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Dirnerization of Pyridinium Salts by Cyanide 
By LAWRENCE J. WINTERS,* NELSON G. SMITH, and MARTIN I. COHEN 

(Department of Chemistvy , Drexel University, Philadel@hia, Pennsylvania 19 104) 

Summary 1,1 ’-Dihydro-4,4’-bipyridyls (11) are formed Thus we reacted 1-phenylpyridinium chloride with 
from certain pyridinium or 2-methylpyridinium salts cyanide in 50% v/v Me,CO-H,O under anaerobic con- 
and sodium cyanide. ditions. The solution immediately became turbid followed 

THE reaction of cyanide with pyridinium salts has been R 
shown to produce I,%, 1,4-, and 1,fi-cyano-add~cts.~ We I 
have observed the reaction of 1-n-dodecylpyridinium 
bromide with aqueous sodium cyanide yields a dimeric 
product, the cation radical (I; R = n-C1,H2,).2 

We now report that cyanide reacts with other pyridinium 
salts to form products other than the lJ%, 1,4,  or 1,6- 
adducts, and the cation radical (I) : we have isolated 1,l’- 
dihydro-4,4’-bipyridyls (11)3 in excellent yields. Dimeriza- 

R 

R R I 1  N 6’ ( I ) 
tion of pyridinium salts by cyanide apparently has broad I 
applicability. R R 

A benzoin-type mechanism with (11) as an intermediate 

R Q 
b; R =PhCH;! I 

R 

could be involved in the formation of‘(1). Since the phenyl- 
and benzyl-l,l’-dihydro-4,4’-bipyridyls ( T I ;  R = Ph and 
PhCH,) are known and are relatively stable, we attempted 
to isolate these compounds. 

by the appearance of a dark red solid in about five minutes. 
The solid was collected after 10 days, and although it  did 
contain some free radical (e.s.r.), it was demonstrated to 
be mainly 1,l ’-diphenyl- 1 , l  ’-dihydro-4,4’-bipyridyl (95 yo 
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yield) by oxidation with a standard iodine sblution to 
1,l ’-dipher1yl-4,4’-bipyridinium salt (Ilia) {equivalent 
weight 155 (theor. 156)], &ass spectrum (70,=ev) wt/e 310 
(M+: correct for C,,H,,N,), analysis, and i.r. {identidal 
ivith that of an authen%ic sample of (XI; R = Ph)*j. 

The benzylpyridiniurn salt was treated with cyanide in 
the sariic manner. The initial yellow solution gradually 
turned dark blue. ‘Aftei- 3 day$, a solid was collected and 
was estsblished to bc primarily 1,1 ’-dibenzyl- 1,1 ’-dihydro- 
4,4’-bipyridyl (80%) as folloN-s. Titration with a standard 
iodine solution in chloroform6 gave an equivalent weight of 
203, 195, 224, and 182 (theor. 169). These results and the 
elemental analysis suggested that the solid product con- 
tains about 10-Zoo& of &he cation radical. Oxidation 
with an alcoholic iddine miation yielded 1 1 I-dibenzyl- 
4,4’-bipj-ridinium dibromide (IIIb) (by analysis) after ion 
exchange. The i r. spectrum of (11; R = PhCH,) was 
identical to an authentic sample prepared6 by heating 
1,1 ’-dibenzyl-1, 1 ’,4,4’-tetrahydro-P,4’-bipy~idyl? in EeOH. 

1,2-Dimethylpyridinium iodide similarly (the soh tion 

gradually turned yellow, became green, and after heatiag 
in a sealed Bask on a otea in  bath for 3 days, became dhrk 
blue) gave a green’ crystalline solid, which was shown to 
be 1 , l  ’,2,2’-tetram~thyl-l, 1 ’-dihydro-Q,4’-bipyridyl (61% 
yield) by similar tvidence (M+ 214, analysis) and oxidized 
to 1,1’,2,2 ‘-tetrathethyi-4,4’-bipyridiniurh di-iodide, m.p. 
320” (lit. 318,s 3%U*}, By passing air through an aquebus 
HBr solution contQining the solid, followed by ion exchange. 

Since both ’cation iadicals (I) and the 1’1 ‘-dihydro-4,PY- 
bipytidyIs t11) ‘Me been isolated from the reaction of 
cyaaide with pyi-idinium salts, ‘the relative amounts of 
each formed, the factors which influence this ratio, and the 
order in which they are formed are of interest. A basic 
solution of methanol has been shown to reduce 1,l’-di- 
methyl-4,4‘-bipyridinium dichloride to 1, 1’-dimethyl- 1 , l  I- 
dihydro-4,4’%ipyridyl (I1 ; R = Me) .lo 

Thus far, there has been no evidence for any other 
dimeric product other than 4,4’-diniers resulting from the 
reaction of pyridinium salts with cyanide. 
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