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Abstract— A method to directly analyze unprotected cyanohydrins (with regard to enantiomeric purity and conversion) via chiral HPLC is
described. The influence of the solvent composition on the stability of the unprotected cyanohydrins is investigated. By acidifying the solvent
during HPLC analysis, hydrocyanation reactions can be directly followed in time. For many chiral cyanohydrins it is possible to determine
both conversion and enantiomeric purity without prior protection of the cyanohydrin. Using a special aqueous-organic two-phase system
racemic cyanohydrins can be synthesized in excellent yields. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

Cyanohydrins are versatile chiral building blocks for
pharmaceutical chemistry.! The synthesis of chiral cyano-
hydrins catalyzed by R-hydroxynitrile lyase (R-PaHNL)
(EC 4.1.2.10) from (Prunus amygdalus) in a two-phase
system using mass-transfer-limitation has been described
before.” The reaction is depicted in Scheme 1. The synthesis
of chiral cyanohydrins is not restricted to catalysis by
R-HNL. Catalysis is also possible by using chiral catalysts,
like cyclic dipeptides or chiral Lewis acids.’

Determination of the enantiomeric purity of organic
compounds is increasingly important, mainly for those
with a biological activity. It is well known that this activity
depends on the structure of the substrates, in such a way that
the biological response due to each enantiomer may be
different. Because of this, it is necessary to have a method
to accurately determine the enantiomeric excess.

In earlier investigations, the optical purity of cyanohydrins
was solely determined from the optical rotation.*’ Over
the years several methods have been developed to determine
the enantiomeric excess of cyanohydrins. These include the
following:

1. derivatization with (R)-a-methoxy-a-trifluoromethyl-
phenylacetyl (MTPA) chloride followed by '"H NMR*
or 'F NMR® analysis, gas chromatography’ or HPLC
analysis;8
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2. by 'H NMR using tris-[3-(heptafluoropropylhydroxy-
methylene)-b-camphorate] europium(IIl) (Eu(hfc);) as
a chiral shift reagent;9

3. derivatization as silyl-ethers, to prevent decomposition of
the cyanohydrin, followed by chiral-HPLC (Chiralcel
OD);IO

4. derivatization as acetates using trifluoroaceticanhydride
(TFAA), to prevent decomposition of the cyanohydrin,
followed by gas chromatography analysis using a
B-cyclodextrin column;!!

5. 'H NMR of mixtures of mandelonitrile and cyclodextrin
in an aqueous solution;'?

6. (S)-Naproxen® as a derivatization agent followed by
HPLC analysis."

One of the drawbacks of the above mentioned methods is
the requirement for derivatization or the addition of a shift
reagent. Derivatization of the product may be complicated
and time consuming, and excludes the possibility of a direct
analysis and therefore, quantitative determinations like
conversions.

It was our aim to develop an HPLC-method to analyze the
hydrocyanation reaction, with regard to the aldehyde and
the corresponding unprotected cyanohydrin (conversion
and enantiomeric excess). In this way, it may be possible
to directly follow the course of the reaction and the
enantiomeric excess over time. Such an analysis can be
used to investigate the possible racemization of chiral
cyanohydrins. To understand the catalytic reactions we

j\ HCN OH
—_—
R H R-PaHNL R CN

Scheme 1. Synthesis of chiral R-cyanohydrins catalyzed by R-PaHNL.
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Figure 1. (a) The effect of water (pH 7) and alcohols on the stability of 3E-2-hydroxy-4-phenylbutenenitrile dissolved in a mixture of n-hexane and: water ({J),
methanol (@), ethanol (A), iso-propanol (@), and fert-butanol (H); (b) The effect of the pH on the stability of 3E-2-hydroxy-4-phenylbutenenitrile dissolved in

water of pH 3 (A), pH 5 (W), and pH 7 (@).

will investigate the racemization reaction and include a
method to improve the reaction.

2. Results and discussion

The enantiomeric excess of cyanohydrins, produced in the
enzyme-catalyzed hydrocyanation reaction, has normally
been determined by chiral-HPLC analysis of the corre-
sponding tert-butyldimethylsilyl (TBDMS) or tert-butyl-
diphenylsilyl (TBDPS) protected cyanohydrins.'” This
protection is necessary because unprotected cyanohydrins
are prone to degradation.'* The disadvantages of protecting
cyanohydrins are the additional reaction and thereby purifi-
cations. An additional reaction is time consuming and may
introduce errors, and excludes the direct analysis of the

Table 1. The stability of 3E-2-hydroxy-4-phenylbutenenitrile in the
presence of H,O and alcohols

Co-solvent Effect in time

Water (pH 7) Total decomposition after 7 min

progress of the hydrocyanation reaction. To the best of
our knowledge no method to analyze unprotected cyano-
hydrins has been reported before.

2.1. UV intensities

In order to establish a method to analyze the progress of the
hydrocyanation reaction, the effects of the conditions during
chiral-HPLC analysis on the unprotected cyanohydrins was
examined more closely.

The separation of the substrate (aldehyde) and both
enantiomers can be realized on a chiral Chiralcel column'
using an eluent combination. The separated substrate and
enantiomers are then detected by UV.

The UV-intensity measured by the UV-detector is directly
dependent upon the concentration, the wavelength and
the extinction coefficient of the compounds. By taking a
UV-spectrum of a corresponding aldehyde and cyanohydrin
pair, the wavelength at which the UV-intensities of the

MeOH Total decomposition after . '

30 min aldehyde and cyanohydrins are comparable with respect to
EtOH 90% decomposition after 1 h the concentration can be found. With this knowledge it is
iso-PrOH Partial decomposition after 1 h

tert-BuOH No significant decomposition

possible to adjust the wavelength of the UV-detector corre-
spondingly.



P. J. Gerrits et al. / Tetrahedron 57 (2001) 8691-8698 8693

Figure 2. Proposed mechanism showing the influence of different alcohols.

When side reactions are minimal, it is possible to calculate
the conversion of the substrate into the product. The conver-
sion can be calculated using the ratio between the produced
peak areas of the aldehyde (A.4) and both cyanohydrin
enantiomers (Ag and Ag). This ratio is shown in Eq. (1).
For some substrates the use of a correction factor (cf) is
necessary.'®

Aald
cf (Aald + AR + AS)

conv = 100% — ( X 100) (D)

2.2. Stability of cyanohydrins in different eluents

To solve the problem of the stability of unprotected cyano-
hydrins during HPLC analysis, the influence of the eluent
was examined. For the analysis of protected cyanohydrins

mixtures of n-hexane and iso-propanol are used. Variation
of the eluent combination revealed that decomposition of
the unprotected cyanohydrins only occurred in the presence
of small alcohols and water. In pure n-hexane the cyano-
hydrin remained stable.

The decomposition of racemic 3E-2-hydroxy-4-phenyl-
butenenitrile (Entry 5 in Table 2), dissolved in mixtures of
n-hexane and different alcohols and water, was followed by
UV-spectrometry. Progress curves were recorded for the
decomposition of the cyanohydrin. The results are presented
in Fig. 1a and b and Table 1.

The kind of alcohol used has an important effect on the
speed of the decomposition. Water and primary alcohols
lead to fast decomposition, whereas tertiary alcohols do
not show this effect. iso-Propanol shows an intermediate
effect.

The extent of decomposition differs with the kind of cyano-
hydrin used. Mandelonitrile, the cyanohydrin from benz-
aldehyde (Entry 1 in Table 2) is less stable than 3E-2-
hydroxy-4-phenylbutenenitrile, the cyanohydrin of cinnam-
aldehyde, which has an additional double bond between the
benzyl ring and the cyanohydrin group. Generally it can be
said that the decomposition of unprotected cyanohydrins is

Table 2. Analyzed samples containing the aldehyde and the corresponding unprotected racemic cyanohydrin.

Entry Racemic cyanohydrin Column A? (nm) of® Retention time (min)
Type T° (°C) Eluent H/I* (%) Riaa Rir Ris
OH
1 @)\CN OD 40 97/3 220 2.1 5.74 18.5 17.4
OH
2 /©/LCN oJ 40 87/13 230 0.32 6.65 25.3 28.3
HO
OH
3 @\)\CN (02) 20 80/20 220 1 4.8 8.2 9.0
OH
OH
CN
4 0oJ 20 87/13 230 1 10.3 36.6 30.2
HO
HO
OH
5 ©/\)\CN OD 20 87/13 261 1 7.78 14.42 17.40
OH
6 /\/\)\ OD 5 97/3 231 1 5.9 12.6 11.3
N CN
OH
7 S CN OD 5 97/3 231 1 6.2 10.5 10.1

* This A-value is not necessarily A .
® Correction factor related to a typical wavelength.'®

¢ Changing the temperature of the column often results in better base-line separations.

¢ H=n-Hexane; I=i-propanol. To all eluents 0.1% acetic acid was added.
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Figure 3. HPLC chromatogram of a reaction mixture containing cinnamaldehyde and the corresponding R- and S-enantiomers. Shown are three peaks: (1) the
aldehyde (R, ,4=7.78 min); (2) the R-enantiomer (R, g=14.42 min) and (3) the S-enantiomer (R, s=17.40 min). The order of the R- and S-enantiomers depends
on the substrate used. Notice the baseline separation between the three peaks. This is essential for a reliable result.

Table 3. The synthesis of racemic cyanohydrins using a two-phase system

Entry Product Conv. (%)* Rt (h)°
OH
1 @/LCN 99.8 5
OH
2 /©)\crq 91.0 24
HO
OH
3 @\/kcu 99.8 2
OH
OH
CN
4 90.1 72
HO
HO
OH
5 @/\)\CN 98.0 48
OH

6 /\/\)\ 97.0 24
N Nen

The reaction is monitored and analyzed using HPLC.
* Conversion.
" Reaction time.

accelerated by the use of water and small alcohols (in a
steric way) as co-solvents.

A possible explanation for the above described phenom-
enon is shown in Fig. 2. Small alcohols form hydrogen
bonds with the hydroxy groups of the cyanohydrins and
weaken the oxygen—hydrogen bond. The strength of the
hydrogen bonds depends on the pH and the kind of alcohol
used.!”

To prevent the decomposition of cyanohydrins based upon
the proposed mechanism, the use of bigger alcohols'® and
the possibility of acidifying the eluent was investigated. An
unprotected cyanohydrin in an eluent with a small amount
of added pure acetic acid shows no decomposition on
HPLC. By using this composition of eluent, racemic unpro-
tected cyanohydrins can be analyzed. The results are
presented in Table 2 and Fig. 3.

Fig. 3 shows an example of an HPLC chromatogram of a
reaction mixture. The peaks of both enantiomers and the
aldehyde can be clearly seen.

Based upon the effect of alcohols on the stability of cyano-
hydrin, it is unfavorable to use MeOD as a solvent in NMR
analyses and MeOH or EtOH as solvents in the determi-
nation of the optical rotation.'®

2.3. The synthesis of racemic cyanohydrins
The production of racemic cyanohydrins can sometimes be

troublesome. Normally, a solution of NaCN in water is
added to a solution of the aldehyde in acetic acid.”**' As
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Figure 4. Two possible mechanisms®* for cyanohydrin formation and decomposition. Top: a stepwise pathway involving an anionic cyanohydrin. Bottom: a

concerted pathway involving a water molecule.

an example, the synthesis of racemic a-hydroxy-(4-hy-
droxy-3-hydroxymethylphenyl)-acetonitrile ~ (Entry 4,
Table 2) results in a low conversion of 30%.

To optimize the results of the synthesis of racemic cyano-
hydrins, a modified procedure was developed based upon
the successful enzymatic hydrocyanation reaction.” In this
procedure the pH of a solution of NaCN in water was
adjusted to 5.5 by addition of citric acid followed by extrac-
tion with MTBE. The MTBE-layer, an aqueous buffer layer
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Figure 5. Progress curves for the synthesis of racemic mandelonitrile at pH
5.5 (@), 7.0 (®), 8 () and 9 (A) at 5°C in an aqueous-organic biphasic
system. The line is the simulated curve, markers are the experimental
values. The experimental conditions used were described before.

OH
~—%— CN°
Hy0 + HCN—> H;0"+ CN"——»
I
M i
O <——:——
! mcya.nohydrin
R CN M{CN

organic phase

of pH 6.8 and the aldehyde were then added to the reaction
flask. After stirring for some time the racemate was isolated
by extraction.

For racemic a-hydroxy-(4-hydroxy-3-hydroxymethyl-
phenyl)-acetonitrile (entry 4) a conversion and yield of
90% could be achieved. In Table 3 the results of the syn-
thesis of other racemic cyanohydrins using this method are
presented.

The formation and decomposition of cyanohydrins involve
both neutral reactants (HCN and aldehyde) and products
(cyanohydrins). For the racemic cyanohydrin formation
two distinct mechanisms are possible, differing in whether
the proton addition to the carbonyl oxygen atom is stepwise
or concerted (Fig. 4). Ching and Kallen concluded, based
upon elaborate kinetic studies, that a stepwise pathway is the
most likely.?

To investigate the rate of the formation of racemic cyano-
hydrins under different conditions, progress curves were
recorded for the synthesis of racemic mandelonitrile in a
two-phase system at pH 5.5, 7, 8 and 9. The results are
shown in Fig. 5.

Fig. 5 clearly shows that the rate increases with an increas-
ing concentration of hydroxide-ions. Performing the
reaction at very high pH values however does not seem to
be the best choice. The hydroxide-ion has a dual role in the

R CN

aqueous phase

Figure 6. The hydrocyanation reaction can go to completion because the concentration of cyanohydrin is kept low in the aqueous phase. Consequently, the
decomposition of cyanohydrins by hydroxide ions hardly occurs. Remarkable is the distribution of HCN (partition coefficient> HCN: 2.6; CN~ will stay in the
aqueous layer) to the organic phase layer. After dissociation of HCN, the hydroxide and cyanide ions will leave the organic phase and become therefore
unavailable for the degradation of the cyanohydrin in the organic layer. pH=(pK,Xcucn) =3.1; mycy=mass transport of HCN; mcyanonyarin=mass transport of

the cyanohydrin.
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mechanism of the racemic hydrocyanation reaction. On the
one hand it deprotonates the hydroxyl moiety of the cyano-
hydrin. On the other hand it deprotonates HCN forming a
cyanide-ion in a rate-determining step. Increasing the
concentration of hydroxide-ions favors the decomposition
of the cyanohydrins. After all, the concentration of HCN
(and CN") is not significantly increased. The effect of the
increased decomposition at higher pH values may be
suppressed by performing the reaction in a two-phase system.

The progress curves in Fig. 5 were also simulated (curve)
using the reaction rate constants for the formation of
racemic mandelonitrile at pH 5.5, 7.0, 8.0 and 9. These
values are 0.0044, 0.0702, 0.43 and 2.6 [ mol_ls_l,
respectively, as determined by extrapolation of the values
reported by Niedermeyer.” There is a remarkable con-
sistency between the experimental values (markers) and
the simulated data (curves). This may imply that in a two
phase-system the formation of cyanohydrins has the upper
hand (compared to the decomposition reaction) and causes
the equilibrium to go to completion.

The racemic hydrocyanation reaction, which is an equi-
librium, can go to completion if the concentration of the
cyanohydrin formed is kept as low as possible and the
concentration of cyanide as high as necessary. This can be
accomplished by excluding the racemic cyanohydrin from
the equilibrium that occurs in the aqueous layer (see Fig. 6).
The organic layer is acidified by the dissociation of HCN in
dissolved water. The pH will be roughly 3 in accordance
with the formula which states that the pH is equal to the
square root of the multiplication of the pK, and the concen-
tration of HCN. The partition coefficient of the cyanohydrin
will be the driving force of the racemic hydrocyanation
reaction. This phenomenon is also observed by the enantio-
meric excess progression analysis whereby the enantiomeric
excess is constant throughout the reaction.

The same exclusion-principle can be seen in the enzyme
catalyzed hydrocyanation reaction producing chiral cyano-
hydrins. The chiral reaction will go to completion and the
chirality of the cyanohydrin may be ‘stabilized’ in the
organic phase. Racemization of chiral cyanohydrins may
only be possible using one-phase systems (especially by
using co-solvents such as alcohols).>”-?*

3. Conclusion

By acidifying the eluent and adjusting the detection wave-
length, column material and column temperature a new
chiral HPLC analysis method was developed for unpro-
tected cyanohydrins that can be used to follow the progress
of the hydrocyanation reaction and directly determine the
enantiomeric excess and conversion.

The negative effect of alcohols on the stability of cyano-
hydrin make it unfavorable to use MeOD as a solvent in
NMR analyses and MeOH or EtOH as solvents in the
determination of the optical rotation.

Using a special aqueous-organic two-phase system racemic
cyanohydrins can be synthesized in excellent yields.

Racemization of chiral cyanohydrins may only be possible
using one-phase systems.

4. Experimental
4.1. General methods and materials

'H NMR spectra were recorded on a JEOL FX-200 instru-
ment. Samples were measured in acetone-dgs or CDCl; with
Me,Si as an internal standard for '"H NMR and CDCl; for
C NMR; & in ppm, J in Hz. The HRMS spectrum was
obtained with a Finnigan MAT ITD 700 electron impact
(70 eV). The enantiomeric excess and conversions were
determined by HPLC using Chiralcel OD and OJ columns"
(250x4.6 mm?) followed by UV-detection (Applied Bio-
systems 759A Absorbane detector). As eluent, mixtures of
hexane (H), isopropyl alcohol (I) and acetic acid (HAc),
which are specified in each case, were applied. Flow
rate=1 ml min~'. All cyanohydrins were also prepared in
racemic form to optimize the conditions for peak separation.
Melting points were measured on a Biichi melting-point
apparatus and are uncorrected. Spectrophotometer: Varian
DMS 200 UV-visible. Acetic acid (99-100%) and iso-
propyl alcohol (99.5%) were purchased from Baker, hexane
(HPLC-grade) from Biosolve, MTBE (99%) from Acros,
benzaldehyde (99%) from Merck, p-hydroxyaldehyde
(99%) and salicylaldehyde (98%) from Aldrich, 4-hydroxy-
2-hydroxymethyl-benzaldehyde (99%) from Maybridge
Chemical Company, cinnamaldehyde (99%) from Aldrich,
sorbic aldehyde (95%) from Aldrich, and NaCN (p.a.) from
Baker.

4.2. Calculation of conversion and enantiomeric excess

In the described experiments, the conversion and the ee are
based on the analysis of the organic phase. Since the
aqueous phase volume is small compared to the organic
phase volume and most of the aldehyde and cyanohydrin
resides in the organic phase, the amounts of aldehyde and
cyanohydrin in the aqueous phase were considered negli-
gible for the calculation of the conversion. The definitions
for the extent of conversion and the enantiomeric excess are
integrated in a computer program. The computer program®
was written to integrate the UV-activities in time, and
process the data provided by the HPLC and the spectro-
photometer. Formulas (1) and (2) including the correction
factor were used in this program

AR B AS
ee = 2 "2100% 2)
Ap + Ag

4.3. Stability measurements

Rates of cyanohydrin decomposition were measured
spectrophotometrically by monitoring the aldehyde using
a UV/VIS spectrophotometer. All measurements involving
benzaldehyde were made at 280 nm. For cinnamaldehyde a
wavelength of 284 nm was used. The stability experiments
were started by adding 0.5 ml of aqueous buffers or alcohols
(buffers of pH 3, 5 and 7, MeOH, EtOH, i-PrOH and
t-BuOH) to a 4 ml cuvet (length 1 cm) at room temperature,
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containing 3 ml of a 3.42x10”" M mixture of the cyano-
hydrin in hexane.

4.3.1. 2-Hydroxybenzeneacetonitrile (entry 1, Table 3).
To a thermostatically cooled (5°C) double-walled reaction
vessel, 60 ml of a 0.1 M phosphate/citrate buffers (pH 5.5,
7.0, 8.0, 9.0) were added. Meanwhile 10 g of NaCN was
dissolved in 100 ml of cold water. The pH of this solution
was adjusted to 5.5 by addition of citric acid. CAUTION:
Formation of toxic hydrogen cyanide! The hydrogen
cyanide solution was extracted with MTBE (3%40 ml).
The combined MTBE layers were added to the reaction
vessel. Freshly distilled benzaldehyde (26 mmol) was
added to the solution to start the reaction. After 5 h the
reaction was converted for 99.8%. After separation of the
two layers, the organic layer was dried (MgSO,) and the
solvent evaporated. Pure racemic mandelonitrile was
obtained as a clear oil which solidified at 5°C. HPLC, eluent
H/I/HAc=97:3:0.1, A 220nm. A;;,=220nm (A
aldehyde=250 nm). 'H NMR (CDCl;): 6=3.15 (br, 1H,
OH), 5.52 (s, 1H, CHOH), 7.49 (m, 5H, H-arom); *C
NMR (CDCl;):=63.22 (COH), 119.16 (CN), 126.70,
129.12 (C-arom), 129.71 (C,4a), 135.14 (Cppg0).

4.3.2. 2-Hydroxy-2-(4-hydroxyphenyl)-acetonitrile (entry
2, Table 3).>%" Prepared as described above for 2-hydro-
xybenzeneacetonitrile using 24.6 mmol of 4-hydroxyben-
zaldehyde. After 24 h the reaction was 91% converted
into cyanohydrin. Cyanohydrin was obtained as a light
pink solid and could be separated from the aldehyde by
crystallization in dichloromethane/petroleum-ether 40—60
to give pure cyanohydrin as light pink colored crystals.
HPLC: OJ-column, eluent H/I/HAc=87:13:0.1, A 230 nm.
Amax 230 nm (A aldehyde 218 and 270 nm). '"H NMR
(acetone-dg): 6=5.66 (s, 1H, CHCN), 6.91 (d, 2H, J=
8.78 Hz, H-arom), 7.41 (d, 2H, J=8.78 Hz, H-arom); °C
NMR (acetone-dg):=62.28 (CHOH), 115.43 (C-arom),
119.20 (CN), 128.10 (C-arom), 157.97 (C,,), 166.58
(Cip.x‘())~

4.3.3. 2-Hydroxy-2-(2-hydroxyphenyl)-acetonitrile (entry
3, Table 3).”° Prepared as described above for 2-hydroxy-
benzeneacetonitrile using 47.5 mmol of salicylaldehyde and
60 ml phosphate/citrate buffer (pH 7.5). After 24 h the
reaction was 99.8% converted into the cyanohydrin. Pure
cyanohydrin was obtained as a yellow oil. HPLC: OJ-
column, eluent H/I/HAc=80:20:0.1, A 220 nm. A, 215
and 255 nm (A« aldehyde 220 nm). 'H NMR (acetone-
de): 6=5.87 (s, 1H, CHCN), 6.94 (m, 2H, H-arom), 7.26
(m, 1H, H-arom), 7.55 (m, 1H, H-arom); BC NMR (ace-
tone-dg):=56.33 (CHOH), 113.73 (C-arom), 117.83 (CN),
118.19 (C-arom), 121.34 (C;,), 125.50, 128.56 (C-arom),
152.33 (Cea)-

4.3.4. a-Hydroxy-(4-hydroxy-3-hydroxymethylphenyl)-
acetonitrile (entry 4, Table 3).° To a round bottom
flask, 5ml of a 0.1 M phosphate/citrate buffer (pH 6.8)
were added. Meanwhile 1 g of NaCN was dissolved in
17 ml of cold water. The pH of this solution was adjusted
to 5.5 by addition of citric acid. CAUTION: Formation of
toxic hydrogen cyanide! The hydrogen cyanide solution was
extracted with MTBE (1x40 ml). 23 ml hydrogen cyanation
extract and 0.66 mmol of 4-hydroxy-3-hydroxymethyl-

benzaldehyde were added to the flask. After stirring for
three days a conversion of 90% into the cyanohydrin was
reached. Crude cyanohydrin was obtained as oil, 0.12 g
yield. HPLC: OJ-column, eluent H/I/HAc=87:13:0.1, A
230 nm, Apay 210 and 231 (A aldehyde 278 nm). 'H
NMR (acetone-dg): 6=4.76 (s, 2H, CH,OH); 5.65 (s, 1H,
CHCN); 6.87 (d, 1H, J=8.2 Hz, H-arom); 7.26 (dd, 1H,
J=2.1, 82Hz, H-arom). HRMS (EI): M", found
179.1720. CoHoNO; requires 179.1727.

4.3.5. 3E-2-Hydroxy-4-phenylbutenenitrile (entry S5,
Table 3).*° Prepared as described above for 2-hydroxy-
benzeneacetonitrile using 40 mmol of cinnamaldehyde.
After two days a conversion of 98% was reached. Crude
cyanohydrin was obtained as a clear yellow solid, yield
97% cyanohydrin. The crude cyanohydrin was separated
from the aldehyde by crystallizing in CH,Cl,/n-hexane, to
give pure cyanohydrin as light yellow colored crystals. Mp
78°C. HPLC: eluent H/I/HAc=87:13:0.1, A 261.5 nm,
Amax=2531nm (A aldehyde=284nm). 'H NMR
(CDCl3): 6=3.96 (br, 1H, OH), 5.16 (d, 1H, J=6.2 Hz,
CHCN), 6.27 (dd, 1H, J=6.2, 15.9 Hz, =CHCHCN), 6.89
(d, 1H, J=15.9 Hz, CH—CH), 7.39 (m, 5H H-arom); "*C
NMR (CDCl;):=61.60 (CHOH) 118.30 (CN), 122.00
(C-arom), 127.00 (CH=CH), 128.70 (C-arom), 128.90
(CH=CH), 134.60 (C,,s,), 135.00 (C-arom).

4.3.6. 2-Hydroxy-3E,5E-heptadienenitrile and 2-hydroxy-
3E,5Z-heptadienenitrile (entry 6, Table 3).”>*® Prepared
as described above for 2-hydroxybenzeneacetonitrile using
57.2 mmol of 2,4-hexadienal, 15 g of NaCN in 120 ml of
cold water and 60 ml of a phosphate/citrate buffer (pH 7).
After 24 h, a conversion of 97% was observed. The cyano-
hydrin was obtained as a yellow solid. The reaction was
followed and no additional isomerization was observed
during the reaction. HPLC: eluent H/I/HAc=97:3:0.1, A
231 nm, Ay 232 nm, (A, aldehyde 260 nm). 'H NMR
(CDCl;): 6=1.80 (d, 3H, CHj, J=5.6 Hz), 3.05 (br, 1H,
OH), 5.01 (d, 1H, CH-CN, J=5.9 Hz), 5.63 (dd, 1H,
=CHCHCN, J=15.2, 6.2 Hz), 5.91 (dd, 1H, MeCH=CH,
J=15,7 Hz), 6.10 (dd, 1H, MeCH=CH, J=15, 0.5 Hz); "*C
NMR (CDCl3):=18.10 (CHj3), 61.55 (CHOH), 118.35 (CN),
122.61 (CH3;C=C), 129.14 (C=CHCHCN), 134.66
(CH53C==C) 135.63 (=CHCHCN).
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