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WD 2004/ 092126 PCT/ US2004/ 011253 TITLE OF THE
| NVENTI ON PROCESS AND | NTERMEDI ATES FOR THE

WORERABRADEE ON OF PYRROLI DI NE CARBOXYLI C ACI DS BCT/US2004/011253
BACKGROUND OF THE | NVENTI ON The present invention
provides a process for the preparation of pyrrolidine
carboxylic acids of general formula (1). RL | N
H2C R (1) The present invention also provides
'nternediates useful in the disclosed process. 10 The

i
TITLE D5 i58HRBSENFIONor mul a (1) are internedi ates useful for

PROCHSSEANID @ﬂ"ﬂmmzmpﬁs FOR T}WPHEPAIQATI@I\F@FP?FR@B‘MBI‘I\E BERBOXYLIC
A.CIDSgeneraI formula (11), wherein R2 is pheny

unsubstituted or substituted with one to three R3
groups, r island sis 1l XR Y(N Nr )s OR2

BACKéﬁbbenﬁ ﬁﬁﬁ formula (I1), along with their

as nelanocor eceptor agonists 15 were
d| s cl odegrdsent WReBRHPESBBT 2 Poudsk fa e renraGepbipyaelidife carboxylic

id Qi fordifila 02/ 068388 (published on Septenber 6,
am'sm§%02 .oThe g%hpounds of formula (11) are al so useful

as agents for the treatnent, gontrol or prevention of
di seases, disorders or condi tj ons responsive to the
activation of one or more of’'the melanocortin
receptors including, but are-npt |imted to, MC1,
MC-2, MC-3, MC-4, or MC Bio,Suchr? di seases, disorders
or conditions include, but arg not limted to

obesity, diabetes nellitus, hypertension,

hyper |i.pi dem a, oste arthrlth c ncer aII bl adder
di se asrlLéJ[‘g PEE EV%WEQ S0 B@ﬁ?dé%@feﬁ‘ﬁe 8‘ Restigsinsed Rgpeess.
neur oSke companinofdbmiuka) atd ﬁmhdaﬁa,tembﬁt mﬂthe pﬁbb&tﬁtﬁm of the

pyrrohdi’&' d?ampH@dd@ o€ g drR AR EmSE {(I!Ebalzvhé}&ﬁfﬂﬁrigtﬂeg?l ursfyshif ted of substltuted with
ammti on I mmune nodul ati on he O| art ‘

‘meK”gF?ﬁ3€HWH§ﬁ&]jﬂeﬁésbnd ot her skin disorders,
neuroprotective and cognitive and nenory enhancenent

including the treatnen zh i #Br' s di sease. Sone
conpounds enconpassed Bﬁ;i?}nul ) show highly
selective affinity for t rtin-4 25 receptor
(MC-4R) relative to M- 1R -2 MC- 3R, and MC-5R,

whi ch nmakes them especially usef in the prevention

and treatnment of obesity, adlbwell as mal e and/or
femal e sexual dysfunction, including

The compounds of formula (II), along with their use as melanocortin receptor agonists
were disclosed in WO 02/068387 (published on September 6, 2002), and WO 02/068388 (published on
September 6, 2002). The compounds of formula (II) are also useful as agents for the treatment, control or
prevention of diseases, disorders or conditions responsive to the activation of one or more of the
melanocortin receptors including, but are not limited to, MC-1, MC-2, MC-3, MC-4, or MC-5. Such
diseases, disorders or conditions include, but are not limited to, obesity, diabetes mellitus, hypertension,
hyperlipidemia, osteoarthritis, cancer, gall bladder disease, sleep apnea, depression, anxiety, compulsion,
neuroses, insomnia/sleep disorder, substance abuse, pain, male and female sexual dysfunction, fever,
inflammation, immune modulation, rheumatoid arthritis, skin tanning, acne and other skin disorders,
neuroprotective and cognitive and memory enhancement including the treatment of Alzheimer’s disease.
Some compounds encompassed by formula (II) show highly selective affinity for the melanocortin-4
receptor (MC-4R) relative to MC-1R, MC-2R, MC-3R, and MC-3R, which makes them especially useful in
the prevention and treatment of obesity, as well as male and/or female sexual dysfunction, including

erectile dysfunction.
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erectile dysfunction. -1 WO 2004/092126
PCT/ US2004/ 011253 WD 02/ 068387 and WD 02/ 068388
wdesmrobies pr ocesses for preparing the conmpoundBCofUs2004/011253

formula (11). However, the pyrrolidine acid was

prepared in racemc fornms and required a chiral HPLC

chromat ography. This resulted in the |oss of all of

the material prepared as the wong enantioner. The

present invention is directed to an efficient chiral

synt h®&D 82/068387 pmd)Wl(Ddﬁﬂ)6a3&83de$cmilbb dionessesSoqué@riog the compounds of
fonnula%ﬁ)’ %o‘éx})gﬁ@# theggMLﬁe al:)d wa@ %ﬁwiﬁ% @%oﬂnfﬁﬁ é’c@ﬁée& £ &iral HPLC

ensl em cal ents
Chfomatggm ndeisgenied i dls 1ossof éb@f th paferd Pweqeé pg the pedng epentiomer.

ab out Tﬂéﬁfbﬁﬁgineenﬁeﬁ fs @ired@é&rtb 2% efﬁ&elﬁ%ﬁrraa syRtERis Afat $rB&uces a pyrrolidine
rroljdine acid Htguseo chromat Qgr aphy

acid of sﬁﬁgu@yﬁﬂ‘rﬂlgg (13 g hlgﬁéwﬂd and, 125%]ﬁ%§ﬁxp%1‘y§ f:li'nepmaé@agents The synthetic

sequencé &Q@ﬂs@s 33$tép’s®¢'1thdinl’dﬁ&alb yleldl’dif BRI E%6 tthcbd chirG} Uiy 0P 01V ee of the
Hel vetica Chiinica Acta,

i i ni
pymhdg'ﬁ ac@%@ "gglfglsf ffg 3m téﬁ%aé’hgsymret ric 10 reduction of
aryl @ht¢ gmiwrss bipheindt ad dsnzybsuetguted beemicpyuslidugs by intramolecular

C—alkyle{ug)n 1s|\%g§1§i%% ch?fhg %bﬁgﬁéﬁﬂz ghlzynlz(cl?zazfc% 64 l:22623-2% 1§‘ﬂ1§81) Lﬂetasymeuic

e asynmmetr|

reductlonyéwlgcélﬂmvm@hyldﬁetqnmg deserifed it W@ds)zlv@ﬁi%rib%@tbe@ Hefisidardt, E.R.

Tetr. Leht SB[ m@rlts%iaby JNQYIQ Edymn%trmﬂiansfeﬁyﬁrogb&tnbn ofringdsdBsdituted
200%8‘? The re

2-chlorcgest e 5 reBpre Y NI 8t G Eefote TP RO P s gncef
2-chloree it 4é-|d5ﬂzlema€g?0ph€18)® &ith NaBpla&apSisyl catalyradi hyenet hanol to

(SvoroflghEn LS RUAEADS b3S EREbREH, LI A0 e, P Tun, 41,

10281-182%362@00 Tavaisfcteleativh oftheMichddl iaddition fftertiary Ringneyto acrylonitrile using
a polar QVRES Qo RE TYABRRILV 2L HS UTre, &0 '6é}f51§%|1¥ {PiHi0). S
di scl osed Aggar wal |, 67,

510-514 (2002) SUI\/I\/ARY (J: THE II\I\/EI\ITI (]\I Th| s
SUMMARYSSE THR INVESOIORI ned with a pr ocess for preparing

conmpoynds of . structural fornu and ce I n

usef ul S ATERTRRP Sensernehyith mfaceaﬁfﬂr Bﬁg’?’ﬁ% COES‘P?}E‘Q%%‘.S“F&““‘I formula
(I) and dertn ubd@R int€infedidtes Obthinddhduring vhat prpeedcess and novel

i nternmedi ates can be exenplified in Schene A which

shoNvs the preparation of pyrolidine acid (I). The

process involves the chiral \eduction of the

hal ogenat ed ketone (1V) to @n a 25 hal ogenat ed

al cohol (V). The hal ogenat eg¢ ohol (V) is then

converted to the amino af®fhol AVI1), via the epoxide

internmediate (VI), by treatmﬁit with a base and

subsequent treatnment with a primary amne. The

conj uqa& ﬁo@ﬁb&ésmhd%va MRerhB ittt EMDbeRIANFRE G BEme A, which shows
(VI1) to an.a, (3. unsaturated nitrile or ester (Y= -CN

the prepgration Ghpypslidingfidd) i s C1-4 al kyl) affords the tertiary
am ne Th¥btokdss inMoReadhe elifl rediction 6Pae Alodedhtbd Yetdie (I @M form a

halogenated alcohol (V). The halogenated alcohol (V) is then converted to the amino alcohol (VII), via the
epoxide intermediate (VI), by treatment with a base and subsequent treatment with a primary amine. The

conjugate addition of the resulting amino alcohol (VII) to an o, unsaturated nitrile or ester (Y= -CN or
—CO2RS, and RS is C] 4 alkyl) affords the tertiary amine (VIII). The alcohol of compound (VIII) is then

converted to a leaving group (shown as -OZ in intermediate IX) by treatment with an alcohol activating
reagent, such as CIPO(OR6)2, CIPO(N(R6)2)2, MsCl, Msp0, TsCl or TspO. The resulting intermediate

(IX) is then treated with a base to facilitate the intramolecular cyclization to give a cis/trans mixture of

_2.



converted to a |l eaving group (shown as -OZ in
internmediate | X) by treatnent with an al cohol
wacbtiqoarizag 30 reagent, such as Cl1PQ( OR6) 2, PCT/US2004/011253

CIPO(N(R6)2)2, MsCl, Ms20, TsCl or Ts20. The resulting

intermediate (I1X) is then treated with a base to

facilitate the intranol ecul ar cyclization to give a

cis/trans m xture of -2 WD 2004/092126

PCT/ US2004/ 011253 pyrrolidine (X). The Y group of
pyrrolidiiyer (0 Tlel Y1 @rofXhf pyarolitiae (Xisltheh kydeslyZed pipimerize gwg thé@rans pyrrolidine
acnd(I)t he trans pyrrolidine acid (I). Scheme A0 OH 1

R2~X - RRX RINH2 R2_q MH, ROH (IV) (V) (M) Y H

HIlI (XI) HO R2iPSI ; RL RRN~RL (VII) (MIl) Y ZY

ZCl or Z20 VHVMO[; YRI] R2 N~.R1 (IX) (X) HXRC, R

CNRL MHR (I) Xis BEBEed : Y is -CN or -CO2R5,
RS is Cl-4 alkyl; Vis an alkaline netal, such s Li,
Na, or K, HWS is hexamsthrqu di silazane;{ Z is

- PQ(OR6) 2, - N(R6)2)2 xorraﬁﬁﬂ2 is Cj\fl | kyl

or phenyl ;RR i's Hor ClF*%‘r kyl _—d’ and®R2" are as
defined supra. 5 Al so provided ah@Hi’ nt er medi ate
conpounds whiwgh are usefutyyfor the preparat \%n of
conpounds of structural fornmula (1). DETAIL

DESCRI PTI ON OF THE | NVENTI ON

My WY(XD HO H
—_— Rz/\/N\Fﬂ —_— Rz/\/ ~R
vy (Vi)
y
ZClor 2,0 2\9 H :t\
VHMDS R T TR
(IX) X)
HO.G,
ROH ,CN\W
MOH

()

XisBrorCl; Y is-CNor -COzRS, R’ is Cj4 alkyl; V is an alkaline metal, such
as Li, Na, or K; HMDS is hexamethyldisilazane; Z is -PO(OR6)2, —PO(N(R6)2)2,
Ms, or Ts; R is Cj.4alkyl or phenyl; Ris H or Cy_4 alkyl; and R'and R? are as
defined supra.

5 Also provided are intermediate compounds which are useful for the preparation of

compounds of structural formula (I).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a process for the preparation of compounds of structural
10  formula (I):
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The present invention provides a process for the

preparation of conmpounds of structural 10 fornula
wWORN4/09B126\0 2004/ 092126 PCT/ US2004/ 011253 R RCTHSRO2C11253

Rz (I wherein RL is selected fromthe group

consisting of 5 (1) hydrogen, (2) amdino, (3) Cl-4

al kylimnoyl, (4) d-10 alkyl, (5) -(CH2)n-C3-7

cycl oal kyl, 10 (6) -(CH2)n-phenyl, (7)

-(CH2) n-naphthyl, and (8) -(CH2)n-heteroaryl, in

whi ch phenyl, naphthyl, and hgteroaryl are

unsubstituted or substituted N\n th one to three groups

i ndependently selected fro y and al kyl, cycl oal kyl,
and (CH2)n are unsubstitutedq substituted with 15

one to three groups indep@gﬁentﬁﬁ/ selected fromR3 and
ox0; R2 is selected fromthe @ oup consisting of (1)
Cl-4 alkyl, (2) -(CH2)n-cycl oal kyl, 20 (3)
-(CH2) n-heterocycl oal kyl, (4) -(CH2)n-phenyl, (5)
wherein. ( CH2) n- napht hyl, and (6) -(CH2)n-heteroaryl wherein
heteroaryl is selected fromthe group consisting of

Rl is S%%Eep%l)ér |tgég%%)m§§g%{2ﬂ)c§lf fjr yl, (3) thienyl, (4)

) hydrogen,

2) amidino,

3) C1-4 alkyliminoyl,

4 Ci-10alkyl,

(5)  «(CH)p-C3.7 cycloalkyl,

(6)  -(CH2)n-phenyl,

@) -(CH2)p-naphthyl, and

®) -(CH2)p-heteroaryl,
in which phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3; and alkyl, cycloalkyl, and (CHp);, are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

R2 is selected from the group consisting of
I Cigalkyl,
2) —(CH2)p-cycloalkyl,
3) —(CH2)y-heterocycloalkyl,
@ —(CH2)n-phenyl,
) —(CH2)n-naphthyl, and
6) ~(CH2)n-heteroaryl wherein heteroaryl is selected from the group consisting of
(1) pyridinyl,
2 furyl,
3) thienyl,
(4)  pyrrolyl,
(5) oxazolyl,
©6) thiazolyl,
@) imidazolyl,
(8) pyrazolyl,
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(6) thiazolyl, 30 (7) imdazolyl, (8) pyrazolyl, -4
WD 2004/ 092126 PCT/ US2004/ 011253 (9) isoxazolyl, (10)

wogoeiwazel yl, (11) pyrimdinyl, (12) pyrazi Rgjus2004/011253
----- (13) pyridazinyl, (214) quinolyl, (15) isoquinolyl,

(16) benzi m dazolyl, (17) benzofuryl, 10 (18)
benzot hienyl, (19) indolyl, (20) benzthiazolyl, and
(21) benzoxazolyl; in which al kyl, phenyl, naphthyl,
heteroaryl, and (CH2)n are unsubstituted or
subst iyt edsomatdlylone to three 15 groups independently
selectﬁg)fnonLRS' each R3 is independently sel ected
from tAY gritibesbsi sting of (1) C1-6 al kyl, (2)
- ( CH2)(mb)phegyyimidin?0 (3) - (CH2) n-napht hyl, (4)
- (CH2) eteroaryl, (5) -(CH2)n-heterocycl oal kyl,
(6) -(@%£)H§%¥$§¥ycloalkyl, (7) hal ogen, 25 (8) OR4,
(9) - (@EBR) neiRgi), (10) NO2, (11) -(CH2) nNRASCR2R4,
(12) -&g}ﬂ)aﬁ&gﬂKRA)z, 30 (13) -(CH2)nS(O) pR4,

(15)  isoquinolyl,

(16)  benzimidazolyl,

(17)  benzofuryl,

(18)  benzothienyl,

(19)  indolyl,

(20)  benzthiazolyl, and

(21)  benzoxazolyl;

in which alkyl, phenyl, naphthyl, heteroaryl, and (CH2)y, are unsubstituted or substituted with one to three

groups independently selected from R3;

each R3 is independently selected from the group consisting of
(1)  Cirgalkyl,
2 ~(CH2)p-phenyl,
(3)  -(CH2)p-naphthyl,
) -(CH?2)y-heteroaryl,
(5) ~(CH?2)p-heterocycloalkyl,
©) -(CH2)pC3-7 cycloalkyl,
@) halogen,

(8)  OR4,
9  -(CH2)nNR®RM2,
(10) NO2,

(11)  ~(CH2)nNRASO2R%,
(12)  ~(CH2)nSO2NR4,
(13)  -(CH2)nS(O)pR4,
(14) CFs,
(15) CHaCF3,
(16) OCF3, and
(17) OCH2CFs3;
in which heteroaryl is as defined above; alkyl, phenyl, naphthyl, heteroaryl, cycloalkyl, and

heterocycloalkyl are unsubstituted or substituted with one to three substituents independently selected from

_5._
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(14) CF3, (15) CH2CF3, (16) OCF3, and (17) OCH2CF3;
35 in which heteroaryl is as defined above; alkyl,
wohenyio2126apht hyl , heteroaryl, cycloal kyl, andPCT/US2004/011253
het er ocycl oal kyl are unsubstituted or substituted with
one to three substituents independently selected from
-5 WD 2004/ 092126 PCT/ US2004/ 011253 hal ogen, hydroxy,
oxo, Cl-4 alkyl, trifluoromethyl, and Cl-4 al koxy; and
wherei n any nethylene (CH2) carbon atomin R3 is
halogen,Lhyﬂmlag taxb Ut pgl ally], siflostoinethyle adndC1-ly allkoey; ind whegeig anwlpethylene (CHp)

cavon 4 SR SO €] SOMERLET HLOR Lo Eag iced fom
halogen,dyﬂiwy,emé C(l@H.‘klsyl @ bupsubstisients k‘éﬁn op thgsahemetiylens (Chlg) group are taken
xR BAMLPIGIIEY AR EGIRIARAATNG .. o,

fromthe group consisting of (1) hydrogen, (2) Cl-6
each R434 1lﬁblépenc(eﬁaly s&%kﬁnﬂﬁ@ﬁﬁ%@; co_n%i%i_\{lza)@f - (CH2) n- het eroaryl,

n- napht hyl n- het er ocycl oal kyl ,
17) - ldregeﬁcs 7 cycloal kyl, and (8) -(CH2)nC3-7
B cyclCoa digl,, 15 wherein al kyl, phenyl, heteroaryl,

terg Q kyl . and cycloal kyl are unsubstituted or
ubst &%Hé f?ﬂ ¥1h one to three groups independently

5] ect(éféIZPn*bﬁﬁfom’]ogen Cl-4 al kyl, hydroxy, and Cl-4
@gj)koxy(c}@jn apBthiRd gr oups toget her with the atomto

Z%? §hae¥ re at hed forma 4- to 8-nenbered nono-
) bi &2 ert‘?rﬂﬁ'c %8y¥t em optional |y contai ning an
agdi t HarBh,yei ercalkghugiel ected from 0, S, and NC1-4

kyl ; @?&Jﬁmgdoa .2, 3 or 4, 20 conprising the

eps ari ﬁg an al cohol of structural
whereinfatkyliphény(, Mpteroahtl, hlB2rocycloslyW hnd wyeBiatkiyhare unsubstituted or substituted with

one to three groups independently selected from halogen, C1-4 alkyl, hydroxy, and Cj.4 alkoxy; or two R4

groups together with the atom to which they are attached form a 4- to 8-membered mono- or bicyclic ring
system optionally containing an additional heteroatom selected from O, S, and NCj4 alkyl; and

nis 0,1,2,3o0r4;

comprising the steps of:
(a) preparing an alcohol of structural formula (V)
OH
Rz/\/x
V)

wherein
X is bromide or chloride, and R is as defined above,

by treating a ketone of structural formula (IV),

0O

Rz/u\/x

(V)

wherein X is bromide or chloride, and R2 is as defined above, with a reducing agent, and isolating the

resulting product;
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25 X is bromde or chloride, and R2 is as defined
above, by treating a ketone of structural fornula
wORMM4/0913126 R a X (1V) wherein X is brom de or ebrmskaa/n11253
and R2 is as defined above, with a reducing agent, and
isolating the resulting product; 30 -6 WD 2004/092126
PCT/ US2004/ 011253 (b) form ng an am no al cohol of
structural formula (Ml) OHH R2/~,rNNRL (V)
wherein R1 and R2 are as defined above, by treating an
(b)  abedipdn @finsiiedbet siisethetirarfotthida (WJ), wherein X is
chloride or bromde and R2 is as defined 5 above, OH
R2~s X (V) with an am ne QH general fornula RLINH2,
wherein Rl is as defined,abovel._and a base in a
solvent, and isolati ngRt he resutting product; 10 (c)
form ng a conpound of struc{\Mfal formula (VIII) Y
OHHR2 N-, R (MI1) wherein Yis -CN or -C02R5 and
R5 is Cl1_4 alkyl, and wherein RL and R2 are as defi ned
whereirelbbad R2 dyg as deiaed abgve, he ani no al cohol of structural
I | ' 1dE YRR
by treatg% A Mlcndl ut %t%u;:%%l gé) )ﬁ;i%;}lv ﬁlvvhéﬁ\{ 3t 15 chibrid¥d Horfide 3¢ defined

gener al
above,

o)

H

B,
2””
x

V)

with an amine of general formula RINHp, wherein R! is as defined above, and a base in a solvent, and

isolating the resulting product;

©) forming a compound of structural formula (VIII)

Y

o

RZ/\/N\H1
(Vi)
wherein Y is ~CN or —COR3 and RS is C1.4 alkyl, and wherein R1 and R2 are as defined above,
by treating the amino alcohol of structural formula (VII)
OH y
R2 /\/ N ~ R1
Vil

with a compound of general formula (XI)
rX
(X,

wherein Y is <CN or —CO2R5 , and RS is Cj4 alkyl, and isolating the resulting product;
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(XI), wherein Yis -CNor -CO2R5 , and R5 is Cl-4
al kyl, and isolating the resulting product; -7 WD
waQee2426 PCT/ US2004/ 011253 (d) form ng a PCT/US2004/011253
pyrrolidi ne conpound of structural formula (X) Y Pi
g)~~N~R 1 (X) wherein Rl and R2 are as defined
above, by treating the conpound of structural fornula
(VII1), wherein Y, RI and R2 are as defined above, Y
(r)yl R/~ R 5 (VIIl1) wth an al cohol activating
(@  feaggnipyrbidihowagotnd ¢ shaseal foeyuld GHM ng a
trans-pyrrolidine acid of structural forrmula (1)
410X, R 20,CN-R1 (1) 10‘wherein R1L and R2 are as
defi ned above, by hydrolyzjng the pyrrolidine conpound
of structural formula (ﬁQ Brein Y, R and R2 are as
defined above, Y R2i~N~R1 (X) w th an aqueous base
in a solvent; and 15 (f) is@fating the resulting
product. In one enbodi nent of the present invention,

. i henyl. or .thi enyl optionally substituted wth
Wheremglean?g@t er%éieg?egﬁgosvei ndependently selected fromR3. In
by treatiag tleasmpoind ofistercad Setinrar(VIDRF hérein Yh 8A phd R2 grewpdefined above,

2004/ 092126 PCT/ US2004/ 011253 optionally substituted
with one to three groups independently selected from
R3. In a subclass of this glass, R2 is selected from
the group of phenyl; orth% ra-di fl uor ophenyl ; and
par a- met hoxyphenyl . In & ~R!

(vin)

with an alcohol activating reagent, followed by a base;

(e) forming a trans-pyrrolidine acid of structural formula (I)

HOC,
R2 /C N—p'

()

wherein R1 and R are as defined above,
by hydrolyzing the pyrrolidine compound of structural formula (X), wherein Y, R1 and R2 are as defined

above,

with an aqueous base in a solvent; and
® isolating the resulting product.

In one embodiment of the present invention, R2 is phenyl or thienyl optionally substituted

with one to three groups independently selected from R3. In a class of this embodiment, R2 is phenyl

-8-
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subcl ass of this subclass, R2 is ortho,

par a-di fl uorophenyl. I n another enbodi nent, R3 is
weebmabeidef rom t he group consi sting of hal ogenpCT@83004/011253

and 5 OR4. In a class of this enbodi nent of the

present invention, R3 is selected fromthe group

consisting of fluoride, brom de, chloride, -CF3, and

-OCl1l-6 alkyl. In a subclass of this class, R3 is

selected fromfluoride, bromde, -CF3, and -OCH3. In

optlonalmtaﬁﬁﬁte@m&ler{@ Hﬁee g?odp§ m@epe;ldé?ﬁlg Zeleckdd fﬁmﬂlﬁsﬁ aGlibdldrk f this class,
i ment class of th

n
R2 s se BB APHGHR 2o TiamDl: 07 RGTREPT ERB o HEFE "o PRyl Tna
subclass;:tffel’iembclaﬁykmslo@tmo fahediflacophengl. agent used to treat

the pgn@crdu&é?ﬁ Rl i8sdd Ml #in Gl ?Bulg é’x)nsﬂst@ng(ofhal@gé% -CF3, and

chlorlde n anot her enbodi nent of The present
OR4. T melesstof diis entHodinwongs cherpatesehit ifiention, B3 (4 svlected froméls grayp consisting of
fluoridel Brofnfd@ adhRFia¥i-ERs, 8nd -©8Y &4 y1 2BRNLbAIRs bBis Pla 8 SRR @el@dteddfrom fluoride,

In a class of this enbodinent the reducing
brmdeaiﬁ%czﬁdts—%ﬂém ed fromthe group consisting of

bor angy Mlo%eg Ex@bdasthen@ i ik 0 €or 20 ABRss Utlhis abitddib@®nt nisOor 1. Ina
thyls Ifide. I'n a subclass of this class,
subclasg ‘P'féhlf ST td’g‘é i s borane-N, N-di ethyl aniline. In
anot hén astas smbddithdit sf teerpesiniidnéntion e edicaigypgént ised to treat the

compoupg)oF %)rrm(lj@ EIIVS) IT%%%e(a [ H)l%o Fl%gﬁé ing of (S)-CBS and

boro Ine. In a subcl ass of
this dh amt,her tmbod@mna bigftbc piesen{ Byerpiopgthespmpomy of formula (IV) of step (a)

is treate@%AHAROER NG QF&@ in tﬁ@pr@é%ﬂéglﬁ fa c@ﬂi&&i‘]ﬁ@ AhssQF tkﬁs%b@ﬂi%&ﬁﬂhe reducing

i nvention, cohol f or mul ,|streate i{F
agent isglegipd fiemgre wé%ﬂw% PhiipraneA Rfgiethifh e rpopepe T,

borane-8@he@f1sadidb " BB dubdasg bOMUR cfa@sn ﬂie&&dlja@lg agenhmbﬂgeN N-diethyl aniline. In

another é:&)ﬁ tﬁg ngdﬂeq? réhetccl }a?ysblﬁ ¥§}Fu%$ﬁ°“&;&]§ iagb(ﬁlg ?&rts%sg %,]of éS)-CBS and
(S)-2-methipbCBS sxazatfordliding. &l aasibeladRlof thés dlass, tthematayylst is [(H-2amethylfBS
ment of the present invention, the al cohol of
mmum1ﬂ9§$%a (V) is treated with a base selected fromthe
gr oup Inenshes einhefimént NEBE{prepenOitvention, alqoholof Egrayla (¥} is treated with an

amine Jf lgbifer fdraMiamENH,, Whﬁelb @GS seSected @ohﬂﬂtmhmccﬁﬁlﬁﬁﬂgeﬁ hydrogen,

-(CHz)q,Ig;g?I;& oﬁw&p’lst[{] Sﬁ’m&" 1%1%{1{/}‘3[] S tert Euetgl of ﬁi—g}%nyl. In a subclass

(ﬁﬂnsﬂﬁﬁhﬁh@hyﬁ&mﬁthano| In a class of thls enbodi ment ,

e S BIRIP s ey B ST 5% e v
a base selebxed|frommie gpduptchssisinesiEvaOH, hi@Ht KOH, It dxdasanf this embaodimeit, the base is

NaOHof structural formula 30 (VII) is isolated by

recrystallization fromheptane or hexane. In a
of t hils aeefhrs@mhedimentof e Pesiseris Fvention, thegleehabot fplﬁmla [V i treated in

solvent@él@été@ﬁorﬁ readidrendhebl. tthe cﬁE@(ﬁQﬁiE etiPER RNt @b solvBAk is methanol. In a
ound of formula (XI) ist conpound wherein Y is
subclaspf s AN B GORPD S ERRINEHbRb04/ 011258 | n anot her

enbodi mmth&fenibb(ﬁmsﬁte:s B tprdsént @nehtinn, the iein6 alepladl pfistaittural formula
(VID) is 1solzgU A bay rgcrygtal 1zat10n Eom heptane or hexane. In a class of this embodiment, the solvent is

heptane.
In another embodiment of the present invention, the compound of formula (XI) is the

compound wherein Y is CN.
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conmpound wherein Y is -C02R5, wherein RS is Cl-4
alkyl. I'n a class of this enbodinent Y is -COQ2CH3,
WOCWRAMbRICK3, or - COR2CH2CH2CH2CH3. I n a subcl asBcofustdoimi1253

class, Y is -CORCH2CH3, or 5 -CO2CH2CH2CH2CH3. In

anot her enbodi nent of the present invention, the

conpound of formula (MI1) is formed by heating the

m xture to reflux. In another enbodi ment of the

present invention, the conpound of formula (VIIl) is

£ or B, b dRbARmEH *a@me hresefn@ {BHo qh@éonepoﬁwe;ﬂf&emla (XT) is the

comporlf SpERIY DR PRT- B PSiEtioty PLbohgt ROk s “CO2CHS,

~CO2CHCE%,manol : f ormam de. | n anot her enbodi nent of the

coReRRA Nl M SO LRI (LD,
~CO2CHpigt 2 ed2@Abodi nent of the present invention, the

conpo cdanQFler L AbJH glt() thi Res hfinbdnf ?lge com Mhd%@fo%?ﬁ 1I) is formed
Seksa g

aCtIV I Ng reagen romthe gro p consi st |
by heatiyg IEIRENOREFEXC] PO( N( R6)2)2, 15 MsCl, Ms20, TsCl, and

Ts20, mAgsRlrBmbSidsnt Gﬂm@pﬁgéﬁyllnvé?ﬁloﬁ’ Qﬁerﬁbhxpotlrﬁ oR @A $VIII) is formed
of this enbodiment, the ~al cohol actlvatl n ea ent is

by addleﬁ PR emwdepﬂﬁagbﬁa&eéhﬂqqfr InAqtlase Pt it Byp f cqrppound of
formulD(VEEER Fortdal 8 hdddiy, a 1: hﬁn;ﬁﬁebwnuilonfonﬁﬁmﬂul a (Vv | 1) is

treat i th ase Iecte )
CONSi ??xiaﬂc\é}%%ferq%()%) W]ere} r?? ﬁ18 f%?ﬁ%} IW Iloéli ﬁﬁgz(%g@eougd o) aforﬁ%ﬂa (VIID) is
ﬁdmﬂﬁﬂmaﬂﬁﬂﬁﬁﬁngﬂmshﬂazwdmh@@mﬂ potass|um

hexan%la}{étgér%h‘}b fnglﬁ 1B pfaséik RSSHtR tBé‘ e SPRfita (VIID) is treated
RENE s hapiaa o IR ok e

MsCl, M@j(mdm@ﬂ and TéHHor, whitrain RElis C) _giakkyt srgheed. Inaicl@s of this embodiment, the
nperature of about -30 to about +10 C. Ina class of

alcoml@ﬁ‘i“é*‘“@%rf?@%‘?“ﬁ@ﬁ{‘lor"fil‘?g’y% SRSt ure is about -15 C. In
anot helh agstha@@dediinemifof thh @repene ﬁﬁéﬁtlonnheeﬂﬁnp@mnd dffi@mula (VIII) is treated

with a lpa)é%%g ec{ege t%xeé gl%%:il Qo%s%?tg{léf 851 um lééxﬁs ethy ldls}iazuf %g%] hexgmethyl

disilazitl¢, @il mt@bSiﬁmex:imetmmmtalzldssIn@fclatSh pfgthis E@bechmgtdi thee betse istlitldum
h Qishis;NaOH. I'n a subclass of this class, the base i's
e ebsusll\la()-l I n _anot her enbodi nent of the pr esent
i nventn@rothereabpdimers|of Bie peesent iyeitios. e comgpepf of ferypla (VEI) is treated

at a terdpYARRd 12860t L850 @ aﬁtf]ﬂt ¥ﬁﬁ|f¢ Et@ﬁﬁg c|§¥ ehif érgcmdfrﬁb%t @fe@&ﬂ;])erature is about-15 C.
consi s ano et nano ana I s
cl ass It&f"’ 8%?@“@5‘%‘8’8???@% Prosefi yBRepgnthe P%"P‘@'?iﬁ‘ﬁ ﬁ81pp0“§6 g of formula (0
is hydrd)lyzeﬂ Rathhkseasibaed fieanthe gidup ccpl’rsmdngidif NaOIS LeH {fd)KOK. In one class of this

embodfmse% gT %dseblg Nfaaf-ImInn su%flasvgl %Ehls lasls tlcl)ef ba%gl% 6?1‘;60@%[38(9}1

I ne acl ruc ‘ornu
O CN-R (I) - 10 V\D 2004/ 092126 PCT/ US2004/ 011253

In another embodiment of the present invention, the pyrrolidine compound of formula (X)

is hydrolyzed in a solvent selected from the group consisting of methanol, ethanol, and isopropanol. In a
class of this embodiment, the solvent is ethanol.
In another embodiment, the product of step (f) is isolated by forming a zwitterion of the

trans pyrrolidine acid of structural formula (I)

HOZCQ
—nl
RZ/CN R

()

-10-
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wherein R1 and R2 are as defi ned above,

recrystallizing the zwitterion froma sol vent; and
woOg0el4ab2ing the resulting product. In a class eECTSR®4/011253

enbodi ment the zwitterion of the pyrrolidine acid of

formula (1) is formed at the isoelectric pH using an

acid or a base. In one subclass of this class, the

acid is selected fromsulfuric 5 acid or hydrochloric

acid. In a subclass of this subclass, the acid is

wherenS]RJl fndrRZcaraad dEfinddabd e ke BstaBidg |tl®&5v1ﬁ¥fr1oh ofh a Iva8S and iBating the
R%MUH% % &ctrlc pH is about 6 and a stoichionetric anmount

a¢id is added. In another class of this enbodi nent ,
t he zunttlessi ocﬁﬂnmmliohmepmhes obiitelionef deipgrrolidideacidf forfnbih (1) is formed

at the 1sjo§1ect1ri@ Msﬁﬁ%d dc CQ‘ fa ba%h g orl%%{llyc%m Oﬁﬁils ?ﬁg e%e ﬁm? 18 sefé%tﬁd from sulfuric

I ou onsi tlng 0 1 SO I‘O
acid or hyshrqchlorie g¢id.elnjaespbadass of this subgless, thi écrlé tsfsulfurm: aalds lrtmllodnsssubclass of this

class, t HéflsoEEbtﬁc %H@ssa?oouﬁ 1 dSUNEWmetk :fmdﬁh?(ctf WER 10faab o p ro py |
0 and nethyl ten- butyl ether. I'n a subc

al coh
of th .olg Qe Flasof tyanbodinpahiticizyitierign plip papyiine a6id of formula 1) s
recrystalii2® from: aI’EBIvhxyclseleét&T ﬁorb tHe)skoup lcb@isting bﬁatlﬁlih@ﬁ BBropyl alcohol, methyl

tert—but%lfe\{ ey (t)rl aolpux xoie tg?rg ;fl} &‘?’E}Psé |0¥ H?Age fﬁﬁ g'le (s?lven% ﬁ%rn% t%rﬁagf Ilowrepyl alcohol
and metRgl tei(mbutyll@huh &y iuhclRE of issebdass.gle fohem it hé igppoppl alcohol:methyl
wﬁbmygﬂ§&st|ng of (1) hydrogen, (2) am dino, 20 (3) Cl-4

al kylim noyl, (4) Cl1-10 al kyl, %) (CH2)n-C3-7

cyclo aibg Wesent myntwe@qg})ﬁ)_w‘glﬁ%mocesi Y the (p(gﬂgt)aﬁorhgfrypmwnds of
structur@drmdd(1: 8) - (CH2) n-heteroaryl, in which phenyl,

napht hyl, and heteroaryl are unsubsti t uted or

substituted with one to threegigroups independently
sel ected fromR3; and alkyl, gycloalkyl, and (CH2)n
are unsubstituted or substit d wth one to three
groups independently selecté3;§;on1R3 and oxo; 30 R2
is selected fromthe groyp,gonsgsting of (1) Cl-4
al kyl, -11 O

wherein

Rl is selected from the group consisting of

) hydrogen,

@) amidino,

3) C1-4 alkyliminoyl,

(4)  C1-10alkyl,

(5) -(CH2)pn-C3-7 cycloalkyl,

(6)  «(CH2)n-phenyl,

@) -(CH2)p-naphthyl, and

)] -(CH2)p-heteroaryl,
in which phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3; and alkyl, cycloalkyl, and (CH7)y, are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

R2 is selected from the group consisting of
(1 C1-4 alkyl,

-11 -
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WO 2004/ 092126 PCT/ US2004/ 011253 (2)
-(CH2) n-cycl oal kyl, (3) -(CH2)n-heterocycloal kyl, (4)

woeEHApmphenyl , (5) -(CH2)n-naphthyl, and 5 (@LT/US2004/011253

-(CH2) n-heteroaryl wherein heteroaryl is selected from

the group consisting of (1) pyridinyl, (2) furyl,

(3) thienyl, (4) pyrrolyl, 10 (5) oxazolyl, (6)

thiazolyl, (7) imdazolyl, (8) pyrazolyl, (9)

i soxazolyl, 15 (10) isothiazolyl, (11) pyrimdinyl,
2) p [ 13) pyrlda2|nyl (14) quinolyl, 20

%%) _gﬁé? @%lo§kﬁ 6) ben2|n1dazolyl (17)

&Nz of-(fF )nhﬂ%E@Wﬂ ot hi enyl, (19) indolyl, 25 (20)

Q nzt hi@zpl, %hﬁwﬁnd (21) benzoxazolyl; in which al kyl,
enyI napht hyl teroaryl, and (CH2)n are

&ﬁ%ubsgﬁiﬁPéﬂﬂﬁh éﬂgstituted with one to three groups

i(e)d e pendienhihytematyt ¢hadinfhewroafyBis sdbctebiedm B3 graip consisting of
|ndependently selected fromthe group consisting of
(1) cibe aPridinyl 2y - (cH2) n- phenyl, (3)

- (CH2)my naphhyl ,  (4) -(CHQ)n-heteroaryI,

3) thienyl,

@ pyrrolyl,

&) oxazolyl,

©) thiazolyl,

(N imidazolyl,

® pyrazolyl,

)] isoxazolyl,

(10)  isothiazolyl,
(11)  pyrimidinyl,
(12)  pyrazinyl,

(13)  pyridazinyl,
(14)  quinolyl,

(15)  isoquinolyl,
(16)  benzimidazolyl,
(17)  benzofuryl,

(18)  benzothienyl,
(19)  indolyl,

(20)  benzthiazolyl, and
(21)  benzoxazolyl;

in which alkyl, phenyl, naphthy), heteroaryl, and (CH2)p, are unsubstituted or substituted with one to three
groups independently selected from R3;

each R3 is independently selected from the group consisting of

(1) Ciealkyl,

(2)  ~(CH2)n-phenyl,

(3)  -(CH2)p-naphthyl,

4) -(CH2)p-heteroaryl,

(&) -(CH2)p-heterocycloalkyl,

~12 -
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35 (5) -(CH2)n-heterocycl oal kyl, -12 WD 2004/ 092126

PCT/ US2004/ 011253 (6) -(CH2)nC3-7 cycloal kyl, (7)
woabageni2e (8) OR4, (9) -(CH2)nN(R4)2, 5 (10)rtDAIS2004/011253

(11) -(CH2) nNRASO2R4, (12) -(CH2)nS2N(R4)2, (13)

-(CH2)nS(O) pR4, (14) CF3, 10 (15) CH2CF3, (16) OCF3,

and (17) OCH2CF3; in which heteroaryl is as defined

above; al kyl, phenyl, naphthyl, heteroaryl,

cycl oal kyl , and heterocycl oal kyl are unsubstituted or

agpstlxgﬂggcyhkgﬂ&mgqto t hree substituents
|ndependently sel ected from 15 hal ogen, hydroxy, oxo,

drakagen. trifluoromethyl, and Cl-4 al koxy; and
prelgRany nmet hyl ene (CH2) carbon atomin R3 is

ubs substituted with one to two groups
u(%Zlepe&%hﬁ)flﬁavgélected from hal ogen, hydroxy, and Cl4
allRyl ;N@p, t wo substituents when on the sane nethyl ene

(@&?) g@ ?ﬁNﬂﬁﬁlh@ken together with the carbon atom
attached to forma cycl opropyl

g@%hp (Qﬁibgéﬂmﬁﬁxis i ndependent |y selected fromthe
aneup OMs),SO)PEH,0f (1) hydrogen, (2) Cl-6 alkyl, (3)
-@%ig)ﬁﬁghenyl, (4) -(CH2)n-heteroaryl, 25 (5)

- )ri-hapht hyl, (6) -(CH2)n-heterocycloal kyl, (7)
-(1eH2) @g3cts, cycl oal kyl, and (8) -(CH2)nC3-7

hgycl ? ; Wherein aIkyI phenyl , heteroaryl,
heterocyc oa?k and cycloalkyl are unsubstituted or
sﬂﬁbtl@ﬁﬂé@Fﬁnth 30 one to three groups i ndependent |y

in whlc%qu%%aF}q ars (agﬁdgghﬂ)cglgnallaﬁgphén hylvq\}é%&i‘)ﬁ d cy@ﬂglkﬁlan‘&

e at Om
heteroqumoellwltarﬁeylsw%tuati Pfa%lh@ﬂu'iﬁfbwﬁh @1340 thyeg SWH@%@W@%PSWY selected from
halogef)thytiogy,®kb,aC 1L Alklyl, teisiabrefiethipl araln@yl-4 ykeghimi whengn any methylene (CH2)

addi ti het er oat om sel ected fromO0, S,
carbon&Fq@qn R%];lﬁ ansubstltuted or substltuted w1&1 one to two groups in epenca\elggly selected from

halogen, hydroxy, and C1_4 alkyl; or two substituents when on the same methylene (CH2) group are taken

together with the carbon atom to which they are attached to form a cyclopropyl group;

each R4 is independently selected from the group consisting of

€)) hydrogen,

2)  Cigalkyl,

(3)  -(CH2)p-phenyl,

4) -(CH?2)p-heteroaryl,

(5)  ~(CH2)p-naphthyl,

(6) -(CH2)p-heterocycloalkyl,

N -(CH2),C3-7 cycloalkyl, and

)] -(CH2);,C3-7 bicycloalkyl;
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, and cycloalkyl are unsubstituted or substituted with
one to three groups independently selected from halogen, C1-4 alkyl, hydroxy, and C1-4 alkoxy; or two R4

groups together with the atom to which they are attached form a 4- to 8-membered mono- or bicyclic ring
system optionally containing an additional heteroatom selected from O, S, and NCj4 alkyl; and

nis 0,1,2,30r4;

comprising the steps of:

~13-
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nis 0, 1, 2, 3 or 4; 35 conprising the steps of: -13

WO 2004/ 092126 PCT/ US2004/011253 (a) hydrolyzing a
woyordab2ids ne conpound of structural fornula (XPCT/US2004/011253

wherein Y, RI and R2 are as defined above, Y

R2)JNRL (X) wth an aqueous base in a solvent; and

5 (b) isolating the resulting product. In another

enbodi ment of the present invention, the pyrrolidine

compound of formula (X) is hydrolyzed with a base

(2) S%_Iﬁ—&l?ﬁﬁ’gﬁf» 1N cShiRd GORDEREN ROtk ( ﬂé?%rein'xﬂﬁlaaﬁ@ R2 are as

) n one class of this enbodi nent, base I s
definedgbeys, | n a subcl ass of this class, the base is agueous
NaOH. 10 In anot her enbodipent of the present

i nvention, the pyrrolidine pound of fornmula (X) 1is
hydrolyzed in a sol vent s?ﬁgéggd fromthe group

consi sting of methanol, Rfhariol “R'and i sopropanol. In a

class of this enbodinent t solvent is ethanol. The
present invention also provi es a process for the
reparatlon of conpounds of structural fornula (Xl X):

W“hm%¥ﬁ%?§ bage inpplyRat Rad 15 (X1 X) wherein R is sel ected
fromthe group consisting of (1) hydrogen, 20 (2)

Pt 19 00 0L (9
- ( CH2) In-anetpértelmpbdimamahf the present invention, the pyrrolidine compound of formula (X)

is hydrolyzed with a base selected from the group consisting of NaOH, LiOH and KOH. In one class of this
embodiment, the base is NaOH. In a subclass of this class, the base is aqueous NaOH.

In another embodiment of the present invention, the pyrrolidine compound of formula (X)
is hydrolyzed in a solvent selected from the group consisting of methanol, ethanol, and isopropanol. In a
class of this embodiment, the solvent is ethanol.

The present invention also provides a process for the preparation of compounds of
structural formula (XIX):

HO,GC,

’ N N\R1
RS/-\//\Ra
R3
(XIX)

wherein

R1 is selected from the group consisting of
3 hydrogen,
) amidino,
3 C1-4 alkyliminoyl,
4)  C1-10alkyl,
&)) -(CH2)p-C3.7 cycloalkyl,
{6) -(CH2)n-phenyl,
@) -(CH2)y-naphthyl, and
® -(CH2)p-heteroaryl,

-14 -
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(8) -(CH2)n-heteroaryl, -14 WD 2004/ 092126

PCT/ US2004/ 011253 in whi ch phenyl, naphthyl, and
woet@voanyl are unsubstituted or substituted weCh/usnm®4/011253

to three groups independently selected fromR3; and

al kyl, cycloal kyl, and (CH2)n are unsubstituted or

substituted with one to three groups independently

selected fromR3 and oxo; 5 each R3 is independently

sel ected fromthe group consisting of (1) Cl-6 alkyl,

in whic}( ok ng%}hpf Q&ﬁ@( rbar)f%?&) g_%ii:? opﬂﬁpﬁtu%b with ()145) (o thr e groups
E%?%ﬁ 8 i
mdepen(lg)tly s%lép% @;@g 03r Y (?fkéflclf: alky g@é:‘ﬂl(l)lg gt)tué@\y suE)sél)tuted with

one to th&@?%ﬁ %r?dentl 1eété@i‘ro&@(2aan& &1, - (CH2) nNRASO2R4,
(CH2 n802 (13) - (CFR) nS(O) pR4, (14)
CF3, 20 (15) CHZCFS (16) OCF3, and (17) OCH2CF3; in
each Ral&ﬁhﬁlbpdﬂﬂéxﬁlly@aéc}téd firdin B8 gflRp chviti e; al kyl, phenyl,
Eﬁpht {g}qt eroaryl, cycloal kyl, and
etero oal kyl are unsubstituted or substituted with
é%)e t of }Fﬂ)e@h@wbstltuents i ndependently sel ected from
9 hal_ _HM Xy, oxo, Cl-4 alkyl, trifluoronethyl,
2nd Cl ?3 nd wherei n any net hyI ene (CH2)
Ar bor(GH mhF OPQI’B’ 'i's unsubstituted or substituted with
@fe t o(CHW,-Beetspgcldaligependent |y sel ected from

| oge ydr ox nd Cl-4 al kyl; or two substituents
Wen e T Reon

en o nmet’nyl ene (CH2) group are taken
t(m)get latogwi,t h t he carbon atomto which they are

Ltac to forma cycl opropyl group; 30 each R4 is
n)depe ént I &fel ected fromthe group consisting of
d& hy €2 ?2) Cl-6 alkyl, (3) -(CH2)n-phenyl,
(10  NO2,

(11)  ~(CH2)pNRASOyR4,

(12)  -(CH2)nSO2NR%),

(13)  -(CH2)nS(O)pR%,

(14) CFs3,

(15) CH)CF3,

(16) OCF3, and

(17) OCH2CFs3;
in which heteroaryl is as defined above; alkyl, phenyl, naphthyl, heteroaryl, cycloalkyl, and
heterocycloalkyl are unsubstituted or substituted with one to three substituents independently selected from

halogen, hydroxy, oxo, C1-4 alkyl, trifiuoromethyl, and C1.4 alkoxy; and wherein any methylene (CH2)

carbon atom in R3 is unsubstituted or substituted with one to two groups independently selected from
halogen, hydroxy, and C1-4 alkyl; or two substituents when on the same methylene (CH7) group are taken

together with the carbon atom to which they are attached to form a cyclopropyl group;

each R4 is independently selected from the group consisting of
¢)) hydrogen,
2 Crealkyl,
(3)  ~(CH2)n-pbenyl,
4 -(CH2)p-heteroaryl,
(6)) -(CH2)p-naphthyl,
(6) -(CH2)p-heterocycloalkyl,

© -15-
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(4) -(CH2)n-heteroaryl, 35 (5) -(CH2)n-naphthyl, (6)
-(CH2) n- het erocycl oal kyl, -15 WO 2004/ 092126
wWOeCH49820604/ 011253 (7) -(CH2)nC3-7 cycl oal kyl pcams2qo8)p11253
-(CH2) nC3-7 bicycl oal kyl; wherein al kyl, phenyl,
heteroaryl, heterocycloal kyl, and cycl oal kyl are
unsubstituted or substituted with one to three groups
i ndependently sel ected from hal ogen, Cl-4 alkyl,
hydroxy, and Cl-4 al koxy; or two R4 5 groups together
jh thgiggegyggﬂ&ﬁhﬁqm&hey are attached forma 4- to
nber ed ndno- bi cyclic ring system optionally
c,(é%t ai Hiynas7 Rirgrlealbrlal  het er oat om sel ected from 0,

wherenﬁﬂk}ﬁ %@W heéer llleter@!??oﬁlqh San@ cy&maﬂ&l ax% ung{fbs&utled o%su})sututed with

oneto ‘gﬁewg{"'“ﬁfétl%?%z?hd%?‘ig 9&?‘%?1)’ Sl g bydiesy. ey ¢ x4 allgxy; or two R
groups wigemher withthd Soflt® WhidR tife ﬁ{téﬂhé(ﬂﬁ)rmﬁﬂld to%mbﬁtbé%@d ﬁl@ﬁd BeBlcyclic ring
system I%I ’1y c %'gﬁ eﬁ%d?%gr@al% ?&%f%le Gl i & 8 an | a S%(Rfdm 4 aqkyl and

wWherer
nis Wk &, deordr chloride, and R3 is as defined above, with
a reducing agent, and isolating the resulting

product; (b) form ng an am no al cohol of structura
comprigitg the pteps(O OHH NRLY R3 3
(a) preparing an alcohol of structural formula (XIII)
OH
“/Y\/X
Ra/lk&\Rs

R3
o

wherein X is bromide or chloride, and R3 is as defined above;

by treating a ketone of structural formula (XII),

S

\y\
RS
Xi)

wherein X is bromide or chloride, and R3 is as defined above, with a reducing agent, and isolating the

resulting product;

()] forming an amino alcohol of structural formula (XV)

m/\/ ~R!
F{E)/IK \

<

wherein R1 and R3 are as defined above,

by treating an alcohol of structural formula (XIII)

-16 -
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15

R (XV) 20 wherein RI and R3 are as defined above, by
treating an al cohol of structural fornmula (XIlIl) -16
wWORVRAOA26092126 PCT/ US2004/ 011253 OH X ai R RBT/UR3004/011253

(XI'1'1) wherein X is chloride or brom de and R3 are as
defi ned above, with an am ne of general fornula RLNH2,
wherein RL is as defined above, and a base in a
solvent, and isolating the resulting product; 5 (c)
form ng a conpound of structural fornula (XVl),
wherein Y is -CN or -CO2R5 an@R5 is Cl-4 alkyl, and
RL and R3 are as defined abovg, yx OHH NR 3 R //xR3
R3 (XVI) by treating thearynoal cohol of structura
formula (XV) wherein RE*ah FL are as defined above,
OHHR R3// R3 10 R (XVi mﬁth a conmpound of genera
formula (XI) (XI) V\hereln Y gy ON or - CO2R5 , and RS
is Cl-4 al kyl, and isolating the resul ting product; 15
(d) form ng a pyrrolidine conpound of structura

whereirf 2 sl osidg¢ M\hr‘bmgie\mbR 21 aydefingd ghove-R3 are as defi ned

with an amine of general formula RINHp, wherein R is as defined above,

and a base in a solvent, and isolating the resulting product;

©) forming a compound of structural formula (XVI), wherein Y is —CN or —CO9RS and RS is
C1.4 alkyl, and R1 and R3 are as defined above,

(XVI)

by treating the amino alcohol of structural formula (XV) wherein R1 and R3 are as defined above,

OH h

/\(T\/N\Ff
'\

\/

R (XV)

with a compound of general formula (XT)
Y
I
(X1)

wherein Y is -CN or -CO2R5 , and RS is Cj.4 alkyl, and isolating the resulting product;

(d)  forming a pyrrolidine compound of structural formula (XVIIT) wherein Y, R! and R3 are as defined

above,

-17 -
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15

above, -17 WD 2004/092126 PCT/ US2004/011253 Y N, Ri
R3- R3 (XVIIl) by treating the conpound of structural
woaommmz26 XV ), wherein Y, RL and R3 are as dePCmas2004/011253
above, Y OHNRL R3 ~"~\R3 R3 (XVI) wth an al cohol
activating reagent, followed by a base; 5 (e) form ng
a pyrrolidine acid of structural formula (Xl X),
wherein Rl and R3 are as defined above, HX®R2C, r-~rc
R R33 R3 (XIX) by hydrolyzing the pyrrolidine
conpound of structural formuwa (XVIII1), wherein Y, Rl
and R3 are as defined above, NNRI R3 '/ 2 A3 R3
10 (XVII1) wth an aque 8-gh a solvent:; and (f)
i sol ating the resulting-fredyst. 15 In one enbodi nent,
R3 is selected fromthe gpoup consisting of hal ogen,
-CF3, and OR4. In acla of it s enbodi ment of the
present invention, R3 is selected fromthe group

consisting of fluoride, -
by treatmgqge COmPOI(I:{ld of structural formula (X]V%), wherein Y, R1 and R3 are as defined above,

with an alcohol activating reagent, followed by a base;

(e)  forming a pyrrolidine acid of structural formula (XIX), wherein R! and R3 are as defined above,
HO,C,
I N N—pg?
R >~g3
R3
(XIX)

by hydrolyzing the pyrrolidine compound of structural formula (XVIII), wherein Y, Rl and R3 are as
defined above,

N N\R1

Ra'/'\//\;q‘*

R3
(Xvii)

with an aqueous base in a solvent; and

® isolating the resulting product.

In one embodiment, R3 is selected from the group consisting of halogen, -CF3, and OR%.

In a class of this embodiment of the present invention, R3 is selected from the group consisting of fluoride,
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WD 2004/ 092126 PCT/ US2004/ 011253 bromnm de, chlori de,
-CF3, and -0OCl-6 alkyl. In a subclass of this class,
we2o4g9skebect ed from fluoride, brom de, CF3, &0W/US2004/011253

-OCH3. In another enbodi nent of the present invention,
the reducing agent used to treat the conpound of

formula (XI1) of step (a) is (+)-DIP chloride. 5 In

anot her enbodi nent of the present invention, the

compound of fornula (XI'l) of step (a) is treated with

bromld% rh?o%ldg ! Efﬁ%g(? aﬁ(hle Ilp ge l?xgs T %s Qass aéﬁis)églgctedl 1 on{f‘ﬂuonde

uci ng
brormdge(ﬂ@c@leh-q@f@n t he gr oup consi sti ng of

Bg: 22 glngho %drl eieﬁb %'l 1611tn Iefltlllelnp%éser*ﬂ mVGHtl?a égleg d%%nﬁ% agen} used. to treat the
compotufteof ferdwbi (HED) afwen (a) is (DaPBrbloNdd- di et hyl ani | i ne. I n

anot hey, aﬁ{)tﬁér%nﬁsdmmf%g@e@émkmoﬁlnﬁe &qg. hyas&ffbénula (K1) of step (2)

sel ected fromthe grou onsi stin

is treat%cgyukza Wél‘%‘}g agedn 3}/@ é’ieé%ﬁ of a ¢pfakest- Ipg cglsssgfﬁblp g@godément the reducing
agent 1§ EHle‘éteﬁ @dfSthe $/08p EbidtingSIf Hobant-N) Naldﬂﬁy‘l Byilind"BSrane-THF, and

e SRR B e BB R o 4O SR i, 1
anotheﬁﬂasaﬂf thiz eafbodjeast; thk chtalystud ﬁle_EtM\I_fﬂBm thvherow confdting®f (S)-CBS and
(8)-2- rﬁe %&%@%ﬁgg’a&{%ﬁ%ﬁe %&%ggtfcﬁag{]&l t%% Elg%b g gzgé[lg%t QS%EP%-methyl CBS
oxazabgrdhdgement, R1 is tert-butyl or -CH2-phenyl. In a

S ubcl aﬁﬁanotﬁ@r e@l{boallﬁieﬁt &fltl%sp?eselﬁ:im}eﬁu&ne Aty Bﬁ’formdlzp (XT) is treated with

ti
an armgfr' %ft cﬁf{g?ralg?m}ugarlgﬁﬁ%z (Aslae]iemeR Plg seiﬁ?céed ) t%\%g{cyﬁlp ’corgmenég of hydrogen,
~(CH2 mgheagt edC1f-gadiyl.t Ine ctpsoefphis enisidgndnh @10§ teMZo@i] onl-CBbkphétH, In a subclass

¢l of, this enbodi nent, the base is NaOH 1In
Ofthlsﬁgﬁstﬁ }Se}g?rﬁlg?ﬂ fment of the present invention, the

al coholn apbthérembolimepddfithe) presnttm\ealu@d thealcoRg oﬁfcsmhlv €XI) is treated
v SELSEL 8 8, TRl LSl 5238501 e e

base islffd.c| ass, the solvent is refluxing met hanol In

anot hef, ReRAMAHRBmea! oftdﬂaeprps@ﬁaﬁ%uém%mcbm of foﬁzﬁuﬁ QX110 is treated in
al cohol. of structural formnul

a solvengeegied FpmimedianglPretaarln Bt chite Oéﬁ*nsr?asbawglentr e éolangggnethanol Ina
subcla§fof tHid das%ﬁﬁkﬂdlvﬁﬁﬂ’iﬁ reflukigg @ihweNt is heptane. 25 In
32%25 % g erfe | i ngan{ %[ ? Ii)rg %{?ﬁs%gv%%%éong%)ez %)Iat?o\?allco&\hl of sfyxctural formula
(XV) i€Nplafen bareotykellizaivndoinnisptane br hehanep iresdmsts of tisemtbodiment, the solvent is
hept the conpound of fornula (XI) is the conpound wher ei n
"Wis - 02R5, wherein R5 is Cl-4 alkyl. In a class
this eFseihpesmbodinest oitinprpsnt inveotipetipcpEpoBH @@l‘mula (XI) is the

COmpduﬁmgf@mg:U&CI—B In a subcl ass of th| s class, Yis

ca2 anot her
emomtha eﬂf‘wsmaﬁn ‘iPrF%%{}téﬂ‘f‘?nB?P thercampging o Frgmplp (XD is the
compoyid wherein &1 is fED2R, awh¢uIRS is Cs-afalbyhrdul a blpsshaaltis ergbadhment Y is -CO2CH3,
_COo By 6 to reflux.
-CO2CH2CH2CH2CH3. In a subclass of this class, Y is -COpCHyCH3, or

-COyCHyCH)CHyCH3.

In another embodiment of the present invention, the compound of structural formula (XVT)

is formed by heating the mixture to reflux.
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-19 WD 2004/ 092126 PCT/ US2004/ 011253 I n anot her

enbodi nent of the present invention, the conpound of
woebkomawernal forrmula (XVI) is formed by addi ngrerhanmi/o11253

formam de or a mixture thereof. In a class of this

enbodi nent, the conpound of structural forrmula (XVl)

is formed by adding a 1:1 m xture of

et hanol : formam de. |1 n anot her enbodi nment of the

present invention, the conpound of structural fornula

( XV I ) Tn2ndifer eﬁa@h(ﬂ}r et Pikhe n%rne%ny ﬁ'ﬁ/éﬂuloh Zth@&n%()ﬁ’rm JTERIARE formula (XVI)

hexane. n anot her enbodi nent resen

is form%%a%ns gthandhforpmpda if @ rgTiugsthegzaf ulngﬂ clgspelys ambeéypﬁnt the compound
of strudtSall 6ORMLACW {sHoddal e@hied 2 BChiiMakionahiRRaeMmER.] ect ed

01 POy N eSthsT S o et oA gresept Grent A compoungl siapefprsdgormula CEVD
is isolatedl b@igcry&taﬂizkigl fromi he@;hﬁa ythexdie. a cl ass of this
embodi n{) er em%ﬂc%m%% h ? Lhe %%% n¥ ﬁtzérﬂi%{x tﬁea&?r ?Bullafof stn%ctur?l formula (XVI)

chl orodi e

is treat@%élﬂp%ne%“éﬁ?lchﬁmg regaent saksted Siopdhi 5*05? C%wm& o r%ll’O(ORﬁ)L

ClPO(N(N(JDQ)h LMD 0,ITSCL bRELH A, Whirkin ROBAS £ 4 SRy EEtpBEhy.r B class of this
up_consi sting of |jthium hexamethyl disil azi de,

embodg%?af %?ﬁak}ﬁ’é&lé‘ﬁ‘é‘taﬁw regdgedt js shlprpdicthyhehospitaies si um
hexa Wehﬁﬁd)tﬂér%kﬂbaﬁhﬁﬁt of I3 peesék mSéntioh, thddcmnpe tiihnﬂlsﬁﬁ:lﬂiral formula (XVT)

h t d
i reatp R Rl ted it é@iﬁ?&gﬁ%&f%‘ﬁm?ﬁ%@% A0S fedium
hexamethyldgsilamicd, arfdgromassiam hxddnjethy fsilagdd: ripatchass ththlaembodlment, the base is
11th1un{lﬁegﬁﬁétﬁéﬁgﬁaz9c{e about -30 to about +10 C. In a cl ass of

Inment, the tenperature is about -15 C. In
anot heln a@%@mﬁm@ﬁo‘fm@rwé gwentiopiheermnepnd fjgeuctural formula (XVI)

is treat@d/itra%rh&kdﬂtﬁe prﬂéﬁm t@hbob L 1. an alCKM bl this bSboWRER)] e @hperature is
base sel ected fromthe group consisting of

abo“tﬂé@i L| OH and KOH. In one class of this.enbodi nent,
t he baBembthedNatBddinlent & tﬁdﬂiéﬂeﬁ&ﬁveﬁﬁoﬂ e pyblatis, cotdpeund of formula

oovmi 38 alsBRAVERY Pusk St it Po Pk RGN B NEEE ik Rort. 1 one
class of M4 eindbpdienthihel ﬂ:meyzH@DHn Inen. wib¢lase of thisellass thecbaba i aguehes NaOH.
group ﬁ%&;h&t érﬂ&dﬂﬁeuﬁtﬁ@ﬁ ent 1§Jehﬁ‘6r]£ hglpgigghdme compound of formula

| sopr opano ass ‘of thi
(XVIIR sihydityzedsin a soluam peleciod frppghapunepsgingehmethanpd eﬁ\a@@%&fl isopropanol.

maclééﬁoﬁdmﬁlem%dmbﬁ h8 diadned eBindiOr M ng a zwitterion of the

trans yrr |d|n acid of structural
HO2C, o e DR o B ol PR e R Eigion of the
trans p@lﬁélidﬂ&dlcﬂbmmctmﬂdbmﬁméXMD(zl ng the zwitterion froma

solvent; and isolating the resulting product. In a
class of this enbodi nent ti&Czwitterion of the
pyrrolidine acid of fornmula (X LS
~R
I A
F{S/'\'//\Rs
RS

(XIX)

wherein R1 and R3 are as defined above; recrystallizing the zwitterion from a solvent; and isolating the
resulting product.

In a class of this embodiment the zwitterion of the pyrrolidine acid of formula (XIX) is
formed at the isoelectric pH using an acid. In one subclass of this class, the acid is selected from sulfuric
acid or hydrochloric acid. In a subclass of this subclass, the acid is sulfuric acid. In another subclass of this

class, the isoelectric pH is about 6 and a stoichiometric amount of acid is added.
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fornmed at the isoelectric pHusing an acid. In one

subcl ass of this class, the acid is selected from
weubdume2iee 30 acid or hydrochloric acid. In a sgbaisamg/o11253

of this subclass, the acid is sulfuric acid. In

anot her subclass of this class, the isoelectric pHis

about 6 and a stoichionetric anount of acid is added.

-20 WD 2004/ 092126 PCT/ US2004/ 011253 |In another cl ass

of this enbodiment, the zwitterion of the pyrrolidine

aci d 0ﬂ1 aﬁﬁr G a?%&%inx)emboc'dlﬁa&q rt){c%v% tgﬁ%l t}%&)ﬁ/@f}ﬁdiﬁeoic}/deo'}tfomula

sel ected consi stin
(XIX) jssesprseized ﬁpmﬁ@nvent sﬁeqtm/from R tcynsmenmefretl@mlalsopropyl alcohol,

methylli rlq)\kt?lfétﬁeg Sr; aﬁi%fmuré t!ﬂeé@%ts £ iu@@ﬁss%f thﬁsh@la%s Qllne?s%g'ﬁrattl%xture of isopropyl
i tur IS

hyl
stcohol G ARt 5 TR ERSE 1 S0 HEE SSCORBF oS SRS PlssonpRy
alcohoBobtidndér-baylli@ri sopropyl 5 al cohol : methyl tert-butyl
ether. The present invention also provides a process
for the preparation of conmpounds of structura
f or mul Bhe(Desxtintd@R@, alsol prévBdes RProcdds Xr thel frepunaion ioficdRipoinsis of

tructus® FEGh om the group consisting of (1) hydrogen
S amggﬁifﬁ% 15 (3) Cl-4 alkyliminoyl, (4) G-10

aIkyI (5) -(CH2)n-C3-7 cy@g@alkyl (6)
(CHQ)n phenyl, (7) -(CH2)n- n: thyI, and 20 (8)
- (CH2) n- heteroaryl in h r' napht hyl, and
het eroaryl are unsubsta qr substituted with one
to three groups |ndepenaéﬁ1 selected fromR3; and
al kyl, cycl oal kyl, and (@ﬁQ)n are unsubstituted or
substituted with one to thri&& groups independently
sel ected from R3 and oxo; 25 each R3 is independently
whereifi€l ected fromthe group consisting of (1) Cl-6 al kyl,
(2) -(CH2)n-phenyl, (3) -(CH2)n-naphthyl,
R1 is selected from the group consisting of
(D hydrogen,
2) amidino,
€)) C1-4 alkyliminoyl,
“4)  Ci-10alkyl,
5 -(CH2)-C3.7 cycloalkyl,
(6)  -(CH2)p-phenyl,
) -(CH2)p-naphthyl, and
& -(CH2)p-heteroaryl,
in which phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3; and alkyl, cycloalkyl, and (CHp)y, are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

each R3 is independently selected from the group consisting of
(1)  Cigalkyl,
(2)  «(CH2)p-phenyl,
(3)  -(CHp)p-naphthyl,
4 -(CH2)p-heteroaryl,
&) «CH2)p-heterocycloalkyl,
{6) -(CH2)nC3-7 cycloalkyl,
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(4) -(CH2)n-heteroaryl, 30 (5)
-(CH2) n- het erocycl oal kyl, (6) -(CH2)nC3-7 cycl oal kyl,
WO 2004002126004/ 092126 PCT/ US2004/ 011253 (7) hal egems2qo8p11253

OR4, (9) -(CH2)nN(R4)2, (10) No2, 5 (11

- (CH2) NNRASO2R4,  (12) -(CH2)nS2N(R4) 2, (13)

-(CH2)nS(O pR4, (14) CF3, (15) CH2CF3, 10 (16) OCF3,

and (17) OCH2CF3; in which heteroaryl is as defined

above,; aIkyI, phenyl, naphthyl, heteroaryl,

-ﬁcl o%% and heterocycl oal kyl are unsubstituted or
bsti ed with one to three substituents

ifdep ently selected from hal ogen, hydroxy, oxo,

Q- 4 aldaph,N@®AYA | uoronet hyl, and Cl-4 al koxy; and

m@ g\ﬂ?any met hyl ene (CH2) 15 carbon atomin R3 is

Zuted or substituted with one to two gr oups
|(hﬁepe¢®ﬁ)ﬁN&4mRécted from hal ogen, hydroxy, and

4 substituents when on the sane
o, gy,

nmet'hyl en up are taken together with the
dh?)bon(%&)mﬁ(@@%l ch they are attached to forma

qugI ogiEdpy! group; each R4 is independently sel ected
gmth roup consisting of 20 (1) hydrogen, (2)
¢s 3 (3) -(CH2)n-phenyl, (4)

(OH2)oCHeh®r oaryl, (5) -(CH2)n-naphthyl, 25 (6)

- < | oal kyl, (7) -(CH2)nC3-7 | oal kyl ,
égﬁwz%ﬁ%%%&og b%/cycl(ozell k§/| ; 3qur ei nC)a/IICkSIa, d

in which hetiphryl 6 @$ ésfidad ytoye;hiidyk phaiyt hasityy heteamadyl,cydbadigillani
hetel.rocgcrlc?all%I Ria lblgst tHE&gcg o s{lbsﬂJ e%%&hg)tng Q) tilMe%1 g.rbst?cﬂ&tst g%_etp%r[doeﬁtly selected from
halogery |h)(cypxy, ﬁwp@,@a é,ﬁ)a ‘@Iomet%xlkaaswl Lba[l qx%oanédvhegggl ww&glene (CH?)
carbon tat‘aﬂﬁﬁ ﬁg fis Wsﬁﬂgtlﬁlﬂbﬁ o?EtQ)gﬁtht@d W’ﬁh ofe tton@bf gRNs Bldpasdaftly JeRERY from
halogen, hydroxy, and ém 4 al%l or two sgbsutuents Wﬁé’n on the same%]ethylene (CHp) group are taken

together with the carbon atom to which they are attached to form a cyclopropyl group;

each R4 is independently selected from the group consisting of

) hydrogen,

)  Cr-6alkyl,

(3)  -(CH2)n-phenyl,

4) -(CH2)p-heteroaryl,

(5)  -(CH2)p-naphthyl,

6) -(CH2)p-heterocycloalkyl,

N -(CH2)C3-7 cycloalkyl, and

®) -(CH2)nC3-7 bicycloalkyl;
wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, and cycloalkyl are unsubstituted or substituted with
one to three groups independently selected from halogen, C1-4 alkyl, hydroxy, and C1.4 alkoxy; or two R4
groups together with the atom to which they are attached form a 4- to 8-membered mono- or bicyclic ring

system optionally containing an additional beteroatom selected from O, S, and NCj.4 alkyl; and

nis 0,1,2,30r4;

comprising the steps of:
(a) hydrolyzing a pyrrolidine compound of structural formula (XVIII), wherein Y, R1 and R3 are as

defined above,
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20

system optionally containing an additional heteroatom
selected fromO0, S, and NCl1-4 alkyl; and nis 0, 1, 2,

W0 2004/042126 conpri sing the steps of 35 (a) hydrolPgziusgooa/ 011253
pyrrolidine conpound of structural formula (XVIII),
wherein Y, RL and R3 are as defined above, -22 WO
2004/ 092126 PCT/ US2004/011253 Y N- R1 R3 '/~~~R3 R3
(XVI1l) wth an aqueous base in a solvent; and (b)
isolating the resulting product. 5 In another
enbodi nent of the present inyention, the pyrrolidine
conpound of formula (XVIII) ys\hydrolyzed with a base
selected fromthe group ¢ st igrof NaOH, Li OH and
KOH. In one class of thls _enbodi nent, the base is
NaOH. In a subclass of 't hi€ cfass, the base is aqueous

NaOH. I n another enbodi mé¥it of the present invention,
the pyrrolidi ne compound of f SFWN a (XVI11) is
hydrol yzed in a solvent selected fromthe group
with arCadD&dus bisB éh Dfolvemt; @aol , et hanol , and isopropanol. In a
class 10 of this enbodi nent, the solvent is ethanol.
In a further enbodi nent of this invention, the
(b) cisstongnik refultingrpmeduet. | is conpound 1-9 HX2C, F "(~ F
1-8 Ofh aflo I e\!r%‘g%%bgﬁi{rrﬁﬂt &ﬁ:heﬁﬁésgntthp@flt%ﬁf the h&&%ﬂe@ﬁ&p&fmd of formula

this embo ) e zwmtterion 1S for g%t,e
(XVIIaig dydrolyredorith aase splecied Andhe gropy epngisientiNa Ol LPH pqd KOH. In one

class o];ﬁﬂﬂﬁtehﬁf)diﬁllaﬁsﬁe 8isetidWsor MRadupRAtL of thRR1&)kHetbasd 10 Aiquksus NaOH.
orne
f

by the 15 addition of sulfuric. acid. | :
(s SORBUEEN R eSS <Pyl PURPL o aRA o) (rgpla OXVIID i
hydroljz2d il salventisSlet@nfpomnithd gidup HOE@ing & methanal, elvendl, @rdiigpropanol. In a class

. salt..theregof . | cl ass of this enbodi nent, the
Oftmsgr\?\n{)?dtlrg?n?’otne Touve tro\irsrgr%“élmb'y the addition of 20 sulfuric
aci d ol aHfydhe etwbodingntaf bk, inyentiem dtelrempeund ©f fagfula i isscompound 1-9
enbodi ment, the zwitterion is fornmed by the addition

of sulfuric acid. -23 HO.G,
S

1-8

k4

or a zwitterion or salt thereof. In a class of this embodiment, the zwitterion is formed by the addition of
sulfuric acid or hydrochloric acid. In another class of this embodiment, the zwitterion is formed by the

addition of sulfuric acid.

In a further embodiment of this invention, the compound of formula I is compound 2

HO,C,

ot

or a zwitterion or salt thereof. In a class of this embodiment, the zwitterion is formed by the addition of
sulfuric acid or hydrochloric acid. In another class of this embodiment, the zwitterion is formed by the

addition of sulfuric acid.
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WD 2004/ 092126 PCT/ US2004/011253 1In a further
enbodi nent of this invention, the conpound of fornula

woO 20@t/00orzpound 3 HO2 CH30 / 3 or a zwi tteri onrPom/usadol/011253
thereof. In a class of this enbodiment, the zwitterion
is formed by the addition of sulfuric acid or
hydrochloric acid. In another class of this
enbodi ment, the zwitterion is fornmed by the 5
addi tion of sulfuric acid. Throughout the instant
appl i cRtal fBfiner ERABodiREA @MhRGnTeRHMTHE tHRRYBpSUNG of e YT &Fompound 3
meani ngs: The al kyl groups speC|f|ed above are
i ntended to include those eyl groups of the
designated length in either afs rai ht or branched
configuration. Exenplary yl groups are
nmet hyl , 10 et hyl, propyl| opropyl butyl, sec-butyl,
tertiary butyl, pentywﬁ’|sopeﬁ&yl hexyl, i sohexyl ,
and the like. The term "halogen" is intended to

ora zv&jit[égi%ﬁ' grgsa}t t?l?er‘%b ! Hl%eéwasglpﬂﬁﬁ elt‘ﬂlj&ﬂﬁl IR he E\Wﬁt@ﬁdr{}? fongécpw € addition of

|nc
sulfuriqusharhyftocHingE 1565 Tt oeEA 5Pl e Mo mabs BN Blriomi formed by the

additicRloEMShtEa@d OoMmati c rings containing from1 to 4 15
het eroat ons sel ected from nitrogen, oxygen and sul fur.

"5- or 6-Menbered heteroaryl" represents a nonocyclic

het er o'ammﬁ@fohtcthds insgnt aﬁpmamﬂneme adllohviigaena rhy{zesthel mdfcated mdanings:

]tc Plof’n It gr o(époulgsn $ ecl:'{g%d Qﬁh \‘? are ﬁtenﬁ%it o rl% \ thos% alﬁﬁlg?o%%§ gf the
designatéd lewsfh in eplyevrra@trgaght oobaalzcbb@/donﬁgthat@zro Ey¢mp1arw nf shalz alkyllgroups are methyl,
ethyl, ﬁbfﬁy‘f‘%&;‘giﬂpyl b§t91x QéOAuY}Jl 'teﬁlﬂ%nﬂyﬁﬁéﬂtyll isopRMey, 'ﬂb}@’l N¥dhexyl, and the like.

%ﬂ , |squ|n
be nzi nteetsmn yl}alog ﬁg @femi% to 1119@4% thefhple g3 atoqls[ﬂ)lwf)qa, chlorine, bromine

mmlmhﬁﬁzthlazolyl and 20 benzoxazolyl and the |ike.

Bi cycl hetgr aro rin [ Iude but are not
Iiniteh‘?ﬁ“nﬁg ZBFH@ %8 ImPHﬁ@ole benzot hi ophene,
benzof 'ﬂ]heﬁlﬁrm enroanylt azmte mdmen:m'démya]mirematic rings containing from 1 to 4
n n zat I .
hetero%ggrgsé s% fe? %r ﬂl’mg#h I’l)%,é gﬂrl% sul?i?lf] di |%n éll <§ K/%mt%ﬁ]ieg ﬁ%%r;(}fér?lé ?!;;Pge.asents a
monocyﬂicdn@r@mw@ip negt E)@fmplqs héhngr@egygls] psejfid yrethisi imyention include wherein

heterozﬂﬁtlgére%{eﬁ |froh§th§?1] ﬁlt%cﬁﬁstﬁrf Qﬂth%ﬁ erHIIP tHOHRE, 'p%/hbl@ﬂ o®zolyl, thiazolyl,

) yrr ol
1nndazp]'\a/” gzr@m}yl 1s97gaptg]1§]®F59qh1aquy1|, @ﬂnﬁgqnyl %)/ggzrué)g,cﬂywlale(nyl quinolyl, isoquinolyl,
benzintifMzai, aalﬁbﬁiryl lbdﬁkcdlﬁé@ll Mﬂxdolyﬂ’}b&ﬁﬁl@ihz}dlyl angoxazol yl , 25

benzmﬁl?cﬁyld Itﬁﬁke l],ﬁyﬁcl eroalr%@&ﬁ ?lﬁ%ﬁl lg%lgéebgﬁff%&g%%l , benzothiadiazole,

indole fenzdfiopiyghe, bh&nﬂmtlbﬂmythdazoln,dmhyd;oxam berhapthinodly, Iq,umahlm:b
benzotH%Feo égia)%le i (E}gmgﬁx{eni)urﬁxg %gﬁinjﬁ{llle and%hlér[% d Iﬁ Bne embodiment of
(0] car

e non- ar ngs cCo al nin
the preggndingensign hhetpsoagyl és s@]@rrte@)irpm theyarpupnonsjsting @9wrt§‘|§éfhtfwl thienyl, pyrrolyl,

oxazol?h(ﬁﬁé%ﬁ@?()illazoﬁp @1&%91 RPN thiadi Qﬁ)l}thmazolyl pyrazolyl, isoxazolyl,
het er gy cIoaIk |"i's intended to incl ude non-aronmati c

isohiagely e PO PEBRAP I SOPEIEZEY: FRADHERBIO I Jpprimidazolyl
benzofasf, Ebeﬁszdnéﬂyg ﬁﬂdlalytl e@fiiazolX M@ Benatithzayl. f ur . Exanpl es of

o1 per | AP P AT et BB gt g only carbon
atoms suthdazy@ldpdipyk cycletatyl,ahylopeafyl cpaiohepylpsrday clneeptyhnd t he

I ke. Tﬁé" term “heterocycloalkyl” is intended to include non-aromatic heterocycles containing
one to four heteroatoms selected from nitrogen, oxygen and sulfur. Examples of a 5 or 6-membered
heterocycloalky! include piperidine, morpholine, thiamorpholine, pyrrolidine, imidazolidine,

tetrahydrofuran, piperazine, and the like.

24 -



WO 2004/ 092126 PCT/ US2004/ 011253 Certain of the above

defined terns may occur nore than once in the above
woOaoomovai2and upon such occurrence each term shaCir/useoo4/011253

defi ned i ndependently of the other; thus for exanple,

NRAR4 may represent NH2, NHCH3, N(CH3) CH2CH3, and the

i ke. The process and internedi ates of the present

i nvention can be exenplified with the 5 preparation

of (3S,4R)-N tent-Butyl-4(2,4-difl uorophenyl)

pyrrol epthlﬂ%‘iﬁxa%%gqg %rﬁg h]g&()écugpno%§ha§1t&wwtﬁb a%@ﬁeﬁﬁn la and

1. Schene §R4 4
upon supfp@eurTqnCHAFREE tem ghajl bp.d lnemdem@nd@iﬂyvf Kty phuf for pxamplgs NRAR4 may
represedd®Hly, NEHOHGONCH3)TH3 Clis AanMeG]kle HO H ( EtOQ20P", 0 (I N

TR enr%cﬁjgﬂﬁte'pn%wgﬁ@f fheresyt gtigon C@E%’ﬁefnwéédﬁ“ﬁ’ the
preparafiorPof (3S,4R)-N-tert-Butyl-4(2,4-difluorophenyl)-

pyrrolidine 3-carboxylic acid (1-9) as shown in Scheme 1.

Scheme 1

OH
Cl (S)-MeCBS _ ~_C NaOH
"BHy-DEAN /[::]:A\V/ MeOH
MTBE F F
12

Foalas m Y

HCONH,
1-3

CN CN
(EtO)ZOP\

HO
0 )
ot o0 -

— 7) -
NG HgN’J;_
NaOH ‘
F F 2.pH6 F F
1-7 L 1-8 o
0
HO’&,
S N\\<L
F F
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-25 WD 2004/ 092126 PCT/ US2004/011253 As shown in
Schene 1, the known (3S,4R) N-tert-Butyl-4

wO200k/0d2126 uor ophenyl ) pyrrol i di ne 3-carboxylic &Cras2004/011253
(L-92) is prepared as follows. The asymetric
reduction of 2-chloro-2',4'-difluoroacetophenone 11-11
with a reducing agent, such as (+) DIP chloride; or
with a reducing agent such as borane-diethyl aniline,
borane 5 di nethyl -sul fide, or borane-THF in the

pr esengesilyndn S@feRk Y Sthe ktHGN3 QRS- ﬁ)te,@ﬁ%yp@r
oxazaborol i dine. The reaction is run

CB
@ 4"111{’?PY%P@@{QPéﬁPh@%FéTCa&EOW“i ulEPya Prerarrdes TaliPBE, ¢ ol uene,
or THFTheadsy@me&ﬁm@ﬁetahw e-chlorca® QuHdifhudfhatophbidae 1aNsith a reducing

seent, §5 o9 Pile Bhpye! GG tehedberfiatet sp B %%tbﬁyﬁhe%%mne
dlmeth@kﬂﬂ"abmrdaloradeﬂ“ﬁl’am the lpasenne ofH @itiyst, _surrlm als ($)CBE, er (B-Ednethyl CBS
oxazabt)R)hdth eTher I%Qc ?{1 iscH}n %n%}gléteﬂ% hedg ldﬁ gc%gf e%l%eg B‘M’gﬁfi t uelbe or THF, at a

nper ature o en t
temper@wre(oéyb@sszmt@ +é9‘t0a pydsqptimay, piradenperative of showt30dA +é$°C to afford the

(S)-alc1 83, RS (Qjc 2-§rfé§1yﬁCE@ @mzhmfdlﬂéfan@b&%bodletﬁﬁl agl%ne 218 @sed for the

R-en i0 al coho pr epar
reductlplil élg$ {Lﬁ ée CticT 1§\mnﬁlt te;npgptprec% Ia‘B‘i"}t 6Q°C g}en HX% usg %‘%&%/ W@le % of (S)-CBS
catalysﬂ.reﬂlilts\m thb fciinh@&rﬂff@&ii& iz dfighe Sa@@nionsen df ai:lcdhal Bb y'$he R-enantiomer of

alcohofm_’é may IS)e %Rg)arecdaos reattu-‘gFi) 1 w1tf;r§gﬁ#4 c %%%e é)r fa fet 15? h 4 V‘ﬁ}ﬁ]lf borane reducmg

reac
agent apfl & hatallm 5(ucl) aIRPCBISl oo (R)elenethy] QBS maaaliomhdme un@d sipiilagreaction

conditiB&e rﬂy g‘_n h%r( -) Dﬁﬂlﬂgncge&nyl{h e reduc1ilg igent 2;./1’1(1 (R)-CBS or

oxazab OFO ast ereoner of

R)-2-mgthd GBS ca;agqbﬁqqhg]pe fbesIR, %dmspﬁ:éoqeg of &d,1eayjhgmoade in a similar fashlon The
reductidf 6 RBOSRABR: 1LF dafiBl¥o @é ﬁ&ct@@ bﬁ&&a@ﬁm Mméoalﬁﬁ@bfmmnde and

di um t hyl si | oride
mmeth?!%t@@@ ¢ By B Ok B bR pentaedn e B
acetoplyiofier Eat/ﬁa@ymmétrlc aafed pjirogenaion-ubiny clirad ghptiet doiplex catalysis.

E:ra?gls’;glegt eJiJ.{ %Fc% loln ffhs ! Qa%% P(I:h;_a%léo& g;ycyroygﬁé) M@rﬁé 8%droxide or
potassigen hy digkiden ih g dratiz |sqleent Isucthms methayelrop rthatwl,and sybstquensly hmating to reflux

results tﬂly{ﬂé %fng@on d @léeﬂepgfﬂé fnférrﬁ&il gﬂttj_lurg] ﬁHtftob g ?ﬁl @ﬁ&&’&e 1‘91rg with-a primary
v ShA0T S B ST Rl e affdeshsaino alcohol 14

Crystaflitat®8 of N-4Ftdnvheptane Bil iegarleh §1v@spi@ﬁﬁh(§1ﬁcd}ioﬂ 04k $9.9% ee of the S-enantiomer.

such as benz
When Bbii G B StiE S Beh e PRpL AR E Lo of methanol o
tert-butyll eaimolis 13- Nk treafBieypisdfahd dpbﬁlﬂd: mtermédﬁt&-lzmmﬁrbmmm eminanad the

subsqugnt %%@Qleo?f tl%I beﬁ%@ glr&egéﬁ%%g r# a?;dzﬂ’? c%n%?iogs/ sh a?fh?laérggenatlon is

am ne
usefulmwar@mewaiﬁef@nnmlmlvcmﬁnﬂi rsﬂ 44, the optinal ratio

of net ﬁﬁa%en{ & anhy dicoRbit1vA wﬁﬁ@x&?lohlﬁﬂg- At heIt}i}% th kR r@mwed by the
the epoxide_internediate 1- benz am ne and

of
additiopog eté@%&ﬁ@@qw&cmr arlé%weaqhers?f ’anBe ‘é@ﬁ ggges 53/ B¢ Eagtiqggetfords the amino
nitrile %_8 UFhe ARG mﬁrilféll’lﬂ afadl b€ ?ﬁt;ﬂéﬁﬂaﬁﬁéd bR stafizing frgm he;f)tane or hexane.
ydadr og atIO u are Cco S .. .
£ ol B Byripiap ipilpd10s forioed BERR EfES ahihalegiobgiile 15 into
leaving grauppst mieaamny wethiae aleohel 2otivathigagageiti, sueh asdfIPUSOELDp 1d fopeptermediate
1-6in ?ﬁ tﬁg%eqéeqlg{r% trgg}lt 8{ m%* %lna% 1 Gf@{ rﬁﬁtﬁl dgich QL htﬁlum l%%%(grﬁeghyldmlazlde

ages o reaction,
sodium hfg(alaﬁtily]lélsﬂmderqr p@tasﬁlunﬁgzxarr[weyl@\lﬁﬂqz@emt f tqmpgragple &5ibaty —30 to about

+10°C%ljs%rct1§7@z{ns Bitchiioffhe ?}’mﬂﬁiﬁfeﬂhrﬁl l:j Z(Dﬂﬂgr chro‘i;lm abf?ﬁ?ﬂ@f‘ea%ilts useful to
conver i AR Ghe) e BY e e i g e e HRQR8E o e

MsCl, MsaQi Tiefl gr Bap®, bpeeindin€nialivyltdn phenyhl cohol acti vati ng
reagent, such as CIPQ(OEt)2, to forminternedi ate
11-66 in situ. Subsequent t_rzéxgrrent of internediate
1-6 with a base, such as |ithium hexanethyl di sil azi de,
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sodi um hexanet hyl di si | azi de or potassium

hexanet hyl di sil azi de, at a tenperature of about -30 to
wahout092124 0C yi el ds a cis/trans m xture of thePCT/US2004/011253

pyrrolidine nitrile 1_7. Oher al cohol activating

reagents useful to 35 convert the alcohol into a

| eaving group include, but are not limted to,

Cl PQ(OR6) 2, CIPQO(N(R6)2)2, MC, M20, Tsd or Ts20,

wherein R6 is Cl-4al kyl or phenyl. -26 WO 2004/ 092126

PCT/ USZB{a4l. 59113 }am3d rrbGintlrilkl=PRal 'tl& AU RArhdafe NB Thd Bnetically
e anj de |ntqﬁrmsdj te 11-88. The

Controli%]dd’é(gﬁﬂ’!yeﬂs{eyﬂ%ﬁ%twa|°F BATHFEF BIS Ll wifh #eAdro st bast, sy as sodium
hydroxfder lilthiulrrdﬂlyl’clﬁ)xlidetd‘r pbtessﬂ.lmﬂﬁldmt(h i8R phdidQblvent BaAGEas mBdigAolsthanol, or

1sopr01?]a%(f:)1{lr reﬂ 2 arrdotﬁe su%?e@tl?n h(ig%ﬁ%\}egrxn df 28 B%E §'§ ﬁ%@%«%ﬁ%gﬁr@ of 1-9 with an acid,
such ase‘tulfan@ac,ld orHC], sfbpdsahanaltericatof @ [Tihe pHaen the tidoelectric point is about pH 6.

The zwitt?Rf gf’%&nf9ggfé%fy@§ﬁ%%dqgocr:x? %ﬁarﬁﬂogge'iﬁ%%ahss ot h&a %wntenon of 1-9.

pol nt as s uric aci
The Zwermlof _ﬁfm&yr%ﬁ@b@ﬁ@wwltwwa@ﬁ{%fsalaf;xorggcetorﬁélepH at the
i soel ectric point is about pH 6. The zwitterion of

11-99 A¥ .e hanol t?hgl VepoyndsofthePresent

trans By T
Inventipwi (SI)M&; GBS afid dSl—ZQﬁbtliWYJBSI-(SmB he (S}a@-lmeﬂtyaCBS Dﬁiaﬁﬁol%e BOC is

tert~bu¥lcar§ | On e&hy %u%lfﬂe BP/EFAQ ".hygg rm&éﬁ% ﬁthAc shethyl acetate;

ar‘ atron
pp@g@ﬂt gis _ggm}snb grrhrl%lgpum( m is hydrochlorlc acid, HPLC is high
pressu{e%)qul% c agﬁys n%ﬁg% ﬁllﬁrgételg oFﬁEx'E)ﬁly ﬁ%s 1soprop 1 alcohol; kg is
oxazab orollglrne is tert-butyl carbanat %)EA

kilograghse b Ayftergr MRS is ) heumeling (uleFigs M tsHelff s liers; MeOELis
methaic$, néih Rythin@e& rdt ﬁ’ moleiNGHs hﬁthﬁﬁd’é&llf&iyl MITBBSis giefbiyBi-bubyl 8ther; N is normal;

NMP1F_|§] tflgour o dch]leEIgaSCﬂI}{seso llg @?ﬁ%ﬂ%@p&%&g&%ﬁﬁ raCIngnce OAcis
acetate; &s isfiplp¢rieprifoayls TGF ISrf@trabmryfuranmdn C‘dPO@?ﬁimpyhlorald@@rybphOSPhate
kg is kilograms; Lis liters; LIHVDS is |ithium
hexamet hyl disilazide; Mis molar; nLis mlliliters;
MeOH i $ha Bllpwing &serhple fsiprovided e ystests, theripivenition Ayl i 8ot tgvbe construed as
limitink %erﬁ%ﬂ%%@ %%\feﬁﬁw in aMrﬁzgmbls %M&nﬁnv@ H}Eﬁéhm@ﬁtliﬁﬁoceﬁﬁré ﬁtlhzmg the

nor ny, is N neth di none; IS sodi um
novel prfgest ’iS &@taﬂﬁrqf\mlqws Fh’ElB‘l‘r%%fFS %‘ﬁgﬁ‘i“@ &hé%mfms@xa@a@ i djrected to the
prepar@Alofit@&npolifid 19, b HeieH asi hbtqRihded Td it She present invention to a process for

rof uran; and CILPQ(CEt)2 is chloro diethyl
makm%ﬁ%é ﬁéfj‘écoﬁfﬁ’@n‘% ol | owi ng Exanple is provided to

illustrate the invention and is not to be construed as
20 limting the scope of é}?@?@ nti on in any manner .
i A repr esent at |dve exer| pr ocedlfre ut i I i zing the

Step Al II ust p%h@n@ngfl@nfogﬁddqm ng Exrrpl e is directed to the
preparation of compound 1-9, but doing so is not

intended to limt theopresent inventiomHo a process

for making that ecilf i ccrconpound. 25 AMPLE 1
(3S.4R)-N-tart-B -4(2, 4 dgif+tuor gn) pyrrolidine
3-carboxylic agi 9) Step A : 'atl on of

Conpound”1-2 O'CH,_CI 'Ol FFFFllZ

A solution of (S)-2-methyl-CBS-OAB (128 mL of 1.0M solution in toluene, Aldrich),
borane-N,N-diethylaniline (25.7 mol, Callery) in MTBE (10 L) was heated to 38-42 °C, followed by the
addition of a solution of 2-chloro-2’,4’-difluoro-acetophenone (4891 g, Apollo) in MTBE (14.7 L) over 10
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A solution of (S)-2-methyl-CBS-OAB (128 nL of 1.0M
solution in toluene, Aldrich), 30
woao@ez21g N- di et hyl ani line (25.7 nol, Call ery) pCo/usE®BE011253
(10 L) was heated to 38-42 C, followed by the
addition of a solution of
2-chloro-2',4"-difluoro-acet ophenone (4891 g, Apoll o)
in MIBE (14.7 L) over 10 -27 WD 2004/ 092126
PCT/ US2004/ 011253 hours. The resulting honobgeneous
hours. TSR lr¢suitia R h¥aszefiddub seddlioa twad Rirfadfa040 W b Hour, amﬂthérhr&ﬂled to 18 °C and

. cool 18 d stirred overnigh Met hano .3
sired PR et 3 2w MO GRS Vil MR ot fpberaore a
<20 °C tmithpeslaigu Tee mtul&@lofﬁogertehuscsoblkmm gas stined fae$0 Innmun@, then dilute with

water (ﬂcir%gg 5 %paﬁaeo%g h\ﬂ 1@ ?.% %{3&&& 5\/reE te§ Qvfme Eﬁ%ﬁr]?%%)m @ r&:mpera.ture at

aqueous
22-25 *Geydthggeling. d\fisr StwgﬁOnmwetgs thgtdsiees vm‘g separpind-ride Organic layer was washed

with saﬁ%&eaﬁﬁédﬁﬁ ﬁa@lt andEthe%?eogc%n@at@d 1a&RAb 8 chibfol #dohSit1-2. I TG hiral assay

m_nut es, re separatéed. The organic
ofthe PRyreHCahAE N8 O g S STPet TGSV RED: | “and. t hen
1H-NMRoREH?,480.25MHz) & 2.6 Uom,t180) . e(ne hHp r’)@%mcldﬁo-’r 16.dd 27= 8.2, 3.2 Hz, 1H),

279 @ S S 7S o pinah g Bnc Sl BA1C 0

13C NMRiCRRAIS/ mm SO E R 260 G 185 Hpm L0 Py e GAL 3 1.7 H), 128.6 dd,
J=9.7, %‘7‘%) 61339 (é y 3 8§-§z]}61 14 %‘%dd ¥ :21%, %% H}é go&% (téﬁ-li%i% Hz), 67.8 (d, 2.1
Hz), 49g. 2 rz 1H), 3. o2 (s, 1H). ST 1éc NMR (CDCL3, 100. 65

BP: 69W¢ap1m He (dd, J= 249.6, 12.0 Hz), 159.7 (dd, J=
248.5. 11.7 Fz), 128.6 (dd. J=9.7,5 7 Hz), 123 0 (dd,
J=13.5,3.8 Hz), 111.6 (dd, J = 21.2, 3.7 Hz), 103.8

Step B(t, J Brep@atibn P Comffin814d, 2.1 Hz), 49.4. BP: 69-71 C
at 15 mmHg. 15 Step B: Preparation of Conpound 1-4 OH

c Fl ~11 1\ F 1e2 1-3 H N B.,F 1-4 The

concentrated M el uti on of ~frpom Step A (5040
g, 25.67 nol) di | utee—w|th t hanpl |5-L), then
tert-butyl am e FL) was added. The xture war nmed

upon mxing to 452C. The mixturedwas 1hen cooled to
25 C and solid NaCH pellets (1048 g) were added. No
exot herm was observed, 20 and the m xture was stirred
and warned to refl ugtt After 2 hours, if chloro-al cohol

remai ns, additi can be added After 12-20
hour s of refl ux , the|m xture was concentrated in
vacuo to 1/3 ¥oldnef then water (5 L) and MIBE (20 L)

wer e added. The ¥esulting | ayers were separated, and
t he aqueous phase

The concentrated MTBE solution of 1-2 from Step A (5040 g, 25.67 mol) was diluted with
methanol (5 L), then terz-butylamine (25 L) was added. The mixture warmed upon mixing to 45 °C. The
mixture was then cooled to 25 °C and solid NaOH pellets (1048 g) were added. No exotherm was observed,
and the mixture was stirred and warmed to reflux. After 2 hours, if chloro-alcohol remains, additional
NaOH can be added. After 12-20 hours of refluxing, the mixture was concentrated in vacuo to 1/3 volume,
then water (5 L) and MTBE (20 L) were added. The resulting layers were separated, and the aqueous phase
was re-extracted with MTBE (2 x 2 L). The combined extracts were washed with saturated aqueous NaCl
(1 L), then concentrated in vacuo. Heptane (40 L) was added and the concentration was continued to bring
the volume to 20 L. The resulting mixture was then heated to ~90 °C to dissolve all solids, and allowed to

cool to 22 °C to crystallize over 4 hours. The mixture was then cooled to 0 °C, stirred 12-15 hr, and filtered.
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was re-extracted with MIBE (2 x 2 Q The conbi ned
extracts were washed with saturated aqueous NaC (1
wappo4toazine concentrated i n vacuo. Heptane (40 LPCWAS2004/011253
added and the concentration was continued to bring 25
the volune to 20 L. The resulting m xture was then
heated to -90 C to dissolve all solids, and allowed to
cool to 22 Cto crystallize over 4 hours. The m xture
was then cooled to 0 C, stirred 12-15 hr, and
The filfirdté vey wakhed wﬂBche@&ﬁé(QQQng theR @A 23064/ a@l‘i%ﬁ) oT)hﬁl the crystalline

amino—%lif:(!)%)g t < Tgastﬁrg S?a%dfé __ét g?l 3 o a| x Ri (252 ratéci és R ?an 10mers ?>rb9 9% ee).
TH-NMBACla @Q%Mﬂ;@ﬁﬂéz (ph 8} ﬁigﬁéllﬂ HYsay6 Gp, 1@4%859@94 =28-6,34, 1H),

2.94 ( : @Y f S:R enantioners (>99.9% ee).
ARG D o O SRR T I
13.6, 3%) 9141(1r(fad Y1309, 325)512)3(4I({11g2—1§7!)02d6§ olgoé;%zsﬁtﬁ 1 (‘55:)135@ MB&): onset
115351&96“%1 %Légcj 1‘2@%25 C12.0), 128.3 (dd, J = 13.8,
Anal. GQl@)for QHZHHF:(W Calle. €262 87, 1:375497P F,11@:§74N(&-11-501ﬁ1d3Q2 @)9;3,1“1, 1.67,F,
1624, @62 50.4, 48.7, 29.1 (3C). MP (DSC): onset 115.35
nd 118.66 C, peak 117.22 C. Anal. Calcd for

Cl2H17F2NO Calc., C 62.87, H 7.47, F, 16.57, N,

ﬁllfndgfﬁ%@?G?F 16.24, N, 6.13. 10
Step C reparal C 1
P St ep CT‘P‘éggrat o% o? Compound 1-5 ON OH H CH H

JCCF*'~ N( \ FFF 1-4 1-5 A mxture of em noethano

1=4 from Step B (5.205 kg, 22.68 nol) and

acrylonitrile (2629 Ly 408 nol) was heaﬁe at reflux

(-77 © under_= roYen- at nosphere ~er ing for
5 -90%|Convetston) | e equi Vat ent
k. 32 L, 22.68 nwl otef or mam de (0.9

20 hours (wt
. each of et hano

L, 22.68 nol) , was added, and heatlng MQ§Scont|nued

for 12 hours. 'After coollng to 22 C, the solution was
concentrated by distillation (80-90 torr at 20-22 C

pot t ehpistueaf ayingethanol 1t4 fen Siee B (TAQS ka8 p§ mal andasrpiopitrile (26.9L,.

408 moP&aHehidl §Cterid (A7 4 ¢(§)Q1H&é? Q)ﬁlltrc%&?ﬁtﬁfoﬁph@l%z Alser Bfing for 20 hours (with

re-concentrated (55-75 torr apd
~90% ¢RRYFTEPR al?eeﬂﬂquiﬁlé SRR B! (Ll 2.8 LR Fogie 34 L 22,68 moD)
was add€R ead Rdtingdwgh coftdied e 17 RS, t AfRg cbcﬂﬁlg (5.9 ‘\@Eledb]lutibreﬂas concentrated

by dist%h,ﬁ@&é%ﬁ{}%%@l %O%gteh\%égte%lg%r% ?to ! a lv;llrg%ve & I'CSllltlélg trefmdue was diluted
with isaprbpyl asdtap (2 atdve-condentr@ed (54170 tort #:nd B7IRCabot tetmgerature). The dilution

and re-%&ﬂ:@% X BRLR taas efdI Antd%l{ Qhéﬁ%&lt?xé ré’ﬂ&d% QJaQ fl&té@ w1tﬁ fgl)é]&gﬁ gcetate toa

rest 0 terla evvas was

total VWlmﬁ of ¥dlpBpyny rebeancsthat wagbresset Was |at1@~@ﬁdéo side afier sierping the stirrer, and

the bulok fhe QubcPiaftine s ek Rf 13 S POV, BESIAS the rdf8f material. The filter
conbhgid f||tra

cake was Washgd, Wikl 1SQRIPRY; accetgaf and Ll;e ﬁltéaé%‘fvilsdhg@p ant%‘ g?otzﬂ,@?&éﬁi otolsoprOpyl acetate.
The cdi’ﬁbhx%l filteanel ~SaL watveshddrither soRitidn tnpde uphoif S/aMBSIDGJ)J awtixcheid (52 mL, 4

ue L wa 2 The é
L R e
orgam(:_laxycﬂ waveorgaratddi shéttomiand 589 RCBo k- 1Hbvoluma gnd ﬂushed with 5 x 6 L portions
of n-heptane, during which time product crystallized. The slurry was diluted with n-heptane to a volume of

23 L. The mixture was stirred at 0-5 °C for 3 days, then filtered and washed with cold (5 °C) n-heptane (14

L). The wet cake was dried in vacuo at 20 °C with a nitrogen sweep for 4 days to afford nitrile 1-5 as a
crystalline white solid. The chiral assay of crystalline nitrile 1-5 was >99.99 area % as the desired S-enant-

iomers.
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of n-heptane, during which tinme product crystallized.
The slurry was diluted with n-heptane to a vol une of
w@20d4/097ine mi xture was stirred at 0-5 C for 3 #aya/S2004/011253
then filtered and washed with cold (5 C) n-heptane (14
L). The wet cake was dried in vacuo at 20 Cwith a
nitrogen sweep for 4 days to afford nitrile 11-55 as a
crystalline white solid. The chiral assay of
crystalline nitrile 1.5 was >99.99 area % as the
1H-NM#EE00. 25 iPr- I 39;%4 mde_wz 3.1,
PCT/ U82004/g??%%gagi$n%gsé 90§§ b Qﬁ? 13) ( .
3.66 (OFpr{ H)} By00-2633d omy 3HD), 2.6§-2- 4@(om 2@,33245 (da)f mgg4o(3dm) yli(s 9H).
13C—N1\m (K)OGSI\]IHZ IHJ)Clg) 831@61. @, d%aﬁ)z, 13930@5%@1& ,(emri RH).9), 128.0(dd, J =
J -—
05,655 1551 {4 (o110, 86, Ak (406 887n8): 1ckital™ B Do 4 (3, 357,473,
27.2(3Q),20.247. 7, 11.9), 159.6 (dd, J = 247 5, 11.9), 128.0

R s T R GG

MP (DSD); 8ysetdH),2D,°CAchdF4.15 BCp2aR67.610C. 20 2. 19F-NWR (376. 61
Anal. dea,for B3WF B0l &R 20, 331, 31, 716,:8)0.92; L1648 Fdludlg, @6@)79 H,7.30, N,
- “onsét 60.20 C, end 64.15 C, peak 62. 61 C.
9.93, Fplﬁail Cal cd for C15H20F2N20: Calc., C, 63.81, H, 7.14,
N, 9.92, F, 13.46. Found, C,_ 63.79. H 7.30, N, 9.93,

F, 13.31. 108 D: Preparation of Conpound 1-7 CN CN
StePDm(Et%?@@ﬁMé—&HMEEk%FF 1-5 1-6 NCN F F 1-7

"To a solution of gl cohol 1-55 (5.73.k09, 99.9% 20.28

nol) in dry THE (3.3 L), cqol @q),z(gpo kg , was added
chloro diethyl ph(?gp ate (3.719 kg, ). Lithium
hexanet hyl di 7((1 35 in j@ .5 L, 42.58
nmol) was sl o dded' over 1. 5 § whi'l e mai nt ai ni ng

the reaction terrperature at | -15 3 C. After stirring
at -15C for 2 houfs, the HPLC assay'€onfi+nmed conplete
conversion to pyrrolidine 11-77 (as a 80:20 trans:cis
m xture). The reaction m xture was quenched wi th water
(50.6 L) at <15 @&and extracted with n-heptane (40.5
L) at 20 C. The orfganic /|l ayer was washed with 10%
aqueous Nad en 2 Q The

F F
1-7

To a solution of alcohol 1-5 (5.73 kg, 99.9%, 20.28 mol) in dry THF (31.3 L), cooled to -20
°C, was added chloro diethylphosphate (3.79 kg, 21.29 mol). Lithium hexamethyldisilazide (1.35 M in
THF; 31.5 L, 42.58 mol) was slowly added over 1.5 hours while maintaining the reaction temperature at
—15+3 °C. After stirring at -15°C for 2 hours, the HPLC assay confirmed complete conversion to
pyrrolidine 1-7 (as a 80:20 trans:cis mixture).

The reaction mixture was quenched with water (50.6 L) at <15 °C and extracted with
n-heptane (40.5 L) at 20 °C. The organic layer was washed with 10% aqueous NaCl solution (52 L). The
organic layer was carefully extracted with 3 N HCI solution (40.6 L, 121.8 mol) with cooling to keep the
temperature <35 °C. The aqueous layer (58 L) was adjusted to pH 11-12 with 50% aq NaOH (6.13 L,
116.1 mol) and extracted with n-heptane (54 L). The layers were separated. The organic layer was washed
once with 10% aqueous NaCl solution (26 L) and the resulting heptane solution (48 kg total) was assayed
by HPLC to contain cyclized nitrile 1-7 (as a 80:20 trans:cis mixture), which was used, as is, in the

hydrolysis/epimerization reaction in Step E.
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20 organic | ayer was carefully extracted with 3 N HC
solution (40.6 L, 121.8 nol) with cooling to keep the
woeopavaer e <35 C. The aqueous |ayer (58 L) WRET/US2004/011253
adjusted to pH 11-12 with 50% aq NaOH (6.13 L, 116.1
nol) and extracted wth n-heptane (54 Q The |ayers
wer e separated. The organic | ayer was washed once
with 10% aqueous NaCl solution (26 L) and the
resulting heptane solution (48 kg total) was assayed
by HPLC to contain cyclized nitrile 1-7 (as a 80: 20
Trans- PyrasiglineiNgtritd-HCUSad) , whi ch was used, as is, in the 25
1 -NM’R/ [ t
FMY 0L i3 SROTEFE L1191, 168606 B, o) SES  0n0 9/ 1./ 11,
1H),1M€sr$fll)e HCl Salt 1H NVR (400.25 Mz, 020) 6 7.42 (m

13C- NMH)(JO(Y@M 19533)(83163 2284, .7 =41 506, 32 é)91dmr(1dd51l-£ 18038,46.7{,080.2 (dd, J =

10.2,5, @d)m g, 116§ 1212(1(5@1 I3 21(71%) 534 q6. J 26 %@ %sz adt%53j ¥L4.323,23.7 (30).
19F-NMB@3B;, 6 114HZ,D20) $61®.87dd, Jd7fl) -1 82 (@5.43.5). 116. 9,

MP (D%‘%?: E?Se%]?ﬂ];%? lﬁgg’g}szjﬁ? 4“2 pgak lﬁﬁg)é?j?l?gc? . . 19IJ:- ;ll\/é& %

HR-MS B8] thdorditelal, 26D020)6; Buad 065.8547(d, J = 7.7), -112.87 (d,

J =8.5). MP (DSC): onset 179.23 C, end 182.83 C, peak

181.85 C  HR-MS MtH t heoretical 265.1516; found
Cis- Pyppldipg Nitriled8§C1G% - Pyrrolidine Nitrile-HC Salt 1H NWR
1H- NMR:I(&;@W 44@@5 M51zMs-lz 57 bn711-577( (6v7. 01?3‘“’ 2H),11@r21s,@ﬂ1)(4(3m-4.08 (m, 2H),

08 (in, 2 4.07-3.90 (m

407'3§‘£2 3§D8?98 %(“M@llﬁ)-”(sf 3 (s, 9H). 13C NMR
13C-NYRAGIBAH, 1006568 HH 1659 65/ 5193 12.9), 162961d3] = 192.5)12.5), 131.5,

1189(%%2 514(3?%7) Jlﬂg,]@goi%?l %Jd%g]lo?%t %52@%5?2,158{28 21]1 20.2, 35.0,

2493, J = 26.2), 64.2, 51.8, 51.1, 40.2, 35.0, 24.9

19F-NNIR@B 76l ORvNYR (AT S Vi 20, dto@id@h= O3y 111. 29, -112.61
. (G0 DSCO) : onset@-ﬂgw 91 C end 263. 37 C,

)
W(Déﬁht@n%@wé @enAﬁéé Ineek 3Br15EE5H19C F2N2: Calc., C,
Apal. (3%:d906r, C HH 1 6CIBZN2:Malc9.C359.96;,H, $3708,,9.33L F, 12563./01, 1 Fiu Hdund, C,59.76,H,
C 76, 20 6.26, N, 9.40, F, 12.54, d, 11.43.
6'26’1\13965’9%:19%28’a1r1a ion of Conpound 1-9 0 NC H2ZNA N ~ N~
| FFF[F 1-7 1-8
Step E: Preparation of Compound 1-9

NG |
N
| oot
F F F F
1-7 1-8
"0sC,
@(C““%
F F
1-9

A solution of crude pyrrolidine nitrile 1-7 (4.88 kg, 18.46 mol) in n-heptane (~65 L
total) from Step D was solvent-switched to ethanol (~20.6 L total) by distilling the n-heptane
(50-60 torr, 25 °C) down to about 6 L in volume, and adding ethanol (15 L)). The resulting solution
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-02c, NH~ | \ F/ F 1-9 A solution of crude

pyrrolidine nitrile 11-77 (4.88 kg, 18.46 nol) in
wo-2bepwane (-65 L 25 total) from Step D was  PCT/US2004/011253

sol vent-switched to ethanol (-20.6 L total) by

distilling the n-heptane (50-60 torn, 25 C) down to

about 6 L in volune, and addi ng ethanol (15 L). The

resulting solution -31 WD 2004/ 092126

PCT/ US2004/ 011253 was concentrated to a 6 L vol une,

was coffshtftddud @@ W/ d10me! Arn@lutddlwit® ethindlq146 19 té giv@ta&btal volume of 20.6

L. To ol ugﬁ -1 %ﬁﬁlg})‘?ﬁl&)ﬁt@nég ﬁg—%ﬁ%@&l\/\gﬁﬁsﬂ @ESZEWT{%QS with stirring.

This méttiserwasghen Hdates] toirefiun € 3vas°Q)hadetaatgeh fop Seflhoxrs. The reaction

was mélﬁ?or%@ la}ﬁ-lpi%d Alftel! C(ﬁcgl&%gg ZBQEPE_E%Q%?&OH OB QAS d{luteg 6V1th ethanol

er Ccool 1 ng

(25.4 1g,and mecthanat (40cﬁ1Lh’q0>€1U|¢ @tcmlsvomm@ pecB8L (45 2l liaM@@HEEtOH mixture).

This sdld@orfiwhs codmsdl tmamamid 9(@9 H@sc)), A qzm \zs 63anbly ik adedd) mﬂe
of -88 L (as a 1: OH m xtu .. This soluti
maintajping @@6@@3@%@1@2 aéowp éé%Tth §b14ry wasizlte&ed ﬁs%%‘r’e)d ot Solks-Floc

(5 kg) mabardydens pokiléraayie) niddighjang tmdmwshaqbammlut EtQH: MEOHI(60 L). The

resultl%flﬁ:lglteﬁv%scre-ﬂg %@b)co%%&trg%ﬁ 8 8t hr%g&ﬂg}a] (ng(&%%&ro;tagol solution (~15

L volukg) by amﬁutrhéustﬂlﬁsime (hei produbt drysalideVd@ing 60 vet sWitehing.
i\;éléﬁnl L[rJPJ \ia{s g&}‘?ed’\% §ejfu§ |§ féOI fo?g_ h?&? G&h%ilt JnﬂI @gﬁﬁ%olves product).
The nnwtgq‘qm}hebyllwgﬁglug peadl Aftex qog](mgdﬁ 16 MRMPBB 3@ ¢ L, 3 volumes relative to IPA)

was ad@erdxg E@Inhktal%dw&wdag t8 @Iv¥ 8113 r5id &fQPA'l@TBﬁ hﬁft&esﬁﬁintglaﬂgs 17 °C for 3
lurry was heated to reflu - hour s

days, “(ev%lﬂ“aﬁ”"‘é fiftsreh 2pq thy sefids W%%%Sg‘?ﬂ%‘&hbg’) 13 I%é“ﬁ’s}t Thegolids were dried
in vacub@ESOttb@) ht &d) P(Q\Rﬂﬂil atrﬁltrd‘géﬁ) kweepfthretighaRObatdbgfor @ ddgs. CwitdHdE 1-0 was

at t I P t th
lsolatecfﬁ%@#é cplfife S ATidion DGy 5457 LEAD: S8 LE L1
TH-NVG ¢460.28 MHzs Dpf@) &7 3(ien 11ﬂ)c§ $2p.83 (o g3, 4.G8{OHR 31133 6&\kpsen, 3H), 3.45
b t d hed th 12 L 1:3
(ll;m Hltﬂpk &?%E(O@hnﬂ{) % oé ?e\/\gﬁae\é\a%el n\Mvacu (150 tor r;
C-NMR @ MWHW@ n117 150]96&? @ehedep! 2BHr b%;@hlftoh"e( B’a’t‘c}?‘“sﬁ%% ), 129.9 (dd,

J=10.8, ﬁ}yﬁw 72411 @d,1 ) 15399, 183 (1, 7S eh &d.0a81. @S\MGI 5036 41.3,23.7 (30).
stalllne 30|d. Zvvltterlon 11- 99 assays: .

MP (Dpghpnselalg “gomple 2/ °C | - NVR (400. 25 MHz, D20) 6 7 30
Anal. Gaind f0iH4)1,5H6 9BNGR: 8Ble(, 6rp3. SHH, 64658 18@H)N, 4947808466 636 H, 6.81; F,

1311.% 3.45 (bm 1H), 3.30-3.14 (om 2H), 1.32 (s, 9H),
AL RSENVR (100,65 Mz, D20) 6 176.5, 162.8 (dd, J =

123.7, 12.6), 160.3 (dd, J =124.5, 12.7), 129.9 (dd,
Preparagtgn ‘&f (3(9 1&) %—'ter?blg}lus é]@%ﬁaor%éﬂa %l) g)g{johgilleg c%ilbogianu‘?i%@ -8).

2‘311 z;naé}glgal samwpoft%@ns aﬁ]“\@?éf’te’zll@la@ 1- %)é/akplﬁﬂ_a?ed from ﬂ(ﬁ(é[l -9, via the acid
chlorldﬁﬁ&@eﬁm[ng@&ﬁlalﬁ%ﬁfdﬁﬂlydﬁﬂdé THEMB ACT3O1R) §H7.286(nd, GH) [6,84-6.73 (om, 2H),

6.60 (sz 1;31}@192 Cos 1%}) g?@{‘?ghggp%sfr’gv fy, Sod@u, feon D 1,208 1, 7=83,
1H), 2. 6?@1 4R)-2161t(ed 8»5b1.H)y1 1 U6s( P10 NMROECHSHDATY 3plad7atid, di=rp48.4, 12.9),
160.7 (83, F-CARROKAN 196 8(dd, FL 0.4, 6.4), 126.1 (dd, J = 14.1,3.6), 111.4 (dd, 7 =20.9, 3.6), 104.0
(@ J=51.8), 53.2, 52.4, 512, 50.4, 41.5, 26.1 (3C). Anal. Calcd for C15H0FaN2O: C, 63.81, H, 7.14, N,

9.92,F, 13.46, 0 5.67. Found, C, 63.72, H, 7.00, N, 9.89, F, 13.91.

EXAMPLE 2
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15

An anal ytical sanple of the trans am de internediate
1-8 was prepared fromacid 1-9, via the acid chloride
wand4paenehi ng wi t h anmoni um hydr oxi de: 1H NVRpCTDS1®N/011253
6 7.28 (m 1H), 6.84-6.73 (om 2H), 6.60 (br s, 1H),
5.92 (br s, 1H), 3.67 (m 1H), 3.26 (t, J = 8.7, 1H),
3.08 (dd, J =9.2, 4.2, 1H), 2.98 (t, J =8.3, 1H),
2.87 (m 1H, 2.61 (t, J 8.5, 1H, 1.11 (s, 9H,; 13C
NVR (CDC13) S 177.8, 161.7 (dd, J = 248.4, 12.9), 30
160.7 (dd, J 248. 6, 12H@e}3@129 8 (dd J =9.4, 6.4),
126.1 (dd, J 14.1, 3. 6) J = 20.9, 3.6),
104.0 (g, J=51.8), 5 ﬂ 12 50.4, 41.5,
26.1 (3C). Anal. Calcd C15H20F2N20: C, 63.81, H,
7.14, N, 9.92, F, 13.46] 0 %67. Found, C, 63.72, H,
7.00, N, 9.89, F, 13.91. EXAMPLE 2 -32 WD 2004/092126
PCT/ US2004/ 011253 H®2C, N Conpound 2 was prepared

from 2Cahjoandaeet mpﬂmmﬁmn £-Ahldroacdagphérmnt Qaldrich) #ollowing a similar

Proced‘%ﬁ% gg—’%?o%ldure t deiczlobed for conpound 1-9.

1H-NMH §400.95 GD3aR) 5740 6m, ?(rb] 7.344m, 2 g@gm%ﬁ)( A5 (15, ﬁh) 3.80-3.70 (m,
2H) 3, §8 (lbfm% 1H]) F30am1 Jsﬂé(d% 3.3k, ’1 4§ 51§H§ drbc.NMR (100.65
S @i g 1375032360 1 5595 ﬂe?‘i’f Hias

theoretﬁal2713.15?1,3@1111514@16447 4, 23.5. HR-I\/B MFH theor etical
248. 1651; found 248.1649. EXAMPLE 3 HX®RC,, N~ 10
CH3O Conpound 3 was prepared from
4' - met hoxy- 2- br onbacet op drich) follow ng a
simlar procedure to tha?%(}gglgfééled for conpound 1 9.
1H NVR (400.25 MHz, CD30D) S 7.31 (d, J = 8.7, 2H),
6.88 (d, J =8.7, 2H), 4.8%8,t0H), 3 79-3.68 (om 3H),
3.76 (s, 3H), 355(brt, J =] 1H), 3.25 (br t, J
=11.2, 1H), 3.11 (dd, J = El 1H), 1.41 (s,
9H). 15 13C NWR (100. 65 , CD3OD) 6 177.2, 160.7,
131.3, 129.9, 115.4, &&6255.9, 55.2, 54.1, 53.3,
48.5, 25.0. HR-M5 MtH theoretical 278.1756; found
278.1754. -33 WO 2004/ 092126 PCT/ US2004/ 011253 WHAT

| S CLAt%fﬁ;% *1@3 w:!ls ﬁﬁé}&?ﬁ‘%g : w%o;%ﬁbﬁﬁﬁ&&'ﬁ(ﬂﬁlér%e ?}(ldnch) following a

oun Stru ra
s1rmlar procedure to that described for compound 1-9.

1H-NMR (400.25 MHz, CD30D) & 7.31 (d, J = 8.7, 2H), 6.88 (d, J = 8.7, 2H), 4.89 (OH), 3.79-3.68 (om,

3H), 3.76 (s, 3H), 3.55 (br t, J = 10.6, 1H), 3.25 (brt, /=11.2, 1H), 3.11 (dd, /= 18.8, 10.0, 1H), 1.41 (s, 9H).
13C-NMR (100.65 MHz, CD30D) 8 177.2, 160.7, 131.3, 129.9, 115.4, 62.6, 55.9, 55.2, 54.1, 53.3, 48.5,

25.0. HR-MS M+H theoretical 278.1756; found 278.1754.
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H ~R2 HX2C (I) 5 wherein Rl is selected fromthe
group consisting of (1) hydrogen, (2) am dino, 10 (3)
wQRe0k/0atieyl i m noyl, (4) C-10 al kyl, (5) -(CHREmAS3004/011253
cycl oal kyl, (6) -(CH2)n-phenyl, (7) -(CH2)n-naphthyl,
and 15 (8) -(CH2)n-heteroaryl, in which phenyl,
napht hyl, and heteroaryl are unsubstituted or
substituted with one to three groups independently
sel ected from R3; and al kyl, cycloal kyl, and (CH2)n
WHATAR €LATSEDSS] t ut ed or substituted with one to three
groups i ndependently selected fromR3 and oxo; 20 R2
is selected fromthe group consisting of (1) Cl-4
al kyl ,1.(2) A (OB} for thegireratakiyn of cofupunds of structural formula (I):
-(CH2) n- heterocycl oal kyl, (4) -(CH2)n-phenyl, 25 (5)
-(CH2) n- napht hyl, and (6) -( ) n- het eroaryl wherein
heteroaryl is selected fromime group consisting of
(1) pyridinyl, (2) furyl, (3)/thienyl, 30 (4)
pyrrolyl, (5) oxazolyl, -34¢ 2004/ 092126
PCT/ US2004/ 011253 (6) t Kol V¥, (7) imidazolyl, (8)
pyrazolyl, (9) isoxazolyl, ©

wherein

R1 is selected from the group consisting of

) hydrogen,

) amidino,

3) C1-4 alkyliminoyl,

@  Cp-10alkyl,

&) -(CH2)p-C3-7 cycloalkyl,

6)  -(CH2)n-phenyl,

@) -(CH2)p-naphthyl, and

®) -(CH2)p-heteroaryl,
in which phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to three groups
independently selected from R3; and alkyl, cycloalkyl, and (CH2)y, are unsubstituted or substituted with

one to three groups independently selected from R3 and oxo;

R2 is selected from the group consisting of
(1)  Cr4alkyl,
(2) ~(CH2)p-cycloalkyl,
3) —(CH2)p-heterocycloalkyl,
(4)  —(CH2)p-phenyl,
5) —(CH2)n-naphthyl, and
©6) —(CH2)n-heteroaryl wherein heteroaryl is selected from the group consisting of
(1) pyridinyl,
2) furyl,
3) thienyl,
(4)  pymolyl,
(5) oxazolyl,
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35

5 (10) isothiazolyl, (11) pyrirnidinyl, (12)
pyrazinyl, (13) pyridazinyl, (14) quinolyl, 10 (15)

wozogpooniabyl ,  (16) benzi m dazolyl, (17) benzetwmghkeo4/011253

(18) benzothienyl, (19) indolyl, 15 (20)
benzt hi azolyl, and (21) benzoxazolyl; in which alkyl,
phenyl , naphthyl, heteroaryl, and (CH2)n are
unsubstituted or substituted with one to three groups
i ndependently selected fromR3; 20 each R3 is

i ndepetentthiazadgl, ect ed from the group consisting of
(1 C al ) -(CH2) n-phenyl, (3)

(CHzﬁzﬁnapﬁxﬁaﬂgg (4) -(CH2)n- heteroaryl 25 (5)

(C}Q)@)heﬂbﬁ@@yﬁloalkyl (6) - (CH2)nC3- 7 cycl oal kyl ,
(7) halopgenou8yiORd, (9) -(CH)NN(R4)2, 30 (10) N2,
(11) &éiﬁ)nNR4S R4, (12) -(CH2)nS2N(R4)2, (13)

- (CH2) C»%@am”) {14) CF3, 35 (15) CH2CF3, (16) OCF3,
and - 3310 RBeB4dieR2126 PCT/ US2004/ 011253 (17)
MCF&Z) pyrazinyl,

(13)  pyridazinyl,

(14)  quinolyl,

(15)  isoquinolyl,

(16)  benzimidazolyl,
(17)  ‘benzofuryl,

(18)  benzothienyl,
(19)  indolyl,

(20)  benzthiazolyl, and

(21)  benzoxazolyl;

in which alkyl, phenyl, naphthyl, heteroaryl, and (CHD);, are unsubstituted or substituted with one to three

groups independently selected from R3;

each R3 is independently selected from the group consisting of
1)  Cigalkyl,
(2 -(CH2)n-phenyl,
(3)  -(CH2)p-naphthyl,
@) -(CH2)p-heteroaryl,
) -(CH2)p-heterocycloalkyl,
6) -(CH2)nC3-7 cycloalkyl,
@) halogen,

(8)  OR4,
9  -(CHDnNRH2,
(10) NOg,

(1)  «(CH2),NR4SO2R4,
(12)  -(CH2),SOONRA),
(13)  -(CH2)nS(0)pR4,
(14)  CFs,

(15) CH)CF3,

(16)  OCF3, and
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in which heteroaryl is as defined above; alkyl,
phenyl , naphthyl, heteroaryl, cycloal kyl, and

woebt@vooznel oal kyl are unsubstituted or substit eCeaspoitiol12s3
one to three substituents independently selected from
hal ogen, hydroxy, oxo, Cl-4 alkyl, trifluoronethyl,
and Cl-4. al koxy; and wherein any nethylene (CH2) 5
carbon atomin R3 is unsubstituted or substituted with
one to two groups independently selected from
HéngéhCHﬁyﬂwoxy, and Cl 4 al kyl; or two substituents

g R GTER MR,
heterocmlpzalgh ag uhubftonind er solystikudgirvdtindne grtbiep sube@odntRAddpsndently selected from

halogeli BS’&Q}%’J dend;y ash Qﬁf]ﬁ‘&oﬁl&ﬁ’}m 419 Qkﬂ%ycﬁﬁ%&%np&y %ethylene (CHp)
0 (1 hydrogen (2) Cl-6 al kyl, (3) Z{ CH2) n- pheny
carbon e,t%n in qquhqgg.@d@a pg}qsututeq gl}th D(lmWﬁ gmgpqqmﬂp}pbndem@y s(e&):ted from

halogen, hehiZynariat £ @kkylc bix@lolsybstituerfts Whmitﬂ'ﬂﬁé ﬁﬁa’%ﬂetl@&@b e@hK\eroup are taken
-7 hi cycl oal %@ wher ei n al kyl
|

togethebwg'h% b b Wchﬂf@tfé%&! P RPH 8 CYEIRPTORY LB k|

are unsubstituted or substituted with one to three

P n sel ect ed. f.rom hal ogen, Cl-4
each R %qgf)‘enﬁengle sgl ggcp fr ET gﬁouglc&nswtmg g%r two R4 20 groups
Kébetﬂﬁdﬂ@ﬂbh the atomto mhlch they are attached form

a2R- qugmﬁﬁnbered nmono- or bicyclic ring system

t|on ining an additional heteroatom
ect @‘Wmﬁ% ¥ S, and NC1-4 alkyl; and nis

a4n 2, Gﬁﬁynhmemaui|5|ng t he steps of 1 25 (a) preparing
al cg}% uctural formula (V) O4 R2/~ X (V)
) )?s Qﬁﬁ

ere| de or chloride, and R2 is as defi ned
débve'“3%¥nﬁ¢@%ﬁwﬁ@m91ketone of structural fornula

(V) HA sy ¢ 1oa‘ﬁ(y$qnél\/) - 36 )vxo 2004/ 092126
it

2)HC3-7 %1cycloalkyl

wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, and cycloalkyl are unsubstituted or substituted with
one to three groups independently selected from halogen, C1-4 alkyl, hydroxy, and Cj .4 alkoxy; or two R4

groups together with the atom to which they are attached form a 4- to 8-membered mono- or bicyclic ring
system optionally containing an additional heteroatom selected from O, S, and NCj.4 alkyl; and

n is 0,1,2,3 or4;

comprising the steps of:

(a) preparing an alcohol of structural formula (V)
QH
2/:\/X
R
(V)
wherein

X is bromide or chloride, and R is as defined above,

by treating a ketone of structural formula (IV),
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wherein X is bromde or chloride, and R2 is as defined
above, with a reducing agent, and isolating the
woesamveng product; (b) formi ng an am no al coheCTafis2004/011253
structural formula (MI) OHH R2,- " R 5 (VII)
wherein R1 and R2 are as defined above, by treating
t he al cohol of structural formula (V) with an am ne of
general formula RINH2, wherein RL is as defined
above, and a base in a solvent, and isolating the
whereitt ES¢/brbini{ig op Elgeitide, andIK® i€ &9 defigddaboge, it ATRRYAE aga‘nt,l alnld )isolating the

esultinst;occt:,t_ljral formula (MIIl) Y OH R2," N~ RL (V
: WRETET™h Y is -CN or -CO2R5 and R5 is Cl-4 al kyl, and
wherein Rl and R2 are as defined above, by treating

(b) t@gmg%%ggg?ggggﬁhoﬁ%?ah&yﬁéﬂ?aryﬁprnula (VIl) with a

conp gener a or nmu (XI') ~ 15 wherein Y
is -CN or -CO2R5, and R5 ignCl,4 al kyl, and isolating

the resulting product; d¥ fqym ng a pyrrolidine
conmpound of structural ﬁ%(ﬁﬁfé.?a@ Y 2 ~R R (X

wherein Y, RL and R2 are as defined above, 20 by

treating the conpound of stfMi¢tural fornula (VII1)

wi th an al cohol activating reagent, followed by a
wherei®R$ 8ad R Bare WO 48692126 PCT/ US2004/ 011253 (e)

by trea%r%tﬂ%_%%&?l & rﬁ‘%ﬂ:‘?‘l}r%rrﬁ%al (?’II) ?vﬁh %Aen?lg? Iﬁf 21 E!‘I‘leéi%}()]l’llj‘l‘h%l 1%1 {D@-Ezraqzs’lvknéarein Rlisas

definedchbbven edl sy m,a sblvent, diddvobitiyg tha gestiliag pyodng) | di ne
compound of structural formula (X) with an aqueous
base in a solvent; and

©) forming a compound of structural formula (VIII)

Y

o

Rz/\/N\R1
(Vi)

wherein Y is ~CN or -CO2R5 and RS is C}.4 alkyl, and wherein R and R2 are as defined above,

by treating the amino alcohol of structural formula (VII) with a compound of general formula (XT)
N
1
(X1,
wherein Y is -CN or ~CO2R5, and RS is C1_4 alkyl, and isolating the resulting product;

(d) forming a pyrrolidine compound of structural formula (X)

Y.
2I\N\R1

)

R

wherein Y, R1 and R2 are as defined above,

by treating the compound of structural formula (VII) with an alcohol activating reagent, followed by a

base;

-37 -



10

15

20

25

30

(f) isolating the resulting product. 2. The process. of

Claim1l wherein the reduci ng agent used to treat
woaopmunide of 10 fornula (1V) of step (a) is (PLTMDISEV04/011253

chloride. 3. The process of Caim1l wherein the

compound of forrmula (IV) of step (a) is treated wth

a reduci ng agent selected fromthe group consisting of

borane- N, N-di et hyl aniline, borane-THF, and

borane-di net hyl sul fide, in the presence of a catal yst.

15 4. The process of Claim3 wherein the reducing

(6  308fhe d RafPRABREN M Stiludlihad)d, S The process

of Claim4 erein yst selected fromthe
group consisting of (Sho@BS and (S)-2-nethyl CBS
oxazaborolidine. 20 6. The process of Claim5 wherein
the catalyst is (S)-2-net oxazaborolidine. 7.

The process of Cdaiml erein the al cohol of formula
(V) is treated with an amn of general formula
RINH2, wherein R is selected fromthe group
,copsi sty ng of hydrogen, -(CH2)nphenyl, 25 and
whereindi © gy B qre agdefipgbabgyescess of Claim 7 wherein R is
by hydibBEihg tHétpyirolifine cHipoRidf StftRdl f&mla X3 with 8k BduBodsse in a solvent; and
al cohol of fornmula (V) is treated with a base 30
sel ected fromthe group consisting of NaCH, LiCH and
()  KOhting the rdubingpocless of C aim 9 wherein the base is
NaOH. WD 2004/ 092126 PCT/ US2004/011253 11. The process
of Cdaim1l wherein, the conpound of forrmula (Xl) is
t he cdrpounihe pigsessef Glaim i svhergiy, theredacingTgentpswide trsat gpmpound of
formul£4rey dPsikd (WhensiDIp thgideompound of formula (VIII) is
formed by adding a 1:1 m xture of ethanol:formam de.
13. The process of Caim1 wherein the am no al cohol
of formul a Th¥lptdcssioBClaineBivBdleintieltompsund o€ RABhla (IV) of step (a) is treated

with arg Jc%%aﬁt&nl nb%‘é rcge%q'%nwt S%l(o%%cg})glﬁtfn{ X &?&e%ﬁ%ﬁfﬁ% 21% %& Ibcr)]rgne-THF, and
borane-dimatthpisalide ih €regireseiR6 of sca@lysd al kyl or phenyl. 14. The
process of Claim 13 wherein the al cohol activating
reagent is chlorodiethyl phosphate. 15 15. The
proceds of Thearosess oflaired whemsinfbe mfecinarzenfis Yopanm. N-diethyl aniline.
(M11) is treated with a base selected fromthe group
consisting of lithiym hexanethyl disilazide, sodium o
hex amss’(t hyl 'ﬁpgyrqc&siiog gl,zum gwaerﬁ@ttgesgtw selected from the group consisting of
(S)-CBh enda SR mydiigil €BSazaABorolidine. The process of C aim 15
wherein the base is lithium hexanethyl disilazide. 20

6. The process of Claim 5 wherein the catalyst is (S)-2-methyl CBS oxazaborolidine.

7. The process of Claim 1 wherein the alcohol of formula (V) is treated with an amine
of general formula RINH», wherein R1 is selected from the group consisting of hydrogen, -(CH2)nphenyl,
and C1-galkyl.

8. The process of Clairﬂ 7 wherein R1 is terz-butyl.

9. The process of Claim 1 wherein the alcohol of formula (V) is treated with a base
selected from the group consisting of NaOH, LiOH, and KOH.

10. The process of Claim 9 wherein the base is NaOH.

- 38 -



10

15

20

25

30

35

17. The process of Caim1l wherein the pyrrolidine
conpound of formula (X) is hydrolyzed with a base
weebmabeidef rom t he group consi sting of NaCH, LPOHUSDm4/011253

KOH. 18. The process of Claim17 wherein the base is

NaOH. 25 19. The process of daim1l wherein R2 is

phenyl or thienyl optionally substituted with one to
three groups independently selected fromR3. 20. The
process of Claim 19 wherein R2 is phenyl optionally
substituted wwth one to 30 three groups independently

sel ectgd frpm ss%1E Clalfg WHRGEE TR cgfn%)ganﬂ' ﬂ‘c%ghl\é’{aﬁg &l fle compound

el ecte romthe group consis
WheremR%i%‘Cl\znd OR4, vvherel NR4is as defined in daim1. 35
22. The process of Caim21 wherein R2 is sel ected

;Lgmpyr&g ?nre ?/csﬁg Eﬁ]aleégvlilt ho néb% Gl dJZ%J f(l)'lr(l)nru?a (VHI)y1s formed by
adding PCT/ g0/ c0bAdFEmagBle. The process of C aim 22 wherein

R2 is ortho, para-difluorophenyl. 24. The process of

Caim1 wherein the conpound of structural fornula (1)

i s i solPat edTheproppssiobElaion § wherginithet ainoaicabbl A fimmulad W) is treated with

an alcojpy} metdlaiing reagencicticof ﬁsﬁlltltwgrwpaionﬁﬂfn@léf GIFNCLORBIO! CRON(ROR)2, MsCl,
Ms20, 1301 MO R R s TR s om - ol v

recfysta ZIi Ng om a sol vent; and

isolating the resulting product. 10 25. The process

of C ai,m 2 n.of 1he rrolidi

aci d 3174 fofTrPuelp? °es(5ﬂfbﬁém?¥“rvh%famé\9 %1?%‘01( %8%4%%??%%“ ﬁglomdlethyl
phosphgfgi ng an acid. 26. The process of O aim25 wherein the

acid is selected fromsulfuric acid or hydrochloric

acid. 15 27. The process of C aim 26 wherein the acid

i s sullPuri clhggresesspg Claimd whersineasaing pleatiobpfiforpaplaydHkis treated with a

base sele&@d ﬁm&ﬁ&g&b@'&ﬁ&mﬁ@ of Mk £thdigy] @fsilgzﬂ%f sddfin{htxBmethyldisilazide,
and potuiu eIE %HS’ @yl iﬁz froma solvent. 20 The process
P 6SF f‘ $ifia7en the solvent is sel ect ed fromthe

group consisting of ethanol, isopropyl al cohol
met hyl,ctert m re t eo (g
pr ocess: of ]a%i}é/cesfé’%wﬁ e g% Wﬁ%rﬁlél)%%lf a\slee]ﬁ ! silazide.
of 1:3 isopropyl
17. The process of Claim 1 wherein the pyrrolidine compound of formula (X) is

hydrolyzed with a base selected from the group consisting of NaOH, LiOH and KOH.
18. The process of Claim 17 wherein the base is NaOH.

19. The process of Claim 1 wherein R2 is phenyl or thienyl optionally substituted with
one to three groups independently selected from R3.

20. The process of Claim 19 wherein R2 is pheny] optionally substituted with one to
three groups independently selected from R3.

21. The process of Claim 20 wherein R3 is selected from the group consisting of
halogen, -CF3, and OR4, wherein R4 is as defined in Claim 1.

22. The process of Claim 21 wherein R? is selected from the group of phenyl; ortho,
para-difluorophenyl; and para-methoxyphenyl.
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25 al cohol : methyl tert-butyl ether. 31. The conpound

1-9 -40 WD 2004/ 092126 PCT/ US2004/011253 HXC,, F/ F
wa-2804/002126 zWitterion or salt thereof. 32. TherPcomsewwmdi1253

2 HO,C 5 or a zwitterion or salt thereof. 33. The

conmpound 3 HO2C,a CH30 3 10 or a zwitterion or a

salt thereof. 34. A process for the preparation of

conmpounds of structural formula (1): RL i N H®2~~R

2 (1) wherein 15 Rl is selected fromthe group

consisting of (1) hydrogen, (2) amdino, (3) Cl-4

al K1 1781 Vi probles VECRAOH QRGARSARCTHPRAY AL ZR

(4) C1-10 al kyl, (5) C3-7 cy
- (CH2) n- phenyl , (7) (C}Q)n napht hyl, and
24, The process of Claim 1 wherein the compound of structural formula (1) is isolated

by forming a zwitterion of the trans pyrrolidine acid of structural formula (I)

HO,G,
—_pl!
RafJC:>“ R
t)

wherein R1 and R2 are as defined above; recrystallizing the zwitterion from a solvent; and isolating the

resulting product.

25. The process of Claim 24 wherein the zwitterion of the pyrrolidine acid of formula
(I) is formed at the isoelectric pH using an acid.

f

26. The process of Claim 25 wherein the acid is selected from sulfuric acid ‘or
hydrochloric acid.

217. The process of Claim 26 wherein the acid is sulfuric acid.

28. The process of Claim 24 wherein the zwitterion of the pyrrolidine acid of formula

(1) is recrystallized from a solvent.

29. The process of Claim 28 wherein the solvent is selected from the group consisting

of ethanol, isopropyl alcohol, methyl zert-butyl ether or a mixture thereof.

30. The process of Claim 29 wherein the solvent is a mixture of 1:3 isopropyl
alcohol:methyl tert-butyl ether.

31. The compound 1-9
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5 (8) -(CH2)n-heteroaryl, in which phenyl, naphthyl,
and heteroaryl are unsubstituted or substituted wth
woneo4ico2i2kr ee groups i ndependently sel ected fPomuR3004/011253

and al kyl, cycloal kyl, and (CH2)n are unsubstituted or
substituted wth one to three groups independently
selected fromR3 and oxo; 10 R2 is selected fromthe
group consisting of (1) Cl-4 alkyl, (2)
-(CH2) n-cycl oal kyl, (3) (C}Q)n heterocycloalkyl
(4) -(CH2)n-phenyl, 15 (5J°C, )n-napht hyl, and (6)
-(CH2) n- het eroaryl wherein ryl is selected from
the group consisting of yrildi nyl, (2) furyl,
(3) thienyl, 20 (4) py d, (5) oxazolyl, (6)
thiazolyl, (7) imdazolyl, (8) pyrazolyl, 25 (9)
i soxazolyl, (10) isothiazol y}, (11) pyrin-nidinyl,
(12) pyrazinyl, (13) pyridazinyl, 30 (14) quinolyl,
& éblso U|nonI, (16) ben2|rn|dazolyl (17)

or a 2wHisHOb R FRY fhereot- 18)  penzot hi enyl, 35 (19) indol yl, -42
WD 2004/ 092126 PCT/ US2004/ 011253 (20) benzthi azol yl,

and (2h) bepzoxagolyL:

HO.G,

5 ot

or a zwitterion or salt thereof.

33. The compound 3

HO,C,,
10 or a zwitterion or a salt thereof.
34. A process for the preparation of compounds of structural formula (I):
R1
|
N
HO,C  R2

wherein
15
R1 is selected from the group consisting of
ey hydrogen,
2) amidino,
3 C1-4 alkyliminoyl,

~41 -



in which al kyl, phenyl, naphthyl, heteroaryl, and
(CH2) n are unsubstituted or substituted with one to
woho@®92gsoups i ndependently sel ected from R3; PETABEV4/011253
R3 is independently selected fromthe group consisting
of (1) C1-6 alkyl, (2) -(CH2)n-phenyl, (3)
-(CH2) n-naphthyl, 10 (4) -(CH2)n-heteroaryl, (5)
-(CH2) n- heterocycl oal kyl, (6) -(CH2)nC3-7 cycl oal kyl,
(7) halogen, (8) OR4, 15 (9) -(CH2)nN(R4)2, (10) NO2,
((4)1) ((101-(522)1MR4802R4 (12) -(CH2)nS02N(R4) 2, (13)
14) CF3, (15) CH2CF3, (16) OCF3,
@2%3%5@%1%2‘ 1v\/m ch heteroaryl is as defined
e(b)ove-(@{jay-bhewhenyl napht hyl , heteroaryl,

Ioa eterocycloalkyl are unsubstltuted
or subsdtﬁ?}[){ﬁt %g%\lzlgt%‘hgone to three substituents
epef@@in‘lh‘;ﬁe@éwbct ed fr om hal ogen, hydroxy, oxo,
in whl(:géhe% ﬁl’l& hyl, tdﬁd Qe[r g;uﬁ’ﬂq opg"u'b‘s"tltﬁ%eg Wik ﬁg@{&qluee groups

e T

one to thi2dl SRAPARMLMCES) RekRM fbfMAB anidkegen, hydroxy, and

10

15

20

25

30

35

Cl-4 al kyl; or two substituents when on the sane
nmet hyl ene (CH2) group are taken together with the

R2 is satated dironathe protyp comlsisiiky dfhey are attached to form a

c(y):I ORfOPYiky19r oup; 30 each R4 is independently

sel ected fromthe group consisting of (1) hydrogen,
@) cr{eHaneysloalkd) - (CH2) n- phenyl, 35 (4)

-(§)CH2 )-nehsl, Seidcydloalkyl5) - ( CH2) n- napht hyl ,

4 —(CH2)p-phenyl,

5) —(CH2)n-naphthyl, and

(6) —(CH2)n-heteroaryl wherein heteroaryl is selected from the group consisting of’
) pyridinyl,
(2)  furyl,
3) thienyl,

(4)  pyrrolyl,

&) oxazolyl,

(6) thiazolyl,

@) imidazolyl,
&) pyrazolyl,
9 isoxazolyl,
(10)  isothiazolyl,
(11)  pyrimidinyl,
(12)  pyrazinyl,
(13)  pyridazinyl,
(14)  quinolyl,
(15)  isoquinolyl,
(16)  benzimidazolyl,
(17)  benzofuryl,
(18)  benzothienyl,
(19)  indolyl,
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-43 WD 2004/ 092126 PCT/ US2004/ 011253 (6)
-(CH2) n- het erocycl oal kyl, (7) -(CH2)nC3-7 cycl oal kyl,
wanaw4/008i6 - (CH2) NnC3- 7 bi cycl oal kyl ; wherei n al RgjUS2004/011253
phenyl, heteroaryl, heterocycloal kyl, and cycl oal kyl
are unsubstituted or substituted wwth 5 one to three
groups i ndependently sel ected from hal ogen, Cl1-4.
al kyl , hydroxy, and Cl-4 al koxy; or two R4. groups
together with the atomto which they are attached form
a 4- () 8- peizbese], amno- or bicyclic ring system
opti onngI cont a| %i ng an additional heteroatom
sel ect and NC1-4. alkyl; and n is
in whiclpallgyl qtheyl, na@@h)@d}?@magylr@dt(ﬂgzbta%lgxsgﬁsmu(eg)or ﬁﬁ’é‘?téﬂe@ gzilth gne to three
mpeund of structural formula (X
gmupSl\/\%@&He%}bg Eﬁgdﬁg are as defined above, Y( )z~ N Rl
R(X) wth an aqueous base in a solvent; and 15 (b)
each R3|1§ﬁ’1héﬁehd’&tl fé‘fecfeﬁ%hith@groﬁﬁ esldling 35. The process of
alnkg rein the pyrrolldlne conpound of fornmula
|sl% r'olyzed with a base selected fromthe group
@n5| s((lilh@lzifenﬂadﬂ Li OH and KOH. 20 36. The process
d in the base is aqueous NaOH 37. The
procegdsdﬁo2 (ﬂ\wﬁw% wherein R2 is selected fromthe
§Poup -EF2pnsisfPatylor t ho, para- di f 1 uor ophenyl ; and

par a- m@ﬁg})ﬁh{d@aedwioalk%) 38. The process of Caim37
V\ger el&}ﬁg 63-7 8% Oa&yl par a-di f | uorophenyl . -44

¢)) halogen,

(&  OR4,
(9)  «(CH2uNRH2,
(10)  NOg,

(1)  -(CH2)HNR4SO2R4,

(12)  -(CH2)sSO2N(RY)2,

(13)  -(CH2)nS(O)pR%,

(14) CFg3,

(15) CH2CFs,

(16) OCF3, and

(17)  OCH2CF3;
in which heteroaryl is as defined above; alkyl, phenyl, naphthyl, heteroaryl, cycloalkyl, and
heterocycloalkyl are unsubstituted or substituted with one to three substituents independently selected from

halogen, hydroxy, oxo, C1-4 alkyl, trifluoromethyl, and C1.4 alkoxy; and wherein any methylene (CH2)

carbon atom in R3 is unsubstituted or substituted with one to two groups independently selected from
halogen, hydroxy, and C1-4 alkyl; or two substituents when on the same methylene (CH2) group are taken

together with the carbon atom to which they are attached to form a cyclopropyl group;

each R4 is independently selected from the group consisting of
1 hydrogen,
) C1-6 alkyl,
3) -(CH2)p-phenyl,
) -(CH2)p-heteroaryl,
®)) -(CH2)p-naphthyl,
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6) -(CH2)p-heterocycloalkyl,
(7 -(CH2)nC3-7 cycloalkyl, and
(8 -(CH2);,C3-7 bicycloalkyl;

wherein alkyl, phenyl, heteroaryl, heterocycloalkyl, and cycloalkyl are unsubstituted or substituted with
one to three groups independently selected from halogen, C1-4 alkyl, hydroxy, and C1.4 alkoxy; or two R4

groups together with the atom to which they are attached form a 4- to 8-membered mono- or bicyclic ring
system optionally containing an additional heteroatom selected from O, S, and NC1].4 alkyl; and

nis  0,1,2,30r4;
comprising the steps of:

(a) hydrolyzing a pyrrolidine compound of structural formula (X), wherein Y, R1 and R2 are as
defined above,

Y.
RzI\N\R’
X)

with an aqueous base in a solvent; and
®) isolating the resulting product.

35. The process of Claim 34 wherein the pyrrolidine compound of formula (X) is
hydrolyzed with a base selected from the group consisting of NaOH, LiOH and KOH.

36. The process of Claim 35 wherein the base is aqueous NaOH.

37. The process of Claim 36 wherein R2 is selected from the group of phenyl; ortho,
para-difluorophenyl; and para-methoxyphenyl.

38. The process of Claim 37 wherein R is ortho, para-difluorophenyl.
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