
CHAPTER I

I n t r o d u c t i o n

1. 1  G e n e r a l

1 . 1 . 1  C a t a l y s i s

C a t a l y s i s  i s  t h e  phenomenon in  w h i c h  on e  o r  more 

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

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

e q u a t i o n  o f  t h e  r e a c t i o n .  The m a t e r i a l  c o n c e r n i n g  i s  termed  

a s  a c a t a l y s t  [ 1 ] .  s i n c e  t h e  p r e s e n c e  o f  a c a t a l y s t  can s p e e d  up 

a r e a c t i o n  w i t h o u t  b e i n g  c o n su m ed ,  t h e  e q u i l i b r i u m  c o n s t a n t  w i l l  

not  be a l t e r e d .  A c a t a l y s t  p r o v i d e s  a  new r e a c t i o n  pathway t h a t  

has  a lower a c t i v a t i o n  e n e r g y  and the  c a t a l y s e d  r e a c t i o n  p r o c e e d s  

thro u gh  a new and e n e r g e t i c a l l y  more f a v o r a b l e  pathway [ 2 ] .

In 1836 ,  a  c a t a l y s t  was f i r s t  u s e d  in  t h e  s c i e n t i f i c  

e r a  b y B e r z e l i u s  [ 2 ] .  To d e s c r i b e  a v a r i e t y  o f  d i v e r s e  

o b s e r v a t i o n s  c o n c e r n i n g  t h e  e f f e c t  o f  t r a c e  s u b s t a n c e s  on  

r e a c t i o n  r a t e s .  The e f f e c t i v e n e s s  o f  a  c a t a l y s t  i s  d e t e r m i n e d  by  

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

pathway.  Each pathway  u s u a l l y  has  a p a r t i c u l a r  s t e p  w h ich  

c o n t r o l s  t h e  o v e r a l l  r a t e ,  i . e .  t h e  r a t e  d e t e r m i n i n g  s t e p .  The
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r a t e  o f  t h i s  s t e p  i s  d e t e r m i n e d  by i t s  f r e e  e n e r g y  o f  

a c t i v a t i o n  w h i c h  c o r r e s p o n d s  t o  the  h i g h e s t  f r e e  e n e r g y  b a r r i e r  

a l o n g  the  r o u t e  f ro m  r e a c t a n t s  t o  p r o d u c t s .  A c a t a l y s t  s e t s  

ou t  t o  make t h i s  f r e e  e n e r g y  o f  a c t i v a t i o n  a s  s m a l l  a s  

p o s s i b l e  o r  a t  l e a s t  l e s s  than t h a t  found  in t h e  u n c a t a l y s e d  

mechanism.  P i c t o r i a l  l y  t h e  s i t u a t i o n  can be r e p r e s e n t e d  a s  shown  

in  F i g u r e  1. 1  [ 3 ] .

.เ

Freeenergy

Reaction co-ordinate

---------- U n c a t a l y s e d  r e a c t i o n  p a t h
...........  C a t a l y s e d  r e a c t i o n  p a t h

F i g u r e  1 . 1  F r e e  e n e r g y  p l o t  f o r  a h y p o t h e t i c a l  u n c a t a l y s e d  and
c a t a l y s e d  r e a c t i o n .
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To be  u s e f u l ,  a c a t a l y s t  must have  t h r e e  pred om inant  

c h a r a c t e r i s t i c s :  a c t i v i t y ,  s t a b i l i t y ,  and s e l e c t i v i t y .  Low 

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

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

a c h i e v e  t h e  r e q u i r e d  c o n v e r s i o n .  C a t a l y s t  s t a b i l i t y ,  i . e . ,  a 

l o n g  l i f e  o r  an e a s y  i n  s i t u  r e g e n e r a b i 1 i t y ,  i s  t h e  n e x t  

i m p o r ta n t  p r o p e r t y .  s i n c e  a  c a t a l y s t  o n l y  o p e r a t e  by form in g  

c h e m i c a l  bon ds  w i t h  a t  l e a s t  one  o f  t h e  r e a c t a n t s  or  i t s  

f r a g m e n t s ,  t h e  d a n g e r  i s  a l w a y s  imminent  t h a t  e v e n  s t r o n g e r  bonds  

w i l l  b e  formed w i t h  one  o f  t h e  b y - p r o d u c t s  o f  t h e  r e a c t i o n .  One 

im p o r t a n t  r e a s o n  t o  s t r i v e  f o r  h i g h  s e l e c t i v i t y  i s ,  t h e r e f o r e ,  t o  

a v o i d  t h e  f o r m a t i o n  o f  s u c h  b y - p r o d u c t s ,  w h i c h  p o i s o n  t h e  

c a t a l y s t  s u r f a c e .  The pro b lem o f  c a t a l y s t  s t a b i l i t y ,  t h e r e f o r e ,  

o f t e n  r e d u c e s  t o  a p rob le m  o f  c a t a l y s t  s e l e c t i v i t y

More g e n e r a l l y ,  t h e  s e l e c t i v i t y  o f  a  c a t a l y s t  i s  o f  

i n t e r e s t  when i t  i s  r e q u i r e d  o n l y  one  o u t  o f  s e v e r a l  

t h e r m o d y n a m i c a l l y  p e r m i t t e d  r e a c t i o n s .  Som et im es  d i f f e r e n t  

c a t a l y s t s  h a v e  b e e n  d e v e l o p e d ,  e a c h  o f  w h i c h  s e l e c t i v i t y  

c a t a l y z e s  one  p a r t i c u l a r  r e a c t i o n  from a g i v e n  s e t  o f  p o s s i b l e  

r o u t e s  [ 4 ] .

1 . 1 . 2  Homogeneous and h e t e r o g e n e o u s  c a t a l y s t s

In g e n e r a l ,  t r a n s i t i o n - m e t a l  c a t a l y s t s  can be e i t h e r  

homogeneous  o r  h e t e r o g e n e o u s .  Homogeneous c a t a l y s t s ,  c o m p r i se d  

o f  d i s c r e t e ,  s o l u b l e  m eta l  c o m p l e x e s ,  a r e  in  most  c a s e s  more
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a c t i v e  and o p e r a t e  a t  lower t e m p e r a t u r e s  and p r e s s u r e s  tha n  t h e i r  

h e t e r o g e n e o u s  c o u n t e r p a r t s .  The m eta l  c e n t e r  a c t i v i t y  i s  

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

metal  c e n t e r s  a r e  e i t h e r  a  p a r t  o f  t h e  s u p p o r t  s u r f a c e ,  or  p ar t  

o f  a s u r f a c e  m et al  c r y s t a l l i t e  , and may have  no s o l u b l e  

a n a l o g s  [ 5 ] .

H e t e r o g e n e o u s  c a t a l y s t s  have  s e v e r a l  a d v a n t a g e s ,  

i n c l u d i n g  a c c e p t a b l e  t h erm a l  and m e c h a n i c a l  s t a b i l i t y ,  h i g h  

a c t i v i t y  f o r  a  w id e  ra n g e  o f  r e a c t i o n s ,  and c a p a c i t y  f o r  u se d  in  

packed and f l u i d i z e d  b e d s  a s  w e l l  a s  r e a d y  s e p a r a t i o n  from 

r e a c t i o n  p r o d u c t s .  D i s a d v a n t a g e s  may i n c l u d e  d e s i g n  and 

improvement l i m i t s  due t o  f r e q u e n t l y  i l l  d e f i n e d  a c t i v e s  s i t e s ,  

l i m i t e d  a c c e s s i b i l i t y  and e f f e c t i v e n e s s  o f  t h e  c a t a l y t i c  

com p o nen ts ,  and s e v e r e  and c o s t l y  r e a c t i o n  c o n d i t i o n s ,  i . e . ,  

h ig h  t e m p e r a t u r e s  and p r e s s u r e s .

In c o n t r a s t ,  hom o gen eou s  s y s t e m s  a r e  c h a r a c t e r i z e d  

by w e l l  s t u d i e d  and i n t e r p r e t e d  c a t a l y t i c  a c t i v i t y ,  r e p o r t e d  

a c t i v i t y  u n der  m i l d  r e a c t i o n  c o n d i t i o n s ,  e f f i c i e n t  and 

r e p r o d u c i b l e  u s e  o f  m eta l  a t o m s ,  and e l e c t r o n i c  and s t e r i c  

p r o p e r t i e s  t h a t  can be  v a r i e d  and f r e q u e n t l y  c o n t r o l l e d .  

A major d i s a d v a n t a g e  l i e s  w i t h  t h e  s e p a r a t i o n  pro b le m .  
A d d i t i o n a l  a d v a n t a g e s  s te m m in g  from t h e  a t t a c h m e n t  p r o c e s s  

per s e  i n c l u d e  t h e  i n t r o d u c t i o n  o f  p r e f e r r e d  o r i e n t a t i o n s ,  an 

a l t e r e d  s t e r e o c h e m i s t r y  a b o u t  t h e  m eta l  atom,  a changed  

e q u i l i b r i u m  b e t w e e n  t h e  m e t a l  a tom s  and t h e i r  l i g a n d s ,  and
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a d v a n t a g e o u s  s t a b i l i z a t i o n  o f  c a t a l y t i c a l l y  a c t i v e  but  n o r m a l l y  

u n s t a b l e  s t r u c t u r e s .  The hope i s  t h a t  t h e  i m m o b i l i z a t i o n  o f  

t r a n s i t i o n  m eta l  c o m p l e x e s  on s o l i d  s u p p o r t s  e v e n t u a l l y  w i l l  g i v e  

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

t r a d i t i o n a l  c a t a l y s t  s y s t e m s  w i t h  few d i s a d v a n t a g e s  [ 6 ] .

1 . 1 . 3  P o l y m e r - b o u n d  c a t a l y s t s

When a s o l u b l e  c a t a l y s t  i s  a t t a c h e d  t o  an i n s o l u b l e  

s u p p o r t  t h r o u g h  a c o v a l e n t l y  b i n d i n g  l i g a n d ,  t h e  co m p lex  becomes  

h e t e r o g e n e o u s  when c o n s i d e r e d  a t  t h e  b u l k  l e v e l  but  i s  

e s s e n t i a l l y  i d e n t i c a l  t o  a s o l u b l e  a n a l o g  o r  a m o l e c u l a r  l e v e l .  

C o n s e q u e n t l y ,  t h e  c a t a l y s t  w i l l  show p r o p e r t i e s  somewhere b e tw e e n  

t h e  two major c a t a l y s t s  c l a s s e s .  T h e r e f o r e  a  h y b r i d  c a t a l y s t  

t h a t  com b in es  t h e  b e s t  p r o p e r t i e s  o f  b o t h  s y s t e m s  w h i l e  

m i n i m i z i n g  t h e i r  i n h e r e n t  d e f i c i e n c i e s  [ 5 ] .  For ex a m p le ,  
i n c r e a s e d  s u b s t r a t e  s i z e  s e l e c t i v i t y ,  i n c r e a s e d  a c t i v i t y ,  e a s i e r  

c a t a l y s t  r e c o v e r y  and r e c y c l e ,  and p r o t e c t i o n  o f  c a t a l y s t  s i t e s  

from w a t e r  [ 7 ] .

Some o f  t h e  p r a c t i c a l  l i m i t a t i o n s  o f  homogeneous  

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

o f  s e p a r a t i n g  p r o d u c t s  from c a t a l y s t s .  In a t t e m p t s  t o  ov ercom e  

t h e s e  d i f f i c u l t i e s ,  s o l u b l e  m o l e c u l a r  c a t a l y s t s  have  b ee n  

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

c r o s s  l i n k e d  p o l y m e r s .  As a r e s u l t ,  i t  was i n t e n d e d  t h a t  t h e  

c a t a l y s t s  wou ld  a c q u i r e  t h e  p r o p e r t y  o f  i n s o l u b i l i t y  w h i l e
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m a i n t a i n i n g  t h e  a c t i v i t y  e x h i b i t e d  i n  s o l u t i o n  [ 8 ] .

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

f o l l o w e d  by c o m p l e x a t i o n  w i t h  t r a n s i t i o n  m e t a l s ,  r e s u l t s  in  

p o l y m e r s  h a v i n g  c a t a l y t i c  p o t e n t i a l .  Th ese  m eta l  c o m p l e x e s ,  

h y d r i d s  o f  homoge neo us  and h e t e r o g e n e o u s  a p p r o a c h e s ,  a r e  

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

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

h e t e r o g e n e o u s  c a t a l y s t s .  In r e f e r r i n g  t o  t h i s  c l a s s  o f  c a t a l y s t s  

the  names " p o l y m e r - a n c h o r e d " ,  " p o ly m e r -b o u n d ” , h y b r i d  p h a s e " ,  o r  

" p o l y m e r - s u p p o r t e d "  a r e  common [ 9 ] .

P o l y m e r  bound c a t a l y s t s  n o t  o n l y  o f f e r  t h e  p o t e n t i a l  

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

p r o d u c t s ,  b u t  a l s o  p r o m i se  j u d i c i o u s  u s e  o f  m e t a l s  [ 10 ] .  
E x p e n s i v e  o r  p r e c i o u s  s p e c i e s ,  s u c h  a s  o p t i c a l l y  a c t i v e  m o l e c u l e s  

o r  p l a t i n u m  g r o u p  m et al  c o m p l e x e s ,  w i l l  be  r e t a i n e d  more  

e f f i c i e n t l y  when i m m o b i l i s e d  on a p o lym er  s u p p o r t ,  w h i c h  i n  term  

might  o f f e r  t h e  p r o s p e c t  o f  e f f i c i e n t  r e u s e  o r  r e c y c l i n g .

C o r r o s i v e ,  n o x i o u s  o r  t o x i c  s p e c i e s  a r e  g e n e r a l l y  

r e n d e r e d  s a f e  when bound t o  a m a c r o m o l e c u l e .  C o r r o s i v e  r e a g e n t s  

a r e  e s s e n t i a l l y  e n c a p s u l a t e d  and do not  make c o n t a c t  w i t h  

a p p a r a t u s  o r  p l a n t .  V o l a t i l e  h a z a r d o u s  s p e c i e s  have  t h e i r  v a p ou r  

p r e s s u r e s  r e d u c e d  a l m o s t  at  z e r o ,  and t o x i c  low m o l e c u l a r  w e i g h t  

compounds become e x t r e m e l y  d i f f i c u l t  t o  a b s o r b  th ro u g h  t h e  l u n g s ,  

s k i n  o r  d i g e s t i v e  s y s t e m s ,  when t h u s  i m m o b i l i s e d .  S u p p o r t e d
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s y s t e m s  have  much t o  o f f e r  i n  t h e  d r i v e  t o  d e v e l o p  more  

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

s i g n i f i c a n t  c o n t r i b u t i o n  tow a rd s  c l e a n  c h e m i s t r y .

Some e n t i r e l y  c h e m i c a l  a d v a n t a g e s  might a l s o  a r i s e .  

When a r e a c t i v e  s p e c i e s  i s  a t t a c h e d  t o  a p olymer b a c k b o n e ,  
p r o v i d i n g  the  number o f  g r o u p s  a t t a c h e d  ( t h e  l o a d i n g  ) i s  k ep t  

low,  t h e  s p e c i e s  w i l l  beh av e  a s  t h o u g h  p r e s e n t  in  i n f i n i t e  

d i l u t i o n .  L i k e w i s e  on e  or  more r e a c t i v e  s p e c i e s  might  be  

l o ad ed  in h i g h  c o n c e n t r a t i o n  on t h e  p o l y m e r ,  s o  t h a t  t h e y  a r e  

f o r c e d  t o  be in  c o n s t a n t  p r o x i m i t y  t o  e a c h  o t h e r .

T h ese  t r i c k s  may be  u s e d  t o  r e d u c e  s i d e  r e a c t i o n s  

in  t h e  s u b s e q u e n t  a p p l i c a t i o n  o r  a l t e r n a t i v e l y  t o  en h a n c e  

r a t e s  or  s e l e c t i v i t y .  In d e e d ,  r e a c t i v e  s p e c i e s  w i t h  o n l y  a 

t r a n s i e n t  e x i s t e n c e  in  hom ogeneous  s o l u t i o n  can be s t a b i l i s e d  

f o r  u s e f u l  e x p l o i t a t i o n  when a t t a c h e d  t o  a pol ym er  su p p o r t  [ 1 1 ] .

I t  see med  t h a t  a l l  h om oge n eo u s  c a t a l y s t s  c o u l d  be  

bound,  t h a t  d e c r e a s e s  in  a c t i v i t y  w e r e  min imal  and t h a t  t h e  

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

l i t t l e  or  no l o s s  in  a c t i v i t y .  T h e r e  ap p e a r e d  t o  be no  

r e a s o n  why c o m m e r c i a l i z a t i o n  wou ld n o t  be  j u s t  around t h e  

c o r n e r  [ 1 2 ] .  P o l y m e r - b o u n d  c a t a l y s t s  h a v e  shown a s  T a b l e  1 . 1 .
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T a b l e  1 . 1  Some e x a m p l e s  o f  p o l y m e r - b o u n d  m et al  c o m p l e x e s
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H i s t o r i c a l l y ,  i t  i s  i n t e r e s t i n g  t h a t  t h i s  a r e a  b lo s s o m e d  

d u r i n g  a t im e  when t h e  e f f o r t s  o f  many o r g a n o m e t a l 1 i c  c h e m i s t s  

w e r e  t u r n e d  t o  s y n t h e s i s  g a s  (CO + H2 ) c h e m i s t r y  and
h y d r o g e n a t i o n ,  o l i g o m e r i z a t i o n  and c a r b o n y l a t i o n  r e a c t i o n s  [ 12 ] .  

Some im p o r t a n t  r e s e a r c h  works  c o u l d  be r e v i e w e d  a s  f o l l o w .

J .  Manassen  [ 1 2 ]  s t u d i e d  ab o ut  p o l y m e r - s u p p o r t e d  homogeneous  t 
c a t a l y s t s  o f  some m e t a l ,  f o r  e x a m p l e s ,  Rh, Co and t h e  o t h e r .  

S i m i l a r l y ,  K. Ta maru[13]  worked on t h e  c o m p l e x a t i o n  o f  sodium and 

p h t h a l o n i t r i l e s  o r  g r a p h i t e ,  w h i c h  were  u s e d  a s  c a t a l y s t s  in  

o l e f i n  and a c e t y l e n e  h y d r o g e n a t i o n .  The r e s e a r c h  on a c t i v e  

c o o r d i n a t i o n  compound b i n d i n g  w i t h  polymer  s u p p o r t s  was done by  

Mobil  [ 1 4 ] .  C a r b o n y l a t i o n  and h y d r o f o r m y l a t i o n  were  t e s t e d .

R.H. Grubbs  and h i s  cow or ker  [ 1 5 ]  r e p o r t e d  t h a t  p o l y s t y r e n e  

b e a d s  ( 2 0 0 - 4 0 0  mesh) w i t h  1 . 8  % c r o s s - l i n k i n g  o f  d i v i n y l b e n z e n e  

w er e  c h l o r o m e t h y l a t e d  and t h e  c h l o r o m e t h y l a t e d  pol ym er  was  

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

p h o s p h i n e .  T h e s e  b e a d s  were  t h e n  e q u i l i b r a t e d  w i t h  t r i s  ( t r i ­
p h e n y l  p h o s p h i n e )  c h l o r o r h o d i u m  ( I ) .  The c a t a l y s t s  were  u s e d  in  

a l k e n e  h y d r o g e n a t i o n  (Scheme 1 . 1 ) .

1 . 2  A l i t e r a t u r e  r e v i e w  o f  p o ly m e r -b o u n d  c a t a l y s t s
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Scheme 1 . 1

J . P . C o l l m a n  e t . a l  [ 1 6 ]  p r e s e n t e d  t h a t  n e t w o r k  p o l y s t y r e n e  

w i t h  p - d i - p h e n y l p h o s p h i n e  were  r e a c t e d  w i t h  rhodium and e r i d i u m  

c o o r d i n a t i o n  compounds.  Rhodium and e r i d i u m  c a t a l y s t s  were  

t e s t e d  in  h y d r o g e n a t i o n .  พ . Dumont and h i s  cow ork er  [ 1 7 ]  had  

s t u d i e d  an i n s o l u b l e  c h i r a l  p o l y m e r - s u p p o r t e d  rhodium c o m p l e x ,  
w h i c h  was  c l o s e l y  r e l a t e d  t o  t h e  s o l u b l e  R h ( I ) - d i o p  c o m p l e x  ( d i o p  

= 2 , 3- 0- i s o p r o p y l  i d i n e - 2 , 3 - d i h y d r o x y - 1 , 4 - b i s ( b i p h e n y l p h o s p h i n o )  

b u t a n e ) .  T h i s  i n s o l u b l e  s y s t e m  ( s u s p e n d e d  in  b e n z e n e )  c a t a l y s t s  

t h e  a s y m m e t r i c  h y d r o g e n a t i o n  o f  - e t h y l s t y r e n e  and m ethy l  

a t r o p a t e  (Scheme 1 . 2 ) .



[ RhCl (C2H4 ) P]2 

[Rh, Cl, 7, C5H5]

, c < 0
c2h5

* < ๐
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CH= NHCOCH3

COoH Scheme 1 . 2  ( con t  i n u e d )

W.D.Bonds and h i s  co w ork er  [ 1 8 ]  r e p o r t e d  t h a t  c y c l o p e n t a -  

d i e n y l  compounds o f  t i t a n i u m  w er e  p r e p a r e d  and a t t a c h e d  t o  

p ol ym er s  by f i r s t l y  b i n d i n g  c y c l o p e n t a d i e n e s  t o  a s t y r e n e -  

d i v i n y l b e n z e n e  ( 20%) c o p o ly m e r  and t h e n  c o n v e r t i n g  i t  t o  t h e  

c y c l o p e n t a d i e n y l  a n i o n .  The r e s i n - b o u n d  a n i o n  was t r e a t e d  w i t h  

c y c l o p e n t a d i e n y l  t i t a n i u m  t r i c h l o r i d e  and p o l y m e r - a t t a c h e d  

(C5H5 ) 2T1CI2 was form ed .  The e f f e c t i v e n e s s  o f  t h e  

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

by a f a c t o r  o f  2 5 - 1 2 0  compared t o  t h e  c o r r e s p o n d i n g l y  r e d u c e d  

n o n a t t a c h e d  t i t a n o c e n e  d i c h l o r i d e  o r  b e n z y l t i t a n o c e n e  d i c h l o r i d e
(Scheme 1.3).
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Scheme 1.3

W.H.Lang and his coworker [19] measured the concentration 

of rhodium in solution over polymer-bonded hydroformylation 

catalysts and identified the factors influencing that 

concentrât ion.

R.J.Card and D.C.Neckers [20] found that poly(styryl) bi- 

pyridine could be prepared by the reaction of lithiated 

polystyrene with bipyridine in tetrahydrofuran. The reaction of 

poly(styryl) bipyridine with a variety of transition metal salts 

were carried out in sereval swelling solvents which resulted in 

the formation of polymer-bound bipyridine transition-metal 

complexes. Zero valent metal complexes such as P-Ph-bipy-M(CO), 

(M = Cr, Mo, พ) were readily prepared from the reaction of poly 

(styryl) bipyridine with the metal hexacarbonyl complexes. Poly 

(styryl) palladium acetate was an active catalyst for the 

hydrogenation of olefins at ambient pressure and temperature.
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F.Pinna and his coworkers [21] studied about the 

hydrogenation of propane and other substrates in flow and batch 

reactors using various rhodium catalysts. However, J.Reed and 

his coworkers [22] studied the influence of cross-linking of 

divinylbenzene (DVB) in styrene polymer-bound bromotris(triphe- 

nylphosphine[-rhodium (I) catalyst by extended X-ray absorption 

fine structure (EXAFS) spectroscopy. This study suggests that 

there is probably some degree of cross-linking between 2 and 20 % 

which is optimum in catalytic activity, and that not all the 

phosphorus atoms are polymer bound.

N.Takaishi, and his coworkers [23] presented that the 

reaction of (-)-l,4-ditosyltheritol with 4-vinylbenzaldehyde 

afforded 2-p-styryl-4,5-bis(tosyloxymethyl)-l,3-dioxolane, which 

was radical copolymerized with hydroxy ethyl methacrylate to 

incorporate 8 mol% in the crosslinked copolymer. Treatment of 

crosslinked copolymer with enough sodium diphenylphosphine to 

react with all the hydroxyl function plus the tosylate groups 

gave a hydrophilic polymer after neutralization which borethe 

optically active 4,5-bis(diphenylphosphino-methyl)-l,3-dioxolane 

ligand. Exchange of rhodium (I) onto (C2H4 )2RhCl9 gave 

the polymer-attached catalyst. Hydrogenation of N-acylaminoacry- 

lic acid in ethanol with this catalyst gave the amino acid 

derivatives having the same optical yields and absolute 

configuration as the ones obtained from the homogeneous analogue

(Scheme 1 .4 ).
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C02CH2CH2OH
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Scheme 1.4

B.H.Chang and his coworkers [24] prepared polymer-supported 

rP-cyclopentadienylrhodium dicarbonyl and /P-cyclopentadienv1-
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cobalt dicarbonyl with 20 % divinylbenzene-poly-styrene copolymer. 

The macroporous beads have been tested for a variety of types of 

catalytic activity.

N.L.Holy [9] studied about the synthesizing rhodium (I) 

polymer-bound catalyst by using of the bidentate ligand, 

anthranilic acid , anchored to insoluble polystyrene beads 

(20-50 mesh). The activity of this catalyst was tested by the 

catalytic hydrogenation of aromatic hydrocarbon.

K.Ohkubo et.al. [25] documented asymmetric hydrogenation 

of prochiral olefins by insoluble crosslinked copolymer (styrene- 

divinylbenzene or styrene-methyl methacrylate)-supported Rh (I)- 

diop (2,3-0-isopropyridine-2,3-di-hydroxy-1,4-bis(diphenylphos- 

phino)butane) complexes has been received considerable attention 

in terms of practical and technical asymmetric synthesis of 

chiral compounds.

R.A.Awl and his coworkers [26] studied the soluble t r i-  

carbonyl chromium complexes made by reacting Cr(C0)g with a ladder 

poly-phenylsilsesquioxane and a linear polydiphenylsiloxane. 

These silicone polymer complexes catalyzed stereoselective 

hydrogenation of methyl sorbate to cis-3-hexenoate in cyclohexane 

and tetrahydrofuran (Scheme 1.5).



Poiydiphenylsiloxane (PDS) Polymethyl phenyl siloxane (PMPS)

Complexation of Phenyl Groups in Polymers ( I -11I) :

îS ,-<S> * ClCOIe - 1 ^  • «0(g)

Scheme 1.5

B.Gordon and his coworkers [27] utilized polymers as

binding sites for transition metal catalysts. However, general 

problems exist with the above system. The rate of reaction 

depends on the presence of solvents that adequately swell the 

polystyrene bead in order to allow access to the catalytic sites. 

Tris(triphenylphosphine)chlororhodium is bound to the surface of 

polyethylene single crystals. Hydrogenation studied have been 

conducted using the polyethylene supported catalyst system to 

show the potential effectiveness of the new system (Scheme 1.6).

D
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ะว
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Rh —  P 0 3 + P 0 3 

P 0 3

Scheme 1.6
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ร.M ontelatici and h is coworkers [28] worked on the effec t 
of the nature of aryl or alkyl groups of the tert-phosphine 
in the complex t r i s ( te r t ia ry  phosphine)chlororhodium(I) on the 
ra te  of cyclohexene hydrogenation. S.Yamaguchi e t . a l .  [29] 
studied the oxidation of 2-methylnaphthalene to 2-m ethyl-l,4- 
naphthoquinone (vitamin K3 ). The use of 0.24 % P d (II)-su lfonated  
polystyrene type resin s gave vitamin K3 .

D .E.Bergbreiter and R.Chandran [30] prepared homogeneous , 
recoverable hydrogenation ca ta ly s ts  with use of functionalized 
ethylene oligomers as ligands. ^P-NMR spectroscopy and 
re a c tiv ity  studied were used to characterize these c a ta ly tic .

D.L.Trumbo e t . a l .  [31] studied a polymer-bound palladium 
ca ta ly s t synthesized from palladium d iaceta te  and a single 
c ry s ta l polyethylene having 2 , 2 ’-b ipyridyl m oieties as pendant 
groups. The re su ltin g  m aterial was used in place of a free 
palladium ca ta ly s t in the synthesis of acetylene-term inated 
re s in s . The use of diphenylphosphine-terminated ethylene 
oligomers as ligands for palladium(O) and palladium (1 1 ) was 
reported by D .E.Bergbreiter e t . a l .  [32]. with these polymeric 
ligands, i t  was possible to carry out a homogeneous reaction  
which was a c h a ra c te r is tic  of (Ph3P)4.Pd and (Ph3P2 )Pd(OAc)9  

with complete recovery of the Pd ca ta ly s t.
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1 .3  O b je c t iv e s  o f  t h i s  re sea r c h

The aim of th is  research is  concentrated to synthesize 
rhodium polymer-bound c a ta ly s ts . Polymer synthesis is studied by 
varying types and amount of solvents in suspension polymerization 
and changing percentage of cross linker. Polymer beads are 
determined the surface area and chosen to bind with a bidentate 
an th ra n ilic  ligand. Polymeric ligand is anchored to rhodium s a l t .  
F in a lly , rhodium -anthrani1ic acid polymeric c a ta ly s ts  are tested .

The reaction  is shown in the following steps.

1 . Chlorométhylation of 2 -phenyl ethylbromide.

CĤ Ĥ r CHjCHjBr
I (HCHO)n,ZnCI? \HC1(9),35-40°c /

CĤ I

2. Dehydrobromination of p-(2-bromoethyl) benzyl chloride.

c h 2c i c h 2c i
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3. Suspension polymerization of styrene, div inyl benzene and 
vinylbenzyl chloride by varying of

(a) Percentage of crosslink ing
(b) Types and amounts of swelling solvents

4. Anchoring an th ran ilic  acid to chloromethylated 
polystyrene.

5. Complexation of an th ra n ilic  acid anchored
chloromethylated polystyrene with rhodium(III) chloride 
and reduction reaction  to rhodium(I) polymer-bound
c a ta ly s ts .
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6 . Test the reac tion  of c a ta ly s ts  by hydrogenation of
cyclohexene.

Rhodium(l) polymer-bound catalysts v แ2 (6 0 psig),room temperature /
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