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SYNTHESIS OF SMALL RINGS via THE PROTECTED CYANOHYDRIN METHOD.
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We have reported that the anion derived from the readily available protect-
ed cyanohydrins of aldehydes are generally useful as acyl carbanion equivalents
and can be used in the synthesis of ketones via, inter alia, alkylation and

Michael addition.l
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The possible use of these reactions in the synthesis of cyclic ketones from
the protected cyanohydrins of haloaldehydes would be especially interesting for

systems not otherwise readily available. We report here on the application of
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the method to particularly facile syntheses of cyclopropanone and cyclobutanone
cyanohydrins.

2-Cloropropionaldehyde cyanohydrin (II) was conveniently made by hydroly-
sis of the chloroether I, readily prepared2 from acrolein, in the presence of
sodium cyanide. Protection by reaction with ethyl vinyl ether gave the pro-
tected cyanohydrin III which was cyclized in good yield to IV with the sodium
salt of hexamethyldisilazane in refluxing benzene. Removal of the protecting
group with aqueous acid then gave cyclopropanone cyanchydrin (V). Its proper-

ties and nmr spectrum agreed with those described for the substance made from
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cyclopropanone and hydrocyanic acid? In a similar manner,we found no difficulty
in applying this procedure to 4-chlorobutyraldehyde cyanohydrin (VI) which, as its

ethoxyethyl derivative VII, was cyclized to the protected cyclobutanone cyanohy-

drin VII.
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Cyclobutanone itself can be obtained easily from the protected ether VIII
by successive treatment with aqueous acid and aqueous base.

It is interesting that cyclobutanone can also be made from the cyclopropane
derivative IV. Reduction with lithium aluminum hydride gave the amino ether IX
which underwent ring enlargement4-hydrolysis to cyclobutanone, with aqueous
nitrous acid.

There appears to be no reason why\fhe method should not be applicable to

<

the synthesis of ring-substituted analogs of IV and VIII.
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The details of these experiments are given below.
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Cyclopropanone cyanohydrin (V). Slow simultaneous addition of 83 g of the

chloroether I and 35 g of solid sodium cyanide to a mixture of 80 ml of 4N
hydrochloric acid in 70 ml of tetrahydrofuran at 0°. The crude cyanohydrin II
thus obtained in 75% yield after ether extraction (caution!), was converted to
its a-ethoxyethyl ether III by addition of one equivalent of ethyl vinyl ether,
maintaining the temperature of the reaction at 60-70°. Extraction, washing
(sodium bicarbonate) and distillation gave the pure protected cyanohydrin III,
bp 80-81° (2mm), in 50% yield. Cyclization to IV was carried out by heating (3
hr,95°) with one equivalent of the sodium salt of hexamethyldisilazane. The
pure product (62% yield; bp 48-50° (0.2mm); ir: v(film) 2240 cm-l, nmr: §(CD
Cl3) 1.25 ppm (ring methylenes)) was converted by hydrolysis with 0.2 N sulfuric
acid in methanol (room temperature, 5 min) to cyclopropanone cyanohydrin (V),3
bp 48° (0.35mm); ir: y(film) 2250 cm_l; nmr:&(CDCla) 1.23 ppm ( m, 4H, ring
methylenes).

Cyclobutanone cyanohydrin. The protected cyanohydrin IV (bp 930 (0.6mm), nmr

6(CC14) 4.9 ( m, -OCHO-), 4.45 ( m, -OCHCN)ppm) from 4-chlorobutyra1dehyde5 was
prepared in 85% yield by reaction of the cyanohydrin (dropwise addition of 25.4
g of the aldehyde to a solution of 30 g of sodium bisulfite in 200 ml of water
at —50, followed after 30 min by washing with ether and addition of 14.5 g of
sodium cyanide in 50 ml of water) with ethyl vinyl ether (35g, few drops of HCl)
Cyclization, as described above for the synthesis of IV, gave VII, the protected
cyanohydrin of cyclobutanone, in 61% yield after distillation (bp 48° (0.3mm),
nmr : G(Ccl4) 4.9 ( q, OCH-O ), 1.85 (m, cyclobutane # - CHZ)’ 2.32 (m, cyclo-
butane o - CH2's)ppm).

Cyclobutanone. A. From the protected cyanochydrin of cyclobutanone. Removal of

the protecting group of VII by hydrolysis for 15 min at room temperature was
carried out as described for IV and the resulting crude cyanohydrine, dissolved
in pentane, was stirred for 5 min at o° with 1 N sodium hydroxide solution sat-
urated with sodium chloride. The yield of cyclobutanone from VII was 85%.7

B. From the protected cyanohydrin of cyclopropanone. Reduction

of the protected cyanohydrin IV with lithium aluminum hydride (1 hr reflux in

ether) gave a quantitative yield of the crude amino ether IX. Addition of sod-
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ium nitrite (1.4 g in 3 ml of water) at 0° to a solution of 1.11 g of IX in
7.5 ml of 33% acetic acid, followed after 30 min by neutralization (3.5 g sodium
bicarbonate and 3 ml of water at Oo) and extraction with pentane gave cyclobu-

tanone in 75% yield from IV.8
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