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Electrochemical conversions of alkyl alkylidenecyanoacetates
into 3-substituted dialkyl 1,2-dicyanocyclopropane-1,2-dicarboxylates
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Electrolysis of alkyl alkvlidenecyanoacetates in an undivided cell in the presence of alkali
metai halides as mediators afforded 3-substituted dialkyl 1.2-dicyanocyclopropane-i,2-

dicarboxylates in 50—85% vyields.
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1.2-dicyanocyciopropane- 1. i -dicarboxylates.

Functionally substituted cyclopropanes belong to a
class of important compounds employed in the synthesis
of natural biologically active substances.! Functionally
substituted cyclopropanes as such also exhibit a broad
spectrum of physiological activities.Z Cyclopropanecar-
boxvlic acid derivatives are successfully used in medicine
and agriculture. The best known field of their application
is insecticides?-3 based on natural and synthetic pyre-
throids. In connection with the aforesaid, the develop-
ment of new efficient procedures for the preparation of
functionally substituted cvclopropanes attracts the atten-
tion of researchers.

A known procedure for the synthesis of functionally
substituted cyclopropanes involves the addition of anions
of halogenated C—H-acids (A), which are generated
upon the action of bases on the corresponding C—H-acid
(AH), to conjugated activated olefins. Subsequent cy-
chization of the anionic adducts that formed is accompa-
nied by elimination of halide anions 4 (Scheme 1).
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Recently,S a new approach to the synthesis of function-
ally substituted cyclopropanes was suggested. The proce-
dure involves electrolysis of C—H-acids as such mather than
their halogeno derivatives and activated olefins. Thus the
electrolvsis of dimethyl malonate and alkvlidenemalonates
in an undivided cell with the use of metal halides as
mediators proceeds according to Scheme 2.
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With the aim of extending this approach, we synthe-
sized functionally substituted cyclopropanes by co-elec-
trolysis of alkyl cyanoacetates and alkyl alkylidenecy-
anoacetates? (Scheme 3).
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M = Li or Na; Hai = 1 or Br

fn subsequent studies, we found that electrolysis of
dimethyl ethylidenemalonate (1) in MeCN afforded func-
tionally substituted cvciopropanes with different struc-
tures depending on the reaction conditions’ (Scheme 4).
The electrochemical conversion of malonate 1 into
tetramethyl 3-methylcyclopropane-1.,1,2,2-tetracarboxy-
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late (2) occurs most successfully in aqueous MeCN in an
undivided cell.

The principle of construction of cyclopropane struc-
tures by cyclization of maionate 1 to ester 2 served as the
basis for the present work, which was devoted to direct
electrochemical conversions of alkyl alkylidenecyanoac-
etates (3) into 3-substituted dialkvl 1.2-dicyanocyclo-
propane-1,2-dicarboxvlates (4) (Scheme 3, Table 1).
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It can be seen from the data presented in Table | that
5% aqueous MeOH appeared to be the solvent of choice
for performing the reactions under consideration. How-
ever, similar results were obtained in the electrolysis of
esters 3 in aqueous MeCN and aqueous EtOH.

A decrease in the temperature from 20 to ~20 °C led
to an increase in the yield of the final reaction product
from 60 to §3%. The vields of cyclopropanes reached
70—80% even at U °C. From the practical standpoint,
electrolysis at 0 °C is a much simpler experimental
procedure compared to an analogous process at —20 °C.
Because of this, most of the experiments were carried
out at 0 °C.

As in the case of the reaction of diethyl malonate
with dialkyl alkylidenemalonates3 and of alky! cyanoace-
tates with alkyl alkvlidenecvanoacetates.® bromides rath-
er than chlorides appeared to be the mediators of choice.

In the case where R' = R2, functionally substituted
cyclopropanes 4 exist as two isomers with c¢is and irans
arrangement of the CN and COOR groups, respectively.
Under the reaction concitions used. in the case where
R} = RZ, the sterically less hindered rrans isomer was
obtained as the major reaction product.

Table 1. Electrochemical synthesis of 3-substituted dialkyl
1.2-dicyanocyclopropane- |, 2-dicarboxylates (4)

Run Ininal Medi-  Sol- T Prod- Yield (%)
olefin___ ator vent  /°C  uct (ratio
R'" R? R} (+3% of

H;0) isomers?)
/ Me Me Me NaBr MeOH -20 4a 85(5: 1)
2 Me Me Me NaBr MeOH 0 da 77(5: 1)
3 Me Me Me NaBr MeOH 200 4a 62 (2: 1)
4 Me Me Me Nal MeOH 0 4a 424 1)
5 Me Me Me Nal MeCN 0 4a 61 (2: 1)
6 Me Me Et  NaBr E(OH 0 4b 43 (1 : 1)
7 Et  Me Me NaBr MeOH 0 471 (3:1:D
& Prm Me Me NaBr MeOH 0 4d67C3:1: 1
9 Pt P Me NaBr McOH 0 de 33(1: D
10 —(CH,)s—Me NaBr MeOH 0 4f 41 (1 : 1)

2 The yteld of compound 4 with respect to 3 used; the
conversion of 3 was > 98%.

5 1n the case where R! = R2, functionally substituted cyclo-
propanes 4 exist as two isomers with the cis and rrans arrange-
ment of the CN and COOR groups, respectively. In the case
where R' = R2, a mixture of three isomers was obtained,
namely, one isomer with the rrans arrangement and two
isomers with the c¢is arrangement of the CN and COOR
groups. See the text.

In the case where R! = R2, mixtures of three isomers
were formed, namely, onc isomer with the trans arrange-
ment of the CN and COOR groups and two isomers with
the cis arrangement of these groups. In the '"H NMR
spectra of the major isomer, the position of the singlet of
the Me group at the C(3) atom corresponds to the
position of the singlet of the Me group in trans isomers
4a.b. Hence, it is believed that the rrans isomer was also
predominantly formed in the case where R! = RZ.

Previously. it was noted that the reactions of alky-
lidenecyanoacetates with bromomalononitrile afforded
predominantly cyclopropanes with trans orientation of
the COOEt group with respect to the bulkiest substitu-
ent.8 An analogous situation was also observed in the
case of electrochemical condensation of atkyl cyanoace-
tates with atky! alkylidenecyanoacetates to form 3-sub-
stituted dialkyl 1,2-dicyanocyclopropane-1,2-dicarboxy-
lates.6

When electrolysis was performed under conditions of
run /0 (see Table 1) with the use of NaOAc as the
electrolyte by passing 1" F of electricity per mole of the
initial 3 through the reaction mixture, cyclohexanone
and methyl cyanoacetate were formed in 24 and 33%
yields, respectively (GLC data). It thus follows that
electrolysis of alkyl alkylidenecyanoacetates in aqucous
MeOH 1n the absence of metal halides resulted in their
decomposition according to the Knoevenagel retro-
reaction.

Based on the results obtained, the following mecha-
nism of electrochemical conversions of alkyl alkylidenecy-
anoacetates can be proposed (Scheme 6).
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Scheme 6
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Stage (1) involves the Knoevenagel retro-reaction.
This electrolysis-induced process has been observed
previously in the case of decomposition of dialkyl eth-
vlidenemalonates.” Other electrolysis-induced retro-re-
actions, viz., decomposition of tetraalkyl propane-
1,1.3,3-tetracarboxylates? and 2-substituted and
2.2-disubstituted tetraaikyl I,1,3,3-propancietracarbox-
ylates!® according to the Michael retro-reaction, were
also reported.

In alcoholic solutions. alkoxyl anions, which are
generated on a cathode, along with HO™ anions act as a
base in stage (3).

The higher efficiency of NaBr as a mediator com-
pared to that of Nal is apoarently due to the fact that the
alkyl bromocyanoacetate formed as an intermediate is a
stronger C—H-acid than iodocyanoacetate and thus the
stage of deprotonation (3) proceeds more rapidly. 1t is
also probable that the rate of addition of the atkyl
bromocyanoacetate anion to activated olefin 3 in stage
(4) is substantiafly higher than that in the case of the
analogous addition of alkyl iodocyanoacetate.

Experimental

The 'H and '3C NMR spectru of solutions of the com-
pounds under study in COCI, were recorded on Bruker
WM-250 (250 MH2z) and Bruker AM-300 (300 MHz) instru-
ments. The chemical shifts are given in the 3 scale relative to
Me,Si as the internal standard.

The GLC analysis was performed on an LKhM-8MD
chromatograph equipped with a flame ionization detector {(ni-
trogen as the carrier gas; the flow rate 30 mL min™'; 2500%3-
mm glass column with 3% SE-Superphase on Incrton Super
(0.16—0.20 mm)).

Synthesis of cyclopropanes 4 (general procedure). Ester 2
(14 mmol), an electrolvte (mediator) (7 mmol), and a solvent
(20 mL) (see Table 1) were placed i an undivided cell with
external cooling equipped with an Fe cathode, a C anode (the
distance between the electrodes was ~5 mm), a magnetic
stirrer, a thermometer, and a reflux condenser. Electrolysis was
performed in the constant current mode (the current density
was 100 mA cm™?) by passing 2.2 F mol™! of electricity. The
sofvent was evaporated, the residue was washed with water
(20 ml), and the products were extracted with chioroform
{30 mL). The organic iaver was separated and dried with
Na,50,. The solvent was evaporated and esters da—f were
isolated by vacuum distillation.

Dimethyl trans-1,2-dicyano-3,3-dimethylcyclopropane-1,2-
dicarboxylate (zrans-4a)'® was isolated by crystallization from
the reaction mixture (run /). m.p. 151—152 °C. 'H NMR, &:
163 (s, 6 H, Me}: 3.93 (5. 6 H, MeO). 13C NMR,5: 19.4 (q):
37.2 (s); 40.0 (s); 54.9 (q); 113.3 (s); 162.9 (s).

Dimethyi cis- 1.2-dicyano-3,3-dimethylcyclopropane-1,2-dicar-
boxylate (4a) was distilled from the reaction mixture (run 3} (a
2 . 1 mixiure of trans and ¢is isomers), b.p. 125-127 °C
(0.5 Torr). 'H NMR, 8: ¢is-4a; 1.55 (s, 3 H, Me); 1.71 (s, 3 H,
Me): 3.87 (s, 6 H. MeO). Found (%): C, 55.75; H, 5.13; N,
11.63. C”H,z.\'304, Calculated (%): C, 55.93; H, 5.08; N, 11.86.

Diethyt 1,2-dicyano-3,3-dimethylcyclopropane-1,2-dicar-
boxylate (4b3'% (a1 : | mixture of rrans and cis isomers), b.p.
139—142 °C (0.5 Torr). 'H NMR. &: rrans-4b: 1.34 (t. 6 H.
Me): 1.62 (s, 6 H, Me): 433 (m, 4 H., CH,0); ¢is-4b: 1.29 (1,
6 H. Me): .38 (5. 3 H. Me): 1.69 (s. 3 H, Me); 4.30 (m, 4 H,
CH,0). Found (%). C, 5891 H, 6,15/ N, 10.28. C;H N0,
Calculated (%): C. 39.09; H. 6.06; N, 10.61.

Dimethyl 1,2-dicyano-3-ethyl-3-methylcyclopropane-1,2-
dicarboxytate (de) (a 3 : 1 : | mixture of isomers), b.p. 132~
134 °C (0.5 Torr). "H NMR, 5: 1.02, 1.05, and 1.17 (ali ¢, 3 H,
CHZQ_&}): 1.52, 1.58 (trans isomer), and 1.68 (all s, 3 H, Me);
1.85~2.03 (m, 2 H. CH,): 3.86, 3.87, 3.89, and 3.90 (all s,
6 H. MeQ). Found (%) C, 57.42: H., 5.73; N, 10.89.
C,-H yN,0,. Caiculated (%): C, 57.61; H, 5.60; N, 11.21.

Dimethyl 1,2-dicyano-3-methyl-3-propylcyclopropane-1,2-
dicarboxylaie (4d) (a 3 : 1 | mixture of isomers), b.p, 131—
133 °C (0.3 Torr). 'H NMR. &: 0.9, 0.98, and 1.05 (alt t, 3 H,
CH,CH.); 1.20—1.40 (m. 2 H, CH,CHy); 149, 1.38 (trans
isomer). and 1.68 (ali s, 3 H, Me): 1.83—1.95 (m, 2 H, CHz);
3.80, 3.84. 390, and 391 all s, 6 H, MeO). Found (%):
C. 58.91; H, 5.88: N, 10.33. C”HmNzoq. Calculated (%):
C. 34.09; H, 6.06; N, 10.61

Dimetay: 1.2-dicyano-3,3-dipropylcyclopropane-1,2-dicar-
boxylate (ae) (2 1 . I misture of frens and cis isomers), b.p.
140—143 »C (9.3 Torr). '"H NMR. 5: 0.88, 0.97, and 1.07 (all ¢,
6 H, Me); 1.45—1.35 {m. 4 H, CH,): 1.75—1.93 (m, 4 H,
CH,): 3.89 and 3.90 (both s, 6 H, MeO). Found (%): C. 61.38,
H, 6.570 N, 9.37. C 5H,yN,0, . Caleulated (%): C, 61.64;
H, 6.85: N. 9.59

Dimethyl 1,%-dicyanospiro[2.5]octane-1,2-dicarboxylate (4f)
(2 t | mixture of rrans and cis isomers,), b.p. 137—140 °C
(0.2 Toir). '"H NMR, §: 1.32—1.79 (m, 6 H, CH,): 1.90—2.05
(m. 4 H, CH,): 3.8% and 3.9¢ (both s, 6 H, MeO). 3C NMR,
8248 (0 28.9 (1): 33.0 (1): 341 (s); 35.0 (s): 43.7 (s); 445
(3): 54.5 (q): 34.9 (g): 1121 (s): 113.0 (s); 160.4 (5); 160.8 (s).
Found (%) C. 60.56; H, 5.49; N, 9.87. CNH“’N304. Calcu-
lated (‘o) C, 60.87; H. 3.80; N, 10.14.
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