1 Process for the preparation of (S)- or
(i1 ?)-4-hal o- 3- hydroxybutyrates The invention rel ates
wo eood/oprsetess for the preparation of enanti onePCT/EPI094/011971
pure (S)- or (i?)-4-halo-3-hygroxybutyrates of fornula
OH wherein RL is CH2X, CHX2 or CX3 andX i ndependently

representsC and/orB nd erei.n is Cr-alkyl, C3 8
Procgss f9x the preparatigh o{p k) 9 #'ﬁ%’ﬁﬁ%ﬁiﬁ"a‘%u‘%m%s

hydr ogenati onof 4-hal o- 3- oxobutyrates of fornul a
wherein Rl, R2 and X are as defined above. Here and
Themseution elatastie apeocess fon thetirepasatianesof epagsioreericap puiisdS)- or

onpr.i ti,cally active conpounds with an
U@h' ?@%‘E@Yﬁg"y&?g‘gg%s ?fé@mglla at |east 90 % Here and

her ei nbel ow the term"C*-al kyl" represents a |inear or

branched @yl @roup having 1to 6 c@Hbof)atons, for
exanpl e hyl ,[[et hyl ,(SpTo®¥!, isopiopyll n-buttf:-L
i sobut yk e- 2 tert-butyl plp€n andrbexyl ,

whi ch n be opti [1y further substituted by one or

whBYefh RBsQU$/X, A9 Por CKY @ncﬁandB@éﬁddﬂﬂg redenss Clemtdior Br and
' koxy™ represents a |linear or branched al kox

G-4-a A y .

W@cl@i;pR%i;\ﬂmgaﬂi}’lt Gs-soycdealion, arybersaralipl byeasymanedri¢ydigggpation of
t ho r.opyl.o I sopropyl oxy, "-butyl oxy,

4?’9&%’%%‘8@ e§g§¥%tua[ oxy, tert-but |oxy, which can be

optional l y-further substituted by one or nore hal ogen
atons. Herje anaqjjherei nbel ow the term"Cs s-cycl?alkyl"
representsia c oag phatic group having 3 to dhcar bon

atons,Ri 7 e. cl o@Bpyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycl oheptyl and cycl ooctyl. Here and
whereiti Rh@%and b eretas defiflagrabove.r epr esent s an aronatic

group, preferably phenyl or2 naphthyl, which is ,

optionally substituted with one or nore hal ogen at ons,

Here d9¥keinbelow the term “enantiomerically pure compound” comprises optically

active compounds with an enantiomeric excess (ee) of at least 90 %.

Here and hereinbelow the term “C).¢-alkyl” represents a linear or branched alkyl group
having 1 to 6 carbon atoms, for example methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, pentyl and hexyl, which can be optionally further substituted by one

or more halogen atoms.

Here and hereinbelow the term “Cj4-alkoxy” represents a linear or branched alkoxy group
having 1 to 6 carbon atoms, for example methoxy, ethoxy, propyloxy, isopropyloxy,
n-butyloxy, isobutyloxy, sec-butyloxy, fert-butyloxy, which can be optionally further

substituted by one or more halogen atoms.

-Here and hereinbelow the term “Cg.g—qul_qalkyl” represents a cycloaliphatic group having
3 to 8 carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl.

Here and hereinbelow the term “aryl” represents an aromatic group, preferably phenyl or
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and/ or Cr-al koxy, wherein the al kyl and al koxy
substituents optionally are further substituted with
wor@so19sedr e hal ogen atons. Here and her ei nbel POT/ER®04/011971
term"aral kyl" represents a I|i r%ar G -4-alkyl noiety
optionally further substituted by hal ogen atons, which
nnected to an gptionally further substituted aryl

is ¢ ! ¢ . !
ﬁaplgﬁyla whichds ; ptipnalp vebstitwerevith ppe or mptn knlggentajoras, €h.4-alkyl

ri VAt I r I i nt ermedj. at e
ARoLEl AR PO B RPY BAHENY s Sl o Trther
debstieed with oas peioad halogdnwdbms.<S) - 4- chl or o-
3- hydroxybutyrate is an inportant building bl ock for
the preparation of HVG CoA reductase inhibitors |ike

i e 4 Al | 1 rovide said ..

Rar AR At nbelb e o QLABT Rpldaits h1intd G A inSBly ptionally
durther sdxtsﬁuneﬂﬂ;y balagei adom@,s?lhiyh Bapanadtedn zﬁxf ogﬁibﬁally further
enantiopers the processe or asymmetric hydrogenation
§ﬂlﬁﬁﬁ‘hﬂe‘{m%‘§ﬁwlqt¥1gﬁ?‘§§leéé, O¥$ref erably in the range of
90 to 100 % Asymmetric hydrogenation is nostly

carried out with chiral transition nmetal-1igand
Senpriaiy 8 hydwheybetymatedand: desinstivess direreftazd uscfulrkel igBineiates in

Brmpefvs (ST St AroonashERmasRes rpscially ethyl (5)-4-chloro-
Wt&%ﬁﬂtﬁ@@is%ﬁﬁip@ﬁ% mmmgﬁﬂédkcfopmygfm{dm E1G-CoA
-chl oro-3 tal yst

et hyl 4-chl - 3- oxobut yrat e using a c
saskvctasinhibitars like Rosuvastatin® or Atorvastatin®. To provide said hydroxybutyrates

5)i-.6- Qx¥-5, 6" -benzo: 2, 2' -bi s(di phenyl phosphi - )
b A Sl R e and el B SeBeion ot enpntiomers
tHe P3345sed foreayinRAfic By droBsnAb® SRR Pe3uR fhigh ee, preferably in the
et hyl enedi oxo substituted di phosphine |igands and
fangr P 9Q o }Q0 % he asymmetric hydrogenation of met hyl
2- benzam donet hyl - 3- oxobut yrat e has been described in
EP- A-O 850 945. Pai, CC et al, Tetrahedron Lett.
AQPRAmet R hyZF@Rnat?oiPid nlbslglcasied oub'@ith SRirsl traBitidn mdANTSnd
for the asynmetric hydrogenation of ethyl 4-chloro- )
QOIBRISK S V?‘S‘Flél. thEﬁaAslg@ gistab gsyuthsgiim preshodiven anrd wheseinithe ligands
i : - tanone (di ketene) to
%ﬁéqrrgt?ﬁs - lbgg%?gﬁagke@h?%@pg%%%%égof 3- hydr oxybutyric
aci d using ruthenium

WO-A-02/40492 discloses asymmetric hydrogenation of ethyl 4-chloro-3 -oxobutyrate
using a catalyst containing a (S)-6-methoxy-5,6"-benzo-2,2-bis(diphenylphosphino)-
biphenyl ligand. The (S)-product is obtained with an ee of 83%.

A new class of methylenedioxo and ethylenedioxo substituted diphosphine ligands and
their use for the asymmetric hydrogenation of methyl 2-benzamidomethyl-3-oxobutyrate
has been described in EP-A-0 850 945. Pai, C.-C. et al, Tetrahedron Lett. 2002, 43, 2789-
2792 discloses the use of said ligands for the asymmetric hydrogenation of ethyl 4-chloro-
3-oxobutyrate.

EP-A-0 955 303 describes the asymmetric hydrogenation of 4-methylene-2-oxetanone
(diketene) to 4-methyl-2-oxetanone, a B-lactone of 3-hydroxybutyric acid using ruthenium
iodo derivatives of the ligands disclosed in EP-A-0 850 945.



i odo derivatives of the Iigands disclosed in EP-A-O

850 945. The technical problemto be solved by the
wWEe@soms45 nventi on was to provi de an alt er nat i REI/EP2004/011971

general process for the asynmetyic hydrogenati on of

4- hal o- 3-oxobutyrates to yield enantionerically pure

(S)- or (i?)-4-halo-3-hydroxybutyrates. The problem

coul d be solved according to the process of claim.

gﬂg té.cﬁ&?glt .r&ﬁeﬁ’xr’t? I\Qf? %gl&reg b? @?e?ﬁgsr‘en{ Blveltitsh \%setB?'rg\;ihé) 5h alternative

enar nerica

gerdralprobofod they sy oxyduit kydroganiion ef4-bakb-Dbxdmiyrates tdield
QHTII '(Si)’-l or Jl {R)-I, wherein Rl is CH2X, CHX2 or
eventiomesicalligapse kDe At (K)-4-bplpeshyfrexsbutyaags.or Br and
wherein R2 is C ~-al kyl, C s-cycloal kyl, aryl or

aral kyl, each aryl or aral kyl being optionally further

Jubptdblath eshlivbe Bolveé acdording e thie plocabsofl clgmolips and/ or
hal ogen atons, by asymetric hydrogenati on of
4- hal o- 3-oxobutyric acid esters of formula , wherein

The o0ty E Eodll S FORVE B RHESRHNE e - o
(R)gérhdloeF-hfdroxyHutyrid dcid kstera of fefrmia ed enbodi nent R1 is

andX represents C or Br, nore preferably Ris CH2X
and X repr nts~C . WO 03/029259 diéﬁLOS@S a process
yl

for the as trijc hydrpgggnajd on of a and arg{)_l
derivati ye of oxoagi d’esters usj,ng\a/r/ut(heai u ’
conpl exRof the’lig of fornmula Ri'l. 4 SevePR

PHGBrT Rt SHIRE PEE R AT BBRGRPAGy B SSint C1 Mdror Brand
RIFRAIRP LT,k CSLOPEIVAIRS, 8yl bOsrAMY B ehdh @§Forilkyl being
di sclosed. Al fluorinated aliphatic -hydroxy acid

eptienally dimsher sulestitutpd withrpne jor mwreCharplkyl gronps #idfordalpgen atoms, by

- [ r ' liy a rafe
R R R
850 945 in dhe |hght of the experinental results of WO
03/ 029259 iif seemed very unlikely that transition
metal conpllexes 5,5' - bi s(di phenyl phosphany! ) -1L

R OR

wherein R, R? and X are as defined above

in the presence of a catalyst of a ruthenium complex comprising a chiral ligand of formula

F O

F ><o O PPh,
F. O PPh
T

- In a preferred embodiment R} is CH,X and X represents Cl or Br, more preferably R! is
CH,X and X represents Cl.

IIL.

WO 03/029259 discloses a process for the asymmetric hydrogenation of alkyl and aryl

derivatives of 3-oxoacid esters using a ruthenium complex of the ligand of formula III.



2,2,2",2" -tetrafluoro-4,4'-bi[benzo-1|, 3-di oxol yl ]
ligands of formula Il (Fluoxphos) would be suitable

WO onosokssnsymmet ri ¢ hydrogenati on of conpoundsPOf/EP2004/011971

formula Il. Surprisingly the a%ymTetrl ¢ hydrogenati on

of 4-chl oro-3-oxobutyrates and 4, 4, 4-trichl oro-

3- oxobutyrates using rutheni um conpl exes cont ai ni ng

Seeeryl; eyamples forrasymietriq hydrogenption 3&5@@@ fyqginated 3-0xoacids are

BB SRR e Q3bpdllt RIS Koo i} dcloned. Al

flaashAaéd diphatdic myﬂlybkya@dl Bgters divchusyd theteimg ke I@ﬁb’l 4 4 ,A-trifluoro-

wbutyl and tot-hutyl. Mre preferred R2 is_net
St droxyputyeais, .asﬁp«ghtamdé? enlyat qufrqﬁq erlevelein the ralz»ge 6870 10 80%.
met hyl or ethyl. In another preferred enbodi nent R2

is, optionally substituted, phenyl or naphthyl. The
Ryghrd@glﬁl’t-A@SS(w%amrtheﬂgmwf thd éxpefimentabieysits FOVM G35029259 it
in a polar so;ytg li ke C -4-al cohol s

6‘?‘31‘?1?61%?%‘&}1?1‘6 mefalrompjexes phest-bis(dinhopylphosphanyl)-
292 Qnﬁeg?ﬂ'!é(g pA eﬂo— &fo?ﬁu Eﬁd@ oF forﬁﬁlg)ﬁg gggc%kphos) would

hé smtable for the anymimtm: hyldmmﬁtlorﬂ' ticoslouhdsost foayuladht ai n
further solvent additives |ike dichloronethane. The
catal yst solution can be prepared in situ by

[ - -
ngﬁi@ ; e}@gﬁ a?yéﬁmﬁe hgm@ehétm%lbfﬁ chlYB&y- g,tdbugﬂat%s ancp& 43-trichloro
@mobmtmartésmsnwgemhammsmmldnmseyontanumg i digend of foamolaHHr

BB g e oy By W Rl 111, o
optionally further mxed with at | east one stabilizing

I |gand Al ternatively, the cat art%;t solution can be
bia piefatedembedimens Ra 1v salegtsdsfrom the group ponsmag@i ngthyleethyl,

£ 8P, PP ol T BRI Kol bRt K B RS T S sopropy.

mlbular1§prdfabédeR’ai§my1ofr eftiylt her |igands. The
catal yst precursor conplex conprises at |east one

stabilizing |igand such as a di ene, al kene or arene.

ygﬁ&% ﬁgeg%r% adi ene l%%ﬁ%ﬁ lshﬁ@%@?@%ﬁé‘@%@%gf tifphthy].

(cym. Particularly preferred the stabilizing Iigand

Jl‘lsle ﬁ}_fcﬁ%ggnggbn is carried out with a catalyst solution in a polar solvent like
Ci4-alcohols, dimethylsulfoxide (DMSO), dimethylformamide (DMF), acetonitrile
(MeCN) or mixtures thereof. Preferably the polar solvent is methanol, ethanol or isopropyl
alcohol or a mixture thereof. The solution may contain further solvent additives like

dichloromethane.

The catalyst solution can be prepared in situ by dissolving a ruthenium salt Ru™Yj,

wherein n is 2 or 3 and wherein Y™ is CI7, Br~, I, BF4~, AsF¢~, SbF¢~, PF¢", ClO4~ or OTf™
~(trifluormethane sulfonate-or triflate) or another suitable counterion in a polar solvent and

mixing with a suitable amount of the ligand of formula III, optionally further mixed with at

least one stabilizing ligand.

Alternatively, the catalyst solution can be obtained by mixing a catalyst precursor complex,



In a further preferred enbodi ment the catal yst

precursor conplex conprises at |east one chiral |igand
woboosongswt a 111 (Fl uoxphos). In a further partPCIER20Y011971

preferred enbodi nent the catal )ést precursor conpl ex

conprises at | east one pol ar solvent nol ecul e as

stabilizing ligand, such as di nmethylsul foxide (DVSQ), .

bIP-r?mfﬁf}lIYHnég mithendem complexovhigh alrepslytcontains @k daesfjone stabilizing ligand,

I >at | exe Lnin
AP 0SB Sy T B8 1 A lhror comple
Céphigeks at [eBt@né sabilighipdigahl snctene) dithe, alkBuébr arene. In a preferred
(Fl uoxphos) DMF] ., [Rud. . (fl uoxphos) DMSQO and [Ru_ C
bobagimgstilp stapiliinghare is . otracloapiatipse (eod) ortsnasinetiebd) or
. . um
BBleBE D, PP Rty BRod R85 St ekl iR
bey irtler preferpddesnbodime tiey cdtalpgpréovgddl ompleR @OMipfisds at least one
the preparations of catalysts and catal yst sol utions

ehigal digarq elfommpls IR(RNOXPROS)T. V. et al.”s. Afr. J.

{08 Brante oty e o 50 Sy Qe PR ool comprises at
keatostierpotdr sblventanslatulsss galdtizing tigand)spdtess disetybogide (DMSO),
dinelbiFapcide EakT ieaiopiie MBChlymy T w th i ¢ hor

D Fpred (A B oo O COA b s IGite Nidings are
(ReR@e(esom) |; GRpiBea(cys): ki [Rg@l(WuokphWbGMma]] Chi dent at e

RRRSRB Lot TaFh IRuCharionsBedpstl g TR iR
preferably the Ru/phosphine ratiois : . In a

articular enbodi ment the counterion of the transition
oz, the eatedyss selution tan be elainedby dissqlving aqmeforthed chiral

bhCHTG Bl thec) i) oSt BB o

preferably CF, or BF .6 In a preferred enbodi nent the
hydrogen pressure during the reaction is in the ran

Severalicxawples dor senerahanpdicahle meghads forthe peeparatiens ¢frpata%§sts and
. . T i j
g%?@gtt s%gutﬁwg%%rgﬁgﬁcpﬁéd in Rgﬂ’g&?{iﬁg S}r.' g# élg.s f{?% '?Il g%er%?{ 987° 90, 183-

ure In
188, WO 00/29370 and Mashima, K. J. Org. Chem. 1994, 59, 3064-3076.

In a preferred embodiment the catalyst precursor complex is prepared by mixing
bis[(1-isopropyl-4-methylbenzene)dichloro ruthenium] of the formula [Ru;Cly(cym),] with
either the (—)-Fluoxphos or the (+)-Fluoxphos ligand in a polar solvent.

Preferably the metal salt Ru™ Yy, or the ruthenium complex is mixed with the chiral

bidentate phosphine at a ratio of 1:5 to 5:1. More preferably the Ru/phosphine ratio is in
the range of 1:2 to 2:1. Most preferably the Ru/phosphine ratio is 1:1.

In a particular embodiment the counterion of the transition metal salt, the catalytic
precursor complex and the ruthenium complex of the ligand of formula Ill is CI, Br~, I,
BF4, AsFg, SbF¢, PFg, ClO4 or OTE", more preferably CI”, I” or BF4".



Preferably the tenperature is in the range of 70 to
130 C. Particularly preferred the tenperature is in
wo b@snsasge of 80 to 120 C. The present invent i POI/EB2004/011971
illustrated by the follow ng nen- l[imting exanples.
Exanpl es: Exanpl e 1. Ethyl
S) - 4- chl or o- 3- hydr ox tyrate (Fornmula (S)-]|
a pw:ferfedeﬁmlw djment the ﬁgbﬁ&enam?%rea%mgﬁh%feaamw tn the fat range of

? t?@@ %gzee[@ll ré%% nyqrgﬂg' };f%ﬁ?f ghe gange nf 250 35 bar.

-tetrafl uoro-4, 4 - bi [ benzo-1, 3-di oxol yl] (Le. (-
%hFI uoxphos) (34.2 ng, ,0.050 mmol ) and et hyl o
e hV@qoge@I@a@m by earfigd bt 2  temperagiqinghe raaass 520 to 150 °C.
Presgabivgfe Reifiebils bLmCRIRR P I0T IO JhnllolRely pegfeil he
dpdrﬁdrauﬁnﬂlarrmozmwnsoac 80 C and at 4 bar
rogen pressure. After cooling to roomtenperature
the reaction solution is directly anal yzed by GC for
IRE s BBl 8 utpited by € tollbwinldwon I 1R Spompl .
0.25 mm). Conversion is 100% at an ee of 97.6%
Exanpl e 2: Ethyl (5)-4-chloro-3-hydroxybutyrate
Examplesy (S)-1, RL=CHO, R2 =ethyl): h a 250 nL
aut ocl ave in an argon atnosphere
bi s[ (I -isopropyl -4-nmet hyl benzene) di chl or o rut heni unj
Exampl¢ &: 7 ng, 0.011 nmol), (-)-Fluoxphos (16.0 ng,

G5 o B O GG T R 2

¢h R280ImI( 3Roélhve urkiet B¥goh latiid¥pRaretFARCIAUINOE M2V E 049 frinol),

argon hydrogenation is carried out duri nglb 3 hours at

96) -55 ahd(dmheaﬂpb@ﬁphmd)-%@&ﬂ ptﬁﬁeﬂmr@-4 fai enzoobBidigrolyd]

(RO T HEBER 2 RE £ 687 boRth SRl sy i ThbeGhtree 081 ¢,
Q.Pmeol, pebxE 98.5¢6)lisiaiRsoddiadegasseEthanol (30 ﬁﬁ) rmﬂter flushing the

Conversion is 100% at an ee of 95.8% 7 Exanpl e
autoclave with argon hydrogenation is carried out during 2 hours at 80 °C and at 4 bar

hydrogen pressure. After cooling to room temperature the reaction solution is directly
--analyzed by GC for conversion (column: HP-101 25 m / 0.2 mm) and enantiomeric excess

(ee) (column: Lipodex-E 25 m / 0.25 mm). Conversion is 100% at an ee of 97.6%.

Example 2:

Ethyl (S)-4-chloro-3-hydroxybutyrate (Formula (S)-I, R! = CH,Cl, R? = ethyl):

In a 250 mL autoclave in an argon atmosphere bis[(1-isopropyl-4-methylbenzene)dichloro
ruthenium] (i.e. [Ru,Cls(cym),]) (6.7 mg, 0.011 mmol), (-)-Fluoxphos (16.0 mg,

0.023 mmol) and ethyl 4-chloro-3-oxobutyrate (9.11 g, 54.5 mmol, approx. 98.5%) is
dissolved in degassed ethanol (30 mL). After flushing the autoclave with argon
hydrogenation is carried out during 2.3 hours at 90 °C and at 30 bar hydrogen pressure.
After cooling to room temperature the reaction solution is directly analyzed by GC for
conversion (column: HP-101 25 m / 0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm).

Conversion is 100% at an ee 0of 95.8%.



Et hyl (i ?)-4-chl oro-3-hydroxybutyrate (Formula (R)-1,

RLCHCO, R2 =-ethyl): In a1 L autoclave under argon
warewsspses e (10.0 ng, 0.048 mmol ), (+)-Fl uoxphpST/EBB04/011971

ng, 0.053 mmol) and et hyl 4-chl,oro-3-oxobutyrate (8.0

g, 48 muol, approx. 98.5% is dissolved in degassed

et hanol (170 nL) and dichl oronethane (40 nlL). After

Examiplands t he autocl ave with argon hydrogenation is

reigd, o dyr,i 9 ' b .
EO GBS e S ARk i hefle ELREDEHICLEE Db
108 1 Teagddla wakklitgon ainfosphére RuCY; @0@ mg c81048/m&dl)p (+)-Fluoxphos
conversion (columm; HP-101 25 m/ 0.2

d
(¥o! mgn0.0p3 praely amd ethy) 4-ghlom-nojob £ é‘)”ﬁ;si Iggpb@pprox. 98.5%)
. .of: 97, 8% : ,
P8 e ReR Tl ot B Pilormethape 4 g st usting

Gid dutocldRR wtledrgyh hydioperatibn s cutiabdw \dering 06 miantgoat 82 °C and at

at nosphere [Ru CyY(CQd) MeCN] (15.8 ng, 0.026 mmol, L.
Bb bprkstiogancaresante- Aftsr eqalingde o kempesiuigithe regelinn solution is

h . : . .
ARl ol tpr TR0 2338028 g ot
4ipddle B2 Bma>0kiinyif)aCenyeBsion 3, 10080 atranlee odPPi8OK. 98. 5%
is dissolved in degassed ethanol (170 mL) and
di chl oronet hane (40 nlL). After flushing the autocl ave
‘ﬁ.xta gon hydrogenation is carried out during 80
mnutes at 82 C and at 35 bar hydrogen pressure. After

Etioil i(R)|34{chlarT)6 mygmgqybrctgr?e Garmala @di Rba GHeCli R onethgl):
t i : -
e oL B TP A0 MRS 1 s o,
QPR R%'(}P{‘aﬂdsl ,5—@2&(@)@&%&&1&% d¥cl$héd FVA sEGH ITe Vo et al.
t hyl ('S)-4-chl oro-3-hyd

roxybutyrate (Fornula (9)-1,
N14f. Lihem. 1887,400183+188, (+hFhioxphosd36.d ang WD 53 rmampl) and ethyl

3L 024 RIS 4 B, SR, o R R BT cepmsed tano
gtmlnny anBdieneRsthdthate40 201.)0 AGter AfshiNEhE aufdpIAKOX¥ith argon
8.5% "is dissolved in de%as.sed et hanol (340 nlL) and

dilb’dﬁﬁ’lggmﬁi@mihgatéeté gut ch:_,lgipg 8. figptes !aU&Qn‘fQ]gn ﬂéS@hﬁ{ ¥{rggen pressure.
Mée@ c8‘51%9g”to *%X%‘%&%B@r&ﬁx?e”th% TYeacftbh Ecﬁgti&lf'fs (ﬁx‘éfzﬂ}p&laz}gzed by GC for

conversion (column: HP-101 25 m / 0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm).

Conversion is 100% at an ee of 97.3%.

Example 5:

Ethyl (S)-4-chloro-3-hydroxybutyrate (Formula (S)-1, R! = CH,Cl, R? = ethyl):

In a 1 L autoclave under argon atmosphere [Ru,Cly(cym),] (5.0 mg, 0.008 mmol,
(9)-Fluoxphos (12.1 mg, 0.018 mmol) and ethyl 4-chloro-3-oxobutyrate (27.0 g,

162 mmol, approx. 98.5%) is dissolved in degassed ethanol (340 mL) and dichloromethane
(80 mL). After flushing the autoclave with argon hydrogenation is carried out during 70
minutes at 110 °C and at 22 bar hydrogen pressure. After cooling to room temperature the
reaction solution is directly analyzed by GC for conversion (column: HP-101 25 m /

0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm). Conversion is 100% at an ee of
98.1%.



mnutes a " 1.0 C and at 22 bar hydrogen pressure.

After cooling to roomtenperature the reaction
waelaisns i s directly anal yzed by GC for conveP&T/BP2004/011971

(colum: HP-101 25 m/ 0.2 Vénd ee (colum:

Li podex-E 25 m/ 0.25 mm. Conversion is 100% at an ee

of 98.1% 8 Exanple 6: Ethyl

ExXample Bt or o- 3- hydr oxybutyrate (Formula (S)-1, RL = CH
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Gasbived npaégaghéalemnwmmmtaﬁa dadhldrofhefhan® (BOAhL L A fe2flushing the
hydrogen pressure. After cooling to roomtenperature

tabtoctayg ithongeohydrpgamatien i qaeriad gut dneng ¥ hmiintes@t 1169 °C and at

ve

C2OHE RSt GRRE AT ooty G B sSingeriile 8P BerRflen sopiign s

Qﬁreatmy aelpled B7.GHorpoangbion (collmhiyHP-101 25 m / 0.2 mm) and ee (column:
4- chl oro 3- hydrox butyrate (Fornula (Sg)-l

IPOM-E 20025 ). §'\</>nve4818m%1;0% at anRget 94 en

at nrosphere [Rud ((-)-Fl uoxphos)(cym]BF 4 (23 ng,

0.022 mmml, prepared from (-)-Fl uoxphos and [Ru
Hﬂ)] and as disclosed in Mashima, K, J. Og.

g%ﬂ S -%ﬁloa?f 36& 64?&%&( zplgmfaz@f&%m* CHyhRox- ethyl):
gﬁa% attdclSaiey ﬁ%oh'&txﬂ@%ﬂ&%e[ﬁu@i@ﬂl 2 @g&g@l 40(23 mg,

chl or onet hane ter flus

W22 rameb mrmmddg@n é{)dempros amd [RadCh(uyndu]randgAgm as dlSClOSCd in

RS8 18 s oo, 32 0 o, SR RSSO S -oxobuyrate (334

0D bl %)p?é){ ‘98t5|%’) 1§Hﬁ§6‘l’?’&ﬂlnbiég5§§e(ﬂ ethasdl 'Hﬁf §1!L9 Bnd
col um: and ee (colum:

@qiweme@aas (80 mL)Z %ﬁm)ﬂusm@g\ﬂm gitoglaveswitlp @@on hydnogemation is carried
out 8 ?80 minutes at 100 °C and at 22 bar hydrogen pressure. After cooling to room

temperature the reaction solution is directly analyzed by GC for conversion (column: HP-
101 25 m /0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm). Conversion is 100% at
an ee of 98.0%.

Example 8:

tert-Butyl 4-chloro-3-hydroxybutyrate (Formula I, R! = CH,ClL, R? = tert-butyl):

In a 150 mL autoclave under argon atmosphere [Ru,Cly(cym),] (7.7 mg, 0.013 mmol),
(+)-Fluoxphos (17.9 mg, 0.026 mmol) and fert-butyl 4-chloro-3-oxobutyrate (assay 96.9%
by GC, 1.0 g, 5.2 mmol) is dissolved in degassed ethanol (30 mL). After flushing the
autoclave with argon hydrogenation is carried out during 4 hours at 80 °C and at 4 bar
hydrogen pressure. After cooling to room temperature the reaction solution is direc'tly'
analyzed by GC for conversion (column: HP-101 25 m / 0.2 mm). Analysis for

enantiomeric excess is performed by 'H-NMR using europium(III) tris[3-(trifluoromethyl-



Exanpl e 8: tert-Butyl 4-chloro-3-hydroxybutyrate

(Formula |, RLCHdO, R2 = fenf-butyl): In a 150 nL
wa@edsoksye under argon at nosphere [Ru CU( CVn) | PCTVER2009011971

0.013 mmol), (+)-Fluox rhos (17,9 ngy, 0.026 mvol) and

fert-butyl 4-chloro-3-oxobutyr ale (assay 96. 9% by GC,

1.0 g, 5.2 mol) is dissolved in degassed et hanol (30

hiy¥iroxaifrtetryldre)r§Hi-cagnphloate] s sbifereeganit tnd CDCI; as solvent. Conversion is

. ti ' i ed t. duri o N t
SR St W i o sreeBiitiomennl B 2ol 1 ng to
roomtenperature the reaction solution is directly

anal yzed by GC for conversion (colum: HP-101 25 / 0.2
BRample & ysi s for enantionmeric excess is performed by

Y R PUr ERtbtrallrBimdyie ok R R RE SN an

TGl 1505 ahibeRYe ufRp u@bﬁiaaﬁogpﬁelo%f‘{&g%cg{)% gﬁng?;ggz gfmz mmol),

67% at an ee of one enanti oner

Kt hifluozplosq17 8ira 026-rgmiel)dnd seshiyl 4y atrishidroBranobutyratRiassay 97%,

3 R2 =z ethyly): In.,a 15 au | ave ,under .ar gon
gt %I%‘rﬁn%}ném?)ﬂs éﬁ%ﬁl ' eil.) ?‘Tﬂeﬁa?ﬁ?g :-%han?ﬁ_(gﬁ I‘—’i?[t?o {}g?ﬁgﬁuﬁggg@le autoclave
Reith &¢6%2 By deaBénation & catridd out during 7.5 hours at 80 °C and at 4 bar hydrogen
4,4,4-trichloro-3-oxobutyrate (assay 97% 1.21 g, 5.2

dressyre; Afigr eopbing dairdom igaipaaterg the teaptisn sobuionily dirgwtly@nalyzed by
; . ; A

TR Ry REAh 14,28 1 8 AERR 890t an o o ne
leytakitivgeer of 963541 rAmalyAfstfor ermmeibinegic bRcesoRPetformet by IH-AMR using

the reaction solution is directly analyzed by GC for
&Wﬁﬁh%%i@ﬁﬁ?fomﬂa}dhy Sxygthilene)rih)-camphnraieb asothift reagent

I;ad ¢99eRts 8dlvar. of one enantioner of 95.3% Analysis
for enantioneric excess is perfornmed by H NVR using

eur opi un(l P)

SordBaativF EMBRIER: and CDO a5 sol vent. Compar ative
FERTUTAGR Dliyd bRl ol LR CRICERS Sty

du sl ave autnclave mragomgen stoopplere RCLAYOOY] (6)7 mgs0.011 mmol),
-5 3. B8 iR tphosphany)-4,4'bifbenzo-1,3-dioxolyl] (14.3 mg, 0.023 mmol) and
ethyl 4-chloro-3-oxobutyrate (9.10 g, 54.5 mmol, approx. 98.5%) is dissolved in degassed
ethanol (30 mL). After flushing the autoclave with argon hydrogenation is carried out
during 2.3 hours at 90 °C and at 30 bar hydrogen pressure. After cooling to room
temperature the reaction solution is directly analyzed by GC for conversion (column:
HP-101 25 m / 0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm). Conversion is 100%
at an ee of 89.5%.



(-)-5,5"-bi s(di phenyl phosphanyl )-4, 4'-bi[benzo-1,3-dio
xolyl] (14.3 ng, 0.023 nmmol) and et hyl

wd2@bklogases 3- oxobutyrate (9.10 g 54.5 mol, appPOREP2004/011971
98.5% is dissolved in degasseg%ethanol (30 nmL). After
flushing the autoclave with argon hydrogenation is
carried out during 2.3 hours at 90 C and at 30 bar
fyainsgen pressure. After cooling to roomtenperature
the reaction solution is directly analyzed by GC for
conversion (colum: HP-101 25/ 0.2 nmm and ee

- qcol aqdft s / i : I(§)- \S4-H818%0
L e PR T argiog o SnihiofTicalPRIELS)- B (R4 A0
pr epathatiaxybutyrasesaofiformmsai cal |y pure (S)- or
(i ?)-4-hal o- 3-hydroxybutyrates of formula CH OH Il or
(R -1, whergjmn is CH2X, CHX2 or C¥p angd X
i ndependentjy representg)@l g@nd/ or BE and]wherei (g)§2
is Cn-alk 6- cygl oal kyl', aryj E%$, each
aryl orRafal kyf” beiOR optional ly #*arther subStituted

wi th gne.oLino i ~4sal k r oyps,andsor. hal oge

At oSt Rh i et R Bin s AP RRRaGRAIRE HRrB%ER Ol andror Br ang
hydr gaer RO Of -AkYIAC:-Sy o] %91 @Sarlkyf, @5dHHrfl or aralkyl being
wherein R R and X are as defined above in the presence

of aoptienglly ferther substigutedbyith one enfoesCoonlly] gonps and/or halogen

chi r%ilO ISi gand of formula Ill. PPh, 2. The process of

cl ai T >wherein the rut henium conpl ex conprising a

| i gatlichfprocess comprises the asymmetric hydrogenation of 4-halo-3-oxobutyates of

formula

/U\/“\ .
R OR’

wherein R!, R? and X are as defined above
in the presence of a catalyst of a ruthenium complex comprising a chiral ligand of

formula

XA

F><o PPh,
. O PPh
X AT

2.  The process of claim 1, wherein the ruthenium complex comprising a ligand of

IIL.

formula IIT comprises at least one diene, alkene or arene or polar solvent molecule as

stabilizing ligand.

3.  The process of claim 1 or 2, wherein the rutheniuvm complex comprising a ligand of
formula III comprises at least one molecule of 1,5-cyclooctadiene or p-cymene as

stabilizing ligand.



formula Il conprises at |east one diene, al kene or
arene or polar solvent nolecule as stabilizing |igand.

W@ 200Fl0¢95pF ocess of claim 1 or 2, wherein the rethepPioo#011971

conpl ex conprising a ligand of [formula IIl conprises
at | east one nol ecul e of 1,5-cJ&Iooctadiene or
p-cynene as stabilizing Iigand. 11 4. The process of
one of clainms 1 to 3, wherein the hydrogenation is

CArri ' N LSin ol ar sol.vent, .
1 o Mcesk Bt Gl s R BhbRl e PelpeBhasifoy Giticd ovt ina
di metsolutioulchmpriging adiole isbivehtaelFBrUdRM ARE4OH bdslsEngbe

m xtures thereof, wherein the solvent optionally

cont &rirsaleqiiols, dmetbylvelfpxiday dingthydornpmide @cgtonitrils and fixtures

any Qf&eof wheftidthe Jshﬂleﬁii (g)!@gcg%}f &g&g@l&ﬁf?@%{e}%\ir&? a&{iti'sehs?

rut heni um conplex iI's se
consisting of d Br" , , BF, AskFf, PF - OO and 6.

H]e gﬂhocess of .any one of claims 1 to 5, wherein the
1t hemedeEshpf @ 9ng of claims b hywharsinghe eornterinmyifahe mihenium

for e [ . ar,. vent., . -
Tl 3 B D O SRR b S Y s
hydr ®fen MO£ssdr@THur i ng the reaction s in the range

of 1 to 60 bar and preferably in the range of 2 to 35
bar .

6.  The process of any one of claims 1 to 5, wherein the ruthenium complex is prepared

by mixing the complex of formula [Ru,Cly(cym);] with the Fluoxphos ligand in a
polar solvent.

7. The process of any of claims 1 to 6, wherein the hydrogen pressure during the

reaction is in the range of 1 to 60 bar and preferably in the range of 2 to 35 bar.



