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Electrolysis of malononitrile in the presence of aldehydes and NaBr in alcohols in the undivided cell results in the formation of
3-substituted 1,1,2,2-tetracyanocyclopropanes or 6-aryl-2-amino-4,4-dialkoxy-1,5-dicyano-3-azabicyclo[3.1.0}hex-2-enes,
depending on the nature of the aldehydes and the quantity of electricity passed.

In the course of our studies on the synthetic utility of alkali metal
halides as mediators in the electrooxidation of organic
compounds’~ we have found an electrochemical transformtion
of malononitrile and ketones 1a—f into 3,3-disubstituted 1,1,2,2-
tetracyanocyclopropanes 2a—f in 60-80% yields,* reaction (1).
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Recently we have found electrocatalytic alcoholysis of
1,1,2,2-tetracyanocyclopropanes resulting in the formation of
substituted bicyclic pyrrolines,’ reaction (2).
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This communication deals with the electrolysis of malononi-
trile in the presence of aldehydes. It has been found that in this
case decreasing the temperature of electrolysis to 0 °C and
using a lower excess of carbonyl compound than in our
previous4 work also results in formation of 1,1,2,2-tetra-
cyanocyclopropanes (Table 1), reaction (3).

Increasing the temperature of the reaction to + 20 °C results
in a decrease in the yield of 4a—i to 20-30%. Decreasing the
temperature of electrolysis to — 20 °C orincreasing the quantity

Table 1 Electrochemical synthesis of 3-substituted 1,1,2,2-tetracyano-
cyclopropanes®

Electricity

passed Product,
Aldehyde R! /Fmol™'? yield (%) M.p./°C
3a Ph 09 4a, 75 229-231 (decomp.)
3b 3-MeOCgH, 1.2 4b, 91 239-241
3c 2-CIC¢H, 1.8 4c, 95 245-247
3d 2-BrC¢H, 1.7 4, 74 246-248 (decomp.)
3e 4-ICcH, 1.2 4e, 97 227-229 (decomp.)
3f H 1.8 4f, 56 234-236 (decomp.)
3g Me 0.9 4g, 63 191192 (decomp.)
3h Pr 1.8 4h, 81 136-138
3i Me(CHp)yo- 1.2 4i, 60 6869

¢ 10-30 mmol malononitrile, 824 mmol 3, 8 mmol NaBr in 20 ml
EtOH, Fe-cathode, Pt- or C-anode, current density 110 mA cm™2,
temperature 0°C. ® Based on malononitrile.
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of aldehyde leads to formation of corresponding alkylidenema-
lononitriles RCH=C(CN), in substantial yields.

A suggested reaction mechanism is given in Scheme 1.

The corresponding bicyclic pyrrolines may be obtained in a
‘one-pot’ reaction from aromatic aldehydes and malononitrile
under the same conditions with increasing quantity of
electricity passed (Table 2), reaction (4).

Only one of two possible isomers for Sa-e was obtained. The
structure of 5a with both C=N-groups and Ph-groups cis-
orientated relative to the cyclopropane ring was established by a
monocrystal X-ray diffraction study.’ Bicyclic pyrrolines Sbh—e
also containing analogous aromatic substituents most probably
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Table 2 Electrochemical synthesis of bicyclic pyrrolines from
malonodinitrile and aromatic aldehydes.

Aldehyde R! R®>  Electricity Product?
passed /F mol™!*  yield (%)

3a Ph Ft 138 5a, 69

3b 3-MeOCH, Me 19 5b, 35

3c 2-CIC¢H, Et 22 5S¢, 46

3d 2-BrC¢H, Et 19 5d, 52

e 41CsH, Ft 19 Se, 85

“ Based on malononitrile. > M.p. for 5a247-248 °C (decomp.), m.p. for
5b-e>250 °C.

cathode; 2B~ -~ 2e — Br,

anode: 2EIOH + 2¢ — 2EO™ + H,

in solution:

2 CH,(CN), + 2 EtO” 2 CHy(CN), + 2 EtOH

R'CH=C(CN), + OH™ ®

CHBr(CN); + Br

CH(CN), + R'CH=0 —
CH(CN), + Br, —_—

CHBr(CN), + OH" CBr{CN), + H,0

R\
R'CH=C(CN), + CBrCN), — NC CN + Br

NC CN

Scheme 1
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0 °C, NaBr, R°OH 2, J "
RO ~ s
3a-e R20>\N¢\NH2
Sa-e

have a structure of the same type as Sa. Thus the formation of
Sa—e apparently involves selective attack by alkoxide ion on the
cyano-group trans to the C-3 aryl-group in intermediate 4a—e by
a mechanism which has already been suggested in our previous
publication.’
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