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The reactions of sulfur with alip-halogen derivatives of 1, 2-diphenylethane, 1,2-diphenylethylene, and 
tetraphenylethane have been studied. A new method for the production of tetraphenylthiophene (from 
C6HsCHC1CHC1CoH~) , benzothteno[3,2-b]benzothiophene (from C6HsCHC1CCI~C 6H5), and of 2-phenylbenzo[b] 
thiophene (from C6HsCHBrCHBrC6Hs) has been developed. On being treated with sulfur, te t raphenyl - l ,2-  
dichloroethane is converted into tetraphenylethyleneo 1,2-Diphenylethylene reacts  with sulfur in the 
presence of hydrogen bromide forming 2-phenylbenzo[b]thiophene and tetraphenylthiophene. 

Continuing a study of the reaction of elementary sulfur with arylhalogenoalkanes [1-6],  we have investigated the 
sulfidation of alip-halogeno derivatives of 1,2-diphenylethane and of tetraphenylethane. 

Heating 1,2-diphenyl-l-chloroethane with sulfur at 220-230 ~ C led to the formation of tetraphenylthiophene (I) 
with a yield of 32%. 

C~H:\ / CGH~, 
2 C6HSCHCICH~C~Hs + 3 S - -  C., H.I ~.~1~" C~ H" 4" ~'HCI "b 2 f l ~ c ' ,  5 ( I )  

An intermediate in the reaction is stilbene, into which 1,2-diphenyl-l-chloroethane is converted on heating [7] even in 
the absence of sulfur. The stilbene then reacts  with the sulfur in a known manner [8], being converted into I: 

2gH~Cff=CHC6H~+ aS - -  I + 2H~S ( 2 )  

The reaction of sulfur with 1,2-diphenyl-1,2-dichloroethane at 220-240 ~ C also leads to the formation of I, and 
this with a higher yield (51%}: 

CJI~CHCtCHCIC~Hs -~ S ~ i -~- 4HOT ( 3 )  

An intermediate in Reaction (3) is 1,2-diphenyl-l-chloroethylene, which, with sulfur, in its turn, forms I with a yield 
of 54% 

2 g.~c.=coc~,~. § .~ ~ , ~ ~,c, (4) 

We have already reported [3,4] that arylbromoalkanes frequently react with sulfur in a different direction from 
that of the chlorine derivatives of analogous structure, which is due to the catalytic influence of the hydrogen bromide 
liberated in the reaction. In fact, 1,2-diphenyl-1,2-dibromoethane reacts with sulfur at 180-210" C in a direction 
different f rom that of the analogous chlorine derivative. The product of the sulfidation reaction in this case is 
2-phenylbenzo[b]thiophene (II) (yield 40%): 

A 

\C6H , 

In addition to II, I is formed in very low yield. 

*For part  XVII, see [1]. 
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The mos t  s ens i t i ve  index of the ca t a ly t i c  inf luence of hydrogen b r o m i d e  is the sulf idat ion of 1 ,2 -d ipheny le thy lene  
(s t i lbene) .  The ma in  produc t  of i ts  r e a c t i o n  with su l fur  a t  220-240 ~ C in a c u r r e n t  of HBr i s  II (yield 30%): 

C6HsCH~CHC61fs + 2S FIBr [ J  ~ - ~  
�9 + n~s (6) -~/%J 

\ C  6 H 

The yie ld  of the I f o r m e d  s imul t aneous ly  does  not exceed 12%. 

The r e a c t i o n  of su l fur  with 1,1,  2 - t r i c h l o r o - l , 2 - d i p h e n y l e t h a n e  at  240-260 ~ C led to the  f o r m a t i o n  of 
benzothieno[3,  2-b]benzothiophene  (III) with a y ie ld  of 48%- 

CI/C-~ CI v I l l  

(7) 

An i n t e r m e d i a t e  in the r e a c t i o n  is  a p p a r e n t l y  1 , 2 - d i c h l o r o - 1 , 2 - d i p h e n y l e t h y l e n e ,  which with su l fur  at  250 ~ C f o r m s  III 
with a y ie ld  of of 51%: 

CliHsCCl=CClC6H5 + 2S ~ III + 2 HCI., (8 )  

The sul f ida t ion  of 1 , 1 , 2 , 2 - t e t r a c h l o r o - 1 , 2 - d i p h e n y l e t h a n e  at  260 ~ C a l so  led to 1TI with a yield of 50%: 

C6HsCCI2CCI~CoH~+ 4S ~ Il l  4- 2flCI + $2C1:, (9 )  

In addi t ion  to hydrogen  ch lo r ide ,  in th is  c a s e  $2C12 was l i b e r a t e d ,  this  being fo rmed  by the dehalogenat ion by the sul fur  
of the t e t r a c h l o r o - 1 , 2 - d i p h e n y l e t h a n e  to 1 , 2 - d i c h l o r o - 1 , 2 - d i p h e n y l e t h y l e n e ,  which, with su l fur ,  f o r m s  III by Reac t ion  
(8). 

By oxidat ion with Ha O 2, the su l fu r -con ta in ing  h e t e r o c y c l i c  compounds I - I I I  obtained were  oxidized to the  
c o r r e s pond ing  sul fones .  

The produc t  of the r e a c t i o n  of sul fur  with 1 , 2 - d i c h l o r o t e t r a p h e n y l e t h a n e  is t e t r apheny le thy lene  (IV) (yield 64%): 

+ "S ~c6np2coccl(c~np2 ~ ~CGn~)~C~'C(C~N~,)2 (10) 

The p o s s i b i l i t y  of the f o r m a t i o n  of this  compound in the p y r o l y s i s  of (C~HshCC1CCI(C6Hsh is  known [9]. In the p r e s e n c e  
of su l fur ,  however ,  this  t akes  p l a c e  m o r e  smooth ly  and l eads  to IV in good y ie ld .  

The condi t ion fo r  p e r f o r m i n g  the sul f idat ion r eac t i on  and the me l t ing  po in ts ,  a n a l y s e s ,  and y ie lds  of the 
compounds obta ined a r e  given in Table  1. 

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

S t a r t i n g  M a t e r i a l s  

1 , 2 - D i e h l o r o - 1 , 2 - d i p h e n y l e t h a n e  ( syn thes ized  by E. P.  Popova) .  A quar tz  f l a sk  f i t ted with a re f lux  condense r  
was cha rged  with  a solut ion of 18.2 g (0.1 mole)  of 1, 2 -d iphenyle thane  in 75 ml  of CC14, 67.5 g (0.5 mole)  of SO2Cla, and 
1.3 g of PC13. The m i x t u r e  was i r r a d i a t e d  with u l t r av io l e t  l ight f r o m  a PRK-4  l amp  and was  heated to the boil  for  10 
hr .  The c r y s t a l s  that  depos i ted  a f t e r  cool ing we re  f i l t e r e d  off with suct ion and r e c r y s t a l l i z e d  f rom ethanol .  Yield 18.5 
g (73.7%), mp 191-192 ~ C. 

1 , 2 - D i b r o m o - 1 , 2 - d i p h e n y l e t h a n e o  A quar tz  f l a sk  f i t ted with a re f lux  condense r  and dropping  funnel was charged  
with 36.4 g (0.2 mole)  of 1 ,2 -d ipheny le thane  in 200 ml  of CC14~ The solut ion was  i r r a d i a t e d  with u l t r av io le t  l ight f r o m  
a PRK-4  l amp  and heated to  50 ~ C, and 64 g (0.4 mole)  of b romine  and was  s lowly  added to i t .  Af t e r  the addi t ion of the 
b r o m i n e ,  t h e  mix tu re  was i r r a d i a t e d  and heated for  another  3 hro The c r y s t a l s  that  depos i t ed  a f t e r  cool ing were  
f i l t e r e d  off with suct ion and r e c r y s t a l l i z e d  f r o m  ethanol .  Yield 49.3 g (72.1%), mp 235 ~ C. 

The p h y s i c a l  cons tan t s  and methods  of obtaining the o ther  a l i p -ha loge n  d e r i v a t i v e s  of 1 ,2 -d ipheny le thane ,  
1 ,2 -d ipheny le thy lene ,  and t e t r apheny le thane  a r e  given in Table  2. 
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R e a c t i o n  of  S u l f u r  w i t h  a l i p - H a l o g e n  D e r i v a t i v e s  of 1 , 2 - D i p h e n y l e t h a n e ,  1 , 2 - D i p h e n y l -  
e t h y l e n e ,  a n d  T e t r a p h e n y l e t h a n e .  

Tetraphenylethtophene (I).  A mix ture  of 25.1 g (0.1 mole) of 1 ,2 -d i ch lo ro -1 ,2 -d ipheny le thane ,  5 ml  of o -d ich loro-  
benzene,  and 1.6 g (0.05 g-atom) of sul fur  was heated at 220-230  ~ C for  6 hr .  The cooled reac t ion  mix ture  was washed 
with ethanol,  and the solid res idue  was r ec rys t a l l i z ed  f rom a mix tu re  of ethanol and benzene (with the addition of 1% 
of act ivated carbon).  The yield of pure  I with mp 185 ~ C was 9.8 g (51.1%). 

Compound I was obtained f rom 1-ch lo ro -1 ,2 -d ipheny le thane  and f rom 1- ch lo ro-1 ,2 -d iphenyle thy lene  s imi l a r l y .  

Table 2. Phys ica l  Constants  and Methods of P r e p a r a t i o n  of the a l ip -  
Halogen Der iva t ives  of 1 ,2-Diphenyle thane,  1, 2-Diphenylethylene,  
and Tet raphenyle thane  

Halogen derivative Mp, ~ Method of preparation 

CGHsCHC1CH~C6Hs 
C6HsCHC1CHCIC6Hs 
CsH~CHBrCHBrC~H5 
C~HsCH=CC1C6Hs 
CeHsCCI2CHC1C~H6 
C~H~CCI~CCIC6Hs 
C6HsCCI~CCI2C6H~ 
(CsHs)2CC1CCI(C6Hs)2 

Bp 180--184 ~ (16mm) 
191--192 

237 
52 

102--103 
143--144 

162 
182 (deeomp.) 

C6HsCH2OH +ZnCI2+ HCV 
C6HsCH~CH2C6Hs + SO2C1~ 
C6HsCH2CH2CsH5 + Br2 
C6HsCH~COCsHs+ PC15 '~ 
C6HsCH=CCIC6H5 + C12 I~ 
C6HsCC12CHCIC6Hs- HC1 I~ 
C6H6CC13+ Cu 11 
(C6H~)2C=C (C6Hs)2+ CI~ 9 

2-Phenylbenzo[b]thiophene (II). A) A two-necked f lask  fitted with a ref lux condenser  and t h e r m o m e t e r  was 
charged with a mix ture  of 34.0 g (0.1 mole) of 1 ,2 -d ib romo-1 ,2 -d ipheny le thane ,  20 ml  of o-d ichlorobenzene ,  and 3.2 g 
(0.1 g-a tom) of sul fur  and was heated at 180-210 ~ C for  12 hr .  The solvent was dis t i l led off, and the res idue  was 
washed with hexane and f i l tered off with suct ion.  Its ext rac t ion  with isopropanol  gave 11.5 g of crude II. After  
r e c ry s t a l l i z a t i on  f rom isopropanol  (with the addition of 1% of act ivated carbon),  8.5 g (40.7%) of pure  II with mp 174-  
175 ~ C was obtained. The res idue  af ter  the ext rac t ion  of II was again extracted with a hot mixture  of ethanol and 
benzene (1 : 1). The m i c r o c r y s t a l l i n e  I that deposited was r ec rys t a l l i z ed  f rom the same solvent (with the addition of 2% 
of act ivated carbon).  The yield of pure  I with mp 184 ~ C was 1.0 g (5.1%). 

B) A mix tu re  of 18.0 g (0.1 mole) of s t i lbene and 6.4 g (0.2 g-at)  of su l fur  was heated to 240 ~ C for  8 hr  with the 
s imul taneous  passage  of gaseous hydrogen bromide  through the reac t ion  mix ture  at the r a t e  of two bubbles per  second. 
Then the reac t ion  mix ture  was t rea ted  as descr ibed .above .  The II isolated was addi t ional ly purif ied by subl imat ion.  
Its yield was 6.4 g (30.8%); mp 173 ~ C. The yield of I with mp 185 ~ C was 2.0 g (11.9%). 

Benzothieno[3, 2-b]benzothiophene.  A mix tu re  of 28.5 g (0.1 mole) of 1 , 1 , 2 - t r i c h l o r o -  1 ,2-diphenyle thane,  3 ml  
of o-d ich lorobenzene ,  and 6.4 g (0.2 g-at) of sul fur  was heated at 240-260 ~ C for 12 hr .  The cooled solidifying m a s s  
was ground to a powder and extracted with 80% acetic  acid.  The m i c r o c r y s t a l l i n e  III isolated f rom the extract  was 
r ec rys t a l l i z ed  f rom acetic acid.  The yield of pure  III with mp 214 ~ C was 16.5 g (48.6%). 

Compound III was obtained by the sulfidation of 1 ,2 -d i ch lo ro -1 ,2 -d ipheny le thy lene  and t e t r a c h l o r o - 1 , 2 -  

diphenylethane s imi l a r ly .  

Te t raphenyle thylene  (IV). 19.6 g (0.05 mole) of 2 ,2 -d ich loro te t raphenyle thane  was heated with 0.8 g (0.025 g-at) 
of sulfur  at 200-220 ~ C for 6 hr .  The reac t ion  mix ture  was cooled and washed w i the the r .  After r ec rys t a l l i za t i on  f rom 
benzene and t r ea tmen t  with meta l l i c  m e r c u r y ,  the yield of pure  IV with mp 224 o C was 10.3 g (64.2%). 

P r e p a r a t i o n  of sulfones.  The sulf0nes of te t raphenyl thiophene (mp 278 ~ C), of 2-phenylbenzo[b]thiophene (mp 174- 
175 ~ C), and of benzothieno[3,  2-b]benzothiophene (mp 270 ~ C) were  obtained by oxidation with H202 in glacial  acetic 

acid [2,3].  
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