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E L E C T R O S Y N T H E S I S  O F  D I E S T E R S  O F  S A T U R A T E D  

D I C A R B O X Y L I C  A C I D S  F R O M  O X A L I C  A C I D  A N D  E T H Y L E N E  

V.  A .  G r i n b e r g ,  L .  S .  G e r m a n ,  
L .  S .  K a n e v s k i i ,  V .  R .  P o l i s h c h u k ,  
A .  M.  S k u n d i n ,  a n d  Y u .  B .  V a s i l ' e v  

UDC 541.13:542.91:547.461.2:547.313.2 

The e l ec t ro lys i s  of oxalic acid in a methanol  solution on a P t  anode in the p re sence  of 1,3-butadiene is 
known to r e s u l t  in the  fo rmat ion  of unsa tura ted  dicarboxyl ic  acids and their  d i e s t e r s  [1]. The in te rmedia te  
par t ic ipa t ion  of ~OOH rad ica l s  in this r eac t ion  has been postulated [2]. 

We have found that  the analogous e l ec t ro lys i s  with the use  of ethylene (ET) as  a r ad i ca l  acceptor  makes  
it poss ib le  to obtain a mix ture  of the d i e s t e r s  of sa tura ted  dicarboxyl ic  acids CH3OCO(CH2)nCOOCH3 (Ia-Ie) ,  
where  n=0 (a), 2 (b), 4 (c), 6 (d), and 8 (e), with a p r e p a r a t i v e  yield. 

Addition to ethylene does not occur  in a DMFA medium.  This suggests  that the p r e l i m i n a r y  s tep in a 
methanol  med ium is the fo rma t ion  of the monoes te r  of oxalic acid  (II): 

H00C - -  COOH + CHsOH ~ CHsOCO - -  COOH(II) + H20 (1) 

The anodic oxidation of the anion of monoes t e r  II r e su l t s  in the genera t ion of methoxycarbonyl  rad ica l s  (II1) : 

CH30CO --  COO- .5> CHsOCO(III) + COs (2) 

These r ad ica l s  a r e  added to ethylene in analogy to the other e l ec t rochemica l ly  genera ted rad ica l s  we 
p rev ious ly  studied [3-6] and r ecombine  to f o r m  the d ies te r  of oxalic acid (Ia): 

2 CH30C0 --~ CH30CO --  COOCHa (Ia) (3) 

CH30CO - -  COOCH3 + HOOC - -  COOH ~ 2 CH30CO --  COOH (II) (4) 

The poss ib le  r e v e r s i b l e  equi l ibr ium (4) together  with reac t ion  (3) probably  lowers  the c u r r e n t  eff iciency for 
higher  d i e s t e r s ,  but does not a l t e r  the yield. The key step in the format ion  of the la t ter  is c l ea r ly  the addition 
of r ad i ca l  III to ethylene. It is followed by the ord inary  acts  of chain propagat ion  and te rmina t ion :  

CH30CO([II) + CH~ = CH~ --, CH3OC0(CH2CH2)~" (IV)--(VII) 
rn----t (IV), 2 (V), 3 (VI), 4 (VII). 

( I I I ) +  (IV) -~ (Ib) 
2 ( iv )  or ( i i i )  + (v)  - ,  ( i o )  

(IV) + (v)  or ( i i i )  + (v i )  - ,  (ia) 
2 (v) or ( i i i )  + ( v i i )  -~ (le) 

(IV) + (VI) --~ (le) 
D ie s t e r s  Ib- Ie  were  isolated f r o m  the e lec t ro ly te  and  identified (Table 1). The total  yield of d ies te r s  s ignif i -  
cant ly  exceeds their  yield in the ease  of the addition of r ad ica l s  genera ted as a r e s u l t  of the e lectrooxidat ion of 
the monoes t e r s  of g lutar ic  acid or adipio acid to ethylene [6]. One of the r easons  for this is apparent ly  the 
e lec t rophi l ie  nature  of r ad ica l l I I ,  whose p rope r t i e s  a r e  r e m i n i s c e n t  of the p rope r t i e s  of the CF 3 r ad i ca l  and 
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TABLE I .  Composi t ion  of the Mixture of Elec-  
t ro lys is  Products  as a Function of the Curren t  
Density 

Current 
dcmity, 
A/drn ~ 

0,5 * 

]o,0~" 

U-H~9oc(cI~)nCOOCH s I Concentration of in 
electrol sis roduct,-~ ~ 

n=O n=2 I n= ,  n=6 I n = i  

I I I 29,0 25,0 31,3 t2,0 2,7 
46,2 2i,3 26,4 5,8 �9 i,3 

*With considerat ion of the re tu rn  of the dimethyl 
oxalate to the cycle ,  the total yield is 94%. 
SThe total yield is 70%. 

which forms an addition product  with ethylene with a high yield [5]. Another reason  is associa ted with the ad-  
sorbabil i ty of monoes ter  II on the anode, which is poor in compar i son  to the monoesters  of higher acids con-  
taining a compara t ive ly  long hydrocarbon chain. As a resul t ,  the adsorpt ion of ethylene is hampered to a l e s s e r  
extent. 

The fact  that  there  is competi t ive adsorpt ion of ethylene and the subst ra te  being oxidized on the sur face  
of the anode was confirmed by us by studying the kinetics of the electrooxidation of oxalic acid in MeOH. 

As the ethylene p r e s s u r e  is increased,  the oxidation cur ren ts  decrease  with maintenance of the shape of 
the curve over the ent ire  range of potentials,  including the second ascending branch of the curve,  which c o r r e -  
sponds to the evolution of oxygen. When the ethylene p re s su re  is 60 atm, the ra te  of oxidation at ~0ma x de- 
c reases  by a factor  of 1.6 (Fig. 1). In control  experiments with an argon p r e s s u r e  of 60 atm and a p a r t i a l p r e s -  
sure  of ethylene equal to 1 aim, no decrease  in the oxidation ra te  occurs .  

Increas ing the ethylene p re s su re  slightly displaces the maximum of the curve toward more  positive 
potentials.  This displacement  reaches  its l a rges t  magnitude A(p = 100 mV when the ethylene p re s su re  is 60 
atm. The initial port ion of the C - l o g  i curve  recorded  in a solution of oxalic acid remains  l inear when 
ethylene is introduced (Fig. 2a), its slope remaining  unchanged. However, the presence  of ethylene probably 
causes an increase  in the overvoltage of the anodic p rocesses  in the f i r s t  and second segments of the polar i -  
zation curve  as a r e su l t  of its adsorpt ion on the electrode [7]. At the same t ime,  the ra te  of the electrode p ro -  

-OL 
cesses  at  ~p =const  drops with increas ing ethylene p res su re  (PC2H4) ra ised  to a fractional  power, i.e., i--BPc2H ~ 
where a var ies  as the potential is increased f rom 0.7 to 0. 

This type of influence of ethylene is typical of par t ic les  adsorbed on a dimensionally heterogeneous s u r -  
face which do not part icipate in the electrode process  [7-11]. The slight displacement  of the potential of the 
maximUm as the ethylene p r e s s u r e  is increased (see Fig. 1) may apparently be attributed to the mutual compe-  
tition between the oxalate anions, ethylene, and the chemisorbed oxygen. A s imi lar  effect was previously ob- 
served in [10]. 

~;I..~C rrfi 2 

flO 

BO 

q9 

o " ~  , 
0,5 ~,o 

I 
/,J 2,o~, v 

Fig. 1. Anodie polar izat ion curves on a Pt electrode in an 
aqueous 0.5 M H2C204+0.5 M H2SO 4 solution with an ethyl- 
ene p re s su re ,  a tm:  1) 0; 2) 3; 3} 15; 4) 30; 5) 60. 
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Fig. 2. Anodic polar izat ion curves  on a Pt  e lectrode in an aqueous 0.5 M 
H2C204+0.5 M H2SO 4 solution (a) in the absence of ethylene (1) and when its 
p r e s su re  is equal to 60 atm (2) ; dependence of the ra te  of anodic p rocesses  in 
the same solution on the ethylene p res su re  (b) at  the potentials,  V: 1) 0.5; 2) 
0.6; 3) 0.8; 4) 1o0; 5) 1.2; 6) 1.4; 7) 1.6. 

Fig. 3. Anodic polar izat ion curves  on a Pt  electrode in a methanolic 0.05 M 
H2C204 solution (a) at  various ethylene p re s su res  and dependence of the ra te  of 
anodic p rocesses  on the ethylene p res su re  in a sys tem at var ious potentials (b). 
a. Ethylene p re s su re ,  a tm:  1) 0; 2) 3; 3) 7; 4) 15; 5) 30; 6) 60. b. Potentials ,  
V: 1) 0.8; 2) 1.0; 3) 1.2; 4) 1.4. 

The ra te  of the electrooxidation of oxalic acid in methanolic solutions has been observed [8] to be lower 
than that in aqueous solutions. The inhibition of the oxidation in w a t e r - m e t h a n o l  solutions with high concen- 
WaGons of the alcohol is due to a dec rease  in the f i r s t  dissociat ion constant of oxalic acid, as well as ,  poss ib ly  
reac t ion  (1). The nature of the influence of the ethylene p r e s s u r e  on the polarization curve in MeOH (Fig. 3) is 
s imi lar  to that considered above for aqueous solutions. It should be noted that the oxidation currents  of MeOH 
amount to only an insignificant fraction of the total anodic current .  

Thus, ethylene, like 1,3-butadiene [9], does not take d i rec t  par t  in the electrode p rocess .  Competing for 
the surface  of the electrode with the solvent and the substrate  undergoing oxidation upon adsorption, it only 
lowers their oxidation ra tes .  However, as was previously shown, the e lectrochemical ly  generated radicals  
r e a c t  with the sorbed ethylene. Therefore~ as its adsorpt ion is increased,  the yield of the addition products 
increases  in analogy to the previously studied cases  [3-6]. An increase  in the cur ren t  density lowers their 
yield (see Table 1). 

E X P E R I M E N T A L  

The P1VIR spectra  were obtained on a P e r k i n - E l m e r  R-12 instrument,  and the external re ference  was 
TMS. The GLC analysis  was ca r r i ed  out on an LKhM-8M chromatograph,  and the s ta t ionary phase was 20% 
QF-1 on Shimalite. The prepara t ive  r e c o v e r y  of the products obtained was car r ied  out on a Carlo  Erba in- 
s t rument ,  the s ta t ionary phase being QF-1 on Chromosorb  W. 

The boiling points were determined according  to Sivolobov's method. 

Elec t rosynthes is  of Dies ters  I. A 50 ml portion of a 10% solution of (COOH)2 in MeOH was poured into a 
100 ml Teflon cell placed in a s ta in less -s tee l  autoclave. The autoclave was hermet ica l ly  sealed, and ethylene 
was admitted to a p re s su re  of 65 atm. F rom 0.08 to 0.1 F of e lectr ic i ty  was passed through the electrolyte ,  
which was s t i r red  by a magnetic s t i r r e r ,  with maintenance of a cur ren t  density (in different experiments) of 
0.2 to 10 A/dm 2. At the conclusion of the e lec t ro lys is  the excess gas was blown out, the autoclave was opened, 
and the electrolyte  was evaporated in a vacuum at ~ 20~ The res idue  was diluted with ether,  washed three 
times with water ,  and dried over MgSO 4. After the evaporation of the ether,  the mixture was analyzed and 
separated by GLC. The analysis was car r ied  out (see Table 1) at  192~ and the separat ion was car r ied  out 
under the conditions of a p rogrammed temperature  f rom 160 to 220~ with a heating ra te  of 5 deg/rnin. Di- 
methyl succinate (Ib), bp 194-197~ compare  [12]. PMR spec t rum (6, ppm): 3.25 (s, 4 H, CH2) and 3.40 (s, 
6 H, CH3). Dimethyl adipate (Ic), bp 229-231 ~ A known specimen boils in the same range.  PMR spect rum (6, 
ppm) : 1.49 (s, 4 H, CH2CH2COO), 2.14 (bs, 4 H, CH2COO), 3.37 (s, 6 H, CH3). 
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Dimethyl suberate  (Id), bp 263-264~ compare  [12]. PMR spect rum (5, ppm): broadened singlets at  
1.22 (4 H, T-CH2) , 1.45 (4 H, fl-CH2) , 2.09 (4 H, ~-CH2) , 3.37 (s, 6 H, CH3). Dimethyl sebacate (Ie) ,bp291- 
292~ compare  [12]. 

Kinetics of the Electrooxidation of Oxalic Acid. A special  th ree-e lec t rode  cell placed in an autoclave 
was used. The possibil i ty of introducing a bridge f rom the r e fe rence  electrode direct ly  into the inner space of 
the autoclave was provided for in its design. A saturated calomel  r e fe rence  electrode was used in the m e a s u r e -  
ments in methanol solutions, and a mercurous  sulfate electrode was used in the measurements  in a 1 N H2SO 4 
e lect rolyte  background. All the reagents  used were subjected to additional purification, i.e,, by r e c r y s t a l l i -  
zation or fractional distillation. 

Before  the record ing  of a polarization curve the electrode was subjected to a single cycle  of ca thod ic -  
anodic polar izat ion for 3 min at r  and ~pa=+0.1 V (in the measurements  in 1 N H2SO4) or r  and 
Ca = + 0.5 V (in the measurements  in MeOH). Such t rea tment  guaranteed the reproducibi l i ty  of the resu l t s .  The 
discrepanices  in the values of the cur ren t  at  (p = const  did not exceed 2% for 6-10 consecutively recorded  poten- 
tiodynamic polar izat ion curves .  The curves were recorded  with linear variat ion of the potential at a r a t e  of 
3 mV/sec. When the polarization curves  were recorded  in the presence of ethylene under p res su re ,  the solu-  
tion was pre l iminar i ly  saturated with ethylene for 1 h. 

CONCLUSIONS 

1. The electrolysis of the methanolic solutions of oxalic acid on a Pt anode in the presence of ethylene 
under pressure produces a mixture of diesters of succinic acid, adipic acid, suberic acid, and sebacic acidwith 
a preparative yield (70-95%). 

2. According to the data from the investigation of the kinetics of the electrooxidation of oxalic acid in 
the presence of ethylene, the latter does not take part in the electrochemical stage of the process. Being ad- 
sorbed on the surface of the electrode, ethylene participates in secondary reactions with electrochemically 
generated radicals. 
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