about 80.50 mg.
9. The pharmaceutical formulation of embodiment 1, wherein the microcrystalline

cellulose is in an amount that is about 50 mg.
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10, The pharmaceutical formulation of embodiment 1, wherein the hydroxypropyl
cellulose is about 3% by weight of the pharmaceutical formulation.

1L, The pharmaceutical formulation of embodiment 1, wherein the hydroxypropyl
cellulose is in an amount that is about 6 mg,

12, The pharmaceutical formulation of embodiment 1, wherein the sodium lauryl sulfate
is about 0.75% by weight of the pharmaceutical formulation,

13 The pharmaceutical formulation of embodiment 1, wherein the sodium lauryl sulfate
is in an amount that is about 1.50 myg.

14, The pharmaceutical formulation of embodiment 1, wherein the croscarmellose
sodium is in an amount that is about 8 mg.

15, The pharmaceutical formulation of embodiment 2, wherein the colloidal silicon
dioxide is about 1% by weight of the pharmaceutical formulation.

16. The pharmaceutical formulation of embodiment 2, wherein the colloidal silicon
dioxide is in an amount that is about 2 mg.

17, The pharmaceutical formulation of embodiment 3, wherein the magnesium stearate
is about 1% by weight of the pharmaceutical formulation.

18, The pharmaceutical formulation of embodiment 3, wherein the magnesium stearate
is in an amount that is about 2 mg.

19, The pharmaceutical formulation of embodiment 1, wherein the pharmaceutical
formulation is in a tablet form.

20, The pharmaceutical formulation of embodiment 1, wherein the pharmaceutical
formulation is in a granule form.

21. The pharmaceutical formulation of embodiment 1, wherein the pharmaceutical
formulation is in a capsule.

22, The pharmaceutical formulation of embodiment 1, wherein the pharmaceutical

formulation is packaged in a sachet,

EXAMPLES
[00208] The following examples serve to further describe the manner of using the present
disclosure. These examples are presented for itlustrative purpose and should not serve to
limit the true scope of the present disclosure.
[00209] In carrying out the procedures of the methods described herein, itis of course to be
understood that references to particular buffers, media, reagents, cells, culture conditions, and

the like are not intended to be limiting, but are to be read so as to include all related materials
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that one of ordinary skill in the art would recognize as being of interest or value in the
particular context in which that discussion 1s presented. For example, it is often possible to
substitute on buffer system or culture medium for another and still achieve similar, if not
identical, results. Those of skill in the art will have sufficient knowledge of such systems and
methodologies so as to able, without undue experimentation, to make such substitutions as

will optimally serve their purposes in using the methods and procedures disclosed herein.

Example 1 — Preparation and Characterization of the Crystalline Composition
Comprising Compound I (e.g., comprising Formula I)

Prepareation of the Crystalline Composition Comprising Compound I (e.g., comprising
Formula I)

[00210] A mixture of 185.0 mg (0.441 mmol) of 4-(4-chloro-5-(2.5-dimethyl-7-(pentan-3-
vl)pyrazolo[1,5-a]pyrimidin-3-yl)thiazol-2-yl)ymorpholine (Compound 1), 45.0 mg (0.500
mmeol) of oxalic acid, and 2.5 mL of diisopropyl ether was agitated. After one hour, an
additional 1 mL of diisopropyl ether was added. After stirring overnight, the mixture was
vacuum filtered and the resulting solid was dried to afford 170 mg (76%) of the crystalline

composition comprising Compound | (e g., comprising Formula ) as solid.

X-Ray Powder Diffraction

[00211] X-ray powder diffraction (XPRD) patterns were obtained on a Rigaku Smart-Lab X-
ray diffraction system. A CuK source (=0.71073 A) operating minimally at 40 kV and 44 mA
scans each sample between 2 and 40 degrees 20. The step size is 0.02° 20.

[00212] The XRPD pattern obtained for the crystalline composition comprising Compound I

(e.g., comprising Formula I} is summarized in Table 1 below and shown in FIG. 1.

Table 1 — XRPD Data of the Crystalline Composition Comprising Compound 1

{e.g., comprising Formula I)

Peak # | Angle (°2-0) | Intensity (%) | Peak # Angle (° 2-6) | Intensity (%)
1 544 3 26| 2658 7
2 882 2 27 2680 1
3 10,84 100 8 269 3
1 1170 2 » e 3
5 14.60 8 30 2800 13
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Table I — XRPD Data of the Crystalline Compesition Comprising Compound I
(e.g., comprising Formula I}

6 15.56 6 31 28.86 14
7 15,96 52 32 29,54 3
8 16,28 5 33 31.26 3
9 16.70 10 34 31.66 5
10 17.66 4 35 31.88 4
11 18.44 5 36 32.16 3
12 18.82 6 37 3248 2
13 19.18 8 38 32.86 5
14 19.60 2 39 33.46 2
15 20,02 11 40 34.36 2
16 20.50 11 41 35.02 3
17 20.78 20 42 3544 1
18 21.72 7 43 3508 2
19 22,12 2 44 36.72 4
20 22,74 18 45 37.04 3
21 23.04 16 46 37.80 5
22 23.44 31 47 3828 2
23 2480 48 48 38.90 2
24 25.52 6 49 3920 2
25 2592 9

Differential Scanning Calovimetry (DSC)

[00213] Differential scanning calorimetry analysis was carried out on a TA Instruments

Q2500 Discovery Series instrument. The instrument temperature calibration was performed

using indium. The DSC cell was kept under a nitrogen purge of about 50 mL per minute

during each analysis. The sample was placed in a standard, crimpled, aluminum pan and was

heated from approximately 25 °C to 350 °C at a rate of 10 °C per minute. The DSC trace of

the crystalline composition comprising Compound 1 (e.g., comprising Formula I) is shown in

FIG. 2.
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Thermogravimeiric Analvsis (10GA)

[00214] Thermogravimetry analyses were carried out using a TA Instruments Discovery
TGA SS00 instrument that was cooled using a TA Instruments Refrigerated Cooling System
(RCS) 90 chiller. The instrument balance was calibrated using class M weights and
temperature calibration was performed by measurement of the Curie point of Alumel®
Sample was loaded onto a platinum sample pan and the pan was loaded into the TG
instrument. The pan was heated from ambient temperature to 350 °C at a rate of 10 °C per
minute. The instrument was controlled using TA Trios software. The TGA trace of the
crystalline composition comprising Compound I (e.g., comprising Formula I) is shown in

FIG. 3.

Dvnamic Vapor Sorption (DVS)

[00215] The DVS analysis was carried out on a TA Instruments Q5000 sorption analyzer.
The instrument was calibrated with standard weights and a sodium bromide standard for
hamidity. For each analysis, a portion of the sample was weighed into a metal-coated, quartz
pan. Each sample was analyzed at 25 °C with a maximum equilibration time of 60 minutes in
10% relative humidity (RH) steps from S to 95% RH (adsorption cycle) and from 95 to 5%
RH (desorption cycle). Data collection was performed using Advantage for Q Series version
5.5.23. The percent weight change values were calculated using Microsoft Excel®. The DVS
trace of the crystalline composition comprising Compound 1 (¢.g., comprising Formula 1) is
shown in FIG. 4.

Infrared (IR)

[00216] The IR spectrum was obtained using a Nicolet iS50 Model 60825 Fourier-transform
(FT) IR spectrophotometer equipped with a deuterated triglycine sulfate (DTGS) detector, a
potassium bromide (KBr) beamsplitter, and an electronically temperature controlled (ETC)
Ever-Glo® IR source. The instrument was configured with a SMART iTR diamond
attenuated total reflectance (ATR) sampling accessory. The single beam scan of the
background {air} and sample were collected with 128 signal-averaged scans at a resolution of
2 cm-1 over the spectral range 400-4000 cm-1. The wavelength calibration was verified using
a certified polystyrene standard Data collection and processing was performed using Omnic
9.2 software. The IR spectrum of the crystalline composition comprising Compound | (e.g.,

comprising Formula 1) is shown in FIG. §.
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Proton Nuclear Magneric Resonance ({H NMR)

[00217] The 1H NMR spectrum was acquired on a Bruker Avance 400 MHz spectrometer
using TopSpin v3.2 software. The sample was dissolved in CD;0D and the resulting solution
was transterred into a S-mm NMR tube for subsequent data acquisition. Data collection
parameters are shown in Table 14, The spectrum was processed using the program MNova
and referenced to the chemical shift of the residual protons in CDsOD (3.31 ppm). The ‘H
NMR spectrum of the crystalline composition comprising Compound I (e g, comprising

Formula I) is shown in FIG. 6.

Ramean

[00218] The Raman spectrum was acquired utilizing a Thermo Scientific model iS50 Fourier-
transform (FT) IR spectrophotometer equipped with a Raman accessory. The system is
equipped with an indium gallium arsenide (InGaAs) detector, a calcium fluoride (CaF2)
beamsplitter, and a 2.5 W laser operating at 1064 nm. The module was configured with a
180° reflective sampling accessory. A sample was prepared by loading particles onto a glass
slide. Each FT-Raman spectrum was collected using 0.50 W laser power with 256 signal-
averaged scans at a resolution of 4 cm-1 over the spectral range 100-3700 cm-1. The
wavelength calibration was verified using a polystyrene. Data acquisition and processing
were performed using Omnic 9.7 software. The Raman spectrum of the crystalline

composition comprising Compound I (e.g., comprising Formula 1) is shown in FI1G. 7.

Example 2 — Formulation Comprising Compound 1

General Munufuctaring Procedure

[00219] The relevant excipients were manually sieved and then dry mixed. A binder solution
was added and the mixture subjected to wet granulation. The granules were then wet milled
and dried. The resulting granules were dry milled and added to other relevant common
granules and excipients. The mixture was then compressed into tablets to a target tablet
weight.

[00220] A granulation was developed with a minimum amount and number of excipients.
The granulation comprised of Compound 1 (*Tildacerfont™) with a surfactant and a binder
and, in some cases, a super-disintegrant. After granulation was successful, other excipients
were added to enable compression. These excipients included a compression aid, a lubricant,

an anti-tacking agent, and a super-disintegrant.
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[00221] Table 1 below summarizes formulations comprising Tildacerfont in both tablet and

granules form.

Table 2 — Formulation Comprising Tildacerfont

2045

mg/Tablet | Granules
Material Description Function Yow/lw S0 mg 50 mg
strength | strength
Intragranular
Tildacerfont (SPN0O1) Active ingredient 25.00 50.00 50.00
Lactose Monohydrate,
USP/NF, Ph. Eur., IP. Diluent 40.25 80.50 80.50
{Pharmatose 200M EU)
Hydroxypropylcellulose
USP/NF, Ph. Eur., JP (Klucel Binder 3.00 6.00 6.00
EXF)
Sodium Laury! Sulfate,
NF/ Ph. Eur./JP (Kolliphor SLS Surfactant 0.75 1.50 1.50
fine)
Microcrystalline Cellulose, ‘
NF. Ph.Eur., IP (Avicel PH10T) Diluent 20.00 40.00 40.00
Purified Water, USP, Ph. Eur Granulating agent QS* -
Extragranular
Microerystalline Cellulose, .
NE. Ph.Eur, JP (Avicel PHIOI) Diluent 5.00 10.00 10.00
Croscarmellose Sodium NF,
Ph. Eur., JP (Ac-Di-Sol) SD- Disintegrant 4.00 8.00 8.00
711
Colloidal Silicon dioxide
USP/NF, Glidant 1.00 2.00 2.00
Ph. Eur., JP (Aerosil 200)
Magnesium stearate, )
NE, Ph. Eur., JP (Hyqual 2257) Lubricant 1.00 2.00 2.00
Total 100.00 | 200.00 200.00
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Table 2 — Formulation Comprising Tildacerfont

Film Coating

Opadry II Yellow 85F42129 Film former 3.00 6.00 -
Coating dispersion
Puritied Water, USP, Ph. Eur . QS* -
medium -
Total 100,00 | 206.00 200.00

Example 3 — Stability of Crystalline Compositions Comprising Compound 1

[00222] To determine the stability of the crystalline compositions prepared comprising the
methods described herein, crystalline compositions comprising Compound | and oxalic acid
were formulated. Samples of the crystalline compaosition comprising Compound 1-oxalic acid
co-crystal were packed in a transparent low-density polyethylene (LDPE) bag, and closed by
twisting the bag and tying it with a strip seal. The transparent LDPE bag was then placed in a
black LDPE bag that was twisted and tied with a strip seal. The bags were then placed in a
high-density polyethylene container.

[00223] The samples were then subjected to accelerated aging conditions (40 +2 °C /75 + S
% relative humidity (RH)) or long-term storage conditions (25 + 2 °C/ 60+ 5 % RH).
Sample stability measurements in each condition were measured at baseline (before exposure
to accelerated aging conditions or long-term storage conditions), and one month, two months,
and three months after exposure 1o said conditions. Sample stability measurements included a
description of the sample’s physical appearance (e.g., color and form), identification by
Fourier-transform infrared spectroscopy (FT-IR), identification by X-ray powder diftraction
(XRPD), water content (measured by Karl Fischer (KF) on a % weight/weight basis),
identification of related substances (e.g., impurities), and high-performance liquid
chromatography ((HPLC) measured on a % weight/weight on an anhydrous basis and solvent
free basis).

[00224] Table 3 summarizes the results of the measurements obtained from samples exposed
to the accelerated aging conditions over the course of one to three months. Table 4
summarizes the results of the study obtained from the samples exposed to the long-term

storage conditions over the course of one to three months.

Table 3. Stability data under accelerated aging conditions.
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Parameter | Specificatio Baseline 1 Month 2 Months 3 Months
n

Description | Off-white to | Light yellow | Light yellow | Light yellow | Light yellow
yellow color | color solid color solid colar solid color solid
solid

Identificatio | IR spectrum | IR spectrum | IR spectrum | IR spectrum | IR spectrum

n by FT-IR | of sample of sample is | of sampleis | of sampleis | of sample is
should be concordant concordant | concordant concordant
concordant | with that of | with that of | with that of | with that of
with that of | reference reference reference reference
reference standard standard standard standard
standard

Identificatio | Diffractogra | Diffractogra | Diffractogra | Diffractogra | Diffractogra

n by XRPD | m of the m of the m of the m of the m of the
sample sample is sample is sample is sample is
should be consistent consistent consistent consistent
consistent with with with with
with characteristic | characteristic | characteristic | characteristic
characteristic | 2-0 value of | 2-0 value of | 2-8 value of | 2-0 value of
2-8 value of | Form-I at Form-1 at Form-I at Form-I at
Form-1 at 54,88, 54,88, 54,88, 54,88,
54, 88, 10,8, 11.6, 10.8, 11.7, 10.8, 11.6, 108, 11.6,
108, 11.6, 159,234 159,234 159,234 159,234
159,234
+0.2°

Water NMT 0.5 0.02 0.09 0.02 0.08

Content by

KF (% wiw)

Related

Substances

by HPLC

(% area)

(see a.~d.)
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a.
C07102401-
F-Impl

NMT 6.15

BDRL

BDRL

BDRL

BDRL

b.
C07102401-
F-Imp2

NMT 0.15

BDRL

BDRL

BDRL

BDRL

c. Any
unspecified

impurity

NMT 6.10

BDRL

BDRL

BDRL

BDRL

d. Total

impurities

NMT 1.0

BDRL

BDRL

BDRL

BDRL

Assay of
Compound
1 by HPLC
(% w/w on
anhydrous
basis and
solvent free

basis)

NLT 98.0
and NMT
102.0

999

99.2

100.1

9972

n/a: not applicable; NLT: not less than; NMT; not more than; BDRL: below disregard limit

[00225] The above data from Table 3 indicates that the Compound 1-oxalic acid co-crystal is

stable up to 3 months at accelerated aging conditions (40 + 2 °C /75 £ 5 % RH).

Table 4. Stability data under long-term storage conditions.

Parameter | Specificatio Baseline 1 Month 2 Meonths 3 Meonths
n

Description | Off-white to | Light yellow | Light yellow | Light yellow | Light yetlow
vellow color | color solid color solid color solid color solid
solid

Identificatio | IR spectrum | IR spectrum | IR spectrum | IR spectrum | IR spectrum

n by FT-IR | of sample of sample is | of sampleis | of sampleis | of sample is
should be concordant concordant | concordant concordant
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concordant

with that of

with that of

with that of

with that of

with that of | reference reference reference reference
reference standard standard standard standard
standard

Identificatio | Diffractogra | Diffractogra | Diffractogra | Diffractogra | Diffractogra

n by XRPD | m of the m of the m of the m of the m of the
sample sample i3 sample is sample is sample is
should be consistent consistent consistent consistent
consistent with with with with
with characteristic | characteristic | characteristic | characteristic
characteristic | 2-0 value of’ | 2-0 value of | 2-0 value of | 2-0 value of
2-8 value of | Form-I at Form-I at Form-| at Form-1 at
Form-1 at 5.4, 88, 5.4, 838, 54,87, 5.4, 837,
54,88, 10.8, 11.6, 10.8, 11.7, 1.8, 11.6, 10.8, 1.0,
10.8, 11.6, 159,234 159,234 15.9,233 159,234
159,234
+0.2°

Water NMT 0.5 0.02 0.10 0.03 0.05

Content by

KF (% w/w)

Related

Substances

by HPLC

(% area)

(see a.-d.)

a. NMT 0,15 BDRL BDRL BDRL BDRL

C07102401-

F-Tmpl

b. NMT G.15 BDRL BDRL BDRL BDRL

C07102401-

F-Imp2
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c. Any NMT 0.10 BDRL BDRL BDRL BDRL
unspecified
impurity
d. Total NMT 1.0 BDRL BDRL BDRL BDRL
impurities
Assay of NLT 98.0 99.9 99.2 100.1 992
Compound | and NMT
1 by HPLC 102.0
(% w/w on
anhydrous
hasis and
solvent free
basis)

n/a: not applicable; NLT: not less than; NMT; not more than; BDRL: below disregard limit
[00226] The above data from Table 4 indicates that the Compound 1-oxalic acid co-crystal is

stable up to 3 months at long-term storage conditions (25 = 2 °C /60 + 5 % RH).

Example 4 — Stability of Crystalline Compeositions Comprising Compound 1 for 6

Months

[00227] Samples of the crystalline composition comprising Compound 1-oxalic acid co-
crystal prepared in Example 3 are subjected to accelerated aging conditions (40 +2 °C /75 +
5 % relative humidity (RH)) or long-term storage conditions (25 + 2 °C /60 + 5 % RH).
Sample stability measurements in each condition are measured at baseline (before exposure
to accelerated aging conditions or long-term storage conditions), and four months, five
months, six months, seven months, eight months, nine months, ten months, eleven months,
twelve months, fourteen months, sixteen months, and eighteen months after exposure to said
conditions. Sample stability measurements include a description of the sample’s physical
appearance (e.g., color and form), identification by Fourier-transform infrared spectroscopy
(FT-IR), identification by X-ray powder diffraction (XRPD), water content (measured by
Karl Fischer (KF) on a % weight/weight basis), identification of related substances (e.g.,
impurities), and high-performance liquid chromatography ((HPLC) measured on a %
weight/weight on an anhydrous basis and solvent free basis).

[00228] The samples of the crystalline composition comprising Compound 1-oxalic acid co-

crystal will be stable at four months, five months, six months, seven months, eight months,
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nine months, ten months, eleven months, twelve months, fourteen months, sixteen months,
and eighteen months after exposure to said conditions, as demonstrated by sample stability
measurements. Said sample stability measurements at four months, five months, six months,
seven months, eight months, nine months, ten months, eleven months, twelve months,
fourteen months, sixteen months, and eighteen months after exposure to said conditions will

be in accordance with the results listed in Table 3 and Table 4.
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CLAIMS
A pharmaceutical compesition comprising a CRF1 antagonist, wherein the composition is
characterized by an X-ray powder diffraction pattern comprising a peak selected from any
one or more of 10.84 = 0.2%2-8, 15.96 + 0.2° 2-0, 23 44 + 0.2° 2-0, and 24.80 + 0.2° 2-6,
The pharmaceutical composition of claim 1, wherein the composition is measured by X-
ray powder diffraction using an X-ray wavelength of 0.71073 A .
The pharmaceutical composition of claim 1 or 2, wherein the X-ray powder diffraction
pattern further comprising at least one peak selected from 5.44 +0.2° 2-0, 20.78 + 0.2° 2-
06,2274 £0.2°2-8, 23.04 4 0.2° 2-8, 26 80+ 0.27 2-8, and 28 86 + 0.2° 2-6, and as
measured by X-ray powder diffraction using an X-ray wavelength of 0.71073 A.
The pharmaceutical composition of any one of claims | to 3, wherein the X-ray powder
diffraction pattern further comprising at least five peaks selected from 8.82 + 0.2° 2-§,
11,70+ 0.292-0, 14.60 £ 0.2°2-0, 1556 £ 0.2° 2-0, 16.70 £ 0.2° 2-0, 18.82 £ 0.2° 2-0,
1918 £0.2°2-0, 2002 £ 0.2°2-0, 2050 £ 0.2°2-0, 21.724£ 02° 2-0, 2552 £ 0.2 2.,
2592 +£02°2-0,2694£0.2°2-0, and 28 00 £ 0.2° 2-0, and as measured by X-ray
powder diffraction using an X-ray wavelength of 0.71073 A
The pharmaceutical composition of any one of claims 1 to 4, wherein the pharmaceutical
composition is further characterized by a thermogravimetric analysis (TGA) thermogram
comprising & loss in mass of about 11% over a temperature range of about 25 °C to about
200 °C.
The pharmaceutical composition of claim 1, wherein the pharmaceutical composition is
further characterized by a thermogravimetric analysis (TGA) thermogram substantially
similar to the one set forth in FIG. 2.
The pharmaceutical composition of any one of claims 1 to 6. wherein the CRF1

antagonist comprises Compound I

H,C CH;
N‘\-
N7~
HyC—
— P
CHs

T )¢

N)QN
@

Compound |
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or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically
acceptable excipient.

The pharmaceutical composition of any one of claims 1 to 7, wherein the pharmaceutical
composition is a crystalline pharmaceutical composition,

The pharmaceutical composition of claim 8, wherein the crystalline pharmaceutical

composition further comprises oxalic acid.

. The pharmaceutical composition of claim 9, wherein the crystalline pharmaceutical

composition comprises Compound 1 and oxalic acid in a molar ratio of about 2:1.
A pharmaceutical composition comprising a CRF1 antagonist, wherein the
pharmaceutical composition is characterized by a differential scanning calorimetry (DSC)

thermogram comprising an endotherm in the range of about 160 °C 10 170 °C.

. The pharmaceutical composition of claim 11, wherein the pharmaceutical composition is

characterized by a differential scanning calorimetry (DSC) thermogram comprising an
endotherm with an onset of about 164 °C and a peak of about 166 °C.

The pharmaceutical composition of claim 11 or 12, wherein the pharmaceutical
composition is characterized by a melting point of about 166 °C.

The pharmaceutical composition of any one of claims 11 to 13, wherein the CRF1

antagonist comprises Compound 1

H3C CHs
N~
H,C—< !
e P
N™ “CHs

i\ cl

Ty

0/
Compound 1

or a pharmaceutically acceptable salt thereof, and at least one pharmaceutically

acceptable excipient.

. The pharmaceutical composition of any one of claims 11 to 14, wherein the

pharmaceutical composition is a erystalline pharmaceutical composition.

. The pharmaceutical composition of claim 15, wherein the crystalline pharmaceutical

composition further comprises oxalic acid.
The pharmaceutical composition of claim 16, wherein the crystalline pharmaceutical

composition comprises Compound 1 and oxalic acid in a molar ratio of about 2:1.
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18. The pharmaceutical composition of any one of claims 11 to 17, wherein the
pharmaceutical composition is further characterized by a thermogravimetric analysis
(T'GA) thermogram comprising a loss in mass of about 11% over a temperature range of
about 25 °C to about 200 °C.

19. A method of preparing a crystalline composition comprising Compound 1:

H;C CHy
Ne
N™ ™=
He— |
CHa
£ V—q

oh
o/
Compound 1,
wherein the method comprises;
(a) dissolving Compound 1 and an acid in a solvent;
(b) heating the solution or sturry from step (a); and
(c) crystallizing the solution or slurry obtained in step (b) to obtain the crystalline
composition comprising Compound 1.
20. The method of claim 19, wherein the acid comprises oxalic acid.
21. The method of claim 19 or 20, wherein the solvent in step (a) is heptane.
22, The method of claim 19 or 20, wherein the solvent in step (a) is methy! tert-butyl ether or
methyl ethyl ketone.
23. The method of claim 19 or 20, wherein the solvent in step (a) is a mixture of heptane and
methyl ethyl ketone.
24. The method of any one of claims 19 to 23, wherein step (b) is heated at about 50 C.

25. A pharmaceutical composition comprising Compound 1:

H4C CHg
N--
NT™=
7
HsC .
N™ "CH,

i; ci

Compound 1, or a pharmaceutically acceptable salt or solvate thereof,

(\N

0
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wherein Compound 1 is present in an amount of 25% w/w; and

a diluent in about 5% to about 70%

26, The pharmaceutical composition of claim 235, wherein Compound 1 isin an amount of
about 50 mg to about 200 mg,

27. The pharmaceutical composition of claim 25, wherein Compound 1 is in an amount of
about 50 mg.

28. The pharmaceutical composition of claim 25, wherein the diluent is selected from the
group consisting of calcium carbonate, microcrystalline cellulose, calcium phosphate,
starch, pregelatinized starch, sodium carbonate, mannitol, and lactose monohydrate, and a
combination thereof

29. The pharmaceutical composition of claim 28, wherein the diluent is lactose monochydrate.

30. The pharmaceutical composition of claim 29, wherein the lactose monohydrate is about
20% to about 45% by weight of the pharmaceutical composition.

31. The pharmaceutical composition of claim 29, wherein the lactose monohydrate is about
20% to about 40.25% by weight of the pharmaceutical composition.

32, The pharmaceutical composition of claim 31, wherein the lactose monohydrate is in an
amount that is about 16.1, 40 25, 80.5, or 322 mg.

33. The pharmaceutical composition of claim 28, wherein the diluent is microcrystalline
cellulose.

34, The pharmaceutical composition of claim 28, further comprising a second diluent,

wherein the second diluent comprises microcrystalline cellulose

35. The pharmaceutical composition of claim 33, wherein the microcrystalline cellulose is

about 25% by weight of the pharmaceutical composition.

36. The pharmaceutical composition of claim 35, wherein the microcrystalline cellulose is in

an amount that is about 50 mg

37. The pharmaceutical composition of claim 25, further comprising a binder, wherein the
binder is selected from the group consisting of corn starch and potato starch, gelatin,
sucrose hydroxypropyl cellulose (HPC), polyvinylpyrrolidone (PVP), and hydroxypropyl

methyl cellulose (HPMC), and a combination thereof.

Lo
oo

. The pharmaceutical composition of claim 37, wherein the binder comprises HPC.

L
O

. The pharmaceutical composition of claim 38, wherein the HPC is about 3% by weight of

the solid dosage form.
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. The pharmaceutical composition of claim 25, further comprising a surfactant, wherein the

surfactant is selected from the group consisting of sodium lauryl sulfate, tetradecyl
trimethyl ammonium bromide with dodecyl, hexadecyl compound, benzalkonium
chloride, cetylpyridinium chloride, alkylsulphate, alkylethoxylate sulphate, soap,
carxylate ion, sulfate ion, sulfonate ion, polyoxyethylene derivative, polyvoxypropylene
derivative, polyol derivative, polvol ester, polyoxyethylene ester, poloxamers, glocol,

glyvcerol ester, sorbitan derivative, and polyethylene glycol, and a combination thereof.

The pharmaceutical composition of claim 40, wherein the surfactant comprises sodium

tauryl sulfate.

The pharmaceutical composition of claim 41, wherein the sodium lauryl sulfate is about

0.75% by weight of the solid dosage form.

. The pharmaceutical composition of claim 42, wherein the sodium lauryl sulfate is in an

amount that is about 1.5 mg.

. The pharmaceutical formulation of claim 25, further comprising a disintegrant, wherein

the disintegrant is selected from the group consisting of starch, alginic acid, ac-di-sol.
croscarmellose sodium, sodium starch glycolate, and crospovidone, and a combination

thereof.

. The pharmaceutical formulation of claim 44, wherein the disintegrant comprises

croscarmellose sodium.

The pharmaceutical formulation of claim 25, further comprising a glidant, wherein the

glidant comprises colloidal silicon dioxide.

The pharmaceutical formulation of claim 46, wherein the colloidal silicon dioxide is

about 1% by weight of the solid dosage form.

The pharmaceutical formulation of claim 46, wherein the colloidal silicon dioxide is in an

amount that is about 2 mg,

The pharmaceutical formulation of claim 25, further comprising a lubricant, wherein the
lubricant is selected from the group consisting of talc, stearic acid, magnesium stearate,

sodium stearyl fumarate, and a combination thereof’

. The pharmaceutical formulation of claim 25, wherein the pharmaceutical formulation is

in a solid dosage form.
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The pharmaceutical formulation of claim 50, wherein the solid dosage form is a tablet.

. The pharmaceutical formulation of claim 50, wherein the solid dosage form is a granules

form.

. The pharmaceutical formulation of claim 52, wherein said granules form is packaged in a

capsule.

54. The pharmaceutical formulation of claim 52, wherein said granules form is packaged in a

sachet.
A pharmaceutical formulation, comprising:

{a) about 10 mg to about 300 mg of 3-(4-Chloro-2-{marpholin-4-yl jthiazol-3-y1}-7-(1-
ethylpropyl }-2,5-dimethylpyrazolo{1,5-a) pyrimidine (Compound 1), or a
pharmaceutically acceptable salt or solvate thereof;

(b) a first diluent in about 40% to about 45% by weight, wherein the first diluent
comprises lactose monohydrate;

(c) a second diluent in about 25% by weight, wherein the second diluent comprises
microcrystaliine cellulose,;

(d) about 1% to about 6% by weight of hydroxypropyl cellulose;

(e) about 0.5% to about 5% by weight of sodium laury! sulfate; and

{f) about 4% by weight of croscarmellose sodium.

. A crystalline composition comprising Formula I:

301::5 }zf

Formula L

. The crystalline composition of claim 56, wherein the crystals have unit cell parameters at

T= 150K of a=34.003(4) A, b=6.5843(13) A, ¢ =21.062(5) A; p = 108.703(12)°, V =
4466.5(15) A* and a monoclinic C2/c space group.
The crystalline composition of claim 56, wherein the crystalline composition is

characterized by:

- 88 -

2057



59

61.

62.

WO 2023/091684 PCT/US2022/050436

(a) an X-ray powder diffraction pattern comprising peaks at 10.84 = 0.2° 2-6, 1596 +
(0.2°2-6, 23 44 + (.2° 2-0, and 24 80 + 0.2° 2-0, and as measured by X-ray
powder diffraction using an X-ray wavelength of 0.71073 A;

(b) an X-ray powder diffraction pattern substantially the same as shown in FIG. 1,

(¢) a differential scanning calorimetry (DSC) thermogram comprising an endotherm
in the range of about 160 °C to 170 °C,

(d) a differential scanning calorimetry (DSC) thermogram comprising an endotherm
with an onset of about 164 °C and a peak of about 166 °C;

(e) a differential scanning calorimetry (DSC) thermogram substantially the same as
shown in FIG. 2;

(f) a thermogravimetric analysis (TGA) thermogram comprising a loss in mass of
about 11% over a temperature range of about 25 °C to about 200 °C;

(g) a thermogravimetric analysis (FGA) thermogram substantially the same as shown
in FIG. 3: or

(h) combinations thereof.

. The crystalline composition of any one of claim 56, wherein the crystalline composition

is characterized by an X-ray powder diffraction pattern comprising peaks at 10.84 + 0.2°
2-8, 15.96 + 0.2° 2-8, 23.44 + 0.2° 2-0, and 24.80 + 0.2° 2-6, and as measured by X-ray

powder diffraction using an X-ray wavelength of 0.71073 A

. The crystalline composition of claim 59, wherein the X-ray powder diffraction pattern

further comprising at least one peak selected from 5.44 + 0.2° 2-6, 20.78 + 0.2° 2-0, 22.74
+0.29 2-0, 23.04 £ 0.2° 2-0, 26.80 % 0.2° 2-0, and 28.86 + 0.2° 2-0, and as measured by
X-ray powder diffraction using an X-ray wavelength of 0.71073 A.

The crystalline composition of claim 59, wherein the X-ray powder diffraction pattern
further comprising at least five peaks selected from 8.82+0.2°2-6, 11.70 + 0.2° 2-8,
14.60+ 0.2° 2-0, 1556 £ 0.2°2-0, 16.70+ 0.2° 2-6, 18 82+ 0.2° 2-0, 19.18 £ 0.2° 2.0,
20.02+0.2°2-0,2050+0.2°2-0,21.72£0.2° 2-6, 25.52 £ 0.2° 2-6, 25 92 = 0.2° 2-0,
26.94 £ 0.2° 2-0, and 28.00 £ 0.2° 2-0, and as measured by X-ray powder diffraction
using an X-ray wavelength of 0.71073 A

The crystalline composition of any one of claims 56 to 61, wherein the crystalline
composition is characterized by an X-ray powder diffraction pattern substantially the

same as shown in FIG. 1.
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63. The crvstalline composition of any one of claims 56 to 62, wherein the crystalline
composition is characterized by a differential scanning calorimetry (DSC) thermogram
comprising an endotherm in the range of about 160 °C to 170 °C.

64. The crystalline composition of any one of claims 56 to 62, wherein the erystalline
composition is characterized by a differential scanning calorimetry (DSC) thermogram
comprising an endotherm with an onset of about 164 °C and a peak of about 166 °C.

65. The crystalline composition of any one of claims 56 to 64, wherein the crystalline
composition is characterized by a melting point of about 166 °C.

66. The crystalline composition of any one of claims 50 to 65, wherein the crystalline
composition if characterized by a differential scanning calorimetry (DSC) thermogram
substantially the same as shown in FIG. 2.

67. The crystalline composition of any one of claims 56 to 66, wherein the crystalline
composition is characterized by a thermogravimetric analysis (TGA) thermogram
substantially the same as shown in FIG 3.

68. The crystalline composition of any one of claims 56 to 67, wherein the crystalline
composition is characterized by a dynamic vapor sorption (DVS) trace substantially the
same as shown in FI1G. 4.

69. A method of preparing a crystalline composition comprising Formula I

HiC CHj HaC CH,
N~ ~N
N7 N

Hic—¢ »—CHs

= P = =
N"CHy HsC” N

S
/I-\-.\ Cl Ho)lﬁrOH Cl /i

oy ! N

O (o

Formula I,

wherein the method comprises:

(a) dissolving 4-(4-chloro-53-(2,5-dimethyl-7-(pentan-3-yl)pyrazolo[1,5-a]pyrimidin-
3-yhrhiazol-2-yhmorpholine (Compound 1) and oxalic acid in a solvent;

(b) heating the solution or slurry from step (a); and

(c) crystallizing the solution or slurry obtained in step (b) to obtain the crystalline

composition comprising Formula |
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The method of claim 69, wherein the solvent in step (a) comprises acetone, heptane,
water, 2-butanol, ethyl acetate, 2-propanot, methyl tert-butyl ether, ethanol, methyl ethyl
ketone, 1-pentanol, or a combination thereof.

The method of ¢laim 70, wherein the solvent in step (a) is heptane,

The method of claim 70, wherein the solvent in step (a) is methyl tert-butyl cther or
methyl ethyl ketone.

The method of claim 70, wherein the solvent in step (a) is a mixtare of heptane and
methyl ethyl ketone.

The method of claim 69, wherein step (b) is heated at about 50 'C.

A method of treating or preventing testicular adrenal rest tumors (TART) or ovarian
adrenal rest tumors (OART) in a subject in need thereof, comprising administering the
subject the crystalline composition of any one of the preceding claims.

The method of claim 75, wherein the subject has congenital adrenal hyperplasia (CAH).
A method of treating congenital adrenal hyperplasia (CAH) in a subject in need thereof,
comprising administering to the subject the crystalline composition of any one of the
preceding claims.

The method of claim 77, wherein the CAH is classic CAH.

The method of claim 77, wherein the CAH is non-classical CAH.

A method of improving hyperandrogenic symptoms in a subject in need thereof,
comprising administering to the subject the crystalline composition of any one of the
preceding claims.

The method of claim 80, wherein the hyperandrogenic symptoms are selected from the

group consisting of acne, hirsutism, and alopecia.

. A method of treating menstrual irregularity, ovulatory dvsfunction or infertility. in a

subject in need thereof, comprising administering to the subject the crystalline
composition of any one of the preceding claims.

A method of improving metabolic symptoms in a subject in need thereof, comprising
administering to the subject the crystalline composition of any one of the preceding
claims.

The methad of claim 83, wherein the metabolic symptoms are selected from the group
consisting of body weight, BMI, fat mass, waist circumference, blood pressure and
glycemic control.

A method of treating polycystic ovary syndrome with functional ovarian

hyperandrogenism and functional adrenal hyperandrogenism (PCOS-FOH + FAH) in a
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subject in need thereof, comprising administering to the subject the crystalline
composition of any one of the preceding claims.

A method of treating polycystic ovary syndrome with functional adrenal
hyperandrogenism (PCOS-FAH) in a subject in need thereof, administering to the subject
the crystalline composition of any one of the preceding claims.

A method of treating endometriosis or improving the symptoms of endometriosis in a
subject in need thereof, comprising administering to the subject the crystalline
composition of any one of the preceding claims.

The method of claim 87, wherein the administration of the crystalline composition or the
pharmaceutical composition improves the symptom of pain experienced by the subject.
The method of claim 87, wherein the administration of the crystalline composition or the

pharmaceutical composition reduces the symptom of pain experienced by the subject.

. The method of claim 87, wherein the administration of the crystalline composition or the

pharmaceutical composition prevents the symptom of pain experienced by the subject.
The method of claim 87, wherein the administration of the crystalline compaosition or the
pharmaceutical composition eliminates the symptom of pain experienced by the subject.
The method of any one of claims 75 to 87, wherein the crystalline composition or the
pharmaceutical composition is administered at a dose from about § mg/day to about 1000
mg/day.

The method of any one of claims 75 to 92, wherein the crystalline composition or the

pharmaceutical composition is 75to in 4 fed state.

. The method of any one of claims 75 to 92, wherein the crystalline composition or the

pharmaceutical composition is administered in a fasted state.

. The method of any one of claims 75 to 94, wherein the crystalline composition or the

pharmaceutical composition is administered at least once per day.

. The method of any one of claims 75 to 95, furthering comprising administering to the

subject an additional therapeutic agent.

The method of anyone of the preceding claims, wherein the method further comprises
administering an additional therapeutic agent, wherein the additional therapeutic agent is
glucocorticoid, a mineralocorticoid, an ACATT inhibitor, or an anti-androgen agent.

The method of claim 97, wherein the glucocorticoid is beclomethasone, betamethasone,
budesonide, cortisone, dexamethasone, hydrocortisone, methylprednisolone,

prednisolone, prednisone, or triamcinolone.

. The method of claim 97, wherein the mineralacorticoid is fludrocortisone.
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100.  The method of claim 97, wherein the additional therapeutic agent is another CRF,
antagonist.

101, The method of any one of claims 75 to 100, further comprising an additional
treatment selected from surgical resection of the tumors and radiation therapy, or a
combination thereof.

102, The method of claim 101, wherein the additional therapy is surgical resection and the
surgical resection is prior to, after, and/or concurrent with administration of the crystalline
composition of any one of the preceding claims.

103, The method of any one of claims 75 to 97, wherein the additional treatment is
radiation therapy and the radiation therapy is prior to, afler, and/or concurrent with
administration of the crystalline composition of any one of the preceding claims.

104.  The method of any one of the preceding claims, wherein the subject is from about 9
years of age to about 18 years of age.

105.  The method of any one of the preceding claims, wherein the subject is from about 8

vears of age to about 55 years of age.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to 4-(2-chloro-4-methoxy5-methylphenyl)}-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, for the
treatment of congenital adrenal hyperplasia (CAH). The presentdisclosure further relates to pharmaceutical formulations
and solid forms of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-
methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, and their use in the treatment
of congenital adrenal hyperplasia (CAH).

BACKGROUND

[0002] Classic congenital adrenal hyperplasia (CAH) is a disease that includes a group of autosomal recessive dis-
orders that result in an enzyme deficiency that alters the production of adrenal stercids due to 21-hydroxylase deficiency,
a condition that results in little or no cortisol biosynthesis. One clinical manifestation of the absence of cortisol is the lack
of feedback inhibition of pituitary adrenocorticotropic hormone (ACTH) secretion. Increased ACTH levels cause adrenal
hyperplasia and the enzyme mutation causes a shunting of cortisol precursor steroids to alternate pathways. Most
notably, the shunting of androgens leads to virilization and other developmental complications in females and the over-
accumulation of ACTH is associated with the formation of testicular adrenal rest tumors in males. In addition, since the
same enzyme (21-hydroxylase) is used in the pathway for the biosynthesis of the mineralocorticoids, a number of these
patients suffer from aldosterone deficiency which can result in dehydration and death due to salt-wasting. The prevalence
of classic 21-hydroxylase deficiency CAH in the US general population, based on newborn screening, has been docu-
mented as 1:10,000 to 1:20,800 (Trakakis et al., "An update to 21-hydroxylase deficient congenital adrenal hyperplasia,”
Gynecol. Endocrinol. (2010) 26(1):63-71; Hertzberg et al., "Birth prevalence rates of newborn screening disorders in
relation to screening practices in the United States," J. Pediatr. (2011) 159(4):555-560).

[0003] Pediatric patients from birth through adolescence, and females in particular, appear to be the most vulnerable
population of CAH sufferers and represent the subgroup of patients with the greatest unmet medical need (Cheng and
Speiser, "Treatment outcomes in congenital adrenal hyperplasia," Adv. Pediatr. (2012) 59(1):269-281, Merke and Pop-
pas, "Management of adolescents with congenital adrenal hyperplasia," Lancet Diabetes Endocrinol. (2013)
1(4):341-352). Excessive androgen production in these younger patients results in early onset puberty and adrenarche,
changes in skeletal maturation patterns, short stature caused by premature growth plate fusion, as well as significant
hirsutism and acne problems. While survival is properly ensured through steroid replacement strategies based on phys-
iologic dosing of glucocorticoids (e.g., hydrocortisone) and mineralocorticoids (e.g., fludrocortisone), these doses are
often inadequate to suppress the accumulating ACTH and overproduction of progestogens and androgens (e.g., 17-
hydroxyprogesterone [17-OHP], androstenedione, and testosterone). The uncontrolled symptoms of androgen excess,
indeed, have a substantial impact on the day-to-day functioning and development of these patients.

[0004] Currently, exogenous corticosteroids are the standard of care for treating patients with classic CAH. This
treatment is used to correct the cortisol deficiency and reduce the excessive ACTH levels and androgen excess. However,
the dose and duration of steroid use required to suppress ACTH are typically well above the normal physiological level
used for cortisol replacement alone (as in patients with Addison’s disease). This increased exposure to glucocorticoids
can lead to iatrogenic Cushing’s syndrome, increased cardiovascular risk factors, glucose intolerance, reduced growth
velocity, and decreased bone mineral density in CAH patients (Elnecave et al., "Bone mineral density in girls with classical
congenital adrenal hyperplasia due to CYP21 deficiency," J. Pediatr. Endocrinol. Metab. (2008) 21(12):1155-1162; King
et al., "Long-term corticosteroid replacement and bone mineral density in adult women with classical congenital adrenal
hyperplasia," J. Clin. Endocrinol. Metab. (2006) 91(3):865-869; Migeon and Wisniewski, "Congenital adrenal hyperplasia
owing to 21-hydroxylase deficiency. Growth, development, and therapeutic considerations," Endocrinol. Metab. Clin.
North Am. (2001) 30(1):193-2086).

[0005] Corticotropin releasing factor (CRF) is a hypothalamic hormone released directly into the hypophyseal portal
vasculature and acts on specific corticotropin releasing factor 1 (CRF1) receptors on corticotropes in the anterior pituitary
to stimulate the release of ACTH. Blockade of these receptors has been shown to decrease the release of ACTH in both
animals and humans. Therefore, compounds that block CRF1 receptors have the potential to directly inhibit the excessive
ACTH release that occurs in CAH and thereby allow for normalization of androgen production while using lower, more
physiologic doses of hydrocortisone.

[0006] The compound of Formula (1)
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4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-
ynyl-1,3-thiazol-2-amine, is a selective CRF1 receptor antagonist. The compound of Formula (1) can be prepared ac-
cording to the methods described in U.S. Patent Nos. 6,586,456 and 8,314,249, each of which is hereby incorporated
by reference in its entirety. The compound of Formula (1) is a low solubility compound with low biocavailability. Partially
due to its low solubility, attempts at formulating the compound of Formula (1) have proven to be difficult, particularly for
formulations suitable for pediatric administration.

[0007] Thus, there is a need for atreatment for CAH that avoids the severe complications associated with corticosteroid
therapy. There is also a need for a formulation of the compound of Formula (I) with increased bioavailability and a need
for a formulation ofthe compound of Formula (1) that is suitable for pediatric administration. The formulations and methods
of the present invention help address these and other needs.

SUMMARY
[0008] Provided herein is a pharmaceutical composition comprising:

(a) a compound of Formula (I):

,;,
1) h
{3 B
/ i
4

or a pharmaceutically acceptable salt thereof, and
(b) one or more of an oily phase vehicle, an emulsifying agent, a nonionic surfactant, and a solubilizing agent.

[0009] Provided herein is a pharmaceutical composition in oral solution dosage form comprising:

(a) a compound of Formula (I):
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or a pharmaceutically acceptable salt thereof;
(b) one or more of a sweetener, an anti-oxidant, and a flavor; and
(c) a liquid vehicle,

[0010] Also provided herein is a pharmaceutical composition of the present disclosure (e.g., a pharmaceutical com-
position in oral solution dosage form of the present disclosure) for use in therapy, for example, for use in any of the
methods disclosed herein.

[0011] Provided herein is a method for treating congenital adrenal hyperplasia (CAH) comprising administering 4-(2-
chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenylethyl]-5-methyl-N-prop-2-ynyl-
1,3-thiazol-2-amine having the Formula (1):

&)

or a pharmaceutically acceptable salt thereof.

[0012] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of treating congenital adrenal hyperplasia in a subject.

[0013] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3- fluoro-4-methylphenyl)ethyl]l-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
saltthereof, in the manufacture ofa medicament foruse in a method oftreating congenital adrenal hyperplasiain a subject.
[0014] Provided herein is a method of treating congenital adrenal hyperplasia in a subject in need thereof comprising
administering  4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-me-
thyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, in an amount sufficient to reduce
the level of one ormore biomarkers selected from (a) 17-hydroxyprogesterone (17-OHP); (b) adrenocoerticotropic hormone
(ACTH). and (c) androstenedione in the subject.

[0015] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(15)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of treating congenital adrenal hyperplasia in a subject, wherein the compound, or pharma-
ceutically acceptable salt thereof, is administered in an amount sufficient to reduce the level of one or more biomarkers
selected from (a) 17-hydroxyprogesterone (17-CHP}; (b) adrenocorticotropic hormone (ACTH); and (c) androstenedione
in the subject.

[0018] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S8)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of treating congenital adrenal hyperplasia in a
subject, wherein the compound, or pharmaceutically acceptable salt thereof, is administered in an amount sufficient to
reduce the level of one or more biomarkers selected from (a) 17-hydroxyprogesterone (17-OHP); (b) adrenocorticotropic
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hormone (ACTH); and (c) androstenedione in the subject.

[0017] In some embodiments, the reduction in level of any of biomarkers is determined by comparing the level of the
biomarker as measured during the circadian release on a day prior to administering 4-(2-chloro-4-methoxy-5-methyl-
phenyl}-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a phar-
maceutically acceptable salt thereof and the level of the biomarker as measured during the circadian release on the day
after administering the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-
5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof. In some embodiments, the
circadian release occurs between the hours of 2 a.m. and 10 a.m.

[0018] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered three to eight hours prior to the circadian release of the biomarker.

[0019] Insome embodiments, the level of 17-hydroxyprogesterone is reduced by at least 25%. In some embodiments,
the level of 17-hydroxyprogesterone is reduced by at least 50%.

[0020] In some embodiments, the level of adrenocorticotropic hormone is reduced by at least 25%. In some embod-
iments, the level of adrenocorticotropic hormone is reduced by at least 40%. In some embodiments, the level of adren-
ocorticotropic hormone is reduced by at least 50%.

[0021] In some embodiments, the level of androstenedione is reduced by at least 25%. In some embodiments, the
level of androstenedione is reduced by at least 30%. In some embodiments, the level of androstenedione is reduced by
at least 50%.

[0022] In some embodiments, the level of 17-hydroxyprogesterone is reduced by at least 50% and the level of an-
drostenedione is reduced by at least 50%.

[0023] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered once daily at an amount equivalent to about 50 mg or about 100 mg of 4-(2-chloro-4-methoxy-5-methylphe-
nyl-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine free base.
[0024] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
yiphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine is administered in the free base form.

[0025] Provided herein is a method for reducing the severity of one or more symptoms selected from hirsutism,
precocious puberty, fertility problems, acne, and growth impairment in a subject having classic congenital adrenal hy-
perplasia, comprising administering 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, in an amount
sufficient to reduce the level of androstenedione in the subject. In some embodiments, the growth impairment is selected
from one or more of accelerated height velocity, accelerated weight velocity, or accelerated bone age.

[0026] Also provided herein is a compound which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of reducing the severity of one or more symptoms selected from hirsutism, precocious
puberty, fertility problems, acne, and growth impairment in a subject having classic congenital adrenal hyperplasia,
wherein the compound, or pharmaceutically acceptable salt thereof, is administered in an amount sufficient to reduce
the level of androstenedione in the subject.

[0027] Also provided herein is use of a compound which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of reducing the severity of one or more symptoms
selected from hirsutism, precocious puberty, fertility problems, acne, and growth impairment in a subject having classic
congenital adrenal hyperplasia, wherein the compound, or pharmaceutically acceptable salt thereof, is administered in
an amount sufficient to reduce the level of androstenedione in the subject.

[0028] In some embodiments, the level of androstenedione is reduced by at least 25%. In some embodiments, the
level of androstenedione is reduced by at least 30%. In some embodiments, the level of androstenedione is reduced by
at least 50%.

[0029] Provided herein is a method of reducing the level of one or more biomarkers of congenital adrenal hyperplasia
in a subject having congenital adrenal hyperplasia comprising administering to the subject 4-(2-chloro-4-methoxy-5-
methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or
a pharmaceutically acceptable salt thereof.

[0030] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of reducing the level of one or more biomarkers of congenital adrenal hyperplasia in a subject
having congenital adrenal hyperplasia.

[0031] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
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salt thereof, in the manufacture of a medicament for use in a method of reducing the level of one or more biomarkers
of congenital adrenal hyperplasia in a subject having congenital adrenal hyperplasia.

[0032] Insome embodiments, the one or more biomarkers of congenital adrenal hyperplasia are selected from (a) 17-
hydroxyprogesterone (17-OHP); (b) adrenocorticotropic hormone (ACTH); and (c) androstenedione.

[0033] Provided hereinis a method of reducing the dosage of corticosteroid administered to a subject having congenital
adrenal hyperplasia for controlling congenital adrenal hyperplasia comprising administering to the subject 4-(2-chloro-
4-methoxy-5-methylphenyl)N-[{1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thia-
zol-2-amine, or a pharmaceutically acceptable salt thereof. In some embodiments, the corticostereid is a glucocorticoid.
[0034] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(18)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of reducing the dosage of corticosteroid administered to a subject having congenital adrenal
hyperplasia.

[0035] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3- fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of reducing the dosage of corticosteroid administered
to a subject having congenital adrenal hyperplasia.

[0036] Provided herein is a method of reducing the severity of one or more side effects of glucocorticoid treatment in
a subject having congenital adrenal hyperplasia comprising administering to the subject 4-(2-chloro-4-methoxy-5-meth-
ylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-flucro-4-methylphenyljethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a
pharmaceutically acceptable salt thereof, wherein the side effect is selected from osteoporosis, avascular necrosis of
bone, myopathy, hyperglycemia, diabetes mellitus, dyslipidemia, weight gain, Cushing syndrome, Cushingoid features,
growth suppression, adrenal suppression, gastritis, peptic ulcer, gastrointestinal bleeding, visceral perforation, hepatic
steatosis, pancreatitis, hypertension, coronary heart disease, ischemic heart disease, heart failure, dermatoprosis, skin
atrophy, ecchymosis, purpura, erosions, striae, delayed wound healing, easy bruising, acne, hirsutism, hair loss, mood
changes, depression, euphoria, mood lability, irritability, akathisia, anxiety, cognitive impairment, psychosis, dementia,
delirium, cataract, glaucoma, ptosis, mydriasis, opportunistic ocular infections, central serous chorioretinopathy, sup-
pression of cell-mediated immunity, predisposition to infections, and reactivation of latent infections.

[0037] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of reducing the severity of one or more side effects of glucocorticoid treatment in a subject
having congenital adrenal hyperplasia, wherein the side effectis selected from osteoporosis, avascular necrosis of bone,
myopathy, hyperglycemia, diabetes mellitus, dyslipidemia, weight gain, Cushing syndrome, Cushingoid features, growth
suppression, adrenal suppression, gastritis, peptic ulcer, gastrointestinal bleeding, visceral perforation, hepatic steatosis,
pancreatitis, hypertension, coronary heart disease, ischemic heart disease, heart failure, dermatoprosis, skin atrophy,
ecchymosis, purpura, erosions, striae, delayed wound healing, easy bruising, acne, hirsutism, hair loss, mood changes,
depression, euphoria, mood lability, irritability, akathisia, anxiety, cognitive impairment, psychosis, dementia, delirium,
cataract, glaucoma, ptosis, mydriasis, opportunistic ocular infections, central serous chorioretinopathy, suppression of
cell-mediated immunity, predisposition to infections, and reactivation of latent infections.

[0038] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S8)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of reducing the severity of one or more side effects
of glucocorticoid treatment in a subject having congenital adrenal hyperplasia, wherein the side effect is selected from
osteoporosis, avascular necrosis of bone, myopathy, hyperglycemia, diabetes mellitus, dyslipidemia, weight gain, Cush-
ing syndrome, Cushingoid features, growth suppression, adrenal suppression, gastritis, peptic ulcer, gastrointestinal
bleeding, visceral perforation, hepatic steatosis, pancreatitis, hypertension, coronary heart disease, ischemic heart dis-
ease, heart failure, dermatoprosis, skin atrophy, ecchymosis, purpura, erosions, striae, delayed wound healing, easy
bruising, acne, hirsutism, hair loss, mood changes, depression, euphoria, mood lability, irritability, akathisia, anxiety,
cognitive impairment, psychosis, dementia, delirium, cataract, glaucoma, ptosis, mydriasis, opportunistic ocular infec-
tions, central serous chorioretinopathy, suppression of cell-mediated immunity, predisposition to infections, and reacti-
vation of latent infections.

[0039] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof is adminis-
tered at an amount sufficient to reduce the level of 17-hydroxyprogesterone (17-OHP) by at least 50% as compared to
the level prior to administration.

[0040] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof is adminis-
tered at an amount sufficient to reduce the level of androstenedione by at least 30% as compared to the level prior to
administration.
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[0041] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof is adminis-
tered at an amount sufficient to (a) reduce the level of 17-hydroxyprogesterone (17-OHP) by at least 50% as compared
to the level prior to administration; and (b) reduce the level of androstenedione by at least 30% as compared to the level
prior to administration.

[0042] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyll-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered once daily at an amount equivalent to from about 25 mg to about 150 mg 4-(2-chloro-4-methoxy-5-methylphe-
nyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine free base.
[0043] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered once daily at an amount equivalent to about 50 mg or about 100 mg of 4-(2-chloro-4-methoxy-5-methylphe-
nyl)-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine free base.
[0044] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine is administered in the free base form.

[0045] Provided herein is a method of treating congenital adrenal hyperplasia in a subject comprising

(iy measuring the level of one or more biomarkers selected from (a) 17-hydroxyprogesterone (17-OHPY); (b) adren-
ocorticotropic hormone (ACTH); and (c) androstenedione in a biological sample obtained from the subject;

(ii} analyzing the level of the one or more biomarkers to determine if the level of the one or more biomarkers is
elevated compared to a healthy subject not having congenital adrenal hyperplasia; and

(iiiy administering to the subject 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof if the sub-
ject is determined to have elevated levels of the one or more biomarkers.

[0046] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of treating congenital adrenal hyperplasia in a subject comprising

(iy measuring the level of one or more biomarkers selected from (a) 17-hydroxyprogesterone (17-OHPY); (b) adren-
ocorticotropic hormone (ACTH); and (c) androstenedione in a biological sample obtained from the subject;

(ii} analyzing the level of the one or more biomarkers to determine if the level of the one or more biomarkers is
elevated compared to a healthy subject not having congenital adrenal hyperplasia; and

(iiiy administering to the subject 4-(2-chloro-4-methoxy-5-methylphenyl)}-N-[(IS)-2-cyclopropyl-1-(3-fluoro-4-methyl-
phenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof if the sub-
ject is determined to have elevated levels of the one or more biomarkers.

[0047] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of treating congenital adrenal hyperplasia in a
subject, wherein the method comprises:

(iy measuring the level of one or more biomarkers selected from (a) 17-hydroxyprogesterone (17-OHP); (b) adren-
ocorticotropic hormone (ACTH); and (c) androstenedione in a biological sample obtained from the subject;

(ii} analyzing the level of the one or more biomarkers to determine if the level of the one or more biomarkers is
elevated compared to a healthy subject not having congenital adrenal hyperplasia; and

(iiiy administering to the subject 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(IS)-2-cyclo propyl-1-(3-fluoro-4-methyl-
phenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof if the sub-
ject is determined to have elevated levels of the one or more biomarkers.

[0048] In some embodiments, the method further comprises (iv) measuring the level of the one or more biomarkers
after administering 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-
methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, in a biological sample obtained
from the subject to determine whether the subject has reduced levels of the one or more biomarkers as compared with
the measurement of step (i). In some embodiments, the method further comprises (v) continuing the administration of
4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-
ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof if the subject has reduced levels of the one or
more biomarkers.
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[0049] Insome embodiments, steps (i) and (iv) are performed on biological samples taken from the subject in a similar
manner and within a same time of day window. In some embodiments, steps (i) and (iv) are performed on biclogical
samples taken from the subject within the time of day window from 2 a.m. to 10 a.m. In some embodiments, steps (i)
and (iv) are performed on biological samples taken from the subject within the time of day window from 6 a.m. to 10a.m.
[0050] In some embodiments, steps (i) and (iv) comprise measuring the levels of at least two biomarkers selected
from (a) 17-hydroxyprogesterone (17-OHPY); (b) adrenocorticotropic hormone (ACTH); and (c) androstenedione.
[0051] In some embodiments, steps (i) and (iv) comprise measuring the levels of (a) 17-hydroxyprogesterone (17-
OHP); (b) adrenocorticotropic hormone (ACTH); and (c) androstenedione.

[0052] In some embodiments, step (i) comprises measuring the level of 17-hydroxyprogesterone (17-OHP), wherein
the level of 17-hydroxyprogesterone (17-OHP) is elevated when it is greater than or equal to 1,000 ng/dL.

[0053] Insome embodiments, step (i) comprises measuring the level of androstenedione, wherein the level of andros-
tenedione is elevated when it is greater than 200 ng/dL.

[0054] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cycloptopyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered once daily at an amount equivalent to from about 25 mg to about 150 mg of 4-(2-chloro-4-methoxy-5-methylphe-
nyl-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine free base. In
some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nylhethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is administered
once daily at an amount equivalent to about 50 mg or about 100 mg of 4-(2-chloro-4-methoxy-5-methylphenyl}-N-[(1S)-
2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine free base. In some embod-
iments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphenyljethyl]-5-methyl-
N-prop-2-ynyl-1,3-thiazol-2-amine is administered in the free base form.

[0055] Provided herein is a method of treating congenital adrenal hyperplasia (CAH), in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of 4-(2-chloro-4-methoxy-5-methylphe-
nyl-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharma-
ceutically acceptable salt thereof, where in the subject is in a fed state.

[0056] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of treating congenital adrenal hyperplasia (CAH) in a subject, wherein the subject is in a
fed state.

[0057] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of treating congenital adrenal hyperplasia (CAH)
in a subject, wherein the subject is in a fed state.

[0058] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered to the subject with a nutritional composition. In some embodiments, the nutritional composition is a liquid dietary
supplement comprising about 1500 calories per liter with a caloric distribution of about 14.7% protein, about 32% fat
and about 53.3% carbohydrate. In some embodiments, the nutritional composition is administered in an amount of about
8 fluid ounces. In some embodiments, the nutritional composition is administered within 30 minutes of administration of
the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-
2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof.

[0059] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered to the subject with a nutritional composition. In some embodiments, the nutritional composition is a liquid dietary
supplement comprising 1500 calories perliterwith a caloricdistribution of 14.7% protein, 32% fat and 53.3% carbohydrate.
In some embodiments, the nutritional composition is administered in an amount of about & fluid ounces. In some em-
bodiments, the nutritional composition is administered within 30 minutes of administration of the 4-(2-chloro-4-methoxy-
5-methylphenyl)-N-[(1S}-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine,
or a pharmaceutically acceptable salt thereof.

[0060] In some embodiments, administering the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-
fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,
exhibits a positive food effect. In some embodiments, the positive food effect is measured in terms of C .., AUC, or
combinations thereof when comparing oral administration of the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cy-
clopropyl-1-(3-fluoro-4-methylphenylethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically accept-
able salt thereof, in the fed and fasting states.

[0061] In some embodiments, the ratio of the AUC in the fed state to the AUC in the fasted state is about 5 to about
10. In some embodiments, the ratio of the C,,, in the fed state to the C,, in the fasted state is about 5 to about 10.
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[0062] Provided herein is a method of reducing glucocorticoid burden in a subject as measured after a time period of
administration of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl}-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, wherein
the decrease in glucocorticoid burden is relative to the glucocorticoid burden prior to administration of the compound,
or pharmaceutically acceptable salt thereof.

[0063] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, foruse in a method of reducing glucocorticoid burden in a subject, wherein the decrease in glucocoerticoid burden
is relative to the glucocorticoid burden priorto administration ofthe compound, or pharmaceutically acceptable salt thereof.
[0064] Also provided herein is use of a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of reducing glucocorticoid burden in a subject,
wherein the decrease in glucocorticoid burden is relative to the glucocorticoid burden prior to administration of the
compound, or pharmaceutically acceptable salt thereof.

[0065] Provided herein is a method of improving one or more symptoms selected from quality of life, fatigue, sleep,
insulin resistance, glucose tolerance, glucose control, dyslipidemia, hyperlipidemia, bone mineral density, bone turnover,
fat mass, weight, central obesity, blood pressure, hirsutism severity, menstrual cyclicity, control of testicular adrenal rest
tumor and fertility in a subject having classic congenital adrenal hyperplasia, comprising administering 4-(2-chloro-4-
methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-
2-amine, or a pharmaceutically acceptable salt thereof, wherein the symptom is improved after a time period of admin-
istration of the compound, or pharmaceutically acceptable salt thereof, wherein the improvement in the one or more
symptoms is relative to the status of the one or more symptoms prior to administration of the compound, or pharmaceu-
tically acceptable salt thereof.

[0066] Also provided herein is a compound which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(18)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof, for use in a method of improving one or more symptoms selected from quality of life, fatigue, sleep, insulin
resistance, glucose tolerance, glucose control, dyslipidemia, hyperlipidemia, bone mineral density, bone turnover, fat
mass, weight, central obesity, blood pressure, hirsutism severity, menstrual cyclicity, control of testicular adrenal rest
tumor and fertility in a subject having classic congenital adrenal hyperplasia, wherein the symptom is improved after a
time period of administration of the compound, or pharmaceutically acceptable salt thereof, wherein the improvement
in the one or more symptoms is relative to the status ofthe one or more symptoms prior to administration of the compound,
or pharmaceutically acceptable salt thereof.

[0067] Also provided herein is use of a compound which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclo-
propyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for use in a method of improving one or more symptoms selected from
quality of life, fatigue, sleep, insulin resistance, glucose tolerance, glucose control, dyslipidemia, hyperlipidemia, bone
mineral density, bone turnover, fat mass, weight, central obesity, blood pressure, hirsutism severity, menstrual cyclicity,
control of testicular adrenal rest tumor and fertility in a subject having classic congenital adrenal hyperplasia, wherein
the symptom is improved after a time period of administration of the compound, or pharmaceutically acceptable salt
thereof, wherein the improvement in the one or more symptoms is relative to the status of the one or more symptoms
prior to administration of the compound, or pharmaceutically acceptable salt thereof.

[0068] Also provided herein is a compound, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt
thereof for use in therapy, for example, for use in any of the methods disclosed herein.

[0069] Alsoprovided hereinis use of4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, for manufac-
ture of a medicament for use in any of the methods disclosed herein.

[0070] Also provided herein is a spray-dried dispersion containing 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(15)-2-
cyclopropyl-1-(3-fluoro-4-methylphenyljethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine having the Formula (I}:
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or a pharmaceutically acceptable salt thereof, and a polymer. In some embodiments, the polymer is selected from a
neutral polymer, an enteric polymer, and a pyrrolidone polymer. In some embodiments, the weight ratio of the compound
of Formula (1) to the polymer is from about 1:9 to about 1:1.

[0071] In some embodiments, the polymer is a neutral polymer. In some embodiment, the neutral polymer is selected
from hydroxypropyl methylcellulose (HPMC) and hydroxyethyl cellulose (HEC).

[0072] Insomeembodiments, the polymerisan enteric polymer. In some embodiments, the enteric polymer is selected
from hydroxypropyl methyl cellulose acetate succinate (HPMCAS), cellulose acetate phthalate (CAP), hydroxypropyl
methyl cellulose phthalate (HPMCP), an amino methacrylate copolymer, an ammonioalkyl methacrylate copolymer, and
a methacrylic copolymer.

[0073] In some embodiments, the polymer is a pyrrolidone polymer. In some embodiments, the pyrrolidone polymer
is selected from polyvinyl pyrrolidone (PVP) and a polyvinyl pyrrolidone vinyl acetate (PVP/VA). In some embodiments,
the pyrrolidone polymer is PVP/V/A. In some embodiments, the copolymer comprises 1-vinyl-2-pyrrolidone and vinyl
acetate at a ratio of about 40:60 to about 80:40 by weight. In some embodiments, the copolymer comprises 1-vinyl-2-
pyrrolidone and vinyl acetate at a ratio of about 80:40 by weight. In some embodiments, the copolymer has the structure:

] CH3 m

wherein the value of n is about 1 to about 2 times the value of m. In some embodiments, the copolymer is copovidone,
wherein the value of n is about 1.16 times the value of m. In some embodiments, the copolymer is copovidone having
an average molecular weight of about 45,000 to about 70,000.

[0074] Provided herein is a spray-dried dispersion comprising 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(13S)-2-cy-
clopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine having the Formula (I):

i
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or a pharmaceutically acceptable salt thereof; and a polymer that is a copolymer of 1-vinyl-2-pyrrolidone and vinyl acetate
having the structure:

n CHy m
2

wherein the value of n is about 1 to about 2 times the value of m and the copolymer comprises 1-vinyl-2-pyrrolidone and
vinyl acetate at a ratio of about 60:40 by weight; and wherein the weight ratio of the compound of Formula (1) to the
copelymer is from about 1:1 to about 1:9.

[0075] In some embodiments of the spray-dried dispersions of the present disclosure, the compound of Formula (I}
and the polymer together form homogeneous particles. In some embodiments, the particles have a particle size distri-
bution Dgg of about 5 pm to about 100 p.m. In some embodiments, the particles have a particle size distribution Dgg of
about 10 p.m to about 50 wm. In some embodiments, the particles have a particle size distribution Dgq of about 15 pm
to about 30 p.m.

[0076] In some embodiments, the weight ratio of the compound of Formula (I} to the polymer is from about 1:1.5 to
about 1:9. In some embodiments, the weight ratio of the compound of Formula (I) to the polymer is from about 1:2.5 to
about 1:4. In some embodiments, the weight ratio of the compound of Formula (1) to the polymer is about 1:3.

[0077] In some embodiments, the particles have a residual solvent content less than about 2 wt %. In some embod-
iments, the particles have a residual solvent content less than about 1 wt %. In some embodiments, the particles have
a residual solvent content of about 0.5 wt % or less.

[0078] In some embodiments, the compound of Formula (I) in the dispersion is substantially amorphous.

[0079] Also provided herein is a method for preparing a spray-dried dispersion of the present disclosure, comprising:
dissolving the compound of Formula (1), or a pharmaceutically acceptable salt thereof, and the polymer in an organic
solvent to form a solution; and spray-drying the solution to produce the spray-dried dispersion, wherein the spray-drying
forms homogeneous particles of the compound of Formula (l) and the polymer.

[0080] In some embodiments, the method comprises removing the organic solvent after formation of the spray-dried
dispersion by drying the spray-dried dispersion. In some embodiments, the spray-dried dispersion is dried with a con-
vection tray dryer. In some embodiments, the organic solvent is acetone.

[0081] In some embodiments, the spray dryer inlet temperature is about 60°C to about 80°C. In some embodiments,
the spray dryer inlet temperature is about 72°C.

[0082] Insome embodiments, the spray dryer outlet temperature is about 25°C to about 45°C. In some embodiments,
the spray dryer outlet temperature is about 35°C.

[0083] In some embodiments, the homogeneous particles comprise a bulk density of less than about 0.2 g/mL. In
some embodiments, the homogeneous particles comprise a bulk density of less than about 0.15 g/mL.

[0084] In some embodiments, the homogeneous particles comprise a tapped density of less than about 0.3 g/mL. In
some embodiments, the homogeneous particles comprise a tapped density of less than about 0.25 g/mL.

[0085] Also provided herein is a pharmaceutical composition comprising the spray-dried dispersion of the present
disclosure and one or more pharmaceutically acceptable excipients. In some embodiments, the spray-dried dispersion
is present in an amount of about 20% to about 90% w/w of the composition. In some embodiments, the spray-dried
dispersion is present in an amount of about 40% to 80% w/w of the composition.

[0086] In some embodiments, the pharmaceutical excipients are selected from the group consisting of a filler, a
lubricant, and combinations thereof. In some embodiments, the filler is selected from the group consisting of a binder,
a diluent, a disintegrant, a glidant, a surfactant, and combinations thereof.

[0087] Insomeembodiments, the pharmaceutical composition is formulated in unit dosage form, wherein the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, is present in an amount of about 5 mg to about 200 mg.
In some embodiments, the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is present in an
amount of about 75 mg to about 150 mg. In some embodiments, the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, is present in an amount of about 50 mg. In some embodiments, the compound of Formula (1},
or a pharmaceutically acceptable salt thereof, is present in an amount of about 100 mg.

[0088] In some embodiments, the pharmaceutical composition is formulated as a tablet, capsule, sachet, powder,
granules, coated particle, coated tablet, enterocoated tablet, enterocoated capsule, melting strip, or melting film. In some
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embodiments, the pharmaceutical composition is in tablet form. In some embodiments, the pharmaceutical composition
is in capsule form. In some embodiments, the pharmaceutical composition is coated.

[0089] In some embodiments, the spray-dried dispersion is formulated for oral administration and exhibits a positive
food effect when administered orally. In some embodiments, the spray-dried dispersion has a ratio of the AUC in the
fed state to the AUC in the fasted state of about 5 to about 10. In some embodiments, wherein the spray-dried dispersion
has a ratio of the C .., in the fed state to the C ., in the fasted state of about 5 to about 10.

[0090] Also provided herein is a method for preparing a pharmaceutical composition, comprising combining the spray-
dried dispersion of the present disclosure with one or more pharmaceutically acceptable excipients.

[0091] Also provided herein is a method of treating congenital adrenal hyperplasia (CAH), in a subject in need thereof,
comprising administering to the subject a therapeutically effective amount of a spray-dried dispersion of the present
disclosure or a pharmaceutical composition comprising a spray-dried dispersion of the present disclosure.

[0092] Also provided herein is a spray-dried dispersion of the present disclosure or a pharmaceutical composition
comprising a spray-dried dispersion ofthe present disclosure for use in a method oftreating congenital adrenal hyperplasia
(CAH) in a subject.

[0093] Also provided herein is use of a spray-dried dispersion of the present disclosure in the manufacture of a
medicament for use in a method of treating congenital adrenal hyperplasia (CAH) in a subject.

[0094] In some embodiments, the spray-dried dispersion or the pharmaceutical composition is administered to the
subjectin a fed state. In some embodiments, the spray-dried dispersion orthe pharmaceutical composition is administered
to the subject with a nutritional composition. In some embodiments, the nutritional composition is a liquid dietary sup-
plement comprising about 1000 to about 2000 calories per literwith a fat content greaterthan 30%. In some embodiments,
the nutritional composition is a liquid dietary supplement comprising 1500 calories per liter with a caloric distribution of
14.7% protein, 32% fat and 53.3% carbohydrate. In some embodiments, the nutritional composition is administered in
an amount of about 8 fluid ounces. In some embodiments, the nutritional composition is administered within 30 minutes
of administration of the spray-dried dispersion or the pharmaceutical composition.

[0095] In some embodiments, administering the spray-dried dispersion or the pharmaceutical composition exhibits a
positive food effect. In some embodiments, the positive food effect is measured in terms of C,;,,,, AUC, or combinations
thereof when comparing oral administration of the spray-dried dispersion or pharmaceutical composition in the fed and
fasting states. In some embodiments, the ratio of the AUC in the fed state to the AUC in the fasted state is about 5 to
about 10. In some embodiments, the ratio of the C,,, in the fed state to the C,,, In the fasted state is about 5 to about
10. In some embodiments, the ratio of the AUC in the fed state to the AUC in the fasted state is about 10 to about 20.
In some embodiments, the ratio of the Cmax in the fed state to the C,,,, in the fasted state is about 10 to about 20.
[0096] In some embodiments of the disclosed methods, the subject is a pediatric subject.

[0097] Also provided herein is a spray-dried dispersion of the present disclosure or a pharmaceutical composition
comprising a spray-dried dispersion of the present disclosure, for use in therapy, for example, for use in any of the
methods disclosed herein.

[0098] Alsoprovided hereinis use of a spray-dried dispersion ofthe presentdisclosure for manufacture ofa medicament
for use in any of the methods disclosed herein.

[0099] Also provided herein is a method of treating congenital adrenal hyperplasia (CAH), in a subject in need thereof,
comprising administering to the subject a pharmaceutical composition of the present disclosure, wherein the pharma-
ceutical composition comprises a therapeutically effective amount of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0100] Also provided herein is a pharmaceutical composition of the present disclosure, wherein the pharmaceutical
composition comprises a therapeutically effective amount of the compound of Formula (I}, or a pharmaceutically accept-
able salt thereof, for use in a method of treating congenital adrenal hyperplasia (CAH) in a subject.

[0101] Also provided herein is use of pharmaceutical composition ofthe presentdisclosure, wherein the pharmaceutical
composition comprises a therapeutically effective amount of the compound of Formula (I}, or a pharmaceutically accept-
able salt thereof, in the manufacture of a medicament for use in a method of treating congenital adrenal hyperplasia
(CAH) in a subject.

[0102] Also provided herein is pharmaceutical composition of the present disclosure, wherein the pharmaceutical
composition comprises a therapeutically effective amount of the compound of Formula (I}, or a pharmaceutically accept-
able salt thereof, for use in therapy, for example, for use in any of the methods disclosed herein.

[0103] Alsoprovided herein is use of pharmaceutical composition ofthe presentdisclosure, wherein the pharmaceutical
composition comprises a therapeutically effective amount of the compound of Formula (I}, or a pharmaceutically accept-
able salt thereof, for manufacture of a medicament for use in any of the methods disclosed herein.

[0104] Also provided herein is a method of improving gastrointestinal absorption of a compound of Formula (I} in a
subject, comprising orally administering to the subject a therapeutically effective amount of a spray-dried dispersion of
the present disclosure or a pharmaceutical compeosition comprising a spray-dried dispersion of the present disclosure,
wherein the improvement is relative to oral administration of the compound of Formula (I) which has not been prepared
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as a spray-dried dispersion.

[0105] Also provided herein is a spray-dried dispersion of the present disclosure or a pharmaceutical composition
comprising a spray-dried dispersion of the present disclosure, for use in a method ofimproving gastrointestinal absorption
of a compound of Formula (I} in a subject, wherein the improvement is relative to oral administration of the compound
of Formula (1) which has not been prepared as a spray-dried dispersion.

[0106] Also provided herein is use of a spray-dried dispersion of the present disclosure in the manufacture of a
medicament for use in a method of improving gastrointestinal absorption of a compound of Formula (I} in a subject,
wherein the improvement is relative to oral administration of the compound of Formula (1) which has not been prepared
as a spray-dried dispersion.

[0107] In some embodiments, the subject is a pediatric subject.

[0108] Also provided herein is a method of improving oral bioavailability of a compound of Formula (I} in a subject,
comprising orally administering to the subject a therapeutically effective amount of a spray-dried dispersion ofthe present
disclosure or a pharmaceutical composition comprising a spray-dried dispersion of the present disclosure, wherein the
improvement is relative to oral administration of the compound of Formula (I) which has not been prepared as a spray-
dried dispersion.

[0109] Also provided herein is a spray-dried dispersion of the present disclosure or a pharmaceutical composition
comprising a spray-dried dispersion of the present disclosure, for use in a method of improving oral bioavailability of a
compound of Formula (I} in a subject, wherein the improvement is relative to oral administration of the compound of
Formula {I) which has not been prepared as a spray-dried dispersion.

[0110] Also provided herein is use of a spray-dried dispersion of the present disclosure in the manufacture of a
medicament for use in a method of improving oral bioavailability of a compound of Formula (1) in a subject, wherein the
improvement is relative to oral administration of the compound of Formula (l) which has not been prepared as a spray-
dried dispersion.

[0111] In some embodiments, the subject is a pediatric subject.

[0112] Alsoprovided hereinis a crystalline salt, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, p-toluenesulfonic acid salt.

[0113] Alsoprovided hereinis a crystalline salt, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-
1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, p-toluenesulfonic acid salt, foruse inther-
apy, for example, for use in any of the methods disclosed herein.

[0114] Also provided herein is use of a crystalline salt, which is 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(15)-2-
cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, p-toluenesulfonic acid salt,
for manufacture of a medicament for use in any of the methods disclosed herein.

[0115] Other features and advantages of the methods, processes, formulations, and uses provided herein will be
apparent from the following detailed description and figures, and from the claims.

DESCRIPTION OF DRAWINGS
[01186]

FIG. 1 shows the dissolution performance of several spray-dried dispersion formulations in 0.5 wt% simulated
intestinal fluid (SIF) in phosphate buffered saline (PBS), pH 6.5,

FIG. 2 shows the vertical membrane flux cell integrated in the p.Diss Profiler™ used for the membrane flux assay.
FIG. 3 shows non-sink dissolution data for several spray-dried dispersion formulations and the compound of Formula
(Iy in 0.5 wt% SIF in PBS, pH 6.5.

FIG. 4 is a graph showing membrane flux of 1 mg/mL GB/IB 0.5 wt% SIF doses of the compound of Formula (I} and
various spray-dried dispersion formulations over time. The solid lines indicate flux (pg min-! cm-2) and the broken
lines indicate concentration (ug/mL) in 0.5% SIF.

FIG. 5 is a flow diagram of the spray drying manufacturing process used to prepare a 1000 g batch of a SDD
containing 25% of the compound of Formula (1) and 75% PVP/VA 64.

FIGS. 8A and 6B are line graphs showing the pharmacokinetic results of a bioavailability and food effect study in
dogs. FIG. 8A shows the results from Cohort 1 and FIG. 6B shows the results from Cohort 2.

FIG. 7 is a flow chart showing the study design of a Phase 1 study of the pharmacokinetics and food effect of the
compound of Formula (1) in healthy adult subjects.

FIGS. 8A and 8B are line graphs showing the mean plasma concentration versus time profiles for the compound of
Formula (1) under fasted and fed conditions, respectively, in healthy adult subjects.

FIGS. 9A-9C are spaghetti plots of the pharmacokinetics of the compound of Formula (1) in healthy adult subjects
under fasted and fed conditions. FIG. 9A shows the AUCg 55 values. FIG. 9B shows the AUC_, values. FIG. 9C

shows the C, ., values.
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FIG. 10 is a flow chart showing the study design of a Phase 1 study of the bioavailability, pharmacokinetics and
food effect of the compound of Formula (l) in healthy adult subjects.

FIG. 11 shows the study design of a Phase 2 study of the compound of Formula (I} in adult subjects with congenital
adrenal hyperplasia.

FIGs. 12A and 12B show the arithmetic mean values for adrenocorticotropic hormone (ACTH) (FIG. 12A) and 17-
hydroxyprogesterone (17-OHP) (FIG. 12B) for all 8§ Cohort 1 subjects plotted at each time point for pre-treatment
baseline (circles), day 1 (squares), and day 14 (triangles}.

FlGs. 13A and 13B show arithmetic mean values for androstenedione (FIG. 13A) and testosterone (FIG. 13B) for
all 8 Cohort 1 subjects were plotted at each timepoint for pre-treatment baseline (circles), day 1 (squares), and day
14 (triangles).

FlGs. 14A and 14B show the reduction of ACTH at timepoints 8-, 10-, and 12-hours postdose. FIG 14A shows the
values for each time point as compared to baseline. FIG. 14B shows the mean values across all three timepoints.
FIGs. 15A and 15B show the reduction of 17-OHP at timepoints 8-, 10-, and 12-hours postdose. FIG 15A shows
the values for each time point as compared to baseline. FIG. 158 shows the mean values across all three timepoints.
FlGs. 16A and 16B show the reduction of androstenedione at timepoints 8-, 10-, and 12-hours postdose. FIG 16A
shows the values for each time point as compared to baseline. FIG. 16B shows the mean values across all three
timepoints.

FIG. 17A shows the plasma ACTH Mean Blood Concentrations following the compound of Formula (I} 50 mg Dose
qhs (Cohort 1; n=8). Error bars represent the standard error of the mean for each morning window timepoint. ACTH
normal ranges: Female 6 to 58 pg/mL; Male 7 to 69 pg/mL.

FIG. 17B shows the serum 17-OHP Mean Blood Concentrations following the compound of Formula (1) 50 mg Dose
ghs (Cohort 1; n=8). Error bars represent the standard error of the mean for each morning window timepoint. 17-
OHP normal ranges: Female < 207 ng/dL; Male < 139 ng/dL.

FIG. 17C: shows the serum Androstenedione Mean Blood Concentrations following the compound of Formula (1)
50 mg Dose ghs (Cohort 1, n=8). Error bars represent the standard error of the mean for each morning window
timepoint. Androstenedione normal ranges: Female 26 to 214 ng/mL; Male 33 to 134 ng/mL.

FIG. 18A shows the plasma ACTH Mean Blood Concentrations following the compound of Formula (1) 100 mg Dose
qhs (Cohort 2; n=4). Error bars represent the standard error of the mean for each morning window timepoint. ACTH
normal ranges: Female 6 to 58 pg/mL; Male 7 to 69 pg/mL.

FIG. 18B shows the serum 17-OHP Mean Blood Concentrations following the compound of Formula (1) 100 mg
Dose ghs (Cohort 2; n=4). Error bars represent the standard error of the mean for each morning window timepoint.
17-OHP normal ranges: Female < 207 ng/dL; Male < 139 ng/dL.

FIG. 18C shows the serum Androstenedione Mean Blood Concentrations following the compound of Formula (1)
100 mg Dose ghs (Cohort 2; n=4). Error bars represent the standard error of the mean for each morning window
timepoint. Androstenedione normal ranges: Female 26 to 214 ng/mL; Male 33 to 134 ng/mL.

FIG. 19A shows the plasma ACTH Mean Blood Concentrations following the compound of Formula (1) 100 mg Dose
with Evening Meal (Cohort 3). Error bars representthe standard errorofthe mean for each morning window timepoint.
ACTH normal ranges: Female 6 to 58 pg/mL; Male 7 to 69 pg/mL.

FIG. 19B shows the serum 17-OHP Mean Blood Concentrations following the compound of Formula (1) 100 mg
Dose with Evening Meal (Cohort 3). Error bars represent the standard error of the mean for each morning window
timepoint. 17-OHP normal ranges: Female < 207 ng/dL; Male < 139 ng/dL.

FIG. 19C shows the serum Androstenedione Mean Blood Concentrations following the compound of Formula (I)
100 mg Dose with Evening Meal (Cohort 3). Error bars represent the standard error of the mean for each morning
window timepoint. Androstenedione normal ranges: Female 26 to 214 ng/mL; Male 33 to 134 ng/mL.

FIG. 20 is a scheme showing the manufacturing process for forming 50 mg capsules of the compound of Formula (I}.
FIG. 21 is an alternative scheme showing the manufacturing process for forming 50 mg capsules of the compound
of Formula (I}).

FIGs. 22A and 22B show a scheme showing the manufacturing process for forming SDD granules of the compound
of Formula (I}.

FIG. 23 is a scheme showing the manufacturing process for forming 50 mg/nL liquid formulation 1 of the compound
of Formula ().

FIG. 24 is a scheme showing the manufacturing process for forming 50 mg/nL liquid formulation 2 of the compound
of Formula (1).

FIG. 25 is an XRPD spectrum of the compound of Formula (1) free base crystalline form |.

FIG. 26 is a DSC spectrum of the compound of Formula (l) free base crystalline form |.

FIG. 27 is an XRPD spectrum of the compound of Formula (1) tosylate crystalline form 1.

FIG. 28 is a DSC and TGA spectrum of the compound of Formula (1) tosylate crystalline form 1.
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DETAILED DESCRIPTION

[0117] As described herein, 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine having the Formula (I):

/
/’

N

\
/p“<i2?> WT/ """
['/

D

or a pharmaceutically acceptable salt thereof, is a selective CRF1 receptor antagonist that has been found to be effective
treating congenital adrenal hyperplasia. Specifically, the compound of Formula (1) has been found to effectively reduce
several biomarkers associated with congenital adrenal hyperplasia.

[0118] Newborn screening for CAH is performed by immunoassay to measure 17-OHP levels in heel-stick capillary
blood specimens obtained within the first 72 hours of life. The blood sample is analyzed for 17-OHP by commercially
available dissociation-enhanced lanthanide fluoroimmunoassay (DELFIA; PerkinElmer, Waltham Massachusetts) (White
et al., J. Pediatr. 163:10-12 (2013)). Second-tier screening tests utilizing biochemical and molecular genetic testing
methods, performed between 8 and 14 days of life, are employed by nine states in the United States and strongly
recommended by an additional 5 states. The biochemical method includes immunoassay with organic solvent extraction
or liquid chromatography followed by tandem mass spectrometry to measure steroid ratios of 17-OHP, androstenedione,
and 21-deoxycortisol to cortisol (see, e.g., Speiser et al., Int. J. Pediatr. Endocrinol. 2010:494173, 2010). The genetic
screen looks for CYP21A2 mutations that are associated with CAH. While not widely employed in the U.S., the addition
of a second screening could potentially improve the sensitivity of the overall screening process, where sensitivity of the
first screen alone is approximately 72%.

[0119] In absence of results from the newborn screening, female infants with classical CAH are typically identified due
to the presence of ambiguous genitalia. Males have normal genitalia at birth and therefore are not diagnosed unless
newborn screening is conducted or other medical complications come to attention. Infants who are not initially diagnosed
with CAH and suffer from the salt-wasting form of the disease are later diagnosed in the setting of poor weight gain,
vomiting, hyperkalemia and hyponatremia within the first few weeks of life.

[0120] Treatment of CAH is based on normalization of hormone and steroid levels using a variety of medications from
diagnosis in infancy through adulthood. Glucocorticoids are the current standard treatment in CAH and are used both
to correct the endogencous cortisol deficiency and for reducing the elevated ACTH levels from the pituitary, which drives
increased androgen production. Unlike the treatment of Addison's disease (adrenal insufficiency), in which cortisol
replacement is sufficient, the treatment of CAH must also reduce ACTH production, to control the subsequent androgen
excess as well. Thus, the goals of glucocorticoid treatment include cortisol replacement and suppression of ACTH to
prevent virilization and menstrual disturbances in women and to inhibit testicular adrenal rest tumors in men. Mineralo-
corticoid replacement is needed to achieve normal plasma renin activity for maintenance of regular blood pressure,
electrolyte balance, and volume status in those patients with the salt-wasting form of CAH.

[0121] The regimen of glucocorticoid treatment must support normal physiology and also ensure that sufficient cortisol
is available during events that may elicit a strong stress response (e.g., intercurrent illness, exercise, hypotension).
Careful monitoring is also necessary to avoid the development of iatrogenic Cushing's syndrome due to glucocorticoid
overtreatment in an effort to adequately suppress androgen production, or Addisonian syndrome due to under-treatment.
[0122] Overtreatment with mineralocorticoids may cause hypertension while under-treatment may lead to low blood
pressure, salt loss, fatigue and increased requirements for glucocorticoids. Typical laboratory tests for monitoring treat-
ment efficacy include measurement of plasma concentrations of 17-OHP, androstenedione, testosterone, renin activity,
and electrolytes. Adult patients with CAH have anincreased prevalence ofrisk factors for cardiovasculardisease including
obesity, hypertension, and insulin resistance (see, e.g., Kim et al., Semin. Reprod. Med. 27(4):316-21 (2009)). A study
of a large cohort of pediatric and adult CAH patients (n=244) demonstrated that patients are prescribed a variety of
glucocorticoid treatment regimens yet frequently suffer from poor hormonal control and the aforementioned adverse
outcomes (see, e.qg., Finkielstain et al., J. Clin. Endocrinol Metab. 97(12):4429-38 (2012)).

[0123] Treatment of CAH includes efforts to normalize the cortisol deficiency with glucocorticoids (usually hydrocor-

16

2091



10

15

20

25

30

35

40

45

50

55

EP 3 984 523 A1

tisone in children but often more potent agents with narrow therapeutic indices, such as dexamethasone, in adults) and,
if necessary for salt-wasting, mineralocorticoids (usually fludrocortisone). The glucocorticoid doses required to achieve
sufficient suppression of excess androgens, however, are usually well above the normal physiologic dose used for
cortisol replacement alone as in patients with Addison’s disease. This increased exposure to glucocorticoids can lead
to iatrogenic Cushing’s syndrome, increased cardiovascular risk factors, glucose intolerance, and decreased bone min-
eral density in CAH patients (see, e.g., Elnecave et al., J. Pediatr. Endocrinol. Metab. 21:1155-62 (2008); King et al., J.
Clin. Endocrinol. Metab. 91(3):8656-59 (2008); Migeocon et al., Endocrinol. Metab. Clin. North Am. 30:193-206 (2001)).
Recently, best practices for the clinical management of congenital adrenal hyperplasia were published in the Journal of
Clinical Endocrinology and Metabolism (Speiser, P.W., et al. J. Clin. Endocrinol Metab. November 2018, 103(11): 1-46).
This article is incorporated by reference in its entirety.

[0124] Corticotropin-releasing factor (CRF) was isolated from ovine hypothalami and identified as a 41-amino acid
peptide. CRF has been found to produce profound alterations in endocrine, nervous, and immune system function. CRF
is believed to be the major physiological regulator of the basal and stress-induced release of adrenocorticotropic hormone
("ACTH"), p-endorphin, and other pro-opiomelanocortin ("POMC")-derived peptides from the anterior pituitary (see, e.g.,
Vale et al., Science 213:1394-1397,1981). Secretion of CRF causes release of ACTH from corticotrophs in the anterior
pituitary via binding to the CRF, receptor, a member of the class B family of G-protein coupled receptors.

[0125] Due to the physiological significance of CRF, the development of biologically-active small molecules having
significant CRF, receptor binding activity and which are capable of antagonizing the CRF, receptor remains a desirable
goal and has been the subject of ongoing research and development for the treatment of anxiety, depression, irritable
bowel syndrome, post-traumatic stress disorder, and substance abuse.

[0126] The pituitary hormone ACTH, under the control of hypothalamic corticotropin-releasing factor (CRF), stimulates
uptake of cholesterol and drives the synthesis of pregnenolone initiating steroidogenesis in the adrenal gland. The
adrenal cortex is comprised of three zones, which produce distinct classes of hormones many of which are driven by
ACTH mobilizing cholesterol through this pathway. Deficiencies in these enzymes as a result of mutation or deletion
cause the substrate concentrations to increase. In the most common form of CAH resulting from mutations or deletions
in the 21-hydroxylase gene (CYP21A2), potent androgens are produced by the adrenal because of the accumulation of
the steroid precursors, progesterone and 17-hydroxyprogesterone (17-OHP). Plasma levels of 17-OHP can reach
10-1000 times the normal concentration in these cases. These increases result in the overproduction of androgens,
specifically androstenedione, testosterone, and dihydroxytestosterone causing virilization in females. In addition, 21-
hydroxylase deficiency in CAH causes insufficient biosynthesis of glucocorticoids and mineralocorticoids, specifically
cortisol and aldosterone. Cortisol is a critical negative feedback regulator of hypothalamic CRF secretion and pituitary
ACTHrelease. The lack of glucocorticoid synthesis and release eliminates the restraint on the hypothalamus and pituitary,
which causes ACTH levels to increase. The excessive ACTH stimulation causes hypertrophy of the zona fasciculata
and zona reticularis resulting in adrenal hyperplasia.

Definitions

[0127] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs. Methods and materials are described
herein for use in the present disclosure; other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are illustrative only and not intended to be limiting. All publications, patent applications,
patents, sequences, database entries, and other references mentioned herein are incorporated by reference in their
entirety. In case of conflict, the present specification, including definitions, will control.

[0128] The term "about" preceding a value for DSC, TGA, or Tg, which are reported as degrees Celsius, have an
allowable variability of +5°C. In all other instances, unless otherwise specified, the term "about” preceding a stated value
includes the stated value and also includes =20% of the stated value, and includes more specifically values of = 10%,
+5%, +2%, and =1% of the stated value.

[0129] To provide a more concise description, some of the quantitative expressions herein are recited as a range from
about amount X to about amount Y. It is understood that when a range is recited, the range is not limited to the recited
upper and lower bounds, but rather includes the full range from about amount X through about amount Y, or any range
therein.

[0130] "Room temperature" or "RT" refers to the ambient temperature of a typical laboratory, which is typically around
25°C.

[0131] "Spray-drying" refers to the method of producing a dry powder from a solution or slurry. The solution or slurry
is atomized orrapidly dried with a hot gas, e.g., air or nitrogen, that causes the solventto evaporate quickly and uniformly.
A "spray-dried dispersion" refers to the powder obtained from the spray-drying process.

[0132] The term "pharmaceutically acceptable carrier" or "pharmaceutically acceptable excipient” includes any and
all solvents, co-solvents, complexing agents, dispersion media, coatings, antibacterial and antifungal agents, isotonic
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and absorption delaying agents, and the like, which are not biologically or otherwise undesirable. The use of such media
and agents for pharmaceutically active substances is well known in the art. Except insofar as any conventional media
or agentis incompatible with the active ingredient, its use in the therapeutic formulations is contemplated. Supplementary
active ingredients can also be incorporated into the fonnulations. In addition, various excipients, such as are commonly
used in the art, can be included. These and other such compounds are described in the literature, e.g., in the Merck
Index, Merck & Company, Rahway, NJ. Considerations for the inclusion of various components in pharmaceutical
compositions are described, e.g., in Gilman et al. (Eds.) (2010); Goodman and Gilman’s: The Pharmacological Basis of
Therapeutics, 12th Ed., The McGraw-Hill Companies.

[0133] "Subject," as used herein, means a human or a non-human mammal, e.g., a dog, a cat, a mouse, a rat, a cow,
a sheep, a pig, a goat, a non-human primate or a bird, e.g., a chicken, as well as any other vertebrate or invertebrate.
In some embodiments, the subject is a human.

[0134] In some embodiments, the subject has experienced and/or exhibited at least one symptom of the disease or
disorder to be treated and/or prevented. In some embodiments, the subject has been identified or diagnosed as having
congenital adrenal hyperplasia (CAH). In some embodiments, the subject is suspected of having CAH. In some embod-
iments, the subject has a clinical record indicating that the subject has CAH (and optionally the clinical record indicates
that the subject should be treated with any of the compositions provided herein). In some embodiments, the subject is
a pediatric subject.

[0135] The term "pediatric subject” as used herein refers to a subject underthe age of 21 years at the time of diagnosis
or treatment. The term "pediatric" can be further divided into various subpopulations including: neonates (from birth
through the first month of life); infants (1 month up to two years of age); children (two years of age up to 12 years of
age), and adolescents (12 years of age through 21 years of age (up to, but not including, the twenty-second birthday)).
Berhman et al., Textbook of Pediatrics, 15th Ed. Philadelphia: W.B. Saunders Company, 1996; Rudolph et al., Rudolph's
Pediatrics, 21st Ed. New York: McGraw-Hill, 2002; and Avery et al., Pediatric Medicine, 2nd Ed. Baltimore: Williams &
Wilkins; 1994. In some embodiments, a pediatric subject is from birth through the first 28 days of life, from 29 days of
age to less than two years of age, from two years of age to less than 12 years of age, or 12 years of age through 21
years of age (up to, but not including, the twenty-second birthday). In some embodiments, a pediatric subject is from
birth through the first 28 days of life, from 29 days of age to less than 1 year of age, from one month of age to less than
four months of age, from three months of age to less than seven months of age, from six months of age to less than 1
year of age, from 1 year of age to less than 2 years of age, from 2 years of age to less than 3 years of age, from 2 years
of age to less than seven years of age, from 3 years of age to less than 5 years of age, from 5 years of age to less than
10 years of age, from 6 years of age to less than 13 years of age, from 10 years of age to less than 15 years of age, or
from 15 years of age to less than 22 years of age.

[0136] As used herein, the terms "treat" or "treatment" refer to therapeutic or palliative measures. Beneficial or desired
clinical results include, but are not limited to, alleviation, in whole or in part, of symptoms associated with a disease or
disorder or condition, diminishment of the extent of disease, stabilized (i.e., not worsening) state of disease, delay or
slowing ofdisease progression, amelioration or palliation ofthe disease state (e.g., one ormore symptoms ofthe disease),
and remission (whether partial or total), whether detectable or undetectable. "Treatment” can also mean prolonging
survival as compared to expected survival if not receiving treatment.

[0137] The term "preventing," as used herein, means the prevention of the onset, recurrence or spread, in whole or
in part, of the disease or condition as described herein, or a symptom thereof.

[0138] The term "administration" or "administering" refers to a method of giving a dosage of a compound or pharma-
ceutical formulation to a vertebrate or invertebrate, including a mammal, a bird, a fish, or an amphibian. The preferred
method of administration can vary depending on various factors, e.g., the components of the pharmaceutical formulation,
the site of the disease, and the severity of the disease.

[0139] As used herein, "therapeutically effective amount” is an amount of the compound of Formula (I}, or a pharma-
ceutically acceptable salt thereof, or an amount of a pharmaceutical composition comprising the compound of Formula
(I), which is sufficient to achieve the desired effect and can vary according to the nature and severity of the disease
condition, and the potency of the compound. A therapeutic effect is the relief, to some extent, of one or more of the
symptoms of the disease, and can include curing a disease. "Curing" means that the symptoms of active disease are
eliminated. However, certain long-term or permanent effects of the disease can exist even after a cure is obtained (such
as, e.g., extensive tissue damage).

[0140] The term "amorphous” means a solid in a solid state that is a non-crystalline state. Amorphous solids are
disordered arrangements of molecules and therefore possess no distinguishable crystal lattice or unit cell and conse-
quently have no definable long range ordering. The solid state form of a solid may be determined by polarized light
microscopy, X-ray powder diffraction (XRPD), differential scanning calorimetry (DSC), or other standard techniques
known to those of skill in the art.

[0141] As used herein, "time of day window" refers to a period of time defined by a window start time and a window
stop time. These times all refer to local times where a sample was taken. The phrase "same time of day window" when
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referring to samples taken from the subject mean, e.g., that a sample taken at 8:15 a.m. and a sample taken at 9:15
a.m. are considered to be taken in the same time of day window of, e.g., 2 a.m. to 10 a.m. or& a.m. to 10 a.m.

Methods

[0142] The present disclosure relates to methods of treating congenital adrenal hyperplasia (CAH). The methods
include administering to a subject a therapeutically effective amount of a compound of Formula (I), or pharmaceutically
acceptable salt thereof. In some embodiments, the method includes administering to a subject a therapeutically effective
amount of a SDD ofthe present disclosure that includes a polymer and a compound of Formula (1), or a pharmaceutically
acceptable salt thereof. In some embodiments, the method includes administering to a subject a therapeutically effective
amount of pharmaceutical composition of the present disclosure that contains a SDD that includes a polymer and a
compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0143] Provided herein is a method of treating congenital adrenal hyperplasia (CAH) comprising administering a
compound of Formula (1), or a pharmaceutically acceptable salt thereof to normalize or partially normalize levels of
biomarkers associated with congenital adrenal hyperplasia. In some embodiments, normalizing or partially normalizing
levels of biomarkers comprises reducing levels of elevated biomarkers or increasing levels of depressed biomarkers as
compared to subject without CAH.

[0144] Provided herein is a method of treating congenital adrenal hyperplasia in a subject in need thereof comprising
administering a compound of Formula (1), or a pharmaceutically acceptable salt thereof, in an amount sufficient to reduce
the level of one ormore biomarkers associated with congenital adrenal hyperplasia. In some embodiments, the biomarkers
are selected from (a) 17-hydroxyprogesterone (17-OHP); (b) adrenocorticotropic hormone (ACTH); and (c) androsten-
edione in the subject.

[0145] In some embodiments, the reduction in level of any of the biomarkers (e.g., any of 17-OHP, ACTH, and an-
drostenedione) is determined by comparing the level of the biomarker as measured during the circadian release on a
day prior to administering the compound of Formula (1), or a pharmaceutically acceptable salt thereof and the level of
the biomarker as measured during the circadian release on the day after administering the compound of Formula (l), or
a pharmaceutically acceptable salt thereof. A day prior to administering the compound of Formula (1) applies to a subject
that has not previously been administered the compound of Formula (I} within at least the past 24 hours.

[0146] In some embodiments, the circadian release of biomarkers associated with CAH occurs between the hours of
2 a.m. and 10 a.m. In other embodiments, the circadian release of biomarkers associated with CAH occurs between the
hours of 6 a.m. and 10 a.m.

[0147] In some embodiments of any of the methods disclosed herein, the compound of Formula (1), or a pharmaceu-
tically acceptable salt, is administered to the subject at nighttime or administration prior to sleep (i.e., bedtime adminis-
tration). In some embodiments, the compound of Formula (), or a pharmaceutically acceptable salt thereof, is admin-
istered three to eight hours prior to the circadian release of the biomarker. In some embodiments, the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, is administered sixto eight hours prior to the circadian release
of the biomarker. Administration prior to the circadian release may be adapted for shift workers (e.g., those who work
at night and sleep during the day), in which case administration will not necessarily occur at nighttime. Administration
is therefore dependent upon the expected circadian release of the biomarker, and can vary depending upon the indi-
vidual's (i.e., subject, patient) particular work and sleep patterns.

[0148] In some embodiments of the methods provided herein, the level of 17-hydroxyprogesterone is reduced by at
least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at lease 35%, at least 40%, at least 50%, at least 55%
or at least 60% from pre-administration levels. In some embodiments, the level of 17-hydroxyprogesterone is reduced
by at least 25%. In some embodiments, the level of 17-hydroxyprogesterone is reduced by at least 50%. In some
embodiments of the methods provided herein, the level of 17-hydroxyprogesterone is reduced by an amount of from
about 10% to about 90%, about 15% to about 90%, about 20% to about 80%, about 25% to about 80%, about 30% to
about 90%, about 35% to about 90%, about 40% to about 90%, about 50% to about 90%, about 55% to about 90%, or
about 80% to about 90% from pre-administration levels.

[0149] In some embodiments, the level of 17-hydroxyprogesterone is reduced to a level within the range of 17-hy-
droxyprogesterone expected for a subject without CAH, i.e., less than 1,000 ng/dL or less than 200 ng/dL.

[0150] In some embodiments of the methods provided herein, the level of adrenocorticotropic hormone is reduced by
at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at lease 35%, at least 40%, at least 50%, at least
55% or at least 60% from pre-administration levels. In some embodiments, the level of adrenocorticotropic hormone is
reduced by at least 25%. In some embodiments, the level of adrenocorticotropic hormone is reduced by at least 40%.
In some embodiments, the level of adrenocorticotropic hormone is reduced by at least 50%.

[0151] In some embodiments of the methods provided herein, the level of adrenocorticotropic hormone is reduced by
an amount of from about 10% to about 80%, about 15% to about 90%, about 20% to about 90%, about 25% to about
90%, about 30% to about 90%, about 35% to about 90%, about 40% to about 90%, about 50% to about 90%, about
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55% to about 90%, or about 60% to about 90% from pre-administration levels.

[0152] In some embodiments, the level of adrenocorticotropic hormone is reduced to a level within the range of
adrenocorticotropic hormone expected for a subject without CAH.

[0153] Insome embodiments of the methods provided herein, the level of androstenedione is reduced by at least 10%,
at least 15%, at least 20%, at least 25%, at least 30%, at lease 35%, at least 40%, at least 50%, at least 55% or at least
60% from pre-administration levels. In some embodiments, the level of androstenedione is reduced by at least 25%. In
some embodiments, the level of androstenedione is reduced by at least 30%. In some embodiments, the level of an-
drostenedione is reduced by at least 50%.

[0154] In some embodiments of the methods provided herein, the level of androstenedione is reduced by an amount
of from about 10% to about 80%, about 15% to about 80%, about 20% to about 90%, about 25% to about 90%, about
30% to about 90%, about 35% to about 90%, about 40% to about 90%, about 50% to about 90%, about 55% to about
90%, or about 60% to about 90% from pre-administration levels.

[0155] In some embodiments, the level of androstenedione is reduced to a level within the range of androstenedione
expected for a subject without CAH, i.e., less than 200 ng/dL.

[0156] Also provided herein is a method for reducing the severity of one or more symptoms selected from hirsutism,
precocious puberty, fertility problems, acne, and growth impairment in a subject having classic congenital adrenal hy-
perplasia, comprising administering a compound of Formula (I}, or a pharmaceutically acceptable salt thereof, in an
amount sufficient to reduce one or more biomarker of CAH in a subject, e.g. reduce the androstenedione in the subject.
Growth impairment can refer to, e.g., accelerated height velocity, accelerated weight velocity, and/or accelerated bone
age.

[0157] Provided herein is a method for reducing the level of one or more biomarkers of congenital adrenal hyperplasia
in a subject having congenital adrenal hyperplasia comprising administering to the subject a compound of Formula (1},
or a pharmaceutically acceptable salt thereof. In some embodiments, the one or more biomarkers of congenital adrenal
hyperplasia are selected from (a) 17-hydroxyprogesterone (17-OHPY); (b} adrenocorticotropic hormone (ACTH); and (c)
androstenedione.

[0158] Provided hereinisa method for reducing the dosage of corticosteroid administered to a subject having congenital
adrenal hyperplasia for controlling congenital adrenal hyperplasia comprising administering to the subject a compound
of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments, the corticosteroid is a glucocorticoid.
[0159] Also provided herein is a method of reducing the severity of one or more side effects of glucocorticoid treatment
in a subject having congenital adrenal hyperplasia comprising administering to the subject a compound of Formula (1),
or a pharmaceutically acceptable salt thereof. The long-term effects of glucocorticoid treatment are well documented in
the art (see, e.g., Oray, M. et al. (2016): Long-term effect of glucocorticoids, Expert Opinion on Drug Safety. DOI:
10.1517/14740338.2016.1140743). Such side effects are associated with every biological system, e.g., musculoskeletal
(e.g., osteoporosis, avascular necrosis of bone, and myopathy), endocrine and metabolic (e.g., hyperglycemia, diabetes
mellitus, dyslipidemia, weight gain, Cushing syndrome, Cushingoid features, growth suppression, adrenal suppression},
gastrointestinal (e.g., gastritis, peptic ulcer, gastrointestinal bleeding, visceral perforation, hepatic steatosis, pancreatitis),
cardiovascular (e.g., hypertension, coronary heart disease, ischemic heart disease, heart failure), dermatologic (e.g.,
dermatoprosis, skin atrophy, ecchymosis, purpura, erosions, striae, delayed wound healing, easy bruising, acne, hir-
sutism, and hair loss), neuropsychiatric (e.g., mood changes, depression, euphoria, mood lability, irritability, akathisia,
anxiety, cognitive impairment, psychosis, dementia, and delirium), ophthalmelogic (e.g., cataract, glaucoma, ptosis,
mydriasis, opportunistic ocular infections, and central serous chorioretinopathy), and immunologic (e.g., suppression of
cell-mediated immunity, predisposition to infections, and reactivation of latent infections).

[0160] Accordingly, in some embodiments, the side effects of glucocorticoid treatment are selected from osteoporosis,
avascular necrosis of bone, myopathy, hyperglycemia, diabetes mellitus, dyslipidemia, weight gain, Cushing syndrome,
Cushingoid features, growth suppression, adrenal suppression, gastritis, peptic ulcer, gastrointestinal bleeding, visceral
perforation, hepatic steatosis, pancreatitis, hypertension, coronary heart disease, ischemic heart disease, heart failure,
dermatoprosis, skin atrophy, ecchymosis, purpura, erosions, striae, delayed wound healing, easy bruising, acne, hir-
sutism, hair loss, mood changes, depression, euphoria, mood lability, irritability, akathisia, anxiety, cognitive impairment,
psychosis, dementia, delirium, cataract, glaucoma, ptosis, mydriasis, opportunistic ocular infections, central serous
chorioretinopathy, suppression of cell-mediated immunity, predisposition to infections, reactivation of latent infections,
and any combination thereof.

[0161] Provided herein is a method of treating congenital adrenal hyperplasia in a subject comprising

(iymeasuring the level of one or more biomarkers selected from (a) 17-hydroxyprogesterone (17-OHP); (b) adren-
ocorticotropic hormone (ACTH); and (c) androstenedione in a biological sample obtained from the subject;
(iljanalyzing the level of the one or more biomarkers to determine if the level of the one or more biomarkers is
elevated compared to a healthy subject not having congenital adrenal hyperplasia; and

(iiladministering to the subject a compound of Formula (I}, or a pharmaceutically acceptable saltthereofifthe subject
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is determined to have elevated levels of the one or more biomarkers.

[0162] In some embodiments, the method further comprises (iv) measuring the level of the one or more biomarkers
after administering a compound of Fermula (1), or a pharmaceutically acceptable salt thereof, in a biological sample
obtained fromthe subject to determine whetherthe subject has reduced levels ofthe one or more biomarkers as compared
with the measurement of step (i). In some embodiments, the method further comprises (v) continuing the administration
of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof if the subject has reduced levels of the
one or more biomarkers.

[0163] Insome embodiments, steps (i) and (iv) are performed on biological samples taken from the subject in a similar
manner and within a same time of day window. In some embodiments, steps (i) and (iv) are performed on biclogical
samples taken from the subject within the time of day window from 2 a.m. to 10 a.m. In some embodiments, steps (i)
and (iv) are performed on biological samples taken from the subject within the time of day window from 6 a.m.to 10a.m.
[0164] In some embodiments, steps (i} and (iv) comprise measuring the levels of at least two biomarkers selected
from (a) 17-hydroxyprogesterone (17-OHP); (b) adrenocorticotropic hormone (ACTH); and (c) androstenedione.
[0165] In some embodiments, steps (i) and (iv) comprise measuring the levels of (a) 17-hydroxyprogesterone (17-
OHP); (b) adrenocorticotropic hormoene (ACTH); and (c) androstenedione.

[0166] In some embodiments, step (i) comprises measuring the level of 17-hydroxyprogesterone (17-OHP), wherein
the level of 17-hydroxyprogesterone (17-OHP) is elevated when it is greater than or equal to 1,000 ng/dL.

[0167] Insome embodiments, step (i) comprises measuring the level of androstenedione, wherein the level of andros-
tenedione is elevated when it is greater than 200 ng/dL.

[0168] In some embodiments of the methods of the present disclosure, the compound of Formula (l) is administered
at an amount equivalent to from about 25 mg to about 150 mg of the compound of Formula () free base. In some
embodiments, compound of Formula (1), or a pharmaceutically acceptable salt thereof, is administered at an amount
equivalent to about 50 mg or about 100 mg of the compound of Formula (1) free base.

[0169] In some embodiments of the methods disclosed herein, compound of Formula (1} is administered in the free
base form.

[0170] Insome embodiments ofthe methods disclosed herein, the compound of Formula (1) is administered once daily.
[0171] Also provided herein is a method of treating CAH in a pediatric subject. The methods include administering to
a pediatric subject a therapeutically effective amount of a compound of Formula (1), or pharmaceutically acceptable salt
thereof. In some embodiments, the method includes administering to a pediatric subject a therapeutically effective
amount of a SDD ofthe present disclosure that includes a polymer and a compound of Formula (I}, or a pharmaceutically
acceptable salt thereof. In some embodiments, the method includes administering to a pediatric subject a therapeutically
effective amount of pharmaceutical composition of the present disclosure that contains a SDD that includes a polymer
and a compound of Formula (), or a pharmaceutically acceptable salt thereof. In some embodiments, the pediatric
subject is a neonate. In some embodiments, the pediatric subjectis an infant. In some embodiments, the pediatric subject
is a child. In some embodiments, the pediatric subject is an adolescent.

[0172] In some embodiments of the methods of the present disclosure, the compound of Formula (I), or a pharma-
ceutically acceptable salt thereof, is administered to the subject in a fed state. The term "fed state," as used herein,
refers to administration of the compound of Formula (I), or a pharmaceutically acceptable salt thereof from about 1 hour
before consumption of food or a nutritional composition to about 1 hour after consumption of food or a nutritional com-
position. The term "fasted state," as used herein, refers to a gap of at least two hours between consumption of food or
a nutritional composition and administration of the compound of Formula (I), or a pharmaceutically acceptable salt
thereof. In some embodiments, the compound of Formula (1), ora pharmaceutically acceptable saltthereof is administered
to the subject with food or a nutritional composition, such as a nutritional supplement or formula, a meal replacement
beverage, a liquid dietary supplement, or a high caloric liquid meal. In some embodiments, the compound of Formula
(1}, or a pharmaceutically acceptable salt thereof is administered to the subject within about 1 hour before the subject
has consumed food or a nutritional composition. In some embodiments, the compound of Formula (1), or a pharmaceu-
tically acceptable salt thereof is administered to the subject within about 1 hour after the subject has consumed food or
a nutritional composition. Examples of suitable nutritional compositions include, but are not limited to, infant formulas,
dietary supplements, dietary substitutes, and rehydration compositions. In some embodiments, the food is a product
containing concentrated calories and protein. In some embodiments, the nutritional composition is a composition utilized
for enteral and parenteral supplementation for infants, specialty infant formulas, supplements for the elderly, and sup-
plements for those with gastrointestinal difficulties and/or malabsorption. Adult and pediatric nutritional formulas are well
known in the art and are commercially available (e.g., Similac®, Ensure®, Jevity® and Alimentum® from Ross Products
Division, Abbott Laboratories, Columbus, Ohio).

[0173] In some embodiments, the nutritional composition is in liquid form. The energy density of the nutritional com-
positions, when in liquid form, can range from about 0.6 Kcalto about 3 Kcal per mL. In some embodiments, the nutritional
composition is in solid or powdered form. When in solid or powdered form, the nutritional supplements can contain from

21

2096



10

15

20

25

30

35

40

45

50

55

EP 3 984 523 A1

about 1.2 to more than 9 Kcals per gram, such as about 3 to 7 Kcals per gram.

[0174] In some embodiments, the nutritional composition is a meal replacement bar. Examples include PowerBar®,
Glucerna® bars, Choice DM® bars, Ensure® bars, and Boost® bars. In some embodiments, the nutritional composition
is a nutrition shake or meal replacement beverage. Commercially available examples include the Ensure® branded adult
products (such as Ensure® Original, Ensure® Plus, Ensure® Enlive, Ensure® High Protein, Ensure® Clear, and Ensure®
Light), Glucerna®, Choice DM®, Slim Fast®, Pediasure®, Glytrol®, and Resource®. In some embodiments, the nutritional
composition is Ensure® Plus. In some embodiments, the nutritional composition is vanilla-flavored Ensure® Plus. Ensure
Plus® is a high calorie liquid dietary supplement that contains 1500 calories per liter with a caloric distribution of 14.7%
protein, 32% fat and 53.3% carbohydrate.

[0175] Insome embodiments of the disclosed methods, the compound of Formula (1), or a pharmaceutically acceptable
salt thereof is administered to the subject with 8 fluid ounces (237 mL}) of Ensure® Plus. In some embodiments, the
Ensure® Plus is vanilla-flavored.

[0176] In some embodiments of the methods, the compound of Formula (l), or a pharmaceutically acceptable salt
thereof is administered to the subject after administration of the nutritional composition. In some embodiments, the
compound of Formula (I}, ora pharmaceutically acceptable salt thereofis administered to the subject before administration
of the nutritional compeosition. In some embodiments, the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, is administered to the subject at the same time as administration of the nutritional composition.

[0177] In some embodiments, the compound of Formula (I}, or a pharmaceutically acceptable salt thereof is admin-
istered to the subject, followed by administration of the nutritional composition. In some embodiments, the nutritional
composition is administered about 1 minute, about 5 minutes, about 10 minutes, about 15 minutes, about 20 minutes,
about 25 minutes, about 30 minutes, about 35 minutes, about 40 minutes, about 45 minutes, or about 60 minutes, or
within a range defined by any of the preceding values after administration of the compound of Formula (I}, or a pharma-
ceutically acceptable salt thereof. In some embodiments, the nutritional composition is administered 1 minute, 5 minutes,
10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 35 minutes, 40 minutes, 45 minutes, or 60 minutes, or
within a range defined by any of the preceding values after administration of the compound of Formula (I}, or a pharma-
ceutically acceptable salt thereof. In some embodiments, the nutritional composition is administered within 30 minutes
of administering the compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments of
the disclosed methods, the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is administered to
the subject with 8 fluid ounces (237 mL) of Ensure® Plus. In some embodiments, the Ensure® Plus is vanilla-flavored.
[0178] In some embodiments, the nutritional composition is administered to the subject, followed by administration of
the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, compound of Formula
(I), or a pharmaceutically acceptable salt thereof is administered about 1 minute, about 5 minutes, about 10 minutes,
about 15 minutes, about 20 minutes, about 25 minutes, about 30 minutes, about 35 minutes, about 40 minutes, about
45 minutes, or about 80 minutes, or within a range defined by any of the preceding values after administration of the
nutritional composition. In some embodiments, the compound of Formula (I}, or a pharmaceutically acceptable salt
thereof, is administered 1 minute, 5 minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 35 minutes,
40 minutes, 45 minutes, or 60 minutes, orwithin a range defined by any of the preceding values after administration of
the nutritional composition. In some embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt
thereof, is administered within 30 minutes of administering the nutritional composition. In some embodiments of the
disclosed methods, the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is administered to the
subject with 8 fluid ounces (237 mL) of Ensure® Plus. In some embodiments, the Ensure® Plus is vanilla-flavored.
[0179] In some embodiments of the methods, a food effect is observed between administration of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof in a fed state versus a fasted state. The term "food effect," as
used herein, refers to the relative difference in AUC (area under the curve AUC(0-t) and/or AUC(O_,J)) or Cax (Maximum
plasma concentration or peak plasma concentration) of an active substance, when the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, is administered orally to a subject, concomitantly with food orin a fed state as
compared to the same values when the same compeound of Formula (I}, or a pharmaceutically acceptable salt thereof
is administered in a fasted state. The food effect (F) is calculated as:

FY% = [(Xpastoa — Xgea) / Krastea] % 100

where Xgoq and Xpasieq are the values of AUC (AUC gy and/or AUC g ) or Cppay In the fed and fasted state, respectively.
In some embodiments, an increased, or positive, food effect is observed when the compound of Formula (l), or a
pharmaceutically acceptable salt thereofis administered to a subject in a fed state. In some embodiments, administration
of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, results in an increased, or positive, food
effect, whereby an increased C,,, and/or AUC are observed when administered orally in the fed state as compared to
the fasting state.
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[0180] In some embodiments of the methods, the ratio of the AUC in the fed state to the AUC in the fasted state is
about 5 to about 10, such as about 5 to about 9, about 5 to about 8, about 5 to about 7, about 5 to about 6, about 6 to
about 10, about 6 to about 9, about 6 to about 8, about 6 to about 7, about 7 to about 10, about 7 to about 9, about 7 to
about 8, about 8 to about 10, about 8 to about 9, or about 8 to about 10. In some embodiments, the ratio of the AUC in
the fed state to the AUC in the fasted state is about 5, about 6, about 7, about 8, about 9, or about 10, or within a range
defined by any of the preceding values. In some embodiments of the methods, the ratio of the AUC in the fed state to
the AUC in the fasted state is about 10 to about 20.

[0181] In some embodiments of the methods, the ratio of the AUC in the fed state to the AUC in the fasted state is 5
to 10, suchas5t09,5t08,5t07,5t06,6t0 10,6t09,61t08,6t07,7t0 10,7109, 7t0 8, 8to 10,810 9,0r8to 10.
In some embodiments, the ratio of the AUC in the fed state to the AUC in the fasted state is 5,6, 7, 8, 9, or 10, or within
a range defined by any of the preceding values.

[0182] In some embodiments of the methods, the ratio of the C,,, in the fed state to the C ., in the fasted state is
about 5 to about 10, such as about 5 to about 9, about 5 to about 8, about 5 to about 7, about 5 to about 6, about 6 to
about 10, about 6 to about 9, about 6 to about 8, about 6 to about 7, about 7 to about 10, about 7 to about 8, about 7 to
about 8, about 8 to about 10, about 8 to about 9, or about 8 to about 10. In some embodiments, the ratio of the C,,, in
the fed state to the C,,5, in the fasted state is about 5, about 6, about 7, about 8, about 8, or about 10, or within a range
defined by any of the preceding values. In some embodiments, the mean C,, 5, of the compound of Formula (1), or
pharmaceutically acceptable salt thereof, is about 1.5 to about 3 times higher in the fed stated compared to the fasted
state. In some embodiments of the methods, the ratio of the C,,, in the fed state to the C,,,, in the fasted state is & to
10,suchas 5t09,5t08 5t0o7,5106,6101061t09,6t08,6t07,71t010,71t09,7t08,81010,8109, 0or8to 10. In
some embodiments, the ratio of the C,,,, in the fed state to the C,,, in the fasted state is 5,6, 7, 8, 9, or 10, or within
a range defined by any of the preceding values. In some embodiments, the mean C,,,, of the compound of Formula (1},
or pharmaceutically acceptable salt thereof, is 1.5 to 3 times higher in the fed stated compared to the fasted state. In
some embodiments, the mean C,,, of the compound of Formula (1), or pharmaceutically acceptable salt thereof, is
about 2 times higher in the fed stated compared to the fasted state. In some embodiments of the methods, the ratio of
the C.x in the fed state to the C,;, in the fasted state is about 10 to about 20.

[0183] In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenyl)ethyll-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, is adminis-
tered to the subject with a meal. In some embodiments, the meal is a high fat, high caloric meal. In some embodiments,
the meal is a low fat, low caloric meal. In some embodiments, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[{15)-2-
cyclopropyl-1-(3-fluoro-4-methylphenylethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically ac-
ceptable salt thereof, is administered within approximately 5 minutes after the start of the meal. In some embodiments,
the meal is an evening meal. In some embodiments, the meal is a morning meal.

[0184] In some embodiments, the fed state is with a high fat meal. In somme embodiments, the fed state is with a low
fat meal. The FDA has provided draft guidelines regarding high fat and low fat meals ("Assessing the Effects of Food
on Drugs in INDs and NDAs - Clinical Pharmacoelogy Considerations Guidance for Industry,"” U.S. Department of Health
and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER), February 2019,
Clinical Pharmacology). Table 1 shows test meal definitions provided by the FDA guidance.

Table 1
Meal Type | Total Kcal Fat
Kcal Grams Percent
High-Fat 800-1000 | 500-600 55-65 50
Low-Fat 400-500 100-125 11-14 25

[0185] The composition of a high fat meal provided by the FDA guidance is depicted in Table 2.

Table 2. Composition of a High Fat Meal*

Total Calories 800-1000

Calories from Protein 150

Calories from Carbohydrates 250

Calories from Fat 500-600
23

2098



10

15

20

25

30

35

40

45

50

55

EP 3 984 523 A1

(continued)

An Example of a High Fat Breakfast + Two eggs fried in butter

* Two strips of bacon

* Two slices of toast with butter

+ Four ounces of hash brown potatoes
+ Eight ounces of whole milk

*50 percent of calories are derived from fat. Substitutions can be made to this meal, if the content, volume, and
viscosity are maintained.

[0186] The composition of a low fat meal provided by the FDA guidance is depicted in Table 3.

Table 3. Composition of a Low Fat Meal

Total Calories 400-500
Fat (g) 250
Percent Calories from Fat 25

An Example of a Low Fat Breakfast® | - Eight ounces milk (1 percent fat)
* One boiled egg
« One packet flavored instant oatmeal made with water

*This low-fat breakfast contains 387 calories and has 10 grams of fat.

[0187] Insome embodiments, a high fat meal contains 800-1000 total Kcal and 500-800 fat Kcal. In some embodiments,
a low fat meal contains 400-500 total Kcal and 100-125 fat Kcal.

[0188] Also provided herein is a method of improving gastrointestinal absorption of a compound of Formula (1), or
pharmaceutically acceptable salt thereof, in a subject. The method includes orally administering to the subject a phar-
maceutical composition of the present disclosure, wherein the improvement is relative to oral administration of the
compound of Formula (I}, or pharmaceutically acceptable salt thereof, which has not been prepared as a spray-dried
dispersion. In some embodiments, the subject is a pediatric subject.

[0189] Also provided herein is a method of improving oral bioavailability of a compound of Formula (), or pharmaceu-
tically acceptable salt thereof, in a subject. The method includes orally administering to the subject a pharmaceutical
composition of the present disclosure, wherein the improvement is relative to oral administration of the compound of
Formula (I}, or pharmaceutically acceptable salt thereof, which has not been prepared as a spray-dried dispersion.
[0190] In some embodiments of the methods provided herein, the subject is a pediatric subject.

[0191] Also provided herein is a method of treating congenital adrenal hyperplasia (CAH), in a subject in need thereof,
comprising administering to the subject a pharmaceutical composition of the present disclosure, wherein the pharma-
ceutical composition comprises a therapeutically effective amount of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof. In some embodiments, the pharmaceutical composition is a lipidic semi-solid formulation. In
some embodiments, the pharmaceutical composition is a liquid formulation. In some embodiments, the pharmaceutical
composition is administered to the subject in a fed state.

[0192] Also provided herein is a pharmaceutical composition of the present disclosure for use in a method of treating
congenital adrenal hyperplasia (CAH) in a subject. In some embodiments, the subject is in a fed state.

[0193] In some embodiments, the pharmaceutical composition is administered to the subject with a nutritional com-
position. In some embodiments, the nutritional composition is a liquid dietary supplement comprising about 1000 to
about 2000 calories per liter with a fat content greater than about 30%. In some embodiments, the nutritional composition
is a liquid dietary supplement comprising 1500 calories per liter with a caloric distribution of 14.7% protein, 32% fat and
53.3% carbohydrate. In some embodiments, the nutritional composition is administered in an amount of about 6 to about
12 fluid ounces. In some embodiments, the nutritional composition is administered in an amount of about 8 fluid ounces.
In some embodiments, the nutritional composition is administered within 30 minutes of administration of the pharma-
ceutical composition.

[0194] In some embodiments, the pharmaceutical composition exhibits a positive food effect. In some embodiments,
the positive food effect is measured in terms of C .., AUC, or a combination thereof of a compound of Formula (I) when
comparing oral administration of the pharmaceutical composition in the fed and fasting states. In some embodiments,
the ratio of the AUC of the compound of Formula () in the fed state to the AUC of the compound of Formula (1) in the
fasted state is about 5 to about 10. In some embodiments, the ratio of the C,,, of the compound of Formula (1) in the
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fed state to the C,,,, of the compound of Formula (I) in the fasted state is about 5 to about 10. In some embodiments,
the ratio of the AUC of the compound of Formula () in the fed state to the AUC of the compound of Formula (1) in the
fasted state is about 10 to about 20. In some embodiments, the ratio of the C,,,, of the compound of Formula (I} in the
fed state to the C,,5x of the compound of Formula (1) in the fasted state is about 10 to about 20. In some embodiments,
the ratio of the AUC of the compound of Formula () in the fed state to the AUC of the compound of Formula (1) in the
fasted state is about 1 to about 4 or about 5 to about 10. In some embodiments, the ratio of the C;,, of the compound
of Formula (1) in the fed state to the C,,, of the compound of Formula (I} in the fasted state is about 1 to about 4 or
about 5 to about 10. In some embodiments, the ratio of the AUC of the compound of Formula (1) in the fed state to the
AUC of the compound of Formula (l) in the fasted state is about 1 to about 4. In some embodiments, the ratio of the
Cmax 0f the compound of Formula (1) in the fed state to the C,,, of the compound of Formula (I} in the fasted state is
about 1 to about 4. In some embodiments, the ratio of the AUC of the compound of Formula (I) in the fed state to the
AUC of the compound of Formula (1) in the fasted state is about 1.5 to about 3. In some embodiments, the ratio of the
Cmax 0f the compound of Formula (1) in the fed state to the C,, of the compound of Formula (I} in the fasted state is
about 1.5 to about 3. In some embodiments, the ratio of the AUC of the compound of Formula (I) in the fed state to the
AUC of the compound of Formula () in the fasted state is 1 to 4 or 5 to 10. In some embodiments, the ratio of the C
of the compound of Formula (I} in the fed state to the C,54 of the compound of Formula (I) in the fasted state is 1 to 4
or 5to 10. In some embodiments, the ratio of the AUC of the compound of Formula (1) in the fed state to the AUC of the
compound of Formula (1) in the fasted state is 1 to 4. In some embodiments, the ratio of the C,,,, of the compound of
Formula (1) in the fed state to the C,,, ofthe compound of Formula (1) in the fasted state is 1 to 4. In some embodiments,
the ratio of the AUC of the compound of Formula (I} in the fed state to the AUC of the compound of Formula (I} in the
fasted state is 1.5 to 3. In some embodiments, the ratio of the C,;,,, of the compound of Formula (1) in the fed state to
the Cax of the compound of Formula (I} in the fasted state is 1.5 to 3.

[0195] In some embodiments, the subject is a pediatric subject.

[0196] In some embodiments, the pharmaceutical composition is formulated for oral administration and exhibits a
positive food effect when administered orally. In some embodiments, the compound of Formula (I} has a ratio of the
AUC in the fed state to the AUC in the fasted state of about 5 to about 10. In some embodiments, the compound of
Formula (I) has a ratio of the C,,, in the fed state to the C,, in the fasted state of about 5 to about 10. In some
embodiments, the compound of Formula (I} has a ratio of the AUC in the fed state to the AUC in the fasted state of about
10 to about 20. In some embodiments, the compound of Formula (I) has a ratio of the C,,,, in the fed state to the C, .,
in the fasted state of about 10 to about 20. In some embodiments, the compound of Formula (I) has a ratio of the AUC
in the fed state to the AUC in the fasted state of about 1 to about 4 or about 5 to about 10. In some embodiments, the
compound of Formula (I} has a ratio of the C,,5, in the fed state to the C,,, in the fasted state of about 1 to about 4 or
about 5 to about 10. In some embodiments, the compound of Formula () has a ratio of the AUC in the fed state to the
AUC in the fasted state of about 1 to about 4. In some embodiments, the compound of Formula (I) has a ratio of the
Cax in the fed state to the C, ., in the fasted state of about 1 to about 4. In some embodiments, the compound of
Formula () has a ratio of the AUC in the fed state to the AUC in the fasted state of about 1.5 to about 3. In some
embodiments, the compound of Formula (l) has a ratio of the C,55 in the fed state to the C,5« in the fasted state of
about 1.5 to about 3. In some embodiments, the compound of Formula (I) has a ratio of the AUC in the fed state to the
AUC in the fasted state of 11to 4 or 5 to 10. In some embodiments, the compound of Formula (1) has a ratio of the C,,,
in the fed state to the C,5, in the fasted state of 1 to 4 or 5 to 10. In some embodiments, the compound of Formula (I}
has a ratio of the AUC in the fed state to the AUC in the fasted state of 1 to 4. In some embodiments, the compound of
Formula (I) has a ratio of the C,,, in the fed state to the C,,, in the fasted state of 1 to 4. In some embodiments, the
compound of Formula (l) has a ratio of the AUC in the fed state to the AUC in the fasted state of 1.5 to 3. In some
embodiments, the compound of Formula (I} has a ratio ofthe C,;,, inthe fed state to the C ;. in the fasted state of 1.5t0 3.
[0197] In some embodiments, the pharmaceutical composition is administered to the subject with a meal. In some
embodiments, the meal is a high fat meal. In some embodiments, the meal is a low fat meal. In some embodiments, the
pharmaceutical composition is administered within about 5 minutes after the start of the meal. In some embodiments,
the meal is an evening meal. In some embodiments, the meal is a morning meal.

[0198] In some embodiments, administering the pharmaceutical composition exhibits a positive food effect. In some
embodiments, the positive food effect is measured in terms of C,,,,, AUC, or combinations thereof of the compound of
Formula (I) when comparing oral administration of the pharmaceutical composition in the fed and fasting states. In some
embodiments, the ratio of the AUC of the compound of Formula (l) in the fed state to the AUC of the compound of
Formula (I} in the fasted state is about 5 to about 10. In some embodiments, the ratio of the C, ., of the compound of
Formula (1) in the fed state to the C ,, of the compound of Formula (l) in the fasted state is about 5 to about 10. In some
embodiments, the ratio of the AUC of the compound of Formula (I} in the fed state to the AUC of the compound of
Formula (I) in the fasted state is about 10 to about 20. In some embodiments, the ratio of the C, 5, of the compound of
Formula () in the fed state to the C,,,, of the compound of Formula (1) in the fasted state is about 10 to about 20. In
some embodiments, the ratio of the AUC of the compound of Formula (I} in the fed state to the AUC of the compound
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of Formula (1) in the fasted state is about 1 to about 4 or about 5 to about 10. In some embodiments, the ratio of the
Cmax ©f the compound of Formula (1) in the fed state to the C,, of the compound of Formula (I} in the fasted state is
about 1 to about 4 or about 5 to about 10. In some embodiments, the ratio of the AUC of the compound of Formula (1)
in the fed state to the AUC of the compound of Formula (I} in the fasted state is about 1 to about 4. In some embodiments,
the ratio of the C,,, of the compound of Formula (I} in the fed state to the C,,, of the compound of Formula (1) in the
fasted state is about 1 to about 4. In some embodiments, the ratio of the AUC of the compound of Formula (I) in the fed
state to the AUC of the compound of Formula (I} in the fasted state is about 1.5 to about 3. In some embodiments, the
ratio of the C,5x of the compound of Formula (I} in the fed state to the C,,;, of the compound of Formula (I} in the fasted
state is about 1.5 to about 3. In some embodiments, the ratio of the AUC of the compound of Formula (l) in the fed state
to the AUC of the compound of Formula (1} in the fasted state is 1 to 4 or 5to 10. In some embodiments, the ratio of the
Chax 0f the compound of Formula (1} in the fed state to the C,,,,, of the compound of Formula (I} in the fasted state is 1
to 4 or 5 to 10. In some embodiments, the ratio of the AUC of the compound of Formula (1} in the fed state to the AUC
of the compound of Formula (I) in the fasted state is 1 to 4. In some embodiments, the ratio of the C,, of the compound
of Formula (I) in the fed state to the C,,, ofthe compound of Formula () inthe fasted state is 1to 4. In some embodiments,
the ratio of the AUC of the compound of Formula (1} in the fed state to the AUC of the compound of Formula (I} in the
fasted state is 1.5 to 3. In some embodiments, the ratio of the C, 5, of the compound of Formula (1) in the fed state to
the C 4 of the compound of Formula () in the fasted state is 1.5 to 3.

[0199] Forthe avoidance of doubt, also provided herein is the corresponding compound of Formula (1), or a pharma-
ceutically acceptable salt thereof, or corresponding pharmaceutical composition comprising a compound of Formula (1),
or a pharmaceutically acceptable salt thereof, for use in the corresponding methods, as described herein.

[0200] For the avoidance of doubt, also provided herein is use of the corresponding compound of Formula (), or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for use in the corresponding methods,
as described herein.

[0201] For the avoidance of doubt, also provided herein is use of the corresponding pharmaceutical composition
comprising a compound of Formula (1), ora pharmaceutically acceptable salt thereof, in the manufacture ofa medicament
for use in the corresponding methods, as described herein.

Reduction in glucocorticoid burden, adrenal androgens and precursors

[0202] Glucocorticoids are a class of corticosteroids, which are a class of steroid hormones. Glucocorticoids are
corticosteroids that bind to the glucocorticoid receptor that is present in almost every vertebrate animal cell. In some
embodiments, the subject is concurrently receiving a dose of a glucocorticoid. In some embodiments, the glucocorticoid
is selected from cortisol (hydrocortisone), cortisone, prednisone, prednisolone, methylprednisolone, dexamethasone,
betamethasone, triamcinolone, fludrocortisone acetate, and deoxycorticosterone acetate. In some embodiments, the
glucocorticoid is cortisol (hydrocortisone). In some embodiments, the glucocorticoid is cortisone. In some embodiments,
the glucocorticoid is prednisone. In some embodiments, the glucocorticoid is dexamethasone.

[0203] In some embodiments, the glucocorticoid dose is measured in hydrocortisone equivalents. In some embodi-
ments, the glucocorticoid dose is measured as a multiple of the upper limit of normal of physiologic dosing in hydrocor-
tisone equivalents. Any glucocorticoid can be given in a dose that provides approximately the same glucocorticoid effects
as normal cortisol production; this is referred to as physiclogic, replacement, or maintenance dosing.

[0204] In some embodiments, the glucocorticoid dose is a physiologic dose as measured after a time period of ad-
ministration of the compound of Formula (1}, or a pharmaceutically acceptable salt thereof. In some embodiments, the
glucocorticoid dose is a physiologic dose of about 4 to about 12 mg/m2/day as measured after a time period of admin-
istration of the compound of Formula (I), or a pharmaceutically acceptable salt thereof. In some embodiments, the
glucocorticoid dose is a physiologicdose ofabout 4 to about @ mg/m?2/day as measured after a time period of administration
of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid
dose is a physiologic dose that is less than about 8 mg/m2/day as measured after a time period of administration of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0205] In some embodiments, the glucocorticoid dose is a physiologic dose as measured after a time period of ad-
ministration ofthe pharmaceutical composition comprising the compound of Formula (l), ora pharmaceutically acceptable
salt thereof. In some embodiments, the glucocorticoid dose is a physiologic dose of about 4 to about 12 mg/m2/day as
measured after a time period of administration of the pharmaceutical composition comprising the compound of Formula
(1), or a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid dose is a physiologic dose
of about 4 to about 9 mg/m2/day as measured after a time period of administration of the pharmaceutical composition
comprising the compound of Formula (), or a pharmaceutically acceptable salt thereof. In some embodiments, the
glucocorticoid dose is a physiologic dose that is less than about 8 mg/m2/day as measured after a time period of
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof.
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[0206] Insome embodiments, the glucocorticoid dose concurrently given to the subject is a normal physiological dose
of hydrocortisone equivalents. In some embodiments, the glucocorticoid dose concurrently given to the subject is de-
termined after a time period of administration of the compound of Formula (I}, or a pharmaceutically acceptable salt
thereof. In some embodiments, the glucocorticoid dose concurrently given to the subject is determined after a time period
of administration of the pharmaceutical composition comprising the compound of Formula (l), or a pharmaceutically
acceptable salt thereof. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 2 to
about 16 mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 4 to
about 12 mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 5 to
about 11 mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 6 to
about 10 mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 7 to
about 9 mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 4 to
about 9 mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 8
mg/m2/day. In some embodiments, a normal physiological dose of hydrocortisone equivalents is about 12 mg/m2/day.
In some embodiments, a normal physiological dose of hydrocortisone equivalents is less than about 8 mg/m2/day. In
some embodiments, a normal physiological dose of hydrocortisone equivalents is about 2, about 3, about 4, about 5,
about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15 or about 16 mg/m2/day,
or within a range defined by any of the preceding values.

[0207] In some embodiments, the glucocorticoid dose concurrently given to the subject is at the upper limit of normal
ofa normal physiological dose of hydrocortisone equivalents. In some embodiments, the glucocorticoid dose concurrently
given to the subject is determined after a time period of administration of the compound of Formula (1), or a pharmaceu-
tically acceptable salt thereof. In some embodiments, the glucocorticoid dose concurrently given to the subject is deter-
mined after a time period of administration of the pharmaceutical composition comprising the compound of Formula (1},
or a pharmaceutically acceptable salt thereof. In some embodiments, the upper limit of normal is 1.5 times the normal
physiological dose. In some embodiments, the upper limit of normal is about 1.5 times the normal physiological dose.
In some embodiments, the upperlimit of normal is about 1.5 times the normal physiological dose. In some embodiments,
the upper limit of normal is about 2 times the normal physiological dose. In some embodiments, the upper limit of normal
is about 2.5 times the normal physiclogical dose. In some embodiments, the upper limit of normal is about 1.0, about
1.1, about 1.2, about 1.3, about 1.4, about 1.5, about 1.6, about 1.7, about 1.8, about 1.9, about 2.0, about 2.1, about
2.2, about2.3, about 2.4, about 2.5, about 2.6, about2.7, about 2.8, about2.9, or about 3.0 times the normal physiclogical
dose, or within a range defined by any of the preceding values.

[0208] In some embodiments, the glucocorticoid dose of the subject is reduced by about 10% after a time period of
administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the reduction of
the glucocorticoid dose is relative to the glucocorticoid dose prior to administration of the compound of Formula (1), or
a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by
about 20% after a time period of administration of the compound of Formula (1), or a pharmaceutically acceptable salt
thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to administration of
the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid
dose of the subject is reduced by about 30% after a time period of administration of the compound of Formula (l), or a
pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid
dose prior to administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some
embodiments, the glucocorticoid dose of the subject is reduced by about 40% after a time period of administration of
the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid
dose is relative to the glucocorticoid dose prior to administration of the compound of Formula (l), or a pharmaceutically
acceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 50% after a
time period of administration of the compound of Formula (1}, or a pharmaceutically acceptable salt thereof, wherein the
reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to administration of the compound of
Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject
is reduced by about 80% after a time period of administration of the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments,
the glucocorticoid dose of the subject is reduced by about 70% after a time period of administration of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative
to the glucocorticoid dose prior to administration of the compound of Formula (), or a pharmaceutically acceptable salt
thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by less than about 20% after a time
period of administration of the compound of Formula (), or a pharmaceutically acceptable salt thereof, wherein the
reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to administration of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject
is reduced by about 20% to about 50% after a time period of administration of the compound of Formula (I}, or a
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pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid
dose prior to administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some
embodiments, the glucocorticoid dose of the subject is reduced by greater than about 50% after a time period of admin-
istration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the reduction of the
glucocorticoid dose is relative to the glucocorticoid dose prior to administration of the compound of Formula (l), or a
pharmaceutically acceptable salt thereof.

[0209] In some embodiments, the glucocorticoid dose of the subject is reduced by about 10% after a time period of
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 20% after a time
period of administration ofthe pharmaceutical composition comprisingthe compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (1}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 30% after a time
period of administration ofthe pharmaceutical composition comprising the compound of Formula (I}, ora pharmaceutically
acceptable salt thereof wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 40% after a time
period of administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (1}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 50% after a time
period of administration ofthe pharmaceutical composition comprising the compound of Formula (I}, ora pharmaceutically
acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (1}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 60% after a time
period of administration of the pharmaceutical composition comprising the compound of Formula (1), or a pharmaceutically
acceptable salt thereof wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 70% after a time
period of administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid dose prior to
administration of the pharmaceutical composition comprising the compound of Formula (1}, or a pharmaceutically ac-
ceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by less than about 20%
after a time period of administration of the pharmaceutical composition comprising the compound of Foermula (I}, or a
pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative to the glucocorticoid
dose prior to administration of the pharmaceutical composition comprising the compound of Formula (), or a pharma-
ceutically acceptable salt thereof. In some embodiments, the glucocorticoid dose of the subject is reduced by about 20%
to about 50% after a time period of administration of the pharmaceutical composition comprising the compound of
Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid dose is relative
to the glucocorticoid dose prior to administration of the pharmaceutical composition comprising the compound of Formula
(1}, or a pharmaceutically acceptable salt thereof. In some embodiments, the glucocorticoid dose ofthe subject is reduced
by greater than about 50% after a time period of administration of the pharmaceutical composition comprising the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the reduction of the glucocorticoid dose
is relative to the glucocorticoid dose prior to administration of the pharmaceutical composition comprising the compound
of Formula (1}, or a pharmaceutically acceptable salt thereof.

[0210] In some embodiments, the glucocorticoid dose of the subject is reduced within a range defined by any of the
preceding values.

[0211] In some embodiments, the level of 17-hydroxyprogesterone is reduced by at least 25% after a time period of
administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction of
the level of 17-hydroxyprogesterone is relative to the level of 17-hydroxyprogesterone prior to administration of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments, the level of 17-hydrox-
yprogesterone is reduced by at least 50% after a time period of administration of the compound of Formula (), or a
pharmaceutically acceptable salt thereof, wherein the reduction of the level of 17-hydroxyprogesterone is relative to the
level of 17-hydroxyprogesterone prior to administration of the compound of Formula (1), or a pharmaceutically acceptable
salt thereof. In some embodiments, the level of 17-hydroxyprogesterone is less than 1.5 times the upper limit of normal
after a time period of administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In
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some embodiments, the level of 17-hydroxyprogesterone is within normal limits after a time period of administration of
the compound of Formula (l), or a pharmaceutically acceptable salt thereof.

[0212] Insome embodiments, the level of 17-hydroxyprogesterone is reduced by at least about 25% after a time period
of administration of the pharmaceutical composition comprising the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, wherein the reduction of the level of 17-hydroxyprogesterone is relative to the level of 17-
hydroxyprogesterone prior to administration of the pharmaceutical composition comprising the compound of Formula
(I), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of 17-hydroxyprogesterone is reduced
by at least about 50% after a time period of administration of the pharmaceutical composition comprising the compound
of Formula (I}, ora pharmaceutically acceptable saltthereof, wherein the reduction ofthe level of 17-hydroxyprogesterone
is relative to the level of 17-hydroxyprogesterone prior to administration of the pharmaceutical composition comprising
the compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments, the level of 17-
hydroxyprogesterone is less than about 1.5 times the upper limit of normal after a time period of administration of the
pharmaceutical composition comprising the compound of Formula (l), or a pharmaceutically acceptable salt thereof. In
some embodiments, the level of 17-hydroxyprogesterone is within normal limits after a time period of administration of
the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.
[0213] In some embodiments, the level of 17-hydroxyprogesterone of the subject is reduced within a range defined
by any of the preceding values.

[0214] In some embodiments, the level of adrenocorticotropic hormone is reduced by at least 25% after a time period
of administration of the compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein the reduction
of the level of adrenocorticotropic hormone is relative to the level of adrenocorticotropic hormone prior to administration
of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of
adrenocorticotropic hormone is reduced by at least 40% after a time period of administration of the compound of Formula
(I), or a pharmaceutically acceptable salt thereof, wherein the reduction of the level of adrenocorticotropic hormone is
relative to the level of adrenocorticotropic hormeone prior to administration of the compound of Formula (1), or a pharma-
ceutically acceptable salt thereof. In some embodiments, the level of adrenocorticotropic hormone is reduced by at least
50% after a time period of administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof,
wherein the reduction of the level of adrenocorticotropic hormone is relative to the level of adrenocorticotropic hormone
prior to administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodi-
ments, the level of adrenocorticotropic hormone is less than 1.5 times the upper limit of normal after a time period of
administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments,
the level of adrenocorticotropic hormone is within normal limits after a time period of administration of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof.

[0215] In some embodiments, the level of adrenocorticotropic hormone is reduced by at least about 25% after a time
period of administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, wherein the reduction of the level of adrenocorticotropic hormone is relative to the level of
adrenocorticotropic hormone prior to administration of the pharmaceutical composition comprising the compound of
Formula (I}, ora pharmaceutically acceptable saltthereof. In some embodiments, the level of adrenocorticotropic hermone
is reduced by at least about 40% after a time period of administration of the pharmaceutical composition comprising the
compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction of the level of adreno-
corticotropic hormone is relative to the level of adrenocorticotropic hormone prior to administration of the pharmaceutical
composition comprising the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodi-
ments, the level of adrenocorticotropic hormone is reduced by at least about 50% after a time period of administration
ofthe pharmaceutical composition comprising the compound of Formula (I}, ora pharmaceutically acceptable salt thereof,
wherein the reduction of the level of adrenocorticotropic hormone is relative to the level of adrenocorticotropic hormone
prior to administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof. In some embodiments, the level of adrenocorticotropic hormone is less than about 1.5 times
the upperlimit of normal after a time period of administration of the pharmaceutical composition comprising the compound
of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of adrenocorticotropic
hormone is within normal limits after a time period of administration of the pharmaceutical composition comprising the
compound of Formula (I), or a pharmaceutically acceptable salt thereof.

[02186] Insome embodiments, the level of adrenocorticotropichormone ofthe subject is reduced within a range defined
by any of the preceding values.

[0217] In some embodiments, the level of androstenedione is reduced by at least 25% after a time period of admin-
istration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction of the level
of androstenedione is relative to the level of androstenedione prior to administration of the compound of Formula (I}, or
a pharmaceutically acceptable salt thereof. In some embodiments, the level of androstenedione is reduced by at least
30% after a time period of administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof,
wherein the reduction of the level of androstenedione is relative to the level of androstenedione prior to administration
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of the compound of Formula (I), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of
androstenedione is reduced by at least 50% after a time period of administration of the compound of Formula (1), or a
pharmaceutically acceptable salt thereof, wherein the reduction of the level of androstenedione is relative to the level
of androstenedione prior to administration of the compound of Formula (1}, or a pharmaceutically acceptable salt thereof.
In some embodiments, the level of androstenedione is less than 1.5 times the upper limit of normal after a time period
of administration of the compound of Formula (1}, or a pharmaceutically acceptable salt thereof. In some embodiments,
the level of androstenedione is within normal limits after a time period of administration of the compound of Formula (I},
or a pharmaceutically acceptable salt thereof.

[0218] In some embodiments, the level of androstenedione is reduced by at least about 25% after a time period of
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof, wherein the reduction of the level of androstenedione is relative to the level of androstenedione
prior to administration of the pharmaceutical composition comprising the compound of Formula (I), or a pharmaceutically
acceptable salt thereof. In some embodiments, the level of androstenedione is reduced by at least about 30% after a
time period of administration of the pharmaceutical composition comprising the compound of Formula (1), or a pharma-
ceutically acceptable salt thereof, wherein the reduction of the level of androstenedione is relative to the level of andros-
tenedione prior to administration of the pharmaceutical composition comprising the compound of Formula (I), or a
pharmaceutically acceptable salt thereof. In some embodiments, the level of androstenedione is reduced by at least
about 50% after a time period of administration of the pharmaceutical composition comprising the compound of Formula
(I), or a pharmaceutically acceptable salt thereof, wherein the reduction of the level of androstenedione is relative to the
level of androstenedione prior to administration of the pharmaceutical composition comprising the compound of Formula
(1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of androstenedione is less than about
1.5 times the upper limit of normal after a time period of administration of the pharmaceutical composition comprising
the compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments, the level of andros-
tenedione is within normal limits after a time period of administration of the pharmaceutical composition comprising the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0219] In some embodiments, the level of androstenedione of the subject is reduced within a range defined by any of
the preceding values.

[0220] Insome embodiments, the level of testosterone is reduced by at least 25% after a time period of administration
of the compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein the reduction of the level of
testosterone is relative to the level of testosterone prior to administration of the compound of Formula (1), or a pharma-
ceutically acceptable salt thereof. In some embodiments, the level of testosterone is reduced by at least 30% after a
time period of administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the
reduction of the level of testosterone is relative to the level of testosterone prior to administration of the compound of
Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of testosterone is reduced
by at least 50% after a time period of administration of the compound of Formula (I}, or a pharmaceutically acceptable
salt thereof, wherein the reduction ofthe level of testosterone is relative to the level of testosterone prior to administration
of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In some embodiments, the level of
testosterone is less than 1.5 times the upper limit of normal after a time period of administration of the compound of
Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of testosterone is within
normal limits after a time period of administration of the compound of Formula (I}, or a pharmaceutically acceptable salt
thereof.

[0221] In some embodiments, the level of testosterone is reduced by at least about 25% after a time period of admin-
istration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically acceptable
salt thereof, wherein the reduction of the level of testosterone is relative to the level of testosterone prior to administration
ofthe pharmaceutical composition comprising the compound of Formula (I}, ora pharmaceutically acceptable salt thereof.
In some embodiments, the level of testosterone is reduced by at least about 30% after a time period of administration
ofthe pharmaceutical composition comprising the compound of Formula (I}, ora pharmaceutically acceptable salt thereof,
wherein the reduction of the level of testosterone is relative to the level of testosterone prior to administration of the
pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically acceptable salt thereof. In
some embodiments, the level of testosterone is reduced by at least about 50% after a time period of administration of
the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically acceptable salt thereof,
wherein the reduction of the level of testosterone is relative to the level of testosterone prior to administration of the
pharmaceutical composition comprising the compound of Formula (l), or a pharmaceutically acceptable salt thereof. In
some embodiments, the level of testosterone is less than about 1.5 times the upper limit of normal after a time period
of administration of the pharmaceutical composition comprising the compound of Formula (l), or a pharmaceutically
acceptable salt thereof. In some embodiments, the level of testosterone is within normal limits after a time period of
administration of the pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically ac-
ceptable salt thereof.
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[0222] In some embodiments, the level of testosterone of the subject is reduced within a range defined by any of the
preceding values.

[0223] In some embodiments, the level of 17-hydroxyprogesterone is reduced by at least 50% and the level of an-
drostenedione is reduced by at least 50% after a time period of administration of the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, wherein the reduction of the level of 17-hydroxyprogesterone and the level of
androstenedione is relative tothe level of 17-hydroxyprogesterone and the level of androstenedione priorto administration
of the compound of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of 17-
hydroxyprogesterone is less than 1.5 times the upper limit of normal and the level of androstenedione is less than 1.5
times the upper limit of normal after a time period of administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof. In some embodiments, the level of 17-hydroxyprogesterone is within normal limits and the level
of androstenedione is within normal limits after a time period of administration of the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof.

[0224] In some embodiments, the level of 17-hydroxyprogesterone is reduced by at least about 50% and the level of
androstenedione is reduced by at least about 50% after a time period of administration of the pharmaceutical composition
comprising the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction of the
level of 17-hydroxyprogesterone and the level of androstenedione is relative to the level of 17-hydroxyprogesterone and
the level of androstenedione prior to administration of the pharmaceutical composition comprising the compound of
Formula (Iy, or a pharmaceutically acceptable salt thereof. In some embodiments, the level of 17-hydroxyprogesterone
is less than about 1.5 times the upper limit of normal and the level of androstenedione is less than about 1.5 times the
upper limit of normal after a time period of administration of the pharmaceutical composition comprising the compound
of Formula (1), or a pharmaceutically acceptable salt thereof. In some embodiments, the level of 17-hydroxyprogesterone
is within normal limits and the level of androstenedione is within normal limits after a time period of administration of the
pharmaceutical composition comprising the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.
[0225] In some embodiments, the level of 17-hydroxyprogesterone and androstenedione of the subject is reduced
within a range defined by any of the preceding values.

[0226] In some embodiments, the subject exhibits a decrease in glucocorticoid burden after a time period of admin-
istration of the compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein the decrease in gluco-
corticoid burden is relative to the glucocorticoid burden prior to administration of the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof. In some embodiments, one or more symptoms selected from quality of life,
fatigue, sleep, insulin resistance, glucose tolerance, glucose control, dyslipidemia, hyperlipidemia, bone mineral density,
boneturnover, fat mass, weight, central obesity, blood pressure, hirsutism severity, menstrual cyclicity, control oftesticular
adrenal rest tumor and fertility, is improved after a time period of administration of the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, wherein the improvement in the one or more symptoms is relative to the status
of the one or more symptoms prior to administration of the compound of Formula (1}, or a pharmaceutically acceptable
salt thereof.

[0227] In some embodiments, the subject exhibits a decrease in glucocorticoid burden after a time period of admin-
istration of the pharmaceutical composition comprising the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, wherein the decrease in glucocorticoid burden is relative to the glucocorticoid burden prior to administration
ofthe pharmaceutical composition comprising the compound of Formula (l), ora pharmaceutically acceptable salt thereof.
In some embodiments, one or more symptoms of glucocorticoid burden selected from guality of life, fatigue, sleep, insulin
resistance, glucose tolerance, glucose control, dyslipidemia, hyperlipidemia, bone mineral density, bone turnover, fat
mass, weight, central obesity, blood pressure, hirsutism severity, menstrual cyclicity, control of testicular adrenal rest
tumor and fertility, is improved after a time period of administration of the pharmaceutical composition comprising the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the improvement in the one or more
symptoms is relative to the status of the one or more symptoms prior to administration of the pharmaceutical composition
comprising the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0228] In some embodiments, the quality of life as measured by the EuroQol 5 Dimensions 5 Levels (EQ-5D-5L) in
the subject is improved after a time period of administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, wherein the improvement in the EuroQol 5 Dimensions 5 Levels (EQ-5D-5L) is relative to the
EuroQol 5 Dimensions 5 Levels (EQ-5D-5L) results prior to administration of the compound of Formula (1), or a phar-
maceutically acceptable salt thereof.

[0229] In some embodiments, fatigue is reduced in the subject after a time period of administration of the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction in fatigue is relative to the fatigue
prior to administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof.

[0230] In some embodiments, sleep is increased in the subject after a time period of administration of the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the increase in sleep is relative to the sleep prior
to administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0231] In some embodiments, insulin resistance is reduced in the subject after a time period of administration of the
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compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction of insulin resistance is
relative to the insulin resistance prior to administration of the compound of Formula (l), or a pharmaceutically acceptable
salt thereof.

[0232] In some embodiments, glucose tolerance is reduced in the subject after a time peried of administration of the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein the reduction in glucose tolerance is
relative to the glucose tolerance prior to administration of the compound of Formula (1), or a pharmaceutically acceptable
salt thereof.

[0233] In some embodiments, glucose control is increased in the subject after a time period of administration of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the increase in glucose control is relative
to the glucose control prior to administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof.
[0234] In some embodiments, lipid levels reflecting dyslipidemia are reduced in the subject after a time period of
administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the reduction in
lipid levels is relative to the lipid levels prior to administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0235] In some embodiments, lipid levels reflecting hyperlipidemia are reduced in the subject after a time period of
administration of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the reduction in
lipid levels is relative to the lipid levels prior to administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0236] In some embodiments, bone mineral density is increased in the subject after a time period of administration of
the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the increase in bone mineral density
is relative to the bone mineral density prior to administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0237] In some embodiments, bone turnover is increased in the subject after a time period of administration of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the increase in bone turnover is relative
to the bone turnover prior to administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof,
[0238] Insome embodiments, fatmass is decreased inthe subject after a time period of administration ofthe compound
of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the decrease in fat mass is relative to the fat mass
prior to administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof,

[0239] In some embodiments, body weight is decreased in the subject after a time period of administration of the
compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the decrease in body weight is relative
to the body weight prior to administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.
[0240] In some embodiments, central obesity is decreased in the subject after a time period of administration of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the decrease in central obesity is relative
to the central obesity priorto administration of the compound of Formula (I}, or a pharmaceutically acceptable sali thereof.
[0241] In some embodiments, blood pressure is increased in the subject after a time period of administration of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the increase in blood pressure is relative
to the blood pressure prior to administration of the compound of Formula (I}, ora pharmaceutically acceptable salt thereof.
[0242] In some embodiments, the severity of hirsutism is decreased in the subject after a time period of administration
of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, wherein the decrease in the severity of
hirsutism is relative to the severity of hirsutism prior to administration ofthe compound of Formula (I}, or a pharmaceutically
acceptable salt thereof.

[0243] In some embodiments, menstrual cyclicity is increased in the subject after a time period of administration of
the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the increase in menstrual cyclicity
is relative to the menstrual cyclicity priorto administration ofthe compound of Formula (I}, ora pharmaceutically acceptable
salt thereof.

[0244] In some embodiments, control of testicular adrenal rest tumor is increased in the subject after a time period of
administration of the compound of Formula (l), or a pharmaceutically acceptable salt thereof, wherein the increase in
control of testicular adrenal rest tumor is relative to the control of testicular adrenal rest tumor prior to administration of
the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0245] In some embodiments, fertility is increased in the subject after a time period of administration of the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the increase in fertility is relative to the fertility prior
to administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof.

[0246] In some embodiments, gonadotropin levels are increased in the subject after a time period of administration
of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the increase in gonadotropin
levels is relative to the gonadotropin levels prior to administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0247] In some embodiments, progesterone levels are increased in the subject after a time period of administration
of the compound of Formula (l), or a pharmaceutically acceptable salt thereof, wherein the increase in progesterone
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levels is relative to the progesterone levels prior to administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0248] In some embodiments, semen levels are increased in the subject after a time period of administration of the
compound of Formula (1), or a pharmaceutically acceptable salt thereof, wherein the increase in semen levels is relative
to the semen levels prior to administration of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof,
[0249] In some embodiments, LH (luteinizing hormone) levels are increased in the subject after a time period of
administration of the compound of Formula (l), or a pharmaceutically acceptable salt thereof, wherein the increase in
LH levels are relative to the LH levels prior to administration of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

[0250] In some embodiments, the time period of administration is at least about 4 weeks. In some embodiments, the
time period of administration is at least about 24 weeks. In some embodiments, the time period of administration is at
least about one year. In some embodiments, the time period of administration is at least 4 weeks. In some embodiments,
the time period of administration is at least 24 weeks. In some embodiments, the time period of administration is at least
one year. In some embodiments, the time period of administration is less than about 1 day. In some embodiments, the
time period of administration is about 1, 2, 3, 4, 5, 6 or 7 days, or within a range of any of the preceding values. In some
embodiments, the time period of administration is about 1, 2, 3,4,5,6,7, 8,9, 10, 11,12, 13, 14,15, 16, 17, 18, 19,
20, 21, 22, 23 or 24 weeks, or within a range of any of the preceding values. In some embodiments, the time period of
administration is about 1,2, 3,4, 5,6, 7,8, 9,10, 11, or 12 months, or within a range of any of the preceding values. It
is understood that comparative measurements occur preferably during the morning.

[0251] In some embodiments, the subject is a pediatric subject. In some embodiments, the pediatric subject is less
than or equal to six years old. In some embodiments, the pediatric subject is greater than six years old and less than
eleven years old. In some embodiments, the pediatric subject is greater than ten years old and less than fifteen years
old. In some embodiments, the pediatric subject is greater than fourteen years old and less than nineteen years old.
[0252] Insome embodiments, the subject is an adult subject. In some embodiments, the subject is over eighteen years
old. In some embodiments, the subject is female. In some embodiments, the subject is male.

[0253] In some embodiments, the compound of Formula (l), or a pharmaceutically acceptable salt thereof, is admin-
istered as a pharmaceutical composition described herein. In some embodiments, the compound of Foermula (1), or a
pharmaceutically acceptable salt thereof, is administered as a pharmaceutical composition described in Example 9. In
some embodiments, the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is administered as a
pharmaceutical composition described in Example 11. In some embodiments, the compound of Formula (1), or a phar-
maceutically acceptable salt thereof, is administered as a pharmaceutical composition described in Example 12. In some
embodiments, the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is administered as a phar-
maceutical composition described in Example 13. In some embodiments, the compound of Formula (I}, or a pharma-
ceutically acceptable salt thereof, is administered as a hydrochloric acid salt or p-toluenesulfonic acid salt.

[0254] In some embodiments, the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is admin-
istered as a p-toluenesulfonic acid salt described herein.

[0255] Forthe avoidance of doubt, also provided herein is the corresponding compound of Formula (1), or a pharma-
ceutically acceptable salt thereof, or corresponding pharmaceutical composition comprising a compound of Formula (1),
or a pharmaceutically acceptable salt thereof, for use in the corresponding methods, as described herein.

[0256] For the avoidance of doubt, also provided herein is use of the corresponding compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for use in the corresponding methods,
as described herein.

[0257] For the avoidance of doubt, also provided herein is use of the corresponding pharmaceutical composition
comprising a compound of Formula (1), or a pharmaceutically acceptable salt thereof, in the manufacture ofa medicament
for use in the corresponding methods, as described herein.

p-Toluenesulfonic Acid Salt

[0258] In some embodiments, the compound of Formula (I) or a pharmaceutically acceptable salt thereof is 4-(2-
chloro-4-methoxy  -5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenylyethyl]-5-methyl-N-prop-2-ynyl-
1,3-thiazol-2-amine, p-toluenesulfonic acid salt.

[0259] In some embodiments, the 4-(2-chloro-4-methoxy -5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-meth-
ylphenylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, p-toluenesulfonic acid salt is a crystalline salt. In some em-
bodiments, the p-toluenesulfonic acid crystalline salt has Form 1.

[0260] In some embodiments, the p-toluenesulfonic acid crystalline salt has an X-ray powder diffraction pattern as
substantially shown in Figure 27. In some embodiments, the p-toluenesulfonic acid crystalline salthas a DSC thermogram
substantially as depicted in Figure 28. In some embodiments, the p-toluenesulfonic acid crystalline salt has a thermo-
gravimetric analysis (TGA) thermogram substantially as depicted in Figure 28.
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[0261] In some embodiments, the p-toluenesulfonic acid crystalline salt has at least one X-ray powder diffraction
(XRPD) peak, interms of 2-theta (= 0.2 degrees), selected 9.1,11.3,13.2, 16.3 and 21.1 degrees. In some embodiments,
the p-toluenesulfonic acid crystalline salt has at least two X-ray powder diffraction (XRPD) peaks, in terms of 2-theta (+
0.2 degrees), selected from 9.1, 11.3, 13.2, 16.3 and 21.1 degrees. In some embodiments, the p-toluenesulfonic acid
crystalline salt has at least three X-ray powder diffraction (XRPD) peaks, in terms of 2-theta (= 0.2 degrees), selected
from 9.1, 11.3, 13.2, 16.3 and 21.1 degrees. In some embodiments, the p-toluenesulfonic acid crystalline salt has at
least four X-ray powder diffraction (XRPD) peaks, in terms of 2-theta (* 0.2 degrees), selected from 9.1, 11.3, 13.2,
16.3 and 21.1 degrees. In some embodiments, the p-toeluenesulfonic acid crystalline salt has characteristic X-ray powder
diffraction (XRPD) peaks, in terms of 2-theta (+ 0.2 degrees), at 9.1, 11.3, 13.2, 16.3 and 21.1 degrees. In some
embodiments, the p-toluenesulfonic acid crystalline salt has an endothermic peak having an onset of melt at about 156
°C (22.2 J/g) in a differential scanning calorimetry (DSC) thermogram.

Lipidic Semi-Solid Formulation
[0262] Provided herein is a lipidic semi-solid formulation, which is a pharmaceutical composition comprising:

(a) a compound of Formula (I):

()

or a pharmaceutically acceptable salt thereof, and
(b)y one or more of an oily phase vehicle, an emulsifying agent, a nonionic surfactant, and a solubilizing agent.

[0263] Insomeembodiments, the pharmaceutical composition comprises about 1 wit% to about 20 wt% ofthe compound
of Formula (1), or a pharmaceutically acceptable salt thereof, based on the weight ofthe free base. In some embodiments,
the pharmaceutical composition comprises about 5 wi% to about 15 wt% of the compound of Formula (I}, or a pharma-
ceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the pharmaceutical
composition comprises about 10 wt% of the compound of Formula (1), or a pharmaceutically acceptable salt thereof,
based on the weight of the free base. In some embodiments, the pharmaceutical composition comprises about 1, 2, 3,
4,5,6,7,8,9,10,11,12, 13, 14,15, 16, 17, 18, 19, or 20 wt% of the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, based on the weight of the free base, or within a range of any of the preceding values.

[0264] In some embodiments, the pharmaceutical composition comprises an oily phase vehicle. An oily phase vehicle
is a solvent that is poorly miscible with water. In some embodiments, the pharmaceutical composition comprises about
1 wit% to about 50 wi% of the oily phase vehicle. In some embodiments, the pharmaceutical composition comprises
about 20 wt% to about 50 wit% ofthe oily phase vehicle. Insome embodiments, the pharmaceutical composition comprises
about 35 wt% to about 45 wt% ofthe oily phase vehicle. Insome embodiments, the pharmaceutical composition comprises
about 39 wit% of the oily phase vehicle. In some embodiments, the pharmaceutical composition comprises about 35,
36, 37, 38, 39, 40, 41, 42 43 44 or 45 wt% of the oily phase vehicle, or within a range of any of the preceding values.
[0265] In some embodiments, the oily phase vehicle is selected from medium-chain triglycerides, glycerin, propylene
glycol, polyethylene glycol, olive oil, soybean oil, corn oil, and transcutol. In some embodiments, the oily phase vehicle
is medium-chain triglycerides. In some embodiments, the medium-chain triglycerides are Labrafac TM Lipophile WL1349,
In some embodiments, the medium-chain triglycerides are Miglyol 812N.

[0266] In some embodiments, the pharmaceutical composition comprises an emulsifying agent. An emulsifying agent
is acompound or substance that acts as a stabilizer for emulsions. In some embodiments, the pharmaceutical composition
comprises about 5 wt% to about 50 wt% of the emulsifying agent. In some embodiments, the pharmaceutical composition
comprises about 10 wt% to about 30 wt% ofthe emulsifying agent. In some embodiments, the pharmaceutical composition
comprises about 15wt% to about 25 wt% ofthe emulsifying agent. In some embodiments, the pharmaceutical composition
comprises about 20 wi% of the emulsifying agent. In some embodiments, the pharmaceutical composition comprises
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about 10, 11,12,13,14,15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 wi% of the emulsifying agent, or
within a range of any of the preceding values.

[0267] In some embodiments, the emulsifying agent is selected from medium-chain triglycerides, propylene glycol
dicaprylate/dicaprate, glycerin, propylene glycol, polyethylene glycol, olive oil, soybean oil, corn oil, and transcutol. In
some embodiments, the emulsifying agent is propylene glycol dicaprylate/dicaprate. In some embodiments, the propylene
glycol dicaprylate/dicaprate is Labrafac TM PG.

[0268] In some embodiments, the pharmaceutical composition comprises a nonionic surfactant. A nonionic surfactant
is a substance with a hydrophilic head and a hydrophobic tail that has no charge that is a formulation component added
to improve solubility or emulsion properties. In some embodiments, the pharmaceutical composition comprises about 5
wt% to about 50 wt% of the nonionic surfactant. In some embodiments, the pharmaceutical composition comprises about
10 wt% to about 30 wt% of the nonionic surfactant. In some embodiments, the pharmaceutical composition comprises
about 15 wi% to about 25 wit% of the nonionic surfactant. In some embodiments, the pharmaceutical composition
comprises about 19 wi% of the nonionic surfactant. In some embodiments, the pharmaceutical composition comprises
about 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 wt% of the nonionic surfactant,
or within a range of any of the preceding values.

[0269] In some embodiments, the nonionic surfactant is selected from oleoyl polyoxyl-6 glycerides, linoleoyl polyoxyl-
6 glycerides, Polysorbate 80, Polysorbate 20, Gelucire, lauroyl polyoxyl-32 glycerides, Poloxamer, PEG-32 stearate,
and PEG-32 hydrogenated palm glycerides. In some embodiments, the nonionic surfactant is lauroyl polyoxyl-32 glyc-
erides. In some embodiments, the lauroyl polyoxyl-32 glycerides are Gelucire® 44/14,

[0270] In some embodiments, the pharmaceutical composition comprises a solubilizing agent. A solubilizing agent is
a solvent that assists with solubilizing the compound of Formula (l), or a pharmaceutically acceptable salt thereof. In
some embodiments, the pharmaceutical composition comprises about 1 wt% to about 50 wt% of the solubilizing agent.
In some embodiments, the pharmaceutical composition comprises about 1 wt% to about 20 wt% ofthe solubilizing agent.
In some embodiments, the pharmaceutical composition comprises about 5 wit% to about 15 wt% ofthe solubilizing agent.
In some embodiments, the pharmaceutical composition comprises about 11 wt% of the solubilizing agent. In some
embodiments, the pharmaceutical composition comprises about1, 2,3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20 wt% of the solubilizing agent, or within a range of any of the preceding values.

[0271] In some embodiments, the solubilizing agent is selected from oleoyl polyoxyl-6 glycerides, linoleoyl polyoxyl-
6 glycerides, Polysorbate 80, Polysorbate 20, vitamin E polyethylene glycol succinate, Gelucire, lauroyl polyoxyl-32
glycerides, and Poloxamer. In some embodiments, the solubilizing agent is vitamin E polyethylene glycol succinate. In
some embodiments, the vitamin E polyethylene glycol succinate is Kolliphor® TPGS. In some embodiments, the vitamin
E polyethylene glycol succinate is Vitamin E/TPGS 260.

[0272] In some embodiments, the pharmaceutical composition comprises:

(a)  4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-
prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,

(b) an oily phase vehicle;

(c) an emulsifying agent;

(d) a nonionic surfactant; and

(e) a solubilizing agent.

[0273] In some embodiments, the pharmaceutical composition comprises:

(a) about 5 wt% to about 15 wt% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,
based on the weight of the free base;

(b) about 35 wt% to about 45 wt% of an oily phase vehicle;

(c) about 15 wt% to about 25 wt% of an emulsifying agent;

(d) about 15 wt% to about 25 wt% of a nonionic surfactant; and

(e) about 5 wi% to about 15 wt% of a solubilizing agent.

[0274] In some embodiments, the pharmaceutical composition comprises:

(a) about 10 wi% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, based on the
weight of the free base;

(b) about 39 wt% of an oily phase vehicle;

(c) about 20 wt% of an emulsifying agent;
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(d) about 19 wt% of a nonionic surfactant; and
(e) about 11 wt% of a solubilizing agent.

[0275] In some embodiments, the pharmaceutical composition comprises:

(a)  4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-
prop-2-ynyl-1,3-thiazol-2-amine;

(b) a medium-chain triglycerides component;

(c) a propylene glycol dicaprylate/dicaprate component;

(d) a lauroyl polyoxyl-32 glycerides component; and

(e) a vitamin E polyethylene glycol succinate component.

[0276] In some embodiments, the pharmaceutical composition comprises;

(a) about 5 wt% to about 15 wt% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine;

(b)y about 35 wt% to about 45 wt% of medium-chain triglycerides;

(c) about 15 wt% to about 25 wt% of propylene glycol dicaprylate/dicaprate;

(d) about 15 wit% to about 25 wt% of lauroyl polyoxyl-32 glycerides; and

(e) about 5 wt% to about 15 wit% of vitamin E polyethylene glycol succinate.

[0277] In some embodiments, the pharmaceutical composition comprises;

(ay about 10 wi% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine;

(b)y about 39 wt% of medium-chain triglycerides;

(c) about 20 wt% of propylene glycol dicaprylate/dicaprate;

(d) about 19 wt% of lauroyl polyoxyl-32 glycerides; and

(e) about 11 wt% of vitamin E polyethylene glycol succinate.

[0278] In some embodiments, the lipidic semi-solid pharmaceutical composition has a viscosity between about 15 to
about 40 centipoise at about 45 °C. In some embodiments, the lipidic semi-solid pharmaceutical composition has a
viscosity between about 26 to about 30 centipoise at about 45 °C. In some embodiments, the lipidic semi-solid pharma-
ceutical composition has a viscosity between about 5 to about 25 centipoise at about 60 “C. In some embodiments, the
lipidic semi-solid pharmaceutical composition has a viscosity between about 14 to about 18 centipoise at about 60 °C.
[0279] In some embodiments, the pharmaceutical composition does not comprise a combination of mannitol, croscar-
mellose sodium, maize starch, hydroxypropyl methylcellulose, and magnesium stearate.

[0280] In some embodiments, the pharmaceutical composition does not comprise at least one of mannitol, croscar-
mellose sodium, maize starch, hydroxypropyl methylcellulose, and magnesium stearate.

[0281] In some embodiments, the pharmaceutical composition comprises a compound of Formula (I}, or pharmaceu-
tically acceptable salt thereof, in crystalline form. In some embodiments, the pharmaceutical composition comprises a
compound of Formula (1), or pharmaceutically acceptable salt thereof, in amorphous form. In some embodiments, the
pharmaceutical composition comprises a compound of Formula (I} as a free base. In some embodiments, the crystalline
form of the compound of Formula (I} is of Form 1.

[0282] Insomeembodiments, the pharmaceutical composition is formulated in unit dosage form, wherein the compound
of Formula (I}, or a pharmaceutically acceptable salt thereof, is present in an amount of about 5 mg to about 200 mg,
based on the weight of the free base. In some embodiments, the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is present in the unit dosage form in an amount of about 75 mg to about 150 mg, based on the
weight of the free base. In some embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt
thereof, is present in the unit dosage form in an amount of about 50 mg, based on the weight of the free base. In some
embodiments, the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is present in the unit dosage
form in an amount of about 100 mg, based on the weight of the free base. In some embodiments, the compound of
Formula (1), or a pharmaceutically acceptable salt thereof, is present in the unit dosage form in an amount of about 25
mg, based on the weight of the free base.

[0283] In some embodiments, the pharmaceutical composition is in the form of a tablet, capsule, sachet, powder,
granules, coated particle, coated tablet, enterocoated tablet, enterocoated capsule, melting strip, or melting film. In some
embodiments, the pharmaceutical composition is in tablet form. In some embodiments, the pharmaceutical composition
is in capsule form. In some embodiments, the dosage form is coated.
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[0284] Some embodiments provide a method for preparing the pharmaceutical composition, comprising:
(a) heating a mixture of an oily phase vehicle, an emulsifying agent, a nonionic surfactant, and a solubilizing agent;
(b) mixing the mixture of step (a) until a homogeneous mixture is achieved; and
(c) mixing the compound of Formula (1), or a pharmaceutically acceptable salt thereof, with the homogeneous mixture
of step (b) until the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is dissolved, forming a
composition.

[0285] In some embodiments, the method further comprises:

(d) encapsulating the composition of step (¢} in a capsule shell to form a capsule; and
(e) banding the capsule of step (d) in a mixture of banding agent and banding solvent.

Liquid Formulations
[0286] Provided herein is a pharmaceutical composition in oral solution dosage form comprising:

(a) a compound of Formula (I}:

\k

o{_} 5’ Q

(b

or a pharmaceutically acceptable salt thereof,
(b) one or more of a sweetener, an anti-oxidant, and a flavor; and
(c) a liguid vehicle.

[0287] In some embodiments, the pharmaceutical composition comprises about 1 w/iv% to about 50 w/vi% of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some
embodiments, the pharmaceutical composition comprises about 1 w/v% to about 10 w/v% of the compound of Formula
(I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the
pharmaceutical composition comprises about 5 w/v% of the compound of Formula (I}, or a pharmaceutically acceptable
salt thereof, based on the weight of the free base. In some embodiments, the pharmaceutical composition comprises
about1,2 3, 4,5 6,7,8,9, or 10 w/v% of the compound of Formula (1), or a pharmaceutically acceptable salt thereof,
based on the weight of the free base, or within a range of any of the preceding values.

[0288] In some embodiments, the pharmaceutical composition comprises a sweetener. A sweetener is a formulation
component added to improve taste. In some embodiments, the pharmaceutical composition comprises about 0.01 w/v%
to about 1.5 w/v% of the sweetener. In some embodiments, the pharmaceutical composition comprises about 0.1 w/v%
to about 0.5 wiv3% of the sweetener. In some embodiments, the pharmaceutical composition comprises about 0.15 w/v%
ofthe sweetener. In some embodiments, the pharmaceutical composition comprises about 0.1,0.2,0.3,0.4, or 0.5 w/v%
of the sweetener, or within a range of any of the preceding values.

[0289] In some embodiments, the sweetener is selected from saccharin, sucrose, sucralose, aspartame, dextrose,
fructose, maltitol, mannitol, sorbitol, and avantame. In some embodiments, the sweetener is saccharin.

[0290] In some embodiments, the pharmaceutical composition comprises an anti-oxidant. An anti-oxidant is a formu-
lation component included to improve stability by preventing oxidation. In some embodiments, the pharmaceutical com-
position comprises about 0.01 w/v% to about 1.5 w/v% of the anti-oxidant. In some embodiments, the pharmaceutical
composition comprises about 0.1 w/v% to about 0.5 w/v% of the anti-oxidant. In some embodiments, the pharmaceutical
composition comprises about 0.17 w/v% of the anti-oxidant. In some embodiments, the pharmaceutical composition
comprises about 0.1, 0.2, 0.3, 0.4, or 0.5 w/v% of the anti-oxidant, or within a range of any of the preceding values.
[0291] In some embodiments, the anti-oxidant is selected from butylated hydroxytoluene, vitamin E TPGS, butylated
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hydroxyanisole, ascorbic acid, lecithin, tert-butylhydroguinone, and citric acid. In some embodiments, the anti-oxidant
is butylated hydroxytoluene.

[0292] Insome embodiments, the pharmaceutical composition comprises a flavor. A flavor is a formulation component
added to mask taste through aromatics. In some embodiments, the pharmaceutical composition comprises about 0.01
w/v% to about 0.5 w/v% of the flavor. In some embodiments, the pharmaceutical composition comprises about 0.05
wiv% to about 0.2 w/v% of the flavor. In some embodiments, the pharmaceutical composition comprises about 0.10
wivo% of the flavor. In some embodiments, the pharmaceutical composition comprises about 0.05, 0.06, 0.07, 0.08, 0.09,
0.10,0.11,0.12,0.13,0.14,0.15,0.16,0.17,0.18,0.19 or 0.2 wiv% of the flavor, orwithin a range of any of the preceding
values.

[0293] Insomeembodiments, the flavoris selected from FONA orange flavor, FONA Juicy Flavor, FONA Grape Flavor,
Firmenich SA Lemon Flavor, Firmenich Tetrarome Orange Flavor, IFF Cherry Flavor, and IFF Grape Flavor. In some
embodiments, the flavor is FONA orange flavor.,

[0294] A liquid vehicle is a solvent capable of dissolving or partially dissolving the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, for the purposes of delivery as an oral dosing solution. In some embodiments,
the pharmaceutical composition comprises about 50 w/v% to about 99.9w/v% ofthe liquid vehicle. In some embodiments,
the pharmaceutical composition comprises about 90 w/v% to about 99 w/v% of the liquid vehicle. In some embodiments,
the pharmaceutical composition comprises about 92 w/v% to about 97 w/v% of the liquid vehicle. In some embodiments,
the pharmaceutical composition comprises about 94 .6 w/v% of the liquid vehicle. In some embodiments, the pharma-
ceutical composition comprises about 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 w/v% of the liquid vehicle, or within a range
of any of the preceding values.

[0295] In some embodiments, the liquid vehicle is selected from medium-chain triglycerides, propylene glycol dicapr-
ylate/dicaprate, glycerin, propylene glycol, polyethylene glycol, olive oil, soybean oil, corn oil, and transcutol. In some
embodiments, the liquid vehicle is medium-chain triglycerides. In some embodiments, the medium-chain triglycerides
is Labrafac Lipophile WL1349.

[0296] In some embodiments, the pharmaceutical composition further comprises a surfactant. A surfactant is a for-
mulation component added to improve solubility or emulsion properties. In some embodiments, the pharmaceutical
composition comprises about 1 w/v3% to about 50 w/v% of the surfactant. In some embodiments, the pharmaceutical
composition comprises about 10 w/v% to about 30 w/v% of the surfactant. In some embodiments, the pharmaceutical
composition comprises about 20 w/v% of the surfactant. In some embodiments, the pharmaceutical composition com-
prises about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 w/v% of the surfactant,
or within a range of any of the preceding values.

[0297] In some embodiments, the surfactant is selected from oleoyl polyoxyl-6 glycerides, linoleoyl polyoxyl-6 glycer-
ides, Polysorbate 80, Polysorbate 20, vitamin E polyethylene glycol succinate, Gelucire, lauroyl polyoxyl-32 glycerides,
sodium lauryl sulfate, Poloxamer, corn oil PEG-6 esters, and hydrogenated palm/palm kernel oil PEG-6 esters. In some
embodiments, the surfactant is oleoyl polyoxyl-6 glycerides. In some embodiments, the oleoyl polyoxyl-6 glycerides is
LABRAFIL M 1944 CS.

[0298] In some embodiments, the pharmaceutical composition comprises about 50 w/v% to about 90 w/v% of the
liquid vehicle. In some embodiments, the pharmaceutical composition comprises about 70 w/v% to about 80 w/v% of
the liquid vehicle. In some embodiments, the pharmaceutical composition comprises about 75 w/v% of the liquid vehicle.
In some embodiments, the pharmaceutical composition comprises about 74.6 w/v% of the liquid vehicle. In some em-
bodiments, the pharmaceutical composition comprises about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 w/v% of the
liquid vehicle, or within a range of any of the preceding values.

[0299] In some embodiments, the liquid vehicle is selected from medium-chain triglycerides, propylene glycol dicapr-
ylate/dicaprate, glycerin, propylene glycol, polyethylene glycol, olive oil, soybean oil, corn oil, and transcutol. In some
embodiments, the liquid vehicle is medium-chain triglycerides. In some embodiments, the medium-chain triglycerides
is Labrafac Lipophile WL1349.

[0300] In some embodiments, the pharmaceutical composition comprises:

(a)  4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-
prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof;

(b) a sweetener;

(c) an anti-oxidant;

(dy a flavor; and

(e) a liquid vehicle.

[0301] In some embodiments, the pharmaceutical composition further comprises a surfactant.
[0302] In some embodiments, the pharmaceutical composition comprises:
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(a) about 4 w/v% to about 6 w/v% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(138)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,
based on the weight of the free base;

(by about 0.1 w/v% to about 0.2 w/v% of a sweetener;

(c) about 0.1 w/v% to about 0.2 w/v% of an anti-oxidant;

(dy about 0.05 w/v3% to about 0.2 w/v% of a flavor; and

(e) about 92 w/v%% to about 97 w/v% of a liquid vehicle.

[0303] In some embodiments, the pharmaceutical composition comprises:

(a) about 5 wivi% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nyljethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, based on the
weight of the free base;

(b)y about 0.15 w/v% of a sweetener,

(c) about 0.17 w/v% of an anti-oxidant;

(dy about 0.1 w/v% of a flavor; and

(e) about 94.6 w/v% of a liquid vehicle.

[0304] In some embodiments, the pharmaceutical composition comprises:

(a) about 4 w/v% to about 6 w/v% of 4-(2-chloro-4-methoxy-5-methylphenyl}-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyljethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,
based on the weight of the free base;

(by about 0.1 w/v% to about 0.2 w/v% of a sweetener,

(c)y about 0.1 w/v% to about 0.2 w/v% of an anti-oxidant;

(d)y about 0.05 w/v% to about 0.2 w/v% of a flavor;

(e) about 15 w/v% to about 25 w/v% of a surfactant; and

(f) about 70 wiv% to about 80 wiv% of a liquid vehicle.

[0305] In some embodiments, the pharmaceutical composition comprises:

(a) about 5 wivi% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nyljethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, based on the
weight of the free base;

(b) about 0.15 w/v3% of a sweetener;

(c)y about 0.17 w/v% of an anti-oxidant;

(dy about 0.1 w/v% of a flavor;

(e) about 20 w/v% of a surfactant; and

(fy about 75 w/v% of a liquid vehicle.

[0306] In some embodiments, the pharmaceutical composition comprises:

(a)  4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-
prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof;

(b) saccharin,

(c) butylated hydroxytoluene;

(dy FONA orange flavor; and

(e) medium-chain triglycerides.

[0307] In some embodiments, the pharmaceutical composition further comprises oleoyl polyoxyl-6 glycerides.
[0308] In some embodiments, the pharmaceutical composition comprises:

(a) about 4 w/v% to about 6 w/v% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,
based on the weight of the free base;

(b) about 0.1 wiv% to about 0.2 w/v% of saccharin;

(c)y about 0.1 w/v% to about 0.2 w/v% of butylated hydroxytoluene;

(d)y about 0.05 w/v% to about 0.2 w/v% of FONA orange flavor; and
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(e) about 92 w/v% to about 97 w/v% of medium-chain triglycerides.
[0309] In some embodiments, the pharmaceutical composition comprises:

(a) about 5 w/v% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, based on the
weight of the free base;

(b) about 0.15 w/v% of saccharin;

(c) about 0.17 w/v% of butylated hydroxytoluene;

(d) about 0.1 w/vs of FONA orange flavor; and

(e) about 94.6 w/v3% of medium-chain triglycerides.

[0310] In some embodiments, the pharmaceutical composition comprises;

(a) about 4 w/v% to about 6 w/v% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-
methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof,
based on the weight of the free base;

(by about 0.1 w/v% to about 0.2 w/v% of saccharin;

(c) about 0.1 w/v% to about 0.2 w/v% of butylated hydroxytoluene;

(dy about 0.05 w/v% to about 0.2 w/v% of FONA orange flavor;

(e) about 15 w/v% to about 25 w/v% of oleoyl polyoxyl-6 glycerides; and

(fy about 70 w/v% to about 80 w/v% of medium-chain triglycerides.

[0311] In some embodiments, the pharmaceutical composition comprises:

(a) about 5 w/v% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nylyethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, based on the
weight of the free base;

(b)y about 0.15 w/v% of saccharin;

(c) about 0.17 w/v% of butylated hydroxytoluene;

(dy about 0.1 wiv% of FONA orange flavor;

(e) about 20 w/v% of oleoyl polyoxyl-6 glycerides; and

(fy about 75 w/v% of medium-chain triglycerides.

[0312] In some embodiments, the pharmaceutical composition comprises the compound of Formula (I} as a free base.
[0313] Insomeembodiments, the pharmaceutical composition is formulated in unit dosage form, wherein the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, is present in an amount of about 5 mg/mL to about 200
mag/mL, based on the weight ofthe free base. In some embodiments, the compound of Formula (l), or a pharmaceutically
acceptable salt thereof, is present in the unit dosage form in an amount of about 75 mg/mL to about 150 mg/mL, based
on the weight of the free base. In some embodiments, the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, is present in the unit dosage form in an amount of about 50 mg/mL, based on the weight of the free base.
In some embodiments, the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is present in the unit
dosage form in an amount of about 100 mg/mL, based on the weight of the free base.

[0314] In some embodiments, the liquid pharmaceutical composition has a viscosity between about 1 to about 50
centipoise at about 25 °C.

[0315] Some embodiments provide a method for preparing a pharmaceutical composition comprising:

(a) mixing a liquid vehicle with a sweetener;
(b) mixing the mixture of step (a) with an anti-oxidant and a flavor;
(c) mixing the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, with the mixture of step (b); and
(d) mixing the mixture of step (c) with an additional portion of the liquid vehicle.
[0316] Insomeembodiments, step (a) ofthe method comprises mixing a liquid vehicle with a sweetenerand a surfactant.

Spray-dried dispersions

[0317] The methods and uses of the present disclosure may comprise administering a spray-dried dispersion (SDDs)
of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-
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ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, and to the use of the SDDs in the treatment of
congenital adrenal hyperplasia (CAH).

[0318] In some embodiments, concentration and bicavailability enhancement in an aqueous environment of a low-
solubility drug in a spray-dried dispersion is achieved if the SDD exhibits one or more properties, including, for example:
(1)the solid dispersion is substantially homogeneous; (2) the drug is substantially amorphous; (3) the SDD has a relatively
high drug loading; and (4) the SDD has a low residual solvent content. In some embodiments, the dispersion, when
administered to an aqueous environment, provides at least a temporary dissolved drug concentration in the aqueous
environment that is greater than the solubility of the crystalline form of the drug in the same environment. The agueous
environment can be, for example, an in vifro environment, such as a dissolution test media (e.g., phosphate buffered
saline (PBS) solution), or an in vivo environment, such as the gastrointestinal (Gl) tract of an animal, for example, a
human. In some embodiments, the aqueous environment is the lower Gl tract, such as the small intestine and large
intestine.

[0319] Provided in the present disclosure is a spray-dried dispersion that contains a polymer and a compound having
the structure of Formula (1)

H

or a pharmaceutically acceptable salt thereof. In some embodiments, the SDD includes a polymer selected from a neutral
polymer, an enteric polymer, and a pyrrolidone polymer. In some embodiments, the weight ratio of the compound of
Formula (1), or a pharmaceutically acceptable salt thereof, to the polymer is from about 1:1 to about 1:9.

[0320] Insome embodiments, the polymeris a neutral polymer. For example, the polymerdoes not contain any charged
functional groups. In some embodiments, the neutral polymer is a cellulosic polymer. For example, the cellulosic polymer
can be a polymerwith at least one ester- and/or ether-linked substituent in which the polymer has a degree of substitution
of at least 0.05 for each substituent. Examples of suitable neutral polymers include, but are not limited to, hydroxypropyl
methylcellulose (HPMC) and hydroxyethyl cellulose (HEC).

[0321] In some embodiments, the polymer is an enteric polymer. An "enteric polymer," as used herein, is a polymeric
substance that is substantially insoluble and/or substantially stable under acidic conditions exhibiting a pH of less than
about 7 and which is substantially soluble or can decompose under conditions exhibiting a pH of about 7 or more.
Examples of suitable enteric polymers include, but are not limited to, carboxymethyl ethyl cellulose (CMEC), cellulose
acetate phthalate (CAP), cellulose acetate succinate (CAS), methylcellulose phthalate, hydroxymethyl ethyl cellulose
phthalate, hydroxypropyl methyl cellulose phthalate (HPMCP), hydroxypropyl methyl cellulose acetate succinate (HP-
MCAS), polyvinyl alcohol phthalate, polyvinyl butyrate phthalate, polyvinyl acetal phthalate, a copolymer of vinyl ace-
tate/maleic anhydride, a copolymer of vinylbutylether/maleic anhydride, a copolymer of styrene/maleic acid monoester,
a copolymerofmethyl acrylate/methacrylicacid, a copolymer of styrene/acrylic acid, a copolymer of methyl acrylate/meth-
acrylic acid/octyl acrylate, a copolymer of methacrylic acid/methyl methacrylate, an amino methacrylate copolymer, an
ammonioalkyl methacrylate copolymer, a methacrylic copolymer, and mixtures thereof. Insome embodiments, the enteric
polymer is selected from hydroxypropyl methyl cellulose acetate succinate (HPMCAS), cellulose acetate phthalate
(CAP), hydroxypropyl methyl cellulose phthalate (HPMCP), an amino methacrylate copolymer, an ammonioalkyl meth-
acrylate copolymer, and a methacrylic copolymer. In some embodiments, the enteric polymer is a Eudragit® polymer
sold by Evonik Industries (Essen, Germany). In some embodiments, the enteric polymer is an aminc methacrylate
copolymer. In some embodiments, the amino methacrylate copolymer is Eudragit® E PO/100. In some embodiments,
the enteric polymeris an ammonioalkyl methacrylate copolymer. In some embodiments, the ammonioalkyl methacrylate
copolymer is Eudragit® RLPO. In some embodiments, the enteric polymer is a methacrylic copolymer. In some embod-
iments, the methacrylic copolymer is Eudragit® L100 or Eudragit® S100.

[0322] In some embodiments, the polymer is a pyrrolidone polymer. For example, the pyrrolidone polymer can be a
vinyl pyrrolidone polymer, such as polyvinyl pyrrolidone (PVVP) or polyvinyl pyrrolidone vinyl acetate (PVP/\/A), including
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homopolymers and copolymers of PVP and homopolymers and copolymers of N-vinyl pyrrolidone. In some embodiments,
the pyrrolidone polymeris PVP/VA. In some embodiments, the PVP/VA is a copolymer of 1-vinyl-2-pyrrolidone and vinyl|
acetate. In some embodiments, the copolymer contains 1-vinyl-2-pyrrolidone and vinyl acetate at a ratio of about 30:70
to about 70:30 by weight, such as about 40:60 to about 60:40 by weight, or about 45:55 to about 55:45 by weight. In
some embodiments, the copolymer contains 1-vinyl-2-pyrrolidone and vinyl acetate at a ratio of about 30:70, about
35:65, about 40:60, about 45:55, about 50:50, about 55:45, about 60:40, about 65:35, or about 70:30 by weight. In some
embodiments, the copelymer contains 1-vinyl-2-pyrrolidone and vinyl acetate at a ratio of about 60:40 by weight.
[0323] In some embodiments, the pyrrolidone polymer has the structure:

| _C\/fo G\T//O

where the value of n is about 1 to about 2 times the value of m. For example, the value of n can be about 1, about 1.05,
about 1.1, about 1.15, about 1.16, about 1.2, about 1.25, about 1.3, about 1.35, about 1.4, about 1.45, about 1.5, about
1.55, about 1.6, about 1.65, about 1.7, about 1.75, about 1.8, about 1.85, about 1.9, about 1.95, or about 2 times the
value of m, or a value within a range defined by any of the preceding values. In some embodiments, the value of n is
about 1.16 times the value of m. In some embodiments, the copolymer is copovidone, and the value of n is about 1.16
times the value of m.

[0324] In some embodiments, the pyrrolidone polymer has the structure:

HN\/\\“ "
N
Qéo

h+1 CHy _tm

where the value of nis 1 to 2 times the value of m. For example, the value ofncanbe 1, 1.05, 1.1, 1.15, 1.16, 1.2, 1.25,
1.3,1.35,14, 145 15,155 16, 165, 1.7,1.75, 1.8, 1.85, 1.9, 1.95, or 2 times the value of m, or a value within a
range defined by any of the preceding values. In some embodiments, the value of n is 1.16 times the value of m. In
some embodiments, the copolymer is copovidone, and the value of n is 1.16 times the value of m.

[0325] In some embodiments, the polymer used in the disclosed SDDs is present in an amount sufficient to increase
the maximum drug concentration ofthe amorphous form ofthe compound of Formula (1), ora pharmaceutically acceptable
salt thereof, in the environment of use (e.g., aqueous environment) relative to a control composition that contains an
equivalent amount of a crystalline form of the compound of Formula (l), or a pharmaceutically acceptable salt thereof,
but without polymer. In some embodiments, once the SDD is introduced into an environment of use (e.g., agueous
environment), the polymer increases the aqueous concentration of the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, relative to the control composition. It is to be understood that the control composition is free
from solubilizers or other components that would materially affect the solubility of the compound of Formula (1), or a
pharmaceutically acceptable salt thereof, and that the compound of Formula (I}, or a pharmaceutically acceptable salt
thereof, is in solid form in the control composition.

[0326] In some embodiments of the SDDs, the weight ratio of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, to the polymer is from about 1:1 to about 1:9. For example, the weight ratio of the compound of
Formula (1), or a pharmaceutically acceptable salt thereof, to the polymer can be about 1:1 to about 1:8, about 1:1 to
about 1:7, about 1:1 to about 1:6, about 1:1 to about 1:5, about 1:1 to about 1:4, about 1:1 to about 1:3, about 1:1 to
about 1:2, about 1:1 to about 1:1.5, about 1:1.5 to about 1.9, or about 1:2.5 to about 1:4. In some embodiments, the
weight ratio of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, to the polymer is about 1:9,
about 1:8, about 1:7.5, about 1:7, about 1:6, about 1:5, about 1:4, about 1:3, about 1:2.5, about 1:2, about 1:1.5, or about
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1:1, or a weight ratio within a range defined by any of the preceding values. In some embodiments, the weight ratio of
the compound of Formula (1), or a pharmaceutically acceptable salt thereof, to the polymer is about 1:9. In some em-
bodiments, the weight ratio of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, to the polymer
is about 1:1.5. In some embodiments, the weight ratio of the compound of Formula (l), or a pharmaceutically acceptable
salt thereof, to the polymer is about 1:1.

[0327] In some embodiments of the SDDs, the weight ratio of the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, to the polymer is from 1:1 to 1.9, For example, the weight ratio of the compound of Formula (I},
or a pharmaceutically acceptable salt thereof, to the polymer can be 1:1 to 1:8, 1:1 t0 1:7, 1:1 to 1:6, 1:1 0 1:5, 1:1 to
14,1:1t01:3,1:1t0 1:2, 1:1t0 1:1.5,1:1.5t01:9, or 1:2.5to 1:4. In some embodiments, the weight ratio ofthe compound
of Formula (1), or a pharmaceutically acceptable salt thereof, to the polymer is 1:9, 1:8,1:7.5,1:7,1:6,1:5,1:4,1:3,1:2.5,
1:2, 1:1.5, or 1:1, or a weight ratio within a range defined by any of the preceding values. In some embodiments, the
weight ratio of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, to the polymeris 1:9. In some
embodiments, the weight ratio of the compound of Formula (), or a pharmaceutically acceptable salt thereof, to the
polymeris 1:1.5. In some embodiments, the weight ratio of the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, to the polymeris 1:1.

[0328] In some embodiments, the spray dried dispersion includes a compound of Formula (1), or a pharmaceutically
acceptable salt thereof, and a polymerthat is a copolymer of 1-vinyl-2-pyrrolidone and vinyl acetate having the structure:

I
i
/

yay @
LT

where the value of n is about 1 to about 2 times the value of m and the copolymer contains 1-vinyl-2-pyrrolidone and
vinyl acetate at a ratio of about 60:40 by weight, and the weight ratio ofthe compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, to the copolymer is from about 1:1 to about 1:9.

[0329] In some embodiments, the spray dried dispersion includes a compound of Formula (1), or a pharmaceutically
acceptable salt thereof, and a polymer that is a copolymer of 1-vinyl-2-pyrrolidone and vinyl acetate having the structure:

e ;
M\\T///AMM“ X
N
o]

SR L CHy  .im

where the value of n is 1 to 2 times the value of m and the copolymer contains 1-vinyl-2-pyrrolidone and vinyl acetate
at a ratio of 60:40 by weight, and the weight ratio of the compound of Formula (I}, or a pharmaceutically acceptable salt
thereof, to the copolymer is from 1:1 to 1.9,

[0330] Insome embodiments ofthe SDDs, the compound of Formula (1), ora pharmaceutically acceptable salt thereof,
and the polymer together form homogeneous particles. In some embodiments, the particles are a substantially homo-
geneous composition that includes the compound of Formula (I), or a pharmaceutically acceptable salt thereof, and the
polymer. As used herein, "substantially homogeneous"” means that the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, is dispersed as homogeneously as possible throughout the polymer and can be thought of as
a solid solution of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, dispersed in the polymer.
While the dispersion can have some concentrated domains of the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, the dispersion itself has a single glass transition temperature (Tg) which demonstrates that the
dispersion is substantially homogeneous. This contrasts with a simple physical mixture of pure amorphous particles of
the compound of Formula (1), or a pharmaceutically acceptable salt thereof, and pure amorphous polymer particles,
which generally displays two distinct TQS, one of the compound of Formula (1), or a pharmaceutically acceptable salt
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thereof, and one of the polymer. "Tg," as used herein, is the characteristic temperature where a glassy material, upon
gradual heating, undergoes a relatively rapid (e.g., 10to 100 seconds) physicalchange from a glass state to a rubber state.
[0331] Insome embodiments, the particles have a particle size distribution (D-value, Dgg), of about 5 p.m to about 100
pm, such as about 5 pm to about 95 pm, about 5 pm to about 90 pm, about 5 p.m to about 85 pm, about 5 pum to about
80 pm, about 5 pm to about 75 m, about 5 wm to about 70 p.m, about 5 wm to about 65 wm, about 5 pm to about 60
pm, about 5 pm to about 55 p.m, about 5 pm to about 50 pm, about 5 p.m to about 45 p.m, about 5 wm to about 40 pm,
about 5 p.m to about 35 pm, about 5 pm to about 30 p.m, about 5 wm to about 25 pum, about 5 pm to about 20 p.m, about
5 p.m to about 15 pm, about 5 pm to about 10 p.m, about 10 pm to about 100 p.m, about 10 p.m to about 95 pm, about
10 pm to about 90 wm, about 10 wm to about 85 pm, about 10 pm to about 80 p.m, about 10 p.m to about 75 pm, about
10 pmto about 70 wm, about 10 wm to about 65 pm, about 10 wm to about 60 pm, about 10 wm to about 55 p.m, about
10 pm to about 50 m, about 10 pm to about 45 pm, about 10 pwm to about 40 p.m, about 10 p.m to about 35 pwm, about
10 pm to about 30 wm, about 10 wm to about 25 pm, about 10 pm to about 20 p.m, about 10 p.m to about 15 pwm, about
15 pmto about 100 pm, about 15 wm to about 95 pm, about 15 p.m to about 90 pm, about 15 wm fo about 85 pm, about
15 pmto about 80 wm, about 15 wm to about 75 wm, about 15 wm to about 70 pm, about 15 pm to about 65 p.m, about
15 pm to about 60 wm, about 15 pm to about 55 pwm, about 15 pwm to about 50 p.m, about 15 p.m to about 45 pm, about
15 pm to about 40 pm, about 15 pm to about 35 pm, about 15 pwm to about 30 pm, about 15 pm to about 25 pm, about
15 pmto about 20 wm, about 20 wm to about 100 p.m, about 20 p.m to about 95 pm, about 20 wm to about 80 pm, about
20 pm to about 85 pm, about 20 p.m to about 80 pm, about 20 wm to about 75 pm, about 20 p.m to about 70 pum, about
20 p.m to about 85 pm, about 20 p.m to about 60 p.m, about 20 wm to about 55 pm, about 20 p.m to about 50 pm, about
20 p.m to about 45 pum, about 20 p.m to about 40 pm, about 20 .wm to about 35 p.m, about 20 p.m to about 30 .m, about
20 pmto about 25 pm, about 25 pum to about 100 p.m, about 25 p.m to about 85 pm, about 25 pm to about 90 p.m, about
25 pmto about 85 wm, about 25 p.m to about 80 pm, about 25 wm to about 75 p.m, about 25 p.m to about 70 pm, about
25 p.mto about 65 um, about 25 p.m to about 60 pm, about 25 wm to about 55 p.m, about 25 p.m to about 50 p.m, about
25 pmto about 45 pm, about 25 p.m to about 40 p.m, about 25 pum to about 35 pm, about 25 p.m to about 30 pm, about
30 pm to about 100 p.m, about 30 pm to about 95 pm, about 30 p.m to about 80 p.m, about 30 pwm to about 85 pm, about
30 p.m to about 80 pm, about 30 p.m to about 75 pm, about 30 wm to about 70 pm, about 30 pm to about 65 wm, about
30 p.m to about 60 pm, about 30 pm to about 55 pm, about 30 pnm to about 50 pm, about 30 pm to about 45 wm, about
30 pm to about 40 pm, about 30 pm to about 35 p.m, about 35 p.m to about 100 p.m, about 35 pm to about 85 pm, about
35 p.mto about 90 pm, about 35 pm to about 85 pm, about 35 wm to about 80 pm, about 35 pm to about 75 wm, about
35 p.mto about 70 pm, about 35 p.m to about 65 pm, about 35 pm to about 60 pm, about 35 pm to about 55 pwm, about
35 pwm to about 50 pm, about 35 pm to about 45 p.m, about 35 wm to about 40 wm, about 40 pmto about 100 p.m, about
40 p.m to about 95 wm, about 40 p.m to about 90 pm, about 40 .wm to about 85 p.m, about 40 p.m to about 80 p.m, about
40 pmto about 75 wm, about 40 p.m to about 70 pm, about 40 wm to about 65 pwm, about 40 p.m to about 60 pm, about
40 pmto about 55 p.m, about 40 wm to about 50 pm, about 40 pm to about 45 wm, about 45 p.m to about 100 pm, about
45 p.m to about 95 pm, about 45 p.m to about 90 pm, about 45 .wm to about 85 p.m, about 45 p.m to about 80 p.m, about
45 p.mto about 75 pm, about 45 pm to about 70 pm, about 45 pm to about 65 p.m, about 45 pm to about 60 pm, about
45 pm to about 55 p.m, about 45 pum to about 50 p.m, about 50 pm to about 100 p.m, about 50 pm to about 95 p.m, about
50 p.m to about 90 pm, about 50 pm to about 85 pm, about 50 pwm to about 80 pm, about 50 pm to about 75 wm, about
50 p.m to about 70 p.m, about 50 p.m to about 65 p.m, about 50 pm to about 60 pm, about 50 p.m to about 55 pwm, about
55 pm to about 100 p.m, about 55 wwm to about 95 pm, about 55 p.m to about 90 w.m, about 55 pm to about 85 pm, about
55 p.mto about 80 pm, about 55 pm to about 75 pm, about 55 pwm to about 70 pm, about 55 pm to about 65 wm, about
55 pwm to about 60 pm, about 80 pm to about 100 p.m, about 60 p.m to about 85 pm, about 60 p.m to about 90 p.m, about
60 pm to about 85 wm, about 60 p.m to about 80 pm, about 60 wm to about 75 p.m, about 60 p.m to about 70 pm, about
60 pm to about 685 p.m, about 85 nwm to about 100 p.m, about 65 p.m to about 95 p.m, about 85 wm to about 90 p.m, about
65 p.m to about 85 pum, about 85 pm to about 80 pm, about 65 pm to about 75 p.m, about 85 pm to about 70 pm, about
70 wmto about 100 pm, about 70 pwm to about 95 p.m, about 70 p.m to about 80 pm, about 70 p.m to about 85 p.m, about
70 pm to about 80 pm, about 70 pm to about 75 p.m, about 75 p.m to about 100 pm, about 75 pm to about 95 p.m, about
75 pm to about 90 pm, about 75 pm to about 85 p.m, about 75 pm to about 80 pm, about 80 p.m to about 100 pm, about
80 pm to about 95 pm, about 80 pm to about 90 p.m, about 80 p.m to about 85 pm, about 85 p.m to about 100 wm, about
85 pm to about 95 pwm, about 85 pm to about 90 p.m, about 90 wm to about 100 wm, about 90 p.m to about 95 p.m, or
about 95 pm to about 100 pm. In some embodiments, the Dgy is about 5 wm, about 10 pm, about 15 pm, about 16 pm,
about 20 p.m, about 25 pm, about 30 pm, about 35 p.m, about 40 pm, about 45 p.m, about 50 p.m, about 55 pum, about
60 pm, about 85 pm, about 70 pm, about 75 pm, about 80 pm, about 85 p.m, about 90 ..m, about 95 p.m, or about 100
pm. In some embodiments, the Dgg is about 10 pum, about 11 wm, about 12 pwm, about 13 wm, about 14 pm, about 15
p.m, about 16 p.m, about 17 wm, about 18 pm, about 19 wm, or about 20 p.m, or a value within a range defined by any
of the preceding values. In some embodiments, the Dso value is about 16 p.m. The Dso value can be measured by
conventional particle size measuring techniques well known to those skilled in the art. Such technigues include, for
example, sedimentation field flow fractionation, photon correlation spectroscopy, light scattering, laser diffraction and
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disc centrifugation.

[0332] In some embodiments, the particles have a particle size distribution (D-value, Dgg), of 5 wm to 100 pm, such
as5pmto 95 pm, 5 pmto 90 pm, 5 pmto 85 pm, 5 pmto 80 pm, 5 pmto 75 pm, 5 pmto 70 wm, 5 pm to 65 pm, 5
pm to 80 pm, 5 pmto 55 pm, 5 pmto 50 pm, 5 pm to 45 pm, 5 pwm to 40 pm, S pmto 35 pm, 5 pmto 30 pm, 5 pm
to25 pm, 5pmto 20 pm, 5 pmto 15 pm, 5 pmto 10 pm, 10 pm to 100 pm, 10 p.mto 95 pm, 10 pm to 90 pm, 10 pm
to 85 pm, 10 pm to 80 pm, 10 pmto 75 pm, 10 pmto 70 pm, 10 wm to 65 pm, 10 pm to 60 pm, 10 pwm to 55 pm, 10
pmto 50 pm, 10 pm to 45 p.m, 10 pm to 40 pm, 10 pm to 35 pm, 10 pm to 30 pwm, 10 pm to 25 pm, 10 pum to 20 pm,
10 pmto 15 pm, 15 pmto 100 pm, 15 pm to 95 p.m, 15 pm to 90 pm, 15 pmto 85 p.m, 15 pm to 80 pm, 15 pmto 75
pm, 15 pmto 70 pm, 15 pm to 65 pm, 15 pmto 60 pm, 15 pmto 55 pm, 15 pmto 50 pm, 15 pmto 45 pm, 15 pmto
40 pm, 15 pmto 35 pm, 15 pwmto 30 pm, 15 pmto 25 pm, 15 wmto 20 wm, 20 pm to 100 pm, 20 wm to 95 pm, 20
pmto 90 pm, 20 pm to 85 pm, 20 pm to 80 pm, 20 pmto 75 pm, 20 pmto 70 pm, 20 pm to 65 pm, 20 pm to 60 pm,
20 pmto 55 pm, 20 pm to 50 pm, 20 pm to 45 pm, 20 pm to 40 pm, 20 p.m to 35 um, 20 pm to 30 pm, 20 pm to 25
pm, 25 pmto 100 pm, 25 pmto 95 pm, 25 pm to 90 pm, 25 pmto 85 pm, 25 pm to 80 pm, 25 pm to 75 wm, 25 wm
to 70 wm, 25 pm to 65 pwm, 25 pm to 60 pm, 25 pm to 55 pm, 25 pm to 50 pm, 25 pm to 45 pm, 25 wm to 40 p.m, 25
pmto 35 pum, 25 pmto 30 pm, 30 pmto 100 pm, 30 pm to 95 pm, 30 pmto 90 pm, 30 pm to 85 pm, 30 pm to 80 pm,
30 pmto 75 pm, 30 pmto 70 pm, 30 pm to 65 pm, 30 wm to 60 pm, 30 p.m to 55 pum, 30 pm to 50 pm, 30 pm to 45
pm, 30 pmto 40 pm, 30 pmto 35 um, 35 pm to 100 pm, 35 wmto 95 pm, 35 wm to 90 pm, 35 pm to 85 wm, 35 um
to 80 pm, 35 pmto 75 wm, 35 pmto 70 pm, 35 pm to 65 pm, 35 pm to 60 pm, 35 pm to 55 pm, 35 pm to 50 p.m, 35
pm to 45 pm, 35 pum to 40 pm, 40 p.m to 100 pm, 40 pm to 95 pm, 40 p.m to 90 pm, 40 p.m to 85 p.m, 40 pm to 80 pm,
40 pmto 75 p.m, 40 pmto 70 pm, 40 p.m to 85 pum, 40 pm to 60 pm, 40 pm to 55 pwm, 40 pm to 50 pm, 40 wm to 45
pm, 45 pmto 100 pm, 45 pmto 95 pm, 45 pm to 90 pm, 45 pwmto 85 pm, 45 pmto 80 pm, 45 pmto 75 wm, 45 pum
to 70 wm, 45 pmto 65 pwm, 45 pm to 60 pm, 45 pmto 55 pm, 45 pm to 50 wm, 50 wm to 100 pm, 50 pm to 95 pm, 50
pmto 90 pm, 50 pm to 85 p.m, 50 pm to 80 pm, 50 pmto 75 pm, S0 pmto 70 pm, 50 pm to 65 pm, 50 pm to 60 pm,
50 pmto 55 pm, 55 pmto 100 pm, 55 pm to 95 pm, 55 pmto 90 pm, 55 pmto 85 pm, 55 pm to 80 pm, 55 pmto 75
pm, 55 pmto 70 pum, 55 pm to 65 pm, 55 pm to 60 pm, 60 pm to 100 pm, 60 pm to 85 pm, 60 p.m to 90 pwm, 60 pm
to 85 wm, 60 pm to 80 wm, 60 pmto 75 p.m, 60 p.mto 70 pwm, 60 pm to 65 wm, 65 pm to 100 pm, 65 pm to 95 pm, 65
pmto 90 wm, 85 pm to 85 pm, 65 p.m to 80 pm, 85 pmto 75 pm, 65 pmto 70 pm, 70 pm to 100 pm, 70 pm to 95 pm,
70 pmto 90 pm, 70 pwm to 85 pm, 70 pm to 80 p.m, 70 pm to 75 pm, 75 pm to 100 p.m, 75 pm to 85 pm, 75 pm to 90
pm, 75 pmto 85 pm, 75 pmto 80 pum, 80 pm to 100 pm, 80 pwm to 95 pm, 80 pm to 90 pm, 80 pm to 85 wm, 85 num
to 100 pm, 85 p.m to 95 pm, 85 pm to 90 pm, 90 pm to 100 pm, 90 pm to 95 pm, or 95 pm to 100 pwm. In some
embodiments, the Dgg is 5 pm, 10 pm, 15 pm, 16 pm, 20 pm, 25 pm, 30 pm, 35 pm, 40 pm, 45 pm, 50 pm, 55 pm,
60 pm, 85 pm, 70 pm, 75 pm, 80 pm, 85 p.m, 90 p.m, 95 p.m, or 100 p.m. In some embodiments, the Dso is 10 pm, 11
pm, 12 pm, 13 pm, 14 p.m, 15 pm, 16 pm, 17 pm, 18 pm, 19 pm, or 20 pm, or a value within a range defined by any
ofthe preceding values. In some embodiments, the Dy, value is 16 wm. The Dso value can be measured by conventional
particle size measuring techniques well known to those skilled in the art. Such techniques include, for example, sedi-
mentation field flow fractionation, photon correlation spectroscopy, light scattering, laser diffraction and disc centrifuga-
tion.

[0333] The SDDs of the present disclosure have a low residual solvent content. "Residual solvent content," as used
herein, refers to the amount of solvent present in the SDD following spray drying, immediately upon exit from the spray
dryer. The presence of solvent in the SDD lowers the glass transition temperature (Tg} of the dispersion. In some
embodiments, mobility of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, in the SDD and
its propensity to phase separate and crystallize decreases as the amount of residual sclvent in the SDD decreases. In
some embodiments, the SDDs have a residual solvent content of not more than about 10 wt%, such as not more than
about 5 wi%, or not more than about 1 wit%. For example, the SDDs have a residual solvent content of about 2 wi%,
about 1.9 wt%, about 1.8 wt%, about 1.7 wt%, about 1.6 wt%, about 1.5 wt%, about 1.4 wt%, about 1.3 wt%, about 1.2
wt%, about 1.1 wit%, about 1 wt%, about 0.9 wt%, about 0.8 wt%, about 0.7 wit%, about 0.6 wt%, about 0.5 wt%, or less.
In some embodiments, the SDDs have a residual solvent content of less than about 2 wi%. In some embodiments, the
SDDs have a residual solvent content of less than about 1 wt%. In some embodiments, the SDDs have a residual solvent
content of about 0.5 wt% or less. In some embodiments, the SDDs have a residual solvent content of not more than 10
wt%, such as not more than 5 wt%, or not more than 1 wt%. For example, the SDDs may have a residual solvent content
of 2 wit%, 1.9 wi%, 1.8 wit%, 1.7 wit%, 1.6 wi%, 1.5 wit%, 1.4 wt%, 1.3 wit%, 1.2 wit%, 1.1 wit%, 1 wi%, 0.9 wit%, 0.8 wi%,
0.7 wt%, 0.6 wt%, 0.5 wt%, orless. In some embodiments, the SDDs have a residual solvent content of less than 2 wt%.
In some embodiments, the SDDs have a residual solvent content of less than 1 wi%. In some embodiments, the SDDs
have a residual solvent content of 0.5 wt% or less.

[0334] Insome embodiments, the compound of Formula (I}, ora pharmaceutically acceptable salt thereof, in the spray-
dried dispersion is substantially amorphous. As used herein, "substantially amorphous" means that the amount of the
compound of Formula (I}, or a pharmaceutically acceptable salt thereof, in amorphous form is at least 80 wi% and that
the amount of crystalline form present does not exceed 20 wit%. In some embodiments, the compound of Formula (1),
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or a pharmaceutically acceptable salt thereof, in the dispersion is "almost completely amorphous,” meaning that at least
90 wit% of the drug is amorphous, or that the amount of the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, in the crystalline form does not exceed 10 wt%. Amounts of crystalline drug can be measured by powder
X-ray diffraction (PXRD), scanning electron microscope (SEM) analysis, differential scanning calorimetry (DSC), polar-
ized light microscopy (PLM), or any other standard quantitative or qualitative measurement used to detect crystalline
material. Without wishing to be bound by any theory, it is believed that the amorphous, or non-crystalline form, in
combination with the pelymer, leads to greater ease of dissolution and absorption in the desired location, for example,
the intestines, resulting in enhanced bicavailability as compared to a crystalline form of the compound of Formula (I}
without polymer.

Process for preparing spray-dried dispersions

[0335] Provided in the present disclosure are methods for preparing a spray-dried dispersion containing a polymer
and the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, such as the SDDs described herein. In
some embodiments, the method includes dissolving the compound of Formula (1), or a pharmaceutically acceptable salt
thereof, and the polymer in an organic solvent to form a solution; and spray-drying the solution to produce the spray-
dried dispersion, wherein the spray-drying forms homogeneous particles ofthe compound of Formula () and the polymer.
In some embodiments, the product obtained by spray-drying is dried to remove the solvent or solvent mixture. In some
embodiments, the organic solvent is acetone.

[0336] The SDDs disclosed herein can be obtained by spray-drying a mixture comprising the compound of Formula
(1}, or a pharmaceutically acceptable salt thereof, one or more polymer(s), and an appropriate solvent or solvent mixture.
Spray-drying involves atomization of a liquid mixture containing, for example, a solid and a solvent or solvent mixture,
and removal of the solvent or solvent mixture. Atomization can be done, for example, through a two-fluid or pressure or
electrosonic nozzle, or on a rotating disk.

[0337] Spray-drying converts a liquid feed to a dried particulate form. In some embodiments, spray-drying involves
the atomization of a liquid feed solution into a spray of droplets and contacting the droplets with hot air or gas in a drying
chamber. The composition to be spray-dried can be any solution, coarse suspension, slurry, colloidal dispersion, or
paste that can be atomized using the selected spray-drying apparatus. In some embodiments, the composition is a
solution that is clear and free of undissolved solids. In some embodiments, the sprays are produced by either rotary
(wheel) or nozzle atomizers. Evaporation of moisture from the droplets and formation of dry particles proceed under
controlled temperature and airflow conditions, Commercially available types of apparatus can be used to conduct the
spray-drying. For example, commercial spray dryers are manufactured by Buchi Ltd. and Niro (e.g., the PSD line of
spray driers manufactured by Niro). Techniques and methods for spray-drying can also be found in Perry's Chemical
Engineering Handbook, 6th Ed., R. H. Perry, D. W. Green & J. O, Maloney, eds., McGraw-Hill Book Co. (1984); and
Marshall, "Atomization and Spray-Drying" 50, Chem. Eng. Prog. Monogr. Series 2 (1954).

[0338] In some embodiments, the spray-drying is conducted with an inlet temperature of from about 40°C to about
100°C, for example, from about 80°C to about 80°C, or from about 70°C to about 75°C. In some embodiments, the
spray-drying is conducted with an inlet temperature of about 40°C, about 45°C, about 50°C, about 55°C, about 60°C,
about 70°C, about 72°C, about 75°C, about 80°C, about 85°C, about 90°C, about 95°C, or about 100°C, or within a
range defined by any of the preceding values. In some embodiments, the inlet temperature is about 60°C to about 80°C.
In some embodiments, the spray-drying is conducted with an inlet temperature of about 61°C, about 63°C, about 65°C,
about 67°C, about 69°C, about 71°C, about 73°C, about 75°C, about 77°C, about 78°C, about 81°C, about 83°C, or
about 85°C, or within a range defined by any of the preceding values. In some embodiments, the inlet temperature is
about 72°C.

[0339] In some embodiments, the spray-drying is conducted with an inlet temperature of from 40°C to 100°C, for
example, from 60°C to 80°C, or from 70°C to 75°C. In some embodiments, the spray-drying is conducted with an inlet
temperature of 40°C, 45°C, 50°C, 55°C, 60°C, 70°C, 72°C, 75°C, 80°C, 85°C, 90°C, 95°C, or 100°C, or within a range
defined by any of the preceding values. In some embodiments, the inlet temperature is 60°C to 80°C. In some embod-
iments, the spray-drying is conducted with an inlet temperature of 61°C, 63°C, 65°C, 67°C, 69°C, 71°C, 73°C, 75°C,
77°C, 79°C, 81°C, 83°C, or 85°C, or within a range defined by any of the preceding values. In some embodiments, the
inlet temperature is 72°C.

[0340] In some embodiments, the spray-drying is conducted with an outlet temperature of from about 20°C to about
75°C, for example, from about 25°C to about 50°C, or from about 30°C to about 40°C. In some embodiments, the spray-
drying is conducted with an outlet temperature of about 20°C, about 25°C, about 30°C, about 35°C, about 40°C, about
45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, or about 75°C, or within a range defined by any
ofthe preceding values. Insome embodiments, the outlettemperature is about 25°Cto about 45°C. In some embodiments,
the spray-drying is conducted with an outlet temperature of about 24°C, about 26°C, about 28°C, about 30°C, about
32°C, about 34°C, about 36°C, about 38°C, about 40°C, about 42°C, about 44°C, or about 46°C, or within a range
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defined by any of the preceding values. In some embodiments, the outlet temperature is about 35°C.

[0341] In some embodiments, the spray-drying is conducted with an outlet temperature of from 20°C to 75°C, for
example, from 25°C to 50°C, or from 30°C to 40°C. In some embodiments, the spray-drying is conducted with an outlet
temperature of 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C, 70°C, or 75°C, or within a range defined
by any of the preceding values. In some embodiments, the outlet temperature is 25°C to 45°C. In some embodiments,
the spray-drying is conducted with an outlet temperature of 24°C, 26°C, 28°C, 30°C, 32°C, 34°C, 36°C, 38°C, 40°C,
42°C, 44°C, or 46°C, or within a range defined by any of the preceding values. In some embodiments, the outlet tem-
perature is 35°C.

[0342] In some embodiments, the method involves removing the organic solvent after formation of the spray-dried
dispersion. In some embodiments, the organic solventis removed by drying the SDD. In some embodiments, a secondary
drying process, such as fluidized bed drying, vacuumdrying, tray drying, microwave drying, rotary drumdrying or biconical
vacuumdrying is used to remove or reduce residual solvents, such as the organic solvent, to pharmaceutically acceptable
levels. In some embodiments, the SDD is dried with a convection tray dryer.

[0343] In some embodiments, the homogeneous particles produced by the methods of the present disclosure have a
bulk density ofless than about 0.2 g/mL, orless thanabout 0.15 g/mL. In some embodiments, the homogeneous particles
produced by the methods of the present disclosure have a bulk density of about 0.19 g/mL, about 0.18 g/mL, about 0.17
g/mL, about 0.16 g/mL, about 0.15 g/mL, about 0.14 g/mL, about 0.13 g/mL, about 0.12 g/mL, about 0.11 g/mL, about
0.1 g/mL, about 0.09 g/mL, about 0.08 g/mL, about 0.07 g/mL, about 0.06 g/mL or about 0.05 g/mL, or within a range
defined by any of the preceding values. In some embodiments, the homogeneous particles produced by the methods
of the present disclosure have a bulk density of less than 0.2 g/mL, or less than 0.15 g/mL. In some embodiments, the
homogeneous particles produced by the methods of the present disclosure have a bulk density of 0.19 g/mL, 0.18 g/mL,
0.17 g/mL, 0.16 g/mL, 0.15 g/mL, 0.14 g/mL, 0.13 g/mL, 0.12 g/mL, 0.11 g/mL, 0.1 g/mL, 0.09 g/mL, 0.08 g/mL, 0.07
g/mL, 0.06 g/mL or 0.05 g/mL, or within a range defined by any of the preceding values. The term "bulk density," as
used herein, refers to a property of powders and is defined as the mass of many particles of the material divided by the
total volume they occupy. The total volume includes particle volume, inter-particle void volume and internal pore volume.
[0344] In some embodiments, the homogeneous particles produced by the methods of the present disclosure have a
tapped density of less than about 0.3 g/mL, or less than about 0.25 g/mL. In some embodiments, the homogeneous
particles produced by the methods of the present disclosure have a tapped density of about 0.29 g/mL, about 0.28 g/mL,
about 0.27 g/mL, about 0.26 g/mL, about 0.25 g/mL, about 0.24 g/mL, about 0.23 g/mL, about 0.22 g/mL, about 0.21
g/mL, about 0.2 g/mL, orabout 0.19 g/mL, orwithin a range defined by any ofthe preceding values. In some embodiments,
the homogeneous particles produced by the methods of the present disclosure have a tapped density of less than 0.3
g/mL, orless than 0.25 g/mL. In some embodiments, the homogeneous particles produced by the methods of the present
disclosure have a tapped density of 0.29 g/mL, 0.28 g/mL, 0.27 g/mL, 0.26 g/mL, 0.25 g/mL, 0.24 g/mL, 0.23 g/mL, 0.22
g/mL, 0.21 g/mL, 0.2 g/mL, or 0.19 g/mL, or within a range defined by any of the preceding values. The term "tap density"
or "tapped density," as used herein, refers to a measure ofthe density of a powder. The tapped density of a pharmaceutical
powder is determined using a tapped density tester, which is set to tap the powder at a fixed impact force and frequency.
Tapped density by the USP method is determined by a linear progression of the number of taps.

Deuterated Compounds

[0345] Also disclosed herein are compounds having the structure of the following formula (I1):

(i
or a pharmaceutically acceptable salt thereof, wherein:
each R is independently C(RA),;

each RA is independently hydrogen or deuterium;
each R2 is independently hydrogen or deuterium;
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each R? is independently hydrogen or deuterium;
R4 is

Rz R2
2 2
r2 73

RS is hydrogen or deuterium;
RS is C(RA),; and
R7 is C(RB),, wherein at least one of RA, RE, R2, R? and RS is deuterium.

[0346] With regard to the compounds provided herein, when a particular atomic position is designated as having
deuterium or "D" or "d", it is understood that the abundance of deuterium at that position is substantially greater than
the natural abundance of deuterium, which is about 0.015%. A position designated as having deuterium typically has a
minimum isotopic enrichment factor of, in certain embodiments, at least 3500 (52.5% deuterium incorporation), at least
4000 (60% deuterium incorporation}), at least 4500 (67.5% deuterium incorporation), at least 5000 (75% deuterium
incorporation), at least 5500 (82.5% deuterium incorporation), at least 6000 (90% deuterium incorporation), at least
6333.3 (95% deuterium incorporation), at least 6466.7 (97% deuterium incorporation), at least 6600 (99% deuterium
incorporation), or at least 6633.3 (99.5% deuterium incorporation) at each designated deuterium position.

[0347] In some embodiments, the compound of Formula (lI} may be one of the following, or a pharmaceutically ac-
ceptable salt thereof:
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Pharmaceutical compositions

[0348] The methods and uses disclosed herein can comprise administering the compound of Formula (I) as a phar-
maceutical composition.

[0349] In some embodiments of the methods described herein, the 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-
2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically ac-
ceptable salt thereof is administered in a pharmaceutical composition further comprising one or more pharmaceutically
acceptable excipients.

[0350] Also provided herein is a pharmaceutical composition comprising 4-(2-chloro-4-methoxy-5-methylphe-
ny-N-[(18)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharma-
ceutically acceptable salt thereof, for use in any of the methods described herein.

[0351] Insome embodiments, the methods and uses described herein comprise administering a pharmaceutical com-
position that does not comprise a spray-dried dispersion of the compound of Formula (I}, as specified, e.g., in Example
1. Accordingly, in some embodiments, the pharmaceutical composition does not comprise any of the following polymers:
hydroxypropylmethylcellulose acetate succinate-L (HPMCAS-L); polyvinyl pyrrolidone vinyl acetate 64 (PVP/VA 64);
HPMCAS-M; and methyl methacrylate copolymer (1:1) (Eudragit® L100).

[0352] Insome embodiments, the methods and uses described herein comprise administering a pharmaceutical com-
position that is not the reference formulation described in Example 9. Accordingly, in some embodiments, the pharma-
ceutical composition does not comprise at leastthree ofthe excipients selected from caprylic/caprictriglyceride (Labrafac®
Lipophile, Gattefossé, France); propylene glycol dicrapolate/dicaprate (Labrafac® PG, Gattefosseé, France); oleoyl poly-
oxyl-6 glycerides (Labrafil® M 1944 CS, Gattefossé, France): polysorbate 20; polyoxyl castor oil (Kolliphor® RH 40,
BASF, Germany); polyoxyl 15 hydroxystearate (Kolliphor® HS 15, BASF, Germany); lauroyl polyoxyl-32 glycerides
(Gelucire® 44/14, Gattefosseé, France); d-n-tocopheryl polyethylene glycol 1000 succinate (TPGS); and diethylene glycol
monoethyl ether (Transcutol®, Gattefossé, France).

[0353] Insome embodiments, the methods and uses described herein comprise administering a pharmaceutical com-
position that is the formulation described in Example 9. In some embodiments, the methods and uses described herein
comprise administering a pharmaceutical composition that is the formulation described in Example 11. In some embod-
iments, the methods and uses described herein comprise administering a pharmaceutical composition that is the for-
mulation described in Example 12. In some embodiments, the methods and uses described herein comprise administering
a pharmaceutical composition that is the formulation described in Example 13.

[0354] Insome embodiments, the pharmaceutical compositions include a spray-dried dispersion containing a polymer
and the compound of Formula (1}, or a pharmaceutically acceptable salt thereof.

[0355] In some embodiments, the pharmaceutical composition includes the SDD comprising a compound of Formula
(I) and one or more pharmaceutically acceptable excipients. In some embodiments, the SDD is present in the pharma-
ceutical composition in an amount of about 20% to about 90% w/w of the composition, such as about 20% to about 85%,
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about 20% to about 80%, about 20% to about 75%, about 20% to about 70%, about 20% to about 65%, about 20% to
about 60%, about 20% to about 55%, about 20% to about 50%, about 20% to about 45%, about 20% to about 40%,
about 20% to about 35%, about 20% to about 30%, about 20% to about 25%, about 25% to about 90%, about 25% to
about 85%, about 25% to about 80%, about 25% to about 75%, about 25% to about 70%, about 25% to about 65%,
about 25% to about 60%, about 25% to about 55%, about 25% to about 50%, about 25% to about 45%, about 25% to
about 40%, about 25% to about 35%, about 25% to about 30%, about 30% to about 90%, about 30% to about 85%,
about 30% to about 80%, about 30% to about 75%, about 30% to about 70%, about 30% to about 65%, about 30% to
about 60%, about 30% to about 55%, about 30% to about 50%, about 30% to about 45%, about 30% to about 40%,
about 30% to about 35%, about 35% to about 90%, about 35% to about 85%, about 35% to about 80%, about 35% to
about 75%, about 35% to about 70%, about 35% to about 65%, about 35% to about 60%, about 35% to about 55%,
about 35% to about 50%, about 35% to about 45%, about 35% to about 40%, about 40% to about 90%, about 40% to
about 85%, about 40% to about 80%, about 40% to about 75%, about 40% to about 70%, about 40% to about 65%,
about 40% to about 60%, about 40% to about 55%, about 40% to about 50%, about 40% to about 45%, about 45% to
about 90%, about 45% to about 85%, about 45% to about 80%, about 45% to about 75%, about 45% to about 70%,
about 45% to about 65%, about 45% to about 60%, about 45% to about 55%, about 45% to about 50%, about 50% to
about 90%, about 50% to about 85%, about 50% to about 80%, about 50% to about 75%, about 50% to about 70%,
about 50% to about 65%, about 50% to about 60%, about 50% to about 55%, about 55% to about 90%, about 55% to
about 85%, about 55% to about 80%, about 55% to about 75%, about 55% to about 70%, about 55% to about 65%,
about 55% to about 60%, about 60% to about 90%, about 60% to about 85%, about 60% to about 80%, about 60% to
about 75%, about 60% to about 70%, about 60% to about 65%, about 65% to about 90%, about 65% to about 85%,
about 85% to about 80%, about 85% to about 75%, about 65% to about 70%, about 70% to about 90%, about 70% to
about 85%, about 70% to about 80%, about 70% to about 75%, about 75% to about 90%, about 75% to about 85%,
about 75% to about 80%, about 80% to about 90%, about 80% to about 85%, or about 85% to about 90% w/w of the
composition. In some embodiments, the SDD is present in an amount of about 40% to about 90% w/w ofthe composition.
In some embodiments, the SDD is present in an amount of about 40% to about 80% w/w of the composition. In some
embodiments, the SDD is present in the pharmaceutical composition in an amount of about 60% to about 80% w/w of
the composition. In some embodiments, the SDD is present in an amount of about 80% w/w of the composition. In some
embodiments, the SDD is present in the pharmaceutical composition in an amount of about 1% to about 20% w/w of
the composition, such as about 13% w/w of the composition.

[0356] In some embodiments, the pharmaceutical composition includes the SDD comprising a compound of Formula
(I} and one or more pharmaceutically acceptable excipients. In some embodiments, the SDD is present in the pharma-
ceutical composition in an amount of 20% to 90% w/w of the composition, such as 20% to 85%, 20% to 80%, 20% to
75%, 20% to 70%, 20% to 85%, 20% to 60%, 20% to 55%, 20% to 50%, 20% to 45%, 20% to 40%, 20% to 35%, 20%
to 30%, 20% to 25%, 25% to 90%, 25% to 85%, 25% to 80%, 25% to 75%, 25% to 70%, 25% to 65%, 25% to 60%,
25% to 55%, 25% to 50%, 25% to 45%, 25% to 40%, 25% to 35%, 25% to 30%, 30% to 90%, 30% to 85%, 30% to 80%,
30% to 75%, 30% to 70%, 30% to 65%, 30% to 60%, 30% to 55%, 30% to 50%, 30% to 45%, 30% to 40%, 30% to 35%,
35% to 90%, 35% to 85%, 35% to 80%, 35% to 75%, 35% to 70%, 35% to 65%, 35% to about 60%, 35% to 55%, 35%
to 50%, 35% to 45%, 35% to 40%, 40% to 90%, 40% to 85%, 40% to 80%, 40% to 75%, 40% to 70%, 40% to 65%,
40% to 60%, 40% to 55%, 40% to 50%, 40% to 45%, 45% to 90%, 45% to 85%, 45% to 80%, 45% to 75%, 45% to 70%,
45% to 65%, 45% to 60%, 45% to 55%, 45% to 50%, 50% to 90%, 50% to 85%, 50% to 80%, 50% to 75%, 50% to 70%,
50% to 65%, 50% to 60%, 50% to 55%, 55% to 90%, 55% to 85%, 55% to 80%, 55% to 75%, 55% to 70%, 55% to 65%,
55% to 60%, 60% to 90%, 60% to 85%, 60% to 80%, 60% to 75%, 60% to 70%, 60% to 65%, 65% to 90%, 65% to 85%,
65% to 80%, 65% to 75%, 65% to 70%, 70% to 90%, 70% to 85%, 70% to 80%, 70% to 75%, 75% to 90%, 75% to 85%,
75% to 80%, 80% to 90%, 80% to 85%, or about 85% to 90% w/w of the composition. In some embodiments, the SDD
is present in an amount of 40% to 90% w/w of the composition. In some embodiments, the SDD is present in an amount
of 40% to 80% w/w of the composition. In some embodiments, the SDD is present in the pharmaceutical composition
in an amount of 80% to 80% w/w of the composition. In some embodiments, the SDD is present in an amount of 80%
wiw of the composition. In some embodiments, the SDD is present in the pharmaceutical composition in an amount of
about 1% to about 20% w/w of the composition, such as about 13% w/w of the composition.

[0357] In some embodiments of the pharmaceutical compositions disclosed herein (e.g., a composition including an
SDD), the pharmaceutically acceptable excipient is selected from the group consisting of a filler, a lubricant, and com-
binations thereof. In some embodiments, the pharmaceutical excipients are selected from the group consisting of a
glidant, a filler, a disintegrant, a lubricant, and a combination thereof.

[0358] In some embodiments, the pharmaceutical composition includes a filler. In some embodiments, the filler is
selected from among binders, diluents, disintegrants, glidants, surfactants, and combinations thereof.

[0359] In some embodiments, the filler include saccharides (e.g., sugars, starch, and cellulose), gelatin, calcium
carbonate, and synthetic polymers (e.g., polyvinylpyrrelidone, polyethylene glycol, and poloxamers (e.g., Poloxamer
188, a copolymer of polyoxyethylene and polyoxypropylene)). Exemplary fillers include, but are not limited to, glucose,
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sucrose, lactose, a starch, including modified starches such as sodium starch glycolate (2.g., Explotab®), xylitol, dextrin,
saccharose, sorbitol, mannitol (e.g., Parteck® M 200 (mannitol with an average particle size of about 50 p.m to about
500 wm) or Parteck® M 100 (mannitol with an average particle size of less than 212 wm)), a cellulose, a polyvinylpyrro-
lidone, a polyethylene glycol, a polyvinyl alcohol, a polymethacrylate, dibasic calcium phosphate, magnesium stearate,
calcium stearate, sodium stearate, stearic acid, hydrogenated vegetable oils, a mineral oil, sodium lauryl sulfate, mag-
nesium lauryl sulfate, glyceryl palmitostearate, sodium benzoate, sodium stearyl fumarate, colloidal silicon dioxide,
sodium benzeate, sodium oleate, sodium acetate, aliginic acid, alginates (e.g., sedium alginate), calcium silicate, and
ion exchange resins. Exemplary cellulose fillers include microcrystalline cellulose (e.g., Avicel® PH-101 (microcrystalline
cellulose with an average particle size of approximately 50 wm) or Avicel® PH 200 (microcrystalline cellulose with an
average particle size of approximately 180 pm)), methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, and hydrox-
ypropylmethylcellulose. Exemplary fillers include cross-linked polyvinylpyrrolidone such as with an average particle size
of 90 pm to 130 pm) or with an average particle size of 10 pm to 30 pm). Other fillers known to those of skill in the art
are also contemplated as being useful when formulated in the pharmaceutical compositions described herein.

[0360] Insome embodiments,the filleris a binder. Binders include agents that hold the active pharmaceuticalingredient
(e.g., spray-dried dispersion containing a polymer and the compound of Formula (1), or a pharmaceutically acceptable
salt thereof) and inactive ingredients together in a cohesive mix. Exemplary binders include, but are not limited to,
glucose, sucrose, lactose, a starch, including modified starches such as sodium starch glycolate (Explotab®), xylitol,
dextrin, saccharose, sorbitol, mannitol (e.g., Parteck® M 200 (mannitol with an average particle size of about 50 pm to
about 500 p.m), Parteck® M 100 (mannitol with an average particle size of less than 212 pm)), gelatin, gum tragacanth,
acacia mucilage, a cellulose, a polyvinylpyrrolidone, a polyethylene glycol, a polyvinyl alcohol, a polymethacrylate, and
sodium starch glycolate. Exemplary cellulose fillers include microcrystalline cellulose (e.g., Avicel® PH-101 (microcrys-
talline cellulose with an average particle size of approximately 50 nm) or Avicel® PH 200 (microcrystalline cellulose with
an average particle size of approximately 180 pm)), cellulose ethers, methyl cellulose, ethyl cellulose, croscarmellose
sodium, sodium carboxy methyl cellulose starches, hydroxypropyl cellulose, and hydroxypropyl methyl cellulose. Ex-
emplary polyvinylpyrrolidone fillers include cross-linked polyvinylpyrrolidone such as Kollidon® CL (crospovidone with
an average particle size of 90 uwm to 130 wm) or Kollidon® CL-SF (crospovidone with an average particle size of 10 pm
to 30 pm). Other binders known to those of skill in the art are also contemplated as being useful when formulated in the
compositions described herein.

[0361] In some embodiments, the filler is a diluent. Suitable diluents include, but are not limited to, lactose, mannitol,
isomalt, sucrose, dextrose, and sorbitol.

[0362] Insome embodiments, the filler is a disintegrant. Disintegrants include any agent that promotes breakup of the
formulation in an aqueous environment, for example, to promote more rapid release of the active pharmaceutical ingre-
dient (e.g., the compound of Formula (l), or a pharmaceutically acceptable salt thereof). Exemplary disintegrants include,
but are not limited to, starch and modified starches, such as corn starch, potato starch, sodium starch glycolate or
croscarmellose sodium, alginic acid, alginates, such as sodium alginate, polyvinylpyrrolidone, bentonite, methylcellulose,
agar, carboxymethylcellulose, crospovidone, acid-carbonate effervescent systems, such as citric acid with bicarbonate
salts, and ion exchange resins. Other disintegrants known to those of skill in the art are also contemplated as being
useful when formulated in the compositions described herein.

[0363] In some embodiments, the pharmaceutical composition comprises a disintegrant. In some embodiments, the
pharmaceutical composition comprises about 1 w/w% to about 30 w/w% of the disintegrant. In some embodiments, the
pharmaceutical composition comprises about 5 wiw% to about 15 w/w% of the disintegrant. In some embodiments, the
pharmaceutical composition comprises about 10 w/w% of the disintegrant. In some embodiments, the disintegrant is
selected from croscarmellose sodium, sodium starch glycolate, crospovidone, and sodium bicarbonate. In some em-
bodiments, the disintegrant is croscarmellose sodium.

[0364] In some embodiments, the filler is a glidant. Glidants can be used to improve the flowability of a powder or
granules or both. Glidants include, but are not limited to, silicone dioxide, such as colloidal silicon dioxide or hydrated
silicon dioxide, magnesium silicate, magnesium aluminometasilicate, talc, starch, calcium silicate, light anhydrous silicic
acid, and silicon dioxide aerogels.

[0365] In some embodiments, the pharmaceutical composition comprises a glidant. In some embodiments, the phar-
maceutical composition comprises about 0.1 w/w% to about 5 w/w% of the glidant. In some embodiments, the pharma-
ceutical composition comprises about 0.1 w/w% to about 1 wiw% ofthe glidant. In some embodiments, the pharmaceutical
composition comprises about 0.67 w/w% of the glidant. In some embodiments, the glidant is selected from calcium
silicate, silicon dioxide, and talc. In some embodiments, the glidant is calcium silicate.

[0366] In some embodiments, the filler is a surfactant, wetting agent, solubilizer, or combination thereof. Examples
include, but are not limited to, glycerol monostearate, cetostearyl alcohol, cetomacrogol emulsifying wax, sorbitan esters,
polyoxyethylene alkyl ethers (e.g., macrogol ethers such as cetomacrogol 1000), polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters (e.g., Tween®), polyoxyethylene stearates, sodium dodecylsulfate, tyloxapol
(a nonionic liquid polymer of the alkyl aryl polyether alcohol type, also known as superinone or triton). Other examples
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include, but are not limited to, poloxamers such as Pluronic® F68, F127, and F108, which are block copolymers of
ethylene oxide and propylene oxide, and polyxamines such as Tetronic® 908 (also known as Poloxamine® 908), which
is a tetrafunctional block copolymer derived from sequential addition of propylene oxide and ethylene oxide to ethylen-
ediamine (available from BASF), dextran, lecithin, dialkylesters of sodium sulfosuccinic acid, such as Aerosol® OT, which
is a dioctyl ester of sodium sulfosuccinic acid (available from American Cyanimid), Duponol® P, which is a sodium lauryl
sulfate (available from DuPont), Triton® X-200, which is an alkyl aryl polyether sulfonate (available from Rohm and
Haas), Tween® 20 and Tween® 80, which are polyoxyethylene sorbitan fatty acid esters (available from IC| Specialty
Chemicals), Carbowax™ 3550 and 934, which are polyethylene glycols (available from Union Carbide), Crodesta™ F-
110, which is a mixture of sucrose stearate and sucrose distearate, and Crodesta™ SL-40 (both available from Croda
Inc.), and SA90HCO, which has the chemical formula C43H37-CH,(CON(CH3)CH,(CHOH),CH,OH)..

[0367] In some embodiments, the pharmaceutical composition comprises a filler. In some embodiments, the pharma-
ceutical composition comprises about 30 w/w% to about 99 w/w% ofthe filler. In some embodiments, the pharmaceutical
composition comprises about 50 w/w% to about 90 w/iw% of the filler. In some embodiments, the pharmaceutical com-
position comprises about 75.5w/w% ofthe filler. In some embodiments, the filler is selected from mannitol, microcrystalline
cellulose, lactose, starch, isomali, silicified microcrystalline cellulose, Dicalcium Phosphate, maltodextrin, and a combi-
nation thereof. In some embodiments, the filler is a combination of mannitol and microcrystalline cellulose. In some
embodiments, the pharmaceutical composition comprises about 30 w/w% to about 80 w/w% of mannitol. In some
embodiments, the pharmaceutical composition comprises about 50 w/w% to about 60 w/w% of mannitol. In some
embodiments, the pharmaceutical composition comprises about 56 w/w% of mannitol. In some embodiments, the phar-
maceutical composition comprises about 1 w/w% to about 50 w/w% of microcrystalline cellulose. In some embodiments,
the pharmaceutical composition comprises about 10 w/w% to about 30 w/w% of microcrystalline cellulose. In some
embodiments, the pharmaceutical composition comprises about 20 w/w% of microcrystalline cellulose. In some embod-
iments, the pharmaceutical composition comprises about 56 w/w% of mannitol and about 20 w/w% of microcrystalline
cellulose.

[0368] In some embodiments, the pharmaceutical composition includes a lubricant. Lubricants are agents added to
pharmaceutical formulations to reduce friction during processing and prevent ingredients from clumping together. Ex-
emplary lubricants include, but are not limited to, talc, starch, magnesium stearate, calcium stearate, sodium stearate,
zinc stearate, stearic acid, vegetable stearin, adipic acid, waxy fatty acids, such as glyceryl behenate, a hydrogenated
vegetable oil, a mineral oil, a polyethylene glycol, lycopodium, sodium lauryl sulfate, magnesium lauryl sulfate, glyceryl
palmitostearate, sodium benzoate, sodium chloride, sterotex, glycerol monostearate, sodium stearyl fumarate, colloidal
silicon dioxide, sodium benzoate, sodium oleate, and sodium acetate. Other lubricants known to those of skill in the art
are also contemplated as being useful when formulated in the compositions described herein.

[0369] In some embodiments, the pharmaceutical composition comprises a lubricant. In some embodiments, the
pharmaceutical composition comprises about 0.1 wiw% to about 10 w/w% of the lubricant. In sorme embodiments, the
pharmaceutical composition comprises about 0.1 w/w% to about 1 w/w% of the lubricant. In some embodiments, the
pharmaceutical composition comprises about 0.5 w/w% of the lubricant. In some embodiments, the pharmaceutical
lubricant is selected from sodium stearyl fumarate, magnesium stearate, stearic acid sodium lauryl sulfate, sodium
oleate, glyceryl behenate, and talc. In some embodiments, the lubricant is sodium stearyl fumarate.

[0370] In some embodiments, the pharmaceutical composition comprises:

(a) the spray-dried dispersion comprising the compound of Formula (), or a pharmaceutically acceptable salt thereof,
and a polymer;

(b) a glidant;

(c) a filler; and

(d) a disintegrant.

[0371] In some embodiments, the pharmaceutical composition comprises:
(a) about 1 w/w% to about 20 w/w% of the spray-dried dispersion comprising the compound of Formula (I}, or a
pharmaceutically acceptable salt thereof, and a polymer;
(by about 0.1 w/w% to about 1 w/w% of a glidant;
(c) about 50 w/w% to about 90 w/w% of a filler; and
(d)y about 5 wiw% to about 0.2 w/w% of a disintegrant.

[0372] In some embodiments, the pharmaceutical composition comprises;

(a) about 13 w/w% of the spray-dried dispersion comprising the compound of Formula (I}, or a pharmaceutically
acceptable salt thereof, and a polymer;
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(b) about 0.67 w/w% of a glidant;
(c) about 75.5 wiw% of a filler; and
(d) about 10 w/w% of a disintegrant.

[0373] In some embodiments, the pharmaceutical composition comprises:

(a) the spray-dried dispersion of Example 3;

(b) calcium silicate;

(c) a combination of mannitol and microcrystalline cellulose; and
(d) croscarmellose sodium.

[0374] In some embodiments, the pharmaceutical composition comprises:

(a) about 1 wiw% to about 20 w/w% of the spray-dried dispersion of Example 3;

(by about 0.1 w/w% to about 1 w/w% of calcium silicate;

(c) about 50 w/w% to about 60 wiw% of mannitol and about 10 w/w% to about 30 w/w% of microcrystalline cellulose;
and

(dy about 5 w/w% to about 0.2 w/w% of croscarmellose sodium.

[0375] In some embodiments, the pharmaceutical composition comprises:

(a) about 13 w/w% of the spray-dried dispersion of Example 3;

(by about 0.67 w/w% of calcium silicate;

(c)y about 56 w/w% of mannitol and about 20 w/iw% of microcrystalline cellulose; and
(dy about 10 w/w% of croscarmellose sodium.

[0376] Additional excipients can be included in the pharmaceutical formulations of the present disclosure. Further
examples of excipients include, but are not limited to, pigments, colorants, flavoring agents, preservatives, and sweet-
eners, Flavors and colors can be added to improve the taste or appearance of a formulation. Examples of preservatives
used in pharmaceutical compositions are aromatic alcohols, such as benzyl or phenol alcohol, antioxidants such as
vitamin A, vitamin E, vitamin C, and selenium, amino acids such as cysteine and methionine, citric acid and sodium
citrate, or synthetic preservatives such as methyl paraben and propyl paraben. Sweeteners can be added to make the
ingredients more palatable, especially in chewable tablets or liquids like syrups.

[0377] Also provided are methods for preparing a pharmaceutical composition, such as a pharmaceutical composition
of the present disclosure. In some embodiments, the method includes combining the spray-dried dispersion described
herein with one or more pharmaceutically acceptable excipients, e.g., a pharmaceutically acceptable excipient described
herein.

[0378] In some embodiments, the method for preparing the pharmaceutical composition comprises:

(a) blending the spray-dried dispersion described herein, with a glidant;

(by further blending the blend of step (a) with a filler and a disintegrant;

(c) screening the blend of step (b) to break up aggregates and assist with blend uniformity;

(dy further blending the intragranular blend of step (c);

(e) compaction of the intragranular blend of step (d) via roller compaction to form granules; and
(f) milling of ribbon from roller compaction into granules of step (e).

[0379] In some embodiments, the spray-dried dispersion is the spray-dried dispersion described in Example 3.
[0380] The pharmaceutical compositions of the present disclosure are formulated for oral administration. In preparing
the compositions in oraldosage form, any ofthe usual pharmaceutical media can be employed. For solid oral preparations
such as, for example, powders, capsules, caplets, gelcaps, and tablets, suitable carriers and additives include starches,
sugars, diluents, granulating agents, lubricants, binders, disintegrating agents and the like. Suitable binders include,
without limitation, starch, gelatin, natural sugars such as glucose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth or sodium oleate, sodium stearate, magnesium stearate, sodium benzoate, sodium
acetate, sodium chloride and the like. Disintegrators include, without limitation, starch, methyl cellulose, agar, bentonite,
xanthan gum and the like.

[0381] ©Oral pharmaceutical dosage forms can be solid, gel, orliquid. Insome embodiments, the dosage formis a solid
dosage form. In some embodiments, the solid dosage form is a pill, tablet, capsule, caplet, gelcaps, granules, powder,
sachet, melting strip, or melting film. In some embodiments, the solid dosage form is coated. In some embodiments, the
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coating is an enteric coating, a sugar coating, or a film coating. In some embodiments, the solid dosage form is a coated
particle, coated tablet, enterocoated tablet, or enterocoated capsule. In some embodiments, the solid dosage form is a
pill or tablet. Types of oral tablets include compressed, chewable lozenges and tablets which may be enteric coated,
sugar coated or film coated. In some embodiments, the pharmaceutical composition is formulated as a capsule. In some
embodiments, the pharmaceutical composition is formulated as a powder, solution, or suspension (e.g., in propylene
carbonate, vegetable oils, PEG's, poloxamer 124 or triglycerides), or is encapsulated in a capsule (gelatin or cellulose
base capsule). Capsules can be hard or soft gelatin capsules, while granules and powders can be provided in non-
effervescent or effervescent form with a combination of other ingredients known to those skilled in the art.

[0382] The pharmaceutical compositions of the present disclosure can contain, per dosage unit, e.g., tablet, capsule,
powder, and the like, an amount of the active ingredient necessary to deliver an effective dose as described above.
[0383] Insomeembodiments, the pharmaceutical compositions ofthe present disclosure are formulated in unitdosage
form. In some embodiments, the compound of Formula (1), or pharmaceutically acceptable salt thereof, is present in an
amount of about 5 mg to about 200 mg in the unit dosage form. For example, about 5 mg to about 175 mg, about 5 mg
to about 150 mg, about 5 mg to about 125 mg, about 5 mg to about 100 mg, about 5 mg to about 75 mg, about 5 mg to
about 50 mg, about 5 mg to about 25 mg, about 25 mg to about 200 mg, about 25 mg to about 175 mg, about 25 mg to
about 150 mg, about 25 mg to about 125 mg, about 25 mg to about 100 mg, about 25 mg to about 75 mg, about 25 mg
to about 50 mg, about 50 mg to about 200 mg, about 50 mg to about 175 mg, about 50 mg to about 150 mg, about 50
mg to about 125 mg, about 50 mg to about 100 myg, about 50 mg to about 75 mg, about 75 mg to about 200 mg, about
75 mg to about 175 mg, about 75 mg to about 150 mg, about 75 mg to about 125 mg, about 75 mg to about 100 mg,
about 100 mg to about 200 mg, about 100 mg to about 175 mg, about 100 mg to about 150 mg, about 100 mg to about
125 mg, about 125 mg to about 200 mg, about 125 mg to about 175 mg, about 125 mg to about 150 mg, about 150 mg
to about 200 mg, about 150 mg to about 175 mg, or about 175 mg to about 200 mg in the unit dosage form. In some
embodiments, the compound of Formula (I}, or pharmaceutically acceptable salt thereof, is present in an amount of
about 25 mg to about 125 mg in the unit dosage form. In some embodiments, the compound of Formula (1), or pharma-
ceutically acceptable salt thereof, is present in an amount of about 75 mg to about 150 mg in the unit dosage form. In
some embodiments, the compound of Formula (), or pharmaceutically acceptable salt thereof, is present in an amount
of about 5 mg, about 10 mg, about 25 mg, about 35 mg, about 50 mg, about 65 mg, about 75 mg, about 80 mg, about
100 mg, about 125 mg, about 150 mg, about 175 mg, or about 200 mg in the unit dosage form, or within a range defined
by any of the preceding values. In some embodiments, the compound of Formula (1), or pharmaceutically acceptable
salt thereof, is present in an amount of about 50 mg in the unit dosage form. In some embodiments, the compound of
Formula (I}, or pharmaceutically acceptable salt thereof, is present in an amount of about 100 mg in the unit dosage
form.. In some embodiments, the compound of Formula (1), or pharmaceutically acceptable salt thereof, is present in
an amount of about 25 mg in the unit dosage form. In some embodiments, the compound of Formula (I}, or pharmaceu-
tically acceptable salt thereof, is present in an amount of 5 mg to 250 mg in the unit dosage form. For example, 5 mg to
175 mg, 5 mg to 150 mg, 5 mg to 125 mg, 5 mg to 100 mg, 5 mg to 75 mg, 5 mg to 50 mg, 5 mg to 25 mg, 25 mg to
200 mg, 25 mg to 175 mg, 25 mg to 150 mg, 25 mg to 125 mg, 25 mg to 100 mg, 25 mg to 75 mg, 25 mg to 50 mg, 50
mg to 200 mg, 50 mg to 175 mg, 50 mg to 150 mg, 50 mg to 125 mg, 50 mg to 100 mg, 50 mg to 75 mg, 75 mg to 200
mg, 75 mg to 175 mg, 75 mg to 150 mg, 75 mg to 125 mg, 75 mg to 100 mg, 100 mg to 200 mg, 100 mg to 175 mg,
100 mg to 150 mg, 100 mg to 125 mg, 125 mg to 200 mg, 125 mg to 175 mg, 125 mg to 150 mg, 150 mg to 200 mg,
150 mg to 175 mg, or 175 mg to 200 mg in the unit dosage form. In some embodiments, the compound of Formula (I},
or pharmaceutically acceptable salt thereof, is present in an amount of 25 mg to 125 mg in the unit dosage form. In
some embodiments, the compound of Formula (I), or pharmaceutically acceptable salt thereof, is present in an amount
of 75 mg to 150 mg in the unit dosage form. In some embodiments, the compound of Formula (1), or pharmaceutically
acceptable salt thereof, is present in an amount of 5 mg, 10 mg, 25 mg, 35 mg, 50 mg, 65 mg, 75 mg, 90 mg, 100 mg,
125 mg, 150 mg, 175 mg, or 200 mg in the unit dosage form, or within a range defined by any of the preceding values.
In some embodiments, the compound of Formula (I}, or pharmaceutically acceptable salt thereof, is present in an amount
of 50 mg in the unit dosage form. In some embodiments, the compound of Formula (1), or pharmaceutically acceptable
salt thereof, is present in an amount of 100 mg in the unit dosage form. In some embodiments, the pharmaceutical
compositions of the present disclosure are formulated as a tablet. In some embodiments, the tablet is coated. In some
embodiments, the pharmaceutical compositions of the present disclosure are formulated as capsules. In some embod-
iments, the pharmaceutical compositions are in sachet form. In some embodiments, the pharmaceutical compositions
are in granule form.

[0384] In some embodiments, the compound of Formula (l), or a pharmaceutically acceptable salt thereof, is admin-
istered in a dose of about 25 mg, based on the weight of the free base. In some embodiments, the compound of Formula
(1}, or a pharmaceutically acceptable salt thereof, is administered in a dose of about 50 mg, based on the weight of the
free base. In some embodiments, the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is admin-
istered in a dose of about 75 mg, based on the weight of the free base. In some embodiments, the compound of Formula
(1), or a pharmaceutically acceptable salt thereof, is administered in a dose of about 100 mg, based on the weight of the
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free base.

[0385] In some embodiments, the pharmaceutical composition is administered in a dose of about 25 mg of the com-
pound of Formula (l), or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some
embodiments, the pharmaceutical composition is administered in a dose of about 50 mg of the compound of Formula
(I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the
pharmaceutical composition is administered in a dose of about 75 mg of the compound of Formula (I), or a pharmaceu-
tically acceptable salt thereof, based on the weight of the free base. In some embodiments, the pharmaceutical compo-
sition is administered in a dose of about 100 mg of the compound of Formula (1), or a pharmaceutically acceptable salt
thereof, based on the weight of the free base.

[0386] In some embodiments, the pharmaceutical composition comprises about 25 mg of the compound of Formula
(), or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the
pharmaceutical composition comprises about 50 mg of the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, based on the weight of the free base. In some embodiments, the pharmaceutical composition comprises
about 75 mg of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the
free base. In some embodiments, the pharmaceutical composition comprises about 100 mg of the compound of Formula
(I), or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

[0387] The daily dosage of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, in a pharma-
ceutical composition as described in the present disclosure can be varied over a wide range from about 1.0 mg to about
10,000 mg per adult human per day, or higher, or any range therein. For oral administration, the compositions can be
provided in the form of tablets containing, for example, about 0.01 mg, about 0.05 mg, about 0.1 mg, about 0.5 mg,
about 1.0 mg, about 2.5 mg, about 5.0 mg, about 10.0 mg, about 15.0 mg, about 25.0 mg, about 50.0 mg, about 75.0
mg, about 100 mg, about 150 mg, about 200 mg, about 250 or about 500 milligrams of the compound of Formula (1}, or
pharmaceutically acceptable salt thereof, for the symptomatic adjustment of the dosage to the subject to be treated. In
some embodiments, an effective amount of the compound of Formula (I}, or pharmaceutically acceptable salt thereof,
can be supplied at a dosage level of from about 0.1 mg/kg to about 1000 mg/kg of body weight per day, or any range
therein, for example, the range can be from about 0.5 mg/kg to about 500 mg/kg, about 1.0 mg/kg to about 250 mg/kg,
about 0.1 mg/kg to about 100 mg/kg, about 0.1 mg/kg to about 50.0 mg/kg of body weight per day, about 0.1 mg/kg to
about 15.0 mg/kg of body weight per day, about 0.5 mg/kg to about 7.5 mg/kg of body weight per day, or any amount
to range therein. In some embodiments, an effective amount of the compound of Formula (I}, or pharmaceutically
acceptable salt thereof, can be supplied at a dosage level of from 0.1 mg/kg to 1000 mg/kg of body weight per day, or
any range therein, for example, the range can be from 0.5 mg/kg to 500 ma/kg, 1.0 ma/kg to 250 mg/kg, 0.1 mg/kg to
100 mg/kg, 0.1 mg/kg to 50.0 mg/kg of body weight per day, 0.1 mg/kg to 15.0 mg/kg of body weight per day, 0.5 mg/kg
to 7.5 mg/kg of body weight per day, or any amount to range therein. A pharmaceutical composition as provided herein
can be administered on a regimen of 1 to 4 times per day or in a single daily dose.

[0388] In some embodiments, the daily dose of the compound of Formula (1), or a pharmaceutically acceptable salt
thereof, is about 25 mg, based on the weight of the free base. In some embodiments, the daily dose of the compound
of Formula (I), or a pharmaceutically acceptable salt thereof, is about 50 mg, based on the weight of the free base. In
some embodiments, the daily dose of the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
about 75 mg, based on the weight of the free base. In some embodiments, the daily dose of the compound of Formula
(), or a pharmaceutically acceptable salt thereof, is about 100 mg, based on the weight of the free base. In some
embodiments, the daily dose of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is about
150 mg, based on the weight of the free base. In some embodiments, the daily dose of the compound of Formula (I},
or a pharmaceutically acceptable salt thereof, is about 200 mg, based on the weight of the free base.

[0389] In some embodiments, the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, is admin-
istered twice daily in a dose of about 25 mg, based on the weight of the free base. In some embodiments, the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, is administered twice daily in a dose of about 50 mg, based
on the weight of the free base. In some embodiments, the compound of Formula (1}, or a pharmaceutically acceptable
salt thereof, is administered twice daily in a dose of about 75 mg, based on the weight of the free base. In some
embodiments, the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is administered twice daily
in a dose of about 100 mg, based on the weight of the free base.

[0390] In some embodiments, the daily dose of the pharmaceutical composition is about 25 mg of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some embodiments,
the daily dose of the pharmaceutical composition is about 50 mg of the compound of Formula (), or a pharmaceutically
acceptable salt thereof, based on the weight of the free base. In some embodiments, the daily dose of the pharmaceutical
composition is about 75 mg of the compound of Formula (1), or a pharmaceutically acceptable salt thereof, based on
the weight of the free base. In some embodiments, the daily dose of the pharmaceutical composition is about 100 mg
of the compound of Formula (1}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In
some embodiments, the daily dose of the pharmaceutical composition is about 150 mg of the compound of Formula (1},
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or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the daily
dose ofthe pharmaceutical composition is about 200 mg ofthe compound of Formula (1), ora pharmaceutically acceptable
salt thereof, based on the weight of the free base.

[0391] In some embodiments, the pharmaceutical composition is administered twice daily in a dose of about 25 mg
of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base. In
some embodiments, the pharmaceutical composition is administered twice daily in adose of about 50 mg of the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, based on the weight ofthe free base. In some embodiments,
the compound of Formula (l), or a pharmaceutically acceptable salt thereof, is administered twice daily in a dose of about
75 mg of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free
base. In some embodiments, the pharmaceutical composition is administered twice daily in a dose of about 100 mg of
the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base.
[0392] In some embodiments, the method comprises administering a daily dose of the pharmaceutical composition
comprising about 25 mg of the compound of Formula (I}, or a pharmaceutically acceptable salt thereof, based on the
weight of the free base. In some embodiments, the method comprises administering a daily dose of the pharmaceutical
composition comprising about 50 mg of the compound of Formula (1), or a pharmaceutically acceptable salt thereof,
based on the weight of the free base. In some embodiments, the method comprises administering a daily dose of the
pharmaceutical composition comprising about 75 mg of the compound of Formula (1), or a pharmaceutically acceptable
salt thereof, based on the weight of the free base. In some embodiments, the method comprises administering a daily
dose of the pharmaceutical composition comprising about 100 mg of the compound of Formula (1), or a pharmaceutically
acceptable saltthereof, based on the weight of the free base. In some embodiments, the method comprises administering
a daily dose of the pharmaceutical composition comprising about 150 mg of the compound of Formula (1), or a pharma-
ceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the method comprises
administering a daily dose of the pharmaceutical composition comprising about 200 mg of the compound of Formula
(I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

[0393] In some embodiments, the method comprises administering the pharmaceutical composition twice daily in a
dose of about 25 mg of the compound of Formula (l), or a pharmaceutically acceptable salt thereof, based on the weight
ofthe free base. In some embodiments, the method comprises administering the pharmaceutical composition twice daily
in a dose of about 50 mg of the compound of Formula (I), or a pharmaceutically acceptable salt thereof, based on the
weight of the free base. In some embodiments, the method comprises administering the compound of Formula (l), or a
pharmaceutically acceptable salt thereof, twice daily in a dose of about 75 mg of the compound of Formula (1), or a
pharmaceutically acceptable salt thereof, based on the weight of the free base. In some embodiments, the method
comprises administering the pharmaceutical composition twice daily in a dose of about 100 mg of the compound of
Formula (1), or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

[0394] Factors associated with the particular subject being treated, including subject age, weight, diet, and time of
administration, can result in the need to adjust dosages. In some embodiments, the subject is a human adult. In some
embodiments, the subject is a pediatric subject.

[0395] O©One skilled in the art will recognize that both in vivo and in vifro trials using suitable, known, and generally
accepted cell and/or animal models are predictive of the ability of a test compound to treat or prevent a given disorder.
One skilled in the art will further recognize that human clinical trials including first-in-human, dose ranging and efficacy
trials, in healthy subjects and/or those suffering from a given disorder, can be completed according to methods well
known in the clinical and medical arts. For example, determining proper dosages for pediatric subjects can be determined
using known methods, including weight, age, and models such as Simcyp® Pediatric Simulation modeling (CERTARA,
Princeton, N.J.) which can be used to establish a pharmacokinetic approach for dosing that takes into account subject
age, ontogeny of the clearance pathways that a compound of Formula (1), or a pharmaceutically acceptable salt thereof,
and body surface area (BSA).

[0396] In some embodiments, the pharmaceutical compositions of the present disclosure are stable for at least 3
months. In some embodiments, the pharmaceutical compositions are stable for at least 8 months. In some embodiments,
the pharmaceutical compositions are stable foratleast @ months. In some embodiments, the pharmaceutical compositions
are stable for at least 12 months. For example, the compositions do not exhibit a change (e.g., greater than 5%) in
appearance, pH, percent impurities, activity (as measured by in vitro assays), or osmolarity over time, e.g., at least 3
months, 6 months, 9 months, or at least 12 months as compared to the original composition after manufacturing. In
some embodiments, the pharmaceutical compositions do not exhibit a significant change, as defined by the International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH), in
one or more of appearance, pH, percent impurities, activity (as measured by in vifro assays), or osmolarity over time,
e.g., at least 12 months as compared to the original pharmaceutical composition after manufacturing.
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Kits

[0397] Also provided are kits. Typically, a kit includes one or more pharmaceutical compositions as described herein,
e.g., a pharmaceutical composition containing, e.g., a spray-dried dispersion as described in Examples 1-4, or the
formulation described in Example 9. In certain embodiments, a kit can include one or more delivery systems, e.g., for
delivering or administering the pharmaceutical composition as provided herein, and directions for use of the kit (e.g.,
instructions for treating a subject). In some embeodiments, the kit can include a pharmaceutical composition as described
herein and a label that indicates that the contents are to be administered to a subject with congenital adrenal hyperplasia.
The actual dose of the compound of Formula (1), or pharmaceutically acceptable salt thereof, provided herein depends
on the specific formulation, the weight of the patient, and on the condition to be treated.

EXAMPLES

Example 1: Spray-dried dispersion formulations containing the compound of Formula
() and various polymers

Spray-dried dispersion formulations

[0398] A series of spray-dried dispersion (SDD) formulations containing the compound of Formula (I} and a polymer
were prepared. The SDD formulations included: (1) 10% compound of Formula (1)/90% hydroxypropylmethylcellulose
acetate succinate-L (HPMCAS-L); (2) 25% compound of Formula (1)/75% HPMCAS-L; (3) 40% compound of Formula
(1)/60% HPMCAS-L,; (4) 25% compound of Formula (1}/75% polyvinyl pyrrolidone vinyl acetate 64 (PVP/VA 64); (5) 25%
compound of Formula (1)/60% Cabosil (fumed silica)/15% HPMCAS-L,; (6) 25% compound of Formula (1}/75% HPMCAS-
M; and (7) 25% compound of Formula (I)/75% methyl methacrylate copolymer (1:1) (Eudragit® L100).

[0399] The PVP/VA polymerwas a copolymer of 1-vinyl-2-pyrrolidone and vinyl acetate with a ratio of 60:40 by weight
1-vinyl-2-pyrrolidone:vinyl acetate with an average molecular weight of 45,000-70,000 (copovidone, sold as Kollidon®
VA 64, BASF, Florham Park, NJ). The HPMCAS was a mixture of acetic acid and monosuccinic acid esters of hydrox-
ypropylmethyl cellulose that was either grade L (HPMCAS-L), with an acetyl content of 5-9%, a succinoyl content of
14-18%, a methoxyl content of 20-24%, and a hydroxypropoxy content of 5-9% (sold by Shin-Etsu, Japan); or grade M
(HPMCAS-M), with an acetyl content of 7-11%, a succinoyl content of 10-14%, a methoxyl content of 21-25%, and a
hydroxypropoxy content of 5-9% (sold by Shin-Etsu, Japan).

Dissolution performance

[0400] Dissolution performance of several of the SDD formulations described above was tested (see FIG. 1). 1000
pgA/mL of each SDD was tested in 0.5 wt% simulated intestinal fluid (SIF) in PBS, pH 6.5 Samples were tested at 5,
10, 20, 45, 90, and 1200 minutes. A lipid formulation containing 10% of the compound of Formula (I) was used as a

control. The results are shown in Table 4, below.

Table 4. Dissolution data of various SDDs

Sample Cmaxeo AUCgqg Cumixso Ultragg Ci200 Ultra 299
(ng/mL) (min*p.g/mL) (ng/mL) (ng/mL) (ng/mL) (n.g/mL)
2 762 66,080 743 210 671 166
4 322 27,330 3086 109" 268 199
6 718 62,240 708 202 632 217
7 742 60,600 742 113* 674 194
Control 802 69,580 800 253 799 270
*Large variability between replicates, high value discarded

Non-sink dissolution

[0401] A membrane flux assay was performed (see, e.g., Stewart et al., Mol. Pharm. (2017) 14:2032-2046) and non-
sink dissolution data was collected for several ofthe SDD formulations described above and compared to the compound
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of Formula (1) and several reference formulations, including a semi-solid lipidic formulation (Reference Formulation 1)
and two self-emulsifying drug delivery system (SEDDS) formulations (Reference Formulations 2 and 3). The components
of the Reference Formulations are shown in Table 5, below, and include, in addition to the compound of Formula (1},
caprylic/capric triglyceride (Labrafac® Lipophile, Gattefossé, France); propylene glycol dicrapolate/dicaprate (Labrafac®
PG, Gattefossé, France); oleoyl polyoxyl-6 glycerides (Labrafil® M 1944 CS, Gattefossé, France); polysorbate 20; polyoxyl
castor oil (Kolliphor® RH 40, BASF, Germany); polyoxyl 15 hydroxystearate (Kolliphor® HS 15, BASF, Germany); lauroyl
polyoxyl-32 glycerides (Gelucire® 44/14, Gattefossé, France); d-w-tocopheryl polyethylene glycol 1000 succinate

(TPGS); and diethylene glycol monoethyl ether (Transcutol®, Gattefossé, France).

Table 5. Reference formulations (capsules)

Formulation (mg/caps) Ref. Formulation 1 Ref. Formulation 2 | Ref. Formulation 3

Formula (l) 50.0 50.0 50.0
Labrafac® Lipophile 196.0 100.0 100.0

Labrafac® PG 102.0 - -
Labrafil® M 1944 CS - 135.0 46.0
Polysorbate 20 - - 89.9
Kolliphor® RH 40 - - 100.0

Kolliphor® HS 15 - 165.0 -

Gelucire® 44/14 95.0 - -
TPGS 57.0 - 65.0
Transcutol® - 50.0 50.0
Total 500.0 500.0 500.0

[0402] The assay measured the flux across simulated gastric and intestinal walls via UV spectroscopy (w.Diss Profil-
erTM, Pion Inc., Billerica, MA). Briefly, the assay was performed as follows. A vertical membrane flux cell consisting of
a donor compartment and a receiver compartment, and separated by an Accurel PP 1E (55% porous, 100 wmthickness)
polypropylene membrane (3M, Maplewood, MN) (FIG. 2), was impregnated with 50 wL of Pion GIT-0 lipid solution
consisting of 20% w/w phospholipid dissolved into dodecane (Pion Inc., Billerica, MA)} and attached to the receiver
vessel. Both the donor and receiver compartments were agitated by magnetic stirring. The receiver compartment con-
tained a plastic spacer and grating to elevate the stir bar above the membrane. Samples were introduced to the donor
vessel by pre-weighing directly into the donor vessel and subsequently adding dissolution medium. Once the dissolution
medium was added to the donor vessel, the receiver vessel was inserted into the donor vessel and suspended vertically
5 mm above the donor compartment by a plastic sleeve. For this assay, the simulated gastric (feed) media was 0.1 N
HCI, pH 2 and included 200 pgA/mL of each SDD, and the simulated intestinal (receiver) media was 0.5 wt% SIF in
PBS, pH 6.5 and included 100 p.gA/mL of each SDD. The temperature for the assay was maintained at 44.5°C. UV
probes (10 mm path length) connected to a Rainbow UV spectrometer (Pion Inc.) system were used to determine the
apparent drug concentration in the receiver vessels. Samples ofthe donor compartment were removed with a disposable
pipet for centrifugation followed by HPLC and DLS analysis of the supernatant. The results are shown in FIG. 3 and
Table 6, below.

Table 6. Non-sink dissolution data

2133

Sample CmaxcB Cmaxo0 1B AUC4 9018 Coo Ultrag, C1200
(ng/mL) (n.g/mL) (min*pg/mL) (ng/mL) (pg/mL) (rg/ML)
Formula (l) 0 1 10 o] o] 3
1 6 80 6,800 80 79 90
2 17 74 6,240 73 73 86
4 6 4 200 4 5 36
5 23 55 3,180 55 54 83
6 35 71 6,070 71 77 83
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(continued)

Sample CmaxcB Cmax90 1B AUC4 9018 Cao Ultrag, Ci200
(na/mL) (pg/mL}) (min*ug/mL) (rg/mL}) (ra/mL) (pg/ML)

Ref. 205 109 9,050 109 - -
Formulation 1

Ref. 249 120 10,160 120 - -
Formulation 2

Ref. 218 107 9,100 107 - -
Formulation 3

[0403] The membrane flux of 1 mg/mL gastric barrier/intestinal barrier (GB/IB) 0.5 wt% SIF doses of the compound
of Formula () and spray-dried dispersions (2) 25% compound of Formula (1)/75% HPMCAS-L and (4) 25% compound
of Formula (1}/75% PVP/VA 64 were also determined. The results are shown in FIG. 4 as receiver concentration vs. time
and flux vs. time (smoothed derivative of receiver concentration x volume/surface area).

Example 2: Characterization of a spray-dried dispersion containing 25% of the compound of Formula (I} and
75% of a polyvinyl pyrrolidone vinyl acetate (PVP/VA) polymer

SDD stability screening
[0404] Several ofthe SDDs described in Example 1 were tested for chemical and physical stability. Wet SDD stability
studies were performed, with samples stored at both 5°C and 25°C. Measurements were taken after 1 week and 2 weeks

of storage. The results are shown in Table 7 below. The celumn with a retention time of 32.36 min correlates with the
compound of Formula (I).
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[0405] Solution stability studies were also performed, with samples stored at both 5°C and 25°C. Measurements were
taken after 1 week and 2 weeks of storage. The results are shown in Table 8 below. The column with a retention time
of 32.36 min correlates with the compound of Formula ().

Table 8. SDD solution stability data

Retention time (min) 31.51 32.26
Relative retention time 0.97 1.00
Storagetemp | Timepoint Total impurities

Ref. Std. 0.74 99.26 0.74

Formula (I} 0.26 99.74 0.26

Sample 1 initial 0.33 99.67 0.33
5°C 2 weeks 0.29 99.71 0.29
25°C 2 weeks 0.38 99.62 0.38

Sample 2 initial 0.25 99.75 0.25
5°C 2 weeks 0.26 99.74 0.26
25°C 2 weeks 0.33 99.67 0.33

[0406] Stability studies were also performed for the SDD containing 25% of the compound of Formula (I} and 75%
PVP/\VA 64, with samples stored at both 5°C (closed with desiccant), 25°C (60% RH, closed with desiccant), and 30°C
(65% RH, closed with desiccant). Measurements were taken after storage for 1 month, 2 months, 3 months, 6 months,
and 12 months. No change in purity was observed after 12 months of storage. The results are shown in Table 9 below.
The column with a retention time of 30.2 min correlates with the compound of Formula (I).

Table 9. SDD stability data
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Retention time (min) 28.7 30.2
Relative retention time 0.95 1.00
Storage conditions Timepoint Total Potency
impurities (magA/g)
Crystalline Formula (I} 0.26 99.74 0.26 1001
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(continued)

Storage conditions Timepoint Total Potency
impurities (mgA/lg)
Sample 4 (25% Formula initial 0.26 | 99.74 0.26 245
(1):75% PVPIVA 64) 5°C (closed w/ desiccant) | 1month | 025 | 99.75 0.25 247
2 months 0.25 99.75 0.25 244
3 months 0.26 99.74 0.26 246
6 months 0.25 99.75 0.25 245
12 months 0.25 99.75 0.25 248
25°C/60% RH (closed with 1 month 0.25 99.75 0.25 245
desiccant) 2months | 025 | 99.75 0.25 247
3 months 0.25 99.75 0.25 246
6 months 0.25 99.75 0.25 242
12 months 0.25 99.75 0.25 245
30°C/65% RH (closed with 1 month 0.25 99.75 0.25 249
desiccant) 2months | 025 | 99.75 0.25 242
3 months 025 | 99.75 0.25 246
6 months 0.25 99.73 0.25 243
12 months 0.25 998.75 0.25 242

[0407] While Samples 1 and 2 showed degradation after about 2 weeks of storage, the SDD containing 25% of the
compound of Formula (I) and 75% PVP/VA 64 (Sample 4) was found to be both chemically and physically stable and
was further screened and characterized as described below.

25% Formula (1)/75% PVPIVA 64 SDD process parameter screening manufacture Round 1

[0408]

drying gas capacity (PSD-1). The manufacturing summary is shown in Table 10, below.

[0409]

Table 10. Manufacturing summary of process parameters

Formulation 25% Formula (1):75% PVP/VA 64
Solids Loading (wt%) 10
Batch Size (kg) 1.5
Solvent Acetone
Atomizer (Pressure Swirl) SK 80-16
Solution Flow-rate (g/min) 160
Atomization Pressure (psig) 480
Inlet Temperature (°C) 94
Outlet Temperature (°C) 40
Calculated Outlet Acetone Saturation (% RS) 6.2
Dry Yield (%) 73

The 25% Formula (1)/75% PVP/VA 64 SDD was prepared on a Pharmaceutical Spray Dryer with 100 kg/hr

Based on the 73% vyield observed in the first round of process screening, three sprays were performed to

investigate the effect of reducing solution throughput and outlet temperature on product yield. All sprays were conducted
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at a reduced flow-rate of 110 g/min. The outlet temperature was varied at 40°C (Lot A), 35°C (Lot B), and 30°C (Lot C).
The outlet temperature was decreased while maintaining a low outlet acetone saturation to increase the difference
between the chamber outlet temperature and the wet SDD Tg‘ thus improving product yields. The spray dryer chamber
and outlet ductwork were cleaned between all manufactures. A manufacturing summary is shown in Table 11,

Table 11. Manufacturing summary for process parameters (1.5 kg batch size})

Description Low Low Flow-Rate/Low Outlet Low Flow-Rate/Lower Outlet
Flow- Temperature Temperature
Rate
Lot A B Cc
Solids Loading (wt%) 10 10 10
Batch Size (kg) 1.5 1.5 1.5
Solvent Acetone Acetone Acetone
Atomizer (Pressure Swirl) Steinen Steinen A75 Steinen A75
A75
Solution Flow-Rate (g/min) 110 110 110
Atomization Pressure (psig) 275 285 285
Inlet Temperature (°C) 79 72 63
Outlet Temperature (°C) 40 35 30
Calculated Outlet Acetone 4.3 52 6.4
Saturation (% RS)
Calculated wet SDD T (°C) 72 71 69
Dry Yield (%) 55 80 43

[0410] The conditions used for Lot B were found to give the highest yield. One additional spray was then performed
at the same processing conditions as Lot B while increasing the batch size from 1.5 kg to 3.5 kg to evaluate process
consistency and to determine if product yield would continue to improve overtime. The averaged process conditions for
this lot are shown in Table 12.

Table 12. Manufacturing summary of process parameters (1.5 kg and 3.5 kg batch sizes)

Description Low Flow-Rate/Low Outlet Low Flow-Rate/Low Outlet
Temperature Temperature/Larger Batch Size
Lot B D
Solids Loading (wt%) 10 10
Batch Size (kg) 1.5 3.5
Solvent Acetone Acetone
Atomizer (Pressure Swirl) Steinen A75 Steinen A75
Solution Flow-Rate (g/min) 110 110
Atomization Pressure (psig) 285 285
Inlet Temperature (°C) 72 72
Qutlet Temperature (°C) 35 35
Calculated Outlet Acetone Saturation 5.2 5.2
(% RS)
Calculated wet SDD Tg (°C) 71 71
Dry Yield (%) 80 84
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[0411] The 1.5kg batchsize (Lot D)was sprayed with an 84% yield comparedtothe 80% yield ofthe 3.5 kg batch (Lot B).
25% Formula (1)/75% PVPIVA 64 SDD process parameter screening characterisation

[0412] The 25% Formula (1)/75% PVP/VA 64 SDDs manufactured to evaluate processing parameters were charac-
terized for powder properties, performance, and physical and chemical properties. Testing included particle size distri-
bution by Malvern, determination of bulk and tapped density, microcentrifuge dissolution, modulated differential scanning
calorimetry (mDSC), powder x-ray diffraction (PXRD), scanning electron microscope (SEM), and assay and related
substances. The results did not show any significant differences between the lots.

[0413] The particle size distribution (PSD) and tabulated powder properties data of the 25% Formula (1)/75% PVP/VA
64 SDDs are shown in Table 13. All 25% Formula (I)/75% PVP/VA 64 SDDs were observed to have a very similar PSD
with a Dgq of approximately 16 pm. All 25% Formula (1)/75% PVP/VA 64 SDDs were observed to have low bulk and
tapped densities.

Table 13. Powder properties of process parameter screening PVP/VA-64 SDDs

Sample Lot Dig Dso Dgg D,z D43 | Sean Bulk Tapped density

(em) | (em) | (em) | (em) | (pm) density (g/mL)
(g/mL)
40°C Qutlet A 5 15 34 8 17 1.93 0.12 0.25
35°C Outlet B 5 16 36 9 19 1.97 0.11 0.23
30°C Outlet c 5 15 32 7 17 1.86 0.12 0.27
35°C Outlet, D 5 16 38 9 19 1.98 0.12 0.24
3.5 kg batch

[0414] The 3.5 kg batch size lot was analyzed and compared to process parameter Lot A. Dissolution performance
was similar for each of these lots, Dissolution was rapid to C,,,, and high free drug was sustained through 90 minutes.
These data are shown in Table 14.

Table 14. Dissolution performance of Lot A (1.5 kg batch size) vs. Lot D (3.5 kg batch size)

Sample Ciaxgo (kg/mL) | AUCg, (Mmin*pg/mL) Cgp (pg/mL) Ultragg (pg/mlL)
Lot A 447 37,740 437 319
Lot D 437 37,120 433 301

[0415] The 25% Formula (1)/75% PVP/VA 64 SDDs were also evaluated by DSC, PXRD, and SEM. The DSC ther-
mograms showed a single Tg at 84°C, indicating homogeneous dispersions. PXRD diffractograms showed no evidence
of crystals in the SDDs. SEM images showed inflated sphere morpholegy with some broken particles and some very
small particles.

[0416] Additional testing on Lot B was carried out, which included assessing the chemical/physical stability of both
spray solution and SDD prior to secondary drying (wet SDD) to establish maximum in-process hold times. Residual
acetone concentration as a function of secondary drying time in a convection tray dryer was also evaluated to nominate
tray drying conditions to ensure the SDD is dried below International Council for Harmonization of Technical Requirements
for Pharmaceuticals for Human Use (ICH) guidelines for acetone.

[0417] Residual acetone content as a function of drying time was assessed by drying wet SDD in a tray dryer and
collecting samples over a 24-hour period. Wet SDD was dried at 40°C/15% relative humidity (RH) and was observed to
dry below ICH acetone guidelines (0.5 wt%, 5000 ppm) by four hours.

[0418] Spray scolution hold time was determined by making up a representative solution that contained 2.5 wt% com-
pound of Formula (I), 7.5 wt% PVP/VA 64, and 90 wt% acetone. These solutions were analyzed initially for related
substances. and then aged at 5°C and 25°C. Aliquots were taken and analyzed for related substances periodically for
14 days. Results showed no change in impurity profile at either condition through 14 days.

[0419] Wet SDD was analyzed for impurities after storage at 5°C and 25°C for 1 and 2 weeks and compared to the
impurity profiles of the ingoing compound of Formula () and the SDD that was secondarily dried immediately after spray
drying. The impurity profiles were similar to that of the initial dried sample and the ingoing compound of Formula (1)
through 2 weeks of storage.
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[0420] The wet SDD stability samples were characterized for physical stability by DSC, PXRD, and SEM. DSC ther-
mograms showed a single T, at 81°C, indicative of a homogeneous dispersion with no phase separation. The PXRD
diffractograms did not show any evidence of crystals after storage at either condition. SEM images showed a typical
morphology of mostly inflated spheres with some broken particles.

Example 3: Preparation ofa 1000 g batch of a spray-dried dispersion containing 25% of the compound of Formula
(I} and 75% PVP/VA 64

[0421] A 1000 g batch of the spray-dried dispersion containing 25% of the compound of Formula (1) and 75% PVP/VA
64 was prepared as described in Example 2 for the 1.5 kg and 3.5 kg batches. Briefly, acetone (90% (w/w) of the total
mixture) was added to the mixing tank followed by the addition of 250.0 g of the compound of Formula (I} (2.5% (w/w)
of the total mixture). The mixture was mixed for 30 minutes in the dark at a temperature range of 15°C to 27°C. At the
end of the mixing period, the solution was clear and free of undissolved solids. The PVP/VA 64 (750.0 g, 7.5% (w/w) of
the total mixture) was then added and the mixture was stirred for an additional 30 minutes in the dark at a temperature
range of 15°C to 27°C. At the end of the mixing period, the solution was clear and free of undissolved solids.

[0422] The solution was pumped and atomized in a drying chamber. The spray-dried dispersions were prepared in a
Pharmaceutical Spray Dryer with 100 kg/hr drying gas capacity (PSD-1). The inlet temperature was set at 75°C (varied
between 80°C-90°C). The outlet temperature was set at 35°C (varied between 32°C-38°C). The feed pressure was set
at 280 psig (varied between 230-330 psig). The feed rate was set at 110 g/min (varied between 90-130 g/min). The
spray dried powder was then dried in a convection tray dryer with a bed depth of < 2.5 cm at 40°C (+=5°C) and 15%
relative humidity (= 10%) for 24 hours under amber light. The residual acetone after drying was < 0.5 wit% (5000 ppm).
FIG. 5 is a flow diagram of the manufacturing process.

Example 4: Preparation of spray-dried dispersion formulations of the compound of Formula (I) for clinical use

[0423] The spray-dried dispersion (SDD) containing 25% compound of Formula (1) and 75% PVP/VA 64, prepared as
described above, was formulated as a suspension or a capsule for clinical use.

Suspension preparation

[0424] A suspension that contained 50 mg of the SDD was prepared as follows. A 30 mL amber dosing bottle was
tared on a balance. 200.0 mg SDD (50 mgA) + 5% was then weighed into the dosing bottle. Using a 10-mL syringe,
5.0 mL of water (purified, USP) was added to the dosing bottle and the bottle was capped and shaken moderately for
30 seconds. The SDD suspension was stored in an amber vial at 2-8°C prior to use, and dosed within 24 hours of
preparation.

Capsule preparation

[0425] An empty hard gelatin capsule, size 0 (Capsugel, Morristown, NJ), was placed on a balance and the weight
was recorded. 200.0 mg SDD (50 mgA) + 5% was then weighed onto weigh paper or an equivalent. All contents were
transferred to the capsule using a ProFunnel device for Size 0 capsules. The filled capsule was placed on the balance
and the weight was recorded. The weight of the empty capsule was subtracted from the filled weight, ensuring that the
weight of the SDD within the capsule was 200.0 mg SDD * 5%, or from 190.0 mg to 210.0 mg. The capsule was securely
closed with the head, assuring it clicked into place. The capsules were stored in an amber vial at 2-8°C prior to use, and
were dosed within 24 hours of preparation.

Example 5: Dog relative bioavailability and food effect study

[0426] Four spray-dried dispersions (SDDs), formulated in 0.25% methylcellulose as a suspension, were prepared:
(1) 25% compound of Formula (1)/75% HPMCAS-L; (2) 10% compound of Formula (1)}/90% HPMCAS-L; (3) 25% com-
pound of Formula (1/75% methyl methacrylate copolymer (1:1) (Eudragit® L100); and (4) 25% compound of Formula
()/75% PVP/VA 64. A clinical capsule formulation was prepared as a reference formulation (Reference Formulation 1
from Table 5, above).

[0427] Dogs (two cohorts, six dogs in each) were dosed in six sessions, including fasted state sessions and fed
sessions (high fat diet), with 50 mg dose of one of the SDDs or reference per dog in a 3-way crossover design. Each
session had a 3-day washout in between. All formulations were well tolerated. The study design is shown in Table 15,
below.

2140



10

15

20

25

30

35

45

50

55

EP 3 984 523 A1

Table 15. Study design

Cohort Session 1 Session 2 Session 3 Session 4 Session 5 Session 6
1 (Fasted) (Fed) (Fasted) (Fed) (Fasted) (Fed)
Dog Reference Reference SDD 1 sSDD 1 sbD 2 sbD 2
1001
Dog Reference Reference SDD 1 SDD 1 sbD 2 sbD 2
1002
Dog sSDD 1 SDD 1 sbD 2 sDD 2 Reference Reference
2001
Dog sDD 1 sSDD 1 sbD 2 sbD 2 Reference Reference
2002
Dog sDD 2 sDD 2 Reference Reference sSDD 1 sDD 1
3001
Dog sDD 2 sSDD 2 Reference Reference sSDD 1 sDbD 1
3002
Cohort Session 1 Session 2 Session 3 Session 4 Session 5 Session 6
2 (Fasted) (Fed) (Fasted) (Fed) (Fasted) (Fed)
Dog Reference Reference sbD 3 sDbD 3 sSDD 4 sSDD 4
4001
Dog Reference Reference sbD 3 sbD 3 sSDD 4 sbD 4
4002
Dog sSDD 3 sbD 3 sSbD 4 sDD 4 Reference Reference
5001
Dog sDD 3 sDbD 3 sSDD 4 sSDD 4 Reference Reference
5002
Dog SDD 4 sSDD 4 Reference Reference sDD 3 sSDD 3
6001
Dog sSDD 4 SDD 4 Reference Reference sDD 3 sSDD 3
6002

[0428] The area under the plasma concentration versus time curve from 0 hours extrapolated to infinity (AUCy_,),

maximum plasma concentration (C,,,,), the apparent terminal half-life (,,), and the time to achieve maximum plasma
concentration (t,,,) were calculated. Results are shown in Table 16, below, and in FIGS. 6A and 6B.

Table 16. Pharmacokinetic results

Cohort | Form Fasted [Mean (% CV)] Fed [Mean (%CV)] Ratio of Fed/Fasted
[Mean (% CV)]
Cmax A‘Uc;irlf Cmax AlJc:irlf cmax AUC
(ng/mL) (hr*ng/mL) (ng/mL) (hr*ng/mL)

1 (N=4) Ref 652 (55.5) 5170 (69.4) 3650 (19.5) 20100 (22) 6.9 (48) 55 (69.2)

' SDD1 524 (62.7) 2870 (62.9) 5760 (25.6) 22800 (14.6) 15.4 (66.9) 8 (89.6)
SDD2 | 487 (45.7) 3950 (26.4) 4220 (27 .4) 18100 (26.8) 16.5 (40.7) 6.3 (34.6)
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(continued)

Cohort | Form Fasted [Mean (% CV)] Fed [Mean (%CV}] Ratio of Fed/Fasted
[Mean (% CV)]
Cmax Aucinf cmax Aucinf cmax AUC
{ng/mL) (hr*ng/mL) {(ng/mL) (hr*ng/mL)
2 (N=6) Ref 854 (40.2) 5520 (59.1) 4220 (27 .4) 18100 (26.8) 5.8 (46.5) 4.1 (49.2)
SDD3 | 453 (28.3) 2830 (21.6) 5320 (13.5) 23800 (26.1) 12.6 (30.3) 8.6 (22.2)
SDD4 | 353 (20.1) 1840 (21.9) 3060 (20.7) 17200 (20.5) 8.9 (29.3) 8.4 (46.1)

*Animals 2001 and 2002 were excluded from summary statistics due to emesis in all 3 fed sessions, which resulted

in notably lower exposures

[0429] The results showed that t;; and t, ,, were similar among the formulations, and comparable between the fed
and fasted states. Under the fed state with a high fat meal, exposures increased and inter-animal variability decreased.
The food effect was more notable with the spray-dried dispersion formulations, especially for peak exposure (C,.4,)-
[0430] Compared to the reference form, SDD 4 (25% compound of Formula (1)/75% PVP/VA 64) appeared to have
lower inter-animal variability, lower exposures under the fasted state, and slightly lower C, .. but relatively comparable
AUC in the fed state.

Example 6: Phase 1 study to evaluate the pharmacokinetics, effect of food on pharmacokinetics, and safety of
the compound of Formula (I} in healthy adult subjects

[0431] The present study was designed to evaluate the pharmacokinetics (PK) of the compound of Formula (1) as well
as to evaluate the effect of a fed condition on the PK of the compound of Formula (). The 50 mg dose was chosen for
this study because it was within the tested dose range in completed Phase 1 and Phase 2 trials and was well tolerated
in those studies. The objectives of the study were: to evaluate the PK ofthe compound of Formula (1) 50 mg in healthy
adult subjects; to evaluate the effect of food on the PK of the compound of Formula (1) 50 mg; and to evaluate the safety
and tolerability of the compound of Formula (1) 50 mg.

Study Design

[0432] This was a Phase 1, open-label, randomized, 2-period crossover study of the PK and the effect of food on the
PK of the compound of Formula (I} in 18 healthy male and female adult subjects, 18 to 55 years of age.

[0433] Adfter providing informed consent, subjects were screened for eligibility to participate in the study up to 28 days
prior to Day 1 of treatment period 1. Eligible subjects were admitted to the clinical unit on Day -1 and randomized to 1
of the 2 treatment sequences (16 subjects [8 males and 8 females]; see Table 17, below). On Day 1 of each treatment
period, subjects received a single dose of the compound of Formula (I) 50 mg under fasted or fed conditions. There
were 21 days between doses.

Table 17. Treatment sequences

Treatment sequence

Treatment period |

Treatment period 2

1

Formula (1) - fasted

Formula (1) - fed

2

Formula (1) - fed

Formula (I} - fasted

[0434] Subjects were required to fast for at least 4 hours before check-in on Day -1. In the fasted condition, subjects
were required to fast overnight for at least 10 hours prior to dosing and continued to fast for an additional 4 hours after
dosing. In the fed condition, subjects were required to fast overnight for at least 10 hours and then ingest a liquid dietary
supplement with study drug (liquid dietary supplement was consumed within 30 minutes) and not consume any other
food for 4 hours after dosing. During both treatment periods, water was not permitied for 1 hour before dosing until 2
hours after dosing except for the water/liquid dietary supplement provided for study drug dosing. Vanilla-flavored Ensure
Plus® was used as the liquid dietary supplement.

[0435] ©On Day 1 of each treatment period, subjects were dosed with the compound of Formula (I) 50 mg. Blood
samples were collected for PK analysis over a period of 36 hours during the in-house stay. Subjects remained in the
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unit on the day of dosing and were discharged on Day 2 of each treatment period, following completion of all required
procedures. On the mornings of Days 8 and 15 of each treatment period, subjects returned to the clinical unit on an
outpatient basis for PK blood sample collection and safety assessments. On Day 21 of treatment period 1, subjects
arrived at the site and had Day 21 assessments completed in the evening, and they stayed overnight at the site and
began Day 1 of treatment period 2 the following day. A final follow-up study visit was conducted on Day 22 of treatment
period 2 (21 = 2 days after treatment period 2 dosing) or upon early termination.

[0436] During each treatment period, blood samples for PK analysis were collected within 45 minutes before dosing,
and at approximately 30 minutes, and 1,2, 3,4, 5,6,7,8,9,10,12, 16, 24, 36, 168, 336, and 504 hours after dosing.
[0437] Safety assessments (including clinical safety laboratory tests, vital sign measurements, physical examinations,
and electrocardiograms (ECGs)) were conducted at scheduled times throughout the study. Adverse events (AEs) and
the use of concomitant medications were monitored throughout the study. FIG. 7 illustrates the study design.

Test product, dose and mode of administration

[0438] The compound of Formula (I) was supplied as an encapsulated, lipidic semi-solid containing 50 mg of the
compound of Formula (I} as free base equivalent for oral administration. Subjects swallowed a single capsule with
approximately 240 mL of water in the fasted condition. Subjects swallowed a single capsule with a liquid dietary sup-
plement (Ensure Plus® [237 mL container]) with up to an additional 120 mL of water in the fed condition.

Duration of treatment

[0439] The duration of study participation for each adult subject was approximately 10 weeks, including up to 28 days
of screening, 2 days of dosing separated by 21 days, and a final follow-up study visit 21 days after receiving the last
dose of study drug during treatment period 2.

Criteria for Evaluation
Pharmacokinetics
[0440] The following plasma PK parameters were calculated for the compound of Formula (1):

+ Area under the plasma concentration versus time curve from 0 hours to last measurable concentration (AUCg_ a5

+  Area under the plasma concentration versus time curve from 0 to 24 hours (AUCq_o4)

+ Area under the plasma concentration versus time curve from 0 hours extrapolated to infinity (AUC_..)

+  Maximum plasma concentration (C.,.)

+ Time to achieve maximum plasma concentration (t,.)

= Delay time between time of dosing and time of appearance of measurable test article (T,ag)

+  Apparent terminal half-life (t,,)

= Apparent terminal rate constant (3.z)

=  Apparent mean residence time (MRT)

*  Molar AUC ratio ofthe hydroxylated metabolite of the compound of Formula () to the parent drug the compound of
Formula (1)

[0441] The following plasma PK parameters were calculated only for the compound of Formula (1)

= Apparent systemic clearance after oral administration (CL/F)
=  Apparent volume of distribution during terminal phase after oral administration (\Vz/F)

Safety

[0442] Safety was monitored throughout the study and included the following assessments:
«  Adverse events (AEs)

= (Clinical laboratory tests (hematology, coagulation, clinical chemistry, and urinalysis)

= \ital sign measurements (including orthostatic blood pressure and pulse rate)

=  Physical examinations
= 12-lead electrocardiograms (ECGs)
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Statistical Methods

[0443] Pharmacokinetic parameters were calculated using noncompartmental methods and summarized by condition
(fed or fasted) using descriptive statistics. Two-sided 90% confidence intervals were calculated for the ratio under the
fed condition vs. under the fasted condition for AUC, ., AUCq 41451, @nd C 4« for the compound of Formula (I) and the
hydroxylated metabolite of the compound of Formula (l).

[0444] Safety data were summarized with descriptive statistics.

Pharmacokinetics
Pharmacokinetic assessments

[0445] PK plasma samples for analyses of the compound of Formula (I) and the hydroxylated metabolite of the com-
pound of Formula () were collected at the following times during each treatment period:

= Day 1. within 45 minutes before dosing, and at approximately 30 minutes, and 1, 2,3, 4, 56,7, 8,9, 10, 12, and
16 hours after dosing.

= Day 2: approximately 24 and 36 hours after dosing.

= Day 8: approximately 168 hours after dosing.

« Day 15: approximately 336 hours after dosing.

= Approximately 504 hours after dosing (for treatment period 1, this sample was collected in the morning at least 30
minutes prior to the predose sample on Day 1 of treatment period 2).

=  Final study visit for subjects who terminate early: 1 sample.

[0446] Blood samples on Day 1 were collected within 5 minutes of the scheduled sampling times (other than the
predose sample). Blood samples on Days 2, 8, and 15 were collected within 2 hours of the scheduled sampling time.
The 504 hour blood sample for treatment period 2 had a = 2-day window. A PK sample was to be collected from subjects
who terminated early. The exact time of sampling in hour and minutes was recorded.

Bioanalytical methods

[0447] Plasmasamples were analyzed forthe compound of Formula (1} and forits hydroxylated metabolite by in Ventiv
Health, Princeton NJ, in compliance with Good Laboratory Practice (GLP) and relevant Standard Operating Procedures
(SOPs).

[0448] The concentrations ofthe compound of Formula (I} and the hydroxylated metabolite ofthe compound of Formula
() were quantified in plasma samples according to validated methods using tandem mass spectrometry in positive ion
mode. This method was validated for the analysis of the compound of Formula (I) and the hydroxylated metabolite of
the compound of Formula (1) in 25.0 p.L dipotassium ethylenediaminetetraacetic acid (K,-EDTA) human plasma samples
over concentration ranges of 5.00 to 2500 ng/mL and 0.500 and 250 ng/mL, respectively. All analytical results were
within acceptable limits. Incurred sample reanalysis (ISR) was successfully conducted in this study for both analytes.

Results
Pharmacokinetic results

[0449] Eight male and eight female subjects were enrolled. The mean age was 37.1 years (range, 21 to 55 years).
The majority of subjects were White (93.8%) and of Hispanic ethnicity (81.3%). The mean weight at screening was
160.28 Ibs (range, 102.0 to 222.2 Ibs) and mean BMI was 25.50 kg/m2 (range, 20.7 to 30.5 kg/m2). The randomization
was well balanced with respect to demographics and baseline characteristics.

[0450] All 16 subjects were included in the safety analysis set. No subjects were excluded from the safety analysis
set and no subject had his or her PK data excluded from analysis.

[0451] The mean plasma concentration versus time profiles for the compound of Formula (I) under fasted and fed
conditions are presented in FIGS. 8A and 8B, respectively. The compound of Formula (l) was slowly absorbed after oral
administration in both fasted and fed conditions. Mean plasma concentrations were lower in the fasted than in the fed
condition.

[0452] PK parameters for the compound of Formula () after treatment with the compound of Formula (I) under fasted
and fed conditions are summarized in Table 18, below, where AUC, ,,=area under the plasma concentration vs. time
curve from 0 to 24 hours, AUCo-t,,t=AUC from 0 hours to last measurable concentration, AUCy_,=AUC from 0 hours
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extrapolated to infinity, CL/F=apparent systemic clearance after oral administration, CV=coefficient of variation,
Chax=maximum plasma concentration, CV(%)=coefficient of variation, max=maximum, min=minimum, MRT=apparent
mean residence time, PK=pharmacokinetic, SD=standard deviation, t,,=apparent terminal half-life, T|ag=delay time be-
tween time of dosing and time of appearance of measurable test article, t,,5,=time to maximum plasma concentration,
VZ/F=apparent volume of distribution during the terminal phase after oral administration.

[0453] The PK data for t;,,, Tjag. t., MRT, and Vz/F were rounded to 2 significant figures and all other parameters
(AUCq.24, AUCq 41ast: AUCq ., Caxe @nd CL/F) were rounded to 3 significant figures. The last significant figure was
rounded up if the digit to the right of it was =5, and was rounded down if the digit to the right of it was <4.

Table 18. Summary of Formula (I) PK parameters (safety analysis set)

Parameter Statistic

Fasted Formula (I} (50 mg)
(N=18)

Fed Formula (I} (50 mg)
(N=15)

AUC, 54 (ngxXhr/mL) Mean (SD) Geometric
CV%

5590 (2230) 32.7

9950 (2540) 26.2

AUC a5t (N@Xhr/mL) Mean (SD) Geometric
CV%

8020 (5110) 53.6

16200 (5450) 39.7

AUC,_, (ngxhr/mL)Mean (SD) Geometric CV%

9440 (2990) [n=7] 39.7

17800 (4990) [n=12] 28.1

Cmax (ng/mL) Mean (SD) Geometric CV%

731 (301) 36.6

1550 (392) 24.2

tmax (hours) Median (min, max)

6.0 (3.0, 6.0)

5.0 (3.0,6.0)

Tiag (hours) Mean (SD)

0.63 (0.22)

0.94 (0.37)

ty, (hours) Mean (SD) Geometric CV%

33 (17) [n=7] 99

42 (6.8) [n=12] 15

MRT (hours) Mean (SD) Geometric CV%

28 (11) [N=7] 49

30 (5.0) [n=12] 16

CL/F (L/hr) Mean (SD) Geometric CV%

6.0 (2.7) [n=7] 40

3.0 (0.82) [n=12] 28

VZ/F (L) Mean (SD) Geometric CV%

240 (120) [n=7] 67

180 (57) [n=12] 30

[0454] As seen in Table 18, above, administration of the compound of Formula (I} 50 mg under fed compared with
fasted conditions resulted in a higher mean C,,,,, of the compound of Formula (I} (approximately 2-fold higher; 1550 vs.
731 ng/mL), a longer t,, (42 vs. 33 hours), a slightly shorter median t,,,, (5.0 vs. 6.0 hours), and a higher mean AUC,__
(approximately 2-fold higher; 17800 vs. 9440 ngxhr/mL). The compound of Formula (I) geometric mean ratios for C 4,
and AUC .4 Tor fed vs. fasted conditions were 218.6% and 215.2%, respectively, indicating that the compound of
Formula () absorption was approximately 2-fold greater when administered with food. The upper and lower 90% con-
fidence interval (Cl) bounds for both C.,, (187.4% and 255.1%, respectively} and AUCg . (182.9% and 253.1%,
respectively) were outside of the "no-effect” range of 80.00% to 125.00%, indicating that there was a food effect on the
compound of Formula () exposure.

[0455] Frequency distribution of Ty,4 and t,,, values are presented in Table 19 and Table 20, respectively. Spaghetti
plots for the compound of Formula () AUCg 1.5, AUC.. and C . are shown in FIGS. 9A, 98, and 9C, respectively.

Table 19. Frequency distribution of plasma Formula (l) T,a,g values by treatment (safety analysis set)

T,ag (hr) Statistic Fasted (Formula (I} 50 mg) (N=16) | Fed (Formula (I) 50 mg) (N=15)
0.50 n (%) 11 (68.8%) 3 (20.0%)
0.53 n (%) 1(6.3%) 0 (0.0%)
0.55 n (%) 0 (0.0%) 1(6.7%)
1.00 n (%) 4 (25.0%) 8 (53.3%)
1.02 n (%) 0 (0.0%) 1(6.7%)
1.03 n (%) 0 (0.0%) 1 (6.7%)
2.00 n (%) 0 (0.0%) 1(6.7%)
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Table 20. Frequency distribution of plasma Formula () T, values by treatment (safety analysis set)

Tmax (hr) Statistic Fasted (Formula () 50 mg) Fed (Formula (1) 50 mg)
(N=16) (N=15)
3.00 n (%) 1(6.3%) 2 (13.3%)
4.02 n (%) 1(6.3%) 0 (0.0%)
5.00 n (%) 4 (25.0%) 8 (53.3%)
503 n (%) 0 (0.0%) 1(6.7%)
5.05 n (%) 0 (0.0%) 1(6.7%)
6.00 n (%) 10 (62.5%) 2 (13.3%)
6.02 n (%) 0 (0.0%) 1(6.7%)

[0456] The compound of Formula () was slowly absorbed after oral administration in the fasted and fed conditions.
In the fasted condition, the mean compound of Formula () C,.,, was approximately 53% lower than in the fed condition
(731 vs. 1550 ng/mL). Due to a prolonged elimination phase, t,, values and therefore, AUC,_, values could not be
determined for some the compound of Formula (l) concentration-time profiles. Mean AUC,_,, was approximately 47%
lower in the fasted condition than in the fed condition (9440 vs. 17800 ngxhr/mL) for those subjects for whom AUC,__
could be determined. Mean AUC 4, was approximately 50% lower in the fasted condition than in the fed condition
(8020 vs. 16200 ngxhr/mL). Median t,, was slightly longer in the fasted condition than in the fed condition (6.0 vs. 5.0
hours) and mean t,, was shorter in the fasted condition than in the fed condition (33 vs. 42 hours) for those subjects for
whom a t,, could be determined. Variability in the compound of Formula (I} PK (geometric CV%) for AUC, C ;4. s, and
MRT was lower in the fed condition compared with the fasted condition.

[0457] The geometric mean ratios and associated 80% Cls for AUCg 35 @nd C,,,5« for the compound of Formula (J)
after treatment with the compound of Formula (1) for the fed vs. fasted condition are provided in Table 21, below, where
AUCq .= AUC from O hours to last measurable concentration, C . .=maximum plasma concentration, and PK=phar-
macokinetic.

Table 21. Formula (1) geometric mean ratios for PK exposure parameters under fed vs. fasted conditions
(safety analysis set)

Parameter Ratio? (%) (Fed vs. Fasted 90% Confidence Interval®
Condition)
AUC a5t (ngxhr/mL) 2152 182.9,253.1
C nax (ng/mL} 2186 187.4,255.1

a Ratio of geometric least-squares means was based on a mixed model using log-transformed (base 10) data.
b The 90% confidence interval for geometric mean ratio was based on least-squares means using log-transformed
(base 10) data.

[0458] The compound of Formula (I} geometric mean ratios for C,,,, and AUC, 4.4 for the fed vs. fasted conditions
were 218.6% and 215.2%, respectively, indicating that the compound of Formula (I) absorption was approximately 2-
fold greater when administered with food. The upper and lower 90% Cl bounds for both C, 5, (187 4%, 255.1%) and
AUCq a5t (182.9%, 253.1%) were outside of the "no-effect" range of 80.00% to 125.00%, indicating that there was a
food effect on the compound of Formula (I) exposure. Due to the missing AUC_, values, the food effect on overall
exposure was not assessed using AUC,_, values.

Conclusion

[0459] Administration of the compound of Formula (I} 50 mg under fed compared with fasted conditions resulted in a
higher mean C,,. of the compound of Formula (l) (approximately 2-fold higher;, 1550 vs. 731 ng/mL), a longer t,, (42
vs. 33 hours), a slightly shorter median t,,,,, (5.0 vs. 6.0 hours), and a higher mean AUC_,, (approximately 2-fold higher;

17800 vs, 9440 ngxhr/mL). The compound of Formula () geometric mean ratios for C,,,,, and AUC 4,4 for fed vs. fasted
conditions were 218.6% and 215.2%, respectively, indicating that the compound of Formula (I} absorption was approx-
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imately 2-fold greaterwhen administered with food. The upperand lower 90% Cl bounds for both C ;. (187.4%, 255.1%)
and AUC .5t (182.9%, 253.1%) were outside of the "no-effect” range of 80.00% to 125.00%, indicating that there was
a food effect on the compound of Formula () exposure. Similar results were observed with the hydroxylated metabolite
ofthe compound of Formula (I}. Overall, these results indicate that the compound of Formula (I} 50 mg was well tolerated
in healthy subjects when administered under fasted or fed conditions and that the total AUC and C,,,,, were increased
when the compound of Formula (I) was taken with food.

Example 7: Phase 1 study to evaluate the relative bioavailability, effect of food on pharmacokinetics, and safety
of formulations of the compound of Formula (I} in healthy adult subjects

[0460] A Phase 1studyto compare the relative bioavailability of a 50 mg dose of different formulations ofthe compound
of Formula (I) as well as to evaluate the effect of fasting and fed conditions on the pharmacokinetics (PK) ofthe compound
of Formula (I) was designed. The 50 mg dose was chosen for this study because it is within the tested dose range in
completed Phase 1 and Phase 2 trials and was well tolerated in those studies. The objectives ofthe study are: to evaluate
the PK and compare the relative bioavailability of the compound of Formula (I) 50 mg formulations in healthy adult
subjects; to evaluate the effect of food on the PK of the compound of Formula (I} 50 mg formulations; and to evaluate
the safety and tolerability of the compound of Formula (1) 50 mg formulations.

Study Design

[0461] This is a Phase 1, open-label, randomized, three-period crossover study of the relative bioavailability and the
effect of food on the PK of the compound of Formula (1) 50 mg in healthy adult subjects. During treatment period 1 and
treatment period 2, subjects will receive a single dose of the compound of Formula (I) 50 mg administered as an
encapsulated, lipidic semi-solid (reference) and 1 of 2 different spray-dried dispersion (SDD) test formulations (suspen-
sion or capsule) under fed conditions, and during treatment period, three subjects will receive the same SDD test
formulation under fasted conditions.

[0462] A total of 36 healthy adult subjects will be randomized to 1 of 4 treatment sequences (9 subjects per sequence;
approximately equal distribution of males and females per sequence; see Table 22, below). There will be 21 days
between each dose.

Table 22. Treatment sequences

Treatment sequence | Treatment period 1 (Fed) | Treatment period 2 (Fed) | Treatment period 3 (Fasted)
1 Reference SDD suspension SDD suspension
2 SDD suspension Reference SDD suspension
3 Reference SDD capsule SDD capsule
4 SDD capsule Reference SDD capsule

[0463] After providing informed consent, subjects will be screened for eligibility to participate in the study. Screening
will begin up to 28 days prior to Day 1 of treatment period 1. Eligible subjects will be admitted to the clinical unit on Day
-1, and randomized to 1 of the 4 treatment sequences on Day 1 of treatment period 1. During treatment periods 1 and
2, subjects will fast overnight for at least 10 hours and then ingest a liquid dietary supplement (vanilla-flavored Ensure
Plus®, 237 mL container) with the study drug and not consume any other food for 4 hours after dosing. During treatment
period 3, subjects will fast overnight for at least 10 hours prior to dosing and continue to fast for an additional 4 hours
after dosing. During all treatment periods, water will not be permitted for 1 hour before dosing until 2 hours after dosing
except for the water/liquid dietary supplement provided for study drug dosing.

[0464] On Day 1 of each treatment period, subjects will be dosed with the compound of Formula (I} 50 mg and have
blood samples collected for PK analysis. Subjects will complete a taste satisfaction questionnaire after study drug
ingestion on Day 1 of treatment period 3 (only for subjects who receive the SDD suspension under the fasted condition).
Subjects will remain in the unit on the day of dosing and will be discharged on Day 2 of each treatment period, following
completion of all required procedures, including collection of the 36-hour PK sample. On the mornings of Days 8 and
15 of each treatment period, subjects will return to the clinical unit on an outpatient basis for PK blood sample collection
and safety assessments. On Day 21 of treatment period 1 and treatment period 2, subjects will arrive at the site and
have Day 21 assessments completed, and they will stay overnight at the site and begin Day 1 of treatment period 2 or
treatment period 3 the following day. A final follow-up study visit will be conducted on Day 22 of treatment period 3 (21
+ 2 days after treatment period 3 dosing) or upon early termination.
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[0465] Blood samples for PK analysis and safety assessments will be collected/conducted at scheduled times through-
out the study. The study design schematic is shown in FIG. 10,

Duration of treatment

[0466] The expected duration of study participation for each healthy adult subject will be approximately 13 weeks,
including up to 28 days of screening, 3 doses each separated by 21 days, and a final follow-up study visit 21 days after
receiving the last dose of study drug during treatment period 3.

Test product, dose, and mode of administration

[0467] The compound of Formula (1) will be supplied as two different test formulations for oral administration: as powder
in bottles for constitution into a suspension (20 mL) and as powder-filled capsules. The compound of Formula (I} test
formulations will contain 50 mg of the compound of Formula (l) as free base equivalent. Subjects must swallow the study
drug with a liquid dietary supplement (Ensure Plus® [237 mL container]) with an additional 100 mL of water (SDD capsule
formulation) or with an additional 80 mL of water (SDD suspension formulation) during treatment period 1 or 2. Subjects
must swallow the study drug with 330 mL of water (SDD capsule formulation) or 310 mL of water (SDD suspension
formulation) during treatment period 3.

Reference therapy, dose, and mode of administration

[0468] Thecompound of Formula (I} reference formulation (encapsulated, lipidic semi-solid formulation) will be supplied
as capsules for oral administration. The compound of Formula (I} reference capsules will contain 50 mg ofthe compound
of Formula () as free base equivalent. Subjects must swallow a single capsule with a liquid dietary supplement (Ensure
Plus [237 mL container]) with an additional 100 mL of water during treatment period 1 or 2.

Criteria for Evaluation
Pharmacokinetics

[0469] Blood samples for assessment of plasma concentrations of the compound of Fermula (l) and metabolites will
be collected within 45 minutes before dosing, and at approximately 30 minutes, and 1,2, 3,4,5,6,7,8,9, 10,12, 16,
24, 36, 168, 336, and 504 hours after dosing.

[0470] The following plasma PK parameters will be calculated for the compound of Formula (1) and metabolites:

=  Areaunderthe plasma concentration versus time curve from 0 hours to the time of the last measurable concentration
(AUCq.yiast)

+ Area under the plasma concentration curve extrapolated from 0 hours to infinity (AUC,_.)

+  Maximum plasma concentration (C,,,)

= Time to achieve maximum plasma concentration (t,a,)

+ Delay time between time of dosing and time of appearance of measurable test article (Ty,)

+ Apparent terminal half-life (t,,)

= Apparent terminal rate constant (.z)

= Apparent mean residence time (MRT)

= Molar AUC ratio of primary metabolite(s) to the parent drug the compound of Formula ()

[0471] The following plasma PK parameters will be calculated only for the compound of Formula (1):

=  Apparent systemic clearance after oral administration (CL/F)
= Apparent volume of distribution during terminal phase after oral administration (Vz/F)

Other assessment
[0472] A taste satisfaction questionnaire will be administered.
Safety assessments

[0473] Safety will be monitored throughout the study and will include the following assessments:

73

2148



10

15

20

25

30

35

40

45

50

55

EP 3 984 523 A1

* AEs

« Clinical laboratory tests (hematology, coagulation, clinical chemistry, and urinalysis)
= Vital sign measurements (including orthostatic blood pressure and pulse rate)

=  Physical examinations

= 12-lead electrocardiogram (ECG)

Statistical methods

[0474] Pharmacokinetic parameters will be calculated using noncompartmental methods and summarized by formu-
lation using descriptive statistics. Two-sided 90% confidence intervals will be calculated for the ratio of each test formu-
lation (SDD suspension and SDD capsule) vs. the reference formulation for AUC,_,, AUCg 4.5 and C,,, for the com-
pound of Formula (I) and metabolites under fed conditions. Further, two-sided 90% confidence intervals will be calculated
for the ratio of each test formulation under fasted conditions vs. under fed conditions for AUC,_,, AUCq a5 @nd Cax
for the compound of Formula (l) and metabolites.

[0475] Safety and taste satisfaction questionnaire data will be summarized with descriptive statistics.

Results

Pharmacokinetic results

[0476] Pharmacokinetic results are shown in Tables 23-26, below.

Table 23: Summary of Plasma Pharmacokinetic Parameters (Safety Analysis Set - SDD Suspension Group)

Compound of Formula (l) Plasma Concentration
Parameter (units) Statistic Reference Capsule SDDSuspension(Fed) | SDD Suspension
(Fed) (N=18) (N=18) (Fasted) (N=18)
AUC a5t (N@Xhr/mL)
Mean (SD) 16600 (7880) 5980 (3960) 737 (417)
Geom CV(%) 46.8 72.8 68.7
AUC,_, (ngxhr/mL)
Mean 17400 (8010) 6500 (4180) 893 (480)
Geom CV(%) 454 7.7 60.1
Cmax (n@/mL)
Mean (SD) 1480 (506) 672 (323) 72.3 (44.9)
Geom CV(%) 321 57.9 57.5
tmax (NF)
Median (min, 5.0 (3.0, 6.0) 5.0 (5.0, 10) 7.0(5.0,12)
max)
Tiag (hr)
Mean (SD) 1.0 (0.31) 0.85 (0.29) 1.2 (0.65)
ty, (hr)
Mean (SD) 50 (20) 19 (6.1) 9.0 (0.46)
Geom CV(%) 140 93 23
MRT (hr)
Mean (SD) 36 (43) 23 (24) 17 (2.9)
Geom CV(%) 84 62 18
CL/F (L/hr)
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(continued)

Compound of Formula (I} Plasma Concentration
Parameter (units) Statistic Reference Capsule SDDSuspension(Fed) | SDD Suspension
(Fed) (N=18) (N=18) (Fasted) (N=18)

Mean (SD) 3.4(1.4) 11 (8.0) 80 (54)

Geom CV(%) 45 72 63
Vz/F (L)

Mean (SD) 180 (260) 210 (140) 970 (560)

Geom CV(%) 93 77 53
Tiase (PT)

Mean (SD) 170 (140) 77 (110) 31(7.6)

Geom CV(%) 120 92 30

Table 24: Geometric Mean Ratios for Pharmacokinetic Exposure Parameters by formulation and fed vs fasted
(Safety Analysis Set - SDD Suspension Group)

Analyte Parameter (units) Treatment Comparison Ratio (%) 90% CI
Compound of Formula ()
AUC y1ast (ngxhr/mL) SDD Suspension (Fed) vs. Reference 32.2 (26.4%, 39.4%)
Capsule (Fed)
AUC,_.. SDD Suspension (Fed) vs. Reference 33.5 (27.7%, 40.6%)
Capsule (Fed)
Cinax (hg/mL) SDD Suspension (Fed) vs. Reference 422 (34.8%, 51.2%)

Capsule (Fed)

AUCq a5t (ngxhr/mL)

Capsule (Fed)

SDD Suspension (Fasted) vs. Reference | 4.4

(3.4%, 5.7%)

AUC,..

Capsule (Fed)

SDD Suspension (Fasted) vs. Reference | 5.0

(3.8%, 6.5%)

Cmax (ng/mL})

Capsule (Fed)

SDD Suspension (Fasted) vs. Reference | 4.5

(3.8%, 5.4%)

Table 25: Summary of Plasma Pharmacokinetic Parameters (Safety Analysis Set - SDD Capsule Group)

Compound of Formula () Plasma Concentration

Parameter (units) Reference Capsule (Fed) SDD Capsule (Fed) SDD Capsule (Fasted)
Statistic (N=18) (N=18) (N=17)
AUCy 551 (N@Xhr/mL)

Mean (SD) 19500 (7960) 9470 (4670) 1840 (1650)

Geom CV 504 48.0 78.7

(%)
AUC,_. (ngxhr/mL)

Mean 20100 (7850) 10000 (4610) 2120 (1830)

Geom CV 47 1 44.9 73.7

(%)
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(continued)

Compound of Formula (1) Plasma Concentration
Parameter (units) Reference Capsule (Fed) SDD Capsule (Fed) SDD Capsule (Fasted)
Statistic (N=18) (N=18) (N=17)
Cinax (ng/mL)
Mean (SD) 1770 (494) 1110 (449) 143 (110)
Geom CV 257 44.5 741
(%)
tmax (hr)
Median 5.0 (5.0, 8.0) 5.0 (3.0, 6.0) 7.0 (6.0, 12)
(min,max)
Tlag (hr)
Mean (SD) 1.0 (0.38) 1.3 (0.49) 1.2 (0.88)
ty, (hr)
Mean (SD) 35 (18) 26 (20) 14 (11)
Geom CV 69 98 49
(%)
MRT (hr)
Mean (SD) 28 (12) 25 (14) 21(9.2)
Geom CV 45 55 31
(%)
CL/F (L/hr)
Mean (SD) 3.0 (1.5) 5.9 (2.4) 36 (18)
Geom CV 47 45 74
(%)
Vz/F (L)
Mean (SD) 130 (61) 190 (140) 630 (380)
Geom CV 47 75 72
(%)
Tlast (hl’}
Mean (SD) 170 (96) 100 (89) 44 (32)
Geom CV a1 100 39
(%)

Table 26: Geometric Mean Ratios for Pharmacokinetic Exposure Parameters by formulation and fed vs fasted
(Safety Analysis Set - SDD Suspension Group)

Analyte Parameter (units) Treatment Comparison Ratio (%) 90% CI

Compound of Formula (1)

AUCq yast SDD Capsule (Fed) vs. Reference 48.2 (41.4%, 56.1%)
Capsule (Fed)

AUC,_,, (ngxhr/mL) SDD Capsule (Fed) vs. Reference 49.7 (43.1%, 57.2%)
Capsule (Fed)
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(continued)

Analyte Parameter (units) Treatment Comparison Ratio (%) 90% CI
Compound of Formula ()
Cmax (ng/mL) SDD Capsule (Fed) vs. Reference 59.8 (51.7%, 69.2%)
Capsule (Fed)
AUC a5t (ngxhr/mL) SDD Capsule (Fasted) vs. Reference 8.0 (5.7%, 11.2%)
Capsule (Fed)
AUC,_,, (ngxhr/mL) SDD Capsule (Fasted) vs. Reference 9.0 (6.6%, 12.4%)
Capsule (Fed)
Cinax (ng/mL) SDD Capsule (Fasted) vs. Reference 6.7 (4.9%, 9.2%)
Capsule (Fed)

Example 8: Phase 2 study of the compound of Formula (I} in adult subjects with congenital adrenal hyperplasia

[0477] A Phase 2 study to assess the safety, tolerability, pharmacokinetics (PK), and pharmacodynamics (PD) of the
compound of Formula (1) in adult subjects with classic congenital adrenal hyperplasia (CAH) was designed. The objectives
of the study are: to assess the safety and tolerability of two ascending doses of the compound of Formula (1) in adult
subjects with CAH; to evaluate the effect of repeated doses of the compound of Formula (I} on endogenous levels of
PD biomarkers in adult subjects with CAH; and to evaluate plasma exposures following repeated doses of the compound
of Formula (1) administered nightly.

[0478] The lower dose strength selected for this study, the compound of Formula (1} 50 mg, was well tolerated in both
single and repeat-dose safety and PK studies in healthy volunteers. Doses up to 100 mg were also well tolerated in both
single-dose and repeat-dose Phase 1 studies in healthy velunteers, and importantly, in a large Phase 2 study in non-
elderly female and male subjects with major depressive disorder receiving the compound of Formula (1) during an &-
week, double-blind treatment period. Furthermore, the anticipated steady state exposureswith the selected the compound
of Formula (I) doses, using the predicted C,, and AUC, are within the acceptable safety margins defined by the
nonclinical toxicology studies that have been conducted to date.

Study Design

[0479] A Phase 2, open-label, multiple-dose, dose-escalation study to assess the safety, tolerability, PK, and PD of
the compound of Formula (I} in approximately 30 adult female and male subjects (18 to 50 years ofage) with a documented
medical diagnosis of classic 21-hydroxylase deficiency CAH was designed. The study will include a sequential-cohort
design with four compound of Formula (1) dose cohorts: 50 mg and 100 mg, with each dose administered for 14 consecutive
days:

«  Cohort 1: compound of Formula (I) 50 mg once daily with a bottle of vanilla-flavored Ensure Plus® (~237 mL) at
approximately 2200 hours.

+«  Cohort 2: compound of Formula (I) 100 mg once daily with a bottle of vanilla-flavored Ensure Plus® (~237 mL) at
approximately 2200 hours.,

= Cohort 3: compound of Formula (I} 100 mg once daily with the evening meal at approximately 1900 hours.

= Cohort 4: compound of Formula (I) 100 mg twice daily with breakfast at approximately 0700 hours and with the
evening meal at approximately 1900 hours.

[0480] There will be an approximate 2-week period to evaluate safety and tolerability data before proceeding from
Cohort 1 to Cohort 2. Subjects who previously completed the current study in Cohort 1 or Cohort 2 may reenroll to
participate in Cohorts 3 or 4 (in addition to new subjects). Table 27 below depicts the dose cohorts, doses, and number
of subjects per cohort.

Table 27. Dose cohorts, doses, and number of subjects

Cohort Compound of Formula (I) Dose | Approximate Dosing Time(s) | Number of Subjects
1 50 mg 2200 hours 8-10
2 100 mg 2200 hours 8-10
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(continued)

Cohort Compound of Formula (I) Dose | Approximate Dosing Time{s) | Number of Subjects
3 100 mg 1900 hours 8-10
4 100 mg 0700 and 1900 hours Upto 8

[0481] Subjects will be screened for eligibility to participate in the study for up to approximately 3 weeks (Days -28 to
-8). Subjects who reenroll and have had a stable medication regimen for CAH since their last visit in this study do not
have to undergo screening; those who reenroll and have had a change to theirmedication regimen for CAH must undergo
a second screening visit. During screening, subjects will provide a single blood sample in the moming between 0700
and 1000 hours (prior to first morning dose of hydrocortisone) to determine their 17-hydroxyprogesterone (17-OHP)
levels for study entry.

[0482] Eligible subjects who have a screening 17-OHP level =1,000 ng/dL will be admitted to the study center for 1
night and have baseline serial PD samples collected over a 24-hour peried beginning in the evening of Day -7. Baseline
serial PD samples will be collected at approximately 2145, 2300, 2400, 0100, 0200, 0400, 0600, 0800, 1000, 1200,
1400, 1600, and 2200 hours. The subjects’ usual morning dose of steroidal treatments will be administered after the
1000 hours PD sample is collected on Day -6. Subjects will be discharged on Day -6 afterthe last PD sample is collected.
[0483] Subjects within each dose cohort will be admitted to the study center on Days 1 and 14 (first and last day of
dosing). Subjects will have a blood sample collected on Day 1 for CYP21A2 genotyping. Baseline safety assessments
will be collected on Day 1 prior to the first dose of study drug. Study drug (the compound of Formula (1) 50 or 100 mg)
will be administered at approximately 2200 hours for Cohorts 1 and 2 and at approximately 1845, 2000, 2100, 2200,
2300, 2400, 0100, 0200, 0400, 0600, 0800, 1000, 1200, 1400, 1800, 1900, and 2200 hours for Cohorts 3 and 4. The
subjects' usual morning dose of steroidal treatments will be administered after the 1000 hours PD sample is collected
on Day -6. Subjects will be discharged on Day -6 after the last PD sample is collected.

[0484] Subjects in Cohorts 1 and 2 will be admitted to the study center on Days 1 and 14 (first and last day of dosing).
Subjects will have a blood sample collected on Day 1 for cytochrome P450 (CYP) 21A2 genotyping. Baseline safety
assessments will be collected on Day 1 prior to the first dose of study drug. Study drug (compound of Formula(l) 50 mg
or 100 mg) will be administered at approximately 2200 hours. The subjects’ usual morning dose of concurrent steroidal
treatments will be administered after the 12-hour post-dose PK/PD samples are collected (at approximately 1000 hours)
on Day 2 and after the 16-hour post-dose PK/PD samples are collected (at approximately 1400 hours) on Day 15.
Subjects will be discharged from the study center the evening on Days 2 and 15 following completion of all study-related
procedures for those days. Prior to this discharge on Day 2, study drug will be administered at the study center at
approximately 2200 hours. Study drug will then be selfadministered nightly at home at approximately 2200 hours on
Days 3 to 13. Subjects will take their usual morning dose of concurrent steroidal treatments at approximately 1000 hours
on Days 3to 14. On Day 7 during the treatment period, PK, PD, and safety assessments will be conducted in an outpatient
setting at the study center.

[0485] Subjects in Cohorts 3 and 4 will have a blood sample collected on Day 1 for CYP21A2 genotyping (only for
subjects who have not previously participated in Cohoris 1 or 2). Baseline safety assessments will be collected on Day
1 prior to the first dose of study drug. For Cohort 3, study drug (compound of Formula(l) 100 mg) will be administered
at home on Days 1 to 13 at approximately 1900 hours with each subject's evening meal. For Cohort 4, study drug
compound of Fermula(l) 100 mg) will be administered at home on Days 2 to 14 at approximately 0700 hours with each
subject's breakfast and on Days 1 to 13 at approximately 1900 hours with each subjects’ evening meal. For both cohorts,
the Day 14 evening dose will be administered at the study site. Subjects will take their usual morning dose of concurrent
steroidal treatments at approximately 1000 hours on Days 1 to 14. On Day 7 during the treatment period, PK, PD, and
safety assessments will be conducted in an outpatient setting at the study center. Subjects will be admitted to the study
center on Day 14 (last day of dosing). On Day 14, subjects will receive study drug in the study center at approximately
1900 hours with a standard (moderate fat/moderate calorie) evening meal. The subjects’ usual morning dose of concurrent
steroidal treatments will be administered after PK/PD samples are collected at approximately 1400 hours on Day 15.
Subjects will be discharged from the study center the evening on Day 15 following completion of all study-related
procedures.

[0486] For all cohorts, follow-up visits on Days 21, 28, and 35 will be conducted at the study center or the subject's
home by a qualified home healthcare provider (based on the subject’'s preference). A final study visit will be conducted
at the study site approximately 5 weeks after the last dose of study drug (on Day 49 or early termination). There will be
a visit window of - 8 hours for Day 7, -8 hours/+3 days for Days 21, 28, and 35, and +7 days for the final study visit.
Safety, tolerability, PK, and PD will be assessed at scheduled times throughout the study. The study design schematic
is shown in FIG. 11.
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Dose escalation procedure

[0487] Cohort 1 will consist of approximately 8 to 10 subjects who will receive a daily dose ofthe compound of Formula
(I) 50 mg at approximately 2200 hours for 14 days (subjects will receive study drug at the site on Days 1, 2, and 14, and
self-administer study drug at home on Days 3 to 13). Following the completion of Day 15 assessments for all subjects
in the Cohort 1, a medical monitor will review the accumulated safety and tolerability results to ensure there are no safety
concerns with proceeding to the 100 mg dose (Cohorts 2 and 3), and to determine if a maximum tolerated dose (MTD)
has been reached. If the MTD is reached, no dose escalation will occur. There will be an approximate 2-week period
between Cohorts 1 and 2 to accommodate this safety review. A similar procedure will be used prior to proceeding to the
100 mg twice daily dose (Cohort 4).

[0488] If the medical monitor determines that it is safe to proceed to the compound of Formula () 100 mg, subjects
in Cohort 2 will be administered the compound of Formula () 100 mg daily for 14 days. Dosing for Cohorts 3 and 4 may
begin simultaneously with Cohort 2.

[0489] During the 14-day dosing period for any cohort, dosing may be postponed or halted if one or more subjects
experience a severe or serious adverse event (AE), orif the type, frequency, or severity of AEs becomes unacceptable.
If dosing is postponed, the medical monitor will review all available safety, tolerability, and PK data before allowing any
further subjects to receive study drug.

Study Population

[0490] Approximately 30 adult female and male subjects (18 to 50 years of age) with a documented medical diagnosis
of classic 21 -hydroxylase deficiency CAH, who meet all protocol eligibility criteria, will be enrolled. Subjects who previously
completedthe currentstudyin Cohort 1 or Cohort2 may reenroll to participate in Cohorts 3 or4 (in addition to new subjecis).

Duration of treatment

[0491] The expected duration of study participation for each subject is approximately 11 weeks, including up to ap-
proximately 3 weeks for screening, a 24-hour PD baseline period (approximately 7 days prior to the first day of dosing),
14 days of dosing, and a follow-up period of approximately 5 weeks. The total duration of the study will be an additional
8 to 11 weeks for subjects who reenroll.

Test product, dose, and mode of administration

[0492] The compound of Formula (l) will be supplied as capsules containing 50 mg of the compound of Formula (I}
free base for oral administration (see, e.g., Reference 1 formulation as described in Example 9). Doses of the compound
of Formula (I} are 50 mg and 100 mg, administered in oral capsule form. Each dose of study drug for Cohorts 1 and 2
is to be administered with a bottle of vanilla-flavored Ensure Plus® (~237 mL). Each dose of study drug for Cohort 3 is
to be administered with each subject's evening meal at approximately 1900 hours. Each dose of study drug for Cohort
4 is to be administered with each subject's breakfast at approximately 1900 hours (i.e., a total daily dose of 200 mg).

Criteria for Evaluation
Cohorts 1 and 2

[0493] Blood samples to evaluate 24-hour PD baseline will be collected on Days -7 to -6 at approximately 2145, 2300,
2400, 0100, 0200, 0400, 0600, 0800, 1000, 1200, 1400, 1600, and 2200 hours. Blood samples to evaluate PK and PD
parameters of the compound of Formula () will be collected on Days 1 to 2 and Days 14 to 15 at: 15 minutes pre-dose
and at 1, 2,3,4,6,8, 10, 12, 14, 16, 20, and 24 hours post-dose; Day 7 (at approximately 24 hours post-dose); Days
21, 28, and 35 (at approximately 168, 336, and 504 hours post-dose); and at the final study visit (Day 49 or early
termination).

Cohorts 3 and 4

[0494] Blood samples to evaluate 24-hour PD baseline will be collected on Days -7 to -6 at approximately 1845, 2000,
2100, 2200, 2300, 2400, 0100, 0200, 0400, 0600, 0800, 1000, 1200, 1400, 1800, 1900, and 2200 hours. Blood samples
to evaluate PK and PD parameters of the compound of Formula () will be collected on Days 14 to 15 at the following

times (for Cohort 4, all times are relative to evening dosing unless otherwise indicated): 15 minutes predose and at 1,
2,3,4,56,7,9 11,13,15,17,19, 23, 24, and 27 hours postdose; Day 7 (at 24 hours postdose for Cohort 3 or at 12
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hours post morning dose but prior to the evening dose for Cohort 4); Days 21, 28, and 35 (at approximately 168, 336,
and 504 hours postdose); and at the final study visit (Day 49 or early termination).

Pharmacokinetics
[0495] The following plasma PK parameters will be calculated for the compound of Formula (I) and metabolites:

= Area under the plasma concentration versus time curve from O hours to last measurable concentration (AUC g 551
+  Area under the plasma concentration versus time curve from 0 to 24 hours (AUCq_o4)

+  Maximum plasma concentration (C,,,0

+ Time to maximum plasma concentration (t,,)

+ Delay time between time of dosing and time of appearance of measurable test article (Ty,)

+  Terminal half-life (t,.)

= Apparent terminal rate constant (.z)

= Apparent mean residence time (MRT)

[0496] Additional PK parameters for Day 14 only:

= Average plasma concentration at steady state (Ca‘,g)

= Percent fluctuation at steady state (% fluctuation)

= Accumulation index at steady state

= Apparent systemic clearance after oral administration (CL/F) (the compound of Formula (1) only)

Pharmacodynamics

[0497] Primary: Morning 17-OHP (serum; ng/dL) from the 0600, 0800, and 1000 hour samples (8-, 10-, and 12-hour
post-dose samples from Cohorts 1 and 2 and 11-, 13-, and 15-hour postdose samples from Cohorts 3 and 4.

[0498] Secondary: 17-OHP at all other times, androstenedione (serum; ng/dL)}, testosterone (serum; ng/dL}), cortisol
(serum; pg/dL), and adrenocorticotropic hormone (plasma ACTH; pg/mL).

Safety
[0499] Safety and tolerability will be monitored throughout the study and will include the following assessments:

* Adverse events

=  Clinical laboratory tests - clinical chemistry (including creatine kinase, myoglobin, total and conjugated bilirubin},
hematology, coagulation (prothrombin time, aPTT, d-dimer, fibrinogen), and urinalysis (including quantitative my-
oglobin, casts and crystals)

= Vital signs

=  Physical examinations (including musculoskeletal exam)

* 12-lead electrocardiograms (ECGs)

=  Columbia-Suicide Severity Rating Scale (C-SSRS)

*  Brief Psychiatric Rating Scale (BPRS)

Statistical methods

[0500] Safety, PK, and PD variables will be summarized within each dose cohort (the compound of Formula (1) 50 mg
and 100 mg) using descriptive statistics. Summaries of PD measures will include both observed values and changes
from pre-dose.

Results

Pharmacokinetic results

[0501] Eight subjects (four female and four male) were enrolled in this study and completed Cohort 1. Age, sex, and
BMI information for the study participants is shown in Table 28, below.
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Table 28. Cohort 1 Subjects

Subject ID | Age (years) Sex (Male/Female) | BMI(kg/m?)
001 37 Female 249
002 25 Female 32.0
003 49 Male 37.2
004 36 Male 25.0
005 27 Female 25.5
006 19 Male 21.7
007 25 Male 27.5
008 31 Female 34.4

[0502] The subjects received a daily dose of the compound of Formula (I} at 50 mg at approximately 2200 hours (~10
p.m. or bedtime) for 14 days. Arithmetic mean values for ACTH (FIG. 12A) and 17-OHP (FIG. 12B) for all 8 Cohort 1
subjects were plotted at each timepoint for Pre-treatment Baseline, Day 1, and Day 14. Both ACTH and 170HP con-
centration profiles at day 1 and day 14 show clear reductions from the baseline mean profiles. Cohort 1 mean PK
parameters of Tax: Cmax. @and AUC24 forthe compound of Formula (1) are shown in Table 29 below. These PK parameters
are consistent with observations from Phase 1 studies in healthy volunteers.

Table 29. Cohort 1 Mean PK parameters of T,;,,,,; Cinax,and AUC,,

Day 1 Day 14

Tmax Cmax AUCZ—% Tmax Cmax AUC24
Mean 54 1305 10,292 4.4 1349 14,297
CV% 30 25 24 32 15 24

[0503] Additiocnal measurements of cohort 1 and cohort 2 mean PK parameters of T, ... Ca, @nd AUC,, for the
compound of Formula (I) on Day 1 of dosing are shown in Table 30 below.

Table 30: Mean PK parameters of T,,,,, Cax, and AUC,, on Day 1 of dosing

for the compound of Formula (I) on Day 14 of dosing are shown in Table 31 below.

Cohort1 50 mg- Ensure Cohort 2 100 mg-Ensure
Day 1 Tmax™ (M) | Chax (n@/ml) | AUC,4 (h*na/ml) | Toax(h) | Chax (Nng/ml) | AUC,4 (h*ng/ml)
G.Mean | 6 1,270 10,411 4 2,370 24,725
CV% - 25 24 - 21 42
N 8 8 8 8 4 4
*Median
[0504] Additional measurements of cohort 1, cohort 2 and cohort 3 mean PK parameters of T30 Cmax @and AUC24

Table 31: Mean PK parameters of T,,,, Crax @and AUC24 on Day 14 of dosing

Cohort 1 50 mg- Ensure Cohort 2 100 mg-Ensure Cohort 3 100 mg w/evening
Meal
Day Tmax* Cmax AUC24 Tmax Cmax AUC24 Tmax Cmax AUC24
14 (h) (ng/ml) (h*ng/ml) (h) (ng/ml) (h*ng/ml) (h) (ng/ml) (h*ng/ml)
G. 4 1,335 14 070 4 3,379 35416 3 3,650 34,706
Mean
81
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(continued)

Cohort 1 50 mg- Ensure Cohort 2 100 mg-Ensure Cohort 3 100 mg w/evening
Meal
Day Tmax* | Cmax AUC24 Tmax | Cmax AUC24 Tmax | Cmax AUC24
14 (h) (ng/ml) (h*ng/ml) (h) (ng/ml) (h*ng/ml) (h) (ng/ml}y (h*ng/ml)
CV% 15 24 31 7 2 15
N 8 8 8 6 6 6 8 8 8

*Median

[0505] Arithmetic mean values for androstenedione (FIG. 13A) and testosterone (FIG. 13B) for all 8 Cohort 1 subjects
were plotted at each timepoint for Pre-treatment Baseline, day 1, and day 14. The androstenedione concentration profile
on Day 1 and Day 14 shows a clear reduction from the baseline mean profile.

[0506] When focusing exclusively on the critical morning window period (timepoints at 8-, 10-, and 12-hours postdose)
from 6:00 a.m. to 10:00 a.m., the levels of ACTH show marked reductions from baseline at each of the 3 timepoints on
Days 1 and 14 (FIG. 14A). Arithmetic mean values across all three timepoints show >=50% reductions from baseline at
Day 1 and Day 14 (FIG. 14B).

[0507] When focusing exclusively on the critical morning window period (timepoints at 8-, 10-, and 12-hours postdose)
from 6:00 a.m. to 10:00 a.m., the levels of 17-OHP show marked reductions from baseline at each of the 3 timepoints
on Days 1 and 14 (FIG. 15A). Arithmetic mean values across all three timepoints show >=40% reductions from baseline
at Day 1 and Day 14 (FIG 15B).

[0508] When focusing exclusively on the critical morning window period (timepoints at 8-, 10-, and 12-hours postdose)
from 6:00 a.m. to 10:00 a.m., the levels of androstenedione show marked reductions from baseline at each of the 3
timepoints on Days 1 and 14 (FIG. 16A). Arithmetic mean values across all three timepoints show >=30% reductions
from baseline at Day 1 and Day 14 (FIG. 16B).

[0509] A summary of reduction in 17-OHP and androstenedione in cohort 1 is shown in Table 32. Further, the andros-
tenedione levels of three subjects was normalized by the treatment for the three subjects with Subject ID Nos. 001, 002,
and 008).

Table 32. Cohort 1 Summary of Reduction in 17-OHP and Androstenedione at each timepoint in the morning
window (6 a.m. to 10 a.m.)

) ) 17-OHP % change from Androstenedione % change from
:SD"' bject | sex/age g:;"‘g baseline baseline
6 AM 8 AM 10 AM 6 AM 8 AM 10 AM
001 137 D1 -61.4 14.7 -24.1 -42.0 2.0 -19.5
D14 -90.3 -67.2 -37.2 -84.6 -58.6 =551
002 125 D1 -96.0 -85.5 454 -68.0 -66.7 =217
D14 -37.7 -58.6 -24.9 -34.2 -47.8 -38.7
003 M/49 D1 -11.8 -46.6 -34.0 -13.4 -471 -22.7
D14 -24.5 -5.2 -22.9 -7.5 -10.8 -16.0
004 /36 D1 -13.7 171 10.1 4.5 15.9 3.0
D14 -53.6 -46.8 -35.8 -13.8 -15.2 -21.2
005 127 D1 -24.4 -83.6 -52.2 -356 -50.3 -33.5
D14 -78.8 -95.1 -86.3 26.7 -13.7 -10.9
006 MHg D1D14 -5.1 -1.1 -97.8 -10.0 -18.5 -78.9
D14 -25.4 -20.4 -98.3 -67.8 -62.7 -921
007 M/25 D1 -50.0 -28.0 -27.4 -24.8 -30.0 -15.8
D14 14.9 4.0 =71 -4.8 -36.8 -30.2
008 131 D1 -64.5 -80.7 -92.8 -12.2 7.0 -8.3
D14 -59.0 -65.2 -89.1 74.5 99.4 59.2
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Table 33. Cohort 1 Summary of PK parameters of T,,.,, C.,ax and AUC,, for each subject at days 1 and 14

Day 1 Day 1 Day 14

Subject ID Tmax (M) AUC,, Cphax (ng/ml) (h*ng/ml) | Tax (B) Cmax (ng/ml) | AUC,4 (h*ng/ml)
001 6 1830 14,487 6 1570 20,863
002 6 1210 11,829 4 1610 15,494
003 6 1060 11,068 3 1310 15,599
004 4 1670 9,669 3 1160 10,180
005 8 961 9,266 6 1550 15,130
006 4 1030 6,574 3 1090 10,288
007 8 1550 8,239 6 1170 12,880
008 3 1130 11,209 4 1330 13,944
Mean 5.4 1305 10,292 4.4 1349 14,297
CV% 30 25 24 32 15 24

N 8 8 8 8 8 8

[0510] After 14 days of once-daily compound of Formula (I) administration, a majority of participants in Cohorts 1-3
showed reduced serum concentrations of adrenal androgens and precursors. Mean changes from baseline (*standard
deviation) in Cohort 1 were as follows: 17-OHP, -2341.0+1535.0 ng/dL; androstenedione, -98.4+98.7 ng/dL; and ACTH,
-157.0-194.9 pg/mL. Mean reductions were larger in Cohort 2 (17~OHP, -4406.0:5516.1, androstenedione,
-362.8+354.0; ACTH,-180.9+155.2) and Cohort 3 (17-OHP, -4760.1 +4018.2; androstenedione, -210.9+188.6; ACTH,
-358.9+177.8),suggesting a possible dose response. FIGs. 17A-17C, 18A-18C, and 19A-18C depict results from Cohorts
1, 2, and 3, respectively.

Summary

[0511] The results from this ongoing Phase |l open-label study demonstrated a reduction of at least 50 percent from
baseline in 17-hydroxyprogesterone (17-OHP) and adrenocorticotropic hormone (ACTH) levels in more than 50 percent
of CAH patients in cohort 1 treated with the compound of Formula (I} for 14 days (i.e., 6 of 8 patients in cohort 1 had a
reduction of =50% from baseline levels of 17-OHP during at least one morning window timepoint, see, e.g., Table 32).
Meaningful reductions were also observed in other biomarkers, including androstenedione (i.e., 4 of these patients also
had a reduction of =50% from baseline levels of androstenedione during at least one morning window timepoint, see,
e.g., Table 32). The greater reductions in biomarkers in cohorts 2 and 3, treated with double the dose of the compound
of Formula (I) compared with cohort 1, suggest a possible dose response. Further, the compound of Formula (1) was
well-tolerated with a relatively small number of mild adverse events (AEs) reported (e.g., headache, ovulation pain,
fatigue, localized infection (toe), dizziness, nausea, URI, contusion with the most common being headache). No clinically
significant findings from routine labs, vital signs, or electrocardiograms were found.

Example 9: Reference Formulation 1 of the compound of Formula (1)
[0512] Tables 34A and 34B show Reference formulation 1 of the compound of Formula (I} as used in the clinical

studies described in Examples 6 and 8, above. An example manufacturing process is shown in FIG. 20. Another example
manufacturing process is shown in FIG. 21.
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Table 34A:
Component Quality Function 50 mg Capsule
Standard
Weight | % (wiw)
mg/un
it)
Compound of Formula (1}, free base In-house Active Ingredient 50.0 10.0
Medium-Chain Triglycerides Labrafac TM NF Qily Phase Vehicle 196.0 39.2
Lipophile WL1349)
Propylene Glycol Dicaprylate/Dicaprate, NF Emulsifying Agent 102.0 20.4
(LabrafacTM PG)
Lauroyl Polyoxyl-32 Glycerides (Gelucire® NF Nonionic Surfactant & 95.0 19.0
44/14) Solubilizing Agent
Vitamin E Polyethylene Glycol Succinate USP/NF Solubilizing Agent 57.0 11.4
(Kolliphor® TPGS)
Total Emulsion Weight 500.0 100.0
Gelatin Capsule Shell. Size #00, Swedish Non Capsule Shell -
Orange cap/body: (Coni-Snap®) -Pharmacopo
eial
Gelatin Powder, 220 Bloom UsprP Capsule shell banding - -
agent
Purified Water uUsprP Capsule shell banding - -
solvent
Table 34B:
Component Quality Function 50 mg Capsule
Standard Weight %
(mg/un it) (wiw)
Compound of Formula (1}, free base In-house Active 50.0 10.0
Ingredient
Medium-Chain Triglycerides (caprylic:capric acid 60: Ph. Eur./NF Vehicle 195.85 39.2
40; Miglyol 812N)
Propylene Glycol Dicaprylocaprate, (LabrafacTM PG) Ph. Eur. Vehicle 102.15 204
Lauroyl macrogolglycerides type 1500-Lauroyl Ph. Eur./NF Surfactant 95.0 19.0
polyoxylglycerides type 1500 (Gelucire® 44/14)
Vitamin E Polyethylene Glycol Succinate, 260 mg/g d- | NF Surfactant 57.0 1.4
alpha tocopherol (Vitamin E/TPGS 260)
Total Emulsion Weight 500.0 100.0
Orange opaque hard capsule, size 0, composed of Non Capsule Shell - -
gelatin, titanium dioxide and red ferric oxide (Swedish Pharmacopo
Orange ®) eial
Ethanol (96%) and Purified Water UspP Capsule shell - -
banding solvent
84
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Example 10: Study Evaluating Effect of Ensure Plus, Ensure Pudding, Milk and High Fat Meal on Reference
Capsule

Study design

[0513] This is a Phase 1, open-label, randomized, four-period crossover study to evaluate the effect of food with
different levels of fat and caloric content on the PK, safety, and tolerability of the compound of Formula (1) in healthy
adult subjects.

[0514] A total of 16 healthy adult subjects (8 males and & females) will be randomly assigned to 1 of 4 treatment
sequences (4 subjects per sequence [2 males and 2 females persequence]; see Table 35 below). During each treatment
period, subjects will receive a single dose of the compound of Formula (I) 100 mg administered with the appropriate
meal, according to the randomization scheme. There will be a washout of at least 21 days between each dose.

Table 35:

Treatment Sequence

Treatment Period 1

Treatment Period 2

Treatment Period 3

Treatment Period 4

1 Reference meal Test meal 1 Test meal 2 Test meal 3
2 Test meal 1 Test meal 3 Reference meal Test meal 2
3 Test meal 2 Reference meal Test meal 3 Test meal 1
4 Test meal 3 Test meal 2 Test meal 1 Reference meal

Reference meal: vanilla-flavored Ensure Plus® Test meal 1: Low fat, low caloric content meal 1 Test meal 2: Low fat,
low caloric content meal 2
Test meal 3: standard high fat, high caloric content meal

[0515] Adfter providing informed consent, subjects will be screened for eligibility to participate in the study. Screening
will begin up to 28 days before Day 1 of treatment period 1. Eligible subjects will be admitted to the clinical unit on Day
-1 and randomized to 1 of the 4 treatment sequences on Day 1 of treatment period 1. During each treatment period,
subjects will fast overnight for at least 10 hours until the start of the assigned meal, according to the randomization
scheme, and ingest the study drug at approximately 0800 hours. Subjects must complete the entire meal within the
specified time period and should not consume any other food for 4 hours after dosing. For all treatment periods, water
will not be permitted for 1 hour before dosing until 2 hours after dosing except for the water provided with study drug
dosing and planned meals.

[0516] ©On Day 1 of each treatment period, subjects will be dosed with the compound of Formula (I} 100 mg. Blood
samples will be collected for PK analysis over a period of 36 hours during the in-house stay. During each treatment
period, subjects will remain in the clinic on the day ofdosing and will be discharged on Day 2 after completing all required
procedures. On the mornings of Days 8 and 15 of each treatment period, subjects will return for an outpatient visit to
the clinic for PK blood sample collection and safety assessments. On Day 21 of treatment periods 1 to 3, subjects will
arrive at the site and have Day 21 assessments completed and they will stay overnight at the site and begin Day 1 of
the subsequent treatment period the following day. A final follow-up study visit will be conducted on Day 22 of treatment
period 4 (21 * 2 days after treatment period 4 dosing) or upon early termination.

[0517] Blood samples for PK d/conducted at scheduled times throughout the study.

Study population

[0518] Sixteen healthy adult subjects (8 males and 8 females) between 18 and 55 years of age, inclusive, who meet
all protocol eligibility criteria, will be enrclled.

Duration of treatment
[0519] The expected duration of study participation for each healthy adult subject will be approximately 16 weeks,

including up to 28 days of screening, 4 days of dosing with at least 21 days between consecutive doses, and a final
follow-up study visit 21 days (== 2 days) after receiving the last dose of study drug during treatment period 4.
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Test product, dose, and mode of administration

[0520] The compound of Formula (1) will be supplied as capsules for oral administration (encapsulated, lipidic semi-
solid formulation, e.g., Example 9). The compound of Formula (I) capsules will contain 50 mg ofthe compound of Formula
(1) as free base equivalent. During each treatment period, subjects will receive two 50 mg capsules (100 mg) of the study
drug along with a meal and water as defined by the randomization scheme. The food, water, and study drug administration
are as follows:

Reference meal: Two capsules of study drug will be administered approximately 5 minutes after the start of a liquid
dietary supplement (i.e., Ensure Plus® [237 mL container]) and an additional 120 mL of water for study drug dosing.
Test meal 1: Two capsules of study drug will be administered approximately 5 minutes after the start of a low fat,
low caloric meal 1 with 120 mL of water for study drug dosing.

Test meal 2: Two capsules of study drug will be administered approximately 5 minutes after the start of a low fat,
low caloric meal 2 with 120 mL of water for study drug dosing.

Test meal 3: Two capsules of study drug will be administered approximately 30 minutes after the start of a high fat,
high caloric meal with 120 mL of water for study drug dosing.

CRITERIA FOR EVALUATION
Pharmacokinetics

[0521] Blood samples for assessment of plasma concentrations of the compound of Formula (l) and metabolites will
be collected within 45 minutes before dosing, and at approximately 30 minutes, and 1,2, 3,4,5,6,7,8,9, 10,12, 16,
24, 36, 168, 336, and 504 hours after dosing.

[0522] The following plasma PK parameters will be calculated for the compound of Formula (I} and metabolites:

+ Area under the plasma concentration versus time curve from 0 hours to last measurable concentration (AUCg 41451

= Area under the plasma concentration versus time curve from 0 hours extrapolated to infinity (AUC_..)

+  Maximum plasma concentration (C,,,0

+ Time to achieve maximum plasma concentration (t,,,)

« Delay time between time of dosing and time of appearance of measurable test article (T,q)

+ Apparent terminal half-life (t,,)

+  Apparent terminal rate constant (.z)

= Apparent mean residence time (MRT)

= Molar AUC ratio of primary metabolite(s) to the parent drug compound of Formula (I}). The following plasma PK
parameters will be calculated only for the compound of Formula (I):

=  Apparent systemic clearance after cral administration (CL/F)

= Apparent volume of distribution during terminal phase after oral administration (Vz/F)

Safety Assessments

[0523] Safety will be monitored throughout the study and will include the following assessments:

= Adverse events (AEs)

+ Clinical laboratory tests (hematology, coagulation, clinical chemistry, and urinalysis)

= Vital sign measurements (including orthostatic blood pressure and pulse rate)

*  Physical examinations

= 12-lead electrocardiograms (ECGs)

Statistical methods

[0524] Pharmacokinetic parameters will be calculated using noncompartmental methods and summarized by meal

type (test meal/reference meal) using descriptive statistics. Two-sided 90% confidence intervals will be calculated for
the ratio of each test meal versus the reference meal for AUC,. ., AUCq 4,44 @nd C,, for the compound of Formula (l)
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[0525] Safety data will be summarized with descriptive statistics.

Results

Pharmacokinetic results

[0526]

Pharmacokinetic results are shown in Table 36 below.

Table 36: Summary of Plasma Pharmacokinetic Parameters

Compound of Formula (I) Plasma

Concentration

Parameter Ensure Plus Ensure Pudding Whole Milk High Fat Meal
{units) Statistic | (Fed) (N=18) (Fed) (N=18) (Fed) (N=17) (Fed) (N=17)
Aucu-tlast
{ng>hr/mL)
Mean (SD) 36703 (17400) 34077 (11597) 35561 (15866) 55487 (23242)
Geom CV(%) 58 397 44.6 41.9
AUC,_, (ngxhr/mL)
Mean 45386 (19648) 40037 (9515) 46737 (17395) 63755
(19139)
Geom CV(%) 433 23.8 38.8 31
Cmax (n@/mL)
Mean (SD) 3090 (1070) 3038 (984) 2835 (1005) 4336
(1938)
Geom CV(%) 39.7 34.9 345 536
tax (h1)
Median (min, 5.0 (2.0, 10.0) 5.0(4.0,6.0) 5.0(4.0,7.0) 5.0(4.0,
max) 7.0)
Tiag (h1)
Mean (SD) 0.38 (0.46) 0.20 (0.25) 0.16 (0.31) 0.29
(0.37)
ty, (hr)
Mean (SD) 361 (263) 373 (196) 373 (143) 326
(120)
Geom CV(%) 61.1 48.6 371 338
CL/F (L/hr)
Mean (SD) 2.49 (0.956) 2.636 (0.659) 2.427 (0.975) 1.706
(0.526)
Geom CV(%) 41.2 24.8 358.8 311
Vz/F (L)
Mean (SD) 1254 (906) 1414 (720) 1308 (627) 816
(378)
Geom CV(%) 72.7 58.4 61.3 54,9
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Example 11: Spray-dried Dispersion Granule Formulation of the Compound of Formula (1) (SDD-G)

[0527] Table 37 shows a granule formulation of the compound of Formula (I} using a SDD prepared according to
Example 3, above. An example manufacturing process is shown in FIG. 22A and FIG. 22B.

Table 37:
Quality 50 mg Sachet Batch Weight
uall . - atc e1g
Component Standard Function Weight (mg/ % ©
unit) (wiw)
Example 3, SDD In-house Drug 200.0 13.33 40
Substance
Calcium Silicate (ZEOPHARM 250) NF Glidant 10.0 0.67 2
Mannitol (Pearlitol 200SD) NF /EP /JP | Filler 832.5 55.5 166.5
Microcrystalline Cellulose (Avicel PH- | NF/EP /JP | Filler 300.0 20.0 60
102)
Croscarmellose Sodium (Ac-Di-Sol®) NF /EP /JP | Disintegrant | 150.0 10.0 30
sD711
Sodium Stearyl Fumarate NF /EP /JP | Lubricant 7.5 0.5 1.5
Total 1500 100.0 300

Example 12: Liquid Formulation 1 of the Compound of Formula (1}

[0528] Table 38 shows liquid formulation 1 of the Compound of Formula () free base. An example manufacturing

process is shown in FIG. 23.

Table 38:
50 mg/mL Oral Solution Batch Weight (g)
Component Quality Standard | Function

Weight (mg/mL) | % {(w/v)
Compound of Formula () In-house Drug 50.0 5 20.03
FB Substance
Saccharin NF / EP Sweetener 1.5 0.15 0.61
Butylated hydroxytoluene NF /EP Anti-oxidant 1.7 017 0.69
FONA orange flavor NF Flavor 1.0 01 0.41
Labrafac Lipophile WL1349 | NF/EP Liquid Vehicle to 1 mL 94.58 358.87
Total 1mL 100.0 3806

Example 13: Liquid Formulation 2 of the Compound of Formula (1)

[0529]
process is shown in FIG. 24,

Table 39 shows liquid formulation 2 of the Compound of Formula (I) free base.

An example manufacturing

Table 39:
50 mg/mL Oral Solution Batch Weight (g)
Component Quality Standard | Function
Weight (mg/mL) | % (w/v)
Compound of Formula () In-house Drug 50.0 5 2017
FB Substance
Saccharin NF / EP Sweetener 1.5 0.15 0.61
88
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(continued)

50 mg/mL Oral Solution Batch Weight (g)
Component Quality Standard | Function -
Weight (mg/mL) | % (w/v)
Butylated hydroxytoluene NF / EP Anti-oxidant 1.7 017 0.68
LABRAFIL M 1944 CS NF /EP Surfactant 200.0 20 80.16
FONA orange flavor NF Flavor 1.0 01 0.40
Labrafac Lipophile WL1349 | NF/EP Liquid Vehicle to 1 mL 74.58 27868
Total 1mL 100.0 380.7

Example 14: A Phase |, Open-Label Study to Evaluate the Pharmacokinetics, Relative Bioavailability, Effect of
Food, Safety and Tolerability of Different Compound of Formula (l) Prototype Formulations in Healthy Adult
Subjects.

Methodology

[0530] Thisis a single center, open-label, randomized, single dose 4-period crossover study in healthy adult subjects
designed to investigate the pharmacokinetic (PK) and safety of up to 4 compound of Formula (1} liquid lipidic prototype
formulations (compound of Formula (l) Oral Solution, Prototype Formulations, 50 mg/mL}), a compound of Formula (I}
spray dried dispersion formulation (compound of Formula (1) Granule for Sprinkle, 25 - 50 mg) and compound of Formula
(1}, 50 mg Capsules (Reference). It is planned to enroll 36 subjects to be allocated as 3 cohorts of 12 subjects per cohort,
with 6 sub-cohorts of 6 subjects per sub-cohort. In each of these 6 sub- cohorts, 6 subjects will be assigned to one of 3
sub-cohorts where a single oral dose of Investigational Medicinal Product (IMP) is administered in 4 dosing periods
(Periods 1 to 4) in multiple fed or fasted states orto one of 3 sub-cohorts where a single oral dose of IMP is administered
in 2 dosing periods (Periods 1 and 2) only in the fed state. Within each sub-cohort, subjects will also be randomized
before administration of the first dose of IMP in Period 1 to one of the following treatment sequences (Table 40):

Table 40:
Sub- Number Total Number of Regimen
Sequence of .
Cohort Subjects | ' eriods Dosed Period1 | Period2 | Period3 | Period 4
ABEF 3 4 Regimen Regimen Regimen Regimen
A B E F
1A
BAEF 3 4 Regimen Regimen Regimen Regimen
B A E F
AB 3 2 Regimen Regimen N/A N/A
A B
1B - -
BA 3 2 Regimen Regimen N/A N/A
B A
ADEF 3 4 Regimen Regimen Regimen Regimen
A D E F
2A
DAEF 3 4 Regimen Regimen Regimen Regimen
D A E F
AD 3 2 Regimen Regimen N/A N/A
A D
2B
DA 3 2 Regimen Regimen N/A N/A
D A
89
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(continued)

Sub- Number Total Number of Regimen
Sequence of .
Cohort Subjects | | criods Dosed Period1 | Period2 | Period3 | Period 4
ACEF 3 4 Regimen Regimen Regimen Regimen
A C E F
3A
CAEF 3 4 Regimen Regimen Regimen Regimen
C A E F
AC 3 2 Regimen Regimen N/A N/A
A Cc
3B
CA 3 2 Regimen Regimen N/A N/A
c A

[0531] At informed consent, subjects will agree eitherto participate in 2 study periods or 4 study periods. Once placed
into a sub-cohort, the order in which subjects receive the study treatments will be randomized based on the schedule
above.

[0532] Subjects will receive up to 4 regimens in up to 4 periods in an order according to the randomization schedule
within each sub-cohort.

[0533] The effect of different prandial states on the PK of the compound of Formula (I} may be explored in Periods 3
and 4 by administering in the fasted state or after an alternative meal (e.g. high fat, standard or light breakfast, etc.).
[0534] The proposed regimens are presented in Table 41 below:.

Table 41:

. . . L Route of .
Regimen Investigational Medicinal Product Dose Adm?ntils‘:r:tion Prandial State

A Compound of Formula (1), 50 mg Capsules 50 mg oral Fed (Ensure Plus)

(Reference)
B Compound of Formula_ (1) Oral Solution, Prototype 50 mg oral Fed (Ensure Plus)
Formulation 1,50 mg/mL
Compound of Formula (I) Oral Solution, Prototype
C Formulation 2, 50 mg/mL 50 mg Qral Fed (Ensure Plus)
D Compound of Formula (I} Granule for Sprinkle, 25 - 50 mg Oral Fed (Ensure Plus)
50 mg
E Compound of Formula (1) le Solution, Prototype 100 oral Fed (Ensure Plus)
Formulation 1 mg
F Compound of Formula (I)‘Oral Solution, Granule for 50 mg oral Fed (alternative
Sprinkle meal)

Study Design:

[0535] Subjects will be screened for eligibility to participate in the study up to 28 days before the first dose of IMP in
Period 1. Each study period will follow the same study design. Subjects will be admitted to the clinical unit on the evening
prior to IMP administration (Day -1). For Periods 1 and 2 (Regimen A and one of either Regimens B, C or D), all subjects
will receive the compound of Formula (1) formulations in the morning according to the randomization schedule in the fed
state with a liquid dietary supplement (Ensure Plus). For Periods 3 and 4 (Regimens E and F), subjects will receive the
compound of Formula () formulations in the morning according to the randomization schedule in the fed state with a
liquid dietary supplement or an alternate prandial state (fasted or alternative meal). IMP administration will be performed
on Day 1 with an appropriate interval between subjects based on logistical requirements (approximately 10 min). Meals
will be standardized for each treatment regimen across periods.

[0536] Subjects will remain in the clinical unit until 36 h post-dose when they will be discharged. Subjects will return
to the clinical unit at 168 h (7 days) and 336 h (14 days) postdose for a PK blood sample and safety assessments. The
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minimum washout between IMP dosing occasions will be 14 days between Periods 1 and 2 and 21 days or more to
accommodate interim data reviews between Periods 2 and 3 and between Periods 3 and 4.

[0537] There will be a follow-up phone call 18 to 24 days post-final visit to ensure the ongoing wellbeing of subjects.
[0538] Following the completion of Period 2 for all cohorts, there will be an interim data review during which the PK
and safety data will be reviewed, plus any relevantemerging Chemistry, Manufacturing and Control (CMC) stability study
information, to determine the formulation, dose level and prandial state in which to administer the IMP in Period 3
(Regimen E). There will be a similar interim review following completion of Period 3 (administration of Regimen E) to
determine the formulation, dose level and prandial state in which to administer the IMP in Period 4 (Regimen F). The
criteria forthe interim decisions will be based on available compound of Formula (I) PK data: e.g., C 2% Tinax AUC(0-36),
F.e and safety data.

Number of Subjects Planned:

[0539] Itis planned to enroll 36 healthy male and female (non-pregnant, non-lactating) subjects in 8 sub-cohorts of 6
subjects per sub-cohort. These sub-cohorts will be combined in sets of 2 to create 3 cohorts of n = 12 for Periods 1 and
2 to target data in 10 evaluable subjects in each cohort for the primary objectives per formulation variant. A total of 18
subjects, 6 from each of Sub-Cohorts 1A, 2A and 3A participating in Periods 1 and 2, will additionally participate in
Periods 3 and 4 with a target of a minimum of 6 evaluable subjects. A subject will be considered evaluable for a particular
regimen if they have received an IMP and has completed sufficient planned PK assessments up to 336 h (14 days) after
dosing for that regimen to allow for the assessment of study endpoints. A subject will be considered evaluable for a
particular comparison (e.g., food effect, relative bioavailability) if they have received both IMPs under comparison and
have sufficient PK data up to 14 days after each regimen to allow for assessment of study endpoints.

[0540] Subjects withdrawn due to an IMP-related adverse event (AE) will not be replaced. Subjects who are withdrawn
for other reasons may be replaced as required by agreement between the principal investigator (PI) and sponsor to
ensure sufficient numbers of evaluable subjects at the end of each study period. Replacement subjects may be required
to be dosed with specific formulations from the previous regimens in order to obtain the minimum number of evaluable
subjects required for interim decisions and to obtain data in any other regimen that is required to fulfil the study objective
comparisons, with the exception that any previously dosed IMP that has been considered sub-optimal will not be dosed.
Up to 8 replacement subjects in total may be enrolled into the study. The maximum number of subjects that may be
dosed is 44 in total.

[0541] If a subject withdraws from Sub-Cohort 1A, 2A or 3A after Period 2, it is acceptable to replace them with a
subject from Sub-Cohort 1B, 2B or 3B provided the subject signs an updated consent form agreeing to participate in
four treatment periods. At the discretion of the investigator, such a subject may not be required to undergo repeat
screening procedures.

Duration of Study:

[0542] For subjects enrolled to receive single dose administration on 4 separate occasions in Periods 1 to 4 (Sub-
Cohorts 1A, 2A and 3A), the estimated time from screening until the follow-up phone call is approximately 15to 16 weeks.
[0543] Forsubjects enrolled to receive single dose administration on 2 separate occasions in Periods 1 to 2 only (Sub-
Cohorts 1B, 2B and 3B), the estimated time from screening until the follow-up phone call is approximately 8 to 9@ weeks.

Pharmacokinetic Assessments:

[0544] The plasma concentration data for a compound of Formula (I} will be analyzed for final reporting by Quotient
Sciences and for interim reviews by Neurocrine Biosciences, Inc. (NBI), using Phoenix WinNonlin v8.0 or a more recent
version (Certara USA, Inc., USA). NBI will be responsible for PK analysis for interim review.

[0545] PK analysis of the concentration time data obtained will be performed using appropriate non-compartmental
techniques to obtain estimates of the following PK parameters (Table 42) where possible and appropriate:

Table 42:
T,Elg Time prior to the first measurable (nonzero) concentration
Tax Time to maximum plasma concentration

Crax Maximum plasma concentration

Area under the plasma concentration versus time curve (AUC) from 0 h to last measurable
concentration
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(continued)

AUC ¢ AUC from 0 h extrapolated to infinity

AUCqyxirap Percentage of AUC ;s extrapolated beyond the last measurable concentration
Lambda-z Slope of the apparent terminal phase

Tise Apparent terminal half-life

CL/Fa Apparent systemic clearance after oral administration

Vd/Fa Apparent volume of distribution based on the area after a single oral administration
MRT Mean residence time

MPR AUCg 445t | Metabolite to parent ratio based on AUCg st

MPR AUCq.inf Metabolite to parent ratio based on AUCq ;¢

Taste Assessments:

[0546] Taste will be assessed for each IMP formulation and vehicle (e.g., Ensure Plus, soft food) using a questionnaire
designed for this purpose and adapted for this specific study as required.

[0547] The questionnaire will ask subjects to rate the acceptability of smell, sweetness, bitterness, flavor, mouth feel,
and aftertaste on a 6-point scale, and overall experience on a 5-point scale for each IMP formulation independently of
any previous formulations.

Statistical Methodology:

[0548] Descriptive summaries for all safety data, PK assessments and taste questionnaire data will be provided. No
hypothesis testing will be performed for the safety or taste questionnaire data.

Periods 1 and 2 - for Each Cohort Separately
Relative Bioavailability

[0549] Statistical modelling will be performed on the natural log-transformed compound of Formula (I} PK parameters
(AUC(0-tlast), AUC(0-inf) and Cmax) to assess relative bioavailability (Frel) using a mixed effects model with terms for
regimen, period and sequence as fixed effects and subject within sequence as a random effect. Ratios of geometric
means (GMRs) and 90% confidence interval (Cl) for the relevant comparison of interest, i.e., between each of the
prototype formulations (compound of Formula (I) Oral Solution, Prototype Formulation 1, 50 mg/mL, e.g., Example 12;
compound of Formula (I) Oral Solution, Prototype Formulation 2, 50 mg/mL, e.g., Example 13; and compound of Formula
(1) Granule for Sprinkle, 25 - 50 mg, e.g. Example 11 [Regimens B, C and D, respectively]) and compound of Formula
(1), 50 mg Capsules, e.g., Example 9 (Reference; Regimen A) will be presented.

All Periods (Periods 1 to 4)
Food Effect

[0550] Statistical modelling will be performed on the compound of Formula (1) PK parameters AUC(0-tlast), AUC(0-
inf) and Cmax to assess for the effects of food, if relevant. The natural log-transformed PK parameters will be analyzed
for bioavailability using a mixed effects model with terms for prandial state (and meal type if applicable) as a fixed effect
and subject as a random effect. Ratios of geometric means and 90% CI for the relevant comparisons of interest will be
presented where the ratio is defined as fasted/fed or test meal/reference meal (if applicable).

Relative Bioavailability
[0551] Statistical modelling will be performed on the natural log-transformed compound of Formula (I) PK parameters
(AUC(0-tlast), AUC(0-inf) and Cmax) to assess relative bicavailability using a mixed effects model with terms for regimen

as a fixed effect and subject as a random effect. Ratios of geometric means and 90% CI for the relevant comparison of
interest i.e., between each of the prototype formulations (Regimens E and F, IMPs to be determined by interim reviews

92

2167



10

15

20

25

30

35

40

45

50

55

following completion of Periods 2 and 3) and compound of Formula (I}, 50 mg Capsules (Reference; Regimen A) will

be presented.

Results

EP 3 984 523 A1

[0552] Preliminary PK data is summarized in Table 43 below:

Table 43: Preliminary Data from Periods 1 and 2

A- Reference

B-Oral Solution 1

C-Oral Solution 2

D- SDD Granule

N 35 12 12 12

Tmax * (h) 5 6 5 5
(2,6) (5.7) (5.7) (5.7)
Cmax (ng/ml) 1361 790 1082 1075
(33) (31) (46) (35)
AUC36 (h*ng/ml) 9452 5556 7582 6691
(30) (34) (37) 41)

*Geometric Mean /CV% for AUC and Cmax; Median for Tmax

Example 15. Compound of Formula (I} Crystalline Free Base Form |

Example 15A

Scheme 1: Preparation of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methyl-

phenyl)ethyl]-5-methyl-N-(2-propyn-1-yl}-2-thiazolamine (Compound of Formula (I}, Form I}

[0553]
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Scheme 1
Y /
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Step 1: Preparation of (S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)-N-(1-phenylethyl)ethan-1-imine (Compound 3-A)

[0554]

Compound 3-A

[0555] A mixture of 2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethan-1-one (1-A, 150.7 kg, 1 eq., as a 27.6% w/w so-
lution in toluene, Example 15C), (S)-(-)-1-Phenylethylamine (2-A, 112.9 kg, 1.19 eq.), and p-teluenesulfonic acid (7.4
kg, 0.05 eq.) is refluxed at 110 - 120 °C for 23 - 25 h in a reactor set up in a Dean-Stark configuration. The solvent is
then removed at 125 - 135 °C under atmospheric pressure until distillation halts and a portion of toluene (275 kg, 2.24
wiw) is added to afford a suspension. The suspension is refluxed at 110 - 120 °C for 23 - 25 h. The mixture is cooled to
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22 °C and washed twice with aqueous NH,CI (10%, 301.2 kg, 0.72 eq.} and once with aqueous NaHCO, (5%, 301.2
kg, 0.23 eq., check pH 8 - 9). The solvent is removed at 125 - 135 “C and atmospheric pressure to a target volume of
256 L, the mixture is filtered over celite, the cake is washed with toluene (25 kg). The resulting mixture containing
compound 3-A is used directly in the next step without iscolation. The yield is determined by correcting for the LOD and
GC-FID purity of the sample (208.4 kg, 90.0% corrected, 0.89% Compound 2-A). EI-MS: 294.1 [M~H]*, 190.1 [M-
CgHsCH(CHL)T*, 105.1 [CgHgCH(CH ).

Step 2: Preparation of (S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)-N-((S)-1-phenylethyl)ethan-1-amine hydrochloride
(Compound 4-A)

[0556]

Compound 4-A

[0557] Spongenickelcatalyst (144 kg, 0.70w/w, shipped as a 50% w/w suspensioninwater) is added to a hydrogenation
reactor, equipped with a dip tube capable of removing material from the top of the mass inside, minimizing the amount
of water introduced. The supernatant is discarded, ethanol (329.3 kg, 1.58 wiw, anhydrous) is added, the suspension
is stirred and then allowed to settle. This process is repeated four more times and the Karl Fisher (KF) ofthe supernatant
is checked (= 1% H,O w/w). Compound 3-A (208.4 kg, 1 eq., as a 62.6% solution in toluene) is added to the mixture in
the hydrogenation reactor and ethanol (387.6 kg, 1.86 w/w) is used to rinse the addition flask into the hydrogenation
reactor. The hydrogenation reactor is pressurized/depressurized twice with nitrogen (2 bar) and twice with hydrogen (5
bar) then pressurized with hydrogen (9.8 - 10.2 bar) and heated to 33 - 37 °C and stirred for 17 - 19 h. The system is
depressurized/pressurized three times with nitrogen (1 bar) and the suspension is filtered and washed with three times
with ethanol (493.8 kg, 2.37 w/w). HCI (concentrated, 83.4 kg, 1.07 eq.) is added and the mixture stirred 25 - 35 min at 20
[0558] - 24 °C. The mixture is concentrated by distillation at 78 - 80 C and atmospheric pressure to remove water
with a distillate target volume of 1167 L (5.6 L/kg, Compound 3-A) and the KF of the solution is checked (= 1.5% H,0
wiw). The mixture is stirred at 48 - 52 °C for 55 - 65 min, then 68 - 72 °C for 55 - 65 min, then cooled to 20 - 24 °C at a
rate of 12 “C/h and stirred for 25 - 35 min, then cooled to 0 - 4 °C at a rate of 10 "C/h and stirred for 55 - 65 min. The
suspension is filtered, the cake is washed twice with precooled ethanol (329.2 kg, 1.58 wiw, 0 °C), and the collected
solid is dried at 40 °C to afford compound 4-A (156.5 kg, 66.4% uncorrected). "H NMR (400 MHz, DMSO-d6) & ppm
-0.33--0.06 (m, 2 H) 0.11 - 0.31 (m, 3 H) 1.57 (d, J=6.57 Hz, 3 H) 1.95 (brt, J=7.07 Hz, 2 H) 2.26 (d, J=1.26 Hz, 3 H)
3.68 (brd, J=7.83 Hz, 1 H) 3.92 (brt, J=6.44 Hz, 1H) 6.98 (dd, J=7.71, 1.14 Hz, 1H) 7.28 - 7.36 (m, 2 H) 7.37 - 7.50 (m,
5 H). ESI-MS: 298.2 m/z [M+H]*.

Step 3: Preparation of (S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethan-1-amine hydrochloride (Compound 5-A)

[0559]
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HaN 1 =)
HOl

Compound 5-A

[0560] Compound 4-A (156.5 kg, 1.00 eq.) and Pd/C (7.8 kg, 10% Pd basis) are added to an inerted hydrogenation
reactor. The reactor is then pressurized/depressurized twice with nitrogen (2 bar) and then methanol (494 .5 kg, 3.16
wiw) is added. The reactor is depressurized/pressurized three times with nitrogen (2 bar) then three times with hydrogen
(5 bar), pressurized with hydrogen (9.8 - 10.2 bar), heated to 58 - 62 °C and stirred for 7 - 9 h. The reaction mixture is
cooled to 20 - 24 °C. The reactor is depressurized/pressurized three times with nitrogen (1 bar) and the suspension is
filtered and washed three times with methanol (492.9 kg, 3.15 w/w). The solution is concentrated at 63 - 67°C and
atmospheric pressure to a distillate target volume of 1408 L (9.0 L/kg Compound 4-A). n-Heptane (1173.8 kg, 7.5 wiw)
is added and the mixture is refluxed at 85 - 80 °C and atmospheric pressure in Dean-Stark configuration to remove
methanol. The suspension is cooled to 31 - 35 “C and filtered, the cake washed with n-heptane (147.1 kg, 0.94 w/w},
and the solid dried at 40 °C (101.0 kg, 93.8% uncorrected, 99.2% ee). "H NMR (400 MHz, DMSO-d6) & ppm -0.12 -
014 (m,2H)026-042(m,2H)0.44-055(m, 1 H)1.70-1.83 (m, 2H) 223 (d, J=1.52 Hz, 3 H) 4.24 (1, J/=7.33 Hz,
1TH)722-7.29(m, 1H)7.29-7.36 (m, 1 H) 7.40 (dd, J=10.99, 1.39 Hz, 1 H). ESI-MS: 194.2 [M+H]*, 177.0 [M-NHZI*‘,

Step 4: Preparation of (S)-4-(2-chloro-4-methoxy-5-methylphenyl)-N-(2-cyclopropyt-1-(3-fluoro-4-methylphenylyethyl)-
5-methylthiazol-2-amine (Compound 7-A)

[0561]

Compound 7-A

[0562] A mixture of n-heptane (146 kg), water (142 kg), Compound 5-A (57.4 kg), and aqueous sodium hydroxide
(30% wiw, 41.0 kg) was stirred together. The layers were partitioned, and the aqueous layer removed. The organic layer
was washed with water (170 kg) and the layers partitioned. The organic layer was set aside using n-heptane (40 kg) to
rinse and n-heptane (145 kg) and 1-(2-chloro-4-methoxy-5-methylphenyl)-2-thiocyanatopropan-1-one (6-A, 66.1 kg)
were added to the reactor and heated to 85 °C. The previously set aside organic layer containing the free base of
Compound 5-A was added at 84 - 85 °C to the reactor and rinsed with n-heptane (20 kg). The resulting mixture was
stirred for 2 h at 83 °C. Subsequently, the solvent was switched to methanol by four put-and-take additions/vacuum
distillations of methanol (180 kg) at 55 “C with the target volume being 287 L remaining in the reactor. The suspension
was cooled to 5 °C and water (570 kg) was added over 4 h at 5 - 10 °C, with the first 60 kg added very slowly. The
suspension was aged 2 h at °C and then isolated by filtration and washed with a mixture of methanol/water (91/115 kg)
and then a mixture of methanol/water (134/57 kg). The yellow sclid was dried at 25 °C and 1 mbar for 17 h then 40 °C
and 1 mbar for 22 h to afford Compound 7-A (97.4 kg, 87.5% vield). "H NMR (400 MHz, DMSO-d6) 3 ppm -0.01 - 0.14
(m,2H)029-042(m,2H)061-0.73(m,1H) 147 (dt, /=13.83,6.85Hz, 1 H) 1.76 (dt, J/=13.89, 7.20 Hz, 1 H) 2.00
(s,3H)2.11 (s, 3H) 219 (d, J=1.01 Hz, 3 H) 3.82 (s, 3 H) 4.54 (g, J=7.58 Hz, 1 H) 7.00 (s, 1 H) 7.06 (d, J=0.76 Hz,
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1H) 7.08 - 7.14 (m, 2 H) 7.18 - 7.23 (m, 1 H) 7.89 (d, J=8.08 Hz, 1 H). ESI-MS: 445.3 m/z [M+H]*.

Step 5: Preparation of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S5)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-
5-methyl-N-(2-propyn-1-yl)}-2-thiazolamine (Compound of Formula (l))

[0563]

Compound of Formula (1}

[0564] A mixture of MTBE (279 kg), tetra-n-butylammonium bromide (10.5 kg), and Compound 7-A (95.4 kg) were
heated at 80 °C external temperature for 30 min and then cooled to 0 °C. Aqueous potassium hydroxide (52.4% wiw,
364 kg) and propargy! bromide (39.4 kg as an 80% w/w solution in toluene, 1.19 eq.) were added at 0 - 5 °C and the
biphasic mixture aged 14.5 h at 4 - 6 °C with vigorous stirring. Subsequently, water (191 kg) was added and the aqueous
layerwas discharged. The organic layerwas washed twice with water (382 kg) and once with aqueous acetic acid (5.26%
wiw, 190 kg) at 20 “C. The mixture is polish filtered, rinsed with ethanol (11 kg) and then the solvent switched to ethanol
by 3 put-and-take additions/vacuum distillations of ethanol (300 kg) at 25 - 30 °C for the first cycle and then 35 - 40 °C
with the target volume of each cycle being 250 L remaining in the reactor. Ethanol (164 kg) was added and the mixture
heated at 80 °C external for 0.5 h before it was cooled to 25 °C in 1 h and seeded with authentic compound of Formula
(1) (0.340 kg) which may be prepared as described below in Example 15B. The suspension was aged for 5 h, cooled to
0 °Cin 2 h, aged 12 h, filtered, and washed twice with ethanol (24 kg each) precooled to 0 °C. The white solid was dried
at 40 °C and 1 mbar for 19 h to yield 80.15 kg of the compound of Formula (I}, Form | (77.2% yield). "TH NMR (400 MHz,
DMSO-d8) 5 ppm 0.14 (qt, J/~8.59, 442 Hz, 2 H) 0.29 - 0.48 (m, 2 H) 0.61 - 0.82 (m, 1 H) 1.89 (dt, /~14.08, 6.98 Hz, 1
H), 2.07 (brd, J=7.83 Hz, 1 H)2.10 (s, 3 H) 2.14 (s, 3 H) 2.20 (d, J=1.01 Hz, 3 H) 3.11 (t, J=2.27 Hz, 1 H) 3.83 (s, 3 H)
3.94-422(m,2H)526 (t, )=7.58Hz, 1H)7.05(s, 1 H) 7.10 ~7.36 (m, 4 H). ESI-MS: 483.2 m/z [M+H]*.

[0565] The crystallinity of the crystalline free base Compound of Formula (I}, Form | was confirmed by XRPD (Figure
25, Table 44) and further supported by DSC (Figure 26), indicating the crystalline compound having an onset of melt at
about 84.4 °C (71.9 J/g). TGA of the crystalline free base exhibited about 0.6% of weight loss due to solvent/H,0.

Table 44. XRPD Peak Data forthe Compound of Formula (I) Crystalline Free Base Form |

2-Theta (°) Height (cps)
5.901(15) 1221(101)
10.367(11) 1280(103)
11.762(13) 1377(107)
12.582(11) 1591(115)
13.802(2) 7326(247)

14.1541(16) 20179(410)
15.173(14) 449(61)
15.854(7) 2906(156)
16.746(5) 5113(206)
18.366(7) 1171(99)
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(continued)

2-Theta (°) Height (cps)
198.586(2) 27789(481)
20.100(4) 10759(299)
20.794(4) 5441(213)
21.730(5) 7125(244)
22.239(7) 10370(294)
23.056(11) 3482(170)
23.714(7) 2300(138)
24 115(7) 8402(265)
25.666(4) 26173(467)
26.296(6) 1505(112)
26.752(4) 9919(288)
27.264(7) 1016(92)
27.874(7) 2092(132)
28.623(3) 10560(297)
29.546(6) 5811(220)
30.025(3) 2248(137)
30.737(10) 1333(105)
31.017(19) 1406(108)
31.588(10) 2292(138)
31.809(8) 2212(136)
32.1268(13) 593(70)
33.200(16) 839(84)
996(158)
33.914(13) 1156(98)
34.276(16) 1008(92
34.564(12) 1056(94
35.397(18) 816(82)
36.073(10) 1928(127)
36.67(3) 562(68)
37.347(9) 1553(114)
37.776(12) 1573(114)
39.070(7) 1890(125)
39.743(15) 1042(93)
40.643(9) 2808(153)
41.106(8) 1107(96)
41.984(11) 2686(150)
42.376(16) 986(91)
42.901(16) 492(64)
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(continued)

2-Theta (°) Height (cps)
43.543(10) 4744(199)
44.419(16) 2810(153)

Example 15B

Preparation of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropy1-1-{3-fluoro-4-methylphe-
nyl)ethyl]-5-methyl-N-(2-propyn-1-yl)-2-thiazolamine (Compound of Formula (1}, seed batch)

[0566]

0\[ N
1. n-BuyNBr, MTBE - /L AN
KOH, 5 “C 1 “j?mw -
: )
F A A | N
- ] |
e
= -
1

[0567] A mixture of MTBE, tefra-n-butylammonium bromide, and Compound 7-A cooled to 0 °C is treated with aqueous
potassium hydroxide and propargyl bromide maintaining the temperature at 0 - 5 °C. The resulting biphasic mixture is
aged 23 h at4 -8 °C. Subsequently, water and MTBE are added and the aqueous layer is discharged. The organic layer
is washed twice with water and once with aqueous acetic acid at 20 °C. Ethanol is added and then the solvent switched
to ethanol by 3 put-and-take additions/vacuum distillations of ethanol at 35 - 40 °C with a target volume of each cycle
remaining in the vessel, except for the third cycle where the mixture is concentrated to dryness. Ethanol is added to the
vessel and the mixture heated at 60 °C external for 0.5 h before it is cooled to 20 °C in 1 h and aged 18 h affording a
suspension. The suspension is cooled to 0 °C, aged 6 h, filtered, and washed twice with ethanol pre-cooled to 0 °C to
afford a solid. The solid is dried at 40 “C under vacuum to afford the compound of Formula (l).

Example 15C

Scheme 2: Preparation of 2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethan-1-one (Compound 1-A)

[0568]
Scheme 2
A o
....... \;”/
i 1. CDI, CH.Cly, 20 °C 3-8
o7 OH © Mg, THF
2. MeONHMe-HCI, NEt, | i
1-8 25 DiBAL/heptane {catl.)

30-80 °C

Step 1: Preparation of 2-cyclopropyl-N-methoxy-N-methylacetamide (Compound 2-B)

[0569]
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Compound 2-B

[0570] A suspension of 1,1'-Carbonyldiimidazole (152.6 kg, 1.01 eq.) in DCM (682 kg, 513 L, 7.3 w/w relative to 2-
cyclopropylacetic acid) was treated with a solution of 2-cyclopropylacetic acid (1-B, 93.6 kg, 1 eq.) in DCM (248 kg, 186
L, 2.65 w/w) over at least 1 h, keeping the temperature < 25 “C and compensating for significant effervescence. The
resulting mixture is stirred for 15 min at 22 °C and then N,O-dimethylhydroxylamine+*HCI (93.3 kg, 1.03 eq.) is added in
portions, keeping the temperature <30 °C. Subsequently, triethylamine (46 .4 kg, 0.49 eq.) is added to the stirring mixture
at 20 - 25 “C. The resulting mixture is stirred at 22 “C at least 1 h. The mixture is washed once with KHSO, solution
(0.24 M, 357.1 kg, 0.09 eq.), once with KHSO, solution (0.40 M, 365.4 kg, 0.15 eq.), once with KHSO, solution (0.80
M, 384.5 kg, 0.30 eq.), and once with NaHCO, solution (0.60 M, 393.1 kg, 0.24 eq.). Residual DCM is removed by three
put-and-takes of THF (166.6 kg, 1.78 w/w) and vacuum distillation (50 - 60 °C, to minimum volume/until distillation stops).
THF (333.2 kg. 3.56 w/w) is added and the yield is determined by correcting forthe LOD and GC-FID purity of the sample
(131.5 kg, 98.2% corrected). TH-NMR (400 MHz, DMSO-d6) &: - 0.01 - 0.03 (m, 2H) 0.32 - 0.36 (m, 2H) 0.81 - 0.90 (br
m, 1H) 2.18 (d, J=6.80 Hz, 2H) 2.87 (s, 3 H) 3.53 (s, 3H). ESI-MS; 144.0 [M+H]*.

Step 2: Preparation of 2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethan-1-one (Compound 1-A)

[0571]

Compound 1-A

[0572] Mg (turnings, 28.6 kg, 1.37 eq.) are suspended in THF (2447 kg, 2.0 w/w) and DIBAL-H (1 M in n-heptane,
18.9 kg, 0.03 eq.) is added dropwise at 30 °C, The resulting mixture is stirred at 30 °C for at least 10 min and then 4-
bromo-2-fluoro-1-methylbenzene (3-B, neat, 21.1 kg, 0.13 eq.) is added over at least 30 min at 30 - 50 °C. Subsequently,
the mixture is treated with a solution of 4-bromo-2-fluoro-1-methylbenzene (3-B, 191.6 kg, 1.18 eq.) in THF (414.5 kg,
3.37 wiw) at 30 - 50 °C over 3 h or less. The mixture is stirred at 30 °C for at least 1 h. Subsequently, the mixture is
treated with 2-cyclopropyl-N-methoxy-N-methylacetamide (2-B, 123.0 kg, 1 eq., 25.9% w/w solution in THF) over at
least 1 h at 15 - 25 °C. The resulting mixture is stirred at 20 - 25 °C for at least 1 h. The stirring mixture is then treated
with aqueous HCI (3 M, 10.3% w/w, 668.9 kg, 2.24 eq.) at 10 - 25 °C and the resulting mixture is stirred at least 2 h
(check pH 3.0 - 3.5). The layers are separated, and the aqueous layer is combined with heptane (290.3 kg, 2.36 w/w).
The layers are separated, and the organic layer is washed once with NaHCO4 solution (0.63 M, 211.6 kg, 0.15 eq.) and
once with NaCl solution (2.57 M, 213.0 kg, 0.55 eq.). The residual solvents are removed by vacuum distillation at 58 -
62 °C until distillation stops and then one put-and-take of toluene (275.5 kg, 2.24 w/w) at 107 - 117 °C until distillation
stops. Toluene (275.5 kg, 2.24 wiw) is added and the yield is determined by correcting for the LOD and GC-FID purity
of the sample (150.7 kg, 91.3% corrected). TH NMR (400 MHz, DMSO-d6) 5 ppm 0.07 - 0.21 (m, 2 H) 0.40 - 0.54 (m, 2
H) 1.02 (ttt, J/=8.16, 8.16,6.68,6.68,4.86,4.86 Hz, 1 H) 2.30 (d, J=1.77 Hz, 3 H) 2.91 (d, J=6.57 Hz, 2 H) 7 .44 (t, J=7.83
Hz, 1 H) 7.57 - 7.78 (m, 2 H). ESI-MS: 193.1 [M+H]*.

Example 16: Compound of Formula (I} Crystalline Tosylate Salt Form 1

[0573] Approximately 20 mg of the Compound of Formula (1) was weighed into a vial. Using a positive displacement
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pipette, 250 pL of solvent (IPA) was added to the vial along with a stir bar. The vial was placed in an aluminum block
on a Reacti-Therm mixer and heated to 60 °C for ~1 hour. A molar equivalent of para-toluenesulfonic acid was added
to the vial (20 p.L of a 2M solution in water) and allowed to stir. The sample was slow cooled back to room temperature
along with mild Nitrogen gas for evaporation. Precipitate was collected, left to dry overnight, and then analyzed by XRPD,
DSC, and TGA.

[0574] The crystallinity of the crystalline tosylate form 1 was confirmed by XRPD (Figure 27, Table 45) and further
supported by DSC (Figure 28), indicating the crystalline compound having an onset of melt at about 156 °C (22.2 J/g).
TGA of the crystalline compound is provided in Figure 28, and exhibited about 0.5% of weight loss due to solvent/H,0.

Table 45. XRPD Peak Data forthe Compound of Formula (I} Crystalline Tosylate Form 1

2-Theta (°) Height (cps)
8.112(9) 957(89)
9.124(2) 12296(320)
9.471(2) 4519(194)
10.525(3) 8507(266)
11.316(3) 10211(292)
13.182(5) 6158(227)
13.494(8) 1598(115)
14.249(9) 2197(135)
15.208(9) 1746(121)
15.711(7) 1437(109)
16.252(5) 5723(218)
16.692(3) 3848(179)
17.540(4) 1578(115)
19.031(8) 6774(238)
19.265(4) 6491(233)
19.499(10) 3152(162)
20.401(3) 8581(267)
20.656(4) 3040(159)
21.142(3) 11498(310)
21.703(6) 4979(204)
21.870(11) 5331(211)
22.277(5) 3701(176)
22.769(3) 10159(291)
23.297(3) 14954(353)
23.532(4) 3597(173)
23.810(3) 9590(283)
24.73(2) 2325(139)
2547(4) 1704(119)
26.087(5) 2413(142)
26.71(3) 422(59)
27.210(6) 1648(117)
27.593(5) 2825(153)
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(continued)

2-Theta (°) Height (cps)
28.472(4) 6417(231)
29.51(3) 1423(109)
29.98(3) 849(84)
30.63(6) 1262(103)
30.77(3) 1121(97)
31.577(3) 5563(215)
32.74(4) 874(85)
33.73(4) 1111(96)
34.415(13) 2054(131)
34.799(11) 706(77)
35.139(15) 1320(105)
35.682(16) 1028(93)
38.39(4) 751(7¢9)
39.743(17) 1790(122)
40.219(16) 762(80)
41.23(3) 925(88)
43.16(3) 1540(113)
44.288(12) 1142(98)

OTHER EMBODIMENTS

[0575] It is to be understood that the foregoing description is intended to illustrate and not limit the scope of the
disclosure, which is defined by the scope of the appended claims. Other aspects, advantages, and modifications are
within the scope of the following claims.

[0576] The following numbered paragraphs set out preferred features and preferred combinations of features of the
present invention:

1. A pharmaceutical composition comprising:

(a) a compound of Formula (1):

\

-

/
No _N
O
/ \\}r
S
F

cl
0

or a pharmaceutically acceptable salt thereof; and
(b) one or more of an oily phase vehicle, an emulsifying agent, a nonionic surfactant, and a solubilizing agent.
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2. The pharmaceutical composition of paragraph 1, comprising about 1 wt% to about 20 wt% of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

3. The pharmaceutical composition of paragraph 1, comprising about 5 wt% to about 15 wt% of the compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

4. The pharmaceutical composition of paragraph 1, comprising about 10 wt% of the compound of Formula (I), ora
pharmaceutically acceptable salt thereof, based on the weight of the free base.

5. The pharmaceutical composition of any one of paragraphs 1-4, comprising an oily phase vehicle.

6. The pharmaceutical composition of any one of paragraphs 1-5, comprising about 1 wi% to about 50 wi% of the
oily phase vehicle.

7. The pharmaceutical composition of any one of paragraphs 1-5, comprising about 20 wi% to about 50 wt% of the
oily phase vehicle.

8. The pharmaceutical composition of any one of paragraphs 1-5, comprising about 35 wt% to about 45 wit% of the
oily phase vehicle.

9. The pharmaceutical composition of any one of paragraphs 1-5, comprising about 39 wt% ofthe oily phase vehicle.
10. The pharmaceutical composition of any one of paragraphs 1-9, wherein the oily phase vehicle is selected from
medium-chain triglycerides, glycerin, propylene glycol, polyethylene glycol, olive oil, soybean oil, corn oil, and tran-

scutol.

11. The pharmaceutical composition of any one of paragraphs 1-10, wherein the oily phase vehicle is medium-chain
triglycerides.

12. The pharmaceutical composition of any one of paragraphs 10-11, wherein the medium-chain triglycerides are
Labrafac TM Lipophile WL1349.

13. The pharmaceutical composition of any one of paragraphs 10-11, wherein the medium-chain triglycerides are
Miglyol 812N,

14. The pharmaceutical composition of any one of paragraphs 1-13, comprising an emulsifying agent.

15. The pharmaceutical composition of any one of paragraphs 1-14, comprising about 5 wt% to about 50 wt% of
the emulsifying agent.

16. The pharmaceutical composition of any one of paragraphs 1-14, comprising about 10 wt% to about 30 wt% of
the emulsifying agent.

17. The pharmaceutical composition of any one of paragraphs 1-14, comprising about 15 wt% to about 25 wt% of
the emulsifying agent.

18. The pharmaceutical composition of any one of paragraphs 1-14, comprising about 20 wt% of the emulsifying
agent.

19. The pharmaceutical composition of any one of paragraphs 1-18, wherein the emulsifying agent is selected from
medium-chain triglycerides, propylene glycol dicaprylate/dicaprate, glycerin, propylene glycol, polyethylene glycol,

olive oil, soybean cil, corn oil, and transcutol.

20. The pharmaceutical composition of any one of paragraphs 1-19, wherein the emulsifying agent is propylene
glycol dicaprylate/dicaprate.

21. The pharmaceutical composition of any one of paragraphs 19-20, wherein the propylene glycol dicaprylate/di-
caprate is Labrafac TM PG.
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22. The pharmaceutical composition of any one of paragraphs 1-21, comprising a nonionic surfactant,

23. The pharmaceutical composition of any one of paragraphs 1-22, comprising about 5 wt% to about 50 wt% of
the nonionic surfactant.

24. The pharmaceutical composition of any one of paragraphs 1-22, comprising about 10 wt% to about 30 wt% of
the nonionic surfactant.

25. The pharmaceutical composition of any one of paragraphs 1-22, comprising about 15 wt% to about 25 wit% of
the nonionic surfactant.

26. The pharmaceutical composition of any one of paragraphs 1-22, comprising about 19 wt% of the nonionic
surfactant.

27. The pharmaceutical composition of any one of paragraphs 1-26, wherein the nonionic surfactant is selected
from oleoyl polyoxyl-6 glycerides, linoleoyl polyoxyl-6 glycerides, Polysorbate 80, Polysorbate 20, Gelucire, lauroyl
polyoxyl-32 glycerides, Poloxamer, PEG-32 stearate, and PEG-32 hydrogenated palm glycerides.

28. The pharmaceutical composition of any one of paragraphs 1-27, wherein the nonionic surfactant is lauroyl
polyoxyl-32 glycerides.

29. The pharmaceutical composition of any one of paragraphs 27-28, wherein the lauroyl polyoxyl-32 glycerides
are Gelucire® 44/14.

30. The pharmaceutical composition of any one of paragraphs 1-29, comprising a solubilizing agent.

31. The pharmaceutical composition of any one of paragraphs 1-30, comprising about 1 wt% to about 50 wt% of
the solubilizing agent.

32. The pharmaceutical composition of any one of paragraphs 1-30, comprising about 1 wt% to about 20 wt% of
the solubilizing agent.

33. The pharmaceutical composition of any one of paragraphs 1-30, comprising about 5 wi% to about 15 wt% of
the solubilizing agent.

34. The pharmaceutical composition ofany one of paragraphs 1-30, comprising about 11 wt% ofthe solubilizing agent.

35, The pharmaceutical composition of any one of paragraphs 1-34, wherein the solubilizing agent is selected from
oleoyl polyoxyl-6 glycerides, linoleoyl polyoxyl-6 glycerides, Polysorbate 80, Polysorbate 20, vitamin E polyethylene
glycol succinate, Gelucire, lauroyl polyoxyl-32 glycerides, and Poloxamer.

36. The pharmaceutical composition of any one of paragraphs 1-35, wherein the solubilizing agent is vitamin E
polyethylene glycol succinate.

37. The pharmaceutical composition of any one of paragraphs 35-36, wherein the vitamin E polyethylene glycol
succinate is Kolliphor® TPGS.

38. The pharmaceutical composition of any one of paragraphs 35-36, wherein the vitamin E polyethylene glycol
succinate is Vitamin E/TPGS 260.

39. The pharmaceutical composition of paragraph 1, comprising:

(a) 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-
N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof;

(b) an oily phase vehicle;

(c) an emulsifying agent;

(d) a nonionic surfactant; and

(e) a solubilizing agent.
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40. The pharmaceutical composition of paragraph 1, comprising:

(a) about 5 wt% to about 15 wt% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-
4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt there-
of, based on the weight of the free base;

(b) about 35 wt% to about 45 wt% of an oily phase vehicle;

(c) about 15 wit% to about 25 wt% of an emulsifying agent;

(d) about 15 wt% to about 25 wt% of a nonionic surfactant; and

(e) about 5 wt% to about 15 wt% of a solubilizing agent.

41. The pharmaceutical composition of paragraph 1, comprising:

(a) about 10 wi% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine, or a pharmaceutically acceptable salt thereof, based on
the weight of the free base;

(b) about 39 wt% of an oily phase vehicle;

(c) about 20 wt% of an emulsifying agent;

(d) about 19 wt% of a nonionic surfactant; and

(e) about 11 wt% of a solubilizing agent.

42, The pharmaceutical composition of paragraph 1, comprising:

(a) 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[{1S)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl}ethyll-5-methyl-
N-prop-2-ynyl-1,3-thiazol-2-amine;

(b) a medium-chain triglycerides component;

(c) a propylene glycol dicaprylate/dicaprate component;

(d) a lauroyl polyoxyl-32 glycerides component; and

(e) a vitamin E polyethylene glycol succinate component.

43. The pharmaceutical composition of paragraph 1, comprising:

(a) about 5 wt% to about 15 wt% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-
4-methylphenyl)ethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine;

(b) about 35 wt% to about 45 wt% of medium-chain triglycerides;

(c)y about 15 wit% to about 25 wt% of propylene glycol dicaprylate/dicaprate;

(d) about 15 wt% to about 25 wt% of lauroyl polyoxyl-32 glycerides; and

(e) about 5 wt% to about 15 wt% of vitamin E polyethylene glycol succinate.

44. The pharmaceutical composition of paragraph 1, comprising:

(a) about 10 wi% of 4-(2-chloro-4-methoxy-5-methylphenyl)-N-[(1S)-2-cyclopropyl-1-(3-fluoro-4-methylphe-
nylethyl]-5-methyl-N-prop-2-ynyl-1,3-thiazol-2-amine;

(b) about 39 wt% of medium-chain triglycerides;

(c) about 20 wit% of propylene glycol dicaprylate/dicaprate;

(d) about 19 wt% of lauroyl polyoxyl-32 glycerides; and

(e) about 11 wt% of vitamin E polyethylene glycol succinate.

45, The pharmaceutical composition of any one of paragraphs 1-44, wherein the compound of Formula (1), or
pharmaceutically acceptable salt thereof, is in crystalline form.

46. The pharmaceutical compaosition of any one of paragraphs 1-45, comprising the compound of Formula (I) as a
free base.

47. The pharmaceutical composition of paragraph 45, wherein the crystalline formm comprises Form | of the compound
of Formula (1).

48. The pharmaceutical composition of any one of paragraphs 1-47, formulated in unit dosage form, wherein the
compound of Formula (l), or a pharmaceutically acceptable salt thereof, is present in an amount of about 5 mg to
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about 200 mg, based on the weight of the free base.

49. The pharmaceutical composition of paragraph 48, wherein the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, is present in an amount of about 75 mg to about 150 mg, based on the weight of the free base.

50. The pharmaceutical composition of paragraph 48, wherein the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, is present in an amount of about 50 mg, based on the weight of the free base.

51. The pharmaceutical composition of paragraph 48, wherein the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, is present in an amount of about 100 mg, based on the weight of the free base.

52. The pharmaceutical composition of paragraph 48, wherein the compound of Formula (1), or a pharmaceutically
acceptable salt thereof, is present in an amount of about 25 mg, based on the weight of the free base.

53. The pharmaceutical composition of any one of paragraphs 1-52, that is in the form of a tablet, capsule, sachet,
powder, granules, coated particle, coated tablet, enterocoated tablet, enterocoated capsule, melting strip, or melting

film.

54, The pharmaceutical composition of any one of paragraphs 48-53, wherein the pharmaceutical composition is
in tablet form.

55. The pharmaceutical composition of any one of paragraphs 48-53, wherein the pharmaceutical composition is
in capsule form.

56. The pharmaceutical composition of any one of paragraphs 48-55, wherein the dosage form is coated.

57. A method for preparing the pharmaceutical composition of any one of paragraphs 1-56, comprising:
(a) heating a mixture ofan oily phase vehicle, an emulsifying agent, a nonionic surfactant, and a solubilizing agent;
(b) mixing the mixture of step (a) until a homogeneous mixture is achieved, and
(c) mixing the compound of Formula (1), or a pharmaceutically acceptable salt thereof, with the homogeneous
mixture of step (b) until the compound of Formula (1), or a pharmaceutically acceptable salt thereof, is dissolved,
forming a composition.

58. The method of paragraph 57, further comprising:

(d) encapsulating the composition of step (c) in a capsule shell to form a capsule; and
(e) banding the capsule of step (d) in a mixture of banding agent and banding solvent.

59. A pharmaceutical composition in oral selution dosage form comprising:

(a) a compound of Farmula (1):

\

/

=
N N
(@] =
/ i
.

cl
0

or a pharmaceutically acceptable salt thereof;
(b) one or more of a sweetener, an anti-oxidant, and a flavor; and
(c) a liquid vehicle.
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60. The pharmaceutical composition of paragraph 59, comprising about 1 w/v% to about 50 w/v% of the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

61. The pharmaceutical composition of paragraph 59, comprising about 1 w/v% to about 10 w/v% of the compound
of Formula (1), or a pharmaceutically acceptable salt thereof, based on the weight of the free base.

62. The pharmaceutical composition of paragraph 59, comprising about 5 w/v% of the compound of Formula (I}, or
a pharmaceutically acceptable salt thereof, based on the weight of the free base.

63. The pharmaceutical composition of any one of paragraphs 59-62, comprising a sweetener.

64, The pharmaceutical composition of any one of paragraphs 539-63, comprising about 0.01 w/v% to about 1.5
wiv% of the sweetener.

65. The pharmaceutical composition of any one of paragraphs 59-63, comprising about 0.1 w/v% to about 0.5 w/v%
of the sweetener.

66. The pharmaceutical composition of any one of paragraphs 59-63, comprising about 0.15 w/v% of the sweetener.

67. The pharmaceutical composition of any one of paragraphs 59-66, wherein the sweetener is selected from
saccharin, sucrose, sucralose, aspartame, dextrose, fructose, maltitol, mannitol, sorbitol, and avantame.

68. The pharmaceutical composition of any one of paragraphs 59-67, wherein the sweetener is saccharin.
69. The pharmaceutical composition of any one of paragraphs 59-68, comprising an anti-oxidant.

70. The pharmaceutical composition of any one of paragraphs 59-69, comprising about 0.01 w/v% to about 1.5
wiv% of the anti-oxidant.

71. The pharmaceutical composition of any one of paragraphs 59-69, comprising about 0.1 w/v% to about 0.5 w/v%
of the anti-oxidant.

72. The pharmaceutical composition ofany one of paragraphs 59-69, comprising about 0.17 w/v% ofthe anti-oxidant.
73. The pharmaceutical composition of any one of paragraphs 59-72, wherein the anti-oxidant is selected from
butylated hydroxytoluene, vitamin E TPGS, butylated hydroxyanisole, ascorbic acid, lecithin, tert-butylhydroquinone,

and citric acid.

74. The pharmaceutical composition of any one of paragraphs 59-73, wherein the anti-oxidant is butylated hydrox-
ytoluene.

75. The pharmaceutical composition of any one of paragraphs 59-74, comprising a flavor.

76. The pharmaceutical composition of any one of paragraphs 59-75, comprising about 0.01 w/v% to about 0.5
wiv% of the flavor.

77. The pharmaceutical composition of any one of paragraphs 59-75, comprising about 0.05 w/v% to about 0.2
wiv% of the flavor.

78. The pharmaceutical composition of any one of paragraphs 59-75, comprising about 0.10 w/v% of the flavor.
79. The pharmaceutical composition of any one of paragraphs 59-78, wherein the flavor is selected from FONA
orange flavor, FONA Juicy Flavor, FONA Grape Flavor, Firmenich SA Lemon Flavor, Firmenich Tetrarome Orange
Flavor, IFF Cherry Flavor, and IFF Grape Flavor.

80. The pharmaceutical composition of any one of paragraphs 59-79, wherein the flavor is FONA orange flavor.

81. The pharmaceutical composition of any one of paragraphs 59-80, comprising about 50 w/v% to about 99.9 w/v%
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