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Photoaddition of Thionitrites to CC Double Bonds 

By HARESH CHANDRA, BRIAN G. GOWENLOCK, and JOSEF PFAB 
(Department of Chemistry, Heriot- Watt Ufiiversity , Riccarton, Currie, Edinburgh EH 14 4AS) 

Summary The photolysis of thionitrites in the presence of 
compounds containing CC double bonds produces C- 
nitroso-compounds and nitroxides ; the reaction can be 
adapted to the synthesis of C-nitroso-compounds. 

THIONITRITES are thermally1 and photochemically1--3 
unstable and are presumed to be sources of thiyl radicals. 
It is known that thiyl radicals will add to olefins495 and to 
dienes.6 The photolytic sources of these radicals have 
usually been thiols and disulphides. In recent years i t  has 
been shown that nitrosoamines can undergo efficient 
photoaddition to olefins in acid solution and this is attri- 
buted to initial attack of an aminium radical to the TT bond 
followed by reaction of the resultant radical ion with 
nitric oxide.' It seemed possible to us to combine the 
known photochemical instability of thionitrites and the ease 
of thiyl radical addition to TT bonds to give a synthetic route 
to sulphur-containing C-nitroso-compounds by a free 

Trityl (1) and t-butyl thionitrites (2) were prepared by 
nitrosating the corresponding thio1s.l ss They were photo- 
lysed using a medium pressure mercury lamp within the 
cavity of an e.s.r. spectrometer under the following con- 
ditions : solvent benzene, toluene, diethyl ether, or iso- 
pentane; thionitrite concentration ca. 3.0 x 10-2 M ;  alkene 
concentration ca. 10-l M, temperature range 20 2 "C, 
photolysis time 10 min. For four of the alkenes employed, 
e.s.r. spectra resulted and the results for two of these are 
presented in the Table. The Table shows that spectra 
characteristic of nitroxideslo are obtained, and we suggest 
the sequence of reactions (1)-(4). The structures of 

h V  

RlSNO 4 R'S* + NO (1) 
RfS* + R2R3C=CH, + R2R3q-CH2SR' 

R2R3q-CH2SR' + NO + R2R3C(NO)-CH2SRf 

(3) 
radical mechanism using non-polar media. Attention has 
recently been drawn* to other aspects of the synthetic (3) -k R2R3?-CH2SR' -+ (R2R3CCHzSR')260 (4) 
potentialities of thionitites. (4) 

TABLE. E.s.r. parameters of radicals observed on photochemical addition of thionitrites Ph,CSNO (1) and ButSNO (2) to alkeness 
using benzene as solvent 

Radical 
Thionitrite Alkene (A) (B) (C) 

PhCHCH, aN = 15.26b ax = 15.06b a H p  = 2.92 aN = 15.46-15.8 
g = 2.0062 g = 2.0062 g = 2.0025 g = 2.00695 

(1) 

(1) 

(2) 

- PhCMeCH2 (A) = (B) as = 15.36 + 
PhCHCH, a N  = 15-46 aN = 16.46 - - 

g = 2.0061 

anp = 9.26 aHp = 5.66 

8 + Radical present, - radical not detected. b Additional hyperfine splitting due to two equivalent /3 protons present. 
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nitroxides (A) and (B) are assigned as diastereoisomers of (4) 
on the basis of the close spectral similarity to the nitroxides 
obtained by Jonkman et aLfl by addition of nitrogen oxides 
to styrene. The formation of the triphenylmethyl radical 
(C) is probably due to a minor side reaction (5) involving 
thermal C-S homolysis of a thioalkylnitroxide. The e.s.r. 

(3) + RIS*+ K2R3-C-CHzSR1 --+ R2R3-C-CHzSR'+ Rf* (5)  
I 

+N 
I 

N 

(R1 = Ph,C*) 

data of the fourth radical (D) are consistent with a structure 
of the type12 RG(0)SR possibly arising v i a  route (6). 

R'S 
Ph3G + NO + Ph,C-NO -+ Ph,C-fi(O)-SRl (6) 

This identification assumes that U N  for a triphenylmethyl- 
thiyl nitroxide is lower than for a t-butylthiyl nitroxide. 

Reaction (2) follows the known* anti-Markownikoff 
pattern. The observation of nitroxide formation implied 
the possibility of other reactions typicall, of the C-nitroso- 
compound (3), of which dimerisation [equation (7)] and 
isomerisation to the oxime (R3 = H) [equation (8)] will be 
of major importance. 

2 (3) -+ cis- or trans-[R2R3C(NO)-CH2SR1], (7) 
(5)  

R2HC(NO)-CH2SR1 --+ R2C (NOH) CH,SRl (8) 
(6) 

The knownl?* thermal instability of thionitrites allows the 
reaction sequence leading to (5)  to be carried out in the 
dark as well as using a light source. The reaction has 
synthetic potential and (5) can be obtained in 60% yield 
from (1) (R2 = Ph, R3 = H) and in 40% yield from (2) 
(R2 = Ph, R3 = H). The white crystalline adducts (5 )  are 
mixtures of diastereoisomeric trans-dimers ; trans-dimeric 
l-nitroso-l-phenyl-2-triphenylmethylthiylethane, m.p. 133 
-134 "C (decomp.); i.r. (KBr) 1235 cm-l (trans-dimer) ; 
U.V. (CHCl,) Amax 301-5 nm, E 5000 1 mol-l cm-l; trans- 
dimeric l-nitroso-l-phenyl-2-t-butylthiylethane, m.p. 131- 
132°C (decomp.), i.r. (KBr) 1565 and 1200cm-1; U.V. 

(CHCl,) Amax 297*0nm, E 13400 1 mol-l cm-l. In both 
cases microanalyses and n.m.r. spectra were in agreement 
with these structures. 
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