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Electrochemical conversions of alkyl alkylidenecyanoacetates 
into 3-substituted dialkyi 1,2-r 1,2-dicarboxylates 
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Electrolysis of alkyl alkylidenecyanoacetates in an undivided cell in the presence of alkali 
metat kalides as mediators afforded 3-substituted dialkyl [.2-dicyanocyclopropane-l,2- 
dicarboxylates in 50--85% yields. 

Key words: electrolysis, alkyl alkylidenecyanoacetates, mediators, substituted dialkyl 
1,2-dicyanocyclopropane- 1. I -dicarboxylates. 

Functionally substituted cyclopropanes belong to a 
class of important compounds  employed in the synthesis 
of natural biologically active substances, t Functionally 
substituted cyclopropanes as such also exhibit a broad 
spectrum of  physiological activities, z Cyclopropanecar-  
boxylic acid derivatives are successfully used in medicine 
and agriculture. The best known field of  their application 
is insecticides z-3 based on natural and synthetic pyre- 
throids. In connect ion  with the atbresaid, the develop- 
ment of new efficient procedures |br the preparation of  
functionally substituted cyctopropanes 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-ac id s  (A), which are generated 
upon the action of  bases on the corresponding C- -H-ac id  
(All),  to conjugated activated olefins. Subsequent cy- 
clization of the anionic adducts that formed is accompa- 
nied by elimination of  halide anions 4 (Scheme 1). 
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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 6 (Scheme 3). 
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X = COOR; Y = COOR, CN, or C(O)NR2; Hal = Br or i 

Recently, 5 a new approach to the synthesis of function- 
ally substituted cyclopropanes was suggested. The proce- 
dure involves electrolysis of  C--H-acids as such rather than 
their halogeno derivatives and activated olefins. Thus the 
electrolysis of  dimethyl malonate and alkylidenemalonates 
in an undivided cell with the use of metal halides as 
mediators proceeds according to Scheme 2. 

H C/CN + RIR2C=.C.. "CN Bectro}ysls 
2 "COOR "C OOR MHal 

tR ~ Ft 2 

N C ~ C N  

ROOC / "~COOR 

M = Lior Na; Hal = 1 or Br 

in subsequent studies, we found that electrolysis of 
dimethyl ethylidenemalonate (1) in MeCN afforded func- 
t ionally substituted cyclopropanes with different struc- 
tures depend ingon  the reaction conditions; '  (Scheme 4). 

The electrochemical conversion of malonate 1 into 
tetramethyl 3-methylcyclopropane-  I, 1,2,2-tetracarboxy- 
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late (2) occurs  most  successful ly  in aqueous M e C N  in an 
undiv ided  cell. 

The  pr inciple  o f  c o n s t r u c t i o n  o f  cyc lopropane  s t ruc-  
tures by cycl iza t ion o f  m a l o n a t e  I to ester 2 served as the  
basis tb r  the  present  work,  wh ich  was devoted  to d i rec t  
e l ec t rochemica l  c o n v e r s i o n s  o f  alkyl a tky l idenecyanoac -  
e la tes  (3) in to  3 - subs t i t J t ed  dialkyl 1 .2 -d icyanocyc to -  
p r o p a n e - l , 2 - d i c a r b o x y l a t e s  (4) ( S c h e m e  5, Table  I )  

Scheme 5 

R ~ R 2 
RIR2C=c./CN ,EI,ectrolys,s ~ N C ~ / ~  ~CN 
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M = Li or Na; Hal =Ior Br 

It can  be seen f rom the da ta  presen ted  in Table  1 that  
5% aqueous  M e O H  a p p e a r e d  to be the solvent  o f  cho ice  
for pe r fo rming  the r eac t ions  u n d e r  cons ide ra t ion .  How-  
ever, s imi lar  results were o b t a i n e d  in the e lectrolysis  o f  
esters 3 in aqueous  M e C N  a n d  aqueous  E tOH.  

A decrease  in the t e m p e r a t u r e  frorn 20 to - 2 0  '+C led 
to an increase  in the  yield o f  the  final react ion p roduc t  
from 60 to 85%. The  yields o f  cyc lop ropanes  r eached  
7 0 - - 8 0 %  even at 0 ~C. F r o m  the  practical  s t a n d p o i n t ,  
e lectrolysis  at 0 ~+C is a m u c h  s impler  e x p e r i m e n t a l  
p rocedure  c o m p a r e d  to an a n a l o g o u s  process at - 2 0  ~ 
Because o f  this,  most  of  the  expe r imen t s  were car r ied  
ou t  af 0 +C. 

As in the case of  the  r eac t i on  of  diethyl  m a l o n a t e  
with  dialkyl a l k y l i d e n e m a l o n a t e s  5 and  of  alkyl c y a n o a c e -  
tares wi th  alkyl a lky l idenecyanoace ta tes+  ti b romides  r a th -  
er t i tan ch lor ides  appea red  to be the  media tors  o f  choice .  

In the case where  R t = R2. func t iona l ly  subs t i tu t ed  
cyc lop ropanes  4 exist as two i somers  with cis + and  t rans  

a m m g e m e n t  of  the C N  and  C O O R  groups, respectively.  
U n d e r  the reac t ion  c o n d i t i o n s  used. in the case where  
R I = R 2, the s ter icat ly less h i n d e r e d  trans i somer  was 
ob ta ined  as the ma jo r  r euc t ion  p roduc t  

T a b l e  1.  Electrochemical synthesis of 3-substituted dialkyl 
1.2-dicyanocyclopropane- 1,2-dicarboxylates (4) 

Run Initial Medi- Sol- Y Prod- Yield (%)'+ 
olefin ator vent /~ uct (ratio 

R I R e R 3 (+5% of 
H20) isomers b) 

1 Me Me Me NaBr MeOH -20  4a 85 (5 : I) 
2 Me Me Me NaBr MeOH 0 4a 77 (5 : I) 
3 Me ,'vie Me NaBr MeOH 20 4a 62 (2 : t) 
4 Me Me Me Nal MeOH 0 4a 42 (4 : I) 
5 Me Me Me Nal MeCN 0 4a 61 (2 :  I) 
6 Me Me Et NaBr EIOH 0 4h 43 (I : I) 
7 Et Me Me NaBr MeOH 0 4e 71 (3 : I : I)  
8 Pr" Me Me NaBr MeOH 0 4d 67 (3 : 1 : I )  
9 Pff~ Pr n Me NaBr McOH 0 4e 53 (I : 1) 
10 --(CH2)5--Me NaBr MeOH 0 4f 41 (I : 1) 

a The yield of compound 4 with respect to 3 used; the 
cofwersion of 3 was a 98%. 

In the case where R I = R 2, functionally substituted cyclo- 
propanes 4 exist as two isomers with the cis and trans arrange- 
ment of the CN and COOR groups, respectively. In the case 
where R t ~- R 2, a mixture of three isomers was obtained, 
namely, one isomer with the rrans arrangement and two 
isomers wilh the cis arrangement of the CN and COOR 
groups. See the text. 

In the case where  R I a R 2, mixtures  of  th ree  i somers  
were formed,  namely ,  one i somer  with the trains a r r ange -  
men t  of  the CN and  C O O R  groups  and  two i somers  wi th  
tile cis a r r a n g e m e n t  of  these groups.  In the IH N M R  
spectra  o f  tile major  isomer,  the  posi t ion of  the  s ingle t  o f  
the Me group at the C(3) a t o m  cor responds  to the  
posi t ion of  the  singlet  of  the Me group in t rans  i somers  
4a,b.  Hence,  it is believed that  the  t rans  i somer  was also 
p r e d o m i n a n t l y  formed in the case where R I r R 2. 

Previously.  it was noted tha t  the reac t ions  o f  a lky-  
l i denecyanoace ta t e s  with b r o m o m a l o n o n i t r i l e  a f forded  
p r e d o m i n a n t l y  cyc lopropanes  with t rans  o r i e n t a t i o n  o f  
the C O O E r  group with respect  to the bulkiest  subs t i tu -  
ent .  8 An ana logous  s i tuat ion was also observed in the  
case of  e l ec t rochemica l  c o n d e n s a t i o n  of  alkyl c y a n o a c e -  
tares with alkyl a lky l idenecyanoace ta tes  to form 3 - s u b -  
s t i tuted dialkyl 1 ,2 -d icyanocyc lopropane-  1 ,2 -d ica rboxy-  
lares. 6 

When  electrolysis  was pe r fo rmed  under  c o n d i t i o n s  o f  
run I0  (see Table  I) with tile use of  N a O A c  as the  
electrolyte  by passing I F o f  e lect r ic i ty  p e r  mole  o f  the  
initial 3 t h rough  the react ion mixture,  c y c l o h e x a n o n e  
and  methyl  cyanoace ta t e  were fornted in 24 and  33% 
yields, respectively ( G L C  data) .  It thus fol lows t ha t  
electrolysis o f  alkyl a lky l idenecyanoace ta tes  in a q u e o u s  
M e O H  in the absence  of  metal  hal ides resul ted in t he i r  
d e c o m p o s i t i o n  accord ing  to the  Knoevenage l  r e t ro -  
react ion.  

Based on the  results ob ta ined ,  the fol lowing m e c h a -  
nism of  e lec t rochemical  convers ions  ofalkyl  a lkyl idenecy-  
anoace ta tes  can  be proposed (Scheme  0). 
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Scheme 6 

Anode: 2 Hal- - 2e - - ~ -  Hal 2 (Hal = I, Br)  
Cathode: 2 H20 + 2e ~- 2 HO- + H 2. 

In a so lu t ion :  

R'iR2C=C(CN)COOR + HO- , . 
R~ReC=O ,-- NCCHCOOR, ( I )  

NC(~HCOOR + Hal 2 ~ NCCH(HaoCOOR 4- Hal-, (2) 

NCCH(Hal)COOR + H O  ,. 
J,,, NC(~(Hal)COOR + H20, (3) 

NCC~Hal)COOR + R1R2C=C/CN i,, 
3 "COOR 

R i R 2 

N C ~ C N  + Hal- 

ROOC " /  ~ C O O R  

(4) 

Stage  ( I )  i n v o l v e s  the Knoevenage l  r e t r o - r eac t i on .  
This  e l e c t r o l y s i s - i n d u c e d  process  has  been obse rved  
prev ious ly  in the  case  o f  d e c o m p o s i t i o n  of  dialkyl e t h -  
y l i d e n e m a l o n a t e s .  7 O t h e r  e l ec t ro lys i s - induced  r e t r o - r e -  
a c t i ons ,  viz . ,  d e c o m p o s i t i o n  o f  te t raa lkyl  p r o p a n e -  
l , l , 3 , 3 - t e t r a c a r b o x y l a t e s  9 and  2 - s u b s t i t u t e d  a n d  
2 , 2 - d i s u b s t i t u t e d  t e t r aa l ky l  I, 1 , 3 , 3 - p r o p a n e t e t r a c a r b o x -  
ylates i~ a c c o r d i n g  to the  Michae l  r e t ro - r eac t i on ,  were 

also r e p o r t e d .  
In a l c o h o l i c  so lu t ions ,  alkoxyl an ions ,  which  are 

gene ra t ed  on  a c a t h o d e ,  a long  with H e -  an ions  act as a 
base in s tage (3) .  

The  h i g h e r  e f f ic iency  of  NaBr  as a med ia to r  c o m -  
pared to tha t  o f  N a l  is apparen t ly  due to the J;act tha t  the  
alkyl b r o m o c y a n o a c e t a t e  formed as an in te rmedia te  is a 
s t ronger  C - - H - a c i d  t han  iodocyanoace t a t e  and  thus the  
stage o f  d e p r o t o n a t i o n  (3) proceeds  more rapidly. It is 
also p r o b a b l e  t h a t  the  rate o f  addi t ion  of  the alkyl 
b r o m o c y a n o a c e t a t e  a n i o n  to act ivated olefin 3 in stage 
(4) is s u b s t a n t i a l l y  h igher  than  that  in the case o f  the  
a n a l o g o u s  a d d i t i o n  o f  alkyl iodocyanoace ta te .  

Experimental 

The ]H and 13C NMR spectra of solutions of  the com- 
pounds under  study in CDCI 3 were recorded on Bruker 
WM-250 (250 MHz) and Bruker AM-300 (300 MHz) instru- 
ments. The chemical  shifts are given in the ;5 scale relative to 
Me4Si as the internal s tandard 

The GLC analysis was performed on an LKhM-SMD 
chromatograph equipped w~th a flame ionization detector (ni- 
trogen as the carrier gas; the flow rate 30 mk rain-I: 2500• 
mm glass column with 5% SE-Superphase on tncrton Super 
(0.16--0.20 mini).  

Synthesis of cyclopropanes 4 (general procedure). Ester 2 
(14 retool), an electrolyte (mediator) (7 mmot), and a solvent 
(20 mL) (see -Fable I) were placed in an undivided ceil 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 :, reflux condenser. Electrolysis was 
performed in the constam current mode (tile current density 
was t00 mA cm -2) by passing 2.2 F reel -I of electricity. The 
solvent was evaporated, the residue was washed with water 
(20 mL), and the products were extracted with chloroform 
(50 mL). The organic layer was separated and dried with 
Na2SO 4. The solvent: was evaporated and esters 4a- - f  were 
isolated by vacuum distillation. 

Dimethyl trans- 1,2-dicyano-3,3-dimethylcyetopropane- 1,2- 
dicarboxylate (trans-4a) I~ was isolated by crystallization from 
the reaction mixture (run l). m.p. 151--152 ~ IH NMR, 8: 
t.65 (s, 6 H, Me): 3.93 (s. 6 H, MeO}. 13C NMR, 6:19.4  (q): 
37.2 (s); 4011 (sl; 54.9 (q); 113.3 (st; 162.9 (s). 

Dimeth~ c/s- 1.2-dicyano-3,3-dimethyleyclopropane- 1,2-diear- 
hoxylate (4a) was distilled from the reaction mixture (ran 3) (a 
2 : I mixture of trans and cis isomers), b.p. 125--t27 ~ 
(0.5 Torr). IH NMR, 8: cis--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, 
tl.63. CIIHI2N204. Calculaled (%): C, 55 93; H, 5.08; N, 11.86. 

Diethyl 1,2-dicyano-3,3-dimethylcyelopropane- 1,2-dicar- 
boxylate (4b) I~ (a 1 : 1 mixture of trans and cis isomers), b.p. 
139--142 ~ (0.5 Torr). tH NMR, ,5: trans-4b: 1.34 (t. 6 H, 
Me): 1.62 (s, 6 H, Me); 4.33 (m, 4 H, CH,O);  cis-4h: 1.29 (t, 
6 H, Me): i.58 (s, 3 H. Me): 1.69 (s. 3 H, ]Me); 4.30 (m, 4 H, 
CH~O). Found (%): C, 58.9I; H, 6.15; N, 10.28. CI3t'1t6N204. 
Calculated (%): C, 59.09: H, 6.06; N, 10.61. 

Dimethyl 1,2-dieyano-3-ethyl-3-methyleyelopropane- 1,2- 
dicarboxylate (4c) (a 3 : I : 1 mixture of isomers), bp.  132-- 
134 ~ (0.5 TorrL ttt NMR. 8: 1.02, 1.05, and 1.17 (all t, 3 H, 
CH2Cj_H_3 )" 1.52, 1.58 ttrans isomer), and 1.68 (all s, 3 H, Me); 
1.85--2.05 (m. 2 H, CH2): 3.86, 3.87, 3.89, and 3.90 (all s, 
6 H, MeO). Found (%): C, 57.42: H. 5.73; N, 10.89. 
CI2Hj4N204. Calculated (%): C, 57,61 H, 5.60; N, 11.21. 

Dimethyl 1,2-dicyano-3-methyl-3-propylcyclopropane- 1,2- 
dicarboxylate (4d) (a 3 : I : I mixture of isomers), b,p. 131-- 
133 ~ (0.3 Tolr), IH NMR, ~: 0.91,0.98, and 1.05 (all t, 3 H, 
CH2CH~): 1.20--1.40 (m. 2 H, CH2CH3); 1.49, 1.58 (trans 
isomer), and 1.68 (all s, 3 H, Me), 1,83--1.95 (m, 2 H, CH~); 
3.80, 3.84. 3.90, and 3.91 ~,atl s, 6 H, MeO). Found (/%): 
C. 58.91: H, 5.$8; N, 10.33 CI3HI6N204. Calculated (%): 
C. 59.09; H, 6.06; N. I0.61 

Dimethy; ! ,2-dicyano-3,3-dipropylcyelopropane- 1,2-dicar- 
boxy|ate (*,e) (a I . 1 mixture of  trans and cis isomers), b.p. 
140--143 -~C (0.3 Torr). iH NMR, 6: 0.88, 0.97, and 1.07 (all t. 
6 H, Me); 1.45--1,55 (m, 4 H, CH,) :  1.75--1.93 (m, 4 H, 
CH2): 3.89 and 3.90 (both s, 6 H, Me(3). Found (%1: C, 61.38; 
H, 6.57; N, 9.37. CIsH20N20 4. Calculated (%): C, 61.64; 
H, 6.85: N 9.59 

Dimeth31 1,2-dicyanospiro[Z.5loctane- 1.2-dlcarboxylate (40 
(a I : I mixture of trans and cis isomers,), b.p. 137--140 ~ 
(0.2 Torr). IH NMR, 5 :1 ,52 -1 .79  (m, 6 H, CH2): 1.90--2.05 
(m, 4 H, CH,,): 3.8;4 and 3.91 (both s, 6 H, MeO). t3C NMR. 
& 24.8 (t); 28.9 (tF 33.0 (t): 34.1 (s); 35.0 (s); 43.7 (s); 44.5 
(s~; 54.5 (qI: 54.9 (q); 112.1 (s): 113.0 (s); 160.4 (s); 160.8 (s). 
Found (%): C, 60.56: I-I, 5.49; N, 9.87. Ci4Ht6N204. Calcu- 
lated (%,~: C, 60.87; H, 5.80; N, 10.14. 

This  work was f inancia l ly  s u p p o r t e d  by tile Russian 
Founda t ion  for Basic R e s e a r c h  (Pro jec t  No.  97-03-  

33165a). 
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