WD 2004/ 085378 PCT/ US2004/ 007793 TITLE OF THE
| NVENTI ON PROCESS FOR THE PREAPAATI ON OF CHI RAL BETA
AM NO ACI D DERI VATI VES BY ASYMVETRI C HYDROGENATI ON 5
MYEERH/@GE37BHE | NVENTI ON The present inventi on r@lesem/007793
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 ogically active nol ecul es. The process conpri ses
an enanti osel eEATLEOF THEINYENIIONN of a prochiral
beta-am no acrylic acid derivative substrate in the
PROCESS [FOR SI®B CRe@bazd1di0) oFl @iisid kO ARhA A@f}ﬁ%ﬁﬁ@@h\ﬁh@'@) gX&fheTRIC
HYDROGENMIE¢N a chiral ferrocenyl diphosphine Iigand
BACKGROUND, OF THE | NVENTI ON The present i nvent| on
provi des an efficient process for the preparation of
5 memﬂmmly enri ched beta am no acid
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with the nitrogen atomto which they are attached form

= = cyclic ring system
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eniiﬁb&éﬁ@a‘ﬂ?'ehﬁcl{eﬁ%&a%ﬂﬁﬁ@i&@@érﬂ%%f‘ sBB&htaY fdriiRg: Wi th a
to 6-menbered saturated or aromatic carbocyclic
r|ng systemor a 5- to 6-neNberéd saturated or
aromati c heterocyclic ring jsystiem containing one to

two heteroatons sel ected R¥e , € and NC _4 al kyl,
said fused ring 25 system bei 38 unsubstituted or
15 substituted with one to two suibstituents independently

sel ected from hydroxy, am no, fluoro, Cl_4 alkyl,
haxing the 4Rk ox (5)-canfiguratici| authe@mgymc céftter marbaesish arf *; twm:rem
Z iPORIEOR2 IR WRERBON relates to a nethod for the

IR 0861 BiOleer YT Tt PSR AhefirddeL b YRY 0P, o
R2pad Rore cagh indepaselantlyihoniragen, £71-g skl grvb@r asy-fires #lky; or R2 and R3

20 tog@%gf whg ﬁfétrﬁt?(;keﬁ Bto?ﬁ lBrvﬁ‘ﬁéﬂ 151@3; ar® Qﬁﬁ&l@@ fo‘Hn 4N 9lrﬁgn?tlered 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
25  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 Iin an efficient enantioselective fashion
via transition metal-catalyzed asymmetric hydrogenation of a prochiral enamine of structural

30  formula IT: -




30 formula Il: -1 WO 2004/ 085378 PCTI US2004/ 007793

NHH2 O R1'-'-"Z (Il) wherein the amno group is
un rotected in the presence of a chiral ferrocenyl
iolSqe]ihd li gand. Methods for asymmetri cal | BCT/US2004/007793

reduci ng enarri ne carbon-carbon double bonds (C=CN)
using chiral ferrocenyl di phosphines as |igands

conpl exed to a rhodiumor iridium precursor have been
described in the patent literature (See U.S. Patent

No. 5,563,309 issued Cct. 8NHL966 to Ci ba-Geigy Corp.

and the related famly of paienty and patent
applications). A related Rh‘ﬁpﬁaﬁchzt o N-acyl ated beta
am no acids using a rhodi um " PHOS catal ytic
conpl ex has also published ( . 2002/ 0128509
publ | shed on Sept. 12, 2002 assigned to Degussa AG).
the gminograep is snprotegtedoinghapesende of 4 cltim fdrcenyl diphosphine
hgmzlymTetrl c hydrogenat| on of N-acyl ated beta-am no

acrylic th rhodi tal precursors conpl exed
to a chi lre‘%*h"é%% etfip “‘i“i%g npmine gaghonrgarbas dogble bonds
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follgyie jonglse,daserabs th%syammp bwkbg&nahm ofiN-asyleted beta-amino
acrykvtamlds ivathshodiamaretalprsRtorddoiAGled 8'a @ﬁ?al hos hmg ligand: (1) T.
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In thése pﬁbﬁcﬁﬁd&ﬂé aThé exailiphd n react.| o#é%%%lh [%1% Egﬂ merbefahmno acrylic

aci BT b dro&ﬁﬁéaﬁmmmﬁﬁ diiafive  The requirgutframine

_ PTO@UWWMMdIMnﬂ chemivhl agRgfto.thd £ ﬁ&lcb%ﬂe‘?_?’ bx%?éétlon and
depfﬁ)(t)t?%ugﬁ §§§ ﬂ{%%ﬁﬁ.f’@; thE Brofect A RBYAS: J%Qy als bé deHedt. The process of -
the present mvcntlon circumvents the need for protecting the primary amino group in the

 substrate for the asymmetric hydrogenation reaction and proceeds with excellent reactivity and
enantioselectivity.

SUMMARY OF THE INVENTION

In a first aspect, there is provided a process for preparing a compound of
- structural formula I:

NH, O
R Z ..
M
having the (R)- or (5)- configuration at the stereogenic center marked with an *;
in an enantiomeric excess of at least 70% over the opposite enantiomer, wherein
Z is ORZ, SR2, or NR2R3;

R1is Cy.g alkyl, aryl, heteroaryl, aryl-C1_2 alkyl, or heteroaryl-C1-2 alkyl;
R2 andR?' are each independently hydrogen, C}.g alkyl, aryl, or aryl-C1.2 alkyl; or R2 and R3



having the (R)- or (S)- configuration at the
stereogenic center marked with an in an enantioneric
excess of at |east 70% over the opposite enantiomer,
wherein Zis OR2, SR2, or NR2R3; Rl is Cl-g al kyl,
aryl, heteroaryl, aryl-Cl-2 alkyl, or heteroaryl-CQ _2
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C1-2 alkyl, 03 OaRRFPAIARAAS Hotedly£d “or aromt | cﬁﬁrgrﬂgggcs(g%ﬁo’ fluorine,

ring .Systemor a 5- to 6-nenbered saturated or
comprizipg the stepof Bydsegenpting  proghisal shamine oftaichiraigonmaa T

two hetematons selected fromO S, and NCH al kyl,

said fused ring system bei 2 UAsubstituted or

substituted with one to twokgup&tituents selected from-

hydroxy, anmino, fluorind}™ C¥4 afkyl, C -4 al koxy,

and trifluoromethyl; conpri si(mg the step of

hydr ogenating a prochiral enam ne of structural
in a suitable

. | ; o NHH2 0 Rt~ Z (L]
in a S ol solvEbYR e rebensescts teamigion ekl arvgpespepprraloRsd to 2 chiral
ferrqseyd dipbesphine Mghwkefctiictusal 6driudd HI: f er r oceny!l
di phosphine Iigand of structural formula Il1l: R (nr"
"PR-5R6 Fe P(RI)2 U (IIl) arein R4 is Cl -4 al kyl
or aryl; R5 and R6 are each i Rdependently Cl-6 al kyl,
C5-12 cycl oal kyl, or ar @- &R_’lgggs Cl-4 al kyl" or
unsubstituted phenyl. It secoﬁ- pect, there is
provi ded a process for rp'(ﬁg)za compound

()
wherein R4 is C] .4 alkyl or aryl; -

RS and R6 are each independently C.¢ alkyl, Cs.12 cycloalkyl, or aryl; and
R7 is C1-4 alkyl or unsubstituted phenyl, ' |

In a second aspect, there is provided a process for preparing ‘a compound

of structural formula 1:

NH, O



of structural forrmula 1: NH2O Ar~ N (1) RB -2a
having the (R)-configuration at the stereogenic center
marked with an *** in an enantioneric excess of at
| east 70% over the enantionmer having the opposite (S)-
configuration; wherein Ar is phenyl which is

havipgsthe &)rqqr}ﬁsera@on guhystteieogenit asnte naried bathf dnvie

in hsdtionesialescdsp ERTNIETI% ¥y ?ﬁﬁé rou
n?%u% str of fl u%rr ne, tri oromaéj[ﬁérh%l‘pgﬁgh opposite ()-
oxy, and R8 is hydrogen or Cl-4 al kyl
Ar igm! tWIh(lertle dnanbstituted bi substidtediwikh &RReo 51% §db\é@£tuents independently
sel rogenatin
.RSﬁ Cffdg{?% %:Struglk‘ﬂ f#"%ﬁ%‘%&% téoromtﬂ p 8 “%‘m%?ﬂ?@xﬁﬁ and -
%ﬂﬁ% ? §‘EIP'PQBF bstitgtad; vithsonee five flnores;
congisigrileested ofa r hodi um net aI precursor and a chiral
in uctural formula IV: R4
hy eﬁ%g%éﬁgpghﬁ&){;ﬁ%&gmﬁ 14 al kyl or aryl; R5
and R6 are each |ndependently Cl-6 al kyl, C5-12
cycloal kyl, or aryl; andnk/ ¢ps Ci -4 al kyl or

unsubstituted phenyl,. Inja rd aspect, there is
provi ded a process 1AB a pound of
structural formula 1: NH20 Ar, ~ NN'N 1°
™
@) o

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

R4

O
j; P(R"),
wherein R4 is C}_4 alkyl or aryl;

RS and RO are each independently Cj.¢ alkyl, C5.12 cycloalkyl; or aryl; and
- R7is Cy.4 alkyl or unsubstituted phenyl.

()

In a third aspect, there is provided a process for preparing a compound of
mnwmmlﬁnmﬂal

NH, O

A"\/'\/”\ _N
*dk N =N
Cb[;(”
M - 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; wherem

-2b-



(1) Re having the (R)-configuration at the
stereogenic center marked with an ***; in an
enanti omeri c excess of at |east 70% over the
enanti omer having the opposite (S)- configuration;
wherein -2b Ar is phenyl which is unsubstituted or

. j i th,. to fi. bstit t \ .
L R R ——
selegtedpmidhe gionp ponsistingref findrine Ariflubrdnidthydaadetiwiometens; and

R8 iRBydrogdnymr@ige alkgrunSiitshtitkddydr stibstted it oféltoFive fluorines;
co Susbﬁttht ugeed ¥_\4th one to five fluorines; conprising
S 86 PHPY: (a) producing a conpound of structural
(a) preshuginiga c@mpoih® @ stdetedaNiddNula(2) L""IN ' by treating a
conmpound of structural forrmula 3: OO ArJLN ANN (3)
Wth a source of anmonia in a suitable organic

sol.vent; and (b) hydrog tiAg a conpound of

structural fornula &&EMWN ANN (2) IIN(8 in

a suitable organic v j repence of a

rhodi um netal precursor and a ira /fémrocenyl

di sphosphi ne of structural_(ZSor R4 CIR5R6  Fe
8

/
P(R7) 2
(R7) X

by treating a compound of structural formula 3:

O O

Ar\/”\/lL N/\‘(,N

with a source of ammonia in a suitable organic solvent; and
(b) hydrogenating a compound of structural formula 2:

_ NH, O
Ar ™ N
N/\[f .
@) Lo
in a suitable organic solvent in the presence of a thodium metal precursor and a chiral ferrocenyl
disphosphine of structural formula IV:
| R* .
j;, P(R"),
V)

wherein R4 is C}.4 alkyl or aryl:

RS and RS are each independently Cj¢ alkyl, Cs.12 cycloalkyl, or aryl; and
R7 is C}.4 alkyl or unsubstituted phenyl.
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(1'V) wherein R4 is Cl-4 alkyl or aryl; RS and R6 are
each i ndependently C1$ al kyl, C5_12 cycl oal kyl, or

aryl; and R7 is Cl4 al kyl or unsubstituted phenyl.

_2c Disclosed is a process for the preparation of
enantionmerically enriched beta amno acid derivatives

of structural fornmula I. The process nmay utilize an
asymmetric hydrogenati on of a prochiral beta am no
acrylic acid deFfiesst isarosgretoribs praneratiqaraf waanjiompiically enriched
gr OUlpEtd Smitf pEi@HEBA®Es of frukfiSal %rﬁﬁfé'loﬁleg{m sstrﬁ%]ﬁili%: ap

net al recursgg conpl exed with a chir erroceny

di pHEBctTE iggsrationa{e prrcirakhstasamndnsndioptil debtasive,ovherein the
t he pihepamaino@rudfs Btoleciidl ﬁ%@ﬁké@ﬁ%@ff%ﬂ%ﬁﬁbﬁ%&ﬂ é)gfl:c tsor

pi | ot ant or industrial scale. Tr eta am no
can %’@%ﬁgﬁs‘# [i(ads E)hlﬁ‘r feayhdiphesphipeligand. yThe process can be applicable to

bi ol thgprepdritiondE bty Snikd h&eu&%ﬁwsﬂaﬁ@h@%@%ﬁ%% The
OF THE II\.I\/EI\I'!'({?O\I 2d__ WD 2004/ 085378 PCI] US2 3

The PPRSSERT 299578 bs WRUblogweRaez wide atrichofdiglogicaiy estive molecules.
for the preparation of an enantionerically enriched

bet ' j [ ' ral formula 1:
o TN RSO REATOR Py &' o)
(S)-configuration at the stereogenic center nmarked
with an *; 5 in an enantioneric excess of at | east
70% over the opposite enantioner, wherein Z is OR2,
SR2, or NR2R3; Rl is C1_8 alkyl, aryl, heteroaryl,
aryl-Cl1_2 al kyl, or heteroaryl-Cl_2 alkyl; R2 and R3
are each i ndependently hydrogen, Cl-8 al kyl, aryl, or
aryl-C 2 alkyl; or RR and R3 together with the
~nitrogen atomto which they are attached forma 4- to
7-menbered heterocyclic 10 ring systemoptionally.
containing an additional heteroatom selected fromO
S, NH, and NCl -4 al kyl, said heterocyclic ring being
unsubstituted or substituted with one to three
substituents ’ '

-2d-~
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i ndependently sel ected from oxo, hydroxy, hal ogen,
Cl-4 al koxy, and Cl-4 al kyl wherein al kyl and al koxy
are unsubstituted or substituted with one to five
Wo'soiesis and said heterocyclic ring systenA6idshieorres
optionally fused with a 5- to 6-nenbered saturated or
aromati c carbocyclic ring 15 systemor a 5- to
6- menbered saturated or aromatic heterocyclic ring
system contai ning one to two heteroatons sel ected
fromO, and NC6-4. al kyl, said fused ripng system,
bei ng Fhs e tiyasioR prdies &7 efieist Mpras BRawmeRgsion of an
enantibmgiically wnhmched befa tagund acirhddniyebiGrof stractumabforhibladr i ne,
Cl-4 alkyl, Cl1_4 alkoxy, and trifluoronethyl. The
process of the present inveMH0® conprises the step of
hydr ogenating a 20 prochir epam ne of structural
formula Il: NH2 R ~Z Bil)f M aduitable organic
solvent in the presence of a t;)ansiti on nmet al
precursor conplexed to a chiral® ferrocenyl
di phosphi ne |igand of structural formula Ill: -3 WO
havjugythe sv@)w%i&@%@e@nmwwygemwnmmwm@m;z U
in 4ol dnbjtiomifie eetess b¥at lestCio o kil opPbsiieHantioler, WidrdRd ar e

. h d ggprly Cl-6 al kyl, -12 cycl oal kyl, or
i;gﬁ&fgﬂﬁép ﬁi’s Cl-4 al.kyl or unsubstituted phenyl. 5

syl detaremylpiabene Al anpermadiitepkd es t hat

R2 tahe R 8 ateadagh ingegendmit?_)hydllfogeﬂ, i ¢ ﬂhﬂ?m’gd, @ﬂaﬂyﬁ%‘iﬂz alllcy_l; or Rd2 and R3
GULSOr _an e chiral ferrocen i phosphi ne i gan

toafhE YA 8P piibecn AP i b Fiiehi o8 ochip BRI Reterocyelic

ringsysegHIRtRpYh-Aoatsnng MRdditionaldreteroptorn selepied from OnSt NH, and NC1.4

alk$ID8Sd Bsterodflc g b&iRk bAdubiRhE @SBl MR RRAE ce 9 tuents

oy BRcE i Ao n Sebei shi i

andnalkaxyrae: undulpstigrtddoorrsabbtinaddwith bre AR flekrihe; antiGaid heterocyclic ring

systeRPbERES B RaIRYulddGwitPd SUb 3:mdRafRRred saturated or aromatic carbocyclic ring

system or a 3- to 6-membered saturated or aromatic heterocyclic ring system containing one to

- two heteroatoms selected from O, S, and NCo 4 alkyl, said fused ring system being

unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluorine,
C1.-4 alkyl, C1_4 alkoxy, and trifluoromethyl.

The process of the present invention comprises the step of hydrogenating a
prochiral enamine of structural formula II:

NH, O

RIZNTN

an

- in a sitable organic solvent in the presence of a transition metal precursor complexed to a chiral

ferocenyl diphosphine ligand of structural formula I
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L Ch RRL X where X represents a non-coordi nating
ani on, such as trifluoronethanesul fonate,
tetrafl uoroborate, and hexafl uorophosphate, and L is a
Wioﬁgbssysgand such as an olefin (or 15 chel g 004/007793
di -olefin such as 1,5-cycl ooct adi ene or norborna eneg
or a sol vent nDIecuIe (such as MeOH and TFE). In the
case where olefin is arene, the conplex is represented
by the formula: -4 WD 2004/085378 PCT/ US2004/ 007793
R7 +/Rh X R R The pre-for ? catal ytic conplex in
the case where X represents ogen is represented by
the formula: R/RRR R hggﬁnds of structura
formula I'll are known i e art Josi phos |i gands
and are commercially a lr{;r_qyfromSolvias AG,
Basel, Switzerland. In off e &?nent of the |igands
of formula Il useful i e process of the present
i nvention, the carbon s genic center marked wth
an ** has the (R)-config Lgp as 10 depicted in
fornmula IV: R4 Q ** PRSR6 e P(R2 bU(IV) In

ess of the present_invention, R4 is
b 1er *ék!é C-13ckslpalkylrer arvk: angl
Rﬂsr&lu.lpalkylmmmdumhmmﬂlphen)un a class of this enbodi nent,

R4 t.- but d R7
s %typé%cess of%l?e presentaurn(feentlon gor}éemplgtgs that thla catalytic complex of

the grggslijt?oi leuetal precursor and the chiral ferrocenyl diphosphine ligand may be either (a)
generated in sifu by the sequential or contemporaneous addition of the transition metal species
and the chiral ferroceny! 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:

.wh&agtmqg C‘i[%’ é!g 1of the ligands of fornula Il

SUS

R R
\_/
\Rh/'-
P/ \L —
\
& 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:



-5 WD 2004/ 085378 PCTI US2004/ 007793 phenyl. The
latter ligand is known in the art as t-butyl Josiphos.
Commercially available forms of the t-butyl Josiphos
W@ sRdRER the S, R and R S enantioneric for Mperys204007793
R, S-t-butyl Josiphos

i sS{(R)-1-[(S)-(di phenyl phosphi no) ferrocenyl])ethyl -di -
tert-butyl phosphine of fornmula V below Me WQ **
P(tBu)2 Fe P(Ph)2 UN) 5 The ferrocenyl diphosphine
ligands of fornmula I¢l have two cerjers of asymmetry,
and the process of tlhe presgnt inveption is intended
to enconpass the usq of sifgle enaptioners,

i ndi vi dual di astereqner g;aqd mxXtxif es of

di astereoners thereqf. \he t _jjinvention is nmeant
to conprehend the ude of | su sdfreric fornms of
the 1igands of structurﬁk'lgornula Il for the
asymmetric hydrogendgtio a conmpound of forrmula I1I.
The facial 10 enantijosel ectivity of|the hydrogenation
reaction wll depend_on the particul ar stereoisoner of
the ligand that is enployed in the reaction. It is
possi bl eTltleopeg Qe cat 1%)9 H @b cgsg }Efe &g&/\d 3 hallogen is
forme 0g enlc ce a compoun Bl a
TePHRSPI Q%ml& by the judICIOUS ch0|ce of the
chirallty of the ferrocenyl diphosphine |igand of
formula Il1l. In one enbodi nent of the substrate for

the process of the pfesent ipventioh, RL is 15 benzyl
wherei n the phenyl gfouptof,benzyl |s unsubstituted or
substituted one to three ubstlt)uewts sel ected from
the group consisting|of (flu p{ﬁ\é thI uor onet hyl , and
trifluoronmethoxy. |n}ano i rent of the process
of the present inven |on,/ s CRZ 8 NR2R3. In a
class of this enbodi pentR R3 is p heterocycl e of
the structural formula VI: 9N N N ,, ~a NOR 20
wherein R8 is hydrogen or Cl-4 alky] which is

5 unsubstituted or subStituted with ohé to five
fluorines. In another class of this enbodinent, Zis

OR2. The ligands of structural formula IIT 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

@;PRSRS
Fe PR -

In another embodiment of the ligands of formula IT useful in the process of the
present invention, R4 is C1-2 alkyl, R and R6 are Cj-4 alkyl, and R7 is unsubstituted phenyl.

In a class of this embodiment, R4 is methyl, RS and R6 are r-butyl, and R7 is unsubstitated

(tv)

-5
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I n anot her enbodi nent of the substrate for the process

of the present invention, R is

6- met hoxy-pyridin-3-yl and Z is Cl4 al koxy. In a class
o bddk/gesgnbodi nent, Z is nethoxy or ethoxy.

5004/ 085378 PCT/ US2004/ 007793 The asymmetric dhannrrss
hydr ogenation reaction of the present invention is
carried out in a suitable organic solvent. Suitable
organi ¢ solvents include | ower al kanols, such as

phfﬁ%& Zﬁ]n j%t 65 igt 1{5} | wrléﬂn %F Xs tptﬁ%ﬁgpmphos Commercially available forms
of the pbutyt Josipherdigand hizrid S,RERER,S erantbmérictfomes R,Hebenf Josiphos
Tic t (vl
A Bt oo A 1 0 b R Tk O i  below:
may be in the range of about pd@ C to about 90 C. A
preferred tenperature range fpr the reaction is about
45 Cto about 65 C. T RoUYBU)bon reaction can be
performed at a hydrogen ssure range of about 20
psig to about 1500 psig. FeA p?(ﬂ‘ézred hydr ogen pressure
range i s about 80 psig bout 200 psig. 10 The
transition netal precu;%éis' M nonool efi n) 2C112,
[Mdiolefin)d]12, [M ol ef{M)) 2acet yl acet onat €],
[ M diol efin)acetyl acetonate], [Mnonool efin)4]X, or

[ M di ol qfﬂemarzdcznwwhe iné i @s&?&nﬁﬂ@ﬁﬂbﬁé%@%ﬁ&é&f‘

YRR, B0 4 Bl S PPF%r& ?%Eét?%éﬁ Hhuide . gmeomes the use of single
enapiéqrpess,lindividbad rde@rf(OB(étB) andmsixtatd ofali sEhasgErathereof, PG )present

invétidn hemednk Mo%ﬂﬁéﬂeﬁ@ fh@tlﬁe &I%@l%@:h 1saﬂllgml,vfdn§15 bad 'hgéang BPatructural

i di Jr tlon recursors
forln g1 ir v (0pef & eTRapat fomula Il The facial
enafifigseliectiwafyiof }1€] lﬁ(]imgemauon reacnon will depend on the particular stereoisomer of the

1 ga[anﬁt ﬁleﬁﬁﬂd%ﬁ fn'thie feal EI%J‘Y[E is &%ﬁ'ﬁg ﬁ)n%lnlrgl]the tl:J]nﬁ%uratlon at the newly

e transit

orrtl %Qgeachnte{ mqqg;pgmgpma} ]mg(ed [)vnh(a@ 5‘(j)yque;gudlgrous choice
of tﬁmﬁmt}hﬁnhtﬁﬁnm){l?dl%osblﬁn@hg‘dnd%ﬁfdiﬁlulatﬂll s enbodi nent,

Lhe. Lr 2aebid aibdifhal PHECHBRE il FRESE T it biisent ivention, RLis

bengy giherain the phenyh Bsup of benawl is u@@b%tutpd pr sbstituted onetoitireof

subftit@ents slvSiet ifidim e kdhp aéﬁsuhg of ﬂﬁdim% %ﬁh&ﬁhﬁtﬂyﬁ aﬁ@ out
am ng acry

"ﬂﬂg‘f’fg% 85y oS narBagriBt (e pregfsnd he s Bimyegatn, Zis ORZ or

3 rimeatalase of hjschnthgdinesnt, SFRZRGYis aheternydé of tha structiasltfbamula VI:
bond and unl ess speC|f| ed otherw se, are neant to

i ncl ude both E and Z gepdet Lic i gprmers or m xtures
t hereof as starting materifdls. qu|geg 25 bond in
the substrate of structura fo H signifies either

the Z or E geonetric isoner

| 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.
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m xture thereof. In one enbodi ment of the present
i nvention, the geonetric configuration of the double
bond in the beta am no acrylic acid derivative

b sdoisersf or the asymmetric hydrogenation r 007793
Is the Z-configuration as depicted in formnula ;

NHH2 0 RI , Z 30 (VIl) The beta am no acryl ate
esters of formula Il (Z = OR2 or SR2) for the
asymmetric hydrogenation reaction of the present

i a -7

o, 2004 SieCA e FRE A $Acfon & B ket FeShomip samied outn
suifable grgamicyielyent | Snitelercegenid solvems invhule dowercikanbls anmipas rBethanol,
eﬁaﬁblﬁs@ibﬁ}@ Elc@htﬂrl%?cﬂﬂﬁogg%olryﬁm Eltcégcﬂ éﬁﬁ?lnfblﬁatﬁﬂh%roethanol (IFE),
T O N

Rt Z NeCPhepe@tiowtymyeratire fér tRoteactim mdy trrinoin langertsflabl@{a 10 °Cto
ab@HID PC.UR &F8#red RmpRfiRE i‘a@d?% ﬂ% tHeQdcHEn is aafrtkgui.‘r’h L'4Bdut 65 °C.

f or mat e. eenb I men e source o NTONT 3 1S
anmoni unt. fgg’ggg}ggnanpﬁéeag@%gq@é{e@egg@@d@t a y¢dropan pressure range of
abqwt P psigth AveuEOOpisige A\ npfeledWydiogalttestiire @inge id¥HBBVBO psig to about

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

20080 !

oot or o ving raion BBl FRRNSr s e PR ARt Cllz
M@qogbﬂn)zamylacemnap] M&oleﬁﬁ)aéﬂ@lab&dﬁna&jﬂ@ﬁni@ﬁbleﬁﬁ)ﬂ)ﬁ%r
Mﬁirig%ﬂéa}gi gﬂﬁ'&‘i‘!'}@ﬁ &Qﬂ%[){%l E.PQ éltﬁfrhg S ur t%.rH the e group consisting of
meﬁgﬂeo al&) kr E‘lfﬁlometﬁiqngptﬁy opgir(Le), tetyaflupgpborate (BF4), hexafluorophosphate
(PFg), and hexafluoroantimonate (SbFg), and M is thodium (Rh) or iridium (Ir). Transition
metal precursors where M is ruthenium (Ru) are [M(arene)Cl2]g, [M(diolefin)Cl2]p, or
IM(diolefin)(n3-2-methyl-1-propenyl)2]. In one embodiment the transition metal precursor is
[Rh(cod)CI}2, [Rh(norbornadiene)Ct]2, [Rhicod)2]X, or [Rh(norbornadiene)?]X. In a class of
this embodiment, the transition metal precursor is [Rh(cod)CI]y.

The ratio of transition metal precursor to substrate is about .01 to about 10 mol
%. A preferred ratio of the transmon metal precursor to substrate is about 0.05 mol % to about

0.4 mol %.

The beta amino acrylic acid derivative substrates of formula II for the asymmetric
hydrogenation contain an olefinic double bond, and unless specified otherwise, are meant to
include both E and Z geometric isomers or mixtures thereof as starting materials. 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 asymmefric hydrogenation
reaction is the Z-configuration as depicted in formula VII:

NH, O
RI7> y4
(V)

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

.
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having the (R)-configuration at the stereogenic center
marked with an *** in an enantioneric excess of at
| east 70% over the enantionmer having the opposite (S)-

Wo sRbdsgar ati on, wherein Ar is phenyl which §Smusanna007793
unsubstituted or substituted with one to five

- substituents independently selected fromthe group
consi sting of fluorine, trifluoronethyl, and
trifluoronmethoxy; and R8 is hydrogen or Cl-4 al kyl

uns tituted or, substituted with one to five, . )
S“?ﬁ“ﬁ%ﬁrbﬁ?’ﬂlé%l? d‘bﬁlﬁmﬂfcﬁ 08 Va2 tpurce s aponis ip g seitakly organic
solgent ewqhiows meetlednok ethandlisepiroryd eleobal, Btrahydid®inGh, 28 aqidods mixtures
ihetedr. | N Ra -8 WD 2004/ 085378 PCT/ US2004/ 007793 by

treating a conpound of structural fornula 3: O O ~~N

Ar &~ N//N (3) Ra. with a source of iain a

sui tabl e organi cjjsol¥yent; NiagOAb) hydrmng a
conpound of shq u formuta—2= NE2 N 5N
(2) R8 in a stitable ofganMeddl vent in the presence
of a rhodi um et a(Vlprecursor and a chi ra(")ferrocenyl
di sphosphi ne of structural forrmula IV:

Sources of ammonia include ammonium acetate, ammonium hydroxide, and ammonium
formate. In one embodiment the source of ammenia is ammonium 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 amino acrylamides can be prepared from the corresponding esters via -
amide exchange as described in Org. Syn. Collect., Vol. 3, p. 108,
Another embodiment of the present invention concems a process for the
preparation of a compound of structural formula 1:

NH, O
Ar

®hk N — N\ '
O@(N
() 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 (S5)-
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

ArMN =N
e,
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~R4 ( (,fir "PRSR6 2 Fe P(R7)2 U (1V) wherein R4

is -4 alkyl or aryl; 10 R5 and R6 are each

i ndependently Cl1-6 al kyl, C5_12 cycl oal kyl, or aryl;
Ml2000dssk® Cl-4 al kyl or unsubstituted phenyl

class of this enbodinent, Ar is 2,5-difl uorop*’I%:eTl“ﬂSIZ@O4/007793
2,4,5-trifluorophenyl. In a subclass of this class,

R8 is trifluoronmethyl. In another class of this

enbodi msnt the rhodi um nmetal precursor is chloro(1l, 5-

r.ho ) dimer { [Ri(cod)d]2}. In
bygréath%er c ss ofg%maptoﬁ%g% ment R4 is nethyl, R5 and
R6 are both t-butyl, anqj R7 &S unsubstit ut ed phenyl .
In a subclass of this cl s, fthe rhodi um et al
precursor is chlor Ne) rhodi un( 1)
dinmer. _ 9 WD 2004/ 085378 PCTI 200 ON793 In yet
another class of this errbogi 5§ met hyl, R5 and
R6 are both t-butyl, R7 i )unsubstlt ed phenyl, Ar
is 2,5-difluorophenyl or 2,4,5-trifluorophenyl, R8 is
Erlfluor meth |, and the rhodl um netal precursor is -
With 31Sg{Ige ¢ W?@PB&%“&H‘PIERW&WGW gd di mer. 1n anot her
(b)damlmgenmng athapandpdsnduedl fedmidlgural fornula 1 is
obtained with an 5 enantioneric excess of greater
than 90% In a class of NHs &nbodi nent the conpound
of structural fornmgla 11\ tained with an
enanti oneri c excess of™>greater Nha % Conpounds of
structural fornmula 1 are di scl oﬁgﬂm n MD 03/ 004498
(published 16 January 200@) as i biit ors of
di pepti dyl peptidase-1V which are usefgfl for the
treatment of Type 2 diabetes. 10 A further enbodi'ment

in &%hithhE o aﬁﬁ%gltveﬂt'i‘ﬁ’?@ eQéth%?? oﬁﬁﬁ% ﬁ]%{ayv\ﬁ r'a%a B2 Fﬂlferrocenyl

. i.nt er.med] at es strOct ural are- use
dlsl?l}?selH%e?# ‘3‘?;06'?%‘ 1IVcorrpounds of structural formul a
1: ”
@/I‘Pnsaﬁ
j; P(R"),
(V)

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

'R7 js C1-4 alky! or unsubstituted phenyl.

In a class of this embodiment, Ar is Z,S-diﬂuorophenﬁ 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(T) ditmer {[Rh(cod)Cl]2}.

In another class of this embodiment, R4 is methyl, RS and R6 are both #-butyl,
and R7 is unsubstituted phenyl. In a subclass of this class, the rhodium metal precursor is
chloro(l,5-cyclooctadiene)rhodium(l') dimer.
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Ar NANN 8 (2) IIN__ /, 15 wherein Ar is phenyl

which is unsubstituted or substituted with one to five

substituents independently selected fromthe group
- e sdopbdssg of fluorine, trifluoronethyl, and permsans

trifluoronmethoxy; and R8 is hydrogen or Cl-4 aﬁ kysl2 4007793

unsubstituted or substituted with one to five

fluorines. In a class of this enbodi nrent of novel

internedi ates of fornula 2, Ar is 2,5- 20

di f 1 uor hen or 245tr|fluorohnyl and IS

trifl uo grwhef qiaisef geis gmb @CH@emn metqupkg eed RO are both r-butyl,
R7t1hmshbdtitu!wi pignyle AR zrmummf@hem bf:@,n Sdrifligeptengs RE Ihe
mﬁlﬁfdﬁle le@ﬁ%é ﬁ%ﬁ%&@c@mrsoﬁ t}:oeyg‘Oﬂ%thl Sg%hgum(l) dimer.

maj or  enan
e n ant | on@ranother psnb Oélm%}@r?&ﬁmpmﬂeqfwu'ucémbmula 1 is obtained with an

enaiomesPentes of gredler fhah VO, R a@fasﬁ&oﬂ*u@ EmBORmERARL | b&ﬁ?d’und of
The term "enanti onmeric ex%e?é

st Ol 1 1B Ghedin & Capfiineds obaprE
process %?mmmdmf@%wraﬂ forenta lomre gisdusedés WO ORO0HLS (pdblished 16
Janthty PODBN 28 |1ntﬁ]§lfdﬁ§%@ﬂepﬁl&%l?’é/pﬁ‘d£aw WHichake n@%ﬂ Téi' the treatment of Type

cally in excess of In one e
Zd%:%%%unds of formula I are obtained with an opt| cal

purity i fustheeenbaim@0%f de. présantanehtisscoviprishs structurally novel
int@HB@iEleS BN ¥tructudd FHRuBOPGLRR IR 1Rl &LW 4&09100%%8&1 unds of
und f formula | are obtalne an car
Smﬁﬁ‘?@% “i gxcess of 90% ee. In a subclass of thls
cl ass, conpounds of fornula | are obtained with an
opti cal purity in excess of 95%ee. The term
"enanti osel ective" shall Nirbai® a reaction in which one

enantioner is prodgged (Qr stroyed) nore rapidly

than the other, resultihg t /ﬁ’fa ] nance of the 5
favored enantioner in the m xt ducts. The

al kyl groups specified abogg are~ntefded to include
t hose al kyl groups of the designatedR®ength in either
a straight or branched configuration. Exenplary of

whéreiaAal ﬁh/ény%ﬁilélﬁ’ﬁ unﬁlb%tlfﬁ?édw lsubsBulid w1t1'g %’ RY kive substnl'uents

sec- . tertiar

“{“‘?@8@%&3’5 ﬁ?le‘*“ﬁfg&% the %%%ﬁsﬁnga#élqoﬁee I“Fﬂk‘@mmﬁgyla
triflgovenpthoay:emdnsubst i t ut ed or substituted with one t o
R8 isHydfogi 8LOF 4 alkyl unsubstituted or substifuted 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 R8 is trifluoromethyl.

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

The term “% enantiomeric excess™ (abbreviated “ce™) 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 i ndependently selected fromthe group consisting of
hal ogen, hydroxy, carboxy, am nocarbonyl, amno, Cl-4
al koxy, and Cl14 al kylthio. The term"cycloal kyl" is
WU feds;ko nean cyclic rings of al kanes of fﬂc‘t’[‘?us%&mmm
twel ve total carbon atons, or any nunber within this
range (i.e., cyclopentyl, cyclohexyl, cycloheptyl,
etc). 15 The term "hal ogen"” is intended to include the
hal ogen atons fluorine, chlorine, bromne, and
iodige. The abbrevi ation "cod" neans .
compounds. of foggula I arebtained prith angptical pugify-inieneass e %pre gpla subclass of
thiselass)aniponyds. of fémyuild 1 rs obtaied $ithtat bptlcad purity W etceisf €8% ee.

wth on RY . itue independent| v,sel ect ed.. ;

(rom 11 oDilelh YéaBNSLEUE L hOCRERGEN o WiRR o8t Bhgmer e
progpqed (or desigoxes) mozg pidly thambe pthepvesaltimgdn thepfasominapce of the
favbedzasgionRaphthb aliAiR of PRses, ™, Or p-

ot or o ¢ e oo P aBo 4 iebted 6 et o i Broups of e

desigmated fengitpineithier asirai shberdgatched cifiguration nEtenplary of such alkyl groups

areMﬁ,@ﬁﬂ%ﬁpylﬁb@r&}?ﬂmdtﬁge%ﬁél, ﬁ%ﬁ&rg'rb%y;l‘, t_yﬁfiseopentyl, hexyl,
by

11|
. i ., 1..D- i
ISO%éXﬁLéS ﬂlte%ﬁg 'El'gff ﬁ%ﬁé&lﬁ:ﬁ%%}%l&g&sa rgu _titngci \%ir]th one to three groups
indepeprdentiyrselgciad fnomt the glvep eorsisyiog ef hdlepen, ydadxy] asbaty, aminocarbonyl,
amineaS{.4@li@xy, Md died skgigiiom sel ected from0, S and N
Het er oaryl s al so | e. heteroaryls fused to other
» %cygfa&%yf;{d . yl's fus

ki nds of *15 g% ds infended tomean gyelieynings ghalkanes of five to

- twelest totabeaybdresort) at amy mmilet withinahiringe (¢ a¥plopént(| cyclohexyl,

cycmgﬁgpgfcy_l groups include, but are not limted to,
pyrtol'yl . isoxazolyl, 30 isothi az%l , pyrazolyl,

pyri di %ﬂh’e tmﬂ@losgpl}"’ iy ingended foiaely ¢ halogen atoms fluorine, chlorine,
brofhjiie, dadiodideazol yl , thi adi azoly], thiazolyl,
i m dazol-yl., Lazol ¥yl mtetra |, furyl ,triazinyl,
t hi enyl ,Mﬁfrbplrﬁ]!"%ﬁ Q%/I(!,Od ;E/I‘?‘:%‘%S. ﬁ%‘%/y‘ﬁ%sﬁﬂf%%&_ xazol yl ,
benzoxazdieyerm Tasyl? snchidas phepyl andeapisbyli S4nd% tlupbybstituted or

subgtitited v@iheme @d HvadbktitertdMabieRddntly Eéd&ét&?ﬁbllﬁﬁuoro, hydroxy,

o] i S G0N I hzot hi enyl
mquﬁ%g%?{gly’nawif&glﬁﬁgwlhﬁ&{%%gﬁaz i nyl, quinazolinyl,
napht hyrFhditeryd “areng? bediers bo/benzdyenmaptiibalent, uhd o-, m-, or p-

isolg%ﬂmhéwb‘m oPplif¥le). 35 furazanyl, isobenzylfuranyl,.
f? qui nol yl,

enzi m dazol yl . nzof uranyl , benzot hi enyl ,
i ndol yI %e%if}/‘\/\@l‘geﬁ'o&? 1542 8 aCysty PI Rystip Ay dybrATps containing one or
moregiogble hohds incladidg aiobmtiz ofdlic dpgrocarbdrel The silificlides, but is not
LimHEHIP 51c HBﬁaﬂﬁlggtgag&bB*ﬁta&gn%‘é one to five

substituénts in ndently se ed from fluoro,
hydr oxy, Thedsmm ‘stesstlhjearisand- 5 6-nmymberes dgmatic 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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and Cl-4 al koxy. Representative experinental
procedures utilizing the novel process are detailed 5
bel ow. The foll owi ng Exanpl es are for the purposes of

ivkd sRibasigon only and are not intended to |igadyubh&i8oorres
process of the present invention to the specific

condi tions for making these particular conpounds.

EXAMPLE 1 F NH2ZONN. 'F LNZ [IN 10 CF3

(2R) - 4- 0x0-4-13-(trifluoronmethvll-5,6-di hvdro(1 2
. 1ri | pyrazi.n-7 -yl l-1- 4 . .
‘S°§*%.‘?’HYSéﬁ%@%’é@ﬁf‘a‘?’/ﬁ?ﬂffgﬁ&ﬁﬁg iabsitibd ot Recinged gith one to five
substifuents ipdepensipsplerted figm/hypre.dydey drifiporomethyl, amino, C14 alkyl,
andiCy i adlvadyor 4 3- al pyrazine 15 hydrochloride salt (1-4)

Scheme 1,0 H 1. .CF3000Et, CH3CN A [ CH2Cl  NH2NH2

F3C N i (Ri{?resaiml}mﬂg@mwegmea&%ﬁzmgﬁe pyel process are detailed
belowo Zhe §6 Birén FERnySRG04fop G FRBposéspfliliystrhtdnt only MidarEnAGhtended to
limit3he Fletiae bt %@%Mveﬂﬁ& tQtl'preciﬁc Bbnditions for making these particular

compounds.

EXAMPLE 1

NH; O

F g

CFs

- (2R)-4-ox0-4-[3~(trifluoromethyl)-5.6-dihvdro[1,2.41triazolol4.3-alpyrazin-7(S E)-y1]-1-(2.4.5-

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

Preparation of 3-(trifluoromethyl)-5.6,7 S-tetrahydro[1.2 4]triazolol[4.3-alpyrazine,
hydrochioride salt (1-4)

Scheme 1
Oy
_ 1. CF;COOFt, CH.CN
1'\iH2NH2 3 - FSC)LN/NTCHZCI
2. CICOCH,CI, NaOH H o
| 1

-12-
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HN~%N- NACF3 MeOH, HCl, 55 CHV YN ~NH H 1-3 1 4 CF3

Step A: Preparation of bishydrazide (1-1) Hydrazine

(20.1 g, 35 % in water, 0.22 nol) was m xed with 310

Mo fosn@agatonitrile. 31.5 g of ethyl trifl uormg&fz

(0.22 nol) was added over 60 m n. The internal Bafor703

tenperature was increased to 25 C from 14 C The

resulting solution was aged at 22 - 25 C for 60 mn.

The solution was cooled to 7 C. 17.9 g of 50 wt%

aqueous NaOH (0.22 nol) 25.3 g of chl oroacetyl

chloride (0.22 nol) vveréia ded si mul tiyypousl yNeper 130

mn at a %t e I (é en__t..h.P_r_ea.gE on

was conpl et@H;ENe m xt ur & was v%ncuum dM%SJIJI' ed to

renmove water and ethanol ab 27 - 30 C and under 26 -

27 in Hg vacuum During t 10 distillation, 720 nL of

acetonitrile was added slowy to maintain ggastant

vol une (apprOX| mepely 500 nL). The slurry wa

filtered qqovel sodi um chl oride. The cakdl way=N

ri nsedtdiW t h abo‘LN TOOFyL of MaOdt, 6iC1155 P@. R ni?ilig%f“
5%

t he sol nt Nﬂfd-ﬂded bIS hydrazide 1 1™ (43.

yield, 94>% area% pure by 11PLC assay). 1H NVR (40
VHz, DI\/SOd6) S5 4.2 (s, 2M 10.7 (s,—~111), and41.6
(s, 111) ppm Ty 13C-NWVR (100 Mz, DVMBSO-d6): S 41.0,

Steé]AG 1(q 362 153 {q, J =50 Hz), and 165.4
B-(trif |Eﬁirm(ﬁ941)g, 95 (i in rareet (B2 thel) vas AixsdadittEaiol Bl of
acefondiBild ﬁ@zgj&iﬂa@ﬁﬂ ﬁlfﬂul)r(;a%etﬁfe‘w‘zgnﬁ)‘?) \ﬁls%éosf) Br 60 ot TR ihternal

terigiATE P farehssd 1525 °C GogTi4eg ) T ssuingcg u%raﬁés aga g2 - 25 °C

fortﬁﬁenine’tfpescdammevds ebalwd tolD°C. 17[91g of B tvta aqms Naetr0.20.8nol) and
2584 o@cmeg)aeaﬁ%ﬁﬁhd; (9.2 SBIREH AR sl itadcbally 404 {30 iin o

ess sepa ate
texpEERlE b‘EJPW| éAG Ahenshgyr eﬁiﬂ%fwaﬁap@pletea@eemmwewaeaMuum distilled to
rengve ventkr tnd EhdGiol T .mma inghuret7g yzmsag hanasd Dwink AR

Wﬁmiﬁ %ogﬁnl% aé Ia?n&%( g‘#whg%n% tli'lé&ené Vo%me% C

- (appsogimasely |590 !ﬂ&) B slyrnwas fkieredtopemarasodivmashlonider Ghs eake was

rmsIeﬂ WithQBohite10D ﬁﬂ%ﬂ&&g%&}ﬂﬁ ! R@m@% %gg% gbm!:ﬁfaffé?c&d l%iéth ddfde 1-1
organi c ay :
(43 ?ﬁ#ﬁg@ L ey Py O nsS er, 215 nL of 5 wt %
,]BMS -ds) 842(s, 2H), 10.7 (s, 1H), and 116(s 1H) ppm.
13C-N1V.[R (100 Mz, DMSO-de): 3 41.0, 116.1 (g, J = 362 Hz), 155.8 (g, T = 50 Hz), and 165.4

Ppm.

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

a-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 mlL. 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

- mnin, the temperature was increased to room temperature and the aqueous layer was cut. The
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bi carbonate and finally 215 nL of 20 wt % aqueous brine
solution. HPLC assay yield after work up was 86-92%

Vol atiles were renoved by distillation at 75-80 nm Hg,

0 $e0k/essadsf ord an oil  which could be used dig,

Step C wthout further purification. O herw se &9!#2304}05‘7793
product can 5 be purified by distillation to afford

1=2 in 70-80%yield. 1H NWR (400 MHz, CDCl13): S 4.8

(s, 2H ppm 13C NMWR (100 MHz, CDC13): S 32.1, 115.8

oréfgzc éa]yer w%?&nsn%heﬁ%th% lgqﬂ"&];’f o 502'1? }nL 0%%dwt176aqueousp d%dlum

repar ation
bicaghopate ﬁ“@ﬁwllygéﬁ &l off 20 witde @@D@Q‘llsdiwid iselptice HRLG aﬂ'say gield after work

up SRk l6-|99% ofolRfldy&s @edhé’\)éh‘ﬁ d&ﬁﬁaﬁjengtt 7§8§M affén‘d an oil

t 1 d dd d t
il <At okl 33 vyt Bt xéw%fe%r'yv?mq oduct can
be k@@tiﬁdﬁg dls’qélatwmipeifﬁmacl_jzemﬁ%a%mcéc_l at -20 C. After the

1THAGRR 4O MBS lsue gPﬁsultl ng slurry was aged
225 nl) was then char ged
13@?#‘891?%@02%@2 g Vé a5 25 Ve, 1551 o T o0t e 1644
ppm5 C, the slurry was flltered and washed w th et hanol
(60 m) at -5 T. Amdine 11-33 was obtained as ‘a
te s d|n 72% eId(244_ 995area vvt%pure
HPLC) LAk OxN UBH)-1 g triflgon dra

[
1e

; 6 (s, . 2H) and8 3(b 7v ppm
Lo ?!5 fwl%&l%@i RIS ity 13, P By 1y nsgw o1 cooled

hstifled gradigzole. 162 frpm| SI@RB (3% $g,) 0.5 Bolj-while keeping the
1ntc8nztl ﬁm;&mmkb Q{ 120°CH AfréranoidafttbnIvas 2bRYIRZ ﬂ{é%sultmg slurry v%as aged at

{
—2QYSETH, Pl G2 oy b bR cRAERERR e v Shubosmed i
%605*9111@ —53 76 thy elpwsy: Was Filtered eidiwgshad Rithrethafio] (80 mbl) ht AGLE.
Anadigde qi-swa@ lobikfhedial a Mhith BbIR xntm%PﬁélaV(ﬂ @igﬁ% ér@%gwé ure by HPLC).

1Héol ut(l on. h%%ggjsonlgsé\as a egte%:wr’% IH) ppm.
13 MR (50 MHS, RMSOee) o 45:43.0205.8, 1A (@gBd 350 Bizhil54.2, and 156.2 (q,

_t3gm?]a£ﬁhure until a seed bed fornmed (10 min to 1 h).

300 of MIBE was charged at 20 C over 1 h. The
resulting slurry was cooled to 2 C, aged for 30 mn

Stepiiy fi | (Reepachtioibof BdgiflverommetBdR6l7 \BitkttahyBro}

gt ldlyan 1 ©0 inder vecwum el 56 €
pure by A.p}_spsnswj_q.q_fmwghpmb;é &g, X&) 1103nB of methano! was
waid, to 85 4C.( $7% HyQrochtbril abid, (llzﬂnL @".lﬂ’ n-?eg)) \ﬁas(é?ldec?@er Py Him at this
n%gﬁtm%%%ﬁwmq% %_51)3 dljsqlv su’ltmg n a clear soqutlon 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
resulhpg slurry was cooled to 2 °C, aged for 30 min and filtered. Solids were washed with 50
mL of ethanol:MTBE (1 3) and dried under vacuum at 45 °C. Yield of triazole 1 4 was 26.7 g
(99.5 area wt% pure by HPLC).
1H-NMR (400 MHz, DMSO-dg): & 3.6 (¢, 2H), 4.4 (t, 2H), 4.6 (s, 2H), and 10.6 (b, 2H) ppm;
13C-NMR (100 MHz, DMSO-dg): 8: 39.4, 39.6, 41.0, 118.6 (q, J = 325 Hz), 142.9 (g, T = 50

Hz), and 148.8 ppm.
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Hz), and 148.8 ppm -14 WO 2004/ 085378

PCT/ US2004/ 007793 Scheme 2 0 FZpF FOOO F OH
O OH sBuCOCl, /Pr2Net, O F DVAP, DMAc F 21 OO 2-2

e 2004/68387s A FOON~I NNN#0 1-4 CF3_ FN’%M/OOWQS
2=3 CF3 F F NH2 O\ I \ NN [Rh(cod)Cl]2, I

N R5 t-Bu Josiphos, 2-4 H2, MeOH, 200 psi, SOC CF3 F
NH2 O \ ( NIF,, 2-5 CF3 Step A Preparation of
4-0x0-4-[3-(trifluoronmethvl)-5,6-di hydro[1, 2,41liriazol
ol4 3- 5 al pyrazin-7(87

-yl1-1-(2, 4, 5-trif|uorop§%Q$ym%—gutan-2-one (2-3)

o)
R o OK F

0 - OH O
> X
OH BuCOCH PrNEL, -0
DMAP, DMAc F
e o 0’{
F
N F.
HN()& N 0O o0 _
N~¢ NH,OA
=N AL \00r
1-4 CFg . N/\I/ N MeOH
- F K/N 7
23 CF,

NH2

[Rh(cod)Cl],,

AR,S- +Bu Josiphos,
2.4 H,, MeOH, 200 psi, 50°C

25

K/N/

c:|=3

Step A: Preparation of 4-0x0-4-[3-(trifluoromethyl)-5.6-dihydrof1.2 4]triazolo{4.3-
5  glpyrazin-7(8 H)-y11-1-(2.4,5- trifluorophenyl)butan-2-one (2-3)
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-15 WO 2004/ 085378 PCT/ US2004/ 007793
2,4,5-Trifl uorophenyl acetic acid 2-1 (150 g, 0.789
nol), Meldrums acid (125 g, 0.868 nol), and

4vd showedskngl ami no) pyri dine (DVAP) (7.7 g, 0063pdshoosn07793
were charged into a 5 L three-neck fl ask.

N, N- Di net hyl acet am de (DMAc) (525 nl) was added in one
portion at room tenperature to dissolve the solids.
N, N-di i sopropyl et hyl am ne (282 nL, 1.62 nol) was added

in 5 OneZECSrTﬁi@Jbr@é e&fi%@h& 9&9?_‘73? QSG gV\G'7 @mﬁg l%har}]n’n 09cid (125 g,
oA R A e oL e S ot e 2>
thueehetkeflask.ny, N—DanethﬁmmﬁﬂmMej (326 inl)) v Ad&edGn oi&ﬁomon at room

ter gegﬁﬁfeq dist %@é’t&@ 28%83% gu%)‘i)?g)gfértﬁﬁfgmj ?8&%3@&1@%&/% added in
ong, Beitirn AL repmAEIERFatyre ‘WH@ maigfainingribe teipgratwe belaw 48JEd Pintaloyl
chiddd€( 100 ﬁnﬁmaholhwa@ﬁdéﬂ&@ Wise HO&H 1432 h while mamtamm the

ter P B RISAEROARY 8 260 THE Ll R s hesliFE oG ey L elienote
hyérpcl;_imde B (18055, .78% n@l)rwasméw imrong gdition etd)-5625 Tie ofction

so]ﬁ%rﬁﬁbﬁyéﬁ aSTORCHB: Batera0 8! eﬁ%%t%ﬁéﬁ% AR b dr Xﬂﬁonate solution (625

e BB 1 el el 5

'Zélh dfzeyed addioned 535 Hllqul5f%eaqmg15tdod1um)ﬂlyd¢bgeﬂ'¢mbomﬂe selakien was

adM%r&BvﬁE& AREIBIH, A!%?Q \éélaJeFal Ih%@l(? il tugv?fezs %pwas cooled to
o ANl B st DRSSP AR b oo

20%aquemk ®MAs (%IOGtL)ofolldWBQHy ar addidonat W@E&Jﬁf@ﬂ‘ﬂ@eous DMAc
400§ﬂt)a'éﬁijfuydﬂ?lvﬁt~% £ Iﬂﬂ 1%}‘2{!%&?% H"ﬂéedsa?(y onﬁ ?r%ergture. The

par at Plior one
iso git lg %lﬁﬁalﬂetdl“ Iwéfﬁ ®B- al pyrazin-7(g).yl1l-1-(2 4
5tr|fluorophenyl)but en 202amne(2 4) A5 L

H

nd bolt’rlé ol (100 nm.),
';ctrgh'ekto‘a‘m = ¢ , _ ate(1104
Vet hdihydro 142 Relalhaty ek S S 3 [} henvylibut-2-en-

d_m_i Mde (58.6 nmL) were then added keepl ng t he

t enper at beI uring th ditio )
Add £ 1 oA T %ﬁ“sﬁ?maﬁ ez P10, (0 i fonmide 2
3 (330@)uand anmaeniym reaiate (MAd gie Meeldmal (186m1 ¢ ahdIX8% agueous ammonium

. hydrSXTBE (RIGHE) *B& tﬁ@ﬁﬂdé@l{ceﬁm the t g%rgﬂi?é t%e@dév ¥ec ﬁlﬁﬁﬂgetge addition.

Ao S DTS ok e o b s et

reflix iteraperaurg fahd agbdZoﬂZ hsThe madtiot was £86led)o robmpempfakuré abd then to

0 t .
abdzgﬁ%) é:mﬁ{fcgfl’a‘é ' ?(?fm% rt]})e nsg%lﬂylaf ﬁgergd a%cbdndadﬁ 8f|f%rriﬁ-éas a solid
(3 ’rl}""gzg]o%ZFS alQ,/razm 7(8H) -y11-1-(2 4 5- :

Step C: _ Preparation of (2R)-4-0x0-4-[3-(trifluoromethy])-5.6-
 dihydro[1.2 4]triazolol4.3-glpyrazin-7(8H)-yl]-1-(2.4.5-

irifluorophenylbutan-2-amine (2-5)
Into a 500 ml flask were charged chloro(1,5-cyclooctadiene)thodium(I) dimer

{[Rh(cod)Cl]2}(292 mg, 0.59 mmol) and (R,S) z-butyl Josiphos (708 mg, 1.31 mmol) under a

nitrogen atmosphere. Degassed MeOH was then added (200 mlL) and the mixture was stirred at
room temperature for 1 h. Into a4 L hydrogenator was charged the enamine amide 2-4 (118 g,
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trifluorophenvDbutan-2-amne (2-5) Into a 500 mM flask
wer e charged chl oro(1, 5-cycl ooct adi ene) r hodi un(|)
dimer {[Rh(cod)C]12}(292 nmg, 0.59 mvol) and (R, S)

twdrdoyhssggsi phos (708 ng, 1.31 mmol) under a [
at nosphere. Degassed McOH was then added (ZOOPdr?{'ggzgﬂﬁ&m

the m xture was stirred at 35. roomtenperature for 1
h. Into a 4 L hydrogenator was charged the enam ne
amde 2_4 (118 g, -16 WD 2004/ 085378

0. z??ﬂlgﬁ é’é N o £1. She iy s dgg%;g?dt P atalshesolidion was then

trapglerged tp ﬂzﬂbﬁmge@%mt undetnitrpgetr dgen degassingidiere timietss the eramine amide
waé\ﬁjé&bgdﬂﬁ@tﬂ%ﬁdéigot) bélﬁdﬁdgﬁi@ Bas ak 5§ °€ WI&'}P ?mSgeC }Nas 13
[Qgena S S a or
As YT ety Heoiabe 2 ) ppicdl sy 559 st
opti cal Phe optigaltpurieweiathe. enEan'Ebdaanhd: fcdlahugmarhﬁr VBt methanol
solliiérd fsth 1R HyARSERAatidn rddefiod Als! W16 nﬁPM@éﬁ) And

Ao o L A SR R e s o s

solutignii0yi Me9haiL).( MitBEep4{rdiorndi)the lapdra WN&DHQM&]L@ vay\@hled to the

waRf 856 AAHAIS tl'l'&%q actoPith mggﬁ rrﬁ Tﬁé %@gﬂ:‘i solution

separati on of ayers,

+1
wag fnceqigpied-and soly Fnt SWHFRa tkat tol9ERe @30 Pl ot 5 £6). Mot toluene
sol (i@ Owan then allb@editr) cool el MF BewBol5ut 10H). TBe WBStals were isolated by

fﬂtﬁx@@ﬁ W’?ﬁ q%%g@egg %&md f87pd Lol K uene (180
08 (1 490165 153 (9o 14 (s 85 4m), 340
(mmm(m,cﬁ@(@g bx&o(lfsyltratl on (13 g, yield 72% 98 -
W—S g%%t@g% Lr}rif]ﬁox}d{?%an( %gdrl}l%(%técﬁ %egga_]?x;ﬁnd mjngryotamers
are(gqgu,pec\ktoggthgmnceghm@:bqnnﬁ s:@a&gm( ngt well td@®ied) , 1. 40
13¢ bR (MB3CNBATNES, P5F4 QMIdS V- 34241908 2150H8), 1162, BAB), 151.8

pheiRs Qe et thd dr gl Qoo oot ot a2

(9, Vier % 38. &é&)ywwuad: Ry (CH3ON0 Bz) 720.8(ddL5%-4 19.1, 6.2 Hz), 119.8

@ (r&ddzésCsz%%%f( 4975 2??29'2 Hé)lgﬁz\z‘*z“(%%gdﬂﬂ’z )5113§(nnnor)
42. ?f]ﬂnﬁz{“%laﬁfi 414, a&% 32343811;1110@23639 3.7 Hz), 144.2 Cgf JcF
= 38.8 Ifle,follding highd@rformiape lquiid chromatc@ra pﬁl—cQHPE.C) conditions were -

119.8 20 JCcE =
“Seéé‘gd%*“&gg& pei%eglp‘é"méfg“’;‘“ﬁ BrofudiZ) 5. 20.9 Hz)( v 5001
Colymng 44 Bte{%ﬁwqtryfm 25 moref P mm42. 4, 416 (minor),
Elugnt; 4, 39. 188t A: ()mvnl%}];CIG@I}QO The fol |l ow ng

hi gh- per c d chromat ographi ¢ (HPLC)
cond| ti O%oi&c\';\ﬁgg aceo“g‘gi °t 0 deternine percent conversion

adignr odtmin 75% A 1 25% B
10 min 25% A : 75% B
12.5min 25% A : 75% B
15 min 75% A : 25% B

. Flow rate: 1 mL/min

Injection Vol.: 10 pL.

UV detection: 210 nm

Column temp.; 40 °C

Retention times: compound 2-4; 9.1 min
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Col um: Waters Symmetry C18, 250 mmx 4.6 mm 25
El uent: Solvent A: 0.1 vol % HC1041H20 Sol vent B: .
acetonitrile Gadient: O mn 75%A : 25%B 10 mn

¥Voobsoss3@% B 12.5 min 25% A : 75% B 30 15 m@,ﬂé‘@f@ﬂﬂg
: 25% B Flowrate: 1 nmb/mn InJ ection Vol.: 10 L

det ection: 210 nm Colum tenp.: 40 C 35 Retention
times: conmpound 22=4: 9.1 mn - 17 O 2004/ 085378
PCT/ US2004/ 007793 conpound 22=5: 5.4 min tBu

Josi phos: 8. %offi emmesfpimw ng hi gh-performance
[iquid chro ogra | {BPLC) conditions were 5 used
to determ ne ? &h Pt Col um: Chlrapak AD- H,

250 nMm x 4.6 mﬂFI uent : Sol vent A: 0.2 vol.

di et hyl
e e RTE ol il o e —
“SGQL ?&—‘T ’i‘acféw P rnin  Injection Vol.: 7 pL W
Colgemect i dPhiraR88 AD-H, 250hnnnd.6emp. ©: 35 C Retention

EluEﬂlt”ES @veﬁmkn@&%&ls? d}eﬁiﬁaﬂng in ﬂb% ) -amne: 11.2 mn
S%Ivent B: 0.1 voi% diethylamine in ethanol
Isochratic Run Time: 18 min
Flow rate: 0.7 mU/min
Injection Vol.: 7 pL.
UV detection: 268 nm
Column temp.: 35 °C
Retention times: (R)-amine 2-5: 13.8 min
(S)-amine: 11.2 min

EXAMPLE 2
NH, O NH, O
=
: ; =
Z MeO” N

MeO N

31

Methy! (35)-3-amino-3-(6-methoxypyridin-3-yl )propanoate (3-2)

Into a 7 mL vial were charged chloro(i, S-cyclooctadiene)thodium(T) dimer
{[Rh(cod)Cl]2}(14.2 mg, 0.029 mmol) and (R,S)-+-Bu Josiphos (31.3 mg, 0.058 mmol) nnder 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-triflnoroethanol. 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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Ove OCH3 MO N MO N 3 1 3=2 Methyl

(3S) - 3-am no- 3- (6- net hoxypvri di n-3-y1l) pronanoate (3-2)

20 Into a 7 nL vial were charged

oo foPésksR- cycl ooct adi ene) rhodi un( 1) di mer { perus2004/007793
[Rh(cod)Cl] 2} (14.2 ng, 0.029 nmmol) and (R S)-t-Bu

Josi phos (31.3 ng, 0.058 mmol) under a nitrogen

at nosphere. Degassed nethanol (1 nL) was then added

and the catalytic conplex was stirred for 45 mn at

LS (MRt ) 508545y B g8 13 S sS4

15, 672 (d, &d), 7,62 ,(d, 1) dnd Hes EH)Qlpm. To t he same vial 0.1
nmL of the 25 prepared catal yst solution was added
resulting in 1 nol % catalyst |oading and a 2, 2,2
trifl uoroethanol / met hanoﬁm:”_ﬁf 90/ 10. The
hydrogenati on vial was then sealed and transferred
into the hydrogenati on bonb under nitrogen. After
degassi ng t hr tOnmes wi t hRhRYYr ogen, NRg epam ne
ester was h)4 at ed under—9G=psi g- hydr odgen gas at
50 C for 1B'5 R 5@ yi ¢f,dmeesH deErmime {iPLC
to be 88% and optical purity to be 89%ee. 18 WO
2004/ 085378 PCT/ US2004/ 007% NVR (400 MHz,
CDC13): S 1.81 (bs, 2H), 2: 211), 3.68 (s, 311),

Ex3.91 (s,RB11), 4. %vigld? 1Hpeed. 72 (Gonfdd). 7.62 (dd,
1H), and 8.11 (s, 1H ppm EXAMPLES 3- 5 | ~NI H2

31011 RPIL* NHZ O 75-- R1 NPh H2, MSOH R1 ' ~NHPh

4 TABLE a £ ppRl %i glydb %eecegonfi g. ls3 Ph 75 96 S 10

5 4 4-F-Phy ##.98 S 5.,4-Ove-Ph 82 96 S 6 PhCH2- 94 97 S
a: Reaction conditidens: 0. 1% nol % [R¥(cod)Cl]2; 0.33

6 nol % (RMFH2-Bu Jos#phos, 97 S

a: Reaction conditions: 0.15 mol% [Rh(cod)CJ]9; 0.33 mol% (R,5)--Bu Josiphos,

50 °C, 100 psig Hy. b Assay yield; c 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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15 50 C, 100 psig H2. b Assay yield; c Assayed by

chiral HPLC using a AS-RH or AD-RH chiral colum

eluting with 25-40% acetonitrile/water as the nobile
piWase04/0849s WO 2004/ 085378 PCT/ US2004/ 007793  @eAddB604/007793
1. A process for preparing a conmpound of structural

formula I: NH200 R1- j* J LZ (1) 5 having the (R)-
or (S)- configuration at the stereogenic center marked
with an *; in an enantioneric excess of at |east 70%

CIgy¥S:t he opposite enantioner, wherein Z is OR2, SR2,
or NR2R3; Rl is O _8 alkyl, aryl, heteroaryl,
aryl-Cl_2 al kyl, or heteroaryl a-2 al kyl; R2 and R3

are each |-nde@e?ﬂﬁeﬁssfqrptgpann@enom@unﬁoﬁhﬂmdma]a’oyhulam
aryl-Cl _2 alkyl; or R and R3 10 together with the

nitrogen atomto which they - He & tached forma 4- to
7-menbered heterocyclic - jl syslt em optional |y
contai ni ng an additi onal Ret®rvat o@ sel ected from 0,
S, NH and NG -4 alkyl, said ttpterocycllc ring being
unsubstituted or substit uted wi'th one to three

h subst i ent.ﬁ)o Edependent ly selected from oxo,

AN 4P)s Gentizugstion 31 the Ripreogenic center mdrked witlnan &i n

ina mahuommb aickmqi atlesst BO% WG the Wheskitd Enanibiks, WhkRth
zlgvotﬂz SRE Jr pe fluorines; and said het erocyclic ring

Rlééﬁiﬁ%fﬁﬂefaﬁ%ﬁ%ﬁaﬁ AT PR ALI
R22pd Réraroeach ifslepenslefilyieydoegon IC £.gtallyd 2], &rarﬁt@ﬂgtan@l orR2 and R3

to g:%%gﬁ%ﬁ&lﬂxﬁosé 9(}1% 3 e orha %%d&g% ahqok’&memggpg heterocyclic
¥ Pyl swisnmg gddlm béseioatomstlestedsinius O, 5L NEIdand NC} 4

| a]kyﬂ b4id Beeroc felicWinpsRSunbitR Rl gl f@ﬁg WRILEY grt&?&( Substituents
g

md@?@ PPntla{églrireg )?ﬁ)m ?@ ngrlf%)lpi B%bfmd C1-4 alkyl wherein alkyl

andhaliioxyper unsubgtitate posubititaled e/ithong €o Bie Shdriiek; Wnakaid heterocyclic ring
systey Héihzoﬂn ePwith 2 5- 1old }nls{npgn S8 tﬁ%??da@rfgl Fymoal %%Q}b%cychc ring

ol ven presence- of a
SYS[SILQ% rgedorspmoatic heteroeyslie mipk system containing one to

twoigtrodipins saedtedyfion 6F, Ssand NColallkyil saim fuged dilg: system being
unsubstituted or substituted with one to two substituents selected from hydroxy, amino, fluorine,
C1-4 alkyl, C14 alkoxy, and trifluoromethyl;

comprising the step of hydrogenating a prochiral enamine of structural formula II:
NH, O
R NN
an

in a suitable organic solvent in the prescnce ofa transmon metal precursor complexed to a chiral
fexrocenyl diphosphine Ilgand of structural formula IT: ‘
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-20 WO 2004/ 085378 PCT/ US2004/ 007793 R4 (nr PR5R6 Fe
P(R\2 b U/(111) wherein R4 is d-4 alkyl or aryl; R5
and R6 are each independently O -6 al kyl, C5-12
Wstooagéyk, or aryl; and R7 is Cl-4 alkyl or
unsubstituted phenyl. 5 2. The process of C aP|CTfUS2004/007793
wherein said ferrocenyl diphosphine ligand is of
structural formula IV: R&A Q PR5R6 Fe P(R7)2 U (IV)
wherein the stereogenic center marked with an ** has
the (R)-configuration. 10 3. ,fhe process of Claim2
wherein R4 is Cl-2 al kyl, nd R6 are d-4 alkyl,
and R7 is unsubstituted > '4{5 ghe process of
Caim3 wherein R4 is REandR6are 15
t-butyl, and R7 is unsubgtite{rd,phenyl. 5. The
process of Claiml where Rl i s benzyl wherein the
phenyl group of benzyl fi5\unsubstituted or
substituted one to thre stituents selected from
the group consisting of Tlug@tyne, trifluoronethyl,
and trifluoronethoxy. 20 6. The process of Caiml
wheeBI R4 8 O 4 Ak@d2 afl; NR2ZR3. - 21

R3 and RS are each independently Cj.¢ alkyl, C5-12 cycloalkyl, or aryl; and
R7 is C1-4 alkyl or unsubstituted phenyl.

2. The process of Claim 1 wherein said ferrocenyl diphosphine ligand is of
structural formula IV:
R4
@L\ PRSR®
Fe P(R"):

©)

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

3. The process of Claim 2 wherein R4 is C13 alkyl, R3 and R6 are 1.4
alkyl, and R7 is unsubstituted phenyl.

4. The process of Claim 3 wherein R4 is methyl, RS and RO 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 NRZR3.
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10

15

20

WD 2004/ 085378 PCT/ US2004/ 007793 7. The process of
Claim6 wherein NR2R3 is a heterocycle of the

structural formula VI: N"r ~N N R3 NO wherein R8
g0 fidglesagign or Cl-4 al kyl which is unsubstitLg(qﬁU
substituted wwth one to five 5 fluorines. 8. T e5‘3604/007793
process of Claim1l wherein said transition netal
precursor is [Mcod)d]2, [Mnorbonadi ene)Cl] 2,

[Mcod) 2] X, or [Mnorbomadi ene)2] X wherein X is

met hanesyul f ongt trifdyaro han nat e
tetrafl itjlr obglliTh At e?ce%segfgiwﬂloﬁh?{slgmitéfls Sﬁ]Effﬁ)cyde of the structoral

forpalaa¥l uor oanti nonate and Mis rhodiumor iridium 9.
The process of Claim8 wherein said transition netal
precursor is [Rh(cod)CJdR 10y A process for

preparing a conmpound of st NJCt ralsformula 1: NH2 O
Ar-"~ *** NI N N (1) Rsl_hap.ng"the
(R -configuration at the stereogehic center marked

with an ***; in an enantiong ic 8Rcess of at |east
70% over the enanti oner haviﬁg)the opposite (S)-
configuration, wherein 20 Ar is phenyl which is
wherr@as hydrogan oCladi Bkl whiclets unsubistited or sulfstitnged with one to five
fludiisegt i tuents i ndependently selected fromthe group
consisting of fluorine, trifluoronethyl, and
trifluoronmethoxy; and R8'is hydrogen or Cl-4 alkyl
unsubst i8& ut edhepreeedssif Clatmeidwivréih s erahgitidn Metal precursor is

[Micb@)a1 PR nortofiERIenONS, IMRodHEL, R M(norbormadiene)2]X 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 N
wokk N Y
NS
(1) R®

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

in an enantiomerjc 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, triftuoromethyl, and trifluoromethoxy; and

- R8s 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 .



hydr ogenati ng a conpound of structural fornula 2: -22
WO 2004/ 085378 PCT/ US2004/ 007793 NH2 O Ar-,'~N NN (2)

~' -8 in a suitable organic solvent in the presence of
o bogbgspsnet al  precursor and a chiral ferroclsmyﬂlsmmmo-,-m
di sphosphi ne of structural formula IV: RA ( (fir

PRSR6 Fe P(R2 b U(IV) 5 wherein R4 is -4 alkyl

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
unsubstituted phenyl. 11. ﬁheoprocess of Claiml10

additionally conprisjng t ep of producing a 10
conpound of structurAafl\.fzd[rlm‘lfl’g\ NDO Ar~LN N N
(2) C/,$ by treating a conpou s}NucturaI

forrruIaS OO0 Ar"A AN11 5 8 with a
source of ammonia in a SUI{ bl e organi gssol vent. 15

in a spitable organic solvent in the presence of a rhodium metal precursor and a chiral ferrocenyl
disphosphine of structural formula IV:
R4

@,
1
Fe

P(R");
O

wherein R4 is C14 alkyl or aryl;
R and R are each independently C1-¢ alkyl, C5.12 cycloalkyl, or aryl; and
R7 is C1.4 alky! or unsubstituted phenyl.

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

NH, O

AF\A/U\N/\E_N\
' N

by treating a compound of structural formula 3:

0O O

Ar\)J\/lLN/YN\
N

with a source of ammonia in a suitable organic solvent.
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-23 WD 2004/ 085378 PCT/ US2004/ 007793 12. The process

of Caim10 wherein Ar is 2,5-difluorophenyl or 2,4, 5-
trifluorophenyl and R8 is trifluoromethyl. 13. The
Wonegsesses C aim 10 wherein said rhodi um met glerysaonaonrros
precursor is 5 [Rh(cod)Cl]2 14. The process of Caim
10 wherein R4 is nmethyl, R5 and R6 are both t- butyl,
and R7 is unsubstituted phenyl. 10 15. The process of

Cl ai m 14 wherein said rhodiumnetal precursor is

[Rh(c 0d)1]§' 1 2:7nd Gy ﬁ O?cé,g ef @iaﬁ’@%%vr%frelfﬁ &{3 51&;16@%3"-:&1 6v'2,4,5-

i s net
mﬂHH@BB@’tyrm% Isﬁﬂﬁ‘#P}?metN’ i s 2,5-difluorophenyl or

2,4,5tr|fluorophenyl R8 is 15 trifluoronethyl, and

t he rhodgi,um

g oo MG R o e s
[Rhg of C al m 11 wherei-n said source of anmonia is

anmmoni um acet ate. 20 18. A process for preparing a

conpoun ructura !

o1 42 e Th ekt B clatia O shefsin RSEmeny RS apd R are both -

‘buigi andRgeningnbgidigted pheral. ked with an ***  in an

enanti oneric excess of at |east 70% over the

anar ci n135 At BRges 6 IR e ihetsh red hovint el mpdursor s

[Rhigpda¢liz uted with one to five substituents

[ ndependent I y selected fromthe group consisti ng of

fluorine, gluororreﬁhéli, and trifl uoromethoxy g

RS is h)’ér ogd e Brocess ohClam 0 wheesin B ispethy, B and RE are both -
butgluR3 isivnsatestitueddt themyheAit io 25 diffubroplesny Ner; 4,5-edftREd ik, RS is
tnfl}u@l%m%flgﬂ %p&’ f:h_e é’ﬁ&ﬁunq o Bfe@\grsg} it QHEB%%ES’-CQ&OO%%%%%}%H@&M(D dimer.

ornmu

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

18. A process for preparing a compound of structural formula I:

NH, O

A’\/*b/LN N
N

N/

(1)l\/ \gs

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:

(@) producing a compound of structural formula 2:

-4 -



WO 2004/ 085378 PCT/ US2004/ 007793 NH2 O Ar~CN ANN (2)
I[IN'""~ 8 by treating a conpound of structural fornula
3: OO Ar!'LN_NN (3) NRs wth a source of

FFR0/sss8 @ sui tabl e organic solvent; and 5 §d3hysanoanarros
hydr ogenati ng a conpound of structural fornula 2: NH2

OA LJL (2) NN Rs in a suitable organic solvent in
the presence of a rhodiumnetal precursor and a chiral
ferrocenyl di sphosphine of structural forrmula IV: R4
PRER6 Fe P(R7)2 S (IV) ﬂg v@ereln R4 is C-4 alkyl
or aryl; R5 and R6 e ea dependently Cl-6 al kyl,

Ch-12 cycl oal kyl , NR’Nf—I\Cl 4 al kyl or
unsubsti t ut ed phenyl 19. The pgoce s off daim2

wherein Z is OR2. 15 ZSYBZO 8
PCT/ US2004/ 007793 RS

by treating a compound of structural formula 3:

0O O
N
3 o
with a source of ammonia in a suitable organic solvent; and
5 (b) hydrogenating a compound of structural formula 2:

NH, O
Ar N N

in a suitable organic solvent in the presence of a thodium metal precursor and a chiral ferrocenyl
disphosphine of structural formula IV:

Pt4

Fe

P(R")

(V)
10 wherein R4is C1.4 alkyl or aryl;

RS and RS are cach independently C1-6 alkyl, C5.12 cycloalkyl, or aryl; and
R7is C]-4 alkyl or unsubstituted phenyl.

19.  The process of Claim 2 wherein Z is OR2.
15
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20. The process of Claim19 wherein RL is

6- net hoxy-pyridin-3-yl and Zis Cl_4 al koxy. 21. The
process of Claim 20 wherein Z is nethoxy or ethoxy. 5
20 200kpessprsocess of Claim 21 wherein R4 is nmetyyigs2iRioorros
and R6 are t-butyl, R7 is phenyl, and said transition
nmetal precursor is [Rh(cod)Cl]2. -26

20.  The process of Claim 19 wherein R1 is 6-methoxy-pyridin-3-yl and Z is
C1-4 alkoxy.

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)Cily.
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