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RESULTS TOJARDS SYNTHESIZING THE 
POTENTIAL CLECTRICAL CONDUCTOR POLY(1,2-DI- 
THIOLO-1,2-DITHIOLE-2,6-DIYLIDENE) 

E. FANGHAi!U, A. M. RICHTER, B. I<ORDTS AND 
N. B E Y f  
Department of Chemistry, Technical University 
DDR-4200 Merseburg, GDR 

~ b s t  ract Zomplex-catalyzed polymerization of bis- 
X y m d - a c e t y l e n e s  4 ivith nickel catalysts leads 
to the poly(bis-alkylthio-acetylenes) 2 (P-:  3- 
50). The influence of the catalysts, o? th:! struc- 
ture o f  the monomers and o f  the solvent on the 
polyinerization is described. The polymers 2 are 
insulators and become semiconductors by doping 
Lvith electron acceptors. Compounds 2 decompo8e 
thermically 3t temperatures higher Than 250 C by 
a split t ing o f f of dialkyldisul f ides, dialkyl- 
sulfides and alkanethioles. By laser-induced 
pyrolysis electrical conductors are formed. 
The 4 are useful starting compounds for synthesi- 
zing-dimeric 1,4-dithiafulvenes 8. 
The 1,2-dithiole-thione 3a is available from 2,3- 
di-tert-butylthiofumarates o r  perchlorobutadiene 
with sulfuration reagents. The reactions of 2 
with electrophiles and nucleophiles are studied. 
From 321, the 3H,6H-2,5-5is-aryl-1,2-thiazolino 0,4- 4 1,2-thiazoline-3,6-dithiones 28 are easily ob- 
tainable. Their isomerization tathe 3H,6H-3,6- 
Sisarylimino-1,2-dithiolo~4,3-c]1,2-dithioles .- 30 . 
and vice versa, is described. 

INTRODUCTION - 
In 1973 the high electrical conductivity of the TTF- 
TCNQ charge- t ransf er complexes was found .l This gave a 
powerful impulse to many work groups all over the world 
to deal with the synthesis and characterization of 
electrical conducting organic materials. The best re- 
sults were cbtained with reversible redox donors con- 
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I66 E. FANGHANEL ei al. 

t a i n i n g  s u l f u r  and selenium. 

I n  these m a t e r i a l s  t h e  chalcogene atoms p l a y  a very 

impor tan t  r o l e  bo th  as a component o f  t h e  s i n g l e  donor 
molecule and a l s o  as c o o r d i n a t o r s  between t h e  d i f f e r -  
ent  donor s tacks  i n  t h e  s o l i d  s t a t e .  A h i g h l i g h t  o f  

t h i s  development was t h e  s y n t h e s i s  o f  t h e  superconduct-  
i n g  t e t r a c h a l c o g e n a f u l v a l e n  complexes. 

I n  1977 i t  was found t h a t  t h e  r e s i s t a n c e  o f  t h e  
w e l l  known semiconduct ing p o l y a c e t y l e n e  decreases dra-  

m a t i c a l l y  i f  i t  i s  o x i d i z e d  under c o n t r o l l e d  cond i -  
t i o n s .  T h i s  "doping"  - e. g. w i t h  bromine, i o d i n e  o r  
AsF5 - leads  t o  polymers w i t h  m e t a l - l i k e  p r o p e r t i e s  

and c o n d u c t i v i t i e s  o t  up t o  103 S ~ m - l . ~  L a t e r  many 

o t h e r  polymers were doped, bu t  t h e  h i g h  c o n d u c t i v i t y  
o f  p o l y a c e t y l e n e  c o u l d  no t  be reached. ( R e c e n t l y ,  a 

c o n d u c t i v i t y  o f  10 Scm'l has been r e p o r t e d  '). 
The polymer o t  t h e  t ype  A, t he  p o l y ( d i t h i o 1 o - d i t h i o l e -  

3 , 6 - d i y l i d e n e ) ,  i s  a l s o  a p o l y a c e t y l e n e  i n  which each 

carbon atom i s  s u b s t i t u t e d  by an e a s i l y  p o l a r i z a b l e  
s u l f u r  atom, 

2 

5 

s --s 

From t h i s  polymer we expect t h e  f o l l o w i n g  p r o p e r t i e s :  

p l a n a r i t y  o f  t h e  c h a i n ;  an e f f e c t i v e  e l e c t r o n i c  i n t e r -  
a c t i o n ,  b o t h  between s u l f u r  atoms o f  n e i g h b o r i n g  
d i t h i o l e  r i n g s  and also between d i f f e r e n t  polymer 
chains and a r e v e r s i b l e  redox behavior .  We t h e r e f o r e  

suspect t h a t  it might have h i g h  e l e c t r i c a l  c o n d u c t i v i -  
t y .  These e x p e c t a t i o n s  a r e  suppor ted by t h e  quantum 
chemical  computat ions o f  HARTMANN. He found, on t h e  

b a s i s  o f  a m o d i f i e d  HMO-calculat ion,  t h a t  i n  polymers 
o f  t h e  t ype  1 t h e  HOMO und LUMO ove r lap .  
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SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS 167 

The po lymer  1 r e p r e s e n t s  one p o s s i b l e  s t r u c t u r e  o f  

p o l y - c a r b o n m o n o s u l f i d e  t h a t  was p r e p a r e d  b y  DEWAR and 

JONES i n  1910 b y  a spontaneous p o l y m e r i z a t i o n  o f  mono- 

m e r i c  CS. ( F o r  more i n f o r m a t i o n  see .) However , the  

r e a l  s t r u c t u r e  o f  p o l y - c a r b o n m o n o s u l f i d e  i s  s t i l l  un- 

known. 

I n  1986 ARMAND p u b l i s h e d  t h e  s y n t h e s i s  o f  p o l y -  

mers w i t h  t h e  s t r u c t u r a l  e lements  o f  a d i t h i o l o - d i -  

t h i o l e - d i y l i d e n e .  He s t a r t e d  w i t h  a po l ymer  c o n s i s t i n g  

o f  a c h a i n  o f  s p - h y b r i d i z e d  ca rbon  atoms, w h i c h  was 

a c t i v a t e d  w i t h  l i t h i u m  and t h e n  t h i o l a t e d  b y  s u l f u r .  

The r e s u l t i n g  po lymers ,  w h i c h  can be  s y n t h e s i z e d  w i t h  

a v a r i a b l e  s u l f u r  c o n t e n t  r a n g i n g  from 0.15 t o  1 p e r  

carbon atom, seem t o  be an a t t r a c t i v e  e l e c t r o d e  ma- 

t e r i a l  f o r  b a t t e r i e s  w i t h  a h i g h  c a p a c i t y  and energy  

d e n s i t y .  

I n  o r d e r  t o  s y n t h e s i z e  t h e  po lymer  - 1 we s e l e c t e d  

t w o  d i f f e r e n t  cou rses  o f  a c t i o n .  

, I  s-s s-s SR 
3 1 ~ 2 - 

Q 
Y, X :  0, S, S R  

The f i r s t  one was t o  s y n t h e s i z e  p o l y a c e t y l e n e s  2, t h e n  

t o  remove t h e  o r g a n i c  g roups  R and f i n a l l y  t o  connec t  

t h e  1 ,3 -s tand ing  s u l f u r  atoms. The second way was t o  

s y n t h e s i z e  t h e  "monomeric" d i t h i o l o - d i t h i o l e s  - 3 and t o  

c o n v e r t  them i n t o  t h e  t a r g e t  po lymer .  T h i s  p a p e r  d e a l s  

w i t h  t h e  r e s u l t s  o f  b o t h  s t r a t e g i e s  and t h e  c h e m i s t r y  

o f  t h e  compounds 1 and - 3. 
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SYNTHESIS AND PROPERTIES OF POLY( BIS-ORGANYLTHIO- 
ACZTYLENES) - 2 

B e f o r e  we s t a r t e d  o u r  work po l ymers  o f  t h e  t y p e  2 
were unknown. r h e r e  had o n l y  been r e p o r t s  about  t h e  

p o l y m s r i z a t i o n  o f  some mono-arylthioacetylenes. 
These p o l y m e r i z a t i o n s  were c a t a l y z e d  n i t h  L e w i s - a c i d s  
o r  c a r r i e d  ou t  t h e r m i c a l l y .  Our a t t e m p t s  t o  use  such 
c o n d i t i o n s  t o  p o l y m e r i z e  b i s - o r g a n y l t h i o - a c e t y l e n e s  4 
were u n s u c c e s f u l .  Only o i l s  were o b t a i n e d .  

Commonly used c a t a l y s t s  f o r  a c e t y l e n e  p o l y m e r i z a t i o n  
a r e  d e s c r i b e d  by SHIRAKAWA ( a l u m i n i u m a l k y l s /  
t i t a n i u m a l c o h o l a t e s )  and b y  LUTTINGZR 10 ( N i (  1 1 ) -  

conp lex~s /NaBH4) .  Such systems do p o l y m e r i z e  t h e  b i s -  

o r g a n y l t h i o - a c e t y l e n e s  4, b u t  s i d e - p r o c e s s z s  such as  

t h e  s p l i t t i n g  o f f  o f  t h e  o r g a n y l  and o r g a n y l t h i o  g roups  

were observed. 

a l l y l - N i ( I 1 ) - c o m p l e x e s  o f  t he  t y p e  6 ,  and some N i ( 0 ) -  

complexes - 7 t o  be s u i t a b l e  f o r  t h e  p o l y m e r i z a t i o n  o f  

4.  

a 

We found s i m p l e  N i ( I 1 ) - c o m p l e x e s  o f  t h e  t y p e  2, - 

- 
catal. - RS--.=a- 

X 

CI 

Br 
I 
Br 
Br 

- 

salv. MeOH, THF. MeCN, CHCI, 

I n  p a r t i c u l a r ,  t h e  systems - 5 a r e  o f  p r a c t i c a l  i n -  
t e r e s t .  They a r e  v e r y  cheap, easy t o  p roduce  and 

s t a b l e  a g a i n s t  a i r .  
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SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS 169 

A s e r i e s  o f  bis-organylthio-acetylenes c o n t a i n i n g  

d i f f e r e n t - s i z e d  s u b s t i t u e n t s  R n e r e  p o l y m e r i z e d .  The 

r e s u l t s  ol '  t h e  p o l y m e r i z a t i o n  w i t h  b i s - t r i p h e n y l -  
phosphine-Ni(I1)-bromide 5b as c a t a l y s t  a r e  summari- 

zed i n  t a b l e  1 . 
TABLE I P o l y (  bi~-alkylthio-acetylenes)2~) - : number 

average m o l e c u l a r  w e i g h t ,  degree o f  p o l y m e r i z a t i o n  

and y i e l d  dependence f r o m  s o l v e n t  and t h e  s t r u c -  

t u r e  o f  t h e  a c e t y l e n e s  4; c a t a l y s t :  5b 

a TH F 4380 37b) 92c) 
a MeCN 3120 26 40 

b THF 1260 9 23 

b MeCN 1130 8 75 

C TH F 3410 20 32 
C MeCN 2350 14 2 4  

d THF 4450 22 9.5 

d MeCN 2420 12 1 5  

e TH F 8 56 3 32 
e MeCN 840 3 60 

f MeCN 825 gd 1 5  

a )  t empera tu re :  20 O C ;  t i m e :  72 h ;  m o l a r  
r a t i o  of c a t a l y s t  t o  monomer: 1/70; b, t h e  

v a l u e s  o f  Mn' and PTn r e p r e s e n t  t h e  f r a c t i o n  

i n s o l u b l e  i n  THF; who le  y i e l d  ( f r a c t i o n s  
s o l u b l e  and h s o l u b l e  i n  THF);  dl p o l y m e r i -  

z a t i o n  a t  b o i l i n g  t e m p e r a t u r e  o f  t h e  s o l v e n t ;  

r e a c t i o n  t i m e :  2h 
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I70 E. FANGHANEL er al. 

The p roduc ts  a r e  brown t o  red-brown s o l i d s  which a r e  

e a s i l y  s o l u b l e  i n  halogenated hydrocarbons. The elemen- 

t a l  a n a l y s i s  corresponds t o  t h e  expec ta t i ons .  Table 1 
o n l y  cons ide rs  t h e  s o l i d  p roduc ts .  The o i l y  p r o d u c t s  
which a r e  a l s o  formed a r e  d isregarded.  The mo lecu la r  

weights  w e r e  es t ima ted  by vapor-pressure osmometry. 

TABLZ I1 P o l y m e r i z a t i o n  o f  b i s - m e t h y l t h i o -  
ace ty lene  4a t o  p o l y ( b i s - m e t h y l t h i o -  
ace ty lene )  gal ; number average 
mo lecu la r  we igh t ,  degree o f  p o l y m e r i -  
z a t i o n  and y i e l d  dependence from t h e  
s o l v e n t  and t h e  c a t a l y s t  

TH F 

TH F 

TH F 

MeCN 

MeCN 
MeCN 

MeOH 

MeOH 
MeOH 
MeCN 
MeCN 

5a 
5b 

5c 

5a 
5b 

5c 
5a 
5b 
5c 
5d 

58 

2.4 2.4 4.8 5000 3200 42 27 

18.6 15.7 34.3 4500 2390 38 20 
33.5 13.0 46.5 3190 1980 27 16 

31.7 0 31.7 3600 3 1  
40.8 0 40.8 2950 25 
28.5 0 28.5 2540 21  
39.4 0 39.4 
39.7 0 39.7 
42.6 0 42.6 
27 0 27 

5 0 5 

a )  temperature:  25 O C ;  t ime :  25 h ;  molar r a t i o  o f  

c a t a l y s t  t o  monomer: 1/100; b, f r a c t i o n  p r e c i p i t a t e d  
d u r i n g  p o l y m e r i z a t i o n ;  f r a c t i o n  p r e c i p i t a t e d  w i t h  

methanol ; dl sum from b, and 
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SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS 171 

There i s  a c l e a r  tendency, whereby t h e  b u l k i e r  t h e  
groups R, t h e  l o w e r  a r e  b o t h  t h e  y i e l d s  and t h e  molec- 

u l a r  weights.  A p o s s i b l e  reason may be t h e  s t e r i c a l  
h indrance o f  t h e  p o l y m e r i z a t i o n  process by t h e  groups R.  

Secondary a l i p h a t i c  groups c o m p l e t e l y  suppress t h e  
p o l y m e r i z a t i o n  a t  room temperature,  b u t  t h e  y i e l d s  a r e  

l o w  even a t  e l e v a t e d  temperatures.  The y i e l d s  a l s o  

depend on t h e  s o l v e n t ,  b u t  no r e g u l a r i t i e s  can be seen. 

the  i n f l u e n c e  o f  t h e  c a t a l y s t  on t h e  p o l y m e r i z a t i o n  

was i n v e s t i g a t e d .  The r e s u l t s  a r e  shown i n  t a b l e  2. 

I n  the  range o f  t h e  N i ( I 1 ) - h a l i d e - c o m p l e x e s  t h e  i o d i d e  

5c i s  t h e  most a c t i v e ,  f o l l o w e d  by the  bromide 5b. 
T h i s  g r a d u a t i o n  i n  c a t a l y t i c  a c t i v i t y  was a l s o  found 

by o the rs .  The average mo lecu la r  weight  o f  t h e  
polymers ob ta ined  i n c r e a s e s  from t h e  i o d i d e  t o  t h e  
c h l o r i d e  complex. The d i f f e r e n c e s  between t h e  complexes 

a r e  l e v e l e d  out  i n  s o l v e n t s  where t h e  complexes 
d i s s o c i a t e  i n t o  t h e i r  components, e. g. when i n  metha- 
n o l .  I n  t h i s  s o l v e n t  t h e  m e t a l  i o n s  a r e  e q u a l l y  coor-  
d ina ted ,  and consequent ly ,  t h e r e  a r e  no b i g  d i f f e r e n -  

ces i n  t h e  c a t a l y t i c  p r o p e r t i e s .  ( I n  c o n t r a s t  t o  o t h e r  
s o l v e n t s ,  i t  was found t h a t  i n  methanol  p r o d u c t s  w i t h  
a low s o l u b i l i t y  w e r e  ob ta ined ,  and t h e r e f o r e  an 

e s t i m a t i o n  o f  t h e  mo lecu la r  weight by vapor p r e s s u r e  

osmometry was i m p o s s i b l e ) .  The s t a b i l i t y  o f  t h e  N i -  

phosphine-bond has a g r e a t  i n f l u e n c e  on t h e  c a t a l y t i c  
a c t i v i t y .  The s t r o n g e r  t h e  meta l - l igand-bond,  t h e  

l o w e r  i s  the c a t a l y t i c  a c t i v i t y  ( c a t a l .  - -  5d, 5e) .  
The N i ( I 1 ) -  and Ni (0) -complexes 6 and 1 show c a t a l y t i -  
c a l  a c t i v i t y  comparable t o  t he  s i m p l e  N i ( I1 ) - comp lexes  

- 5. From a p r a c t i c a l  p o i n t  o f  v iew t h e y  a r e  n o t  so 

i n t e r e s t i n g ,  due t o  t h e i r  poo re r  a v a i l a b i l i t y  and 

Using t h e  example o f  bis-methylthio-acetylene s, 

- - 
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I72 E. FANGHANEL el al. 

reduced  s t a b i l i t y  a g a i n s t  a i r  and m o i s t u r e .  
I n  o u r  c o n c e p t  of  t h e  p o l y m e r i z a t i o n  mechanism we 

f o l l o w  r e s u l t s  from t h e  l i t e r a t u r e .  11' l2 We s u p p o s e  
a c o o r d i n a t i o n  of a n  a c e t y l e n e  m o l e c u l e  on t h e  c a t a l y s t  
fo l lowed  by t h e  i n s e r t i o n  of t h e  a c e t y l e n e  i n  a l i g a n d -  
meta l -bond.  I n d e e d ,  we have  i s o l a t e d  a 1- to-1-complex  
o f  - 5b and t h e  a c e t y l e n e  s. The n e x t  s t e p s  in t h e  
p o l y m e r i z a t i o n  a r e  t h e  c o o r d i n a t i o n  of a f u r t h e r  mole- 
cu l e  o f  a c e t y l e n e  and i t s  i n s e r t i o n  i n t o  a ca rbon-  
me ta l -bond ,  and so on. T h e  m o l e c u l a r  vveights of  t h e  
po lymers ,  however ,  a r e  l o w ,  and i n  compar i son  t o  many 
o t h e r  p o l y m e r i z a t i o n s ,  a l a r g e  amount of t h e  c a t a l y s t  
i s  n e c e s s a r y  f o r  h i g h  y i e l d s  O F  t h e  polymer ( a c e t y l e n e  
t o  c a t a l y s t  - 7 0 : l ) .  There m u s t  be  some r u p t u r e  

p r o c e s s e s  t h a t  l i m i t  t h e  p o l y m e r i z a t i o n ,  One p o s s i b i l -  
i t y  is t h e  c l e a v a g e  of t h e  o r g a n y l - s u l f u r - b o n d .  In 
f a c t ,  i n  t h e  c a s e  o f  - 4e :'re found t h a t  Senzy lb romide  was 
formed w h e n  we t r i e d  t o  s y n t h e s i z e  t h e  complex be tween  
t h i s  a c e t y l e n e  and t h e  complex s. 

T h e  s o l i d  s t a t e  1 3 C  NklR s p e c t r a  of t h e  po lymers  I 2 
show t h e  e x p e c t e d  r a t i o  of sp / sp ' -hybr id i zed  c a r b o n  
a toms.  T h i s  v e r i f i e s  t h e  s t r u c t u r e  of these  compounds 
a s  p o l y a c e t y l e n e s .  I n  compar i son  t o  t h e  u n s u b s t i t u t e d  
p o l y a c e t y l e n e  (X,,,, # 700 nm) t h e  UV-'/IS s p e c t r a  of 
- 2 shou  a maximum n e a r  250 nm and b road  a b s o r p t i o n s  of  
low i n t e n s i t y  u p  t o  800 nm. T h i s  i n d i c a t e s  a h i g h l y  
t rv i s t cd  polymer  backbone bu t  no l a r g e  c o n j u g a t e d  x- 
e l e c t r o n - s y s t e m .  T h i s  n o n - p l a n a r i t y  may b e  t h e  r e a s o n  

Scm-l). 

po lymers  may b e  a consequence  o f  t h e  b a s i c i t y  and  
n u c l e o p h i l i c i t y  o f  t h e  a n i o n s  formsd.  I f  t h e  po lymers  

2 

f o r  t h e  i n s u l a t i n g  p r o p e r t i e s  of po lymers  2 (6: 10 -15 - 
The low c h e m i c a l  s t a b i l i t y  o f  t h e  h a l i d e - d o p e d  
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SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS I73 

a r e  doped w i t h  a n t i m o n y ( V ) - c h l o r i d e ,  more s t a b l e  hex- 

achloroant imonates a r e  obta ined.  A l s o ,  w i t h  a l a r g e  

excess o f  dopand, no more than  one a n i o n  p e r  f o u r  mono- 

mer u n i t s  c o u l d  be i n t r o d u c e d  i n t o  t h e  polymer. The 

p roduc ts  formed haxde a s p i n  d e n s i t y  o f  about 1021 sp ins /  

m o l  monomer u n i t .  T h i s  i n d i c a t e s  t h a t  c l o s e d  s h e l l  

c a t i o n s  predominate. The c o n d u c t i v i t y  o f  t hese  compounds 

i s  Scm-l. 

We t r i e d  t o  achieve t h e  r e d u c t i v e  d e a l k y l a t i o n  o f  

- 2e w i t h  sodium i n  l i q u i d  ammonia. U n f o r t u n a t e l y ,  b o t h  

the  s u l f u r - a l k y l - b o n d  and t h e  s u l f u r - p o l y m e r  backbone- 

bond were c leaved o f f .  

Other m o d i f i c a t i o n s  o f  t h e  polymers were t h e  a l k y l a -  

t i o n  o f  t h e  S-atoms under f o r m a t i o n  o f  s u l f o n i u m - i o n s  
and t h e  o x i d a t i o n  w i t h  d i n i t r o g e n - t e t r o x i d e  t o  p o l y -  

mer ic  s u l f o x i d e s .  I n  b o t h  cases p r o d u c t s  w i t h  conduc- 

t i v i t i e s  o f  about 10 were obta ined.  -10 Scm-l 

The polymers - 2 a r d  p h o t o - c r o s s l i n k a b l e  when they  

a r e  i r r a d i a t e d  w i t h  l i g h t  up t o  500 nm. The p r o d u c t s  

formed a r e  i n s o l u b l e  i n  common s o l v e n t s .  The c ross -  

l i n k i n g  was de tec ted  by e o l i d  s t a t e  1 3 C  NMR spec t ros -  

copy as a change from t h e  sp - h y b r i d i z e d  t o  sp3 -hyb r i -  

d i zed  carbon atoms. 

2 

All t h e  polymers ..- 2 syn thes i zed  have a l o w  the rma l  

s t a b i l i t y .  D T A - i n v e s t i g a t i o n s  show 3 decomposi t ion 

maximum a t  about 300 'C, independent O F  t h e  polymer. 

T h i s  process i s  exothermic.  D i a l k y l d i s u l f i d e s ,  d i a l k y l -  

s u l f i d e s  and mercaptanes a r e  ma in l y  formed as gaseous 

s p l i t t i n g  p roduc ts  co r rcspond ing  t o  t h e  groups 2. Thd 

r e s i d u e  i s  a b l a c k  s o l i d  i n s o l u b l e  i n  a l l  s o l v e n t s ,  

I t  i s  ma in l y  compoeed o f  s p L - h y b r i d i z e d  carbon atoms 

and s u l f u r  atoms. 

I f  t h i n  l a y e r s  o f  t h e  polymers a r e  i r r a d i a t e d  w i t h  
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I74 E. FANGHANEL et a/. 

l a s e r  l i g h t  ( a r g o n  i o n  l a s e r ,  488 nm), a p y r o l y s i s  

a l s o  occu rs .  The r e s u l t i n g  t r a c k s  have a m e t a l - l i k e  

s h i n e  and e l e c t r i c a l  c o n d u c t i v i t i e s  o f  about  100 up t o  
500 Scm-l, That  i s  about  15 o r d e r s  o f  magn i tude h i g h e r  

t h a n  f o r  t h e  s t a r t i n g  po lymer .  T h i s  p y r o - c o n v e r s i o n  can 

be c a r r i e d  ou t  w i t h  t h e  h i g h  s c a n n i n g  speed of 5 t o  8 
meters  p e r  second and i s  o f  i n t e r e s t  f o r  p r o d u c i n g  

c i r c u i t  boards.  

bromine we found a f o r m a t i o n  o f  deep b l u e  c o l o r e d  salts 
when t h e  monomers - 4 were t r e a t e d  w i t h  bromine.  These 

s a l t s  a r e  reducab le  w i t h  z i n c .  The b r o m i n a t i o n  p r o d u c t s  

o f  4a were i n v e s t i g a t e d  more p r e c i s e l y .  T h e i r  r e d u c t i o n  
y i e l d s  a m i x t u r e  o f  about  f i v e  l i g h t - y e l l o w  c o l o r e d  

compounds, A l l  t h e s e  compounds a r e  r e v e r s i b l y  o x i d i -  

z a b l e  and r e - r e d u c a b l e .  We i s o l a t e d  t h e  main  p r o d u c t  
by  column chromatography.  The s t r u c t u r e  - 8 f o l l o w s  f rom 
X-ray a n a l y s i s .  The r e s u l t s  o f  t h e  13C NMR s p e c t r o s -  
copy a r e  i n  agreement w i t h  t h i s  s t r u c t u r e .  I n  t h e  
d imer  8 b o t h  t h e  m o l e c u l e  h a l v e s  a r e  t w i s t e d  a g a i n s t  

each o t h e r  w i t h  an a n g l e  o f  79,5 . The o x i d a t i o n  l e a d s  
t o  t h e  d i - c a t i o n  10 v i a  t h e  m o n o - c a t i o n - r a d i c a l  9 .  The 
e l e c t r i c a l  c o n d u c t i v i t y  o f  10 i s  TO-' Scm-l. 

I n  o u r  dop ing  exper imen ts  o f  t h e  po lymers  2 w i t h  
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SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS 175 

The po lymers  - 2 a r e  u s e a b l e  a s  a c t i v e  e l e c t r o d e  
m a t e r i a l s  i n  e l e c t r o c h e m i c a l  elements. T h e  e x p e r i m e n t s  
were c a r r i e d  o u t  i n  c e l l s  w i t h  l i t h i u m  as c o u n t e r  and  
r e f e r e n c e  e l e c t r o d e ,  propylenecarbonate/lithiumperchlo- 
r a t e  as e l e c t r o l y t e  and a polymer/carbon-black/PTFE- 

m i x t u r e  a s  working  e l e c t r o d e .  The po lymers  2 c a n  b e  
n e g a t i v e l y  and p o s i t i v e l y  c h a r g e d .  A f t e r  a f o r m a t i o n  pro- 

cess ( a b o u t  5 c y c l e s )  t h e  c e l l s  work r e v e r s i b l y  and 
have  a c a p a c i t y  o f  6 2  mi'Jh/g f o r  t h e  r e d u c t i v e  and 160 
m:'ilh/g f o r  t h e  o x i d a t i v e  c h a r g e  and d i s c h a r g e  ( v a l u e s  
a r e  r e l a t e d  t o  t h e  a c t i v e  e l e c t r o d e  m a t e r i a l ) .  

ATTLMPTS TO SYNTHLSIZE 1,2,-TTF 1'JITH A N  EXTCNDED - 
ZLECTRON -SYSTiM 
- -  - .  - - . - .  ~ - . - - . . - - - _ .  . - . ~  _ . . . _  . - -  . . _ .  . _ _ _ - _ _ _ .  
-I. . - _-- - . -. 

As ment ioned  a b o v e ,  o u r  s e c o n d  s t r a t e g y  f o r  s y n t h e s i -  
z i n g  t h e  polymer - 1 was t o  s t a r t  w i t h  "monomeric"  d i  
t h i o l e s  3 .  Tha f o r m a t i o n  O F  1 from t h e s e  monomers 
c o n s i s t s  i n  t h e  Formation 0 ;  1 , Z - T T F - u n i t s .  S y n t h e s e s  

14 o i 1,2 TTF were d e s c r i b e d  by B E H R I N G i R  15, P i D i R S i N -  
1 5  16 and PAPAdASSILIOiJ  ; f o r  more d e t a i l s  s2e a l s o ,  

A common way t o  1,Z-TTF i s  t h e  r e d u c t i v e  d i m e r i z a t i o n  
o f  3 - c h l o r o -  o r  5 - a l l ~ y l t h i o - s u ~ s t i t u t e d  1 , Z  d i t h i o l -  
i u m - s a l t s .  

b i s a c y l i r n i n o - d e r i v a t i v e s  11. l7 B u t  u n f o r t u n a t e l y  , 
a l l  a t t e m p t s  t o  remolte t h e  acy l i rn ino -  o r  a c y l - g r o u p s  
f a i l e d .  

- 

The f i r s t  d i t h i o l o - d i t h i o l e s  d e s c r i b e d  were t h e  
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I16 E. FANCHANEL et al. 

We found t h a i  a l o t  o f  l i n e a r y  C4-compounds a c t i v a t e d  

by m u l t i p l e  bonds, h a l o g e n s u b s t i t u e n t s  and/or c a r -  
bony1 groups, e.g. 12a-c,  y i e l d  the  3H,6H-1,2-di- 

t h i o l o  4,3-c 1 , 2 - d i t h i o l o - S , 6 - d i t h i o n e S  when they a r a  
s u l f u r a t a d .  12b generates t h e  bes t  r e s u l t s  w i t h  a y i e l d  

o f  about 15:; I*. However, t h i s  way cannot be recommen- 
ded f o r  o b t a i n i n g  3a on a l a r g e r  s c a l e  because the  e s t e r  

- 12a must be prepared i n  a m u l t i - s t e p  syn thes i s .  I n  t h e  

t h i o l a t i o n  o f  pe rch lo ro -bu tad iene  13 wi th  sodium penta-  

s u l f i d e  i n  DMF ws found a convenient  one-pot-synthes is  
o f  2, w i t h  y i e l d s  of up t o  30:; o f  t h e  theo ry .  19 

The d i t h i o n e  7 3a i s  a v i o l e t ,  c r y s t a l l i n e  compound. 

The s t r u c t u r e  f o l l o w s  from the  e lemen ta l  a n a l y s i s ,  

mass spec t romet ry ,  I R  and U V - V I S  spectroscopy. The 

r e s u l t s  o f  PPP-calcu lat ions agree well w i t h  t h e  
U V - V I S  spec t ra  measured. 

The r e d u c t i v e  d i m e r i z a t i o n  o f  t h e  d i t h i o l o - d i -  

t h io le -sys tem was t h e  f i r s t  s t e p  we w e r e  i n t e r e s t e d  
i n .  F o r  t h i s  purpose the  dithiolo-dithiolium-salts 
- 3d-f were prepared by a l k y l a t i o n  o f  t he  d i t h i o n e  3a 
o r  t h e  monothione E. The l a t t e r  was ob ta ined  by 

h e a t i n g  t h e  d i t h i o n e  i n  concen t ra ted  s u l f u r i c  a c i d .  

20 
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SYNTHESES OF POTENTIAL ELECTRICAL CONDUCTORS 177 

I f  m e r c u r y ( I 1 ) - a c e t a t e  i s  used  a s  t h e  d e s u l f u r a t i n g  
a g e n t ,  d i - o n e  - 3c I s  t h e  main p r o d u c t .  A l l  a l k y l a t i o n  
p r o d u c t s ,  e s p e c i a l l y  2 , a r e  v e r y  e l e c t r o p h i l i c  and  
can  be  e a s i l y  d e a l k y l a t e d .  They a r e  r e d u c a b l e  w i t h  
z i n c  d u s t  o r  aqueous  T i ( I I 1 ) - c h l o r i d e  s o l u t i o n .  I n  t h e  
c a s e  of 3f t h e  d imer  14 c o u l d  be i s o l a t e d .  The s t ruc-  
t u r e  e l u c i d a t i o n  i s  based  b o t h  on c o r r e c t  e l e m e n t a l  
a n a l y s i s  and on I R  and U d - V I S  s p e c t r o s c o p y .  T h e  s p e c -  
t r a  of 14 a r e  s i m i l a r  t o  t h o s e  o f  s i m p l e  1 , 2 - d i t h i o l e -  
3- o n e s .  

H', BF,; 

s-s 5--5 

A ,  I,, Er, ,Zn T 
o/*o 

s-s s-s 
i? 

i'le t r i e d  t o  s p l i t  o f f  t h e  m e t h y l t h i o - g r o u p s  w i t h  s e v -  
e r a l  e l e c t r o p h i l e s ;  bu t  e i t h e r  many p r o d u c t s  were  
formed ( e . g .  w i t h  s u l f u r i c  a c i d ,  b r o m i n e / z i n c  o r  

z i n c / a c e t y l c h l o r i d e )  and no d e f i n e d  p r o d u c t s  c o u l d  
b e  i s o l a t e d ,  o r  t h e  d imer  was h a l v e d  ( w i t h  b r o m i n e ,  
s i l v e r - i o n ,  a n t i m o n y ( V ) - c h l o r i d e  o r  o t h e r s ) .  Obvious-  
l y ,  i t  i s  more a t t r a c t i v e  t o  r e g e n e r a t e  t h e  "mono- 

I 
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I78 E. FANGHANEL el al. 

mer ic "  d i t h i o i i u m - i o n  - 3 f  than t o  e x t r a c t  t h e  methy l -  

t h i o  groups under f o r m a t i o n  o f  t h e  corresponding d i -  

c a t i o n  o f  g. A p o s s i b l e  e x p l a i n a t i o n  may be t h e  v e r y  
h i g h  e l e c t r o p h i l i c i t y  o f  t h i s  d i c a t i o n  and t h e  s t e r i -  
c a l  l o a d  of  t h e  s i n g l e  bond between the  f o r m e r  mono- 
mers. Such o x i d a t i v e  d e - d i m e r i s e t i o n  has also been ob- 

21 served i n  t h e  case o f  s imp le  1 , 2 - d i t h i o l e  dimers. 
Unsuccessful  exper iments f o r  a r e d u c t i v e  convers ion  
o f  - 14 t o  15 (e.g., w i t h  t r i p h e n y l p h o s p h i n e  o r  z i n c )  
may be exp la ined  by t h e  i n s t a b i l i t y  o f  t h e  S-S-bond 
o f  t h e  non-aromatic d i t h i o l e - r i n g  i n  - 14. 

a 1 , 2 - d i t h i o l i u m  s a l t  w i t h  an extended 3 - e l e c t r o n  
system t o  t h e  corresponding 1,2-TTF, we syn thes i zed  the  

c a t i o n s  18. S t a r t i n g  from 1 , 2 - d i t h i o l e  - 16 22, conden- 

s a t i o n  w i t h  t h e  h e t e r o c y c l i u m - s a l t s  17 and f o l l o w i n g  

a l k y l a t i o n ,  many compounds o f  t ype  18 w e r e  syn thes i zed .  

Reduct ion was t r i e d  w i t h  z i n c  dust  and w i t h  an aqueous 

s o l u t i o n  o f  t i t a n i u m ( I I 1 ) - c h l o r i d s .  Using z i n c  as t h e  

reducing ageni  t h e  z i n c  complexes 19, b u t  not  t h e  d i -  

mers w e r e  formed. The complexes 19 a r e  deep v i o l e t  t o  

b l u e  c o l o r e d  compounds s o l u b l e  i n  ha logenated hydro- 
carbons. They can be r e - o x i d i z e d  t o  t h e  d i t h i o l i u m -  
i o n s  18. The r e d u c t i o n  o f  a t e t ramethy lene  s u b s t i t u t e d  

7 18 w i t h  e i t a n i u m ( I I 1 ) - c h l o r i d e  i n  DMF gavs a h i g h  y i e l d  
o f  t h e  dimer - 20; but  also i n  t h i s  case t h e  a t tempts  
t o  conve r t  - 20 i n t o  a 1,2-TTF f a i l e d .  Reduct ion o f  20 
vr i th  z i n c  d u s r ,  a l s o  i n  t h e  presence o f  bromine as  an 

e x t r a c t o r  f o r  t h e  MeS-groups, y i e l d s  the  z i n c  complex 
- 19. Attempts t o  achieve an o x i d a t i v e  e x t r a c t i o n  o f  t h e  

m e t h y l t h i o  groups w i i h  bromine o r  o t h e r  o x i d a n t s  gave 
the  monomeric d i t h i o l i u m  s o l t .  

As model s t r u c t u r e s  f o r  s t u d y i n g  t h e  convers ion  o f  
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@ S 

z - c H 3 s  

T h e r e f o r c ,  t h e  c h e m i c a l  b e h a v i o r  o f  t h e  donor  subs ' i i -  

t u t e d  d i t h i o l i u m - s a l t s  - 18 i s  s i m i l a r  t o  t h3 t  o f  t h e  

a c c e p t o r  s u b s t i t u t e d  ones 3 e - f .  W i t h  b o t h  t y p e s  o f  

d i t h i o l i u m - i o n s  we w s r e  n o t  a a l e  t o  g e t  1,2-TTF :.Jith 

an ex tendcd  = - e l e c t r o n  system. 

t o  c o n v e r t  - 3a o r  t h e  1 , 2 - d i t h i o l i u r n - i o n s  - 3 d - f  i n t o  

p o t e n t i a l  e l e c t r i c a l  c o n d u c t o r s .  . le t h e r e f o r e  conden- 
23  sed t h e s e  compounds w i t h  some C- and I J - n u c l e o p h i l e s  . 

Foi- t h i s  reason,  we l o o k e d  f o r  o c h e r  p o s s i b i l i t i e s  

A,,,  6 2 2  nrn 
5--5 

i i t h  t h e  2-benzylidene-1,3-dithiole 21 t h e  d a e p l y  

c o l o r e d  p o l y m e t h i m d y e s  -- 22,23 and i v i t h  d i m e t h y l -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



180 E. FANGHANEL et al. 

a n i l i n e  t h e  compounds  24-26 were o b t a i n e d .  / m o t h e r  
c l a s s  we u s e d  f o r  t h e  c o n d e n s a t i o n  were t h e  s r o m a t i c  
a m i n e s  27. .‘/hen t h e  r e a c t i o n  was c a r r i s d  o u t  i n  ace- 
t i c  a c i d ,    he his-imino-dithiolo-dithioles - 30 :.rere 
f o r m e d .  I n  l e s s  p o l a r  solven’cs,  c.g. t o l u e n e  o r  t e -  
t r a c h l o r o J t h a n e ,  t h e  i s o t h i a z o l i n o [ 5 , 4 - d ]  i s o t h i a z o -  
l i n e s  - 29 : v s r e  o b t a i n e d .  The m o n o i m i n e s  28 were 
isolated as  i n t e r m e d i a : c s .  

The  isothiazolino-isothiazolines 29 r s p r e s J n i :  b o t h  a 
nevi h e t e r o b i c y c l i c  s y s t e m  a n d  t h e  1 4 - a r y l - i s o c h i a z o -  
l i n e - 3 - t h i o n e s  f i r s t  d e s c r i b e d .  The  s T r u c r u r 2  o f  t h e  
compounds 29 ,50  Follows f r o m  t h e  mass s p e c t r o m e t r y  
( m o l e c u l a r  p e r : k ) .  T h e  f r a g m s n t a c i o n  p a t t e r n  o f  22 
a n d  - 50 d i f f s r s ,  o n l y  30 show a S 2 - f r a g m e n t a t i o n  a n d  t h e  
b a c k b o n e  of t h e  m o l e c u l e  - A r - N = C = C = C a = N - A r + -  is 8 

d o m i n a n t  f r a g m e n t  i o n .  T h e  Ii? d a t a  ( Y ~ = ~ ~  i n  t h e  cas,2 o f  
- 3 0 , 7 c s  in t h e  ca sc  olt - 29) ai-e a l s o  i n  a c c o r d a n c z  w i t h  
t h e  s t r u c t u r e  p r o p o s 2 d .  T h e  l o n g  u a v e l e n g t h  a b s o r p t i o n  
maximum of 30 l i e s  a t  smal le r  v a l u e s  t h a n  c h a t  O F  - 29. 

Tlis a g r a e s  n i t h  P P P - c z l c u l a t i o n s .  
‘The d i c a t i o i i s  22,24 a n d  t h e  i i e u t r a l  m o l z c u l e s  a r a  

of  i n t e r c s t  a s  p o s s i b l a  c o m p o n e n t s  i n  r e v e r s i b l s  
r s d o x  s y s t m s .  I n v e s t i g a t i o n s  i n  t h i s  f i e l d  ar.3 i n  
p r o g r e s s .  

h 
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From simple N-alkyl-1,2-dithiole-3-imines it is 
known that they can be transformed into the isomeric 2- 
all<yl-1,2- t hiazoline-3- t hiones, and vice versa .23 There 
is also an equilibrium between the compounds - 29 and - 30. 
The bis-imines 30 ars favoured in more polar solvents 
and in ihe presence o f  protons, Lvhereas in less polar 
solvents the isothiazolino-isothiazolines - 29 are favoured 
The rearrangement is reversible and can be catalyzed by 
protons in the presence o f  weak nucleophiles, e.g. 
iodide OI- thiourea. In the presance of larger amounts 
o f  protons or of oxidants such as iodine, bromine, TCN:) 
or Lewis acids, the conversion o f  the 29 into the bis- 
irnines - 30 is complete. 

further interesting reactions, explained here with the 
example of the unsubstituted phenyl derivative. The 
alkylation with methyl iodide immediately produces the 
inino-dirhiolo-isothiazolium salt 2. 

The isothiazolino-isothiazolines 2 generate some 

Ar 

S--N m \  
Ar 

The alkylation is connected with a rearrangement of one 
thiazoline ring t o  the 1,2-dithiole ring provan by the 
absenca o f  the thiocarbonyl band in the IR spectra. The 
isothiazolium salt is unstable against water. The 
sulfanic acid j2  is formed by a ring opening reaction. 
The stability o f  this sulfonic acid - the PI<-value is 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



I82 E. FANGHANEL el al. 

8 .4  - i s  caused by  a hydrogen bond ing  between t h e  

hydrogen o f  t h e  h y d r o x y l  g roup  and t h e  n i t r o g e n  o f  t h e  

i m i n e  group. The h y d r o x y l  g roup  can e a s i l y  be removed 

f rom t h e  s u l f e n i c  a c i d  b y  a c s t y l  c h l o r i d e  o r  hydrogen 

iod id i :  and under  r i n g  c l o s u r e  t h e  i m i n o - i , 2 - d i t h i o l o -  

i s o - t h i a z o l i u m  s a l t  31 is re fo rmed.  A s  expec ted ,  t h e  

a l k y l o t i o n  o l  t h e  s u l f e n i c  a c i d  by m e t h y l  i o d i d e  i n  

t h e  p resancs  o f  a base gava t h e  s u l i o x i d e  33. The 'H 

WIT: spcct rurn,  t h e  If: and t h e  mass spec t rum at-3 i n  

accordance w i t h  t h e  s u l . r o x i d o  s t r u c t u r e .  

Lvei-y a t t e m p t  t o  o b t a i n  a s t r u c t u r a l l y  d e f i n e d  

polycarbonmonosul . ; ide f a i l e d .  T h e r e f o r z ,  we concen- 

t i -Gt2d o u r  a c t i v i t i e s  on a reducod c y c l i c  hexamar o f  

ca rbonmonosu l f i de ,  t h e  b e n z e n e h e x a t h i o l a t z  2. T h i s  

compound i s  of  g r s a t  i n t e r e s t  b o t h  a s  a complsx l i g a n d  

and as s t a r t i n g  m o t t r i a l  f o r  s y n t h e s i z i n g  new I,& 
TTF typGs. The hexazn ion  34 has been known f o r  some 

yei;rs and aas o b t a i n e d  i n  HPIPT s o l u t i o n s  by  reduc-  

The i s o l a t i o n  o f  a put-? produc:  3 4  was no:- d e s c r i b e d .  

I n  t h e  r e d u c t i o n  o I' hexa tc i s -benzy l th io -bonzene  i n  

l i q u i d  ammonia we found L! conven ien t  !'Jay t o  p u r s  ;4. 

- 
t i o n  0: hexdkis-isopropylthio-benzene r v i  i-h sodium 24 

_- 

SR SR 
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de ;Jere f i r s t  i n t e r a s t e d  i n  t h e  h i g h l y  s y m m e t r i c a l  t r i -  
4 , 5 - ( 1 , 3 - d i t h i o l y l 3 n e s )  .35 T h e s s  compounds a r z  b o t h  
b u i l d i n g  J l o c k s  f o r  t h e  synthesis o f  neyi TTF a n d  p r e -  
c u r s o r s  oll  o r g a n i c  f e r r o m a g n e c s .  

p h o s g e n e  and  i t s  h e t a r - o a n a l o g u e s  i o  t h e  c r i - 4 , 5 - ( 1 , 3 -  
d i t h i o l y l L n e s )  35a-c. T h e s a  compounds n3re i d d n t i f i e d  
a n d  c h a r s c t e r i z e d  by UL', 12 aiid mass  s p e c t r o m e t r y .  
i n  t h e  mass s p a c t r a  0,' 35a and L5c t h e  f o r m a t i o n  o f  36 

w . 2 ~  o b s e r v e d .  T h i s  i s  a V2i-y i n c e r d s ' i i n g  m o l e c u l e  b o t h  
-iroia a t h e o r 2 : i c a l  and  a s y n t h c t i c z l  p o i n t  o f  v i w ,  
Jild ;:ill be ;., s u b j e c i  o f  o u r  i ' u t u r e  work. The r e a c y i o n  
o f  -- 34 : .rich c a r b o n d i s u l r i d e  i n  DMF -iollo: .red by s l k y l -  

p r 2 c u r s o r  f o r  t h e  s y n i h e s i s  oI: p o l y m e r i c  TTF.  F o r  t h i s  
pul-pose w j s  d e s u l r u r a t e d  Ydith m e r c u r y (  I I ) - a c e : a t a  
and t h e  c o r r L s p o n d i n g  d i - o n e  V J O S  d i l a e r i z z d  10 3 8 ,  a 
r e v 2 r s i b l 2  :-edox s y s t e m .  [ , l o re  d e t a i l e d  che i i l i cd l  a n d  
s p ~ c i r o s c o p i c a l  c h a r a c T e r i z a r i o n s  o f  : h e  c o m p o u n d s a r e  
34-38 i n  p r o ; r a s s .  

The h e x s - s o d i u m  b e n z e n e - h e x a t h i o l a t e  34 r eac t s  w i t h  - 

25 

- -- -- 

a c i o n  l a s d s  t o  t h e  e e i r a t h i a - s - i n d 3 c s n c  37 =, a 

- 

-. - 
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