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Abstract—Electrolysis of an aldehyde, malononitrile and a malonate in an alcohol in an undivided cell in the presence of sodium
acetate—sodium halide as a double mediatory system results in the formation of 3-substituted-2,2-dicyanocyclopropane-1,1-dicarb-

oxylates in 40-60% yields.
© 2006 Elsevier Ltd. All rights reserved.

Cyclopropane is a basic structural element in a wide
range of natural compounds and occupies a significant
place in synthetic organic chemistry.! The cyclopropyl
group is also a vital structural unit in many synthetic
and naturally occurring compounds, exhibiting a wide
spectrum of biological properties ranging from enzyme
inhibition to herbicidal, antibiotic, antitumour and anti-
viral activities.>> Insecticidal pyrethrins (derivatives of
chrysanthemic acid) are perhaps the best known exam-
ple of their use.! Thus, the prevalence of cyclopro-
pane-containing compounds with biological activity,
whether isolated from natural sources or rationally
designed pharmaceutical agents, has inspired chemists
to find novel and diverse approaches to their synthesis.

Although the synthetic methods for cyclopropanes have
long been documented, so far, all consist of two main
groups: (1) intramolecular cyclization or, (2) interaction
of two different molecules (addition of carbenes to ole-
fins or Michael initiated ring closure (MIRC) are the
best known examples of this type).!> MIRC plays an
important role in organic chemistry and many synthetic
applications are described in the literature.*

Keywords: Electrolysis, Electrocatalytic transformation; Mediators;

Aldehydes; Malononitrile; Malonate; Cyclopropanes.

* Corresponding author. Tel.: +7 495 137 38 42; fax: +7 495 135 53
28; e-mail: elinson@jioc.ac.ru

0040-4039/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.10.075

The well-known MIRC leading to substituted cyclopro-
panes involves the addition of halogenosubstituted C-H
acid anions (A), generated by the action of a base on the
corresponding C-H acid (AH), to the conjugated acti-
vated olefins followed by cyclization with elimination
of halide® (Scheme 1).

Anion (A) generation and its reactions with activated
olefins have been accomplished in biphasic systems in
the presence of a phase transfer catalyst.® The electro-
chemical reduction of dihalogeno substituted malonates
followed by the addition of anion A (X=Y=COOR) to
activated double bonds provides an improvement of this
reaction scheme.”

The next essential step was to exclude halogen-contain-
ing organic compounds as initial reagents. Hence a
novel electrochemical approach to functionally substi-
tuted cyclopropanes was performed by the electrolysis
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of alkylidenemalonates and malonate in an undivided
cell in methanol in the presence of halides as mediators.?

The co-electrolysis of alkylidenecyanoacetic and malo-
nic esters resulted in the stereoselective syntheses of
(E)-isomers of trialkyl 3-substituted-2-cyanocycloprop-
ane-1,1,2-tricarboxylates’ (Scheme 2).

Recently, we accomplished the electrocatalytic transfor-
mation of alkylidenemalononitriles and malonate into
dialkyl 3-substituted-2,2-dicyanocyclopropane-1,1-dicarb-
oxylates!® (Scheme 3).

It has also been found that tetracyanocyclopropanes, on
electrolysis in alcohols in an undivided cell, were very
easily attacked by alkoxide anions generated at the
cathode to afford substituted 2-amino-4,4-dialkoxy-1,5-
dicyano-3-azabicyclo[3.1.0]Thex-2-enes'! (Scheme 4).

Combining these two methods, we accomplished the
stereoselective electrocatalytic transformation of alkyl-
idenemalononitriles and malononitrile into bicyclic
pyrrolines containing a cyclopropane ring!? (Scheme 5).

The next step of our research was a one-pot stereoselec-
tive electrocatalytic transformation of an aromatic alde-

hyde and malononitrile into bicyclic pyrrolines in the
presence of the new double mediatory system NaOAc—
NaBr!3 (Scheme 6).

In the present study, we report our results on the one-
pot, multicomponent electrocatalytic transformation of
aldehydes la—i, malononitrile and malonate into 3-
substituted-2,2-dicyanocyclopropane-1,1-dicarboxylates
2a-i in methanol in the presence of the double media-
tory system sodium acetate—sodium bromide in an undi-
vided cell, which to our knowledge is the first example of
cyclopropane ring formation from three different mole-
cules (Scheme 7, Table 1).

In the mediatory system, NaOAc acts as a catalyst for
the Knoevenagel condensation of the aldehyde and mal-
ononitrile. When electricity was not passed, the alde-
hyde and malononitrile, in the presence of NaOAc,
were condensed into alkylidenemalononitriles in a time
less than half of that of the electrochemical reaction
(30 min). Earlier NaOAc was used as a catalyst in
the Perkin condensation'® and in the Knoevenagel
reaction.'?

Taking into consideration the above results, the data on
the mechanism of the electrocatalytic variant of the
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Table 1. Electrocatalytic transformation of an aldehyde, malononitrile

and a malonate into 3-substituted-2,2-dicyanocyclopropane-1,1-

dicarboxylates 2a—i*'*

Aldehyde R Cyclopropane Yield® (%)
1a° H 2a 35
la H 2a 54
1a¢ H 2a 41
1b 4-Me 2b 52
1c 4-MeO 2c 47
1d 2-MeO 2d 45
le 4-Cl 2e 58
1f 2-Cl 2f 48
1g 4-Br 2g 46
1h 4-F 2h 63
1i 2-F 2i 46

%12 mmol of malononitrile, 10 mmol of dimethyl malonate, 10 mmol
of aldehyde, 5 mmol of NaBr, 5 mmol of NaOAc, 20 ml of methanol,
Fe-cathode, C-anode, current density 100 mA/CM?, 2.5 F/mol elec-
tricity passed at 0 °C.

®Isolated yields.

€10 °C.

9 Mediator: Nal-NaOAc.

Wideqvist reaction!! and the mechanism of electrocata-
lytic transformation of alkylidenemalononitriles and
malonate into dialkyl 3-substituted-2,2-dicyanocyclo-
propane-1,1-dicarboxylates,'? the following mechanism
for the one-pot electrocatalytic transformation of an
aldehyde, malononitrile and a malonate into 3-sub-
stituted-2,2-dicyanocyclopropane-1,1-dicarboxylates is
suggested. Knoevenagel condensation of malononitrile
and the aldehyde is catalyzed by NaOAc (Scheme 8).

The reactions occurring at the electrodes, are shown
below (Scheme 9).

The formation of iodine or bromine at the anode is a
well-known process and the corresponding halogen
colour was observed at the anode when the electrolysis
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Scheme 8.
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Scheme 9.

was conducted without stirring the reaction mixture.
The evolution of hydrogen occurred at the cathode.

The reaction in solution between an alkoxide ion and
malonate leads to the formation of a malonate anion.
Halogenation of the malonate anion by the halogen
generated at the anode, then the formation of the halo-
genomalonate anion, followed by the addition to the
alkylidenemalonitrile gives rise to a 3-substituted 2,2-
dicyanocyclopropane-1,1-dicarboxylate (Scheme 10).

Sodium bromide is more efficient as a mediator for the
above process than sodium iodide. This result is directly
related to the fact that the intermediate bromomalonate
is a stronger CH acid than iodomalonate and thus the
proton abstraction step with the formation of the halo-
genomalonate anion [Scheme 10, stage (3)] is faster in
the case of bromomalonate.

Thus, the simple electrocatalytic system can produce un-
der mild conditions one-pot electrocatalytic multicom-
ponent transformations of an aldehyde, malononitrile
and malonate into 3-substituted-2,2-dicyanocyclo-
propane-1,1-dicarboxylates 2a—i. This process, to our
knowledge, is the first example of cyclopropane ring
formation from three different molecules.
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CHp(COzMe), + MeO —> CH(COsMe), + MeOH (1)
CH(CO,Me), + Halp —> CH(Hal)(CO:Me), + Hal 2
CH(Hal)(COMe), + MeO —> C(Hal)(CO.Me), + MeOH (3)
R
- N CO2Me -
CHal(CO:Me),  + CH=C(CN), —» +  Hal 4)
NC COsMe
Scheme 10.

Using classical organic chemistry, this transformation
could only be accomplished as a three-step process com-
prising (i) Knoevenagel condensation of the aldehyde
and malononitrile with formation of an alkylidenemal-
ononitrile,'® (ii) halogenation of the malonate'’” and,
(iii) addition of the halogenomalonate to the double
bond of the alkylidenemalononitrile followed by
cyclization.'®

This new electrochemical process is an efficient and con-
venient method for the synthesis of 3-substituted-2,2-
dicyanocyclopropane-1,1-dicarboxylates. The procedure
utilizes inexpensive reagents, simple equipment and an
undivided cell, it is easily carried out and the work-up
is not complicated.

To our knowledge this is also the first example using
a multicomponent strategy for the synthesis of cyclo-
propanes.
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