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The reaction of sulfur with isomeric exo-polychloro derivatives of 
iso- and n-propylbenzenes containing from 4 to 6 chlorine atoms in 
the side chain at 200~ ~ C has been studied. The reaction of sulfur 
with a, ~3, 8, ~3'-tetrachloro- and a, 8, B, 8', B'-pentachlorocumenes 
leads to the formation of the previously unknown thianaphtheno- 
[2, 3-d]-l, 2-dithiote-3-thione (yield 48%) and thionaphthenol2,3-dJ-3- 
chloro-1, 2-dithiolium chloride (yield 65%), respectively. The sul- 
furation reaction of the isomeric exo-tetrachloro- and exo-penta- 
chloro-n-propyibenzenes leads to the formation of 4-chloro-5-phenyl- 
1, 2-dithiole-3-thione (yield 5-35~ The exo-hexachloro derivatives 
of iso- and n-bromobenzenes, on being heated with sulfur, form only 
resinous sulfuration products. 

We h a v e  p r e v i o u s l y  found [2] tha t  the  r e a c t i o n  of  
s u l f u r  wi th  m o n o - ,  d i - ,  and t r i - e x o h a l o g e n  d e r i v a -  

t i v e s  of i s o -  and n - p r o p y l b e n z e n e s  l e a d s  to  the  f o r m a -  
t ion of  4 -  and 5 - p h e n y l - l , 2 - d i t h i o l e - 3 - t h i o n e s ,  r e -  

s p e c t i v e l y .  In the  p r e s e n t  c o m m u n i c a t i o n  i t  i s  shown 
tha t  wi th  a f u r t h e r  i n c r e a s e  in the  n u m b e r  of  h a l o g e n  

a t o m s  in the  s i d e  c h a i n ,  the  s u l f u r a t i o n  r e a c t i o n  

c h a n g e s  i t s  d i r e c t i o n .  The  ac t ion  of  s u l f u r  on o~,/3 , fi ,  
f i ' - t e t r a c h l o r o e u m e n e  at  230 ~ C led  to  the  f o r m a t i o n  

of  f o u r  m o l e c u l e s  of h y d r o g e n  c h l o r i d e  ( t h r e e  f r o m  

the  h y d r o g e n  a t o m s  of  the  s i d e  c h a i n  and one f r o m  

the  h y d r o g e n  a t o m  in t he  o r t h o  p o s i t i o n  wi th  r e s p e c t  

to i t  in the  a r o m a t i e  r i n g ) .  T h e  r e a c t i o n  p r o d u c t  p r o v e d  to 
be  the  p r e v i o u s l y  unknown t h i a n a p h t h e n o [ 2 , 3 - d ] -  1 , 2 -  

d i t h i o l e - 3 - t h i o n e  (I),  f o r m e d  wi th  a y i e l d  of  48% by 
the  f o l l o w i n g  r e a c t i o n .  
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T h e  s u l f u r a t i o n  r e a c t i o n  of oL,fl ,fl , f l '  , f i ' - p e n t a e h l o -  
r o c u m e n e  led  to the f o r m a t i o n  of t h i o n a p h t h e n o - [ 2 ,  3 - d ] -  

* F o r  p a r t  XVI,  s e e  [1]. 

3 - e h l o r o - l , 2 - d i t h i o l i u m  c h l o r i d e  (II), a l s o  p r e v i -  
ous ly  unknown.  
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By ana logy  w i t h  t h i s  r e a c t i o n ,  the  a c t i o n  of  s u l f u r  on 
h e x a c h l o r o p r o p e n e  and p e n t a c h l o r o p r o p a n e  g i v e s  3 , 4 ,  

5 - t r i c h l o r o - 1 , 2 - d i t h i o l i u m  c h l o r i d e  [3 ,4 ] .  

On h y d r o l y s i s ,  I1 i s  c o n v e r t e d  in to  t h i a n a p h t h e n o -  
[ 2 , 3 - d ] - l , 2 - d i t h i o l - 3 - o n e  (IN). The  l a t t e r ;  in i t s  

t u r n ,  i s  c o n v e r t e d  by the  a c t i o n  of  p h o s p h o r u s  p e n t a -  

su l f i de  in to  the  a b o v e - d e s c r i b e d  t h i a n a p h t h e n o [ 2 , 3 - d ] -  
1 , 2 - d i t h i o l e - 3 - t h i o n e  (I). 
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E x o - h e x a e h l o r o c u m e n e  [C~%CCI(CHC12)CC13] d o e s  

no t  r e a c t  w i th  s u l f u r  at  200 ~ C,  and at  220 ~ C it  c a r -  

b o n i z e s .  
T h e  s u l f u r a t i o n  of  the  i s o m e r i c  e x o - t e t r a c h l o r o -  

n - p r o p y l b e n z e n e s  g i v e s  r i s e  to  the  p r e v i o u s l y  unknown 

4 - c h l o r o - 5 - p h e n y l - 1 , 2 - d i t h i o l e - 3 - t h i o n e  (IV). 

EHCI--CHCI~ C I - - C - - - ' ~  S 
I + 3 S ~ II I + 3 H C I  

C6H s --  CH El C6H5--C',s/S 
IV 

The  y i e l d  of  IV d e p e n d s  on the  a r r a n g e m e n t  of  the  

c h l o r i n e  a t o m  in the  n - p r o p y l  cha in  (33.7 ,  5 .0 ,  and 

11.5% f r o m  a , f l , T , T - ,  a , f l , f l , T - , a n d B , T , T , T - t e t -  
r a c h l o r o - n - p r o p y l b e n z e n e s ,  r e s p e c t i v e l y ) .  

The  a c t i o n  of  s u l f u r  on ~ , / 3 ,  f l ,  T, T-  o r / / ,  f l ,  T, T, 
T - p e n t a c h l o r o - n - p r o p y l b e n z e n e  g i v e s  a low y i e l d  of 

T a b l e  1 

S u l f u r a t i o n  C o n d i t i o n s  f o r  e x o - P o l y c h l o r o  D e r i v a t i v e s  of I s o -  and 

n - P r o p y l b e n z e n e s  

Molar ratio, Reaction Reaction Reaction prod- 
Initial chloro derivative (V) V:S:C6H4C12 temperature time, hr uct, yield, 

% 

C6HsCC1 (CH2CI) CHCIe 
C6HsCCI (CHC12)2 
C6HsCCI (CHCI2) CCla 

C6HsCHC1CHCICHCI2 
CsH~CHCICCI2CH2CI 
C6HsCH2CHCICCIa 
C6HsCHCICCl2CHCI2 
C6HsCH2CCI2CCIa 
C~HsCCIeCCI2CHClz 

1:4:1 225 235 
1 : 3 : 1 200--205 
1 : 3 : 1 200--202 

210--220 
1 : 3 : 1 210--230 
1:3:1 200 203 
1 : 3 : l 218--225 
1 : 3 : l 215--220 
i : 3 : 1 210--220 
l : 3 : 1 1 9 0 - - 2 0 0  

I (47.5) 
II (64.5) 

5 No reaction 
3 Resin 
5 IV (33.7) 
8 IV (5.0) 
4 IV (11.5) 
4 IV (13.5) 
4 IV (&0) 
8 Re s in 
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T a b l e  2 

I n i t i a l  e x o - C h l o r o  D e r i v a t i v e s  o f  I s o -  a n d  n - P r o p y l b e n z e n e s  

Chloro derivatives Mp, * C Bp, * C (pressure, nD~0 Yield, % 
ram) 

CsHsCCI (CH2CI) CHCI2 
CeHsCCI (CHCI2) 2 s 
CsHsCCI (CHCI2) CC13 s 
C6HsCHCICHCICHCI~* 
CsHsCHCICCI2CH2CI* 
CsHsCH2CHCICCI3~, z 
CsHsCHCICCI~CHCIs* 
CsHsCH2CC12CCls6, 7 
CsHsCCIsCCI2CHCI2* 

7T.5 
91 

75 
88 

154--157 (12) 
138--141 (2) 

158--1~ (12) 
iii--I12 (2) 
157--159 (5) 

1.5740 
1.5845 

1.5677 
1.5534 
1:5772 

39.7 
65.3 
20.0 
79.0 
62.5 
57.0 
76.0 
26.1 
17.5 

*New compound 

IV.  I t  w a s  i m p o s s i b l e  t o  i s o l a t e  o t h e r  s u l f u r a t i o n  p r o d :  

u c t s .  O n  b e i n g  h e a t e d  w i t h  s u l f u r ,  e x o - h e x a c h l o r o -  

n - p r o p y l b e n  z e n e  [ 1 , 1 , 2 , 2 , 3 , 3 - h e x a c h l o r o - n - p r o p y l -  

b e n z e n e ]  f o r m s  o n l y  r e s i n o u s  s u l f u r a t i o n  p r o d u c t s .  

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

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

i n  T a b l e  1. 

EXPERIMENTAL 

STARTING MATERIALS 

a ,  ~, ~, B'-Tetrachloroeumene was obtained by the photochlorina- 
tion of cumene  with sulfu~yl chloride [2]. 

a ,  8,/3, S', ~ ' -Pen taeh l~ocumene .  A quartz flask fitted with a gas- 
inlet tube, a thermometer ,  and a reflux condenser, was charged with 
51.6 g (0.02 mole) of a,/5,/5,/5'-tetrachlorocumene and 0.5 g of PC1 s. 
Dr), chlorine was passed through the mixture with i l lumination by a 
PRK-4 mercury lamp (12 hr at 140" C and 13 hr at 180 ~ C). After the  
el imination of the excess of chlorine with a current of dry air, the  
reaction mixture  was distilled in vacuum. Yield 38.2 g (65.3ok); bp 
138"-141" C (2 ram); n~  1.5845. According to the literature [5], 
bp 173"-176" C (15 ram); mp 45~ * C. Found, %: C 36.57; H 2.42; 
C1 60.33. Calculated for C9H7C1 s, %: C 36.96; H 2.41; C1 60.62. The 
same derivative was obtained by the coudemation of benzene with 
1, 1, 3, 3-terrachloroacetone in the presence of A1C13 [5]. 

a,/3,/5,/3,/P,/Y-Hexachlorocumene was obtained by the dehydro- 
chlorination and subsequent chlorination of pentachlorocumene.  Bp 
71.5--72.5" C [5]). 

a ,  8, 7, 7"Tetraehloro-n-propy lbenzene. Dry chlorine was passed 
0* C into a sointion of 66.0 g (0.5 mole) of cinnamaidehyde in 100 
ml  of chloroform. After the el imination of the excess of chlorine 
with a current of dry air, vacuum distillation yielded 92.0 g (91.0%) 
of 2, 3-dichloro-3-phenylpropanal with bp 144"-148" C (30 mm); 
n~  1.5540. This was dissolved in 100 ml  of dry chloroform, and over 
an hour this solution was added in drops to 95.0 g (0.45 mole) of PCI 5. 
The reaction mixture was heated in the water bath for another haft an 
hour, the POC1 s formed and the solvent were distilled off, and the 
residue was reurystallized from ethanol. Yield 93.0 g (79.0ok), mp 
91 ~ C. Found, ok: C 41.53; H 3.21; C1 54.55. Calculated for C~HsC14, 
ok: C 41.85; H 3.21; C1 54.68. 

a ,  & ~, 7-Tetrachloro-n-propylbeazene.  A solution of 13 g of 
KOH in 100 ml  of ethanol was added to a solution of 50.5 g (0.22 
mole) of a,/5, y-tdchloro-n-propylbenzene in 100 ml  of ethanol. The 
precipitate of KCI that deposited was flkered off and the solntion was 
evaporated. The residue, consisting mainly of dichloropropenylben- 
zene, was dissolved in 100 ml  of chloroform, and dry chlorine was 
passed through the solution at 0 ~ C. After the excess of chlorine had 
been driven off, the reaction mixture was distilled in vacuum. Yield 
35.9 g (62.5ok). Bp 141~ * C, (12 mm); n2~ 1.5677. Found, ok: 
C 42.18; H 3.44; CI 54.18. Calculated for C�HsCI 4, ok: C 41.85; H 
3.21; CI 54.68. 

[~, Y, 9/, ) , -Tetrachloro-n.wovvlbeazeae was obtained by condensin~ 
benzene with 1, 1, 1-trichloropropene in the  presence of sulfuric acid 

with subsequent chlorination of the  1, 1-d ichloro-3-phenyl- l -propene  
formed. Bp 111"-112" C (2 mm); n~  1.5534 (n~ 1.5535 [6 ,7]) .  

B, B, y, ~, 7-Pentachloto-n-propylbeazene was prepared by the de-  
hydrochlorination of 6, y, y, y-teUachloropropylbenzene and the chlo- 
rination of the  resulting 1, 1, 2- t r ichloro-3-phenyl- l -propene.  Mp 
75" c (76" c [6, 7]). 

r ~, 18,7, 7" PentaeMom-n-propylbenzene.  Dry chlorine was passed 
into a boiling solution of 50.0 g (0.2 mole) of a,/5, y, y-tetrachloro- 
n-propylbenzene and 0.5 g of  PC13 in 100 ml  of CC14 with uluaviolet  
irradiation for 12 hr. The excess of chlorine was el iminated with a 
current of dry air, the  solvent was driven off, and the residue was 
distilled in vacuum. Yield 46.1 g (76.0ok). Bp 157"-159" C (5 ram); 
n~  1.5755. Found, ~ C 36.39; H 2.53; C1 60.12. Calculated for 
C9H7C15, ok: C 36.96; H 2.41; C1 60.62. 

a, ~, 8, B, y, y-H~cach10to-n-propylbenzedm was obtained by chlo- 
rinating a boiling solution of 50.0 g (0.17 mole) of a,/5,/5, y, y-penta- 
chlorobenzene and 0.5 g of PCI s in 100 ml of dichlorobenzene with 
ultraviolet irradiation. Yield 12.1 g (26.0ok). After reerystallization 
from methanol,  mp 88* C. Found, ok: C 32.59; H 1.77; C1 65.47. 
Calculated for C~HsC16, ok: C 32.97; H 1.84; C1 65.18%. 

The physical constants and yields of the initial chloro derivatives 
purified by columm distillation or by recrystallization are given in 
Table 2. 

REACTION OF SULFUR WITH EXO-POLYCHLOROPHENYLPRO- 
PANES 

Thtanaphtheno[2, 3-d] -1, 2-di th iole-8- th ione (I). A mixture of 
10.4 g (0.04 mole) of a, /5, /5, /P-tetrachlorocumene, 5.0 g (0.16 g- 
~tom) of sulfitr, and 4 ml  of o-dichlorobenzene was heated at 225"- 
235* C for 5 hr. When the reaction mixture was cooled, it deposited 
crystals of I, which were filtered off with suction, washed with ben- 
zene, and recrystallized from chlorobenzene. Yield 4.4 g (47.5907. 
Mp 211" C. Found, %: C 45.06; H 2.08; S 53.04; tool. wt. 287.7. 
Calculated for C~H484~ %: C 44.96; H 1.68; S 53.35%; tool. wt. 240.4. 

Thianaphtheno[2, 3-d] -3-chloro-1,  2-dirhiolium chloride (II). A 
mixture of 15.0 g (0.05 mole) of ~, /5, /5, /5' , 6 ' -pentachloroeumene,  
5.0 g (0.15 g-atom) of sulfur, and 5 ml  of o-dichlorobenzene was 
heated at 200~ ~ C for 10 hr. The precipitate of II that  deposited 
on cooling was filtered off with suction and washed with hot benzene. 
Yield 9.2 g (64.5%). Mp 272.5* C (from o-dichlorobenzene). Found, 
ok: C 38.88; H 1.48; S 34.65. Calculated for C�H4SsClz, ok: C 38.90; 
H 1.44; S 84.51. 

Hydrolysis of 3-chlorothianaphthen~2,  3-d] -1, 2-di thiol ium chlo-  
ride. 3.0 g (0.01 mole) of II was heated in 50 ml  of boiling 70% 
acetic acid for 4 hr, by which t ime  the II had dissolved almost com-  
pletely. The hot solution was filtered. On cooling, it deposited bright 
yellow needle- l ike  crystals of thianaphtheno[2, 3-d] -1, 2-di thiol -8-  
one (III). Yield 1.5 g (62.5%). Mp 128"-128.5" C (from ethanol). 
Found, ok: C 47.46; H 1.68; S 42.66. Calculated for C9H48~O, ok: 
C 4/5.19; H 1.79; S 42.88. 

8ulfuratton of thianaphthealr 3-d] -1, 2-di th iol -3-one.  A mixture 
of 1.0 g of III and 4.0 g of PzSs was heated in boiling xylene for 1 hr. 
The hot solution was filtered. On cooling, it deposited orange needle-  
like crystals of thianaphrheno[2, 8 -d ] - l ,  2-di thiole-2- thione (I) with 
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mp 2070-208 * C. A mixture with the I obtained previously gave no 
depression of the melting point. 

4-Chloro-5-phenyl-1, 2-dithiole-3-thicme (IV). A mixture of 
10.0 g (0.04 mole) of a, B, y, y-ter.rachloro-n-propylbenzene, 4.0 g 
(0.12 g-atom) of sulfur, and 4 ml of o-dichlorobenzene was heated 
at 210 ~ ~ C for 5 b.r. The crystals of IV that deposited on cooling 
were filtered off with suction, washed with a mixture of hexane and 
benzene (2:1), and recrystaLlized from 80~ ethanol. Yield 3.2 g 
(33.7%); nap 115" C. Found, %: C 44.08; H 2.26; S 39.98; CI 14.37. 
Calculated for CgHsS3C1, %: C 44.16; H 2.06; S 39.29; C1 14.48. 

R E F E R E N C E S  

1. M. G. V o r o n k o v  and V. E. U d r e ,  KhGS [ C h e m -  
i s t r y  of  H e t e r o c y c l i c  C o m p o u n d s ] ,  43 ,  1968. 

2. M. G. V o r o n k o v ,  T.  V. Lap ina ,  and E.  P .  

P o p o v a ,  KhGS [ C h e m i s t r y  of  H e t e r o c y c l i c  C o m p o u n d s ] ,  

633,  1967. 

3. F .  B o b e r g ,  Angew.  C h e m . ,  72 ,  629,  1960. 
4. F .  B o b e r g ,  A n n . ,  679,  109, 1964. 
5. C. G r i i n a c h e r ,  E.  U s t e r i ,  and M. G e i g e r ,  H e l v .  

C h i m .  A c t a ,  32 ,  703,  1949. 
6. A.  N. N e s m e y a n o v ,  R.  Kh. F r e i d i i n a ,  and V. 

I. F i r s t o v ,  I zv .  AN SSSR,  OKhN,  505,  1951. 

7. R.  Kh. F r e i d l i n a ,  V. N. K o s t ,  and A. N. N e s -  
m e y a n o v ,  Izv .  AN SSSR, OKhN,  233,  1955. 

1 5 M a r c h  1966 I n s t i t u t e  of  O r g a n i c  S y n t h e s i s ,  
AS L a t v S S R ,  R i g a  


