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Electrolysis of eyanoacetic ester and alkylidenecyanoacetic esters in an undivided cell in 
the presence of mediators (alkali metal halides) gives rise to 3-substituted 1,2-dicyanocyclo- 
propane-l,2-dicarboxylates in 60--95% yields. 
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Functionally substituted cyclopropanes constitute an 
important class of  compounds used in the synthesis of 
natural biologically active substances, l In addition, func- 
tionally substituted cyclopropanes by themselves also 
manifest a broad range of  biological activities, z Deriva- 
tives of  cyclopropanecarboxylic acids are successfully 
employed in medicine and agriculture. The best known 
application of  this type of compounds is the use of  
natural and synthetic pyrethroids as insecticides. 2,3 There- 
fore, development of  simple and efficie~t methods for 
the synthesis of  functionally substituted cyclopropanes 
still remains an important  problem. 

A known method for the preparation of functionally 
substituted cyclopropanes ix based on the addition of 
anions of halogen-substituted C - - H  acids (A), prepared 
by treatment of  the corresponding C- -H  acids (All)  
with bases, to conjugated activated olefins followed by 
cyclization of  the adduct anion accompanied by elimi- 
nation of a halide ion: 4 

R ~ R 2 

R1R2C=C~.. + CHalXY Hal-" 
A Y 

x = COOR, Hal = Br, I 
Y ----- COOR, CN, C(OJNR 2 

Later, generation of  type A anions from halo-substi- 
tuted C - - H  acids and the reactions of  these anions with 
activated olefins were carried out using two-phase sys- 
tems and phase transfer catalysts. 5"a Iq recent years, 
functionally substituted cyclopropanes have been ob- 
tained by electroreduction of ethyl dihalomalonate to 
the corresponsding anions (A. X = Y = COOR) ha the 
presence of activated olcfit~s. 7"s 

Recently, we proposed a new approach to the syla- 
thesis of  functionally substituted cyclopropanes. This 

appoach was based on the electrolysis of  C - - H  acids 
themselves (rather than halo-substi tuted C - - H  acids) 
together with activated olefins; more precisely, malonic 
ester and alkylidenemalonates were subjected to joint  
electrolysis in an undivided cell in the presence of  metal 
halides as mediators: 9 

CH/COOMe 
2~--COOM e 

+ R1R:~C=c~COOMe Electrolysis 
--COOMe NaHat, MeOH "- 

R ~ R2 

M e O O C ~ C O O M e  

MeOOC'" "~'COOMe 

This work deals with the further development of  the 
method for the synthesis of  functionally substituted cy- 
clopropanes directly from C - - H  acids and conjugated 
activated olefins; for this purpose, we prepared function- 
ally substituted cyclopropanes by electrolysis of  alkyl 
cyanoacetates ( ! )  with alkylidenecyanoacetates (2) in an 
undivided cell in the presence of  metal halides as media-  
toes (Table I): 

C H9-.~ CN 
~--COOR 

1 

+ R1R2C=C CN.I Elcertolysis 
"COOR MHal 

2 
R ~ R2 

NC ~ . _ ~ C N  

" ROOC / ~COOR 

M = Li, Na; Hal = I, Br 

Tile joint electrolysis of  methyl ( l a )  or ethyl ( lh)  
cyanoacetate aad alkylidenecyanoacetates in methanol 
or ethanol, respectively, was carried oul in an undivided 
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Table !. Eleetrosynthesis of 3-substituted 1,2-dicyanocyclopropane-l,2-dicarboxylates a 

Entry Starting Starting Mediator Solvent Quantity 
ester olefin of electricity 

/F  tool - l  
R R I R 2 

Yield of 
cyclopropane (%)t, 

(Isomer 
ratio c) 

1 Et Me Me Nal EtOH 2.2 
2 Et Me Me NaBr EtOH 2.2 
3 Me Me Me NaBr MeOH 2.2 
4 Et Me Me LiBr Acetone 2.2 
5 Et Me Me LiBr MeCN 2.2 
6 Et Me Et NaBr EtOH 2.2 
7 Me Me Et NaBr MeOH 2.2 
8 Et Me Pr n NaBr EtOH 2.4 
9 Me Me Pr" NaBr MeOH 2.4 
10 Et Me cyclo-Pr NaBr EtOH 2.5 
I I Me Me cyclo-Pr NaBr MeOH 2.5 
12 Me Pr" Pr a NaBr EtOH 2.5 
13 Et --(CH2) 5 -  NaBr EtOH 2.4 
14 Et - - (CHj)  6 -  NaBr EtOH 2.4 

3a, 78 (3 : I) 
3a, 95 (3 : I) 
3b, 56 (4 : 1) 
3a, 80 (2 : 1) 
3a, 66 (3 : 2) 
3e, 88 (2 : : 1) 
3d, 65 (2 : : 1) 
3e, 86 (2  : : 1) 
3f, 70 (2 : : 1) 
3g, 67 (3 : : 1) 
3h, 62 (4 : : I) 
3i, 78 (3 : 1) 
3j, 95 (1 : 1) 
3k, 84 (I : 1) 

a Conditions: t4 mmol of ester 1, 14 mmol of olefin 2, and 7 mmol of a mediator in 20 mL of a solvent, Fe 
cathode, C anode, current density t00 m A c m  -2, temperature |0  ~ 
b The isolated yield ofcyclopropane 3 based on the taken ester 1; the degree of conversion of ! and 2, was z98%. 
c At R 1 = R 2, functionally substituted cyclopropanes 3 exist as two isomers with c/s- and trans-arrangements of 
the CN and COOR groups. At R I ~ R 2, a mixture of three isomers is formed: an isomer with trans-arranged CN 
and COOR groups and two isomers with the c/s-arrangement of these groups (see the relevant discussion in the 
text). 

cell, equipped with a graphi te  anode  and an iron cath-  
ode,  with constant  current  densi ty until  the  cyanoaceta te  
and a lkyl idenecyanoaceta te  were comple te ly  consumed.  

The  op t imum tempera tu re  for the electrolysis is 
+ I 0  ~ An increase in the tempera ture  to +30 ~ 
(which is the o p t i m u m  tempera ture  for the electrolysis 
o f  e thyl  ma lona t e  in the  p re sence  o f  a lky l idene -  
malonates  9) decreases the yield o f  the corresponding 
cyc lopropane  derivative by 20- -30%.  

When  the t empera tu re  is lowered to 0 ~ or  - I 0  ~ 
the yield o f  the final react ion product  does not  increase. 

As in the case o f  the s imilar  react ion of  ethyl mal-  
onate  with a lkyl idenemalonates ,  9 bromides  proved to be 
bet ter  mediators  than iodides, 

The  reactions carried out  in e thanol  normal ly  result 
in better  yields of  funct ional ly  substi tuted cyclopropanes  
3. The  process can also be accompl i shed  in ace tone  or  
acetoni tr i le ;  however ,  the yields of  cyc lopropane  deriva- 
tives 3 in these solvents  are lower. Lower  yields o f  cyclic 
products have also been obta ined when electrolysis was 
carried out in methanol .  

The difference be tween e thanol  and methanol  is 
especially p ronounced  for the initial c o m p o u n d s  o f  the 
series in which substi tuents R I and R 2 are small.  For  
instance,  for R I = R 2 = Me, the yield o f  3a in e thanol  
is 95%, and the yield of  3b in methanol  is 56% (Table I, 
entries 2 and 3). This  is due to the fact that d imer iza t ion  
o f  a lkyl idenecyanoaceta te  cata lyzed by an electr ical ly 
generated base and resulting in the format ion of  several 
d imeric  and o l igomer ic  by-products  proceeds more effi- 
ciently in methanol .  I~ 

In the case where R I = R 2, func t iona l ly  substi tuted 
cyclopropanes  can exist as two i somers  with the  c/s- and 
trans-arrangements of  the C N  and C O O R  groups.  In the 
reaction studied here at R 1 = R 2, the trans-isomer, 
which is stericalty less h indered ,  is formed p redomi -  
nantly. 

When R t e R 2, the react ion yields a mixture  o f  three  
isomers, one of  which contains  trans-arranged C N  and 
C O O R  groups and two of  which con t a in  these groups in 
cis-positions. The  IH N M R  c h e m i c a l  shift o f  the  singlet  
due to the Me group at tached to C(3)  in the  major  
isomer is close to that o f  the signal for the Me  group iq 
trans-3a,b. This fact implies that  at R 1 , R 2, the trans- 
isomer is also the major  product.  

In a previous study it has been  noted that  the reac-  
tion o f  alkylidenecyanoacetates with b romomalononi t r i l e s  
yields predominant ly  isomers wi th  the trans-arrange- 
ment  of  the C O O E t  group in re la t ion  to the bulkiest  
substit uent. I t 

When  the quant i ty  of  e lec t r ic i ty  passed decreased  to 
0.5 and I_0 F per mole  of  cyanoaee t a t e  I ,  es ter  I and 
act ivated olef in 2 were  not  
comple te ly  conver ted,  and cy- 
c lopropane 3 formed in a lower 
yield. No  compounds  of  type 4 
were detected in the reaction 
mixture.  

R~ R2 

ROOC OR 
4 

Based on the results ob ta ined ,  we propose the  fo l -  
l owing  mechanism f o r  the process in quest ion:  

anode:  2 Ha l -  - 2 e  ,, Hal  2 (Hal  = I, Br) 
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cathode: 2 NCCH2COOR + 2 e ,, 2 NCC_,HCOOR + H z 

in alcohols: 
cathode: 2 ROH + 2 e ,, 2 RO- + H 2 

2 NCCH2COOR ~- 2 RO- ,, 2 NCCHCOOR + H 2 

in solution: 
NC(~HCOOR + Hal 2 = NCCHHalCOOR + Hal- (1) 

NCCHHalCOOR + NC(~HCOOR --- 
= NCCHalCOOR + NCCH::,COOR (2) 

NC(~HalCOOR + R1R2C=C.~ COOR` = 
COOR 

2 

R I R2 - X / "  
N C ~ / ~ . / C N  + Ha l -  (3) 

" ROOC f ~C.,QO R 
3 

It is known that electrolysis of  ethyl cyanoaceta te  in 
an undivided cell in the presence o f  meta l  halides as 
mediators  does not  give a darner 
(ester 5), but gives a cycl ic  t r imer,  NC'N~_...~CN 

trans- 1 ,2 ,3 - t r i eyanocyc lopropane-  R O O C I " ~ C O O R  
1 ,2 ,3 - t r i c a rboxy la t e ,  tz wh ich  is 5 
produced via the  in te rmedia te  for- 
marion o f  the anion o f  ha locyanoacet ic  ester. This fact is 
in full agreement  with steps (1) and (2) o f  the mecha-  
nism that we propose in this study. 

The  higher eff iciency of  N a B r  as media to r  compared  
to Nal  is due to the fact that the in termedia te  alkyl 
bromocya,aoacetate  is a s tronger C - - H  acid than alkyl 
iodocyanoaceta te ,  and so the proton transfer step (2) 
occurs  faster in the former  case. it is also possible that 
the rate o f  addi t ion o f  the ion der ived from alkyl 
b romocyanoace ta te  to activated alkene 2 in step (3) is 
also markedly higher  than the rate o f  the similar addi- 
t ion in the case o f  iodomalonate .  

Experimental 

The I H and 13C NM R spectra of solutions of substances in 
CDCI 3 were recorded on Bruker WM-250 (250 MHz) and 
Brt,ker AM-300 (300 MHz) instruments; the chemical shifts 
are presented in the 8 scale and referred to tetramethylsilane as 
the internal standard. 

GLC analysis was carried out on an LKh-8MD chromato- 
graph equipped with a flame ionization detector and a 2500x3 
mm glass column with 5% SE-Superphase on lnerton Super 
(0.16--0.20 mm); nitrogen passed at a rate of 30 mL man -! 
was used as the carrier gas_ 

Electrosynthesis of 3-substituted 1,2-dicyanocyclopropane- 
1,2-diearboxylates (general procedure). Ester I (14 retool), 
activated olefin 2 (14 retool), an electrolyte (mediator) 
(7 retool), and a solvent (20 mL) were placed in an undivided 
electrolytic cell with external cooling, equipped with an Fe 
cathode, a C anode (the distance between the electrodes was 
-5 ram), a magnetic stirrer, a thermometer, and a reflux 
condenser Then the mixture was electrolyzed with constant 
current density (100 mA cm2) ,  the quantities of clectdcily 

passed are presented in Table 1. The reaction mixture was 
concentrated, washed with 20 mL o f  water, and extracted with 
50 mL of chloroform. The organic layer was separated, dried 
with Na2SO4, and concentrated. Vacuum disti l lation o f  the 
residue gave esters 3a--k. 

Diethyl 1,2-dieyano-3,3-dimethylcyclopropane- 1,2-di_ 
earhoxylate (3a) (ratio trans/cis = 3 : 1), b.p. 139--142 ~ 
(0.5 Torr). IH NMR, trans-3a, ~5:1.34 (t, 6 H, CH3); 1.62 (s, 
6 H, CH3); 4.33 (m, 4 H, CH20).  IH NMR, c/s-3a, 8:1.29 
(t, 6 H, CH3); 1.58 (t, 3 H, CH3); 1.69 (s, 3 H, CH3); 4.30 
(m, 4 H, CH20). t3C NMR, trans-3a, 8:13.76 q, 1%I6 q, 
35.14 s, 3830 s, 64.12 t, 112.11 s, 160.80 s. t3C NMR, c/s-3a, 
6:13.81 q, 23.09 q, 24.77 q, 35.56 s, 37.55 s, 63.71 t, 113,05 s, 
160.45 s. Found (%): C, 58.85; H, 6.11; N, 10.37. 
Ct3HIcN204. Calculated (%): C, 59.09; H, 6.06; N, 10.61. 

Dimethyl 1,2-dicyano-3,3-dimethylcyclopropane- 1,2-di- 
carbox-ylate (3b) (trans/cis ratio = 2 : !), b.p. 125--127 ~ 
(0.5 Torr). IH NMR, c/s-3b, 8:1.55 (s, 3 H, CH3); 1.71 (s, 
3 H, CH3); 3.87 (s, 6 H, CH30 ). Found (%): C, 55.75; 
H, 5.13; N, 11.63. C~IHI2N204. Calculated (%): C, 55.93; 
H, 5.08; N, 11.86. 

Dimethyl trans- 1,2 -dicyano-3,3 -dimethyleyelopropane- 1,2 - 
dicarbox'ylate (trans-3b) was isolated from the reaction mix- 
ture by crystallization (entry 31, m.p. 151--152 ~ IH NMR, 
8:1.65 (s, 6 H, CH3); 3.93 (s, 6 H, CH30). t3C NMR, 6: 
19.38 q, 37.20 s, 39.95 s, 54.86 q, 113.30 s, 162.86 s. Found 
(%): C, 55.81; H, 5.11; N, 11.69. ClIHI2N204. Calculated 
(%): C, 55.93; H, 5.08; N, 11.86. 

Diethyt 1,2-dicyano-3-ethyl-3-methylcyclopropane- 1,2- 
dieartmxylate (3e) (isomer ratio = 2 : 1 : I), b.p. 133--135 ~ 
(0.3 TorT). IH NMR, /5: 0.95 t, 1.05 t, 1.15 t (3 H, CH2CH3); 
1.30 t, 1.33 t (6 H, OCH2_C,~J.3); 1.48 s, 1.57 s (trans-isomer); 
1.66 s (3 H, CH3); 1.80--2.00 (m, 2 H, CHH_2CH3), 4.25 and 
4.33 (both m, 4 H, CH20). Found (%): C, 60.25; H, 6.36; 
N, 9.83. CI4HIsN204. Calculated (%): C, 60.43; H, 6.47; 
N, 10.07. 

Dimethyl 1,2-dicyano-3-ethyl-3-methylcyelopropane- 1,2- 
dicarboxylate(3d)(isomerratio = 2  : 1 : I),b.p. 132--134 ~ 
(0.5 Ton`). IH NMR, 6: 1.02, 1.05, 1.17 (all t, 3 H, CH2C~3); 
1.52, 1.58 (trans-isomer), t.68 (all s, 3 H, CH3); 1.85--2_05 
(m, 2 H, CH2); 3.86, 3.87, 3.89, 3.90 (all s, 6 H, CH30)_ 
Found (%): C, 57.33; H, 5.67; N, 10.97. CI2Ht4N204. Cal- 
culated: C, 57.61; H, 5.60; N, 11.21. 

Diethyl 1,2-dicyano-3-methyl-3-propyleyelopropane- 1,2- 
dicarboxylate (3e) (isomer ratio = 2 : 1 : I), b.p. 138--142 ~ 
(0.3 Torr). IH NMR, 6: 0.91,0.95, 1.02 (all t, 3 H, CH2.C~13); 
1.20--1.38 (m, 8 H, CH2CH 3 and OCH2CH3); t.52, 1.58 
(trans-isomer), 1.68 (all s, 3 I1, CH3); 1.85--2.00 (m, 2 H, 
CH2); 4.25--4.40 (m, 4 H, CH20 ). Found (%): C, 61.37; 
H, 6.9I; N, 9.27. CIgH20N20 4. Calculated (%): C, 61.64; 
H, 6.85, N, 9.59. 

Dimethyi 1,2-dicyano-3-methyl-3-propylcyclopropane- t,2- 
dicarboxylate (3t") (isomer ratio = 2 : 1 : 1), b.p. 131--133 ~ 
(0.3 Tort). IH NMR, 6: 0.91,0.98, 1.05 (all t, 3 H, CH2.~3) ;  
1.20--1.40 (m, 2 H, CH2CH3); 1.49, 1.58 (trans-isomer), 1.68 
(all s, 3 H, CH3); 1.83--t.95 (m, 2 H, CH2); 3.80, 3.84, 3.90, 
3.91 (all s, 6 H, CH30). Found (%): C, 58.83; H, 597: 
N, 10.29. CI3HIcN~O 4. Calculated (%): C, 59.09; H, 6.06; 
N, 10.6l. 

Diethyl 1,2-dicyano-3-cyclopropyl-3-methylcyclopropane- 
1,2-dicarlmxylate (3g) (isomer ratio = 3 : I : I), b.p. 148-- 
151 ~ (0.3 Ton-). IH NMR, ~ 0.58--0.90 (m, 5 H, CH and 
CH?I: 1.12. 1.22, 1.32 (:dl s, 3 H, CH3); 1.34--1.36 (nt, 6 
H. Cliff ;  4.22--4.40 (m, 4 H, Cit20).  Found (%): C, 61.93; 
tt, 6.07; N, 9.47. Ctsll~sN204. Calculated (%): C, 6207; 
tt. 6.21: N, 9.66. 
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Dimethyl 1,2-dieyano-3-cyclopropyl-3-methytcyclopropane- 
1,2-dicarboxylate (3h) (isomer ratio = 4 : I : 1), b.p. 154-- 
156 ~ (0.6 Torr). IH NMR, 5: 0.60--0.90 (m, 5 H, CH and 
CH2); 1.14, 1.23, 1.34 (all s, 3 H, CH3); 3.85, 3.87, 3.93, 3.94 
(all s, 6 H, OCH3). Found (%): C, 59.33; H, 5.37; N, 10.37. 
Ct3HI4N204. Calculated (%): C, 59.54; H, 5.34; N, 10.69. 

Diethyl 1,2*dicyano-3,3-dipropylcyclopropane- 1,2-di- 
carboxylate (3i) (trans/cis ratio = 1 : I), b.p. 154--158 *C 
(0.3 Ton'). tH NMR, 8: 0.88, 0.97, 1,07 (all t, 6 H, CH2~H3); 
1.33, 1.37 (all t, 6 H, OCH2_QI:[3); 1.45--1.55 (m, 4 H, CH2); 
1.75--1.93 (m, 4 H, CH2); 4.29 and 4.38 (both m, 4 H, CH20). 
Found (%): C, 63.38; H, 7.57; N, 8.39. CtTH24N204. Calcu- 
lated (%): C, 63.75; H, 7.51; N, 8.75. 

Diethyl 1,2-dicyanospiro[2.5]octane- 1,2-dicarboxylate (3j) 
(trans/cis ratio = 1 : 1), b.p. 157--160 *C (0.2 Ton.). IH 
NMR, 8:1.32 (t, 3 H, CH3); 1.36 (t, 3 H, CH3); 1.52--1.79 
(m, 6 H, CH2); 1.90--2.05 (m, 4 H, CH2); 4.29 (m, 2 H, 
CH20); 4.37 (m, 2 H, CH20). t3C NMR, 8:13.76 q, 13.81 q, 
24.75 t, 28.86 t, 32.95 t, 34.11 s, 34.97 s, 43.70 s, 44.48 s, 
63.77 t, 64.11 t, 112.06 s, 112.99 s, 160.40 s, 160.76 s. Found 
(%): C, 62.83; H, 6.67; N, 8.97. CI6H20N204. Calculated 
(%): C, 63.16; H, 6.58; N, 9.21. 

Diethyl 1,2-dieyanospiro[2.6]nonane-l,2-dicarbox3'late (3k) 
(trans/cis ratio = 1 : t), b.p. 168--173 *C (0.2 Torr). IH 
NMR, 8:1.31 (t, 3 H, CH3); 1.35 (t, 3 H, CH3); 1.50--1.85 
(m, 8 H, CH2); 1.93--2.09 (m, 4 H, CH2); 4.28 (m, 2 H, 
CH20); 4,35 (m, 2 H, CH20). Found (%): C, 63.83; H, 6.87; 
N, 8.53. CI7H22N20 4. Calculated (%): C, 64.15; H, 6.92; 
N, 8.81. 
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