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Abstract

A process for preparing protected, enantiomer-enriched

cyanohydrins of the formula

where R1 and R2 i1independently of one another can be an
unsubstituted, monosubstituted ox polysubstituted
C1-Cyo-alkyl, Cs5-Chp-aryl, Cs5-Cho-hetercaryl, Cs-C,p-alk-
aryl, Cs-Cyp-alkylheterovcaryl or Cs;-Cy-aralkyl radical or

an unsubstituted, monosubstituted or polysubstituted
Cs-Cyp-heterocycle, or Cs-Cyo-alkylheterocycle or
together can Dbe an unsubstituted or substituted
Cy-Cyp-alkylene radical, which can contain one or more

heterocatoms 1in the chain, or one of the radicals is

hydrogen, and R3 can be an unsubstituted or substituted

Ci1-Cao-alkyl, Cs5-Cyo-aryl or Cs-Cyo-heterocaryl radical, by

reacting an aldehyde or ketone of the formula

(H)

where R1 and R2 are defined as above, in the presence

grvie

of an (R)- or (8)-hydroxynitrile lyase in an organic,

agueous oOr 2-phase system or in emulsion at a

temperature of -5 to +40°C with a carbonic ester

nitrile of the formula

NC A

where R3 is defined as above.




10

15

20

25

30

35

CA 02415190 2002-12-27

Process for preparing protected, enantiomer-enriched

cyanohydrins by in-situ derivatization

Cyanohydrins are of importance, for instance for the
synthesis of alpha-hydroxy acids, alpha-hydroxy
ketones, beta-amino alcohols, which are used to produce

biologically active gsubstances, for example, active

pharmaceutical substances, vitamins or else pyrethroid

compounds.

A cyanohydrin can be prepared by addition of prussic

acid (HCN) to the carbonyl group of an aldehyde or a
ketone, enantiomeric mixtures of unsymmetrical

cyanohydrins being formed.

Many processes are based on carrying out the addition
of HCN to the carbonyl group 1n the presence of a
chiral catalyst, for example, a hydroxynitrile lyase.

extremely toxic substance,

e

However, since HCN 1s an
attempts are constantly being made to avoid its direct
use or direct handling. Compounds which have been used
previously as alternatives to HCN as cyanlide group
donor are, for example, c¢vanochydrins of the general
formula RR’C(OH) (CN), where R and R’ 1ndependently of

one another are hydrogen or an unsubstituted
hydrocarbon group, or together are an alkylene group
having 4 or 5 carbon atoms, where R and R’ are not
simultaneously hydrogen, for instance acetocyanohydrin.
A further c¢yanide group donor 1is, for example,
trimethylsilyl cyanide, which according to J. Am. Chemn.
soc. 2001, 123, 9908-93909% 1s 1reacted with sugar

derivatives at -40°C in an absolute alcohol.

A further problem in the preparation of cyanchydrins is
that c¢yanohydrins are inherently unstable and have a
tendency to decompose in a reversal of their formation
reaction, so that attempts have already been made to
stabilize them by the most wvaried additions, in
particular of acids, for instance sulfuric acid,

phosphoric acid, HCl, toluenesulfonic acid, acetic
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acid, propionic acid etc.

In the case of some cyanohydrinsg, for instance 1in the
case of acetophenone derivatives, furthermore, the
equilibrium position of the reaction 1s somewhat
unfavorable, as a result of which these c¢yanohydrins
are only obtained 1in poor yields.

grivel

It was an object of the present 1invention to find a

hydroxynitrile lyase-catalyzed process for preparing
stable, enantiomer-enriched cyanohydrins, in which the
direct use of prussic acid 1s avoilided and which enables
a shift of eqgquilibrium to achieve high conversion

rates.

Unexpectedly, this object was achieved by a process in

which carbonic ester nitriles are used as cyanide group

donors, as a result of which in-situ derivatization and
thus astabilization of the enantiomer-enriched

cyvanohydrins proceeds.

The present 1invention therefore relates to a process

for preparing protected, enantiomer-enriched

cyanohydrins of the formula

where R1 and R2 independently of one another can be an

unsubstituted, monosubstituted oxr polysubstituted
C1~C20~alkyl ’ C5—C20-ary1 p CS—Czo—heteroaI‘yl ’ Cs"Czo“alk*
aryl, Cs-Cyo-alkylheterocaryl or Cs-Cyo-aralkyl radical or

an unsubstituted, monosubstituted or polysubstituted

Cs-Cop-heterocycle, or Cs-Cho~alkylheterocycle or
together can be an unsubstituted or substituted

Cy4-Cyo-alkylene radical, which can contain one or more



10

15

20

25

30

CA 02415190 2002-12-27

-~ 3 -

heterocatomg 1n the chain, or one of the radicals 1is
hydrogen, and R3 can be an unsubstituted or substituted
C1-Cyo-alkyl, Cs-Cyo-axryl or Cs-Cho-hetercaryl radical,
which process comprises reacting an aldehyde or ketone
of the formula

O

M

where R1 and R2 are defined as above, 1n the presence
of an (R)- or (8)-hydroxynitrile lyase in an organic,
agqueous oOr 2-phase gystem or 1i1n emulsion at a

temperature of -5 to +40°C with a carbonic ester

nitrile of the formula

O

J,x

NC (i)

where R3 ig defined as above,

to give the corresponding O-protected, enantiomer-
enriched cyanohydrins of the formula (I).

In the inventive process, aldehydes or ketones of the

formula (II) are used as starting materials.

In the formula (II), R1 and R2 independently of one

ancther can Dbe an unsubstituted, monosubstituted or
polysubstituted C1-Cqap~-alkyvl, Cs~Cyo-aryl, Cg-Cop-
heteroaryl, Cs-Cyo-alkaryl, Cs-Cyo-alkylhetercaryl or Cs-
Coo-aralkyl radical or an unsubstituted, monosubstituted

or polysubstituted Cs-Cyo-heterocycle, or Cs-Cap-
alkylheterocycle.

Ci-Cyo-alkyl 1is taken to mean here saturated or mono-
unsaturated or polyunsaturated unbranched, branched or

cyclic, primary, secondary or tertiary hydrocarbon
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radicals. These are, for example, C;-Cyp-alkyl radicals,
for instance methyl, ethyl, propyl, 1isopropyl, butyl,
1sobutvyl, t-butvyl, butenvyl, butynyl, pentyl,
cyclopentyl, isopentyl, neopentyl, pentenyl, pentynyl,
hexvyl, 1sohexvyl, cyclohexyl, cyclohexylmethyl,
3-methylpentyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl,
octvyl, cyclooctyl, decvyl, cyclodecyl, dodecvyl,
cyclododecyl, etc.

Preference 1s given here to (C;-Ciz-alkyl radicals, and

particular preference to C;-Cg-alkyl radicals.

The alkyl group can be unsubstituted, monosubsgstituted
cr polysubstituted by groups inert under the reaction
conditions. Suitable substituents are, for example,
unsubstituted or substituted aryl or hetercaryl groups
such as phenyl, phenoxy or indolyl groups, halogen,
hydroxyl, hydroxy-C;-Cs-alkyl, Ci-Cg-alkoxy, arvloxy,
preferably Cg-Cyo-aryloxy, C;-Ce¢-alkylthio, amino, alkyl-

amino, preferably C1-Cs-alkylamino, arylamino,

preferably Cg-Cao-arylamino, ether, thioether,
carboxylic ester, carboxamide, sulfoxide, sul fone,
sulfonic acid, sulfonic ester, sulfinic aclid,

mercaptan, nitro or azido groups.

Aryl 1s preferably taken to mean Cz-Cyp-aryl groups, for
instance phenyl, biphenvyl, naphthyl, indenyl,
fluorenyl, etc.

The aryl group can be unsubstituted, monosubstituted or

polysubstituted. Sultable substituents are again
unsubstituted or substituted aryl or heterocaryl groups,
such as phenyl, phenoxy or indolyl groups, halogen,
hydroxyl, hydroxy-C,-Cs-alkyl, Ci-Cg~alkoxy, aryloxy,
preferably Cg¢-Cyo-aryloxy, Ci;-Cs-alkylthio, amino, alkyl-
amino, preferably Ci-Cs~-alkylamino, arylamino,
preferably Cs-Cao-arylamino, ether, thioether,

carboxylic ester, carboxamide, sulfoxide, sul fone,

sulfonic acid, sulfonic ester, sulfinic acid,

mercaptan, nitro or azido groups.
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Alkaryl or alkylaryl are taken to mean alkyl groups
which have an aryl substituent.

Aralkyl or arylalkyl relates to an aryl group having an
alkyl substituent.

Hetercaryl or heterocycle are taken to mean cyclic
radicals which contain at least one S, O or N atom in

the ring. These are, for example, furyl, pyridyl,

pyrimidyl, thienyl, lsothiazolyl, imidazolyl,
tetrazolyvl, pyrazinyl, benzofuranyl, benzothiophenyl,
quinolvyl, isoquinolyl, benzothienvl, isobenzofuryl,
pyrazolyl, indolvyl, isoindolyl, penzoimidazolyl,

purinyl, carbazolyl, oxazolyl, thiazolyl, isothiazolyl,
1,2,4-thiadiazolyl, isoxazolyl, pyrrolyl, gquinazolinyl,
pyridazinyl, phthalazinyl, morpholinyl, etc.

Functional O or N groups can 1f necessary be protected
1in this case.

The heterocaryl group or the |heterocycle can Dbe

unsubstituted, monosubstituted or polysubstituted by

the substituents already set forth above.

Alkylheterocaryl or alkylheterocycle are taken to mean
here alkyl groups which are substituted by a heteroaryl

group or by a heterocycle.

Preferably, R1 and R2 are a gaturated, unbranched or

branched C;-Cg-alkyl radical, a benzyl radical or a

phenyl radical, in which case the radicals can be

unsubstituted, monosubstituted or polysubstituted by F,
Cl, OH, carboxylic acid derivatives, such as carboxylic
esters or carboxamides, amino, Ci-Cg~-alkylamino,

Ce-Coo-arylamino, C;-Cg-alkoxy, Cg-Cyp-aryloxy, or nitro.

R1 and R2, however, can also together be arn
unsubstituted or substituted C,-Cyp-alkylene radical,

which c¢an contain, in the chain, one oOr more
heteroatoms selected from the group consisting of O, N
Oor S, or an NR4R5 group, where R4 and R5 independently

of one another can be H or C;-Cg-alkyl. In this case the
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starting materials are cyclic ketones.

Preference 1is given to C4-Cy-alkylene radicals which,
depending on the ring size of the c¢yclic ketone, have
at most 2 heterocatoms in the alkyl chain. The alkylene
radical can, in addition, again depending on the ring
size of the cyclic ketone, further have one or 2 double
bonds, where in the case of a 5-membered ring this must

not be conjugated with the carbonyl group.

The alkylene radical can in addition be monosubstituted

or polysubstituted by the radicals set forth above.

In the starting materials used, however, one of the
radicals R1 and R2 can also be hydrogen. In this case

the starting materials are aldehydes.

According to the 1invention the desired starting
material is reacted with a carbonic ester nitrile of
the formula (III).

In the formula (III) R3 1s an unsubstituted or

substituted C;-Cyp-alkyl, Cs-Chp-aryl or Cs-Cyp-heterocaryl
radical. The alkyl radical here can be saturated,
monounsaturated or polyunsaturated, unbranched,

branched or c¢yclic. The aryl radicals and heterocaryl

radicals are as defined above. Preferably, R3 1s a

C.:-Cip-alkyl radical. Suitable substituents are, for
example, phenyl, C;-Cg-alkyl, OH, halogen or a sulfoxy
group.

Examples of suitable nitriles of the formula (III) are
cyanoformic acid methyl ester, ethyl ester,
2,2,2-trichloroethyl estexr, tert-butyl ester, benzyl
ester, allyl ester, isobutyl ester, 2-ethylhexyl ester,

p-menthyl ester, etc.

Carbonic ester nitriles of the formula (III) are
commercially available or can be prepared, for example,
from the corresponding halides and HCN or from an
alkali metal cyanide, as described, for instance, in
EP 0 136 145, Tetrahedron Letters No. 27, p. 2517 or
J.Chem. Soc. Perkin Trans.l1l, (15), 1729-35, 1993.
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Per mole of aldehyde or keto group used, at least 1
mol, preferably 1 to 5 mol, particularly preferably 2

to 4 mol, of carbononitrile are added.

The 1inventive reaction takes place 1in an organic,
agueous or 2-phase gystem or 1n emulsion 1n the
presence of a hydroxynitrile lyase as catalyst.

In the case of the enantiocoselective reaction 1in an

aqueous system, an agqueous solution containing the

corresponding HNL or buffer solution is used. Examples
of these are acetate buffer, borate buffer, phthalate
buffer, citrate buffer, phosphate Dbuffer etc. or
mixtures of these buffer solutions.

The pH of this solution is pPH 2 to 8, preferably
pH 2.5 to 6.5.

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

hydrocarbons which may be halogenated, alcohols, ethers

or esters or mixtures thereof. Preference 1s given to

using methyl tert-butyl ether (MTBE), diisopropyl
ether, dibutyl ether and ethyl acetate, or mixtures
thereof.

The reaction, however, can also take place i1n a two-

phase system or in emulsion.

Suitable HNLs are not only native but also recombinant

(R)- and (S)-HNLs which are present either as such or

immopbililized.

Suiltable (S)-hydroxynitrile lyases (HNLs) are native

(S) -hydroxynitrile lyases, for example from manioc and

Hevea brasiliensis, and recombinant (S) -HNLs.

Preferably, the native HNL used is HNL from Hevea
brasiliensis. Suitable recombinant (S) -HNLs are
obtained, for example, from genetically modified

microorganisms, for instance Pichia pastoris, E. coli

or Saccharomyces cerevisiae.



10

15

20

25

30

35

CA 02415190 2002-12-27

- 8 -

Preference is given to using recombinant (S)-HNL from

Pichia pastoris.

Suitable (R)-HNLs are, for example, (R)-hydroxynitrile
lvases from Prunus amygdalus, Prunus laurocerasus or

Prunus serotina or recombinant (R)-HNL. Preference is

given to using (R)-hydroxynitrile lyase from Prunus

amygdalus or a recombinant (R)-HNL.

Suitable (R)- and (S)-HNLs are disclosed, for example,
by WO 97/03204, EP O 969 095, EP O 951 561,
EP O 927 766, EP 0 632 130, EP 0547 655, EP 0 326 063,
WO 01/44487 etc.

Per g of aldehyde or ketone, about 10 to 20 000 IU of
activity of hydroxynitrile lyase are added, preferably
about 100 to 10 000 IU of activity.

The reaction temperatures are about -5 to +40°C,
preferably about 0 to 30°C.

Preferably, the inventive reaction 1s carried out in an
agueous system, the corresponding HNL being introduced
first as aqgqueous solution, and depending on the HNL
selected belng adjusted to the desired pH using a
sultable acid, for example using citric acid or a

buffer, for 1instance acetate buffer, borate buffer,

phthalate buffer, citrate buffer, phosphate buffer etc.

F

oY mixtures of these buffexr solutions. The

corresponding starting material of the formula (II) is

then added and the reaction 1s started by adding the
formula (III). In the

course of this HCN develops which reacts under

carbonic ester nitrile of the

| S ;

HNL-catalyzed additlion with the starting material used
initially to form a corresponding enantiomer-enriched

cyanohydrin. Residual carbononitrile reacts with the

enantiomer-enriched c¢yanohydrin to form the stable
O-protected enantiomer-enriched cyanohydrin of the

formula (I), with HCN again becoming free, which is
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used agailn for cyvanochydrin formation.

However, the starting material can alternatively be

introduced first and the corresponding HNL can then be

added as agueous solution.

The course of the reaction can be seen from the

following diagram:

NC><OH g /?L
_R3
INL R1” TR2 NC~™ ™0
HCN O

I J
_R3

The inventive process makes possible here, owing to the
chemical O-derivatization, a shift of equilibrium to
the side of the desired end product, as a result of
which, in particular in the case of c¢yanohydrins having
an originally unfavorable eguilibrium position, for
ingtance acetophenone derivatives, a significantly

higher conversion can be achieved compared with the

prior  art. At the same time, owing to the
derivatization, stabilization of the c¢yanohydrins
formed 1s achieved. A further advantage of the

inventive process 18 the in-situ generation of HCN and
the continuous resupply of HCN, with at the same time
direct use of HCN being avoided. The derivatization
reagent 1in this case, unexpectedly, does not decrease

the activity of the HNL used, or decreases it only
insignificantly.
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Example 1l:
HNL-catalyzed reaction of ethyl cyanoformate with
benzaldehyde:

o

O
/[L R-HNL
NC 07 N
pH 3.3

2.5 ml of recombinant R-HNL solution (300 IU/ml) were

adjusted to pH 3.3 using a citric acid solution and

10 were diluted with 2.5 ml of 50 mmol potassium
phosphate/citrate buffer pH 3.3. 106 mg (1 mmol) of

benzaldehyde were then added and the reaction was
started Dby adding 297 nl (3 mmol) of ethyl
cyanoformate. The reaction mixture was stirred at 25°C
15 and the formation of benzaldehyde c¢yanohydrin and

O-ethoxycarbonyl cyanohydrin was followed by means of

gas chromatography on a c¢hiral phase (cyclodextrin

column) and the corresponding enantiomeric purities

were calculated.

20 Reaction course:

Reaction |Benzal dehydel Benzaldehvyde | O-ethoxycarbonyl
time (area %) cyanohydrin cyanohydrin
(hours) _ i (area %) (%ee) |(area %) zee)

1 61 * 38 | 99.9 1 | 99.9
3 l 15 77 | 99.5 3 99.9
23 | 2 f 65 93.7 | 33 | 99.9
44 .5° < 1 34 89 .4 66 94 .7

"After 26 hours, a further 297 nt (3 mmol) of ethvyl

cyanoformate were added.

Identification of the O-ethoxycarbonyl cyanohydrin:
25 'H-NMR in CDCl;, 300 MHz; & 1.30-1.32 (t, 3H), 4.21-4.36
(m, 2H), 6.27 (s, 1H) 7.39-7.57 {(m, 5H)
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Patent claims:

1. A process for preparing protected, enantiomer-
enriched cyanohyvdrinsg of the formula

where R1 and R2 i1ndependently of one another can
be an unsubstituted, monosubstituted or

polysubstituted C;i-Cyo-alkyl, Cs-Cho-aryl, Cs5-Cap-

heterocarvl, Cs-Cyp-alkarvyl, Cs~-Cyo-alkylheteroaryl
or Cs-Cyo-aralkyl radical or an unsubstituted,
monosubstituted or polysubstituted Cs-Ca0-
heterocycle, or Cs-Cyy-alkylheterocycle or together
can be an unsubstituted or substituted
C4-Coro-alkylene radical, which can contain one or
more hetercatoms 1n the chain, or one of the
radicals 1s hydrogen, and R3 can be an
unsubstituted or substituted Ci-Cho-alkyl, Cs5-Cap-
aryl or Cgs-Cyo-heterocaryl radical, which process

comprises reacting an aldehyde or Kketone of the
formula

(H)

where R1 and R2 are defined as above, 1in the
presence of an (R)- or (S)-hydroxynitrile lyase in

an organic, aqueous or 2-phase sgystem or in

emulsion at a temperature of -5 to +40°C with a

carbonic ester nitrile of the formula
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g

NC (1)

where R3 1is defined as above,

to give the corresponding O-protected, enantiomer-

enriched cyvanohydrins of the formula (I).

The process as c¢laimed 1n c¢laim 1, wherein the
starting materials used are compounds of the

formula (II) where R1 and R2 1independently of

one another can be a C;-Cho-alkvyl, Cs-Cho-arvl,
Cs-Cyp-heteroaryl, Cs-Cyp-alkarvl, Cs-Cyp-alkyl-
heterocarvyl oY Cs-Chp-aralkyl radical, or an

unsubstituted, monosubstituted or polysubstituted
Cs-Cho-heterocycle or Cg~-Cho-alkylheterocycle or
together can be an unsubstituted or substituted
Cs-Cop~alkylene radical, which c¢an contain one or
more heteroatoms 1n the chain, where the radicals
can be wmonosubstituted or polysubstituted Dby
unsubstituted or subsgtituted axryl or heterocaryl

groups, halogen, hydroxyl, hydroxy-C,-Cs-alkyl,

C1-Cs-alkoxy, Ce-Coo-aryloxy, C,-Cg-alkylthio,
amino, Ci-Cg-alkylamino, C¢-Cyp-arylamino, ether,
thioether, carboxylic ester, carboxamide,

sulfoxide, sulfone, sulfonic acid, sulfonic ester,

sulfinic acid, mercaptan, nitro or azido groups,

or one of the radicals is hydrogen.

The process as c¢laimed in claim 2, wherein the
starting materials used are compounds of the
formula (II) where R1 and R2 independently of one
another are a saturated, unbranched or branched
Ci-Cg-alkyl radical, a benzyl radical or a phenyl
radical, where the radicals can be unsubstituted,
monosubstituted or polysubstituted by F, Cl, OH,
carboxylic esters, carboxamides, amino,

Ci-Cg~-alkylamino, Ce-Cro-arylamino, Ci-Cg-alkoxy,
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I}

the radicals is

Ce-Coo-arvloxy, or nitro, or one o

hydrogen.

The process as c¢laimed in claim 1, wherein the

carbononitrile used is a compound of the formula

(ITI) where R3 is a C;-Cyp-alkyl radical which can

be substituted by one or more substituents

selected from the group consisting of phenyl, C;-

Ce-alkyl, OH, halogen or sulfoxy.

The process as claimed in claim 1, wherein, in the

case of the enantiogselective reaction in an

agqueous system, an agqueous solution containing the

corresponding hydroxynitrile 1lyvase or an acetate

L

buffer, borate buffer, phthalate buffer, citrate

buffer, phosphate buffer solution or a mixture of

these buffer solutions is used.

The process as claimed in claim 5, wh

PN

ereln a pH of

2 to 8 1s established in the agueous solution.

The process as claimed in claim 1, wherein, as
organic diluent, water-immiscible or only slightly
water-miscible aliphatic or aromatic hydrocarbons

which may be halogenated, alcohols, ethers or

esters or mixtures are used.

The process as claimed in claim 1, wherein the

-5

reaction, however, alternatively proceeds in a

two-phase system or in emulsion.

The process as claimed in claim 1, wherein the
hydroxynitrile lyvases used are native or

recombinant (R)- and (S)-hydroxynitrile lvases

which are present either as such or immobilized.

The process as claimed in claim 9, wherein the
hydroxynitrile lyases used are native (S) ~hydroxy-

nitrile lyases from manioc and Hevea brasiliensis,
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recombinant (S) ~hydroxynitrile lyase from
genetically modified microorganisms from the group
Pichia pastoris, E. colil or Saccharomyces

cerevisiae, native (R)-hydroxynitrile lyases from
Prunus amygdalus, Prunus laurocerasus o©r Prunus

serotina, or recombinant (R) ~hydroxynitrile
lyases.
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