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RECENT ADVANCES IN ORGANIC METALS 

F. WUDL, S. D. COX, and D. E. WELLMAN 
I n s t i t u t e  for Polymers a n d  Organic  Solids,  
Department of Physics, University of California, 
Santa Barbara, CA 93106 

A b s t r a c t  Recent advances in  t h e  synthes is  of 
octathioquinodimethan (OTQ) culminating in the  
p r e p a r a t i o n  of a p e r t  hiomet hyla ted  
t e r e p h t h a l a t e ,  a methylated precursor  of OTQ 
a r e  presented. 

INTRODUCTION 

I t  is c l e a r  from previous papers  in th i s  conference 

a n d  previous publ icat ions t h a t  in order t o  observe 

superconduct ivi ty  in o r g a n i c  solids, one must have 

multiple chalcogen-chalcogen interactionsi .  This 

led us t o  design molecules whose periphery consists 

of group VI atoms (except oxygen). One example is 

octathioquinodimethane2 (OTQ, A): 
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182 F. WUDL. S. D. COX AND D. E. WELLMAN 

This molecule is i n t e r e s t i n g  because its open shell 

derivatives may be stable either as a cation or anion 

SO t h a t  i t  could be considered a good donor2 a n d  

a relat ively good acceptor. Furthermore, under the  

r i g h t  c i rcumstances,  OTQ may undergo a neutral- 

to-ionic t r a n s i t i o n 3  which c a n  be associated w i t h  

a n  insulator-to-metal transit ion.  For these reasons 

we decided t o  a t t e m p t  t o  p r e p a r e  t h i s  h ighly  

func t iona l  molecule. In t h i s  paper  we p r e s e n t  

r e s u l t s  of sys temat ic  i n t r o d u c t i o n  of up t o  e i g h t  

sulfur atoms into a E-xylene. 

RESULTS AND DISCUSSION 

A f t e r  severa l  abort ive attempts t o  prepare in one 

s tep ,  it w a s  decided t o  r a t i o n a l l y  i n c o r p o r a t e  a l l  

t h e  s u l f u r  atoms i n t o  a E-xylene framework. A 

potent ia l ly  economic r o u t e  is shown i n  Scheme I, 

below: 
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RECENT ADVANCES IN ORGANIC METALS 

Scheme 1. 
183 

Li CS2L i 

3 - A 2 - 
a, BuLi; b, CS2; c ,  SMHPA; d, HcSNa; a ,  12/A 

The prepara t ion  of 2 w a s  modeled a f t e r  t h e  

p r e p a r a t i o n  of its oxygen ana log ,  t e t r a f l u o r o  

t e r e p h t h a l a t e 4 ,  and  t h e  next  two steps were based 

on previous experience wi th  mult i thiolat ion of 

aromatic rings5; the  last s tep required an  oxidative 

dea lkyla t ion  where we intended t o  t a k e  advantage 

of t h e  vola t i l i ty  of methyl iodide t o  "drive" t h e  

reaction. 

The f i r s t  problem a r o s e  with t h e  

d i th iocarbonat ion;  unl ike t h e  r e a c t i o n  of 

I ,4-dili t hio - 2  ,3 ,5,6-te t r  af luorobenzene with carbon 

dioxide4j t h e  r e a c t i o n  w i t h  c a r b o n  disulf ide gave  

disappoint ingly low yields of bo th  l i thium 
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184 F. WUDL, S. D. COX AND D. E. WELLMAN 

t e t r a t h i o t e r e p h t h a l a t e  and  l i thium 

t e t r a f  luorodi thiobenzoate  [charac te r ized  as the i r  

methyl esters, 2Me (5%) and BMe (lo%), respectivelyl. 

Others  have made similar observations'.  The 

reasons  f o r  t h i s  outcome a r e  not  obvious since the  

r e a c t i o n  mixture contained uncharacterized deeply 

colored oils which could have resu l ted  from 

decomposition (polymerization, e t c )  of t h i o l a t e s  

formed from thiophi l ic  addi t ion  . Nonetheless we 

inves t iga ted  t h e  n e x t  s t e p  by t h e  in  s i tu  trapping 

of 2 w i t h  s u l f u r ,  followed by in t ramolecular  

nucleophilic s u b s t i t u t i o n  of t h e  a d j a c e n t  fluoride 

atoms. Indeed, 3 w a s  prepared  i n  t h i s  manner f o r  

t h e  f i r s t  time b u t  s ince t h e  yields of t h e  sequence 

te t ra f luorobenzene  + 3 were so meager, we did not 

have enough mater ia l  t o  cont inue  w i t h  th is  

approach.  However, even if t h e  yield of 3 is low, 

i t  s t i l l  c o n s t i t u t e s  a quick en t ry  into a benzo-bis- 

it2-dithiol-3-thione system' and is probably worth 

pursuing in terms of yield optimization, The obvious 

side product  from t h i s  reac t ion ,  trif luorobenzo- 

1,2-dithiole-3-thione (H) w a s  a lso isolated and  

charaterized spectroscopically. D
ow
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RECENT ADVANCES IN ORGANIC METALS 185 

The next  approach  relied on a s l i g h t  v a r i a t i o n  

s t a r t i n g  with 

Scheme 

<+) 

t l e s q n e  HepN Stle t le~$~t le tleS S 

HeS Stle HeS Stle 
9. - 

tloS NH.2 s sno 
<+) 
- 7 - 8 

While t h e  yields of 5 were considerably bet ter  t h a n  

t h o s e  of 2Me, t h e y  were still n o t  respectable ,  

Furthermore,  in a t tempts  t o  prepare N,N’-dimethyl- 

2,3,5,6-tetrafluorothio-benzamide by the prsumed 

monolithiation of te t ra f luorobenrene8 ,  re la t ive ly  

h i g h e r  yields of 5 were obtained;  indicating t h a t  

t h e s e  l i th ia t ion-a lkyla t ion  r e a c t i o n s  i n  both  

Schemes a r e  more complex t h a n  initially surmised and 
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186 F. WUDL. S. D. COX AND D. E. WELLMAN 

t h a t  & could be depro tona ted  very  efficiently by 

i-lithio-2,3,5,6-tetraf luorobenzene. To t e s t  t h i s  

hypothesis we allowed t o  reac t  with LDA, followed 

by quenching wi th  N,N-dimethyl thiocarbamoyl  

chloride; indeed, t h i s  procedure afforded the  best 

yield of 2, 

Surpris ingly,  t h e  prepapra t ion  of g a n d  1 w a s  

uneventful  under  r a t h e r  mild condi t ions.  This  

enticement t o  success  w a s  obli terated by the  u t t e r  

f a i l u r e  of t h e  sulf  o-deamination 

s tep;  t h e  only isolable mater ia l  from t h e  reaction 

of 8 w i t h  hydrogen sulf ide i n  pyr id ine  w a s  its 

precursor ,  a. A possible explana t ion  f o r  t h i s  

observation is t h a t ,  in fact ,  t h e  resonance s t ruc ture  

drawn f o r  in  Scheme I1 is t h e  predominant one 

with l i t t l e  or no c h a r g e  on t h e  n i t r o g e n s  due t o  

steric inhibition of resonance; as a rsult, the  sulfur 

atoms a r e  forced  t o  bear  t h e  full load of a positive 

c h a r g e  a n d  a r e  demethylated.  In  addi t ion,  t h e  

th ioacyl  atoms which must be a t t a c k e d  by HS- t o  

a f f o r d  % a r e  bur r ied  i n  a sea of l a r g e ,  lone pair- 

bearing atoms. 
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RECENT ADVANCES IN ORGANIC METALS 187 

H a d  we been able t o  obta in  5 we would have 

a t tempted  t o  c o n v e r t  it t o  OTQ" - v i a  a n  oxidative 

demethylation, Another route t o  8, is shown below: 

Scheme III 

Br' 

- 9 2ne 
i ,  SAleO-/neOH; Me1 quench 

Whereas i n  Scheme I we produced 2& only i n  very 

low yields, i n  t h e  above scheme t h e  yield of t h e  

desired ester  w a s  respectable. T h i s  remarkably m i l d  

t h i o l a t i o n  r e a c t i o n  w a s  used previously for t h e  

p r e p a r a t i o n  of t e t r a t h i o  terephthalate9 and is also 

extendable  t o  t h e  preparation of 2,3,5,6-tetrachloro 

tetrathioterephthalatelo, The next  s t e p  i n  t h e  

above sequence gave u s  some difficulty, particularly 

in t h e  work up. Some of t h e  problems were 

ameliorated when it w a s  observed t h a t  upon 

quenching t h e  r e a c t i o n  mixture with methyl iodide, 

t h e  yield of 8 w a s  improved a n d  some 2Me could be 

recovered; indicat ing that  a t  some s tage  during the  

nucleophilic a romat ic  s u b s t i t u t i o n  r e a c t i o n ,  
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I88 F. WUDL, S. D. COX AND D. E. WELLMAN 

demethylation of t h e  thioesters had taken  place and 

t h e  r e s u l t i n g  b is  d i th iocarboxyla te  w a s  t h e n  

rendered less  r e a c t i v e  t o  f u r t h e r  attack by methyl 

mercaptide. The above a l so  implied t h a t  the  fully 

thiome thylated te t ra th io  t s rephtha l r te  had suffered 

demethylation, 

SUMMARY 

In t h i s  publ icat ion we have  presented t h e  

p r e p a r a t i o n  of a number of t e r e p h t h a l a t e  

der ivat ives .  Even t h o u g h  none of t h e  yields were 

optimized (e.g., i n  t h e  p r e p a r a t i o n  of 5 stepwise 

l i t h i a t i o n  should a f f o r d  much h igher  yields), a 

relat ively e f f i c i e n t  p r e p a r a t i o n  of a most h ighly  

f unctionalized benzene ring; tetrakis(thiomethy1) 

dimethyl t e t r a t h i o t e r e p h t h a l a t e  w a s  achieved in 

only two s teps .  The physical  and  chemical 

proper t ies  of 8, a r e  currently under investigation; 

we a r e  i n t e r s t e d  i n  i) c o n v e r t i n g  i t  t o  OTQ by 

multiple oxidat ivc demethylation, 2) doubly 

methylat ing it t o  convert it t o  a symmetric dication 

t h a t  m a y  have  intersting electrochemical as we l l  as 

solid s t a t e  properties. D
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