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In con t r a s t  to o rganometa l l i c  compounds of the phenyII i thium type,  cyc looc ta t e t r aeny ld ipo tas -  
s lum on reac t ion  with disulf ides and thiocyanato de r iva t ives  of the thiophene s e r i e s  in t e t r a -  
hydrofuran  does not give thio e the r s  but en te rs  into an e l ec t ron - t r ans fe r  reac t ion  and is con-  
ve r t ed  to cyc looc ta te t raene .  Thiophene de r iva t ives  f o r m  the po ta s s ium sa l t s  of the c o r r e -  
sponding thiols .  When insuff icient  amounts  of cyc looc ta te t raeny ld ipo tass ium a r e  p r e s e n t ,  
thiocyanatothiophenes a r e  conver ted  to disulf ides .  It is  shown that  the l a t t e r  can be obtained 
as a r e su l t  of the reac t ion  of thienyl m e r c a p t i d e s  with thiocyanatothiophenes.  

Organol i th ium compounds r e a c t  with disulf ides and thiocyanato de r iva t ives  of the a r o m a t i c  s e r i e s  to 
give thio e thers  [1, 2]. For example ,  3- thiocyanatothiophene r eac t s  with butyl l i thium to give butyl 3-thienyl  
s u l f d e  [2]. The products  of  this type  of  subst i tut ion can a lso  be  obtained by using cyc looc ta t e t r aeny ld ipo tas -  
s ium (I): i t  is capable  of giving d iace ty lcyc looc ta t r i enes  on reac t ion  with acety l  ch lor ide  [3]. 

We have studied the reac t ion  of I in t e t r ahydrofu ran  (THF) with disulf ides and thiocyanato de r iva t ives  
(II-V) of the thiophene s e r i e s  and, on the bas i s  of the r e su l t s ,  have a r r i v e d  at the conclusion that  thio e the r s  
a r e  not fo rmed  in this case  and that  the reac t ion  reduces  to t r a n s f e r  of e lec t rons  f r o m  I to II-V.  

I I ,  l l l  IY, Y 

II R~H: III R=SC4H:j-t: IV R=H;  V R=SCN 

In all  c a s e s ,  we es tab l i shed  the quant i ta t ive convers ion  of I into cyc looc ta te t raene .  Moreover ,  d i -  
sulf ides II and HI give the po t a s s ium sa l t s  of the cor responding  thiophenethiols  (VI, VII), which w e r e  isolated 
as the 2,4-dini t rophenyl  de r iva t ives  (VIII, IX) in yie lds  up to 70%. 

I Vl, VII 

NO NO~ 

Vt Os VII + CI ~ /  N O ~ R  S NO2 

VIII, IX 

Ill~.Vlll R=t l ;  VII~IX R=SC4tlg-t 

Thiocyanatothiophene IV r e a c t s  with an equimolecu la r  amount  of  I by undergoing c leavage  to m e r c a p -  
t ide VI, which was i so la ted  as  the sulfide (VtID On 70 % yield),  and to po t a s s ium cyanide.  Consequently,  
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the thiocyanato group,  l ike the S - S  group,  en te rs  into reac t ion  with I as a two-e lec t ron  accep tor .  

As prev ious ly  shown in [4], the t r a n s f e r  of e lec t rons  f r o m  I is s tepwise ,  such that  a cyc looc ta te t raene  
anion rad ica l  is fo rmed  in an in te rmedia te  step.  It can be a s sumed  that  the t r a n s f e r  of one e lec t ron  to the 
2-thiocyanatothiophene (IV) molecule  will lead to the fo rmat ion  of a thienylthiyl radical .  

IV + e ~ ~ + CN- 

X 

On coupling, thienylthiyl r ad ica l s  X should have given dithienyl disulfide II. We detected disulfide II 
in a mix tu re  with the s ta r t ing  thiocyanato de r iva t ive  (IV) and the theore t ica l  amount  of  cyc looc ta te t raene  in 
the products  of  the reac t ion  of 2 moles  of 2-thiocyanatothiophene (IV) with one mole of I. Disulfide II may 
also be  fo rmed  without e m e r g e n c e  of the thienylthiyl r ad ica l s  (X) f r o m  the solvent  cage due to the i r  con -  
ve r s i on  to the m o r e  s table  thienyl mercap t ide  anions on reac t ion  with the eyc looc ta te t raene  anion radical .  
On reac t ion  with the unchanged 2-thiocyanatothiophene,  the mereap t ide  anions could give the disulfide.  

S-  

We have shown that  under  the conditions of the invest igated reac t ions ,  i .e . ,  in T H F  and at  low t e m p e r a -  
t u r e s ,  thiocyanatothiophene IV r eac t s  with p o t a s s i u m  thiophenoxide to give a mix tu re  of dithienyl and diphenyl 
disulf ides.  

In addition to thiocyanato de r iva t ive  IV, we a lso  studied 2,5-di thiocyanatothiophene (V). This  compound 
on po la rographic  reduct ion in T H F  gives one wave with El/2 = -1 .28  V (relative to an aqueous sa tu ra ted  
ca lomel  e lec t rode) ,  which co r r e sponds  to the i r r e v e r s i b l e  t r a n s f e r  of  four e lec t rons .  On reac t ion  with 2 
mo le s  of I in THF,  2,5-<lithiocyanatothiophene (V) fl mole)  is conver ted  to d imercap t ide  XI, which we ident i -  
fied through the dibenzoyl de r iva t ive  (XID, which was isola ted in 70% yield. The t r a n s f e r  of e lec t rons  f rom 
I to 2,5-di thiocyanatothiophene (V) can a lso  be  c a r r i e d  out in a s tepwise  fashion (in con t ra s t  to the reduction 
on a dropping m e r c u r y  e lec t rode  in the s a m e  solvent).  If equ imolecu la r  amounts  of  I and V a re  used,  2-  
th iocyanato-5-{benzoylmercapto) th iophene (XIID, which is  identical  to a s ample  of genuine s t ruc tu re  obtained 
f r o m  2- (benzoylmercapto)thiophene (XIV), can be isolated a f t e r  t r ea tmen t  of the reac t ion  m a s s  with benzoyl 
chlor ide .  The isolat ion of XIII in pure  fo rm is difficult ,  and the yield did not exceed 45%. However ,  the 
s ta r t ing  dithiocyanatothiophene (V) was not p r e sen t  in the reac t ion  products .  Oar r e v e r s e  reac t ion  of XV 
with the po ta s s ium cyanide p r e s en t  in the solution, which occu r s  during the act ion of a solution of iodine in 
T H F  on the reac t ion  mix tu re ,  s e r v e s  as  a dis t inct  p roof  of  the convers ion  of V to XV. As a resu l t  of  this 
t r e a t m e n t ,  we r e v e r s i b l y  i so la ted  2,5-di thiocyanatothiophene (V) in a lmos t  quanti tat ive yield.  * 

2 I V �9 KEN 
KS SK ~ ~ .NCS SK 

XI XV 

c~.~ocs~is~scoc~.5 ~ (scn~.AtC~ ~-S/~SCOC6H: N C S " ~ S C O C 6  H 5 

Xll  XIV XIII 

Thus po t a s s ium 2- th iocyanato-5- th ienyl  mercap t i de  (XV) is s table  in absolute  THF. The addition of 
25% ace t ic  acid to this solution causes  des tabi l iza t ion ,  and this leads  to the prec ip i ta t ion  of a c rys ta l l ine  
subs tance  that  does not contain ni trogen.  Po t a s s ium cyanide is also fo rmed in amounts  that approx imate ly  
co r re spond  to the s ta r t ing  amount  of  dithiocyanato der iva t ive  V. Consequently,  the cyanide ion a lso  spl i ts  

* The conver s ion  of thiophenols to thiocyanato de r iva t ives  under  the influence of cyanogen bromide  is well  
known [5]. We have shown that it is  a lso poss ib le  under the conditions of our expe r imen t s  if  2 ,2 ' -di thienyl  
disulfide (II) is ini t ial ly conver ted  to thienyl m e r c a p t i d e  VI by the action of I in T H F  and then into 2 - th io -  
cyanatothiophene (IV) on t r e a t m e n t  of the product  of this reac t ion  with iodine and po t a s s ium cyanide.  

/ 
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out f rom thiocyanato mercapt ide  XV. This cleavage p rocess  can be conceived of as proceeding due to both 
in te rmolecular  react ion of the thioeyanato and mercapt ide  groups and due to an electron shift f rom the 
mercapt ide  group to the thiocyanato group within a single molecule.  In the f i r s t  case ,  a polymer  with d i -  
sulfide bonds (AWl) could be formed,  while in the second case ,  t r i thiomaleic  anhydride (AVID could be 
formed. 

XVl XVII 

The substance obtained c rys ta l l i zes  f rom toluene and melts  on heating to 150 ~ to give a t ransparen t  
resin.  The react ion product  does not r eac t  with dienes of the furan and hexachlorocyclopentadiene types. 
Its PMR spec t rum contains only one signal - a  singlet at 5 7.07 ppm - w h i l e  its mass  spec t rum displays 
[(C4B2S)5S5] + , [(C4H2S)4S~] + , [{C4H2S)3S~] + , [(QH2S)2S7) + , and [(C4tt2S)S~] + ion peaks (the m / e  values a re ,  
respect ive ly ,  570,520,  502,388,  and 210). In addition, ions with a lower disulfide sulfur content up to f r a g -  
ments of the [(C4tt2S)n] + type a re  observed.  It should be noted that 2,2 '-dithienyl disulfide (ID dis integrates  
s imi la r ly ,  success ive ly  losing two sulfur atoms to give [ (C4H3S) 2 S] + and [ (C4tt3S) 2] + f ragments ,  respect ively .  
On the basis  of the spectral  data,  it can be concluded that the react ion product  obtained f rom XV is a poly-  
sulfide of the (C4H2S)nSm type. However, the mass  spectra  do not make it possible to decide whether an 
individual compound or  a mixture  of polysulfides containing a different number  of links is formed. Con- 
s truct ion of molecular  models f rom the "Eugon-atom" set shows that s t ruc tures  with three or  more  links 
(n >-3) a re  s ter ica l ly  possible.  According to ebulliographic data,  the molecular  weight of  the polysulfide 
cor responds  to t e t r a m e r  X-VIII. Thus either a principal  port ion of the substance is cha rac te r i zed  by s t r u c -  
ture  XVII, o r  a polysulfide with n = 3 is found in such a rat io with polysulfides with n > 3  that the average  
molecular  weight cor responds  to t e t r a m e r  XVIII. 

~'s-s" ~-~.~s-s ~ 

XNIII 

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

All of the experiments  were  ca r r i ed  out under a s t r e a m  of argon. The THF was purified to remove 
t r aces  of oxygen, peroxides ,  and mois tu re  and was distilled in a s t r eam of argon over  benzophenone po tas -  
s ium salt  p r io r  to use. The melt ing points were  determined with a Boetius mic roscope  stage. The yield 
of cycloocta te t raene  was found by g a s - l i q u i d  chromatography (GLC) with a KhROM-2 chromatograph.  The 
column (225 cm long with an inner d iameter  of 0.4 cm) was filled with 10% Tween-85 on Chromosorb  W 
(60-80 mesh).  The column t empera tu re  was 72 ~ and the c a r r i e r  gas was nitrogen (at a p r e s s u r e  of 0.3 
kg/cm2).  The method used for  the calculations was presented in [6]. 

Action of I on 2,2 '-Dithienyl Disulfide (ID. A solution of 0.208 g (0.9 mmole) of II in T H F w a s  mixed 
at - 40  ~ with a solution of 0.9 mmole  of I [6] in THF, and 0.5 ml of 25% acetic acid was added at - 10  ~ af ter  
20 rain. During the addition, the yellow color  weakened, and the precipi ta te  that formed af ter  mixing d i s -  
solved. The yield of cycloocta te t raene  was 100~0. The TtIF was distilled f rom the react ion mass  in a s t r eam 
of argon at 15 nun,  and the oily residue was dissolved in absolute ether.  The solution was fi l tered,  and the 
f i l t rate  was mixed with a solution of 0.366 g (1.8 mmole) of 2,4-dini t rochlorobenzene in absolute alcohol. 
The mixture  was heated on a boi l ing-water  bath for 15 rain and fi l tered hot; the precipi tated potass ium 
chloride was washed on the f i l ter  with hot alcohol. The combined fi l t rate on standing yielded 0.36 g {70%) 
of 2- th ienyl -2 ' ,4 ' -d in i t rophenyl  sulfide (VIII) with nap 118-119.5 ~ The sample was identified f rom a mixed-  
melt ing-point  determinat ion with a genuine sample [7]. In another experiment ,  0.0625 g (1 mmole) of po-  
t ass ium cyanide was added at -10  ~ to a solution obtained by mixing solutions in THF of I (1 mmole) and 
0.221 g (1 mmole) of II, af ter  which a solution of 0.488 g (1 mmole) of iodine in THF was added. The mix-  
ture  was s t i r red  for 3 h, and the formation of 2-thiocyanatothiophene ( i~  was established by GLC with a 
column filled with a mixture  of Chromosorb  G and polyethylene glycol adipate (5%) at 175 ~ 
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Action of I on 2 ,2 -Di (5 - t e r t -bu ty lmercap to th ieny l )  Disulfide (IID. The reac t ion  of 0.450 g (1.1 mmole)  
of IT[ and 1.1 m m o l e  of I in THF by the method desc r ibed  above gave 0.45 g (55%) of 5 - t e r t - b u t y l m e r c a p t o -  
2 - th ieny l -2 ' ,4 ' -d in i t ropheny l  sulfide (IX) with mp 124-125 ~ (from alcohol).  Found: C 45.8; H 3.9; S 25.8%. 
C14H14N204S 3. Calculated:  C 45.4; H 3.8; S 26.0%. A sample  of sulfide IX obtained f r o m  5 - t e r t - b u t y l -  
mercap to -2 - th iophene  thiol [8] had mp 124.5-125.5 ~ and did not d e p r e s s  the mel t ing  point of the sample  de -  
sc r ibed  above.  

Action of  I on 2-Thiocyanatothiophene (IV). Sulfide VIII, with mp 116.5-119 ~ was obtained in 79% 
yield f r o m  0.173 g (1.23 mmole)  of IV and 1.23 m m o l e  of I in THF; the product  did not d e p r e s s  the mel t ing  
point of the sulfide with a known s t ruc tu re .  In a pa ra l l e l  exper iment ,  the format ion  of the cyanide ion was 
es tabl ished (by convers ion  to P russ i an  blue). 

Reaction of 2 ,5-Dithiocyanatothiophene (V) with I. A. A solution obtained by mixing 0.125 g (0.63 
mmole)  of  V and 1.25 m m o l e  of I in T H F  was t r ea t ed  at  - 1 0  ~ with 0.43 ml  (3.8 mmole)  of f resh ly  dis t i l led 
benzoyl  chlor ide to give cyc looc ta te t raene  in 98% yield. Removal  of the solvent  gave 0.16 g (70%) of 2,5-  
di (benzoylmercapto)thiophene (XII) with mp 70-78 ~ a f t e r  r ec rys t a l l i za t ion  f r o m  pe t ro l eum ether  the p r o d -  
uct had mp 79-81~ a mix tu re  with an authentic [9] sample*  had mp 80-81 ~ 

B. 5 -Thiocyana to -2-benzoy lmercap to th iophene  (XIII) [0.12 g (40%)], with mp 76-78 ~ (from heptane),  
was obtained f r o m  0.231 g (1.16 mmole)  of V and 1.16 m m o l e  of I with the subsequent  addition of 0.487 g 
(3.48 mmole)  of benzoyl  chlor ide.  No mel t ing-poin t  dep res s ion  was noted for  a mix tu re  of this product  with 
a genuing sample  (see below). Comparab le  s amp le s  gave identical  spots during ch roma tog raphy  on a thin 
l aye r  of A1203 [with b e n z e n e - h e x a n e  (5:1) as  the eluent]. 

In specia l  expe r imen t s ,  solutions of 0.573 g (2.9 mmole)  of di thiocyanatothiophene V and 2.9 m m o l e  of 
I in T I I F  were  mixed  at  - 4 0  ~ a f t e r  which 2 ml  of 25% acet ic  acid was added at - 1 0  ~ The resul t ing  p r e -  
cipi tate  was r emoved  by f i l t ra t ion and c rys t a l l i zed  f r o m  toluene to give 0.8 g of the polysulfide; the yield 
was 50% based  on te tra[(2,5- thienylene)  disulfide] (EVIl). The product  began to me l t  at  150 ~ and a t  160 ~ 
was i r r e v e r s i b l y  conver ted  to a t r a n s p a r e n t  res in .  It was insoluble in mos t  organic  so lvents ,  except for 
carbon disulf ide and hot toluene.  Found: C 33.2; H 1.4; S 65.7%, Mol.wt. (ebul l iographicat ly t )  575. C16H3S12. 
Calculated:  C 32.8; H 1.4; S 65.8%; Mol.wt. 585. Cyclooc ta te t raene  (99%) and cyanide ion (75% by iodime -~ 
try) were  found in the f i l t ra te  f r o m  the prec ip i ta te .  The cyanide ion was also identified qual i ta t ively f rom 
the format ion  of P rus s i an  blue. 

Reaction of 2-Thiocyanatothiophene (IV) with Po ta s s ium Phenylmercapt ide .  A solution of 0.535 g 
(2.45 ramole) of  diphenyl disulfide was mixed with 2.45 m m o l e  of I in THF at  - 6 0  ~ and a white prec ip i ta te  
appeared .  At - 5  ~ 0.72 ml (6.4 mmole)  of  benzoyl  chlor ide was introduced into the mix ture .  The yield of 
cyc looc ta te t raene  was 100%. The solvent  was evapora ted ,  and the res idue  was succes s ive ly  c rys ta l l i zed  
f r o m  alcohol and hexane to give 0.5 g (40%) of S-benzoylthlophenol with rap 55-56 ~ A sample  of known 
s t ruc tu re  had the s ame  mel t ing  point and gave an identical  spot on a thin l a y e r  of a luminum oxide in a 
h e x a n e - e t h e r  (9:1) sys t em.  The s ta r t ing  disulfide was not found in this case .  

A 0.202-g (1.43 mmole)  s am p l e  of 2-thiocyanatothlophene (IV) was added at - 5  ~ to a suspension of 
po t a s s ium phenylmercap t ide ,  obtained during repet i t ion  of the exper iment  f r o m  0.156 g (0.715 mmole)  of  
diphenyl disulfide and 0.715 m m o l e  of I in THF. The prec ip i ta ted  thiophenoxide was d issolved,  and the r e -  
sult ing solution on ch roma tog raphy  on a thin l aye r  of a luminum oxide in a h e x a n e -  e ther  (4:1) s y s t e m  gave 
one spot coinciding with the spot  f r o m  a spec ia l ly  p r epa red  mix tu re  of  diphenyl disulfide and dithienyl d i -  
sulfide II; thiocyanatothiophene IV was not p resen t .  It is  known that  u n s y m m e t r i c a l  disulf ides d i s p r o p o r -  
t ionate to give a mix tu re  of s y m m e t r i c a l  disulf ides [10]. 

5 -Th iocyana to -2 -  (benzoylmercapto)thiophene (XIID f r o m  2-  (Benzoylmercapto)thiophene (XIV). A 
solution of 10.57 g (48 mmole)  of 2- (benzoylmercapto) th iophene (XIV)$ in 200 ml of absolute  ether  was 
added a t  " 5  ~ to a solution of 48 m m o l e  of dithiocyanogen in 100 mi  of absolute  e ther ,  a f t e r  which 0.5 g of 
anhydrous a luminum chloride was added, and the mix tu re  was s t i r r ed  at  0 ~ for 15 rain and at  10 ~ for  2.5 h. 
The reac t ion  m a s s  was then poured into 800 ml  of ice wa te r ,  and benzene was added to d i sso lve  the p r e -  
cipi tate .  After separa t ion ,  the organic  l ayer  was washed with wa te r  until i t  gave a negat ive reac t ion  for 

* We thank M. A. ga l ik  for  providing us with this sample .  
t The de te rmina t ions  were  c a r r i e d  out with an l~P-2 ebul l iograph f rom the Special Design Office of the 
Insti tute of  Organic Chemis t ry  of the Academy of Sciences of the USSR. 
$ Obtained by Scho t t en -Baumann  benzoylat ion of 2 -mercap to th iophene  (the product  had mp 58-59~ 
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thiocyanate ion, and it was then dr ied  and evaporated.  The res idue  was c rys ta l l i zed  f rom heptane to give 
8.4 g (63%) of thiocyanatothiophene XIII with mp 79-80 ~ Found: C 51.7; H 2.5; S 34.770. C12ttTOS 3. Cal-  
culated: C 51.9; H 2.6; S 34.7%. 
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