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By the action of four equivalents of sodium in liquid ammonia on the 
bis(alkylmercapto)thiophenes I, II, and IX we have obtained the cor- 
responding dimereaptothiophenes VII, IX, and VIII, which were char- 
aeterizied in the form of their dibenzoyl derivatives Xt-XIII. The 
dimereaptothiophenes VII and VIII and the o-alkylthiothiophenethiols 
III and IV form the internally complex compounds XIV-XVII with 
metal acetates. 

In reeent years, ligands containing sulfur, selenium, 
and tellurium, but especially sulfur, have been studied 
intensively [ I]. The investigation of the electronic 

structure and reactions of sulfur-containing complexes 
is of interest, in particular, for comparing their prop- 

erties with the properties of the analogous oxygen com- 

pounds. Among the numerous sulfur-containing ligands 

and chelates it is possible to isolate a new interesting 
t ype - -complexes  of ce-dithiones and c~-dithiols, which 
pos se s s  unusua l  phys ica l  and chemica l  p r o p e r t i e s  be -  
cause  of their  pecu l i a r  e l ec t ron i c  s t r u c t u r e  due to the 
p r e s e n c e  of two su l fur  a toms in the molecu le  [2 -5 ] .  

In the deve lopment  of our inves t iga t ions  on the syn-  
thes is  of c o m p l e x - f o r m i n g  compounds of the thiophene 
s e r i e s  [6], it appeared  of i n t e r e s t  to study the p o s s i -  
bility" of obtaining" de r iva t i ve s  conta in ing two mercap to  
groups  or one m e r e a p t o  and one atkyl thio group in ad- 
j aeen t  pos i t ions  of the thiophene r ing .  It  must ,  in ad-  
dition, be ment ioned  that thiophenedi thiols ,  bes ides  
being used as c o m p l e x - f o r m i n g  agents ,  may serve ,  
l ike the co r r e spond ing  benzene  de r iva t ives ,  as the 
s t a r t i ng  m a t e r i a l s  for fu r the r  syn thes i s  [7]. 

Of the four poss ib le  i s o m e r i c  d imercap to th iophenes ,  
3, 4- th iophenedi th iol ,  syn thes ized  by the act ion of bu-  
ty l l i th ium and su l fu r  on 4 -b romo-3- th iophene th io l ,  was 
de sc r i bed  by Gronowitz in 1962. At tempts  to obtain 
the 2, 4- and 2, 3 - i s o m e r s  f rom the c o r r e s p o n d i n g  b ro -  
mothiophenethio ls  and also 2 ,5- th iophenedi th io l  f rom 
2 ,5-d i l i th io th iophene  or the b r o m o m a g n e s i u m  d e r i v a -  
t i r e s  and su l fur  proved unsuccess fu l  [8, 9]. It  is p rob -  
able that this can be explained by the ease  of oxidation 
of the b i s t h i e n y l m e r e a p t i d e s  under  the condi t ions  of 
the syn thes i s  through the co r r e spond ing  l i t h i u m - s u b -  
s t i tuted de r iva t ive  and a lso  by the low s tab i l i ty  of the 
in i t ia l  b r  omothiophenethio ls .  

Consequent ly ,  it appeared  d e s i r a b l e  to us to use  
another  rou te - - the  act ion of sodium in liquid a m m o n i a  
on bis(a lkyl th io) th iophenes ,  which has p rev ious ly  been 
used suecess+ul ly  in the syn thes i s  of mono-  and poly-  
mercap to  de r iva t ives  of benzene  [10] and also of thio- 
phenethiols  [ 11]. 

We syn thes ized  the r e q u i r e d  2 ,3 -b i s (e thy l th io ) th io -  
phene (I) by the act ion of buty l l i th ium,  sulfur ,  and 

*For  pa r t  XIV, see [15]. 

ethyl  iodide on ethyl 3 - th i eny l  sulf ide .  5 - E t h y l - 2 , 3 -  

b is(e thyl th io) th iophene (II) was obtained with a yie ld  
of 43% by the act ion of bu ty l l i th ium and diethyl  d i su l -  
fide on 3 - b r o m o - 5 - e t h y l - 2 - e t h y l - t h i o t h i o p h e n e ,  but 
p u r e r  products  were  obtained in be t t e r  y ie lds  by the 
a lkyla t ion  of the co r r e spond ing  thiophenethiols  III and 
IV. On oxidation with 30% ttzO 2 in g lac ia l  ace t ic  acid, 
the b i s - s u l f i d e s  I and II fo rmed  the co r r e spond ing  b i s -  
sulfones  V and VI. 
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As in the case  of the mono(alkyl thio) thiophenes ,  the 
r eac t i on  of su l fur  in l iquid a m m o n i a  with the b i s (a lky l -  
thio)thiophenes I and II took place smoothly,  and the 
act ion of four equiva len ts  of sodium on one mole  of the 
h i s - su l f i de s  gave a 60-80o/0 yie ld  of the co r r e spond ing  
b i s m e r e a p t a n s  VII and VIII. 2 , 5 - B i s ( m e r c a p t o ) - t h i o -  
phene (X) was obtained s i m i l a r l y  f rom 2 ,5 -b i s ( e thy l -  
thio)thiophene IX (the IX was obtained in our l abo ra to ry  
by M. L. Ki rmalova)  by a p rev ious ly  publ ished method 
[12]. 
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The bis(mercapto)thiophenes--reddish viscous liq- 
uids distilling in a vacuum with decomposition--were 

characterized in the form of the bisbenzoylthio deriva- 
tives XI-XII I .  

On r eac t ion  with copper  or n ickel  ace ta tes ,  2,3- 
d imercap to th iophene  (VII) fo rmed  black infus ib le  pow- 
de r s  inso luble  in the usual  o rganic  so lven ts .  They a re  
probably  po lymer i c  complexes  of 2 , 3 - d i m e r c a p t o t h i o -  
phene analogous to the po l yme r i c  complexes  of b is (d i -  
th ioglyoxal)nickel  [2]. When copper ace ta te  was used, 
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Com- 
pound 

VII 
XI 

X 
XIII 

VIII 
X[I 

Name 

2,3-1)imercaptothiophene 

2,3-Bis(benzoylt hio)thiophene 

2,5-Dimercaptot hiophene 

2,5-Bis(benzoylthio)t hiophene 

S-Et hyl-2,3-dimercaptot hiophene 

2,3-Bis(benzoylthio)-5-et hylt hiophene 

D i m e r c a p t o - a n d  B i s  ( b e n z o y l t h i o ) t h i o p h e n e s  

Bp, ~ (ram) 

75.-80 (4) 

85 (5) 

105--107 (5) 

tiDe~ 

1.6765 

1.6571 

1.60o'~ 

Mp, ~ 

86--87 

m 

83.5--85 

1 10 (decomp.) ~o 1 o 

Found, % 

H S 

3,50 27,08 

3.46 26,94 

4J6 24.i0 

Calculated, % 

C II S 

60s 3.39 26.99 

60.65 3.39 26.99 

62.46 4.i9 24.97 

Yield of un- 
purified pro- 

duct, % 

73.5 
55.5 

85 
56 

70 
55 

t h e  p r o d u c t ,  j u d g i n g  f r o m  the  d a t a  of e l e m e n t a r y  a n a l y -  

s i s ,  c o r r e s p o n d e d  to  t h e  c o m p o s i t i o n  X I V ,  a n d  w h e n  

n i c k e l  a c e t a t e  w a s  u s e d  to c o m p o s i t i o n  X V .  

W i t h  n i c k e l  a c e t a t e ,  3 - e t h y l t h i o - 2 - m e r e a p t o t h i o -  

p h e n e  d i d  a n d  5 - e t h y l - 2 - e t h y l t h i o - 3 - m e r e a p t o t h i o -  

p h e n e  ( IV)  g i v e  t h e  c o m p l e x  c o m p o u n d s  X V I  a n d  X V I I  

in  w h i c h  t h e  r a t i o  of  m e t a l  to  l i g a n d  i s  1: 2.  I n  e o n -  

t r a s t  to  t he  c o m p l e x  X I V  a n d  XV,  t h e y  h a v e  d e f i n i t e  

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

o r g a n i c  s o l v e n t s  ( b e n z e n e ,  c h l o r o f o r m ,  a c e t o n e ) :  

XV 

E X P E R I M E N T A L  

XlV 

EVIl 

2,8-Bis(ethylthio)thiophene (I). In a current of nitrogen at 

20~ ~ C, 4.5 g of butyllithium in 40 ml of ether was added to i0 g 

(0.0q mole) of ethyl 3-thienyl sulfide [13] in 5 ml of dry ether. The 

solution was boiled for 30 rain and then, at -10  ~ C, 2.3 g of dry 
finely-ground sulfur was added and, after 20 minutes (when the sulfur 
had dissolved completely), at 20 ~ C, 12 g of ethyl iodide. The mix- 
ture was boiled for 6 hr and was treated as has been described [14]. 
This gave 8.9 g (62.4% yield) of 2,3-bis(ethylthio)thiophene, bp 
ii0~ ~ C (3 ram), d4 z~ 1,1506; n~i.6040. Found, %: C 48.71; 

H 5.96; S 47.85; MR D 81.09. Calculated for CsHtzSs, ~ C 47.01; 

H 5.92; S 47.07; MR D 61.22. 
2,3-Bis(ethylsulfonyl)thiophene (V). A mixture of 3 g (14.5 mmole) 

of 2,3-bis(ethylthio)thiophene in 30 ml of glacial acetic acid and 6 ml 

of 30% HzO z was heated in the boiling water bath for 3 hr. The solu- 
tion was poured onto ice and neutralized with 30% NaOH solution. The 
white precipitate that deposited on standing was filtered off and was 
repreeipitated twice from ethyl acetate with n-nonane. This gave 
2.1 g (-53.5%yield) of V, mp 104.5--105.5 ~ C (white needles). Found, 
%: C 35.93; H 4.48; S 35.75. Calculated for CsHtzO4Ss, %: C 35.80; 

H 4.50; S 35.84. 
3-Ethylthio-2-mercaptothiophene (III). An ethereal solution of 

lithium 3- ethyltMo- 2 - thienylmercaptide obtained from 20 g (0.14 mole) 
of ethyl 3-thienyl sulfide, 8.9 g (0.14 mole) of butyllithtum and 4.5 g 
of sulfur as described above was hydrolyzed with 50 ml of dilute hy- 
drochloric acid (1 : 1) with cooling. After the usual working up, 18.5 g 
(70% yield) of distilled 3-ethylthio-2-mercaptothiophene was ob- 
tained with bp 89~ ~ C (3 ram), n~ 1.8370. Found, %: C 40.66; 
H 4.60; S 54.24. Calculated for C6HsSa, %: C 40.87; H 4.57; S 54.36. 

2,4-Dinitxophenyl 3-ethylmercapto-2-thienyl sulfide, mp 90~176 
(from ethanol). Found, %: C 42.53; H 3.00; S 28.44. Calculated for 
Ct2H10N204S3, %: C 42.09; H 2.94; S 28.10. 

5-Ethyl-2-ethylthio-g-mercaptothiophene (IV). At 0 ~ C, an ethe- 
real solution of 20 g (0.31 mole) of butyllithium was added to 75 g 

(0.3 mole) of 3-bromo-5-ethyl-2-ethylthiothiophene [14] in 200 ml 
of dry ether and, after 40 minutes' stirring at -10  ~ C, 9.6 g of sulfur 
was added. The white suspension was hydrolyzed with dilute hydro- 
chloric acid (1:1) and worked up by the usual method. Distillation 
afforded 38.5 g (yield 84%) of 5-ethyl-2-ethylthio-3-mereaptothio- 
phene, bp 110~ ~ C (3 ram); n~ 1.5960. Found, %: C 47.34; 
H 5.93; S 46.30. Calculated for CsHIzSa, %: C 47.01; H 5.92; 
S 47.07. 

5-Ethyl-2,3-bis(ethylthio)thiophene (II), A mixture of 10 g 
(0.05 mole) of 5-ethyl-2-ethylthio-3-mereaptothiophene (IV) in 30 ml 

of a 10%methanolic solution of KOH and 10 g (10% excess) of ethyl 
bromide was boiled for 6 hr, and then the methanol was distilled off 
and the residue was diluted with an equal volume of water and ex- 
tracted with ether. The extract was washed with 10% NaOH solution 
and with water and was dried with CaClz, after which the ether was 
driven off and the residue was distilled in vacuum. This gave 9.1 g 
of the bis-sulphide II yield 80%, bp 142~ ~ C (4 mm), d24 ~ 1.0968, 
n~ 1.5820. Found, %: C 52.29; H 7.13; S 40.71; MR D 70.54. Cal- 
culated for C,0Hi6Ss, %: C 51.8'7; H 6.94; S 41.39; MR D q0.46. 

5-Ethyl-2,8-bis(ethylsulfonyl)thiophene (VI). This was obtained 
with a yield of 65% as described above for 2,3-bis(ethylsulfonyl)thio- 
phene (V). After recrystallization from heptane and from a mixture 
of hexane and ethyl acetate, mp 98~ ~ C. Found, %: C 40,49; 

H 5.32; S 32.46. Calculated for C,0Ht604Sa, %: C 40.52; H 5.44; 
S 32.45. 

Action of sodium in liquid ammonia on the bis(alkylthio)thio- 

phenes I, II, and IX, In a current of argon, 0.i g-atom of sodium was 
added in small portions to a mixture of 0.025 mole of the bis(alkyl- 
thio)thiophene in an equal volume of ether and a tenfold volume of 
liquid ammonia until a stable blue color had appeared. After 30 rain, 
the excess of sodium was decomposed with ammonium chloride, the 
ammonia was evaporated off, and the residue was treated with 30 ml 
of benzene and 30 ml of water. The aqueous layer was separated off, 
extracted with benzene, and acidified with HC1 (1:1). The oil that 
separated out was extracted with benzene, washed with water, and 
dried with CaCI~. The resulting benzene solution of the mereaptan was 

used for further reactions. The bismercaptans VII, VIII, and X dis- 
tilled in vacuum with decomposition (~50~ and therefore the boil- 
ing points and values of n~ given in the table have only an indicative 
value. 

The bis(benzoylthio)thiophenes XI-XlII.  An aliquot part of a ben- 
zene solution of a dimercaptothiophene (see above) was extracted with 
10% NaOH solution, and to the alkaline extract was gradually added 
an equivalent amount of benzoyl chloride with shaking. The bis(ben- 
zoylmereapto)thiophenes separated in the form of viscous oils which 
solidified on trituration with ethanol and ethyl acetate and were recrys- 
tallized from ethyl acetate (see table). 

Complex compound of 2,8-dimereaptothiophene with copper 
(XIV). A solution of 0.5 g of copper acetate in ethanol was added to 
0.3 g (~2mmole)of redistilled 2,3-dimereaptothiophene (VII), obtained 

by the evaporation of its benzene solution (see above), in 0 mI of 
chloroform. The black powder that deposited (0.8 g) was twice repre- 
cipitared from dimethylformamide with methanol. The complex did 
not melt below 360 ~ C and did not dissolve in the usual organic sol- 
vents. Found, %: C 22.83; H 1.10. Calculated for C4HzSsCu, %: 
C 22,89; H 0,96, 
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Complex compound of 2,3-dimercaptothiophene with nickel (XV). 
A solution of 0.15 g of nickel acetate  in methanol  was added to 0.8 g 
(~5 mmole)  of the dimercaptan VII in 15 ml  of methanol .  The black 
precipitated that deposited was washed with ethanol and was twice 
reprecipitated from dimethylformamide with methanol .  This gave 
0.75 g of a complex which did not mel t  below 360 ~ C and was insolu- 
ble in the usual organic solvents. Found, %: C 28.06; H 1.86. Cal-  
culated for C~H4S6Ni , %: C 27.52; H 1.18. 

Bis(a-ethyl thio-2-mereaptothtophene)aiekel  (XVI). A solution of 
0.15 g of nickel acetate in methanol  was added to 0.3 g (~1.7 mmole)  
of 3-e thyl th io-2-mercaptoth iophene (III) in g ml  of methanol .  A dark 
oily precipitate deposited which partially crystallized on standfllg. The 
crystals were filtered off, washed with ethanol,  and dried. After two 
reprecipitations from chloroform with methanol ,  0.1 g (a 28.6% yield) 
of his(3-ethyl thio-2-mercaptothiophene)nickel  was obtained with mp 
128~ ~ C in the form of dark red crystals soluble in benzene,  
chloroform, and acetone. Found, %: C 34.92, H 3.34. Calculated 
for C12H14S6Ni , %: C 35.21~ H 3.45. 

Bis(5-ethyl-2-ethyl thio-a-mercaptothiophene)nickel  (XVII), 
This was obtained as described above for the complex XV from 0.5 g 
of the thiol IV and 0.22 g of nickel acetate  in methanol .  This gave 
0.2 g of a brown powder with mp 130~ ~ C (after two reprecipita- 
tions from chloroform with methanol) .  Four, d, %: C 41.16; H 4.85. 
Calculated for C16HzzS6Ni, %: C 41.29; H 4.76. 
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