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A STUDY OF THE REACTION OF SULFUR WITH ORGANIC COMPOUNDS 

XVI.* The Act ion of Sulfur  on exo-Halogen Der iva t ives  of 1, 1 -Diphenyle thane ,  
1 ,1 -Dipheny le thy lene ,  and 1, 1 ,2 -Tr ipheny le thane**  
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UDC 547.735.737:542.945.22 

On the basis of the reaction of elementary sulfur with exo-halogen 
derivatives of 1, 1-diphenylethane, 1, 1-diphenylethylene, 1, 1, 2- 
triphenylethane, and 1, 1, 2-triphenylethylene. new and simple meth- 
ods have been developed for the synthesis of 3-phenylthianaphthene 
[from (C6H5) 2 CHCHClz or from (C6Hs)2C=CHC1], thianaphtheno[2, 
3-b] -thianaphthene and its previously unknown 3, 8-dihalogen-sub- 
stituted derivatives [from (p-XC6Ha)zCHCC13 or (p-XCsHa)2C=CClz, 
X = H, C1, Br], 2, 6-dichloro-3-p-chlorophenylthianaphthene [from 
(C1CsHa)zCHCClsJ, and 2, 3-diphenylthianaphthene [from 
(C6Hs)2CC1CHC1C6H s or from (CaH~)zC=CC1C6Hs]. The heterocyclic 
sulfur compounds synthesized have been oxidized to the corresponding 
sulfones. 

Cont inuing our inves t iga t ion  of the r eac t i on  of a r y l -  
ha loa lkanes  with e l e m e n t a r y  su l fur ,  affording wide 
poss ib i l i t i e s  for the syn thes i s  of va r ious  s u l f u r - c o n -  
t a in ing  he t e rocyc l e s  of the a roma t i c  s e r i e s  [1 -5 ] ,  we 
have studied the r eac t ion  of su l fur  with exo-halogen 
de r iva t ives  of 1 ,1 -d ipheny le thane  and 1, 1, 2 - t r i p h e n y l -  
ethane.  

1 - C h l o r o - 2 , 2 - d i p h e n y l e t h a n e  is an uns t ab le  com-  
pound and is conver ted  into s t i lbene  even on d i s t i l l a -  
t ion [6]. On being heated with su l fur  to 235~ ~ C, 
1, 1 - d i c h l o r o - 2 , 2 - d i p h e n y l c h l o r o e t h a n e  fo rms  3 -phe -  
ny l th ianaphthene  (I) with a yie ld  of 53%. 

[ ~ " q " 5 + s  - -  ~ - c o " ~ + 2 . c , . %  (1) 
I 

An in t e rmed ia t e  in React ion  (1) is  1 - e h l o r o - 2 , 2 -  
d iphenyle thylene ,  which also fo rms  I with su l fur  at 
240 ~ C, with a y ie ld  of 54%. 

ec6%):c-cHc~ +s ~ , § Mc~ (2) 

On oxidation with hydrogen perox ide ,  I is conver ted  
into the sulfone.  

The r eac t i on  of su l fur  with 1, 1 , 1 - t r i h a l o - 2 , 2 - d i -  
phenyle thanes  at 260~ ~ C leads to the fo rma t ion  
of th ianaphtheno[2 ,3-b] th ianaphthene  (I1) with a yield 
of  4 0 - 5 0 %  [7].  

" ' s  x/CN x ~ /  S 
X 

(3) 
C/  ~ ~ . ~  ~/] + 3HX X~CI, Br 

Up to now, 11 has been ex t r eme ly  diff icult  to obtain 
[8]. 

*For  par t  XV, see [1]. 
**Del ivered  11 May 1966 at the Second Sympos ium on 

Organic  Sulfur Compounds at Groningen  (Holland). 

The halogen de r iva t i ve s  of 1 , 1 , 1 - t r i c h l o r o - 2 , 2 -  
d iphenyle thane con ta in ing  a toms of ch lo r ine  or  b r o -  
mine  in an a r o m a t i c  nuc leus  r e a c t  with su l fur  in a 
s i m i l a r  m a n n e r  to (3). Thus ,  1, 1 , 1 - t r i c h l o r o - 2 , 2 - d i -  
(p -ch lorophenyl )e thane  and 1, 1 , 1 - t r i c h l o r o - 2 , 2 - d i ( p -  
b romophenyl )e thane ,  on being heated with su l fur  at 
260 ~ C and 220 ~ C, r e spe c t i ve l y ,  fo rm 3 , 8 - d i c h l o r o -  
(III) and 3 ,8 -d ib romoth i anaph theno[2 ,3 -b ]  th ianaphthene 
(IV) with y ie lds  of 50% and 41%. 

The m e c h a n i s m  of the fo rmat ion  of II, III, and IV 
is  envisaged  by us in the fol lowing way. 

v/ \y -Hx v/  v --HX 

~,/ \v v /  X'v (4) 

X = El, Br; 
u = H, CI, Br 

A conf i rma t ion  of this  is the fo rma t ion  of II, yield 
54%, in the r eac t i on  of sul fur  with 1 , 1 - d i c h l o r o - 2 , 2 -  
diDhenvlethvlene at 240~ ~ C. 

(%Hs)2c=ccl2+2s - -  , + , c l .  (5) 

We have also succeeded in i so la t ing  with a y ie ld  
of 40% the p r ev ious ly  unknown i n t e r m e d i a t e  p roduc t  
of Reac t ion  (4), 2 , 6 - d i c h l o r o - 3 - p - c h l o r o p h e n y l t h i a n a -  
phthene (V), in the r eac t ion  of 1, 1, 1 - t r i c h l o r o - 2 , 2 -  
d i (p-ch lorophenyl )e thane  with su l fur  at 235~ ~ C. 

On oxidation with H20 2, compounds II and V were  
conver ted  into the c o r r e spond i ng  sulfones.  It was i m -  
poss ib l e  to obtain sulfones  f rom compounds III and 
IV because  of the i r  e x t r e m e l y  low so lub i l i t i e s .  The 
product  of the r eac t ion  of t e t r a c h l o r o - 1 , 1 - d i p h e n y l -  
ethane with su l fu r  at 220~176 C is a lso II (yield 
41%). 

~ c a ~ + 4 s  - -  . §  (6) 

In addit ion to hydrogen ch lor ide ,  in React ion  (6) 82C12 
is  l i be ra t ed ,  be ing  fo rmed  by the dehalogenat ion of 
the t e t r ach lo rod ipheny le thane  to 1 , 1 - d i c h l o r o - 2 , 2 -  
d iphenyle thylene ,  which,  on be ing  heated with su l fur ,  
f o r m s  II by Reac t ion  (5). 

1 , 2 - D i c h l o r o - 1 ,  1 , 2 - t r i phe ny l e t ha ne  r e a c t s  with 
su l fur  at 230~ ~ C to give a 52% yie ld  of 2 , 3 - d i -  
phenyl th ianaphthene  (VI). 

c(C.--Co.~ --.Cl ~ dC--C~.5 ~'%~S.:~--C~.~ (7) 
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A c o n f i r m a t i o n  of  t h e  i n t e r m e d i a t e  f o r m a t i o n  of  1-  

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

t h e  l a t t e r  i s  h e a t e d  w i t h  s u l f u r  a t  240 ~ C,  VI  i s  f o r m e d  
w i t h  a y i e l d  of  54%. V I  h a s  b e e n  o b t a i n e d  p r e v i o u s l y  
b y  t h e  t h e r m a l  d e c o m p o s i t i o n  of  1 - c h l o r o - 1 , 2 , 2 - t r i -  

p h e n y l e t h y l e n e  s u l f i d e  [9] ,  a n d  i t  m a y  b e  a s s u m e d  t h a t  
an  i n t e r m e d i a t e  in  t h i s  r e a c t i o n  i s  1 - c h l o r o - l , 2 , 2 -  
t r i p h e n y l e t h y l e n e  w h i c h  r e a c t s  w i t h  t he  s u l f u r  l i b e r -  

a t e d  a n d  f o r m s  VI  in  a c c o r d a n c e  w i t h  S c h e m e  (7).  T h e  
o x i d a t i o n  o f  V I  w i t h  I-I20 2 l ed  to  t h e  s u l f o n e .  

T h e  r e a c t i o n  of  s u l f u r  w i t h  1, 1 , 2 - t r i c h l o r o - l , 2 ,  

2 - t r i p h e n y l e t h a n e  a t  2 3 0 o - 2 5 0  ~ C w a s  a c c o m p a n i e d  by  
p r o n o u n c e d  r e s i n i f i c a t i o n .  It  w a s  i m p o s s i b l e  to  i s o l a t e  

any  i n d i v i d u a l  r e a c t i o n  p r o d u c t s  f r o m  t h e  m i x t u r e  

( i n c l u d i n g  S2C12). 
T h u s ,  t h e  f o r m a t i o n  of  t h e  t h i a n a p h t h e n e  o r  t h e  

t h i a n a p h t h e n o [ 2 , 3 - b ] - t h i a n a p h t h e n e  r i n g  in  t h e  r e a c t i o n  
of  e x o - h a l o g e n  d e r i v a t i v e s  of 1 , 1 - d i p h e n y l e t h a n e  a n d  

1, 1 , 2 - t r i p h e n y l e t h a n e  w i t h  s u l f u r  t a k e s  p l a c e  in  a l l  

c a s e s  v i a  t he  d e h y d r o h a l o g e n a t i o n  of  t h e  a l i p h a t i c  

p a r t  of t he  m o l e c u l e  a n d  t he  f o r m a t i o n  of the  c o r r e -  

s p o n d i n g  h a l o g e n - s u b s t i t u t e d  o l e f i n  w i t h  t h e  s u b s e -  

q u e n t  s p l i t t i n g  ou t  of h a l o g e n  h y d r i d e  f r o m  t h e  m o l e -  

c u l e  of  t h e  l a t t e r  (w i th  t h e  p a r t i c i p a t i o n  of  t h e  h y d r o -  

g e n  in  t h e  o r t h o  p o s i t i o n  of a n  a r o m a t i c  n u c l e u s ) ,  

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

s u l f u r  a t o m  in  a c c o r d a n c e  w i t h  t he  f o l l o w i n g  g e n -  
e r a l  s c h e m e .  

/W 

x/CX,. /R 

CH 

R=aryl: R'=m halogen 
aryl; x = el. gr 

T h e  c o n d i t i o n s  of p e r f o r m i n g  t he  s u l f u r a t i o n  r e a c -  

t i o n  a n d  t he  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 ,  and  y i e l d s  

of  t he  c o m p o u n d s  o b t a i n e d  a r e  g i v e n  in  T a b l e  1. T h e  

p r o d u c t s  of  t h e  o x i d a t i o n  of  t he  s u l f u r - c o n t a i n i n g  h e t -  

e r o c y e l e s  s y n t h e s i z e d  a r e  g i v e n  in  T a b l e  2. 

EXPERIMENTAL 
The methods of obtaining the initial halogen derivatives that have 

been described in the literature and their melting points are given in 
Table 8. 

8-Phenyldltaaaphthene (I). A mixture of 25.1 g (0.1 mole) of 1, 1- 
diehloro-2, 2-diphenylethane, 10 ml of 1, 2-diehloroethylene, and 
3.2 g (0.1 g-atom) of sulfur was charged into a two-necked flask fit- 
ted with a reflux condenser and thermometer and was heated at 235*- 
240* C until the evolntion of HC1 had ceased completely (about 8 hr). 
After this, the reaction mixture was distilled in vacuum. The yield 
of I with nap 189=-193 * C (11 ram), n~  1.6748, was 11.1 g (53.0%). 
Compound I was obtained sirnilarly from 1-chloro-2, 2-diphenyl- 
ethylene (yield 540]0). 

Thtaaaphtheao[2, 8-b]thlanaphthene (II). A mixture of 14.3 g 
(0.05 mole) of 1, 1, 1-trichloro-2, 2-diphenylethane, 2 ml of 1, 2-di- 
chlorobenzene, and 3.2 g (0.1 g-atom) of sulfur was charged into a 
two-necked flask fitted with a reflux condenser and thermometer and 
was heated at 260*-270* C for 8 hr. The cooled solidified reaction 
mixture was ground and extracted with isopropanol. Small crystals 
of II deposited from the alcoholic solution after cooling. After re- 
crystallization from a mixture of ethanol and benzene (with the ad- 
dition of 1.5% of activated carbon), the yield of pure II with mp 
138"-139" C was 5.25 g (52.101o). The picrate of II had mp 147.5" C 
(literature data [8], 145" C), 

Compound II was obtained similarly from 1, 1-dichloro-2, 2-di- 
phenylerhylene (yield 540]o), from 1, 1, 1, 2-ter.rachloro-2, 2-diphenyl- 
ethane (41%), and from 1, 1, 1-1xibromo-2, 2-diphenylethane (370]0). 

3,8-DichloroflJ/anaphtheno[2, 8-b]thianaphthene (Ill). A mixture 
of 17.72 (0.05 mole) of 1, 1, 1-trichloro-2, 2-bis(p-chlorophenyl)eth- 
ane, 2 ml of 1, 2-dichlorobenzene, and 3.2 g (0.1 g-atom) of sulfur 
was charged into a two-necked flask fitted with a reflux condenser and 
thermometer and was heated at 270*-280* C for 6 hr. The reaction 
mixture was cooled, ground, and extracted with dimethylformamide. 
On cooling, the solution deposited microcrystalline III, which was 
purified by sublimation. The yield of pure III with mp 268* C was 
7.6 g (49.3"k). Compound IV was obtained from 1, 1,1-trichloro-2, 2- 
(p-bromophenyl)ethane similarly (yield 41%). 

2, 8-Diahloto-8-(p-ehlorophenyl)thtanaphthene (V). A mixture 
of 17.9 g (0.05 mole) of 1, 1, 1-ttichloro-2, 2-bis(p-chtorophenyl)- 
ethane, 8 ml of 1, 2-dichlorobenzene, and 1.6 g (0.05 g-atom) of 
silver was charged into a two-necked flask fitted with a reflux con- 
denser and thermometer, and was heated at 235*-240* C for 5 hr. 
The solvent was distilled off in vacuum and the residue was cooled, 
ground, and extracted with isopropanoL The microctystalline V 
isolated from the extract was recrystallized from ethanol. The yield 
of pure V with mp 116"-117" C was 6.3 g (40.4~ 

T a b l e  2 

S u l f o n e s  o b t a i n e d  by  t h e  O x i d a t i o n  of  t h e  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 i c  C o m p o u n d s  S y n t h e s i z e d  
u 

, . . . , o  

i~ ~ Sulfone 

~ -cbtl 5 

- -  C6H4CI ' p  ~ 

V c t - ~ - o  
o//'~ o 

vl @--~:~:" o "r 

Mp, * C 

161-- 162"* 

224--227 
(decomp.) 

2 1 6  

(decomp.) 

172--173 

Color 
of the 
crys - 
tals 

whit e 

pale 
yello~ 

y eliot 

white 

C,4H,oSO2 59.55V.38 13.30 

=alculated, % 
Yield, 

0]~ 

90.8 

61.3 

54.7 

81.3 

*New compound. 
**Literature data [10], mp 161~ ~ C. 
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Table  3 

Mel t ing  Poin ts  and Methods  of P r e p a r a t i o n  of the Ini t ia l  
exo -Ha logen  D e r i v a t i v e s  of 1 ,1 -Dipheny le thane ,  1, 1 -Di -  
phenyle thy lene ,  1 , 1 , 2 - T r i p h e n y l e t h a n e ,  and 1 , 1 , 2 - T r i -  

phenyle thylene  

Halogen derivative Mp, ~ C Method of preparation 

(CsHs) 2CHCHCI2 
(C6H6) 2C=CHCI 
(CsHs) 2CHCC[~ 
(p-C1C6H4) 2CHCCls 
(p-BrCsH4) 2CHCCls 
(CsHs) ~CHCBra 
(C~H~) ~C=CCI2 
(C6Hs)~CCI--CCI~ 
(C~Hs) =CC1--CHC1C~H~ 
(C~Hs)~C=CCIC~Hs 
(C6Hs) 2CCICCI2CsHs 

80 
42 
64 

105 
139--140 

89 
80 
85 

110--111 
117.5--118 

i22 

CI~CHCH (OC2H5) 2+ C6H6 n 
(CoHs)~CHCHC12-HC1 n 
ClaCCH (OH) ~+ C6He 12 
CIsCCH (OH)~+CsHsCI18 
ClzCCH (OH)s + C~H~Br I* 
BrsCCH (OH) 2 + C6H614 
(C6Hs) 2CHCCla--HCP 2 
(C6Hs)2C=CCl2+Cb Is 
(CsHs) 2C=CHC6H~+CI~! 7 
(C6Hs)~CC1CHCICsH~- HCW 
(C6Hs) ~C=CC1C6Hs + C12 is 

2, 3-Dipheaylt~anapiatl~ene (VI). A mixture of 32.7 g (0.1 mole) 
of 1, 2-dichloro-1, 1, 2-triphenylethane, 10 ml of 1. 2-dichloroben- 
zene, and 3.2 g (0.1 g-atom) of sulfur was charged into a two-necked 
flask fitted with a reflux condenser and thermometer and was heated 
at 230~ * C for 8 hr. The reaction mixture was cooled and washed 
with hexane. The resulting powder was extracted with isopropanol. 
The VI isolated from the alcoholic solution was recrystallized from 
ethanol (with the addition of 1% of activated carbon). The yield of 
pure VI with mp 114.5 ~ C was 15.0 g (52.4~ 

Compound VI was obtained similarly with a yield of 53%~from 
1-chloro-2, 2, 2-triphenylethylene. 

Preparation of the sulfones. The sulfones of 3-phenykhianaphthene, 
thianaphtheno[2, 3- b] thianaphthene, 2, 6 - dichloro - 3-phenylthianaph- 
thene, and 2, 3-diphenylthianaphthene (Table 2) were obtained by 
oxidation with hy&ogen peroxide in ~iacial acetic acid at 100" C by 
the p~ocedure described previously [2]. 
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