SYNTHESI S OF DI ETHYL{ 15" (3 - FLUOROPHENYL) - PYRI DI NE- 2- YL] METHYL)
PHOSPHONATE USED | N THE SYNTHESI S OF HI MBACI NE ANALOGS Fi el d of the
I nvention his application discloses a novel ppps@sHotMisidie
preparatlgﬁ)ng%Fgﬁkyff[S (3-fluorophenyl)-pyridine-2- sﬁ]ﬁ?ky“}
phosphonat e conpounds whi ch are useful in the synthesis of hinbacine
anal ogs, thenselves useful as thronbin receptor antagonists.
Background of the Invention As described in copending U S.

Pat ent Application No. 11/331,324, filed January 12, 2006 (herein,
"the '324 application”), the disclosure of which is incorporated

herein in its entirety by refermg‘oggi ne anal ogs are Useful as
: : : :

thronmbin receptor antagonists. known to have a variety of
activiti BETHYIE 15'dBeRLUQBOPHENYS).-PYRIBING-2-YiLd SHEIH¥ s %@SRH&M{E)
be present in sucfwmemsmewwwms @S HIVBRCINE anNAlees  vascul ar
snooth nmuscle cells, endothelial cells, and fibroblasts. Thronbin
recept or antagoni sts nmay be useful in the treatnent of thronbotic,

i nflammat ory, atherosclerotic and fibroproliferative disorders, as
wel | as other disorders in which thronbin and its receptor play a
pat hol ogi cal role, for exanple, as described in U S. Patent No.

6, 063, 847, the disclosure of which is incorporated by reference.
Addi tional exanples of thronbipgiel®etMmvantioponi sts usef uI in the
treatnment of thronbotjc, inflanmmato fpféleéat herosclerotic, .an

fi bropr ol i f er atlMRe2RRCaloRASClaSRY & PHGRas .‘%‘%PTPRE?é'OEdﬂpounds

?L e descr |c{i¥ﬁ@l{[5-(@-lﬂlbbi’cﬁdh@dyl)l-@ndiﬁ@tz}m]alkgﬂp bnc@nmté\bomaeoaﬂmbmw
erein, "the

bl t t he discl
i ncor por at®d “ﬁ@fr“thtP'u r?ylf‘ﬁ?slb"g?nf '%@ibﬁcﬁ‘f ﬁ»ﬂ@? Fa eénselves ”S&&%S t hr onbi n

receptor amoagsmirsdeptsiedtitagosigtsl s an oral |y b| oavai | abl e conmpound
derived from hi nbaci ne having the structure of the conpound 11: 11

Background of the Invention

As described in copending U.S. Patent Application No. 11/331,324,
filed January 12, 2006 (herein, “the ’324 application”), the disclosure of which
is incorporated herein in its entirety by reference, himbacine analogs are
asefui as thrombin receptor antagonists. Thrombin is known to have a variety
of activities in different cell types. Thrombin receptors are known to be
present in such diverse cell types as human platelets, vascular smooth
muscie cells, endothelial cells, and fibroblasts. Thrombin receptor antagonists
may be useful in the treatment of thrombotic, inflammatory, atherosclerotic
and fibroproliferative disorders, as well as other disorders in which thrombin
and its receptor play a pathological role, for example, as described in U.S.
Patent No. 6,063,847, the disclosure of which is incorporated by reference.
Additional examples of thrombin receptor antagonists useful in the treatment
of thrombotic, inflammatory, atherosclerotic, and fibroproliferative disorders,
and the synthesis of these compounds, are described in published U.S.
Patent Application No. 2003/0216437 (herein, “the '437 publication”), the
disclosure of which is incorporated herein in its entirety by reference.

One thrombin receptor antagonist identified is an orally bicavailable

compound derived from himbacine having the structure of the compound 11:
1



Processes for the synthesis of this and sim | ar hinbacine anal og
thronmbin receptor antagonists are disclosed in U S. Pat. No.

6, 063, 847,w@8n6hgldea4g PUbl i cation no. 2003/0216437, net hegds@bocdEisng

t hronbi n receptor antagonists are disclosed in U S. publication no.
2004/ 0192753, and the synthesis of the bisulfate salt of a particular
hi mbaci ne analog is disclosed in U S. publication no. 2004/ 0176418,

t he di scl osures of which are incorporated by reference herein. As
described in the '324 application nentioned herein above, conpound 11
may be synthesized from Conpound 15: HHH z 0?}1 15 by treatnent

wi th conpound 16 in accordance with cheneHI. Schene! Conmpound 15 is

in turn prepared from conpound 1. ", ANHCOOEt

o!
ve H2H
Z N
<
F
11

Processes for the synthesis of this and similar himbacine analog thrombin
receptor antagonists are disclosed in U.S. Pat. No. 6,063,847, and U.S.
publication no. 2003/0216437, methods of using thrombin receptor
antagonists are disclosed in U.S. publication no. 2004/0192753, and the
synthesis of the bisulfate salt of a particular himbacine analog is disclosed in
U.S. publication no. 2004/0176418, the disclosures of which are incorporated

by reference herein.

As described in the '324 application mentioned herein above, compound 11

may be synthesized from Compound 15:

O
N~ J A~ NHCO,E
O
i h

15
by treatment with compound 16 in accordance with Scheme I.



H O NR5SH6 1 wherein R5 and R5 are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl, alkoxy,

cycl oal kylywo agogbess@d Kyl aryl, arylal kyl, and heteroaryl pgiraispmoisie1
four steps I n accordance with the synthesis schene shown in the
copending ' 324 application, which synthetic schenmes are incorporated

herein by reference. The copendi ng ' 324 application describes
the preparation of conmpound 16 in accordance with Schene |1, bel ow
SCHEME Il Wth reference to Schene Il, L is a |leaving group sel ected

from hal oggdHemeept ers, sul fonates and phosphates, R9 is selected from
al kyl, aryl heteroaryl and arylalkyl grqups having 1 to 10 carbon
atons, and R11 is sel ected fremeakbkyl A ‘ayli-hetreresyyl and aryl al kyl
groups having 1 to 10 carbon~gt ons an$ n. As described in the
'324 application, in the schefle tbor pwepatati on of compound 16,
conpound 3§ Hs onv\g%&%g to npound 37 by\fi rst treatnment with

i ) |1 berate e pyridyl aFgphojy free base, and the

sodi um cardo Y
al cohol i s)s ently reacted to converitgthe hydroxyl group to a
a phosphite reagent to

| eavi ng grouBX[L) which can be displaced b
formthe cor roes%)ondi ng phosphonate ester. ordi ngly, as described
in the '324 apPication, preferably conpodwd™87 is prepared by
heating a solution of the alcohol internediate isolated from conpound
36 with a reagent that converts the hydroxyl functional group to a
| eavi ng group Vboropownath1Hés ititop aeares framaasreunst bhosphi te
conpound. Preferably, L is a halogen, preferably C, and is
preferably prepared by treating the al cohol with a hal ogenation
reagent, for exanple, P8r3 PCl 34 .PCLS mo,and thionyl chloride,
preferably thionyl chloride, w0l by guenching the reaction with
sodi um car bonate, and extractipg)thg~product into tol uene.
Conpound 37 contained in the tol yénergextract is converted to conmpound
38 by reacting a solution of corrpoqnd 37 with a diorganophosphite in
the presence of a strong base, for 'exanple, a netal alkyl, for 4
wherein Rs and Rs are each independently selected from the group consisting

of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, in four steps in accordance with the synthesis scheme

shown in the copending '324 application, which synthetic schemes are

incorporated herein by reference.

The copending *324 application describes the preparation of compound
16 in accordance with Scheme I, below.



exanple, lithiumal kyl and a nmetal am de, for exanple |ithium
bis(trinmethylsilyl) am de. The conversion of conpound 38 to
conmpound L{qirgosHigégs by reacting conpound 38 wi th borongigyushittnisist
reaction catalyzed by a palladiumcatal yst. The catal yst used can be
a honogeneous catal yst, for exanple, a palladi um phosphine, for
exanpl e, palladiumtristriphenyl phosphine, and pall adi um
trisortho-tol yphosphi ne, and am ne catal ysts, for exanple,

bi spal | adi untri sbi pyridine, or a heterogeneous catal yst, for exanple,

pal | adi um supp&ctrgMEICcar bon bl ack. The schene presented in
the ' 345 application for the gynhesis of conmpound 16, a critical
i nternedi atelignet he preparatfi on a varietyowf thronbin receptor

ant agoni st sg e Uhrdh@dide S | QN Of eadoh@ct ilop HOf | nt-@raFedimates in two
of the four ps;—and>uf i s i h ere—st ¢p wWH POGRTT UT Dase and a
wat er sensitpgyve di organojph §phit cisatpoung” Mor €OVEEwadilifeSt €p Shown
in Scheme Il of reacting unisol ated conpougd 38 W t haggosenate to form
conpound 16 proved to provia% variable results, rendering the process
of Schene Il undesirable for use in the preparation oporggjerci al
quantities of matferial.]Qbj ectiVesr) ey, nB:(ﬂRe‘% of [fhe foregoing,

what is n trei sl a sy P sichenme usef r preg
critical ?‘%ﬁ a% hr'dnbin r Br anitsgoni sts.
Parti cul ar hy.pgeded s synt het}/€ schenme|whictruti llj zes safer
materials eswd provi fes neaction-$reps an pFoesse i
practical scale to batch size_suitable for comyéereial scale
preparation and recd res m ni nal aui pment for isol atéd on and
purification of internmediates and products and i nproved product
yiel d. These and ot her objectives and/or advantages are provi ded by
t he presentVithpglergnasnto Scheme Hyl i a {epyinthg@npiselpcted from gal@g@ns,

enbodi ment e j i i j

ki ng a L E@fﬁg- LRy e P AR LA
conpounds § e grouns hying & ta {1 P gerkpneatemss @ dlinds saleste@fiasn are
useful in i j :‘Wﬁﬁi ,mg% it S
t hr onbi n réeliczzsg'pt Pﬁ%‘%’tﬁ%g %r}c{qécomégﬁ%s: _Co_npom‘gt‘lg%ysomﬁ%!roﬁéna%‘ is
sel ect ed fhys¥eakyIAS dasgribeddn ﬁ‘redé??IaPD&ﬁiloar in theisghemedappraparitiog 1
to 10 car gl id 1d)eoRipdupsSeie BBhistdtifio compound 37 by first treatment

with sodium carbonate to liberate the pyridyl alcohol free base, and the

-

alcohol is subsequently reacted to convert the hydroxyl group to a leaving
group (L) which can be displaced by a phosphite reagent to form the
carresponding phosphonate ester. Accordingly, as described in the 324
application, preferably compound 37 is prepared by heating a solution of the
alcohol intermediate isolated from compound 36 with a reagent that converts
the hydroxy! functional group to a leaving group which can be displaced by a
diorgano-phosphite compound. Preferably, L is a halogen, preferably Cl, and
is preferably prepared by treating the alcohol with a halogenation reagent, for
example, PBr; , PClz , PCls , and thionyl chloride, preferably thionyl chloride,
followed by quenching the reaction with sodium carbonate, and extracting the
product into toluene.

Compound 37 contained in the toluene extract is converted to
compound 38 by reacting a solution of compound 37 with a diorgano-

phosphite in the presence of a strong base, for example, a meta! alkyl, for
4



(a) reacting (5-hal o-pyridin-2-yl)-methanol of the Formula 137A
Formula 137A OH w th an X1 hal ogenati ng agent, to produce a conpound

of the for cpmpound 137, Conpound 137 wher e | e
for each o‘ga(j:llﬁ?ors@#csgé)and is selected fromd or Br and T%@Z@ZIﬁlesgfaed

i ndependently fromd, Br, or I; (b) reacting conmpound 137 with a
phosphi te conpound of the structure of Formula A

example, lithium alkyl and a metal amide, for example lithium bis(trimethylsilyl)
amide.

The conversion of compound 38 to compound 16 is done by reacting
compound 38 with boronate, the reaction catalyzed by a palladium catalyst.
The catalyst used can be a homogeneous catalyst, for example, a palladium
phosphine, for example, palladium tristriphenyl ;:;hosphine, and palladium tris-
ortho-tolyphosphine, and amine catalysts, for example, bispalladium-
trisbipyridine, or a heterogeneous catalyst, for example, palladium supported
on carbon black.

: The scheme presented in the '345 application for the synthesis of
compound 16, a critical intermediate in the preparation of a variety of thrombin
receptor antagonists, requires isolation or extraction of intermediates in two of
the four steps, and utilizes in one step a powerful base and a water sensitive
diorgano-phosphite compound. Moreover, the step shown in Scheme I of
reacting unisolated compound 38 with boronate to form compound 16 proved
to provide variable results, rendering the process of Scheme |i undesirable for

use in the preparation of commercial quantities of material.

Objectives

In view of the foregoing, what is needed is a synthetic scheme useful for
preparing compounds critical to the preparation of thrombin receptor
antagonists. Particularly needed is a synthetic scheme which utilizes safer
materials and provides reaction steps and processes affording practical scale
up to a batch size suitable for commercial scale preparation and requires
minimal equipment for isolation and purification of intermediates and products
and improved product yield. These and other objectives and/or advantages
are provided by the present invention.



For‘_rrul a A /OR RO-PN OR to produce conpound 138 COMPCUND 138 wherein
RO is as defined above; (c) treating conpound 138 with HX3 , where

X3 is sel Cl and Br, to precipitate the corr
hydrohan eég@f;@:{?{? Formula 138 A Formula 138 A FERRRH0 st

Summary of the Invention

In one embodiment, the present invention is a novel, simple process of
making dialkyl{[5-(3-fluorophenyl)-pyridine-2-ylmethyl} phosphonate |
compounds (compounds having the structure of compound 116) which are
useful in the synthesis of himbacine analogs that have utility as thrombin

receptor antagonist compounds:

Compound 116
P(O)(OR®),

N
)

F

wherein R® is selected from alkyl, aryl, heteroaryl, and arylalkyl groups having
1 to 10 carbon atoms, the process comprising:

{(a) reacting (5-halo-pyridin-2-yl)-methanal of the Formula 137A
Formula 137A

OH
= |N
RN

X2

with an X' halogenating agent, to produce a compound of the formula of

compound 137,



N-H x2; and (d) reacting the hydrohalide salt fromstep "c" with a
3-flurophenyl boronate conpound of the structure of Formula B OR')2 F
Fornmula B I.RL1 is selected i ndependently for ea e
fron1a|kyﬂ&egéﬁk&ﬁggeroaryl and aryl al kyl groups having%fﬂgg%Tgﬁﬁ&
carbon atons and hydrogen, optionally in the presence of a palladi um
catal yst to produce conpound 116. Preferably, the hal ogenating
agent used in step "c" is selected froma chlorinating agent
(therefore X1 is C) or a bromnating agent (therefore X1 is Br)

sel ected from G50 2 cdehdund@p, POCI 3, 02842, (OCQ)2, OSBr2, PBrs3,
PBr5, POBr3, 02S13r2, (OCBr)2, nore preferably the hal ogenating agent
is thionyl chloride (therefore X1 4% d). Preferably, the phosphite
conmpound used in step "b" is a tyfial kyl phosphite, nore preferably,
triethyl phosphite. Preferably the bﬁjonate conmpound used in step "d"
i s 3-fluoro-phenyl -boronic aci n a catalyst is used in the
reaction of step "d", prefera Hcatalyst i s palladium supported
on carbon bl ack. Preferably, catalyst is used in step "d".

In some enbodi ments of the pre i nvention, the method of the
present invention for the preparation of a conpound of the structure
of conpound 116 is part of a |larger reaction schene for the
preparation of a 8

where X' is the same for each occurrence and is selected from Cl or Br and X?

is selected independently from ClI, Br, or |;
(b) reacting compound 137 with a phosphite compound of the structure of

Formula A
Formuia A
ol
FPO--—P/\
OR?
to produce compound 138
COMPOUND 138
o
RPO.__ P//
RQ
/ |N
\

wherein R® is as defined above;

(c) treating compound 138 with HX® , where X° is selected from Cl and Br, to
precipitate the corresponding hydrohalide salt of Formula 138 A



t hronbi n recept or antagoni st having the structure of conpound 11, as
.shown below in Schene II11. SCHEME |11 OHPO(OR9)2 B(OR11)2 |I. P(OR9)
X' Hal oge i ent NH wherei n the hal ogenati ng agent

froma ch%?%{ﬁﬁﬁg@agent (X1 is d) selected from %Qﬂ?@gogﬁﬁﬁ% 5,
POCI 3, 02SC 2, (OCCl)2, and a bromnating (X1 is Br) selected from
OSBr2, PBr3, PBr5, POBr3, 02SBr2, (OCBr)2; X 1is the same for each
occurrence and is sel ected, based on the hal ogenati ng agent chosen,
fromd or Br; X2 is O, Br, or I; X3 is selected fromd and Br; IRl
is alinear, b cyclic alkyl, preferably having from1 to
about 4 car boni:g?g‘tr]r%%%oﬁe preferably CZH5-; R9 is selected from

al kyl, aryl, heteroaryl, and aryl ah»h;ﬁ/ roups having 1 to 10 carbon
atons; and Rl1 is sel ected i ndependen for each occurrence from

al kyl, aryl heteroaryl and aryl al kykdgroyips having 1 to 10 carbon
atons and hydrogen. In sone enbodi nents, Lth@ hal ogenating agent is
preferably thionyl chloride, X1 and X ﬁeﬂmeferably ad and X2 is
preferably Br. In sonme enbodi nents RI (s pdeferably C2H5-. I n sone
enbodi ments the phosphite conpound used™< preferably a trial kyl
phosphite, nore preferably, triethyl phogphite. Preferably the
boronate conpound used is 3-fl uoro-phenyf‘-bor;cﬂﬂdc aci d. These
and ot her aspects and advantages of the invention will be apparent
from the f(g)l rle%\é\@irrulg trgeeﬁférbggllﬁ)ens'att[)f%r%lsltgg "cDevaﬁwrégtfiu?'gpr?énytltpoeronl'na \éent 'on

compound of the structure of Formula B
OH“)Z

r Formula B

wherein R is selected independently for each occurrence from alkyl, aryl
heteroaryl and arylalkyl groups having 1 to 10 carbon atoms and hydrogen,
optionally in the presence of a palladium catalyst to produce compound 116.

Preferably, the halogenating agent used in step “¢” is selected from a
chlorinating agent (therefore X' is Cl) or a brominating agent (therefore X' is
Br) selected from OSCl,, PCls, PCls, POCls, O2SCl;, (OCCl)2, OSBr2, PBrs,
PBrs, POBr3, O:SBr2, (OCBr)2, more preferably the halogenating agent is
thionyl chloride (therefore X' is Cl). Preferably, the phosphite compound used
in step “b” is a trialkyl phosphite, more preferably, triethyl phosphite.
Preferably the boronate compound used in step “d” is 3-fluoro-phenyl-boronic
acid. When a catalyst is used in the reaction of step “d”, preferably the
catalyst is palladium supported on carbon black. Preferably, a catalyst is used
in step “d”.

In some embodiments of the present invention, the method of the
present invention for the preparation of a compound of the structure of

compound 1186 is part of a larger reaction scheme for the preparation of a
8



The follow ng definitions and terns are used herein or are otherw se
known to a skilled artisan. Except where stated otherw se, the
definiti ORSH dRRhLss4ghr oughout the specification and cl alparq,msgagmsgﬁl
names, comon nanes and chem cal structures may be used

i nt erchangeably to describe the same structure. These definitions
apply regardl ess of whether a termis used by itself or in

conbi nati on vm'th ot her terns, unl ess ot herwi se indicated. Hence, the
definition of "alkyl" applies to "alkyl" as well as the "al kyl"
portions ﬁronlﬂﬁmr ¥ tagoniBPhBAhE He striddileNbompiund 11, as shoWhl ess
othervvl se known, stated or shown to be to the contrary, the point of
at t achnmentoelew imSaemeplle term substituent (two or nore terns that
are conbined to identify a single noiety) to a subject structure is

t hrough the |l ast named termof the nultiple termsubstituent. For
exanpl e, SEYEMRlkyl al kyl substituent attaches to a targeted
structure through the latter "alkyl" portion of the substituent
(e.g., structure-al kyl-cycl oal kyl). The IFQSQ%I ty of each

vari abl e appearing nor&% han once _k'n a fornul a S/ wefdpendent | y
sel ected fromthe def ilni tlxq.gogjﬂ% 'z' vg(gh@bl nI esé@t herw se

i ndi cat ed. Un[e Hse knowl t ¥sbe t he
contrary, all atons | ustrated chemﬂ?"al | g, for
conpounds possess nor il val enci es. Thus, hydrﬁmgenN@é doubl e
bonds, triple bonds and ring structures need not be
depicted in a general chem cal formula.
appropriate, may be represented by the prgsencé of parent heses around
an atomin a chemcal fornula. For e l e, a carporyl
functionality, -CO, may al so be repr ntiesl i n
-C(0)-, or -C(-,-0)-¢ QJneHslelIedlnt art wimn
determ ne the presenge e ERCE of le (an
coval ent| y- bonded nolyegule or instance, it is readilly recognized
that a carboxyl func |Bga*l'| ty may be equivalently rgpriesetited by
-COOH, -C(0)0OH, - C(. 0POI—|"or - CO2H. The terms eteroatom as
used herein, nmeans a nittdgen, sul fur or oxygen atomi Miltiple

het eroatons in the sanme group may be the sane or di ent . As
used herein, the term"al kyl" neans an aliphatic hydrocérbon group
that can be straight or branched and conprises 1 to about 24 carbon

t th h Pr ef d I

o bon. at SHESTE GRS s SR REH TR ST b BgRBEI 220,

a]?mit : 6 g aéé)étliledtfm Qscl, rr:x:tg haaﬁla, Pomy\mzsa?liﬁétoconaaaad altkgingatiogps

0 0 0 1.N r S

nore | ower I‘?’(% %‘E}%g f@ﬂ&ﬁ%a% ?’%{?ﬁyfﬁr Wrs’or%n K/Cf@gg? cgpg '(tﬂﬁa%hed

to a |ineasarabkor easicocturrhee ahllyé selantel basdx on tie balopgnating agentor e
bstituent d t t t 1

DS e s BRI 8 254 B H50 of [ 1L BE B P B0 A

hal o, aryl I'thio
- NH( al kyl )Imear.l\lbi(aoynéobat &ydlis alkyiN(prefeyablg f‘(awlﬂgcfrpfaﬁkf}bl @%&ﬁ Cl@ébehe

of st t abl ORI 1orE RIS Gl Foup R Bletlirom ML, gt hoRAo B ERICE
{1 b]lc.l][y| tar?:}ﬂlisdl arou wmg1h@pﬂydarb¢mﬂi,ﬂlms @@@ﬁ ig Sﬁéﬁ@ﬁ’et hyI
rifluorong
VD s ey

i si ngg sdav |
conj ugat edg@b #S@%}Mtﬂﬁaéﬁ%qh Lﬂﬁﬁ e‘#hb@'tﬁ%ﬁgl' rg{n?déo%(‘%'@i O ér@%r&bl&ro

about 15 c ain, ‘pre to about 12 carbon
atons in t6eanthaf is paherabtyrBy. ﬂn@'om%lbm}boglm@ﬂalﬁﬂﬁ rselesattly fzblson® in
the chain. lhe e%é(o%?%lenﬁ 1ﬂgg>q%§@h#§c§hﬁgﬁﬁhﬂﬂggﬁi iMrefilan0 a m&ﬂ&/l

substltuen§s I'ndependen roup consi'stin
phosphite, more preferab[y, triethyl phosphite. Preferably the boronate

compound used is 3-fluoro-phenyl-boronic acid.

9



11 \Where an al kyl or alkenyl chain joins two other variables and is
therefore bivalent, the terns al kyl ene and al kenyl ene, respectively,
are used. ao00s00334% KOXY" means an al kyl -0- group in wicghdhheeddiky!
group is as previously described. Useful al koxy groups can conprise 1
to about 12 carbon atons, preferably 1 to about 6 carbon atons.
Non-limting exanples of suitable al koxy groups include nethoxy,

et hoxy and i sopropoxy. The al kyl group of the al koxy is |linked to an
adj acent noi ety through the ether oxygen. The term
"cycl oal kyl " as used herein, nmeans an unsubstituted or substituted,

saturated, stable, non-aromatic, chem cally-feasible carbocyclic ring
havi ng pr ef er abieserasé etheeaspests AR adnariangs of hedpwentins willbe -

pref er abl yapdrgipstdh 8% tdloRlind llesciiphen. atoms. The cycl oal kyl carbon
ring radical 1s saturated and may be fused, for exanple, benzofused,
with one to two cycloal kyl, aromatic, heterocyclic or heteroaromatic
rings. The cycl oal kyl may be attached at any endocyclic carbon atom

that results in a stable_structure. Preferred carbocyclic rings have
fromfive to six car bonsmm&ﬁwﬁi/cal s include
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or the
like. "Al kynyl " means an aliphatic hydrocarhon grou X
conprising at |E¥siPo 'BWé‘gc%?fm'@ﬁB@ﬁrmFiaﬁ? é‘sﬁ%ﬁﬂre’éﬂ&’gﬁe ChUSe be
strai ght aindWrptiecd skiléd drtEanP IExeepEwhbUstate o Gthahaus, the defihiiens at ons
in the chain. Preferred al kénﬁé roups have &Bout % to about 10
carbon at ARPYY Hirepghqyl dhe, speg é"'&‘é‘?‘é‘?sdb SR TS CHBBIR 6
ci':lrk ben at Q’i@‘né@aﬁdﬂ'@héhﬁdtdﬁh s}r&@ﬁ&fﬁywmr@cm@e{aw?r?s:mw the

al kyl groups such as ,, eth or pro ar ached to a

| i near al SEH%‘PF?'%#? F’ﬁﬁ'rﬂ’f’%{f %’ﬁfﬁsg%d{?fss?gl & ieRY iy psed

. groups i lrw,} Rgbaf d;{ihbﬂmibind_grdiwmbthej?‘témtsy Elyiless%gﬂmwflsé im_utc,amdd, ]

n- pentynyl, an eqynyl.. e al kyn rQup e supst.i_t.ut.e one
or nore sdﬂ%‘?‘f‘%ﬁ%%fcléﬁ'&h?'&ﬁpr?e{ y'b%pél"r?éqga y'orange?qif%%&‘?t f’}ké'gcﬂ?m ns
subst i t uendf "AgdrogyalRACPERLIIYLY 'SIRbact ed. from t he group consi sting of
al kyl, aryl and cycl oal kyl . The term"aryl," as used herein,
nmeans a substituted or unsubstituted, aromatic, nono- or bicyclic,
cheni cal | y- f eadihikss otrdpaizedtriowr, istaled w8 setivh & bado thieocomtrary f tbet wo
aromatic rings. e, ar moiety.wll genetally have from

carbon at o‘?%ﬂwft%paﬁhm%\% UEN: 'pi\‘% k?sr F??L&s?a@eéx éty&%rnmgféoﬁggm%&%l%ée
aryl noi etgoriisined to idesnitlea singjiponiaty) t© paubjest sifucaireds tmeagh the last
Representati ve exa S ingcl henyl.. tolyl, Xxylvl, cu I
napnthyl . AR B ASPI BB aRp tuphE i e EfTRA ey

desired, tdubstirenoastathes tom etryeiedstivetise tisoughttied latier Balkybporine of o

five, preferably. ane t ree. mpiefi ch as nono- through

pent ahal o,t Slsl%k#t,'tuwﬁﬁ‘é‘o%g‘r@f"@g},%g#ecﬁ@ﬁ"fﬁﬁydr oxy, al koxy, phenoxy,
am no, nonoal kyl am no, dial kyl am no, or the I|ike. "Heteroaryl "
nmeans a nonocycly . C. - t | rﬁ:(% L.c T] 510
about 14 ring gtlﬁ)en%d%hgiyg%feéra%ﬁjf ”éB%u tElItng'ga %’%t‘ﬁﬁt"?‘%g't gﬁgﬁﬁsqiai n
whi ch one may eriedeperidentigisetestéchfromaghe idefjnitips ttemthiat vaniablestuni@ssot her
t han carbo %ﬁﬁg* ni trogen, oxygen or sulfur. Mno- and

pol ycycl i C&FSF@?&? . |13§'cl ic) heteroaryl groups can be unsubstituted
or substituted with a plurality of substituents, preferably, one to
five substituent r SHRSE Ll HEIMS
(e.g., nono- twlglﬁagg{)ag%@aﬂ{ﬁ%@g%ﬂ?wg? #b%ﬂgégtre}gflﬁ&? p ényfg,

hydr oxy, allugtrated phelnerxical tarinudas fiep poieyt comprundsi paseesanPimeal or t he
like). Typi . t rtﬂcﬁ?d%t : 1 y=feasible
cyclic gr g\t’ﬁqogrb)‘%'él?'i 32{?%&@?@% %%s@gfbggq em (’:glpﬁe B?'gggs?@(llj gx%i cyclic
group of nstneteestreedanadine, expresshadepioied infa general ¢herdgaljermuland

havi ng at | east one oxygen, sulfur or nitrogen atominterrupting .a

Double bonds, where appropriate, may be represented by the

presence of parentheses around an atom in a chemical formula. For
10



preferably contain fromthree to eight atons in the ring structure,
nmore preferably, five to seven atons. Polycyclic ring systens

consi st ngv&% %\% Jg ngs preferably contain from six topgrxkagfediQns,
nost preferaq en to twel ve atons. Pol ycyclic ring systens

consi sting of three rings contain preferably fromthirteen to
seventeen atons, nore preferably, fourteen or fifteen atons. Each
heterocyclic ring has at |east one heteroatom Unless otherw se
stated, the heteroatons may each be independently selected from the

group CO”%xﬁH;:ﬂQ éJéaerﬁi?lqgﬁéhon%myf '—EOaﬂﬂa ébé@eﬁb ippédented in a The
ternms " Hal e " " used her,

chl or o, brcbﬁ‘ﬁ“caf' FQ!’HP'Ba GV ngab gt &ﬁ—pédl 9&? Sktﬂﬁ%’f‘ theeart "‘B’Fé?riaag‘g

fluori des RismiheliRy prdehéd bi8BEsence of double(drRrrtApl eQﬁ:'rta@ &t@" , as used
hereln i's understood to include bjcarbonates

"isonmer, &§valesty-hepded mglacyie EPESNcEo! h%%ﬁ?dﬂ)’l ée?ﬂgnﬁﬁg tb?{ fore
ol ecul es claﬁa/dﬂgmeﬁoﬁanf mayBeeqa@valekiyfegtbs@itoabyagO RN )08, sane
di

nol ecul ar vvel%; fering in respect to the arrangenent or
confi gur atG(ER @H‘t”h‘@ The term "epi merizing", as used
herein, is understood to rrean converting fromone isoner to another,

V\/nerein it is the relative 03|t|on i‘ an. attached H t hat d] fers
Do tueen the & HedeB beterodiom,” ag isqbhatbin, Ra T 4 Brisue s s

herein, i oxygas &R OMdifplERREerbaicn in thylsapie gRUpthanbeshasamkiat.
PreC| pi tatlon aﬁpl les equally to the formation of an insoluble salt

"in situ" dif8®Bhanging the solubility properties of a sol vent.
Exanpl es of changing the solubility properties of a solvent include

anti gl vent - AusPeuaia die e AR pei A afal R R

reduced saqhatddri b sirfighher Branbhed dnd ebwprises 1 to about 24 carbon atoms in
the chain. Preferred alkyl groups comprise 1 to about 15 carbon atoms in the
chain. More preferred alky! groups comprise 1 to about 6 carbon atomns 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 finear 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)> (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, trifluoromethy! and cyclopropyimethyl.

"Alkenyl® means an aliphatic hydrocarbon group (straight or branched
carbon chain) comprising one or more double bonds in the chain and which
can be conjugated or unconjugated. Useful alkenyl groups can comprise 2 to
about 15 carbon atomns in the chain, preferably 2 to about 12 carbon atoms in
the chain, and more preferably 2 to about 6 carbon atoms in the chain. The
alkeny! group can be substituted by one or more substituents independently
selected from the group consisting of halo, alkyl, aryl, cycloalkyl, cyano and
alkoxy. Non-limiting examples of suitable alkenyl groups include ethenyl,

propenyl, n-butenyl, 3-methylbut-enyl and n-pentenyl.
11



The term "dynam c resolution", as used herein, is understood to nean
.a process in which a conversion froma first isonmer to a second

i somer of J8,RRFBLOMPOUNd in a solution is thermdyng@EpaRbloyofsisyen
by the depletion o? t he second isonmer fromthe solution by

precipitation of the second isoner. The foll ow ng

abbrevi ations are defined: EtOH is ethanol; Me is nethyl; Et is
ethyl; Bu is butyl; n-Bu is normal-butyl, t-Bu is tert-butyl, OAc is
acetate; KO -Bu is potassiumtert-butoxide; NBS is N brono
succinimde; NWP is 1- nethyl-2-pyrrolidinone; DVAP is

4-di met hyl am nc\)lg ridine;, THF is tetrahydrofuran; DBU is )

1, 8- di azabi cycl %/@f,e@roqﬂhwdy@"?er%éhatnwnséwm,orkhﬁrm'ﬁpleé@étddm de; n-

BUANSY [ thETefFRYAGATTR) WFHRETIEIR arts BtENGEG srobbe ot g ugal um

hydr oxi de, n-BudNH2SO4'i's tetrabutyl amoni um hydrogen sulfate, and
"equiv." or "eq." means equival ents. The term"n", as it is

used herein, isapd fﬁlhaﬁgah%uaﬁ-@brbuﬁ%@hﬁ.ﬁgémﬂgwm dghat is

i nclusive of the range recited thereafter. "n’is between 0 and
4" and " n Rrayigesly geacribast \Useitthalkpsy gpupRg\FananERlise bio abritA ues 0,

1, 2, 3 Ofgafison at Fmg h Q5 @foaPe K8IbIRORBAR] Norliitingadxip!
Appl i cati ocrail S%??glmsﬂlopféffll 331, 3240( here'i; n, "the ' 324|a1 Inﬁ%at ipo?ﬁ)

descri bes af SHIBRYIREANRYIrBRPE BIFBERTASNOKY 1 $IBOXY UL {SAPECRIXYe othifoRikY 11

whi ch haveyp;Q B He k@8l ik Vihk¥d & ah RUpEHahDMoRAR BirBlLgh I BiHePbsygen. 15
As illust fgat e‘g bel ow ?ﬁl Schenes |V aglat?tév, the ' 324gappl i cati oxr!\g
describes in detail the synthesis of conpound 11 and rel ated

conpounds, Wwhi CtheStehhliydiSatict” b8 €98 Pleddin tnbanehaRn udgubstielednsre.

_ substituted, saturated, stable, non-aromatic, chemically-feasible carbocyclic
ring having preferably from three to fifteen carbon atoms, more preferably,
from three to eight carbon atoms. The cyciloalkyl carbon ring radical is
saturated and may be fused, for example, benzofused, with one to two
cycloalkyl, aromatic, heterocyclic or heterocaromatic rings. The cycloalkyl may
be attached at any endocyclic carbon atom that results in a stable structure.
Preferred carbocyclic rings have from five to six carbons. Examples of
cycloalkyl radicals include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, or the like.

"Alkynyl" means an aliphatic hydrocarbc;n group comprising at least
one carbon-carbon triple bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkynyl
groups have about 2 to about 10 carbon atoms in the chain; and more
preferably about 2 to about 6 carbon atoms in the chain. Branched means
that one or more lower alkyl groups such as methyl, ethyl or propyl, are
attached to a linear alkynyl chain. Non-limiting examples of suitable alkynyl
.groups include ethynyl, propynyl, 2-butynyl, 3-methylbutynyl, n-pentynyl, and
decynyl. The alkynyl group may be substituted by one or more substituents
which may be the same or different, each substituent being independently
selected from the group consisting of alkyl, aryl and cycloalkyl.

12



SCHEME |V - Nitro-Ester Route Pd/C/HCOOH 0 EtCO2Cl "NH2 H

WO 2008/003348 PCT/US2007/015161

The term “aryl,” as used herein, means a substituted or unsubstituted,
aromatic, mono- or bicyclic, chemically-feasible carbocyclic ring system
having from one to two aromatic rings. The aryl moiety will generally have
from 6 to 14 carbon atoms with all available substitutable carbon atoms of the
aryl moiety being intended as possible points of attachment. Representative
examples include phenyl, tolyl, xylyl, cumenyl, naphthyl, tetrahydronaphthyl,
indanyl!, indenyl, or the like. If desired, the carbocyclic moiety can be
substituted with from one to five, preferably, one to three, moieties, such as
mono- through pentahalo, alkyl, trifluoromethy!, phenyl, hydroxy, alkoxy,
phenoxy, amino, monoalkylamino, dialkylamino, or the like.

“Heteroaryl” means a monocyclic or multicyclic aromatic ring system of
about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms, in
which one or more of the atoms in the ring system is/are atoms other than
carbon, for example nitrogen, oxygen or sulfur. Mono- and polycyclic (e.g., -
bicyclic) hetercary! groups can be unsubstituted or substituted with a plurality
of substituents, preferably, one to five substituents, more preferably, one, two
or three substituents (e.g., mono- through pentahalo, alkyi, triflucromethyl,
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 least one of which is carbon, and having at least one oxygen,
sulfur or nitrogen atom interrupting.a carbocyclic ring having a sufficient
number of pi () electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl, thiadiazolyl,
imidazolyi, pyrazolyl, triazolyl, isothiazolyl, benzothiazolyi, benzoxazolyl,
oxazolyl, pyrrolyl, isoxazolyl, 1,3,5-triazinyl and indolyl groups.

The term “heterocyclic ring” or “heterocycle,” as used herein, means an
unsubstituted or substituted, saturated, unsaturated or aromatic, chemically-
feasible ring, comprised of carbon atoms and one or more heteroatoms in the
ring. Heterocyclici rings may be monocyclic or polycyclic. Monocyclic rings

13



WO 2008/005348 PCT/US2007/015161

preferably contain from three to eight atoms in the ring structure, more
preferably, five to seven atoms. Polycyclic ring systems consisting of two
rings preferably contain from six to sixteen atoms, most preferably, ten to
twelve atoms. Polycyclic ring systems consisting of three rings contain
preferably from thirteen to seventeen atoms, more preferably, fourteen or
fifteen atoms. Each heterocyclic ring has at least one hetercatom. Unless
otherwise stated, the heteroatoms may each be independently selected from
the group consisting of nitrogen, sulfur and oxygen atoms. ]

The terms "Hal,” “hale,” “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.

The term “isomer”, as used herein, is understood to mean one of two or
more molecules having the same number and kind of atoms and hence the
same molecular weight, but differing in respect to the arrangement or
configuration of the atoms.

The term “epimerizing”, as used herein, is understood to mean
converting from one isomer to another, wherein it is the relative position of an
attached H that differs between the two isomers.

The term “precipitate”, as used herein, is understood to mean to fall out
of solution as a solid. Precipitation applies equally to the formation of an
insoluble salt “in situ”, or changing the solubility properties of a solvent.
Examples of changing the solubility properties of a solvent include cooling the
solution and the addition of a sufficient amount of an "anti-solvent” to a
solution such that precipitated compound has reduced solubility in the
combined solvents.

14



H H H H NR5R6e- NR5Rs A critical internediate in the synthesis of
conpound 11 are conpounds having the structure of conpound 16 and

rel ated PRESBRSAISsgest ers (herein, sonetines referred HperfiRbogr/015161
conveni ence as the conpounds having the structure of conmpound 116).

The inventors have surprisingly discovered a process for the

synt hesi s of the conpounds having the structure of conpound 116 which
uses less active reagents and sinplifies unit operations in each
synthetic step over a process for the preparation of conpounds havi ng

the structure ofhLRMACHPSarhkbredBRAbADAE UsBdiHafein3d4irriepétboatts atbanl n
particular, inprovenents in yield, specificity, and product purit

are real i Z2ArASPSS YHWRICHGhCHOIVESSIRATERGY AiTdFtisempY t%fiﬁ%?ﬂfﬁﬁe Shine
ester (13Yam@BdmPiuii@les sbRitioflis thdriroaysanepaiipaatiés By pheappletien bng
agent in the conversion of con‘gound 137 taq _congm#nd 138. reover,
utilizi ng RSSO ISOBEY feqra tRe SPIHHOR By PERRIPHAHP rﬂitB‘?]sB?‘ER‘g'?E”}eésults
in a greater overall yield of conmpounds having the structure of
conpound 116 based on the starting pyridyl alcohol, 75%overall yield

for the processrif iciiBRirey ARBliationeaid QetiredBaDE s BiHdhoRME YemetHyl;
yield of 60% for the process_describe

The over al Ft i @t By isshyiuld- By 1s ARyk g %’ttt“ gﬁﬁ%éﬁfb@%%tqtﬁal ly

depi cted igoBEhaFBoMssium fert-butoxide; NBS is N-bromo succinimide; NMP is 1-
methyl-2-pyrrolidinone; DMAP is 4-dimethylaminopyridine; THF is
tetrahydrofi.:ran; DBU is 1,8-diazabicyclo[5,4,0lundec-7-ene; DMA is N,N-
dimethylacetamide; n- BusNBr is tetrabutylammonium bromide; n-BusNOH is
tetrabutylammonium hydroxide, n-BusNH>SQO4 is tetrabutylammonium

hydrogen suifate, and "equiv.” or “eq.” means equivalents.

The term “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,

3ord.

As mentioned above, copending U.S. Patent Application Serial No.
11/331,324 (herein, “the '324 application”} describes the synthesis of
compounds of the structure of compound 11 which have promising activity as

thrombin receptor inhibitors.

Compound 11
Q H

o ANHCOOE!
8]
H =

Me

Tl

/' N4
=Z
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SCHEME VI wherein RO is selected fromalkyl, aryl heteroaryl and
.aryl al kyl groups having 1 to 10 carbon atons, and Rl1l is sel ected
i ndepende ch occurrence fromal kyl, aryl het
arylalkqugégﬁ%@&ﬁﬁelng 1 to 10 carbon atons and hydroggﬁﬂE§%WQﬁ%&,
Br, or I; X3 is selected fromd and Br; and PdLn is a supported
paIIadiun1netaI catal yst or a soluble heterogeneous pal | adi um
catal yst. The L-derivatizing reagent can be a hal ogenati ng agent
(thus L is a hal ogen), for exanple, a chlorinating agent, for
exanple, 0OsC 2, PCI3, PCl5 POCI3, 02SCl2, (OCCl)2 (thus L is d),
and a brom nating agent, for exanple OSBr2, PBr3, PBr5, POBr3,
02sBr2, (OCBr)2 (thus, L is Br). As will be appreciated, the .

L-deri vat igd iiigstfRE9 BBlovr e eiRedf andiV e 328 ipBIiCADNCIdsEiboSin
al cohol functiona roup to any | eavin ﬁ%&ﬁﬁ whi ch can be di spl aced
[

by the ph&etichatsyn eégsewtw@mcr%\dghhen QEEIPULES, WhichsyBHesis
conpound %§%Ebgg,§@gpgygﬁ ,eﬁg@_exanple a sulfonylester (provided -
by, for exanpl enzensul fonyl chloride L-derivatizing reagent), a

sul fonate ester, and the L-derivatizing reagents described in the
copending ' 324 application, (i ncorporated herein by reference).

Al t hough all steps of Reaction Schene VI can be carried out
individually, and the internedi ate prepared in each phase isol ated,

it is advantageous in the present reaction schene to utilize

i ntermedi ate conmpound 137 in situ” in the reaction nedi um obtai ned
after workup for use in the next step, the conversion fromthe halide
to the phosphonate (conpound 138). Each step of reaction Schene Vi

wi |l be discussed next. The first step of the process of the
invention is conversion of a pyridyl hydroxyal kyl to the
correspondi nd phosphono-al kyl. This is illustrated in Schene VI as

the first step, conversion of conpound 136 to conpounds of the
structure 138. In the first step of Schene VI, the al cohol functional
group of [(5-(hal0)-2-hydroxymethyll-pyridine, where "halo" is
selected frombromne, chlorine and iodine, is reacted in solution
with an L-derivatizing reagent, as nentioned above, for exanple, a
chl orinating agent, for exanple OSC 2, P013, PCI5, POCI3, 02Sd 2,
(OCCl)2 (thus L is d), a bromnating agent, for exanple OSBr2,

Pl 3r3, PBr5, PO08r3, 02SBr2, (OCBr)2 (thus, L is Br), and a

sul fonating agent, thus L is a sulfonyl ester, to provide the
correspondi ng 5-Brono-2- (L)nethyl-pyridine, preferably,

5- Br onp- 2- ( hal o) net hyl - pyri di ne, where "halo" is preferably C, Br,
and |I. Al though any of the above-nentioned Lderivatizing agents are
suitable for the process of the invention, it is preferable to use
thionyl chloride. It will be appreciated that other L-derivatizing
agents not specifically nentioned herein may also be used in the
process of the present invention. Any suitable solvent system may be
enpl oyed, preferably a solvent system conprising non-protic solvents
of noderate polarity, for exanple a m xture of toluene and
acetonitrile (MeCN). It is preferable to carry out the reaction in a
tenperature range of fromabout 0 C to about 70 C, nore preferably
fromabout 20 C to about 50 C, nore preferably at about 45 C
Preferably the initial concentration of the al cohol substrate is from
about 0.5 Mto about 0.9 M Preferably, the chlorinating agent is
used at least in a 1.5-fold excess based on the al cohol substrate.

It is preferable to run the reaction until the al cohol has been
conpl etely consuned. The reaction can be nonitored for conplete
conversion of the alcohol, for exanple, by HPLC or gas

chromat ographi ¢ techni ques. At the end of the reaction, optionally
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Formula A WO- RN OR Preferably, RO is the sane for al
occurrences and is alkyl, nore preferably Iinear alkyl, nore

pr ef er abl . The reaction mxture is heated I i,ned
at a tenpé?g%ﬂ¥ém’g;drive the reaction, preferably to éeﬁgﬁggng%Pe
of from about 130 2C to about 150 2C. After a sufficient period of

mai ntai ning the reaction mxture at a suitable tenperatrue,
preferably until conplete conversion of the nethyl- L derivatized
substrate (the conpound 137D for exanple, when a chlorinating

L- deri vat iszé Eﬁﬁ%eﬁhiﬁrﬁaﬁgﬁ&%&ﬁﬁe a nmethyl chloride substrate) the
e

reaction mxture is coo and treated with hydrochloric acid to
convert the phosphonate (conpound 138D) into the correspondi ng
hydrochl ori de salt (conpound 139D). Preferably, the tenperature of
the reaction mxture is maintained at | ess than about 20 2.0 during
this treatnment. Al though HCl treatnent, gan be _carried out using any
conventional neans, for exanple, by bulsbl ol gas through the

9

reaction m xt@He, or treati the m xt urerowtid h an 4 Htirgm, it is
conveni ent t ggat "The Teacthgn m xtUre by STTTrripg\t h an HO
solution, preferably an HCV i sopropamol-ssmicut i on. M.ker the

salt is forneghuyhd begins ta® precipitate.fromthe realtion mxture.
Hept anes are added to conplete the sa precipitation and i nprove the
yield of salt recovered frogithe rea%L&F\ﬁg tyre. It is preferred to
keep the reaction m xture %Q@er at eNﬁisless t han about 20 2C
during this addition. The phosphonat e hydrohalide salt (conpound
139D) is then recovered frontthe rw m xture by vacuum

for synt hesi s of
Hoconapanmd 116 is

filtration, washed and va%um drie éﬁi‘f"sf@%i nth
conpound 116. In tfhe | ast step henme

synt hesi zed fr 6fif®fre pho )ﬁtfv’m@?‘&r @mamriﬂﬁ@l-sac'ﬁi ng it
wi th a 3-fluorophenyl bor e he structure of/the gonpound of
Formula B: Fornula B wher N%l%i s sel ected i ndepengémAsy for each
occurrence fromal kyl, ary 2hef’ roaryl and aryl al kyl @roups having 1
to 10 carbon atons and hydrogen.

0 Q
Pa/cHCOOHY § i,  EICO:C N F A~ \NHCO:Et 1. Ditute NaOH
- o o | 2. HCI
e Ifi H
N

H g
of\ RsRs Of\NRSHG
12 13 P{O)(OEt),
o
% 16
Q 0 .
L) ~NHCO,E HK NHCOLEL -
g o]
H:A H:iR
OJ\OH OJ\H
14 15
Q
P WNHCO,EL
a
H:A
e
TN M
<
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Al though it will be appreciated that any 3-fluorophenyl boronate can
.be reacted with the (5-hal o-pyrid-2-yl)-nmethyl phosphonate salt
conmpound (39 dkodshs IS preferred to use 3-fl uoroboroni ecaisshobbiRes
R11 for each occurrence is H). It is preferred to carry this reaction
out in a tw phase reaction nedium one aqueous and one organic,
preferably isobutyl acetate. Accordingly, the reaction is carried out
by providi ng an aqueous boronic acid solution/ slurried with a
supported pal |l adium catal yst, for exanple, palladium supported on
carbon bl ack, for exanple, Degussa 5% Pd/C type E 105 CAM Conversion
of the phosphonate hydrbchloride salt (conpound 139D) can be fol | owed
by HPLC a EM&ZVS{EW@M"‘@@IQB‘)W:N ain reaction conditions until
the H PLC anal ysis indicates conplete conversion of the starting
phosphonate. It is preferred to maintaip the reaction mxture at a
tenperature of fromabout 70 2C to ab @_80

It is preferred to initiate the reaction % he

phosphonat e (@dnpound 139D) Pt esent at 6a concentr af Me:
to about 1. and use at’\keﬁ\tﬁ% 17-3-ford exXces ~
reagent. Workup of the reacti on™fi xt ur eBuQael udes reno -: J excess
boroni ¢ aci (RiButwe} ust i ng thezam"‘id@ to a basic pH, pt abI y a pH
of from about pH 11 to about_gkol3xaSserarating the org s/ ayer by
splitting, and renoving process inmpyghtdies_py mashing the batch with
a 2% aqueous NaCl sol ution, @nd concentkating the organic |ayer.
During workup, it is prefeH Npai ntaln X he reaction nmixture at a
tenperature of from about 20 g o;hﬁta 0y 2C C. 23 Product,
conpound 116, is obtained,by anti -sol1v§qt/1cpci pi tagign, for exanple,
by treating tglﬁﬂﬁ)ar’ﬁ‘?ni c phase with a§g%f,i clent vol e hePanes
until the produ&t®"pPeci It at 25 Duridmencrystit.t h ©
Schenme IV, it will be appréygi that the interneddade gonpounds of
Fornmula 116 can be prepar g reacting internedi ate o\ nds of
Formul a 139d with other orga Q@GJ lic reactants in pl ad&%
boronates, for exanple, bugano Imted to: fluoroaryl 2al kyTbor anes;
fl uoroaryl - hal oboranes; fluoroaryl- zinc, -alumnium -magnesium and
-tin reagent spy; & 3
formula - where—=Ng
di spl aci ng the X2 ha ;i gf conpound 138 Mrti:i~a 3-fluoroaryl noiety.
The starting al cohol', "5~brwno- 2- hydr oxynet ri di ne; conmpound 136,
may be prepared from §2p met hyl - pyri d %i de. Thi|§( ?%E{)hesi S
is disclosed in detai lz% n t copendi ng ' 324 a cation, Wh is
incorporated herein in“its entirety by reference. It w [ e,

can be car ied5 out

appreci ated thg
divHe®Etas ¢ as

usi ng vari ousl ¥
5- br ono- 2hydr ot her —+meahs—

por onat e
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There foll ows an exanpl e preparation of
[5-(3-Fluoro-phenyl)-pyridin-2- ylnethyl]-phosphonic acid diethyl

ester (conp d8)lg Which illustrates, but in no way Ii
/005348 16
present i nven{llq EXAMPLE The fol I ow ng sol verﬂ@srh?ﬁ%% !

reagents nmay be referred to by their abbreviations in parenthesis:
et hyl acetates: EtOAc nethanol: MeOH isopropanol: |PA
tertiarybutyl -nmethyl ether: TBMEsodi um bistrinethylsilylamde :
NaHVDS triethyl amne: TEA trifluoro acetic acid: TFA

tertiary- kAt Hibenediate inBhE st BtheaR ) icofripoand 1HiHire compounds having
the structure of compound 16 and related phoshonate esters (herein,
sometimes referred to for convenience as the compounds having the structure
of compound 116). The inventors have surprisingly discovered a process for
the synthesis of the compounds having the structure of compound 116 which
uses less active reagents and simplifies unit operations in each synthetic step
over a process for the preparation of compounds having the structure of
compound 116 described in the "324 application. [n particular, improvements
in yield, specificity, and product purity are realized by isolation of 5-haio-
pyridin-2-yl-methyl phosphonate ester {139), and by selection of a
triorganophosphite phosphonating agent in the conversion of compound 137
to compound 138. Moreover, utilizing these process steps, the current
invention process results in a greater overall yield of compounds having the
structure of compound 116 based on the starting pyridyl alcohol, 75% overall
yield for the process of the present invention compared with an overall yield of
60% for the process described in the '324 application.

The overall reaction scheme of the present invention is schematicaily
depicted in Scheme VI.

SCHEME Vi
o L , P(0) (OR%;
L-derivatizing L. riorganc
=y Reagent =X phosphite =N
I [y — | |
e =
x? *2 x2
3
136 137D 138D 1. HX i-prop
o 2. Heptanes
PIONORT B(OR™), \ " e ore,
i /N @‘F | TNH
- = ()
PdlL., X2
F 139D
116
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lithium bis(trinethylsilynam de: Li HVDS nole: nol. HPLC - high
.pressure liquid chromat ography Exanpl e 1: Preparation of

f5- (3 Fl “%82%%[?%5;9 pyridi n-2-yl met hyl | - phosphoni c am&%sgﬁo%{ﬂ

este a reaction vessel was charged (100 g,

phosphonate conmpound 139 (where R9 is ethyl- for all occurrences), 5@6
Pd/ C 50% wet (5.0 g), 3-fluorophenylboronic acid (61 g; 0.44 nol) and
sodi um carbonate (100 g; 25

wherein R® is selected from alky!, ary! heteroaryl and arylalky! groups having 1
to 10 carbon atoms, and R"' is selected independently for each occurrence
from alkyl, aryl heteroary) and arylalkyl groups having 1 to 10 carbon atoms
and hydrogen, X2 is Cl, Br, or |; X? is selected from Cl and Br; and PdL, is a
supported palladium metal catalyst or a soluble heterogeneous pailadium
catalyst. The L-derivatizing reagent can be a halogenating agent (thus L is a
halogen), for example, a chlorinating agent, for example, OSCl,, PCla, PCls,
POCI;, O:SClz, (OCCI); (thus L is Cl), and a brominating agent, for example
OSBrz, PBra, PBrs, POBrs, O2SBrp, (OCBr), (thus, L is Br). As will be
appreciated, the L-derivatizing reagent can also be a moiety which converts
the alcohol functional group to any leaving group which can be displaced by
the phosphonating agent (triorgano-phosphite) used to covert compound
137D to compound 138D, for example a sulfonylester (provided by, for
example, benzensulfonyl chloride L-derivatizing reagent), a sulfonate ester,
and the L-derivatizing reagents described in the copending '324 application,
(incorporated herein by reference).

Although ali steps of Reaction Scheme VI can be carried out
individually, and the intermediate prepared in each phase isolated, itis
advantageous in the present reaction scheme to utilize intermediate
compound 137 “in situ” in the reaction medium obtained after workup for use
in the next step, the conversion from the halide to the phosphonate
{compound 138).

Each step of reaction Scheme VI will be discussed next.

The first step of the process of the invention is conversion of a pyridyl
hydroxyalky! to the correspondind phosphono-alkyl. This is illustrated in
Scheme VI as the first step, conversion of compound 136 to compounds of
the structure 138. In the first step of Scheme V|, the alcohol functional group
of [{5-(halo)-2-hydroxymethyl}-pyridine, where “halo” is selected from bromine,
chlorine and iodine, is reacted in solution with an L-derivatizing reagent, as
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0.94 nol). 600 m of iso-butyl acetate was charged and the m xture
agitated. 400 ml of water was charged, and the agitated m xture was

heat ed to W@»fQnéGud Or at least 3 h at which time an HBeERS®AW15161
i ndi cated conpl ete reaction. Upon conpletion, the reaction m xture

was cooled to 25 2C and filtered to remove the Pd/C catal yst. The
catal yst cake was washed with 200 ml isobutyl acetate (conbined with
the filtrate/ batch) and 100 m water (waste). 25% sodi um hydroxi de
solution was used to adjust batch to pH 11-13. During the process the

reacti on Hhedibned¥bsvERoR bRhRpib, %ctﬁoﬁ%ﬁ@réﬁéﬂ efopéxérhel@ @8ceCrion, 30

C. The organic | ayer was separated and washed with water with

agi tation. le.z*@f; oBeBfrzn ((A-60k bus di 15Gih e BB ITRNNG QQ?“&JP&?F""‘F‘HL? pH
of the batgdst.oparpPeralrEaaf ofzsePg p@bbl)aqwekms Bﬁhaﬁaamﬂrbnahﬁg vas

the tenperature was naintained at a val ue of froma 39 éo 2C to
T

about 30 @gent thus L jg Féf"'f%)érﬁs?ﬁj E%%"H"%%?épg SREFEP @MRid" t he

organic | Y\?ﬁpwﬁm@%rme?&blﬁ@%m@fz -BASAEtyRE/AdME, desdhEIoON
wth 101 nutes with agitation %fa ers were s%{%@p&ed and an

HPLC assay$ Bfef?'l?@’yo@bgﬁq %”CF hyRithougl) any APGVRTTIERN reduced to

a desir ablgrh8i¥Ahg abBREGrE %@ﬂébl&ﬁér ﬂﬁ@ﬁdcé& e ahamton, it ayseferdbe
resultant slurr gitat hour , al’qﬂgtheqv\;illt red to renove

[ he et 18 PR g iand erioHdeg. IF will & appyReed privaligig adents

i so-butyl rfepatificdIgGRbhtebAndrbir May hldd balLséd it b)pratsks dfehbat ch
was concentrated under reducedbg%ﬁsure to about 2

9-C to 50 Presentipyenlign) Anyiyita '&ﬁd?‘@"bf“ap’r'%ﬂr?'i‘ggjyf’a %'@f%nb'y
Hept anes (amﬁeerms)ysw eosPEEBgthdriptit Behveatofonodenats polariyy éor 2. 5- 3

hr, h 2

it e g B Te Of S achP R Mg, £ s breRsdin g5 1,

and ?g: Eat@gryadutnﬂfeermenﬁrgoapemo eraterd kangé difronT Alsowtry/XT ablaboet zol; d
| er wasne anes | v unaer

vacuum o G SR Bert a0 b BERsadtE) 45 et Bl GVa 0075,

gd(7?°/()_ Mbo@14568 Q’reté’rdlsllzlﬁr(eﬁmﬁh&torﬁ:ehiratl(m pf the=aiTold3 sHbstréte)is 3. 47

b 42, . 53 bR G 180! O Wl ybreit gng Ml gydd GEfin e g

7.36 (dt, idastin a865-fdld2%ceslz baddd) on Thalblcohpl idstraf®. 83 (ddd, J 8.1,
2.2, 0.32 Hz, 1H), 8.76 (d, J = 2.38, 1H). Exanple 1A - Preparation
of f(5-Brono-Pyridin-2-yl Methyl)-Phosphonic Acid D ethyl Esterl

Hydr ochl ori de -
It is preferable to run the reaction until the alcohol has been completely

consumed. The reaction can be monitored for complete conversion of the
alcohol, for example, by HPLC or gas chromatographic techniques. At the
end of the reaction, optionally the reaction mixture is quenched with an
aqueous base. 1t is particularly preferred to quench the reaction whenitis
being carried out on a large scale. When a quench step is included in the
reaction, preferably, the reaction is quenched using a potassium carbonate
solution. Foliowing completion of the reaction, the organic layer of the

reaction mixture is separated, washed and concentrated.

Thus obtained, the concentrate is charged into a suitable apparatus
and combined with triorgano-phosphite compound having the structure of
Formula A, wherein R? is selected independently for each occurrence from
alky!, ary! heteroaryl and arylalkyl groups having 1 to 10 carbon atoms.
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WO 2008/005348 PCT/US2007/015161
Formula A
OR?
R’O-———P\
OR®

Preferably, R® is the same for all occurrences and is alkyl, more
preferably linear alkyl, more preferably ethyl.

The reaction mixture is heated and maintained at a temperature to

drive the reaction, preferably 1o a temperature of from about 130 ¢C to about

| 150 °C . After a sufficient period of maintaining the reaction mixture at a
suitable temperatrue', preferably until complete conversion of the methyl-
L derivatized substrate (the compound 137D for example, when a chlorinating
L-derivatizing reagent is employed, a methyichloride substrate) the reaction
mixture is cooled and treated with hydrochloric acid to convert the
phosphonate {compound 138D) into the corresponding hydrochloride salt

. {compound 139D). Preferably, the temperature of the reaction mixture is
maintained at less than about 20 2C during this treatment. Although HCI
treatment can be carried out using any conventional means, for example, by
bubbling HCI gas through the reaction mixture, or treating the mixture with an
HCI solution, it is convenient to treat the reaction mixture by stirring it with an
HCI solution, preferably an HCV isopropanol solution.

After the salt is formed, it begins to precipitate from the reaction
mixture. Heptanes are added to complete the salt precipitation and improve
the yield of salt recovered from the reaction mixture. It is preferred 1o keep
the reaction mixture at a temperature of less than about 20 °C during this
addition. The phosphonate hydrohalide salt {compound 139D) is then
recovered from the reaction mixture by vacuum filtration, washed and vacuum

dried for use in the synthesis of compound 116.
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In the last step of Scheme VI, compound 116 is synthesized from the
phosphonate hydrochioride salt by reacting it with a 3-fluorophenylboronate of
the structure of the compound of Formula B:

Formula B

(OHI ’)Z

F

where R is selected independently for each occurrence from alkyl, aryt
heteroaryl and arylalkyl groups having 1 to 10 carbon atoms and hydrogen.

Although it will be appreciated that any 3-fluorophenyl boronate can be
reacted with the (5-halo-pyrid-2-yl)-methylphosphonate salt compound
(139D), it is preferred to use 3-flucroboronic acid {thus R'" for each
occurrence is H). It is preferred to carry this reaction out in a two phase
reaction medium, one aqueous and one organic, preferably isobutyl acetate.
Accordingly, the reaction is carried out by providing an aqueous boronic acid
solution/ slurried with a supported palladium catalyst, for example, palladium
supported on carbon black, for example, Degussa 5% Pd/C type E 105 CA/W.
Conversion of the phosphonate hydrochloride salt (compound 139D) can be
followed by HPLC assay. It is preferred to maintain reaction conditions until
the HPLC analysis indicates complete conversion of the starting phosphonate.
It is preferred to maintain the reaction mixture at a temperature of from about
70 °C to about 80 2C during the reaction. It is preferred to initiate the reaction
with the starting phosphonate (compound 139D) present at a concentration of
about 0.5 M to about 1.0 M, and use at least a 1.3-fold excess of the boronate
reagent. Workup of the reaction mixture includes removing excess boronic
acid by adjusting the mixture to a basic pH, preferably a pH of from about pH
11 to about pH 13, separating the organic layer by splitting, and removing
process impurities by washing the batch with a 2% agueous NaCl solution,
and concentrating the organic layer. During workup, it is preferred to maintain
the reaction mixture at a temperature of from about 20 2C to about 30 2C .
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Product, compound 1186, is obtained by anti-solvent precipitation, for example,
by treating the organic phase with a sufficient volume of heptanes until the
product precipitates from solution.

With reference to Scheme IV, it will be appreciated that the
intermediate compounds of Formula 116 can be prepared by reacting
intermediate compounds of Formula 139d with other organometallic reactants
in place of boronates, for example, but not limited to: fluoroaryl-alkylboranes;
fluoroaryl-haloboranes; fluoroaryl- zinc, -aluminium, -magnesium, and -tin

reagents, and other organometallic reagents represented by formula

F S
— - where "M" is an

organometallic reagent capable of displacing the X2 halogen of compound 138

with a 3-fluoroaryl moiety.

The starting alcohol, 5-bromo-2-hydroxymethyi-pyridine; compound
136, may be prepared from 5-bromo-2methyl-pyridine-N-oxide. This
synthesis is disclosed in detail in the copending '324 application, which is
incorporated herein in its entirety by reference. It will be appreciated that the
present invention process can be carried out using variously substituted
hydroxymethyl pyridines, as well as 5-bromo-2hydroxymethyl-pyridine
obtained by any other means.

There follows an example preparation of [5-(3-Fluoro-phenyl)-pyridin-2-
yimethyl]-phosphonic acid diethyl ester (compound 16) which illustrates, but in

no way limits, the present invention.
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5- br ono- 2- Conpound 139 hydr oxynet hyl pyri di newhere RO is C2H5- for al
occurrences Into a solution of

5- br ono- 25 ARt hyl - pyridine (BHWP, 50.0 g, 266 mmplyyysihoeb Sﬂﬁne
(100 ni) gﬂ%g%@%N (150 nL) was added thionyl chloride (ggﬁglﬁﬁﬂ )

g, 479 mmol). This reaction mxture was stirred at 45 2C for 4 hours.
Tol uene (250 nL) was added to the reaction m xture and the reaction
m xture was cooled to O C. The reaction was quenched with 20%

pot assi um carbonate solution (450 m ), keeping the tenperature bel ow
30 C. The gyggpygn m xture was stirred for 10 mn and the |layers were
partitioned.” Tne organic |ayer was washed once with water (100 ni)

and the organi qrHeadyRiwing SofRNELARd ANt IGRY beadimas wnsthgire to a
vol unme of about 200 nL. The concentrated crude sol uti on was

t r ansf er r S9PfyIatioRsdp PIaF%RtF%?ISappar atus. At room tenperature,

triethyl phbtged: 210AE., 1144 mmol) was added to the crude
concentrated sol ution and the reaction mxture was heated to 145 QC
until read?etBanqki leted. Distillate driven off of the reaction

m xture dygdgigp érb;q Ip:@atl ng period was collected (-200 nlL). After 12

hours of heatin eac u S, .CO ution
of 5. 6N HEEMIAREY b 9( %@éﬁ?é drisy C%E}ﬁ%&’ﬁﬂﬁ dFQ?Y?@@% ed
reaction m.eqhyr@nmeerrea period of 1 hour, keeping the internal
t enper at ure, bel ow H?F anes (350 nL) were then added to the
m xt ure O\Péﬁ”q°ﬁﬁﬁy%a‘5ﬂd e resultant slurry was stirred for another
hour . Thetgmhr}dbmw&bomﬁs t@dCected by vacuumfiltration, washed
wi th 10% I, PA/ hept nes dri ed under vacuum at roomtenperature to
provi de 81¢ G‘g’b\fdo%@b%mc (89% . Mp. 118-120 C. 1H NMR (400 MHz, CDCI 3)
1.29 (t, Jithium. B8timethgldily)@nie: LHMDS= 22.3 Hz, 2H) ,4.19 (m 4H),
7.88 (dd, J I:-S"f_’? Hz, 1H), 8.34 (dd, J = 8.55, 2.18 Hz, 1H), 8.71
(s, 1H). 4nole: mol.

HPLC - high pressure liquid chromatography

Example 1: Preparation of
[5-(3-Fluoro-phenyl)-pyridin-2-yimethyil-phosphonic acid diethyl ester

-..Bf
~0OEt
P OBt ' IB “OEt
OEt e s
N
[N e L
= PO/C
Br
Compound 139 F
where R% is C2H5-
for all occurrences 16

To a reaction vessel was charged (100 g, 0.28 mol) of phosphonate
compound 139 (where R® is ethyl- for all occurrences), 5% Pd/C 50% wet (5.0

g), 3-flucrophenylboronic acid (61 g; 0.44 mol) and sodium carbonate (100 g;
25



Preparation of Starting Material: 5-brono-2-hydroxviet hvl oyri di ne
.The starting al cohol (5-brono-2hydroxynethyl pyridine) used above in

Exanple 1 gy ed in tw steps. Step | 530348 Jo.a
solution o 20@{00n2g2 met hyl pyri di ne N-oxide (10.0 %C&US?#%/IO 5961
Et OAc (50.0 ml) at 0 2C was added dropwi se trifl uoroacetlc anhydr| de

(9.8 M, 6.92 mol.) while keeping the tenperature bel ow 50 2C. After

the conpl etion of the addition, the m xture was heated t
tenperature of from75 "2C to 80 PC and stirred for at |

0 a
east 1 h. An

HPLC assayy 94 rﬂdr)e sﬁbxﬁwﬁw Bdty'F atedid Res ERAJedUhI S BRIt aw_aen

5- br onp- 2- net h}/@jp di ne N-oxide was present | ess t han

initial vAGen
and MeOH (etOoPafehst@h Addach tuFHé%dTHPQ_W@ss\é@ﬁndléﬂbﬁd:

at 50 C. The soluti on was concentr at ed under vac

renoved byURATsERARIEHRN R reACancREtyeovas fPgled iy éoﬁc@ﬂﬁ

teewlcéﬁrw Wéhmasttakeé rmgurem%faeqaeg% Q@'Otz%

letetrebg@sii. 1 h
N%r%?ltq 0 a

vol une of ho¥b thd Pdm%awsierrhé&ta@alvﬁ%aﬂe% wabmeNith 2000nItsg- and

the solution cooled t 2C over The cr st a@ﬁl ne

filtered dnv\agskde (%mﬁlneawatn %\FJ%@%%C*&@\

WA sy 25

vacuum at geliutiehly @rdkfd@’écﬂ@tld{gwés%ﬁa% a@fuspbﬂléﬁctb pHW1-88: (ARG théH

NVR (DIVISOcl

Hz, 1 H), pgo%%ss(tae rgactsoj lel_pe »xa;ﬁnaln(talneé ata temperegture of] from220 °2C 2.3

to 30 °C. The organic layer was separated and washed with 500 mi water with

agitation. A 25% sodium hydroxide solution was used to adjust

the pH of the

batch to a pH value of from pH 11 to pH13. Throughout the was the

temperature was maintained at a value of from about 20 °C to about 30 °C.

After washing the layers were separated and the organic

layer was

washed with 300 mi of 2% sodium chloride solution with 10-15 minutes with

agitation. The layers were separated and an HPLC assay of the organic layer

indicated impurities were reduced to a desirable level. Darco (1

0g) was

added to the organic layer. The resultant slurry was agitated for 1 hour, and

then filtered to remove the de-coloring agent. The filter cake wa:

s washed with

200 ml iso-buty! acetate {combined with the filtrate/batch) and the batch was

concentrated under reduced pressure to about 200 ml at from 4

02C to 50°C,

then cooled to a temperature of from 15 °C to 25 °C. Heptanes (1000 ml}

were charged into the cold concentrate over 2.5-3 hr, maintaining the

temperature at from about 15 °C to 25 2C. The mixture was cooled to a

temperature of from -15 °C to -5 °C over 3 hr and agitated at the same

temperature for 1 hr. The crystalline solid was filtered, washed

with 200 ml

heptanes, and dried overnight under vacuum at a temperature of from about

25 eC to 35 2C to provide 70.37 g (75%). Mp 61 — 63 °C. 'HNM

R (CDCls) &

1.3 (t, J = 7.05 Hz, 6H), 3.47 (d, J = 22.02 Hz, 2H), 4.12 (q, J = 7.08 Hz, 4H),
7.10 (ddd, J = 8.42, 2,55, 0.88, Hz, 1H), 7.28 (ddd, J = 9.85, 2.36, 1.80 Hz,
1H), 7.36 (dt, J = 7.86, 1.27, Hz, 1H), 7.46 (m, 1H), 7.83 (ddd, J = 8.1, 2.2,

0.32 Hz, 1H), B.76 (d, J = 2.38, 1H).
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A slurry of compound 36 (10.0 g, 33.1mml) in TBME (100 m) was
.treated with 20% pot assi um carbonate (20 m) solution and stirred at
roomterrpg{,@g(ﬁg,gosggr 1 h. The layers were separated angctrhR20602041C
| ayer was washed wth water. The solution thus obtained was
concentrated to - 10 nL volune and 20 nL heptanes was added at 45-50
C. Solution was cooled to 20-25 C and additional 20 nL heptanes was
charged. Reaction was agitated at 20-25 C for 2 hours and filtered.
Product WAs dried overnight under vacuumat 15-25 Cto give 5.0g
(80% of pxamyd 1ALHMYRréfde3) 6 3.36 (bs, Hz, 1 -OH), 4.75 (d, J =
9.07 Hz, 2H), 7.21 (d, J = 8.31 Hz, 1H), 7.83 (d, J = 8.28 Hz, 1H),
8.64 (d, {K5-BrbnBSPhEdinidyIMethyl)-Phoshieoribdwirl DeslyliEster hivdfochimride
invention is intended to be illustrative and not |imting. Various
changes or m)dci)fications tn theqjenbodi rreng%quescri bed herein may
occur to thoge™dkilled in thetarlt. These %%{r/\ges can be made w t hout
|

departing f the scope |or lspirflit of the invention Wat is clainmed
is: 1. A priocgss foraakin a cdnpewnd [fha lahg the structure of
conmpound 11: wherein RIS ar] al kyl oup of from1l to about 4

carbon atonsB the process cenpril|sing: (ar reacting

(5- hal o- p%_rblmg‘:&nz-_ 2-y1) - met hanol of the F%erggclmﬁd}:% 7TA 5 Fornmula 1374

hydroxymethylpyridine where R? is C2H5-
for afi occurrences

Into a solution of 5-bromo-2-hydroxymethyl-pyridine (BHMP, 50.0 g,
266 mmol) in toluene (100 mL) and MeCN (150 mL) was added thiony!
chloride (85.0 mL, 57.1 g, 479 mmol). This reaction mixture was stirred at 45
°C for 4 hours. Toluene (250 mL) was added to the reaction mixture and the
reaction mixture was cooled to 0 °C. The reaction was quenched with 20%
potassium carbonate solution (450 ml), keeping the temperature below 30 2C.
The reaction mixture was stirred for 10 min and the layers were partitioned.
The organic layer was washed once with water (100 mL} and the organic
layer was concentrated under reduced pressure to a volume of about 200 mL.
The concentrated crude solution was transferred to a distillation apparatus. At
room temperature, triethyl phosphite (200 mL, 1144 mmol) was added to the
crude concentrated solution and the reaction mixture was heated to 145 °C
until reaction was completed. Distillate driven off of the reaction mixture
during the heating period was collected (~200 mL). After 12 hours of heating
the reaction mixture was cooled to 0 2C. A solution of 5-6N HCI in isopropano!
(150 mL) was slowly added to the cooled reaction mixture over a period of 1
hour, keeping the interal temperature below 5 °C. Heptanes (350 mL) were
then added to the mixture over 1 hours and the resultant slurry was stirred for
another hour. The solid product was collected by vacuum filtration, washed
with 10% IPA/heptanes and dried under vacuum at room temperature to
provide 81 g of product (89%). Mp. 118-120 °C. "H NMR (400 MHz, CDCI3) 5
1.29 (t, J = 7.05 Hz, 8H), 3.88 (d, J = 22.3 Hz, 2H) ,4.19 (m, 4H), 7.88 (dd, J =
8.57 Hz, 1H), 8.34 (dd, J = 8.55, 2.18 Hz, 1H), 8.71 (s, 1H).
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15 where X2 is selected independently fromd, Br, or I; with an X1
.hal ogenati ng agent, to produce a conpound of the fornula of conmpound

137, 20 (@uReMndsl37 25 30 PCT/US2007/015161

Preparation of Starting Material: 5-bromo-2-hydroxymethylpyridine

The starting alcohol (5-bromo-2hydroxymethylpyridine) used above in
Example 1 was prepared in two steps.

Step |
o COCCF, OH
\":‘,o TFAA ~ MaOH @ o
] N T™NH  COCCF, + MeOOCCF;
——

= P

Br Br . Br
530346-8

To a solution of 5-bromo-2-methylpyridine N-oxide {10.0 g, 5.32 mmol)
in EtOAc (50.0 mi) at 0 2C was added dropwise trifluoroacetic anhydride (9.8
ml, 6.92 mmol.) while keeping the temperature below 50 °C. After the
completion of the addition, the mixture was heated toa temperature of from
75 °C to 80 °C and stirred for at least 1 h. An HPLC assay of the mixture
indicated the reaction was complete when 5-bromo-2-methylpyridine N-oxide
was present a less than 5% of its initial value. '
Upon completion, the mixture was cooled below 50 °C and MeOH (10.0 mi)
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 mi. To the
concentrate was added toluene (20.0 mi) and the solution cooled to -10 2C
over 2 h. The crystalline solid' was filtered and washed with cold toluene and
dri'ed'ovemight under vacuum at 35 2C to provide 10.1 g (63%) of product.
Mp 89 - 92°C. 'H NMR (DMSO-dg) 5 4.56 (s, 2 H), 7.49 (d, 1 H), 8.1 (dd, J =
2.3,23Hz 1H),864(d,J=2.1Hz, 1H).
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where X1 is the sanme for each occurrence and is selected fromd or
Br and X2 is as defined above; (b) reacting conpound 137 with a
phosphi te \caupRKNdLf the structure of Fornula A: OR9 %USEOM}{}%@JI a
A 40 45 wherein |s selected fromal kyl, aryl, heteroaryl, and

aryl al kyl groups having 1 to 10 carbon atonms, to produce conpound
138: 50

Step Hl
N - CF,COzH >
| 2Ll ' N
> _— _
Br Br
36 S-bromo-2-hydroxymethylpyridine

A slurry of compound 36 (10.0 g, 33.1mmol} in TBME (100 mi) was treated
with 20% potassium carbonate (20 ml) solution and stirred at room
temperature for 1 h. The layers were separated and the organic layer was
washed with water. The solution thus obtained was concentrated to ~ 10 mL
volume and 20 mL heptanes was added at 45-50 C. Solution was cooled to
20-25 C and additional 20 mL heptanes was charged. Reaction was agitated
at 20-25 C for 2 hours and filtered. Product was dried overnight under
vacuum at 15-25 C to give 5.0g (80%) of product. 'H NMR (CDCly) & 3.36
(bs, Hz, 1 -OH), 4.75 (d, J = 8.07 Hz, 2H), 7.21 (d, J = 8.31 Hz, 1H), 7.83 (d, J
= 8.28 Hz, 1H), 8.64 (d, J = 1.89 Hz, 1H).

The above description of the invention is intended to be iliustrative and
not limiting. Various changes or modifications in the embodiments described
herein may occur to those skilled in the art. These changes can be made
without departing from the scope or spirit of the invention
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COVPOUND 138 55 60 wherein RO is as defined above; (c) treating
conmpound 138 with HX3, where X3 is selected fromCl and Br, to

preci pitate the correspondi ng hydrohalide salt of Fornula 138A
Formula 138A (d) reacting the hydrohalide salt fromstep "c" with a
3-fl urophenyl boronate conpound of the structure of Fornmula B Fornul a
B B(01211) 2

What is claimed is:

1. A process for making a compound having the structure of compound 11:

WNHCOR!

wherein R1 is an alkyl group of from 1 to about 4 carbon atoms, the process comprising:

(2) reacting (5-halo-pyridin-2-yl)-methanol of the Formula 137A

Formula 1374
OH
2 10
XN
XZ
13

where X? is selected independently from CI, Br, or I; with an X' halogenating agent, to

produce a compound of the formula of compound 137,

30



wherein R' is selected independently for each occurrence from al kyl,
aryl heteroaryl and aryl al kyl groups having Ito 10 carbon atons and
hydr ogen, optionally in the presence of a palladiumcatalyst to
produce conpound 116. 2. A process for naking a conpound having the
structure of conpound 11: wherein Rl is an alkyl group of fromlto
about 4 carbon atons, the process conprising: (a) reacting
(5-Brono-2-net hoxy-pyridine) with a chlorinating agent selected from
0OSCl12, PCl13, PCl5, to produce a conpound of the fornula of conpound
137; Compound 137 5 10

Compourd 137

where X! is the same for each occurrence and is selected from Cl or Br and X is as

defined above; (b) reacting compound 137 with a phosphite compound of the structure of

Formula A:

Formula A
OR®

R°O—FP

OR®
45

wherein R’ is selected from alkyl, aryl, heteroaryl, and arylalkyl groups having 1 to 10

carbon atoms, to produce compound 138:
50

COMPOURND 138

O -
R”O\ // 35

| 60
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(b) reacting conmpound 137 with a phosphite conpound of the structure
of Formula A Fonnula A z,OR9 RO0- P\ OR9 to produce conpound 138
COVWOUND 138 wherein R 9 is separately selected for each occurrence
fromal kyl, aryl, heteroaryl, and aryl al kyl groups having Ito 10
carbon atons; (c) treating conmpound 138 with HCL to obtain the
correspondi ng hydrochloride salt; (d) reacting the hydrochloride salt
fromstep "c" with 3-flurophenyl boronic acid, optionally in the
presence of a palladiumcatal yst to produce compound having the
structure of conpound 116,

wherein R” is as defined above; (c) treating compound 138 with HX?, where X is
selected from Cl and Br, to precipitate the corresponding hydrohalide salt of Formula

138A

o Formula 138 A
R”O\ Vi
/P
R%°O0
X3
" NH; and
=

Xl

(d) reacting the hydrohalide salt from step "c" with a 3-flurophenylboronate compound of

the structure of Formula B

Formula B
B(OR'),

wherein R!! is selected independently for each occurrence from alkyl, aryl heteroaryl and
arylalkyl groups having 1 to 10 carbon atoms and hydrogen, optionally in the presence of

a palladium catalyst to produce compound 116.
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Compound 116 116 (e) reacting the conpound 116 formed in step "d"
wi th a conpound of the structure of conpound 15, Conpound 15 to

yi el d conpound 11. 3. The process of claim2 wherein the phosphite
conpound used in step "b" is a tialkyl phosphate. 4. The process of
claim 2 wherein the phosphite used in step "b" is triethyl phosphite.

2. A process for making a compound having the structure of compound 11:

WNITCOR!

wherein R1 is an alkyl group of from 1 to about 4 carbon atoms, the process comprising:
(a) reacting (5-Bromo-2-methoxy-pyridine) with a chlorinating agent selected from

0SCl,, PCl;, PCls, to produce a compound of the formula of compound 137;

Compound 137

10

(b) reacting compound 137 with a phosphite compound of the structure of Formula A

. Formula A
OR
RPO—7p 20
ORr®
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5. The process of claim1 wherein said palladiumcatalyst is

pal | adi um netal supported on carbon black. 6. The process of claim1
wherein said palladiumcatal yst is a soluble palladiumcatalyst. 7.
The process of claim1l wherein the phosphite used in step "b" is
triethyl phosphite. 8. The process of claim2 wherein said palladi um
catalyst is selected from palladiumnetal supported on carbon bl ack
and a sol uble palladiumcatalyst. 9. The process of claim3 wherein
said palladiumcatalyst is selected from palladi um netal supported on
car bon bliagkdaxdcanmahdbt®& pal | adi um catal yst. 10. The process of
claim4 wherein said palladiumcatalyst is selected from pal |l adi um
nmetal supported on carbon bl ack and a sol ubl e pal |l adi um cat al yst.

COMPOUND 138
0
RO P/

/

R0

wherein R’ is separately selected for each occurrence from alkyl, aryl, heteroaryl, and
arylalkyl groups having 1 to 10 carbon atoms; (c) treating compound 138 with HCl to
obtain the corresponding hydrochloride salt; (d) reacting the hydrochloride salt from step
"¢" with 3-flurophenylboronic acid, optionally in the presence of a palladium catalyst to

produce compound having the structure of compound 116,
Compound 116

POWOR™:;  and

# N
T

131

(e) reacting the compound 116 formed in step "d" with a compound of the structure of

compound 15,
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Compound 15

WNHCOE

to yield compound 11.

3. The process of claim 2 wherein the phosphite compound used in step "b" is a trialkyl

phosphate.

4. The process of claim 2 wherein the phosphite used in step "b" is triethyl phosphite.

5. The process of claim 1 wherein said palladium catalyst is palladium metal supported

on carbon black.

6. The process of claim 1 wherein said palladium catalyst is a soluble palladium catalyst.

7. The process of claim 1 wherein the phosphite used in step "b" is triethyl phosphite.

8. The process of claim 2 wherein said palladium catalyst is selected from palladium

metal supported on carbon black and a soluble palladium catalyst.

9. The process of claim 3 wherein said palladium catalyst is selected from palladiom

metal supported on carbon black and a soluble palladium catalyst.

10. The process of claim 4 wherein said palladium catalyst is selected from palladium

metal supported on carbon black and a soluble palladium catalyst.
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