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WD 2004/ 014896 PCT/ | B2003/ 003322 -1 PROCESS FOR
PREPARI NG 5- (4- FLUOROPHENYL) - 1- [ 2- (( 2R, 4R) - 4-

WODMROKEIG- OXO- TETRAHYDRO- PYRAN- 2- YL) ETHYL] - 2P¢8IB2003/003322

OPROPYL- 4- PHENYL- | H PYRROLE- 3- CARBOXYLI C ACI D
PHENYLAM DE 5 CROSS REFERENCE, TO RELATED APPLI CATI ONS
This application clains benefit of priority from

Uni t %C%ES?FO@' PNESARNNG 5-APPLUORORHENMIPE[2-((2R 4R)-4-
60/ 401, 707 1iled on August 6, 2002 10 FIELD OF THE
| NVENDTR QX YAG 165X @ SCE TRA HY TR H YRAN-2-YL) ETHYL]-2-ISOPROPYL-

5-(4-1l enyl ks Kt R, 4 I

oot et RSRTS PR GLE{ ERRHD s i diabipnyLavor
-1 Hpyrrol e-3-carboxylic acid phenylam de, a key
intermediate in the synthesis of atorvastatin cium
is descri mpsas‘hﬁ@ﬁ@@ﬁ@ RELAHLED Wﬁ‘%ﬂo‘%\?

5- (4- Fl uor ophenyl ) - 1-

[2-((2R, 4R) - 4- hydr oxy- 6- oxo-t et r ahydr o- pyr an-

2-yl') - etrhilappidcatis @ praixpy berdfipbeprydritd From United States Provisional
- pyrrol e-3-car boxa/l i ¢ _acid phenyl am de gl ) 1is a key

i nbepheation Nunher OWA0LJAT Fites an HFeust 6r4P98t ati n cal ci um

(Lipitor(r)), known 20 also by the chemical nane
[RR(R*,R*)]-2-(4-fluorophenyl)- (3, S-di hydroxy-5-(1-

met hyl et hyl ) - 3- phenyHIEXD[Qlp Aeis/ INVENDI@Sr bonyl | - 1H pyr
role-1-heptanoic acid calcjiumsalt. (2:.1).trihydrate.

At or vasPaPpthod T reRAING %réﬁftjlhg’r %P }ﬂl,)-&@;(égﬁ,4kt)1—4%y%roxy-6-
metfy! A 11321 epHeMCt E9Arrole-3-carboxylic
r eég%%%}gg%&gﬁgrﬁ%Wégﬁﬁﬁeflwgg}gﬂap hypol i pidem c y
andéidphényypanide) £ktieintsmadietedy dret synfhesis of atpr@statin calcium, is
cC'Ns//OHOH/ NOHH- H+z NM M Ca 0 M ONO M 2
25d9cHPShst atin Cal ci um

BACKGROUND OF THE INVENTION
5—(4-Fluorophenyl)-1—[2-((ZR,4R)-4-hydroxy-6—oxo—tetrahydr0-pyran-

2-yl)-ethyl]-2-isopropyl-4-phenyl-1H -pyrrole-3-carboxylic acid phenylamide (I)
is a key intermediate in the synthesis of atorvastatin calcium (Lipitor®), known
also by the chemical name [R-(R* R*)]-2-(4-fluorophenyl)-B,8-dihydroxy-5-(1-
methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid
calcium salt (2:1) trihydrate. Atorvastatin calcium inhibits 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMG-CoA reductase) and thus is useful

as a hypolipidemic and/or hypocholesterolemic agent.

3H,0

‘C a+2

Atorvastatin Calcium
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WO 2004/ 014896 PCT/1B2003/ 003322 -2 A nunber of
patents have issued disclosing atorvastatin, as well

w@sgoo4pr43ge€sses and key internedi ates for prepaPCnEB2003/003322

atorvastatin. These include: United States Patent
Nos. 4,681, 893, 5,273,995, 5, 903 080; 5,097, 045,

5, 103, 024 5 5,124,482, 5,149,837, 5, 155, 251,

5,216, 174, 5, 245,047, 5, 248, 793, 5, 280, 126,

5,397,792, 5,342,952, 5,298,627, 5,446,054, 5,470,981,
5. 489, 680Mumhe1 @ pgonts havs issigd disglosmegemveasain, as well as

O e bdandie}iieliiig s A hrchitng SRVl 8518e 70128 United

'St oaches t

pr Sﬂairséﬂat@ﬂN@fs 4S@/l 89, 61208995,@0((3 ()8(}36;9)9@;0146% IG@OBDHE
hor t coni proach

usg 134, 4g2,cﬁg49] §37, égp@,ﬁ? 1,r5az,\; e aS 245,047, 5Ir 248, 79d3 5, 280 136
g ( 5%)3%4,755 @94239@%9@52?% Y46 §5428 1480 %gyé 4@369%1 }:488'891,

gnper atur e drast’er eo$el écti ve
r ed3¢0468., 5, BTHE3 e 6,08F BirhET, 965620, 12!11461;1532734@53@97@2\35;
di scl osed i Un| ted States Patent No. United States

Pab€h?-1RG.2 417?é M5, Hydr ogenati on of (3,8
di ket Oeﬁk{%ﬁn }]?%}rgadh@s {h8e fe?ﬁﬁﬂ@f? oPkeyRinfdnk@hte (I) presented

rut heni um ca under CI dic condi'tions proceeded
t oscgne/ ehaticomiiigsi Fomedene.ent @pproach selied ds thende bf a costly

di ast seI ectivity wit res t
s ehiE s T (BT e A iR iR Eyhefer 1o €15
%%e%tﬁ%tdlé%’fb?eos@le@tn‘iehﬁﬂar&eﬂé@&feﬁhy to reset the
stereochem stry of the C3 center in diol 3 to

provi de Skhqm& hs@nmemeata@ a(tpl)natmmmoz@heiwlqm@ inudaited ptes

 PUERSF U AT BREUIRE S Fhegnt SbRafemiidrtor R yRaGestr

a, fﬁn tHérb?é’steHE@éieéjcﬂlﬁpﬁﬂ%uﬁn chtalysf RfdephciielcBaditi¥@s proceeded

M chael "addition of allyl or benzyl alcohol to a,(3
unsagive dicdd ih avwderate 1 good picddsiand lshsymn antiedlastereosshrstigity with

and re b noi.e n

o bRy oy & Bhrbr B BLg R Fidb AAf ARacons

25 a%@%e%ﬂ;&%@eé%@ﬂds&%&%ﬁéﬂﬁ&%& the @-3%%herth dioF3 b

/1 000/ /| OHOHOHNOH~HNS5g O4d NM NM
provide key mterrnedlate (I). These steps include: (a) intramolecular cyclization
of 3 to provide lactone 4; (b) elimination of water from lactone 4 to provide o3
unsaturated lactone 5; (‘c) facial selective Michael addition of allyl or benzyl
alcohol to o, unsaturated lactone 5 to provide saturated lactone 6; and removal
of the allyl or benzyl moiety in lactone 6 via hydrogenolysis provided key

intermediate (I).
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OMOM23 FF O\ O~ NOOH/ NO HH_N
Me NM OMM 4085 FO ~~0N'CR 6 R = benzyl,

wa@bdoglo14shb ~1| R = HN Me O Me As a prelim nar yPOEHIB2003/003322

the asymmetric hydrogenati on of ketones is a 5 known
transformation in organic synthesis. However, the
conplexity of the reaction increases in the case of
1,3,5-tricarbonyl systens, Saigmpdbor yields and poor
stereosel ectivities often result. In fact,

I nvestigati pns by Saburi (Tetrahedron, 19E7, 1993; 49)
and Car pe er (Eur. J. Og. Chem 1999; 3242 have

i ndependen denonstrated | ow to noder ate_di ast er eo-
and/ io 1@ s@e@ivities for oesterOH OH O
asy ' Fur t her ns OH
t he prgce di scl osed i'n the Ilteramur- equi fe °

hi g drogenati on and ext ept el ON

ti §<t he procedures generd actical and
no nable ta Iarge scal e manuf & /'r|ng pr8cesses
where safety, effifciency, and cost are critif

consi derations. S 2004/814896 PCT/ | B2003/ 22 -4

As a result, a

rena ns for an approac
preparati op [ [

ef frcrent, BX L e ceéds in a
transf or mat i Q,ns d occurs*in good yi el d high
| evel s of dia ersl\% ectivity. M
e
O mé 4 @ O Me
5
F

D 3
g Vé
— = 5 !
Y 6 R'=benzyl, allyl
g _ N OR | R=H
N Me
G b

As a preliminary matter, the asymmetric hydrogenation of ketones is a
known transformation in organic synthesis. However, the complexity of the
reaction increases in the case of 1,3,5-tricarbonyl systems, and poor yields and
poor stereoselectivities often result. In fact, investigations by Saburi
(Tetrahedron, 1997, 1993;49) and Carpentier (Eur. J. Org. Chem. 1999,3421)
have independently demonstrated low to moderate diastereo- and/or enantio-
selectivities for diketoester asymmetric hydrogenations.

‘ Furthermore, the fact that the processes disclosed in the literature require
high pressure hydrogenation and extended reaction times makes the procedures
generally impractical and not amenable to large-scale manufacturing processes

where safety, efficiency, and cost are critical considerations.



5 SUMVARY OF THE | NVENTI ON These and ot her needs are

met by the present invention which is directed to a
Wpe@aessod or the preparation of a conpound of POI/MR2EE/003322

() F 1 0i O/ 1 N'""OHH _NM OMI 10

conprising: (a) contacting ip a solvent a conpound of

formula (1) with a transition netal catalyst, a

hydr og@g agedtice neéiﬁférrmris&elealt appodack tatheqrpuation ey

formul a (Illz F FE QO H? HH

' Demnsdita D) trat s s igat, InpFIENSiFEyreseth s bR s

d f|

. n a gnd »d Rttt

| Gebd5hdiRns St of 1L Bl Sl VA nd gt 1Ol e e R

WD 2004/ 014896 PCT/1B2003/ 003322

5 SUMMARY OF THE INVENTION
These and other needs are met by the present invention which is directed

to a process for the preparation of a compound of formula (I)

10 comprising:
(a) contacting in a solvent a compound of formula (II) with a transition

metal catalyst, a hydrogen source, and a base to give a compound

of formula (III):

15

wherein

R! is defined as —XR, wherein X is O,

S, or Se, or
N—~R?
Rlis 3 , wherein R2 and R3 are independently alkyl,

R



-5- cycloal kyl, arylalkyl, or aryl, or R and R3
taken together are -(CH2)4-, 5 -(CH2)5-,

WO @O RSYe CH2) 3-, - (CH(R4)-CH2) 4-, PCT/IB2003/003322
-(CH(R4)-(CH2) 2-CH(R4)) -, -(CH(R4)-(CH2)3-CH(R4)) 10
- CH2- CH2- A- CH2- CH2-, - CH( R4)- CH2- A- CH2CH2

-CH(R4) - CH2- A- CH2- CH(R4) -, wherein R4 is alkyl of from
one to four carbegiadieys, Ais 0, S, or NHor NR
wherein Ris defined as al kyl, aryl, 15 arylal kyl, or
heteroaryl; (b) eodslkylspon of the conpound of fornula
(I'11) wherein R1 iﬁoras defi ned above to a conpound of
formula (1V) usifiy bdse; FFf JIN/ OHOH O/ OH OH
ONOH HNM N _ Mp2 (MRIWRed dobethtt aré AR aNd

c) contacting in a solvent the compound of formula

I

I

V) with an acid to affor_?:}a%)gqrrpound of Formul a
). 25 WD 2004/ 014896 PCT/1B2003/003322 -6

~(CHR#-CH2)3-,

E
S

~(CHRY-CHp)4-,
-(CHRH-(CHp)-CHRH)-,
~(CH(RH-(CH2)3-CHRH)-,
10 -CHy-CHy-A-CHp-CHy-,
-CH(R#)-CHy-A-CHCHp-,
_CH(R%)-CHy-A-CHy-CH(R#)-, wherein R%
is alkyl of from one to four carbon atoms, A is O, S,

or NH or NR wherein R is defined as alkyl, aryl,
15 arylalkyl, or heteroaryl,

(b) conversion of the compound of formula (IIT) wherein R!is

as defined above to a compound of formula (IV) using base;

20

and

(c) contacting in a solvent the compound of formula (IV) with

an acid to afford a compound of Formula (I).

25
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The invention al so provides a process for the
preparation of a conpound of formula (1) FO O O
wO 20044886 e O Me | 5 conprising: (a) contacPCTiB2008/@3322
sol vent conpound of fornmula (V) with a transition
netal catal yst, a hydrogen sgéé_rce, and a base to give
a conpound of formula (Vl): F I VI V] OOOM™
OH O ~ TheNhvenNofRlso prbvidds a prodésd/orthdvrep@atién &f aeovpouind of
10 wherein R' is defined as Me, Et, or t-Bu; (b)
cdpwedls{Bn of the compound of formula (VI) wherein R
is 15 as defined above to g conpound of formula (1V)
usi ng base; WD 2004/ 014896 RCT/1B2003/003322 -7 F F
/'l OHOHOOH OHO

comprising:

(a) contacting in a solvent compound of formula (V) with a transition

metal catalyst, a hydrogen source, and a base to give a compound

of formula (VI):

wherein

R” is defined as Me, Et, or t-Bu;

(b) conversion of the compound of formula (VI) wherein R” is

as defined above to a compound of formula (IV) using base;
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/' NR" H_NOH NMNM 0MOMV IV and (c)
contacting in a solvent the conpound of fornmula (1V)

wWowah/01489@n acid to afford a conmpound of For muP@I/{B2)03/003322

As discl osed herein, we surprisingly and unexpectedly
found that the diol esters of the present invention
(R -7-[2-(4-fl uorophenyl)-5-isopropyl - 3-phenyl - 4-

g 1,3,5-tricarbonyl precursors
Five ganrer vyia a mld and ef{l

atWetri c transf
it iN'i Zi'ng"t ransift ion netdl cafs
chiral ynon-\racem c |igands. The reactio eeds in
go@i efds atMeanbi ent tenperature a g

pr re.” Mhe invention process is t@sa@dﬂe and nore
effiient inVL5 | arge scal e than ear[N~€r approaghes,
because it avoids the need for specialized high

pressure equi pnent and the use of hydrogen gas.
Becauseardhe transfer hydrogenation reaction occurs

ith hi I | s .of . [ FVi -
i 1 ol SO et PRGNS RIREREEL b ) wie

correct the gffi@erdtani alcbmplind bEForfaul @gnter, as in
previ ous approaches, and the overall number of steps

needed to 20 convert the conpound of fornmula (I1) to

S ES hyRESB o

i nvent i €ss a ‘cost

I autdrBb el Dreschit iRy endion y @) o B~ tyfinaxyhenyl)yi-isoprapie3-phenyl-4-
ethyl ester), and a | ow tenperatur

di almna}ceﬁ@m%}:pyw-béslr]a%]%dihéé{?éﬁfﬁgt,an% agideestres ganhg y

in_earli ' : .
i S SRR B s
:I_ﬁstaEEMéqlﬁDe DESOER! R b Gl dCmd Biffici eNVEINEhON -8 Zad asymmetric
hygprgg%%g%gl%%j@g%gqﬁn%g%ﬂ tzirngltlglggitigrg m% a ggtgl%gts with chiral non-

racemic ligands. The reaction proceeds in good yields at ambient temperature and
atmospheric pressure. The invention process is thus safer and more efficient in
large scale than earlier approaches, because it avoids the need for specialized high
pressure equipment and the use of hydrogen gas. Because the transfer |
hydrogenation reaction occurs with high levels of syn diastereoselectivity,
additional transformations are not necessary to correct the stereochemistry of the
C-3 center, as in previous approaches, and the overall number of steps needed to
convert the compound of formula (II) to key intermediate (I) is minimized.
Moreover, the invention process avoids the use of a costly, chiral raw material
((R)-4-cyano-3-hydroxy-butyric acid ethyl ester), and a low temperature
diastereoselective borane reduction, as was necessary in earlier approaches to the

preparation of key intermediate (I).
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from1l to 8 carbon atons and includes, for exanple,
nmet hyl, ethyl, n-propyl, 5 isopropyl, n-butyl,

wGae@4lousyé , i sobutyl, tert-butyl, n-pentyl, n-PERIB2003/003322

n-heptyl, n-octyl, and the like. The term

"cycloal kyl" nmeans a saturateg.hydrocarbon ring having
3 to 8 carbon atons and includes, for exanple,

cycl opr opyl , DEFATOBDtYESCRIRINOPEQFITHE INYENIRORy | |
cyclﬁaﬂptyl cyclooctyl, and the Iike. 10 "Al koxy" and
"t RERItOBRy" are 0-alkyl or S-alkyl of from1 to 6

car bon TR! R “@kytahéded sﬁﬁ%ﬁﬁoﬁ( B}ﬁnc}ﬁh kydirocarbbe rdd%a'lThavm g
"aryl" neans an aromatic radical which is a pheny

gr from, 1 t@ 8 @hiemydtaink ynd pcbdps, for gample, mptlydpethyl, n—propyl
Zlulr%a)rlotg gnpf)ﬁ,es&c 2)89@’618&31% oﬁ?é?bgliﬁdig):eﬁc d}BCXSI’P T -heptyl,

thh%@!yh(%}z{ i@sijeef i ned above, 15 hal ogen,
trifluaoromethyl, dialkylamno as defined above for

al kyl , The teom “eyelpalky!” nerng apatytajepl hydraserionatnedseing 3 to 8

| e M pECES P il e HEP b Certb P @hesslonemnd
( Cbﬁ‘lé}fexyll\lcﬂclo ﬁkwl cyeludesl kanl tiaslilef | ned above for
al Kyl and n2 e term"heteroaryl"” ns a 5-

6- msrrberéHFOh t edodhiopdkox 3ra Q-elky! Orz%alm %ﬁ{rmﬁo 6 carbon
op%tog]rg%l ld{\,( nl?e% Jbﬂ?'??ort‘glé& -enzene ring containing 1 to

ect ron1N 0, and S and i ncl udes,
for exampé &arma‘aﬂe’t micamy onabdinatic exdiocabivhichiis aphemsyl gpoup;a
3- thi enyl 2- or_3-furanyl

or p]gfeqy%llg ,gﬁwp, aph erpg]/ B‘é‘%llprﬂ}bsm%eg B)ﬁ b %lsu‘gstly tuents selected from
H- | 545%} C%Elﬂ&lg/ flbé)vf :9[% )érz&ycfe'fﬂ@c? bW, th;d'al']kd')k‘?f% dBfiNdd above,

I m dazol - 6-
1 Hhéiegen, wiifllarainethyly IdjallRdamigio as dpflﬁgdt dhiome finalk ylJitro.Lyano,
or 2R 5-isothiazolyl, 2-, 4-, or 5-imdazolyl, 3-, 4-,
or 5fpyrazolyl, or 2- or 5-thiadiazolyl and the |like
optTondaky %am@lfmbdltawetfyr alkgly HEHn, el kydb edreradn y i5an
al kyl as defined above, alkoxy as defined above,

t hinegek ok {roms! @e¥ @weaikbdbwedefwsd 8bR¥s,
trifluoromethy , dialkylamno as defined above for

?Lry;(ﬂ§$tr_l 22 N(alk_[;gakﬁgl)z aszdefined above
2004d 014896 a@/ | azed@m)é@szze orglkcey;l andns. e
The term “heteroaryl” means a 5- and 6-membered heteroaromatic radical

which may optionally be fused to a benzene ring containing 1 to 3 heteroatoms
selected from N, O, and S and includes, for example, a heteroaromatic radical
which is 2- or 3- thienyl, 2- or 3-furanyl, 2- or 3-pyrrolyl, 2-, 3-, or 4-pyridinyl, 2-
pyrazinyl, 2-, 4-, or 5-pyrimidinyl, 3- or 4-pyridazinyl, 1H-indol-6-yl, 1H-indol-5-
yl, 1H-benzimidazol-6-yl, 1H-benzimidazol-5-yl, 2-, 4-, or 5-thiazolyl, 3-, 4-, or
5-isothiazolyl, 2-, 4-, or 5-imidazolyl, 3-, 4-, or 5-pyrazolyl, or 2- or 5-thiadiazolyl
and the like optionally substituted by a substituent selected from alkyl as defined
above, alkoxy as defined above, thioalkoxy as defined above, halogen,

trifluoromethyl, dialkylamino as defined above for alkyl, nitro, cyano,

0

—LLNaikyi), as defined above for alkyl, -(CHz)n,-N(alkyl)y wherein nj is an
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15

(CH2)n2 N 1 alkyl integer of 1 to 5 and alkyl is as
defi ned above, and as al kyl as defined above for alkyl

war@402489d6he term "aryl al kyl " means an ar onat i BCT/ERN0GCH103322

attached to an alkyl radical 5 wherein aryl and al kyl
are as defined above for exanyle, benzyl, phenylethyl,
3- phenyl propyl, (4-chlorophenyl)nethyl, and the I|ike.
Description of Invention Process The invention process
di scl osed herein is depicted in Scheme 2 and 16
commences in step (a) with transfer hy enatilon,.of a
conpound of formula (11) O to forn1aﬂégﬁﬁoﬁﬁg_@kw

f OifBgbRof(1l tol3, and AIkst ies (bfinedtdbevindrs ety (typ¥eal Iy,
an ester or an anide) in the compound of fornula (II11)

i sasteletined gbave feralkddifite  acid (1V). Finally, in step

(e), | ot ‘ . ' . .
|t er modi Sa P el 8P4 BpalchoaR YRG! 3 el adica
O wherblnMeylRind (atyl bresasRefihkd atidve Ko ximple, bénzyk phemethyl,
I FF [/ ] OHOHO \' 1 Ns 3.0H(c) I O,.0H00
H 3-pRenylpropy. 6-%0%11%&%6@% apcps B84/ 014896
PCT/ 1 B2003/ 003322 -10 As a prelimnary note, the
carbonyl groups in the conpound of fornula
Description of Invention Process

The invention process disclosed herein is depicted in Scheme 2 and
commences in step (a) with transfer hydrogenation of a compound of formula (II)
O
to form a compoﬁnd of formula (III). In step (b), the Ri moiety (typically,
an ester or an amide) in the compound of formula (II) is hydrolyzed to form the
acid (IV). Finally, in step (c), lactonization of the acid (IV) provides key

intermediate (I).

Scheme 2




(I'l) are shown in the keto formin Schene 2. However,
a conpound of formula (11) can undergo "keto-enol"
wo awsomspé sm and t hus can exi st in several tauPOIEB20¢3/003322

forms (I1, Il-a, Il-b, Il-c, and I1-d), shown bel ow,
all of which are enconpassed._fy 5 the present
invention. FF / OOO/ / 00 HOO ~I NR \I / N\

| RL H As alpré¥miNaiyenadtie, the cathbovtyl groups @ the cempourg' of-foxmda

© Byt oty bl Sl

St @p) c(aﬁ)una- o “RMBIEnbPaRbACASH af @ AL RELEXiV ih Revdddl tautomeric
transfer hydrogenation of a conpound of formula (I1)

t ofqmm\ﬂIdE-achbrfb@m 156).fsbeyr belop gl pf whighgeencompassed by
nﬁodlrre h macon‘pound of formula (II) is

de erPé%f’egtsl YR herein X is 0, S, or Se, or WO

2004/ 014896 IPCT/ | B2003/ 003322 -11- NR Rl is |

wherein R2 ' ‘

Step (a)

The invention process commences with the transfer hydrogenation of a

compound of formula (II) to provide a compound of formula (IIT). In one

embodiment, Rlina compound of formula (IT) is defined as —XR,

wherein X is O, S, or Se, or



10

15

20

25

cycloal kyl, arylalkyl, or aryl, or 5 R2 and R3 taken

together are -(CH2)4-, -(CH2)5-, -(CH(R4)-CH2)3-,

WO ¢OHORSYe CH2) 4-, - (CH(R4)-(CH2)2-CH(R4))-, 1PCT/1B2003/003322
-(CH(R4) - (CH2) 3-CH(R4) ) - - CH2- CH2- A- CH2- CH2-
- CH( R4) - CH2- A- CH2CH2- -CH(Rﬁ) CH2- A- CH2- CH(R4)

wherein R4 is al kyl of fromone to four carbon atons
Ais 0, S, or NH,or .25 NR wherein R |s defi ned as

al kyl, aryl al k! ano r
enbodi ment OR? pr ese’n‘f’}r“fr éﬁ?{ﬁ‘@nﬁé ﬁfl?q?pﬁn e&ﬁﬁfé‘ﬂw&
of fornula (II)R?S Owve, OEt, or OBu. In step (a) of
Scheme 2, the conpound of formla (I'l) is contacted
with a catalyst &Y %ﬂ; for exanple, a transition
nmetal cat al yst mnlﬁ ?5} non-racemc 20 ligands in
the presence of a rogen source and a base.
"Contacting” in sh@m(ﬁa) conpri ses m xi ng the conpound
of formula Il forn1c acid, base, and a transition

met al cat al yB\iZ and R3 tsksinviegitheraud ERio- honogeneous or
het erogeneous m xture. The solvent in step (a) is
typically an anhydfdis5er aqueous pol ar aprotic, polar
protic, or nonpol ar solvent, a ketone, or hexane.

Thus, the solvent(KHHRﬁbﬁftﬁQ 25 is acetonitrile,

et hyl acetate, tetrahydrofuran di net hyl formam de,

di ethyl ether, nelOHREREHNL-Ori de, chl orof orm
nmet hanol , et hanol, isopropanol, toluene, or the |ike,

or mxtures or coqhuﬁgﬂ)gma kp@HgUh)Jn the presence or
absence of water as coso?vent WO 2004/ 014896

PCT/ 1 B2003/ 003322 _c1kR4 a4t i on of the
conmpound of fornul%lk thEE%e g%f@tnt in step (a)

is general ly aboutc zjyphac qng@out 0.6 Ml ar.
Typically, the concent ration is about 0.3 Mdlar to

about 0.5 Mol ar, a(@ﬁrp#e(ﬁﬁ ahiy,cabput 0.35 Mlar to
about 0,45 Kbl ar . UROERYFCH,

-CH(R4)-CH2-A-CH2-CH(R4)-,
wherein R4 is alkyl of from one to four carbon atoms, A is O, S, or NH or

NR wherein R is defined as alkyl, aryl, arylalkyl, or heteroaryl.

In another embodiment of the present invention, Rlina compound of
formula (II) is OMe, OEt, or OtBu.

In step (a) of Scheme 2, the compound of formula (II) is contacted with a
catalyst such as, for example, a transition metal catalyst with chiral non-racemic
ligands in the presence of a hydrogen source and a base. “Contacting” in step (a)
comprises mixing the compound of formula II, formic acid, base, and a transition
metal catalyst in a solvent to form a homogeneous or heterogeneous mixture.

The solvent in step (a) is typically an anhydrous or aqueous polar aprotic,
polar protic, or nonpolar solvent, a ketone, or hexane. Thus, the solvent in step (a)
is acetonitrile, ethyl acetate, tetrahydrofuran, dimethyl formamide, diethyl ether,
methylene chloride, chloroform, methanol, ethanol, isopropanol, toluene, or the
like, or mixtures or combinations thereof in the presence or absence of water as a

cosolvent.
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5 The transition netal catalyst in step (a) is
typically a chiral, non- racemc transition netal

w@atoaloyste " Transition netal catal yst” neans aPCT/IB2003/003322

catal yst derived fromone of the transition netal

el ements as provided in Rows;,lB-8B of the periodic
table of the elenents. The chiral, non- racemc

transi tThmccmeelatatioatoéltlgﬁstonqmuhé nf)f(nﬁmth ({D1n theesolvent inatep
' der| ved from

né?gslt | on ¥ aB(aHtﬁ)eil rCt%> Hg%tg}ré le/fo Blﬁ.fl 1y thg ¢pacentration
| ' f%eaboﬂmﬁ?) §R14:8b abBRT: S BEBH fndt r@fgﬁibt])'/ %Bom?j Molar to about

catalyst 1s prepared by reacting cat al yst  precursor
w QA5 Mdi.ral , non-racenmic ligand in a sol vent such

o | OSSR CBP SHRLISL b ERgA B .

COr25&h\8RnsitibA metN AR R dlrrﬁﬁﬂn%rpﬁﬁ@iah@arﬂﬁyst” means a
t et rahydrofuran, toluene or the Iike, ahd a base such

ascettaly%tdhw@dﬁrwa ona@é 6ledramgltrpo nresal lebrasendsyasi firatided ino

f oo RS 4B o1 B¢ prify 1R F e el R g aRir RGP 2t €
[ dta@&hﬁrtﬁanélhoﬁ ncemlc@ggtsaconﬂérﬁplat)eh £61L4iS8 8 tHéTh{dnkibn
ol i goner, RuC% 2benzene] 2, 20 [ Rud 2p-cynene] 2, [RuCl2

meBTOESPs dtedydE calady sty Wﬁ@ from the @leeamtsa@ﬂ@nwl} rhodium,

di
{gﬁ@%%pt@h lﬁ y: ;né;/cl oocta-1, 5-di ene] ruthenium(I1)

conpl exThpentadmhhydcayic hapgtidmmech] emylyst is ptbpared by reacting a
(I'11)chloride dinmer, and pentanethylcycl opentadi enyl
r hERLYShPTICRTSPE Wit A hiraly .nﬁwace@w Pgﬁnd IA3r§oPVsBiewch as, for

I les [

<O S804 ROP LA, L9035 b ML BRI RO Rce o
weh to-sd vertt ffoalaxadnpim’ diehlbrogmititse, te&lthrcbfugmntdﬂneap er the like,
s st ARGy EGR, asgbuding Jomtotsyaisbfege tiled
or gQyapPal mer, Matthew J. and WIls, Martin in

Tetrahedron: Asymetry (1999), 10( 11) , 2045-2061. For
exanpl eCat@l'y'strmbcmscasrtmemplgmder usehi thel inggritivo padassthioklude

li b

o R o Briert PSRRI U R aramsaeke
I | Rl sp- cy’ﬂi&ie]&dﬂ{ﬂgﬁl@é&[}m&lez P(ﬁﬂroﬁlo-@l'ﬁ E?Jlo@té%@éiﬁb
am ne |igands 1 nclude norephedrine d the like.

2000148 98 GwFr.|[Brddanaba ycloqga—lé mw]mumfmmme(lb
com%%ex, pentamethylcyclopenta- dienyl iridium (IlI)chloride dimer, and

pentamethylcyclopentadienyl rhodium (IIT)chloride dimer.

Chiral, non racemic ligands contemplated for use in the invention process
include chiral, non-racemic diphosphine ligands as well as chiral diamine ligands.
Such ligands are disclosed, for instance, by Noyori, Ryoji; Hashiguchi, and
Shohei in Acc. Chem. Res. (1997), 30(2), 97-102; or by Palmer, Matthew J. and
Wills, Martin in Tetrahedron: Asymmetry (1999), 10(11), 2045-206.1. For
éxample, chiral diamine ligands, chiral amino alcohol ligands can be used to
prepare the chiral, non-racemic transition metal catalyst. Chiral diamine ligands
include compounds 7 and 8. Chiral alcohol amine ligands include norephedrine

and the like.
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R 11 H2ZN HN-O 1~- 30 R3=Al kyl, heteroaryl, 7 8 or
aryl However, any rhodium iridium or ruthenium(ll)

w@e@at4306 / di phosphine or /diam ne |igand conbCTER201003322

may be enployed in the transfer hydrogenation 5
reaction of step (a). Once p_rl%pared, the chiral,
non-racem c transition netal Catalyst is added to a
m xture conpri sing t”mescorrpound of fo[f_.gula (1), the
hydr ogen soupge, HiaseR™ and sol vent, Theshydrogen
source contenpBat®ddfor use inWeF_L'\h_\Agenti on process
is selectedrfTomBSopropanol, fo c Qcid, or
ammoni um formate. |f isopropanol 10 selected as the
hydrogen source, it is typically presengsisyl fé®aryl,
m c

excess and is used with NaOH as the bagrea lIf’ for
acid is selected as the hydrogen &ource, ah amine is

selected as the base. If amoniumformate i s sel ected
as the hydrogen transfer agent, an excess of amonia
may be Mseeveranyjrisdiug, atfiimadrentienioin d)ipas®irscakliphosphine

N I T

pr ' ic acid. As indicated previously, when
f&%%ﬁg%égﬁg%géﬁ;elected as the hydrogen source, an

anmi ne i ©nteypepatd,theeiindired-rasenihérahsiien gtal afalyst is added to

transfer hydrogenation reaction. of. ste a). The

Mo i@ R e S g B0 F Ml s, base

t 13 R Eh 2 MiHR @iy dRIgBY kélirb@Ediyd iapThie forldst imthpromnkiampress is
di 1 sopropyl et hyl am ne, 20 1, 8-di azabi cycl o[5.4.0.]

unskested feore i{opBiPANol, Ernd¢ arid, aE @MMEiwE founal nktsapropanol is

' h i di di i : . S '
vt vre BV ST e HACRPREN) ol | PEA A used
angith MO k€the Y. kdnhic hawevelectddhe tiniyieodzaseuics, an

triethylanmne. In step#a) of,theinventiondoroes
t heminsiiapelesied asdhe hess. &F ammenivgHOBUA 1S sects %Sdlg?rﬁ)/ckogen
(1 of the : t : ;

b RS By 5, B g0l o

abgddesdriguicyéh enty tefust d ypimapipithe hpdrogar souree eiplpyed in step
about 2.0 to about 2.5 equivalents of hydrogen source;
abin theipveaign prosessdg foiHf 8ffls of ami ne base: and

et AN S e gnas phaner
source, an amine is typically selected as the base for the transfer hydrogenation
reaction of step (a). The amine base is typically selected from triethylamine,
trimethylémine, ethyldimethylamine, tri-n-propylamine, diisopropylethylamine,
1,8-diazabicyclo[5.4.0.] undec-7-ene (DBU), lutidine, collidine, 4-dimethyl
aminomethyl pyridiné, diisopropyl amine, piperidine, pyrrolidine, tri-n-butyl
amine, 4-methylmorpholine, and the like. Typically, however, the amine base is
triethylamine.

In step (a) of the invention process, the molar equivalents of the compound
of formula (II), of the hydrogen source, the base, and the transition metal catalyst
respectively are generally about 1 equivalent of the compound of formula (II);
about 2.0 to about 2.5 equivalents of hydrogen source; about 4 to about 5

equivalents of amine base; and about 0.05 to about 2 mol percent of the transition

metal catalyst.
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-14 Typically, in step (a) of the invention process,
the nol ar equi val ents of the conpound of fornula

w@ kaox/0148P6 t he hydr ogen source, the base, and tP€T/1B2003/003322

transition nmetal catalyst, respectively, are about 1
equi val ent of the conpound ofi4formula (11); about 2.1
equi val ents of hydrogen source; about 4.1 equivalents

of ani ngpRahigsie;stepr(d) efttbeiinvantiol prpesss.ghe molarteheivalents of the
transition petal catalyst. The ste a) mxture "
conpoPerhg PrETEs e Ibag N SE DY paste i E rapsifion

r ' | el 2§ ahYishlentHIAROESRA SMAMIE Bormula
b%@@cgkaysggﬁﬁgﬁlg%gﬁgogt ed!,l 1 fgrr1 exanple b .

e );apbui. A equisalants o hydrbger suycenalymie tilcequivatangsy of apyine

ot her agitatin nmeans ailable to the skilled

abepe aﬁg abgut f%%‘rﬁ?é‘iﬂa{ ofthe hﬁ“%‘i’_{h‘[“eﬁ‘i f%algg‘o ut 50 C. 10
Typi calpg,gt LSRR Rk RineShe&bouha of Foralt@ALIT46nifa], non-
Preferé%*f, t é tenpergtﬂﬁrlerzlg is about 20 to abgux 30
C.rademeic praesiSon metah catelypt, fgdrogen spuresy baseyandtsebsphisapitated,

pressure, or abput 0.9 to .abqut 1. : e et
Rl R b S
at JosRAGKEDIe BB aindd Mtisdnh et Diefpstange o alvdao Otto @b&AMA S06C.
about 1.02 atnospheres. 15 The ste o&aérnixture I S

ate

t yPypoealllyythe témpesatuesr is gborrifiite abei efgralpcthe temperature
t enper re_an r.essure provi ded above until the
réééﬁ?@%ﬂﬁ%aﬁﬁﬁgﬁeﬁé by thin |ayer chromatography, or
any ot hpe SBf0RDINIs&IpR a0 REhaillngnosplitoid paesaiteatt &bonp0.9 to
the skilled artisan. Generally reaction b'neﬁﬁgﬁqgg

f raborabéatmesphereabbpically. the pregsure 183Rop5Y- 5}0 gheut 1.
reactign ti ol

1 Sa%ms)s Che.res ﬁﬁfﬁg&%l}? %If‘enprt s‘%le (1§ flgcgu(? 6!9@?%8 léEoLilta .G?at%@pﬂeres.

S. 72 e step reaction i's conplete,
t he sol Viendtep &) mermveeid typicallyissittet badtherwviat agitatassaiitesr i c

(\termpeig ahiBreaiies Prayiden 2Bave Wit HEHRI b P gl ein
P ulra%lj; cglgéﬂg@e% gPh WP SRAB@BE appr G ftd MBRitordg B8tRodByailable to

pur mm chr omat ogr aphy, or by other
apihie epilled bitisameGaserkliyowactian tithes rakgd frem akpet Gigrpbopt24 hours.

Step . t b) of the i [ [

ai ElnitalbaePostiohafpectonieh (I bie wBLC FER PR A oy,
step (DIvnehhige Q8 6 rékctigMsdonpRite e sdlvdr & repopedibg of
formula (I111) i's converted in a solvent to an a

ci
nodistifation atetmpesphefic arvpdusad prespisi te 10e dsrRAMTAMAY .09 formula

Th f th t.er. i ' i
el Ao oSty BRGBE8 o S oy BleRp Rl o ARHERL ey
W tAchAs, orah@erpatifiee by colubis dhsdrgatogaphy, lve bglioieohpmdpriate

i n aqueous THE or a non water m scible solvent such as
means known to the skilled artisan.

Step (b)
Step (b) of the invention process is disclosed in United States Patent No.

6,476,235. In step (b), the ester or amide moiety in the compound of formula (IIT)
is converted in a solvent to an acid moiety in compound (IV) under basic
conditions. Thus, for example, the ester is dissolved in aqueous methanol
tetrahydrofuran, or the like, and is treated with KOH. Alternatively, the ester can

be dissolved in aqueous THF or a non water miscible solvent such as
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WD 2004/ 014896 PCT/1B2003/ 003322 -15 di chl or onet hane
and phase transfer catal yst. Such nethods and

weondiol4sefs are known and readily avail abl e tRPCT/IB2003/003322

skilled artisan. Step (c) 5 Step (c) of the invention
process is disclosed in Unised States Patent No.
6,476, 235 and provides 1, which is a convenient
diphicsomeibhane andaphasy ansierioatalyst. adtchrmgthedsomderndidapoyad
n process occurs in
k§ﬂ§%an@%%@ﬁggé%%m%ﬁueodgﬂg%fga g provi de key
intermediate (1). Thus, for exanple, the acidis
stirred in toluene in the presence of a catalytic
Ste&ht of HA . 10 EXAMPLES The fol | owi ng exanpl es
are i e
e SEgn A AT bioB iR iR TR BB P dtn N
61;476[266fand j)E)iniéQI\I'PWIEldh iPa epaveatdnopreodrsor to atorvastatin.

(3R 5R) - 2-(4-fl uoragphenyl)-5-isopropyl henyl
L@ﬁf@HW %n aq%moua%waun step(§)-of tae gy E\v %%ga@caﬁsoméhe
p%‘sk}gc &,&Ht‘écﬁﬁk N@rgtghrO\&H&él_ kd&)lnt%nﬁledl\l/éte @6 4 f%x\%ﬂ_pg khe/
abidAs firedninaolgene inrthe presence at & oatalytis agloanigedIWli .t h

7-[2-(4-fluorophenyl)-5-
i sopropyl - 3- phenyl - 4- phenyl car banoyl - pyrrol -1-yl]-3, 5-
di oxo- hept anoi ¢ acid, tgxAntpilesester (V-A 100.0 mmol,
prepared as indicated in U.S. Patent No. 6, 476, 235)
and {ltefelhevih@ 48amples argantehdedrte aldusirete variRuserabadiments of
added trieth 5 m 25fo| owed by sl ow

DGRV ERHSR A o‘?cﬁln&te%%ehg (eft%dtme)sco%é’e{/eg 'sel and its

contents was degassed via three vacuuniargon pur ges.

Under a steady flow of argNP
LE 1

Preparation of (3R,5R)-7-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-
phenylcarbamoyl-pyrrol-1-yl]-3,5-dihydroxy-heptanoic acid, t-butyl ester

(VI-A)
O O
N/\)]\/U\/U\ORH

An argon inerted reactor was charged with 7-[2-(4-fluorophenyl)-5-
isopropyl-3-phenyl-4-phenylcarbamoyl-pyrrol-1-yl]-3,5-dioxo-heptanoic acid, t-
butyl ester (V-A, 100.0 mmol, prepared as indicated in U.S. Patent No. 6,476,235)
and toluene (245 ml). To the reaction mixture was added triethyl amine (55 ml),
followed by slow addit\ion of formic acid (7.5 ml). The vessel and its contents
was degassed via three vacuum/argon purges. Under a steady flow of argon, the

complex of Ruthenium, [N-[(1R,2R)-2-(amino-kN)-1,2-diphenylethyl]-4-
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conmpl ex of Rutheni um
[N[(1R 2R)-2-(am no-xN)-1, 2-di phenyl ethyl]-4 WO

wQoedo0s4896 PCT/ | B2003/ 003322 -16 PCT/IB2003/003322

met hyl benzenesul f onam dat o- KN] chl oro
[(1,2,3,4,5,6-r])-1,3,5-tri nejdyl benzene] - (1.25 g)

was added, and the vessel and its contents were

de gresbnyérsolfhamida oV el goi( 1503,465,6-hé, 3 eanhdtbylbenzene]-
m xture was stirred for 24 hours and condensed to a

f 0&h3° SovagaddeRcand theiessed RN i5 CONtEBLs wers deg3sssPRENIAS) - 5

5 . . .
S BBY e By TS I RR o e SanoyT oyr rol - 1031 1%, 5-
di bmﬁregseﬁ-th aﬁb&mp E@iid. gfﬂieohrude BRIR)-2§2-64-floerpphanyl)-5-
carried on through subsequent st it t .
P PRBL S ohemr Byt BTG -Bso by et e epiagh
¢ ?h&yiﬁné@gp%& PRI onSthiduGR s@Rkqueth Sehdeitbiich

ate- heptane m xtures.” HPLC analysis (YMC
ODBurzafidn, dr aptibmalty, c806; isgBtednin flGHIONIRE Chramatography on
formc acid

o5 a¢) potnE Y hdacEeRly DGR PELEGahsR G

tr g?j'Ss!' ‘Q;s’%- |/l 30860 39473 CHIENEEEAWPL f8rmic acid, 60:40 (0-
(3R Ré- - %@4 %rf’uor ophenyl) - Smi sopropyl - S-rpr)nhlgrellflll -4-p (
heﬁyhiﬁ)itdommy(lé—%r_nin) to 60:40 (25 min) ipdicated a syn:anti ratio of 6:1

DY L Shii i G Ly gy - heptanoi e acid (1) The

(3R 5R)-7-[2-(4-fl uorophenyl)-5-isopropyl -3-phenyl -4-
phenyl car banmoyl - pyrrol -1-yl]-3, 5-di hydroxy- hept anoi c
acid, t-butyl ester (VI-AEXAMPLIoAverted to the acid

in f K At | oyed b

5t B SRT 3" ReiRlogPabsy i it pEculr S Bherp Ry cpgpamoy-
HPLC anal ysi i |5 {8 acidqy) 254

20% | PA?H)éilaﬁ ggﬁ?&?%‘%&jmzd%%y&éﬁrﬁ f?‘a? o (Fg( 3)3, 5S) m_n
33. 8 ni ThecrdeRIBSR)=-[Ba(4iflyaraphenyl) Reiseprapyl-3-penyb4-

mn Lndi cat ed _an [ ' .

s dhem GrbaRyf R SREST R Ry REARRR B ¥ Ty (v
pubilas ¢ahveRtaa to ftaelt wsingeantxpadsert K QlddMe@HIE at@r, €ollowed by

i ncorporated by 25 reference _herein,

)ral ed . n, as though )
i ndaoierdeaiionyn fHee R Yy -t Ehiadde LG raly i Erftiralire! OF:
has been .dascrAi W ) ' BN —
o B A ARG SR WITIR i -
shaglgdnbe (IRSEEGed hiral txiE8IFRyabil dthi@ndndiosted an

nmodi fications may be made whil e_renai nigr/]\%withi n ﬁhe )
spiepantiomeaicsxegss obtherspa 1somey 8h 87 Gniavaingihe 2By onligystion.
PCT/ 1 B2003/ 003322 - 17
All publications, patents, and patent documents are incorporated by
reference herein, as though individually incorporated by reference. The invention
has been described with reference to various specific and preferred embodiments
and techniques. However, it should be understood that many variations and
modifications may be made while remaining within the spirit and scope of the

invention.
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CLAIMS What is clainmed is: 1. A process for the

preparation of a conpound of forrmula (1) F I Oi /
WO 2004814890H H N M2 O Me 5 ~ "I conpri si ng: PCE)B2003/003322
contacting in a solvent a conpound of formula (11)
with a transition netal catg{y a hydrogen source,
and a base to give a conpoun 10 of formula (11l): F
F /1 O0OOOHOHO / NRLAIMSNRL H- H - N Me N

M Ove OB\ / Il V' / 11l wherein RL is defined as
-XR, wherein Xis O, 15 S, or Se, or N-R2 Rl is 13 ,

whe gl Fﬁﬁm@@% R3 are independently alkyl, R

cycl oa arylal kyl, or aryl, or
1. A procéss for the preparation of a compound of formula (I)
F
DI
L)
% "
N ‘OH
H  —
N Me
o
| I
comprising:

(a) contacting in a solvent a compound of formula (II) with a transition

metal catalyst, a hydrogen source, and a base to give a compound

of formula (III):

wherein

R1 is defined as —XR, wherein X is O,
S, or Se, or
N—R?
R1is , wherein R2 and R3 are independently alkyl,
R3
cycloalkyl,
arylalkyl, or

aryl, or
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together are -(CH2)4-, -(CH2)5-, -(CH(R4)-CH2)3-,

WO @OHORSYs CH2) 4-, 5 -(CH(R4)-(CH2) 2- CH( R4) ) - , PCT/IB2003/003322
-(CH(R4)-(CH2)3-CH(R4)) -, -CH2-CH2- A- CH2- CH2-,
-CH(R4) - CH2- A- CH2CH2-, - CH( - CH2- A- CH2- CH(R4) -, 10

wherein R4 is al kyl of fromone to four carbon atons,

eyl aryl kot or nEeroR i HER AR S

the conpound of forrrula(llLk; rein S

defi ned above to a corrpound of rmul a (IV) u3| ng base
i n agueous nethanol; F K O/ HMHON
RL N OH H-H_NI\/ENO ecy(ﬁe)g(ﬂ@ 11T ~~ 1V

formila (1V) wi th  an acia tOHRGRIEs -88%8323 of
contacting i nstep (5 conpriuis iy LERE)"
-(CHRH-(CHp)3-CHRH))-,
-CH,-CHj-A-CHy-CH»-,
-CH(R#)-CHy-A-CH,CHy-,
-CH(R4)-CHy-A-CHy-CHRH)-,
wherein R4 is ;cllkyl of from one to four
carbon atoms,‘ Ais O, S, or NH or NR

wherein R is defined as alkyl, aryl, arylalkyl,

or heteroaryl;

(b) conversion of the compound of formula (IIT) wherein Rlis

as defined above to a compound of formula (IV) using base

in aqueous methanol;

(c) contacting in a solvent the compound of formula (IV) with

an acid to afford a compound of Formula (I).

2. The process of claim 1, wherein contacting in step (a) comprises

mixing the compound of formula I, formic acid, base, and
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25 m xing the conpound of forrmula I, form c acid,
base, and WD 2004/ 014896 PCT/|B2003/003322 -19

wo e@asigspoOn netal catalyst in a solvent to forPCEIB2003/003322

honbgeneous or heterogeneous m xture, wherein the
solvent is an aqueous or anhygrous polar aprotic,

pol ar protic, or nonpol ar solvent selected from

acet one trapgtib@nRtal bﬁxky@ﬁn arselheyit ©tfbith aheinegeneobs or
tetrahydrofuran, dinmethyl faormam de, diethyl ether,

net hyl e@éter%n%ﬁqsa@xt%w“dmlamﬁ SORENhig 812918 &F ol |

i soprop e

acet at eaﬂ%ﬁrg?s%]&r Hi;dtéu oa r E?:E)B rlrgll n%(??ro%g@ﬁ eéefcé% :
10 3. ThHenpieoesspaitane| hemmd, mathegleghiyhkdétond, he conpound
of formula Il wherein X

d
is 0 andetrhydro r&wflme%l E%S eJe glgﬂv?aﬁhﬁg I%eth)é‘?%ﬂ or
15 heterg g!e cbefrofBI?ﬁ &%ﬁﬁﬁélsemana' I%Fg}bganom €1 eAerJ

t he conpoun ormufa I'l of |ne as
-XR, wh eac@omtrﬂe,l eshy) aagtate Rwater, i ln;aktur@@r Sombhatipnocess
of cl ai V\herel n in the conpound of fornmula Il or
11, RL e§eQ§VE or -Bu. 6. The process of claim

1, wherein the transition netal catalyst in step (a)
is derived fromlr, Ru, or Rh and is prepared froma

tr3nsi t ITos priksy ofedial I Séherdlh ifPthe ebfpelindse foahad If ¢ram, R 1
[ di chl or o- Fl 5-cycl oocta- diene)] ruthenium(I1) :

ol i goneds A REERSHERy whelem X[lRQ@nﬂpR syiete] 2,

[ Rud 2nesi tyl ene] brono- (1, 5- cycl ooct adi ene) |
ruthenium (I11) di %@Cloglﬁg’s-(z-

met hal | yl') cycl ooctagyldlkh di ene] rut henium (11) conpl ex,
pent anet hyl cycl openta- dienyl iridium (Il11)chloride

di mer, and 30 penfBHeRhyl cycl opent adi enyl rhodi um

(I I)chI oride di mefrapd a chiral, non racemc Iigand
which is a chiral diamne ligand or a chiral al cohol
am ne |igand sel ected from norephedrine or conpounds 7

or 4.8' V\th %904&/39510 C almPC-\I;éhIGIBezlrcl) 9n3 hgggr%%gund ozfq’ormula Il or

111, R! is defined as -XR, wherein X is O and R is alkyl.

5. The process of claim 1, wherein in the compound of formula II or

1L R! is OMe, OEt, or Ot-Bu.

6. The process of claim 1, wherein the transition metal catalyst in step (a) is
derived from Ir, Ru, or Rh and is prepared from a transition metal catalyst
precursor selected from [dichloro-(1,5-cycloocta- diene)] ruthenium (II)
oligomer, [RuClybenzene], , [RuClyp-cymene],, [RuCl, mesitylene]s,
[dibromo-(1,5-cyclooctadiene)] ruthenium (II) dimer, [bis-(2-
methallyl)cycloocté-l,S-diene] ruthenium (II) complex,
pentamethylcyclopenta- dienyl iridium (IIT)chloride dimer, and
pentamethylcyclopentadienyl rhodium (IlT)chloride dimmer and a chiral,
non racemic ligand which is a chiral diamine ligand or a chiral alcohol

amine ligand selected from norephedrine or compounds 7 or 8.
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W@ kadIsnherein the transiti on netal

0 H2ZN HN-S~R3 H2ZN HN-1SO1L -R3 11 RR30 O R3=Al kyl ,
heteroaryl, 7 8 or aryl 7. The process of step (a) of

Rut henium [N[ (1R 2R)-2-(am no-xN)-1, 2-

di phenyl et hyl ] -4-net hyl benzegésul f onam dat o-

XN chloro[(1,2,3,4,5,6-B)-1,3 trinmet hyl benzene] 8.
The process of claim1l, wherein the hydrogen source in
step (a) is 10_selected fromform c acid, amoni um
for mat e, and I spptopanol, the bage in step (a) is an
ani ne ba¥ féiegted from tigjaet nmj_énﬂ?]e

trimet hyl Let hyl di met hy mng, t ri-n-propyl am ne,
di i sopr d?JyI et I am ne, 1, 8- b| cyclo[5.4.0.] .
undec-7-ene (DBU), |uti di ne, ol I'i di ne,

4- di met hyl am nonet hyl pyri di ne, 523e|A|k380mrenqmy;H, am ne,
tri-n-butyl, am ne, 4-met hyl no phoI | RearyPi peridine, and
pyrrolidi ne 9. The process of cl ai mr{ wherein the
concentration of the conpound of formul a (1) in the
solvent in step (a) is about 0.2 Ml ar to about 20
0. 8- ol éfﬁle@metssh@f sm@} Ofefe]@nméhhémesnthﬁt@a@homfneme

bout th
hyar ogeri@nar Sathain AT B % AatE- i on et a
cat al yStdqﬂiéﬁyleﬁll?HLﬂ nﬁtf@%@nﬁéﬂe@ﬂforﬁfnﬂdﬁ@— compound of

formula (11)5 about 2.0 to about 2.5 equival ents of
hydr ogemNéddnmé(l 2,28, 500l ,343-gimeghgbenrend)]- 0

equi val ents of am ne base; and about 0.05 to about 2
nol percent of the transition netal catalyst.. WO

20@4/ 01483 m%rc?c@érd SRZARB], W3A4R the }%Ilflr%g?n sdit@e B é%&;?(%? i©of

claim1, erein the concentration t he conpound of
f or nul as@lbmd fnont fwnmcubﬁmrmqnngnépm(a@g and isohwpawdly ent

gau?\?gluil?ﬁotéa%gfn %/bgll% ??r) 6% e?rt %gﬁ)lléltbase se?ec!vg ffom %16% tlerl]nelinrgpl ar
trimethylamine, ethyldimethylamine, tri-n-propylamine,
diisopropylethylamine, 1,8-diazabicyclo[5.4.0.] undec-7-ene -
(DBU), lutidine, collidine, 4-dimethylaminomethyl pyridine,
diisopropyl amine, tri-n-butyl amine,4-methylmorpholine,

pipéridine, and pyrrolidine.

0. The process of claim 1, wherein the concentration of the compound -

of formula (II) in the solvent in step (a) is about 0.2 Molar to about
0.6 Molar and the molar equivalents of each of the compound of
formula (II) used is about 1; of the hydrogen source, the base, and
the transition metal catalyst are:

about 1 equivalent of the compound of formula (II);

about 2.0 to about 2.5 equivalents of hydrogen source;

about 4.0 to about 5.0 equivalents of amine base; and

about 0.05 to about 2 mol percent of the transition metal

catalyst..

5 cat al pGI/IB2903/003322
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conmpound of formula (I1) used is about 1; of the
hydr ogen source, 5 the base, and the transition netal

w@ 2a00aloyssve ar e: about 1 equi val ent of the conporemIB2)03/003322

formula (11); about 2.1 to about 2.4 equival ents of
hydrogen source; about 4.1 _$p about 4.8 equival ents

of am ne base; and about 1 nol percent of the

t A@nsi Thepravessall cramall, yherein the tonceniratign ofctbs sompowidai m

abour B IBmbED PGS ehGRRERT o Rl B 03,
(a) i spahaub abbutD.4PVRERWhd thelmhMOGINEERS of GRH of iR

reaction time of step (a) is about” 6 to about 24
hour s. carspaund of fiernptla Clbksised s ahoat  of thedhwsdregen sohese,
reacti %eﬁageggﬁiiﬂateu&a%mtf&n eiﬁC%%lX s, about 20 to about

30 C, on pr essdr S%ﬁre( a) is about 0.95
to about 1. @Bouatlmqaﬁh&ne@ﬁthaeﬁnf{&marcﬁaﬁﬁma (I, e _of
step (a) is about 12 to about 18 hours. 20 13. The
process of @&pait lito aperZed aquvaents af hydsagsn sougce;
contactin W t h
2t ansi {1 oA 204800 4 ELTROUA Ol b TRE R 21",
base to gi vebaut¢angqer@noéf the tramditor( Medal cdtallst. O O O /

OHOHO 44 I \ ~1 ~NH M NM OMOMVV
25 wherein R' is defined as Me, Et, or t-Bu.
11.  The process of claim 1, wherein the reaction temperature in step (a)

is about 0 to about 50 °C, the reaction pressure of step (a) is about
0.9 to about 1.1 atmospheres, and the reaction time of step (a) is

about 6 to about 24 hours.

12.  The process of claim 1, wherein the reaction temperature in step (a)
is about 20 to about 30 °C, the reaction pressure of step (a) is about
0.95 to about 1.05 atmospheres, and the reaction time of step (a) is

about 12 to about 18 hours.

13.  The process of claim 1, wherein step (a) comprises contacting in a solvent

compound of formula (V) with a transition metal catalyst, a hydrogen

source, and a base to give a compound of formula (VI):

OHII

wherein R” is defined as Me, Et, or t-Bu.



