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On the basis of the reaction of sulfur with exo-halogen derivatives of 
ethylbenzene and styrene, new and simple methods of synthesis have 
been developed for 2, 4-diphenylthiophene (from C6FIsCHBrCH3), 2, 5- 
diphenykhiophene (from C6H 5 CCI=CHz ), 2, 3 -dichlorothionaphthene 
(from C6HsCCI2CHCIz), and the previously unknown dithianaphtheno- 
[2, 3-b;2', 3' -el- 1, 4-dithiadiene (from C6Hs CHC1CHC1Br). The latter 
compound is also formed by the action of sulfur on C6H s CC1 z CHz C1 
or C6H s CHC1CHClz in the presence of HBr. The derivatives of thiana- 
phthene obtained have been oxidized to the corresponding sulfones. 

In p reced ing  c o m m u n i c a t i o n s  [2, 3] we have shown 
that the r eac t ion  of su l fur  with pheny lha lome thanes  can 
be r e g a r d e d  as  a s imple  method for the syn thes i s  of 
t e t raphenyl th iophene  (from C6HsCH2CI), th ianaphtheno-  
[3, 2 -b] th ianaphthene  or  2 - p h e n y l - 3 - c h l o r o t h i a n a p h -  
thene (from C6H~CHC12), 2 -phenyl th ianaphthene  (from 
C~H~CHC12) , 2 -phenyl th ianaphthene  (from CGHsCH2Br), 
and the i r  de r iva t ives .  Developing these  i nves t i ga t i ons ,  
we have studied the r eac t i on  of su l fu r  with the exo-  
ch loro  and e x o - b r o m o  de r iva t i ve s  of e thy lbenzene  and 
s t y r e n e .  On the b a s i s  of these  inves t iga t ions  we have 
developed new routes  for the syn the s i s  of a n u m b e r  of 
s u l f u r - c o n t a i n i n g  h e t e r o c y c l e s  p r e v i o u s l y  a c c e s s i b l e  
only with diff icul ty (II, III) o r  comple te ly  unknown (IV). 

The reac t ion  of su l fu r  with 1 -ha lo -  or  2 - h a l o - 1 -  
pheny le thanes  at 200~ ~ C leads  to the fo rmat ion  of 
2, 4 -d iphenyl th iophene  (I) with a y ie ld  of 23%. 

2 CsHhEHXCH 3 + 3 C6Hh--T[" ~ 

2 C6H5 CH2CH~X ~ g 
. % s , ~ _ q n  ~ + 2 u x  + 2 n 2 s  c x = c i . s , )  ( 1 )  

I 

2 - C h l o r o - l - p h e n y l e t h a n e ,  con ta in ing  the l eas t  mobi le  
halogen atom, f o r m s  I with a yie ld  of 2-3%. 

It m u s t  be a s s u m e d  that when su l fu r  r eac t s  with 
h a l o - l - p h e n y l e t h a n e s ,  s ty rene  is  an i n t e r m e d i a t e  that 
is  fo rmed  through a s u l f u r - c a t a l y z e d  dehydroha logena-  
t ion reac t ion .  

c0n!"xcn~-L__L. %.,c.~c.~ § . x  (2) 
CrH~CH~CH~X J 

Then the s ty rene  r e a c t s  with the sulfur ,  be ing  con-  
v e r t e d  into I (this r eac t ion  is well  known [4-8]) .  The 
ac t ion  of su l fu r  on s ty rene  s i m u l t a n e o u s l y  f o r m s  a 
sma l l  amount  of 2, 5 -d iphenyl th iophene  [4]. I is a lso  
fo rmed  by heat ing su l fu r  with e thylbenzene ,  which 
f i r s t  dehydrogena tes  to s ty rene  [9]. We were  unable,  

*For  c o m m u n i c a t i o n  XIV see [1]. 
* * P r e s e n t e d  on 11 May 1966 at the Second Sympos ium 

on Organ ic  Compounds  of Sulfur at  Gron ingen  (Holland). 

however ,  to i sola te  the s ty rene  as  an i n t e rmed ia t e  
product  of React ion  (1), apparen t ly  because  i ts  r e a c -  
t ion with su l fur  takes place cons ide rab ly  f a s t e r  than 
the dehydrohalogenat ion  of the in i t ia l  phenylha loe thanes  
(when the l a t t e r  r eac t  with sulfur,  HX and H2S a re  l ib-  

e ra t ed  s imul taneous ly ) .  
The product  of the su l fura t ion  reac t ion  of 1, 2 -d i -  

c h l o r o - l - p h e n y l e t h a n e  and 1, 2 - d i b r o m o - l - p h e n y l e t h -  
ane is  a lso  I, but i ts  yield proved to be lower  (18 and 

1%, respec t ive ly ) .  

2 c , ~ h c n x c H 2 x  ~ s  - -  t + 4 H x  ( X ~ C I ,  Bf) ( 3 )  

Here  an i n t e r m e d i a t e  in the reac t ion  is appa ren t ly  the 
c o r r e s p o n d i n g  f i -ha los tyrene ,  the reac t ion  of which 
with su l fur  at 210~ ~ C a l so  led to I with a yield of 

about  10%. 

~ c ~ H h c , :  c B x + S  - -  j + 2 , x  ( X = c l .  ar~ ( 4 )  

1, 1 - D i c h l o r o - l - p h e n y l e t h a n e  is  uns tab le  and r ead i ly  
dehydroch lo r lna t e s  to c~-chlorostyrene on heat ing.  The  
r eac t ion  of the l a t t e r  with su l fur  at 220 ~ C led to the 
fo rma t ion  of 2, 5-d iphenyl th iophene  (II) with a yield of 
8-15%. 

+ ~ . x  ( x ~ c , . B r )  ( 5 )  2 C6H5CX~CH 2 + S ~ C6H5 - C6H5 

|1 

In addi t ion to the l a t t e r ,  I was formed.  The m o l a r  
r a t i o s  of II to I were  3:1 (X = C1) and 3:2 (X = Br). 

With su l fur  at 225" C, 1, 2, 2 - t r i c h l o r o - l - p h e n y l e t h -  
ane fo rmed  2, 3 -d ich io ro th ianaph thene  (III) with a y ie ld  

of 28%. 

C6HhCCI2CH2Cl + 2 S ~ --CI + H2S + HCl ( 6 )  

I|1 

We envisage  the m e c h a n i s m  of React ion (6) in the fo l -  

lowing way: 

cn2c I - - g ~  ~.ct -ct + "2s (7) 
Ill 

And, in fact, the r eac t ion  of su l fu r  with c~, f l -d i ch lo ro -  
s t y r e ne  at 220o-230 ~ C led to the fo rmat ion  of n I  with 

a yie ld  of 35%. 

%nhcct=cuc, .2s - -  m ~.~s (8) 

The reac t ion  of su l fur  with 1, 2, 2 - t r i c h l o r o - l - p h e -  
ny le thane  or  with the product  of i ts  d e h y d r o c h l o r i n a -  
t ion, fl, f l - d i ch lo ros ty rene ,  at 230~ ~ C led to p ro -  
nounced r e s in i f i c a t i on  of the r eac t ion  m i x t u r e ,  from 
which it was i m p o s s i b l e  to i so ia te  any individual  c o m -  

pounds.  
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The react ion  of sulfur with 1, 1, 2, 2 - t e t r a c h l o r o - 1 -  
phenylethane or with 1, 2, 2, 2 - t e t r a c h l o r o - l - p h e n y l e t h -  
ane [10] at 2 3 0 ~  ~ C gave a part i cu lar ly  high y ie ld  
of Ill  (60-70%). 

C~}IsCCI2CHCI ~ ~ +S ~--CI + ~ .c~ (9) 
C6HsCH cIgCI 3 --CI 

I1! 

In this  c a s e ,  ce, fl, f l - t r i c h l o r o s t y r e n e  m a y  be regarded 
as  an in termedia te  in React ion (9). On being heated 
with sul fur  to 2 2 5 ~  ~ C, the lat ter  was  in fact con-  
verted  into III (yield 65%). 

% . ~ c c , = c % + s  ~ m +uC, (10) 

in R e a c t i o n s  (9) and (10), the c l o s u r e  of the thianaph- 
thene ring i s  a c c o m p a n i e d  by the evolut ion of HC1 and 
not H2S , as  in the react ion  of sulfur with 1, 2, 2 - t r i -  

c h l o r o - l - p h e n y l e t h a n e  (7) and with c~, f i - d i c h i o r o s t y -  
rene  (8). Thus,  in the act ion of sulfur on e x o - h a l o g e n  
d e r i v a t i v e s  of a r y l a l k a n e s  and a r y l a l k e n e s ,  the f o r m a -  
tion of su l fur-conta in ing  h e t e r o c y c l e s  can take p lace  
both by a dehydrogenat ion  react ion  (with the l iberat ion  
of H2S ) and by a dehydrohalogenat ion react ion .  

The product  of the react ion  of p e n t a c h l o r o - l - p h e -  
nylethane with sulfur at 2 2 0 ~  ~ C is  a l s o  Il l  (y ie ld  
16%). 

c~%ccbcc l  ~ §  ~ m + s ~ % + . c , '  ( 1 1 )  

In this  e a s e ,  in addition to hydrogen ch lor ide ,  
S2Cl2 i s  i iberated , . i formed,  apparent ly ,  by the deha lo -  
genat ion with sul fur  of the pentaehlorophenyle thane  to 
c~, fl, f l - t r i e h l o r o s t y r e n e ,  which  a l s o  reac t s  with sulfur,  
be ing  conver ted  into III [10]. 

By oxidation with H202, HI was  c o nv e r ted  into the 
sul fone ,  which  p o s s e s s e s  e f fec t ive  phytotoxic ,  fungi-  
static and fungic idal  p r o p e r t i e s  [11, 19,]. 

We have a l ready  ment ioned  [3] that a r y l b r o m o a l k a -  
nes  frequent ly  react  with sulfur in a d irec t ion  d i f ferent  

from that of chloro  d e r i v a t i v e s  of s i m i l a r  s tructure .  
In fact, on react ion  with sul fur  at 2 2 0 ~  ~ C 2-  
b r o m o - 1 ,  2 - d i e h l o r o - l - p h e n y l e t h a n e  and 1 - b r o m o - 1 ,  
2 - d i e h l o r o - l - p h e n y l e t h a n e  formed not llI but 
C6HsCC12CH2C1 and an unknown compound with the 
compos i t i on  Ct6HsS4(yields 52 and 35~ r e s p e c t i v e l y ) .  
During the react ion  HBr and HC1 were  l iberated.  We 
a s s u m e  that this  compound is  dithianaphtheno[2,  3-b; 
2', 3 ' - e ] - 1 ,  4 -d i th iadiene  (IV), formed in the fo l lowing 
way: 

~%HsCUClCUC~B~-+4S + , . c l  +~uu~ (12) 
2 C6H5 C BrCICH=CI -J ~'S S 

IV 

The same substance (IV) was formed in the reaction of 

sulfur with c~-ehloro-fi-bromostyrene at 200~ ~ C 
(yield 23%). 

c~,~ccl=cnu~ + 4 s ~ ~v + ~nc, + ~ I~B~ (13) 

On oxidation with hydrogen peroxide ,  IV f o r m s  the 
d i su l fone .  An attempt to split  out even one atom of 
sul fur  from IV by heating with copper  powder in bo i l -  
ing deca l in  was  u n s u c c e s s f u l  (the compound r e m a i n e d  
unchanged).  The absence  from the Ill  spec trum of IV 
of absorpt ion  peaks  in the 5 0 0 - 4 0 0  c m  -1 region a l s o  
c o n f i r m s  that this  compound does  not contain a d i s u l -  
fide grouping.  Absorpt ion bands at 738 and 751 e m -  
show the p r e s e n c e  in the m o l e c u l e  of IV of a th iana-  
phthene ring subst i tuted in pos i t i ons  2 and 3 and con-  
taining no subst i tuents  in the b en zen e  nuc leus  [131. 
The dipole  m o m e n t  of IV is  1.67D, which e x c l u d e s  the 
p o s s i b i l i t y  of s tructure  V with a di f ferent  or ientat ion  
of the thianaphthene r ings .  

v 
We have sugges ted  that the d i f ference  in the d i r e c -  

l ion of the react ion  of su l fur  with b r o m i n e - s u b s t i t u t e d  

Table  2 

P h y s i c a l  Constants  and Methods of Synthes i s  of exo -Halogen  D e r i v a t i v e s  
of Ethy lbenzene  and Styrene 

Halogen derivatives Bp, "C n~) 0 Method of preparation 
(pressure, mm) 

C6HsCHC1CHa 
CGHsCHBrCHa 
CsHsCH2CH~C1 
CaHsCH=CHsBr 
C6HsCHC1CH2CI 
C6HsCHBrCH~Br 

C6HsCH=CHC1 
C6HsCH=CHBr 
C6HsCC1--CH~ 
C6HgCBr=Ctt2 

.C6HsCCI2CH2C1 
C6HsCCI=CHCI 
C6H~CHCICHCI2 
C6HsCH=CCI= 
C6HsCCI2CHCI2 
C~HsCHCICCIa ~ 

C6HsCCI:=CCI2 
CsHsCCI2CCla 
C6HsCHCICHCIBr* 
C6HsCCiBrCH2CI* 

,C~HsCCI=CHBr* 

63-- 64 (5) 
87 (16) 

197--198 (760) 
103 (16) 

115--116 (15) 
139--141 (15) 

I03 (33) 
108 (20) 

75-- 76 (17) 
71 (8) 

163--164 (34) 
83- -  85 (3) 

153 (37) 
103 (15) 

~37--138 (lO) 
!i3--116(5) 

98 (10) 
157--160 (10) 
184--185 (30) 
150--153 (28) 
141- 143(40) 

1.5280 
~,5608 
i,5294 
1.5562 
1.5540 

Mp 
73--74 ~ 
1.5780 
1.6095 
1.5606 
t.5878 
i.5695 
1.5815 
1.5618 
1.5868 
1,5715 
1s 
t.5822 
Mp 35 ~ 
1.5852 
1.5738 
1.6067 

CGHsCH2CHa + SO2Ct= 
C6HsCHaCHa + Br~ 
CGHsCH2CH2OH + PCIs I'~ 
CGHsCI-I=CH2OH + HBr ~ ~ 
C6HsCH=CH2 + CIy  
C6HsCH =CH2 + Br~ 18 

C6HsCH=CHCOOH + CI~ ~r 
C~H~CH=CHCOOH + Br2 ~9 
C6H,~COCHa + PCls ~~ 
C6HsCHBrCH2Br-HBr L8 
C~ttsCCI=CH2+CI2 ~r 
C6HsCCI2CH~CI- HCI17 
C6HsCH=CHCI + CI= ~v 
C6HsCHCICHCI=- HCW 
C6HsCH~CHa+ SO2C12 
C6HsCHOHCCla+PCls 
C6HsCCI2CHCI2-HCW 
CaHsCHCICHC12+SO2CI= 
Cd~IsCH=CHBr + Cl2 
C~HsCBr=CH2+C12 
C~HsCCI=CHe+Br2 

*New compound. 
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a r y l a l k a n e s  a n d  a r y l a l k e n e s ,  a s  c o m p a r e d  w i t h  t h e  

c a s e  o f  t h e  c o r r e s p o n d i n g  c h l o r i n e  d e r i v a t i v e s ,  t h a t  

i s  f r e q u e n t l y  o b s e r v e d  i s  c o n n e c t e d  w i t h  t h e  c a t a l y t i c  

i n f l u e n c e  o f  t h e  h y d r o g e n  b r o m i d e  l i b e r a t e d  in  t h e  

r e a c t i o n .  A n d  in  f a c t ,  t h e  p r o d u c t  o f  t h e  r e a c t i o n  o f  

1, 1, 2 - t r i c h l o r o - l - p h e n y l e t h a n e  w i t h  s u l f u r  a t  230  ~  

2 4 0  ~ C w i t h  t h e  p a s s a g e  o f  h y d r o g e n  b r o m i d e  t h r o u g h  

t h e  r e a c t i o n  m i x t u r e  p r o v e d  to  b e  n o t  III  ( w h i c h  [ s  

f o r m e d  b y  r o u t e  (7) in  t h e  a b s e n c e  o f  H B r )  b u t  IV 

( y i e l d  33%) .  

c~.~ccl~c.~cl + 4s Hs~ Iv + 8 HCl (14) 

T h e  f o r m a t i o n  o f  IV  in  t h e  r e a c t i o n  o f  s u l f u r  w i t h  1 -  

b r o m o - 1 ,  2 - d i c h l o r o - l - p h e n y l e t h a n e ,  a n  i n t e r m e d i a t e  

in  w h i c h  c~, f i - d i c h l o r o s t y r e n e  a p p e a r s ,  w h i c h  u s u a l l y  

i s  c o n v e r t e d  b y  t h e  a c t i o n  o f  s u l f u r  i n t o  I I I  b y  r o u t e  

(8),  m u s t  b e  e x p l a i n e d  b y  t h e  c a t a l y t i c  a c t i o n  o f  t h e  

H B r  l i b e r a t e d .  

A s  a l r e a d y  m e n t i o n e d ,  o n  b e i n g  h e a t e d  w i t h  s u l f u r  

1, 2,  2 - t r i c h l o r o - l - p h e n y l e t h a n e  f o r m s  o n l y  r e s i n o u s  

p r o d u c t s .  H o w e v e r ,  w h e n  h y d r o g e n  b r o m i d e  w a s  

p a s s e d  t h r o u g h  t h e  r e a c t i o n  m i x t u r e  d u r i n g  i t s  r e -  

a c t i o n  w i t h  s u l f u r  a t  2 3 0 ~  ~ C ,  IV,  w a s  f o r m e d  

with a yield o f  31%. 

IIBr 
_~c0meHcm.ck,+4s----~ iv +6ncl (15)  

T h e  c o n d i t i o n s  o f  c a r r y i n g  o u t  t h e  r e a c t i o n s  o f  

s u l f u r  w i t h  t h e  e x o - h a l o g e n  d e r i v a t i v e s  o f  e t h y l b e n z e n e  

a n d  s t y r e n e ,  a n d  t h e  m e l t i n g  p o i n t s ,  a n a l y t i c a l  d a t a ,  

a n d  y i e l d s  o f  t h e  c o m p o u n d s  o b t a i n e d  in  t h i s  w a y  a r e  

g i v e n  in  T a b l e  1.  

EXPERIMENTAL 

STARTING MATERIALS 

1-Chloro- l -phenyle thane .  A quartz flask fitted with a reflux con;  
denser and a thermometer  was charged with 79.6 g (0.75 mole) of 
ethylbenzene, 33.7 g (0.25 mole) of SOsC12, 90,0 g of CHCIa, and 
0.7 g of PC1 a. The mixture was heated to 80~ ~ C and i l luminated 
with ultraviolet light from a PRK-4 lamp (in the absence of traces of 
re.stare) for 7 hr. The solvent and the excess of ethylbenzene were 
distilled off in the vacuum of a water pump, and the residue was dis- 
tilled through a column in vacuum.  The yield of 1 -ch lo ro- l -pheny le -  
thane with bp 73~ ~ C (5 mm), n}f 1.5280, was 24.5 g (69.7% cal- 
culated on the initial SOs Cla ). 

1-Bromo- l -phenyle thane .  A quartz flask fitted with a reflux con- 
denser, dropping funnel, and thermometer ,  was charged with 212 g 
(2 mole) of e thylbenzene and was heated to 90~ ~ C, and with ir- 
radiation with ultraviolet light from a PRK-4 lamp, 160 g (1 mole) of 
bromine was added in drops, After all  the bromine had been added, 
the reaction mixture was heated and irradiated for an. the[  1 hr, after 
which it was distilled in vacuum. The yield of 1 -h romo- l -pheny le -  
thane with bp 87 ~ C (16 mm) was 180 g (64%). 

1, 1, 2 -Tr ich loro- l -phenyle thane .  Dry chlorine was passed into a 
solution of 69.3 g (0.5 mole) of a-chlorostyrene in 200 m1 of chloro- 
form cooled to 0 ~ C untii it was no longer absorbed. On the following 
day the reaction mixture was washed with 5% Na~ CO 3 solution and 
with water, was dried over CaC1 a, and the solvent was distilled off. 
Distillation of the residue in vacuum gave 57.0 g (77.8%) of 1, 1, 2- 
t r ich loro- l -phenyle thane  with bp 163~ . C (34 ram), n~) ~ 1.5695. 

1, 1, 2, 2 -Te t raeh lo to - l -pheny le thane ,  A quartz flask fitted with 

a reflux condenser was charged with a mixture of 88,1 g (0.5 mole) 
of ethylbenzene,  288.5 g (2.1 mole) of SO2C12: and 5,7 g of PCI a, 
and the mixture  was irradiated with ultraviolet light from a PRK-4 
lamp at 80~ ~ C for 24 hr. After the unchanged SO2Ct2 had been 

driven off, the residue was distilled through a column in vacuum, The 
yield of 1, 1, 2, 2- te t rachloro- l -phenyle thane with bp 137~ ~ C 
(10 mm),  n~ ~ 1,5715, was 38,2 g (31.3%). 

1, 2, 2, 2-Tet raehloro- l -phenyle thane .  A three-necked flask fitted 
with a stirrer, reflux condenser, and dropping funnel, was charged with 
a solntion of 41.6 g (0.2 mole) of PCls in 150 ml  of CHCI~. With stir- 
ring, 45.0 g (0.2 mole) of C6HsCHOHCC]~ [14] was slowly added. The 
mixture was heated in the water bath for 2 hr; the solvent and the re* 
sidual POC1 a were driven off and the residue was distilled through a 
column in vacuum. The yield of 1, 2, 2, 2- te t rachloro- l -phenyle thane 
with bp 113~ ~ C (5 mm) was 86.9 g (75.~jo). Found" C 39.00; 
H 2.71; Ct 58.56%. Calculated for C8H6C14, %: C 39.39; H 2.48; C1 
58.13. 

Phenylpentachloroethane. A three-necked quartz flask fitted with 
a gas tube, a thermometer,  and a reflux condenser was charged with 
62,7 g (0.3 mole) of 1, 2, 2- t r ichloro- l -phenyle thane and 0.5 g of PC1. 
The mixture was heated to 80 ~ C and dry chlorine was passed through 
it for 18 hr with irradiation with the ultraviolet light from an SVD-120A 
lamp.  The temperature of the reaction mixture gradually rose to 120 ~ 
C. After this t ime,  the weight of the reaction mixture was 85.0 g. 
Its distillation in vacuum yielded 62.5 g (74,8%) of phenylpentachlo- 
roethane with bp 157~ ~ C (10 mm); mp 35 ~ C, 

~.-Bromo-1, 2-d iehloro- l -phenyle thane .  Dry chlorine was passed 
into a solution of 91.5 g (0.5 mole) of B-bromostyrene in 200ml of 
chloroform cooled to 0 ~ C until  a yellow color appeared. On the fol- 
lowing day, the reaction mixture was washed with 5% Na2CO~ solu- 
tion and with water and was dried, the solvent was driven off, and the 
residue was distilled in vacuum, The yield of 2-hromo-1,  2-dichloro- 
1-phenylethane with bp 184~ ~ C (30 ram), n}) ~ 1.5852, was 92.5 

g (72.8%). 
1-Bromo-1, 2 -d ieh lo to- l -phenyle thane  was obtained similarly by 

the chlorination of a-bromostyrene.  Yield 76%. 
t3-Bromo-a-chlorostyrene. With stirring, 80 g (0.5 mole) of bro- 

mine  was added in drops to a solution of 69.2 g (0.5 mole) of cz-chIo- 
rostyrene in 200 ml  of chloroform cooled to 0 ~ C. On the following 
day the reaction mixture was washed with 5% Na 2 CC h solution and 
water and was dried. The solvent was distilled off and the residue was 
distilled in vacuum. The yield of B-hromo-a-cMorostyrene with bp 
141~ ~ C (40 mm), n~ 1.6067, was 50.9 g (74.6%). 

The physical constants of all the exo-halogen derivatives of ethyl- 
benzene and styrene synthesized and the methods of preparing the 
other starting materials  of this type are given in Table 2 

REACTION OF SULFUR WITH EXO-HALOGEN DERIVATIVES OF 
ETHYLBENZENE AND STYRENE 

2, 4-Diphenylthiophene (I). A two-necked flask fitted with a re- 
flux condenser and thermometer  was charged with 37.1 g (0.2 mole) 
of 1 -b romo- l -pheny le thane  and 9.6 g (0.3 g-atom) of sulfur. The 
react ion mixture was heated to 200~ ~ C for 6 hr. After cooling, 
isopropanol extracted from it crude I which was recrystalltzed from 
80% acetic acid and then from isopropanol (in the presence of 2% of 
act ivated carbon). The yield of pure I with mp 122~ ~ C was 5.4 
g (22.8%). The picrate of I had mp 133~ ~ C (according to the 

literature [21], mp 183~ ~ C). 
Compound I was obtained similarly from 1-chloro- l -phenyle thane ,  

2 -bromo- l -phenyle thane ,  1, 2-d ichloro- l -phenyle thane ,  1, 2-dibro- 
mo- l -pheny le thane ,  fi-chlorostyrene, and 3-bromostyrene (see 

Table 1). 
2 ,5-Diphenyl th iophene (II). A soiution of 27.7 g (0.2 mole) of 

a-ehlorostyrene !n 8 ml  of 1, 2, 4- tr ichlorobenzene was heated with 
3.2 g (0.1 g atom) of sulfur for 3 hr. The boiling point of the reaction 

mixture gradually rose from 170 ~ C to 220 ~ C during this t ime.  The 
precipitate that deposited on cooling was filtered off and extracted 
with isopropanol. The II that separated from the alcoholic solution 
was twice recrystallized from ethanol. The yield of pure II with mp 
152~ ~ C was 3 .5 -3 .8  g (15-16%). Evaporation of the filtrate 

yielded 1.2 g (5%) of I with mp 117~ ~ C. 
In a similar manner,  II, was obtained from a-bromostyrene 

(Table 1). 
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2, 8-Dicklorothianaphthene (III). A solution of 24.4 g (0.1 mole) 
of 1, 1, 2, 2:tetrachloro-l-phenylethane in 15 ml of 1, 2,4-triehloro- 
benzene was heated with 3.2 g (0.1 g-atom) of sulfur at 230~ ~ C 
until the evolution of HC1 had ceased almost completely (20 hr). The 
reaction mixture was distilled in vacuum. The yield of crude III with 
bp 145~ ~ C (31 mm) was 15.0 g (74.1%). After recrystallization 
from aqueous ethanol, the yield of pure III with mp 54~ ~ C was 
14.4 g (70.8~/0). 

In a similar manner, III was obtained from I, I, 2-trichioro-l- 
phenylethane, I, 2, 2, 2-terzachloro-l-phenylerhane, a, 5, B, -trichlo- 
rostyrene, and phenylpentachloroethane (see Table i). In the last 
case, S 2 CI 2 was formed as well as Ill. 

Dithianaphtheno[2, 8-b;2', 3' -e] -i, 4-dlthiadiene (IV). a) A mix- 
ture of 25.4 g (0.1 mole) of 2-bromo-l, 2-dichloro-l-phenylethane, 
5 ml of I, 2,4-trichlorobenzene, and 6.4 g (0.2 g-atom) of sulfur was 
heated for 4 hr. The temperature of the reaction mixture was gradu- 
ally raised from 210 ~ C to 240 ~ C during this time. After cooling, the 
crude IV was extracted with ethanol and with a mixture of ethanol and 
benzene. Subsequent recrystallization from a mixture of hexane and 

benzene (in the presence of 2% of activated carbon) gave 8.6 g (52.4~o) 
of pure IV kvith mp 209" C. 

Similarly, IV was obtained from 1-bromo-1, 2-dichloro-l-phenyle- 
thane and from •-bromo-a-ehlorostyrene (see Table 1). 

b) A solution of 20.9 g (0.01 mole) of 1, 1, 2-trichloro-l-phenyle- 
thane in 20 ml of o-dichlorobenzene was heated with 6.4 g (0,2-atom) 
of sulfur at 230~ ~ C for 12 hr with the simultaneous passage of 
hydrogen bromide through the reaction mixture at the rate of two 
bubbles per second. The soh, ent was distilled off and the residue was 
treated further as described above. The yield of IV with mp 208 ~ C 
was 5.4 g (33%). IV was obtained from 1, 2, 2-trichloro-l-phenyleth- 
ane similarly (yield 31.0%). 

PREPARATION OF THE SULFONES III AND IV 

2, 3-Diehlorothianaphthene sulfone was obtained by Schlesinger 
and Mowry's method [11]. Its mp of 160"-161 ~ C corresponded to that 
given inthe literature. Found, %: C 40.90; H 1.89; S 13.68. Calculated 
for CsI-]4CIsOzS, %: C 40.85; H 1.70; S 13.62. 

Dithianaphtheno[2, 3-b;2',  3' -e] -1, 4-dtthladiene disulfone. A 
mixture of 1.6 g (0.005 mole) of IV and a solution of 2 ml of 300]o 
HzOz in 50 ml of glacial acetic acid was heated for 4 hr. The pre- 
cipitate that deposited on cooling was recrystallized from CHaCOOH. 
The yield of pure disulfone, in the form of yellow crystals with mp 
275~ * C (decomp) was 0.7 g (36,4~ Found, 0]0: C 48.90; bI 2.23; 
S 32.54. Calculated for Cle, HsS404, 0]o: C 48.97; H 2.04; S 32.65. 
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