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WD 2005/ 097733 PCT/ US2005/ 011585 TI TLE OF THE
| NVENTI ON PROCESS FOR THE PREPARATI ON OF

WO EiARET76VERI CALLY ENRI CHED BETA AM NO ACI D  DedR/WVAIhA/EI585
5 FI ELD OF THE | NVENTI ON The present invention relates
to a process for the efficient preparation of
enantionerically enriched beta am no acid derivatives
wherein the am no group is unprotected. The product

chiral beta am no acid derivatives are frequent
TITLE QiR DNENTIGN drug candi dates and are al so useful

PROCESSIHOR PG ﬁﬁE?Aﬁ{&TﬁWéﬁ ERIARTROMBR S 110} Eﬂnﬁﬁiﬁ% B¥TA AMINO ACID

active nol ecul es. The process conprises a
DERI¥AdRYEDsel ecti ve hydrogenation of an ani ne-unpr ot ect ed

prochiral beta amno acrylic acid or derivative

I ' presence of a rhodium netal precursor

FELI&@WWﬁNa chiral nono- or bisphosphine 1igand.

BACKGRQWB\prefant ihinntibt\NNERRE kd MNbrb&esd foe the e fiRAf prépavdibh bon

nrovi de fficient.process for .the preparation of
enan i Sn R elo N REPOERR Rt (R RRP B aiPrgtpiea. he
produpgidhital bet@ainino-acid -dgrivafives arrfesqéno camstitoaitd of dergcandidacks atd are also useful

. c : . * - r-8i i
i e R AT U MR s B e Brocss Loy an
enantiggelactiveygroggualjon of gp anie-wppsaegtPd Eechprabhraamingerydis geikgr derivative
therecl irth€ frésené et @ PIRIAC @b JrotaFsBdRmplefedd Wittad dairhi m&HoY br biPhosphine
daryI-C1-2 al kyl; or R2 and R3 together wth the
"hitrogen atomto which they are attached forma 4- to
7- menbered heterocyclic ring system optionally
}2&&? LA Dﬁ@i nal heteroatom selected from O,
BAC , @Nﬁﬁlﬁ% | ﬁg yl, said heterocyclic ring
bei ng Jhepigsent inyangien previdesias efficieneriossss fr theprepagation o beta amino
acid d3tRBldslop @RicRird RARRGRdent Iy sel ected 25 from oxo,
hydr oxy, hal ogen, Cl14 al koxy, and Cl4 al kyl wherein
al kyl and al koxy are unsubsmi,gt(t)ed or substituted
with one to five fluorines;) and)said heterocyclic ring
syst em bei ng opti onal | yR‘M%“eci/%{\ﬁf a 5- to 6-nenbered
saturated or aromatic carbocyclic ring systemor a 5-
to 6-nenbered saturated or ar@pmatic heterocyclic ring
system contai ning one to three heteroatons sel ected
fror - NH, d -4 kyl, .saild fused ring
enénag&gl{;@gr% %ngdﬁéy aﬁlr}{lgﬁ g |1t?'}%lg'3rk8? Wisﬁ& %%’i“fhﬁfeénd W th one to
Zis ORGUFR%S iR R%ent s sel ected 30 from hydroxy, anino,

Rl is €| galkiyNenyl, 6derdargd, kiyl-C | aantylCdr bieddak®x) .o a@r i n al Kyl

R2 and Rg ar%l e‘éé?\’%deapén%m%{@% r%tgelmt, tl.?g %lkyi, aryl, or aryl-C1.2 alkyl; or R2 and R3 together

liga

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, N, NH, and NC{.4 alkyl, said

heterocyclic ring being unsubstituted or substituted with one to three substituents independently selected
from oxo, hydroxy, halogen, C}.4 alkoxy, and Ci-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 three heteroatoms selected from O, S, N, NH, and NCj 4

alkyl, said fused ring system being unsubstituted or substituted with one to four substituents selected
from hydroxy, amino, fluorine, Cy-4 atkyl, and Cj 4 alkoxy, wherein alkyl and alkoxy are unsubstituted

or substituted with one to five fluorines.



or substituted with one to five fluorines. -1 WO
2005/ 097733 PCT/ US2005/ 011585 The process of the
WO proe®e1183 | nvention relates to a nmethod for thBCT/US2005/011585

preparation of chiral beta amno acid derivatives of
structural formula | in an efficient enantioselective
fashion via rhodiumnetal - catal yzed asymretric
hydr ogenati on of a prochiral enam ne of structura
formula I'l: NH2 0 R1 Z (Il1) 5in the presence of a
chi r al Therrecessoof thei pseseispianting relptgnied, maghodHortheprenaglipe eichiral beta

annnotaaaﬁel{v:!lalvets IB? stﬁllaiufaﬁorﬁhﬁ ﬁ)hloa% Féh‘lc'ﬂi%t iaBidRledtive Fh@ltno@vza rhodium metal-

ferrocenyl sphosphi ne of structural fornula

catalyzefl psymngfyic f@drr»genamsfpi@ Pmshnw( mne efisirpgturalfpepdd 5 Rg s

Cl-4 al kyl or aryl; R5 an ﬁﬁ re each i ndependently

Cl-6 al kyl, C5-12 cycloal r aryI and 10 R7 is

Cl4 al kyl or unsubstitutg . and (2) the chira

bi sphosphine ligand is ﬁﬁt a Ilgghd selected fromthe

group consi sting of (

1, 2- bls(anlsylphenylphosphlno;ethane ( DI PAMP) ;

in the Beitngh Gea ARy H SRR ROFU B a0 CAPRABRER 15

(1) thelchRallbisphapliheligahd Basphfierrodepyl bpaheplfiRRGERMDS) structural formula II1:
2, 3- bi s(di phenyl phosphi no) - 5- nor bor nene ( NORPHQOS) ;
2,3-0O i sopropylidene- 2, 3-di hg#r oxy- 1, 4- bi s- (di phenyl ph
osphi no) but ane (DI OP);
1-cycl ohexyl -1, 2-bi s(d
( CYCPHOS) ;
1-substi tuted-3, 4- b|s(ngheﬁﬂRﬁhosph|no)pyrrol|d|ne

(DEGPHOS) ; 20 2, 4- bls(zéggfnylphosphlno)pentane

ohg vi-pRBSBAI no) et hane

( SKEWPHOS) ; 1,2-bis(s t\ tut ed phosphol ano) benzene

(DUPHOS); 1, 2-bis(sub ut ed phosphol ano) et hane

(BPE); 1 -(substituted (110)

phosphol ano) - 2- (di phenyl phosphi no) benzene (UCAP- Ph) ;
wherein R4 is C-4 alkyl or aryl;

R35 and RO are each independently Cj.¢ alkyl, C5.12 cycloalkyl, or aryl; and

R7 is C14 alkyl or unsubstituted phenyl; and

(2) the chiral bisphosphine ligand is not a ligand selected from the group consisting of:
1,2-bis(anisylphenylphosphino)ethane (DIPAMP);
1,2-bis(alkylmethylphosphino)ethane (BisP*);

2,3-bis(diphenylphosphino)butane (CHIRAPHOS),
1,2-bis(diphenylphosphino)propane (PROPHOS);
2,3-bis(diphenylphosphino)-5-norbornene (NORPHOS);
2,3-0O-isopropylidene-2,3-dihydroxy-1,4-bis-(diphenylphosphino)butane (DIOP);
1-cyclohexyl-1,2-bis(diphenylphosphino)ethane (CYCPHOS);
1-substituted-3,4-bis(diphenylphosphino)pyrrolidine (DEGPHOS);
2,4-bis(diphenylphosphino)pentane (SKEWPHOS);

1,2-bis(substituted phospholano)benzene (DuPHOS);

1,2-bis(substituted phospholano)ethane (BPE);

1-(substituted phospholano)-2-(diphenylphosphino)benzene (UCAP-Ph);
1-(bis(3,5-dimethylphenyl)phosphino)-2-(substituted phospholano)benzene (UCAP-DM);
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1- (bi s(3,5-di net hyl phenyl ) phosphi no) - 2- (substi t ut ed
phosphol ano) benzene (UCAP-DM; -2 WO 2005/097733
WO ROIHIS2005/ 011585 1- (substituted PCT/US2005/011585

phosphol ano) - 2- (bi s(3, 5-di (t-butyl)-4-nmet hoxyphenyl)
phosphi no) benzene (UCAP- DTBM; 1-(substituted
phosphol ano) - 2- (di - napht hal en- 1- yl - phosphi no) benzene
(UCAP- (1-Nap)) ;
2,2" -bis(di phen phosphi n iu‘b - bi na ht hyl (Bl NAP) ;

1-(subgtitgted phoglql@ian@)@ ?p @-ﬁ;ﬁgtpwl yletj}oygyph@iy @b&ppp}a,lyq))benzene (UCAP

DTBMTO— Bl NAP) ;

1- (subﬁyptef ms@%l ( %—2 (d(lj Ingrp%tthrz]\ eln h hy(leg Js%ﬁ%ge%rz‘e'ng o!)JC%P 4 l\ggl))? apht

2,2’ -bid(dzphedyilghosihpidR 0 -Biagmpyl (BINAB), 6 - di met hyl -1, 1" - bi pheny

2’2"b{s%ﬁ'?{‘éoqﬂg‘ﬂ?s@ti@ah&)béﬁ%‘&ﬁ‘yd&?‘?‘b‘?ﬁ%%| -2, 2" -diyl) (bi sdi ph
2,2’ -bis(@y(B shidaghylptehy | [iBE@ERIHCE), 1 -bifapbthl) (DM-BINAP);

R A G R e
((5,6), ﬁ@}@)nethﬂeged@xy)blphenyl 2,2 dxyl)(blsdxphenylphosphme) (SEGPHOS)

((5.,6), ((5 6 ﬁbll(n{ath?{egﬁté%?b%gﬁo é gﬁy%ﬂg% T?/B 't\l/l-m%tt% gﬁ%&ﬁ&mﬁé BHM-

SEGPE‘Q& 'ohexyl ani syl net hyl phosphi ne (CAMP) ; 1-]
(560,158 bls({a(edﬂymh&wdymmmmznomifymbﬁsozsﬂwfﬂwﬂw@ntmhine> (DTBM-

;15 1-
SEGPE[B%) bi s(di phenyl phosphi no) ferrocenyl ] et hyl al cohol
cyclohe B@f@hicthylphosphine (CAMP);

11’ %b@(&gﬁé@ ap%éf;ﬁﬁﬁ)férﬂl&%ﬁﬁ@dh?ﬁ&un@ (@pprdcycl opent ane
11 ZbisdiphenyirhipsphisaifeprenprhHaycohol {(BEREOHY: 6 6', 7, 7' | 8, 8'
2,2’ -bg(‘cﬁ;allaryﬂ;m@hﬂ@mtlhmlcyc(ldjl%m&ld\éﬁmp) Mat hods f or
re | n
2.2 S oot 1 e A SR RE RS @'%ospﬁ*‘ﬁ

as |i gMemls)dcfmpdyamefhcbmy xadnrchxgcénmotarbamcdrbumdmbleajonds (C=C-N)

0, .
using ?tPEaﬂerr cenal\{)e hgs e%ears] bgz%nﬁ‘s: { rl%geQe%agé’godélglgBﬁgélﬁe d'ne& tspecxes have
been d@scrib@bi th@a@lﬂaer@reg()‘leedé SpPateaho 563569 issued Oca i 1996 t9rCiba-Geigy

Corp. Qﬁﬂ tﬁp;eﬁteﬁg?nedgf&ﬁﬂ{en@ B pateidt zip@ﬁé}lonsf‘ A%lﬁ&@&bpﬂﬁﬂf t@@p{b&ted beta

beta amno acids usin um

aminosgaP S A e B ORTIAS S Ses ot e J5 R qset (e 5. Paent No.

6,492 584, Qﬂtgné\bto De@us4;93G5 4Fhe f&ﬁﬁdl@}ﬁlﬁh&ﬁOl@%@ﬂS@ﬂM}l@ as-{/_hﬁletnc
catl ons

gD AV B PR Bt LR I Cai fned 0 a chiral
phosphiné hgantrodli) FnHasath) et slp Boil eGheon Bl Fapand 58:0l 136- d:Iﬁlr(aQSOE %2) G. Zhu et al.,

1. Orgl Er?e%PSM“ -6%2(?8295% Q%g_)%@%zal %tre?r kdronF %Uévhnne@‘%“?m 554

(1991 andydyU. Scﬁ@mt Nog@ 492699 1asggned tq @%@a AQ)a)In thpsemeferengsepll the
examﬁés éﬁéwded Tl iR GdmaR amﬁr%)émﬁstnf e beta-amihd 2&9Hc actdlABsthie for the
(4). U S. Patent. No. 492,544 (.assignhed to Pegussa
reactlszxt;amteth i s rekderefesT %ﬂ TPQuRgent %‘H‘ﬂ}eé%"‘iﬁ“&‘/ i two
additibravéheinktal edpa Mitdte djuéRe Gamelp piofectibieand &t pro@ei diPand Clie)slyhthesis of the

[ ubstrate, f
protec?e% sgbs%ate may also be 81¥ﬁcup The process of the present invention circumvents the need for

protecting the amino group in the substrate for the asymmetric hydrogenation reaction and proceeds with

excellent reactivity and enantioselectivity.
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reaction protected as an acyl ated derivative. The
requi renent for am ne protection introduces two 30
WO a@diopizeanal chemi cal steps into the sequence, POBIBL0Y5/011585

protection and deprotection, and the synthesis of the
protected substrate nay al so be difficult. The process
of the present invention circunvents the need for
protecting the amno group in the substrate for the
asymmetri c hydrogenati on reaction and proceeds w th
excel | &rprocessdenthe/pregarasing obqpiipally asidiediperaging-g-catbgxwipacid derivatives

using 2GRN TrhdspRint Nikhrd Ao¥ed ddSsedinPll SRSt NOI5,488881 (assigned to

aration of optically active

Lmuaﬂﬂﬁgra2|ne 2-carboxylic acid derivatives using a

mi‘t al ﬂfﬁﬁﬁwtﬁm&ﬁ)ﬁﬁe&emhﬁcgﬁmjkh&&wbﬁﬁafrétjquﬁ|c61&ﬁd1e1htl§l of drug

cancidfc g U A &Pt o b ke ot POBPRg Rytctpd b ater
phannﬁqokgwel’liropcmﬂ:st They erettierefbreadpmppotly empldyadas elsrahbullding blocks in organic

synthepils fg ? gl éﬁ{illllg alﬁf(t} I"N)ﬁlaﬁﬁipbh# %og? “g 0. hl Iﬁxﬁk P ?f]‘ ngh&feqiiﬂl&ortant

cytotoxic
appllciim pethe $t@smunnr1\é>§ urpatra] plphefag Eet%m pids i h@lowélév ag4ve peptides,

which %gahﬂcifaénh%b kl‘fé'uﬂ&rQﬁrﬁﬁﬂg%f é&yl% Qﬁcﬂiaﬁlsm§ )Sf&éﬁe&inﬁ)rﬁﬁtﬁﬁs §ad properties
lo and C. sini, . Rev 117-128

Chem
related 19 qupferylar ragpgpifien- aP bPRI&RNE P%P;S‘ﬂ?% RSt bponey aid nzymatic
stabiligubsti tuti on of unnatural al pha- and beta-am no acids
in biologically active peptides, which greatly
enhance the understandi ng of enzyme nechani sns,
SUMMARY $1IHTD BV \ENEONons and properties 10 related to

mol eculrgy dprEs%ﬁtQ%h&énqgcor@&gecf i p&aéwome p@p&mﬁ%f mahhomemauy
i ncreased potency and enzymatic = stabi

enrichqdEmipegymretectsd briaamitoasidernyasivesof sigsturad f?fE‘Hl?éf ﬁaﬁ‘dpre\ﬁeﬁ%uﬂhzes an

asym@tﬁ@ﬁ@g&aﬁ&f ofta"ﬂaﬁocﬁﬁzﬂ Béth aknind rac@ﬁc @mntdb@\rmw thérbdfy whek&in the
ri.c

am eu%{J cte eta glno acl deri Vati edS h
enamipganipq grRYR i 4FPreiEyt “ef § PresPARe ) A AN g prepdsorgpmplexed with a
chiral apysoebisphosphyne liggein Ihe piocas oﬁathq:)preaehn inaehtidoeis appdinabixoto the
prepargt%nyolf Ib&a—%%lng ac(:)ld dgr%ra 1\Ye§ BX gllétlt}ﬁar f& ndumglr Ezhg ’f‘lﬂ%enved betfa amino

resence
acids e usqudi amwm@n@nﬂatgﬂr@ mrsme Twidp N@‘)@édof\mhehblalogleaﬂyraamve molecules.
nono- or bisphosphine Iigand. The process of the
resent invention is F Ilcable to the preparation of

DETAHRD DERCRE THAN QF s Non a pilot plant or

i ndust Th@ﬂ)reﬁﬁtahféntiaﬂlﬁb\dws Ik eﬂicbettpaooam feiQhe fle@itids oflbefa amino
didates or to prepare a w de variety

ca
a“dd%P“%$ﬁ8f§%ﬁ8ﬁgﬁFE§?Fy active mol ecul es. DETAI LED
DESCRI PTI ON OF THE | NVENTI The present invention
provides an efficient proc §? r the preparation of
beta am no acid derlvahh ructural formula I:
NNH2 O R1' * v Z
(1)

enantiomerically enriched at the carbon atom marked with an *; wherein

Z is ORZ, SR, or NR2R3;

Rl is C1_g alkyl, aryl, heteroaryl, aryl-Cy.2 alkyl, or heteroaryl-Cy.2 alkyl;

R2 and R3 are each independently hydrogen, C1.g8 alkyl, aryl, or aryl-C}_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, N, NH, and

NCj 4 alkyl, said heterocyclic ring being unsubstituted or substituted with one to three substituents

-4-
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25 (1) enantiomerically enriched at the carbon atom
marked with an *; wherein Z is OR2, SR2, or NR2R3; Rl
WO e®5047783 al kyl , aryl, heteroaryl, aryl-Cl-2 aP®RyUS2005/011585

heteroaryl -Cl-2 alkyl; R2 and R3 are each

i ndependent |y hydrogen, Cl1-8 al kyl, aryl, or aryl-Cl-2
al kyl; or 30 R2 and R3 together with the nitrogen atom
to which they are attached forma 4- to 7-nmenbered

het erocyclic ring systemoptionally containi

ng an
indepegeently sderid frRs exoolidenry dielogen Ed-4ralkowy.and §,14N!kyfg\wberf‘éwkyl and
alkox;N.S:g'ﬁ %u@s!tim(éd’ or §1?dsﬁ'tu£g(vﬁﬁ Bi/t5 lgllvg fl[lé]rﬂlgs; Qg a% tﬁterocyclic ring system being
stituted wt (0] ree

“unsubstituted or su one to th
optionglyhiisediwithit Ss to GrmpmbereBuYer7E 3ropety LgXgpaicoing Sem or a - to 6-
membkradl %ﬁﬂg@éﬁalr&na'ii@ h&edo liilﬁ fi@%‘@y\ﬁ;’tﬁﬁacoﬁtﬁﬂﬁl Eﬂel to lﬁﬂ&&ﬁ%ﬁoatoms selected
- 0 an -4 .al ky erein a .. an 0 .
from &5 8 RN By a8 e HRERRoe s RBF ors PG with one o
four silisttoentnekrted frdamdadrdxyh emimp dbpchd, €114 a1, syd € emalkexyn gherein alkyl and
optional. fused.with.a 5- to §-nenbered saturated or
atkonf eHRbles s SEGMCR Vi o oI B e o0 o 6.

menber &te pratass efttkdpresentamentidin comipeses theaiep bof lrydragempting in the presence

11y t eroatons selected 5
ofhydﬁg%ﬂ?i&a%%?&ﬁél%kﬁﬂna%uﬁ “1”?[’ gﬁiy , said fused ring
system bei ng unsubstitut edypr, gubstituted with one to
four substituents sel ect emwdr oxy, am no,
fluorine, Cl-4 alkyl, apg Koxy, wherein alkyl
and al koxy are unsubstituted or substituted with one
to five fluorines. The proce@s‘% of the present
i nvention conprises the step of hydrogenating in the
in a suRGIRG 613&Ac sdWenh i teGBRENCH 85a AoBLMAGR] Plec@iR %xﬁﬁe)&ﬁ to a chiral mono- or
bi hstr.uglturc?l .%orrrula [l: NH2 0 R Z 10 (Il) in a
isphosphine lfgand, st G RIS aht i n the presence of a rhodi um
(1) therwhirall bigphesphins bgand ampt €fesrdcehd bisphdsphiad ligand of stroctural formula I
bi sphosphine ligand, with the provisos that (1) the
chiral bisphosphine |igand iB*not a ferrocenyl

bi sphosphi ne |igand of rucfural formula Ill: R4 Q
** PR5R6 Fe P(R)2 C @ «=IBRARErein R4 is C 1.4
al kyl or aryl; . .

Fe P(R)

Q (1)

wherein R4 is Cj 4 alkyl or aryl;

RS and RO are each independently C].g alkyl, C5.12 cycloalkyl, or aryl; and

R7 is C1.4 alkyl or unsubstituted phenyl; and that

(2) the chiral bisphosphine ligand is not a ligand selected from the group consisting of:
1,2-bis(anisylphenylphosphino)ethane (DIPAMP);
1,2-bis(alkylmethylphosphino)ethane (BisP*);
2,3-bis(diphenylphosphino)butane (CHIRAPHOS);
1,2-bis(diphenylphosphino)propane (PROPHOS);
2,3-bis(diphenylphosphino)-5-norbornene (NORPHOS);
2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis-(diphenylphosphino)butane (DIOP);
I-cyclohexyl-1,2-bis(diphenylphosphino)ethane (CYCPHOS);

-5-
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R5 and R6 are each independently Cl1-6 al kyl, C5-12
cycloal kyl, or aryl; and R7 is Cl-4 al kyl or
WO mvsobsB3 t ut ed phenyl; and that (2) the chiraPCT/US2005/011585
bi sphosphine Iigand is not a |igand selected fromthe
group consi sting of:
1, 2- bi s(ani syl phenyl phosphi no) et hane (DI PAMP); 20
1, 2- bls(alkylnethylphosphlno)ethane (Bi sP*);
2, 3- bi s(di phenyl phosphi no) butanegéCHlRAPHJQ;
-subsmtuzfd& “shig(iphemiiphpirbispirl el Mine SBEHBHOPROPHOS)
2,4-bi lﬁﬁdiblﬂhk%’éhka% esxHWPRQsy- nor bor nene  (NORPHOS) ;
2, Qpr %Pne 2 3 dlhydroxy 1, 4- bi s- (di phenyl ph
12:big F‘H Sorshine

12lnﬂm@&ﬁh&hﬂmﬂmo&mauhm&«ﬂPphenyIphosphlno)ethane

05/.09 P /.011585
oyl Rl S g Ry R AR R by r of i i ne
1-(bis(@ DGR H) henyl Bhdsphing)-2H sobstinyddathospbblamohepesnt AHEAP-DM);

b AR Ao
BPE

DTB 5 1- (substituted

1- (subﬁh&%ﬂ%’s{ﬂﬁ}m}& (ddhmﬂéhﬁhéhﬂfw R BREDGE NECARKAR ) |

5-di en osphi no) - 2- (substi t uted
zz‘bﬁﬂﬁg %%f ﬁﬁ%@ﬁﬁ%ﬁ 1- (substi t ut ed

22-bﬁhopphﬂbmﬂ@ﬁmﬁdﬂbbﬁéﬁnﬁﬂdnmtBbuuyl) 4- nethoxyghenyl)
tut
22 'bpﬁ? gr&“Pe rYqu‘%qj(}ﬁ"sg’H%aﬁ hz %‘“a?%/ﬂ th}il](D&fHEﬁAﬂg p ﬁ | ﬁo) benzene

2,2 bl(s(L(j(pl\a;yQpllomFy\)))é 6’ -digiethyl-1,1’ -biphenyl (BICHEP)
((5,6), Ss 2% %&(&Qﬂ&l@ﬁb@%}ﬁfbﬂﬁ@ﬁ‘ Oaly?(bgsdlfpéngﬂ)n EM%) (SEGPAGY Y,

1 NO
((5,6), ((ﬁ-é_)_lBsf(NAqbylenedloxy ip enyl ,2”-diyI)( (bis(3,5-dimeth pheny}/)phosphme) (DM-

SEGPHOR); - bi s(di (3, 5- dlnethylphenyl)phosphlno) 1, 1" - bi napht

(5,6), Q%’L@%Mﬁﬁa%@diox&%mﬁé@ i f@&g%@’ dl?q)g }@Pkenyﬂphosp%me) (DTBM-

SEGPHO6S);6' ) - bls(nethylenedloxy)blphenyl -di yl) (bi sdi ph

15 5,6
Cydd%gﬂ&%gﬂnoyggﬁ%?& ['énedi’ oxy)blégeny? 2,2'-diyl)(bis(3,5
1-[1”, 2- i3 (diphdny Ippesehind)fqsteoeny Hethdymig OB PPERGPHOS) ;  (( 5, 6)

2'-diyl)(bis(3,5
1L, iﬁs(di?hényﬁh&%gﬁé%'}o@&@gggﬁ?ﬁ%g?& i WSEGPH%) ) (bi s(

22 -blég?eﬂ SR IRRITPB n@prﬁﬁ'ﬁse RiGhe: apEAnp) ;

2,2’-bis(diphenylphosphino)-1,1’-(5,5°,6,6’,7,7’,8,8 -octahydrobinaphthyl (Hg-BINAP).

The process of the present invention contemplates that the catalytic complex of the
rhodium metal precursor and the chiral phosphine ligand may be either (a) generated in situ by the
sequential or contemporaneous addition of the rhodium metal precursor and chiral phosphine 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:




20 1-[
1', 2- bi s(di phenyl phosphi no) f errocenyl ] et hyl am ne

WO C@BRFAB3 1- [ PCT/US2005/011585
1', 2- bi s(di phenyl phosphi no) ferrocenyl ] et hyl al coho
( BPPFOH) ;
2, 2" -bi s(di phenyl phosphi no)-1, 1" -di cycl opent ane
(BICP); and

2,2' - bi s(di phenyl phosphino)-1,1'-(5,5,6,6',7,7",8,8' -

where éi:neahgﬂdtsempmamlwmg @en, quhﬂp)nﬂutlfmlefbp@é@@@ateftetraﬁboroborate and
hexaﬂ%rgﬁ%%haﬂe néﬁ@ 'iltlb Qﬂeu@rglntgﬁﬁﬁjtlu@ﬁ %Santonﬁﬁl (Bl izl Ml%ﬁﬁ; such as 1,5-

CYCIOQ&ﬁfi‘F%ﬂ Ofﬁ'ﬁ@gﬁh‘i“?f@) Pr| agsswsmmle%’é (R

l'ex of r hodi um net al grecursor and t

e pr Bt L Begcsspwhere

olefin §sl akdhe iile EdtplexSE@p@Rhieaby Bk feflaenpOr aneous addi tion of

the rhodium metal precursor and chiral phosphine
ligand to the rea¢tion m xture of| gb) pre-formed with
or without isolatign d thhen addefd to the reaction

m xture. A pre-folfned tauni cpnplex is
represented by the|for E Rh~ L P LX / RR
-6 WD 2005/ 097733 PCT/ 2995 1153p where X
represents a non-coor |ng arfopXsuch as
trlfluoronethanesulfogﬁ? tetrafl poroborate, and
hexaf | uor ophosphat |s a neptral |igand such as
an olefin (or chel ating d| ol efin puch as 1, 5-

cycl ooct adi ene or rbor nadi ene) ar a solvent nol ecul e
(such as MeOH and TFE). In the case mhere olefinis
arene, Theyrﬁggrggézcea)éal%tié crcn%B{gese écead b re yeipr senquﬂlazi‘?ggn is. rer:Presented

R j Rhi or nEd 1€ Co

by thetftrewubrase where X represents halogen |s represented by

the formula: R /R Bho

R R
\_/ X

(omY

e

P

7\ \m

R R
L -2

In one embodiment of the process of the present invention, the chiral phosphine ligand

has the following structural formula:

wherein n is 1, 2, or 3; R8 is C}_g alkyl or Cg_}0 aryl; and R9 is aryl or a ferrocenyl phospholane radical.

In one class of this embodiment, RY is pheny! and R8 is C] 4 alkyl or aryl.

A second class of this first embodiment encompasses the FerroLANE, FerroTANE,

PhenylLANE, and PhenylTANE series having the following structural formulae:



PRR2 In one enbodi nent of the process of the
present invention, the chiral phosphine |ligand 10 has
WO 20vs/0pTB3 owi ng structural fornmula: R8 R9-P nPCR8S2005/011585

wherein nis 1, 2, or 3; R8 is Cl-8 alkyl or C6_10
aryl; and R9 is aryl or a ferrocenyl phosphol ane
radical. |In one class of this enbodinment, RO is
phenyl and R8 is Cl-4 alkyl or aryl. A second class of
this first enbodi nent enconpasses the FerroLANE,

Ferr oTANE {’\gﬁmgn LANE nd Phenyl TANEfSery es

havi ng t hR'$' ﬁé str gifrul ae: (-7

2005/ 097733 PQO7/ US2005/ 1585? R16, R¢ 6 R
16 P P RI6' P pa6 Ph Ph Ph p‘WhenleANE" 'g enyl LANE"
R16 RI6 P P- 16 RY Rl6 R16 Fe R16 Fe -

R16 A16 " ERheRyfBANE"" Fer r GhERELANRer ei n R16 |s Cl 4

al kyl or aryl; or the correspondi ng enantioners

t her eof . R16 R16
®) 5o
ép q) R16 d— R»js
&16 Fe : R16 Fe ;
o
"FerroTANE" "FerroLANE"

wherein R16 is C1_4 alkyl or aryl;
or the corresponding enantiomers thereof.

In a second embodiment of the process of the present invention, the chiral bisphosphine

ligand has the following structural formula:

R2HC)— A~(CHRV
( /)p ( H Im

R .
Rica “Riob Rita SRitb

wherein m and p are each O or 1;

R2 and RD are each independently hydrogen, C-4 alkyl, or C3.6 cycloalkyl;

A represents (a) a C1-5 alkylene bridge optionally containing one to two double bonds said Cj-5
alkylene bridge being unsubstituted or substituted with one to four substituents independently selected
from the group consisting of C1-4 alkyl, C1-4 alkoxy, aryl, and C3.g cycloalkyl and said Cj-5 alkylene
bridge being optionally fused with two C5.¢ cycloalkyl, Cg-10 aryl, or C-1( heteroaryl groups
unsubstituted or substituted with one to four substituents independently selected from the group
consisting of C1_4 alkyl, C1-4 alkoxy, chloro, and fluoro; (b) a 1,2-C3_g cycloalkylene bridge optionally
containing one to three double bonds and one to two heteroatoms selected from NC(-4 alkyl, N(CH2)¢-
1Ph, NCOCj) .4 alkyl, NCOOC| -4 alkyl, oxygen, and sulfur and said 1,2-C3-8§ cycloalkylene bridge being
unsubstituted or substituted with one to four substituents independently selected from the group
consisting of C{_4 alkyl, C1-4 alkoxy, oxo, aryl, and C3_g cycloalkyl; (c) a 1,3-C3-8 cycloalkylene

bridge optionally containing one to three double bonds and one to two heteroatoms selected from NCp4

-8-
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In a second enbodi nent of the process of the present
i nvention, the chiral bisphosphine 5 ligand has the

wo b@blogmBing structural formula: (Ra ~ )P A ( CHRD)/DS20%/@11585
R ob Rlla P~Rl11b wherein mand p are each 0 or 1; Ra
and Rb are each independently hydrogen, Cl14 al kyl, or
C3-6 cycloalkyl; A represents (a) a Cl-5 al kyl ene
bri dge optionally containing one to two doubl e bonds
said C1-5 10 al kyl ene bridge bei ng unsubstituted or

alkyl, N((B)9-1bh 8€ 06 1t4allohNEQOE b plkglipyeyvgen, awdhgubfur and said 1,3-C3-8

cycloap RGP EREBL Yy AileBly sl Wi SR BH3f L Blnagony
selectegfom by e5upqRsiFtiNgof Ciydialiyh (J)ééi WP p PG A0 Coroeloatotypr (@) 1.2-
phenyfe}r{@tnb%gsgtafé}s{ S)lb gl?%th%l‘:de \alft}g ?ﬁlega ﬁfr«%lél S%Jbs?fuglct@ int@lﬁpeh&’énﬁ% g@%&éﬁ rfrom
hatoge{ GAF FikyloREoR vrd brchdir g B ok HAGH Rt e b i thdependently
C1-6 atigh<i3sg dynigalf], ¢Claryd with kil cyCloatkylahidoxyl beiof lugsubxstitugaaichr substituted
. : . - C3- 'y ot.i I
with ohe S bl fbegeninlty sl SUTABEHEY ConBdidh B MBI dhtkory.
chlorohaideluomt arisl08 endRot0baviEn akenNGgther ad RAIR and\R IHRY18R takEtpgether can
form a?%&gé@%@cé’bl&%lc [ar/l?llelﬁ%l)%lrtu?%lyog %lajes}ltﬂ{ég \»ﬁitﬂlt\t/g fo fglﬂ%ubstituents
indepegiieilly 84 diTiom F EoBbTHEHIEGH ChideHY b 4kopg dirdroxymethyl, C14
alkoxysneb, latyll@nd 63 BeeRERY afitshi csaicatpradc fifiiBidguptioHaliyi fused with one or

consi sting of Cl-4 alkyl, Cl1_4 al koxy, oxo, aryl, and
two argdreypgiy c| oal kyl ; (c) a 1, 3-C3-8 cycl oal kyl ene ~bridge
with ti@irdvadoahdt Mleﬁﬂii’dl BispiiodghitRahdis hglf afﬂ%aldinleg:l:oted bgﬂﬁs% @6\ consisting of:

.gne t terqat o cted from . -
12“"“‘36’6%5"8@‘7%8“’5@?5‘%@%@]7‘%%285 al kyl , N(CH2) O-1 Ph,
1,2-bigiyDhdthedbkogphinNIBO@E(BisBKkyl , oxygen, and sul fur and

biS ek Eﬂ{&%k e bridge being

23‘?%%@%%@Pﬁ?§§%§b%§¥§g Stltd?gd with one to four
1.2-bigfdiphanylphesphiso)piesrsp éPRIGFHPSY): sel ected from the group
2,3-bi%gap§én§1&,hcfgghi%)-slqﬂeﬁon@n8g«hciRﬁioéb; al koxy, ‘oxo, aryl, and

C3-6 cycl oal kyl ; or , 2- phenyl ene u itute
230 gogpittter oty dip o b dokoyPas PO AT
1-cyclohiesl @plentieidiphshyiphbphine@dihanao@YCPRISpgen, Cl -4 al kyl

hydr . an -4 al koxy:..an 10b, Rlla, and
tsuos S s Ao b et e R R RRS 5-
2.4-bigtgighenplphysbhin@pentany (SKEWRHE@SKy| , cycl oal kyl, and aryl
1,2-biQﬁibﬁgutg@%ppciﬂahbﬂ)i&ﬁe&rmﬁ%g)';t uted with one to three

groups 1 ndependently selected fromthe group
1.2-bigyikstitated physpiolapgiethang (BUE); C1-4 al koxy, chloro, and
1-(subﬁﬁtg@%ﬂs?olampﬁ(dﬂi&@nﬂ@@h%%h nieﬂi(ﬂH%AfaElﬁt her or Rlla

: . n takep.together can ma 4-
1o R TR 7 bR R aARt e (DehP R
1-(substitied phiosptethnu-2-(bis( Wb di(sbuiyd)4-methbsyiphényd phesphi@o)benzene (UCAP-
DTBhbng%Fendently sel ected fromthe group consisting of Cl

-47al kyl, Cl1-4 al koxy, hydroxymethyl, Cl -4

1-(substiititok pirsphelano)-Zatdi-naphthalén ¢34 -ghesphin@bdnkene (HAHP S biNdp)).

cycl It c na&derelraat dr@hi§ LRsbaREInh & 10P5HaR18b feyrebdhe @ sihd bQRRnt which
or Wo_ar I oups,
are both structurally di)s/tinctg from E?la and R11b which represent the same but structurally distinct

substituent. In a subclass of this class, R102 and R10Db are both optionally substituted C)_¢ alkyl, and
R1la and RI1b are both optionally substituted C3.¢ cycloalkyl. In a second subclass of this class, R10a
and R10b are both optionally substituted aryl, and R11a and R11b are both optionally substituted C3-¢

cycloalkyl. In a third subclass of this class, R102 and R10b are both substituted aryl, and R112 and R11b

-9.
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15

with the proviso that the chiral bisphosphine |Iigand
is not a ligand selected fromthe group consisting of:
WO 2p@xb788ai i (yi phenyl phosphi no) et hane (DI PAMPPCT/AS2005/011585

1, 2- bi s(al kyl et hyl phosphi no) et hane (Bi sP*);

2, 3- bi s(di phenyl phosphi no) but ane ( CH RAPHOS) ;

1, 2- bi s(di phenyl phosphi no) pr opane ( PROPHOS) ;

2, 3- bi s(di phenyl phosphi no) - 5- nor bor nene ( NORPHOS) ;

2,3-0isopropylidene-2, 3-di hydroxy- 1, 4- bi s- (di phenyl ph
are bo@spkubmn)ubdmxahdn ] Dluﬁﬁ’)subc&@s of this class, R102 and R10b are both optionally

subsm%rea g}) H%g@x Viha &1 2-hi R(H ROSAY bRIAIRNuPG RN Ee

1 subs® sssmné dlags of thi se¢anid gmberjineri orqoniparadshiral bispltispliane ligands
dlscloiem @Cﬁ)tent N%J Podie§, %ﬁﬁ!@)ﬁf&ﬁﬁk Bh@ﬁ@lhér@ heBPohLRA %{) reference herein in

bls (substitut ed phosphol ang) benzene

HOS)
their etltmtpsF&)}-llnntingfnﬁpcg@gq}bgfttplﬁ glesspt ﬁlﬁﬁ’é bﬂ@fsa%y}é{mhl%%ds are represented
by strdcBREformdfae:1- (substi t ut ed
phosphol ano) - 2- (di phenyl phosphi no) benzene (UCAP- Ph) ;
1- (bi s(3, 5- di mef-h phenyl ) phosphi no) g2 (sypsti tut ed
phosphol ano) ben &y (UCAP-DM); 1-(su ut ed

g(3,5-di(t-b Box nyl )
phosphi no) benzghe ¢ UCAP- DTBNQ%Aéﬁd 1- (subst%&ﬁ?
phosphol @%kP2% (di -TaPibal en- 1pib §9Q§no§R§gﬁene
(UCAP-(1-Nap)). 30 In one class of t
R10a and R10b represent thegsanme substituent which
are both structurally digyingy fromRL la and RL I b
whi ch represent the same But /structurally distinct

substituent. In a @ﬁgﬁé of. t class R GCa and

R10b are both opti y substTt & Cl-6 al kyl, and

Rl la and RL I b ?3 hYQpb¥Pné¥I es(%ﬁlgtltuted C3-6
't

cycloalkyl. In a éﬁb LESS 0 I's?cl ass, R Oa
and RICb are both ubstituted aryl, and Rl
la and RL Ib are(b)oYVer{Qﬂ@aibyliy%@K)@iltuted C3-6 35
cycloal kyl. In a third subclass of this class, Ri0a

" and Qb are both substituted aryl, and RL |a and Rl

or the £qgTespogIRAEFBHHSPBY PSS PCT/ US2005/ 011585 are bot h
unsubs Re;tres‘eadmar it nod-Kmiding,@pcifit exibbdilmdmits ofxhis clabsSof chiral

a R1LOb_ar both optionally substituted

bISphO@ %ﬁgfnk%% aft %nﬁim% STUChE I b are both optionally
substltuted aryI A second class of thj econd
enbodi ment co es chiral bisphosphi ne\ligands
di scl osed Mﬁa/u gpégg%tent No. 4,994, 61%, t contents

of mhkéabgﬁg{(ﬁféggorated by reference' eininb5

their P(Pmist i ng [ t hi ass
of chiral 1, 4-bisphosphine |KE§E§€ are represeﬁﬁpﬁk
structural formul ae:

or the corresponding enantiomers thereof.

A third class of this second embodiment encompasses chiral bisphosphine ligands
disclosed in U.S. Patent Nos. 5,008,457; 5,171,892; 5,206,398; 5,329,015; 5,532,395; 5,386,061;
5,559,267; 5,596,114; and 6,492,544, the contents of all of which are incorporated by reference herein in

their entirety. Non-limiting embodiments of this class of chiral bisphosphine ligands are represented by:

-10-
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R18 R18 (Ar)2P P(Ar)2 (Ar)2 P =P(Ar)2 R18 = CH or

Cl 4 alkoxy ,Y, WW Ar P~ P ()2 (Ar)2 (i) W=0O Y
WwO0=200812773€HVE, CMe2, or CMeCH2OH;, (ii) W = NCec®/uabdogh11585

Y = C(O or the corresponding enantioners thereof.

Representative, but non-limting, specific enbodinents

of this class of chiral 10 bi sphosphine |igands are

the followi ng structures: MeO Ov P-P(Ph)2 (Ph)2P

P(Ph)2 (Ph)2P or the correspondi ng enanti oners

thereof. A third cl &% of thR&3%second enbodi nent

enconpasses chiral isngsphine i gands disclosed in

U. S. Patent Nos. 5,00%457p 571, 892; 5,206, 398;

5, 329, 015; 5,532, 3%5; /5, 386, 061; 15 5,559, 267,

5,596, 114; and 6, 492, p44, the contents of all of which

are incorporated by rRf%®rerk¥Pherein in their

entirety. Non-limting enbodi nents of this class of

chi r al Abi € §5hiGHy; i 2rphelsylanes 2,8ilurasditned3,dydiyl; - 10

WO 2005/ 0%7@@9%1%%%%@%8& |;Rloa Rlla P ~ A",

Efl-g_bfu lja(knad 1%be_ ,4-6(9"d£§; ’aéé-’eaclﬁ)ln%’]e%lere\gghﬂy C1_4 aIkyI,

N- Me- 2054 @axy| Gti.OMk-08 CHAG].; alkyba, Rlob, Rlla, and

Rll b are each independently Cl-4 alkyl, Cl1_4 al koxy,

CH20H, R&{res%%lbﬁ n@rl_—llﬁ}{iltin ,Ege?rfﬁ%%&ﬁ%k%ﬁ ‘IDfS thig IE‘lalss of chiral

) non-limtin specific e nments o ass o
b‘SPh"élm"}e&gan%ia’é?gi‘FonE?W‘ﬂ%SWC@éeﬁds are the foll ow ng
structures: M

o)

or the corresponding enantiomers thereof.
A fourth class of this second embodiment encompasses bisphosphine ligands of the

structural formula:

R17 R17

(Ar)oP P(Ar),

wherein Ar is aryl and R17 is Cj_4 alkyl or aryl;
or the corresponding enantiomers thereof;
with the proviso that when Ar is unsubstituted phenyl, R17 is not methyl.

A third embodiment of the chiral bisphosphine ligand encompasses biaryl or biheteroaryl

bisphosphine ligands of the structural formulae:

-11 -
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OOOONO PPPP 5 o0r the corresponding
enantionmers thereof. A fourth class of this second

WO eouboeli7aent enconpasses bi sphosphi ne | i gands pET/UR®05/011585
structural formula: R17 R17 (Ar)2P P(Ar)2 wherein Ar
is aryl and R17 is Cl-4 alkyl or aryl; 10 or the
correspondi ng enantioners thereof; with the proviso
that when Ar is unsubstituted phenyl, R17 is not
methyl. A third embodi nent of the chiral bisphosphine

( onpasses biaryl or biheteroaryl

ne |igands of the structural fornulae: -11

S g B4 U82005/ 011585 o PR1 49__ '314; Bab
%14Q$ﬂ§é)t ? t :5? ér PRrz |§?phe§yl

\I unsubstituted or sub ted th one ’
~~~.~~ ituents i ndeﬁén‘d%lﬂﬁaﬁ seI ect e'dv‘% 1% 10

al kyl , é al koxy, chloro, and fluoro; or tmo

adjaceﬁf‘k bstituents on Ar together wth the carbon

atons to which they are attached forma five-nenbered
whereiieArty ptend di mepyithyl ungubstiutdd bubstButil wititytle t@fout fubstivydnts independently
selecté?iatfd?n €f4 \Qﬂ% 10 4y Q1KLY YRS ﬂdtffﬁgroo& twh Q@Eéeﬁ%@gud@h{s ran Q? fogether

four stituents i ndependently sélected fromC

with thezbarépbk yibms ©whichethkyoxsyattacheid deron a famgcnembarsd onethylenedigxy rmg,

HetAradh etk tlﬁéﬁpﬁéal:ﬁ Wﬂl(ﬁ'\ 19 Gnsuﬁ'ﬁtﬁd dr QERGDRE v)ﬂh'bﬂe fol¥8ur substituents

indepghiknl? SIESITRR (st RUTe G atkol ooyl Siath Beiasapesybsttuents on

HetAradsgéthE’rlﬁim A€ CarBehGifonhs 16l @BRA €N hie)attfohdd Bk X lfive-Biepbsredihethylenedioxy
-6 cycl oal kyl wherein aryl 10 and cycl oal kyl are

Tng; ubstituted or substituted with one to four

Rl4a, &3@‘% Rilp3 end RIP r#t?eﬂ@e*h@é@wn%ﬁmt@é%ft?]éﬂ frylopn C3xd cygloglkylyherein aryl
and C)t%%glgﬁr]?re%n%dé%%d opgugﬁklfg%é% Fgﬂ(l‘lglb\{m&é’ﬁts 1@&8&dent}y selected from

er en together can
C1-4 aékyiandt xy, or
or R14a and R14b when taken together or R15a and R15b when taken together can form a 4- to 7-

membered cyclic aliphatic ring unsubstituted or substituted with two to four substituents independently
selected from the group consisting of C1-4 alkyl,

C1-4 alkoxy, hydroxymethyl, C].4 alkoxymethyl, aryl, and C3.¢ cycloalky! and said cyclic aliphatic ring
being optionally fused with one or two aryl groups;
with the proviso that the chiral bisphosphine ligand is not a ligand selected from the group consisting of:
2,2’-bis(diphenylphosphino)-1,1’-binaphthyl (BINAP);
2,2’-bis(di-p-tolylphosphino)-1,1’-binaphthyl (TOL-BINAP);
2,2’-bis(di(3,5-dimethylphenyl)phosphino)-1,1’-binaphthyl (DM-BINAP);
2,2’-bis(diphenylphosphino)-6,6’-dimethyl-1,1’ -biphenyl (BICHEP);
((5,6), (5°,6°)-bis(methylenedioxy)biphenyl-2,2’-diyl)(bisdiphenylphosphine) (SEGPHOS);
((5,6), (5°,67)-bis(methylenedioxy)biphenyl-2,2’-diyl)(bis(3,5-dimethylphenyl)phosphine) (DM-
SEGPHOS); and
((5,6), (5,67)-bis(methylenedioxy)biphenyl-2,2’ -diyl)(bis(3,5-di(z-butyl)phenyl)phosphine) (DTBM-
SEGPHOS).

In one class of this embodiment, R14a and R14b represent the same substituent which

are both structurally distinct from R152 and R15b which represent the same but structurally distinct
substituent. In a subclass of this class, R14a and R14b are both optionally substituted C1.¢ alkyl, and

-12-
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menbered cyclic aliphatic ring unsubstituted or
substituted with two to four substituents
wo povdegeszient |y sel ected fromthe group consiBCT/I§2005/011585

Cl-4 al kyl, 15 Cl1-4 al koxy, hydroxynethyl, Cl-4
al koxynet hyl, aryl, and C3-6 cycl oal kyl and said
cyclic aliphatic ring being optionally fused with one
or two aryl groups; wth the proviso that the chiral
bi sphosphine Iigand is not a |igand selected fromthe

R152 gd RIBP ere heihpiiongllyofibstituted C3.6 cycloalkyl. In a second subclass of this class, Rl4a

and R&bére %&ﬁép&b%?g sﬁtllﬂ&?] Qg}rl) QRA Rj'Sa]and R'lﬂaaqpfnﬂb(h t{oﬁélbl%@smuted C36

hi no) -
cycloafKyOUn BItBR)bc1 20 oﬂhlz class R14a and R14b are both substltuted aryl, and R152 and R15b

are bof %%ig’ryp TR YRR JROSRAT Rt ey Ridb-Rd %ﬂp&tlwzxjﬂy
substitgted 145 adlgy aB‘HBR/aI anf Bs%brﬂr?]B‘)‘h gtignally sypyiiad- 2yl _ pi pheny

| ( BI CH lsent(it(n@ £ non- -limiting, examples of thlS thlrd embodiment of chiral

I s( et ylenedloxy)blp enyl - -di yl) (bi sdi ph
b‘SPh"éPW’I‘ep‘tgé%‘Bﬁ‘Fﬁéﬁ f° Hapinppieysiures: ((5, 6) |
(5',6")-bis(nmethyl enedi oxy) bi phenyl -2, 2" - di yl [s(3,5

- di mst hyl phenyl ) phosphi ne) (DM SEGPHOS); and

(5,6 s %ﬁ&yl eng 4y) bi phenyl - 2, 2' - di i s(3,5
- di yl ) phossg s SEGP

class of] this enbodi ment, ﬁ%& %46\/’6%% ent Ft'ﬂ&
sa iRehs (poTdi)st r uctpeol | | Sthpgt
from and R15b represent the sane

pbstituent. In a suReclass of
this class,” Rl4a and Rl4b are both optional
substituted Cl1-6 al kyl, and -12 WO 2005/ 097738Me
PCT/ US2005/ 011585 Rl15a and R15b are both optionally
substi t e3¢, cycl oal kyl. In acsecesd subcl ass of
this cl IE;E and Rl4b are g% @ ;]nally
substit 2Ky Ot h
opti onal I y substi tﬁt gﬂ%@éﬁg cycl . Iﬁ(catctoh'ex)d)g
8 P(@sTol)R14a and R
substit and Rl5a and
unsubst i S . In a fourth g of this
cl ass, Rl4da and R14b are both optOsnasy 5 substituted
Cl-6 al kyl, and Rl5a and R15b are both optionally
substituted aryl . on-limting,
exanpl es of this thi rg enbodajrfrﬁeér?tﬁylgﬁélﬁ)tt?ra
bi sphosphi ne |igands are the follow ng structures: Owe
or the gorpgsponding pnsiopgrs heteghexyl ) 2 MeO PPh2

A fourth embodiment encompasses chiral bisphosphine ligands disclosed in U.S. Patent

Nos. 5,874,629 and 6,043,387, the contents of both of which are incorporated by reference herein in their
entirety. Non-limiting sub-embodiments of this embodiment of chiral bisphosphine ligands are

represented by:

-13 -
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PPh2 P(p-Tol)2 MeO PPh2 S N Ove /O P(cycl ohexyl)2 O
P(cycl ohexyl )2 P(p-Tol)2 O P(p-Tol)2 O (p-Tol is
wopewsmbimss phenyl ) or the correspondi ng enanti BOEBMUS2005/011585
thereof. 10 A fourth enbodi nent enconpasses chiral
bi sphosphi ne |igands disclosed in U S. Patent Nos.
5,874,629 and 6, 043, 387, the contents of both of which
are incorporated by reference herein in their
entirety. Non-limting sub-enbodinments of this
enbodi nent of chiral Bhi ne |igands are
represented by: -13 WD PCT/ US2005/ 011585
P(R12)2 (R12)2P R12 = C1*% C3_6 cycl oal kyl, or
aryl or the correspondi ng eggataomers thereof. A
¢ of this enbodi ment
ol | ow ng conpound:
Bspondi ng enanti omer

P(Ph)2 5 (Ph)2P or the
thereof. In a fifth(ﬂngomlnent of the process of the
present invention, the Thiral bi sphosphi ne |igand has

the foll ow ng sgmweuckur mul, A P R19 R19
10 wherein r i?1,‘%23-4@"‘/3?5%‘%}%@3‘."30’5&": al kyl or

aryl ;
or the corresponding enantiomers thereof.

A specific, but non-limiting, example of this embodiment of bisphosphine ligands is the

following compound:

P(Ph),

(Ph).P

or the corresponding enantiomer thereof.

In a fifth embodiment of the process of the present invention, the chiral bisphosphine

ligand has the following structural formula:

R AP
R19 R19

whereinr is 1, 2, or 3; and R19 is C1_4 alkyl or aryl;
or the corresponding enantiomers thereof.

A specific, but non-limiting, example of this embodiment of chiral bisphosphine ligands

is the following:
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or the correspondi ng enantionmers thereof. A specific,
but non-limting, exanple of this enbodi nent of chiral

wo bispbmrsphi ne ligands is the follow ng: H Fi PEI/USB05/011585

tBu -14 WD 2005/097733 PCT/ US2005/ 011585 or the

correspondi ng enantioner thereof. In a sixth

enbodi nent of the process of the present invention,

the chiral phosphine ligand is of the structural

formula: Re Re. ORc O/Rc P-N\ or PPN\ d ORORRe
or the puresgpNdiAg prantiorRe thegeohy dr ogen or nethyl; Rc and Rd are

each i gdepen Qﬁﬁﬂdhﬂenhyﬁﬁ@ﬁg&ss cgi;lhe‘lpr@skllft}ﬁlwent%n%bf EhiraPphosphine

) u- net hyl benzyl; or Rc and Rd together wit
ligand jig qf t ctarabiermwawhi ch they are attached form a
pyrrolidine or %peri dine ring. In a seventh,

enbodi process of the g ention

the c phosphine ligand if ’ )cenyl|

bi sph8 o,,, ofRthe structd R4/R°a Q
PRSR6 Fe P( R@d Ph)2 10 wherein|R4 |$>.C:IN

al kyl a(gd ‘%p R are eas dent‘iFt\;,
Cl-6 cycl'®dal kyl, or a cl ass "bf
this t he carbon stereog » mar ked

with an Yas thite (R)-configuratidn as deﬁect ed in
the structural formula: R4
wherein R€ is hydrogen or methyl; RC and Rd are each independently hydrogen,

C1-4 alkyl, benzyl, or a-methylbenzyl; or R¢ and Rd together with the nitrogen atom to which they are

attached form a pyrrolidine or piperidine ring.

In a seventh embodiment of the process of the present invention, the chiral bisphosphine

ligand is a ferrocenyl bisphosphine ligand of the structural formula:
R4
PR°R®

F|e P(substituted-Ph),

©

wherein R4 is C]_4 alkyl or aryl; and
R5 and RO are each independently C1.g alkyl, C5.12 cycloalkyl, or aryl.

In a class of this embodiment the carbon stereogenic center marked with an ** has the

(R)-configuration as depicted in the structural formula:

R4

Fe P(substituted-Ph),

O

In a subclass of this class, R4 is methyl or ethyl and RS and RO are C).4 alkyl. Tna

subclass of this subclass, R4 is methyl and RS and RO are z-butyl.
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Q ** PR5R6 Fe P(substituted-Ph)2 15 In a subclass of
this class, R4 is nethyl or ethyl and R5 and R6 are
woQusdaikyl . In a subclass of this subcl ass, PEIUSH05/011585

methyl and R5 and R6 are t-butyl. -15 WD 2005/097733

PCT/ US2005/ 011585 The term "substituted-Ph" is

i ntended to nean a phenyl group wherein at |east one

of the five carbon positions of the aromatic ring is

substit ut ed mﬁth_a(group i ndependently selected from

hal ogeAhe fem Zubytiyed-PRCjs iptepdaddxpeanaiphanyd grepp pherein aplagst one of the
five cdiBontpodtidiglos tlhE amatic mgelg QibRtithide with Kg}oug [&H&n&léﬁtl? &rtedifOm

haloge#{né g.? gﬁcglt e alkgylg]yé%i tllgitﬁgha[nd Hl uabkg?su r{yéghgﬁm the alkz(l group in each

is unsdbistitoted preabstitutat with Grielté fivfioging! [lfrydm)e[&hﬁﬂdihlent%hlfs&luted Plgl” is 4-
err,oc ne | i gands enconpassed within the
ﬂumo%wn@cw?%%@u?ﬁmgﬂﬁg% i nvention are disclosed in
U. S. Pg&hiegl feridosnyl ﬁﬁﬁlﬁﬂphﬂﬁ digards 88mPBRTed viihiioBe Beddess of the present
mvemﬁmié?ms%f&@ed 1EU5§3%M§8%5 %ﬁ @?? 55%3 &27 %%%6 341415 5841808; 5,563,300,

e contents
5.565.50% 5Bl £ K7 564, Gheaapins o 4 of whigh s sorpoetied efgrence heren i

their ediketyn anot her aspect of the process of the present

invention, Rl is benz ein the pheny] r
benzy| 1 200IRAsRSE ‘i’ftt@’t %ﬂceésr‘%élﬁ’ﬁ’éets?‘lt (VERiognR! | %e‘fzp’e‘%herem the phenyl

group sﬂiimtyil tsumnibstitsed excdubditiftedooine t&lﬁvegﬁbmﬁxeﬂtﬁ) gedéceddifiogh th@©froup consisting
of fluorméI Q%ﬂd%%mr%tgg,falné} Rt g?%trr{éﬁm)ty » 2 %neoskgalr gol %hmemta Eﬂgee%rf)cess of the present
mvenqon%mQP@n) NR2R3. mh@s of\(Ri2 mbodurnena NRZRSds @hetetrmysle of the structural
formuf@g¥Qodi ment, NR2R3 is a heterocycle of the structura

formula VI: N R 15 (VI) wherein R8 is hydrogen or

Cl-4 al kyl which is uniggstituted or substituted wth

one to five fluorines. tric hydrogenation

reaction of the present inventlio IN's carried out in a

sui tabl e organi c sol vent. e organi c solvents

i ncl ude | ower al kanol s, such as t hanol , et hano

and i sopropyl al cohol; % uoroethanol (TFE)

hexaf | uor oi sopr opyl aIcohoI Bhenol fluorinated 20

wherei?x R%qglll;dqugﬁ Olar?%ﬁig Elgﬁ%elg btgﬁlgétglpqgér §usl’)§t|(x:fgteg %vgh gne4to five fluorines.

tetr ahTH’é’ e{%%ylﬁl@tﬁé ﬁﬁ(ﬁ@gehﬁtoﬁ Y H{eﬁfﬁ]eserﬁl Hrﬁfl@ﬁt%qm}r% 1Rt in a

- but nlxtures thereof. In
suitablg ﬁfﬁa%/rf: Ay “"f“h‘% opgpie edentsincfude Iyepalkenols; gl peSkznol, ethanol,
and isdpiepy BAYONOE 2 22Qriflucroethanol (TFE); hexafluoroisopropyl alcohol; phenol; fluorinated

phenols; polyhydroxylated benzenes, such as 1,2,3-trihydroxybenzene (pyrogallol) and 1,2,3,4-

tetrahydroxybenzene; tetrahydrofuran; dichloromethane; methyl z-butyl ether; and mixtures thereof.

In one embodiment of the process of the present invention, 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.
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hydr ogenati on reaction is also carried out in the
presence of about 0.01 to about 10 nol % (relative to
wo tévs/09BHCchi ral enam ne substrate of fornul a pey/ustoosni1585
amoni um salt. I n one enbodi nent the anmoni um salt 25
is an ammoni um halide salt selected fromthe group
consi sting of ammoni um chl ori de, anmmoni um brom de,
and anmoniumiodide. In a class of this enbodi nent the
ammoni um halide salt is ammonium chloride. In another
enbodi Wbmhydtdgenaaﬂmmti@msabetpeﬁmd ahydreigempressure range of about 0
psig tocef%ﬁlq)sﬁ rfs?ge z@ﬁ‘njeferrédjﬁ}nlr(%%n ﬁég‘isaa%@&t ab Es@ﬂ)dabout 20(f) psig.

or mat anot er e

t he awﬁbwheﬁv@anefal PTGCUTW esdﬁhwo‘é?fa}ﬁqg M@Plﬁfé@@ll?s
[Rh(nﬁmgﬁngka%lic@toﬂﬂé]UFRh@il&%n)g&ty&QetB_ﬁhﬁz] J[RAGHoh&dlefin)4]X, or

r the reaction.m n the range. of
Rn(aiBHRB I iheccip &' BT CBGmAIng AT BIeEEd M U P ap L ahe of
methaﬁ@mlgﬁlatfepmﬂtuhemctmeiuilfoﬁme ﬁfﬁ&ﬁMuoﬂ&oﬁtd (BFa)h bexhflbopBosphate (PF6),
or hexaéﬁ)r&éﬁlﬁg)fgt@ (99176? 3§1 0%@1415&%9&15&19 ki'o'éﬁél mé@l%recursor ylS [Rh(cod)Cl]z,

g O enation reaction can er or nmed oge
[Rh(ngsperaachang) lani&b(cof)2Bb St Elen%'aqngadtea@aB% Jpa EBE?(Pf 8§§ @nbommem the

rhodluﬂ{ﬁétgrpf@drssmg[mg@a)cmzessure range is about 80 prig to
about 200 gsn The rhodi um netal precursor is

[ Rh(no Ab1al gtgll]) gletaE Rﬁwqo&oespps‘q?@:[sl@out 0.01to about 10 mol %. A
preferfeRthQ@ Iekiiuf dagetactasab aratiglrate is about 0.05 mol % to about 0.4 mol %.

efin)acetyl acetaonate Rh( no 4 or
L AP b RS G AP Rl bR REm gy Sherrc
hydrogenation cethie at eldfidic denbielbend)modiymicse pgcifitd ojereise, are meant to include both

E and ?g%me?ﬁlg% Q%%a xtu%eéb%keup{%exa S%I‘?%gLngH%q?ggl&iE% in the substrate
of strugfurah Eovatle UotaoHies pifshte & of BigF@letriq isonemer embouf t he

r h °d| U s eAbodin&ft Bf $0 f)reke%t inkhiee @e%]n%etnc configuration of the double
nor bomadi ene) Cl ]

bond i lp m(bﬁ@@msyéﬁ w@f%vatrvgﬁ‘ Saésefltséog “E?fasifrﬁff‘%‘r‘%’f‘bﬁ’é‘&?‘i‘?é‘ﬁ{‘ reaction is the
Z-configi@atioh BoOdbplsred iefoahulpvecur sor is [Rh(cod)d]2. 10 The

rati o of rhodium netal precursor to substrate is about

0.01 to about 10 nol % ANHaré& erred ratio of the

rhodi um nmetal precursor tg.thg[ substrate is about 0.05

mol % to about 0.4 nol B e ta am no acrylic acid

derivative substrates of f(igmjla Il for the asymetric

hydr ogenati on contain an ol ni ¢ -doubl e bond, and

unl ess specified otherw se, are neant to include both

E and Zln&@‘ﬂféﬁ:bﬁdlﬁoﬂs wrtwlﬁepafatm L thd 6t dnfiRG ﬁ@fhc&gld substrates for the

startin terials in the su
asym“i%“Co‘fydBQg?‘g??‘Lﬁﬁ%‘i“‘)‘P 6?%% R ‘g?‘ijﬁ( | °?F‘8‘§d it C‘iyﬁ%‘?‘ #18p p fom the
reactidn rgie@nee tThe E-cosfigwentionpf the substtatas és deleemimed by nualeammsagnetic resonance

(NG FRAILTEIN 0Oy RS BRERLe: LAKPNOH BrpehfigngeOmeL I ¢

guratlo t he )et a ami no
acryl i dhelbgtaangiae ropdete osers piformua B (Z o ORE19e SRS\ farthe ssymmetric

hydroéklﬁﬁ’tfdﬁg&ag%d &;ﬁlerp?é%%t'n%l@nﬁcﬁ chil6e pr%a?e‘arﬁo‘ngdiﬁeﬁke%‘es% of structural
In 1tor a
formula \PI in high yield by rear(':rtlljon with a source of ammonia in a suitable organic solvent such as

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

NH, O

G 0 NH,OAc J\AJ\

R! Z MeOH
(V1) (1)
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(M1) 20 Under the conditions for the preparation of
the beta am no acrylic acid substrates for the

wOoasgwEBs i ¢ hydrogenation reaction, the Z-i SOPET/USH05/011585
readily obtained via direct crystallization fromthe
reaction m xture. The Z-configuration of the
substrates is determ ned by nucl ear magneti c resonance
(NWMR) met hods, such as by nucl ear Over hauser effect
(NOE) experinents. The beta am no acrylate esters of

Sourcgs®f ammgnia ]nc](uge ammpug pcegpgz)immgmum[hgdrg@?qrm@c{ grprponiyng formate. In one

embodiiéH 6@QHEEd SRRt Ain@fiun RRtaR! a6 Blta-kEtY 8t R b@@ﬁps}@d as
red froma bet a- keto ester_of structural formula
descrlgﬂd%gi{f{

Breoks L ply Anpev.Lhem; Ip Edi Engl o1& 44880t ammoni a
i n a SThé edad Enins gﬁiﬁmﬁld&(ﬂaﬂ Bétprefaded Trads the BBkdIPdIAIng esters via amide

exchar&a& a%&%éribﬁ%i )Séfigﬁrgog&vgt ﬂ%al! Cg oerP I] é : elh%;_ualho)&gr Kl[—lgr Sn / fngl 7
MeOH RThBughowd the (hkthit applitationDh GOISWH@ 7efB)S have the indicated meanings:
PCT/ US3R0R( D14, %ﬁaﬁmﬂr%%r exEeis e%blﬁé(}ﬁ‘é‘?&f %e") QLY W&'[:JHI“

et ate, anmnon moni um f or mat
enantl@ﬁ@ leSéFPs(%lmrmmnapwes omlinéea W% epantinmesic xcesAYTRPORAS to formation of

85% o6 AhRiomENdN 8%t kR tothe SHR G @MnBEmB QRS 8ds %l%onymous with the
described by D.W Brooks et at., Angew. Chem Int.” Ed.

term “ppcpl purityg’ 75 (1979). The beta ami no acryl am des can
be pr ephe gdceky anhd ﬂmemomremqmimg c@fgoands of sttuchitdl (ﬂ(&muﬁ I with

high Ogt)l(c% }g.glgye, %ﬁ:afgfﬁlc L ée*g%e ?d]f eS'Of)onegt g ne% B?dcl:r%%r{t,i prbl{ngs of fomiula I are
obtaineditloani apgjcal eum ithexgess bHE% erdile at:lesi ofrthasdnehgdimen(T eranpoamdsof

formula Y RYBAIH® WRE b o;ﬁ?&&lgﬁﬁ?y f @7&:@{5%‘( By, ed Ined%ulgcla?péi1 this BE& Ncompounds

the % nmj or enant | ess the % mninor enantioner.
of fornm‘a Lare gbtained withsHy qpeeR PIdty é%@éé%sé ot &sponds to
f or mat TRdkeMh “en&ﬁ?&@éch@@’%hzﬁﬂﬂ&h|aQé@ﬁorﬁ1ﬂdvh3&%1@§naﬁhﬁner is produced

The term "enantiongri c excess" S
Cor g PRE 1) 8P AUt R i Gy oSBT rppgmer in e
mixtue p€predictst nvent i on provi des conpounds of structural

for m‘” Jfallg%gbu%mp?gﬁéﬁpaﬂ)!)&e e 1§{éﬁéed¥0 chlHe &gse élykyi é}oups of the

excess O
designpiod lpngth inf citheren straighizir hesdchsil confignratipn: |Ez(a1nplpn'rqf sychialkyl groups are

methyﬁé&ﬁsﬁro%f oc%x@p?ﬁ butkflnse"é1 bﬁ!yﬂ%e?twﬁ’% b&tpl' Eenm%bﬂmnﬂemyl 1sohexyl and the

oun ormul a an op

like. ’laﬁ kybgrpqps éggdlgg@stgpte(ggb}pg%ltutqdrwlgl (glﬁ E)ctqhgg EIoYps @ﬂﬁpgndently selected

from tird Greep, cousnipg ufltidogdd hpdrofyo rarbdxy, dmiascerboin] zimisd Cigtatkoay) and C1-4

alkylth;c?t ical purity in excess of 90% ee. The term
enanti osel ective" shall nean a reaction in which one

enant i Oheeterm Typlodkiyi’t sdntended 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 “Cj.5 alkylene” is intended to mean a methylene (-CH2-), ethylene

(-CH2CH2-), propylene (-CH2CH2CH2-), butylene (-CHpCH2CH2CH?2-), or a pentylene
(-CH2CH2CH2CH2CH2-) group.

The term “1,2-phenylene” is intended to mean a phenyl group substituted at the 1- and 2-
positions.

The term “1,2-C3.g cycloalkylene” is intended to mean a cycloalky! group of 3- to 8-
carbons which is substituted at adjacent carbons of the ring, as exemplified by 1,2-disubstituted

cyclohexyl and 1,2-disubstituted cyclopentyl. The cycloalkylene group is also intended to encompass a
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(or destroyed) nore rapidly than the other, resulting

in the predom nance of the favored enantioner in the
womostoars3 of products. The al kyl groups speci f pet/uabws/e11585

are intended to include those al kyl groups of the 20

designated length in either a straight or branched

configuration. Exenplary of such al kyl groups are

nmet hyl , ethyl, propyl, isopropyl, butyl, sec-butyl,

tertiary butyl, pentyl |sopentyl hexyl I sohexyl ,
bicycligriingsyseem ¢anjegninggne pair R@hrldgfrmmrt@n atomssublsasiathiqyeld[26% 1 heptyl ring

systen® {é?@éﬁﬂl&‘l@& E}dnd%érﬂang B ARbdrktn®eindh 9%9&0[‘2 de?&%n ARHLs¥m.,

sel ect copsi. st i
nyar o0 ¢ GHP DBy SRt RURATE Ot seh e el gghp of 305
carbor®Whidhlis ibstRhtky ittty 10 a?cﬂﬁpa@hﬁmi &t cyiliﬁ ﬁh@@si&}sﬁ' afls elk&mplified by 1,3-
n ic rings of alkanes of five to
dlsumt“\/'\‘é‘i% S%f‘glaﬁigrdb%ﬁm&?%qgfeﬁn ySa(ny number within this
range (The erm "lajugbdpeinteytied te includdiex hlpgenaaing Hiapiingl ¢hlorine, bromine,
and“ﬁ%g) The term "Cl1-5 al kyl ene" is intended to nean a

net hyl ene (-CHQ-), ethyl ene (-CHCH2-), propylene
( - CH2 CHihedepm Yolefin | refprs trea a(cquzvcp@@pmm@a)bon @entaining one or more

doubl@l?dﬁﬁ%ln@ﬁ(ﬁn ﬁo%%%@d@&&s) T@t@ﬁ&?mclﬁ@es-rmls ot hited to, 1,5-
" 1S infended to nean a phenyl group

CyCIO%E‘B@’P"‘I (t“iﬂdebangt“"’(bﬁ%‘a@eneéﬁﬂ’dé positions. The term
"1, 2- CShé%aubye@laeaA kplremenns i 55-tytladdignd’o mean a

cycl oa to.8- ¢ 0 which.is. ... .
sty O P i e e B Putg R P ol s s unsubsivted o
substitgsed nwith jofi¢ @(ﬁvbyub:gt;l@emis inddpsidentjt selicted frompheyl; halaged, hydroxy, amino,
carboxly, € I_Q kY €t1_4talkfo§jdt QG YAIMERE ¢ 4 alkPSulfoh§l 27l Y%ﬁ% Bgﬁé?bkﬁxyl
0]

is also intende enconpass a -18 WD 2005/

wherencthy allg goistoof pawss urwb,syequd@r pubstijuisq with aneciomiva lwirings. one
pa| r offhdieisl %ﬁ@@@yl’eﬁ’%&@ 2] S%r%%emb%\ﬂlﬁl'&rcﬁl%tl@ heterocycle that contains at

cl t lif
st U PR b ST TR Bl et oot
kinds ofi rings, Sytsxtae nylsT&}elobl&ylﬁand]he&-rc@el& thyt @teamt kymaive Exinfiples of heteroaryl
group§ Htt,lg dglg are. noEﬁ éedga %&{Crlol? {so%flzolgf {sHt}?uaioly Plya'azgly? ggli-u%my& g(azolyl
1,2,4- @cﬁdl@iﬁ:@'l chyd.4-oxadiapg)yls thetdmmlylatbiaeod @niplidazplgt trbtyol}[l Btrazblyl, furyl,
trlazmw ﬁx‘l’éﬂ?lt b}r%@iq%_lcyﬁ!iz%}?)&xﬁmsQMOl 1 ﬁeﬂbﬁx‘i&? bé g&ﬁ‘JZolyl

C open IS I nt to 1'’ncl ude
benzofffagiapplyl d@éﬂ@?’éﬁﬁﬁ“?% rdpliyL, Peridaginyh @da@%nm@o yLand
dlhydek&ﬁeIEyTgﬁi(ﬂlﬁih%ﬁ mﬁﬂoﬁﬁ%:'lrbhtﬂaﬁfzﬁylsqﬁlﬁ’azahrﬁ‘l: )flG[LHtl%'rlﬂfnyl carbazolyl,

Cc rocar oon nt al.n e or nor
benzofj ot ORI B b O T L O B B e er
benzothigoylughé®]yl iodolyl sisaqainolyl, amd dibentafpraiyl5<Hédt€roaryl” is ?Insubstltuted or
substltﬁl;%g Iw%ﬂ %E@tglfQ/Q ?ubgt dt,ﬁ&ﬁ*s 1}1de§&%i&§fsgf%£ n@goxﬁ '?IEPré);]lgftagox;','trit:[lpo?omethyl,

oocC
amino, C|4 aﬁ(yl and C1-4 al OKXY.

Representative experimental procedures utilizing the novel process are detailed below.
The following Examples 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
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The term "aryl" includes phenyl or naphthyl. Unless

specified, "aryl" is unsubstituted or substituted
wowbashoome to five substituents independently Bel/®s2008011585

from phenyl, hal ogen, hydroxy, am no, carboxy, Cl-4

al kyl, Ci1-4 al koxy, Cl4 al kylthio, Cl14 al kyl sul fonyl,

and Cl.4 al kyl oxycarbonyl, 15 wherein the al kyl noiety

of each is unsubstituted or substituted with one to

five fluorines. The term"heteroaryl"” nmeans a 5- or

6- menber ed aronatitheterocycIe that contains at

| east one ring petepoatom selected fromO, S and N.

Het eroaryl s al so de INHer@aryl s fused to ot her
S

ki nds of rings, si

het er ocycl es t hat

heteroaryl groups fncl ude, but

pyrrolyl, isoxazolyl, isothiazoly azol yl ,
pyridinyl, oxazolyl, 20 1,2, 4-oxadi azol
1, 3, 4-oxadi azol yl , thiadiazolyl, thiazolyP,
|n1dazolyl trlazolyl tetrazolyl furyl triazinyl,

trifluoRBRZQ i ggjothlazolyl benzothladlazolyl
rluoap ?3’ooe zo ur S i ndol i nyl, pyridazinyl,
i ndazol yl, isoindolyl, dlhydrobenzothienyl,

Preparalihdfi3 'trmﬁbﬁom%{h glgl W!etra bidnes agdAvbia hiadiR, hydvdchloride salt
14 napht hyri di nyl, carBazonI, Benzoaloxoiyl,

(-4 qui noxal i nyl, purinyl, furazanyl, isobenzylfuranyl,
benzi m dazol yl, benzof ur 5 benzot hi enyl
qui nol yl, indolyl, isoquSQ@ﬂ@EE-and dlbenzofuranyl

"Heteroaryl"™ is unsubstituted or subs™tutigd with one
to five substi tuBRGODEIeGERGBNt |y sel act edNfr aOH,C

f 1 uor dNHINHY oxy—trifluoronethyl , Fabi noﬂlf?lt Cl- ﬁ

and Cl-4 al kox e experi nmenmt al

procedur es ut|¥ gﬁﬁﬁéﬁﬁéphggim process are1qé%alled
bel ow. The follomnng Exanpl es are for the purposes of
illustration only and are not intended to limt the

process 30 of the pre e invention to the specific
condltlon for maki ng e parti culgNTonpoMiht)s.
EXANPLE QQT/U82005L044585- FF/

NH2 O NN. CFEC%N N CF3 OH

2RR) - 4- oxo0- 4- 13- (trlfluqrgnethyl) 5, 6- dlhydrof
1,2,4ltriazol of 4, 3-al pyrazin-7(8H) yll-1-(2,4,5
trlfluorophenyl)butan 2-amne (2-5) 5 Prqu&ptlon of
3-(trifluoronethy))-5,6,7, 8-tetrahydrof

1, 2, 41tr|azo of 4, 3 alpyra2|ne hydr ochl or

Schemn 1 N MeOH, HCl, 55 °C K/N /N
NH H o
CF;
18 =4
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
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O H1. CF3000Et, CH3CN, N CH2CI NH2NH2 F3C N 2.
acoCH2Cl, NaOHH O 1-1 POC13 - FsO OCH2CL N °N
wo biiso97BBH2 CH3CN MeOH 1-2 HCI N HN, N CFBCMeSR05/011585

HCl, 55 CNZ N ~ NHHCF3 1-3 11=4 Step A
Preparati on of bishydrazide (1-1) 10 Hydrazine (20.1
g, 35 W% in water, 0.22 nol) was m xed with 310 niL of
acetonitrile. 31.5 g of ethyl trifluoroacetate (0.22
nol ) was added over 60 min. The internal tenperature

was cqrpplete, theapigtyreoppsvacupm dgtifledymrenaove watph andreghapgliaf 279~ 30 °C and under 26

~27 11$HF VicuOm. Dﬁﬁngﬂg@tﬂstﬁtaugr? 720 I%E oﬁacfef%ﬁltlﬁg wﬁ% fided 1S 1y to maintain
ution was coaql ed of 50 wm % aqueous

CONStARGYHY G ABPIORBRFLY Sibmes Télealus?/ W@hf"é‘?‘?ﬁa‘eé@t“}qve &4 phjgride. The cake
was rif€9d ¥2h asdu) 100ahIe ol trBe. rRHrﬁo&lﬁlQﬂtlﬂst@N effordedibighydrazide.a

B TR 6Bl s a0 S Pl 1B 04t Ay 58 fg R

13C-NME: { 1P MHi DMBsLdalrd 4G 161 Y £367 Brpias 8dat ot SBia), and 165.4 ppm.
et hanol at 27 -- 30 C and under 26 -- 27 in Hg

vacuum Durl ng the distill atl on 720 mL of
Step Bac et onPrepirhiiongh 8-(siflgeremethyhi2che

vol UneB(sﬁﬁQ&z@Hé' 1084t teémwb)ﬁ oihﬁols}inummm)fv&ak E@Jlé%ﬂos °C.
emove. sodi um chl ori de e cake. was rinsed wt

. th
Phospﬁ%ﬁﬁxya%ldm (374 & Qcd k) Wasipflded. manRiping thrterprrcgatg pejay 0 °C. The
mixtuigfwfae hehed tdi)B(SQ(hatxdragfﬂ ol éhis t&nﬂdrht%r(%QQmMﬂPLdlMB@cdiﬁés thdn 2 area%

of 1-1. g% ﬁ%ﬁéﬁ i%bel ']\388 Eﬂ‘[ﬂ%/g)é ?é’? 2?(2:11% filtyate‘(l\?[%e Eui_)%ea lecg%ooleg &0 °C. The

reacthlqzs)urry]yﬁﬁ cl&rgeq to the gueBoh k@pmg tha dhtgr@d tefnperamre beBive 0 °C. After the
addltuﬁ){ ﬁx@ ﬂflﬁ&x‘e Qs Qi taﬁd vs or?f)us y Eor 30 min, ttﬁ tefxslperature was increased to room

['uoro | or onet 4-oxadl azol e
tempe(ag_urezand the aqueous layer was cut, The organic layer was then washed with 215 mL of water,

215 mL of 5 wt% aqueous sodium bicarbonate and finally 215 mL of 20 wt% aqueous brine solution.
HPLC assay yield after work up was 86-92%. Volatiles were removed by distillation at 75-80 mm Hg,
55 °C to afford an oil which could be used directly in Step C without further purification. Otherwise the
product can be purified by distillation to afford 1-2.

IH-NMR (400 MHz, CDCls): § 4.8 (s, 2H) ppm.

13C-NMR (100 MHz, CDCly): & 32.1, 115.8 (q, J = 337 Hz), 156.2 (g, ] = 50 Hz), and 164.4 ppm.

Step C: Preparation of N-[(2Z)-piperazin-2-ylidene]trifluoroacetohydrazide (1-3)

To a solution of ethylenediamine (33.1 g, 0.55 mol) in methanol (150 mL) cooled at 20
°C was added distilled oxadiazole 1-2 from Step B (29.8 g, 0.16 mol) while keeping the internal
temperature at —20 °C. After the addition was complete, the resulting slurry was aged at 20 °C for 1 h.
Ethanol (225 mL) was then charged and the slurry slowly warmed to ~5 °C. After 60 min at —5 °C, the
slurry was filtered and washed with ethanol (60 mL) at -5 °C. Amidine 1-3 was obtained as a white
solid.

IH-NMR (400 MHz, DMSO-dg): § 2.9 (t, 2H), 3.2 (t, 2H), 3.6 (s, 2H), and 8.3 (b, 1H) ppm. 13C-NMR
(100 MHz, DMSO-dg): 6 40.8, 42.0, 43.3, 119.3 (q, J = 350 Hz), 154.2, and 156.2 (q, J = 38 Hz) ppm.

Step D: Preparation of 3-(trifluoromethyl)-5,6.7.8-tetrahydro[ 1,2 4ltriazolof4,3-a]pyrazine,
hydrochloride salt (1-4)
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10

Bi shydrazide 1-1 from Step A (43.2 g, 0.21 nol) in ACN

(82 n.) was cooled to 5 C. 10 Phosphorus oxychl ori de
wo(28@&/®713 0. 21 not) was added, maintaini ng t heCcT/Us2005/011585

tenperature below 10 C. The mxture was heated to 80

C and aged at this tenperature for 24 h until HPLC

showed I ess than 2 area% of 11=1. In a separate

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

and cooled to 0 C. The reaction slurry was charged to

the quéretenssen gidined-3 ATkl meiorlf i@ nsgieal vpe varmed o

55 °C. %7%°‘f-l§cﬁ'5ch'id?ﬁ ac@gﬁ' 4 I'nErD 14trﬂ(§) FhoddisEoviP s midial dis @éi‘nperature During
OrOUS he te erature was incr

the adcilbonn elbfﬁhﬂsdlf@hﬁ%fea‘elu?geméﬁ&a%%@tlawé%iféctroay@f aged °fé§tmm The

solutiohR@s escgainio®n t@IEIC na Sg ddhﬁllhlswaﬁﬂéﬁdurg\mﬁth agae'a bed_fodrhed (10 min to 1 h).
odl.um DI car

215 niL of n an
300 mf BHETRR 54 ghaead 255 g o stratie ED Sat GPRERTS G pigdfor 30
min andSdtaned y Balldd wafetvershedovith S0mlvefstiB el MXTBE Mal) abd dreed ungar acuum at 45
0 removed by distillation at 75-80 mm Hg, 55 Cto
- afford an oi be used directl n St C
N (RO ORGP 61 24 P S8 Mo 2 apihdd g L LSCNMR
(100 M) DvESRuE)! & 8R4l 3by, 4liG114.6 @t J 9323 Hzyaif20r(d, 11:1502121) ad 148.8 ppm.
1H NWMR (400 MHz, CDO 3): S 4.8 (s, 2H) ppm 13C NWR
(100 MHz, CDC13): S 328themb®28 (q, J = 337 Hz), 156.2
(g, J = 50 Hz), and 16474 ppm Step C Preparation of
N-[(2Z) - pi perazin-2-ylidemeltrifluoroacetohydrazide
(1-3) To a solution of etlhyl enedi am ne
mol ) i nfret hanol (150 &'bol ed at
added djstilled oxadia F
), whi e keepi Bg CPI i nt er nal

-20 @ er the add|+hWoml et i ng
slurr - éﬁ" EhGDCDflPr]ZNIEt 225Ym.) O
was theh char ged andp : .

ysIOV\Ay
After 6B p at -5 C fA‘urry was filter

washed w tHh—et hanol (60 m_) at -5 T. Amdine 43 33 was
obtai ned as a white solid. 30 1H NVR (400 )
DMSO-d6): S 2.9 (t, 2H), 3.2 (t, 2H), 3.6 (s, 2H), and
8.3 (b, 1H) ppm 13C-|J_>\II\/R (100 MHz, DVMSO-d6): S 40.8,
42 d-|Cl43 3, 119.3 (q,|J 350 Hz), 154.2, and 156.2

[,1| Hz) ppm ep D~ Preparation of
lf' ornrret hyl )

7, 8yt et hydr of
&(O| Of4 3' S 0, i
(1 11)4 -21 ¥p,2005/ 097}/ 33

d\g |gri de salNH;OAC
CT/ US2005/ 01 B‘SENA M ’
in f?&'

su mi di neF 11- 33(273M ol )

mL of nethanol was warned ;g 55 C. 37% Hydrochloric
acid (11.2 nm, 0.14 nol) added over 1GFgin at this
tenperature. During the addition, all solids

di ssolved resulting in a clear solution. The reaction
was aged for 30 min. The solution was cooled down to
20 C and aged at this tenperature until a seed bed
formed (10 mn to 1 h). 5 300 nL of MIBE was charged
at 20 Cover 1 h. The resulting slurry was cooled to 2
C, aged for 30
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mn and filtered. Solids were washed with 50 niL of
et hanol : MTBE (1:3) and dried under vacuum at 45 C.

WO 2605MWR36 400 MHz, DVBSO-d6): S 3.6 (t, 2H), 4.BCTUS206p11585
4.6 (s, 2H), and 10.6 (b, 2H) ppm 13C-NVR (100 MHz,
DMSO-d6): S 39.4, 39.6, 41.0, 118.6 (g, J = 325 Hz),
142.9 (q, J = 50 Hz), and 148.8 ppm Schene 2 0 F O
F F, 0OO<F OHOOtBuCOCl, -Pr2NEt, 0 2-1
DVAP, DMAc F OO 10 22=2 HCl FHNl -NNFOO\~ N\ N
N N H40Bc 1=4 CF3_ N N MeOH 2-3 CF3 -22 WO
200p/ 094733 PCT/ US2005/ 011585 F F NH2 O N

0 NO‘ﬂRh JOTI5 CF3 Step

6: di hygli:of 1 2, 4Itr| @\% (falr Ipfkgg'ﬁéigm hyI )5

ot "H,, CF2CH,OH, 100 psi,

CFs 20°C

F

F.
NH, O
N /\'4 N\N
F K/N\/<
2-5
CF3
Step A: Preparation of 4-oxo-4-[3-(trifluoromethyl)-5,6-dihydrof 1.2 4ltriazolo[4,3-alpyrazin-

7(8H)-yl1-1-(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
flask. N,N-Dimethylacetamide (DMAc) (525 mL) was added in one portion at room temperature to

dissolve the solids. N,N-diisopropylethylamine (282 mL, 1.62 mol) was added in one portion at room
temperature while maintaining the temperature below 40 °C. Pivaloyl chloride (107 mL, 0.868 mol) was
added dropwise over 1 to 2 h while maintaining the temperature between 0 and 5 °C. The reaction
mixture was aged at 5 °C for 1 h. Triazole hydrochloride 1-4 (180 g, 0.789 mol) was added in one
portion at 40-50 °C. The reaction solution was aged at 70 °C for several h. 5% Aqueous sodium
hydrogencarbonate solution (625 mL) was then added dropwise at 20 — 45 °C. The batch was seeded and
aged at 20 — 30 °C for 1-2 h. Then an additional 525 mL of 5% aqueous sodium hydrogencarbonate
solution was added dropwise over 2-3 h. After aging several h at room temperature, the slurry was
cooled to 0 — 5 °C and aged 1 h before filtering the solid. The wet cake was displacement-washed with
20% aqueous DMAc (300 mL), followed by an additional two batches of 20% aqueous DMAc (400 mL),

and finally water (400 mL). The cake was suction-dried at room temperature.

Step B: Preparation of (22)-4-0x0-4-[3~(trifluoromethyl)-5,6-dihydro[1,2.4]triazolo[4.3-
alpyrazin-7(8 H)-yl1-1-(2.4,5-trifluorophenyl)but-2-en-2-amine (2-4)
A 5 L round-bottom flask was charged with methanol (100 mL), the ketoamide 2-3 (200
g), and ammonium acetate (110.4 g). Methanol (180 mL) and 28% aqueous ammonium hydroxide (58.6
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35

7(8H) yll-1-(2 4 5-trifluorophenyl)butan-2-one (2-3)
2,4,5-Trifl uorophenyl acetic acid (2-1) (150 g, 0.789
wormesyo97M8l drum s acid (125 g, 0.868 5 not), @awd/US2005/011585
4- (di met hyl am no) pyri dine (DVAP) (7.7 g, 0063 not)
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 roomtenperature to dissolve the solids.
N, N-di i sopropyl ethylam ne (282 nlL, 1.62 not) was added
mL) wirg then@dgedrke¢ping tha temmwretbelﬁwe’)ﬂaﬁdrl@ﬂgmm additien; fAdditipnahgethanol
(100 n{LI'i @vag §H6& goatﬁéjlregctlgﬁ l’nﬁ%ﬁré Orife miktuYeh f¥eat&ddt %fluQ @erﬁp@&?uréﬂnd aged for

dropwi se over | to h whi
2h. Thegentian maﬁ@mﬁeléo W@Wﬁ@m{a&?r% DB ALY B e e el Afer 30 min,
the solidBRdtfileRd Al diedtdsfordad angedidah ph2@. @ 1 h. Triazole
hydrochl oride 1-4 (180 g, 0.789 npt) was added in one
portion at 40 50 C. The reaction solution was aged at
StepC70 C B fep& eticarofi [ 2 Rir4-oz 86 ABHaeid usromertiyl)fib-dihydrol 1.2.4ltriazolo[4.3-

0 %06 Tk i chrkos TRIGRASIORE e arol SHAP -Gy ol emp Ligand

E) (0. %@H HS&% m%‘agénlémm&m?@ ms&&%&%ﬁethzﬁl@i WisitRA M@ (20 mL) and the
se over 2-3 After aging sever aI

at
mixturg &@ﬁfttr@ﬁﬁgwammer%%f%ﬁ fir Fjo padragsnaes yag ghapgsd ghe.engmipe amide 24

a mman dncﬁagaddegaéaedo dahe egal§st kdl@ionngs tHes tradfdrdd tolthehyiedgeeadde @nder
acenent

I
nivosiie vt R GIEBY i S o i PP Re Bt P hvaogen
gas at Q)@ fon 30 DK {s4QQietd. P8% eand final |y water (400 nl).

IHNMR @F()@@Kﬁz w?gcmm 29O, ni4. 9094 BE N AI1315, 8.95 Bk B.40 (m), 2.68
reparation of
(m), 2622)1)»4—4@f(b§)4 f3-(trifluoronethyl)-5,6-di hydrof
Comp(;una 24 dxisks?% ARk ‘ﬂ)oﬁ%i’rot%gle@l Ulﬂfe%zihdlcaze(d&ﬂ)t ] ok akd rhidordrotamers are
-trifluorophe ).but - 2- en- s"ﬁedf A5 L
groumdda%?&lebsmed Pf g1l3 g %%%P‘g‘,}é?@ FpHefiet hanol (100 ni),
13C NMRe(GRa@Bnd t .82 2573+ (@Q@OICFg)Mz K92, AFmidA| WA Aweiont £51.8 (minor), 149.3

@ g, 520 BB P4 Q4668907 a3 R DG T s . 124

(ddd , titz)= 18T, 6.5t éhériizadaéél (Kedpimtp.1.08 Hempriaulce=Bes.9Wz330¢2 (dd , Jer

=29.5085.6 1), 1508, 2011k b Qmo\d@Iot AR, 4?Et4|ﬂ%mknor)(zﬂiocp 3%)38%nor)
added t'o the reaction mxture he m xture was heated

369. at reflux tenperature and aged for 2 h. The reaction

was CoqhefbilbRing ARMpLESRAARNIGGIE cAidthatop@phié GIFLIT) Yéndftidks were used
in.an ice-bath, After 30 min, the SO|Id was filtered

tOdeteéﬁ‘H’ecH’F‘i‘:%'HC?’He’é\"f‘bcfﬂo “4 as a solid; mp. 271.2 C. 5
Colunfit ep CWdtsre Panradtiydli 8050 mm x 4.6 mm

Eluenl(ZR) 458K etk b?I v@i%HHOMf@Et hyl)-5 6-dihydro[1

,41triazol o[ 4
aI pyr aﬁpheﬂmht)etoylitltﬂﬁl (2,4,5-trifluorophenyl)butan-2-a

Gradlgﬁltne (%n'i_])l75%tA0. qujﬁ ask was charged [ Rh(cod)2] Orf (0.1
%7 ToI Bi phenp (Ligand E) (0.1 mmol)
under é Fﬂl‘t? Bén 78 rﬁ)sphere Degassed tri fl uoroet hanol

vvas thqsmggﬂ%@zasm and the 10 m xture was stirred

roogk 5%;:#5{21;“ 1 h. Into a hydrogenator was

char ge am de 2=4
Flow rate: 1 mL/mm

Injection Vol.: 10 pL
UV detection: 210 nm
Column temp.: 40 °C
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(1 mmol ) and then degassed. The catal yst sol ution was
then transferred to the hydrogenator under nitrogen.
WOAbISaw7d8gassi ng three times, the enam ne am 8eTW32005/011585
hydr ogenat ed under 100 psig hydrogen gas at 20 C for
20 h (94% assay yield, 98%ee). 1H NVR (300 Mz,
CD3CN): S 7.26 (m, 7.08 (m, 4.90 (s), 4.89 (s), 4.14
(m, 3.95 (m, 3.40 (m, 2.68 15 (m, 2.49 (m, 1.40
(bs). Compound 2-5 exists as am de bond rotaners.
Retentignttisss i ndi eapewnd 2418 .Imaipor and ni nor rotaners are
grouped tog&ﬁr{bgﬁndsz §Ge e carbon-13 signals are not
wel |l resolved: 13C NWR (CD3CN): 8 171.8, 157.4 (ddd ,
JCF = 242.4, 9.2, 2.5 Hz), 152.2 (major), 151.8
(M noryhe f@ﬂ&’vlﬁ h1@ﬁigé}ford§ﬁe fiquld Ghrdmatdgaphic (HPLO) ddhjlitions were used
& 41.2, 12.3, 3.7 Hz), 144.2 (g, JCF
3 todeteﬂmé%c’lé‘cglzf)“my124 6 20 (ddd , JCF = 18.5, 5.9, 4.0 Hz),
ColumihZO 4 Chiehpak, ADFH25090m x 46.nm Hz ) , 119 8 (g, JCF = 268.9
1 d 50.1, 44.8,
Eluent) ) (rQn‘gh%‘Fg‘ g%§°1%7CF‘emﬁﬁg‘i“§““ %’glf‘%e 41.6 (mnor), 41.4,
39. 6, Sdvamt Brd. huelf, dietipdangne miethandd| | owi ng
Isochrilicgié'mﬁ%é qgypsce liquid chromat ographic (HPLC)
conditions were used to determi ne percent conversion
10 Flow rgtg: pr o @L/mP5 Col urm: Waters Symmetry C18, 250 mm X
Injectidn Gotmy uEl uent: Solvent A: 0.1 vol % HC104/ H20 Sol vent
Uv d B: .ace itrile Gadient: O min 75%A : 25%B
efﬁ?ﬂ“nz A™ 7508 30 12.5 nin 25% A 75%B 15 min 75%A
Column téi638 °CFl ow rate: 1 nL/mn Injection Vol.: 10 pL WV

I on ( ) um tenp.: 40 C -24 WO
Retent%’%é@%gg7733@%&2%3%%@585 Retention tines:
15 conpound 22&%am@e1ll@d Minconpound 22=5: 5.4 nin The
foll ow ng high-performance |iquid chromatographic
(HPLC) conditions were u%?(gMPi t.o determ ne opti cal

purity:
F

NH, O
N/\VN‘N
F N
.

(2R)-4-0x0-4-[3-(trifluoromethyl)-5.6-dihydro[ 1,2.4]triazolo{4.3-a]lpyrazin-7(8 H)-y1}-1-(2.4,5-
20  trifluorophenyl)butan-2-amine (2-5)
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Col um: Chirapak, AD-H, 250 mm x 4.6 nmm El uent:

Solvent A: 0.2 vol.%diethylam ne in heptane Solvent
WOR003M9173801 % di et hyl ami ne in ethanol | sochr atrica/uiRaens/011585
Time: 18 min 10 Flowrate: 0.7 nL/mn Injection Vol.:

7 L UV detection: 268 nm Columm tenp.: 35 C Retention
times: (R -amne 2-5: 13.8 mn 15 (S)-amne: 11.2 mn
EXAMPLE 2 F F/ NH2 O\ N~ NN\N F N CF3

(2R) - 4-0x0-4-[3-(trifluoronmethyl)-5 6-di hydro(1 2

Al triazol of4, 3-al pyrazin-7(8H) -yl I -1- (2, 4, 5- 20

trifluprophenyl)butan-2-amne (2-5) -25 WD 2005/ 097733
PCT/ uszo NHEFE ® NH2 0\ | \ N [Rh(NBD)2] BF4, N
N Li gand - B MeQH/ CR3CH2OH, [RnNBDBYBFRSI |
50C CF3 F /'Q\ [.hz D)BFR
— N Ligand D .
F k/N 7 H,, 1:3 MeOH/CF3CH,OH,
2:4 CF, 500 psi, 50°C
F
F
NH, O

Into a flask were charged bis(norbornadiene)rhodium(l) tetrafluoroborate

{[Rh(nbd)21BF4}(41.55 mg, 0.1 mmol), Ligand D (69.73 mg, 0.1 mmol) and the enamine amide 2-4 (45

5 g, 111.1 mmol) under a nitrogen atmosphere. To this mixture a solvent mixture of 37.5 mL methanol

(extra dry and degassed) and 112.5 mL 2,2,2-trifluoroethanol (distilled and degassed) were added. The

slurry was then transferred under nitrogen into an stainless steel autoclave and sealed. The autoclave was

then heated to 50 °C and pressurized to 500 psig with hydrogen. A sample taken after 17 hours was
analyzed using HPLC, which confirmed the end of the reaction giving 94% assay yield and 94% ee.

10
EXAMPLES 3-5 ,
NH
2 O Rh-L* NH2 O
>
OMe —= * OMe
H;
TABLE la
Ex. Ligand Metal precursor %yieldb Joeec config.
15 3 A , {Rh(cod)21BF4 77 88 R
4 B [Rh(cod)Cl]2 58 76 R
5 C [Rh(cod)Cl]2 15 78 S
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F ~N2-5 CF3 Into a flask were charged
bi s(nor bor nadi ene) rhodi un(1) tetrafl uoroborate {
wWO2Rs(aebd}3 2] BF4} (41.55 ng, 0.1 nmol ), Ligand DpC®AISZ®S/011585
nyg, 0.1 mmol) and the enam ne am de 2-4 (45 5 g,
111.1 mmol ) under a nitrogen atnosphere. To this
m xture a solvent m xture of 37.5 nL nethanol (extra
dry and degassed) and 112.5 nL 2,2, 2-trifl uoroet hanol
(distilled and degassed) were added. The slurry
a: Reattipprronditignsfie TFB.S melthametaliprecoigerns hﬁ%hmdﬁoa’ﬁlﬁﬂbs@ C 18 h; b:
AssayiﬂtbquPL@E O&Js%\é@ b?ﬂﬁraﬁﬁf‘]i@ fingld1€S m&ﬁklaﬁ'ﬂﬁnﬂi@ﬁltmé REN20%

pressurized to 500 psig wit

aCCtOﬂHV’GW@féﬁSth%“@b‘Whéset aken after 17 hours was anal yzed

usi ng HPLC, which confirmed the end of the reaction

giving 94% assay yield a %. € 10 EXAMPLES 3-5 NH2

ORh-L'" NH2 0 Owe H I Eg&}ggbﬁez TABLE |a Ex. Li ag

nd Metal precursor %ieldb %ec config. 15 3 A

[ Rh(cod) 2] BF4 77 88 R 4 B[Rh(cod)Cl]2 58 76 R 5 C

[Rh(cod)d ]2 15 78Hg Q26 WO 2006/20968igand D

PCT/ US2005/ 011585 . IReaction c n|d B hicodl E 5
nmol % net al et 5@6Hy | i o C,
18 h; b: saybd by HPLC, c: As3EkeBO0@psigiz 40 QPLC

usi ng Melp- RHNchiral colum eluting with 20%
acetonitrile/water as the nobile phase. 5 EXAMPLE 6
NH2 0 0.2 nmol % Ligand D, OCH3 nmol % [ Rh(cod)Cl ]2, 3

TFE, 500 psig H2, O N NH2 O OCH3
| X OCHj,
~
MeO™ N

Methyl (35)-3-amino-3-(6-methoxypyridin-3-yl)propanoate
Into a 25 ml flask were charged chloro(1,5-cyclooctadiene)rhodium(I) dimer

{[Rh(cod)Cl1]2}(5.9 mg, 0.012 mmol) and (R,S)-p-CF3 Josiphos (Ligand D) (16.3 mg, 0.024 mmol)
under a nitrogen atmosphere. Degassed and distilled 2,2,2-trifluoroethanol was then added (5 mL) and
the mixture was stirred at room temperature for 40 min. Into a 25 mL hydrogenation vial was charged
the enamine ester (3 g, 0.01441 mol) along with 2,2,2-trifluoroethanol (7 mL). After the enamine ester
was dissolved, 3 mL of the catalyst solution was added to the hydrogenation vial (0.1 mol% catalyst).
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 500-psig-hydrogen
gas at 50 °C for 24 h.

Assay yield was determined by HPLC to be 96% and optical purity to be 97% ee (HPLC conditions same
as for Example 1).

IH-NMR (400 MHz, CDCI3): 8 1.81 (bs, 2H), 2.64 (m, 2H), 3.68 (s, 3H), 3.91 (s, 3H), 4.4 (dd, 1H), 6.72

(d, 1H), 7.62 (dd, 1H), and 8.11 (s, 1H) ppm.

EXAMPLES 7-12

M Rh-L* NH, O
\ ——
R’ OMe H,, TFE R * OMe

=27 -
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MeO N Met hyl

(3S) - 3-am no- 3- (6- net hoxypyri di n-3-yl ) propanoate Into
woa0&#9m33f | ask were charged PCT/US2005/011585

chl oro(1, 5-cycl ooct adi ene) rhodi un(1) dinmer 10

{[Rh(cod)d]2}(5.9 ng, 0.012 mml) and (R S)-p-CF3

Josi phos (Ligand D) (16.3 ng, 0.024 mmol) under a

nitrogen atnosphere. Degassed and distilled

2,2,2-trifluoroethanol was then added (5 nL) and the

m xture was stirred at robaBLERPerature for 40 m n.

Into a; 2 «Lydroge ion vial char ¢ the
Ex. enami nlél‘gglggéﬁi(-? g, 8&%1441 nol bng V\Ag‘?‘%’ config.
2,2,2-trifPuoroethanoPh (7 nL). M2er the e¥am ne ester
was di ssolpmed, 3 nL ofpipge catalyst sol utign was added
to the hydrogenation vial (0.1 nol%catalyst). 15 The
hydr ogenatPon vi al wa¥ seal & and trahsferred
10 into the hpdrogenati olPhalyb undeg) nitrogeme After §
degassi ng three tinespwh.th hydrogen, the epam ne ester
1 was hydrog%nat ed unde?ﬁ%o- psi g- ‘S/drogen %’as at 50
12 for 24 h. Bssay yi el d-@H3Phet er nf?hed by HA'C to be 98%
and optical purity to be 97% ee (HPLC conditions sane

a: Rea@tbm,comigiqnsg().@hnqlﬂﬁ [Rﬁ@@)@zﬁ@%mql%ﬂ}g}lpd, 3083, 1p i)sig]:lg. !) Assay yield; ¢

Assaye?dsb’%l cix&éi’%l’é%? us%%%geﬁ?wfag&&&gﬁ@utwig Z%G@C%Ignitrile/water

as the PBilephase. OMe 2, -27 WD 2005/ 097733 PCT/ US2005/ 011585
TABLE 2@ fhctubek GRME cHital %hoﬁs"nir?@ﬂ eodd PG if AR Hx@mples/abble are
Ph 92 96 S 8 D4-F-Ph 62 96 S5 9 D 4-Ove-Ph 88 95 S
providedbelpvg_ pyridyl 91 96 S 11 D PhCH2- 94 93 S 12 D
4- CF3- Ph- 97 S 10 a: Reaction conditions: 0.15 nol %
[ Rh(cod) d ] 0.33 nmol % | i gand, 50 C H2. b

[ BN

Assay yi el d,Ac ed by chiral H AS- RH
or AD-RH cKkjr # eluting with 25-%054 ‘
acetonitril e water Et PPh
= Fe ?
Et :
o< =
"Ligand A" “Ligand B"
Me
>
N\ PPh, P(1Bu)z
! ~P(4-CF3Ph)
Fe SR
g ) PPh, CB
s ©
"Ligand C" "Ligand D"

-8 -



as the nobile phase. The structures of the chiral

phosphi ne |igands enpl oyed in the Exanpl es above are
wopo@vwiodsd below ,~p Et gPhJ Et Et Fe P Et PR2P/USI®5/011585

"Ligand A" "Ligand B Me S| PPh2 Q P(tBu)2 Fe

14Ph2 PPh2 S ' "Ligand C' "Ligand D' -28 WO

2005/ 097733 PCT/ US2005/ 011585 P(cycl ohexyl)2 P

(p-Tol)2 cr "Ligand E* -29 WD 2005/097733

PCT/ US2005/ 011585 WHAT_IS CLAIMED IS: |. A process
for preparing a conmpoghoNf structural forrmula |: NH2
OZ R
P(cyclohexyl),
O P(p-Tol),
“Ligand E"

=29 -
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(1) 5 enantionerically enriched at the carbon atom
marked with an *; wherein Z is OR2, SR2, or NR2R3; Rl
wo k&s097783 al kyl, aryl, heteroaryl, aryl-Cl-2 abP&ylUS2006/011585
heteroaryl -Cl-2 alkyl; R2 and R3 are each
i ndependent |y hydrogen, Cl-g alkyl, aryl, or aryl-Cl-2
al kyl; or R2 and R3 together with the nitrogen atomto
which they are attached forma 4- to 7-nenbered 10
heterocyclic ring systemoptionally containing an
WHABHCARDHD IShet er oat om sel ected fromO, S, N, NH, and
NC 111 al kyl, said heterocyclic ring being
unsubstituted or substituted with gne to three
subst i t-uent & PrIcAE EyrRparng 3 comppdiof srycrimhismyla I
hydr oxy, hal ogen, Cl-4 al koxy, and Cl1-4 al kyl wherein
al kyl and al koxy are unsu i Qited or substituted
with one to five fluorines; said heterocyclic ring
syst em bei ng optional | yRtused witéh a 5- to 6-nenbered
saturated or aromatic carbocyglic ring systemor a 5-
to 6- 15 nenbered saturated or’ aromati c heterocyclic
ring system contai ning one to three heteroatons
enantigedreaiyegiriced anthOcart®n alym Netkedawith MC; ddeminkyl| , sai d

7 is ORY qﬂggﬁ@ngsten1being_unsubstituted or substituted
]somrﬁﬁ’oﬁet() four substituents sel ected from hydroxy,

R1is G kYL rylystsromyl. 1A IR R4V, ordeigroe 1 2ialkgky . wher ei n
R2 ancﬁkkﬁﬂe eﬂ:lﬁdndeﬁin_ﬂﬂ%lyfh?ﬂregqmns HRalkiIt s dr aayl-cslhupaikﬁt dit e ]g
W one to five fluorines; conprisi e step o
R? anch?f%l fog st tith Ay nitroeep afomyte §§’HE g‘eg}?r e HWF%HESH“ fAsioy-member ed
hetero@fcli€ Ahg Ghter@0pionaky intagliigidtadditional Rfferbapsrsdlted fiomNDIH2 N, NH, and
NC1_4%(gl,|§gid Hgtex%cyciié {%ﬂg ﬁeﬁhl‘g?xn% tgtk@!i 6r s‘aﬁﬁiﬁﬁédcwiﬁp(%n\é %‘gpée @uﬁsﬁ'ﬁems
preésence of ‘a rhodi um neta Erecursor conpl exed to a

indepeadgntly pelegtsd dromggxo, }mdg)gm,d@b)g@qq 1-|4ia§‘8ﬁ3d andyfi-t-# akkplgvherein alkyl and
alkox%c?lydg%ﬁtu{eﬁ 3t SLﬁ)gt}t%tEch@Hﬁ Gli\er 18 lﬁv@fllﬁﬂﬂ@s? me SAfd ﬂeie%ggig :riﬁg system being

_ errocen I sphosphi ne |1 gand of struct
optionplyy fsedavithialS- to & memiyrrdroREY Py FRMACTRIRISO SPHIEEBPT 2 Rato 6-
membé&eed §‘atd?m ardnftiEhdterbclid fingd dysteaSiiBhifg 5k tb Sarlelirefbraatdiié lselected
from (%F)Sl @ ;Méi/aélRoilg]al%qlk@? Os?iﬁ gtlgsgcl‘? 19 gaéﬁg&gﬁ%%ﬂg Sﬂtui)sbfitu?e]d_o@ sggs!ﬁ}ﬂed with one to

four substituents selected from hydroxy, amino, fluorine, C1_4 alkyl, and C1.4 alkoxy, wherein alkyl and

alkoxy are unsubstituted or substituted with one to five fluorines;
comprising the step of hydrogenating in the presence of hydrogen gas a prochiral enamine of structural

formula II:

NH, O

RN N

(I
in a suitable organic solvent in the presence of a rhodium metal precursor complexed to a chiral mono- or

bisphosphine ligand; with the provisos that
(1) the chiral bisphosphine ligand is not a ferrocenyl bisphosphine ligand of structural formula III:
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R7 is Cl-4 al kyl or unsubstituted phenyl; and that 5
(2) the chiral bisphosphine ligand is not a |ligand

wozelsaotsd fromthe group consisting of: PCT/US2005/011585

1, 2- bi s(ani syl phenyl phosphi no) et hane;

1, 2- bi s(al kyl et hyl phosphi no) et hane;

2, 3- bi s(di phenyl phosphi no) butane; 1, 2-bis

(di phenyl phosphi no) propane; 10

2, 3- bi s(di phenyl phosphi no) - 5- norbornene

2, 3- C>|sopropylldene 2, R*

3-di hydr oxy- 1, 4- bi s- (di phenyl phosphi no) but ane;
1-cyc|ohexy|-1,2-bis( QD hykpPBYRhI no) et hane;

1- substi tut ed- 3, 4- bi s( --enﬁ3phosph|no)pyrroll di ne;

2, 4- bi s(di phenyl phosphi p ane;

1, 2-bi s(substituted ph olano)benzene;

1, 2-bi s(substituted ph ol ano) et hane; 1-(substituted
phosphol ano) - 2- (di phen osphi no) benzene;

1- ( bi s(3, 5-di met hyl phenyl ) plisphi no) - 2- (subst i t ut ed
phosphol ano) benzene; 1-(substituted

whereRIRISPOPY A1) or Aryl;Di 8(28 Ei di (t-butyl)-4-met hoxyphenyl)
ene;

h
R5amgﬁggpﬁ%£g ?mleT@fhﬁ%ﬁﬂ@&g*gﬁwfo§kﬁﬁﬁ8?hﬁP$o)benzene
R7 is @}-2alkylloir slﬁsdbqnhﬁdyﬁhmyusapmtlno) 1 1' -hi napht hyl ; 2 2'
-bi s(di -p-toly h bi
@) the_ogirél%&épk%plsr?edlllgqg¥ tﬂl‘llggl% 3ebaﬁt8g Bﬂ{lnglg%) r(iul}]/f‘.ohsmu’ng of:
12-bls(:bi19?ﬁa}hkﬁyl‘pﬁbgphmﬁ)eﬂlane bi s(di phenyl phosphi no) - 6, 6'
h l; 25 56), (5
L.2- b‘S‘%i"jq‘%%‘nﬁt’h"%?‘ﬁ“ﬂ)eé%é‘ i oxy) bi phe§1§/l ! 2? ¢
2,3-bis(diplyenylphisptdnpbitang! phosphi ne); ((5,6), (5

12b19(ﬁpﬁen?lk)§c(sﬂﬁ gxloﬁz{ﬁ@d' oxy) bi phenyl -2, 2'
g dlnethylphenyl)phosphlne) ((5,6),
2,3-big(djph eeyl)’h(ﬁPlé"(“ﬁérW(’é‘??é%h oxy) bi phenyl -2, 2" -di yl ) (bi s(3,5

2,3-0-isdpropyliasiteyd, )-gihpinyly) PR BispdipteayIphosphino)butane;
A T T (e

y 2- yl ] ethylam ne; -31
1-subsviDteARY6hiOEipRSF I PRGSPhiSRPOAIdE1585 1 -[ 1'
ooyl ERRIESE ) or ooenyl oo aconol s
1,2-biggsubstitutipd phostholaeeipéngenss phi no)-1,1' -(5,5',6,6',7, 7'
1,2-bis(&ib&itue Hlod N HnOBhARPNt hy! .
1-(substituted phospholano)-2-(diphenylphosphino)benzene;
1-(bis(3,5-dimethylphenyl)phosphino)-2-(substituted phospholano)benzene;
1-(substituted phospholano)-2-(bis(3,5-di(t-butyl)-4-methoxyphenyl) phosphino)benzene;
1-(substituted phospholano)-2-(di-naphthalen-1-yl-phosphino)benzene;
2,2’-bis(diphenylphosphino)-1,1’-binaphthyl;
2,2’ -bis(di-p-tolylphosphino)-1,1’-binaphthy]l;
2,2’-bis(di(3,5-dimethylphenyl)phosphino)-1,1’-binaphthyl;
2,2’ -bis(diphenylphosphino)-6,6’-dimethyl-1,1’-biphenyl;
((5,6), (5°,6")-bis(methylenedioxy)biphenyl-2,2’ -diyl)(bisdiphenylphosphine);
((5,6), (5°,6’)-bis(methylenedioxy)biphenyl-2,2’ -diyl)(bis(3,5-dimethylphenyl)phosphine);
((5,6), (5°,6°)-bis(methylenedioxy)biphenyl-2,2’ -diyl)(bis(3,5-di(t-butyl)phenyl)phosphine);
cyclohexylanisylmethylphosphine;
1-[1",2-bis(diphenylphosphino)ferrocenyl]ethylamine;
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5 2. The process of Caim1 wherein said chiral
nmonophosphine ligand is of the structural fornula: R8
WORBeR9IM33R8 wherein n is 1, 2, or 3; R8 is Clp8raiskyus/o11585

or C6-10 aryl; and RO is aryl or a ferrocenyl

phosphol ane radical. 10 3. The process of Claim?2

wherein RO is phenyl and R8 is C 1.4 alkyl or aryl. 4.

The process of Claim2 wherein said chiral phosphine

ligand is of the structural forrmula: R16 RI6 P 7y, R
I-[r 2118s(§iph§n¥lph©sp6ino)|f¢mo@el]@hylIamehorl%e P&P R16 RI6 15
22’-b1\§‘da E%ﬁm'o)c-‘l Claid cRpkineOngar yl . or the

enant’i oner s thereof 5. The process of
2,2 bl@ﬁdmhm hm@mé} h1's@i5406hT-7 -8 eepyiseimwhthyl i gand is of
the followi ng structural formula: (Ra )p A—(CHﬂnrnZO

"32 w2057 05785 ST ORU08 O st g Vi g s of he

strucned rmundependent | y hydrogen, Cl-4 al kyl, or C3-6
cycl oal kyl; A represents (a) a Cl1-5 al kyl ene bri dge
optionally containing one toR%o doubl e bonds said
a -5 alkylene bridge being upsubstituted or
substituted with one to @ub zftltuents
i ndependent |y sel ect ed ro group consi sting of
Cl-4 aIkyI, Cl-4 al koxy, aryl|_and C3-6 cycl oal kyl and
said Cl1-5 alkylene 5 brldgelﬁ%lng optionally fused
with two C5-6 cycloal kyl, C6-10 aryl, or C6-10

whereinetiet Gapy3; R§riodps alliplsuw Bstiohyledd BP isupst  faroemybipgpholane radical.
one to four substituents |ndependently sel ected from
the group consisting of Cl-4 alg Cl4 al _koxy
chl or 03 andThe Rresess of (Byima wheeinR? & phgryl HidIRSs @hé alkyl or aryl.

bri dge optionally

4. The process of Claim 2 wherein said chiral phosphine ligand is of the structural
formula:
R1 6 R1 6
B . B
<EP @ R'e d R!°
- ERT I ;
R16 or R
OO
R1 6 R1 6

wherein R16 is C1_4 alkyl or aryl;

or the corresponding enantiomers thereof.

5. The process of Claim 1 wherein said chiral bisphosphine ligand is of the
following structural formula:
(RaH/C)p/ A\(Cl_\_le)m
I P\ i P\
Rioa "R Rita R11b

wherein m and p are each O or 1;
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30

35

contai ning one to three double bonds and one to two
het eroatons sel ected from NCO4 al kyl, N(CH2) 0- 1Ph,
wOoNOaGBb783al kyl , NCOOCI -4 al kyl, oxygen, and swdmars2e05h11585

said 1, 2-C3-8 cycl oal kyl ene bri dge being 10
unsubstituted or substituted with one to four
substituents i ndependently selected fromthe group
consi sting of Cl-4 alkyl, Cl-4 al koxy, oxo, aryl, and
C3-6 cycloal kyl; (c) a 1,3-C3-8 cycloal kyl ene bridge

Ra andRP are nadhliydeponderalyrhydrggenn€ | 4 olkylnoe@s-glopehlatkybonds and

B 5 DY TR B LB P AR 1 0 i 1.5
alkylesenigtidgel bding urantdtimend dr dubRit@ed Bith aneab tak kupkiinantdindegg@ently selected
from tp@%aﬂz éﬂ)ﬂﬁé&?l%tof t}’.ﬁgﬁ(yg t |11 i%,llésc%%%ta{'ﬁ,l%gd %%Q¥8&ﬁkﬁ QndfsgildrCl_s alkylene

_ substituentsS | ndepende sel ecté rom’t he group
bridgechsing ioBYInAly redcithawa eyl oyCleallylfae iyl oes-10eiroaryl gepups
unsub&itat &X%sﬁﬁlltéﬁwn'h cﬂﬁ td il shbshitueRd ﬁfaéﬁleﬁﬁ@l_tlg E‘eﬁé&%tf}ohﬂhgg‘oup

.ar suybstityted wt ne to.fhree su 2918 uent . .
conmP%ﬁrﬁﬂf‘#‘l (21_@ \éﬁ(%t rp, 2pd flugra, (B)gaeﬁ -CaB.oyclgy 12)9"?“,6 bridge optionally
contaihiyig biexty threentbulild bdnda hidbotly to @acheti@ams BdlSded fRink H(Cp.anlbkyl, N(CH2)0-

e [y [ eyl - . .
A R R OISR o i % Bty i i
unsubiiguteroris misstitnsddi vtitht oael todfioursulrsituetits ingepenthdnt i sadeveed tfont the greup

consisHhPHS 4 ﬂ%@{)?ﬁ%%?%yy?)ﬁ),e%r% %r?ftﬁ.é l@glot;ﬁ@l, g:g@gﬁ-c:),_g cycloalkylene

.. consisting.o a X al’koxy, | oro, and
bridgerqptigjially C%\?al geredn Hﬂ%uﬂy@bblwfélﬂs dionn o yg betrroptops sqtepted from NCo4
alkyl, BIQCH3 )1 bh, MGOT L akkyl, NogeCngrhikeRbxygbnand auilfdr andQaid 1,3-C3.8

7-menmbered cyclic aliphatic ring unsubstituted or
cycloalkyleae pridge bging tagybstifiied: qp sybstituted witth opg (gdpyr substituents independently

select¢dricheptbn genp bonssadgad CGad dkyd 6 1t4wkayy oup, adned$iigryclodlkyl; or (d) 1,2-
e R o N BT o B s
halogegy 1 # alkah, hyshie #10:G 1rgalkeacyragd ?:} Bi , >Kgl% asbRI iaepagihiadependently
C1-6 My, A3%PcyRlodiky 06 Siith WKy D c MRIKPT, BYd 9 tefhd uindubQinfél drhbstituted
with og%tsc{;‘l;]rg% grgh%ﬁg(*elg%%grglygglecqut froam {hle %ﬂg cgneslstelr(l:g oef% 1f_4r 231@1}({‘ 164 alkoxy,
chlorol ard-fiiof, 81 A laRNR N0 R $aREH ©BE0uRd BARELA and R11b when taken together can
form azld-gé %_Ipé (lFrk cl‘esfgﬁctf gﬁjg‘gﬁﬁlﬁg%g‘g tgl:i{h’ cpresijbstituted with two to four substituents
indepehdéntly |s§€cd¢(kﬂmmshh ghooB pdmsmty)gmf € aireékyl, 30 -4 alkoxy, hydroxymethyl, C14
alkoxér’ne?z%aﬁﬁ,dahﬁ’ E@.%%!yﬁbﬁﬁl@ gﬁd;s‘_agéll cgcl %ggl;’/arnp ﬁﬂggcm cng_onally fus«[edpxﬁlth one or

I"'sopr opyl i dene- 2, y -1, 4= b1 s- (di phény
two argkgybipsoyibuthapmeyiso that the chiral bisphosphine ligand is not a ligand selected from the

Lokxglholexyl -1, 2-bi s(di phenyl phosphi no) et hane; 1
groul).-%uﬁst%)t ut ed- 3, 4- bi s(di phenyl phosphi no) pyrrolidine;
L.2-biganisyiphery(riopthénlathsneis phi no) pent ane; 35
1,2-biékalZylﬁb&%l?h&ﬁﬁihé)&hﬁﬁ; phosphol ano) benzene; -33 WO
2 3-bi %OE/ 09 3% PCT/ US2005/ 011585 1, 2- bi s(substituted

3D iBAGH P RRBT OO NARe
1,2-bis(diphenylphosphino)propane;
2,3-bis(diphenylphosphino)-5-norbornene;
2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis-(diphenylphosphino)butane;
1-cyclohexyl-1,2-bis(diphenylphosphino)ethane;
1-substituted-3,4-bis(diphenylphosphino)pyrrolidine;
2 ,4-bis(diphenylphosphino)pentane;
1,2-bis(substituted phospholano)benzene;
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1- (substituted
phosphol ano) - 2- (di phenyl phosphi no) benzene;
wO0R004:0931(33, 5- di et hyl phenyl ) phosphi no) - 2- ( substPctratses/011585
phosphol ano) benzene; 1-(substituted
phosphol ano) - 2- (bi s(3, 5-di (t-butyl)-4-nmet hoxyphenyl)
phosphi no) benzene; and 5 1-(substituted
phospholano)-2-(di-naphthalen-l-yl-phosphino)benzene.
. The process of Caim5 wherein Rl10a and R10b
124N¥%®ﬂé§ hogihelagaiptbangubst i t uent  which are both

1 (sub§ﬂtﬁt€&f)ﬁé§ﬁoia¥o)cﬂ @tﬂh&%‘iph&;ﬁ[ﬂoﬂenﬂeﬁe and Rl |'b which
struct raII di sti nct

but
1- (bls@étfg'i“?tf‘ﬂ%‘ﬁf‘yl)l’fesf’*?mo)r% Euptig OW"I@OA‘?W%‘%her ein said
1- (sub@thhté@bhobpmnh@spmsmas-hll(tgﬁmM inSthodyphdngl) phdspigiha)beilzene; and

R ik i R s LT

or N-methyl-2,5-pyrrol edione-3,4- 15 diyl; and R10a,
R10b | a, 7] (3] 18
al kyl | R% Cl- 4‘?‘5}%{( Bc]es cg éﬁé&%ﬂtl% Cﬁﬁ&]ﬂ r}eireﬁgﬂi tﬁ’e same substltuent
whichprechothsstrugspralty @thcqfrﬂm R L and KA1 Rwhish reatesant b m&w ﬁ@cturally
mﬁm&gﬂgagmhs of the structural fornula: PRl4aRl14b 14a
Het Ar- PR 14aR14b (fi)t PR15aR15b ar-PR RO/ 1 |
or Ar PR Het Ar- PR15aR15b 20 wherein t is an integer
from one t OTHd procedy ofiC3aipiiertgteiDdaidchphitbivphosphine ligand
is of titd % qr gtnud or substituted with one to four
b E?PF 8 |ndependently selected from Cl-4 al kyl,
Cl-4 al koxy, chloro, 164 uor o; R two adj acent
substituents on Ar toge er withythe carbon atons to
whi ch they are attached orma e- menber ed
met hyl enedi oxy ring; -34 2095/ 0P7733
PCT/ US2005/ 011585 Het {s pyryeyl or thienyl each of
whi ch is unsubstituted 0ﬁq@gbst fipited with one to four
substituents independently sel'ect ed fron1C1 4 al kyl

Cl-4 al kox chl oro, nd
wherein Ay d§ p{-I@l.eCr‘# Hop 1. 2—pheny ene; 2,5 eran ione- 5 4—dw? methyl t2 ,5-pyrroledione-3,4-

diyl; and R10a, R10b R11a, and R11b are each independently
C1-4 alkyl, C1-4 alkoxy, CH20H, or CH20C 1_4 alkyl.

8. The process of Claim 1 wherein said chiral bisphosphine ligand is of the

structural formula:

C

O
(<) t PR:?R::Z Ar—PR14aR14b HetAr—pR14aR14b
PR™2R
0 or :
;  Ar—pR15aRtsb HetAr—pR152R15b

wherein t is an integer from one to six;

Ar is phenyl or naphthyl unsubstituted or substituted with one to four substituents independently selected
from C|.4 alkyl, C|.4 alkoxy, chloro, and fluoro; or two adjacent substituents on Ar together with the

carbon atoms to which they are attached form a five-membered methylenedioxy ring;
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Het Ar together with the carbon atons to which they are
attached forma five-nenbered nethyl enedioxy ring; 5
WORMH)97RE4b, Rl5a, and R15b are each i ndependeatriys2@bd11585

al kyl, aryl, or C3-6 cycloal kyl wherein aryl and

cycl oal kyl are unsubstituted or substituted with one

to four substituents independently selected from Cl-4

al kyl and Cl-4 al koxy; or or Rl4a and R14b when taken

toget her or Rl15a and R15b when taken together can form
HetAras pyridyler ﬁﬁenybq@e@fgdﬁq{fy@ pqsgbsgmte'gwagqb@titpqe g'ith one to four substituents
indeped@mtip sdldctadifeh ©Of_4 slUASC| 4 uikex), vhld, inddlub@; draws adjacent substituents on

substituents independent]

¥ 10 sel ec edfromt rou )

HetAré%@r«rswfh@e rbaEAtamSgp Ryich they arg alaoRed \orm A fi-B5 fffﬂwtb enedioxy
Cl. al koxynethyl, aryl, and C3-6 cycloal kyl and said

14 Y& REsaliAhBbi ' ' | i

i, Y 35BS Ry CPLURIELNTE0RG 1A g

and cybloslhﬁ@&ph:sub@mhteg anaibstsutetbvittaoreitg fondsubsitentséaicpendently lselected from

C1-4 yPHR GONSG &9 of 1 2,2" -bis o
gl phenyl phosphi no)-1,1' -binaphthyl; 15 2,2' -bis(di
or R ‘B.ap@R%bphl@g prkemepether pr Rkﬂar@aaﬁ)ﬁﬂ \|vhen2ak2n together can form a 4- to 7-

membeérPd %gé £l;§)ﬂh§m‘-ﬂ Bﬁﬁﬂ&t%@rp&l shRBRSRANR iAo To fbur substituents independently
selectedgo t?l oX ¢ongsistin d phenyl phosphi no) - 6, &
ToREPR iR Cong gb"FSﬁé * ((5,6), (5

C1-4 ajl@xy, -hbdm(ymmﬂyj/ ICangqu,xxly@tbylpehyelngdd (2; _@¢ycloalkyl and said cyclic aliphatic ring
he hos hine); ((5,6),
b""“g?‘g“’X% f“%?%”‘ﬁ@ ”‘g%%‘éi WP bi phenyl -2, 2 -diyl ) (bi s(3,5
with thed]r(pmhl}dt Fﬂqehlydl bisptospimerighnd ianct a 1iz@nd s(e@ct@c) from the group consisting of:
b Xy) bi phenyl -2, 2" -diyl ) (bis(3,5
2,2 -b{sglppénylbpallg ﬂd&ﬁi y %ﬁglgp y) bi pheny yl) (bi s(

phine). 9. The process of Claim
22'b’8(d‘!/vﬂéqllélpli*f>sﬂl'2¥a 181rr§1“F111141EYLr epresent the sane substituent

2,2’ -bibli(3 - dﬁﬁ&hﬁ&feﬂylﬁhééﬂﬁﬁmb’)ﬂﬁi Lbinagh®§ii nct from R15a and

nt the ut structurally
2.2 -blg{{]agn?\pw&qhogﬁ 5’ ?'gu@H’Fthylzl‘sl StbprIF‘ﬁﬁe process of Claim$8
((5.6) \Mﬂ’&?)é‘lblE(rrﬁawléndrlidxymlphhl}@rfbnOslphﬁbﬁﬁlphérgajhdsph&e)of t he

(56350 B Rl e it PR AR DR L ifhutphenyohgspbinsyyand

((5,6),'(5° Eﬂbhﬂs(ﬁ(erhywmd)@ymrﬁpﬂz’-dlyl)(bIS(3 5 d1(t-butyl)phenyl)phosphme)
9. The process of Claim 8 wherein R14a and R14D represent the same substituent
which are both structurally distinct from R152 and R15b which represent the same but structurally

distinct substituent.

10. The process of Claim 8 wherein said chiral bisphosphine ligand is of the

structural formula:
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S NOw P(cyclohexy I )2 p P(cyclohexyl)2 [ [/

P(p-Tol )2 O or the correspondi ng enanti oners thereof.
wODbos/0bs3pr ocess of Caim5 wherein said chir&CT/US2005/011585

bi sphosphine ligand is of the 5 structural fornula:

R17 R17 (Ar)2P P(Ar)2 wherein Ar is aryl and R17 is

ClL. 4 alkyl or aryl; or the correspondi ng enantioners

thereof; with the proviso that when Ar is

unsubstituted phenyl, then RL7 is not nethyl. 10 12.

The process of Claim1 wherein said chiral OMe

bi sphog ne |ligand i the structural forayl a:
P(R12) R12) 2P - 36 005/ 097733 PCT/ US2N051911585
wher€i RRh.CL. , oal kyl , Ror Ayyl

2 -6 cyc ;
or the ¢orrespondi hg epant P&@?@%‘Mb?ecﬂleow. he PPh,

PUBNenr B Qe p REE

proce Cdaiml
|'i gandge=sof the st diral formula: H PLIH P] R19
R19 wheredtn r is 1, X or 3; and R19 is C1 kyl or
aryl; 10 or the corresponding enantioners thepgpRf. 15
The process of Claim1l wherein said chiral
bi sphospl#tre t{gand is a ferrocenél L sphosphi ne
| i gand ructural forrrula< O

P(cyclohexyl), 0] P(cyclohexyl),

P(p-TOl)z

<O O P(p-Tol),
O

or the corresponding enantiomers thereof.

11 The process of Claim 5 wherein said chiral bisphosphine ligand is of the

structural formula:

R17 R17

(Ar),P P(Ar),

wherein Ar is aryl and R17 is C}_4 alkyl or aryl;

or the corresponding enantiomers thereof;

with the proviso that when Ar is unsubstituted phenyl, then R17 is not methyl.

12. The process of Claim 1 wherein said chiral bisphosphine ligand is of the

structural formula:

P(R'®);




R4 Q PR5R6 Fe P(substituted-Ph)2 15 wherein R4 is
Cl-4 alkyl or aryl; and R5 and R6 are each
woizaakapersdent | y Cl1-6 al kyl, C5-12 cycl oal kyl , ®@CTAISgd05/011585
16. The process of Caim 15 wherein the carbon
stereogeni c center marked with an ** has the
(R)-configuration as depicted in the structural
formula: R4 Q PR5SR6 Fe P(substituted-Ph)2 20 -37 WO
2005/ 097733 PCT/ US2005/ 011585 17. The process of Claim
whereit ® 10M36T 18] £1kyRACH.§ cyelialkyl, orylet hyl and RS and R6 are
Cl-4 alkyl. 18. The process of Caim1l17 wherein R4 is
or the gpEespppdingEnagigmepshelfef- ¢ - putyl : and 5 substi tut ed- Ph
is 4-fluorophenyl or 4-(trifluoronethyl)phenyl. 19.
The processof d ai 8 erei.n i
6- net h 'y-pv}‘:’lpd?cﬁ§ss‘)-ﬂ);i%"3n W&erfusla%hsf%engll'koxy. 10 20.
5 The process of Caim19 said rhodium netal precursor
is [ Rh{gcod)ql] Lk - 10f - ' . i
chi ral Kfronoﬁﬁ s%cﬁ%#écfa%}gégwggﬁg&g?%]ﬁgbgk lﬁna%*?%grﬂla Al § of the
structufabfommilay Re Re \' | / QRc O Rc P-Nt or P-N\ ORd O
Rd Re Re 15 wherein Re is hydrogen or nethyl; Rc and
Rd are each i ndependent| yNhytr ggen, Cl-4 al kyl,
benzyl, or a-nethyl benzyw; \RchPand Rd together with
the nitrogen atomto whi tppyPare attached forma
pyrrolidine or piperidinegt®nggt922. The process of
Caim1 wherein said hydrogenating step is carried in

whereih 7% 1,2, or 3; and R19 is C] 4 alkyl or aryl;

10 or the corresponding enantiomers thereof.

15. The process of Claim 1 wherein said chiral bisphosphine ligand is a ferrocenyl

bisphosphine ligand of the structural formula:
R4
PR°R®
F‘e P(substituted-Ph),

&

15  wherein R4 is C1_4 alkyl or aryl; and
R5 and RO are each independently C1.¢ alkyl, C5-12 cycloalkyl, or aryl.

16. The process of Claim 15 wherein the carbon stereogenic center marked with an

** hag the (R)-configuration as depicted in the structural formula:
R4
*+~PR°R®

F'e P(substituted-Ph),

. Q
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20 presence of an ammonium salt. 23. The process of
Claim?22 wherein said ammonium salt i s ammpni um
wochéowrhe. - 38 PCT/US2005/011585

17. The process of Claim 16 wherein R4 is methyl or ethyl and R5 and RO are C14
alkyl.

18. The process of Claim 17 wherein R4 is methyl; RS and R are #-butyl; and
5  substituted-Ph is 4-fluoropheny! or 4-(trifluoromethyl)phenyl.

19. The process of Claim 18 wherein R1 is 6-methoxy-pyridin-3-yl and Z is C]-4

alkoxy.
10 20. The process of Claim 19 said rhodium metal precursor is [Rh(cod)Cl]2,
21. The process of Claim 1 wherein chiral monophosphine ligand is of the structural
formula:
o (1,
@ c L, «
0 A 0 a
P—N  or P—N,

SSRGS S
Re R
15  wherein R€ is hydrogen or methyl; R¢ and Rd are each independently hydrogen,
C1-4 alkyl, benzyl, or a-methylbenzyl; or R¢ and Rd together with the nitrogen atom to which they are

attached form a pyrrolidine or piperidine ring.

22. The process of Claim 1 wherein said hydrogenating step is carried in the

20  presence of an ammonium salt.

23. The process of Claim 22 wherein said ammonium salt is ammonium chloride.
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