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XXI*. THE ACTION OF SULFUR ON 2-THIENYLCHLOROMETHANE 

AND DI-2 -THENYL SULFIDE 

M. G.  V o r o n k o v ,  A.  N. P e r e f e r k o v i c h ,  
M. P .  G a v a r ,  a n d  G.  V.  O z o l i n '  

UDC 547.849 +547.736 +541.651 + 
541.67 + 543,422.4.6 

On heating 2- th ienylch loromethane  or  d i -2- th ienyl  sulfide with e l emen ta ry  sulfur in o -d ich lo ro -  
benzene at 180-185 ~ there  was obtained 1, 2 -d i -2- th ienyle thy lene  in yie lds  of 10 and 19%, 
re spec t ive ly .  In con t ra s t  to stilbene, the l a t t e r  on reac t ion  with sulfur  d idno t  give t e t r a - 2 -  
thienylthiophene, or  o ther  l ow-m ol ecu l a r  weight products .  The mass ,  PMR, and IR spec t r a  
of 1, 2 -d i -2- th ienyle thy lene  were  examined.  

One of us  has shown prev ious ly  [2, 3] that phenylchloromethane,  phenylbromomethane ,  and some 
e s o - d e r i v a t i v e s  of the la t te r ,  on heating with sulfur,  a re  conver ted  into st i lbene or  i t s  de r iva t ives .  P y r o -  
ly s i s  of dibenzyl sulfide, dibenzyl disulfide, and the i r  e s o - d e r i v a t i v e s  with sulfur  a lso  gave sti lbene [4] 
{the reac t ion  also p roceeds  in the absence  of sulfur,  but much l e s s  smoothly).  The unsubsti tuted s t i lbene 
fo rmed  in these  r eac t ions  is capable  of r eac t ing  with an excess  of sulfur,  being conver ted  into t e t rap~enyl -  
thiophene, and also (in the p r e s e n c e  of HBr) into 2-phenylthlanaphthene [5]. 

We have shown that  2- th ienylch loromethane  (I) and d i -2 - thenyl  sulfide (II) behave s imi l a r ly  to thei r  
a roma t i c  analogs,  s ince on heating with sulfur  in o-d ich lorobenzene  at 180-185 ~ they give 1, 2 -d i -2 - t h l en y l -  
ethylene (III) in y ie lds  of 10 and 19%, r e spec t ive ly .  

2 - -  Clt2CI 180-185o - -CH = C H - -  + 2 H C I  

I I l l  

- - C H 2 - - S - - C H  2 -  180.185 o - - C H = C H - -  + H2S 

II |11 

As dis t inct  f rom stilbene, however,  III  i s  not fu r the r  conver ted  into te t ra-2- th ienyl th iophene ,  and only 
undergoes  res in i f ica t ion  with l ibera t ion  of hydrogen sulfide. 

The fo rmat ion  of III had been obse rved  prev ious ly  on dist i l lat ion of 1, 1 -d i -2- th ienylch loroe thane  
(no yield state)  [6], on heating t r i th io-2- th iophenealdehyde  with copper  {yield low, but not given exactly) [7], 
and by boiling 2-acetothieneone and 2 - m e r c a p t o a c e t i c  acid with PbO in acet ic  anhydride {yield 27%) [8]. 
The mps  of III  given in these  r e f e r e n c e s  (125 ~ [6], 132.5 ~ [7], and 130.5 ~ [8]) a re  signif icantly lower  than 
our  value {137-139~ 

The di f ference  in the reac t iv i ty  of III and st i lbene towards  sulfur  is  re f lec ted  in the i r  m a s s  spec t ra .  
A s t rong peak (M - H) + (90% of molecu la r )  and 0Vi- 2H) + (60% of molecu la r )  is obse rved  for  st i lbene.  The 
l a t t e r  is apparent ly  dueto the fo rmat ion  of phenanthrene.  In the spec t rum of III, the (M - H) + peak amounts  

* For  P a r t  XX, see [1]. 
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TABLE 1. Main Peak Heights 
in the Mass  Spectrum of 1, 2-  
Di-2- thienyle thylene 

role 

193 
19(2 
191 
190 
147 
69 
58 
45 

Height, 
oofmo- 

ecular 
peak 

25 
100 
60 
25 
45 

35 

Suggested com- 
position of main 
component 

(M+H) + 
(M) + 
(M-H) + 
(M-2'H) + 
(M-CH) + 
(CsHS) + 
(C2H2S) + 
(CHS) + 

to 60% of molecular ,  and the (M - 2H) + peak to only 25%. The drop in 
intensi ty of the (M - H) + peak on pass ing  f rom sti lbene to III indicates  
the g r e a t e r  s tabi l i ty  of the C - H  bond in the vinylene group of IH. 

In the m a s s  spec t rum of III, the mo lecu l a r  ion peak at m / e  192 
is  the mos t  intense,  in support  of the a s s u m e d s t r u c t u r e .  The PMR 
spec t rum of HI in CC14 contains only one signal, at r = 3.80 ppm, 
which p e r m i t s  no conclusions as to the s t ruc tu ra l  p r o p e r t i e s  of the 
molecule .  The IR spec t rum of III shows a doublet at 820 and 848 cm -1 
(breathing vibra t ion of the monoalkylthinphene ring), and a band at 
1225 c m - I  (s t re tching v ibra t ion  of the f i v e - m e m b e r e d  sulfur  he t e ro -  
cycle) [9, 10]. 

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

Prepa ra t ion  of 1, 2 -Di-2- th ienyle thylene  (III) f rom 2-Thienylchloromethane  (I). To a boiling solution 
of 8.3 g (0.26 g-a tom) of sulfur  in 70 ml  of o-d ichlorobenzene  was added dropwise  23.0 g (0.162 mole)  of I, 
whereupon the mix tu re  was boiled for  a fu r ther  28 h. The solvent  was dist i l led off, and the oily res idue  was 
ex t rac ted  with 90% alcohol.  After  r e m o v a l  of the alcohol, the res idue  was purif ied f rom f ree  sulfur by 
washing with a hot concentra ted solution of Na2S , then it  was r e c r y s t a l l i z e d  f rom alcohol to give 9.8% of the 
theore t i ca l  amount of III  (1.5 g) as yellow c rys t a l s ,  mp 137-139 ~ Found: C 62.80; H 4.70; S 32.8%. C10H8S2. 
Calculated: C 62.45; H 4.21; S 33.34%. 

Di-2- thenyl  Sulfide (H). A solution of 30.3 g of I in 30 ml  of toluene was added dropwise  with heating 
at 70-80 ~ and vigorous  s t i r r ing  to a solution of 30 g of Na2S. 9H20 and 0.5 g of emul s i f i e r  OP-7  in 45 ml  of 
water .  S t i r r ing  was continued at t h i s  t e m p e r a t u r e  for  a fu r ther  3 h. The organic  l aye r  was separa ted ,  
washed with a sa tura ted  solution of NaC1, dried,  and the toluene r emoved  in vacuo. The res idue  was d i s -  
t i l led in vacuo to give 11.2 g (43.3%) of II, bp 160-162 ~ (5 mm),  as a c o l o r l e s s  oil. Found: C 53.51; H 4.89; 
S 41.89%. CIoHIoS3. Calculated: C 53.06; H 4.45; S 42.49%. 

Compound II  was obtained previous ly  f rom2- th ieny l  m e r c a p t a n  ' bp 129-131 ~ (1.5 mm)  [11]. 

Synthesis of Di-2- th ienyle thylene (III) f rom Di-2- th[enyl  Sulfide. To a solution of 5.6 g (0.025 mole)  of 
II  in 20 ml  of o-d ichl robenzene  was added 2.4 g (0.025 g-a tom) of sulfur,  and the mix tu re  was heated at the 
boil  for  12 h. After  r e m o v a l  of the solvent, the res idue  was ex t rac ted  with n-hexane.  The res idue  af ter  
r e m o v a l  of the hexane was t r ea ted  with a hot, concent ra ted  solution of Na2S, and r e c r y s t a l l i z e d  f r o m  a lco-  
hol to give 0.9 g {18.9%) of III, nap 137-139 ~ The identity of III  with a sample  of m a t e r i a l  obtained by a 
known method was demons t ra t ed  by mixed nap and thin l a y e r  chromatography .  

Mass spec t r a  were  obtained on an MX-1303 m a s s  s p e c t r o m e t e r  with an ionizing energy  of 70 ev. 
The m a s s  spec t rum was obtained on an NMR-5535 TsLA s p e c t r o m e t e r  with a working f requency of 40MHz. 
Compound III was examined as an 0'.5 M solution in CC14, using cyelohexane as in terna l  s tandard.  The IR 
spec t rum was obtained on an IKS-14 s p e c t r o m e t e r ,  in Vasel ine  )il and hexacl~lorobutadiene. It  exhibited 
the following f requencies  (cm-l) :  688 (5), 820 (3), 848 (4), 944 (4), 1042 (2), 1077 (2), 1191 (3), 1224 (2), 1290 (3), 
1411 (2), 1442 (3), 2842 (3), 2915 (3), 3020 (3), 3064 (3), 3075 (3), 3092 (3). 

i. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

LITERATURE CITED 

M. G. Woronkow and A. N. Pe re fe rkowi t sch ,  Angew. Chem., 81, 257 (1969). 
M. G. Voronkov and V. E. Udre, KhGS, 683 (1965). 
M. G. Voronkov and V. I~. Udre, KhGS, 527 (1966). 
M. G. Voronkov and A. N. Pere fe rkovich ,  KhGS, collect ion 3 (in p r e s s ) .  
V. ]~. Udre, Candidate ' s  Disser ta t ion ,  Riga (1968). 
A. Nahke, Ber. ,  30, 204 (1897). 
W. Steinkopf and H. Jacob, 501, 188 (1933).? 
H. Keskin, C. D. Mason, and F. F. Nord, J. Org. Chem., 1__66, 1333 (1951). 

Title of per iod ica l  omit ted in Russian original  - Publ i sher .  

1104 



9. G.F .  Bol'shakov, E. A. Glebovskaya, and Z. G. Kaplan, Infrared Spectra and X-Ray Diagrams of 
Heteroorganic Compounds [in Russian], Khimiya, Leningrad, 5 (1967). 

10. Physical Methods in the Chemistry of Heterocyclic Compounds (A. V.KatritskH, ed.)[in Russ[an], 
Mir, Moscow, 507, 510 (1966). 

11. F. Kipnis and J. Ornfelt, d. Am. Chem. Soc., 71, 3571 (1949). 

1105 


