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“NAKED" CYANIDE-ACETONE CYANOHYDRIN:
A SIMPLE, EFFICIENT AND STEREOSELECTIVE HYDROCYANATING REAGENT.
Charles L. Liotta*, A. M, Dabdoub and L. H. Zalkow
School of Chemistry, Georgia Institute of Technology, Atlanta, Georgia 30332

(Received in USA 16 September 1976; received in UK for publication 16 February 1977)

The conjugate hydrocyanation of o,B-unsaturated carbonyl systems has been subject to in-
tensive investigation during the past two decades. The reported methods involving (a) KCN
in aqueous alcoholl, (b) KCN and NH4C1 in aqueous DMF2 and (c¢) Ca(CN)2 in N—methylpyrrolidones,
however, suffer from a number of disadvantages. These include undesirable side reactions such
as hydrolysis, dimerization and competitive 1,4-addition of protic solvents, poor stereoselecti-
vity and poor efficiency. Nagata and co-workersza’4 have recently described the use of alkyl
aluminum cyanide reagents which are not wrought with the aforementioned difficulties. Never-
theless, these reagents are pyrophoric and do require extremely careful handling. It has been
recently reported that cyanide ion,Solubilized as its potassium salt in non-polar or dipolar
aprotic solvents containing 18-crown-6, 1, ('naked" cyanide}, is a useful nucleophilic species
for introducing a carbon functionality into a wide variety of organic and inorganic substrates
by simple addition or displacement processes.s This Communication reports the use of this
reagent in conjunction with acetone cyanohydrin as a new stereospecific hydrocyanating reagent
for o,B-unsaturated carbonyl systems.

In the presence of acetone cyanohydrin, ''maked" cyanide undergoes stereoselective Michael

addition to A4-cholesten—3-one, 2, to give a mixture of a- and B-isomers, 3 and 4, respectively.

3\ C /
0 cns’ ~cN
Sa-isomer S5B-isomer
2 C6H6 or CH CN 3 4

The generalized hydrocyanation procedure con51sts of 51mp1y pouring the “substrate-crown solu-
tion directly over excess, dry KCN. Acetone cyanohydrin is then added and the two phase system
is stirred vigorously. The reaction mixture is then filtered, the solvent evaporated and the
mixture of cyano products isolated. The isomeric (a- and B-) cyano products are separated from
each other using standard column chromatography procedures. The results and the specific de-

tails of the experimental procedure are summarized in Table 1. Excellent isolated yields of
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hydrocyanation products are obtained in benzene and acetonitrile, (83-86%) and no cyanide hy-
drolysis products (amides or lactams)or dimers could be detected. The isolated yields of the
individual isomers are also excellent and are indicated in Table 1. No reaction is found to
take place in the absence of crown (Runs 1 and 6), in the absence of acetone cyanohydrin (Run
12) and in the absence of potassium cyanide (Run 11) and the reaction appears to proceed more
rapidly in benzene than in acetonitrile (Runs 3 and 9, Runs 4 and 7). This last observation
is attributed to the greater solubility of cholestenone in benzene as compared to acetonitrile.
Although potassium cyanide is needed in only catalytic quantities, operationally, the pre-
sence of a stoichiometric amount (or greater) allows the reaction to be completed within a
much shorter period of time (Runs 4 and 5, Runs 7 and 10). As the reaction temperature de-
creases the 5a/5f ratio decreases (Runs 2,3 and 4, Runs 7 and 9) and this trend appears to be
independent of the solvent system. Indeed, at ambient temperatures an &/B ratio of 1/10 is
obtained in benzene (Run 2), The data indicate that under the conditions described the more
thermodynamically stable product is always produced in this enone system. These stereochemi-
cal results appear to be equal to or superior to the reported results obtained with other more
complex hydrocyanating reagents.l'4 It was found that no equilibration of a- and B-isomer
products occurs under the reaction conditions described (Run 8). The following mechanistic
sequence, consistent with the above observation, may be invoked to rationalize the function of

the reagent components:

m A =

© CN
NCl /CH3 _
2) + WC\ e + CN
0= @o CHy G >
CN
(3) Repeat (1) and (2} +acetone

The results of the reaction of the ''naked" cyanide-acetone cyanohydrin reagent with A4(10)-

octalin-3-one (5) and with 9-methy1-A4(10)-octalin-S-one (6) are summarized in Table II. As was
the case with A4-ch01esten-3-one, the thermodynamic product predominates in each case and the
best stereochemical results are obtained in benzene at ambient temperatures.

In conclusion, a simple hydrocyanation procedure has been described which supplements and

complements existing methods and which should prove to be valuable to the synthetic organic

chemist,
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