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AN APPBOACB TO TBE SYMaESIS OF =eF* 

DWAINE 0: COWAH, KMlD IZRSTBUP, JAME VECUNA, 
ODN<BPCDDN ROVIRA, ALIAN BAILEY AND RI(BABD IlC0JLU)UGH 
Department of Chemistry, The Johns Hopkins U n i v e r s i t y ,  
Bal t imore,  Maryland 21218 U.S.A. 

Abs t rac t  An approach t o  t h e  s y n t h e s i s  of t e t r a m e t h y l t e t r a -  
t e l l u r a f u l v a l e n e  (TMTTeF) a n  o r g a n o s i l i c o n  i n t e r m e d i a t e  
i s  presented.  

Examination of t h e  s t r u c t u r a l  and e l e c t r o n i c  t r e n d s  i n  t h e  complex 

salts of s u l f u r ,  selenium and t e l l u r i u m  conta in ing  organic  n- 

donors  has revealed s e v e r a l  important  t r e n d s  as t h e  atomic number 

of t h e  chalcogen i s  increased .  For example, t h e  conduct ion 

bandwidth i s  increased ,  t h e  i n t e r c h a i n  i n t e r a c t i o n  i s  a l s o  

increased  (more two- and three-dimensional  c h a r a c t e r )  and t h e  

molecules are more p o l a r i z a b l e  thus  reducing t h e  on-s i te  coulomb 

r e p u l s i o n .  A l l  t h r e e  f a c t o r s  improve t h e  electrical p r o p e r t i e s  of  

t h e  complex sa l t s  der ived  from t h e  o r g a n i c  n-donors. These t r e n d s  

a long  w i t h  t h e  f a c t  t h a t  a l a r g e  number of superconducting sal ts  

have been prepared from TMTSF i n d i c a t e  t h a t  t h e  p r e p a r a t i o n  of 

TMTTeF ought t o  have a high p r i o r i t y .  To d a t e ,  on ly  f o u r  

t e l l u r i u m  ana logs  of TTF have been prepared ( s e e  F i g u r e  1) .  The 

HMTTeF w a s  prepared by Wudl and Aharon-Shalom,l t h e  TTeT was 

prepared by Sandman, S tark  and FoxmanS2 whi le  t h e  DBTTeF and t h e  

*Supported by t h e  Nat ional  Science Foundation Sol id  S t a t e  
Chemistry-Grant DMR-8307693. JV acknowledges a fe l lowship  from 
t h e  U.S.-Spain Committee f o r  S c i e n t i f i c  Cooperation. 
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2 86 D. 0. COWAN er al. 

BDMT-TTeF were prepared by Lerstrup, Cowan and co-workers .3 s 4  

Three of these  compounds, HMTTeF, DBTTeF and BDMT-TTeF were 

prepared i n  a s i m i l a r  mul t i s tep  sequence which is out l ined  f o r  

BDMT-TTeF i n  Figure 2 .  This set of r eac t ions ,  which a r e  described 

i n  more d e t a i l  i n  another  paper i n  t h i s  ~ o n f e r e n c e , ~  provides 

b e a u t i f u l  bronze-colored c r y s t a l s  (by r e f l e c t e d  l i g h t )  of BDMT- 

TTeF i n  75% y ie ld .  Cyclic voltammetry performed on BDMT-TTeF 

i n  CH2ClZ with Bu4NBF4 a s  t h e  e l e c t r o l y t e ,  a platinum but ton  

working e l ec t rode  and a sa tu ra t ed  calomel re ference  e l ec t rode  

showed two one-electron oxida t ions  a t  Epa(l)  - 0.78 V and Epa(Z) 
1.2 V. Only the  f i r s t  ox ida t ion  w a s  e n t i r e l y  r eve r s ib l e  under t h e  

condi t ions  examined. The molecular s t r u c t u r e ,  deduced by X-ray 

d i f f r a c t i o n  methods, i n d i c a t e s  that t h e  molecule has an unusual 

boa t - l ike  s t r u c t u r e  i n  t h e  s o l i d  s t a t e .  The d ihedra l  angles  

between the  t e t r a t e l l u r a e t h y l e n e  core  and t h e  e x t e r i o r  

d imethyl th ienodi te l lura  planes are q u i t e  d i f f e r e n t ,  47.1(3) and 

16.0(31°. Some of t he  dev ia t ion  from p l a n a r i t y  is most l i k e l y  due 

t o  t h e  presence of dimer u n i t s  which are coupled toge ther  wi th  

sho r t  intermolecular T e  *Te contac ts  inasmuch as t h e  molecular 

s t r u c t u r e  of HMTTeF i s  almost planar.  6 

There a r e  problems i n  t ry ing  t o  extend t h i s  method t o  t h e  

synthes is  of TMTTeF s i n c e  should one a t tempt  t h e  metal halogen 

exchange a s  i n  Figure 2 ,  with an  a c y c l i c  dibromide, t he  product 

w i l l  b e  a n  ace ty lene  (e l imina t ion  of L i B r ) .  In f a c t ,  t h i s  

r eac t ion  even takes  p lace  wi th  small r ing  compounds a t  e leva ted  

temperatures.7 To circumvent t h i s  problem, w e  propose t o  use a 

small ring s t r u c t u r e  which can be converted t o  methyl groups l a t e r  

i n  t h e  syn the t i c  sequence. One p o t e n t i a l  in te rmedia te  i s  t h e  

organos i l icon  compound shown i n  Figure 3. Three routes  t o  t h i s  

in te rmedia te  have been conceived. The f i r s t  shown i n  Figure 4 
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AN APPROACH TO THE SYNTHESIS OF TMTTeF 287 

B D M T - TTeF HMTTeF 

Te -Te a:FTeD Te * 
DBTTeF 

Te -Te 

FIGURE 1 TTeT 

Te Li 

TeLi 

1) t-BuLi 

3) t-BuLi Br 
4) Te CH3 

CI,C=CCI, 

CH3 
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288 D. 0. COWAN et al. 

F I G U R E  3 

FIGURE 4 
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AN APPROACH TO THE SYNTHESIS OF TMTTeF 289 

starts wi th  t h e  known ha logenat ion  of 1-sila-3-cyclopentene .8 The 

remainder of t h e  s eq uence , d e  hyd r o  ha l o g  ena t i o n ,  ha l o g  ena t ion and 

dehydrohalogenat ion can b e  performed when t h e  s i l i c o n  i s  r e p l a c e d  

by carbon. T h i s  is t h e  t y p e  of classic procedure used by W i t t i g 7  

t o  p r e p a r e  1,2-dibromocyclopentene. We cons idered  the p o s s i b i l i t y  

t h a t  t h e  b a s i c  e l i m i n a t i o n  could form s i l a c y c l o p e n t a d i e n e  o r  more 

l i k e l y  its dimer b u t  found no evidence f o r  t h e  format ion  of t h i s  

compound .9 9 lo , l1 However, n e i t h e r  d i d  w e  f i n d  any evidence f o r  

t h e  format ion  of t h e  s u b s t i t u t e d  3-bromo-1-sila-3-cyclopentene. 

We s u s p e c t  t h a t  r e a c t i o n s  similar t o  t h o s e  shown i n  F igure  5 t a k e  

p l a c e .  To d a t e ,  f o u r  sets of c o n d i t i o n s  f o r  t h i s  r e a c t i o n  have 

been  t r i e d :  (1) tBuO-/tBuOH, (2) u m ~ / E t 3 N / P h - H ,  ( 3 )  Na/NH3(a), 

and ( 4 )  DBN [ 1,5-diazobicycl0[4.3 .O]non-5-ene] /Ph-H. 

A second p o t e n t i a l  r o u t e  t o  t h e  d e s i r e d  i n t e r m e d i a t e ,  3,4- 

dibromo-l-sila-3-cyclopentene, is  shown i n  F i g u r e  6 .  l-Sila-3- 

cyc lopentenes  can  b e  prepared i n  40-70% y i e l d s  from t h e  appro- 

p r i a t e  butadiene.12 ,13 However, t h e  mechanism of t h i s  r e a c t i o n  

( F i g u r e  7) involves  t h e  formation of a r a d i c a l  a n i o n  of t h e  

b u t a d i e n e  and t h i s  s p e c i e s  could also b e  a n  i n t e r m e d i a t e  in t h e  

format ion  of t h e  v i n y l  Grignard.  If t h e  v i n y l  Grignard r e a g e n t  i s  

formed, then  w e  expect  e l i m i n a t i o n  of magnesium bromide and t h e  

format ion  of a n  a l l e n e .  The c o n d i t i o n s  which f a v o r  t h e  format ion  

of t h e  v i n y l  Grignard are a l s o  t h o s e  that f a v o r  the format ion  of 

t h e  s i l a c y c l o p e n t e n e  (THF, HMPT), so i t  w a s  n o t  very s u r p r i s i n g  t o  

f i n d  t h a t  t h e  r e a c t i o n  d i d  not  produce t h e  d e s i r e d  3,4dibromo-1-  

s i la-3-cyclopentene.  

A t h i r d  r o u t e  s t i l l  under  i n v e s t i g a t i o n  is shown i n  F i g u r e  8 ,  

and is based on t h e  work of  Manuel, Mazerol les  and F 1 0 r e n c e . l ~  

They obta ined  a 60% y i e l d  of l,l-dimethyl-l-sila-3-cyclopentene by 

a l lowing  t o  react d i c h l o r o d i m e t h y l s i l a n e ,  magnesium and *-1,4- 

dibromo-1-butene i n  e t h e r .  A similar r e a c t i o n  w i t h  t h e  tetra- 

bromide shown i n  F igure  8 should a f f o r d  t h e  d e s i r e d  s i l a c y c l o -  
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290 D. 0. COWAN el al. 

8'2 - 
CH2 C!2/-78" Br" 

R = M e ,  Ph 

-- 
Br 

F I G U R E  5 

40-60% 

F I G U R E  6 
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AN APPROACH TO THE SYNTHESIS OF TMTTeF 291 

R 
Mg +*  

Brx Mg 

Br  

J BrMgx CHz=C=C=CHz 
Br 

F I G U R E  7 
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Br 

Br 

Br Br 
Si - 

Mg Br 

F I G U R E  8 
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AN APPROACH TO THE SYNTHESIS OF TMTTeF 293 

pen tene .  However, t h e  p o s s i b i l i t y  of  forming ZY3-dibromobutadiene 

i n  t h i s  r e a c t i o n  i s  a l s o  n o t e d .  

We have proposed t h a t  i t  should b e  p o s s i b l e  t o  p r e p a r e  TMTTeF 

us ing  t h e  same t y p e  of r e a c t i o n  sequence  used t o  p r e p a r e  HMTTeF, 

DBTTeF and BDMT-TTeF p rov id ing  t h e  i n c i p i e n t  methyl  g roups  a r e  

p a r t  of a r i n g  s t r u c t u r e  which i s  d e s t r o y e d  a t  t h e  end of t h e  

s y n t h e t i c  scheme. To d a t e ,  TMTTeF has e luded  u s ,  b u t  w e  b e l i e v e  

t h a t  t h i s  g e n e r a l  s y n t h e t i c  s t r a t e g y  shou ld  u l t i m a t e l y  y i e l d  t h i s  

e l u s i v e  compound. 
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