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STUDY OF THE REACTION OF SULFUR WITH ORGANIC COMPOUNDS 

XII. The Preparation of Dibenzothiophene, Thianthrene, Di-and 
Tetramethylthianthrenes and their Sulfides* 

M. G. Voronkov and F. D. Faitel'son 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 3, No. 2, pp. 245-249, 1967 

UDC 547.735 + 547.869.2 + 542.945.22 

A modified method of synthesizing dibenzothiophene, thiantbxene, 
di- and tetramethylthianthrenes is developed, based on catalytic 
sulfuration of diphenyl, benzene, toluene, and isomeric xylenes, 
respectively, in the presence of anhydrous aluminum chloride. The 
same reaction was used for direct preparation of tfiiantbxene series 
disulfides. 

Dibenzoth iophene  (I), t h i an th rene  (II), and s o m e  
of t h e i r  d e r i v a t i v e s  a r e  p lan t  growth  s t i m u i a n t s  and 
p o s s e s s  b a c t e r i o s t a t i c  p r o p e r t i e s  [2]. I is  a l so  of 
i n t e r e s t  as  a fungic ide  [2, 3], and I and d i m e t h y l -  
t h i an th rene  a r e  of i n t e r e s t  a s  i n s e c t i c i d e s  [4]. Di -  
and t e t r a m e t h y l t h i a n t h r e n e s  have been  s u g g e s t e d  fo r  
t r e a t i n g  s o m e  skin  c o m p l a i n t s  [5]. 

With  a view to mak ing  a d e t a i l e d  s tudy of the 
p h y s i o l o g i c a l  a c t i v i t i e s  of the  above  compounds  and 
t h e i r  su l f ides ,  i t  a p p e a r e d  t0 be  of i n t e r e s t  to d e -  
ve lop  s i m p l e ,  conven ien t  me thods  of sYnthes iz ing  
them.  

The m o s t  p r a c t i c a l  me thod  of p r e p a r i n g  I is  
b a s e d  on r e a c t i o n  of d iphenyl  with su l fu r  in the  
p r e s e n c e  of anhydrous  a luminum c h l o r i d e  

AICI a ~- 
+2S +lt2S (1) 

! 

It  has  been  shown [12] that  at  230-240  ~ , th is  
r e a c t i o n  is  c o m p l e t e  in 8 - 1 0  hou r s ,  and that  the 
y i e l d  of I ob ta inab le  by  v a c u u m - d i s t i l l a t i o n ,  is  
60-80%,  

We did not  s u c c e e d  in ob ta in ing  such  a high y i e l d  
of I when c a r r y i n g  out the  s u l f u r a t i o n  of I u n d e r  the  
s t a t e d  cond i t ions  ( v a c u u m - f r a c t i o n a t i o n  of the  r e -  
ac t ion  p r o d u c t s  g ives  a co r i s i de r ab l e  quant i ty  of 
u n d i s t i l l a b l e  t a r r y  r e s i d u e ) .  Hence  we had to m a k e  
c o n s i d e r a b l e  changes  in the condi t ions  fo r  s y n -  
t h e s i z i n g  I. The r e a c t i o n  of d iphenyl  with su l fu r  
was  run  in the p r e s e n c e  of 10 m o l e  % anhydrous  
a l u m i n u m  ch lo r ide ,  a t  100-110  ~ for  2 4 - 2 6  h o u r s .  
The r e a c t i o n  p r o d u c t s  w e r e  d e c o m p o s e d  with  h y d r o -  
c h l o r i c  ac id ,  and the I f o r m e d  e x t r a c t e d  wi th  b e n z -  
ene,  thus  avo id ing  the v a c u u m - d i s t i l l a t i o n  s t ep .  The  
y i e l d  of  I when p r e p a r e d  in th is  way was  80%. 

* F o r  P a r t  XI s e e  [1] 

The p roduc t  of r e a c t i o n  of e l e m e n t a l  su l fu r  with 
benzene  in the p r e s e n c e  of anhydrous  a luminum 
c h l o r i d e  is  t h i an th rene  (II) [13-16] :  

R' R' 

4 S + 2 C6H4RR' ~ R R + 2 tt2S (2) 

R,R'=H( I I ) ;  R = H ,  R ' = C H a ( I I I ) ; R , R ' - - C H  3 (IV) 

Along with II diphenylsulfide (V) is also formed: 

AICI3 
2S+2C6H6 --~--,- C6HsSC~Hs+ H2S (3) 

V 

At cons tan t  S:C6H ~ r a t i o  the r e l a t i v e  y i e l d s  of II 
and V a r e  b a s i c a l l y  d e t e r m i n e d  by  the amount  of 
c a t a l y s t .  We have e s t a b l i s h e d  the op t imum r a t i o  for  
a l l  t h r e e  componen t s  in the r e a c t i o n ,  r e s u l t i n g  in II 
be ing  ob ta ined  in 70-80% y i e ld .  

The c a t a l y t i c  r e a c t i o n  of su l fu r  with to luene  and 
a l l  the i s o m e r i c  xy lenes  was  run  unde r  the condi t ions  
found, to p r e p a r e ,  a c c o r d i n g  to equat ion  (2), d i -  (III) 
and t e t r a m e t h y l  t h i a n t h r e n e s  (IV). The  me thod  of 
p r e p a r i n g  III and IV by th is  me thod  was  r e c e n t l y  
pa t en ted  [6], but p u r e  su l fu r a t i on  p roduc t s  w e r e  not  
i so l a t ed ,  and they  a r e  m e r e l y  d e s c r i b e d  as  f o r m i n g  
an oi l  which does  not  d i s t i l .  

iII  was  p r e p a r e d  f r o m  to luene  and the c o r r e s p o n d -  
ing tetramethylthianthrenes IVa, IVb, and IVc from 
o-, m-, and p-xylene. They are not formed as 
smoothly as II, and the yields do not exceed 30%. IVa 
and IVc are obtained crystalline (yields 10-15%), 
while IVb is a liquid (27% yield). 

IVc synthesized from xylene is an individual I, 4, 
6, 9-tetramethylthianthrene. IVb obtained from m- 
xylene can be a mixture of two isomers (1, 3, 6, 8- 
and I, 3, 7, 9-tetramethylthianthrenes). In the case of 
IVa, 4 isomers can be formed (I, 2, 6, 7-, I, 2, 7, 8-, 
I, 2, 8, 9-, and 2, 3, 8, 9-tetramethylthianthrenes), 
while with III there can even be 6 (I, 6-, I, 7-, I, 8-, 
1, 9-, 2, 7-, and 2, 8-dimethylthianthrenes). The 
isomeric compositions of the resultant di- and tet- 
ramethylthianthrenes will be given later. Such a 
complex mixture of isomers with Ill and IVa made 
isolation from the reaction products and purification 
difficult. 

On account of the low yields of If, Ill, and IV, we 
developed a method of preparing their disulfides 
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Table 2 

Melting Points, Analytical Data, and Yields of Disulfones Obtained 
by Oxidizing the Reaction Mixture 

Starting 
hydro - Sulfone 
carbon 

Diphenyl 

Benzene 

Toluene 

o-Xylene 

m-XyIene 

p-Xylene 

~ (w) 

H C " s 3 SQ~ 3 U : : � 9  ,v,,,, 
HaC SO: %~ CHa 

H~C 2 CH 

L;A ,,xb, 
H3 C S H3 

CH a CH 3 

Eft 3 CH a 

9, ~ 

231 

~ubl. 
2t~l 

137 

350 

~45-- 
247 

Subl. 
286 

Formula 

C,2H,SO2 

CL2HsS=O4 

C,4HI~S204 

C,~HI~$204 

C,6H~6S204 

C,6H,aS204 

Found,% 

c H 

51.69 3.08 

54.31 3.84 

57.27 4.77 

57.01 4.99 

57.27 4,76 

CalculaEed 

S C II 

22,81 51.47 2.88 

20.53 54.52 3.92 

18,82 57.12 479 

18.86 57.12 4.79 

18.86 57.12 4.79 

S 

22.85 

20.79 

19.06 

19.06 

19,06 

Yield,  % 

80 

8(I. 

40 

3(t 

45 

30 

directly by oxidizing the crude sulfuration products 
with hydrogen peroxide. This made it possible to 
synthesize the disulfones in about 40% yield, ap- 
preciably higher (by 10-15%) than when prepared 
from previously isolated methylthianthrenes. 

Run conditions, yields, melting points, and 
analytical data for I - IV  prepared, as well as for 
their sulfones, are given in Tables 1 and 2. 

EXPERIMENTA L 

The starting diphenyl, sulfur, and anhydrous AICI~ 
were A. R, and were used without further purification. 
A.R benzene, toluene, o-, m-, and p-xylene were 
distilled through a column over Na. 

Dibenzothiophene (I) and its sulfone (Vl). A 250 ml 
2-necked flask was fitted with an air condenser and 
thermometer, and charged with 61.6 g (0.4 mole) 
diphenyl and 25.6 g (0.8 g at) powdered sulfur. The 
mixture was heated until it melted, then 5.3 g (0.04 
mole) dry A1CI~ was added gradually, and next the 
whole was heated for 24-26  hr in an oil-bath at 100- 
120 ~ . After cooling the products were treated with 400 
ml 10% HC1, the benzene layer  separated off, washed 
with NazCO3 solution, and then with water,  dried over 
CaC12, and filtered. The benzene was distilled off, 
and the residue recrys ta l l ized  from EtOH. 

Yield of I 58.0 g (79%), pale yellow crystals ,  mp 
98-99 ~ (the l i terature gives [7] mp 99-100~ 

Oxidation of I with 30% H202 in AcOH gave the sul- 
fone VI, mp 231 ~ (the literature [7] gives mp 229-230~ 

Thianthrene (II). A 250 ml 2-necked flask, fitted 
with reflux condenser and thermometer ,  was charged 
with 120 ml (1.4 mole) benzene, and 16.0 g (0.5 g at) 
powdered S. The mixture was heated on a water-bath 
till the S dissolved, then 6.7 g (0.05 mole) A1C13 
added over an hour. Next the reaction mixture was 
held at 80 ~ for 10 hr  (till HzS ceased to be evolved), 

and the products cooled and decomposed with 10% 
HC1, the benzene layer was separated off, washed 
with Na2CO ~ solution, then with water, and dried over 
CaC12. The benzene was distilled off, and the residue 
dissolved in 50 ml boiling dry EtOH. The II which 
separated on cooling the solution was filtered off with 
suction, and dried, yield 20.0 g (74%), mp 125 ~ (the 
l i terature gives [7] mp 125~ 

Dimethylthianthrene (III). Prepared  s imilar ly to 
II. The reaction was run for 8 hr at 110-120 ~ The 
reaction products were worked up exactly as described 
above, and the III thus obtained was vacuum-disti l led.  
It formed a thick oily liquid, bp 190-194 ~ (20 mm), 
yield 8.2 g (27%). 

1, 4, 6, 9-Tetramethylthianthrene (IVc). A mixture 
of 168.5 ml (1.4 mole) p-xylene and 16.0 g (0.5 mole 
powdered S was heated at 110-130 ~ until all the S 
dissolved, after which 6.7 g (0.05 mole) A1C13 was 
added gradually over a period of 1 hr  30 min, and 
the reaction mixture heated for 50 hr  at 110-135 ~ 
Excess p-xylene was distilled off, and the residue 
recrys ta l l ized  from 70~ AcOH, or  70% EtOH. Yield 
of yellow crystal l ine IVc, mp 142 ~ was 6.7 g (19.7%). 
IVa and IVb were  prepared s imilar ly .  

Oxidation of II, III, and IV with 30% HzO 2 in glacial 
AcOH gave the disulfones (VII, VIII, abd IX). But they 
were obtained in higher yields by direct  oxidation of 
the crude reaction products.  

Thianthrene disulfone (VII). A 250 ml 2-necked 
flask, fitted with reflux condenser and thermometer ,  
was charged with 120 ml (1.4 mole) benzene and 16.0 
g (0.5 g at) powdered S. The mixture was heated on a 
water-bath till the S dissolved, then 6.7 g (0.05 mole) 
A1CI~ added gradually. After this the react ion mixture 
was held at 80 ~ for 10 hr (till H2S evolution ceased), 
100 ml glacial AcOIt added and 20 ml 30% H2Oz, and 
the whole heated for 3 hr on a water-bath.  The prod- 
ucts were filtered hot, and the fil trate allowed to 
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cool slowly. 28,0 g minute crysta ls  of VII (80%) 
separated, recrys ta l l ized  from glacial AcOH it sub- 
limed at 281 ~ . 
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