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TI TLE OF THE | NVENTI ON PROCESS TO CH RAL BETA AM NO

ACI D DERI VATI VES BY ASYMVETRI C HYDROGENATI ON FI ELD OF
wOoORB6/OSMEEINTI ON The present invention rel ates teCc&us2006/002147

process for the efficient preparation of

enantiomerically enriched beta am no acid derivatives

whi ch are useful in the asymetric synthesis of

bi ol ogi cal |y active nol ecul es. The process conprises

tive hydrogenation of a prochiral
TITL@@FSW@%I ic acid derivative substrate in the
PROCESS TENCIHIRAL BT A& AvINOUMCIDEDER AT Y ES BAW4AB YMYETREC al

HYD &%Nl ncomplexed with a chiral ferrocenyl
1gjly)p ospﬁjly ne |igand. BACKGROUND OF THE | NVENTI ON The

present invention provides an efficient process for

FIELD Bf TRIEER&ENTION of an enantionerically enriched beta
am no acid derjvative of struct

havi ng The, @regeﬁj 1nv<=61|t101( relafes e 2 Farest foa the g&r 1oen rglfaéarhgxg o} eﬁlantlomencally
enrich6 € PdtLEmiAR éck& deerﬂi\hks ahich arewlefnldih the AsynemeROsynBRRs of blologlcally active

molec;cll{ef< F?he pgcf,cesﬁ ec?mprcl)sg§ ar} rﬁ)(tloiel%tx]%é Pycﬁ%g g ﬁé Pée}{l%a%eg-atgmo acrylic
acid dBmmiEpeesmdmatd iy tmmsgge nf an@rnng)namkgmlt angp ypnsm@]a Irgpaypr_e@rsoz complexed
with a\ighhﬁ%jker{%é@)ﬁdl?g&pﬁng g%gg her with the nitrogen atomto

~are attached forma 4- to 7-nmenbered
het erocyclic ring systemoptionally containing an
BACIKEGROUND@# THEIRVBRTMN sel ected from O, S, and NOI _4

Fuswd e Rty og rosiiptiradn Oot et S ofBaiifty o
enantiometi@ily ehriched Betvgans’ysaoahdeuwatafe ®f sttugtu@l fmmb]ell ed

saturated or aromatic heterocyclic ring system
containing one to two hete

M3
R‘MZ
()]

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

Z is OR2, SR2, or NR2R3;

R1 is C1.g alkyl, aryl, heteroaryl, aryl-C1-2 alkyl, or heteroaryl-C1-2 alkyl;

R2 and R3 are each independently hydrogen, C1.g alkyl, aryl, or aryl-C1.2 alkyl; or R2 and R3 together
with the nitrogen 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 NC1-4 alkyl, said fused ring system being unsubstituted or substituted with one

to two substituents independently selected from hydroxy, amino, fluoro, C1.4 alkyl, Cj.4 alkoxy, and
trifluoromethyl.

The pfocess 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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selected fromO, S, and NCl1.4 al kyl, said fused ring
system bei ng unsubstituted or substituted with one to
wowwesbist i t uents i ndependently sel ected from RguUUS006/002147
amno, fluoro, Cl.4 alkyl, G -4 al koxy, and
trifluoronmethyl. The process of the present invention
relates to a nethod for the preparation of chiral beta
amino acid derivatives of structural formula | in an
efficient enantiosel ective fashion via transition
met al cat al yzed asymmetric Nllyl@lr@genati on of a prochiral
enam ne of structural for | a :(H) wherein the am no
group i s unprotected, iRl h preZence of an anmoni um
salt and a transition netal @iecursor conpl exed to a
chiral ferrocenyl diphosphi A i gand. Met hods for
asymmetrically reduci ng enam ne carbon-carbon doubl e
whereingbaalsing Go@ Nunpreferigd, dinihe atesdne¢ oﬁmamy;{onﬁ:irmn ahatr8Sitias metal
[ i ndi um precursor
precurs‘#wrg\g/eggg%ﬁg s}%?(fé O%p%yladlélﬁe}g] il nlild literature (See U. S.
Pat entMqtipds Br %@ﬂmallwd@cnmmmmms carb@O@rivop doitebadds (§=C-N)

using cH#@l ﬁrroc%ﬁﬂ cﬁ}ﬂl%sﬂhﬁlleﬁls%%alﬁcﬁ 'Ebllnﬁﬂe)%fd ttpéﬂﬁﬁfuﬁl cﬁ%@dlﬁﬂg&@&rsm have been

B ST R G
and the cedeqal feixilnafpashs andpaidnt Sipticatiohk) SA r2I08Q bbtdBh @V-acylated beta amino

acids us%%kﬁl Péﬁngvhﬁ%uég&q cai]éﬂ’Z ic 80%1%81?%8 %8 Dublis ! e&?ﬁﬂiﬁ%&&/& %509 published

on Septd@y%ﬁ?@@ﬁﬂl@e%@d}%g@ﬂ éﬁ) Oﬁhﬁﬁ)11¢ng pltditgtnba sedeasriba the asymmetric

hydrogeﬁ&folﬁlo‘f SiV a@?lh@@ bé% Erglnf)la i dé[%&; t?; &ﬁ]ﬁ&ﬁaﬁpﬁr CL&s%Fchlo%?l%ged to a
chiral p (O p | ne an

chiral plmﬁphme lgadn(Ddo Elayashipetisl. ég_m,ézu_m 31@8?@)1 151 $198@3; (2) G. Zhu

etal., J.Ogl (BlEmE;l|64 6907- 691@(@999 ﬁdﬂ{?) Vo h. LG8 16D 1ﬁn€1ﬂe%&91) Asﬁﬁlﬁetrv 2:

543- 5545(1%9 lg\gg t]ﬁ%%\%mdhloas zllﬁt ip% g{%ﬁ‘gﬂ@/ g}q antuppegr%gpalﬁﬂ}eé)gta amino

acrylic gordoderidaive bubsteatd proteetnd anngtbﬂmmde terivhigveb @haregiiirantent for amine
protectlaﬁmf!)dug d%%b gdd?t%hf’c%&%?ﬁ?egp i%&o tﬁé %ﬁg é %%meeld Ho%ec? ion and

derivative
deprote%lp@t a@é thegynthasisobthe @@é,ected@ulamtp mam plad bedigivit alhegireness of the present
inventiob Bir&untvests %ﬁ%%ﬁpro@& |t}Ye W&ﬁlh@ Ero@ﬁ‘ﬁ{l tﬁ@ﬁ%@a?e%ﬁl B

t.he synthesis of rotecte Substrate may als

asymmeBg;qarfhfog?r@ 91} reacigp, arﬁ,gsqug%q vg.}fh egipféleﬁ:rrgaé;gﬂfy and enant1ose1ect1v1ty

SUMMARY OF THE INVENTION

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 an ammonium salt and 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
The present invention provides an efficient process for the preparation of an

enantiomerically enriched beta amino acid derivative of structural formula I:
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i nvention circunvents the need for protecting the
primary am no group in the substrate for the
wagyosrsilsi c hydrogenati on reacti on and proceedBCTUSE006/002147
excel l ent reactivity and enantiosel ectivity. SUMVARY
OF THE | NVENTI ON The present invention is concerned
Wth a process for the preparation of enantionerically
enriched beta ami no acid derivatives of structura
formula |I. The process utilizes an asynmetric
hydr ogenati on of a prochi M, K@t a anmino acrylic acid
derivative, wherein the priimary amno group is
unprotected, in the préé rce-of "Zn ammoni um salt and a
transition netal precursor cgyplexed with a chiral
ferrocenyl di phosphine |igantl/ The process of the
present invention is applicable to the preparation of

having th@(]@ Wnﬁ@rﬁuﬂ% %1&‘ ieleYEHic@Bntd: rﬂdri(égltvvlﬂl A 0][ |
ust.ri a a am no aclds are usetu

in an eng SR CReq LR 168 TR 3720 PGy QUFIEVE

Z is ORBAREC ol MRZRIDETAI LED DESCRI PTI ON OF THE | NVENTI ON The

R1is CP E%ﬁt?ﬂ&ryl , AMEREAD E?IPC?\é'aﬂé}? o@ﬁu&&frm eptipr ocess for

aration of an enantlonerlca enri ched
R2 and g gp

PG PRSP DS, 1 SlIb EL4F b il T ot ri5 gnd K3 together
with the" lﬁth)geg thirr]lrig whidg tHefRhre aRchéd forf QAL doGUnhahbeRdl RlerdcP&ic ring system
optona} S ERAR Rl L PRR S i ™aos UL AR NG - st it
heterocﬁhaﬂhg Hﬁmunswﬂgﬁmﬁﬂ or lebStﬁutWLth &fo thade shiidzif3nts WdepeSdently selected
from oxgnhygro i{ lﬁ)ﬂogenaf%l Aa 1{%%? eaﬁ@é;ry% 31 %ﬁ{érengaﬂil aﬁh gl\ﬂ) éunsl,lbstltuted or

het'eroaryl - are eac
substltuﬁsi ohitb ganto (@ ﬂgoraiebqahd saad hyeteroayeliceningl syBim Being dxgtionallyrfus@d with a 5-

to 6—me§19gecf§ufr£&?$raﬁfma% E'chgcg@mq{n n%%ﬁ % 8 Qle%&% M?&Id or aromatic

attach

ocyc] |
heteroo G it e OMEPIT B NP i FGPHAR SAdIo0 PO e i Bl i
fused rifeSlySt6th ®6inf ﬁﬁkﬂb@tuteﬁ or NibstidRd welonétoaivk y\ibstltﬁéﬁtéjselected from hydroxy,
amino, fluorine, C1.4 alkyl, C1-4 alkoxy, and trifluoromethyl.

to

The process of the present invention comprises the step of hydrogenating a prochiral

enamine of structural formula I:
NH, cJ)\
/‘\er
R’ z
(i)
in a suitable organic solvent in the presence of an ammonium salt and a transition metal precursor
complexed to a chiral ferrocenyl diphosphine ligand of structural formula III:
R4
PRR®
(nn

wherein R4 is C1.4 alkyl or aryl;
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heterocyclic ring being unsubstituted or substituted

W th one to three substituents independently sel ected
wonewosxsy hydroxy, hal ogen, C .4 al koxy, andpCiLa$2006/002147

al kyl wherein al kyl and al koxy are unsubstituted or

substituted wth one to five fluorines; and said

heterocyclic ring systembeing optionally fused with a

5- to 6-nmenbered saturated or aromatic carbocyclic

ring systemor a 5- to 6-nenbered saturated or

t
RS an@ROBR R b EBRNC L ol s DY SRRTSL Y B, 0P
R~13@Hﬂdmﬂu§@@ﬂ®ﬁﬁﬁﬂ%@§mén1belng unsubstituted or
bst t
ﬁu d? olxtTHé grgce\% dﬂlfleloﬁgseﬁt(%n\te 0 c%ﬁéﬂqpﬁﬂ'é? Bia %{é gétzﬁ?ti cq)mpfeQ T the
tranSIt@n dhetal pﬂ‘eplumr orckthp ghiral fpﬁecepylcﬁelélg@h@ﬁ htghml mayeseither (a) ‘generated in situ

by the 'sEHﬁ@tﬁIal Yok @RPSrhR6Ss ddBfios beRe R4nsiivs ﬁl@ﬁ?ﬁ)@&b&ﬂﬂd he chlral ferrocenyl
prochiral enam ne of struyctural fornula:l

diphosplipe hegme ool EeATtion swxtyE et () RreriRmnedrd e pdthept 1s(gkmon and then added to
the reag@figDmixtine. S@pie-famed dathiyAdSonipleRis RPlesdnted b Elerfe@ula:
conpl exed to a chiral ferrocenyl diphosphine |igand of
structural formula Il11: wherein R4 is Cl.4 al kyl or
aryl ; R5 and R 6 are—each independeFtly a -6 al kyl,
C5.12 cycloal kyl, gr aryl;Rand Rig G _4 al kyl or
unsubsti tuted phenyl . The/process of the present

i nvention contenplctes<:f atlal yti c conpl ex of
e

the transition net3l cur and t he chiral
ferrocenyl di phosphi ne and nﬂy bhexéi t her (a)
generated in situ Qy the Sequentiall or cont enporaneous
addition of the trgnsi Ri orRnetal species and the
chiral ferrocenyl di phosphine Iigand to the reaction
m xture or (b) pre-formed with or W thout isolation
and t hen added to the reaction mixture. A pre-forned

where %t al %tgtégpgno x tlleg srglgtﬁ rﬁ eag tﬁ'l A5 éﬁ glgqﬁ{):lg)namél tgtraﬂuor%gc%ate, and
hexaﬂﬁdrbﬁﬂosphammﬂ ﬂlamemlﬂtrﬁki@:hdasuclﬁ &t ahaldfi b:leiIQhé)lﬁ@ig&h -oReffifl such as 1,5-
cycloogﬁzfi%};ele#%él%?%r&ﬁ 1{%2{) 1soﬂ/en Lolclacllsﬂe sucﬁ IéIls:’alng%E]g) %J&xg &2 where

olefin is arene, the complex is represented by the formula

R R
\_/
A
(o
RN xT
7\

The pre-formed catalytic complex in the case where X represents halogen is represented

by the formula:



cycl ooct adi ene or norbornadi ene) or a solvent nolecul e
(such as MeOH and TFE). In the case where olefin is

weanews@gitsine conplex is represented by the formetausitveno2147
pre-fornmed catalytic conplex in the case where
Xrepresents hal ogen is represented by the fornul a: The
i gands of structural fornmula Il are known in the art
as Josi phos |ligands and are comercially avail abl e
from Sol vias AG Basel, Switzerland. In one enbodi nent
of the ligands of ftormula Il useflul in the process of
the present invention,™hg"'carbon |stereogenic center
marked with an ** has t (|7) sonfiguration as
depicted in formula I'\f ﬁﬂ@fhéﬁ\enbodlnent of the

usef

l'igands of formulajlll \rQ?+he process of the

present invention, [Ris _2 alkyl, R5 and R 6 are

Cl.4 alkyl, and R 1s j@éu tituted phenyl. In a class

of this enbodinment| R4 is nmethyl, |R and R are r-butyl,

and R7 is unsubstituted phenyl. The latter ligand is

known in the art as-~-butyl Josiphgs. Commercially

avai l able fornms of the i-butyl Josiphos Iigand are the

S, Rand R S enantioneric fornms. R S-t-buty\ Josi phos

i s{(i P ]183[0(15 @ﬁﬂ@mﬁﬁgﬁwlﬂﬁ@g@mow@yn the art as Josiphos ligands and are
commertR1Y H@aad f[r(}rﬁEBMas diG, Bedkel, bwttydrphosphi ne of formula V

bel ow, The f ocen sphi n | gapds of for

TRy itk gqeg]ggg ﬁﬁﬁ?ﬁ%ﬁ,ﬂ %ﬁﬂﬁjwﬁ%e %P%?é%%ghwesem
5  inventiohjthe mlsmeteteogmmmeomanksd with &ntidds the (Rroafipasttontak @epitsel in

formula@{: Si N9l e enantiomers, individual diastereonmers, and

m Xtures of diastereoners thereof. The pr esent

invention is nmeant to conprghend the use of all such

isoneric forms of the ljgangs of structural fornula

11 for the asymretrig Qydrogenshs on of a conpound of

formula I'l. The facia antloselect|V|ty of the

hydr ogenati on reactloqF g ?end on the particul ar

stereoi sonmer of the |i hat is enployed in the

reaction. It is possi to control the configuration
at the newy forned s ogeni ¢ center in a conpound

of formula I marked w p by the judicious choice
of the chirality of the fe cenyl di phosphine |igand

of formula I1I1.
In another embodiment of the ligands of formula IIT useful in the process of the present

invention, R4 is C1-2 alkyl, RS and RO are C1.4 alkyl, and R7 is unsubstituted phenyl. In a class of this
10 embodiment, R4 is methyl, RS and R6 are z-butyl, and R7 is unsubstituted phenyl. The latter ligand is
known in the art as #-butyl Josiphos. Commercially available forms of the ¢-butyl Josiphos ligand are the
S,R and R,S enantiomeric forms. R,S-t-butyl Josiphos is{(R)-1-[(S)-(diphenylphosphino)

ferrocenyl]} ethyl-di-ters-butylphosphine of formula V below:

Me
@lﬁlip(tau)z
= P(Ph),

@ (V)



10

15

20

25

30

In one enbodi nent of the substrate for the process of
the present invention, R is ben2yl wherein the phenyl
wgnroewspsoisi benzyl is unsubstituted or substitutedTwsens002147

three substituents selected fromthe group consisting

of fluorine, trifluoronmethyl, and trifluoronmethoxy. In

anot her enbodi nent of the process of the present

invention, Zis OK.2 or NR2R3. in a class of this

enbodi ment, NR2R3 is a heterocycle of the structura

f or mulThe fprrocentilediptiosphitie ligatkip of fogmevia Bl L@ two ednkeyd ofinkjinohetry, and
the prodess o B R3&: ’irH%ﬁ%n‘?JmﬁH&ﬁ% &fé&? sl}/]“(hg %SE?%@I&FB CBAHYI@IEGI’S individual

fluorines. In anot class o
diasterepsypess, apgh WPW@H@%@@PM@O&WWW BSTeRtinds Megmt fofpemprehend the

use of aE@BESZeat fdnh@oﬂlh@ Ads dfRNVEIMrAIFBmuld 111 151 Be aslymmetrlc hydrogenatlon of

a compo&n{i f’ﬁix %m@%ﬁog‘}" lyen?% ogel%ywog%l}heol}y%agﬂgﬁw r A ]31‘1 (v:vﬂl depend on the

particulasieravisbmerofthedigagtthatis anployed at ﬂhﬁ)feaﬂfont ltés gssble it control the
confi gurlaﬂyr?'ﬂ 'ﬂ{e%\ghlsf ﬁ%d%e?e% Qi cehi%r % gg if%algallg g Wé;rrked with an * by the

anl C SO ven

judicioug phoagesif she chigality efghavistrpeeny|diphesrihing dmgandu of Gmolp L.

al cohg| onehg¥adinbaioPtie QQJSQ&W lror %e‘iﬂ&%s’ of F}Ez;ﬁgérﬁ mvent}on Rl is benzyl
roethano (TFE), and m xtur ereo

riflu
whereingl Rhswé grogP G o1 ﬁseltnﬁghsmt“eé 9t upriitespthene;io g sHisiigRtaselected from
the grouplextsisthg of Therines ytifltoniethyl) yal Digesaimb@oxy. Eh@@ﬁdt}féﬁ emﬁodah@@ofthe

roes SERE Py SRR P RRSE: o 0B 1 D St
hﬂﬂv%ﬂbﬂﬁﬂkaﬁv¢w3kﬁwmnm%ﬁnnnu umsalt. In one enbodi ment the
anmonium salt is an ammoni um hal i de salt selected from

the group consisting ofda ni ugm chl ori de, anmoni um

brom de, and anmmoni um i odN de. va class of ;his
enbodi ment the anmoni um halide saft is anmmonium
chloride. In another enbodi nt it he anmmoniumsalt is

an ammoni um car boxyl ate salt sudgP as anmoni um acet ate
and ammoni um formate. In andiher enbodi ment the ratio
of the ammoniumsalt to prochiral enam ne substrate is

wherein Q@Q&Uﬁydg) derol @ 2 QH}HtwﬁcIﬂQ bns¥bstifdd& dr S@slitnRA Wi %H@{oeﬂvg l'ﬂﬁormes In
for the reaction may be in the range of about 10 O
another glps§ @f thiypmbodiment, Z is ORZ2,

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.

The asymmetric hydrogenation reaction of the present invention is carried out in a
suitable organic solvent. Suitable organic solvents include lower alkanols, such as methanol, ethanol,
isopropyl alcohol, hexafluoroisopropyl alcohol, phenol, 2,2,2-trifluoroethanol (TFE), and mixtures
thereof; tetrahydrofuran; methyl z-butyl ether; and mixtures thereof.

The asymmetric hydrogenation reaction is also carried out in the presence of about 0.01
to about 10 mol % (relative to the prochiral enamine substrate of formula IT) of an ammonium salt. In
one embodiment the ammonium salt is an ammonium halide salt selected from the group consisting of
ammonium chloride, ammonium bromide, and ammonium iodide. In a class of this embodiment the
ammonium halide salt is ammonium chloride. In another embodiment the ammonium salt is an
ammonium carboxylate salt such as ammonium acetate and ammonium formate. In another embodiment
the ratio of the ammonium salt to prochiral enamine substrate is about 0.05 to about 5 mol %.

The reaction temperature for the reaction may be in the range of about 10 °C to about 90
°C. A preferred temperature range for the reaction is about 45 °C to about 65 °C.

-6-
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OC. A preferred tenperature range for the reaction is
about 45 0OC to about 65 OC The hydrogenation reaction
woamems1per f ormed at a hydrogen pressure rangepraf/uabmano2147

20 psig to about 1500 psig. A preferred hydrogen

pressure range i s about 80 psig to about 200 psig. The

transition netal precursor is [Mnonool efin)2d]2,

[MdiolefmCd ]2, [Mnonool ef m2acetyl acet onat e],

[ M di ol ef m)acetyl acetonate], [Mnonool efin)4] X, or

[ M di dhehydipghaiontrencioneaxbe Berﬁ)nn@irat@dxwmgmamsnge @angeoaf about 20
psig to %h?ﬁb@gm%rg%}éfaﬁd%@'y?eu%%ﬁré h o t80 eg l? ut 200 psig.

f onat e

ot af PR PB ! prsper SIS BP IR ,
[M(mormohbﬁh)gx@fyﬂan:eﬂoﬁme‘]t iMdbfie)atBiikcejonatal) (MMldnSoléfith]m 83 [(MRAolefin)o X
Whereiqog 1sra[ﬂoﬂ Ié:HﬁrJr]ﬂ I)%%@SI %d(fgq%ﬁe ;g%lugfé%l%glggsoofrn%tﬁggeesﬁl?ong/‘lce
trifluorqmtieinesulieriage) ( gt]eﬁaﬂugrqu(am (BF 9f hexafluorophosphate (PFg), and
hexaflubbobrdeBioRatBstRY), allld Mrlm%@iﬂ\ln)(f@l) or IlII;HHS'}H ?Ige 'ﬁ&gl'tlgﬁﬂltetaf Beursors where

ransition metal precursor [ Rh ).Cl }
Mistu gﬁ\(rﬁ D sreri Ao prepe 5]@]4, E\&(dﬂOﬂg{Wahng)fM(@ple in)(03-2-methyl- -1-propenyl)2].
In one dnfBbdinehdane Maeition fm)afél @fecuksar B [Rh(R&HCY], [Rﬂf(h&b@ﬂméik)mnt [Rh(cod)2]X,

e e e e i T R TR G
about The BiiobOtraitidh mbal lstedurs% toAulthiefeed o6t 0.@ALth ebdf 10 16! %.

preferredrr nosylf %he?rn Srlrt? tnaI rp?ecfilrg 3 (%o ﬁ“&fétr% 21? § élﬁ_{) ﬁ%mg]c‘?s? fleit@uE\Q:Q 8‘101 %.
d eri vdhe bada smbs tafrralucwdﬁenﬁamwmbatrdws of Germpilaél fas hrawtmietric
hydrogéﬁ)(ﬁifn%ﬁt%tah %ﬁﬁ@ rd&fﬂl@bdiﬁ aﬂh ﬁfﬂggs%ﬁ%ﬁ‘iéﬁ lo&em&d re g{%grbt tc% iﬁlclude both

unl ess SpeCI I ed otherw se are ant to Inélu
E and Zigeopeirigisepagray PiRirgsaient as trting mateniads Fh equiesy bpgd i the substrate

of smcﬁlgaafcirmﬁﬁtﬂwér@ﬂidfs altifer thyzlﬁir%%btﬁ&?ylsbﬂ&%trla%itt&ﬁ st rE ate
geoﬁe 3 e < @8 on Q}l ﬂ’g PRASSHE dIF grllttolﬁl: Egclfo %rq g ratlon of the double

bond in it armmt acoflic iéié dgivesersubsta ot thodsyminbeic yedroginkticd reaction is the
Z-confifHoh QYR ATn Rl gufloubl e bond Tn the beta am no
crylic aci

derivative substrate for the asymretric
hydrogenation reaction i v?eoz configuration as
depicted in formula VTI: E m The beta ami no acryl ate
esters of fornula Il (§1— QSR) for the

asymTet ric
(V1)

The beta amino acrylate esters of formula I (Z = OR2 or SR2) for the asymmetric
hydrogenation reaction of the present invention can be prepared from a beta-keto ester of structural
formula VI in high yield by reaction with a source of ammonia in a suitable organic solvent such as

methanol, ethanol, isopropyl alcohol, tetrahydrofuran, and aqueous mixtures thereof.

NH, O
O O uN H3ll 2
- . R NN 7
R Z  solvent
(V1) ()

Sources of ammonia “NH3” include ammonium acetate, ammonium hydroxide, ammonium formate,

ammonium lactate, ammonium citrate dibasic, ammonium carbonate, ammonium carbamate, and

-7-
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hydr ogenati on reaction of the present invention can be

prepared froma beta-keto ester of structural fornula
wohodernshisgh yi el d by reaction with a source of pamuUsSmi08/002147

in a suitable organic solvent such as nethanol,

et hanol , isopropyl al cohol, tetrahydrofuran, and

aqueous m xtures thereof. (M) (lI1) Sources of ammoni a

"NH3" include amoni um acetate, ammoni um hydr oxi de,

amoni um format e, ammoni um | actate, ammoniumcitrate

ammonigmbgazoate. Krns smbedimer Bisrarres ofanemiaisrompianrataate. The bota-keto
esters cAATHIPPIFRBA Me@&ﬂb@@@;ﬁ B:-w.IBroSRet ﬁﬁm”“ b 1H€ E§ GHLL e1804’72 (1979).

ammni %’ 6(:&? %Cet at e. The (et 0O ester S
be pr E% eéadar%}gf’ EPidELRIn Bg Pispafpd 18% 8}@§°@%sp%ﬂdmg eﬁm@éfw amide
exchang€hedascritet in G, )ﬂ!gbllecﬂ,alolmp(lbg79) The beta am no

acryl e ared fromthe corre

oot or S HESE AR IR R R coh B STl B hegforiolatin the
mmnnﬂmﬁbpﬁﬁmman®hmﬂ8H p. 108 The process of the present

' nVenkh&ﬂer%ﬁﬂo&lﬁleﬁt%rf{Hg%pes%gr}v%&ongyﬁce&g? 1?)%«%9 fcir% |preparation of a

isolating the Internediate of structura
compoung efisusturahigBeHiatnt of the present invention concerns a

process for the preparation of a conpound of

structural formula 1: ] the (/”-configuration at
t he stereogeni c canter r ked 'th n*** in an
enanti omeri c excess Ofsxxat” | e o oyver the

enanti omer having the opposit nguratlon
wherein Ar is phenyl which is su6<€|tuted or
substituted with one to fixf substitRénts
i ndependently selected fro lhe group consi sting of
fluorine, trifluoronethyl, and trifluoronethoxy; and
having tiRE(R)-sortfigumigen therstefogehiadekiyt muedoRl id ’tﬁt*g d or

in an ena%'ﬂgrﬁéﬁc e;&e%g 1;\f4t ieast 38‘%(}\791* tﬁel %eantgonbue(ﬁ) éévgl?e Eq ?@n%){? I(@rcogﬁguratlon

ucing a conpo
Whefemf or nul a 2:
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

A“\V/JQ§V/M\N/”\T¢;N\
N

by treating a compound of structural formula 3:

O O



by treating a conpound of structural fornula 3:with a
source of ammonia in a suitable organic solvent; and
woORkdoslwgdisogenati ng a conpound of structural forPauius2@5/002147

in a suitable organic solvent in the presence of an
amoni um salt and a rhodi um netal precursor conpl exed
to a chiral ferrocenyl disphosphine of structura
formula I'V: wherein R4 is Cl-4 alkyl or aryl; R and
R 6 are each independently G -6 alkyl, C5.42

with a Seuyed G§atkphia e Skl orgamielsdvent a@l- 4 al kyl or

)hydt’déb%@tﬁ%'atééhl ShrR€ Wty Rorfufaloass of this enbodiment, Ar
di f uorophenyl or 2,4,5-trifluorophenyl. In a

subclass of this classnN{g i@ trifluoromethyl. In

anot her cl ass of %E%E/gﬂgggéfent t he rhodi um net al

precursor is chlo a“ﬁggﬂéne)rhodlun(l)
| aspj of this

dimer {[Rh(cod)A]2}. In anot
enbodi nent, R4 is nethyl ﬂd Rbl~af'e both /-butyl,
and Ris unsubstituted pﬁ@nyl. In a sgbclass of this
cl ass, the rhodiumnetal precursor i$ chloro(l ,5-
cycl ooct adi ene) rhodi un(l) dinmer. In yet another class
in a svitgfie ¢rigingc wivsotdh trempteseried of alrmmdmyjm saR aadhal rHaBivareetid ptdaursor
'S
comple{ea g}%?hlflrlalufgtr%% %ﬁ% Pl%éﬂléwﬁ gu tri f 1{% rdgfgh enyl, bis
trlfluoronethyl and the rhgdi um netal precursor is
chl oro(l, 5- cyclooctadle e)r odlun(l) dimer. In a
subcl ass of this clasg pum salt i s anmoni um
chloride. The process gps can be carried out wthout
the need for isolating_thep(rlgrnediate of structura
formula (2). In one engﬁdlnent, bot h chemi ca
transformations are c %bled out in the sane reaction
vessel in the presencz;;b’an amoniumsalt. In a class

of this enbodinent the Ampgiumsalt is

wherein R4 is C1.4 alkyl or aryl;
R5 and RS are each independently C1.6 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-rifluorophenyl. In a
subclass of this class, R8 is trifluoromethyl.

In another class of this embodiment, the rhodium metal precursor is chloro(1,5-
cyclooctadiene)rhodium(l) dimer {[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(1,5-
cyclooctadiene)rhodium(l) dimer.

In yet another class of this embodiment, R4 is methyl, RS and R6 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. In a subclass of this class, the
ammonium salt is ammonium chloride.

The process steps can be carried out without the need for isolating the intermediate of
structural formula (2). In one embodiment, both chemical transformations are carried out in the same
reaction vessel in the presence of an ammonium salt. In a class of this embodiment the ammonium salt is

selected from the group consisting of ammonium acetate, ammonium hydroxide, ammonium formate,

-9.-



selected fromthe group consisting of amoni um
acet ate, ammoni um hydr oxi de, ammoni um f or mat e, anmoni um
woaastease,51 anmoni um citrate di basi c, anmoni um caChaIsa006/002147

amoni um car bamat e, and amoni um benzoate. In a

subcl ass of this class the ammoniumsalt is ammbni um

formate. In another enbodi nent the conpound of

structural fornmula 1 is obtained with an enantioneric

excess of greater than 90% In a class of this
ammonivpasthteremmonie citmtepdbas, afmetivm carborate, fromonitma cdrbinmte, and
ammomgmtb@ﬁza@@ W 4 bélfks 8 m{étcla%’{'fﬁé arﬁ?ﬁas&matgfamg{oﬁlgl SCTﬁa?ean

5% Conpounds structura sed

| n \/\dltﬁslpmem@@dwaﬁm aguadsof stvaierpl fopnis) isgbtained with an

enant101hdi}i&| cRick Do rddter HaP OB B clzﬂ;@ Bt thd %ﬁl@odlﬁ{eﬂ%"ﬂﬁe@amﬁf)lﬁld@ Sfuetural
t he tr&at nment. of di abet es. Throughout the

vl
formula1 8 Qe B gRers HEceF 6 eI S hue { he
I ndi cabepoungastistgsuralfrendlLl are dfclesed it WONEr0034EX@eisiBhed 16

s ALY B O B BETR A-

diabetesexcess corresponds to formation of 85% of one

enant TREBshoRNHe thadht Qfaphtc!&ﬁ)noﬁi@ ﬁﬂlowﬂé%&n@ 55% the 1%1dlcated meanings:

“enant] Oner | c excess’ IS synonynous Ww t
"opt i %]éﬁ tengh ' EyRntionpeTis eﬁ?‘i’ﬁ%)e/@ébrwat%qfée ﬁlf"]é?éléﬁﬁan it mejos n
enantiondt Mags the 36 RBPEidnitencaf Tlﬁis,l’ W/Uérﬂhtlcfn%l’rfmék%s% coWthBnd%th Formation of
excess of ee.

55% of QPR o 1o sb R AT e PR T omie SR SRR it e

term ¢ 0m1n31®plt1ﬂyé’al purity in excess of 80%ee. In a class of

this ?ﬁmgéew{the &gﬁ%{)@%n%fm\fi&"s g%ﬂa@gj)}gs@;f sm%ﬁfrgif&%%la I with

W th an optlcal puri I'n excess of
high opticalpurifys el injescess Qafgg% eeolpwa AaBodmertgomppends offormula Tare
obtameMHﬁdnl’b@ﬁca\l\bﬁrhy ?ﬂ'bx@e@f, bﬂ?% QUM & b’llaufsr&)f Md@{enttg éofﬂjﬁ)ﬁnds of

antiosel ective mean a reacfjon in
formata 1€ bt arrcEap o Wsﬁaagg b Eorindautdlasy idyis fipssecompounds
of formulafrelbbytaitduamitli saevptitahpurity inexedst bf0F% ¢e. t he predom n an c e
of 1 h?hef t@lsﬁ?‘reggntl%&%gﬁb Ok ﬂqcer%tntar%eeac Onxltl:ll";\;hlech%g’le nan 9 omer 1s s produced

(or destroyed) more rapidly than the other, resulting in the predominance of the favored enantiomer in the

mixture of products.

The alkyl groups specified above are intended to include those alkyl groups of the
designated length in either a straight or branched configuration. Exemplary of such alkyl groups are
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the
like. The alkyl groups are unsubstituted or substituted with one to three groups independently selected
from the group consisting of halogen, hydroxy, carboxy, aminocarbonyl, amino, C1-4 alkoxy, and C1.4
alkylthio.

The term “cycloalkyl” is intended to mean cyclic rings of alkanes of five to twelve total
carbon atoms, or any number within this range (i.e., cyclopentyl, cyclohexyl, cycloheptyl, etc).

The term "halogen" is intended to include the halogen atoms fluorine, chlorine, bromine,
and iodine.

The abbreviation “cod” means “1,5-cyclooctadiene.”

The term “aryl” includes pheny! and naphthyl. “Aryl” is unsubstituted or substituted
with one to five substituents independently selected from fluoro, hydroxy, trifiuoromethyl, amino, C1-4

alkyl, and C1-4 alkoxy.

-10-
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The al kyl groups specified above are intended to
i ncl ude those al kyl groups of the designated |ength in
weitdsms1ia1 st rai ght or branched configurati on. BREMSR@s02147
of such al kyl groups are nethyl, ethyl, propyl,
i sopropyl, butyl, sec-butyl, tertiary butyl, pentyl,
i sopentyl, hexyl, isohexyl, and the |ike. The al kyl
groups are unsubstituted or substituted with one to
three groups independently selected fromthe grou
consiBiitang “@n‘endﬁ’abfolg émbenpgndrrarithalengr andyoy m-, or p-isopropyltoluene (o, m,
orpﬁym$ﬁ2nocarbonyl am no, Cl-4 al koxy, and Cl-4 al kyl thi o.
term”cycloalkyl " is intended to nean cyclic rings
of alThaem “glefin| wpiers ty 2 ey & VBCAY IOSFBIHCORIABIRE Og T e

double b&{aY 1&%%@ hroMatid| bﬂh& By @odaBge T tem,indbiydes, (Bﬁtﬁﬁlh()tlh,mlted to, 1,5-

cl ohexyl etc). The term "hal ogen" is
qmbo“%%?é%ﬁﬂ?ﬁ%?ﬁ%%?gggp§he hal ogen atons fl uori ne, '
C hl o rThaeermbmetaﬂom@l” raatk 4 D fevenbhed avbrtiyhetrpaynle'thag gontains at

least one 5"’?% ﬁetlarogtbxal sﬁ%&ﬁc? % Crfx %‘)d S 21?(??1 Hl-tté%axhr 0 1@0‘1&@6 heﬂef&%lylé%s%d to other

stituted or
kinds ofsngssmcm aaaeﬂs,qulwllmlﬁeanﬂ@efﬁnoml@ @mé@rr« feferquaatic. Examples of heteroaryl

groups 1ﬂcﬂﬁ§ %ﬁ%@ﬂ&thﬁﬁn’é@koeﬁrﬁﬁylflﬁ&(@hﬁ}l%@cftﬁazdw yﬁ%&vﬂyl pyridinyl, oxazolyl,

| uor onet am no,

L2 by b oo e maonst
triazinyl, ﬁﬂl@ﬁm hatieneayl aythzmyl, béﬁzxsomdl‘?l baemaagiyll bankothinemlyl, m

benzothl'i]:({,%zf) g%ﬁ&gﬁpﬁ%&?é}gﬂﬂ g%lmpl nef Icﬂlzm%le nga[z?rla/i Qsogndgﬁ?ml Ibgngg
dihydrobemmkhiabiy ) (ndalizmpdt cirmolinpd,| ph&lahymlm}ma@@myl naphghyridingh carbazolyl,

benzodldxglgi ﬁglﬁ%(ahgﬁ \fnﬁylnﬁﬁazh%ﬁnéo@%z&@urar%ﬁl Eben&&if&'aﬁ@ﬂt&ﬂi&\ﬁ@nyl

orn a erm ter Qar
benzothignybquiselyb indelvb é&oawn%iwb ﬁ#qﬂ&n%%ré%c y‘é?t%f Oi‘fiﬁ‘afs ‘}é‘s‘fhsg’iuﬁa or
substitutéd witl?élﬁ:tto ﬁﬂ@subétﬂ&nﬁ@ﬁ&b@ﬂélﬁmsél@&téﬂ?ﬁ@ﬁi fliisroyhy@ox B tafhebrddethyl,

I i nclude heteroaryls fused to other
mmnm(iﬁ%ﬁgﬁ Cﬁ lk%g’cguch as aryls, cycloal kyls and

het er quay@blﬁmvte Regeriafeatapocedurenmilizing tHevangd pwsess pire detailed below.
The folltl)']v%}lge )(c)a%leres are for the purposes of illustration only and are not intended to limit the process

of the present invention to the specific conditions for making these particular compounds.

EXAMPLE 1

NH, O

N/\&N‘N
F LN
e

(2R)-4-0x0-4-[3-(trifluoromethyl)-5.6-dihydro[ 1.2.4]triazolo[4.3-g]pyrazin-7(8 H)-y1}-1~(2.4.5-
trifluorophenyl)butan-2-amine (2-5)

Preparation of 3-(trifluoromethyl)-5.6.7.8-tetrahydro[1,2.4]triazolo[4.3-alpyrazine, hydrochloride salt
(1-9)
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groups include, but are not Iimted to, pyrrolyl,

i soxazol yl, isothiazolyl, pyrazolyl, pyridinyl,
woxemwoRylsy 1, 2, 4- oxadi azol yl, 1, 3, 4- oxadi azol yPCT/US2006/002147
t hi adi azolyl, thiazolyl, imdazolyl, triazolyl,

tetrazolyl, furyl, triazinyl, thienyl, pyrimdinyl,
pyrazi nyl, benzi soxazol yl, benzoxazolyl,
benzot hi azol yl , benzot hi adi azol yl ,

di hydr obenzof uranyl, indolinyl, pyridazinyl,

i ndazol yl, isoindolyl, éﬁmﬁﬂﬁp_enzothlenyl
i ndol i zi nyl, cinnolinyl, phthala2|nyl qu|ponIinyI

naphthyrldlnyl nzodloxo
qui nQya 198?%n$$5@4 C?Eyl PtggégﬁhCl

benzim az%lyl benzofurany benzo hlenml ui nol yl ,

i ndol yl, isoqdi REQCH AhNAPKenzof ur anyl . eroaryl "
is unsubstituted or substituted with one thlfive
substituents independently selected fromfl uoro,
hydroxy, trifluoronethyl, am no, .4 al kyl, and Cl. 4
al koxy. Representativ ‘eNperlnentaI N oeedurg
utilizi nPOOR no#qb 8 det aPl ed belowﬁ The

e

foll ow ng are or ?ﬂ urpoi\g glf
il lustration onIy and are not intend limt the

process of the present.lavention to the specific
conditions for maki ng these parti cul ar coHPounds
EXAVPLE |

) - 4- 0x0- 4- r3 ftr fluoronethyl) 5, 6-di hvdr ri az
ologﬁ@/“agg }Ek -yl ( 2 o B QNV”zwéﬂﬂN
tri or ophen aMQAI(Ii é) Rrepar

3-(trtfvu Irbwé‘t'hyl) 5 6 7,8-tetrahvdro[l, 2, 4]tr|§g%qo[
4, 3- al pyrazi ne, hydrochlorlde salt a- 4Schene$h F

C) CH2 Cl e® H

Step A: Preparation of bishydrazide (1-1)
Hydrazine (20.1 g, 35 wt% in water, 0.22 mol) was mixed with 310 mL of acetonitrile.
31.5 g of ethyl trifluoroacetate (0.22 mol) was added over 60 min. The internal temperature was

increased to 25 °C from 14 °C. The resulting solution was aged at 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 distilied 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.
1H-NMR (400 MHz, DMSO-dg): 6 4.2 (s, 2H), 10.7 (s, 1H), and 11.6 (s, 1H) ppm.

13C-NMR (100 MHz, DMSO-dg): § 41.0, 116.1 (q, J = 362 Hz), 155.8 (q, J = 50 Hz), and 165.4 ppm.

Step B: Preparation of 5-(trifluoromethyl)-2-(chloromethyl)-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
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1-2 Step A: Preparation of bishydrazide (1-1)
Hydrazine (20.1 g, 35 % in water, 0.22 nol) was
woiamoswsi h 310 nL of acetonitrile. 31.5 g of echmis2006/002147

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

internal tenperature was increased to 25 0C from 14

OC. The resulting solution was aged at 22 - 25 0C for

60 min. The solution was cooled to 7 OC. 17.9 g of 50

wt % aqueous NaCH (0.22 nol) and 25.3 g of chl oroacetyl
reactioncshingrvad @hdrg:d2@ theghgnchvieeping cﬂlmbeinitemhlrmhpmae bslbw 10ver Afiahe
add1t1orfnc}f3 nﬁ*tm% wa§ QBS %?ou?lg lf %o :1'1911 Q}% temn era ! I'Q)veaﬁ Fn%%%%eld?o room

| et e, re wWas vac uu
temperaﬁéwxﬂéhwcﬂus w@r veas lgatn dlhe gigamy layeryges @@m&hed mdte219giL-of water,

215 mLf 5 '\;\ﬁ%'dgue‘(ﬁ&ééﬁfﬁ}n k&h%oﬁ&e ‘éuli@f rﬁ!l b1 Bk Shwiod ems bQBe solution.

acetonitrile was a o mai nt al n const ant
Volatile giergemoved By ¢ #&9%95755?@@1%% 557ieto ffordrap ofaduiohicpyld pesed
directly ir0Steie OB oS Fattte PG ficationd ©thefhice Bia{iRdid San HepSBHe AWyt distillation to
afford 13P0Ut 100 nL of acetonitrile. Renoval of the sol vent
forded bis-hydrazide 1- 1. i HNWR (400 MHz,

TH-NMBNSO MBY, CDCIR: § 4.8 (B pt. 7 (s, | H), andill 6 (s, IH
I : , el 4=
13C-N8 oo}vﬁ% @M%lsg e 1'\"1"1?5 8 @g’ﬁ%ﬁﬁéhﬁ%@ 1] %(ggnéj, %{% égﬂ.é pprm.

155
Preparat|on of 5 (trlfluoronethyl) 2-(chlorornethyiy 1

Step C: 34?,' gm@aratz&ll EN 11223)n&ta&ﬁyﬁmiéhéiﬁlﬂ%ﬂoaéefo@mr%@eq1 A)
CrosoRbr oSt R B 08T g0t 50 mstranal Sombesoted at 20

°C was avdeddistiliedl nxpdtabale §-Srffved SiepBe2DRE, @0 61hb] Dhile Keeping thié ihkeenal
tempera}zqgesﬁh.%@w(je dA{EﬁLl%Oad 1901‘?%% cg)g‘g)ﬂet a{hetr hl?ln% se]%}ryéaglaugric? a’cf 96 °C for 1 h.
Ethanol $33 aplatvens thes skergedzed thaislugy slpwb(owamdd 50 “GL AfEr Gﬂamarat —5 °C, the

sturry whEHilBerdH 248 GasHed weth @ih8th1 [éd L )AE- 5 Tl BRGE 1w difafnkd WeSwhite
charged to the quench keepi'ng the internal tenperature
solid. Ko ow 10 OC. After the addition, the mixture was

TH-NMB §4#00a 6z, DNI§@welas 2y (f, 6H),3C (ti2hD), 3 e, 2Hngeidast (by B)was: 13C-NMR
(100 Mﬂﬁm% ﬁ@o 5§09 Eﬁ?ﬁ% §gdfﬁe 3§§‘ﬁ;z)‘ hey ?‘EHc?Ps%Szt('ﬁ 1%8 Hy) ppm.

cut. e orgahi ¢ l'aye she
of mater,
Step D: Preparation of 3-(trifluoromethyl)-5,6.7,8-tetrahydro[1.2.4]triazolo{4.3-alpyrazine,

hydrochloride salt (1-4)
A suspension of amidine 1-3 (27.3 g, 0.13 mol) in 110 mL of methanol was warmed to
55 °C. 37% Hydrochloric acid (11.2 mL, 0.14 mol) was added over 15 min at this temperature. During

the addition, all solids 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 resulting 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.

1H-NMR (400 MHz, DMSO-dg): 6 3.6 (t, 2H), 4.4 (t, 2H), 4.6 (s, 2H), and 10.6 (b, 2H) ppm; 13C-NMR
(100 MHz, DMSO-dg): 6 39.4, 39.6, 41.0, 118.6 (q, J = 325 Hz), 142.9 (q, J = 50 Hz), and 148.8 ppm.
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215 nL of 5 wt % aqueous sodi um bi carbonate and finally
215 nL of 20 wt % aqueous brine solution. Volatiles
worom/osersoved by distillation at 75-80 nm Hg, BETWS2(06/002147
afford an oil which could be used directly in Step C
wi t hout further purification. O herw se the product
can be purified by distillation to afford - i HNW
(400 MHz, CDCI3) : B4.8 (s, 2H ppm 13C NWR (100 MHz,
cbA3) : d32.1, 115.8 (g, J = 337 Hz), 156.2 (q, J =
50 Hz), and 164.4 ppmScespe 2. Preparati on of
N-f(22Z)-pi perazm 2-ylideneltrifl uoroacetohvdrazi de
(1-3) To a solution of e®Phylenedianine (33.1 g, 0.55

nmol ) in methanol (150 cool ed at -20 0C was added
di stilFed oxadi azole 1[1 f'Yom Step B (29.8 g,

) ile keeping t i rnal tdnpe 0 C
g?i-' e add tion mg% conpt et e, i BY sl'rry

20 0C for T—h—Erhanol

S . t\er
60 m nlat 5 OC t DMAPUDMAONS filteped and Aash;E:/
with efhangl (60 ni) at - 5 OC. Amidine h3_ @s O

obtai ned as a white solid. i HNWR (400 Mz, BMBO i 6):

d 2.9 (t, 2H), 3.2 (t, 2H), 3.6 (s, 2H), and 8. 3 (b,

IFD ppm 13c-NWVR (100 MHz, DMSO-"6): d 40.8, 42.0,
119 3 (q, J = B50 FE) 154.2, and 156.2 (q, J =
ppm Ste Prepar ati on of

ronet ahydrof |
47vr azNl of 4, 3-|
(1 4 spenS|on O

iiine. {hydrochl ori de salt
RA_eH 1 62153— 0. 13 C
n-410 rrLCdﬁ‘g met hanol was war ned P%\] 37% MeOH
cid (1.2 nm_, 0.14 an}hMaé added over
15 mn at thlsterrperature23Dur|ngth tion, all
solids dissolved resulting in a clear so (lisi on.  The
reacti on was aged for 30 m n. The solution was cool ed
down tg:ZO OC and aged at this tenperature until a
d

seed b formed (10 min to 1 h).
NH, O
A N [Rh(cod)Cl],, NH,CI
N/\Tj‘N R,S- +-Bu Josiphos,
F K/N\/( H,, MeOH, 100 psi, 50°C
24
CF4
F
F
NH, O
/N\
N/w/ .
F k/N\/(
2-5
CF4
Step A: Preparation of 4-ox0-4-[3-(trifluoromethyl)-5.6-dihydro[1.2.41triazolo[4.3-alpvyrazin-

7(8H)-y1]-1-(2.4.5-trifluorophenyl)butan-2-one (2-3)
2,4,5-Trifluorophenylacetic acid (2-1) (150 g, 0.789 mol), Meldrum’s acid (125 g, 0.868
mol), and 4-(dimethylamino)pyridine (DMAP) (7.7 g, 0063 mol) were charged into a 5 L three-neck
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300 nmL of MIBE was charged at 20 OC over 1 h. The
resulting slurry was cooled to 2 0C, aged for 30 mn
wanddfositser ed. Solids were washed with 50 nL oPCT/US2006/002147

et hanol : MTBE (1:3) and dried under vacuum at 45 OC.
i HNVR (400 MHz, DVMBO-d ) : 3.6 (t, 2H), 4.4 (t, 2H),
4.6 (s, 2H), and 10.6 (b, 2H) ppm 13C- NWR (100 Mz,
DVMSO- G?6) : d39.4, 39.6, 41.0, 118.6 (q, J = 325 Hz),
142.9 (q, J = 50 Hz), and 148.8 ppm Schene 2 Step A

flask. PiéPamahylaatamide (DMAc) (525 mL) was added in one portion at room temperature to

dissolv® tgexs%héls []\SN (d 150p¥()|p910{h9fm tlnl?ay&QZ 1%4 61 &I mc\)i) \Evgs[ a:!ided 1ﬂ %Eler }Iao?tlo%l at room

temperﬁmhﬂﬁnnamtmmng {8 tenpicfdturo bdpin 601 5C.) Rivtlayi-cRlotide(102m8; 0.868 mol) was
added arof}wée g*&e'rfl |td»'.@f1 %ﬁ@ﬂylhﬂﬁl% the @%b%%tgl% b%hegr:ll'é 91‘695 o148 %action

m s_aci

mixturg W(‘%l‘i‘% P“Iﬂﬁ%‘?"f hb) E’S}‘r‘ziofil hb{ér of )_"( @80 2..789 @88 waslajlded in one
portionve 1e-50 PQr Tekeddiib®scdutfon bwab E‘ge@%t ekl @9ka1 Y 5% Agqueous sodium

dded 1'n one
i B O L5 . O o ot
aged afN ON- H) Csfopt-2 py Tednrpladditional § 25821 615% 1q&8u§'ﬁﬁﬂlhm\@§ro§é$dﬁgonate
solutloh QanQﬁe(P&% %8@0\% 2 %%O rﬂzf%? %?r ating foo%texgper%éral tg%ggrry was

e I val oy
cooledﬁio é §esd %ﬁﬁg ;1 h\haﬁf)reafﬂtmag theapid Jie wmakdwasﬁ1®ldaem¢nt4washed with

20% aq”ﬁabd%tDMHb (oo hhs, ﬁﬁ&ﬁg&%gﬁfgg Egdtltlﬁﬁﬁl\’{ﬁ»@ RafPned BﬁZO%/ﬂ_Q%eOI;EI'iﬁVIAc (400 mL),
and ﬁnﬁ]yy %%rﬁg%{nrfﬂﬁe lﬁ?e (c%i%d" 2! guc@"‘?é@edrﬁé r‘)"nl/ﬁﬁ@PeéﬁH@d in one

portion at 40-50 0C. The reactl on solution was aged at

p/0 0C
tep B 1 yd I;rgara?%}{gf

at 20 4 io@ﬁ tro(%m:h'a \!Qas c-ll;!l]r Qgéno B@%L?%I?e kmt‘o de 2-3 (200
ydr o n a agdaEd =

5% aqueous sodi um h 0g enc t1on”was

g), and amuga@c%t@ (119.4g) ! eﬂqp@c@ 1 8§gmlr)gn@ é&?/e gqyeoqq; agmmanooniydroxide (58.6
mL) wd;reﬂi]eﬁﬁcﬁitedl k&pin AR t&hp&a[tﬁ%e waswe0et atkideahdsdaitdl ABdHAREHethanol

k
RN T N AT B K ———
2h. T}fegedcmmskgyolamtoaddn tenpaaturd and t}iba&@hﬁﬁt SchC BQKARPIBO WFter 30 min,

the solilPh/a¢ ﬁl(fe%gpanmd?}ed t%gﬂ"mfd ZnZ%S VsoltBEL ?QC The cake

was suction-dried at ‘r‘oomterfpe?a Step B:
Preparati on of

Step C:( 22) - Pr&piftidn 632 R14-bld-MPI- QiR kiR BN 10 dpnBnch s
 azol %I]pyrazmﬂ( 8H)-y1]-1-(2.4,5-trifluorophenyl)butan-2-amine (2-5)
Into a 250 ml flask were charged chloro(1,5-cyclooctadiene)rhodium(I) dimer
{[Rh(cod)Cl]2}(46 mg, 0.093 mmol) and (R,S) z-butyl Josiphos (106 mg, 0.196 mmol), ammonium

chloride (12.5 mg, 0.234 mmol), and enamine amide (25 g, 61.8 mmol) under a nitrogen atmosphere.
Degassed MeOH was then added (225 mL) and the mixture was stirred at room temperature for 1 h. The
slurry was transferred into a hydrogenator under nitrogen. After degassing three times, the enamine
amide was hydrogenated under 100 psi hydrogen gas at 50 °C for 18 h. Assay yield was determined by
HPLC to be 97% and optical purity to be 94% ee.

The optical purity was further enhanced in the following manner. The methanol solution
from the hydrogenation reaction (18 g in 180 mL MeOH) was concentrated and switched to methyl #-
butyl ether (MTBE) (45 mL). Into this solution was added aqueous H3PO4 solution (0.5 M, 95 mL).

After separation of the layers, 3N NaOH (35 mL) was added to the water layer, which was then extracted
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lpyrazin-7(8H)-ylI -
-(2A5-trifluorophenvDbut-2-en-2-amne (2-4) A5 L
woawsthsbisit om fl ask was charged wi th net hanol eeO@SRA0F/002147
the ketoamde 2 3 (200 g), and anmoni um acetate (
110.4 g). Methanol (180 mL) and 28% aqueous anmoni um
hydr oxi de (58.6 nlL) were then added keeping the
tenperature bel ow 30 OC during the addition.
Addi ti onal nethanol (100 nL) was added to the reaction
with MiiB& (1B@mL Fh®0milyt TheMIBE sbmabredamnéeaﬂatwarh@amsﬁ §‘Jif1'tﬁh€d to hot
toluenat,aﬂ@O ﬁﬁeg)otxf)ﬁ & ”tfll;]eTIQ? oliu%% Ct 1og w&%h]elh gli{w/efl &(bcoﬁlatf)lq °C slowly (510

enper at ur e "an
h). Thaegyaials %rw%atedhyeﬁl‘sﬁiqn@&va@% pd)i mpetidandl drioed to

TH NMit {300 dEPz, €DBENR 5046 (6h), T08m), 24790 (), 969 (HLER: (1), 3.95 (m), 3.40 (m), 2.68

a pon of r2
On)zéégﬁ&ggéﬂ¥h ("trifluoronethyl)-5.6-dihvdrori,2,41triaz
Compahd2 4. eﬁmtsaiayfdabbﬂ’dl'r&(aﬁﬁ)s Whﬂess' indicated, th d
grou ggAYg tri f uor va t an- 2- a 1caee (Z-Cén)ajolrﬁl% ommor2r§t TS are
pe]gll er Sieg he gé}é 51gna s are not well resolved:
13¢ Nnggy GPQFN) 5'§ 18961 (@ Sney 24704 aanz b )Hz)j 15812 (major), 151.8 (minor), 149.3

ddd; 93 ty
o 7o g Cr8E A AR fro MR ST . 1ot 10, 20
(ddd, g 4rPhHIZ); 2%@deﬁam 196!, 6.1 18, (193 (g, /o652 268.9¥),)106.2 (dd , Jop
=295 lID@eHz as5001,4n e G5 RDS (Kin
36, added )( 228 m?ﬁ?n%{ RRRDL | fino AR IEY (NG 40028 B 5 Gminon),
tenperature for 1 h. The slurry was transferred into a
hydr ogenat or under nitrogen. After degassing three
times, the enam ne am d ydrogenat ed under 100
psi h drogen oas at 50 g%ﬁ@@ﬂi%g h. Assay yield was
R aly (Bdt WX 4 DY omdily1 DY 6¢dduydroplidt. 4 jo-@kzolpldi3i tg)lm&z&lrbﬁ8H)-vﬂ 1-
(2.4.5-18486r8%henyl amg@%hgngg rity was further enhanced in the
f ol manner . e net hanol solution fromthe
hydr og%tﬁ gt gk reagtgr wete ghagerg chlorogl, 3-gyrlenctafie@)ihodiam (D) dimer
{[Rh(c .0 4tneg] 04A dn@w ahd:b’ES) Hhatyh®isiplids (0099 b, ©033Qknol), ammonium

( ution was added aqueous
tormarey(RAD. 0.1 R ndfRl gtk 2a ) e bt st pmoesbere.
Degass¢dd\leH ) wasmem@i:deﬂ (ZBB uifr).énd\%mﬁdd‘Edast dirred g 56 S 3 }ﬁM%&)ressure

vessel dﬂﬁér%hro‘é@r? 'ltﬂg?rﬂzlctg?r%tv&va\ggﬁeg gﬁﬁrgge{l c? unél(e %52) pg]g‘}sl\(}]é)ﬁ?n gas at 35 °C for 20 h.

Assay yasld wasflstrrmigediby HPF tncieed 1941580 optical faiityto b8959E}.. The hot
t ol uene solution was then allowed to cool to O OC

sl ow - 10,. .
)i“hé ?ollowmg high-performance liquid chromatographic (HPLC) conditions were used to

determine percent conversion to product:

Column: Agilent Extend C18, 150 mm x 4.6 mm

Eluent: Solvent A: 80/20 vol% Water/Methanol 10 mM TRIS pHO
Solvent B: 20/80 vol% Water/Methanol 10 mM TRIS pHY

Gradient: 0 min 55% A : 45% B

8min24% A : 76% B
15min 24% A : 76% B
Flow rate: 2 mL/min
Injection Vol.: 5 uL
UV detection: 215 nm
Column temp.: 23 °C
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h). The crystals were isolated by filtration (98 - 99%
ee); mp. 114.1 - 115.7 0C. H NWR (300 MHz, CD3CN): d
W@ 206/08ms1 7.08 (M, 4.90 (s), 4.89 (s), 4.14 eay/uszn08602147

(m, 3.40 (M, 2.68 (n), 2.49 (mM, 1.40 (bs). Conpound

2 5 exists as am de bond rotaners. Unless indicated,

the major and m nor rotaners are grouped together

since the carbon- 13 signals are not well resolved:

13C NWVR (CD3CN): 171.8, 157.4 (ddd , JCF =242.4,
RetentiotiBes: 2. 5 Hmymmm52A25€m§Por) 151.8 (minor), 149.3

(ddd; J CFonm%ﬁﬁdZS 48 din. 12.9 Hz), 147.4 (ddd, JC =

(it o feowingi b bimanas (i oo ) b vt to
determind Sptal ;) 119.8 (g, JOF =268.9 Hz), 106.2 (dd

=.29. 1 44.8, 44.3 (mnor), 43.2
Column(m no‘F})“’apai‘zAﬁ)OHifE?"? 2 41.4, 39.6, 38.5 (minor),
Eluent: 36. 9.60RNAMPALE val/vet tharoyhemmstdfethylamine/water
4-1 3- (trifluororrethyl)-S, 6-di hvdro[ |, 2, 41t
Isocmatléﬁgrio oe[gj'(%m al pyrazin-7(8H) -yl |-I -
Flow rat¢:2 A5-Q.§ inl{maivr ophenyl ) butan-2 -amine (2-5) Into a 1-nL
mjectlonr\e@ctg]r wer e charged _ _
5-cycl ooct adi ene) r hodi un{1) di ner
UVdeteqt[ORh(%é%dleU]Z}(o 074 ng, 0.15 mmol) and (R S) t-butyl
Columntlaﬁt})lpjm (0.179 ng, 0.033 nmmol), ammonium formate (6.6
amde 2 (6.1 ng, 15 mmol)
Retentlogﬁfa‘gﬁ’ %%‘gﬁiﬁ%‘égﬁﬁ ere. Degassed MeCH was then
added (ZOO(Shfﬁx)nnaJrﬂ&Stlh@ m xture was stirred at 55 0C
for 5 hin a pressure vessel under nitrogen. The
m xture was then hydrogenated under 250 psi hydrogen
gas at 55 0C for 20 h. Assay yield was determ ned by
HPLC to be 91% and optical purity to be 95% ee. The
foll owi ng hi gh-performance |iquid chromatographic
(HPLC) conditions were used to determ ne percent
conversion to product:
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Col um: Agilent Extend C18, 150 nm x 4.6 mm El uent:
Sol vent A: 80/ 20 vol % Water/ Met hanol 10 MM TRIS pH 9
weabosmsi1sB: 20/ 80 vol % Wat er/ Met hanol 10 nM TRrE&Ti26/002147

Gadient: O min 55%A : 45%B 8 mn 24% A : 76%B 15

mn 24% A : 76% B Flowrate: 2 nL/mn Injection Vol.:

5 nm. W detection: 215 nm Colum tenp.: 23 OCRetention

times: conmpound 24: 5.9 mn conpound 2 i; 4.2 mn. The

foll owi ng hi gh-performance |iquid chromatographic
WHAT (SHPLEMEBIAYI t i ons were used to determ ne optical

purity: Columm: Chirapak, AD-H, 250 mmx 4.6 mm

El uent: 60/40/0.1/0.1 vol/vol

Et handi / heRaiesidPaeRArian? FrammAgRde! sfugenl fmmda Run

Time: 24 mn Flowrate: O. m_{rrin I njection Vol.: 10
nmL UV detection: 268 nm tenp.: 35 0C Retention

times: ( )-amne 2_i5:RZ.*m .
)

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

in an enantiomeric excess of at least 70% over the opposite enantiomer, wherein

Z is OR2, SR2, or NR2R3;

Rl is C1.g alkyl, aryl, heteroaryl, aryl-C1-2 alkyl, or heteroaryi-C1.2 alkyl;

R2 and R3 are each independently hydrogen, C1.g alkyl, aryl, or aryl-C1.2 alkyl; or R2 and R3 together
with the nitrogen atom to which they are attached form a 4- to 7-membered heterocyclic ring system

optionally containing an additional heteroatom selected from O, S, NH, and NC1.4 alkyl, said

heterocyclic ring being unsubstituted or substituted with one to three substituents independently selected
from oxo, hydroxy, halogen, C1-4 alkoxy, and Cj-4 alkyl wherein alkyl and alkoxy are unsubstituted or

substituted with one to five fluorines; and 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 NCq_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;

comprising the step of hydrogenating a prochiral enamine of structural formula II:
NH, (J)\
)\@’]
R’ z

(In

in a suitable organic solvent in the presence of an ammonium salt and a transition metal precursor

complexed to a chiral ferroceny! diphosphine ligand of structural formula III:
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(S) -amne : 14.5 mnWHAT IS CLAIMED I'S: 1. A process
for preparing a conpound of structural formula I: (I)
woavierngitshe (R)- or (S)- configuration at the PCT/US2006/002147
stereogeni c center marked with an *; in an
enantioneric excess of at |east 70% over the opposite
enantioner, wherein Zis OR2, SR2, OG NR2R3 ; R is
C -8 alkyl, aryl, heteroaryl, aryl-GC -2 alkyl, or
heteroaryl -G _2 alkyl; R2 and R are each independently
hydrogen, C1-8 alkyl, aryl, gt aryl-C _2 alkyl; or R2
and R together with the nitrggen atomto which they
are attached forma 4- PBEREd heterocyclic ring
system optional |y cont ng an additional heteroatom
sel ected fromO S, NH, -andPRY),4 al kyl, said
heterocyclic ring being_ dnsubstituted or substituted
with one to three substitents independently sel ected
from O0x0, hydroxy, hal , Cl.4 al koxy, and Cl1.4
al kyl wherein al kyl and qun¥ are unsubstituted or
substituted with one to five tluorines; and said
whﬁaﬁ@ﬂeg@%XQ&&ﬁxﬁgmg system being optionally fused with a
RS §$6to -menber éd saturated or aromatic carbocyclic
and R ppe eagh indapegdently £:1-6. a8k Geetprarledkdatrandtaad or
R7 is Garatal oculsebsttu@@ypbtiyt i ng syst em contai ning one to
two heteroatons selected fromQO S, and NCg-4 al kyl,
said fused ring system being unsubstituted or

subst i 2.ut edTh préteQE Cladin i Weheia1di iRt d%ﬁ&s?ﬁﬁu@ﬁ'gafnﬁ Bt
a

ro amno, fluorine, Cl-4 al kyl, Cl. koxy, and
mnwm?%ﬁ??ﬁ%?%nethyl; conprising the step of hydrogenati ng

a prochiral enam ne of struq&yral formula I'l: NH2 OR
z (")
@PWRS
Fe PR

O

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

(V)

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 said ammonium salt is ammonium chloride.

6. The process of Claim 1 wherein R! 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.
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in a suitable organic solvent in the presence of an
ammonium salt and a transition netal precursor
woanplmsxesd to a chiral ferrocenyl di phosphine PCgas206/002147

structural formula Ill:wherein R4 is Cl1,4 al kyl or

aryl; R and R are each independently C - alkyl, C5_12

cycloal kyl, or aryl; and R7 is Cl _4 al kyl or

unsubstituted phenyl. 2. The process of Claiml

wherein said ferrocenyl diphosphine ligand is of

structyral SREENI ¢ center

narkedQMAthﬁgéggg%%&¥ﬂ?ﬁpﬁ% eQl?:%n %%%gtlon 3. The

process of Claim2 wherein R4 is G _2 alkyl, Rand R

are Clg4 al eyl progdofRibith 1RMES NRRRS %(31 H@ﬁﬁi@ﬂlc ofthe sthiBtural formula

process of Claim3 wherein R4 is nethyl, Rand R are
VI 7. butyl, and R is unsubstituted phenyl. 5. The process

of laim 1 wherein said amoniumsalt is anmonium

chloride. 6. The processiof Qaif 1 wherein Ris

benzyl wherein the phenylhbrou ofy benzyl is

unsubstituted or substitutled MmO three substituents
selected fromthe group consisti 9 of fluorine,
trifluoronmethyl, and trifluo tmoxy 7. The process
of Claiml wherein Zis OR2 R2R3 8. The process of

Claim?7 wherein NR2R3 is a heterocycle of the
wheremtR8Ug hyddréden bOC 1y By Mbhichnde ansbitinied @ stiysdtued evith@ne G1fivé fluorines.

al kyl which is unsubstituted or substituted with one

to five fluorines. 9. The process of Caim1l wherein

sai d t Pansi Thoproenss ofl Clpmelcuhesun sdidirfnmtiondip@ frecursor is [M(cod)Cl]2,
[M(no£%ﬁ91'épé?@ﬂf‘ %2?(,]0? {MErM%ﬁgh%Jlez]}mherem X is methanesulfonate,

M nor bor nadi ene) 2] X wherein X i s net hanesul fonat e,

tnﬂuommefhamsukﬁcrmwhfam:éblmommt kexafiustaphsplase, obbexaflieoroantimonate and M is
rhodiulearafiditar ophosphat e, or hexafl uoroanti nonate andMis

10. The process of Claim 9 wherein said transition metal precursor is [Rh(cod)Cl]2.
11. A process for preparing a compound of structural formula 1:
NH, O
Ar
x N /\f 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 Cj.4 alkyl unsubstituted or substituted with one to five fluorines;

comprising the step of:

hydrogenating a compound of structural formula 2:

-20-



10

15

rhodiumor iridium 10. The process of Claim9 wherein

said transition nmetal precursor is [Rh(cod)d]2. 11. A
wonrewmassisi or preparing a conpound of structurabPctmsmoba2147

1 having the ( econfiguration at the stereogenic

center marked with an ***; in an enantioneric excess

of at least 70% over the enantioner having the

opposite (~-configuration; wherein Ar is phenyl which

IS unsubstituted or substituted with one to five

substituents independenyHy Sel ected fromthe group

consi sting of flU%H%QERL%;LE;uorOHEthyl and
trifluoromethoxy Nr C1.4 al kyl

unsubstituted or substituted %LEEJQ No five
fluorines; conprising thg iuep drogenating a
conpound of structural fhula 2:in gsui tabl e organic
solvent in the presence of an ammoni salt and a
rhodi um nmetal precursor conplexed to a chiral
in a suifable prEasin yolvait Biphosplence! of argmenjom §elkdndfaghedifng mptyl precursor
R are each
Comple epenlaii{ﬁétr1 |°§e“g d*%ha%pé%]le op%t%uétgﬁzﬁll f:oyr/rg(ll lgg\? kyl, or aryl;
and Ris G-4 alkyl or unsulpst i t ut ed phenyl 12. The
process of Claim 11 additionplly conprising the step
of produci ng a conpound Yy al fornula 2: by
treating a conpound of uctural formula 3: with a
source of ammonia in a sul R{R%, or gani ¢ sol vent. 13.
The process of Claim 11 &herein Ar is
2, 5-di fl uorophenyl or éﬁ,S- trifluorophenyl and Ris
trifluoromethyl. 14. rocess of Claim 11l wherein
sai d rhodi um netal precursofyys [Rh(cod)d]2.

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

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

NH, O

by treating a compound of structural formula 3:

O O

with a source of ammonia in a suitable organic solvent.
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15. The process of Caim1ll wherein R4 is nmethyl, R
and R6 are both /-butyl, and R7 is unsubstituted
wohersyis11516. The process of C aim 15 wherei n sacw/US2006/002147

rhodi um nmetal precursor is [Rh(cod)d]2. 17. The

process of Claim 11 wherein R4 is nethyl, R and R are

both /-butyl, R is unsubstituted phenyl, Ar is

2,5-di fluorophenyl or 2,4,5-trifluorophenyl, Ris

trifluoronmethyl, and the rhodi umnetal precursor is

chl or o(3., f5 Theproass @ftmamel)lrmﬁfﬂmém(ﬂs)z sdnﬂwophla@l orld)g5-

|n117 erein said ammoniumsalt is

nﬂhMR%%%ﬁﬁ%%%gh orPoonw%gP The process of Claim 12 wherein

sai d source of ammonia i s anmoni um acetate. 20. A

process4.f or Th ©p@kd FLIAmAQRRRA kRl h St Hetl Akcrk QF BYRRcod)CI],.

1: having the (i?)-configuration at the stereogenic

center marked with an ***; in an enantioneric excess

of at lmast THON VLT diIfR 18 RaRitOeE nltayi, RE ahéﬂﬁ6 are both #-butyl, and

7 conflguratlon wherein Ar is phenyl which
R wngﬁﬁﬁ ggé ted or substituted with one to five

substituents independently selected fromthe group

consi s{4.Ng e frhdd@y drttai tl@'\&fhleﬁﬁlrsgﬂ‘?ﬁmd i
trlfluoronetﬁgﬁy, and &nls hydr ogen orr%ﬁ@%ﬂgﬁwyPrm[Rh®o®cuz
unsubstituted or substituted with one to five

fluori ﬂﬁs TRIMEdes JTe1diig 1 %Ih%mq{‘l g Hﬁi hyE kb0 R6 are both t-butyl, R7 is
of .structural for gnnonl al't

onmpoun
emsubsF R ST, i GaoaheoH 5 re EARBPPRTTl B Bgafboromeiy, and tr
thodiumtnimates preevsoriichld&(1 Jregslentalicat)indiui@y idimer et al
precursor conplexed to a chiral ferrocenyl
di sphosphi ne of structural forrmula IV: wherein R4 is
G _4 al&kyl Bhe mwogssof Rlaamnd7 Réeminesaid acimoninthepk isd@iidnitim chloride.
C -6 alkyl, C5.42 cycloalkyl, or aryl; and Ris G 4

al kyl or unsubst i t ut ed phen . 2 1. The process of
d ai m ¥b whBraroresHf §laimmid mihersinsaid soures of @tnanoniads fomoenium acetate.
the group
20. A process for preparing a compound of structural formula 1:
NH, O
Ar
i '\L/ /N‘N
N/
\X;S
(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 step of subjecting a compound of structural formula 3:
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consi sting of amoni um acet ate, ammoni um hydr oxi de,

ammoni um formate, ammpnium | actate, anmmphiumcitrate
wdib@aiscLs1 anmoni um car bonat e, amroni um car bamaPer/uanm6/002147

ammoni um benzoat e.

.y

with an ammonium salt in a suitable organic solvent under a hydrogen atmosphere in the presence of a

rhodium metal precursor complexed to a chiral ferrocenyl disphosphine of structural formula IV:

R4
PR°R®
F(ii P(R")
(V)

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

21. The process of Claim 20 wherein said ammonium salt is selected from the group
10 consisting of ammonium acetate, ammonium hydroxide, ammonium formate, ammonium lactate,

ammonium citrate dibasic, ammonium carbonate, ammonium carbamate, and ammonium benzoate.
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