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* 
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Depar tmen t  o f  Chemis t ry  
U n i v e r s i t y  o f  M a s s a c h u s e t t s  
Arnhers t ,  M a s s s a c h u s e t t s  01003 

ABSTRACT 

R e a c t i o n s  o f  c y c l o p e n t a d i e n y l s o d i u m  w i t h  e t h y l  f o r m a t e ,  
m e t h y l  o r  e t h y l  a c e t a t e ,  o r  d i rne thy l  c a r b o n a t e  i n  THF s o l u t i o n  
h a v e  p roduced  h i g h  y i e l d s  o f  t h e  f u n c t i o n a l l y  s u b s t i t u t e d  
o rganosod ium compounds [C5H4C(0)Rj- Na', where  R = H, CH3 o r  OCH3. 

These  o rganosod ium r e a g e n t s  have  p roved  t o  b e  v a l u a b l e  i n t e r m e d i a t e s  
i n  t h e  f o r m a t i o n  o f  f u n c t i o n a l l y  s u b s t i t u t e d  c o b a l t o c e n e ,  n i c k e l -  
o c e n e ,  e t c . ,  s andwich  complexes  a s  well a s  f o r  o t h e r  q 5 - c y c l o p e n t a -  
d i e n y l - m e t a l  s y s t e m s  s u c h  a s  ( q 5 - C 5 H 4 C H O ) M ( C U ) 2  ( M  = Co, Rh) and  

(~5-C5H4CHO)W(CO)3CH3. 

ed i n t o  c o r r e s p o n d i n g  a c r y l a t e  a n d  v i n y l  d e r i v a t i v e s .  The  po lymer -  
i z a t i o n  c h e m i s t r y  o f  t h e s e  new o r g a n o m e t a l l i c  monomers h a s  b e e n  
i n i t i a t e d .  

The l a t t e r  a l d e h y d e s  can  b e  r e a d i l y  c o n v e r t -  

INTRODUCTION 

Soon a f t e r  t h e  d i s c o v e r y  o f  b i s - ( l 1 5 - c y c l o p e n t a d i e n y l )  i r o n  

( f e r r o c e n e )  i n  1951, i t  was d e m o n s t r a t e d  t h a t  t h i s  u n i q u e  o rgano-  

m e t a l l i c  compound c o u l d  unde rgo  t y p i c a l  a r o m a t i c - t y p e  r i n g -  

s u b s t i t u t i o n  r e a c t i o n s  [ l , Z l .  The a b i l i t y  t o  i n t r o d u c e  f u n c t i o n a l  

g r o u p s  o n t o  t h e  - c y c l o p s n t a d i e n y l  r i n g s  of f e r r o c e n e  made 

p o s s i b l e  t h e  s y n t h e s i s  o f  v i n y l f e r r o c e n e  (2) i n  1955, and  i t s  
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2 4 4  RAUSCH. HART, AND MACOMBER 

p o l y m e r i z a t i o n  r e a c t i o n s  were s t u d i e d  by A r i m o t o  a n d  Haven C31. 
A l i m i t e d  number  o f  o t h e r  ~ 5 - v l n y l c y c l o p e n t a d i e n y l - m e t a l  comp- 

o u n d s  h a v e  b e e n  s y n t h e s i z e d  a n d  t h e i r  p o l y m e r i z a t i o n  c h e m i s t r y  

i n v e s t i g a t e d ,  i n c l u d i n g  v i n y l r u t h e n u c e n e  (2)[4J, v i n y l c y m a n t r e n e  

( 3 ) [ 5 ] ,  _. a n d  v i n y l c y n i c h r o d e n e  (4)[6,71. Monomers z-5 c a n  b e  

0 0 

1 - 2 .~ 
4 - 

5 p r e p a r e d  by v i r t u e  of t h e  f a c t  t h a t  t h e  p a r e n t  1 - c y c l o p e n t a d i e n y l -  

m e t a l  compounds ,  l i k e  f e r r o c e n e  (:), c a n  b e  a c e t y l a t e d  u n d e r  

F r i e d e l - C r a f t s  c o n d i t i o n s  a n d  c o n v e r t e d  i n t o  v i n y l  a n a l o g s  by 

s t a n d a r d  o r g a n i c  p r o c e d u r e s .  The t o p i c  o f  v i n y l i c  o r g a n o t r a n s i t i o n  

metal monomers a n d  p o l y m e r s  h a s  r e c e n t l y  b e e n  r e v i e w e d  by P i t t m a n  [el. 

p o l y m e r i z a t i o n  c h e m i s t r y  of s t i l l  o t h e r  7 - v i n y l c y c l o p e n t a d i e n y l -  

m e t a l  compounds ,  s i n c e  t h e  p r o d u c t s  m i g h t  possess u n u s u a l  a n d  

p o t e n t i a l l y  u s e f u l  p r o p e r t i e s .  U n f o r t u n a t e l y ,  h o w e v e r ,  t h e  a b i l i t y  

t o  f u n c t i o n a l i z e  7 - c y c l o p e n t a d i e n y l - m e t a l  compounds hy means  of 

e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  r e a c t i u n s  is  s e v e r e l y  l i m i t e d ,  

i n c l u d i n g  t h e  i r o n ,  r u t h e n i u m ,  m a n g a n e s e  a n d  chromium systems 

m e n t i o n e d  a b o v e  p l u s  o n l y  a few o t h e r  a n a l o g s  r9,11]. T h e  f a i l u r e  

o f  m u s t  ~5-cyclupentadienyl-metal compounds  t o  u n d s r q u  r i n g  s u t s  t i -  
t u t i o n  may b e  a s c r i b e d  E i t h e r  t o  t h e i r  i n h e r e n t  l a c k  o f  a r o m a t i c  

c h a r a c t e r  or t o  more f a c i l e  r e a c t i o n  p a t h w a y s  u n d e r  t h e  r e a c t i o n  

c o n d i t i o n s  i n v o l v e d .  I n  a n y  e v e n t ,  t h e  i n a b i l i t y  o f  most 7 - c y c l o -  

p e n t a d i e n y l - m e t a l  compounds t o  f o r m  f u n c t i o n a l l y  s u b s t i t u t e d  d e r i v -  

a t i v e s  b y  r i n g - s u b s t i t u t i o n  r o u t e s  h a s  g r e a t l y  impeded t h e  

d e v e l o p m e n t  of ~ 5 - c y c l o p e n t a d i e n y l - m e t a l  c h e m i s t r y  o f  t h e  t y p e  

shown by f e r r o c e n e .  T h i s  r e s u l t  i n  t u r n  h a s  a l s o  g r e a t l y  h a m p e r e d  
t h e  g r o w t h  o f  v i n y l i c  o r g a n o t r a n s i t i o n  metal monomers  a n d  p o l y m e r s .  

I t  would seem w o r t h w h i l e  t o  i n v e s t i g a t e  t h e  f o r m a t i o n  a n d  
5 
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ROUTES TO NEW VINYL MONOMERS 245 

RESULTS AND DISCUSS I O N  

We have r e c e n t l y  developed a new and a p p a r e n t l y  g e n e r a l  

r o u t e  f o r  t h e  f o r m a t i o n  of a wide v a r i e t y  o f  f u n c t i o n a l l y  s u b s t -  

i t u t e d  7 - c y c l o p e n t a d i e n y l - m e t a l  compounds [II]. The method 

p r o v i d e s  a conven ien t  means o f  i n t r o d u c i n g  f u n c t i o n a l  s u b s t i t u e n t s  

o n t o  T' - c y c l o p e n t a d i e n y l  r i n g s  i n  systems which a r e  i n c a p a b l e  o f  

undergo ing  e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n .  I n  t h e  p r e s e n t  

paper ,  we s h a l l  d i scuss  t h e  g e n e r a l  procedures by which new 

f u n c t i o n a l l y  s u b s t i t u t e d  ~ 5 - c y c l o p e n t a d i e n y l - m e t a l  compounds can 

b e  syn thes i zed ,  and e s p e c i a l l y  t h e  a p p l i c a t i o n  o f  t h i s  method f o r  

t h e  f o r m a t i o n  o f  new o r g a n o m e t a l l i c  monomers. 

5 

5 

Reac t ions  o f  cyc lopen tad ieny l sod iu rn  w i t h  e i t h e r  e t h y l  f o rma te ,  

m e t h y l  a c e t a t e  o r  d i m e t h y l  ca rbona te  i n  r e f l u x i n g  THF s o l u t i o n  f o r  

7 h produce 70-95% y i e l d s  o f  t h e  r e s p e c t i v e  compounds f o r m y l - ( z ) ,  

a c e t y l - ( b )  o r  m e t h o x y c a r b o n y l c y c l o p e n t a d i e n y l s o d i u m  (7)[121. 
These r e a c t i o n s  l i k e l y  proceed v i a  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  

t h e  r e s p e c t i v e  I - s u b s t i t u t e d  cyc lopen tad ienes ,  which r e a c t  r e a d i l y  

w i t h  t h e  sodium a l k o x i d e  c o n c u r r e n t l y  produced t o  a f f o r d  t h e  

f u n c t i o n a l l y  s u b s t i t u t e d  cyc lopen tad ieny l sod iu rn  d e r i v a t i v e s  5-7. 

Na+ 2 h,A Na+ 

-.. 5 R = H  

3 - 6 R = C H  

7 R = OCH 3 - 

These organosodium reagen ts  a r e  m o i s t u r e  s e n s i t i v e ,  b u t  a r e  

g e n e r a l l y  s t a b l e  i n  a i r  f o r  s h o r t  p e r i o d s  o f  t i m e ,  i n  c o n t r a s t  

t o  cyc lopen tad ieny l sod ium i t s e l f .  T h e i r  p r o t o n  n m r  s p e c t r a  

reco rded  i n  D20 s o l u t i o n  c o n s i s t  of two p a i r s  o f  u n r e s o l v e d  

m u l t i p l e t s  r e p r e s e n t i n g  t h e  r i n g  p r o t o n s  as well as s i n g l e t  

resonances f o r  t h e  s u b s t i t u e n t  p r o t o n s  r i l l .  
Reac t ions  o f  5-7 w i t h  v a r i o u s  t r a n s i t i o n  m e t a l  h a l i d e s  have 

p roved  u s e f u l  i n  t h e  s y n t h e s i s  of f u n c t i o n a l l y  s u b s t i t u t e d  sand- 

w i c h  compounds which a r e  g e n e r a l l y  u n a t t a i n a b l e  by o t h e r  means. 
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246 KAUSCH, HART, AND MACOMBER 

Thus, r e a c t i o n s  o f  _S o r  7 w i t h  e i t h e r  CoC12 o r  NiEr2-2DME i n  

THF s o l u t i o n  a f f o r d e d  1,l'-diacctylcobaltocene ( @ ) ,  1 , l f - d i c a r b o -  

methoxycobal  t ocene  (z), 1 , l '  - d i a c e t y l  n i c k e l o c e n e  (ICJ), and 1 , l '  - 

& I 

c o  

3 8 R = C H  

9 R = OCH 
- 

3 L 

0lR 
I 

N i  

d i c a r b o m e t h n x y n i c k e l o c e n e  (j?), r e s p e c t i v e l y ,  i n  y i e l d s  o f  3C- 

50% [131. The e s t e r  d e r i v a t i v e s  2 and j'J a r e  c u r r e n t l y  b e i n g  

e v a l u a t e d  as p o t e n t i a l  monomers for t h e  p r o d u c t i o n  o f  organo- 

c o b a l t -  and o r g a n o n i c k e l - c o n t a i n i n g  condensa t ion  polymers [14J. 

S i m i l a r  r o u t e s  t o  o r g a n o m e t a l l i c  condensa t ion  po lymers  wh ich  

c o n t a i n  t h e  f e r r o c e n e  u n i t  have been examined p r e v i o u s l y ,  a l t h o u g h  

o n l y  r e l a t i v e l y  l ow Mn m o l e c u l a r  we igh t  p r o d u c t s  c o u l d  b e  

ob t a i n c d  [ 15,  I 6 1  . 
Organosodiurn reagen ts  2-1 a r e  a l s o  conven ien t  p r e c u r s o r s  

5 
t o  f u n c t i o n a l l y  s u b s t i t u t e d  7 -cyclopentadienyldicarbonylmetal 
d e r i v a t i v e s ,  p r o d u c t s  which have l i k e w i s e  been u n a v a i l a b l e  

t h r o u g h  e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i u n s  o f  t h e  p a r e n t  

compounds. 

r e a d i l y  p roduce  t h e  co r respond ing  f o r m y l  (As), a c e t y l  ( l 3 )  and 

Thus, r e a c t i o n s  o f  5-2 w i t h  L R h ( C 0 ) 2 C 1 1 7  i n  THF 

I? R = H  
I 

3 1 3  R = CH 

14  R = DCH 
-a - 

3 -.,-- 

15 R = H  

3 16 R = CH 
17 R = DCH 

Y 

-_ 
3 -- 
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ROUTES TO NEW VINYL MONOMERS 247 

methoxyca rbony l  (s) a n a l o g s ,  whereas  t h e  r e s p e c t i v e  c o b a l t  
c o u n t e r p a r t s  (15-17) a r e  a v a i l a b l e  v i a  r e a c t i o n s  o f  5-2 w i t h  

a n  e q u i m o l a r  m i x t u r e  o f  C O ~ ( C O ) ~  a n d  I2  i n  THF s o l u t i o n .  
p r o d u c t s  a r e  o b t a i n e d  i n  y i e l d s  o f  50-98% a s  d a r k  r e d  l i q u i d s  

which a r e  d i s t i l l a b l e  under  r e d u c e d  p r e s s u r e .  

T h e s e  

The a v a i l a b i l i t y  o f  t h e  f u n c t i o n a l l y  s u b s t i t u t e d  o r g a n o -  

rhodium and  - c o b a l t  d e r i v a t i v e s  2 - 3 2  p r o v i d e s  v a l u a b l e  new r o u t e s  

t o  o r g a n o m e t a l l i c  monomers o f  t h e s e  metals. F o r  example ,  _1_? a n d  

-- 1 6  r e a c t  w i t h  n s e t h y l e n e t r i p h e n y l p h o s p h o r a n e  i n  e t h y l  e t h e r  s o l u t i o n  

t o  a f f o r d  ( 7  -vinylcyclopentadienyl)dicarbonylcobalt (3) and  

( 7  -isopropenylcyclopentadienyl)dicarbonylcobalt (21) i n  m o d e r a t e  

5 

5 

15 R = H  

1 6  R = CH 
- 

3 + 

y i e l d s ,  r e s p e c t i v e l y .  R e d u c t i o n  o f  2 o r  16 f o l l o w e d  by 

r e a c t i o n  o f  t h e  r e s u l t i n g  a l c o h o l s  w i t h  a c r y l o y l  c h l o r i d e  and  

p y r i d i n e  h a v e  l i k e w i s e  p roduced  t h e  c o r r e s p o n d i n g  a c r y l a t e  

d e r i v a t i v e s  (2, 20) i n  good y i e l d .  

- 15 R = H  

16 R = C H  3 - 
19 R = H  

20 R = C H  
- 

3 - 

P o l y m e r i z a t i o n  s t u d i e s  on  t h e s e  o r g a n o c o b a l t  v i n y l  monomers 

unde r  f r e e  r a d i c a l  a n d  c a t i o n i c  c o n d i t i o n s  a r e  c u r r e n t l y  i n  
p r o g r e s s ,  and  w i l l  h o p e f u l l y  l e a d  t o  new t y p e s  o f  o r g a n o m e t a l l i c  

p o l y m e r s  w i t h  p o t e n t i a l  c a t a l y t i c  p r o p e r t i e s  [ 8 , 1 4 , 1 6 1 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



248 RAUSCH, HART, AND MACOMBER 

P r e v i o u s  s t u d i e s  i n  t h i s  l a b o r a t o r y  have  shown t h a t  t h e  

n o v e l  monomer v i n y l c y n i c h r o d e n e  ( 3 )  c o u l d  unde rgo  b o t h  homo- and  

c o p o l y m e r i z a t i o n .  Monomer 5 was p r c p a r c d  f r o m  e c e t y l c y n i c h r o d e n e  

(g) by t r e a t m e n t  w i t h  sodium b o r o h y d r i d e  f o l l o w e d  by d e h y d r a t i o n  

o f  t h e  r e s u l t i n g  a l c o h o l  (g). The v a l u e  o f  t h e  A l f r e y - P r i c e  
OH 

@LH3 NaEHq Q-CHCH, TsoH T H = L H 2  

I - I - 
'gH6 Cr 

oc /Cr c ' \No  oc /c,r\N c 0 ,,C/d 'No 
0 0 0 

4 - 2 2  - 2 1  - 
p a r a m e t e r  e f o r  5 was e v a l u a t e d  by r e a c t i v i t y  r a t i o  s t u d i e s  

t o  b e  -1.78, i n d i c a t i n g  t h a t  5 is  a n  e x c e p t i o n a l l y  e l e c t r o n  

r i c h  v i n y l  monomer, r e s e m b l i n g  v i n y l f e r r o c e n e  (J) a n d  v i n y l -  

cyman t rene  (3-1 [ 6 , 7 1 .  
I n  o r d e r  t o  f u r t h e r  i n v e s t i g a t e  t h e  f o r m a t i o n  a n d  react-  

i v i t y  o f  v i n y l  monomers o f  t h e  Group I V B  m e t a l s ,  f o r m y l  d e r i v -  

a t i v e  2 was a l l o w e d  t o  r e a c t  w i t h  t u n y s t e n  h e x a c a r b o n y l  i n  

r e f l u x i n g  DMF. T r e a t m e n t  o f  t h e  r e s u l t i n g  o r g a n o m e t a l l i c  a n i o n  

w i t h  iodomethane  i n  THF p r o d u c e d  (9 -formylcyclopentadienyl)- 
tricarbonylmethyltungsten (z) i n  82% y i e l d .  R e a c t i o n  of a l d e h y d e  

5 
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-- 2 3  i n  b e n z e n e  s o l u t i o n  w i t h  t r i p h e n y l m e t h y l p h o s p h o n i u m  i o d i d e  

i n  t h e  p r e s e n c e  o f  5N sod ium h y d r o x i d e  u n d e r  p h a s e  t r a n s f e r  

c o n d i t i o n s  a f f o r d e d  (ll -vinylcyclopentadienyl)tricarbonylmethyl- 
t u n g s t e n  ( 2 4 )  i n  80% y i e l d .  A t t empted  f o r m a t i o n  of u n d e r  no rma l  

W i t t i g  c o n d i t i o n s  ( e . g . ,  Ph3P=CH2 g e n e r a t e d  i n  e t h y l  e t h e r  

s o l u t i o n  f rom triphenylmethylphosphonium i o d i d e  a n d  n - b u t y l -  

l i t h i u m )  a l s o  p roduced  2 4 ,  a l t h o u g h  i n  a p p r e c i a b l y  l o w e r  y i e l d .  

5 

R e d u c t i o n  o f  a l d e h y d e  23 by s o d i u m  b o r o h y d r i d e  i n  e t h a n o l  

p r o c e e d e d  s m o o t h l y  t o  p r o d u c e  t h e  c o r r e s p o n d i n g  a l c o h o l  i n  n e a r l y  

q u a n t i t a t i v e  y i e l d .  S u b s e q u e n t  r e a c t i o n  o f  t h i s  a l c o h o l  w i t h  

sodium h y d r i d e  f o l l o w e d  by a c r y l o y l  c h l o r i d e  a f f o r d e d  t h e  a c r y l a t e  

d e r i v a t i v e  (5) i n  65% y i e l d .  Homo- a n d  c o p o l y m e r i z a t i o n  

r e a c t i o n s  o f  & a n d  25, t h e  f i r s t  o r g a n o t u n g s t e n  v i n y l  monomers 

t o  b e  s y n t h e s i z e d  and  s t u d i e d ,  a r e  u n d e r  p r e s e n t  i n v e s t i g a t i o n  [171. 

I t  is  t h e r e f o r e  e v i d e n t  t h a t  t h e  deve lopmen t  o f  f u n c t i o n a l l y  

s u b s t i t u t e d  c y c l o p e n t a d i e n y l - m e t a l  compounds c a n  l e a d  t o  many new 

o r g a n o m e t a l l i c  monomers which would b e  u n a t t a i n a b l e  by o t h e r  means.  

The p o l y m e r i z a t i o n  c h e m i s t r y  o f  t h e s e  new monomers a n d  e v a l u a t i o n  

o f  t h e  p r o p e r t i e s  o f  t h e  r e s u l t i n g  o r g a n o m e t a l l i c  p o l y m e r s  s h o u l d  

h e  o f  i n t e r e s t  t o  c h e m i s t s  f o r  many y e a r s  t o  come. 
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