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INTRODUCTION 

The n a t u r e  o f  t h e  molybdenum s i t e s  in t h e  v a r i o u s  molybdo-  
enzymes c o n t i n u e s  to  a t t r a c t  a t t e n t i o n .  Recen t ly~  t h e  i s o l a -  
t i o n  o f  an i ron-molybdenum c o f a c t o r  ( Fe-Mo-co ) (1)  has  been 
d e s c r i b e d ~  and Molybdenum-K-edge X-ray a b s o r p t i o n  f i n e  s t r u c -  
t u r e  ( EXAFS ) a n a l y s i s  o f  t h e  Fe-Mo-co ( 2 ) ,  and s y n t h e t i c  
models  ( 3 , 4 )  was r e p o r t e d .  The r e c e n t  EXAFS d a t a  s u g g e s t  an 
a t t r a c t i v e  model o f  Fe-Mo-co composed of  two c u b a n e - t y p e  c o -  
r e s  j o i n e d  by a common Mo atom (MoFe6S8) ( 4 ) .  A p r i o r i  i t  
seems d i f f i c u l t  to  o b t a i n  a complex  wi th  t h e  c o r e  (MoFe6S8) 
by a s p o n t a n e o u s l y  s e l f - a s s e m b l e  from s i m p l e  r e a c t a n t s  unde r  
homogeneous c o n d i t i o n s .  

We have  now a c h i e v e d  t h e  s y n t h e s i s  o f  t h e  (MoFe6Ss) c o r e  
a t t a c h e d  to  a po lymer  and we d e s c r i b e  h e r e  our  p r e l i m i n a r y  
r e s u l t s .  

The f o r m a t i o n  o f  t h e  (MoFe6Ss) c l u s t e r  was a c h i e v e d  a c c o r -  
d ing  to  a r e a c t i o n  s e q u e n c e  wich i n v o l v e s  t h e  (MoFeS4) 2 -  and 
(MoFe3S4)~- i n t e r m e d i a t e s  as shown in  Scheme 1, 

EXPERIMENTAL 

A l l  o p e r a t i o n s  were  p e r f o r m e d  in  a p u r i f i e d  dry argon a t -  
mosphere  in  a S c h l e n c k - t y p e  g l a s s w a r e ;  a l l  s o l v e n t s  and r e a -  
g e n t s  were  t h o r o u g h l y  d e g a s s e d  p r i o r  to  u s e .  E x p e r i m e n t a l  
p r o c e d u r e s  f o r  t h e  s y n t h e s i s  o f  m a c r o m o l e c u l a r  s t y r e n e - d i v i -  
n y l b e n z e n e  copolymers~ c h l o r o m e t h y l a t i o n  p r o c e d u r e  (5)~ and 
t h e  a d d i t i o n  o f  -SH groups  to  t h e s e  c h l o r o m e t h y l a t e d  r e s i n s  
(6 )  a r e  d e s c r i b e d  in  p r e v i o u s  p u b l i c a t i o n s  and~ t h e r e f o r e ~  
w i l l  n o t  be r e p o r t e d  h e r e .  

1. P r e p a r a t i o n  o f  ( M o F e S 4 ) - a t t a c h e d  Res in  

To a s t i r r e d  s u s p e n s i o n  o f  4 g o f  r e s i n  I ( 3~ d i v i n y l -  
b e n z e n e ;  0 .3  m e q u i v / g  S ) in  50 ml o f  anhydrous  methanol~ a 
s o l u t i o n  o f  0 .8  g o f  sodium m e t h o x i d e  in  75 ml o f  anhydrous  
me thano l  was added.  A f t e r  s t i r r i n g  f o r  24 h a t  25oc~ t h e  s u s -  
p e n s i o n  was decanted~ and t h e  r e s i n  was e x t r a c t e d  wi th  200-ml 
p o r t i o n s  o f  anhydrous  me thano l  u n t i l  t h e  p h e n o l p h t a l e i n e  in  
w a t e r  gave  a n e g a t i v ~  t e s t  f o r  sodium h y d r o x i d e .  The r e s i n  
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was t h e n  s t i r r e d  a t  room t e m p e r a t u r e  i n  100 ml o f  d i o x a n e  c o n -  
t a i n i n g  0 . 4  g FeC12 f o r  24 h ,  f i l t e r e d ,  a n d  e x t r a c t e d  w i t h  200 
m l - p o r t i o n s  o f  d i o x a n e  u n t i l  t h e  e x t r a c t  was no  l o n g e r  c o l o r e d .  
The  r e s u l t i n g  g r e e n - g r a y  r e s i n  was t h e n  s u s p e n d e d  i n  a s o l u t i -  
on p r e p a r e d  f r o m  0 . 7 5  g o f  e t h a n e t h i o l  a n d  0 . 5 6  g o f  s o d i u m  
m e t h o x i d e  i n  50 ml o f  a n h y d r o u s  m e t h a n o l .  T h i s  s u s p e n s i o n  was 
s t i r r e d  f o r  24 b a t  room t e m p e r a t u r e .  A f t e r  f i l t r a t i o n ,  t h e  
d a r k  g r e e n  r e s i n  b e a d s  w e r e  e x t r a c t e d  w i t h  2 0 0 - m l  p o r t i o n s  o f  
a c e t o n i t r i l e  u n t i l  s i l v e r  n i t r a t e  i n  a c e t o n i t r i l e  g a v e  a n e g a -  
t i v e  t e s t  f o r  m e r c a p t a n .  To a s t i r r e d  s u s p e n s i o n  o f  t h i s  r e -  
s i n  i n  6 0 ml o f  DMF, a s o l u t i o n  o f  0 . 6  g o f  Na2MoS 4 i n  80 ml 
o f  DMF was a d d e d .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  18 h a t  
room t e m p e r a t u r e .  The  r e s u l t i n g  d a r k  r e d  b e a d s  w e r e  w a s h e d  
w i t h  f i v e  p o r t i o n s  o f  200 ml a c e t o n i t r i l e - d i m e t h y l f o r m a m i d e  
( 1 = 1 )  a n d  d r i e d  i n  v a c u o  a t  76~  The e l e m e n t a l  a n a l y s i s  o f  
t h i s  r e s i n  s u g g e s t s  t h e  c o m p o s i t i o n  P - S - ( E t S ) F e S 4 M o N a 2 . ( A n a l .  
C a l c d .  f o r  P-C2H5FeMoS6Na2= S 5 . 3 5 ;  Mo 2 . 6 7 ;  Fe  1 . 5 5  ~ .  Found=  
S 5 . 2 1 ;  Ho 2 . 4 5 ;  Fe  1 . 3 5  ~ ) .  ( P = p o l y m e r  c o r e  )- 

2.  P r e p a r a t i o n  o f  I M o F e 3 S 4 ) - a t t a c h e d  R e s i n .  I I I .  

Two s o l u t i o n s  o f  r e a c t a n t s  w e r e  p r e p a r e d  a s  f o l l o w s :  ( i )  
1 . 2  g o f  a n h y d r o u s  FeCI  3 w e r e  d i s s o l v e d  i n  50 ml o f  a n h y d r o u s  
m e t h a n o l  a n d  t h e  s o l u t i o n  was f i l t e r e d  t h r o u g h  a C e l i t e  p a d ;  
( i i )  3 g o f  t e r t - b u t y l - m e r c a p t a n  w e r e  a d d e d  t o  a s t i r r e d  s o -  
l u t i o n  o f  1 . 8  g o f  s o d i u m  m e t h o x i d e  i n  50 ml o f  a n h y d r o u s  
m e t h a n o l .  The  s o l u t i o n  ( i )  was a d d e d  d r o p w i s e  i n  a p p r o x i m a t e l y  
0 . 5  h t o  t h e  s t i r r e d  s o l u t i o n  ( i i ) .  The  r e s u l t i n g  r e a c t i o n  
m i x t u r e  was f i l t e r e d ,  a n d  4 g o f  r e s i n  I I  w e r e  a d d e d  t o  f i l t r -  
a t e .  A f t e r  18 h o f  s t i r r i n g ~  t h e  s u s p e n s i o n  was  f i l t e r e d ~  a n d  
t h e  r e s i n  b e a d s  w e r e  e x t r a c t e d  w i t h  200 m l - p o r t i o n s  o f  a c e t o -  
n i t r i l e  u n t i l  s i l v e r  n i t r a t e  i n  a c e t o n i t r i l e  g a v e  a n e g a t i v e  
t e s t  f o r  m e r c a p t a n .  The  p r o d u c t  was d r i e d  i n  v a c u o  a t  60~ 
t o  g i v e  4 . 2  g ( 9 2 - 9 3 ~  ) .  The  e l e m e n t a l  a n a l y s i s  o f  t h i s  r e s i n  
s u g g e s t s  t h e  c o m p o s i t i o n  P - S - MoF e 3 MoS4(SBu~)5Na  2 .  ( A n a l . C a l c d .  
f o r  P-C20H45Fe~MoS10Na 2 = S 7 . 8 3 ;  Fe  4 . 1 ;  Mo 2 . 3 5  ~ .  F o u n d  = 
S 7 . 5 7 ;  Fe  3 . 8 ~ ;  Mo 2 . 1 9  ~ ) .  ( P = p o l y m e r  c o r e  ) .  

3 .  P r e p a r a t i o n  o f  ~ M o F e 6 S 8 ) - a t t a c h e d  r e s i n .  IV .  

Two s o l u t i o n s  o f  r e a c t a n t s  w e r e  p r e p a r e d  a s  f o l l o w s  : ( i )  
2 . 3 5  g o f  a n h y d r o u s  FeCI  3 w e r e  d i s s o l v e d  i n  50 ml o f  a n h y d r -  
o u s  m e t h a n o l  and  t h e  s o l u t i o n  was f i l t e r e d  t h r o u g h  a C e l i t e  
p a d ;  ( i i )  7 . 8  g o f  t e r t - b u t y l - m e r c a p t a n  w e r e  a d d e d  t o  a s t i -  
r r e d  s o l u t i o n  o f  4 . 5  g o f  s o d i u m  m e t h o x i d e  i n  150 ml o f  a n -  
h y d r o u s  m e t h a n o l .  The  s o l u t i o n  ( i )  was a d d e d  d r o p w i s e  i n  a p p -  
r o x i m a t e l y  0 . 5  h t o  s o l u t i o n  ( i i )  u n d e r  c o n t i n o u s  s t i r r i n g .  
A f t e r  c o m p l e t e  a d d i t i o n  o f  s o l u t i o n  ( i ) ,  t h e  r e a c t i o n  m i x t u r e  
was f i l t e r e d  and  2 g o f  r e s i n  I I I  w e r e  a d d e d  t o  f i l t r a t e .  
T h i s  s u s p e n s i o n  was  s t i r r e d  f o r  5 h a t  room t e m p e r a t u r e  a n d  
a s o l u t i o n  p r e p a r e d  f r o m  1 g o f  NaSH a n d  0 . 9  g o f  s o d i u m  me-  
t h o x i d e  was t h e n  a d d e d .  A f t e r  18 h o f  s t i r r i n g ,  t h e  s u s p e n s i -  
on was f i l t e r e d  and  t h e  r e s i n  was e x t r a c t e d  w i t h  100 m l - p o r -  
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t i o n s  of  a c e t o n i t r i l e  u n t i l  t he  e x t r a c t  was no l o n g e r  c o l o r e d .  
R e p e a t i n g  t h i s  workup f o r  t h r e e  t i m e s ,  p r o v i d e d  a b l a c k  r e s i n  
which was we l l  washed wi th  a c e t o n i t r i l e  and d r i e d  i n  vacuo a t  
70~ f o r  18 h.  The e l e m e n t a l  a n a l y s i s  of  t h i s  r e s i n  s u g g e s t s  
t he  c o m p o s i t i o n :  P-S-MoFe6S8(SBu~)sNa 2. ( Ana l .  Calcd,  f o r  
C20H45Fe6MoS14Na 2 : S 10 .23 ;  Fe 7 .65 ;  Me 2.19 ~.  Found : S 9 .9  
Fe 7 . 4 7 ;  Me 2 .15 ~ ) . (  P = polymer  co re  ) .  

4. Sodium Replacement Experiment,,s. 

Samples of  r e s i n s  I I9  I I I  and IV were t r e a t e d  wi th  an ex-  
cces  of  t e t ramethylammonium c h l o r i d e  s o l u t i o n  i n  methanol9 
we l l  washed wi th  methanol  and a c e t o n i t r i l e ,  and d r i e d  i n  v a -  
one a t  7OoC f o r  18 h.  M i c r o a n a l y s e s  f o r  n i t r o g e n  were c o n s i s -  
t e n t  w i th  the  r e p l a c e m e n t  of  1 .8  - 2 .3 Na +. 

RESULTS AND DISCUSSION 

To s y n t h e s i z e  c l u s t e r s  of  t h e  g e n e r a l  s t o i c h i o m e t r y  
(Fe6MoS8) ~ s e v e r a l  r e p o r t e d  e x p e r i m e n t a l  d a t a  were c o n s i d e r e d  
as s u i t a b l e  s t a r t i n g  p o i n t s :  ( i )  f o r m a t i o n  of  a na l ogue s  of  
Fe4S 4 c l u s t e r s  f r o m 2 t h e i r  components  p roceeds  t rough  t he  r u -  
b r e d o x i n e  (Fe,(SR)4) - s p e c i e s ;  ( i i )  f o r m a t i o n  of MoFeS A core  
by t he  r e a c t i o n  of  MoS42- wi th  ( F e ( S R) 4 ) 2 -  ~ 7 , 8 ) ;  ( i i ~ )  when 
t he  FeC13-NaSR sys tems  a re  t r e a t e d  wi th  MoS 4 - unde r  homoge- 
neous  c o n d i t i o n s ~  t he  o n l y  i s o l a b l e  s p e c i e s  a re  of t he  type  
(Mo2Fe6S8) , (Mo2Fe6Sg) ( 4 , 9 - 1 3 )  , and (Mo2Fe7S8) ( 1 3 ) .  

The scheme we have o u t l i n e d  fo r  t he  p r e p a r a t i o n  of  MoFe~S 8 
c l u s t e r  i n v o l v e s  t he  f o l l o w i n g  sequences  ( i )  p r e p a r a t i o n  o i  
t he  i ron-molybdenum core  MoFeSa v4a i n t e r a c t i o n  of  a r e s i n -  
bonded ~ F e I I ( s E t ) 4 )  ~t- complex w i th  (MOS4)2- ; ( i i )  p r e p a r a t i -  
on of  t he  t e t r a n u c l e a r  i ron-molybdenum c l u s t e r  MoFe3S 4 by 
t r e a t i n g  of t he  i n t e r m e d i a t e  P-S-Fe(SEt)MoS4) 2-  wi th  an excces  
of  {Fe(SBut)4)Na and NaSBuh; ( i i i )  p r e p a r a t i o n  of t he  s e v e n -  
n u c l e a r  c l u s t e r  MoFe6S 8 v i a  i n t e r a c t i o n  of  t he  -Mo(SBut)3 
group of  the  r e s i n  I I I  wi th  excces  of  (Fe (SBut )4 )Na  u s i n g  
Na~H as sou rce  of  s u l f i d e .  

A d d i t i o n a l  r e s e a r c h  in  p r o g r e s s  i s  aimed toward t he  r e c o -  
v e r y  of  MoFe6S 8 co re  from r e s i n  IV i n  t he  form of  t he  w e l l -  
c h a r a c t e r i z e d  complex by r e a c t i o n  wi th  C2H5COSH. 
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