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2,3-Dihydrobenzothiophenes a r e  dehydrogenated to the cor responding  benzothiophenes on r e a c -  
tion with the hydr ide- ion  accep t e r s  t r iphenylmethyl  t e t r a f luo robora t e  and chloranil .  Thiochro-  
man r e a c t s  with chlorani l  to give 2-methyl -2 ,3-d ihydrobenzoth iophene  and 2-methylbenzoth io-  
phene and r e a c t s  with t r iphenylmethyl  t e t r a f luo robora t e  to give a th iochromenyl ium salt .  

The dehydrogenation and i somer iza t ion  reac t ions  of two- r ing  sulfides in the p resence  of ca ta lys ts  based  
on a luminum oxide apparen t ly  proceed  through a s tep involving detachment  of a hydride ion under the influence 
of the aprot ic  cen te rs  of the ca ta lys t s  [1, 2], and dehydrogenation takes  place without hydrogen evolution into 
the gas phase.  In this connection, we invest igated the dehydrogenation of 2,3-dihydrobenzothiophene (I), 2-  
methyl -2 ,3-dihydrobenzothiophene (II), and 3-methyl -2 ,3-d ihydrobenzoth iophene  (iII) on reac t ion  with t r iphenyl -  
methyl  t e t r a f luo robora t e  and chlorani l  ( t e t rach loro- l ,4 -benzoquinone) .  The react ion  gives high yie lds  of the 
cor responding  benzothiophene in apro t ic  solvents  with high polar i t i es  (Table 1). At 80 ~ in ace toni t r i le  the de- 
hydrogenation of II gives the product  in yields up to 93%, whereas  the yield at 20 ~ af ter  1 h was only 29%. The 
c h a r a c t e r  of the effect of the solvents  and the absence  of r eac t ion  products  with doubled molecu la r  weights 
make it poss ib le  to suppose that the reac t ion  p roceeds  via an ionic scheme:  
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As compared  with t r iphenylmethyl  t e t r a f luo robora t e ,  the use of chlorani l  r equ i r e s  an inc rease  in the 
t e m p e r a t u r e  and reac t ion  t ime.  Thus the yield of 2-methylbenzothiophene (IV) did not exceed 32% in the de- 
hydrogenation of II in o-xylene at 100 ~ for 15 h. The re la t ive  r a t e s  of dehydrogenation for I, II, and III,  which 
were  found to be,  r e s pec t i ve l y ,  1.5 : 2.4 : 1, were  calculated on the bas i s  of the dependence of the yields of the 
reac t ion  products  on the t ime.  

Under the influence of chloranil ,  th iochroman (V) undergoes i somer iza t ion  to give smal l  amounts of II 
(2%) and its dehydrogenation product  IV (3%): 
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TABLE 1. Results of Experiments  with 2-Methyl-2 ,3-dihydrobenzo-  
thiophene (with tr iphenylmethyl te t raf luoroborate  as the acceptor  and 
a sulfide - a e e e p t o r  ra t io  of 1 : 1 at 80 ~ C for 2 h) 

Solvent 

Acetonitrile 
Tetracldoroethane 
Dichloroethane 
o-Xylene 

s at 25 ~ 

37,5 
8,1 

10,4 
2,5 

Yield,% 
2-methylbenzo- 
thiophene 

93 
88 
88 
30 

triphenyl- 
methane 

98 
99 
90 
34 

The react ion of thioehroman with tr iphenylmethyl te t raf luoroborate  proceeds in a different manner:  
in this case a stable th iochromenyl ium salt with the BF 4- anion, the yield of which reaches  91%, is formed 

2(C6Hs)3CH +HBF~ (3) V -P 2(CBHs)3C+'BF4 - BF4- "4- 

v{ 

A simi lar  salt  was also obtained by the action of tr iphenylmethyl te t raf luoroborate  and te t ra f luoro-  

boric  acid on ~Lth iochromene  (VII): 

~ 4- (C6H 5) 3 C + SF~- -'--~- VI -4- (C~,H5)3 CH 

VII 

v. § HBF 4 

(4) 

c .  ,, + , (5) 

Similarly constructed salts  with a C104- anion were previously obtained by acidic disproportionation 
of A3-thiochromenes [3]. In our case,  in the react ion of V with tr iphenylmethyl te t raf luoroborate ,  in te rme-  
diate VII is evidently formed in the initial step of the react ion and then reac t s  in accordance with Eqs. (4) 
and (5). However, the contribution of react ion (5) to the conversion of V is small ,  inasmuch as VII reac t s  
with tr iphenylmethyl  te t raf luorobora te  pract ical ly  completely in 30 min (in acetonitr i le  at 40~ whereas 
under the same conditions the reac t ion  with te t raf luorobor ic  acid proceeds only to a slight degree.  

In order  to evaluate the relat ive hydride lability of the hydrogen in 2,3-dihydrobenzothiophenes we 
also used the ionic reduction of t r iphenylcarbinoh 

+ H + - F ( c 6 H p 3 c  +] + . ~  ~ (C6H5)3 COH (6) 
L J - 

+ i H 
R R 

Trif luoroacet ic  acid was used as the proton donor. 

On the basis of the above resul t s ,  the 2,3-dihydrobenzothiophenes can be a r ranged  in the following 
order  with respec t  to decreas ing hydride lability of the hydrogen in the heteror ing:  II > I > III. 

Small amounts of II, IV, and 3-methylbenzothiophene were detected in the t ransformat ion products 
when thiochroman was used as the hydride-ion donor in this react ion;  stable th iochromenyl ium salts are  

not formed under these conditions. 

E X P E R I M E N T A L  

The s tar t ing compounds were  synthesized by known methods. The purify of all of the sulfides was 
98-100% according to ga s - l i qu id  chromatography (GLC). The liquid products were analyzed by GLC by 
the method in [4]; the column tempera tu re  was 230 ~ The UV spec t ra  of ethanol solutions of the compounds 
(10 -z mole / l i t e r )  were r ecorded  with an SF-4A spect rophotometer .  The PMR spect ra  of CC14 solutions of 
the compounds were  r eco rded  with a Varian T-60 spec t rometer .  The experiments  with t r iphenylmethyl  
te t raf luorobora te  were  ca r r i ed  out by the method descr ibed in [5] and those with chloranil  were ca r r i ed  

out in accordance  with the method in [6]. 
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In the experiments  on the react ion of V and VII with Ph3C+BF4 -, at the end of the reaction the mix-  
tu re  was cooled and extracted with petroleum ether (bp 60-80~ The extract  was then washed s eve ra l t imes  
with water  and dried with calc ium chloride. The solvent was removed by distillation, and the res idue was 
vacuum fract ionated and analyzed. A thiochromenyl ium salt was isolated f rom the solid residue by chro-  
matography on a loose layer  of aluminum oxide (elution with hexane and development by U V irradiation).  

Reaction of VII with HBF4: A 1-g sample of VII was added dropwise to a mixture of 5 g of HBF 4 and 
0.2 g of BF 3. (C2H5)20 after  which the mixture was heated with s t i r r ing  at 40 ~ for 3 h. It was then cooled 
and poured into ice water ,  and the liquid products were extracted with petroleum ether (bp 60-80~ The 
extract  was washed with 5% sodium carbonate solution and water  and dried with magnesium sulfate. The 
solvent was removed,  and the residue was vacuum fractionated. The solid products were  extracted with 
diethyl ether,  and the extract  was dried with sodium sulfate. The ether was removed,  and the th iochro-  
menylium salt was obtained as d a r k - c h e r r y - r e d  crys ta ls  with mp 110-112 ~ UV spect rum,  ) 'max (log ~): 
338-340 (2.5) and 258-260 mn (3.1). The PMR spec t rum contained only the signals of a romat ic  protons at 
7.0-7.1 ppm. 

Ionic Reduction of Triphenylcarbinol .  The reduction was ca r r i ed  out in acetoni tr i le  at 60-80 ~ for 
0.5-6 h at a su l f i de - t r i pheny lca rb ino l - t r i f l uo roace t i c  acid ra t io  of 3 : 1 : 3. The solid react ion products 
were  analyzed by the method in [4]. 
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