
Tetrahedron Letters ~0.34, pp. 3791-3794, 1968. Pergamon Press* Printed in Great Britain. 

THE REACTION OF DIARII DISUIFIDES WITH PIRIDINE N-OXIDESl) 

K. Ikura and S. Oae2) 

Department of Applied Chemistry, Faculty of Engineering, 

Osaka City University, Sugimoto-cho, Sumiyoshi-ku, Osaka, Japan 

(Received in Japan 30 April 1968; received in UK for publication 28 May 1968) 

Pyridine and substituted pyridine N-oxides are known to be reduced by treatment with 

electrophilic sulfur compounds, such as p-nitrobeneenesulfanyl 3, 4) and sulfinyl chloride 4, 5). 

Heteroaromatic amine oxides are also known to be deoxygenated by heating with sulfur 6). 

This reaction could be interpreted as another example of the nucleophilic attack on sulfur 

molecule by heteroaromatic amine oxides 7) , since these amine oxides are weakly basic . 

We have found that the reaction of diary1 disulfides with pyridine N-oxide also leads to 

the deoxygenation of the N-oxide with the formation of diary1 disulfide and arylsulfonic acid, 

in nearly quantitative yields (in the ratio of 3/b I l/4 from 1 part of disulfide). This 

reaction is quite interesting because of the following reasons, 

1) If the initial reaction would be the nucleophilic attack of pyridine N-oxide on the sulfur 

atom of diary1 disulfides, a kinetic study on unsymmetrical diary1 disulfides would reveal 

whether or not the transition state of the reaction involves the participation of the'3d 

orbitals of the central sulfur atom forming a sdp3 configuration , since the electronic require- 

ments of the reactive site in a typical SN2 process , another alternative route, are considered 

to be different. Namely, a SN2 path till be facilitated much less by the substitution of 

electron-withdrawing group than the other path involving the 3d orbits& of the sulfur atoms). 

2) The same kinetic investigation on unsymmetrical disulfides bearing common aryl group will 

clarify the possibility of another possible mechanistic route, the oxidation of the disulfide 

by pyridine N-oxide. 3) Analyses of products of the reactions of unsyxmnetrical disulfides 

will also disclose which sulfur atom of the disulfide linkage is preferrably attacked. 

Thus the reactions have been carried out with one symmetrical and three unsymmetrical diary1 

disulfides. The reaction conditions,products isolated are tabulated in Table I together with 
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TABLE I. 

Reaction Condition, Products (other than Pyridine) and Kinetic Data of the Reaction 

of Various Diary1 Disulfides with Pyridine M-oxide 

Second-order 

L&sulfide (m.p.) Temp. 
(hrs) 

Products 
(other than Pyridine) 

Rate con&, in 
Bromobensene 
k2(l/mole. set) 

@S-S-@NO2 93-94' tF;i;E;" (02N@)2, 

02N~S-S-Q-NO2 178-179O 1800 
(4 hrs) 

(C2"Q-S)2, 

CH30-@-S~“02 67-680 1600 

(3 hrs) 
(02"@)*. 

ClGS-S@O2 52-53’ 1600 
(3 hrs) 

(02@5)2, 

(PM)2, @s+H 6.27 x 1o-2 

02N@O$ 3.75 x 10-2 

(CH+Z-@S)~, CHjO@C3H 3.10 x UT1 

(C1+)2, C1@03H 1.18 x 10-l 

the kinetic data. biith symmetrical di(p-nitrophenyl) disulfides, pyridine, di(pnitropheny1) 

disulfides, and p-nitrobensene sulfonic acids are the products. Whereas with all the unsymmetri- 

cal aryl p-nitrophenyl disulfides,pyridine, diary1 and di(p-nitrophenyl) disulfides and aryl- 

sulfonic acids, and in no case p-nitrobenzenesulfonic acid was obtained suggesting that the 

attack of tne I.-oxide takes place on the sulfur atom attached to the less electron-withdrawing 

aryl croups. 

'ihe kinetic experiments were performed in bromobenzene by determining the amount of unreacted 

pyridine I-oxide through D.V. spectrophotometry and the rate was found to be of 2nd order with 

respect to both disulfide and the amine oxide. 

The logarithm of the rate constants are nicely correlated with @? values with the value 

o*P = -On7, 
‘but not with normal Fammett @values. These observations reveal that pyridine 

_r '-oxide acts as an electrophile in this reaction and the transition state of the reaction is 

somewhat electron-demandinr like the oxidation of olefin 9) or disilanes with peracid.1') 

Therefore the reaction is not initiated by the nucleophilic attack of pyridine S-oxide, but is 

an oxidation of the disulf!.de by the amine oxide. In keepirq with these observations, more 

basic iGmethoxypyridine ii-oxide (pLa = 2.05 cf. pKa for pyridine S-oxide = 0.79) was found not 

react at all with di-(p-nitrophenyl) disulfide under the same condition for pyridine X-oxide. 

Thus the reaction may be formulated as shown below. 
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disproportionation 

(II) 

02Nq-Js-s~Noz + a&p pyridine 

& 

0 

(III) 

0 P 
a S-OH 

1 
0 

or 

b) 
I- 

+ g&s-soa 

@%-@] -sf=&c2 - further reactions. 

Once passing through a complex I, the reaction could proceed through either the path (a) 

involving the formation of II or the route (b) that involves IV whict undergoes further 

4) reactions reported earlier e To make a choice between these two possibilities we need 

further work which is now in procress. 
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