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Process for preparing enantiomer-enriched cyanohydrins in which an acetal or ketal of the formula (l) Is reacted (see formula |)
where R1 and R2 independently of one another are an unsubstituted or substituted C,-C,-alkyl, C.-C,,-aryl or C.-C,,

-heteroaryl radical, or one of the two radials Is hydrogen, or R1 and R2 together form an unsubstituted or substituted C,-C,,
-alkylene radical, and R3 and R4 independently of one another can be an unsubstituted or substituted C,-C.,-alkyl, C.-C.,-aryl,
Cs-C, g-heteroaryl, C.-C ,-alkylaryl, C.-C, -alkyl heteroaryl or C.-C,,-aralkyl radical or an unsubstituted or substituted C.-C,,
-heterocycle or C.-C,-alkyl heterocycle or together can be an unsubstituted or substituted C,-C,-alkylene radical which can
contain one or more heteroatoms in the chain, or one of the radicals is hydrogen, in the presence of an (R)- or (S) -hydroxynitrile
lyase and a cyanide group donor in an organic, agueous or two-phase system or in emulsion at -5 to +40°C to give the
corresponding enantiomer-enriched cyanohydrins of the formula (1), (see formula Il) where R3 and R4 are as defined above.
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Abstract

Process for preparing ennantiomer-enriched

-
ne

NS il which an  aceta oY ketal of the

where R1 and R2 independently of one another are an
unsubstituted or substituted C,-Cop-alkyl, Cg-Cig-aryl orxr
Ce-Chp-heterocary_. raadical,

or one of the two radizals 1s hydrogen, or Rl and R2
Cogether form an unsubstituted ok substituted
C,-Cop-alkylene radical,

and R3 and R4 independently of one another can be an
unsubstituted or substituted C;-Cho-alkyl, Cg-Cho-aryl,

~

Ce-Chrp-heteroarvl, Co-Cop-alkylaryl, Cg-Cag-alkyl

heterocaryl or C;-Cpe-ara-kyl radical or an unsupstituted
o}a substituted Z.-Chy-heterocycilie Or Ccg-Cho-aikyl
heterocycle or together can be an unsubstituted Or
substituted Cy;-Csp-alkylene radical which can contain
cne or more heterocatoms 1n the chain, or one of the
radicals is hydrogen,

in the presence 0of an (R)- or (8)-hydroxynitrile lyase
and a cyanide group donor 1in an oOrJdanlic, agueous oOr
two-phase system or -n emulsion at -5 to +40°C to give

F

the corresponding enantiomer-enriched cyanohydrins o=

~he Tormul.a (II),

COH

R3“7<
R4 CN

where R3 and R4 are as defined above.
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Process I[or preparing cnantiomer-enricned cyanohydrins

using acetals or ketals as substrates

Cvanohydrins are of importance for Che

synthesis of alpha-aydroxv acids, alpha-hydroxy
kKetones, beta-amino alcohols which are used to produce

P
—

biologically active substances, ror example active

pharmaceutical compounds, vitamins, or else pyrethroid
compoundce.

These cyanohydrins are prepared by adding
prussic acid to the carbonvl aroup of a ketone or
aldehvyde.

From the literature, & plurality co¢f process wvariants

are already known whoch describe the preparation ot

(R) - and/or (S)-cvanohvdrins from aliphatic, aromatic
or heterocaromatic aldehvdes or else from aliphatic or

aromatic ketones.

Thus EP-A-0 326 063 claims an enzymatic process for
preparing opticallv active (k)- or (5)-cvanohvdrins by
reacting aliphatzc, aromatilc or heterocaromatic

aldehydes or ketones with prussic acid 1n the presence

of (R)-oxynitrilase (EC 4.1.2.10) frcm Prunus amygdalus
or oxXxynitrilase (EC 4.1.2.11) from Sorghum bicolor.
Acetals and ketals are not described, however.

EP 0 632 130 further descrines a process 1n  which

aliphatic aldehydes co¢r unsymmetric aliphatic ketones

are reacted with prussic acid and oxynitrilase from

Hevea brasiliensls 1in a stereospeciflc manner to give
(S) -cyanohydrins. Acetals and ketals are not mentioned

therein.

EP 0 927 766 describes an enzymatic  process for

preparing optically active (S) ~cyanohydrins from
aliphatic, aromatic or hetercaromatic aldehydes or
ketones 1in an enmulsicn. Acetals and ketals as

substrates are not described therein.
EP O 528 256 1ndilcates that hydroxypivaldehyde can only

be reacted using greatly elevated enzyme concentration

and under sultable conditions to give D-2,4-dihydroxy-

3,3-dimethylbutanonitrile with enantiomeric excesgsses of
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I

up to 81.4% ee. In the case ©f other previously known

processes which do not use greatly elevated amounts of

enzyme, as described 1n EP 0 528 255, an enantiomeric
excess 1S not obtained, or an insufficiently great
enantiomeric excess 1s oObtained. One reason f[or this
1S, inter alia, also the fact that the substrate
hyvdroxypivaldenyde i1s unstable.

Since many carbonyl compounds, for instance

Y-.yk . #-‘L\ Sy W -: - e - ? —r
‘J‘UJ.-i.l .

r Ty ~ —~ —— e i . T
hydroxyaldehyde: CLizE oL POLYErize

. = 1

Y
spontaneously, are unstable, 1t was an object of the

invention to find a »Hrocess which 18 suitable. 1in

particular, rox [ reparing optically active

cyanohydrings, the corresponding carbonyl compounds of

which are unstable under previously known conditions,

the cyanohydrins being obtained in good vyields and with
greater enantiomeric excess compared with reactions

involving free aldenydes or ketones as substrate.

Unexpectedly, this object was achieved by using

acetals or ketals asg subhstrateg.

The 1nvention therefore relates to a process

for preparing enantiomer-enriched c¢yanohydrins using

hydroxynitrile lyase ({ANL) and a cyanide group donor

which comprises reacting an acetal or ketal of the

pr—

formula (I),

R

O

| -
B i~/

237 N
P4

where R1 and R2 independently of one another are an
unsubstituted, monosubstlituted O1 polysubstituted
C,i-Cop-alkyl, Cg-Cho-aryl or Cg-C,p-hetercaryl radical,

or one of the two radicals 1s hydrogen, or R1 and R2
together form an unsubstituted, monosubstituted or

polysubstituted C,;-Chg-alkylene radical,

and R3 and R4 i1independently of one another can be an
unsubstituted, monosubstituted e}a polysubstituted

C,;-Cho-alkyl, Cg-Cap-aryl, Cs-Cro-heteroarvyl, C7-Cap-
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alkylaryl, Cg-Cop-alkyl heterxocaryl or (Cg-Cyho-aralkyl
radical oY an unsukbstituted, monosupstituted or
nolysubstituted Cs;-Chp-heterocycle oY Cs-Chp-alkyl
heterocycle or together can be an unsubstituted or
substituted C4-C,p-alkylene radical which can contailn
one or more hetercatoms in the chain, or one of the

radicals is hydrogen,

in the presence o©of an (R)- or (S)-hydroxvnitrile lyase
and =2 cyanide grcoup Jonsr 1n an organlc, agusous ou

F
=

two-phase system or in emulsion at a temperature of -

D
to +40°C to give tne corresponding enantiomer-enriched

cyanonyarins of the formula (I1),

e

/}JH
RSN

R4 CN

where R3 and R4 are as defined above.

In the inventive process, acetals or ketals o:

1

the formula (I) are used as substrates.

—

ITn the formula (1) Rl and R2 1ndependently of one

another can be an unsubstituted, monosubstituted or
polysubstituted Ci-Chy-ailkyl, Cs-Cho-axvl or Cs-Cho-hetero-
aryl radical.

A C;-Chp-alkyl radical 1s taken to mean here saturated
or monounsaturated or polyunsaturated, linear, branched

or cyclic, bridged, primary, secondary or tertiary

hydrocarbon radicals. These are, for example, methyl,
ethyl, propyl, isopropyl, propenyl, butyl, isobutyl,
C-butvl, butenvl, butinyl, pentyl, cyclopentyl,
1sopentyl, neopentyl, pentenyi, hexyl, 1sohexyl,
cyclohexvyl, cyclohexylmethyl, 3-methylpentyl,
2,2-dimethylbutyl, 2,3-dimethylbutyl, octyl,
cyclooctyl, decyl, cyclodecyl, dodecyl, c¢yclododecyl
etcC.

Preference 1s given here to C;-Cip-alkyl radicals, and
particular preference to C.-C;-alkyl radicals.

Aryl 1s taxen to mean preferably c¢s-Cyy-aryl

groups, for instance  phenvyl, biphenyl, naphthyl,
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indenyl, Iluorenyl etc.

Heteroaryl 1is preferably taken to mean cyclic radicals

having from 6 to 20 carbon atcocms which contain at least
one S, O or N atom 1n the ring.
The radicals can De unsubpstituted or

substituted by one or wore substituents seliected Ifrom

I 4

the group consisting of phenvl!l, C,-Cg-alky., OH, halogen
or sulioxy.

I e

e

;.._!

0l

J
}
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()
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M
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substrates.
Preferably, R1 @&nd R2 are an alkvl radical.
If cycllic acetals are used as substrates, RI1

and R2 together form a ,-Cay-alilkylene radical which can

be unsubstituted or substituted by one o0or more

substituents from the group consisting of phenyl,
C.-Cg-alkyl, OH, halogen or sulfoxy.
Suitable substrates are also semiacetals 1in
which one of the radicals R1 or R2 1s hydrogen.
Particularly preferablyv, R1 and R2 1indepen-

[~

dently of one another are a saturated, llnear or

branched C,-C4-alkyl racical, or one of the two radicals
1s hydrogen, or R1 and R2 together IZcrm a C,-Cg-alkylene
radical which can be unsubstituted or substituted by

one oOr more substituents selected Ifrom the group

consisting of C,-Cy-alkyl or OH.

R3 and R4, in the formula (I), are
independently of one another an unsubstituted,
monosubgtituted or polysubstitured Ci1-Cyo-alkyl,
Cg-Cao-aryi, Cg-Cag-heteroarvl, C7-Cao-alkylaryl,

Cg-Caop-alkyl hetercaryl or Cs-Chp-aralkyl radical or an
unsubstituted, monosubstituted or polysubstituted
C:-Csop-hetexrocycle or Cs-Cho-alkyl heterocycle.
C;-Cop-alkyl again 1s taken to mean saturated or
monounsaturated or polyvunsaturated, linear, branched or
cyclic, bridged, primaxry, secondary or  tertlary
hydrocarbon radicals, for i1instance methyl, ethyl,

propyl, i1sopropyl, propenyl, butyl, 1isobutyl, t-butyl,

butenvl, butinvyl, pentvyl, cyclopentvyl, 1sopentyl,
neopentyl, pentenyl, hexyl, 1sohexyl, cyclohexyl,
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cyclohexylmethyl, 3-methylpentyl, Z2,2-dimethylbutyl,
2,3-dimethylbutyl, octvl, cyclooctyl, decyl,
cycliodecyl, dodecyl, cyclodcedecyl etc.

Preference 1s giver here to C,;-C.-.-alkyl radicals, and

particuiar preference to C;-Cg-alkyl radicals. The alkyl

(3

-

group can be unsubstituted, monocsubstituted or

polysubstituted by grcups 1nert under the reaction

conditions. Sultabie substilituents are, for example,

H
r |

}'.4..

i .
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(1)

’

10 such as phenyl, pnencxy or 1ndolyl groups, halogen,

hvdroxyl, hydroxy-Cy-Ce-alkyl, C,-Cs-alkoxy, arvioxv.
preferably Ce~-Cro-aryloxy, Ci-Cg¢-alkyithio, amino,
alkylamino, preferably C.-Cg-alkylamino, arylamino,
preferably Ce-Ch-aryiamino, ether, thioether,
15 carboxylic ester, carboxamide, sulfoxide, sul fone,
suifonic acid, sulfonic ester, sulfinic acid,

mercaptan, nitro or azido groups.

Aryl 1s preferably taken tTo mean Cg-Cyo-aryl

groups, for 1nstance phenvl, pliphenvl, naphthvil,

S—r—

20 indenyl, fluorenvl, etc.

The aryl group can here Dbe unsubstituted,
monosubstituted or polysubstituted. Sultable
substituents are again unsubstituted or substituted
aryl or heterocaryl groups, such as phenyl, phenoxy or

25 indolyl groups, halogen, hydroxyl, hydroxy-C;-Cs-alkyl,

C,-Cg-alkoxy, aryloxy, preferably Ce-Cap-arvioxy,
C.-Cg-alkylthio, amlino, alkylaminco, preferably

Cy-Cg-alkylamino, arylamino, preferably C;-Cyi-arvliamino,

ether, thioetner, carboxylic escer, carboxamide,

30 sul foxide, sul fone, sulfeonic acaid, sulfonic ester,

sulfinic acid, mercaptan, nitro or azido groups.
Alkaryl or alkylaryl are taken to mean alkyl
groups whilich have an aryl substituent.
Aralkyl or arylalkyl relates to an aryl group having an
35 alkyl substituent.
Heterocaryl or heterocycle 1s taken to mean

cyclic radicals which contain at least one S, O or N

atom 1n the ring. These are, for example, furyl,

pyridyl, pyrimidyl, thienyl, 1isothiazolyl, imidazolvyl,
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tetrazolyi, pyraziny-., benzofiuranyl, bpenzotniophenvyl,
quinclvyl, 1sogulnolivi, benzothienvyl, 1sobenzofuryl,
pyrazolyl, indcelyl, 1soindolyl, benzoimicdazolyl,

purinyl, carbazolyl, oxazolyvl, thiazolyl, isothiazolyl,

1,2,4-thiadiazolyl, 1soxazolyl, pyrrolyl, guinazolinyl,

pyradazinyl, pnhthalazinyl, morpholinyl, etc.

Py

Funcrtional O or N grcocups can be protected here 1

regquired.
The  hetercaryl group o©r the necerocycle can oe
unsubstituted, monosubstituted or polysubstituted by

the substituents alreadv set forth above.
Alkyl heteroary! or alkyl heterocyclie 1s taken
to mean here a kyl grcups which are substituted by a

hetercaryl group or by a nheterocyc_e.

Preferably, R3 and R4 are a saturated or
unsaturated, linear or branched c¢.-Cy-alkyl radical, a
benzvl or a phenyl radical, where the radicals can be
unsubstituted, wmonosubstituted or polysubstituted by
OH, halogen, phenvi, carboxvlic acid derivativesg, such

as carboxyllc esters or carboxamides, amino, C;-Cg-

alkylamino, Cs-Coy-arylamino, Ci-Cs-alkoxy, Ce~Cap-

aryloxy, or nitro.

R3 and R4, howeaver, together can also be an

unsubstituted or substituted C;-Crp-alkylene radical

which can contailin 1n tnhe chain one Ccr more heteroatoms

rl-

selected from the group consisting of O, N or S, or an

NRSRE group, where R5 and R6 1independently of one

“

another can be H or Ci-Js-alkyl.

Preference 1is given to (C;-Cy-alkylene radicals which,

depending on the ring size of the cyclic ketone, have

at most two heterocatoms 1in the alkyl chain. The

alkylene chain can, 1n acdition, again depending on the

ring size, have one or two double bonds. The alkylene

radicad can in addition  be monosubstituted  or
polysubstituted by the radicals set forth above.
However, 1n the gstarting materials used, one of
the radicals R3 and R4 can also be hydrogen.
In the inventive process, acetals or ketals of

the formula (I), scme of which are commercially
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avallable, o©¢r can be prepared, for example, 1in a

imilar manner to Synthesis 1881, 501-522, are reacted

fo form enantiomer-enricahed (R)- and (S)-cyanohydrins.

-

The corresponding acetals or ketals of the

formula (I) are reactea 1n the presence of a cyanide
group donor witn an (R;- or (8)-hydroxynitrile lvase,
the acetals oxr keta.s being cleaved 2n situ to give the

correspondilng a.dehyce or Ketone and alcohol, and the
2ldehyde ©or the ketone re
to give Che corresoonding cnantiomer-enriched
cyanohydrin.

Sultable cyanide group doOnors are prussic acia,
alkali metal cyvanides or cyanohydrins of the general

g
P =

formula (II
R7E8C (OH) (CN) .

In the formula (III) R7 and R8 1independently of one

another are hydrogen or an unsubstituted hydrocarbon
group, or R7 ana R8 together are an alkviene group

having 4 or 5 carbon atoms, where R7 and R8 are not

simultaneously hydrogen. The hydrocarbon groups are

aliphatic or aromatic groups, preiferably aliphatic

groups. Preferably, R7 and R8 are aikyl groups having

1-6 carbon atoms, and particularly preferably acetone
cyanohydrin 1is the cyanide group donor of the formula
(III).

The cyanide group donor can be vprepared by known
processes. Cyanoaydr:ns, 11 particular acetone

cvanohydrin, are also commercially available.

Preferably, the cyanide group donor 1s prussic acid,

KCN, NaCN or acetocyanohydrin, particularly preferably
prussic acid.

The prussic acid can also be released here just

shortly before the reaction from one of its salts, for

instance NaCN or KCN, anc added to the reaction mixture

without solvent or in dissolved form.
Per mol of acetal or ketal used, at least

1 mol, preferably 1 to 5 mols, preferably 1.2 to

4 mols, of cyanide group donor are added.
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The 1nventive reaction Lakes place 1n  an
organic, aguecus or two-nvhase system Oor 1n emu.sion in
the presence cof a hydroxynitriie lyase as catalyst.

in

In the enantioselectlive react:ion an agueous

It

fer sOolUuClion

system, an agqueous  soluticon  or  bu:

P

containing the corresponding [ANL 1s used. Examples of

ﬂ‘ﬁ

these are acetate buller, Dborate bufier, phthalate

—

puffer, citrate Dpuifer, phosphate buffer etc. or

The pH ¢f this soluticn 18 1.5 to 5, preferably

2 to 4, particularlv preferablv 2.2 to 3.7.

In additicn, water-miscible O immiscible

solvents, for example, ¢thanol, DME, toluene or t-butvl
methy. ether can be added to the agqueous solution.

The organic diluent used can be water-
immiscible oxr slightly water-miscible aliphatic or

aromatic  hydrocarbons which may be  halogenated,

alconols, ethers Or esters ©or milixtures thereof.
Preferably, t-buty. methvl ether, diiscopropvl ether,
dibutyl ether and ethyl acetate or mixtures thereof are

used.

However, the reaction can also proceed 1n a two-phase

system or 1n emulsion.

Preferably, the inventive reaction takes place

il an agueous soluticn 1n  the presence of a

hydroxynitrile lyase as catalyst.

Suitable HNLs are not only native, but also

recombinant (R)- and (&)-dHNLs, which are present either

as such or immobilized.

Suitable (8)-hydroxynitrile lvases are (8)-

hydroxynitrile lyases, for example from manioc and

Hevea brasiliensis, ar:d recombinant (S) ~-HNLs.
Preferably, the native HNL 1S that from

Hevea brasiliensis. Suitable recombinant (S) -HNL is

obtained, for example, from genetically modified

microorganisms, for 1nstance Pichia pastoris, E. coli

or Saccharomyces cerevislae.

Preference 1s given to recombinant (S) -HNL  from

Pichia pastoris.
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Suitable (R) -HNLs are, for example, (R) -

hydroxynitrile lyases from Prunus amygdalus,
Prunus laurocerasus o©or Prunus serotina o0y recombinant
(R) -HNLs. Preferably, the (R)-hvdroxynitrilase from

-
LN

Prunus amygdalus, or a r=combinant (R)-HNL 1s used.
Suitable (R:- and (S)-HNLs are disclosed, for

example, Dby WO 97/03204, EP 0 969 025; EP 0 951 561,

=P 0 927 766, EF 0 w32 130, EF 0 547 55, EP 0 326 063,

WQ 01/44487 et

\-‘-O—J

Preferakly, reccmbinant (R)-HNL 1s used.
2

1 QY wvetal, about 10 o

r

Per g o©f acet

150 000 IU, opretfteraply [ 200-40C 000 IJ, or activity ot

hydroxynitrile lvase are added.

The reaction temperature is about -5 to +40°C,

:f—\

preferably about 0 to +Z0°C.

The inventive process 18 sultable, in
particular, for preparing those c¢cyanohydrins whose

corresponding carbonyl compounds are unstable. These

-

are, for examp.e, hvdroxyaldehydes, which c¢vclize or

polymerize  spontaneously. The 1nventively  prepared

cyanohydrins are obtained here in high yields and with

a higher enantiomeric excess compared with reactions

—

using free aldehydes or ketones as subpstrate.
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S ml of recombinan (R) -HNL soluticon (240 IU/ml) were
adjusted to a pH of 2.4 using a citric acid solution.

Then, 182 ul (1.1 mmcl) of 1,l-dimethoxy-z-phenylethane

and 0.1 ml (2.3 mmol) oI prussic acid were added. The
reaction solution was stirred at room temperature. The

conversion rate and enantiomeric excess of the (R)-2-

§

~~ -

.y Fﬂ:‘
LLL LIS\

)

V"“‘:T.-v"\ -y .‘.—--‘ﬁ
b/ A a4 —
e

-y ‘T ‘C ol o0 o TP - iy — -,
. P W <

P~ _._;"3 - - ~— u-:lm‘—
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Lﬂ‘vrﬁa-\/‘ﬁwfﬂ v_“"-_} ﬂ'v-\-l‘lf::\‘v-\'r?‘l -~
-k.i.)’ \..A.a.\././‘..l s AU N | p.l..

O

b

by means of GC on a cyclocextrin column.

)

Course of reaction:

Hours (R) -2-Hycroxy-3-phenylpropanonitrile
: ¥ convers.on rate 3 ee
o3 L 260
24 ] 5 C ] 55 .7
. 45.5 | 92 | 96.5

[ N

Kxample 2:
185 ul (1.1 mmol) 3-chlioro-1,1l-diethoxypropane

were added to 5 ml of recombinant (R)-HNL solution

(430 IU/ml) having & rH of 2.4. 0.1 ml (2.3 mmol) of

prussic acid was acded to the mixture which was stirred

at room temperature. After a reaction time of 20 hours

the mixture was analyzed and (R) -3-chloro-2-

hydroxybutanonitrile of > 98% ee was found. The acetal

had reacted completely.

Example 3:

0.1 ml (2.3 mmol) of prussic acid was added at

pv

0°C to 5 ml of recombinant (R)-HNL solution (800 IU/ml)
having a pH of 2.4. Then, 110 mg (0.55 mmol) of 4-

hydroxy-f,B,5,5-tetramethyl-1,3-dioxane-2-ethanol
(dimeric hydroxypivalaldehyde) were added and the

mixture was stirred at 0°C. After a reaction time of

form (R)-2,4-dihydroxy-

el

22 hours, 95% had reacted to

3,3-dimethylbutanonitrile having 84% ee.
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Example 4: Comparison eXample using aldehyde as

substrate
110 mg (0.5 mmcl) of 1-hydroxy-0,B,5,5-
tetramethyl-1,3-dioxane-2-ethanol (dimeric hydroxy -

i ey

pivalaldehyde) were melted at 110°C and meonomerized for

4.

40 minutes at this temperature. Tne 3-hydroxy-2,2-

dimethylpropanal releaseda was aamixed with 5 ml of

recombinant (R)-HNL solution 3 200 IU/ml) having a pH

- 1 B v 1 — - —— -: ———~ —~ M o -~

nf 2.4, Then, the react.cn wag gtarted by aacding 0.1 mwa
s \1 -~ L - ™ . == | '. ~ -, i (} Y 3 4"‘ - —~ ¢ :

(2.3 mmol, of prussic acid at 0°C. After a reaction

time of 22.5 hours at 0°C, 97% had reascted to form (R)-

2,4-dihydroxy-3,2-dimethylbutanonitrile having 70% ee.
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1. A process I[or preparing enantiomer-enriched
cyanonhydrins using hydroxynitrile 1lvyase (HNL) and a
cyanide group donory whilch comprises reactling an acetal

—

or ketal of the formula (1),

_R1

”

0O

R
R37 N0

7 R4

1}

where R1 and R2 1independently of one another are an

unsubstituted, monosukstituted CY polysubstituted
Ci-Cap-alkyl, Cs5-Cio-axyl or Cs-Cyho-heterocaryl radical,

P‘

or one of the two radicals 1s hydrogen, or R1 and R2

together form an unsubstituted, monosubstituted ox

polysubstituted C,-C,y-aikvliene radical,

F

and R3 and R4 1ndependently of one another can be an

unsubstituted, monosubstituted or polysubstituted
C.-Cap-alkyl, Cg-Cap-arxryl, Cs-Cop-heterocaryl, Cq7-Coe~
alkylaryl, Cs-Cho~alkyi heterocaryl or C(Cg-Cog-aralkyl
radical or an unsubstituzec, nonosubstituted cr

polysubstituted Cs-Coo-heterocycle or Cg-Cho-alkyl

heterocycle or together can be an unsubstituted orx

gubstituted C4;-Cyp-alky._ene radical which c¢an contain

one or more heterocatoms 1n the chain, or one of the

radicals 1s hydrogen,

in the presence of an (R)- or (8)-hydroxynitrile lyase

and a c¢yanide group donocr in an organic, agueous or

two-phase system or 1in emulsion at a temperature of -5

o +40°C to give the cCorresponding =nantiomer-enriched

.

cyanohydrins of the formula (II),

OH

R3~7<’ |
R4 CON

where R3 and R4 are as defined above.
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2. The proces as c¢laimea i1n c¢laim 1, wherein
acetals or ketals of the formula (I are used as
starting materials, where R1 and R2 independently of

one another are a saturated, linear or branched C;-Ci;-

ch 1e unsubst:tuted, monosubstituted

,_1
}._!

alkyl radical w
or polysubstituted by OH, halogen or phenvl, or one of
the two radicals 1s hydrogen, or in which R1 and R2

together iform a (;-Cys-alkylzsne radical which can ke

D

nnesubstituted, moncozulcectitutaed Cor poaysubstitutea by
OH, halogen, vhenyi or Ci-Cg-alkyl.

3. The process ag claimed 1in c¢laim 1. wherein
acetals or xetals ot the formula (I) are used as

starting materials, where R3 and R4 1ndependently o=X
one another zre 4a saturated or unsaturated, Linear,

branched or cvclic C;-Cin-alkvl or phenyl radical which

1s unsubstituted, monosubstituted or polysubstituted by
OH, halogen, phenyl, carboxylic esters, carcoxXamides,
amino, Ci;-Cgz-alkvlamino, Cg-Ca.e-arvliamino, Ci;-Cg-alkoxy,
Ce-Chp-aryloxy or nitro, or one of the radicals 1is
hydrogen, or where FR3 and R4 together are a Cyu-Cy-
alkylens radical which 13 unsubstituted,
monosubstituted o©or polysubstituted Dby OH, halogen
phenyl, carboxylic esters, carboxamides, amxno, Cy-Cg-
alkylamino, C¢-Cro-arylamino, C;-Cg-alkoxy, Ci-C¢-alkyvl,

Ce-Chp-aryloxy or nitro, and which can contain one or

two heteroatoms sgselected from the group consisting of
O, N or S or an NR5REé group, whexe R5 and R6
independentiy of one another can be H or (C;-Cg-alkyl.

4. The process as claimed 1n claim 1, wherein the
enantioselective reaction 18 carried out 1n an agqueous

system, where a sclution or acetate buffer, borate

buffer, phthalate buffer, citrate Dbuifer or phosprate

Jr—
s

puffer solution contalining the corresponding

hydroxynitrile lyase, or mixtures of these Dbuffer
solutions, having a pH of 1.% to 5 serves as reaction

medium.

5. The process as claimed in claim 4, wherein a

water-miscible or i1mmiscible sgsolvent selected from the

F )

group consisting of ethanol, t-butyl methyl ether,
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diisopropyl ether, dibutyl ether, dimethylformamide,
toluene or ethyl acetate or mixtures thereof 1s added

to the agueous system.

6. The process as claimed in claim 1, wherein the
hydroxynitrile lyase 1s a native or recombinant (R) -
and (S)-hydroxynitrile lyase which 1s present either as
such or immobilized.
7. The process as claimed in claim 6, wherein the
hydroxynitrile 1lyase 18 a native (8)-hydroxynitrile
lyase from manioc or Hevea brasiliensis, recomblnant
(S) -hydroxynitrile lyase from genetically modified
microorganismgs selected tfrom the group consisting of
Pichia pastoris, E. colli or Saccharomyces cerevisiae,
native (R)-hydroxynitrile lyase from Prunus amygdalus,
Prunus laurocerasus or Prunus sercotina or recombinant
(R) ~hydroxynitrile lyase.
8 . The process as claimed in c¢laim 6, whereln a
recombinant (R)-hydroxynitrile lyase 1s used.
9. The process as claimed in c¢laim 1, wherein the
cyanide group donor 1s prussic acid, alkali metal
cyanides or cyanohydrins of the general formula (III),
R7R8C (OH) (CN)
where R7 and R8 1independently of one another are
hydrogen or an unsubstituted hydrocarbon dgroup, or R7
and R8 together form an alkylene group having 4 or 5
carbon atoms, where R7 and R8 are not simultaneously
hydrogen.
10. The process as claimed 1n claim 9, wherein the
cvanide group donor 1s prussic acid, KCN, NaCN or

acetone cyanohydrin.



(L)

(II)
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