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Photolysis of β-[(o-arylthio) phenyl]vinyl bromides, in contrast

to the oxy-derivatives, resulted in exclusive cyclization at 

sulfur to give 1-benzothiophenes. The results were discussed by 

the nature of sulfur.

 Intramolecular cyclization of vinyl cations is a convenient method for a 

direct synthesis of unsaturated cyclic compounds. 1) In a previous paper, 2) we 

reported that photolysis of S-[(o-aryloxy)phenyl]vinyl bromides afforded dibenz-

[b,f]oxepins exclusively by cyclization at the aromatic ring of the aryloxyl 

group. In such vinyl halides possessing an ortho-arylhetero substituent, there 

are two likely modes of cyclization: (i) formation of 5-membered ring (path a) 

and (ii) formation of 7-membered ring (path b). When we examined the reaction 

of the thio-derivatives, S-[(o-arylthio)phenyl]vinyl bromides, in order to eluci-

date the factor determining the cyclization pathway, we found a remarkable 

difference in cyclization between the oxy-and thio-derivatives. Now we report 

an exclusive cyclization at a heteroatom (path a) from photolysis of $-[(o-aryl-

thio)phenyl]vinyl bromides.

Irradiation of 1-phenyl-2-(p-methoxyphenyl)-2-[(o-phenylthio)phenyl]vinyl
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bromide (1a) (1mmol) in dichloromethane (100ml) was carried out under N2 atmo-

sphere at 10 C for 2 h by use of a Pyrex-filtered high-pressure Hg lamp (100 W). 

The products isolated by column chromatography on alumina were 3-(p-methoxy-

phenyl)-2-phenyl-l-benzothiophene (2a) 3) (30%), 2-(p-methoxyphenyl)-3-phenyl-l-

benzothiophene (2d) 3) (24%), 6-methoxyphenanthro[10,9-b][l]benzothiophene (3a) 3)

(8%), and 3-methoxyphenanthro[10,9-b][l]benzothiophene (3d) 3) (8%), which can be 

divided into two types: (i) aryl-rearranged products 2d and 3d, and (ii) unre-

arranged ones 2a and 3a. Since no isomerization of 2a to 2d was observed under 

the photochemical conditions employed, the aryl rearrangement should take place 

across the double bond before cyclization. Such aryl rearrangements across the 

double bond are characteristic of vinyl cations.4) Therefore, it is reasonable 

to consider the intervention of vinyl cations 5 and 6 in this system and cycli-

zation occurs in the vinyl cations 5 and 6.5)

 On the other hand, irradiation of 1-methyl-2-phenyl-2-[(o-phenylthio)phenyl]-

vinyl bromide (1b) without a Pyrex-filter for 2 h gave 2-methyl-3-phenyl-1-

benzothiophene (2b) 6) quantitatively. Similar irradiation of 2-phenyl-2-[(o-

phenylthio)phenyl]vinyl bromide (ic) gave three kinds of products, 3-phenyl-l-

benzothiophene (2c) 7) (57%), 2,3-diphenyl-1-benzothiophene (2e) 7) (12%), and 

phenanthro[9,10-b][1]benzothiophene (3e) 9) (19%). Only in the photolysis of lc,
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recombination of phenyl radical and 2c took place to form 2e because of its 

steric preference and high reactivity of 2-position of 2c. The photolyses of lb 

and lc which have not afforded B-aryl rearranged products at.all are reasonably 

explained by intramolecular cyclization of the resulting vinyl radical 4 from 

the following reasons. (i) 2-Arylvinyl radicals do not undergo 1,2-aryl re-

arrangement 10) which is observed necessarily in the cases of a-methyl and a-

unsubstituted vinyl cation intermediates. 4) (ii) Sulfur atom can hold a valence 

expanded sulfranyl radical 7.11) In addition, high reactivity of a-methyl and 

a-unsubstituted vinyl radicals 4 causes predominantly cyclization to sulfranyl 

radicals 7 before an electron transfer generating vinyl cations 5. 

 The above results reveal the dichotomy of the reaction pathway which strong-

ly depends on a substituent: radical and ionic cyclization to 1-benzothiophenes 2.

Both cases of vinyl radicals and vinyl cations, nevertheless, undergo cyclization 

at sulfur exclusively. This is attributed to the attracting nature of sulfur; 

(i) large size and close proximity to the reaction center, (ii) potential valence 

expansion, and (iii) high nucleophilicity to a cationic center.
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