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Surmnary: Irradiation of a-bisulfenylated keto cor@ounds in acetonitrile affords the cis-fused 

dihydrobenzothiophenes which are dehydrated to benzothiophenes in high yields. 

Introduction of a sulfur substituent to u position of a carbonyl group enhances the 

t.hernMynamic acidity of an adjacent proton by GO3 over a simple ketone and stabilizes an 

anion (enolate) at the carbon bearing sulfur.’ Such a fact allows sulfur to be widely used 

in organic synthesis a5 a chemical control element.3 However, the effect of sulfur substitu- 

ents in photochemical reaction has received little atentim because of the easiness of photo- 

chemical homolytic C,S-bond cleavagem4 We have examined the photochemical behavior of u- 

bisulfenylated keto compounds as part of our studies on organic ~hotochemistry.~ 

A number of o-bisulfenylated keto compounds (L and 7-13) were Prepared in high yield from _- 

the corresponding 8-keto sulfides by successive treatment with NCS/cC14 and thio&enol/tri- 

ethylamine/CH2C12.’ Irradiation of an argon-degassed benzene solutirm (51~10-~ M) of keto 

sulfide J_ with a 100-W high pressure mercury lamp through a Pyrex filter resulted in a rapid 

disappearance of L, and afforded dipbenyl disulfide (2, (63%) and a 3:4 diastereomeric mixture 

of z6 (49%) (eq 1). These products were considered to be forrrved by the radical nr&anism.4 

A remarkable solvent effect was observed. The similar irradiation (30 min) of L in 

acetonitrile gave dihydrothiophene 4 as the major product (43%) together with 2 (25%) and 3 - 

(21%) (es Z) - ComPourd 4 was also obtained (20%) when methanol was used as the solvent. 

The structural assQnment of 4 (oil) was based on its spectroscopic data: m/e 210 (&I+), 192 

(M+-H,O) ; IR (neat) 3380 @-I> cm-‘; ’ H NMR (CDCl3) 6 2.45-3.40 (m, 4H, methylene) , 3.10 (5, lH, 

exchangeable, U-t), 4.77 Is, lH, methine), 7.08-7.25 (m, 4H, aromatic), snd the chemical con- 

versions. The alcohol 4 was converted (Ac20/4-dimetltylaniopyridine/Pyridine) to the acetate 

2, rrp 135-137 ?,; m/e 252 (I$); 6 2.08 (s, 3H], 2.6-3.7 (m, 4H), 7.26-7.14 (m,4H). Tret- 

ment of 4 with BF3.EtZO/CH2ClZ gave a quantitative yield of benzothiophene 6, np 58-60 OC; 6 
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3.13-4.02 (~I2Bg-signal, 4H), 7.1-7.9 (m, 4H). The cis configuration of Qwas detenmined on 

the basis of (a) the abnormally low chemical shift of the sulfur lnethine proton (the van der 

Waals effect)7 (b) the strongest shift (shift slope 1.03) next to the hydroxyl signal (5.02) 

in the Eu[fodJ3 study and (cl the low field shift of this signal (AQ-0.35 ppm) in acetate z. 

S HHS 
PhssPh + 

2 - w 0 

(1) 

+2+3 (2) 

OR 4 R=H 

&R=Ac 

The generality of this stereospecific photocyclization in acetonitrile was explored with 

substrates 7-13 (Table 1). -- In most cases, cis-dihydrothiophenes were obtained as the 

virtually sole product and the photoproducts were easily dehydrated to the corresponding benzo- 

thiophenes by treating with BF3.Et20. photolysis of a-douterated lib gave 2 (46%) and m 

(459) with Tlete deuteration at the sulfur methine position (Table 1). 

From these results, two mechanistic paths a and b (oq 3) may be postulated to account for 

the fomation of cis-dihydrothicphenes. Since S-aryl vinyl sulfides are well knchvn to 

photocyclize in a conrotatory fashion, S,9 the above results can be explained by the prior 

enolization to 2 which photocyclizes to the thiocatinyl ylide 4 (path ~11.~6'~~ The intra- 

12 molecular proton&ion by the bridgehead hydroxyl group would lead to the cis dihydrothiophene. 

Alternatively, the reaction occura by the direct cyclization mechanism via the intermediate 

g (path bl n The cis ring closure would be favored here by the steric reasons. 

The presence of two sulfur substituents is essential for the above reactions and the 

sirrple S-phony1 0-keto sulfides are photoinert r.mder the same conditions. Furthenuxe, the 

&creased yield of cwpared with 1Ba indicates the involvemen t of deuterim-nigration in 

the reaction. From these observations, path a se- to be mch preferable. The detailed 

nxxhanistfc studies of this novel photocyclization are in progress. 
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Table 1. Photolyses of B-Keto Sulfides and Dehydration of the Photoproducts 0 

starting photqmducts= &hydration products 

materials (yield 8) (yield t) d 

1 - 

PhS SPh 
Y 

11 a. R=H 
b.R=D 

12 

McO$H$S 

x 

SPh 

Ph 0 
13 - 

4 (43) - 
6 0001 

(jH 63.41 14 [43) 21 
,64.25 - 

- (973 

,, 64.48 

OH 18 a.R=H (711 
*s-as - b,R=o ~451 

H 64.68 
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Eable 1. (continued) a All photolyses were carried out in acetouitrile (5~10~~ Y, Pyrex). 

Dehydration was effected by treating with BF3mEt2Cl in (II2C12 at mm temperature, cAll 

products were purely isolated by calmu chromatography using hexane/ether and the yields are 

based on the start? materials consumed (~80% conversion). d 
Isolated yields. eA quartz 

filter was used. gwas found to be easily dehydrated to 23 during work-up. gOverall 

yield from 2, h The najor prodwt was 1-phenylthio-propan-2-one (38%). 
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Since no enol taut-r could be detected by IR and $1 NMR (CDC13, CD30D, and CD30I), the 

possibility of photochemical enolization cannot be ruled out. 

The photochemically generated thiocarbonyl ylidos were shrm to be sufficiently basic to 

be protonated by alcohols like methanol.8b 
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