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D e p a r t m e n t  of C h e m i s t r y  
U n i v e r s i t y  of  M i s s o u r i  - S t .  L o u i s  
S t .  L o u i s ,  MO 63121 

BRUCE M .  FOX MAN^ 
D e p a r t m e n t  of  C h e m i s t r y  
B r a n d e i s  U n i v e r s i t y  
Waltham, MA 02254 

A b s t r a c t .  The p h y s i c a l  and  s t r u c t u r a l  c o n c e p t s  
c o n c e r n i n g  o r g a n o c h a l c o g e r r  b a s e d  a n i s o t r o p i c  
o r g a n i c  metals  a re  summar ized ,  a n d  t h e  r a t i o n a l e s  
wh ich  m o t i v a t e  s y n t h e t i c  a c t i v i t y  i n  new s e l e n i u m  
and  t e l l u r i u m  mater ia l s  a r e  p r e s e n t e d .  An 
o v e r v i e w  of  o u r  a p p r o a c h  t o  new a r o m a t i c  m o l e c u l a r  
a n d  p o l y m e r i c  m a t e r i a l s  i n v o l v i n g  d i r e c t  t h e r m a l  
r e a c t i o n  of  new a l k a l i  c h a l c o g e n i d e  r e a g e n t s  w i t h  
u n a c t i v a t e d  a r o m a t i c  h a l i d e s  i s  g i v e n ,  a n d  recent 
a p p l i c a t i o n s  t o  t h e  s y n t h e s i s  o f  t e t r a s e l e n o n a p h t h -  
a l e n e  (TSeN) a n d  new t r a n s i t i o n  metal d i s e l e n o l e n e s  
b a s e d  on 2 - b e n z e n e d i s e l e n o l a t e  ( b d s )  a re  n o t e d .  
The c r y s t a l  a n d  m o l e c u l a r  s t r u c t u r e s  of  TSeN a n d  
(nC4Hg)qN+ N i ( b d s ) T  h a v e  b e e n  d e t e r m i n e d ,  a s  w e l l  
as t h e i r  e l e c t r o n i c  a b s o r p t i o n  a n d  e l e c t r o n  s p i n  
r e s o n a n c e  s p e c t r a  a n d  c y c l i c  v o l t a m m e t r i c  b e h a v i o r .  
The r e a c t i o n  of  g - d i c h l o r o e t h y l e n e  and  sod ium 
d i s e l e n i d e  l e a d s  t o  a po lymer  t o  wh ich  t h e  r e p e a t  
s e q u e n c e  fSe-CH=CH-CH-CR-Sej i s  a s s i g n e d ,  b a s e d  
on e l e m e n t a l  a n a l y s i s  a n d  i n f r a r e d  s p e c t r u m .  
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2 D .  J .  SANDMAN. et al. 

INTRODUCTION 

Beginning  w i t h  t h e  s t u d i e s  o f  TTF-TCNQ, t h e  p r o t o -  
t y p e  quas i -one-d imens iona l  o r g a n i c  me ta l ,  t h e  c l a s s  o f  ion-  
r a d i c a l  s o l i d s  which are  o r g a n i c  metals  p r o v i d e s  a n  impres-  
s i v e  example of  t h e  u s e  of  new s y n t h e t i c  c h e m i s t r y  t o  con- 
t r o l  t h e  d e t a i l s  of  c r y s t a l  s t r u c t u r e ,  and h e n c e  t h e  e l e c -  
t r o n i c  s t r u c t u r e  and p h y s i c a l  p r o p e r t i e s ,  of  t h e  r e s u l t a n t  
s o l i d .  From a k i n e t i c  p e r ~ p e c t i v e , ~  t h e  r o l e  of  t h e  c h a l -  
cogen atom i n  t h e  f o r m a t i o n  o f  t h e  uni form s e g r e g a t e d  
s t a c k  c r y s t a l  s t r u c t u r e s  of  t h e s e  o r g a n i c  metals i s  a 
c r u c i a l  one  i n  t h a t  i t  p r o v i d e s  n o t  o n l y  a r a t i o n a l e  f o r  
p h a s e  f o r m a t i o n  b u t  a l s o  o u t l i n e s  t h e  a p p r o a c h  t o  mater ia l s  
w i t h  improved m e t a l l i c  p r o p e r t i e s .  In t h e  c o u r s e  o f  a 
m e t a l - t o - i n s u l a t o r  t r a n s i t i o n ,  as  o b s e r v e d  i n  TTF-TCNQ, 
t h e  d i e l e c t r i c  c o n s t a n t  d i v e r g e s .  T h i s  s i t u a t i o n  r e q u i r e s  

6V01ume 
t h a t  t h e  r a t i o  of m o l a r  r e f r a c t i v i t y  (R)  t o  mola 
V b e  u n i t y  i n  t h e  C l a u s i u s - M o s s o t t i  r e l a t i o n s h i p  

- ( 
R _ _ _ - _ _ - _  n 2  - 1 E - 1  

n2 + 2 E + 2  V 

S i n c e  R r e l a t e s  t o  t h e  p o l a r i z a b i l i t y  c1 by 

where L i s  Avogadro ' s  number, i t  i s  i m p o r t a n t  f o r  o r g a n i c  
metals t o  a c h i e v e  maximum a w i t h  minimum V .  F o r  t h e  c a s e  
o f  c o n d u c t i n g  o r g a n o c h a l c o g e n  mater ia l s ,  s i n c e  N i n c r e a s e s  
S < Se < T e ,  i t  f o l l o w s  t h a t  i f  a n  o r g a n o s u l f u r  compound 
h a s  m e t a l l i c  c h a r a c t e r ,  t h i s  p r o p e r t y  s h o u l d  b e  enhanced 
w i t h  p r o g r e s s i o n  down Group V1, i f  c r y s t a l  s t r u c t u r e  i s  
m a i n t a i n e d  and f a c t o r s  s u c h  as c o n d u c t i o n  band p o p u l a t i o n  
do n o t  change s i g n i f i c a n t l y . '  The s t u d i e s  of  t h e  TCNQ 
s a l t  of  t e t r a s e l e n a f u l v a l e n e ,  TSeF-TCNQ, w i t h  a 
c r y s t a l  s t r u c t u r e  isomorphous t o  t h a t  o f  TTF-TCNQ, p r o v i d e d  
t h e  f i r s t  d e m o n s t r a t i o n  of  t h a t  s i t u a t i o n . 8  
e x h i b i t s  r e p r e s e n t a t i v e  b - a x i s  s i n g l e  c r y s t a l  d c  c o n d u c t i -  
v i t y  d a t a  f o r  t h e s e  mater ia l s .  

F i g u r e  1 

F u r t h e r  consequences  o f  t h e  g e n e r a l  p e r s p e c t i v e  
summarized by e q u a t i o n s  1 and 2 a re  as  follow^.^ I f  a n  
o r g a n o s u l f u r  mater ia l  h a s  ouas i -one-d imens iona l  pro-oer- 
t i e s ,  i t s  s e l e n i u m  and t e l l u r i u m  a n a l o g s  w i l l  b e  l e s s  one- 
d i m e n s i o n a 1 , a s  i n t e r c h a i n  c o u p l i n g  w i l l  b e  i n c r e a s e d  i n  
t h e  l a t t e r  mater ia ls .  I n t e r m o l e c u l a r  f o r c e s  i n c r e a s e  
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4 D. J.  SANDMAN et al. 

S < Se < Te.  It  i s  a l s o  u s e f u l  t o  r e c o g n i z e  t h a t  R / V  i n  
(1) w i l l  d i f f e r  f o r  d i f f e r e n t  c lasses  o f  o r g a n o c h a l c o g e n  
d o n o r s ,  e.g. tetrachalcogenofulvalenes ana  t e t r a c h a l c o -  
genoacenes .  I t  is  a n t i c i p a t e d  t h a t  a f u l l e r  u n d e r s t a n d i n g  
o f  t h i s  c l a s s  o f  mater ia ls  w i l l  r e s u l t  f rom t h e  s t u d y  of 
new Se and T e  d o n o r s  w i t h  nonbonded i n t e r a c t i o n s  s i g n i f i -  
c a n t l y  d i f f e r e n t  f rom p r e s e n t l y  known  material^.^ 
A BROADLY APPLICABLE APPROACH TO NEW SELENIUM AND 
TELLURIUM MATERIALS 

The major  i m p e t u s  f o r  o u r  work i n  new s e l e n i u m  and 
t e l l u r i u m  c h e m i s t r y  w a s  p r o v i d e d  by t h e  o b s e r v a t i o n  o f  
low- tempera ture  m e t a l l i c  s t a t e s  i n  i o n - r a d i c a l  s o l i d s  of  
s t o i c h i o m e t r y  D$X-, where D r e p r e s e n t s  t h e  d o n o r s  te t ra-  
s e l e n o t e t r a c e n e  (TSeT) and tetramethyltetraselenafulvalene 
(TMTSF), and X i s  a monovalent  a n i o n .  In t h i s  r e g a r d ,  t h e  
o b s e r v a t i o n  o f  ambient  p r e s s u r e  s u p e r c o n d u c t i v i t y  i n  
(TMTSF);ClOi (Tc ~ 3 .  l°K) i s  p a r t i c u l a r l y  n o t e w o r t h y .  lo  
P u r s u a n t  t o  t h e  d i s c u s s i o n  i n  t h e  i n t r o d u c t i o n  a b o v e ,  t h e  
s y n t h e s i s  and d e t a i l e d  s t u d y  of  t h e  t e l l u r i u m  a n a l o g s  of 
t h e s e  and r e l a t e d  d o n o r s  a re  of o b v i o u s  i n t e r e s t .  

A b r o a d e r  view of  s e l e n i u m  and t e l l u r i u m  s y s t e m s  i s  
p r o v i d e d  by  r e f e r e n c e  t o  F i g u r e  2 which d i s p l a y s  m o l e c u l a r  
s t r u c t u r e s  of  o r g a n o c h a l c o g e n  m o l e c u l a r  and p o l y m e r i c  sys-  
t e m s  of  i n t e r e s t  f o r  t h e i r  c h e m i c a l ,  s t r u c t u r a l ,  e l e c t r i - .  
c a l ,  and m a g n e t i c  p r o p e r t i e s .  The dashed  l i n e  i n  F i g u r e  2 
s e p a r a t e s  t h o s e  t y p e s  of  mater ia l s  which were known a t  t h e  
b e g i n n i n g  o f  o u r  i n v e s t i g a t i o n s  f rom t h o s e  which were un- 
known. I t  i s  t h e  l a t t e r  s u b s t a n c e s  which p r o v i d e  a 
meaningfu l  c h a l l e n g e  t o  c h e m i s t s  i n t e r e s t e d  i n  t h e  s y n t h e -  
s is  and c h a r a c t e r i z a t i o n  of  such  n o v e l  mater ia l s .  

Over t h e  l a s t  s e v e r a l  y e a r s ,  w e  have  d e v e l o p e d  a new 

In t h e  f i r s t  s t e p ,  
p a t t e r n  o f  s e l e n i u m  and t e l l u r i u m  c h e m i s t r y  which  may be  
summarized a s  a two-step p r o c e d u r e . l l  
w e  r e a c t  a n  a l k a l i  metal  w i t h  e l e m e n t a l  Se o r  T e  i n  e i t h e r  
a 1 : l  o r  2 :1  atomic r a t i o  i n  a d i p o l a r  a p r o t i c  s o l v e n t  
t o  form i n  s i t u  a n  a l k a l i  c h a l c o g e n i d e  r e a g e n t .  The second 
s t e p  i n v o l v e s  d i r e c t  t h e r m a l  r e a c t i o n  of  a n  u n a c t i v a t e d  
a r o m a t i c  h a l i d e  w i t h  t h e  a l k a l i  c h a l c o g e n i d e  r e a g e n t .  
T h i s  approach  t o  Se and T e  mater ia ls  may be used  t o  p r e -  
p a r e  b o t h  new and p r e v i o u s l y  r e p o r t e d  m o l e c u l a r  and poly-  
m e r i c  m a t e r i a l s .  Our s t u d i e s  o f  t h e  s y n t h e t i c  and q u a l i -  
t a t i v e  m e c h a n i s t i c  a s p e c t s  o f  t h i s  c h e m i s t r y  have  been  
summarized.  7 
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6 D. J .  SANDMAN er al. 

We have  used  t h i s  new p a t t e r n  o f  c h e m i s t r y  t o  p r e p a r e  
new polymers ,  s u c h  as poly-p-phenylene  s e l e n i d e ,  l 2  of i n -  
t e r e s t  f o r  t h e i r  p o t e n t i a l  t h e r m a l  and e l e c t r i c a l  p r o p e r -  
t i e s ,  7 7  l 3  new p e r i - d i c h a l c o g e n i d e  d e r i v a t i v e s  o f  p o l y a c e n e s ,  
such  as  t e t r a t e l l ~ r o t e t r a c e n e ' ~  (TTeT) and t e t r a s e l e n o -  
n a D h t h a l e n e  (TSeN) , I 5  of  i n t e r e s t  as  p r e c u r s o r s  t o  low- 
t e m p e r a t u r e  o r g a n i c  metals,  and new d i c h a l c o g e n i d e  polymers  
which a r e  u s e f u l  as  p r e c u r s o r s  t o  m o l e c u l a r  r e a g e n t s  . 7  
I n  t h i s  a r t i c l e ,  w e  summarize o u r  r e c e n t  s t u d i e s  o f  TSeN, 
new t r a n s i t i o n  metal  d i s e l e n o l e n e s ,  and some i n i t i a l  re- 
s u l t s  of o u r  s t u d i e s  of  t h e  r e a c t i o n s  of  v i n y l i c  h a l i d e s  
w i t h  s e l e n i u m  and t e l l u r i u m  n u c l e o p h i l e s .  

1,4,5,S-TETRASELENONApHTHALENE 

I n t e r e s t  i n  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e  peri- 
d i c h a l c o g e n i d e s  o f  a r o m a t i c  h y d r o c a r b o n s  and i n  d o n o r s  
w i t h  nonbonded i n t e r a c t i o n s  o t h e r  t h a n  t h o s e  i n  t h e  
(TMTSF)2X c lass  of  i o n - r a d i c a l  s 0 l i d s ~ 9 ~  m o t i v a t e d  u s  t o  
s y n t h e s i z e  TSeN e a r l y  i n  1982.  The s u l f u r  a n a l o g  of  
TSeN, i.e. TTN, i n t e r a c t s  w i t h  TCNQ t o  g i v e  a h i g h l y  con- 
d u c t i n g  i o n - r a d i c a l  s o l i d  w i t h  a u n i f o r m  s e g r e g a t e d  s t a c k  
c r y s t a l  s t r u c t u r e . 1 7  S o l i d s  of  t h e  t y p e  (TTN)2X have  n o t  
been  r e p o r t e d  t o  d a t e .  

I n  N,N-dimethylformamide (DMF), sodium d i s e l e n i d e  
r e a c t s  w i t h  1,4,5,8-tetrachloronaphthalene (TClN) t o  g i v e  
TSeN and 1 , 8 - d i s e l e n o - 4 , 5  - d i c h l o r o n a p h t h a l e n e  as  minor  
and major  p r o d u c t s ,  r e s p e c t i v e l y .  lS  
by g r a d i e n t  s u b l i m a t i o n  t o  g i v e  a b l a c k  s o l i d ,  mp > 350O. 
The p r o p e r t i e s  o b s e r v e d  f o r  o u r  p u r i f i e d  TSeN are a t  
v a r i a n c e  w i t h  t h o s e  c l a i m e d  i n  a r e c e n t  r e p o r t 1 8  of  i t s  
s y n t h e s i s .  

TSeN was p u r i f i e d  

Mass s p e c t r o m e t r i c  a n a l y s i s  of  t h e  s o l i d s  i s o l a t e d  
from r e a c t i o n  of T C l N  w i t h  sodium d i t e l l u r i d e  r e v e a l e d  
t h e  p r e s e n c e  o f  t h e  t e l l u r i u m  a n a l o g s  of t h e  two p r o d u c t s  
i s o l a t e d  i n  t h e  p r e v i o u s  p a r a g r a p h .  

The i n t e n s e  v i s i b l e  a b s o r p t i o n  maximum of  TSeN i s  
o b s e r v e d  a t  441 nm (bromobenzene s o l u t i o n )  compared t o  
420 nm f o r  TTN. 
i z e d  by i t s  10 .4  g a u s s  l i n e  w i d t h  and i t s  i s o t r o p i c  g 
v a l u e ,  2 .0425.  The i n c r e a s e d  l i n e w i d t h  and g v a l u e  i n  
TSeN? compared t o  T T N t  ( 0 . 3  g a u s s ,  g = 2.0094)17 a r e  
a t t r i b u t e d  t o  i n c r e a s e d  s p i n - o r b i t  c o u p l i n g  i n  t h e  sele-  
nium compound. The tetrachalcogen~tetracenes~~ and 

The ESR s p e c t r u m  of  TSeId i s  c h a r a c t e r -  
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ASPECTS OF SELENIUM AND TELLURIUM MATERIALS 7 

n a p h t h a l e n e - I  , 8 - d i ~ h a l c o g e n i d e s ~ ~  behave s i m i l a r l y ,  ex- 
h i b i t i n g  a l i n e a r  r e l a t i o n s h i p  between g-value and c h a l c o -  
g e n  s p i n - o r b i t  i n t e r a c t  i o n  p a r a m e t e r .  

I/ AnalogouSLy t o  TTN, TSeN e x h i b i t s  tow r e v e r s i b l e  one- 
e l e c t r o n  s t e p s  a t  +0.15 and +0.54 V vs.  Ag/Ag+ i n  benzo- 
n i t r i l e  u s i n g  0.10 M TEAP as s u p p o r t  e l e c t r o l y t e .  The 
c y c l i c  voltammogram f o r  TSeN i s  d i s p l a y e d  i n  F i g u r e  3 .  
The 0 . 3 9  V p o t e n t i a l  d i f f e r e n c e  f o r  t h e  two e l e c t r o n  
t r a n s f e r s  of  TSeN i s  s i m i l a r  t o  t h a t  o f  TTN ( 0 . 3 8  V)17 
and t h a t  of t h e  tetrachalcogenotetracepes (0 .36  - 0 . 3 8  V).  

The c r y s t a l  and m o l e c u l a r  s t r u c t u r e  of  TSeN have been 

19 

d e t e r m i n e d  u s i n g  s i n g l e  c r y s t a l s  grown i n  c h l o r o b e n z e n e  
s o l u t i o n .  l5 ,TSeN i s  monoclknic ,  s p a c e  grogp P 2 1 / c ,  
a = 7.7_22(2)A, b = 4.226(1)A,  c= 15.305(4)A,  B = 102.15(3)',  
7 = 48883, Z = 2. 
F o u r i e r  s y n t h e s e s  t o  R = 0.037,  % = 0 . 0 4 8 ,  t h e  s t r u c t u r e  
r e v e a l s  l i n e a r  c h a i n s  of  TSeN m o l e c u l e s  sgacked a l o n  - 
w i t h  i n t e r s t a c k  S e . - . S e  c o n t a c t s  of  3 .6268 and 3 . 5 3 4 f . b  
The carbon atoms of t h e  TSeN moleculeoform a p l a n e  w i t h  
no d e v i a t i o n s  g r e a t e r  t h a n  +0 .007(6)A.  One of t h e s  
s e l e n i u m  atoms d e v i a t e s  from t h i s  p l a n e  by 0 .101(1)A.  

Solved by P a t t e r s o n  and d i f f e r e n c e -  

We have i n i t i a t e d  t h e  p r e p a r a t i o n  of i o n - r a d i c a l  
s o l i d s  d e r i v e d  from TSeN a s  w e l l  as t h e  s t u d y  o f  t h e i r  
s t r u c t u r a l ,  e l e c t r i c a l ,  and magnet ic  p r o p e r t i e s .  
(TSeN)2Br h a s  been  p r e p a r e d  by a n o d i c  e l e c t r o c r y s t a l l i z a -  
t i o n .  TSeN and i o d i n e  i n t e r a c t  i n  c h l o r o b e n z e n e  s o l u t i o n  
t o  g i v e  a c r y s t a l l i n e  g r a y  s o l i d  of c o m p o s i t i o n  
C10.7H6.6Se4.012.1 by e l e m e n t a l  a n a l y s i s .  
h a s  a c o n d u c t ' v i t y ,  measured on compacted mater ia l ,  of  
10-5(ohm-cm)-', and i t s  x- ray  powder p a t t e r n  r e v e a l s  t h a t  
i t  i s  n o t  c o n t a m i n a t e d  w i t h  n e u t r a l  TSeN and e l e m e n t a l  
s e l e n i u m .  

T h i s  s o l i d  

NZW TRANSITION METAL DISELENOLENES 

The t r a n s i t i o n  metal  d i t h i o l e n e s  a re  m u l t i s t z g e  redox 
s y s t e m s  t h a t  h a v e  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  o v e r  t h e  
l as t  twenty y e a r s  f o r  a s p e c t s  of  t h e i r  u n u s u a l  c h e m i c a l  
bonding  as  w e l l  as  t h e i r  s t r u c t u r a l ,  e l e c t r i c a l ,  and mag- 
n e t i c  p r o p e r t i e s . 2 1  
d i t h i o l e n e s  which have been  p r e p a r e d  is  v e r y  l a r g e .  t h e  
a n a l o g o u s  s e l e n i u m  s u b s t a n c e s ,  t h e  d i s e l e n o l e n e s ,  a r e  
c o m p a r a t i v e l y  r a r e ,  and t h e  t e l l u r i u m  compounds are  
unknown a t  p r e s e n t .  In 1970,  Davison and r e p o r t e d  

While  t h e  number of  s q u a r e  p l a n a r  D
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ASPECTS OF SELENIUM AND TELLURIUM MATERIALS 9 

the preparation of metal diselenolenes from bis(trif1uoro- 
methyl)-1,2-diselenetene. More recently, examples of new 
metal diselenolenes have been provided by Rauchfuss, 
Coucouvanis, 24 and V ~ l l h a r d t ~ ~  and their coworkers. 
While the crystal and molecular structure of a tris- 
molybdenum diselenolene has been reported, 26 no structural 
studies of bis-metal diselenolenes have been published 
to date. 

23 

In the summer of 1982, G. Allen prepared poly-0- 
phenylenediselenide and -ditelluride, and successfully 
converted the former, via the chemistry in Figure 4, to 
the tetra-n-butylammonium salt of o-benzenediselenolate 
nickel (Ni(bds)5). 
to those reported for the sulfur analog Ni(bd:);27 and 
the mixed sulfur-selenium material28 in Table 1. 29 
When the chemistry of Figure 4 is repeated using poly-0- 
phenyleneditelluride, the Te material corresponding to 
(n-C4H9)4N+ Ni(bds); is found to be markedly less stable 
than the Se material. 

The properties of Ni(bds)- are compared 

The ESR spectrum of polycrystalline samples of 
(n-C4H9)4N+ Ni(bds); exhibits an anisotropic signal sug- 
gesting a paramagnetic site which possesses axial symmetry. 
At 23O, g1 = 92 = 2.1723 and g3 = 2.0765. 
the temperature dependence of the ESR spectrum will be 
reported elsewhere. 30 
to date in the copper and cobalt analogues of 
(II-C~H~)~N+ Ni(bds);. 

Our studies of 

ESR signals have not been observed 

Crystals of (n-C4H9)4N+ Ni(bds); are orthorhombic, 
space group P b ~ 2 ~ ,  Z = 4 ,  with 5 = 9.904(3), b = 16.954(5), 
and c = 19.106(6)A. 
of positional and thermal parameters for all nonhydrogen 
atoms, using 1029 data for which F > 3.92o(F), led to 
R = 0.065, & = 0.068. 
within experimental error, with an average Ni-Se distance 
of 2.2591. 
cations is shown in Figure 5. The anions are well-separa- 
ted; there are nooshort Ni-*.Se contacts (cf. Ni-*.31 
distance of 3.531A in 
Further,othere are no Se.**Se contacts at distances less 
than 5.OA. 

Full matrix least-squares refinement 

The NiSe4 unit is square planar 

The packing of the molecular anions and 

N ( CH3) 3C6H5}+INi ( C4N2S2) 2)) . 
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12 D. J .  SANDMAN er al. 

FIGURE 5 A p e r s p e c t i v e  view o f  t h e  c o n t e n t s  of  t h e  
u n i t  c e l l  of  (n-C4Hg)4N+ Ni(bds-)* p r o j e c t e d  
on to  t h e  & p l a n e .  
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ASPECTS OF SELENIUM AND TELLURIUM MATERIALS 13 

REACTIONS OF V I N Y L I C  HALIDES WITH SELENIUM AND 
TELLURIUM NUCLEOPHILES 

Our m o t i v a t i n g  i n t e r e s t  i n  t h e  r e a c t i o n s  o f  v i n y l i c  
h a l i d e s  w i t h  Se  and Te n u c l e o p h i l e s  is  summarized i n  
F i g u r e  6 which shows a p r o j e c t e d  s y n t h e s i s  o f  TSeF and 
TTeF d e r i v a t i v e s  v i a  c i s - v i n y l i c  d i c h a l c o g e n i d e  d i a n i o n s  
p r e p a r e d  from r e d u c t i o n  o f  a d i c h a l c o g e n i d e  polymer ,  a 
r e a c t i o n  sequence  w e  d e m o n s t r a t e d  f o r  o r t h o - a r o m a t i c  
d i a n i o n s  i n  t h e  p r e v i o u s  s e c t i o n .  I n  1981,  J .  S t a r k  
f i r s t  i s o l a t e d  polymers  f rom r e a c t i o n  of  c i s - d i c h l o r o e t h y l -  
e n e  and Na2Se2 o r  N a 2 T e 2 .  I n t e r e s t i n g l y ,  t h e  r e p o r t e d  
s y n t h e s e s  of  t h e  h e ~ a m e t h y l e n e ~ ’  and d i b e n ~ ~ ~  d e r i v a t i v e s  
o f  TTeF i n v o l v e d  v i n y l i c  d i s p l a c e m e n t s  i n  t e t r a c h l o r o -  
e t h y l e n e .  

I n  DMF o r  l i q u i d  NH3 a t  t e m p e r a t u r e s  o f  - 4 O O  o r  l o w e r ,  
- c i s - d i c h l o r o e t h y l e n e  reacts  immedia te ly  w i t h  Na2Se2 and 
Na2Te2 t o  g i v e  polymers  which c o n t a i n  b o t h  d i c h a l c o g e n i d e  
g r o u p s  and carbon-carbon d o u b l e  bonds from i n f r a r e d  spec-  
t r a .  
t o  b e  uncontaminated  w i t h  e l e m e n t a l  Se by x- ray  d i f f r a c t i o n ,  
t h i s  m a t e r i a l  w a s  c h a r a c t e r i z e d  i n  d e t a i l .  Complete 
e l e m e n t a l  a n a l y s i s  r e v e a l e d  t h e  a t o m i c  r a t i o  
(C3.96Hg.31Se2.00C10.~6)x which is c o n s i s t e n t  w i t h  a 
fChHqSe2jx c o m p o s i t i o n  and fSe-CH=CH-CH=CH-Sej, a t o m i c  
r e p e a t  s e q u e n c e .  S i n c e  the  r e a c t i o n  sequence  i n  F i g u r e 6  
r e q u i r e s  a (C2H2Se?), c o m p o s i t i o n ,  t h e  polymers  w e  have  
i s o l a t e d  i n  t h e s e  i n t t i a l  e x p e r i m e n t s  a r e  n o t  u s e f u l  
f o r  t h e  p r e p a r a t i o n  of  G - l , Z - e t h y l e n e  d i c h a l c o g e n i d e  
d i a n i o n s .  

S i n c e  the polymer from t h e  Na2Se2 r e a c t i o n  w a s  found 
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