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PROCESS The present invention concerns a process for
the preparation of secondary am nes attached to a

w@ewenaspy carbon centre, particul arly N substPeT/GB005/004882

benzyl am nes. W have foung a process in which

reducti on and di spl acenent "can be achi eved whil st
substantially preserving the enantioneric excess
achieved. A further advantage is that all three steps

of process of the inventipRDEESS be conducted w t hout

the need to isolate the products of the internediate
steps. US 6391865 and JR Tagart et aI qg

2, B PressBionyentiod SROHDP GoBEs8eTH LE B%@rf%@@g Sqcpndary
awdines hattacheall tocahsd:conearncanbvmteurebyaracmglnyaumtlgte¢ enzylachines.

W Bavediobid 8GRebess RSRRILE RldLMioRYanad Hispl&ifient HAWBEGichidved whilst
ﬁﬂs?eﬂmgljyl &gse'ib\ﬁréq, tge/ 8#1511&)&%& %&Qéﬁ' é%ﬂ%(/é&: ﬁ ﬁ?lﬁgrsaoxgntage dIS that all

“Ir%e pges ﬁ’)r/igg%%"? of H\?éﬂ‘tei”BW Cﬁ"rP@r@"F'éct‘iS’r‘Mm%b eé‘eﬁﬁ’ B’c'é@%tg the
pfaducts bEthe intgenediatecstepsf a conpound of Fornul a 1:

For ”Ué%(ibﬂ@ﬁéﬁd URAfagraﬁpétea‘?eﬁtﬁedirbﬁém| qpakig (2001) and WO
dr oca PLi o al1 'subst |

Oﬁ’é?%# %%,Ci P8 i 40 A 8E Bl o R bl iy ano
$RIPRY %’Qé?ﬂlieh@’eb)éﬁﬁe?m'r‘? r d[NENRINE dd‘PP @thPo‘ﬁa‘?qtyy in the
esamlsmemmmelsshympmewmw;sérved inaive digliacemaht sfepsubst i t ut ed

het ex QoMb tied ;S’Hé@ent Wéﬁloﬁ? I'tR&E SSproAddR & SioBéks fathe preparfatlon

educin Formula 2 to forma conpound
{1% g%”{F:?InE%u'Ar O Ar (]—|Forrru|a 2 Formula 3 Db)

activating the conpound of/korr;ula 3 to forma

compound of Formul a 4: N
H

Formula 1

wherein

Ar represents an optionally substituted hydrocarbyl or an optionally substituted
heterocyclyl group comprising an aromatic moiety; and

R' and R? each independently represent an optionally substituted hydrocarbyl or
an optionally substituted heterocyclyl group;
said process comprising:
a) reducing a compound of Formula 2 to form a compound of Formuia 3:

R' R'
Ar/J§ o - Ar)\OH
Formula 2 Formula 3

b) activating the compound of Formula 3 to form a compound of Formula 4:

R1

Ar/kox

Formula 4

wherein OX represents a leaving group; and
c) coupling the compound of Formula 4 to a compound of Formula 5:
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R1 Ar ox Fornmula 4 wherein OX represents a | eaving

group; and c) coupling the conpound of Fornmula 4 to a
wazwpoemes of Forrmula 5: Fornula 5 to form a conpouGH2005/004882

Formula 1. Surprisingly we, have found that there is a

very small drop in the enafiti oneri c excess in the

di spl acenent step when reacting a conpound of fornula

(4) with the conmpound of formula (5). This is so

despite the presence of a good |eaving group which

woul d ordinarily pronote sage SM di spl acenent to occur

in addition to the SN2 di spl ¥kenent, |eading to sone

racem sati on and hence degradation in the enantioneric

excess obtained. The contgol of the stereochem stry

i.e. the preservation of T¥BYERantioneric excess in

tq foem preomesundeff Fotnwlept.esent i nventi on occurs regardl ess

of t berphdimyhe aerNe Jéund taét thbe iact verasedl alopahahe enantiomeric

L vati ve oli r
Q&L tu"f‘tﬂ#e glsgl%?{wn‘?%%k% \gﬁgn rela@tlr% D omPRRS of Q_%Hglg%)y Qhth the

exl sts or C enant| oneri c rns. .
CORRRUT G LT (Ble T2uts S HSSRHIE terPrEfeDEs Bt 200ddpRVIng qraup which
wohid puipdrily trsorbete nepnies SNAt disblagemenic ko ot@ inradditien de the SN2

dRPla€erfdrie NEadify tolRnfeArat drfichtioH tanwhkhdUdegratit inGRe @haritibmeric
ekgggr&gﬂg@te products. Thus the sequence of reactions
can Be performed as a 'one pot' procedure., The 'one
pot ' Thi cRptaipf dhe terpochemysing fe-dhe prrgenalion of the epaptigmgtic excess
incthe duedess gf theeprement ingentionbstuss sagardiass of thedsterebehenvgiiytat the

2PVt MoholdePvative ioffor@tiadd). | b dthe WiR@dthk Gonthe RélistsBr both R
wor k-up steps are renoved; this has

aid 3enat ”“HP{%Fmgf : ! ;L

% a g'r“eage of’ reducing the plant 'down tine' and.

hi ghBle eastiong may be carged ey imdiggretgsiepp with fereducts being isolated
atedebditepemione bhmore stepsprao bi dedlied optrvwithestsdiaion bhthe intermediate
pRHERST FhiiPheUeqiered P Patforf cahMeBérBrrddd ds a ‘one pot' procedure.
The ‘one pot' procedure is preferred on the basis of ease of conducting the process.
Waste solvents and other waste materials are minimised as is the need for handling since
a number of work-up steps are removed; this has the advantage of reducing the plant
‘down time’ and higher through yields.

In a highly preferred embodiment, there is provided a process for the

preparation of a compound of Formula 1(i):

R1

A

R

Ar N

|
H

Formula 1(i)

wherein

Ar represents an optionally substituted hydrocarbyl or an optionally substituted
heterocyclyl group comprising an aromatic moiety; and

R' and R? each independently represent an optionally substituted hydrocarbyl or
an optionally substituted heterocycly! group;
said process comprising:
a) reducing a compound of Formula 2 with a stereoselective reduction system to form a
compound of Formula 3(i):
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Formula 1(i) wherein Ar represents an optionally
substituted hydrocarbyl or an optionally substituted
group conprising an aromati c noi BtYGBaRE/004882
Rl and R2 each independently represent an optionally
substi tuted hydrocar byl or3an optionally substituted
het erocycl yl group; said process conprising: a)
reduci ng a conpound of Formula 2 with a
stereosel ective redwti on systemt® forma conpound of
Formul a 3(i): Fornul Formul a 3 L; activating the
conpound of For mul"a 3%|) to for 'a conpound of Formul a
4(i): RL A "' OX Fpmwha 4(i) whebghdla Xi)r epresents a
| eavi ng group; and c) coupling the conmpound of Formula
4(i) to a conpound of Formula 5. NH2 Fornula 5 to form
bhagtiyaling dieicanipopad affoamula3fi) to feraxasampeurd efdiormyla 4
R2, the conmpounds of Fornula 2 and 5 and the
stereosel ective reduction sgstem are as descri bed
herein before. In a furthe preferred enbodi nent, the
compound of Formula | (ii)* i &% pr epar ed analogously
fromthe corresponding cesmpiaugs of Formula 3(ii) and
4(ii): Formula 3(ii) Forrmula 4(1i) by reducing a
conmpound of Formula 2 with a stereosel ective reduction
whgeineftmeprestuts mleaving gpownandof Fornula 3(ii); activating
cf ERpFRTROEuHboRhd bOFdMUR 48 foia) cohipolil shFarme@aBOUNd

RZ
NH,

Formula

to form a compound of Formula 1(i).
Preferences for Ar, R', R? the compounds of Formula 2 and 5 and the

stereoselective reduction system are as described herein before.
In a further preferred embodiment, the compound of Formula I(ii):

is prepared analogously from the corresponding compounds of Formula 3(ii) and 4(ii):

R' " R

Ar/L OH Ar)\ oxX

Formula 3(ii) Formula 4(ii)

by reducing a compound of Formula 2 with a stereoselective reduction system to form a
compound of Formula 3(ii); activating the compound of Formula 3(ii) to form a compound
of Formula 4(ii); and coupling the compound of Formula 4(i) to a compound of Formula 5
to form a compound of Formula 1(ii).
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wWaoa67a393L(1i ) . Optional |y,

of Formula 4(ii); and coupling the conpound of Formula
4(i) to a conmpound of Formula 5 to forma conpound of
t he conpounds of FoPEMGBANEN04882
and 1(ii) may be subjected to a further isolation step
conprising diastereoneric ‘t:ryst allisation using, for
exanple, a chiral acid such as nalic acid, tartaric

aci d or canphorsul phoni c aci d. FNdrocarbyI gr oups

whi cdjpttmsuw the’ @MPRERIL A GoliyuldLi) andl 1RR man de sebjeleted toya further

|$8|réﬁr%qugtg? gmxt%réfhlgft&)éLmWCrz{té’llls rPUQﬁg f8iN&kaRie, a chiral acid

d alkaryl, f
SR AT R PSS STPATUTPOBAE i ch oy be
r epriegizodaetsy| grpuplwiichdnipbe repteseised bm@aanda{-‘h dndspefieRgnclude

aﬂllkéﬂkerﬂf QAP SryCEBRES, §hd‘g 7)U6bnﬁtﬁha38n @erdod suah agaralkyl and alkaryl,
froml carbon atons and preferably

|
o P b eaion ot o,
br anelhwrowwhgm%yi‘beﬁgﬁrsw Sy R e il A Brapned
alk{i@yraupe aoipiisiey Gnte,20zadbe ambisyparpcuiaﬂyzlrom techcathnaiatoms and
f%?é??ﬁ y frbf £6& 5 @érﬁor? BieREl RRdrSthe g1 Grolipd arg Rarehéd Yhebgroups

ﬁ%(p i:qpédqs%ggégtgl 1?6 rﬁgurc%%{n L?arlgorr]\a%q)rﬁs fchefJ-J%bE/aU btgrh ﬁraﬁwﬁcham
atepise br¢%@|"nﬁ“¢q¢1@%“s %ﬁgyle@o‘ﬁ maY 18§ <Y§ico § "W\'Y é:ﬂmpnsmg
fremy3 e 10egreseatad ihythRlargest riRg dndcdptidmallyrdeatydng enengil more
{gg’@/ s2- IQ("aF?'B)éE of Bk ?*oup@wﬁla'ﬁ day bk rdprdsehted By R' and R? include
m;rga%bgp%ﬂ?yl %M{tﬁ%buﬁ? gﬂaﬁﬁne L%gefer bl y
C2. Alk&myhygrougs ouhieh n@yebwemwteéa%&q an cgr (589G oazpeand
phﬁiﬁiﬂy TRy aenil gowst . Oidier aldke ryiboy - cuabomedoubler ropde ey be
% r?heSlépéWI %&%’ ay Q:QH( 'oﬁé‘lﬁrﬁlé(repehu%ﬁ}(uents particularly phenyl
S Ike

e SR e e e

s%sﬂ&ypnts Egﬁrwle
may Aml groppewkich gy by rmrewdm Ragn By sota nETgo?’ 2 or
nr%r@fusaa) FiRgd WhIEK! nfay Ngsudetdycibalkghyaryine Ihetbeooysic| ingb k yixamples of
&L%ﬁ OHSJ wﬂ%&%{}%ﬁ gféséﬁt&ggy RE%WZ %IL@E @EWI tglﬁ/loﬂ@&ophenyl

CURoPper: oo T ey o 3 R RSN boves

t ri f Perbalogarategl hydagrby! mwwyfvhlchna@mbﬁmpr%ﬁﬁate# &Y RocRngd R
irdepdnasntiyRed iRl pegriakesled 3l astiayydrogrspamisangitbmhination thereof,
suc%p{]eafsr Q\}I%q? B)gagﬂ roFi?s ?&% of‘ﬂ@rﬁﬁ%@@fehkll&yf@rb%ﬁmhlch may
e o Bl el S0P anda

Heterocyclic groups WhICh may be represented by R' and R? independently
include aromatic, saturated and partially unsaturated ring systems and may constitute 1
ring or 2 or more fused rings which may include cycloalkyl, aryl or heterocyclic rings. The
heterocyclic group will contain at least one heterocyclic ring, the largest of which will
commonly comprise from 3 to 7 ring atoms in which at least one atom is carbon and at
least one atom is any of N, O, S or P. Examples of heterocyclic groups which may be
represented by R' and R? include pyridyl, pyrimidyl, pyrrolyl, thiophenyl, furanyl, indolyl,
quinolyl, isoquinolyl, imidazoy! and triazoyl groups.

When any of R' and R? is a substituted hydrocarbyl or heterocyclic group, the
substituent(s) should be such so as not to adversely affect the rate or stereosélectivity of
any of the réaction steps or the overall process. Optional substituents include halogen,
cyano, nitro, hydroxy, amino, thiol, acyl, hydrocarbyl, heterocyclyl, hydrocarbyloxy, mono
or di-hydrocarbylamino, hydrocarbylthio, esters, carbamates, carbonates, amides,
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such as aral kyl and al karyl groups. Exanples of
per hal ogenat ed al kyl groups which may be represented

whyoRkeassd R2 i ncl ude - CF3 and - C2F5. Het er ocyRdT/GB2005/004882

groups whi ch may be repreﬁgnted by Rl and R2

i ndependently include aromatic, saturated and
partially unsaturated ring systems and may constitute
1 ring or 2 or nore fused rings which may incl ude

sGIpRdrBAriEYeulpharhaid®§rolied Whersily tHel hydiotarhy grolipe are as defined for R
E%\{eer&%yo(?ln{ ofe %b%HtBeWh HaIy%g Fe@bﬂ ?& v’\?fﬁgﬁsf I@'rb%d R? groups having

cycllc cormonl y

0
maHiHaD see WbéWP%“ttpEFS?”t "i‘ Egh‘ﬁ‘ fiehwhi ch at | east one
at onOptionaliy fudatitated hatrobarby tor @n @pmr@HM pubstitateddreteqpcyelyl gsoup

cBin rPsngéﬁ‘rﬂ%rﬁ&lcofnoW QhRA Yifidy Be JeprePehtathbg MArRgluble optionally
qb?/f |t8§ %[y o, ekt)é(ro P@pngr al! tlgﬁﬁl}q gﬁlfétlﬁﬂ/éd allﬁwg JerM'laferably a

AR RIS R Y ogiRgaly jubstied gnbapbetomRbay Al
andl aRl ganugs REe Bs dafirsbiet iR UtHeterbardrarounsbare heterocyclic groups as

- dBfe@r B RE Whfech gfo%ﬂse bhRastUbret ArcbMett! iy,  Sbhisstitu@nideinQutththose

sglesélfﬁggtg a[egr&e(d oelerfosr 04 §ub8€t0% tée Qr;%eé @'{n‘?b ﬁfselected from tr]$ group
conaisting of pptigpallyssu aﬁv%@ﬁﬂoxss@b@?w'w&vé Kppy3) QRignaly subsituted
aha(meferablyphamg), optidnaity, subgtitated yarylaxyri(preferablyi pilenoxyd.yrolyalkylene

0§MQ g&g@famﬁlpolygtﬁ{f@ﬁ@&b(&é M'polybhbgil&féad'xméb , @¥dboxyTPAEspALto, sulpho,

rocar,byl t.hi aer a a
0 i a0 DY EERE 38 AR D CRH-CICONR'R", -NHCOR",
@Qopiﬁo%amp@exs@p@upgulnmeﬁeaw rﬁwy ra@a'iesyﬁ FYuBs 2 gach
uﬁfépaﬁfehtweld 6mbnm sabstit@ed Gyt espedially ephsnythsari eptiemdlly swbstituted
al ?an C4 E):Sﬁ’( ‘?Slnoﬁwe %]asé‘%d ﬁﬁalﬁr WR#F@V@@ONR’R? and -

il e O e

aymsd retpmsedt aneatliphatie pe Psornagq‘f Wv&*@ﬁ\pw %?qw"mﬁ'%% ic

DI efnymaMyi érfibotiayeritss R @pditierent fech By, idrthé oarhpoied of Formula 2 is
R)%l'ré? nq{ IsYor ?f‘épécf ki tReqeﬁrEé(éntsoé d@taﬁ&loé\’bw AHdOMBst préferably a

r}w [ ona y substituted al kyl group, preferabl y aC

met i/) oup, substituted by an optionally substituted
aryl lnomahr)eteam'@ﬂw|praj¢rm£ip.em%@dkry¢nt%nfae geywogichahSosua gdis a
ceiapounadf Femull2a: Het er oaryl * groups are heterocyclic
groups as defined for RL which conprise at | east one
aromatic ring. Substituents ing ude those substituents
defi ned above for Rl. Substitugpnts are comonly

sel ected fromthe groupcgefsisting of optionally
substituted al koxy (preferalky Cl-4-alkoxy),

optional ly substituted R,

wherein R* each independently represents hydrogen or a substituent group.
Preferable R* are all hydrogen.
In certain preferred embodiments, the compound of Formula 2 is a compound of

Formula 2b:

F,C
R,

CF,
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w@ pehenabl y pol yet hyl ene oxi de or

aryl (preferably phenyl), optionally substituted
aryl oxy (preferably phenoxy), polyal kyl ene oxi de
pol ypr opyl| ePET/GB2005/004882
oxi de), carboxy, phosphato, sul pho, nitro, cyano,
hal o, ureido, -SO2F, hydro?y ester, -NRaRb, -CORa,

- CONR aRb, - NHCORa, - OCONRaRb, carboxyester, sul phone,
and - SO2NR R wherein Ra and Rb are each independently
H, optionally substituted aryl, especially phenyl, or

ﬁeré.rﬁ@qébydérmﬁah WirRsbrél kyl (especial Iy C -alkyl) or,

caseg

sop ,\@gmounﬁao Eﬂi bg agtgvaﬁg é)gteﬁ%%\ﬁp {%quqgjg ‘Ijmown in the art
fori tandesing at bydroxy QMR rﬁwmyblarté disnlacement With r &5 @ftinoy group.
BhinpBa b é‘ctn%tloﬁrrﬁéﬂﬁﬁdsﬁndlmﬂghéuﬁ &fiitsonub@ coadittérisaphasphine and

cglrﬁg? E@ée séenfo rmEehdrs, (§(i)62f) ef(le 214 QRd Alghes,

Q%T'%B?%’ﬂ r*%@%@e‘??t? S%Egtﬁc |t§<§ﬂubl¢ FB’ﬂng}mnﬁﬂascr'bed

lmmsmb@n@hawawbwd@enmtmek@mnap In many especially
pr ef prr& eprbeairieBNihe combeunds BpRsimdiac arbatiivated b résxtion with

%%Hpéjtopf%lﬁglra'wLawﬁ&eln%fs[)g'k{évgé ntf&fph @E\Q&Rea Pt 5é halo

era

MHEELY 8, GBTGAr PO SFauR; n EXTERle el IRt SURD <Group
ptdzarsosnpehictd oy Fdemukepregentasl abyc oXp dughutieof acetyt, mitifiyoroacety,

n?é%éﬁ@ﬁn;ﬁionyl Rﬁhﬂhc&ométhﬂ@élpmﬂ 4artsluenee@ibRég! gfo0ps ind dseferred
c&r%gé:&%rd%f ?%r?hu% Q2 gre%ﬁé éﬁés%gné?é(? Eﬂgnj Oé’&n‘bguﬁ%t hﬂdﬁlany other

e art for ren
eqipadimphts ihe cersPeingp Phicmiias F eFiva déw%/?& @nwﬁpa compound of
fdmoalapX-€sX ovhexeini X/ ¢ B rprevemkly)disscrlbedi udxamhles 9§ ered¢rred leaving
fMu?)S EQHQQO@,OWHM | AR beP hépPétahia8 BNK GAdlkRRd lat:é’ﬂlld&rifg@fbacetyl
X enc
n?i Eﬂ'@%qu l(r?f;éwgrome @ﬁtg gngﬂ ﬁglu(e@s%ﬁ?‘w yé;i’ ﬁé ps: Z&“hlghly
PEzigegTgMPPYHK QrEiRab % 6 EENEHATIBE APPSR n ot h
bei nBrefenatdy, ther @ngdutsrodiFormya 32ef er ence. | n many
enbodi nents, the conpounds of Formula 3 are activated

by reaction with a compound of dhormula X-L, wherein X
is a |l eaving group precurso dLis ahalo

(CF,);

RY,

wherein R* is as defined herein before, are activated by reaction with a compound of
formula X-L, wherein X is as préviously described. Examples of preferred preferred
leaving group precursors which may be represented by X include acetyl, trifluoroacetyl,
methanesulphonyl, trifluoromethylsulphonyl and toluenesulphonyl groups. A highly
preferred compound of formula X-L is methanesulphonyi chioride.

Most preferably, the compounds of Formula 3b:

OH
F,C

(R,
CF,
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group, especially a chloro or brono group. Exanples of
preferred | eaving group precursors which may be

wo apresByt ed by X include acetyl, trifl uoroaceet/GB2005/004882
met hanesul phonyl, trifluorgnethyl sul phonyl and
t ol uenesul phonyl groups, and pr-eferred conpounds of
formula X-L are the corresponding chl oro conpounds. In
many ot her enbodi nents, the conmpounds of Fornula 3 are
w‘.h@télrv Rt @&dadvefined diereim befote) afe activped g redctibm withlaacompound of

g‘;@ef\ﬁh e.a<vi R aigr pérgviaeg@' y tﬁfﬁ%ﬂ\?ﬁl cﬂ nketRdHeb &shonyl,
*fe P& | eRerBalliayqub. Ta p¥s G soibeusd pt Formuia 4b
wwhhﬁawe@ad! prhlmwmpqunfi fof brmylaet th;@ivs@I qompnyyrid offrdrmula 1b.

t ol uepssdly) R LbmPEUNIPST. FAmiiagdy js Rblafedr privfl t€ eareas dith the

cg&g‘gﬂdwk&"@ﬂ% X 1s net hangfsuIthonl c gghy\%;de

a; d ﬁ?% Y, H@rém??gg'g#dﬂ g"Off&%i%%?@ﬁ@@tﬁOﬂ&W ?"é’é@t’ﬁeﬂr@ 4'a'kY'
oplianallyssubstityted ey orfoptionallasutistitutedhenzyi grovp.  Mora greferably, R? is
CRE-BIY108HehY of Byl oaub. Mostprfersbyd R? RIEh&thyigebupr ef er red

| eaw.g%ege;&.un IoPéo‘?‘r?p%Pﬁ&r of F‘MH@QF We@%b&%’iﬁﬁpﬁlgﬁe%n%fo%g a

uor oace

Si‘*f%%f—"ﬁ“d?’% ﬁ%‘%‘%&ﬁr"si}‘ls]ﬁﬁbn feregnele¢tiye qravetiam Selalviityd '"i!H‘l?dB% use of
ciirahregloting poaite foreakamplepgbeinse off métek ydtidesXvitb dhisal complexes, the

u@&%ﬂﬁ%bﬂhﬂfé&ﬂ'tr&ﬁ@ih&f meRls iVahta &f farRkdr Yydrbbéhation process,
ﬁ@ m%odég 5% Rzynf i %gu@tlot% %y@{%%r et?P ex a%% wﬁae \%ISII anggated enzyme

ore, are ac
ﬂﬂ'ﬂsof formula X-L1 V\herel n Xis an acetyl,
tri flt sonashpeferted tnt tHeastersodefeetiveyreduction employs a chiral coordinated

trhfditfoh URERIMEH fa;ykaan SO BAhsTE h;{)o%va?ﬁé‘tﬁ)‘ﬁublﬂt&@)"an@r&ume bR of

ich is reacted with a

un For mul a
@zgﬁlegﬁreggﬁ‘@g ?ﬂ'ﬁ?a 5 to give-a conpound of Formnula
1b. Epy i“é?'Fa’IeF’S}Ct'OF ﬁ@@'@?ﬂﬁ@'lj‘?ﬂﬁh@ﬂs%ﬁ“ eAgvReyd thesforng of whalg cell

syslemu ortisvlateherizymas. Wi Hius thélteduclhfpoﬂetﬂlnpmhnd&b‘fwmlaE(Z) to formula
3T &f ﬁéﬁ‘@)YOanfﬂér crAPOMNEhgXny & @uuérblepf%r ¥e°du@iﬂg ketones to

BB 80k Pl ke BB bt g, o
algehsl slehydsraenagest eergamq:@s that can dekyged ipHbeyedustion process
inblade yeasts, ba¢teridViisigi, pne: plentanb ynantlias cellsiret hyl  gr oup.

The Ex%%i‘e%' & e rrfégmuﬂﬁc?oreémfr% ohi@inthg! EnZpineE Gh&LYy be
dep?oyecrjrp in {hehen(zjymarm: reXuctlgn of compounds of formula (2) include enzymes and
microrganisms described in M J Honman, Tetrahedron, 60, 789-797 (2004), geotrichum
candidum BPCC 1118, WO 02/086126 and the oxidoreductase from Pichia Capsulata
(WO 04/111083). The contents of each of these disclosures insofar as they relate to
enzymes and microrganisms are specifically intended to be used in the reduction step of
the process of the present invention and thus form part of the subject matter of the
present invention. Whilst forming part of the subject matter of the present application the

~content of these disclosures are not reproduced here for reasons of brevity and because
they are readily available.

In a preferred stereoselective reduction, a chiral coordinated transition metal
catalysed transfer hydrogenation process is employed. Examples of such processes, and
the catalysts, reagents and conditions employed therein include those disclosed in
" International patent application publication numbers WQ97/20789, W098/42643, and
WO002/44111. The contents of each of these disclosures insofar as they relate to reaction



stereosel ective reduction system Stereoselective

reduction systens include the use of chiral reducing
w@g®nne7393 or exanpl e the use of netal hydri desPeu/GB2005/004882

chiral conpl exes, the use gf chiral coordi nated

transition nmetals in a catal ysed transfer

hydr ogenati on process, and the use of enzynmatic

reducti on systens, for exanple whole cell or isolated

cemiitipne ahd satdlysty atecsprcifitdlly irgentes to pe a$er inakk tdaadtioh B&ep of the

pﬁic%setgﬁﬁé S&EéMQnJeﬁﬁdiﬁiddQHuéem ¥§ o?th%rgu[)j%h QR O ﬁ)@tp‘?&ent

gnsit cat al yse nsf er
AR, WAkt frfog pe] ofing Buled EERIRTAT BRPIYET dipeontent
z%ﬂwlq,sureédaJ% notgepragused hsreufwa@ﬁ@es phierevity@nd beeayse they are
reaﬂulytah@ﬂefbﬁdm of whole cell systens or isolated enzynes.

Thusphs &QQH%} ﬂ)ﬂj §s RF ul@hMk Ebrcgc%;s Bpthﬁ );)resent

can e carried out usin
"%ﬂ??ﬂéagﬂﬁ%gﬁ“gmﬁﬂﬁ' 3 lici ng ketones to alcohols
Enzymes that are particularly suitable include
oxi dor educt ases, reductasegk, and al coho
dehydr ogenases. M crorganfsn®B t hat can be used in the
reducti on process incl ude;: Meqsts bacteria, fungi
and plant and marmmal i an ¥l & Exanpl es of enzynes and
m crorgani sme contai ning engynes that may be depl oyed
in the enzymatic reduction of conpounds of formula (2)
i ncl ude enzynmes and mi crorgani snms described in MJ
Honman, Tetrahedron, 60, 789-797 (2004), geotrichum
candi dum BPCC 1 1 18, WD 02/086126 and the
oxi doreduct ase from Pi chia Capsul ata (WD 04/111083).
The contents of each of these disclosures insofar as
they relate to enzynes and m crorgani sns are
specifically intended to be used in the reduction step
of the process of the present invention and thus form
part of the subject matter of the present invention.
Wil st form ng part of the subject matter of the
present application the content of these disclosures
are not reproduced here for reasons of brevity and
because they are readily available. In a preferred
stereosel ective reduction, a chiral coordinated
transition netal ,
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cat al ysed transfer hydrogenation process is enpl oyed.
Exanpl es of such processes, and the catal ysts,

w0 smgesm3ss and conditions enpl oyed therein i ncl RUBGBhDSE04882

di sclosed in International patent application
publ i cati on nunbers W7/29789, W98/ 42643, and
W02/ 441 11. The contents of each of these disclosures

“insofar as they relate to reactionconditions and

al.ysts are specifically intended to be used in the

whfefh. Y (
and RhePmesi 5 Qe o sipdiuted Brana] ¢ peltRn cbfihaly
sphstitiask perhalegrnated. hydnodagyl, fasran mpfiopalivt swstituied @yglgpentadienyl

 ligadt er of the present application the content of these

di scho é%ﬁ*sgarg?gﬁ@%"{ﬁ%ﬁg*ée‘ﬁﬁ'°§ .e for reasons of

brevit ] .are readl’'ly avai| abl e. ]
pr of BrgRstpepts anopiRnaHY tHES e nlvgReT: 8?"%93&”@% pfiggphprpus;
t he Prepessstsaflinking gmupsent i nventi on have the general
for ?M'ré‘préé@n_is &mbtal dyabia bn&radigsing: tranbfef ByAFsRAIoR; and
neu : t A Vet o neut r al
opt i %%@ﬁ“@?@%ﬂ!@‘ﬁ?@%ﬁ%ﬂ%ﬁ%ﬂﬂ%Q{ A
an obfeyiderhthpl, wherhdtis gt 8 yaeant %m ahleeéwnew g“aﬁHB carries a
hydrpgemsatorts an optional ly substituted nitrogen; B
relmﬁéﬁa‘ﬂéb‘?y,ad'i 1ot | P adl X o‘il}dos:bhqbﬁeeteda rshissnia%gn nitrogetoand the
ul. r._or . X represents a |1 nking group;
sﬁﬁs}'ﬁ' &ehs?gral} Iggg%ﬁg?é{%@ea%gbl e of catalysing transfer
hydr iy peferiad transfel Pekeganatiomcatalygniake Jiase gy Rh or Ir
cﬂalyéts of thgatppk descabecaioaNOQQP.MBﬁ, WWQP8H2643, cad WOEAR/44Hd rwhich
cgmérr%ierbgt %ﬁoﬂaai‘l? %Uﬁsg@;%agdihmgb lignd, %}Setxaﬁntﬁﬁ A f opfiolly Bubstituted
\ r ast: .
et ame e SR A o O o ol B
diamingt ligen@ fi sybstituted, prefeeablyowith argroup coptaifingea chiral centre, and a
neutral aromatic ligand, for example p-cymene, or an optionally substituted
cyclopentadiene ligand, for example pentamethylcyclopentadiene.
Highly preferred transfer hydrogenation catalysts for use in the process of the

present invention are of general Formula (A).

,'VKRs

Formula (A)

wherein;

R® represents a neutral optionally substituted hydrocarbyl, a neutral optionally
substituted perhalogenated hydrocarbyl, or an optionally substituted cyclopentadienyl
ligand;

A represents —NR®-, -NR’-, -NHR®, -NR°R” or -NR°R” where R® is H, C(O)R®,
SO,R®, C(O)NR®R'™, C(S)NR®R', C(=NR')SR™ or C(=NR'?)OR™, R’ and R® each
independently represents an optionally substituted hydrocarbyl, perhalogenated
hydrocarbyl or an optionally substituted heterocyclyl group, and R'? and R"™ are each
independently hydrogen or a group as defined for R?;
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wals®enéeBed i n W07/ 20789, W08/ 42643,

Particularly preferred transfer hydrogenation

catal ysts are those Ru, Rh or Ir catalysts of the type
and WOO2¢PHGE1005/004882
whi ch conprise an optionally substituted di am ne
ligand, for exanple an opt1i°onal |y substituted ethylene
di am ne ligand, wherein at | east one nitrogen atom of
the optionally substituted diamne ligand is

subspi kpresshts PO SHRDRL, Wt hsg, GROUNREQNINR'D IgHRI®, -NR°R™,
,ggd Al F,IJ_EE,entr Kmd ea}erp{edﬁsr lgﬁ);ﬁ@{rgb ]l d @ﬁﬂﬁ“ 140F)NRVR™,

C@Nﬁ d§gmq; (elﬁlg )q%a nanggﬁ @ach ege#d%rswtly represents an optionally
spisstitutetie thygilocarbylo peemiaiatiesated  hidgithspyipraef enr eptionaliyn stistituted
hER PR YR Up0 Bng H'a LS (RS hRY edéf nd eﬁd@ﬁtlyﬂh 6§én &f atdigup as

dg{ eg%ﬁt W nventl on are of general Formula (A): Fornula
&fein R5 represents a neutral optionally

subsEurqmsedtswwklogafqypl a neutral optionally

Subskiréptestgrembail m:euab&chmyeﬂmdmsfbyhydr@enamn and

opti ?%re%nﬁ%%bwét [5 ¥ Séé?ool Bh@&H Lathnt ditgadd, A

repr esen ?@ﬁ S&R&Nﬁgggg on%rdfsll\ﬁ'qggfgles a

wher & cfg)at:w " 6)'?225”
hydregeaitor?) SR13 or C(=NR12) OR13 , R7 and R8 each
i ndeaignlgleti?éféryed e tesrRfer Siydrogevptionocedlysts sfiBetriulal (A9 dvherein at

BrQeC% l)r Bp%rﬁ‘ﬂ'lsggﬁnﬁﬁb%ﬁluﬁﬁqﬁ hbylvheh A%r B comprlses a

bl SRRy aééaftﬁfﬁé’épfa e ™

def i ﬁr@dcaftaiytlcweew ispheliewadite be @ubstantiglly @?@pr&ssnted J"sﬁe above
formbia. 1tNbe.intrddBcekilon a solitNstpirt, - NR9R10 , -NROR11 |,

PR9 7:9 Rb1;
Rﬁ@filﬁ%b%ﬁété ?J %1&0 regé@Rc?JSole S RRELinclude
aw) byl ainey! 3] A 91oHED Y ABE %’% Py 'r%g%éﬁﬁﬁfaéw and
alixpryl, Gmakdnypls bérzyligrowpsd hydr ocar byl , per hal ogenat ed

hydr AR@T §¥lpsOivhioR A& b8 NepreYertado 5y iR78t @URHEY @ichay dingér and

blga gﬁje% ‘al gro ¢ &P&IS%% f%rﬁ @a?t?cm &ﬂ? P(hi@lghy %orhyﬂfooﬂ@é?bon
I ne 1 ln&
aWLﬁﬂ preferably from1to5 carbon atoms ln certal em% |men s, the alkyl gfoup

‘may be cyclic, commonly comprising from 3 to 10 carbon atoms in the largest ring and

optionally featuring one or more bridging rings. Examples of alkyl groups which may be
represented by R”® or R'™" include methyl, ethyl, propyl, 2-propyl, butyl, 2-butyl, t-butyl
and cyclohexyl groups.

Alkenyl groups which may be represented by one or more of R™ or R""* include
C,.50, and preferably C, alkenyl groups. One or more carbon - carbon double bonds may
be present. The alkenyl group may carry one or more substituents, particularly phenyl
substituents.

Alkynyl groups which may be represented by one or more of R or R include .
C,.0, and preferably C,.4o alkynyl groups. One or more carbon - carbon triple bonds may
be present. The alkynyl group may carry one or more substituents, particulafly phenyl
substituents. Examples of alkynyl groups include ethynyl, propyl and phenylethynyl
groups.

Aryl groups which may be represented by one or more of R”® or R'"""> may contain
1 ring or 2 or more fused or bridged rings which may include cycloalkyl, aryl or
heterocyclic rings. Examples of aryl groups which may be represented by R™ or R"""
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M represents a netal capable of catalysing transfer
hydr ogenation; and Y represents an anionic group, a

whamwb/oeB9gand or a vacant site; and provi ded tIEL/GBE®H004882

Y is not a vacant site th at |least one of Aor B
carries a hydrogen atom H ghly preferred are transfer
hydr ogenation catal ysts of Formula (A) wherein at

| east one of A or B conprises a substituted nitrogen.
ivhete phenyl, Bolyh nfuorapbenyd  shidysphenylt ddonmphemy) e trifluoromethylphenyl,

MRyl ﬁé}fhltw ér{aqeﬁwéawgpd@gt has at | east one chiral

cent af al C|e IS bel

Sear e Aecau RS g, BhRenes B poe o pore of
RmyorbE i ninderriderlyolnclde prihalogenairst ﬁlkylcmq 8rYhIOraups. and any
combintiidnuthedof) sdeto agiakaily! gmdd alRaryir grpupss eExamblésyopr'érr&Iogenated

a%ggurg@bs'vﬂﬁéhqﬂ% Y rlékfﬂeserﬁé(}(w L ng%ﬂMbdea@a Qr‘icy Cz gl
O SpisYfie es SR PR BE el oo i e R
rmm«enwnmder wphatice mteretes;anmpa@auyrunsatgram g sisteres and may
cbmpﬁ@r 1 my:brMcarmﬂine tlisad Kiyds veHiahLay inenmer dysloalkyl, Jaryl @r Rélerocyclic
b?ﬂe cIvBEH’r& \Hﬂll%ht}émfé} Q%Qsil oh® ther@)réﬂQ Bin ttﬂenf’argest of
@*ﬂa@ St Sl 55 A o b G5 cron
ape ﬁﬁea% ong alrorrumaey ofdN, 10 ScerrFh drxapplesof hmemtnehct grogesswhich may
bei rapresantedopy iRGMal IRJ''P eriude lprygdw) r}ﬁ/rlﬁidyrf%ﬂolgr thitgphB§yl, furanyl,
ma e
lrrdoggﬁum(ﬁ?q J¥7 mﬁ!aéavﬁ %\‘3 y | et hcyl ’
pr op en ?nb yI or ut )}? a sgb%u{te)q hyd(OOBmyWr Srocyclic’ group, the
sglg,ayn@ht@)yaho@q belgg;h sAl a,semyio agiveragly affdvit the rateyor [séereoselectivity of
tHeSRB&RANIOPHoRYY seHGtuefhts IMILe Biblobén, %yﬂfo Rird, AyrdxPCAmiBE imino,

tt% %:9 h?&g%%?%ﬁfﬁrﬁé?ﬁé %EI (ﬁé@rl)ga‘? he%r&’%@@ Pwﬁ%a%ylo%’ I fono
°58’R’3H5?F3r6}"6'ﬂ?}5‘°n@§?'%Céfbryi}h'%rfét%? . SEESPFIEhAIges, sulphony!
apcisulphonbmido graine whkresuthe hydroranys grodpsara pb defired fior Riioc R
abde, [TeloR RoRs Subkfttedy mai 8e PresEM! R7-Dbr I IndY eal &ontaln one or

d&pbcéhl[}gpce%egc} and preferably C2-10 al kynyl groups.

rbon - carbon triple bonds may
The neutral optionally substituted hydrocarbyl or perhalogenated hydrocarbyl

ligand which may be represented by R® includes optionally substituted aryl and alkeny!
ligands.

Optionally substituted aryl ligands which may be represented by R® may contain 1
ring or 2 or more fused rings which include cycloalkyl, aryl or heterocyclic rings.
Preferably, the ligand comprises a 6 membered aromatic ring. The ring or rings of the
aryl ligand are often substituted with hydrocarbyl groups. The substitution pattern and the
number of substituents will vary and may be influenced by the number of rings present,
but often from 1 to 6 hydrocarbyl substituent groups are present, preferably 2, 3 or 6
hydrocarbyl groups and more preferably 6 hydrocarbyl groups. Preferred hydrocarbyl
substituents include methyl, ethyl, iso-propyl, menthyl, neomenthyl and phenyl.
Particularly when the aryl ligand is a single ring, the ligand is preferably benzene or a
substituted benzene. When the ligand is a perhalogenated hydrocarbyl, preferably it is a
polyhalogenated benzene such as hexachlorobenzene or hexafluorobenzne. When the
hydrocarbyl substitutents contain enantiomeric and/or diastereomeric centres, it is
preferred that the enantiomerically and/or diastereomerically purified forms of these are
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be present. The al kynyl group may carry one or nore
substituents, particularly phenyl substituents.

wdExanpsBss of al kynyl groups include ethynyl, propgB2@ado48s2

phenyl et hynyl groups. Aryl,_groups which may be
represented by one or mor d20f R7 9 or R11'13 may
contain 1 ring or 2 or nore fused or bridged rings
whi ch may include cycl oal kyl, aryl or heterocyclic

uéémgsenzﬁhanpbﬁﬁyl Ofnesitylehe @hO hegarndihyidenpane &€ especially preferred
?V?’f?f nt ed by R7 or R11 13incl ude phenyl tolyl,
or O

| hi h b
e 1RO TEIeE AT oty WhRB VA fegrasertes i pplude
Cgsooank prefegatita Cogealkanes ohgyhlaatkends, withyprefepablywtwocer merg cgevon-
cArBBE QABEHM Bendyy pRIIGraBly oART tRofardBA-careh ddlidie Iodnds. The carbon-
célﬂgr? QSJB%egéﬁﬁ rh&c%ﬂn‘gﬁallg%reQ%h@gﬁ@ﬂoe&haj lhﬁgtu?é?&i ms which

ups er eof as ar
"@Md %IIHE%SWI Woﬁfﬁspre@%t}%l‘:@%l“%te%é‘? PPQFB Relt ed sl R%?“es or
cyplaaiesesnmriag hensuypstiteted epefesblyt with b)ydr@‘artgl eubsiL&nts3 When the
aké‘ﬁé huiaamm dmme HoRd, The b&toaalgcswsétmecgam lighAll Gy BB Mhprise

oerggr% e a%ﬁ nleg P%qu%gehygrroc%gw gubs];ltue ts %c %d}%thyl iso-propyl

a'ﬂbef‘?"dl I ﬁx"ﬂﬂ@ﬁ% at aptieally; WQS@VQ‘I’ @H‘ﬁ"ﬁﬂflafl?éy”‘é%ﬁ?p?ﬁc?é”? 1,5-
dieher@ndr2, 2narbormadienel uSgco-octagss-dibnects aragspeacialiy gesferred alkenyl
IIQﬁ%gl oal kyl, aryl or heterocyclic ri ngs The

u ntain at st o
het & %&Y)e'lv AR cfbitpent) cgai' (St iRl BE remesspie by R
mélyﬁ?)wcmemtﬁ@mvk Q’tOBPSZCQQaH'Q elarisbandingh iTBe cyploppaigdienyd H@UP is
oftdnosubktituted miitb iroantl tab hidrasirbyd pupd, preferablgmith & told, hydrocSrby!
gr%(l - anX Ao eﬁfe@?abgeﬁnﬂﬁ Oﬁyﬁ)ldr&agfyplb?& Whi ObteflR¥d PRydrocarby!

ﬁtf’?ﬁﬁﬂ nFlug m\é}hﬁ ﬁyl anF% tg\gy}wen %ﬁggﬂg%rbﬂg%ﬂ; fents contain

e'@ﬁﬁ'ﬁ'?fﬁ?@ﬂ anq/@fod'aﬁfﬁiﬂoyﬁf'c icantarez dfl I Pfﬁf?ﬁeﬂ rthﬁzﬁ‘ley?nantlomeﬂca"y
agi/@rugiasterdbiricaiy pofifidd7 fobmo rof fieke 1dei Wwed. SBhsitplésube dptionally
sUBRLfagar leyéuop%taarahﬁrogae%é C QEeP: &B6p ewaa%n iueagneaﬁaemyn-

suc rsel
At R S v Ol - %ervgfcvc%peﬁtag'e"v'
etbylistramethpeniadienyl. ude mahioytetrapheplarsiopantadienyl.hy dr dggmenthyl-
te&ﬁﬁﬁé@ylcﬁdﬁp@ﬁtadlém ol ,mentyicycibpeiitaaayipy | neopehinglcptspaatadienyl,

te ¥ d PM' m%ﬂﬂ%ﬁét%yﬁbﬁhe h Eol‘? n%{hg?féfrah{tm&ﬂ% Io groups.

PERBSRUBEEP AL % CHRATA, Prolad S(HSpRERIRT ST oups

wherWhen either Hy ar Bciardpyamige qipp wpeesentedi by i-hRG- -YHRRNRR’,
-NR'-RNHRIBor NR°R™ wherein R” and R® are as hereinbefore defined, and where R°
or R" is an acyl group represented by -C(O)R® or -C(O)R", R® and R"" independently are
often linear or branched C,_salkyl, C,s-cycloalkyl or aryl, for example phenyl. Examples of
acyl groups which may be represented by R® or R' include benzoyl, acetyl and
halogenoacetyl, especially trifluoroacetyl groups.

When either A or B is present as a sulphonamide group represented by —NR°®-,
-NHR®, NR°R’, -NR"-, -NHR" or NR°R" wherein R” and R® are as hereinbefore defined,
and where R® or R" is a sulphonyl group represented by -S(0),R® or -S(O),R", R® and
R' independently are often linear or branched C,.j.alkyl, Ci..cycloalkyl or aryl, for
example phenyl. Preferred sulphonyl groups include methanesulphonyl,
trifluoromethanesulphonyl, more preferably p-toluenesulphonyl groups, naphthylsuiphonyl
groups and camphorsulphonyl.
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wq hmenensds al

above. One or nore substituents may be present. R7"9
or R11 13 nay each contain one or nore chiral centres.
optionally substituted hydrocar byPCTGB2005/004882
per hal ogenat ed hydr ocar byl13l i gand whi ch may be
represented by R5 includes~optionally substituted aryl
and al kenyl ligands. Optionally substituted aryl

I i gands which may be represented by R5 may contain 1

ri NOW®EN itk oMo B figisresknt h$1g §roop irepiesenteld gl eNR®-, -NHR®, NR°R’,
'Gl %JH-IW 9" Nﬁbﬁ(‘b mméretﬁeﬁeén%%ré Gs rhbl%%efol%r ﬁfﬂé@@nﬁ where R®

°ff<n %aro'up srpResgrteang CIPINRR o W%“?%p g?w'%‘ﬁ ShESeefB0R"
C@)NR W‘dr@smm_\‘,ﬂ” g@suslc:‘ SRiher SENR'NOR'S, &1 andt RS independently
afeSieRURBAT orafrascnBé (i, {aNg N tsEichidd e, Yethn GhoRpyIDE, scycloalkyl or
M%P%&@@%Bﬁen&ﬁgr&}ig’%ﬁ& ,.-9515 gﬁerf&f&elnae en&gntlwh&cﬁggen or
'"EﬁaéQéHfa”C‘b?dePeqa%'i 9“02‘ a%"GF‘V'eSe HH%?E%’PM‘;/IQ gav%%@/' Shav!. for
exaonpde phepyleg@bpsy 6 hydrocar byl groups. Preferred
hydr@whah BYiS predbsttdstd180LS rdprdsehids bSTP—UR?' -,SRetbRP or -PR°R"", R®
J#;i; 1|p 6\3? rnide%é% %fﬁ:nnl%gglﬁgg B%L\c%ﬁ CPB'%&Q u?h as methyl ethyl,
'SPIPTQPX'|%a%'°?§y'm’éWéf°éﬁF§’“H%Hm% or a substltut ed
benzéemdl baNengnisesl thagtiecbredseangieneh| Adgadh & witl be determined by

wha&ﬂéro@aﬁowl B at’@ﬁ@rﬁ%ﬂﬁ@nﬁed fo thé mtaPBl AB BbAERARY &Fthe metal via a
enze as hexachl or obenzene or hexafl uor obenzne.

'%Bﬂ'{’}eeée y'&srocar byl substitutents contain
enanthecgravrscA ad Bopredionsedqdedna lining graup &s, The linking group E
aghievbe ar etalilé abnfoineatiom ah A e iso ads| tp ao/both A and B to bond or

c&Hr&?&It@ {oemer%étaadnl )\ n@g Eta Eiegﬁgfﬁ?f{'s""%d fhRR9R 2@2 %;'g%drmgr eThe
aGRR R "iﬂw{g@ A0, PR, P e, 3 o EptTlBls y THe Bten R E,
e%pe@gltv the aiomsalinteny A driBy ey e fipkedtio fhﬁﬂdkﬁa i %@s@maédo form
a bytedddydlic fihg) peef&Ablp Osatarutedringf &rdadarticul@ty 43, 6 oral-hembsred ring.

hd r%' rhé‘ﬁ?éfu%o‘tl? oRé Srf rﬁBr@Q‘tﬁér Fn‘(&% Qiﬁeﬁ%@at&ﬁé Rk MB will

dou

o, GHBRY atamle. LTS Eel P B ok e B Sahdicatn "@msﬁ%ﬁfﬁ Bl gy
smmp@@%m@ﬁdtﬂ@n tet Ay of By Sybstithent eraupsyingledesthode witichhagy %@stltute

RPr es @it dsudefined® apows errabantageonsly gatyesuichosubattberdtdréups are
seTJZ:?edatb %@rb‘?éupg vﬁﬁl‘\q Ok & ﬁatmh tt)r‘?e REEE M. tlb'rre?eqred substituents
mguc?e ﬁglggbelny cyano, nltl% sf:’lgr%nyly hydc'rocarbyl perhatlggena eg I?‘lydrocarbyl and
heterocyclyl groups as defined above. Most preferred substituents are C,.¢ alkyl groups,
and phenyl groups. Most preferably, A and B are linked by two carbon atoms, and
especially an optionally substituted ethyl moiety. When A and B are linked by two carbon
atoms, the two carbon atoms linking A and B may comprise part of an aromatic or
aliphatic Cyclic group, particularly a 5, 6 or 7-membered ring. Such a ring may be fused to
one or more other such rings. Particularly preferred are embodiments in which E
represents a 2 carbon atom separation and one or both of the carbon atoms carries an
optionally substituted aryl group as defined above or E represents a 2 carbon atom
separation which comprises a cyclopentane or cyclohexane ring, optionally fused to a
phenyl ring.

E preferably comprises part of a compound havung at least one stereospecific
centre. Where any or all of the 2, 3 or 4 atoms linking A and B are substituted so as to
define at least one stereospecific centre on one or more of these atoms, it is preferred
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al kene has only one doubl e bond, the optionally
substituted al kenyl |igand may conprise two separate

w@bdoeners9s Pref erred hydrocarbyl substituents iPct/GB2005/004882

nmet hyl , ethyl, iso-propyl ﬁnd phenyl . Exanpl es of
optlonally substltuted al kenyl 1igands include
cyclo-octa-1 ,5- diene and 2, 5-nor bor nadi ene.
Cyclo-octa-1, 5-diene is an especially preferred
tl@dtlaené,alst driegstribe stepHospatificl cgnisashisd iotatéddt the atom adjacent to either
g?a/ sapsmaad' Wmh S RS oms%h we&seé,ﬁoorcsﬁt%ﬂ.@gx&\énﬁﬁt is
%;H's%g l}éeﬁp@l rfc pfaleo eta
gﬁﬁus E‘Iac? Pt thjllt? 4% often
subsWﬂeut%demesdﬁtSf r(brmfl QR #ndhipgrasiasentyatogy wulbds carbon, it is
pﬂf@?@ﬂﬁiﬂ&’dd&shbt f3rrh parbofweisxgiclyydupgr oups and nore
IOT e -
dr éé%Pé)Gﬁd gt e gent%?ésgx edé&wr‘g% 0 l'frﬁfn ﬁlFﬁjA:?FB may be
HerpY Sesiionaiteati e eingg rorofnphaing daminoplipe-dr
1eatamall@nﬂfolsc Saamn@aikanﬂa@i& dramjnatiiag-3cashane especially s
2Rreh RiIKaAd -did) At arhiRGaliinandls, F@hifedIRay-22d1§l 48T 2-aminoalkan-3-ols, and
p%y@lﬁg sfzegrnﬁsétﬁ@lomym%%h.&s%% L@g 5 grzefd.; RES iftugingS e
1@’@%@%"@99!’% '6 &%li %srpﬂ:la ly 1,2- or 2D 3- dlammoaManes and
pp&lmlaiveﬂthw&r’eylahmpentFathIra]ﬂmoalcohols that may be represented by A-E-B
aF@ﬂbﬁhﬂB@féﬂp@Mﬁﬁ&@SﬁH @-@hﬁf&%clohexanols preferably fused to a phenyl ring.
ﬁﬁer%}% t?lgchng)gg tr%%éseelﬂ}éld by A-E-B are 1,2-diaminocyclopentanes and
1M@'H'VPQYE‘PP%H%ﬁ’@?@PUp@?ﬂ"a@l %WP"V' ring. The amino groups may
anentagaously teehtogylatdy | \When apiantreds eapyésented by A-E-B, preferably at
le'é?t”Hﬂ\)é' @WAOO mpads eRMtbsylaRRIOTEThAY hieiiehIEHRRE asti @aRines are

aa\zatgﬁﬁg ¥lh$'|’ Istug Lg{%d &s@cna&%nn fh%thﬁf‘ﬂ%grro% @S{)XJ Iegsqgne alkyl group,
smrﬁsmq%wws 9@11 ey@w'%mnaéng}hv' |9§°t@rpré§'se%|°aﬁ Py grup. sartiegarly
acpyierhyogxeum adi enyl ligand. When either A or Bis an

am d§pé3,rf @L&alrnSIQE %?%Bﬁms&r#ax whidR &n be réﬂhﬁ@nte&*‘%@WE B B the

Plnglen sap et K Psh el it bead B8 Qoafi o acyl

group represented by C&O) R8 or C((?) , RB and R1 1
i |n %1r 85‘ é\nched C1- 7al kyl ,

I ndigpengent | §har ¢hof t en

Cl1-8 cl oahggr_g aryI hen Exanpl es
of Hatyl °Yro WA R ey be r’epr“esenhi h6 oL M0y
i nchyde djenzoyl, geetyl pand hal ? enqg.cmeyl i all'y
trifl oacety roups. C?hf{l ei oH,oM3 | ST Bagnt
as N sulophon denHgr oupy epNazsenziN d mg -NR 6- ,

H  oH
tosyl-HN
HzNg Ho/g H2N8 H,N
NH,
: OH NH, HO NH, :

Preferably, the enantiomerically and/or diastereomerically purified forms of these
are used. Examples include (1S,2R)-(+)-norephedrine, (1R,2S)-(+)-cis-1-amino-2-
indanol, (18,2R)-2-amino-1,2-diphenylethanol, (18,2R)-(-)-cis-1-amino-2-indanol,
(1R,28)-(-)-norephedrine, (S)-(+)-2-amino-1-phenylethanol, (1R,28)-2-amino-1,2-
diphenylethanol,  N-tosyl-(1R,2R)-1,2-diphenylethylenediamine, = N-tosyl-(1S,2S)-1,2-
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-NHR6, NR6R7, -NR10- , -NHR10 or NROR10 wherein R7 and
RO are as herei nbefore defined, and where R6 or R10 is
group represented by -S(O 2R8 or PCE(/GBARI/N04882
, R8 and R11 i ndependently _are often linear or
branched C al kyl, C1- 120yc1l50al kyl or aryl, for exanple
phenyl . Preferred sul phonyl groups |nclude

nmet hanesul phonyl, trifl uoronet hanesul phonyl, nore

h&fyﬁaﬁf@y@nlédrﬁ‘mtn@' Iu@ REcRNONNbar@iimims , (1S, 2hR) ch -1, \%ndandlamlne
Ig)—a@? ?)Xrgféj rAé?n qrﬁ%ml Qf{a"(%g@%%'b‘{}rré}r%%ﬂ%{h%%rp ony nt :3

oup represe
- NR Metals wwqR@way,\mF@preseNRg y M &h‘-ﬂ? %@aﬁ) hied 139 cap%le of
ca&bl@s'eg mraﬁ§feam¢drwermtm aPréfered mmls)nre:lldief ransiion ametals, more

IB}anﬂo%‘euwa&iearb g5618 aPedily RitharNRS RActium or

.@gﬁrr@%m AR « oAU B D 1 when

trRBmatﬁH'sR!Md"r"ﬁd%rﬂ'&*f%ﬁt'F yre&qrgbly)p[eéﬁnq in yalgpeeptatsy a‘ﬁrleﬁ'e% is a
néiltraB abptichallys usibstitatede thygiocarkyl hyr , ai suitrelpydptioghlly  substituted
pQr‘F1¥IG é?%re}&yﬂyd%arﬁfllﬁrbancf %d BrefiRdIEprREH ¥ valdhic dfage Mhen R® is

endent |y hydrogen or |inear

aBPFZ"l?Pﬁ'HcﬁHEﬂ?‘&i‘? %Va?ﬁP pladighy i ¢ ethyl, ethyl

i sopit @Weferr@lmgwcth@,me@ps r@pdlamﬂeseptdrp v@w:aée Blmpﬁﬁ is an
optiondifsubsiheed Bcicpeftadiednligaad. a group represented by

-OR /inomcSF? upspﬁﬁlch or‘ha PR %‘Bﬂé&ent@ @ynsr frkfude hydrrde hydroxy,

i nde ten I near o
hg eqe?bg&xhglfyﬁﬁcarbgleﬁwo S%aéqggﬂﬂroup&a%gt}é%gfawﬁeq X Halogen is
represented by Ye thenfalegep hserarv@rlder tWhiin 3 hysisogaghyihios Mf@q@aﬁty'ammo
gt i reréseatedatyuy e tref grdummehy Brentiérivedd drotte ther dépnetondtign of the
gyr,rg eﬂ%n@rﬁi@d?th@ ‘ﬁorf ormal |y bonded to the metal or
in

re coor e neta n
el ec@?séf'n@a” fJ beAreQFeaerge%ﬁé C@ﬁng%g/gte b@“ alcohols, Cig
ptimar i on gecandary Emnémeorlthﬁ kydigoegr daner WhighH$ @esgntgin the reaction
systdrb. al befaalbasiongaranefitsehteaing YBssateas to al | ow both A
and lﬁo%&%ggly O Ecé)q{ U3 Se gﬂosten ‘:‘soqﬁ}tfi‘llue cé\élysf‘rsaéhﬂalB When

s.,"i‘c:qe@cq%,cﬁﬁ eﬂagfp&wegc?%{fn ol estgﬁ%mgrlrcaﬁ)bplg'ﬁled ?c—)rm is prePTrsany
employd t Gaclt catalf¥te are orest advaptageasiswcareloyedtin @synmatc transfer
hidrédtRation flocdssés. MdyaryCernboaliesits, the’chirality Bf thercatalighisaderived

i, a heterocyclic ring, preferably a
frm¥heaﬁ§a}tﬁrg of RIER, nd particul arl 5) 6 or 7-nmenbered

ri ngfreferred catal%sts are of Formula B(i-) and C?r iv

Hy H
H,_‘c—é—crrJ HSC‘&CHS
Ph, K PN
/E \R\hK:sC CH, t ;R\,,Ksc CH,
Ve
N ¢ Ph cl

S0, S0,

B(i) | B(ii)
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Such a ring may be fused to one or nore other rings.
Often the atons linking A and B will be carbon atons.
one or nore of the carbon atons |PCKGBZPOA004882
and Bwll carry substltuegts in addition to A or B
Substi tuent groups i ncl udd® hose whi ch may substitute
R7"9 or R11 13 as defined above. Advantageously, any
such substituent groups are selected to be groups .
whi ch do not coordinateswith the netal ,¢#M Preferred
substituents include | ogen, cyano, niA&Jro, sul phonyl,
hydr ocar byl , per h&t% 8 hydr gt
heterocyclylPh upss; eflnedlfﬁe preferred
substituents re,Qﬂ’ al ¥y R0 and phenyl groups.
Most prefera Atand B are”lln e&'by tmo car bon

at ons, and espeééall an optionasd,y aubstltuted et hyl
noi ety. Wien A nd B-are |inked y t carbon at ons,

the two carbon M nking A.a y conprise part
of an aromatic %hatlc cycl up, particularly
ab, 6 or 7-nmenb ring. Such ar rmy be fused to
one or nore other (%uch rings. Particg Iy preferred

are enbodi ments in 'which E represents 2 carbon atom
separation and one or gpth of the carbon atqgms carries
an optionally substitu ed aryl group as defji ned above
or E repr esents aHZ: Hat om separ at.¢

conprises ahfi K/nf or cycIBheﬂane
optionally fu 0@ phegyl rlngﬁ[j néﬁeraﬁﬁy
conprises padt @ Ya compound hav hat C,I east one

st ereospecific entre Where any or of the 2, 3 or

4 at ons Iln-Hng % and B are subs %tu ed so as to

define 5%3 b<§t one stereospeﬁ L\C centre on one or

nore of tRfes®< Qns, it is pre at at |east one

of the sterfegspedific centres b ed at the atom

adj acent to either _group A or B. Wen at |east one

such stereospeci F® centre is presenb®it is

advant ageously present in an enantionerically purified
Catalyste of kyrenwilal3(h epd Béiparegnostprefgred.OH1 and t he adj acent

at onTHenprEfeiréd eattlR§thmay be ipfepBfedfifkitie Prefdiatly By dorasiningta chiral

bi ée}{téﬂgpfﬁgé e91f Ilgar? X¥|| iRh @)r ;ﬁlré?al Wﬂé‘%@@am ch gaystltuted
cgEpPRYEy RiBIoh solm % PRSI éﬂﬁhi‘?o%‘re&iﬁm Jhe sonent
usedohaydben gnw,sqi\mnhvyafpk dnes naf|aglversely effect the formation of the catalyst.

These solvents include acetonitrile, ethylacetate, toluene, methanol, tetrahydrofuran,
ethylmethyl ketone, dimethyl formamide and mixtures thereof. Preferably the solvent is
THF or dimethyl formamide.

Any suitable reductant may be used in the preferred embodiment of step (a),
examples of reductants able to be used in this process include hydrogen donors including
hydrogen, primary and secondary alcohols, primary and secondary amines, carboxylic
acids and their esters and salts, readily dehydrogenatable hydrocarbons, clean reducing
agents, and any combination thereof.

- Primary and secondary alcohols which may be employed in the preferred
embodiment of step (a) as hydrogen donors comprise commonly from 1 to 10 carbon
atoms, preferably from 2 to 7 carbon atoms, and more preferably 3 or 4 carbon atoms.
Examples of primary and secondary alcohols which may be represented as hydrogen
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1- am noal kan- 4-ol s, 3-am noal kan- 1- ol s,
1- am noal kan-3-o0l s, and especially 2-am noal kan-1-ol s,

wd2mneémdsd kan- 2-ol s, 3-am noal kan-2-o0l s and PCT/GB2005/004882

2- am noal kan-3-o0l s, and paﬁtl cul arly 2-am noet hanol s

or 3-am nopropanols, or are diannes, including

1, 4-di am noal kanes, 1, 3-di am noal kanes especial ly

1,2- or 2,3- diam noal kanes and parti cul ar| y

denhdrg| imcledt anethe®l, Ethardhepropan-moll propa-2-of, Naitanrty!, deitan-2-ol,

czaﬁ’de‘ﬁ%‘ﬁﬂlt cINexARdE- %%slc&@%m%{%p%aaaly pr%ﬁﬁwZol and

nocyc ohexanol s, preferably fused to a phenyl

faﬁ Further diam nes that nmay be represented b%/
A- E- Brimary and- sgrendiaRo @ies pwhichrmay #gdemployed in the preferred
einbdditheatmoMaeyy (d) alsebaingen don@s eomplise dansrRchly o PteZy barbon

E§ reTJ??ol?ﬂbrﬂoz ! grﬁnaéfnoerﬁélj\éﬁ@%?eggr‘é%r OJ) c rb gn atoms.
e hPgTay R AETrE SeRORAITY 7 o %@%wwrs include

etylamingi nowpramives isepradpyviamings batylemingy aisobigfweminey hexylamine,
dretHyRining t ediproﬁ)ﬂﬂﬁmbm ldyisOptopyanihé, NK dib @ty e, di-isobitylainine,

d'ih% éml Wm&r zyléHlﬁQa opiﬁerﬁlr]e l\KMlen tl'%r\gdrﬂgen donor is

artlcu %{ $ east one

r%ﬂ]'ﬁe BB’P? cBMGPS yArg YREH! 5%"8&'6”3’ Bpimans P%"“&%a“r?ﬂl%%‘"g a
sgcfondarsrptmrw@pv\mruwIamnsop@pvlelpmegemtsebutidwmeE- B and the
pr ot oadb’Alc 86IdH M tREIF Sstérs WRICHAN @bretd‘n@u efb¥diRRNST stepqs) may

gtra% hlyg)rrogéneécﬁ'a% Jﬁon’f tﬁge SJ@HMA\P?&E W (& 4&%{@&%@&13 é)referagly from 1
cE:}(gququb%tomﬁdnﬁgalp fg\bgﬁg)ne(ntﬁ) thg 5§rgmg<aiaqlq1@ advantageously a beta-
hydr&yXSybogic - asics - Esters may De demidech&bm the carboxylic acid and a Cy.io
alcdrol.2 BxadpRE1 i atbokyIRi SRNYHIEH RRAPUe employed as hydrogen donors
r&é§§ %ﬁ%{:(afaj Igl:trcé %:ldag%cgpo czamdqg%r}ﬁ) n’deI{c acid, especially formic acid.

(S)- 'myertﬂramﬁ%rreﬂ SALRYMERtRaNPEn g cerbrxyis) agid dgriamployed as
hydegenli @dvenydtelehstnaime bF thes ydrb@xdlidRad)is preferably present as salt, -
pse?e‘réﬂl;pﬁﬁ Eh‘ﬁn%: gﬂhlln%ﬁlﬁgi &S sallt tPﬁﬁé/rlabl(l lwlﬁnzag)rrei]al salt is present

enyl e epedi am ne c
tHezmgtn aljs st atr%d nlé) 1a§<a£ F%r aIk,aéne edr% r}lﬁtafasl é %%P%r‘;eodlc table, and
mMEpe) preforabjy pﬁ,,&@lgptp fmﬁjjehgr,%p Iaeﬂgnents such as lithium, sodium or
pét&ysium:) Adireg rwhidhi iday eeesdrhtoofborm Madhadadts \witludh; primyaripesecondary
aﬁ@[gn?a?ﬁaﬁﬁu@s Q\)hnd}-{l éd?ﬁdn@@'@roﬁr‘ii % §0 %fb‘él‘? a?érﬁs C@?é\l%' &miRds, both
af f%zed”aﬁ”a%e% @é %e%f)‘ RLerLed Weh@[ku ines,
R ar AR, Moy alon s "R PR Rl
aren P@%Eﬁ’ﬂ VIExpmgles t ¢fe aminep o‘dh'@h T@ﬁ)’l @e ‘é@ﬂe é‘P"I“y salts include;
trimgtHy@minemtrigtiydeohinen dMisopropgletbyiamivié eand toyedinet dlheirsost preferred
a,l’nMEI’EQHéthmhel s preferably present in valence state
en
en at least some of the carboxylic acid is present as an amine salt, particularly

when a mixture of formic acid and triethylamine is employed, the mole ratio of acid to
amine is between 1:1 and 50:1 and preferably between 1:1 and 10:1, and most preferably
about 5:2. When at least some of the carboxylic acid is present as a metal salt,
particularly when a mixture of formic acid and a group | metal salt is employed, the mole
ratio of acid to metal ions present is between 1:1 and 50:1 and preferably between 1:1
and 10:1, and most preferably about 2:1, The ratios of acid to salts may be maintained
during the course of the reaction by the addition of either component, but usually by the
addition of the carboxylic acid.
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the nmetal is rhodiumor iridiumit is preferably
present in valence state | when R5 is a neutral

Wo@piob/067ab3 y substituted hydrocarbyl or a neut redT/GB2005/004882

optionally substituted pergal ogenat ed hydrocar byl
ligand, and preferably pré ent in valence state |11
when R5 is an optionally substituted cycl opentadi enyl
ligand. It is preferred that M the netal, is rhodium

pr emw BehyatogBralié aydodationamthicRoméas békmploled madtéry (a) as

| .

SRR LA ool B 6 i

Fh "aveE BUARSASTY 9, e N

fegd'mﬂwvdr@mﬁatabmqumr@nnsawlmw oge he iemployed by esihydiogap dpnors
intlge HRloRERichE, (YBbIYXEALE tetdlie ingdrafueinamartépbmosy or

"y e ML A el AP 2y gsegggﬁgp%pto%qoﬁe omﬁr.gen@d&r Uents

e der ion o d
W’éfbﬁ &ighredugtion goteptial, FPé‘“ICBéEEX thgse haying  redu %‘i?‘d 'ap"e to
theesandardrhygrogse eteetiodeyof Yreatar | thaheaboat é)rIeVCQﬁéh glieaighthian about

0@y ahM ipPEKrdbIP IgréuRs QAHABBOUR T VES Exdipidd 161 $ElI0 GRan reducing
"" ePQf%‘iJ‘md“YEfazf%% gy%n%(yfannthe reaction system A

represent ed IS water.
pr effeeigBey ! hv%@@ﬂ@'on% iz R PreferFed W@?ﬁ% 8f stemu(a) afgepropan-2-
olciattad-g-st, tiethytanimaium fdreate aud b mistutehs tristisdgmragnium formate and
foRmantiyonerical Iy and/ or di astereoneri cal ly purified

f d. ..Such .
ag\r/ ?ﬁ? %%LB‘? g %ng%ag%ﬁenggo# ﬁro%é:sga rxagg%ng{h%a%%tformlc
agifl 2f RYgE9ae F@}ﬁc‘?)r ocesses. |n many enbodi nents, the

chi nahert heohydrdyen cdvinat issé primadeoi sexbnflarg raldohel, thet proeess is

c ledAoﬁp%fergﬁl?fmefhE %‘?es‘éﬁé%fyasﬁa%eaés%eagl F\M‘éﬁ‘-’\" R gt | 'a ~viakant site.
Trﬁ&qﬁhﬂ Q" EP(% lsaé{ageggﬁl e%té%g? rbq\&]at £as 38% %o%vement bases

arprthe é’ryﬂ@éi'd@%\t alkguides g ersbanatasapfealkalih metaly; tsﬁ'éWe?raww and
quaterepyrinithorgura @ipoahdsbi deefeaéd basdés age BodiugaRgropbtite and
trlgiwl%rwné HRE ﬁharﬁwlb%ée Gé%ratc%h 'Bbﬁhg t@S@UE’&rﬁﬁﬁW @;Qto 3.0, often up

open I'en a _sol vent

to A RePocsTy e asaf 30 215 b SORDpYing el

Although gaseous hydrogen may be present, the process is normally operated in
the absence of gaseous hydrogen since it appears to be unnecessary.

Preferably, the reaction is often carried out under an inert atmosphere, for
example nitrogen. More preferably, the reaction is sparged with inert gas.

When the product(s) from dehydrogenation of the hydrogen donor is volatile, for
example boils at under 100°C, the removal of this volatile product is preferred. The
removal can be accomplished by the use of inert gas sparging. More preferably, the
removal is accomplished by distillation preferably at less than atmospheric pressure.
When reduced pressure distillation is employed, the pressure is often no more than 500
mmHg, commonly no more than 200 mmHg, preferably in the range of from 5 to 100
mmHg, and most preferably from 10 to 80 mmHg.

. Suitably the process is carried out at temperatures in the range of from -78 to
150°C, preferably from -20 to 110°C and more preferably from -5 to plus 60°C. The initial
concentration of the substrate, a compound of formula (2), is suitably in the range 0.05 to
1.0 and, . for convenient larger scale operation, can be for example up to 6.0 more
especially 0.75 to 2.0, on a molar basis. The molar ratio of the substrate to catalyst is
suitably no less than 50:1 and can be up to 50000:1, preferably between 250:1 and
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used may be any sol vent which does not adversely
effect the formation of the catal yst. These sol vents

wo pmbeBIRcet onitrile, ethylacetate, toluene, PEL/OCBR®E/004882

t et rahydr of uran, et hyl math | ketone, dinethyl

formam de and ni xtures théePeof. Pr eferably the sol vent
is THF or dinethyl formam de. Any suitabl e reductant
may be used in the preferred enbodi nent of step (a),

5@6@@4@%@% bfé#&swrﬂeﬁue%hl s00t 0 2R@ 26904, | Mhehhydirdyed C&HOr is

pgﬁ?ﬂa@g gmé)‘)ﬁ@%e? el ar ex§essrb%ru$e ng%%gé %gﬁé(;ha Gg gq@rsyfold and
offent Wiey30 feldacvhen awdwwew oy rePrY rependapyaiephpland the

altehyl i ogainat sabdieenit \the omér lercess maly derevee greatergfoagramipls up to
566‘%@%&%%@&9@ ch@nﬁm‘e ra ﬁfe' JTRbMh 190 FhirS8 AR dsdpdcially up to

oB Ao meneny SadlE %a) i ggp%i oL BBy ShERdSfhes nan those
disglasrshinythe abayermeptiongd eybli "ﬁt%‘ﬁﬁ“adﬁr ;gpt'g\cgt[jqe yyftp% invention.

Aifter réactidh oha nivttareds warkdd Op by standdre paoédurds. oA rebctiar spivent may
?égﬁnt @F% e a@étoﬂfrﬂ&?d’l%n@nlqetﬁﬂqm Eifer lafcBhQs Shalogenated

P?‘?é?ﬂ‘)‘ls or ectoH\éqﬁgqn‘faly SF%E%ogfn norp en ﬁ gr%?gen Aonor is liquid at
tmmoaimperasmeapamrly “@9'@3"@@‘?’!‘109%1’0”06 A mmmﬁbﬁecondaw

aleetct yor &l paiery, oragudon®ini Bmline. eammuyalil i possiprnto2emratarid the
sp&éﬁ gale%db%ncepﬁf' \Dﬁ&y s 6C \9 gla B/d Qﬁno icdiveht FPYpelPfe the

erre
A ESRIAE VIREIT D RGOIED 9 BiFSe DEoB Ty aRslorte
fmmwcf'w&mwamry from2 to 14 carbon atons, and nore

pr ef gEcakiing t8 aldecShdCapbabf the@idsentinampbretherfis provided # process
fo?%jf? ﬁ%&?&? ﬁ%ggﬂgtlgﬁﬁf %br‘ﬁ{;bdﬁﬁyof ArnuBSEMEWBERE FaHYPoind of

mne, propylam ne, 1sopropylam ne,
fnuR1(Ani ne, " i sobut yl ani ne, hexyl ani ne,. di et hyl ani ne,
di propyl am ne, di )1 sopropyl am ne, dibutyl am ne,
di -i sobutyl am ne, lgi hexyl am ne, benzyf(am' ne,
di benzyl am ne a rperi di ne. \When ghedydrogen donor

is an amne, pringyy amnes are prefe )red especial ly
Brl mary amnes conprising a secondary al kyl group,

@t cul arly i sopropyl ami ne and i sobutyl ami ne.
Car b¥représenta€);@sdand their esters which in a preferred

enmbogh JFRH? e8éh iRlidiRndéhtly FdpYesents a hydrogen atom, an optionally
substituted hydrocarbyl, a perhalogenated hydrocarbyl or an optionally substituted
heterocyclyl group, or R' & R® optionally being linked in such a way as to form an
optionally substituted ring(s),
said process comprising reacting the compound of formula (6) with a hydrogen donor in
the presence of a transfer hydrogenation catalyst in a multi-phase system.

Optionally substituted hydrocarbyl groups, perhalogenated hydrocarbyl groups and
optionally substituted heterocyclyl groups which may be represented by R® are as defined
for R' above. It is preferred that R' and R® are different. '

The multi-phase system preferably comprises two or more liquid phases. More
preferably the multi-phase system is a two phase system comprising a water immiscible
solvent phase and an aqueous or water phase.

When a two phase system comprising a water |mm|smble solvent phase and an
aqueous or water phase is employed, the water immiscible solvent phase may be
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act as hydrogen donors conprise comonly from1l to 10
carbon atons, preferably from1l to 3 carbon atons. In
the carboxylic acid is PCT/GB2005/004882
advant ageously a bet ahydrqxy- carboxylic acid. Esters
may be derived fromthe c&mboxylic acid and a Cl1-10
al cohol . Exanpl es of carboxylic acids which nmay be
enpl oyed as hydrogen donors include formc acid,

dlsp&rbéFinaké EontinsdiRrdauioua o Wah pha¥e od éel &judisthr water phase may
b§ BRBEE] nnd Anithfous Watdr s GE S8dht Bﬁé%feer red

bl DS EALH o rasfer Y AGoaU CERvE! e SHPIB A e, eetdl dmgiscible
solgenp plfser &indfgraply dhwchydrogsn derior is splubledn thislaguenys anivater phase.
anmopjettiea’ tramtat! hyifddenatlBheERAIAS Yare WHEEE draREré@lnydraddnation

cétﬁlxg% Sgsecrrllkec} I'E]el,l{el%{af%}e éb%]yg ?h gﬁ: Lu%dso é@% ivgg[ ﬂlr‘)ﬁ?{!nﬂ de &{Ivents

pr ef er.eﬁﬂsrlegﬁ twagsfgé h%?@aa#qnoqﬁq'ms wau gre, S%b&w@ﬁﬁ(aéef '@uu%'b'e
selgents el those sptibnally substjjated sransfen hyumgaeatlonknatafystsa\yhltredo not

cé‘rﬁﬁ%e%ﬁb&ﬂftéﬂ@%ﬁcoﬁﬁér%tér @Slhbiﬂ? F&f éxﬁ’ﬁﬁ)hé; sERftRARMNat confer
r.tiar whi.ch co ?%e é’oqm to 20 car bon

W?l{é{)ﬁ%gb"@@f:m% urlﬁ ioBic amg(g{%.lp ar sr‘ngt and non-aronat i
may ReERhhe hesliayid "“I%?’t'mﬁ\'sf'b@rﬁ'\?é% CorBRI[sE thel Q°§PP°U”" °f f°"““'a
(&) ranalobtydnarny oresor raore ipmistibler setyentEx dngfereed whtemiminnigaible solvents

inbibé thog@ oIQreaMﬁﬁtq\ ;Sdi’ar &#dﬁ&@iv%ﬁts'o@%ri&g@ herem before above which

attg:ﬂljfa @) Wat?h'é"%% 0 @(egrr%p é/\@teé{lljﬁ%o gc%%ysoﬁ/ent% m%ﬁnd Ff‘butyl
agetatet HIF. dMFHeromeihane igta highlysrr efgpebwaler inqascilg %WI iC
aci dniashighesrefetrea emaodimentnwheethé corppaund @il femlily (B)iea liquid at

thl téwér?tupé af wﬁ.em ea&rbéeseng opdrheli! h%hqné e&nb&n@wlf&m@ (6) is

bet wee
el imsofy o B oy AERAE el PO T ARE sotent s
epplefasy abhey cetraund Bf formwaclf) mey |beaxesesb e agfeat pibin a preferred
e@bsdipetl ic acid is present as a netal salt,

par t(bfttdhé\ %/pmntr s?@r%féﬁ)@ A fb%rma&n@c'sq"ﬁﬁﬂg@ |Qﬁ§§u9een

e Bt iee IB'iaégE‘p Gl o el B o
ph@sef eanafsr ycatalysie drciutle 1quateinarg : ammenigmnggits  guchf 2y Aplidps and
suihtss, & dxample(BUANI SIS, Ofl'haﬁsdinftpﬁaé‘e&FénSfefmataIbs}s is preferred.

el ”I‘h%'u’%g &HE th&ra‘tJbeo Réjfoﬁ&/vu‘?gi) eaction by the

addi tion er conponent suaIIy by the
~addition of the car boxylic acid. Readl 'y
EXRERIMENTAbLAt abl e hydr ocar bons .whi ch may be enpl oyed in
Espefithen@) as
Stage 1:

0
RhTsDPHEN
TEAF, THF
FiC CF,
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hydr ogen donors conpri se hydrocarbons whi ch have a

propensity to aromati se or hydrocarbons which have a
w@empeerspiy to form highly conjugated systens. PENGBRI06S04882

of readily dehydrogenat abl e hydrocarbons which may be

enpl oyed by as hydrogen ddlors i ncl ude cycl ohexadi ene,

cycl ohexene, tetralin, dihydrofuran and terpenes.

Cl ean reducing agents able to act as hydrogen donors

MATBRIAISS reduci ng agents with a high reduction

potential, particularly those having a reducti on

pot ent i afF—retative—tothe—strantard ngU|u et clh'trode

of greatlr th¥aM&pout | Mols ¢\Amejnty an
about -0.5eV, and prefprably greater than(ghmﬂt - leV.
Exanpl es| of suggabl e c| ean reducing agents i ncl gde

hydr azi ne aqi ferlreqd hy njdonors
in the pr e?a(gq'u%%mgﬁﬁ%d %E‘F E,(& ed (a) 1?%5%81 opan- 2-
ol , but an- ZegPrhanepet hy| anmmni um fdrmat el and a i xture
of trietjhyl anoOWHIM f of met3e | agel2hor|nias ati ds.oThe nost

preferregd Trapsfer hydr nat 0CEase oy
triet hylaﬁ'r-negggﬁﬁ—e—ale;bgﬁa QP%T]&C?‘.%EUH%O?% Ahen t he
hydr ogen—danar™Ffs a prii mary of 1&elcdndar y| aledho , the
process |i s (RhGp e, out msw er a3y i|M/adoe| preagenge of a
base, egpecially when |Y 3 pot a vgcant site. Twle pKa
of the base Uly at—teast 180 ,bpcula y at

| east 1Q. S%‘Eﬁ@%ﬁ"‘ent Bades %289 nel/#APa} 0x3t8es

al koxi dgs and car bonat|emmof | al kal i |netalp; tertf|ary
am nes gnd qu@itétenary |ammon URDCRA Y ounds g}r_ﬁ efred
bases arfe poXi df ety am The
uantit ﬁgaogbﬁébu can—be ﬁﬁ 50 ““"n'f up.to
arged gp ?éﬁ'ﬁ”ﬂ)ﬂ?"'ﬁ'@e pfognig aejd ewfyere = EAF = 99 mhef thamipdure. 0
to 3.5, by noles of the catal yst. Although gaseous
meydépggen may be present, the process is normally

OPCIRMES ol A0 SURB0EG T BRRREIS S BB vl
plagetl eunderier NiFagIuBtMAsdkgre.anTiimevas cherasdploethe, vefseel at ambient
tempevature Wit raigeg. ahbre prejear ahkge. t e mRSCHEONcHaFged 3,5-
biSPRIGEHetMifdietoPfnbond8f the contents stirred for 15 mins. The TEAF
(triethylamine/formic acid mixture) was then charged dropwise over 30 mins. The
reaction was allowed to stir at 20°C and the reaction monitored by GC (cdmplete after
approx 1 hour).

The reaction was quenched by charging NaOH (2M) ensuring that the reaction
temperature does not exceed 30°C .

The solution was stirred vigorously for 30 mins and allowed to settle for 30 mins.
The lower organic layer was run off and fresh toluene charged to the separating vessel.
The solution was stirred vigorously for 30 mins and allowed to settle for 30 mins and the
lower organic layer was run off. The organic layers were combined and concentrated to
1/3 volume. This solution was used directly in the next stage. (Yield: >98%, 82%ee)

Stage 2:
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When the product(s) from dehydrogenation of the
hydr ogen donor is volatile, for exanple boils at under
wd.owbas73vhe renoval of thi s volatil e product
preferred. The renoval & be acconplished by the use
of inert gas sparging. M é preferably, the renoval is
acconplished by distillation preferably at
at nrospheri c pressure. Wen reduced pressure
distillation is -emgsHoyed, the JPressu PbBs of ten no

| ess t han

nmore than 500 , connnﬁ$@aho more tlhan 200 mmHg,
preferably in t e Of front5 to mmHg, and
10 ehgnegs ! ably the

nmost preferabl
process is cd?¥|ed offt at tenperafdres ircfhe range of
MATERIALES t 0 1500C, preferably from-20 to 1100C and
nore preferably from-5 to plus 600C. The initial

i BCT/GB2005/004882
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conveni e
up to 6.
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especially up to

8h dihd staga v eviuartet dojutior) dristhyBnbie addttol&mmrs chdrgéd to a nitrogen
flllzs.c’JJ ?ﬁﬁ AcHkifabl %(no@fb%l’eﬁ% 5t°¢ RS st‘rh?d" 'Ithléc?ﬁ'é?héne%ﬁl ﬂérﬁﬁjcﬂl de was

ove- ne act’l C
e AN By T e Ao S A S e
reagSiPR E1RSt ap WanvetHia 20 pYesdewur eWatenwae sautionsly slaﬁrm;#ﬁeepmg
therteynpliesiqor 8 EntThe bryaniglsyephvas washbd Mite wiklewateO | THerteluene layer

wéﬁis@&’ birdciPinitid nG& B8ge. Me@@hpé% 8%3/?(—.1 Egenat ed

hydr ocar bons or, conveni ent ydr ogen donor when
t he hydrogen donor is liquid at the reaction
S@Qm%erature particularly when the hydrogen donor is a

primary or secordaeys al cohol or a pr e O secondary
am ne. Al though ift is pos®iMsNE to ope ate in the
substanti al abs of Whmoo wat er and an

or gani ¢ sol ven o(Per ate th
MATERIALS
Name Mols | amount | Equiv. { M.W.
{g/mol)
3,5-bis(trifluoromethyl)-

benzylmesylate 0.234 | 78.7g 1 336

40% aqueous 0585 | 237ml | 2.5 31

methylamine




process as a two phase systemis preferred. Such two
phase systens may aneliorate the production of

whysoeBss According to a second aspect of theP@r/eBa5/004882
invention there is provided a process for the transfer
hydr ogenati on of a conpouﬁ@ of formula (6) to produce
a conpound of fornmula (7) wherein: X represents O and
R1 and R3each i ndependently represents a hydrogen
atom an optionally substituted hydrocarbyl, a

Mgﬂyaﬂ ogenat ed hydrocarbyl or an optionally
substl tuted heterocyclyl 3£oup or 4n onal

bei nfjd stageetitofugne se'ltion apd ea%quﬁ?)”sffﬁ?tl’ﬁ('%m'”%;ﬁ‘l ‘M‘r{aFQ"ym") was
clarget fotalPar redctuy( She vessetl wps seaasarcwanriedito 0t ¢icd bargmax).
Thé %a@@ﬁ%é%@m%feté‘dcbfﬂgpk@hr@ 6)I'h¥‘Mohay%rJWér6 %ﬁﬁeﬁ’&f‘t@ra deBaratrng

esen t ransfer

ARl PR RRReg, T POBEE (R e WBTTR, MeR i W B i
b@ﬁﬁ&@@““ﬂ@ﬁﬁé%od%ﬁ@t hy8veR€ar byl groups and
optionally substituted heterocyclyl groups which may
SE@ uyepresented by R3 are as defined for RL above. It

I'S preferred that RL and R3 are different. The

mul ti - phase systenrpreferably conprises two or nore
liquid phases™ el P V3f25€e system
is a two phas \at er i mm sci bl e

sol vent phase § an aqueous or phase. Wien a
two phase gystes e WgLsci bl e sol vent
phase and an aqueou$ or water phase is enployed, the
wat er inmm sci bl e solvent phase may bedi spersed in the
conti nuous aqueous or water phase or the aqueous or

wat er phase may be dispersed in the continuous water

i mm sci bl e sol vent phase. Preferably, the transfer

hydr ogenation catalyst is soluble in the water

i mm sci bl e sol vent phase. Preferably the hydrogen

donor is soluble in the aqueous or water phase. ,
Preferred transfer hydrogenation catalysts are those "
transfer hydrogenati on
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catal ysts descri bed herein before above which are
soluble in water inmm scible solvents. Preferred

wa eaneéB9s hydr ogenati on catal ysts which are sob@bGB2G08/004882

wat er inmm sci ble solvents gre those optionally
substituted transfer hydrggenati on catal ysts which do
not conprise substitutents that confer water
solubility. For exanple, substitutents that confer
MATERIALSOl ubi | ity include sul phonic acid groups or
salts thereof. Preferabl Y, the liquid water inm scible
phase gonpri-ses—the—romognd—of—fornyt 6 —and
opt i onEI ly HAReor ol qp $1i sciBIUst sol \Fg‘Ht\’s M efred
wat er i nm SCI bl e sol yents |i ncl ude t hdse po| dg/meiid
non- po| ar ganic so vent s degq‘.ﬁFbed herei n befor
above are 0 wat er i my,SGib| e.
Pr ef er%;%(%alg?rgpe sﬁ L1I>/e @6‘{”\? r§¥'§e [ ncIli ud ;”E[ﬁgét |
acet at e?e”'ﬁ‘ln.ethw\aﬂ?ﬂeor onet han®r§V®ua hi|ghly preferrpd
wat er (i mm sci bl e sol vent. [l nsalutbnyhl y prefperred
enbodi rren;__,mmggadt hel goppgund qglgsTorfpul @ (B)3h g2

i qui d—at—tte Lcnpcl aturetat—whrch—tfe—progess TS
oper atled 2nBropaRo! - onbound lof £ 2 (6 is5 water

i mm sdi bl eéhymacétae on| y -panti ak50mat er |[sotubj lity, ho
wat er inmm scible solvent is enployed. The conpound of

E?é%l a (6) may be present as a neat oil in a
rred enbodi nent. Opti onal Iépa phase transfer

cat di-alic aeid, apk 2prepsapl werggharged tng (splitj neckresflask and the flask
placdndhdehat nitbgeru H@ankét. PMAS eniktu@nwa meatat atb y&EI°S uriy complete

dl(é:gab?h@@%?od’sl@ﬁ@%t"mm@n It @ésse|5%<esméoe&nﬁj%9@§§e 5 "uﬁ&b’%@%mtmn is
AR Ae B e, D, ©f D2 vhudiame dojdhaedaiict Sing this
distilation}. pthelssetatedis deacharaediandthe midurghested tath CpR@ held for 30
minBV Ené tedtiitimgssdlltior 5 tha esbldayto Ut ovedk Inowiszgd Exlarmlmurs The

y%%v’vgggﬁjs EJIIE';TE?W ailtrﬁcﬁl% Jwéwmé cetate
aS tri m c acl m 'g( H

torﬁffog,* thphcgs gct as co ourless crystals. Further crops 0 product can be

obtained by concentratlng the filtrates to 1/3 volume and allowing to cool to 0°C. The

product is dried overnight in a vacuum oven at 40°C. (Yield: 33.2 g of the malic acid salt

was obtained; 99%ee)

D

Overall yield (over 4 Stages) = 69-80%

Experiment 2 — Biphasic Reduction of 3,5-(bistrifluoromethyl)phenylacetophenone

TM dimer Rh/Ru
(S,S,S)CSDPEN
NaHCO,

A reaction flask was flushed through with nitrogen and charged with a solution of
sodium formate (33.1g, 0.486mol, 5eq) in distilled water (131.4g, 7.3mol, 75eq). Rh or
Ru metal-dimer (0.39mmol, 0.004eq of Rh,(Cp),Cls or Ruy(p-cymyl),Cly) was added,
followed by (S,S,S)CsDPEN ligand (0.332g, 0.77mmol, 0.008eq) and the aqueous
mixture agitated under nitrogen for 20 minutes.
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METHOD [ RhCp*Cl 2] 2 and S S-TsDPEN were charged to a
split necked flask and the vessel placed under a

W2a06/067895 at nosphere. THF was charged to the viBsSBEB20@5/004882

anbi ent tenperature with stirring and a nitrogen
purge. To this was charge , 5-

bi s(trifluoronethyl)acet ophenone and the contents
stirred for 15 mins. The TEAF (triethylam ne/formc

aci dapi &béﬂl@)phﬂﬁf’ cbhumlng hetr @esibistrifuyevinssthytyaestod@norien $24.94g,

} o??l%a ti‘@‘n%n (ggd\ggizgncﬁtq (52tee I%%t@eaﬁﬂnl@?,td]@?mol 5.1eq)
vwamape UpreinSet BAa L0 iy Prioiiapiag Rersies g o
tien aqueong) whitsh tuntiéreagitetiant foofarmd @npell mixed, DiRh@sis-agpeous qEBtIoUs

pﬁg%%ystem1 Bk edchbn WRSvel td probskd\wit BOsEpIing af redlanintesvals.

Lﬁg &rgw angﬂ"t estO'ilJtlg F%"ggg fﬁ{n alJ B %;9\‘895 réY &dUr @nd any

awithy lowgrapeauseolubfiits disgaivad; ofs \f/s‘ég o P’F?eé’&dx}f‘ 6’?"3&’& owly
cﬁﬁrﬂgeﬂ@rom Msedatoch ddrk bromo dous gt ose han-lingallynfram 7@ri§ Iqwqbout at

8' W’Réac%rg ks vJeﬁhV@hnd/\/&ﬁbé U8 nies fONRabioBARING RIAYiATeS and 700

ngr&tftfﬁ ﬁaﬁhws %%aé:gor%ogc orr etde hgltg‘t{oﬁ vyégl é&@ed }E& ?’q dphases
sspaied 8 Theaguegtupiass Wag wa.s'ee. Wik i2GH 0N PR eTganic phases
c6inbiged hnd olasieiewito Histilied rwatdrr(2.et0my) fatidwed lam@rymmougn@hydrous

s%ﬁr% salﬂﬁétg%% tfF?raf?or{“ Ndx@ SRk i i)rloﬁﬁI sSIRfidntwaiedtlridd Risksimgador 1
heHr UPtf Otbe \ﬁé’g’ o awajealte%{: Brlbnggwéa gnﬁcguw%s a’ﬂ%ﬁé uéff gﬂgythe solution
corceptrates in wnpe tavigldd3 Sdistrifiyeromethybrhenyisthenol #fa White crystalline
sbl&ﬁ(ﬂ?lwgl OBFRBEMONEEB W)a rEnationteric eddesowhen (sitgoRh-dinvédiiwais found to

o@aéﬂd'vﬁfﬁwdﬁ@ﬁéﬁ?% keepi ng the tenp bel ow 300C.

(WQ}PUQ'H e']YLC Feséggsﬁgéraera?l rgfg[qnce ftﬁncigﬁc%t%ﬁgx%t in uanqlﬁ/lng the
QCrieshilts:) >98% 82%e) Stage 3 :

Experiment 3

Experiment 2 was repeated except that the ligand was pre-dissolved. The reaction was
carried out as above but Rh-dimer was added to aqueous formate solution and agitated
for 5 minutes, then CsDPEN ligand was added pre-dissolved in DCM (10.0g, 118 mmol,
1.2 eq) and the mixture agitated for a further 15 minutes. Then solution of
ketone/standard in DCM (32.18g, 379 mmol, 3.9 eq) was added and the reaction
monitored. Results show that while the rate of hydrogenation is similar, there is increased
conversion (conversion was increased from 90.7% to 98.5%).

Experiment 4

Experiment 2 was repeated using a phase transfer catalyst addition. The reaction was
set up and allowed to run as before using the Ru-catalyst. After 60 minutes (BusN),SO,
PTC (5.66g of a 50% wt solution in water, 0.05 eq) was added. The reaction rate
increased instantaneously. The increase was approx 520%.

Experiment 5
Reduction of 3,5-bis(trifluoromethyl)acetophenone using Ir (S,S) TSDPEN in aqueous
formate solution
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MATERI ALSMETHOD The stage 2 tol uene solution and the
aqueous net hyl am ne (40 w % sol ution) was charged to a

warans/oeBact or . The vessel was seal ed and war nepCT/GBHOSM4882

(1.8 bar max). The reacti was conpl eted after 48
hrs. The two |ayers were tTansferred to a separating
funnel and separated. The organic | ayer was washed
twice with water and once with brine (1/3 volune
eachatetidli el d: >9aWeled 9% ee) Alibagd gy | BxmiviM ghin&l)
METHER L-mal 1 ¢ acigliogyd 2- p[ &panol were chafgeglig o a
spl |t sk and the flask pladed under a

nit r%ségﬂ&(ﬁﬁgﬁt&g?. The m xtufe was hedted to| 60Q0C unti
confgtEIORNNONE o1 il 6 i 5 obshrved whedthe vbsselis
cool Badiunpfonrgte:  qiOARS 3 t o) [1@h® sol utli%on i s| 888t ge
and Whter mi xture di%s33 | | ed tp130/ 2 vol yé (sope8 sol i ds
ar ¢ If,gpiyed during 148108 st d.hsg i on) .| oidoay! | pedat e s
theqsgj%@eg,\,and ey %J_xtureo_ggﬁa_t ed 1¢ om0C Sepsdier d

1 Q) 1 !
M3 ST P Tl

white/yell ow crystals vveFel col l ected by filtration and
Sodish datmiatel was added tathie dvater iy make 2 B aVesdudion,fvitdehowashteen cooled

toIRSEC Ak lptgiﬁngﬂﬁésbﬁédeg @h@ dfirteSsr ZUMﬁLt@Jts.StheﬁQ,rSt) l‘rﬁreapencm then
i ne concentratin
ey B85k 5 8ho 2o 0pd RMEfr M RS 6 i oppye etone.
Tho eeapidsdRs coraplefeiatigr doiur MheyResPeRsion ofarradiat &y aguequs solution
wé@ﬂl_ac(e&it\eibei witB SicBlogpnutthank €2 raDmD). Bl agadd layevasvere combined
a%b@g?%ro&ﬂ?@@ﬁiﬁa@@é 'ft\lE/;i%:e YdaPe:nQ)vé g'\éeéattf‘ysﬁb@%?éi)eiﬁg reduced in
- 0 eri.men = . . o
v Tl B 8 e DR el D e i oroen
lapgs RAN PS1uSed)drettivEN the rextrstage without the need to isolate the product.
Analysis by chiral GC (Chiralsil-Dex, 25m, 0.25 i.d., 0.25mm film) showed the product to
be 90.2% e.e (R).

o

Experiment 6

Geotrichum candidum BPCC 1118 was grown aerobically in shake flasks containing a
mineral salts medium pH 7.2, supplemented with glucose (5¢/litre), yeast extract (2g/litre)
and 2-propanol (15g/litre). Cultures were incubated on a shaker at 28 degrees centigrade
for 24 hours and the cells recovered by centrifugation. The recovered cell pellet was
dehydrated by resuspension in 10 volumes of acetone, the cells were recovered by
filtration and washed twice more with acetone before drying under vacuum to provide a
free-flowing powder. Reactions were analysed by GC on a DB17 column (30m x
0.32mm), using a temperature gradient (initial temperature 80 degrees C held for 2.5
minutes, rising at 20 degrees per minute to 200 degrees) the starting material eluted at
3.8 minutes and the reduction product at 5.2 minutes. Chiral analysis was carried out by
GC using a Chiraldex CB column (25m x 0.32mm) on a temperature gradient (initial
temperature 80 degrees held for 5 minutes, rising at 10 degrees per minute to a final
temperature of 180 degrees and held for 2 minutes), the (S)-enantiomer eluted at 12.3
minutes and the (R)-enantiomer at 12.7 minutes. The reduction of 3,5-bis-
(trifluoromethyl)-acetophenone (20mg) was carried out in 2ml of sodium phosphate
buffer (pH7.5) containing acetone dried Geotrichum candidum cells (100mg),
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A reaction flask was flushed through with nitrogen and
charged with a solution of sodiumformate (33.1qg,

w®200866m3p5 5S5eq) in distilled water (131 .4g, 7PGNMGB2005/004882

75eq). Rh or Ru netal -di (0.39mmol , 0.004eq of

Rh2(Cp 2C1 4 or Ru2(p-cynyl®) 2CI4) was added, foll owed

by (S1S1S)CsDPEN |igand (0.332g, 0.77mmol, 0.008eq)

and the aqueous mi xture agitated under nitrogen for 20
nicotinatnide. Adenifeg dinucleqtidas(@.5egn xindt 2-p@padol (2.6mg) incubated at 28

dég?eé &'nﬁér&&é #o‘rI QE ‘HHE% gk )ré’éé%rpwﬁ%\@i%ﬁ v\ég %ﬁ&d dh%sréaqrstiomeric

o bi phenyl .
excﬁs‘bﬂﬁ?g %g, 0. 497nol, 5. 1eq) vvas made up giving a
total organic vol ume of 49. 4nl . This organi ¢ sol ution
Expaimgeld@d to t he aqueous whil st under agitation to
forma well mxed, biphasic-aqueous continuous phase

SRR ARSI L |BE 58 RiEER0M iy o e
VQSﬁ@ and| the P’%?‘Fel:ﬂa‘fﬂj’elﬁ‘dﬁf 8ritepgpa blankgtaidis mategalcag be obtained
witfwlub isblatiordasaysolition tstoliehd froVEaeHpi05i 2né Exedple e for example.
Aﬁerﬁa@ényqﬁe s nfefy®6 QB R fRikRd o Reguikat ure slowl y
changed froma red to a dark brown col our, pH rose
non-lineally from7.0 to Ievel out at 8.5. Reaction

X
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Red up: agitation was |cMetesd | #mbuntig |MehBatio| M.W. g.mol
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TrighiiAmitfus  sodi um sul phat ¢ af@493|| t r at i‘fo@. Nek#8lt he 101.20

Tdkashks liRs weéh @pl ution was sl upbhesd with salicaghkgr 1 9210
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1owhcpsoﬁﬁ,y,$t alline solid 179.b36p| 66. 4{g1gl , 6{8%. 36.50

naﬂ | ONEeri ¢ excess when|us R="di 1T Was md l
Wi \.rgu. 0% and—with- Ru-dimbr g?ggj(/c /Nn144=2 hl%ilg v 3802

4004 Agueaus Methglaminat er nal r ef e0.40G3 st anth to498$i st 3i1.00

waang i fying the GC resul ts. g ghggperi mepts| 3 qu.zggl mentg 4o

ojgmgmggea_t ed exgept trat “'&oéé45°‘”d VRS [PTE T gsotved

Toluene * 3 0.3344 30.8 15.00 92.10

Sodium Hydroxide 0.0334 2.9 1.50 40.08

The mixture of R-[3,5-bis(trifluoromethyl)phenyllethan-1-ol (99.9% EE) in toluene was
cooled to 5°C and triethylamine (1.48 equiv) was charged followed by toluene line wash

(0.43 equiv). Mesylchloride (1.08 equiv) was charged dropwise maintaining temperature

below 15°C and the line washed with toluene (0.82 equiv). The vessel was heated to
30°C and held for thour to enable reaction to reach completion. The resulting mixture
was cooled to room temperature at which-point the triethylamine.HCI may be removed by
washing three times, once with water (23.64 equiv.), followed by 10% HCI solution (1.11
equiv) and water (23.64 equiv). The resulting organics were treated with 40% aqueous
methylamine (4.98 equiv) at 70°C at approximately 1.5-2.0 bar for 24 hours. The cooled
two-phase reaction mix was separated and the organics washed three times with water



carried out as above but Rh-diner was added to aqueous
formate solution and agitated for 5 mnutes, then
w@EsORRéI3hs gand was added pre-di ssol ved i n DCM #ADGBN05/004882
118 mmol, 1.2 eq) and the jg xture agitated for a
further 15 m nutes. Then soOl ution of ketone/standard
in DCM (32.1 8g, 379 mmol, 3.9 eq) was added and the
reaction nonitored. Results show that while the rate
(19X 23hgahivpg dihatdrade free amime |vaas, purifiear by first extactrasiath aqueous HCI

(COUWRMG B intguRfiecSlemodl VR BadkixtrEdisR dith IAABN2915/06 £Quivs). The

' t per.l nent S, repea usl ng, a
HEbsoh O ine2iRC W Blen fio SR Tih Toilun PudfRled SRSt g dudh 1
wapatiginedathep iselatadyia exraglioniietp gp eragaicisgiver dethul agefptg tpliene or
MABEer158@ rdqoiv} eand( BodddnR&@d ENder (fed6Gy @fesaura0%oNbwing this
mefbldlbfNa High'BhdHtiomBridex@93 W@ bROM&HaintA Wil A% AN drop of

n i,nst antanepusly. e J ncrease was

o Gh e, OG0, BE, KSR Y BB 57 Sihviypand Trotoh el of greater

thgn go%wifﬁﬁpm'ﬁ‘(ﬂ?r onet hyl ) acet ophenone using Ir (S19)
TSDPEN i n aqueous formate sol uti onSodi um fornmate was
added to the water to make a 3. 7M sol ution, which was
then cooled to 100C. The Ir dinmer was added and
stirred for 20 mnutes. The (S S) TSDPEN was then
added to the mxture and allowed to stir for 10
mnutes prior to the addition of the ketone. The
reacti on was conplete after 24hr. The suspensi on of
product in aqueous solution was extracted twice with
di chl oronethane (2 x 40m ). The organic |ayers were
conmbi ned and passed through a silica plug twice to
renmove the catal yst before being reduced in vacuo to
yield the white, crystalline product (17.3g, 69%
yi el d). The conbi ned organic |ayers can be used
directly in the next stage without the need to isolate
the product. Analysis by chiral GC (Chiralsil-Dex,
25m 0.25i.d., 0.25mmfilm showed the product to be
90.2%e.e (R. Experinment 6 Geotrichum candi dum BPCC
1118 was grown aerobically in shake flasks containing
a



m neral salts nmediumpH 7.2, supplenented with glucose
(59/litre), yeast extract (2g/litre) and 2-propanol

W@ 1ghéi3vs e). Cultures were incubated on a shaker/GaR002804882
degrees centigrade for 24 hours and the cells
recovered by centrifugati 8. The recovered cell pell et
was dehydrated by resuspension in 10 vol unes of
acetone, the cells were recovered by filtration and
washed twice nore with acgfgmg before drying under
vacuumto provide a free-TTow ng powder. Reactions
wer e anal ysed by GC on a DB17 colum (30m x 0.32mm,
1usi iy p@ceafpethap@p@rawraﬁua@qmpewﬁ afifarmuyaiper at ure 80
degrees C held for 2.5 m j: rising at 20 degrees
per mnute to 200 degreesg) peR starting materi al
eluted at 3.8 mnutes and thg reduction product at 5.2
m nutes. Chiral anal ysis was carrl ed out by GC using a
Chiral dex CB col um (25mfRM83nm) on a tenperature
wheraidi ent (initial tenperature 80 degrees held for 5

m nUArel%{JrerseﬁE% |oﬂéﬂy AQBLHRRS] RRIrodBr A bE ah plorfaliy 8Libstituted
er ﬁ{ d for 2mnutes)

h?tﬁrg’g géﬁgﬁ?’f‘%”s'”rg a@lag{'ﬁééézﬁb ne?& m nut es and
( R) -Rnans Ropash indepgndeptlyfapirseat awé'oveu&eP#t%e%demcafbV' or
aBofitiohally-substitutéd beeroogetyhgrbyp; acet ophenone (20ng) was

s@@ﬂ{()g;g%cgmpnél%zm of sodi uchnt Plh(c:)ﬁgrr:]ate bu”ercs(eIpIHZ 5)
o) Teehsigy  HRASET oA 8 O e TEET ST A > Err) *andl
2-propanol (2.6nM) |ncubat ed at 28 degrees centi grade
for 24 hours, the re®ction conversifn was 65% and the
enantioneric excesg >99% (' S) ,éx ggrinment 7

R-[3, 5- bls(trlfluororrethyl)phenyIAJethan 1-ol (99. 9%
EE) in toluene wabohi@Ded to theormemskel and the
vessel pI aced under a nitrogen blanket. This rrateri al
can be gbtained w hout o ation as

oy e GrPRER I Fa e e i EtangraPerf sl Pl
Alternatively, the solid may. be di ssolved in tol uene
as required. The m xture of }

R-[3, 5-bi s(trifl uoronet hyl}bhenyl ] et han-1-ol (99. 9%
EE) in toluene was cooled to 50C and triethyl am ne
(1.48 equiv) was charged Foohdl@aged by tol uene |ine wash
(0.43 equiv). Mesylchloride (1.08 equiv) was charged

dro e mai ntaini t enper.at ure
wherelﬁ\g)(q represents a Ieavﬂ grougpa

c) coupling the compound of Formula 4 to a compound of Formula 5:

2
R

NH,
Formula 5§

to form a compound of Formula 1.

2. A process according to Claim 1 wherein Ar and R‘_ are different and a

stereoselective reduction system is employed.
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bel ow 150C and the Iine washed with toluene (0.82
equi v). The vessel was heated to 300C and hel d for

wd bmane13es enabl e reaction to reach conpl eti on. PANEB2005/004882
resulting m xture was cooled to roomtenperature at
whi ch point the triethyl afPne. "Hal may be renoved by
washing three tinmes, once with water (23.64 equiv.),
fol l owed by 10% HCl solution (1.11 equiv) and water

3(23. /@ ro‘égéé' dekordihg 8o bfa‘ﬁH |2tvl/H%Eblrpf26 IrécsedBtive rfdubﬂdiresi/stem is a
A zymic
oK Iy T DR ey B

reduetiopisysiems.eact i on m x was separated and the organics
washed three tines with water(19.23 equiv). The crude

f r ee %'PBc@ \9?:% lof C%ﬁin l@gv;l]l'\:je'rsflﬁtthljaeéﬂlr%ﬁﬁédrd]@até@tr@nslltlon metal
C oA R VORI Pt e IB o HBRYGHcK | @abet of

fgatle (@f the amine was then treated with sodi um
hydroxide, until pH of greafer than 11 was attai ned,
then isolated via extractfonBnto an or gani c sol vent
(ethyl acetate, toluene or.,MBE, 15.00 equiv) and
concentrated under reducea ssure. Following this
met hodol ogy a hi gh enanti on(eyl c excess could be
tal ned wwth a typical drop of 99.9% EE to 99. 5%

f h
yiel 'asr%ﬁ’sgﬁtsa?@pﬁmiaqm i el W BT D1 i) optonaly
smnmwspérMIogmtepr lwmcatbvb r?fcﬁ‘" entiong)lyngHbstituted reyclapeniadieny!
grein Ar represents an optionally substituted

ydr pear byl can pon%ﬁ;}étfb@ﬁhtleéfn%&é{"tm ed heterocyclyl

grou

eac hgrerﬁ’tﬂ%ﬁﬁéﬁ@@ T‘}Fapkﬂ'&’é@@ﬁg "Hﬂg"dbiéﬁ‘yaﬁm’i}?’%g ?{SDFR%P*‘PTO s;

hy dr B caprdsghts@rlinking omuponal Iy substituted heterocyclyl
gr OUfiirer@defhtsd PERBSapeBIEBr tatdiyiihg tl&)\sféﬂd}dmg@gatmncmpound
O PRI Rpfs o anloRlc Brcti S BRANGAN®Er S o e3: RI RI

provnded that at least one of A or B comprises a substituted nitrogen; and
provided that when Y is not a vacant site that at least one of A or B carries a
hydrogen atom.

5. A process according to Claim 4 where the transfer hydrogenation catalyst is a
transition metal catalyst of Formula B(i-iv) or Formula C(i-viii):

H3 H3
H,C CH, H,C CH,
Ph, Ph n
J:n\ Rﬁ CH, t \Rﬁ CH
s s
Ph N \c; Ph i‘l cl

B(i) B(ii)



Formula 2 Fornmula 3 b) activating the conmpound of

Formula 3 to forma conpound of Formula 4. Rl Ar ox
wa-20rm6739% wherein OX represents a | eavi ng gr oRQI/GB2@S/004882

c) coupling the conpound gg Formula 4 to a conpound of

Formula 5: R NH2 Formul a®5 to forma conpound of

Formula 1. 2. A process according to Caim1l wherein

Ar and Rl are different and a stereosel ective

reducti on systemis e aoyed 3. A procé¥s according to

Caim2 wherein the S electlvgcr ct}gn system

is a chlraldgoordlhat trah ti ‘fre al ysed
transfer hydr ces m, reduction
systens. 4. roﬂess accérdlng ,d\Cfa|n1% wherein the
chiral coor@fna ed“tran3|t|dﬁ aP'cataIysed transfer
hydrogenati on pegcess enpl oys asb{ansfer hydr ogenat i on
catalyst of forqula (a) < E> MV (a) wherein: R5
represents a al optionall bstituted
hydr ocar byl , tral optiona substit ut ed
per hal ogenat ed Rydrocarbyl, or dn optionally
substituted cycl gpent adi enyl .

BEI)II) B(iv)

CH, CH,

\Rh H,C CH Rh '3 CH
N Ph" N
Ph | cl Cl
SO
SO, CH, 2 CH,
CHa CH:;
fo} o]
C(i) . C(i)
CH, CH,
H..,c—@fcﬂ3 H:,c4@7c|43
Phe_H Ph, H
N 430 CH N HC CH
A A
P r cl Ph r ci
cH, §O cH, SO
H,C H,C
o} o}

Ciii) C(iv)
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WOornntasg®™s, oxygen, sul phur or phosphorous; E PERrGIReot®4882

6.

l'igand; A represents an optionally substituted
nitrogen; B represents an optionally substituted

a linking group; Mrepresents a netal capable of

catal ysing transfer hydro$fenation; and Y represents an
anionic group, a basic ligand or a vacant site;

provi ded that at | east one of A or B conprises a
substituted nitrogen; and provided thatHwhen Y i s not
a vacant site that at Jeast one of A B carries a
hydrogen atom 5. H&TS 8% accor dkf Hai m 4 where
t he transfef”h:ﬁro FThon ca |k§ o transition

metal catal ys§ opi P8t mul%: B(i -l v)>ror For fil a
Cli-viii) NB(\GII)B(III)F’B( C(l) Clii) C(iii)
C(iv)C(v) C(VI)SOC(VII) C(viii) @e A _process according
to daimb5 wherg 'tHéstransfer hydroffénati on catal yst

is atransition Fscat al yst 0 Hula B(i-iv). 7.
A process accor % any one fms 1 to 6
wherein he conp of Formula 2 a conpound of

Formul a 2a: V\,herg'M R4 each |ndepend@(osl y represents
hydrogen or a su ituent group. 8. A process
according to Caim?7 wherein the conmpound @, Fornula 2
is a conpound of Formu a 2b:wherein R4 eac

i ndependent|y repHs hyadrogen or & ttent
group. 9. APpyafles rding t&"CLHi ng-7 8 wherein
R4 are all h%fxo C 10.CHA proces ;Qo*ffdi nfto any
one of O aips INtQy 9 wherein X a etojl

trifluor oacetyl nmet hanesul phonyl ,

trifluor omstchg y| ?jl phonyl or toI gne?dl phonyl group.

C(vii) C(viii)

A process according to Claim 5 where the transfer hydrogenation catalyst is a

transition metal catalyst of Formula B(i-iv).

7.

2

8.

A process according to any one of Claims 1 to 6 wherein he compound of Formula

is a compound of Formula 2a:

(CFy;

(RY,

wherein R* each independently represents hydrogen or a substituent group.

A process according to Claim 7 wherein the compound of Formula 2 is a

compound of Formula 2b: -



10

15

20

25

30

11. A process according to any one of Clains 1 to 10
wherein the conpound of Fornmula 1 is obtained in

W@2mn6Baeri ¢ excess. 12. A process for the trece6GEB005/004882
hydr ogenati on of a conpougghof formula (6) to produce
a conmpound of formula (7) erein: X represents O and
R1 and R3 each independently represents a hydrogen
atom an optionally substituted hydrocarbyl, a
per hal ogenat ed hydrocarbyl or @n optionally
substituted heterocycl i€ ~0r RlL & R3 optionally
being linked in such a wa (k'g forman optionally
substituted ring(s), said ocess conprising reacting
the conpound of fornula (6)cfwith a hydrogen donor in
t he presence of a transfer hydrogenation catalyst in a
mul t i £ S ste rocess accordi 1o Caim
To el R o400 Teeperce R R Braen & £ A piau GO
system conprising a liquid water inmscible phase and

9.an F(precHss abEordiRg B CIBIM3 T 8 Wherefh RY 426 @B Bydiégear di ng to
Claim 13 wherein the transfer hydrogenation catalyst
is soluble in the water imm scible solvent phase a

14 he HPHICEER ACEABY tPsaoriH|d PRIMHd ity PeBtierely Xwéf‘ e?cety'
trifivsgasetyc methapesaipheonyl duiftoradiethy!suiphenyy ordnleensfsulgheryhgrod®
to 14 wherein a phase transfer catalyst is present.

1116 AAPBE?ﬁ%eg&o%%o{odérﬂ/ r#e ofcEhéin n%f1 %%’Whe’ré} tF?e %S_’m%oeug{i of

I'S present
F%mpla 1 is obtained in enantlomenc excess.

12. A process for the transfer hydrogenation of a compound of formula (6) to produce
a compound of formula (7)

(6) )
wherein:
X represents O; and
R' and R®each independently represents a hydrogen atom, an optionally
substituted hydrocarbyl, a perhalogenated hydrocarbyl or an optionaily substituted
heterocyclyl group, or R' & R® optionally being linked in such a way as to form an
optionally substituted ring(s),
said process comprising reacting the compound of formula (6) with a hydrogen donor in
the presence of a transfer hydrogenation catalyst in a multi-phase system.

13. A process according to Claim 12 wherein the multi-phase system is a two phase
system comprising a liquid water immiscible phase and an aqueous or water phase.

14. A process according to Claim 13 wherein the transfer hydrogenation catalyst is
soluble in the water immiscible solvent phase and the hydrogen donor is soluble in the
aqueous or water phase.
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15. A process according to any one of Claims 12 to 14 wherein a phase transfer
catalyst is present.

16. A process according to any of Claims 13 to 15 wherein the compound of formula 6
5 is present as a neat oil.



