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WO 2004/ 085378 PCT/ US2004/ 007793 TITLE OF THE
| NVENTI ON PROCESS FOR THE PREAPAATI ON OF CHI RAL BETA
wONbNOs#TE D DERI VATI VES BY ASYMVETRI C  HYDROGERET/USR05/007793
FI ELD OF THE | NVENTI ON The present invention rel ates
to a process for the efficient preparation of
enantionerically enriched beta am no acid derivatives
whi ch are useful in the asymmetric synthesis of
bi ol ogi cal |y q?@mﬂzgﬁ e process conprises
an enant i oseIngtlve ydr ogeng%(?-lgn of a prochi raI
t a- am no I%/l acid derivative substrate in
§F L PIRaF (IR MBS AP CHF G IEWF&%@“METRIC
h a chiral ferrocenyl diphosphine |igand.
BACKGR(lJND OF THE | NVENTI ON The present invention
rovides_an efficient process for the preparation of
FIELR O

F i I YRRAHEY | y enriched beta anmi no acid
deri VatTh@r@ienﬁiﬁWbmidﬂ @latdsap ﬁlgir@:;el;s foﬁ«lﬂkd?efﬁmeﬁﬂpﬂpariﬁon of

e, A 5 oGOG8 B8 B gy
synth€izR of GeRgicaily NERR3mokRtules ﬂie_&oaédsycbmpasgsl gn enantioselective

v . OL:
hydrqQh AL proBiif bkt e’ﬂeﬂé%t%ld%ﬁﬁﬁét%@ stbfals tﬂ% plépence of a
transigion [metdprequysor camplegpd yfut,h achirgb earmem lpkr@sn
with the nitrogen atomto which they are attached form
ad- to 7- msnrlaered h cyclic ring system
BACKGRQHND QFAdHE AN KE R%L@E?Ioaddi tional heteroatom
sel ect e'Phef r@ﬁh&nv&ntlcﬁﬂdom&s #hn efffisiehnt prolﬁiedsdgr the greparart]mn of an
het er o .G ri.ng system 0 used-with a
enanigSiocis Y it AP R AP0 AL i Gl R
ring systemor a 5- to 6- er saturated or
aromati c heterocyclic ring |s¢¥sijem containing one to
two het eroatons sel ect edg{;1 ; and NC1-4 al kyl,
said fused ring 25 systembeing dmsubstituted or
substituted with one to two syfstituents independentl|y
sel ect ed from hydroxy, am no, fluoro, Cl-4 alkyl, Cl-4
quoro h cess.of t .
havingg B L of U BHFapes ok bE Veisogoe PR oy pathan % wherein
Z is QREBRAtor BRZW3; chiral beta amino acid derivatives of
R1 ls%{ E%hﬁ)i adrylf REBIEA | arliDCRD 1] mﬁwroamaaa 'Qf)a‘lﬁﬂ(le‘?t ive
transition métal-catal
R2 axpg,a

Eseanah inglependentiy PydmerhiC len alvh érsgf OrGF Yl -GralY; R and R3
togeth& Wit fhe!difrogen atom to which they are attached form a 4- to 7-membered heterocyclic
ring system optionally containing an additional heteroatom selected from O, S, and NC1-4 alkyl,

said heterocyclic ring system being optionally fused with a 5- to 6-membered saturated or
aromatic carbocyclic ring system or a 5- to 6-membered saturated or aromatic heterocyclic ring
system containing one to two heteroatoms selected from O, S, and NCj_4 alkyl, said fused ring

system being unsubstituted or substituted with one to two substituents independently selected
from hydroxy, amino, fluoro, C1-4 alkyl, C1-4 alkoxy, and trifluoromethyl.

The process of the present invention relates to a method for the preparation of
chiral beta amino acid derivatives of structural formula I in an efficient enantioselective fashion
via transition metal-catalyzed asymmetric hydrogenation of a prochiral enamine of structural
formula II:
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-1 WD 2004/ 085378 PCT/ US2004/ 007793 NH20 Rz (I11)
wherein the am no group is unprotected, in the
wonresissrsof a chiral ferrocenyl diphosphine PCgasgn04/007793
Met hods for asymmetrically reduci ng enani ne
car bon-car bon double bonds 5 (C=C-N) using chiral
ferrocenyl di phosphines as |igands conpl exed to a
rhodiumor iridium precursor have been described in
the patent literature (See HS. atent No. 5,563, 309
issued Cct. 8, 1996 to C bg*@eljgy Corp. and the
related famly of patent S1Ment applications). A
rel ated approach to N-aByI ated beka am no aci ds usi ng
a rhodi um Me- DUPHGS cat al yti qjigonpl ex has al so
publ i shed (U. S. 2002/0128509 published on Sept. 12,

2002 assigned to Degussa AG. The 10 foll ow ng ) .
wherem He; 8D SFRUPHP ggpr@%g@fl-, mdhe ﬁ@sggc);mﬁ@tcp}rgl ferrocenyl diphosphine

ligand)ydr ogenati on of N-acylated beta-amno acrylic acids

bhos phien P e STy Rie R PRergite gprbon Safion Bpybonds
(C=C¥usinpgiara] farRicedyll IphbipHiingsl:BaiPandy &ymlexedto aahodilim, or iridium
ey oSO S50 AR 98 ¥ 8300 s Ot
8, 1996109%ipa-Geigy €ompsandibiprelaiad famidy af patente ank patpitagplications). A related

approREiPM HGLY10RY Befa iR A8 G5 R ik A MO S PHIE alytic complex has
I ve substrate (S)I‘ otected aS an

| dd
also DRBLRNEHHeS. GOPIDBETAPE Publigherl i Sopb ign2OUPAssignschio Degussa AG). The
following pablidaBitnd A1k BELIABS tHe\WlyBaRtrid DRROzHAEH 6BN-28118RE beta-amino

inta th equence, . nanel rotection and .
acrylig gids By RORTLTG ) Brac s ReDplened tq 1, EhiFal shatphing ligand: (1 T.
Hayashijxg tat. ABwll.riEhena ISeo. JapardiSBf 1 136-1151THB8Q @)&s Zhafet al. fIe Org. Chem.,

. o= . . . ; . ..——«%———
64: 6&?1{172659";1?)i (&%%?% ﬁgxﬁg'r%aiélﬁéﬁ”%tﬁ% ‘i‘@u@%ﬁ%. Xsylhidhi5o3:' 913554 (1901).
In theag puhtisations dlltie oxrmples piovided bevoiheaming gwwpédul thetietanamino acrylic
it QAT e AT e IS bt o amine
protegiipndairpdiigentvy hadditignal eheanieq] stapg antp thg seauencenagrely protection and

deproRi28bh,| MAERE SRkHe¥isOf iecioRcleasabsiitd ®aPalsé bel @Iffivat.i YRS process of
of structural fornu

h I]? I.dThe%rproces 25 . utilizes an
the presepfRYERHQN GHIRFFHGRI ARG RerddeT BICBRE FieATipay Aming ggup in the
substaes fpk the aginchettér hydad genationdeacttomand precqeds withxéelleAbreactivity and
enantg)rsgg{gd‘ji _unpr ot ect ed, in the presence of a transition

metal” précursor conplexed with a chiral ferrocenyl

di phosphine Iigand. The process of the present
SUWM@W@I@TI&I%H\IWT@IQN e to the preparation of beta

erivative

am no aci ves on a pilot plant or industrial
scal e. The present invention is concerned with a process for the preparation of

enantiomerically enriched beta amino acid derivatives of structural formula I. The process
utilizes an asymmetric hydrogenation of a prochiral beta amino acrylic acid derivative, wherein
the primary amino group is unprotected, in the presence of a transition metal precursor
complexed with a chiral ferrocenyl diphosphine ligand. The process of the present invention is
applicable to the preparation of beta amino acid derivatives on a pilot plant or industrial scale.
The beta amino acids are useful to prepare a wide variety of biologically active molecules.

DETAILED DESCRIPTION OF THE INVENTION
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The beta ami no acids are useful to prepare a w de
variety of biologically active nol ecul es. 30 DETAI LED
WORBERBFTE ON OF THE | NVENTI ON -2 WD 2004/ 0853 P8T/US2004/007793
PCT/ US2004/ 007793 The present invention provides an
efficient process for the preparation of an
enantionerically enriched beta am no acid derivative
of structural formula I: NH2 O Rl1~Z (I) having the
(R - conf| rat| on.at t reo i c,center
e keq Shehesent it nrO S el BHEPREAS fEis€ fpizsion of an
enantlog@sicall ) éardohed béta&mapoa&dtdeneatmetofcstmcwral\ﬁﬁ&mﬂml. Zis
OR2, SR2, or NR2R3; Rl is Cl1_8 al kyl, aryl,
heteroaryl, aryl-Cl_2 al kyl NHgr Qhet er oaryl -Cl-2 al kyl ;
R2 and R3 are each independént|y| hydrogen, C1_8 al kyl,
aryl, or aryl-Cl-2 al kylR!'o% a R3 together with
the nitrogen atomto which they are attached forma 4-
to 7-menbered heterocyclic 1dDring system optionally
cont ai ni ng an addi tional heteroatom selected fromO,

havmgr’t%e'\@gt I@x{] Iélgrfiém (ng at: théﬁél@O%‘ﬁbe Eé}ﬁéifrhélﬁe(?]h/ﬁﬂ aed ng

one to three
in an gpAREiOMEE ﬁtﬂ%ess Phetdpesh a%%tqur the|ppPLle anapligrasio Wherein

7 is ORAIS®2y or KRR2RGen, Cl-4 al koxy, and Cl_4 al kyl wherein

RLis §y MR Ml RUB oY R B S PPt ¢

R2 angyRt emepei indepgdeahiphydyogans 64-witkil, aryb-ortaeyle” 1y nBeken R2 and R3
st B R Gy EFORSSIE L i £ oL ety
ring systeg opfiepahy cantaiaingiap gdgitengl hetargpiomaelerisd doms O, S, NH, and NC1.4
alkyl, Ssﬁideﬂétté?gc clii€ Fin %be§r lﬁl‘ggbslt\i%(f'oﬁédﬂéﬁtuteﬁ%ﬂ] Bﬁést%%{eb @ﬁbstltuents

nsu tltut

indepgignly) B@? B ERPL O PR TGy Al RYa 14 1651 wherein alkyl

and a{ldobd? bt \subsitutéd 8t ﬁiﬂsﬁltu@dﬁtlﬂbﬂf@%ﬁveﬂmﬂmms and said heterocyclic ring
ri

e ASETR X TOE X S5 oL LD BrEsent, LIl n Ci g
systearisaeo 6fmehivased satabtetl o mdnmticlhetdﬂﬂ%@hc Bng systera containing one to
two h%fék&a&%?sé?é&é{‘fr )8Rl NCy_4 B PLERASA rﬂ{ﬁjﬁrstep being

transition netal precursor conpféxed to a
unsulfsgitutestensybstitivied o hhinedo kwg awlstiofentst selected fedm hydroxy,@mino, fluorine,
C1-4 biklyl, C1.4 alkoxy, and trifluoromethyl.
The process of the present invention comprises the step of hydrogenating a
prochiral enamine of structural formula II:

in a suitable organic solvent in the presence of a transition metal precursor complexed to a chiral
ferrocenyl diphosphine ligand of structural formula III:
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-3 WD 2004/ 085378 PCT/ US2004/ 007793 R4 PR5R6 Fe
P(R7)2 (11l) wherein R4 is Cl-4 alkyl or aryl; R5 and
weao@rssaach i ndependently Cl-6 al kyl, C5-12 PCT/US2004/007793

cycl oal kyl, or aryl; and R7 is Cl-4 alkyl or

unsubstituted phenyl. 5 The process of the present

i nvention contenplates that the catalytic conpl ex of

the transition netal precursor and the chira

ferrocenyl diphosphine |igangmy be either (a)

generated in situ by the sequdential or contenporaneous

addi tion of the transitiQn cies and the

chiral ferrocenyl di phne I|Ia§l%§ to the reaction

m xture or (b) pre-forney wi Gﬁﬁé wi t hout isolation

and then added to the refetio xture. A pre-forned

catalytic conplex is 1 éD presented by the formula: R

+ RL 7Rh~ L X /P\ Hf;:§here X represents a

non- coor di nati ng ani on, S

trifluoronmethanesul f onat e, @ﬁ}rafluoroborate and

hexaf | uorophosphate, and L is a neutral |igand such as
“mamahRéh%Cﬂnl@bﬂilﬁﬂﬁhelatlng di -ol efin such as

RS andl 1@ ¥ %h&%ﬂéﬁén%@ﬁl;% bgloa'il%q rd_?%%z %5}?%)&?21, dr g@‘l QL

7 nol ecul suc e c wher e
R7is (i1t al}gy],%rlggsglpgéltutgql]gh%}m ex is represented by the

fcgh mul gipe )gr&eﬂ%ﬁtﬂ@ ﬂf&&ﬁ:ﬂ\%ml{:’ 64 éM?t&%BfMé%QKaE% caRalélt% complex of

the transmon metal precursor and the chiral ferrocenyl diphosphine ligand may be either (a)
generated in situ by the sequential or contemporaneous addition of the transition metal species
and the chiral ferrocenyl diphosphine ligand to the reaction mixture or (b) pre-formed with or
without isolation and then added to the reaction mixture. A pre-formed catalytic complex is
represented by the formula:

B 1+
R R
\_/ |
o
~ —
el
R R

where X represents a non-coordinating anion, such as trifluoromethanesulfonate,
tetrafluoroborate, and hexafluorophosphate, and L is a neutral ligand such as an olefin (or
chelating di-olefin such as 1,5-cyclooctadiene or norbornadiene) or a solvent molecule (such as
MeOH and TFE). In the case where olefin is arene, the complex is represented by the formula:



R R The pre-forned catal ytic conplex in the case where

X represents halogen is represented by the fornula:
weol4RSFAE R R 5 2 The |igands of structural pEomuseioan07793

I1l are known in the art as Josiphos |igands and are

commercially available from Sol vias AG Basel,

Switzerland. In one enbodi nent of the |igands of
formula I'l'l useful in the process of the present
i nvention, the carb stereogeni c eenter marked with

an ** has the (R) -cpnfigur@®ion as |10 depicted in

formula IV: R& QPRSR6E\FE P(R)2 (I1V) In another
enbodi ment of the | gan@”ﬁf h |11 useful in the
process of the pregent thﬁn R4 is Cl-2 al kyl,
R5 and R6 are Cl-4 pl kyhpdnd waSubsti tuted

phenyl. 1n a classj of t,hi\s enbodi ngnt, R4 is nethyl,

R5 and R6 are t-butyl, RandRR7 i s ungubstituted -5 WO
2004/ 085378 PCT/ US2p04/ 007793 phenyl. The latter

ligand is known in fhe art as t-butyl Josiphos.
Commercially available forns of the t-butyl Josiphos
ligand are the S,R and R 'S enantioneric fornms.

R, St - bileypre Jasngdhmatlytic complex in the case where X represents halogen is

di phenyl phosphi no) f errocenyl ] } et hyl - di -
repre e%{e{d%% %&ﬁ%)s%)hl ne of fornmula V below. M (1%

P(fBU 2 Fe P(Ph)2 (V)

5 The ferrocenyl

di phosphi ne

ligands of forrmula Il I have two centers of asymmetry,
and the process of tlh ﬁr es nt I nveption is intended
to enconpass the usg enapti omers,
i ndi vi dual di asterecrrers d mqu es of
di ast ereoners thereqf (P%v N
\
5 - -2,
The ligands of structural formula III are known in the art as Josiphos ligands and
are commercially available from Solvias AG, Basel, Switzerland.
In one embodiment of the ligands of formula IIT useful in the process of the
present invention, the carbon stereogenic center marked with an ** has the (R)-configuration as
10 depicted in formula IV:

R4
@Z/L\PFFRG
Fe PR’z -

©

(V)

In another embodiment of the ligands of formula IIT useful in the process of the
present invention, R4 is C1-2 alkyl, RS and R0 are C1-4 alkyl, and R7 is unsubstituted phenyl.

In a class of this embodiment, R4 is methyl, RS and RS are #-butyl, and R7 is unsubstituted

-5-
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invention is nmeant to conprehend the use of all such

isoneric forns of the ligands of structural fornula
wORb04f085378 he asymmetri c hydrogenati on of a conpoumug2mit/007793

formula H The facial 10 enantioselectivity of the

hydr ogenati on reaction will depend on the particul ar

st er eoi somer of the ligand that is enployed in the

reacti on is possible to control the configuration

phensf The i ﬁ‘g%%?a@%gﬁ@%rﬂ%ﬁ%—%l?ﬁﬁﬁ%d.Cﬂqr%aér%%ﬁa.as@lable forms

of theafbutyldosiphosdigany acef the ISR éret R, Scaaytiomérphfosmpki RS-1-bugglidsiphos

oL gl RO BADATATSR B o RHBRAE ] Bl v bt

wherei n the phenyl group of zyl is unsubstituted or
substituted one to three. sufgstituents selected from

the group consisting o ] rifluoromethyl, and
er e%od’”ﬁent of the process

trifluoronmethoxy. In a
!n__.' p(phg?Z or NR2R3. In a
N

of the present inventio
class of this enmbodi nent® R2R3 is a heterocycle of

the structural formula : ,-NN R8 (VI) 20
wherein R8 is hydrogen \%V?l kyl which is
unsubstituted or substittted h one to five

fluorines. In another class of this enbodinent, Zis
OR2. | dha tﬁmmnyleﬁplwphimn ligaddstdf forsutis T htee fwar centees of

asymlgét?rg %ﬁﬁ ﬁ)@é‘s RF ﬁl% sehﬂﬁ@%hlo%q&intgilderﬁo ghcompass, the use of single

ridin-3-
enantiomgsss inghvig h%l Igliastasermersrnd HZXF@eSn‘%ftCh@)%EVem@PfS dharenty The resent

invenif¥a ﬁ%@%&r@@d@%fgﬁ%ﬁ%lsEﬁl%néff&'iHEQifrth&hgands of structural
enati on rea on of t hf@pr esent Q,f&ﬁent [

n
formut 1 i ine 5 R eerbtion oF o Breod odfiomtagd] b facia
enantiosgienivity b Itheslmdsogemﬂmﬂﬁa&tmnamlladdpam@ b theSpaeticudd stereoisomer of the

hgan(ﬂgl?z hl]g El%lg oales 6?) ﬁ]%ﬁ‘y-’ilCtllgfslg H%Bé{s!sbl:ﬁl% ﬁoggo’(%lltfol the configuration at the newly
formed s@rébgenicfdenter oed bmmpdund BF Eyrmulahoharkedtwitlean t he theghdicious choice
d m xtures
of the Cﬁﬁaﬁgmrﬂg ﬁ%ﬁ%&n@gg@ X%Ph'ine%%’xg OS?&%ucl)r ‘he reaction
may beIn Ang erabedimgat efitheipibstrate domthe grocgssoefith@present uvention, R1 is
benzymvﬁ&%hf fd h@ﬁ@‘l %ﬁgﬂ%eﬁﬁn GeurfsabstithRd o destifiled SneABAWike
t

s oL Re i % oSS AGAEL S SSCLL TSR b

tnﬂucﬁlﬁmgthbﬂy abmiotlﬂe'é @Mbpaingnt éf e pf@r‘egsﬁﬁf theyy ffe@® veh 868 7 i€ OR2 or
NR2R3PH G diads 3 li'§ en% 0 1megt E\ff{&% 1S a he rocy@l% of the structural formula VI:

'HJ\N =N
q{“

R8

(V1)

wherein R8 is hydrogen or C1.4 alkyl which is unsubstituted or substituted with one to five
fluorines. In another class of this embodiment, Z is OR2.

In another embodiment of the substrate for the process of the present invention,
R1 is 6-methoxy-pyridin-3-yl and Z is C1-4 alkoxy. In a class of this embodiment, Z is methoxy

or ethoxy.



10

15

20

25

30

10 The transition netal precursor is
[ M nonool efin)2C112, [Mdiolefin)d]2,

wORjorss0B ef i n) 2acet yl acet onat e] , PCT/US2004/007793
[ M di ol efin)acetyl acetonate], [Mnonool efin)4]X, or
[Mdiolefin)2] X wherein X is a non-coordinating anion
sel ected fromthe group consisting of
nmet hanesul fonate, trifl uoronet hanesul fonat e (Tf),

and hoxt APBRALT PRRAKel G s Ob AL BRECP oA fgiyried ot in
suitalsle organdti seimefit. r Suitdbleaorganic solvdis inetule lpwer:alkamﬂs swéhedsamethanol,

ethanm%Pf(?bé/r ?@Zé&t&lueﬁ%o&)%@f S5t Gk, 2,2,2-trifluoroethanol (TFE),
and npigfugiesgheseph ygtrebgdpfvranhpethyl idbwpleather) and mixtfurss ghereof.

enbodi t t o

og”?% reluﬂ%n téﬁgir'ra%lgcfori;br :?%tnlghc nerﬁb'% BOT; ﬂh@g‘ag%e of about 10 °C to

aboufy %”2% fraed Lw&ez'r}t%e TRREEAOR tfﬁgga%lpn is phoytt dpfodp ﬁbcmt 65 °C.

th te tr alf'}ﬁzltﬂ yidesy dt’fEﬁc&H reﬂét&ﬁltﬂaﬁ BE pbﬁfofn%t( &Q@b}@tdg%tn pf&8ure range of

io of tr i on rsor subst r

sboul P & agouf [kt Aot B8 prouieinis orehasie to about
200 psige transition netal precursor to substrate is about

0. 05 nDhe%ednQitidR Phttal [ﬁ)ec‘hrmtls ﬁ@l(ﬂ&ﬁ)oﬁfn?z@'ﬁ r[ﬂ/%(ﬁfb‘iéf Mo,

%ﬁger i vatjve su%st rates
[M(m&g9 pRacety RoGiPRR) nM(‘Bﬂle@@%%fvhcﬁﬁn%%{Mﬁm@n%@fm)élX or
[M(dMﬁ)z]Wh&t@irﬁXSs 8 R6E-cHorEThalh$ Biivh S€lectdd EroffEMBizrdud consisting of

methirggERRes Bioro B g ToelEa 1. il Be S8 Birguptpohosphate

(PFe6), el kaxtafinombetimbnae (Shiig)raald M as rholdaunh (Ris) qgritifliues(Ir). Transition

oty o SR o BB, OO
[M(dioleéing@drdmetieyl dopropepui 2l i dm ooé emhedurmumeetransmqn invetat] [peecursor is
[Rh(c%ﬁf(ﬁ]f@kﬂ@oﬁ%’rﬂe{dl&qeﬁgjﬁ [ﬂﬁ(do&ﬁ{]xvsr Mﬁ(ﬁ%@fﬂ%dleﬁé)z]f €In a class of

ydr oge

this e@%e@mqn@dh%trawﬂ%ma@bpr@ﬁ@aorlﬁ [Rifead@l2vi 1 NHH2~O
R1_. ZT he%Qtlé N4 ﬂrﬂns-mﬁ rﬁ@c‘é@sr@%ﬂr%} tﬁgﬁﬁ/sltﬁ{e% ﬁﬁ&ﬁ 1050195 about 10 mol

f or mul
%. Argraﬁeaeé ﬁ%ﬁq erfh¢ &ra%w@hm@lral pn@@urgwet@énbstrawé @bpw @umob® to about
0.4 mpl &par ed from a beta-keto ester of -7 WO 2004/ 085378

PCT/ US O 007793 ructural fornmula Vi hi gh yield
by rea IP’F?O&CE}’ﬁ)‘ﬁ peid pvrgm%sm;grqtﬁs %fjfgﬂp‘flély r the asymmetric

hydrogegmioncontatl aeolefisicciouble bond,kadahlesebtaifdd, othe @NeO@Y meant to
inclu%lqlgo?lg g.lfandﬁéf{?%g@@é ﬁgﬁ"fex%ndr n%)r(]glrgsatﬂgrggfg asngtarhﬂé fitaterials. The squiggly

bond in the substrate of structural formula II signifies either the Z or E geometric isomer or a

mixture thereof.

In one embodiment of the present invention, the geometric configuration of the
double bond in the beta amino acrylic acid derivative substrate for the asymmetric hydrogenation
reaction is the Z-configuration as depicted in formula VII:

NH, O

RNz

(V1)

The beta amino acrylate esters of formula IT (Z = OR2 or SR2) for the asymmetric
hydrogenation reaction of the present invention can be prepared from a beta-keto ester of
-7 -
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OONH22 0 RL Z MOH 30. R1 Z (M) (Il) 5 Sources of

anmoni a i ncl ude ammoni um acet ate, ammoni um hydr oxi de,
wanaa4asmosi um formate. | n one enbodi ment the BOTUS2000007793

amoni a i s ammoni um acetate. The beta-keto esters can

be prepared as described by D.W Brooks et al., Angew.

Chem Int. Ed. Engl., 18: 72 (1979). The beta am no

acryl am des can be prepared fromthe correspondi ng

structgﬁzﬁ uYa Q@g}aﬁ]gg y1egd ghan telglgic’w %f’q%&c%%q%% in g%lu%ahlg organic
solveiy stgke as mel:haﬁnl, Bmanoloﬂbpﬂopyl @dcqhiodaesshyldesfuidngand aqueous mixtures
there(;q,ureparatl on of a conpound of structural fornmula 1: NH2
O Acxo, N~/ N/N (1) R 8 having the

(R)-configuration at the stereogenic cey ¢_|er rked

wWith an ***; | rOan énant i excess Ieast 70%

over the enanti havi nJEJNI_II_IE_‘Ige'ls_eca,r.lpos\\l:\;:1 %’5

configurati oR! e| ¥ Ar Meophenyl ichis

unsubstituted or szstitut ed with one to(fijve

substituents i ndg ndently selected fromthe group

consi sting of quorlne trifluoronethyl, and
Sources pf RTBIOBHENAYLY AmmeRIS a¢e§;atﬁ,yqa1a1@g@ﬁnbbyd@1mde &ngdymmonium

formatd) SRSl dnbH it B IStubdel dita@ndih s :ﬁﬁﬁlohi‘anf 4céBite. The beta-keto esters

can be: DRGSR e oGR P L UE Broeliyaa] A BEcw. dghst bl 18: 72 (1979).
N N ~ The)besa aﬁnoaSrWAﬁuﬂ@@édrﬂ&E;&Eﬁaraﬂ:ﬁbhﬁﬂe Qéﬁé@ﬁﬁ&iﬁg esters via

amide é/xchafg ' B TR B, dSv?l]c c3 lecLECt\}i')'i % f ?(5§m| a 3

Another embodiment of the present invention concerns a process for the

preparation of a compound of structural formula 1:

NH, O
Ar\{&/u\ N/\KN‘
N

8
(1) R

having the (R)-configuration at the stereogenic center marked with an **%*;

in an enantiomeric excess of at least 70% over the enantiomer having the opposite (S)-
configuration, wherein

Ar is phenyl which is unsubstituted or substituted with one to five substituents independently
selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and
R8 is hydrogen or C1-4 alkyl unsubstituted or substituted with one to five fluorines;
comprising the steps of:

(a) producing a compound of structural formula 2:

NH, O

Ar\)\/u\ N%N\
N
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15

OO Ar NNON (3) N/ 8 Rwth a source of anmoni a
in a suitable organic solvent; and (b) hydrogenati ng
wea 20rmesaIsd of structural formula 2: NH2 O Ar PRI/USM04MD7793

N~5(2) RBin a suitable organic solvent in the
presence of a rhodium netal precursor and a chiral
ferrocenyl disphosphine of structural fornula IV. R4
PRER6 Fe P(R7)2 (1V) wherein R4 is Cl-4 al kyl or
ar.yl ; R5 R6. are eagh,i ndependently C1-6 al kyl,

by treé{a‘g%iC‘]é’?/‘@P%%CF‘%nfgﬁt‘f“C%‘Falg?W‘ﬁa dhd R7 is Cl-4 alkyl or

ss of this enbodi nent,

unsubstituted phenyl. Incﬁ cl
4,5-trifluorophenyl. In

Ar is 2,5-difluorophenyl jjor

a subcl ass of this Alass, fLywpronmethyl. In

anot her class of this enbodi nenY, tke rhodi um net al

precursor is chloro(1,5- 15 cycloocNadiene)rhodi un(l)

dimer { [Rh(cod)Cl]2 } . I{®)anothér clyass of this

enbodi ment, R4 is nmethyl, R5 and R6 arB°both t-butyl,

and R7 is unsubstituted phenyl. In a subclass of this
with £4R%6 ofl MEMbMAG & ShifBIAdrRhiB SHIVERE ahd |

chloro( 1, 5-cycl ooct adi ené) rhodiun(l) dimer. -9 WO
(b)hﬁ‘?ﬁ?}%@%%omﬁqm@ﬁ@%‘i% fgmuly2yet another class of

this enbodinent, R4 is rrﬁwyld R5 and R6 are both

2

e Ar\/\/U\N/\ﬁN\
N

(2)

in a suitable organic solvent in the presence of a rhodium metal precursor and a chiral ferrocenyl

R4
1

= PR

Q

(V)

disphosphine of structural formula IV:

wherein R4 is C1-4 alkyl or aryl;
R5 and RO are each independently C1.¢ alkyl, C5-12 cycloalkyl, or aryl; and
R7 is C1-4 alkyl or unsubstituted phenyl.

In a class of this embodiment, Ar is 2,5-diﬂuorophenyl or 2,4,5-trifluorophenyl.
In a subclass of this class, R8 is trifluoromethyl.

In another class of this embodiment, the thodium metal precursor is chloro(1,5-
cyclooctadiene)rhodium(I) dimer {[Rh(cod)Cl]2}.

In another class of this embodiment, R4 is methyl, RS and R6 are both #-buty],
and R7 is unsubstituted phenyl. In a subclass of this class, the thodium metal precursor is
chloro(1,5-cyclooctadiene)rhodium(I) dimer.
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R7 is unsubstituted phenyl, Ar is 2,5-difluorophenyl

or 2,4,5-trifluorophenyl, R8 is trifluoronethyl, and
woOheosrossxd8 um et al precursor is PCT/US2004/007793

chl oro(1, 5-cycl ooct adi ene) rhodi un(1) dinmer. In another

enbodi nent the conpound of structural forrmula 1 is

obtained with an 5 enantioneric excess of greater

than 90% In a class of this enbodi nent the conpound

of structural fornmula 1 is obtained with an

enant i AP} anothee eless of thigremphadimentaR* 95methah RooadRO @ both r-butyl,
R7is %hélﬂﬁshtlht Heﬁfrln%r@s 4,556 8udtb l‘fén‘?ﬁ@le WS tﬂﬁu@ﬁfpﬂ@ﬁﬂ KR8 is

tnﬂu%B%)glg'{y lﬂfe@? ﬁlg’g]glre a},lz){oﬂ%g At lé 1%5 Qﬂcte{q%eé'le)rhodlum(l) dimer.
t reat mén hn@ilerTe}ml@oduﬁeﬁh thé edirﬁﬁounHQ)fAtrﬁctﬁfdll €SO oBiihed with an

cnantfdipesl BRI RE BlopleT PR, TR iy SR e i o
structinral fdrenupe bpmtmalncrhwtth ap enpuionusicaxcess of gretater dhanf A%l a

1: NH2
ey Gormdtiunfls BERkuchirdt Drufuta T are i OGS 03104498 (published 16
T anuanoZQ&?o @s suiitars obdipeptidylpeisisaeY yhiel ase uesful fos hettrratment of Type

2 diat#k@up consisting of fluorine, trifluoronethyl, and
trifluor t hox and Is hydrogen or Cl-4 aI kyl
unsubs A CEHCRPOUTEEE 7 the BEFSCa U RGN cmprisks Strutturally novel

interrhddised ofagructufal fomas S wifich iesisefibactheBripation ©f €bmpounds of

rmedi ates of fornmula 2, Ar is 2,5- 20
Stmc%“#f‘t}“&}”g ﬁenyl or 2,4,5-trifluorophenyl and R8 is
trifluoronethyl. Thr oughout the instant application,
the following terns have the indicated neanings: The

term "% enantioneric echlskﬁ" Q(abbrevi ated "ee") shall

mean the % nmaj or q}anti Iessthe % m nor
enantioner. Thus, a &cess
corresponds to 25 for rratl on of |85% e enanti oner
and 15% of the other. The oneri c excess"

IS synonynmous wth the ter "optlcal girity." The
process of the present invention provides conpounds of

structural roula 1o with hi ptical purity
whergity Ayt dsphepy} Wg’é&é%%wé?tlt?@@’ é@%)srlﬂlt%wtb PBS ﬁ#’éfh%umtlmeﬂts

indepesdEnay Belscted frofdth hﬂlgcoﬁm@tn@éﬁﬂd&ﬁemﬂhoﬁﬂn&ﬁ)}ll sl
; unEhyln %xcesso % ee n aclass of this
nﬂu@'

R8 is hydrogen or Cl4 alkyl unsubstituted or substituted with one to five fluorines.

In a class of this embodiment of novel intermediates of formula 2, Ar is 2,5-
difluorophenyl or 2,4,5-trifluorophenyl and R8s trifluoromethyl.

Throughout the instant application, the following terms have the indicated
meanings:

The term “% enantiomeric excess” (abbreviated “ee”) shall mean the % major
enantiomer less the % minor enantiomer. Thus, a 70% enantiomeric excess corresponds to
formation of 85% of one enantiomer and 15% of the other. The term “enantiomeric excess” is
synonymous with the term “optical purity.”

The process of the present invention provides compounds of structural formula I
with high optical purity, typically in excess of 70% ee. In one embodiment, compounds of
formula I are obtained with an optical purity in excess of 80% ee. In a class of this embodiment,

-10 -
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-10 WD 2004/ 085378 PCT/ US2004/ 007793 conpounds of

formula | are obtained with an optical purity in
woexergsso8 90% ee. I n a subclass of this cl asBCT/US2004/007793

conpounds of fornmula | are obtained with an optica

purity in excess of 95%ee. The term

"enanti osel ective" shall nean a reaction in which one

enantioner is produced (or destroyed) nore rapidly

t han t he ot her, resultlﬁg in the predom nance of t he

comppdsy ol oA RYIPFA WHE 2 0pHEH PUBHY irexaerstod 0Fe- % subclass of
this cﬂs&kbn@b@ﬂ@oﬁﬁﬁﬁmﬁ T afé @mﬁn@d Witﬁ ah RipE B QkrityPinl GXEESSDE 95% ec.

ot oy Dt et B ReR G e s iSpaH Y i) ot nantiomer is
prodused tbradekty‘d)ye@f) anops rapidle thaatthy bthes résyltingdn elpg/predominance of the

{ but tertiary butyl, pentyl,
favortd ‘Pan(‘)%ier iy ¥+1Xt“§eeg dé{‘}t? and the like. The al kyl

gr oups 'Hteellkuigu@mslsp@mﬁcﬂ dvovswbsin'rtdndt:éd) inchulde these alkyl groups of the
demgﬁﬁé@f‘e fl‘Piﬂ%?tPéﬁ tpag%‘ﬁ%ﬁl% thed &ﬂf%ﬁta@i@nf EQEnbIAGy 8 QIR alkyl groups

consi S rox
are mﬁ?h}/h@élmlmrﬁpyl lsoaﬁ@pw@ ey sacJau%%wlaah@ltmpmtyl isopentyl, hexyl,

1sohe)%irlk ihd thie Qike T'T‘ﬁe hﬂ(ry["gro%¥§ hiealnkybstititsd bfgu%ﬂﬂﬁfédtvﬁtm&%"to three groups

icr kanes of. f.ive e tot
indepidapl SHlenied o e oM ADSIStiDg DHISIORIM BYArghY daghory, aminocarbonyl,
annn@)ﬁél-ép&w(yl a}ndc()"bkl@ﬂ@bhio cycl oheptyl, etc). 15 The
term"” en“ [ ncl ude t.he hal
atoms f1tarTRecy i RSl et Gl Roar yohgp o fve o
twelva mmbwmn &mmSmI@‘hy mewabsr Withis-thisahugedi.adcpriepehtyfheyclohexyl,

cyclohﬁgtgibeﬁPyl i ncl udes phenyl and naphthyl. "Aryl" is

tuted or substituted with one to five ) )
subst i tEherfesn 'hrdegsan iintanded t isgludel therhgingen atnmes fluorine, chlorine,

bromiWedER¥dine20 trifl uoromet hyl, am no, Cl-4 al kyl, and

Cl-4 al koxy, The te arenq S to be,nzene
napht h b“QHWOB dnemﬁr ‘CY§ SPet ol uene (o,

i n, or Theayte ﬁﬁ}ll” 1iﬂﬂedésephénylcdrﬁf naphth[yEf @(@1’119 ulsubstituted or
{a

b
subst B M Bl o6 X R R R ARl Bl RO
tﬂﬂuqlﬁéleﬂé’ﬂmﬁﬂﬁ@sl Gt mn iG1-Aatkoxys | | m t ed to,
% A S PR U T
ISOmel@h@@?élP ent@cye®al-ai ns at | east one ring

het er oafiIResRHSeliftrdisro® §acyelidddcbl aAJorlcon@ls
heteroa#ylg usigmgglothcy$ﬁﬁﬁg§£bf rlnn g one or

more&eeﬁ g’@“‘éﬁr peluding Arergatiq ey 8RR tsenerﬁé@dgeaf@t is not
limitedioto, 1,8¥30Mbttadielx anph@bohdioat €nbaryl gr oups i ncl ude,

but - ar el“ﬁeottermtﬁgtetzr%gryﬁ Oeln'd £ l(%' memBae 9 (Xneitlc heterocycle that
contains at least one ring heteroatom selected from O, S and N. Heteroaryls also include
heteroaryls fused to other kinds of rings, such as aryls, cycloalkyls and heterocycles that are not
aromatic. Examples of heteroaryl groups include, but are not limited to, pyrrolyl, isoxazolyl,
isothiazolyl, pyrazolyl, pyridinyl, oxazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, thiadiazolyl,
thiazolyl, imidazolyl, triazolyl, tetrazolyl, furyl, triazinyl, thienyl, pyrimidinyl, pyrazinyl,
benzisoxazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, dihydrobenzofuranyl,
indolinyl, pyridazinyl, indazolyl, isoindolyl, dihydrobenzothienyl, indolizinyl, cinnolinyl,
phthalazinyl, quinazolinyl, naphthyridinyl, carbazolyl, benzodioxolyl, quinoxalinyl, purinyl,
furazanyl, isobenzylfuranyl, benzimidazolyl, benzofuranyl, benzothienyl, quinolyl, indolyl,

~-11 -
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30 isothiazolyl, pyrazolyl, pyridinyl, oxazolyl,

1, 2, 4- oxadi azol yl, 1, 3, 4-oxadi azolyl, thiadiazolyl,
wohb@anssdgs, i m dazolyl, triazolyl, tetrazolyl, PEOUERG04/007793

triazinyl, thienyl, pyrimdinyl, pyrazinyl,

benzi soxazol yl , benzoxazol yl, benzot hi azol yl,

benzot hi adi azol yl, di hydr obenzofuranyl, indolinyl,

pyri dazi nyl , indazolyl isoindolyl

isoquﬂl_ﬁll‘I aiarécp &ﬁ%}fztopaﬁl 2 ZI()IF{1 ﬁ%ry %qﬁuhg}ltﬂtgg r(?{, Fﬁlbshtuted with one to five
substitugniningppand emibhsg&ﬁﬂeéwmrw uogsihdseali thfinorqmathyly amimes C1-4 alkyl,
and dU§ gﬁ@ﬁyl i sobenzyl furanyl, benzi m dazol yl,

benzofuranyl benzot hi enyl , quinol yl, |ndonI - 11

VO 200RGBBeTEt FOTIERToH porrd@es Nilitug theinpvel prmeess are detailed
belowdi 'Pﬁé‘ﬁi?lfo% iamplk?ﬁr@ @&%X burpofes SIS At atibh bR #Nd are not intended to

. Su stltut one to five  substituents
limit ﬂﬁdgﬁgqqa@ g;re@@ptéeyegalop e therspeeitie corp@@cp@{yr making these particular
compbtihds. uor onet hyl , amino, Cl-4 alkyl, and Cl-4 al koxy.
Representative experi ment al pr ocedur es utilizing the
novel process are detailed 5 below The follow ng
Exanpl es are for the pur @ESAMRI{ELl |l ustration only and

‘are not intended to limt the process of the present
invention to the spde€ific conditions for making these
particul ar comitounds. EXAMPLE 1 F F NH2 O\ I _ NN

F N 10 CF3

(2R) - 4- ox0-4-13-(t

1,2, 4l triazol of 4 3=®}1 ' °i =N (2 4 5-

trifluorophenyl) butan-2-am ne (2- P e/aNatlon of

3-(trifluoronethyl)-'5 6 7 8- tetra 2

4l triazolo(4 3-alp razine 15 hydrochl or salt (1-4)

Schene 1 0 H 1. CF3000Et, CH3CN N CHz2C B2NH2 30-

F3C N 2. Cl COCH2CI, NaOH H O
(2R)-4-0x0-4-[3-(trifluoromethyD-5,6-dihydro[1,2.41triazolo[4,3-alpyrazin-7(8 H)-y11-1-(2.4.5-

trifluorophenyl)butan-2-amine (2-5)

0]
) -5, 6-di hydr of

Preparation of 3-(trifluoromethyl)-5,6,7,8-tetrahydro[1,2.4]triazolo[4,3-alpyrazine,
hvdrochloride salt (1-4)

Scheme 1
Dy
1. CFsCOOEt, CH4;CN _N CH
NH2NH2 ’ ' FSC N \”/ ZCI
2. CICOCH,CI, NaOH H O

-12-
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1-1 -12 WD 2004/ 085378 PCT/ US2004/ 007793 /NN
H2N~ - NH2 POClI 3 F3C-O--CH2 CI 10 CH3CN MeOH 1-2 HC

w0 200M/0858 HNN, N CF3 \N MeCOH, HCl, 55 C ~N AreTANRI0H007793
CF3 1-3 1 4 Step A: Preparation of bishydrazide (1-1)
Hydrazine (20.1 g, 35 wt%in water, 0.22 nol) was
m xed with 310 nL of acetonitrile. 31.5 g of ethyl
trifluoroacetate (0.22 nol) was added over 60 m n. The
internal 5 tenperature increased to 25 C from 14
C. The resulting solu ya s aged atHA—5NH, for

THO 7(:_.12.9gqf5o
L% a0 %% Fg‘zz al ) ac’ﬁged'o

wt % aqueolSHL@ 25.3

chl or oacet yl chI oride (0. nol ) were a ela

simul taneously over 130 R at a tenperature beI ow 16
C. Wien the reaction was conplete, the thEIr

vacuum di still ed renove water and et han IC at 27 -
30 C and under 26 27 in Hg vacuum Duringy

di sti a’ﬁ\ﬂg;' f ac e adcj{I sIo

to rml'lLINt ai r\g I:\?Bol u H HtHdl e EQ\Q/

The sl gr\[/y'\UVb [ I tered to renove sodi um chI oride. f|1:e
cake was rinsed with about 100 nL of acetonitrjlLe 3
Removal of tHE3sol vent afforded bis-hydrazi de ti=11

(43.2 g, 96.5% y| eld, 94.4 area% pure by HPLC assay).

1H NVR §,400. ghleabyt. 2 (s, 2, 107 (s
Step ey el = ar%( T2 13C NVR (100 M

DVBO- 33%y$§1aq&@ 1 &ﬁ)é Y% % én watex, O32ompp)waseied With 319 L of
acetobfdrildz 3.1.5306F ety tdfludioatet ik €P2Bmoty \ﬁfﬂsa&ﬁkﬂ @%1050 min. The internal
temp?sr_f&% \vafaé %grregga%t tg)éS) C2 fr(gmhl|40°rCo rLFﬁehl)ésJItlng solutlc?ri( \%gé ggegl a(te 22-25°C
for 60 min. The solution was cooled to 7 °C. 17.9 g of 50 wt% aqueous NaOH (0.22 mol) and
25.3 g of chloroacetyl chloride (0.22 mol) were added simultaneously over 130 min at a

temperature below 16 °C. When the reaction was complete, the mixture was vacuum distilled to
remove water and ethanol at 27 ~ 30 °C and under 26 ~ 27 in Hg vacuum. During the
distillation, 720 mL of acetonitrile was added slowly to maintain constant volume
(approximately 500 mL). The slurry was filtered to remove sodium chloride. The cake was
rinsed with about 100 mL of acetonitrile. Removal of the solvent afforded bis-hydrazide 1-1
(43.2 g,96.5% yield, 94.4 area% pure by HPLC assay).

1H-NMR (400 MHz, DMSO-dg): 8 4.2 (s, 2H), 10.7 (s, 1H), and 11.6 (s, 1H) ppm.

I3C-NMR (100 MHz, DMSO-de): 8 41.0, 116.1 (q, J = 362 Hz), 155.8 (q, ] = 50 Hz), and 165.4

Step B: Preparation of 5-(trifluoromethyl)-2-(chloromethvyl)-1.3.4-oxadiazole
(1-2)

Bishydrazide 1-1 from Step A (43.2 g, 0.21 mol) in. ACN (82 mL).was.cooled to.
5 °C. Phosphorus oxychloride (32.2 g, 0.21 mol) was added, maintaining the temperature below
10 °C. The mixture was heated to 80 °C and aged at this temperature for 24 h until HPLC
showed less than 2 area% of 1-1. In a separate vessel, 260 mL of IPAc and 250 mL of water
were mixed and cooled to 0 °C. The reaction slurry was charged to the quench keeping the
internal temperature below 10 °C. After the addition, the mixture was agitated vigorously for 30
min, the temperature was increased to room temperature and the aqueous layer was cut. The

-13 -
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20 Bishydrazide 1_1 fromStep A (43.2 g, 0.21 nol)

in_ACN (82nlL) was cooled to.. 5 T. Phosphorus
woxyahiss7s de (32.2 g, 0.21 nol) was added, nai RCEiUS200g/007793

the tenperature below 10 C. The m xture was heated to

80 C and aged at this tenperature for 24 h until HPLC

showed I ess than 2 area% of 11-11. In a separate

vessel, 260 nL of |PAc and 250 nL of water were m xed

ed to..
o SRk B 1 Bt AP S R B P
bicartidha®@. an.dfftraillytﬂié nald of 20 wn% agheousibxineseluies. MfllCissay yield after work
up wﬁ’sI W%S kb1 dtEs \§Qre r&lngwéecf lﬂ%&ﬁiﬁ%ﬁ% H5R0%m I-'IQ Oj"Se’%sﬁdafford an oil

roomte erature ueous a er
whlch 1@11@@; Qwﬁ@eésmsmﬂ wghngfmbermgfw@ta@h r@@ervalyethe product can

be purﬁéd b aﬁtmaﬁ&% é’PfdrB 124 ’{U-S(% ng?& er, ¥ 2121 gtngf f5 vzvto%
agueous sodi onate and finally 0
%M@%leﬁe g&?ﬁhwmﬂc assay yield after
13c -MIVIEK (100 MiEEs, 8DCIHY6 3¥Q| at5.8 af Jee33y Mo wsed é@ =50 Hz) and 164.4
dlstlllatlon at 75-80 mm Hg, 55 C to afford an oil

M-\whi ch coul d be used directly in Step C without further
purlflcatlon_ O herwi se the product can 5 be purlfled

Ste d' Stljle 1 2 1 Y,
(1oo 3 CDC13) s 32. 1, 115 8 (q, J = 337 Hz) 156. 2
N P
o s (e IR bBo0 - PRI ) coo
at 24 %W‘% ttliedrpxadiag] ﬁ%ﬁs@aﬁa«m Rd29-83, .18, ma)) wile kecping the
intern@bieinpefatife tah ap®PC ( A3Rr tHe)aditiohashs cdinplelé) the rmluag dRfry was aged at

2005531 by EohaREOEST s iR o S8 aiRe SnbsS v waringl a0 =5 °c.

After ADtrain at he *@oitie sluory wassfiltaverphret easht t evitheeshdnol (@) a5 °C.

5] §g\§ag o@{ag;e% (éiﬁlﬁté %%rhd}n b 05{}%18?% 4%5& 'Hi’g 0 pure by HPLC).

e X H00SaE: e 2 Pr{ezﬁmm Yl PO L0 o b, 11D ppm.

13C-MREOEDOWIHR, BMSIDI%) (64D.8114p.08Y43.35110.3 (\ V=63 5TEHY, 354\@5and 156.2 (q,
obtained as a white solid in 72%y| eld (24.4 g, 99.
J = 3§ HekPRIB% pur e by HPLC). 1H NVR (400 Mz, DVBO d6): s
2.9 (t, 2H) 3. (t 2H), 3.6 (s, 2H), and 8.3 (b, 1H
pm O.db). S 40.8, 42 0. 43 3,
Ste 9 3 Aacha Al “
alpvrh@medrocﬁloﬁpe @alt Bx- ébar ation of

3-(trif] %Qﬁérbé%gmﬁm% 13 %2’/t ?E@'ﬂé’%{ fin 110 ml, of methanol was

1,2, 41tr razine, hydr ochl ori
warmgd ta1§5 3C.s a%‘fwéﬁ:sdrgﬂllolflc mni ¢l ln%rnLl 033 1001y vas gddel dBr i njin at this

tempdrAtufel DilinPihe TBEHBACH W dissolved resulting in a clear solution. The reaction
was aged for 30 min. The solution was cooled down to 20 °C and aged at this temperature until
a seed bed formed (10 min to 1 h). 300 mL of MTBE was charged at 20 °C over 1 h. The
resultmg slurry was cooled to 2 °C, aged for 30 mln and filtered. Sohds were washed with 50

mL of ethanol: MTBE (1:3) and dried under vacuum at 45 °C. Yield of trlazole 1 -4 was 26.7 g
(99.5 area wt% pure by HPLC).

1H-NMR (400 MHz, DMSO-dg): 8 3.6 (t, 2H), 4.4 (t, 2H), 4.6 (s, 2H), and 10.6 (b, 2H) ppm;
13C-NMR (100 MHz, DMSO-dg): &: 39.4, 39.6, 41.0, 118.6 (q, J = 325 Hz), 142.9 (g, J = 50
Hz), and 148.8 ppm.

-14 -



25 warnmed to 55 C. 37% Hydrochloric acid (11.2 ni,
0.14 nol) was added over 15 min at this tenperature.
wOouni4rngsi7he addition, all solids dissolved resBCriusgoouno7793
a clear solution. The reaction was aged for 30 mn.
The sol ution was cooled down to 20 C and aged at this
tenperature until a seed bed forned (10 min to 1 h).
300 nL of MIBE was charged at 20 C over 1 h. The
resulting slurry was co %d to,2 C, aged for 30 mn
and filtered. Solids we d wwth 50 30 nL of
et hanol : MTBE (1:3) and dried under vacuum at 45 T.
Yield of triazole 11-44 26.7 g (99.5 area wt %
pure by HPLC). 1H NWMR (4 , DMBO-d6)F 8 3.6 (t,

4.6 (s| 2 and %p.G b, 2H) ppm
, DVBGH () : 39. 4 :
Y, 142.9 (g, J = 50 | 1.8 ppm

/0'0< Tat o HERERE 2 E

DVAP, F OO0-< 2DMARKDMACH | N ~00INFE O O Q(
N NN HO0AZ1ON 1 4 CF3 F LN N MeOH )IM2-3 2 F
HON-~ NR S t-Bu Josiphos, 2-2
HC F
F
HN SN=N O O
K/)\l/’N NH,OAc
~ N/YN\ B\ 4
1-4 CF; N MeOH
> F L\//N Y
3 CFs
F
F NH, O

D N I

E b N \( N R,S- +-Bu Josiphos,

H,, MeOH, 200 psi, 50°C

2-4
- CF5
F
F
NH, O
_N
N/\r N
I Ly
2-5 ,
CF3
Step A: Preparation of 4-0x0-4-[3-(trifluoromethyl)-5.6-dihydro[1.2.4]triazolo[4,3-

5  dalpvrazin-7(8 H)-v1]-1-(2.4.5- trifluorophenyl)butan-2-one (2-3)
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F ~N 2-4 H, MeOH, 200 psi, 50C CF3 F FO\ 1l _ N N
2-5 CF3 Step A Preparation of

wa-2004m88378 3- (tri fl uorometh_yl) -5, 6-di hydr o[ 1, 2PdTmSe@a/007793
lo[4,3- 5
al pyrazin-7(8H)-yll-1-(2,4,5-trifluorophenyl)butan-2-o0
ne (2-3) -15 WD 2004/085378 PCT/ US2004/ 007793
2,4,5-Trifluorophenyl acetic acid 2-1) (150 g, 0.789

mol ), l\@hgrﬁfﬁlﬁ)r?%{egy%}gtgb %&/%‘ ;H%J b‘78gg'g1}') Mﬁl m’s acid (125 g,

4- (di met’hylam no
0.868mpb, mqlaéln-g:bmeﬂ'ma@maomygdlrﬂ{})ééABb 7 &) Q§)§B mol) were charged intoaSL

threeebk BRI W—Bﬁﬁétﬁ?]hgéaﬂ)%m%Zm YRS zﬁﬂg@ ﬂ'1 (51% on at room

portion_at emperature to dissolve t
tempﬁamr@rq @&&J@ﬁﬁ? gl AVdVrftiisppigpylsthylemige (282 mLwhé2 sdkwas added in
one poftiondat 66 e dr@tﬁreawhﬂ@ﬂmmﬁﬂm i téh@»eif&@mﬂe%elow 40 °C. Pivaloyl

cntortfy GhTal Pk W) SEF S viee Sver o o simaiine the

températuze betwieen @ and5r1Cai Therrgadtioa rmk&lwenaahgmﬁt S fe 1 hO Tnazole

hyardfffrle o E38 o BEDLP Wad e 130 B0 2 4B sy "k aection

solutigg veas aged @tn"/é) Yofariseveraith. 45(%5%]1@0\1%1111@ hydrogencarbonate solution (625
mL) §/9§ {Heh Aatfto ﬁr‘%@ aPb0 £956c! qrhe%%vcﬁrv@és s@ede%"/ UEPH0 - 30 °C for

sodi um h car bonate sol uti on, >
1-2 hg ddhep apy p ﬁp@é 58p mlgof S%mqueeoupped ltya“t lardrwgl eniaiel selgtion was

addecﬁﬂ@@w@de o’ 2- 33{3 Kft&oe[gmglse@eﬁl hﬁhmngﬁnﬁitéﬁdt&ﬂeoﬂﬁt@ lsluPr{Swas cooled to
e odi u ncar bgnat e ution

0526100 o b B MEESS R B HEP VB AU o Vached with

20% aapmnsus Biviree 300rmalL), tfdsidaov&tdhy an adhlitiamabtvedibdtches @f 20% dqueous DMAc

oo 30 UL 5 Skl .

isolaigd yield ﬁlm@mduyt&ﬁw&% onal two batches of 20%
aqueous DVMAc 15 (400 ni), and finally water (400 ni).
The cake vvas_suct |2n dri ed at roomte erature The

Step Bg : Step B:
Pr epar ai[lhﬂﬂoquZ mlzazofor@ >30a16vﬂa§m(1(8HSJvHor e 5iFhorepRenyl)but-2-en-

di
2- e¥ triazol o[ 4, 3-al pyrazin-7(8H)-yl1-1-(2,4,5-triflu

or ophenél 5)Ibtotund-bettom flask was charged with methanol (100 mL), the ketoamide 2-
3 (200 g), and ammonium acetate (110.4 g). Methanol (180 mL) and 28% aqueous ammonium

hydroxide (58.6 mL) were then added keeping the temperature below 30 °C during the addition.

Additional methanol (100 mL) was added to the reaction mixture. The mixture was heated at
reflux temperature and aged for 2 h. The reaction was cooled to room temperature and then to
about 5 °C in an ice-bath. After 30 min, the solid was filtered and dried to afford 2-4 as a solid
(180 g); m.p. 271.2 °C.

Step C: Preparation of (2R)-4-0x0-4-[3-(trifluoromethyl)-5.6-
dihydro[1.2 41triazolo[4.3-alpyrazin-7(8H)-yl]-1-(2.4.5-
trifluorophenyl)butan-2-amine (2-5)

Into a 500 ml flask were charged chloro(1,5-cyclooctadiene)rhodium(I) dimer
{[Rh(cod)Cl]2}(292 mg, 0.59 mmol) and (R,S) #-butyl Josiphos (708 mg, 1.31 mmol) under a

nitrogen atmosphere. Degassed MeOH was then added (200 mL) and the mixture was stirred at
room temperature for 1 h. Into a 4 L hydrogenator was charged the enamine amide 2-4 (118 g,
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20 2-amne (2-4) A5 L round-bottomflask was charged

wi th nethanol (100 nL), the ketoam de 2- (200 g), and
warmarssats acet ate (110.4 g). Methanol (180 ni) ranaS28%007793

aqueous ammoni um hydroxi de (58.6 nlL) were then added

keepi ng the tenperature bel ow 30 C during the

addition. Additional nethanol (100 nL) was added to

the reaction m xture. The m xture was heated at 25

d f 2 h T '
029 e PP o2 Bi D cbelod Pt VLS v en
transf@rred ¢ethbdiytirogahater uldder mitrpgen.hAftenteghssing tHred times dhaerhmine amide
. 271.2 C
was hg;dk EQE&&E’%&%PS)P&)S#@ %?F%% E{jso ééi& ?lzt m 1I‘OI uor onet h
Assayl yigil was determlned by HPLC to be 93% and optlcal purity to be 94% ee.
d' hydr Ofﬁ’e (?ptfé:hf rﬁ Wa@ [fﬁ‘rt}%r eﬁm&e&mﬂ @&H}wﬁ’lg lma%nélz Fhe methanol

- trif ope but an-2-amne (2-5
soluupp dxom W@r dgggsn téqp reaction (18 g in 180 mL MeOH) was concentrated and

switchéd wrméthyb-mytyl fﬂhﬁt (MiT Bife(6 mad). Iniol thisdiohmion was added aqueous H3PO4

Solutipr ) g;ﬁ) %lpé@} 5333 < Seppuition of ﬁqe[‘j"gg% A R0 é& i W 2dded to the

waterdbyarswhizhevasDegasdedtcibvGih MABE (180 nalddeld0(:2DP Tihe) MAME solution
was ﬁgggqn@ta%%td ! ? ﬁﬁ%ms évbﬁcrhg&{ t@ﬁot%auéﬁ%g%b%g@%%gﬁg 5: é)o rThJe hot toluene

genat or
solutignivthe therndaljoweg t cool.tgg@ ‘W}lg@bﬂ(ﬁ&s&h}g The crystals were 1solated by

fﬂtrat‘? (1 9%49@%79@ 9@%2& é)gml png Wi écMeOH (1 Q The

(o R, CRERES ﬁy%a‘:@ge 3P Rt %ﬁl& B 395 (), 3.40

(m), E’Sl@fﬁ?lmé ‘ealotbges, the enanine anide

CompTES %GR e ARG PRt %Hpﬂ%g‘f?ea%sso % i roamers

are goyped igethor sihye the cbﬁoﬁé]l%s@mls&'arér het wql resalveguri ty was
13C m (GO eﬂblaaﬂmds . 1r57t4h(%dfi OJ(%FOMQM NPANes . Hz}g%z"@hﬁ%egl 151.8

sol Uthﬂ fromthe hydrogenation reaction

(mingry), EG@G—Oﬂdda&:FGo?ftﬁeﬁtlﬁa& ¢3.9d%0, 1604 (dﬂdedicpt%%hi nhA.3, 3.7 Hz), 144.2
@ J&mngﬁt el 6 QMBB%.«(: 58 5“5)9 4'0”%19) t1'1b$4 (%19' il 9?9%6 2 Hz), 119.8

(@ T S S e £ e ey o255, BN 3055 40 A3 i 32 minon),
424Wl&5(n¥iﬂbﬁf41 48)’3*16 3\8#5 Nar:;r%%ﬁtdnlen extrigt ed with MIBE

180 ut.i on

onoentTha GHowE Kafperpraee Sudd Dmgetahis SHBLE) gpnditions were

used 0d_detafronid peiberf)convdrsion ad plodhctene  sol uti on was then
Colu%I l O\AEtha%trs g}QIBme?r?/Qf]I% 5%(?%&’)( Qllgi 10 h). The.crystals

wer e isola ﬁ I on yleld 72% 98 -
Eluenygo, ee)Solysy A: il val% HEA@4/H20 1H NVR (300 MHz,

. CD3CN) : S(ﬁvgnrfgﬂﬁ a(;m)re)m'ﬁ 08 ( m, 684( %0’ (2) 494( %9’ (i) ’404- 14
radfes) | Ormn7 % A 25%
10 min 25% A : 75% B
12.5 min 25% A : 75% B
15 min 75% A : 25% B
Flow rate: 1 mL/min
Injection Vol.: 10 uL
UV detection: 210 nm
Column temp.: 40 °C
Retention times: compound 2-4: 9.1 min
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15 Conpound 2=5 exi sts as am de bond rotaners. Unless
i ndi cated, the najor and m nor rotaners are grouped
woQoEtlss78 si nce t he carbon-13 signals are not werius2004/007793

resolved: 13C NVR (CD3CN): 8 171.8, 157.4 (ddd, JcF =
242. 4, 9.2, 2.5 Hz), 152.2 (mgjor), 151.8 (m nor),
149.3 (ddd; JcF = 246.7, 14.2, 12.9 Hz), 147.4 (ddd,
JCF = 241.2, 12.3, 3.7 Hz), 144.2 (q, JcF = 38.8 Hz),
124.6 (ddd ’coﬁﬁ)%urrdi% 84 min9 4.0 Hz), 120.4 (dd , JcF
= 19.1, 6.2 Hz), 1198 20 (g, JcF = 268.9 Hz), 106.2
(dd , JcF .= 'ByJesiphgs: 87ppin 50 1, 44.8, 44.3 (minor),
43.2 (mnor), 42.4, 41.6 (mnor), 41.4, 39.6, 38.5

(m nor 9. The f ol ovm n erf or mance
chr oma%%'ﬁff ol ine highr ?etll“ﬁ’g& togiélg'ﬂ f%PI%I) conditions were
used tdeleterminesoptiealcmmity: conver sion to product: Col um:
ters r 4.6 mm 25 Eluent:
Colu ol venté%: E@.’f@/‘%ég%\%%ol vent B: acetonitrile
Eluenty adi efolvept A 8.27930diethgbonise inlepta@5%A: 7598 12. 5
m n 25%ofven? BY0.B vai¥p Hﬁﬂﬁﬁﬂ%ﬁ%ﬁ@{mﬁ ow rate: 1

n _1.nj ectl on Vol ection: 210 nm
ISOChr@BFE\"H Tigpl8 mam c 35 Retention tines: conpound 22=4:
Flow ﬂa.tél: m oTﬂ;ijﬂm 2004/ 085378 PCT/ US2004/ 007793 conpound
Inect 5%1 mn tBu Josi phos: 8.7 mn The foll ow ng

e R ng‘IOrmance I iquid chronmat ographic (HPLC)
UVd&Immhnt R68ammere 5 used to determine optical purity:

rapak, AD-H, 250 mm x 4.6 nmm El uent:
Colung‘f’* ngt%qu‘ 2 vol.%di ethyl am ne in heptane Sol vent

Retenfion fimes:y o %(@) @miWIZainlﬁeg mm et hanol Isochratic Run
Tinme: 18 M Qg)-amine: 11.2 min

EXAMPLE 2

Methyl (3.5)-3-amino-3-(6-methoxypyridin-3-yl)propanoate (3-2)

Into a 7 mL vial were charged chloro(1,5-cyclooctadiene)rhodium(T) dimer
{[Rh(cod)Cl]2}(14.2 mg, 0.029 mmol) and (R,S)-z-Bu Josiphos (31.3 mg, 0.058 mmol) under a
nitrogen atmosphere. Degassed methanol (1 mL) was then added and the catalytic complex was
stirred for 45 min at room temperature. In a separate 2-mL vial, the enamine ester 3-1 (0.1 g 0.5
mmol) was dissolved in 0.9 mL distilled 2,2,2-trifluoroethanol. To the same vial 0.1 mL of the
prepared catalyst solution was added resulting in 1 mol% catalyst loading and a 2,2,2-
trifluoroethanol/methanol mixture of 90/10. The hydrogenation vial was then sealed and
transferred into the hydrogenation bomb under nitrogen. After degassing three times with
hydrogen, the enamine ester was hydrogenated under 90-psig-hydrogen gas at 50 °C for 13.5 h.
Assay yield was determined by HPLC to be 88% and optical purity to be 89% ee.
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10 Flow rate: 0.7 mmn Injection Vol.: 7 gL W

detection: 268 nm Colum tenp.: 35 C Retention tines:
WOR)o4zs5318 2-5: 13.8 min 15 (S)-anm ne: 11.2 nPAT/US2004/007793

EXAVPLE 2 NH2 0 NH2 O Ove OCH3 MeO N MeO N 3-1 33=2

Met hyl

(3S) - 3-am no- 3- (6- net hoxypyri di n-3-yl ) propanoate (3-2)

20 Into a 7 nL vial were charged

R R SHT9S R81 BTRB TS, Il R . a1 . 310, 44 s,

1H), 692i(ph13%), (52.(8d,d), a3 1 R1QIH) (pfsﬁﬂer a nitrogen

at nosphere. Degassed net hanol nm.) was then added
and the catalytic conplex was stirred for 45 mn at
roomtenperature. In a EPAMRIER3GL vial, the enam ne
ester 33=1 (0.1 g, 0.5 mol) was dissolved in 0.9 nL
distilled 2,2,2-trifluoroethanol. To the sane vial 0.1
nmL of the Q@ngefared cat gl n?t sol uti was added

resulting inf 1 % cat al ys oading and'a ¥, 2,2
trifluor oﬁh%t@glnol m xtare of ) 0. HThe
hydr ogenati on vi al St hel2cMgQH aRd * tT ansNEWRhed

into the hydrogenati on bonb under nitrogen. After
degassing three tinmes wthrARy#®ogen, the enam ne
ester was hydrogenat ed under 90- psi g- hydrogen gas at

Ex. 50 C fd&! 13.5 h. %uich yi el Beetas det ecanifised by HPLC t o
be 88% and optical purity to be 89%ee. -18 WO

3 2004/ 089378 PCT/ USHD04/ 0077%8 1H NVRS (400 MHz,

4 CDC13):4.Bph. 81 (bsyg2H), 2.6 (m 2Hg 3.68 (s, 3H),

5 3.91 (Szrog(@-h‘“‘ dd, 1H 6.72 (d,” 1H), 7.62 (dd,
1H), ando¥eh (s, ppm MPLES 356 5 NH2 O Rh- L*

6 NH2 0 RhCHNHPh HX4 MeOH RigNHPh  TABLE a

a: Reaction conditions: 0.15 mol% [Rh(cod)Cl]2; 0.33 mol% (R,S)-z-Bu Josiphos,

50 °C, 100 psig Ha. b Assay yield; ¢ Assayed by chiral HPLC using a AS-RH or AD-RH chiral
column eluting with 25-40% acetonitrile/water as the mobile phase.
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Ex. RL %ieldb %ec config. 3 Ph 75 96 S 10 4 4-F-Ph
74 96 S 5 4-Ove-Ph 82 96 S 6 PhCH2- 94 97 S a:
weeemossa18 condi ti ons: 0.15 nol % [ Rh(cod) C1] 2; eCcBaSomkA67793
(R, S)-t-Bu Josiphos, 15 50 C, 100 psig H2. b Assay
yield; ¢ Assayed by chiral HPLC using a AS-RH or AD-RH
chiral colum eluting with 25-40% acetonitril e/ water
as the nobile phase. -19 WO 2004/ 085378
mﬁ%@@gﬁgﬁﬁﬁ;ﬁ% VWHAT IS CLAIMED I S: 1. A process
or preparing a conmpound of structural forrmula I: NH2
OR1Z (lI) 5 having the (R - or (S)- configuration at
the ster eogenhfokfof Prégaﬁﬂfgesl c&hf;&hrﬁrbf' sBrufiral formula I:
enantioneric excess of at least 70% over the opposite
enantiomer, wherein Zis ORp, 82, or NR2R3; Rl is
Cl1L 8 alkyl, aryl, heteroaryl, “anyl-Ci1-2 al kyl, or
het eroaryl -Cl1_2 al kyl ; F% e each
i ndependent |y hydrogen, Cl1-8 al kyl7; aryl, or aryl-Cl-2
alkyl; or R2 and R3 10 togetH#r with the nitrogen
atomto which they are attached forma 4- to

havin W AT Ae e h e e e s Pabeaa i o,
in an Sankipimerin @x¢dGd oflat ledsk 0% war thelhppesieepehtiamen, wmhefesi ng

7 is OB Wt b NRegf30r substituted with one to three
Bs ed from oxo,

. t1fuen I ndependent | y. sel ect

RLis {3 @@P awi,ﬁgégﬂgry ’fiﬁ'éc]ﬂ'% 6‘;}‘9’? %%‘Ete@?fﬂ'glﬂ)ﬂlkﬂher ein
R2 arall R/ hre eactriindbpendynthy keydrogaub6t ig alkgidagt, o3 abdtd { HtaBE1; or R2 and R3

with one to five fluorines; and said heterocyclic rin% i
togeths Wb dRE RiDEER Giogbia Bhish fiyreer etpchid fore =4~ toy-membered heterocyclic
ring sgstemrriptpeadlyseomtaiving dn eddisiopatdieiecoatemiseleyiet ifiom On§, NH, and NC14
I TR K ——
indepprdeatly s¢lestad Bomeeroe dydiosynalogen, Ghd aklkmxysand Ky, alkydivcherein alkyl
o OSBRI L BoBcscrining
systerg ,lp:pﬁ)g,opglpmj}y fyeed with af- & ﬁwqmt@;edqs@ra@dpy appmehtic carbocyclic ring
systeﬁﬁrolrfaBU & QIRIADEred HPreRARE hl%',rr{hﬁ_ctll@f%r(?cty@ft?c HB% system containing one to
two th)é?okuqqgsnﬁaeﬁécpe% f?org rd),(‘é? Iarruil i\IC%ij :raﬂ(}nff segd f&seﬁlil'l% gusygtem being
unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluorine
C1-4 alkyl, C1-4 alkoxy, and trifluoromethyl;

¥

comprising the step of hydrogenating a prochiral enamine of structural formula II:

NH, O
N
R y4
(i
in a suitable organic solvent in the presence of a transition metal precursor complexed to a chiral

ferrocenyl diphosphine ligand of structural formula III:
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NH20 R1' Z (11) in a suitable organic solvent in the
presence of a transition metal precursor conplexed to
wa 2003085478 f errocenyl di phosphine |igand of st Ppacse@k/007793
formula 1'11: -20 WD 2004/ 085378 PCT/ US2004/ 007793 R4
PRER6 Fe P(R7)2 (lI11) wherein R4 is Cl-4 al kyl or
aryl; R5 and R6 are each independently Cl 6 al kyl,
C5_12 cycloal kyl, or aryl; and R7 is Cl-4 al kyl or
unsubsti t ut ed phenyl. 5 2. Thggprocess of Caim1l
wherein said ferrocenyl di phogphine Iigand is of
structural fornula IV: [} tx BEBBR6 Fe P(R7)2 (1V)
wherei n the stereogenic ter ﬁgﬁ ed with an ** has
the (R)-configuration. ge process of Claim 2
wherein R4 is Cl-2 aIkyIFeRS g are Cl-4 alkyl,
and R7 is unsubstituted nyI 4. The process of
Claim3 wherein R4 is , R5 and R6 are 15
t-butyl, and R7 is unsub 'Eﬁ'fd phenyl . 5. The
process of aim1l wherein S benzyl wherein the

rou of benzyl is unsubstituted or
Wher"éﬁ@s lﬁp?lt%ﬂl ¥& &Pt hree substituents sel ected from

RS arld' 6 gle@dgh ﬁﬂ@pén%lbht'ﬂ;gcl q;faltqhuegl 1B&ycldalkyl, WRapeiday | |
R7is @1 4 alrkI { (l)rul?nsgﬁltuteé }gheny?

2. The process of Claim 1 wherein said ferrocenyl diphosphine ligand is of
structural formula I'V:

R4

@L\PRSRS
Fe

P(R"),

Q

(V)

wherein the stereogenic center marked with an ** has the (R)-configuration.

3. The process of Claim 2 wherein R4 is C1.2 alkyl, RS and R6 are C1-4
alkyl, and R7 is unsubstituted phenyl.

4. The process of Claim 3 wherein R4 is methyl, RS and R6 are
t-butyl, and R7 is unsubstituted phenyl.

5. The process of Claim 1 wherein R1 is benzyl wherein the phenyl group of
benzyl is unsubstituted or substituted one to three substituents selected from the group consisting

of fluorine, trifluoromethyl, and trifluoromethoxy.

6. The process of Claim 1 wherein Z is OR2 or NR2R3.
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6. The process of Claiml wherein Zis ORZ or NR2R3.

-21 WD 2004/ 085378 PCT/ US2004/ 007793 7. The process of
wahkeisrosSB78her ein NR2R3 i s a heterocycl e of thePCT/US2004/007793
structural formula VI: N KNN 8 R (VlI) wherein R8
I's hydrogen or Cl-4 al kyl which is unsubstituted or
substituted with one to five 5 fluorines. 8. The

process of Claim1l wherein said transition netal

Flr\/(eggg) 2] X, S%? ;{}%ie %‘Sé#é‘a,ﬁé%%%m graﬁqe%r}oé}’lcle of the structural

formuleVhanesul fonate, trifl uoronet hanesul f onat e,
tetrafl uoroborate, hexafl uorophosphate, or 10

hexaf | uor oanti nonate an is rhodiumor iridium 9.
The process of O aim38 wh NM\d transition netal
precursor is [Rh(cod)Cl] ZI\DC/(I\E process for
prepari ng a conpound of str ‘d‘( formula 1: NH2 O
Ar ~**NN. N N/ R8 (1) having igee (R)-configuration

at the stereogenic center marypd W|th an ***: in an
enantioneri c excess of at |east 70% over the

wher%q ﬁ'gt& H{)%g%?gﬂ af 6h @ﬁd Wvﬁxs stl.lﬁs&b@nut&ﬁ(g{sh?é{ t@t%ﬁ Wlth one to five

s un
ﬂuonsesbstltut ed wth one to five substituents
i ndependently selected fromthe group consisting of

fluorine, trifluoronet hfll' and trifluoronethoxy; and
8. The process of Claim 1 wherein said transition metal precursor is

[M(cod)Cl]2, [M(norbornadiene)Cl]2, [M(cod)2]X, or [M(norbornadiene)21X wherein X is

methanesulfonate, trifluoromethanesulfonate, tetrafluoroborate, hexafluorophosphate, or
hexafluoroantimonate and M is rhodium or iridium.

9. The process of Claim 8 wherein said transition metal precursor is
[Rh(cod)CI]2.

10. A process for preparing a compound of structural formula 1:

NH, O
Ar dekdk N /N
L
(1) R®

having the (R)-configuration at the stereogenic center marked with an **%*;

in an enantiomeric excess of at least 70% over the enantiomer having the opposite (5)-
configuration; wherein

Ar is phenyl which is unsubstituted or substituted with one to five substituents independently

selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and
R8 is hydrogen or C1-4 alkyl unsubstituted or substituted with one to five fluorines;

comprising the step of:
hydrogenating a compound of structural formula 2:

-22 -



R8 is hydrogen or Cl-4 al kyl unsubstituted or
substituted with one to five fluorines; conprising
woheo488338 of . hydrogenati ng a conpound of st rueCumnakoo4/007793
formula 2: -22 WD 2004/ 085378 PCT/ US2004/ 007793 NH2 O
Ar NNNN /1 (2) $R in a suitable organic sol vent
in the presence of a rhodium netal precursor and a
chiral ferrocenyl disphosphine of structural fornula
IV: RA PRGR6 Fe P(R7 )2 |_F 6\/) 5 wherein R4 is Cl-4
al kyl or aryl; R5 and R6)are jpach i ndependently Cl-6
al kyl, C5-12 cycl oaf\ky| lLy~and.NR7 is Cl-4
al kyl or unsubstituted phenyl. |11. e 'Rrocess of
Claim 10 additionally conprising_thblsfep of producing
a 10 conpound of structur@) formila 2} ;NH2 O Ar N
W' N~N (2) ~s R by treating a confound of
structural forrmula 3: OO
in a suitable organic solvent in the presence of a rhodium metal precursor and a chiral ferrocenyl

disphosphine of structural formula IV:

R4

o
|

IZE P(R7)2
(V)

wherein R4 is C1.4 alkyl or aryl;
R5 and R6 are each independently C1-6 alkyl, C5.12 cycloalkyl, or aryl; and
R7 is C1-4 alkyl or unsubstituted phenyl.

11.  The process of Claim 10 additionally comprising the step of producing a
compound of structural formula 2:

NH, O

AI’\)\/U\ N/\KN\
N

with a source of ammonia in a suitable organic solvent.
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Ar NN N N, (3) 8 R with a source of anmonia in

a suitable organic solvent. 15 -23 WD 2004/ 085378
wOCTi#I82084/ 007793 12. The process of O ai m l8Cwuse@uno7793

Ar is 2,5-difluorophenyl or 2,4,5- trifluorophenyl and

R8 is trifluoronmethyl. 13. The process of Claim 10

wherein said rhodiumnetal precursor is 5

[Rh(cod)Cl ]2. 14. The process of Claim 10 wherein R4

unsubstht utif% c Bieortifiny 20 Selerei At 2. 52 i g 2.4

trifluonbgheayrandR 3 lsrmﬂdommeﬂé'ﬂal precursor is [Rh(cod)d]2.
16. The process of Claim10 wherein R4 is nethyl, R5
and R6 are both t- butyl, R7 is unsubstituted phenyl
Ar is 335- diliepercepredifylpim L0 wherein s3id rhogdivm parsshnrecurgpr is
[Rh(co®)Clpp trifluoromethyl, and the rhodium netal precursor
i s chloro(1l,5-cyclooctadiene)rhodiun(l) diner. 17.
The process of Caim1ll wherein said source of amoni a
i's ammui urm“ha@ectcab@of Qaind 80 whepsin ®44s nfethyl [Repat RO gresboth ¢-
butlc%;m{qulgd ofbs ﬁ’)‘ tur formula 1: NH2O Ar *** N-N N
Yo Rg! % g the (R -configuration at the
st ereogeni c center marked Wth an ***;

15.  The process of Claim 14 wherein said rthodium metal precursor is
[Rh(cod)C1]2.

16.  The process of Claim 10 wherein R4 is methyl, RS and RS are both -
butyl, R7 is unsubstituted phenyl, Ar is 2,5-difluorophenyl or 2,4,5-trifluorophenyl, R8 is

trifluoromethyl, and the rhodium metal precursor is chloro(1,5-cyclooctadiene)rhodium(I) dimer.

17.  The process of Claim 11 wherein said source of ammonia is ammonium
acetate.

18. A process for preparing a compound of structural formula 1:
NH, O
Ar
*okk N - N\
_ N\/(N
R8
(1)

having the (R)-configuration at the stereogenic center marked with an ***;

in an enantiomeric excess of at least 70% over the enantiomer having the opposite (S)-
configuration; wherein

Ar is phenyl which is unsubstituted or substituted with one to five substituents independently
selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy; and
R8 is hydrogen or C1-4 alkyl unsubstituted or substituted with one to five fluorines;
comprising the steps of:

(a) producing a compound of structural formula 2:

-4 -



in an enantioneric excess of at |east 70% over the

enanti oner having the opposite (S)- configuration;
wohewn@mssB7®5 Ar is phenyl which is unsubstitut edCoUS2004/007793

substituted with one to five substituents

i ndependently selected fromthe group consisting of

fluorine, trifluoronethyl, and trifl uoronethoxy; and

R8 is hydrogen or Cl-4 aIkyI unsubstituted or

substituted with one to ! uorines; conprising

the steps of: (a) produ0|n conpound of structura

formula 2: -24 WA 04/ 007793 NH2 O

Ar NNON N1 (2) s R by treatw gcompound of

structural formula 3: OO Ar N % (3) N/ s R
with a source of ammmonia i@)a suitable\grganic
solvent; and 5 (b) hydrogenating a cofbound of
structural formula 2: NHO Ar \ N \N (2) N/ s R

by trélafing agoiripobh@olyigemirdl femhwvest in the presence of a
rhodi um netal precursor and a chiral ferrocenyl
di sphosphi ne of structur@ f@nula IV.: R4 T5R6

Ar\\/JL\//H\
N/
(3) \gs
with a source of ammonia in a suitable organic solvent; and

5  (b) hydrogenating a compound of structural formula 2:

NH, O
A“\V/J*ky/ﬂ\ N

RS

in a suitable organic solvent in the presence of a rhodium metal precursor and a chiral ferrocenyl
disphosphine of structural formula I'V:

(V)

10  wherein R4 is C1.4 alkyl or aryl;
RS and R6 are each independently C1-6 alkyl, C5.12 cycloalkyl, or aryl; and
R7 is C1-4 alkyl or unsubstituted phenyl.

19.  The process of Claim 2 wherein Z is OR2.
15
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Fe P(R7)2 (1V) 10 wherein R4 is Cl-4 alkyl or aryl;

R5 and R6 are each independently C1_6 al kyl, C5-12
woyel4paskyl , or aryl; and R7 is Cl-4 al kyl or PCT/US2004/007793

unsubsti tuted phenyl. 19. The process of Claim?2

wherein Z is OR2. 15 -25 WD 2004/085378

PCT/ US2004/ 007793 20. The process of Caim 19 wherein

Rl is 6-nmethoxy-pyridin-3-yl and Zis Cl-4 al koxy.

%E(P OIS SPr Oggfespfﬁées%ggfé%r@g}’%ral R léi 'Gi%ner ef}?éﬁﬂ&ln -3-yl and Z is

R5 and R6 are t-butyl, R7 is phenyl, and said
tranS|t|on netal precursor is [Rh(cod)d]2. -26

C14
21.  The process of Claim 20 wherein Z is methoxy or ethoxy.

22.  The process of Claim 21 wherein R4 is methyl, RS and R6 are r-butyl, R7
is phenyl, and said transition metal precursor is [Rh(cod)Cl]2.
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