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In the reaction of hexachlorobenzene with alkyl mercaptides the chlorine atoms were replaced by alkylmercapto groups two 
a t  a time to form either bis(alky1mercapto)tetrachlorobenzene (11) or tetrakis( alky1mercapto)dichlorobenzene (111) depend- 
ing on conditions used. The orientation in the disubstituted product I1 was established by degradation to tetrachloro-p- 
benzoquinone (IX), l,i-Bis(alkylmercapto)-2,3,5,6-tetrachlorobenzenes (11) underwent partial dealkylation to the thiol VI 
in boiling alcoholic sodium hydrosulfide. One (VII) was converted to the phenol VI11 in the presence of alkali. 

Hexachlorobenzene (I) though regarded as an 
inert substance does undergo substitution reactions 
under relatively moderate conditions. It has been 
pointed out recently that nucleophilic reagents 
such as alcoholic alkali,' alkali a lkox ide~ ,~ -~  
sodium hydrosulfide or d i s ~ l f i d e , ~ - ~  and amines4 
attack I replacing one chlorine atom. 

The thiophenoxide ion is a powerful nucleo- 
philic reagent? and therefore mould be expected to 
attack I. Rocklin4 stated that mercaptides react 
readily with I in pyridine solution but did not report 
the isolation of any reaction products. 

In  this investigation it was found that two chlo- 
rine atoms of hexachlorobenzene (I) are attacked 
by alcoholic alkali mercaptides to form 1,4-bis- 
(alkylmercapto) tetrachlorobenzenes (11). The re- 
action was exothermic and when allowed to pro- 
ceed with excess mercaptide, resulted in further 
substitution to form tetrakis(alky1mercapto)di- 
chlorobenzene (111). With ethyl mercaptan and 
2-mercaptoethanol the conditions of the reaction 
with I could be controlled so that either the di- 
substituted product I1 or the tetrasubstituted 
product I11 could be obtained. With amyl mercap- 
tan and p-chlorobenzyl mercaptan, although there 
was evidence for the formation of both substitution 
products, only the disubstituted compound I1 
was isolated in pure form. 

I n  the case where equimolecular quantities of I 
and amyl mercaptide were allowed to  react the 
main product was still the disubstituted 11. 
Though none of the monosubstituted compound 
V could be isolated its formation cannot be ex- 
cluded. 

Some polyhalobenzenes refused to react with 
mercaptides. Thus p-dichlorobenzene, 1,2,4,5-tetra- 
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chlorobenzene, pentachlorophenol, pentachloro- 
anisole, and pentachlorobenzenethiol remained 
unchanged after prolonged heating with butanolic 
sodium hydrosulfide or with the potassium salt 
of 2-mercaptoethanol, However, the blocking of the 
highly nucleophilic mercapto group of pentachloro- 
benzenethiol (IV) activated the para chlorine atom 
so that pentachlorophenyl ethyl sulfide (V) reacted 
readily with sodium hydrosulfide to form 4- 
ethylmercapto-2,3,5,6-tetrachlorobenzenethiol (VI). 
This on ethylation with diethyl sulfate yielded the 
same 1,4- bis(ethy1mercapto) -2,3,5,6 - tetrachloro- 
benzene (11, R = ethyl) as was obtained by the 
direct reaction I+II. 1,4-bis (Me thylmercap to) - 
2,3,5,6-tetrachlorobeiizene (11) did not undergo 
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further substitution reaction when treated with 
butaiiolic sodium hydrosulfide. Instead demethyla- 
tion occurred to  form 4-methylmercapto-2,3,5,6- 
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tetrachlorobenzenethiol (VI). Pentachloroanisole 
behaved similarly to form pentachlorophenol. 

Of the two routes to 1,4-bis(alkylmercapto)- 
2,3,SJ6-tetrach1orobenzeiies (11) the direct one 
(1-11) is more convenient for preparative purposes. 
However, the indirect route (I4IV-.V+II) has 
the advantage of introducing the sulfur substituents 
one at  a time and therefore lends itself to the 
preparation of I1 with mixed alkylmercapto 
groups. 

In  order to  show that the sulfur substituents of 
I1 were located para to each other, an attempt was 
made to synthesize 2,3 , 5 , 6- te trachloro benzene- 
1,4-dithiol by an independent method. Accordingly 
1,2,4,5-tetrachlorobenzene was treated with chloro- 
sulfonic acid. The product of the reaction was sulfur 
free and proved to be hexachlorobenxene. The orien- 
tation of the substituents in I1 was finally demon- 
strated by degradation and oxidation. 1,4-bis(2- 
Hydroxyethylmercapto)-2,3,S,6-tetrachlorobenxene 
(VII) was heated under reflux with potassium 
hydroxide in ethylene glycol. The resulting product 
which was obtained in 80% yield, was soluble in 
alkali, methylated readily with dimethyl sulfate 
or diazomethane but refused to react with ethylene 
dichloride in the presence of alkali. This showed that 
the compound was a phenol and not a thiol. Ana- 
lytical examination indicated that the product was 
4- (2 - hydroxyethylmercapto) - 2,3,5,6 - tetrachloro- 
phenol (TITI). This was presumably formed from 
TIT by replacement of one 2-hydroxyethylmercapto 
group by a hydroxyl. Finally, the oxidation of 
T'III with hydrogen peroxide and chromic oxide 
yielded chloranil (TX), thus proving that the two 
sulfur substituents are located para to each other. 
An attempt t o  replace both the 2-hydroxyethyl- 
mercapto groups of TI1 with hydroxyl groups to 
form tet rachlorohydroquinone was not successful. 
Prolonged heating of T'II or VIII with alkali in 
ethylene glycol gave only tars. Methylation 
of T-III first to the anisole followed by the alkali 
and ethylene glycol treatment resulted in de- 
methylation and the formation of VIII. 

EXPERIMEXTAL~ 

1,4-Bis( ethylincrcupto)-2,3,5,6'-tetrachlorohenzene (11, R = 
ethyl). (a 1 Dzrectly from hezuchlorobenzene. To a cooled solu- 
tion of potassium hydroside (18 g.) in ethanol (75  ml.) was 
added ethyl mercaptan (18 g.) in methyl ethyl ketone (200 
ml.). Then hexachlorobenzene (40 g.) %-as added and the 
reaction mixture gentlv warmed until the exothermic reac- 
tion commenced. When the rraction became too violent a 
cooling hath \\-a4 applied. The exothermic reaction subsided 
in a frw minutes and then the reaction mixture was heated 
under ieflnx for 2 hr. The precipitated potassium chloride 
nas filtcrc tl from thr hot reaction mixtiirr and washrd with 
methyl cthyl ketone,. The comhincd filtrate arid washings 
nere concentrated to  ihorit 100 id. ,  a little methanol was 
added to  the concentrate and the solution allowed to cool. 
The precipitate after filtration and drying melted a t  87-89' 
and weighrd 32 g. nr S 8 ~ c .  A portion on recrystallization 

(8) All melting points nre rorrcctetl. 

from benzene-methanol yielded white needles melting a t  

Anal. Calcd. for C10H10C14S~: C, 35.72; H, 2.97. Found: C, 
35.26, H, 2.99. 

(b)  From 4-ethylmercapto-2,S,b,6-teir~chlorobenienethio~ 
(VI). The thiol VI (see below) was dissolved in excess aque- 
ous alkali and the solution warmed on a steam bath and 
treated with diethyl sulfate. The reaction misture vas 
cooled and the precipitate filtered, washed, and dried. It 
melted at 88-89' alone or in admisture n-ith the product 
obtained in (a). 

1,4- Dichloro-Z,3,5, B-tetralcis( eth y1mercapto)bcniene (I11 , I1 
= ethyl). To a cooled solution of' potassium hydroxide (50 
g.) in ethanol (150 ml.) was added a solution of ethyl mer- 
captan (53 g.) in methyl ethyl ketone (350 in].). Then hexa- 
chlorobenzene (40 g.) vas added. After the esothermic rim- 
tion subsided, the reaction mixture Iyas heated under reflux 
for 40 hr. The precipitated pot,assium chloride (48 g.) was 
filtered off and the filtrate taken to dryness. The residue 
distilled a t  183-185" (0.5 mm.) and the yellow dist.illate 
(49 g.) solidified on standing. It  vas crystallized from 
petroleum ether (b.p. 30-60') twice yielding light yellow 
prisms (31 g. or 50y0) melting a t  48-49". 

Anal. Calcd. for CI4HzoC1&: C, 43.41; H, 5.16. Fourid: C, 
42.79; H, 5.01. 

1,~-Bis(n-amyl1tzercapto)-d,3,b,6-tet~achlo~obenze~~e (11, It 
= n-amyl) was prepared in 89% from two moles of n-amyl 
mercaptan and hexachlorobenzene in the same manner as 
was the ethyl analog I1 (R = ethyl) above. The colorless 
liauid boiled a t  245-255' (12 mm.) or 170-175" (0.5 mni.), 

88-89'. 

n2: = 1.5922. 
Anal. Calcd. for ClsH&CL: C, 45.71; H, 5.24. Found: C, 

45.62; H, 5.44. 
1 ,C-Bis( p-chlorobenzylme~capto)-&,S,5,6-tetrachlorobenzen~ 

(11, R = p-C1C6H4CH2). This was prepared in 50V0 yield 
from two moles of p-chlorobenzyl mercaptan and hexa- 
chlorobenzene in the same manner as was I1 (R  = ethyl) 
above except that reaction time was extrnded to 7 hr. It 
crystallized from benzene-ethanol yielding rr-hite needles 
melting a t  147-148'. 

C, 45.18: H. 2.48. 
Anal. Calcd. for C2nH1ZC16S2: C, 45.29: H, 2.26. Found: 

' 1,~-Bis(d-hydro~:yethylmercapto)-d,~,5,6- te t~achlo~o~en~ene 
(11, R = CHzCH20H). To a stirred suspension of hexa- 
chlorobenzene (285 g.), pyridine (1 l.), and methanol (200 
ml.) was added dropwise a solution of potassium hydroside 
(118 g.)> 2-mercaptoethanol (160 ml.) and met,hanol (100 
ml.) over a period of 2.5 hr. The temperature \vas main- 
tained at  65 to 68" by occasional cooling. The react,ioii mix- 
ture was stirred for an additional hour, let stand overnight, 
and then filtered. The filtrate was concentrated to a volume 
of about 350 ml., boiling methanol (350 nil.) added, and the 
solution allowed to cool. The white precipitate x i s  filt~rred, 
x+-ashed with methanol, with mat,er, and v-it>h methanol and 
dried. It weighed 265 g. or and mc,lted a t  145-147". 
Recrystallization from methanol raised t lit: melting point 

Anal. Calcd. for C10HInO&ldS2: C, 32.62; H, 2.7'2. Found: 
C, 32.45; H, 2.94. 

1 , ~ - B i s ( b - c h l o r o e t h ~ J l n z e r c a p t o ) - 2 , 3 , j , t - ~ ~ ~ ~ ~ ~ ~ ~ ~ o r o ~ e t ~ ~ e n e .  A 
reaction mixt,ure of 1,4-bis(2-hydroxyettiylmercapto)-2,3,- 
5,6-tetrachlorohenzene (11, R = CH2CH20H) (10 g.i and 
thionyl chloride ( 2 5  ml.) was heated rindcr reflris for 0.5 In.. 
The excess thionyl chloride was distilled off and the rcsiduc 
treat,ed ivith lvatcr. The Ivhite solid \\-as {ilt8rwtl, \v:dicd, 
dried, and crystallized twice from hrnzcnc~, yielding (8.5 g.) 
microscopic prisms melt,ing a t  175-1 79". 

Anal. Calcd. for CIUH&'J6SZ: C, 29,6;$: tl, 1.98. F01111~l: (", 
29.72; H, 2.02. 

1,4-Dichloro-2,3,5,6-tetrakis( d-hydrox~jelh?~lti iercapto)ber~- 
zene. To n solution of pot,assium hydroxide (3 i  g.) in ethanol 
(400 ml.) was added hcsachloroheri~;c.~in ( 2 8  g.1 nnd 2-mer- 
capt,nrt.h:iiiol (50 ml.) ant1 t,lw re.zct.inti mi\titr.r wns Iie3ted 

to 151-153'. 
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under reflux for three days. The potassium chloride (30 g.) 
was filtered off and the filtrate was taken to dryness in vacuo. 
The residue was crystallized twice from aqueous ethanol 
yielding (7 g.) of white solid melting at 184-186". 

Anal.  Calcd. for CI4H2,O4Cl2S4: C, 37.15; H, 4.44. Found: 
C, 37.49; H,  4.49. 

1,4-Dichloro-2,S,j,6-tetrakis( 2-chloroethy1mercapto)benzene. 
.4 reaction mixture of 1,4-dichlor0-2,3,5,6-tetrakis (2-hy- 
droxyethy1mercapto)henzenzene ( 5  g. ) and thionyl chloride 
(20 ml.) was heated under reflux for 0.5 hr. The excess thionyl 
chloride was removed in vacuo and the residue crystallized 
from benzene. This yielded 5 g. of white needles melting a t  
184-185'. 

Sna l .  Calcd. for Ci4H16C16S4: c, 32.00; H, 3.05. Found: 
C, 32.30: H. 2.95. 

'Methyi pkntachlorophenyl sulfide. Pentachlorobenzenethiol 
(60 g.) 4-6 was dissolved in a solution of sodium hydroxide 
(20 g.) and water (300 ml.), heated on a steam bath and 
treated with excess dimethyl sulfate. The reaction mixture 
was cooled, the white solid (60 g.) filtered, washed, and 
crystallized from benzene-methanol, m.p. 93-94'. 

Anal.  Calcd. for C7HZClbS: C, 28.33; H, 1.01. Found: 
C, 28.25; H, 1.00. 

Ethyl pentachlorophenyl suljide. This was prepared in 
90% yield by ethylation of pentachlorobenzenethiol with 
diethyl sulfate and alkali as above. It crystallized from 
methanol in the form of white needles melting at 51-52'. 
Tadros and Saadg give a melting point of 42-44", 

Anal. Calcd. for CBH&&S: C, 30.92; H, 1.61. Found: C, 
30.96; H, 1.50. 

2-Chloroethyl pentachlorophenyl sulfide. To a solution of 
potassium hydroxide (4 g.) in methanol (50 ml.) was added 
pentachlorobenzenethiol (14 g.) and ethylene dichloride 
(250 ml.) and the reaction mixture was heated under reflux 
for one hour. This was cooled, washed with water, and the 
residue crystallized from benzene. The white prisms (13 g . )  
melted at 132-134". 

Anal.  Calcd. for C8H4C16S: c, 27.83; H, 1.16. Found: C, 
28.25; H, 1.25. 
4-Methylmercapto-d,S,5,6-tetrachlorobenzenethiol (VI, R = 

CHB). A reaction mixture of technical sodium hydrosulfide 
(36 g.), methyl pentachlorophenyl sulfide (55 g.), and bu- 
tanol (300 ml.) was heated under reflux for 16 hr. The bu- 
tanol was distilled off in vacuo, the residue treated with water 
and the aqueous solution was extracted with benzene in 
order to  remove unreacted material. The aqueous solution 
was acidified, extracted nTith benzene, and the organic sol- 
vent removed. The residue distilled at 150-155' (0.5 mm.) 
and the distillate on crystallization from acetone-methanol 
yielded 36 4. or 65% of almost white plates melting a t  82- 
84". 

Anal. Calcd. for C7H4C14S2: C, 28.57; H, 1.36. Found: C, 
28.73: H, 1.58. 
l+-Ethylmercapto-2,S,5,6-tetrachlorobenzenethiol (VI, R = 

C2H5). This was prepared in 60% yield from ethyl penta- 
chlorophenpl sulfide and sodium hydrosulfide as described 
above for 4-methvlmercapto-2,3,5,6-tetrachlorobenzenethiol. 
The yellow prisms melted at 58-59'. ,4n aqueous alkaline 
solution of this when treated with diethyl sulfate yielded a 
product melting a t  88-89' alone or in admixture with 1,4- 
bis(ethylmercapto)-2,3,5,6-tetrachlorobenzene (see above). 

l,~-Bis(ni~thylmercnpto)-2,S,5,6-tetrachloro~enzene. This 
was prepared in 90% yield by the methylation of 4-methyl- 
1nercapto-2.3,5,6-tetrachlorobenzenethiol with dimethyl sul- 
fate and alhali. The white needles melted a t  132-134'. 

Anal. Calcd. for C R H ~ C ~ & :  C, 31.17; H, 1.85. Fourid: 
30.90: H,  2.12. 

I-( Meth ylinercapto)-4-(2-chloroethylmercapto)-Z,S,5,6- 
tetrachlorobenrene. This was prepared in 90% yield from 4- 

(9) W. Tadros and R. Sand, ,T. Chent. Soc., 115.5 (1954), 

methylmercapto-2,3,5,6-tetrachlorobenzenetliiol and ethyl- 
ene dichloride in the same manner as was 2-chloroethyl 
pentachlorophenyl sulfide (above). The white product after 
crystallization from acetone-methanol melted at 104-106 '. 

Anal. Calcd. for CgH7Cl5S2: C, 30.30; H, 1.96. Found: C, 
30.04; H, 1.81. 

1-( Ethylmercapto)-4-( 2-chloroethylmercapto)-2,S,5,6-tetra- 
chlorobenzene. This was prepared in 90% yield from 4-ethyl- 
mercapto-2,3,5,6-tetrachlorobenzenethiol and ethylene di- 
chloride in the same manner as described above. It crystal- 
lized as white needles and melted a t  102-103'. 

Anal. Calcd. for CI~HgC15Sp: C, 32.39; H, 2.43. Found: C, 
31.91; H, 2.55. 

Reaction of 1,2,4,5-tetrachlorobenzene with chlorosulfonic 
acid. A reaction mixture of 1,2,4,5-tetrachlorobenzene (35 
g.) and chlorosulfonic acid (150 ml.) was heated a t  140-145' 
for 20 hr. The cooled reaction mixture was cautiously added 
to cracked ice. The precipitate was filtered, washed ni th  
cold water, dried, and crystallized from benzene. The prod- 
uct (35 g.)  melted at 231-233' and did not depress the 
melting point of hexachlorobenzene. 

~-(2-Hydroxyethylmercapto)-2,S,5,6-tetrachlorophenol 
(VIII). A solution of potassium hydroxide (25 g.) in ethyl- 
ene glycol (150 ml.) and 1,4-bis(2-hydroxpethylmercapto)- 
2,3,5,6-tetrachlorobenzene (VII) (25 g . )  \?-as heated under 
reflux for 3 hr. The amber solut,ion was concentrated in 
vacuo until most of the glycol was removed. The residue was 
dissolved in m t e r ,  filtered, and the filtrate aridified. The 
precipitate was filtered, washed, dried, and then distilled 
from a large Spathe bulb, b.p. (1 mm.) 180-220'. The distil- 
late on crystallization from benzene-methanol yielded 17 
g. or 80% of white prisms which melted at 168-169". 

Anal. Calcd. for C&O2C1,S: C, 31.17; H, 1.85: S, 10.4. 
Found:C,31.13;H, 2.00;S, 11.1. 

This compound did not react ni th  ethylene dichloride in 
the presence of alkali showing that it is not a thiol. 

4-(2-Hydroxyethylinercapto)-2,S,5,6-tetrachloroanisole. This 
was prepared in almost quantitat>ive yield hy met,hylat.ion 
of 4-(2-hydroxyeth~lmercapto)-2,3,5,6-tetrachl~rophenol 
with diazomethane. Methylation n-ith dimethyl sulfat,e 
gave poor yields because the alkyl hydroxyl group Tvas also 
attacked. The product crystallized from benzene as n-hite 
needles and melted at, 100-101". 

Anal. Calcd. for C9H802C14S: C, 33.54: H, 2.49. Found: 
C, 33.99; H, 2.93. 

l+-(2-Chloroethylmercapto)-~,~,5,6-tetrach~oroan~so~~. 4-(2- 
Hydroxyethylmercapt~o)-2,3,5,6-tetrachloroanisole (4 g.) and 
thionyl chloride (20 ml.) were heated under reflux for 0.5 hr. 
and then the excess thionyl chloride was removed in vacuo. 
The residue on cryst,allization from methanol yielded white 
prisms (2.5 g.) melting a t  107-108". 

Anal. Calcd. for CsHiOC15S: C, 31.76; H, 2 .06  Found: C, 
31.81; H, 2.34. 

l+-(2-Chloroethylmercapto)-2,S,5,6-tetrachlorophenol. This 
was prepared in 70y0 yield from 4-( 2-hydrosyethylmercap- 
to)-2,3,5,6-tetrachlorophenol (VIII) and thionyl chloride 
in the usual manner. After crystallization from benzene the 
white prisms melted a t  134-135'. 

Anal.  Calcd. for C8HjC150S: C, 29.41: €-Il 1.53. Found: 
C, 29.21; H, 1.69. 

Oxidation of ~-(2-hydroxyethylw~ercaplo)-d,S,5,6-tetrachloro- 
phenol (lTIII) to 2,5,5,6-tetrach~oro-l,4-henzoquinone (Ix). 
To 4- ( 2 -  hydroxgethylmercapto)-2,3,5,6- tctrachlorophrnol 
(VIII) ( I  g.)  in acetic acid (20 ml.) was a d d 4  3006 hydro- 
gen peroxide ( 5  ml.) and the resulting soliitinrt was lirat,etl 
on the steam bath for 1 hr. To this was atldrd dropniso 
with stirring a solution of chromic oxido ( 3  g . )  in water ( 2  
ml.) and acrtic acid (20 ml.) over ahout, R min. Thr dark 
solution was diliited with rater ,  t,he yellow prrcipitatr fil-  
tered, washed, dried, and crystallized from henzenr. Thtx 
yellow crystals (0.18 g. or 207,) melted a t  290-292" alonc 
or in admixture wit.h 2,3,5,6-tetrachloro-1,4-benzoquinone. 
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