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For the past several years we have been engaged in a 

study of the electrolytic reduction of concentrated vater- 

containing solutions of activated olefins (I, II) in electro- 

lytes A+Z- at cathodes of high hydrogen overvoltage. 5 and 

y are different electron-attracting groups (-CN, -COOR, 

&d-X d&Y 
I I 

I II 

-COOR, -CONR2, 2- and k-pyridyl. -PO(OR)2, rC0, extended con- 

jugation, -Sop-, etc.) which are selected so that neither 

they nor the other substituents at the aand carbon atoms 

are reduced under the conditions of the electrolysis. A* 

is a cation that is not discharged at the potential needed 

for the reduction Of the olcfins (tetraalkylammonium. tetra- 

alkylphosphonium, trialkylsulfonium and others); 2' is a 

cation that renders AZ "hydrotropic" (alkarylsulfonate. 

alkylsulfate and otheral). This vork has yielded an electro- 

organic reductive condensation method for preparing a 

1 P.S. Putanor and J.D. Babln, Chir. et ind. _B y 263 
(1961) and citations therein. 

973 



974 Electrolytic reductive coupling No.15 

variety of polyfunctional compounds. 

dhen a single olefin (I 2 II) is employed, the above 

process Is a "hydrodimerisatlon"2 and yields the hydrodimer 

III. 
1 I I II I 

2 PC-X+2e+2Ii20 * x-c-c-c-c-x+20; 
I I I 1 ’ 

H H 

III 

The electrolytic method gives considerably higher yields 

than Knunyants' alkali metal amalgam procedure 2.3 and often 

succeeds when the amalgam process fails completely. Among 

the many olefins we have "hydrodimerised" are: acrylonitrile, 

a-methylacrylonitrile, ethyl acrylate, ethyl 6,6-dimethyl- 

acrylate, acrylamide, 2- and k-vinylpyridines, 9-bensal- 

fluorene and diphenylvinyl phosphine oxide. Activated 

straight-chain olefins vith extended conjugation (l-cyano- 

1,3-butadiene) as well as cyclic olefins (l-cyano-l-cyclo- 

herene) have been used. 

Illustrative is the "hydrodimerisation" of ethyl 

acrylate. The catholyte contained 76.0 g. of stabilized 

ester, 75.8 g. of a 76.5% aqueous solution of methyltri- 

ethylammonium p-toluenesulfonate, and 88.6 g. of dimethyl- 

formamide. The anolyte contained 40 ml. of 38% quaternary 

salt solution. A cathode of 110 ml. mercury (area ca. 

55 cm2) vas used in a cell similar to one described4. The 

-- 
2 I. L. Knunyants and N. S. Vyazaokin, Irvest. Akad. 

Nauk S.S.S.R., Otdel. Khim. Nauk 1957. No. 2,238. 
Z 

3 Knunyants' olefina were exclusively derivatives of 
acrylic acid. 
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anode was a platinum wire enclosed in s.n Alundum cup. 

Electrolysis at 3 amps. v.ss conducted at 35-40' for 2 hr. 

The cathode voltage was -1.89 to -1.93 (S.C.E.). Dimethyl- 

formamide was added to the catholyte from time to time to 

preserve homogeneity. The pH was controlled at ca, 7-9. At 

the end of the reaction period, polymerization inhibitor was 

added, the mercury separated and the catholyte diluted with 

ca. 500 ml. of water and extracted with six 50-ml. portions 

of methylene chloride. The extracts were washed, dried and 

stripped of volatile8 on the water bath using an aspirator, 

The residual liquid (23.6 g., theory 22.6 g.) was vacuum- 

distilled. After a very small forerun diethyl adipate was 

collected at 142-148'/30 mm., ng5 1.4250. 

When a mixture of olefins (I and II) is electrolyzed - 

two different situations may obtain: 

1. When the cathode voltage for the reduction of I 

is close (vithin ca. 0.2 v.) to the cathode voltage required 

for 115 the mixture will yield three products: hydromer of I, 

hydrodimer of II and the product Of mixed coupling IV: 

r-+S_x 

H B 
IV 

4 M. J. Allen, "Oraanic Electrode Processes", 
Reinhold Publishing CO., N-Y., 195 , p. 36. 

5 As cm be determined polarographically. 
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For exemple, 

(ca. -1.8 v. 

Electrolytic reauctive coupling No.15 

the electrolysis of a mixture of ethyl acrylate 

vs. S.C.E.) and acrylonitrile (ca. -1.9 v. vs. 

S.C.E.) yielded diethyl sdipate, adiponitrile and ethyl 

d-cyanaralerate. 

2. When I reduces at a cathode voltage considerably 

Bore positive than is required for II only tvo products are 

formed, namly III and IV. Thus electrolysis of a mixture 

of diethyl naleate (ca. -1.4 v. vs. S.C.E.) and acrylonitrile 

yielded tetraethyl butanetetracarboxylate, diethyl -(2- 

cyanoethy1)auccinat.c and no adiponitrile. 

Our total results are best accomodated by the follow- 

ing reehaniatic proposals. 

1. 1 undergoes an overall two-electron uptake to 

yield the V dianiong (which may under some circumstances 

undergo neutralization to yield the monocarbanion VI). 

+fLX+2e * ,d.&x [+li20 4- E -x+oiil 
I I I 

H 

v VI 

2. Depending upon the concentration of proton donors 

and acceptor olefin molecules, the carbanions (v, VI) may now 

a. Displace Or from water, e.g., and form the 

dihydro-derivative of I. This occurs in very dilute solutions 

of olefins. 

6 Long after this work was completed, 6.1. Zhdanov 
and L. 0. Feoktistov, Izvest. Akad. Aauk. S.S.S.R., 
Otdel. Khir. Aauk, 1963.53 proposed a similar 
intermediate for the hydiodimerization of 
acrylonitrils. 
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b. Engage in nucleophilic attack, via the 

B-pomitiona of V or VI upon the B-porition of other polarized 

(but not reduced) activated olefin roleculea prellent (&, z) 

to ylold the dianions (VII, VIII) of the coupled product6. 

This step ie like the Michael Reaction except that the donor 

VII VIII 

rpacies here ir a 4 -carbanion. It Ia favored by a high 

concentration of olefin in the catholyte. 

3. If a sufficient coucentration of water im available 

VII and VIII vi11 be neutralired and ion coupled product 

and OH'. 

4. If the concentration of water is very low the COB- 

deneed carbanion VII ray l ttauk additional roleculea of I 

before the procemm in torminatod. From electrolyser of 

l crylonltrile in direthylformwide, tetraethylammoniur p- 

tolueneaulfonate and a lov pebcentage of vater we hare ob- 

tained "hydrotrirer", "Hydrotetraaer" and a nev clasrr of lov 

molecular weight polyacrylonitrilea. 

5. Evidence for the riab&lity of a dlcarbanlon ruch 

aa 3 warn obtained in the Isolation of diethyl @,a'-bie-(2- 

cyauoethyl)muccinate from the reaction of dlethyl naleate 

and oxcams l crylonitrile in the preeence of a Very limited 

quantity of vator. 

The initial paperr 

study have boon submitted 

chemical Society. 

demeribing the detail8 of this 

to the Journal of the glectro- 


