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A. new method for the synthesis  of te t ra th iofulvalene  is p resen ted ,  and conditions for the synthe-  
s is  of its complex with 7 ,7 ,8 ,8- te t racyanoquinonedimethane a r e  descr ibed.  

The complex of te t ra th iofulvalene  (TTF) with 7 ,7 ,8 ,8- te t racyanoquinonedimethane (TCQD) has unique 
e lec t rophys ica l  p rope r t i e s  (a "me ta l "  t rend of the dependence of the conductivity on the t e m p e r a t u r e  [1-4] and 
a sha rp  i nc rea se  in conductivity at 60~ by a factor  f r o m  10 to 500 [1, 4, 5] as compared  with the conductivity 
at r o o m  t empera tu re ) .  

The known s3althesis of T T F  is r ea l i zed  by condensation of the disodium sal t  of c i s - l , 2 - d i m e r c a p t o - l , 2 -  
dicyanoethylene with thiophosgene,  subsequent  hydrolys is  of the 4 ,5 -d icyano- l ,3 -d i th io l -2 - th ione ,  deca rboxy la -  
t ion of the resu l t ing  acid,  and oxidation of the resu l t ing  1 ,3-di th io l -2- th ione  to a dithiolium cation,  which cou- 
ples in the p re sence  of t r i e t ~ ' l a m i n e .  The re  a re  ten s teps  in this synthesis  and the T T F  is obtained in 10% 
yield based  on the s t a r t ing  carbon disulfide [6, 7]. 

We propose  a r a t he r  s imple  two-s t ep  synthes is  of T T F  on the bas i s  of the read i ly  acces s ib l e  3 ,3 ' , 4 ,4 ' -  
t e t r a ea rboxy -2 ,2 ,5 ' , 5 ' - t e t r a t h i o fu l va l ene  t e t r ame thy l  e s t e r  (I), obtained in 9.7% yield by condensation of carbon 
disulfide with dimethyl  ace ty lenedicarboxyla te  [8]. We inc reased  the yield of I to 36% by changing the condi-  
t ions somewhat  [8]. Te t r aca rboxy la t e  I undergoes saponif icat ion to give acid ]I in 77% yield; the deca rboxy la -  
tion of acid II gives T T F  in 15% yield. Thus the overa l l  yield of T T F  is 4%. 
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EXPERIMENTAL 

3,3',4,4'-Tetracarbomethoxy-2,2v,5,5V-tetrathiofulvalene (I). A mixture of 6 g of dimethyl acetylenedi- 
carboxylic acid, I0 g of carbon disulfide, and I0 ml of acetic acid containing one to two drops of trifluoroacefic 
acid was heated in a sealed ampul at 130 ~ for 36 h, after which it was cooled and diluted with benzene-hexane 
(i : i). The resulting precipitate was removed by filtration and recrystallized from benzene-hexane (i : i) to 
give 3.3 g (36%) of dark-red needles of I with mp 169-170 ~ (in agreement with the melting point in [8]). 

3,3',4,4'-Tetracarboxy-2,2',5,5'-tetrathiofulvalene (II). A mixture of 0.66 g of ester I, i00 ml of 5% KOH, 
and 2 ml of ethanol was stirred at 50 ~ for 3 h, after which the solution was filtered, the solid material was sus- 
pended in I00 ml of 5% KOH, and the treatment was repeated. The filtrates obtained after three treatments 
with alkali  were  combined and acidified to pH 2. The resu l t ing  prec ip i ta te  of acid II was r emoved  by f i l t ra t ion 
to give 0.44 g (77%) of a product  with mp 300 ~ (dec.,  f r om acetone).  Found: C 31.5; H 1.0%. C10H408S 4. Cal-  
culated: C 31.6; H 1,1%. 
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2,2 ,5 ,5-Tet ra th iofu lva lene  (TTF). A 1-g  sample  of CaO and 0.3 g of acid II we re  ground in a m o r t a r ,  
and the mix tu re  was heated in vacuo (1 ram) at 300 ~ The subl imed te t ra th iofu lva lene  was col lected to give 
the product  in 15% yield. Yellow c r y s t a l s  with mp 100-102 ~ (rap 98-102 ~ [7]) were  obtained af ter  c h r o m a -  
tography  on s i l ica  gel (elution with benzene) and slow evaporat ion of the solvent  in an iner t  a tmosphere .  

7 ,7 ,8 ,8 -Te t racyanoquinoned imethane  - 2 ,2 ,5 ,5-Tet ra th iofulvalene  (TCQD - TTF) Complex.  The T T F  
was vacuum subl imed twice p r io r  to the synthes is  of this complex.  The TCQD was c rys ta l l i zed  twice f r o m  
ace toni t r i le  and vacuum subl imed twice to give a product  with mp 298-299.5 ~ Solutions of 1 g of T T F  in 
60 ml  of hot benzene and 1 g of TCQD in 100 ml  of hot ace ton i t r i l e  were  poured together ,  and the r e su l t ing  
mix tu re  was allowed to cool for  4 h in a ni t rogen a tmosphe re .  The re su l t ing  prec ip i ta te  was r emo v ed  by 
f i l t ra t ion to give 1.6 g (80%) of the complex.  A 1 : 1 complex was fo rmed  at  al l  r eagen t  ra t ios .  Found: 
C 52.8; H 2.0%. C12H4N 4. C6H4S 4. Calculated: C 52.9; H 2.0%. Single c r y s t a l s  of the complex were  grown 
by slow cooling of a solution of the complex in ace toni t r i le  in an iner t  a tmosphe re .  
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Mixtures of qua te rna ry  sa l t s  with i somer i c  s t r uc tu r e s ,  the ra t io  between which depends on 
the nature  of the subst i tuent ,  a r e  obtained by dimethyl  sulfate  alkylat ion of der iva t ives  of 
2 ,1,3-benzothia(selena)  diazoles  containing a subst i tuent  in the benzene r ing.  Individual 
1 -methy l -2 ,1 ,3 -benzo th ia ( se lena)d iazo l ium sal ts  a r e  obtained in good yields by t r ea tmen t  
of 4(5)-subst i tuted N-methy l -o -pheny lened iamine  dihydrochlor ides  with thionyl chloride or  
selenious acid. 

It  is known [:1] that benzothia(se lena)diazol ium sa l t s  a r e  fo rmed  when 2,1 ,3-benzothia(selena)diazole  
is heated with dimethyl  sulfate.  The alkylat ion of 5(6)-subst i tuted benzothia(selena)diazole  has not yet  been 
invest igated.  The introduction of a subst i tuent  in the condensed benzene r ing  of these  he te rocyc les  r ende r s  
the ni t rogen a tom in them nonequivalent,  and one might t he re fo re  have a s sumed  that  the alkylation of such 
subst i tuted compounds could p roceed  in two di rec t ions  to give i s o m e r s  II and III. 
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