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enanti oner - enri ched -hydroxycarboxylic acids and
amides . In particular, the iAvention relates to a
process wherein, in a first step, a cyanohydrin is
generated from cyani de donors, an al dehyde and a

ket oneProcese forsprepavingnenanhiomekraserichied alpha-

cyanohydrin_ bey dgb £ARNEKLEM (UT hhgke hHalaRiGRRd. S ep.

to the correspondl g aci y a nitrilase or nitril
hydrat ase. The invention further relates to a reactlon
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2nd I on rolysis may optionally
be stopped at the stage of the am des or nmay be
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products for the preparation of biologically actlve

substances.

The classical synthesis of this type of compounds is
generally undertaken by a cyanohydrin reaction with
subsequent acid hydrolysis and resolution of racemates via
diastereomeric salt formation (Bayer-Walter, Lehrbuch der
Organischen Chemie, S. 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 oa-hydroxycarboxylic
acids has also been obtained hitherto either by the
formation 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" hydrolysis,
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such as oxynitrilase, followed by a "classical"
hydrol ysis,or alternatively by preparation of a

WO zoendsoxyanohydrin, followed by enanti osel eckdwEP2004/011183
hydrolysis in the presence off a nitrilase. The
first-mentioned variant of the formation of chira
cyanohydrins by conversion of hydrocyanic acid with an
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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. 1999, 15,
98 - 104; J. Am. Chem. Soc., 1999, 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. 1In 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 al., Angew. Chem. 1996, 108, 493-494).
Andruski et al. give an account of immobilisation byl
attachment of the enzyme to a porous membrane
(US 5,177,242). Despite these, in part, thoroughly
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menbrane (US 5,177,242). Despite these, in part,

t hor oughl yprom si ng proposed 8ol utions with

i mobi | i sed enzynes, recently publications have again
been appearing to an increasing extent that report
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the synthesis of (+)- ibuprofen. An outline of the
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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
employed, 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, 1995,

p. 367 ff. The use of a nitrilase for preparing
enantiomer-enriched mandelic acid has also been described
by Yamamoto et al. (Appl. Environ. Microbiol. 1991, 57,
3028-32).

Nitrile hydratases belong to the class E.C. 4.2.1.84. They
consist of o,P-subunits and may exist as multimeric
polypeptides with up to 20 different units (Bunch A.W.
(1998), Nitriles, in: Biotechnology, Volume 8a,
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3028-32) . Nitrile hydratases belong to the class E .
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tﬁhogbgraﬁl process. This two-stage process, including two
reconditioning stages, was necessary, Ssince an
incompatibility of the reaction conditions of enzymatic
cyanohydrin synthesis and enzymatic nitrile saponification

had to be assumed.

The object of the present invention was the specification
of another process for preparing enantiomer-enriched a-
hydroxycarboxylic acids/amides. This process should be
advantageous on a technical scale from both economic and
ecological points of view. In particular, it should be
superior to the processes of the state of the art with
regard to costs of materials employed, robustness and
efficiency (e.g. space-time yield), and should avoid the
aforementioned disadvantages of the prior state of the art.
In particular, the two-stage nature of the method arising

previously in all processes should be avoided.
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superior to the processes of the state of the art with
regard to costs of materials enpl oyed, robustness and

webdisousagy (e.g. space-tinme yield) , and shoubdr/avmioao11183

the af orenenti oned di sadvantages of the prior state of
the art. In particular, the Pwo-stage nature of the

nmet hod arising previously in all processes should b e
avoi ded. These objects are achieved in the nmanner
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an ox ase anc
the consi erable quantities of available cyanide did not
result 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 o-hydroxycarboxylic 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.

All the enzymes coming readily to the mind of a person
skilled in the art for this purpose may be employed as



10

15

20

25

30

35

Li kewi se, enantioner -enriched a-hydroxycarboxylic

am des can be obtained starting froma cyani de donor,
wa@npooalogisbyde or ketone in the presence of an PCT/EP2004/011183

oxynitrilase and a nitrile hydratase. Al the enzynes

comng readily to the mnd of" a person skilled in the

art for this purpose may be enpl oyed asoxynitrilases .
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Manngbee efcplepani.ngFES) the pydpmerc arfbrdpar iaw dR) -

%oh dgﬁﬁger%% 1%?@§ag °¥¥%h¥r A3 %ﬁ%o—organisms

onversel , In order to
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Ry erYCRELGHRY A Re B e 3F eaﬁé.etr.ae?ﬁ-y
ogmnamheaséssufgf ithieens) sﬁ@hulestyamaﬁcwmemlf@m iA order
e an _be_gat here nzyme, Cat al y.Si s
té i %ﬁ {ahggar n%&% Ruf% % n){: o%a syon éon\;éﬁ
fnglgS mplecaﬁs f. These are, |nter al i a, those vvh| ch
originate fromorganisns that are selected fromthe

% %@nﬁlﬁtﬂlmgs% Rhedecaceys1et h%'en%a%/ lQLfkew1se be made
enes faecalis. In interaction wt
e

BP?eaéf’?ﬁéaBi‘?m previse Fﬁétnlumqra@eorqw&?

eab&urbnﬁantauewehaubheneo Bhers goarahtidee anigufifliecient

s&%@%ﬁ Qtégpﬁpﬁg%%Eggéﬁ"c a%%ﬁec%%o%hh%nﬁ%%pséfhéf%d from
Enzyme Catalysis in Organic Synthesis, Eds.: K. Drauz, H.

Waldmann, VCH, 1995, p. 365 f. These are, inter alia,
those which originate from organisms that are selected from
the group consisting of Rhodococcus strains or of
Alcaligenes faecalis. In interaction with the reversibly
acting oxynitrilase, the nitrilase 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 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
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cyanohydrin which is formed is deprived of

equilibrium leading to a conpl ete conversion of the
wa@baslyes or ket one or of the cyani de donor, deQERBE2004011183

on whi ch conponent is enployed in excess. The

nitrilase should react in as’highly enantiosel ective
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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
a nitrile hydratase is employed, 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 o-
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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anitrile hydratase is enployed, the
enantioselectivity of which is insufficient,

wo ppeniaace shoul d be attached to the presencerpOf/EP2v04/011183
appropriately differentiatin% oxynitrilase. Let it be
noted that as a result of a ffurther enzymatic or
cl assical hydrolysis the enantioner-enriched -
hydr oxycar boxyl i c am des generated with this system
elasesc gave bee d obndo irhEngyfee SedadiviRi ficin Lrganiq

g L the&QRNeGEloN 188 5i nguf Kiggi ¢Ft. enantioner purity
oul d resul't ‘at "the stage of the ami des, this can be

ved by using a further am _das kln
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rﬁrmems Getakr@shng kD aagamncyeﬁ)tritdms’.:tca;h \H willdd5type .and as
The aforene e zy!
apﬁilca91oﬁloﬁe9h@u roggsg §%co%§%hg§¥ t#ﬁ?l nJ%%t?
Thotdgeassiisl.d Mypegeand caprbgesises devsl Gper enakake sto glve
A daye be mg,&lok,@‘ar e\esﬁlwt@utawwlsselé%&%w Cf the

I 0OCcesses, are able to glve rlseto an |nproved
ABIESIt PrEnHREIDs EPedt PEFEPToS Kifld ashAfhddie #%L knolese
drpcespeksaresKihl paricactilargr isatiess i assRned &,

S e e et e g Cet R
drm:pte@gedeMagEnlgemsM Elg&d @ar dindgan¥inget9sv) (1984)
e pagYY m%‘fe%i%p ﬁﬁ%%%‘i‘m@gé%%fﬁj&%? . cnen

r&%lﬁéltdOmQ@ll)feEﬁzﬁ@@ en§heder i5éd or Iohmfdifsoudhen &

A&Qig}l@lnt(i99ﬁzn@9%t aagmﬁ@b%lh@ Franhasidodd yscqfv%nts:
subtilisin .

A N R T DI

bRra@mh:grasuSehledhed EﬁoWB&M@mO@M%eqlm-as{JW Horwitz,
in hbn

M are et $0el & SRe:  Ea0RorRER P e s RRelady D

Sawemcesuoé’mo(cgea@pgswwaﬁ‘hg Sentdomedd ABpdRry Of Sciences

olfnfz%t withf sRardam@ haeryeealides I g sTher et iBifbe, D.

Bet a- Lactanase CGene” Bi ochem.str 28 %3
a@?’o@ @P@b é@@ﬁﬁre 'Mpeaptgogpnerrysidd B JhR i n Of
Rahdb& B1iigoviucleolydBdAInto The Active Site Of The Beta-

Lactamase Gene" Biochemistry 28(14): 5703-5707; Stemmer PC
(1994). Rapid evolution of a protein in vitro by DNA
shuffling. Nature. 370; 389-391 and Stemmer PC (1994) DNA
shuffling by random fragmentation and reassembly: In vitro
recombination for molecular evolution. Proc Natl Acad Sci
USA. 91; 10747-10751). The term 'improved selectivity' is
to be understood to mean, according to the invention, an
increase in the enantioselectivity and/or a reduction in

the substrate selectivity.

The enzyme being considered in the given case can be used
for the application in free form, as a homogeneously
purified compound. Furthermore, the enzyme may also be
employed as a constituent of an intact guest organism or in
conjunction with the decomposed and arbitrarily highly
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shuffling. Nature. 370; 389 -391 and Stemmer PC (1994)
DNA shuffling by random fragnentati on and reassenbly:

wd 005040893 r econbi nati on for nol ecul ar evol uti GACT/EN0E/011183
Nat| Acad Sci USA. 91; 10747 -10751). The term
"inproved selectivity' is to%e understood to nean,
according to the invention, an increase in the
enanti osel ectivity and/or a reduction in the substrate

matiddiddviciel.l Taesenfy mhebeiosy carusrdicaned iAldbepgsyEnle is
se. _can Mbe.used for the appli.cat. [ e I
G G Bio s shaumer A aBlishting i, fhl PEl &V R ».
%Tmqu ey ralise Be aapllwg@mis Riihﬁnsm tmmim, an
R 1948 < GARIRERN o1 FON] WL Ui he
and arbitrarily highlypurified cell mass of

deconpose
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lerm?ome _ asiagiiommB _@: laki%@tfa%rae:aau(sagﬂ\@ﬂm;éa.bﬁh@y@@ailisation
orrai ne . _Bail ey an ) Si

‘g iedi &rlt-e IBi tg:nl'ﬁeﬁ]f)gr‘?c ﬁg[;g ni]&gﬁv UhyP9-5010;

Okakertdu rege @l ATgewahESdeon 1882, . 9H9B836E 8 852971-1974;

| ilisatiqQn .S ect e

A 3 b PR BT YR R 2009 - 1,

Lyrphidgeatingl dn Chghapresence ofTauniner ctire  substances

1997 o 3 : GRAUt : dorBh QoA HSb v
1992,a56§‘2e§;1®%%050&??’ﬁ p?%%ﬁl?l?g‘t hriotidor p?g%e%:lé}s%?hy ene
Iy d PEROt i9Fe BXiHs Ondeld edligH epe AEngt esmeretyl ether)
(gmtﬁ/iSS'Zﬂ:y|acileyl?E{:]L@|ﬂe‘i@1h©llor T}é@ihyﬁlcméselnl@%ﬁ ycol . E;O?Es:-nm) is

Il ] | e ene (040) n ety ! t et a
Hligle, B P PR oee oo VoA asy HEGE e el 2
qeancsicalodre  Sir €flleriredt bde AQYEEChems s Ed Engl 2000

J&NC IV, I,e %%t_ ir et a. Angew Chem Int Ed Engl
2000% é%q 39 2) 3,@3280- 383) . In principle, the

TGO RE8{8 pADC e Rbnldhe tnyeideds By thes | iplaeietnay be
dn_purely aqueous solution. However, it is also . .
: o EdPUEFBIVt AFAPST SO TR -2 MR <50l tbl €
adlsgamios si®leenio bdd hebdgquarys altitdren,off re ovadezr-daruble
l e, to optim t r ti 'jg}Hreiq?r 4 for
O%%‘rgﬁﬁglsflv\’/a n%r -ts@oI%S]ﬁ Ié%%"l?%gt%r as?)gs}l\.% t Hyl ene% E5/)"z:’ol ,O_
eBHEpde,gkyc@puimise the reaction with regard to sparingly
water-soluble substrates. Ethylene glycol, DME or glycerin
come into consideration in particular as such solvents.
But multi-phase systems, in particular two-phase systems,
exhibiting an aqueous 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 yield 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
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come into consideration in particular as such
sol vents. But nulti -phase systens, in particul ar
wo vmsplsse systens, exhibiting an aqueous phaseCHEP2004/011183
solvent m xture may, furthernore, also serve for the
process according to the |nv%9t|on Here the use of
certain solvents that are not soluble in water has
al ready proved worthwhile (DE 10233107) . The
Steattempetrs tnede ttherteiard renphicy adegaant] appt yrérgeion should

p%fcre%%lp Qghng'syhhl %&1 R tq’os%l%&%ﬁ}‘ ddegbégiphe.

ree In choi ce of the tenperature

wdfté\/a"qgaﬁ& &Gr ithg se Pefa&qwesSlﬂﬂqﬁaV% ioemj ghermophilic
RRiAEakl, Y tempdetd thirdshe ff @DGJHIIO oq‘c asayi F enytely of

RN 2,009 0L e M ohexlfgesl Bl PULLLY Ane
ez s ft tae meao&mdmyedmsraowcuwebe s g aremcweous
%%l s a%%g%e&%% [PeyAt Yl 5§$dj5¥e é?gﬂfQ“gknéﬁﬁﬁe

e reacti procee with
Mslvamtiageoedtvi,viat e gyessins entWIt’\rﬁlr e&}mldl@ e rdiseted

It WikhY 18S ogelinke @ of @M tRERMRRNIAA G, Q95 8dB1ly between
tergaeratures of 80-100 C nay definitely represent the

0 €t he tenperature range in the course of
the reaction. As a lower |imt in aqueous systens,
Thenper ablnes dfringl The areacdrdraiird yasendsiddwed by a person

AHLIR I s S A VEL SIS b icies
qmdefr@rt@lsl pibeonversion; and 46 @pprnm:m#@ﬂay AT red for
e Jr8Relsis0R dH R8RS ) ned Bhnamerson skild&setdn | hehe

art ‘on the basis of the enzy ms stabllltles and rates
Ryt feamest gemse £ .eglzaafpﬁ%m% QY R Sk @ DK 3 £O 11

pp@m‘é&g@c@rdﬁi g o ad he iovent igrticgener@l 0 tde .0, may
4}(%% n e for enzymes will be chosen frompH 3
5 yplgi from3.0 to 10.0, in particular 6.0

to 9.0, may preferably obtain. In a further
IgoE |f@mténaromqnfegurmqm¢h€elm\@ﬁwrarr%h§%t‘?% an

rBARLLHHAR Sﬁé%&ﬁfﬂo@f(@ﬁtténﬂgaﬂﬁk@%ﬁmé rdl as@mecrilase, a
nitrilase or nitrile hydratase, water, a cyanide donor and
an aldehyde or a ketone. Optionally in addition, the
presence of an organic solvent may be possible, as has been
described in detail above.

In principle, the same advantages and preferred embodiments
apply in respect of this reaction system as have already
been stated with reference to the process according to the
invention.

The reaction system is advantageously employed, for
example, in a stirred tank, in a stirred-tank cascade or in
membrane reactors that can be operated both in batch
operation and continuously.

Within the 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-

molecular substances are supplied to the reactor or are
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nitrilase or nitrile hydratase, water, a cyani de donor
and an al dehyde or a ketone. Optionally in addition,

wo b@spaessence of an organic solvent may be posBCDEBR200&611183
has been described in detail above. In principle, the
same advant ages and preferred enbodi ments apply in
respect of this reaction system as have al ready been
stated with reference to the process according to the
albdeenbi bravE&hétr eathi ohisysbemeics iady diiteaagesusiane may be
jﬁ&%'?&ggg Eggegﬁﬁgpkﬁto'ﬁhg SRR AGmdd) Br may be
Stirred-tank cascadé or rane reactors that can
ipsosperated butkide bat ahseparatieord iditdatemn meslsls, with

el e cthBnSEeRE t9bnt Imowrﬂylgnbbar&lhhﬁdﬂynomn‘or ane
reacth is to be understoa reacti o

an
%&lttﬁ%h’c khfpEgRathey &t Lits a@ﬁr&r’o o Ef‘é‘gc"t’btrh the
neftiehe alewbeifngl eedlizeusdbstiannes abhe &U{.mitlcﬁd t suihmable

. 1.1 ab l. | hi
RSB An 6 Ra§i o5 8- Pitlegr OCEA AIvigLy 1Y (TR & PHe 1S and
ime Weridoeyc kanbér. on ﬁayrbBChnd@@ﬁonﬁeﬂfahnensﬂ£¢hn¥k und

%mre%aeklleh&%ggp r%&' 8, Mishh flehe neaciiqn é@'étl' Ofh

' owi ng “conti nuous i Aiterm ttently through

Amltlweait HoRogEaeIoE s §ﬁ&aM§ﬁSt We the Ot N et

doggloigdisat €&1i.no tae neaet op.. Jaiot #H e et F@tﬂtél
in WO 98/22415 and in

are des ri be i nt i a,
%t?f“ %996 ?ah%@écﬁ 1998, \Verf ahr enst echni k und
T@eemomtﬁ@amueunmﬂsenf Yberptiohswififch MAmbrsyilele ain this

a’%%%# eqr{_/g]%ng%g\/%ﬂc?gl%G%%lt%thggi g&ﬁ%ﬁdé& modes

of, omg@wlo@hmy 1986 de§iregy 1be TRl emaR el om R eCTOSS -

quowOE%.rl%tr'aQ'ioN“rr@lae' SFRESSihl @ Rt t@ie%c?-&ﬁﬁi aﬂi@tiaﬂ:lon
addition to the batch and sen1contg$§% rnb?$ 1
Sﬁgfaglon PR BLOFESSr YT 15E LSt lﬂ?w??ﬁﬂ?lp €
;? Fh@Ndﬁdt@r@Elwmﬁrwit «EmglnébnmhngnhnﬁbseHKEor
Iltrati Fig Bat var i ant | _
Bﬁgggpqag 1o prl Clplé% W%S%ﬂ%%iefi ﬁ% ﬁ%ﬁgﬁh 1994, 135
165; Wandrey et al., Tetrahedron Asymmetry 1999, 10,

923-928) .

A further aspect of the invention is constituted by a
whole-cell catalyst exhibiting a cloned gene for an
oxynitrilase and a nitrilase or a nitrile hydratase. The
whole-cell catalyst according to the invention should
preferably exhibit one of the aforementioned
representatives by way of oxynitrilase or alternatively
nitrilase or nitrile hydratase. In the case where a
nitrile hydratase is present, the whole-cell catalyst
preferably 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/US00/08159;
Sambrook et al. 1989, Molecular cloning: A Laboratory
Manual, 2nd Edition, Cold Spring Harbor Laboratory Press,
Balbas P & Bolivar F. 1990; Design and construction of
expression plasmid vectors in E. coli, Methods Enzymology
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in the state of the art (Engi neering Processes for

Bi oseparations, Ed.: L . . Watherley, Heinemannl
wa2@4/04M8%5 - 165; Wandrey et a ., Tetrahedron PSYERBID#/Y11183

1999, 10, 923-928) . A further aspect of the invention

is constituted by a whol e-cdld catalyst exhibiting a

cl oned gene for an oxynitrilase and a nitrilase or a

nitrile hydratase. The whol e-cell catal yst according
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Aﬁé@é Rﬁseqbﬁvaﬁéﬁﬁ naARer oottt H -r eEpeceto Fhé g I
mh@ae@yr er( PCR% 89}l QnMBge?ﬁlllafe&thbﬁﬁlngtCa) 1 abefrertensce
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VSR S0 180 BReheh ReyTolobeaTg QUALAR il cness
Uﬁﬁﬁbl?ﬂééﬁrﬁﬁr§h DRECBEejABAt s that |ie outside the

TheuRdakhesgef oknewansggu @@gamshiu gke ltheA@lelmlﬁi%meolfs

8186; Sanb
e PeaE5 LORLPECHP SR EPGHIRO VS CrTor BYors Lhl G WHkh only

oee. recCbkdaﬁmsmngabbtbobeLabareﬂofprPt@ssrd&anlon 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 different
plasmids with different copy-numbers, and/or use may be
made of variably strong promoters for a variably strong
expression of the genes. With enzyme systems that 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
reaction under consideration can proceed at an optimal
overall rate. This is, however, sufficiently known to a
person skilled in the art (PCT/EP00/08473; Gellissen et
al,. Appl. Microbiol. Biotechnol. 1996, 46, 46-54). By way
of micro-organisms, in principle use may be made of all
organisms coming into consideration for this purpose by a
person skilled in the art, such as, for example, yeasts
such as Hansenula polymorpha, Pichia sp., Saccharomyces
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(1988), Vectors: a survey of nol ecular cloning vectors
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of such an organismis the siqul taneous expression of

both enzyne systens, by virtue of which only one rec

organi sm has to be reared for the reaction I n order
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under consi deration can proceed at an optimal overal
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g nisns coining into consideration for this
P|§G’W|é§§ bllag 5BESENTERILAMNES PHOVRe tay e JRAF afs fifpgards

t@éaﬁﬂkﬁaly%@ﬁbér§§!?h aSAHaaﬁea@le@u@quy mafdix&ﬁ;uxfa§ hjhﬂi the
SP. a cere i Si r ., SUC as
ogbera T FSRRLIRY 153 e BrE v ell il rR P

mammal i an cells, insect cells. Strains of E : coI
shoul d preferably be used for this purpose. Quite
particularly preferred are: E . coli XLl Blue, NM 522,
JMQa, JML09, JM05, RRy, DHS5CX, TOP 10 or HBIA . n
extrenely preferred nmanper, by way o f organi smuse
may be nade of that @n DE hOl 55 928. By way of
al dehydes or ket oned}, nay b e made of those
iRayhRgnal i phatic or aronatlc/heteroaronatic resi dues.

These may b_e arbitrarily branched and/or substituted,
R® may signify (C;-Cg)-alkyl, (C,-Cg)-alkenyl, (Cz-Cg)-~

alkinyl, (C;-Cg)-alkoxyalkyl (C;3-Cg)-cycloalkyl, (Cg-Cig)-
aryl, (C;-Ciq)-aralkyl, (C3-Cig)-heteroaryl, (Cs-Cig)-
heteroaralkyl, ((C;-Cg)-alkyl);_3-(C3-Cg)-cycloalkyl,
((C1-Cg) -alkyl)1-3- (Ce~Cig) —aryl, ((Cy-Cg)-alkyl)i-3-(C3-Cig)-
heteroaryl 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 to 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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provi ded that these residues prove to be inert as
regards the actual conversion. Advantageously,

weopousos of the general forrmula (1) are enpl BYEEPI0N4/011183

the reaction. in which RL may signify (C -Cs)- al kyl,
(C-C)- alkenyl, (C-C)- ahkinyl, (C-C)-

al koxyal kyl (C -C)- cycloalkyl, (C-C)- aryl, (C- C
)-aralkyl, (C-C)- heteroaryl (C -C)- heteroaral kyl
aré (€hose )se%'é@’déd fror Gh& g |@<§&|1i<é[in11€ § Chy&rdcyanic

fetd et SveniddnSidhiad fﬁac‘i%l Hdedy of

cyame tdey 1danigrls ,cyalrdidée conpounds available to a
person skilled in the art under the given

ﬁ?}@éﬁ@ 61”0 fﬁqHé’chccan %@ Jbr?%té ”tll?é‘rﬂl\%hé‘{on the

ose are enp oyed
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n reagc condi t.i-qn articu th 4 are
r?‘%%rglexse Sctel qélrﬁrfthlé/ ztrrbe pc)gaor%'ljtéa(lE n#%noﬂydggcg%amgt tor
exdnblaveteal adykadiidexyaicte absadkah i cygyraideles, is added.

tdddetind %ﬂ@yoﬁﬁ%@eﬁee{&&ﬁw&m&fbﬁé]etﬁgae&pﬁ ;t>ond1ng
he t he procedur

accordi ng tot nventi on e is_such

R A s g fremed vﬁqlﬁﬁlt%lﬁ@wﬁa\( dpareay Wyt intermediate,
18T GIHYE RPN IR~ erdSi dH MBS S r bty ddEp by BLE gULat or

%%gnlsméarﬁ%qv\hole ceII ﬁl%ﬁ/dﬁ%\} ar e, ch{z;%‘g% from the
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cyan |ds‘3 )&3’5‘(@!&% L?arg:e kl%%e appr prl a%e reagetl?%% in such
& oFRY titarts tthee nedrateistrong i g eyemorsrakar wel glaf ned
S A ighaway dpe \mncﬁ;fed Heriedie ordthd Nehe acid or

amenlﬁ?ELE gg‘??% at é“g IgaﬁﬁgxJiéﬁfﬁ”f&é@dlately by
crystallisation or, in the case of a lipophilic acid or
amide, a step of extraction into an organic medium is
interpolated prior to isolation. A reconditioning of the
acid by means of ion-exchange chromatography is also
possible.

In such a way, benzaldehyde, for example, can be
transformed with sodium cyanide into the corresponding
mandelic acid in high yields of > 80%, preferably > 85%,
still more preferably > 90%, 91%, 92%, 93%, 94%, further
preferred > 95%, 96 %, 97 % and with enantiomer enrichments
of > 90%, 91%, 92%, 93 %, 94 %, further preferred > 95 %,

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, a nitrilase or nitrile hydratase and also
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amde is forned therefrom These nmay be isolated from
the reaction m xture in accordance with the process

wh 4303 a person skilled in the art. This i SPCT/EP2004/011183

preferably done in such a way that the relatively high
-nol ecul ar-wei ght constituents are renoved by
filtration and the acid or amde is either isolated
fromthe mxture i mediately by crystallisation or, in
ahhexpﬁSErDIaﬂeléﬁéphbhtaiﬁeﬂdiﬂrsaﬁhde,wmdmaﬁceﬁl

ac |nto r.gani [ .S _Int al at
BEraPEt TP r SRR ol ST Yt iR
gm;hﬁsedffrom mbhan@]y ehcomsatbdgrapens ﬁaaiaémmlsuﬁvam

eQaﬁBQ?orn%@ythgeﬂéﬁgdsgﬁgedaﬁgbaﬁﬁaqﬁh%efﬁﬁl be

trans I Um cyanide into the correspondlng
hERAél Vev aFlal i Rl ghhyPevdSeppaskd Gapharatiemiiew. ht

pPa2% c8latlynprereretar ahl Yhisgg%qn%b%lo?ﬁ%reg:’&%zﬁ@é
ef erred.> 95% 96W 97% mnth ena |oner

furtheiﬁgi 3
PERFEER ¥ BEtE1486S9 ﬁf%né & §3e% 2 ng a
hpghfeyaﬁﬂde 95@&s96ﬁ¢e97%iandhlextb@m@qwumnﬁ&heenkocedure
139 W
13PEhe iy bcR thEY, HAePREREERI IR I dhefeg are
lngat:ﬁé apinti vl wnrﬁkle thee cot refp opdavico KGR SEEITY | FRIE

s@%ﬁ@ﬁgésoéuEHeaétBE%mBEeEQee%Et ciRndet 8idbo & plasmid or
nitrilase or hydr at ase and al sol5 _an

°8§9nF’FVPFé§ePéP§m&Qﬁt ai ﬁé&er‘fn thdéh SamcbRdasiids are
teahafyshed Thatsegueneges eet ethergahndvsant wends toaer hies

at her ed fron1pubI|cIy cceSS|bI ene a nks.
r% 1 g St o' tha ggﬁgedéﬁa }égﬁi intdle or
iht t pe/fmmm/nébcrnbhedlblg@@ﬁ@éﬁb&ﬂkﬁGéﬁbﬁﬂkﬁMﬁEMWEMIh%t the
tQHEyofpgﬁE'EHbQEkXoprQEehﬁgdb n%hﬁ%dﬂg"aﬁﬂﬂdﬂbfﬂﬁht in

articular nitrilases or nitril

SHEdr &t BIBESThav FREVETRILER efafcderiesidst é(‘ﬁd‘é’l urh ed

reaanest i 98 hBesPpaeedure is preferably such that the
correspondlng sequences are Ilgated jointly with the

TSOLLesS ondi.ng nec ar.y, uence such
57 BRoFBPET PR, 28 (harCt o & bkt vt efhyl, n-propyl,
1sopropy1, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl, heptyl or octyl together with all the bond
isomers. These may be monosubstituted or polysubstituted
with (C;-Cg)-alkoxy, (C;~-Cg)-haloalkyl, OH, halogen, NH,
NO,, SH, S-(C;-Cg)-alkyl.

The term ' (C,-Cg)-alkenyl' is 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' is 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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onto several plasmds . After this, said plasmds are
transfornmed into the selected organism the latter is

wao Bpd/eoadsed, and active clone is then insertedGI/ErRb@Lti1183

or in the formof crushed biomass - into the reaction.
At the time of the inventiont8t was by no neans
obvious that in such a manner a conversion as
described, with such good results, is possible. To be
aﬁ@@ﬁré@@/QE ney - €¥?lhlky¥eﬁiéuﬁﬁtﬁ?PtaéPﬁﬂg Ny- 10
altSRBr %ythenrbﬂﬁw sutBORY! ykorSéﬁa%tnél terty- bup/I ,4-
entx , . hexyl eptyl or gch% i ther. with %1<i :? 1,
PIORGLARbmets: These REFTBLIHOAY flt&f&@gﬁa ydrotury
2pol $substindbuprel whyh. (Cra€ 1aatb@xmay( Be @onosubstituted
a n, ~N H, (C -
Ry r s g RIBC ket o haloaliot,
Olindbrsoged, t BHiea¥02 , wiSth tShe(Cexﬁebtabhybf r‘r@tﬁ@/d) -—alka .
-C )-al kyl residue as presented above which exhibits

Tk k@?ﬁt Q@?%ﬂgybbﬁy?09Q51aﬁé t@%”ho(ge gﬁhé%éﬂdbd to mean

is to be understood to nean, he exceptl on of

SRefR§Tat4C(EesEdyeaVkiR ?eEPd&@ gsa§P€§ent§@%ﬁﬁnﬁ?C1Ude'

inhpabtexliibirt Scaipbgads saent aspbaehmd nﬂmwﬂn anthryl,
' erst oo opyl

-cvcloal kyl : .is to.be un
obGERBROEYE: BiRTSBEA SR LY ERonolli OF CoR SRepR
mp@s;'sdbssiencedTbespoiimyubetiubgtedt wisdh ithhCoheadkoxy,

L nd/ I <ﬂﬂ§§ t ainy,ng Q(c,P
(@?a§%ns anﬁ; Vi Cﬁéxﬁ%%it resﬁgﬁésbg%ntgﬁnlﬁg ﬁl,caﬁé
alkglat éfs- ¢¢i1&#¥Mﬁ .ng, such as, for exanple, 1- , 2-

3-, 4- piperidyl, 1- , 2- , - pyrrolidinyl, 2-
AB%tetcl:l@'ﬂyd&aﬂuwl redidud- is4amCpholq)Mryl e idaid ethat is

ofBRedory, the Rl peliPortry R Gi CRaTbHR A LORG |

SH S (C-C)-alkyl, (C-C)-alkyl . The term’ -aryl
(Eesfaualkexy oihe uftieCsl osdkyd mesadme abaratiisc bonded to

th%ShGEQCWh%huﬁdEQ EénglaEQHanﬁh%%% apCloddRerd Ritom.

particul ar, conpounds such as phenyl, naphthyl,
ﬁét hb))e/ hafo ayr']lt h:{gll P(Izlpfé%nylalli{eil g'%%sidu-ghesdbastttletuted

with one or more halogen atoms.

A (C3-Cig) -heteroaryl residue denotes, within the scope of
the invention, a five-, six- or seven-membered aromatic
ring system consisting of 3 to 18 C atoms which exhibits
heteroatoms such as, for example, nitrogen, oxygen or
sulfur in the ring. Regarded as such heteroaromatics are,
in particular, residues such as 1-, 2-, 3-furyl, such as
1-, 2-, 3-pyrrolyl, 1-, 2-, 3-thienyl, 2-, 3-, 4-pyridyl,
2-, 3-, 4-, 5-, 6-, 7-indolyl, 3-, 4-, 5-pyrazolyl, 2-, 4-,
5-imidazolyl, acridinyl, quinolinyl, phenanthridinyl, 2-,
4-, 5-, 6-pyrimidinyl. The latter may be monosubstituted
or polysubstituted with (C;-Cg)-alkoxy, (C3-Cg)-haloalkyl,
OH, halogen, NH,, NO2, SH, S-(C;-Cg)-alkyl, (C;-Cs)-alkyl.
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nonosubstituted or polysubstituted with (C -C
) -al koxy, (C -C)-haloal kyl, OH halogen, NH, NO,
wW®Bk)0584030LC -C )- alkyl, (C-C)-alkyl . A (C -BCT/EP2004/011183
)-aral kyl residue is a (C -C,}-aryl residue that is
bonded to the nolecule via a(C -C )-al kyl residue. (C
-C)-alkoxy is a (C-C)-alkyl residue that is bonded
to the nDIecuIe under consideration via an oxy
Thomerpc' {€4Charbatryraraliylc e )t%lb@/lum@erd\aeod to
m?esdiﬁfal hetedowrbha®ie @f st A RIYLRIINE -t (he-C
g eroarx% ﬁe3|du denotes, within the scope of the
HY TBh3-&YFi YESTEYSi-x- or even -menber d aronmatic
r|ng system consisting of 3 to 18 C atons which
Rxnirines hieferdaconbreomimeasnd drodexspdane nintogen,
qeR9k; S l%ﬁrhbﬁobgﬁsr'ng Regarded as such
eteroaromati cs are, 1n partlcular resi dues such as
1- , 2- , 3-furyl, such as 1- , 2- , 3-pyrrolyl, ,
The teym hie@,aryqtlogler gnrl,q;h@)gﬁf df&gnotgs gzhe fact tghat one
di)tlca_l[ bﬂ@Qbee 3s présen? AW %Z%Mtur% w#h its other one
azol acrldlnyl %U|$% ? phenant hri di nyl ,
%? a ?rogor 1m, AMORP atter may be
nDnosubstltuted or polysubstltuted with (C-C
Thealskaxgtuf€s- Chpthalava bpen Oeswitegerreldte, hﬁm the case
yl 7
“ﬂé&? (Q,il%) St%g%eg?ogl?EEﬁ e ‘.D(E(e)sez%w(betcun]b et;Egte%%) to Frean
e@%@ﬁ‘@ﬁﬁoﬁm cl§y§ﬂ°@mC@@|er &SRR @ Fhate gy - C19)

st@rr@olé)éhtﬁ:és ljdu erelélemr IiRe t Heh RS lidiei1 DI OB L Rsbssible
onzb’eratlon as halogens . The term

d dine come intqQ c

{SLAEROBRER Fofri Bed TGERGEEs Thé IS (GRACThe tO the
poptsiitde anbl padatismeresertt the aompdunde im tduedtsion which
ag%h§5c9ﬂ8edtt%e@r%B%e%lon anmounting to >50% The

structures that have Dbeéen presented relate, in the

case where one stereocentre is present, to both
Thes Sitbltede passpeesr £TaRd thien likeredawamrre torke tregarded

a@neeahgr RecRH g skd BReTeR! dilkdikeurl exulhid Gidldntion.

possi bl'e
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passages fromthe literature f%e to be regarded as
bei ng enconpassed by the discrosure of this

invention.18 Clains : 1. A process for preparing

enanti oner-enri ched - hydroxycarboxylic acids or
EAaatSener -enriched - hydr oxycar boxyl i ¢ am des
starting froma cyani de donor, an al dehyde or ketone

in ;:m_ lpf:@ﬁ@g§ef©§ ﬁﬂeﬁéﬁtﬂhbf bha&ei?ﬂ@@éﬂﬂlrdﬂafmor
antrile rat ase . rocess reparin

cnant PEREPREHRT RGHL L ChoGRoRy g BRRPHSNER-F Siehad
fr om hydyarydertdorpl i caamadbidshgde rdaingetfore ien dysnide
PreseRefiof! 2 Qrahl B 83020 B PREestndt of an

process fof preparing enantioner -eénr
hydr oR¥¥ai boXyRFe antldasnitaiipeg Prom aidyddieldydratase.
donor, an al dehyde or ketone in the presence of an

axyni N ptasesandoa 5rbﬁak§nbyéhah@§%me4: erf2iQARSS o-
nor e

accor da
car iy R kEaRr RoRKAEC: A SHRy RERFE 8% Home GERHidgndonor
or of ahhaldehgtiet uenketoheaipl ahe peleseine®d foforart he

groupPﬁgﬂ§E§gh%gnnl orghu bi oIor Hevea

br asi HES 9t eSEl a and al nond kernels is
enpl oyed. 5. Process accordlng to one or nore of
¢-ai md prafessr f9r phepacivgi smrantaomear eplyd afied id-ase

of anh9&9@ﬁ&§€k§8k§@&@daﬁﬁaﬁbtB%aQ%Q%@ QQ%%fﬁ'dyhﬂﬁde
Rhodococcus stra ns. or. of A#ca i genes faecalis is

enpl of88°T6. 2Br 8 @§§Y§€CBF REORE dRe the mEEsegce of an
A ai mexinapdioasd, anlagaat erisedhiyirkbhaiset.he nitrile
hydr at ase of an organi sm selected fromthe

4. Process according to one or more of Claims 1 to 3,

characterised in that
the oxynitrilase of an organism or of the qonstituents
of a plant selected from the group consisting of
Sorghum bicolor, Hevea brasiliensis, Mannihot

esculenta and almond kernels is employed.

5. Process according to one or more of Claims 1 and/or 2,
characterised in that
the nitrilase of an organism selected from the group
consisting of Rhodococcus strains or of Alcaligenes
faecalis 1s employed.

6. Process according to one or more of Claims 1 and/or 3,
characterised in that
the nitrile hydratase of an organism selected from the
group consisting of Rhodococcus spec., Rhodococcus
rhodochrous and Rhodococcus erythropolis is employed.

7. Process according to one or more of the preceding

claims,
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group consi sting of Rhodococcus spec, Rhodococcus
rhodochr ous and Rhodococcus erythropolis is enpl oyed.

WO 200Breenss according to one or nore of the precedpPmng4/011183
clainms,1 9 characterised in that the reaction is

i npl enented i n an aqueous mediUm at a pH val ue of 6. O-
.0. 8. Process according to one or nore of the

precedi ng clainms, characterised in that the reaction

i s i npharaptenisedhim thaenperature interval of 20- 40

C.

9th@%@d@&’i%!fsffxﬁ‘§iéﬂ@n§¥&t e exhbBLELRS #dium at a

oxynitrilase, a nitrilase or a nitrile hydratase,

wat erPH av&lumi e ®ofo? - @nd an al dehyde or a ket one.

10. A whole -cell catalyst exhibiting a cloned gene
Bor aProxyss tadcdas@ingdta onéroragerer o ther breceding
hydratase. 11. Wiole -cell catalyst according to Caim

9,

charact®rised in that in the case where a nitrile

hydr atlaaeadsepi es@nin sehat whol e -cel | catal yst
likenige FXEDILS 25 ClAPPOnORPEal B tATnT €@%Berature

10.

11.

interval of 20-40 °cC.

An enzymatic reaction system exhibiting an
oxynitrilase, a nitrilase or a nitrile hydratase,
water, a cyanide donor and an aldehyde or a ketone.

A whole-cell catalyst exhibiting a cloned gene for an

oxynitrilase and a nitrilase or a nitrile hydratase.

Whole-cell catalyst according to Claim 9,
characterised in that

in the case where a nitrile hydratase is present said
whole-cell catalyst likewise exhibits a cloned gene
for an amidase.



