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Enzyme-Catalyzed Preparation
and Synthetic Applications of Optically
Active Cyanohydrins

Franz Effenberger*

Abstract. Chiral cyanohydrins are widespread in nature as cyanoglycosides, serving more than two thousand
plants and many insects as antifeedant. Fast release of HCN from cyanohydrins in cells is catalyzed by
hydroxynitrile Iyases (HNLs). The importance of HNLs in organic syntheses is the enantioselectivity of cleavage
as well as formation of cyanohydrins by these biocatalysts. For the preparation of (R}-cyanohydrins from
aldehydes and HCN on a preparative scale, (R)-PaHNL from bitter almonds proves to be the best catalyst. For
the synthesis of (S)-cyanohydrins, the recombinant HNLs from cassava (MeHNL) and rubber tree (HbHNL) are
most suitable. In organic solvents or in biphasic systems, the chemical addition of HCN to the carbonyl
compounds can be suppressed, resulting in high optical yields of the obtained cyanohydrins. Stereoselective
follow-up reactions of (R)- and (S)-cyanohydrins lead to other important classes of compounds with
stereogenic centers. Starting from (R)-cyanohydrins, (R)-2-hydroxy carboxylic acids, (R}-2-hydroxy aldehydes,
(R}-2-hydroxy ketones, (1R}-2-amino alcohols, and (1R,2S}-2-amino alcohols are easily obtainable in high
optical and chemical yields by transformation of the cyano group. Analogous transformations are possible
starting from (S)-cyanohydrins. Sulfonylation of the OH function in cyanohydrins allows nucleophilic substitu-
tion of the sulfonate group with complete inversion of configuration. In this way, starting, e.g., from (R)-
cyanohydrins, (S)-2-azido nitriles, (S)-2-amino nitriles, (S)-2-amino acids, (S)-1 ,2-diamines and (S)-2-sulfanyl
nitriles are obtained in high optical yields.
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The release of HCN (cyanogenesis) as
defence against herbivores is widely dis-
tributed in higher plants, including im-
portant food plants such as cassava or
Sorghum. The highly toxic HCN is chem-
ically masked in form of cyanohydrins,
which are stabilized by O-j3-glycosidic
linkages to saccharides. During cyano-
genesis (Scheme 1), first a specific j3-
glycosidase cleaves the cyanoglycoside to
a carbohydrate and the corresponding cy-
anohydrin, which subsequently decom-
poses to the carbony Icompound and HCN.
The latter step occurs spontaneously but
also, much faster, enzymatically by action
of a hydroxynitrile lyase (HNL) [1]. In
Scheme 1, the release of HCN and the
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formation of D-glucose and benzaldehyde
from prunasin (5) represents an example
of cyanogenesis in higher plants. It is
interesting to note that an optically active
cyanohydrin results by hydrolysis of the
cyanoglucoside, and that the enzyme-cat-
alyzed cleavage of the (R)-cyanohydrin
requires an (R)-specific HNL.

As all other catalysts, enzymes cata-
lyze reactions inboth directions. Enantiose-
lective addition ofHCN to an aldehyde in
the presence of a HNL, forming an opti-
cally active cyanohydrin, could therefore
be deduced from the enantioselectivity of
cleavage,

One ofthe first asymmetric syntheses,
and the first effected by an enzyme, was
the preparation of (R)-mandelonitrile from
benzaldehyde and HCN with emulsin as
source for a (R)-HNL by Rosenthaler in
1908 [2], More than fifty years later, Pfeil
and coworkers [3] used the isolated en-

Scheme 2

zyme from bitter almond (Prunus amyg-
dalus), (R)-PaHNL [EC 4.1,2.10], and
investigated the reaction in a more general
way by using also other aldehydes besides
benzaldehyde. All efforts to improve the
optical yields of the resulting (R)-cyano-
hydrins failed, however. Especially with
slow-reacting aldehydes the optical yields
were very poor. As was customary at that
time in enzymology, Pfeil and coworkers
[3] used water or water/ethanol solvents
and a pH of 5-6 for optimal activity of (R)-
PaHNL. Under these conditions, thechem-
ical addition of HCN to aldehydes result-
ing in racemic cyanohydrins prevails, es-
pecially when the enzyme-catalyzed addi-
tion is slow.

The decisive breakthrough for syn-
thetic applications of this enzyme-cata-
lyzed reaction was the discovery that the
chemical addition of HCN to aldehydes is
more or less suppressed in organic sol-
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vents not miscible with water. The en-
zyme-catalyzed reaction in organic sol-
vents, however, is only slightly slower
than in water [4]. Table 1 demonstrates the
advantage of using an organic solvent
(e.g., diisopropyl ether) instead of water/
ethanol for the (R)-PaHNL-catalyzed ad-
dition ofHCN to aldehydes (Scheme 2). In
most cases, (R)-cyanohydrins of high op-
tical purity are obtained [5]. For the reac-
tion carried out in organic solvents, it is
particularly advantageous to employ the
enzyme adsorbed onto a suitable support,
for example a crystalline cellulose like
'AviceI'. Thus, the 'support-bound' en-
zyme may be filtered off after the reaction
is complete and reused as catalyst.

The finding that chemical addition of
HCN to aldehydes is suppressed by work-
ing in organic solvents, with the result that
optically active cyanohydrins may be eas-
ily obtained, gave rise to many investiga-
tions of preparation and follow-up reac-
tions for (R)- as well as (S)-cyanohydrins
[5-9].

a) The enzyme was adsorbed on crystalline cellulose (Avice~.
b) Determined by gas chromatography on ,6-cyclodextrin phases after either reaction with (R)-a-

methoxy-a-trifluoromethylphenylacetoyl chloride [(R)-(+)-MTPA chloride] to provide the dias-
tereomeric (R)-(+)-MTPA esters, or after acetylation with acetic anhydride.

Table 1.Synthesis of (R)-Cyanohydrins (R)-7by PaHNL -Catalyzed Addition of HCN to Aldehydes 6

In H2OlElOH in iPr20lAvicela)

Cyanohydrins (R)- 7 Cyanohydrins (R}-7

Aldehyde Time (h] Yield[%] ee[%]b) Time [h] Yield[%] ee [%]b}

6a 99 86 3 96 >99
6b 2 86 69 4 96 99
6c 6 95 >99
6d 2.5 78 7 3 97 82
6e 1.5 68 76 5.5 94 95
6f 3 87 60 16 98 96
69 2 75 69 16 99 98
6h 45 94 90
6i 2.5 56 45 4.5 84 83

6,7f R = MeS(CH2h
6,7g R = nPr
6,7h R = Ph(CH2)3
6,7i R = Me3C

o
II

R-C + HCN
\
H

6a-i

6,7a R = Ph
6,7b R = 2-furyl
6,7c R = 3-thienyl
6,7d R = 3-pyridyl
6,7e R = MeCH::CH

(R)-PaHNL
•..

OH
I

C ..
R/ \""H

eN
(R)-7a-i

2. Hydroxynitrile Lyases for
Synthetic Applications

The biosynthesis of cyanohydrins from
a-amino acids is well established [I]. The
majority (23) of the 28 cyanogenic glyco-
sides are derived from five proteinaceous
amino acids: L-valine, L-isoleucine, L-Ieu-
cine, L-phenylalanine and L-tyrosine. The
cyanohydrins formed by biodegradation
of these amino acids contain as carbonyl
compounds mainly acetone (Iinamarin (3»,
butan-2-one (R)-lotaustralin (4», benzal-
dehyde «R)-amygdalin (1), (R)-prunasin
(5», and p-hydroxybenzaldehyde «(S)-
dhurrin (2» (Scheme 1) [1]. In bitter al-
monds, (R)-amygdalin (1) and (R)-pruna-
sin (5) are the main cyanogenic glyco-
sides. Thus, benzaldehyde cyanohydrin is
the natural substrate for PaHNL-catalyzed
HeN release. PaHNL, however, accepts
as substrates a surprising variety of other
aldehydes, many of them being structural-
ly very different from benzaldehyde. Al-
though the substrate range of PaHNL is
very broad, high optical yields are achieved
in the addition reaction (Table 1).

Until 1987, the (R)-HNL from bitter
almonds was the only HNL used as cata-
lyst in the preparation of optically active
cyanohydrins. Since the application of
organic solvents enabled the preparation
of many (R)-cyanohydrins in high optical
yields, it was of great interest to get access
to hydroxynitrile lyases for synthetic ap-
plications, which catalyze the formation
of (S)-cyanohydrins.
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are now available in amounts sufficient
for synthetic and even technical applica-
tions. With the cloning and overexpres-
sion of the HNL from Unum usitatissi-
mum an additional (R)-HNL has recently
been developed for synthetic purposes.
For some substrates, (R)- LuHNL seems to
have advantages in comparison with the
(R)-HNL from bitter almonds [17][18].

The properties and characteristics of
the five hydroxynitrile Iyases currently
applied in the enzyme-catalyzed prepara-
tion of optically active cyanohydrins are
listed in Table 3.

Numerous investigations concerning
the synthesis of optically active cyanohy-
drins by using chiral metal complexes,
cyclic dipeptides and lipases as catalysts
have been published [5][7J. However, due
to the easy accessibility and high optical
and chemical yields, HNL-catalyzed prep-
arations of optically active cyanohydrins
are superior to other methods.

As mentioned above, the use of organ-
ic solvents for the HNL-catalyzed addi-
tion of HCN to carbonyl compounds was

(S)-MeHNL
------'.-

nitrocellulose
iPr20, r.t.

An enzyme, (S)-SbHNL [EC 4.1.2.11],
that preferentially cleaves (S)-cyanohy-
drins into aldehydes and HCN was first
isolated from Sorghum bicolor [10]. There-
fore, reactions using this enzyme in organ-
ic solvents have been investigated. It is
considerably more time-consuming to iso-
late sufficient amounts of (S)-SbHNL from
Sorghum than it is to isolate (R)-PaHNL
from bitter almonds. Besides the problem
of the more difficult accessibility, the sub-
strate range of SbHNL is much more lim-
ited. The enzyme from Sorghum catalyzes
exclusively the addition of HCN to aro-
matic and heteroaromatic aldehydes,
whereas it does not accept aliphatic alde-
hydes as substrates [11-13]. Although
clones are available from both PaHNL and
SbHNL, an overexpression in other or-
ganisms (Escherichia coli, Saccharomy-
ces cerevisiae, Pichia pastoris) has so far
not been successful.

In order to extend the substrate range
and to improve accessibility, other (S)-
cyanogenic glycosides have been investi-
gated in the last years with respect to
appl ications of the corresponding enzymes
in enantioselective syntheses. The (S)-
HNLs from cassava (Manihot esculenta)
[14] and Hevea brasiliensis [9] proved to
be highly promising. In contrast to the (S)-
HNL from Sorghum, both enzymes ac-
cept, besides aromatic and heterocyclic
aldehydes, also aliphatic aldehydes and
ketones as substrates [9][14]. The result-
ing (S)-cyanohydrins are obtained in high
optical yields (Scheme 3). Table 2 summa-
rizes examples of (S)-cyanohydrins ob-
tained with the HNL from cassava.

The (S)-HNLs from both Manihot es-
culenta [14][15J and Hevea brasiliensis
[l6J have been overexpressed successful-
ly in Escherichia coli, Saccharomyces
cerevisiae and Pichia pastoris, respec-
tively. Hence, both recombinant (S)-HNLs

Scheme 3
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6,7e R = MeCH=CH
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G,7k R = iPr
6,71 R = Me(CH2hCH=CH
6,7m R = c-CSHll

6,7n R = 3-CI-C6H4

6,70 R = 4-MeO-C6H4

Table 2. Synthesis of (S)-Cyanohydrins (S)-7 by
MeHNL-Catalyzed Addition of HCN to Alde-
hydes 6 in Diisopropyl Ether 8)

Aldehyde Cyanohydrins (S)-7

Time (hI Yield (%Jb) ee (%JI:)

6a 7 100 98

6c 4 98 98

6e 1 100 92

6i 9 80 94

6j 4 100 91

6k 6.5 91 95

61 3 82 97

6m 5 100 92

6n 9 100 92

60 9.5 82 98

8) The enzyme was adsorbed on nitrocellulose.
b) The yield of 7k,n was determined by 1H-

NMR spectroscopy.
C) Determined by gas chromatography on /3-

cyclodextrin phases after acetylation with
acetic anhydride.

Table 3. Properties and Characteristics of Hydroxynitriie Lyases Currently Applied in Organic Syntheses [16][17]

Enzyme Source Natural Substrate RIS Molecular weight [kDa] Optimum Kinetics
(Cyanogenic Glycosides) specificity pH Km[mM]

Native Subunit

Prunus sp. (Rosaceae) (R)-mandelonitrile (amygdalin. prunasin) R 55-80 55-80 5-6 0.093

Sorghum bieolor (Gramineae) (S)-p-hydroxymandelonitrile (dhurrin) S 105 33 and 22 n.d. 0.55

Manihot eseulenta (Euphorbiaceae) acetone cyanohydrin, (S)-butan-2-one
cyanohydrin (Iinamarin, lotaustralln) S 92-124 28-30 5.4 105-119

Haves brasiliensis (Euphorbiaceae) acetone cyanohydrin (Ilnamarin) S 58 30 5.5-6 115

Unum usitatissimum (Unaceae) acetone cyanohydrin (Ilnamarln) R 82 42 5.5 2.5
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decisive for many investigations in the last
years concerning optically active cyano-
hydrins. Several protocols for increasing b)
the performance of the HNL-catalyzed
preparation of (R)- and (S)-cyanohydrins
have been developed:
a) Reactions in a biphasic system (water/ c)

organic solvent) often give optical

yields comparable with those in pure
organic solvents [6][19].
Acetone cyanohydrin can be used as
precursor ofHCN [19]. HCN can also
be prepared in situ from NaCN with
acetic acid in a biphasic system [20].
Isolated enzymes can be replaced for the
reaction in organic solvents by whole

cells, for example almond and apple
meal instead of PaHNL, or Sorghum
shoots instead of SbHNL [20][21].

3. Stereoselective Transformations
of the Cyano Group of (R)- and
(S)-Cyanohydrins

Scheme 4
As 2-substituted carboxylic-acid de-

rivatives, chiral cyanohydrins have a con-
siderable synthetic potential [5-9]. Stereo-
selective reactions of chiral cyanohydrins
lead to other important classes of com-
pounds with stereogenic centers, In most
cases, only follow-up reactions with (R)-
cyanohydrins are described in the litera-
ture, From several examples, however, the
same reaction behavior is assured for (S)-
cyanohydrins as well [5][11].

3.1. Hydrolysis of the Cyano Group
Hydrolysis of chiral cyanohydrins of-

fers an interesting general route to (R)- and
(S)-2-hydroxy carboxylic acids. In concen-
trated hydrochloric acid, (R)- and (S)-cy-
anohydrins derived from aldehydes and
ketones are easily hydrolyzed to give the
corresponding (R)- and (S)-hydroxy car-
boxylic acids in excellent chemical yields
and with complete retention of configura-
tion (Scheme 4) [11][22]. The hydrolysis
can be carried out quite simply. First, the
optically active cyanohydrin is prepared
in the organic solvent as described (see
above). The cellulose-adsorbed enzyme is
filtered off after completion of the reac-
tion, the solvent is removed, and the crude
cyanohydrin residue is directly hydrolyzed
without any further purification. From the
aqueous solution the hydroxy acids are
extracted with diethyl ether. A compari-
son of the optical purity of the crude cy-
anohydrins and the isolated and purified
2-hydroxy carboxylic acids shows hydro-
lysis that proceeds virtually without any
racemization (Scheme 4).

The preparation of (R)- and (S)-2-hy-
droxy carboxylic acids, respectively, via
hydrolysis ofthe readily accessible chiral
cyanohydrins is currently the most gener-
al approach to this important class of com-
pounds.

The preparation of (R)-pantolactone
via the corresponding (R)-cyanohydrin re-
presents an interesting application of this
method. Via the cyanohydrin (R)-7p, de-
rived from j3-hydroxypivalaldehyde (6p),
optically pure (R)-pantolactone ((R)-9) is
obtained in 62% yield, with respect to 6p
(Scheme 5) [23].

Optically active cyanohydrins 10 de-
rived from unsaturated aldehydes are of
interest due to reactions possible with the
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c=c double bond. For follow-up reac-
tions, it is often more favourable to con-
vert the cyanohydrins according to the
Pinner method [24a] first into the corre-
sponding esters 11. Epoxidation of the
chiral alcohols 11 with achiral oxidants,
e.g., m-chloroperoxybenzoic acid (m-
CPBA), yields a mixture of both possible
epoxides 12a and 12b. With chiral (Sharp-
less titanium-tartrate system) oxidants, ste-
reoselective epoxidation can be achieved.
Using (+)-dimethyl tartrate «+)-DMT)
only the erythro-isomer 12a is obtained
(Scheme 6) [24b].

A further interesting application of
unsaturated chiral cyanohydrins in the
synthesis of natural products is chirality
transfer from the 2- to the4-position (Sche-
me 7) [25].

Scheme 8
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3.2. Partial Reduction of the Cyano
Group

A partial reduction of the cyano group
of optically active cyanohydrins with di-
isobutyl aluminum hydride (DIBALH) and
Grignard reagents, respectively, to the
corresponding imino compounds is possi-
ble (Scheme 8).

Selective hydrogenation of chiral cy-
anohydrins with Raney nickel in acidic
medium occurs with retention of confi-
guration but only moderate yields of
2-hydroxy aldehydes are obtained [26].
O-Protected hydroxy aldehydes (R)-15
are accessible in high yields by hydroge-
nation of O-protected cyanohydrins such
as (R)-14 with DIBALH followed by mild
acidic hydrolysis (Scheme 8) [27]. Be-
sides the hydrolysis, the imino intermedi-
ates allow also other reactions. With pri-
mary amines, e.g., NH3 can be replaced by
the amine (transimination) [27]. Addition
of HeN to imino intermediates opens an
approach to j3-hydroxy-a-amino acids 16
(Scheme 8) [27]. Optically active 2-hy-
droxy ketones 17 are readily available by
addition of Grignard reagents to O-pro-
tected cyanohydrins and subsequent hy-
drolysis (Scheme 8) [27].

Optically active cyanohydrins (R)-14
can also be reacted with Reformatsky re-
agents (Blaise reaction). The primarily
formed imino intermediates can be hydro-
lyzed under very mild conditions to give
the enamines (R)-18 which yield, by treat-
ment with strong acids, the tetronic acids
(R)-19 (Scheme 9) [28][29].

3.3. Preparation of Chiral 2-Amino
Alcohols

2-Amino alcohols have a wide spec-
trum of biological activity [30]. They can
be categorized as adrenaline-like com-
pounds with one asymmetric center at
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me ]0) [3][22][32]. Use of the SiMe2tBu-
protecting group allows partial hydroge-
nation with DIBALH and transimination
of the imino intermediates formed. Subse-
quent hydrogenation gives the pharmaco-
logically important N-alkyl-substituted
(IR)-2-amino alcohols 21 (Fig. ] and
Scheme 10) [33][34].

Ephedrine-like 2-amino alcohols 22
can be prepared successfully from O-pro-
tected cyanohydrins by addition of a Grig-
nard reagent and subsequent hydrogena-
tion with NaBH4 [35][36]. Again, NH3 in
the imino intermediate can be exchanged
by primary amines (transimination). In-
vestigations of the stereochemistry assured
for both (R)- and (S)-cyanohydrins that the
Grignard addition, the transimination, and
the hydrogenation proceed without any
racemization at C(l). The hydrogenation
of the imino intermediate at C(2) is highly
stereoselective due to a chelate-controlled
reaction; erythro products are formed al-
most exclusively [36]. The preparation of
(- )-L-ephedrine, which is obtained in 63%
yield with respect to (R)-7a (Scheme] ]),
is an example for a straightforward stere-
oselective synthesis of erythro-2-amino
alcohols. Starting from (S)-cyanohydrins,
(lS,2R)-2-amino alcohols are obtained by
this procedure [36][37].

(- )-L-Ephedrine is technically produc-
ed by a fermentation process which nor-
mally does not allow substrate variations,
whereas starting from optically active cy-
anohydrins, almost any structural varia-
tion is possible. In Fig. 2, two examples of
heteroaromatic analogues of ephedrine,
synthesized by the described procedure,
are presented [37].

OH
I H
C f NHR2

H'"'''' ,""l ?R3

(1R,2S)-22

R3MgX

mers seem to have noxious side effects
[31], syntheses of optically pure 2-amino
alcohols are gaining increasing impor-
tance.

Both free and O-protected optically
active cyanohydrins can be hydrogenated
with LiAIH4 without any racemization to
give adrenaline-type compounds 20 (Sche-
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I H OH
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(1R.2S)-2-(N-Methylamino)- (1R.2S)-2-(N-Methylamino)- (1S.2R)-2-(N-Methylamino)-
1-(3-thienyl)propan-1-ol (23a) 1-(3-furyl)propan-1-ol (23b) 1-(3-thienyl)propan-1-ol (24)

C( I) (Fig. ]) or as ephedrine-like com-
pounds with two chiral centers at C( I) and
C(2) (Scheme 10). Although it is well-
known that only the compounds with (IR)-
and (IR,2S)-configuration are responsible
for biological activity, so far, predominant-
ly race mates are applied as pharmaceuti-
cals [30a]. Since in some cases (lS)-iso-

Fig. 2. Heteroaromatic analogues of (-)-L-ephedrine

Scheme 10

Scheme 11 4. Stereoselective Substitution of
the Hydroxy Group

OH
I H
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The synthetic potential of optically
acti ve cyanohydrins can be extended con-
siderably by converting the hydroxy sub-
stituent into a good leaving group, which
could be exchanged stereoselectively with
nucleophiles.

Nucleophilic substitutions with acti-
vated a-hydroxy carboxylic acids and es-
ters are well established [38], but little is
known about the analogous reactions of
cyanohydrins [39]. 2-(Sulfonyloxy)nitriles
(R)-25, easily accessible from chiral cy-
anohydrins (R)-7 by sulfonylation (Scheme
12) [40], have a much higher configura-
tional stability than the corresponding 2-
halonitriles [39][40]. Sulfonylated cyano-
hydrins (R)-25, derived from cyanohy-
drins of aliphatic aldehydes (R = aliphat-
ic), react with nucleophiles, e.g., potassium
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H"", 'CN

Ph

(R)-7a >99%ee
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(S)-37a R = H ("Love Drug") >99%ee
(S)-37b R = Me ("Ecstasy") >99%ee
(S)-37c R = Et ("Eve") >98%ee

H
R, "'~CN

C
I
SCH2Ph

(S)-33

!LiA1H4

H NH2

R ./ 6H'C·", 2

I
SCH2Ph

(S)-35

!
H

R, ..~C02H
C
I
NH2

(S)-31

H
R, ..~CN

C
I
NPhth

(S)-28

H
R, ..-:"'CN

C
I

OAe

(S)-26a R = Ph,
81%ee

(S)-26b R = MeS(CH2h,
96%ee

(S)-26c R = nPr,
96%ee

•.KNPhth

DMF

PhCH2SH ..
K2C03•
MeCN

KOAe ..
DMF, r.t.

OS02R1

IC ..R.... ,""H
CN

(R)-25

H
R, ..~CN

C
I

NH2

(S)-30

H NH2' HCI

R, ..~6H Na/NH3C 2 _.••~ __

I HCI
NH2

(S)-36

OS02R1
I

C ..R.... ,""H

CN

(R)-25

(R)-25a R = Ph,
R1= CF3

(R)-25b R = MeS(CH2h,
R1 = tolyl or Me

(R)-25c R = nPr,
Rl = tolyl

..

R10S02X
pyridine

OH
I H

-0."....C •....C/..,-. NHR

- I phosgeneCH •.o ~ II 3 NEt3lo

IL:'H' ~d1C

R, "':"'CH2NH2C
I
NH2

(S)-29

H
R, ..~CN

C
I
N3

(S)-27

(R)-7a R = Ph,
98%ee

(R)-7f R = MeS(CH2h,
96%ee

(R)-7g R = nPr,
96%ee

Scheme 14

H
R, "'~CN KSAc

C ••
I DMF
SAc

(S)-32!BH3'THF
COCI2

H~NH COCI2
I. ~" .•

R S 0 K2C03

(S)-34

Scheme 15

Scheme 13

Scheme 12

The discovery that enzyme-catalyzed
cyanohydrin formation prevails over the
chemical cyanohydrin formation, if or-
ganic solvents are used, gave rise to strong
research activities on preparations and
foIl ow-up reactions of opticaIly active cy-
anohydrins.

Due to the excellent accessibility and
the very broad substrate range, PaHNL
from bitter almonds was the enzyme of
choice used for the preparation of chiral
cyanohydrins. Therefore, most ofthe fol-
low-up reactions were performed starting
from (R)-cyanohydrins.

Successful cloning and overexpression
of the hydroxynitrile lyases from Manihot
esculenta (MeHNL) and Hevea brasilien-
sis (HbHNL) made available also (S)-
HNLs, which have an equaIly broad sub-
strate range as PaHNL, in sufficient
amounts for applications in organic syn-

5. Conclusion

acetate (KOAc), under very mild condi-
tions with complete inversion of configura-
tion to give the substitution products (S)-
26 (Scheme 12) [40].

2-(Sulfonyloxy) nitriles derived from
cyanohydrins of aromatic aldehydes react
with weak nucleophiles, e.g., KOAc, with
partial racemization [40] (Scheme 12, R =
Ph). The Mitsunobu reaction represents an
alternative to the O-activation of cyano-
hydrins combined with nucleophilic sub-
stitution [4]]. In contrast to the O-sulfonyl
activation, Mitsunobu conditions work
especially well for the exchange of allylic
and benzylic hydroxy groups in cyanohy-
drins [4] b]. The variation ofnucleophiles
in Mitsunobu reactions is rather limited
[4]c], whereas O-sulfonylated cyanohy-
drinsreactwith various nucleophiles [40a].

In Scheme 13, reactions of2-(sulfonyl-
oxy) nitriles (R)-25 with N-nucleophiles
[40] [42] are summarized whereas Scheme
14 gives an overview over the reactions of
(R)-25 with S-nucleophiles [43].

The stereoselective synthesis of (S)-
3,4-(methylenedioxy)amphetamines (S)-
37, which are controversially discussed as
psychoactive compounds [44], is another
interesting example for the application of
cyanohydrins as easily available chiral
starting compounds. From (lR,2S)-2-ami-
no-I-aryl alcohols, prepared as described
(see Scheme 10), a very efficient reductive
elimination of the benzylic hydroxy group
was developed to give the optically pure
(S)-amphetamine derivati ves (Scheme 15)
[44]. This is an interesting case of chirality
transfer from easily available chiral cy-
anohydrins.
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