
R E A C T I O N  O F  S U L F U R  W I T H  O R G A N I C  C O M P O U N D S  

X-XII.* NEW ROUTES TO THE SYNTHESIS OF DI -  AND TRIPHENYLTHIOPHENES 

M .  G .  V o r o n k o v ,  V .  l~. U d r e ,  
a n d  A .  O .  T a u b e  

UDC 547.732.07 

The effect  of the number  and posit ion of phenyl groups  in a fou r - ca rbon  chain on the yields 
of di -  and t r iphenyl thiophenes  in the reac t ion  of sulfur  with phenylbutanes was invest igated.  
New, s imple  methods  were  developed for  the synthes is  of 2,3-diphenylthlophene (from 1,2-  
diphenylbutane), 3,4-diphenylthiophene (from 2,3-diphenylbutane),  2,5-diphenylthiophene 
(from 1,4-diphenylbutane),  and 2,3,5- tr iphenylthlophene (from 1 ,3 ,4 - t r ipheny l - l -bu tanone) .  
Di- ,  t r i - ,  and t e t r asubs t i tu ted  butanes ,  butenes,  and butadienes that contain two a roma t i c  
subst i tuents  at tached to the s ame  carbon atom do not r eac t  with sulfur  under  the inves t i -  
gated condit ions.  

One of us has shown [2-4] that  1-  and 2-phenylbutanes r eac t  with sulfur  with g rea t  difficulty to give 
low yields (5-15%) of 2-  or  3-phenylthiophenes,  r e spec t ive ly .  

We have found that the introduct ion of a second and third phenyl group into the side chain of phenyl -  
butanes ma rked ly  i n c r e a s e s  the reac t iv i ty  of the compound with r e spec t  to sulfur .  Thus 2,3-diphenylbutane 
r eac t s  smoothly  with sulfur  at 210-215~ to f o r m  3,4-diphenylthiophene (i) in 50-55~ yield.  The reac t ion  
of sulfur  with 1,2-diphenylbutane [the yield of 2,3-diphenylthiophene (1I) is 34-36%] and with 1 ,4-diphenyl-  
butane [the yield of 2,5-diphenylthiophene (III) is  38-42%] p roceeds  s imi l a r l y .  

C6 H~. .S.  ~/C~ H's 
C6Hs--CH-- CH --C6H 5 210 - 215 ~ 

[ I + 4 S ~ + 3 H~S 
CH~ CH 3 

| 

C~Hr CH -- CHo C6H5\ 
~ I I " 2 4 0 -  2 5 0  ~ 

C6Hs__CH2 CH 3 + 4 S  " ~  ~,,,S/J + 3 H2S 
C6H5/ - 

II 

~H~-~ M2 + 4s 215-22~ ~ ~ + ~H2s 
C6Hs--CH 2 CH2-- C6 H5 C6H5/ ~.C6H 5 

I11 

These  reac t ions  a re  of cons iderable  p repa ra t ive  in te res t  for obtaining the he re to fo re  d i f f i cu l t - to -ob-  
tain 2,3-  and 3,4-diphenyl thiophenes.  

The yields of I - I I I  a re  not r a i s ed  when sulfurat ion ca ta lys t s  (mercaptobenzothiazole ,  diphenylguanid-  
ine, and m e r e u r i a c e t a m i d e )  a re  used .  

1-  and 2-Phenylbutanes  r eac t  with sulfur  with much  g r e a t e r  difficulty than the cor responding  phenyl-  
butenes .  The yields  of 2 -  and 3-phenylthiophenes f rom C6HsC4H 9 are  one-fif th to one-eighth the yields f rom 
CsHsC4H 7 [2,3]. In con t ra s t  to this ,  the yields of diphenylthiophenes in the reac t ion  of su l fur  with diphenyl-  
butanes even exceed the yields obtained by the reac t ion  of su l fur  with the cor responding  diphenylbutenes [5]. 

* See [1] for communica t ion  XXI. 
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T A B L E  I .  C o n d i t i o n s  and P r o d u c t s  of the  R e a c t i o n  of Su l fu r  wi th  
D ipheny lbu tane  s ,  1 , 1 , 4 , 4 - T  e t r  apheny lbu t  ad i ene ,  and 1 ,3 ,4 -T  r i -  
p h e n y l - l - b u t a n o n e  in 1 , 2 - D i c h l o r o b e n z e n e  

Starring 
compound ~m 

2.3-Diphonyl- : 4 
butane 

1,2-Dipheayl- 1 : 4 
butane 

1,4-Diphenyl- I : 4 
butane �9 

1,3,44Tripheny1-1 : 2 
1-butanone 

1,1-Diphenyl- 1 : 4 
b u t a n e  

1 , 1 , 4 , 4 - T e , ~ a -  1 : 2 
phenyl-l,3- 
butadiene 

oloj 
I'~',~ ~ mp ? 

o o o  r 

30 I 

15 

30 

18t 

20 

20 

Empirical 
formula 

Found % 

1210-- 
1215 
!240-- 
250 
215-- 
220 
250-- 
260 
240-- 

1250 
250-- 
270 

112,5--  C16H12S 
113,5 I 
82- -83  CI6HI2S 

152--153 CI6HI2S 

142--143 C2~H16S 

No reaction 

No reaction 

c H 

81,11 5,2 

81,0 5,2 

81,1 5,0 

84,3 5,1 

13,[ 

13,3 

13,~ 

10,4 

Calc._ %._ Yield, 
r~ 

C H S 70 

81,3 5,] 13,~ 50--55 

31,3 5,] 13,C 34--36 

31,3 5,1 13,f 38--42 

84,6 5,] 10,2 52--45 

* C o m p o u n d - s u l f u r  m o l a r  r a t i o .  
The  fo l lowing  m e l t i n g  po in t s  a r e  r e p o r t e d :  I,  112 ~ [14]; I I ,  83 ~ 

[5]; I II ,  152 ~ [14]; and IV, 157 ~ [15]. 

The  m e c h a n i s m  of the  f o r m a t i o n  of d i p h e n y l t h i o p h e n e s  f r o m  the  c o r r e s p o n d i n g  d i p h e n y l b u t a n e s  i s  as  
f o l l o w s .  

On h e a t i n g  above  169 ~ c y c l i c  S 8 m o l e c u l e s  a r e  opened  to f o r m  l i n e a r  .S 8 �9 d i r a d i c a l s  c a p a b l e  of both  
p o l y m e r i z a t i o n  and d e p o l y m e r i z a t i o n  to "Sn" (n >- 2) [6]. The  d i r a d i c a l  s t a t e  of the  "S n" f r a g m e n t s  e n a b l e s  
t h e m ,  l i ke  c a r b e n e s  [7], to be i n c o r p o r a t e d  at  C - H  bonds .  Th i s  r e a c t i o n  i s ,  in  ou r  op in ion ,  r e s p o n s i b l e  fo r  
the  d e h y d r o g e n a t i n g  ac t i on  of s u l f u r  - in  th i s  c a s e ,  the  c o n v e r s i o n  of pheny lbu tane  to  p h e n y l b u t a d i e n e ,  which  
i s  s u b s e q u e n t l y  c y c l i z e d  to f o r m  the  t h iophene  r i n g .  In the  c a s e  of 1 , 4 - d i p h e n y l b u t a n e ,  t h e s e  t r a n s f o r m a -  
t i ons  can  be r e p r e s e n t e d  by  two s c h e m e s :  

1) f o r m a t i o n  of d ipheny lbu t ene  and d i p h e n y l b u t a d i e n e  (R = C6H5): 

R H C - - C H - - C H  2 Ctt2R 
""1 ........ I--" ~ RCtl - CH--CH2CH~R ~ ' Sn.j' § H2S H RCH2CH2CH2CH2R q- �9 S." ~ Sn<~.." 

I 
H 

R C H = C H - - H C ~ C H R  
RCH=CH_CH2_CH2R + .Sn. ~ -"1 ........ I-'" ~ RCH~Ctt--CH==CIIR + "Sn.~' + H2S 

H.. /Sn.  r 
"S 

i 
H 

2) s u l f u r a t i o n  of  d i p h e n y l b u t a d i e n e :  

HC--C l t  H C - - C H  H C - - C H  
,, ,, + . s . - - -  r ~  ~R..:.. - -  ,, ,, + ,~s + . s . . , .  R.c Cur ."s.)j... 

We a l s o  o b t a i n e d  2 ,3 ,5 - t r ip l~eny l th iophene  (IV) in  45% y i e l d  v i a  a new r e a c t i o n  of s u l f u r  wi th  1 ,3 ,4 -  
t r i pheny1-1  - b u t a n o n e .  

C6Hs\  
C H --CH--CH 240- 250 ~ 

6 5 I j 2 -F 25 ~ + H20 + It~S 
C6Hs--CH 2 COC6H 5 C6Hs/~XS~JL'~C6H5 

IV 

In  c o n t r a s t  to  t h i s ,  m o n o -  and d ipheny lb u t a none s  do not  f o r m  th iophene  d e r i v a t i v e s  by r e a c t i o n  wi th  
s u l f u r .  
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TABLE 2. 
Starting Ary l -A l ipha t i c  Hydrocarbons 

Physica l  Constants and Methods of Synthesis of the 

Hydrocarbon (pressure, mm) %~o Synthetic scheme Lit. 

165--167 (25) 
293--296 (760) 
146--148 (10) 
mp 124--126 
nap 51--52 
mp 193--194 

1,5570 
1,5900 
1,5531 

CsHTCHO +C6Hs+AICls 
C2HsCOCH2C6Hs+C6H~MgBr-H20 
CsHsCH=CH (CsHs) CH2CHa +H2 
C6HsCHBrCH3+ Na 
C6H~CH2CH2Br +Na 

1,1- Dip.hem]lbumne 
1,2 - Dfphenyl-l-butan~ 
1,2 -Dip henyIbutane 
2,3-Di~honylbutane 
1,4- Diphenylbutane 
Tetraphenyl-l,3- 

butadiene 

8 
9 

10 
I1 
12 

Di- ,  t r i - ,  and tetrasubst i tuted butanes, butenes, and butadienes containing two aromat ic  groups at-  
tached to the same carbon atom do not form sulfur-containing he terocycles  on heating with sulfur.  Thus, 
for example, prolonged heating of 1,1-diphenylbutane with sulfur at 240 ~ is accompanied only by slight 
hydrogen sulfide evolution. 1 ,1 ,4 ,4-Tetraphenyl- l ,3-butadiene  does not react  with sulfur  on prolonged heat -  
ing above 250 ~ 

Thus, the react ion of sulfur with di- ,  t r i - ,  and tetrasubst i tuted butanes, butenes, and butadienes leads 
to the formation of a sulfur-containing heterocycle  only when the s t ruc ture  of the s tar t ing a ry l - a l i pha t i c  
compounds permi t s .  

The conditions for the sulfuration of phenyl-substi tuted butanes, butenes, butadienes, and 1-butanones 
and the compounds obtained are  presented in Table 1. 

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

1 ,3 ,4-Tr iphenyl - l -bu tanone .  Magnesium turnings [7.3 g (0.3 g-atom)] in dry e ther  were placed in a 
th ree-necked  flask equipped with a s t i r r e r ,  reflux condenser ,  and a dropping funnel, and a solution of 38 g 
(0.3 mole) of benzyl chloride in 150 ml of ether  was added. At the end of the reaction,  62.4 g of benzyl idene-  
acetophenone (chalcone) [13] in 100 ml of ether  was added. The react ion mixture was heated on a water  
bath for  4 h, and the result ing viscous mass  was decomposed with dilute hydrochlor ic  acid. The precipitate 
was f i l tered and rec rys ta l l i zed  three t imes  f rom ethanol to give 70 g (77.4%) of 1 ,3 ,4- t r iphenyl- l -butanone 
with m p 1 1 6 - 1 1 7  ~ Found%: C 88.1;H 6.5. C22H200. Calcula ted%: C 88.0; H 6.7. 

The physical  constants  of the remaining synthesized s tar t ing hydrocarbons  are  presented in Table 2. 

3,4-Diphenylthiophene (I). A two-necked flask equipped with a reflux condenser  and a t he rmomete r  
was charged with 21.1 g (0.1 mole) of 2,3-diphenylbutane, 12.8 g (0.4 g-atom) of sulfur,  and 10 ml of 1 ,2-di -  
chlorobenzene.  The react ion mixture was heated at 210-215 ~ for 30 h, after  which it was vacuum distil led 
to give 14.2 g (61.0%) of I with bp 175-190 ~ (10 ram). Recrys ta l l iza t ion  f rom acetic acid and repeated r e -  
crys ta l l iza t ion f rom ethanol gave 12.9 g (54.2%) of I with mp 112-113 ~ 

2,3-Diphenylthiophene (II). A mixture of 21.1 g (0.1 mole) of 1,2-diphenylbutane, 12.8 g (0.4 g-atom) 
of sulfur,  and 10 ml of 1,2-dichlorobenzene was heated at 240-250 ~ for  15 h. The react ion mixture was 
vacuum disti l led to give 10.5 g (44.3%) of II with bp 205-210 ~ (30 ram). Recrys ta l l iza t ion  f rom a l c o h o l -  
water  gave 8.3 g (35.0%) of II with mp 84-85 ~ 

2,5-Diphenylthiophene (Ill). A mixture of 21.1 g (0.1 mole) of 1,4-diphenylbutane, 12.8 g (0.4 g-ato  m) 
of sulfur,  and 5 ml of 1,2-dichlorobenzene was heated at 215-220 ~ for 30 h. Extract ion of the react ion mix-  
ture with isopropyl  alcohol gave 14.4 g of crude I~.  Subsequent recrys ta l l iza t ion  f rom a lcoho l -benzene  (in 
the presence  of 2% activated charcoal)  gave 9.5 g (40.2%) of pure III with mp 152-153 ~ 

2,3,5-Triphenylthiophene (IV). A mixture of 15 g (0.05 mole) of 1 ,2 ,4- t r iphenyl- l -butanone,  3.2 g (0.1 
g-atom) of sulfur,  and 10 ml of 1,2-dichlorobenzene was heated at 240-260 ~ for 18 h. The react ion mixture 
was vacuum distilled to give 8.2 g (52.3%) of crude IV with bp 250-265 ~ (22 ram). Recrys ta l l iza t ion from 
acetic acid and recrys ta l l i za t ion  f rom ethanol gave 6.9 g (44.1%) of IV with mp 142-143 ~ 

Reaction of Sulfur with 1 ,1 ,4 ,4-Tet raphenyl- l ,3-butadiene .  A mixture of 3.6 g (0.01 mole) of 1,1,4,4- 
te t raphenyl - l ,3 -butadiene  and 0.64 g (0.02 g-atom) of sulfur was heated at 260-280 ~ for 15 h. The react ion 
mixture was dissolved in dimethylformamide,  the unchanged sulfur was removed by filtration, and the so l -  
vent was removed by vacuum distillation. The residue was washed with cold alcohol and rec rys ta l l i zed  from 
ethanol to give 3.2 g of unchanged 1 ,1 ,4 ,4- te t raphenyl- l ,3-butadiene  with mp 193-194 ~ 
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