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A study is made of the action of sulfur on halogen derivatives 

of iso- and n-propylbenzene, with 1-3 chlorine or bromine 
atoms at various places in the side chain. Reaction of sulfur with c~- 
chlorocumene, a, B-dichlorocumene, and a, B, 8-triehlorocumene 
and mixtures of these, proves to be a new convenient method of 
preparing 4-phenyl-1, 2-dithio-O-thione (40% yield). Sulfuration of 
mono-, di- and tri-exo-halogen derivatives of n-propylbenzene gives 
5-phenyl-1, 2-dithiol-a-thione in 11-18% yield. 

Hitherto 4-phenyl- and 5-phenyl-l, 2-dithiol-3- 
thione, recently used as starting materials for syn- 
thesizing compounds with fungicidal activity [2-4], 
have been obtained by the action of sulfur and phos- 
phorus pen tasu l f ide  on e s t e r s  of c innamic  or  f l - k e t o -  
c a r b o x y l i c  a c i d s  [5-7] ,  and by su l fu r a t i ng  1-  and 2 -  
p h e n y l p r o p e n e s ,  c innamyl  a lcohol ,  or  c i n n a m a l d e h y d e  
[8, 9]. However  the p r a c t i c a l  p o s s i b i l i t i e s  o f fe red  by 
t h e s e  methods  a r e  l i m i t e d ,  as  they n e c e s s i t a t e  use  of 
not e a s i l y  a c c e s s i b l e  and expens ive  s t a r t i n g  compounds ,  
and the y i e ld s  of the  r e s u l t a n t  d i th io th iones  we re  not 
ove r  40%. In 1955 it was found tha t  4 - p h e n y l - 1 ,  2-  
d i t h i o l - 3 - t h i o n e  (I) is  f o r m e d  by the ac t ion  of su l fur  
on cumene  in the  p r e s e n c e  of b a s i c  c a t a l y s t s  [10]. 
However ,  unl ike  cumene  d e r i v a t i v e s  with a s u b s t i t u e n t  
in the a r o m a t i c  r i ng  [10, 11], cumene  i t s e l f  r e a c t s  with 
su l fur  v e r y  s lowly  (to ob ta in  a 60% y ie ld  of c r u d e  I the 

r e a c t a n t s  mus t  be hea ted  t oge the r  for  ove r  170 hr) .  An 
a t t e m p t  to p r e p a r e  5 -pheny l -1 ,  2 - d i t h i o - 3 - t h i o n e  (II) 
s i m i l a r l y ,  by the  ac t ion  of su l fur  on n - p r o p y l b e n z e n e ,  
was unsuc c e s s fu l  [10]. Obvious ly  in both c a s e s  the  
very low rate of the sulfuration reaction, or its virtual 
absence, is due to the reaction temperature being too 
low. 

It was previously shown [i, 12-14], that introduc- 
tion of a halogen into the side chain of alkylbenzenes 
increases their reaetivities towards sulfur sharply. 
Thus it was found that the action of sulfur and phosph- 
orus pentasulfide on halogenated ketones gave yields 
of 1, 2-dithiol-3-thiones almost i0 times those obtain- 
ed using the actual ketone (40% and 4% respectively) 
[151. 

It was p o s s i b l e  to obta in  compounds  con ta in ing  a 
1, 2 -d i th io l  h e t e r o c y c l i c  r i n g  by r e a c t i n g  su l fu r  with 
ha logena t ed  p r o p e n e s  and p r o p a n e s  [16, 17]. 

Al l  th is  gave r e a s o n  to a s s u m e  tha t  r e a c t i o n  of 
su l fu r  with e x o - h a l o g e n - s u b s t i t u t e d  i s o -  and n - p r o p y l -  
b e n z e n e s  m u s t  g ive  the  c o r r e s p o n d i n g  pheny l -1 ,  2-  
d i t h i o l - 3 - t h i o n e s  I , I I ) .  Wi th  th i s  in mind,  we made  a 
s tudy of the  r e a c t i o n  of su l fu r  with cumene  and n -  
p r o p y l - b e n z e n e ,  having 1 - 3  a t o m s  of c h l o r i n e  or  
b r o m i n e  at  v a r i o u s  p o s i t i o n s  in the  s ide  cha ins .  Th i s  

* F o r  P a r t  XII s ee  [11. 

Tab le  1 

Condi t ions  for  the Reac t ion  be tween  e x o - H a l o g e n - S u b s t i t u t e d  i s o -  
and n - P r o p y l b e n z e n e s .  

Starting halogen derivative 

C6ltsCCI(CHa) 2 

CsHsC H (C'~ta) CH2CI 

C6HsCCI (CHa)CH2CI 
C6HsCCI (CH3) CHCI= 
C6HsCBr (CHa)2 
C6HsCH (CHa}CH2Br 
C6HsCHCICH2CH3 
C6HsCH2CHCICHa 
C~HsCH~CH2CH.~CI 
C~HsCH~,CHCICH2CI 

CsHsCHCICHCICH2CI 
CsHsCH2CIt BrCH2Br 

Mole ratio halogen: 
:S :solvent 

: 5 : 0  
:5 :2* 
: 5 : 0  
:5:2* 
: 4 : 0  
:3:0.5** 
:5:2* 
:5:2* 
: 5 : 0  
: 5 : 0  
:5:2* 
: 4 : 0  
: 4 : 0,5** 
: 3 : 0,7"* 
:4:1"* 

Reaction 
temperature, 

"C 

200--220 
214--216 
210--220 
205---207 
200--220 
204--206 
214--216 
214--216 
200--220 
200--215 
213--216 
215--220 
217--219 
222--224 
190--195 

Reaction 
time, hr 

4 
8 
6 

10 
3 
6 
6 
8 
2 
6 
8 
4.5 

10 
8 
8 

Yield of 1,2- 
dit hiol-3-thione 
(on the starting 
halogen deriva- 

tive), % 

39.0 (I) 
36,3 (I) 
165 (1) 
20,0 ([) 
39,5 (I) 
39.9 (I) 
15.3 (I) 
30,8 (1) 
ll.6 (ll) 
12,3 (ll) 
17,7 ([I) 
13,5 (II) 
12,7 {If) 
I0,9 (I[) 
ll ,l  Ill) 

* 1 , 2 , 4 - t r i c h l o r o b e n z e n e  
* * 1 , 2 - d i c h l o r o b e n z e n e  
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T a b l e  2 

S t a r t i n g  e x o - H a l o g e n - S u b s t i t u t e d  i s o -  and  n - p r o p y l b e n z e n e s  

Halogen derivative 

CsHsCCI {CHa)a 
C6HsCH (CHe) CH~CI 
C~H6CHCI (CHa) CH2CI 
C~HsCHCI (CHa) CHCI= 
C6HsCBr (CHa)2 
C~HsCH (CHB}CHeBr 
C6HsCHCIC H,,CHa 
C~HsCHeCHCICHa 
C~HsC H,.C H._,CHaCt 
C~H~CH=CHCICH=CI 
C~H~CHCICHCICH~Ct 
C~HsCH=CHBrCH.,Br 

Bp ~ (pressure, mm) 

81.5--88,5 (to) 
86--88 (15) 
98--100(3) 

137--141 (13) 
102--104(10) 
109--111 {18) 
75--77 {10) 
81--83 (10) 

153--155 (30} 
118--120 (15) 
140--142 (12) 
139--141 (12) 

4 0 

1.5398 
1,5232 
1,5570 
1.5640 
1.5873 
L548I 
1.5241 
1,5185 
1.5220 
1.3430 
1.5590 
1 5856 

Yield, % 

59.0 
10.5 
10.0 
34.0 
55.0 

85,0 
22,0 
85.0 
8O.O 
68.0 
76.0 

w o r k  s h o w e d  t h a t  on  r e a c t i o n  w i t h  s u l f u r ,  a l l  t h e  h a l o -  

gen  d e r i v a t i v e s  i n v e s t i g a t e d  g i v e  I o r  II in  up to  40% 
y i e l d  a f t e r  2 - 1 0  h r .  In t he  a b s e n c e  of c a t a l y s t s  t he  e q u a -  

t i o n s  f o r  t h e  r e a c t i o n s  i n v e s t i g a t e d  a r e :  

C6tl~CX ( C I I Q e  + 5S ] Cr s - ~ C = ( j m  + 1t x * .q l~S 

I 
= 

C ~H.C i l  { C H I ) C H  , X + $ S  S =C~SS 

{.,?~sc, xc%c,a + as ] csus-~=~u+~x r 
C6HbCH.! CH XCH3 * 5S - ~ C~S 

C"H~ CH2C H'~C H2X + 3S \~ /  l[ 

( 6 H s C X ( C H ; ) C H ~ X + 4 5  ~ I ~ 2HK ~ H2S 

C 6 t l s ( I I 2 C / I X C H T K  ~ I S  ~ II + 211~ ' | t2S 

C S I t S C X ( C I ' I a I C H K . ~ + 3 S  ~ t + 3H,'r 

C6IIsCHXCHXCII2X~-3S ~ [I ~ 3HX 

X = { . I  Br 

T h e  n a t u r e  a n d  p o s i t i o n  of t h e  h a l o g e n  a t o m  g r e a t l y  

a f f e c t s  t h e  r a t e  of t he  p r o c e s s  a n d  t h e  y i e l d s  ( T a b l e  1). 
T h e  m a x i m u m  y i e l d  of I i s  o b t a i n e d  f r o m  c e - c h l o r o -  

c u m e n e ,  ~ ,  f l - d i c h l o r o c u m e n e ,  c ~ , / 3 , / 3 - t r i c h l o r o c u m e n e ,  
a n d  m i x t u r e s  of t h e s e .  W h e n  t h e s e  c h l o r i n e  d e r i v a t i v e s  

a r e  h e a t e d  a t  190 ~ w i t h  s u l f u r ,  h y d r o g e n  c h l o r i d e  b e -  

g i n s  to  e v o l v e .  T h e n  w h e n  t h e  t e m p e r a t u r e  r e a c h e s  

210 ~ , h y d r o g e n  s u l f i d e  s t a r t s  to  c o m e  off  a l o n g  w i t h  

t h e  h y d r o g e n  c h l o r i d e  (no h y d r o g e n  s u l f i d e  w a s  o b s e r v -  
ed  w i t h  t h e  t r i h a l o g e n  d e r i v a t i v e s ) .  T h e  r e a c t i o n  s t o p s  

a f t e r  2 - 4  h r .  U s e  of s o l v e n t s  (1, 2, 4 - t r t c h l o r o b e n z e n e ,  

1, 2 - d i c h l o r b e n z e n e )  f a c i l i t a t e s  i s o l a t i o n  a n d  p u r i f i c a -  

t i o n  of  I, and  s o m e w h a t  h i n d e r s  t h e  f o r m a t i o n  of a 

r e s i n ,  b u t  i n c r e a s e s  t h e  t i m e  of t h e  p r o c e s s  to  8 - 1 0  

h o u r s .  
On  t h e  o t h e r  h a n d  / 3 - c h l o r o c u m e n e  s p l i t s  off  h y d r o -  

g e n  c h l o r i d e  w i t h  d i f f i c u l t y  w h e n  b o i l e d  w i t h  s u l f u r ,  
t h u s  l e n g t h e n i n g  t h e  p r o c e s s  and  c u t t i n g  t h e  y i e l d  of  

I b e c a u s e  of  r e s i n  f o r m a t i o n .  
~ - B r o m o c u m e n e  s t a r t s  d e c o m p o s i n g  v i g o r o u s l y  

e v e n  a t  160" w h e n  h e a t e d  w i t h  s u l f u r ,  g i v i n g  m a i n l y  

r e s i n i f i e a t i o n  p r o d u c t s ,  t h e  y i e l d  of  I no t  e x c e e d i n g  15%. 

- B r o m o c u m e n e  r e a c t s  m o r e  s m o o t h l y  w i t h  s u l f u r  

a n d  t h e  y i e l d  of  I i s  o n l y  s l i g h t l y  s l o w e r  t h a n  f o r  ~ -  

c h l o r o c u m e n e .  
a - C h l o r o - n - p r o p y l b e n z e n e ,  l i k e  ~ - b r o m o c u m e n e  

i s  q u i t e  s t a b l e  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s ,  l e a d i n g  

to  c o n s i d e r a b l e  r e s i n  f o r m a t i o n  a n d  a l ow  y i e l d  of  II  

(11%). 

T h e  h i g h e s t  y i e l d  of II  (up t o  17%) is  o b t a i n e d  f r o m  

T - c h l o r o - n - p r o p y l b e n z e n e .  A s o m e w h a t  l o w e r  y i e l d  

of II ( 1 3 - 1 4 % )  i s  o b t a i n e d  f r o m  f l - c h l o r o - n - p r o p y l -  
benzer~e  o r  / 3 , T - d i c h l o r o - n - p r o p y l b e n z e n e .  L o w  y i e l d s  

of II (11%) r e s u l t  f r o m  r e a c t i o n  of s u l f u r  w i t h  f l , T -  
d i b r o m o - n - p r o p y l b e n z e n e  a n d  ~ , / 3 , T - t r i c h l o r o - n - p r o -  

p y l b e n z e n e .  
T h u s  t h e  a c t i o n  of  s u l f u r  on  e x o - h a l o g e n  d e r i v a t i v e s  

of n - p r o p y l - b e n z e n e  g i v e s  II  w i t h  a y i e l d  no t  o v e r  17%. 
So t h e  p r e v i o u s l y  s u g g e s t e d  way  of p r e p a r i n g  t h i s  c o m -  

p o u n d  by  t h e  a c t i o n  of s u l f u r  on  1 - p h e n y l - p r o p - l - e n e  

[8, 9] is  s t i l l  t h e  m o s t  e c o n o m i c .  

EXPt~IMENTAL 

Starting materials, a-Chlorocumene was prepared in 59% yield by 
chlorinating cumene with 802C12 in the presence of azoisobutyronitrile 
[8]. A 10% yield of a, B-dichlorocumene is obtained from the reaction. 

B-Chlorocumene is prepared by chloroalkylating benzene with 
allyl chloride in the presence of sulfuric acid [19, 20]. 

a, ~, ~-Trichloroeumene and a, 8, 8-tetrachloroeumene. 72.0 g 
(0.6 mole) Cumene, 337.5 g (2.5 mole) 8OzC1 z and 5.0 g PC13 were 
placed in a quartz flask fitted with a reflux condenser and thermom- 
eter. The reaction mixture was held at 80-90 ~ (towards the end of 
the chlorination the temperature was raised to 115 ~ and illuminated 
with UV light from a PRK-4 lamp 20 cm from the flask, for 25 hr. 
After blowing dry air through the reaction products to remove a slight 
exceSs of SOz Clz, they were distilled twice through a column. Yield 
of a, B, B-trichtotocumene by 137-141 ~ (13 ram), d 20 1.3288, 45.5 g 
(33.9~ Found: C 48.86; H 4.06; C1 47.58%; MR D 54.72, calculated 
for CgHoCIs: C 48.56; H 3.85; C1 47.69%; MR D 54.93. 

Also obtained was 61.5 g (39.7%) a, B, B, B'-tetrachlorocumene, bp 
154-157 ~ (12 mm); d~ ~ 1.4342. Found: C 41.90; H 3.12; C1 54.97%; 
MR D 59.35. calculated for CgHsC14: C 41.85; H 3.21; C1 54.68%; 
MR D 59.77. 

a-Bromoeumene. 180.0 g (1.5 mole) Cumene was placed in a 
quartz flask fitted with reflux condenser, boiled gently, irradiated 
with UV light, and 80.0 g (0.5 mole) bromine added. When ali the 
bromine had been added, and the mixture decolorized, the products 
were vacuum fractionated, yield of a-biomocumene by 102-104 ~ 
(10 ram), 54.7 g (55.0%). 

B-Sromoeumeae. The commercially available product was puri- 
fied by distilling through a column. 

a-Chloro-n-~opylbenzene was obtained in 85% yield by chlorina- 
ting n-propylbenzene with SOz Clz in the presence of azoisobutyroni- 
trile [18]. 

B-Chloro-n-propylber~ene was synthesized by conden~ng benzene 
with allyl chloride in the presence of ferric chloride [21]. 

7.Chloro.n.propylbenzene was prepared by treating phenylpropyl 
alcohol with PCls [22]. 

fl. 7.dtehloro.n.ptopylbenzene and B, y.dibromo-n*propylbenzene 
were prepared from halogenated allylbenzene [23,24], 
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r ~, },-Trlehloro-n-ptopylbenzene was synthesized by chlorinating 
cinnamyl chloride in CHC13 at 0 ~ Cinnamyl chloride was, in turn, 
obtained by the action of thionyl chloride on cinnamyl alcohol in Ehe 
presence of pyridine [25]. 

Physical constants and yield of the starting halogen compounds 
after p~ification by column distillation are given in Table 2. 

4-gaeayl-1, ~-dtthto-~-thlone (I). 10.0 g (0.06 mole) a-Chloro- 
cttmene, 10.0 g (0.31 g-at) S, and 20 ml 1, 2,4-trichlorobermene 
were heated together for 8 hr at 214-216 ~ On cooling crystals of I 
came down and these were filtered off, washed with hexane-benzene 
(2:1), and recrystalli~ed from AcOH. Yield 5.3 g, or 39.0a]o, c~lculated 
on the starting cr Mp 120.3". Found: C 50.92; H 2.80; 
S 45.86%, calculated for C9H6S~: C 51.39; H 2.87; S 45.73%o, With 
Mr it forms yellow needles of methiodide, mp 193 ~ Found: 136.16%, 
calculated for C~HgS~I: 1 86.10%. The literature gives [10] mp 122.0 ~ 
methiodide mp 194 ~ 

5-Phellyl-10 $-dithlol-3-thlone (II). 10.0 g (0.06 mole) a-Chloro- 
n-ptopylbenzene and I0.0 g (0.31 g-at) S were heated together for 2 b~ 
at 200-220% II was extracted from the reaction products with isopro- 
panol. Yield 1.6 g or 11.6%o, calculated on the starting a-chloro-n- 
propylbenzene, mp 122.5 ~ Found: C 51.49; H 3.07; S 45.50~ calcu- 
lated for C9H583: C 51.39; H 2.8'/; S 45.73%. With Me[ forms red 
glistening plates of methiodide, mp 156 ~ Found: I 36.28%, calculated 
for CtddgSsl: 1 36.1%. The literature gives [9] mp 126.6 ~ methiodide 
mp 154-155 ~ . 
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