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Electrolysis of malonate and alkylidenemalonates in an undivided cell in methanol in the presence of sodium bromide or sodium
iodide as mediators leads to substituted 1,1,2,2-cyclopropanetetracarboxylates in 80-95% substance and 60-75% current yield.

Cyclopropane derivatives occupy a significant place in synthetic

] . . . 1 p2
organic chemistry. Their structural and reactivity features MeooC R coome RCR
have found widespread applications in the synthesis of nature —- MeOOC COOMe
products. Cyclopropanecarboxylic acid derivatives play an 5 NaHal, MeOH

important role as effective agents in agriculture and medfcine.
Insecticidal pyrethrins (derivatives of cyclopropanoid ch%ysan- 3 2
themic acid) are perhaps the best known example of thetr use.. - . .

A well-known method of synthesis of cyclopropanes involve induced addition of malonate aniégnto the activated double

" . : . bond of alkylidenemalonate with the formation of aniBn
addition of halogenosubstituted C-H acid anidngyenerated . . X
by the action of base on the corresponding C—H Akidto the Further halogenation of anid® with halogen generated at the

- : - P .. anode and cyclization induced by interaction with Mm@on
conjugated activated olefin followed by cyclization with : :
elimination of halogen anich: result in the formation of the end product of the process,

cyclopropane (Scheme 1).

Rl R2 It has been found previously that sodium iodide is a more
X _ effective mediator for the indirect electrochemical cyclization
RIFPC=C_ + CHalXY —pr> X7A(x of 2-substituted-1,1,3,3-propanetetracarboxyla@€es This is
Y A v v connected with the higher selectivity of iodine as an oxidant of
anionB in the presence of Me@nions compared to bromine.
X = COOR Hal = Br, |
Y = COOR, CN, C(O)NR cathode: 2MeOH + 2e— 2MeO+ H,
In recent years the method of aniéngeneration and its anode: 2Hal — 2e — Haj, (Hal =Br, I

reactions with activated olefins have been achieved in double- _
phase systems in the presence of phase-transfer catalysti solution:
Electrochemical reduction of dihalogeno-substituted malonate  cp,coome), + MeO™ —> CH(COOMe), + MeOH
and further successful addition of anigh X =Y = COOR) to
the activated double bond was the next step in the developme

of this reaction schenfe. COOMe R R
We now wish to report a new approach to the substitute: + CH(COOMeg), — Meooe fCOOMe
cyclopropanes by the electrolysis of malonate (but not halogenc R COOMe 2 MeOOC  COOM
substituted malonate) and alkylidenemalonates in an undivide R2 ©
cell in the presence of halides as mediators (Table 1). B
COOMe _COOMe
RIRC= C + HC R R?
COOMe COOMe MeOOC COOMe
1 — + Hdz ——
—el NaHal, MeOH MeOOC ~ COOMe
R R? Rl R
COOMe
MeoocA COOMe MeOOC\RKr\ " +  Hi
MeOOC ) COOMe MeOOC  COOMe
Special experiments have been used to check the mechani
of the process. Decreasing the quantity of electricity passe Rl R2 Rl R2
from 2.5 F mot! to 1.0 and 0.5 F mot (experiments 3 and 4)  1.00c COOMe MeOOC COOMe
resulted in a decreasing yield 24 from 95% (experiment 2) to j)* Hal _MeQ” ,ﬁ)* Hal
36% and 19%, respectively. Under these conditions 2-methy  mMe0OC  COOMe MeOOC  COOMe

1,1,3,3-propanetetracarboxylada was obtained as the main
product in 56% and 77% vyield, respectively. )
Electrochemical cyclization of 2-substituted-1,1,3,3-propane: R! R

tetracarboxylate8 have already been observed under conditions —__
of indirect electrochemical oxidation mediated by halitles: —Ha MeOOC COOMe

Thus, the first step in the process of indirect electrochemice MeOOC COOMe
transformation of alkylidenemalonates and malonates into 2
substituted cyclopropane® involves the electrochemically- Scheme 1
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Table 1 Electrochemical synthesis of 3-substituted cyclopropane-1,1,2,2-tetracarboXylates.

N Alkylidenemalonate R R? Mediator Elﬁ%pf'ty passed/ Product, yield (%)
1 la Me H Nal 3.0 23, 92 (61)

2 la Me H NaBr 25 23, 95 (76)

3 la Me H NaBr 1.0 2a, 39;34a, 56

4 la Me H NaBr 0.5 2a,16;3a, 77

5 1b Pr H Nal 4.0 2b, 83 (42)

6 1b Pr H NaBr 3.0 2b, 94 (63)

7 1c n-CsHq, H NaBr 4.0 2c, 83

8 1d Ph H NaBr 4.0 2d, 75

g° le COOMe COOMe NaBr 4.0 2e 58

@Alkylidenemalonate 14 mmol, malonate 14 mmol, mediator 7 mmol, 20 ml of methanol, Fe-cathode, C-anode, current density 1§030A@M
BCurrent yield in parenthesé3emperature 50 °C.

In the present investigation we have found that sodiummalonates. Nevertheless, in all experiments the total yield of
bromide is more effective as a mediator for the process dahese two by-products was less than 10%. For the reaction of
indirect electrochemical transformation of alkylidenemalonatesenzylidenemalonate the corresponding hydrodimer, 2,3-diphenyl-
and malonate into substituted cyclopropaesThus, when 1,14 4-butanetetracarboxylatewas isolated in 9% vyield. The
using NaBr as a mediator the best substrate and current yielgsocess of alkylidenemalonate hydrodimerization becomes the
of substituted cyclopropan@swere obtained. main reaction pathway on cathodes with a high hydrogen

This unusual result is most likely associated with the openingvervoltage (lead, glassy carbon, grapHitelhe sufficient
up of a new pathway for the process when using NaBr as yeld of 4 when using benzylidenemalonate as the activated
mediator (Scheme 2). olefin is connected with the higher stability of the intermediate

The higher efficiency of NaBr as a mediator (Scheme 2) isnion-radical because of conjugation in the anion-radical centre
directly related to the fact that bromomalonate is a strongewith the electrons of the aromatic ring.

C-H acid compared to iodomalonate. That is why the stage of

proton abstraction (2) by MeéOanion in the case of The authors gratefully acknowledge the financial support
bromomalonate is faster than in the case of iodomalonatef the Russian Foundation for Basic Research (grant
Another reason may be that addition of bromomalonate tao. 97-03-33165a).

alkylidenemalonates is more rapid than the analogous addition

of iodomalonate anion. References
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