
Tetrahedron Letters, Vol. 38, No. 40, pp. 7107-7110, 1997 
Pergamon © 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 
0040--4039/97 $17.00 + 0.00 

PII: S0040-4039(97)01632-8 

Free Radical Phenylthio Group Transfer to Nonactivated ~-Carbon Atom in the 
Photolysis Reactions of Alkyl Benzenesulfenates 

Goran Petrovi6, Radomir  N. Sai~i6 and ~ivorad t~ekovi~* 

Faculty of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade and ICTM, Center for 
Chemistry, Njego~eva 12, Belgrade, Serbia, Yugoslavia 

Abstract." A free radical phenylthio group transfer from oxygen to the non-activated 6-carbon 
atom was achieved by irradiation of alkyl benzenesulfenates I in the presence of 
hexabutylditin, and 6-phenylthio alcohols 2 were obtained in 35-91% yields. However, when 
reactions were performed in the presence of activated olefins an alkylation of cS-carbon 
occured and phenylthio ethers of type 3 were obtained in modest yields. 
© 1997 Elsevier Science Ltd. 

A free radical intramolecular functionalization of remote non-activated carbon atoms is of 
great synthetic importance. The nature of introduced functional group depends on the alkoxy radical 
precursors and reagents used. 1 In some of these reactions &carbon radicals, generated by 1,5- 
transposition of radical center, were intercepted by ligand or electron transfer oxidants, 2 
intramolecular addition reactions 3 and carbon monoxide. 4 

Recently we found that 6-carbon radicals, arised by 1,5-hydrogen migration to alkoxy radicals, 
were intercepted by radicophilic olefins and thus Michael type alkylation of the remote non-activated 
carbon atoms took place (Scheme 1.). 5 6-Alkylation was accomplished by photolysis of 

Scheme 1. 

alkyl nitrites or alkyl benzenesulfenates with tributyltin hydride (TBTH), both in the presence of 
excess of electron deficient olefins. When 10 molar excess of olefinic compounds was used 6-alkyl 
radicals, generated by TBTH reduction of alkyl benzenesulfenates, rather underwent intermolecular 
addition (kad d = 3 x 10 5 M-is  -1) than hydrogen transfer from TBTH (k H = 2 x 10 6 M-ls-1). 6 

We now investigated the reaction of 6-carbon radicals, generated by 1,5-hydrogen shift in 
alkoxy radicals, when alkyl benzenesulfenates 1 were used as precursors of alkoxy radicals 7 and 
hexabutylditin as a catalytic reagent. Herein we report  a free radicalphenylthio group transfer from 
oxygen to non-activated 8-carbon atom o f  alkyl benzenesulfenates (Scheme 2.). 
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Scheme 2. 
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The reactions of alkyl benzenesulfenates 1 were carried out in benzene solutions, in the 
presence of 15 mol% of hexabutylditin under irradiation conditions at r.t., and 5-phenylthio alcohols 
2 were obtained in good yields. 8 The results are summarized in Table 1. This free radical mediated 
transposition of phenylthio group was successfully applied on the primary and secondary alkyl 
benzenesulfenates possessing a flexible and/or fixed both of the reactive centers. 

Table 1. Phenylthio group transfer in the reaction of alkyl benzensulfenates catalyzed 
by hexabutylditin 

Alkyl &Phenylthio alcohols Yields b 
Benzenesulfenates a (%) 

SPh 
a) 1-Pentyl ~ O H  80 

SPh 
b) 3-Heptyl ~ 91 

OH 

P h S ~ O H  

c) Cyclooctyl 35 c 

O--SPh H 

d) ~ 60 

e) ~ P h ~  65d 

O-- SPh OH 

o/SPh 

f) 40 

AcO 
o/SPh 
~. OH 

g) ~ 40 

AcO 
a) Prepared according to procedure discribed in refs. 7 
b) Isolated yields. 
c) Yield by GC analysis was 55%. 
d) The isomer with cxo-phenylthio group was obtained. 

When the reactions of alkyl benzenesulfenates, e.g. 3, with hexabutylditin were performed in 
the presence of radicophilic olefins such as acrylonitrile an alkylated product 4, possessing a 
phenylthio group adjacent to the electron withdrawing group, was obtained in modest yield (21%) 
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(Scheme 3.). 5,6 Under the same conditions pentyl benzenesulfenate afforded 2-phenylthio-4-methyl- 
7-hydroxyheptanenitrile in 24% yield. 9 

+ hv, Benzene ~ NC 

O--SPh OH 

3 4 

Scheme 3. 

This free radical phenylthio group transfer essentially represent a simple interchange of 
positions of hydrogen and phenylthio group. The sequence of radical reactions is initiated by 
tributyltin radical and is based on its thiophilic addition to sulfur functional group of 1. Thus formed 
alkoxy radical 5, upon intramolecular 1,5-hydrogen migration, gives 5-carbon radical 6 (Scheme 4.). 

Bu3Sff Bu3SnSPh 1 5 
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Scheme 4. 

In the absence of any other reactive species the carbon radical 6 undergoes radical substitution at 
sulfur, in alkyl benzenesulfenate 1, involving a synchronous C-S bond formation and S-O bond 
fission, thus generating the alkoxy radical 5, as a transient radical which continues the chain radical 
reaction, and affording 5-phenylthio alcohol 2 as a final product. 10 We believe that the intermolecular 
homolytic phenylthio group transfer involves the intermediary sulfuranyl radical 8 (Scheme 5.). 11 

5 1 = [ ' ~ O - - S - - P h  b 2 + 5 

8 

Scheme 5. 

When this reaction was performed in the presence of radicophilic olefins (1.5 molar excess) 
intermolecular addition of 6-carbon radical 6 took place, thus producing carbon radical 7 (Scheme 4.). 
Although radical 7 is electrophilic partly it also abstracts a phenylthio group from the starting 
compound 1 thus affording the 6-alkylated products 4, possessing a phenylthio group adjacent to the 
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e lec t ron  wi thdrawing  group.  W h e n  large excess of  radicophi l ic  olef ins  were  used an  o l igomer ic  
c o m p o u n d s  were  ob ta ined ,  because  the  rates  of i n t e rmolecu la r  add i t ion  and  pheny l th io  g roup  
t rans fe r  are  s imilar  and,  with  h igher  concen t r a t i on  of olefins, an  o l igomer iza t ion  takes  place r a t h e r  
t han  a pheny l th io  g roup  transfer .  

I n t roduc t i on  of pheny l th io  g roup  on to  the  non-ac t iva ted  6 -carbon  a t o m  of  a lcohols  could be  of 
synthe t ic  impor tance ,  because  by d e p r o t o n a t i o n  of  pheny l th io  e the r s  by s t rong base  the  
c o r r e s p o n d i n g  6 -ca rban ion  could  be  fo rmed  (Scheme  6.) 

P h S ~ o  R ~> ~ / ] O - - S P h  

Scheme 6~ 
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10. Comparable results were obtained when irradiation of alkyl benzenesulfenates were carried out without 
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