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W O 20051040393 PCTIEP200 4/011183 1 Process for preparing
enantiomer-enriched alpha- hydroxycarboxylic acids and amides The

present invention relates to a process for preparing enantiomer-enri%»‘r;/eotlj1 183

relates to a process wherein, in a first step, a cyanohydrin is generated

from cyanide donors, an aldehyde and a ketone in the presence of an
oxynitrilase, said cyanohydrin being converted further, in a second step,

to the cpgresperding AGd-by a-itilasernnddirifkie hydmtasad hel pha -
invention further relates to a reacti .System erati@g in such a way,

and also to new %*’garnlsﬁ%atﬁé? g?eofénépagfelcﬁgim% emeamntfng the
aforementioned two-stage reaction. Enantiomer-enriched
Bhiygroxyearpoxylicacids and-naides ltherenf areimporantsyatheticng
Biaduats i the f1eld ol 0/ G IS TERe COMAOUNES CAKDE; g
emﬁloyeg‘ successfully as precursor moleculesfor ligand syntheses, as

TRirBRrebfMEEFessition AYBREs. BFag et ProtiRESRF i erein,
prepargiions of biotggically-getiver2@ sibstarcese T be xctassidat synthesisiclie
dhisdyre of compaundsis gegerally indgrtaken by a cyanobydin geaction

with” subsequent acid hydrolysis and resolution of racemates via :
Ut reomeriesalFRtatsRBRYEEWAIEE Lehrisith e Fst turther, in
Organischies Chremiep Sthirzebveragp Stultgagt, 22nd éditien,p. 556)ase or
deAydro g@@%&@@tionﬁ%bgﬁw@ﬂ@%@ the stags-of theanmides or 5

may be imp i

emented in full as far as the acid. The preparation, of og_ticallg
e SRy TR RO GRSTES 30 Acicthas ik BelR bbeed ARG ="

withenbgitse fhatatiors ot eyaiohydad beimglergad suginthe form of an
28YNRIHE agdition:Qfa syanjde denertoan aldehyde in

Enantiomer-enriched o-hydroxycarboxylic acids and amides
thereof are important synthetic products in the field of
organic chemistry. These compounds can be emploved
successfully as precursor molecules for ligand gyntheses,
as chiral racemate-resolution agents, or as intgrmediate
products for the preparation of bioclogically active

substances.

The clagsical synthesis of this type of compounds is
generally undertaken by a cyanohydrin reaction with
subseguent acid hydreclysis and resolution of racemates via
diasterecmeric salt formation (Bayer-Walter, Lehrbuch der
Organischen Chemie, §. Hirzel Verlag Stuttgart, 22nd
edition, p. 555). The hydrolysis may optionally be stopped
at the stage of the amides or may be implemented in full as

far as the acid.

The preparation of optically active a-hydroxycarboxylic
acids has also been obtained hitherto either by the
formarion of cyanohydrin being carried out in the form of
an asymmetric addition of a cyanide donor to an aldehyde in
the presence of a chiral catalyst, for example an enzyme

such as oxynitrilase, followed by a "classical" bhydrolysis,

CONFIRMATION COPY
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the presence of a chiral catalyst, for example an enzyme such as
oxynitrilase, followed by a "classical" hydrolysis, CONFIRMATION COPY

Wé/\é&%%?g%%% PCT/EP2004/011183 2 or alternatively bylpé?%ﬁ%‘mnmss
of a racemic,cyanohydrin, followed by enantioselective hydrolysis in the

presence of a nitrilase. The first-mentioned variant of the formation of

chiral cyanohydrins by conversion of hydrocyanic acid 5 with an aldehyde

in the presence of an oxynitrilase as .enzyme has been described, for A
ExFMPREIRFENSHDErGeT &7 5F I 2EfféRbeTgeret’at S BRyew ERBRTY SX 10
8788, 491 - 492) rEhesmaetibn vshowrtierétakes placelirtherzphase of
Sysiem eansistingef an ; Qrganjcsalvent phase thalis nelrlQ puscible wath: on
water, preferably ethyl acetate., and also an, ague%}g se. The. ia
CorirerSiohiCEROABY T S caise, W I8 a4 FoPA pBhi Iiﬁg\’é%%%f/dgs%
wivith: excelédteiglde amd opicab paEtes: SVt referericEno the bplealas
Ruitreohthe eyanohydins: the enzymaticaddifior of syanide thidengistoet

Ideg des in.the presence of the enzymes (R)- oxyiitrilage and _

Ry A RES fat?éa&(/gbg‘gri ‘thorouighly ir‘fc\%leéé“%i‘gan%igfi%9 Altefnatively,
dthereaclibr nv@R alsobe' HRPYERISREE it plely Rdassusisystéifis 2withase
awarking referably-iaking place-aidewipl Avalues (U iedermeyer, 2¢ not

M.R..llig la, Angew. Chem. 1990 423). \mmobilis @Ea ymes have. ;

: . S fEY <) Y .

S Ao b Einbiogel or S8 o FeNioh (O P 1480 11370 2
SRS P BEBheenrRaterAPE s EffBctithe ®h§MaRE rédttibh g afase. at
1ergavicemedium 4P« Methe £t eheUSIRE 542754621k AnexCldrheSoc.yields

99,23 120, 85@;7-' %15 glﬁmﬂ"@% 'i‘éf%%é?ﬁé‘ééeﬁ%o%%t%%&iéi@é‘lb urit
Bandi DEPe 135982: Bibtechriol Prog. 1699, 15, 08 - Gi S kY
CEhéRE FoELUeI T 2BS5E NS AT Y Smethbds BPintthobMsg tfe
dS)oexynitrilases=hanisaglsabeendevetoped avhiclf i theiranegees (R) -
Sxynitrilase and (S)-oxynitrilasé has already been
thoroughly investigated. Alternatively, the reéaction may
also be implemented in purely agueous systems, with working
preferably taking place at’ 16w pH® values YU.. Niedermeyeér,
M.R. Kula, Angew. Chem. 1990, 102, 423}. Inmobilised
enzymes have zlso already been employed for this type of
reaction (DE-PS 13 00 111). There has also been an attempt
to effect the enzymatic reaction in an organic medium (P.
Methe et al., US-PS 5,122,462; J. Am. Chem. Soc., 1999,
120, 8587; US 5,177,242). Further conversion methods can
be found in: US-PS 5,122,462; Biotechnol. Prog. 1889, 15,
98 - 104; J. Am. Chem. Soc., 1899, 120, 8587).
Additionally, methods for immobilising the (S)-
oxynitrilases have also been developed which in their mode
of operation are comparable to those for the (R)-
oxynitrilases. In this way, immobilisaticn of the (8)-
oxynitrilases as a result of attachment to a
nitrocellulose-carrier is obtained by Effenberger et al.
{F. Effenberger et al., Angew. Chem. 1996, 108, 483-494}.
Andruski et al. gilve an account of immobilisation by
attachment of the enzyme to a porous membrane

{(US 5,177,242y . Despite these, in part, thoroughly



30 of operation are comparable to those for the (R)- oxynitrilases. In this
way, immobilisation of the (S)- oxynitrilases as a result of attachment to a
nitrocellulose-carrier is obtained by Effenberger et al. (F. Effenberger et
WO AHGew. Chem. 1996, 108, 493-494). 35 Andruski et al. gRETaRP2004/011183
account of immobilisation by attachment of the enzyme to a porous
membrane (US 5,177,242). Despite thése, in part, thoroughly WO
2005/040393 PCT/EP2004/011183 3 promising proposed solutions with

;%IPB?QPAU%?QO' enzymes, qrecently pyplications haye again;h %Se wearnd

0 an mcreasmg extent that report studies with non-immo enzymes
Tfor SxampleLERIA BldP Fe 6 aNE U5 F147386) SDespitciihe t0 an
temackatlaenantiesalectidtiesthat are aichidéved invthercautse-afithernilised

&%@yﬂ?ééyﬁg@gﬂglsyme@%obcww%r@ Agonsiderable, s

disadvantage consists |n the subsequent hydrolytic step which is needed

nd WhICh | carrled o ?ssmall V|a actfj ﬂé/drol is 10 Wﬁﬁh stron
mm%ra aC| § This" Fes "?ts in Iarge amoun ) gaY ugg c% %ﬁtu?ﬁg

rbBIeHEBotie EorongesmE ardfe doldyicully CRtaddiiors; tie hydreysisc
epnditionss that a&gfaeeﬁe@@teluntaveufe&l.eiémsll@t@i%@aﬁ%e

of severaI ours and high temperatures are required. nder the
%15% SIS condttlons%hagre 'Eé% egC]h r?’g e cemls;Foﬁ The" éll?ernatlve eded
%ﬁaﬁ%@ﬁéaé@sﬁtétﬁée@sﬁé&o Pl astivelahydroxy carhExylcdicidsys is
10 andramidesipveliesras eentiened shove ragenzynatic hydrolysieehants
6@‘3%@!&29§¥qg%hydé%!@isdﬁac” grmatian %?f{‘epne £RRlYSEd DY i ca11y

nitrilases. Nitrilases are enzymes that are ab e to transform organic

TAnE LonsBUTRIS it th%%d’f%@btbﬁ ing daioxsHERe/ES 3 31“1?’1e9 Ptbngt ons
ub&heekss&éédeésEﬂeammaayamnah&aamelnce both long reaction-

times of several hours and high temperatures are required.
15 Under the hydrolysis conditions there 1s a high risk of

racemisation.

The alternative variant of access to the desired optically
active o-hydroxycarboxylic acids and amides involves - as
menticned above - an enzymatic hydrelysis of & racemic
20 cyanohydrin.
This transformation can be catalysed by nitrilases.
Nitrilases are enzymes that are able to transform organic
cyano compounds into the corresponding carboxylic acids.
They belong to the class E.C. 3.5.5.1 and are commercially
25 employved, inter alia, for the synthesis of (+)-ibuprofen.
An outline of the known state of the art can be found in
Enzyme Catalysis in Organic Synthesis, VCH, 1895,
p. 367 £f. The use of a nitrilase for preparing
enantiomer-enriched mandelic acid has also been described
30 by Yamamoto et al. (Appl. Environ. Microbiol. 1881, 57,
3028-32) .
Nitrile hydratases belong to the class E.C. 4.2.1.84. They
consist of «,P-subunits and may exist as multimeric
polypeptides with up to 20 different units (Bunch A.W.
35 (1998), Nitriles, in: Biotechnology, Veolume B8a,



25 employed, inter alia, for the synthesis of (+)-ibuprofen. An outline of
WOthKeWIA state of the art can be found in Enzyme Catalysishi O§aitidt11183
Synthesis, VCH, 1995, p. 367 ff. The use of a nitrilase for preparing
enantiomer-enriched mandelic acid has also been described 30 by
Yamamoto et al. (Appl. Environ. Microbiol. 1991, 57, 3028-32). Nitrile
rhydratases beleng to-the classiE £ 4.2c1.84They eensistofT., Reed G,
a,(3-subunits and ist a imeri¢, polypeptides with.up te 20,
Wﬁl(aéfré%%hi@@ugﬁ A%ﬁ 353%5% ,gl\%%"lfe's,yf%f Big:t%é ‘ﬁogl})yg"y;yolljr%”lgeg °
Mga: WWO2005/040393 PCTEPDE64GE 188 Bistansrmatichs-Ehapter 229
=6p Eds: Reim Hdl. HReed:Gun WiteyV.Chippu2?/-824: KohaydashinM 16 (8)
720z S- (1298 Metaloenalang nitdle [y diaase: sityghire regulation.

and’ application to biotechnology - Nature Biotechnolo y 16(8),
£ 73357360 MART: dBEUMERE PresenttheerBmafc S tdimation B
(nitriles intpamidess(E P 0 3621820 {Nitro)e DE-44:80:182 i(hstitut&C 98 /32872
iigenetika) WO 98/32872(Nov:s); S 5,2001331;;DF; 39 22437:ERme
{g%ﬁ%&ﬁ%n%yr%e% C‘a%a"ysig%lo“r%san‘ic s*ngtgésig,,_ \égH,lg%f%fs@g , ym
CryalyeWevdt, edaalterafve procesSses afsb have a ndmbet ot =7
disadvantages.. The enantiomel ivities are often not >991 ae, which is., i
However, apresenditionfor phrmaceaticad fegirémentS #VFarficBiarifg” ©*
caddition, there is a righk what, £ rila ses andq fle fydratases soulgnbeoc
sgpsitivg to the. _presence . of cyanide glong__rgé. SO :{Qq glgargng-point has
15hé Viry ptire Thandhydrife” Ageheral ?dis“’ad%aﬁta@é Gt all previous
mhethoesss the o rstayeé ram@e o therprocess reshfting in‘ddisfiet-1 O
zeduction of the space-tirme yield and efibe amriciencits of theoverallses

‘process. This two-stage proce'}gxs including two reconditioning s%%gieos*gvas.,,\
an | = ot " T k. ek SE=ETIT8 A CPM~’C1-— - [ ~
‘gc.’e‘déss%wf’s?rﬁée‘ aﬁ‘gﬁcd%pé iBilify of the reaction conditions o o E

chzymfaticting-point has to be very pure Cyanohydrins.

(e

24 general, disadvantage of, all presvious meLhods is
_stage nature of the process, rasulting in a distinct
reducrion of the space-time vyield and of the efificiency cof

the overall process. This Cwo-stage process
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In a first aspect, there 1s provided a whole-cell catalyst
exhibiting a c¢loned gene for an oxynitrilase and a
nitrilase or an oxynitrilase and a nitrile hydratase.

in a second aspect, there 1s provided use of a whole-cell
catalyst as defined above 1n a process for preparing
anantliomer-enriched g~nydroxycearboxylic acids or

enantiomer-enriched a-hydroxycarbexyliic amides.



cyanohydr'_n,, synthesis and enzymatic nizrile saponification had to.be.
assumed. in a first aspect, there is provided a whole-cell catalyst

exhibiting a cloned gene for an oxyrdtrilase and a. nitrilase or an

oxynitrilase and a nitrile hydratase. in a second aspect, there is provided

use of a whole-cell catalyst as defined above in a process for preparing
enantiomer-enriched a-h_ydroxycar-boxylic acids or enantiomer-enriched
1aﬁgyccl)rjgx %%rbggyll%aemid_es. ég The object of the embodiments of the
présent disclostre was The Specification”of AnGther Grotess forpreparing was
‘ifantiothéfenriEied athydroxycafioxylic acids/amides: Thisoprocesseparing
sheutd beadvantageous on-arteehnieatseale from both-geanamicand  1ris
#cological paints of view.Ja paticnlar, Jtshould pe superiorto the . . <.on
gé%gesesgsn%f the state of Lh%e art with regard to costs of materials "~~~
employed, robtistigss and effitiéricy (87y-"space-tinte fittd) andshodrular,
‘avofd e afdremenlicned disadvantages of thespriorcstaterof the zart. Inf the
~ patticular, the:tue-stage nagure-of dre method arisingpreviously inall ¢ 1.«
. Pracesses shoyld be avoided Si%% 2005/040393 f&T/EP%%OA'./qu&Llﬁ%g 5a void

These objects are achieved in the manner sp{:‘éﬁled’ih the* Claitns,

Vittue S hd Rkt tHaft it a PrOCESEor prépariflg emdntiohiet7entiched of the
arhydrodycarbosyliciacids or Brenantiomer-egrched a=hydroxycatbexyligz thod
amidesdhe rstartingspoint is a cyanide donor -an @ldehyde or ketone .and

the latter are caused to react in the presence of a oxynitrilase and a

nitrilase or a nitrile hydratase, in extremely surprising and, according to

the invention, 10 particularly advantageous manner one arrives at the

solution to the stated object. Enantiomer-enriched a-



hydroxycarboxylic acids/amides can be obtained with the system
according to the invention in very good yields and with particularly high
enantiomer enrichments. At the time 15 of the invention it was b
WO B9 3iliar to a person skilled in the art that the enzymé cas¢
has been described can be employesl effectively in such a way in the
existing reaction medium. In this connection it may be regarded as
particularly surprising that, in particular, 20 the considerable quantities of
rrhe\gazilabig Syanidg:did aet yeswdtinithe inhibitiemeffects taslbd Expected the
g]bthe prior state of the art, particularly as regards the nitrilase or nitrile
ratase. Accordingly, one configuration of the concrete |nvent|on 25
relates to the fact that in a process. for arlng tiomer- enn %
BY, Wrasy Qb dtfiic 5o fds & tianidé’ ogn%)r %Ccosnve &4 withan alée yde
engrikétonerin ¢he ipresence-Ghatr oxgritiieand ecnifilasts Likewise,

enghantigmer-enrisheda-hydroxyearboxyicamides 3Q.garibe obtained

tarting f ide d I d ket th
=3 HTNHSE i TS YR Zae AT e eh s Hosin roduiy 16

aﬂ#ﬁaetrhﬁﬁdtefcé pErsoTe skiled fiithecart Rt diis Parpdse rﬁ&?@@%‘ﬁ?pl@&‘e@
0x@8 WQi2005/04039FPeTIERAGNA0HE3 A oxynilriasgsiAssaleetionin
arn.b be.gathered from Enz rqgani n

e O T ooB e S Bty [ 9EnE e

palmdérrwhergl}vm%%ﬁeeﬁaﬁoﬁerm% A5t AT6Rg 5Tsafal FeSand

scﬂuiﬁcileﬂt e@n\@ieloeﬂaad\ﬁam:age@ﬁ TEesenareoineparteutar; tiegs e

&g whieh origig esﬁggm&esorgaw@eseé%%qggm thegouRe

conS| ting of

orghum bICO or, Hevea'brasiliensis and Mannihot,

SY%#%W%H@pEPp&%@of%ﬁ%ﬁng(p)m very good yields and

with particularly high enantiomer enrichments. At the time

P2 U-i{hl lt! 83

of the invention it was by no means familiar to a person
skilled in the art that the enzyme cascade that has been
described can be employed effectively in such a way in the
existing reaction medium. In this connection it may be
regarded as particularly surprising that, in particular,
the considerable quantities of available cyanide did not
regult in the inhibition effects to be expected from the
prior state of the art, particularly as regards the

nitrilase or nitrile hydratase.

Accordingly, one configuration of the concrete invention
relates to the fact that in a process for preparing
enantiomer-enriched a-hvdroxycarboxylic acids a cyanide
donor is converted with an aldehyde or ketone in the

presence of an oxynitrilase and a nitrilase.

Likewise, enantiomer-enriched o-hydroxycarboxylic amides
can be obtained starting from a cyanide donor, an aldehyde
or ketone in the presence of an oxynitrilase and a nitrile

hydratase.

211 the enzvmes coming readily to the mind of a person

skilled in the art for this purpcse may be employed as
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10 cyanohydtins, oxynitrilases from the named micro-organisms or from
almond kernels' are employed: In this connection it is to be noted that for

QEOQM @99%6 of preparing (S)-a hydroxycarboxylic acids use '§@fﬁf§£§@d%ms§3
made of oxynitrilases of the (S)'-series; and conversely, in order 15 to be

able to guarantee a sufficient conversuén to the final molecule. By way of
nitrilases, in principle use may likewise be made of all, those available,

g&%ﬂded hatunder.. the(%gen e.nV|ronme |COﬂd|IIOnS%I t{guar nteea
itieht 207 ?&bllltfa Bt&i8h R 8eR&tich CAITbE 8 flom e

CehzymeiGatalysiy meDiganiySyAtRess EasiSK DFauzDHauNaldinann,
w Ciak895, poB651k Ihese ares dnter alia,Tthese yiglroriginate femch,

organi sthat are selected from the rou consisting of Rhodococ
st@rg%ﬁssccr){; Df 25" E%aF ene%s%aecaf:s ringmte%c?(f)n %vlt %tﬁe reveur%lbiiycfolrlg

L&Y oyriitilased tﬁ@ﬁﬁﬁlﬁé@’éﬁn G BEEHRBROTreverSiBIecore oS of
THeskitrie dunctionsierthe-caoxylitacid. By:ihis means dids enpstred that

ol gyanohydrin whieh | éﬁaﬁﬁ]gnlh%é?@é%de%f%w 30 Isading to

a comp ete conversion o0 e or ketone or oft e cyanide donor,
Cagﬁéﬁdﬁ ﬁﬁ%n%hl%ﬁ%%% nehfR! @anltﬁ%’tﬁ? eREess Theitmgend
Mshoiild seaetsimasehighly emantiosilective-pragaends possible; ingordey to

%@B@ édrgélreg}@mmf&e@étyf%@ eakpraduch. %éllegalso%agsmsms

e demand on'the eénantioselectivity of the oxynitrilase that is employed

OF ot ¥ ﬁéﬁ%@mﬁé%PW(ﬁf@Oﬁﬁ@éWCT/élﬁzﬁﬂ@lfﬁ@?%f'1Oﬁ it
initilaseés emplayedhfite énantioselestivitycaf svhich is- arsafficient,( S) -

nifeposiance shauld be altached &@%@r?%Péﬁﬂﬁ%é%'%%ly

dlfferentlatlng oXynitrilase. B Wa of nitrile hydratases, in principle use
OTRIRENISE S8 Mot A1l OGS AT pr6VERA FRE HAder Theo ™0™

to be able to guarantee a sufficdient conversion to the

final molecule.

By way of nitrilases, in principle use may likewise be made
of all.those available, provided that under,the. given
environmental conditions.they guarantee a‘sqﬁficéent:
stability and conversion. A selection can be gathered from
Enzyme,Catalysie,in_organic Synthesis, Eds.: K. Drauz, H.
Waldmann, VCH, 1985, p. 365 f£. These are, inter alia, .
those which originate from organisms that are selected from
the group consisting of Rhodococcus strains or of
Alcaligénes faecdlis. In-interdction with the reversibly
acting oxynitrilase, the nitrilase brings about an
irreversible conversion of the nitrile function to thé
carboxylic acid. By this means 1t is ensured that the
cyanohydrin which is formed is ‘deprived of efguilibrium,
leading to a complete conversion of the aldehyde or ketone
or of'the cyanide donor, depending on which component is
employed in excess. The nitrilase should react in as
highly enantioselective manner as possible, in order to
ensure the desired enantiomer purity in the end product.

In this case the demand on the enantioselectivity of the
oxynitrilase that is employed is not so high. However, if



10

15

20

25

30

35

given environmental conditions they guarantee a sufficient stability and
conversion. A selection can be gathered from Enzyme Catalysis in
‘Organic Synthesis, Eds.: K. Drauz, H. Waldman., VCH, 1995, p. 365 f.

WOTHES®E4p83 inter alia, 10 those which originate from organismBGRatrapa+/011183

selected from the group consisting of_ﬁhodococcus strains, in particular
R. spec., R. rhodochrous and R. er-ythropolis. In this context, reference is
made to EP03001715.6 and to the nitrile hydratases that are named

t in.and used 15 preferentiall i tlon Wi . i ' :
o g e T o Sitce Tibod C ot LI YR R Mt 1o

igFipetditiRTTtinctidiPRthe e SRIIL 4tid ByAhishBEAs /9 ERsuRFSSence
cthat thepgyanahydea whieli sfarmed issdeprived:ofetuitibiiame 20
leading to a complete conversion of the aldehyde or ketone or of the
BeYaRide gonor -depending;or muictscompopant is- gMployRdineXEess k ewi se
bThe nétrile pydé@'frasehshould reacdf i%lag highléé gnantio %Il%c%ivenrgggnecrhag
Sod&ibfe, Tt ofdter t6°ERsure Yhe d8Siredt eRdntiomer purityin the end —
gproRiucer®s Iethien4sd thecdshaAPDA the eNasivserattivny of hef ficient

sexpitriase that is.employedds not 50 bighe doneverdh adutride: hydrataser rom
is_employed, the enantiosglectivity of, which is insufficient, importanc

R Lo SR o e e e o AL o= A

WaryHitkiase VL etlif BS noted thaPad a reStEsEa Rirther Batfiafic of -

telessicahhydrobysistheanantiomerentished ashytioxyearboxdicarides £ rom
t%%“%’%‘%d with thissysgem can;he 8%‘6@&%95'%0:%191%95%9“? ricular
acids. ﬁ' If?thlS connectlgn an II’]SU?c iclent enantiomer pu_rlfy should result

35 SR fite stdhe GTIREAFMEEEShRY AN be FRpFOVEERY Usihy a Fhrther =
camidase, woddag enantidselectivielyt Suitable WO7200570403DX 0 the

nPCI{ER2004/011783.8 amidases.can.he founddp EnzymesCalalysis in
;&%z%ggntially. In interaction with the reversibly acting
oxynitrilase, the nitrile hydratase brings about an
irreversible conversion of the nitrile function to the
carboxylic acid. By this means it is ensured that the
cyanohydrin which is formed is deprived of equilibrium,
leading to a complete conversion of the aldehyde or ketone
or cof the cyanide donor, depending on which component is
employed in excess. The nitrile hydratase should react in
as highly enantioselective manner as possible, in order to
ensure the desired enantiomer purity in the end product.

In this case the demand on the enantiocselectivity of the
oxynitrilase that is employved is not so high. However, if
a nitrile hydratase is employved, the enantioselectivity of
which is insufficient, importance should be attached to the
presence of an appropriately differentiating oxynitrilase.
Let it be noted that as a result of a further enzymatic or
classical hydrolysis the enantiomer-enriched 0O-
hydroxycarboxylic amides generated with this system can be
converted into the corresponding acids. If in this
connection an insufficient enantiomer purity should result
at the stage of the amides, this can be improved by using a

further amidase working enantioselectively. Suitable
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Synthesis, VCR, 1995, p. 367 if. The aforementioned enzymes may find
wapflicationsin the process according to the present disclosur& BOTEP a1t 183
type and as 5 further developed mutants that have been improved by
mutagenesis. Mutagenic processes, which are able to give rise to an
"improved stability and/or selectivity of the enzymes, are known to a

pgtson skilled.in the art, These, prgcesses are,Jn particular, %@tg@ﬂ%

mutagenes'is., 10, random. mutagenesis, shuffling methods -and alsc

§i8 thegivsctedThutabenesisEisen’N. nd Gardinger W. (.1984).
Evolu'=ionarv molecular eng"neeng based on, RNA replication.. Pure a

Eppl eCherns618.);19:67-978y Che & YAFoIdE iAymel @ngineeriag fore
ROPaLsaeQus, -solents: 1o random mutagenesisto, enhance activityof and as
suhil..sin E.in polar orga_nl.0 media. Bio[Technology 9,. %973-360%1;.
HOfwitZ" N Bher (o5 Bel "Prothoters Selectéd From Random DNA —©
SesaEFees! procREC MGErOFTRE O NRRAAl Atadey BF Sdéhces™Of I1Ve
The UnitedStates, O-f, 24057409, Duke, £.020:and 4 0eb-1ik989) "Matarits

Generated By The Insert=on Of Random. Qlioonucleotades :rro The .. .__
Az A8 S14eOF T %"g Béta- Lactamase é{g e Bio i §8 Tness

- ne" Biochemistry 28(1L): "
ROBETSER; Stemmerk FG1994) Rapid S dh'da profeél 2R-253%ro
- byaPhA: shufling-Nature. 3738939 land-StemmeriPE11994) DNA
25. shuffling by random fragmentation gnd =risen.y: .kn vitro recombingtipn
1o BTGE A S IRa Proc NACT A Sl U L 13747 137815 ©
e terhimprovediselesivi” is> Ty be Bifdlefstoot: hedn, &¢tbrd.ing to
tzhe inventiopn an rigeeeaiimeses: the'vrantidsees titi vwand areducsiomin:
30 1he substiate selectivity. The enzyme being considered,inthe Aiver, on ;o .
case can be used for the application in freé form; as a homogeneously _
pUFHEETE RS RR FRirtheFMofE tRB ©RzME Tiay HIst be™ eniployettas &
constittient gkan ~ nmatt guestiorganismin' 3 genjfinctici7with #ve7 ; Borwitz
dgcomposed and.ar . i oy Ninbs. Mo rers selected From.

!

ancom DIE

PEN - v’

Sequences" Funoceedings Of The Natilons

;o Srtemmer PC
) Rapid evelutior of a protein in viiro Dy DNA
shuffling. Nature. 370; 385-331 .and.Stemmer RC [1934) DNA

Ly s

shuffling by random IZragmentation:and reassembly: In VIiEro

recombination for molecular eveolution. Prog Natl Acad 3ci

USk. 81: . 10747-1075%2). The term 'improved selectlviiy' 1is
to ‘e understood to mean,. accerding to the invention, an
increase in the enanticselectivity and/or a reduction in
The subpstratce SS8.8CULLVLITY

The enzyme being considered in the givern case can be usad
for the application in free form, as a homogsneOUsly
purified compound. Furthermore, the enzyme may aliso be

ol 2 ‘ P e ey e e —— S = o -
amploved zs a constituent of an intacth guest organism Jr 1n

conjunction with the decomposed and arbitrarily highly
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WO 2005/040393 PCT/EP2004/01.1183 9 purified cell mass of the host
organism. Also possible is the use of the enzymes in immobilised form

Bhavender P. Sharma, Lorraine F. Bailey and Ralph A. Meﬁéif}gm(}m;(slnss
Angew.

WO dfiinidbifidierte Biomaterialien - Techniken and 5 Anwendungen”,

Chem. 1982, 94, 836-852). Immobilisation is advantageously effected by
lyophilisation (Dordick et al. 3. Am. Chem. Soc. 194, 116, 5009-5010;
Okahata et al. Tetrahedron Lett. 1997, 38, 1971-1974; Adlercreutz et al.
pBiagatalysisclP02- 85 294 305) <16 byaphilisptian émthe presengscafsible is
urface-active substances such a L. r in '
RSy Sty ine ool PECTo Bl S (e Iche g ca moraal e
Steskret A0BRIESHNJT.: TeRhhRiedN9971 PR 743 7855S Hifte
- partioslarhsprefereed: 4se: 88 Cl-EGsis alsarbrbondsivable ¢St Clair et al.
ANgew Chem.int £d Engl 2400, Jan 53%2), 380-383). ladpsinciple, the
concrete %roqeés of CI;he Invention may be implemented in purely aqLue,ous .
TRBRIOR: FRWeVEr, 1852 A8 L B dd ParbRREry Qortions i L Lsation
(aterisoluble 201arganicisolvensto the aquedusisolditidn, irk Ofder ok 0 ;

i Ehylong iyl DN o gheers fpma e gamegeranon
substrates. Ethylene_glycal, or glycerin_come.in nsi ion in
A8 1Rickkr s such Sovert BRF T Bitase Sycterts, f %%Fts'?‘c%%;?'
Liwpiphhse systems| r25 exhibitirgear aqudousphase casisovent niixioed ances
«Mnay, Jurthermore; alse servedorthe-Rrecessacsording o the fyeptienylene
Here the use of certain splvent g’nat aﬁrle not goluf)leciglw?ntegl Q%Sé glr?ﬁ(yther)
IhrSR v‘vé’mhiféf([?éﬁbz%?%ﬁ‘) ¥ T & stateménts adé therein i this
(fagard €30 applyBiers evneshondinghr HIpRtcipld?d petsbn skilfedn #He 28
caslds free:in the, cheice oftbedemperatutesprexailing8osng éhexfeastion.
conceivable (St Clair et al. Angew Chem Int Ed Engl 2000
Jan, 3%(2), 380-383).

In principle, the concrete procesg of the invention may be
implemented in purely agueous solution. However, it is
alsoc possible to add arbitrary portions of a wager~solub1@
organic solvent to the agueous solution, in ordér, for
example, to optimise the reaction with regard to sparingly
water-soluble substrates. Ethylene glycol, DME or glycerin
come.into congideration in particular as such solvents.
But multi-phase systems, in particular two-phase systems,
exhibiting an agueous phase as solvent mixture may,
furthermore, also serve for the process according to the
invention. Here the use of certain solvents that are not
soluble in water has already proved worthwhile

(DE 10233107). The statements made therein in this regard

apply here correspondingly.

In principle, a person skilled in the art is free in the
choice of the temperature prevailing during the reaction.
Such a person is preferably guided by the receipt of as
high a vield of product as possible in the highest possible
purity and in the shortest possible time. In addition, the
enzymes that are employed should be sufficiently stable at



Such a person is preferably guided by the receipt of as high a yield of
Wproduwet s possible in the highest possible 35 purity and in tRESHRES011185

possible time. In addition, the enzyme that are employed should be

sufficiently stable at WO 20051040393 PCT IEP2004/0 11 1 83 10 the

temperatures that are employed, and the reaction should proceed with as
high an enantioselectivity as possible. -With regard to the use of enzym N
t&‘egri\}ee&\ ﬂ%ﬁaﬁ]%?r%ﬁpﬁﬂ%torag’a%is’rﬁn , tleor%;bee%%tﬁ%sé%f' §C7—1DO% Fr?% Should
rdafiritely GirebrasenttEupperanait 67 RE fohiserallré Yakge RPER-21S
yeouise &f dhe reaction=As s=lower dimitimaguedas: systemsptemperatoesi Lic
of -15.C lare certainly sensihle. Advantageously,. tempgrature intepval
Shouid %%Sédjﬁgtré% %&%%%%15 C ;‘irﬁ : _6%?2, pgrtirtr:u arﬁ&frpreferabl?, .
IRAWRRRN 10 ZEC W0 EXFhe pH valle dinrfititfereactior 9= & 0%
ascertained hy.a petsan iskilled inthesart owthe basis offthe epzpmes
Stabilifes %dﬁé%%%%v%%ioﬂa@“dﬁ@@@r@QXM%e% forsthe e .
process according to the invention in general, the 15 preferred range for = _
BRTTHESRAISE thosen REREFIF 346 11 - AH Tange o306 1%?@% e
Ppattieuar 600 tg 9 Mmay preferakly abtaini #nra funtherfeondiglrativrtthesn
10 gtscgqslérgdeléaées)@.an enzymatic reacttion system exhibiting an. o
a yri..r-Lase,. a 20 nitr'ilase or nitrile hydratase, water, a cyanide donor and

% -aldehyde or a Ketane, Qgt{i:on]gélxin additian, the presences:of, .

o

fiE SOivent nfay e, possiblé, 3s Tas been déscribed in detail above, .
FpEReiplethe Bamerddvaintages afcprefetred€fibGafn@icsS 25 apply-- ==
inrespect.of this reaetien system ashave akeasly-beenstdtedaditizted for

reference to process. accordin%to,_gbe invention; The reagtioﬁlggﬁ)éslgm IS:y, 2
= TOCEeS S OO = Chie LIV eli T O, LT Sircood . Lls
AdartagEGhely Smployad fof - - TS

15 preferred range for enzymes will be chosa;‘irom pE 3 to 1i.

& pH range Ifreomw 3.0 to 10.0, in particular o.0 To .0, may

preizrably obtain.

In & further configuration the disclosure relates To an

£

enzvmatlc  reaction. system exhibiting an cxymitrilase,

20 mirrilase or nitrile hydratase, water, a cyanidse donor and
an aldshyde or a ketone. Optionally in addicion, the
presence of an organic solvent may be poegsible, &s has been
described in detail above.
In pringcipie,  Lhe sams

25 apply in respect of this rsaction system as have alrzady

heen stared with reference o The process aCcording TO the

invention.
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example, in a stirred tank, in a st.- red-tank cascade or in 30 membrane

W C{/%ﬁﬁ%ri}pat can be operated both in batch operation and C%Wk‘f%ﬁ Yo7 1183

e scope of the invention the term 'membrane reactor' is to be

understood to mean any reaction vessel in which the catalyst is enclosed

in a reactor while low- 35 molecular substances are supplied to the reactor
or are WO 2005/040393 PCT/EP2004/011183 i able to leave it. In this
zedrnectionethesmembrane: may:be imtegrated: directlysntosthe reasticrey be
schagher gemay:he dncorparated putside-n.a separale ilualionmodyles
with "the reaction solutlon flowing continuously or 5 intermittentl Ihtoug s e
KRR ARG FORHE SafEwith the FERATRE %emg*rb%ﬁc&l%féd“?% v
tieactara Suitables embodimentsaredascrilyed; interalia; inWO 98/22415
gk Wand ey, aL - i Jahriouch 1998, Merfobueqgloohnik agiha wien che
Chemieingenieurwesen, VDI p. 151 J‘f ‘Wandre rat Q.in, 10 App ed"bu@
‘Feldrrfdg@heoﬁ§3€féﬁary§‘SW|Wé?gaT%m&aﬁ “C%mpound‘s Vol. ZXCE™*
10963 pr832=f. 2 Keaglamcal i badge W Cltam21936, 6. 1684 T HeSGrtihkbUBTE
imoge okoperation.whichis passibledn this capparatusdnaddition tathe ung
batch and semicontinuous mades 1.5 of operation may. e as desired, be . in
GrpTermeRRTRinTHE Bro<Eflow filtrakion Mode (Fig. ﬂ of as dead-end =
Fifrrdtiord (Bign2yeBothiproecess Vafiams wé deSensstPingprimeiplé in the
stateaithe art(EngineerpgProcessesSfor Bioseparations,&id. doFal
G’)eatherle manfL 19% A35 20 165; Wand. ey at K., Tetrahedron
&ymmeﬁﬁf@gg“( ). A further embodiment of the disclosure
Egorstited sy s Wﬁdl@ el c’é@ﬁyﬁkexﬁl*blﬁhgafloﬁemﬁran-ﬁ LhiE

onynitrlase-and agxttilase-er a pitvhe hydratasenthe 2bwhate-telhous nodes

cata C))gst according to the invention should

STAETLON Gesl implaemented in the croess-
flow Ziltration mode (Fig. 1) or as dead-end filtration
(Fig. 2) Both process variants ave described in principl
in the state ¢f the art (BEngineering Processes Ior
Bioseparations, B4 L.R. Weatherley, Heinsmenn/! 1884, 135
1€5; Wandrey =t ai., T anedron Asymmetry 1885 10

a further embodiment of the disclosure 1s constituted by a
whole-cell catalyst exhilbiting a2 cloned gsne I0r an

oxvritrilase and a nitrilass or a nitrile hydratass. The

oreferakly likewise contains a cloned gens for an amidase.
aniem is famillar to a

Lad in the art (PCT/EPOCO/08473; PCT/USOC/08B159;

Sambrook et s1. 1985, Molecular cloning: 2 Laboratory

3 = R = I T -w'tr'D Py
Manual, 2nd Edition, Cold Spring Harbor Laborator 25
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preferably exhibit one of the aforementioned. representatives by way of
O} i _las_ or alternatively nitr_lase or nitrile hydratase. In the case where
wo%{,gg;gu[%g}ydrqtase is present, the WhoIe-c_eII catalyst 30 prejqf.?}iglymo 4011183
likewise contains a cloned gene for an amidase. The preparation of such
an organism is familiar to a person skilled in the art (PCT/EP00/08473
PCT/USOC/08159; Sambrook at a!. 1989, Molecular cloning: A
Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory Press,
1835, EalbasP &/ Bolivarsk:. 9905 Design arfd Honstroefion: oféxpréssioNectors
arpiasiid Lvectars ingE 1coil MethadsEnzymolagy WQ,200%(040393 . 205-
5 PCT/EP2004/011183 ,12 185, 14_37;*:\/(3%38{.: Survey of Maolecular into
nind Y& ckrs i Théir DREE RIS Hodrigies 2 DT, Benhart Eds:
e 5226 r Fheprecessirlrptesataied theréihtmay Bepathté efféee
gdiaredn e;%\@é%ﬂiﬁ@an@@Rvyiﬁn@@pﬁ@,tofl%.’é@@g@i péﬁ@ci.%re (PCR,
cloning, expression etc.), reference may als made to ollowi
" Sitéra ll%?eea%@}?egé]esﬁiv%%it%ﬁi%s Oerglééf;3 Uﬁﬁ/%e%soa‘f&%o;n%ﬁéﬁ g‘lﬁgﬁt a:nd
rgesaviEnaak ClonteeRs3/2060 aha litdtailfe thed terainm aifliker Kit
uRetersenM.G.canshicewn, D3Y. {0988 Adl A prosedurerfer mivitkd therein;
mplification of DNA segments.that_|i ide the bou ies, of known
r.Amplification of DI gpiy;thal lie guiside the boundayies)of kn
! %leanc?és,’ Noﬁfc“?%f%r %%’s Fel 16[,%‘18%%_S§mbrook, S Friacht EF. and
DIRSRBEET {PU89Y MGIEcRacdiBAhbH Slabortsy - FdhusCoRaRt caat
1iSpring: EagkordrabasatendRrasss Nefv khfark; RadriguezsR. INantleic
adehardl DT (eds) {988, ociais; apuvayglinaigeular lonings.

vectors and their uses, Butterworth, Stoneham: The advantage of such

Mag gighish is e Sifuitaleo 6 BaTeSsicofisbth BnZ§tRBISYSRNYs, by

“ratiniad of Wichdnly Qfidhesteciorganisnbhas IEbe redrethfoPthess, New

vdectionzin gder to majch theexguassion of the anzymesawith fegars to
Vectors: a survey of molecular cloning vectors and'their
‘Usesg, Butterworth, Stonehami:

The advantage of suth an organism is the simultaneous -
expression of ‘both erzyme: 'systems, by virtue.ofi which only
one rec organism has to be& reared for the reaction., In .
order to match the expression of the enzymes with regard to
their rates of conversion, the appropriately coding
nucleic-acid fragments:may be accommodated on difféiént
plasmids with different copy-numbers, and/or use may be
made of variably strong promoters for & variably strong
expression of the genes. With enzyme systems that have
been matched in such é wéy, advantageously an acctmulation
of an intermediate compound, acting*inwapprbpfiéfé”T
circﬁmstéhées_in iphibiting manner, does not arisé, and the
reaction under considération can proceed at an optimal
overall rate. This is, however, sufficiently known to a
person skilled in the art (PCT/EPOO/OBé?E; Gellissen et
al,. Appl. Microbiol. BiotéChnoI. 1996, 46, 46-54). By way
of micr0worganiémé, in principle use may be made of all
organismg coming into conéideration for this purpose by a
person skilled in thé art, such as, for example, yeasts

such as Hansenula polymorpha, Pichia sp., Saccharomyces



10

15

20

25

30

their rates of conversion, the appropriately coding nucleic-acid fragments
may be accommodated on different plasmids with different
copy-numbers, and/or use may be 25 made of variably strong promoters

WOrga %Dy strong expression of the genes. With enzyme 8(d{&ERO¢4E 1183

have been matched in such a way, advantageously an accumulation of

an intermediate compound, acting in appropriate’ circumstances in

inhibiting manner, does' not arise, and the 30 reaction under consideration
ceamprocesd apanoptinmt asversibeite FFhifis, RoweveB satfidibnty subtilis
oknawpde hessenekilled intherart (RET/EPDW/084£3 Cellissemet. al,.
sé?gkn'\é"cﬁ%b'%j: Bc':%t%hg%'b%?%ﬁéﬂ‘% 83 By way, ol micro-organisms,

in"principle use may be made o organisms coming into
PESHSIBEratiGHIbE this pUFcselG & Ypér56r SKEdirthe -arf suéw ad, fokt
Bexampie: yEasts suchas Hansenularmalymprpee, Pigwasp., Top 107 or

R yolie, S AL E ol Bl e b cukAEd syt oo or o

URfAREAIRR CBRSSNSEctidMS. ST ofE WBlikshbultfpréfdtably be used

for this purpose. Quite particularly preferred are: E. coli XL1 5 Blue, NM
BS2#2I3Vd012IMEB93TMI05, \RR O BHba TFEPIHY opeHBa0E: Inf those

nextremely: preferred manner ohy way of Srganisie opse- mayhednade of

hat named Jn DE 101 55 928. By way of aldehydes or kejones, use may
TR 1 e RA ADHall o ST A G oot A AR
PIOTHES® rhhp betdrbRrarineBidiieRed BRENR? stbstitbtcdl eprbvided fissards

tiesedesiiuesqoee £a ba inerkassegargdsdhe aefual sApYRISER. of the
ofdianpapoua SOTED Doz oL g50ral ol b ke qgloved I

the reaction.

in which

R! may signify (C:-Cs)-alkyl, (C;-Cg)-alkenyl, (Cy-Csg)-
alkinyl, (Ci1~Cg)-alkoxyalkyl {(Ci3~-Cg)-cycloalkyl, (Cg-Cig)-
aryl, (C;-Cyg)-aralkyl, (C;-Cig)-heterocaryl, (C4-Cis)~
hetercaralkyl, {(C;-Cg)-alkyl);.;3~{(C3-Cy)~cycloalkyl,
{(C1-Cg) ~alkyl) 13- (Ce~Cig) ~aryl, ((Cy~Cy)-alkylli-z-(C3—Cigl-
heterocaryl and

R?* may signify H, R'.

By way of cyanide donors, all the compounds available to a
person skilled in the art under the given circumstances
come into consideration. In particular, those are employed
which can be obtained as inexpensively as possible,
whereby, however, importance is to be attached to an
optimal conversion of these compounds in the reaction
according teo the invention. Cyanide donors are, by
definition, compounds that permit CN  ions to be released

under the given reaction conditions, In particular, these
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in which R1 may signify (C1-C9)-alkyl, (C2-C8)-alkenyl, (C2-C8)- alkinyl,
(C1-C8)-alkoxyalkyl (C3-C8)-cycloalkyl, (C6-C18)- aryl, (C7-C19) -aralkyl,

“,O(%Sgi&baheteroaryl, (C4-C19) 20 heteroaralkyl, PCT/EP2004/011183

((C1-Ce6)-alkyl)1-3-(C3-C9)-cycloalkyl, ((C1-C8) -alkyl) 1-3- (C6-C18) -aryl

, ( (C1-CO) -alkyl) 1-3- (C3-C18) - heteraaryl and R2 may signify H, R1. By
way of cyanide donors, all the compounds available to a 25 person skilled
in the art under the given circumstances come into consideration. In
Fpartichlas cthosé are eihdloyed whéechocamire altainetrasigexpetisiveleas ©
R035ibIRe vhereby-however, impostancs js.te beattacheddo an optimal
conve ion of thése compounds in the reaction 30 according to the

ShoBitidl ‘Eydnide G8RBreisre, by definition, compounds that permit CN
ions to be released under the given reaction conditions. In particular,
TheSEV @ 0051040393 ST/ EPR004/0T 21831 119 dre those delg@egion the
dreradhe group centaining dydroiayania el mefal eyardessuUch asalkali

3 apides, %r%?‘ }é'&!l%' Gyapide,/n.ge ﬁra' D tE%%%%E’”&C%E?W’}%E intact

e inventio rocedure IS suc t the enzymes as suc

9&6§t p%@a"ﬁé%l%‘y ree ofhbilthH? hie SHria), -asHIGRAYS bY in tﬁ§%t‘é€‘la’@9§§3f
trganisar (e:twhotescell datalys), are chatgedetagether withitheus regction

dehyde Qhﬁe@&ﬁé@&5‘?%9&‘1?9”%%6‘%93:@8%“@%%;“b%%&?”é'\lé thee oy

cyanide donor; such-as, for 10 exam an alkali.cyanide (sodium
GGE/%EHRF@' |saé)d@é&{agﬂhd€#’ﬁf§3a‘ﬁ‘ﬁro%%?é?‘E&cﬁé’ﬁ’&&% |e>ns:1ﬁ1e‘ﬁ‘dded

wmmspnhﬂdlr@mapmhwtrm is é@roieiostraightaway by avayhef corresponding

- dntemediater and the spaatiomes eniishena iyl ocarbeigacid i e,

amlde is formed therefrom. These ma be iSO ated from-the-15 reaction

Rkt rSin B A Wit e 861e cparpoxylic atia ox

amlde is formed therefrom. These may be isolated from the
reaction mixture in accordance with the process known to a
person skilled in the art. This is preferably done in such
a way that the reTatlvely hlghwmolecular weight

constituents are removed by flltratvon and the acid or

-amide 1s either 1solated,from the mixture immediately by

crystalllsatlon or, in the case of & llpophlllc acid or
amlde, a step of extraction into am organic medium is
1nterpolated prior o igolation. A réconditioning of the
acid by means of jon-exchange chromatography is: also
possible. E ‘ | -

In such a way, benzaldehyde, for example, can be’
transformed with sodium cyanide into the corresponding
mandellc aC1d 1n hlgh Ylaldm of > 80%, preferab;y > B5 %,
stlll more. preferably > 90%, 91%, 92% 935% 94 %, fﬁrther

. preferred > 95 %, 96 %, 97% and wath enantiomer enrichments

30

35

of > 90%, 91%, 92%, $3 %, 94%, further preferred > 85 %,
96 %, 97 % and, extremely preferred, >98%, 99 %.

With a view to preparing the whole-cell catalyst according
to the invention, a person skilled in the art will make use
of the previously described methods of the state of the
art. In detail, & nitrilase or nitrile hydratase and also
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person skilled in the art. This is preferably done in such a way that the
relatively high-molecular-weight constituents are removed by filtration and
the acid or amide is either isolated from the mixture immediately by 20

WO elstdifiéEtion or, in the case of a lipophilic acid or amide, a Stepgf2004/011183
extraction into an organic medium is,igterpolated prior to isolation. A
reconditioning of the acid by means of ion-exchange chromatography is
also possible. 25 In such a way, benzaldehyde, for example, can be

aniragsformedhwith.sedium cyapidente the cerrespanding, yeandelig acid in
h'g yle|dS of > SO%ﬁ%referably > 85 %, stlll more pref erabl > 90% 1%

Y&3 o, G4%% Frirsfenl L0500 . 66 56 7 0o
gaémméremlmmémsm GfcCe® %719116%9@21%, @%t%lp@ml%?, furkieer
A AEIRIEed 35 Vo 96i: 7 Yehtil, extiemelnprefassesk 298%, 99 %. With
iew, to pre arlngt e whole-cell cata cordin elnventlon
ht%grsgv W"l?“ire iR tha ait Wil Qnm G ugé oﬁ tha pgr)é(\jnf)l%’salylagescr%ed hatmj"
Pam‘é%lﬁéésiéﬂm emstae ot 1Rsl 35 art- H getaf nsif lassopaifri €hydragise
paartd_ alsaWiQ 2005040393 £ GH/ER2604/0 é71&3dﬁ§@s@yn itﬂlasaﬁ@e a
ntained.in such awhole ceII cataly Jhe ces oft reley
%nec can be aaet?fé?eda from pub?t%y%%cgsscsbgﬂ ene c%taban(la(spooce‘jure
l%%ﬁé@ﬁ&%ﬂhé%l%ﬁ dat8bavé fifeREEH- g sequences are

lﬂ@ﬂléWMMIﬁb&@%hlng@emhﬁmk&@mbﬂmk@yeMMBy gene
&(I‘g(lf_@g’lysplrgﬁe %\?&d 'BLIBQOCP(%PSC%O@CNE e_{@{@;esl 5“%“?55’&151{13_& or

nltr ilases or nit ydratases, having a h|g cyanide resistance. In this

OTEShRENIBRARe BIOETRHFS is pettiably-Stich thafthe cohRSofding ™ ©
trseqpbncesdaredfdigated jpEitlyavittthemcornespanding aetessasr gese

refCOUENCes Sugﬂésa%e@%eréf&@'tbgr .3 plasmidoxonto seyeral -

Iasmlds After his, said ids are
p he form o% crush gf%ﬂﬁmmss - into the reaction. At the

time of the invention it was by no means obvious that in-

such a manner a conversion ag described, with such good

results, is possible.

To be regarded as {(C;-Cg)-alkyl are methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbhbutyl, sec-butyl, tert-butyl,
pentyl, hexyl, heptyl or octyl together with all the bhond
isomers. These may be monosubstituted or polysubstituted
with (C1-Cg)-alkoxy, {C1~Cg)-haloalkyl, OH, halogen, NH:,
NO,, SH, 8-(C;-Cs)-alkyl.

The term ' (Cy-Cy)-alkenvl' 1s to be understood to mean, with-
the exception of methyl, a ((C;-Cg)-alkyl residue as
presented above which exhibits at least one double bond.

The term '{C;-Cg)-alkinyl® i1s to be understood to mean, with
the exception of methyl, a (C;-Cg)-alkyl residue as

presented above which exhibits at least one triple bond.

The term ' (C3-Cg)-cycloalkyl' is to be understood to mean
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
cycloheptyl residues etc. These may be substituted with

one or more halogens and/or residues containing N, O, P, S
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transformed into the selected organism, the latter is replicated, and active
clone is then inserted - intact or 15 in the form of crushed biomass - into
the reaction. At the time of the invention it was by no means (%blyfﬁ)u%é(}%sghm

W@i%]OOSIO’ 393

such a’manner a conversion as described, with such gooé) restlt
possible. To be regarded as (C1-CB)-atkyl are methyl, ethyl, n-propyl, 20
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl or
octyl together with all the bond isomers. These may be monosubstituted
abppslysubstitutate witk{CCB) -afkoxE e -C)iraoalkyia OM, Halogen, S
aMTé% M@%ﬂ%hﬁﬁ&l-%%halﬁh 25356&3{%&?&-%?%@'@%{; ils 10 be -
understoqd ta mean, with the exceptian of. methyl, a(C1-CB)-a
P h e AL rBentoi aniV Ameh SRS At ldadt ne GoCE hordT et
2 torn? (G24C8)imiyllisty be uiderstdad EEmeaaywith heExeuprdh-éfted
omaetbylya {64 +CB):akyl residue(as 30 Presantediaboveywhigh exhibiis Bky1 ,
a e triple d. The temm '(G3-C8)-cycloalkyl' is,to be.underst t
Oﬁe}'lg?c?/glg%r’opy yc gﬁdty%%:yccépg%/l ,xgyglo%yell%/?ﬁdr' f)gélo%%zoty%g%ﬁ '
esidues etc. These may be substituted with one or more halogens and/or
%06‘5/0&0%9%%@?/5‘%%&7%‘1‘1‘1 3tpgmean
antamemAt/or magsaxhibit vediduds tontdifing Ny OFR,. S dloassinihelude,
1ANgesUch-2s, for examplevdaL-s3uh- a@e%i@lﬁém%ﬂ 2- rapyralidinyle2enryl
-tetrahydrofuryl,- 2-, 3-, 4-morphcg£n%l‘.?The %_tltgr‘: ag be e
S BRI LubSRefA T (CliCe) aR6sy, "2 Pe
nECRS)Haldaiosd OH, Raldyen a2 NOESHISIC1AsfalkyR - koxy .
(€GLe0)-akyloaThe teyMuE6-E4 6hae residus’ isits, pesindesstoad-to, ) -
2mean a?grggm’;}tgcar sidue with 6 to 18 C atoms. These include, in
*particulat, ¢ompounds Such as phenyl, naphthyl, anthryl, 10 phenanthryl,

. biphenyl residues. The latter may be
A’ PC';: g Y3

o) —araikyl residueé is a (Ce-Cig)-aryl regidue that is

bonded to the molecule via a (C1~Cg)-alkyl residue.

{C;-Cg)-alkoxy is a (C;-Cg)-alkyl residue that is bonded to

the molecule under consideration via an oxygen atom.

{(C1~Cg)~haloalkyl is a (Cg—cg}falky; residue substituted

with one. or meore halogen atoms.

A.5C5~Cm)~hetéroaryl residue denotes, Within the scope of
the invention, a five-, six- or seveg—membered aromatic
ring system consisting of 3 £o 18 ¢ atoms which exhibits

~heteroatoms such as, for example, nitrogen, oxygen oL

sulfur in. the ring. Regarded as such heteroaromatics are,

in particular, residues such as 1-, 2-, 3-furyl.,B such as

1-, 2-, 3-pyrroiyl, 1-, 2-, 3-thienyl, 2-, 3-, 4-pyridyil,

2-, 3-, 4-, 5-, -, 7-indoly}, 3-, 4-, 5-pyrazolyl, 2~, 4-,
5-imidazolvl, acridinyl, gquinolinyl, phemanthridinyl, 2-,
4-~, 5-, 6-pyrimidinyl. The latter may be monosubstituted

or polysubstituted with (C;-Cg)~alkoxy, {C1-Cg)-halcalkyl,

OH, halogen, NH,, NO;, SH, 5-{C;-Cg)-alkyl, ({(C;-Cg)-alkyl.
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monosubstituted or polysubstituted with (C1-C8)-alkoxy,

(C1-C8)-haloalkyl, OH, halogen, NH2, NO2, SH, S-(C1-C8)- alkyl,
(C1-C6)-alkyl. A (C7-C19)-aralkyl residue is a (C6-C,B)-aryl residue that is
WOPSHEHEER to the molecule via a (C1-C6)-alkyl residue. (C1-C8)aHRB%4E! 183

a (C1-C8)-alkyl residue that is bonded-to the molecule under

consideration via an oxygen atom. (CI-C8),-haloalkyl is a (ClI-Ca)-alkyl

residue substituted with :one:or more halogen atoms. 20 A
TYE3+@1H)-hetefoanyresiduedemotas, withinithe scope of rtheiavention-a

nl¥ 25 Seyenmembsrad aromatic, Hod sy e cpnsiling,of 3 to 18
C atoms which exhibits heteroatoms such as, for example, nitrogen,

{ O%y/gen oRESHEY In FRSiY Regarded as such heteroaromatics are, 25 in
particular, residues such as 1-, 2-, 3-furyl,, such as 1-, 2-, 3-pyrrolyl, 1-,

FPugiienylc Rl Seispyridyio@ing. 4ndb- 16 Frigdelying-, 4= £6-pyrazolyl,

c@nd-a-inidazolyl agddiyk.guinolinyl, phenanthridinyl, 2-, 4-, 5-,
6-pyrimidinyl. The latter may be monosubstituted 30 or polysubstituted

TG Cokalkony - CODAIGalyl, O, halogen, NHS,NOZSHL o
S-(C1-C3)-alkyl, (C1-C8)-alkyl. WO 2005/040393 PCT/EP2004/011183

OB M TR {ESE3 9)sheRdrBaFalky IR 16 bE R HEFSo8H t0? médh QEher one

iheterpargmatici systemcconespondmg:td ¢he . (C7-C19) -aralkyl residue.
Fluorine, chlorine, bromine and iodine come into 5 consideration as

Thalogens. fhe term-ienantiamerendsched- denatesghe daci that are the case

Wﬁgg%al anéipé)ge IS Eeseg% in a mixt}greS witlg its oéh%rO ne in a §lr R%rtion
amoun%?]g 8 S50%. The structurgs that have been presé?ffe relate, in

CRf EaSEepBPWRER oré steho et $hrésentabD ot pBssiBR

s eaaatbiompgrsrand, dnthe case where moratlasone:, to all possible

diastereomers and, with respect to a diastereomer, to the
possible two enantiomers of the compound in question which

are included thereunder.

The stated passages from the literature are to be regarded
as being encompassed by the disclosure of this invention.



stereocentre is present in the molecule, to all possible diastereomers and,
with respect to a diastereomer, to the possible two enantiomers of the
compound in question which 15 are included thereunder. The stated
passages from the literature are to be regarded as being encompassed
by the disclosure of this invention. 188 Claims: 1. whole-cell catalyst
exhibiting a cloned gene for OXjnA'c'Ld..de and a _witrij.. aLS(: or an OS

- xlt%j% -la.se and a nitrile hyd.ratase. 2. Whole-cell catalyst according to
Claim 1, characterised. in. the in the case where a nitrile hydratase is
present said who ce.ll catalyst likewise exhibits a cloned gene for an
amidase. Use a whole-cell catalyst of claims 1 or 2 in a. process for

1 prepéring:enanticrér-eariehed W hdilicacids®. eiaLivrsl<rersarfriched 2n
hed s:riycriti>Xymser tend = o hiytrexycar'bexylicamides: Lase and a

nitrile hydratase.




