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3°C and the mixture was then stirred for | hour at ambient temperature. Water was added and
the volatiles were removed by cvaporation. The solid residue was dissolved in methvlenc
chloride/methanol and a 5M solution of hydrogen chioridc in isopropanol (0.3ml) was added.
The solvent was removed by evaporation. the solid residue was resuspended in ether.
collected by fliltration. washed with ether and dried under vacuum o give 4-(4-chloro-2-
ﬂuoro-S—hydrox_vanilino)-()-methoxy-?-((l-mcthylimidazoI-2-yl)methoxy)quinazoline
hydrochloride (99mg, 63%).

'H NMR Spectrum: (DMSOd,) 3.93(s, 3H): 4.01(s. 3H) 5.67¢s. 2HD): 7.16(d. 1H): 7.52(d.
TH): 7.58(s. 1H): 7.70(s. 1H): 7.78(s. 111): 8.31(s. 1H): 8.8(s. 1H): 10.58(s. 1H): 11.35(br s,
LHD)

MS - ESI: 430 |[M1I]

Elemental analysis: Found C 458 H43 N129
C.oH,N.O,CIF 1.411,0 2HCI Requires C 455 H42 N 13.3%

The starting material was prepared as follows:

Diethyl azodicarboxylate (219ul, 1 . 4mmol) was added dropwise 10 a solution of 4-
(4-chlor0-5-dipheny1-t-butylsilyloxy«Z-ﬂuoroanilino)—7-hydrox_v-6-melhoxyquinazoline
(400mg. 0.7mmol). (prepared as described for the staruing material in Example 33). 2-
hydroxymethyl-1-methylimidazole (82mg. 0.83mmol). (J. Chem. Soc. 1927, 3128-3] 36). and
triphenylphosphine (363mg. 1.4mmol) in methyiene chloride (12ml) cooled at 0°C. The
mixture was stirred for | hour at ambient temperature and further 2-hydroxymethyvl-1-
methylimidazole (68mg, 0.69mmol). triphenylphosphine (91mg. 0.34mmol) and diethyl
azodicarboxylate (54pl. 0.34mmol) were added. The mixture was stirred for 1 hour at
ambient temperature and the solvent was removed by evaporation. The residue was purified
by column chromatography eluting with methylene chloride/methanol (94/6) to give 4-(4-
chloro-S—diphenyI-t-butylsilyloxy—2-ﬂu0roanilino)-6—metho.\'y-7-(( I-methvlimidazol-2-
ybhmethoxy)quinazoline (116mg, 25%).

'H NMR Spectrum: (CDCL) 1.16(s. 9H): 3.75(s. 3H): 3.93(s. 3H): 5.28(s. 2ZH): 6.84(s. 1H);
6.91(s. 1H): 7.02(s. 1H): 7.17(d. 1H); 7.32-7.48(m. 8H): 7.78(2d. 4F): 8.08(s. 1H): 8.18(d.,
1H)
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Example 74

A mixture of 4-(2-ﬂuor0‘5—methox_vcarbony]0xy-4—mcthylanilino)—7—hydr0xyquinazoline
hydrochloride (400mg. 0.98mmol). 2-chloromethyl-1-methylimidazole hvdrochloride
(210mg. 1.25mmol). potassium carbonate (580mg. 4.2mmol) and potassium iodide (1 Tmg,
0.1lmmol) in DMF (20ml) was stirred at 65°C for 4.5 hours tollowed by 17 hours at ambicnt
temperature. The solvent was removed by evaporation and the residue was partitioned
between ethyl acetate and water. The organic layer was separated. washed with water. brine.
dried (MgSO,) and the solvent removed by evaporation. The solid residue was purified bv
column chromatography cluting with methylene chloride/methanol (97/37 to give a vellow
solid (258my). This solid was dissolved in methanol (5ml) and a |M aqueous sodium
hydroxide solution (660ul. 0.66mmol) was added. The mixture was stirred for 15 minutes,
then water was added and the mixture adjusted to pH7 with concentrated hydrochloric acid.
The aqucous mixture was extracted with ethyl acetatc and the combined organic extract was
washed with water. brinc. dried (MgS0,) and the solvent removed by evaporation. The
residue was purified by flash chromatography eluting with methylene chioride/methanol
(95/5). The purified solid product was dissolved in methanol and methanolic hydrogen
chioride (1.5ml of'a 7.5M solution) was added. The volatiles were removed by evaporation.
the solid residue was suspended in pentane. collected by tiltration. washed with pentane and
dried under vacuum 1o give 4-(2-ﬂuor()-5-hydr0x_v-4—meth_vlanilim))-7—((l-methylimidazol-
2-yl)methoxy)quinazoline hydrochloride ( 105mg. 44%).
'"H NMR Spectrum: (DMSQd,) 2.16(s. 3H): 3.92¢s. 3H): 5.71¢s. 2H): 6.90(d. 111); 7.1(d. 1H):
7.52(d. 1H): 7.64(d. 1H): 7.71(s. 111): 7.78(s. 1H): 8.77(d. 111): 8.82(s. 1H); 9.7(br s. 1HY:
11.45(br s. 1H)
MS - ESI: 380 [MH]
Elemental analysis: Found C 322 50 NI1s5.1

CH,,N;O.F 0.9H,0 1.8HCI Requires C 521 H47 NI152%

The starting material was prepared as follows :-
Sodium (368mg. 16mmol) was added to benzyl alcohol (10ml. 96mmol) and the

mixture was heated at 148°C for 30 minutes. 7-fluoro-3.4-dihvdroquinazolin-4-one (656mg.
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4mmol). (I. Chem. Soc. section B 1967. 449). was added and the mixture maintained at 148°C
for 24 hours. The reaction mixture was allowed 1o cool. the solution was poured on to water
(170ml) and the aqueous mixture adjusted to pH3 with concentrated hydrochloric acid. The
precipitate was collected by filtration. washed with water. then ether and dried under vacuum
to give 7-benzyloxy-3.4-dihydroquinazolin-4-one (890mg. 89%) as a white solid.
m.p. 267-269°C
"H NMR Spectrum: (DMSOd,; CF.COOD) 5.32(s. 2H): 7.25(d. 1H): 7.32-7.52(m. 6H).
8.12(d, 111); 8.99(s, 1H)
MS - ESI: 252 [MHY}
Elemental analysis: Found C 714 H 4.9 N 10.7
C,H N0, 0.04H.0 Requires C 712 H 458 N 11.1%

A mixture of 7-benzyloxy-3.4-dihydroquinazolin-4-one (§00mg. 3.17mmol) and
DMF (100pl) in thionyl chioride (20ml, 0.27mmol) was heated at reflux for 3 hours. LExcess
thionyl chloride was removed by evaporation and the residue azeotroped with toluene and
dried under vacuum to give 7-henzyloxy-4-chloroquinazoline hydrochloride (83 Smg. 86%) as
a cream solid.
m.p. 131-132°C
'H NMR Spectrum: (DMSOd,: CF.COOD) 5.32(s. 2H) 7.29(d, 1H): 7.34-7.52(m. 6H);
8.12(d. 1H); 9.03(s. 1I1)
MS - ESI: 270 |[MH]

2-Fluoro-5-methoxycarbonyloxy-4-methylaniline (883mg. 4. 4mmol), {prepared as
described f{or the starting material in Example 12), was added to a solution of 7-benzyloxy-4-
chloroquinazoline hydrochloride(1g. 3.7mmol) in 2-pentanol (15mi) at 120°C and the mixture
was then heated at retlux for 4 hours. The mixture was allowed to cool and the precipitate
was collected by filtration. washed with isopropanol followed by ether and dried under
vacuum to give 7-bc:11zylox_v-4—(2—ﬂuoro—S—methoxycarbonyloxy-nl-methylanilino)quinazoline
hydrochloride (1.65g. 97%) as a cream solid.
m.p. 219-220°C
'H NMR Spectrum: (DMSQd,) 2.22(s. 3H): 3.86(s. 3H): 5.37(s. 2H): 7.30-7.60(m. 9H):
8.60(d. TH): 8.80(s. 1H): 11.2(s. 1H)
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MS - ESI: 434 [MHY
Elemental analysis: Found C 601 H 49 N §.35
€, Hy, NLOF THC1 0.5H,0 Requires C 602 H 406 N 8.8%

7-Benzyloxy-4-(2—ﬂuor0-5-melhoxycarbonylox_\/—4-meth_vlanilino Jquinazoline
hydrochloride (1.53¢. 3.25mmol) and 10% palladium-on-charcoal catalyst (1 80meg)ina
mixture of methanol (75ml). DMF (6ml) and trichloromethane (30ml) was stirred under
hydrogen at 1.5 atmospheres pressure for 45 minutes. The catalyst was removed by filtration
through diatomaceous carth and the solvent removed from the filtrate by evaporation. The
residue was triturated with ether. the resulting solid was collected by filtration and dried under
vacuum to give 4-(2—ﬂuoro-S-methoxycarbonylox_v-4—meth_vlanilino)—7-hydr0xyquinazolinc
hydrochloride (1.23g. 84%) as an orange solid.
m.p. 205-210°C
"1 NMR Spectrum: (DMSOd,) 2.22(s. 3H): 3.85(s. 31): 7.24(d. 1H): 7.35(dd. 1H): 7.42(d,
LH): 7.45(d. 1H): 8.58(d, 1H). 8.81(s. 1E): 11.40(s, 1H): 11.76(s, 1H)
MS - [SI: 344 [MH]

Example 75

Diethyl azodicarboxylate (244mg. 1.4mmol) was added dropwise to a suspension of
4—(2~ﬂuoro-S—mcthoxycarbonylox_v-4—melhylzmilino)-7-hydroxy-()-melh0xyquinazoline
hydrochloride (261 mg. 0.7mmol). (prepared as described for the starting material in Exampie
22). triphenylphosphine (367mg. 1.4mmol) and 2-(1,2.4-triazol-1-ylethanol (95mg.
0.84mmol), (Ann. Pharm. Fr. 1977, 35, 503-508). in methylene chloride (5Sml). The mixture
was stirred for | hour at ambient temperature and further triphenylphosphine ( 184mg.
0.7mmol). 2-(1.2.4-triazol-1-yl)ethanol (63mg. 0.56mmol) and diethyl azodicarboxylate
(122mg. 0.7mmol) were added. The mixture was stirred {or a further 2.5 hours and the
solvent was removed by evaporation. The residue was dissolved in methanol (5ml) and 2M
aqueous sodium hydroxide solution (2ml) was added. The mixturc was stirred for 20 minutes
and the mixture was partitioned between ether and water. The aqueous laver was acidified to
pH7 with 2M hydrochloric acid and the resulting precipitate was collected by filtration.
washed with water. and dricd under vacuum. The resulting solid was dissolved in methvlene

chloride/methanol and a 5M solution of hydrogen chioride in isopropanol (0.5ml) was added.
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The volaules were removed by evaporation, the solid was resuspended in ether. collected by
filtration. washed with ether and dried under vacuum to give 4-(2-fluoro-5-hydroxy-4-
methylanilino)-7-(2-(1.2,4-triazol-1-yl)ethoxy)quinazoline hydrochloride (180mg. 56%).
'TI NMR Spectrum: (DMSOd,) 2.16(s. 3H): 3.97¢s. 31): 4.59(t. 2H); 4.74(1. 2H): 6.9(d. 1H):
7.10(d. 11 7.37(s. TH): 8.03(s. THY: 8.23(s. 1H); 8.62(s. 1H ): 8.79¢s. 1H): 9.7(br s. 1H):
Il.4¢s. 11D

MS - ESI: 411 [MHY}

Elemental analvsis: Found C 532 H48 N 184

C. 11, N,O.F 0.1H,0 1.2HC] Requires C 527 H45 N184%

Example 76
Tetrabutylammonium fluoride (6081l of'a 1M solution in THF. 0.67mmol} was

added 10 a solution of 4—(4—chlor0-5-diphenyl—t—bu[ylsil_vloxy—'l—ﬂuor()ani]ino)—b-melhoxy-l

((3-thienyl)methoxy)quinazoline (224mg. 0.33mmol) in THF (5ml) cooled at 5°C. After

stirring for 1 hour at ambient temperature, water was added. The TIIF was removed by

evaporation. The precipitate was collected by filtration and dried by azeotroping with ethanol.

The solid was dissolved in methvlene chioride/methanol and a solution of SM hvdrochloric

acid in isopropanol was added. The volatiles werc removed by evaporauon. The residuc was

suspended in cther. collected by filtration. washed with ether and dried under vacuum to give

4-{4-chloro-2-fluoro-5-hvd roxyanilinn)-6-methoxy-7—((3-thicnyl)mcthox_v)quinazoline

hydrochloride (132mg. 85%).

m.p. 277-281°C

'H NMR Spectrum: (DMSOd,) 3.99(s. 3H): 5.34(s, 2H): 7.15(d. 1H); 7.26(d. 1H); 7.49¢(s.

LH); 7.53(d, 1H): 7.61(m. 1H); 7.75(s. 1H): 8.22(s, IH): 8.8(s. THD): 10.59(s. TH):; 11.38(br s,

1H)

MS - ESL: 432 [MH]

Elemental analysis: Found C 51.0 H35 NB89

CyH sN,O,CIFS 0.1H.0 1HCI Requires C 511 H3.

wh

N 8.9%

The starting material was prepared as follows:
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Diethyl azodicarboxylate (274ul. 1.7mmol) was added dropwise to a solution of 4-
(4-chloro-5—dipheny]-t-but_vlsilyloxy-2~ﬂuoroanilino)-7-hydroxy—b-methox_vquinazoline
(400mg. 0.7mmol). (prepared as described for the starting material in Example 33). 3-

thiophenemethanol (119mg. Immol) triphenyliphosphine (456mg. 1.7mmol} in methylene

n

chloride (12ml) cooled at 0°C. The mixture was stirred for 2 hours at ambient temperature.
the solvent was removed by evaporation and the residue was purificd by column
chromatography eluting with methylene chloride/ether (95/5). The purified product was
triturated with petroleum ether/ethvl acetate (8/2) and the solid product was collected by
filtration. washed with ether and dried under vacuum to give 4-(4-chloro-5-diphenyl-t-

10 bulylsi]yloxy-?_-ﬂuomanilino)—6—meth0xy—7-((1-lhicny])methoxy‘)quinazoline (223my, 47%).
"I NMR Spectrum: (DMSOd,) 1.09(s. 9H): 3.85(s. 3H): 5.2353(s. 2H). 7.04(d. 111): 7.21(d.
TH): 7.25(s. 1HD: 7.4-7.5(m. 6H): 7.58(m. 2H): 7.62-7.75(m. 611): 8.1(s. TH): 922(brs_ 11{)

Example 77

Is Diethyi azodicarboxylate (274ul. 1.7mmol) was added dropwise 10 a solution of 4-
(4—chloro-5-diphenyl-l—bulylsilyloxy-’.-ﬂuoroanilino)—7-hydr0xy-6-methoxyquinazolinc
(400mg. 0.7mmol). (prepared as described for the starting material in Example 33),
triphenyiphosphine (456ml. [.7mmol). 2-(4-pyridyDethanol (128mg. 1mmol). (Zhur.
Obshchei. Khini. 1958, 28. 103-110). in methyvlene chloride {12ml) cooled at 0°C. The

20 mixture was stirred for 2 hours at ambient temperature and the solvent was removed by
evaporation. The residue was puritfied by column chromatography eluting with methylene
chloride/methanol (97/3) to give a white solid (41 émg). A portion of this solid (390mg) was
dissolved in THF (6ml). the solution was cooled to 0°C and tetrabutylammonium fluoride

(L.1ml of a 1M solution in TIIF. 1.1 mmol) was added and the muxture was stirred for 2 hours

tJ
tLh

at ambient temperature. Water was added. the organic solvent was removed by evaporation
and the resulting precipitate was collected by filtration. The solid was dissolved in methvlene
chlortide/methanol and a 5M solution of hydrogen chloride in isopropanol (0.5ml) was added.
The volatiles were removed by evaporation and the solid was resuspended in tsopropanol and
collected by filtration. washed with isopropanol and ether and dried under vacuum to give 4-
30 (4—chloro-2-ﬂunr0-5-hydroxyanilinu)-()-methoxy-7—(2-(4-pyridyl)cth0xy)q uinazoline

hydrochloride (123mg. 42%).
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'H NMR Spectrum: (DMSOd,: CD.COOD) 3.49(1. 2H): 3.99(s. 3H): 4.6(1. 2H): 7.16(d. 1H):
7.41¢s. TH)Y. 7.51(d. TH): 8.05(br s. 2H): 8.19¢s, [11): 8.84(s. 1) 8.86(br s. 2H)

MS - ESI: 441 [MHT

Elemental anaiysis: I'ound C 304 H4.7 N 10.0
C..H,,N,O.,CIF 1.1H.0 1.8HCI Requires ' 50.5 H 4.5 N 10.4%

0.231sopropanol

Example 78

Using an analogous proccdure to that described in Example 77. 4-(4-chioro-5-
diphenyl-t-butyisilvloxy-2-fluoroanilino)-7-hydroxy-6-methoxyquinazoline (300mg.
0.52mmol). (prepared as described for the starting material in Example 33). was treated with
4-hydroxymethyl-2-methylthiazole (100mg. 0.87mmol) to give 4-(4-chlore-2-fluoro-5-
hydroxyanilino)-6-methoxy-7-((2-methylthiazol-4-yl)methoxy)quinazoline hydrochloride
(132mg. 52%).

' NMR Spectrum: (DMSOd,) 2.68(s. 3H): 4.00(s, 3H): 5.35(s. 2H): 7.17(d. 11): 7.52(d.
1H): 7.56¢s. 1H): 7.72(s. 1H): 8.29(s. 1H): 8.83(s. 1H); 10.63(br s. 1H): 11.58(s. 1H)

MS - ESE 447 [MHT

Llemental analysis: Found C482 1137 NI11.2

C,,H1, N,OCIFS 0.611.O 1.2HC| Requires 479 1157 N 11.2%

The starting material was prepared as follows :-

A solution of 4-chloromethyl-2-methylthiazole (1.84g, 10mmol) in water (9ml) and
concentrated hydrochloric acid (2ml) was heated at reflux for 20 hours. The mixture was
allowed 1o cool and was adjusted to pH35 with 2M agueous sodium hvdroxide solution and the
mixture was extracted with ethyl acetate. The organic extract was washed with water and
brine. dried (MgS8Q,) and the solvent removed by evaporation. The residue was purified by
column chromatography eluting with methylene chloride/methanol (97/3) to give 4-
hydroxymethyl-2-methylthiazole (800mg, 54%).

'H NMR Spectrum (CDCly)  2.72(s. 3H): 2.92(br s, 1H): 4.73(s. 2H): 7.03(s. 1H)
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Exampie 79

Diethvl azodicarboxylate (197ul. 1.2mmol) was added dropwise to a solution of 4-
{4-chloro-2-fluoroanilino)-7-hydroxy-6-methoxvquinazoline (200mg, 0.6mmol), (prepared as
described for the starting material in Example 24). 3-thiophenemethanol (107mg. 0.93mmol)
and triphenylphosphine (328mg. 1.2mmol) in methylene chloride (6ml) cooled at 0°C. The
mixture was stirred for 2 hours at ambient temperature and further triphenviphosphine
(157mg, 0.57mmol). 3-thiophenemethanol (107mg. 0.93mmol) and diethyl azodicarboxylate
(98.5ul. 0.59mmol) were added. The mixture was stirred for 2 hours at ambient temperature
and the solvent was removed by evaporation. The residue was dissolved in ethyl acetate and
the solution was washed with water and brine. dried (MgSQ,) and the solvent removed by
evaporation. The residue was purified by column chromatography cluting with mcthyvlene
chloride/cthyl acetate (4/6). The resulting oil was dissolved in ether and a SM solution of
hydrogen chloride in isopropanol (1ml) was added. The resulting precipitate was collected by
filtration. washed with ether and dried under vacuum to give 4-(4-chloro-2-
ﬂuor(mnilin(n)-()-methoxy-7—((3-thienyl)methoxy)quinazoline hydrochloride (59mg. 20%).
"H NMR Spectrum: (DMSOd,) 3.99(s, 3H): 5.34(s. 2H): 7.25(d. 1H): 7.43(d. IH): 7.45(s,
IH); 7.58-7.63(m. 2H): 7.7(dd. 1H): 7.72(dd. 111); 8.17(s. 1H); 8.78(s. 1H)
MS - ESI: 416 [MH]

Elemental analysis: l'ound C 535 H37 N9O
C.oH, {N,O.CIFS 0.95HC] Requircs C 333 H36 N93%
Example 80

A mixture of 4-(4-chloro-2-fluoroanilino)-7-hydroxy-6-methoxyquinazoline
(250mg, 0.78mmol), (prepared as described for the starting material in Example 24), 2-
acetamido-4-chloromethylthiazole (164mg, 0.86mmot) and potassium carbonate (21 6mg,
I.5mmol) in DMI (Sml)was stirred at 40°C for 7 hours. The mixture was partitioned between
ethyl acetate and water and the aqueous layer was adjusted to pt7 with 2M hvdrochloric acid.
The organic phase was washed with water, brine. dried (MgSQ,) and the solvent removed by
evaporation. The residue was purified by column chromatography eluting with methylene
chlortde/methanol (95/5). The purified solid was dissolved in a mixture of methyvlene chloride

and methanol and a 3M solution of hydrogen chloride in isopropanol (1.0ml) was added. The
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volatiles were removed by evaporation to give a solid. which was triturated with ether.
collected by filtration and dried under vacuum to give 7-((2-acetamidothiazol-4-

yl)methoxy)-4-(4-chloro-2-fluoroanilino)-6-methoxyquinazoline hvdrochioride ( 96my.

m.p. 194-202°C

"I NMR Spectrum: (DMSOd,) 2.14(s. 3H): 4.0¢s. 3F): 3.3 1(s. 2H): 7.34¢s. 1H): 7.45(dd.
1H): 7.52(s. 11D): 7.60(t. TH): 7.68(dd. 111 8.30¢s, 111): 8.81¢s. 11D

MS - ESE 474 [MHY

Elemental analysis: Found C 469 H38 N13.2

C.H,,N.O.CIFS 1.1H.O L.11ICl  Requires C 473 H38 N13.1%

Example 81

Diethyl azodicarboxylate (295ul. 1.8mmol) was added dropwise to a solution of 4-
(4-chloro-2-fluoroanilino)-7-hydrox y-6-methoxyquinazoline (300mg. 0.93mmol). (prepared
as described for the starting material in Example 24), 2-(1.2.4-triazol-1-yljethanol (159mg.
l.4mmol). (Ann. Pharm. Fr. 1977, 35, 503-508). and triphenylphosphine (492mg. 1.8mmol)
in methylene chloride (10mD. The mlixturc was stirred for 2 hours at ambient temperature and
further triphenyiphosphine (246mg, 0.9mmol) and dicthyl azodicarboxviate (147ul, 0.9mmol)
were added. The mixture was stirred for 1 hour at ambient temperature and the resulting
precipitate was collected by filtration. washed with methylene chloride and ether and dried
under vacuum. This solid was suspended in methylene chloride/methanol and a SM solution
of hydrogen chioride in isopropanol (1.0ml) was added. The volatiles were removed by
evaporation. the residuc was triturated with ether. The resulting solid was collected by
filtration. washed with ether and dried under vacuum to give 4-(4-chloro-2-fluoroanilino)-6-
methoxy-7-(2-(1,2,4-triazol-1-yl)ethoxy)quinazoline hvdrochloride (21 Img. 52%).
m.p. 169-174°C
'H NMR Spectrum: (DMSOd,) 3.99(s, 3H): 4.60(t. 2H): 4.74(t. 211): 7.43(d. 111): 7.45(s. 1H):
7.59(t. 1H); 7.67(dd. [H); 8.06(s. 1H): 8.41(s, 1H): 8.68(s. TH): 8.83(s. 11D
MS - ESI: 415 [MH]
Elemental analysis: Found C470 45 N16.5
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C oL N,OLCIF 1.6 1H,0 THCI Requires C47.0 H44 N 16.4%

0.351s0propano]

Example 82

Diethyl azodicarboxylate (295ul. 1.8mmol) was added dropwise to a solution of 1-
(3-hydroxypropyli-| 1.2.4]-triazole (119mg. 0.93mmol). (EPO060696 A1), 4-(4-chloro-2-
{Tuoroanilino)-7-hydroxy-6-methoxyvquinazoline (200mg. 0.62mmol). (prepared as described
for the starting material in Example 24). and triphenylphosphine (492¢. 1.8mmol) in
methylene chloride (4ml) and the mixture stirred tor 3 hours at ambient lemperature. The
mixture was purified by column chromatography cluting with methyiene
chlorideracetomtrile/methanol (60/32/8). The purified product was triturated with a mixture
of pentane and ether. collected by filtration and dried under vacuum to give a white solid.
This solid was dissolved in methyiene chloride/methanol and ethercal hydrogen chloride (1ml
of a 5M solution) was added. The volatiles were removed by ¢vaporation. The solid residue
was suspended in cther. collected by filtration. washed with ether and dricd under vacuum to
give 4-(4-chloro—Z—fluoroanilino)-6-methoxy—7—(3-(l,2,4-triazol—] -yhpropoxy)quinazoline
hydrochloride (121 mg. 39%,).
'"H NMR Spectrum: (DMSOd,; CFF.CO0D) 2.44(¢. 2H): 4.0(s. 3H): 4.3(t, 2H): 4.5(1. 2H):
7.32(s. 11D 7.47(dd. TH): 7.62(t. 1H): 7.70(dd. 111): 8.08(s. 1F): §.41(s. 111): 8.87(s. 11]):
9.10(s. 1H)
MS - ESI: 429 [MEH}
Elemental anailysis: Found C 478 H 4.2 N 16.6
C1H N,O,CIF 0.2H,0 2HC! Requires C 475 1 4.1 N 16.6%

Exampie 83

Diethyl azodicarboxylate (209mg, 1.2mmol) was added dropwisc to a suspension of
4-(4-ch10r0-2-ﬂuoroanilino)-7-h_vdroxy-()-mcthoxyquinazoline (128mg. 0.4mmol). (prepared
as described for the starting material in Lxample 24). triphenylphosphine (314mg. 1.2 mmol)
and 2-(N-methy|-N-(pyridazin-d-yl)amino jethanol (80mg. 0.52mmol) in methylene chloride
{5ml) and the mixture stirred {or 2 hours a1 ambient temperature. The solvent was removed

by evaporation. the residue was triturated with cther and the resulting solid was collected by
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tiltration. The solid was purified by column chromatography eluting with methyviene
chloride/methanol (9/1 followed by 8/2) 10 give a white solid. This solid was dissolved in
methylene chloride/methanol and ethereal hvdrogen chloride (0.5ml of a 4M solution) was
added. The volatiles were removed by evaporation. the residue was triturated with ether,
collected by filtration and dried under vacuum to give 4-(4-chioro-2-fluoroanilino)-6-
methoxy-7—(2-(N-methyl-N-(pyridazin--'l-yl)amino)ethoxy)quinazoline hvdrochloride
(110mg. 60%).

' NMR Spectrum: (DMSOd,) 3.1 1(s. 3H): 3.89(s. 311): 3.94¢. 2H): 4.37(1. 2H): 6.85(dd.
TH): 7.21(s. 1HD): 7.35(dd. 111): 7.55(dd. 1H): 7.59(t. 111): 7.8(s. 111): 8.36(s. 1H): 8.59(d.
IT1H: 8.90(d. 1H): 9.57(s. 1)

Elemental analvsis: l'ound C 472 H 4.6 N 4.7
Cy.HL,N,OLCIF 1.5H.0 2.15HCI Requires C 472 H 453 N 15.0%

The starting material was prepared as follows:

A solution of 4-bromo-3.6-dichloro-pyridazine (1.11g. Smmol). (J.Chem. Soc..
Perkin Trans [. 1974, 696), and 2-(methylamino)cthanol (0.75g. 10mmol) in isopropanol
(10ml) was heated at reflux for 30 minutes. The solvent was removed by cvaporation. the
residue was partitioned between mcthylene chloride and water and the aqueous layer was
adjusted to pl19 with solid potassium carbonate. The organic layver was scparated. washed
with brine. dried (MgSQ,) and the solvent removed by evaporation. The residue was
triturated with ether. collected by filtration and dried under vacuum to give 2-(N-(3.6-
dichloropyridazin-4-yl)-N-methvlamino)ethanol (1g. 90%).

'"H NMR Spectrum: (CDCLL) 2. 1(brs. IH): 3.09(s. 3D 37141 23D: 3.93(t. 2H): 6.8(s. 1H)
MS - ES1: 221 [MH]”

A mixture of 2-(N-(3.6-dichloropyridazin-4-yl)-N-methylamino ethanol (444mg,
2mmol) and 10% palladium-on-charcoal catalyst (150mg) in ethanol (15ml ). methano! (3ml
and aqueous ammonia (15ml) was stirred under hydrogen at 3 atmospheres pressure for 4
hours. The catalyst was removed by filtration and the solvent removed from the filtrate by
cvaporation. The residue was dissolved in methylene chioride. the insoluble material was
removed by filtration and the solvent was removed from the filtrate by evaporation. The

residue was purified by column chromatography on neutral aluminum oxide eluung with
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methylenc chloride/methanoi (95/5 followed by 90/10). The purified product was triturated
with petroleum ether. the solid product was collected by filtration and dried under vacuum to
give 2-(N-methyi-N-(pyridazin-4-yh)amino)cthanol (275mg. 91%).

'H NMR Spectrum: (CDCl,) 3.06(s. 3H): 3.57(t. 2H): 3.89(t. 2H): 6.52(dd. HH): 8.48(d. 1H):
8.54 (d. 1H)

MS - ESI: 153 [MHT

Example 84

2M Aqueous sodium hydroxide solution (560ul. I.Immeol) was added to a solution
ot'4-(2-fluoro-5-methoxycarbonyvloxy-4-methvlaniline)-7-(( 4-
pyridyl)carboxamido)quinazoline (250mg. 0.56mmol) in methanol (7ml) cooled at 0°C and
the mixture then stirred for 1 hour at ambicnt temperature. The mixture was diluted with
water and the mixture adjusted to pH6 with 2M hydrochloric acid. The resulting solid was
collected by filtration. washed with water and dried under vacuum. The solid was dissolved
in methylene chloride/methanol and isopropanolic hydrogen chloride (0.7ml of a 3M solution)
was added. The volatiles were removed by evaporation. the solid residue was triturated with
ether. collected by filtration. washed with ether and dried under vacuum to give 4-(2-fluoro-5-
hydroxy-4-methylanilino)-7-((4-pyridyl)carboxamido)quinazoline hvdrochloride (241mg,
93%).
MS - ESI: 390 {MH]
'H NMR Spectrum: (DMSOd,: CFCOOD) 2.2(s. 3H); 6.94(d. 1H): 7.13(d. 1H); 8.18(d. 1H):
8.53(d. 2H): 8.68(s. 1H); 8.77(d. 1H): 8.94(s. 1H); 9.20(d. 21)
Elemental analysis: Found C 52.0 H 4.3 N 14.3
G, H N.O,F 1.2H,0 1. 95HCI Requires C 52.3 H 43 N 14.5%

The starting material was prepared as follows:

A mixture of 7-nitro-3.4-dihydroquinazolin-4-one (J. Chem. Soc. 1950, 1104-1111)
(5g. 26mmol) in thionyl chloride (50ml) and DMF (1ml) was heated at reflux for 1.5 hours.
Excess thionyl chloride was removed by evaporation and the residue azeotroped with toluene.
The residue was suspended in cther. collected by filtration and dried under vacuum to give 4-

chloro-7-nitroquinazoline hydrochioride (6.4g. 100%).
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'H NMR Spectrum: (DMSOd,) 8.26(dd. 1H): 8.36(d, 1H): 8.40(s. 1H); 8.42(dd. IH)
MS - ESI: 209 [MII1}

A solution of 4-chloro-7-nitroquinazoline hydrochloride (2.46g. 10mmol) and 2-
fluoro-5-methoxycarbonyloxy-4-mcthylaniline (2.2g. 1 lmmol), (prepared as described for the
starting material in Example 12). in 1sopropanol (25ml) was heated at 50°C for 1 hour. The
mixturc was allowed 1o cool. the precipitated solid was collected by filtration recrystailised
from methylene chloride/methanol/isopropanol to give 4-(2-{luoro-3-methoxycarbonyioxy-4-
methylanilino)-7-nitroquinazoline hydrochloride (1.8g. 45%) as a vellow solid.

'11 NMR Spectrum: (DMSOd,) 2.21¢s. 3H): 3.86¢s. 3I1): 7.40(d, 1H): 7.46(d. 1H): 8.49(dd.
1H); 8.63(s. [11): 8.84(s. 1H): 8.89(d. I

MS - ESI: 373 [MHT

Elemental analysis: FFound C 50.0 H 3.6 N 13.8
C-H,-N,OF THCI Requires C 500 H 3.5 N 13.7%

A mixture of 4-(2-fluoro-5-methoxycarbonyioxv-4-methylanilino)-7-
nitroquinazoline hydrochloride (5.3g. 13mmol) and 10% palladium-on-charcoal catalyst (1g)
in ethanol (100m1). ethanolic hydrogen chloride (1.8ml of a 7M solution) and methanol
(20ml}) was stirred under hydrogen at 1.7 atmospheres pressure for 75 minutes. The catalyst
was removed by filtration through diatomaceous earth and the filter pad thoroughly washed
with methylene chloride. methanol and ether and the soivent was removed from the filtrate by
¢vaporation o give 7-amino-4-(2-fluoro-3-methoxycarbonyloxy-4-methvianilino)quinazoline
hvdrochloride (4.8¢g. 97%) as a vellow solid.

'"H NMR Spectrum: (DMSOd,) 2.22(s. 3H); 3.87(s. 3H): 6.77(s. 1H); 7.08(dd. 1HD): 7.15(m.
2H); 7.41(m, 2H): 8.35(d, 1H); 8.63(s. 1H): 11.03(s, 1H)
MS - ESI: 343 [MH]

A solution of 7-amino-4-(2-fluoro-5-methoxycarbonyloxy-4-
methylanilino)quinazoline hydrochloride (0.45¢. 1.2mmol) and isonicotinoy! chloride
hydrochloride (296mg. 1.66mmol) in pyridine (15ml) was stirred for 2 hours at ambient
temperature. followed by I hour at 40°C. Further isonicotinoyl chloride hydrochloride
(84mg, 0.46mmol) was added and the mixture was stirred at 40°C for 2 hours. The volatiles
were removed by evaporation. the mixture was diluted with water. The aqueous mixture was

adjusted to pH7 and extracted with ethyl acetatc. The combined extracts were washed with
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brine. dried (MgSQ,) and the solvent removed by evaporation. The residue was purified by
llash chromatography eluting with methylene chloride/methanol (95/5 followed by 92/8). The
purified solid was triturated with ether. coliccted by filtration. washed with ether and dried
under vacuum to give 4—(2-ﬂuoro-5-methox_vcarbonyloxy—4—mcth_vlanilino)-7-((4-
pyridyDcarboxamido)quinazoline (264mg. 49%).

"1 NMR Spectrum: (DMSOd,) 2.19(s. 3H): 3 86(s. 3H): 7.31(d. 1H): 7.45(d. 1H): 7.92(d.
2H)7.98(d. TH): 8.31(s. 1H): 8.43(d. H): 8.47(s. 1H): 8.83(d. 2H): 9.78(br s. [H): 10.89(br
s. 1H)

Example 85

4-Chloro-2-fluoroaniline (77mg. 0.53mmol) was added 10 a solution ot 4-chloro-6-
melhox_\*-7—(3-(N—mclh_vI-N—(’G-mclh_\/lpyrimidin—il-yl)amino ethoxy )quinazoline
hydrochloride (140mg. 0.35mmol) in 1sopropanol (5ml) and the mixture heated at reflux for 1
hour. The solvent was removed by evaporation and the residue was partitioned between ethyl
acetate and saturated aqueous sodium hydrogen carbonate solution. The organic layver was
separated. washed with brine. dried (MgSQ,) and the solvent removed by evaporation. The
residue was purified by flash chromatography etuting with methylene chloride/methanol
(95/5). The puritied solid was dissolved in methylene chloride/methanol and cthereal
hvdrogen chioride (1ml of a SM solution) was added. The volatiles were removed by
evaporation. the residuc was triturated with ether. collected by filtration. washed with ether
and dried under vacuum to give 4-(4—chloro~2—ﬂuoroanilino)-6~methoxy—7-(2~(N—methyl-N—
(6-methylpyrimidin-4-ylyamino)ethoxy)quinazoline hydrochloride (75mgy. 39%).
'H NMR Spectrum: (DMSOd,; CF,CO0D) 2.46 and 2.47(2s. 3H): 3.35 and 3.42(2s. 3H):
3.97 and 3.98 (2s. 311} 4.2(brs. 1H); 4.3(brs. 1H); 4.5(br s. 211}: 7.05 and 7.3(2s. 1H);, 7.4
and 7.5(m. 2H): 7.62(t, 1H): 7.7(d. 1H); 8.25(br s. 111): 8.8 and 8.9(2s. 2H)
MS - ESI: 469 [MH]

The starting material was prepared as follows:
Sodium hydride (1.44¢ of a 60% suspension in mineral oil. 36mmol) was added in

portions over 20 minutes to a solution of 7-benzyloxy-3.4-dihvdroquinazolin-4-one (8.46g¢,

30mmol). (prepared as described for the starting material in Exampie 70). in DM (70ml) and
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the mixture stirred for 1.5 hours. Chloromethyl pivalate (5.65¢. 37.5mmol) was added
dropwisc and the mixture stirred 2 hours at ambicnt temperature. The mixture was diluted
with cthyl acetate (100ml) and poured onto ice/water (400ml) and 2M hydrochloric acid
(4ml). The organic layer was separated and the aqueous layer extracted with ethvl acetate, the
combined extracts were washed with brine. dried (MgS0,) and the solvent removed by
evaporation. The residue was triturated with a mixture of ether and petroleum ether. the solid
was collected by filtration and dried under vacuum 1o give 7-benzyloxy-6-methoxy-3-
((pivaloyloxy)methyl)-3.4-dihydroquinazolin-4-one (10g. 84%).

'"H NMR Spectrum: (DMSOd,) 1.11(s. 9H): 3.89¢s. 31D 5.3(s. 2H): 5.9(s. 2H): 7.27(s. 1H):
7.35(m. TH): 7.47(1. 2H): 7.49(d. 2H): 7.51(s. 1H): 8.34(s. 1H)

A mixture of 7-benzyloxv-6-methoxy-3-((pivaloyloxy ymethyl)-3.4-
dihydroquinazolin-4-one (7g, 17.7mmol) and 10% palladium-on-charcoal catalyst (700mg) in
ethyl acetate (250ml). DMF (50m1l). methanol (50ml) and acetic acid (0.7ml) was stirred
under hvdrogen at atmospheric pressure for 40 minutes. The catalyst was removed by
filtration and the solvent removed from the filtrate by evaporation. The residue was triturated
with ether. collected by filtration and dried under vacuum to give 7-hvdroxy-6-methoxy-3-
((pivaloyloxy)methyl)-3.4-dihydroquinazolin-4-one (4.36¢. 80%).

'H NMR Spectrum: (DMSOd,) 1.1(s. 9H): 3.89(s. 3H); 5.89(s. 2H): 7.0(s. 1H): 7.48(s. 1H):
8.5(s. 1H)

Diethyl azodicarboxylate (679mg. 3.9mmol) was added dropwise to a suspension of
7—hydr0x_v-6-meth0xy-3—((pivaloyloxy)methyl)—3.4-dih_vdroquinazolin-d—one (918my.
3mmol). triphenylphosphine (1g. 3.9mmol) and 2-(N-methyl-N-(t-
butyicarbonyl)amino)ethanol (682mg. 3.9mmol), prepared as described below., in methylene
chioride (20ml) and the mixture stirred for 1 hour at ambient temperature. Further 2-(N-
methyl-N-(t-butyicarbonyl)amino)ethanol (105mg. 0.6mmol). triphenylphosphine (786mg,
3mmol) and diethyl azodicarboxylate (522mg, 3mmol) were added and the mixture stirred for
30 minutes at ambient temperature. The mixture was concentrated to half volume by
evaporation and purified by column chromatography eluting with methylene chloride/ether
(7/3 increasing to 1/1) to give 6-mcth0x_v-7—(2-(N-methyl-N—(t—bulylcarbonyl)amino )ethoxy )-

3-((pivalovloxy)methyl)-3.4-dihvdroquinazolin-4-one (1 S 98%).
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'H NMR Spectrum: (CDCl,) 1.2(s. 9H): 1.45(s. 9H): 3.05(br 5. 3H): 3.72(br s. 2H): 3.98(s.
3H). 4.25(br s. 2H): 2.95¢s. 211): 7. 1(br s. 1H): 7.6(s. 1H): 8.2(s. |H)

A solution of 6—methoxy-7-(2-(N-methyl—N~(t—butylcarbonyl)amino)cthoxy}-S-
((pivalovloxy)methyl)-3.4-dihydroquinazolin-4-one (1.39g. 3mmol) in methvlene chloride
(4ml) and TFA (4ml) was stirred at ambient temperature for 1 hour. Toluene was added. and
the volatiles were removed by evaporation. The residue was triturated with ether and the
resulting solid was collected by filtration. The solid was dissolved in water. sodium hydrogen
carbonate was added and the aqueous mixture was extracted with mcthylene chloride. The
organic extract was dried (MgSQ,) and the solvent removed by evaporation. The residue was
triturated with ether and the solid was collected by filtration to give 6-methoxy-7-(2-
(melhylammo)cthox_v)—.’a-((pivaloy]oxy)methyl)—3.4-dihydr0quinazolin-4-0ne (800my. 73%).
'"H NMR Spectrum: (DMSOd,; CF,COOD) 1.13(s. 9H); 2.72(s. 3H): 3.45(br s. 2H): 3.95¢(s.
3H): 4.5(1. 2H): 5.94(s, 2H): 7.31(s. TH); 7.6(s. 1H): 8.47(s. 1H)

MS - ESI: 364 [MH]"

A solution of()—methoxy-7-(2-(methylamino)ethuxy)-3-((pivaloylox_v)methy[‘)-l-’l-
dihydroquinazolin-4-one (363mg. 1 mmol) and 4-chloro-6-methylpyrimidine (257mg,
2mmol). (J. Het. Chem.. 1969, 6, 879). in N.N-diisopropylethylamine (2ml) was hecated at
reflux for 30 minutes. The volatiles were removed by evaporation and the residue was
partitioned between ethyl acctate and water. The organic laver was scparated. washed with
brine. dricd (MgSO,) and the solvent removed by evaporation. The residue was purified by
column chromatography cluting with methylene chloride/methanol (95/5) to give 6-methoxy-
7-(2-(N-methyl-N—((j—methylpyrimidin-4-yl)amino)ethoxy)-S—((Pivaloyloxy)melhyl)—3.4-
dihydroquinazolin-4-one (365mg. 80%).

'H NMR Spectrum: (CDCly) 1.19¢s. 9H); 2.36(s. 31): 3.18(s. 3H): 3.95(s. 3H): 4.09(t. 211):
4.34(1 2H): 5.9(s. 2H); 6.3(s. 111): 7.14(s. 1H); 7.63(s. 111): 8.17(s. 1H): §.5(s. 1H)
MS - ESI: 456 |[MH]

A solution of 6-methoxy-7-(2-(N-methyl-N-(6-methylpyrimidin-4-
yl)amino)ethoxy)—S-((pivaloyloxy)melhyl)-3.4—dih_vdr0quinazolir1-4-one (363mg. 0.8mmol) in
methanolic ammonia (30ml of a 3M solution) was stirred at ambient temperature for 16 hours.
The volatiles were removed by evaporation. the residue was triturated with ether. the solid

was collected by filtration. washed with ether and dried under vacuum to give 6-methoxy-7-
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(Z-(N-methyl-N-(6-methylpyrimidin-4-vl}amino)ethoxy)-3.4-dihydroquinazolin-4-one
(250mg. 92%).

1T NMR Spectrum: (DMSOd,: CF,COO0D) 2.44(s, 311: 3.32 and 3.39(2s. 3H): 3.86 and
3.87(2s. 3H): 4.12(1, 1H): 4.25(1, 1H): 4.42(m. 2H): 7.02 and 7.23(2s. 1H): 7.24(t. tH): 7.50(s.
IH): 8.55 and 8.8(2m. 1H); 8.78 and 8.80(2s. 1H)

MS - ESI: 342 [MH]

A mixture of 6-methoxy-7-(2—(N-meth_vl—N—(()-methylpyrimidin-4~_vl)amino)ethoxy)-
3.4-dihydroquinazolin-4-one (250mg. 0.73mmol) in thiony! chloride (3ml) and DMF (0.1ml)
was heated at reflux for 1 hour. The mixturc was diluted with toluene and the volatiles were
removed by cvaporation. The residue was triturated with methylene chloride/ether. the solid
was collected by filtration and dried under vacuum to give 4-chloro-6-methoxy-7-(2-(N-
methyl-N-(6-methylpyrimidin-4-yhamino)cthoxy)quinazoline hydrochloride (260mg. 90%).

2-(N-methyl-N-(1-butylcarbonyl)amino)ethanol was preparcd as follows :-

A solution of di-t-butyidicarbonate (4.52g. 20mmol) in THT (10m}) was added to a
solution of 2-(N-methylamino)ethanol (1.5g, 20mmol) in a mixture of water (10ml) and THF
(10ml). The mixture was stirred at ambient temperature for 18 hours. the THF was removed
by evaporation and the aqueous residue was partitioned between ether and water. The organie
layer was washed with watcr. brine. dried (MgSO,) and evaporated 1o give 2-(N-methyl-N-(t-
butylcarbonyl)amino)ethanol (3¢, 85%).

'l NMR Spectrum (CDClyy L.d6(s. 9H): 2.92(s. 311); 3.39 (1. 2H): 3.750t. 2H).
MS - ES: 176 [MH]’

Example 86

Dicthy| azodicarboxvlate (295ul, 1.8mmol) was added dropwisc 10 a suspension of
4-(4-chloro-2-fluoroanilino)-7-hydroxy-6-methoxyquinazoline (200mg. 0.62mmol). (prepared
as described for the starting material in Example 24), 2-(3.5-dimethyl-[1.2.4]-triazol-4-
yDethanol (114mg. 0.8 1mmol), (EP 0329357 A1). and triphenylphosphine (492mg, 1.8mmol)
in methylene chloride (4ml) and the mixture stirred for | hour at ambicnt temperature. The
precipitated solid was coilected by filtration. washed with ether and dried under vacuum. The
solid was dissolved in methylenc chloride/methanol and cthercal hvdrogen chloride (2ml of

4.5M solution) was added. The volatiles were removed by evaporation. the residue was
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suspended in ether. collected by filtration. washed with ether and dried under vacuum to give

4—(4-chloro—2—ﬂu0roanilino)-7-(2-(3,S-dimethyl—[1,2,4]-Iriaznl-4—yl)ethoxy)-()-

methoxyquinazoline hydrochloride (184mg, 54%).

TINMR Spectrum: (DMSOd,: CF.COOD) 2.78(s. 6H): 4.03(s. 3H): 4.57(1. 2H): 4.75(1. 2H »:
S 7.37(s. 1H): 7.46(d. 1H): 7.64(t. 1H): 7.660d. TH): 8.31(s. 1H): 8.87(s. 1H)

MS - ESI: 443 [MH]

Llemental Analysis: Found C 480 H 4.6 NI6.1

¢, HLNLOLCIF TH.O 1.85HCI Requires C 477 H 46 N 15.9%

10 Example 87
Diethyl azodicarboxylate (295ul. 1.8mmol) was added dropwisc to a solution of the

75/25 mixture of 2-(2.4-dimethylimidazol-1-yl)ethanol and 2-(2.5-dimethylimidazol-1-
yhethanol (1 14mg. 0.81mmotl). 4-(4-chloro-2-fluoroanilino)-7-hydroxy-6-
methoxyquinazoiine (200mg, 0.62mmol), (prepared as described for the starting material in

15 Exampic 24). and triphenylphosphine (492mg. !.8mmol) in mcthylene chloride (4 ml) and the
mixture stirred for 4 hours at ambient temperature. [Further triphenylphosphine (49mg.
0.18mmoal). mixture of imidazolylethanols (26mg. 0.18mmol) and diethy! azodicarboxvylate
(29ul. 0.18mmol) were added and the mixture stirred for | hour. The precipitated solid was
collected by filtration. washed with methylene chloride. and dried under vacuum. The solid

20 was dissolved in methylene chloride/methanol and ethereal hvdrogen chloride (1.3ml of'a
4.5M solution) was added. The volatiles were removed by evaporation. the solid residuc was
suspended in cther. collected by fiitration. washed with ether and dried under vacuum to give
a 75/25 mixture of 4-(4-chlor()-2-flu0roanilin0)—7-(2—(2,4-dimethylimidazol-1—yl)ethoxy)~6—

methoxyquinazoline hydrochloride and 4-(4-chloro-2-fluoroanilino)-7-(2-(2,5-

25 dimethylimidazol-1-yl)ethoxy)-6-methoxyquinazoline hydrochloride (159mg. 48%).
I NMR Spectrum: (DMSOd,: CF.COOD) 2.23 and 2.43(2s. 3H); 2.73 and 2.76(2s. 3H):
4.02(s. 3H). 4.6(br 5. 2I1): 4.6 and 4.75(m. 2H): 7.3-7.5¢n. 3H): 7.61(t. TH): 7.68(d. 1H):
8.24(s. 1H): 8.88(s. I|H)

MS - ESI: 442 [MH]
30 Elemental analysis: Found C 499 1140 N 133
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Co L NO.CIF 1.TH.O 1.85HCI  Requires C S0.1  H 4.8 N 13.3%

The stariing material was prepared as follows:

2.4-Dimethylimidazole (1.5g. 15.6mmol) was added in portions to a suspension of
sodium hydride (936myg of a 60% suspension in mineral oil. 23mmol) in DMF (8ml) and the
mixture was stirred for 30 minutes at ambicnt temperature. 2-Bromoethanol (1.66mi.
23mmol) was added and the mixture stirred at 100°C for 16 hours. The solvent was removed
bv evaporation and concentrated hyvdrochloric acid (1ml) was added to the residue. The
resulting solid was triturated with methylene chloride. collected by filtration and dried under
vacuum. The solid was purified by column chromatography on neutral alumina eluting with
methylene chloride/methanol (97/3) and then column chromatography eluting with methviene
chloride/methanol (93/7 followed by 90/10) to give a 75/25 mixture of 2-(2.4-
dimethylimidazol-1-yDethanol and 2-(2.5-dimethylimidazol-1-yl)cthano! (650mg. 29%).

MS - ESI: 140 [MH]"

Example 88

Dicthyl azodicarboxylate (236ul. 1.5mmol) was added dropwise to a suspension of
4-(4-chloro-2-fluoroanilino)-7-hydroxy-6-methoxyquinazoline (160mg. 0.5mmol). (prepared
as described for the starting material in Example 24). triphenviphosphine (393mg. |.5mmol)
and 2-(3-pyridyl)ethanol (86mg. 0.7mmol). (J.Heterocycl. Chem. 1992, 29. 1663). in
methylene chloride (6ml) and the mixture stirred for 4 hours at ambient temperature. The
mixture was poured directly on to a silica column and eluted with methyvlene
chloride/acetonitrile/methanol (60/35/5). The purified solid was dissolved in methylenc
chloride/methanol and ethereal hydrogen chloride (1.5ml of a 4.5M solution) was added. The
volatiles were removed by cvaporaiion, the solid residue was suspended in ether. collected by
filtration. washed with ether and dried under vacuum to give 4-(4-chlaro-2-fluoroaniline)-6-
methoxy-7-(2-(3-pyridyl)ethoxy)quinazoline hydrochloride (] S54mg. 52%).
'H NMR Spectrum: (DMSOd,: CF.COOD) 3.45(t, 2H); 4.01(s. 3H); 4.56(t. 2H): 7.44(s. 1H):;
7.46(d. 1H): 7.61(t. 1H): 7.67(d. 1H): 8.13(t, 1H): 8.19(s. 1H); 8.71(d. 1H): 8.88(s. 1H): 8.9(d.
I1H): 9.01(s, 1H)
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MS - ESI: 425 [MH)
Elemental analysis: Found C 52.7 H 43
C,,H,:N,0,CII' 0.8H.0 |.8HCI Requires C 323 H 4.3%

Example 89

Diethyl azodicarboxylate (236pul. 1.5mmol) was added dropwise to a suspension of
4-(4—chloro—2—ﬂuoroanilinu)-7—hydr0xy-()-methoxyquinazoline {(160mg. 0.5mmol). (prepared
as described for the starting material in Example 24), triphenylphosphine (393mg. 1.5mmol)
and 2-(6-methyl-2-pyridylethanol (96mg. 0.7mmol). (J. Chem. Soc. A. 1971. 388). in
methylene chloride (6ml) and the mixture stirred for 16 hours at ambient temperature. The
mixture was poured directly on to a silica column and eluted with methylenc
chiloride/methanol (95/5). The purified solid was dissolved in methylene chloride/methanol
and ethereal hydrogen chloride (1.5ml of a 4 SM solution) was added. The mixture was
diluted with ether and the resulting precipitate was collected by filtration. washed with ether
and dried under vacuum to give 4-(4-chloro—Z—ﬂuoroanilinu)-()-methoxy—7-(2-(6-methyI-Z-
pyridyl)ethoxy)quinazoline hydrochloride (97mg. 34%).
'H NMR Spectrum: (DMSOd,: CF,COOD) 2.78¢s. 3H): 3.64(1, 2H): 3.98(s, 3H): 4.67(1. 2H):
7.46(s. 1H), 7.48(br s, 1H); 7.62(t, 1H): 7.68(dd. 1H); 7.85(d. 1H); 7.94(d, 1H), 8.19(s. 1H):
8.48(1. 111). 8.88(s. 1H)
MS - ESI: 439 [MH])
Elemental Analysis: Found C 527 H45 N 107
CyHyNLOCIF TH.O 1.8HCI Requires € 529 H 46 N 10.7%

Example 90

A mixture ol 4-chloro-7-(2-(imidazol-1-yl)ethoxy)-6-methoxyquinazoline (49mg,
0.16mmol) and 3-hydroxyaniiine (21mg. 0.19mmol) in isopropano! (3ml) and isopropanolic
hydrogen chloride (0.2m! of a 5M solution) was stirred at 80°C for | hour. The precipitated
solid was collected by filtration. washed with isopropanol and ether and dried under vacuum
to give 4-(3-hydroxyanilino)—7-(2-(imidazol-l-yl)ethoxy)-ﬁ-methoxyquinazoline

hydrochloride (56mg. 93%).
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WJNMRSWmnmm(DMSO@;CRCOOD)4OH&3Hx4b«n2nx47mL2Hyﬁ7u¢1Hy
7.0 (m. 2H): 7.28(1 THD: 7.41(s. TH); 7.74(s, TH): 7.83(s. 1H): 8.21(s. 1H): 8.87(s. 1H):

9.22(s. 1H)

MS - ESI: 378 [MH]|

Elemental Anaiysis: Found ¢ 527 H 49 N 15.1
CooH o NO; 0.6H.O 1.85HCI Requires C 527 H 4.9 N 15.4%

The starting material was prepared as follows:

Diethyl azodicarboxylate (435mg. 2.5mmol) was added dropwise 10 a suspension of
7-hydroxy-6-methoxy-3-((pivaloyloxy)methvl)-3.4-dihvdroquinazolin-4-one (61 2mg,
2mmol). (prepared as described for the starting material in Example 85). 2-(1midazol-1-
yDethanol (280mg. 2.5mmol), (J. Med. Chem. 1993, 25 4052-4060). and triphenylphosphine
(655mg. 2.5mmol) in methylene chloride (10ml) at 5°C. The mixture was stirred for 10
minutes at 5°C and then 1 hour at ambient temperature. The mixture was poured directly on
to a silica column and eluted with methylene chloride/methanol (9575) to give 7-(2-(imidazol-
1-y])elhoxy)—(i-methoxy-3-(’(pivaioyloxy)methyl)-3.4-dihydroquinazolin-4—0ne (640mg. 80%).
'"H NMR Spectrum: (CDCl,) 1.19(s. ‘9H); 3.98(s, 3H): 4.34(m. 2H): 4.45(m., 2H): 5. 94(s. 2H):
7.02(s. 1H): 7.07(s. 11D: 7.11(s. 111): 7.64(s, 1H); 7.67(s. 111): 8.17(s. i)

MS - ESI: 423 [MNua]
Elemental Analysis: Found C 583 IT6.4 N139
C,H,uNLO, 0.711,0 Requires C 582 H62 NI13.6%

A solution of 7-(2-(imidazol-1 -yDethoxy)-6-methoxy-3-((pivaloyloxy ymecthyli)-3 4-
dihydroquinazolin-4-one (640mg, 1.6mmol) in saturated methanolic ammonia (10ml) was
stirred for 15 hours at ambient temperaturc. The volatiles were removed by evaporation. the
solid was triturated with ether, collected by filtration and dried under vacuum to give 7-(2-
(imidazol-1-yl)ethoxy)-6-methoxy-3.4-dihvdroquinazolin-4-one (412mg. 90%).

'H NMR Spectrum: (DMSOd,) 3.89(s. 3H): 4.4-4.5(m. 4H): 6.9(s. 1H): 7.16¢s. 111); 7.28(s.
1H): 7.47(s, 1H); 7.7(s. 1H); 7.99%s, 1H)

MS - ESE: 287 [MHY}

Elemental Analysis: Found C 578 I 52 N 193
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C,1,,N,0, 0.3H,0 Requires C 577 151 N 192%

A mixuwre of 7-(2-(imidazol-1-vl)ethoxy)-6-methoxy-3.4-dihvdroquinazolin-4-onc
(412mg. 1.44mmol. thionyl chloride (5 ml) and DMF (0.2ml) was heated at reflux for 1 hour.
The mixture was dituted with toluene and the volatiles were removed by evaporation. The
rcsidue was suspended in methviene chiloride. cooled to 0°C and aqueous sodium hydrogen
carbonate solution was added. The resulting precipitate was collected by filtration and dried
under vacuum to give 4-chloro-7-(2-(imidazol-1-ylethoxy )-6-methoxyquinazoline (258mg,
59%).
'H NMR Spectrum: (DMSOd,) 4.01(s. 3H): F.47(m. 2H): 4.53(m. 21): 6.89(¢s. 1H): 7.27(s.
TH): 7.4 1(s. 111 7.49(s. 1H): 7.70¢s. 1H):; 8.88(¢s. 1H)
MS - ESI: 327 [MNa]

Example 91

Diethyl azodicarboxylate (220pl, 1.4mmol) was added dropwise to a solution of 4-
(4-chloro-2-fluoroanitino)-7-hydroxy-6-methoxyquinazoline (150mg. 0.47mmol}, (prepared
as described for the starting material in Example 24). 2-(1 .2.4-triazol-4-yDethanol (64mg.
0.56mmol) and triphenylphosphine (369mg. 1.4mmol) in methylence chloride (Sml) and the
mixture stirred for 30 minutes at ambient temperature. Further 2-(1.2.4-triazol-4-vl)ethano!
(lomg. 0.14mmol). triphenylphosphine (37mg. 0.14mmol) and dicthyl azodicarboxvlate
(22pl 0.14mmol) was added and the mixture stirred for | hour at ambient temperature. The
precipitated solid was collected by filtration. washed with methylence chioride and methanol
and dried under vacuum. The solid was dissolved in methvlene chloride/methanol and
cthereal hydrogen chloride (1.5ml of a 2.2M solution) was added. The volatiles were
removed by evaporation. the solid residue was suspended in ether. collected by filtration.
washed with ether and dried under vacuum to give 4-(4-chloro-2-fluoroanilino)-6-methoxy-
7-(2-(1,2,4-triazol-4-yl)ethoxy)quinazoline hvdrochloride (93mg, 40%).
"I NMR Spectrum: (DMSOd,: CF,COOD) 4.02(s. 3H): 4.66(t. 2H): 4.85(L 2HD): 7.41(s. 1HY,
7.46(dd. 1H), 7.62(1, 1I): 7.69(dd. LH): 8 11(s. LI); 8.89(s. 1H):; 9.55 (s. 2H)
MS - ESI: 415 [MHY

Elemental analvsis: IFound C459 H 3.7 N 17.1
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CoH (N, O,CIF 0.5H,0 2HCI Requires C 459 H 3.9 N 16.9%

The siarting material was prepared as follows:

A solution of N.N-dimethylformamide azine (1g. 7Zmmol). (I. Chem. Soc. C. 1967.
1664). p-toluene sulphonic acid (43mg) and ethanolamine (4.3g. 70mmol) in benzene (15ml)
was heated at reflux for & hours. The mixture was allowed to cool. the solvent was removed
by ¢vaporation and the residue was purified by column chromatography eluting with
methylene chloride/methanol (90710 followed by 85/13) to give 2-(1.2.4-triazol-4-v|)ethanol
(328mp. 41%).
'I1 NMR Spectrum: (CDCI,) 3.97(t. 2H): 4.11{t. 2H): 4.9(br s. 1H): 8.06(s. 2H)
MS - ESIL: 113 [MH]

Examplie 92

1.1"-(azodicarbonyl)dipiperidine (480mg, 1.9mmol) was added in portions 1o a
mixture of 4-(4-chloro-2-luoroanilino)-7-hydroxy-6-methoxyquinazoline (200mg.
0.63mmol). 3-benzyloxypropanol (150ul. 0.95mmol) and tributylphosphine (459ul.
1.86mmal) in methylene chloride (20mi) at 5°C. The reaction was stirred for 1 hour at 5°C
and then for 18 hours at ambient temperature. The mixture was diluted with ether and stirred
for 15 minutes. The insolubles were removed by filtration and the volatiles were removed
from the filtrate by evaporation. The residuc was partitioned between ethvl acetate and water.
and the organic layer was separated. dried (MgSO,) and the solvent removed by evaporation.
A 1M solution of cthereat hydrogen chloride was added to the residue. the resulting solution
was reduced in volume by evaporation and the resulting precipitate was collected by filtration
and dried to give 7-(3-benzyloxypropoxy)-4-(4-chloro-2-fluoroanilino)-6-
methoxyquinazoline hydrochioride (90mg. 31%).
'H NMR Spectrum (CDCL,) 2.12(t. 2H); 3.62(t. 2H); 4.00(t. 3H): 4.28(t. 2H): 4.45(s. 21D
7.21-7.38(m, 6H): 7.42(d 1H): 7.60(t. 1H); 7.64(dd. 1H); 8.22(s. 1H): 8.80(s. 1H)
MS - ESI: 468 |[MH]

Example 93
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1.1"-(azodicarbonyl)dipiperidine (840mg. 3mmol) was added in portions to a mixture
of4~(4-ch10r0—2—ﬂuoroanilino)-7—hydroxy-6-meth0xyquinazoline {315mg. lmmol). cthyl 4-
hydroxyvmethyl-2-pyridinecarboxylate (250mg. 1.4mmol). (J. Het. Chen. 1993. 30. 631-635)
and tributylphosphine (800ul. 3mmol) in methvlene chloride (50mly at 0°C.  The mixture was
allowed to warm to ambient temperature over 2 hours. the insotubles were removed by
filtration and the filtrate was washed with water and brine. dried {Na.S0,) and the solvent
removed by evaporation. The residue was purified by column chromatography eluting with
methylene chloride/methanot (10:0 increasing to 9:1). The purified product was recrystallised
from methylene chloride/hexanc to give 4-(4-chloro-2-fluoroaniline)-7-(2-
cthoxycarbonylpyrid-4-yl)methoxy-6-mecthoxyquinazolinc (285mg. 60%).
m.p. 212-214°C
"I NMR Spectrum (DMSOd,) 1.30(t. 3H): 3.96(s. 3H): 4.35(q. 2H): 5.45(s. 2H): 7.14(s. 1H);
7.35(dd. TH): 7.5-7.6(m. 2H): 7.85(s. 111); 8.15(s, 1H): 8.35(s. 1H): 8.75(d. IH): 9.55(s. 1H)

Elemental analysis: Found C 589 tH 44 NI120
C,,H,,CIFN,0, 0.5 H.O Requires C 587 Il 44 N 11.5%
Example 94

1.17-(azodicarbonyl)dipiperidine (1.68g, 6mmol) was added in portions to a mixture of
4-(4-chloro-2-fluoroanilino)-7-hvdroxy-6-methoxyquinazoline (640mg, 2mmol). 4-
hydroxymethyl-2-(methylamino)pyridine (385mg. 2.8mmol) and tributylphosphine (1.6ml.
6mmol) in methylene chloride (50ml) at 0°C.  The mixture was allowed to warm 1o ambient
temperature over 2 hours. the insolubles were removed by filtration and the filtratc was
washed with water and brine, dried (Na,SO,) and the solvent removed by evaporation. The
residue was purified by column chromatography eluting with methylene chloride/methanol
(10:0 increasing to 9:1). The purified product was dissolved in acetone/methanol and a 1M
solution of ethereal hydrogen chloride was added. The resulting precipitate was collected by
filtration and dried to give 4-(4-chloro-2-fluoroanilino)-7-(2-(methylamino)pyrid-4-
yl)methoxy-6-methoxyquinazoline hydrochloride (395mg. 45%).
'H NMR Spectrum (DMSOd,) 2.95(d. 3H): 4.05(s. 3H): 5.42(s. 2H): 6.90(d. 1H): 7.15(s.
IH); 7.40(d. 1H): 7.44(s. 1H): 7.58(t, 111); 7.62(dd. 111): 7.95¢d. 1 H): 8.46(s. TH): 8.75(s.
IH): 9.06(br s, 1H): 11.83(brs. 1)
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MS - ESI: 440 [MH]

The starting material was prepared as follows :-
A mixture of 2-chloro-4-hvdroxymethylpyridine (1.0g. 7mmol). (prepared as described for the
starting material in Example 58). and methylamine (30ml of a 30% solution in ethanol) was
heated in a Carius tube for 16 hours at 200°C. The mixture was allowed 10 cool and the
mixture partitioned between saturated aqueous sodium hydrogen carbonate solution and ethyl
acetate. The organic layver was separated. dried (MgSO,) and the volatiles removed bv
evaporation. The residue was purified by column chromatography eluting with ethyl acctate
to give 4-hydroxymethyl-2-(methylamino)pyridinc (440mg. 46%) as a vellow oil.
'"H NMR Spectrum (DMSOd,) 2.72(d. 3H): 4.35(d. 2H): 5.15(1. TH): 6.30(br d. 1H): 6.35(d.
1H): 6.38(s. 1H): 7.85(d. 1H)

Example 95

1.}"~(azodicarbonyhdipiperidine (1.68g. 6mmol) was added in portions to a mixture of’
4-(4-chloro-2-11 uoroanilino)-7-hydroxy-6-methoxyquinazoline (640mg, 2mmol). 4-
hydroxymethyl-2-(dimethylamino)pyridine (426mg, 2.8mmol) and tributyiphosphine (1.6ml.
o6mmol) in methylene chloride (50ml) at 0°C. The mixture was allowed to warm to ambient
temperature over 2 hours. the insolubles were removed by filtration and the filtrate was
washed with water and brine. dried (Na,SO,) and the solvent removed bv evaporation. The
residue was purified by column chromatography eluting with methylene chloride/methanol
(100:0 increasing to 95:5). The purified product was dissolved in acetone/methanol and a 1M
solution of cthercal hvdrogen chloride was added. The resulting precipitate was collected by
filtration and dried to give 4-(4-chloro-2-ﬂu0r0anilino)-7—(2-(dimethylamino)pyrid—4-
yhmethoxy-6-methoxyquinazoline hydrochloride (305mg. 30%).
m.p. 290°C
‘H NMR Spectrum (DMSOd, ) 3.05(s, 6H); 4.05(s. 311); 3.45(s. 2H): 6.95(d. 111): 7.35(s.
IH): 7.42(dd, 111); 7.56(t. 211); 7.62(dd, 1H): 8.00(d, 1H): 8.55(s. 1) 9.80(s. tH): 11.95(br
5. 1H)
MS - ESI: 454 [MHT

Clemental analysis: Found C 472 H 49 N2
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O, CIFNGO, 3 HCT HLO Requires C 47.6 1l 45 N 12.1%

The starting material was prepared as follows :-
A mixture of 2-chloro-4-hydroxymethyipyridine (1.0g. 7mmoal), (prepared as described for the
starting material in Example 58). and dimethylamine (30ml of a 30% solution in ethanol) was
heated in a Carius tube tor 16 hours at 200°C. The mixture was allowed to cool and the
mixture partitioned between saturated aqueous sodium bicarbonate solution and ethyl acetate.
The organic laver was separated. dried (MgS0,) and the volatiles removed by evaporation.
The residue was purified by column chromatography eluting with ethyl acetate 1o give 4-
hydroxymethyl-2-(dimethviamino)pyridine (1g. 94%) as a vellow oil.
11 NMR Spectrum (DMSO0d,) 3.000s. 6H): 4.40(d. 2H): 5.200t. 1H): 6.45(d. 1H): 6.55(s.
1H). 7.96(d. 1H}
MS - ESI: 153 [MH]

Example 96

A mixture of 4-(3-hydroxyprop-2-en-1-yl)pyridine (1 80mg. 1.3mmol) and thionyl
chioride (0.3ml) in toluene (10ml) was stirred at room temperature for 2 hours. The volatiles
were removed by evaporation to give crude 4-(3-chloroprop-2-cn-1 -yD)pyridine hydrochioride
(180mg. 0.94mmol)) This product was added to a mixture of 4-(4-chloro-2-{luoroanilino)-7-
hydroxy-6-methoxyquinazoline (500mg. 1.6mmol) and potassium carbonate (500mg,
4.9mmol) in DMF (20 ml) and the mixture stirred at 100°C for 1 hour. The reaction mixture
was allowed to cool and partitioned between ethyl acetate and water. The organic laver was
scparated. washed with water and brine. dried (MgSQ,) and the solvent removed by
evaporation. The residue was purified by column chromatography cluting with methviene
chloride/methanol (100/0 increasing to 95/5) and then by reverse phase (C18) HPL.C eluting
with methanal/water (30/70 increasing to 50/50) to give 4-(4-chlore-2-fluoroanilino)-6-
methoxy-?-(3—(pyrid-4-yl)pr0p-2-en-l-yloxy)quinazolinc (15mg, 4%).
'H NMR Spectrum (DMSOd,) 4.00(s. 3H): 5.05(d. 2H): 6.93(d, 1H): 7.11¢dt, 1H): 7.40(s.
1H): 7.40-7.43(m. 2H): 7.60(t. 1H): 7.65(d. 1H): 7.80(m. 2H): 8.05(s. 1 H): 8.70(br s, 2H)
MS - LSI: 437 [MH]’
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The starting material was prepared as follows -

n-Butyllithium (25ml of a 1.6M solution in hexane. 40mmol) was added dropwise to a
stirred suspension of 2-hvdroxyethylwiphenylphosphonium bromide (7.742. 20mmol) in THF
(50ml) at -70°C and the mixture allowed to warm to -30°C and stirred for 2 hours. -
Pyridinecarboxaldchyde (2.16g. 20mmol) was added to the resulting red solution. and the
muxture stirred for 1 hour at -30°C and then cooled to -70°C. n-Butvllithium (12.5ml of a
I.6M solution in hexane. 20mmol) was added and the reaction mixture stirred at -70°C for |
hour. The mixture was quenched with isopropanol and allowed to warm to ambient
temperature. Saturated aqueous ammonium chloride solution was added. the organic laver
separated and the aqueous layer extracted with ethyl acetate (3x50m!). The combined extracts
were washed with brine and dried (MgS04) and the volatiles removed by evaporation. The
residuc was purified by column chromatography eluting with cthyl acetate to give 4-(3-
hydroxyprop-2-en-1-ylipyridine
MS - ESI: 136 [MHT]”

Example 97

A suspension of 4-chloro-7-(2-(1.2.4-triazol- 1 -yl Jethoxy)-6-methox vquinazoline
(214mg. 0.7mmol). 4-bromo-2-fluorcaniline (1 60mg. 0.84mmol) in isopropanolic hydrogen
chloride (Iml of'a 5M solution) and isopropanol (5ml) was heated at 80°C for | hour. The
mixture was allowed to cool. the precipitate was collected bv filtration. washed with
isopropanol and then ether and dried under vacuum at 70°C to give 4-(4-bromo-2-
fluoroanilinn)-7-(2-(1,2,4-triazo|—l-yl)ethoxy)-(v—methoxyquinazoline hvdrochloride
(55mg. 15%).
'H NMR Spectrum (DMSOd,) 3.99(s, 3H); 4.62(t, 2H): 4.75(t. 2H): 7.37(s. 1H); 7.5-7.7(m.
2H): 7.81(d. 1H): 8.04(s. 1H): 8.24(s. 1H): 8.63(s, 1H): 8.84(s, 1H): 11.52(s. 1H)
MS - ESI: 459 [MH]
Elemental analysis ound C 418 11 34 N156
CpHBrEN,O, 0.8 H,O 1.9 HCl Requires C 42.0 H 3.6 N 15.5%
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The starting material was prepared as follows :-

Diethyl azodicarboxylate (1.1ml. 7mmol) was added dropwise to a selution of 7-
hydroxy-6-methoxy-3-({pivalovioxy ymethyl)-3.4-dihydroquinazolin-4-one (1.7 ¢. 5.55mmol).
2-(1.2.4-triazol-1-yDethanol (791mg, 7mmol). (Ann. Pharm. Er. 1977.35.503-508) and
triphenylphosphine (1.8g, 7mmol) cooled at 5°C. The mixture was allowed to warm to
ambient temperature and stirred for 1 hour. The mixture was poured directly on to a column
of silica and cluted with methylene chloride/methanol (95/5) 1o give 6-methoxy-3-
((pivaloyloxyimethy)-7-(2-(1.2_4-triazol-1 -vhethoxy)-3.4-dihydroquinazolin-4-one (1 .64p,
74%%).

IENMR Spectrum (DMSOd,. CF.COOD) 1.12(s, 9H): 3.87(s. 3H): 4.57(t. 211): 4.74(t. 211):
39205, 2HD: 7.24(¢s. 11D: 7.51¢s. THD: 8.36¢d. 11D 8.41(s. 11): 9.02(d. TH)

MS - ESI: 424 [MNa]

Elemental analysis Found C 56.5 I160 N 176

C,oH. N O, Requires €369 H 58 N 17.%

A solution of 6-methoxy-3-((pivalovloxy ymethyl)-7-(2-(1.2.4-triazol- L -y|)cthoxy)-3.4-
dihydroquinazolin-4-one (1.6¢. 4mmol) in saturated methanolic ammonia (25ml) was stirred
at ambient temperature for 2 days. The volatiles were removed by evaporation, the solid
residue was triturated with ether, collecied by filtration and dried under vacuum to give 0-
methoxy-7-(2-(1.2.4-triazol-1-yhethoxy)-3.4-dihvdroquinazolin-4-one ¢ 1.1 1o, 98%)

'HNMR Spectrum (DMSO d,) 3.84(s. 3H): 4.51(1. 21): 4.65(1. 211): 7.16(s. 1H): 7.44(s. IH)
7.89(s, 1H); 7.99(s. 1H). 8.55(s. 111)

MS-E[: 287 M

Elemental analysis Found €539 H46 N 2406

CHNO, Requires C544 H46 N 244

A solution of 6-methoxy-7-(2-(1.2 4-triazol- 1 -yl)ethoxy)-3.4-dihydroquinazolin-4-one
(1.11g. 3.86mmol) and DMF (0.6 ml) in thiony!| chloride (15ml) was heated at reflux for 1
hour. The mixture was allowed to cool. toluene was added and the volatiles were removed by
evaporation. The residue was partitioned between methvlene chloride and water and the
aqueous layer was adjusted to pH8.5 with saturated aqueous sodium hydrogen carbonate
solution. The organic layer was separated. washed with brine. dried (MgS80),). and the solvent

removed by evaporation. The residue was purified by cotumn chromatography eluting with
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methylenc chloride/methanol (95/5). The purified solid was triturated with ether. collected by

filtration. washed with water and then ether. and dried under vacuum to give 4-chloro-6-

methoxy-7-(2-(1.2.4-triazol-1-yhethoxy)quinazoline (756mg. 65%).

'H NMR Spectrum (DMSO d,) 3.97(s. 3H): 4.65(dd. 2H): 4.70(dd. 2H): 7.39¢s. 111): 7.52(s.
1H: 7.99(s. 1H): 8.57(s. 1H): 8.89(s. 1H)
MS - ESI: 306 [MHY]

Example 98

The following illustrate representative pharmaceutical dosage forms containing the

compound of formula I. or a pharmaceuticallv acceptable salt thereof (hereafter compound X).

for therapeutic or prophvlactic use in humans:

(a)

{b)

(c)

Tablet [ mg/tabiet
Compound X ..o e 100
Lactose PhoEur.......ooo.ooo 182.75
Croscarmellose sodium .................... TR 12.0
Maize starch paste (5% w/v paste) ......c..oocoeeeen.. 2.25
Magnesium stearate ... 3.0
Tablet I1 mg/tablet
Compound X . 50
Lactose Ph.Eur.......o . 22375
Croscarmellose sodium ..o 6.0
Maize starch. ... I5.0
Polyvinylpyrrolidone (5% w/v pastc)......ooueeenr.... 2.25
Magnesium stearate ... 3.0
Tablet 111 mg/tablet
Compound X .. 1.0
Lactose Ph.Eur..... e 03.25
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Croscarmellose sodium ... 4.0
Maize starch paste (5% w/v paste).................... 0.75
Magnesium stearate ... 1.0
Capsule mg/capsule
Compound X ... 10
Lactose PhoEur...coooooooo 488.5
Magnesium stearate ... 1.5
Injection | (30 mg/ml})
Compound X ..o 5.0% wiv
IN Sodium hydroxide solution....................... 15.0% v/v
0.1N Hydrochloric acid
(to adjust pH to 7.6)
Polvethylene glycol 400 ... 4.5% wiv
Water for injection to 100%
Injection [1 (10 mg/mi)
Compound X ..o 1.0% wiv
Sodium phosphate BP ... 3.6% wiv
U.1N Sodium hydroxide solution........................._. 15.0% v/v
Water for injection to 100%
Injection 111 (Ilmg/ml.buffered to pH6)
Compound X ..o 0.1% wrv
Sodium phosphate BP ... 2.26% wiv
Crricacid ... 0.38% wiv
Polyethylene glyeol 400 ... 3.5% wiv

Water for injection to 100%
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The above formulations may be obtained by conventional procedures well known in
the pharmaccutical art. The tablets (a)-(c) may be cnteric coated by convenlional means. for

cxample to provide a coating of cellulose acctate phthalate.
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CLAIMS

1. A quinazoline derivative of the formuia I:

R° Z
N
|

—

n

R-Y N

()

[wherein:
Y' represents -O-. -8-. -CH,-. -80-, -80,-, -NR*CO-, -CONR"-, -SO,NR -. -NR*SOs- or -NR"-

10 (wherein R*. R*. R". R® and R’ each independently represents hydrogen. C, ,alkyl or C,.
;alkoxyC, qalky!):
R' represents hydrogen. hydroxy. halogeno. nitro. trifluoromethyl. cyano. Csalkyl. C, alkoxy.
C,,alkylthio. or NR'"R"' (wherein R'" and R"'. which may be the same or different. each
represents hydrogen or C, ;alkyly;

IS R represents hydrogen. hvdroxy. halogeno. C, ,alkyl, C, ,alkoxy. trifluoromethyl. cvano.
amino or nitro;
m is an integer from 1 to 3;
R* represents hydroxy. halogeno. C, ,alkyl. C, ,alkoxy. C,.;alkanoyloxy. trifluoromethyl, cyano.
amino or nitro:

20 R"is selected from one of the following eight groups:
1) X' (wherein X' represents a pyridone group. a phenyl group or a 3 or 6-membered aromatic
heterocyclic group with 1 to 3 heteroatoms selected from O. N and S. which pyridone. phenyl
or heterocyclic group may carry up to 3 substituents selected from halogeno. amino., C,_alkyl.
C, salkoxy, C, hydroxyalkyl, C, ,aminoalkyl. C, ,alkylamino. C, .hydroxyalkoxy. carboxy.

25 cyano, -CONR"R' and -NR""COR" (wherein R", R". R'"* and R"*, which may be the same or

different. cach represents hydrogen. C, jalkyl or C,_alkoxvC. alkyl)):
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) CalkylX' iwherein X' is as defined hereinbefore):

3) C,alkenylX' {whercin X' is as defined hereinbefore):

4) C, «alkynylX' (wherein X' is as defined hereinbefore):

5) C.alkylY’X' (wherein Y* represents -O-. -S-. -SO-. -SO,-. -OCO-. -NR'*CO-. -CONR""-. -
SO,NR"-. -NR"SO;- or -NR*- (wherein R"". R". R"*, R and R*" each independently

h

represents hydrogen. C alkyl or € LalkoxyC, ,alkyl) and X' is as defined hereinbefore)
6) C,.alkenylY'X' (wherein Y represents -O-. -S-, -SO-, -SO,-. -OCO-. -NR>'CO-. -CONR>-
. -SO,NR*-, -NR*SO.- or -NR*- (wherein R". R¥ R*". R* and R* each independently
represents hydrogen, C | ;alkyl or C. jalkoxyC, alkyl) and X' is as defined hereinbefore):

10 7) C, alkynylY*X' (wherein Y* represents -O-. -S-. -SO-_ -S0,-. -0CO-. -NR*CO-. -CONR’-
. -SONR™-. -NR*¥SO.- or -NR*'- (wherein R**. R¥. R* R* and R" each independently
represents hydrogen, C, alkyl or CLalkoxyC, jalkyl) and X' is as defined hereinbefore): and
8) CalkylY'C, .alkylX' (wherein Y represents -O-, -S-. -SO-. 8O-, -NR"'CO-. -CONR -, -
SO,NR™-. -NR™SO,- or -NR"- (wherein R*". R¥. R*, R™ and R" cach independently

15 represents hydrogen, C, jalkyl or C jalkoxyC, jalkyl) and X' is as defined hereinbefore): 7
represents -NH-. -O-, -S-, or -CH,-: with the proviso that where R* is selected from one of the
groups 1). 2). and 5) above and X' is'unsubstituted phenyl or substituted phenyl with 1 to 2
substituents selected from halogeno. C, ,alkyl and C, ,alkoxy. then m is an integer {rom 3 to 5

and/or Z is -O-. -S-. or -CH,-]:and salts thereof.

2. A guinazoline derivative as claimed in claim 1 wherein R' represents hvdrogen.

hydroxy. methyl. ethyl. methoxy or ethoxy.

3. A quinazoline derivative as claimed in claim 1 or claim 2 wherein R? is hydrogen.

4. A quinazoline derivative as claimed in any one of the preceding claims wherein the

phenyl group bearing (R"),, is of the formuta:-
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R@ RP

R
Rd

(I1a)
(wherein:
R® represents hydrogen. methyl. {luoro or chloro:
R® represents hydrogen. methyl. methoxy. bromo. fluoro or chloro:
R* represents hydrogen or hydroxv; and
RY represents hvdrogen. fluoro or chioro.
5. A quinazoline derivative as claimed in any one of the preceding claims wherein Z is
NH.
0. A gunazoline derivative as claimed in any one of the preceding claims wherein Y!

represents -O-. -S-. -CH,-. -NR’CO-. NR*SO.- or -NH- (wherein R® and R® each

independently represent hydrogen. C, , alky! or C, , alkoxyethyl).

7. A quinazoline derivative as claimed in any one of the preceding claims wherein the
moiety X' in the group R* represents a pyridone group or a 5 or 6- membered aromatic
heterocyclic group with 1 10 3 heteroatoms selected from O. N and S. which pyridone or

heterocyclic group may. if desired. be substituted as defined in claim 1.
8. A quinazoline derivative as claimed in claim 7 wherein the moiety X' represents a

pyridone. pyridyl. imidazolyl, thiazolyl. thienyl. triazolyl or pyridazinyl group which may. if

desired. be substituted as defined in claim 1.
9. A quinazoline derivative as claimed in any one of the preceding claims wheremn R*

represents the group X'-Y“(CH,),- in which Y* is a direct bond -O-. -S- or -NII-. 11 is an

integer from 1 to 3 and X' is as defined in any one of claims 1, 7 and 8.
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10. A quinazoline derivative as claimed in claim 1 selected from :-
4-(4—ch10ro—2-ﬂuoroaniIino)—()-mcthoxy—7-(2-(4—p_vridylox_v)ethox_\' )quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-[2-(4-0x0- 1 .4-dihvdro-1-
pyridylethoxy|quinazoline

4-(4-chioro-2-fluoroanilino)-7-(2-(imidazol- 1 -y! Jethoxy }-6-methoxyquinazoline
4-(4-chloro—2-ﬂu0roanilino‘)—()—methoxy-7-(3-(4—pyridyl)propnxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-(4-pyridyl)ethoxy Jquinazoline
4-(4-chloro-2-tfluoroanilino 1-6-methoxy-7-((4-pyridvl)methoxy)quinazoline
4-(4-chloro-2-flucroanilino j-6-methox y-7-(2-(2-methylimidazol-1 -vhethoxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-( l-methylimidazol-2-vlthio)ethoxy)quinazoline
4-(4—chlor()-2-ﬂuoroanilino)—()—methoxy-7-(2-( 1,2.4-trtazol- I -vDethoxy)quinazoline
4-(4—chloro-2-ﬂuorozmilino)-()-methoxy-7—(2-(N—(4-pyridyl)amino)cthoxy )quinazoline
4-{4-chloro-2-fluoroanilino)-6-methoxy-7-(2 1-methylimidazol-2-yl)ethoxy jquinazoline
4—(4-chlor0—2-ﬂuoroanilino)—7-((2-c_vano-4-pyridyl)methoxy }-6-mcthoxyvquinazoling

and salts thereof.

11 A quinazoline derivative as claimed in claim 1 sclected from:-
4—(3-hydroxy-d»-mclhylanilino)—6-methoxy-7-(4-pyridylmethoxy Jquinazoline
4-(3-hydroxy—4—mcth_vlanilino)—()-methoxy-7-(2-pyridylmethoxy Jquinuazoline
4-(3-hydroxy-4-methylanilino)-6-methoxy-7-(1 -methylimidazol-2-yimethoxy)quinazoline
4—(3-hydroxy-4-mcthylanilino)—()-melhoxy-7—(2-melhylthiazo]-4—ylmethoxy)quinazolinc
7-(2—ace[amidothiazo1-4-ylmeth0xy)—4-(3-hydroxy-4—methylanilino‘)-6-melhoxyquinazoline
4-(3—hydroxy-4—methylanilino)—6-methoxy—7—(4-pyridylpropox_v)quinazolinc
4—(2-ﬂu0r0-5-hydrox_v—4—methylanilino)—6—melhoxy-7-(4—pyridylpropoxy)quinazolinc
4-(2-ﬂuor0-5-hydroxy-4—methylani1ino)-6-mcthoxy-7-(4—pyrid_vlmclhoxy)quinazolinc
7—benzyloxy-4-{2-ﬂuoro-5-hydroxy—4-mf:thylanilino)-6—methoxyquinazoline
7—benzyloxy-4—(2—ﬂuoro-S—hydroxy-4-mcthylphenoxy)-6-meth0x_vquinazoline
4-(2-ﬂuoro—S-hydroxy-4-melhylaniIino)-6-methoxy-7-((2-meth_vlthiazol-4-
yl)methoxy)quinazoline

4-(2-fluoro-3-hydroxy-4-methvlanilino)- 7-(4-pyridylmethoxy)quinazolinc
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4-(2-fluoro-3-hydroxy-4-methylanilino)-6-mecthoxy-7-{( 1-methylimidazol-2-
yl)methoxy)quinazoline
7-((2-acetamidothiazol-4-ylymethoxy)-4-(2-fluoro-5-hydroxv-4-methylanilino )-6-
methoxyquinazoiine
7-benzyloxy-4-(4-chloro-2-fluoro-3-hydroxyanilino)-6-methoxyquinazoline
4-~(4-chloro-2-fluoro-5-hydroxyanilino)-6-methoxy-7-(3-(4-pyridyl)propoxy )quinazoline
4-(2-fluoro-5-hydroxy-4-methylanilino)-7-(2-(imidazol- 1-yl)ethoxy)-6-methoxyquinazoline
4-(4-chloro-2-fluoro-5-hydroxyanilino)-7-(2-(imidazol- 1-y1)ethoxy)-6-methoxyquinazoline
4-(2-fluoro-5-hydroxy-4-methylanilino)-6-methoxy-7-(2-(4-pyridyl)ethoxy )quinazoline
4-(2-fluoro-3-hydroxy-4-methylanilino)-6-methoxy-7-(3-thienylmethoxy)quinazoline
4-(3-hydroxv-4-methylanilino)-6-methoxy-7-(( 1 -methylbenzimidazol-2-
vl)methoxy)quinazoline

7-{(2-chloro-6-methyl-4-pyridyl)methoxy )-4-(2-fluoro-3-hydroxy-4-methylanilino)-6-
methoxyquinazoline

4-(4-chloro-2-fluorophenoxy)-6-methoxy-7-((4 pyridyl)methoxy)quinazoline
4-(4-chloro-2-fluoro-5-hydroxyanilino)-6-methoxy-7-((4-pyridylymethoxy)quinazoline
7-((2-chloro-4-pyridyi)methoxy)-4-(2-fluoro-5-hydroxy-4-methylanilino)-6-
methoxyquinazoline

7-(3.4-difluorobenzyloxy)-4-(2-fluoro-5-hydroxy-4-methylanilino )-6-mcthoxyquinazoline
4-(4-chloro-2-fluore-5-hydroxyaniiino)-6-methoxy-7-({ 1 -methylimidazol-2-
yhmethoxy)quinazoline

4-(2-fluoro-5-hydroxy-4-methylanilino)-7-((1 -methylimidazol-2-yl)methoxy )quinazoline
4-(2-fluoro-3-hydroxy-4-methylanilino)-7-(2-(1.2.4-triazol- 1 -yl)ethoxy )quinazoline
4-(4-chloro-2-fluoro-5-hydroxyanilino)-6-methoxy-7-((3-thienyl )ymethoxy )quinazoline
4-(4-chloro-2-fluoro-5-hydroxyanilino)-6-methoxy-7-(2-(4-pyridyi)ethoxy )quinazoline
4-(2-fluoro-3-hydroxy-4-methylanilino)-7-((4-pyridyl)carboxamido)quinazoline

and salts thereof.

12. A quinazoline derivative as claimed in claim 1 selected from:-
4-(3-hydroxy-4-methylanilino)-6-methoxy-7-(3-pyridvimethoxy)quinazoline

4-(3-hydroxy-4-methylanilino)-6-methoxy-7-(3-thienvlmethoxy)quinazolinc
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4-(4-chloro-2-fluoroaniline)-6-methoxy-7-(2-(2-pyridvlox yjethoxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-[N-methyl-N-(4-
pyridyl)laminoethoxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-[2-(2-0x0-1.2-dihydro-1-
pyridyhethoxy|quinazoline

7-(4 cyanobenzyloxy)-4-(2-£] uoro-5-hydroxy-4-methylanilino)-6-methoxyquinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(3-(2-methylimidazol-1-yl )propoxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-((2-methyl-4-pyridyymethoxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(3-(2-0xo- 1.2-dihydro-1-
pynidylipropoxy)quinazoline
4-(4-chloro-2-fluoroanilino}-6-methoxy-7-(3-(1-methylimidazol-2-
vithio)propoxy)quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(3-(4-pyridyloxy)propoxy Jquinazoline
4-(4-chloro-2-fluoroaniline)-6-methoxy-7-(2-(4-pyridylthio)ethoxy )quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-(3-pyridyloxy)ethoxy quinazoline
7-benzyloxy-4-(2-fluoro-5-hydroxy-4-methylanilino)quinazoline
7-benzyloxy-4-(4-chloro-2-fluoro-5-hydroxyanilino)quinazoline
4-(4-chloro-2-fluoro-5-hydroxyanilino)-6-methoxy-7-((2-methylthiazol-4-
vl)methoxy)quinazoline

4-(4-chloro-2-fluoroanilino)-6-methoxy-7-((3-thienyl)methoxy )quinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-(N-methyl-N-(pyridazin-4-
vilamino)ethoxy)quinazoline

4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-(N-methyl-N-( 6-methylpyrimidin-4-
yl)amino)ethoxy)quinazoline

4-(4-chloro-2-fluoroanilino)-7-(2-(3.5-dimethyl-| 1.2.4]-tnazol-4-yl)ethoxy )-6-
methoxyquinazoline

4-(4-chloro-2-fluoroanilino)-7-(2-(2.4-dimethylimidazol- 1 -v| Jethoxy}-6-methoxvquinazoline
4-(4-chloro-2-fluoroanitino)-7-(2-(2.5-dimethylimidazol- 1 -vhethoxy)-6-methoxyquinazoiine
4-(3-hydroxyanilino}-7-(2-(imidazol- -yhethoxy)-6-methoxyguinazoline
4-(4-chloro-2-fluoroanilino)-6-methoxy-7-(2-(1.2 4-triazoi-4-y llethoxy)quinazoline

4-(4-bromo-2-fluoroanilino }-7-(2-(| 1.2.4]-triazol-1-yDethoxy)-6-methoxyquinazoline
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and saits thereof.
13. A quinazoline derivative as claimed in any one of the preceding claims in the form of
a pharmaceutically acceptable salt.
5
14 A process for the preparation of a quinazoline derivative of formula | or salt thereof
(as defined in claim 1) which comprises:-
(a) the reaction of’ a compound of the formula 11
R L
R!
=~ "N
Ry S
10 - N

(111

(wherein R'. R*. R" and Y' arc as defined in claim | and 1.' is a displaccable group). with a
15 compound of the formula [V:

(RH

m

(I'V)
20 (wherein Z. R* and m are as defined in claim 1) whereby 1o obtain compounds of the formula ]
and salts thereof;

(b) for the preparation of compounds of formula I and salts thereof in which the group of
formula IIb:-
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h

(Il1by

(wherein R* and m are as defined in claim 1) represents a phenyl group carrying one or more

hydroxy groups, the deprotection of a compound of formula V-

(RY) i

m-p

(()P)pl

(V)

(wherein ', m. R". R", R, R" and Z arc as defined in claim 1. P represents a phenolic

IS hydroxy protecting group and p' is an integer from I to 5 equal to the number of protected
hydroxy groups and such that m-p' is ecqual to the number of R substituents which are not
protected hydroxy).
(c) for the preparation of those compounds of formula I and salts thereof wherein the

substituent Y' is -O-. -S- or -NR’- the reaction, of a compound of the formula V1:

20
Z

-

N
} > J

HY N

R!

(V1)
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{wherein m. Y. R'. R’. R" and Z arc as defined in claim 1) with a compound of formula VII:
R*-L' (VID

(wherein R* is as defined in claim | and L' is as herein defined):

(d) the reaction of a compound of the formula VIII;

(VIIH

(wherein R'. R, R*. Z and m are as defined in claim I and L' is as herein defined) with a

compound of the formula I'X:
R*-Y'-H (IX)

(wherein R" and Y' are as defined in claim 1);

(e) for the preparation of compounds of formula 1 and salts thereot wherein R' is C,.
salkylX’. [wherein X is selected from one of the following three groups:

1) X' (wherein X' is as defined in claim 1):

2) Y’X' (wherein Y7 represents -O-, -S-. -SO,-, -NRYCO-. -NR*S0.- or -NR*- (wherein R*".
R* and R* each independently represents hydrogen. C, .alkyl or C,_alkoxv(, qalkyl) and X' is
as defined in claim 1): and

3) Y*C, alkyl Y’X' (wherein Y represents -O-, -S-, -SO -, -NR**CO-. -NR*'SO,- or -NR™-
(wherein R*, R™ and R™ cach independently represents hvdrogen. C, ,alkyl or C, alkoxyC-.

salkyl) and Y" and X' are as defined in claim 1):]
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h
Ln
'

the reaction of a compound of the formula X:

R!

LRy N

(X)

(wherein Y'. R'. R*. R'. Z and m are as defined in claim 1. 1. is as defined herein and R* is

C,.«alkyl) with a compound of the formula XI:

X:-H (XD
10
{(wherein X” is as dcfined herein) to give a compound of the formula I:
(N for the preparation of those compounds of formula | and salts thereof wherein the
substituent R' is represented by NR'R'' where onc or both of R'* and R arc C.alkyl, the
reaction of compounds of formula | wherein the substituent R’ is an amino group with an
15 alkvlating agent:
(g) tor the preparation of those compounds of formula I and salts thercof’ wherein one
or more of the substituents R'. R” or R is an amino group. the reduction of a corresponding
compound of formula I wherein the substituent(s) at the corresponding position(s) of the
quinazoline and/or phenyl ring is/are a nitro group(s): and when a pharmaceutically acceptable
20 salt of a quinazoline derivative of formula | is required. reaction of the compound obtained

with an acid or base whereby to obtain the desired pharmaceutically acceptable salt.
15. A pharmaccutical composition which comprises as active ingredient a quinazoline

derivative of formula I as defined in claim 1 or a pharmaceutically acceptable salt thereof in

25 association with a pharmaceutically acceptable excipient or carrier.
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16. A method for producing an antiangiogenic and/or vascular permeability reducing
effect in a warm-blooded animal in need of such treatment which comprises administering to
said animal an cffective amount of a compound of formula I or a pharmaceutically acceptable

salt thereot as detined in claim 1.
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METHODS FOR TREATING TESTICULAR AND OVARIAN ADRENAL REST
TUMORS

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/663,951, filed April 27, 2018, and U.S. Provisional Patent Application No. 62/822 815, filed

March 23, 2019, which are entirely incorporated herein by reference.

BACKGROUND
[0002] Corticotropes are basophilic cells in the anterior pituitary that produce melanocyte-
stimulating hormone, adrenocorticotropic hormone (ACTH) and lipotropin. The cells produce
pro-opiomelanocortin (POMC) which undergoes cleavage to ACTH and B-lipotropin (p-LPH).
These cells respond to corticotropin-releasing factor (CRF) and make up about 20% of the cells
in the anterior pituitary. CRF is a releasing hormone that belongs to the corticotropin-releasing
factor family and is the primary physiological regulator of proopiomelanocortin (POMC).
[0003] CREF is produced by parvocellular neuroendocrine cells within the paraventricular
nucleus of the hypothalamus and is released at the median eminence from neurosecretory
terminals of these neurons into the primary capillary plexus of the hypothalamo-hypophyseal
portal system. The portal system carries the CRF to the anterior lobe of the pituitary, where it
stimulates corticotropes to secrete ACTH and other biologically-active substances. ACTH, in
turn, stimulates the synthesis of cortisol, glucocorticoids, mineralocorticoids and DHEA.
[0004] Testicular adrenal rest tumors (TART) and ovarian adrenal rest tumors (OART) are
ACTH-responsive lesions of the testes and ovaries derived from adrenal tissue interchelated
within these organs during embryogenesis. In response to high ACTH, hyperplasia of this tissue
occurs, resulting in single or multiple lesions that may cause pain and infertility. The
identification of compounds that modulate CRF function and downstream processes is an
ongoing challenge. Currently, there are no non-steroidal, non-surgical solutions to control,
shrink, or reduce TART. Disclosed herein, inter alia, are solutions to these and other problems

in the art.

SUMMARY
[0005] Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is a serious
genetic disorder characterized by impaired adrenal synthesis of cortisol and consequent
overproduction of adrenocorticotropic hormone (ACTH), 17-hydroxyprogesterone (170HP),
and adrenal androgens such as androstenedione (A4). CAH is an orphan condition with no FDA-

approved therapy. To suppress androgen production, patients are often prescribed long-term

1
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supraphysiologic doses of glucocorticoid (GC), which has adverse effects and fail to suppress
170HP and A4 in the majority of patients.

[0006] Compound 1 may be a potent, selective, nonsteroidal, oral corticotropin-releasing factor
type-1 (CRF 1) receptor antagonist that reduces excess ACTH, 170HP, and A4 to improve
clinical and biochemical sequelae of CAH. This may obviate the need for high dose steroids.
[0007] One aspect provided herein is a method of treating or preventing testicular adrenal rest
tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in
need thereof a corticotropin-releasing factor type-1 (CRF;) antagonist or a pharmaceutically
acceptable salt thereof.

[0008] In some embodiments, the subject has congenital adrenal hyperplasia (CAH). In some
embodiments, the size and/or number of the tumors is decreased or reduced.

[0009] One aspect provided herein is a method of treating or preventing testicular adrenal rest
tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in

need thereof a compound of structural Formula (I):

R _R2

R* (D), or a pharmaceutically acceptable salt thereof,

wherein:

R! and R? are independently ethyl or n-propyl;

R’ is hydrogen, Cl, Br, methyl, trifluoromethyl, or methoxy; and

R*is hydrogen, Br, R*R°N-, methoxymethyl, n-butyl, acetamido, pyridin-4-yl,

I 7L
N. N7
S o T, TR
morpholin-4-yl, © , , N ,or ;
R?®and R® are independently hydrogen, C,-Csalkyl, H,NCH,CH;—,

(CH3)3COC(O)NHCH2CH2—, or CH3 CH2CH2NHCH2CH2_.

[0010] In some embodiments, R? is Cl, Br, methyl, or trifluoromethyl. In some embodiments,

R%is Cl, Br, or methyl. In some embodiments, R*is Br, RaRbN—, pyridin-4-yl, morpholin-4-yl,

| !
N. N.
N/ Y

\
or . In some embodiments, R* is morpholin-4-yl or N
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[0011] In some embodiments, R* is hydrogen, Br, R*R°N- and R* and R® are independently C;-

Csalkyl. In some embodiments, the compound is

~ "N or a pharmaceutically acceptable salt thereof.

[0012] In some embodiments, the compound is

= N’N\

N T

N
Br 4 /S
N |
<" "N or a pharmaceutically acceptable salt thereof.

[0013] In some embodiments, the compound is

= N’N\

N ”Aﬁ

K/O , or a pharmaceutically acceptable salt thereof.
[0014] In some embodiments, the subject has congenital adrenal hyperplasia (CAH). In some
embodiments, the size and/or number of the tumors is decreased or reduced.
[0015] In some embodiments, from about S mg to about 1000 mg of a compound of Formula (1),
or a pharmaceutically acceptable salt thereof, is administered to the subject. In some
embodiments, from about 5 mg to about 25 mg of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered to the subject. In some embodiments,
from about 10 mg to about 400 mg of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is administered to the subject. In some embodiments, from about 100
mg to about 600 mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
is administered to the subject.
[0016] In some embodiments, the compound of Formula (I), or a pharmaceutically acceptable

salt thereof, 1s administered at a dose of from about 5 mg/day to about 1000 mg/day is
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administered to the subject. In some embodiments, the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered at a dose from about 5 mg/day to about
25 mg/day is administered to the subject. In some embodiments, the compound of Formula (1),
or a pharmaceutically acceptable salt thereof, is administered at a dose from about 10 mg/day to
about 400 mg/day is administered to the subject. In some embodiments, the compound of
Formula (I), or a pharmaceutically acceptable salt thereof, is administered at a dose of from
about 100 mg/day to about 600 mg/day is administered to the subject.

[0017] In some embodiments, the compound is administered orally. In some embodiments, the
compound is formulated as a capsule or tablet. In some embodiments, the compound of
Formula (I), or a pharmaceutically acceptable salt thereof, is administered in the fed state. In
some embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt thereof,
is administered in the fasted state.

[0018] In some embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, is administered at least once per day. In some embodiments, the compound of
Formula (I), or a pharmaceutically acceptable salt thereof, is administered at bedtime. In some
embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered less than about 4 hours before sleep. In some embodiments, the compound of
Formula (I), or a pharmaceutically acceptable salt thereof, is administered less than about 2
hours before sleep. In some embodiments, the compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is administered less than about 30 minutes before sleep. In some
embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered in the evening. In some embodiments, the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered at about 10 pm at night.

[0019] One aspect described herein is a method of treating or preventing testicular adrenal rest
tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in
need thereof a pharmaceutical composition, comprising a compound of structural Formula (I)

and a pharmaceutically acceptable excipient:

R! _R?

R*(I), or a pharmaceutically acceptable salt thereof,
wherein:

R! and R? are independently ethyl or n-propyl;
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R’is hydrogen, Cl, Br, methyl, trifluoromethyl, or methoxy; and
R” is hydrogen, Br, R"R"N—, methoxymethyl, n-butyl, acetamido, pyridin-4-yl,

|l|\ 7LN A
N/\ NQ,NHZ CON _
morpholin-4-yl, I\/o, , N—/ ,or ;

R? and R? are independently hydrogen, C,-Csalkyl, H,NCH,CH,—,
(CH3)3COC(O)NHCH2CH2—, or CH3CH2CH2NHCH2CH2—.

[0020] In some embodiments, the compound of Formula (I) has the structure:

= N’N\

, or a pharmaceutically acceptable salt thereof.

[0021] In some embodiments, the pharmaceutical composition comprises from about 5 mg to
about 1000 mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof. In
some embodiments, the pharmaceutical composition comprises from about 5 mg to about 25 mg
of a compound of Formula (I), or a pharmaceutically acceptable salt thereof. In some
embodiments, the pharmaceutical composition comprises from about 10 mg to about 400 mg of
a compound of Formula (I), or a pharmaceutically acceptable salt thereof. In some
embodiments, the pharmaceutical composition comprises from about 100 mg to about 600 mg of
a compound of Formula (I), or a pharmaceutically acceptable salt thereof.

[0022] In some embodiments, the pharmaceutical composition comprises about 5 mg, about 10
mg, about 15 mg, about 20 mg, 25 mg, about 50 mg, about 100 mg, about 150 mg, about 200 mg,
about 205 mg, about 210 mg, about 215 mg, about 220 mg, about 225 mg, about 230 mg, about
235 mg, about 240 mg, about 245 mg, about 250 mg, about 255 mg, about 260 mg, about 265
mg, about 270 mg, about 275 mg, about 280 mg, about 285 mg, about 290 mg, about 295 mg,
about 300 mg, about 305 mg, about 310 mg, about 315 mg, about 320 mg, about 325 mg, about
330 mg, about 335 mg, about 340 mg, about 345 mg, about 350 mg, about 355 mg, about 360
mg, about 365 mg, about 370 mg, about 375 mg, about 380 mg, about 385 mg, about 390 mg,
about 395 mg, about 400 mg about 500 mg, or about 600 mg of a compound of Formula (I), or a

pharmaceutically acceptable salt thereof
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[0023] In some embodiments, the pharmaceutical composition is administered at a dose of from
about 5 mg/day to about 1000 mg/day. In some embodiments, the pharmaceutical composition
is administered at a dose of from about 5 mg/day to about 25 mg/day. In some embodiments,
the pharmaceutical composition is administered at a dose of from about 10 mg/day to about 400
mg/day. In some embodiments, the pharmaceutical composition is administered at a dose of
from about 100 mg/day to about 600 mg/day.

[0024] In some embodiments, the pharmaceutical composition is administered orally. In some
embodiments, the pharmaceutical composition is formulated as capsule or a tablet. In some
embodiments, the pharmaceutical composition is administered in the fed state. In some
embodiments, the pharmaceutical composition is administered in the fasted state. In some
embodiments, the pharmaceutical composition is administered at least once per day.

[0025] In some embodiments, the pharmaceutical composition is administered at bedtime. In
some embodiments, the pharmaceutical composition is administered less than about 4 hours
before sleep. In some embodiments, the pharmaceutical composition is administered less than
about 2 hours before sleep. In some embodiments, the pharmaceutical composition is
administered less than about 30 minutes before sleep. In some embodiments, the pharmaceutical
composition is administered in the evening. In some embodiments, the pharmaceutical
composition is administered at about 10 pm at night.

[0026] In some embodiments, the method further comprises administering to the subject an
additional chemotherapeutic agent. In some embodiments, the additional chemotherapeutic
agent is a glucocorticoid, a mineralocorticoid, an ACAT1 inhibitor, or an anti-androgen. In
some embodiments, the glucocorticoid is beclomethasone, betamethasone, budesonide,
cortisone, dexamethasone, hydrocortisone, methylprednisolone, prednisolone, prednisone, or
triamcinolone. In some embodiments, the mineralocorticoid is fludrocortisone.

[0027] In some embodiments, the additional chemotherapeutic agent is another CRF, antagonist.

In some embodiments, the CRF, antagonist is
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pharmaceutically acceptable salt thereof.

[0028] In some embodiments, the CRF; antagonist is

__<f\ “*NH

N-O -N
Z NN,

Y S

O~ or a pharmaceutically acceptable salt thereof.
[0029] In some embodiments, the method further comprises an additional treatment selected
from surgical resection of the tumors and radiation therapy, or a combination thereof.
[0030] In some embodiments, the additional therapy is surgical resection and the surgical
resection is prior to, after, and/or concurrent with administration of the compound of structural
Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical composition, or
any combination thereof.
[0031] In some embodiments, the surgical resection is prior to administration of the compound
of structural Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical
composition. In some embodiments, the surgical resection is after administration of the
compound of structural Formula (I), or a pharmaceutically acceptable salt thereof or the

pharmaceutical composition. In some embodiments, the surgical resection is concurrent with
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administration of the compound of structural Formula (I), or a pharmaceutically acceptable salt
thereof or the pharmaceutical composition.

[0032] In some embodiments, the additional treatment is radiation therapy and the radiation
therapy is prior to, after, and/or concurrent with administration of the compound of structural
Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical composition, or
any combination thereof. In some embodiments, the radiation therapy is prior to administration
of the CRF; antagonist of structural Formula (I), or a pharmaceutically acceptable salt thereof or
the pharmaceutical composition.
[0033] In some embodiments, the radiation therapy is after administration of the compound of
structural Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical
composition. In some embodiments, the radiation therapy is concurrent with administration of
the compound of structural Formula (I), or a pharmaceutically acceptable salt thereof or the
pharmaceutical composition.
[0034] Additional aspects and advantages of the present disclosure will become readily apparent
to those skilled in this art from the following detailed description, wherein only illustrative
embodiments of the present disclosure are shown and described. As will be realized, the present
disclosure is capable of other and different embodiments, and its several details are capable of
modifications in various obvious respects, all without departing from the disclosure.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not as
restrictive.

INCORPORATION BY REFERENCE
[0035] 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.
To the extent publications and patents or patent applications incorporated by reference
contradict the disclosure contained in the specification, the specification is intended to supersede

and/or take precedence over any such contradictory material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying

drawings (also “Figure” and “FIG.” herein), of which:
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[0037] FIG. 1A-1B. A schematic representation of intra-patient dose escalation study to
evaluate safety, pharmacokinetics, and pharmacodynamics (A). A schematic representation of
inhibition of CRF; with a CRF; antagonist (Compound 1) (B).

[0038] FIG. 2. Graphic representation of pharmacokinetics (dose-proportional, adequate
exposure at safe doses) in patients with CAH following 14-days of once daily dosing at each
dose level with a CRF; antagonist (Compound 1).

[0039] FIG. 3. Graphic representation of pharmacokinetics (dose-proportional, adequate
exposure at safe doses) in patients with CAH following 14-days of once daily dosing at each
dose level with a CRF; antagonist (Compound 1).

[0040] FIG. 4. Graphic representation of patient-level response (measuring ACTH levels) to a
CRF, antagonist (Compound 1).

[0041] FIG. SA-5B. Graphic representation of patient-level response of sample responders
(measuring ACTH levels) to a CRF,; antagonist [Subject 003001 (A); Subject 007002 (B)].
[0042] FIG. 6. Graphic representation of patient-level response (measuring 17-OHP levels) to a
CRF,; antagonist (Compound 1).

[0043] FIG. 7A-7B. Graphic representation of patient-level response of sample responders
(measuring 17-OHP levels) to a CRF; antagonist [Subject 003001 (A); Subject 007002 (B)].
[0044] FIG. 8. Graphic representation of patient-level response (measuring androstenedione
levels) to a CRF, antagonist (Compound 1).

[0045] FIG. 9A-9B. Graphic representation of patient-level response of sample responders
(measuring androstenedione levels) to a CRF; antagonist (Compound 1) [Subject 003001 (A);
Subject 007002 (B)].

[0046] FIG. 10A-10B. Images of a patient with TART pre-treatment with a CRF; antagonist
(Compound 1) (A) and 6-weeks post-treatment with a CRF; antagonist (Compound 1) (B).
[0047] FIG. 11A-11B. Graphic representation of an in vitro binding assay of a CRF| antagonist

125
I

(Compound 1); -sauvagine binding to rat cerebellar membranes one hour after oral
administration of increasing Compound 1 doses (A) and iz vive inhibition of CRF-induced
activity after treatment with a CRF; antagonist, Compound 1 (oral, 10 mg/kg) (B).

[0048] FIG. 12A-12B. Graphic representation of ACTH levels (A) and 17-OHP levels (B) after
treatment with a CRF; antagonist (Compound 1).

[0049] FIG. 13. Graphic representation of hormone responses after treatment with a CRF,
antagonist (Compound 1).

[0050] FIG. 14 depicts the proof of concept and escalating QD dosing at 10 pm.

[0051] FIG. 15A-15D are graphic representations of changes in androstenedione seen in

participants in Cohort A and Cohort B.
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[0052] FIG. 16A-16D are graphic representations of changes in 17-hydroxyprogesterone seen in
participants in Cohort A and Cohort B.

[0053] F1G. 17A-17D are graphic representations of changes in adrenocorticotropic hormone

seen in participants in Cohort A and Cohort B.

DETAILED DESCRIPTION
[0054] While various embodiments of the invention have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions may occur to those skilled in the
art without departing from the invention. It should be understood that various alternatives to the
embodiments of the invention described herein may be employed.
L Definitions
[0055] The abbreviations used herein have their conventional meaning within the chemical and
biological arts. The chemical structures and formulae set forth herein are constructed according
to the standard rules of chemical valency known in the chemical arts.
[0056] Where substituent groups are specified by their conventional chemical formulae, written
from left to right, they equally encompass the chemically identical substituents that would result
from writing the structure from right to left, e.g., -CH,O- is equivalent to -OCHj;-.
[0057] The term “alkyl,” by itself or as part of another substituent, means, unless otherwise
stated, a straight (i.e., unbranched) or branched carbon chain (or carbon), or combination thereof,
which may be fully saturated, mono- or polyunsaturated and can include mono-, di- and
multivalent radicals, having the number of carbon atoms designated (i.e., C;-C;y means one to
ten carbons). Alkyl is an uncyclized chain. Examples of saturated hydrocarbon radicals include,
but are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl,
sec-butyl, (cyclohexyl)methyl, homologs and isomers of, for example, n-pentyl, n-hexyl, n-
heptyl, n-octyl, and the like. An unsaturated alkyl group is one having one or more double bonds
or triple bonds. Examples of unsaturated alkyl groups include, but are not limited to, vinyl, 2-
propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1-
and 3-propynyl, 3-butynyl, and the higher homologs and isomers. An alkoxy is an alkyl attached
to the remainder of the molecule via an oxygen linker (-O-).
[0058] The term “alkylene,” by itself or as part of another substituent, means, unless otherwise
stated, a divalent radical derived from an alkyl, as exemplified, but not limited by, -
CH,CH,CH,CH,-. Typically, an alkyl (or alkylene) group will have from 1 to 24 carbon atoms,
with those groups having 10 or fewer carbon atoms being preferred herein. A “lower alkyl” or

“lower alkylene” is a shorter chain alkyl or alkylene group, generally having eight or fewer

10
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carbon atoms. The term “alkenylene,” by itself or as part of another substituent, means, unless
otherwise stated, a divalent radical derived from an alkene.
|0059] The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain, or combinations thereof, including at least
one carbon atom and at least one heteroatom (e.g., O, N, P, Si, and S), and wherein the nitrogen
and sulfur atoms may optionally be oxidized, and the nitrogen heteroatom may optionally be
quaternized. The heteroatom(s) (e.g., N, S, Si, or P) may be placed at any interior position of the
heteroalkyl group or at the position at which the alkyl group is attached to the remainder of the
molecule. Heteroalkyl is an uncyclized chain. Examples include, but are not limited to: -CH,-
CH,-O-CHs;, -CH,-CH,-NH-CHj;, -CH,-CH»-N(CHs)-CHs, -CH,-S-CH;,-CHs, -CH,-CH,, -S(0)-
CHj3;, -CH,-CH,-S(0),-CH;, -CH=CH-0O-CHj3, -Si(CHj3)3, -CH,-CH=N-OCHj3;, -CH=CH-
N(CH3;)-CHs;, -O-CH3;, -O-CH,-CH3;, and -CN. Up to two or three heteroatoms may be
consecutive, such as, for example, -CH;-NH-OCHj3; and -CH,-O-Si(CH3)3. A heteroalkyl moiety
may include one heteroatom (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include two
optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include three
optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include four
optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include five
optionally different heteroatoms (e.g., O, N, S, Si, or P). A heteroalkyl moiety may include up to
8 optionally different heteroatoms (e.g., O, N, S, Si, or P).

[0060] Similarly, the term “heteroalkylene,” by itself or as part of another substituent, means,
unless otherwise stated, a divalent radical derived from heteroalkyl, as exemplified, but not
limited by, -CH,-CH,-S-CH;-CHy- and -CH;-S-CH,-CH,-NH-CHa;-. For heteroalkylene groups,
heteroatoms can also occupy either or both of the chain termini (e.g., alkyleneoxy,
alkylenedioxy, alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and
heteroalkylene linking groups, no orientation of the linking group is implied by the direction in
which the formula of the linking group is written. For example, the formula -C(O),R'- represents
both -C(0);R'- and -R'C(O),-. As described above, heteroalkyl groups, as used herein, include
those groups that are attached to the remainder of the molecule through a heteroatom, such as -
C(O)R', -C(O)NR', -NR'R", -OR', -SR', and/or -SO;R'. Where “heteroalkyl” is recited, followed
by recitations of specific heteroalkyl groups, such as -NR'R" or the like, it will be understood
that the terms heteroalkyl and -NR'R" are not redundant or mutually exclusive. Rather, the
specific heteroalkyl groups are recited to add clarity. Thus, the term “heteroalkyl” should not be
interpreted herein as excluding specific heteroalkyl groups, such as -NR'R" or the like.

[0061] The terms “cycloalkyl” and “heterocycloalkyl,” by themselves or in combination with

other terms, mean, unless otherwise stated, cyclic versions of “alkyl” and “heteroalkyl,”
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respectively. Cycloalkyl and heterocycloalkyl are not aromatic. Additionally, for
heterocycloalkyl, a heteroatom can occupy the position at which the heterocycle is attached to
the remainder of the molecule. Examples of cycloalkyl include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl,
and the like. Examples of heterocycloalkyl include, but are not limited to, 1-(1,2,5,6-
tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl,
tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-vyl, 1-
piperazinyl, 2-piperazinyl, and the like. A “cycloalkylene” and a “heterocycloalkylene,” alone or
as part of another substituent, means a divalent radical derived from a cycloalkyl and
heterocycloalkyl, respectively. “Cycloalkyl” is also meant to refer to bicyclic and polycyclic
hydrocarbon rings such as, for example, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, etc.

[0062] The terms “halo” or “halogen,” by themselves or as part of another substituent, mean,
unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally, terms such
as “haloalkyl” are meant to include monohaloalkyl and polyhaloalkyl. For example, the term
“halo(C;-C4)alkyl” includes, but is not limited to, fluoromethyl, difluoromethyl, trifluoromethyl,
2,2 2-triflucroethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

[0063] The term “acyl” means, unless otherwise stated, -C(O)R where R is a substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl.

[0064] The term “aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent, which can be a single ring or multiple rings (preferably from 1 to 3
rings) that are fused together (i.e., a tfused ring aryl) or linked covalently. A fused ring aryl refers
to multiple rings fused together wherein at least one of the fused rings is an aryl ring. The term
“heteroaryl” refers to aryl groups (or rings) that contain at least one heteroatom such as N, O, or
S, wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. Thus, the term “heteroaryl” includes fused ring heteroaryl groups (i.e.,
multiple rings fused together wherein at least one of the fused rings is a heteroaromatic ring). A
5,6-fused ring heteroarylene refers to two rings fused together, wherein one ring has 5 members
and the other ring has 6 members, and wherein at least one ring is a heteroaryl ring. Likewise, a
6,6-fused ring heteroarylene refers to two rings fused together, wherein one ring has 6 members
and the other ring has 6 members, and wherein at least one ring is a heteroaryl ring. And a 6,5-
fused ring heteroarylene refers to two rings fused together, wherein one ring has 6 members and
the other ring has 5 members, and wherein at least one ring is a heteroaryl ring. A heteroaryl

group can be attached to the remainder of the molecule through a carbon or heteroatom. Non-
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limiting examples of aryl and heteroaryl groups include phenyl, naphthyl, pyrrolyl, pyrazolyl,
pyridazinyl, triazinyl, pyrimidinyl, imidazolyl, pyrazinyl, purinyl, oxazolyl, isoxazolyl, thiazolyl,
furyl, thienyl, pyridyl, pyrimidyl, benzothiazolyl, benzoxazoyl benzimidazolyl, benzofuran,
isobenzofuranyl, indolyl, isoindolyl, benzothiophenyl, isoquinolyl, quinoxalinyl, quinolyl, 1-
naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl,
4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl,
4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-
benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-
quinolyl, and 6-quinolyl. Substituents for each of the above noted aryl and heteroaryl ring
systems are selected from the group of acceptable substituents described below. An “arylene”
and a “heteroarylene,” alone or as part of another substituent, mean a divalent radical derived
from an aryl and heteroaryl, respectively. A heteroaryl group substituent may be -O- bonded to a
ring heteroatom nitrogen.

[0065] Spirocyclic rings are two or more rings wherein adjacent rings are attached through a
single atom. The individual rings within spirocyclic rings may be identical or different.
Individual rings in spirocyclic rings may be substituted or unsubstituted and may have different
substituents from other individual rings within a set of spirocyclic rings. Possible substituents
for individual rings within spirocyclic rings are the possible substituents for the same ring when
not part of spirocyclic rings (e.g. substituents for cycloalkyl or heterocycloalkyl rings).
Spirocylic rings may be substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkylene, substituted or unsubstituted heterocycloalkyl or substituted or unsubstituted
heterocycloalkylene and individual rings within a spirocyclic ring group may be any of the
immediately previous list, including having all rings of one type (e.g. all rings being substituted
heterocycloalkylene wherein each ring may be the same or different substituted
heterocycloalkylene). When referring to a spirocyclic ring system, heterocyclic spirocyclic rings
means a spirocyclic rings wherein at least one ring is a heterocyclic ring and wherein each ring
may be a different ring. When referring to a spirocyclic ring system, substituted spirocyclic rings
means that at least one ring is substituted and each substituent may optionally be different.
[0066] The symbol “~~~ 7 denotes the point of attachment of a chemical moiety to the
remainder of a molecule or chemical formula.

[0067] The term “oxo0,” as used herein, means an oxygen that is double bonded to a carbon atom.
[0068] The term “alkylarylene” as an arylene moiety covalently bonded to an alkylene moiety
(also referred to herein as an alkylene linker). In embodiments, the alkylarylene group has the

formula:
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[0069] An alkylarylene moiety may be substituted (e.g. with a substituent group) on the alkylene
moiety or the arylene linker (e.g. at carbons 2, 3, 4, or 6) with halogen, oxo, -N3, -CF3, -CClj3, -
CBr3, -Cl;, -CN, -CHO, -OH, -NH,, -COOH, -CONH,, -NO», -SH, -SO,CH; -SOsH, -OSOsH, -
SO>NH;, -NHNH;,, —-ONH,, -NHC(O)NHNH,, substituted or unsubstituted C,-Cs alkyl or
substituted or unsubstituted 2 to 5 membered heteroalkyl). In embodiments, the alkylarylene is
unsubstituted.

[0070] Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “cycloalkyl,” “heterocycloalkyl,”
“aryl,” and “heteroaryl”) includes both substituted and unsubstituted forms of the indicated
radical. Preferred substituents for each type of radical are provided below.

[0071] Substituents for the alkyl and hetercalkyl radicals (including those groups often referred
to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of groups selected from,
but not limited to, -OR', =0, =NR', =N-OR/, -NR'R", -SR', -halogen, -SiR'R"R"', -OC(O)R/, -
C(O)R/, -CO,R', -CONR'R", -OC(O)NR'R", -NR"C(O)R', -NR'-C(O)NR"R", -NR"C(O);R’, -
NR-C(NRR"R")=NR"", -NR-C(NR'R")=NR", -S(O)R’, -S(O);R/, -S(O);NR'R", -NRSO;R/,
—NR'NR'"R"', -ONR'R", -NR'C(O)NR"NR"R"", -CN, -NO,, -NR'SO,R", -NR'C(O)R", -
NR'C(0)-OR", -NR'OR", in a number ranging from zero to (2m'+1), where m' is the total
number of carbon atoms in such radical. R, R', R", R", and R"™ each preferably independently
refer to hydrogen, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl (e.g.,
aryl substituted with 1-3 halogens), substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkyl, alkoxy, or thioalkoxy groups, or arylalkyl groups. When a compound
described herein includes more than one R group, for example, each of the R groups is
independently selected as are each R', R", R™, and R"" group when more than one of these
groups is present. When R' and R" are attached to the same nitrogen atom, they can be combined
with the nitrogen atom to form a 4-, 5-, 6-, or 7-membered ring. For example, -NR'R" includes,
but is not limited to, 1-pyrrolidinyl and 4-morpholinyl. From the above discussion of
substituents, one of skill in the art will understand that the term “alkyl” is meant to include
groups including carbon atoms bound to groups other than hydrogen groups, such as haloalkyl
(e.g., -CF; and -CH»CFs3) and acyl (e.g., -C(O)CHj;, -C(O)CF3;, -C(O)CH,OCH3;, and the like).
[0072] Similar to the substituents described for the alkyl radical, substituents for the aryl and

heteroaryl groups are varied and are selected from, for example: -OR', -NR'R", -SR', -halogen, -
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SiR'R"R", -OC(O)R', -C(O)R', -CO:R', -CONR'R", -OC(O)NR'R", -NR"C(O)R!, -NR'-
C(O)NR"R", -NR"C(O);R', -NR-C(NR'R"R"")=NR"", -NR-C(NR'R")=NR", -S(O)R/, -S(O):R’, -
S(0),NR'R", -NRSO,;R', -NR'NR"R"', —-ONR'R", -NR'C(O)NR"NR"R"", -CN, -NO», -R', -N3, -
CH(Ph),, fluoro(C,-Cj)alkoxy, and fluoro(C;-Cy)alkyl, -NR'SO,R", -NR'C(O)R", -NR'C(O)-
OR", -NR'OR", in a number ranging from zero to the total number of open valences on the
aromatic ring system; and where R’, R", R", and R"" are preferably independently selected from
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl. When a compound described
herein includes more than one R group, for example, each of the R groups is independently
selected as are each R, R", R", and R"" groups when more than one of these groups is present.
[0073] Substituents for rings (e.g. cycloalkyl, heterocycloalkyl, aryl, heteroaryl, cycloalkylene,
heterocycloalkylene, arylene, or heteroarylene) may be depicted as substituents on the ring
rather than on a specific atom of a ring (commonly referred to as a floating substituent). In such
a case, the substituent may be attached to any of the ring atoms (obeying the rules of chemical
valency) and in the case of fused rings or spirocyclic rings, a substituent depicted as associated
with one member of the fused rings or spirocyclic rings (a floating substituent on a single ring),
may be a substituent on any of the fused rings or spirocyclic rings (a floating substituent on
multiple rings). When a substituent is attached to a ring, but not a specific atom (a floating
substituent), and a subscript for the substituent is an integer greater than one, the multiple
substituents may be on the same atom, same ring, different atoms, different fused rings, different
spirocyclic rings, and each substituent may optionally be different. Where a point of attachment
of a ring to the remainder of a molecule is not limited to a single atom (a floating substituent),
the attachment point may be any atom of the ring and in the case of a fused ring or spirocyclic
ring, any atom of any of the fused rings or spirocyclic rings while obeying the rules of chemical
valency. Where a ring, fused rings, or spirocyclic rings contain one or more ring heteroatoms
and the ring, fused rings, or spirocyclic rings are shown with one more floating substituents
(including, but not limited to, points of attachment to the remainder of the molecule), the
floating substituents may be bonded to the heteroatoms. Where the ring heteroatoms are shown
bound to one or more hydrogens (e.g. a ring nitrogen with two bonds to ring atoms and a third
bond to a hydrogen) in the structure or formula with the floating substituent, when the
heteroatom is bonded to the floating substituent, the substituent will be understood to replace the
hydrogen, while obeying the rules of chemical valency.

[0074] Two or more substituents may optionally be joined to form aryl, heteroaryl, cycloalkyl,
or heterocycloalkyl groups. Such so-called ring-forming substituents are typically, though not
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necessarily, found attached to a cyclic base structure. In one embodiment, the ring-forming
substituents are attached to adjacent members of the base structure. For example, two ring-
forming substituents attached to adjacent members of a cyclic base structure create a fused ring
structure. In another embodiment, the ring-forming substituents are attached to a single member
of the base structure. For example, two ring-forming substituents attached to a single member of
a cyclic base structure create a spirocyclic structure. In yet another embodiment, the ring-
forming substituents are attached to non-adjacent members of the base structure.

[0075] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may optionally
form a ring of the formula -T-C(O)-(CRR")q-U-, wherein T and U are independently -NR-, -O-, -
CRR'-, or a single bond, and q is an integer of from O to 3. Alternatively, two of the substituents
on adjacent atoms of the aryl or heteroaryl ring may optionally be replaced with a substituent of
the formula -A-(CHz),-B-, wherein A and B are independently -CRR'-, -O-, -NR-, -S-, -S(O) -, -
S(O),-, -S(O)NR'-, or a single bond, and r is an integer of from 1 to 4. One of the single bonds
of the new ring so formed may optionally be replaced with a double bond. Alternatively, two of
the substituents on adjacent atoms of the aryl or heteroaryl ring may optionally be replaced with
a substituent of the formula -(CRR'),-X'- (C"R"R"")4-, where s and d are independently integers
of from O to 3, and X' is -O-, -NR'-, -S-, -§(O)-, -S(O),-, or -S(0),;NR'-. The substituents R, R',
R", and R" are preferably independently selected from hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl.
[0076] As used herein, the terms “heteroatom” or “ring heteroatom™ are meant to include
oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), and silicon (Si).
[0077] A “substituent group,” as used herein, means a group selected from the following
moieties:
(A) oxo, halogen, -CF3, -CN, -OH, -NH,, -COOH, -CONH,;, -NO,, -SH, -SOsH, -SO.H, -
SO,NH,, -NHNH,, -ONH,, -NHC=(0O)NHNH,, -NHC=(0) NH,, -NHSO,H, -NHC= (O)H, -
NHC(0)-OH, -NHOH, -OCFj5, -OCHF;, unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, and
(B) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, substituted with at least
one substituent selected from:
(1) oxo, halogen, -CF3;, -CN, -OH, -NH,, -COOH, -CONH,;, -NO,, -SH, -SOsH, -SO4H, -
SO;NH;, -NHNH,, —-ONH,, -NHC=(O)NHNH,, -NHC=(0) NH,, -NHSO;H, -NHC= (O)H,
-NHC(0O)-OH, -NHOH, -OCF3, -OCHF», unsubstituted alkyl, unsubstituted heteroalkyl,
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unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, and
(i1) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, substituted with at least
one substituent selected from:

(a) oxo, halogen, -CF3, -CN, -OH, -NH,, -COOH, -CONH,, -NO», -SH, -SOsH, -SO4H, -
SO,NH,, -NHNH,, ~-ONH,, -NHC=(O)NHNH,, -NHC=(0) NH,, -NHSO,H, -NHC=
(O)H, -NHC(0O)-OH, -NHOH, -OCFj3, -OCHF,, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,
unsubstituted heteroaryl, and
(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, substituted with at
least one substituent selected from: oxo,
halogen, -CF3, -CN, -OH, -NH,, -COOH, -CONHj,, -NO,, -SH, -SO;H, -SO,H, -SO,NH,,
—NHNH,, —-ONH;, -NHC=(O)NHNH,, -NHC=(0) NH,, -NHSO,H, -NHC= (O)H, -
NHC(0)-OH, -NHOH, -OCFj3, -OCHF,, unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl.
[0078] A “size-limited substituent” or * size-limited substituent group,” as used herein, means a
group selected from all of the substituents described above for a “substituent group,” wherein
each substituted or unsubstituted alkyl is a substituted or unsubstituted C;-Cy alkyl, each
substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20 membered
heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or unsubstituted C;-Cg
cycloalkyl, each substituted or unsubstituted heterocycloalkyl is a substituted or unsubstituted 3
to 8 membered heterocycloalkyl, each substituted or unsubstituted aryl is a substituted or
unsubstituted Cs-C)g aryl, and each substituted or unsubstituted heteroaryl is a substituted or
unsubstituted 5 to 10 membered heteroaryl.
[0079] A “lower substituent” or “ lower substituent group,” as used herein, means a group
selected from all of the substituents described above for a “substituent group,” wherein each
substituted or unsubstituted alkyl is a substituted or unsubstituted C,-Cs alkyl, each substituted
or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 8 membered heteroalkyl, each
substituted or unsubstituted cycloalkyl is a substituted or unsubstituted C3-C- cycloalkyl, each
substituted or unsubstituted heterocycloalkyl is a substituted or unsubstituted 3 to 7 membered
heterocycloalkyl, each substituted or unsubstituted aryl is a substituted or unsubstituted Cs-C g
aryl, and each substituted or unsubstituted heteroaryl is a substituted or unsubstituted 5 to 9

membered heteroaryl.
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[0080] In some embodiments, each substituted group described in the compounds herein is
substituted with at least one substituent group. More specifically, in some embodiments, each
substituted alkyl, substituted heteroalkyl, substituted cycloalkyl, substituted heterocycloalkyl,
substituted aryl, substituted heteroaryl, substituted alkylene, substituted heteroalkylene,
substituted cycloalkylene, substituted heterocycloalkylene, substituted arylene, and/or
substituted heteroarylene described in the compounds herein are substituted with at least one
substituent group. In other embodiments, at least one or all of these groups are substituted with
at least one size-limited substituent group. In other embodiments, at least one or all of these
groups are substituted with at least one lower substituent group.

[0081] In other embodiments of the compounds herein, each substituted or unsubstituted alkyl
may be a substituted or unsubstituted C;-Cyg alkyl, each substituted or unsubstituted heteroalkyl
is a substituted or unsubstituted 2 to 20 membered heteroalkyl, each substituted or unsubstituted
cycloalkyl is a substituted or unsubstituted C3-Cg cycloalkyl, each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 3 to 8 membered heterocycloalkyl, each
substituted or unsubstituted aryl is a substituted or unsubstituted Cs-Cyg aryl, and/or each
substituted or unsubstituted heteroaryl is a substituted or unsubstituted 5 to 10 membered
heteroaryl. In some embodiments of the compounds herein, each substituted or unsubstituted
alkylene is a substituted or unsubstituted C;1-Cao alkylene, each substituted or unsubstituted
heteroalkylene is a substituted or unsubstituted 2 to 20 membered heteroalkylene, each
substituted or unsubstituted cycloalkylene is a substituted or unsubstituted C;-Cg cycloalkylene,
each substituted or unsubstituted heterocycloalkylene is a substituted or unsubstituted 3 to 8
membered heterocycloalkylene, each substituted or unsubstituted arylene is a substituted or
unsubstituted C4-Cg arylene, and/or each substituted or unsubstituted heteroarylene is a
substituted or unsubstituted 5 to 10 membered heteroarylene.

[0082] In some embodiments, each substituted or unsubstituted alkyl is a substituted or
unsubstituted C;-Cg alkyl, each substituted or unsubstituted heteroalkyl is a substituted or
unsubstituted 2 to 8 membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted Cs-C- cycloalkyl, each substituted or unsubstituted heterocycloalkyl
is a substituted or unsubstituted 3 to 7 membered heterocycloalkyl, each substituted or
unsubstituted aryl is a substituted or unsubstituted C¢-Cyp aryl, and/or each substituted or
unsubstituted heteroaryl is a substituted or unsubstituted 5 to 9 membered heteroaryl. In some
embodiments, each substituted or unsubstituted alkylene is a substituted or unsubstituted C,-Cg
alkylene, each substituted or unsubstituted heteroalkylene is a substituted or unsubstituted 2 to 8
membered heteroalkylene, each substituted or unsubstituted cycloalkylene is a substituted or

unsubstituted Cz-C5 cycloalkylene, each substituted or unsubstituted heterocycloalkylene is a
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substituted or unsubstituted 3 to 7 membered heterocycloalkylene, each substituted or
unsubstituted arylene is a substituted or unsubstituted Ce-C 1y arylene, and/or each substituted or
unsubstituted heteroarylene is a substituted or unsubstituted 5 to 9 membered heteroarylene. In
some embodiments, the compound is a chemical species set forth in the Examples section,
figures, or tables below.

[0083] Certain compounds of the present invention possess asymmetric carbon atoms (optical or
chiral centers) or double bonds; the enantiomers, racemates, diastereomers, tautomers, geometric
isomers, sterecisometric forms that may be defined, in terms of absolute stereochemistry, as (R)-
or (S)- or, as (D)- or (L)- for amino acids, and individual isomers are encompassed within the
scope of the present invention. The compounds of the present invention do not include those that
are known in art to be too unstable to synthesize and/or isolate. The present invention is meant
to include compounds in racemic and optically pure forms. Optically active (R)- and (S)-, or
(D)- and (L)-isomers may be prepared using chiral synthons or chiral reagents, or resolved using
conventional techniques. When the compounds described herein contain olefinic bonds or other
centers of geometric asymmetry, and unless specified otherwise, it is intended that the
compounds include both E and Z geometric isomers.

[0084] As used herein, the term “isomers” refers to compounds having the same number and
kind of atoms, and hence the same molecular weight, but differing in respect to the structural
arrangement or configuration of the atoms.

[0085] The term “tautomer,” as used herein, refers to one of two or more structural isomers
which exist in equilibrium and which are readily converted from one isomeric form to another.
[0086] It will be apparent to one skilled in the art that certain compounds of this invention may
exist in tautomeric forms, all such tautomeric forms of the compounds being within the scope of
the invention.

[0087] Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each asymmetric
center. Therefore, single stereochemical isomers as well as enantiomeric and diastereomeric
mixtures of the present compounds are within the scope of the invention.

[0088] Unless otherwise stated, structures depicted herein are also meant to include compounds
which differ only in the presence of one or more isotopically enriched atoms. For example,
compounds having the present structures except for the replacement of a hydrogen by a
deuterium or tritium, or the replacement of a carbon by *C- or "*C-enriched carbon are within
the scope of this invention.

[0089] The compounds of the present invention may also contain unnatural proportions of

atomic isotopes at one or more of the atoms that constitute such compounds. For example, the
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compounds may be radiolabeled with radioactive isotopes, such as for example tritium (°H),
iodine-125 (**I), or carbon-14 (**C). All isotopic variations of the compounds of the present
invention, whether radioactive or not, are encompassed within the scope of the present invention.
[0090] Tt should be noted that throughout the application that alternatives are written in Markush
groups, for example, each amino acid position that contains more than one possible amino acid.
It is specifically contemplated that each member of the Markush group should be considered
separately, thereby comprising another embodiment, and the Markush group is not to be read as
a single unit.

[0091] “Analog” or “analogue” is used in accordance with its plain ordinary meaning within
Chemistry and Biology and refers to a chemical compound that is structurally similar to another
compound (i.e., a so-called “reference” compound) but differs in composition, e.g., in the
replacement of one atom by an atom of a different element, or in the presence of a particular
functional group, or the replacement of one functional group by another functional group, or the
absolute stereochemistry of one or more chiral centers of the reference compound. Accordingly,
an analog is a compound that is similar or comparable in function and appearance but not in
structure or origin to a reference compound.

[0092] The terms “a” or “an,” as used in herein means one or more. In addition, the phrase
“substituted with a[n],” as used herein, means the specified group may be substituted with one or
more of any or all of the named substituents. For example, where a group, such as an alkyl or
heteroaryl group, is “substituted with an unsubstituted C;-Cy alkyl, or unsubstituted 2 to 20
membered heteroalkyl,” the group may contain one or more unsubstituted C;-Cyq alkyls, and/or
one or more unsubstituted 2 to 20 membered heteroalkyls.

[0093] Moreover, where a moiety is substituted with an R substituent, the group may be referred
to as “R-substituted.” Where a moiety is R-substituted, the moiety is substituted with at least one
R substituent and each R substituent is optionally different. Where a particular R group is
present in the description of a chemical genus (such as Formula (I)), a Roman alphabetic symbol
may be used to distinguish each appearance of that particular R group. For example, where
multiple R" substituents are present, each R'? substituent may be distinguished as R"** R'*®

RBC, RYP | etc., wherein each ofR”A, RYB, R13C, RYP etc. is defined within the scope of the

>

definition of R"* and optionally differently.

[0094] A “detectable moiety” as used herein refers to a moiety that can be covalently or
noncovalently attached to a compound or biomolecule that can be detected for instance, using
techniques known in the art. In embodiments, the detectable moiety is covalently attached. The
detectable moiety may provide for imaging of the attached compound or biomolecule. The

detectable moiety may indicate the contacting between two compounds. Exemplary detectable

20

1395



WO 2019/210266 PCT/US2019/029486
moieties are fluorophores, antibodies, reactive dies, radio-labeled moieties, magnetic contrast
agents, and quantum dots. Exemplary fluorophores include fluorescein, rhodamine, GFP,
coumarin, FITC, Alexa fluor, Cy3, Cy5, BODIPY, and cvanine dyes. Exemplary radionuclides
include Fluorine-18, Gallium-68, and Copper-64. Exemplary magnetic contrast agents include
gadolinium, iron oxide and iron platinum, and manganese.

[0095] Descriptions of compounds of the present invention are limited by principles of chemical
bonding known to those skilled in the art. Accordingly, where a group may be substituted by one
or more of a number of substituents, such substitutions are selected so as to comply with
principles of chemical bonding and to give compounds which are not inherently unstable and/or
would be known to one of ordinary skill in the art as likely to be unstable under ambient
conditions, such as aqueous, neutral, and several known physiological conditions. For example,
a heterocycloalkyl or heteroaryl is attached to the remainder of the molecule via a ring
heteroatom in compliance with principles of chemical bonding known to those skilled in the art
thereby avoiding inherently unstable compounds.

[0096] The term “pharmaceutically acceptable salts” is meant to include salts of the active
compounds that are prepared with relatively nontoxic acids or bases, depending on the particular
substituents found on the compounds described herein. When compounds of the present
invention contain relatively acidic functionalities, base addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired base,
either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base addition
salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium salt, or a
similar salt. When compounds of the present invention contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral form of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable inert solvent. Examples of
pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric, hydriodic,
or phosphorous acids and the like, as well as the salts derived from relatively nontoxic organic
acids like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric,
lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, tartaric, oxalic,
methanesulfonic, and the like. Also included are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or galactunoric acids and the like (see, for
example, Berge et al., “Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-
19). Certain specific compounds of the present invention contain both basic and acidic

functionalities that allow the compounds to be converted into either base or acid addition salts.
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[0097] Thus, the compounds of the present invention may exist as salts, such as with
pharmaceutically acceptable acids. The present invention includes such salts. Non-limiting
examples of such salts include hydrochlorides, hydrobromides, phosphates, sulfates,
methanesulfonates, nitrates, maleates, acetates, citrates, fumarates, proprionates, tartrates (e.g.,
(+)-tartrates, (-)-tartrates, or mixtures thereof including racemic mixtures), succinates, benzoates,
and salts with amino acids such as glutamic acid, and quaternary ammonium salts (e.g. methyl
iodide, ethyl iodide, and the like). These salts may be prepared by methods known to those
skilled in the art.

[0098] The neutral forms of the compounds are preferably regenerated by contacting the salt
with a base or acid and isolating the parent compound in the conventional manner. The parent
form of the compound may differ from the various salt forms in certain physical properties, such
as solubility in polar solvents. In embodiments, compounds of the present invention contain both
basic and acidic functionalities that allow the compounds to be converted into either base or acid
addition salts. The neutral forms of the compounds may be regenerated by contacting the salt
with a base or acid and isolating the parent compound in a conventional manner. The parent
form of the compounds differs from the various salt forms in certain physical properties, such as
solubility in polar solvents, but, unless specifically indicated, the salts disclosed herein are
equivalent to the parent form of the compound for the purposes of the present invention.
[0099] In addition to salt forms, the present invention provides compounds, which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present invention. Prodrugs of the compounds described herein may be converted iz vivo after
administration. Additionally, prodrugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vivo environment, such as, for example,
when contacted with a suitable enzyme or chemical reagent.

[0100] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are encompassed within the scope of the present invention. Certain
compounds of the present invention may exist in multiple crystalline or amorphous forms. In
general, all physical forms are equivalent for the uses contemplated by the present invention and
are intended to be within the scope of the present invention.

[0101] “Pharmaceutically acceptable excipient” and “pharmaceutically acceptable carrier” refer
to a substance that aids the administration of a compound 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
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excipients include water, NaCl, normal saline solutions, lactated Ringer’s, normal sucrose,
normal glucose, binders, fillers, disintegrants, lubricants, 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.

[0102] 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.

[0103] A “CRF1 inhibitor” refers to a compound (e.g., compounds described herein) that
reduces the activity of CRF1 when compared to a control, such as absence of the compound or a
compound with known inactivity.

[0104] The terms “polypeptide,” “peptide” and “protein” are used interchangeably herein to
refer to a polymer of amino acid residues, wherein the polymer may optionally be conjugated to
a moiety that does not consist of amino acids. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-naturally

7 @

occurring amino acid polymer. In embodiments, the terms “polypeptide,” “peptide,” and
“protein”, used interchangeably herein, refer to a polymeric form of amino acids of any length,
which can include genetically coded and non-genetically coded amino acids, chemically or
biochemically modified or derivatized amino acids, and polypeptides having modified
polypeptide backbones. The terms include fusion proteins, including, but not limited to, fusion
proteins with a heterologous amino acid sequence; fusion proteins with heterologous and
homologous leader sequences, with or without N-terminus methionine residues;
immunologically tagged proteins; and the like.

[0105] A polypeptide, or a cell is “recombinant” when it is artificial or engineered, or derived
from or contains an artificial or engineered protein or nucleic acid (e.g. non-natural or not wild
type). For example, a polynucleotide that is inserted into a vector or any other heterologous
location, e.g., in a genome of a recombinant organism, such that it is not associated with

nucleotide sequences that normally flank the polynucleotide as it is found in nature is a
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recombinant polynucleotide. A protein expressed iz vitro or in vivo from a recombinant
polynucleotide is an example of a recombinant polypeptide. Likewise, a polynucleotide
sequence that does not appear in nature, for example a variant of a naturally occurring gene, is
recombinant.

[0106] “Contacting” is used in accordance with its plain ordinary meaning and refers to the
process of allowing at least two distinct species (e.g. chemical compounds including
biomolecules or cells) to become sufficiently proximal to react, interact or physically touch. It
should be appreciated; however, the resulting reaction product can be produced directly from a
reaction between the added reagents or from an intermediate from one or more of the added
reagents that can be produced in the reaction mixture.

[0107] The term “contacting” may include allowing two species to react, interact, or physically
touch, wherein the two species may be a compound as described herein and a protein or enzyme.
In some embodiments contacting includes allowing a compound described herein to interact
with a protein or enzyme that is involved in a signaling pathway (e.g., MAP kinase pathway).
[0108] As defined herein, the term “activation”, “activate”, “activating” and the like in reference
to a protein refers to conversion of a protein into a biologically active derivative from an initial
inactive or deactivated state. The terms reference activation, or activating, sensitizing, or up-
regulating signal transduction or enzymatic activity or the amount of a protein decreased in a
disease.

[0109] The terms “agonist,” “activator,” “upregulator,” etc. refer to a substance capable of
detectably increasing the expression or activity of a given gene or protein. The agonist can
increase expression or activity 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more in
comparison to a control in the absence of the agonist. In certain instances, expression or activity
is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or higher than the expression or activity in the
absence of the agonist. In embodiments, an agonist is a molecule that interacts with a target to
cause or promote an increase in the activation of the target. In embodiments, activators are
molecules that increase, activate, facilitate, enhance activation, sensitize, or up-regulate, e.g., a
gene, protein, ligand, receptor, or cell.

[0110] 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. In embodiments inhibition means negatively affecting (e.g. decreasing) the
concentration or levels of the protein relative to the concentration or level of the protein in the
absence of the inhibitor. In embodiments inhibition refers to reduction of a disease or symptoms

of disease. In embodiments, inhibition refers to a reduction in the activity of a particular protein
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target. 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. In embodiments, inhibition
refers to a reduction of activity of a target protein resulting from a direct interaction (e.g. an
inhibitor binds to the target protein). In embodiments, inhibition refers to a reduction of activity
of a target protein from an indirect interaction (e.g. an inhibitor binds to a protein that activates
the target protein, thereby preventing target protein activation).

[0111] The terms “inhibitor,” “repressor” or “antagonist” or “downregulator” interchangeably
refer to a substance capable of detectably decreasing the expression or activity of a given gene
or protein. The antagonist can decrease expression or activity 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or more in comparison to a control in the absence of the antagonist. In certain
instances, expression or activity is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or lower than
the expression or activity in the absence of the antagonist. An antagonist prevents, reduces,
inhibits, or neutralizes the activity of an agonist, and an antagonist can also prevent, inhibit, or
reduce constitutive activity of a target, e.g., a target receptor, even where there is no identified
agonist. In embodiments, inhibitors are molecules that decrease, block, prevent, delay activation,
inactivate, desensitize, or down-regulate, e.g., a gene, protein, ligand, receptor, or cell. An
inhibitor may also be defined as a molecule that reduces, blocks, or inactivates a constitutive
activity. An “antagonist” is a molecule that opposes the action(s) of an agonist.

[0112] The terms “corticotropin-releasing factor type-1,” “CRF;,” “corticotropin-releasing
hormone receptor 1,” and “CHHR 1" refer to a protein (including homologs, isoforms, and
functional fragments thereof) and is a receptor for corticotropin releasing-hormone. The terms
include any recombinant or naturally-occurring form of CRF, variants thereof that maintain
CRF, activity (e.g. within at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%
activity compared to wildtype CRF1). The terms include any mutant form of CRF, variants (e.g.,
frameshift mutations) thereof that maintain CRF; activity (e.g. within at least 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, or 100% activity compared to wildtype CRF;). In embodiments, the
CRF, protein encoded by the CRHR/ gene has the amino acid sequence set forth in or
corresponding to Entrez 1233, UniProt P34998.

[0113] The term “expression” includes any step involved in the production of the polypeptide
including, but not limited to, transcription, post-transcriptional modification, translation, post-
translational modification, and secretion. Expression can be detected using conventional
techniques for detecting protein (e.g., ELISA, Western blotting, flow cytometry,

immunofluorescence, immunohistochemistry, ezc.).
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[0114] The terms “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. The disease
may be a malignant or benign tumor (e.g., testicular adrenal rest tumors (TART) or ovarian
adrenal rest tumors (OART)). The disease may be cancer. In some further instances, “cancer”
refers to human cancers and carcinomas, sarcomas, adenocarcinomas, lymphomas, leukemias,
etc., including solid and lymphoid cancers, kidney, breast, lung, bladder, colon, ovarian, prostate,
pancreas, adrenal, stomach, brain, head and neck, skin, uterine, testicular, glioma, esophagus,
and liver cancer, including hepatocarcinoma, lymphoma, including B-acute lymphoblastic
lymphoma, non-Hodgkin’s lymphomas (e.g., Burkitt’s, Small Cell, and Large Cell lymphomas),
Hodgkin’s lymphoma, leukemia (including MDS, AML, ALL, ATLL and CML), or multiple
myeloma.

[0115] As used herein, the term “cancer” refers to all types of cancer, neoplasm or malignant
tumors found in mammals (e.g. humans), including leukemia, carcinomas and sarcomas.
Exemplary cancers that may be treated with a compound or method provided herein include
adrenal cancer and tumors (e.g., testicular adrenal rest tumors (TART) or ovarian adrenal rest
tumors (OART)) brain cancer, glioma, glioblastoma, neuroblastoma, prostate cancer, colorectal
cancer, pancreatic cancer, cervical cancer, gastric cancer, ovarian cancer, lung cancer, and
cancer of the head. Exemplary cancers that may be treated with a compound or method provided
herein include cancer of the thyroid, endocrine system, brain, breast, cervix, colon, head & neck,
liver, kidney, lung, non-small cell lung, melanoma, mesothelioma, ovary, sarcoma, stomach,
uterus, Medulloblastoma, colorectal cancer, pancreatic cancer. Additional examples include,
thyroid carcinoma, cholangiocarcinoma, pancreatic adenocarcinoma, skin cutaneous melanoma,
colon adenocarcinoma, rectum adenocarcinoma, stomach adenocarcinoma, esophageal
carcinoma, head and neck squamous cell carcinoma, breast invasive carcinoma, lung
adenocarcinoma, lung squamous cell carcinoma, Hodgkin's Disease, Non-Hodgkin's Lymphoma,
multiple myeloma, neuroblastoma, glioma, glioblastoma multiforme, ovarian cancer,
rhabdomyosarcoma, primary thrombocytosis, primary macroglobulinemia, primary brain tumors,
cancer, malignant pancreatic insulanoma, malignant carcinoid, urinary bladder cancer,
premalignant skin lesions, testicular cancer, lymphomas, thyroid cancer, neuroblastoma,
esophageal cancer, genitourinary tract cancer, malignant hypercalcemia, endometrial cancer,
adrenal cortical cancer, neoplasms of the endocrine or exocrine pancreas, medullary thyroid
cancer, medullary thyroid carcinoma, melanoma, colorectal cancer, papillary thyroid cancer,
hepatocellular carcinoma, or prostate cancer.

[0116] The term “congenital adrenal hyperplasia” or “CAH” are any of several autosomal

recessive diseases resulting from mutations of genes for enzymes mediating the biochemical
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steps of production of mineralocorticoids, glucocorticoids or sex steroids from cholesterol by the
adrenal glands (steroidogenesis). These conditions involve excessive or deficient production of
sex steroids and can alter development of primary or secondary sex characteristics in some
affected infants, children, or adults.

[0117] “Adrenal rest tumor” refers to a neoplasm of the testis (or ovaries) consisting of adrenal
tissue. It may be secondary to hyperplasia of an adrenal gland.

[0118] “Testicular adrenal rest tumor(s)” or “TART” and/or ovarian adrenal rest tumor(s) are a
complication of congenital adrenal hyperplasia (CAH), which may develop from ectopic
remnants of intra-testicular adrenal tissue stimulated by adrenocorticotropic hormone (ACTH)
hypersecretion. TART lesions are typically located within the rete testis and are bilateral,
synchronous, nodular and multiple. TART can lead to testicular structural damage,
spermatogenesis disorders, infertility and mass-forming lesions.

[0119] The term “leukemia” refers broadly to progressive, malignant diseases of the blood-
forming organs and is generally characterized by a distorted proliferation and development of
leukocytes and their precursors in the blood and bone marrow. Leukemia is generally clinically
classified on the basis of (1) the duration and character of the disease-acute or chronic; (2) the
type of cell involved; myeloid (myelogenous), lymphoid (lymphogenous), or monocytic; and (3)
the increase or non-increase in the number abnormal cells in the blood-leukemic or aleukemic
(subleukemic). Exemplary leukemias that may be treated with a compound or method provided
herein include, for example, acute nonlymphocytic leukemia, chronic lymphocytic leukemia,
acute granulocytic leukemia, chronic granulocytic leukemia, acute promyelocytic leukemia,
adult T-cell leukemia, aleukemic leukemia, a leukocythemic leukemia, basophylic leukemia,
blast cell leukemia, bovine leukemia, chronic myelocytic leukemia, leukemia cutis, embryonal
leukemia, eosinophilic leukemia, Gross' leukemia, hairy-cell leukemia, hemoblastic leukemia,
hemocytoblastic leukemia, histiocytic leukemia, stem cell leukemia, acute monocytic leukemia,
leukopenic leukemia, lymphatic leukemia, lymphoblastic leukemia, lymphocytic leukemia,
lymphogenous leukemia, lymphoid leukemia, lymphosarcoma cell leukemia, mast cell leukemia,
megakaryocytic leukemia, micromyeloblastic leukemia, monocytic leukemia, myeloblastic
leukemia, myelocytic leukemia, myeloid granulocytic leukemia, myelomonocytic leukemia,
Naegeli leukemia, plasma cell leukemia, multiple myeloma, plasmacytic leukemia,
promyelocytic leukemia, Rieder cell leukemia, Schilling's leukemia, stem cell leukemia,
subleukemic leukemia, or undifferentiated cell leukemia.

[0120] The term “sarcoma” generally refers to a tumor which is made up of a substance like the
embryonic connective tissue and is generally composed of closely packed cells embedded in a

fibrillar or homogeneous substance. Sarcomas that may be treated with a compound or method
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provided herein include a chondrosarcoma, fibrosarcoma, lymphosarcoma, melanosarcoma,
myxosarcoma, osteosarcoma, Abemethy's sarcoma, adipose sarcoma, liposarcoma, alveolar soft
part sarcoma, ameloblastic sarcoma, botryoid sarcoma, chloroma sarcoma, chorio carcinoma,
embryonal sarcoma, Wilms' tumor sarcoma, endometrial sarcoma, stromal sarcoma, Ewing's
sarcoma, fascial sarcoma, fibroblastic sarcoma, giant cell sarcoma, granulocytic sarcoma,
Hodgkin's sarcoma, idiopathic multiple pigmented hemorrhagic sarcoma, immunoblastic
sarcoma of B cells, lymphoma, immunoblastic sarcoma of T-cells, Jensen's sarcoma, Kaposi's
sarcoma, Kupffer cell sarcoma, angiosarcoma, leukosarcoma, malignant mesenchymoma
sarcoma, parosteal sarcoma, reticulocytic sarcoma, Rous sarcoma, serocystic sarcoma, synovial
sarcoma, or telangiectaltic sarcoma.

[0121] The term “melanoma” is taken to mean a tumor arising from the melanocytic system of
the skin and other organs. Melanomas that may be treated with a compound or method provided
herein include, for example, acral-lentiginous melanoma, amelanotic melanoma, benign juvenile
melanoma, Cloudman's melanoma, S91 melanoma, Harding-Passey melanoma, juvenile
melanoma, lentigo maligna melanoma, malignant melanoma, nodular melanoma, subungal
melanoma, or superficial spreading melanoma.

[0122] The term “carcinoma’” refers to a malignant new growth made up of epithelial cells
tending to infiltrate the surrounding tissues and give rise to metastases. Exemplary carcinomas
that may be treated with a compound or method provided herein include, for example, thyroid
carcinoma, cholangiocarcinoma, pancreatic adenocarcinoma, skin cutaneous melanoma, colon
adenocarcinoma, rectum adenocarcinoma, stomach adenocarcinoma, esophageal carcinoma,
head and neck squamous cell carcinoma, breast invasive carcinoma, lung adenocarcinoma, lung
squamous cell carcinoma, medullary thyroid carcinoma, familial medullary thyroid carcinoma,
acinar carcinoma, acinous carcinoma, adenocystic carcinoma, adenoid cystic carcinoma,
carcinoma adenomatosum, carcinoma of adrenal cortex, alveolar carcinoma, alveolar cell
carcinoma, basal cell carcinoma, carcinoma basocellulare, basaloid carcinoma, basosquamous
cell carcinoma, bronchioalveolar carcinoma, bronchiolar carcinoma, bronchogenic carcinoma,
cerebriform carcinoma, cholangiocellular carcinoma, chorionic carcinoma, colloid carcinoma,
comedo carcinoma, corpus carcinoma, cribriform carcinoma, carcinoma en cuirasse, carcinoma
cutaneum, cylindrical carcinoma, cylindrical cell carcinoma, duct carcinoma, carcinoma durum,
embryonal carcinoma, encephaloid carcinoma, epiermoid carcinoma, carcinoma epitheliale
adenoides, exophytic carcinoma, carcinoma ex ulcere, carcinoma fibrosum, gelatiniforni
carcinoma, gelatinous carcinoma, giant cell carcinoma, carcinoma gigantocellulare, glandular
carcinoma, granulosa cell carcinoma, hair-matrix carcinoma, hematoid carcinoma,

hepatocellular carcinoma, Hurthle cell carcinoma, hyaline carcinoma, hypernephroeid carcinoma,
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infantile embryonal carcinoma, carcinoma in situ, intragpidermal carcinoma, intraepithelial
carcinoma, Krompecher's carcinoma, Kulchitzky-cell carcinoma, large-cell carcinoma, lenticular
carcinoma, carcinoma lenticulare, lipomatous carcinoma, lymphoepithelial carcinoma,
carcinoma medullare, medullary carcinoma, melanotic carcinoma, carcinoma molle, mucinous
carcinoma, carcinoma muciparum, carcinoma mucocellulare, mucoepidermoid carcinoma,
carcinoma mucosum, mucous carcinoma, carcinoma myxomatodes, nasopharyngeal carcinoma,
oat cell carcinoma, carcinoma ossificans, osteoid carcinoma, papillary carcinoma, periportal
carcinoma, preinvasive carcinoma, prickle cell carcinoma, pultaceous carcinoma, renal cell
carcinoma of kidney, reserve cell carcinoma, carcinoma sarcomatodes, schneiderian carcinoma,
scirrhous carcinoma, carcinoma scroti, signet-ring cell carcinoma, carcinoma simplex, small-cell
carcinoma, solanoid carcinoma, spheroidal cell carcinoma, spindle cell carcinoma, carcinoma
spongiosum, squamous carcinoma, squamous cell carcinoma, string carcinoma, carcinoma
telangiectaticum, carcinoma telangiectodes, transitional cell carcinoma, carcinoma tuberosum,
tuberous carcinoma, verrucous carcinoma, or carcinoma villosum.

[0123] The terms “treating” or “treatment” refer to any indicia of success in the therapy or
amelioration of an injury, disease, pathology or condition, including any objective or subjective
parameter such as abatement; remission; diminishing of symptoms or making the injury,
pathology or condition more tolerable to the patient; slowing in the rate of degeneration or
decline; making the final point of degeneration less debilitating, improving a patient’s physical
or mental well-being. The treatment or amelioration of symptoms can be based on objective or
subjective parameters; including the results of a physical examination, neuropsychiatric exams,
and/or a psychiatric evaluation. The term “treating” and conjugations thereof, may include
prevention of an injury, pathology, condition, or disease. In embodiments, treating is preventing.
In embodiments, treating does not include preventing,

[0124] “Treating” or “treatment” as used herein (and as well-understood in the art) also broadly
includes any approach for obtaining beneficial or desired results in a subject’s condition,
including clinical results. Beneficial or desired clinical results can include, but are not limited to,
alleviation or amelioration of one or more symptoms or conditions, diminishment of the extent
of a disease, stabilizing (i.e., not worsening) the state of disease, prevention of a disease’s
transmission or spread, delay or slowing of disease progression, amelioration or palliation of the
disease state, diminishment of the reoccurrence of disease, and remission, whether partial or
total and whether detectable or undetectable. In other words, “treatment” as used herein includes
any cure, amelioration, or prevention of a disease. Treatment may prevent the disease from

occurring; inhibit the disease’s spread; relieve the disease’s symptoms (e.g., ocular pain, seeing
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halos around lights, red eye, very high intraocular pressure), fully or partially remove the
disease’s underlying cause, shorten a disease’s duration, or do a combination of these things.
[0125] “Treating” and “treatment” as used herein include prophylactic treatment. Treatment
methods include administering to a subject a therapeutically effective amount of a compound
described herein. The administering step may consist of a single administration or may include a
series of administrations. The length of the treatment period depends on a variety of factors,
such as the severity of the condition, the age of the patient, the concentration of the compound,
the activity of the compositions used in the treatment, or a combination thereof. It will also be
appreciated that the effective dosage of an agent used for the treatment or prophylaxis may
increase or decrease over the course of a particular treatment or prophylaxis regime. Changes in
dosage may result and become apparent by standard diagnostic assays known in the art. In some
instances, chronic administration may be required. For example, the compositions are
administered to the subject in an amount and for a duration sufficient to treat the patient.

[0126] The term “prevent” refers to a decrease in the occurrence of disease symptoms in a
patient. As indicated above, the prevention may be complete (no detectable symptoms) or partial,
such that fewer symptoms are observed than would likely occur absent treatment. In
embodiments, prevent refers to slowing the progression of the disease, disorder or condition or
inhibiting progression thereof to a harmful or otherwise undesired state.

[0127] “Patient” or “subject in need thereof” refers 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.

[0128] An “effective amount” is an amount sufficient for a compound to accomplish a stated
purpose relative to the absence of the compound (e.g., achieve the effect for which itis
administered, treat a disease, reduce enzyme activity, increase enzyme activity, reduce a
signaling pathway, or reduce one or more symptoms of a disease or condition). An example of
an “effective amount” is an amount sufficient to contribute to the treatment, prevention, or
reduction of a symptom or symptoms of a disease, which could also be referred to as a
“therapeutically effective amount.” A “reduction” of a symptom or symptoms (and grammatical
equivalents of this phrase) means decreasing of the severity or frequency of the symptom(s), or
elimination of the symptom(s). A “prophylactically effective amount” of a drug is an amount of
a drug that, when administered to a subject, will have the intended prophylactic effect, e.g.,
preventing or delaying the onset (or reoccurrence) of an injury, disease, pathology or condition,

or reducing the likelihood of the onset (or reoccurrence) of an injury, disease, pathology, or
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condition, or their symptoms. The full prophylactic effect does not necessarily occur by
administration of one dose, and may occur only after administration of a series of doses. Thus, a
prophylactically effective amount may be administered in one or more administrations. An
“activity decreasing amount,” as used herein, refers to an amount of antagonist required to
decrease the activity of an enzyme relative to the absence of the antagonist. A “function
disrupting amount,” as used herein, refers to the amount of antagonist required to disrupt the
function of an enzyme or protein relative to the absence of the antagonist. The exact amounts
will depend on the purpose of the treatment, and will be ascertainable by one skilled in the art
using known techniques (see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992);
Lloyd, The Art, Science and Technology of Pharmaceutical Compounding (1999); Pickar,
Dosage Calculations (1999); and Remington: he Science and Practice of Pharmacy, 20th
Edition, 2003, Gennaro, Ed., Lippincott, Williams & Wilkins). The therapeutically effective
amount can be ascertained by measuring relevant physiological effects, and it can be adjusted in
connection with the dosing regimen and diagnostic analysis of the subject’s condition, and the
like. By way of example, measurement of the serum level of a CRF1 inhibitor (or, e.g., a
metabolite thereof) at a particular time post-administration may be indicative of whether a
therapeutically effective amount has been administered.

[0129] For any compound described herein, the therapeutically effective amount can be initially
determined from cell culture assays. Target concentrations will be those concentrations of active
compound(s) that are capable of achieving the methods described herein, as measured using the
methods described herein or known in the art.

[0130] Therapeutically effective amounts for use in humans can also be determined from animal
models. For example, a dose for humans can be formulated to achieve a concentration that has
been found to be effective in animals. The dosage in humans can be adjusted by monitoring
compounds effectiveness and adjusting the dosage upwards or downwards, as described above.
Adjusting the dose to achieve maximal efficacy in humans based on the methods described
above and other methods is well within the capabilities of the ordinarily skilled artisan.
Adjusting the dose to achieve maximal therapeutic window efficacy or toxicity in humans based
on the methods described above and other methods is well within the capabilities of the
ordinarily skilled artisan.

[0131] The term “therapeutically effective amount,” as used herein, refers to that amount of the
therapeutic agent sufficient to ameliorate the disorder, as described above. For example, for the
given parameter, a therapeutically effective amount will show an increase or decrease of at least
5%, 10%, 15%, 20%, 25%, 40%, 50%, 60%, 75%, 80%, 90%, or at least 100%. Therapeutic
efficacy can also be expressed as “-fold” increase or decrease. For example, a therapeutically
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effective amount can have at least a 1.2-fold, 1.5-fold, 2-fold, 5-fold, or more effect over a
control.

[0132] The terms “QD,” “qd,” and “q.d.” refer to once a day, i.e., a drug or therapeutic agent is
administered once a day for the duration of the therapeutic regimen.

[0133] The terms “BD,” “bd,” and “b.i.d.” refer to twice a day, i.e., a drug or therapeutic agent
is administered two times a day for the duration of the therapeutic regimen.

[0134] The terms “QID,” “qid,” and “q.i.d.” refer to three times a day, i.e., a drug or therapeutic
agent is administered three times a day for the duration of the therapeutic regimen.

[0135] Dosages may be varied depending upon the requirements of the patient and the
compound being employed. The dose administered to a patient, in the context of the present
invention should be sufficient to effect a beneficial therapeutic response in the patient over time.
The size of the dose also will be determined by the existence, nature, and extent of any adverse
side-effects. Determination of the proper dosage for a particular situation is within the skill of
the practitioner. Generally, treatment is initiated with smaller dosages which are less than the
optimum dose of the compound. Thereafter, the dosage is increased by small increments until
the optimum effect under circumstances is reached. Dosage amounts and intervals can be
adjusted individually to provide levels of the administered compound effective for the particular
clinical indication being treated. This will provide a therapeutic regimen that is commensurate
with the severity of the individual's disease state.

[0136] As used herein, the term “administering” means oral administration, administration as a
suppository, topical contact, intravenous, parenteral, intraperitoneal, intramuscular, intralesional,
intrathecal, intracranial, 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, efc. By “co-administer” it is meant that a composition described herein is
administered at the same time, just prior to, or just after the administration of one or more
additional therapies (e.g. anti-cancer agent, chemotherapeutic, or treatment for a
neurodegenerative disease). The compound of the invention can be administered alone or can be
coadministered to the patient. Coadministration 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

(e.g. to reduce metabolic degradation). The compositions of the present invention can be
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delivered by transdermally, by a topical route, formulated as applicator sticks, solutions,
suspensions, emulsions, gels, creams, ointments, pastes, jellies, paints, powders, and aerosols.
Oral preparations include tablets, pills, powder, dragees, capsules, liquids, lozenges, cachets,
gels, syrups, slurries, suspensions, etc., suitable for ingestion by the patient. Solid form
preparations include powders, tablets, pills, capsules, cachets, suppositories, and dispersible
granules. Liquid form preparations include solutions, suspensions, and emulsions, for example,
water or water/propylene glycol solutions. The compositions of the present invention may
additionally include components to provide sustained release and/or comfort. Such components
include high molecular weight, anionic mucomimetic polymers, gelling polysaccharides and
finely-divided drug carrier substrates. These components are discussed in greater detail in U.S.
Pat. Nos. 4,911,920; 5,403,841; 5,212,162; and 4,861,760. The entire contents of these patents
are incorporated herein by reference in their entirety for all purposes. The compositions of the
present invention can also be delivered as microspheres for slow release in the body. For
example, microspheres can be administered via intradermal injection of drug-containing
microspheres, which slowly release subcutaneously (see Rao, .J. Biomater Sci. Polym. Fd. 7:623-
645, 1995; as biodegradable and injectable gel formulations (see, e.g., Gao Pharm. Res. 12:857-
863, 1995); or, as microspheres for oral administration (see, e.g., Eyles, .J. Pharm. Pharmacol.
49:669-674, 1997). In another embodiment, the formulations of the compositions of the present
invention can be delivered by the use of liposomes which fuse with the cellular membrane or are
endocytosed, i.e., by employing receptor ligands attached to the liposome, that bind to surface
membrane protein receptors of the cell resulting in endocytosis. By using liposomes, particularly
where the liposome surface carries receptor ligands specific for target cells, or are otherwise
preferentially directed to a specific organ, one can focus the delivery of the compositions of the
present invention into the target cells in vivo. (See, e.g., Al-Muhammed, J. Microencapsul.
13:293-306, 1996, Chonn, Curr. Opin. Biotechnol. 6:698-708, 1995; Ostro, Am. J. Hosp. Pharm.
46:1576-1587, 1989). The compositions of the present invention can also be delivered as
nanoparticles.

[0137] By “co-administer” it is meant that a composition described herein is administered at the
same time, just prior to, or just after the administration of one or more additional therapies. The
compounds of the invention can be administered alone or can be coadministered to the patient.
Coadministration is meant to include simultaneous or sequential administration of the
compounds individually or in combination (more than one compound). The compositions of the
present invention can be delivered transdermally, by a topical route, or formulated as applicator
sticks, solutions, suspensions, emulsions, gels, creams, ointments, pastes, jellies, paints, powders,

and aerosols.
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[0138] For any compound described herein, the therapeutically effective amount can be initially
determined from cell culture assays. Target concentrations will be those concentrations of active
compound(s) that are capable of achieving the methods described herein, as measured using the
methods described herein or known in the art.

[0139] Utilizing the teachings provided herein, an effective prophylactic or therapeutic
treatment regimen can be planned that does not cause substantial toxicity and yet is effective to
treat the clinical symptoms demonstrated by the particular patient. This planning should involve
the careful choice of active compound by considering factors such as compound potency,
relative bioavailability, patient body weight, presence and severity of adverse side effects,
preferred mode of administration and the toxicity profile of the selected agent.

[0140] The compounds described herein can be used in combination with one another, with
other active agents known to be useful in treating cancer (e.g. colon cancer), cardiovascular
disease, metabolic disease, immune or inflammatory disease or disorder.

[0141] In some embodiments, co-administration includes administering one active agent within
05,1,2,4,6, 8,10, 12, 16, 20, 24 hours, 2 days, 4 days, 1 week or 1 month 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. In some embodiments, 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 another embodiment,
the active and/or adjunctive agents may be linked or conjugated to one another. In some
embodiments, the compounds described herein may be combined with treatments for cancer (e.g.
colon cancer), cardiovascular disease, metabolic disease, immune or inflammatory disease or
disorder.

[0142] The compounds described herein can be administered to treat a fertility disease or
disorder and/or cancer. In this regard, the compounds disclosed herein may be administered
either alone to treat such diseases or disorders or may be co-administered with another
therapeutic agent to treat such diseases or disorders.

[0143] The compounds disclosed herein may be co-administered with an agonist or antagonist
of CRF; function. The compounds described herein can be co-administered with conventional
anti-cancer/chemotherapeutic.

[0144] “Anti-cancer agent” is used in accordance with its plain ordinary meaning and refers to a
composition (e.g. compound, drug, antagonist, inhibitor, modulator) having antineoplastic
properties or the ability to inhibit the growth or proliferation of cells. In some embodiments, an

anti-cancer agent is a chemotherapeutic. In some embodiments, an anti-cancer agent is an agent
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identified herein having utility in methods of treating cancer. In some embodiments, an anti-
cancer agent is an agent approved by the FDA or similar regulatory agency of a country other
than the USA, for treating cancer. Examples of anti-cancer agents include, but are not limited to,
MEK (e.g. MEK1, MEK2, or MEK 1 and MEK2) inhibitors (e.g. X1.518, CI-1040, PD035901,
selumetinib/ AZD6244, GSK 1120212/ trametinib, GDC-0973, ARRY-162, ARRY-300,
AZDS8330, PD0325901, U0126, PD98059, TAK-733, PD318088, AS703026, BAY 869766),
alkylating agents (e.g., cyclophosphamide, ifosfamide, chlorambucil, busulfan, melphalan,
mechlorethamine, uramustine, thiotepa, nitrosoureas, nitrogen mustards (e.g., mechloroethamine,
cyclophosphamide, chlorambucil, meiphalan), ethylenimine and methylmelamines (e.g.,
hexamethlymelamine, thiotepa), alkyl sulfonates (e.g., busulfan), nitrosoureas (e.g., carmustine,
lomusitne, semustine, streptozocin), triazenes (decarbazine)), anti-metabolites (e.g., 5-
azathioprine, leucovorin, capecitabine, fludarabine, gemcitabine, pemetrexed, raltitrexed, folic
acid analog (e.g., methotrexate), or pyrimidine analogs (e.g., fluorouracil, floxouridine,
Cytarabine), purine analogs (e.g., mercaptopurine, thioguanine, pentostatin), efc.), plant
alkaloids (e.g., vincristine, vinblastine, vinorelbine, vindesine, podophyllotoxin, paclitaxel,
docetaxel, efc.), topoisomerase inhibitors (e.g., irinotecan, topotecan, amsacrine, etoposide
(VP16), etoposide phosphate, teniposide, efc.), antitumor antibiotics (e.g., doxorubicin,
adriamycin, daunorubicin, epirubicin, actinomycin, bleomycin, mitomycin, mitoxantrone,
plicamycin, efc.), platinum-based compounds (e.g. cisplatin, oxaloplatin, carboplatin),
anthracenedione (e.g., mitoxantrone), substituted urea (e.g., hydroxyurea), methyl hydrazine
derivative (e.g., procarbazine), adrenocortical suppressant (e.g., mitotane, aminoglutethimide),
epipodophyllotoxins (e.g., etoposide), antibiotics (e.g., daunorubicin, doxorubicin, bleomycin),
enzymes (e.g., L-asparaginase), inhibitors of mitogen-activated protein kinase signaling (e.g.
V0126, PD98059, PD184352, PD0325901, ARRY-142886, SB239063, SP600125, BAY 43-
9006, wortmannin, or LY294002, Syk inhibitors, mTOR inhibitors, antibodies (e.g., rituxan),
gossyphol, genasense, polyphenol E, Chlorofusin, all trans-retinoic acid (ATRA), bryostatin,
tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), 5-aza-2'-deoxycytidine, all
trans retinoic acid, doxorubicin, vincristine, etoposide, gemcitabine, imatinib (Gleevec. RTM.),
geldanamycin, 17-N-Allylamino-17-Demethoxygeldanamycin (17-AAQG), flavopiridol,
LY294002, bortezomib, trastuzumab, BAY 11-7082, PKC412, PD 184352, 20-epi-1, 25
dihydroxyvitamin D3; 5-ethynyluracil; abiraterone; aclarubicin; acylfulvene; adecypenol;
adozelesin; aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox; amifostine;
aminolevulinic acid; amrubicin;, amsacrine; anagrelide; anastrozole;, andrographolide;
angiogenesis inhibitors; antagonist D; antagonist G; antarelix; anti-dorsalizing morphogenetic
protein-1; antiandrogen, prostatic carcinoma; antiestrogen; antineoplaston; antisense
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oligonucleotides; aphidicolin glycinate; apoptosis gene modulators; apoptosis regulators;
apurinic acid; ara-CDP-DL-PTBA; arginine deaminase; asulacrine; atamestane; atrimustine;
axinastatin 1; axinastatin 2; axinastatin 3; azasetron; azatoxin; azatyrosine; baccatin I
derivatives; balanol; batimastat, BCR/ABL antagonists; benzochlorins; benzoylstaurosporine;
beta lactam derivatives; beta-alethine; betaclamycin B; betulinic acid; bFGF inhibitor;
bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate;
bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin C; camptothecin
derivatives; canarypox IL-2; capecitabine; carboxamide-amino-triazole; carboxyamidotriazole;
CaRest M3; CARN 700; cartilage derived inhibitor; carzelesin, casein kinase inhibitors (ICOS);
castanospermine; cecropin B; cetrorelix; chlorins; chloroquinoxaline sulfonamide; cicaprost; cis-
porphyrin; cladribine; clomifene analogues; clotrimazole; collismycin A; collismycin B;
combretastatin A4; combretastatin analogue; conagenin; crambescidin 816; crisnatol;
cryptophycin 8; cryptophycin A derivatives; curacin A; cyclopentanthraquinones, cycloplatam;
cypemycin; cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine;
dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil;
diaziquone; didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; 9-dioxamycin;
diphenyl spiromustine; docosanol; dolasetron; doxifluridine; droloxifene; dronabinol;
duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine; elemene; emitefur;
epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen antagonists;
etanidazole; etoposide phosphate; exemestane; fadrozole; fazarabine; fenretinide; filgrastim;
finasteride; flavopiridol; flezelastine; fluasterone; fludarabine; fluorodaunorunicin hydrochloride;
forfenimex; formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate;
galocitabine; ganirelix, gelatinase inhibitors, gemcitabine; glutathione inhibitors; hepsulfam;
heregulin; hexamethylene bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene;
idramantone; ilmofosine; ilomastat; imidazoacridones; imiquimod; immunostimulant peptides;
insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons, interleukins;
iobenguane; iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine; isobengazole;
isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N triacetate; lanreotide;
leinamycin; lenograstim; lentinan sulfate; leptolstatin; letrozole; leukemia inhibiting factor;
leukocyte alpha interferon; leuprolidetestrogen+progesterone; leuprorelin; levamisole; liarozole;
linear polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;
lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; lovastatin;
loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic peptides; maitansine; mannostatin
A; marimastat; masoprocol; maspin; matrilysin inhibitors; matrix metalloproteinase inhibitors;

menogaril, merbarone; meterelin; methioninase; metoclopramide; MIF inhibitor; mifepristone;
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miltefosine; mirimostim; mismatched double stranded RNA; mitoguazone; mitolactol;
mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin; mitoxantrone;
mofarotene; molgramostim; monoclonal antibody, human chorionic gonadotrophin;
monophosphoryl lipid A+myobacterium cell wall sk; mopidamol; multiple drug resistance gene
inhibitor; multiple tumor suppressor 1-based therapy; mustard anticancer agent; mycaperoxide B;
mycobacterial cell wall extract; myriaporone; N-acetyldinaline; N-substituted benzamides;
nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin; nartograstim; nedaplatin;
nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide
modulators; nitroxide antioxidant; nitrullyn, O6-benzylguanine; octreotide; okicenone;
oligonucleotides; onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer;
ormaplatin, osaterone; oxaliplatin; oxaunomycin; palavamine; palmitoylrhizoxin; pamidronic
acid; panaxytriol; panomifene; parabactin; pazelliptine; pegaspargase; peldesine; pentosan
polysulfate sodium; pentostatin; pentrozole; perflubron; perfostamide; perillyl alcohol;
phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride;
pirarubicin; piritrexim; placetin A; placetin B; plasminogen activator inhibitor; platinum
complex; platinum compounds; platinum-triamine complex; porfimer sodium; porfiromycin;
prednisone; propyl bis-acridone; prostaglandin J2; proteasome inhibitors; protein A-based
immune modulator; protein kinase C inhibitor; protein kinase C inhibitors, microalgal; protein
tyrosine phosphatase inhibitors; purine nucleoside phosphorylase inhibitors; purpurins;
pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylerie conjugate; raf antagonists;
raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors; ras-GAP
inhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes; RII
retinamide; rogletimide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl; safingol;
saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence
derived inhibitor 1; sense oligonucleotides; signal transduction inhibitors; signal transduction
modulators; single chain antigen-binding protein; sizofuran; sobuzoxane; sodium borocaptate;
sodium phenylacetate; solverol, somatomedin binding protein; sonermin; sparfosic acid;
spicamycin D; spiromustine; splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-
cell division inhibitors; stipiamide; stromelysin inhibitors; sulfinosine; superactive vasoactive
intestinal peptide antagonist; suradista; suramin; swainsonine; synthetic glycosaminoglycans;
tallimustine; tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur;
tellurapyrylium; telomerase inhibitors; temoporfin; temozolomide; teniposide;
tetrachlorodecaoxide; tetrazomine; thaliblastine; thiocoraline; thrombopoietin; thrombopoietin
mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid stimulating hormone;
tin ethyl etiopurpurin; tirapazamine; titanocene bichloride; topsentin; toremifene; totipotent stem
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cell factor; translation inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate; triptorelin;
tropisetron; turosteride; tyrosine kinase inhibitors; tyrphostins; UBC inhibitors; ubenimex;
urogenital sinus-derived growth inhibitory factor; urokinase receptor antagonists; vapreotide;
variolin B; vector system, erythrocyte gene therapy; velaresol; veramine; verdins; verteporfin;
vinorelbine; vinxaltine; vitaxin; vorozole; zanoterone; zeniplatin; zilascorb; zinostatin
stimalamer, Adriamycin, Dactinomycin, Bleomycin, Vinblastine, Cisplatin, acivicin; aclarubicin;
acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretamine; ambomycin,
ametantrone acetate; aminoglutethimide; amsacrine; anastrozole; anthramycin; asparaginase;
asperlin, azacitidine; azetepa; azotomycin; batimastat, benzodepa; bicalutamide; bisantrene
hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate; brequinar sodium,;
bropirimine; busulfan, cactinomycin; calusterone; caracemide; carbetimer; carboplatin;
carmustine; carubicin hydrochloride; carzelesin; cedefingol; chlorambucil; cirolemycin;
cladribine; crisnatol mesylate; cyclophosphamide; cytarabine; dacarbazine; daunorubicin
hydrochloride; decitabine; dexormaplatin; dezaguanine;, dezaguanine mesylate; diaziquone;
doxorubicin; doexorubicin hydrochloride; droloxifene; droloxifene citrate; dromostanolone
propionate; duazomycin; edatrexate; eflornithine hydrochloride; elsamitrucin; enloplatin;
enpromate; epipropidine; epirubicin hydrochloride; erbulozole; esorubicin hydrochloride;
estramustine; estramustine phosphate sodium; etanidazole; etoposide; etoposide phosphate;
etoprine; fadrozole hydrochloride; fazarabine; fenretinide; floxuridine; fludarabine phosphate;
fluorouracil; fluorocitabine; fosquidone; fostriecin sodium; gemcitabine;, gemcitabine
hydrochloride; hydroxyurea; idarubicin hydrochloride; ifosfamide; iimofosine; interleukin I1
(including recombinant interleukin II, or rlL.sub.2), interferon alfa-2a; interferon alfa-2b;
interferon alfa-nl; interferon alfa-n3; interferon beta-1a; interferon gamma-1b; iproplatin;
irinotecan hydrochloride; lanreotide acetate; letrozole; leuprolide acetate; liarozole
hydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochloride; masoprocol;
maytansine, mechlorethamine hydrochloride; megestrol acetate; melengestrol acetate; melphalan;
menogaril, mercaptopurine; methotrexate; methotrexate sodium; metoprine, meturedepa,
mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin; mitomycin; mitosper; mitotane;
mitoxantrone hydrochloride; mycophenolic acid; nocodazoie;, nogalamycin; ormaplatin;
oxisuran; pegaspargase; peliomycin; pentamustine; peplomycin sulfate; perfosfamide;
pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin; plomestane; porfimer sodium;
porfiromycin; prednimustine; procarbazine hydrochloride; puromycin; puromycin hydrochloride;
pyrazofurin; riboprine; rogletimide; safingol; safingol hydrochloride; semustine; simtrazene;
sparfosate sodium; sparsomycin; spirogermanium hydrochloride; spiromustine; spiroplatin;
streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan sodium; tegafur; teloxantrone
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hydrochloride; temoportfin; teniposide; teroxirone; testolactone; thiamiprine; thioguanine;
thiotepa; tiazofurin; tirapazamine, toremifene citrate; trestolone acetate; triciribine phosphate;
trimetrexate; trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil mustard;
uredepa; vapreotide; verteporfin; vinblastine sulfate; vincristine sulfate; vindesine; vindesine
sulfate; vinepidine sulfate; vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate;
vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin; zinostatin; zorubicin hydrochloride,
agents that arrest cells in the G2-M phases and/or modulate the formation or stability of
microtubules, (e.g. Taxol. TM (i.e. paclitaxel), Taxotere. TM, compounds comprising the taxane
skeleton, Erbulozole (i.e. R-55104), Dolastatin 10 (i.e. DLLS-10 and NSC-376128), Mivobulin
isethionate (i.e. as CI-980), Vincristine, NSC-639829, Discodermolide (i.e. as NVP-XX-A-296),
ABT-751 (Abbott, i.e. E-7010), Altorhyrtins (e.g. Altorhyrtin A and Altorhyrtin C),
Spongistatins (e.g. Spongistatin 1, Spongistatin 2, Spongistatin 3, Spongistatin 4, Spongistatin 5,
Spongistatin 6, Spongistatin 7, Spongistatin 8, and Spongistatin 9), Cemadotin hydrochloride
(i.e. LU-103793 and NSC-D-669356), Epothilones (e.g. Epothilone A, Epothilone B, Epothilone
C (i.e. desoxyepothilone A or dEpoA), Epothilone D (i.e. KOS-862, dEpoB, and
desoxyepothilone B), Epothilone E, Epothilone F, Epothilone B N-oxide, Epothilone A N-oxide
16-aza-epothilone B, 21-aminoepothilone B (i.e. BMS-310705), 21-hydroxyepothilone D (i.e.
Desoxyepothilone F and dEpoF), 26-fluoroepothilone, Auristatin PE (i.e. NSC-654663),
Soblidotin (i.e. TZT-1027), LS-4559-P (Pharmacia, i.e. LS-4577), LS-4578 (Pharmacia, i.e. LS-
477-P), LS-4477 (Pharmacia), LS-4559 (Pharmacia), RPR-112378 (Aventis), Vincristine sulfate,
DZ-3358 (Daiichi), FR-182877 (Fujisawa, i.e. WS-9885B), GS-164 (Takeda), GS-198 (Takeda),
KAR-2 (Hungarian Academy of Sciences), BSF-223651 (BASF, i.e. ILX-651 and LU-223651),
SAH-49960 (Lilly/Novartis), SDZ-268970 (Lilly/Novartis), AM-97 (Armad/Kyowa Hakko),
AM-132 (Armad), AM-138 (Armad/Kyowa Hakko), IDN-5005 (Indena), Cryptophycin 52 (i.e.
LY-355703), AC-7739 (Ajinomoto, i.e. AVE-8063A and CS-39 HCI), AC-7700 (Ajinomoto, i.e.
AVE-8062, AVE-8062A, CS-39-L-Ser.HCI, and RPR-258062A), Vitilevuamide, Tubulysin A,
Canadensol, Centaureidin (i.e. NSC-106969), T-138067 (Tularik, i.e. T-67, TL-138067 and TI-
138067), COBRA-1 (Parker Hughes Institute, i.e. DDE-261 and WHI-261), H10 (Kansas State
University), H16 (Kansas State University), Oncocidin Al (i.e. BTO-956 and DIME), DDE-313
(Parker Hughes Institute), Fijianolide B, Laulimalide, SPA-2 (Parker Hughes Institute), SPA-1
(Parker Hughes Institute, i.e. SPIKET-P), 3-IAABU (Cytoskeleton/Mt. Sinai School of
Medicine, i.e. MF-569), Narcosine (also known as NSC-5366), Nascapine, D-24851 (Asta
Medica), A-105972 (Abbott), Hemiasterlin, 3-BAABU (Cytoskeleton/Mt. Sinai School of
Medicine, i.e. MF-191), TMPN (Arizona State University), Vanadocene acetylacetonate, T-
138026 (Tularik), Monsatrol, Inanocine (i.e. NSC-698666), 3-IAABE (Cytoskeleton/Mt. Sinai
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School of Medicine), A-204197 (Abbott), T-607 (Tuiarik, i.e. T-900607), RPR-115781
(Aventis), Eleutherobins (such as Desmethyleleutherobin, Desaetyleleutherobin, 1soeleutherobin
A, and Z-Eleutherobin), Caribaeoside, Caribaeolin, Halichondrin B, D-64131 (Asta Medica), D-
68144 (Asta Medica), Diazonamide A, A-293620 (Abbott), NPI-2350 (Nereus), Taccalonolide
A, TUB-245 (Aventis), A-259754 (Abbott), Diozostatin, (-)-Phenylahistin (i.e. NSCL-96F037),
D-68838 (Asta Medica), D-68836 (Asta Medica), Myoseverin B, D-43411 (Zentaris, i.e. D-
81862), A-289099 (Abbott), A-318315 (Abbott), HTI-286 (i.e. SPA-110, trifluoroacetate salt)
(Wyeth), D-82317 (Zentaris), D-82318 (Zentaris), SC-12983 (NCI), Resverastatin phosphate
sodium, BPR-OY-007 (National Health Research Institutes), and SSR-250411 (Sanofi)),
steroids (e.g., dexamethasone), finasteride, aromatase inhibitors, gonadotropin-releasing
hormone agonists (GnRH) such as goserelin or leuprolide, adrenocorticosteroids (e.g.,
prednisone), progestins (e.g., hydroxyprogesterone caproate, megestrol acetate,
medroxyprogesterone acetate), estrogens (e.g., diethlystilbestrol, ethinyl estradiol), antiestrogen
(e.g., tamoxifen), androgens (e.g., testosterone propionate, fluoxymesterone), antiandrogen (e.g.,
flutamide), immunostimulants (e.g., Bacillus Calmette-Guérin (BCG), levamisole, interleukin-2,
alpha-interferon, efc.), monoclonal antibodies (e.g., anti-CD20, anti-HER?2, anti-CD52, anti-
HLA-DR, and anti-VEGF monoclonal antibodies), immunotoxins (e.g., anti-CD33 monoclonal
antibody-calicheamicin conjugate, anti-CD22 monoclonal antibody-pseudomonas exotoxin
conjugate, ezc.), radioimmunotherapy (e.g., anti-CD20 monoclonal antibody conjugated to '*'In,
"y, or ', etc.), triptolide, homoharringtonine, dactinomycin, doxorubicin, epirubicin,
topotecan, itraconazole, vindesine, cerivastatin, vincristine, deoxyadenosine, sertraline,
pitavastatin, irinotecan, clofazimine, 5-nonyloxytryptamine, vemurafenib, dabrafenib, erlotinib,
gefitinib, EGFR inhibitors, epidermal growth factor receptor (EGFR)-targeted therapy or
therapeutic (e.g. gefitinib (Iressa ™), erlotinib (Tarceva ™), cetuximab (Erbitux™), lapatinib
(Tykerb™), panitumumab (Vectibix™), vandetanib (Caprelsa™), afatinib/BIBW2992, CI-
1033/canertinib, neratinib/HKI-272, CP-724714, TAK-285, AST-1306, ARRY334543, ARRY-
380, AG-1478, dacomitinib/PF299804, OSI1-420/desmethyl erlotinib, AZD8931, AEE788S,
pelitinib/EKB-569, CUDC-101, WZ8040, WZ4002, WZ3146, AG-490, XL647, PD153035,
BMS-599626), sorafenib, imatinib, sunitinib, dasatinib, or the like.

[0145] “Chemotherapeutic” or “chemotherapeutic agent” is used in accordance with its plain
ordinary meaning and refers to a chemical composition or compound having antineoplastic
properties or the ability to inhibit the growth or proliferation of cells.

[0146] The compounds disclosed herein may be co-administered with an
antiproliferative/antineoplastic drug or a combination thereof, as used in medical oncology, such

as an alkylating agent (for example cis-platin, carboplatin, cyclophosphamide, nitrogen mustard,
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melphalan, chlorambucil, busulphan or a nitrosourea); an antimetabolite (for example an
antifolate such as a fluoropyrimidine like S-fluorouracil or tegafur, raltitrexed, methotrexate,
cytosine arabinoside, hydroxyurea, gemcitabine or paclitaxel); an antitumour antibiotic (for
example an anthracycline such as adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin,
idarubicin, mitomycin-C, dactinomycin or mithramycin); an antimitotic agent (for example a
vinca alkaloid such as vincristine, vinblastine, vindesine or vinorelbine, or a taxoid such as taxol
or taxotere); or a topoisomerase inhibitor (for example an epipodophyllotoxin such as etoposide,
teniposide, amsacrine, topotecan or a camptothecin); (ii) a cytostatic agent such as an
antioestrogen (for example tamoxifen, toremifene, raloxifene, droloxifene or iodoxyfene), an
oestrogen receptor down regulator (for example fulvestrant), an antiandrogen (for example
bicalutamide, flutamide, nilutamide or cyproterone acetate), a LHRH antagonist or LHRH
agonist (for example goserelin, leuprorelin or buserelin), a progestogen (for example megestrol
acetate), an aromatase inhibitor (for example as anastrozole, letrozole, vorazole or exemestane)
or an inhibitor of 5.alpha.-reductase such as finasteride; (iii) an agent which inhibits cancer cell
invasion (for example a metalloproteinase inhibitor like marimastat or an inhibitor of urokinase
plasminogen activator receptor function); (iv) an inhibitor of growth factor function, for example:
a growth factor antibody (for example the anti-erbb2 antibody trastuzumab, or the anti-erbb1
antibody cetuximab [C225]), a farmesyl transferase inhibitor, a tyrosine kinase inhibitor or a
serine/threonine kinase inhibitor, an inhibitor of the epidermal growth factor family (for example
an EGFR family tyrosine kinase inhibitor such as N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazoli- n-4-amine (gefitinib, AZD 1839), N-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774) or 6-acrylamido-N-(3-chloro-4-
fluorophenyl)-7-(3-morpholinopropoxy)quinazoli- n-4-amine (CI 1033)), an inhibitor of the
platelet-derived growth factor family, or an inhibitor of the hepatocyte growth factor family; (v)
an antiangiogenic agent such as one which inhibits the effects of vascular endothelial growth
factor (for example the anti-vascular endothelial cell growth factor antibody bevacizumab, a
compound disclosed in WO 97/22596, WO 97/30035, WO 97/32856 or WO 98/13354), or a
compound that works by another mechanism (for example linomide, an inhibitor of
integrin .alpha.v beta.3 function or an angiostatin); (vi) a vascular damaging agent such as
combretastatin A4, or a compound disclosed in WO 99/02166, WO 00/40529, WO 00/41669,
WO 01/92224, WO 02/04434 or WO 02/08213; (vii) an agent used in antisense therapy, for
example one directed to one of the targets listed above, such as ISIS 2503, an anti-ras antisense;
(viii) an agent used in a gene therapy approach, for example approaches to replace aberrant
genes such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme pro-

drug therapy) approaches such as those using cytosine deaminase, thymidine kinase or a
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bacterial nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or
radiotherapy such as multi-drug resistance gene therapy; or (ix) an agent used in an
immunotherapeutic approach, for example ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumour cells, such as transfection with cytokines such as interleukin
2, interleukin 4 or granulocyte-macrophage colony stimulating factor, approaches to decrease T-
cell anergy, approaches using transfected immune cells such as cytokine-transfected dendritic
cells, approaches using cytokine-transfected tumour cell lines and approaches using anti-
idiotypic antibodies.

[0147] In embodiments, the compounds disclosed herein can be co-administered with an
antibody, such as a monoclonal antibody targeting B-Lymphocytes (such as CD20 (rituximab),
MRA-aIL16R and T-Lymphocytes, CTLA4-Ig, HuMax I1-15) or antibody modulating Ig
function such as anti-IgE (for example omalizumab).

[0148] In embodiments, treatment of cancer includes administration of an effective amount of at
least two of the following: a CRF1 inhibitor, an inhibitor of the PD-L1/PD-1 pathway, an
inhibitor of CTLA-4, an agonistic antibody of CD137 (4-1BB). In some embodiments, the
method may comprise the use of two or more combinations.

[0149] In a further embodiment, the compounds described herein can be co-administered with
conventional radiotherapeutic agents including, but not limited to, radionuclides such as *’'Sc,
S4Cu, Cu, PSr, By, Py, 0y, 105Rp, Hlag Ui, 17mgy 19y, 1S3gy 1661, 177, 18R
'""Re, *''At, and *'’Bi, optionally conjugated to antibodies directed against tumor antigens.
[0150] In addition, a CRF; inhibitor may be combined with the therapeutic administration of
immune cells, sometimes referred to as adoptive cell transfer. These cells may be cells from the
patient, a genetically related or unrelated donor, they may be genetically modified (e.g. CAR-T
cells, NK cells, etc), cell lines, genetically modified cell lines and live or dead versions of the
above. CRF1 inhibitors may also be combined with vaccines of any kind (e.g. protein/peptide,
viral, bacterial, cellular) to stimulate immune responses to cancer.

[0151] The CRF, inhibitors/CRF, antagonists disclosed herein can be administered by any
acceptable route, such oral, intraadiposal, intraarterial, intraarticular, intracranial, intradermal,
intralesional, intramusculay, intranasal, intraocularal, intrapericardial, intraperitoneal,
intrapleural, intraprostatical, intrarectal, intrathecal, intratracheal, intratumoral, intraumbilical,
intravaginal, intravenousl, intravesicullar, intravitreal, liposomal, local, mucosal, parenteral,
rectal, subconjunctival, subcutaneous, sublingual, topical, transbuccal, transdermal, vaginal, in
cremes, in lipid compositions, via a catheter, via a lavage, via continuous infusion, via infusion,
via inhalation, via injection, via local delivery, via localized perfusion, bathing target cells

directly, or any combination thereof.
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[0152] The CRF; inhibitors/CRF; antagonists disclosed herein can be administered by any
acceptable route, such oral, intraadiposal, intraarterial, intraarticular, intracranial, intradermal,
intralesional, intramusculay, intranasal, intraocularal, intrapericardial, intraperitoneal,
intrapleural, intraprostatical, intrarectal, intrathecal, intratracheal, intratumoral, intraumbilical,
intravaginal, intravenousl, intravesicullar, intravitreal, liposomal, local, mucosal, parenteral,
rectal, subconjunctival, subcutaneous, sublingual, topical, transbuccal, transdermal, vaginal, in
cremes, in lipid compositions, via a catheter, via a lavage, via continuous infusion, via infusion,
via inhalation, via injection, via local delivery, via localized perfusion, bathing target cells
directly, or any combination thereof.

[0153] The CRF; inhibitors/CRF; antagonists disclosed herein may be administered once daily
until study reached endpoint. The CRF; inhibitors/CRF; antagonists disclosed herein may be
administered at least three times but in some studies four or more times depending on the length
of the study and/or the design of the study.

[0154] The methods disclosed herein may be used in combination with additional cancer
therapy. In some embodiments, the distinct cancer therapy comprises surgery, radiotherapy,
chemotherapy, toxin therapy, immunotherapy, cryotherapy or gene therapy. In some
embodiments, the cancer is a chemotherapy-resistant or radio-resistant cancer.

[0155] A “cell” as used herein, refers to a cell carrying out metabolic or other function sufficient
to preserve or replicate its genomic DNA. A cell can be identified by well-known methods in the
art including, for example, presence of an intact membrane, staining by a particular dye, ability
to produce progeny or, in the case of a gamete, ability to combine with a second gamete to
produce a viable offspring. Cells may include prokaryotic and eukaroytic cells. Prokaryotic cells
include but are not limited to bacteria. Eukaryotic cells include but are not limited to yeast cells
and cells derived from plants and animals, for example mammalian, insect (e.g., spodoptera) and
human cells. Cells may be useful when they are naturally nonadherent or have been treated not
to adhere to surfaces, for example by trypsinization.

[0156] “Control” or “control experiment” is used in accordance with its plain ordinary meaning
and refers to an experiment in which the subjects or reagents of the experiment are treated as in
a parallel experiment except for omission of a procedure, reagent, or variable of the experiment.
In some instances, the control is used as a standard of comparison in evaluating experimental
effects. In some embodiments, a control is the measurement of the activity of a protein in the
absence of a compound as described herein (including embodiments and examples).

[0157] 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. In some embodiments, a CRF1 associated disease modulator is a compound that
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reduces the severity of one or more symptoms of a disease associated with CRF; (e.g. an
endocrine disorder, a cancer including but not limited to TART or OART). A CRF; modulator is
a compound that increases or decreases the activity or function or level of activity or level of
function of CRF;. A modulator may act alone, or it may use a cofactor, e.g., a protein, metal ion,
or small molecule. Examples of modulators include small molecule compounds and other
bioorganic molecules. Numerous libraries of small molecule compounds (e.g., combinatorial
libraries) are commercially available and can serve as a starting point for identifying a
modulator. The skilled artisan is able to develop one or more assays (e.g., biochemical or cell-
based assays) in which such compound libraries can be screened in order to identify one or more
compounds having the desired properties; thereafter, the skilled medicinal chemist is able to
optimize such one or more compounds by, for example, synthesizing and evaluating analogs and
derivatives thereof. Synthetic and/or molecular modeling studies can also be utilized in the
identification of an activator.

[0158] 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, as applied to the effects of a
modulator on a target protein, to modulate means to change by increasing or decreasing a
property or function of the target molecule or the amount of the target molecule. In
embodiments, the terms “modulate”, “modulation” and the like refer to the ability of a molecule
(e.g., an activator or an inhibitor) to increase or decrease the function or activity of CRF, either
directly or indirectly, relative to the absence of the molecule.

[0159] The term “associated” or “associated with” in the context of a substance or substance
activity or function associated with a disease (e.g. a protein associated disease, an endocrine
disorder, a disease associated with CRF,; activity, a CRF; associated disease (e.g., testicular
adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART)) means that the disease (e.g.,
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART)) is caused by (in
whole or in part), or a symptom of the disease is caused by (in whole or in part) the substance or
substance activity or function. For example, an endocrine disorder associated with CRF; activity
or function may be an endocrine disorder that results (entirely or partially) from aberrant CRF;
function (e.g. enzyme activity, protein-protein interaction, signaling pathway) or an endocrine
disorder wherein a particular symptom of the disease is caused (entirely or partially) by aberrant
CRF, activity or function. As used herein, what is described as being associated with a disease,
if a causative agent, could be a target for treatment of the disease. For example, an endocrine
disorder associated with CRF; activity or function or a CRF; associated disease (e.g., an

endocrine disorder including but not limited to TART or OART), may be treated with a
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compound described herein (e.g., CRF; modulator, CRF; inhibitor, or CRF; antagonist), in the
instance where increased CRF, activity or function (e.g. signaling pathway activity) causes the
disease (e.g., an endocrine disorder such as TART or OART). For example, an endocrine
disorder associated with CRF; activity or function or a CRF; associated endocrine disorder, may
be treated with an CRF; modulator or CRF; inhibitor, in the instance where increased CRF;
activity or function (e.g. signaling pathway activity) causes the disease.

[0160] The term “aberrant” as used herein refers to different from normal. When used to
describe enzymatic activity or protein function, aberrant refers to activity or function that is
greater or less than a normal control or the average of normal non-diseased control samples.
Aberrant activity may refer to an amount of activity that results in a disease, wherein returning
the aberrant activity to a normal or non-disease-associated amount (e.g. by administering a
compound or using a method as described herein), results in reduction of the disease or one or
more disease symptoms.

[0161] The term “signaling pathway” as used herein refers to a series of interactions between
cellular and optionally extra-cellular components (e.g. proteins, nucleic acids, small molecules,
ions, lipids) that conveys a change in one component to one or more other components, which in
turn may convey a change to additional components, which is optionally propogated to other
signaling pathway components. For example, binding of a CRF; with a compound as described
herein may reduce the level of a product of the CRF, catalyzed reaction or the level of a
downstream derivative of the product or binding may reduce the interactions between the CRF,
or a reaction product and downstream effectors or signaling pathway components (e.g., MAP
kinase pathway), resulting in changes in cell growth, proliferation, or survival.

[0162] As used herein, the terms “corticotropin-releasing factor type-1,” “CRF,”
“corticotropin-releasing hormone receptor 1,” and “CHHR1” and all other related art-accepted
terms, many of which are set forth below, refer to a compound capable of modulating, either
directly or indirectly, the CRF; receptor in an in vitro assay, an in vivo model, and/or other
means indicative of therapeutic efficacy. The terms also refer to a compound that exhibits at
least some therapeutic benefit in a human subject.

[0163] The phrase “in a sufficient amount to effect a change” means that there is a detectable
difference between a level of an indicator measured before (e.g., a baseline level) and after
administration of a particular therapy. Indicators include any objective parameter (e.g., serum
concentration) or subjective parameter (e.g., a subject’s feeling of well-being).

[0164] The “activity” of a molecule may describe or refer to the binding of the molecule to a
ligand or to a receptor; to catalytic activity; to the ability to stimulate gene expression or cell

signaling, differentiation, or maturation; to antigenic activity; to the modulation of activities of
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other molecules; and the like. The term “proliferative activity” encompasses an activity that
promotes, that is necessary for, or that is specifically associated with, for example, normal cell
division, as well as cancer, tumors, dysplasia, cell transformation, metastasis, and angiogenesis.
[0165] “Substantially pure” indicates that a component makes up greater than about 50% of the
total content of the composition, and typically greater than about 60% of the total polypeptide
content. More typically, “substantially pure” refers to compositions in which at least 75%, at
least 85%, at least 90% or more of the total composition is the component of interest. In some
cases, the polypeptide will make up greater than about 90%, or greater than about 95% of the
total content of the composition (percentage in a weight per weight basis).

[0166] The terms “specifically binds” and “selectively binds,” when referring to a
ligand/receptor, antibody/antigen, or other binding pair, indicates a binding reaction which is
determinative of the presence of the protein in a heterogeneous population of proteins and other
biologics. Thus, under designated conditions, a specified ligand binds to a particular receptor
and does not bind in a significant amount to other proteins present in the sample. The antibody,
or binding composition derived from the antigen-binding site of an antibody, of the
contemplated method binds to its antigen, or a variant or mutein thereof, with an affinity that is
at least two-fold greater, at least 10-times greater, at least 20-times greater, or at least 100-times
greater than the affinity with any other antibody, or binding composition derived therefrom. In
embodiments, the antibody will have an affinity that is greater than about 10° liters/mol, as
determined by, e.g., Scatchard analysis (Munsen, et al. (1980) Analyt. Biochem. 107:220-239).

 «

[0167] The terms “DNA,” “nucleic acid,” “nucleic acid molecule,” “polynucleotide” and the
like are used interchangeably herein to refer to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting examples of
polynucleotides include linear and circular nucleic acids, messenger RNA (mRNA),
complementary DNA (cDNA), recombinant polynucleotides, vectors, probes, primers and the
like.

[0168] As used herein, the terms “variants” and “homologs” are used interchangeably to refer to
amino acid or nucleic acid sequences that are similar to reference amino acid or nucleic acid
sequences, respectively. The term encompasses naturally-occurring variants and non-naturally-
occurring variants. Naturally-occurring variants include homologs (polypeptides and nucleic
acids that differ in amino acid or nucleotide sequence, respectively, from one species to another),
and allelic variants (polypeptides and nucleic acids that differ in amino acid or nucleotide
sequence, respectively, from one individual to another within a species). Thus, variants and
homologs encompass naturally occurring amino acid and nucleic acid sequences encoded

thereby and their isoforms, as well as splice variants of a protein or gene. The terms also
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encompass nucleic acid sequences that vary in one or more bases from a naturally-occurring
nucleic acid sequence but still translate into an amino acid sequence that corresponds to the
naturally-occurring protein due to degeneracy of the genetic code. Non-naturally-occurring
variants and homologs include polypeptides and nucleic acids that comprise a change in amino
acid or nucleotide sequence, respectively, where the change in sequence is artificially introduced
(e.g., muteins); for example, the change is generated in the laboratory by human intervention
(“hand of man”). Therefore, non-naturally occurring variants and homologs may also refer to
those that differ from the naturally-occurring sequences by one or more conservative
substitutions and/or tags and/or conjugates.

[0169] The term “muteins” as used herein refers broadly to mutated recombinant proteins. These
proteins usually carry single or multiple amino acid substitutions and are frequently derived
from cloned genes that have been subjected to site-directed or random mutagenesis, or from
completely synthetic genes.

1L Compounds

[0170] In an aspect provided herein, is a compound of Formula (I):

R!. _R2

R* ora pharmaceutically acceptable salt thereof. R' and R? are independently
ethyl or n-propyl. R® is hydrogen, Cl, Br, methyl, trifluoromethyl, or methoxy. R* is hydrogen,

)(N/\é

Br, R°R°N—, methoxymethyl, n-butyl, acetamido, pyridin-4-yl, morpholin-4-yl, K/

' 7L
N. N
: , N—" or 'R

* and R are independently hydrogen, C,-Csalkyl,
H,;NCH,CH,—, (CH3);COC(O)NHCH,CH,—, or CH;CH,CH,NHCH,CH3-In embodiments, the
inhibitor forms an irreversible bond with the amino acid residue. In embodiments, the bond is a
covalent bond.

[0171] In certain embodiments, R® is Cl, Br, methyl, or trifluoromethyl.

[0172] In certain embodiments, R? is Cl, Br, or methyl.

[0173] In certain embodiments, R* is Br, R'R°N—, pyridin-4-yl, morpholin-4-yl, or N
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[0174] In certain embodiments, R* is morpholin-4-yl or N .
[0175] In certain embodiments, R* is hydrogen, Br, R*R°N- and R* and R® are independently
C1—C3alky1.

[0176] In certain embodiments, the compound is ,ora
pharmaceutically acceptable salt thereof.

[0177] In certain embodiments, the compound is
= N’N

\

~ "N or a pharmaceutically acceptable salt thereof.

[0178] In certain embodiments, the compound is

= N’N\

N
Q , or a pharmaceutically acceptable salt thereof.

[0179] In one aspect described herein, there is a method of treating a subject in need thereof
comprising administering an astressin or a pharmaceutically acceptable salt or solvate thereof.
An astressin generally refers to a nonselective corticotropin releasing hormone antagonist that
reduces the synthesis of ACTH and cortisol.

[0180] In one aspect described herein, there is a method of treating congenital adrenal
hyperplasia (CAH) in a subject in need thereof, comprising administering an astressin or a
variant having at least about 70% identity thereto or a pharmaceutically acceptable salt or
solvate thereof. In one aspect described herein, there is a method of treating congenital adrenal

hyperplasia (CAH) in a subject in need thereof, the method comprising: (i) measuring a hormone
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level in the subject in need thereof; (ii) administering an astressin or a variant having at least
about 70% identity thereto, or a pharmaceutically acceptable salt or solvate thereof; and
repeating steps (i) and (i1) until the hormone level reaches a pre-determined range followed by a
maintenance therapy of a daily dosing of said astressin.

[0181] In one aspect described herein, there is a method of improving hyperandrogenic
symptoms in a subject in need thereof, comprising administering an astressin or a variant having
at least about 70% identity thereto, or a pharmaceutically acceptable salt or solvate thereof. In
one aspect described herein, there is a method of treating menstrual irregularity, ovulatory
dysfunction or infertility, in a subject in need thereof, comprising administering an astressin or a
variant having at least about 70% identity thereto, or a pharmaceutically acceptable salt or
solvate thereof. In one aspect described herein, there is a method of improving metabolic
symptoms in a subject in need thereof, comprising administering an astressin or a variant having
at least about 70% identity thereto; or a pharmaceutically acceptable salt or solvate thereof.
[0182] In one aspect described herein, there is a method of improving quality of life in a subject
in need thereof, comprising administering an astressin or a variant having at least about 70%
identity thereto, or a pharmaceutically acceptable salt or solvate thereof.

ITT.  Pharmaceutical Compositions

[0183] In an aspect, there is provided a pharmaceutical composition, including a compound as
described herein, including embodiments, or the structural Formula (I), and a pharmaceutically
acceptable excipient.

[0184] The compounds (e.g., CRF; inhibitors/antagonists) of the present disclosure may be in
the form of compositions suitable for administration to a subject. In general, such compositions
are “pharmaceutical compositions” comprising a compound (e.g., CRF, inhibitor(s)/
antagonist(s)) and one or more pharmaceutically acceptable or physiologically acceptable
diluents, carriers or excipients. In certain embodiments, the compound (e.g., CRF;
inhibitor/antagonist) are present in a therapeutically acceptable amount. The pharmaceutical
compositions may be used in the methods of the present disclosure; thus, for example, the
pharmaceutical compositions can be administered ex vivo or in vivo to a subject in order to
practice the therapeutic and prophylactic methods and uses described herein.

[0185] In one aspect described herein, there is a pharmaceutical composition in the form of a
capsule comprising an astressin or a variant having at least about 70% identity thereto, or a
pharmaceutically acceptable salt or solvate thereof. In one aspect described herein, there is a
pharmaceutical composition in the form of a tablet comprising an astressin or a variant having at

least about 70% identity thereto, or a pharmaceutically acceptable salt or solvate thereof.
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[0186] The pharmaceutical compositions of the present disclosure can be formulated to be
compatible with the intended method or route of administration; exemplary routes of
administration are set forth herein.

[0187] The pharmaceutical compositions containing the active ingredient (e.g., an inhibitor of
CRF, function) may be in a form suitable for oral use, for example, as tablets, capsules, troches,
lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions, hard or soft
capsules, or syrups, solutions, microbeads or elixirs. Pharmaceutical compositions intended for
oral use may be prepared for the manufacture of pharmaceutical compositions, and such
compositions may contain one or more agents such as, for example, sweetening agents,
flavoring agents, coloring agents and preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets, capsules and the like contain the active ingredient in
admixture with non-toxic pharmaceutically acceptable excipients which are suitable for the
manufacture thereof. These excipients may be, for example, diluents, such as calcium carbonate,
sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating and
disintegrating agents, for example, corn starch, or alginic acid; binding agents, for example
starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid or
talc.

[0188] The tablets, capsules and the like suitable for oral administration may be uncoated or
coated to delay disintegration and absorption in the gastrointestinal tract and thereby provide a
sustained action. For example, a time-delay material such as glyceryl monostearate or glyceryl
distearate may be employed. They may also be coated to form osmotic therapeutic tablets for
controlled release. Additional agents include biodegradable or biocompatible particles or a
polymeric substance such as polyesters, polyamine acids, hydrogel, polyvinyl pyrrolidone,
polyanhydrides, polyglycolic acid, ethylene-vinylacetate, methylcellulose,
carboxymethylcellulose, protamine sulfate, or lactide/glycolide copolymers,
polylactide/glycolide copolymers, or ethylenevinylacetate copolymers in order to control
delivery of an administered composition. For example, the oral agent can be entrapped in
microcapsules prepared by coacervation techniques or by interfacial polymerization, by the use
of hydroxymethylcellulose or gelatin-microcapsules or poly(methylmethacrolate) microcapsules,
respectively, or in a colloid drug delivery system. Colloidal dispersion systems include
macromolecule complexes, nano-capsules, microspheres, microbeads, and lipid-based systems,
including oil-in-water emulsions, micelles, mixed micelles, and liposomes. Methods for the
preparation of the above-mentioned formulations will be apparent to those skilled in the art.
[0189] Formulations for oral use may also be presented as hard gelatin capsules wherein the

active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
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phosphate, kaolin or microcrystalline cellulose, or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive
oil.

[0190] Aqueous suspensions contain the active materials in admixture with excipients suitable
for the manufacture thereof. Such excipients can be suspending agents, for example sodium
carboxymethylcellulose, methylcellulose, hydroxy-propylmethylcellulose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents, for
example a naturally-occurring phosphatide (e.g., lecithin), or condensation products of an
alkylene oxide with fatty acids (e.g., polyoxy-ethylene stearate), or condensation products of
ethylene oxide with long chain aliphatic alcohols (e.g., for heptadecaethyleneoxycetanol), or
condensation products of ethylene oxide with partial esters derived from fatty acids and a hexitol
(e.g., polyoxyethylene sorbitol monooleate), or condensation products of ethylene oxide with
partial esters derived from fatty acids and hexitol anhydrides (e.g., polyethylene sorbitan
monooleate). The aqueous suspensions may also contain one or more preservatives.

[0191] Oily suspensions may be formulated by suspending the active ingredient in a vegetable
oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid
paraffin. The oily suspensions may contain a thickening agent, for example beeswax, hard
paraffin or cetyl alcohol. Sweetening agents, such as those set forth above, and flavoring agents
may be added to provide a palatable oral preparation.

[0192] Dispersible powders and granules suitable for preparation of an aqueous suspension by
the addition of water provide the active ingredient in admixture with a dispersing or wetting
agent, and optionally one or more suspending agents and/or preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified herein.

[0193] The pharmaceutical compositions of the present disclosure may also be in the form of
oil-in-water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis
oil, or a mineral oil, for example, liquid paraffin, or mixtures of these. Suitable emulsifying
agents may be naturally occurring gums, for example, gum acacia or gum tragacanth; naturally
occurring phosphatides, for example, soy bean, lecithin, and esters or partial esters derived from
fatty acids; hexitol anhydrides, for example, sorbitan monooleate; and condensation products of
partial esters with ethylene oxide, for example, polyoxyethylene sorbitan monooleate.

[0194] The pharmaceutical compositions typically comprise a therapeutically effective amount
of a CRF; inhibitor/antagonist contemplated by the present disclosure and one or more
pharmaceutically and physiologically acceptable formulation agents. Suitable pharmaceutically
acceptable or physiologically acceptable diluents, carriers or excipients include, but are not

limited to, anticxidants (e.g., ascorbic acid and sodium bisulfate), preservatives (e.g., benzyl
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alcohol, methyl parabens, ethyl or n-propyl, p-hydroxybenzoate), emulsifying agents,
suspending agents, dispersing agents, solvents, fillers, bulking agents, detergents, buffers,
vehicles, diluents, and/or adjuvants. For example, a suitable vehicle may be physiological saline
solution or citrate-buffered saline, possibly supplemented with other materials common in
pharmaceutical compositions for parenteral administration. Neutral buffered saline or saline
mixed with serum albumin are further exemplary vehicles. Those skilled in the art will readily
recognize a variety of buffers that can be used in the pharmaceutical compositions and dosage
forms contemplated herein. Typical buffers include, but are not limited to, pharmaceutically
acceptable weak acids, weak bases, or mixtures thereof. As an example, the buffer components
can be water soluble materials such as phosphoric acid, tartaric acids, lactic acid, succinic acid,
citric acid, acetic acid, ascorbic acid, aspartic acid, glutamic acid, and salts thereof. Acceptable
buffering agents include, for example, a Tris buffer; N-(2-Hydroxyethyl)piperazine-N'-(2-
ethanesulfonic acid) (HEPES), 2-(N-Morpholino)ethanesulfonic acid (MES); 2-(N-
Morpholino)ethanesulfonic acid sodium salt (MES); 3-(N-Morpholino)propanesulfonic acid
(MOPS); and N-tris|[Hydroxymethyl Jmethyl-3-aminopropanesulfonic acid (TAPS).

[0195] After a pharmaceutical composition has been formulated, it may be stored in sterile vials
as a solution, suspension, gel, emulsion, solid, or dehydrated or lyophilized powder. Such
formulations may be stored either in a ready-to-use form, a lyophilized form requiring
reconstitution prior to use, a liquid form requiring dilution prior to use, or other acceptable form.
In some embodiments, the pharmaceutical composition is provided in a single-use container
(e.g., a single-use vial, ampule, syringe, or autoinjector (similar to, e.g., an EpiPen®)), whereas
a multi-use container (e.g., a multi-use vial) is provided in other embodiments.

[0196] Formulations can also include carriers to protect the composition against rapid
degradation or elimination from the body, such as a controlled release formulation, including
liposomes, hydrogels, prodrugs and microencapsulated delivery systems. For example, a time-
delay material such as glyceryl monostearate or glyceryl stearate alone, or in combination with a
wax, may be employed. Any drug delivery apparatus may be used to deliver a CRF,
inhibitor/antagonist, including implants (e.g., implantable pumps) and catheter systems, slow
injection pumps and devices, all of which are well known to the skilled artisan.

[0197] Depot injections, which are generally administered subcutaneously or intramuscularly,
may also be utilized to release the compound (e.g., CRF| inhibitor/antagonist) disclosed herein
over a defined period of time. Depot injections are usually either solid- or oil-based and
generally comprise at least one of the formulation components set forth herein. One of ordinary

skill in the art is familiar with possible formulations and uses of depot injections.
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[0198] The pharmaceutical compositions may be in the form of a sterile injectable aqueous or
oleagenous suspension. This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents mentioned herein. The sterile
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-butane diol.
Acceptable diluents, solvents and dispersion media that may be employed include water,
Ringer's solution, isotonic sodium chloride solution, Cremophor® EL (BASF, Parsippany, NJ) or
phosphate buffered saline (PBS), ethanol, polyol (e.g., glycerol, propylene glycol, and liquid
polyethylene glycol), and suitable mixtures thereof. In addition, sterile fixed oils are
conventionally employed as a solvent or suspending medium; for this purpose, any bland fixed
oil may be employed, including synthetic mono- or diglycerides. Moreover, fatty acids, such as
oleic acid, find use in the preparation of injectables. Prolonged absorption of particular
injectable formulations can be achieved by including an agent that delays absorption (e.g.,
aluminum monostearate or gelatin).

[0199] The present disclosure contemplates the administration of the compound (e.g., CRF;
inhibitor/antagonist) in the form of suppositories for rectal administration. The suppositories can
be prepared by mixing the drug with a suitable non-irritating excipient which is solid at ordinary
temperatures but liquid at the rectal temperature and will therefore melt in the rectum to release
the drug. Such materials include, but are not limited to, cocoa butter and polyethylene glycols.
[0200] The compound (e.g., CRF; inhibitor/antagonist) contemplated by the present disclosure
may be in the form of any other suitable pharmaceutical composition (e.g., sprays for nasal or
inhalation use) currently known or developed in the future.

V. Methods

[0201] In certain embodiments, provided herein are methods for treating or preventing a disease
comprising administering an effective amount of a compound of Formula (I), or an isotopic
variant thereof or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof.

[0202] In one embodiment, provided herein are methods for treating or preventing a tumor,
comprising administering a compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof. In one embodiment,
provided herein are methods for treating or preventing a benign tumor, comprising administering
a compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof. In one embodiment, provided herein are methods for
treating or preventing a malignant tumor, comprising administering a compound of Formula (1),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug

thereof. In one embodiment, provided herein are methods for treating or preventing an adrenal
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tumor, comprising administering a compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof. In one embodiment,
provided herein are methods for treating or preventing an adrenal rest tumor, comprising
administering a compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof.

[0203] In one embodiment, provided herein are methods for treating or preventing infertility,
comprising administering a compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof. In one embodiment,
provided herein are methods for treating or preventing male infertility, comprising administering
a compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof. In one embodiment, provided herein are methods for
improving or increasing sperm count, comprising administering a compound of Formula (I), or
an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof In one embodiment, provided herein are methods for improving or increasing sperm
motility, comprising administering a compound of Formula (I), or an isotopic variant thereof, or
a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof. In one embodiment,
provided herein are methods for improving or increasing sperm morphology, comprising
administering a compound of Formula (I), or an isotopic variant thereof;; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof. In one embodiment, provided herein are
methods for treating or preventing female infertility, comprising administering a compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof.

[0204] In one embodiment, provided herein are methods for treating or preventing a
proliferative or hyperproliferative disease or disorder, comprising administering a compound of
Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof. In certain embodiments, the proliferative disease is cancer. In
certain embodiments, the proliferative disease is a cancer of the breast, skin, prostate, cervix,
uterus, ovary, testes, bladder, lung, liver, larynx, oral cavity, colon and gastrointestinal tract (e.g.,
esophagus, stomach, pancreas), brain, thyroid, blood, and lymphatic system.

[0205] In certain embodiments, the cancer treatable with the methods provided herein includes,
but is not limited to, (1) leukemias, including, but not limited to, acute leukemia, acute
lymphocytic leukemia, acute myelocytic leukemias such as myeloblastic, promyelocytic,
myelomonocytic, monocytic, erythroleukemia leukemias and myelodysplastic syndrome or a
symptom thereof (such as anemia, thrombocytopenia, neutropenia, bicytopenia or pancytopenia),

refractory anemia (RA), RA with ringed sideroblasts (RARS), RA with excess blasts (RAEB),
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RAEB in transformation (RAEB-T), preleukemia, and chronic myelomonocytic leukemia
(CMML), (2) chronic leukemias, including, but not limited to, chronic rnyelocytic (granulocytic)
leukemia, chronic lymphocytic leukemia, and hairy cell leukemia; (3) polycythemia vera; (4)
lymphomas, including, but not limited to, Hodgkin’s disease and non-Hodgkin’s disease; (5)
multiple myelomas, including, but not limited to, smoldering multiple myeloma, nonsecretory
myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary plasmacytoma, and
extramedullary plasmacytoma, (6) Waldenstrom’s macroglobulinernia; (7) monoclonal
gammopathy of undetermined significance; (8) benign monoclonal gammopathy; (9) heavy
chain disease; (10) bone and connective tissue sarcomas, including, but not limited to, bone
sarcoma, osteosarcoma, chondrosarcoma, Ewing’s sarcoma, malignant giant cell tumor,
fibrosarcoma of bone, chordoma, periosteal sarcoma, soft-tissue sarcomas, angiosarcoma
(hemangiosarcoma), fibrosarcoma, Kaposi’s sarcoma, leiomyosarcoma, liposarcoma,
lymphangiosarcoma, metastatic cancers, neurilemmoma, rhabdomyosarcoma, and synovial
sarcoma; (11) brain tumors, including, but not limited to, glioma, astrocytoma, brain stem
glioma, ependymoma, aligodendrogliorna, nonglial tumor, acoustic neurinoma,
craniopharyngioma, medulloblastoma, meningioma, pineocytoma, pineoblastoma, and primary
brain lymphoma; (12) breast cancer, including, but not limited to, adenocarcinoma, lobular
(small cell) carcinoma, intraductal carcinoma, medullary breast cancer, mutinous breast cancer,
tubular breast cancer, papillary breast cancer, primary cancers, Paget’s disease, and
inflammatory breast cancer; (13) adrenal cancer, including, but not limited to,
pheochromocytom and adrenocortical carcinoma, (14) thyroid cancer, including, but not limited
to, papillary or follicular thyroid cancer, medullary thyroid cancer, and anaplastic thyroid cancer;
(15) pancreatic cancer, including, but not limited to, insulinoma, gastrinoma, glucagonoma,
vipoma, somatostatin-secreting tumor, and carcinoid or islet cell tumor; (16) pituitary cancer,
including, but limited to, Cushing’s disease, prol actin-secreting tumor, acromegaly, and
diabetes insipius; (17) eye cancer, including, but not limited, to ocular melanoma such as iris
melanoma, choroidal melanoma, and cilliary body melanoma, and retinoblastoma, (18) vaginal
cancer, including, but not limited to, squamous cell carcinoma, adenocarcinoma, and melanoma;
(19) vulvar cancer, including, but not limited to, squamous cell carcinoma, melanoma,
adenocarcinoma, basal cell carcinoma, sarcoma, and Paget’s disease; (20) cervical cancers,
including, but not limited to, squamous cell carcinoma, and adenocarcinoma; (21) uterine cancer,
including, but not limited to, endometrial carcinoma and uterine sarcoma; (22) ovarian cancer,
including, but not limited to, ovarian epithelial carcinoma, borderline tumor, germ cell tumor,
and stromal tumor; (23) esophageal cancer, including, but not limited to, squamous cancer,

adenocarcinoma, adenocid cystic carcinoma, mucoepidermoid carcinoma, adenosquamous
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carcinoma, sarcoma, melanoma, plasmacytoma, verrucous carcinoma, and oat cell (small cell)
carcinoma; (24) stomach cancer, including, but not limited to, adenocarcinoma, fungating
(polypoid), ulcerating, superficial spreading, diffusely spreading, malignant lymphoma,
liposarcoma, fibrosarcoma, and carcinosarcoma; (25) colon cancer; (26) rectal cancer; (27) liver
cancer, including, but not limited to, hepatocellular carcinoma and hepatoblastoma; (28)
gallbladder cancer, including, but not limited to, adenocarcinoma; (29) cholangiocarcinomas,
including, but not limited to, pappillary, nodular, and diffuse; (30) lung cancer, including, but
not limited to, non-small cell lung cancer, squamous cell carcinoma (epidermoid carcinoma),
adenocarcinoma, large-cell carcinoma, and small-cell lung cancer; (31) testicular cancer,
including, but not limited to, germinal tumor, seminoma, anaplastic, classic (typical),
spermatocytic, nonserninoma, embryonal carcinoma, teratoma carcinoma, and choriocarcinoma
(yolk-sac tumor); (32) prostate cancer, including, but not limited to, adenocarcinoma,
leiomyosarcoma, and rhabdomyosarcorna; (33) penal cancer; (34) oral cancer, including, but not
limited to, squamous cell carcinoma; (35) basal cancer; (36) salivary gland cancer, including,
but not limited to, adenocarcinoma, mucoepidermoid carcinoma, and adenoidcystic carcinoma;
(37) pharynx cancer, including, but not limited to, squamous cell cancer and verrucous; (38) skin
cancer, including, but not limited to, basal cell carcinoma, squamous cell carcinoma and
melanoma, superficial spreading melanoma, nodular melanoma, lentigo malignant melanoma,
and acral lentiginous melanoma; (39) kidney cancer, including, but not limited to, renal cell
cancer, adenocarcinoma, hypemephroma, fibrosarcoma, and transitional cell cancer (renal pelvis
and/or uterer); (40) Wilms’ tumor; (41) bladder cancer, including, but not limited to, transitional
cell carcinoma, squamous cell cancer, adenocarcinoma, and carcinosarcoma; and other cancer,
including, not limited to, myxosarcoma, osteogenic sarcoma, endotheliosarcoma, lymphangio-
endotheliosarcoma, mesothelioma, synovioma, hemangioblastoma, epithelial carcinoma,
cystadenocarcinoma, bronchogenic carcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, and papillary adenocarcinomas (See Fishman ez al., 1985,
Medicine, 2d Ed., J B. Lippincott Co., Philadelphia and Murphy et al., 1997, Informed Decisions:
The Complete Book of Cancer Diagnosis, Treatment, and Recovery, Viking Penguin, Penguin
Books U.S.A., Inc., United States of America).

[0206] Depending on the disorder, disease, or condition to be treated, and the subject’s

condition, the compounds or pharmaceutical compositions provided herein can be administered
by oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous, ICV, intracistemal injection
or infusion, subcutaneous injection, or implant), inhalation, nasal, vaginal, rectal, sublingual, or

topical (e.g., transdermal or local) routes of administration and can be formulated, alone or
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together, in suitable dosage unit with pharmaceutically acceptable excipients, carriers, adjuvants,
and vehicles appropriate for each route of administration as described elsewhere herein.

[0207] The suitability of a particular route of administration employed for a particular active
agent will depend on the active agent itself (e.g., whether it can be administered orally without
decomposing prior to entering the blood stream) and the disease being treated. Recommended
routes of administration for the second active agents are known to those of ordinary skill in the
art. See, e.g., Physicians’ Desk Reference, 1755-1760 (56th ed., 2002).

[0208] In one embodiment, provided herein are methods for treating or preventing testicular
adrenal rest tumors (TART) in a subject, comprising administering a compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof, wherein the subject has congenital adrenal hyperplasia (CAH).

[0209] In one embodiment, provided herein are methods for treating or preventing ovarian
adrenal rest tumors (OART) in a subject, comprising administering a compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof, wherein the subject has congenital adrenal hyperplasia (CAH).

[0210] In an aspect provided herein, is a method of treating or preventing testicular adrenal rest
tumors (TART), comprising administering to a subject in need thereof a corticotropin-releasing
factor type-1 (CRF,) antagonist or a pharmaceutically acceptable salt thereof.

[0211] In an aspect provided herein, is a method of treating or preventing ovarian adrenal rest
tumors (OART), comprising administering to a subject in need thereof a corticotropin-releasing
factor type-1 (CRF,) antagonist or a pharmaceutically acceptable salt thereof.

[0212] In an aspect provided herein, is a method of treating or preventing testicular adrenal rest
tumors (TART), comprising administering to a subject in need thereof a compound of structural
Formula (I):

R! _R2

R* ora pharmaceutically acceptable salt thereof. R' and R? are independently

ethyl or n-propyl. R* is hydrogen, Cl, Br, methyl, trifluoromethyl, or methoxy. R* is hydrogen,

<0

Br, R*'R°N-, methoxymethyl, n-butyl, acetamido, pyridin-4-yl, morpholin-4-yl,
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| 7L
AN
NH, N\N N_
N W '
, N , or .R*and R®

Cgalkyl, HzNCHzCHz—, (CH%)}COC(O)NHCHzCHz—, or CH}CH2CH2NHCH2CH2—.

are independently hydrogen, C;-

[0213] In an aspect provided herein, is a method of treating or preventing ovarian adrenal rest
tumors (OART), comprising administering to a subject in need thereof a compound of structural
Formula (I):

R! _RZ

R* ora pharmaceutically acceptable salt thereof. R, R% R? and R* are as
described herein, including embodiments.

[0214] Tn an aspect provided herein, is a method of decreasing or reducing adrenocorticotropic
hormone (ACTH) levels in a subject in need thereof, comprising administering to the subject

contacting the ACTH with a compound of structural Formula (I):

R, R2

R* , or a pharmaceutically acceptable salt thereof. R', R?, R* and R* are as
described herein, including embodiments. R', R, R? and R” are as described herein, including
embodiments. In certain embodiments, at least about 50% of the subjects demonstrate reduction
in ACTH.In certain embodiments, at least about 60% of the subjects demonstrate reduction in
ACTH.In certain embodiments, at least about 70% of the subjects demonstrate reduction in
ACTH. In certain embodiments, at least about 80% of the subjects demonstrate reduction in
ACTH. In embodiments, at least about 10% of subjects were in the standard or normal range for
ACTH after treatment.

[0215] In embodiments, at least about 20% of subjects were in the standard or normal range for
ACTH after treatment. In embodiments, at least about 30% of subjects were in the standard or
normal range for ACTH after treatment. In certain embodiments, ACTH levels are decreased or
reduced within about 30 minutes post dosing. In certain embodiments, ACTH levels are

decreased or reduced within about 1 hour post dosing. In certain embodiments, ACTH levels are
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decreased or reduced within about 90 minutes post dosing. In certain embodiments, ACTH
levels are decreased or reduced within about 2 hours post dosing.

[0216] In an aspect provided herein, is a method of decreasing or reducing 17a-
hydroxyprogesterone (17-OHP) levels in a subject in need thereof, comprising administering to
the subject a compound of structural Formula (I):

R, R?

Z NN,

R*  or a pharmaceutically acceptable salt thereof. R', R?, R*> and R* are as
described herein, including embodiments. RY, R% R* and R” are as described herein, including
embodiments. In certain embodiments, at least about 50% of the subjects demonstrate reduction
in 17-OHP. In certain embodiments, at least about 60% of the subjects demonstrate reduction in
17-OHP. In certain embodiments, at least about 70% of the subjects demonstrate reduction in
17-OHP. In certain embodiments, at least about 80% of the subjects demonstrate reduction in
17-OHP. In embodiments, at least about 30% of subjects were in the standard or normal range of
1200 ng/dL after treatment. In embodiments, at least about 40% of subjects were in the standard
or normal range of 1200 ng/dL after treatment. In embodiments, at least about 50% of subjects
were in the standard or normal range of 1200 ng/dL after treatment. In embodiments, at least
about 60% of subjects were in the standard or normal range of 1200 ng/dL after treatment. In
embodiments, at least about 30% of subjects demonstrated an at least about 25% reduction in
17-OHP after treatment. In embodiments, at least about 40% of subjects demonstrated an at least
about 25% reduction in 17-OHP after treatment. In embodiments, at least about 50% of subjects
demonstrated an at least about 25% reduction in 17-OHP after treatment. In embodiments, at
least about 60% of subjects demonstrated an at least about 25% reduction in 17-OHP after
treatment.

[0217] In an aspect provided herein, is a method of decreasing or reducing androstenedione
levels in a subject in need thereof, comprising administering to the subject a compound of

structural Formula (I):
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R! _R2?

R* ora pharmaceutically acceptable salt thereof. R', R*, R® and R* are as
described herein, including embodiments. R', R* R’ and R" are as described herein, including
embodiments. In certain embodiments, at least about 50% of the subjects demonstrate reduction
in androstenedione.In certain embodiments, at least about 60% of the subjects demonstrate
reduction in androstenedione.In certain embodiments, at least about 70% of the subjects
demonstrate reduction in androstenedione. In certain embodiments, at least about 80% of the
subjects demonstrate reduction in androstenedione. In certain embodiments, at least about 90%
of the subjects demonstrate reduction in androstenedione. In certain embodiments, at least 100%
of the subjects demonstrate reduction in androstenedione. In embodiments, at least about 30% of
subjects demonstrated an at least about 25% reduction in androstenedione after treatment. In
embodiments, at least about 40% of subjects demonstrated an at least about 25% reduction in
androstenedione after treatment. In embodiments, at least about 50% of subjects demonstrated
an at least about 25% reduction in androstenedione after treatment. In embodiments, at least
60% of subjects demonstrated an at least about 25% reduction in androstenedione after treatment.
In embodiments, at least about 30% of subjects were in the standard or normal range for
androstenedione after treatment. In embodiments, at least about 40% of subjects were in the
standard or normal range for androstenedione after treatment. In embodiments, at least about
50% of subjects were in the standard or normal range for androstenedione after treatment.

[0218] In certain embodiments, R’ is CI, Br, methyl, or trifluoromethyl.

[0219] In certain embodiments, R* is C1, Br, or methyl.

[0220] In certain embodiments, R* is Br, RaRbe, pyridin-4-yl, morpholin-4-yl, or N
I
N.
WRJN
[0221] In certain embodiments, R is morpholin-4-yl or N

[0222] In certain embodiments, R* is hydrogen, Br, R'R"N— and R* and R” are independently
C1-C3alkyl.

060

1435



WO 2019/210266 PCT/US2019/029486

[0223] In certain embodiments, the compound is ora
pharmaceutically acceptable salt thereof.

[0224] Tn certain embodiments, the compound is

= N’N\

<N | or a pharmaceutically acceptable salt thereof.

[0225] In certain embodiments, the compound is

= N’N\

N N/\

K/O , or a pharmaceutically acceptable salt thereof.
[0226] In certain embodiments, a compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is cyclically administered
to a patient. Cycling therapy involves the administration of an active agent or a combination of
active agents for a period of time, followed by a rest for a period of time, and repeating this
sequential administration. Cycling therapy can reduce the development of resistance to one or
more of the therapies, avoid or reduce the side effects of one of the therapies, and/or improves
the efficacy of the treatment.
[0227] In certain embodiments, in the treatment, prevention, or amelioration of one or more
symptoms of the disorders, diseases, or conditions described herein (e.g., treatment or
prevention of testicular adrenal rest tumors (TART) or treatment or prevention of ovarian
adrenal rest tumors (OART)), an appropriate dosage level of a compound of Formula (I), or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof generally is ranging from about 1 mg to 3000 mg, from about 1 mg to 2000 mg, from
about 1 mg to 1000 mg, from about 1 mg to about 500 mg, from about 5 mg to about 500 mg,
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from about 5 mg to about 400 mg, from about 5 mg to about 300 mg, from about 5 mg to about
250 mg, from about 5 mg to about 200 mg, from about 50 mg to about 200 mg, from about 10
mg to about 400 mg, from about 5 mg to about 25 mg, from about 10 mg to about 25 mg, or
from about 25 to about 200 mg, which can be administered in single or multiple doses. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 1 mg,
about 5 mg, about 10 mg mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, about 35
mg, about 40 mg, about 45 mg, about 50 mg, about 55 mg, about 60 mg, about 65 mg, about 70
mg, about 75 mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 100 mg, about
105 mg, about 110 mg, about 115 mg, about 120 mg, about 125 mg, about 130 mg, about 135
mg, about 140 mg, about 145 mg, about 150 mg, about 155 mg, about 160 mg, about 165 mg,
about 170 mg, about 175 mg, about 180 mg, about 185 mg, about 190 mg, about 195 mg, about
200 mg, about 205 mg, about 210 mg, about 215 mg, about 220 mg, about 225 mg, about 230
mg, about 235 mg, about 240 mg, about 245 mg, about 250 mg, about 255 mg, about 260 mg,
about 265 mg, about 270 mg, about 275 mg, about 280 mg, about 285 mg, about 290 mg, about
295 mg, about 300 mg, about 305 mg, about 310 mg, about 315 mg, about 320 mg, about 325
mg, about 330 mg, about 335 mg, about 340 mg, about 345 mg, about 350 mg, about 355 mg,
about 360 mg, about 365 mg, about 370 mg, about 375 mg, about 380 mg, about 385 mg, about
390 mg, about 395 mg, about 400 mg, about 450 mg, about 500 mg, about 600 mg, about 800
mg, or about 1000 mg. In certain embodiments, the compound of Formula (I), or an isotopic
variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 1 mg, about 5 mg, about 10 mg mg, about 15 mg, about 20
mg, about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg, about S0 mg, about 55
mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, about 90
mg, about 95 mg, about 100 mg, about 105 mg, about 110 mg, about 115 mg, about 120 mg,
about 125 mg, about 130 mg, about 135 mg, about 140 mg, about 145 mg, about 150 mg, about
155 mg, about 160 mg, about 165 mg, about 170 mg, about 175 mg, about 180 mg, about 185
mg, about 190 mg, about 195 mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg,
about 220 mg, about 225 mg, about 230 mg, about 235 mg, about 240 mg, about 245 mg, about
250 mg, about 255 mg, about 260 mg, about 265 mg, about 270 mg, about 275 mg, about 280
mg, about 285 mg, about 290 mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg,
about 315 mg, about 320 mg, about 325 mg, about 330 mg, about 335 mg, about 340 mg, about
345 mg, about 350 mg, about 355 mg, about 360 mg, about 365 mg, about 370 mg, about 375
mg, about 380 mg, about 385 mg, about 390 mg, about 395 mg, about 400 mg, about 450 mg,
about 500 mg, about 600 mg, about 800 mg, or about 1000 mg/day.
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[0228] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’ or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 5 mg. In certain embodiments, the compound of Formula (1), or an isotopic
variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 10 mg. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 15 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 20 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 25 mg.
In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg. In certain embodiments, the compound of Formula (I), or an isotopic
variant thereof’ or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 100 mg. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 150 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 200 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 210
mg. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’ or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 220 mg. In certain embodiments, the compound of Formula (I), or an isotopic
variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 230 mg. In certain embodiments, the compound of Formula
(I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 240 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 250 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 260
mg. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a

pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
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amount of about 270 mg. In certain embodiments, the compound of Formula (I), or an isotopic
variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 280 mg. In certain embodiments, the compound of Formula
(I), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 290 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 300 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 310
mg. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg. In certain embodiments, the compound of Formula (I), or an isotopic
variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 330 mg. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 340 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 350 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 360
mg. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’ or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 370 mg. In certain embodiments, the compound of Formula (I), or an isotopic
variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 380 mg. In certain embodiments, the compound of Formula
(I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 390 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 400 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 450
mg. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg. In certain embodiments, the compound of Formula (I), or an isotopic

variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
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administered in an amount of about 600 mg. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 700 mg. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 800 mg. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 900
mg. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg.

[0229] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1 mg, about 5 mg, about 10 mg, about 15 mg, about 20 mg, about 25 mg, about
30 mg, about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 mg, about 60 mg, about
65 mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg, about
100 mg, about 105 mg, about 110 mg, about 115 mg, about 120 mg, about 125 mg, about 130
mg, about 135 mg, about 140 mg, about 145 mg, about 150 mg, about 155 mg, about 160 mg,
about 165 mg, about 170 mg, about 175 mg, about 180 mg, about 185 mg, about 190 mg, about
195 mg, about 200 mg, or about 1000 mg.

[0230] For oral administration, the pharmaceutical compositions provided herein can be
formulated in the form of tablets or capsules containing from about 1.0 mg to about 1,000 mg of
a compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof. In certain embodiments, for oral administration, the
pharmaceutical compositions provided herein can be formulated in the form of tablets or
capsules containing about 1 mg, about 5 mg, about 10 mg, about 15 mg, about 20 mg, about 25
mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 mg, about 60
mg, about 65 mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, about 90 mg, about 95
mg, about 100 mg, about 105 mg, about 110 mg, about 115 mg, about 120 mg, about 125 mg,
about 130 mg, about 135 mg, about 140 mg, about 145 mg, about 150 mg, about 155 mg, about
160 mg, about 165 mg, about 170 mg, about 175 mg, about 180 mg, about 185 mg, about 190
mg, about 195 mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg, about 220 mg,
about 225 mg, about 230 mg, about 235 mg, about 240 mg, about 245 mg, about 250 mg, about
255 mg, about 260 mg, about 265 mg, about 270 mg, about 275 mg, about 280 mg, about 285
mg, about 290 mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg, about 315 mg,
about 320 mg, about 325 mg, about 330 mg, about 335 mg, about 340 mg, about 345 mg, about
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350 mg, about 355 mg, about 360 mg, about 365 mg, about 370 mg, about 375 mg, about 380
mg, about 385 mg, about 390 mg, about 395 mg, about 400 mg, about 405 mg, about 410 mg,
about 415 mg, about 420 mg, about 425 mg, about 430 mg, about 435 mg, about 440 mg, about
445 mg, about 450 mg, about 455 mg, about 460 mg, about 465 mg, about 470 mg, about 475
mg, about 480 mg, about 485 mg, about 490 mg, about 495 mg, about 500 mg, about 505 mg,
about 510 mg, about 515 mg, about 520 mg, about 525 mg, about 530 mg, about 535 mg, about
540 mg, about 545 mg, about 550 mg, about 555 mg, about 560 mg, about 565 mg, about 570
mg, about 575 mg, about 580 mg, about 585 mg, about 590 mg, about 595 mg, about 600 mg,
about 605 mg, about 610 mg, about 615 mg, about 620 mg, about 625 mg, about 630 mg, about
635 mg, about 640 mg, about 645 mg, about 650 mg, about 655 mg, about 660 mg, about 665
mg, about 670 mg, about 675 mg, about 680 mg, about 685 mg, about 690 mg, about 695 mg,
about 700 mg, about 705 mg, about 710 mg, about 715 mg, about 720 mg, about 725 mg, about
730 mg, about 735 mg, about 740 mg, about 745 mg, about 750 mg, about 755 mg, about 760
mg, about 765 mg, about 770 mg, about 775 mg, about 780 mg, about 785 mg, about 790 mg,
about 795 mg, about 800 mg, about 810 mg, about 820 mg, about 830 mg, about 840 mg, about
850 mg, about 860 mg, about 870 mg, about 880 mg, about 890 mg, about 900 mg, about 910
mg, about 920 mg, about 930 mg, about 940 mg, about 950 mg, about 960 mg, about 970 mg,
about 990 mg, about 990 mg, or about 1000 mg of a compound of Formula (I), or an isotopic
variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof for the
symptomatic adjustment of the dosage to the patient to be treated. In certain embodiments, for
oral administration, the pharmaceutical compositions provided herein can be formulated in the
form of tablets or capsules containing about 50 mg of a compound of Formula (I), or an isotopic
variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof. In
certain embodiments, for oral administration, the pharmaceutical compositions provided herein
can be formulated in the form of tablets or capsules containing about 200 mg of a compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof The pharmaceutical compositions can be administered on a regimen
of one (1) to four (4) times per day, including once, twice, three times, and four times per day. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered once per
day. In some embodiments, about 5 mg, about 10 mg, about 15 mg, about 20 mg, about 25 mg,
about 50 mg, about 100 mg, about 150 mg, about 200 mg, about 205 mg, about 210 mg, about
215 mg, about 220 mg, about 225 mg, about 230 mg, about 235 mg, about 240 mg, about 245
mg, about 250 mg, about 255 mg, about 260 mg, about 265 mg, about 270 mg, about 275 mg,
about 280 mg, about 285 mg, about 290 mg, about 295 mg, about 300 mg, about 305 mg, about

06

1441



WO 2019/210266 PCT/US2019/029486
310 mg, about 315 mg, about 320 mg, about 325 mg, about 330 mg, about 335 mg, about 340
mg, about 345 mg, about 350 mg, about 355 mg, about 360 mg, about 365 mg, about 370 mg,
about 375 mg, about 380 mg, about 385 mg, about 390 mg, about 395 mg, about 400 mg, about
405 mg, about 410 mg, about 415 mg, about 420 mg, about 425 mg, about 430 mg, about 435
mg, about 440 mg, about 445 mg, about 450 mg, about 455 mg, about 460 mg, about 465 mg,
about 470 mg, about 475 mg, about 480 mg, about 485 mg, about 490 mg, about 495 mg, about
500 mg, about 505 mg, about 510 mg, about 515 mg, about 520 mg, about 525 mg, about 530
mg, about 535 mg, about 540 mg, about 545 mg, about 550 mg, about 555 mg, about 560 mg,
about 565 mg, about 570 mg, about 575 mg, about 580 mg, about 585 mg, about 590 mg, about
595 mg, about 600 mg, about 605 mg, about 610 mg, about 615 mg, about 620 mg, about 625
mg, about 630 mg, about 635 mg, about 640 mg, about 645 mg, about 650 mg, about 655 mg,
about 660 mg, about 665 mg, about 670 mg, about 675 mg, about 680 mg, about 685 mg, about
690 mg, about 695 mg, about 700 mg, about 705 mg, about 710 mg, about 715 mg, about 720
mg, about 725 mg, about 730 mg, about 735 mg, about 740 mg, about 745 mg, about 750 mg,
about 755 mg, about 760 mg, about 765 mg, about 770 mg, about 775 mg, about 780 mg, about
785 mg, about 790 mg, about 795 mg, about 800 mg, about 810 mg, about 820 mg, about 830
mg, about 840 mg, about 850 mg, about 860 mg, about 870 mg, about 880 mg, about 890 mg,
about 900 mg, about 910 mg, about 920 mg, about 930 mg, about 940 mg, about 950 mg, about
960 mg, about 970 mg, about 990 mg, about 990 mg, or about 1000 mg of the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered once per day. In some embodiments, about 5 mg,
about 10 mg, about 15 mg, about 20 mg, about 25 mg, about 50 mg, about 100 mg, about 150
mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg, about 220 mg, about 225 mg,
about 230 mg, about 235 mg, about 240 mg, about 245 mg, about 250 mg, about 255 mg, about
260 mg, about 265 mg, about 270 mg, about 275 mg, about 280 mg, about 285 mg, about 290
mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg, about 315 mg, about 320 mg,
about 325 mg, about 330 mg, about 335 mg, about 340 mg, about 345 mg, about 350 mg, about
355 mg, about 360 mg, about 365 mg, about 370 mg, about 375 mg, about 380 mg, about 385
mg, about 390 mg, about 395 mg, about 400 mg, about 405 mg, about 410 mg, about 415 mg,
about 420 mg, about 425 mg, about 430 mg, about 435 mg, about 440 mg, about 445 mg, about
450 mg, about 455 mg, about 460 mg, about 465 mg, about 470 mg, about 475 mg, about 480
mg, about 485 mg, about 490 mg, about 495 mg, about 500 mg, about 505 mg, about 510 mg,
about 515 mg, about 520 mg, about 525 mg, about 530 mg, about 535 mg, about 540 mg, about
545 mg, about 550 mg, about 555 mg, about 560 mg, about 565 mg, about 570 mg, about 575
mg, about 580 mg, about 585 mg, about 590 mg, about 595 mg, about 600 mg, about 605 mg,
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about 610 mg, about 615 mg, about 620 mg, about 625 mg, about 630 mg, about 635 mg, about
640 mg, about 645 mg, about 650 mg, about 655 mg, about 660 mg, about 665 mg, about 670
mg, about 675 mg, about 680 mg, about 685 mg, about 690 mg, about 695 mg, about 700 mg,
about 705 mg, about 710 mg, about 715 mg, about 720 mg, about 725 mg, about 730 mg, about
735 mg, about 740 mg, about 745 mg, about 750 mg, about 755 mg, about 760 mg, about 765
mg, about 770 mg, about 775 mg, about 780 mg, about 785 mg, about 790 mg, about 795 mg,
about 800 mg, about 850 mg, about 900 mg, about 950 mg, or about 1000 mg of the compound
of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered twice per day. In some embodiments, about 5 mg,
about 10 mg, about 15 mg, about 20 mg, about 25 mg, about 50 mg, about 100 mg, about 150
mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg, about 220 mg, about 225 mg,
about 230 mg, about 235 mg, about 240 mg, about 245 mg, about 250 mg, about 255 mg, about
260 mg, about 265 mg, about 270 mg, about 275 mg, about 280 mg, about 285 mg, about 290
mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg, about 315 mg, about 320 mg,
about 325 mg, about 330 mg, about 335 mg, about 340 mg, about 345 mg, about 350 mg, about
355 mg, about 360 mg, about 365 mg, about 370 mg, about 375 mg, about 380 mg, about 385
mg, about 390 mg, about 395 mg, about 400 mg, about 405 mg, about 410 mg, about 415 mg,
about 420 mg, about 425 mg, about 430 mg, about 435 mg, about 440 mg, about 445 mg, about
450 mg, about 455 mg, about 460 mg, about 465 mg, about 470 mg, about 475 mg, about 480
mg, about 485 mg, about 490 mg, about 495 mg, about 500 mg, about 505 mg, about 510 mg,
about 515 mg, about 520 mg, about 525 mg, about 530 mg, about 535 mg, about 540 mg, about
545 mg, about 550 mg, about 555 mg, about 560 mg, about 565 mg, about 570 mg, about 575
mg, about 580 mg, about 585 mg, about 590 mg, about 595 mg, about 600 mg, about 605 mg,
about 610 mg, about 615 mg, about 620 mg, about 625 mg, about 630 mg, about 635 mg, about
640 mg, about 645 mg, about 650 mg, about 655 mg, about 660 mg, about 665 mg, about 670
mg, about 675 mg, about 680 mg, about 685 mg, about 690 mg, about 695 mg, about 700 mg,
about 705 mg, about 710 mg, about 715 mg, about 720 mg, about 725 mg, about 730 mg, about
735 mg, about 740 mg, about 745 mg, about 750 mg, about 755 mg, about 760 mg, about 765
mg, about 770 mg, about 775 mg, about 780 mg, about 785 mg, about 790 mg, about 795 mg,
about 800 mg, about 850 mg, about 900 mg, about 950 mg, or about 1000 mg of the compound
of Formula (T), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered three times per day.

[0231] In some embodiments, the compound of Formula (I), or an isotopic variant thereof’ or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered for a

peried of one day. In some embodiments, the compound of Formula (I), or an isotopic variant
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thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of two days. In some embodiments, the compound of Formula (I), or
an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered over a period of three days. In some embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered over a period of four days. In some embodiments,
the compound of Formula (I), or an isotopic variant thereof’ or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof is administered over a period of five days. In some
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered over a period of six days. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered over a
period of seven days. In some embodiments, the compound of Formula (I), or an isotopic variant
thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of eight days. In some embodiments, the compound of Formula (I),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereofl is administered over a period of nine days. In some embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered over a period of ten days. In some embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered over a period of 11 days. In some
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered over a period of 12 days. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered over a
period of 13 days. In some embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of 14 days. In some embodiments, the compound of Formula (I), or
an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered for a period of 15 days. In some embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered over a period of 16 days. In some embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered over a period of 17 days. In some

embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
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acceptable salt, solvate, hydrate, or prodrug thereof is administered over a period of 18 days. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered over a
period of 19 days. In some embodiments, the compound of Formula (T), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of 20 days. In some embodiments, the compound of Formula (I), or
an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered over a period of 21 days. In some embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered over a period of 22 days. In some embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered over a period of 23 days. In some
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered over a period of 24 days. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof’ or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered over a
period of 25 days. In some embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of 26 days. In some embodiments, the compound of Formula (I), or
an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered over a period of 27 days. In some embodiments, the compound of
Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered over a period of 28 days. In some embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered over a period of 29 days. In some
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered for a period of 30 days. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered over a
period of 31 days. In some embodiments, the compound of Formula (I), or an isotopic variant
thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of 32 days. In some embodiments, the compound of Formula (1), or
an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered over a period of 33 days. In some embodiments, the compound of

Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
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hydrate, or prodrug thereof is administered over a period of 34 days. In some embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered over a period of 35 days. In some
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered over a period of 36 days. In
some embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered over a
period of 37 days. In some embodiments, the compound of Formula (I), or an isotopic variant
thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered over a period of 38 days. In some embodiments, the compound of Formula (1), or
an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered over a period of 39 days. In some embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered over a period of 40 days. In some embodiments, the
compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered over a period of 41 days. In some
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered over a period of 42 days or
more.

[0232] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 25 mg once daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 50 mg
once daily for a period of up to at least about 14 days. In certain embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered in an amount of about 100 mg once daily for a period
of up to at least about 14 days. In certain embodiments, the compound of Formula (I), or an
isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 150 mg once daily for a period of up to at least
about 14 days.

[0233] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg once daily for a period of up to at least about 14 days. In certain
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acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 100
mg once daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 150 mg once daily for
a period of up to at least about 14 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 200 mg once daily for a period of up to at least
about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 210 mg once daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 220 mg once daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 230
mg once daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 240 mg once daily for
a period of up to at least about 14 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 250 mg once daily for a period of up to at least
about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 260 mg once daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 270 mg once daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 140
mg once daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 290 mg once daily for
a period of up to at least about 14 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug

thereof is administered in an amount of about 300 mg once daily for a period of up to at least
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about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 310 mg once daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg once daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 330
mg once daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 340 mg once daily for
a period of up to at least about 14 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 350 mg once daily for a period of up to at least
about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 360 mg once daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 370 mg once daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 380
mg once daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 390 mg once daily for
a period of up to at least about 14 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 400 mg once daily for a period of up to at least
about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 450 mg once daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg once daily for a period of up to at least about 14 days. In certain
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acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 600
mg once daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 700 mg once daily for
a period of up to at least about 14 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 800 mg once daily for a period of up to at least
about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 900 mg once daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg once daily for a period of up to at least about 14 days.

[0234] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 5 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 10 mg
twice daily for a period of up to at least about 14 days. In certain embodiments, the compound of
Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered in an amount of about 15 mg twice daily for a period
of up to at least about 14 days. In certain embodiments, the compound of Formula (I), or an
isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 20 mg twice daily for a period of up to at least
about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 25 mg twice daily for a period of up to at least about 14 days.
In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 100
mg twice daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable salt,

solvate, hydrate, or prodrug thereof is administered in an amount of about 150 mg twice daily
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for a period of up to at least about 14 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereot is administered in an amount of about 200 mg twice daily for a period of up to at
least about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 210 mg twice daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 220 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 230
mg twice daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 240 mg twice daily
for a period of up to at least about 14 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 250 mg twice daily for a period of up to at
least about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 260 mg twice daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 270 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 140
mg twice daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 290 mg twice daily
for a period of up to at least about 14 days. In certain embodiments, the compound of Formula
(I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 300 mg twice daily for a period of up to at
least about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 310 mg twice daily for a period of up to at least about 14
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pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 330
mg twice daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 340 mg twice daily
for a period of up to at least about 14 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 350 mg twice daily for a period of up to at
least about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof], or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 360 mg twice daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 370 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 380
mg twice daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 390 mg twice daily
for a period of up to at least about 14 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 400 mg twice daily for a period of up to at
least about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 450 mg twice daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg twice daily for a period of up to at least about 14 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 600
mg twice daily for a period of up to at least about 14 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable salt,

solvate, hydrate, or prodrug thereof is administered in an amount of about 700 mg twice daily
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for a period of up to at least about 14 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 800 mg twice daily for a period of up to at
least about 14 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 900 mg twice daily for a period of up to at least about 14
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg twice daily for a period of up to at least about 14 days.
[0235] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 5 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 10 mg
once daily for a period of up to at least about 28 days. In certain embodiments, the compound of
Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered in an amount of about 15 mg once daily for a period
of up to at least about 28 days. In certain embodiments, the compound of Formula (I), or an
isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 20 mg once daily for a period of up to at least
about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 25 mg once daily for a period of up to at least about 28 days.
In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 100
mg once daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 150 mg once daily for
a period of up to at least about 28 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 200 mg once daily for a period of up to at least
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thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 210 mg once daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 220 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 230
mg once daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 240 mg once daily for
a period of up to at least about 28 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 250 mg once daily for a period of up to at least
about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof,, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 260 mg once daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 270 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 280
mg once daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 290 mg once daily for
a period of up to at least about 28 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 300 mg once daily for a period of up to at least
about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof’ or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 310 mg once daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
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mg once daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 340 mg once daily for
a period of up to at least about 28 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 350 mg once daily for a period of up to at least
about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 360 mg once daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 370 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 380
mg once daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 390 mg once daily for
a period of up to at least about 28 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 400 mg once daily for a period of up to at least
about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 450 mg once daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg once daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 600
mg once daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 700 mg once daily for
a period of up to at least about 28 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 800 mg once daily for a period of up to at least
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thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 900 mg once daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg once daily for a period of up to at least about 28 days.

[0236] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 5 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 10 mg
twice daily for a period of up to at least about 28 days. In certain embodiments, the compound
of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered in an amount of about 15 mg twice daily for a period
of up to at least about 28 days. In certain embodiments, the compound of Formula (I), or an
isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 20 mg twice daily for a period of up to at least
about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 25 mg twice daily for a period of up to at least about 28 days.
In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 100
mg twice daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 150 mg twice daily
for a period of up to at least about 28 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof’ or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 200 mg twice daily for a period of up to at
least about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 210 mg twice daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
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80

1455



WO 2019/210266 PCT/US2019/029486
amount of about 220 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 230
mg twice daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 240 mg twice daily
for a period of up to at least about 28 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 250 mg twice daily for a period of up to at
least about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 260 mg twice daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 270 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 280
mg twice daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 290 mg twice daily
for a period of up to at least about 28 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 300 mg twice daily for a period of up to at
least about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 310 mg twice daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 330
mg twice daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 340 mg twice daily
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(D), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 350 mg twice daily for a period of up to at
least about 28 days. In certain embodiments, the compound of Formula (1), or an isotopic variant
thereof], or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 360 mg twice daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 370 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 380
mg twice daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 390 mg twice daily
for a period of up to at least about 28 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 400 mg twice daily for a period of up to at
least about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 450 mg twice daily for a period of up to at least about 28
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg twice daily for a period of up to at least about 28 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 600
mg twice daily for a period of up to at least about 28 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 700 mg twice daily
for a period of up to at least about 28 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 800 mg twice daily for a period of up to at
least about 28 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 900 mg twice daily for a period of up to at least about 28
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pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg twice daily for a period of up to at least about 28 days.

[0237] In certain embodiments, the compound of Formula (1), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 255 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 10 mg
once daily for a period of up to at least about 42 days. In certain embodiments, the compound of
Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered in an amount of about 15 mg once daily for a period
of up to at least about 42 days. In certain embodiments, the compound of Formula (I), or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 20 mg once daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof,, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 25 mg once daily for a period of up to at least about 42 days.
In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 100
mg once daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 150 mg once daily for
a period of up to at least about 42 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 200 mg once daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 210 mg once daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 220 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
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mg once daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 240 mg once daily for
a period of up to at least about 42 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 250 mg once daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 260 mg once daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 270 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 420
mg once daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 290 mg once daily for
a period of up to at least about 42 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof;, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 300 mg once daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 310 mg once daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 330
mg once daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 340 mg once daily for
a period of up to at least about 42 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 350 mg once daily for a period of up to at least
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thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 360 mg once daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 370 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 380
mg once daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 390 mg once daily for
a period of up to at least about 42 days. In certain embodiments, the compound of Formula (I),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 400 mg once daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof,, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 450 mg once daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg once daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 600
mg once daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 700 mg once daily for
a period of up to at least about 42 days. In certain embodiments, the compound of Formula (1),
or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 800 mg once daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 900 mg once daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg once daily for a period of up to at least about 42 days.

[0238] In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
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amount of about 5 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 10 mg
twice daily for a period of up to at least about 42 days. In certain embodiments, the compound
of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof is administered in an amount of about 15 mg twice daily for a period
of up to at least about 42 days. In certain embodiments, the compound of Formula (I), or an
isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug
thereof is administered in an amount of about 20 mg twice daily for a period of up to at least
about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 25 mg twice daily for a period of up to at least about 42 days.
In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 50 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 100
mg twice daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 150 mg twice daily
for a period of up to at least about 42 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 200 mg twice daily for a period of up to at
least about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 210 mg twice daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 220 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 230
mg twice daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 240 mg twice daily
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(D), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 250 mg twice daily for a period of up to at
least about 42 days. In certain embodiments, the compound of Formula (1), or an isotopic variant
thereof], or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 260 mg twice daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 270 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 420
mg twice daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 290 mg twice daily
for a period of up to at least about 42 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 300 mg twice daily for a period of up to at
least about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 310 mg twice daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 320 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 330
mg twice daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 340 mg twice daily
for a period of up to at least about 42 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof’, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 350 mg twice daily for a period of up to at
least about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 360 mg twice daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof; or a
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amount of about 370 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 380
mg twice daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 390 mg twice daily
for a period of up to at least about 42 days. In certain embodiments, the compound of Formula
(D), or an isotopic variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 400 mg twice daily for a period of up to at
least about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 450 mg twice daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 500 mg twice daily for a period of up to at least about 42 days. In certain
embodiments, the compound of Formula (I), or an isotopic variant thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof is administered in an amount of about 600
mg twice daily for a period of up to at least about 42 days. In certain embodiments, the
compound of Formula (1), or an isotopic variant thereof, or a pharmaceutically acceptable salt,
solvate, hydrate, or prodrug thereof is administered in an amount of about 700 mg twice daily
for a period of up to at least about 42 days. In certain embodiments, the compound of Formula
(), or an isotopic variant thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or
prodrug thereof is administered in an amount of about 800 mg twice daily for a period of up to at
least about 42 days. In certain embodiments, the compound of Formula (I), or an isotopic variant
thereof; or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered in an amount of about 900 mg twice daily for a period of up to at least about 42
days. In certain embodiments, the compound of Formula (I), or an isotopic variant thereof’, or a
pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is administered in an
amount of about 1000 mg twice daily for a period of up to at least about 42 days.

[0239] In some embodiments, about 5 mg, about 10 mg, about 15 mg, about 20 mg, about 25
mg, about 50 mg, about 75 mg, about 100 mg, about 150 mg, about 200 mg, about 250 mg,
about 300 mg, about 350 mg, or about 400 mg of the compound of Formula (I), or an isotopic
variant thereof, or a pharmaceutically acceptable salt, solvate, hydrate, or prodrug thereof is
administered twice per day. In some embodiments, about 5 mg, about 10 mg, about 15 mg,

about 20 mg, about 25 mg, about 50 mg, about 75 mg, about 100 mg, about 150 mg, about 200
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mg, about 300 mg, about 400 mg, about 500 mg, about 600 mg, about 700 mg, or about 800 mg
of the compound of Formula (I), or an isotopic variant thereof;, or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof is administered at least once per day.
[0240] In certain embodiments, from about 5 mg to about 1000 mg of a compound of Formula
(D), or a pharmaceutically acceptable salt thereof, is administered to the subject. In certain
embodiments, from about 25 mg to about 1000 mg of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered to the subject. In certain embodiments,
from about 5 mg to about 25 mg of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is administered to the subject. In certain embodiments, from about 10
mg to about 400 mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
is administered to the subject. In certain embodiments, from about 100 mg to about 600 mg of a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered to the
subject.
[0241] In certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, is administered orally.
[0242] In certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, is formulated as a capsule or tablet.
[0243] In certain embodiments, from about 25 mg to about 1000 mg of a compound of Formula
(D), or a pharmaceutically acceptable salt thereof, is administered to the subject.
[0244] In certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, is administered at a dose of from about 5 mg/day to about 1000 mg/day is
administered to the subject. In certain embodiments, the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered at a dose of from about 25 mg/day to
about 1000 mg/day is administered to the subject. In certain embodiments, the compound of
Formula (I), or a pharmaceutically acceptable salt thereof, is administered at a dose of from
about 5 mg/day to about 25 mg/day is administered to the subject. In certain embodiments, the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered at a
dose of from about 10 mg/day to about 400 mg/day is administered to the subject.In certain
embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is
administered at a dose of from about 100 mg/day to about 600 mg/day.
[0245] In certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, is administered in the fed state. In certain embodiments, the compound of Formula
(D), or a pharmaceutically acceptable salt thereof, is administered in the fasted state. In certain
embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt thereof, is

administered at least once per day.
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[0246] In certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, is administered at bedtime. In certain embodiments, the compound of Formula (1),
or a pharmaceutically acceptable salt thereof, is administered less than about 6 hours before
sleep. In certain embodiments, the compound of Formula (T), or a pharmaceutically acceptable
salt thereof, is administered less than about 5 hours before sleep. In certain embodiments, the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered less
than about 4 hours before sleep. In certain embodiments, the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered less than about 3 hours before sleep. In
certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable salt
thereof, is administered less than about 2 hours before sleep. In certain embodiments, the
compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered less
than about 1 hour before sleep. In certain embodiments, the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered less than about 30 minutes before sleep.
[0247] In certain embodiments, the compound of Formula (I), or a pharmaceutically acceptable
salt thereof, 1s administered in the evening. In certain embodiments, the compound of Formula
(D), or a pharmaceutically acceptable salt thereof, is administered at about 10 pm at night.

[0248] In another aspect is provided a method of treating or preventing testicular adrenal rest
tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in
need thereof a pharmaceutical composition, comprising a compound of structural Formula (I):
and a pharmaceutically acceptable excipientcomprising with a compound as described herein,
including embodiments, or the structural Formulae (I) and a pharmaceutically acceptable
excipient:

R! _R?

R* , or a pharmaceutically acceptable salt thereof. R! R% R’ and R* are as
described herein, including embodiments.

[0249] In certain embodiments, the pharmaceutical composition comprises from about 25 mg to
about 1000 mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof. In
certain embodiments, the pharmaceutical composition comprises from about 25 mg to about
1000 mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof. In certain
embodiments, the pharmaceutical composition comprises from about 5 mg to about 25 mg of a

compound of Formula (I), or a pharmaceutically acceptable salt thereof. In certain embodiments,
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the pharmaceutical composition comprises from about 10 mg to about 400 mg of a compound of
Formula (I), or a pharmaceutically acceptable salt thereof. In certain embodiments, the
pharmaceutical composition comprises from about 100 mg to about 600 mg of a compound of
Formula (I), or a pharmaceutically acceptable salt thereof.
[0250] In certain embodiments, the pharmaceutical composition comprises about 25 mg, about
50 mg, about 100 mg, about 150 mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg,
about 220 mg, about 225 mg, about 230 mg, about 235 mg, about 240 mg, about 245 mg, about
250 mg, about 255 mg, about 260 mg, about 265 mg, about 270 mg, about 275 mg, about 280
mg, about 285 mg, about 290 mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg,
about 315 mg, about 320 mg, about 325 mg, about 330 mg, about 335 mg, about 340 mg, about
345 mg, about 350 mg, about 355 mg, about 360 mg, about 365 mg, about 370 mg, about 375
mg, about 380 mg, about 385 mg, about 390 mg, about 395 mg, about 400 mg about 500 mg, or
about 600 mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof.
[0251] In certain embodiments, the pharmaceutical composition is administered orally.
[0252] In certain embodiments, the pharmaceutical composition is formulated as a capsule or
tablet. In certain embodiments, the capsule or tablet comprises about 5 mg, about 10 mg, about
15 mg, about 20 mg, about 25 mg, about 50 mg, about 100 mg, about 150 mg, about 200 mg,
about 205 mg, about 210 mg, about 215 mg, about 220 mg, about 225 mg, about 230 mg, about
235 mg, about 240 mg, about 245 mg, about 250 mg, about 255 mg, about 260 mg, about 265
mg, about 270 mg, about 275 mg, about 280 mg, about 285 mg, about 290 mg, about 295 mg,
about 300 mg, about 305 mg, about 310 mg, about 315 mg, about 320 mg, about 325 mg, about
330 mg, about 335 mg, about 340 mg, about 345 mg, about 350 mg, about 355 mg, about 360
mg, about 365 mg, about 370 mg, about 375 mg, about 380 mg, about 385 mg, about 390 mg,
about 395 mg, or about 400 mg of a compound of Formula (I), or a pharmaceutically acceptable
salt thereof. In certain embodiments, the capsule or tablet comprises about 50 mg of a compound
of Formula (I), or a pharmaceutically acceptable salt thereof. In certain embodiments, the
capsule or tablet comprises about 200 mg of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof.
[0253] In certain embodiments, the pharmaceutical composition is administered at a dose of
from about 5 mg to about 1000 mg of a compound of Formula (I), or a pharmaceutically
acceptable salt thereof, is administered to the subject. In certain embodiments, the
pharmaceutical composition is administered at a dose of from about 25 mg to about 1000 mg of
a compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered to the
subject. In certain embodiments, the pharmaceutical composition is administered at a dose of

from about 5 mg to about 25 mg of a compound of Formula (I), or a pharmaceutically
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acceptable salt thereof, is administered to the subject. In certain embodiments, the
pharmaceutical composition is administered at a dose of from about 10 mg to about 400 mg of a
compound of Formula (1), or a pharmaceutically acceptable salt thereof, is administered to the
subject.

[0254] In certain embodiments, the pharmaceutical composition is administered at a dose of
from about 5 mg/day to about 1000 mg/day is administered to the subject. In certain
embodiments, the pharmaceutical composition is administered at a dose of from about 25
mg/day to about 1000 mg/day is administered to the subject. In certain embodiments, the
pharmaceutical composition is administered at a dose of from about 5 mg/day to about 25
mg/day is administered to the subject. In certain embodiments, the pharmaceutical composition
is administered at a dose of from about 10 mg/day to about 400 mg/day is administered to the
subject. In certain embodiments, the pharmaceutical composition is administered at a dose of
from about 100 mg/day to about 600 mg/day.

[0255] In certain embodiments, the pharmaceutical composition is administered in the fed state.
In certain embodiments, the pharmaceutical composition is administered in the fasted state. In
certain embodiments, the pharmaceutical composition is administered at least once per day.
[0256] In certain embodiments, the pharmaceutical composition is administered at bedtime. In
certain embodiments, the pharmaceutical composition is administered less than about 6 hours
before sleep. In certain embodiments, the pharmaceutical composition is administered less than
about 5 hours before sleep. In certain embodiments, the pharmaceutical composition is
administered less than about 4 hours before sleep. In certain embodiments, the pharmaceutical
composition is administered less than about 3 hours before sleep. In certain embodiments, the
pharmaceutical composition is administered less than about 2 hours before sleep. In certain
embodiments, the pharmaceutical composition is administered less than about 1 hour before
sleep. In certain embodiments, the pharmaceutical composition is administered less than about
30 minutes before sleep.

[0257] In certain embodiments, the pharmaceutical composition is administered in the evening.
In certain embodiments, the pharmaceutical composition is administered at about 10 pm at night.
[0258] In certain cmbodiments, the subject has congenital adrenal hyperplasia (CAH).

[0259] In certain embodiments, the size and/or number of the tumors is decreased or reduced. In
certain embodiments, the size of the tumors is decreased or reduced. In certain embodiments, the
size of the tumors is decreased or reduced.

[0260] In certain embodiments of the methods disclosed herein, the method further comprises

administering to the subject an additional chemotherapeutic agent.
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[0261] In certain embodiments, the the additional chemotherapeutic agent is a glucocorticoid, a

mineralocorticoid, an ACAT1 inhibitor, or an anti-androgen. In certain embodiments, the

glucocorticoid is beclomethasone, betamethasone, budesonide, cortisone, dexamethasone,

hydrocortisone, methylprednisolone, prednisolone, prednisone, or triamcinclone. In certain

embodiments, the mineralocorticoid is fludrocortisone. In certain embodiments, the additional

chemotherapeutic agent is another CRF; antagonist. In certain embodiments, the CRF;
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pharmaceutically acceptable salt thereof. In certain embodiments, the CRF, antagonist is

O~ or a pharmaceutically acceptable salt thereof.

[0262] In certain embodiments of the methods disclosed herein, the method further comprises an

additional treatment selected from surgical resection of the tumors and radiation therapy, or a

combination thereof. In certain embodiments, the additional therapy is surgical resection and the

surgical resection is prior to, after, and/or concurrent with administration of the compound of

structural Formula (1), or a pharmaceutically acceptable salt thereof or the pharmaceutical

composition, or any combination thereof. In certain embodiments, the surgical resection is prior
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to administration of the compound of structural Formula (I), or a pharmaceutically acceptable
salt thereof or the pharmaceutical composition. In certain embodiments, the surgical resection is
after administration of the compound of structural Formula (I), or a pharmaceutically acceptable
salt thereof or the pharmaceutical composition. In certain embodiments, the surgical resection is
concurrent with administration of the compound of structural Formula (I), or a pharmaceutically
acceptable salt thereof or the pharmaceutical composition.
[0263] In certain embodiments, the additional treatment is radiation therapy and the radiation
therapy is prior to, after, and/or concurrent with administration of the compound of structural
Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical composition, or
any combination thereof. In certain embodiments, the radiation therapy is prior to administration
of the CRF; antagonist of structural Formula (I), or a pharmaceutically acceptable salt thereof or
the pharmaceutical composition. In certain embodiments, the radiation therapy is after
administration of the compound of structural Formula (I), or a pharmaceutically acceptable salt
thereof or the pharmaceutical composition. In certain embodiments, the radiation therapy is
concurrent with administration of the compound of structural Formula (I), or a pharmaceutically
acceptable salt thereof or the pharmaceutical composition.
[0264] In one embodiment, the pharmaceutical compositions are provided in a dosage form for
oral administration, which comprise a compound provided herein, and one or more
pharmaceutically acceptable excipients or carriers. The pharmaceutical compositions provided
herein that are formulated for oral administration may be in tablet, capsule, powder, or liquid
form. In some embodiments, a tablet comprises a solid carrier or an adjuvant. Liquid
pharmaceutical compositions generally comprise a liquid carrier such as water, petroleum,
animal or vegetable oils, mineral oil, or synthetic oil. Physiological saline solution, dextrose or
other saccharide solution, or glycols such as ethylene glycol, propylene glycol, or polyethylene
glycol may be included. In some embodiments, a capsule comprises a solid carrier such as
gelatin.
[0265] In another embodiment, the pharmaceutical compositions are provided in a dosage form
for parenteral administration, which comprise a compound provided herein, and one or more
pharmaceutically acceptable excipients or carriers. Where pharmaceutical compositions may be
formulated for intravenous, cutaneous or subcutaneous injection, the active ingredient will be in
the form of a parenterally acceptable aqueous solution, which is pyrogen-free and has a suitable
pH, isotonicity, and stability. Those of relevant skill in the art are well able to prepare suitable
solutions using, for example, isotonic vehicles, such as Sodium Chloride injection, Ringer’s
injection, or Lactated Ringer’s injection. In some embodiments, preservatives, stabilisers,

buffers, antioxidants, and/or other additives are included as required.
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[0266] In yet ancther embodiment, the pharmaceutical compositions are provided in a dosage
form for topical administration, which comprise a compound provided herein, and one or more
pharmaceutically acceptable excipients or carriers.

[0267] The pharmaceutical compositions can also be formulated as modified release dosage
forms, including delayed-, extended-, prolonged-, sustained-, pulsatile-, controlled-, accelerated-,
fast-, targeted-, and programmed-release, and gastric retention dosage forms. These dosage
forms can be prepared according to conventional methods and techniques known to those skilled
in the art (see, Remington: The Science and Practice of Pharmacy, supra; Modified-Release
Drug Delivery 1echnology, 2nd Edition, Rathbone ef al., Eds., Marcel Dekker, Inc.: New York,
NY, 2008).

[0268] The pharmaceutical compositions provided herein can be provided in a unit-dosage form
or multiple-dosage form. A unit-dosage form, as used herein, refers to physically discrete a unit
suitable for administration to a human and animal subject, and packaged individually as is
known in the art. Each unit-dose contains a predetermined quantity of an active ingredient(s)
sufficient to produce the desired therapeutic effect, in association with the required
pharmaceutical carriers or excipients. Examples of a unit-dosage form include an ampoule,
syringe, and individually packaged tablet and capsule. A unit-dosage form may be administered
in fractions or multiples thereof. A multiple-dosage form is a plurality of identical unit-dosage
forms packaged in a single container to be administered in segregated unit-dosage form.
Examples of a multiple-dosage form include a vial, bottle of tablets or capsules, or bottle of
pints or gallons.

[0269] The pharmaceutical compositions provided herein can be administered at once, or
multiple times at intervals of time. It is understood that the precise dosage and duration of
treatment may vary with the age, weight, and condition of the patient being treated, and may be
determined empirically using known testing protocols or by extrapolation from éin vivo or in
vitro test or diagnostic data. It is further understood that for any particular individual, specific
dosage regimens should be adjusted over time according to the individual need and the
professional judgment of the person administering or supervising the administration of the
formulations.

[0270] In certain embodiments, the pharmaceutical compositions provided herein further
comprise one or more chemotherapeutic agents as defined herein.

A. Oral Administration

[0271] The pharmaceutical compositions provided herein for oral administration can be
provided in solid, semisolid, or liquid dosage forms for oral administration. As used herein, oral

administration also includes buccal, lingual, and sublingual administration. Suitable oral dosage
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forms include, but are not limited to, tablets, fastmelts, chewable tablets, capsules, pills, strips,
troches, lozenges, pastilles, cachets, pellets, medicated chewing gum, bulk powders, effervescent
or non-effervescent powders or granules, oral mists, solutions, emulsions, suspensions, wafers,
sprinkles, elixirs, and syrups. In addition to the active ingredient(s), the pharmaceutical
compositions can contain one or more pharmaceutically acceptable carriers or excipients,
including, but not limited to, binders, fillers, diluents, disintegrants, wetting agents, lubricants,
glidants, coloring agents, dye-migration inhibitors, sweetening agents, flavoring agents,
emulsifying agents, suspending and dispersing agents, preservatives, solvents, non-aqueous
liquids, organic acids, and sources of carbon dioxide.

[0272] Binders or granulators impart cohesiveness to a tablet to ensure the tablet remaining
intact after compression. Suitable binders or granulators include, but are not limited to, starches,
such as corn starch, potato starch, and pre-gelatinized starch (e.g., STARCH 1500); gelatin;
sugars, such as sucrose, glucose, dextrose, molasses, and lactose; natural and synthetic gums,
such as acacia, alginic acid, alginates, extract of Irish moss, panwar gum, ghatti gum, mucilage
of isabgol husks, carboxymethylcellulose, methylcellulose, polyvinylpyrrolidone (PVP),
Veegum, larch arabogalactan, powdered tragacanth, and guar gum; celluloses, such as ethyl
cellulose, cellulose acetate, carboxymethyl cellulose calcium, sodium carboxymethyl cellulose,
methyl cellulose, hydroxyethylcellulose (HEC), hydroxypropylcellulose (HPC), hydroxypropyl
methyl cellulose (HPMC); microcrystalline celluloses, such as AVICEL-PH-101, AVICEL-PH-
103, AVICEL RC-581, AVICEL-PH-105 (FMC Corp., Marcus Hook, PA); and mixtures thereof.
Suitable fillers include, but are not limited to, talc, calcium carbonate, microcrystalline cellulose,
powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized
starch, and mixtures thereof. The amount of a binder or filler in the pharmaceutical compositions
provided herein varies upon the type of formulation, and is readily discernible to those of
ordinary skill in the art. The binder or filler may be present from about 50 to about 99%% by
weight in the pharmaceutical compositions provided herein.

[0273] Suitable diluents include, but are not limited to, dicalcium phosphate, calcium sulfate,
lactose, sorbitol, sucrose, inositol, cellulose, kaolin, mannitol, sodium chloride, dry starch, and
powdered sugar. Certain diluents, such as mannitol, lactose, sorbitol, sucrose, and inositol, when
present in sufficient quantity, can impart properties to some compressed tablets that permit
disintegration in the mouth by chewing. Such compressed tablets can be used as chewable
tablets. The amount of a diluent in the pharmaceutical compositions provided herein varies upon
the type of formulation, and is readily discernible to those of ordinary skill in the art.

[0274] Suitable disintegrants include, but are not limited to, agar; bentonite; celluloses, such as

methylcellulose and carboxymethylcellulose; wood products; natural sponge; cation-exchange
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resins; alginic acid; gums, such as guar gum and Veegum HV; citrus pulp; cross-linked
celluloses, such as croscarmellose; cross-linked polymers, such as crospovidone; cross-linked
starches; calcium carbonate; microcrystalline cellulose, such as sodium starch glycolate;
polacrilin potassium; starches, such as corn starch, potato starch, tapioca starch, and pre-
gelatinized starch; clays; aligns; and mixtures thereof. The amount of a disintegrant in the
pharmaceutical compositions provided herein varies upon the type of formulation, and is readily
discernible to those of ordinary skill in the art. The amount of a disintegrant in the
pharmaceutical compositions provided herein varies upon the type of formulation, and is readily
discernible to those of ordinary skill in the art. The pharmaceutical compositions provided
herein may contain from about 0.5 to about 15% or from about 1 to about 5% by weight of a
disintegrant.

[0275] Suitable lubricants include, but are not limited to, calcium stearate; magnesium stearate;
mineral oil; light mineral oil; glycerin; sorbitol; mannitol; glycols, such as glycerol behenate and
polyethylene glycol (PEG); stearic acid; sodium lauryl sulfate; talc; hydrogenated vegetable oil,
including peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, and soybean oil;
zinc stearate; ethyl oleate; ethyl laureate; agar; starch; lycopodium,; silica or silica gels, such as
AEROSIL® 200 (W R. Grace Co., Baltimore, MD) and CAB-O-SIL® (Cabot Co. of Boston,
MA), and mixtures thereof. The pharmaceutical compositions provided herein may contain
about 0.1 to about 5% by weight of a lubricant.

[0276] Suitable glidants include, but are not limited to, colloidal silicon dioxide, CAB-O-SIL®
(Cabot Co. of Boston, MA), and asbestos-free talc. Suitable coloring agents include, but are not
limited to, any of the approved, certified, water soluble FD&C dyes, and water insoluble FD&C
dyes suspended on alumina hydrate, and color lakes and mixtures thereof. A color lake is the
combination by adsorption of a water-soluble dye to a hydrous oxide of a heavy metal, resulting
in an insoluble form of the dye. Suitable flavoring agents include, but are not limited to, natural
flavors extracted from plants, such as fruits, and synthetic blends of compounds which produce a
pleasant taste sensation, such as peppermint and methyl salicylate. Suitable sweetening agents
include, but are not limited to, sucrose, lactose, mannitol, syrups, glycerin, and artificial
sweeteners, such as saccharin and aspartame. Suitable emulsifying agents include, but are not
limited to, gelatin, acacia, tragacanth, bentonite, and surfactants, such as polyoxyethylene
sorbitan monooleate (TWEEN® 20), polyoxyethylene sorbitan monooleate 80 (TWEEN® 80),
and triethanolamine oleate. Suitable suspending and dispersing agents include, but are not
limited to, sodium carboxymethylcellulose, pectin, tragacanth, Veegum, acacia, sodium
carbomethylcellulose, hydroxypropyl methylcellulose, and polyvinylpyrrolidone. Suitable

preservatives include, but are not limited to, glycerin, methyl and propylparaben, benzoic add,
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sodium benzoate and alcohol. Suitable wetting agents include, but are not limited to, propylene
glycol monostearate, sorbitan monooleate, diethylene glycol monolaurate, and polyoxyethylene
lauryl ether. Suitable solvents include, but are not limited to, glycerin, sorbitol, ethyl alcohol,
and syrup. Suitable non-aqueous liquids utilized in emulsions include, but are not limited to,
mineral oil and cottonseed oil. Suitable organic acids include, but are not limited to, citric and
tartaric acid. Suitable sources of carbon dioxide include, but are not limited to, sodium
bicarbonate and sodium carbonate.

[0277] It should be understood that many carriers and excipients may serve several functions,
even within the same formulation.

[0278] The pharmaceutical compositions provided herein for oral administration can be
provided as compressed tablets, tablet triturates, chewable lozenges, rapidly dissolving tablets,
multiple compressed tablets, or enteric-coating tablets, sugar-coated, or film-coated tablets.
Enteric-coated tablets are compressed tablets coated with substances that resist the action of
stomach acid but dissolve or disintegrate in the intestine, thus protecting the active ingredients
from the acidic environment of the stomach. Enteric-coatings include, but are not limited to,
fatty acids, fats, phenyl salicylate, waxes, shellac, ammoniated shellac, and cellulose acetate
phthalates. Sugar-coated tablets are compressed tablets surrounded by a sugar coating, which
may be beneficial in covering up objectionable tastes or odors and in protecting the tablets from
oxidation. Film-coated tablets are compressed tablets that are covered with a thin layer or film of
a water-soluble material. Film coatings include, but are not limited to, hydroxyethylcellulose,
sodium carboxymethylcellulose, polyethylene glycol 4000, and cellulose acetate phthalate. Film
coating imparts the same general characteristics as sugar coating. Multiple compressed tablets
are compressed tablets made by more than one compression cycle, including layered tablets, and
press-coated or dry-coated tablets.

[0279] The tablet dosage forms can be prepared from the active ingredient in powdered,
crystalline, or granular forms, alone or in combination with one or more carriers or excipients
described herein, including binders, disintegrants, controlled-release polymers, lubricants,
diluents, and/or colorants. Flavoring and sweetening agents are especially useful in the
formation of chewable tablets and lozenges.

[0280] The pharmaceutical compositions provided herein for oral administration can be
provided as soft or hard capsules, which can be made from gelatin, methylcellulose, starch, or
calcium alginate. The hard gelatin capsule, also known as the dry-filled capsule (DFC), consists
of two sections, one slipping over the other, thus completely enclosing the active ingredient. The
soft elastic capsule (SEC) is a soft, globular shell, such as a gelatin shell, which is plasticized by

the addition of glycerin, sorbitol, or a similar polyol. The soft gelatin shells may contain a
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preservative to prevent the growth of microorganisms. Suitable preservatives are those as
described herein, including methyl- and propyl-parabens, and sorbic acid. The liquid, semisolid,
and solid dosage forms provided herein may be encapsulated in a capsule. Suitable liquid and
semisolid dosage forms include solutions and suspensions in propylene carbonate, vegetable oils,
or triglycerides. Capsules containing such solutions can be prepared as described in U.S. Pat.
Nos. 4,328,245; 4,409.239; and 4,410,545. The capsules may also be coated as known by those
of skill in the art in order to modify or sustain dissolution of the active ingredient.

[0281] Coloring and flavoring agents can be used in all of the above dosage forms.

[0282] The pharmaceutical compositions provided herein for oral administration can be
formulated as immediate or modified release dosage forms, including delayed-, sustained,
pulsed-, controlled, targeted-, and programmed-release forms.

B. Parenteral Administration

[0283] The pharmaceutical compositions provided herein can be administered parenterally by
injection, infusion, or implantation, for local or systemic administration. Parenteral
administration, as used herein, include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intramuscular, intrasynovial, intravesical,
and subcutaneous administration.

[0284] The pharmaceutical compositions provided herein for parenteral administration can be
formulated in any dosage forms that are suitable for parenteral administration, including
solutions, suspensions, emulsions, micelles, liposomes, microspheres, nanosystems, and solid
forms suitable for solutions or suspensions in liquid prior to injection. Such dosage forms can be
prepared according to conventional methods known to those skilled in the art of pharmaceutical
science (see, Remington: 1he Science and Practice of Pharmacy, supra).

[0285] The pharmaceutical compositions intended for parenteral administration can include one
or more pharmaceutically acceptable carriers and excipients, including, but not limited to,
aqueous vehicles, water-miscible vehicles, non-aqueous vehicles, antimicrobial agents or
preservatives against the growth of microorganisms, stabilizers, solubility enhancers, isotonic
agents, buffering agents, antioxidants, local anesthetics, suspending and dispersing agents,
wetting or emulsifying agents, complexing agents, sequestering or chelating agents,
cryoprotectants, lyoprotectants, thickening agents, pH adjusting agents, and inert gases.

[0286] Suitable aqueous vehicles include, but are not limited to, water, saline, physiological
saline or phosphate buffered saline (PBS), sodium chloride injection, Ringers injection, isotonic
dextrose injection, sterile water injection, dextrose and lactated Ringers injection. Suitable non-
aqueous vehicles include, but are not limited to, fixed oils of vegetable origin, castor oil, corn oil,

cottonseed oil, olive oil, peanut oil, peppermint oil, safflower oil, sesame oil, soybean oil,
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hydrogenated vegetable oils, hydrogenated soybean oil, and medium-chain triglycerides of
coconut oil, and palm seed oil. Suitable water-miscible vehicles include, but are not limited to,
ethanol, 1,3-butanediol, liquid polyethylene glycol (e.g., polyethylene glycol 300 and
polyethylene glycol 400), propylene glycol, glycerin, N-methy1-2-pyrrolidone, NV, N-
dimethylacetamide, and dimethyl sulfoxide.

[0287] Suitable antimicrobial agents or preservatives include, but are not limited to, phenols,
cresols, mercurials, benzyl alcohol, chlorobutanol, methyl and propyl p-hydroxybenzoates,
thimerosal, benzalkonium chloride (e.g., benzethonium chloride), methyl-and propyl-parabens,
and sorbic acid. Suitable isotonic agents include, but are not limited to, sodium chloride,
glycerin, and dextrose. Suitable buffering agents include, but are not limited to, phosphate and
citrate. Suitable antioxidants are those as described herein, including bisulfite and sodium
metabisulfite. Suitable local anesthetics include, but are not limited to, procaine hydrochloride.
Suitable suspending and dispersing agents are those as described herein, including sodium
carboxymethylcelluose, hydroxypropyl methylcellulose, and polyvinylpyrrolidone. Suitable
emulsifying agents are those described herein, including polyoxyethylene sorbitan monolaurate,
polyoxyethylene sorbitan monooleate 80, and triethanolamine oleate. Suitable sequestering or
chelating agents include, but are not limited to EDTA. Suitable pH adjusting agents include, but
are not limited to, sodium hydroxide, hydrochloric acid, citric acid, and lactic acid. Suitable
complexing agents include, but are not limited to, cyclodextrins, including a-cyclodextrin, -
cyclodextrin, hydroxypropyl-B-cyclodextrin, sulfobutylether--cyclodextrin, and sulfobutylether
7-B-cyclodextrin (CAPTISOL®, CyDex, Lenexa, KS).

[0288] When the pharmaceutical compositions provided herein are formulated for multiple
dosage administration, the multiple dosage parenteral formulations must contain an
antimicrobial agent at bacteriostatic or fungi static concentrations. All parenteral formulations
must be sterile, as known and practiced in the art.

[0289] In one embodiment, the pharmaceutical compositions for parenteral administration are
provided as ready-to-use sterile solutions. In another embodiment, the pharmaceutical
compositions are provided as sterile dry soluble products, including lyophilized powders and
hypodermic tablets, to be reconstituted with a vehicle prior to use. In yet another embodiment,
the pharmaceutical compositions are provided as ready-to-use sterile suspensions. In yet another
embodiment, the pharmaceutical compositions are provided as sterile dry insoluble products to
be reconstituted with a vehicle prior to use. In still another embodiment, the pharmaceutical

compositions are provided as ready-to-use sterile emulsions.
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[0290] The pharmaceutical compositions provided herein for parenteral administration can be
formulated as immediate or modified release dosage forms, including delayed-, sustained,
pulsed-, controlled, targeted-, and programmed-release forms.

[0291] The pharmaceutical compositions provided herein for parenteral administration can be
formulated as a suspension, solid, semi-solid, or thixotropic liquid, for administration as an
implanted depot. In one embodiment, the pharmaceutical compositions provided herein are
dispersed in a solid inner matrix, which is surrounded by an outer polymeric membrane that is
insoluble in body fluids but allows the active ingredient in the pharmaceutical compositions
diffuse through.

[0292] Suitable inner matrixes include, but are not limited to, polymethylmethacrylate,
polybutyl-methacrylate, plasticized or unplasticized polyvinylchloride, plasticized nylon,
plasticized polyethylene terephthalate, natural rubber, polyisoprene, polyisobutylene,
polybutadiene, polyethylene, ethylene-vinyl acetate copolymers, silicone rubbers,
polydimethylsiloxanes, silicone carbonate copolymers, hydrophilic polymers, such as hydrogels
of esters of acrylic and metliacrylic acid, collagen, cross-linked polyvinyl alcohol, and cross-
linked partially hydrolyzed polyvinyl acetate.

[0293] Suitable outer polymeric membranes include but are not limited to, polyethylene,
polypropylene, ethylene/propylene copolymers, ethylene/ethyl acrylate copolymers,
ethylene/vinyl acetate copolymers, silicone rubbers, polydimethyl siloxanes, neoprene rubber,
chlorinated polyethylene, polyvinylchloride, vinyl chloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionomer polyethylene terephthalate, butyl rubber
epichlorohydrin rubbers, ethylene/vinyl alcohol copolymer, ethylene/vinyl acetate/vinyl alcohol
terpolymer, and ethylene/vinyloxyethanol copolymer.

V. Examples

[0294] While preferred embodiments of the present disclosure have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments described herein may be employed in practicing the invention.
It is intended that the following claims define the scope of the invention and that methods and
structures within the scope of these claims and their equivalents be covered thereby.

Example 1. A Phase 2, Open-Label Study to Evaluate the Efficacy and Safety of
Compound 1 in Subjects with Testicular Adrenal Rest Tumors

[0295] Testicular adrenal rest tumors (TART) is a common complication in congenital adrenal

hyperplasia (CAH) that is caused by adrenocorticotropin hormone (ACTH)—driven
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overstimulation of aberrant adrenal cells within the testes and results in impaired
spermatogenesis and infertility. TARTS can be found anywhere on the testes, though a typical
(very common) location is within the mediastinum. This is a particularly problematic location.
Because of the central location of TARTS being in the mediastinum, compression of the nearby
seminiferous tubules is common and can lead to obstructive azoospermia, irreversible damage to
surrounding tissue, and permanent infertility in males.

[0296] Current treatment for TART consists of chronic high-dose glucocorticoids, a problematic
therapy with significant side effects and a narrow therapeutic window. Given the serious nature
of TART and the limitations and risks of chronic steroid therapy, new treatment modalities are
needed for patients with TART. Compound 1, a high-affinity and selective small-molecule
antagonist of the corticotropin-releasing factor type-1 (CRF;) receptor, may be effective in
blocking ACTH synthesis, thereby reducing the size of testicular lesions in TART and reducing
the need for chronic supraphysiologic doses of glucocorticoids. This mechanism of action has
been validated in a previous proof-of-concept study using a similar small-molecule CRF;
receptor antagonist, which produced dose-dependent reductions in ACTH and 17-
hydroxyprogesterone (17-OHP) in subjects with CAH. Compound 1 has been shown to have an
acceptable safety and tolerability profile in nonclinical toxicology studies and in 2 completed
Phase 1 clinical studies in healthy volunteers. These promising results provide a rationale for
investigating the use of Compound 1 in the treatment of TART, in combination with
replacement glucocorticoids and mineralocorticoids.

[0297] The structure of Compound 1 is:

= N'N\

0
(_o

[0298] Building upon the 2 cofnpleted Phase 1 studies of Compound 1 in healthy volunteers and
the ongoing Phase 2 proof-of-concept study of Compound 1 in subjects with CAH, this Phase 2
will study Compound 1 specifically in male CAH subjects with TART for the first time. A
sample size of approximately 12 subjects was selected to provide sufficient data for an initial
evaluation of efficacy and safety in subjects with TART while maintaining feasible subject
recruitment goals for this rare condition. Given the rarity of the disease and thus the small

sample size that can be recruited, this study will be open label, and all enrolled subjects will
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receive active study drug. Subjects will serve as their own controls in that their outcome
measures after 12 weeks of study drug dosing will be compared to their baseline measures.
[0299] The schedule of study visits (every 2 weeks through Week 4, then every 4 weeks for the
remainder of the study) provides an appropriate balance between minimizing subject burden and
closely monitoring subject safety and response to therapy. The 4-week post-treatment washout
period will allow for adequate safety follow-up and analysis of any HPA axis rebound after the
last dose of study drug.

[0300] The specification of study drug dosing at 10pm and after consumption of a snack is
based on information from the Phase 1 studies in healthy volunteers. The plasma Cuax
(maximum concentration) for Compound 1 in the Phase 1 studies occurred approximately 5
hours after dosing. Therefore, Compound 1 will be dosed daily at 10pm in this study in order to
achieve peak plasma study drug concentration at the time of day when most adrenal androgens
are produced. Subjects will consume a standardized snack before taking study drug because the
Phase 1 studies showed minimal study drug absorption when subjects were dosed in a fasted
state. Specific dose reduction criteria, strict individual treatment stopping criteria, and
appropriate laboratory and medical assessments have been established to ensure subject safety.
(FIGS. 1A-1B).

Objectives Endpoints
Primary
e To assess the efficacy of e Reduction in the size/volume of TART on testicular
Compound 1 in subjects with ultrasound from screening to Week 12
TART
Secondary
¢ To evaluate the safety of e Adverse events (AEs), serious adverse events (SAEs),
Compound 1 in subjects with AEs leading to withdrawal, AEs of special interest
TART (AESIs)

e Physical examination findings

e Vital signs

e Changes in electrocardiogram (ECG)
e Changes in clinical laboratory values

e To assess the pharmacodynamic e Changes in plasma concentrations of key PD

(PD) biomarker effects of biomarkers, including ACTH, 17-OHP, testosterone,
Compound 1 androstenedione, luteinizing hormone (LH),
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follicle-stimulating hormone (FSH), inhibin B, sex
hormone-binding globulin (SHBG), renin, and
aldosterone from baseline to Week 12

To assess changes on semen e Changes in sperm count, morphology, and motility

analysis from baseline to Week 12

To assess changes in metabolism e Changes in metabolic parameters, including fasting
glucose, HbAlc, insulin sensitivity, and lipid profile
(including LDL cholesterol, HDL cholesterol, and
triglycerides), from baseline to Week 12

e Changes in body weight, body mass index (BMI),
waist circumference, and blood pressure

To evaluate changes in quality of e Changes in QoL measured using the Short Form 36

life (QoL) and mood (SF-36)

e Changes in mood measured using the Hospital

Anxiety and Depression Scale (HADS)

Study Population

[0301] Approximately 12 male subjects with TART will be enrolled at approximately 6

investigative sites in the United States, United Kingdom, and possibly other countries. Up to 12

additional subjects may be added to further evaluate specific safety, PD, or efficacy findings.

Eligibility Criteria

Inclusion Criteria

Adult male subjects aged 18 to 30, inclusive

Documented historical diagnosis of CAH based on documented genetic mutation or

historical documentation of elevated 17-OHP

Diagnosis of TART via testicular ultrasound and/or magnetic resonance imaging (MRI) at

screening with >1 lesion(s) measuring >2 c¢cm in diameter

On a stable regimen of GC replacement for 230 days before baseline

Agree to follow contraception guidelines and refrain from donating sperm throughout the

treatment period and for 90 days after the last dose of study drug

Subject is able to understand all study procedures and risks involved and provides written

informed consent indicating willingness to comply with all aspects of the protocol
Exclusion Criteria

Any clinically significant unstable medical condition, medically significant illness, or

chronic disease within 30 days of screening, including but not limited to:

104

1479



WO 2019/210266 PCT/US2019/029486
o A malignancy or <3 years of remission history from any malignancy, other than
successfully treated localized skin cancer
o Presence of clinically significant renal disease, as evidenced by an estimated
glomerular filtration rate (¢GFR) of <60 mL/min/1.73m*
o Current or chronic history of liver disease or known hepatic or biliary abnormalities
(with the exception of Gilbert’s syndrome or asymptomatic gallstones)
o Confirmed positive test at screening for active hepatitis B, hepatitis C, or human
immunodeficiency virus (HIV)
Any clinically significant psychiatric disorders, including any current major depressive
episode, bipolar disorder, schizophrenia, schizoaffective disorder, major depressive disorder
with psychotic features, or any other psychotic disorder within the preceding 6 months
HADS score >12 for either depression or anxiety
At increased risk of suicide on the basis of the Investigator’s judgment or the results of the
Columbia-Suicide Severity Rating Scale (C-SSRS) conducted at screening and baseline (eg,
C-SSRS Type 3, 4, or 5 ideation during the preceding 6 months or any suicidal behavior
within the past 12 months)
Clinically significant and abnormal clinical or laboratory assessments must be discussed
with the Medical Monitor to determine eligibility for this study. Abnormal assessments that
must be reviewed to determine eligibility include but are not limited to:
o Clinically meaningful abnormal ECG results, in the opinion of the Investigator
o Fridericia-corrected QT interval (QTcF) >450 msec
o Alanine aminotransferase (ALT) >2x upper limit of normal (ULN)
o Bilirubin >1.5x ULN (isolated bilirubin >1.5x ULN is acceptable if bilirubin is
fractionated and direct bilirubin is <35%)
A history that includes bilateral adrenalectomy or hypopituitarism
Use of any other investigational drug within 30 days or 5 half-lives, whichever is longer,
before initial screening
Require use of prohibited concomitant medications, including strong inhibitors and/or
inducers of CYP3 A4 (with the exception of glucocorticoids, hydrocortisone, and
dexamethasone) within 30 days or 5 half-lives (whichever is longer) of first dose of study
drug. Medications that are sensitive substrates or substrates with narrow therapeutic ranges
(metabolized by CYP3A4, 2C8, 2C9, or 2C19) should be discussed on a case-by-case basis
with the Medical Monitor to determine whether the medication should be discontinued or

may be continued with caution. If washout is feasible, then the medication should be
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withdrawn at least 30 days or 5 half-lives (whichever is longer) before the first dose of
study drug.

e Donation of blood within 60 days before first dose of study drug, or donation of platelets,

white blood cells, or plasma within 15 days before first dose of study drug.
Study Duration
[0302] The expected duration of study participation for each subject is up to approximately
20 weeks. This includes a screening period of <4 weeks, a treatment period of 12 weeks, and a
safety follow-up period of 4 weeks.
Study Design

[0303] This is a Phase 2, open-label efficacy and safety study of Compound 1 for the treatment
of TART. All subjects will receive a daily oral dose of Compound 1 for 12 weeks.In-clinic study
visits will occur for screening and at Day 1 (baseline) and Weeks 2, 4, 8, 12 (end of treatment),
and 16 (follow-up).
Dose, Route, Regimen
[0304] All subjects will receive a daily oral dose of Compound 1 for 12 weeks. Subjects will
receive 600 mg/day during the first 2 weeks and 1000 mg/day during the remaining 10 weeks of
the treatment period. Study drug will be taken daily at 10pm (or bedtime, if earlier), 5 to
15 minutes after consumption of a standardized snack.
[0305] On momings of study visits with 8am blood draws for laboratory assessments, subjects
should take their morning glucocorticoid replacement after the blood draws. For all other days
during the study, subjects may take their moming glucocorticoid replacement at their usual time
(generally between 6am and 8am).
[0306] If a subject experiences a Grade 3 or higher TEAE considered at least possibly related to
study drug, the Investigator may reduce the subject’s daily dose of Compound 1 down in
increments of 200 mg. Study drug will be discontinued in subjects who experience clinically
significant liver chemistry, QTcF, or other individual treatment stopping criteria.
Investigational Drug
[0307] Compound 1 is a small-molecule CRF; receptor antagonist and will be supplied as 200-

mg, size 1, white, hard gelatin capsules.

Example 2.

[0308] Since elevated ACTH is the primary driver for TART growth, blocking ACTH synthesis
using Compound 1, a small-molecule antagonist of the CRF, receptor, may be effective in
reducing ACTH levels, thereby reducing the size of testicular lesions in TART and reducing the
need for chronic supraphysiologic doses of GCs. In CAH, this mechanism of action has been
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validated in a previous proof-of-concept study using a similar small-molecule CRF; receptor
antagonist, which produced dose-dependent reductions in ACTH and 17-OHP in subjects with
CAH. The safety profile of Compound 1 has been established in nonclinical toxicology studies
and in 2 completed Phase 1 clinical studies in healthy volunteers. A Phase 2 study in subjects
with CAH is currently ongoing.

Nonclinical Toxicology of Compound 1

[0309] The nonclinical safety profile of Compound 1 has been evaluated in repeat-dose range-
finding and definitive toxicology studies of up to 91 days in duration in rats and dogs using the
clinically relevant route (oral) and schedule of administration (once daily). In rats and beagle
dogs administered oral Compound 1 once daily for 91 consecutive days at doses up to 2000
mg/kg/day, toxicologic findings were all mild and limited to the male reproductive tract, and all
Compound 1-related findings were reversible following a 6-week treatment-free recovery period.
[0310] Additionally, a fertility toxicology study was conducted in rats. In this study, male rats
were administered oral Compound 1 once daily at 0, 5, 20, or 1000 mg/kg for 85 to 87 days (70
days before mating, during mating, and <4 days between mating and necropsy). Male
reproductive performance (mean day of mating, mating and fertility indices, and conception
rates) was unaffected by Compound 1 treatment. Untreated females mated with the Compound
1-treated males had no ovarian and uterine effects.

[0311] In addition, a complete battery of standard genotoxicity tests consisting of in vitro
bacterial reverse mutation and chromosome aberration assays and an in vivo (rat) bone marrow
micronucleus assay has been conducted. Exploratory and definitive embryo-fetal development
studies in rabbits and a bovine comeal opacity and permeability assay have also been conducted.
Clinical Experience with Compound 1

[0312] To date, a total of 53 subjects, all healthy adults aged 21 to 65 years, have been treated
with at least 1 dose of Compound 1 in 2 Phase 1 studies. The first-in-human study of Compound
1 (Study I3C-FW-BLAA) evaluated single ascending doses of 2 mg to 800 mg. In this study, a
small number of subjects experienced diarrhea and headache of mild or moderate severity. A
subsequent study (Study I3C-FW-BLAB) evaluated repeat doses of 50 mg, 100 mg, or 200 mg
Compound 1 once daily for 14 consecutive days. A small number of subjects in the repeat-dose
study experienced dyspnea, rhinorrhea, palpitations, and headache. The Phase 1 studies showed
no clinically significant alterations in safety laboratory values, vital signs, or electrocardiograms
(ECGs). Compound 1 has been well tolerated in healthy human subjects, with no SAEs, AEs
leading to discontinuation, or dose-limiting toxicities (DLTs). A maximum tolerated dose has

not been reached in humans.
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[0313] An ongoing Phase 2 open-label study (Study Compound 2) is currently evaluating the
safety and efficacy of Compound 1 dosed once daily for 6 weeks in adults with classic CAH. In
the initial Cohort A of this study, all subjects are dosed starting at 200 mg/day for 14 days,
escalating for each subject to 600 mg/day for 14 days, then 1000 mg/day for 14 days if the
subject experiences no DLTs at the previous dose level. (FIGS. 2-3).

Known Potential Risks

[0314] Because the reversible testicular effects (degeneration/atrophy) observed in rats and dogs
treated with high-dose Compound 1 (2,000 mg/kg/day) are likely associated with on-target
(mechanism-driven) effects, these effects are likely to be relevant to human risk. However, male
reproductive studies in rodents showed no impairment in fertility at the highest dose tested
(1,000 mg/kg/day). Additionally, there were no effects on clinical laboratory markers of
testicular function (LH and FSH) when Compound 1 was administered to healthy male
volunteers at doses up to 200 mg per day for 14 consecutive days. Clinical laboratory measures
of testicular function (LH, FSH, inhibin B, and SHBG) will be assessed throughout this study to
monitor the risk of testicular injury. Testicular ultrasounds and semen analysis will also be
performed at screening/baseline and the end of the treatment period.

[0315] Laboratory abnormalities in liver function tests (LFTs) have been observed at
significantly higher doses in nonclinical studies. However, these events were not observed in the
Phase 1 clinical studies. Clinical laboratory measures of liver chemistry will be assessed
throughout this study, and strict individual treatment stopping criteria for liver chemistry
findings are in place.

[0316] Compound 1-induced effects on the thyroid gland were noted in dogs after 91 days of
high-dose (2,000 mg/kg/day) treatment but not in any other nonclinical studies. Clinical
pathology parameters of thyroid function (eg, T4, T3, thyroid-stimulating hormone [TSH]) were
not evaluated in the Phase 1 studies but will be monitored throughout this study.

Known Potential Benefits

[0317] Early clinical studies suggests that Compound 1 is effective as a CRF receptor
antagonist, a mechanism of action that supports the clinical investigation of Compound 1 for
treatment of TART. In CAH, this mechanism of action has been validated in a previous proof-
of-concept study using a similar small-molecule CRF; receptor antagonist, which produced
dose-dependent reductions in ACTH and 17-OHP in subjects with CAH.

Assessment of Potential Risks and Benefits

[0318] The mild and reversible toxicologic effects of Compound 1 on the male reproductive
tract in nonclinical studies occurred in the context of animals with normal, rather than elevated,

baseline hormone function. As a CRF; receptor antagonist, Compound 1 is intended to reduce
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abnormally elevated ACTH levels, which in TART drives overstimulation of aberrant adrenal
cells within the testes. In nonclinical models where baseline hormone levels are within normal
ranges, clinical benefits are not expected, and indeed, toxicities may be expected as a result of
androgen reduction outside of the normal range. In TART, where baseline ACTH and androgen
levels are pathologically elevated, androgen reduction would be considered a positive,
therapeutic effect.

[0319] Given the serious nature of TART and the limitations (and risks) of chronic steroid
therapy, new treatment modalities are needed for patients with TART. Given the acceptable
safety and tolerability profile of Compound 1 in healthy volunteers from the Phase 1 program,
the low probability of demonstrating meaningful PD marker changes in healthy subjects, and the
lack of any clear benefit to exposing more healthy subjects to study drug, the Sponsor believes

the benefit-to-risk profile favors the entry of Compound 1 into Phase 2 in subjects with TART.

Example 3. Congenital Andrenal Hyperplasia (CAH)

[0320] CAH results from a genetic defect in the 21-hydroxylase enzyme. CAH patients are thus
unable to produce cortisol. Without cortisol to provide negative feedback, patients over-produce
ACTH. High ACTH promotes the overproduction of potent androgens (male sex hormones).
Without wishing to be bound by theory, Compound 1 blocks CRF; receptor to prevent ACTH
release by the pituitary and associated drive on the hypothalamic-pituitary-adrenal axis.
Replacement of cortisol to physiological levels will correct cortisol deficiency, however, will
not lower ACTH, resulting in hyperplasia of adrenal gland and associated overproduction of
adrenal androgens.

[0321] As shown in FIGS. 4 and SA-5B, the attenuation of ACTH demonstrates target
engagement and functional CRF, receptor antagonism. 80% of subjects demonstrated reduction
in ACTH. 70% of subjects demonstrated > 25% reduction in ACTH. 30% of subjects were in the
normal range (*) after treatment with a CRF; receptor antagonist.

[0322] FIGS. 6 and 7A-7B demonstrate “control” of disease based on standard guidelines,
which would then allow steroid taper. 80% of subjects demonstrated reduction in 17-OHP. 50%
of subjects demonstrated > 25% reduction in ACTH. 50% of subjects were in the guideline
range (*; 1200 ng/dL) after treatment with a CRF; receptor antagonist.

[0323] FIGS. 8 and 9A-9B demonstrate attenuation of morning rise in A4 upon treatment with a
CRF1 antagonist, indicative of its ability to control excess andreogen production and associated
symptoms. 100% of subjects demonstrated reduction in androstenedione (at various doses). 60%
of subjects demonstrated > 25% reduction in androstenedione. 50% of subjects were within the

normal reference range after treatment with a CRF; receptor antagonist.
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[0324] FIGS. 10A-10B show approximately 25% shrinkage in TART in a 25 year old male with
classic congenital adrenal hyperplasia following 6 weeks treatment with a CRF; receptor
antagonist.

[0325] FIGS. 11A-11B demonstrate Compound 1 is a potent, selective, and functional CRF;
receptor antagonist. In in vitro and ex vivo studies, Compound 1 was determined to be a potent
and selective CRF; receptor antagonist with high affinity and selective for the hCRF; receptor.
Compound 1 was found to have functional potency to inhibit adenylate cyclase activity (CRF;
receptor-mediated downstream cascade), demonstrating in vitro efficacy as a CRF; receptor
antagonist. Compound 1 was found to significantly inhibit CRF-induced locomotor behavior in
response to i.c.v. administration of CRF (FIG. 11B).

[0326] FIGS. 12A-12B demonstrate single pill of CRF; receptor antagonist improves ACTH
and 17-OHP in CAH patients.

[0327] FIG. 13 shows the subject level hormone changes (ACTH, 17-OHP, and

androstenedione) by dose of a CRF; receptor antagonist.

Example 4. Assess reduction in excess ACTH and adrenal steroid production
[0328] The objectives of the study are: to assess the ability of Compound 1 to reduce excess
ACTH and adrenal steroid production in participants with classic CAH on a stable
gluococorticoid regimen; to evaluate the safety and tolerability of tildacerfont in participants
with classic CAH; and to evaluate the pharmacokinetics (PK) of tildacerfont.
ELIGIBILITY CRITERIA
[0329] Inclusion Criteria:

e Adult males and females 18 years or older

e Diagnosis of classic CAH due to 21-hydroxylase deficiency

e Moming 170HP >800 ng/dL, before taking any moming GC dose

e On a stable regimen of gluococorticoid replacement for >30 days before enrollment
[0330] Exclusion Criteria:

e Clinically significant unstable medical condition, illness, or chronic disease within

30 days of screening

e Clinically significant psychiatric disorder

e History of bilateral adrenalectomy or hypopituitarism
STUDY DESIGN

[0331] FIG. 14 depicts the proof of concept and escalating QD dosing at 10 PM for Cohort A and the
single dose level and BID dosing at 10 AM and 10 pm for Cohort B.
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BASELINE CHARACTERISTICS
[0332] Table 1 provides a description of the baseline characteristics displayed by Cohort A and
Cohort B. In Cohort A, 10 partcipants were enrolled and received at least 1 dose of Compound
1. One participant withdrew early because of an occupation-related scheduling conflict. In
Cohort B, 9 participants were enrolled and received at least one dose of Compound 1. One
participant was withdrawn upon discovery of a major protocol violation at Baseline and did not
have postbaseline efficacy/PK data. Thus, baseline characteristics are calculated for n=8 in

Cohort B. One participant in Cohort B was taking both HC and prednisone.

Table 1 Baseline characteristics of each cohort

Parameter Cohort A (n=10) Cohort B (n=8)
Dcmographics
Age (ycars), mcan (range) 39.3 (24-66) 36.8 (19-66)
Sex 5M, 5F M, 7F
Bmi (kg/m’), mecan * SD 31.5+x12.0 31.1+6.7
Daily GC dose (mg HC equivalents),
mean range 28 (13-40) 35 (20-50)
Types of GCs 4 JC, 3 pred, 3 dex 2HC, 4 pred, 3 dex
170HP at screening” (ng/dl), mean *
SD 5,985 1 6,347 4,592 14,624

Abbreviations: 170HP: 17-hydroxyprogesterone; BMI: body mass index; dex: dexamethasone; F: female; GC: glucocorticoid; HC:
hydrocortisone; M: male; pred: prednisone; SD: standard deviation.
a 170HP reference ranges: 27-199 ng/dL males, 15-290 ng/dL females.

SAFETY

[0333] Across both cohorts, Compound 1 was generally well tolerated. The most common type
of adverse event (AE) was gastrointestinal disorders There were no serious AEs and no AEs
leading to withdrawal.

PHARMACOKINETICS

[0334] Over a wide range of doses (200 to 1000 mg QD), Compound lexhibited a predictable,
dose-dependent PK profile.

EFFICACY

[0335] FIG. 15A-15D show the changes in levels of Androstenedione (A4) across both cohorts.
Levels of A4 improved at >1 dose level for 10 out of 10 participants in Cohort A and 6 out of 8
participants in Cohort B. Excess A4 is associated with clinical sequelae in CAH. Attenuation of
A4 demonstrates control of adrenal androgen.

[0336] FIG. 16A-16D show the changes in levels of 17-hydroxyprogesterone (17-OHP) across
both cohorts. Levels of 170HP improved at 21 dose level for 8 out of 10 participants in Cohort
A and 6 out of 7 participants in Cohort B. 170HP is a critical hormone in CAH diagnosis and
management. Attenuation of 170HP demonstrates control of adrenal steroid production.

[0337] FIG. 17A-17D show the changes in levels of adrenocorticotropic hormone (ACTH)

across both cohorts. Levels of ACTH improved at 21 dose level for 8 out of 10 participants in
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Cohort A and 5 out of 7 participants in Cohort B. Attenuation of ACTH demonstrates target

engagement and fucntional CRF, receptor antagonism.
Table 2 — Percentage change from baseline in ACTH, 170HP and A4.

Cohort A Cohort B
200 mg QD 600 mg QD 1000 mg QD 200 mg BID
(Week 2) (Week 4) (Week 6) (Weed 2)
ACTH -25.7 (£51.6) -60.1 (£37.5) -32.7 (=47.0) -36.5 (+58.0)
170HP +22.2 (£172.3) -23.7 (£64.2) -13.8 (£74.7) -47 .8 (£63.3)
A4 -12.1 (£47.4) -33.2 (£36.5) -28.6 (£44.6) -16.0 (+81.4)
CONCLUSIONS

[0338] Compound 1, a potent and selective CRF; receptor antagonist, offers a novel
nonsteroidal oral treatment approach for CAH. Compound 1 was well tolerated and efficacious
in reducing excess ACTH, 170HP, and androstenedione in patients with classic CAH.
Compound 1 exhibited a predictable, dose-dependent PK profile suitable for the target
population.

[0339] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Itis not intended that the invention be limited by the specific examples
provided within the specification. While the invention has been described with reference to the
aforementioned specification, the descriptions and illustrations of the embodiments herein are
not meant to be construed in a limiting sense. Numerous variations, changes, and substitutions
will now occur to those skilled in the art without departing from the invention. Furthermore, it
shall be understood that all aspects of the invention are not limited to the specific depictions,
configurations or relative proportions set forth herein which depend upon a variety of conditions
and variables. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is therefore
contemplated that the invention shall also cover any such alternatives, modifications, variations
or equivalents. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby
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CLAIMS

WHAT IS CLAIMED IS:

1. A method of treating or preventing testicular adrenal rest tumors (TART) or
ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereof a
corticotropin-releasing factor type-1 (CRF;) antagonist or a pharmaceutically acceptable salt
thereof’

2. The method of claim 1, wherein the subject has congenital adrenal hyperplasia
(CAH).

3. The method of claim 1 or 2, wherein the size and/or number of the tumors is
decreased or reduced.

4. A method of treating or preventing testicular adrenal rest tumors (TART) or
ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereof a
compound of structural Formula (I):

R! R?

= N’N\

R* (), or a pharmaceutically acceptable salt thereof,

wherein:

R' and R? are independently ethyl or n-propyl;

R® is hydrogen, Cl, Br, methyl, trifluoromethyl, or methoxy; and

R*is hydrogen, Br, R*R°N-, methoxymethyl, n-butyl, acetamido, pyridin-4-yl,

N Ly TS
KV, wiy,Nm \_f —
morpholin-4-yl, o , , N , or ;

R?® and R® are independently hydrogen, C,-Csalkyl, H,NCH,CH;—,
(CH})%COC(O)NHCHzCHz—, or CH%CHzCHzNHCHzCHz—.

5. The method of claim 4, wherein R}is Cl, Br, methyl, or trifluoromethyl.
6. The method of claim 4, wherein R? is Cl, Br, or methyl.
7. The method of claim 4, wherein R* is Br, R"R°N—, pyridin-4-yl, morpholin-4-yl,
I
N,
or N~
3. The method of claim 4, wherein R* is morpholin-4-yl or
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|
N.
7L< N
N—

9. The method of claim 4, wherein R* is hydrogen, Br, R*RPN- and R? and R® are
independently C;-Csalkyl.

10. The method of claim 4, wherein the compound is

AN

N | or a pharmaceutically acceptable salt thereof.

11. The method of claim 4, wherein the compound is

= N/N\

NS =

N
Br 4 /S
Nyl |
~ "N or a pharmaceutically acceptable salt thereof.

12. The method of claim 4, wherein the compound is

o N’N\

N/H
K/O , or a pharmaceutically acceptable salt thereof.

13. The method of claim 4, wherein the subject has congenital adrenal hyperplasia
(CAH).

14. The method of claim 4 or 13, wherein the size and/or number of the tumors is
decreased or reduced.

15. The method of any one of claims 4-14, wherein from about 5 mg to about 1000
mg of a compound of Formula (1), or a pharmaceutically acceptable salt thereof, is administered

to the subject.
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16. The method of any one of claims 4-15, wherein from about 5 mg to about 25 mg
of a compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered to
the subject.

17. The method of any one of claims 4-15, wherein from about 10 mg to about 400
mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
to the subject.

18. The method of any one of claims 4-15, wherein from about 100 mg to about 600
mg of a compound of Formula (I), or a pharmaceutically acceptable salt thereof, is administered
to the subject.

19. The method of any one of claims 4-15, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered at a dose of from about 5 mg/day to
about 1000 mg/day is administered to the subject.

20. The method of claim 19, wherein the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered at a dose from about 5 mg/day to about
25 mg/day is administered to the subject.

21. The method of claim 19, wherein the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered at a dose from about 10 mg/day to
about 400 mg/day is administered to the subject.

22. The method of claim 19, wherein the compound of Formula (I), or a
pharmaceutically acceptable salt thereof, is administered at a dose of from about 100 mg/day to
about 600 mg/day is administered to the subject.

23, The method of any one of claims 4-22, wherein the compound is administered
orally.

24. The method of any one of claims 4-23, wherein the compound is formulated as a

capsule or tablet.

25. The method of any one of claims 4-24, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered in the fed state.

26. The method of any one of claims 4-24, wherein the compound of Formula (1), or
a pharmaceutically acceptable salt thereof, is administered in the fasted state.

27. The method of any one of claims 4-26, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered at least once per day.

28. The method of any one of claims 4-27, wherein the compound of Formula (I), or

a pharmaceutically acceptable salt thereof, is administered at bedtime.
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29, The method of any one of claims 4-27, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered less than about 4 hours before sleep.

30. The method of any one of claims 4-27, wherein the compound of Formula (1), or
a pharmaceutically acceptable salt thereof, is administered less than about 2 hours before sleep.

31. The method of any one of claims 4-27, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered less than about 30 minutes before
sleep.

32. The method of any one of claims 4-27, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered in the evening.

33. The method of any one of claims 4-27, wherein the compound of Formula (I), or
a pharmaceutically acceptable salt thereof, is administered at about 10 pm at night.

34. A method of treating or preventing testicular adrenal rest tumors (TART) or
ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereotf a
pharmaceutical composition, comprising a compound of structural Formula (I) and a

pharmaceutically acceptable excipient:

Rl _R?

R*(I), or a pharmaceutically acceptable salt thereof,

wherein:

R' and R” are independently ethyl or n-propyl;

R’is hydrogen, Cl, Br, methyl, trifluoromethyl, or methoxy; and

R” is hydrogen, Br, R"R"N—, methoxymethyl, n-butyl, acetamido, pyridin-4-yl,

\ \7LN X
SO T T T
morpholin-4-yl, o , , N , or ;

R? and R® are independently hydrogen, C,-Csalkyl, H,NCH,CH;—,
(CH3)3COC(O)NHCH2CH2*, or CH3CH2CH2NHCH2CH2*.

35. The method of claim 31, wherein the compound of Formula (I) has the structure:
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N ”/ﬁ

K/O , or a pharmaceutically acceptable salt thereof.

36. The method of claim 31 or 32, wherein the pharmaceutical composition
comprises from about 5 mg to about 1000 mg of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof.

37. The method of any one of claims 34-36, wherein the pharmaceutical composition
comprises from about 5 mg to about 25 mg of a compound of Formula (1), or a pharmaceutically
acceptable salt thereof.

38. The method of any one of claims 34-36, wherein the pharmaceutical composition
comprises from about 10 mg to about 400 mg of a compound of Formula (I), or a
pharmaceutically acceptable salt thereof’

39. The method of any one of claims 34-36, wherein the pharmaceutical composition
comprises from about 100 mg to about 600 mg of a compound of Formula (1), or a
pharmaceutically acceptable salt thereof.

40. The method of any one of claims 34-36, wherein the pharmaceutical composition
comprises about 5 mg, about 10 mg, about 15 mg, about 20 mg, 25 mg, about 50 mg, about 100
mg, about 150 mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg, about 220 mg,
about 225 mg, about 230 mg, about 235 mg, about 240 mg, about 245 mg, about 250 mg, about
255 mg, about 260 mg, about 265 mg, about 270 mg, about 275 mg, about 280 mg, about 285
mg, about 290 mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg, about 315 mg,
about 320 mg, about 325 mg, about 330 mg, about 335 mg, about 340 mg, about 345 mg, about
350 mg, about 355 mg, about 360 mg, about 365 mg, about 370 mg, about 375 mg, about 380
mg, about 385 mg, about 390 mg, about 395 mg, about 400 mg about 500 mg, or about 600 mg
of a compound of Formula (I), or a pharmaceutically acceptable salt thereof.

41. The method of any one of claims 34-36, wherein the pharmaceutical composition
is administered at a dose of from about 5 mg/day to about 1000 mg/day.

42, The method of claim 41, wherein the pharmaceutical composition is administered
at a dose of from about 5 mg/day to about 25 mg/day.

43, The method of claim 41, wherein the pharmaceutical composition is administered

at a dose of from about 10 mg/day to about 400 mg/day.
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44. The method of claim 41, wherein the pharmaceutical composition is administered
at a dose of from about 100 mg/day to about 600 mg/day.

45. The method of any one of claims 34-44, wherein the pharmaceutical composition
is administered orally.

46. The method of any one of claims 34-45, wherein the pharmaceutical composition
is formulated as capsule or a tablet.

47. The method of any one of claims 34-46, wherein the pharmaceutical composition
is administered in the fed state.

48. The method of any one of claims 34-46, wherein the pharmaceutical composition
is administered in the fasted state.

49. The method of any one of claims 34-48, wherein the pharmaceutical composition
is administered at least once per day.

50. The method of any one of claims 34-49, wherein the pharmaceutical composition
is administered at bedtime.

51. The method of any one of claims 34-50, wherein the pharmaceutical composition
is administered less than about 4 hours before sleep.

52. The method of any one of claims 34-51, wherein the pharmaceutical composition
is administered less than about 2 hours before sleep.

53. The method of any one of claims 34-52, wherein the pharmaceutical composition
is administered less than about 30 minutes before sleep.

54. The method of any one of claims 34-53, wherein the pharmaceutical composition
is administered in the evening.

55. The method of any one of claims 34-54, wherein the pharmaceutical composition
is administered at about 10 pm at night.

56. The method of any one of claims 1-55, further comprising administering to the
subject an additional chemotherapeutic agent.

57. The method of claim 56, wherein the additional chemotherapeutic agent is a
glucocorticoid, a mineralocorticoid, an ACAT1 inhibitor, or an anti-androgen.

58. The method of claim 57, wherein the glucocorticoid is beclomethasone,
betamethasone, budesonide, cortisone, dexamethasone, hydrocortisone, methylprednisolone,
prednisolone, prednisone, or triamcinolone.

59. The method of claim 57, wherein the mineralocorticoid is fludrocortisone.

60. The method of claim 56, wherein the additional chemotherapeutic agent is
another CRF; antagonist.

61. The method of claim 60, wherein the CRF, antagonist is
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pharmaceutically acceptable salt thereof.

62. The method of claim 61, wherein the CRF,; antagonist is

O~ or a pharmaceutically acceptable salt thereof.

63. The method of any one of claims 1-62 further comprising an additional treatment
selected from surgical resection of the tumors and radiation therapy, or a combination thereof.

64. The method of claim 63, wherein the additional therapy is surgical resection and
the surgical resection is prior to, after, and/or concurrent with administration of the compound of
structural Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical
composition, or any combination thereof.

65. The method of claim 64, wherein the surgical resection is prior to administration
of the compound of structural Formula (I), or a pharmaceutically acceptable salt thereof or the
pharmaceutical composition.

66. The method of claim 65, wherein the surgical resection is after administration of
the compound of structural Formula (T), or a pharmaceutically acceptable salt thereof or the

pharmaceutical composition.
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67. The method of claim 66, wherein the surgical resection is concurrent with
administration of the compound of structural Formula (I), or a pharmaceutically acceptable salt
thereof or the pharmaceutical composition.

68. The method of claim 63, wherein the additional treatment is radiation therapy and
the radiation therapy is prior to, after, and/or concurrent with administration of the compound of
structural Formula (I), or a pharmaceutically acceptable salt thereof or the pharmaceutical
composition, or any combination thereof.

69. The method of claim 68, wherein the radiation therapy is prior to administration
of the CRF; antagonist of structural Formula (I), or a pharmaceutically acceptable salt thereof or
the pharmaceutical composition.

70. The method of claim 68, wherein the radiation therapy is after administration of
the compound of structural Formula (I), or a pharmaceutically acceptable salt thereof or the
pharmaceutical composition.

71. The method of claim 68, wherein the radiation therapy is concurrent with
administration of the compound of structural Formula (I), or a pharmaceutically acceptable salt

thereof or the pharmaceutical composition.
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Continued from Box No. IIl Observations where unity of invention is lacking

Claims 1-4, 9, 13, 14, and 34 have been analyzed subject to the restriction that the claims read on a method of treating or preventing
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereof a
corticotropin-releasing factor type-1 (CRF1) antagonist or a pharmaceutically acceptable salt thereof, wherein the CRF1 antagonist is a
compound of structural Formula | or a pharmaceutically acceptable salt thereof, wherein: R1 and R2 are independently ethyl; R3 is
hydrogen; and R4 is hydrogen.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-14 and 34 are drawn to methods of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal
rest tumors (OART).

The first invention of Group I+ is restricted to a method of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal
rest tumors (OART), comprising administering to a subject in need thereof a corticotropin-releasing factor type-1 (CRF 1) antagonist or a
pharmaceutically acceptable salt thereof, wherein the CRF1 antagonist is a compound of structural Formula 1 or a pharmaceutically
acceptable salt thereof, wherein: R1 and R2 are independently ethyl; R3 is hydrogen; R4 is hydrogen; and methods of treating or
preventing testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART). It is believed that claims 1-4, 9, 13, 14, and 34
read on this first named invention and thus these claims will be searched without fee to the extent that they read on the above
embodiment.

Applicant is invited 1o elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a method of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal
rest tumors (OART), comprising administering to a subject in need thereof a corticotropin-releasing factor type-1 (CRF1) antagonist or a
pharmaceutically acceptable salt thereof, wherein the CRF1 antagonist is a compound of structural Formula | or a pharmaceutically
acceptable salt thereof, wherein: R1 and R2 are independently ethyl; R3 is Br; R4 is hydrogen; and methods of treating or preventing
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART). Additional formula(e) will be searched upon the payment of
additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables
R1, R2, R3, R4, and accordingly these groups lack unity a priori.

Additionally, even if Groups 1+ were considered to share the technical features of a method of treating or preventing testicular adrenal
rest tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereof a
corticotropin-releasing factor type-1 (CRF 1) antagonist or a pharmaceutically acceptable salt thereof; a method of treating or preventing
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereof a
compound of structural Formula (1):, and a method of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal rest
tumors (OART), comprising administering to a subject in need thereof a pharmaceutical composition, comprising a compound of
structural Formula (1) and a pharmaceutically acceptable excipient, these shared technical features do not represent a contribution over
the prior art as disclosed by US 2017/0020877 A1 to Neurocrine Biosciences, Inc. and US 2010/0222339 A1 to Chen et al.

US 2017/0020877 A1 to Neurocrine Biosciences, Inc. teaches a method of treating or preventing testicular adrenal rest tumors (TART)
(Para. [0044),...glucocorticoid treatment include cortisol replacement and suppression of ACTH to prevent virlization and menstrual
disturbances in women and to inhibit testicular adrenal rest tumors in men.; Para. [0047], Treatment of CAH includes efforts to normalize
the cortisol deficiency with glucocorticoids...; Claim 1, A methad for treating Congenital Adrenal Hyperplasia (CAH) by administering to a
subject in need thereof a CRF1 receptor antagonist...), comprising administering to a subject in need thereof a corticotropin-releasing
factor type-1 (CRF 1) antagonist (Claim 1; Para. [0007)); and a method of treating or preventing testicular adrenal rest tumors (TART)
(Paras. [0044] and [0047]; Claim 1), comprising administering to a subject in need thereof a pharmaceutical composition (Paras. {0061}
and [0065), The pharmaceutical compositions described herein that comprise at least one of the CRF1 antagonist compounds described
herein may be administered to a subject in need by any one of several routes that effectively deliver an effective amount of the
compound.; Claim 1).

US 2010/0222339 A1 to Chen et al., in the field of treating congenital adrenal hyperplasia (Para. [0014)), teach a corticotropin-releasing
factor type-1 (CRF 1) antagonist (Para. [0125], Ex. No. 2, 3-(2,4-Dibromo-thiazol-5-yl)- 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a]
pyrimidine; Para. [0057}, The compounds of Formula | are CRF-1 antagonists and, as such, are useful for treating a condition which is
treatable by reducing CRF 1 receptor tone or stimulation.); a compound of structural Formula (l) wherein , R1 and R2 are independently
ethyl; R3is Br; and R4 is Br (Para. [0125], Ex. No. 2, 3-(2,4-Dibromo-thiazol-5-yl)- 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a}
pyrimidine); and a pharmaceutical composition, comprising a compound of structural Formula (1) (Claim 10, A pharmaceutical
composition comprising: a compound according to claim 1, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.; (Para. [0125], Ex. No. 2, 3-(2,4-Dibromo-thiazol-5-yl)- 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a}pyrimidine).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: SIMREN DELANEY PCT

WILSON SONSIN| GOODRICH & ROSATI
650 PAGE MILL ROAD

PALO ALTO, CA 94304 INVITATION TO PAY ADDITIONAL FEES
AND, WHERE APPLICABLE, PROTEST FEE

(PCT Article 17(3)(a) and Rules 40.1 and 40.2(e))

Date of mailing

(daymonihyear) () 4 JUN 2019

Applicant’s or agent’s file reference PAYMENT DUE within ONE MONTH from
50535-710601 the above date of mailing
International application No. International filing date

PCT/US2019/029486 (day/month/year) 26 April 2019

Applicant gppCE BIOSCIENCES, INC.

1. This International Searching Authority
(i) considers that there are 1+ (number of) inventions claimed in the international application covered
by the claims indicated below/on an extra sheet:

see Extra Sheel(s)

(ii) therefore considers that the international application does not comply with the requirement of unity of invention
(Rules 13.1, 13.2 and 13.3) for the reasons indicated below/on an extra sheet:

see Exira Sheet(s)

(iii} D has carried out a partial international search (see Annex) XI will establish the international search report
on those parts of the international application which relate to the invention first mentioned in claims Nos.:
14,9, 13, 14,34

(iv) will establish the international search report on the other parts of the international application only if, and to the extent
to which, additional fees are paid.

2. Consequently, the applicant is hereby invited to pay, within the time limit indicated above, additional fees in the amount
indicated below:
$2,080.00 X 1+ = $2,080.00+ (See Item 2 of annex)

Fee per additional invention number of additional inventions total amount of additional fees/currency

3. Theapplicantis informed that, according to Rule 40.2(c), the payment of any additional fees may be made under protest,
thatis, a reasoned statementto the effect thatthe international application complies with the requirement ofunity of invention
or that the amount of the required additional fees is excessive, where applicable, subject to the payment of a protest fee.

Where the applicant pays additional fees under protest, the applicant is hereby invited, within the time limit indicated above,
to pay a protest fee (Rule 40.2(e)) in the amount of (amount/currency)

Where the applicant has not, within the time limit indicated above, paid the required protest fee, the protest will be considered
not to have been made and the International Searching Authority will so declare.

4, Claim(s) Nos. 16-33, 35-71 have been found to be unsearchable under
Article 17(2)(b) because of defects under Article 17(2)(a) and therefore have not been included with any invention,

Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US .
Commissioner for Patents Blaine R. Copenheaver

P.O. Box 1450, Alexandria, VA 22313-1450
L PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/206 (April 2005)
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INVITATION TO PAY ADDITIONAL FEES International application No.
AND, WHERE APPLICABLE, PROTEST FEE PCT/US2019/029486

Item 2 (continued). For International Applications filed on or after 01 January 2014, Applicant is reminded that the search fee per
additional invention indicated in item 2 is the undiscounted fee per additional invention. An Applicant may pay the search fee per
additional invention fee reduced by 50% (small entity assertion) or 75% (micro entity certification), as appropriate. See 37 CFR 1.27 and
1.28.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-14 and 34 are drawn to methods of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal rest
tumors (OART).

The first invention of Group |+ is restricted to a method of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal
rest tumors (QART), comprising administering to a subject in need thereof a corticotropin-releasing factor type-1 (CRF 1) antagonist or a
pharmaceutically acceptable salt thereof, wherein the CRF1 antagonist is a compound of structural Formula | or a pharmaceutically
acceptable salt thereof, wherein: R1 and R2 are independently ethyl; R3 is hydrogen; R4 is hydrogen; and methods of treating or
preventing testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART). Itis believed that claims 1-4, 9, 13, 14, and 34
read on this first named invention and thus these claims will be searched without fee to the extent that they read on the above
embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a method of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal rest
tumors (OART), comprising administering to a subject in need thereof a corticotropin-releasing factor type-1 (CRF1) antagonist or a
pharmaceutically acceptable salt thereof, wherein the CRF1 antagonist is a compound of structural Formula | or a pharmaceutically
acceptable salt thereof, wherein: R1 and R2 are independently ethyl; R3 is Br; R4 is hydrogen; and methods of treating or preventing
testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART). Additional formula(e) will be searched upon the payment of
additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the “+” group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups |+ do not relate to a single genera! inventive concept under PCT Rule 13.1, because under PCT Rule 13.2
they lack the same or corresponding special technical features for the following reasons:

The Groups |+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables
R1, R2, R3, R4, and accordingly these groups lack unity a priori.

Additionally, even if Groups |+ were considered to share the technical features of a method of treating or preventing testicular adrenal rest
tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in need theraof a corticotropin-releasing
factor type-1 (CRF 1) antagonist or a pharmaceutically acceptable salt thereof; a method of treating or preventing testicular adrenal rest
tumors (TART) or ovarian adrenal rest tumors (OART), comprising administering to a subject in need thereof a compound of structural
Formula (1);, and a method of treating or preventing testicular adrenal rest tumors (TART) or ovarian adrenal rest tumors (OART),
comprising administering to a subject in need thereof a pharmaceutical composition, comprising a compound of structural Formula (1) and
a pharmaceutically acceptable excipient, these shared technical features do not represent a contribution over the prior art as disclosed by
US 2017/0020877 A1 to Neurocrine Biosciences, Inc. and US 2010/0222339 A1 to Chen et al.

US 2017/0020877 A1 to Neurocrine Biosciences, Inc. teaches a method of treating or preventing testicular adrenal rest tumors (TART)
{Para. [0044]....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.; Para. [0047], Treatment of CAH includes efforts to normalize
the cortisol deficiency with glucocorticoids...; Claim 1, A method for treating Congenital Adrenal Hyperplasia (CAH) by administering to a
subject in need thereof a CRF 1 receptor antagonist...), comprising administering to a subject in need thereof a corticotropin-releasing
factor type-1 (CRF 1) antagonist (Claim 1; Para. [0007])); and a method of treating or preventing testicular adrenal rest tumors (TART)
{Paras. {0044] and [0047]; Claim 1), comprising administering to a subject in need thereof a pharmaceutical composition (Paras. [0061]
and [0065], The pharmaceutical compositions described herein that comprise at least one of the CRF 1 antagonist compounds described
herein may be administered to a subject in need by any one of several routes that effectively deliver an effective amount of the
compound.; Claim 1).

US 2010/0222339 A1 to Chen et al., in the field of treating congenital adrenal hyperplasia (Para. [0014)), teach a corticotropin-releasing
factor type-1 (CRF1) antagonist (Para. [0125], Ex. No. 2, 3-(2,4-Dibromo-thiazol-5-yl)- 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a)
pyrimidine; Para. [0057], The compounds of Formula | are CRF-1 antagonists and, as such, are useful for treating a condition which is
treatable by reducing CRF1 receptor tone or stimulation.); a compound of structural Formula () wherein , R1 and R2 are independently
ethyl; R3 is Br; and R4 is Br (Para. [0125]), Ex. No. 2, 3-(2,4-Dibromo-thiazol-5-yl)- 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a]
pyrimidine); and a pharmaceutical composition, comprising a compound of structural Formula (1) (Claim 10, A pharmaceutical
compasition comprising: a compound according to claim 1, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable excipient.; (Para. (0125}, Ex. No. 2, 3-(2,4-Dibromo-thiazol-5-yl)- 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a}pyrimidine).

The inventions listed in Groups |+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.

Form PCT/ISA/206 (extra sheet) (April 2005)
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cetic acid (¢

methyt zHroyrazsl

rua':m.f: with bromine in

celate

be easily pregr
1 et al, WO
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i {15}, Red:

1 1c give the
s ragent (5
sthane or

.rmmo rpinobing.

horoh nert solvant such as diehiors

athiszode of formula (7) undergss
edd UL AT 71100 C

RACTIGN I8 AT

Formation of the pound of formuls (33}, formuia (14), orformula (18} can b

formuts (13), formds (143, or farmila £15) sre those whare R

sHrotions, For example, &
iofe 1o obial

Slest, the

formuia 4-

art wilf reco

slorosucting

in Scheme 28 nthe prasence of copper (1 fodide i methanol 31 about 190120 7 CL v an inarl

saivent {such 2s dime

Formation of the compeouna of for {18}, formudz (19}, formula (20), formula {208), orformula (21} can be carmied out zccording te the reaction shown ik
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clantandane oF an NOranic base (sush a5 cesh

anditicnal amin

ciionality as

1519

5/

19



10028022, 1154 AM JPZO10504344A - Thiazolepyrazolopyrimidines as CRF1 receptor antagenists - Google Patents

in Farrmiila §, i neorssary or banaficial to nary ot the above reao
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0NN any way.
eagents and starting materials are readily avi
their pre; N Examples Al
invention, ”

o

be to those skilled inthe art or zan be readily synthesized. Examples 11c 35 provide repre
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compaeung (159, S MBS R a7 )T

e 1
7 thykpropy
methyithizzole

midine Rieke® zine {in 160 mL THF) 10 g, 12.2 mi, 18.48 mmol: was sdded 10 &
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S) to give the tith compound as a vellow foam {77 mg). MS FCHm /7 Uog 3y g0 4

(M1

paraticn from Example 21}
acetic acid (1 mi) amd -

| triazala-

nol; were @

2d 10 7- (T-ethyboroned) -2 S-dimethyl3- [2- (2-nmethyd) in sostonivile (80 mi ). 2H- 11,
mmel; was adued. The mikture was stirred at 22° €.
g residue. The organic portion was separated, tiad over sodium sulfste, il

G b ang

2 hours. The solvent was evaperated and water [
and the soiventw

vii -pyrazole {1,5-a) myrimid
methylt-buyt ether {100 ik} were added 1o

3§ SVapaTalec.

M8

il 1o give the title cor N AGDAE2 M+ 1+

resulting residus was recrystallized from woprepyl ales

3 3- {d-trome-2 vtk
Himicine \50 g, O, ‘l'\(‘ TR0 Was dl.aoi wd i aceione (2 mib). A $.25M agueous
¢ 10 drynnss. Etyl anetate {12 ml.,- was adderd
1 untl crestals w

ok 1,8

Z,A% ¢ razo! 24t -ihiszote- 5 -7- {1 -eihyipre
solution of paoluenmsuifenic acis (434,
olve th id. stethanch {1 mb) was added o give a olear solution.
w isaiated by fif

vl -2
AL, 0109 o} was added

TG WaS VAT

wation and d i mt 250 Ote give

The
oy Maobiie

F by fon chromatograpiy using the foliowing HPLES conditio
3% 5.0285N piw
uiated theoreticn a”xcurt 27.2% tosylats; Found: 28.4% tosylate (average of 3 HP!

fehinn

=8 ik mlny detection: UV at 208 iy injection volume = 5 uk;
L0 messi

45 pherus Sosium acid buffer (pH = 4.5); fow

sk was {d-bromo

{3.0mL} were cha

hwi and stirred for
inutes. The reaction was warmed ¢ reom temperature and stired for §
mij, and back-exiract the agusous layer

aition and
L0/ MA. Dilute with etriyl acetate (100 mib), w

=h with saturs

1sulfate, ilterad and concentrated under reduces pressure. This was generated L
0% (25% THF / hexane} with 8

organic phases were combined, dried over anhydrous magnesiu

[elhidls raphy sluting with Y resitue was

purified ta give 3 white solio (0,087 g, 48%). ©

The foliowing evampies wera prepared =58 v as described in Example 13, using the spproprizie tromoiniazzole pregared above.

was cooled 1o 57 C. and pyridine (34 mt, .43 mol was
HiGride was removed oy vacuum distilia

soois oxyehionde (240
4 hours and cooled 10 22 ° C. Exce

combined and the

ciod with methyler POITIGNS W

3701 8T

as added poiassiume ate (50.9 g, 0.44 mal), fotiowed
ed snd the

1 weight 1o

tarathizzale (349, 0.22 w

4 \,nh--x zale To a mixiure of 2,4-¢ic

s

e pver 30 minutes ure was refluxed at 41 £ and then covled to 2
(B3 miiat22° O far i

LTS wRs

Yacuiti io oons

by marpholing {21 2 i, O,

25 mol) wae added droy
filtrate was evaporated. The residue was triturated with -prapy aloeha

was filter

give the tide compound (34,5 g, 78%). T5/MEMI2E8 on pns e 1) 4

fExamote i6)

| oytimidine
apyl) -2
2.25 mmel) was

3- {A-Chiore-2-mert

2.5 M hex

vas menched by adding 5 seluion of sawwr
wale, fikared and conoenirated to --i"e A rpsic

toromiethana: ethy! acetate (

M3{APGn /2

56, AT, 4R,

pound (54 mg).
24815 GHYL Y BB1T

icn axample from Prepar
was rribesd in
21 mmel,
16 hours and cocded to 227 2.

odo-2 3-dimethvl-oyrazodo 11,5
formamide (S0 mL) that b
ghosphine (350 mg, 2.0 mmel}

Gilions were comiin
B3/ M3m/

Waster (300 mi) was added and extravied with methvibebutyt and the soivent was evapaiaied. b SUGH DY

SCiraan (M1

a gel chromatography el e coimpound (6.4 g, 625

i [1,58] pyimidine, hyorochior -{1 eiém
g, 3.23 mmol; was x.voivsd i acete P mi)arso

and stirrens well in: or. The solution was cones

4-Chioro-Z-marpiolin —4—y
od W ream

L& Dol wag adde

e H0] sait. The miture was gt Additional hydrege

af. The ys.*.aiiine mater 3420 (04 + 1)+ T HNMR

2 0m 4HY, .45 (), 1H), 839

=g 10 give the
AHY 2,48 {5, 30 238 {5, 3H), 170 [ 4H), 0079 Lo, 64

E)!

Fxamphe
was added 10 3

ne - Butvl dthiun 5 M hekans sofution, 0.2 mbL, 2.5 mmod

% {4-Bromo-2-Butykthiz 2,5-dimethylpyrazoic 11,5a] oy
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i) 7- { 1-ethvb-oropyt) ) was addedt at -78 © O, afer 30

1,5 3 pyrimictine (230 mg, &.5

s, Hodobutans (128
guenched by adding &
o o give 8 res

for 1 bour Warmed 1o ronm lemper rrad foe 1 how The reacting wss
ie podtion was dried aver sodiurm sulfsie, filterad and
aive the title comipound &s an

G.75 mimol) was adue
winium ehloride s

The

v eluting with hexang / ethyl ace

[ehlech

W@ G product was od by flash chromategr

crange foam {75 mg). 2 B a7 A+ 1) ¢

The folicy red essentialy asd

(B

3 e {205 mg, 1.2 ”x”)OE, St ! 1en slowly cooled 10 )
overnigit. The reaction was guenchied by adding saturated ammonium chieride solution and extracted with ethvl acetate, The organic laver s

i suifate, filtered and concantrate: sh chrematogr

over o

{10/2} 1o give the fitle compaund

{Exampte 207
3 {4-Chic
added o 7- {3~

butylithium {2 0.5
3 To g stived solution of pyrazolo 1,58} pyrimidine (150 mg, .43 mmaf) was
o temperature and

@ solution, 174 mi, (.43 mimal) wa

iyl acetate, dried cver sochum
{7 mgl MS

s COmpaLl

1,241 tHazek3-yi) -thiaz
Niedine {175 g, O 38 mmed} &
te and wash with

mimol} were mixed

opper (1) ehioride (132 rmg, 1.3
©. The arganic layer was dried cver scd
G718

sulfate, #

!\ ahramat with hexane than hexane / FtdAc | e A yeliow 1o o

paration example}

N2 5M hewane sohition 57,5 mi 144 mmol was ¢
re. The temperature was Kept balow -74
odie 22"
Fadinm catalyst (3
water (300 b} was added. The organic iayer was separated and the sgueous fay
flered gad the solvent was avaporar

AR FL‘-iUTif}"\ of M-

O, 144 mmal) in

vitiazole (11

7- {1-Einykpr ot

J"”ij 35

18 g, 001 maoll was added in ane portion ana the miture was he

Samuained, dried over sediu

compound (B, 72%). ES/MEm/z 382 (M+ 1) Y

{ins

20 myg, 0.052 mmol)

thybkpropyly -2,5 -0
- 11,24 wriazeh- 2y -

-2, 5%dimethyl-g-

g M-
idue Purdfication by fissh chromsiogrs

i1,5a) py

?H’b‘“{m qave ate

oh 416.0(

ige (7.6 Mg, G088 mimol) was
o

=xena than hexane / etnyl acetate {10/ 1.5) gave Mo+ 1)

{pprimiding Sesled % (Brome-2rmorsholind-vly

meihoxide (57 myg, 1.08

Thoxy-2-morpholin-4-- -oyrazolo (1,5
Sea) pyrimiidine (16!
ol o rnorr lemperstuce, ramove the zolid by i

THE (10723

3 mbl a4 mb vial A mixture

mg, .35 mimcl), sodi

at 1207 2 foc 15 howrs s

graphy sluting with hexs

Dyrazoin |

omo-thiazot

athyl -4 solution of pyrarolo [1,5

. N e
-78° Cand

ight. The o wempe } t Quend
NE5 & el with 4N 2 ] quasts layers were Sormbined,

wline {58 mg, 050 mmol} in THE (0.5 mi) wa
d by the fan of 4N HCH
solia sadiurn biosrbon
410 ¢

ved for 3om

{d mi

action was warmed ¥

trea

red and con

idue. The crude product was purified by

R{EER T

iayers ware

) e AP e 2 e
give the title compaund (154 mg), M3APm/ 2l gy gy

ography et

-Gromo-3- [7- (1-ethyl-propyl) -2, 5-dimathyvi nyrazsle {1,

9F rr:q 046 ol v

{1-ethybprapyl} -2, 5-dimethyl-pyrazolo [1,5-a) pyr
168 mimod), Morphaling (35 ¢

mmal) snd sadir
i, 0.42% mmoll and sodium i
2 and was

rurgd wiith

ing materisd v romategra

aer / acetnl

SiNG 3 reVerse phase column

{Example 26)
3 {4-Brome- 2-pyridin-4-yhthiazeh 5

5 11,58] myrimiding unds

5 adden ic {1,5-2]

ik, &5 mimol)
ing for 30 minutes, anhydrous 7ine o

ide (264 my, 1.5 mimel) was addad and g was ooty
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and stirred f
{048 myg, 1.
Garic laver wa

ammaoni

et by 1,1-hs {dinhenyd (Hichiramethane avdduct)

i hirine.
with 2h
=82 a0

‘g h Coolto oo tempersiure

D ghve g m he iU Was i

water acetonitrile = 10 90 10 give the title comaound (19 mg), B3/ M3z 0% gy

{Preparation Example 21)

Adrifiuoromearhyl-thiazol-2 ylan

urea (4.0, 52.3 man and 3-brama-1.1,1-1

e

o at 30 7 (. for 2 hours, Ceol o room temper
1§ 2 NaUR. Extracted with diethyl ether (ax).

feiss

iate, fittered and conce,

imatsrial wa CES/MSm /2188 M+ 1)

2 gelf chiem

16.% mmcl) was

SHrome-4-trifla doc 1G 41

fer the end of the o

ES/MEm 2B

1 cooled in an joe buth., Stir for 1 hour

yiamine (8.0 g, ¢

to give The title compaund {10

Rr/ 8% BY) 2477249 M 1)+

on of S-bremao-4-
mof} in (60 ML) Stir overn
Tha fifter cake w

H = 7 was added. The

resuiting precipiiate was colleciad by fiftration

BAR (400 MK

NUALGH I vacua gave th e cormoound (802 g, 524

1) -4-trifuoromethyithisz
191 -2
£ saiution, 8.: mi, :4.: mmci} was agded dropwise Stirfor 45 mi

he coaling hath. Stir for 30 minutes, then 7- (-othykn

adry ice bath, Cooled down
R in THE 14.4 mL, 7.3 mmell dropwise. Stirtor 5
}yrinidine (1.5 ¢, 4.4 mmel) and bi

was added. Reflused for Zi he
diethvl ether, The

the mixture was pour o dizthyl ether and washed
wved and conge
ned {1.47 ¢, 72

S hi--&, pallasium (G {«

Gus fayer was & were dried over sodium sulfate

CH

N resiue w

C2EHZ8F 3N 53+ Healed for ¥ 452.1939, found: 4521915

o
i 27
517 {1 Ethybpropy) 2,56 yipvrazelo {1,5-al pyrimi hizzok 2-ylamine ne {Z mL, 50% aguscus soiution) in 3 S-dimethyt

-'J’frmi--«vl,» aromaethybibiazoh-8 w reaction

F- Deethivl) i acetic acid (10 mil. -Propyh -2, 8-dimethvipyvrarcho (1,5

2 {110
(2 ) then water. The crgar

3 mimol) was sdred

was heated 10 30 * £ for 5 hours. Cosled o roum emparature. Pour inio diethvl ether and wash onoe with 2 '\iau o poriion was dried over

The

iurn sulfate, filtere ntrated un

TGN

womaragraphy (40% othyl acet e} 6

aive the 1t

578 g, 8% ES/ M

{Preparation Example 24)

{3, The aiganic layer was dried aver a0

with TH 3 Tz 16 give the title compound (0.7
{Exampke 23)

pyrimidine {313 mg, 0.7 mmod) and i

due produced By sifica

¢ under vacuum. The

Ci 2 containing O 30% ethvl acetate w CIGHZATS alod 417

The foliowing examnios were prapan le 2% excspt that the rzaction was xed for 3 hours

e h'y'druxyiamine [ ried O-
v propl) -2, 3-dmaer razolo [1,5-al pyrimi 52 mrmi] was addad
i was covled to room ter

teg

soluiton, 5 mL) was s

0 weater. The organio | red and concent 0 dryness.

*AZE1STS, Found: 476 1

1% eyl acetate in hedanes . TP 22 F AN BGS - Healod

azcla [1.5-a) pyrbm
ater (15 mi,

L ihll -carbamic acic tert-buty! ester
Triflucromethviah
L2 mmol) Added o Mett

DA Mg, 3.2 Y7 (e
ed 1 B0

10H Gy

wropyl) -2 rafeed and

22 mnol) and vethylam
araiure nnd cencentrated under vacuum,

The reaction was comad 1€ 163

. overni v oluting

comaining 10-50% byl 5

was purified 10 give the Tile compound (617 ¢, 97%). ES 7 ME m [ 7 527,

The foliowl 15 WETE Drepa

COMBCU ssentiaily as described in Exampie 317, using the appropriate 3
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htt

CtOH, £t0H was evaporated and heated at 115° C. far 2

¢ from EtOAc / hexane.

) ovriricin- 2yl -dnflusromethy
2-vlaming: -mhyh -
Thi

was triturated with ethyl acetate o give the title ¢o
The foliowing examnie

{Exampte &)

in Viva CIUer 10 BERE8E i

LOMpPOLNds
cerebelium was evaliated in vitre ag d%\r Led by Gehert et ai For example, Example 13

{Exampie B)
ORFT e i
binding stud

ding method The imitation of plasmid-base

the Phoenix reir

v devalnn
NCRFT cailling and

VLIS RADY 301 8

action {200 ul] was set up as follows:

e (0.2 nbd final concantration), 50
werature far 2 hours and stopped by filtering through pretreated £ Ml
test buifar {50 mi 2.5 i NaCl | ELTA, 10 M Mgl L05% BS3A, pH 7

. CRF1 merm: 5 pg / resction),
r plates (56 wells]. The plate was

TEATUGH Wag |

washed T

Dounting was perfarned tsing 160G i or-specific binding (NSE} was mes
measurements were taken and the average data pol ctied by Graph Pad Priam.

rad it the pre

naing of 127 Laorhazing (4 nii) v

3ing this test, i ds of the iver hitag the

adherent celle, For example, Example 15 showed a Kiof 0.2 nM,

eipleate

[

constant)

1M irolier 7

{Example )
ORF2 filer by

g methos The iy
2 Phoenix

s with auff

an CREZ expression inganar

o; fror Stanford, Owverosrm

TV 10 develnp

orepaien using a statle HE 2ce = and the
ORF2
d B Millipore glass filber ﬁ"Ler vidt».s {46 welis}
.2}, air dris ove n a MicroBeta

frn

orane (25 pg / resction}. The

The plate was w

iepstion was msubate

troom temperature for 2 fours and :
twios with ine-coid test putfer {50 M Tris, 12.5 ma MaCl 1 mM EDTA, 16 mM Mgl DDSZB'

G 100 1 Microscknad Mon-spaciiic bnd et

Y, COMBOLTS were
ity assay. The 1est procecure Was set up :

¢ of whest ge

an), 50 Lk of eor nd o

baed fur

nin (WEA} BRA heads

y, thres

o dais points were plo“rf by uroph iy fixed conce

HHESRON:

38 CUNVE WS Subseguently ger

=re tested in the ORFZ bin
resufl sLggests

Particularly eyemnpiified comps
showed 11% inh

ity for the ORF? recentor. For eyample, Example 15
» seteotive {or the CRET reneptor {rath

itton Bt a cor

har OF

1t of

of ¢i

zoxtt Or pias

ERRs
o drig in

150 i Bloed o
wentration of

I8 BHINE 0L
P Mg G0se ana 2 plEsma o

nat would be required o co
i in inod or p Conery

of deug inthe body att
an fiterature), o

fon {(Soodman sng 5

i vohire Wil v The yolime ¢ ibution reflents the exent to which the drug is pre: U, A farge voiu i

1o bined fe tis ? & INNENLS in the clinies

e of di

5 after adminisiration.

Totes stibution, mai were dosed with a sing
0.08-24 neur

nerf 10 determine pharmacaekin

GeLth

rtravencus dose of T mg / kg, M
mine plasm:

te was analyied oy LC /M5 / M5 to de
st and plasma clearance |

a concentration. Pharr snetic calcwations &

iovasculsr driga
) o NRIRDITS
shown. Example 15 of the

3 vhen an
TELSKG rat v

= 1olal

82, when anaiyred separately, show rat
only 23

e TS show
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(57) Abstract: The invention relates to the use of sclenate or its pharmaceutically acceptable salts, in nutritional or supranutritional

amounts, in methods and compositions for inhibiting the growth of benign tumor cells and treating or preventing benign tumors, par-
ticularly benign tumors in which the Akt signaling pathway is activated or in which Bcl 2 levels are elevated. Methods of preventing
malignant conversion of benign tumors and benign tumor cells to malignant tumors or malignant tumor cells is also described.
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“INORGANIC SELENIUM FOR TREATMENT OF BENIGN TUMORS”

FIELD OF THE INVENTION

[0001] This invention relates generally to the use of sclenate or its pharmaceutically
acceptable salts, especially in supranutritional amounts, in methods and compositions for
inhibiting the growth or proliferation of benign tumor cells. The present invention also relates to
the use of selenate or a pharmaceutically-acceptable salt thereof in combination with at least one
other therapy for treating or preventing benign tumors or for inhibiting the growth.or
proliferation of benign tumor cells. In certain embodiments, the methods of the invention are
useful for treating or I;reventing benign tumors, especially benign tumors in which the Akt
Signaling pathway is activated or benign tumors in which Bcl-2 levels are elevated.
Additionally, the present invention relates to the use of selenate or a pharmaceutically
acceptable salt thereof for preventing malignant conversion of benign tumor cells or benign

tumors to malignant tumor cells or malignant tumors.

BACKGROUND OF THE INVENTION

[0002] Although many benign tumors are asymptomatic and harmless, some benign
tumors occur in positions that cause symptoms such as pain and in the brain or spine symptoms
such as loss of mobility, loss of sight etc. Some benign tumors may cause clinical symptoms
that are bothersome to a patient, for example, lower urinary tract symptoms (LUTS) resulting
from benign prostatic hyperplasia. Some benign tumors may grow to a size that causes damage
to tissués, organs or nerves in its vicinity, whilst others may cause serious illness or death if they
occur near vital organs or press against vital organs. Some 13,000 deaths per year in the US are
attributed to benign tumors and many more benign tumors require treatment. Furthermore,
some benign tumors are known to have a high propensity to undergo malignant conversion to

produce malignant or cancerous tumors.

{0003] There has been much interest in the use of selenium compounds as cancer-
preventive agents. Studies spanning the last 20 years have documented their cancer-preventive
action in tumors of the mammary gland (Ip, C. 1981, Cancer Res. 41:4386-4390), colon (Reddy
et al. 1981, Cancer Res. 47:5901-5904), lung and prostate (Clark et al. 1996, Jama 276:1957-
1963). Both phase II and III clinical trials for prostate cancer prevention using an organic

selenomethionine are currently underway (Nelson ef al. 1999, Semin. Urol. Oncol., 17(2):91-6).

[0004] Selenium compounds used in chemoprevention studies can broadly be
classified into inorganic and organic selenium forms. The typical form of inorganic selenium,

sodium selenite, (Na;SeO;) is relatively toxic, causing single- and double-strand break DNA

.1 -

1548



10

15

20

25

30

35

WO 2007/109853 PCT/AU2007/000393

damage, whilst the typical organic selenium entity, selenomethionine (SeMet) is relatively
non-toxic and non-DNA-damaging (Lu ef al. 1995, Biochem. Pharmacol. 50(2):213-9; Sinha et
al. 1996, Cancer Lett. 107(2):277-84; Stewart ef al. 1999, Free Radic. Biol. Med.
26(1-2):42-8).

[0005}] Organic selenomethionine, the major constituent of dietary selenium, is
incorporated into cellular selenoproteins, such as thioredoxin reductase and glutathione
peroxidase via a series of complex intermediates (Allan ef al. 1999, Annu. Rev. Nutr. 19:1-16).
Since these selenocysteine-containing selenoenzymes, such as the antioxidant glutathionine
peroxidase and the redox-regulatory thioredoxins, are involved in cellular responses to
mutagenic oxidative stress, it has long been proposed that supranutritional levels of selenium
intake boosts anticarcinogenic cellular activity by promoting a cellular reducing environment

(Allan et al. 1999, supra).

. [0006] It is, however, becoming increasingly clear that the nature of the anti-
tumorigenic action of selenium compounds is dependent on the chemical form in which the
element is administered (Ip, C. 1998, J. Nutr. 128:1845-1854). Organic selenium in the form of
methylseleninic acid induces G1 arrest, as well as DNA fragmentation and caspase mediated
cleavage of PARP, which are two markers of apoptosis, in DU145 prostate cancer cells (Jiang et
al. 2001, Cancer Res. 61:3062-3070).

[0007] In contrast, selenite induces S-phase arrest and apoptotic DNA
fragmentation, which is independent of caspase function (Jiang et al. 2002, Mol. Cancer Ther.
1:1059-1066). Differences have also been reported for the inorganic selenium compounds, with
selenite and selenate inhibiting lymphocyte growth via different mechanisms (Spyrou ef al.
1996, Cancer Res. 56:4407-4412). These differences may be explained in part by variations in
metabolism and bioavailability between in vitro cell culturé and in vivo studies (Dong et al.

2003, Cancer Res. 63:52-59).

[0008] The role of the PT3K/Akt pathway in uncontrolled cell proliferation is
increasingly recognized. Akt is a serine/threonine kinase that is activated in response to
membrane receptor stimulated PI3K phosphorylation. Akt, in turn, regulates the activity of
several proteins involved in the control of apoptosis, including the Forkhead (FKHR)
transcription factors, Bad, Caspase 9, GSK-3p and mTOR (Vivanco, I. and Sawyers, C.L. 2002,
Nat. Rev. Cancer 2:289-501). Akt overactivity may occur in benign tumors resulting in lack of
apoptosis. Furthermore, higher than normal levels of Bcl-2 proteins may occur in benign

tumors, including those that may be susceptible to malignant conversion.

[0009] = Radiotherapy resistance in tumor cells has also been linked with
upregulation of the PI3K/Akt pathway (Soderlund et al. 2005, Int. J. Oncol., 26:25-32; Zhan et

al. 2004, Histol. Histopathol., 19:915-923; Tanno et al. 2004, Cancer Res., 64:3486-3490; Li et
_2-
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al. 2004, Oncogene, 23:4594-4602; McKenna et al., 2003, Genes Chromosomes Cancer,
28:330-338; Liang ef al. 2003, Mol. Cancer Ther. 2:353-360).

[0010] Interest in the clinical use of selenium-containing compounds as a
chemopreventive agent has become widespread following the publication of Clark et al. (1996,
supra). These results have spurred a number of human clinical trials using supranutritional
selenomethionine as a chemopreventive agent for prostate cancer (Meuillet et al. 2004, J. Cell

Biochem. 91:443-458).

[0011] However, it has been noted that there are marked differences in tumor
progression in vivo, depending upon the selenium compound administered. For instance,
inorganic sodium selenate significantly reduces tumor progression in comparison to organic
selenomethionine, methylselenocysteine or selenized yeast (Corcoran ef al. 2004, J. Urol.,
171:907-910). In addition, certain selenium compounds, such as sodium selenite have been

found to be toxic to cells when used at certain doses (Jiang ef al. 2002, supra).
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SUMMARY OF THE INVENTION

[0012] The present invention is predicated in part on the discovery that a specific
type of inorganic selenium compound, namely selenate, significantly inhibits benign tumor cell
proliferation, especially when used at high or supranutritional amounts, as compared to other
selenium compounds. It has also been found that selenate and its pharmacecutically acceptable
salts have an inhibitory effect on benign tumor cells, especially those in which the Akt signaling
pathway is activated or those in which Bcl-2 activity is clevated, and have a strong synergistic
inhibitory effect on benign tumor cell growth when used in combination with at least one of a
cytostatic agent, a cytotoxic agent and a radiotherapy that is optionally administered with a
radiosensitizing agent. Further, it has been found that selenate and its pharmaceutically
acceptable salts have an inhibitory effect on malignant conversion of benign tumor cells to

malignant tumor cells.

[0013] Accordingly, in one aspect, the present invention provides methods for
inhibiting the growth or proliferation of benign tumor cells. These methods generally comprise
exposing the benign tumor cells to an effective amount of selenate or a pharmaceutically
acceptable salt thereof. In some embodiments, the benign tumor cells are tumor cells in which
the Akt-signaling pathway is activated. The activation of the Akt signaling pathway involves
activation of at least one member selected from Akt, mTOR, GSK-3f and FKHR. In illustrative
examples of this type, the activation of the Akt signaling pathway involves phosphorylation of
Akt (e.g., phosphorylation of the Thr 308 and Ser 473 residues of Akt). In other embodiments,
the activation of the Akt signaling pathway involves inactivation of PTEN. In some
embodiments, the Akt signaling pathway is over-activated. In some embodiments, the benign
tumor cells have an abnormally increased Bcl-2 activity. In some embodiments, the amount of
selenate or its pharmaceutically acceptable salt, to which the tumor cells are exposed, is a
nutritional amount. In other embodiments, the amount is a supranutritional amount. Suitably,
the tumor cells are selected from benign adenoma tumor cells, angiofibroma tumor cells,
hemangioma tumor cells, leiomyoma tumor cells (fibroid), benign chorangioma tumor cells,
cystadenoma tumor cells, dermoid tumor cells, desmoid tumor cells, fibroadenoma tumor cells,
fibroma tumor cells, benign ganglioneuroma tumor cells, lipoma tumor cells, meningioma
tumor cells, myxoma tumor cells, neurofibroma tumor cells, nevus tumor cells, osteochondroma
tumor cells, pheochromocytoma tumor cells, polyposis tumor cells, schwannoma tumor cells,
benign teratoma tumor cells, benign thymoma tumor cells and Brenner tumor cells. In specific
embodiments, the tumor cells are prostatic intraepithelial neoplasia (PIN) tumor cells, benign
prostatic hyperplastic (hypertrophic) tumor cells, ductal carcinoma in situ (DCIS) tumor cells,

meningioma tumor cells or benign colonic tumor cells (colon polyps).
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[0014] In another aspect, the present invention provides methods for preventing
malignant conversion of a benign tumor cell to a malignant tumor cell. These methods generally
comprise administering to the subject a therapeutically effective amount of selenate or a
pharmaceutically acceptable salt thereof. In some embodiments, the therapeutically effective
amount is a nutritional amount. In other embodiments, the therapeutically effective amount is a
supranutritional amount. In specific embodiments, the benign tumor cell is a benign colonic or
rectal tumor cell, a high grade prostatic intraepithelial neoplasia tumor cell, an atypical small

acinar proliferative tumor cell or a ductal carcinoma in situ (DCIS) tumor cell.

[0015] In a further aspect, the present invention provides a use of sclenate or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for treating or

preventing a benign tumor.

[0016] In still a further aspect, the present invention provides a use of selenate or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for preventing

malignant conversion of benign tumors to malignant tumors.

[0017] In some embodiments of the methods and uses broadly described above, the
selenate or its pharmaceutically acceptable salt is administered in combination with at least one
of a cytostatic agent, a cytotoxic agent or a radiotherapy that is optionally administered with a
radiosensitizing agent. In other embodiments, thé selenate is formulated in a compositibn with
at least one cytostatic agent or cytotoxic agent. In still other embodiments, the selenate is
formulated in a composition with a radiosensitizing agent for use in combination with

radiotherapy.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1:  graphically represents the growth inhibitory (cytostatic) effect of sodium selenate

© at25 pM, 50 uM and 100 pM on prostate stromal cells with time.

Figure 2:  graphically represents the growth inhibitory effect of sodium selenate at 25 pM,
50 M and 100 pM on the proliferation of prostate stromal cells at 4 days (A), 11 days (B) and
18 days (C).
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DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

[0018] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by those of ordinary skill in the art to which the
invention belongs. Although any methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, preferred methods and
materials are described. For the purposes éf the present invention, the following terms are
defined below.

[0019] The articles “a” and “an” are used herein to refer to one or to more than one
(i.e. to at least one) of the grammatical object of the article. By way of example, “an element”

means one element or more than one element.

[0020] As used herein, the term “about” refers to a quantity, level, value, dimension,
size, or amount that varies by as much as 30%, 20%, or 10% to a reference quantity, level,

value, dimension, size, or amount.

[0021] As used herein, the term “Akt signaling pathway activation-inhibiting
amount” in the context of treating or preventing a benign tumor or inhibiting the growth of
benign tumor cells is meant the administration of an amount or series of doses of selenate,
which is effective in antagonizing the Akt signaling pathway, including preventing or reducing
activation of Akt by preventing or reducing the expression of Akt or an upstream member of the
pathway, or by reducing the level or functional activity of an expression product of the 447 gene
or of an upstream gene member of the pathway, or by preventing or reducing phosphorylation
of Akt. The amount will vary depending on the health and physical condition of the individuél
to be treated, the taxonomic group of the individual to be treated, the formulation of the
composition, the assessment of the medical situation, and other relevant factors. It is expected
that the amount will fall within a relatively broad range that can be determined by routine trials.
In specific embodiments, an Akt signaling pathway activation-inhibiting amount is a nutritional

or supranutritional amount of selenate.

[0022] As used herein, the term “Bcl-2 activity-reducing amount™ in the context of
treating or prevenﬁng a benign tumor or inhibiting the growth of benign tumor cells is meant the
administration of an amount or series of doses of selenate, which is effective in reducing the
levels of Bel-2 activity in benign tumor cells or benign tumors, including downregulating Bcl-2
transcription and modulation of activity of Bcl-2. The amount will vary depending on the health
and physical condition of the individual to be treated, the taxonomic group of the individual to
be treated, the formulation of the composition, the assessment of the medical situation, and

other relevant factors. It is expected that the amount will fall within a relatively broad range that

-6 -
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can be determined by routine trials. In specific embodiments, a Bcl-2 activity-reducing amount

is a nutritional or supranutritional amount of selenate.

[0023] By “benign tumor in which Bcl-2 activity is elevated” is meant a benign
tumor which has levels of Bcl-2 protein that are above levels found in normal cells. Normal
levels of Bcl-2 protein found in normal cells are very low and generally not detectable. Benign
tumors in which Bcl-2 activity is elevated may undergo malignant conversion to malignant
tumors in which Bel-2 activity is elevated. Examples of such benign tumors inclﬁde colonic

polyps and DCIS which may convert to colon cancer or breast cancer respectively.

[0024] As used herein, the term “benign tumor” refers to abnormal growth or
proliferation cells in a localised manner. Benign tumors do not invade surrounding tissue or
metastasize to other organs. Benign tumors may be asymptomatic, and discovered, for example,
by screening, or they may be symptomatic and require treatment. Benign tumors although
causing no immediate threat to the subject, may grow and press on other tissues or organs
resulting in symptoms of the tumor, for example a meningioma in the brain may grow to a size
where it damages the brain or causes malfunction in the brain. In some cases, a benign tumor
may undergo malignant conversion_to give a malignant tumor or caﬁcer. Illustrative examples
of benign tumors include, but are not limited to benign adenomas, angiofibromas,
hemangiomas, leiomyomas, behign chorangiomas, cystadenomas, dermoid tumors, desmoid
tumors, fibroadenomas, fibromas, benign ganglioneuromas, lipomas, meningiomas, myxomas,
neurofibromas, nevus tumors, osteochondromas, pheochromocytomas, polyps such as colonic
polyps, schwannomas, benign teratomas, benign thyomas and Brenner tumors. Other types of
benign tumors include prostatic intraepithelial neoplasia, benign prostatic hyperplastic

(hypertrophic) tumors and ductal carcinoma in situ.

[0025] The phrases “benign tumor in which the Akt pathwéy is over-activated,”
“benign tumor in which Akt is over-activated” and the like refer to a benign tumor in which not
only Akt'is overeipressed, but the kinase activity of Akt is positively enhanced by
phosphorylation of the Thr 308 and Ser 473 residues. Akt is often over-activated in drug-
resistant or refractory tumors. Examples of benign tumors in which Akt is over-activated or
constitutively activated include, but are not limited to, prostatic intraepithelial neoplasia and

breast ductal carcinoma in situ.

[0026] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word “comprise”, and variations such as “comprises” and
“comprising”, will be understood to imply the inclusion of a stated integer or step or group of

integers or steps but not the exclusion of any other integer or step or group of integers or steps.
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[0027] As used herein the term “cytostatic agent” refers to a éubstance that can
inhibit cell proliferation or cell division without necessarily killing the cell. Suitably, the

cytostatic agent inhibits the proliferation of tumor cells.

[0028] The term “cytotoxic agent” or “cytotoxic therapy” as used herein refers to a
substance or therapy that is harmful to cells and ultimately causes cell death. In some
embodiments, the cytotoxic agent harms rapidly dividing cells such as tumor cells and causes
tumor cell death, especially tumor cell death while not causing damage to or causing less

damage to non-tumor cells. An example of a cytotoxic therapy is radiotherapy.

[0029] As used herein the terms “drug resistant” and “refractory” refer to a tumor
cell which is unresponsive or partially unresponsive to treatments normally used to treat the

cancer or kill the tumor cell.

[0030] As used herein the term “in combination with” refers to the treatment of
cancer or exposure of a tumor cell to at least two agents such that their effects on the tumor cell
occur, at least in part, over the same time period. Administration of at least two agents may
occur simultaneously in a single composition, or each agent may be simultaneously or

sequentially administered in separate compositions.

[003 1]‘ The phrase “inhibiting growth of tumor cells” is taken to mean that tumor
cell growth is ceased or reduced and cell proliferation or cell division is ceased or reduced. This
is also known as cytostasis. The growth of tumor cells can be measured in terms of weight or

volume or cell number or cellular metabolic activity, i.e. MTT assay.

[0032] The term “malignant conversion” as used herein refers to the conversion of
benign tumors or benign tumor cells into malignant tumors or malignant tumor cells. Once
‘malignant conversion has occurred, the tumor or tumor cells may invade other tissues or
metastasize to other organs or tissues, and the subject has a cancerous tumor. Examples of
benign tumors that undergo malignant conversion include colonic polyps and DCIS which may

be converted to colon cancer or breast cancer respectively.

[0033] As used herein, the term “nutritional amount™ includes an amount of
selenium that provides an average daily intake. In the US, the average daily intake is

80-120 pg/day.

[0034] By “pharmaceutically acceptable carrier” it is meant a solid or liquid filler,
diluent or encapsulating substance that may be safely used in topical, local or systemic

administration.

[0035] The term “pharmaceutically acceptable salt” as used herein in relation to
selenate refers to metal ion salts which are toxicologically safe for human and animal

administration. For example, suitable metal ion salts of selenate include, but are not limited to,
_8 -
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sodium, potassium, lithium, magnesium, calcium, iron, nickel, zinc, ammonium and

alkylammonium salts. A preferred salt of selenate is the sodium salt, Na;SeO,.

[0036] The term “radiotherapy” as used herein refers to the treatment or exposure of
a tumor or tumor cells to high energy radiation. The effectiveness of radiotherapy may be
enhanced by selenate or its pharmaceutically acceptable salt. Furthermore, radiotherapy may be
further enhanced by administration of radiosensitizing agent. Illustrative examples of
radiosensitizing agents include but are not limited to efaproxiral, etanidazole, fluosol,

misonidazole, nimorazole, temoporfin and tirapazamine.

[0037] The terms “subject” or “individual” or “patient”, used interchangeably
herein, refer to any subject, particularly a vertebrate subject and more particularly a mammalian
subject, for whom prophylaxis or treatment is desired. Suitable vertebrate animals that fall
within the scope of the invention include, but are not limited to, primates, avians, livestock
animals (e.g., pigs, sheep, cows, horses, donkeys), laboratory test animals (e.g., rabbits, mice,
rats, guinea pigs, hamsters), companion animals (e.g., cats and dogs) and captive wild animals
(e.g., foxes, deer, dingoes). A preferred subject is a human in need of treatment or prophylaxis
of a benign tumor or may be at risk of a benign tumor undergoing malignant conversionto a
malignant tumor. However, it will be understood that the aforementioned terms do not imply

that symptoms are present.

[0038] The term “supranutritional” as used herein, refers to an amount which is
greater than the amount considered as a nutritional requirement. The average daily intake of
selenium in the US is 80-120 pg/day. A supranutritional amount of selenium provides selenium
to a subject at above the recommended daily allowance. For example, a supranutritional amount
of selenium may be 3 pg/kg to 20 mg/kg per day, 0.015 mg/kg to 20 mg/kg, 0.15 mg/kg to
20.0 mg/kg, 0.1 mg/kg to 14 mg/kg, 0.1 mg/kg to 13 mg/kg, 0.1 mg/kg to 12 n'1g/kg, 0.1 mg/kg
to 10 mg/kg, 0.1 mg/kgto 9 mg/kg, 0.1 mg/kg to 8 mg/kg, 0.1 mg/kg to 7 mg/kg, 0.1 mg/kg to
6 mg/kg, 0.15 mg/kg to 5 mg/kg, 0.15 mg/kg to 4 mg/kg, 0.15 mg/kg to 3 mg/kg, 0.15 mg/kg to
2 mg/kg, 0.15 mg/kg to 1 mg/kg, especially 0.07 mg/kg to 6.5 mg/kg or 0.1 mg/kg to 14 mg/kg
or 0.15 mg/kg to 5 mg/kg per day, and more especially 0.07 mg/kg to 2 mg/kg per day.

[0039] As used herein, the term “effective amount” in the context of treating or
preventing a benign tumor or inhibiting the growth of benign tumor cells is meant the
administration of an amount of selenaté or a pharmaceutically acceptable salt thereof, either in a
single dose or as part of a series of doses, that is effective for inhibiting the growth and/or .
proliferation of benign tumor cells or for causing benign tumor cell death or for preventing
metastatic conversion of a benign tumor to a malignant tumor. The effective amount will vary
depending on the health and physical condition of the individual to be treated, the taxonomic
group of the individual to be treated, and the formulation of the composition, the assessment of

-9
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the medical situations and other relevant factors. It is expected that the amount will fall within a
relatively broad range that can be determined through routine trials. In specific embodiments, an
effective amount is a nutritional or supranutritional amount. In some embodiments, an effective

amount is an Akt-signaling pathway activation inhibiting amount or a Bel-2 activity-reducing

amount.

2:  Methods for inhibiting tumor cell growth and proliferation and for preventing malignant

conversion

[0040] The present invention is predicated in part on the determination that selenate,
as opposed to other forms of selenium such as selenite, is effective in inhibiting the growth or
proliferation of benign tumor cells, especiaily those in which the Akt signaling pathway is
activated or in which Bcl-2 activity is elevated. Accordingly, in one aspect, the present
invention provides methods for inhibiting the growth or proliferation of benign tumor cells,
wherein the methods generally comprise exposing the tumor cells to an effective amount, such
as an Akt signaling pathway activation-inhibiting amount or a Bcl-2 activity-reducing amount
of selenate or a pharmaceutically acceptable salt thereof. In some embodiments of the invention,
the amount of selenate or its pharmaceutically acceptable salt thereof is a nutritional amount. In
other embodiments, the amount of selenate or its pharmaceutically acceptable salt is a
supranutritional amount, which is generally from about 0.015 mg/kg to 20.0 mg/kg, usually
from about 0.07 mg/kg to 6.5 mg/kg or 0.1 mg/kg to 14 mg/kg or from about 0.15 mg/kg to
5 mg/kg, especially 0.07 mg/kg to 2 mg/kg per day. '

[0041] The present invention can be used effectively against various types of tumor
cells. Illustrative examples of benign tumors that may be treated or prevented include, but are
not limited to benign adenomas, angiofibromas, hemangiomas, leiomyomas, benign
chorangiomas, cystadenomas, dermoid tumors, desmoid tumors, fibroadenomas, fibromas,
benign ganglioneuromas, liporﬁas, meningiomas, myxomas, neurofibromas, nevus tumors,
osteochondromas, pheochromocytomas, polyps, schwannomas, benign teratoinas, benign
thyomas and Brenner tumors. In some embodiments, the tumor is a prostatic intraepithelial
neoplasia, colonic polyps, atypical small acinar proliferative tumor cells, benign prostatic
hyperplastic (hypertrophic) tumor cells (benign prostatic hyperplasia) or a ductal carcinoma in
situ. In a related aspect, the invention provides methods for treating or preventing a benign
tumor in which Akt is activated, wherein the methods generally comprise administering to a
subject in need thereof an Akt signaling pathway activation-inhibiting amount of selenate or a
pharmaceutically acceptable salt thereof. In a further related aspect, the invention provides
methods for treating or preventing a benign tumor in which Bel-2 activity is elevated, wherein
the methods generally comprise administering to a subject in need thereof a Bel-2

activity-reducing amount of selenate or a pharmaceutically acceptable salt thereof. In some

210 -
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embodiments, the amount of selenate or pharmaceutically acceptable salt thereof is a nutritional
amount. In other embodiments, the amount is a supranutritional amount as broadly defined

above.

[0042] In some embodiments, the tumor cell is drug resistant. In some

embodiments, the tumor cell has an overactive Akt pathway.

[0043] In certain embodiments, the selenate or its pharmaceutically acceptable salt
is administered in combination with at least one cytostatic agent or cytotoxic agent. Non-
limiting examples of cytostatic .agents are selected from: (1) kinase inhibitors, illustrative
examples of which include Iressa®, Gleevec, Tarceva™, (Erlotinib HCI), BAY-43-9006,
inhibitors of the split kinase domain receptor tyrosine kinase subgroup (e.g., PTK787/ZK
222584 and SU11248); (2) receptor kinase targeted antibodies, which include, but are not
limited to, Trastuzumab (Herceptin®), Cetuximab (Erbitux®), Bevacizumab (Avastin™),
Rituximab (ritusan®), Pertuzumab (Omnitarg™); (3) mTOR pathway inhibitors, illustrative
examples of which include rapamycin and CCI-778; (4) Apo2L/Trail, anti-angiogenic agents
such as but not limited to endostatin, combrestatin, angiostatin, thrombospondin and Yascular
endothelial growth inhibitor (VEGI); (5) antineoplastic i'mmunotherapy vaccines, representative
examples of which include activated T-cells, non-specific immune boosting agents (i.e.,
interferons, interleukins); (6) hormonal antineoplastic agents, non-limiting examples of which
include Nilutamide, Cyproterohe acetate, Anastrozole, Exemestane, Tamoxifen, Raloxifene,
Bicalutamide, Aminoglutethimide, Leuprorelin acetate, Toremifene citrate, Letrozole,
Flutamide, Megestrol acetate and Goserelin acetate; (7) gonadal hormones such as but not
limited t6 Cyproterone acetate and Medoxyprogesterone acetate; (8) antimetabolites, illustrative
examples of which include Cytarabine, Fluorouracil, Gemcitabine, Topotecan, Hydroxyurea,
Thioguanine, Methotrexate, Colaspase, Raltitrexed and Capicitabine; (9) anabolic agents, such
as but not limited to, Nandrolone; (10) adrenal steroid hormones, illustrative examples of which
include Methylprednisolone acetate, Dexamethasone, Hydrocortisone, Prednisolone and

Prednisone.

[0044] The methods of the present invention may be employed in combination with
other known treatments for benign tumors, for instance but not limited to, surgery,
chemotherapy and radiotherapy. In some embodiments, the selenate or its pharmaceutically
acceptable salt is used in combination with radiotherapies, such as but not limited to, conformal
external beam radiotherapy (50-100 Grey given as fractions over 4-8 weeks), either single shot
or fractionated, high dose rate brachytherapy, permanent interstitial brachytherapy, systemic
radio-isotopes (e.g., Strontium 89). In some embodiments the radiotherapy may be administered
in combination with a radiosensitizing agent. Illustrative examples of radiosensitizing agents

include but are not limited to efaproxiral, etanidazole, fluosol, misonidazole, nimorazole,
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temoporfin and tirapazamine, In other embodiments, selenate or its pharmaceutically acceptable

salt is used in combination with a tumorectomy.

[0045] In some embodiments, the cytostatic agent is a nucleic acid molecule,
suitably an antisense or siRNA recombinant nucleic acid molecule. In other embodiments, the
cytostatic agent is a peptide or polypeptide. In still other embodiments, the cytostatic agent is
small molecule. The cytostatic agent may be a cytotoxic agent that is suitably modified to
enhance uptake or delivery of the agent. Non-limiting examples of such modified cytotoxic

agents include, but are not limited to, pegylated or albumin-labelled cytotoxic drugs.

[0046] In embodiments where the benign tumor is benign prostatic hypertrophy
(benign prostatic hyperplasia) or prostatic intraepithelial neoplasia, the selenate or
pharmaceutically acceptable salt thereof may be administered in combination with 5-alpha
reductase inhibitors such as finasteride or dutasteride; alpha adrenergic receptor blockers such
as terazosin (Hytrin), doxazosin (cardura), alfuzosin, tamsulosin (flomax) and Prazosin
(Minipress); selective estrogen receptor modulators (SERMs) such as toremifene citrate
(Acapodene), tamoxifen and raloxifen; selective androgen receptor modulators (SARMSs) such
as prostarine; or phytotherapeutics such as those derived from the American dwarf palm tree
(saw palmetto or Sereroa repens), African plum tree (Pygeum africanum), pumpkin seeds, rye

pollen extracts, South African star grass roots, stinging nettle roots and the purple cone flower.

[0047] In embodiments where the benign tumor is colonic polyps, the selenate or
pharmaceutically acceptable salt thereof may be administered in combination with non steroidal
anti inflammatory drugs such as aspirin, ibuprofen, naproxene; or Cox-2 inhibitors such as

sulindac, celocoxib (celebrex), refocoxib (vioxx) and lumiracoxib.

[0048] In embodiments where the benign tumor is ductal carcinoma in situ the
selenate or pharmaceutically acceptable salt thereof may be administered in combination with

selective estrogen receptor modulators such as tamoxifen, raloxifen and toremifene citrate.

[0049] In embodiments where the benign tumor is meningioma, the selenate or
pharmaceutically acceptable salt thereof may be administered in combination with progesterone
receptor antagonists such as mifepristone; immune modulating agents such as interferon;

chemotherapy such as hydroxyurea and external beam radiation.

[0050] Certain embodiments of the present invention are directed to methods for
treating or preventing a benign tumor in a subject, which methods generally comprise
administering to the subject a therapeutically effective amount of selenate or a pharmaceutically
acceptable salt thereof. To practice these methods, the person manéging the subject can
determine the effective dosage form of selenate or its pharmaceutically acceptable salts for the

particular condition and circumstances of the subject. A therapeutically effective amount of
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selenate is one that is effective for the treatment or prevention of the benign tumor, including

the prevention of incurring a symptom (e.g., proliferation of tumor cells), holding in check such
symptoms, and/or treating existing symptoms associated with the tumor (e.g., pain, tenderness,
headaches, menstrual irregularity, urinary retention, cosmetic effect, shortness of breath, altered
bowel habit, malena, haematemesis, focal neurological deficit). In some embodiments, the
therapeutically effective amount is a nutritional amount. In other efnbodiments, the amount is a
supranutritional amount of selenate or its pharmaceutically acceptable salt. In specific

embodiments, the selenate is suitably in the form of the salt, sodium selenate (Na;SeOq).

[0051] " Modes of administration, amounts of selenate administered, and selenate
formulations, for use in the methods of the present invention, are discussed below. The tumor to
be treated may be determined by measuring one or more diagnostic parameters indicative of the
course of the disease, compared to a suitable control. In the case of a human subject, a “suitable
control” may be the individual before treatment, or may be a human (e.g., an age-matched or
similar control) treated with a placebo. In accordance with the present invention, the treatment
or prevention of a benign tumor includes and encompasses without limitation: (i) preventing a
benign tumor in a subject who may be predisposed to the benign tumor but has not yet been
diagnosed with the benign tumor and, accordingly, the treatment constitutes prophylactic
treatment for the benign tumor; (ii) inhibiting tumorigenesis, i.e., arresting the development of
the benign tumor; (iii) relieving symptoms resulting from the benign tumor; or (iv) preventing

malignant conversion of a benign tumor.

[0052] The methods of the present invention are suitable for treating an individual
who has been diagnosed with a benign tumor, who is suspected of having a benign tumor, who
is known to be susceptible and who is considered likely to develop a benign tumor, who is
considered likely to develop a recurrence of a previously treated benign tumor, or who has a

benign tumor which may undergo malignant conversion to a malignant tumor.

[0053] In specific embodiments of the above methods, the benign tumor is a high
grade prostatic intraepithelial neoplasia (HGPIN), colonic polyp or ductal carcinoma in situ
(DCIS) that may undergo malignant conversion to prostate cancer, colon cancer or breast cancer

respectively. In other embodiments, the tumor to be treated may be a meningioma.

[0054] Exemplary subjects for treatment with the methods of the invention are
vertebrates, especially mammals. In certain embodiments, the subject is selected from the group
consisting of humans, sheep, cattle, horses, bovine, pigs, dogs and cats. A preferred subject is a

human.

[0055] The selenate or pharmaceutically acceptable salt may be formulated by
following any number of techniques known in the art of drug delivery. Selenate or its

pharmaceutically acceptable salts may of course be administered by a number of means keeping
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in mind that all formulations are not suitable for every route of administration. Selenate or its

pharmaceutically acceptable salts can be administered in solid or liquid form. The application
may be oral, rectal, nasal, topical (including buccal and sublingual), or by inhalation. Selenate
or .its pharmaceutically acceptable salts may be administered together with conventional

pharmaceutical acceptable adjuvant, carriers and/or diluents.

[0056] The solid forms of application comprise tablets, capsules, powders, bills,
pastilles, suppositories and granular forms of administration. They may also include carriers or
additives, such as flavors, dyes, diluents, softeners, binders, preservatives, lasting agents and/or
enclosing materials. Liquid forms of administration include solutions, suspensions and

emulsions. These may also be offered together with the above-mentioned additives.

[0057] Solutions and suspensions of selenate or pharmaceutically acceptable salt
thereof, assuming a suitable viscosity for ease of use, may be injected. Suspensions too viscous
for injection may be implanted using devices designed for such purposes, if necessary.
Sustained release forms are generally administered via parenteral or enteric means. Parenteral
administration is another route of administration of the selenate or a pharmaceutically
acceptable salt thereof used to practice the invention. “Parenteral” includes formulations

suitable for injection and for nasal, vaginal, rectal, and buccal administration.

[0058] The administration of selenate or its pharmaceutically acceptable salts may
involve an oral prolonged dose formulation. Oral dose formulations are preferably administered
once daily to three times daily in the form of a sustained release capsule or tablet, or
alternatively as an aqueous based solution. Selenate or its pharmaceutically acceptable salt may

be administered intravenously either daily, continuously, once a week or three times a week.

[0059] The administration of selenate or its pharmaceutically acceptable salts may

iinclude daily administration, preferably once daily in the form of a sustained release capsule or

tablet, or once daily as an aqueous solution,

[0060] Combinations of selenate or its pharmaceutically acceptable salt and at least
one cytostatic agent or a cytotoxic agent or a radiosensitizing agent may be administered in
splid or liquid form in a single formulation or composition or in separate formulations or
compositions. In some embodiments, the selenate or its pharmaceutically acceptable salt and the
cytostatic agent(s) or cytotoxic agent(s) or radiosensitizing agent(s) are administered orally as a
single tablet or capsule or separate tablets or capsules. In other embodiments, the selenate or its
pharmaceutically acceptable salt and the cytostatic agent(s) or cytotoxic agent(s) or
radiosensitizing agent(s), are administered intrz{venously in a single composition or separate

compositions.
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[0061]} The present invention also provides pharmaceutical compositions for
treating or preventing a benign tumor or preventing a Benign tumor undergoing malignant
conversion, generally comprising a supranutritional amount, suitably from about 0.5 mg to
about 1.0 g of selenate or a pharmaceutically acceptable salt thereof and a pharmaceutically
acceptable carrier. In some embodiments, the selenate or its pharmaceutically acceptable salt is -
in an amount of about 5.0 mg to about 700 mg or 5 mg to 450 mg. In illustrative examples, the
selenate or its pharmaceutically acceptable salt is an amount of about 0.07 mg to 6.5 mg, 5 mg
to 450 mg or 7.5 mg to 250 mg, especially 50 mg to 200 mg, for example, 50 mg to 100 mg or
100 mg to 150 mg for a single or divided daily dose. The pharmaceutical composition may be
for treating a benign tumor in which Akt is activated or over-activated or a benign tumor in

which Bcl-2 activity is elevated.

[0062] In some embodiments, the pharmaceutical compaositions further comprise at
least one cytostatic agent or cytotoxic agent. In other embodimer{ts, the pharmaceutical
compositions may. further comprise a radiosensitizing agent for use with radiotherapy. In other
embodiments, the pharmaceutical composition may further comprise a second agent that is
suitable for treating a benign tumor, such as 5-a-reductase inhibitors, a-adrenergic receptor
blockers, selective estrogen receptor modulators, selective androgen receptor modulators,
phytotherapeutics, anti-inflammatory drugs, Cox-2 inhibitors, progesterone receptor antagonists,

immune modulating agents or chemotherapy.

[0063] Theupharmaceutical composition of the present invention may include any
additional components that are non-immunogenic and biocompatible with selenate, as well as
capable of bioabsorption, biodegradation, elimination as an intact molecule. The formulation
may be supplied in a ready-to-use form or may be supplied as a sterile powder or liquid
requiring vehicle addition prior to administration. If sterility is desired, the formulation may be
made under sterile conditions, the individual components of the mixture may be sterile, or the
formulation may be sterile filtered prior to use. Such a solution can also contain appropriate
pharmaceutically acceptable carriers, such as but not limited to buffers, salts, excipients,

preservatives, etc.

' [0064] In some embodiments, sustained release oral formulations are used for
administering selenate or its pharmaceutically acceptable salt in the methods of the invention.
These formulations generally comprise selenate or its pharmaceutically acceptable salt having
decreased solubility in order to delay absorption into the bloodstream. In addition, these
formulations may include other components, agents, carriers, etc., which may also serve to
delay absorption of the selenate or its pharmaceutically acceptable salt. Microencapsulation,

polymeric entrapment systems, and osmotic pumps, which may or may not be bioerodible, may
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also be used to allow delayed or controlled diffusion of the selenate or a pharmaceutically

acceptable salt thereof from a capsule or matrix.

[0065] The selenate or its pharmaceutically acceptable salts can be used solus or as
part of another agent. Accordingly, the present invention also contemplates an agent that
comprises selenate or a pharmaceutically acceptable salt thereof for the treatment of a benign
tumor, especially one in which Akt is activated or in which Bcl-2 activity is elevated, or for the

prevention of malignant conversion of a benign tumor to 2 malignant tumor.

[0066] In order that the nature of the present invention may be more clearly
understood and put into practical effect, particular preferred embodiments thereof will now be

described with.reference to the following non-limited examples.
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EXAMPLES

EXAMPLE 1

Isolation of primary benign tumor cell lines

[0067] Primary meningionia tissue samples will be obtained from the Royal
Melbourne Hospital undera protocdl approved by the Institutional Review Board. Primary
cultures of meningiomas will be established according to established protocols (Friend KE,
Radinsky R, McCutcheon IE. Growth hormone receptor expression and function in

meningiomas: effect of a specific receptor antagonist. .J Neurosurg 1999; 91:93-9).

[0068] Briefly, tumor tissue will be collectedy at the time of resection from patients
with benign, or atypical, meningioma as determined by neuropathologic review using WHO
2000 criteria. Tumor fragments will be immediately transferred to the laboratory for further
processing, carefully minced into small pieces, and treated with 0.4% trypsin/EDTA to
dissociate the cells. The cells will be washed with PBS supplemented with 200 units/mL
penicillin and 200 pg/mL streptomycin and transferred to 100-mm? tissue culture dishes
containing DMEM supplemented with 10% FCS, 100 units/mL penicillin, and 100 pg/mL
streptomycin. The cells will be grown in humidified incubators at 37°C with 5% CO; for 5 days,
with periodic medium changes and then allowed to reach confluence. Low-passage cells (<7

passages) will used for proliferation experiments.

EXAMPLE 2

Cell proliferation assays

Benign tumor growth curve

[0069] Benign meningioma tumor growth curves will be analysed by allowing 2 x
10° tumor cells. The cells will be allowed to attach overnight in culture dishes. After 16 hours
the medium will be changed to include sodium selenate in the presence of serum at the indicated
concentrations and allowed to grow until specified time points. Supernatants and cells will then
be harvested, combined and viable cells assessed by Trypan Blue exclusion assay. Experiments

will be performed in triplicate.

MTT Growth Assay

[0070] MTT Growth Assays will be performed by plating 1 x 10* meningioma
tumor cells per well in a 96 well plate and allowing the cells to attach overnight. At 16 hours the
medium will be replaced with fresh media containing sodium selenate (5-250 pM). For
experiments determining the additional effect of PI3K inhibition on sodium selenate growth
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inhibition, LY294002 (Promega, Madison, WI, USA) will be added at a concentration of 10-50
pM with the sodium selenate. The controls for this experiment will then receive an equal
volume of LY294002 diluent (DMSO). MTT growth assays will then be performed according to

the manufacturer’s protocol (Sigma). Experiments will be performed in triplicate.

EXAMPLE 3

The effect of sodium selenate on the growth/proliferation or survival of benign tumor cells.

Primary human prostate stromal cell lines as a mode] for human benign prostatic hyperplasia
BPI

MATERIALS AND METHODS

[0071] Cell Culture. The prostate stromal (PrS) cell line was obtained from

~Cambrex Bio Science (Walkersville, MC, USA, www.cambrex.com) and was routinely cultured

in Stromal Cell Medium BulletK it (Clonetics SCGM BulletKit, CC-3205) purchased from
Cambrex. Complete growth medium was prepared from the BulletKit containing stromal cell
basal medium supplemented with 0.1% human fibroblast growth factor B, 0.1% insulin, 5%

fetal bovine serum and 0.1% gentamicin sulphate amphotericin-B according to supplier

‘speciﬁcation. Cells were cultured at 37°C in 5% CO,.

{0072} In Vitro — growth proliferation study. 4 x 10° PrS cells were plated per
well in a Falcon 6-well plate and were allowed to attach overnight at 5%CQO,/ 37°C in complete
growth medium. The medium was replaced with fresh complete growth medium containing
various concentration of sodium selenate (25, 50 and 100 pM) and were allowed to grow until
specified time points (day 4, 11 and 18). Cells were trypsinised according to supplier
specification and viable cells were assessed by trypan blue exclusion assay at the specified time

points indicated above. Experiments were performed in triplicate per selenate treatment dose.

A[I0073] Statistical analysis. Data are presented as mean + SEM. unless otherwise
indicated. Differences between treatment groups were analyzed using Fisher’s least significant
difference test with significance assumed at p<0.01, ANOVA. All statistical analysis was
performed using STATGRAPHICS statistical software (Virginia, USA).

[0074] The results are shown in Table 1 and Figures 1 and 2.
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Table 1. Growth inhibitory (cytostatic) effect of sodium selenate on prostate stromal cell
growth over time. ‘

No. of days in
Treatment Groups culture No. of viable cells
(mean)

Complete growth medium (control) 1 40000.0
25 WM Selenate 1 40000.0
50 pM Selenate 1 40000.0
100 uM Selenate 1 40000.0
Complete growth medium (control) 4 44666.7
25 uM Selenate 4 48000.0
50 pM Selenate 4 15666.7
100 pM Selenate 4 11666.7
Complete growth medium (control) 11 163333.0
25 uM Selenate 11 613333
50 pM Selenate 11 19333.3
100 1M Selenate 11 4000.0
Complete growth medium (control) 18 480000.0
25 uM Selenate 18 : 81333.3
50 pM Selenate 18 7666.7
100 LM Selenate 18 2962.7

[0075] The results show that 25 uM selenate effectively impedes prostate stromal
cell growth after 11 days in culture. Higher concentrations of selenate, 50 uM and 100 pM are

very effective at controlling prostate stromal cell growth.

[0076] | The disclosure of every patent, patent application, and publication cited

herein is hereby incorporated herein by reference in its entirety.

[0077] The citation of any reference herein should not be construed as an admission

that such reference is available as “Prior Art” to the instant application.

[0078] Throughout the specification the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment or specific
collection of features. Those of skill in the art will therefore appreciate that, in light of the
instant disclosure, various modifications and changes can be made in the particular
embodiments exemplified without departing from the scope of the present invention. All such

modifications and changes are intended to be included within the scope of the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of inhibiting the growth or proliferation of benign tumor cells
comprising exposing the benign tumor cells to an effective amount of selenate or a
pharmaceutically acceptable salt thereof.

2. A method according to claim 1, wherein the benign tumor cells are tumor cells
in which the Akt-signaling pathway is activated or over-activated.

3. A method according to claim 1, wherein the benign tumor cells have
abnormally increased Bel-2 activity.

4. A method according to claim 1, wherein the benign tumor cells are selected
from benign adenoma tumor cells, angiofibroma tumor cells, hemangioma tumor cells,
leiomyoma tumor cells (fibroid), benign chorangioma tumor cells, cystadenoma tumor cells,
dermoid tumor cells, desmoid tumor cells, fibroadenoma tumor cells, fibroma tumor cells,
benign ganglioneuroma tumor cells, lipoma tumor cells, meningioma tumor cells, myxoma
tumor cells, neurofibroma tumor cells, nevus tumor cells, osteochondroma tumor cells,
pheochromocytoma tumor cells, polyposis tumor cells, schwannoma tumor cells, benign
teratoma tumor cells, benign thymoma tumor cells and Brenner tumor cells.

5. A method according to claim .1, wherein the benign tumor cells are selected
from prostatic intraepithelial neoplasia (PIN) tumor cells, benign prostatic hyperplastic
(hypertrophic) tumor cells, ductal carcinoma in situ (DCIS) tumor cells, meningioma tumor
cells or benign colonic tumor cells (colon polyps).

6. A method of treating or preventing a benign tumor in a subject comprising

" administering to the subject an effective amount of selenate or a pharmaceutically acceptable

salt thereof.

7. A method according to claim 6, wherein the effective amount of selenate or a
pharmaceutically acceptable salt thereof is a nutritional amount.

8. A method according to claim 6, wherein the effective amount of selenate or a
pharmaceutically acceptable salt thereof is a supranutritional amount.

9. A method according to claim 6, wherein the benign tumor is selected from
benign adenomas, angioﬁbromas; hemangiomas, leiomyomas, benign chorangiomas,
cystadenomas, dermoid tumors, desmoid tumors, Aﬁbroadenomas, fibromas, benign
ganglioneuromas, lipomas, meningiomas, myxomas, neurofibromas, nevus tumors,
osteochondromas, pheochromocytomas, polyps, schwannomas, benign teratomas, benign
thyomas and Brenner tumors.

10. A method according to claim 6, wherein the benign tumor is selected from
prostatic intraepithelial neoplasia, colonic polyps, atypical small acinar proliferative tumor cells,

benign prostatic hyperplastic (hypertrophic) tumor cells or a ductal carcinoma in situ.
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11. A method according to claim 6, further comprising administration in
combination with another known treatment for benign tumors. ' ’
) 12. A method according to claim 11, wherein the other known treatments for
benign tumors are selected from surgery, radiotherapy and chemotherapy.

13. A method according to claim 6, further comprising administering at least one

cytotoxic or cytostatic agent or a radiosensitizing agent or a second agent used to treat benign .

tumors. i

14. A method according to claim 13, wherein the cytostatic agent is selected from
kinase inhibitors, receptor kinase targeted antibodies, mTOR pathway inhibitors, Apo2L/Trail
antiangiogenic agents, antineoplastic immunotherapy vaccines, hormonal antineoplastic agents,
gonadal hormones, antimetabolites, anabolic agents, adrenal steroid hormones and
microtubule-stabilizing agents.

15. A method according to claim 13, wherein the radiosensitizing agent is selected
from efaproxiral, etanidazole, fluosol, misonidazole, nimorazole, temoporfin and tirapazamine.

16. A method according to claim 13, wherein the second agent used to treat benign
tumors  is selected from 5-a-reductase | inhibitors, a-adrenergic receptor blockers, selective
estrogen receptor modulators, selective androgen receptor modulators, phytotherapeutics,
non-steroidal anti-inflammatory drugs, Cox-2 inhibitors, progesterone receptor antagonists,
immune modulating agents and chemotherapy. '

17. A method of preventing benign tumor cells or a benign tumor undergoing
malignant conversion to malignant tumor cells or a malignant tumor in a subject, comprising
administering to the subject an effective amount of selenate or a pharmaceutically acceptable
salt thereof.

18. A method according to claim 17, wherein the effective amount of selenate or a

"pharmaceutically acceptable salt thereof is a nutritional amount.

19. A method according to claim 17, wherein the effective amount of selenate or a
pharmaceutically acceptable salt thereof is a supranutritional amount.

20. A method according to claim 17, wherein the benign tumor cells are benign
colonic or rectal tumor cells, high grade prostatic intraepithelial neoplasia tumor cells, atypical
small acinar proliferative tumor cells or ductal carcinoma in situ tumor cells.

21. A method according to claim 17, wherein the benign tumor is a high grade
prostatic intraepithelial neoplasia, a colonic polyp or a ductal carcinoma in situ.

22, A pharmaceutical composition comprising selenate or a pharmaceutically
acceptable salt thereof and at least one of a cytostatic agent, a cytotoxic agent, a radiosensitizing
agent or a second agent used to treat benign tumors and a pharmaceutically acceptable carrier.

23. Use of selenate or a pharmaceutically aéceptable salt thereof in the manufacture

of a medicament for treating or preventing a benign tumor.
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24, Use of selenate or a pharmaceutically acceptable salt thereof in the manufacture
of a medicament for preventing benign tumor cells or a benign tumor undergoing malignant

conversion to malignant tumor cells or a malignant tumor.
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TREATMENT OF CONGENITAL ADRENAL HYPERPLASTA

BACKGROUND
Technical Field
Compositions and methods for treating congenital adrenal hyperplasia

are described herein.

Description of the Related Art

Congenital adrenal hyperplasia (CAH) is a group of autosomal recessive
genetic disorders that result in little or no cortisol biosynthesis. The most frequent form
of the disease is 21-hydroxylase deficiency caused by mutations in the CYP27/A42 gene
located on chromosome 6p21, which accounts for approximately 95% of CAH cases
(see, e.g., Speiser et al., Int. J. Pediatr. Endocrinol. 2010:494173 (2010) for a review).
These mutations can range from complete loss of enzyme activity required for synthesis
of cortisol in the adrenal cortex to a spectrum of partial loss, which results in disecase
severity that is a direct consequence of a specific mutation. This continuum of 21-
hydroxylasc dcficicncy has been broadly classificd into salt-wasting and simple-
virilizing forms, groupcd as classical CAH, and thc milder form known as non-classic
CAH (NCCAH) or “latc-onsct” CAH, which is usually diagnoscd in late childhood or
early adulthood. Non-classic CAH patients are either homozygous or compound
hctcrozygotes, often with a classical CAH allcle. These patients have sufficient cnzyme
activity (> 20-50% of normal) such that thcy do not have salt-wasting or cortisol
deficiency and have normal genitalia at birth, and many remain asymptomatic
throughout lifc (Trapp ct al., Steroids 77(4):342-46 (2012)). In the less frequent form
of the discasc, which accounts for 5% of cascs, mutation of the 11B-hydroxylasc gene
CYPI11B] results in CAH (11B3-OH CAH).

Both genctic mutations result in congenital adrenal hyperplasia, cortisol
deficiency and cxcessive adrenocorticotropic hormone (ACTH) production with

overproduction of androgens. These patients require lifelong management with
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glucocorticoids and thc attcndant problems associated with such trcatment.
Accordingly, a significant need exists for treatment regimens to improve the health,

well-being, quality of life, and to manage related disorders in patient with CAH.

BRIEF SUMMARY

Corticotropin-releasing factor (CRF) activates the CRF; receptor, a class
B G protein-coupled receptor (GPCR). CRF; antagonists have the potential to directly
inhibit ACTH release in patients with CAH, thereby allowing normalization of
androgen production while using lower, more physiologic doses of hydrocortisone, and
reducing treatment-associated side effects.

In one embodiment, a method is provided for treating CAH by
administering to a subject in need thereof an effective amount of a CRF, antagonist,
including (but not limited to) bedtime administration.

In a morc spccific cmbodiment, the CRF, antagonist has a dissociation
half-life (1) in excess of 30 minutes, and in another embodiment in excess of 40
minutcs, and in another cmbodiment in excess of 50 minutcs.

Embodiment 1. A mcthod for trcating Congenital Adrenal Hyperplasia
(CAH) by administering to a subject in need thereof a CRF, receptor antagonist having
a dissociation half-lifc in cxcess of 30 minutcs.

Embodiment 2. The mcthod of Embodiment 1 whercin the CRF,
rceeptor antagonist has a dissociation half-lifc in cxcess of 40 minutes.

Embodiment 3. The mcthod of Embodiment 1 whercin the CRF,
rcceptor antagonist has a dissociation half-lifc in excess of 50 minutes.

Embodiment 4. The mcthod of any onc of Embodiments 1-3 whercin the
CRF, rcceptor antagonist is Compound 1 (NBI-77860; 2,5-dimcthyl-3-[2-mcthyl-4-
(methyloxy)phenyl]-N-[(1S)-1-(3-methyl-1,2,4-oxadiazol-5-yl)propyl]pyrazolo[1,5-
a]pyrimidin-7-aminc).

Embodiment 5. The method of any one of Embodiments 1-3 wherein the

CRF,; receptor antagonist is NBI-30775, NBI-34041, SSR-126374, SSR-125543,
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antalarmin (N-butyl-N-cthyl-2,5,6-trimcthyl-7-(2,4,6-trimcthylphenyl)pyrrolo[3,2-
e|pyrimidin-4-amine), or DMP904.

Embodiment 6. The method of any one of Embodiments 1-5 wherein the
CRF, receptor antagonist is administered at bedtime.

Embodiment 7. The method of any one of Embodiments 1-6 wherein the
CRF, receptor antagonist is administered at or before the expected circadian release of
ACTH.

Embodiment 8. The method of Embodiment 7 wherein the CRF,
receptor antagonist is administered 3-4 hours before the expected circadian release of
ACTH.

Embodiment 9. A method for reducing 17-OHP and ACTH levels in a
subject who has Congenital Adrenal Hyperplasia (CAH), said method comprising
administering to the subject a CRF; receptor antagonist at bedtime.

Embodiment 10. The method of Embodiment 9, wherein the CRF;
receptor antagonist is administered at or before the expected circadian release of
ACTH.

Embodiment 11. The method of Embodiment 9 or Embodiment 10,
wherein the CRF; receptor antagonist is administered 3-4 hours before the expected
circadian release of ACTH.

Embodiment 12. The method of any one of Embodiments 9-11, wherein
the CRF, receptor antagonist is Compound [ (NBI-77860; 2,5-dimethyl-3-[2-methyl-4-
(methyloxy)phenyl]-N-[(1S)-1-(3-methyl-1,2,4-oxadiazol-5-yl)propyl]pyrazolo[1,5-
a]pyrimidin-7-amine).

Embodiment 13. The method of any one of Embodiments 9-11, wherein
the CRF; receptor antagonist is NBI-30775, NBI-34041, SSR-126374, SSR-125543,
antalarmin (N-butyl-N-ethyl-2,5,6-trimethyl-7-(2,4,6-trimethylphenyl)pyrrolo[3,2-
e]pyrimidin-4-amine), or DMP904.

Embodiment 14. A CRF; receptor antagonist for use in treating
Congenital Adrenal Hyperplasia (CAH), wherein the CRF; receptor antagonist has a

dissociation half-life in excess of 30 minutes.
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Embodiment 15. The CRF, receptor antagonist of 14, whercin the CRF,
receptor antagonist has a dissociation half-life in excess of 40 minutes.

Embodiment 16. The CRF,; receptor antagonist of Embodiment 14,
wherein the CRF; receptor antagonist has a dissociation half-life in excess of 50
minutes.

Embodiment 17. The CRF; receptor antagonist of any one of
Embodiments 14-16, wherein the CRF, receptor antagonist is Compound I (NBI-77860;
2,5-dimethyl-3-[2-methyl-4-(methyloxy)phenyl |-N-[(1S)-1-(3-methyl-1,2,4-oxadiazol-
5-yDpropyl]pyrazolo[ 1,5-a]pyrimidin-7-amine).

Embodiment 18. The CRF; receptor antagonist of any one of
Embodiments 14-16, wherein the CRF; receptor antagonist is NBI-30775, NBI-34041,
SSR-126374, SSR-125543, antalarmin (N-butyl-N-ethyl-2,5,6-trimethyl-7-(2,4,6-
trimethylphenyl)pyrrolo[3,2-eJpyrimidin-4-amine), or DMP904.

Embodiment 19. The CRF; receptor antagonist of any one of
Embodiments 14-18, wherein the CRF; receptor antagonist 1is suitable for
administration at bedtime.

Embodiment 20. The CRF; receptor antagonist of any one of
Embodiments 14-19, wherein the CRF; receptor antagonist 1is suitable for
administration at or before the expected circadian release of ACTH.

Embodiment 21. The CRF; receptor antagonist of any one of
Embodiments 14-20, wherein the CRF; receptor antagonist is suitable for
administration 3-4 hours before the expected circadian release of ACTH.

In other embodiments, the methods and uses described above and herein
further comprise reducing the amount of a glucocorticoid or mineralocorticoid by at
least 10%, 15%, 20%, 30%, 40%, 50%, 60% from the recommended daily dose of GC
(such as hydrocortisone (HC), prednisone, prednisolone, dexamethasone, or
fludrocortisone) administered to a full grown subject (e.g., a human subject) who has
CAH. In other embodiments, the methods and uses described above and herein further
comprise reducing the amount of a glucocorticoid or mineralocorticoid by at least 10%,

15%, 20%, 30%, 40%, 50%, 60% from the recommended daily dose of GC (e.g.,
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hydrocortisonc) or mincralocorticoid (c.g., fludrocortisonc) administcred to a growing
subject (e.g., a human subject) who has CAH.

These and other embodiments will be apparent upon reference to the
following detailed description. To this end, various references are set forth herein that
describe in more detail certain background information, procedures, compounds and
compositions, and are each hereby incorporated by reference in their entirety.

Terms not specifically defined herein should be given the meanings that
would be given to them by one of skill in the art in light of the disclosure and the
context. As used in the specification, however, unless specified to the contrary, the
terms have the meaning indicated. Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular feature, structure or
characteristic described in connection with the embodiment is included in at least one
embodiment. Thus, the appearances of the phrases “in one embodiment” or “in an

2>

embodiment” in various places throughout this specification are not necessarily all

referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more embodiments.
Also, as used in this specification and the appended claims, the singular

2% <

forms ‘““a,” “‘an,” and “the” include plural referents unless the content clearly dictates
otherwise. Thus, for example, reference to “a non-human animal” may refer to one or
more non-human animals, or a plurality of such animals, and reference to ““a cell” or
“the cell” includes reference to one or more cells and equivalents thereof (e.g., plurality
of cells) known to those skilled in the art, and so forth. When steps of a method are
described or claimed, and the steps are described as occurring in a particular order, the
description of a first step occurring (or being performed) “prior to” (i.e., before) a
second step has the same meaning if rewritten to state that the second step occurs (or is
performed) “subsequent” to the first step. The term “about” when referring to a number
or a numerical range means that the number or numerical range referred to is an
approximation within experimental variability (or within statistical experimental error),

and thus the number or numerical range may vary between 1% and 15% of the stated

number or numerical range. It should also be noted that the term “or” is generally
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cmployed in its scnsc including “and/or” unless the content clearly dictates otherwisc.
The term, “‘at least one,” for example, when referring to at least one compound or to at
least one composition, has the same meaning and understanding as the term, “one or

more.”

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic of steroid synthetic pathways in the adrenal
gland. The most common form of CAH is caused by 21-hydroxylase (also called 21-a
hydroxylase) deficiency resulting in a decrease of cortisol and increase in androgens
such as testosterone and estrogen. A more rare type of classical CAH is 11p-
hydroxylase deficiency.

Figure 2 presents a graph illustrating the effect of Compound I
(NBI-77860) on ACTH concentration in adrcnalcctomized rats. Rats rcccived 30
mg/kg of Compound I (NBI-77860) orally. Data are presented as mean plasma
concentration of ACTH (xSEM).

Figurcs 3A-C present graphs illustrating the cffect of CRF; rceeptor
antagonists, differentiated by their dissociation half-life, on ACTH concentration in
adrcnalcctomized rats.

Figurc 4 presents the study design schematic for the clinical trial
described in Example 6 that was designed to asscss the safety, tolerability and plasma
cxposurc of NBI-77860, as wcll as the cffect of this compound on endogenous Ievels of
HPA (hypothalamic-pituitary-adrcnal) axis hormoncs.

Figurc 5 presents the data for mecan 17-OHP (upper pancl) and ACTH
levels (lower pancl) throughout the 24-hour postdosc period for the clinical trial
described in Example 6.

Figurc 6 presents the response of a specific individual subjcct for
17-OHP (upper panel) and ACTH levels (lower panel) following administration of 300
mg and 600 mg NBI-77860 and placebo over time.
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DETAILED DESCRIPTION

As described herein, CRF; receptor antagonists have been found to
directly inhibit ACTH release in patients with CAH and thereby allow normalization of
androgen production. Administration of a CRF; receptor antagonist permits use of
lower, more physiologic doses of hydrocortisone in subjects with CAH and thus
reduces treatment-associated side effects.

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 thc Unitcd Statcs and strongly rccommended by an additional 5 states. The
biochemical method includes immunoassay with organic solvent extraction or liquid
chromatography followcd by tandem mass spectrometry to mcasurc steroid ratios of 17-
OHP, androstcnedione, and 21-dcoxycortisol to cortisol (see, e.g., Spciscer ct al., Int. J.
Pediatr. Endocrinol. 2010:494173, 2010). The genetic screen looks for CYP27/A2
mutations that arc associated with CAH. Whilc not widcly cmployed in the U.S., the
addition of a sccond screening could potentially improve the scnsitivity of the ovcrall
screening proccss, wherce sensitivity of the first screen alonce is approximately 72%.

In abscnce of results from the ncwborn screening, female infants with
classical CAH arc typically identificd duc to the prescnce of ambiguous genitalia.
Malcs have normal genitalia at birth and thercfore arc not diagnosed unless ncwborn
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
discasc arc later diagnosed in the sctting of poor weight gain, vomiting, hypcrkalemia
and hyponatremia within the first few weeks of life.

Treatment of CAH is based on normalization of hormone and steroid

levels using a variety of medications from diagnosis in infancy through adulthood.
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Glucocorticoids arc the current standard trcatment in CAH and arc used both to corrcct
the endogenous 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.
Mineralocorticoid 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.

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. 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 treatment efficacy include measurement of
plasma concentrations of 17-OHP, androstenedione, testosterone, renin activity, and
electrolytes.

Adult patients with CAH have an increased prevalence of risk factors for
cardiovascular disease 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.g., Finkielstain et al., J. Clin.

Endocrinol Metab. 97(12):4429-38 (2012)).
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Trcatment of CAH includes cfforts to normalize the cortisol dcficicney
with glucocorticoids (usually hydrocortisone 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 mineral 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 (2006); Migeon et al., Erndocrinol. Metab. Clin. North Am.
30:193-206 (2001)).

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"), B-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.

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.

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 (see Figure 1).
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The adrenal cortcx is compriscd of thrce zoncs, which producc distinct classcs 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 ACTH release. The
lack of glucocorticoid synthesis and release ecliminates 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.

In an embodiment, a CRF; receptor antagonist useful for the treatment of
CAH is NBI-77860, 2,5-dimethyl-3-[2-methyl-4-(methyloxy)phenyl]-N-[(1S)-1-(3-
methyl-1,2,4-oxadiazol-5-yl)propyl]pyrazolo[1,5-a]pyrimidin-7-amine (also referred to

as “Compound I” herein), and which has the following structure.
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Compound I is a potent CRF, antagonist posscssing a binding pKi = 8.2
(see, e.g., Tellew et al., Bioorg. Med. Chem. Lett. 20:7259, 2010 and Int’l. Patent Appl.
Publ. No. WO 2006/044958, both of which references are incorporated by reference
herein in their entirety). As described herein, Compound I has potent ACTH lowering
effects as shown in adrenalectomized rats.

In another embodiment, the CRF, receptor antagonist useful for the
treatment of CAH is a small molecule antagonist as described in U.S. 6,586,456, US
6,806,282, US 6,531,475, US 6,664,261, US 6,610,678, WO 98/08846, WO 98/11075,
WO 99/10350, WO 2000/059888, WO 2006/044821, WO 2006/102194, WO
2006/107784, WO 2006/116412, WO 2006/126718, WO 2007/069565, WO
2007/069671, WO 2008/036541, WO 2008/036579, WO 2008/051533, WO
2008/082003, WO 2008/083070, WO 2008/136377, WO 2009/008552, WO
2009/144632, WO 2010/014280, WO 2010/014687, WO 2010/015628, WO
2010/015655, WO 2010/062718, WO 2010/096426, WO 2011/043387, WO
2011/092293, WO 2011/095450, WO 2011/092290, and WO 2011/043381.

In still another embodiment, the CRF; receptor antagonist is NBI1-30775,
CP-316,311, pexacerfont, emicerfont, SSR-125543 [4-(2-chloro-4-methoxy-5-
methylphenyl)-N-[(15)-2-cyclopropyl-1-(3-fluoro-4-methylphenyl)ethyl]-5-methyl-/V-
(2-propyn-1-yl)-2-thiazolamine], SSR-126374, ONO-2333, NBI-34041, JNJ-19567470,
GSK586529, PF-00572778, CP-376395, antalarmin (N-butyl-N-ethyl-2,5,6-trimethyl-
7-(2,4,6-trimethylphenyl)pyrrolo[3,2-¢]pyrimidin-4-amine), and DMP904,

In yet another embodiment, the CRF; receptor antagonist has a
dissociation half-life (#12) in excess of 30 minutes, and in another embodiment in excess
of 40 minutes, and in another embodiment in excess of 50 minutes. The dissociation
half-life of a particular CRF; receptor antagonist is determined by the technique
disclosed in Example 3. Representative CRF; receptor antagonists of these
embodiments include Compound I, NBI-30775, NBI-34041, SSR-125543 A, antalarmin
(N-butyl-N-ethyl-2,5,6-trimethyl-7-(2,4,6-trimethylphenyl)pyrrolo[3,2-e]pyrimidin-4-
amine), and DMP904.

11
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With respect to the compounds described hercin, it should also be

understood that when a particular position is designated as hydrogen, that such

hydrogen (H) may be replaced with deuterium (D). Incorporation of deuterium in place

of hydrogen is known to produce significant effects on the physiological and

pharmacological activities of the substituted compound. To this end, it should be

understood that deuterium replacement of hydrogen means that the abundance of

deuterium at that position is substantially greater than the natural abundance of

deuterium. Accordingly, in one embodiment representative compounds include the

following.
Cpd. Structure Chemical Name
NBI-77860 > . 2,5-dimethyl-3-[2-
NG \o methyl-4-
o (methyloxy)phenyl]-N-
weo [(1S)-1-(3-methyl-1,2,4-
= N/N\ oxadiazol-5-
NS yDpropyl]pyrazolo[1,5-
alpyrimidin-7-amine
O~
Deuterated ‘: | 2,5-dimethyl-3-[2-
NBI-77860 P methyl-4-(ds-
methyloxy)phenyl]-N-
e [(1S)-1-(3-methyl-1,2,4-
= N/N\ oxadiazol-5-
A yDpropyl]pyrazolo[1,5-
alpyrimidin-7-amine
O\CD3
12
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Cpd. Structure Chemical Name
Deuterated Dao\) 2,5-dimethyl-3-[2-
NBL-77860 NG mothyl-4-

(methyloxy)phenyl]-N-
HN iy
[(1S)-1-(3-d3-methyl-
= N/N\ 1,2,4-oxadiazol-5-
NS yDpropyl]pyrazolo[1,5-
a] pyrimidin-7-amine
Decuterated 5 2,5-dimethyl-3-[2-
——N
NBL77860 N)\ \ methyl-4-(ds-
methyloxy)phenyl]-N-
. .uu///// [( 1 S) - 1 —(3 - d.3 —methyl‘
N N 1,2,4-oxadiazol-5-
A\
yDpropyl|pyrazolo[1,5-
\N S
aJpyrimidin-7-amine
O\CD;;
Deuterated
NBI-77860
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Cpd. Structure Chemical Name
R;-Rys independently H or D
SSR-125543 4-(2-chloro-4-mcthoxy-
S-methylphenyl)-V-
[(15)-2-cyclopropyl-1-
(3-fluoro-4-
methylphenyl)ethyl]-5-
methyl-NV-(2-propyn-1-
yl)-2-thiazolaminc
Decuterated
SSR-125543
Ri-Ry7 independently H or D
NBI-30775 5-[7-(dipropylamino)-
2,5-
| dimethylpyrazolo[1,5-
S N\ a]pyrimidin-3-yl]-
N S N,N,4-trimethylpyridin-
N
2-amine
7\
N
/T
14
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Cpd. Structure Chemical Name
Deuterated R T R, e
Rs h Ry

NBI-30775 e o e

Ry Rig

N
R;-Rasz independently H or D

NBI-34041 3-(2,4-dichlorophenyl)-

9-(heptan-4-yl)-6-
methyl- 1,2,5,9-

tetraazatricyclo[6.3.1.0%

12]dodeca— 2,4(12),5,7-

tetracne
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Cpd. Structure Chemical Name

Deuterated

NBI1-34041

Pexacerfont \)\ N-[(2R)-butan-2-yl1]-8-
NH (6-methoxy-2-

methylpyridin-3-yl)-2,7-
dimethylpyrazolo[1,5-

al[1,3,5triazin-4-amine

16
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Cpd. Structure Chemical Name

Deuterated

Pexacerfont

CP-316,311 3,6-dimethyl-4-(pentan-
\j\ 3-yloxy)-2-(2,4,6-
? trimethylphenoxy)pyridi
X :
\N o]
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Cpd. Structure Chemical Name

Deuterated

CP-316,311

GSK876008 Q%O

18
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Cpd. Structure Chemical Name
Deuterated
GSK876008
Rz
Ry Oﬁ(m
Rig
Ri-Ry; independently H or D
CRA5626/R3 o
17573
N
N ‘
/‘\
N
Br
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Cpd. Structure Chemical Name
Deuterated o
CRA5626/R3
17573
R,-Rz4 independently H or D
ONO2333Ms 10-(2-chloro-4-
methoxyphenyl)-11-
NH
methyl-N-(pentan-3-
= —
TN y1)-1,8,12-
NS 3 triazatricyclo[7.3.0.0*7]
dodeca-2,7,9,11-
tetraen-2-amine
O—
Dcutcrated
ONO2333
R;-Ry7 independently H or D
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Cpd. Structure Chemical Name
NBI76169
O—.
N
Ve
\
Deuterated
NBI176169

Raq

R;-R,; independently H or D

In another embodiment, any of the aforementioned compounds may
incorporate stable or radioactive isotopes. Accordingly, also contemplated is use of
isotopically-labeled compounds identical to those described herein, wherein one or
more atoms are replaced by an atom having an atomic mass or mass number different
from the atomic mass or mass number usually found in nature. Examples of isotopes
that can be incorporated into these compounds include isotopes of hydrogen, carbon,

nitrogen, oxygen, phosphorous, fluorine and chlorine, such as, but not limited to
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dcuterium as discusscd above (2H), as wcll as 3H, 13C, 14C, 15N, 180, 170, 31P, 32P,
358, 18F, and 36Cl, respectively. Certain isotopically-labeled compounds, for example
those into which radioactive isotopes such as 3H and 14C are incorporated, are also
useful in drug or substrate tissue distribution assays. Tritiated hydrogen (3H) and
carbon-14 (14C) isotopes are particularly preferred for their ease of preparation and
detectability. Substitution with heavier isotopes such as deuterium (2H) can provide
certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dose requirements and, therefore, may be
preferred in some circumstances. Isotopically-labeled compounds can generally be

prepared by performing procedures routinely practiced in the art.

Effect on Plasma ACTH in Adrenalectomized Rats

Adrenalectomy eliminates circulating corticosterone (the primary
glucocorticoid) in rats and removes the negative feedback control of the HPA axis at
both the hypothalamic and pituitary (corticotroph cells) levels and thus chronically
elevates plasma ACTH (see, e.g., Mims et al., J. Natl. Med. Assoc. 69:145-47 (1977)).
Intravenous injection of peptide CRF; receptor antagonists have been demonstrated to
reduce the high plasma ACTH levels in adrenalectomized (ADX) rats (see, e.g., Rivier
et al., J. Med. Chem. 12:42:3175-82 (1999)). These findings were recapitulated with
the small molecule NBI-77860 (Compound I). In adrenalectomized rats, Compound I
has potent capability for lowering ACTH. The maximum reduction in ACTH
correlated with peak plasma concentrations of NBI-77860; however, the duration of the
ACTH-lowering effect exceeded drug plasma exposure. In adrenalectomized rats, a
predictable relationship therefore exists between integrated plasma exposure of
NBI-77860 and in vivo efficacy following oral administration.

The effectiveness of a compound as a CRF receptor antagonist may be
determined by various assay methods. CRF antagonists described herein may be
capable of inhibiting the specific binding of CRF to its receptor and consequently
antagonizing activities associated with CRF. A compound may be assessed for activity

as a CRF antagonist by one or more generally accepted assays including the assay
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described in thc Examples. CRF antagonists uscful for thec mcthods described herein
include compounds that demonstrate affinity for CRF receptor.

Without wishing to be bound by theory, in the treatment of CAH, CRF
receptor antagonists would potentially block the release of ACTH from pituitary
corticotrophs, thereby decreasing the production of androgens, and allow a more refined
treatment paradigm for replacement of cortisol. Animal and human studies have shown
the pharmacologic effect of Compound I (NBI-77860) on ACTH release. Standard
biomarker assessments used by endocrinologists when monitoring treatment efficacy
may be used for monitoring the effects of this CRF; receptor antagonist. Plasma levels
of 17-OHP, androstenedione, testosterone, cortisol and ACTH, as well as urinary
metabolites of these steroids, are easily measured in both children and adults giving

rapid and meaningful data regarding treatment impact.

Pharmaceutical Compositions and Methods of Treatment

The present disclosure further provides for pharmaceutical compositions
comprising any one¢ of the CRF antagonist compounds described herein and a
pharmaceutically acceptable excipient for use in the methods for treating CAH. A
pharmaceutically acceptable excipient is a physiologically and pharmaceutically
suitable non-toxic and inactive material or ingredient that does not interfere with the
activity of the active ingredient; an excipient also may be called a carrier. The CRF
antagonist compounds may be formulated in a pharmaceutical composition for use in
treatment or preventive (or prophylactic) treatment (e.g., reducing exacerbation of CAH
disease, or occurrence or recurrence of one or more symptoms of the disease). The
methods and excipients described herein are exemplary and are in no way limiting.
Pharmaceutically acceptable excipients are well known in the pharmaceutical art and
described, for example, in Rowe ef al., Handbook of Pharmaceutical Excipients: A
Comprehensive Guide to Uses, Properties, and Safety, 5" Ed., 2006, and in Remington:
The Science and Practice of Pharmacy (Gennaro, 21* Ed. Mack Pub. Co., Easton, PA
(2005)). Examples of pharmaceutically acceptable excipients include sterile saline and

phosphate buffered saline at physiological pH. Preservatives, stabilizers, dyes, buffers,
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and thc like may be provided in the pharmaccutical composition. In addition,
antioxidants and suspending agents may also be used.

Therapeutic and/or prophylactic benefit includes, for example, an
improved clinical outcome, both therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow or retard (lessen) an undesired
physiological change or disorder, or to prevent or slow or retard (lessen) the expansion
or severity of such disorder. As discussed herein, beneficial or desired clinical results
from treating a subject include, but are not limited to, abatement, lessening, or
alleviation of symptoms that result from or are associated the disease, condition, or
disorder to be treated; decreased occurrence of symptoms; improved quality of life;
longer disease-free status (i.e., decreasing the likelihood or the propensity that a subject
will present symptoms on the basis of which a diagnosis of a disease is made);
diminishment of extent of disease; stabilized (i.e., not worsening) state of disease; delay
or slowing of disease progression; amelioration or palliation of the disease state; and
remission (whether partial or total), whether detectable or undetectable; and/or overall
survival. “Treatment” can also mean prolonging survival when compared to expected
survival if a subject were not receiving treatment. Subjects in need of treatment include
those who already have the condition or disorder as well as subjects prone to have or at
risk of developing the disease, condition, or disorder, and those in which the disease,
condition, or disorder is to be prevented (i.e., decreasing the likelihood of occurrence of
the disease, disorder, or condition). A subject may be a human or non-human mammal
(e.g., rat, mouse, dog, cat, livestock, zoo animal).

Optimal doses may generally be determined using experimental
models and/or clinical trials. The optimal dose may depend upon the body mass,
weight, or blood volume of the subject. In general, the amount of a compound
described herein, that is present in a dose ranges from about 0.1 mg to about 30 mg
per kg weight of the subject. In certain embodiments, a single dose is about 50-1000
mg. The use of the minimum dose that is sufficient to provide effective therapy is
usually preferred. Subjects may generally be monitored for therapeutic effectiveness

by clinical evaluation and using assays suitable for the condition being treated or
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prevented, which assays will be familiar to thosc having ordinary skill in the art and
are described herein. The level of a compound that is administered to a subject may
be monitored by determining the level of the compound in a biological fluid, for
example, in the blood, blood fraction (e.g., serum), and/or in the urine, and/or other
biological sample from the subject. Any method practiced in the art to detect the
compound may be used to measure the level of compound during the course of a
therapeutic regimen.

The dose of a composition comprising at least one of the compounds
described herein for treating CAH or a related disease or disorder may depend upon the
subject’s condition, that is, stage of the disease, severity of symptoms caused by the
disease, general health status, as well as age, gender, and weight, and other factors
apparent to a person skilled in the medical art. Similarly, the dose of the compound
may be determined according to parameters understood by a person skilled in the
medical art.

The pharmaceutical compositions described herein that comprise at least
one of the CRF; antagonist compounds described herein may be administered to a
subject in need by any one of several routes that effectively deliver an effective amount
of the compound. Such administrative routes include, for example, oral, parenteral,
enteral, rectal, intranasal, buccal, sublingual, intramuscular, and transdermal.
Compositions administered by these routes of administration and others are described in
greater detail herein.

Administration of the compounds or compositions disclosed includes
nighttime administration or administration prior to sleep (i.e., bedtime administration).
As used herein, bedtime administration refers to dosing intended to deliver clinically
relevant concentrations of the CRF; antagonist at or before (such as 2-5 hours before)
the expected circadian release of ACTH. Since this ACTH release is typically at 1-2
A.M., and since most orally administered drugs have a Tmax of several hours, dosing at
10 P.M., for example, which is 3-4 hours in advance of the expected circadian release
of ACTH is desirable. This same pre-pulse bedtime dosing may be adapted for shift

workers (e.g., those who work at night and sleep during the day), in which case
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administration will not nccessarily occur at nighttime. Administration is thercfore
dependent upon the expected circadian release of ACTH, and can vary depending upon
the individual’s (i.e., subject, patient) particular work and sleep patterns. In certain
embodiments, a CRF, receptor antagonist described herein (for example, NBI-77860 or
any one of NBI-30775, NBI-34041, SSR-126374, SSR-125543, antalarmin (N-butyl-N-
ethyl-2,5,6-trimethyl-7-(2,4,6-trimethylphenyl)pyrrolo[3,2-e]pyrimidin-4-amine), or
DMP904) is administered between about 2-5 hours prior to (i.e., before, in advance of)
the expected circadian release of ACTH. In other embodiments, the CRF; receptor
antagonist is administered to the subject between about 2-4 hours or 3-5 hours prior to
the expected circadian release of ACTH. In a more specific embodiment, CRF;
receptor antagonist is administered to the subject between about 3-4 hours prior to the
expected circadian release of ACTH.

Also provided herein is a method for reducing 17-OHP and/or ACTH
levels in a subject (i.e., patient, individual) who has CAH by administering a CRF;
receptor antagonist. In certain embodiments, the antagonist is administered at or before
the expected circadian release of ACTH. In other certain embodiments, the CRF;
receptor antagonist as administered between about 2-4 hours or between about 3-5
hours prior to the expected circadian release of ACTH. In a more specific embodiment,
CRF,; receptor antagonist is administered to the subject between about 3-4 hours prior
to the expected circadian release of ACTH.

The methods described herein that comprise administering a CRF;
receptor antagonist to a female subject in need thereof in the manner described herein
that causes a decrease in level of ACTH and 17-OHP in the subject may result in
decreased release of androgens such as testosterone and androstenedione. The dose of
glucocorticoids may concomitantly be decreased by a clinically significant amount,
which in turn results in decreased side effects.

The amount of glucocorticoids (GC) and mineralocorticoids (MC) for
maintenance therapy in patients who have CAH and who are young and growing and
for maintenance therapy in patients who are full grown patients is known to a person

skilled in the art. For example, guidelines are described in Speiser et al. (J. Clin.
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Endocrinol. Metab. 95:4133-60 (2010), incorporated by rcference in its cntircty) and
shown in the Tables 1 and 2 therein. Particularly, for young, growing patients who
have CAH, persons skilled in the art appreciate that too high dosing with GCs can
impede statural growth in the patient. Accordingly, the methods described herein for
treating a patient with a CRF; receptor antagonist may comprise reducing the dose of a
GC in a clinically significant manner.

In certain embodiments, methods for treating CAH by administering a
CRF; receptor antagonist may further comprise administering a GC at a dose lower than
the currently recommended dose of a GC for treating a subject who has CAH. When
the subject is a fully grown patient, the dose of a GC, such as the dose of
hydrocortisone (HC), prednisone, prednisolone, dexamethasone, or fludrocortisone
recommended for maintenance therapy in a fully grown subject may be decreased by
about 10%, 15%, 20%, 30%, 40%, 50%, 60% or more from the recommended doses of
15-25 mg/day HC; 5-7.5 mg/day prednisone, 4-6 mg/day prednisolone; 0.25-0.5 mg/day
dexamethasone, or 0.05-0.2 mg/day of fludrocortisone. In a subject who is a growing
patient with CAH, the recommended dose of GCs, such as HC may be decreased from
the total recommended dose of 10-15 mg/m” per day and/or the total dose of
fludrocortisone of 0.05-0.2 mg/day may each be decreased by about 10%, 15%, 20%,
30%, 40%, 50%, 60% or more in a subject who receives a CRF; receptor antagonist as
described herein. In an embodiment, the methods described herein comprising
administering to a subject in need thereof an effective amount of a CRF; antagonist
results in a clinically significant reduction of ACTH levels relative to placebo. In a
specific embodiment, administering to a subject in need thereof an effective amount of
a CRF, antagonist results in a clinically significant reduction of ACTH levels relative to
placebo, wherein that reduction is at least 25%. In another embodiment, administering
to a subject in need thereof an effective amount of a CRF, antagonist results in a
clinically significant reduction of ACTH levels relative to placebo, wherein that
reduction is at least 50%. See Speiser et al., supra, for guidelines regarding

administering glucocorticoids and mincralocorticoids.
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In another cmbodiment, the mcthods described hercin comprising
administering to a subject in need thereof an effective amount of a CRF; antagonist
results in a clinically significant reduction of 17-OHP levels relative to placebo. In
another specific embodiment, administering to a subject in need thereof an effective
amount of a CRF; antagonist results in a clinically significant reduction of 17-OHP
levels relative to placebo wherein that reduction is at least 25%. In still another
embodiment, administering to a subject in need thereof an effective amount of a CRF,
antagonist results in a clinically significant reduction of 17-OHP levels relative to
placebo wherein that reduction is at least 50%.

In an embodiment, the methods described herein comprising
administering to a subject in need thereof an effective amount of a CRF; antagonist
results in a clinically significant reduction of both ACTH and 17-OHP levels relative to
placebo. In a certain embodiment, administering to a subject in need thercof an
effective amount of a CRF, antagonist results in a clinically significant reduction of
both ACTH and 17-OHP levels relative to placebo wherein the reduction is at least
25%. In another specific embodiment, administering to a subject in need thereof an
effective amount of a CRF; antagonist results in a clinically significant reduction of
both ACTH and 17-OHP levels relative to placebo wherein the reduction is at least
50%.

The pharmaceutical compositions may be in the form of a solution.
Alternatively, they may be in the form of a solid, such as powder, tablets, or the like. A
composition comprising any one of the compounds described herein may be formulated
for sustained or slow release. Such compositions may generally be prepared using well
known technology and administered by, for example, oral, rectal or subcutancous
implantation, or by implantation at the desired target site. Sustained-release
formulations may contain the compound dispersed in a carrier matrix and/or contained
within a reservoir surrounded by a rate controlling membrane. Excipients for use
within such formulations are biocompatible, and may also be biodegradable; preferably
the formulation provides a relatively constant level of active component release. The

amount of active compound contained within a sustained release formulation depends
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upon the site of implantation, thc ratc and cxpccted duration of rcleasc, and the naturc
of the condition to be treated or prevented.

For oral formulations, at least one of the compounds described herein
can be used alone or in combination with appropriate additives to make tablets,
powders, granules or capsules, for example, with conventional additives, such as
lactose, mannitol, corn starch or potato starch; with binders; with disintegrators; with
lubricants; and if desired, with diluents, buffering agents, moistening agents,
preservatives, coloring agents, and flavoring agents. The compounds may be
formulated with a buffering agent to provide for protection of the compound from low
pH of the gastric environment and/or an enteric coating. A compound included in the
compositions may be formulated for oral delivery with a flavoring agent, e.g., in a
liquid, solid or semi-solid formulation and/or with an enteric coating. Oral formulations
may be provided as gelatin capsules, which may contain the active compound along
with powdered carriers, such as lactose, starch, cellulose derivatives, magnesium
stearate, stearic acid, and the like. Similar carriers and diluents may be used to make

compressed tablets.

EXAMPLES

EXAMPLE 1

CRF RECEPTOR BINDING ACTIVITY

CRF antagonists as used in the methods described herein may be
evaluated for binding activity to the CRF receptor by a standard radioligand binding
assay as gencrally described by Grigoriadis ct al. (see, e.g., Mol. Pharmacol vol 50, pp
679-686, 1996) and Hoarc ct al. (see, e.g., Mol. Pharmacol 63: 751-765, 2003.) By
utilizing radiolabcled CRF ligands, thc assay may bc uscd to cvaluate the binding
activity of the compounds described hercin with any CRF receptor subtypc.

Bricfly, the binding assay involves the displacement of a radiolabeled
CRF ligand from the CRF receptor. More specifically, the binding assay is performed

in 96-wcll assay platcs using 1-10 ug ccll membrancs from cclls stably transfected with
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human CRF rcceptors. Each well reccives about 0.05 mL assay buffer (e.g., Dulbecco’s
phosphate buffered saline, 10 mM magnesium chloride, 2 mM EGTA) containing
compound of interest or a reference ligand (for example, sauvagine, urocortin I, or
CRF), 0.05 mL of ['*I] tyrosine - sauvagine (final concentration ~150 pM or
approximately the Kp as determined by Scatchard analysis) and 0.1 mL of a cell
membrane suspension containing the CRF receptor. The mixture is incubated for 2
hours at 22°C followed by separation of the bound and free radioligand by rapid
filtration over glass fiber filters. Following three washes, the filters are dried and
radioactivity (Auger electrons from '*I) is counted using a scintillation counter. All
radioligand binding data may be analyzed using the non-linear least-squares curve-

fitting programs Prism (GraphPad Software Inc) or XLfit (ID Business Solutions Ltd).

EXAMPLE 2

CRF; RECEPTOR AGONIST ACTIVITY

As reported in Fleck er al. (J. Pharmacology and Experimental
Therapeutics, 341(2):518-531, 2012) (hereinafter “Fleck er a/.” and incorporated by
reference in it’s entirely) the activity of previously identified CRF; receptor antagonists
are presented. Such activity is reported as the kinctically derived affinity (Kj)
calculated from the association (&) and dissociation (k) ratc constants by thc following
cquation:

Ki=k./k,
Also as reported in Fleck er al., the kinetic K; of the CRF; receptor

antagonists listed in Table 1 below have been reported:

Table 1

Representative CRF; Receptor Antagonists

Licand k1 Kinetic K;
g (10°M'min™) (nM)
NBI-27914 94+3 25
30
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Ligand . kll . Kinetic K;

(10°M "'min") (nM)
CP-316,311 132 12
NBI-46200 6212 22
DMP696 7712 9.5
pexacerfont 2.6x0.1 19
NBI-35965 20+£2 23
ONO-2333Ms 44122 15
antalarmin 34106 39
NBI-34041 8.3+2.0 1.7
DMP904 18+1 0.38
NBI-30775 14+2.0 0.36

SSR125543A 33+5 0.049

By this same technique, the kinetic Ki of Compound I (NBI-77860) was

found to bc as follows:

Table 1 (cont.)

Li d ky Kinetic Kj
lgan (10°M 'min™) (nM)
NBI-77860 0.24 + 0.05 48 +9
EXAMPLE 3

Di1SSOCIATION HALF-LIFE (71,2) OF CRF; RECEPTOR ANTAGONISTS

The dissociation half-life (#1,,) of a CRF,; receptor antagonist as used in
the methods described herein is evaluated by the technique described in Fleck ef al. As

described therein, the dissociation rate constant for labeled and unlabeled ligands is
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denoted as &, whilc the half-lifc of drug dissociation from thc rcceptor (¢12), which is
equal to the median residence time, is calculated from the dissociation rate constant (% ;)
by the following equation:
tin=0.693/k,
5 As reported in Fleck er al., the dissociation half-life (#1,2) of the CRF,

receptor antagonists listed in Table 2 below have been reported.

Table 2

Dissociation Half-Life of Representative Compounds

Ligand (m];]l _1) Disso(clilait;;)n t2

NBI 27914 0.27+0.07 2.6

CP-316,311 0.17£0.04 4.1

NBI-46200 0.13 +0.002 53

DMP696 0.095+£0.02 7.3

pexacerfont 0.049 = 0.001 14

NBI-35965 0.048 £ 0.005 16
ONO-2333Ms 0.063 £0.029 17
antalarmin 0.013 +£0.002 53

NBI-34041 0.013 £0.002 53

DMP904 0.0072 £ 0.002 96

NBI-30775 0.0054 + 0.0006 130
SSR125543A 0.0016 £ 0.0003 430

10 By this same technique, the dissociation half-life of Compound 1 (NBI-
77860) was found to be as follows.
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Table 2 (cont.)

. k., . . e .
Ligand min-! Dissociation #y/;, min
NBI-77860 0.012 + 0.0003 58

Accordingly, CRF, receptor antagonists that have a dissociation half-life
(t12) in excess of 30 minutes include (but are not limited to) antalarim, NBI-34041,
DMP904, NBI-30775, SSR125543A, and NBI-77860 (Compound I). These same
compounds are also representative of CRF); receptor antagonists having a dissociation
half-life (¢1,2) in excess of 40 minutes, and a dissociation half-life (¢,,2) in excess of 50

minutes.

EXAMPLE 4

LOWERING OF ACTH IN ADRENALECTOMIZED RATS

Compound I (NBI-77860) (see, e.g., Tellew et al., Bioorg. Med. Chem.
Lert. 2010, 20:7259; W02006044958) is a potent CRF; antagonist possessing a binding
pKi of 8.2, a kinetic Ki of 49 nM (Table 1 above), and a Dissociation #1; of 58 minutes
(Table 2 above).

Intravenous injection of peptide CRF, receptor antagonists have been
demonstrated to reduce the high plasma ACTH levels in adrenalectomized (ADX) rats
(see, e.g., Rivier et al., J Med. Chem. 12:42:3175-82 (1999)). These findings were
recapitulated with the small molecule NBI-77860. When administered orally to ADX
rats (n=6/group), 30 mg/kg single doses of NBI-77860 significantly lowered the plasma
ACTH levels for up to 5 hours (see Figure 2). The duration of efficacy correlated with
pcak plasma concentrations, with a time course cxceceding drug plasma cxposurc. In
adrenalectomized rats, a predictable relationship exists between integrated plasma
cxposurc of NBI-77860 and in vivo cfficacy following oral administration.

Fleck et al also rcport the cffcets of CRF; rcceptor antagonists
diffcrentiated by their  dissociation half-lifc on plasma ACTH lcvels in
adrcnalcctomized rats; namcly, NBI 30775, NBI 34041 and NBT 35965. At thc highest

o8]
(98]
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dosc (10 mg/kg), all three ligands reduced ACTH acutely (1 hr post-injection, Figurc
3A-C). After a longer duration, a clear difference emerged between NBI 35965 and the
other two ligands. The ACTH level returned to the vehicle level by 2 hr for NBI 35965
(Fig. 3C), whereas the response was sustained for 4-6 hr for NBI 30775 and NBI 34041
(Fig. 3A and 3B).

EXAMPLE 5

PHARMACODYNAMIC EFFECTS OF COMPOUND I IN HUMANS

In this study, pharmacodynamic effects of NBI-77860 (Compound I) on
human subjects were evaluated by observing the effect of single oral doses on HPA axis
response produced by metyrapone (0.04 g/kg) with respect to placebo and to a single
dose of alprazolam (0.75 mg). Metyrapone blocks cortisol synthesis in the adrenal,
thereby mimicking the cortisol deficiency of CAH, and is associated with an acute
reflex rise ACTH levels.

The primary analysis was performed by determining the ACTH values
between 30 min and 4 h post dose (AUC (30 min to 4 h)). In this analysis, when
compared to placebo, the following observations were made. A significant reduction of
ACTH AUC (30 min to 4 h) was observed with the alprazolam and the NBI-77860, 400
mg trcatments. A non-significant reduction in ACTH AUC (30 min to 4 h) was scen
with the NBI-77860, 50 mg trcatmcnt. An incrcasc in AUC (30 min to 4 h) was scen
with the NBI-77860, 10 mg treatment.

In the analysis performed on the ACTH values between 2 h to 4 h post-
dose (AUC (2 h to 4 h)) (the period when exposure reached the Cr..x value), there was a
significant reduction of ACTH lcvcls in the NBI-77860, 400 mg and 50 mg trcatment
periods comparced with the placcbo trecatment period; howcever, the reduction was not

scen with the NBIT-77860 at the 10 mg dosc.
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EXAMPLE 6

CLINICAL STUDY

In this study, NBI-77860 (Compound I) was evaluated in the clinical
study entitled “A Phase 1, Single-Blind, Placebo-Controlled, Fixed-Sequence, Single-
Dose Study to Evaluate the Safety and Tolerability of NBI-77860 in Adult Females
with Congenital Adrenal Hyperplasia” (IND 117,388). The study was a single-blind,
placebo-controlled, single center, fixed-sequence, single-dose clinical trial in adult
female classical CAH patients. It was designed to assess the safety, tolerability, and
plasma exposure of NBI-77860, as well as the effect of this compound on endogenous
levels of HPA axis hormones.

A total of 8 female subjects, ages 19 to 58, with a medical diagnosis of
classical 21-hydroxylase deficiency CAH were administered single bedtime doses (hs)
of NBI-77860 300 mg, 600 mg, and placebo during three separate treatment periods
(see study design schematic in Figure 4). The subjects’ usual morning dose of
concurrent steroidal treatment was delayed until after the 16-hour postdose blood
samples were collected (i.e., until approximately 1400h).

The PD endpoints for this study included the HPA axis biomarkers of
interest in this patient population; namely, 17-hydroxyprogesterone (17-OHP; as the
primary PD cndpoint), adrcnocorticotropic hormonc (ACTH), androstencdionc,
testosterone, and scrum cortisol levels. The initial analysis of PD variables was an
examination of the grouped subject data for cach biomarker, expressed as a mean
percent change from predose levels for the two active dosing conditions relative to the
placebo condition. The data for mean 17-OHP and ACTH levels throughout the 24-
hour postdosc period arc provided in Figure 5.

Consistent and clinically mcaningful reductions from predosc levels of
both 17-OHP and ACTH wecrc obscrved throughout the postdosc period following
administration of NBI-77860 rclative to placcbo in these CAH patients. In addition to
the group mcan data, individual responscs were cvaluated and trcatment “responders”
were conservatively defined as those subjects with at least a 50% decrease in 17-OHP

and ACTH undecr active NBI-77860 rclative to placcbo during the pcak morning period.
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This respondcr analysis yiclded a sizcable responder ratc of 50% in the study (nonc of
these subjects were responders during the initial placebo treatment period).
Furthermore, the 300 mg dose yielded nearly identical effects on 17-OHP and ACTH as
the 600 mg dose. An example of an individual subject response for these biomarkers is

provided in Figure 6.

The various embodiments described above can be combined to provide
further embodiments. All U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications
referred to in this specification and/or listed in the Application Data Sheet, including
U.S. Provisional Application Serial Nos. 61,929,941, filed January 21, 2014,
61,981,033, filed April 17, 2014; and 62/069,155, filed October 27, 2014, are
incorporated herein by reference, in their entirety. Aspects of the embodiments can be
modified, if necessary to employ concepts of the various patents, applications and
publications to provide yet further embodiments.

These and other changes can be made to the embodiments in light of the
above-detailed description. In general, in the following claims, the terms used should
not be construed to limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to include all possible
embodiments along with the full scope of equivalents to which such claims are entitled.

Accordingly, the claims are not limited by the disclosure.
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CLAIMS

I claim the following:

1. A method for treating Congenital Adrenal Hyperplasia (CAH) by
administering to a subject in need thereof a CRF,; receptor antagonist having a

dissociation half-life in excess of 30 minutes.

2. The method of claim 1 wherein the CRF; receptor antagonist has

a dissociation half-life in excess of 40 minutes.

3. The method of claim 1 wherein the CRF; receptor antagonist has

a dissociation half-life in excess of 50 minutes.

4. The method of claim 1 wherein the CRF, receptor antagonist is
Compound 1 (NBI-77860; 2,5-dimethyl-3-[2-methyl-4-(methyloxy)phenyl]-N-[(1S)-1-
(3-methyl-1,2,4-oxadiazol-5-yl)propyl]pyrazolo[ 1,5-a]pyrimidin-7-amine).

5. The method of claim 1 wherein the CRF; receptor antagonist is
NBI-30775, NBI-34041, SSR-126374, SSR-125543, antalarmin (N-butyl-N-ethyl-
2,5,6-trimethyl-7-(2,4,6-trimethylphenyl)pyrrolo[3,2-e]pyrimidin-4-amine), or
DMP904.

6. The method of any one of claims 1-5 wherein the CRF; receptor

antagonist is administered at bedtime.

7. The method of any one of claims 1-5 wherein the CRF; receptor

antagonist is administered at or before the expected circadian release of ACTH.
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8. The mcthod of claim 7 whercin the CRF, receptor antagonist is

administered 3-4 hours before the expected circadian release of ACTH.

9. A method for reducing 17-OHP and ACTH levels in a subject
who has Congenital Adrenal Hyperplasia (CAH), said method comprising

administering to the subject a CRF) receptor antagonist at bedtime.

10. The method of claim 9, wherein the CRF; receptor antagonist is

administered at or before the expected circadian release of ACTH.

11. The method of claim 9, wherein the CRF; receptor antagonist is

administered 3-4 hours before the expected circadian release of ACTH.

12. The method of any one of claims 9-11, wherein the CRF;
receptor antagonist is Compound 1 (NBI-77860; 2,5-dimethyl-3-[2-methyl-4-
(methyloxy)phenyl]-N-[(1S)-1-(3-methyl-1,2,4-oxadiazol-5-yl)propyl]pyrazolo[1,5-

a]pyrimidin-7-amine).

13. The method of any one of claims 9-11, wherein the CRF;
receptor antagonist is NBI-30775, NBI-34041, SSR-126374, SSR-125543, antalarmin
(N-butyl-N-ethyl-2,5,6-trimethyl-7-(2,4,6-trimethylphenypyrrolo[3,2-¢]pyrimidin-4-
amine), or DMP904.

14. A CRF; receptor antagonist for use in treating Congenital
Adrenal Hyperplasia (CAH), wherein the CRF; receptor antagonist has a dissociation

half-life in excess of 30 minutes.

15. The CRF; receptor antagonist of claim 14, wherein the CRF,

receptor antagonist has a dissociation half-life in excess of 40 minutes.
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16. The CRF; rceeptor antagonist of claim 14, whercin the CRF,

receptor antagonist has a dissociation half-life in excess of 50 minutes.

17. The CRF; receptor antagonist of claim 14, wherein the CRF,
receptor antagonist is Compound 1 (NBI-77860; 2,5-dimethyl-3-[2-methyl-4-
(methyloxy)phenyl]-N-[(1S)-1-(3-methyl-1,2,4-oxadiazol-5-yl)propyl]pyrazolo[1,5-

a|pyrimidin-7-amine).

18. The CRF; receptor antagonist of claim 14, wherein the CRF,
receptor antagonist is NBI-30775, NB1-34041, SSR-126374, SSR-125543, antalarmin
(N-butyl-N-ethyl-2,5,6-trimethyl-7-(2,4,6-trimethylphenyl)pyrrolo[ 3,2-e|pyrimidin-4-
amine), or DMP904.

19. The CRF; receptor antagonist of any one of claims 14-18,

wherein the CRF; receptor antagonist is suitable for administration at bedtime.

20. The CRF; receptor antagonist of any one of claims 14-18,
wherein the CRF; receptor antagonist is suitable for administration at or before the

expected circadian release of ACTH.
21. The CRF; receptor antagonist of any one of claims 14-18,

wherein the CRF; receptor antagonist is suitable for administration 3-4 hours before the

expected circadian release of ACTH.
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THIAZOLE PYRAZOLOPYRIMIDINES AS CRF1 RECEPTOR ANTAGONISTS

FIELD OF THE INVENTION
This invention relates to novel thiazole pyrazolopyrimidine compounds,
pharmaceutical compositions thereof, and use thereof as CRF1 receptor antagonists in the
treatment of psychiatric and neuroendocrine disorders, neurological diseases, and

metabolic syndrome.

BACKGROUND OF THE INVENTION

Corticotropin rclcasing 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 immunological stressors.

CRF has been implicated in psychiatric disorders and neurological diseases
including depression and anxiety, as well as the following: Alzheimer's disease,
Huntington's disease, progressive supranuclear palsy, amyotrophic lateral sclerosis,
Parkinson's disease, epilepsy, migraine, alcohol and substance abuse and associated
withdrawal symptoms, obcsity, mctabolic syndrome, congenital adrenal hypcerplasia,
Cushing’s disease, hypertension, stroke, irritable bowel syndrome, stress-induced gastric
ulceration, premenstrual syndrome, sexual dysfunction, premature labor, inflammatory
disorders, allergies, multiple sclerosis, visceral pain, sleep disorders, pituitary tumors or
ectopic pituitary-derived tumors, chronic fatigue syndrome and fibromyalgia.

CREF receptor subtypes, CRF1 and CRF2, have been identified and are distributed
heterogeneously within the brain thereby suggesting potential functional diversity. For
example, widely distributed brain CRF 1 receptors are strongly implicated in emotionality
accompanying exposure to environmental stressors. Significantly, CRF1, not CRF2,

receptors appear to mediate select anxiogenic like behaviors. A more discrete
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septal/hypothalmic distribution and the availability of alternative endogenous ligands
suggest a different functional role for the CRF2 receptor. For example, a novel CRF-
family neuropeptide with preferential affinity for CRF2 relative to CRF1 receptors is
reported to suppress appetite without producing the profile of behavioral activation
observed with selective CRF1 agonism. In other cases, CRF2 agonism produces similar
effects to those reported for CRF1 antagonists or CRF 1 gene deletion. For example,
while CRF2 agonists have been proposed as antiobesity agents, CRF1 antagonists may be
an important treatment for obesity as well.

Certain pyrrolo[2,3-d]pyrimidines, pyrrolo[3,2-d]pyrimidines, pyrazolo[1,5-
alpyrimidines, 1,2,3-triazolo[4,5-h]pyridincs, and pyrazolo[1,5-a]-1,3,5-triazincs, uscful
as CRF antagonists, are described in WO 94/13676, WO 97/29109, WO 98/08847, and
WO 98/03510.

The present invention provides novel thiazole pyrazolopyrimidines useful as
CRF1 receptor antagonists. Tn view of the above, it is desirable to discover new
efficacious and selective antagonists of CRF1 as potentially valuable therapeutic agents
for the treatment of psychiatric and neuroendocrine disorders, neurological diseases, and
metabolic syndrome. Further, since a majority of commercial CNS and cardiovascular
drugs exhibit unfavorable bioavailability and pharmacokinetic profiles, it is also desirable
to discover new compounds with favorable bioavailability and pharmacokinetic profiles

relative to known CRF antagonists such as CP154526 and NBI30775.

SUMMARY OF THE INVENTION

In onc cmbodiment, the present invention provides a compound of Formula T

1 2

R R

a N/N\

Formula I
wherein:

R' and R” are independently ethyl or z-propyl;
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R3 is hydrogen, Cl, Br, methyl, trifluoromethyl or methoxy;
R* is hydrogen, Br, R®R"N-, methoxymethyl, n-butyl, acetamido, pyridin-4-yl,

(I:Hs >{ CH
XN N, NI
OO | %NQ/NHQ’ %g o -

3

or HeC :

morpholin-4-yl,
R® and R are independently hydrogen, C;-Csalkyl, H,NCH,CH,-,
(CH3)3COC(O)NHCH2CH2-, or CH3CH2CH2NHCH2CH2—;

or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention provides a pharmaceutical
composition comprising: a compound of Formula I, or a pharmaccutically acceptable salt
thereof, and a pharmaceutically acceptable excipient.

In another embodiment, the present invention relates to a method of treating
depression, anxiety, alcohol or substance abuse, obesity, hypertension, metabolic
syndromg, irritable bowcl syndrome, cpilepsy, stroke, sleep disorders, allergy, migrainc,
premenstrual syndrome, infertility, sexual dysfunction, congenital adrenal hyperplasia,
Cushing’s disease, premature labor, stress-induced gastric ulceration, inflammatory
disorders, pituitary or ectopic pituitary-derived tumors, chronic fatigue syndrome,
fibromyalgia, visccral pain or multiplc sclcrosis in a patient, comprising: administcring to
a patient in need thereof a therapeutically effective amount of a compound of Formula I,
or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention relates to use of a compound of
Formula I, or a pharmaccutically acceptable salt thercof, for the manufacturc of a
medicament for the treatment of depression, anxiety, alcohol or substance abuse, obesity,
hypertension, metabolic syndrome, irritable bowel syndrome, epilepsy, stroke, sleep
disorders, allergy, migraine, premenstrual syndrome, infertility, sexual dysfunction,
congenital adrenal hyperplasia, Cushing’s disease, premature labor, stress-induced gastric
ulccration, inflammatory disorders, pituitary or cctopic pituitary-derived tumors, chronic
fatigue syndrome, fibromyalgia, visceral pain or multiple sclerosis.

In another embodiment, the present invention relates to a compound of Formula I,

or a pharmaceutically acceptable salt thereof, for use in the treatment of depression,
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anxiety, alcohol or substance abuse, obesity, hypertension, metabolic syndrome, irritable
bowel syndrome, epilepsy, stroke, sleep disorders, allergy, migraine, premenstrual
syndrome, infertility, sexual dysfunction, congenital adrenal hyperplasia, Cushing’s
disease, premature labor, stress-induced gastric ulceration, inflammatory disorders,
pituitary or ectopic pituitary-derived tumors, chronic fatigue syndrome, fibromyalgia,
visccral pain or multiple sclerosis.

In another embodiment, the present invention relates to a compound of Formula 1,

or a pharmaceutically acceptable salt thereof, for use in therapy.

DETAILED DESCRIPTION OF THE INVENTION

As used above, and throughout the description of the invention, the following
terms, unless otherwise indicated, shall be understood to have the following meanings:

"Alkyl" means a saturated aliphatic hydrocarbon group, which may be straight or
branched, having 1 to 5 carbon atoms in the chain.

“Pharmaceutically acceptable excipient” refers to a pharmaceutically acceptable
formulation carrier, solution, or additive to enhance the formulation characteristics. Such
excipients must be compatible with the other ingredients of the formulation and not
dcleterious to the recipicent thercof and arc well known to the skilled artisan (scc c.g.
Remingtons Pharmaceutical Sciences, 19 Edition, Mack Publishing Company, 1995).

“Pharmaceutically acceptable salts” refers to the relatively non-toxic, inorganic
and organic acid addition salts, and base addition salts, of compounds of the present
invention. These salts can be prepared in situ during the final isolation and purification of
the compounds. In particular, acid addition salts can be prepared by separately reacting
the purified compound in its free base form with a suitable organic or inorganic acid and
isolating the salt thus formed (see e.g. Remingtons Pharmaceutical Sciences, 19™ Edition,
Mack Publishing Company, 1995).

"Therapeutically effective amount” or “effective amount” means the amount of
the compound of formula I of the present invention or pharmaceutical composition
containing a compound of formula I of the present invention that will elicit the biological
or medical response of or desired therapeutic effect on a tissue, system, animal or human

that is being sought by the rescarcher, veterinarian, medical doctor or other clinician.
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The terms "treatment,” "treat,” "treating,” and the like, are meant to include both
slowing and reversing the progression of a disorder. These terms also include alleviating,
ameliorating, attenuating, eliminating, or reducing one or more symptoms of a disorder or
condition, even if the disorder or condition is not actually eliminated and even if
progression of the disorder or condition is not itself slowed or reversed. The term
"treatment” and like terms also include preventive (c.g., prophylactic) and palliative
treatment. Prevention of the disease is manifested by a prolonging or delaying of the
onset of the symptoms of the disease.

The symbol « ” in a molecular structure indicates the position of attachment
for that particular substitucnt.

When any variable occurs more than one time in any constituent or in formula I,
its definition on each occurrence is independent of its definition at every other
occurrence. Also, combinations of substituents and/or variables are permissible only if
such combinations result in stable compounds. Tn choosing compounds of the present
invention, one of ordinary skill in the art will recognize that the various substituents, i.e.
R', R? etc., are to be chosen in conformity with well- known principles of chemical
structure connectivity.

Under standard nomenclature used throughout this disclosure, the terminal portion
of the designated side chain is described first, followed by the adjacent functionality
toward the point of attachment. For example, an arylcarbonylaminoalkyl substituent is
equivalent to aryl-C(O)-NH-alkyl-.

The present invention contemplates the following embodiments, which can
alternatively be further combined:

(a) A compound of Formula I wherein R' and R? are ethyl;

(b) A compound of Formula I wherein R" and R* are #-propyl;

(c) A compound of Formula I wherein R? is Cl, Br, mcthyl or trifluoromethyl;

(d) A compound of Formula I wherein R? is Cl;

(e) A compound of Formula I wherein R? is Br;

(f) A compound of Formula I wherein R* is R*R°N-, pyridin-4-y1, morpholin-4-yl,
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() A compound of Formula T wherein R* is morpholin-4-yl;

(h) A compound of Formula T wherein R* is N

(i) A compound of Formula I wherein R* and R® are independently C,-Csalkyl;
(G) A compound of Formula [ wherein R' and R? are ethyl, R*is Cl, and R* is
5 morpholin-4-yl;
(k) A compound of Formula I wherein R and R? arc #-propyl, R? is CI, and R* is
morpholin-4-yl;
(1) A compound of Formula I wherein R' and R? are ethyl, R*is Br, and R*is
morpholin-4-yl;
10 (m)A compound of Formula I wherein R" and R* are #-propyl, R” is Br, and R” is
morpholin-4-yl;

(n) A compound of Formula I wherein R and R? are ethyl, R? is CI, and R* is

15

20 (r) Use of a compound of Formula 1, or a pharmaceutically acceptable salt

thereof, for treating depression or anxiety;
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(s) Use of a compound of Formula T, or a pharmaceutically acceptable salt
thereof, for treating alcohol or substance abuse;

(t) Use of a comound of Formula I, or a pharmaceutically acceptable salt thereof,
for treating alcohol or substance abuse and associated withdrawal symptoms;

(u) A compound of Formula T, or a pharmaceutically acceptable salt thereof,
exhibiting a Ki value for CRF1 binding of < 500 nM,;

(v) A compound of Formula 1, or a pharmaceutically acceptable salt thereof,
exhibiting a Ki value for CRF1 binding of < 50 nM;

(w) A compound of Formula I, or a pharmaceutically acceptable salt thereof,
cxhibiting a Ki valuc for CRF1 binding of < 5 nM;

(x) A compound of Formula T, or a pharmaceutically acceptable salt thereof,
exhibiting a Ki value for CRF1 binding of < 500 nM and selectively binding to
CRF1 (i.e., lower Ki) relative to CRF2;

(¥) A compound of Formula T, or a pharmaceutically acceptable salt thereof,
exhibiting a Ki value for CRF1 binding of < 50 nM and selectively binding to
CRF1 (i.e., lower Ki) relative to CRF2;

(z) A compound of Formula T, or a pharmaccutically acceptable salt thercof,
exhibiting a Ki value for CRF1 binding of < 5 nM and selectively binding to
CRF1 (i.e., lower Ki) relative to CRF2; and/or

(aa)  Particular exemplified compounds with superior bioavailability and
pharmacokinetic profiles relative to some known CRF antagonists (e.g.,
CP154526 and NBI30775), such as Example 15.

The compounds of the present invention are preferably formulated as
pharmaceutical compositions administered by a variety of routes. Preferably, such
compositions are for oral administration. Such pharmaceutical compositions and
processes for preparing same are well known in the art (see, e.g., Remington: The Science

and Practice of Pharmacy, A. Gennaro, et al., eds., 19th ed., Mack Publishing Co., 1995).

The compounds of Formula I are generally effective over a wide dosage range.

For example, dosages per day normally fall within the range of about 0.0001 to about 30
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mg/kg of body weight. Tn some instances dosage levels below the lower limit of the
aforesaid range may be more than adequate, while in other cases still larger doses may be
employed without causing any harmful side effect, and therefore the above dosage range
1s not intended to limit the scope of the invention in any way. It will be understood that
the amount of the compound actually administered will be determined by a physician, in
the light of the relevant circumstances, including the condition to be treated, the chosen
route of administration, the actual compound or compounds administered, the age,
weight, and response of the individual patient, and the severity of the patient's symptoms.

The compounds of Formula T are CRF-1 antagonists and, as such, are useful for
treating a condition which is trcatable by reducing CRF1 rcceptor tone or stimulation.
Corticotropin releasing factor (CRF), a 41 amino acid peptide that is the primary
physiological regulator of proopiomelanocortin (POMC) derived peptide secretion from
the anterior pituitary gland [J. Rivier et al., Proc. Natl. Acad. Sci (USA) 80:4851 (1983);
W. Vale et al., Science 213:1394 (1981)], has been linked to a number of medical
conditions. For example, 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, clectrophysiological and behavioral cffects consistent with a
neurotransmitter or neuromodulator role in the brain [W. Vale et al., Rec. Prog. Horm.
Res. 39:245 (1983); G. F. Koob, Persp. Behav. Med. 2:39 (1985); E. B. De Souza et al., J.
Neurosci. 5:3189 (1985) ]. There is also evidence that CRF plays a significant role in
integrating the response in the immune system to physiological, psychological, and
immunological stressors [see, e.g., J. E. Blalock, Physiological Reviews 69:1 (1989); J. E.
Morley, Life Sci. 41:527 (1987)].

CREF is involved in psychiatric disorders and neurological diseases including
dcpression and anxicty [D. M. Niclsen, Life Sci. 78:909-919; H. E. Kunzel ct al., J.
Psychiatr. Res. 37:525-533; D. R. Gehlert et al., Eur. J. Pharmacol. 509:145-153]. A role
for CRF has also been postulated in the etiology and pathophysiology of Alzheimer's
disease, Huntington's disease, progressive supranuclear palsy and amyotrophic lateral
sclerosis, as they relate to the dysfunction of CRF neurons in the central nervous system
[for a review, sce: E. B. Dc Souze, Hosp. Practice 23:59 (1988)]. Chronic administration

of CRF has been shown to produce impairment of the dopamine system suggesting a role
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in Parkinson's disease [E. T1zzo et al., Pharmacol. Biochem. Behav. 81:701-708 (2005)].
Other neurological disorders in which CRF is involved include epilepsy [T. Z. Baram et
al., Brain Res. 770:89-95 (1997)] and migraine [T. C. Theoharides et al., Endocrinology
136:5745-5750 (1995)]. CRF has been implicated in alcohol and substance abuse and
associated withdrawal symptoms [D. H. Overstreet et al., Pharmacol. Biochem. Behav.
77:405-413; Y. Shaham ct al., Psychopharmacology (Berl) 137:184-190]. Morcover,
there is evidence that CRF has a role in various endocrine disorders and cardiovascular
diseases such as obesity [E. Timofeeva and D. Richard, Neuroendocrinology 66:327-340
(1997)], metabolic syndrome [A. M. Ward et al., Metabolism 53:720-726(2004)],
congenital adrenal hyperplasia [D. P. Mecrke and G. B. Cutler Jr., Endocrinol. Metab.
Clin. North Am. 30:121-135 (2001)], Cushing’s disease [M. Labeur et al., Curr. Drug
Targets Immune Endocr. Metabol. Disord. 4:335-342 (2004)], hypertension [R. J.
Briscoe, et al., Brain Res. 881:204-207 (2000)], and stroke [S. L. Stevens et al., J. Cereb.
Blood Flow Metab. 23:1151-1159 (2003)]. Gastric disturbances such as irritable bowel
syndrome [Y. Tache et al., Eur J. Surg. Suppl:16-22 (2002)] and stress-induced gastric
ulceration [K. E. Gabry et al., Mol. Psychiatry 7:474-483, 433 (2002)] have been shown
to be related to CRF. In addition, there is indication that CRF has a role in various arcas
of human fcmalc health, for cxample, premenstrual syndrome [F. Facchinetti ct al.,
Psyvchosom. Med. 56:418-422 (1994)], infertility [L. Ghizzoni et al., Endocrinology
138:4806-4811 (1997)], sexual dysfunction [ J. E. Jones et al., Am. J. Physiol. Regul.
Integr. Comp. Physiol. 283:R591-597 (2002)], and premature labor [P. D. Wadhwa et al.,
Am. J. Obstet. Gynecol. 191:1063-1069 (2004)]. There is also evidence that CRF has a
significant role in the immune system indicating therapeutic potential for treating
inflammatory disorders [A. Gravanis and A. N. Margioris, Curr. Med. Chem. 12:1503-
1512 (2005)], allergies [L. K. Singh et. al., Brain Behav. Immun. 13:225-239 (1999)],
multiple sclerosis and other autoimmunc disorders [C. Benou ct al., J. Immunol.
174:5407-5413 (2005)]. In addition to the preceding, CRF has been implicated in
visceral pain [M. Nijsen et al., Neurogastroenterol. Motil. 17:423-432 (2005)], sleep
disorders [T. M. Buckley and A. F. Schatzberg, J. Clin. Endocrinol. Metab. 90:3106-
3114(2005)], pituitary tumors or ectopic pituitary-derived tumors [K. D. Dieterich et al.,
J. Clin. Endocrinol. Metab. 83:3327-3331 (1998)], chronic fatiguc syndromc and
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fibromyalgia [G. Neeck and L. J. Crofford, Rheum. Dis. Clin. North Am. 26:989-1002
(2000)].

CREF receptor subtypes, CRF1 and CRF2, have been identified and are distributed
heterogeneously within the brain [D. T. Chalmers et al., 7IPS 17:166-72 (1996)] thereby
suggesting potential functional diversity [S. C. Heinrichs et al., Regul. Peptides 71:15
(1997)]. For cxample, widely distributed brain CRF1 receptors arc strongly implicated in
emotionality accompanying exposure to environmental stressors [G. Liebsch et al., Regul.
Peptides 59: 229-39 (1995); D. W. Schulz, PNAS 93: 10477-82 (1996)]. Significantly,
CRF1, not CRF2, receptors appear to mediate select anxiogenic like behaviors [Heinrichs
ct al., 1997]. A morc discrete scptal/hypothalmic distribution [D. T. Chalmers ct al., ./
Neurosci. 15(10): 6340-50 (1995)] and the availability of alternative endogenous ligands
[J. Vaughan et al., Nature 378: 287-92 (1995)] suggest a different functional role for the
CREF2 receptor [Heinrichs et al., 1997]. For example, a novel CRF-family neuropeptide
with preferential affinity for CRF2 relative to CRF1 receptors is reported to suppress
appetite without producing the profile of behavioral activation observed with selective
CRF1 agonism (H. Tezval et al., PNAS 101(25): 9468-9473 (2004)]. In some cases,
CRF2 agonism produces similar effects to those reported for CRF1 antagonists or CRF1
gene deletion [S. C. Heinrichs, Trends in Pharmacological Sciences 20(8):311-5 (1999)].
For example, while CRF2 agonists have been proposed as antiobesity agents, CRF1
antagonists may be an important treatment for obesity as well [C. Contoreggi et al.,
Neuroendocrinology 80(2):111-23 (2004)].

PREPARING COMPOUNDS OF THE INVENTION
All of the compounds of the present invention can be chemically preparcd, for

example, by following the synthetic routes set forth below. However, the following
discussion is not intended to be limiting to the scope of the present invention in any way.
For example, the specific synthetic steps for each of the routes described may be
combined in diffcrent ways, or in conjunction with steps from different schemes, to
prepare additional compounds of Formula I. The products of each step can be recovered
by conventional methods including extraction, evaporation, precipitation,

chromatography, filtration, trituration, crystallization, and the like. In the Schemes below
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all substituents, unless otherwise indicated, are as previously defined and suitable

reagents are well known and appreciated in the art.

Scheme 1
Fz1 R2
o MgX
-N = Slep 2
/E‘b_ Step 1 r p = N’N StepG
Sy
N
M
NN
M Step 5
H,N
CH,C(O)CH,CO,Et o O
1
+ Step 3 R Step 4 o O 1
O —_— R? - R
R’ (@] O
CI)K( (4c) R
(4a) R° (4b)
RL__R’
, . Step 7 RL_R
R R —_— -N
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S 7 _w /s
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5) | R% /J CH, (6b) N= g,
Br N R3 = Br, CH,
/s
=
Step 11
Step 10
RA_FR
R3¢ = H (8a)
CHj (8b)
Br (8c)
N™™alkyl

Formation of a compound of formula (6a,b), (7), or 8(a-c) can be carried out in

accordance with reactions as depicted in Scheme 1. An appropriate compound of formula
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(6a.,b), (7), or (8a-c) is one in which R' and R?are as defined for formula T and R**=H or
CHs, R*® = Br or CH; and R* =H, CH;, or Br.

In Scheme 1, Step 1, the pyrazolo[1,5-a]pyrimidine-7-one of formula (1) is
converted to 7-chloro-2,5-dimethyl- pyrazolo[1,5-a]pyrimidine using phosphorous
oxychloride and dimethylaniline in an inert solvent, such as toluene, at the reflux
tempcraturc of the solvent.

In Step 2, a Grignard reagent of formula (3) (X = Cl or Br) is reacted with the
chloride of formula (2), in an inert solvent such as toluene, at reflux temperature to
provide the 7-alkyl pyrazolopyrimidine of formula (4).

Alternatively, a 7-alkyl pyrazolopyrimidine of formula (4) can be obtained as
shown in Steps 3, 4, and 5. In Step 3 ethyl acetoacetate is acylated with an acid halide of
formula (4a) in the presence of magnesium chloride to provide a diketo-ester of formula
(4b). The diketo-ester of formula (4b) is decarboxylated under Krapcho conditions to
provide the diketone of formula (4c). For example, (4b) is heated in dimethyl sulfoxide at
a temperature of about 130 to 170 °C to perform the decarboxylation. In Step 5, the
diketone of formula (4c) is cyclized with 3-amino-5-methylpyrazole to give the 7-alkyl
pyrazolopyrimidine of formula (4) in a protic solvent such as methanol, ethanol, or acetic
acid. Preferred conditions usc acctic acid at a temperaturc of about 0 to 60 °C.

The pyrazolopyrimidine of formula (4) is functionalized to an iodo
pyrazolopyrimidine of formula (5) in Step 6 using an excess of N-iodosuccinimide in
acetonitrile.

Tn Scheme 1, Step 7 or &, the iodo pyrazolopyrimidine of formula (5) is reacted
with a thiazole zinc halide in a Negishi cross-coupling reaction to provide a thiazolyl
pyrazolopyrimidine of formula (6a) or (6b) (Jensen, J.; Skjaerback, N.; Vedso, P.
Synthesis 2001, 128). The thiazole zinc halide is generated using methods well known to
thosc skilled in the art. For cxamplce, in Step 7, 2-trimcthylsilanylthiazolc is treated with
n-, sec-, or tert-butyl lithium, followed by lithium-zinc exchange with ZnCl,. The
organozinc reagent is coupled with the iodo pyrazolopyrimidine of formula (5) in the
presence of a palladium catalyst, for example, dichloro[1,1’-bis(diphenyl-
phosphino)ferrocene]palladium (IT) dichloromethane, in an inert solvent, such as THF, at
reflux temperaturc for about 12 to 36 hours, to providce a thiazole pyrazolopyrimidine of

formula (6a).
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Alternatively, in Step &, a thiazole zinc bromide is generated using 5-bromo-4-
methylthiazole and zinc metal, and used in the Negishi cross-coupling essentially as
described for Step 7, to provide a thiazole pyrazolopyrimidine of formula (6b).

In Scheme 1, Step 9, a thiazole of formula (6a,b) is brominated to give a bromo or
dibromo thiazole of formula (7), wherein R*" = Br or CHs. The thiazole is brominated
with cither 1 or 2 ¢q of N-bromosuccinimide, depending on whether R* is CH; or H,
respectively.

An alkyl thiazole of formula (8a-c) is obtained from either a thiazole of formula
(6a,b) in Step 11, or from a bromothiazole of formula (7) in Step 10. Tn Step 10, halogen-
lithium cxchangc with #-, sec-, or t-butyl lithium providces a thiazole lithium rcagent,
which is subsequently reacted with electrophiles, such as alkylhalides, like iodomethyl
methylether or iodobutane. In Step 11, the thiazole lithium reagent is formed via
deprotonation using n-, sec-, or tert-butyl lithium and then subsequently reacted with an
electrophile, like iodomethyl methylether or iodobutane.

It will be appreciated by one skilled in the art that the thiazole ring system is
readily functionalized and that thiazole intermediates such as 2-trimethylsilanyl-thiazole
(Dondoni, A.; et. al. J. Org. Chem. 1988, 53, 1748) can be readily prepared. 5-Bromo-4-
mcthylthiazolc is obtained by bromination of 4-mcthylthiazole with brominc in acctic
acid (Collins, L. J., et. al. W02003093252, 13 Nov 2003). 2,5-Dimethyl-4H-
pyrazolo[1,5-a]pyrimidine-7-one (1) is readily prepared by condensation of ethyl

acetoacetate and 5-methyl-2H-pyrazol-3-ylamine in refluxing acetic acid.

Scheme 2
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R#a = -NR2RP or

Formation of a compound of tformula (9), (10), or (11) can be carried out in
accordance with reactions as depicted in Scheme 2. An appropriate compound of formula
(9), (10), or (11) is one in which R', R?, R and R are as defined for formula T and R* =
Br or CHs, and R* = -NR°R" or -N-morpholinyl and “hct” is defined as depicted.

In Step 1, a bromothiazole of formula (7) is coupled with a heterocyclic zinc
reagent in a Negishi cross-coupling reaction to provide a thiazole heterocycle of formula
(9). For example, 1-methyl-1,2,4-triazole is treated with n-, sec-, or tert-butyl lithium,
followed by zinc chloride, at about -80 to -65 °C, and rcacted in situ with a bromothiazolc
of formula (7). The reaction is performed preferentially in an inert solvent, such as THF,
in the presence of a palladium catalyst, such as dichloro[1,1’-bis(diphenyl-
phosphino)ferrocene]palladium (IT) dichloromethane or
tetrakis(triphenylphosphine)palladium (0). The reaction is warmed to reflux tempcrature.
Alternatively, the heterocyclic zinc reagent is formed from a haloheterocycle, such as 4-
1odopyridine and zinc metal.

In Scheme 2, Step 2, an intermediate 2-formy! thiazole is formed via halogen-
lithium cxchange using #-, sec-, or t-butyl lithium followed by rcaction with N-formyl
morpholine. The formyl thiazole is subjected to a reductive amination in the presence of
an organic amine, such as morpholine, to provide a morpholinyl methyl thiazole of

formula (10). Reductive aminations are well-known in the art typically using an
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inorganic borohydride reagent such as sodium borohydride or sodium cyanoborohydride.
Preferred conditions use sodium triacetoxyborohydride in an inert solvent such as
dichloromethane or THF.
In Step 3, a bromothiazole of formula (7) undergoes a displacement reaction with
5 an amine of formula -NR*R" or with morpholine to provide an aminothiazole of formula
(11). The reaction is preformed in an incrt solvent, such as THF or dioxanc, using an

inorganic base, such as cesium carbonate at 70 to 110 °C.

Scheme 3
R" RZ R1 R2
Step 1 _ Step 2
= R NN _Stepz
= \
N
S
Br /a\
(12) N (13) N R
Step 3
RL__R’
-N
i \| N
-~ ——
N
MeO /j\
NT g4
10 (15)

Formation of a compound of formula (13), (14), or (15) can be carried out in
accordance with reactions as depicted in Scheme 3. An appropriate compound of formula
(13), (14), or (15) is onc in which R!, R? and R* are as defined for formula T.

It will be recognized by one skilled in the art that a 4-bromothiazole, such as that

15  of formula (12) is readily manipulated to other functionality. For example, in Step 1, the

bromide can be dehalogenated with cuprous chloride to give a thiazole of formula (13)
which is subscquently chlorinated with N-chlorosuccinimide to providce a 4-
chlorothiazole of formula (14).

In Scheme 3, Step 3, a 4-bromothiazole of formula (12) is displaced with sodium

20  methoxide in the presence of copper (I) iodide in methanol at about 100 to 120 °C in an

1640



WO 2008/036579 PCT/US2007/078605

16

inert solvent such as dimethylformamide, to provide a 4-methoxy thiazole of formula

(15).

Scheme 4

(21)

(@]

Step 6 = N
ep R4a = _NRaRP or )‘,N\)
RA_R’

7 N/

het = N ]

=N or

7

e -N

Formation of a compound of formula (17), (18), (19), (20), (20a), or (21) can be
carried out in accordance with reactions as depicted in Scheme 4. An appropriate
compound of formula (17), (18), (19), (20), (20a), or (21) is one in which R', R% R? and
R are as defined for formula T and R* is -NR*R" or -N-morpholinyl and “het” is defined

10 as depicted.

In Scheme 4, Step 1, an iodopyrazolopyrimidine of formula (5) and a 5-

bromothiazole of formula (16) undergo a Negishi cross-coupling to form a

dimethylpyrrolylthiazole of formula (17). For example, the 5-bromothiazole of formula
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(16) is treated with n-, sec-, or tert-butyl lithium and then with zinc chloride at about -80
to -65 °C. The organozinc reagent is reacted in situ with an iodopyrazolopyrimidine of
formula (5). The coupling reaction is performed preferentially in an inert solvent, such as
THF, at reflux temperature, in the presence of a palladium catalyst, such as bis(tri-#-
butylphosphine)palladium (0).

In Stcp 2, a dimcthylpyrrolylthiazole of formula (17) is deprotected to provide an
aminothiazole of formula (19). The dimethylpyrrole is treated with hydroxylamine in
acetic acid at a temperature of about 60 to 100 °C, for about 4 to 8 h, preferably for about
6 h. Tn Step 3, to form the thiazole acetamide of formula (18), the same conditions are
uscd as in Step 2, with the ecxception that the reaction is continucd for about 72 h.

In Scheme 4, Step 4, a 2-aminothiazole of formula (19) is converted to a 2-
bromothiazole of formula (20) using a modified Sandmeyer reaction. Preferred
conditions use an alkylnitrite, such as z-butylnitrite, and copper (II) bromide, in
acetonitrile at a temperature of about 60 to 80 °C.

In Step 5, a 2-bromothiazole of formula (20) undergoes a displacement reaction
with an amine of formula -~NR®R® or with morpholine to provide an aminothiazole of
formula (21). The reaction is performed in an inert solvent, such as methanol, THF, or
dioxane, or is treated neat, with an excess of the amine at a temperature of about 70 to
110 °C. Alternatively the reaction is performed with the reacting amine and an excess of
triethylamine, or an inorganic base, such as cesium carbonate. Also contemplated in the
synthesis of aminothiazoles of formula (21) are various deprotection steps, such as
removal of a tert-butyl ester carbamic acid (BOC), as may be required or beneficial for
carrying out the reactions above wherein —NR®RP carries additional amine functionality as
defined for formula I. The selection and use of suitable protecting groups is well known
and appreciated in the art (see for example, Protecting Groups in Organic Synthesis,
Theodora Greene (Wiley-Interscicncce)).

In Scheme 4, Step 6, a 2-bromothiazole of formula (20) is coupled with a
heterocyclic zinc reagent in a Negishi cross-coupling reaction to provide a thiazole
heterocycle of formula (20a) in a manner similar to that as described for Scheme 2, Step
1.

It will be appreciated by the skilled artisan that a functionalized thiazole of

formula (16) can be prepared by means known in the art. For example, cyclization of
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thiourea with a bromoketone, such as 3-bromo-1,1,1-trifluoropropan-2-one, provides 4-
trifluoromethyl-thiazole-2-ylamine. Subsequent bromination and protection of the amine

using hexane-2,5-dione provides (16).

Scheme 5

R _R®
)\1 e
~ S Cl
N)\f— A
(5)

(22) R

"’:\/’O N>/\N/ T

R4b = \;ll\l,or s N

.
x
\

Formation of a compound of formula (23) can be carried out in accordance with
reactions as depicted in Scheme 5. An appropriate compound of formula (23) is one in
which R" and R? are as defined for formula I and R* is defined as depicted.

An iodopyrazolopyrimidine of formula (5) and a 4-chloro-2-morpholino-thiazole,
for cxample, of formula (22) undergo cross-coupling to form a pyrazolopyrimidine
thiazole of formula (23). For example, the reactants are coupled in the presence of copper
1odide, palladium acetate, and triphenylphosphine, with a base such as cesium carbonate.
The coupling reaction is performed preferentially in an inert solvent, such as DMF, at
about 100 — 150 °C for 4 — 24 h.

It will be appreciated by the skilled artisan that a functionalized thiazole of
formula (22) can be prepared by means known in the art. For example, 2,4-
dichlorothiazole can be reacted with morpholine to give the 2-morpholino-thiazole of
formula (22). 2,4-Dichlorothiazolc can also be cxhaustively brominated to provide 2,5-
dibromo-4-chlorothiazole. Subsequent bromine-lithium exchange with »-buty] lithium in
THEF at -90 °C and quench with water provides 2-bromo-4-chlorothiazole [J. Chem. Soc.
Perkin Trans I: Org Bioorg. Chem. (1972-1999), (2):215-219 (1992)]. 2-Bromo-4-
chlorothiazole can be subjected to a Negishi cross-coupling reaction with a heterocyclic

zinc rcagent to obtain the thiazol-2-yl triazole or pyridine.

Scheme 6

1643



WO 2008/036579 PCT/US2007/078605

19
1 2 1 2
Step 1 R R R R
Br
1 2
R R 2\3 NN
@4 S=h Step 4
2 N het N
N7\
74
\Ng _ wherein het =
I —y\ P ,’/ X N het
(5) N , N (25)
Nen, SN, Or Q&
Step 3 X

whereinhet= N _ ’ I

Step 2

Formation of a compound of formula (27) can be carried out in accordance with
reactions as depicted in Scheme 6. An appropriate compound of formula (27) is one in
which R' and R? are as defined for formula I and “het” is defined as depicted for Step 1 or

5  Step 3, respectively.

In Scheme 6, Step 1, a heterocyclic thiazole, for example, of formula (25) is
obtained by reaction of an iodopyrazolopyrimidine of formula (5) with a bromothiazole of
formula (24). The reaction is performed in the presence of N-butylammonium bromide
and a base, such as potassium acetate with a palladium catalyst such as palladium acetate

10 with tris(2,4-di-tert-butyl-phenyl)-phosphanc, in an inert solvent such as N-
methylpyrrolidinone at a temperature of about 100 — 150 °C.

Alternatively, in Step 2, a thiazolyl pyrazolopyrimidine of formula (6a) is
1odinated to provide a 2-1odothiazole of formula (26). The thiazole is treated with lithium
diisopropylamide at a temperature of -70 to -80 °C for about one hour and then treated

15  with N-iodosuccinimide at about the same temperature in an inert solvent, such as THF.
This is followed by Step 3, wherein a triazolyl or 4-pyridyl thiazole of formula (25) is
formed using Negishi cross-coupling conditions similar to those described for Scheme 2,
Step 1.

In Scheme 6, Step 4, a thiazolyl pyrazolopyrimidine of formula (25) is brominated

20  to give a bromothiazole of formula (27). The bromination is effected using N-
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bromosuccinimide in the presence of a small amount of acetic acid in an inert solvent,
such as acetonitrile.

A compound of formula (27), wherein het = 2,5-dimethyl-pyrrol-1-yl, can be
further elaborated to obtain compounds of the invention as described in Scheme 4, Steps
2.3, 4,and 5.

It will be appreciated by the skilled artisan that heterocycle thiazoles of formula
(24) can be readily prepared by means known in the art. For example, thiazole-2-
carboxylic acid amide can be cyclized to the triazole with 1,1-dimethoxy-N,N-dimethyl-
methanamine, followed by N-methyl-hydrazine to obtain the triazolyl thiazole, which can
be subscquently brominated with N-bromosuccinimide. Literature procedurcs afford 4-
thiazol-2-yl-pyridine which can be brominated to provide 4-(5-bromo-thiazol-2-yl)-
pyridine. 5-Bromo-2-(2,5-dimethyl-pyrrol-1-yl)-thiazole can be readily obtained by
reaction of 2-amino-5-bromothiazole with hexane-2,5-dione.

As used herein, “TLC” refers to thin layer chromatography; “HPLC” refers to
high performance liquid chromatography; “LC/MS” refers to liquid chromatography/mass
spectrometry; “GC/MS” refers to gas chromatography/mass spectrometry”; “HR-ToF”
refers to high resolution time-of-flight; “APCI” refers to atmospheric pressure chemical
ionization; “®” refers to part per million down-field from tetramethylsilane; “THF” refers
to tetrahydrofuran; “EtOAc” refers to ethyl acetate; “MeOH” refers to methanol; “EtOH”

refers to ethanol; “DMF” refers to dimethylformamide.

EXAMPLES

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, practice the present invention to its fullest extent. The following
preparations and examplces arc provided to describe the invention in further detail. They
are intended to illustrate and not to limit the invention in any way whatsoever. The
reagents and starting materials are readily available to, or may be readily synthesized by,
one of ordinary skill in the art. Examples 1- 35 provide representative compounds and
illustrate the preparation thercof. Examples A-D illustrates various biological assays that
can be uscd for determining the biological propertics of the compounds of the inventions.
Those skilled in the art will promptly recognize appropriate variations from the

procedures described in the examples. The names of the compounds of the present
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invention are provided by ChemDraw Ultra® version 7.0.1. Salts are named as the free

base plus the conjugate acid.

Preparation 1
2,5-Dimethyl-4H-pyrazolo[1,5-a]pyrimidin-7-one
Add cthyl acctoacctate (128 g, 0.98 mol) dropwisc to an acctic acid solution (500
mL) of 5-methyl-2H-pyrazol-3-ylamine (100 g, 0.95 mol), keeping the temperature at 25-
28 °C. Heat the mixture at reflux for 10 h and then cool to room temperature. Add the
reaction to tert-butyl methyl ether (5 L) cooled to 5 °C, keeping the temperature below [0
°C. Stir for 1 h at 5 °C, and filtcr. Dry the resulting matcerial iz vacuo overnight to
provide a white solid (158 g, 96%).

Preparation 2
7-Chloro-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine

To a suspension of 2,5-dimethyl-4H-pyrazolo[1,5-a]pyrimidin-7-one (10.0 g, 61.3
mmol) in toluene (150 mL) add N, N-dimethylaniline (9.7 mL, 76.7 mmol). Add
phosphorus oxychloride (11.2 mL, 122.6 mmol) dropwise to this white suspension.
Reflux for 3 h under an inert atmosphere, cool to room tecmperature, and concentrate the
reaction to a brown oil using reduced pressure. Dissolve the oil in ethyl acetate (250 mL)
and basify with 1.0 N NaOH. Separate the organic phase and extract the basic aqueous
phase with ethyl acetate (2 x 100 mL). Combine the organic phases, dry over anhydrous
magnesium sulfate, filter, and concentrate under reduced pressure to yield a brown solid.
Purify the material using flash chromatography, eluting with 80% hexane/20% (30%
THF/hexane) to 0% hexane/100% (30% THF/hexane) in a step gradient of 20%
increments to provide a light green solid (6.65 g, 59%). ES/MS m/z (**Cl) 182.3 (M+1)".
Alternate Procedure:

Add 2,5-dimethylpyrazolo[1,5-a]pyrimidin-7-one (20 g, 122 mmol) to 1,4-
dioxane (60 mL). Stir the mixture at 22 °C for 10 min and then add N,N—diethylaniline
(20.8 mL, 128 mmol). Stir for an additional 5 min and then add phosphorus oxychloride
(11.7 mL, 126 mmol) over 15 min. Stir the mixture at 22 °C for 15 min, then heat to 80-
85 °C over 35 min and hold the reaction at this tcmpceraturc for 1.5 h. Add the cooled

reaction mixture slowly to a solution of potassium phosphate dibasic (106.7 g, 612.82
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mmol) in water (325 mL) cooled to 0-5 °C, keeping the temperature below 5 °C during
the addition. Stir the mixture at 22 °C and then add methyl-z-butyl ether (150 mL).
Separate the organic layer and extract the aqueous layer with methyl-z-butyl ether (2 x
100 mL). Combine the organic portions, dry over sodium sulfate, filter, and evaporate the
solvent. Purify by silica gel chromatography, eluting with hexanes/ethyl acetate (2/1) to
provide the title compound as a ycllow solid (20.7 g, 88%). ES/MS m/z (*°Cl) 182
(M+1)'.

Preparation 3

7-(1-Propyl-butyl)-2,5-dimcthyl-pyrazolo[1,5-¢]pyrimidinc

Charge an oven dried flask equipped with a reflux condenser, with anhydrous
THF (40 mL), iodine (catalytic amount), magnesium ribbon (1.92 g, 78.9 mmol) and 4-
bromoheptane (9.4 mL, 52 mmol). Heat the reaction to reflux in an oil bath. The
temperaturc of the rcaction spikes as the Grignard rcaction is initiated. Stir the reaction
an additional 4 h at 90 °C and cool to room temperature. Allow the magnesium metal to
settle out (can also be centrifuged) and canulate off the Grignard reagent under positive
argon pressurc into a flask charged with 7-chloro-2,5-dimethylpyrazolo [1,5-a]pyrimidinc
(4.80 g, 26.3 mmol) in anhydrous toluene (20 mL). Reflux the reaction under an inert
atmosphere overnight. Cool the reaction to room temperature and quench with water.
Dilute with ethyl acetate (150 mL), then add water (100 mL) and saturated ammonium
chloride (50 mL). Scparatc and cxtract the aqucous phasc with dichloromethanc (75 mL).
Combine the organic phases, dry over anhydrous magnesium sulfate, filter, and
concentrate under reduced pressure. Purify the resulting residue using flash
chromatography, eluting with 80% hexane/20% (20% cthyl acetate/hexane) to 0%
hexane/100% (20% ecthyl acetate/hexane) in a step gradient of 20% increments to give
yellow crystals (3.08 g, 48%). ES/MS m/z 246.3 (M+1) .

Alternate Procedure:
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Heat a mixture of magnesium turnings (3.5 g, 144 mmol) and a catalytic amount
of iodine (100 mg) in THF (100 mL) to 65 °C under a nitrogen atmosphere. Add a few
drops of neat 4-bromoheptane and heat the mixture until the reaction starts. Then add a
solution of 4-bromoheptane (17.6 mL, 94.9 mmol) in THF (42 mL) keeping the
temperature at 6570 °C over 2 h. Reflux the mixture for an additional hour and then
cool the reaction to 22 °C. Add the preparcd Grignard recagent to a solution of 7-chloro-
2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (10.2 g; 53.3 mmol) in THF (60 mL) cooled to O
°C under a nitrogen atmosphere. Add the magnesium reagent solution via cannula over
45 min while keeping the temperature below 10 °C. Then stir the mixture for an
additional 30 min at 5 °C. Add to this mixturc a 10% aqucous ammonium chloridc
solution (wt/wt) (125 mL) and stir at 22 °C for 30 min. Separate the organic layer and
extract the aqueous layer with ethyl acetate (2 x 25 mL). Combine the organic layers and
dry over sodium sulfate. Filter the mixture and evaporate the solvent. Purify the crude
material by silica gel flash chromatography using an eluent of hexanes/ethyl acetate (5/1)
to provide the title compound (8 g, 62%). ES/MS m/z 246 (M+1)".

Preparation 3a
7-(1-Propyl-butyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine
Alternate Route
Step 1: 3-Acetyl-3-oxo-4-propyl-heptanoic acid ethyl ester

Add magnesium chloride (14.63 g, 153.70 mmol) to dichloromethane (500 mL.)
followed by addition of ethyl acetoacetate (19.55 mL, 20.00 g, 153.79 mmol) all at once
and stir at room temperature for one hour. Cool the mixture in an ice water bath and and
add pyridine (24.86 mL, 24.32 g, 307.39 mmol) dropwise. Add di-»-propylacetyl
chloride (25.00 g, 153.70 mmoles) dropwise at O °C under nitrogen to the white slurry.
After the addition is complete remove the cooling bath, warm to ambient temperature,
and stir for 16 h. Quench the reaction with 1 N HCI1 (400 mL) and scparate the bottom
layer. Dry the organic portion over magnesium sulfate, filter, and concentrate under
vacuum to give a yellow oil (34 g, 86%). Use the material directly in the next step
without further purification.

Step 2: 5-Propyl-octane-2,4-dione

Dissolve 3-acetyl-3-oxo0-4-propyl-heptanoic acid cthyl ester (32.4 g, 126.39

mmoles) in dimethyl sulfoxide (100 mL) and water (5§ mL). Heat the solution at 150 °C
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for 6 to 8 h or follow the reaction by GC/MS. Cool the reaction and extract with heptane
(3 x 100 mL). Wash the combined organic portions with water (100 mL) and brine (100
mL). Concentrate under vacuum at 50 °C to remove most of the heptane. Obtain 23.29g
of an oil and use directly in the next step.
Step 3: 7-(1-Propyl-butyl)-2,5-dimethyl-pyrazolo[1,5-¢]pyrimidine

Mix 5-propyl-octanc-2,4-dionc (15 g, 81.40 mmolcs) in acctic acid (15 mL) and
cool in an ice bath. Add 5-amino-3-methylpyrazole (7.91 g, 81.40 mmol) portionwise
and stir at ambient temperature. Check for completion of the reaction by GC/MS after 3
h. GC indicates correct region isomer in comparison with an authentic sample. Distill off
the cxcess acctic acid. Add water (50 mL) and cxtract with heptane (50 mL). Wash the
heptane with brine (50 mL). Dry the organic layer over MgSQy, filter, and concentrate
under vacuum to give a crude oil (15.8 g, 79%). "H NMR (CDCL): 6.39 (s, 1H); 6.31 (s,
1H); 3.75 (m, 1H); 2.55 (s, 3H); 2.45 (s, 3H); 1.71 (q, 4H); 1.23 (m, 4H); 0.85 (t, 6H).

Prepare the following compound essentially as described in Preparation 3, using

either procedure. Use 3-bromopentane to prepare the Grignard reagent.

Prep. No. Chemical name Physical data
7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5- ES/MS m/z
4 alpyrimidine 218.1 (MH+1)*

Preparation 5
7-(1-Propyl-butyl)-3-iodo-2,5-dimcthyl-pyrazolo[ 1,5-¢] pyrimidinc

Dissolve 7-(1-propyl-butyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (3.08 g, 12.5
mmol) in anhydrous acetonitrile (25 mL) and add 6 portions (0.70 g each) of N-
iodosuccinimide (4.2 g, 18.7 mmol) at 10 minute intervals. Stir over the weekend at
room temperature. Strip off the acetonitrile and dilute the oil with dichloromethane (100
mL). Wash with saturated ammonium chloride solution (2 x 50 mL). Collect the organic
phase, dry over anhydrous magnesium sulfate, filter, and concentrate under reduced
pressure to yield a dark red oil. Purify the oil using flash chromatography, eluting with
100% hexane/0% (20% ethyl acetate/hexane) to 0% hexane/100% (20% ethyl

acetate/hexane) in a step gradient of 50% increments to give an orange oil (10.97 g, 87%).
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'H NMR (400 MHz, CDCly): 6.42 (s, 1H), 3.74-3.70 (m, 1H), 2.58 (s, 3H), 2.46 (s, 3H),
1.74-1.68 (m, 4H), 1.28-1.14 (m, 4H), 0.84 (t, J = 7.0 Hz, 6H).

Prepare the compound below essentially as described in Preparation 5.

Prep. No. Chemical name Physical data
1H NMR (400 MHz, CDCls):
7-(1-Ethyl-propyl)-3-iodo-2,5- 6.44 (s, 1H), 3.59 (m, 1H),
6 . ) S 2.61 (s, 3H), 2.49 (s, 3H),
dimethyl-pyrazolo[1,5-a] pyrimidine 1.86-1.76 (m, 4H), 0.85 (1, J =
7.5 Hz, 6H).

Alternate procedure for Preparation 6:

Add acetic acid (1 mL) and N-iodosuccinimide ( 6.7 g, 29.9 mmol) in one portion
to a solution of 7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (6 g, 27.5
mmol) in acctonitrile (60 mL). Stir thc mixturc at 22 °C for 2 h. Evaporatc the solvent
and take the residue up in water (50 mL) and methyl-z-butyl ether (100 mL). Separate the
organic portions, dry over sodium sulfate, filter, and evaporate the solvent to afford the
title compound (9.2 g, 96%). ES/MS m/z 344 (M+1)".

Preparation 7
2-Trimethylsilanyl-thiazole
Mix n-butyl lithium (20.4 mL, 51.0 mmol, 2.5 M in hexane) with diethyl ether
(50 mL) in a threce-necked flask, cquipped with a dropping funncl and thermomcter. Cool
to —78 °C and add dropwise a solution of thiazole (4.25 g, 50.0 mmol) in diethyl ether (50
mL). After the addition is complete, stir the reaction mixture at —78 °C for 30 min,
followed by addition of chlorotrimethylsilane (5.4 g, 50 .0 mmol). Stir at =78 °C for an
hour and then warm to room tempceraturc. Quench the reaction by adding saturated
sodium bicarbonate. Extract the aqueous layer with diethyl ether. Wash the combined
organic portions with brine and dry over sodium sulfate. Filter and concentrate under
reduced pressure to give a residue. Purify by distillation to give 8.33 g (52-56 °C/ 15 mm
Hg) of title compound. 'H NMR (400 MHz, CDCls) 8.13 (d, 1H, J=2.6 Hz), 7.54 (d, 1H,
J=2.6Hz), 043 (s, 9H).
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Preparation 8
5-Bromo-4-methylthiazole
Add bromine (9.27 mL, 182 mmol) to a solution of 4-methylthiazole (15.0 g, 152
mmol) in acetic acid (30 mL) at 0 °C. Slowly warm the reaction mixture to room
temperature and stir overnight. Dilute with dichloromethane and wash with 1 N NaOH
and brinc. Dry the organic laycr over sodium sulfate, filter, and concentrate under
vacuum. Purify the crude product by silica gel column chromatography, elueting with
hexanes/ethyl acetate (5/1) to obtain the title compound (9.94 g, 37%). "H NMR (400
MHz, CDCl;): 8 8.69 (s, 1H), 2.43 (s, 3H).

Preparation 9
Thiazolc-2-carboxylic acid cthyl cster

To a mixture of 2-trimethylsilylthiazole (135 g, 858.1 mmol) in toluene (1350
mL) add a solution of ethyl chloroformate (98.4 mL, 1.03 mol) in toluene (1350 mL) over
15 min. Stir the reaction at 22 °C for 2 h. Add the solution over aqueous sodium
carbonatc 25% (wt/wt) (5 L) and stir for 30 min. Scparatc the organic laycr and re-cxtract
the aqueous layer with methylene chloride (2 x 1 L). Combine the organic layers and
evaporate the solvent to provide the title compound (134 g, 99%). ES/MS m/z 158
(M+1)".

Preparation 10
Thiazole-2-carboxylic acid amide
Add thiazole-2-carboxylic acid ethyl ester (150 g, 0.9 mol) to a mixture of
mcthanol (75 mL) and 30% aqucous ammonium hydroxide (750 mL) and hcat the
mixture at reflux for 1 h. Then cool to 22 °C and evaporate the methanol under vacuum.
Stir the mixture for 30 min at room temperature and filter the solid. Dry the isolated solid

under vacuum to afford the title compound (98 g, 85%). ES/MS m/z 129 (M+1)".

Preparation 11
1-Methyl-5-thiazol-2-yl-1H-[1,2,4]triazole
Cool 1,1-dimethoxy-N,N-dimethyl-methanamine (240 mL) to 10 °C and add

thiazole-2-carboxylic acid amide (60 g, 421 mmol) in three portions. Stir the mixture at
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10 °C for 30 min. Then heat the mixture gradually to reflux in 45 min. Distill off the
methanol formed and then heat the reaction to 100 °C for 1.5 h. Cool the mixture to 60
°C and remove the excess 1,1-dimethoxy-N,N-dimethyl-methanamine by vacuum
distillation. Cool the residue to 22 °C and add hexanes (200 mL). Triturate the mixture
for 15 min, filter, and dry the solid to constant weight before using in the next step.

Add the solid isolated above (68 g) to acctic acid (680 mL) and cool the mixturc
to 10 °C. Add N-methyl-hydrazine (27 mL, 509 mmol) at such a rate as to keep the
temperature below 15 °C. Warm the mixture to 20 °C in 30 min and then heat gradually
10 90 °C. Stir at 90 °C for 30 min and then cool to 22 °C. Remove the acetic acid by
vacuum distillation. Add the residuc over water and adjust to pH = 8 by adding 25%
aqueous sodium hydroxide solution. Extract the aqueous layer with methyl-z-butyl ether
(3 x 600 mL). Combine the organic layers and evaporate the solvent. Purify the resulting
residue by silica gel chromatography using an eluent of hexanes/isopropanol (9/1) to

provide the title compound (49 g, 70%). ES/MS m/z 167 (M+1) .

Preparation 12
5-(5-Bromo-thiazol-2-yl)-1-methyl-1H-[1,2 4]triazole

To a mixturc of mcthyl-5-thiazol-2-yl-1H-[1,2,4]triazolc (6.55 g; 39.4 mmol) and
dimethylformamide (32 mL), add N-bromosuccinimide (14 g, 78.8 mmol) in three
portions over 1 h. Stir the mixture at 22 °C for 18 h and then add to water (300 mL)
chilled to 0—5 °C. Separate the aqueous layer and extract with methyl-r-butyl ether (2 x
200 mL). Combine the organic layers and wash with 7% aqueous sodium hydrogen
carbonate (100 mL) and then dry over sodium sulfate. Filter and evaporate the solvent to
afford the title compound (9.5 g, 93%). ES/MS m/z (”Br/*'Br) 245/247 (M+1) .

Preparation 13
2,5-Dimethyl-3-[2-(2-methyl-2H-[1,2 4]triazol-3-yl)-thiazol-5-y1]-7-(1-propyl-butyl)-
pyrazolo[1,5-alpyrimidine

Combine 5-(5-bromo-thiazol-2-y1)-1-methyl-1H-[1,2,4]triazole (6.5 g, 23.8 mmol)
and 2,5-dimethyl-7-(1-propyl-butyl)-pyrazolo[1,5-a]pyrimidine (6 g, 24.5 mmol) in N-
mcthylpyrrolidinone (58 mL) and stir to complcte solution undcr nitrogen. Then add

tetra-N-butylammonium bromide (5.47 g, 16.7 mmol) and potassium acetate (11.8 g, 119
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mmol) and heat the mixture to 100 °C under a nitrogen atmosphere. Degas the hot
mixture by three cycles of vacuum/nitrogen purge. Then add palladium acetate (216 mg,
0.94 mmol) and tris(2,4-di-zerz-butyl-phenyl)-phosphane (787 mg, 1.2 mmol). Heat the
mixture 4 h at 125 °C under nitrogen. Cool the mixture to 22 °C and add to water (750
mL). Extract the aqueous layer with methyl-z-butyl ether (3 x 200 mL), combine the
organic portions, and cvaporate. Purify the residuc by filtration through a silica gel pad
eluting with hexanes/ethyl acetate (4/1). Combine the product containing fractions and

evaporate the solvent to afford the title compound (7 g, 72%). ES/MS m/z 410 (M+1)".

Preparation 14
2,5-Dimethyl-7-(1-propyl-butyl)-3-thiazol-5-yl-pyrazolo[1,5-a] pyrimidine
Charge an oven dried flask with 2-trimethylsilanylthiazole (1.765 g, 11.24 mmol)

dissolved in anhydrous THF (30 mL) and chill under an inert atmosphere to -78 °C.
Slowly add »-butyl lithium (2.5 M hexane solution, 4.5 mL, 11.24 mmol) and stir 30 min
at -78 °C. Add anhydrous zinc chloride (2.26 g, 16.58 mmol) in onc aliquot and stir 30
min at -78 °C. Allow the reaction to rise to room temperature, stir 30 min, and add 7-(1-
propyl-butyl)-3-iodo-2,5-dimethyl-pyrazolo[1,5-a] pyrimidine (1.624 g, 5.18 mmol) and
dichloro[1,1’-bis(diphenylphosphino) ferrocene] palladium (II) dichloromethane (0.423 g,
0.518 mmol). Reflux overnight in an oil bath (90 °C) under an inert atmosphere. Cool
the reaction to room temperature, quench with saturated sodium bicarbonate, and dilute
with ethyl acetate (150 mL). Separate and extract the aqueous with ethyl acetate (75 mL).
Combine the organic phases, dry over anhydrous magnesium sulfate, filter, and
concentrate under reduced pressure. Purify the resulting residue using flash
chromatography, eluting with 100% hexane/0% (30% THF/hexane) to 0% hexane/100%
(30% THF/hexane) in a step gradient of 10% increments to give a white solid (0.720 g,
42%). ES/MS m/z 329.0 (M+1)".

Prepare the compound below essentially as described in Preparation 14,
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Prep.
Chemical name Physical data
No.
) IH NMR (400 MHz, CDCls): d
7-(1-Ethyl-propyl)-2,5-dimethyl-3- | g 75 (s, 1H), 8.75 (s, 1H), .28 (s,
15 thiazol-5-yl-pyrazolo[1,5- 1H), 6.47 (s, 1H), 3.62-3.55 (m,
o 1H), 2.65 (s, 3H), 2.61 (s, 3H),
alpyrimidine 1.89-1.75 (m, 4H), 0.85 (t, 6H, J =
7.5 Hz), 0.85 (t, 6H, J= 7.5 Hz).

Alternate procedure for Preparation 15:

Add n-butyl lithium (76.5 mL, 191 mmol, 2.5 M in hcxancs) to a solution of 2-
trimethylsilylthiazole (30 g, 191 mmol) in THF (450 mL) at -78 °C under nitrogen,
keeping the temperature below -74 °C during the addition. Stir the mixture at -78 °C for
30 min and then add zinc chloride, dry powder, (39.9 g, 286 mmol) in one portion and
warm the mixture to 22 °C over one hour. Add 7-(1-ethyl-propyl)-3-iodo-2,5-dimethyl-
pyrazolo[1,5-a]pyrimidine, (30 g, 87 mmol) and 1,1’-bis(diphenylphosphino)ferrocenc
palladium(II) chloride (6.5 g, 8 mmol) and heat the mixture to reflux under nitrogen for 8
h. Cool the mixture to 22 °C and add 10% aqueous ammonium chloride (450 mL).
Separate the organic layer and wash the aqueous layer with methyl-z-butyl ether (2 x 100
mL). Combine the organic portions, dry over sodium sulfate, filter, and evaporate the
solvent to afford the title compound (20.4 g, 78%). ES/MS m/z 301 (M+1)'.

Preparation 16
7-(1-Ethyl-propyl)-3-(2-iodo-thiazol-5-y1)-2,5-dimcthyl-pyrazolo[ 1,5-a Jpyrimidinc
Add a freshly prepared solution of lithium di-i-propylamide (150 ml; 62.4 mmol,

0.6 M in THF) to a mixture of 7-(1-ethyl-propyl)-2,5-dimethyl-3-thiazol-5-yl-
pyrazolo[ 1,5-a]pyrimidine, (17.8 g, 62.4 mmol) in THF (100 mL) at -78 °C under a
nitrogen atmosphere, keeping the temperature below -74 °C during the addition. Stir the
mixture at -78 °C for one hour and then add a solution of N-iodosuccinimide (15 g, 63
mmol) in THF (100 mL) keeping temperature below -74 °C. Warm the reaction
gradually to 22 °C and then add a 10% aqueous solution of ammonium chloride (300
mL). Separate the organic layer and wash the aqueous layer with methyl-r-butyl ether (2

x 200 mL). Combine the organic layers, dry over sodium sulfate, filter, and evaporate the
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solvent. Purify the resulting residue by silica gel chromatography, eluting with

hexanes/acetone (5/1) to afford the title compound (15 g, 60%). ES/MS m/z 427 (M+1)*.

Example 1
7-(1-Ethyl-propyl)-2,5-dimethyl-3-(4-methyl-thiazol-5-y1)-pyrazolo[ 1,5-a]pyrimidine
Add Ricke® zince (10 g in 100 mL of THF, 13.2 mL, 18.48 mmol) to 5-bromo-4-

methylthiazole (2.13 g, 18.48 mmol) and heat at reflux for 2 h. Cool the mixture to room
temperature and settle the zinc down by centrifuge. Bubble nitrogen gas through 7-(1-
ethyl-propyl)-3-iodo-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (900 mg, 2.62 mmol) in dry
tetrahydrofuran (10 mL) and add the organozinc bromide solution followced by addition of
[1,1'-bis(diphenylphosphino)ferrocene]-dichloropalladium(IT) (106 mg, 0.13 mmol). Stir
the reaction mixture under reflux overnight and cool to room temperature. Add
ammonium chloride solution to the reaction mixture and extract with dichloromethane.
Dry the organic portion over sodium sulfate, filter, and remove the solvent under vacuum.
Purify the crude product by silica gel column chromatography, elucting with hexane/ethyl
acctate (3/1) to obtain the titlc compound (652 mg, 79%). "H NMR (400 MHz, CDCl;): &
8.80 (s, IH), 6.48 (s, 1H), 3.63 (m, 1H), 2.57 (s, 3H), 2.43 (s, 3H), 2.40 (s, 3H), 1.85 (m,
4H), 0.90 (t, 6H, J = 7.3Hz). ES/MS m/z 315 (M+1)".

Preparation 17

3-(2,4-dibromo-thiazol-5-y1)-2,5-dimethyl-7-(1-propyl-butyl)-pyrazolo[1,5-a] pyrimidine

Dissolve 2,5-dimethyl-7-(1-propyl-butyl)-3-thiazol-5-yl-pyrazolo[1,5-a]
pyrimidine (3.15 g, 9.59 mmol) in acetonitrile (100 mL) and add N-bromosuccinimide
(4.27 g, 24.0 mmol) in one aliquot. Stir overnight under an inert atmosphere and confirm
the reaction is complcte using TLC. Concentrate under reduced pressure, dilute the oil
with dichloromethane (150 mL), and wash with water (75 mL). Dry the organic phase
over anhydrous magnesium sulfate, filter, and concentrate under reduced pressure. Purify
the resulting oil using flash chromatography, eluting with 100% hexane/0% (30%
THF/hexane) to 0% hexane/100% (30% THF/hexane) in a step gradient (0-10-15-20-25-
30-35-40-45-50-100% of 30% THF/hcxanc) to give ycllow crystals (3.70 g, 79%).
ES/MS m/z (°Br*'Br) 486.7 (M+1)'.
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Prepare the compounds below essentially as described in Preparation 17, with the

exception that dichloromethane is used as the solvent.

Ex. No. Chemical name Physical data

3-(2,4-Dib hiazol-5-yI)-7-(1-ethyl ) MS (APCI) m7
-(2,4-Dibromo-thiazol-5-yl)-7-(1-ethyl-pro -

2 . Y vpropy (”Br*'Br) 459.1
2,5-dimethyl-pyrazolo[ 1,5-a]pyrimidine .

(M+1)
3-(2-Bromo-4-methyl-thiazol-5-y1)-7-(1-ethyl- ES/MS m/z (”Br)
propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine 393 (M+1)"

*Use 1.1 eq NBS and stir for 3 days.

*

3

5 Example 4
3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-2,5-dimethyl-7-(1-propyl-butyl)-
pyrazolo[1,5-a] pyrimidine

Charge an oven dried flask with 3-(2,4-dibromothiazol-5-yl)-2,5-dimethyl-7-(1-
10 propyl-butyl)-pyrazolo[1,5-a] pyrimidine (0.973 g, 2.00 mmol), anhydrous dioxane (20
mL), morpholine (0.872 g, 10.0 mmol), and cesium carbonate (1.95 g, 6.00 mmol).
Reflux in an oil bath (105 °C) under an inert atmosphere overnight. Confirm the reaction
1s complete using LC/MS. Dilute with ethyl acetate (100 mL), wash with water (50 mL),
and back extract the aqueous with ethyl acetate (50 mL). Combine the organic phases,
15 dry over magnesium sulfate, filter, and concentrate under reduced pressure. Purify the
resulting residue using flash chromatography, eluting with 100% hexane/0% (40%
dichloromethane/20% ethyl acetate/2% 7 N ammonia in methanol/38% hexane) to 0%
hexane/100% (40% dichloromethane/20% ethyl acetate/2% 7 N ammonia in
mcthanol/38% hexanc) in a step gradicnt of 10% increments to yicld an off-white solid

20  (0.878 g, 89%). ES/MS m/z (“Br) 491.7 (M+1)".
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Prepare the following examples essentially as described in Example 4, using as

the amine either 2.0 dimethylamine/THF or morpholine, and using THF or dioxane as the

solvent. Run reactions in a sealed vessel or Schlenk tube.

Ex. No. Chemical name Physical data
{4-Bromo-5-[2,5-dimethyl-7-(1-propyl-butyl)-
l lo[1,5 | ] i 'd'y 3 (1] ph' pyl 2 t)II}) ES/MS ("Br)
* razolo[1,5-a rimidin-3-yl]-thiazol-2-y1}-
5 P PPy Y Y 449.8 (M+1)".
dimcthylamine
3-(4-Bromo-2-morpholin-4-yl-thiazol-5-y1)-7-(1- MS (APCI) m/z
6 ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5- (*'Br) 466.5
alpyrimidine (M+1)"
{4-Bromo-5-[7-(1-ethyl-propyl)-2,5-dimethyl- MS (APCI) m/z
7 pyrazolo[1,5-a]pyrimidin-3-yl]-thiazol-2-yl}- (*'Br) 424.4
dimethyl-amine (M+1)"
5-[7-(1-Ethyl-propyD-2,5-dimethyl-pyrazolo[1,5-
17 yrprepys vy [ ES/MS m/z 358
8 alpyrimidin-3-yl]-4-mcthyl-thiazol-2-yl1} -dimcthyl- .
) (M+1)
amine
7-(1-Ethyl-propyl)-2,5-dimethyl-3-(4-methyl-2-
( yi-propyl) 7 Y ES/MS m/z 400
9 morpholin-4-yl-thiazol-5-yl)-pyrazolo[1,5- (M1
+
alpyrimidine

*. .
Use 6 eq of cesium carbonate.

3-[4-Bromo-2-(2-methyl-2H-[1,2 ,4]triazol-3-yl)-thiazol-5-y1]-2,5-dimethyl-7-(1 -propyl-

Example 10

butyl)-pyrazolo[1,5-a]pyrimidine
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Charge an oven dried flask with 1-methyl-1,2,4-triazole (0.498, 6.00 mmol) and
anhydrous THF (20 mL) and chill under an inert atmosphere to -78 °C. Slowly add »-
butyl lithium (2.5 M hexane solution, 2.4 mL, 6.0 mmol) and stir 30 min. Add anhydrous
zinc chloride (1.36 g, 10.0 mmol) in one aliquot and stir 30 min at -78 °C. Allow the
reaction to warm to room temperature, stir 30 min, and add 3-(2,4-dibromothiazol-5-yl)-
2,5-dimethyl-7-(1-propyl-butyl)-pyrazolo[1,5-a] pyrimidine (0.973 g, 2.00 mmol) and
dichloro[ 1,1’-bis(diphenylphosphino) ferrocene] palladium (IT) dichloromethane (0.163 g,
0.200 mmol). Reflux the reaction overnight in an oil bath (90 °C) under an inert
atmosphere. Cool the reaction to room temperature, quench with water, and dilute with
ethyl acetate (100 mL). Separate and extract the aqueous portion with dichloromethane
(50 mL). Combine the organic phases, dry over anhydrous magnesium sulfate, filter, and
concentrate under reduced pressure. Purify the resulting residue using flash
chromatography, eluting with 100% hexane/0% (10% acetonitrile/40% THF/50% hexane)
to 0% hexane/100% (10% acetonitrile/40% THF/50% hexane) in a step gradient of 10%
increments to give a white solid (0.090 g, 9%). ES/MS m/z (Br) 487.7 (M+1)".
Alternate preparation:

To a solution of 2,5-dimethyl-3-[2-(2-methyl-2H-[1,2,4]triazol-3-y1)-thiazol-5-y1]-
7-(1-propyl-butyl)-pyrazolo[1,5-a]pyrimidine (6 g, 14.65 mmol) in acetonitrile (60 mL)
add N-bromosuccinimidc (2.74 g, 15.4 mmol) in onc portion and stir at 22 °C for 10 h.
Evaporate the solvent and dissolve the residue in a mixture of water (50 mL) and
methyl-z-butyl ether (100 mL). Separate the organic layer and extract the aqueous layer
with additional methyl-z-butyl ether (2 x 50 mL). Combine the organic portions and
evaporate the solvent. Purify the resulting material by filtration through a silica gel pad,
eluting with hexanes/ethyl acetate (3/1). Combine the product containing fractions and
evaporate the solvent. Add heptanes (25 mL) and triturate the solid. Filter the solid and
dry under vacuum to afford the title compound (5.5 g, 77%). ES/MS m/z (“Br/*'Br)
488/490 (M+1)".

Example 10a
3-[4-Bromo-2-(2-methyl-2H-[1,2 ,4]triazol-3-yl)-thiazol-5-y1]-2,5-dimethyl-7-(1-propyl-
butyl)- pyrazolo[1,5-a]pyrimidine, hydrochloride

PCT/US2007/078605
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Dissolve 3-[4-bromo-2-(2-mcthyl-2H-[1,2,4]triazol-3-yl)-thiazol-5-y1]-2,5-
dimethyl-7-(1-propyl-butyl)- pyrazolo[1,5-a]pyrimidine (750 mg, 1.54 mmol) in acetone
(5mL) and add 1 M HCl in diethyl ether (1.84 mL, 1.84 mmol). Stir the mixture at room

5  temperature for 3 h and concentrate in vacuo. Dissolve the residue in diethyl
ether/hexane = 1/1 (5 mL) and crystallize the desired HCI salt (526 mg, 65%). ES/MS
w/z (*'Br) 490 (M+1)"; "H-NMR(CDCL:): 8.20 (s, 1H), 6.82 (s, 1H), 4.21 ( s, 3H), 3.64
(m, 1H), 2.49 (m, 3H), 2.44 (s, 3H), 1.75 (m, 4H), 1.96(m, 4H), 0.81 ( m, 6H).

10 Prepare the following compound essentially as described in Example 10.

Ex. No. Chemical name Physical data

7-(1-Ethyl-propyl)-2,5-dimethyl-3-[4-methyl-2-(2-
11" methyl-2H-[1,2,4]triazol-3-yl)-thiazol-5-y1]-

ES/MS m/z 396

(M+1)"
pyrazolo[1,5-a]pyrimidine

" Use 0.5 M zinc chloride in THF instead of anhydrous zinc chloride. Heat at 80 °C for 3

days.
Example 12

15 3-(4-Bromo-2-(2-methyl-2H-[1,2,4]triazol-3-yl)-thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-
dimethyl-pyrazolo[1,5-a]pyrimidine

A NN,

N Sy
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Under nitrogen atmosphere, add #-butyl lithium (2.5 M in hexane, 0.6 mL, 1.5
mmol) to a solution of 1-methyl-1,2,4-triazole (124.5 mg, 1.5 mmol) in THF (3 mL) at —
78 °C and stir for 30 min. Add anhydrous zinc chloride (409 mg, 3.0 mmol), continue
stirring for 30 min, warm up to room temperature and stir for 2 h. Add 3-(2,4-dibromo-
thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (229 mg, 0.5
mmol), followed by tetrakis(triphenylphosine)palladium (58 mg, 0.05 mmol) and reflux
overnight. Cool to room temperature, dilute with ethyl acetate, and wash with saturated
ammonia chloride. Dry the organic portion over sodium sulfate, filter, and concentrate to
a residue. Purify the crude material by flash chromatography, eluting with hexanes:ethyl
acctate (10:2.5) to give the title compound as a ycllow foam (77 mg). MS (APCI) m/z
("Br) 460.4 M+1)".

Alternate preparation from Example 21:

Add acetic acid (1 mL) and N-bromosuccinimide (4.1 g, 22 mmol) to a solution of
7-(1-ethyl-propyl)-2,5-dimethyl-3-[2-(2-methyl-2H-[ 1,2 4 ]triazol-3-y1)-thiazol-5-y1]-
pyrazolo[1,5-a]pyrimidine (8 g, 21 mmol) in acetonitrile (80 mL). Stir the mixture 2 h at
22 °C. Then evaporate the solvent and add water (50 mL) and methyl-z-butyl ether (100
mL) to the resulting residue. Separate the organic portion, dry over sodium sulfate, filter,
and cvaporate the solvent. Recrystallize the resulting residuc from isopropyl alcohol to

afford the title compound (8.7 g, 90%). ES/MS (/z): (’Br/*'Br) 460/462 (M+1)".

Example 12a
3-(4-Bromo-2-(2-methyl-2H-[1,2 4]triazol-3-yl1)-thiazol-5-y1)-7-(1-ethyl-propy1)-2,5-
dimethyl-pyrazolo[1,5-a]pyrimidine, p-toluene sulfonic acid

Dissolve 3-(4-bromo-2-(2-methyl-2H-[1,2 4]triazol-3-yl)-thiazol-5-y1)-7-(1-ethyl-
propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (50 mg, 0.109 mmol) in acetone (3 mL).
Add a 0.25 M aqueous solution of p-toluene sulfonic acid (434.4 uL, 0.109 mmol) and
evaporate the resulting mixture to dryness. Add ethyl acetate (12 mL) to get partial
dissolution of the solids. Add methanol (1 mL) to achieve a clear solution. Concentrate
the solution by slow evaporation until crystals are observed. Isolate the crystals by
filtration and dry under vacuum at 25 °C to obtain about 50 mg of the titlc compound.

Determine the stoichiometry of the salt by ion chromatography using the

following HPLC conditions: column: Phenomenex Phenosphere SAX, 4.6 x 150 mm at
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30 °C; mobile phase: 50% acetonitrile/50% 0.025 M sodium phosphate buffer at pH =
4.5; flow rate = 1.5 mL/min; detection: UV at 205 nm; injection volume = 5 pL; run time
=3 min. Theoretical amount calc: 27.2% tosylate; found: 28.4% tosylate (average of

three HPLC runs).

Example 13
{4-Chloro-5-[2,5-dimethyl-7-(1-propyl-butyl)-pyrazolo[1,5-a] pyrimidin-3-yl]-thiazol-2-
yl}-dimethylamine

Charge an oven dried flask with {4-bromo-5-[2,5-dimethyl-7-(1-propyl-butyl)-
pyrazolo[ 1,5-a] pyrimidin-3-yl]-thiazol-2-yl-dimethylamine (0.20, 0.44 mmol) and
anhydrous THF (3.0 mL) and chill undcr an inert atmosphere to -78°C. Slowly add n-
butyl lithium (1.6 M hexane solution, 0.42 mL, 0.67 mmol) and stir 30 min. Add N-
chlorosuccinimide (0.120 g, 0.889 mmol) in one aliquot and stir 30 min at -78 °C. Allow
the reaction to warm to room temperature, and stir for 5 h, checking the progress using
LC/MS. Dilute with ethyl acetate (100 mL), wash with saturated ammonium chloride (50
mL), and back-extract the aqueous with dichloromethane (50 mL). Combine the organic
phases, dry over anhydrous magnesium sulfate, filter, and concentrate under reduced
pressure. Purify the resulting residue using flash chromatography, eluting with 100%
hexanc/0% (25% THF/hexanc) to 0% hexance/100% (25% THF/hexanc) in a step gradient
of 10% increments to give a white solid (0.087 g, 48%). ES/MS m/z (*°Cl) 406.0 (M+1)".

Prepare the following examples essentially as described in Example 13

using the appropriate bromothiazole prepared above.

Ex. No. Chemical name Physical data

3-(4-Chloro-2-morpholin-4-yl-thiazol-5-y1)-2,5-

ES/MS m/z (*°Cl)

dimethyl-7-(1-propyl-butyl)-pyrazolo[1,5-a]
14 Y Propy DU LY 448.0 (M+1)"

pyrimidine
{4-Chloro-5-[7-(1-cthyl-propyl)-2,5-dimcthyl-
15 pyrazolo[1,5-a|pyrimidin-3-yl]-thiazol-2-yl1} -

MS (APCI) m/z (*°Cl)
378.0 (M+1)"

dimethyl-amine

Preparation 18
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2.,4-dichlorothiazole

Cool to 5 °C a mixture of thiazolidine-2,4-dione (50 g, 0.43 mol) in phosphorus
oxychloride (240 mL) and add pyridine (34 mL, 0.43 mol) over 15 min. Heat the mixture
to 125 °C for 4 h and then cool to 22 °C. Remove the excess phosphorus oxychloride by

5  vacuum distillation and add the residue to water (1 L) chilled to a temperature of 5 °C.
Extract the mixture with methylene chloride (3 x 400 mL). Combine the organic portions
and cvaporate the solvent to afford the title compound (50 g, 76%). E/MS m/z :
Per*cr*er’cl et 153/155/157 (M+1)

10 Preparation 19
4-chloro-2-morpholino-thiazole
To a mixturc of 2,4-dichlorothiazolc (34 g, 0.22 mol) in acctonitrilc (425 mL) add
potassium carbonate (60.9 g, 0.44 mol) and then morpholine (21.2 mL, 0.225 mol)
dropwise over 30 min. Reflux the mixture at 40 °C and then cool to 22 °C. Filter the
15  mixture and evaporate the filtrate. Triturate the residue with i-propyl alcohol (60 mL) at
22 °C for one hour. Filter the solids and dry under vacuum to a constant weight to afford

the title compound (34.5 g, 76%). ES/MS my/z (*°Cl) 205 (M+1)".
Example 16
20 3-(4-Chloro-2-morpholin-4-yl-thiazol-5-y1)-7-(1-cthyl-propyl)-2,5-dimcthyl-

pyrazolo[1,5-a]pyrimidine

A NN

NT N/\
o
Under a nitrogen atmosphere dissolve 3-(4-bromo-2-morpholin-4-yl-thiazol-5-y1)-
7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5-a]pyrimidine (116 mg, 0.25 mmol) in THF
25 (1.5mL) and chillto -78 °C. Add n-butyl lithium (0.1 mL. 2.5 M in hexane, 0.25 mmol)
and stir at -78 °C for 30 min. Add N-chlorosuccinimide (33.4 mg, 0.25 mmol) and stir
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for another 30 min, slowly warming to room temperature. After stirring overnight,
quench the reaction by adding a solution of saturated ammonia chloride and extract with
ethyl acetate. Wash the organic layer with brine, dry over sodium sulfate, filter, and
concentrate to a residue. Purify the crude material by flash chromatography, eluting with
hexanes:dichloromethane:ethyl acetate (5:5:2) to provide the title compound (54 mg).
MS (APCI) m/z (*°Cl) 420.6 (M+1)"; "H NMR (400 MHz, CDCl:): 6.44 (s, 1H), 3.79 (t,
4H, Jj=4.8 Hz), 3.63-3.56 (m, 1H), 3.47 (t, 4H, J/=4.8 Hz), 2.55 (s, 3H), 2.45 (s, 3H), 1.88-
1.75 (m, 4H), 0.87 (t, 6H, J=7.5 Hz).
Alternate Preparation from Preparation 6:

Combinc 7-(1-cthyl-propyl)-3-iodo-2,5-dimcthyl-pyrazolo[ 1,5-a]pyrimidinc, (9 g,
26.2 mmol) and 4-chloro-2-morpholino-thiazole (7.5 g, 36.7 mmol) in
dimethylformamide (90 mL) previously degassed with nitrogen. Add cesium carbonate
(17.8 g, 55 mmol), copper iodide (250 mg, 1.31 mmol), triphenylphosphine (550 mg, 2.09
mmol) and palladium acetate (117 mg, 0.52 mmol). Heat the mixture to 125 °C for 16 h
and then cool to 22 °C. Add water (900 mL) and extract with methyl-z-butyl ether (3 x
200 mL). Combine the organic portions and evaporate the solvent. Purify by silica gel
chromatography eluting with hexanes/ethyl acetate (4/1) to afford the title compound (6.4
g, 62%). ES/MS m/z (*°Cl) 420 (M+1)".

Example 16a
3-(4-Chloro-2-morpholin-4-yl-thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[1,5-a]pyrimidine, hydrochloride

Dissolve 3-(4-chloro-2-morpholin-4-yl-thiazol-5-yl)-7-(1-ethyl-propyl)-2,5-
dimcthyl-pyrazolo[1,5-aJpyrimidine (1.40 g, 3.33 mmol) in acctone (10 mL) at 50 °C and
cool to room temperature. Add hydrogen chloride (2 M in diethyl ether, 2.0 mL, 4.0
mmol) and stir well in a sonicator. Concentrate the solution a little and add a minimal
amount of diethyl ether to crystallize the HC1 salt. Cool the mixture in a refrigerator
overnight. Add additional hydrogen chloride (2 M in diethyl ether, 2.0 mL, 4.0 mmol)
and cool in a refrigerator. Filter the crystalline material and dry to obtain the titlc

compound (1.15 g, 75%). ES/MS m/z (*°C1) 420 (M+1)"; '"H NMR(CDCI3): 9.18 (br,
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1H), 6.86 (s, 1H), 3.72 ( m, 4H), 3.49(m, [H), 3.39 (m, 4H), 2.48 (s, 3H), 2.38(s, 3H),
1.79 (m, 4H), 0.79 (m, 6H).

Example 17
3-(4-Bromo-2-butyl-thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1.5-
alpyrimidine
Under a nitrogen atmosphere, add #-butyl lithium (2.5 M in hexane, 0.2 mL, 0.5
mmol) to a solution of 3-(2,4-dibromo-thiazol-5-yl)-7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[ 1,5-a]pyrimidine (230 mg, 0.5 mmol) in THF (3 mL) at —78 °C. After 30 min,
add 1-iodobutanc (138 mg, 0.75 mmol) and continuc stirring for 1 hour. Warm up to
room temperature and stir for one hour. Quench the reaction by adding saturated
ammonia chloride solution and extract with ethyl acetate. Dry the organic portion over
sodium sulfate, filter, and concentrate to a residue. Purify the crude material by flash
chromatography, eluting with hexanes/ethyl acetate (10/1.5) to give the title compound as

orange foam (78 mg). ES/MS m/z (81Br) 437.4 (M+1)".

Prepare the following example essentially as described in Example 17.

Ex. No. Chemical name Physical data

3-(4-Bromo-2-methoxymethyl-thiazol-5-y1)-7-(1- | MS (APCI)

18 ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5- m/z (*'Br)
alpyrimidine 424.6 (M+1)"

Example 19
7-(1-Ethyl-propyl)-3-(2-methoxymethyl-thiazol-5-y1)-2,5-dimethyl-pyrazolo[ 1,5-
alpyrimidine
Under a nitrogen atmosphere, add »#-butyl lithium (2.5 M in hexane, 0.4 mL, 1.0
mmol) to a solution of 7-(1-ethyl-propyl)-2,5-dimethyl-3-thiazol-5-yl-pyrazolo[1,5-
a]pyrimidine (300 mg, 1.0 mmol) in THF (3 mL) at —78 °C. Stir 30 min and add 1-
1odomethyl methyl ether (205 mg, 1.2 mmol). Continue stirring for one hour and then
slowly warm up to room temperature and stir overnight. Quench the reaction by adding
saturated ammonium chloride solution and extract with ethyl acetate. Wash the organic

layer with brine, dry over sodium sulfate, filter, and concentrate under vacuum to a
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residue. Purify the crude material by flash chromatography, eluting with hexanes/ethyl
acetate (10/2) to give the title compound as a yellow foam (184 mg). MS (APCI) m/z
345.3 (M+1)'.

Example 20
3-(4-Chloro-2-mcthoxymcthyl-thiazol-5-y1)-7-(1-cthyl-propyl)-2,5-dimcthyl-
pyrazolo[1,5-a]pyrimidine
Add n-butyl lithium (2.5 M in hexanes, 174 mL, 0.43 mmol) to a stirred solution

of 7-(1-ethyl-propyl)-3-(2-methoxymethyl-thiazol-5-y1)-2,5-dimethyl-pyrazolo[ 1,5-
a]pyrimidine (150 mg, 0.43 mmol) in THF (3 mL) at —78 °C. Stir for 30 min and add N-
chlorosuccinimide (87 mg, 0.653 mmol). Stir 30 min and then warm the reaction slowly
to room temperature allowing the reaction to continue overnight. Quench the reaction by
adding saturated ammonium chloride solution, extract with ethyl acetate, dry over sodium
sulfate, filter, and concentrate to a residue. Purify by flash chromatography, eluting with
hexanes/ethyl acetate (10/2) to give the title compound (7 mg). MS (APCI) m/z (°CI)
379.3 (M+1)'.

Example 21
7-(1-Ethyl-propyl)-2,5-dimethyl-3-[2-(2-methyl-2H-[ 1,2 4]triazol-3-y1)-thiazol-5-y1)-
pyrazolo[1,5-a]pyrimidine

Mix 3-(4-bromo-2-(2-methyl-2H-[ 1,2 4]triazol-3-yl)-thiazol-5-y1)-7-(1-ethyl-
propyD)-2,5-dimethyl-pyrazolo[1,5-¢]pyrimidine (175 mg, 0.38 mmol) and copper(T)
chloride (132 mg, 1.33 mmol) in DMF (5 mL) and heat to 120 °C for 24 h. Cool to room
temperature, dilute with ethyl acetate, and wash with brine. Dry the organic layer over
sodium sulfate, filter, and concentrate under vacuum to a residue. Purify by flash
chromatography, cluting with hexancs and then hexancs/EtOAc (10/1.8) to give a yellow-
orange solid (45 mg). ES/MS m/z 382.0 (M+1)".
Alternate Preparation:

Add #-butyl lithium (2.5 M in hexanes, 57.6 mL, 144 mmol) to a solution of N-
methyltriazole (11.95 g, 144 mmol) in THF (600 mL) at -78 °C under a nitrogen
atmosphcere, keeping the temperature below -74 °C during the addition. Then add zinc

chloride, dry powder, (26 g, 192 mmol) in one portion and warm the mixture to 22 °C in
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one hour. Add 7-(1-ethyl-propyl)-3-(2-iodo-thiazol-5-y1)-2,5-dimethyl-pyrazolo[ 1,5-
alpyrimidine (12.5 g, 29 mmol) and tetrakis(triphenyl)phosphine palladium catalyst (1.15
g, 0.01 mol) in one portion and heat the mixture to reflux under nitrogen for 8 h. Cool the
mixture to 22 °C and add water (300 mL). Separate the organic layer and extract the
aqueous layer with methyl-r-butyl ether (2 x 200 mL). Combine the organic portions, dry
over sodium sulfate, filter, and cvaporate the solvent. Purify by passing over a silica gel
pad eluting with hexanes/ethyl acetate (4/1) to afford the title compound (8 g, 72%).
ES/MS m/z 382 (M+1)".
Example 22
3-(4-Chloro-2-(2-methyl-2H-[ 1,2,4]triazol-3-yI)-thiazol-5-y1)-7-(1-cthyl-propyl)-2,5-
dimethyl-pyrazolo[1,5-alpyrimidine
Stir a mixture of 7-(1-ethyl-propyl)-2,5-dimethyl-3-[2-(2-methyl-2H-

[1,2,4]triazol-3-yl)-thiazol-5-yl)-pyrazolo[ 1,5-a]pyrimidine (20 mg, 0.052 mmol) and N-
chlorosuccinimide (7.6 mg, 0.0569 mmol) in dichloromethane (0.5 mL) and acetonitrile
(0.5 mL) at room temperature overnight in a vial. Concentrate to a residue. Purify by
flash chromatography, eluting with hexanes and then with hexanes/ethyl acetate (10/1.5)
to give the title compound (16 mg). ES/MS m/z (*>Cl) 416.0 (M+1)".

Example 23
7-(1-Ethyl-propyl)-3-(4-methoxy-2-morpholin-4-yl-thiazol-5-y1)- 2,5-dimethyl-
pyrazolo[1,5-a]pyrimidine

Stir a mixture of 3-(4-bromo-2-morpholin-4-yl-thiazol-5-y1)-7-(1-ethyl-propyl)-
2,5-dimethyl-pyrazolo[1,5-g]pyrimidine (162 mg, 0.35 mmol), sodium methoxide (57
mg, 1.05 mmol) and copper(l) iodide (67 mg, 0.35 mmol) in methanol (3 mL) in a sealed
4-mL vial for 15 h at 120 °C. Cool to room temperature, remove the solid by filtration,
and conccntrate the filtratc under vacuum. Purify the residuce by flash chromatography,
eluting with hexanes/THF (10/2). Recrystallize the material from methanol to give the

title compound (20 mg). ES/MS m/z 416.0 (M+1)".

Preparation 20
4-Bromo-5-[7-(1-cthyl-propyl)- 2,5-dimcthyl-pyrazolo[1,5-a]pyrimidin-3-yl1]-thiazolc-2-
carbaldehyde
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Under a nitrogen atmosphere, add »-butyl lithium (1.6 M in hexanes, 0.312 mL,
0.50 mmol) to a THF solution (2.5 mL) of 3-(2,4-dibromo-thiazol-5-y1)-7-(1-ethyl-
propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (230 mg, 0.50 mmol) at -78 °C and stir
for 30 min. Add a THF (0.5 mL) solution of N-formyl morpholine (58 mg, 0.50 mmol).
Stir for one hour, then store the reaction at —20 °C overnight. Warm the reaction to room
tempcrature, dilute with cther, and quench by adding 4 N HC1 (4 mL). Scparatc and
extract the organic phase with 4 N HC1 (2 x 4 mL). Combine the aqueous portions, treat
with solid sodium bicarbonate to pH = 8 to 9 and then extract with diethyl ether.
Combine all the organic layers, wash with brine, dry over sodium sulfate, filter, and
concentrate to a residuc. Purify the crude material by flash chromatography, cluting with
hexanes/dichloromethane/ethyl acetate (5/5/1) to give the title compound (154 mg). MS

(APCI) m/z (*'Br) 409.0 (M+1)".

Example 24
3-(4-Bromo-2-morpholin-4-yl-methyl-thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[1,5-alpyrimidinc
Combine 4-bromo-5-[7-(1-cthyl-propyl)- 2,5-dimethyl-pyrazolo[1,5-a]pyrimidin-

3-yl]-thiazole-2-carbaldehyde (150 mg, 0.368 mmol), morpholine (35 mg, 0.405 mmol)
and sodium triacetoxyborohydride (97 mg, 0.46 mmol), in dichloromethane (3 mL) and
methanol (0.5 mL). Stir overnight, add additional morpholine (35 mg, 0.405 mmol), and
sodium triacetoxyborohydride (97 mg, 0.46 mmol), and stir 4 h more. Remove the
solvent under vacuum, dilute with dichloromethane, and wash with brine. Dry the
organic phase over sodium sulfate, filter, and concentrate under vacuum. Purify the
rcsulting matcrial using flash chromatography, cluting with dichloromcthanc:2 M
ammonia in methanol (10:1) to give a mixture. Purify the mixture using a reverse phase
column, eluting with water/acetonitrile (80/20) to water/acetonitrile (10/90) to give the

title compound (20 mg). ES/MS nmv/z (*'Br) 480.0 (M+1)".

Example 25
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3-(4-Bromo-2-pyridin-4-yl-thiazol-5-y1)-7-(1 -ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5-
a]pyrimidine
Under a nitrogen atmosphere, add #-butyl lithium (1.6 M in hexane, 0.312 mL, 0.5

mmol) to a solution of 3-(2,4-dibromo-thiazol-5-yl)-7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[1,5-a]pyrimidine (229 mg, 0.5 mmol) in THF (4 mL) at —78 °C. After stirring
for 30 min, add anhydrous zinc chloride (264 mg, 1.5 mmol) and continuc stirring for 30
min. Warm the reaction to room temperature and stir for one hour. Add 4-iodopyridine
(103 mg, 0.5 mmol), followed by 1,1'-bis (diphenylphosphino)ferrocene palladium (11)
chloride (dichloromethane adduct) (0.40.8 mg, 0.05 mmol). Heat the reaction to reflux
overnight. Cool to room temperature, dilute with cthyl acctate, and wash with water and
brine. Dry the organic layer over sodium sulfate, filter, and concentrate to a residue.
Purify the crude material by flash chromatography, eluting with dichloromethane:2 N
ammonia in methanol (10:0.75) to give a mixture. Purify the mixture using a reverse
phase column, eluting with water:acetonitrile = 80:20 to water: acetonitrile = 10:90, to

give the title compound (19 mg). ES/MS m/z (Br) 456.0 (M+1)".

Preparation 21
4-Trifluoromcthyl-thiazole-2-ylaminc
Add thiourea (4.0 g, 52.3 mmol) and 3-bromo-1,1,1-trifluoropropan-2-one (5.5
mL, 10 g, 52.3 mmol) to ethanol (100 mL) and heat at 50 °C for 2 h. Cool to room
temperature and concentrate to dryness. Dissolve the residue in water and adjust the pH
to >12 with 2 M NaOH. Extract with diethyl ether (4x). Dry the combined organic
extracts with sodium sulfate, filter, and concentrate under vacuum. Purify the resulting
material by silica gel chromatography (CH»ClL,) to obtain the title compound (6.9 g, 79%).
ES/MS m/z 169 (M+1)".

Preparation 22
5-Bromo-4-trifluoromethyl-thiazol-2-ylamine, hydrobromide
Add bromine (2.0 mL, 6.28 g, 39.3 mmol) dropwise to an ice-bath cooled solution
of 4-trifluoromethyl-thiazole-2-ylamine (6.0 g, 35.7 mmol) in diethyl ether (60 mL). Stir

for onc hour after the addition is complete and then warm to room tempcerature. Collect
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the solids by filtration and wash with diethyl ether to obtain the title compound (10.5 g,
90%). ES/MS m/z (Br/*'Br) 247/249 (M+1)".

Preparation 23
5-Bromo-2-(2,5-dimethyl-pyrrol-1-yl)-4-trifluoromethyl-thiazole
Add hexance-2,5-dione (3.5 mL, 3.4 g, 30.2 mmol) to a solution of 5-bromo-4-
trifluoromethyl-thiazol-2-ylamine hydrobromide (9.0 g, 27.4 mmol) in methanol (60 mL).
Stir at room temperature overnight. Add phosphate buffer (50 mL, pH = 7). Collect the
resulting precipitate by filtration, washing with water. Dissolve the filter cake in CH;Cl,
and dry over sodium sulfate. Filter and concentrate under vacuum to obtain the title

compound (8.2 g, 92%). 'H NMR (400 MHz, CDCls) & 5.91 (s, 2H), 2.27 (s, 6H).
Example 26
3-[2-(2,5-Dimethyl-pyrrol- 1-y1)-4-trifluoromethyl-thiazol-5-y1]-7-(1-ethyl-propyl)-2,5-

dimethyl-pyrazolo[1,5-a]pyrimidine

A NN

Cool a solution of 5-bromo-2-(2,5-dimethyl-pyrrol-1-y1)-4-trifluoromethyl-
thiazole (2.2 g, 6.6 mmol) in THF (25 mL) in a dry ice bath. Add ¢-butyl lithium (1.7 M
in pentane, 8.5 mL, 14.5 mmol) dropwise. Stir for 45 min and then add zinc chloride (0.5
M in THF, 14.6 mL, 7.3 mmol) dropwise. Stir 5 min and remove the cooling bath. Stir
30 min and then add 7-(1-cthyl-propyl)-3-iodo-2,5-dimcthyl-pyrazolo[1,5-¢]pyrimidinc
(1.5 g, 4.4 mmol) and bis(tri-z-butylphosphine)palladium (0) (450 mg, 0.9 mmol). Reflux
for 24 h. Cool the reaction, pour the mixture into diethyl ether, and wash with water (2x).
Extract the combined water layers with diethyl ether. Dry the combined organic portions
over sodium sulfate, filter, and concentrate to dryness under vacuum. Purify the resulting

residue by silica gel chromatography (75-100% CH,Cl, in hexancs) to give the title
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compound (1.47 g, 72%). HR-ToF-MS m/z calcd for Co3HaF3NsS+HH™: 462.1939, found:
462.1915.

Example 27
5-[7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidin-3-y1]-4-trifluoromethyl-
thiazol-2-ylaminc

Add hydroxylamine (2 mL, 50% in water) to a solution of 3-[2-(2,5-dimethyl-
pyrrol-1-yl)-4-trifluoromethyl-thiazol-5-yl1]-7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[ 1,5-a]pyrimidine (1.1 g, 2.3 mmol) in acetic acid (10 mL). Heat the reaction to
80 °C for 6 h. Cool to room tcmperaturc. Pour into dicthyl cther and wash with 2 M
NaOH (2x) and then once with water. Dry the organic portion over sodium sulfate, filter,
and concentrate to dryness under vacuum. Purify the resulting residue by silica gel
chromatography (40% ethyl acetate in hexanes) to give the title compound (0.76 g, 87%).
ES/MS m/z 384 (M+1)".

Preparation 24
3-(2-Bromo-4-trifluoromcthyl-thiazol-5-y1)-7-(1-cthyl-propyl)-2,5-dimcthyl-
pyrazolo[1,5-a]pyrimidine

Heat a mixture of copper(ll) bromide (540 mg, 2.4 mmol) and #-butylnitrite (0.36
mL, 310 mg, 3.0 mmol) in acetonitrile (20 mL) to 60 °C. Add 5-[7-(1-ethyl-propyl)-2,5-
dimethyl-pyrazolo[1,5-a]pyrimidin-3-y1]-4-trifluoromethyl-thiazol-2-ylamine (755 mg,
2.0 mmol) as a solid. Heat the reaction to 80 °C for 2 h. Cool the reaction, pour into
diethyl ether and extract with water (3%). Dry the organic layer over sodium sulfate,
filter, and concentrate to dryness under vacuum. Purify the resulting residue by silica gel
chromatography in CH,Cl, to give the title compound (0.77 g, 87%). ES/MS m/z
("Br/*'Br) 447, 449 (M+1)".

Example 28

{5-[7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5-a]pyrimidin-3-yl]-4-trifluoromethyl-
thiazol-2-yl}-dimcthyl-aminc
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Heat a sealed tube containing 3-(2-bromo-4-trifluoromethyl-thiazol-5-y1)-7-(1-
ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-a]pyrimidine (313 mg, 0.7 mmol), and dimethyl
amine (2 M in THF, 4 mL, 8 mmol) in methanol (4 mL) to 80 °C for 2 h. Cool the
reaction and concentrate under vacuum. Purify the resulting residue by silica gel
chromatography, etuting with 0-30% ethyl acetate in CH,Cl,, to give the title compound
(0.28 g, 97%). HR-ToF-MS m/z calcd for Ci1oH24F3NsS+H 412.1770, found: 412.1783.

Prepare the following example essentially as described for Example 28 with the

exception that the reaction is refluxed for 8 h.

Ex. No. Chemical name Physical data

L Ethvl 2.5.d hyl-3(2 HR-ToF-MS m/z caled
7-(1-Ethyl-pro -2.5-dimethyl-3-(2-

( vi-propyD-2. Y ] for Cy Ha6FsNsOS+H™

29 morpholin-4-yl-4-trifluoromcthyl-thiazol-5-

) lo[1.5-a]pyrimidi 454.1873, found:

yD)-pyrazolo[1,5-a]pyrimidine
454.1888

Example 30
N-{5-[7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5-a|pyrimidin-3-y1]-4-trifluoromethyl-
thiazol-2-yl}-acetamide

Add hydroxylamine (50% in water, 5 mL,) to a solution of 3-[2-(2,5-dimethyl-
pyrrol-1-yD)-4-trifluoromcthyl-thiazol-5-y1]-7-(1-cthyl-propyl)-2,5-dimcthyl-
pyrazolo[1,5-a]pyrimidine (2.4 g, 5.2 mmol) in acetic acid (25 mL). Heat the reaction to
80 °C for 72 h. Cool the reaction to room temperature, pour into diethyl ether and wash
with 2 M NaOH (2x) and then once with water. Dry the organic portion over sodium
sulfate, filter, and concentrate to dryness. Purify the resulting residue by column
chromatography, eluting with 40% ethyl acetate in hexanes to give the title compound
(0.28 g, 13%). HR-ToF-MS m/z calcd for Ci1oH2F3NsOS+H' 426.1575, tound:
426.1565.

Example 31
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(2-{5-[7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5-a]pyrimidin-3-yl]-4-

trifluoromethyl-thiazol-2-ylamino} -cthyl)-carbamic acid tert-butyl ester

Add (2-amino-ethyl)-carbamic acid fert-butyl ester (0.5 mL, 506 mg, 3.2 mmol) to
5 asolution of 3-(2-bromo-4-trifluoromethyl-thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[1,5-a]pyrimidine (100 mg, 0.22 mmol) and triethylamine (0.3 mL, 222 mg, 2.2
mmol) in methanol (1 mL). Evaporate off the methanol and heat to 80 °C overnight.
Cool the reaction to room temperature and concentrate under vacuum. Purify the
resulting residue by column chromatography, eluting with 10-50% ethyl acetate in
10  CH,CL, to givc the title compound (0.11 g, 97%). ES/MS m/z 527.2 (M+1)".

Prepare the compounds below as essentially described in Example 31 using the

appropriate amine.

Prep. or Ex.

Chemical name Physical data
No.
2-({5-[7-(1-ethyl-propy-2,5-dimethyl-
- 1[ (15 ]y i '?’3 11-4 'ﬂy hyle | oM e
* pyrazolo|1,5-a|pyrimidin-3-yl|-4-trifluoromethyl-
Prep. 25 569.3 (M+1)'

thiazol-2-y1}-propyl-amino)-ethyl]-carbamic acid
tert-butyl ester
(S)-(1-{5-[7-(1-ethyl-propyl)-2,5-dimethyl-
pyrazolo[1,5-¢]pyrimidin-3-yl]-4-trifluoromethyl- | ES/MS m/z

Prep. 26 thiazol-2-y1}-pyrrolidin-3-yl)-carbamic acid tert- | 553.3 (M+1)"

butyl ester
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N-{5-[7-(1-Ethyl-propyl)-2,5-dimethyl-
woe pyrazolo[1,5-a]pyrimidin-3-yl]-4-trifluoromethyl- | ES/MS m/z
thiazol-2-y1}-N,N'-dipropyl-ethane-1,2-diamine, 511.2 (M+1)"

hydrochloride

" Heat at reflux in EtOH overnight. Evaporate EtOH and heat at 110 °C for 24 h.
““ Heat at 80 °C in EtOH overnight.
" Make the HCI salt and recrystallize from EtOAc/hexanes.

5 Example 33
N'- {5-[7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[ 1,5-a]pyrimidin-3-yl]-4-
trifluoromethyl-thiazol-2-yl}-ethane-1,2-diamine, hydrochloride

Add (2-{5-[7-(1-cthyl-propyl)-2,5-dimcthyl-pyrazolo[1,5-a]pyrimidin-3-yl]-4-

trifluoromethyl-thiazol-2-ylamino } -ethyl)-carbamic acid tert-butyl ester (101 mg, 0.192
10 mmol) to 1 M HCI in methanol (1 mL). Heat the reaction at 70 °C overnight. Cool the

reaction and concentrate under vacuum from methanol/ethyl acetate. Triturate the
resulting residue with ethyl acetate to obtain the title compound (64 mg, 78%). ES/MS
m/z 427.0 (M+1)",

15 Prepare the following examples essentially as described for Example 33.

Ex. No. Chemical name Physical data

N'-{5-[7-(1-Ethyl-propyl)-2,5-dimethyl-pyrazolo[1,5-
N-{5-[7« yl-propyl) yl-py [ ES/MS m/z

alpyrimidin-3-yl]-4-trifluoromethyl-thiazol-2-y1} -A'-
34 Ipy vl y yl} 469.2 (M+1)"

propyl-cthanc-1,2-diaminc, hydrochloride
(S)-1-{5-[7-(1-Ethyl-propy1)-2,5-dimcthyl-

ES/MS nvz

35 razolo[1,5-a]pyrimidin-3-yl]-4-trifluoromethyl-
Py [ Ipy 1] y 453.0 (M+1)"

thiazol-2-yl}-pyrrolidin-3-ylamine, hydrochloride

Example A
In Vivo Potency Assessment Using Ex Vivo Binding
To asscss in vivo potency, a compound of the present invention is cvaluated using
20  ex vivo binding. Using the procedures as provided in D. R. Gehlert ef al., EJP 509: 145-

153 (2005), a compound is administered to a rat via the oral route. The binding of '*I-
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sauvagine to the cerebellum is then assessed ex vivo as described in Gehlert e al. For

example, Example 15 provides 65% inhibition at 10 mg/kg,

Example B
CRFI1 Filter Binding Assay

The limitations of plasmid-bascd human CRF1 cxpression, in terms of gencrating
a recombinant cell line with sufficient receptor density to develop a binding assay, are
overcome by using a Phoenix retroviral expression system licensed from Stanford. The
stable HEK-hCRF1 cell line is used to prepare membranes and binding reactions (200 uL)
arc sct up as follows: 50 pL of **I-sauvagine (0.2 nM final), 50 pL compound and 100
uL CRF1 membrane (25 ug/reaction). The reactions are incubated at room temperature
for 2 h and then terminated by filtration through pre-treated FB Millipore glass fiber filter
plates (96 well). The plates are washed twice with ice-cold assay buffer (50 mM tris,
12.5 mM NaCl, | mM EDTA, 10 mM MgCl,, 0.05% BSA, pH 7.2), air dried over night
and counted with 100 uL Microscint 40 in a MicroBeta counter. Non-specific binding
(NSB) is determined in the presence of 0.5 pM non-labeled sauvagine. Triplicate
determinations are typically run and the median data points plotted by Graph Pad Prism.

Using this assay, the cxemplificd compounds of the present invention inhibit the
binding of 125I—Sauvagine (4 nM) in roller/adherent cells with a Ki (inhibition constant)

below 1 uM. For example, Example 15 exhibits a Ki of 6.2 nM.

Example C
CRF2 Filter Binding Assay

The limitations of plasmid-based human CRF?2 expression, in terms of generating
a recombinant cell line with sufficient receptor density to develop a binding assay, are
overcome by using a Phocnix retroviral cxpression system licensced from Stanford. The
stable HEK-hCRF?2 cell line is used to prepare membranes and binding reactions (200 uL)
arc sct up as follows: 50 pL of "*’T-sauvagine (0.2 nM final concentration), 50 ul.
compound and 100 pL. CRF2 membrane (25 pg/reaction). The reactions are incubated at
room temperaturc for 2 hours and then terminated by filtration through pre-treated FB
Millipore glass fiber filter plates (96 well). The plates are washed twice with ice-cold

assay buffer (50 mM tris, 12.5 mM NaCl, 1 mM EDTA, 10 mM MgCl, 0.05% BSA, pH
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7.2), air dried over night and counted with 100 puL. Microscint 40 in a MicroBeta counter.
Non-specific binding (NSB) is determined in the presence of 0.5 uM non-labeled
sauvagine. Alternatively, compounds are evaluated using a Scintillation Proximity assay.

This assay is sct up as follows: 50 uL of '*°

I-Sauvaginc (0.2 nM final concentration), 50
uL compound or non-labelled sauvagine (NSB) and 100 uL containing 250 pg wheat
germ agglutinin (WGA) SPA beads and CRF2 membrane (1.5 pg/reaction). Plates are
incubated for 4-5 h at room temperature and then centrifuged at 200 X g for 10 min.
Bound radioactivity is assessed using a Wallac Trilux scintillation counter. Binding is
assessed typically using triplicate determinations and the median data points plotted by
Graph Pad Prism. Compounds are initially screened at a fixed concentration and, if
sufficient activity is noted, subsequent concentration-response curves are generated.

Particular exemplified compounds of the present invention are tested in the CRF2
binding assay and exhibit weak affinity for the CRF2 receptor. For example, Example 15
exhibits 11% inhibition at a concentration of 50 uM. This result suggests that the
compounds of the present invention are selective for the CRF1 receptor, (relative to
CRF2).

Example D
Bioavailability and Pharmacokinetic Properties

The volume of distribution (Vdist) relates the amount of the drug in the body to
the concentration of the drug in the blood or plasma. The volume of distribution refers to
the fluid volume that would be required to contain the total amount of the drug in the
body at the same concentration as in the blood or plasma: Vdist = amount of drug in the
body/ concentration of drug in blood or plasma (Goodman and Gillman’s). For a 10 mg
dosc and a plasma conccentration of 10 mg/L, the volume of distribution would be 1 liter.
The volume of distribution reflects the extent to which the drug is present in the
extravascular tissue. A large volume of distribution reflects the tendency of a compound
to bind to the tissue components compared with plasma protein binding. In a clinical
setting, Vdist can be used to determine a loading dose to achieve a steady state
concentration.

To test for volume of distribution, Male Sprague Dawley rats (N=3) are

administered a single 1 mg/kg intravenous dose of compound. Multiple plasma samples
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are collected at time points from 0.08 to 24 hours post-dose. The plasma samples are
analyzed by LC/MS/MS to determine the plasma concentrations. Plasma
pharmacokinetic calculations are performed to determine the pharmacokinetic parameters
including Vdist and plasma clearance (Clp).

Compounds of the present invention preferably have favorable bioavailability
profiles. For cxamplc, a majority of commcrcial CNS and cardiovascular drugs cxhibit a
human Vdist of <10 L/Kg. In comparison with CRF antagonists, CP154526 (Schulz et
al., Proc. Natl. Acad. Sci. (USA), 93:10477 (1996)) and NBI30775 (Chen et al., Drug
Development Research, 65:216 (2005)), which exhibit a rat Vdist of 114 L/Kg and 76
L/Kg, respectively, when analyzed scparatcly. Example 15 of the prescent invention,
when analyzed separately, exhibits a rat Vdist of only 7.2 L/Kg following a single
intravenous dose of 1 mg/kg.

Further, the plasma clearance (CLp) is a measure of the rate of removal of the
drug from the body. Following an intravenous dose and first-order kinetics, the plasma
clearance may be determined using the following equation: CLp = Dose/ AUC, where
AUC is the total area under the curve that describes the concentration of the drug in the
plasma as a function of time from zero to infinity. Reference CRF antagonists CP154526
and NBI37582 cxhibit rat clcarance (CLp) of 83 and 306 mL/min/kg, respectively, when
analyzed separately, following a single intravenous dose, while Example 15 of the present

invention, when analyzed separately, exhibits a rat CLp of only 23.6 mL/min/kg.
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WE CLAIM:

1. A compound of Formula I

Formula I

5  wherein:
R' and R” are independently ethyl or z-propyl;
R? is hydrogen, CI, Br, methyl, triftuoromethyl or methoxy;
R* is hydrogen, Br, R°R"N-, methoxymethyl, z-butyl, acetamido, pyridin-4-yl,
CH

_ AN
X\O’ %N\D/NHQJ WNJ/N —

3

T

morpholin-4-yl, or € ;
10 R® and R® are independently hydrogen, C;-Csalkyl, H,NCH,CH>-,
(CH3)3COC(O)NHCH2CH2-, or CH3CH2CH2NHCH2CH2—;

or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, or a pharmaceutically acceptable salt

15 thereof, wherein R® is Cl, Br, mcthyl or trifluoromethyl.

3. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt

thereof, wherein R” is Cl or Br.

20 4. The compound according to any one of claims 1 to 3, or a pharmaceutically

fHa

acceptable salt thereof, wherein R* is R*R°N-, pyridin-4-yl, morpholin-4-yl, or N
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5. The compound according to any one of claims 1 to 4, or a pharmaceutically

s

acceptable salt thereof, wherein R? is morpholin-4-y1 or

6. The compound according to any one of claims 1 to 4, or a pharmaceuticaly
acceptable salt thereof, wherein R*is R®R°N- and R® and R® are independently Cy-
Csalkyl.

7. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, which is 3-[4-bromo-2-(2-methyl-2H-[1,2 4]triazol-3-y1)-thiazol-5-y1]-2,5-
dimethyl-7-(1-propyl-butyl)- pyrazolo[l,5-a]pyrimidine.

8. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, which is 3-(4-bromo-2-(2-methyl-2H-[1,2 4]triazol-3-y1)-thiazol-5-yl)-7-(1-ethyl-
propyl)-2,5-dimethyl-pyrazolo[ 1,5-a]pyrimidine.

9. The compound according to claim 1, or a pharmaceutically acceptable salt
thereof, which is 3-(4-chloro-2-morpholin-4-yl-thiazol-5-y1)-7-(1-ethyl-propyl)-2,5-
dimethyl-pyrazolo[ 1,5-a]pyrimidine.

10. A pharmaceutical composition comprising: a compound according to any
one of claims 1 to 9, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable excipient.

11. A method of treating depression, anxiety, alcohol or substance abuse, obesity,
hypertension, metabolic syndrome, irritable bowel syndrome, epilepsy, stroke, sleep
disorders, allergy, migraine, premenstrual syndrome, infertility, sexual dysfunction,
congenital adrenal hyperplasia, Cushing’s disease, premature labor, stress-induced gastric
ulceration, inflammatory disorders, pituitary or ectopic pituitary-derived tumors, chronic
fatigue syndrome, fibromyalgia, visceral pain or multiple sclerosis in a patient,

comprising: administering to a patient in need thereof a therapeutically effective amount
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of a compound according to any one of claims 1 to 9, or a pharmaceutically acceptable

salt thereof.

12. A method of treating anxiety or depression in a patient, comprising:
administering to a patient in need thereof a therapeutically effective amount of a
compound according to any onc of claims 1 to 9, or a pharmaccutically acceptablc salt

thereof.

13. A method of treating alcohol or substance abuse in a patient, comprising:
administering to a paticnt in nced thercof a therapeutically cffective amount of a
compound according to any one of claims 1 to 9, or a pharmaceutically acceptable salt

thereof.

14. A compound according to any one of Claims 1 to 9, or a pharmaceutically

acceptable salt thereof, for use in therapy.

15. A compound according to any one of claims 1 to 9, or a pharmaceutically
acccptable salt thercof, for usc in the treatment of depression, anxicty, alcohol or
substance abuse, obesity, hypertension, metabolic syndrome, irritable bowel syndrome,
epilepsy, stroke, sleep disorders, allergy, migraine, premenstrual syndrome, infertility,
sexual dysfunction, congenital adrenal hyperplasia, Cushing’s disease, premature labor,
stress-induced gastric ulceration, inflammatory disorders, pituitary or ectopic pituitary-
derived tumors, chronic fatigue syndrome, fibromyalgia, visceral pain or multiple

sclerosis.

16. A compound according to any onc of claims 1 to 9, or a pharmaccutically

acceptable salt thereof, for use in the treatment of anxiety or depression.

17. A compound according to any one of claims 1 to 9, or a pharmaceutically

acceptable salt thereof, for use in the treatment of alcohol or substance abuse.

PCT/US2007/078605
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effect in warm-blooded animals such as humans. The present invention further relates to compounds of the formula (I), pharmaceutical
compositions containing them, processes for their preparation and to a method of treatment using the compounds to produce a vascular
damaging effect in a warm-blooded animal such as a human. The compounds of formula (I) and the pharmaceutically acceptable salts
thereof may be useful in the treatment of a number of disease states including cancer and rheumatoid arthritis.
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COLCHINOL DERIVATIVES AS VASCULAR DAMAGING AGENTS

The present invention relates to vascular damaging agents, in particular to the use
of compounds of the invention in the manufacture of medicaments for use in the production of
antiangiogenic effects in warm-blooded animals such as humans, to processes for the
preparation of such compounds, to pharmaceutical compositions containing such compounds
as active ingredient, to methods for the treatment of disease states associated with
angiogenesis and to the use of such compounds as medicaments.

Normal angiogenesis plays an important role in a variety of processes including
embryonic development, wound healing and several components of female reproductive
function. Undesirable or pathological angiogenesis has been associated with disease states
including diabetic retinopathy, psoriasis, cancer, rheumatoid arthritis, atheroma, Kaposi's
sarcoma and haemangioma (Fan et al, 1995, Trends Pharmacol. Sci. 16: 57-66; Folkman,
1995, Nature Medicine 1: 27-31). Formation of new vasculature by angiogenesis is a key
pathological feature of several diseases (J. Folkman, New England Journal of Medicine 333,
1757-1763 (1995)). For example, for a solid tumour to grow it must develop its own blood
supply upon which it depends critically for the provision of oxygen and nutrients; if this blood
supply is mechanically shut off the tumour undergoes necrotic death. Neovascularisation is
also a clinical feature of skin lesions in psoriasis, of the invasive pannus in the joints of
rheumatoid arthritis patients and of atherosclerotic plaques. Retinal neovascularisation is
pathological in macular degeneration and in diabetic retinopathy.

Reversal of neovascularisation by damaging the newly-formed vascular endothelium is
expected to have a beneficial therapeutic effect. The present invention is based on the
discovery of tricyclic compounds that surprisingly specifically damage newly formed
vasculature without affecting the normal, established vascular endothelium of the host species,
a property of value in the treatment of disease states associated with angiogenesis such as
cancer, diabetes, psoriasis, rheumatoid arthritis, Kaposi’s sarcoma, haemangioma, acute and
chronic nephropathies, atheroma, arterial restenosis, autoimmune diseases, acute
inflammation, endometriosis, dysfunctional uterine bleeding and ocular diseases with retinal
vessel proliferation.

Compounds of the present invention are colchinol derivatives. Colchinol derivatives

for example N-acetyl-colchinol are known. Anti-tumour effects have been noted on animal
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models (see for example - Jnl. Natl. Cancer Inst. 1952, 13, 379-392). However, the effect
studied was that of gross damage (haemorrhage, softening and necrosis) and there is no
suggestion of treatment of inappropriate angiogenesis by destruction of neovasculature.

A search of Chemical Abstracts (post 1955) based on the substructure:

JO
» O

revealed a number of colchinol related structures. To the extent that any of these compounds
have been studied for anti-cancer activity it is because tubulin-binding agents like colchinol
might be expected to be anti-mitotic and therefore to have a direct effect on tumour cells.
Some compounds which bind tubulin have been shown to have anti-vascular effects when
given at their maximum tolerated dose (MTD) (S.A. Hill et al. Eur. J Cancer, 29A, 1320-1324
(1993)) but other tubulin-binding agents have no vascular-damaging activity even when
administered at the MTD, for example docetaxel (Lancet, 1994, 344, 1267-1271). Based on
this information and in the course of the work on the present invention, the issue of the
relevance of tubulin-binding properties to possible effectiveness as anti-vascular agent was
studied but no predictability was found. No correlation between the potency of tubulin
interaction and effectiveness as an anti-vascular agent is apparent. Certain compounds
structurally related to those of the present invention but not of the present invention, have
been found to have a therapeutic window (ratio of MTD to minimum effective dose (MED))
too small for potential clinical effectiveness.

The presence of tubulin-binding properties is then not predictive for antivascular
activity. Compounds which have strong tubulin-binding activity give rise to antimitotic
effects in vivo. The effects of this are most noticeable on proliferating tissue and give rise to
undesirable effects, for example on the proliferative tissue of the gut and bone marrow.
Compounds which have vascular damaging activity but weak tubulin-binding activity would
therefore be useful in the treatment of diseases involving angiogenesis.

It is believed, though this is not limiting on the invention, that the use of compounds

of the invention damages newly-formed vasculature, for example the vasculaturce of tumours,
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thus effectively reversing the process of angiogenesis as compared to known anti-angiogenic
agents which tend to be less effective once the vasculature has formed.
According to one aspect of the present invention there is provided the use of a

compound of the formula I:

@
wherein
X is
-C(0)-, -C(S)-, -C=NOH, or -CH(R")- wherein R’ is hydrogen, hydroxy, C,_,alkoxy, -OR® or -

NR®R? (wherein R® is a group -Y'R'® (wherein Y' is a direct bond, -C(O)-, -C(S)-, -S-, -
C(0)O-, -C(O)NR!'-, -SO,- or -SO,NR"- (wherein R'' and R"?, which may be the same or
different, each independently represents hydrogen, C, ;alkyl or C, jalkoxyC, ;alkyl) and R' is
selected from one of the following nine groups:
1) hydrogen, C,,alkyl, C, ;,cycloalkyl, C,_alkylY*C, ,alkyl wherein Y* is as defined
hereinafter, or phenyl,
(which alkyl, cycloalkyl, alkylY®alkyl or phenyl group may bear one or more substituents
selected from:
halogeno, amino, C, ,alkylamino, di{(C, jalkyl)amino, hydroxy, carboxy, carbamoyl,
Calkoxy, C ,alkylsulphanyl, C _,alkylsulphonyl, C, jalkoxycarbonylamino, C,.
.alkanoyl, phenyl, nitro, sulphate, phosphate,
Z' (wherein Z' represents a 5-6 membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C,_,alkyl, C, shydroxyalkyl, C, ,alkoxy, C,.
.aminoalkyl, C, ;alkanoyl, cyanoC, ,alkyl, C, ,alkoxyC, alkyl, C,.
,alkylsulphonylC alkyl and 7’ (wherein Z’ is a 5-6-membered saturated
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heterocyclic group (linked via carbon or nitrogen) with 1-2 heteroatoms,

selected independently from O, S and N, which heterocyclic group may bear 1

or 2 substituents selected from
oxo, hydroxy, halogeno, C,_alkyl, C,_hydroxyalkyl, C, alkoxy, C,.
,aminoalkyl, C, ;alkanoyl, cyanoC, jalkyl, C jalkoxyC, ,alkyl and C,.
(alkylsulphonylC, ,alkyl)),
C,alkylZ' (wherein Z' is as defined hereinbefore), and
a group -Y’R" (wherein Y? is -NR"C(O)- or -O-C(O)- (wherein R represents
hydrogen, C, ;jalkyl or C, jalkoxyC, ;alkyl) and R" is C,alkyl, C, cycloalkyl or a

group R" wherein R" is a phenyl group or a 5-10-membered aromatic heterocyclic

group (linked via carbon or nitrogen) with |-4 heteroatoms selected independently

from O, N and S, which phenyl or aromatic heterocyclic group may bear one or more

substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,_haloalkyl, C,.

Jalkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C _,alkylamino, C,_hydroxyalkoxy,

carboxy, cyano, -CONR'R'” and -NR"¥COR'"® (wherein R', R, R'® and R"’, which

may be the same or different, each represents hydrogen, C, ;alkyl or C,_;alkoxyC,.
salkyl)));

2) R” wherein R" is as defined hereinbefore;

3) C,,alkenylR" (wherein R'’ is as defined hereinbefore);

4) C,_alkynylR" (wherein R'® is as defined hereinbefore));

5) Z' (wherein Z' is as defined hereinbefore),

6) C,,alkylZ' (wherein Z' is as.defined hereinbefore);

7) C,,alkyl Y*Z' (wherein Z' is as defined hereinbefore and Y* is -C(O)-, -NR**C(O)-, -

NR*C(0)C,_alkyl-, -C(O)NR®- or -C(O)NR*C,_alkyl-, (wherein R* and R, which may be

the same or different, each represents hydrogen, C,_;alkyl, C,;hydroxyalkyl or C_;alkoxyC,.

salkyl));

8) (C,.;alkyl).Y®Z? (wherein c is 0 or 1, Z’ is an amino acid group and Y” is a direct bond, -
p

C(O)- or -NR®'- (wherein R* is hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl)); and
9) C,,alkylR'® (wherein R" is as defined hereinbefore);

and R’ is hydrogen, C, ,alkyl or C; ,cycloalkyl, which alkyl or cycloalkyl group may bear one

or more substituents selected from C, ,alkoxy and phenyl);
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R!, R? and R? are each independently

hydrogen, PO,H,, sulphate, C, ,cycloalkyl, C,;alkenyl, C,alkynyl, C, ;alkanoyl, a group

R*C, ,alkyl (wherein R is pheny! which may bear one or more substituents selected from C,_

«alkyl, C, alkoxy, C,aminoalkyl and C_hydroxyalkoxy), C,alkyl or C ,alkylsulphonyl
(which alkyl or alkylsulphonyl group may bear one or more substituents selected from:
halogeno, amino, C,_,alkylamino, di(C,_.alkyl)amino, hydroxy, C,_,alkoxy, C,.
.alkylsulphanyl, C,alkylsulphonyl, C, jalkoxycarbonylamino, C,_alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y?R* (wherein Y* is -NR*C(O)- or
-0-C(O)- (wherein R* represents hydrogen, C, jalkyl or C, jalkoxyC, ;alkyl) and R* is C,_
,alkyl, C, ,cycloalkyl or a group R*” wherein R* is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_,alkyl, C,.
Jhaloalkyl, C_alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C,_alkylamino, C,.
hydroxyalkoxy, carboxy, cyano, -CONR*R* and -NR*COR”” (wherein R™, R*, R* and
R¥, which may be the same or different, each represents hydrogen, C, jalkyl or C,.
jalkoxyC, ;alkyl)));

with the proviso that at least two of R', R* and R? are Calkyl;

RY, R’ and R® are each independently selected from:

hydrogen, -OPQ,H,, phosphonate, cyano, halogeno, nitro, amino, carboxy, carbamoyl,

hydroxy, C, ;alkoxy, C, ,alkanoyl, C, ;thioalkoxy, C, ;alkyl,
(which alkyl group may bear one or more substituents selected from:
halogeno, amino, C, ,alkylamino, di(C,_,alkyl)amino, hydroxy, C,_alkoxy, C,_
qalkylsulphanyl, C, jalkylsulphonyl, C, ,alkoxycarbonylamino, C,,alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y*R?*® (wherein Y’ is -NR*C(0)- or -O-C(O)-
(wherein R represents hydrogen, C;alkyl or C,jalkoxyC, ;alkyl) and R* is C, ,alkyl, C,.
,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C _alkyl, C,.

shaloalkyl, C, alkoxy, C, hydroxyalkyl, C,_jaminoalkyl, C,_alkylamino, C,.
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shydroxyalkoxy, carboxy, cyano, -CONR*'R* and -NR* COR* (wherein R*', R*, R* and

R*, which may be the same or different, each represents hydrogen, C,,alkyl or C,_

;alkoxyC, ,alkyl))), and

a group -Y'R¥

(wherein Y* is -C(O)-, -OC(O)-, -O-~, -SO-, -80,-, -0S0,-, -NR*-, -C_ ,alkyINR*-, -C,.

LalkylC(0)-, -NR*’C(0)-, -OC(0)O-, -C(O)NR¥- or -NR¥C(0)O- (wherein R*, R*’, R*

and R*, which may be the same or different, each represents hydrogen, C, ;alkyl or C,_

salkoxyC, jalkyl) and

R* is a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate,

hydroxy, amino, C, ;alkyl, C, ;alkoxy, C, ;alkanoyl, C, ;alkylamino, di(C, alkyl)amino,

aminoC, ,alkylamino, C, ,alkylaminoC, ;alkylamino, C, ;alkanoylaminoC, alkyl, di(C,.

;alkyl)aminoC, ;alkylamino, C, ,alkylphosphate, C, ;alkylphosphonate, C,

;alkylcarbamoylC, jalkyl,
(which alkyl, alkoxy, alkanoyl, alkylamino, dialkylamino, aminoalkylamino,
alkylaminoalkylamino, alkanoylaminoalkyl, dialkylaminoalkylamino, alkylphosphate,
alkylphosphonate or alkylcarbamoylalkyl, may bear one or more substituents selected
from:
halogeno, amino, C, ,alkylamino, di(C, ,alkyl)amino, hydroxy, C,_hydroxyalkyl, C,.
alkoxy, C,alkylsulphanyl, C ,alkylsulphonyl, C, ,alkoxycarbonylamino, C,.
,alkanoyl, carboxy, phenyl, nitro, sulphate, phosphate and a group -Y°R*’ (wherein Y*
is -NR*'C(O)-, -C(O)NR"*-, -C(0)-0O- or -O-C(O)- (wherein R*" and R* which may be
the same or different each represents hydrogen, C, jalkyl or C, jalkoxyC, jalkyl) and
R* is C, salkyl, C; ,cycloalkyl, carboxyC, ,alkyl or a group R** wherein R* is a phenyl
group, a benzyl group or a 5-10-membered aromatic heterocyclic group (linked via
carbon or nitrogen) with 1-4 heteroatoms selected independently from O, N and S,
which phenyl, benzyl or aromatic heterocyclic group may bear one or more
substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C, jhaloalkyl, C,.
.alkoxy, C,hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C,_hydroxyalkoxy,
carboxy, cyano, -CONR*R*® and -NR*COR* (wherein R*, R¥, R* and R", which
may be the same or different, each represents hydrogen, C,;alkyl or C, jalkoxyC,.
salkyl))),
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R* (wherein R* is a phenyl group, a benzyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may
bear one or more substituents selected from
5 hydroxy, nitro, halogeno, amino, C, jalkyl, C,_haloalkyl, C, jalkoxy, C, hydroxyalkyl,
C,,aminoalkyl, C, ,alkylamino, di(C, jalkyl)amino, di(C,_alkyl)aminoC, _alkyl, di(C,.
shydroxyalkyl)aminoC,_jalkyl, di(C, aminoalkyl)aminoC, ,alkyl, C, hydroxyalkoxy,
carboxy, C, ,carboxyalkyl, phenyl, cyano, -CONR*R*, -NR*'COR* (wherein R*, R*,
R®' and R*, which may be the same or different, each represents hydrogen, C, jalkyl or
10 C, ,alkoxyC,,alkyl) and C,_alkyIR* (wherein R* is as defined hereinafter),
C,,alkylR*® (wherein R* is as defined hereinbefore),
R (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from
15 oxo, hydroxy, halogeno, C,alkyl, C, jhydroxyalkyl, C,_alkoxy, C, carboxyalkyl, C,.
,aminoalkyl, di(C,_,alkyl)aminoC,_alkyl, C, ;alkoxyC,_alkyl, C,alkylsulphonylC,_
,alkyl and R* (wherein R* is a 5-6-membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
20 oxo, hydroxy, halogeno, C, ,alkyl, C, ,hydroxyalkyl, C, ;alkoxy, C,_alkoxyC,.
,alkyl and C_alkylsulphonylC, ,alkyl)), or
(CH,),Y*(CH,),R™ (wherein R* is as defined hereinbefore, a is 0, or an integer 1-4, b is 0
or an integer 1-4 and Y® represents a direct bond, -O-, -C(O)-, -NR*-, -NR**C(O)- or -
C(O)NR’'- (wherein R¥, R*®, and R*’, which may be the same or different, each represents
25 hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl), and wherein one or more of the (CH,), or
(CH,), groups may becar one or more substituents selected from hydroxy, amino and
halogeno));
with the proviso that R’ is not hydroxy, alkoxy, substituted alkoxy (wherein R® is Y*R* and
Y* is -O- and R* is C, ;alkyl bearing one or more substituents selected from the list given

30 hereinbefore), -OPO,H,, -O-C, ;alkanoy! or benzyloxy;
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and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof in the manufacture of a medicament for use in the production of a vascular
damaging effect in warm-blooded animals such as humans.

According to a further aspect of the present invention there is provided the use of a
compound of the formula I as defined hereinbefore and salts thereof, pharmaceutically
acceptable salts thereof, solvates and hydrates thereof, and prodrugs thereof in the
manufacture of a medicament for use in the production of a vascular damaging effect at less
than the maximum tolerated dose in warm-blooded animals such as humans.

Conveniently X is -C(O)-, -C(S)- or -CH(R")- wherein R’ is hydrogen, hydroxy, -OR?® or -
NR®R® (wherein R® is a group -Y'R'® (wherein Y' is a direct bond, -C(O)-, -C(S)-, -S-, -
C(0)O-, -C(O)NR''-, -8O,- or -SO,NR'’- (wherein R'' and R"”, which may be the same or
different, each independently represents hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl) and R" is
selected from one of the following seven groups:
1) hydrogen, C, ,alkyl, C, ,cycloalkyl, C, ,alkylY*C, ,alkyl wherein Y® is as defined
hereinafter, or phenyl,
(which alkyl, cycloalkyl, alkylY®alkyl or phenyl group may bear one or more substituents
selected from:

halogeno, amino, C, ,alkylamino, di(C, jalkyl)amino, hydroxy, carboxy, carbamoyl,

C,qalkoxy, C,,alkylsulphanyl, C _alkylsulphonyl, C, ,alkoxycarbonylamino, C,.

salkanoyl, phenyl, nitro, sulphate, phosphate,

Z' (wherein Z' represents a 5-6 membered saturated heterocyclic group (linked via

carbon or nitrogen) with 1-2 heteroatoms, sclected independently from O, S and N,

which heterocyclic group may bear 1 or 2 substituents selected from

oxo, hydroxy, halogeno, C,alkyl, C, jhydroxyalkyl, C,alkoxy, C,.
,aminoalkyl, C,,alkanoyl, cyanoC,_jalkyl, C,jalkoxyC, ,alkyl, C,.
.alkylsulphonylC,_jalkyl and Z? (wherein Z? is a 5-6-membered saturated
heterocyclic group (linked via carbon or nitrogen) with 1-2 heteroatoms,
selected independently from O, S and N, which heterocyclic group may bear 1
or 2 substituents selected from

oxo0, hydroxy, halogeno, C, jalkyl, C,hydroxyalkyl, C _alkoxy, C,.

,aminoalkyl, C,_alkanoyl, cyanoC,_alkyl, C, alkoxyC alkyl and C,.

(alkylsulphonylC, alkyl)),
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C,.qalkylZ' (wherein Z' is as defined hereinbefore), and
a group - Y?R" (wherein Y? is -NR"C(0)- or -O-C(0)- (wherein R'* represents
hydrogen, C, ;alkyl or C, jalkoxyC, ;alkyl) and R" is Calkyl, C, cycloalkyl or a
group R'* wherein R is a 5-10-membered aromatic heterocyclic group (linked via
carbon or nitrogen) with 1-4 heteroatoms selected independently from O, N and S,
aromatic heterocyclic group may bear one or more substituents selected from hydroxy,
nitro, halogeno, amino, C, alkyl, C, jhaloalkyl, C, ,alkoxy, C,_jhydroxyalkyl, C,.
;aminoalkyl, C, ,alkylamino, C, hydroxyalkoxy, carboxy, cyano, -CONR'"R'" and -
NR'*COR" (wherein R'®, RV, R'® and R"’, which may be the same or different, each
represents hydrogen, C,;alkyl or C,jalkoxyC, ;alkyl)));
2) R" wherein R'® is as defined hereinbefore;
3) Z' (wherein Z!' is as defined hereinbefore);
4) C,,alkylZ' (wherein Z' is as defined hereinbefore);
5) C,alkylY®Z' (wherein Z' is as defined hereinbefore and Y* is -C(O)-, -NR*’C(0)-, -
NR¥C(0)C_alkyl-, -C(O)NR®- or -C(O)NR®C, _jalkyl-, (wherein R* and R®, which may be
the same or different, each represents hydrogen, C, ;alkyl, C, ;hydroxyalkyl or C, ;alkoxyC,.
salkyD));
6) (C,,alkyl).YZ* (wherein ¢ is 0 or 1, Z* is an amino acid group and Y’ is a direct bond, -
C(O)- or -NR®'- (wherein R* is hydrogen, C, ;alkyl or C, ;alkoxyC,alkyl)); and
7) C,,alkylR" (wherein R" is as defined hereinbefore));
and R’ is hydrogen, C, ,alkyl or C, ;cycloalkyl, which alkyl or cycloalkyl group may bear one
or more substituents selected from C, jalkoxy and phenyl).
Advantageously X is -CH(R")- wherein R’ is -OR® or -NR®*R’ (wherein R® is a group -Y'R"
(wherein Y! is -C(O)-, -C(O)O- or -C(O)NR'"'- (wherein R"' represents hydrogen, C, ;alkyl or
C,alkoxyC, ;alkyl) and R' is as defined hereinbeforc) and R9 is as defined hereinbefore).
Preferably X is -CH(R")- wherein R is -OR® or -NR®R’ (wherein R* is a group -Y'R"
(wherein Y! is -C(Q)- or -C(O)O- and R is as defined hereinbefore) and R9 is as defined
hereinbefore).
In one embodiment of the present invention preferably X is -C(O)-, -CH,-, -CH(OH)- or -
CH(NHC(O)CH,)-.
In onc embodiment of the present invention more preferably X is -CH(NHC(O)CH,)-.

Conveniently R', R? and R? are each independently
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hydrogen, PO,H,, sulphate, C, ;alkyl, C; ,cycloalkyl, C, alkenyl, C, alkynyl, C, ;alkanoyl, C,.

;alkylsulphonyl or a group R*C, jalkyl (wherein R* is phenyl which may bear one or more

substituents selected from C,_jalkyl, C, alkoxy, C, ,aminoalkyl and C, hydroxyalkoxy);

with the proviso that at least two of R', R? and R* are C, alkyl.

Preferably R', R? and R’ are each independently C_alkyl.

More preferably R', R? and R* are each methyl.

Conveniently R* is

hydrogen, cyano, halogeno, nitro, amino, hydroxy, C, ;alkoxy, C, ;thioalkoxy, C,_;alkanoyl or

C,alkyl,
(which alkyl group may bear one or more substituents selected from
halogeno, amino, C, alkylamino, di(C,_,alkyl)amino, hydroxy, C,_salkoxy, C,.
salkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C,  alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y'R** (wherein Y" is -NR*C(O)- or -O-
C(O)- (wherein R” represents hydrogen, C, jalkyl or C, ;alkoxyC, ;alkyl) and R*® is C,_
Lalkyl, C, .cycloalkyl or a group R*® wherein R*® is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which pheny! or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_alkyl, C,.
zhaloalkyl, C, alkoxy, C, shydroxyalkyl, C, ,aminoalkyl, C jalkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR*R* and -NR*COR? (wherein R*', R*?, R* and
R*, which may be the same or different, each represents hydrogen, C, ;alkyl or C,.
salkoxyC, ;alkyl))).

Preferably R* is hydrogen, hydroxy, halogeno, cyano, amino or C, ;alkanoyl.

More preferably R is hydrogen.

Conveniently R® and R® are each independently selected from:

hydrogen, -OPO,H,, phosphonate, cyano, halogeno, nitro, amino, carboxy, carbamoyl,

hydroxy, C,alkoxy, C,,alkanoyl, C, ;thioalkoxy, C, ,alkyl,
(which alkyl group may bear one or more substituents selected from:
halogeno, aming, C,_alkylamino, di{(C,_jalkyl)amino, hydroxy, C, salkoxy, C,.
salkylsulphanyl, C, jalkylsulphonyl, C,_alkoxycarbonylamino, C,_alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y’R* (wherein Y’ is -NR*C(O)- or -O-C(O)-
(wherein R? represents hydrogen, C,jalkyl or C, jalkoxyC,_jalkyl) and R* is C,,alkyl, C,.
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,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,.
,haloalkyl, C, jalkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR*'R* and -NR*COR* (wherein R*', R*, R* and
R* which may be the same or different, each represents hydrogen, C, ;alkyl or C,.

;alkoxyC, ;alkyl))), and

a group -Y'R*

(wherein Y* is -C(0)-, -OC(O)-, -O-, -SO-, -8O,-, -0S0,-, -NR*-, -C, ,alkyINR*-, -C,.
LalkylC(0)-, -NRYC(0)-, -OC(0)O-, -C(O)NR*- or -NR*’C(0)O- (wherein R¥, R, R*
and R*, which may be the same or different, each represents hydrogen, C, ,alkyl or C,.
;alkoxyC,_;alkyl) and
R¥ is a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate,
hydroxy, amino, C,_;alkyl, C, ;alkoxy, C,,alkanoyl, C, ;alkylamino, di{C, ;alkyl)amino,
aminoC, ,alkylamino, C, ;alkylaminoC  ,alkylamino, C, ;alkanoylaminoC, ;alkyl, di(C,.
,alkylaminoC, ;alkylamino, C, ,alkylphosphate, C, ;alkylphosphonate, C,.
,alkylearbamoylC, ,alkyl,
(which alkyl, alkoxy, alkanoyl, alkylamino, dialkylamino, aminoalkylamino,
alkylaminoalkylamino, alkanoylaminoalkyl, dialkylaminoalkylamino, alkylphosphate,
alkylphosphonate or alkylcarbamoylalkyl, may bear one or more substituents selected
from:
halogeno, amino, C, jalkylamino, di{C,_jalkyl)amino, hydroxy, C, jhydroxyalkyl, C,.
alkoxy, C, alkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C,.
,alkanoyl, carboxy, phenyl, nitro, sulphate, phosphate and a group -Y°R*’ (wherein Y*
is -NR*C(0)-, -C(O)NR*- -C(0)-0- or -O-C(0)- (wherein R*! and R** which may be
the same or different each represents hydrogen, C, jalkyl or C,_;alkoxyC, ;alkyl) and
R* is C,,alkyl, C,_ cycloalkyl, carboxyC, ,alkyl or a group R* wherein R* is a phenyl
group, a benzyl group or a 5-10-membered aromatic heterocyclic group (linked via
carbon or nitrogen) with 1-4 heteroatoms selected independently from O, N and S,
which phenyl, benzy! or aromatic heterocyclic group may bear one or more

substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C, ;haloalkyl, C,
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qalkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C,_alkylamino, C, ;hydroxyalkoxy,
carboxy, cyano, -CONR*R" and -NR™“COR" (wherein R*, R*’, R* and R¥’, which
may be the same or different, each represents hydrogen, C,,alkyl or C,_;alkoxyC,.
salkyl))),
R* (wherein R® is a phenyl group, a benzyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl, benzy! or aromatic heterocyclic group may
bear one or more substituents selected from
hydroxy, nitro, halogeno, amino, C,_alkyl, C _haloalkyl, C,_alkoxy, C, hydroxyalkyl,
C,,aminoalkyl, C, ,alkylamino, di(C,_,alkyl)amino, di(C,_,alkyl)aminoC, salkyl, di(C,.
<hydroxyalkylaminoC, ,alkyl, di(C, jaminoalkyl)aminoC, _alkyl, C, ;hydroxyalkoxy,
carboxy, C, ,carboxyalkyl, phenyl, cyano, -CONR*R*’, -NR*'COR* (wherein R*’, R,
R®' and R*?, which may be the same or different, each represents hydrogen, C, ;alkyl or
C,alkoxyC, ;alkyl) and C, ,alkylR> (wherein R* is as defined hereinafter),
C,alkylR* (wherein R* is as defined hereinbefore),
R? (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C, jalkyl, C, hydroxyalkyl, C, ,alkoxy, C, scarboxyalkyl, C,.
.aminoalkyl, di(C _alkyl)aminoC _,alkyl, C _,alkoxyC, ,alkyl, C, ,alkylsulphonylC,.
.alkyl and R** (wherein R* is a 5-6-membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C,_jalkyl, C, hydroxyalkyl, C,alkoxy, C, alkoxyC,.
q,alkyl and C,_alkylsulphonylC, _4alkyl)), or
(CH,),Y%(CH,),R” (wherein R™ is as defined hereinbefore, a is 0, or an integer 1-4, b is 0
or an integer 1-4 and Y* represents a direct bond, -O-, -C(O)-, -NR**-, -NR**C(O)- or -
C(O)NR*- (wherein R*, R*®, and R”, which may be the same or different, each represents
hydrogen, C, ;alkyl or C,_;alkoxyC,;alkyl), and wherein one or more of the (CH,), or
(CH,), groups may bear one or more substituents selected from hydroxy, amino and

halogeno));
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with the proviso that R’ is not hydroxy, alkoxy, substituted alkoxy (wherein R’ is Y'R*® and
Y'is -O- and R* is C, ,alkyl bearing one or more substituents selected from the list given
hereinbefore), -OPO,H,, -O-C, ;alkanoyl or benzyloxy.

In another embodiment of the present invention conveniently R’ and R® are each
independently selected from:

hydrogen, -OPO,H,, cyano, halogeno, nitro, amino, carboxy, hydroxy, C,_,alkoxy, C,.
,alkanoyl, C, ,thioalkoxy, C, ;alkyl,

(which alkyl group may bear one or more substituents selected from:

halogeno, amino, C,_,alkylamino, di(C,_alkyl)amino, hydroxy, C, ,alkoxy, C,.
.alkylsulphanyl, C,_jalkylsulphonyl, C,_alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y°R*® (wherein Y? is -NR*C(O)- or -O-C(Q)-
{wherein R* represents hydrogen, C, alkyl or C,_jalkoxyC, ;alkyl) and R* is C, ,alkyl, C,.
,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_jalkyl, C,.
Jhaloalkyl, C, alkoxy, C,_hydroxyalkyl, C, ,aminoalkyl, C, jalkylamino, C,.
;hydroxyalkoxy, carboxy, cyano, -CONR?'R?? and -NR* COR™ (wherein R*!, R* R and
R, which may be the same or different, each represents hydrogen, C, ;alkyl or C,.

s;alkoxyC, jalkyl))), and

a group - YR

(wherein Y* is -C(O)-, -OC(O)-, -O-, -SO-, -80,-, -0S0,-, -NR*-, -NR’C(0)-, -OC(0)O-
, -C(O)NR™- or -NR*C(0)O- (wherein R*®, R*, R*® and R*, which may be the same or
different, each represents hydrogen, C,_jalkyl or C, ,alkoxyC,;alkyl) and R* is
a sugar moicty, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate, C,
,alkyl, Calkoxy, C, jalkanoyl, aminoC, ;alkylamino, C,_,alkylaminoC, ;alkylamino,
di(C, ,alkyDaminoC, ;alkylamino, C,_alkylphosphate
(which alkyl, alkoxy, alkanoyl, aminoalkylamino, alkylaminoalkylamino,
dialkylaminoalkylamino, or alkylphosphate may bear one or more substituents
selected from:
halogeno, amino, C,_alkylamino, di(C,_alkyl)amino, hydroxy, C, ,alkoxy, C;.

L,alkylsulphanyl, C, ,alkylsulphonyl, C, _,alkoxycarbonylamino, C, jalkanoyl, carboxy,
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phenyl, nitro, sulphate, phosphate and a group -Y°R*’ (wherein Y* is -NR*'C(O)-, -
C(O)NR*¥-, -C(0)-O- or -O-C(0O)- (wherein R" and R*? which may be the same or
different each represents hydrogen, C, ;alkyl or C, jalkoxyC, ;alkyl) and R* is C,.
,alkyl, C,.cycloalkyl, carboxyC, ,alkyl or a group R*’ wherein R*' is a phenyl group, a
benzyl group or a 5-10-membered aromatic heterocyclic group (linked via carbon or
nitrogen) with 1-4 heteroatoms selected independently from O, N and S, which
phenyl, benzyl or aromatic heterocyclic group may bear one or more substituents
selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,_haloalkyl, C, jalkoxy, C,.
shydroxyalkyl, C, ,aminoalkyl, C,alkylamino, C, jhydroxyalkoxy, carboxy, cyano, -
CONR"R* and -NR*COR" (wherein R*, R**, R* and R, which may be the same or
different, each represents hydrogen, C, jalkyl or C, jalkoxyC, ;alkyl))),
R*® (wherein R* is a phenyl group, a benzyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may
bear one or more substituents selected from hydroxy, nitro, halogeno, amino, C, jalkyl, C,.
saloalkyl, C,alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C,.
chydroxyalkoxy, carboxy, phenyl, cyano, -CONR*R* and -NR*'COR** (wherein R*, R*,
R and R*?, which may be the same or different, each represents hydrogen, C, ;alkyl or C,.
;alkoxyC, jalkyl)), or
R** (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from oxo, hydroxy, halogeno, C,.
alkyl, C hydroxyalkyl, C,_alkoxy, C,_,alkoxyC, alkyl, C, alkylsulphonylC, alkyl and
R** (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from oxo, hydroxy, halogeno, C,.
alkyl, C, hydroxyalkyl, C,_alkoxy, C,,alkoxyC,alkyl and C, ,alkylsulphonylC,.
alkyl));
with the proviso that R’ is not hydroxy, alkoxy, substituted alkoxy, -OPO;H,,
-0-C, ;alkanoyl or benzyloxy.
Preferably R® is hydrogen, halogeno, amino, carboxy, hydroxy, C, ;alkoxy or a group Y*R*
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(wherein Y* is -C(Q)-, -O- or -OSO,- and R* is C, ;alkyl, C, ;alkoxy (which alkyl or alkoxy
may bear one or more substituents selected from halogeno), R* (wherein R*® is a benzyl
group) or R** (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon
or nitrogen) with 1-2 heteroatoms selected independently from O, S and N)).
Particularly R® is hydrogen, C(O)OCH, or methoxy, especially C(O)OCH, or methoxy.
More preferably R® is hydrogen.
Preferably R® is hydrogen, halogeno, amino, carboxy, carbamoy!, C;_7alkanoyl, C,.
,thioalkoxy, or
a group -Y*R*
(wherein Y* is -C(O)-, -OC(0)-, -O-, -SO-, -0S0,-, -NR*-, -NRC(O)- or -C(O)NR*-
(wherein R*®, R* and R*, which may be the same or different, each represents hydrogen,
C, alkyl or C, jalkoxyC, ,alkyl) and
R* is a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, C, ,alkyl,
C,,alkoxy, C ;alkanoyl, C, ,alkanoylaminoC, ;alkyl,
(which alkyl, alkoxy, alkanoyl, alkanoylaminoalky! may bear one or more substituents
selected from:
halogeno, amino, hydroxy, carboxy, and a group -Y°R* (wherein Y is -C(0Q)-O- or -
O-C(0)- and R*® is C, ,alkyl or a group R* wherein R*’ is a benzyl group),
R"® (wherein R* is a phenyl group, a benzyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may
bear one or more substituents selected from
hydroxy, fluoro, amino, C,_,alkoxy, C, ;hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino,
di(C, jalkylamino, di(C,_jalkyl)aminoC,alkyl, di(C, jhydroxyalkyl)aminoC, ,alkyl,
di(C, yaminoalkyaminoC, alkyl, C, hydroxyalkoxy, carboxy, C, carboxyalkyl,
cyano, -CONR¥R®_ -NR’'COR (wherein R, R*, R*' and R*, which may be the
same or different, each represents hydrogen, C, jalkyl or C, ;alkoxyC, jalkyl) and C,_
4alkylR® (wherein R> is as defined hereinafter),
C,salkylR*® (wherein R* is as defined hereinbefore),
R*? (wherein R® is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which

heterocyclic group may bear 1 or 2 substituents selected from
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oxo, hydroxy, fluoro, chloro, C,_,alkyl, C, shydroxyalkyl, C, ,alkoxy, C,_carboxyalkyl,
C,,aminoalkyl, di(C, ,alkyl)aminoC,_alkyl, C,_ ,alkoxyC,_,alkyl, C,_ alkylsulphonylC,.
,alkyl and R* (wherein R* is a 5-6-membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
OXO, hydroxy, halogeno, C, ,alkyl, C,_hydroxyalkyl, C, ,alkoxy, C,_alkoxyC,.
salkyl and C,_alkylsulphonylC, ,alkyl)), or
(CH,),Y*(CH,),R** (wherein R™ is as defined hereinbefore, a is 0, or an integer 1-4, b is 0
or an integer 1-4 and Y* represents a direct bond, -O-, -C(O)-, -NR*’-, -NR**C(0)- or -
C(O)NR?’- (wherein R**, R*, and R, which may be the same or different, each represents
hydrogen, C, ;alkyl or C, jalkoxyC, ;alkyl), and wherein one or more of the (CH,), or
(CH,), groups may bear one or more substituents selected from hydroxy, amino and
halogeno));
with the proviso that R® is not alkoxy, substituted alkoxy (wherein R’ is Y*R** and Y* is -O-
and R* is C, ;alkyl bearing one or more substituents selected from the list given hereinbefore),
-0-C, ;alkanoyl or benzyloxy.
Preferably R33 is a group selected from morpholino, piperidinyl and piperazinyl which group
may be substituted as hereinbefore defined.
Advantageous values for R5 include:
3-{[(2R)-2,6-diaminohexanoyl]amino}propanoyloxy (such as in Example 4),
3-[(2-aminoacetyl)amino]propanoyloxy (such as in Example 5),
2-morpholinoacetylaminomethoxy (such as in Example 38),
2-carboxy-3,4,5-trihydroxytetrahydro-2 H-pyran-6-yloxy (such as in Example 44),
4-(4-methylpiperazin-1-ylmethyl)phenylcarbonyloxy (such as in Example 16),
4-(morpholinomethyl)phenylcarbonyloxy (such as in Example 17),
3-(4-methylpiperazin-1-ylcarbonyl)propanoyloxy (such as in Example 40),
5-carboxypentanoyloxy (such as in Example 41),
3-(4-carboxyphenyl)propanoyloxy (such as in Example 18) and
(3R)-2-amino-3-hydroxypropanoylamino (such as in Example 28).
Another advantageous value for R5 is
(28)-2-amino-5-[(2-nitroethanimidoyl)amino Jpentanoylamino (such as in Example 52).

Preferred values for RS include
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3-{[(2R)-2,6~-diaminohexanoyl|amino } propanoyloxy (such as in Example 4),
3-[(2-aminoacetyl)amino]propanoyloxy (such as in Example 5),
4-(4-methylpiperazin-1-ylmethyl)phenylcarbonyloxy (such as in Example 16),
4-(morpholinomethyl)phenylcarbonyloxy (such as in Example 17),
3-(4-methylpiperazin-1-ylecarbony!)propanoyloxy (such as in Example 40),
5-carboxypentanoyloxy (such as in Example 41),
3-(4-carboxyphenyl)propanoyloxy (such as in Example 18) and
(3R)-2-amino-3-hydroxypropanoylamino (such as in Example 28).
More preferred values for RS include
4-(4-methylpiperazin-1-ylmethyl)phenylcarbonyloxy (such as in Example 16) and
(3R)-2-amino-3-hydroxypropanoylamino (such as in Example 28).
In another embodiment of the present invention preferred values for R’ include alanylamino,
N-(benzyloxycarbonylalanyl)amino, and 4-(piperidino)piperidin-1-ylcarbonyloxy.
A more preferred value for R’ is alanylamino.
In another embodiment of the present invention particular values of R’ include amino, C,_
,alkylamino and diC, ,alkylamino, especially amino.
When R* is a sugar moiety it can be, for example a monosaccharide such as a glucuronyl,
glucosyl or galactosyl group or a di- or trisaccharide.
When R* is a sugar moiety glucuronyl or a derivative thereof is preferred.
When R* is a mono-, di-, tri- or tetra- peptide it is preferably derived from a natural aipha
amino acid for example such as glycine, valine, lysine, alanine or serine.
In another embodiment of the present invention R* is an amino acid group derived from
serine, threonine, arginine, glycine, alanine, 3-alanine or lysine.

According to another aspect of the present invention there is provided the use of a

compound of the formula I:
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wherein

Xis

-C(0)-, -C(S)-, -C=NOH, or -CH(R")- wherein R’ is hydrogen, hydroxy, C, ,alkoxy or -NR*R’

(wherein R* is a group -Y'R' (wherein Y' is a direct bond, -C(O)-, -C(S)-, -S-, -C(O)O-, -

C(O)NR''-, -S0O,- or -SO,NR"- (wherein R'' and R", which may be the same or different,

each independently represents hydrogen, C, jalkyl or C, jalkoxyC, ;alkyl) and R" is selected

from one of the following four groups:

1) hydrogen, C,alkyl or C, ;cycloalkyl
(which alkyl or ¢ycloalkyl group may bear one or more substituents selected from:
halogeno, amino, C,,alkylamino, di(C,_,alkyl)amino, hydroxy, C, alkoxy, C,.
.alkylsulphanyl, C, ,alkylsulphonyl, C, alkoxycarbonylamino, C, ,alkanoyl, phenyl, nitro,
sulphate, phosphate and a group -Y?R" (wherein Y? is -NR"C(O)- or -O-C(O)- (wherein
R represents hydrogen, C, ,alkyl or C, ,alkoxyC, ;alkyl) and R" is C,_alkyl, C;.
,cycloalkyl or a group R wherein R" is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,.
shaloalkyl, C, ,alkoxy, C, hydroxyalkyl, C, aminoalkyl, C,_,alkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR'R'” and -NR"*COR" (wherein R, R", R'® and
R, which may be the same or different, each represents hydrogen, C,_jalkyl or C,.
;alkoxyC, jalkyl)));

2) RY wherein R" is as defined hereinbefore;

3) C,,alkenylR"’ (wherein R" is as defined hereinbefore); and
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4) C, ,alkynylR"® (wherein R" is as defined hereinbefore));
and R is hydrogen, C,,alkyl or C,,cycloalkyl, which alkyl or cycloalkyl group may bear one

or more substituents selected from C,_alkoxy and phenyl);

R', R? and R’ are each independently

hydrogen, PO,H,, sulphate, C, ,cycloalkyl, C, ;alkenyl, C, ;alkynyl, C, ;alkanoyl, a group

R™C, ,alkyl (wherein R* is phenyl which may bear one or more substituents selected from C,.

alkyl, C, ,alkoxy, C, ,aminoalkyl and C,_hydroxyalkoxy), C, ;alkyl or C, ;alkylsulphonyl
(which alkyl or alkylsulphony! group may bear one or more substituents selected trom:
halogeno, amino, C, jalkylamino, di(C,_jalkyl)amino, hydroxy, C, alkoxy, C,.
,alkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y’R*' (wherein Y? is -NR*C(0)- or -O-
C(0)- (wherein R? represents hydrogen, C, ;alkyl or C, jalkoxyC, ;alkyl) and R* is C,.
;alkyl, C,,cycloalkyl or a group R* wherein R” is a pheny! group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,alkyl, C,_
shaloalkyl, C,_alkoxy, C,_hydroxyalkyl, C, aminoalkyl, C, ;alkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR*R? and -NR**COR” (wherein R*, R, R* and
R”, which may be the same or different, each represents hydrogen, C, ,alkyl or C,
;alkoxyC, ;alkyl)));

with the proviso that at least two of R', R? and R are C, ,alkyl;

R", R’ and R are each independently selected from:
hydrogen, -OPO,H,, cyano, halogeno, nitro, amino, carboxy, hydroxy, C _alkoxy, C,.
,alkanoyl, C ,thioalkoxy, C, ;alkyl,
{which alkyl group may bear one or more substituents selected from:
halogeno, amino, C, alkylamino, di(C,_jalkyl)amino, hydroxy, C, ;alkoxy, C,.
salkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y’R*® (wherein Y? is -NR*C(O)- or -O-C(O)-
(wherein R™ represents hydrogen, C, salkyl or C,jalkoxyC, salkyl) and R* is C, ;alkyl, C,.

cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered aromatic
7
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heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected

PCT/GB99/04436

independently from O, N and S, which phenyl or aromatic heterocyclic group may bear

one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_alkyl, C,.

,haloalkyl, C, ,alkoxy, C, shydroxyalkyl, C, _jaminoalkyl, C,_alkylamino, C,.

,hydroxyalkoxy, carboxy, cyano, -CONR’'R* and -NR*COR™ (wherein R*', R*?, R* and

R, which may be the same or different, each represents hydrogen, C, salkyl or C,.

s;alkoxyC, salkyl))), and

a group -Y'R*

(wherein Y* is -C(O)-, <OC(O)-, ~O-, -80-, -S0,-, -0S0,-, -NR*-, -NR¥’C(O)-, -OC(0)O-
, -C(O)NR*. or -NR¥C(0)O- (wherein R*®, R*?, R* and R”, which may be the same or

different, each represents hydrogen, C, jalkyl or C, jalkoxyC, ;alkyl) and

R* is a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate,

C, . alkyl, C, ;alkoxy, C, ;alkanoyl, aminoC, ,alkylamino, C, ;alkylaminoC, ;alkylamino,

di(C,_;alkyl)aminoC, ;alkylamino, C,_;alkylphosphate
(which alkyl, alkoxy, alkanoyl, amincalkylamino, alkylaminoalkylamino,
dialkylaminoalkylamino, or alkylphosphate may bear one or more substituents
selected from:

halogeno, amino, C, jalkylamino, di(C, ,alkyl)amino, hydroxy, C, ,alkoxy, C,.

s,alkylsulphanyl, C, ,alkylsulphonyl, C, alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y*R* (wherein Y* is -NR"C(O)-, -
C(O)NR™"-, -C(0)-O- or -O-C(O)- (wherein R* and R* which may be the same or
different each represents hydrogen, C, ;alkyl or C, jalkoxyC, ;alkyl) and R**is C,_
Jalkyl, C,cycloalkyl, carboxyC, ,alkyl or a group R** wherein R* is a phenyl group, a
benzyl group or a 5-10-membered aromatic heterocyclic group (linked via carbon or
nitrogen) with 1-4 heteroatoms selected independently from O, N and S, which
phenyl, benzyl or aromatic heterocyclic group may bear one or more substituents
selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C, jhaloalkyl, C _alkoxy, C,.
shydroxyalkyl, C, ,aminoalkyl, C,alkylamino, C, ,hydroxyalkoxy, carboxy, cyano, -
CONR*R* and -NR*“COR" (wherein R*, R**, R* and R*", which may be the same or
different, each represents hydrogen, C, jalkyl or C, ;alkoxyC, ;alkyl))),

R* (wherein R* is a phenyl group, a benzyl group or a 5-10-membered aromatic

heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms sclected
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independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may
bear one or more substituents selected from
hydroxy, nitro, halogeno, amino, C,,alkyl, C, ;haloalkyl, C alkoxy, C, hydroxyalkyl,
C,.aminoalkyl, C, ,alkylamino, C,_hydroxyalkoxy, carboxy, phenyl, cyano, -
5 CONR*R* and -NR*'COR*? (wherein R*, R*, R*' and R’?, which may be the same or
different, each represents hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl)), or
R* (wherein R™ is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from
10 oxo0, hydroxy, halogeno, C, ,alkyl, C,_ jhydroxyalkyl, C, ,alkoxy, C,_alkoxyC, ,alkyl,
C,_salkylsulphonylC, ,alkyl and R* (wherein R* is a 5-6-membered saturated
heteracyclic group (linked via carbon or nitrogen) with 1-2 heteroatoms, selected
independently from O, S and N, which heterocyclic group may bear 1 or 2 substituents
selected from oxo, hydroxy, halogeno, C,alkyl, C,_ jhydroxyalkyl, C, alkoxy, C,.
15 .alkoxyC, ,alkyl and C, alkylsulphonylC, ,alkyl)));
with the proviso that R’ is not hydroxy, alkoxy, substituted alkoxy, -OPO,H,,
-0-C, ,alkanoyl or benzyloxy;
and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof for example esters, amides and sulphides, in the manufacture of a
20 medicament for use in the production of a vascular damaging effect in warm-blooded animals
such as humans.
According to another aspect of the present invention there is provided a compound

of the formula Ila:

25
(la)
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wherein
Xis
-C(O)-, -C(S)-, -C=NOH, or -CH(R")- wherein R’ is hydrogen, hydroxy, C, ,alkoxy, -OR® or -
NR®R® (wherein R® is a group -Y'R'® (wherein Y' is a direct bond, -C(0Q)-, -C(S)-, -S-, -
C(0)O-, -C(O)NR"-, -SO,- or -SO,NR"- (wherein R'' and R'?, which may be the same or
different, each independently represents hydrogen, C, ;alkyl or C,_jalkoxyC, ;alkyl) and R' is
selected from one of the following nine groups:
1) hydrogen, C,_alkyl, C,,cycloalkyl, C,,alkylY®C,_,alkyl wherein Y* is as defined
hereinafter, or phenyl,
(which alkyl, cycloalkyl, alkyl Y®alkyl or phenyl group may bear one or more substituents
selected from:
halogeno, amino, C, jalkylamino, di(C, ,alkyl)amino, hydroxy, carboxy, carbamoyl,
C,alkoxy, C,,alkylsulphanyl, C, alkylsulphonyl, C, ,alkoxycarbonylamino, C,.
<alkanoyl, phenyl, nitro, sulphate, phosphate,
Z' (wherein Z' represents a 5-6 membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C,_alkyl, C,_hydroxyalkyl, C,_alkoxy, C,.
.aminoalkyl, C,,alkanoyl, cyanoC, ,alkyl, C, alkoxyC ,alkyl, C,.
,alkylsulphonylC, ,alkyl and Z* (wherein Z* is a 5-6-membered saturated
heterocyclic group (linked via carbon or nitrogen) with 1-2 heteroatoms,
selected independently from O, S and N, which heterocyclic group may bear 1
or 2 substituents selected from
oxo, hydroxy, halogeno, C,_alkyl, C, hydroxyalkyl, C, alkoxy, C,.
,aminoalkyl, C,_;alkanoyl, cyanoC, ,alkyl, C,,alkoxyC, alkyl and C,.
.alkylsulphonylC, ,alkyl)),
C,alkylZ' (wherein Z' is as defined hereinbefore), and
a group -Y?R'? (wherein Y? is -NR*C(0)- or -O-C(O)- (wherein R" represents
hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl) and R"* is C, ;alkyl, C;,cycloalkyl or a
group R" wherein R" is a pheny! group or a 5-10-membered aromatic heterocyclic
group (linked via carbon or nitrogen) with 1-4 heteroatoms selected independently

from O, N and S, which phenyl or aromatic heterocyclic group may bear one or more

1710



10

15

20

25

30

WO 00/40529 PCT/GB99/04436
-23 .

substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C, ;haloalkyl, C,.
,alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C, hydroxyalkoxy,
carboxy, cyano, -CONR'"RY and -NR"™¥COR" (wherein R, R"", R and R"’, which
may be the same or different, each represents hydrogen, C,,alkyl or C, ;alkoxyC,.
salkyl)));
2) R'® wherein R" is as defined hereinbefore;
3) C, alkenyIR'"* (wherein R"’ is as defined hereinbefore);
4) C,,alkynylR" (wherein R" is as defined hereinbefore));
5) Z' (wherein Z' is as defined hereinbefore);
6) C,alkylZ' (wherein Z' is as defined hereinbefore);
7) C,,alkylY®Z' (wherein Z' is as defined hereinbefore and Y* is -C(Q)-, -NR**C(0)-, -
NR¥C(0)C,_alkyl-, -C(O)NR®- or -C(O)NR*’C, ,alkyl-, (wherein R* and R®, which may be
the same or different, each represents hydrogen, C, ;alkyl, C, ;hydroxyalkyl or C, ;alkoxyC,.
salkyD));
8) (C,,alkyl).Y’Z? (wherein ¢ is 0 or 1, Z* is an amino acid group and Y® is a direct bond, -
C(0)- or -NR®'- (wherein R®' is hydrogen, C, alkyl or C, ,alkoxyC, ;alkyl)); and
9) C,,alkylR' (wherein R" is as defined hereinbefore);
and R® is hydrogen, C, ;alkyl or C, ,cycloalkyl, which alkyl or cycloalkyl group may bear one
or more substituents selected from C, ,alkoxy and phenyl);
R!, R? and R? are each independently
hydrogen, PO,H,, sulphate, C, ;cycloalkyl, C,,alkenyl, C, ;alkynyl, C,,alkanoyl, a group
R?C, alkyl (wherein R*° is phenyl which may bear one or more substituents selected from C,_
«alkyl, C,_alkoxy, C, ,aminoalkyl and C, hydroxyalkoxy), C, ;alkyl or C, ;alkylsulphonyl
(which alkyl or alkylsulphonyl group may bear one or more substituents selected from:
halogeno, amino, C, jalkylamino, di(C,_alkyl)amino, hydroxy, C _,alkoxy, C,.
salkylsulphanyl, C, ,alkylsulphonyl, C,_alkoxycarbonylamino, C,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y’R?' (wherein Y’ is -NR*C(O)- or
-O-C(O)- (wherein R* represents hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl) and R* is C,_
salkyl, C, ,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear

one or more substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,.
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Jhaloalkyl, Calkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C,.
shydroxyalkoxy, carboxy, cyano, -CONR*R* and -NR**COR?* (wherein R*, R*, R*® and
R?, which may be the same or different, each represents hydrogen, C, ;alkyl or C,_
;alkoxyC, jalkyl)));

with the proviso that at least two of R!, R? and R’ are C, alkyl;

R'is

hydrogen, cyano, halogeno, nitro, amino, hydroxy, C, ;alkoxy, C, ;thioalkoxy, C, ;alkanoyl or

C,alkyl,
(which alkyl group may bear one or more substituents selected from:
halogeno, amino, C, ,alkylamino, di(C,_alkyl)amino, hydroxy, C,_,alkoxy, C,.
alkylsulphanyl, C,_alkylsulphonyl, C,_,alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y'R* (wherein Y™ is -NR*C(O)- or
-O-C(0)- (wherein R? represents hydrogen, C, .alkyl or C, ;alkoxyC, ;alkyl) and R** is C,_
;alkyl, C, ,cycloalkyl or a group R* wherein R* is a pheny! group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,.
.haloalkyl, C, ,alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C,_alkylamino, C,_
Jhydroxyalkoxy, carboxy, cyano, -CONR’'R* and -NR*'COR* (wherein R, R*, R** and
R*, which may be the same or different, each represents hydrogen, C, jalkyl or C,_
;alkoxyC, ,alkyl)));

R’ and R¢ are each independently selected from

hydrogen, -OPO,H,, phosphonate, cyano, halogeno, nitro, amino, carboxy, carbamoyl,

hydroxy, C,jalkoxy, C, ;alkanoyl, C, ;thioalkoxy, C, ;alkyl,
(which alkyl group may bear one or more substituents selected from:
halogeno, amino, C, jalkylamino, di(C,_,alkyl)amino, hydroxy, C, ,alkoxy, C .
salkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C,_alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y°R* (wherein Y’ is -NR*C(0)- or -O-C(O)-
(wherein R” represents hydrogen, C, ,alkyl or C, ,alkoxyC, ;alkyl) and R* is C, ;alkyl, C;
.cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected

independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
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one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_,alkyl, C,.
shaloalkyl, C, 4alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C,_,alkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR*'R* and -NR*'COR* (wherein R*, R*?, R® and
R*, which may be the same or different, each represents hydrogen, C ;alkyl or C_

salkoxyC, jalkyl))), and

a group -Y‘R*

(wherein Y* is -C(O)-, -OC(0)-, -O-, -SO-, -80,-, -0S0,-, -NR*-, -C_,alkyINR*-, -C,_
LalkylC(O)-, -NR'C(0)-, -OC(0)O-, ~-C(O)NR*- or -NR¥*C(0)O- (wherein R*, R, R*
and R¥, which may be the same or different, each represents hydrogen, C, jalkyl or C,.
salkoxyC, ;alkyl) and
R* is a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate,
hydroxy, amino, C, ;alkyl, C, ;alkoxy, C,;alkanoyl, C, ;alkylamino, di(C, ;alkyl)amino,
aminoC, ;alkylamino, C,_jalkylaminoC_alkylamino, C, ;alkanoylaminoC, ;alkyl, di(C,.
,alkyl)aminoC, ;alkylamino, C, ;alkylphosphate, C, ;alkylphosphonate, C,.
,alkylcarbamoylC, jalkyl,
(which alkyl, alkoxy, alkanoyl, alkylamino, dialkylamino, aminoalkylamino,
alkylaminoalkylamino, alkanoylaminoalkyl, dialkylaminoalkylamino, alkylphosphate,
alkylphosphonate or alkylcarbamoylalkyl, may bear one or more substituents selected
from:
halogeno, amino, C,_,alkylamino, di(C, ,alkyl)amino, hydroxy, C,_hydroxyalkyl, C,.
.alkoxy, C, ,alkylsulphanyl, C,_,alkylsulphonyl, C, jalkoxycarbonylamino, C,.
,alkanoyl, carboxy, phenyl, nitro, sulphate, phosphate and a group -Y’R*’ (wherein Y’
is -NR*'C(Q)-, -C(O)NR*-, -C(0)-O- or -O-C(O)- (wherein R*' and R*? which may be
the same or different each represents hydrogen, C,,alkyl or C,_jalkoxyC, ;alkyl) and
R® is C, alkyl, C, ,cycloalkyl, carboxyC, _alkyl or a group R* wherein R* is a phenyl
group, a benzyl group or a 5-10-membered aromatic heterocyclic group (linked via
carbon or nitrogen) with 1-4 heteroatoms selected independently from O, N and S,
which phenyl, benzyl or aromatic heterocyclic group may bear one or more
substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,_haloalkyl, C,.
salkoxy, C, shydroxyalkyl, C, ,aminoalkyl, C,_,alkylamino, C, shydroxyalkoxy,
carboxy, cyano, -CONR*R* and -NR*COR" (wherein R*, R*’, R* and R"", which
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may be the same or different, each represents hydrogen, C, jalkyl or C, ;alkoxyC,.
salkyD))),
R* (wherein R* is a phenyl group, a benzy! group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may
bear one or more substituents selected from
hydroxy, nitro, halogeno, amino, Calkyl, C, haloalkyl, C ,alkoxy, C, hydroxyalkyl,
C,aminoalkyl, C, ,alkylamino, di{(C,_jalkyl)amino, di(C, jalkyl)aminoC ,alkyl, di(C,.
shydroxyalkyl)aminoC, ,alkyl, di(C, ;aminoalkyl)aminoC, _jalkyl, C, ;hydroxyalkoxy,
carboxy, C, ,carboxyalkyl, phenyl, cyano, -CONR*R*, -NR*'COR** (wherein R*, R%,
R*! and R*, which may be the same or different, each represents hydrogen, C, ;alkyl or
C,.;alkoxyC, ;alkyl) and C, jalkylR®> (wherein R* is as defined hereinafter),
C, jalkylR* (wherein R* is as defined hereinbefore),
R* (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C,_,alkyl, C, jhydroxyalkyl, C,_alkoxy, C, ,carboxyalkyl, C,.
,2aminoalkyl, di(C, ,alkyl)aminoC, _jalkyl, C, alkoxyC alkyl, C alkylsulphonylC,.
,alkyl and R* (wherein R* is a 5-6-membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C, jalkyl, C, hydroxyalkyl, C, jalkoxy, C, alkoxyC,.
salkyl and C, jalkylsulphonylC, ,alkyl)), or
(CH,),Y*(CH,),R*> (wherein R* is as defined hereinbefore, a is 0, or an integer 1-4, b is 0
or an integer 1-4 and Y® represents a direct bond, -O-, -C(O)-, -NR**-, -NR**C(O)- or -
C(O)NR?'- (wherein R*, R*, and R*’, which may be the same or different, each represents
hydrogen, C,,alkyl or C, jalkoxyC, ;alkyl), and wherein one or more of the (CH,), or
(CH,), groups may bear one or more substituents selected from hydroxy, amino and

halogeno));

30 with the proviso that R® is not hydroxy, alkoxy, substituted alkoxy (wherein R’ is Y'R* and

Y*is -O- and R” is C, ;alkyl bearing one or more substituents selected {from the list given

hereinbefore), -OPO;H,, -O-C, ;alkanoyl or benzyloxy;
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with the further proviso that at least one of R® or R® is a group -Y*R* (wherein Y* and R* are
as defined hereinbefore) but with the further provisos

that when R® is -Y*R* and R® is hydrogen, hydroxy, methoxy or methoxycarbonyl, -Y*R* is
not selected from cases wherein:

5 Y* is -C(O)-, -OC(0)-, -O-, -SO-, -0S0,-, -NR**-, .-NR*'C(O)- or -C(O)NR*- (wherein
R*®, R* and R*, which may be the same or different, each represents hydrogen, C, ;alkyl
or C,_;alkoxyC, ;alkyl) and R is
a glycine, valine or lysine group, a dipeptide of glycine and valine groups, C, alkyl, C,.
,alkoxy, C, ,alkanoyl,

10 (which alkyl, alkoxy or alkanoyl may bear one or more substituents selected from:
halogeno, hydroxy, and a group -Y’R* (wherein Y’ is -O-C(O)- and R* is C, ;alkyl)),
or

R* (wherein R® is a tetrazolyl group (which may or may not be substituted as
hereinbefore defined), a phenyl group or a benzyl group which phenyl or benzyl group

15 may bear one or more substituents selected from C_,alkyl}); and

that when R® is -Y*R* and R’ is hydrogen, hydroxy, methoxy or methoxycarbonyl, -Y*R* is
not sclected from cases wherein:

Y* is -C(O)-, -O- or -OSO,- and R” is

C, ;alkyl, C, ;alkoxy

20 (which alkyl, alkoxy or alkanoyl may bear one or more substituents selected from:
halogeno),

R* (wherein R* is a benzyl group which benzyl group may bear one or more substituents
selected from C,_alkyl), or
R>* (wherein R* is piperidinyl);
25 and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof.
According to a further aspect of the present invention there is provided a compound

of the formula lia:
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(lla)
wherein
Xis
-C(0)-, -C(S)-, -C=NOH, or -CH(R”)- whercin R’ is hydrogen, hydroxy, C,alkoxy, -OR® or -
NR®R? (wherein R? is a group -Y'R' (wherein Y' is a direct bond, -C(O)-, -C(S)-, -S-, -
C(0)O-, -C(O)NR''-, -50,- or -SO,NR"*- (wherein R and R'?, which may be the samc or
different, each independently represents hydrogen, C, ;alkyl or C, ;alkoxyC, ;alkyl) and R" is
selected from one of the following nine groups:
1) hydrogen, C, ,alkyl, C, cycloalkyl, C, ,alkylY*C, _jalkyl wherein Y* is as defined
hereinafter, or phenyl,
(which alkyl, cycloalkyl, alkylY®alkyl or phenyl group may bear one or more substituents
selected from:
halogeno, amino, C, jalkylamino, di(C, ,alkyl)amino, hydroxy, carboxy, carbamoyl,
C, salkoxy, C, alkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C,_
.alkanoyl, phenyl, nitro, sulphate, phosphate,
Z! (wherein Z' represents a 5-6 membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from
0xo0, hydroxy, halogeno, C, alkyl, C, ,hydroxyalkyl, C _,alkoxy, C,.
.aminoalkyl, C, ,alkanoyl, cyanoC,_alkyl, C _jalkoxyC, jalkyl, C,.
,alkylsulphonylC, ,alkyl and Z* (wherein Z° is a 5-6-membered saturated
heterocyclic group (linked via carbon or nitrogen) with 1-2 heteroatoms,
selected independently from O, S and N, which heterocyclic group may bear 1

or 2 substituents selected from
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oxo, hydroxy, halogeno, C, ,alkyl, C, hydroxyalkyl, C, ,alkoxy, C,.
.aminoalkyl, C, ;alkanoyl, cyanoC, ,alkyl, C, jalkoxyC, jalkyl and C,.
.alkylsulphonylC, ,alkyl)),
C,qalkylZ' (wherein Z' is as defined hereinbefore), and
a group -Y°R'? (wherein Y? is -NR'*C(0)- or -O-C(0O)- (wherein R' represents
hydrogen, C, ;atkyl or C,_;alkoxyC, ;alkyl) and R" is C,alkyl, C, cycloalkyl or a
group R'® wherein R" is a phenyl group or a 5-10-membered aromatic heterocyclic
group (linked via carbon or nitrogen) with 1-4 heteroatoms selected independently
from O, N and S, which pheny! or aromatic heterocyclic group may bear one or more
substituents selected from hydroxy, nitro, halogeno, amino, C,_alkyl, C,_haloalkyl, C,
qalkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C,_,alkylamino, C,_hydroxyalkoxy,
carboxy, cyano, -CONR'R'” and -NR'"®COR" (wherein R'*, R", R'® and R", which
may be the same or different, each represents hydrogen, C,alkyl or C, ;alkoxyC,.
alkyD));
2) R wherein R" is as defined hereinbefore;
3) C, alkenyIR"® (wherein R" is as defined hereinbefore);
4) C, ,alkynylR'® (whercin R" is as defined hereinbefore));
5) Z! (wherein Z' is as defined hereinbefore);
6) C,,alkylZ' (wherein Z' is as defined hereinbefore);
7) C,.,alkylY®*Z' (wherein Z' is as defined hereinbefore and Y* is -C(O)-, ~-NR¥C(O)-, -
NR*C(0)C,_alkyl-, -C(O)NR®- or -C(O)NR®C, ,alkyl-, (wherein R** and R%, which may be
the same or different, each represents hydrogen, C,,alkyl, C shydroxyalkyl or C, alkoxyC,.
salkyD);
8) (C,.,alkyl),Y°Z® (wherein c is O or 1, Z* is an amino acid group and Y” is a direct bond, -
C(O)- or -NR®'- (wherein R*' is hydrogen, C, salkyl or C, jalkoxyC, ;alkyl)); and
9) C,,alkylR" (wherein R" is as defined hereinbefore);
and R’ is hydrogen, C, ,alkyl or C, ;cycloalkyl, which alkyl or cycloalkyl group may bear one
or more substituents selected from C, ,alkoxy and phenyl);
R', R? and R’ are each independently
hydrogen, PO,H,, sulphate, C, ,cycloalkyl, C, ;alkenyl, C,-alkynyl, C, ;alkanoyl, a group
R*C, ,alkyl (wherein R is phenyl which may bear one or more substituents selected from C,.

alkyl, C,alkoxy, C,aminoalkyl and C,  hydroxyalkoxy), C, salkyl or C, ;alkylsulphonyl
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(which alkyl or alkylsulphonyl group may bear one or more substituents selected from:
halogeno, amino, C, alkylamino, di(C,_jalkyl)amino, hydroxy, C, alkoxy, C,.
salkylsulphanyl, C,_,alkylsulphonyl, C, jalkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y?R*' (wherein Y? is -NR*C(O)- or

5 -0-C(0)- (wherein R* represents hydrogen, C, jalkyl or C, ;alkoxyC, jalkyl) and R* is C,.
,alkyl, C, ,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_alkyl, C,.

10 Jaloalkyl, C, ,alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C,.
Jhydroxyalkoxy, carboxy, cyano, -CONR*R* and -NR**COR”’ (wherein R*, R, R* and
R¥, which may be the same or different, each represents hydrogen, C, ;alkyl or C,.
salkoxyC, ,alkyl)));

with the proviso that at least two of R', R? and R® are C, ,alkyl;
15 R'is
hydrogen, cyano, halogeno, nitro, amino, hydroxy, C,_,alkoxy, C, ;thioalkoxy, C, ;alkanoyl or
C,alkyl,
(which alky! group may bear one or more substituents selected from:
halogeno, amino, C,_alkylamino, di(C, jalkyl)amino, hydroxy, C, salkoxy, C,.

20 «alkylsulphanyl, C, ,alkylsulphonyl, C,_,alkoxycarbonylamino, C,_,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y’R? (wherein Y" is -NR*’C(O)- or
-O-C(0)- (wherein R? represents hydrogen, C,_jalkyl or C, ;alkoxyC, ;alkyl) and R* is C,.
,alkyl, C, ;cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected

25 independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,alkyl, C,.
saloalkyl, C Lalkoxy, C, jhydroxyalkyl, C, ,aminoalkyl, C, alkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR*'R* and -NR*'COR* (wherein R*', R, R** and
R*, which may be the same or different, each represents hydrogen, C, jalkyl or C,_

30 s;alkoxyC,  alkyl)));

R?® and R® are each independently selected from
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hydrogen, -OPO,H,, phosphonate, cyano, halogeno, nitro, amino, carboxy, carbamoyl,

hydroxy, C, ,alkoxy, C, jalkanoyl, C, jthicalkoxy, C, ;alkyl,

(which alkyl group may bear one or more substituents selected from:

halogeno, amino, C,_alkylamino, di(C,_,alkyl)amino, hydroxy, C, ,alkoxy, C,.
.alkylsulphanyl, C, jalkylsulphonyl, C, ,alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y°R*® (wherein Y? is -NR*C(O)- or -O-C(O)-
(wherein R? represents hydrogen, C, jalkyl or C, ;alkoxyC, ;alkyl) and R*® is C, ,alkyl, C,.
,cycloalkyl or a group R* wherein R is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_,alkyl, C,.
Jhaloalkyl, C, ,alkoxy, C, shydroxyalkyl, C, ;,aminoalkyl, C, ,alkylamino, C,
,hydroxyalkoxy, carboxy, cyano, -CONRR™ and -NR*COR™ (wherein R", R**, R** and
R*, which may be the same or different, each represents hydrogen, C, ,alkyl or C,.
;alkoxyC, ;alkyl))), and

a group -Y'R¥

(wherein Y* is -C(0)-, -OC(O)-, -O-, -SO-, -S0,-, -0S0,-, -NR*-, -C,_,alkyINR*-, -C,_
LalkylC(O)-, -NRVC(0)-, -OC(0)O-, -C(O)NR*- or -NR*C(0)O- (wherein R*®, R*7, R™
and R*, which may be the same or different, each represents hydrogen, C, ,alkyl or C,_
;alkoxyC, jalkyl) and
R¥ is a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate,
hydroxy, amino, C,,alkyl, C, ,alkoxy, C,,alkanoyl, C,,alkylamino, di(C, ,alkyl)amino,
aminoC, ;alkylamino, C, ;alkylaminoC, ;alkylamino, C, ;alkanoylaminoC, jalkyl, di{(C,.
,alkylyaminoC, ,alkylamino, C, ;alkylphosphate, C,_,alkylphosphonate, C,_
;alkylcarbamoylC, ;alkyl,
(which alkyl, alkoxy, alkanoyl, alkylamino, dialkylamino, aminoalkylamino,
alkylaminoalkylamino, alkanoylaminoalkyl, dialkylaminoalkylamino, alky!phosphate,
alkylphosphonate or alkylcarbamoylalkyl, may bear one or more substituents selected
from:
halogeno, amino, C, jalkylamino, di(C, ,alkyl)amino, hydroxy, C, hydroxyalkyl, C,_
alkoxy, C, jalkylsulphanyl, C,_jalkylsulphonyl, C,_alkoxycarbonylamino, C,

,alkanoyl, carboxy, pheny}, nitro, sulphate, phosphate and a group -Y°R*’ (wherein Y*
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is -NR*'C(0)-, -C(O)NR*-, -C(0)-O- or -O-C(0)- (wherein R*' and R** which may be
the same or different each represents hydrogen, C, jalkyl or C, ;alkoxyC, jalkyl) and
R¥ is C, ,alkyl, C, ;cycloalkyl, carboxyC, ,alkyl or a group R* wherein R* is a phenyl
group, a benzyl group or a 5-10-membered aromatic heterocyclic group (linked via
carbon or nitrogen) with 1-4 heteroatoms selected independently from O, N and S,
which phenyl, benzyl or aromatic heterocyclic group may bear one or more
substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C, haloalkyl, C,.
,alkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C,_ jhydroxyalkoxy,
carboxy, cyano, -CONR"R" and -NR"COR" (wherein R*, R*’, R** and R, which
may be the same or different, each represents hydrogen, C, jalkyl or C, ;alkoxyC,.
salkyl))),

R*® (wherein R*® is a pheny! group, a benzyl group or a 5-10-membered aromatic

heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected

independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may

bear one or more substituents selected from
hydroxy, nitro, halogeno, amino, C,_,alkyl, C,_haloalkyl, C, alkoxy, C, jhydroxyalkyl,
C,..aminoalkyl, C, ,alkylamino, di(C,_jalkyl)amino, di(C, ,alkyl)aminoC, ,alkyl, di(C,.
JhydroxyalkylaminoC, ,alkyl, di(C, ,aminoalkyl)aminoC, ,alkyl, C _,hydroxyalkoxy,
carboxy, C,_carboxyalkyl, phenyl, cyano, -CONR*R*, -NR*'COR* (wherein R*’, R*,
R*' and R¥, which may be the same or different, each represents hydrogen, C, ,alkyl or
C,.alkoxyC, ;alkyl) and C, alkylR> (wherein R> is as defined hereinafter),

C, -alkylR*® (wherein R* is as defined hereinbefore),

R* (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or

nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which

heterocyclic group may bear 1 or 2 substituents selected from
oxo, hydroxy, halogeno, C, ,alkyl, C, hydroxyalkyl, C,,alkoxy, C, carboxyalkyl, C,.
.aminoalkyl, di(C,_jalkyl)aminaC, ,alkyl, C, jalkoxyC, jalkyl, C, alkylsulphonylC,_
,alkyl and R* (wherein R* is a 5-6-membered saturated heterocyclic group (linked via
carbon or nitrogen) with 1-2 heteroatoms, selected independently from O, S and N,
which heterocyclic group may bear 1 or 2 substituents selected from

oxo, hydroxy, halogeno, C,,alkyl, C, shydroxyalkyl, C, ,alkoxy, C, jalkoxyC,.
salkyl and C,alkylsulphonyIC, ,alkyl)), or
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(CH,),Y%(CH,),R** (wherein R® is as defined hereinbefore, a is 0, or an integer 1-4, b is 0
or an integer 1-4 and Y° represents a direct bond, -O-, -C(O)-, -NR”-, -NR**C(O)- or -
C(O)NR- (wherein R*, R*, and R*’, which may be the same or different, each represents
hydrogen, C,_;alkyl or C, jalkoxyC, ,alkyl), and wherein one or more of the (CH,), or
5 (CH,), groups may bear one or more substituents selected from hydroxy, amino and
halogeno));
with the proviso that R® is not hydroxy, alkoxy, substituted alkoxy (wherein R’ is Y*R* and
Y* is -O- and R¥ is C, ;alkyl bearing one or more substituents selected from the list given
hereinbefore), -OPO,H,, -O-C, ;alkanoyl or benzyloxy;
10 with the further proviso that at least one of R® or R® is 2 group -Y*R** (wherein Y* and R** are
as defined hereinbefore) but with the further provisos
that when R’ is -Y*R* and R® is hydrogen, hydroxy, methoxy or methoxycarbonyl, -Y*R** is
not selected from cases wherein:
Y* is -C(0)-, -OC(0)-, -O-, -SO-, -0S0,-, -NR**-, -NR*C(0)- or -C(O)NR*- (wherein
15 R*®, R¥ and R*, which may be the same or different, cach represents hydrogen, C, ;alkyl
or C,;alkoxyC, ;alkyl) and R® is
a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, C, ;alkyl, C, ;alkoxy, C,.
,alkanoyl,
(which alkyl, alkoxy or alkanoyl may bear one or more substituents selected from:
20 halogeno, hydroxy, and a group -Y°R* (wherein Y* is -O-C(O)- and R* is C,alkyl)),
or
R* (wherein R* is a tetrazolyl group (which may or may not be substituted as
hereinbefore defined), a phenyl group or a benzyl group which phenyl or benzyl group
may bear one or more substituents selected from C, 4alkyl); and
25 that when R® is -Y*R* and R® is hydrogen, hydroxy, methoxy or methoxycarbonyl, -Y*R* is
not selected from cases wherein:
Y* is -C(0)-, -0- or -0S0,- and R* is
C, alkyl, C,  alkoxy
(which alkyl, alkoxy or alkanoyl may bear one or more substituents selected from:
30 halogeno),
R*® (wherein R* is a benzyl group which benzy! group may bear one or more substituents

selected from C,_jalkyl), or
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R (wherein R is piperidinyl);
and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof.

According to a further aspect of the present invention there is provided the use of a
compound of the formula Ila as defined hereinbefore, and salts thereof, pharmaceutically
acceptable salts thereof, solvates and hydrates thereof, and prodrugs thereof, in the
manufacture of a medicament for use in the production of a vascular damaging effect in
warm-blooded animals such as humans.

According to another aspect of the present invention there is provided the use of a

compound of the formula ITb:

(Ib)
wherein
Xis
-C(O)-, -C(S)-, or -CH(R")- wherein R’ is hydrogen, hydroxy or -NR®R’ (wherein R® is a
group -Y'R" (wherein Y' is a direct bond, -C(0)-, -C(8)-, -C(0)O-, -C(O)NR''-, -S0,- or -
SO,NR"- (wherein R'' and R", which may be the same or different, each independently
represents hydrogen, C,,alkyl or C, jalkoxyC, ;alkyl) and R" is selected from one of the
following two groups:
1) hydrogen, C, ;alkyl or C, ,cycloalkyl
(which alkyl or cycloalkyl group may bear one or more substituents selected from:
halogeno, amino, C, jalkylamino, di(C, jalkyl)amino, hydroxy, C,_ alkoxy, C,.
salkylsulphanyl, C, alkylsulphonyl, C, ,alkoxycarbonylamino, C, ,alkanoyl, phenyl, nitro,
sulphate, phosphate and a group -Y?R" (wherein Y? is -NR"C(O)- or -O-C(0)- (wherein
R' represents hydrogen, Calkyl or C,_alkoxyC,alkyl) and R" is C, ;alkyl, C;.

,cycloalkyl or a group R wherein R" is a phenyl group or a 5-10-membered aromatic
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heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C, jalkyl, C,_
(haloalkyl, C, ,alkoxy, C,_hydroxyalkyl, C, ,aminoalkyl, C,alkylamino, C,_
,hydroxyalkoxy, carboxy, cyano, -CONRR' and -NR'*COR'’ (wherein R**, R"7, R"® and
R', which may be the same or different, each represents hydrogen, C, jalkyl or C,_
;alkoxyC, alkyl))); and

2) R" wherein R" is as defined hereinbefore;

and R’ is hydrogen, C,-alkyl or C,,cycloalkyl, which alkyl or cycloalkyl group may bear one

or more substituents selected from C, ,alkoxy and phenyl);

R!, R? and R® are each independently

hydrogen, PO,H,, sulphate, C, cycloalkyl, C, ,alkenyl, C, ,alkynyl, C, ;alkanoyl, a group

R¥C, ,alkyl (wherein R* is phenyl which may bear one or more substituents selected from C,.

alkyl, C, alkoxy, C, ,aminoalkyl and C, jhydroxyalkoxy), C, ;alkyl or C ;alkylsulphonyl
(which alkyl or alkylsulphonyl group may bear one or more substituents selected from:
halogeno, amino, C,  alkylamino, di(C, ,alkyl)amino, hydroxy, C,alkoxy, C,.
salkylsulphanyl, C,_jalkylsulphonyl, C, ,alkoxycarbonylamino, C,_alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y’R*' (wherein Y? is -NR*C(Q)- or -O-
C(O)- (wherein R* represents hydrogen, C, ,alkyl or C, jalkoxyC, ,alkyl) and R*' is C,.
Lalkyl, Cy,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C, ,alkyl, C,.
shaloalkyl, C, jalkoxy, C,_hydroxyalkyl, C, ,aminoalkyl, C, jalkylamino, C,.
,hydroxyalkoxy, carboxy, cyano, -CONR*R? and -NR*COR?” (wherein R*, R*  R* and
R¥, which may be the same or different, each represents hydrogen, C, ;alkyl or C,.
jalkoxyC, ;alkyl)));

with the proviso that at least two of R, R* and R’ are C, ,alky!;

R'is

hydrogen, cyano, halogeno, nitro, amino, hydroxy, C, ;alkoxy, C,_sthioalkoxy, C, ;alkanoyl or

C,salkyl,

(which alkyl group may bear one or more substituents selected from:
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halogeno, amino, C, ,alkylamino, di(C, ,alkyl)amino, hydroxy, C,_jalkoxy, C,.
,alkylsulphanyl, C, ,alkylsulphonyl, C, alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y’R* (wherein Y’ is -NR*C(0)- or -O-
C(0)- (wherein R” represents hydrogen, C,_jalkyl or C, jalkoxyC, ;alkyl) and R* is C,_

S ,alkyl, C,,cycloalkyl or a group R* wherein R* is a phenyl group or a 5-10-membered
aromatic heterocyclic group (linked via carbon or nitrogen) with -4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_jalkyl, C,.
+haloalkyl, C, jalkoxy, C, hydroxyalkyl, C, ,aminoalkyl, C,_,alkylamino, C,.

10 Jhydroxyalkoxy, carboxy, cyano, -CONR*' R’ and -NR’'COR* (wherein R*', R*, R** and
R**, which may be the same or different, each represents hydrogen, C, jalkyl or C,.
;alkoxyC, salkyl)));

R’ and R’ are each independently selected from
hydrogen, -OPO-H,, cyano, halogeno, nitro, amino, carboxy, hydroxy, C;alkoxy, C,.
15 ,alkanoyl, C . thioalkoxy, C, ,alkyl,
{which alkyl group may bear one or more substituents selected from:
halogeno, amino, C, alkylamino, di(C,_,alkyl)amino, hydroxy, C 4alkoxy, C,.
qalkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C,_,alkanoyl, carboxy,
phenyl, sulphate, phosphate and a group -Y*R? (wherein Y* is -NR*C(O)- or -O-C(0)-

20 (wherein R? represents hydrogen, C, ;alkyl or C, ;alkoxyC,;alkyl) and R* is C,_alkyl, C,.
Lcycloalkyl or a group R*® wherein R* is a phenyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl or aromatic heterocyclic group may bear
one or more substituents selected from hydroxy, nitro, halogeno, amino, C, jalkyl, C,.

25 shaloalkyl, C, atkoxy, C, hydroxyalkyl, C,_aminoalkyl, C, ,alkylamino, C,
;hydroxyalkoxy, carboxy, cyano, -CONR’'R** and -NR*COR*? (wherein R*', R, R* and
R*, which may be the same or different, each represents hydrogen, C, jalkyl or C,_
;alkoxyC, ;alkyl))), and

a group -Y‘R”’

30 (wherein Y* is -C(O)-, -OC(O)-, -O-, -SO-, -SO,-, -0S0,-, -NR*-, -NR*’C(0O)-, -OC(0)O-
, -C(O)NR™*- or -NR*C(0)O- (wherein R*, R*’, R* and R*, which may be the same or
different, each represents hydrogen, C,_jalkyl or C, jalkoxyC, ;alkyl) and R* is
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a sugar moiety, a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, sulphate, C,_
,alkyl, C, jalkoxy, C, jalkanoyl, aminoC, ;alkylamino, C, ;alkylaminoC, ;alkylamino,
di(C, ,alkyl)aminoC ;alkylamino, C, ,alkylphosphate
(which alkyl, alkoxy, alkanoyl, aminoalkylamino, alkylaminoalkylamino,
dialkylaminoalkylamino, or alkylphosphate may bear one or more substituents
selected from:
halogeno, amino, C, ,alkylamino, di(C, ,alkyl)amino, hydroxy, C, ,alkoxy, C,.
s,alkylsulphanyl, C, ,alkylsulphonyl, C, ,alkoxycarbonylamino, C, ,alkanoyl, carboxy,
phenyl, nitro, sulphate, phosphate and a group -Y’R* (wherein Y’ is -NR*'C(O)-, -
C(O)NR*-, -C(0)-O- or -O-C(O)- (wherein R*" and R* which may be the same or
different each represents hydrogen, C, ;alkyl or C, ,alkoxyC, ,alkyl) and R*’ is C,_
salkyl, C,,cycloalkyl, carboxyC, ,alkyl or a group R** wherein R* is a phenyl group, a
benzyl group or a 5-10-membered aromatic heterocyclic group (linked via carbon or
nitrogen) with 1-4 heteroatoms selected independently from O, N and S, which
phenyl, benzyl or aromatic heterocyclic group may bear one or more substituents
selected from hydroxy, nitro, halogeno, amino, C] Lalkyl, C, haloalkyl, C, ,alkoxy, C,.
(hydroxyalkyl, C, ,aminoalkyl, C, ,alkylamino, C, ,hydroxyalkoxy, carboxy, cyano, -
CONR*R* and -NR*COR?" (wherein R*, R*, R** and R*’, which may be the same or
different, each represents hydrogen, C, jalky!l or C, jalkoxyC, ;alkyl))),
R* (wherein R is a phenyl group, a benzyl group or a 5-10-membered aromatic
heterocyclic group (linked via carbon or nitrogen) with 1-4 heteroatoms selected
independently from O, N and S, which phenyl, benzyl or aromatic heterocyclic group may
bear one or more substituents selected from hydroxy, nitro, halogeno, amino, C,_alkyl, C,.
Jhaloalkyl, C, ,alkoxy, C,_ hydroxyalkyl, C, aminoalkyl, C, ,alkylamino, C,.
Jhydroxyalkoxy, carboxy, phenyl, cyano, -CONR*R* and -NR*'COR™ (wherein R¥, R*,
R* and R*, which may be the same or different, each represents hydrogen, C, jalkyl or C,.
salkoxyC, jalkyl)), or
R*? (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from oxo, hydroxy, halogeno, C,.
.alkyl, C, hydroxyalkyl, C, ,alkoxy, C, ,alkoxyC, ,alkyl, C, 4a1kylsulp1{ony1C, alkyl and

R** (wherein R* is a 5-6-membered saturated heterocyclic group (linked via carbon or
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nitrogen) with 1-2 heteroatoms, selected independently from O, S and N, which
heterocyclic group may bear 1 or 2 substituents selected from oxo, hydroxy, halogeno, C,.
.alkyl, C,hydroxyalkyl, C,_,alkoxy, C,alkoxyC, ,alkyl and C _,alkylsulphonylC,
«alkyl));
5 with the proviso that R’ is not hydroxy, alkoxy, substituted alkoxy, -OPO;H,,
-0-C, ;alkanoyl or benzyloxy;
with the further proviso that at least one of R® or R® is a group -Y*R** (wherein Y* and R* are
as defined hereinbefore) but with the further provisos
that when R® is -Y*R* and R is hydrogen, hydroxy or methoxy -Y*R* is not selected from
10 cases wherein:
Y* is -C(0)-, -OC(O)-, -O-, -SO-, -0S0,-, -NR*-, -NR*’C(0)- or -C(O)NR*- (wherein
R*, R* and R*, which may be the same or different, each represents hydrogen, C, jalkyl
or C, ;alkoxyC, ;alkyl) and R* is
a mono-peptide, a di-peptide, a tri-peptide, a tetra-peptide, Cjalkyl, C, ;alkoxy, C,.
15 ,alkanoyl,
(which alkyl, alkoxy or alkanoyl may bear one or more substituents selected from:
halogeno, hydroxy, and a group -Y°R" (wherein Y’ is -C(0)-O- or -O-C(O)- and R" is
C,.alkyl)), or
R*® (wherein R* is a phenyl group or a benzyl group which phenyl or benzyl group may
20 bear one or more substituents selected from C, ;alkyl); and
that when R® is -Y*R* and R’ is hydrogen, hydroxy or methoxy -Y*R? is not selected from
cases wherein:
Y*is -C(0)-, -O- or -0S0,- and R* is
C,alkyl, C, alkoxy
25 (which alkyl, alkoxy or alkanoyl may bear one or more substituents selected from:
halogeno),
R* (wherein R* is a benzyl group which phenyl or benzyl group may bear one or more
substituents selected from C, ;alkyl), or
R (wherein R* is piperidinyl);
30 and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and

prodrugs thereof for example esters, amides and sulphides, in the manufacture of a
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medicament for use in the production of a vascular damaging effect in warm-blooded animals
such as humans.

According to a further aspect of the present invention there is provided a compound of
the formula IIb as defined hereinbefore, and salts thereof, pharmaceutically acceptable salts
thereof, solvates and hydrates thereof, and prodrugs thereof for example esters, amides and
sulphides.

Preferred compounds of the present invention include:
(55)-5-(acetylamine)-9,10,11-trimethoxy-6,7-dihydro-5 H-dibenzo[a,c]cyclohepten-3-yl 3-
{[(2R)-2,6-diaminohexanoyl]amino} propanoate,
(55)-5-(acetylamino)-9,10,11-trimethoxy-6,7-dihydro-5H-dibenzola,c]cyclohepten-3-yl 3-[(2-
aminoacetyl)amino Jpropanoate,

N-([(58)-5-(acetylamino)-9,10,1 1-trimethoxy-6,7-dihydro-5H-dibenzo[a,c]cyclohepten-3-
ylloxymethyl)-2-morpholinoacetamide,
(28,38,45,5R,6R)-6-{[(55)-5-(acetylamino)-9,10,11-trimethoxy-6,7-dihydro-5 H-
dibenzo[a,c]cyclohepten-3-ylJoxy}-3,4,5-trihydroxytetrahydro-2 H-pyran-2-carboxylic acid,
N-[(58)-3-(4-{4-methylpiperazin-1-ylmethyl} phenylcarbonyloxy)-9,10,1 I -trimethoxy-6,7-
dihydro-5H-dibenzo[a,c]cyclohepten-5-yl]acetamide,
N-[(55)-3-(4-{morpholinomethyl}phenylcarbonyloxy)-9,10, ! ! -trimethoxy-6,7-dihydro-5 H-
dibenzo[a,c]cyclohepten-5-yljacetamide,
(55)-5-(acetylamino)-9,10,11-trimethoxy-6,7-dihydro-5 H-dibenzola, c]cyclohepten-3-yl 3-[4-
methylpiperazin-1-ylcarbonyl]propanoate,

5-[{(55)-5-(acetylamino)-9,10,1 1-trimethoxy-6,7-dihydro-5 H-dibenzo[a,c}cyclohepten-3-
vl}oxycarbonyljpentanoic acid,

4-(3-[(55)-5-(acetylamino)-9,10,1 L-trimethoxy-6,7-dihydro-5 H-dibenzo[ a,c |cyclohepten-3-
ylJoxy-3-oxopropyl)benzoic acid and
(25)-N-[(55)-5-(acetylamino)-9,10,11-trimethoxy-6,7-dihydro-5 H-dibenzo[a,c]cyclohepten-3-
yl}-2-amino-3-hydroxypropanamide,

and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof.

More preferred compounds of the present invention include:
(55)-5-(acetylamino)-9,10,11-trimethoxy-6,7-dihydro-5f-dibenzo[a,c]cyclohepten-3-yl 3-

{[(2R)-2,6-diaminohexanoyljamino} propanoate,
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(58)-5-(acetylamino)-9,10,1 1-trimethoxy-6,7-dihydro-5 H-dibenzo[a,c]cyclohepten-3-yl 3-[(2-
aminoacetyl)amino]propanoate,
N-[(55)-3-(4-{4-methylpiperazin-1-ylmethyl} phenylcarbonyloxy)-9,10,11-trimethoxy-6,7-
dihydro-5H-dibenzo[a,c]cyclohepten-5-yllacetamide,
N-[(58)-3-(4-{morpholinomethyl} phenylcarbonyloxy)-9,10,1 1 -trimethoxy-6,7-dihydro-5H-
dibenzo[a,c]cyclohepten-5-yljacetamide,
(58)-5-(acetylamino)-9,10,11-trimethoxy-6,7-dihydro-5 H-dibenzo[a,c]cyclohepten-3-yl 3-[4-
methylpiperazin-1-ylcarbonyl]propanoate,
5-[{(585)-5-(acetylamino)-9,10,1 1 -trimethoxy-6,7-dihydro-5 H-dibenzo[ a,c]cyclohepten-3-
yl}oxycarbonyl]pentanoic acid,
4-(3-[(58)-5-(acetylamino)-9,10,1 1 -trimethoxy-6,7-dihydro-5 H-dibenzo{a,c]cyclohepten-3-
yl]oxy-3-oxopropyl)benzoic acid and
(285)-N-[(55)-5-(acetylamino)-9,10,1 1 -trimethoxy-6,7-dihydro-5H-dibenzo[a,c]lcyclohepten-3-
yl]-2-amino-3-hydroxypropanamide,
and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof.
Especially preferred compounds of the present invention include:
N-[(55)-3-(4-{4-methylpiperazin-1-ylmethyl}phenylcarbonyloxy)-9,10,1 [ -trimethoxy-6,7-
dihydro-5H-dibenzo[a,c]cyclohepten-5-yl]acetamide and
(28)-N-[(55)-5-(acetylamino)-9,10,1 1-trimethoxy-6,7-dihydro-5 H-dibenzo[a,c]cyclohepten-3-
yl]-2-amino-3-hydroxypropanamide,
and salts thereof, pharmaceutically acceptable salts thereof, solvates and hydrates thereof, and
prodrugs thereof.
In another embodiment of the present invention preferred compounds include (25)-N-[(55)-5-
(acetylamino)-9,10,1 1-trimethoxy-6,7-dihydro-5 H-dibenzo{a,c]cyclohepten-3-yl}-2-amino-5-
[(2-nitroethanimidoyl)amino}pentanamide, and salts thereof, pharmaceutically acceptable
salts thereof, solvates and hydrates thereof, and prodrugs thereof.

In one embodiment of the invention preferred compounds include those in which R',
R? and R? are each alkyl, Y* is NH and R* is an acyl group derived from a natural alpha-
amino acid such as glycine, L-alanine or L-serine.

In one embodiment of the invention more preferred compounds include compounds

wherein R!, R? and R’ are each methyl, R is hydrogen and X is -CH(NHC(O)CH,)-.
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In another embodiment of the invention particular compounds include compounds
wherein R', R? and R’ are each alkyl and R* is aminoC, ;alkylamino, C, ;alkylaminoC,_
,alkylamino, di(C,_jalkyl)aminoC, ;alkylamino, 1-piperazinyl or 4-(piperidino)piperidin-1-yl.

In another embodiment of the invention further particular compounds include
compounds wherein R', R? and R? are each alkyl, R* is hydrogen and X is -CH(NHC(O)CH,)-.

In another embodiment of the invention more particular compounds include
compounds wherein R', R? and R? are each alkyl and R* and R* are each hydrogen.

In another embodiment of the invention especially preferred compounds include
compounds wherein R', R? and R? are each methyl and R* is a substituted acyl group.
Preferred compounds of the present invention include:

N-[3-(alanylamino)-9,10,1 1-trimethoxy-6,7-dihydro-5H-dibenzo[a,c]cyclohepten-5-
yl]acetamide and salts thereof, pharmaceutically acceptable salts thereof, solvates and
hydrates thereof, and prodrugs thereof for example esters, amides and sulphides.

A preferred compound for use in the manufacture of a medicament for use in the production
of a vascular damaging effect in warm-blooded animals such as humans is
N-[3-amino-9,10,11-trimethoxy-6,7-dihydro-5H-dibenzo[a,c]cyciohepten-5-yljacetamide.

For the avoidance of doubt it is to be understood that where in this specification a
group is qualified by ‘hereinbefore defined” or ‘defined hereinbefore’, or ‘hereinafter defined’
or ‘defined hereinafter’, the said group encompasses the first occurring and broadest definition
as well as each and all of the preferred definitions for that group.

In this specification unless stated otherwise the term "alkyl" includes both straight and
branched chain alkyl groups but references to individual alkyl groups such as "propyl" are
specific for the straight chain version only. An analogous convention applies to other generic
terms. Unless otherwise stated the term "alkyl" advantageously refers to chains with 1-7
carbon atoms, preferably 1-4 carbon atoms. The term “alkoxy” as used herein, unless stated
otherwise includes “alkyl”-O- groups in which “alkyl” is as hereinbefore defined. The term
“aryl” as used herein unless stated otherwise includes reference to a Cg 4aryl group which
may, if desired, carry one or more substituents selected from halogeno, alkyl, haloalkyl,
alkoxy, hydroxy, amino, nitro and cyano, (wherein alkyl, haloalkyl and alkoxy are as
hereinbefore and hereinafter defined). The term “aryloxy” as used herein unless otherwise
stated includes “aryl”-O-groups in which “aryl” is as hereinbefore defined. The term

“sulphonyloxy” as used herein refers to alkylsulphonyloxy and arylsulphonyloxy groups in
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which “alkyl” and “aryl” are as hereinbefore defined. The term “heteroaryl” as used herein
unless stated otherwise includes reference to a C; j,aryl group containing one or more ring
heteroatoms selected from O, N and S which heteroaryl group may, if desired, carry one or
morc substituents selected from halogeno, alkyl, haloalkyl, alkoxy, hydroxy, amino, nitro and
cyano, (wherein alkyl, haloalky! and alkoxy are as hereinbefore and hereinafter defined). The
term “alkanoyl™” as used herein unless otherwise stated includes formyl and alkylC=O groups
in which “alkyl” is as defined hereinbefore, for example C,alkanoyl is ethanoyl and refers to
CH,C=0, C,alkanoyl is formyl and refers to CHO. In this specification unless stated
otherwise the term “alkenyl” includes both straight and branched chain alkenyl groups but
references to individual alkenyl groups such as 2-butenyl are specific for the straight chain
version only. Unless otherwise stated the term “alkenyl” advantageously refers to chains with
2-7 carbon atoms, preferably 2-4 carbon atoms. In this specification unless stated otherwise
the term “alkynyl” includes both straight and branched chain alkynyl groups but references to
individual alkynyl groups such as 2-butynyl are specific for the straight chain version only.
Unless otherwise stated the term “alkynyl” advantageously refers to chains with 2-7 carbon
atoms, preferably 2-4 carbon atoms. The term “halogeno” means fluoro, chloro, bromo or
iodo unless otherwise stated. A haloalkyl group is an alkyl group as defined hereinbefore
substituted with one or more halogeno groups for example trifluoromethyl and
dichloromethyl. A hydroxyalkyl group is an alkyl group as defined hereinbefore substituted
with one or more hydroxy groups.

In this specification unless stated otherwise the term “acyl” refers to a group linked via
a carbonyl group. “Acyl” includes a group -C(0)-R** wherein R* is an alky]l, aryl or
heteroaryl group as hereinbefore defined, or -C(0)-R* is derived from an amino acid.

In this specification mono-peptide means an amino acid including a-amino acids p-
amino acids and y-amino acids. The amino acids may be L-isomers or D-isomers, preferably
L-isomers. Preferred amino acids include glycine, alanine, valine, leucine, isoleucine,
methionine, proline, phenylalanine, tryptophan, serine, threonine, cysteine, tyrosine,
asparaginine, glutamine, aspartic acid, glutamic acid, lysine, arginine, histidine, B-alanine and
ornithine. More preferred amino acids include serine, threonine, arginine, glycine, alanine, p3-
alanine and lysine. Especially preferred amino acids include serine, threonine, arginine,

alanine and (3-alanine.
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An aromatic heterocyclic group includes those selected from pyridyl, pyrimidyl, furyl,
thienyl, pyrrolyl, pyrazolyl, indolyl, benzofuryl, benzothienyl, benzothiazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, triazolyl, quinolyl and isoquinolyl.

For the avoidance of any doubt, it is to bc understood that when Y is, for cxample, a
group of formula -C(O)NR''-, it is the nitrogen atom bearing the R'! group which is attached
to the group R'® and the carbonyl group (C(O)) is attached to the nitrogen atom which is
linked to the hepten ring. A similar convention applies to the other two atom Y linking
groups such as -SO,NR'?-. An analogous convention applies to other groups. It is further to
be understood that when Y represents -C(O)NR'"'- and R" is C, ;alkoxyC, ;alkyl it is the C,.
;alkyl moiety which is linked to the nitrogen atom of Y' and an analogous convention applies
to other groups.

For the avoidance of any doubt it is to be understood that when Y? is, for example, a
group of formula -OC(O)- it is the oxygen atom which is bound to the substituted group and
the carbonyl group (C(O)) which is bound to R'? and an analogous convention applies to other
groups.

For the avoidance of any doubt it is to be understood that when Y* is, for example, a
group of formula -NR*C(0O)O- it is the nitrogen atom which is bound to the benz ring and the
oxygen atom which is bound to R*’ and an analogous convention applies to other groups.

For the avoidance of any doubt it is to be understood that when R* is a group C,_
;alkylR* it is the alkyl chain which is linked to Y*, similarly when R* is a group
(CH,),Y*(CH,),R* it is the (CH,), group which is linked to Y* and a similar convention
applies to other groups.

For the avoidance of any doubt, it is to be understood that when a group carries a C,_
,alkylamino substituent it is the amino moiety which is attached to the group whereas when a
group carries a C,_,aminoalkyl substituent it is the C, ,alkyl moiety which is attached to the
group and an analogous convention applies to other substituents.

Within the present invention it is to be understood that a compound of the formula I
or a salt thereof may exhibit the phenomenon of tautomerism and that the formulae drawings
within this specification can represent only one of the possible tautomeric forms. It is to be
understood that the invention encompasses any tautomeric form which has vascular damaging
activity and is not to be limited merely to any one tautomeric form utilised within the

formuiae drawings. The formuiae drawings within this specification can represent only one of
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the possible tautomeric forms and it is to be understood that the specification encompasses all
possible tautomeric forms of the compounds drawn not just those forms which it has been
possible to show graphically herein.

It will be appreciated that compounds of the formula I or a salt thereof may possess an
asymmetric carbon atom. Such an asymmetric carbon atom is also involved in the
tautomerism described above, and it is to be understood that the present invention
encompasses any chiral form (including both pure enantiomers and racemic mixtures), as well
as any tautomeric form, which has vascular damaging activity, and is not to be limited merely
to any one tautomeric form or chiral form utilised within the formulae drawings. It is to be
understood that the invention encompasses all optical and diastereomers which have vascular
damaging activity.

Tt is also to be understood that certain compounds of the formula I and salts thereol
can exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It is to
be understood that the invention encompasses all such solvated forms which have vascular
damaging activity.

The present invention relates to the compounds of formula I as hereinbefore defined
as well as to the salts thereof. Salts for use in pharmaceutical compositions will be
pharmaceutically acceptable salts, but other salts may be useful in the production of the
compounds of formula I and their pharmaceutically acceptable salts. Pharmaceutically
acceptable salts of the invention may, for example, include acid addition salts of the
compounds of formula I as hereinbefore defined which are sufficiently basic to form such
salts. Such acid addition salts include for example salts with inorganic or organic acids
affording pharmaceutically acceptable anions such as with hydrogen halides (especially
hydrochloric or hydrobromic acid of which hydrochloric acid is particularly preferred) or with
sulphuric or phosphoric acid, or with trifluoroacetic, citric or maleic acid. Suitable salts
include hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen sulphates,
alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates, fumarates,
succinates, lactates and tartrates. In addition where the compounds of formula [ are
sufficiently acidic, pharmaceutically acceptable salts may be formed with an inorganic or
organic base which affords a pharmaceutically acceptable cation. Such salts with inorganic or
organic bases include for example an alkali metal salt, such as a sodium or potassium salt, an

alkaline earth metal salt such as a calcium or magnesium salt, an ammonium salt or for
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example a salt with methylamine, dimethylamine, trimethylamine, piperidine, morpholine or
tris-(2-hydroxyethyl)amine.
Compounds of Formula I may be prepared by any process known to a person skilled in
the art. Such <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>