SYNTHESI S OF DI ETHYL{ 15" (3 - FLUOROPHENYL)

- PYRI DI NE- 2- YL] METHYL} PHOSPHONATE USED I N THE
wEYaseiESKS OF H MBACI NE ANALOGS Fi el d of the |PoEOB100TI015161

Thi s application discloses a novel process in the

preparation of

di al kyl {[5-(3-fl uorophenyl)-pyridi ne-2-yl]al kyl }

phosphonat e conpounds whi ch are useful in the

synt hesi s of hinbaci ne anal ogs, thensel ves useful as

thronbi n receptor antagoni sts. Background of the

Inventi on As descri be n g U S Patent
plication No. 11/ 33%“'@3%@& Ej d January 12, 2006
DIE'KI-h\ék{aﬂﬁ" (3"-Fh.UOI§22HEW L)cBYRIDINE-2+¥id METHYAS RHOSPHONATE

whi ch | gSERS AU ANEBSTNTHESISOE MIMBACINE ARALOBS
reference, hinbacine anal ogs are useful as thronbin
receptor antagoni sts. Thronmbin is known to have a
variety of activities in different cell types.
Thronmbin receptors are known to be present in such

di verse cell types as human pl atel ets, vascul ar snooth
nmuscl e cells, endothelial cells, and fibroblasts.
Thronbin receptor a ; g} S ei_'useful in the
treatnment of thronb , , atherosclerotic
and Thidapplicdtiohatistloses di rmyledprox;esasinme premaratibe of

a5 oot eyaing s ARy RhesabErRE S TRt wnicn
are useful in the synthesis of himbacine analogs, themselves useful as

thrombin receptor antagonists.

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
USefui as thrombin receptor antagonists. Thrombin is known to have alvariety
of activities in different cell types. Thrombin receptors are known to be
present in such diverse cell types as human platelets, vascular smooth
muscle cells, endothelial cells, and fibroblasts. Thrombin receptor antagonists
may be useful in the treatment of thrombotic, inflammatory, atherosclerotic
and fibroproliferative disorders, as well as other disorders in which thrombin
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 bioavailable

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



Patent No. 6,063,847, the disclosure of which is
i ncorporated by reference. Additional exanples of

WO boossoti3ms r ecept or ant agoni sts useful in the tPEeRUABNT/015161
of thronbotic, inflammtory, atherosclerotic, and
fibroproliferative disorders, and the synthesis of
t hese conpounds, are described in published U S.
Pat ent Application No. 2003/0216437 (herein, "the '437
publication"), the disclosure of which is incorporated
herein in its entirety by reference. One thronbin
recept or antagoni st identk;ied is an orally
bi oavai | abl e conpound deriyeg gohi (achoer havi ng

synthesis of this and si m
t hronbi n recept or ant agony
Pat. No. 6,063,847, and

5 #hgel ne anal og
4 &1 ard disclosed in U S.

ant agoni sts are disclosed in U
2004/ 0192753, and the synthesi
of a particul ar hinbaci ne analog|is disclosed in U S.
publ i cati on no. 2004/017641 8, e, di scl osures of

whi ch are incorporated by refe ¢ herein. As
described in the '324 applicati or neftioned herein
above, conmpound 11 may be synthqjized from Conpound
15: 15 by treatnment with conpound 16 in accordance
with Schenme |. Schene

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:

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



Compound 15 is in turn prepared fromconpound 1: 1
wherein R5 and R are each independently sel ected from

wo b@sgoswp consi sting of H, al kyl, al kenyl, alRgmys2007/015161

al koxy, cycloal kyl, aryl, alkylaryl, arylalkyl, and
het eroaryl groups, in four steps in accordance with
the synthesis schene shown in the copending '324
appl i cation, which synthetic schenmes are incorporated
herein by reference. The copendi ng ' 324 application

Schestg | bes the preparation of conmpound 16 in accordance

o

with Scheme Il, below SCHEMg Il Wth reference to
Schenme 11, L is a |maxoeng ng yJeheoiHeo e r om

hal ogens, esters, 2 ,ul f onat e sphates, R9 is
sel ected from al k %yl and aryl al kyl

O ghoups hawngﬁ O carbon at , and R11 is
al kregaryl heter gpd aryl al kyl

aV|ng 1 to 10 carbon at nH and hydrogen. As
dé sci bed in the " 324 applTcatio in the schene for
ppep%rat|on of conpound 16, co d 36 is converted
to e®nmpound 37 by first treatne it h sodi um
carbonate to liberate the pyridyl al cohol free base,
and the al cohol is subsequently reacted to convert the
hyd ' h can be
e S L R e R TR
correspondi ng phosphonate ester. Accordingly, as
described in the '3,

o]

NO2

H A
Of\NRSRS
1

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, 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 II, below.



application, preferably conpound 37 is prepared by
heating a solution of the al cohol internediate
w0 s@BavBds f rom conpound 36 with a reagent thatPCDOSEOT/615161

t he hydroxyl functional group to a | eaving group which

can be displaced by a di organo- phosphite conpound.

Preferably, L is a halogen, preferably O, and is

preferably prepared by treating the alcohol with a

hal ogenati on reagent, for exanple, PBr3 , PCI3 , PCI5

, asCHBEMEU chloride, preferably thionyl chloride,

foll onwed by quenchppgcthe reaction with sodi um

chgb®nate, ang exfract ng the pro t into tol uene.

| 8uﬂﬂiy&ﬁec nterged ijn taRendiol yene, extr ddi2qas ag
verted—te ¢o nd 38 by—reagiTmgoacsal ution of
ynpound 37 wijth la di orjgahephosphit e |n tg%ng&@agpce

of a strong b se,?'f or xanpl e, aB WEN sin.

f or exanpl e, I|thﬁ§n1alkyl and a neta an1de for

exanple lithiumbis(trinethylsilyl) am de.
i on off conpoupd 3f)idks (9'&3!0216 | -Eggﬁ)e”’oy
g outntzf/l -38| W th boron t he re|agtion
by [a” %H“Fa Oma cat aIy he cdtalyst used
C A 1o geneous aI yst, f[or_exanpld a
P"fﬁf"?’a i uin phosphi ne, exanpl e, pagl | adi
(Fi st rli phenyll phosphi ne and pal | adi um t £ ho-
tol yphosphi ne, and amni n#8 catal ysts, for exggple,

bi spal | adi untri sbi pyridine, or a het erogeneous
catal yst, for exanple, palladium supported on carbon

Wil?rll ?&Erence to Scheme I, L is a leaving group selected from halogens,

esters, sulfonates and phosphates, R® is selected from alkyl, aryl heteroaryl
and arylalky! groups having 1 to 10 carbon atoms, and R'' is selected from
alkyl, aryl heteroaryl and arylalky! groups having 1 to 10 carbon atoms and
hydrogen. As described in the '324 application, in the scheme for preparation
of compound 16, compound 36 is converted to 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
corresponding 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 hydroxyl 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, PBr3, PCl; , 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 metal alkyl, for
4



The schene presented in the '345 application for the
synthesis of conpound 16, a critical internediate in
wo b@spoBpar ati on of a variety of thronbin receptDUS2007/015161
ant agoni sts, requires isolation or extraction of
internediates in two of the four steps, and utilizes
in one step a powerful base and a water sensitive
di or gano- phosphi t e conpound. Moreover, the step shown
in Scheme Il of reacting unisolated conpound 38 with
exhatpaaithiuno afkyt and ampetal inlidepfoneecnigie pitkiumdsis (trimethylsityl)
variable results, rendering the process of Schene I
a"ﬂfaﬁesi rable for use in the preparation of comrerci al
quantities of material. Cbjectives In view of the
foregoing, what i s needed,is a synthetic schene usefu|

f or SRIVESGORRHSOMRAUNG 38t sPMmRounds! &yisirne by sRaging
colfBRUM B8 Wkl rBhaft) 1R€ PRAGtIch catalyizb8 Hyad pbYIlagiaAeEatafyst.

a synthetic scheme which utilizes 'safer materials and
Thereatalyst usedican b @ hepwaaneops cadalyss ferrex@naplega palladium

C u ; ] i S L . .
orRSBAE:  Safie ok RIS FoAUTRL d aacium s
orihgdtiofyphasphine, iasd| aminercatalystsu forf examplen bisipalladium-

vislp RS, 5% hefklopBRaouC badi, (RN Hle ALK Im Xubpbrea
onxarbodddadly t he present invention. Summary of the
I nvention In one enbodi nent, the present invention is

a novel, sinple process of naking

di alThd §¢Hen(id pressmteglirethe 134pyapplicatiod fyl theetymythgsis of
coPr1r]p%SLJ[r)1r(]10{16‘?,ta§e 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 Il of
reacting unisolated compound 38 with boronate to form compound 16 proved
to provide variable results, rendering the process of Scheme Il 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.



conmpounds (conpounds having the structure of conpound
116) which are useful in the synthesis of hinbacine
war@Bogs48 hat have utility as thronmbin recept oPCT/US2007/015161
ant agoni st compounds: Conpound 116 wherein R9 is
sel ected fromal kyl, aryl, heteroaryl, and aryl al kyl
groups having 1 to 10 carbon atons, the process
conprising: (a) reacting (5-halo-pyhdin-2-yl)-nethanol
of the Formula 137A Fornmula 137A with an X1
hal ogenati ng agentSurhtaycsiute laveatioswund of the
formul a of conmpound 137, Conpound 137 where X1 is the
same for each occurrence and is selected fromd or Br

and |K3nkermiBbdificat, thedspesaeinventidr a AoveBsimplel protd3s of

reacting congound 137 with a ghosi)hlte conpound of the -
maling gialifdiler 3 dorepeny eyiding 2yl raemw}om{@ nd

ﬂn}% HEVRELH th RofAInhPSEh AR IBEwWh
cot egti ng coﬁﬁgﬁﬁﬁw%gg@m te EQHJI—D(()?%U thLge X3 (?2 g’eervec{:ﬁ%re
usefupin the symihesis of fimbacine analogs that have utility as thrombin

receptor antagonist compounds:

Compound 116
P(O)(OR®),

Z 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)-methanol of the Formula 137A

Formula 137A
OH

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

compound 137,



preci pitate the correspondi ng hydrohalide salt of
Formula 138 AFornula 138 A (d) reacting the

whyasobsshs de salt fromstep "c" with a PCT/US2007/015161
3-fl urophenyl boronate conmpound of the structure of
Formula B Fornmula B wherein R11 is sel ected
i ndependently for each occurrence from al kyl, aryl
het eroaryl and aryl al kyl groups having 1 to 10 carbon
atons and hydrogen, optionally in the presence of a
pal | adi uriGerapeluydti37o produce conpound 116.
Preferably, the hangena%;ng agent used in step "
selected froma chlori ing agent (therefore X1 |s
C) or a bromnating agent (therefore X1 is Br)
sel ected from OSCl 2, PCI 5, POCI3, 2SCl 2,
(CCCl)2, CsBr2, PBr >§) POBr3, O SBr2, (OCBr)?2,
nore preferably thg“hal o Hatlng agent is thionyl
chl oride (therefor igl d). Preferably, the
phosphi te conpound n step "b" is a trialkyl
phosphite, nore preferjably, triethyl phosphite.
Preferably the boronatjg conpound used in step "d" is
3- quoro phenyl - boroni c acid. Wen a catalyst s used

in the reaction of step "d" referab
W']%‘eﬁ‘al'ﬁ g Eﬁ%fﬁﬁSPFB&CSH"EHFgéHdB? (o Ct?ﬁ’ éng//g’ and X2
is §é|be{éds.hdé?eﬁa@ﬂhy flomi€P Brdor I;1 N sone errbodl ment s of

t he Eresen i nvention, the nethod of the present

i s

(b) rR@sting seMRAUNh B3 nitha RPeeRhiter cweem@eﬁw%strvﬁew of
Forfluse aur e of
Formula A
OR?®
R'-’o——-P/
\OR”

to produce compound 138
COMPOUND 138

o
R90\ P//

RO

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



conmpound 116 is part of a larger reaction schene for
the preparation of athronbin receptor antagoni st
whaoosgs3sthe structure of compound 11, as shownP@EUS2007/615161
Schenme 111. SCHEME |11 wherein the hal ogenati ng agent
is selected froma chlorinating agent (X1 is d)
selected from OSCl 2, PCI 3, PC5, POCI3, O2SC 2,
(OCCl)2, and a bromnating (X1 is Br) selected from
OSBr2, PBr3, PBr5, POBr3, 2SBr2, (OCBr) 2; X1 is the
sangotmulLeps® Aoccurrence and is sel ected, based on the
hal ogenati ng agent chosen, fromd or Br; X2 is d,
Br, or I; X3 is selecteddyofiCl and Br; Rl is a
| i near, branched or cyclic |, preferably having
from1l to about 4 carbon ons} nore preferably C2H5-
© RO is selected from al kyl, {x*) het eroaryl , “and
aryl al kyl groups having 1 tg©10 bon atons; and R1 1
is selected independently f h occurrence from
al kyl, aryl heteroaryl and a kyl groups having 1
to 10 carbon atons and hydrogep. In sone enbodi nents,
t he hal ogenating agent is pref¥rablyancthi onyl chloride,
X1 and X3 are preferably G and X2 is preferably Br.
In some enbodi nents R9 is preferably C2H5-. In sone
(d)gmbotingta bydiobajlite sphiftam stap ®ivdthua Sdflureppeaylbpeinate

Lal j referably, triethyl
co@ﬁ%&bﬁi*éﬁegp@?@gt@?yoﬁéﬁbgr onate conpound used is
3-fl uor o- phenyl - B8Fcni ¢ aci d. These and ot her aspects
and advantages off the invention will be apparent from

the follow ng [ ption.

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 “c” is selected from a
chlorinating agent (therefore X' is Cl) or a brominating agent (therefore X' is
Br) selected from OSCl,, PCls, PCls, POCl;, O,SCl,, (OCCl),, OSBr2, PBrs,
PBrs, POBr3, O,SBr,, (OCBr),, 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 116 is part of a larger reaction scheme for the preparation of a

8



Det ai | ed Description of the Invention The follow ng
definitions and terns are used herein or are otherw se
whewsoidas a skilled artisan. Except where st atRdI/US2007/015161

ot herwi se, the definitions apply throughout the

speci fication and cl ai ns. Chem cal nanmes, commobn nanes

and chem cal structures may be used interchangeably to

descri be the same structure. These definitions apply

regardl ess of whether a termis used by itself or in
thi@Piesin ﬁétt: Br whidgyopiididiavirgf e stalidtarsobidrapBluse 11, as shown

|nd|c nce, the definition of "alkyl" applies to
e%\’f’l@ c ﬁg‘ t1 as the "alkyl" portions of
"hydroxyal kyl ," "hal oal kyl," "al koxy," etc. Unless

ot herw se knovvn stated or shown to be to the
SCEBEMEHY, the point of attachment for a multiple term
substituent (two or nore terms that are conbined to
identify a single noiety) to a subject structure is
through t he @st named berm of the muPPIYe tsesrm,

substi tuent). Foy  exanpl cycl oal k )& ‘kyl an
% i@faré@fﬁé’d Nt]{:t t ur M1 ough

substitue t tRehes

the | attersy~al kyl " po n of pishe tituent (e
structure-akkyl -cycl oalgkyl ). The idegtit{¥8f e
vari abl e appearing nore than once in a fo? a may be
i ndependently selected fromthe definitj for that

vari abl e, unl ess otherw se i ngl cat ed nl ess st ated,

shown or ot herwise known to KeRS) corgrary, all atons
:f" NHCO,R'
A~ T~ NHCOR! g
0 -\
H i H ” Z N 1
o H )
15

wherein the halogenating agent is selected from a chlorinating agent (X' is Cl)
selected from OSCl,, PCl;, PCls, POCI3, O2SCl,, (OCCI),, and a brominating
(X' is Br) selected from OSBr,, PBrs, PBrs, POBra, O2SBry, (OCBr); X' is the
same for each occurrence and is selected, based on the halogenating agent
chosen, from Cl or Br; X2 is Cl, Br, or I; X3 is selected from Cl and Br; R' is a
linear, branched or cyclic alkyl, preferably having from 1 to about 4 carbon
atoms, more preferably CoHs-; R? is selected from alkyl, aryl, heteroaryl, and
arylalkyl 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. In some embodiments,
the halogenating agent is preferably thionyl chloride, X' and X® are preferably
Cl and X2 is preferably Br. In some embodiments R9 is preferably CoHs-. In
some embodiments the phosphite compound used is preferably a trialkyl
phosphite, more preferably, triethyl phosphite. Preferably the boronate

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

9



illustrated in chem cal fornulas for coval ent

conpounds possess normal val enci es. Thus, hydrogen
wat@a®psddoubl e bonds, triple bonds and ring stPUDUS200%015161

need not be expressly depicted in a general chem ca

formul a. Doubl e bonds, where appropriate, my be

represented by the presence of parentheses around an

atomin a chem cal formula. Forexanple, a carbonyl

functionality, -CO, may also be represented in a

chem cal fornmula by -C(O) - -C(=0)-. One skilled in

the_art wil le to det rmneth esence or
wbsdtese andetier @3p&rs 2 pvAIBHaS P 1P vention will be
apgamtemmmmmng@jegeumn For |nst ance, it is
readily recogni zed that a carboxyl functionality may
be equivalently represented by -COOH -C(O OH, -
C(=OOH or -C2H. The term "heteroatom" as used
herei n, nmeans a nltrogen sulfur or oxygen atom
I\/UItlpIe het etlesanee ) OF @WQNpe t he sane
or different. As used herel n, the term"al kyl" neans
an aliphatic hydrocarbon group that can be straight or
br aﬁmallawmgdmitiemamdﬁmMac& ugdd berdjororare dhémvise

knb&F (55 6nad BRI ExcBatindlb WRBAARBISE, thel derfiftts
apgtwnhnpcmgmrm the spécifnoa’adm anhd (ﬁ:llal:msb dheainice namdd)eommon
neans, a

" f
nafik A chSicel Suiilure ey b8 wsk iflediRenddably | u8scribe the
saffe sMlctutea\WEhesé kiglingivns Rppiuyandliess i Whetlkeéhy term is used

by itself or in combination with other terms, unless otherwise indicated.

Hence, the definition of "alkyl" applies to "alkyl" as well as the "alkyl" portions
of "hydroxyalkyl," “haloalkyl," "alkoxy," etc.

Unless otherwise known, stated or shown to be to the contrary, the
point of attachment for a multiple term substituent (two or more terms that are
combined to identify a single moiety) to a subject structure is through the last
named term of the multiple term substituent. For example, a cycloalkylalkyl
substituent attaches to a targeted structure through the latter “alkyl” portion of
the substituent (e.g., structure-alkyl-cycloalkyl).

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

otherwise indicated.

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

structures need not be expressly depicted in a general chemical formula.

Double bonds, where appropriate, may be represented by the

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



or propyl, are attached to a linear alkyl chain. The
al kyl can be substituted by one or nore substituents

wo pabsjoessdent |y sel ected fromthe group consi stPOmUSf007/015161
hal o, aryl, cycloal kyl, cyano, hydroxy, al koxy,
al kyl thi o, am no, -NH(alkyl), - NH(cycl oal kyl),
-N(al kyl )2 (which al kyls can be the sane or
different), carboxy and -C(O O alkyl. Non-limting
exanpl es of suitable al kyl groups include nethyl,

exahiplé, a Batonyy functionalitgpyCO-, rmhytayéo bé ropiegbnted in a

TR IBHE B TC NG GG Dm i ke At yilkbe ableto

detérn@ihk RR& brésdntdr icai etz BfdautiS tard ﬂlitile BbnAspiRched
carbon chain) conprising one or _nore double bonds in

covglentiRandedamaleceie. cBR hetanss; itdareariyregravipddhata.
My R e e e Py ) BpTRSIR -pyoon
C(eg)Obhornt@eHi n the chain, and nore preferably 2 to
about 6 carbon atons in the chai n. The al kenyl group
can be substituted by one or nore substituents
i nddprentgent heteyohtarn ddisfused beéreinrmoepns amitregémesuifur or

oxR@!a lat%?%glt@[e" ﬂxe ?gﬁhﬁﬁlsih%/t gﬁ%ﬁ%gkcg#gp 8‘1}%%9 same or

xanp es 0 roups
differehtide et henyl, propenyl, n-butenyl, 3-nethyl but-enyl
and n-pentenyl.v%ere an al kyl or al kenyl chain joins
two other variables and is therefore bivalent, the
t er s asdy hertﬁn,alné tetrke¢alkytmaecans apadiphatit hdeocarbsere droup

gAY s TG Re B i cPr R L Ay i aypes o
thé @Raito NPrdiseed aIIQ'I ghsugs damprise 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). (which alkyls can be the same or different), carboxy
and —C(O)O-alkyl. Non-limiting examples of suitable alkyl groups include
methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, heptyi, nonyl,
decyl, fluoromethyl, trifftuoromethyl and cyclopropylmethyl.

“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 atoms 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
alkenyl 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-pentenyi.
11



carbon atons, preferably 1 to about 6 carbon atons.
Non-limting exanpl es of suitable al koxy groups

w0 p@BMaaE348TEt hoXy, et hoxy and isopropoxy. The aP&yUS2007/015161
group of the alkoxy is linked to an adjacent noiety
t hrough the ether oxygen. The term "cycl oal kyl" as
used herein, nmeans an unsubstituted or substituted,
saturated, stable, non-aromatic, chenically-feasible
carbocyclic ring having preferably fromthree to
fifteen carbon atons, nore preferably, fromthree to
ei ght carbon atons. The cycl oal kyl carbon rlng radi ca

i s Y¥hereanalkyhar ﬁléfynb'echqs@&ns e olhermyariables and is
thé?@ﬂ%@fﬂt\%ﬁgnt Yt ibrﬁfs%lkﬂeh%rﬁ’&l'k@ﬁidbﬁb re%b%@ﬁ%l? ag/eI used.

heterocycli ¢ or heteroaronmatic rings. The cycl oal
may be attached at any endocyclic car bon at om t hat

ot kol Smarle ) SUSHOUGIAE in WRRKANR A i3 J at
preyousiydegtribedi Ualeéul iatidxydgroups Icapragmyprise § 40 @bouy il 2
ca&?’&?{(@tﬁﬁ& %refe?é(&g thg ‘é’&é@'&g%&% gﬂoﬁ hﬁm |ﬁ§<§xamples

neans an a |p rocar
of soitabyle alkuxyadroupsadnclode noethboy)- eiaobp and nsqqirepbnyld Taadalkyl

ordfH & BN R RGRIb A B ER R BRER b3 B8 on.
aI kynyl groups have about 2 to about 10 carbon at orrs '
car 568 ErBreve Rabul Henud e nefein earnan bRt of
. substitatddy eaturatde/ |sta§1’5l§,uﬁ§n~‘ald§rhaﬂ§, érRsrhichlly-@édpiblectarbocyclic
ringrh%r\%ld praerfgrably from three to fifteen carbon atoms, more preferably,
from three to eight carbon atoms. The cycloalkyl carbon ring radical is
saturated and may be fused, for example, benzofused, with one to two
cycloalkyl, aromatic, heterocyclic or heteroaromatic 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 hydrocarbdn 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 alkyny! chain. Non-limiting examples of suitable alkyny!
.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.
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attached to a linear alkynyl chain. Non-limting

exanpl es of suitable al kynyl groups include ethynyl,
w@e@pposshs 2- but ynyl, 3-nethyl butynyl, n-pentyPgl/pSango15161

decynyl . The al kynyl group nay be substituted by one

or nore substituents which nmay be the sanme or

different, each substituent being i ndependently

selected fromthe group consisting of alkyl, aryl and

cycl oal kyl . The term"aryl,"” as used herein, neans a

s u bsrh'ettetna danopl,” lalsaww héreirg dneamsaarmUbstutum of unsubstituted,

e/ chemc fea&ﬁla boc ri.ng system

argrNe nehar o oRey . Fhe i Eas e REBocYRIS HRY sTIEET,

hawhlfrdif Riieato! Md‘@r‘bﬁmétrm& t Phd Ar@anhbmeiy ampganmuia havé
avai | abl e substitut ag_l e car bon at ons. of

fropp de y 4arhgn iaterds awih al ayailalip subsitutatie &prborY atoms of the

anyt H&Iéﬂ/@é\h .ﬁ%%sa%t pddsittle PoitBI? attaBRiER. Iﬁ%?ﬁdéentatlve
t ol ?/ cunmenyl’, naphthyl, tetrahydronaphth

exameg 'F‘C li‘éd@’i%nyl t@?;/ ,twévll ‘Flk'@enwf naesthy detrphgdronaphthyl

ino@?&w‘?ﬁd&@fj e?.r@;e% Q?B?g??qﬁltlhétch?%cg}éh&"rﬁ&leﬁé agae to

one ree ties
suhsmotect With figpimn peattarﬁueopreiequuly, ans 1o thegeympoiejies, such as

m MiaNalod Mnﬂmgﬂ%%yl ng hydroxy, alkoxy,
g'i %}9 no, 8 yla tﬁ ﬁﬁk

pheietye rapaing| Fncrmmﬁeyl&mrrmmha}lsylamlm, cmlhemkycl ic
aromatic ring systemof about 5 to about 14 ring
atons, preferably about 5 to about 10 ring atons, in
whi tHeteileagl” meanas af mbhecydlierar maltithelio amaticstivgrsystem of

avi 58 B RCT SRR b 2 PBLE 1B 8B, i
whiircyieé oe mdretafitne nydme lio tis ring sybtenl i aks atoms ethepthan
carsb%%S <|théj)zaerr(\jlplve\z/I r%ntr}ogeﬁ | g{y%leln ch sulfur. Mono- and polycyclic (e.g., -
bicyclic) heteroaryl 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, 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 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 (1) electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyli,
pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl, thiadiazolyl,
imidazolyl, pyrazolyl, triazolyl, isothiazolyl, benzothiazolyl, 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. Heterocyclié rings may be monocyclic or polycyclic. Monocyclic rings
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of substituents, preferably, one to five substituents,

nore preferably, one, two or three substituents {e.qg.,
worRwsA03s ough pent ahal o, al kyl, trifl uoronet hpdT/US2007/015161

phenyl, hydroxy, al koxy, phenoxy, am no,

nonoal kyl am no, dial kylam no, or the like). Typically,

a heteroaryl group represents a chemcally-feasible

cyclic group of five or six atoms, or a

chem cal | y-feasi ble bicyclic group of nine or ten

pr@femy cohtdie &#im threead el@htcd‘tohs inahdeimg stnettinay imgreat
east. one ox i

sul fu ltro en atominterru n
prefeaanoR 1 S oy | R Veydin g Suser e sista Bl e
ringBlprefeRabiy Udhtdif fRIr sl SikesatAtents) &ﬁ@sﬂ;ﬁéferably, ten to
epresentati ve heteroarylmgheteroarorratl rou S are

twalyBi aIPRP. PRYFYGICAING, $YSIRpEANSAting i thees fifgs contain
réfé'i’éﬁl%'fporh?rﬂ?t@é#lrté‘%{/embahedi%ws Pﬁd}écﬁrafé?ﬁmy fourteen or
hi az , thiadiazol I m dazol razolyl
fifteen @z@ml Eammmc;c rmbéwﬁo@ﬁieaabq)m helpsaaioxnz binjess
otk 4 ate(ﬁ)yt%cﬂ roa'térﬂé"?ﬁ ) $heh bed éeﬁéﬁ@éﬂt@yéelé&gd from
indoly e

gr oups term terocyc Icri
the gedug censisting oiaeltroged seifwiand oeegen atmnum$ubst ituted
or substituted, saturated, unsaturated or aromatic,
chem cal | yfeasible ring, conprised of carbon atons and
one Tove teoms “"hiz=t él“hﬂibdrfhalqgehh andi“hglidé& asrusegdigrein, mean a

o RIS BT SR BBl A4 SARELE s pyprices

aré pecferned tedlidest ure, nore preferably, five to seven
atons. Polycyclic ring systenms consisting of two rings
preferably contain fromsix to sixteen atons, nost
pr effeatedrin, “chftoriate’t, el usedalierein, iPahyerstbod ta inttude

systens consisting of t hr ee rlngs contain
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.
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preferably fromthirteen to seventeen atons, nore
preferably, fourteen or fifteen atons. Each

whedosassysl i c ring has at | east one het er oat onPCTUOBBIET015161
ot herwi se stated, the heteroatons may each be
i ndependently selected fromthe group consisting of
ni trogen, sulfur and oxygen atons. The terns "Hal,"
"“hal o," "hal ogen" and "halide," as used herein, nmean a
chloro, brono, fluoro or iodo atomradical. Chlorides,

br onrrdﬂeran'djyhbm ir@kaﬂumsre' RE efsedrrateimid duectersTdstm tcfrrman
"car bonat as used heg is understood to .i.nc

a PROCEPB ik ' 8 PREVEIOR ’Pgbﬁé'FSt isgrey; io.q SI‘?&PEPH”’“?’ of the

sa%ﬁ@'@bﬁip@ﬁddtuﬁ AERGEN R Blerinva RAMIBAIIG dmbﬂcbi) e d‘@déf&w of
t he same nunber and ki nd of a¥orrs and hence the sane

theseeend isomes e therolylian By prRFipitatiansfdbe segopddsomer.
arrangenent or configuration of the atons. The term
“epi merizing", as used herein, is understood to nmean

CO”Vﬁ{ fd\gv\fnrﬁggﬁbeié%iét rel dbfiHeat E‘E‘OH WRGREHA: Me isSmethyl;
t he ative position o an att ached that dif

Etbsmmé rBu liebutys n-Borie mormahbutybrirBu jg tart-pulyhtQAC isigcetate;

KQ2BH i Bobldtiurh eIARERHEONECIBIONE 4 FlnifitlorHimP i 1-
sSol ut Feciprtati on a al

meéthgl-2pymadidomonef DMAPTs dl- dnkrlleﬁhylammdpynckm@ uTHFos

tetrgr?y(ﬂoﬂﬂ'a BB?PJSUQ é a\éagfc%%[é 4e(ﬁuﬁée@ 7ser|1é/ elﬂMA is N,N-
dimethylacetamide; n- BusNBr is tetrabutylammonium bromide; n-BusNOH is
tetrabutylammonium hydroxide, n-Bus;NH>S0, is tetrabutylammonium

hydrogen sulfate, 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 H

ANHCOOEt
0
H = H
Me \
= N
. |
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Exanpl es of changing the solubility properties of a
sol vent include cooling the solution and the addition
wW@R008/0833f8 | ci ent anmount of an "anti-sol vent" tBCHUS2007/015161
sol ution such that precipitated conpound has reduced
solubility in the conbined sol vents. The term "dynam c
resolution", as used herein, is understood to nean a
process in which a conversion froma first isoner to a
second i soner of the sane conpound in a solution is
t hernodynami cally driven by the depletion of the
second isonmer fromthe solution by precipitation of
the second isonmer. The follow ng abbreviations are

Asquétﬂﬁéd b’éﬁ(ﬂi‘lrﬁ ScRERRRAV; arldVi ﬁé"@?h)é{é)phgét:bﬁ débbﬂftbesl in

Bu is butyl; />Bu is nornma/- uis terf-butyl,
detaalcthfesvyamsas ef cqmposud 14 qm %@tieglrﬁqrewum Miiela syRibgsis

NIVP 1-
s |'n§ohfq Q% yrro | d| noneg'ﬁ: DVAP : .

4- dlnethylan1nopyr|d|ne THF is tetrahydrofuran; DBU
is 1,8-diazabicycl o[ 5, 4,0]undec-7-ene; DVA is N

Ndi met hyl acetam de; n- Bu "NBr is tetrabutyl amoni um
brom de; n-Bu 4NOH i s tetrabutyl anmoni um hydr oxi de,
n-Bu NH2SO4 is tetrabutyl ammoni um hydrogen sul f at e,
and "equiv." or "eqg." neans 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 nean that n nay have any of the values 0, 1,
2, 3 or 4.
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As nmentioned above, copending U. S. Patent Application
Serial No. 11/331 ,324 (herein, "the '324

wa@ppkioests on") describes the synthesis of conppCmUs2007/015161
the structure of conpound 11 which have prom sing
activity as thronbin receptor inhibitors. Conpound
11As illustrated below in Schenmes |V and V the '324
application describes in detail the synthesis of
compound 11 and rel ated conmpounds, which synthesis is

SCHEMRaNAL edtfieEstér Ryutef erence. SCHEME |V -
Nitro-Ester Route OH OH CON (R)-Butynol
Li ndl ar/ HRSCHEME V - N tro- Oxazol e Route: (
Li ndl ar/H2A critical internediate in the synthesis of
conmpound 11 are conpounds having the structure of
conpound 16 and rel ated pho nate esters (herein,
sonetinmes referred to for convenf gncé as e compounds
ha®Hng t he struct §fe of conpewnd-add6). ThEe~bye IN®,
ha5:§§ur§TT§Tﬁglyidggggxgred—a—process f \\he
syntﬁbsis of the conp sRshagicag t he struct %Rqa
eomaghiid 116 whi ch uses less active reagent ¥ and’
sinmplifies unit operations™™n each synthetic7step over
a process for th% preparatLgﬂ<eﬁ¥39napunds havi ng the

structure of HO%N% NRsRe
6 ‘/////

o 1. Solv/150C Qy
Linglar/H. 2. DBU ~NO
indlarfHa o = NGz 3 Dynamiccrystal. O
O NR5R6 o NRsRs
> 1
(o) o
pawcHcooHy Y 5~ .nn, ECO:L Y 3§~ \NHCOEt 1. Dilute NaOH
- o) -~ 09 | 2Ha
H:A H:H
o//v\r\ms,n‘s oj\NRsRs
12 13 P(O)(OE),
AN
~’ 16
o) o)
NS~ NHCOE W~ NHCOSE
d d F
H:IR H:IA
o’ ~OH & H
14 15
0
T~ NHCO,E
o
HEIA
x
ZN 11
)
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conpound 116 described in the '324 application. In

particul ar, inprovenents in yield, specificity, and
w@e@doeid4purity are realized by isolation of PCT/US2007/015161

5- hal opyhdi n- 2-yl-nethyl phosphonate ester (139), and

by selection of a triorganophosphite phosphonating

agent in the conversion of conpound 137 to conpound

138. Moreover, utilizing these process steps, the

current invention process results in a greater overal

yi el d of compounds having the structure of conpound

116 based on the startlng pyridyl alcohol, 75% over al
SGHEMEN - NEo 0zl Rutehe present invention

conpared with an overall yield of 60%for the process

described in the '324 application. The overal

reaction schene of the prese invention is

schematically depicted in

1X erein RO is

agyraTkyT’gr
RL 13 s selected in

ﬁﬂ@ﬂhﬂhky| aryl heteN

aving 1 to 10 carB®n_at

and aryl al kyl gr
\gnd hydr ogen, X2 | ,

Br, or I; X3 is 3&P8Y&d™ro and Br; and ®HLn is a
supported pal I adi yn netal*ﬁb P of5a sol uble
het er ogeneous qu% qm@atal s xThe L-derivatizing
reagent can be a hal nat | t (thus L is a
hal ogen), for examf e, chlor i ng agent, for
exanpl e, OSCl © PCh, PCl5, 1.Solw/150C QH NO
Lindlar/H, CQLE=3T[::rN02§ DBU ?i:t::[:]“ 2
ynamic crystal. L
N H;H
) )
22 21

H H

o
PaCH, QK K NH, ECOLC! \NHCO,Et 1. Dilute NaOH
: ?ij::j::j .4 | 2. HCI
HIA H:H
X
O |X O r\|l
N@ P(O)(OEt),

26 27 N
T
o) o)
W NHCO.E! W& NHCOE! -
g _ I o
H:H HEH
&’ ~OH H
14 15
0
WK NHCOE!
O -
H:H
X
Z N 11
\I
F
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POCI 3, O2SCl2, (OCCl)2 (thus Lis d), and a
brom nati ng agent, for exanple OSBr2, PBr3, PBr5,
wWEaBBB0s3@RSBr2, (OCBr)2 (thus, L is Br). As w PCT/D82007/015161
appreci ated, the L-derivatizing reagent can al so be a
noi ety which converts the al cohol functional group to
any | eaving group which can be displaced by the
phosphonati ng agent (triorgano-phosphite) used to
covert conpound 137D to conpound 138D, for exanple a
A critidad integaédiatd pr thel sladhdsis of compoamgl ¥, are compounds having

bepnzensul fonyl chl.oride L-derivati.zing reage .a
e SfYREER o' B8thtingllp i oisid RSt TorHlg RRd5 dhetei®
sodﬁtﬁﬁrﬁé&@iehéghh forcepeiem 'iefrg?é a&ma@@h&oaﬂug l’ni:s]winlgI the structure
i ncor por at erein reference), t. hou st eps
of GpTROWDE T1B) S HaRaM AN a8 TP GNP PRrE ARERGEpS for
thé'BfnthBSisi dTitRE BRMFE Y BRARG the Stréatife BhasmpouRbiat1@which

it is advantageous in the present reaction schene to
usgpigss,active reAgeRiseRd SERPIIasHNIBIPeratons i eaph sypthetic step
ovél‘aQ‘i)trbt‘,%’séﬁ?)‘?I NS PP Aali8H oﬂ:bﬁ{pdﬁﬁ’nﬁg%vﬁrgj tHES Striitu b6t

next step, the conversion fromthe halide to the
commmoh& deserihgsbinthe 1324 application: dp RArtiewastimpiovements
i i | i y . f.i .
in FERE TPl and Bréd ki gRFR aftFialized By b8Blich f &-Rilo-
pypigin-2hyl-mstty mhyasipbpnaterestes (t39); epgdydselection of a

R ABRRRE ol b b 8 BB o
to compounds! 3&. 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% overali
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 schematically

depicted in Scheme VI.

SCHEME VI
o L _ P(O) (OR®),
L-derivatizing 1. triorgano
=N Reagent N phosphite <N
| — | N — ||
Z > F
X2 XZ X2
3 .
136 137D 138D 1. HX"/i-prop
9 2. Heptanes
PO B(OR™), \ e oM,
[N @ SN*H
Z F | 3\-
- - (x%)
PdL, X2
F 139D
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the structure 138. In the first step of Schenme VI, the
al cohol functional group of
WO ¢@sOish®) - 2- hydr oxymet hyl | - pyri di ne, where "Pel/v8200%015161
sel ected from brom ne, chlorine and iodine, is reacted
in solution with an L-derivatizing reagent,
asnenti oned above, for exanple, a chlorinating agent,
for exanple OSCl 2, PClI3, PC5, POCI3, 2SC2, (0CC)?z2
(thus L is ), a bromnating agent, for exanple
wl@&hﬂ%g BEkéiectBBrfﬁ)mm,%ryméﬁrBaryﬂ erBrarglalkyn gﬁoupis having 1

and a sul fonatin ent
to 20lcarb0R lomen A AL hisdl e jntiapardants B sash daburrence
froﬁhl@‘ Hﬁétéfdﬁr?leand)éﬁflﬁlkﬂ fbups having 1 to 10 carbon atoms
Br ono- aorreth I ne, ere "h
anarfmdéew yg as, CIBBr %(n'dxlg is Aﬁleﬁ&ﬁfbﬂoahQI a'ﬂd ﬁﬁeand PdLais a
su ﬁsef&a rg)%ﬂéﬂgg?ﬂwé*gfédﬁgm 8t a%oﬂﬂﬁ@h%t eﬁa%{.@ Bhfadigm

cess the I nv fon, it era e to use
cataiysinyf Ihechiderivatizingtreagent gan b@@r@@ipaewmmage@t (fays L is a

) . b . i
el 9 e ARy AR 1P B ol RS EIEBO,
POQIcOLECh, ((Z\@ﬁ)l)sgL(tmmJUs €Yl apdta biynieatingagbst, for example

| d, £ '
O$HE. BT Ry OB Sstarol b Bha Wi SHL 4 Bk
apﬂrefdnatbdr theolL-devivatriagasdgackdtamalsoi hee a(riveiely) which ¢anverts
tn epBolRrEnbRACHD BVl IBRung o8 Wiieh figh ST EBated by
theppa?e;m%rratnrfgravgbrat(nltg%ag%%gtsp?a@)omsecﬁtb &ﬁerﬂt&bmlpound

erera u re e Inltla
1o oegvn 1880, for Srealunipla Sulibiester (Rioy et b dok
ex@mpld/ Behzeheufolyl ThMridd Efderizhtixingtreagehl) 04 isnrbhate ester,

ent is used at least in a 1.5-fold excess _based on
angﬁge H-demivatizing,eqagents described in the copending '324 application,

(incorporated herein by reference).

Although all steps of Reaction Scheme VI can be carried out
individually, and the intermediate prepared in each phase isolated, it is
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
hydroxyalkyl 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 VI, 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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It is preferable to run the reaction until the al coho

has been conpl etely consuned. The reaction can be
woreousiaidesl f or conpl ete conversi on of the al coP@l/pS1007/015161

exanpl e, by HPLC or gas chromat ographi c techni ques. At

the end of the reaction, optionally the reaction

m xture is quenched with an aqueous base. It is

particularly preferred to quench the reaction when it

is being carried out on a | arge scale. Wen a quench

méritRihedabidvel, ttﬂaﬁ(arﬂplbhé dHbsHrAtivg, agurtf Rir dxkyhplé IBSCI,, PCL,,
reaction is éched usi ngl§5ﬁ0t assi um car bonat
1

PClo | RIOCin OB6i & o) Ohgs ). & broRinating ADeAL. Toraxample

OSBYAPBE;, Ipfafrgrpefarg @zsmcgpeermmr e ib Brﬁ%@bﬁﬁonatmg
vvashe and concentrat ed bt ai ned

aQ@Bh dlays |-4$ e sulfoppbestes tpmrev'éeébemwe@papgmai@gow
SRS il G2 ST Dol ot
is Pmﬂ@@@hd@htﬂryaﬂdﬂ Aihioughany efithe abqymmenyone@Lyl
deﬁ?%%ﬂ@%bnfé@r&a%ﬂaﬁé% gé)rl t%%ée&a%‘wﬂ% d é\rlrée Rick) I‘lCI? [R8fsrable
to ase tihiopyloaidoriahel Itszvnlilbleydlppmora&ecpﬂmmw Iydlermemzlng agents

nofsifeicdNaRlifodd Retpinhal pieif ubST H piBcbRsEf e

pressat tinvemtiopt eXrey slitgblé solveint spsteat o1y lnd empdoyed queferably
ci,ent

2 SRYeI avHIA CoMPERE0PBPTRI & CaMETIR CLmByBrgRBIay. B
exh/iphe aahixtife dineluenhaldnd acdétohitdlenMeal ). c onvepaiforabté to
caf'rg%urtntertlg ¥<|aéction in a temperature range of from about 0 °C to about 70
°C, more preferably from about 20 °C to about 50 °C, more preferably at
about 45 °C. Preferably the initial concentration of the alcohol substrate is
from about 0.5 M to about 0.9 M. Preferably, the chlorinating agent is used at

least in a 1.5-fold excess based on the alcohol substrate.

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. It is particularly preferred to quench the reaction when it is
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. Following 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 RYis selected independently for each occurrence from
alkyl, ary! heteroaryl and arylalkyl groups having 1 to 10 carbon atoms.
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L derivatized substrate (the conpound 137D for
exanpl e, when a chlorinating L-derivatizing reagent is
weapBoysds a net hyl chl ori de substrate) the reaPCT/082007/015161
m xture is cooled and treated with hydrochloric acid
to convert the phosphonate (conpound 138D) into the
correspondi ng hydrochl oride salt (conmpound 139D)
Preferably, the tenperature of the reaction mxture is
mai ntai ned at | ess than about 20 C during this
treatnment. Al though HCl treatnment can be carried out
usi ng any conventional neans, for exanple, by bubbling
HCl gas through the reaction mxture, or treating the
m xture with an HCl solution, it is convenient to
treat the reaction mxture by stirring it with an HC
sol ution, preferably an HCI/ isopropanol sol ution.
Aft Fortriga @alt is fornmed, it begins to precipitate
fromthe reaction mxture. Heptanes are added to
conpl ete the salt /P@tlpitation and inprove the yield
of salt recovepgd ; omthe reaction mxture. It is
preferred to keep the reaction mxture at a
tenperature of |ess t%an about 20 9C during this
addig b Rltapil BoRD RRPLARRIE: B SELRALACES SRkls LEGMMAGR
139D) I's &n recovere romthe reactron mX ure by
prefecablypliheat alkyl, onorevgrefeablyrethylacuum dried for use in
the synthesis of conpound 116.1n the | ast step of
Schenme VI, conpound 116 is synthesized fromthe
phosphonat e hydrochloride salt by reacting it with a
3- f s eeiction Indistusa as beafed anrd mainteingdabd temperature to

driv81hé V@gctﬂjn, 'B?éi@l’étﬁy % a temperature of from about 130 °C to about
| 150 2C . 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 methylchloride 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 to 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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Formula B where RL 1 is selected independently for

each occurrence from al kyl, aryl heteroaryl and
w@eooBabisys groups having 1 to 10 carbon at ons BemUS2007/015161

hydrogen. Although it wll be appreciated that any

3-fl uorophenyl boronate can be reacted with the

(5- hal o-pyrid-2-yl)-nethyl phosphonate salt conpound

(139D), it is preferred to use 3-fluoroboronic acid

(thus R1L 1 for each occurrence is H). It is preferred

t o gathe ldshistep ebSthemeout compauhdo! 18N8y ntiesstzedffom the

medj um. qne, aqueqQus one Qorgani.c, f er abl
phoSehtgte Tisochianda el by Rarind Rt el gihpRehyheronate o
theé Strubitrd P HIEGBpain@ @ FowmuRPBONi ¢ aci d sol uti on/
slurried wth a supported pall adi um catal yst, for
exanpl e, palladi um supported on carbon bl ack, for
exanpl e, Degussa 5% Pd/ C type E 105 CA/W Conver si on
of the plrgpipa® € hydrochl oride salt (conpound 139D)
can be followed by HPLC assay. It is preferred to
mai ntai n reacti on condgiari"ons until the HPLC anal ysis
i ndi cates conpl ete corjversion of the starting
phosphonate. It is g erred to maintain the reaction
m xture at a tenper of from about 70 C to about
80 SC during the rg 'It is preferred to initiate
the reaction with tF i,nhg phosphonate (conpound
139D) present at a concentration of about 0.5 Mto
whther' 1s Qel%teﬂﬁiihdléegnéénﬂlyeﬂﬁtea@hJoo'i:ufn@r(éeqkﬁﬁ%$ky®fartyhe

bor onat e reagent rkup of the reaction m x
hetereppd &nd r%ﬁ%ﬁ%@’%@@'ﬂ@r‘oﬁ 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-fluoroboronic 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 2C 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% aqueous 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 °C .
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acid by adjusting the m xture to a basic pH,

preferably a pH of fromabout pH 11 to about pH 13,
waepaneisisig the organic |ayer by splitting, anpCT/US2007/015161

renovi ng process inpurities by washing the batch with

a 2% aqueous NaCl solution, and concentrating the

organic layer. During workup, it is preferred to

mai ntain the reaction mxture at a tenperature of from

about 20 C to about 30 3C . Product, conpound 116, is
Problﬁ@ti, aedmpbxanahmni& wbm_emecﬁb;z ehﬂidoﬁ]wém rprfea?uprtaﬁm,rfpk example,

tre t he qrgani¢c phase with a sufficient vo

by HeatE, BRLIRAE INAROVER BECiBR LA BEspiSRtagRs nil the
pré&ldibr@ﬁpnt%hrdrﬁfs@llﬂm\e to Scheme IV, it will be

appreci ated that the internedi ate conpounds of Formula

116 can be prepared by reacting internedi ate conpounds

of Forrmula 139d with other organonetallic reactants in

pl agitetefepsitriccSchébe I9XAWII Be dpprediated thaties t o:
f1uoroaryl -al kyl boranes; fl uoroaryl - hal obor anes:

inteymedigie 9Pmp?iuﬁ93 of fogmiuia hHe Caﬁﬁ{?n@%ﬂ%ﬁ?d Ry deacting
intEAAGERLS coﬁfb@uﬁﬁg@'f F%"rr‘ih@@W@@Wli%tﬁ@?G?@Hrﬁ)metalhc reactants
represented by fornmul I's an organonetal li
in pl@@g@ftb%emtssefqrfexemﬂeal@wtrrg)ttlﬁ@te@tqn é!ueg@rybalkylboranes
I t
quSfHH?ﬂH%oég rdc;gr?o hg@hy dr¥l0)%mrcr;e ?ﬂﬁfmﬁmh? %aé;-ﬁgguﬁﬁ aér‘id Oth
redagmts nand pﬁ\quqggam@@efalmeagents represented by formula
5- br ono- 2net hyl - pyri di ne- N-oxi de. This synthesis is
di scl osed in detail in the copending '324 application,
which is

— -

- M

F -
where “M” is an

organometallic reagent capable of displacing the X* halogen of compound 138

with a 3-fluoroaryl moiety.

The starting alcohol, 5-bromo-2-hydroxymethyl-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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incorporated hereinin its entirety by reference. It
W Il be appreciated that the present invention process
w@a0vsloessgar ri ed out using variously substitut ePCT/US2007/015161
hydr oxynet hyl pyridines, as well as
5- br ono- 2hydr oxynet hyl - pyri di ne obt ai ned by any ot her
nmeans. There follows an exanpl e preparation of
[ 5- (3- Fl uor o- phenyl ) - pyri di n-2- vyl met hyl ] - phosphoni c
acid diethyl ester (conmpound 16) which illustrates,
EXAMPLE no way |imts, the present invention. EXAMPLE
e tollow ng solvents and reagents nay be referred to
by tritei follelligesolaéniernd reageheinagbe refeirbillto dyahaires:
Et OAc.net hanol : MeCH i sopropanol : | PA
abpggviatigna ik RATCHNSSY: et her: TBMEsodi um
ety akbtdtes:wioAd yl ami de ©: NaHVDS triethyl amine: TEA
trifluoro_acetic acid: TFA tertiary-butoxycarbonyl:
methgael: Ma@Hhydr of uran: THF |ithi um

iso@r&ééﬁél!"ﬁiﬁhy' silyl)am de: LiHVDS nole: nol.
tertiarybutyl-methyl ether: TBMEsodium bistrimethylsilylamide : NaHMDS
triethyl amine: TEA

trifluoro acetic acid: TFA

tertiary-butoxycarbonyl: t-BOC

tetrahydrofuran: THF

lithium bis(trimethylsilyl)amide: LIHMDS

mole: mol.

HPLC - high pressure liquid chromatography

Example 1: Preparation of
[5-(3-Fluoro-phenyl)-pvridin-2-yimethyl]-phosphonic acid diethyl ester

HO. __OH
0 it ?
P OBt | Mot
OEt
F =N
~N
| N - Ho L
= Pd/C
Br
Compound 139 F
where R%is C2H5-
for all occurrences 16

To a reaction vessel was charged (100 g, 0.29 mol) of phosphonate
compound 139 (where R? is ethyl- for all occurrences), 5% Pd/C 50% wet (5.0

g), 3-fluorophenylboronic acid (61 g; 0.44 mol) and sodium carbonate (100 g;
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HPLC - high pressure |liquid chromatography Exanple 1:
Preparati on of
WO 2008808kior o- phenyl ) - pyri di n- 2-yl met hyl | - phosptinsm07/015161
acid diethyl ester Conpound 139 where RO is CH5- for
all occurrences 16 To a reaction vessel was charged (
100 g, 0.29 nol) of phosphonate conpound 139 (where R9
is ethyl- for all occurrences), 5% Pd/C 50% wet (5.0
g), 3-fluorophenyl boronic acid (61 g; 0.44 nol) and
0. %didu)rrsoarrbbofatse-b(nﬁﬁlCaag‘taeglaasmharg%dnheomlitece hgitated.

te was ch ed and tate
4B ot te e SO, Ao % adtalbtRpddendas Heatsibie o-80
°CliepaERabP3 Hatdlhich tinté aAtHIPE@Hss3ylinditaldl édmpleie rédction.
HPLC assay I ndi cat ed cogpl ete reaction

Upogrrarnapielan. thereastien impixture yas erqlgd te 3@#@6\% figgragto
ren'?\Bde fhéd PIE Q:attélyéte nﬂY@céﬁ@ys’?@éﬁé s Shed Wid 260 Al Ysd-

cake was washed w t i sobutyl acetate (conbined

buivl eretate (¢q>nnbrnﬁdewwatﬂa¢mﬂmb@m> AN HIQ Ml Wadgk pyastelgs%
soﬁﬂ?ﬂ H%@Qﬁ{l}é’%l@ﬁoﬁ 4L LS5 Y@éd;%?gatrcﬂ tagiﬂ‘% 2R B nhg the

rlngthe processt he reacti m Xt ure wa
prcmsnttae reaction mixtarmwiestroaistained abm tgmrzmatu@e %0 fre 20 °C

to 3020 W%%@ahﬂ:ylgyemﬁs}%gg %'l % Vﬂd&‘rﬁ%téﬁj with

wat r Ita rOXI eso tion
ag\f&atnomsAdZS% smjlmmthytdnmupei sofuttolmerausad tto agdjystitive pbicof the

baPch tforao B}-Pv'_él % otf ?ro?rw.‘»ﬁr 1 1T PJ BHQ 59 ulthrBUShg\@tSths—:Was the
temperature was maintained at a value of from about 20 2C to about 30 °C.

After washing the layers were separated and the organic layer was
washed with 300 ml 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 (10g) 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 was washed with
200 ml iso-butyl acetate (combined with the filtrate/batch) and the batch was
concentrated under reduced pressure to about 200 ml at from 40 2C 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 2C 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 °C to 35 °C to provide 70.37 g (75%). Mp 61 — 63 ¢C. '"H NMR (CDCl3) &
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), 8.76 (d, J = 2.38, 1H).
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tenperature was nmai ntained at a value of from about 20
QC to about 30 9C. After washing the |ayers were
waeparneisesl and the organic | ayer was washed w p¢T/BSDOTI15161
of 2% sodi um chl oride solution with 10-15 m nutes with
agitation. The |layers were separated and an HPLC assay
of the organic layer indicated inpurities were reduced
to a desirable |l evel. Darco (10g) was added to the
organic layer. The resultant slurry was agitated for 1
Exhfiple 1And Préeavatiohtotred to renove the de-col oring
agent. The filter cake was washed with 200 ni
[(5iBrentoHPyridae 2iviitie tHytloRhosshibnic tAtid Déethiyl E stet]dApdriochloride
and the batch was concentrated under reduced pressure
to about 200 nf at frpm 40 9C to 9C, then cooled to
a %Trperature of fecom 15 9C t o _B5 9C. Hept anes (1000
Jvwere charged [ntofthe col d cGftentrate over 2.5-3
hr, nai_n_t_ai,ning|th t ¢nperat gréNgt from about 15 9C to
9C. The m x{ wa$ cool e tenperature of from
-85 9C to -5 9C qyer hr and gagitated at the sane
tenperature for 1 hr.=The crystalline $olid was
S-bfarot2er ed, washed with 200 nl Repeawndd3® and dri ed
hydspameihypyriditSder vacuum at a t ehgieR%e GRRE-of from about
25 Cto 35 9C to provide 70.3fPrgfcamegeesvp 6 1 - 63
9C. 1H NWR (CDCI3) d 1.3 (t, J = 7.05 Hz, 6H), 3.47
(d, J = 22.02 Hz, 2H), 4.12 (g, J = 7.08 Hz, 4H), 7.10

dd = . . . . =
3 sgﬁtogﬁ %%'}81“;'.%’8’6%Féfghﬂg??h%f%%ggﬁyl-éyégiﬁ%%%l\ﬁg’z59.0 g
266Fnmbin foltenen 06 L) andRdCiid15d mL)Bwas added thionyl

chloride (35.0 mL, 57.1 g, 479 mmol). This reaction mixture was stirred at 45

2C 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 isopropanol
(150 mL) was slowly added to the cooled reaction mixture over a period of 1
hour, keeping the internal temperature below 5 2C. 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, 6H), 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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0.32 Hz, 1H), 8.76 (d, J = 2.38, 1H). Exanple 1A -
Preparati on of
w0 ¢@8Bo3n®- Pyri di n- 2-yl Met hyl ) - Phosphoni ¢ Aci dp@i/estugt/o15161
Esteri Hydrochl oride 5-brono-2- Conmpound 139
hydr oxynet hyl pyri di ne where RO is C2H5- for al
occurrences Into a solution of
5- br ono- 2- hydr oxymnet hyl - pyri di ne (BHWP, 50.0 g, 266
mmol) in toluene ( 100 mM ) and MeCN (150 ni) was
added thionyl chloride (35.0 nL, 57.1 g, 479 mol).
This reaction mxture was stirred at 45 gC for 4
hours. Tol uene (250 nL) was added to the reaction
gr%éﬁdﬂd?\ angtaMihdg RMRRéHaN Sibrémoe2MiréRphmahyIp\idife
e reaction was quenched with 2096pota33|un1carbonate
sol ution (450 ni% keepi ng the tenperature_ bel ow 3

gC. TT'ﬁeS"Pé‘HIQ alohel KelremaazhydroxyragthyRyridingy; HS%@bove in
Exh h 3W§pi’§j’a‘? q,r,}w(t,lsggt%j The organic | ayer was
washe

once vv|t water ( 100 nL) and the organic |ayer
was concentrated under reduced pressure to a vol une of
Stﬁgpm 200 nlL. The concentrated crude sol uti on was
nsferred to a distillation apparatus. At room
5<phi te (200 ni_%*144 mmol)
concgntrated sol td,qgn and the
ted |to 45 C yAtTHH roeeass i frOOCCF;
e drliven of f e reaction
m xgure during the heating geriod was o IIected (-200
m.). After 12 hours of heating

eragure, triethyl
wa i d 40 the ¢ru

530348-B

To a solution of 5-bromo-2-methylpyridine N-oxide (10.0 g, 5.32 mmol)
in EtOAc (50.0 ml) at 0 °C 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 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 mi) and the solution cooled to -10 °C
over 2 h. The crystalline solid- was filtered and washed with cold toluene and
dri'ed'overnight under vacuum at 35 2C to provide 10.1 g (63%) of product.
Mp 89 - 922C. 'H NMR (DMSO-dg) 5 4.56 (s, 2 H), 7.49 (d, 1 H), 8.1 (dd, J =
2.3,2.3Hz,1H),864 (d,J=2.1Hz, 1H).
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the reaction mxture was cooled to 0 QC. A solution of
5-6N HCl in isopropanol (150 nL) was slowy added to
w0 b@soashed reacti on m xture over a period of RCTO82007/015161
keeping the internal tenperature below 5 9C. Heptanes
(350 nL) were then added to the m xture over 1 hours
and the resultant slurry was stirred for another hour.
The solid product was collected by vacuumfiltration,
washed with 10% | PA/ hept anes and dried under vacuum at
Step@gm tenperature to provide 8 1 g of product (89%.

Mp. 118-120 OC. 1H NWMR (400 MHz, CDCI3) d 1.29 (t, J =
7oR5 Hz, 6H), 3.88 (d'OHi = 22.3 Hz, 2H) ,4. 19 (m 4H),
.88 (dd, J 8. 57 H, 8.34 (dd, J 8.55, 2.18

- ddto, 8- 71 (s, NPreparation of Startlng
| terl al : 5-brerD- szdr oxynet hyl pyri di ne The starting
al cohol ('5- brono- 2hy{r oxynet hyl pyri di ne) used above in
BExanmple 1 was prepar®d in two steps. Step | + MeOOCCF3
3830348-B To a $direme-Bhydsexymethylpyriding- net hyl pyri di ne
N-oxide ( 10.0 g, 5.32 mmol) in EtQAc (50.0 m) - at 0 C

A m&f&d@&n?bgﬁww (to.of g uss qmbl)qn arpmer (1 08) wayl treated
whi |l e keeping the t erature bel ow 50 9C.

witht 120% IROIRTHYNe (GaBRORALe; K@Oaaa}?t QHtionhang; 8tirfied \@s room
SRR Rt T YR Wl /e 6 G fareloyer s
washed with water. The solution fhus 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 (CDCls) & 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, J = 1.89 Hz, 1H).

The above description of the invention is intended to be illustrative 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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i ndi cated the reacti on was conpl ete when
5- br ono- 2- net hyl pyri di ne N-oxi de was present a |ess
wo bas/oexof its initial value. Upon conpl eti onpCT/H82007/015161
m xture was cool ed bel ow 50 gC and MeOH (10.0 nl) was
added. The m xture was heated for at least 1 h at 50
C. The solution was concentrated under vacuum and MeOH
was renoved by displacenment with Et OAc (40.0 nl) and
concentrated to a volune of 30 m. To the concentrate
was added toluene (20.0 m) and the solution cooled to
10 C qver, 2 h. The crystalline solid was filtered and
WHldR EIRIMES St ol d tol uene and dried over ni ght under
vacuumat 35 QC to provide 10.1 g (63% of product. M
89 - 92dC. 1H NWR (DMSO-d 6) d 4.56 (s, 2 H), 7.49 (d,
11 |‘|) R-protésh fol nraking-a é’orﬁFBBnd ﬁaW\g tﬁe@‘irdc%re]of-co%néound
1 .methyl pyridine A slurry of conpound 36 (10.
g, '33. 1k 1) in TBVE ( 100 ml) was treated with 20%
pot assi um carbonate (20 m) solution and stirred at
roomtenperature for 1 h. The |ayers were separated
and the oRgk aygbopas washed with water. The
solutiondh 3 ned was concentrated to - 10 nl
vol une ang . hept anes was added at 45-50 C.
Sol ution Was sgoled to 20-25 C and additional 20 niL
hept anes was arged. Reaction was agitated at 20-25 C
for 2 hours n/d"fl |Y'ered. Product was dried overnight
under vacuum 15-25 Cto give 5.0y (80% of product.
1H NMR (CDCl 3 3.36

F
wherein R1 is an alkyl group of from 1 to about 4 carbon atoms,

wherein the process comprises the steps:

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

Formula 137A
OH

where X2 is selected independently from CI, Br, or ;
with an X' halogenating agent, to produce a compound of the

formula of compound 137,
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(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, J =
wa2@8/068848.H) . The above description of the i nvROIL/US007/815161
intended to be illustrative and not limting. Various
changes or nodifications in the enbodi nrents descri bed
herein may occur to those skilled in the art. These
changes can be made wi thout departing fromthe scope
or spirit of the inventionWiat is clained is: 1. A
process f@smpakndg3a conpound having the structure of
conpound 11: wherein Rl &s an al kyl group of from1l to
about 4 carbon atons, erein the process conprises
the steps: (a) reacting (5-halo-pyridin-2-yl)-nethano
of the Fornula 137A Fornul a 137A where X2 is sel ected
i ndependently from ¥+or Il ; with an X1
hal ogenati ng agent, Huce a conpound of the
formul a of conpoun npound 137 where X1 is the
sanme for each occur and is selected fromd or Br
and X2 is as defined above; (b) reacting conpound 137
with a phosphite conpdund of the structure of Formula
A

where X' is the same for each occurrence and is selected from
Cl or Brand X? is as defined above;

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

Formula A
OR®

R°O— P/
N

OR®
wherein R® is selected from alkyl, aryl, heteroaryl, and arylalkyl
groups having 1 to 10 carbon atoms, to produce compound 138:

COMPOUND 138

RPO__ F.//o

/

R0

wherein R% is as defined above;
(c) treating compound 138 with HX® , where X3 is selected from Cl

and Br, to precipitate the corresponding hydrohalide salt of
Formula 138 A
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Formula A wherein RO is selected fromal kyl, aryl,
heteroaryl, and aryl al kyl groups having 1 to 10 carbon
W@@a®ps3t® produce compound 138: COVPOUND 138 mMBEDS1007/015161
RO is as defined above; (c) treating conpound 138 with

HX3 , where X3 is selected fromd and Br, to

preci pitate the correspondi ng hydrohal i de salt of
Forrmul a 138 AFormula 138 A (d) reacting the
hydrohal i de salt fromstep "c" with a 3-

f I ur ophempkiparomag & conpound of the structure of
Formul a B Fornula B wherein Rl 1 is selected

i ndependently for each dgésyrgence from al kyl, aryl
het eroaryl and aryl al kyl gr s having 1 to 10 carbon
atons and hydrogen, opti [lylin the presence of a
pal | adi um cat al yst to produce _sompound 116. 2. A
process for making a conpou iHng t he structure of
conpound 11: wherein R 1 is|an aljkyl group of from1l
to about 4 carbon atons, the cess conprising: (a)
reacti ng (5-Bronp-2-nmethoxy-pyridine) with a

chl ori nating agent x  ;and

(d) reacting the hydrohalide salt from step “c” with a 3-
flurophenylboronate compound of the structure of Formula B

Formula B
OR"),

F
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.

2. A process for making a compound having the structure of compound
11:
o}
A~ J A~ NHCOA
o
HIn
X
ZoN 11
<

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

process comprising:
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selected fromOsCl , PCI3, PCI5, to produce a conpound
of the formula of conpound 137. Conpound 137 (b)

WO 2@80033g8 conpound 137 with a phosphite conpoupdr/os200e1s161
structure of Formula A Fornmula A to produce conpound
138 COMPOUND 138 wherein R9 is separately selected for
each occurrence fromal kyl, aryl, heteroaryl, and
aryl al kyl groups having 1 to 10 carbon atons; (c)
treating compound 138 with HCI to obtain the
correspondi ng hydrochl oride salt;(d) reacting the
hydrochl.oride s from st "c" with 3- s
11 ur optiTsREES i BraBe-RigibosfaKiing) Wik gplocoaling geent
a pal | adisgadted doys DIOI, PPCRYPE IS A Peddtcd a\ontpdurel of the
structure of conpoundl 16, Conpound 116 (e) reacting
t he conpd@iBula1y qompRiNd ?13§-tep "d" with a conpound of

the structure of conpound 15, Conpound 15
Compound 137

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

Formula A
OR®

wo—i_
OR®

to produce compound 138

COMPOUND 138

RO P//o

/

R*O

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 HCI to obtain the corresponding
hydrochloride salt;
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to yield conpound 11. 3. The process of claim?2
wherei n the phosphite conpound used in step "b" is a

wao eo0alob3shts phosphite 4. The process of any of cP@i/ns2027/015161
to 3 wherein the phosphite used in step "b" is
triethyl phosphite. 5. A process for nmaking a conpound
of the structure of conpound 116 Conpound 116 wherein
RO is separately selected for each occurrence from
al kyl, aryl, heteroaryl, and aryl al kyl groups having 1
L od10 g:lgrrb_agti@g crlmmydrbehwrgi@ﬁmt_ nonm:]té;si"agwmeasti nfg a
ydrochl ori de _salt conpou aving - the structure o .
conpound TLESPNGRMPRIGRE peids oPtieRalNdR the aeseg it Rgiadium
139 W t h catalysr ephreauts @ompsurdrhavihg thdstrocwseoee of
a palladium catalyst. 6. The nethod of claim5 wherein
conpound CPSW‘P%”%%&H ded by (a) reacting the
hydrochl ori de salt of the structure of conmpound 137
Compound 137 with a pho;&hite conPound of the
structure of Fornula A Fepmpaund 116

P(O)XOR®),

AN
~’ 116

F ; and
(e) reacting the compound 116 formed in step “d” with a compound

of the structure of compound 15,

Compound 15

Qwu =n '
WNHCO,Et
o
H:H

o/}\H
15
to yield compound 11.
3. The process of claim 2 wherein the phosphite compound used in
step “b” is a trialkyl phosphite
4. The process of any of claims 1 to 3 wherein the phosphite used in
step “b” is triethyl phosphite.
5. A process for making a compound of the structure of compound 116
Compound 116
P(O)(OR®),

<N
)

F
wherein R® is separately selected for each occurrence from alkyl,

aryl, heteroaryl, and arylalkyl groups having 1 to 10 carbon atoms,

the process comprising:
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wherein RO is separately selected for each occurrence

fromal kyl, aryl, heteroaryl, and aryl al kyl groups
whansiogs3ds t o 10 carbon atons; and (b) treati ngP€h®©S2007/015161

reacti on product fromstep "a" with HCl to obtain

conmpound 139. 7. The process of either of clainms 5 and

6 wherein the phosphite conpound used in step "a" is a

trial kyl phosphite8. The process of claim7 wherein

the trial kyl phosphite used in step "a" is triethyl

PhOSﬁfﬁe*aetinQa_ ﬁ;tﬂoohl?ﬁaé%aﬁfco&hﬁwomfd BAANGRNE shglc&.lre r?f

urther conprising ter the "treating" step "b", the

step JfOTPPREMG 18 Y"ﬁﬁr? hg '?)ﬁﬁgﬁ’fﬂﬁg?@%r‘(ﬁdr ochl ori de

formed in step "b" by addbmgoaRdamg sol vent to the

reaction mxture containing the phosphonate g

hydr ochl ori de conpound of structure 139?00/ The

process of any of clains 1 to 9 wherein saf pal | adi um

catal yst is palladium netal supported on™taron_bl ack.

11. The process of any of clains 1 to 9 wh ' [

pal | adium catal yst is a sol ubl e palladium ¢at all

12. A process for naking a conpound of the

of conpound 116 Conpound 116

Br

with 3-flurophenylboronic acid in the presence of a pailadium

catalyst.

6. The method of claim 5 wherein compound 139 is provided by
(a) reacting the hydrochloride salt of the structure of compound 137
Compound 137

Ct

Ccr

with a phosphite compound of the structure of Formula A

Formula A
OR®

AN

OR®

R%0O

wherein R® is separately selected for each occurrence from alkyl,
aryl, heteroaryl, and arylalkyl groups having 1 to 10 carbon
atoms; and

(b) treating the reaction product from step “a” with HCI to obtain
compound 139.

7. The process of either of claims 5 and 6 wherein the phosphite

compound used in step “a” is a trialkyl phosphite
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wherein RO is separately selected for each occurrence

fromal kyl, aryl, heteroaryl, and aryl al kyl groups
whaoosgs3is t o 10 carbon atons, the process conpPCEHUSYDT/015161

A. reacting (5-hal o-pyridin-2-yl)-nmethanol of the

Formul a 137A Fornula 137A where X2 is selected

i ndependently fromd, Br, or I ; with an X1

hal ogenati ng agent, to produce a conpound of the

formul a of compound 137, Conpound 137 where X1 is the

sane fThe ¢nod:es:scoﬁmamm Tawlerein theskeiaticll ptiobploite GCsedin &ep “a”

and X2.is def i neijFpabove; (b) reacting conpound 137
with a'srfﬂs PPESRMound of the structure of Formul a
Ag. Formhé @arécesw@r@mwofaalrﬁs s&b acfupthel cOMprising aftéd the,
heteroar I, and ary IaI k grougs havi nﬂngl to 10 carbon
at oms, 1% SRR ﬁB n
RO i's mgdidehidire f@hﬂ\éa in @-fép 4y wamng Wﬂ%l\i@ﬁ 1R
HX3 , ere X3 is selected fromd

pr eci pleagtientrRxtwerGasaibing the nﬁRﬁPBﬁaﬁFQJEY%@Pf“%'ﬂe

For mul 8smpound of structure 139.
10.  The process of any of claims 1 to 9 wherein said palladium catalyst
is palladium metal supported on carbon black.
11.  The process of any of claims 1 to 9 wherein said palladium catalyst

is a soluble palladium catalyst.

12. A process for making a compound of the structure of compound 116

Compound 116
P(O)(OR®),

“= N
U

F
wherein R® is separately selected for each occurrence from alkyl,

aryl, heteroaryl, and arylalkyl groups having 1 to 10 carbon atoms,
the process comprising:

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

Formula 137A
OH

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,
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138A, Formul a 138A, wherein RO is as defined above; and

(d) reacting the hydrohalide salt fromstep "c" with a
wW@2008/0633w8 ophenyl bor onat e conpound of the strurtTU82007/015161

Formula B Fornmula B wherein RL 1 is selected

i ndependently for each occurrence from al kyl, aryl

heteroaryl and aryl al kyl groups having 1 to 10 carbon

atons and hydrogen, optionally in the presence of a

pal | adi um catal yst to produce conmpound 116. 13. A

process for making a conpound of the structure of

conpound 116 Co d 116 wherein RO is separately

seIectedc%%?p%ﬂgﬁqggcurrence fromal kyl, aryl,

het eroaryl, and aryl al kyx' groups having 1 to 10 carbon

atons, the process congrising: (a) reacting

(5- hal o-pyridin-2-yl)4net hanol of the Formul a

137AFornul a 137A wherg Xz s sel ected i ndependently

fromd, Br, or I, i X1 hal ogenating agent, to

produce a conpoundjof thg fornmula of conmpound 137,

Conpound 137

where X' is the same for each occurrence and is selected from Cl or
Br and X2 is as defined above;
(b) reacting compound 137 with a phosphite compound of the structure

of Formula A,
OR®

R°0O—P.
or® Formula A,

wherein R? is selected from alkyl, aryl, heteroaryl, and arylalkyl groups
having 1 to 10 carbon atoms, to produce compound 138,

o)
R9o\ p//

/

RO

x2 COMPOUND 138
wherein R® is as defined above:

(c) treating compound 138 with HX® | where X3 is selected from Cl and

Br, to precipitate the corresponding hydrohalide sait of Formula
138A,
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where X1 is the same for each occurrence and is
selected fromd or Br and X2 is as defined above; (b)
WO 2@80033g8 conpound 137 with a phosphite conpoupdr/os200e1s161
structure of Formula A, Fornula A, wherein RI is
sel ected fromal kyl, aryl, heteroaryl, and aryl al kyl
groups having 1 to 10 carbon atons, to produce
compound 138, COVPOUND 138 wherein R9 is as defined
above; (c) treating conmpound 138 with HX3 , where X3
Is selected from Ct,qg@nd/%r, to precipitate the
correspondi ng hydrohaNéde salt of Forrmula 138A,
Formul a 138A, wher ei Ng \S as defined above; and (d)
reacting the hydroha'Tlde aét;-from step "c" with an
organonetal | i c conmpoun e of displacing X2 of
Formula 138A with a 3-fll uroflhenyl noiety of Formula
B', Formula B', to pro e _eonmpound 116. (14) The
process of claim 13 where[{n the organonetallic

conpound used X2 Formula 138A, wherein R® is
as defined above; and

(d) reacting the hydrohalide sait from step “c” with a 3-

. flurophenylboronate compound of the structure of Formula B
(OR™),

r Formula B

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

13. A process for making a compound of the structure of compound 116
P(O)(OR%),
N

xe

F Compound 116
wherein R® is separately selected for each occurrence from alkyl,
aryl, heteroaryl, and arylalkyl groups having 1 to 10 carbon atoms,
the process comprising:

(a) reacting (5-halo-pyridin-2-yl)-methanol of the Formula 137A
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in step "d" is selected fromthe group consisting of:
fluoroaryl al kyl boranes; fluoroaryl-hal oboranes; and

wo baosfoassng/| - zinc, -alum nium -magnesi um andPET/UR2007/015161
reagents.

OH

X2 Formula 137A
where X2 is selected independently from CI, Br, or |, with an X!
halogenating agent, to produce a cohpound of the formula of
compound 137,

x1
X!
/ N*H
xx
X2 Compound 137

where X' is the same for each occurrence and is selected from Cl or
Br and X2 is as defined above;

(b) reacting compound 137 with a phosphite compound of the

structure of Formula A,
OR®

R°0—P/
AN

or® Formula A,

wherein R® is selected from alkyl, aryl, heteroaryl, and arylalkyl

groups having 1 to 10 carbon atoms, to produce compound 138,
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WO 2008/005348

x2

wherein R°® is as defined above;

PCT/US2007/015161

COMPOUND 138

(o] reating compoun Wi , where IS selected from
(c) treating pound 138 with HX® | where X® is selected from Cl

and Br, to precipitate the corresponding hydrohalide salt of

Formula 138A,

RPO_ P//0

wherein R® is as defined above; and

Formula 138A,

(d) reacting the hydrohalide salt from step “c” with an

organometallic compound capable of displacing X? of Formula

138A with a 3-flurophenyl moiety of Formula B’,

F

to produce compound 116.

Formula B’,

(14) The process of claim 13 wherein the organometallic compound used

in step "d” is selected from the group consisting of: fluoroaryl-

alkylboranes; fluoroaryl-haloboranes; and fluoroaryl- zinc, -aluminium,

-magnesium, and -tin reagents.
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