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SYNTHESI S OF H MBACI NE ANALOGS Field of the Invention 5 This application
di scl oses a novel process for the preparation of hinbacine anal ogs useful
as thronmbin receptor antagonists. The invention disclosed herein is related
to those disclosed in the co-pending patent applications corresponding to
U.S. provisional application serial nos. 60/643,927; 60/644,464; and,

60/ 644, 428, all fﬁmtﬁgtg m!“ﬁgﬁm!ﬂq\nﬁ%ﬁﬁed on the sane date.
Background of the e a variety of
activities in different cell 15 types and thronbin receptors are known to
be present in such cell types as hunman platelets, vascul ar snooth nuscle
cells, endothelial cells, and fibroblasts. Thronbin receptor antagonists
may be useful in the treatnent of thronbotic, inflammatory, atherosclerotic
and fibroproliferative disorders, as well as other disorders in which
thronbin 20 and its receptor play a pathol ogical role. See, for exanple,

U S 6,063,847, the disclosure of which is incorporated by reference. -2-

One thronbin receptor antagonist is conpound A and salts thereof: OHH
\NHCOOEt Me H N Field of the Invention

5 This application discloses a novel process for the preparation of
himbacine analogs useful as thrombin receptor antagonists. The
invention disclosed herein is related to those disclosed in the co-pending
patent applications corresponding to U.S. provisional application serial
nos. 60/643,927; 60/644,464; and, 60/644,428, all four applications

10 having been filed on the same date.

Background of the Invention

Thrombin is known to have a variety of activities in different cell
15 types and thrombin receptors are known to be present in such cell types
as human platelets, vascular smooth muscle cells, endothelial cells, and
fibroblasts. Thrombin receptor antagonists may be useful in the
treatment of thrombotic, inflammatory, atherosclerotic and
fibroproliferative disorders, as well as other disorders in which thrombin
20 and its receptor play a pathological role. See, for example, U.S.

6,063,847, the disclosure of which is incorporated by reference.
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F A This conpound is an orally bioavailable thronbin receptor 5 antagoni st
derived from hi nbaci ne. Conpound A may be synthesized from Conpound 2A: 0 H
jJRA OR5 RZ gHH O OR3 2A wherein R2 is selected fromthe group consisting
of al kyl, cycloalkyl, aryl, 10 and heteroaryl and R3, R4 and Rs are each

i ndependently selected from the gr,oup consisting of H, alkyl, cycloal kyl,
aryl, arylalkyl, and heteroaryl; or, R4 and Rs, together with the carbon

atomto whigh the are attache forma 5- to 7-nenber ring having from
0- 3 heteroa %ﬁré@bﬁ?ﬁﬁcer%%gp agongst @r%@%@%‘é‘%‘zﬁoﬂdﬁﬁggﬁmt hesis of simlar
hi mbaci ne anpal og thronbin receptor antagonists are disclosed in U S pat.

no. 6, 8847, and U.S. application no. 10/412,982, and the synthesis of

the bisulfate salt of a particular hinbacine analog is disclosed in U S.
] ¢ RSc8Egihi ch are incorporated by

This compound is an orally bioavailable thrombin receptor
5 antagonist derived from himbacine. Compound A may be synthesized

from Compound 2A:

Q H R,
e) Rs
R, H | H
07 TORs
2A

wherein Rs is selected from the group consisting of alkyl, cycloalkyl, aryl,
10 and heteroaryl and R3, R4 and Rs are each independently selected from
the group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and
heteroaryl; or, R4 and Rs, together with the carbon atom to which they
are attached, form a 5- to 7-membered ring having from 0-3 heteroatoms

as ring members.



10 The present application provides an inproved process for preparing
hi mbaci ne anal ogs from conpound 2A. The inproved process nay allow for at
| east one of easier purification by crystallization, easier scalability,
and inproved process yield on the desired enantionmer. 15 One aspect of the
I nvention is a process for prepar[gg Compound 1: HH NHCOZRI O RZ H\ N RB
wherein R and R2 are each independently selected fromthe group consisting
of al kyl, cl oal k ryl, and h ter and Rs iis selected 20 fromthe
group consi Cﬁﬁs%éf/%%at% ﬂles&i? Sl %311129?1“@{19&%8&%96&@1 and - 4-

, mhereln RO i s seleqt the group con5|st|ng of H C-C6 alkyl,

cﬁasei

- COOR9
pheny| TeCeREOhRRtARCNIStS AYE s r2dRRe A9 8-¢@B4dnand Al S HRa ORS R2

HHO OR3 5 2A
application no. 10/412,982, and the synthesis of the bisulfate salt of a

particular himbacine analog is disclosed in U.S. application no.
5 10/755,066, the disclosures of which are incorporated by reference

herein.

Summary of the Invention

10 The present application provides an improved process for preparing
himbacine analogs from compound 2A. The improved process may allow
for at least one of easier purification by crystallization, easier scalability,

and improved process yield on the desired enantiomer.

15 One aspect of the invention is a process for preparing Compound

o]
T
X

NHCO,R;

NN /1
=z

l
\\Re
1
wherein R; and Rz are each independently selected from the group
consisting of alkyl, cycloaikyl, aryl, and heteroaryl; and Rs is selected
20 from the group consisting of halogen, -CFs, C1-Ce alkyl, C1-Cs alkoxy, and



wherein R2 is as defined above, and R3 is H, alkyl, cycloal kyl, aryl,

aryl al kyl or heteroaryl; R4 and R5 are each independently selected from the
group consisting of H alkyl, cycloalkyl, aryl, arylalkyl, and heteroaryl;
or, R4 and Rs, together with the carbon atomto which they 10 are attached,
forma 5- to 7-nenbered ring having from 0-3 heteroatons as ring nenbers,
to form2B. OHO 00 R2ZHH foll owed by hydrolysis of 2B to

0 2B
2 et R e, PO R B o Sy P OBnSsine 4: O 1 H NRGRY
Rp H Qalliyl, phenyl, and benzyl, comprising:

(a) reducing a Compound 2A:

Ry
o] Rs
LB
0% “oR,
5 2A

wherein Rs is as defined above, and R3 is H, alkyl, cycloalkyl, aryl,
arylalkyl or heteroaryl; R4 and Rs are each independently selected from
the group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and
heteroaryl; or, R4 and Rs, together with the carbon atom to which they

10 are attached, form a 5- to 7-membered ring having from 0-3 heteroatoms

as ring members, to form 2B:

0 H Q

0
R, H | H
OR;
2B
followed by hydrolysis of 2B to yield a compound of formula 3
Q@ H H
0
0,
Rz H H
(o] OH

15 3
wherein R» is as defined above;

(b) aminating Compound 3 to yield Compound 4:



4 wherein R2 is as defined above, and R6 and R7 are each independently
sel ected fromthe group consisting of H, alkyl, cycloalkyl, aryl, and 5

het eroaryl; (c) converting Conpound 4 to Conpound 5: OHHHN "OR IIlIIf O
HR2 50H wherein R and R2 are as defined above; 10 (d) converting Conpound
5 to Compound 6: 0 HHH N 'ORS l1lf O RR HCHO 6 wherein R and R2

are as defined above; and (e) reacting Conpound 6 with conmpound 7: 0 11

P~(OR1) 2
(ORL) QA H H
NRgRy
0
Ry H
0% “oH
4

wherein Rz is as defined above, and Rs and Ry are each independently

selected from the group consisting of H, alkyl, cycloalkyl, aryl, and
5  heteroaryl;

(c) converting Compound 4 to Compound 5:

O H H H
N OR;
q T
(o}
(o] OH
5

wherein R; and Ry are as defined above;

10 (d) converting Compound 5 to Compound 6:

O H H H
N _OR;
g T
o}
R H
2 H 4o
6

wherein R; and Rz are as defined above; and

(e) reacting Compound 6 with compound 7:

15 Rs
to prepare Compound 1. In some embodiments, Compound 7 is treated

with a base, and the carbanion product is then reacted with Compound

6. Preferably, the base is an organometallic compound. More preferably,



7 15 Re to prepare Conpound 1. In sone enbodi nents, Conpound 7 is treated
with a base, and the carbanion product is then reacted with Conpound 6.
Preferably, the base is an organonetallic conpound. More preferably, -6- the

base is an organolithiumconpound. Still nore preferably, the base is LDA
In sone enbodinents, R is alkyl. In some enbodinments, R is 5 ethyl. In
sone enbodi nents, Rs is 3-fluoro. “Pri sone enbodi ments, R2 is alkyl. In sone

enbodi nents, Conmpound 7 _has the structure 7A: 0 u P~(CEt)2 NF 7A

wher ei e hase Eowp cugrnaiithivmpapaeeadpptibmers pyefsgaitynoebdse: CH3 N F
10 8 with a phosphate ester to yield Conpound 7A. In sone enbodi nents, said
phosphi#t®ePaster is a dial kyl hal ophosphate. In sone enbodi nents,

In some embodiments, R; is alkyl. In some embodiments, R; is
5 ethyl. In some embodiments, Rg is 3-fluoro. In some embodiments, Ry is

alkyl. In some embodiments, Compound 7 has the structure 7A:

TA

wherein said compound 7A is prepared by esterifying Compound 8:
CHj
)
=

10 8
with a phosphate ester to yield Compound 7A. In some embodiments,
said phosphate ester is a dialkyl halophosphate. In some embodiments,
the dialkyl halophosphate is diethyl chlorophosphate. In some
embodiments, Compound 8 is prepared by reacting 3-bromo-5-methyl

15 pyridine with 3-fluorophenylboronic acid.
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t he di al kyl hal ophosphate is diethyl chlorophosﬁhate. In sgné ehbodinents,
Conmpound 8 is prepared by reacting 3-brono-5-nethyl 15 pyridine with

3-fl uorophenyl boronic acid. In sonme enbodinments, R2 is nmethyl. In sone
enbodi nents, R3 is selected fromthe group consisting of hydrogen, alkyl,
and arylalkyl. In some enbodinments, R3 is arylalkyl. In some enbodi nents,
R3 is benzyl. 1In some enbodinments:’/ R4 and Rs, taken together with the

carbon to 5 which they are attached, forma five-nenbered heterocyclic ring.
In some enBBdoREhesbodiiaents; Ravsibettad. Retservrgmbodiments, anisai ns t hr ee
carbon atons and two oxygen atonms. In sone enbodi nents, R6 and R7 are each
H | n swisctedifiodn ihateroupsepsistithgof hgirogencaltyhiarid hydaikygninn 10 t he
presence of a noble netal catalyst. In sonme enbodi nents, Conmpound 3 is

am nat eshme embdimemsiRuis saldlkih hsompe essiodntdnts, RO Ben®tlal cat al yst.
In sonme enbodi nents, the ammoniumsalt is amonium formate. In sone 15

enbodi marddine htbaiibleait SERARNERANSN tSzBé} AR EBBReN. | N some
enbodi ments, Conpound 4 is converted to Conmpound 5 .by reacting Conmpound 4

Wi T 15 anyRickyiheyad @f atadiet, féﬂn%%-rr@?ﬂ@@e%téroc??ﬁ; ?i I al of ormate i's an

al kyl chloroformate. In sonme 20 enbodi nents, the chloroformate is

et hyl c%jn% b d Bt entd %"ﬁ{égﬂg! : I.S:.converted to
Conpound 6 y reactnl n’gt}%onpoun r\%ﬁt e%%l})g%?g%ﬁ%o%d&%n%nﬁ{rgé presence of
DWVF, fc%lri)g}l\lea%% :5.1%1 %\%%'ogcr}'gen atoms. In some embodiments, Re¢ and Ry

are each H.

In some embodiments, Compound 2A is reduced with hydrogen in

10 the presence of a noble metal catalyst.

In some embodiments, Compound 3 is aminated with an
ammonium salt in the presence of a noble metal catalyst. In some
embodiments, the ammonium salt is ammonium formate. In some

15 embodiments, the noble metal catalyst is palladium on carbon.

In some embodiments, Compound 4 is converted to Compound 5
by reacting Compound 4 with an alkyl haloformate. In some
embodiments, the alkyl haloformate is an alkyl chloroformate. In some

20 embodiments, the alkyl chloroformate is ethyl chloroformate.

In some embodiments, Compound 8 is converted to Compound 6
by reacting Compound 5 with oxalyl chloride in the presence of DMF,
followed by reduction.

25



25 In sone enbodi nents, Conmpound 2A is prepared by cyclizing Conpound 9: O

Ry OR \' 5 Ry OOR3 9 wherein R2, Rs, R4 and Rs are as defined above.

some enbodi nents, 5 R4 and Rs

they are attached, forma five-
In some enbodi nents,
enconpasses a process for

sai d process con

Compound 9:

0

Rs
0 OR3

Rs is benzylg
preparing Conpound A: O H H NHCD, Et

b md AL, BYALOLYE 50 1 OpTBON Py Qb Q O H = F

I n
taken together with the hydrogen to which
menbered heterocyclic ring. R3 is arylalkyl.
_I'n sone enbodi nents, the invention

(0]
Ry

9

wherein Ra, Rz, R4 and Rs are as defined above. In some embodiments,

R4 and Rs, taken together with the hydrogen to which they are attached,

form a five-membered heterocyclic ring. R3 is arylalkyl. In some

o

5

embodiments, Rs is benzyl.

In some embodiments, the

preparing Compound A:
10

said process comprising:

(a) hydrolyzing Compound 2B:
15

to yield Compound 3:

invention encompasses a process for

0]

HoE o NHeOE
d
BEIf

7 NS 1
—Z

o kN 10 F A



OOH 15 2B to yield Conpound 3: -9- OHHO 0 OOCH3 5 (b) amnating
Compound 3 to yield Conpound 4: O HHNH2 Hhl O- OH 4 ; 10 (c)
converting Conmpound 4 to Conpound 5: O HHHMOEt O IIlI( O =HOOS5 ;
15 (d) converting Conpound 5 to Conpound 6:

-9-

5
NH,
10
H
\"/OEt
15

H
\\N \"/O Et

6 ;and,
20 (e) converting Compound 6 to Compound A:



OHHH" "C&t OIlllIf O HHCHO6 ; and, 20 (e) converting Cbnpound‘éhfév

Conmpound A:

-10- OHHtNVOR ~I 0 H-NA 5 In sone enbodi nents,

Conpound

6 is reacted with Conpound 7A: O It P~(OE02 ~NF 7A to yield Conpound A
In sonme enbodi nents, Conmpound 7A is treated ‘

-10 -
H H
W
o RS
2 ©
= H
H \
[N
s

F
A.

In some embodiments, Compound 6 is reacted with Compound 7A:

7A

to yield Compound A. In some embodiments, Compound 7A is treated

with a

base, and the carbanion product is then reacted with Compound

10 6. In some embodiments, the base is an organometallic compound. In

some embodiments, the organometallic compound is an organolithium

compound. In some embodiments, the organolithium compound is LDA.

In some embodiments, Compound 7A is prepared by esterifying

Compound 8:



wi th a base, and the carbanion product is then reacted with Conpound 10 6.
In sonme enbodi nents, the base is an organonetallic conpound. In sone

enbodi ments, the organonetallic conpound is an organolithium conmpound. In
sone enbodi nents, the organolithium conpound is LDA. |In sonme enbodi nents,
Compound 7A is prepared by esterijg{ng Compound 8: 11- CH3 NF 8 with a
phosphate ester to yield Conpound In sonme enbodi nents, the phosphate
ester is a dialkyl halophosphate. Cmn somre 5 enbodi nents, the dialkyl
halophosphate i s diethyl chloroph-sphate In sone enbodlnents t he
esterification is conducted in tfheNoresence of a base. In sone enbodi nents,
the base is a dialkyl lithiumamge. In sone enbodi nents, the dialkyl
lithiumamde is diisopropyl lithfum amde. In sonme enbodi ments, Conpound 8
is prepared by reacting 3 10 brom5-nethyl pyridine with

3-fl uorophenyl boronic acid. In gong_  enbodinents, R is alkyl. In sone
enbodi nents, R is ethyl. In song” ehbodi nents, Conpound 28 is hydrol yzed
with a mneral acid. In sone enbodinments, Conmpound 3 is ami nated with an
ammonium salt in the presence of8a noble netal catalyst. In sone

enbodi nents, the 15 ammonium salt is amonium formate. In sone enbodi nents,
t he nobl e with a phosphate ester to yield Compound 7A. In some

embodiments, the phosphate ester is a dialkyl halophosphate. In some
5 embodiments, the dialkyl halophosphate is diethyl chlorophosphate. In

some embodiments, the esterification is conducted in the presence of a
base. In some embodiments, the base is a dialkyl lithium amide. In
some embodiments, the dialkyl lithium amide is diisopropyl lithium
amide. In some embodiments, Compound 8 is prepared by reacting 3-

10 bromo-5-methyl pyridine with 3-fluorophenylboronic acid. In some
embodiments, R; is alkyl. In some embodiments, R; is ethyl. In some
embodiments, Compound 2B is hydrolyzed with a mineral acid. In some
embodiments, Compound 3 is aminated with an ammonium salt in the
presence of a noble metal catalyst. In some embodiments, the

15 ammonium salt is ammonium formate. In some embodiments, the noble
metal catalyst is palladium on carbon. In some embodiments,
Compound 4 is converted to Compound 5 by reacting Compound 4 with
an alkyl haloformate. In some embodiments, the alkyl haloformate is an
alkyl chloroformate. In some embodiments, the alkyl chloroformate is

20 ethyl chloroformate. In some embodiments, Compound 5 is converted to

Compound 6 by reacting Compound § with oxalyl chloride in the



nmetal catalyst is palladiumon carbon. In sone enbodi nents, Conpound 4 is
converted to Conpound 5 by reacting Conpound 4 with an al kyl hal of ormate.
In some enbodi nents, the al kyl haloformate is an alkyl chloroformate. In
sone enbodi nents, the al kyl chloroformate is 20 ethyl chloroformate. In sone
enbodi nents, Conpound 5 is convert to Conmpound 6 by reacting Conpound 5
with oxalyl chloride in the -12- presence of DMF, followed by hydrogenation
in the presence of tert- amne. In sone enbqdi nents, Conpound 2B i s prepared
by cyclPreiemse abd M8 ietlgveq by dugrogenatiensingthe presearn oRfeits as def i ned
above. In sone enbodinents, Rs is arylalkyl. In sonme enbodiments, R3 is
benzyl amifesdpsoand eathasimentsdremnednd 35 is prepeeed hyacitadiging t h an 10
organic or inorganic acid to forma pharnaceutically acceptable salt. In
sone efooeporsrd ©; the acid is selected fromthe group consisting of

hydrochl oric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, ,
salicylic, malic, fumaric, ccinic, ascorbic, maleic, and net hanesul fonic
acids. In sonme enbodi nents ceutically acceptable salt is the

bi sul fate 15 salt. )>i>1

wherein Rs is as defined above. In some embodiments, Rs is arylalkyl. In

some embodiments, Rz is benzyl.

In some embodiments, Compound 1 is further reacted with an
10 organic or inorganic acid to form a pharmaceutically acceptable salt. In
some embodiments, the acid is selected from the group consisting of
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic,
malic, fumaric, succinic, ascorbic, maleic, and methanesulfonic acids. In
some embodiments, the pharmaceutically acceptable salt is the bisulfate

15 salt.

Another aspect of the invention is a novel compound 3:

Q N H
(@]
(o]
R H H
o] OH
3,

20 wherein Ry is selected from the group consisting of alkyl, cycloalkyl, ary],
and heteroaryl.



Anot her aspect of the invention is a novel conpound 3: OHHO ORZHPHO
OH 3, 20 wherein R2 is selected fromthe group consisting of alkyl,

cycloal kyl, aryl, and heteroaryl. -13- Another aspect of the inventionis a
novel compound 4: OHHNReR7 RZ HOOH 4, wherein R2 is selected from
the group consisting of alkyl, cyclgoal kyl, 5 aryl, and heteroaryl, and R6
and Ra are each independently selected fromthe group consisting of H,

al kyl, cycl oaolgig%lléél aéecgclo %%%&Qgﬁl&{)ﬁgé Z‘:‘%’I"F %\S!?Ilﬁgg}qoth r aspect of the present’

i nvention i ia: OHHHN OR
Q W H
NRgR;
o)
Rj H
o) OH
4,

wherein Rz is selected from the group consisting of alkyl, cycloalkyl, 1
5 aryl, and heteroaryl,
and Re and R7 are each independently selected from the group
consisting of H, alkyl, cycloalkyl, aryl, and heteroaryl.
Still another aspect of the present invention is a novel compound of the

following formula:

H
N._ _OR4
g T
0
Rz |, H
10 o) OH
5

wherein R1 and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl, and
R; is selected from the group consisting of alkyl, cycloalkyl, aryl,
15 and heteroaryl.

In some embodiments, the invention encompasses any of the

following compounds:



ORZ HH 10 OOH 5 wherein R and R2 are each independently selected from
and heteroaryl,
cycl oal kyl ,

the group consisting of al kyl, cycloal kyl,

sel ected fromthe group consisting of alkyl,

aryl,

aryl,

and Rl
15 and

het er oaryl .

I n sone enbodi nents,

the invention enconpasses any of the

'S

fol | owi ng conpounds:

-14- OHHp.MHHNRQ?? OO0 Rz HPHRz HOOH O OH 0

HHOHHNORNOR ',.. , OO0 OR HHRz HCHO and 0 OH
A H H o 9 W
NRgR;
© o
R H H Ry H
o OH , 0% “oH ’
(0] H H
O H H H_ or, “TOR1
o)
g T o
H " ow  H
Rz M Gho and 0% “oH

A further understanding of the invention will be had from the

5 following detailed description of the invention.

Detailed Description of the Invention

The following definitions and terms are used herein or are

10 otherwise known to a skilled artisan. Except where stated otherwise, the
definitions apply throughout the specification and claims. Chemical
names, common names and chemical structures may be used
interchangeably to describe the same structure. These definitions apply
regardless of whether a term is used by itself or in combination with

15  other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl,"

"haloalkyl," "alkoxy," etc.



A further understanding of the invention will be had fromthe 5 follow ng
detail ed description of the invention. Detail ed Description of the Invention
The followi ng definitions and ternms are used herein or are 10 ot herw se
known to a skilled artisan. Except where stated otherwi se, the definitions
apply throughout the specification and clains. Chem cal nanes, comobn nanes
and chem cal structures may be used " interchangeably to describe the sane

structure. finjtions ap regardl ess of whether a termis used by
itself or llnfe ﬁﬁ’f"l‘”&ﬁ KRoM gaéldh%rr g‘?‘é‘f’?réo hgntoctdhe eanteamy e i ndi cated. |

Hence, the deflnltlon of "al g applies to "alkyl" as well as the "al kyl "
por t i oRQINgL aftashaReay foya mul ]hlﬁl'f@‘é‘lnkﬁﬂbs’ﬂtuankﬁmb or groge terrBs  Unl ess

ot herwi se known, stated or shown to be to the contrary, the point of

at t achthattare sromabimed: tiopidentifr ansingle niaiakyito (@t swhject souetdreriss  that are
conbined to identify a single noiety) to a subject structure is through the
| ast nthredghdie left hhmedderimpbdictheanmiisplestet muaitstitbent.5 Fexanpl e, a

cycl oal kyl al kyI substituent attaches to a targeted structure through the

| at 3 erexahisld, 'a GléalepOkyltdithstithhi sttached & 8 targdtbdetii®nal kyl - cycle
al kyl). The |dent|ty of each vari abl e appeari ng nore than once in a 10

for mul gy rsRYL0® i 1RBRPRAGM by tRel @p&%dsdﬂﬁ@{{héﬁﬁ 2 éﬁ@}&%tg\%q 14 hat

vari abl e, unless otherwi se indicated ess s ot herw se

known taibaiifie contrary, all

The identity of each variable appearing more than once in a
10 formula may be independently selected from the definition for that

variable, unless otherwise indicated.

Unless stated, shown or otherwise known to be the contrary, all
atoms illustrated in chemical formulas for covalent compounds possess
15 normal valencies. Thus, hydrogen atoms, double bonds, triple bonds and
ring structures need not be expressly depicted in a general chemical

formula.

Double bonds, where appropriate, may be represented by the
20 presence of parentheses around an atom in a chemical formula. For
example, a carbonyl functionality, -CO-, may also be represented in a
chemical formula by -C(O)-, or -C(=0)-. One skilled in the art will be able
to determine the presence or absence of double (and triple bonds) in a

covalently-bonded molecule. For instance, it is readily recognized that a



atons illustrated in chemcal formnmulas for coval ent conpounds possess 15
normal val enci es. Thus, hydrogen atons, double bonds, triple bonds and ring
structures need not be expressly depicted in a general chem cal formula.
Doubl e bonds, where appropriate, nay be represented by the 20 presence of
par ent heses around an atomin a cq§nical formula. For exanple, a carbonyl
functionality, -CO, may al so be represented in a chemcal formula by

-C(O- r -C(=0)-. e skiJled inthe art will be able to determne the
pr esen%%BWI%@@ﬁBEaﬁy RhPe resgertedie-GBRA%)-GR)IQH, c6FMOH | y- bonded
nol ecul e. For instance, it is readily recognized that a -16- carboxyl ]
functi@nﬁ@%@ may be represented by -OO0OH, -0(0)COH, -C(=O OH or -CQ2H. The
term "heteroatom" as used herein, nmeans a nitrogen, sulfur or 5 oxygen
atom Miltiple heteroatons in the sane group nay be the sane or different.
As used herein, the term"al kyl" neans an aliphatic hydrocarbon group that

can be st r dihghteror “Hetanstterh, And usediirersias redrs akftioged, dfifwasbon atons in
the chain. Preferred al kyl groups conprise 1 to about 15 carbon atons in

t hes charygenMtiom. phvafleipleHetdrbyionts Dltite SORBIIre@pimb beafdRWanfe car bon at ons
in the chain. "Branched" neans that one or nore |ower alkyl groups such as

met hyl or @fffeyéntor propyl, are attached to a |inear alkyl chain. The al kyl
can be substituted by one or nore 15 substituents independently sel ected
fromthe group consisting of halo,

As used herein, the term "alkyl" means an aliphatic hydrocarbon

group that can be straight or branched and comprises 1 to about 24

10 carbon atoms in the chain. Preferred alkyl groups comprise 1 to about
15 carbon atoms in the chain. More preferred alkyl groups comprise 1 to
about 6 carbon atoms in the chain. “Branched” means that one or more
lower alkyl groups such as methyl, ethyl or propyl, are attached to a
linear alkyl chain. The alkyl can be substituted by one or more

15 substituents independently selected from the group consisting of halo,
aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio, amino, -NH{alkyl), -
NH(cycloalkyl), -N{alkyl)z (which alkyls can be the same or different),
carboxy and —C(O)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-

20 pentyl, heptyl, nonyl, decyl, fluoromethyl, trifluoromethyl and

cyclopropylmethyl.

"Alkenyl" means an aliphatic hydrocarbon group (straight or

branched carbon chain) comprising one or more double bonds in the



aryl, cycloal kyl, cyano, hydroxy, al koxy, alkylthio, amno, -NH(al kyl), -
NH( cycl oal kyl ), -N(al kyl)2 (which alkyls can be the sane or different),
carboxy and -C(0)0-al kyl. Non-limting exanpl es of suitable alkyl groups

i nclude nethyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n 20 pentyl,
heptyl, nonyl, decyl, fluoronethyl, trifluoronmethyl and cyclopropyl nethyl.
"Al kenyl " neans an aliphatic hydr.oggar bon group (straight or branched carbon
chai n) conprising one or nore double bonds in the -17- chain and which can

be conjuigate %idH‘ﬁ&@j%géé@ﬂ%%ﬁéﬁeé%n@érg?gﬁed. 9oL agﬁéhﬁoﬁpri se 2 to

about 15 carbon atons in th ain, pref y 2 to about” 12 carbon atons
inth [ . in th hai n.
SO S DAL
i ] u Si st , : :
oycl et k5 Aoty I EhEH R Bl Ry eff oS B Sattn e ol kony

groups_i ncl ude, et henyl , propenyl, n-bytenyl, 3-nethyl but-enyl and
n- pent%ﬁ?ﬂ&’oﬁﬁtqm%f‘%}%ﬁc I q%‘fe %Pﬁ@ﬂﬁmﬁﬂéiaﬁ‘ ]i’%lsﬂg’b Wwedier vari abl es and
is therefore bivalent, the terns al kyl ene and al kenyl ene, respectively, are
used. °ng Rbmpere sphsbitasnts wdependgpidy seleqtaghirem thregtdu®/| group is as 15
previ ously described. Useful al koxy groups can conprise 1 to about 12
car boncantsosting pf balke; abkyl, arylocudloatkyb ayanbemdalkesxy. NSonilimitinigng  exanpl es
of suitabl e al koxy groups include nethoxy, ethoxy and

examples of suitable alkenyl groups include ethenyl, propenyl, n-butenyl,

o

3-methylbut-enyl and n-pentenyl.

10 Where an alkyl or alkenyl chain joins two other variables and is
therefore bivalent, the terms alkylene and alkenylene, respectively, are

used.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
15 previously described. Useful alkoxy groups can comprise 1 to about 12
carbon atoms, preferably 1 to about 6 carbon atoms. Non-limiting
examples of suitable alkoxy groups include methoxy, ethoxy and
isopropoxy. The alkyl group of the alkoxy is linked to an adjacent moiety
through the ether oxygen.
20
The term “cycloalkyl” as used herein, means an unsubstituted or
substituted, saturated, stable, non-aromatic, chemically-feasible
carbocyclic ring having preferably from three to fifteen carbon atoms,

more preferably, from three to eight carbon atoms. The cycloalkyl carbon



i sopropoxy. The al kyl group of the alkoxy is linked to an adjacent noiety

t hrough the ether oxygen. 20 The term "cycl oal kyl" as used herein, neans an
unsubstituted or substituted, saturated, stable, non-aronmatic,

chemi cal |l y-feasi ble carbocyclic ring having preferably fromthree to
fifteen carbon atons, nore prefQH bly, fromthree to eight carbon atons.
The cycl oal kyl carbon -1& ring radical is saturated and may be fused, for

exanpl e, benzofuse j t ne to two cycl oal k aronmatic, heterocyclic or
et o GaPBIATIEA 15 et an@ o B iRed ot BRacible, RIS B docyol 1 ¢

car bon_at that results in .a stable structure. Preferred carbocyclic rings
have f?%‘?rf‘?%%c glo I’Sar@é‘i‘%tﬂ)‘ﬁshet@%ﬁ‘éé’r g\"%‘?ﬁ?@?’%‘é@ T8}y TBfs i ncl ude

cycl opropyl ., cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or the like.
" Al kynSHO O%h@aé(rbeaﬁéﬁ%?‘i at ﬁwr%ém@w GRPE %‘f@%?'—%/%'ﬁ FRPUMS in east one
carbon-carbon triple bond and which nmay be straight or 10 branched and

conpr i 3 istaplalssuictnre.oPegforred imrbacydic dngsbave fope fivpdpsix Preferred al kynyl
groups have about 2 to about 10 carbon atons in the chain; and nore

pr f ercedybpnabdiram@ples cdlvyuloabydarkdiralsimdiede cytlopromiacycloBantyiched neans
that one or nore | ower al kyl groups such as nethyl, ethyl or propyl, are

at t achegtléperttyl,iocyeRheayk \pylohehayln or Nee like. | i m ti ng exanpl es of suitable

al kynyl groups include ethynyl, propynyl, 2- butynyl, 3-nethylbutynyl,

n- pentynyl, and decynyl. The al kynyl group nay be substituted by one or
nore substituents which nmay be the sane

"Alkynyl" means an aliphatic hydrocarbon group comprising at
least one carbon-carbon triple bond and which may be straight or

10 branched and comprising about 2 to about 15 carbon atoms in the chain.
Preferred alkynyl groups have about 2 to about 10 carbon atoms in the
chain; and more preferably about 2 to about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-

15 limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
butynyl, 3-methylbutynyl, n-pentynyl, and decynyl. The alkynyl group
may be substituted by one or more substituents which may be the same
or different, each substituent being independently selected from the
group consisting of alkyl, aryl and cycloalkyl.

20

The term “aryl,” as used herein, means a substituted or
unsubstituted, aromatic, mono- or bicyclic, chemically-feasible
carbocyclic ring system having from one to two aromatic rings. The aryl

moiety will generally have from 6 to 14 carbon atoms with all available



or different, each substituent being independently selected fromthe group
consisting of alkyl, aryl and cycloal kyl. 20 The term"aryl," as used
herein, means a substituted or wunsubstituted, aromatic, nono- or bicyclic,
chem cal ly-feasible carbocyclic ring systemhaving fromone to two aronmatic
rings. The aryl nmoiety will generally have from®6 to 14 carbon atons with
al | available -19- substitutabl e c&bon atons of the aryl noiety being

i ntended as possible points of attachnment. Representative exanples include
pheny| Subgttablegarbpn atomssfithepgphmejety heing aniemded ashpessiblei ndanyl |

i ndenyl, or the |like. |If desired, the carbocyclic noiety can be substituted
wi th fPeimteakatachmenie Representabivg examplenindinde phenykttohd, such as nono-

t hrough pentahal o, alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy,
phenoxyylyl, aminmenyloaphtlkyl] tattratoydrdhapkithyd rimsanydy iddeayl,ideethe” Het er oar yl "
means a nonocyclic or nulticyclic aromatic ring 10 systemof about 5 to

about HKe.r ifnde sitediyihe paebeiyalit ymeibGuEard beasualithteOwithi REmPéRES, i n which
one or nore of the atons in the ring systemis/are atons other than carbon,

fors exanpie; prefdr@BRA on@X¥3BRe'msistiey! sudPRe mansl frbyeHc! ic (e. g.,
bi cyclic) heteroaryl groups can be unsubstituted or substituted with a

bl ur 3l pltablio gy, kB FomBAR] CHRAM, nORFS oLl Theiot |t uent s, o e

preferably, one, two or three-substituents r ough pent ahal o,

al kyl, liF | {1 . phenyl ,__hydroxy l.koxy, phenoxy, am no,
nmonoal Ky agmlﬁgﬁggﬁé@%f%%cﬁ%%({%armﬁhoé qritﬁlgﬁ%kerypi cally, a

“Heteroaryl” means a monocyclic or multicyclic aromatic ring

10 system of .about 5 to about 14 ring atoms, preferably about 5 to about 10
ring atoms, in which one or more of the atoms in the ring system is/are
atoms other than carbon, for example nitrogen, oxygen or sulfur. Mono-
and polycyclic (e.g., bicyclic) heteroaryl groups can be unsubstituted or
substituted with a plurality of substituents, preferably, one to five

15 substituents, more preferably, one, two or three substituents (e.g., mono-
through pentahalo, alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy,
phenoxy, amino, monoalkylamino, dialkylamino, or the like). Typically, a
heteroaryl group represents a chemically-feasible cyclic group of five or
six atoms, or a chemically-feasible bicyclic group of nine or ten atoms, at

20 least one of which is carbon, and having at least one oxygen, sulfur or
nitrogen atom interrupting a carbocyclic ring having a sufficient number
of pi () electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl,



|

het eroaryl group represents a chem cally-feasible cyclic group of five or
six atons, or a chemcally-feasible bicyclic group of nine or ten atons, at
20 | east one of which is carbon, and having at |east one oxygen, sulfur or
nitrogen atominterrupting a carbocyclic ring having a sufficient nunber of
pi (tc) electrons to provide aronﬁhic character. Representative heteroaryl
(heteroaromatic) groups are pyridinyl, pyrimdinyl, pyrazinyl, pyridazinyl,

furanyl, henzofuranyl, thienyl, benzothienyl, thiazolyl, -20- thiadiazolyl,
i m daz%ﬂ%fﬁﬁz‘éyi é%%?o,lyln rﬂya%%#% triazqlyl, F%%é!aﬂo}ylbbﬁ%ﬁthiwlyl ,
benzoxazol yl , oxazolyl pyrrolyl, isoxazolyl, 1,3, 5-triazinyl and indolyl
gr oupsPenzoxREolylk OFRzplal, ansEglyl. iisosazalyl, 53,5 teipsinyd paiddndold used herein,
means an unsubstituted or substituted, saturated, unsaturated or aromatic,
chem c&PPPs{ easi bl e ring, conprised of carbon atons and one or nore
heteroatons in the ring. Heterocyclic rings may be nonocyclic or

pol ycyclic. Monocyclic rings preferably contain fromthree to ei ght atons
10 in the ring structure, nore preferably, five to seven atons. Pol ycyclic

rirg systefMhecens ‘Hdtagogtlit wing” ictFRetdroéRilablas €&t Refeihf oM si x to sixteen
atons, nost preferably, ten to twelve atons. Polycyclic ring systens

consi shkgds ah whsasstitRes o dibatituRRaesanatted, i athPhtdiegn to seventeen
atons, nore preferably, fourteen or fifteen atonms. Each heterocyclic ring 15

1o OB CBAEA K LRSSl B W Stk e R 05 o o o
sul'f urmgpéjhg@f*gg%rl% e ring. Heterocyclic rings may be monocyclic or
polycyclic. Monocyclic rings preferaBly contain from three to eight atoms
10 in the ring structure, more preferably, five to seven atoms. Polycyclic
ring systems consisting of two rings preferably contain from six to sixteen
atoms, most preferably, ten to twelve atoms. Polycyclic ring systems
consisting of three rings contain preferably from thirteen to seventeen
atoms, more preferably, fourteen or fifteen atoms. Each heterocyclic ring
15 has at least one heteroatom. Unless otherwise stated, the heteroatoms

may each be independently selected from the group consisting of

nitrogen, sulfur and oxygen atoms.

The terms "Hal," “halo,” “halogen” and “halide,” as used herein,
20 mean a chloro, bromo, fluoro or iodo atom radical. Chlorides, bromides

and fluorides are preferred halides.

The following abbreviations are defined as follows: LDA is lithium

diisopropylamide; EtOH is ethanol; Me is methyl; Et is ethyl; Bu is butyl;



The terns "Hal ," "halo,"” "hal ogen" and "halide," as used herein, 20 nmean a
chl oro, brono, fluoro or iodo atomradical. Chlorides, brom des and

fluorides are preferred halides. The foll owi ng abbreviations are defined as
follows: LDA is lithium diisopropylamde; EtOH is ethanol; Me is nethyl; Et
is ethyl; Buis butyl; -21 n-Bu.isg nornmal-butyl, t-Bu is tert-butyl, QAc is
acetate; KOX-Bu is potassiumtert-butoxide; NBS is N bronosuccinimde; NW

I e sl A e L h%f??f der

ng:JSQH’H%gmh ﬂjé;bgﬁ%’%\filﬁ?@éy%%ﬁ%o ki fat QWB 1|rf1\gﬁ§'¥r ates a process

pt L b R
tetrabutylammonium bromide; n-BusNOH is tetrabutylammonium

5 hydroxide, n-BusNHSO4 is tetrabutylammonium hydrogen sulfate, and

equiv. is equivalents.

General Syntheses

10 The following scheme illustrates a process for preparing Compound

1 from Compound 2B:



Step 3 HHHHOHH\ "OR uORSIII( 0o Step 40 OR HHR2 HCHO O OH
Compound 74 5 6 5 OHHNHCO2RL O RZ HHNRe 1 Step 1. Conpound 2B nay be
prepared from conpound 2A 5 according to the process described in U S
6,063,847. It may be converted to Conpound 3 by reaction with an acid in a
solvent. Suitable acids include styong acids such as, for exanple,
hydrochloric acid and sulfuric acid. Hydrochloric acid is preferred. The
sol vent may be a organi ¢ solvent that does not interfere with the

[ H a 10 pawtidcul arly poref erred gol vent. According to one

reacti o Acet gne i

aspect /ot psenit -23- i ound 2By ver to Conpound 3
b pl’ eaot' © Stepl O rrpStepZ tNﬁéIL mp
y EEEE— —
Ry R,
0% “OR R3 H
3 o= o @ >on 4
2B
3
Step 3
Y
Q H H
AR H N.__OR
™ s Y
0 \ﬂ/ Step 4 )
0 s 2 N H
Re A tho 0% “oH
Compound 7A
Step 5 6 5

Step 1: Compound 2B may be prepared from compound 2A
5 according to the process described in U.S. 6,063,847. It may be
converted to Compound 3 by reaction with an acid in a solvent. Suitable
acids include strong acids such as, for example, hydrochloric acid and
sulfuric acid. Hydrochloric acid is preferred. The solvent may be any
organic solvent that does not interfere with the reaction. Acetoneis a

10  particularly preferred solvent. According to one aspect of the present



I N hydrochloric acid in acetone as solvent. Step 2: Conmpound 3 is
subsequently am nated, under suitable 5 am nation conditions, to yield
Compound 4. The ami nation may be conducted with an am nating agent.
According to one aspect of the invention, the am nating agent is an
amoni um salt, for exanple amonijim formate. The amination is preferably
conducted in a solvent, preferably an al cohol, for exanple a |ower al kanol.

Et hanol is .preferred. 10.Foll ow n e additio f the am nating agent, the
react il&ﬁewg?urﬁﬁomgoueérﬁﬁ h%ﬂowetrg?‘%p%{'}ﬁ?’é’%&;?' AERCHOR, ri ous noble
metal catalysts are _suitable, such as palladiumor platinumon various
types Y hydrechdpsic agigin acrtgneomesol¥ehe netal nay be used as the catalyst. A
preferred catalyst is palladiumon an activated carbon support. 15 Step 3:
The am ne noiety of Conpound 4 is then converted to the corresponding
carbamate 5. The conversion may be conducted with an al kyl hal of or mat e.

Et hyl chl orsiepraraCemoyprcBds rsadbsedtemtdy ahenatedl antdegesmisaile conduct t he
reaction in the presence of a base, such as 20 a strong aqueous base.

Suis abdreimdiod comhditivg s¢xa e < ohpephd apr Tiaé amihafies maghede the al kal i
nmet al hydroxi des. Sodi um hydroxide is preferred. Follow ng conpletion of

the r eafiidiRied GAIR ARSI ATy Afent. SALRrBThDI Gy abpédtiFaheon. -24- Step 4:
The carbamate acid 5 is subsequently converted to the carbamte al dehyde 6.

Thi s nRyRE.A0RE Whiiflatih@ agARIPLE ar®Bh¥im salt, for example
ammonium formate. The amination is preferably conducted in a solvent,
preferably an alcohol, for example a lower alkanol. Ethanol is preferred.

10 Following the addition of the aminating agent, the reaction mixture is
combined with a noble metal catalyst. Various noble metal catalysts are
suitable, such as palladium or platinum on various types of carriers.
Mére than one noble metal may be used as the catalyst. A preferred
catalyst is palladium on an activated carbon support.

15

Step 3: The amine moiety of Compound 4 is then converted to the
corresponding carbamate 5. The conversion may be conducted with an
alkyl haloformate. Ethyl chloroformate is preferred. It may be
advantageous to conduct the reaction in the presence of a base, such as

20 a strong aqueous base. Suitable non-limiting examples of appropriate
bases include the alkah metal hydroxides. Sodium hydroxide is
preferred. Following completion of the reaction, Compound 5 may be

isolated by crystallization.



chloride in the presence of a solvent. Catalytic ambunts of DVF may be

enpl oyed. Suitable solvents include organic solvents, for exanple THF. 5
Excess oxalyl chloride is then renoved, and the reaction mxture is

subj ected to reducing conditions. Hydrogenation conditions are preferred.
Sui t abl e hydrogenati on conditions,include providing hydrogen gas at a
pressure ranging from50 to 200 bgﬁf for exanple 100 psi. The hydrogenation

i s advant ageousl y condycted in the presence of a 10 hydrogenation catal yst
and a tertg 'eyg'tf‘cﬁa‘%?;m?@ra%éérﬁl%%bﬁeﬂPFBﬂﬁéPnVSU@ﬁ t@égﬁl ysts are known

to those of ordinary skill in the art and include, for _ exanple, noble

net al $aphamats aldehyde.pThismayde dger vijldnder evemaialoplyli s pal | adi um on
activated carbon. 15 Step 5: The al dehyde functionality on Conpound 6 is
subs e qhéoride/ i g presenicelviteheolpents phatadytis amounts of W MFdnapgound 1, as
follows: -25- 01t P~(OR1)2 OHHNHCOZR, 7 0HHHR HNORLRS N ORp
PCHO employed. Suitable solvents include organic solvents, for example THF.

5 Excess oxalyl chloride is then removed, and the reaction mixture is
subjected to reducing conditions. Hydrogenation conditions are
preferred. Suitable i:lydrogenation conditions include providing hydrogen
gas at a pressure ranging from 50 to 200 psi, for example 100 psi. The
hydrogenation is advantageously conducted in the presence of a

10 hydrogenation catalyst and a tert-amine such as, for example, Iutidine.
Such catalysts are known to those of ordinary skill in the art and
include, for example, noble metals on a support. A preferred

hydrogenation catalyst is palladium on activated carbon.

15 Step 5: The aldehyde functionality on Compound 6 is
subsequently reacted with the phosphate ester 7 to yield Compound 1,

as follows:



[

6 Re i The reaction above is preferably conducted in a solvent and by
treating Conpound 7 with a base prior to reacting it with Conpound 6. 5

Sui t abl e sol vents include organic solvents, such as tetrahydrofuran.
Preferred bases include organonetal | ic conmpounds, exanples of which include
al kyl l'ithium conmpounds, |ithium hexadi nethyl silazide, sodium

hexadi net hyl sil azi de, lithiumdi i's%‘r opyl am de, n-butyl lithiumand the
|ike. A preferred base is LDA 10 According to one aspect of the invention,
the preferred phosphate esterfis the fol | ow ng conpound 7A: P(O(CEt), NF
7A Conpound 7A may be prepar P‘f(orqm Compound 8 by treating -26- Conpound 8
wi t h di et hyl chl orophosphat e:_X NF 8 HCoeround 8 may be obtained by the

process described by Kyoku, I/ . NHCO,R;
/
O H H |
H
N.__OR \\Ra
o T -
o}
R H
2 H ooy
6 R

The reaction above is preferably conducted in a solvent and by

treating Compound 7 with a base prior to reacting it with Compound 6.
5 Suitable solvents include organic solvents, such as tetrahydrofuran.
Preferred bases include organometallic compounds, examples of which
include alkyl lithium compounds, lithium hexadimethylsilazide, sodiuin
hexadimethylsilazide, lithium diisopropyl amide, n-butyl lithium and the
like. A preferred base is LDA.
10
According to one aspect of the invention, the preferred phosphate

ester is the following compound 7A:
P(O)OEY),

iy
=

E
7A

Compound 7A may be prepared from Compound 8 by treating



Kagehira et al in "Preparation of (haloaryl)pyridines,” (APl Corporation, 5
Japan). Jpn. Kokai Tokkyo Koho (2004). |3pp. CODEN. JKXXAF JP 2004182713 A2
20040702. Conpound 8 is subsequently reacted with a phosphate ester, such
as a dial kyl hal ophosphate, to yield Conpound 7A. Diethylchlorophosphate is
preferred. The reaction is preferably conducted in the presence of a base,
such as a dial kylithium am de, for2610 exanpl e diisopropyl I|ithium am de.
Conpound 1 may be further reacted with an organic acid to forma

phar maéompeand 8 withegietnylehlogpphosphiatabl e aci ds i ncl ude, but are not
limted to, for exanple, hydrochloric, sulfuric, phosphoric, acetic, citric,
oxalic, malonic, salicylic, malic, fulfsic, succinic, ascorbic, maleic, and
15 net hanesul fonic acids. In general y acid capable of formng a
pharmaceutically acceptable salt w't npound 1 nmay be suitable. Specific
Synthesis _27- Exanple 1 - Preparatiof of Conpound 30O HHO OHH O IN
HCl | acetone O H=HH O "OH O CH
agitator, thernoneter and nitrogen,
acetone and 68 L of 1N aqueous 5 hy
was heated to a tenperature 8

re added about 10.5 kg of 2B, 68 L of
#l oric acid solution. The m xture
Compound 8 may be obtained by the process described by Kyoku,
Kagehira et al in “Preparation of (haloaryl)pyridines,” (API Corporation,
5 Japan). Jpn. Kokai Tokkyo Koho (2004). 13pp. CODEN: JKXXAF JP
2004182713 A2 20040702. Compound 8 is subsequently reacted with a
phosphate ester, such as a dialkyl halophosphate, to yield Compound
7A. Diethylchlorophosphate is preferred. The reaction is preferably
conducted in the presence of a base, such as a dialkylithium amide, for
10 example diisopropyl lithium amide.
Compound 1 may be further reacted with an organic acid to form a
pharmaceutically acceptable salt. Suitable acids include, but are not
limited to, for example, hydrochloric, sulfuric, phosphoric, acetic, citric,
oxalic, malonic, salicylic, malic, fumaric, succinic, ascorbic, maleic, and
15 methanesulfonic acids. In general, any acid capable of forming a

pharmaceutically acceptable salt with Compound 1 may be suitable.

Specific Synthesis




|

bet ween 50 and 60C and agitated for about 1 hour before cooling to room
tenperature. After the reaction was judged conplete, the solution was
concentrated under reduced pressure to about 42 L and then cooled to a
tenperature between 0 and 5C. The cooled m xture was agitated for 10 an
addi ti onal hour. The product 3 was filtered, washed with cooled water and
dried to provide an off white solid’¢6.9 kg, yield 76%. mp. 251C. 1H NMR
(DNBC» 8 12.8 és 4.72 (m J =5.90 Hz, 1H, 2.58 (m 2H), 2.40 (m J
= 6. 03Emamplg) 1 mvat@@on@fetom_i_8 Hz, 3H), 2.05 (m 1H), 1.87 (q, J
8.92 Hz, 1H), 1.75 (n1 1H), 1.55 gn1 1H, 1.35 (q, J = 12.6 Hz, 15 1H)
a nia cal cd. 267, found 267. Exanple
» ?—IhH/HO(Sll)--- i1 NH ot
K. O "OH 3 4 7.4 kg of ammoni um
WS _CHTSS 0 ‘ and then cooled to 0-10C
8.9 kg ‘fkcnnpound 3 was charged at £ 540% 150C foll owed by an addition of 89L
of 2B et hyZalgohol . The batch was cooj#@~q 0-5C. 0.9 kg of 10% Pal | adi um
on carbon (50% wet) and 9 L of water were charged. The batch was then
war med to 2B8-280C and 3

1.27 (&) = % 88 3H). M5 (ESI)
2 ) ]

To a reactor equipped with an agitator, thermometer and nitrogen,
were added about 10.5 kg of 2B, 68 L of acetone and 68 L of 1N aqueous
5 hydrochloric acid solution. The mixture was heated to a temperature
between 50 and 60°C and agitated for about 1 hour before cooling to
room temperature. After the reaction was judged complete, the solution
was concentrated under reduced pressure to about 42 L and then cooled
to a temperature between O and 5°C. The cooled mixture was agitated for
10 an additional hour. The product 3 was filtered, washed with cooled water
and dried to provide an off-white solid (6.9 kg, yield 76%). m.p. 251°C.
1H NMR (DMSO) 8 12.8 (s, 1H), 4.72 (m, J = 5.90 Hz, 1H), 2.58 (m, 2H),
2.40 (m, J = 6.03 Hz, 2H), 2.21 (dd, J = 19.0, 12.8 Hz, 3H), 2.05 (m, 1H),
1.87 (q, J = 8.92 Hz, 1H), 1.75 (m, 1H), 1.55 (m, 1H), 1.35 (q, J = 12.6 Hz,

15 1H), 1.27 (d, J = 5.88 Hz, 3H). MS (ESI) M+1 m/z calcd. 267, found 267.

Example 2 — Preparation of Compound 4:




agitated for 5 hours, while maintaining the tenperature between 18-28 CC
After the reaction was judged conplete, 7 1L of water was charged. 10 The
batch was filtered and the wet catal yst cake was then washed with 80L of
water. The pH of the filtrate was adjusted to 1-2 with 4N aqueous

hydrochl oric acid solution. The sqlution was used in the next process step
w thout further isolation. The yiréPd is typically quantiative. mp. 216.4C.
1H NWR (D20+1 drop HO) 5 3.15 (m 1H), 2.76 (m 1H), 2.62 (m 15 1H), 2.48
(dd, J-5.75Hz, 1H), 1.94 (m 2H), 1.78 (m 2H), 1.38 (m 2H), 1.20 (m 6H),
1.18 (m 1H), O. 8h(q .J 2 99Hz 1H). -29- &xample 3 - Preparation of
Compound 5: O H O 7 M%@E&Hco@“{\le ChNCD2E NHag. NaOH solution 10 H =
HH=H 0~ CH G TO @pkliAs-necke _ bottoned fl ask equi pped
with an agitator, pnet er and a nitrogehilhl’et tube was added a
solution of 5 Corrpq)uml 4 in aqueous ethanol ¢%6& g active in 2870 m). The
solution was conc ntrat ed to about 700 ml ynder reduced pressure at 35 Cto
40C to renove ethyl al cohol. The resultant honbgeneous m xture was cool ed
to 20 CC t ¢0.8&g cfraininieniphh fwrsatdjwst digstlvedan@l 6f watek2att 15-13

25°C, and then cooled to 0-10°C. 8.9 kg of Compound 3 was charged at’
5 0-15°C followed by an addition of 89L of 2B ethyl alcohol. The batch was
cooled to 0-5°C. 0.9 kg of 10% Palladium on carbon (50% wet) and 9 L of
water were charged. The batch was then warmed to 18-28°C and
agitated for 5 hours, while maintaining the temperature between 18-28
oC. After the reaction was judged complete, 7 1L of water was charged.

10 The batch was filtered and the wet catalyst cake was then washed with .
80L of water. The pH of the filtrate was adjusted to 1-2 with 4N aqueous
hydrochloric acid solution. The solution was used in the next process
step without further isolation. The yield is typically quantiative. m.p.
216.4°C. 1H NMR (D20+1 drop HC]) § 3.15 (m, 1H), 2.76 {m, 1H), 2.62 (m,

15 1H), 2.48 (dd,J-5.75Hz, 1H), 1.94 (m, 2H), 1.78 (m, 2H), 1.38 (m, 2H),

1.20 (m, 6H), 1.18 (m, 1H), 0.98 (q,J=2.99Hz, 1H).



with 250 ml of 25% sodi um hydroxi de sol ution while naintaining the 10
tenperature at 20-30C. Then 82 m of ethyl chloroformate was slowy added
to the batch over a period of 1 hour while naintaining the batch
tenperature from20 oCto 30 C and aged for an additional 30 m nutes. After
the reaction was judged conplete, the batch was acidified to pH7 to 8 with
10 M of concentrated hydrochl or i % d (37% and 750 m of ethyl 15
acetate. The pH of the reaction mxture was further adjusted to pH 2 to 3
wi t h 3Ezampleddis Figpasdinnoef commoyinsbBut i on. The organic | ayer was
separated ang the gpueous | ayer was extr@cti_efd ggain with 750 m of ethyl
acetate. The \oppbined ongani c | ayers wer e\ washed vm'\}:d:e Wﬁth water (200 m).
Conpound 5 wg I from €lAe;Eor gani ¢, | allization 20 from
et hyl acet at ey-apd_teptane B KIH Siafich: T NM\LH 0O @) at about 70 Cto
80 C. The sold diviagi filtered at 50 Cto g0 X,: vashed with heptane and then
dried to provi dgamoff-white solid (yield &&® mp. -30- 197.7C. 1HNWR
(CDsCN) 5 5.31 (brs, 1H), 4.67 (dt, J = 16.1, 5.9 Hz, 1H, 4.03 (g, J =17.1
Hz, 2H), 3.41 ¢m 1H), 2.55 - 2.70 (m 211P, 1.87 - 1.92 (m 1H), 1.32 -

42 (m 1H), 0 J,= 5, 3 1.30.- 1.2 11), 0.98 t, J
15. (7 3. % %é?%ﬂﬂ‘??kﬁ‘\%r?@%f?@ﬁ%nﬂé%Fampaeédwg%?i gg&atlﬁad 340. (E>C<]arrpl e
i- ) E: (%r atr%?%r%&adcg rﬂ?@rgggn Zﬁéiegé&bg %acs]z[d)dzed all\l sl;lu~t1!\cl>1: o% -PranL + (BtO2Pod

H

+ B

5 Compound 4 in aqueous ethanol (100 g active in 2870 ml). The solution
was concenﬁrated to about 700 ml under reduced pressure at 35°C to
40°C to remove ethyl alcohol. The resultant homogeneous mixture was
cooled to 20 °C to 30°C and its pH was adjusted to range from 12 to 13
with 250 ml of 25% sodium hydroxide solution while maintaining the

10 temperature at 20-30°C. Then 82 ml of ethyl chloroformate was slowly
added to the batch over a period of 1 hour while maintaining the batch
temperature from 20 °C to 30 °C and aged for an additional 30 minutes.
After the reaction was judged complete, the batch was acidified to pH 7 to
8 with 10 ml of concentrated hydrochloric acid (37%) and 750 ml of ethyl

15 acetate. The pH of the reaction mixture was further adjusted to pH 2 to 3
with 35% aqueous hydrochloric acid solution. The organic layer was
separated and the aqueous layer was extracted again with 750 ml of ethyl
acetate. The combined organic layers were washed twice with water (200
ml). Compound 5 was isolated from the organic layer by crystallization

20 from ethyl acetate and heptane mixture (1:1 mixture, 1500 ml) at about
70°C to 80 °C. The solid was filtered at 50 °C to 60 °C, washed with

heptane and then dried to provide an off-white solid (yield 50%). m.p.



I

FF 8 7ATo a 10 L three-necked round bottoned fl ask equi pped with an 10
agitator, thernoneter and a nitrogen inlet tube, was added 200g of Conpound
8 (1.07 nol, from Synergetica, Philadel phia, Pennsylvania). THE (1000 nlL)
was added to dissolve Conpound 8. After the solution was cooled to -80 Cto
-50 C, 2.0 MLDA in hexane/ THF(1175 nmL, 2.2 eq) was added whil e maintaining
the batch tenperature bel ow -50 G305 After about 15 m nutes of agitation at
-80 Cto -50 C, diethyl chlorophosphate (185 nlL, 1.2 eq) was added while
nai nt al BY GG AENIMRABDaCades. 81 Ubes,bEpwW.6 BAICS Theé. It XouKe, vER agitated at
a tenperature from-80 Cto - 50 C for about 15 mnutes and diluted with
n- hept ares (¢, V087 . iHz, 2T)i 8.41 hul e V@sswanrwﬂn@pznf BBout 1936 C and quenched
20 wi t h aqueous ammoni um chl ori de 2400 g in 1400 vvater) at a tenperature
bel ow (4018). ThAbS- M e1 MRS, | atred S5af3 t 101G for about 15
m nut egﬁfol Rowed by Qa%;?{la%%n g? tfBJC tsgjzzrgécssgérpggoutl 15 m nutes. The
aqueou ] S I The conbi ned
or gani §HII> g’ggs repie??(?P ggfhe?&w '?ﬁ @% @éér%’%’% %1 Qecaﬁ%m 5“?%‘8 m.) tw ce. The
pr osduc&) %d‘éab“' ng hydrochloric acid Iayers 5 were conbi ned and added slowy
mXxture of toluene (1200 nmL) and aqueous potassium carbonate (300 g in
800 nm. water) at a tenperature below 30 CC. The aqueous | ayer was extracted
with toluene (1200 nL). The organic |ayers were conbi ned and concentrated

under vacuumto .
Example 4 — Preparation of Compound 7A

o, PO(OEY),
oy §i
7 4 PN+ (BtO)POCI —— Y+ i-PrNH + LiCl
E F
8 7A

To a 10 L three-necked round bottomed flask equipped with an

10  agitator, thermometer and a nitrogen inlet tube, was added 200g of
Compound 8 (1.07 mol, from Synergetica, Philadelphia, Pennsylvania).
THF (1000 mL) was added to dissolve Compound 8. After the solution
was cooled to -80 °C to -50 °C, 2.0 M LDA in hexane/THF(1175 mL, 2.2
eq) was added while maintaining the batch temperature below -50 °C.

15  After about 15 minutes of agitation at -80 °C to -50 °C, diethyl
chlorophosphate (185 mL, 1.2 eq) was added while maintaining the batch
temperature below -50 °C. The mixture was agitated at a temperature
from -80 °oC to - 50 °C for about 15 minutes and diluted with n-heptane
(1000 mL). This mixture was warmed up to about -35 °C and quenched

20 with aqueous ammonium chloride (400 g in 1400 mL water) at a

temperature below -10 °C. This mixture was agitated at ~15°C to -10 °C



|

about 600 mM and filtered to renmove inorganic salts. To the filtrate was 10
added n-heptane (1000 m) at about 55 C. The m xture was cooled slowy to
40 C, seeded, and cooled further slowy to -10 C. The resulting slurry was
aged at about -10 Cfor 1 h, filtered, washed with n- heptane, and dried
under vacuumto give a light brown solid (294 g, 85% vyield). mp. 52 C (DSC
onset point). I|HNWR (CDCls) 5 8-83-(d, J = 1.5 15 Hz, 1H), 7.85 (dd, Ji =
8.0 Hz, J2 = 1.5 Hz, 1H), 7.49 (dd, Ji = 8.0 Hz, J2 = 1.3 Hz, 1H), 7.42 (m
1H), Zosabput 19 mirru@sHellowefl byagitation atl Hp °Cro@S ({@for about=18. 3 Hz, J2 =
2.3 Hz, 1H), 4.09 (m 4H), 3.48 (d, J = 22.0 Hz, 2H), 1.27 (t, J = 7.0 Hz,
6H) . NBir(ESk) Tor adiitduw=nlaydr wad4splitauntled2dctedOniEl dnhlemes40Br epar at i on of
Compound 6 0O HHHOHHHNOE NCEt 0 O1l) oxalyl chloride, DVF _ 2)

Pd/ C, ). T8 desmbinkdtdrghnie 1@fkrs werd éxtr&¥dEdGrith 2N Ayddethlidica t hr ee- neck
flask equi pped with an agitator, thernoneter and nitrogen inert were added

the craiilg (POOILY tvwiek UtihehreiucheBatHifing hf@Rhidrd RgidelRgets 31 g. of
Conmpound in 300 nL solution) and 5 anhydrous DVMF (0.05 nlL). After the

St UGB ABIdAL £d oliea SOWH! 8% mitdleVds tBildld (1200'AiFalll) vas added

slowy while maintaining the b

aqueous potassium carbonate (300 g in 800 mL water) at a temperature
below 30 °C. The aqueous layer was extracted with toluene (1200 mL).
The organic layers were combined and concentrated under vacuum to
about 600 ml and filtered to remove inorganic salts. To the filtrate was

10 added n-heptane (1000 ml) at about 55 °C. The mixture was cooled
slowly to 40 °C, seeded, and cooled further slowly to -10 °C. The
resulting slurry was aged at about -10 °C for 1 h, filtered, washed with n-
heptane, and dried under vacuum to give a light brown solid (294 g, 85%
yield). m.p. 52 °C (DSC onset point). *H NMR (CDCls) § 8.73 (d, J = 1.5

15 Hz, 1H), 7.85 (dd, J1 = 8.0 Hz, J2 = 1.5 Hz, 1H), 7.49 (dd, J1 = 8.0 Hz, J2 =
1.3 Hz, 1H), 7.42 (m, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.24 (m, 1H), 7.08 (dt,
J; = 8.3 Hz, Jz = 2.3 Hz, 1H), 4.09 (m, 4H), 3.48 (d, J = 22.0 Hz, 2H), 1.27

(t, J = 7.0 Hz, 6H). MS (ESI) for M+H calcd. 324, found 324.

20 Example 5- Preparation of Compound 6

O H H H OH H

H
o \NTOEt 1) oxalyl chloride, DMF g ‘NTOEt
2 0 2) PA/C, H,, 100 psi, lutidine 5 e}
: H i
o H &b
6

0”7 “OH
5
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tenperature between 15 and 25C. The reaction m xture was agitated for about
an hour after the addition and checked by NMR for conpletion of reaction.
After the reaction was judged conplete, the m xture was 10 concentrated
under vacuumto 135 nL while nmaintaining the tenperature of the reaction

m xture bel ow 30C. The excess oxalyl chloride was renoved conpletely by two
cycl es of vacuum concentration -a&2-el ow 50C with repl eni shrent of toluene
(315 nL) each tine, resulting in a final volume of 68 nL. The reaction

m xture was then 15 cooled to 15 to 25C, after which THE (160 nL) and

2, 6- 1 uti diTeea tReeavhpck iask catdepkd Witk an abitaorakeagbinatathd®r 16 hours at
20 to 25C under 100 psi hydrogen in the presence of dry 5% Pd/C (9.0 g).

Af t ernittuzenriaaet were wlded tHg etu EOPRIRI®, solitBoh AT IRPolhXBUr € was filtered
through celite to renove catalyst. More THE was added to rinse the

hydr Oﬁaﬁﬁiﬁmg%&ﬁ\ﬂﬁ%%@f)&ﬁmg&\ﬂﬁd Bha seaeatn em&ﬂa&{) ‘ég-ﬁ was again filtered
e u

through celite. Conbined filtrates were concentra nder vacuum at bel ow

P2 A oS 0 TN, MR R Bl g © oo

(158 nL)” were a or a thor to renove 2, 6-

| utidi i Cl by.extracting the organic -33-

I ayer(S)Ev:aq}’lhéli@gir:if;1 Qg??%g%éﬂ%o%gdéggliou%m% %‘éﬁ%{aén% t'ﬁ]teig'?ﬁ{:cﬁabout 29 ,

whi ch, was foll owed b washj ifh dilute hrine. The organi c solution was
conce %‘?@%’ﬁ%@%ﬂ%‘rf@&@%&ﬁbﬁﬁﬁ@% TYEIHHE Wat A8ERAPENOT 1 epl acement .

I PA (315 nl) was added to the concentrated crude product 5 solution. The

r emai AR 12 Biody Afteydiheeaasdtditian apdr ehasked by FMBdor carppletion of

reaction. After the reaction was judged complete, the mixture was

10 concentrated under vacuum to 135 mL while maintaining the
temperature of the reaction mixture below 30°C. The excess oxalyl
chloride was removed completely by two cycles of vacuum concentration
at below 50°C with replenishment of toluene (315 mL) each time,
resulting in a final volume of 68 mL. The reaction mixture was then

15 cooled to 15 to 25°C, after which THF (160 mL) and 2,6-lutidine (22 mL)
were added. The mixture was agitated for 16 hours at 20 to 25°C under
100 psi hydrogen in the presence of dry 5% Pd/C (2.0 g). After the
reaction was judged complete, the reaction mixture was filtered through
celite to remove catalyst. More THF was added to rinse the hydrogenator

20 and catalyst, and the reaction mixture was again filtered through celite.
Combined filtrates were concentrated under vacuum at below 25°C to
315 mL. MTBE (158 mL) and 10% aqueous solution of phosphoric acid
(158 mL) were added for a thorough extraction at 10°C to remove 2,6-

lutidine. Then phosphoric acid was removed by extracting the organic



(by GC) by repeated concentration under vacuumto 68 nL, with replenishnment
of IPA (315 nL) before each concentration. The concentrated (68 nlL) |PA
solution was heated to 50C, to initiate crystallization. To this mxture
n- heptane (68 nlL) was added very slowy 10 while maintaining the batch
tenperature at 50C. The crystallizing mxture was cooled very slowy over
2.5 hours to 25C. Additional n- hé‘}?’t'ane (34 n.) was added very slowy into
the suspension mxture at 25C. The mi xture was further cooled to 20C, and
aged agyenwith yappstilue aaigogs sadbam bigatinnate sphation|(dlbwieR%f,i | t ered and
washed with 15 a solvent m xture of 25% 1 PA in n-heptane, and then dried to
provi dehichowgs dolifwed byisgwasbing withstihitd fiincCofheundasic fofutibd: 66% m p.
169.3C. 1H NWR (CD3CN) 8 9.74 (d, J = 3.03 Hz, 1H), 5.42 (br, 1H), 4.69 (m

1H), wa®8oficgnttateddnzspttiically. b3 ¢oliume o£98.180 for s@éehie, 1H), 2.67 (m
oH). 2.50 (dt, J = 3.00, 8.52 Hz, 1H), 1.93 (d, J = 12.0 Hz, 2H), 1.82 (dt,

J = 20repladdméntl IPAZ(318HNL) Wwdaddidl tolthie ort@ntiddled ditde Hibdudt 27 (d, J =
5.97 Hz, 3H), 1.20 (m 6H), 1.03 - 0.92 (m 2H). M (EST) mz (M+1):

N o e PR TS e P P < ORI G ot
. p-. O, Ot HHDH CHO ~oEt

(by GC) by repeated concentration under vacuum to 68 mL, with
replenishment of IPA (315 mlL) before each concentration. The
concentrated (68 mL) IPA solution was heated to 56°C, to initiate
crystallization. To this mixture n-heptane (68 mL) was added very slowly

10  while maintaining the batch temperature at 50°C. The crystallizing
mixture was cooled very slowly over 2.5 hours to 25°C. Additional n-
heptane (34 mL) was added very slowly into the suspension mixture at
25°C. The mixture was further cooled to 20°C, and aged at that
temperature for about 20 hours. The solid was filtered and washed with

15 a solvent mixture of 25% IPA in n-heptane, and then dried to provide
19.5 g of a beige colored solid of Compdund 6. (Yield: 66%) m.p. 169.3°C.
1H NMR (CD3CN) 6 9.74 (d, J = 3.03 Hz, 1H), 5.42 (br, 1H), 4.69 (m, 1H),
4.03 (q, J = 7.02 Hz, 2H), 3.43 (qt, J = 3.80, 7.84 Hz, 1H), 2.67 (m, 2H),
2.50 (dt, J = 3.00, 8.52 Hz, 1H), 1.93 (d, J = 12.0 Hz, 2H), 1.82 (dt, J =

20 3.28,9.75 Hz, 2H), 1.54 (qd, J = 3.00, 10.5 Hz, 1H)j, 1.27 (d, J = 5.97 Hz,
3H}, 1.20 (m, 6H), 1.03 - 0.92 (m, 2H). MS (ESI) m/z (M*+1): calcd. 324,

found 324.

Example 6 - Preparation of Compound A




!

6 aClF F 7A A To a three-neck flask equipped wth an agitator,
thernonmeter and 5 nitrogen inertion was added 7A (13.0 g), THE (30 nL). The
m xture was cooled to below -20C after which |ithiumdiisopropylam de (2M
20 nL) was slowy added. The reaction m xture was agitated for an
additional hour (Solution A). To_another flask was added 6 (10.0 g) and THE
(75 ). The m xture was stirred®or about 30 minutes and then slowy 10
transferred into the solution A while maintaining the tenperature bel ow -
20C. The m xture was stirred at bel ow -20C for an additional hour before
quenchi ng the, rgacti gn by adding 20 niL of Y Theyreaction mixture was

enpkbmas adjusied to abglry “"é i%f on of 25% H2S04
(11 nL). The it ur g s fu it to ~» ndqfhen diluted with 100
m. of ethyl 13 aft 70 nL of Quaker. The i &g phases that had forned were
separ ated dndi Eﬁ‘é aqueous | ayer ﬁi@gt extracted th 50 nL of ethyl acetate.
The solvents THE and ethyl acefiate were then repkaced with ethanol, and the
Compound A was® precipitated olit jas a crystalli solid fromethanol with
seeding at 35 to 20 40C. After Yooling to OC, t suspensi on was stirred for
an additional -35- hour and thesa<the product iltered and washed with
cold ethanol. The product was Led at 50 - 60C~ uRder vacuumto provide an
off-white solid. Yield: 12.7 g,7A(F90%. m p. 104, 9C (DSC onset point). 1H
NVR

-
A

To a three-neck flask equipped with an agitator, thermometer and
5 nitrogen inertion was added 7A (13.0 g), THF (30 mL). The mixture was
cooled to below -20°C after which lithium diisopropylamide (2M, 20 mlL)
was slowly added. The reaction mixture was agitated for an additional
hour (Solution A). To another flask was added 6 (10.0 g) and THF (75
mlLj. The mixture was stirred for about 30 minutes and then slowly
10 transferred into the solution A while maintaining the temperature below -
20°C. The mixture was stirred at below -20°C for an additional hour
before quenching the reaction by adding 20 mL of water. The reaction
mixture was warmed to 0°C and the pH was adjusted to about 7 by
addition of 25% HaSO4 (11 mL). The mixture was further warmed to
15 20°C and then diluted with 100 mL of ethyl acetate and 70 mL of water.
The two phases that had formed were separated and the aqueous layer
was extracted with 50 mL of ethyl acetate. The solvents THF and ethyl
acetate were then replaced with ethanol, and the Compound A was
precipitated out as a crystalline solid from ethanol with seeding at 35 to

20 40°C. After cooling to 0°C, the suspension was stirred for an additional



(CDhC13) $8.88 (d, J =2.4 Hz, 1H), 8.10 (dd, J = 8.2, 2.4 Hz, 1H), 7.64 5
(1H, 7.61 (d, J = 8.8 Hz, 1H), 7.55 (m J = 8.2, 6.2 Hz, 1H), 7.51 (d, J =
8.0 Hz, 1H), 7.25 (dt, J =9.0, 2.3 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.68
(dd, J = 15.4, 9.4 Hz, 1H), 6.58 (d, J = 9.6 Hz, 1H), 4.85 (dd, J = 14.2,
7.2 Hz, 1H), 3.95 (dd, J = 14.2, 7.1 Hz, 2H), 3.29 (m 1H), 2.66 (m J =
12.0, 6.4 Hz, 1H), 2.33 (m 2H), 1.76 (m 4H), 1.30 (d, J = 5.6 Hz, 3H),
1.19 (m 10 4H), 1.14 (t, J = 7.2 ¢B: 3H), 0.98 (m 1H), 0.84 (in, 1H. M
(El') mz: calcd. 492, found 492. Exanple 7 - Preparation of an Acid Salt

( bi sul hawe pnsk thegnihsupredact wrsiltergdoand mrashed ogitioppldbetianal. oEt H - <
H2SO4/ acetonitrile H=H-IN--INHSO4 i F'NF 1 15 Conpound I A (5 9)
was di $belpreduchwalsainied st ff) -H0 4 endar vacuem toTprovistsl aniashwisdlse agi t at ed for
about 10 m nutes and then heated to about 50 C. About 6 nmL of 2Msulfuric
aci d i molad.efYaeldt 12L72 gy0%)d deg. i 100 1 D SGeniset porat HFDNMR Xt ure. The solid
salt of Conpound A precipitated out during the addition of sulfuric acid in

acet on{¢DTILG 5 $\BReH, gddpid v, 0H) 28, 19ulday Ui € 8axixH4 30} ULHRIT.64he reaction
mxture was agitated for 1 hour before -36- cooling to roomtenperature, The
pregi piimdf ede skl § 8% fiL) 18] eAs8Nth, J = 8.2, 6.2 Hz, 1H), 7.51 (d, J =

8.0 Hz, 1H), 7.25 (dt, J = 9.0, 2.3 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.68

(dd, J = 15.4, 9.4 Hz, 1H), 6.58 (d,J = 9.6 Hz, 1H), 4.85 (dd, J = 14.2, 7.2

Hz, 1H), 3.95 (dd, J = 14.2, 7.1 Hz, 2H}, 3.29 (m, 1H), 2.66 (m, J = 12.0,

6.4 Hz, 1H), 2.33 (m, 2H), 1.76 (m, 4H), 1.30 (d, J = 5.6 Hz, 3H), 1.19 (m,

10 4H), 1.14 (t, J = 7.2 Hz, 3H), 0.98 (m, 1H), 0.84 (m, 1H). MS (EI) m/z:

calcd. 492, found 492.

Example 7 — Preparation of an Acid Salt (bisulfate) of Compound A:

o H H H o H H H
wN OEt N OEt
Sty ek
R o 2 O
H i\ﬁ H,S0,/acetonitrile H Z\H
l NN l ~N HzSO4
~ P
F F
1
15 Compound 1A (5 g) was dissolved in about 25 mL of acetonitrile.

The solution was agitated for about 10 minutes and then heated to about
50 °C. About 6 mL of 2M sulfuric acid in acetonitrile was added into the
heated reaction mixture. The solid salt of Compound A precipitated out
during the addition of sulfuric acid in acetonitrile. After addition of

20 sulfuric acid solution, the reaction mixture was agitated for 1 hour before



washed wi th about 30 nL of acetonitrile. The wet solid was dried under
vacuum at room tenperature for 1 hour and at 80 oC for about 12 hours to
provi de about 5 g white solid (yield 85%9. mp. 217. 0 C. 1H NWR 5 (DVBO
9.04 (s, 1H), 8.60 (d, J =8.1 Hz, 1H), 8.10 (d, J = 8.2 Hz, 1H) 7.76 (d,
J =10.4, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.60 (dd, J=8.4, 1.8 Hz, 1H),
7.34 (dd, 8.4, 18Hz, 1H), 7.08 , 8.0 Hz, 1H), 7.02 (m 1H), 6.69
(d, J = 15.8 Hz, 482(m11 394(dd J =14.0, 7.0 Hz, 2H), 3.35
(brs, 11 3 1 80 1.27 (d, J = 10
5 8 Hzcolc;%p&%o fog&ln%qﬁlp%turq ’%@g (p[remgutat Wa§kfélterg§§31ci( m 1H, 0.85 (m
V&q&il m z cal cd. 590, found 492. V\hl | e the present invention has been
descr i Wibng Rt 3O minpt Acetonirile dthe wet spkid giatediied saderor t h above,

many alter natl ves, nodifications and variations thereof will be apparent to
t hose \@tuundahawml‘&mmﬂalmrenfwﬁeham andldt 80t fal aleoutat 2 esirs nodi f i cat i ons,
and variations are intended to fall within the spirit and scope of the
pr esernb prmvielet aloout 3¢ whitk AbNG (yidlh85%8. ehp. 2ad.0 sC. 1IH MMRonpound of any of
the followng formrulae: OHHO OHH 0 OR
5 (DMSO) 9.04 (s, 1H), 8.60 (d, J = 8.1 Hz, 1H), 8.10 (d, J = 8.2 Hz, 1H),
7.76 (d, J = 10.4, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.60 (dd, J = 8.4, 1.8 Hz,
1H), 7.34 (dd, 8.4, 1.8 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 7.02 (m, 1H),
6.69 (d, J = 15.8 Hz, 1H), 4.82 (m, 1H), 3.94 (dd, J = 14.0, 7.0 Hz, 2H),
3.35 (brs, 1H), 2.68 (m, 1H), 2.38 (m, 2H), 1.80-1.70 (m, 4H), 1.27 (d, d =
10 5.8 Hz, 3H), 1.21 (m, 2H), 1.13 (t, J = 7.0 Hz, 3H), 0.95 (m, 1H, 0.85 (m,
1H). MS (EI) m/z calcd. 590, found 492.
While the present invention has been described in conjunction with
the specific embodiments set forth above, many alternatives,
modifications and variations thereof will be apparent to those of ordinary

15 skill in the art. All such alternatives, modifications, and variations are

intended to fall within the spirit and scope of the present invention.



OHHNRBR 7, ORH OOR OHHgNOR and 00 RHH2 C(OH OHH
NYOR,. O &HH O OHwherein R is selected fromthe group consisting of
al kyl, cycloal kyl, aryl, and heteroayryl, R is selected fromthe group
consi sting of alkyl, cycloalkyl, aryl, and het- eroaryl and R6 and R are
each independently selected fro@LAR¥Sgroup consisting of H, alkyl,
cycloal kyl, aryl, and heteroaryl. 2. A conpound selected fromthe group
consi sting of. 0 H HWhatis claimed 1s:

1. A compound of any of the following formulae:

Qq H 5§
0,
o
g, H H
%) OH
O = H
NR¢R,

o)

wherein R, is selected from the group consisting of alkyl,
.cycloalkyl, aryl, and heteroaryl, R, is selected from the
group consisting of alkyl, cycloalkyl, aryl, and het-
eroaryl and R¢ and R, are each independently selected
from the group consisting of H, alkyl, cycloalkyl, aryl,
and heteroaryl.

2. A compound selected from the group consisting of:




-38- OHHH pNOCEt, and

0 H_ OO

|

NHa, O H _H QOH 0 HHH pNYCEt
Oy o0 HHCGOHHO O0OHOH O

-38-

and
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=
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