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SYNTHESIS OF CARBAMOYLPYRIDONE HIV INTEGRASE INHIBITORS AND

INTERMEDIATES
5 ,
Field of the Invention
The present invention comprises modifications of known processes for synthesizing
~ compounds having HIV integrase inhibitory activity.
10 ' ‘

' Background of the Invention

~ WO 2006/116764 published 2 November 2006, incorporafed by reference in its entirety,

15" describes various compounds and detailed synthetic schemee for their preparatioh. In
particular, a reaction sequence is depicted at page 79 thereof wherein 3-benzyloxy-2-
methyl-1H-pyridine-4-one of formula 3 is there bromfnated to the bromopyridine 4 there,
which is then reacted with methanol and carbon monoxide to yield the nicotinic acid '
methyl.esier 5 there which is after several steps reacted With a benzylamine to create the

20 amide side chain-contaihing pyﬁdine 10. Thus, the amide sidechain is in place before
creation of the Z'Z? ring of the final product formula (1) therein in the reaction depicted at
page 80 from 16 to 17-1.

A second.reaction sequence is depicted at page 113 of WO 2006/116764 wherein a
25 pyrrolidine compound 102 is allowed to condense into a tricyclic compound 103 which is-
then brommated to yield the bromine compound 104 which is then reacted with a
benzylamine to create the amlde side chain-containing tricyclic compound 105 therem
Thus, the bromination takes place after creation of the Z'Z? ring of the final product of
‘ formula (1) therein. ‘ ‘
30
N-Methoxy-N-methyl amides may be prepared by Pd catalyzed aminocarbonylation of aryl
bromides as described by J.R. Martinelli et al ih Organic Letters, Vol. 8, No.21, pages
4843—4846 (2006). Bromoanilinee and bromoanisoles are converted to esters as
_ descnbed by J. Albaneze-Walker et al in Orgamc Letters, Vol. 6, No.13, pages 2097-2100
'35 (2004).
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Summary of the Invention

Processes are provided which utilize an early bromination step in the construction of
5  compounds useful as having HIV integrase inhibitory activity as set.forth in WO
2006/116764. The bromination provides the leaving group for attachment of an amide side

chain on a pyridone ring.

-Detailed Description of the Invention
10 | | | S o

A process is provided within a éynthe‘sis of a pyridone compound of the following-formula
_ (AA), (BB) or (CC): |

15

CC

20 ° comprising the steps of:
P-1) brominating a compound of the following formula (I-1) to produce a bromlne
compound of the following formula (-11):
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wherein
R is -CHO, —CH(OH),, ~CH(OH)(OR?*), -CH(OH)-CH,OH or
5. —CH(OR%)(OR®); -
PlisHora hydroxyl protecting group;
P?is H or a carboxy protecting group;
R*is lower alkyl; '
% and R® are independently Iower alkyl or R® and R® can be lower alky!
10  and joined to form a 5-, 6-, or 7-membered ring,

- and
' P-2) creatmg the 2 4—d|—ﬂuorophenyl-CH2-NH -C(O)- sidechain with the reactants
_ 2 ,4-di-fluorophenyl- CHz-NHz and carbon monoxide.

15

The term “lower élkyl", alone or in combination with any other term, refers to a straight-

chain or branched-chain saturated aliphatic hydrocarbon radical cohtaining 1 to 6 carbon

éto_ms. Examples of alkyl radicals include, but are not limited to, methyl, ethyl, n-propyl,

_ isopropyl; n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isoamyl; n-hexyl and the like.
20 | o

o "The term “lower cycloalkyl” refers to a saturated or partially saturated carbocyclic ring
composed of 3-6 carbons in any chemically stable configuration. Examples' of suitable
carboéYclic-groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and ‘
cyclohexenyl. '

' ' The term “lower alkenyl,” alone or in combination with any other term, refers to a straight-
chain or branched-c_hain alkyl group with one or two carbon-carbon double bonds.
Examples of alkenyl-radicéls inélude, but are not limited to, ethenyl, propenyl, isobropenyl,

. butenyl, isobutenyl, pentenyl, hexenyl, hexadienyl and thé like.
30 '
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The term “lower alkylene"” refers to a straight or branched chain divalent hydrocarbon
‘radical, preferably having from one to six carbon atoms, unless otherwise defined.
Examples of "alkylene" as used herein include, but are not limited to, methylene, ethylene,

propylene, butylene, isobutylene and the like.

The term "lower alkenylene"” refers to a straight or branched chain divalent hydrocarbon

radical, one or two carbon-carbon double bonds.

The term “lower alkoxy” refers to an alkyl ether radical, wherein the term “alkyl” is defined

‘above. Examples of suitable alkyl ether radicals include, but are not limited to, methoxy,
- ethoxy, n-propoxy, isoprop’ox'y, n-butoxy, isobutoxy, sec—butoxy', tert-butoxy and the like.

‘The term _“halogen" refers fluorine (F), chlorine (Cl), bromine (Br), or iodine (1).

The term “aryl” alone or in combination with any other term, refers to a carbocyclic

aromatic moiety (such as phenyl or naphthyl) containing 6 carbon atoms, and more

. preferably from 6-10 carbon atoms. Examples of aryl radicals include, but are not limited
" to, phenyl, naphthyl, indenyl, azulenyl, fluorenyl, anthracenyl, phenanthrenyl,
" -tetrahydronaphthyl, indanyl, phenanthridinyl and the like. Unless otherwise indicated, the

term “aryl” also includes each possible positional isomer of an aromatic hydrocarbon’
radical, such as in 1-naphthyl,'2-naphthyl, 5-tetrahydronaphthyl, 6-tetrahydronaphthyl, 1-
phenanthridinyl, 2-phenanthridinyl, 3-phenanthridinyl, 4-phenanthridinyl, 7-

phenanthridinyl, 8-phenanthridinyl, 9-phenanthridinyl and 10—phénanthridiny|. Examples

of ary! radicals include, but are not limited to, phenyl, naphthyl, indenyl, azulenyl, fluorenyl,
anthracenyl, phenanthrenyl,.'tetrahydronaphthyl. indanyl, phenanthridinyl and the Iiké. The
term “aralky!” refers to an alkyl group substituted by an aryl. Examples of arélkyl groups
include, but are not limited to, benzyl and phenethyl. '

The term "heterocyclic group,” and “heterocycle” as used herein, refer to a 3-to 7-
membered monocyclic heterocyclic ring or 8-to 11-»membered bicyclic heterocyclic ring
system any ring of which is either saturéted, partially saturated or unsaturated, and which
may be optionally benzofused if monocyclic. Each heterocycle consists of one or more
carbon atoms and from one to four heteroatoms selected from the group consisting of N,
O and S, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized,
and the nitrogen atom may optionally be quaternized, and including any bicyclic group in

-which any of the above-defined heterocyclic rings is fused to a benzene ring. The

4.
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heterocyclic ring may be attached at any carbon or heteroatom, provided that the
attachment results in the creation of a stable structure. Preferred heterocycles include 5-7
membered monocyclic heterocycles and 8-10 membered bicyclic heterocycles" When the
heterocyclic ring has substituents, it is understood that the substituents may be attached
to any atom in the ring, whether a heteroatom or a carbon atom, provided that a stable
chemical structure results. "Heteroaromatics” or "heteroaryl” are included within the
heterocycles as defined above and generally refers to a heterocycle in which the ring
system is an aromatic monocyclic or polycyclic ring radical containing five to twenty
carbon atoms, preferably five to ten carbon atoms, in which one or more ring carbons,
preferably one to four, are each réplaced by a heteroatom suchas N, O, SandP.
Preferred heteroaryl groups include 5-6 membered monocyclic heteroaryls and 8 - 10
membered bicyclic_heteroaryls.'Also included within the scope of the term "heterocycle,
"heterocyclic" or ."heterocyclyl" is a group in which a non-aromatic heteroatom-containing
ring is fused to one or more aromatic fings, such as in an indolinyl, chromanyl,
phenanthridinyi or tetrahydro—quiholinyl, where the radical or point of attachment is on the
non-aromatic heteroatom-containing ring. Unless otherwise indicated, the term
"heterocycle, "heterocyclic” or "heterocyclyl" also included each possible pbsitiohal isomer

- of a heterocyclic radical, such as in 1'-indolinyl, 2-indolinyl, 3-indolinyl. Examples of

heterocyclgs include imidazolyl, imidazolinoyl, imidazolidinyl, quinolyl, isoquinolyl, .indolyl,
indazolyl, indazolinolyl, perhydropyridazyl, pyridazyl, pyridyl, pyrrolyl, pyrrolinyl, V
pyrrolidinyl, pyrazolyl, pyrazinyl, quinoxolyl, piperidinyl, pyranyl, pyrazolinyl, piperazinyl,
pyrimidinyl, pyridazinyl, morpholinyl, thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl,
carbolinyl, tetrazolyi, thi‘a,zolidinyl,. benzofuranoyl, thiamorpholinyl sulfone, oxazolyl,

N oxadiazolyl, benzoxazolyl, oxopiperid_inyl, oxbpyrrolidinyl, oxoazepinyl, azepinyl,

isoxozolyl, isothiazolyl, furazanyl, tetrahydropyranyl, tetrahydrofuranyl, thiazolyl,

thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxolyl, dithiolyl, thiophenyl,

tetrahydrothlophenyl sulfolanyl, dloxanyl dioxolanyl, tetahydrofurodlhydrofuranyl
tetrahydropyranodlhydrofuranyl dihydropyranyl, tetradyrofurofuranyl and
tetrahydropyranofuranyi.

“Optional substituents are hydroxy, halogen, amino and lower alkyl.

Protecting groups may be selected from groups known to those skilled in the art, including
protecting groups disclosed in Greene, Theodora W.; Wuts, Peter G. M.. Protective

. Groups in Organic Synthesis. 2nd Ed. (1991) 473 pp. or Kocienski, Philip J. Protecting
Groups. 3rd Ed. 2005, (2005) 679 pp.
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The pyridone ring depicted in (I-1) and (II-1), ie to which the -OP' is directly attached,

becomes in AA, BB and CC the ring shown next to the Q ring as follows:

OH
N N\

Thus, the step P-2) can be carried out before or after creation of the Q ring, sucH steps for
the creation of the Q ring being described herein and in WO 2006/1116764.

The present invention features a process as described above, wherein said step P-2) is
carried out before creation of the Q ring and wherein said pyridone compound is of the

formula AA or formula BB or formula CC.

The 'present invention features a process as described above, wherein said step P-2) is
carried out after creation of the Q ring and wherein said pyridone compound is of the

- formula AA or formula BB or formula CC.

The present invention featurés a process as described above, wherein the pyridone
compound is of the formula AA. _

The present invention features a process as described above, wherein the pyridone
compound is of the formula BB.

The present invention features a process as described above, wherein the pyridone

‘compound is of the formula CC.

Also part of the presént invention are novel intermediates such as those of the following

- formula (DD) below:

DD
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. wherein P' is as decribed above, particularly benzyl.

A process is provided for the preparation of a pyridone compound of the following formula
(AA), (BB) or (CC):

10

‘ comprising the steps of:
P-1) brominating a compound of the following formula -(I-I) to produce a bromine
compound of the following formula (l1-11):

5 M -

wherein

R is —CHO, ~CH(OH),, ~CH(OH)(OR*), -GH(OH)-CH,0H o -
—CH(OR®)(OR®); ' ' - ‘
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P'is H or a hydroxyl protecting group;

P?is H or a carboxy protécting group;

R* is lower alkyl;

R® and R® are independently lower alkyl or R® and R® can be lower alkyl

5 and joined to form a 5-, 6-, or 7-membered ring, '

P-2) creating the 2,4-di-fluorophenyl-CH,-NH-C(O)- sidechain with the reactants
2,4-di-fluorophenyl-CH,-NH, and carbon monoxide to form a compound of formula Ii1-11

orP' 0

-
10 ~ P-3) condensing and debenzylating a compound of formula lli-lil to form a
compound of formula AA, BB, or CC. ‘

The present invention also features processes as described above wherein P is benzyl;
P? is methyl; and R is -CHO, —CH(OH)(OR“) -CH(OR®)(OR®) wherein R* and R® are
15 . lower alkyl. ‘

There is also described herein the process for the preparation of a compound of the
following formula (I): A
OP' o

° N o7 P :
<~__N. ()
Rx
R3
R

20 ' wherein
R is -CHO, —CH(OH), or -CH(OH)(OR?);
P'is H or a hydroxyl protéctihg group;
P?is H or a carboxy protectlng group;
. R® is H, halogen, hydroxy, optionally substituted lower alkyl, optlonally
25 substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
' alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
s_ubétituted aryloxy, optionally substituted heterocyclic group, optionally substituted
Vh'eterocycleoxy and optionally substituted amiho;

8
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R* is lower alkyi;
R*is H, halo or R%-X-NR'-C(0)-;
R? is optionally substituted a‘ryl;
Xisa single bond, a heteroatom group selected from O, ‘S, SO_, SO,, and
5 NH or loweralkylene or lower alkenylene wherein each may be intervened by the
heteroatom; and
R"is H or lower alkyl,

which comprises the steps of:

i) reacting a compound of formula (ll):
OP? o
O X0 - P3
“~ U]
Rx
10 ' . R

with an amine of formula () or (IV):

ORS

HN_ )
2 \)\ORG

wherein R® and R® are independently lower alkyl or R® and R® can be aikyl and
15 joined to form a 5-, 6-, or 7-membered ring,

OH

HN O V)

tb produce an intermediate of formula (V) or (VI), respectively:

OP' g
O\ 0" p3
N --(V)
Rx
R - ORS
20 . ' - OR®
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oP' ¢
o p3
N o~
N )
Rx s 7\/OH
OH

and
i) refunctionalizihg (V) or (VI) to produce (I).
_Speciﬁc compounds used in the proceéses include those of the
5 following formulae (lla), (Via), (VIb) and (la) utilized in Examples which follow:

OBn 0

0 _H
ﬁo A (lla)

10
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The produc{ (la) of a synthéﬁc sequence can be condensed with an amine, 'eg of the

-formula H,NCH,CH,CH,OH, brominated if R* is H, carbonylated and amidated and finally,

debenzylated to yield a compound of WO 2006/116764 designated (I-7) at page 240
wherein (R)n, is 4-F and R® is H. Alternatively, such a compound may be synthesized by
starting with (I) where R* is p-F-phenyl-CHz-NH-C(O)- R®is H, P'is benzyl (Bn) and P* is

a carboxy protecting group.

In more detail, step i) can be carried out out in a protic or aprotic solvent such as EtOH,

THF or DMF at a temperature of about 50-150° C for about 1-10 hours.

In more detail, step ii) can be carried out for the diol starting material (V1) with an oxidizing
agent such as NaIO4 ,'RuO., or Pb(OAc), in a solvent such as H,0, MeOH or CH;CN at
ambient temperature for one or more hours. Fof the aéetal type starting material such as
(V), reaction may be in an acid such as HCI, CFsCOOH or HCOH obtionally with heating.

Step ii) can also involve refunctionalization at the R* postion, eg R*=H to R*=Br optionally
with further refunctionalization to R*=R%-X-NR'-C(O)-. Step ii) can also involve '
refunctionalization of P?, eg P*=H to P°*=Me.

In more detail, step P-1) can bé carried out by treating a compound of formula I-1 with a -
bromine source inclﬁ'ding but not limited to N-bromosuccinimide or bromine in a solvent
such as N,N-dimethyl formamide, THF or acetic acid and the -like. This transformation can
be run particularly at a temperature of -10 °C to 50 °C to produce a combound of forfnul_a
-,

In more detail, step P-2) can be carried out by treating a compdund of formula I1-1f with
2,4-difluorophenyl-CH>-NH,, carbon monoxide, a suitable base and palladium (0) source
and optionally an appropriate Iigénd in an inert solvent optionally with heating. The

. carbon r_nonoxide can be at atmospheric pressure (14.7 psi) or at elevated pressure

particularly in the range of up to 60 psi but in some cases higher pressures may be

- required. Bases include but are not limited to tertiary amine bases such as.

diisopropylethylamine and triethylamine and the like. Inorganic bases such as potassium.
acetate and potassium phosphate are also bases of significance. Suitable sources of Pd
(0) include but are not Ii‘mited to tetrakis triphenylphosphine palladidm 0). In sdme cases
aPd (II) précursor can be used to generate Pd (0) in situ. Suitable Pd (ll) precursors '
include but are not limited to Pd(OAC)z; Pd(OCOCF3), and ligands include Xantphos, -

11
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diphenyiphosphinoferrocene (dppf), triphenylphosphine and the like. Solvents include
N,N-dimethyl formamide, THF, toluene, DMSO and the like. Heating the mixture is

optionally used in the range from ambient to 150 °C

5 The present invention also features crystalline forms of a compound of formula AA
(Cdmpound'13, Example 1) salt and a hydrate thereof. The present invention features:

(1) A salt or a hydrate thereof of a compound of formula AA:

OH O  CH,

10
" (2) A crystal form of a sodium salt or a hydrate thereof of a compound of formula AA:
OH O CH, : : :

F

(3) A crystal form of (2) having one or more physical properties selécted from the group
15  consisting of (i) and (ii): ' '
(i) having characteristic diffraction peaks at 6.4° + b.2°, 9.2°+0:2°,13.8°+0.2°, 19.2° ¢
0.2° and 21.8° + 0.2° degrees two-theta in a'n X-ray powder diffraction pattérvn;‘ and.
(ii) having characteristic infrared absorption spectra at 1641cm™ + 2cm'i, 1536cm™ + 2cm’
', 1503cm™+ 2cm™ and 1424cm™' + 2cm™.

20
(4) A crystal form of (2) having characteristic diffraction peaks at 6.4° + 0.2°, 9.2° + 0.2°,

13.8°+£0.2°,19.2° £ 0.2° and 21.8° + 0.2° degrees two-theta in an X-ray powder
diffraction pattern. '

25 (5) A crystél form of (2) having characteristic diffraction peaks at 6.4° + 0.2°, 9.2° + 0.2°,
13.8°+0.2°, 14.6°+£0.2°, 16.2° £ 0.2°, 17.6° £ 0.2°, 19.2° + 0.2°, 21.8° £ 0.2°, 24.1° +
0.2° and 28.7° £.0.2° degrees two-theta in an X-ray powder diffraction pattern.

(6) A crystal form of (2) having characteristic infrared abéorption"spectra at 1641cm™ &

30  2cm™, 1536cm™ £ 2cm™, 1503cm’ + 2cm’* and 1424cm™ + 2em™.

12
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(7) A crystal form of (2) having characteristic infrared absorption spectra at 1641cm™ +
2cm™, 1536cm™ £ 2cm™, 1503cm™ £ 2cm™, 1424cm™ + 2cm™, 1282cm™ + 2cm™, 1258cm™?
+2cm™, 1093cm™ + 2em™ and 1069cm™ + 2cm™.

(8) A crystal form of (2) having one or more spectra selected from the group consisting of
(a) to (c):

(a) X-ray powder diffraction pattern substantially as shown in Figure 1;

(b) Infrared absorption spectra substantially as shown in Figure 2; and

(c) Solid state *C-NMR spectra substantially as shown in Figure 3.

(9) Acrystal form of (2) having one or more physical properties selected from the'group

 consisting of (iii) and (iv):

(iii) having characteristic dlffractlon peaks at 8.0° + 0.2°, 9 3°+0.2° 11 3°+0. 2° 16.0°
0.2°, and 22.8° + 0.2°degrees two-theta in an X-ray powder diffraction pattern; and

(iv) having characteristic infrared absorption spectra at 1637»cm'i +2em’™, 15360m‘1 +2cm

', 1501cm™ + 2cm™ and 1422cm™ + 2cm’".

(10) A crystal form of (2) having characteristic diffraction peaks at 8 0°+0.2°9.3°+0. 2°'
11.3°+£0.2°,16.0° + 0. 2°and 22.8° +0. 2° degrees two-theta in an X—ray powder dlffractlon

pattern

(11) A crystal form of (2) having characteristic diffraction peaks at 8.0° + 0.2°, 9.3°+ 0.2°,
11.3°+£0.2°,15.4° £ 0.2°, 16.0° £ 0.2°,18.7° £ 0.2°, 19.1° £ 0.2°, 19.8° + 0.2°, 22.8° +
0.2° and 26.8° + 0.2° degrees two-theta in an X-ray powder diffraction pattem.

(12) Acrystal fonn of (2) having characteristic infrared absorption spectra at 1637cm™ +
2cm™, 1536em™ £ 2cm™, 1501cm™ £ 2em™ and 1422cm™ + 2cm™.

(13) A crystal form of (2) having characteristic infrared absorption spectra at 1637cm™
2cm™, 1536cm™ + 2cm™, 1501cm™ £ 2em™, 1422cm™ £ 2cm™, 1277cm™ + 2cm™, 1258cm™
+2cm™,'1093cm™ + 2cm™ and 1069cm™ + 2em™.

(14) A crystal form of (2) having one or more spectra selected from the group consustmg
of (d) and (e):
(d) X-ray powder diffraction pattern substantially as shown in Figure 4; and"

. (e) Infrared absorption spectra substahtiélly as shown in Figure 5.

(15) A pharmaceutical composition contalmng the crystal form as defi ned in any one of -

(2) to (14). -
© 13
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(16) A process for preparation of the crystal forms as defined in any one of (2) to (14).

The present invention features crystalline forms of a salt of compound of formula AA, in

5 particular a sodium salt. .

" The present invention features crystalline forms of a hydrate of a salt of a compound of
formula AA, in particular a sodium salt. ‘

10 This invention also includes a crystal form of a compound of formula AA (Compound 12,
Example 1). Details are shown as (17) to (22):
~ (17) A crystal form of a compound of forrh_u'la AA:

F

15 having one or more physical properties selected from the group consisting of (v) and (vi):
(v) having charaéteristic diffraction peaks at 5.4° + 0.2°, 10.7° £ 0.2°, 12.3° + 0.2°, 15.2° +
‘0.'2°' and 16.4° + 0.2° degrees two-theta in an X-ray powder diffraction pattern; and
(vu) having characteristic infrared absorptlon spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm
!, 1540cm™ + 2cm™ and 1498cm™ + 2cm™.

20 : o '
(18) A crystal form of a compound of formula AA:

F

25  having characteristic diffraction peaks at 5.4° + 0.2°,10.7°+£0.2°,12.3° £ 0.2°, 15.2°
© 0.2°and 16.4° £ 0.2° degrees two-theta in an X-ray powder diffraction pattern.

(19) A crystal form of a compound of formula AA:

14

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1021



WO 2010/068253 PCT/US2009/006422

OH O (:,H3
o :
F\QV \[i%fu\h‘ |
H
N X N\/I:\
: 0 B
H
. F (o) AA

having characteristic diffraction peaks at 5.4° + 0.2°, 10.7° £ 0.2°, 12.3° £ 0.2°, 14.3° + '
- 0.2°,15.2°£0.2°,16.4° £ 0.2°, 21.7° £ 0.2°, 24.9° + 0.2°, 25.‘}° +0.2°and 27.9° £ 0.2°
5 degrees two-theta in an X-ray powder diffraction pattern.

(20) A crystal of a compound of formula AA:

"OH O  CH,

10 _ .
“having characteristic infrared absorption spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm’™,

1540cm™ + 2cm™ and 1498cm™ + 2cm™.

"(21) A crystal of a compound of formula AA:

15 -
_ having characteristic infrared abSbrption spectra at 1658cm™ + 2cm™, 1628cm™ £ 2em™,
1540cm™' £ 2cm™, 1498cm™ + 2cm™, 1355cm™ + 2cm™, 1264cm™ + 2cm™, 1238cm™ + 2cm
', 1080cm™ £ 2¢m and 1056cm™ £ 2cm.
20 : 4 -
: (22) A crystal of a compound of formula AA:

25 having one or more spectra selected frorh the group consisting of (f) and (9):
(f) X-ray powder diffraction pattern substantially as shown in Figure 6; and
‘ ' 15
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(g) Infrared absorption spectra substantially as shown in Figure 7.

The crystals of compound 13 and 13b (monohydrate form of compound 13) demdnstrate
high solubility in water or saline, high bioavailability (BA), high maximum drug

5 concehtration {Cmax), short maximum drug concentration timé (Tmax), high stability
against heai or light, and/or good handling facility. Therefore, the crystals of compound

13 and 13b are suitable as pharmaceutical ingredients.

: Inthe following examples and throughout this specification, the following abbreviations
10 may be used: Me (methyl), Bn (benzyl), Aq (aqueous), Et (ethyl), C (centrigrade). V

" EXAMPLES

15 * In the following Examples, those depicting the bromination and amidation reactions of the

present invention include Examples C, Example 2 and Example CC.

The following examples are intended for illustration only and are not intended to limit the
scope of the invention in any way.

.20 » ' _
-Examples 1 and 3

The starting material of Example 1e and 3eis the cdmpound of formula (lla) which is also
~shown as compound 5 below and compound #101 at page 113 of WO 2006/116764. The
25 producf depicted below as compound 8is of the formula (1). The final product shown
below as compound 13 is a-compound of formula (I-7) at page 240-_of WO 2006/116764
‘wherein (R)y, is 2,4-di-F and R® is H, provided, howéver, that there is an alpha methyl at
the position designated R'® in formula (XXVI) at page 65.

16
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’ 0Bn
o 4 5"36 o 1) LIHMDS OBn  1)MsCUEL; N 0Bn 1) RuCIy/NalO,
=~ > Ny _2PhcHo OH 2)DBU 2) NaCIO,
O

X
1 2
i HzN/\[OH i i 0B i
' OBn Mel n 0OBn
Y o8n OH ) NaHcos ([ Naio, 7
OH— e

0 OH N N N OMe

o Ho\L) 0 Hof 0 Hoj) o
5 : 8

oH ° o 7 OH

: F

: OBn O = : OBnO =
el = S 2
o N N\)\/j FoCoHsCHoNH,

Pd(PPhy), CO

0OBn O g OH O z
F F H‘0 N N/'j Pd-C/H, \@/ /j
NN \ N\/j\
(o]
1 . ONaO =
, F. y O\ N/'j
NaOHaq./EtQH N SN \/:ko
. - F o} H

13
Thus, in the above sequence for Example 1, compound 5 is identical to.compound 101 at
'page 113 of WO 2006/116764 and to formula (lla) of the process of the present invention,
compound 6 above is identioal to formula Nla) of the process of the presént invention; |
5 compound 7 above is idenfical to formula (VIb) of the process of the present invention;
- and compound 8 is identical to formula (la) of the process of the present invention. Step i)
of the mventlon process is 5 to 6 above while step i) is 6 to 8 |

Example 1a
10  To a slurry of 2000 g of compound 1(1.0 eq.) in 14.0 L of MeCN were added 2848 g of
benzyl bromide(1.05 eq.) and 2630 g of K2COs(1.2 eq.). The mixture was stirred at 80 °C
for 5 h and cooled to 13°C. Precipitate was filtered and washed with 5.0 L of MeCN. The
ﬁltrate was concentrated and 3.0 L of THF was added to the residue. The THF solution
was concentrated to give 3585 g of crude compound 2 as oil. Without further purification,
15 compound 2 was used in the next step. . '
'H NMR(300 MHz, CDCl5) 5 7.60 (d, J = 5.7 Hz, 1H), 7.4-7.3 (m, 5H), 6.37 (d, J = 5.7 Hz,
“1H), 5.17 (s, 2H), 2.09 (s, 3H)

17
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Example 1b ,

To 904 g of the crude compound 2 was added 5.88 L of THF and the solution was cooled .
to —60 °C. 5.00 L of 1.0 M of Lithium bis(trimethyisilylamide) in THF(1.25 eq.) was ’added
dropwise for 2 h to the solution of compound 2 at -60 °C. Then, a solution of 509 g of

" benzaldehyde(1.2 eq.) in 800 mL of THF was added at —60 °C and the reaction mixture

was aged at —60 °C for.1 h. The THF solution was poured into a mixture of 1.21 L of
conc.HCl, 8.14 L of ice water and 4.52 L of EtOAc at less than 2 °C. The organic layer
was washed with 2.71 L of brine (twice) and the aqueous layer was extracted with 3.98 L

- of EtOAc. The combined organic layers were concentrated. To the mixture, 1.63 L of

toluene was added and concentrated (twice) to provide toluene slurry of compound 3.
Filtration, washing with 0.90 L of cold toluene and drying afforded 955 g of compound 3
(74% yield from compound 1) as a crystal. '

"'H NMR(300 MHz, CDCls) 6 7.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m, 10H), 6.38 (d,J=57

Hz, 1H), 5.16 (d, J = 11.4 Hz, 1H), 5.09 (d, J = 11.4 Hz, 1H), 4.95 (dd, J = 4.8, 9.0 Hz,

“1H), 3.01 (dd, J = 9.0, 14.1 Hz, 1H), 2.84 (dd, J = 4.8, 14.1 Hz, 1H).

 Example 1c

To a solution of 882 g of compound 3 (1.0 eq.) in 8.82 L of THF were added 416 g of
EtaN(1 .5 eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After
_cohﬁrmation of disappearance of compound 3, 440 mL of NMP and 1167 g of DBU(2.8
eq.) were added to the reaction mixture at less than 30 °C and the reaction mixture was

- aged for 30 min. The mixture was neutralized with 1.76 L of 16% sulfuric acid and the

organic layer was washed with 1.76 L of 2% Na,SOsaq. After concentration of the ofganic
layer, 4.41 L of toluene was added and the mixture was concentrated (tree times). After
-addition of 4.67 L of hexane, the mixture was cooled with ice bath. Filtration, washing with
1.77 L of hexane and drying provided 780 g of compound 4 (94% yield).as a crystal.

'H NMR(300 MHz, CDCl;) 5 7.69 (d, J= 5.7 Hz, 1H), 7.50-7.25 (m, 10H), 7.22 (d,; J =

116.2 Hz, 1H), 7.03 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 5.7 Hz, 1H), 5.27 (s, 2H).

Example 1‘d

. To a mixture of 822 g of compound 4 (1.0 eq.) and 11.2 g of RuCl;'nH,0(0.02 eq.)in 2.47

L of MeCN,' 2.47 L of EtOAc and 2.47 L of H,O was added 2310 g of NalO,(4.0 eq.) at
less than 25 °C. After aging for 1 h, 733 g of NaClO4(3.0 eq.) was added to the mixture at
less than 25 °C. After aging for 1 h, precipitate was filtered and washed with 8.22 L of
EtOAc. To thé ﬂltrate, 1.64 L of 50% Na,S,0;aq, 822 mL of H,0 and 630 mL of coc.HCI
were added. The aqueous layer was extracted with 4.11 L of EtOAc and the organic

‘ ‘ 18
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layers were combined and concentréted. To the residue, 4 L of toluene was added and
the mixture was concentrated and cooled with ice bath. Filtration, washing with-1 L of
toluene and drying provided 372 g of compound 5 (56% yield) as a crystal.

'H NMR(300 MHz, CDCl;) & 7.78 (d, J = 5.7 Hz, 1H), 7.54—7.46 (m, 2H), 7.40-7.26 (m,
3H), 6.48 (d, J = 5.7 Hz, 1H), 5.6 (brs, 1H), 5.31 (s, 2H).

Example 1e -

A mixture of 509 g of compound 5 (1.0 eq.) and 407 g of 3-amino-propane-1,2-diol(2.5
eq.)in 1.53 L of EtOH wés stirred at 65 °C for 1 h and at 80 °C for 6 h. After addition of
18.8 g of 3-Amino-propane-1,2-diol(0.1 eq.) in 200 mL of EtOH, the mixture was stirred at
80 °C for 1 h. After addition' of 18.8 g of 3-amino-propane-1,2-diol (0.1 €q.) in 200 mL of
EtOH, the mixture was stirred at 80 °C for 30 min. After cboling and addition of 509 mL of
H-0, the mixture was concentrated. To the residue, 2.54 L of HZO and 2.54 L of AcOEt
were added. After separation, the aqueous layer was washed with 1.02 L of EtOAc. To
the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C th give ’crys'tal
of éompound 6. Filtration, washing with 1.53 L of cold H,0 and drying provided 576 g of
compound‘ 6 (83% vyield) as a crystal. :

'H NMR(300 MHz, DMSO-ds) 5 7.67. (d, J=75Hz, 1H), 7.5-7.2 (m, 5H), 6.40 (d, J= 7.5
Hz, 1H), 5.07 (s, 2H), 4.2-4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J = 4.2, 10.8 Hz, 1H),
3.27 (dd, J = 6.0, 10.8 Hz, 1H). ' :

Example 1f

To a slurry of 576 g of compound 6(1.0 eq.: 5.8% of HZO was contained) in 2.88 L of NMP
were added 431 g of NaHCO4(3.0 eq.) and 160 mL of methyl iodide(1 -5 eq.) and the ‘
mixture was stirred at room -temperatufe for 4 h. After cooling to 5 °C, 1.71 L of 2N HCI
and 1.15 L of 20% NaClaq were added to the mixture at less than 10 °C to give crystal of
compound 7. Filtration, washing with 1.73 L of H,O and drying provided 507 g of
compound 7 (89% yield) as a crystal.

'H NMR(300 MHz, DMSO-ds) 5 7.59 (d, J = 7.5 Hz, 1H), 7.40-7.28 (m, 5H), 6.28 (d, J =
7.5Hz, 1H), 5.21 (d, J = 5.4 Hz, 1H), 5.12 (d, J = 10.8 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H),

4.83(t, J=5.7 Hz, 1H), 3.97 (dd, J = 2.4, 14.1 Hz, 1H), 3.79 (s, 3H), 3.70 (dd, J = 9.0,

14.4 Hz, 1H), 3.65-3.50 (m, 1H), 3.40-3.28 (m, 1H), 3.26-3.14 (m, 1H).

Example“'lg -
To a mixture of 507 g of compound 7(1 .0 eq.)in 5.07 L of MeCN, 5.07 L of H,0 and 9.13
g of AcOH(0.1 eq.) was added 390 g of NalO4(1.2 eq.) and the mixture was stirred at

19
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room temperature for 2 h. After addition of 1.52 L of 10% Na,S;0;aq., the‘ mixture was
concentrated and cooled to 10 °C. Filtration, washing with H.O and drying provided 386 g
of compound 8 (80% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) 5 7.62 (d, J = 7.5 Hz, 1H), 7.42-7.30 (m, 5H), 6.33 (d, J =

5 6.0Hz, 2H), 6.29 (d, J= 7.5 Hz, 1H), 5.08 (s, 2H), 4.95-4.85 (m, 1H), 3.80 (s, 3H), 3.74 (d,
J=5.1Hz, 2H).

Example 1h
After dissolution of a mixture of 378 g of compound 8 (1 0 eq.) in 3.78 L of MeOH by
10 heating, the solution was concentrated. To the residue, 1.51 L of toluene was added and
the mixture was concentrated. To the residue, 1.89 L of toluene, 378 mL of AcOH and
137 g of (R)-3-Amino-butan-1-0l(1.3 eq.) were added and the mixture was heated to 90
°C, stirred at 90 °C for 2.5 h and concentrated. To the residue, 1.89 L of toluene was
added and the mixture was concentrated. The residue was extracted with 3.78 L and 1.89
16 - Lof CHCIa and washed with 2 x 1.89 L of H,O. The organic layers were combined and
' concentrated. To the residue, 1.89 L of EtOAc was added and the mixture was
concentrated. After addition of 1.89 L of EtOAg, filtration, washing with 1.13 L of EtOAc -
and drying provided 335 g of compound 9 (83% yield) as a crystal. '
~ "H NMR(300 MHz, CDCls) 5 7.70-7.58 (m, 2H), 7.40-7.24 (m, 3H), 7.14(d, J=7.5Hz,
20 2H) 647(d J=7.5Hz, '1H) 5.35(d, J=10.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 5.12
(dd J=3.9, 6.3 Hz, 1H), 5.05-4.90 (m, 1H), 407(dd J=3.9,13.5 Hz, 1H), 4.00-3.86
© (m, 3H) 2.23-2.06 (m, 1H), 148(ddd J=24,45,13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

Example 1i .

25  Toaslurry of 332 g of compound 9 (1 0 eq.)in 1.66 L of NMP was added 191 g of
NBS(1.1 eq.) and the mixture was stirred at room temperature for 2 h. After addmon of .
1.26 L of H,0, the mixture was stirred for 30 min. After addition of 5.38 L of H,O and
aging of the mixture at 10 °C for 30 min and at 5 °C for 1 h, filtration, washing with 1.33 L
of cold H,O and drying provided 362 g of compound 10 (89% yield) as a crystal.

30 H NMR(300 MHz, CDCl,) 6 7.69-7.63 (m, 2H) 7.59 (s, 1H), 7.38-7.24 (m, 3H), 5.33 (d, J
=10.2 Hz, 1H), 525(d J= 99Hz 1H), 512(dd J=3.9,5.7 Hz, 1H), 505-490(m 1H),
4.11(dd, J = 3.9, 13.2 Hz, 1H), 4.02-3.88 (m 3H), 2.21-2.06 (m, 1H), 1 49 (ddd J=24,
4.5, 14.1 Hz, 1H), 1.31 (d, J=6.9 Hz, 3H).

35 . Example 1j

20
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Under carbon mono-oxide at;nbsphere, a mixture of 33.5 g of compound 10(1.0 eq.), 34.8
) th of i-Pr,NEt(2.5 eq.), 14.3 mL of 2,4-difluorobenzylamine(1.5 eq.) and 4.62 g of _
Pd(PPh3)(0.05 eq.) in 335 mL of DMSO was stirred at 90 °C for 5.5 h. After cooling,
precipitate was filtered and washed with 50 mL of 2-propanol. After addition of 502 mL of
5 H;0O and 670 mL of AcOEt to the filtrate, the organic layer was washed with 335 mL of '
0.5N HClaqg. and 335 mL of H,O and the aqueous layer was extracted with 335 mL of '
AcOEt. The organic layers were combined and concentrated. To the residue, 150 mL of
2-propanol was added and the mixture was concentrated. After addition of 150 mL of 2-
propanol, concentration, cooling to 20 °C and filtration, crude crystal ofl_compound 11 was
10 obtained. After dissolution of the crude crystal in 380 mL of acetone by heatihg. ' .
precipitate was filtered and the ﬂitréte was concentrated. After addition of 200 mL of
'EtOH, concentration, addition of 150 mL of EtOH, concentration, cooling and filtration,
crude crystal of compound 11 was obtained. After dissolution of the crude 'crystal in 450
mL of acetone by heating, the solution was concentrated. To the residue, 150 mL of 2-
- 15 propanol was added and the mixture was concentrated (twice). After cooling of the
residue, filtration, washing with 2-propanol and drying provided 34.3 g of compound 11
(84% yield) as a crystal. : .
'H NMR(300 MHz, CDCl;) 5 10.40 (t, J = 6.0 Hz, 1H), 8.35 (s, 1H), 7.66-7.58 (m, 2Hj,
7.42-7.24 (m, 5H), 6.78-6.74 (m, 2H), 5.30 (d, J = 9.9 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H),
20 5.15(dd, J=3.9, 5.7 Hz, 1H), 5.05-4.90 (m,' 1H), 4.64 (d, J = 5.4 Hz, 2H),4.22 (dd, J =
3.9, 13.5, 1H), 4.09 (dd, J=6.0, 13.2 Hz, 1H), 4.02—3.38 (m, 2H), 2.24-1.86 (m, 1H), 1.50
(ddd, J = 2.4, 45 14.1 Hz, 1H), 1.33 (d, J = 7.2 Hz, 3H).

~ Example 1k
. 25 Under hydrogen atmosphere, a mixture of 28.0 g of compound 11(1.0 eq.) and 5.6 g of
10% Pd-C in 252 mL of THF and 28 mL of MeOH was stirred for 1 h. After precipitate
(Pd-C) was filtered and washed with 45 mL of THF, 5.6 g of 10% Pd-C was added énd the
mixture was stirred for 1.5 h under hydrogen atmosphere. After Pd-C was filtered and
washed with 150 mL of CHCIly/MeOH(9/1), the filtrate was concentrated. After dissolution .
30 of the residue in 1.38 'I, of EtOH by heating, the solution was gradually cooled to room
temperature. After filtration, the filtrate was concentrated and cooled. Filtration, washing
with EtOH and drying provided 21.2 g.of compound 12 (92% yield) as a crystal. 4
H NMR(300 MHz, DMSO-ds) 5 12.51 (s, 1H), 10.36 (t, J= 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
~(td, J=8.7,6.3Hz, 1H), 7.24 (ddd, J = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44
35 (dd,J=3.9, 5.7 Hz, 1H), 4.90-4.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),

21
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. 4.35(dd, J = 6.0, 13.8 Hz, 1H), 4.10-3.98 (m, 1H), 3.96-3.86 (m, 1H), 2.10-1.94 (m, 1H),

1.60-1.48 (m, 1H), 1.33 (d, J = 6.9 Hz, 3H).

Example 11

After dissolution of 18.0 g of compound 12 (1.0 eq.) in 54 mL of EtOH by heatnng, followed
by filtration, 21.5 mL of 2N NaOHaq.(1.0 eq.) was added to the solution at 80 °C. The
solution was gradually cooled to room temperature. Filtration, washing with 80 mL of
EtOH and drying provided. 18.8 g of compound 13 (99% yield) as a crystal.

'H NMR(300 MHz, DMSO-ds) & 10.70 (t, J= 6.0 Hz, 1H), 7.89 (s, 1H), 7.40~7.30 (m, 1H),
7.25-7.16 (m, 1H), 7.06-6.98 (m, 1H), 5.22-5.12 (m, 1H), 4.87-4.74 (m, 1H), 4.51 (d, J =
5.4 Hz, 2H), 4.35-4.25 (m, 1H), 4.16 (dd, J =18, 14.1 Hz, -1H), 4.05-3.90 (m, 1H) 3.86—
3.74 (m, 1H), 2.00~1.72 (m, 1H), 1 44—1 .32 (m, 1H), 1.24 (d, J = 6.9 Hz, 3H). '

Example 1m
Example 1m shows a process for preparation of the crystallme compound 13b which is

“monohydrate form of compound 13.

After diss'olution of 30.0 ngf compound 13 (1.0 eq.) in 600 mL of THF-water solUtio_n (8:2)
by 30 °C, 36.0mL of 2N NaOHagq (1.0 eq.) was added to the solution. The mixiuré was
stirred at room temperature for 2 hours. The precipitation was filtered, washing with 150
mL of THF-water solution (8:2),' 150 mL of THF. Drying at 85 °C and humidity conditioning

. provided 30.4>g of compound 13b (monochydrate form of compound 13, 93% yield) as a

crystal.

Example 3
Example 3a

Toa slurry of 2000 g of compound 1(1.0 eq.) in 14.0 L of MeCN were added 2848 g-of *

benzyl bromide(1.05 eq.) and 2630 g of K;CO3(1.2 eq.). The mixture was stirred at 80 °C
for 5 h and cooled to 13°C. Precipitate was filtered and washed with 5.0 L of MeCN. The

- filtrate was concentrated and 3.0 L of THF was added to the residue. The THF solution

was concentrated to give 3585 g of crude compound 2 as oil. Without further purification,
compound 2 was used in the next step. ' ’
'H NMR(300 MHz, CDCl3) 6 7.60 (d, J = 5.7 Hz, 1H), 7.4-7.3 (m, 5H), 6.37 (d, J = 5.7 Hz,

1H), 5.17 (s, 2H), 2.09 (s, 3H).

Example 3b

22
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To 904 g of the crude compound 2 was added 5.88 L of THF and the solution was cooled
to —60 °C. 5.00 L of 1.0 M of Lithium bis(trimethylisilylamide) in THF(1.25 eq.) was added
dropwise for 2 h to-the solution of compound 2 at —-60 °C. Then, a solution of 509 g of
benzaldehyde(1.2 eq.) in 800 mL of THF was added at —60 °C and the reaction mixture
was aged at —60 °C for 1 h. The THF solutién was poured into a mixture of 1.21 L of
conc.HCI, 8.14-L of ice water and 4.52 L of EtOAc at iess than 2 °C. The organic layer
was washed with 2.71 L of brine (twice) and the aqueous layer was extracted with 3.98 L
of EtOAc. The combined organic layers were concentrated. To the mixture, 1.63 L of
toluene was added and concentrated (twice) to provide toluene slurry of compound 3. '
Filtration, washing with 0.90 L of cold toluene and drying afforded 955 g of compound 3
(74% yield from compound 1) as a crystal. : :

'H NMR(300 MHz, CDCl;) 5 7.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m, 10H), 6.38 (d, J = 5.7

- Hz, 1H), 5.16 (d, J = 11.4 Hz, 1H), 5.09 (d, J = 11.4 Hz, 1H), 4.95 (dd, J = 4.8, 9.0 Hz,

1H), 3.01 (dd, J = 9.0, 14.1 Hz, 1H), 2.84 (dd, J = 4.8, 14.1 Hz, 1H).

" Example 3c

To a solution of 882 g of compound 3 (1.0 eq.) i_n 8.82 L of THF were added 416 g of

» Et:N(1.5 eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After

confirmation of disappearance of compound 3, 440 mL of NMP and 1167 g of DBU(2.8

_ eq.) were added to the reaction mixture at less than 30 °C and the reaction mixture was

'aged for 30 min. The mixture was neutralized with 1.76 L of 16% sulfuric acid and the 4
organic layer was washed with 1.76 L of 2% Na,SO;aq. After concentration of the organic
layer, 4.41 L of toluene was added and the mixture was >concentrated (tree times_). After
addition of 4.67 L of hexane, the mixture was cooled with ice bath. Filtration, washing with
1.77 L of hexane and drying provided 780 g of compound 4 (94% yield) as a crystal.

* 'H NMR(300 MHz, CDCl;) & 7.69 (d, J = 5.7 Hz, 1H), 7.50-7.25 (m, 10H), 7.22'(d, J =

16.2 Hz, 1H), 7.03 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 5.7 Hz, 1H), 5.27 (s, 2H).

Example 3d
To a mixture of 10.0 g of. compound 4 and 13.6 mg of RuCl;:-nH,0 in 95 mL of MeCN and

10 mL of water, mixture of 155mL of water, 7.2 g of hydrosulfuric acid, and 15.5 g of
NalO, was added for 2.5 h at 20 °C. After aging for 1 h, organic and aquéous layers were
separated and aqueous layer was exracted by 30mL of ethyl acetate. Aqueous layer was

-~ exracted again by 30mL of ethyl acetate and organic layers were combined. 6 mL of 5%
35 .

NaHSO3 solution was added to the combined organic layer and the layers were
separated. The organic layer was adjustéd to pH 6.0 by adding 4.0g of 2M NaOH solution
and the aqueous layer was separated. After 60 mL of 5% NaHCO; solution and‘257mg of

23
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TEMPO was added; 25.9 g of NaClO solution was added to the reaction mixture at 25 °C
for 1h and stirred for 30min to check the reaction was finished. After the layers were
separated, 42.5mL of 5% Na2S03 solution and 30mL of AcOEt were added and
separated. The aqﬁeous layer was exracted by 30mL of AcOEt and separated. 12%
5 H,SO, was added to the reaction mixture at 20 °C for 1h and the mixture was cooled to 5
°C. After the mixture was stirred for 30 min, the mixture was filtered, washed with 30 mL of
water twice and dryed to provide 5.7 g of compound 5 (70% yield) as a crYstaI.
'H NMR(300 MHz, CDCl;) 6 7.78 (d, J = 5.7 Hz, 1'H), 7.54-7.46 (m, 2H), 7.40-7.26 (m,
3H), 6.48 (d, J = 5.7 Hz, 1H), 5.6 (brs, 1H), 5.31 (s, 2H).
10 .

Example 3e
A mixture of 509 g of compound 5 (1.0 eq.) and 407 g of 3—ammo—propane—1 2- dlol(2 5

eq.) in 1.53 L of EtOH was stirred at 65 °C for 1 hand at 80 °C for 6 h. After addition of

18.8 g of 3-Amino-propane-1,2-diol(0.1 eq.) in 200 mL of EtOH, the mixture was stirred at

- 15 80 °C for1 h. After addition of 18.8 g of 3-amino—pr‘opane—1.,2—diol (0.1 eq.) in 200-mL of-
EtOH, the mixture was stirred at 80 °C for 30 min. Aﬂerlcooling and addition of 509 mL of
H,O, the mixture was concentrated. To the residue, 2.54 L of H,O and 2.54 L of AcOEt
were added. After separation, the aqueoué layer was washed with 1.02 L of EtOAc. To
the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C to give crystal

20 . of compound 6. Filtration, washing with 1.53 L of cold H,O and drying provided 576 g of
compound 6 (83% yield) as a crystal. ‘
'H NMR(300 MHz, DMSO-ds) 5 7.67 (d, J = 7.5 Hz, 1H), 7.5-7.2 (m, 5H), 6.40 (d, J = 75
Hz, 1H), 5.07 (s, 2H), 4.2-4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J = 4.2, 10.8 Hz, 1H),
3.27 (dd, J=6.0, 10.8 Hz, 1H). '

25

Example 3f

To a slurry of 576 g of compound 6 (1.0 eq.: 5 8% of HZO was contalned) in 2.88 L of

NMP were added 431 g of NaHCO; (3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the
: mixture was stirred at room temperature for 4 h. After cooling to 5 °C, 1.71 L of 2N HCI
.30 and1.15L of 20% NaClaq were added to the mixture at less than 10 °C to give crystal of
compound 7. Filtration, washing with 1.73 L of HZO and drying provided 507 g of
‘compound 7 (89% yield) as a crystal.
'H NMR(300 MHz, DMSO—ds) 8759 (d, J=7.5Hz, 1H), 7.40-7.28 (m, 5H), 6.28 (d, J=
7.5 Hz, 1H), 5.21 (d, J = 5.4 Hz, 1H), 5.12 (d, J = 10.8 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H),
35 4.83(t J=57Hz 1H), 3.97 (dd, J = 2.4, 14.1 Hz, 1H), 3.79 (s, 3H), 3.70 (dd, J = 9.0,
14.4 Hz, 1H), 3.65-3.50 (m, 1H), 3.40-3.28 (m, 1H), 3.26-3.14 (m, 1H).

24

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1021



WO 2010/068253 PCT/US2009/006422

Example 3g
Toa muxture of 15.0 g of compound 7(1.0 eq.) in 70.9 g of MeCN, a mixture of 60 mL of

H20, 2.6 g of H,SO, and 11.5 g of NalO, was added in the range between 17 °C to 14°C.

After the reaction mixture was stirred for 1 hour, precipitate was filtered. The filterate was
5 added to the solution of 11.8 g of ascorbic acid sodium salt, 64 g of water and 60mg of

H2S0,. After the Am‘ixture was concentrated, cooling to 5 °C, filtration, washing with H,O

and drying provided 12.9 g of compound 8 (90% yield) asa crystal.

'H NMR(300 MHz, DMSO-ds) 6 7.62 (d, J = 7.5 Hz, 1H), 7.42-7.30 (m, 5H), 6.33 (d, J = '

6.0 Hz, 2H), 6.29 (d, J = 7.5 Hz, 1H), 5.08 (s, 2H), 4.954.85 (m, 1H), 3.80 (s, 3H), 3.74 (d,

10 J=5.1Hz, 2H).

Example 3h
A mixture of 10.0 g of compound 8 and 33.3 g of diglyme were added the solution of 3.3 g

of (R)-3-Amino-butan-1-ol in 4.7 g of dlglyme and 1.0 g of acetic acid at 60°C. After the
15  reaction mixture was stirred at 95 °C for 9 hou}s, the reaction mixture was cooled to -5 °C
-and filtered. The wet crystal was washed and dryed to-give 8.3 g of compound 9 (78%).
XRD data:
'H NMR(300 MHz, CDCl;) & _7.70—7.58 (m,-2H), 7.40-7.24 (m, 3H), 7.14 (d, J= 7.5 Hz,
" 2H), 6.47 (d, J=7.5 Hz, 1H), 5.35 (d, J = 10.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 5.12
20 (dd, J=3.9, 6.3 Hz, 1H), 5.05-4.90 (m, 1H), 4.07 (dd, J = 3.9, 13.5 Hz, 1H), 4.00-3.86
(m, 3H), 2.23-2.06 (m, 1H), 1.48 (ddd, J =2.4, 4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

Example 3i
To slurry of 5.7 gof NBS in 26 5 g of dichloromethane was added 10 g of compound 9 in

25 928 g of dichloromethane at room temperature. Atter thr reaction mixture was stirred for
6.5h, the reaction mixture was added to the solution of 2.0g Na2S03 and 40.3 g of water;
The organic layer was washed with dilutéd NaOH solution and water, dichloromethane
was concentrated and was displaced by methanol. The mixture was cooled to -5 °C and

. - filtered and the wet crystal was washed and dryed to give 10.3 g of compound 10 (84%).'

30 'HNMR(300 MHz, CDCl;) & 7.69-7.63 (m, 2H), 7.59 (s, 1H), 7.38-7.24 (m, 3H), 5.33(d, J
=10.2 Hz, 1H), 5.25 (d, J = 9.9 Hz, 1H), 6.12 (dd, J = 3.9, 5.7 Hz, 1H), 5.05-4.90 (m, 1H),

-4.11 (dd, J = 3.9, 13.2 Hz, 1H), 4.02-3.88 (m, 3H), 2.21-2.06 (m, 1H), 1.49 (ddd, J = 2.4,

4.5, 14.1 Hz, 1H), 1.31 (d, J=6.9 Hz, 3H).

. 35 Exambie 3j

Under carbon mono-oxide atmosphere, a mixture of 25.0 g of compound 10, 11.6g of i-
ProNEt, 12.8 g of 2.4—qiﬂuorobenzylamin'e; 335 mg of Pd(OAc), and 1.9 g of 1,4-
bis(diphenylphosphino)butane in 188 mL of DMA was stirred at 85°C for 4 h. After cooling,
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the reaction mixture was devided and 10/25 of mixture was used for next step. 6.6 g of
AcOEt, 29.9 g of water and 3 mg of seed crystal were added to the reaction mixture at _
40 °C. After stirring for 7min, 29.9 g of water was added and cooled to room temperature.
The crystal was filtered.at room terhperature and washed by 47.2 g of ethanol to give 10.1
g of compound 11 (83% yield) as a crystal.

'H NMR(300 MHz, CDCl;) & 10.40 (t, J=6.0 Hz, 1H), 8.35 (s, 1H), 7.66-7.58 (m, 2H),

7.42-7.24 (m, 5H), 6.78-6.74 (m, 2H), 5.30 (d, J = 9.9 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H),
5.15(dd, J = 3.9, 5.7 Hz, 1H), 5.05-4.90 (m, 1H), 4.64 (d, J = 5.4 Hz, 2H), 4.22 (dd, J =

3.9, 13.5, 1H), 4.09 (dd, J = 6.0, 13.2 Hz, 1H), 4.02-3.88 (m, 2H), 2.24-1.86 (m, 1H), 1.50

(ddd, J =24, 4.5, 14.1 Hz, 1H), 133(d J=7.2Hz, 3H).

Example 3k

' Under hydrogen atmosphere, a mixture of 4.0 g of compound 11 and,0.89 of 50% wet 5%

Pd-C in 67.6 mL of THF and 1.6 mL of H,O was stirred for 1.5 h at 50°C. After mixture of
80mg of NaHSO; and 2.0mL of purified water was added to the reaction mixture and the

. reaction mixture was stirred for 1h, precipitate was filtered, washed with 20 mL of THF,

and the filtrate was concentrated to 11.97¢. After adding 6.7mL of ethanol and 33.6mL of
purified water over 1h, reaction mixture was cooled to 25°C. Filtration, wéshing with
26.9mL of EtOH and drying provided 2.33 g of compound 12 (82% yield) as a crystal.

*"H NMR(300 MHz, DMSO-d;) & 12.51 (s, 1H), 10.36 (t, J = 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39

" (td, J=8.7, 6.3 Hz, 1H), 7.24 (ddd, J = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44 -

(dd, J = 3.9, 5.7 Hz, 1H), 4.90-4.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),
4.35 (dd, J = 6.0, 13.8 Hz, 1H), 4.10-3.98 (m, 1H), 396—386(m 1H), 2.10-1. 94(m 1H),
1.60-1.48 (m, 1H), 1.33 (d, J = 69HZ 3H).

Example 3|
After dissolution of 18.0 g of compound 12 (1.0 eq.) in 54 mL of EtOH by heating, followed

by filtration, 21.5 mL of 2N NaOHaq.(1.0 eq.) was added to the solution at 80 °C. The
s'olution' was‘grédually cooled to room terﬁ‘perature Filtration, waéh‘ing with 80 mL of
EtOH and drylng provided 18 8 g of compound 13 (99% yield) as a crystal.

'H NMR(300 MHz, DMSO-d¢) & 10.70 (t, J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H)
7.25-7.16 (m, 1H), 7.06-6.98 (m, 1H), 5.22-5.12 (m, 1H), 4.87-4.74 (m, 1H), 4.51 (d, J =

5.4 Hz, 2H), 4.35-4.25 (m, 1H), 4.16 (dd, J = 1.8, 14.1 Hz, 1H), 4.05-3.90 (m, 1H), 3.86—
3.74 (m, 1H), 2.00-1.72 (m, 1H), 1.44-1.32 (m, 1H), 1.24 (d, J = 6.9 Hz, 3H).

Apparatus and conditions used to generate Figures 1 — 7 are as fo_lloWs: '
Measurement of X-ray Powder Diffraction Pattern

26
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The measuring conditions used were the same as genevral metrology for the X-ray powder
diffraction pattern measurement described in “The Japanese Pharmacopoeia Fifteenth
Edition”. '
Measuring apparatus
5 RINTTIRHHI
Methods A
The acquisition _conditions were as follows.
Measurement Method: parallel beam method
Tube anode: Cu
10 Radiation: Cu Ka
Generator current: 300 mA
. Generator tension: SO KV '
The sample was prepared on an aluminum wafer
Angle of incidence: 4°and 40° -

15 -
Measurement of infrared spectroscopy analysis

The acquisition conditions used for were as follows.
Measuring apparatus ' -
. FT/IR-4200typeA (by JASCO Corporation)
. 20 Methods - o
' Measurement method: ATR (Attenuated total reflection) method
Resolution: 4 (cm-1)
Detector: DLATGS
~ Accumulation: 32 times .
25 , .
Measurement of solid-state °C NMR spectra _
The spectrum was obtained using the cross polarization magic-angle-spinning (CP/MAS)
method. The acquisition conditions were as follows. -
Measuring apparatus
30  Spectrometer: Varian NMR Syétems (1H frequency : 599.8MHz)

Methods _
Probe: 3.2mm T3 HX Probe
_ Spectral width: 43103.4 Hz
Acquisition Time: 0.04s
35 Recycie Delay: 10s
Contact Time: 3ms
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External standard: adamantane (methyne carbon:38.52ppm)
Temperature : 10
'MAS rate: 20kHz

5 Example A

The starting material of Example A is compound 8, which is identical to formula (1a). Thus,

Example A depicts a process in providing an’ ihtennediate for the compound of formula 17

below which is isomeric to the compound ZZ-2 at page 237 of WO 2006/116764 to Brian
10 - Johns et al. '

OBn O
N/é NBS
N o :
H
14
OBn O 0Bn O ' ,
F O
Oj\:/‘\(U\ /é ©/\ \@/H \\/T\% Pd-C/H
N N -
Br X N\/éi\o F2CeHaCHNH, - . 1o
: | Pd(PPhs),. CO 0 _
15 - (PPh)s 16
- \ : ONa O
N‘/é NaOHagq./EtOH F\@;F/H O N/g
X N\/l\ | NS N\/{\O
C H .
o}
18

Example Aa
15  After divssolution of mixture of 320 g of compound 8 (1.0 eq.) in 3.20 L of MeOH by
heating, the solution was concentrated. To the residue, 1.66 L of MeCN, 5.72 mL of
4‘ AcOH(0.1 eq.) and 82.6 g of (S)-2-Amino-propan-1-oi(1.1 ed.) were added and the
- mixture was heated to 70 °C, stirred at 70 °C for 4 h and éoncentrated. To the residue,
~ 1.67'L of 2-propanol was added and the mixture was cohcentrated (twice). After cooling
20 ‘of the residue, filtration, washing with 500 mL of cold 2-propanol and drying provided 167

. g of compound 14 (52% yield) as a crystal. -
‘ ‘ 28
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'"H NMR(300 MHz, CDCl) 5 7.61-7.55 (m, 2H), 7.40-7.20 (m, 4H), 6.53 (d, J = 7.2, 1H),
5.46 (d, J = 10.5 Hz, 1H), 5.23 (d, J = 10.2 Hz, 1H), 5.20 (dd, J = 3.9, 9.6 Hz, 1H), 4.46—
4.34 (m, 1H), 4.31 (dd, J = 6.6, 8.7 Hz, 1H), 4.14 (dd, J = 3.9, 12.3 Hz, 1H), 3.79 (dd, J =
9.9, 12.3 Hz, 1H), 3.62 (dd, J = 6.9, 8.7 Hz, 1H), 1.38 (d, J = 6.3 Hz, 3H).

Example Ab

To slurry of 156 g of compound 14 (1.0 eq.) in 780 mL of NMP was added 93.6 g of
NBS(1.1 eq.) and the mixture was stirred at room temperature for 2.5 h. The reaction
mixture was added to 3.12 L of H,O. Filtration, washing with 8.0 L of H20 and drying ' _
10  provided 163 g of compound 15 (84% yield) as a'cryétal.
'H NMR(300 MHz, DMSO-d;) 5 8.37 (s, 1H), 7.55-7.50 (m, 2H), 7.42-7.25 (m, 3H), 5.34
(dd, J=3.6, 9.9 Hz, 1H),"5.18 (d, J=10.8 Hz, 1H), 5.03 (d, J = 10.5 Hz, 1H), 4.53 (dd, J =
- 3.6, 12.0 Hz, 1H), 4.40-4.20 (m, 2H), 3.99 (dd, J=9.9, 11.7 Hz, 1H), 3.64 (dd, J=5.7, 8.1

Hz, 1H), 1.27 (d, J = 6.3 Hz, 3H).
15 '
Example Ac

Under carbon mono-oxide atmosphere, a mixture of 163 g of compound 15 (1.0 eq.), 163
mL of i-Pr,NEt(2.5 eq.), 68.4 mL of 2,4-difluorobenzylamine(1.5 eq.) and 22.5 g of
Pd(PPh3)4(0.05 eq.) in 816> mL of DMSO was stirred at 90 °C for 7 h. After cooling, -

20 removal of precipitate, washing with 50 mL of DMSO and addition of 11.3 g of
Pd(PPh3)4(O.0‘25 eq.), the reaction mixture was stirred at 90 °C for 2 h under carbon
mono-oxide atmosphere again. After cdoling, removal of precipitate and addition of 2.0 L
of AcOEt and 2.0 L of H,0, the organic layer was washed with 1.0 L of 1N HClaqg.and 1.0
L of H,O (twice) and the aqueous layer was extracted with 1.0 L of AcOEL. The organic

25 layers were combined and concentrated. Silica gel column chromatography of the residue
provided 184 g of compound 16 (96% yield) as foam. ‘ ' A |
H NMR(300 MHz, CDCla)viS 10.38 (t, J = 6.3 Hz, 1H), 8.39 (s, 1H), 7.75-7.25 (m, 7H),
6.90-6.70 (m, 2H), 5.43 (d, J= 10.2 Hz, 1H), 5.24 (d, J = 10.2 Hz, 1H), 5.19 (dd, J=3.9,
9.9 Hz, 1H), 4.63 (d, J = 6.0 Hz, 2H), 4.50-4.25 (m, 3H), 3.86 (dd, J = 9.9, 12.3 Hz, 1H),

30 ° 3.66(dd, J=6.9, 8.4 Hz, 1H), 1.39 (d, J = 6.0 Hz, 3H).

Example Ad .

Under hydrogen atmosphere, a mixture of 184 g of compound 16 (1.0 eq.) and 36.8 g of
10%Pd-C in 3.31 L of THF and 0.37 L of MeOH was stirred for 3 h. After filtration of

- 35 precipitate(Pd-C), washing with THF/MeOH(9/1) and addition of 36.8 g of 10% Pd-C, the o
mixture was stired for 20 min under hydrogen atmosphere. Aﬂer filtration of
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precipitate(Pd-C) and washing with THF/'MeOH(9/1),‘the filtrate was concentrated. After
200 mL of ACOEt was added to the residue, filtration afforded crude solid of compound 17.
The precipitates were combined and extracted with 4.0 L of CHCly/MeOH(5/1). After
* concentration of the CHCI3/MeOH solution and addition of 250 mL of AcOEt to the

5 residue, filtration afforded crude solid of compound 17. The crude sblids were combined
and dissolved in 8.2 L of MeCN/H,0(9/1) by heating. After filtration, the filtrate was
concentrated. To the residue, 1.5 L of EtOH was added and the mixture was
concentrated (three times). After cooling of the residue, filtration and drying provided 132
g of compound 17 (88% yield) as a crystal. ‘ '

10  "H NMR(300 MHZ, DMSO-d¢) & 11.47 (brs, 1H), 10.31 (t, J = 6.0 Hz, 1H), 8.46 (s, 1H),

4 7.40 (td, J= 8.6, 6.9 Hz, 1H), 7.24 (ddd, J = 2.6, 9.4, 10.6, 1H), 7.11-7.01 (m, 1H), 5.39
(dd, J= 4.1, 10.4 Hz, 1H), 4.89 (dd, J = 4.2, 12.3 Hz, 1H), 4.55 (d, J = 6.0 Hz, 2H), 4.40

" (dd, J = 6.8, 8.6 Hz, 1H), 4.36—4.22 (m, 1H), 4.00 (dd, J = 10.2, 12.3 Hz, 1H), 3.67 (dd, J =
6.7, 8.6 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H).

15 | ' |
Exafnple Ae _

'vAfter dissolution of 16.0 g of compound 17 (1.0 eq.) in 2.56 L of EtOH and 0.64 L of H,O '
by heating, followed by filtration, 39 mL of 1N NaOHaq.(1.0 eq.) was added to the solution
at 75 °C. The solution was gradually cooled to room temperature.- Filtration, washing with

20 80 mL of EtOH and drying provided 13.5 g of cdmpound 18 (80% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) & 10.73 (t, J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H),
'7.25—7.16 (m, 1H), 7.07-6.98.(m, 1H), 5.21 (dd, J = 3.8, 10.0 Hz, 1H), 4.58 (dd, J =.3.8,
12.1 Hz, 1H), 4.51 (d, J = 5.4 Hz, 2H), 4.30-4.20 (m, 2H), 3.75 (dd, J = 10.0, 12.1 Hz, 1H),
3.65-3.55 (m, 1H), 1.27 (d, J = 6.1 Hz, 3H).

25

v Example B

. This Example B utilizes a process to insert a ring nitrogen in place of oxygen in a pyrone
ring and create an aldehyde equivalent by an osmium oxidation of a double bond. Thus,

30 this example is not a bromination of the invention.

30
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OBn

NaCIO, :
NH,SOH  Og A\ _-COH
0 acetone ~ 0
H,0
c
OBn :
Mel
HNTNZ O A COH DBU O A\ ~CO2Me
: KN
EtOH SN MeCN TN
E
‘ OBn : OBn O
K,0s0; 0 CcO,Me HN"YoH o
NalO, X AcOH /j
Et,0 l CHCl, -
H,0 -
2 . HO OMe MeOH

. Br 0OBn O ) . /©/\NH2 lPl'zNEt‘
AcONa Oji\KU\N/\/I ] c;:(ép
P h;),
N 3)a
Br X \AO - -

AcOH
DMSO

Example Ba .
To a bromobenzene (238 ml) solution of compound A (23.8 g,"110 mmol), ‘selen'e dioxide
(24.4 g, 220 mmol) was added. The reaction mixture was stirred for 13 hours at 140 °C
5 ' with removing water by Dean-Stark trap. Insoluble particles were removed by filtration
after cooling, and solvent was evaporated. Toluene was added to the residue and
precipitétes were filtered off. After concentration in vaccuo, the residue was purified by
silica gel column chromatography (hexane / ethyl acetate). Compound B (16.5 g, 65%)
was obtained as yellow oil.
10 'H-NMR (CDCl3) 6: 5.51(2H, s), 6. 50(1H d, J= 5 4Hz) 7. 36(5H s), 7.75(1H, d, J= =5. 4Hz),
9.88(1H, s).
31
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Example Bb '
To an ice cooled aqueous (465 ml) solution of sodium chlorite (38.4 g, 424 mmol) and
sulfamic acid (54.9 g, 566 mmol), acetone (465 ml) solution of compound B (46.5 g, 202
5 mmol) was added and the mixture was stirred for 40 minutes at room temperature. After
removing acetone in vaccuo, precipitates were collected by filtration and washed with cold
. water. Compound C.(42.8 g, 86%) was obtained as colorless crystal. ‘
H- NMR(DMSO-ds) 6: 5. 12(2H s), 6.54(1H, d, J=5.6Hz), 7.33-7.46(5H, m), 8.20(1H, d,
. J=56Hz).
10 _
Example Bc
An ethanol (17 ml) solution of allylamine (13.2g 231 mmol) wés added to an ethanol (69
ml) suspension of compound C (17.2 g, 70 mmol), then the mixture was stirred for 4.5
hours at 50 °C and for 3 hours at 75 °C. To the cooled reaction mixture, 2N hydrochloric -
15 acid and ice were added and precipitates were collected by filtration. Compound D was
obtained as colorless crystal.
'H-NMR(CDCl;) &: 4.37(2H, brs), 4.95(2H, s), 5.26-5.39(2H, m), 5.81-5.94(1H, m),
6.32(1H, dd, J=0.8, 7.2Hz), 7.29-7. 37(3H m), 7.48-7.51(2H, m), 799(1H dd, J=0.8,
_ 7.6Hz), 8.11(1H, brs):
20
Example Bd
To an acetonitrile (146 ml) suspension of compound D (14.6 g, 51 mmol), 1,8- .
diazabicyco[5.4.0Jundec-7-ene (15.5 g, 102 mmel) and methyl iodide (18.2 g, 128 mmol)
were added and the mixture was stirred for 15 hours at room temperature. After
25 evaporating solvent, the residue was purified by silica gel column chromatography
’ (chloroform / methanol). Compound E (14.2 g, 93%) was obtained as colorless solid.
'H-NMR(CDC},) &: 3.75(3H, s), 4.40(2H, d, J=5.7Hz), 5.16-5.35(2H, m), 5.29(2H, s), 5.81-
5.94(1H, m), 6.62(1H, d, J=7.5Hz), 7.27-7.42(6H, m).

30 Example Be

' To a diethyl ether (390 mi) solution of compound E (13.3.g, 44 mmol), potassiurh
osmate(VI) dihydrate (1.62 g, 4.4 mmol) and sodium metaperiodate (28.1 g, 132 mmol)
were addéd. The mixture was stirred for 2.5 hours at room temperature and precipitates

‘  were collected by filtration. Collected solid was dissolved in chloroform-methanol and

35 insoluble particles were filtered off. Concentration in vaccuo gave crude product of

. compound F (14.3 g). ‘
' 32
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1H NMR (DMSO-d6) 5: 3.23 (3H, s), 3.82(3H, s), 3.87 (2H, t, J= 4.4Hz), 4.62 (1H, dd,
J=11.7, 4.8 Hz), 5.1 (2H, s), 6.31 (1H, d, J= 7.5 Hz), 6.78 (1H, d, J= 6.6 Hz), 7.33-7.40
(5H, m), 7.64 (1H, d, J= 7.5 Hz). '

5 Example Bf
To chloroform (108 ml) and methanol (12 ml) solution of compound F (11.7 g, crude
broduct), 3-aminopropanol (2.77g, 36.9 mmol), and acetic acid (1.2 ml) were added and
the mixture was stirred for 90 minutes at 70 °C. After concentrating in vaccuo, the fesidue
was purified by silica gel column chromatography (chloroform / methanol). Compound G
‘ 10 - A(8.4’8 g, 72% for 2 steps) was obtained as colorless cryatal.
'H-NMR(CDCls) &: 1.54-1.64(1H, m), 1.85-2.01(1H, m), 3.00(1H, dt, J=3.6, 12.9Hz),
3.74(1H, dt, J=2.7, 12.3Hz), 3.93(1 H, dd, J=5.1, 13.5Hz), 4.07-4.21(2H, m), 4.63-4.69(1 H
m), 4.94(1H, t, J=4.8Hz), 56.25(2H, dd, J=10.2, 24 6Hz), 6.56(1H, d, J=7.5Hz), 7.22-
-+ 7.38(5H, m), 7.63-7.66(2H, m).
15 '
Example Bg
To acetic acid (93 ml) solution of compound G (6.1 g, 18.7 mmol), acetic acid (31 ml)
- solution of bromine (1.44 ml, 28.0 mmol) was added dropwisely during 15 mmuﬁes. The
“mixture was stirred for 3 hours at room temperature. After addition of 5% aqueous sodium
20 hydrogen sulfite (8 ml), 2N sodium hydroxide (500ml) was added drobwise_ly during 20
minutes. Precipitates were collected by filtration and washed with mixture of
dichloromethane and diisopropyl ether. Compound H (6.02 g, 79%) was obtained as
coIorIess crystal.
'H-NMR(DMSO-ds) &: 1. 55-1 -74(2H, m), 3.12(1H, dt, J=3.0, 12. 3Hz) 3.84(1H, dt, J=2. 7
25  11. 7Hz), 4.00-4.05(1H, m), 4.20-4. 26(1H, m), 4.40-4.46(2H, m), 5.03(2H, s), 5.15-
5.17(1H, m), 7.31-7.40(3H, m), 7.56-7.58(2H, m), 8.39(1H, s).

Example Bh
To dimethyl sulfoxide (1.42 ml) solutlon of compound H (71 mg, 0.175 mmol) and
30 tetrakis(triphenylphosphine)palladium(0) (25 mg, 0.035 mmol), 4-fluorobenzy! amine (0.06
mi, 0.525 mmol) and diisopropyl amine (0.15 ml, 0.875 mmol) were added, then the
mixture was sfirred under carbon monoxide atmosphere for 5 hours at 80 °C. After
cooling, saturated aqueous ammonium chloride was added and the mixture was extracted
with ethyl acetate. The extract was washed with water and dried with anhydrous sodium
'35 sulfate. Solvent was removed in vaccuo and the residue was purified with silica gel
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column chromatogréphy (ethyl acetate / methanol). Compound 1(74.5 mg, 89%) was

obtained as colorless crystal. ‘

1H-NMR(DMS(')—ds) 0: 1.568-1.74(2H, m), 3.10-3.18(1H, m), 3.80-3.88(1H, m), 4.02-

4.07(1H, m), 4.43-4.59(5H, m), 5.05(2H, s), 5.20(1H, t, J=3.9Hz), 7.13-7.19(2H, m), 7.32-
5 7.40(5H, m), 7.56-7.59(2H, m), 8.61(1H, s).

Example C

Synthesis of methyl 5-bromo-1 ;[2-hydro_xy-2-(methyloxy)ethyl]-4-oxo—3—
<10 [(phénylmethyl)oxy]-1,4—dihydro—2-pyridinecarboxylate (in equillibrium with the
corresponding aldehyde) ‘ :

This Example C shows a refunctionalization of a compound 6 as shown above in Example
‘ 1 (of formula (V1)), irjcluding a bromination at the R* position, to yield final products 20 and -
15 21 (of formula (1)). Such compounds with Br at the R* position can be reacted as in
Examples 1 and 2 to add the R*-X-NR'-C(O)- sidechain.

- Bn -~ OBn ’ Bn
’ ’ O,
Oy on Sy o7 R e
N . \ Nj\/ - B N
: | o 1
Ho]\/OH HO HO OH

6 7
19
Bn
(o) X o~
—— SN +
S|

HO OH.

20 21

20 Example Ca
Methyl 1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate
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O X “OH Y o~ |
> ) Nj\/
HO]\/OH HO OH
6 7

A reactor was charged with 1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-
dihydro-2-pyridinecarboxylic acid 6 (4.302 kg, 13.47 mol) followed by charging with _
‘5 NaHCO; (1.69 kg, 20.09 mol) and 242 g of deionized water. To this was added 21.4 kg of
.NMP and the mixture was stirred and temperature_brought to 28-35 °C. Dimethyl sulfate
 (2.34 kg, 18.30 mol) was added dropwise via an addition funnel to the reaction mixture
over 1-3 hours keeping the temperature at 28-33 °C. The slurry was agitafed at this
‘temperature for 14 h. When deemed complete, the reaction mixture was cooled to 5 °C or
10 bélow and the mixture was neutralized to pH 6 by the addition of HCI (561 mL of conc
HCl in 2806 g of deionized water). The reaction vessel was slowly charged with cold'20%A
brine solution composed of 8.7 kg NaCl, 20 kg of deionized water and 14.8 kg of ice at a
-_maximum temperature of 10 °C. The mixture was agitated at 0-10 °C for 2.5 h. The slurryv
. was filtered under vacuum and the cake washed with 15 kg of deionized water two times.
156 The wet solid product was dried at 45-55 °C under vacuum until constant weight was
obtalned The desired product methyl 1-(2, 3-d|hydroxypropyl)-4-oxo-3-
[(phenyimethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 7 was obtained as a.light yellow
solid (3.77 kg, 99.:42% purity by HPLC, 84%). 'H NMR(300 MHz, DMSO-dg) & 7.60 (d, J =
-7.5Hz, 1H), 7.36 (m, 5 H), 6.28 (d, J=7.5Hz, 1H),5.23 (d, J=5.4 Hz, 1 H), 5.10 (Abq,
20 J=10.8Hz, 2 H), 4.85 (m, 1 H), 3.98 (dd, J=14.3, 2.4 Hz, 1 H), 3.79 (s, 3 H), 3.70 (dd, J
=14.3,9.0 Hz, 1H), 3.58 (m, 1 H), 3.23 (m, 1 H).

Example Cb
Methyl 5-bromo-1-(2,3-dihydroxypropyl)-4-oxo-3-{(phenylmethyl)oxy]-1,4-dihydro-2-
25 pyridinecarboxylate.

35
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Bn O Bn
(o) N O/ (0] \ O/ _
———
N N
j\/ ° )\/
HO OH HO” ™\ OH
7 19

A réactor was charged with (3.759 kg, 11.27 mol) of methyl 1-(2,3-dihydroxypropyl)-4-oxo-
3-[(phenylmethyl)oxy]-1 ,4-dihydro-2-pyridinecarboxylate 7 and 18.8 L of DMF. To this )

5 agitated ‘mixture at 18-20 °C was added N-bromosuccinimide (2.220 kg, 12.47 mol) over -
20 minutes via a powder funnel. The resultant mixture was stired at rt for 16 h. Atthis
time less than 1% of starting material was present by HPLC. The mixture was worked up
in half batches by cdoling to 10 °C -and added an ice/water mixture (12 kg ice in 35 kg
deionized water) and the mixture was agitated, then filtered. This was repeated for the

10  second half of the batch. The combined filter cake was washed with 14 L of water and
_dired in a vaccum oven to provide 4.033 kg of methyl 5-bromo-1-(2,3-dihydroxypropyl)-+
oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 19 (91.6%) as an off-white
powder of 99.2% HPLC purity. *H NMR(300 MHz, Methanol-d,) 8 8.21 (s, 1 H), 7.41-7.33
_(m, 5H),5.16 (s, 2 H), 4;17 (dd, J = 14.3, 2.4 Hz, 1 H), 3.90 (dd, J = 14.3, 9.0 Hz, 1 H),
16 3.81(s,3 H),'3.78 (m, 1),3.52(dd, J=11.3, 4.8 Hz, 1 H), 3.41 (dd, J = 11.3, 6.3 Hz, 1
H).

Example Cc _ _ .
Methyl 5-bromo-1 -[2-hydroxy-2-(méthyloxy)ethyl]—4—oxo-3—[(phenylmethyl)oxy]-1 4-
20 dihydro-2-pyridinecarboxylate (in equilibrium with the corresponding aldehyde)

Bn Bn Q : Bn ‘
O N 07 O X V0" O~y o7

| — + N

S UL W
N3

HO OH HO™ "OH 0

21
v 20

A reactor was cha!'ged with sodium periodate (1.67 kg, 7.8 mol) and 44- L of deionized
25 water. To the agitated mixture was added 8.5 kg of ice. This was stirred until all the ice
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melted and the mixture temperature was 1.4 °C. To this was added methyl 5-bromo-1-
(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1 ,4-dihydro-2-pyridinecarboxyléte 19
(2.73 kg, 6.62 mo!) via a powder addition funnel. The mixture was allowed to warm to rt
and the slurry was stirred for 16 h. A sample was monitored by 'H NMR and showed the
5 disappearance of starting material. The mixture was filtered and the cake washed with 20
kg of deionized water. This was repeated until a negative starch/iodide paper result was
obtained (4X20 L washes). The solids were dried in a vaccum oven at 45-55 °C to
provide methyl 5-bromo-1-(2,2-dihydroxyethyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate 20 (2.176 kg, 88%) as a mixture with the corresponding aldehyde
10 form 21. Purity was determined to be 99.5% by HPLC. 'H NMR(300 MHz, acetone-d) &
8.12 (s, 1 H), 7.49-7.30'(m, 5 H), 5.56 (dd, J = 6.0, 2.4 Hz, 1 H), 5.23 (m, 1 H), 5.20 (s, 2 .
H), 3.97 (d, J = 5.1 Hz, 2 H), 3.87 (s, 3 H). o

Example 2 .
15  Methyl 5—({[(2,4-diﬂuorophenyl)methyl]amino}carbonyl)-1-[2-hydroxy-2-‘(me_thyloxy)ethyl]-

4-oxo-3-‘[(phenylmeihyl)oxy]—1 ,4-dihydro-2-pyridinecarboxylate (in equillibrium with the
corresponding aldehyde) :

This Example shoWs a reaction of a compound § of formula (I1) with one of (lll) in step i) -
20 and a refunctionalization step ii) of compounds of formula (V) (compounds 22, 23, 24 and -
25) in producing compounds of formuia (1). '
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. Bn ) Bn
X oH HNNYOME o O NoH —w
NS + OMe N
5 Meo OMe
BnO Bn
o] - (o) -
N O —— \ O —_—— \@/
N ’ ‘ B
A l _ I
~ MeO” “OMe MeO” “OMe : MeO OMe
23 . 24 25

26 27

‘Example 2a

5 12, 2-Bls(methyloxy)ethyl]—4—oxo—3—[(phenylmethyl)oxy]—1 4_d1hydro-2-pyndmecarboxyl|c

acid
)Bn BnO
(o) \ OH H N/\rOMe 1 (o) \ OH
N OMe X Nl
5 N " MeO” “OMe
S22

~ Toaflask (1 L) charged with 500 mL of anhydrous ethanol was added 49.2g (0.2 mol) of |
10 4-oxo—3-[(phenylmethyl)oxy]—4H-pyran—2-carboxylic acid'5. The suspension was slowly
"heated to 55~60 °C before addition of 2-amino-acetalde_hyde—dimethylacetal (84.1g, 0.8
mole). The reaction was then brought up to 65 °C and further stirred for 18 hours. The
solvent was removed under reduced pressure to produce 1-[2, 2-B|s(methyloxy)ethyl]-4-
. OXO- -[(phenylmethyl)oxy]-1 ,4-dihydro-2-pyridinecarboxylic acid 22 (crude) as brown oil,
15 which was used for the next step directly.
38
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Example 2b .
Methyl 1-{2,2-bis(methyloxy)ethyl]-4-oxo-3-{(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate :
5 ' _
Bn Bn
O X o —e O 07
N N
MeO™ “OMe MeO™ "OMe
2 ' 23

Crude 1-[2,’2-bis(methyloxy)ethyl]-4-oxo-3—[(phenylmefhyl)oxy]-1 /4-dihydro-2-
pyridinecarboxylic acid 22 obtained as above was dissolved in DMF (600 mL). To this

. 10 solution was-added NaHCO; (50.5g, 0.6 mole). The suspension was stirred vigorously

with a mechanic stirrer while CHsl in TBME (2.0 M, 300 mL) was introduced by addition
funnel over 30 minutes. After addition, thé reaction was stirred overnight at room
temperature. The reaction mixture was then 'dilutéd with EtOAc (~1.5L) and washed with_
.. water and brine. The organic layer was dried over anhydrous Na,SO,. Evapdration of
) 15 solvents gave methyl 1-[2.2—bis(methyloxy)ethyI]-4-oxo—3—[(phenylfnethyl)oxy]-1 ,4-dihydro-
2-pyridinecarboxylate 23 as brown oil, which was used directly for the next step.

Example 2c. : .
Methyl 1-[2,2—bis(methyloxy)ethyl]-5-bromo-4-oxo—3—[( phenylmethyl)oxy]-1,4-dihydro-2-
20 pyridinecarboxylate ' ‘

Bn
o) N o~
N
B N
MeO™ "OMe
‘23 24

A 2L flask equipped with a mechanic stirrer were charged with methyl 1-[2,2-
» ,bis(methyloxy)ethyl]-4-oxo-3-[(ph_enylmethyl)oxy]-1 ,4-dihydro-2-pyridinecarboxylate 23 as
25 obtained above and 500 mL of dithoromethane. To this flask was added NBS (30 g,

0.17mole) portion-wise. The reaction was stirred at room temperature until its completion
' ‘ 39 ‘

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1021



10

15

20

25

30

WO 2010/068253 PCT/US2009/006422

(monitored by TLC, ~6 hours). The mixture was then diluted with dichloromethane and
washed with NaHCO; (ss). The organic phase was dried over Na,;SO4 befofe evaporation
of the solvents. The crude product was purified by column chromatargraphy ( silcal gel,
EtOH/DCM: 0-40%) to afford methyl 1-[2,2-bis(methyloxy)ethyl]-5-bromo-4-o$(o-3-
[(phenylmethyl)oxyl-1,4-dihydro-2-pyridinecarboxylate 24 as a light brown solid (50g, 60

% over three steps). 'H NMR (400 MHz, CHLOROFORM-d) & ppm 7.7 (s, 1 H), 7.4 (m, 2
H), 7.3(d, J=7.9 Hz, 3H), 5.3 (s,2 H),4.4 (s, 1H), 3.8 (d, J=4.8 Hz, 2 H), 3.8 (s,3 H),34 .

| (s, 6 H). LC-MS (M+H"): calcd 426, obsd 426.

‘Example 2d . - : .
Methyl 1-{2,2-bis(methyloxy)ethyl]-5-({[(2,4-difluorophenyl)methyllamino}carbonyl)-4-oxo-
3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate

_ BnO :
o
B N
MeO™ "OMe |
24 4 285

" A pressure vesselv was charged with methyl 1-[2,2-bis(methyloxy)ethyI]—S-brbmo—4-oxo—3- v

[('phenyl'methyl)oxy]-1 ,4—dihydro-2-pyridinécarboxylate 24 (6.4g, 15 mmol), 2,4?
difluorobenzylamine (3.2g, 22.5 mmol), KsPO;4 (9.45g, 45mmol), Pd(OCOCF;), (398mg,
1.2 mmol), Xantophos (694mg, 1.2 mmol) and toluene (200 mL). The mixture was purged
by CO.(4X) before being heated to 100 ’c for 22 hours under. CO atrh_osphere (60psi).

After cooled down to the room temperature, the solids were filtered off through. celite and

washed with EtOAc. The filtrate was concentrated and the residual was purified by

column chromatography ( silical gel, EtOAc/hexane 0~80%) to afford mé_thyl 1-[2,2-
bis(methyloxy)ethyl]-5-({[(2,4-difluorophenyl)methylJamino}carbonyl)-4-oxo-3-
[(phenylmethyl)oxy]-1 ,4—dihydro—2-pyridinecarboxylaté 25asa Iight brown oil (4.7g, 61%).
1H NMR (400 MHz, CHLOROFORM-d) 5 ppm 10.4 (m, 1 H), 8.4 (s, 1 H), 7.4 (m, 6 H), 6.8
(d, J=9.3 Hz, 2 H), 5.3 (s, 2 H), 4.6 (d, J=5.7 Hz, 2 H), 4.5 (s, 1 H), 4.0 (d, J=4.8 Hz, 2 H),
3.8(s, 3H), 3.4 (s, 6 H). LC-MS (M+H"): calcd 517, obsd 517. - |

Example 2e

40
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Methyl 5-({[(2,4-difluorophenyl)methyl]amino}carbonyl)-1-{2-hydroxy-2-(methyloxy)ethyl]-
4-oxo-3-[(phenyimethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate (in equilibrium with the

corresponding aldehyde) ,
BnQ " 0BnQ
F F O

. " N O’ F FHO o O’
—"4 N AN * N AN
LA 0

" MeO” “OMe MeO” “OH . Yo

7~

25 : 26 27

Methyl 1A-[2,2-bis(methyloxy)ethyl]-5—({[(2,4—;diﬂuorophenyl)methyl]amino}carbonyl)—4—oxo—

3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 25 (11.6 g ) was treated with 90%

formic acid (250 mL) at 40 °C for ~12 hours (monitored by LC-MS");' After the solvents

were evaporated at <40 °C, the residue was re-dissolved in EtOAc (~ 1L) and the resulting

10  solution was washed With NaHCO; and brine. The organic phase was then dried over
Na,SO,. After evaporétion of solvents, the titled compounds 26 and 27 were obtained as
an approximate 80/20 equillibrium mixture (10.57g). 'H NMR (400 MHz, DMSO-d;) 5 ppm

. 10.3 (m, 1 H), 9.47 (s, aldehyde-H. ~0.2 H)), 8.4 (m, 1 H), 7.3 (s, 6 H), 7.2 (m, 1 H), 7.0
(m, 1 H),»6’.3 (m, 2 H), 5.1 (s, 3H),.4.9(m, 1 H), 4.5 (m, 3 H), 3.9 (m, 2 H), 3.8 (s, 3 H).
15 LC-MS, for 26 (M+H"), calcd 503, obsd 503; for 27 (M+H,0+H"), cald 489, obsd 489.

Example CC

(4aS,13aR)-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-
20 octahydro-1H-pyrido[1,2-a]pyrrolo[1 ', 2"3,4]imidazo[1 ,2-d]pyrazine-8-carboxamide.

41
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H NH,
Bn N B
o) . n
N OMe (o) X H
L AN T e N\
~ L oS
HO™ "OH .
20 DD -1

: Bn
F< F O

<\ N H :

—— H Rn, —
~ T \N\/Q\j
H -
(0] 22 .
F FHO X N\ H
. Ny AN A
_' 0 H
. cc

Example CCa: (4aS, 13aR)-8-Bromo-10-[(phenylmethyl)oxyl-2,3,4a,5,13,13a-hexahydro-

1H-pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[1,2-d]pyrazine-9,11-dione (DD). A reactor was
charged with [(2R)-2-pyrrolidinylmethyljJamine (0.75 kg) and 4.6 L of DMF was added

followed by 0.45 kg of glacial acetic acid. Acetonitrile (41.4 L) was then added and the.
mixture was agitated for 15 minutes. = To the reaction mixture was added methyl >5- .

’ bromo-1-(2,2-dihydroxyethyl)—4-oxo—3—[(phenylmethyl)oxy]-1 ,4-dihydro-2-
_pyridinecarboxylate (2.30 kg). After stirring for 20 minutes at ambient temperature, the

mixture was heated at 75-85 °C until the bromide starting material was consumed by )
HPLC analysis (about 6 hrs). Upon completion, the mixture wés‘cooled until the refluz

subsided and then charged with 6.9 L of methanol and the mixture was heated at reflux
for about 45 minutes then cooled to 15 csC and filtered and dried to provide (4aS,13aR)-8-

" bromo-1 0-[(phenylmethyl)0xy]-2.3,43,5, 13,13a-hexahydro-1 H—pyrido[1 2-
" a]pyrrolo[1',2":3,4]imidazo[1,2-d]pyrazine-9,11-dione (1.93 kg, 78%) as a white solid. ). 'H

NMR (300 MHz, DMSO-ds) & ppm 8.65 (m, 1 H), 7.54 (m, 2 H), 7.33 (m, 3 H), 5.15 (d, 1
H), 4.99 (d, 1 H), 4.60 (m, 1 H), 4.36 (m, 1 H), 4.03 (m, 1 H), 3.90 (m, 1 H), 3.65 (m, 1H),

' 3.06-2.84 (m, 3 H), 1.92-1.60 (m, 4 H).

Example CCb; (4aS,1 3éR)-N—[(2,4-Diﬂuorophenyl)methyl]-9,1 1-dioxo-10-
[(phenylmethyl)oxy}-2,3,4a,5,9,11,13,13a-octahydro-1H-pyrido[1,2-
a]pyrroloﬁ',2‘:3,4]imidazo[1 ,2-d]pyrazine-8-carboxamide. A reaction vessel wés charged
with (4aS;13aR)-8-bromo-1 0-[(phenylmethyl)oxy]-2,3,4a,5, 13,13a-hexahydro-1H-
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pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[1 .2-d]pyrazine—9,1 1-dione (1.4 kg), 2,4-
difluorobenzylamine (705 g), Hunigs base (1.4L), dppf (60 g) and DMSO (12 L). The
mixture was degassed with high purity nitrogen 4 times. To this mixture was added
palladium (Il) trifluoroacetate (18 g) in DMSO (2L). The mixture was again degassed 3

'times with high purity nitrogen and then purged with CO 3 times and left under a 45 psi
~ atmosphere of CO. The mixture was heated at 80 °C under 45 psi CO until the reaction

appeared complete by HPLC (24 hrs). The mixture was cooled to rt and slowly

" transferred to an ice slurry of ammonium chloride. The mixture was filtered and washed

with water and isopropanol. The residue was recrystallized from isopropanol to provide
(4aS,13aR)-N-[(2,4-Difluorophenyl)methyl]-9,11-dioxo-1 0-[(phenylh1ethyl)oxy]—
2,3,4a,5,9,11,13,13a-octahydro-1H-pyrido[ 1,2-a]pyrrolo[1',2":3,4]imidazo[1,2-d]pyrazine-8-
carboxamide (952 g 56%). Recrystallization of the mother liquor from isopropanol
produced a second crop of crystals of the desired product in the amount of 327 g (19%).

V 'H NMR (300 MHz, DMSO-ds) & ppm 10.44 (m, 1 H), 8.55 (s, 1 H), 7.56-7.07 (m, 8 H),

5.18 (d, 1 H), 5.03 (d, 1 H), 4.62-4.54 (m, 4 H), 4.06-3.60 (m, 3 H), 3.20-2.80 (m, 3 H),
1.93-1.60 (m, 4 H). :

Example CCc: (4aS,13aR)-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-

2,3,4a,5,9,11,13,1 3a-octahydro-1 H—pyrido[1 ,2-a]pyrrolo[1',2":3,4]imidazo[1 ,2-d]pyrazine—8-

carboxamide. A pressure reaction vessel was charged with (4aS,13aR)-N-[(2,4-
Uiﬂuofophenyl)methyﬂ-9,1 1-dioxo-10-[(phenylmethyl)oxy}-2,3,4a,5,9,11,13,13a-
octahydro-1H-pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[1,2-d}pyrazine-8-carboxamide (950 g),
192 g of palladium on carbon (50% wet), ethanol (9.5 L) and concentrat_edammonium

'hydroxide_ (124 mL). The mixture was degassed with nitrogen 3 times and then placed

under 50 psi of hydrogen until the reaction was complete. The mixture was degassed
again with nitrogen énd then filtered throughcelit'e. The cake was extracted with réﬂuxing
dichloromethane and then filtered again. The combined filtrates were concentrated to a
small volume (4L), azeotrobed with ‘etﬁanol (28.5L) to a final volume of 9 L. The slurry

was filtered and washed with ethanol and dried to produce (4aS,13aR)—N-[(2,4-
difluorophenyl)methyl}-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-octahydro-1H-
pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[ 1,2-d]pyrazine-8-carboxamide (616 g, 78.4%) asa
\_Nhite solid. 'H NMR (300 MHz, DMSO-ds) 6 ppm 10.37 (m, 1 H),>8.42 (s. 1 H), 7.41-7.05

(m, 3 H),4.72-4.53 (m, 4 H), 4.05(m, 1 H), 3.86 (m, 1 H), 3.70 (m, 1 H), 3.16 (m, 1 H),

2.88 (m, 2 H), 1.92-1.60 (m, 4 H).
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What is Claimed is:

1. A process of for the preparation of a pyridone co_mbound of formula (AA), (BB) or

5 - (CC):
CH, .
]
_ /j an
H fo) .
F
CH,
F /g
H " BB
N
F
n cc
10 F

comprising the steps of:

P-1) brominating a compound of the following formula (I-1) to produe a bromine

15 compound of the following formula (l1-11):
OP! o opP? o)
o p3

wherein
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R is —CHO, —CH(OH), -CH(OH)(OR®), -CH(OH)-CH,OH or -
CH(OR®)(OR®); : .
P' is H or a hydroxyl protecting group;
PlisHora carboxy'pfotecting group;
5 - R*is lower alkyl;
R® and R® are independently lower alkyl or R® and R® can be alkyl and

joined to form a 5-, 6-, or 7-membered ring,

and .
P-2) creating the 2,4—di—ﬂuorophenyi—CHz-NH-C(O)— sidechain with the reactants
10 o ‘ ‘
2,4-di-fluorophenyl-CH,-NH, and carbon monoxide.
2. . Aprocess is provided for the preparation of a pyridone cofnpound of the following
' formula (AA), (BB) or (CC):
15
F
: AA
F
F
BB
F
F
‘CcC
20 F
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comprising the steps of:
P-1) brominating a compound of the following formula (I-) to produce a bromlne

compound of the following formula (l1-11):

wherein
_ 'Ris —CHO, ~CH(OH), —CH(OH)(OR“) -CH(OH)-CH,OH or
10 —CH(OR®)(OR?);
P'is H or a hydroxy! protecting group;
P2 is H or a carboxy protecting group;
R*is Iower. alkyt; ' :
R°® and R® are independently lower alkyl or R® and R® can be lower |,

15 “alkyl and Jomed to form a 5-, 6-, or 7-membered ring,

- P-2) creating the 2_,A4~di-ﬂuorophenyl-C'H2-NH—C(O)- sidechain with the reactants
. 2,4-di-fluorophenyl-CH,-NH, and carbon monoxide to form a compound of formula -
M

ZI

20 | F 0 R (tl-tiy.

P-3) condensing and debenzylating a compound of formula tli-1il to form a
" compound of formula AA, BB, or CC.

25 3. The process according to claim 1, wherein said step P-2) i |s carried out before
creation of the Q rmg ’

46
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4.  The process according to claim 1 or 2, wherein said pyridone compound is of the
formula AA.
5. The process according to claim 1 or 2, wherein said pyridone compound is of the
formula BB.
5 6. The process according to claim 1 or 2, wheréin'said pyridone compound is of the
formula CC.
7._ " The process according to claim 1, wherein said step P-2) is carried out after

creation of the Q ring.

. 8 The process according to claim 7, wherein said pyridone compound is of the k
10 formula AA.
9. The process of Claim 7, wherein said pyﬁdone compound is of the formula BB

10. The process of Claim 7, wherein said pyridone compound is of the formula CC.
15
11. A compound of the following formula (DD):

DD

20 wherein P' is H or a carboxy protecting group.
12. . The compound of claim 11, wherein P'is benzyl.

. 13. A process according to any of claims 1-10 wherein P"is benzyl; P? is methyl; and
© 25 - Ris —CHO, -CH(OH)(OR?), -CH(OR®)(OR?®) wherein R* and R® are lower alkyl.

-14. . Asalt or a hydrate thefeof of a compound of formula AA

OH O CH,

30 ,
47
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15. A crystél form of a sodium salt or a hydrate thereof of a compound of fpnnula AA .

F

16. A crystal form according to claim 15 having one or more physical properties
selected from the group consisting of (i) and (ii):
(i) having characteristic diffraction peaks at 6.4° + 0.2°, 9.2° + 0.2°, 13.8° £ 0.2°, 19.2° +

- 0.2°and 21.8°+0.2° degrees two-theta in an X-ray powder diffraction pattern; and
(ii) having charactenstrc infrared absorptlon spectra at 1641cm + 2cm'1 1536cm +2cm™

' 1503cm™ + 2cm™ and 1424cm™ £ 2cm™.

17. A crystal form according to claim 15 having characteristic diffraction peaks at 6.4°
+0.2°,9.2°+£0.2°,13.8° £ 0.2°, 19.2° + 0.2° and 21.8° + 0.2° degrees two-theta in an X-

ray powder dlffractlon pattern

18. A crystal form according to claim 15 having characteristic diffraction peaks at 6.4°
+£0.2°,9.2°+0.2°,13.8° £+ 0.2°, 14.6° £ 0.2°,15.2° + 0.2°, 17.6° + 0.2°, 19.2° £ 0.2°, 21.8°

- £0.2°,24.1°£0.2>and 28.7° 0.2° degrees two-theta in an X-ray powder diffraction

pattern.

19. A crystal form form accordlng to claim 15 havmg characteristic infrared absorptlon
spectra at 1641cm™ + 2cm™, 1536ecm™ + 2cm™, 1503¢m™ + 2cm™ and 1424cm™+ 2cm™.

20. A crystal form according to claim 15 having characteristic infrared absorption’
spectra at 1641cm™" + 20m‘1 1536cm™ £ 2cm™, 1503cm™ + 2cm™, 1424cm™ 2cm
1282cm™ £ 2cm”, 1258cm” +2cm™, 1093cm +2cm™ and 1069cm”’ +2cm’.

21. A crystal form according to claim 15 having one or more spectra selected from the
group consisting of (a) to (c): ‘

(a) X-ray powder diffraction pattern substantially as shown in Flgure 1;

(b) Infrared absorption spectra substantially as snown in Figure 2; and

(c) Solid state °C-NMR spectra substantially as shown in Figure 3.

22. A crystal form according to claim 15 having one or more physical properties

selected from the group consisting of (iii) and (iv):

.48
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(iii) having characteristic diffraction peaks at 8.0° + 0.2°, 9.3° + 0.2°, 11.3° £ 0.2°, 16.0° +
0.2°, and 22.8° + 0.2°degrees two-theta in an X-ray powdér diffraction pattern; and

(iv) having characteristic infrared absorption spectra at 1637cm™ + 2cm'1 1536cm™ + 2cm’

', 1501cm™ + 2¢m™ and 1422cm™ £ 2cm™.

23. A crystal form according to claim 15 having characteristic diffraction peaks at 8.0°
+0.2°,9.3°+0.2°, 11.3° £ 0.2°, 16.0° + 0.2°and 22.8° + 0.2° degrees two-theta in an X-
ray powder_diffraction pattern.

24, A crystal form according to claim 15 having charactéristic diffraction peaks at 8.0°
%0.2°,9.3°+£0.2° 11.3°£0.2°, 15.4° + 0.2°, 16.0° £+ 0.2°, 18.7° + 0.2°,19.1° + 0.2°, 19.8° _
+0.2°,22.8° + 0.2° and 26.8° + 0.2° degrees two-theta in an X-ray powder diffraction

pattern.

25. A crystal form according to claim 15 having characteristic infrared absorption
spectra at 1637cm™ + 2cm'™, 1536cm™ + 2cm™, 1501cm™ + 2em™ and 1422cm™ + 2cm™.

26. A crystal form according to claim 15 having characteristic infrared absorption
spectra at 1637cm™" + 2cm™, 1536cm™ + 2em™, 1501cm™ £ 2cm™, 1422¢m™ + 2cm™,
1277cm™ + 2cm™, 1258em™ + 2cm™, 1093cm™ + 2cm™ and 1069cm™ + 2em'™.

27. - Acrystal form according to claim 15 having one or more spectra selected from the
group consisting of (d) and (e): ‘
(d) X-ray powder diffraction pattern substantially as shown in Figure 4: and

(e) Infrared absorptlon spectra substantially as shown in Figure 5.

28. A pharmaceutical composition comprising a crystal form as defined in any one of
the claims 15 to 27. '

29. A process for preparation of a crystal form as defined in any one of the claims 15
to27.
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