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Abstract The synthesis of a new series of fulvalene-type T- 

donors and their charge-transfer complexes are described 
together with the crystal structure of the 
tetra telluraf ulvalene derivative. 

In our systematic investigation of new n-donors based on the 
fulvalene molecule, we have succeeded in the synthesis of a new 
series of tetrachalcogen fulvalenes .l The synthesis is outlined 

in Scheme 1 and the preparation includes the following new 
compounds: 4,6-dimethylthieno[4,5-d]-1,3-dithiole-2-thione (3a, 
mp 110-lll°C) and -2-selone (5a, mp 134-135OC1, 4,6dimethyl- 

thieno[4,5-d]-l,3-diselenole-2-thione (3b, mp 125-126OC), and -2- 
selone (5b, mp 154-155OC), 1,3,6,8-tetramethyl[1,2,5,6]-tetra- 

thiocino[3,4-c:7,8-c0]dithiophene (4a, mp 274OC decomp.), and the 

corresponding tetraselenocin (4b, mp 272OC) A2 *20bi-4,6-dimethvl- 
thieno[3,4-d]-l,3-dithiole (BDMT-TTF) (6a, mp 295-297OC) together 
with the -1,3diselenole (6b, mp 313-315OC) and -1.3-ditellurole 
(6c, mp 295-298OC decomp.) analogs (BDMT-TSF and BDMT-TTeF) . 

The common precursor 3,4-dibromo-2,5-dimethylthiophene (1) 
was converted to the dichalcogen dianlon (2) in a four-step 
reaction using t-butyllithium for the halogen-lithium exchange 

followed by the addition of the appropriate element. The 
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2% K. LERSTRUP el al. 

t e l l u r i u m  dian ion  (212) was reac ted  wi th  t e t r a c h l o r o e t h y l e n e  t o  

g i v e  BDMT-TTeF (6c)  d i r e c t l y ,  whereas t h e  s u l f u r  and selenium 

analogs  (2a and 2b) were reac ted  w i t h  th iocarbonyld i imidazole  

(TCDI) t o  g i v e  3a and 3b. A s  i n d i c a t e d  i n  t h e  scheme a h i g h e r  

y i e l d  of 3b was obta ined  by f i r s t  ox id iz ing  2 t o  4b which w a s  t h e n  

e a s i l y  p u r i f i e d  and subsequent ly  reduced t o  2b. Alkyla t ion  of 3 

and r e a c t i o n  wi th  hydrogen s e l e n i d e  gave t h e  corresponding s e l o n e s  

5a and Sb which by t rea tment  w i t h  t r iphenylphosphine  f o r  s e v e r a l  

days gave 6a and 6b. 

O i  

LiAlH,  
E1,O. R.I. 

2b fD) 

( 2 :  Te) 4 

75% 
sc 

25% (Se: 5%) 
3a ( b )  

60-70s 

Benzene. r.1. 

2 : s :  E D %  
Z :Se : 4 0  % 
6 ~ .  b 

SCHEME 1 The s y n t h e s i s  of BDMT-TXP. 

The s o l i d - s t a t e  molecular  s t r u c t u r e  of BDW-TTeF was 

determined by single c r y s t a l  X-ray d i f f r a c t i o n  methods and is 
i l l u s t r a t e d  i n  Figure 1. It i s  p a r t i c u l a r l y  i n t e r e s t i n g  t o  

compare t h e  molecular geometry of BDMT-TTeF w i t h  t h a t  of HMTTeF,* 
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NEW TETRACHALCOGEN FULVALENE *-DONORS 291 

t h e  only  o t h e r  t e t r a t e l l u r a f u l v a l e n e  f o r  which t h e  s o l i d - s t a t e  

molecular  s t r u c t u r e  i s  known. The most d r a m a t i c  d i f f e r e n c e  l i es  

i n  t h e  adopted molecular  conformation. C l e a r l y  shown i n  F i g u r e  1, 

BDMT-TTeF e x h i b i t s  a very  asymmetric conformation,  w i t h  

d i h e d r a l  angles of 16.0° and 47.10 between t h e  p l a n e  def ined  b y  

t h e  f o u r  T e  atoms and t h e  dimethylthieno-3,4-ditellural 

m o i e t i e s .  In c o n t r a s t ,  HMTTeF d i s p l a y s  a symmetric chair 

conformation,2 w i t h  analogous d i h e d r a l  a n g l e s  of o n l y  J . J 0  and 

-8 .Z0. Despite t h e  outwardly d i s s i m i l a r  conformations,  t h e  

i n t e r e s t i n g  f i n d i n g  i s  that  t h e  mean Te-C (2.106A) and c e n t r a l  

double  bond (1.331A) l e n g t h s  and t h e  mean C-Te-C (89.2O) and Te-C- 

“6 

8 TE1 

L 5  ‘13 

FIGURE 1 Two views of t h e  s o l i d - s t a t e  molecular  s t r u c t u r e  

of  BDMT-TTeF . D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
38

 2
0 

Fe
br

ua
ry

 2
01

3 



298 L. LERSTRUP et al. 

T e  (113.0°) bond angles  i n  BDMT-TTeF are q u i t e  similar t o  those  

reported2 f o r  HHTTeF (2.100A, 1.356A, 90.4O, and 114.4O, 

respec t ive ly .  

A number of charge t r a n s f e r  complexes have been made from 6a, 

b and c with TCNQ, TCNQF4, PF6- and AsF6-. The complexes a r e  a l l  

semiconductors wi th  r a t h e r  low room temperature 

conduc t iv i t i e s  tl-l cm" - 10-l' C2-l cm") due t o  e i t h e r  f u l l  

charge t r a n s f e r  (TCNQF4 complexes) o r  t o  t h e  formation of mixed 

s t acks  (TCNQ complexes). Electrochemically grown salts  wi th  PF6- 

o r  ~ 8 ~ 6 -  a s  counterions showed s i m i l a r  low room temperature 

conduct iv i t ies .  Only t h e  BDM-TTeF-AsF6 s a l t  showed a s i g n i f i -  

can t ly  higher conduct iv i ty  (- 50 h' cm") than  t h e  rest of t h e  

complexes prepared so f a r ,  bu t  t h i s  recent  r e s u l t  i s  based on a 
s i n g l e  four-probe measurement and f u r t h e r  s t u d i e s  a r e  planned. 
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