
5-Phenyl -3 ,6-d ihydro- l ,4 -d iazepino[6 ,5-b]benzofuran-2(1H)-one  fXII): A mix tu re  of 3 g (0.01 mole) 
of benzofuran XI and 1.4 g (0.01 mole) of urot ropin  in 50 ml of absolute alcohol was refluxed for  10 h, a f te r  
which it was cooled and the result ing prec ip i ta te  was removed by f i l t ra t ion to give 1.5 g of XII. The sol-  
vent was removed f rom the mother  l iquor  by dist i l lat ion to give another  0.5 g of product  with nap 255 ~ (dec., 
f rom alcohol). Found: C 73.8; H 4.7%. C17H12N202. Calculated: C 73.9; H 4.3%. IR spect rum,  cm-l :  
1685 (C=O) and 3080 (N-H) .  PMR spect rum,  ppm: 4.83 (doublet, CH 2) and 7.6-8.0 (aromatic H). 

lo 
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ARYL 2-THIENYL SULFIDES AND ARYL 

2-THIENYL SULFONES 

M. G. V o r o n k o v ,  /~. N. D e r y a g i n a ,  
L .  G.  K l o c h k o v a ,  E .  A .  C h e r n y s h e v ,  
V .  I .  S a v u s h k i n a ,  a n d  G.  A .  K r a v c h e n k o  

UDC 547.569.2 +547.544.3 +547.732 

A method was developed for  the synthesis  of the previous ly  unknown aryl  2-thienyl sulfides; 
the method is based on the reac t ion  of 2-chlorothiophene and its der ivat ives  with thiophe- 
nols in the gas phase at 450-500~ The synthesized sulfides were  oxidized to the c o r r e -  
sponding aryl  2-thienyl sulfones,  which were  also previous ly  unknown. 2 ,5-Dichlorothio-  
phene reac ts  with excess  thiophenol to give 2,5-bis (phenylthio)thiophene, which is oxidized 
to the corresponding disulfone. 

Up until now, aryl  thienyl sulfides have been unknown. We have developed a s imple method for  the 
synthesis  of aryl  2-thienyl sulfides based on the react ion of thiophenols with 2-chlorothiophene and its 
der iva t ives  at 450-500~ in an iner t  gas a tmosphere .  

2-Chlorothiophene and its der iva t ives  (I) react  with thiophenols in a flow sys tem (in an empty quartz  
tube) to give the cor responding  aryl  2-thienyl sulfides {II) in 30-50% yields.  

x_ffffff~cl + HsR - -  x ~ - s R  + .Cl O} 

I II 

X~H,  C2H 5, CI, C6H5S; R=CfH fi, 4-CH3C6H 4, I~CIOH 7 

2,5-Bis  (phenylthio)thiophene (III) is s imultaneously formed f rom 2,5-dichlorothiophene and thiophenol. 

CI CI C6H s --S S--C6H 5 

III 

The yield of III increases  as the rat io  of RSH to RC1 is ra ised (Table 1). 

4 -Th ioc reso l  does not undergo react ion (2), and 1-thionaphthol does not reac t  at all with 2 ,5-dichloro-  
thiophene. 
/ 
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T A B L E  1. Ary l  2 -Th ieny l  Sulfides (II and III) 

X R nD2~ d42O 

2 
MR____~D Empirical Found, o/_lCalc..% ~.. 

t "~ i 'd ]formula i | [ 

H C6Ha 123(3) 1,6251 ,2100 
C2H~ C~Hs 146(4) l 1,6381 ,2149 
C1 C~Hs 128 (2) [ 1,6421 ,2890 
H 4-CH3C6H4 123(3)[ --  -- 
C1 4-CH3CsH4 [143(3)[ -- 
H 1-C,0H~ ]180(3)] - -  

* F o r  an RC1 to RSH ra t io  of 1 : 2. 

56,2{ 56,1 
65,01 $5,3 
63,5~ $2.9 

CIoHaS2 
Ct2HIIS~ 
CloHTCI~ 
CuHloS2 
CnHgCI~ 
C14HIoS~ 
Ct6Ht2S3 

33,~ -- 33,3 
29, l 29,4 
28,s 1~,5 28.0 
31,( 31,1 
26,~ 1"~.6 26.2 
26,~ 26,3 
32,C 32,0 

- -  50,5 
43,0 

l-~,, 44,0 
~.: 35.0 

38,1 
42,5 
20,4 

3~,0 

TABLE 

x t 
H [ C6H5 
H 4-CH3C~H4 
CI 4-CH3CsH4 
H 1-C10Hs 
C~HsSO~ C6H,~ 

v 

2, Ary l  2 -Thienyl  Sulfones (IV) 

Empirical 
mp, "C formula 

119--120 C1oHaO2S2 
113--114 CuHloO~S2 
81--82 CHHoCIO~S2* 

I07--I08 C14HIIO2S2 
129--130 C~HI~O4S3 

*Found :  C1 12.9%. C ~ c u l a t e d :  C1 12.9%. 

Found. % Calc.' % 

C [H S C HI S 

53,6 3,5 28,5 53,8 3,6 28.5 
155,4 4,2 27,2 55,5 4,2 2710 
i -- -- 23,7 -- ]--123,5 
614142 231 612 40 233 
52 6 h 3:21 h 52:713:312<  

78,5 
83,4 
80,5 
82,0 
90,0 

Ary l  2- th ienyl  sulf ides  II and Ill  a r e  r ead i ly  oxidized to the c o r r e s p o n d i n g  sul fones  (IV) by ref luxing 
with a s ixfold exces s  of hydrogen  pe rox ide  in g lac ia l  a c e t i c  ac id  (Table 2). 

The LR s p e c t r a  of a r y l  2- th ienyl  sul f ides  II and III conta in  the f r equenc ie s  of de fo rma t ion  v ib ra t ions  
of the C--H bonds of benzene  and thiophene r ings  (680-700 and 870 cm-1),  of s t r e t ch ing  v ib ra t ions  of a r o -  
mar i e - r i ng  double bonds (1580 cm-1),  and of s t r e t ch ing  v ib ra t ions  of C - H  bonds of benzene  and thiophene 
r ings  (3050-3080 cm-1).  The  band at 730 c m  -1 can  be a s c r i b e d  to v ib ra t ions  of the  C - S  bond. The IR 
s p e c t r a  of sul fones  IV conta in  two b road ,  intense bands  at 1160 and 1320 c m  - l ,  which a r e  absent  in the 
s p e c t r a  of II  and III  and c o r r e s p o n d  to s t r e t ch ing  v ib ra t ions  of S =O bonds.  

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

Sulfides II  w e r e  f o r m e d  in 30-50% y ie lds  based  on conve r t ed  I when an e q u i m o l a r  m i x t u r e  of I and 
the a p p r o p r i a t e  thiol  w e r e  p a s s e d  th rough  a heated (to 450-550 ~ empty  qua r t z  tube (655 m m  long and 30 
m m  in d i ame te r )  in a s t r e a m  of d ry  n i t rogen  (V = 3 l i t e r / h )  at 10 m l / h .  

The  p h y s i c o c h e m i c a l  cons tan t s ,  r e su l t s  of ana lys i s ,  and y ie lds  of the syn thes i zed  II and III, which 
w e r e  i so la ted  by m e a n s  of vacuum dis t i l la t ion,  a r e  p r e s e n t e d  in Tab le  1. Compound III was  pur i f i ed  by 
r e e r y s t a l l i z a t i o n  f r o m  e t h a n o l - b e n z e n e  (3 : 1). The  sulfones  w e r e  pur i f ied  by r e c r y s t a l l i z a t i o n  f r o m  e th-  
anol .  The  p h y s i c o c h e m i c a l  cons tan t s ,  r e su l t s  of m i c r o a n a l y s i s ,  and y ie lds  of sul fones  IV a r e  p r e s e n t e d  
in Tab le  2. 
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