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Comple te  BA-+SA conversion is achieved after a 
per iod of  several minutes ,  and the product  is separated 
from the  catalyst  by vacuum dist i l lat ion.  After this,  the  
catalyst  can be recycled.  It is l ikely that  this is the first 
example  of  so l id-phase  catalyt ic  oxidat ion that  may be 
called perfect ,  since none  of  its steps requires the  use of  
a solvent. 

Experimental 

BA was prepared by the previously described procedure. 4 A 
mechanical mixture of BA (5.7 g, 2" 10 -4 mol) with the 
oxidant was passed through a previous|y described 5 worm 
conveyer for I0 rain at room temperature. The product was 
distilled off in vacuo at 10--20 Torr, the distillate crystallized 
on cooling. Its melting point of 62 ~ corresponds to the vaIue 
reported for SA. 1 The product was identical to the authentic 
sample of SA prepared by oxidation of BA with Mn(OAc)3 in 
MeCOOH. 

This work was carried out with the financial support  
of  the Russian Foundat ion  for Basic Research (Project  
No. 94-03-08653).  
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Electrolysis of dimethyl malonate or methyl cyanoacetate in methanol in the presence of 
LiCI in an undivided cell leads to formation of t,l,2,2-cyclopropanetetracarboxylic deriva- 
tives. 
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We discovered previously the reaction of  electro-  
chemical  cyclo t r imer iza t ion  of  malonic  ester in metha-  
11ol I and cyanoacet ic  ester in acetone 2 during electroly-  
sis in an undivided cell in the presence of  bromides and 
iodides of  alkali metals  as a mediators .  

In this paper  we established that  electrolysis of  ma-  
lonic or cyanoacetyc  esters ( l a , b )  in methanol  in the 
presence of  l i thium chloride leads to formation of  1,1,2,2- 
cyclopropanete t racarboxyl ic  acid derivatives (2a,b).  

COOMe -e M e o o c ~ x  
X Y 2 < 

X - e  y \ X / x  UC1, MeOH "~' ,,-" ".,. 
3 < MHa~- X X COOMe 

Y X Y la,b 2a,b 

X, Y = COOMe, COOEt; M = Li, Na, K; Hal = Br, I a : X =  COOMe;b :X= CN 
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Table 1. Electrochemical co-oxidation of malonic or cyanoacetic 
ester la,b and methanol 

Expe- Substrate Electricity Conversion 1 
dment amount (%) 

/F  mo1-1 

Yield (%)a 

2 3 

I l a  1.6 92 12 66 
2 la  3.2 100 40 --  
3 b l a  2.4 tO0 56 -- 
4 lb 4.0 95 45 -- 

a In the experiments 1--3 hexamethyl 1,1,2,2,3,3-propane- 
hexacarboxylate 3, hexamethyl l,l ,3,3,5,5-pentanehexacarb- 
oxylate and tetramethyl 2,2,4,4-tetrahydrofurantetracarboxylate 4 
were identified among the by-products, b After passage of 
1.6 F mole - l  of electricity, 4 mmole of NaI was added to 
electrolyzer and electrolysis was carried out at 30 ~ 

Tetramethyl  1,1,3,3-tetracarboxylate (3a) was also ob- 
tained by oxidation o f  malonic ester l a  (Table 1, exp. 1). 

In the first step o f  the process direct  e lectrooxidat ion 
of  methanol  at  the  anode  provided formaldehyde,  and 
the later hydroxymethyla te  C - - H  acid la ,b  analogous 
for subst i tuted malonic  esters 5 was observed. Subsequent 
dehydra t ion  and addi t ion  o f  l a , b  to unsaturated ester 
leads to methylenbismalonic  ester 3a or methy len-  
b iscyanoacet ic  ester 3b. 

X COOH 
-20 V HO , , ' ~ .  ,-x 

MeOH ' ~ CH2=O --  -"- 
COOMe -H20 

X X v C O O H  X X -2e 
._~ :=:~ . ~ - - 2a ,b  

COOMe MeOOC COOMe LiCI or Nal- 

3a'b 

a: X = COOMe; b: X = CN 

Thus the resulting esters 3a,b were oxidized into 
cyclopropane 2a,b according to a mechanism we have 
described previously 4. 

The precursor  o f  cyclopropane 2a, the ester 3a is 
formed only  under  the passage o f  1.6 F mole -~ of  
electricity. Init ial ly formed 3a,b after the passage of  
2.4--4.0 F mole  -1  are t ransformed into 2a,b and thus 
have never been  de tec ted  among the react ion products.  

The enhanced  yield of  2a in exper iment  4 is caused 
by the greater  effectiveness of  NaI  as a media tor  o f  
cycl iza t ion  o f  3a (Ref. 4), compared  to that  o f  LiCI. 

Cyc lop ropane  3b was obta ined  only as a trans-isomer 
and ident if ied on  the basis o f l H  and 13C N M R  spectra 6. 

The analogous reac t ion  with malononi t r i le  was not  
realized because o f  the high tendency o f  - C H ( C N ) 2  
an ion  to jo in  the C-=N group with the format ion  o f  
dimers,  t r imers  and oligomers.  7'8 

Experimental 

13C and ~H NMR spectra were recorded on a Bruker 
WM-250 (250 MHz) and Bruker AM-300 (300 MHz) in 
CDC13; chemical shifts were measured using tetramethylsilane 
as the internal standard. 

"Pure" grade LiC1 was dried additionally in vaeuo. Malonie 
and cyanoacetic esters were distilled before using. 

Esters 2a,b were isolated by column chromatography (Silica 
gel L 40/100, ether--hexane, I:1). 

Tetramethyl l,l,3,3-propanetetracarboxylate 3a was ob- 
tained by the reaction of dimethyl malonate with formalin 
(yield 60 %) according to the previously described method 9. 

Electrochemical co-oxidation of esters la,b and methanol. 
General method. The solution of ester la or lb (20 mmole), 
LiC1 (8 mmole) and MeOH (20 mL) was placed into undi- 
vided electrolyzer equipped with a Pt- or C-plate as the anode 
and Fe- as the cathode, magnetic stirrer, thermometer and 
reflux condenser. The electrolysis was carried out under a 
current density of 220 mAcm -2, temperature of 50 ~ and 
passage of electricity amount as presented in Table I. The 
reaction mixture was evaporated, washed with water (20 mL) 
and extracted with chloroform (50 mL). The organic layer was 
separated, dried with NazSO 4, evaporated and ]H NMR spec- 
tra were measured using 1,4-dichlorobenzene as the internal 
standard. 

Tetramethyi I, 1,2,2-cyclopropanetetracarboxylate 2a, yield 
50 %, m.p. 70--71 ~ ]H NMR, 8 :2 .17  (s, 2 H, CH2); 
3.73 (s, 12 H, OMe). 13C NMR, 8:23.9 (t, CH2); 41.1 (s, 
C quater.); 53.2 (q, MeO); 166.2 (C=O). 

Dimethyl 1,2-dicyanoeyelopropane- 1,2-dicarbooxylate 2b, 
yield 40 %, m,p. 131--132 ~ 1H NMR, 8:2.60 (s, 2 H, 
CH2); 3.97 (s, 6 H, OMe). 13C NMR, 8:25.6 (t, CH2); 28.2 
(s, C quater.); 53.8 (q, OMe); 112.1 (s, C=--N); 162.0 (C=O). 

This work was supported by the Internat ional  Sci- 
ence Foundat ion  (Grant  No MHY 000). 
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