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The most effect ive cata lys t  for thionation of cumenes to 4 -a ry l -1 ,  2-d i th io l -S- th iones ,  have been 

proven to be sym-diphenylguanidine,  mercury ace tamide ,  mercaptobenzth iazole  + ZnO. The way in 
which thionation of oumeme derivatives depends on the nature of the snbstituent in the a romat ic  ring is 
investigated.  Eight derivatives (4 previously unknown) of 4-phenyl -1 ,  2 -d i th io l -8 - th ione ,  with a chlor-  
ine a tom and an a lkyl  or a lkoxy group in the benzene ring are synthesized and described.  

The present paper continues a series, interrupted 15 years ago, deal ing with the react ion of sulfur with organic 

compounds [ 1 - i l l  It  is concerned with studying the ca ta ly t i c  react ion of e l emen ta l  sulfur with nuclear-substi tuted 
isopropylbenzenes (cumenes) I, to give the corresponding 4 - a r y l - 1 ,  2 -d i th io l -3 - th iones  (II); 

R 3 R2 R3 R2 

HC S 
fi~ Ell3 R 5 k S /  

I 1I 

+ 3tt~S 

P~, ~ ,  R4, P~ = H, C1, alkyl ,  alkoxy 

1, 2 -d i th io l -3 - th ione  derivatives have been known for a long t ime  [12-171 but the chemistry of these h e t e m -  
cyc l ic  compounds was born in the 1940's, and systematic  researches on 1, 2 -d i th io l -3 - th iones  were begun prac t ica l ly  
simultaneously and independently in the USSR [4, 5, 7, 9, 10], Germany [18, 19], France [20-221 and Great Britain 

[23]. Later such compounds were also found to occur natural ly (in plants [24]). 

The present growing interest in 1, 2 - th io l -3 - th iones  is not surprising, since they find prac t ica l  appl ica t ion  in a 
number of spheres [25-34], part icular ly in med ic ine  (agents for s t imulat ing working of the l iver  and gal l  bladder) 
[25-29]. 4 -Aryl  1,2 -d i th io l -3- th ione  chlorinat ion products possess fungic idal  ac t iv i ty  [30-33]. The 1, 2 -d i th io l  he te r -  

ocyc l ic  ring is part of the structure of some antibiotics ( thiolut in,  galomycin) ,  for the synthesis of which, use is made  

of the corresponding derivatives of 1, 2 -d i th io l -3 - th ione  [34]. 

Table  1 
Effect of catalyst  (0.2 mole  %) on yie ld  of 4 - ( p - t o l y l ) - l ,  2 -d i t h io l -3 - th ione  (IV) in the 

Reaction of Sulfur with p-Cyrnene 

Catalyst  
Reaction 

a]0 Yield IV 

Based on 
Sulfur 
t a k e n  

Sym.-diphenylguanidine~.. �9 . . . . . . . . . .  
Mercury ace t amide  �9 . . . . . . . . .  . . . . . . .  
Sodium salt of 8 - m e r c a p t o q u i n o l i n e . .  . . . . . .  
Quinoline . . . . . . . . . . .  . . . . . .  . . . .  
Mercaptobenzothiazole  + ZnO* . . . . . . . . . . .  
8 -mercaptoquinol ine  ( thiooxine) ' , . - . '  �9 . . . . . . .  
D i m e t h y l a n i l i n e . .  ~ . . . . . . . . . . . . . .  
Thiourea . . . . . . . . .  . . . . . . . . . . .  
Molybdenum sulfide . . . . . . . . . . .  ' �9 �9 . 
N-morpho l inobenzo th iazo le -2 - su l fenamide  

(Sul fenamideM) . . . . . . . .  : " . .  . . . 
Benzothiazole disulfide~ : . . . . . . . . . . .  
Mercaptobenzothiazole  . . . . . . . .  ' �9 �9 . . . . .  
Die thanolamine  . . . . . . . . . . . . . . .  
N- d ie thy laminomethy lenebenzoth iazo le th ione-  2 (BTMA' 
N-cyclo 'hexylbenzot t f iazole-  2- sulfenamide (Sulfena .mid4 

Ts) . . . . . . . . . . . . . .  

20 
20 
20 
20 
18 
12 
12 
20 
20 

9 
20 
20 
20 
20 

20 

72.1 
69.5 
64.4 
62.7 
60.9 
60.1 
58.4 
56.8 
56.7 

54.9 
54.9 
52.7 
43.8 
42.9 

41.2 

Based on 
reacted 

p - c y m e n e  

40.7 
40.5 
37.5 
33,6 
36.5 
32.3 
27.2 
29.9 
26.4 

29.5 
27.8 
36.7 
23.5 
21.4 

22.1 

* For previous papers see [1-6]. 
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All this makes it necessary to seek the simplest and cheapest synthetic route to 1, 2 -dithiol-8-thiones. Hither- 
to they have mainly been made by the action of sulfur on olefins [4, 5, 7,9, 22, g5-37], or of phosphorus pentasulfide on 
B-ketocarboxylic acid esters [38, 89]. 

In 1955 it was shown that it was possible to prepare 4-p-alkyl-phenyl-1, 2-dithiol-g-thiones by the method given 
above, (R2, ~ ,  R 5 = H, R 4 = alkyD, the action of elemental sulfur on p-alkyleumenes in the presence of basic cata- 
lysts (NazCO3, NaOH, amines, and particularly di-o-tolylguanidine) [40-42]. 

It was of interest to work out a simple method of synthesizing 4-aryl-1, 2-dithiol-3-thiones of type II, with the 
aromatic ring containing not only p-alkyl groups, but also other substituents with various orientations with respect to 
the heterocyclic radical. At the same time it was desirable to study the effect of different catalysts on the course of 
the reaction of elemental sulfur with nuclear-substituted cumenes, and its relationship to the nature and positions of 

the substituents. 

A large number of various classes of organic and inorganic compounds (diphenylguanidine, quinoline, diethano- 
lamine, dimethylaniline, N-diethylaniinomethylenebenzothiazolthione-2, thiourea, mercaptobenothiazole, benzo- 
thiazole disulfide, 8-mercaptoquinoline, and its sodium salt, N-cyelohexylbenzothiazole-2-sulfenamide, N-morpho- 
linobenzothiazole-2-sulfenamide, mercury acetamide, many metal sulfides, aluminum chloride, boron trifluoride, 
ethyleneimine, iodine, etc.) have been investigated for catalytic action in the reaction of sulfur with cymene. The 

most effective of them are listed in Table 1. 

The results obtained make it possible to recommend the following thionation catalysts for cumene derivatives 
(in order of decreasing activity): sym-diphenylguanidine, mercury acetamide, sodium salt of 8-mercaptoquinoline, 
and mercaptobenzothiazole. A number of catalysts cutting the sulfur-cymene reaction time (N-dimethylaniline, 8- 
mercaptoquinoline, and N-morpholinobenzothiazole-2sulfenamide) also cut the yield of 8-p-tolyl-1, 2-dithiol-8-thione 

(IV), as they promote side reactions. 

It was further found that thionation of organic compounds, including substituted cumenes, proceeds most smoothly 
in a solvent not reacting with the sulfur under the reaction conditions, viz. ,  temperatures up to 280 ~ and in the presence 
of a catalyst. Mesitylene can also be used as solvent in the case of high boiling starting compounds, making it possible 

to cut the refluxing temperature of the reaction mixture to that required. 

Carrying out thionation of type I nuclear-substituted cumenes under optimum conditions (catalyst 0,2 mole % 
mercury acetamide), it proved possible to prepare a series of 4-aryl-1, 2-dithiol-g-thiones (II), which are given in 
Table 2 (4 previously unknown). When I had two substituents in the benzene ring, yields of II are generally lower. 

Starting substituted cumenes I with a substituent ortho to the isopropyl group, do not react with sulfur under the condi- 
tions used. Consequently it is not possible to prepare 4-aryl-1, 2-dithio-3-thiones from o-cymene, or from 2, 5-di- 
chloro-2, 5-dimethyl- and 2, 5-dimethoxycumene. This limitationof the synthetic possibilities of the thionation reaction 

with nuclear-substituted cumenes is of definite practical interest, since it makes it possible to use mixtures of o- and p- 
isomers which are alkylates obtained from the appropriate aromatics for preparing the individual II compounds.- For 
example, when cymene, chlorocumene, and methoxycumene, made by alkylating toluene, chlorobenzene, and 
anisole with isopropanol are thionated, they give the same II compounds as the products of alkylating the corresponding 

individual p-substituted cumenes. 

Still, thymol methyl ether, with a methoxy group ortho to the CH(CH3) z group, gives the corresponding 1, 2- 
dithiol-3-thione (VIII) with sulfur. It was not possible to prepare the II compounds using, under the stated conditions, 
3,4-dimethyl-,  g, 4-dimethoxy- and p-ethylcumene. Cumene itself reacts very slowly with sulfur: a 50 hr reaction in 
the presence of 0.2 mole % mercury acetamide giving only 15@o 4-phenyl-1, 2-dithiol-3-thione (III). 

Experimental 

Starting materials 

p-Cymene and cumene. C.p. materials are on sale. After distilling through a column, over sodium, they had the 
physical properties given in Table a. 

o-Cymene. A mixture of 100 g (0.6 mole) o-bromotoluene and 92 g (0,7 mole) isopropyl bromide was added drop- 
wise to 30 g (1.3 g-at) thinly cut sodium metal covered with 150 ml dry ether. As the reaction was violent, cooling was 
used at first. The next day the precipitate of sodium bromide was filtered off, along with unreacted sodium, the ether 
distilled off from the filtrate, and the residue distilled through a column. The yield of o-cymene, bp 79-81 ~ (15 mm), 
n~ 1.5003, was 32 g, or 41% on the starting o-bromotoluene. 

p-Chlorocumene was prepared via the diazo-compound from p-cumidine [43]. 
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Thymol methyl ether. This was made by etheri- 
f!cation of thymol with methyl iodide [44]. 

The basic method for preparing nuclear-substi- 
tuted cumenes was alkylation of the appropriate ben- 
zene derivative, using the alcohols plus sulfuric or 
phosphoric acid. Two typical examples of alkylation 
are given below. 

Alkylating chlorobenzene with isopropanol and 
sulfuric acid. 400 g (3.5 mole) chlorobenzene, 108 g 
(1.8 mole) isopropanol, and 900 ml 80% sulfuric acid 
were placed in a flask fitted with stirrer, reflux con-  
denser, and thermometer,  The mixture was intensive- 
ly stirred, and heated for 6 hr at 70-80% The upper 
Iayer was separated off, washed with sodium carbona te  
solution and then with water, dried over calcium 
chloride, and distilled through a column. The yield of 
chloroeumene bp 71-7a* (10 ram), n}) ~ 1. 5140 was 198 
g, or 68%, calculated on the reacted chlorobenzene. 
The p-chlorocumene made in this way contained a 
small amount of o-isomer. 

p-Tertbutyl-, p-ethyl-, 3, 3-dimethyl-, 2, 5- 
dimethyl-, and 2, 5-dichlorocumene are prepared si- 
milarly (Table 3). 

Isoixopanol-phosphoric acid alkylation of anisole, 
260 g (2.4 mole) anisole, 90 g (1.5 mole) isopropanol, 
and 330 ml phosphoric acid (d i. 8) were placed in a 
flask fitted �9 stirrer and reflux condenser, The mix- 
ture was vigorously stirred and heated on a steam bath 
for9 hr. The upper layer was then separated off, 
washed with water, dried over calcium chloride, and 
�9 distilled through a column, to give 173 g, or a 70% 
yield calculated on the reacted anisole of p -methoxy-  
eumene (Containing a small amount of the o-isomer), 
bp 78-80* (7 ram), n~) ~ 1. 5048.  

This method was used to prepare p-ethoxy- ,  3, 4 -  
dimethoxy-,  and 2, 5-dimethoxycumene (Table 3). 

Method of synthesizing 4-aryl -1 ,  2 -d i th io l -a -  
thiones (II). A mixture of i mole of substituted cumene,  
1.5 g-at sulfur, and 0.002 mole mercury acetamide 
was refluxed until all the sulfur had reacted, then 
cooled to 0% and kept there for a few hours. The crystals 
which separated were filtered off, washed, and re- 
crystallized from 75% acetic acid.  Two typical  exam-  
pies of the synthesis of compounds I I  are given below. 

4 - (p -Toly l ) - l ,  2-di thiol-3-thione (IV). 28 g (0.21 
mole) p-cymene,  10 g(0.31 g-at)  sulfur, and 0. 1 g 
(0.0003 mole) mercury acetamide were refluxed to-  
gether for 20 hr at 180-187". Then the reactions prod- 
ucts were cooled, and held at 0-5" for 2 hr, after 
which the crystals of IV which separated were filtered 
off, and washed with hexane-benzene (2:1). Yield of 
unpurified IV was 8 .2  g(69.5% theoretical  on the initial 
sulfur, or 40,5% on the cymene reacted). Recrystalltzed 
from 75% acetic acid, IV forms orange needle-shaped 
crystals, mp 119.5". 
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4-(p-Tert-butylphenyl) , 4-(p-chlorophenyl)- ,  and 4-(p-methoxyphenyl) - l ,  2-di thiol-3-thione (Table 2) were 
prepared similarly. 

4-(3 ' ,  4 ' -DichtoroPhenyl ) -1 ,2-di th[ol-3- thione (X). 10 g (0.053 mote)3,  4-dichloroeumene, 29 g (0.064 mole)  
1, 2, 4-trichlorobenzene, 10 g (0.31 g atom) sulfur, and 0.1 g (0. 0003 mole) mercury acetamide were heated together 
at 217-220 ~ for 7 hr. Crystals of X separated when the reaction product was cooled, they were filtered off and washed 
with hexane-benzene (2.1). Yield of impure X 4.6 g (30%, calculated on the starting sulfur). After recrystallizing 
from 75~ acetic acid, X formed yellow plate-shaped crystals mp 187.5 ~ 

4- (4'-Methyl-2'-methoxyphenyl)-and 4- (p-ethoxyphenyl)- 1, 2-dithiol-  3-thione (Table 1) were prepared similarly. 

Action of sulfur on 2, 5-diehlorocumene. A mixture of 20 g (0.11 mole) 2, 5-dichlorocumene, 6.5 g (0.2 g-at)  
sulfur, 0.1 g (0.0003 mole) mercury acetamide, and 2.5 ml mesitylene was heated at 189-190 ~ for 40 hr. On working 
up the reaction mixture in the same way, 4.2 g (65%) of  unreacted sulfur was recovered, and no 4- (2', 5 '-dichloro- 
phenyl)-1, 2-di thio-3-thione could be isolated from the residue. 

The action of sulfur on o -cymene  gave the same result. 

Table 3 
Nuclear-Substituted Cumenes (I) used as Starting Materials 

R2 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

CHa 
,CHaO 

CHa 
CHaO 

CI 

Ra 

H 
H 
H 
H 

R4 

H 
CHa 
C2Hs 

C(CHa)a 

R~ 

H 
H 
H 
H 

Bp, ~ 
(mm pressure) 

152.4 (760) 
177,2 (760) 
78--80 (15) 
85--86 (5) 

2O 
n D 

1,4913 
1.4905 
1.4938 
1.4917 

H 
H 
H 
H 

CH3 

H 
H 
H 
H 
H 

CHaO 
C=HsO 

CI 
C1 

CHa 
CHaO 

CI 
H 

CHa 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 

CHa 
CHaO 

C1 

78--80 (7) 
90--92 (I~) 
68--69 (7) 
71--73 (10) 
76--78 (7) 
92--94 (5) 

118--120 (20) 
80--81 (15) 

88,5 (7) 
70--72 (7) 

105--107 (7) 
112--114 (20) 

1.5048 
1,4983 
1.5115 
1.5150 
1.5036 
1.5140 
1.5340 
1.5003 
1,5059 
1.5011 
1,5122 
1.5323 

*Alkylation product contains o-isomer.  

% Yield 

57 
55 
70* 
35 
77 
68* 
52 
77 
43 
41 
80 
53 
50 
39 

Action of sulfur on p-ethylcumene.  A mixture of 30 g (0.2 mole) p-ethylcumene,  10 g (0.31 g-at)  sulfur, and 
0. 1 g (0.0003 mole) mercury aeetamide was heated at 190Q-195 ~ for 5 hr. The reaction products were then kept for 24 
hr at --5 ~ but no crystals separated, and after distilling off the unreacted p-ethylcurnene only a dark red resin re- 
mained. 

3, 4-Dimethyl- ,  2, 5-dimethyl- ,  3, 4-dimethoxy-  and 2, 5-dimethoxy cumene reacted similarly with sulfur. 
giving resinous products. 

REFERENCES 

I. A. S. Broun and M. G. Voronkov, ZhOKh, 17, 1162, 1947. 
2. M, G. Voronkov and A. S. Broun, ZhOKh, 18, 70, 1948. 
3. M. O. Voronkov, A. S. Broun, G. B. Karpenko, and B. L. Gol'shtein, ZhOKh, 19, 1356, 1949. 
4. M. G. Voronkov, A. S. Broun, and G. B. Karpenko, ZhOKh, 19, 1927, 1949. 
5. A. S. Broun, M. G. Voronkov, and K, P. Katkova, ZhOKh, 20, 726, 1950. 
6. M, G. Voronkov and A. S. Gol'shtein, ZhOKh, 20, 1218, 1950. 
7. M. G. Voronkov, A Study of the Reactions of Sulfur with Phenyl Olefins [in Russian], Master's thesis, 

Leningrad State University (LGU), 1947; Vestn, LGU, 2, 146, 1948. 

8. A. 8. Broun and M. G. Voronkov, DAN, 59, 1293, 1948. 

9. M. G. Voronkov and A. S, Broun, DAN, 59, 1437, 1948. 

227 



10. M. G. Voronkov and F. P. Tsiper, ZhAKh, 6, 831, 1951. 
11. M. G Voronkov, Bull Soc. Chim. France, 1848, 1956. 
12. G. A. Barbaglia, Ber., 18, 1574, 1880, 
13. A. Manessier, Gaz., 46, 1, 281, 1916. 
14. A. Manseau, BUlL Trav. P harm., Bordeaux, 60, 115, 1922. 
15. A. Manessier-Maneli, Gaz. 62, 1067, 1982. 
16. E. W. McClelland and C. E. Salkeld, J. Chem. Soc., 1143, 1936. 
17. F. S. Fowkes and E. W. McClelland, J. Chem. Soc., 187, 1941. 
18. B. BOtteher and A. Ltittringhaus, Ann., 557, 89, 194% 
19. A. LUttringhaus, H. B. K0nig, and B. Bt~ttcher, Ann., 560, 201, 1947. 
20. O. Gaudin and R, Pottier, C, r., 224, 479, 1947. 
21. O. Gaudin and N. Lozach, C.r . ,  224, 577, 1947. 
22. N. Lozach, Bull. Soc. Chim. France, 840, 1949. 
23. M. L. Selker and A. IL Kemp, Ind. Eng. Chem., 39, 845, 1947. 

I 

24, L. Jirousek and L. Starka, Naturwiss, 45, 386, 1958, 
25. K Kourilsky and O. Gaudin, Bull. acad. nationale mdd.,  131, 267, 1947. 
26. tL Kourilsky, B, N. Halpern, and J. Martin, Pres. mgd.,  56, 457, 1948. 
27. B. N. Halpem and O. Gaudin, Arch. intern, pharmacodynamie, 83, 49, 1950 
28. A. Enders, Arzneimittel-Forsch., 3, 557, 1953. 
29. E. Mahnert, Wien. med. Wschr., 107, 1055, 1957. 
30. Hercules Powder Co., British Patent 900 805, 1962; C. A., 61, 8113, 1964. 
31 .  L. E. Carosino, U. S. Patent 8 109 772, 1963; C.A.,  60, 2983, 1964. 
32. W. tL Diveley, tG Brack, and A. D. Lohr, 1. Agr. Food Chem., 12, 251, 1964. 
38. G C. Papavizas, C. B. Davey, and R. S. Woodward, Can. J. Microbiol., 8, 915, 1962. 
34. K F. C. Brown and J. D. Rae, Austr. J. Chem., 17, 447, 1964. 
85. J. Sehmitt and A, Lespagnol, Bull Soc. Chim. France, 549, 1950. 
36. F. Wessely and A. Siegel, Mon. Chem., 82, 607, 1951. 
87. P, S. Laudis and L. A. Hamilton, J. Org. Chem., 25, 1742, 1960. 
38. L. Legrand and N. Lozaeh, BUll. Soc. Chim. France, 79, 1955, 
39. L. Legrand and N. Lozach, BUlL Soc. Chim. France, 1130, 1956. 
40. E. K. Fields, L Am. Chem. Soc., 77, 4255, 1955. 
41. E. K. Fields, U. S. Patent 2 816 075, 1957; C.A.,  52, 7681, 1958. 
42. Standard Oil Co., British Patent 808 064 1959; C.A.,  54, 595, 1960. 
43. Synthesis of Organic Compounds [in Russian], 1, 137, 1949. 
44. E. Patern6, Gaz., 5, 15, 1875. 

21 December 1964 Institute of Organic Synthesis 
AS Latvian SSR, Riga 

228 


