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process for the preparation of hinbaci ne anal ogs

useful as thronbin receptor antagonists. The process

is based in part on the use of a base-pronoted dynam c

epi nerization of a chiral nitro center. The invention
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Thronmbin is known to have a variety of activities in
different cell types and thronbin receptors are known
to be present in such cell types as hunman platelets,
vascul ar snmooth nuscle cells, endothelial cells, and
fibroblasts. Thronbin receptor antagonists may be
useful in the 25 treat Fidld o¥fthieTnReheionC,
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is based in part on the use of a base-promoted dynamic epimerization of
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a chiral nitro center. The invention disclosed herein is related to those
disclosed in co-pending patent applications corresponding to the

15 following provisional patent applications: Serial No. 60/643,932; Serial
No. 60/643;927; and, Serial No. 60/644,428, all foﬁr applications having

been filed on the same date.

Background of the Invention

20
Thrombin is known to have a variety of activities in different cell
types and thrombin receptors are known to b(;, present in such cell types
as human platelets, vascular smooth muscle_ cells, endothelial cells, and
fibroblasts. Thrombin receptor antagonists may<be useful in the

25 treatment of thrombotic, inflammatory, atherosclerotic and
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,N02 O H-;H 10 o/ -NRSR6 1 ,wherein RS and R6 are
each i ndependently selected fromthe group consisting
of H, alkyl, alkenyl, alkynyl, alkoxy, cycloal kyl,
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This compound is an orally bioavailable thrombin receptor
antagonist derived from himbacine. Compound 11 may be synthesized

from Compound 1:

Q H
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0,
H:ih

O/}\NRsRs
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wherein Rs and Rg are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,

arylalkyl, and heteroaryl groups.

Processes for the synthesis of similar himbacine analog thrombin

receptor antagonists are disclosed in U.S. Pat. No. 6,063,847, and U.S.



process provides an inproved yield and the elimnation

of the need for a chiral internediate. 10, Sunmary of
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provides a process for preparing Conpound 1: cis H

"NO, H 0 NRsRO 15 1 said process conprising the

steps of. (a) cyclizing Conpoddrd 2 in a first sol vent

at an elevated tenperature 0 ONOZ O NR5R6 20 2 V\D
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6- menbered 5 heterocyclic conpound containing 1-4
helietlosédivs 1. 80 ppabliditien aof 2064 /01T &4 18 ethef diel@sures of which

I soners trans
5 are incorporated by reference herein. The present application provides a
novel process for preparing Compound 11 from Compound 1, which

process provides an improved yield and the elimination of the need for a

chiral intermediate.

10. Summary of the Invention

One aspect of the present invention provides a process for

preparing Compound 1:
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said process comprising the steps of:
{a) cyclizing Compound 2 in a first solvent at an elevated

temperature

O
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0% “NRsR,
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OHa+tp &Z OH=H O NRSRe said isoners having a

trans-[5,6]-ring junction and endo isoners: cis O
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epinmerizing said trans-[5,6]-ring-junction in Conpound

29 by treating said first mxture with a first base

to produce a second mxture _gonprising cis-[5,6]-ring

junction-nitro-a i soner and cis-[5,61-ring-

junction-nitro-[i isomer of Conmpound 30: cis /' - NO

H H 15wheMRrRRs and Kedrd édl indgpendentie eeldtdd fbi the group

Wi th a second solvent, causing said a-isoner of

o nt, ce d
2G0e Do RCAMESIER P, SUTRoR AP QRIRIN aly, Wytary

anot her
e BN o) r f r..c 1SS .
SRR herorBGy AT BEREBES hn S o RRRAL IR hffther with
b%ﬁg ’ni{r%ggll'ltt{) Nehich t%ey are attached, form a 3- to 6-membered

5 heterocyclic compound containing 1-4 heteroatoms, to produce a first
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mixture of exo isomers

said isomers having a trans-{5,6]-ring-junction and endo isomers:
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NO,
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H :
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(b) epimerizing said trans-[5,6]-ring-junction in Compound 29 by
treating said first mixture with a first base to produce a second mixture

comprising cis-[5,6]-ring-junction-nitro-a isomer and cis-[5,6]-ring-

junction-nitro-f3 isomer of Compound 30:

cls
Q H o+p

NO,
s
H:IA

15 o NRRs  and
(c) treating said second mixture with a second solvent, causing said

a-isomer of Compound 30 to precipitate to produce Compound 1.



dynam c resolution of said second m xture, in which
said (3-isoner of Conpound 30 is converted to
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30 is precipitated to produce Conpound 1. In another
enbodi ment, said first solventsis selected fromthe
group consisting of xylene, N-nethylpyrrolidinone,

Di net hyl sul f oxi de, di phenyl ether, D methyl acet am de,

and m XnUsesthek efaiddifitng, tHesiedie protlsd AudRSt B&hprises the
enbodi nent, said tenperature is between about 70 and
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nore ~preferably between about 100 and about
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di azabi cycl o] 2,2, 2] octane, and
1, of drmpawind, 30 4p Pracipitatebta produce Gemponngdtbires of 2
or nore thereof. 20 In another enbodi nent, said second
solvent is selected fromthe group consisting of
al cohol s, ethers, ketones, esters, xylene, N

met hyl plr aobiheir reaniegdiarehtpsaitifires solvedt o setocted from the
thereof. WD 20 0 610 76 4 1 5 PCT/US20061000954 -6 In

angidigs cendieth 1drize N-MeERIpyHrolid@yde Dign dheTReHxide,
for preparing g‘Ect:jgtln‘n‘gound 2: 0 yg'?ﬁrlOZ 0 NRSRB y

dipheny! ether, Dimethylacetamide, and mixtures of 2 or more thereof.

In another embodiment, said temperature is between about 70 and
about 190 °C, preferably between about 80 and about 170 °C, more
preferably between about 100 and about 160 °C, still more preferably

between about 120 and about 150 °C.

In another embodiment, said first base is selected from the group
consisting of triethylamine, 1,5-diazabicyclo[4,3,0lnon-5-ene 1,4-
diazabicyclo[2,2,2]octane, and 1,8-diazabicyclo[5,4,0lundec-7-ene, and

mixtures of 2 or more thereof.

In another embodiment, said second solvent is selected from the
group consisting of alcohols, ethers, ketones, esters, xylene, N-

methylpyrrolidinone, and mixtures of 2 or more thereof.



2 5 wherein RS and R6 are each independently sel ected
fromthe group consisting of H, alkyl, alkenyl,

WO 00y §415 al koxy, cycloal kyl, aryl, alkyl aryl PCT/US2006/000954
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aryl al kyl, heterocyclic and heteroaryl groups, or R5
and R6, together with the nitrogen to which they are
attached, forma 3- to 6-nenbefed heterocyclic
compound contai ning 1-4 heteroatons, said process 10
conprising: (a) converting (R -butynol to Conpound 3:
oHn e RemEhodiment, theuisivegtion MIBtiNgs 3 procppefer preparing
Conmpound 4: HO ~-C-NR5 15 \ RSRB 4; and, (c)

r eGemipoyn@o?pound 4 with Conpound 6: 0 Ho =may NO2

to yield Conpound 2. 20 WD 2006/ 076415

PCT/ US2006/ 000954 -7 In yet Ganot her enbodi nent, the
invention is directed to a % cess.. f@, preparing
Compound 2: 0 O- NOZ O NR

0% “NRsRs
2
wherein Rs and Rg are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
arylalkyl, heterocyclic and heteroaryl groups, or Rs and R, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, said process
comprising:
(a) converting (R)-butynol to Compound 3:

OH

N

CONR5Rg
3;

(b) reducing Compound 3 to yield Compound 4:

Ho—~ Y=o
4; and,
(c) reacting Compound 4 with Compound 6:
o

to yield Compound 2.



2, 5 wherein Rs and R6 are each independently
sel ected fromthe group consisting of H, alkyl,
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aryl al kyl, heterocyclic and heteroaryl groups, or Rs
and R6, together with the nitrogen to which they are
attached, forma 3- to 6-nenbeted heterocyclic

conmpound contai ning 1-4 heteroatorrs said process 10

conprl conv nol 1o

Ot shBld AR Bty Bhe Stk i g0 dretagess
to yield Conmpound 7: O HO NO 15 v 6; (c) reducing
CIRDBIARATME SOMRAIRSG 200mpound 2: 0 NO2 O1~20 0
NRSRB 7. WD 2006/ 076415 PCT[ US20061000954 In anot her
enbodi nent, the invention prqvides the foll ow ng
conpounds: 0 0 OH OSI M3 0Og NONG,

wherein Rs and R are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rs, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, said process
comprising:
(a) converting (R)-butynol to Compound 3:

OH

/'\
3;

CONRsRg

(b) reacting Compound 3 with Compound 6 to yield Compound 7:

0

HO% NO,

6;

(¢) reducing Compound 7 to produce Compound 2:

O) = NO,
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In another embodiment, the invention provides the following

compounds:
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A further understanding of the invention will be had from the

following detailed description of the invention.

Description of the Invention

The following definitions and terms are used herein or are
otherwise known to a skilled artisan. Except where stated otherwise, the
10 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



foll owi ng detailed description of the invention. 5
Description of the Invention The follow ng definitions
WOoR0k/6765135 are used herein or are otherw se PEIH$LP0§/080954

skilled artisan. Except where stated otherw se, the
10 definitions apply throughout the specification and
claims. Chem cal nanes, common;panes and chenica
structures may be used interchangeably to describe
the same structure. These definitions apply

r egethet @&on 9f unlees behedvibe inbitsteds Gdeie, ithe @efin®ion Bf "alkyl”
conbi nati on with WD 2006/ 076415 PCT/ US2006/ 000954 - 10
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definition of ™alkyl”™ applies’t

t hey” o Lons, of "hydroxyal kyl," "hal oal kyl , "
AL ATy

"al Koxy, %t ess ot herw se known, stated or

shown to be to the contrary, the point of attachnent

for a multiple termsubstituent (two or nore terns

that are_conbined to identify a_single noiety) to a

Subj ect Yilege otherwise knppsy @%ﬁltﬁﬁ @rwgwrhmg te dhencgntrary, the
the nultiple termsubstituent. For exanple, a

cy ch@at o€ pttackyierd fbs nimubiple 4¢im cibstitwent ftawogetredre terms
structure 10 through the latter "al kyl" portion of the
subtdtattare mon{leingd  todtlemtdfyly eirgldistoietgy td aaulbyedt. stfilture is
identity of each variable appearing nore than once in

a {ieoughaheaystheainedepanddthe ynSRi06 t&en fsi®@tithent. For
definition for that 15 variable, unless otherw se

~th . | .
I ndicab gl aR)c k l}aﬂbggg&béﬁi?ﬁ}b%t;c%}gbﬁrw 2 SargRMsircture

be the ctontrary, I n chem cal

14 o1 SRR i 1ERP RN TR RSP oI pimegyye-alio

bonds 1 8081).

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

15 wvariable, unless otherwise indicated.

Unless stated, shown or otherwise known to be the contrary, all
atoms illustrated in chemical formulas for covalent compounds possess
normal valencies. Thus, hydrogen atoms, double bonds, triple bonds and

20 ring structures need not be expressly depicted in a general chemical

formula.

Double bonds, where appropriate, may be represented by the
presence of parentheses around an atom in a chemical formula. For

25 example, a carbonyl functionality, -CO-, may also be represented in a



20 ring structures need not be expressly depicted in a
general chem cal fornula. Double bonds, where

ses around an atomin a chem cal fornula. For
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woifieubts

5

10

15

20

25

25 exanpl e, a carbonyl functiggality, -CO, may al so

be represented in a WD 2006/ 076415 PCT/ US20061000954

-11 chemcal formula by -C(O-, or -C(=0-. One
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presence or a ger?{:ed@f] ’é}gubl e I(sandﬁ)(% rgfﬁg)ﬁeir%g%ﬁs iv‘ﬁnabe able
| ecul For

Eé‘féﬁ#ﬁ?%%@gg”efjﬁ%&g?ﬁ%@f3 SO T e SHals popdalyn 2
R y - -O O_L =N .=O 5 .
SR EOPBHER MUEBF baiTn ine e Bds REFBI edfgaiRedhat a

nitrogen, sulfur_or oxygen atom Miltiple heteroatons

i farhexglfiracgopalithaayee ransesented byr -G OHe P OH0-GsO)OH
used. herein, the term"al kyl" means an aliphatic
hyadr6&2etbon group that can be straight or branched

and conprises 1 to about 24 carbon atons in the

chain. Preferred al kyl groups conprise 1 to about 15
carbon atons in the chain. Mre preferred al kyl groups

conpri sghelter UhetaRRMImMS” £81:060 HRTARS mdarishe nth8kdh, sulfur or
"Lower al kyl"™ neans al kyl groups of 1 to 6 carbon

IaE) e%ﬁ(t%?’ﬁ fhatible hB20608H ; Ql%}oﬁ’l@%—rl%é 9P%g same

groups such as nethyl, ethyl® or

ar zjx%[g ed to a I|inear alkyl chain. The al kyl can
be&su s?lg Uted by one or nore substituents

i ndependently selected fromthe group consisting of

hal o, 20 aryl, cycloal kyl, cyano, hydroxy, al koxy,

al kyl thi o, am no,, - NH(al kyl) NH( cycl oal kyl ),

N( al ky}S Bsediersinating eyt iikpls meanssap@liphatic hydrocarbon

di fferent),
group that can be straight or branched and comprises 1 to about 24

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. “Lower alkyl” means alkyl groups of
1 to 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
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(0)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
pentyl, heptyl, nonyl, decyl, fluoromethyl, triftuoromethyl and

cyclopropylmethyl.



carboxy and -C(O O al kyl. Non-limting exanpl es of
sui tabl e al kyl groups include nethyl, ethyl,

- L, isopropyl, n-butyl, t-butyl, n- peptyhis2006/000954
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nonyl, decyl, fluoronethyl, trifluoromnethyl
and 25 cycl opropyl net hyl . V[)j$06/076415
PCT/ US2006/ 000954 -12 "Al keniyf™ neans an aliphatic
hydr ocar bon group (straight or - branched carbon chai n)

conprishn% e.Qr efﬂgﬂﬂk i [N, an

whi ch can Igﬁc%%?ﬂgg§é r Jﬁ%ﬁ%ﬁ%%ﬁ%@%?ﬁﬁggﬁﬁﬁhgh?09
alken roups can .conpri.se 2 to about .15 caybon .
SRt atR RS P PE RSB o R e GBBEIS bORs ipfne
atqng in the chain, and nore preferably 2 to_about 6

s e aa%%w@quhceﬁ decrainsatedOT HREORYR Y edu o sefhl pikenyl
substituted by one or nore substituents independent II}/

s ArevPs Fafy LPHise §r iougbowors cathongaiemnil the ghiin, preferably
aryl, cycloal kyl, cyano and al koxy. Non-limting
exahpbebsubfl 2suarbabl|atomiskianile dyagmpsnd modredereéirnblyy® to about

propenyl, n-butenyl, 10 3-nethyl but-enyl and

n-peatlsory htork¥ & ¢harhalkyThe alledd¢e gybug kahrbd shbstitiued by
other variables and is therefore bivalent, the terns

al dyd 8P ehRbiAskRIVvh RNBdehEIRGHY ¥ElkYteddrOm tﬂ&%e%ou 5
"Al koxy" nmeans an al kyl - group in which the alky

gr - eVLh1O4S d ' . f | y I
o SHBiAnEBf LRI T K1 ERAEARGE cyEBE sl SIS Non-limiting
pr raply 1 to ot arbon. atoms. Nonslimting

oSt Bt il Alendn RO s BT 1 iHeRL HeSikbE n-buten,
et hoxy.and 20 isopropoxy. The al kyl group of the

al 6§§ﬂ9€b??ﬁﬂgﬁmginﬁﬂeéﬁfﬁﬂent moi ety through the

ether oxygen. The term "cycl oal kyl" as used herein,

means an unsubstituted or

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
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.

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,



substituted, saturated, stable, non-aromatic,
chem cal | y-feasi bl e 25 carbocyclic ring having

wohekaRl y fromthree to fifteen carbon at omPCTINS2006/000954
2806/076415 PCT/ OS2006/ 000954 -13 nore preferably,
fromthree to eight carbon atons. The cycl oal kyl
carbon ring radical is saturatled and may be fused,
for exanple, benzofused, with one to two cycl oal kyl,
aromatic, heterocyclic or heteroaromatic rings. The
cycneae pyefenallybfrom thisede eightagarbenddeys. i Ehe gydloalkyl carbon
atomthat results in 5 a stable structure. Preferred
cartogyeHiaalis sgtiratadcahd anay bedusal, Sox exampby ienzofused, with
Exanpl es of cycl oal kyl radicals include cycl opropyl,

cycbadus Yo cy@mﬂleﬂﬁﬁic)thati@,yﬁét@l”tﬁ?ﬁ')thc of Hetevapémbtic@ings. The
p

the like. "Al kynyl" neans an aliphatic hydrocarbon

gr OBR-16 MR bt attachPd l.e r | i
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10 carbon oms _in the .chai.n; .and nore .preferab
abof R, EfRpI Sl fadihs FRISABRSFRERRSY, cyclobuty,
Branched neans that one or nore | ower,_al kyl groups
suchY gpqrgtyﬁg} hexgl.ifpclddierirlopy the lke. att ached to a
I i near al kynyl chain. Non- limting exanples of
sui tabl e al kynyl groups include ethynyl, propynyl, 2-
butynyl, 3-nethyl butynyl, n-pentynyl, and decynyl. The
al kynyl ‘gdikymyl" megarizeas abiphatiothydrogarboa gmouporcenprising at
substituents which may be the sane or different, each
18 ubBaist nantcabbongarbote e piécthidrid/ andlveltichdnby e $thaigho or
group consisting of alkyl, aryl and cycl oal kyl. The

t er Brardhdd an@okfftiking Aot 2MRadod BIBStHdHARIN®In the chain.
unsubstituted, aromatic, nono- or bicyclic,

Che?}&@fﬂeﬁ'ﬁﬁ?ﬁﬁbﬁﬁggﬁ{m%dtQ d B0V 86 @E-HRY Béns in the

|
fromone to two a tic rings. The aryl 25 noiety
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chain. Branched means tﬁat one or more lower alkyl groups such as

15 methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-
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

20 group consisting of alkyl, aryl and cycloalkyl.

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

25 moiety will generally have from 6 to 14 carbon atoms with all available
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393%'{669 i ncl ude phenyl, tolyl, xylyl, cumenyl,

napht hyl, tetrahydr onapht hyl ,_1'41_danyl , I ndenyl, or the
like. If desired, the carbocyclic noiety can be
substituted with fromone 5 to five, preferably, one
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substituted with a plurality of substituents,

pr eeatahily, alkyd wiludromethyls pbenyk badrexy, radkexy, phenoxy,
preferably, one, two or three substituents (e.qg.,
nommnnbhnuughdhﬂanahajdkdmmkgﬁnomaﬁﬂm1Mk@nethyI,
phenyl , hydroxy, al koxy, phenoxy, am no,
nonoal kyl am no, dial kyl am no, or the like). Typically,
a heteroaryl group represents a chenmically-feasible

cyclic ometeposiylf inkan8la mdn¥cflIREr mMtifyclic aromatic ring
chem cal | y-f easi bl e bi cycl icgr oup of ni'ne or ten
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beRAst PRIERYGLC (a.a Wth) heterqary gr@zmswan periveadisiifuted or
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20@5@/0@121@4@51 W@/&Jﬁhﬂ@@tﬁoﬁgshsﬁtuents, preferably, one to five
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 (n) electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,

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

25  thiadiazolyl, imidazolyl, pyrazolyl, triazolyl, isothiazolyl, benzothiazolyl,
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1,3,5-triazinyl and indolyl groups. The term
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ns "an unsubstituted or substituted, saturated,
unsaturated or aromatic, chemcally-feasible ring,
conpri sed of carbon atons andldne or nore heteroatons
in the ring. Heterocyclic rings may be nonocyclic or

pal ycyelic.. Mono lLic rings preferafhly,.contajn fro
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preferably, five to seven atons. Polycyclic 10 ring
syYEPBRE consisting of two rings preferably contain
fromsix to sixteen atons, nost preferably, ten to
twel ve atons. Polycyclic ring systens consisting of
three rings contain preferably fromthirteen to

sevent &&e teanoiiretemmoyelipriagt pabhgterdayata, £ en usedfhdreimen
atons. Each heterocyclic ring has at |east one
hetesmatamnditb iated besubsetgea) ethurbteed, heisaterited®r
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nore nol ecul es havi ng the sane nunber and ki nd of )
atToRE SEHEMhepreEsHAS of five ritgsceigferabliesmiaun fipm six to sixteen
differing in respect to the arrangenent or

c atbmpmaestoprefdrablis tandagwelve atoms. Polycyclic ring systems

consisting of three rings contain preferabiy from thirteen to seventeen
atoms, more preferably, fourteen or fifteen atoms. Each heterocyclic ring
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,
mean a chloro, bromo, fluoro or iodo atom radical. Chlorides, bromides

and fluorides are preferred halides.

The term “carbonate”, as used herein, is understood to include

bicarbonates.



5 The term "epi meri zing", as used herein, is
understood to nmean converting fromone isoner to
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attached H that differs between the two isoners. 10
The term "precipitate”, as used herein, is understood
to mean to fall out of soluti%n as a solid. The term
"dynami ¢ resolution", as used herein, is understood to
mean S d [ sion_fr first
I somer l?%?gﬁéeéégﬁn 15&%‘1&%%%?1%% tLSeulélé?rIé%@é(g T ?ln%\Of
solution is thernodynamcally drive b e depletion
o PP 105 Tt TP s Gl Pap e RAaO PR 7 28 Kind oF aoms Bn
precipitation of the second isaoner, The follow ng
albsREY ithe sars molecday wetehtebeiditferingiantaspenktq tie 20
methyl; Et is ethyl; Buis butyl; n-Bu is
nerrangemant] or corgigurgtipardf the@ydms. OAc i s acet at e;
KO -Bu is potassiumtert-butoxide; NBS is N brono
succinimde; NW is 1-nethyl-2-pyrrolidinone; DVAP is
4- di met hyl am nopyridine; THE is tetrahydrofuran; DBU
i s 1, 8Thditamalrepitht9ling4, {d WsiEEerki® B udMirstsod to mean
N, ] V-di net hyl acet am de; n 25 Bu4NBr 1is
P D D e B e oy b ootion
n- i r [ sul f at e,
R L O R
used herein, is understood to be an integer having a 5
value that is inclusive of the range recited
thereafter. Thus "n is between 0 and 4" and "n ranges
0-4" boRh LRBRN PrECIPitAteasSs Naed Dergineis HRdersippddo mean to
1, 2, 3 or 4. WD 2006/ 076415 PCTI US2006/ 000954

fall out of solution as a solid.

The term.“dynamic resolution”, as used herein, is understood to
mean a process in which a conversion from a first isomer to a second
isomer of the same compound in a solution is thermodynamically driven
by the depletion of the second isomer from the solution by precipitation

of the second isomer.

The following abbreviations are defined: EtOH is ethanol; Me is
methyl; Et is ethyl; Bu is butyl; n-Bu is normal-butyl, {-Bu is tert-butyl,
OAc is acetate; KOt-Bu is potassium tert-butoxide; NBS is N-bromo
succinimide; NMP is 1-methyl-2-pyrrolidinone; DMAP is 4-
dimethylaminopyridine; THF is tetrahydrofuran; DBU is 1,8-
diazabicyclo[5,4,0lundec-7-ene; DMA is N,N-dimethylacetamide; n-

BusNBr is tetrabutylammonium bromide; n-BusNOH is



-18 General Syntheses The foll ow ng schenme summari zes
the dynam c resol uti on-based approach to synthesi zing
WoaApImIS11 from (R)-butynol: 0 HOo NO o OHPOHUS2006/000954

Ni tro-add NO2 CONRSRe (-BuCOCI 3 0 NRSR6 (R)-Butynol

7 0O0HO{ 04 HON®Z \ NRSR6 6 0 1. Solt'/150C O H

"NO, Undlar/HZ NO 2. DBU p 0z 3. Dynamc crystal.

0 /1 ~-NRSRy O NRSRe 0 2 117-Pd/ C/HCOO 0 H-H NH2 E1COP

O HH NHCO2Et 1. Dilute NaOH 00 2. HO HHI T HH O

tetrﬁs%x lammo‘?l ﬁy&roxuﬁ r( 4&%12882 1s tetrabutylammonium

hydrogen sulfate, and “equiv.” or “eq.” means equivalents.

n”, as it is used herein, is understood to be an integer having a
value that is inclusive of the range recited thereafter. Thus “n is between
0 and 4” and “n ranges 0-4” both mean that n may have any of the values

0,1,2,30r4.
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am de 3 by either of Methods A or B:. Preparation of

Am de-Method A: 0 OH OH XxN;R-OH e \ O (R

Butyn-2-ol LI 3 NRBR8 OPr P/ OXA N, RS Re 3A3

g P = protecting group such as THP, Si RLR2R3 5

Preparation of Ani de- Met h&gnBral Syntheses

The following scheme summarizes the dynamic resolution-based

approach to synthesizing Compound 11 from (R}-butynol:
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OH X' xN, R5 OH Re PdL"/CuY/ base OP NRSRe X N:

wg%bpé!%w base Re 10 In each of nmethods A and B, Pis

i ng group, for exanple THP or Si RLRPB3/US2006/000954
wherein R1-R3 may be H, al kylg-al kenyl, cycl oal kyl,
aryl, arylalkyl, alkylaryl, heterocyclic, and
heteroaryl groups, Y is selected from the group
consi éﬁ)i’%‘@%ﬂ @ray Be converded tramido3 hiheithenofRMetheds A or
sel ected from the group consisting of alkyl, aryl,
&B:kylaryl, and arylalkyl and X is a 15 | eavi ng group.
By way of exanple, X can be hal ogen, for exanple O,
Br, ®regarafisnasfgtiiaie-Rrethpd @: X can be selected from
het erocyclic rings, such WO 2006/ 076415
PCTI US2006/ 000954 -20 as im dazoles. L is a |ligand
and is selected fromPR wherein R is© selected from

al kyl , aréq, al kyl aryl NR'. gr oupg,J\@ﬁd R' is OH
sel ect ed romealkyl,, aLy , andLaI kyl ar yl Rgr oups. 0
praf er

can rande om 0-8, and bl'y ranges fromO0 to
4. 5 Reububyn-2-ol is discl oSed in, e. g., US NRsRg

6, 063,847, and Methods A and B may be perforne n
ei ther the racem'\c @¥ enanti opu{: eosbutyn%l :

0
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exanpl e sul furic aci®, in an organteysol vent sucH‘Ras
THE and a conpound such as 10 hexyl.di net hyl si | azgne to
provi de a protecti nPg group on the a coholl.1 Tge
protect ed conpound fagoerieaase Lehis WEISRIRR a
sui tabl e base. A preferred nucleophilic base is
hexyl lithium The resulting netall ated

Preparation of Amide-Method B:

o

OH x’U\N,‘Rf’ OH
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SN - 0
PdL,/CuY/base
NRsRg
op i
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X Rs

In each of methods A and B, P is a protecting group, for example
THP or SiRIR2R3, wherein RI-R3® may be H, alkyl, alkenyl, cycloalkyl, aryl,
arylalkyl, alkylaryl, heterocyclic, and hetercaryl groups, Y is selected from
the group consisting of Cl, Br, I, and R™”COOQ, wherein R is selected from
the group consisting of alkyl, aryl, alkylaryl, and arylalkyl and Xis a
leaving group. By way of example, X can be halogen, for example Cl, Br,

or I. As another example, X can be selected from heterocyclic rings, such



conmpound may then be am dated by conmbining it with a

solution containing, e.g., diphenylcarbanylim dazole,

and deprotected, to yield the 15 di phenyl ar nipggus2006/000954
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am de may then be converted tgyConpound 2 via either
of two routes: through vinyl alcohol 4, or through
amde 7. For exanple, amde 3 nay be conbined with

ni &§ omatdzd1ds. 1 s QNfpaerhad Pedlectddiftin PRAVKSRE R’ is

with a m xed anhydride of the nitro acid 6 (prepared
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Pre %i hydr og natl on condl tions .i nclude
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hydr ogenati on catal yst. The hydrogen pressure may

range from 20 to WD 2006/ 076415 PCT/ US2006/ 000454 -21

500 psi, and a pressure of 100 psi is preferred. The

hydr ogéﬁad: batyn-Qadkalsydisclossd be agndhBe6HBATabad Wéthods A
for exanple Lindlar catalyst. The hydrogenation is

Ssubhal® ¥n50pE petRemed drheitReLaRERealic dre@lar@itpure butynol.
preferably an aromatic solvent such as toluene. 5 The

yi ¢hd %dt?n&f‘ﬁa?béé’@orﬂﬁﬁfé'd R émhgﬁﬁea%@ffopgmw slfuric

can be Tinproved by suppressing side- or over-

" el W% 0 SANo0ESHL prgﬁm RLAdELGERIRANN, )

ones i'ncon cursors € Si
reac can be su resse decrea5| t.he
{L‘? otOtH’Fé’ TRPTF 8%5? SR ;S’n( erlcplapl. The
resultlng in Conpound 3). This reductlon of reS|dence
ti ﬁéot@awdo@raéﬁugdéaab &3 bE gom Biged aptle o $witable base.
operation rather than a batch operation at this step.
Therefearcdamiceapkilicrbaseds dedyllithiimdiRhedresiultieg cpetatlated
streans which are conbined and i nmedi ately
compound may then be amidated by combining it with a solution

containing, e.g., diphenylcarbamylimidazole, and deprotected, to yield the

diphenylamide (Compound 3 wherein Rs and Rs are both phenyl).

The amide may then be converted to Compound 2 via either of two
routes: through vinyl alcohol 4, or through amide 7. For example, amide

3 may be combined with nitro acid 6. In one embodiment, amide 3

20 reacts with a mixed anhydride of the nitro acid 6 (prepared from 6 and

pivaloyl chloride in the presence of a tert-amine base}, in the presence of
DMAP to form Compound 7. The amide is subsequently subjected to
hydrogenation conditions to yield Compound 2. Preferred hydrogenation

conditions include pressurized hydrogen in the presence of a

25 hydrogenation catalyst. The hydrogen pressure may range from 20 to
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i mredi ate quench. Alternatively, am de 3 may be

reduced to the corresponding vinyl 20 alcohol 4, and
the alcohol is then reacted with nitro acid 6 to yield
fbpsin@ng. a Goegsouadf 100ps b peefematl yTheyby dwednation
yi el d Conpound 1. The cyclization of 2 is conducted
iqatalystindegbbe agodble mhethbcgtaly styfdt exardinadindlar SHtdly &S The
xyl ene, N-nethyl pyrrolidinone, D nethyl sul foxide,
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yl acetam de and the |like as we m xtures o
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about 80 and about 170 C, nore preferably between

about 100 and about 160 C, still nore preferably

bet weepn ahout 5 120 and about 150 C), to produce a

m xt urléeoreldedn BspRavgrescabpd synthars of fromppand $ can be
treated with a suitable base to conplete the

dBIRFeVEd B BIPprassingside-L01s0yes; sjactiong-thaheanmecupgy the
to the cis-isoner (30). The resulting mxture

compluics ¢Somipeuad 3ncbrSs irs coretast vithens iprE&oumsonsnd TROse side-
and 30, for a total of four isoners. The a-isomer of

Ganpatn dediors Gard B8 ishipbkessed by dé@easidigahe reSidehte time of
synt hesi s of hinbaci ne anal ogs, and is herein
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in individual reactant streams which are combined and immediately
mixed in a flow-through step. This can be achieved by combining the
individual flow streams at a point near the inlet of a pump, and pumping

the combined reactant stream through a static mixer, followed by

immediate quench.

Alternatively, amide 3 may be reduced to the corresponding vinyl
alcohol 4, and the alcohol is then reacted with nitro acid 6 to yield

Compound 2.

Compound 2 is subsequently cyclized to yield Compound 1. The
cyclization of 2 is conducted in a suitable solvent (e.g., hydrocarbons

such as xylene, N-methylpyrrolidinone, Dimethylsulfoxide, diphenyl



nodi fied by addition a suitable base. Thus, the
O-isoners can be converted to the desired a-isoners
by addition of a suitable base. Sinultaneougfywshide/000954
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precipitates fromthe solution as a solid. In the
dynam c resolution process,.4his precipitation tends
to deplete the a-isonmer fromthe solution, driving
the equilibriumof the (3 to a conversion process from

t Bether( Dilmeohyacénunsitid aridihedlikes agerell mitthees of Otdrqhore
WO 2006/ 076415 PCT/ US2006/ 000954 -23 Suitabl e bases

f Gherel®, 8t BRYatdiCiciSoratidie @A tech At @BhA%bout 190
1 5 dlazablcyclo[4 , 0] non-5-"ene

LY 2031084208 ol S765C. more preferably
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t her it t | | tion
e Pt 2R %F ST AR GRS PR ER habTaesRen about
est en t hyl rrolldlnone In sSone .
B0 ﬁgeutﬁﬁg °§ge e RrOTucecR MIERER 4 freRr @daapsio- isomers.
i sopropyl al cohol, aryl alcohol alcohols, ethers,
kShimayxturstis treateg vaHe a Suitekit ey t9 ebingilefsrtbe epimgrization
the m.xtures of 2 or nore thereof. Advantageously, the
exb-thadmny @ 6lerihgriuCotipn24) to theyciexisemer $B0)1 OThanesulting
may al so exceed 95:5. The 10 a:(3 ratio at the nitro

P @sitxtil @ corayrie¥s €86 a9and. p aétﬁnéx@rof@a@HRt&ngBMnaag and 30,
98.1:1.5. N NOZ Solvent O- ~ Hasa NRIRa 0 NRSR5 ~~2 |

29or AQStPa% eordBothdrs. THe a-Mdmer of Compound 30 is a desirable

intermediate in the synthesis of himbacine analogs, and is herein

designated Compound 1.

The resulting mixture is dynamically resolved by treatment with a
suitable base and preferential crystallization of the desired a-isomer
using a suitable solvent. The equilibrium concentrations of the a- and -
isomers in solution are a function of the pH of the solution, which can be
modified by addition a suitable base. Thus, the B-isomers can be
converted to the desired a-isomers by addition of a suitable base.
Simultaneously, in the presence of a suitable solvent, the a-isomer
precipitates from the solution as a solid. In the dynamic resolution
process, this precipitation tends to deplete the a-isomer from the
solution, driving the equilibrium of the § to a conversion process from the

B-isomer towards the a-isomer in the solution.



Precipitation O HHH=F p NRsRe O NR5Re a:p =

about 70:30 a |Isoner precipitates preferentially 30

a:p >98:2 in solid 1 The carbon-carbon doubl ¢chargoosnchoss
W‘)tzﬁg(’”ﬁﬂ]rso group of Compound 1 may then be rggug{esd

under suitable reduction condi,gions to yield 15 am ne

12. Suitable reduction conditions may include contact

with a hydrogenation catal yst, such as one sel ected

from stangase m@g@omeaétegg ahAhMe! for(ekathple PRId 1B,
on carbon, platinumon carbon, and rhodi um WO

2006/ G641, BT U008 D009 200 BAEDIDIA 068, and 18-
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CHRERF RS AT b o i e 6B (00 B
i SHRBlechaRyRHaF GFertalication (GEIudgs SoRyPEIROFo PO,

hyl bronof ormate, or ethyliodoformate). Carbamate 13
5 myfxwﬁ%rkﬁéne@mﬁéﬁs@wmet HemethBamotdiwing. 110 pyme
reaction wwth a base such as, for exanple, a netal
oxemi@odrm by, aké delvenalidselatteddnen dithaaoh dsairepyhdileskol, aryl
the netal is selected fromthe group consisting of

| i 4JebHO] alReHbleNetaisaketonds, edtdrTBgNa S, Wimdtak idione,

reaction with a 10 mneral acid. Sodium hydroxide is a

Pr 8h8henBdsfes dE oAt dte Micteds, %la%ﬁ%g%us}y, Qﬁ@;éggie?ﬁlo

to the correspondi ng al dehyde 15, which is “reac

Wi H’ch%b‘}ScE’&%Bﬁnasi ?ﬂayléxéegdﬁtf Hﬁi, %M&pgls% exceed 85:5. The

10 a:B ratio at the nitro position may exceed 95:5, and for example may be

98.1:1.5.
o 0
5 NO,
o = NO, Solvent o Base
P! p%
(o] NRsRB O/\NR5R5
2 29
o}
H 0'+BN02 Base and Q H - NO
d Precipitation m,\\ 2
- . 9
H ;A - MY A
Oj\ NRsRg Oi\ NRzRg
o:p = about 70:30 o Isomer precipitates
. preferentially
30 a:p >98:2 in solid

1
The carbon-carbon double bond and the nitro group of Compound
1 may then be reduced under suitable reduction conditions to yield
15 amine 12. Suitable reduction conditions may include contact with a
hydrogenation catalyst, such as one selected from standard noble metal

catalysts (e.g., palladium on carbon, platinum on carbon, and rhodium



Conmpound 6 may be prepared from acrolein and
ni tronethane 15 follow ng the schene bel ow.
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as netal hydroxide (e.g., LiOH KOH, NaOH Ca(OH)2),
nmetal carbonate (e.g., Li 2%, Na2CCs, K2CO3, Cs2COB)
and acroleinin a G to Cs alcohol (e.g., nethanol,
et hanol , propanol, isopropanol, butanol, sec- but anol,

torb 516%9,[ , RiRR O} f
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sel e fro KHS Na2S205
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fled8b treatin | oner al kyl carbonyl

B (2 By ré rh%a%“@ra@ﬁwae@@qfﬁm {{fostyl i 0 25

acid, or a salt 0 yoxyl ate), and a carbonate base

(@hglth@iq%gtempmgpromﬁogm oreribgliodoformate). Carbamate

PCT/ US20061000954 -25 KHCO3, Na2CCB3, K2CB) in a

bl® masy they bt @oneeritditoithg cagtizanatenacid 14 by reaction with a
wat er -i mm sci bl e sol vent. The conmpound 8 is cyclized

biyade' @8¢H B, foirtekadh€CHRERAY0xdHE B hyRlr6€ide; carbonate and
pi peridine, pyrrolidine, piperazine, dialkylam nes,

apidar ity fhkyd 8l BRtd RNd1R tEREBRY Yhd Er AR goﬁﬁsﬂng of
allphatlc and aromatic carboxylic acidS) in an

PR RONE] pot st then B2 Sl By shagiq with 2
i T“%?\ac%f sl PRt AE T AP EE i Row C ah i afda
o T e B
Re in the Wtti reagent iven in the schene belowis
Ceeetack iy BROTRI QTG SEREraL R 6 TiFid SOEPRSS Jgr oups. The
Compound 6A is 15 then converted to Conpound 6 via an
i norgani c base- or acid- catalyzed
Compound 6 may be prepared from acrolein and nitromethane
following the scheme below. Nitromethane is treated with an inorganic
base such as metal hydroxide (e.g., LIOH, KOH, NaOH, Ca(OH])z2), metal
carbonate (e.g., LiaCO3, NaaCOs, K2CO3z, Cs2C03) and acrolein in a Ci to
Cs alcohol (e.g., methanol, ethanol, propanol, isopropanol, butanol, sec-
butanol, t-butanol, pentanols, and octanols) or a mixture of alcohols to
give crude Compound 8. To purify Compound 8, crude Compound 8 is
isolated as its metal bisulfite salt 9 by treating with a metal bisulfite
reagent selected from, NaHSOs, KHSO3, Na2S20s, and K2520s. The
bisulfite compound 9 is converted to the purified 8 by treating with a

lower alkyl carbonyl compound (e.g., acetaldehyde, acetone, glyoxylic

acid, or a salt of glyoxylate), and a carbonate base (e.g., LiHCOs, NaHCOs,



hydrol ysis. The applicabl e i norgani c bases i ncl ude,
but are not .limted to, alkaline hydroxide,

woGasdimease, and phosphate bases. The appl i cabPET/U§EI0§400954
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include, but are not |imted to mneral and organic
acids. 20 In nmethod D, Conpound 10 is converted
directly to Conpound 6 by rgag[ing 10 with mal oni c
acid in a suitable solvent or “50l vent nmixture (e.g.,
hydr ocar bon sol vent includi ng hal ogenated sol vent,

arRHR0C Naje 4 eRLcaRfinnh bipahe %f&i%ﬁi %ﬁ&iﬁiﬁgyrﬁ{ﬂg@md a

In sonme enbodi nents,” the “solven s either I ne

or L : Ixture thereof. Optionally, a WO 20

0 ‘g%%lrijja‘gg‘sf?@e%éw 0061000954 -26 catal yst (e.g.,

pi peridine, pyrrolidine, piperazine, pyridine, and

triethylam ne) can be introduced to accelerate the

reaction. NO2 NO2 . + CH3No . HH H H 0 0 O HO 03Na HO

SBNa A eATEPAUBAd iscsligerd by dreating Wit aisepemary amine

(Wttig reagent) o O Method C 8 ~~ 10 Malonic acid O

MVelermdpiperidimg, pymoldipeHpipNEEzine, dialkylamines, and
diarylalkylamines) and a carboxylic acid (e.g., aliphatic and aromatic
carboxylic acids) in an organic solvent (e.g.,, CHzClz, chlorobenzene, t-

butylmethylether, or toluene) to produce Compound 10.

There are two methods to convert Compound 10 to Compound 6,
designated herein as Method C and Method D. In Method C, Compound
10 is first converted to Compound 6A by reacting 10 with a Wittig
reagent. The Rg in the Wittig reagent given in the scheme below is
selected from C; to Cipalkyl or arylalkyl groups. The Compound 6A is
then converted to Compound 6 via an inorganic base- or acid- catalyzed
hydrolysis. The applicable inorganic bases include, but are not limited
to, alkaline hydroxide, carbonate, and phosphate bases. The applicable

acids include, but are not limited to mineral and organic acids.

In method D, Compound 10 is converted directly to Compound 6
by reacting 10 with malonic acid in a suitable solvent or solvent mixture
(e.g., hydrocarbon solvent including halogenated solvent, aromatic
solvent and nitrogen-containing solvents). In some embodiments, the

solvent is either pyridine or toluene, or a mixture thereof. Optionally, a



6A 6 Conpound 16 can be prepared foll ow ng the schene

bel ow starting 5 from 5-brono-2-net hyl pyridi ne
wh2006/016415The 5- br onp- 2- net hyl pyri di ne N=oxi dePCE/USRA06/000954

converted to Conmpound 35 by treating with an anhydride

(e.g., aromatic acid anhydride, acetic anhydride, or

tri hal ogenated acetic anhydri#fe) in an applicable

solvent (e.g., esters, Cl to C o hydrocarbon solvent,

or a tjic solvents, or a.m xture thereof)... Conpqound
35 P (e BIRCEHLIDG, RYFFRIIRE: BIFCEYATF cBY RS #Pdh an
al cohol (e.g., nmethanol, ethanol, propanol,

is

dpeBpanaine) natabe introduerd inacasiraje Hie macsioayat ed

tenperature of about 20 to about 80 OC, preferably,

about 30 to about 70 DC, nof€zpreferably aboyt 45
abaity 55 +CH,Tbe_synt hests DF Sompolnd—37—(wi t i

H

C) i% disclosed in van a5 den Beuvel, Marcot8t5Cla A Soune
J. &F@i"CherrL, 69, 250-262 (2004). According to the

present invention, Conpound 36 is converted to
Compound 37 according to the schenmegbel ow, by php=s

CO.Rg

PCH-US2006+0 > I nctudtng-a halpogénat i T pethod ©

reacting w tM%nggr oup r eagen&aQG/(@M@Z&éaﬁent) N

reagent (e.g.,9S0C12, &OBra., PC13, PBr3, PCl5, or
Pars) or anot her paroper | eavi ng group feagent. In the

schene below, X is a |leaving group selgglReadd om
Hal ogé esters, sulfonates, and phoépﬁwb&s.

Comp 7 iﬁoconverted to Conpoung 38 by treating
with a 6hit e +eagert—TFhe phasphite efgent can

be prepared

roma dial kyl phosphite or

di aryl fhosphite (e.g., (ROO 2P(O H, vvhern RO is
selected from G -G o alkyl, aryl, het®roaryl, and
aryl al kﬁtl groups) and a strong base (e.

0

hydri de
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nppBind 16nepr PRinsFRME Aollowing it eiFaBe !b§10w starting
from 5-bromo-2-methylpyridine N-oxide. The 5-bromo-2-methylpyridine
N-oxide is first converted to Compound 335 by treating with an anhydride
(e.g., aromatic acid anhydride, acetic anhydride, or trihalogenated acetic
anhydride) in an applicable solvent (e.g., esters, C1 to Cio hydrocarbon
solvent, or aromatic solvents, or a mixture thereof). Compound 35 is
converted to Compound 36 by treatment with an alcohol {e.g., methanol,
ethanol, propanol, isopropanol, butanols, and pentanols) at an elevated
temperature of about 20 to about 80 °C, preferably, about 30 to about 70
°C, more preferably about 45 to about 55 °C.

The synthesis of Compound 37 {with X being Cl) is disclosed in van
den Heuvel, Marco et al, J.Org. Chem., 69, 250-262 (2004). According to
the present invention, Compound 36 is converted to Compound 37

according to the scheme below, by reacting with a leaving group reagent



10 selected fromd to GCo alkyl and aryl groups).
Conpound 38 is converted to Conpound 16 by reacting

Wi 2006/676415| uor oar onmat i ¢ borate reagent, PCT/US2006/000954
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3-FC6H4B(ORi i )2, wherein Riu is selected froma group
consisting of G to G o alkyls, aryls, heteroaryls and
hydr ogen. The reaction is catahyzed using a palladi um
catal yst, Pd4, 15 wherein L is a ligand selected from

PR s wherein R is selected fromalkyl, aryl,

al indhadiylg, a hatbgRA8ngihreagimnt (Rg.j SOSH, &R, PQisn RBdsy PCls, or
aryl, and alkylaryl. Alternately, palladiumon carbon

(" PBES O diRWhBE pHest 18svihRQroepiradgesit. IMhBe pcBERId Bslow, X is
Iigan%:s are PPhg, P( o- Tol )E% and bg.%ri di ne. WO

20064 8766 150 BS HEMSRADELQ0 285160 B @ SHndt

2 NIAEARE pro i Reldt o BDHARbens HEst et PCO ( ORG) 2

B( O(CEt)2 H/ FBr Br j PdLn F 37 38 16 WD
20 E;’%% PCT/ 0520061000954 -29 The fol | owi ng

Compount TP G B P B B do e PaRR g o8 by tedting vith o

phosphite reagent. The phosphite reagent can be prepared from a

dialkylphosphite or a diarylphosphite (e.g., {ReO)2P{O)H, wherein Rg is
selected from C;-Cio alkyl, aryl, heteroaryl, and arylalkyl groups) and a
strong base (e.g., metal hydrides, RioLi, and ((R10)aSi)2Li, wherein Rip is
selected from C; to Cio alkyl and aryl groups).

Compound 38 is converted to Compound 16 by reacting with a
fluoroaromatic borate reagent, 3-FCeH4B(OR11)2, wherein R is selected
from a group consisting of C: to Cig alkyls, aryls, heteroaryls and
hydrogen. The reaction is catalyzed using a palladium catalyst, PdLy,
wherein L is a ligand selected from PR’3 wherein R’ is selected from alkyl,
aryl, alkylaryl, and NR”3 wherein R” is selected from alkyl, aryl, and
alkylaryl. Alternately, palladium on carbon (“Pd/C”) may be used as the

catalyst. The preferred ligands are PPhs, P{o-Tol)s, and bipyridine.
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pH 14 15 HHNHCO2Et 0 11 k Ny i F W

2006/ 076415 PCT/ US2006/ 000954 -30 (R)-butynol may
wadbent’a¢iéousl y be protected with, for exanpl e PCTERE06/000954

The THP-protected al cohol may then be permtted to

react with a substituted benzgthiazole, for exanple

2-chl or obenzot hi azole, to yield Conpound 23 (where X

is S). The reaction nay be conducted in a 5 solvent,

for exanm eliwiagdaakeassd & goherslicbhane BMFth@Bgnitesider

presence of a base, for exanple triethylam ne.

Compaiystiired 118)a (the hitrlBeoeeBIerdRe t 0 Conpound 22 by

either of two routes: through vinyl alcohol 25, or

t hrough Conpound 24. The |attg@r route may be

conducted by reacting Conpous Ng,th nitro acid 6 in

t he esence of 10.an aromatic vent siich as, for

exaﬁ tol uene, y| el d Cénpound 240" Conpotnd4

quently red nder hydrogenayis

conditions, for exan‘pl t hBuQuGesence of RKyXfogen

andRieButinedl ar  cat al,y yi el d Conpound %
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Di et hyl sul f oxi de, di phenyl ether, Di nethyl acetam de
and the like as well mxtures of 2 or nore thereof),
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190C, preferably from about 80 to about 170C, nore 20
preferably from about 100 to about 160C, still nore

preferably from about 120 t 03%bout 150C), to produce
a m xture of exo- and endo- isoners. This mxture is

treate ith a,suitable base t.0.co e th

epi mer TSR ORRY & BRUE RS0 PRI b tep eramele,
S, BRI bt A bt B, Bttt ract it o
di azabi cycl o[ 2, 2, 2] oct ane, and ) .
1,9hgtiftesh esraosPisizalep fernereenpylechrebloppb omadhsrelel 30 yield
PCT/ US20061000954 -31 The following illustrates a
ge€tmnpbusdZSreviiere X he Sy fhbesactiaf maFopgp ooumdudtedving

the nitro-ester route: 0 HO'NO O OHOH 6 v NOz

CEKsenft; BivERaM1R)arBotganid sdlBeft §hth ad DMP, and in the
SO v/150C 0 HLIndlar/H2 No 2. DBU N0O2 O ~.~ z 3.

DyraBerkcChiys bake, BHRxERpI O thyldnihée. E8nPoIn® 2B khay then

Et C02CI H H
be converted to Compound 22 by either of two routes: through vinyl
alcohol 25, or through Compound 24. The latter route may be
conducted by reacting Compound 23 with nitro acid 6 in the presence of
an aromatic solvent such as, for example, toluene, to yield Compound
24. Compound 24 is subsequently reduced under hydrogenation
conditions, for example in the presence of hydrogen and a Lindlar
catalyst, to yield Compound 22. Compound 22 is then cyclized via a
Diels-Alder reaction, followed by treatment with a base to yield
Compound 21. The cyclization of 22 is conducted in a suitable solvent
(e.g., hydrocarbons such as xylene, N-methylpyrrolidinone,
Dimethylsulfoxide, diphenyl ether, Dimethylacetamide and the like as
well mixtures of 2 or more thereof), at elevated temperature (e.g., from
about 70 to about 190°C, preferably from about 80 to about 170°C, more
preferably from about 100 to about 160°C, still more preferably from
about 120 to about 150°C), to produce a mixture of exo- and endo-
isomers. This mixture is treated with a suitable base to complete the
epimerization to produce the cis-isomer (21}. Suitable bases include, for
example, triethylamine, 1,5-diazabicyclo[4,3,0]non-5-ene, 1,4-

diazabicyclo[2,2,2]octane, and 1,8-diazabicyclo[S,4,0Jundec-7-ene.



zZ NH2 O NHCO2ElI H Fi HHOOH OOH 20 P(O(CE[)z 14
O 16 HH NHCOzEt 0 HH NHCO2Et F OH~H N 11 0 15 F
WORPGMTE44501 is converted to a benzyl ester 28PCRABRW6/000954
R7 is benzyl). 5 Compound 28 reacts with the m xed
anhydride of the nitro acid 6 (prepared from6 and
pi val oyl chloride in the preséhce of a tert-amnne

base), in the presence of DVAP, to form Conpound 19.

Conpou reduced under hydrogenatlon
condi t .ﬁ}%f%ﬂe“@ns HRestHES fr BFRERES TP hiRIrdgety nihesia of

Lindlar catalyst, to yield ester 18. Ester 18 is 10
subsmgosmd 11 e the aitreesiaraodtaonpound 17 as fol | ows.
The cyclization WO 2006/ 076415 PCT/ 1352006/ 000954 - 32
of 18 is conducted in a suitable oI vent (e.qg.,

hydr ocar bons such as xyl ene, N e rroI ©di none,

Di net hyl g4l f oxi de, di ppényl ether,® Dinethy A&ﬂ\@jﬁm
and the ke as—wetH Nes of—2 or—Br €

at el evate t enper at ur e ok, ;gugg&iabout

230C, pr@lgrab! Y, 28
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F .
(R)-butymol is converted to a benzyl ester 28 (where Ry is benzyl).

5 Compound 28 reacts with the mixed anhydride of the nitro acid 6
(prepared from 6 and pivaloyl chloride in the presence of a tert-amine
base}, in the presence of DMAP, to form Compound 19. Compound 19 is
reduced under hydrogenation conditions, e.g., in the presence of
hydrogen and a Lindlar catalyst, to yield ester 18. Ester 18 is

10 subsequently cyclized to yield Compound 17 as follows. The cyclization
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5 from about 80 to about 170C, nore preferably, from

about 130 to about 160C, still nore preferabl from
éT/y§2006/000954

exo- and endo- isoners. This mxture is treated with a

suitabl e base to conplete the epinerization to the

cis-isoner 17 as described prigui ously. The

car bon-carbon doubl e bond and the nitro 10 group of

Compound 17 may then be reduced under suitable

r eofit8iiowondanitidt inoam suitable sdlversniens, RYdroSairbaid such as

reduction conditions may include contact with a

hy gylegleNHt inethyl pindb)i@inorey Dimashysealistliecdgthdnyether,
standard noble nmetal catalysts. Miltiple catalysts may

al E@m@%ﬁﬁ@&anﬁde Rinef @l 18k £€ q}éﬂtﬁlﬁﬁufést 8¢ 4% thére thereof), at

pal | adi Um on carbon. The source of ydrogen can be
hygdr 1C n
thélreg&%ﬁ Falper B it 488 .@2% B8L S0 BLeny.

5T pRbERPRL Bl foraby '@énpio&g n‘%@%@%@lg‘r’?fd' b 3by? b o about

the sae products.
Qrg%

Pr éf %lhanregorfs%rﬁmyp étoeﬂ;/ abeﬂé#*f) ter?mutaﬂc‘iqjﬁ cto produce
acid Conmpound 61 and its Salt: A Preparation of
Co reyof exmm axed endenisopBrnOThED 61iBRB4 1S treated with a

PCT/ US20061000954 -33 CHaNO 2 NO2 NO2 H cc .20 OC OH

~Hshitablal28x0® ¢tdrhiplté hdepimeritedBtoHReStisNaoer IT3ha

e :iglsce;it?edgpreviously. The carbon-carbon double bond and the nitro
group of Compound 17 may then be reduced under suitable reduction
conditions to yield amine 20. Suitable reduction conditions may include
contact with a hydrogenation catalyst, such as one selected from
standard noble metal catalysts. Multiple catalysts may also be used. A
preferred reduction catalyst is palladium on carbon. The source of
hydrogen can be hydrogen gas, formic acid, formates, and combinations
thereof.

The experimental conditions disclosed herein are preferred

conditions, and one of ordinary skill in the art can modify them as

necessary to achieve the same products.
EXAMPLES

Example 1 - Preparation of 3-[5-Nitro-cyclohex-1-enylj-acrvlic acid

(Compound 6]} and its Salt:

A. Preparation of Compound 9 from Acrolein
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9 To a solution of potassium hydroxide (3.1 g, 0.05
nmol) in nmethanol 5 (450mL) were added nitromet hane

W@ 2396/476419. 69 nol | and i sopropanol (450nl) uncdRGT/US2006/000954
ni trogen atnosphere. The resulting m xture was cool ed
to a tenperature between 320C and -25C. Acrolein (120
m, 1.74 noll was then added slowy in about 3 to 3.5
hours while maintaining the tenperature between -Z%C

and - 25C. stirring at'%t he sa 10 tenperaturg™
fora:\h‘ é\‘: (cgaH re Limwets quﬁgd’h dlaz)séoghng ' H
ni ll) . _The react|ion m xture ojRom

terrper re and a Isofution of Sbdilm e asulflte (135" S0
Fhol) in water (700 m) was slowy added gt

about 25C. After stirring the resulting suspension for

1 hour, the mxture was cooled to 10C and stirred for

anot her hour. 15 White solid was obtained after

i;'ﬁrfféb%?%ﬁf)ﬁgofﬁo@f%@ﬁ?%%ﬁxéa 1 RS B gt
(4%& "f{er@ﬂ?‘% {gmr%eﬁyo?@%m%a@ d%grog@n@h

2H) 1H), 5.44 (t, J =6.2Hz, 2H). 20 B.
(4W@Ba#ra¢¢rowtmgem-mqsm¢é®t The deamltinermixtore NEs cooled te
HO 11 /NaHCO3 H 74 H HO SGBNa HO SGB3Na 0 0 9 8 WD
a 2onsrensA1BetREEn U200 RN EIBE. AGdieio (226 ushdndd amlpvas
sodi um 1, 7-di hydr oxy-4-nitro-heptane-1, 7- disul fonate,
thén adA28 sfowly. in/alvmit) 3 itd 3k hbytendilehhairitdmming the) was
added a solution of glyoxylic acid (160 g, 1.7 nol)
tepersQee HatRecALPOREAG (-25AC JAfter stirring at the same

temperature for 1 hour, the reaction was quenched with acetic acid (4
ml). The reaction mixture was warmed up to room temperature and a
solution of sodium metasulfite {135 g, 0.67 mol) in water (700 ml) was
slowly added at about 250C. After stirring the resulting suspénsion for 1
hour, the mixture was cooled to 10°C and stirred for another hour.
White solid was obtained after filtration and drying under vacuum. The
product was carried to the next step without further purification. Yield:
219g, 83%. 'H NMR {400 MHz, DMSO-d¢) 6 1.41-1.64 (m, 2H), 1.76-1.99

(m, 6H), 3.79-3.85 (m, 2H), 4.63 (m, 1H), 5.44 (t, J =6.2Hz, 2H).

B. Preparation of 4-Nitro-heptanedial

2 NO,

NO2 HJ\n,OH
HMH o 'NeHCOs wa/vj\AH/H
HO" 'sO3Na ” o

HO SO;Na 0
9 8




51.78 mol) in water (2L). The resulting m xture was
stirred at roomtenperature for 30 to 60 m nutes until

waI20064136418s wer e di ssol ved. The organi c | ayer PR&4IS2006/000954
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split and the aqueous |ayer was extracted with

met hyl ene chloride twice (2 x 400 m). Conbi ned
extracts were then concentratigd to give a colorless
oil. The product was carried to next step 10 wi t hout
further purification. Yield: 85g, 86% 1H NWVR (400
MHz, CDC13) 5 2.09-2.24 (m 4H), 2.58 (m 4H), 4.61

P s&gﬁ&mwdﬁhygpog,-z; 39,9 hggta%e L7
5-Ni tro-cycl ohex-1 - enecar bal deh

PyfieBiiraatfe 9,12 1P /8383 bimol Bt The ¥hsr1|elze Gh@réﬂezbl-%) was added a

solution of 4-Nitro-heptanedial (35.2 g, 0.2 nol) in
mestytieneo! glywrodicorcid (160 g, Wt modduedi spyinmp bichrbena (150 g,
m, 0.024 nol) and benzoic acid 20 (1.46 g, 0.012

noll )78 mol) inheateegALY. | Tige nesulting mixsureewha seidrddat Adbrh 0

15 hours. The reaction m xture was cooled to room

t erpepatatife fokehesle0whiduteNubgl a(lls6lidelweresBbsblaé®d The
W|th NaHCC3 (170 nil) and water (170 m) and

COBERIG Bl d b Gh1¥Ca PHOLGHAid 10 ﬁ gvat% éé&féétxd ith

80%  The product vvas carrie next step

R B A il OO Bt

2 %%ﬁ%ﬁ&ozﬁfga%ogﬁl{sﬂ?ﬂz Z‘h;le péo ( ; ?154 c ecF 59 gﬁxt step

CS i g e BT P el abbL " B G b, ecy
6 2.09-2.24 (m, 4H), 2.58 (m, 4H}, 4.61 (m, 1H), .77 (s, 2H). 13C NMR &

26.2, 39.9, 86.9, 200.0.

C. Preparation of 5-Nitro-cyclohex-1-enecarbaldehyde:

NO, . Q
Pyrralidine
H 7 ]/H IBenzoic Acid H NO;
° 8 ° 10

To a solution of 4-Nitro-heptanedial (35.2 g, 0.2 mol) in methylene
chloride (0.7L) were added pyrrolidine (2 ml, 0.024 mol) and benzoic acid
(1.46 g, 0.012 mol), and the resulting mixture was refluxed for 10 to 15
hours. The reaction mixture was cooled to room temperatufe, washed
with 1N HCI (170 ml), saturated with NaHCQ3 (170 ml) and water (170
ml) and concentrated to give brownish oil with a purity of about 80%.

The product was carried to the next step without further purification.



0O OOH NO2 OH HO2C NO2 Pyridine 10 g Toasolution
of 5-nitro-cyclohex-|-enecarbal dehyde (18g, O.

WR096/476418yr i di ne (36 M) was added nal onic acPHT’(U@i““@"mO%“
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0.394 nol). The 10 resulting suspension was heated to

60 OC for about 7 hours. Afterys_cooling to a

tenper ature between 150C and 20C, 6N HCl1 (72 ml) was
slowy added into the reaction m xture to adjust the
pHY1edd b2 Bge M 5%. 5 1H NMRI400IMHz @ DT1gi R (E9 -84 (m, 2H), 2.46-
tenperature between 200C and 25C. The m xture was

thersexhr any eslguls eas7 £ hon kges 3 .
(1X180?ﬁi5 , 28x90|88”@ MG ACT€ o560 66 @F, IHIRASO (s, 1H)
washed with IN HCL (48 m), water (48 nl) and
concentrated to a volunme of 36 nml. The concentrate

subp ErsparaticasoL®¢b alittoscydldhexndl-a@lfacrylickaaid . Li ght

yell ow solid was obtained after filtration and drying
under vacuum Yield: 10g, 60% M 158-160 C. 1HNMR

(400 MHz, DMbO-d6): 6 2.10 © 2.33 (m 4H), 2.73 20

in, 2 96 (in, 1 5. 830d, J = 20 Hz, 1H), 6.28
(in 2H, 4 96 ( o5 2% H)

1H), 727 (d, J =

odH), 12. Saéﬁg,

, 1H) .
Exanpl e ALre(natdve Met®od for Prep N NO,
3-(5-Nitro - hex | - enyl ) ?gryl Ic acid (Con'po

51 via th1i8 Reagent : 2688 676415

PCT/ US2006/
(Wttig reagent) MeO - | NXZ

00954 -360 O CO Me Ph3P~ 2 H I I\bo

To a solution of 5-nitro-cyclohex-1-enecarbaldehyde (18g, 0.116
mol) in pyridine (36 ml) was added malonic acid (41 g, 0.394 mol}. The
resulting suspension was heated to 60 °C for about 7 hours. After
cooling to a temperature between 159C and 209C, 6N HCI! (72 ml) was
slowly added into the reaction mixture to adjust the pH to between 1.5
and 2 while maintaining the temperature between 209C and 25°C. The
mixture was then extracted with methylene chloride three times (1X180
ml, 2X90 ml). The combined extracts were washed with 1N HC! (48 ml),
water (48 ml] and concentrated to a volume of 36 ml. The concentrate
suspension was cooled to 00C and S9C for 1 hour. Light yellow solid was
obtained after filtration and drying under vacuum. Yield: 10g, 60%. Mp
158-160 °C. 'HNMR (400 MHz, DMSO-ds): 6 2.10 - 2.33 (m, 4H), 2.73
(m, 2H), 4.96 (m, 1H), 5.83 (d, J = 20 Hz, 1H), 6.28 (s, 1H}, 7.27 {(d, J =

20 Hz, 1H), 12.3 (s, 1H).

Example 2 - Alternative Method for Preparing 3-(5-Nitro-cyclohex-1-envl)-

acrylic acid (Compound 5] via Wittig Reagent:




6A 10 To a solution of 10 (67 g, 432 mmol) in 1 L of
nmet hanol at 0 C was added 144.4 g (432 mmol ) of the

WR2086/¢j6416agent . The resul ting nmixture was agiPCE{USI04000954

10

15

20

O CC for 3 hrs. The solvent was renoved under reduced

5 pressure. The residue was extracted wth MeOBu-t

tw ce. The extract was filteBdéd to renove any solid,

washed with brine, and concentrated. The residue was

chr omat ogr aphed on a silica gel colum, eluting with

hexane/et%¥l acetate (10/1) to give 9.2 g cljs and 55.1
ra

g (60. 4% ns product LH NUR:KEDC13) d
= 11.3 1H~_ 6NB (m BB 10 (e
1H), 4. ‘7'4-4.m 1%0,%, 2.81-2.74 (

2H), 2.50-204(m 4H). 0 MO NaOH NaOH HO NO2
Next, to a flask were added 2.1 g of the nethyA ester,
9.6 M of 18 MeOH and 2.4 m of water. To the m xture
at about, & sofutiés oR10967 %, ABY Bendl) 261 0 eAANRRD oC was

The m xture was allowed t0O warmto roomtenperature

a ngdtféd h& d} &4@@ 'n?m'bﬁ W%@W&ﬁ% Q%%e%ﬂmezﬁa OSIElE)%’Ag mﬁture

reaction m xture was neutralize

b 4 d h I
oS4y 08, Ve B ERR S e B e
A N NS N I

nitroacid 6 (76.5% . Exanple 3 - Preparation of
CoTps iikigrad to gexgave any solid, washed with brine, and concentrated.

The residue was chromatographed on a silica gel column, eluting with
hexane/ethyl acetate (10/1) to give 9.2 g cis and 55.1 g (60.4%) trans
product. 'H NMR (CDCl3) d 7.31 (d, J = 11.3 Hz, 1H), 6.18 (m, 1H), 5.84
(d, J = 15.9 Hz, 1H), 4.74-4.68 (m, 1H), 3.76 (s, 3H), 2.81-2.74 {m, 2H),

2.50-2.04 (m, 4H).

Me0” == No,  |NaOH HO

6
Next, to a flask were added 2.1 g of the methyl ester, 9.6 ml of

MeOH and 2.4 ml of water. To the mixture at about 5 °C was added
dropwise 0.96 ml of 50% NaOH. The mixture was allowed to warm to
room temperature and stil-'red at this temperature for about 24 hrs. The
reaction mixture was neutralized with HOAc to pH between 4 and 5 and
the methanol was removed under reduced pressure. The residue was

extracted with 3 X 50 ml EtOAc. The EtOAc layer was concentrated to
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OH 0. 5egHVDS O. Hex-Li Sr Ph2NAN*N O ' NPh2 H2SO4 O
élt -3-Butya-2-ol Li 3a 5 The follow ng procedures
2R050E6dBer at ed on either the racemc or thePCT/US2006/000954
enantiopure starting butyn-2-ql. To a stirred solution
of sulfuric acid (conc., 40°BY-in THE (240 mL) were
sequentially added (R)-3 butyn-2-ol 10 (40 g, 0.57

nol. hen.. hexyl | silazane (49.6g, 0.31 nol)
até&? g%é%ﬁ%&%ﬁ?e@%‘%ﬂgol ution was refluxed for
3-4 hours and then slowy cooled to -40C. The
resulting mxture was slowy charged in hexyllithium
(2.5M in hexane, 249 ni, 0.62 nol) while maintaining

t HExampleyd - Areparation ahCempowmds3aiol uti on and a

sol ution of 15 di phenyl carbanylim dazole (380 g, 0,68
nmol) in a mxed solvent of THE (1088 n?,g t ol e

(435 ) /@Qeomeywsusbﬁg‘pums thbqugh” 8" dhiN | ed~

static m \and—d-'rre guenehe into—SN—suH'uric\ NPh,
acid (560 niLY H3E). Theyuenched ution was warmed O

to 25 G&-®kynstol rred for 1 hour. The organic |ayer 3a

was separated, washed with 5N sulfuric acid (80 20 nlL)

and then twce with 10% brine (200 nL each tine). The

pH of tig folodahg PrédRIMNES RaMase @shrdBddon efther th¥irhderdic or
5% NaHCO3 sol ution. The organic |layer was then

| éﬂ&&i{?&&efﬁwg Qggégﬁ-ﬁ-&?' Wa%ﬁgﬁ@a%onléﬁéggﬁc acid

di
tol uene sol'ution was" a d to heptane (4

el R P e B Bl Bl R 2 o

A R

! oro%gl ?ér%ptequaetutrie.t lT%eCs?oqgggrrll %veitsnre%%(?e%!)? (r3--'-¥ il'l?)lugs and then
slowly cooled to -40°C. The resulting mixture was slowly charged in
hexyllithium (2.5M in hexane, 249 mL, 0.62 mol) while maintaining the
temperature at -40 °C. This solution and a solution of
diphenylcarbamylimidazole (180 g, 0,68 mol) in a mixed solvent of THF
(1088 mL) and toluene (435 mL} were mixed using pumps through a
chilled static mixer and directly quenched into SN sulfuric acid (560 mL,
~5°C). The quenched solution was warmed to 25°C and stirred for 1
hour. The organic layer was separated, washed with SN sulfuric acid (80
mL) and then twice with 10% brine (200 mL each time). The pH of the
final brine wash was adjusted to 5-7 with a 5% NaHCOg3 solution. The
organic layer was then distilled and replaced with toluene {440 mL). The

toluene solution was added to heptane (400mlL) at 85°C, cooled slowly to

20°C and filtered. The filtered cake was washed with a mixed solution of



(120.6 g, purity 99%. M 105 C. 1H NWR (400MHz,

DMSO-d6) S 1.04 (d, J=6.4Hz, 3H), 5 4.27 (dgq, J=5.6
Wgzzp()ﬁ@)_'lgallﬁz, 1H), S5.49 (d, J =5.6 Hz, 5 1H) PCTE/US2006/000954

7.2-7.5 (m 10H); 13C NWR (DVMSO-d6) 5 23.7, 56. 3,

76.9, 96.4, 126.8, 127.0, 1283§. 129.2, 129.4, 129.6,

141.5, 142.2, 152.9. Exanple 4 - Preparation of

Conpound 7a: 02N OOH |~ JI'l 0 HO 6 ONOZ CONPh2

CONRit2end (BBmI]arifbhepfanesBOurLle Thatges veeatentdaeéd in

Compound 6 (90 g, 0.46 nole) and toluene (500 ni).

ThevaifRNfeanvEc C eohedrd ehabasicothfourdlth B4% molar yield
nmet hyl nor pholine (91 nL, 0.83 nole) and

M e 4980 i B Do
e

hou

P, aHla R g ol 6 M Brd e 18 B 40t Fon 1

of m xed anhydride (< 10% of UB remains). A solution
of BH)G10@-4¢.5 tm3B0HhI '€ NMR (BIN8Redd) 4028 ./ p6ehd76.IHE6. 4,
(220 nmL) was added whil e keeping the reaction

t enp26 &, W25 .hel 28v55 120.75. 124 51208, flalll Hweel by 152.9.
addition of a solution of 4- dinethylam nopyridine
(5.5 g, 0.046 nole) in THE (45 nL). The m xture was
agitated at about 0 C for 8-12 hours until reaction
CONpLginin®N 4 (TR 2% 65 [l ction was quenched
by adding a solutio ; 1076415

PCTI US2006/ 000954 -39 N H2SO4 (400 nmL), warned up to
25 oC and filtered through a pad of <celite. The

| ayers were separated adgNihe org®UaH | ayer was washed

with 5% K2CO3 solution (3 D m.) to r ve excess 6
(<1% of 6 renmai nfh. . o7 ~F NO;
/\ — /‘\
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20

= CONPh, = CONPh,
3a . 7a

To a flask were charged sequentially Compound 6 (90 g, 0.46 mole)
and toluene (500 mL). The suspension was cooled to about 0 °C, and N-
methylmorpholine (91 mL, 0.83 mole) and trimethylacetyl chloride (56
mL, 0.46 mole) were slowly added while keeping the reaction temperature
below 5 °C. The reaction mixture was agitated for 1 hour at 0 °C and
assayed for completion of formation of mixed anhydride (< 10% of UB
remains). A solution of 3a (100 g, 0.38 mole] in toluene (400 mL) and
THF (2.20 mlL} was added while keeping the reaction temperature below 5
0C. This was followed by addition of a solution of 4-
dimethylaminopyridine (5.5 g, 0.046 mole) in THF (45 mL). The mixture
was agitated at about 0 °C for 8-12 hours until reaction completion

(<0.2% EB remains). Reaction was quenched by adding a solution of 2.0



The m xture was washed with 5% NaC solution (300 m_)
filtered 5 through a pad of celite, and concentr at

WQ YoeBH4LS 500 nl final volune. Solution yiel CP%U%%OOO%"

10

15

20

1H NVR (CDC13, 400 MHz) 6 7.05-7.35 (m 11H), 6.13

(br, 1H), 5.62 (dd, J = 16, 43¢iz, 1H), 5.31 (q, J = 7

Hz, 1H), 4.67 (m 1H), 2.62-2.78 (m 2H), 2.58 (br,

2H), 2.05 (m 2H), 1.22 (d, J =7 Hz, 3H. 10 Exanple

5 N HepOp 44 00 inoly, efar@edipopnd 22:°C 8na file@yd tintdegh &na@ of
NOz O - NPhp ~NPhZ 7a 2a To a solution of 7a in

t eklitneTH 0y ek w6 .s8pgraaed iave, thklotgbniomalr wasBashed with
charged Lindlar catalyst (2.5 g of 5% Pd CaC®B with
5%”/5’@(2@@3)%2:'@@86‘@3){30@rrﬂI]Qb)reﬁib@e%‘stbé@. 6 gsl%lof% Mlmains).

The m xture ‘was hydrogenated using 100

pqﬁheg%ﬁgggg gvfgtwéggé’@wﬁs% NG 1{188? JS?U%E} 'fﬁ{ér@&

j udg renoval

A S R FOLOER Syt Gl
e 5 IR R R ST e:o%y'mm )

. ms) The reaction m xture was slowy

c&ol%(ﬂblt:o”@c R (dd beEriCod Be, Hhouds (Al Fef HzfstllHr)r 1§y (m

at 5C for 3 hours, the product was filtered and washed
WilEH, 8122.78 | 28) 2156 (br;TRE), .08, 2ks 13 &Y Jt T6HE 3H).
in a vacuum oven with WO 2006/ 076415 PCT/ US2006/ 000954

-40 nitrogen purge overnight to give 2a as a yellow

Cr stalll oI|d Y|e d: . M 113-115 oC. 1H

g = 6.4 Hz, 3H),

221246(|n H) 2,80(m 2H) , 4.7%(m 1H),

5.81-5.91 (m w\@,
o NO,  LindlarH; o = NO,
)’\/\ ))";O
O

o]

To a solution of 7a in toluene (200 mL, 50.0 g active, 112.5 mmol )
were charged Lindlar catalyst (2.5 g of 3% Pd / CaCOs with 5% Pb
poisoned, 1.2 mmol) and quinoline (1.5 mL, 11.6 mmol}. The mixture
was hydrogenated using 100 psi hydrogen at 25-30°C until reaction
completion as judged by HPLC. After removal of catalyst by filtration,
toluene was replaced with ethyl alcohol by regulated vacuum distillation
of about 40°C. The product was dynamically crystallized from ethyl
alcohol (180 mL) at 40°C in the presence of triethyl amine (8.5 mL). The
reaction mixture was slowly cooled to 5°C over a period of 4 hours. After
stirring at 5°C for 3 hours, the product was filtered and washed with cold

ethyl alcohol. The product was dried at 60°C in a vacuum oven with



6.19 (m 1H), 6.29 (q, J = 6.4 Hz, 1H), 7.28-7.37 (in,
11H). 5 Exanple 6 - Preparation of Conpound la: NO2 O
HO ,N02 O HPh2N(OC 2a 1la C( NPh2 10 Intg a 2 L

WO 2RWM418und bottom flask was placed 2a (25 gPCHU§ERE/000954
nol ) and ethyl acetate (210 nlL). The contents were
stirred until Conpound 2a comgletely dissolved. The
sol uti on was washed with 0.25 15 M H2SO4 (75 nlL) and
with water (3 x 75 nL). The organic phase was
condspgammputgauodenighacecve Bressayellew capetatlirz0evlid. , Yield:
and 1l-nethyl-2- pyrrolidinone (50 nL) was added. The
solrat7 en Mpd iseatl BACUNGe NMRI (400 M4, ©DCp@el uBt(d| Ja= 6.4 Hz,
tenperature of 145 C was attained. The solution was

heBgy) a2.21hD 16t @APLHAIRE (FORH]; 2. 71 b%,ﬁﬁgﬁt%gﬁh&@ 1g@§ 3H),

cooled 20 to roomtenperature, and

nokY S heg - [ hEr f 1 h and
wes b BB R BoT Bt ey 1ERe Y B 1
5product was extracted into ethyl acetate (125 nL). The
organi ¢ phase was washed with water (125 nlL) and was
treated with DARCO- G0 (2.5 g) at 65 C for 1 h. The
SUSRanEile6 Waseddratishas J¥h300084 446415

PCT/ US2006/ 000954 -41 through a pad of Celite while
the solution remained hot. The solution was
concentrated by atnospheric distillation to 38 nL. The
remaining ethyl acetate was replaced with isopropyl

al cohol by azeotr@gpic 0y

NO,

NP
) O
| AT E
o &Gnen,

10 PhZN(O)C 2a

Into a 2 L 3-neck round bottom flask was placed 2a (25 g, 0.056
mol) and ethyl acetate (210 ml). The contents were stirred until
Compound 2a completely dissolved. The solution was washed with 0.25
15 M H2SO04 (75 ml) and with water '(3 x 75 mL). The organic phase was
concentrated under reduced pressure to about 200 mL, and 1-methyl-2-
pyrrolidinone (50 ml) was added. The solution was heated under
distillation mode until a temperature of 145 °C was attained. The
solution was held at this temperature for 3.5 h. The solution was cooled
20 toroom temperature, and DBU (0.57 mL, 6.8 mol%) was added. The
solution was stirred for 1 h and was quenched with 0.1 M H2S04 (125
ml) and the product was extracted into ethyl acetate (125 mL}. The
organic phase was washed with water (125 mlL} and was treated with

DARCO-G60 (2.5 g) at 65 °C for 1 h. The suspension was filtered



distillation. The volume of the solution was adj ust ed
to 225 nL. The 5 solution was diluted with eth

W R¥sR3H41% denat ured with 0.5% tol uene, 100 rrLB’gT“i*ﬁ@OG"OOO%“
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solution was slowy cooled to 1about 65 C, and DBU
(0.29 nlL, 3.4 mol % was adde® - The suspensi on was
slowmy cooled to 15 C and held at this tenperature

o threuch g AR Y COHE P ohg polRERR E&Pﬁ@ A dlirige

ool S AT AR LS, S

151 IH NVR (400 WHz, CDC13 1
81<%Fet%teewes Fé ag ¢f with @@Pf%%’yl fﬁaohoi mosrftp%qn

1 2.42-2.53 2H), 2.62-2.76 (m 3H), 2.86-2.91

qullq}UOIQ ey gt the igplutiprpwag aggusted tof25 mL. The
467 474 (m 1H), 5.42 (br s, 1H), 7.22-7.53 (in, 15
1 Gelu tidix srgsl dilited Witk Ednplt 'cilooﬂ'mif[daml[wad avifl3 &. 5 tohiNgRe,
HtiN2] HR NHCOOEt O~ | | | CONPh2 CONPh2 CONPh2

20L00am1?a Thaasclation L slon@E kodleAsk agut ppe, wrid DBU (0.29
agitator, thernoneter and nitrogen inlet were

SefUEBLY ﬁio'l%) addadided. (TR0ehspeidion %S dTbwly déed to 15 °C
pal | adi um on car bon (50% wet , 359) and vvater (400 m).

Thedhaid e 20610704 1 peT /ﬁ%g{)@n%?égqgés“mte% %

agltate or abou es at nper at ur e
0 For )
AR o o0t RRRHEe qua%gpil SrRbfat et (50 )
b en 45 nd.SC The r.ea gitat
39“3 Has oPLinga pan Srfipafor 18 hr%fa%@ & (o0 i Yttt
|l ete by HPLC, the reaction m xture was cool ed to
2 4 e, mq 5% yield). Mp 151.8 °C. 1H NMR (400 MHz, CDCls): &
0.99 (m, 1H), 1.56 (d, J=6.0 Hz, 3H), 2.03 {m, 1H), 2.25-2.31 (m, 1H),
2.42-2.53 (m, 2H), 2.62-2.76 {m, 3H), 2.86-2.91 (m, 1H), 2.96-3.00 (m
1H), 4.28-4.36 (m, 1H), 4.67-474 (m, 1H), 5.42 (br s, 1H), 7.22-7.53 [m,

10H).

Example 7 - Preparation of Compound 13a:

Q Q QH H
) N0, N NH, NHCOOEt
0 0 | —_— !
H A H:H H:iH
CONPh, CONPh, CONPh,
1a 12a 13a

To a three-neck flask equipped with an agitator, thermometer and
nitrogen inlet were sequentially added 1a (100g), THF (600 ml), 10%

palladium on carbon (50% wet, 35g) and water (400 mil). The mixture



was adjusted to 1 - 2 with 25% H2S04 (60nL). THE

was added to the reaction m xture, which wa

200nL

W(S FON79* X er ed through a pad of Celite to renmUﬂ%ﬁmO%“
catalyst. A m xed solution of THE (300 nm.), water (300
m) and 25% H2SO4 (5 nL) was ed to rinse the flask
and catal yst, and 10 filtered through the Celite. The
conbi ned sol ution containing conpound 12a was charged

ot TR e R 3 b‘&%i‘@ SRl ?%‘%P;%E%ﬁﬂf s ﬁﬁ*z@ﬁ)épheated
nadeaoih %%ncgi%orrﬁm‘?a%?ﬂl B RS g e R b
T
e oo A A TE DR %%aaﬁg%ﬁ?pc‘[;ha‘“ —

washed with a brine solutloné of NaCl in 200 nL

of Watagitateqer 4drgusiat Yayer wééteé ébp dgagpmmagiydeed
triethyl amne (56 nL) was added. Then et hyl
5chicomyfletientest ERLL3 the meattjomaExudovhsteniky to BHEC and the pH
m xture was warned to 20C and stirred for 30 m nutes.

Af tves ddyesteahtd 1 o2 wath 28%) Heed(60anD). eTHF (200mH) wafs added
MIBE and 100 nL of water were added to the reaction

M %b Yhe reA&idOWaEGHIDE, Wiects kel taddiflliteaBd Ahrd®h Alpef of Celite to
25% H2SO4. The two phases were separated and the

OF gaficTe tRY¥ R g3, YR $ABE d Yol ltior? SPTHIF @foo]égtﬁ) K¢ (300 mi)

T e organic layéer was then concentrate

o280 SR 4 L S0, 28,y 2L, anc
B A PRl SRS

agitating for 1 hour at 55-65C, 150 ml. water
addeid WBS chPgesb Rper iatora clean frslpnd thy I tire s gpoled to

cooling to 15-25C the mxture was agitated for an
addelowAQ Ca FoupH was adiustettoalonh8rvith@3% OlRH (3R gnl) at

filtered and washed with ethanol-water. 5 The product
wa et d@°atarkDNAQC(1 90 g wak dbemamddefi: hid mislre dvas warmed
( 8(?;3 ,20°C and two phases were s.eparatedT The aqueous phase was
15 extracted with THF (400 mL) and the combined organic phases were
washed with a brine solution (40 g of NaCl in 200 mL of water}. The
organic layer was cooled to 5°C and triethyl amine (56 mL) was added.
Then ethyl chloroformate (23.6 mLml) was added slowly. The mixture
was warmed to 20°C and stirred for 30 minutes. After the reaction was
20 judged complete, 200 ml of MTBE and 100 mL of water were added to the
reaction mixture, followed by the slow addition of 100 mL of 25% Hz2SOs.
The two phases were separated and the organic layer was washed with
200 ml of 12% H2SO4. The organic layer was then concentrated and

azeotropically distilled with 2B ethanol and 250 ml water was added at

25 70-80°C. The compound 13a was precipitated out from ethanol-water



Yield: 85%. M 188.2C 1HNMR (CDC13) 5 7.25 - 7.55 (m
10 H), 4.89(m 1H), 4.51 (bs, 1H), 4.09 (d, J = 6.98
WOR0060FH4153. 49 (brs, 1H), 2.41 (m 2H), 2.25 P&I/U334P6/000954
2.06 (d, J = 10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H), _
1.83 (ddd, J = 13.5, 6.09, 2%t Hz, 1H), 1.63(m 1H),
1.52 (d, J = 5.8 Hz, 3H), 10 1.23 (m 5H), 1.17 (q, J

= 11.5 Hz,. ( 1

oM petinE @t 5paS Kouk ermaaegé%ﬂém?r at%%&% §tﬁéﬂml
of Conpound 14a: OH H OH H "NHCOR2Et ,,, NHCC2Et
SoaMREsT wasiadder atithis tempgrataxo\phe helsbfor1b hegs. Aterrociing
a 250-nmL 3-neck flask equi pped with an agitator,
t héo AbrR%°61, theaniktare whk wgitatert arsay additiomad Gdealirklatgl S-
of 13a (20.4 mmol) and THE (50 nl). To this solution
wag5S&daed #rermthepraliiatvits fiteret] &oid washed vdtldietimanol-water.
hydroxi de (50 nL). The reaction m xture was then

5heahedhrbauendadUrad Labehb@ T Wiprlevidy ambevhfteRUHI 86,
When t he hydr ol yS| s reaction was judged conplete,

tohfﬂﬁaegsﬁi? o) 1865 édﬂﬁ&mfl@ﬂ@grm@sﬂ‘? $8fn. 10 H), 4.89(m

agltate er fast rate about tes.

Tad R ook U, @oroa Bt e Pt e PR A b 280,
SRR A s M U

tvm(@?edvﬁfhl?t 8t s 2D LB h L Gt 118, drighlihd = 5 § Hz, 3H),

extracts were
10 1.23 (m, 5H), 1.17 (q, J = 11.5 Hz, 2H), 0.92 (q, J = 11.5 Hz, 1H). MS

(ESI) for M+H calcd. 491 Found: 491.

Example 8 — Preparation of Compound 14a:

.“\\\NHCOZEt .“\\\NHCOzEt
5%aq NaQH
e THF _
£ H £
CONPhy CO,H
15 13a 14a

To a 250-mL 3-neck flask equipped with an agitator, thermometer,
and a reflux condenser, were added 10 g of 13a (20.4 mmol) and THF (50
mL). To this solution was added an agqueous solution of 5% (w/w)
sodium hydroxide (50 mL). The reaction mixture was then heated to and
20 agitated at 40 °C for about 4 hours. When the hydrolysis reaction was
judged complete, toluene (S0 mL) was added and the mixture was

agitated at a rather fast rate for about 10 minutes. The organic phase



5 di scarded. To the aqueous sol ution were added a
sol vent m xture of toluene (25 nL) and THE (50 ni).
WOHA0GWEHHSt i ng i xture was cooled to between GCEIEISZ006/000954

OC. A 2 N hydrochloric acid aqueous sol ution (about 59
nm.) was added to adjust the pHf the m xture from -
13 to 2.5 at 0 to 5 OC. The aqueous phase was then
separated fromthe organic phase and 10 extracted with

a sedrtaMingi theWe pRidd @l sedadatdiliroanthelbud R ﬁ‘h&se

The organic phase and organi ¢ wash were conbi ned and

di | éﬁrﬁmg?roaﬂ'ét (58 @rgﬁg%a@e@# 1\9@—%}( %ﬂed with 5%

concentrat at m)spher I C

cont ent  of < % ed, di sti.l.l ati ons
o cadiod NacRL SERL (P55 szt ThE it et AR puh sqputions were
ste vvlth ut .further |soI 15 an urification
(co ta?ﬁﬁﬁgt“écwﬂﬁl t%%l%/ %Fs%eaﬁsmc gitpcty were
ébs 1H), 7.17 - 741(Ph|ntoluene 5.45 (bs, 114),
@sga{dedg Fo she@queqys golutign wqreggdt(lqi aﬁokventmmmre of
H, 3.45 - 3.50 (m 1H), 2.50 - 2.65 (m 2H), 2.45
( ddtolyene £ HmL) anGTHFHPO BLB6T lfxereestwlltinigrmbrtl.me mels,cooled to
1.83 (m 4 protons), 1.34 - 1.50 (qt, J = 2.91, 11.0,

1H) betivezd ¢ do 52C- A. 9N, hydtdpchlbrittadl@ aqukodd sofatidit)about 59
0.95 - 1.05 (m 2H). Exanple 9 - Preparation of

Conﬁﬂg%é@ddé@t@ﬁ@ s@lﬁé%ﬁ{ 8@@&%@@6@%}85413 142, 5 at Oto5
OH O N~ TFM N MeOH NH OOOCCF3 + MeOOCCF3

Br &t 1fe aﬁﬁ\eous phase was then separated from the organic phase and

10  extracted with a solvent mixture of toluene (25 mL) and THF (50 mL).
The organic phase and organic wash were combined and diluted with
THF (50 mL). The mixture was then concentrated atmospherically to a
final moisture content of < 0.05% by repeated distillations, if necessary.
The crude product was used in the next step without further isolation

15 and purification (containing 6.80 g, 99% yield). 'H-NMR (CDaCN} & 9.72
(bs, 1H), 7.17 — 7.41 (Ph in toluene), 5.45 (bs, 1H), 4.68 (dt, J = 5.90,
16.0, 1H), 4.03 (q, J = 7.10, 2H), 3.45 - 3.50 (m, 1H), 2.50 - 2.65 (m, 2H),
2.45 (dd, J = 5.64, 11.5, 1H), 2.36 (methyl in toluene), 1.83 (m, 4
protons), 1.34 - 1.50 (qt, J = 2.91, 11.0, 1H), 1.32 (d, J = 5.91, 3H), 1.15

20 - 1.25 (m, 6H), 0.95 - 1.05 (m, 2H).

Example 9O - Preparation of Compound 36:




10

15

20

To a solution of 5-brono-2-nethyl pyridine N oxide
5.32 mol) in EtOAc (50.0 mM) at O

élo. 0 g* C was
WP RS pwi se trifl uoroacetic 5 anhydride (9PEI/¥S2006/000954

6.92 mmol .) while keeping the tenperature below 50 C.

After the conpletion of the addition, the m xture was

heated to between 75 and 8QsC and stirred for at

| east 1 h. HPLC assay of the mxture indicated

reaction conpl eti on when 5-brono-2-net hyl pyri di ne

N-oxide is < 5% 10 Upon coeif9F€eion, the m xturenwas

cool ed| bel 9 8w 50 C and (10. rH) was add d The
Mﬁs hé&¥ed for a st 1 h akob0 C. AW

sol utlj on) was—eereentr gt efl urjder viacuum angd CHNU\IaQOCCF3

removed by displ ace nt h EtQAc (40.0 n MeOOCCF,
concengrated to a vol f 30 . To the co centrate
was added tol uene ( 20. and the solution B85 cool ed

to -10 C over 2 h. The cry;stalllne solid was Béltered
and washed wth coI d toluene and dried overni ght

under vacuum at rovide 10.1 (63%. of

Mp séfoagg OPI—P 9955;% Yépw@eel\goxzi 10. 0%:@932
(l_??, é = 2.3, 23Hz 1|—D,864(d_J:
mmoltin E{OAg (506 @)a&bpﬂ) &C mes adiethdrenwisa toifl d
16: WD 2006/ 076415 PCT/ US2006/ 000954 -46 B(OH) 2 P(O
{Bdrided9. €mPE092 OED).p while Reephh L HSCREpendtute belew S50

i Br Br 3 Br F 37 38 16 A Preparation of 37:
°C. After the completion of the addition, the mixture was heated to
between 75 and 80 °C and stirred for at least 1 h. HPLC assay of the
mixture indicated reaction completion when S-bromo-2-methylpyridine
N-oxide is < 5%.

Upon completion, the mixture was cooled below 50 °C and MeOH
(10.0 ml) was added. The mixture was heated for at least 1 h at 50 °C.
The solution was concentrated under vacuum and MeOH was removed by
displacement with EtOAc (40.0 ml} and concentrated to a volume of 30
ml. To the concentrate was added toluene (20.0 ml) and the solution
cooled to -10 °C over 2 h. The crystalline solid was filtered and washed
with cold toluene and dried overnight under vacuum at 35 °C to provide
10.1 g (63%) of 36. Mp 89 - 92°C. 1H NMR (DMSO-dg) 6 4.56 (s, 2 H),

7.49 (d, 1 H), 8.1 (dd, J = 2.3, 2.3 Hz, 1 H), 8.64 (d, J = 2.1 Hz, 1 H).

Example 10 - Preparation of Compound 16;




A slurry of 36 (10.0 g, 33.Imol) in TBME (100 m) was
treated 5 with 20% potassi um carbonate (20 nl)
QRS0F¥1and stirred at room tenperature for BohusH€o009ss
| ayers were separated and tbg(,_or gani c | ayer was

washed with water. The TBME and water were renoved by

at nospheric distillation and azeotropic distillation

with acetonitrile (100 m) and further concentyated

; (OH P(QO) (OEY)
under umto a volume of #0 m .| A ®Kar{oefr|sch P20
was peufornmed to confijrnfthe|renovjal| of water 5 XN
0.2).[ Td! t RECO&t et oni tir i concent |ai‘ was gd F l/
7
B
r
F
16

r

t hi onyl chrlor|i : |y _whil.e
keepi ng; t he tenperaturle pel oyw 45 4 [The readtion
m xturgg was then heatdd Bt 45 C fo h at ich tinme
an HPLC assay i ndicatedsconplete reastion. The
reaction mxture was cooled to 25 C 15 and quenched
with water (20 nml) while keeping the tenperature bel ow
40 Pfepathdoned@7:on m xture was slowy poured into a
m xture of 20% sodium carbonate (40 m) and tol uene
(100 wiglurstoff 3€@¢16.0rg, 3. Mininélneh TENEE || 29 m8l) WelsStreated
partitioned. The tol uene extract was concentrated

5 WRHED0Y BEtERHLAr &S 8Hh St @0AmYAdhiBoR andPOitred At FhomA

KF was performed to 20 confirmthe renoval of water

?ﬁ%%%% f%llb E&Zﬁ‘ﬁg %feﬁ% :ger :S){;Ergre%g? %%1%6%2{(2%%;}}\% %ayer was
SRS Rt Ahcimlae D Wil SEHLLEBOIN B fldospheric

phosphite (13 m, 101.6 mml) while keeping. the
Keshitatar rad rairopls distilleHenpithaesroriiae 310P ral agd
25 Cfor at least 1 h. The toluene 5 solution '
darthgr sopgetratedbrndpoveacwis taddselugnepf 40 mhnd Karé Fischer
resulting mxture was stirred at 25 C for at ‘least 2
10  |wast pestiohed itoreoafiriHRbE ressanl of naitcatidt= odjpl Be che
reaction. Upon conpletion, the solution was
acetonitrile concentrate was added dropwise thionyl chloride (3.2 ml,

43.7 mmol) while keeping the temperature below 45 °C. The reaction
mixture was then heated at 45 °C for 2 h at which time an HPLC assay
indicated complete reaction. The reaction mixture was cooled to 25 °C

15 and quenched with water (20 ml) while keeping the temperature below 40
°C. The reaction mixture was slowly poured into a mixture of 20%
sodium carbonate (40 ml) and toluene (100 ml}, stirred for 10 min and
the layers were partitioned. The toluene extract was concentrated under
reduced pressure to a volume of about 20 ml. A KF was performed to

20  confirm the removal of water (KF =< 0.2).

B. Preparation of 38



guenched into 5% sodi um chloride (50 m ). The aqueous
| ayer was extracted with toluene (50 m). .The
[ organi c layer was 10 concentrated urPdRUS2006/000954

Woﬁgﬂgﬁkg‘ggpr essure to a volune of about 20 m. Tol uene

(80 M) was then added and t hej7sol uti on was washed

wth a 20% solution of potassium carbonate to renove

di et hyl phosphate, confirnmed by 1H NMR (< 20 nol %.

The t ol Tleredyateartion waseltwanchaghdd seltihionveftlghiamd

concentrated under reduced pressure to a vol une of

aboid(trifletdBsig]) amidenpeMrid 38 $91 uil| 66.2 €imol) and diethyl

Preparation of 16: [001] To a reaction vessel

chanespghieqismicaohos ﬁhﬁof) Svitlle Eéiep'inTg AR kem %Pamre Qfnder 25
ma er and stirred until dissolved O this solutlon

Fy e MALGIEAMS ' i, oo

N ﬁé%@%?@%@%ﬁ‘? & b3 %%?»Zafd Bl n AP it Alliting
Up SRR B FORT e 25 PLsiet Polcast £ Tub WHGh GiBF 26 HBLC assay

25 Cand filtered to renove the Pd/C catalyst. The

| ayedisatast eomplnie aeectiomd Upea comgplatien) thesoluionyianed
25 and concentrated under reduced pressure to about
20mlienicbpd anto $%0s0dDug00iBlofide436 nACT/THS2DN6/AG0eFdr was
-48 m) was slowy added, seed crystals were added,
anéxtiaeted with ®lwase (3D allpdThe cotibitedvgaridc Dayetheas
crystalline solid was filtered, washed with heptane

10an @oﬂbe&&aﬁe&sﬁﬁdeh Irecumt@ 8p1‘é§§1§icé’fﬁoaé vgﬁuﬁé bp abbﬁt/ Qdemﬁ
g (759 . 61 - ,

8 50 0 Pty ged ek Ao by, e0Bgbbin  20%
A TTINEE I HERETICR W ot e

2. 36?; 11-} IEPMR (< 20 mol%). The toluene solution was then washed with
water and concentrated under reduced pressure to a volume of about 40

15 ml of Compound 38 solution.

C. Preparation of 16:

[001] To a reaction vessel was charged sodium carbonate (8 g; 75.5
mmol), 30 ml of water and stirred until dissolved. To this solution were
added 3-fluorophenylboronic acid (6 g; 42.9 mmol) and 5% Pd/C 50% wet

20 (0.5 g). The toluene solution of Compound 38 from above was then
added and the mixture was heated to 75 °C for at least 5 h at which time
an HPLC ass;ay indicated complete reaction. Upon completion, the
reaction mixture was cooled to 25 °C and filtered to remove the Pd/C
catalyst. The layers were separated and the organic layer was washed

25 and concentrated under reduced pressure to about 20ml. Heptane (20



Exanpl e 11 - Preparation of Conmpound 23a: OTHP O—I -~

-- N>-C S 10 THP-(R) -Butynol 23a N To a ask
w\ﬁe?r"@"géﬂ]éd 21g (124nmol) of 2-chl orobenzot hi a£5[rg.182006/000954
chloride, 30g of KI, 150mlL of DMF, 2.7g of Cul, 8.4g
of Pd(PPh3)4, 50mL of Et 3N, apg_ 118 m of THP
protected (R)-butynol. The m xture was stirred at
roomtenperature for 18 hrs. Mst of the solvent was

r enpl echsusldely 28de@0ssad-pERss Weee aM\aé@raﬂ@%@m%was
the product was extracted with a m xture of t-BuOVE

an¢obRMARE- 101418 0QES8M CThaYEYst 'I@he e‘?a%ﬁ]@re&)r\b ?rle with

and concentrat ed to give an ol was di sso

:fjgpr E’t ec?l on. &ﬁ%' %%Iﬁtg%v\g% Ceeﬂ e%l‘%t g%t%pf?ﬁldgs g (75%).
-e?‘ﬂp rn@'- BaRRE T end o PBat Sk 3 ot Al o e . 15,41 @

res % chr onmat o%ra hed on a silica gel colu

P&tz 2H) oA heXahk (me 1Hy (23107 Aylmes 1HBa '(77@/6'73(111
LH NI\/R (CDC13) 6 7.98-7.96 (m 1H), 7.76-7.74 WO
20087)0 7632 57 BETIUSPEN 6. 390D 38 (m 4DH), M.811idd,7J 458.9833.3, 0.41
(m 1H), 4.82-4.76 (m 1H), 3.43 (d, J = 5.4 Hz, 1H),
1. 3%2,(1d), 8.7 @, J H2.38H1H).Exanpl e 12 - Preparation of
Compound 24a: OHO O -1 NO S HOS=VII ~I,N02 S
rill 23a N/ \ a ~~ N

Example 11 — Preparation of Compound 23a:

OTHP

-+ S
&% @:Nb—m }\Nr
10 : THP-(R)-Butynol 23a @

To a flask were added 21g (124mmeol) of 2-chlorobenzothiazole

chloride, 30g of KI, 150ml of DMF, 2.7g of Cul, 8.4g of Pd(PPha)s, S0mI of
EtaN, and 118 ml of THP protected (R]-butynol. The mixture was stirred
at room temperature for 18 hrs. Most of the solvent was removed under
15 reduced pressure. Water was added and the product was extracted with
a mixture of t-BuOMe and hexane. The organic layer was washed with
brine and concentrated to give an oil. The oil was dissolved in 250ml of
MeOH and treated with TsOH for the deprotection. The mixture was
heated at 50 °C for a few hrs. The pH was adjusted to between 7 and 8
20  with NaOH. Most of the solvent was removed. The residue was
chromatographed on a silica gel column, eluting with EtOAc/hexane to

give 19.7g of 23a (78%). IH NMR (CDCls) 6 7.98-7.96 (m, 1H), 7.76-7.74



24a The sanme procedure for the preparation of 7a
descri bed above in Exanple 4 was followed startin
WQipH/07641§ of 23a to give, after colum puri fFES’tUngOﬂ?/OGO%"
17g of 24a. 1H NMR (CDCL3) 6_%99-7.97 (m 1H),
7.79-7.77 (m 1H), 7.48-7.35 (m 2H), 7.31 (d, J =
15.9 Hz, 1H), 6.15 (bs, 1H), 5.80 10 5.74 (m 2H),
4.(WB-14)58 . 4507 43\ m, 2HG24 B265.76Mm 21, 24594 23 @55 @Mz, 1H),
4|—[|), 1].561 (d,a%-u: 6.}§ Hz, BI—DEi.mExan%JI e 12 - HH)
Prleggréa,tj;m6_qug:,ogH9und 22a: 0 0 p NO2 Lindlar/H2 O
NO2 S 24a 22a 15 The sane procedure for the
conversion of 7 to 2 (Exanple 5) was followed
starting from 15g of 24a to give, after colum

Dk |20 R 08 POHE bl Bl D71 ©,°%,2%. (S,

(m 1H), 7.32-7.28 (m 1H),.7.24 (d, 15.8 Hz, 1H),
6.59 WD 2006/ 076415 PCT/ US2006/ 000954 -50 (dd,. J =

11.8, 1.3yHz, 1H), 6.55-6.40 (m 1H), 6.15-6.0

1H), 6.00 (dd, J = 11.8, 8.2 Hz, 1H), 5,76 ( NO,
15.8 Hz] dm  1H) Ho8Q-2 5, (m— 2H) 2. 48=R 0

(m 4H),

Op, 3H). 5 Ex le 14 - Preparation

Conpound 23a el s- Algler Reaction: O O H NO2
O 1. Solv/150C0O 2. DBU HO

5 24a

The same procedure for the preparation of 7a described above in

Example 4 was followed starting with 15 g of 23a to give, after column
purification, 17g of 24a. 'H NMR (CDCls) § 7.99-7.97 (m, 1H), 7.79-7.77
(m, 1H), 7.48-7.35 (m, 2H), 7.31 (d, J = 15.9 Hz, 1H), 6.15 (bs, 1H), 5.80-

10 5.74 (m, 2H), 4.72-4.58 (m, 1H), 2.82-2.65 (m, 2H}, 2.50-2.05 (m, 4H),

1.61 (d, J = 6.7 Hz, 3H).

Example 13 — Preparation of Compound 22a:

0
o = NO, Lindiar/H, OJE\UN%
AN — b
S 07yS
O O

24a 22a

15 The same procedure for the conversion of 7 to 2 (Example 5) was
followed starting from 15g of 24a to give, after column purification, 17g
product. 'H NMR (CDCls) 6 8.18 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.4 Hz,

1H), 7.45-7.37 (m, 1H), 7.32-7.28 (m, 1H), 7.24 (d, 15.8 Hz, 1H), 6.59



10

15

i~rl r~ 22a 21a The sanme procedure for the

Wﬁ)@?ﬁﬁ' gn of 2a to la (Exanple 6) was followed

élsfrom 0.34g of 22a. The ratio of exo: &hrd 7SAY6/000954
determ ned by HPLC and NVMR and found to be 60:40. 10
Exanpl e 15 - Preparation of -Grpound 19a: 0 HO N2 O
OH 8 NO, COOBn tBuCOClI 08n 28a O 19a To a flask

ni_trog eadded14gof nitro acid 6 a
G nar o8 MeoTihiaSRie . e Sicea Lt bpat B 008 (dd,
m_ of Et3N to di ssolve all solid. To the cool ed
n¥ it bik-8, 862 B WdBn 5S¢ Gatedl J5= O 8vbize 1Hjdlenl, DHP HB04566f(m,
pi val oyl chloride and 30ng of 4-dinethyl am nopyri di ne
(BNBR.467h€5 (nestH),ilng0 finxBije was stirred at between
0O and 50C for 18 hrs. The reaction m xture was poured
into 10 m of water. The |l ayers were separated and
the organic | ayer was washed with NaHCOs and water and

CERERHE qhedpﬂégggau&ﬁ de @%ﬁl%}ﬁﬁﬁﬁﬂs vid PRelsESlgdy Refon:
chr omat ogr aphe

on a silica gel colum, eluting with Hexane/ Et QAc to
gi ve 1.56g of 19a (81% 1H NWR (CDC13) 5¢/,45-7.31

m 6H), 6 .18 5.81 (d, J = 1% \NO
(1H) 2)62 Q\ga B)%QC(S 2HP. _.6%
E[jn ﬁH)_Gs 2H),2§B§ 2715 (m ARWT a1 57

The same procedure for the conversion of 2a to 1la (Example 6) was
followed starting from 0.34g of 22a. The ratio of exo:endo was
determined by HPLC and NMR and found to be 60:40.

Example 15 - Preparation of Compound 19a:

t-BuCOCI

)\ — O%Noz
X
COOBnN )P\ﬁ

19a
To a flask under nitrogen were added 1.48g of nitro acid 6 and 9 ml

of toluene. To this mixture was added dropwise 2.4 ml of EtsN to dissolve
all solid. To the cooled mixture at between 0 and 5 °C were added 0.9 ml
of pivaloyl chloride and 30mg of 4-dimethylaminopyridine (DMAP). The
resulting mixture was stirred at between 0 and 5°C for 18 hrs. The
reaction mixture was poured into 10 ml of water. The layers were
separated and the organic layer was washed with NaHCO3; and water and

concentrated under reduced pressure. The residue was chromatographed



Exanpl e 15 - Preparation of Conpound 18a: O I\I02

Lindlar/H2 O NO2 \\ I V' I O0- 0 con O OBn 19a
WQ300/07e3S i Parr flask were added 1.4g of 19aPC§@S?ﬂ°6’000954

of toluene, 0.14 g of Lindlar catalyst (Al fa Chen),

and 0.1 ml of quinoline. The flask 10 was evacuated 3

times with nitrogen and vacuuland filled with

hydrogen to 20 psi. The flask was shaken at room

te ure for xt u s filte

{ b AT gﬁﬂucq}’rl%ﬁlvénsﬁﬂ%@"ﬁ@aemcﬁf f%s}ységggwé 19

flltrate was washed with 3X30 ml 1N HCl sol ution

308 17#)- HEiDER (FHClsh drdSve? b (Me pEN b €§-0rd &nhelH), 5 81(d,J

organi c |layer was dried over 15 MgSO4 and concentr at ed

t o= dbve He, 381) g5 @27bg Jof 63&Hzo\hﬁ<b| $.201(B, RNR 4.78BECES)(ng 1H),

7.45-7.10 (m 7H), 6.41-6.31 (m 1H), 6.28-6.15 (m

2+§.8853 9O (o5, 7H), (QB522ZHL5 (fn, B8T)( $,5724d), J €16.8 Hd), 3H).

2.88-2.70 (m 2H), 2.50-2.15 (m 6H), 1.41 (d, J =
56.5 Hz, 3H). 20 Exanple 16 - Preparation of Conpound

17a: WD 2006/ 076415 PCTI US2006/ 000954 -52 Qul O H a

NExdmpROh ¥/ 1586 atiorPofColfildu b dNBa: H 0 OBn 0 CBn

18a I7a TO a flask were ad euuugof 18a and 3 m

of xylene. The

0O O
o = NO, LindiarH; O&\@NOZ
o7 cbn 0”7 ~0Bn
19a 18a

To a 100 ml Parr flask were added 1.4g of 19a, 25 ml of toluene,
0.14 g of Lindlar catalyst (Alfa Chem), and 0.1 ml of quinoline. The flask
10 was evacuated 3 times with nifrogen and vacuum and filled with
hydrogen to 20 psi. The flask was shaken at room temperature for 3.5
hrs. The mixture was filtered through a pad of celite and washed with
toluene. The filtrate was washed with 3X30 ml 1N HCI solution and 30
ml brine. The layers were separated and the organic layer was dried over
15 MgS0O4 and concentrated to give 1.36 g (97%)] of yellow oil. !H NMR
(CDCl3) 6 7.45-7.10 (m, 7H), 6.41-6.31 (m, 1H), 6.28-6.15 (m, 2H), 5.90-
5.78 (m, 2H), 5.18 (s, 2H), (m, 1H), 2.88-2.70 (m, 2H]), 2.50-2.15 {m, 6H),

1.41 (d, J = 6.5 Hz, 3H).

20 Example 16 - Preparafion of Compound 17a:




m xture was heated to 150 C for about 6 hrs and cool ed
0 between 30 and 35 CC. To the cooled m xture was

t
WONEN415 M of DBU. The 5 resulting sol uti orf Gi§52006/000954

5

10

15

20

heated at between 30 and 35 CC for | h to conplete the
epi nmerization of the initial trans product at the

[6,5] junction to the <cis pro’i?LTct There were a total
of four isomers generated. The exo:endo ratio of the
Di el s- Al der reaction was about 78:22 and the,a:[3

ratio was about _80:20. The selMesicwas repayed valer
reduced pr essﬁumﬁ%o 10 resbdue was p&j ,ﬁ“oa
silica gel co@t ive 0.082g (48% of e : fdesired

exo product and®-H259 (15% of the endo progﬁ‘cman
Exo- isorrer (a: (3sam xture): 1 NWR (CDC1l3) 8 74#p-7.32

(m 5H) 1_(bs 5.22- 5.10(m 65 (bs

1H, a- .‘s‘fb kwe%aag%o(lrﬁ g?i?n)lﬁaﬁrsﬂr?’snbef {f:rlﬁne Tie,

3. 14- 3. 09(|n 1H, (3-isomer), 2.94-2.89 (m 1H),

2. mExuresvasheaied tol55Q °G doy about & hes rndrcoddey] to between 30
a-isoner), 1.11 (d, J = 5.0 Hz, 3H, (3-isoner).

Endodi3oter ToHhEMRoleDRISiure WadlfddeB0.5 ml FH)BUS. B

(bs, 1H), 5.25 (d, | = 11.9 Hz, 1H), 4.60 (d, J =
11ré&suidng Hdlutidn $8/hdfied mt betleerft 30504 95 °C(ﬂﬁ$’r 1HHo, complete
3.35-3.25 (m 1H), 3.06 (t, J = 5.7 Hz, 2.95-2.88

g”g%él g&%er%znz]ﬁ;ﬁjlrg oPthd irﬁna.lzﬁ'lzns %5&%)% §tgtct)1(e'\"]'[l6_§-]gixnctmn to the

3“’:”8&* g5 %‘%ﬁ%&%@@@% fﬁé&bﬁdﬁ?ﬁ%@‘%&v@%ﬁ"r’%@ exoiendo

H.0 OH ¢

) %S aéﬁ'a@a%md‘\lega'feagcﬁo% 9§ abghih 785> aRaA® .ﬁgggg was

. flask was evacuated with nitro
ana%@gtzggrﬁoo’ ﬁl ?vent was removed under reduced pressure and the

residue was purified on a silica gel column to give 0.082g (48%) of the
desired exo product and 0.025g (15%)] of the endo product. Exo-isomer
(a:f mixture): ! NMR (CDCla} 6 7.45-7.32 (m, 5H), 5.51 (bs, 1H)}, 5.22-
5.10(m, 2H), 4.65 (bs, 1H, a-isomer), 4.46-4.30 (m, 2H]), 3.37-3.30 (m
1H), 3.14-3.09 (m, 1H, B-isomer), 2.94-2.89 (m, 1H), 2.75-1.75 (m, 7H],
1.12 (d, J = 6.1 Hz, 3H, a-isomer], 1.11 (d, J = 5.0 Hz, 3H, B-isomer).
Endo-isomer 'H NMR (CDClz) 6 7.40-7.30 (m, S5H), 5.80 (bs, 1H), 5.25 (d,
j=11.9 Hz, 1H), 4.60 (d, J = 11.9 Hz, 1H), 4.58-4.48 (m, 1H), 4.15-4.05
(m, 1H), 3.35-3.25 (m, 1H), 3.06 (t, J = 5.7 Hz, 1H), 2.95-2.88 (m, 1H),
2.65-2.50 (m, QH), 2.40-2.30 (m, 1H), 2.28-2.20 (m, 1H), (m, 2H], 1.42 (d,

J = 6.5Hz, 3H), 1.05-0.95 (m, 1H).

Example 17 - Preparation of Compound 20:




fi Iled with hydrogen to 100 psi and was shaken for
out 24 hrs as 5 nonitored by NMR The m xture

Wﬂ%"{’(fé‘}"é‘&ﬁand washed with MeOH. The filtrate M§/U52006’000954

5
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concentrate to give 0.29 g of gray solid. 1H NWR
(Acetic acid-d4) 5 (a: (3 = 85&‘2) 4.80-4.68 (m 1H),
3.78 (bs, 1H, (3-isoner), 3.41- 3.28 (m 1H,
a-isoner), (m3H) 2.20-1.00 (m 10H, 1.33 (d J =
5.8Hz, 3H). il e ¢dhe present inventio en
descri bed in -@@ ‘oo, W th ¥z speci fi | e,
ot above, —mamy—atter nat | 5
nodi fi cati ons an riations thereof will be cﬂp@;arent
to those of ordih skill inthe art. Al such
al ternatives, nodifications, and variations ar

i nt ende%taOPéﬁ' flasi &Bf@a&&b‘ﬂ @PW Elof 61'7@ %%ﬁﬂ%f%tdp&e and 0.51

pr esent i nvention. - is claifed is:

o Q9% EOTTRE PR SormaNe ol Mvaaﬁmzx 3 Fmes,

R6 sai'd process conpri sing t steps o

féﬁ;%l P GPOUR 108 R ol 46 ata"i‘e‘éati#@%‘ &
R b WI b hE elare Wit B Rabtd Wl breor

The filtrate was concentrate to give 0.29 g of a gray solid. 'H NMR (Acetic

acid-d4) b (a:p = 78:22) 4.80-4.68 (m, 1H), 3.78 (bs, 1H, B-isomer), 3.41-
3.28 (m, 1H, a-isomer), (m, 3H}, 2.20-1.00 (m, 10H), 1.33 (d, J = 5.8Hz,
3H).

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

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



cycl oal kyl, aryl; allrylaryl, arylalkyl, heterocyclic
and heteroaryl groups, or R and R6, together with
the nitro- gen to which they are attached, for a 3- to
6- menbered heterocyclic conpound containing 1-4

het eroatons, to produce a first mxture of exo isoners
- 55 - tr:au0O0p¢c,. + 54" NO, O H- 0~ NR5R6 said

i soners having a trans-[5,6]-ring junction: and endo
isomers: 29A cis 0O HNO; H- H O NRSR6 (b)
epinmerizing said trans-[5,6]-ring-junction in Com
pound 29 by treating said first mxture with a first
base to prq ce a second m xture conprising
cis-[5,6]-r ﬂgmlfﬁH&¥?%ﬁinitro-a i soner and

Ci s-[5, 6] - rilng-jrocest farpreparingr@ergoumgldner of Conmpound
30: 30 cis

cis

/
0?7 NRsR,

said process comprising the steps of:
(a) cyclizing Compound 2 in a first solvent at an elevated
temperature

o — NO»

NR:Rs

where R and R are each independently selected from the
group consisting of II, alkyl, alkenyl, alkynyl, alkoxy,
cycloalkyl, aryl, alkylaryl, arylalkyl, heterocyclic and
heteroaryl groups, or R and R, together with the nitro-
gen to which they are attached, for a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms,

to produce a first mixture of exo isomers



OHa+tP NO2 ; O HIi O NRSR6 -56 - and (c) treating
said second m xture with a second sol vent, causing
said a-isoner of Conpound 30 to precipitate to

produce Conpound 1. Z.55Re process of claim1 further
conprising the step of treating said second m xture
W th a second base. resulting in a dynam c r¥solution
of said second mixtUf¥ in which said p-isoner of
Compound 30 is gonverted to a-#sbmer of Com pound 30.
and a-isoner of \onﬁbund 30 is pg&gipitated to

produce Conpound /337 Mg agesS-of claim 1, wherein
said first sol vg i fromthe group

] pyr - rolidinone,

Di ni et hyl sul f oxi ge, jdirphenyt et her, D nethyl ac-
etamide, and midturés of 2 pr nore thereof. 4. The
process of claim1, wwerein said tenperature is

bet ween about 70 an® about*#90 C. 5. The process of
claim1, wherein said tenperature is between about 80

d ab : : | ai 1, wh [
el R E T i i

cis

NOy;

H i H
0

NR;sR¢

(b) epimenzing said trans-[5,6]-ring-junction in Com-
pound 29 by treating said first mixture with a first base (o
produce a second mixture comprising cis-[5,6]-ring-
junction-nitro-o isomer and cis-[5,6]-ring-junction-ii-
tro-P isomer of Conmpound 30: '

30
cis

0449\‘ngg



7. The process of claim1, wherein said tenperature is

bet ween about 120 and about 150 C. S. The process of

claim1, wherein said_bhase is selected fromthe group

consi sting of triethyPantine, 1, 5-di azabi cycl o

[4,3.0] non-5-ene 1,4 diazabicycl o[ 2, 2, 2] octane, and

1.8-di - azabicycl o[ 5, 4, 0] undec-7-ene, and m xtures of

2 or nore thereof. 9. The process of claim1l, wherein

said second solvent is selected fromthe group

consi sting of ethers, ketones, esters. am des,

sul foxi des, aliphatic hydrocarbons, aromatic hydro-

carbons, and m xtures of 2 or nore thereof. 10. The

pmdcess of claim 1, wherein said second solvent is

ﬁ_@j ﬁ‘éﬁ%{é §Ji9'§bé?ﬁi{ddﬂﬁﬂ&i& Gvuatﬁsd §i}c‘o}ﬁ9 sBfvext! Sge’ DVEQ. and
g@‘i ﬁé%&ﬁaj&g W& 10 h%? ¥ ﬁ&?%:%”

m xtu ., nore thereof. e process of
clgﬁﬁﬁﬁ?cﬁﬂgF@Pﬂlsaid second base is seFected from
t2h & hg rwogese ofislasini Infartfer comptibipg ang step of , 5- di -
radialissiickodid Bix0lranitiba sxvend base, resulting in
a dyfimtik 3RPhCH 02 fecdh@®@tids, in AMch said
5 dsofiedbazBRIEYAE 90 B bt RAE G o fREor @Y. M xtures of t
pthd P& LNSER8! of Compound 30 is precipitated to
produce Compound 1.
3. The process of claim 1, wherein said first solvent is
selected from the group consisting of xylene, N-methylpyr-
rolidinone, Dimethylsulfoxide, dipheny! ether, Dimethylac-
etamide, and mixtures of 2 pr more thereof.

4. The process of claim 1, wherein said temperature 1s
between about 70 and about 190° C.

5. The process of claim 1, wherein said temperature is
between about 80 and about 170° C.

6. The process of claim 1, wherein said temperature is
between about 100 and abour 160° C.

7. The process of claim 1, wherein said temperature is
between about 120 and about 150° C.

8. The process of claim 1, wherein said base is selected
from the group consisting of triethylamine, 1,5-diazabicyclo
[4,3.0]non-5-ene 1,4 diazabicyclo[2,2,2]octane, and 1,8-di-
azabicyclo[5,4,0jundec-7-ene, and mixtures of 2 or more
thereof.

9. The process of claim 1, wherein said second solvent is
selected from the group consisting of ethers, ketones, esters,
anudes, sulfoxides, aliphatic hydrocarbons, aromatic hydro-
carbons, and mixtures of 2 or more thereof.

10. The process of claim 1, wherein said second solvent is
selected from the group consisting of xylene, N-methylpyr-
rolidinone, dimethyl acetamide, DMSQ, and mixtures of 2 or
more thereof.

11. The process of claim 2, wherein said second base is
selected from the group consisting of triethylamine, 1,5-di-
azabicyclo[4,3.0]non-5-ene  1,4-diazabicyclo[2,2.2]octane,
and 1,8-diazabicyclo[5,4,0]undec-7-ene, and mixtures of 2 or
more thereof.





