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©  Polymer*  containing  poryaJkvfpiparidinas  and  use  thereof  as  stabilizers. 

©  Polymers  containing  polyalkylpiperidirtes  and  use 
thereof  as  stabilizers  for  synthetic  polymer  compositions  are 
described.  In  said  polymers,  sterically  hindered  polyalkyl- 
piperidirtes  are  linked  in  the  main  chain  via  bridging  members 
containing  2-hydroxy-1  ,3-  tri  methylene  groups,  or  derivatives 
thereof.  The  polymers  are  distinguished  by  an  improved 
stabilizing  effect  in  various  synthetic  polymer  compositions, 
such  as  polyolefins,  against  light-  and/  or  heat-induced 
deterioration  thereof.  The  polyaikylpiperidine-containing 
polymers  of  the  invention  are  hardly  volatile  upon  heat- 
processing  or  during  storage  of  shaped  articles  containing 
said  polymers,  and  are  resistant  to  extraction  with  solvents. 
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P o l y m e r s   containing  polyalkylpiperidines  and  use 
thereof  as  stabilizers  for  synthetic  polymer  compositions  are 
described.  In  said  polymers,  sterically  hindered  polyalkyl- 
piperidines  are  linked  in the  main  chain via  bridging  members 
containing  2-hydroxy-1,3-trimethylene  groups,  or derivatives 
thereof.  The  polymers  are  distinguished  by  an  improved 
stabilizing  effect  in  various  synthetic  polymer  compositions, 
such  as  polyolefins,  against  light-  and/or  heat-induced 
deterioration  thereof.  The  polyaikylpiperidine-containing 
polymers  of  the  invention  are  hardly  volatile  upon  heat- 
processing  or  during  storage  of  shaped  articles  containing 
said  polymers,  and  are  resistant  to  extraction  with  solvents. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   n o v e l   p o l y m e r s   c o n -  

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

a r e   u s e f u l   as  s t a b i l i z e r s   f o r   s y n t h e t i c   p o l y m e r s ,   and  s y n -  

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

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

I t   i s   known  t h a t   p o l y a l k y l p i p e r i d i n e   d e r i v a t i v e s   i n  

w h i c h   t h e   1-  a n d / o r   4 - p o s i t i o n s   a r e   s u b s t i t u t e d   a r e   e f f e c -  

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

d e g r a d a t i o n   t h e r e o f .   Fo r   e x a m p l e ,   4 - s p i r o h y d a n t o i n s   o f  

2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n e   or   2 , 6 - d i e t h y l - 2 , 3 , 6 - t r i m e -  

t h y l p i p e r i d i n e   a r e   d i s c l o s e d   in   U . S .   P a t e n t s   n o s .  

3 , 5 4 2 , 7 2 9 ,   3 , 7 0 5 , 1 2 6 ,   3 , 9 4 1 , 7 4 4 ,   4 , 0 0 5 , 0 9 4   a n d  

3 , 8 9 8 , 3 0 3   and  G e r m a n   O f f e n l e g u n g s s c h r i f t   no.   2 , 6 2 3 , 4 6 4 ;  

a m i n o   d e r i v a t i v e s   a r e   d i s c l o s e d   in   U . S .   P a t e n t s   n o s .  

3 , 6 8 4 , 7 6 5   and  3 , 9 0 4 , 5 8 1   and  G e r m a n   O f f e n l e g u n g s s c h r i f t  

no .   2 , 6 2 1 , 8 7 0 ;   e s t e r s ,   e t h e r s  a n d   c a r b a m a t e s   of   4 - p i p e r i -  

d i n o l s   a r e   d i s c l o s e d   in   U . S .   P a t e n t s   n o s .   3 , 6 4 0 , 9 2 8 ,  

3 , 8 4 0 , 4 9 4 ,   4 , 0 2 1 , 4 3 2 ,   3 , 9 4 0 , 3 6 3 ,   3 , 9 9 3 , 6 5 5   a n d  

4 , 0 7 5 , 1 6 5   and  G e r m a n   O f f e n l e g u n g s s c h r i f t   2 , 6 4 7 , 4 5 2 ;   k e t a l s  

o f   4 - o x o   c o m p o u n d s   a r e   d i s c l o s e d   in   U . S .   P a t e n t s   n o s .  

3 , 8 9 9 , 4 6 4   and  3 , 9 4 0 , 3 6 3   and  G e r m a n   O f f e n l e g u n g s s c h r i f t  

no .   2 , 6 2 1 , 8 5 5 ;   and  p i n a c o l   t y p e   d e r i v a t i v e s   a r e   d i s c l o s e d  



i n   U . S .  P a t e n t s   n o s .   4 , 0 6 1 , 6 1 6   and  4 , 0 5 5 , 5 3 6   as  w e l l   a s  

J a p a n e s e ' P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n   no.   5 1 - 1 4 5 5 4 8 ,  

r e s p e c t i v e l y .   F u r t h e r m o r e ,   p o l y m e r s   c o n t a i n i n g   4 - a m i n o -  

p o l y a l k y l p i p e r i d i n e s   as  t h e   s i d e   c h a i n   a r e   p r o p o s e d   i n  

G e r m a n   O f f e n l e g u n g s s c h r i f t e n   n o s .   2 , 6 1 1 , 2 0 8 ,   2 , 6 3 6 , 1 4 4  

and   2 , 6 3 6 , 1 3 0 .  

The  i n v e n t i o n   p r o v i d e s   p o l y m e r s   in   w h i c h   g r o u p s   c o n -  

t a i n i n g   p o l y a l k y l p i p e r i d i n e s   r e p r e s e n t e d   by  t h e   g e n e r a l  

F o r m u l a e :  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a t o m   or  a  m e t h y l   g r o u p ,  

a r e   l i n k e d   in   t h e   m a i n   c h a i n   v i a   b r i d g i n g   m e m b e r s   c o n t a i n -  

i n g   g r o u p s   h a v i n g   t h e   f o r m u l a  ,  or  d e r i v a t i v e s  

t h e r e o f .  

The  new  p o l y m e r s   show  i m p r o v e d   s t a b i l i z i n g   e f f e c t   i n  

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

d a t i o n   t h e r e o f ,   w i t h   l e s s   s u b l i m a t i o n   and  e x u d a t i o n   t h e r e -  

f r o m .  

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

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

( I )  :  

In   t h e   a b o v e   f o r m u l a ,  1   r e p r e s e n t s   an  i n t e g e r   of   f r o m  

2  to   50 ,   p r e f e r a b l y   2 - 1 0 ,   and  m o s t   p r e f e r a b l y   2 - 6 .  

B o t h   m1  and  m2  r e p r e s e n t  0 ,   o r   one  of   t h e m  r e p r e s e n t s  

1  and  t h e   o t h e r   r e p r e s e n t s   0 .  

X  r e p r e s e n t s   a  g r o u p   of   f o r m u l a  



R'  r e p r e s e n t s   a  h y d r o g e n   a t o m   or  a  m e t h y l   g r o u p ,   p r e -  

f e r a b l y   a  h y d r o g e n   a t o m .  

n1  r e p r e s e n t s   an  i n t e g e r   of  f r o m   1  to   10 ,   p r e f e r a b l y  

1 .  

n2  r e p r e s e n t s   0  or  an  i n t e g e r   o f   f r o m   1  to   10 ,   p r e -  

f e r a b l y   0 .  

W  r e p r e s e n t s   a  g r o u p   of  f o r m u l a  

n3  r e p r e s e n t s   an  i n t e g e r   of   f r o m   1  to   10 ,   p r e f e r a b l y  

4  to   10,   m o s t   p r e f e r a b l y   4.  As  s u c h   g r o u p s   may  be  m e n t i o n -  

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

s e b a c o y l   or  d e c a n e - 1 , 1 0 - d i c a r b o n y l   g r o u p .  

W  f u r t h e r   r e p r e s e n t s   a  g r o u p   of  f o r m u l a  

e . g .   i s o p h t h a l o y l   or  t e r e p h t h a l o y l ,   p r e f e r a b l y   p h t h a l o y l ,  

)  or   a  g r o u p   of  f o r m u l a  e . g .   c y c l o h e x a n e - 1 , 2 -  

d i c a r b o n y l .  

Y   r e p r e s e n t s ,   when   b o t h   ml  and  m2  a r e   0,  one  of  t h e  

f o l l o w i n g   f o r m u l a e   ( I I )   to  ( I V ) :  

in   w h i c h   R1  r e p r e s e n t s   a  h y d r o g e n   a tom  or  a  m e t h y l   g r o u p ,  

p r e f e r a b l y   a  h y d r o g e n   a t o m ,   and  R2  r e p r e s e n t s   a  h y d r o g e n  

a t o m   or  an  a l k y l   g r o u p   h a v i n g   f rom  1  Lo  18  c a r b o n   a t o m s ,  

e . g .   m e t h y l ,   e t h y l ,   n - p r o p y l ,   n - b u t y l ,   o c t y l ,   d o d e c y l   o r  

o c t a d e c y l ,   p a r t i c u l a r l y   m e t h y l .   P r e f e r a b l y ,   R2  is   a  h y d r o -  



gen   a t o m .  

in   w h i c h   R1  has   t h e   m e a n i n g   g i v e n   a b o v e .  

in   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,   R3  r e p r e s e n t s  

a  g r o u p   of   f o r m u l a   -CH2  or   -CH2 C  R 4 ,   a n d  

R4  r e p r e s e n t s   t h e   m e t h y l   or  e t h y l   g r o u p .  

Y  r e p r e s e n t s ,   when   one  of  ml  and  m2  i s   1  and  t h e  

o t h e r   i s   0,  a  g r o u p   of   t h e   f o l l o w i n g   f o r m u l a e   ( V )  t o   ( X I ) :  

i n   w h i c h :   R1  and  R2  h a v e   t h e   m e a n i n g s   d e f i n e d   a b o v e .  

A  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   1 2 ,  

p r e f e r a b l y   2  to   6,  and  m o s t   p r e f e r a b l y   6  c a r b o n   a t o m s ,   e . g .  

e t h y l e n e ,   t e t r a m e t h y l e n e ,   h e x a m e t h y l e n e ,   o c t a m e t h y l e n e ,  

d e c a m e t h y l e n e   or   d o d e c a m e t h y l e n e ;   a  x y l y l e n e   g r o u p ,   e . g .  

o - ,   m-  or  p - x y l y l e n e ,   p r e f e r a b l y   p - x y l y l e n e ;   a  g r o u p   o f  

f o r m u l a  a  g r o u p   of   f o r m u l a  

-CH2COO-R5-OCOCH2-   in   w h i c h   R5  is   an  a l k y l e n e   g r o u p   h a v -  



i n g   f r o m   2  t o  8   c a r b o n   a t o m s ,   e . g .   e t h y l e n e ,   t e t r a m e t h y -  

l e n e ,   h e x a m e t h y l e n e   or  2 - e t h y l - 1 , 6 - h e x y l e n e ,   p r e f e r a b l y  

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

R6   r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  m e t h y l   g r o u p   or   a  p h e n y l  

g r o u p ,   p r e f e r a b l y   a  h y d r o g e n   a t o m ,   and  R7  r e p r e s e n t s   a n  

a l i p h a t i c ,   a r o m a t i c   or  a l i c y c l i c   d i a c y l   g r o u p   h a v h g   up  t o  

12  c a r b o n   a t o m s ,   f o r   e x a m p l e ,   an  a l k a n e d i c a r b o n y l   g r o u p  

h a v i n g   f r o m   4  to   12  c a r b o n   a t o m s   and  w h i c h   i s   o p t i o n a l l y  

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

s e b a c o y l ,   d e c a n e - 1 , 1 0 - d i c a r b o n y l   or  3 . 3 ' - t h i o d i p r o p i o n y l ,  

p h t h a l o y l ,   i s o p h t h a l o y l ,   t e r e p h t h a l o y l   or  c y c l o h e x a n e - 1 , 4 -  

d i c a r b o n y l ;   or   a  g r o u p   of   f o r m u l a  

in   w h i c h   p  i s   0  or   1,  p r e f e r a b l y   1,  R8  has   t h e   same  m e a n -  

i n g   as  t h e   a b o v e - d e f i n e d   X,  and  Z  has   t he   m e a n i n g   d e f i n e d  

b e l o w .  

in   w h i c h :  

R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e .   R9  r e p r e s e n t s   an  a l k y l  

g r o u p   h a v i n g   f r o m   1  to  18 ,   p r e f e r a b l y   1  to   8  c a r b o n   a t o m s ,  

e . g .   m e t h y l ,   e t h y l ,   n - p r o p y l ,   n - b u t y l ,   n - o c t y l ,   2 - e t h y l -  

h e x y l ,   u n d e c y l   or  o c t a d e c y l ;  a   p h e n y l   g r o u p ;   a  b e n z y l   g r o u p ;  

a  c y c l o h e x y l   g r o u p ;   or  an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a t i c  

or   a l i c y c l i c   a c y l   g r o u p   h a v i n g   up  to   18  c a r b o n  a t o m s ,   f o r  

e x a m p l e ,   a n  a l k a n o y l   g r o u p   h a v i n g   f r o m  2   to   18  c a r b o n   a t o m s  

s u c h   as  a c e t y l ,   p r o p i o n y l ,   h e x a n o y l ,   o c t a n o y l ,   2 - e t h y l -  

h e x a n o y l ,   l a u r o y l   or  s t e a r o y l ,   b e n z o y l ,   t o l u o y l   or  3 - ( 2 , 4 -  

d i - t e r t - b u t y l - 4 - h y d r o x y p h e n y l ) p r o p i o n y l . R 9   m o s t  p r e f e r a b l y  



i s   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   4  c a r b o n   a t o m s   or  t h e  

a c e t y l   g r o u p .  

B  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   1 0 ,  

p r e f e r a b l y   2  to   6  c a r b o n   a t o m s ,   e . g .   e t h y l e n e ,   t e t r a m e t h y -  

l e n e ,   h e x a m e t h y l e n e ,   o c t a m e t h y l e n e   or  d e c a m e t h y l e n e ;   a  

x y l y l e n e   g r o u p ,   e . g .   o - ,   m-  or  p - x y l y l e n e ,   p r e f e r a b l y   p -  

x y l y l e n e ;   a  g r o u p   of   f o r m u l a  a  

g r o u p   of   f o r m u l a   -CH2COO-R5-OCOCH2-   in   w h i c h   R 5  h a s   t h e  

m e a n i n g   d e f i n e d   a b o v e ;   a  g r o u p   of  f o r m u l a  

i n   w h i c h   R6  arid  R7  h a v e   t h e   m e a n i n g s  

d e f i n e d   a b o v e ;   or   a  g r o u p   of  f o r m u l a  

in   w h i c h   R8  and  p  h a v e   t h e  

m e a n i n g s   g i v e n   a b o v e   and  Z  h a s   t h e   m e a n i n g   d e f i n e d   b e l o w .  

i n   w h i c h :  

R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e .  

D  r e p r e s e n t s   an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a t i c   or   a l i c y c -  

l i c   d i a c y l   g r o u p   h a v i n g   up  to   36  c a r b o n   a t o m s ,   f o r   e x a m p l e  

d i a c y l   g r o u p s   as  d e s c r i b e d   u n d e r   R7 '   an  a l k a n e d i c a r b o n y l  

g r o u p   h a v i n g   f r o m   4  to   12  c a r b o n   a t o m s   and  w h i c h   i s   o p t -  

i o n a l l y   i n t e r r u p t e d   by  s u l f u r ,   p h t h a l o y l ,   i s o p h t h a l o y l ,  

t e r e p h t h a l o y l   or  c y c l o h e x a n e - l , 4 - d i c a r b o n y l ,   or   a  d i a c y l  

g r o u p   d e r i v e d   f r o m   a  d i m e r i c   a c i d ,   or   a  g r o u p   of  f o r m u l a  

in   w h i c h   R13  r e p r e s e n t s   an  a l k y l   g r o u p   h a v -  

i n g   f r o m   1  to   4  c a r b o n   a t o m s ,   a  b e n z y l   g r o u p   or  a  3 , 5 - d i -  



t e r t - b u t y l - 4 - h y d r o x y b e n z y l   g r o u p   and  R14  h a s  t h e   same  m e a n -  

i n g   as  R13  or  r e p r e s e n t s   a  h y d r o g e n   a t o m ;   or  a  g r o u p   o f  

f o r m u l a   -CONH-R10-NHCO-  in   w h i c h   R10  r e p r e s e n t s   an  a l k y -  

l e n e   g r o u p   h a v i n g   f r o m   2  to   10,   p r e f e r a b l y   6  c a r b o n   a t o m s ,  

e . g .   e t h y l e n e ,   t e t r a m e t h y l e n e ,   h e x a m e t h y l e n e ,   o c t a m e t h y -  

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

s t i t u t e d   w i t h   m e t h y l ,   e . g .   o - ,   m-  or  p - p h e n y l e n e ,   p a r t i c u -  

l a r l y   2 , 4 - t o l y l e n e ,   a  n a p h t h y l e n e   g r o u p ,   e . g .   1 , 5 - n a p h t h y -  

l e n e ,   a  x y l y l e n e   g r o u p ,   e . g .   p - x y l y l e n e ,   a  c y c l o h e x y l e n e  

g r o u p   o p t i o n a l l y   s u b s t i t u t e d   w i t h   m e t h y l ,   e . g .   1 , 4 - c y c l o -  

h e x y l e n e   or  m e t h y l - 2 , 4 - c y c l o h e x y l e n e ,   a  g r o u p   of  f o r m u l a  

i n   w h i c h   R11  r e p r e s e n t s   an  o x y g e n   a tom  o r  

a  m e t h y l e n e   g r o u p ,   a  g r o u p   of  f o r m u l a  a  g r o u p  
of   f o r m u l a  or  a  g r o u p   of  f o r m u l a  

i n   w h i c h :  

R1  and  R3  have   t h e   m e a n i n g s   g i v e n  a b o v e .  

G  has   t h e   same  m e a n i n g   as  t h e   a b o v e - d e f i n e d   D,  or  i t   r e -  

p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f rom  3  to  10,   p r e f e r a b l y  

4  to   6  c a r b o n   a t o m s ,   e . g .   t r i m e t h y l e n e ,   t e t r a m e t h y l e n e ,  

h e x a m e t h y l e n e ,   o c t a m e t h y l e n e   or  d e c a m e t h y l e n e ;   a  x y l y l e n e  

g r o u p ,   e . g .   o - ,   m-  or  p - x y l y l e n e ,   p r e f e r a b l y   p - x y l y l e n e ;  

a  g r o u p   of  f o r m u l a  or  a  g r o u p   of  f o r -  

m u l a  in  w h i c h   R8  has  t he   m e a n i n g  

d e f i n e d   a b o v e   and  Z  has  t h e   m e a n i n g   d e f i n e d   b e l o w .  



i n   w h i c h   R1  has  t h e   m e a n i n g   d e f i n e d   a b o v e .  

in   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e .  

i n   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e .  

A l l   o f   Z  in   t h e   m o l e c u l e   r e p r e s e n t   a  h y d r o g e n   a t o m ;  

an  a l k y l   g r o u p   h a v i n g   f r o m   1  t o   18  c a r b o n   a t o m s ,   e . g .   m e -  

t h y l ,   e t h y l ,   n - p r o p y l ,   n - b u t y l ,   o c t y l ,   d o d e c y l   or   o c t a d e -  

c y l ,   p a r t i c u l a r l y   m e t h y l ;   an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a -  

t i c   o r   a l i c y c l i c   a c y l   g r o u p   h a v i n g   up  to   18  c a r b o n   a t o m s ,  

f o r   e x a m p l e   as  d e s c r i b e d   u n d e r   R9,   an  a l k a n o y l   g r o u p   h a v -  

i n g   f r o m   2  t o   18 ,   p r e f e r a b l y  2   to   4  c a r b o n   a t o m s ,   b e n z o y l ,  

t o l u o y l   or   3 - ( 3 , 5 - d i - t e r t - b u t y l - 4 - h y d r o x y p h e n y l ) p r o p i o n y l ;  

a  g r o u p   of   f o r m u l a   -CONHR12  in   w h i c h   R12  i s   an  a l k y l   g r o u p  

h a v i n g   f r o m   1  to   18 ,   p r e f e r a b l y   1  t o   4  c a r b o n   a t o m s ,   a  

p h e n y l   g r o u p   or  a  c y c l o h e x y l   g r o u p .  

A l t e r n a t i v e l y ,   a  p a r t   o f   Z  i n   t h e   m o l e c u l e   may  r e p r e -  



s e n t   h y d r o g e n   a t o m s   w h i l e   t h e   r e m a i n i n g   Z  r e p r e s e n t  

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

P r e f e r a b l y ,   a l l   of  Z  in   t h e   m o l e c u l e   r e p r e s e n t   h y d r o -  

g e n   a t o m s ,   a c e t y l   or  b e n z o y l   g r o u p s ,   or  a  p a r t   of   Z  in   t h e  

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

or   b e n z o y l   g r o u p s .  

In   f o r m u l a   ( I ) ,   t h e   t e r m i n a l   g r o u p s   - C H 2 - C H - C H 2 -   m a y  

be  p r e s e n t   as  g r o u p s   of  f o r m u l a  OH 

w h i c h   i m p a r t   a  s i m i l a r   s t a b i l i z i n g   e f f e c t   and  a r e   i n c l u d e d  

w i t h i n   t h e   s c o p e   of   t h e   p o l y m e r s   of   t h e   i n v e n t i o n .  

Among  t h e   p o l y m e r s   of  f o r m u l a   ( I ) ,   p r e f e r r e d   g r o u p s  

a r e   as  f o l l o w s :  

1)  i n   f o r m u l a   ( I ) ,   when   b o t h   m1  and  m2  r e p r e s e n t   0 ;  

1 - a )   p o l y m e r s   in   w h i c h   Y  is   a  g r o u p   of  f o r m u l a   ( I I )   and  R1 

and   R2  a r e   h y d r o g e n   a t o m s ,  

1 - b )   p o l y m e r s   in   w h i c h   Y  is   a  g r o u p   of   f o r m u l a   ( I I I )   o r  

( IV)   and  R1  is   a  h y d r o g e n   a t o m ;  

2)  in   f o r m u l a   ( I ) ,   when  one  of   m1  and  m 2  r e p r e s e n t s   1 

and  t h e   o t h e r   r e p r e s e n t s   0,   X  r e p r e s e n t s   a  g r o u p   of   f o r m u -  

l a   -OCH2CH20-   or  -OWO-  in  w h i c h   W  r e p r e s e n t s   a  g r o u p   o f  

f o r m u l a  

(n3  r e p r e s e n t s   an  i n t e g e r   of  f r o m   4  to   1 0 ,  

p r e f e r a b l y   4 ) ,   or  a  g r o u p   of   f o r m u l a  m o s t  

p r e f e r a b l y   X  is   a  g r o u p   of  f o r m u l a  

2 - a )   p o l y m e r s   in   w h i c h   Y  is   a  g r o u p   of  f o r m u l a   (V) ,   R1  a n d  

R2  a r e   h y d r o g e n   a t o m s   and  A  is  an  a l k y l e n e   g r o u p   h a v i n g  

f r o m   2  to  6,  p a r t i c u l a r l y   6  c a r b o n   a t o m s ,   or   a  g r o u p   o f  



f o r m u l a  w h e r e i n   R8  has   t h e   s a m e  

m e a n i n g   as  t h e   a b o v e - d e f i n e d   X ,  

2 - b )   p o l y m e r s   in   w h i c h   Y  is   a  g r o u p   of   f o r m u l a   ( V I ) ,   R1  i s  

a  h y d r o g e n   a t o m ,   and  R9  is   an  a l k a n o y l   g r o u p   h a v i n g   f r o m  

2  to   4  c a r b o n   a t o m s   or   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   8 

c a r b o n   a t o m s   a n d  B   i s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  t o  

6  c a r b o n   a t o m s ,   or   R9  i s   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   8 

c a r b o n   a t o m s   and  B  i s   a  g r o u p   of  f o r m u l a  

w h e r e i n   R8  has  the  same  meaning  as  X ;  

2 - c )   p o l y m e r s   in   w h i c h   Y  is   a  g r o u p   of   f o r m u l a   ( V I I ) ,   R1  
i s   a  h y d r o g e n   a t o m   and  D  is   an  a l k a n e d i c a r b o n y l   g r o u p   h a v -  

i n g   f r o m   4  to  12  c a r b o n   a t o m s , p a r t i c u l a r l y   10  c a r b o n   a t o m s ,  

or  a  b e n z e n e   d i c a r b o n y l   g r o u p ;  

2 - d )   p o l y m e r s   in   w h i c h   Y  i s   a  g r o u p   of  f o r m u l a   ( V I I I ) ,   R 1  

i s   a  h y d r o g e n   a t o m   and  G  i s   an  a l k a n e d i c a r b o n y l   g r o u p   h a v -  

i n g   f r o m   4  to   12  c a r b o n   a t o m s   or  a  g r o u p   of   f o r m u l a  

w h e r e i n   R8  has   t h e   same  m e a n i n g   a s  

t h e   a b o v e - d e f i n e d   X ,  

2 - e )   p o l y m e r s   in   w h i c h   Y  i s   a  g r o u p   of  f o r m u l a   ( I X ) ,   (X)  

or   (XI)   and  R1  is   a  h y d r o g e n   a t o m .  

The  f o l l o w i n g   i s   a  n o n - l i m i t i n g   l i s t   of   r e c u r r i n g  

u n i t s   of  t h e   p o l y m e r s   of  t h e   i n v e n t i o n :  



























The  p o l y m e r s   of   t h e   i n v e n t i o n   h a v i n g   f o r m u l a   ( I )   may  
be  e i t h e r   h o m o p o l y m e r s   or  c o p o l y m e r s .   In   o t h e r   w o r d s , e a c h  

o f   W,  X  and  Y  may  be  a l l   t h e   s a m e ,   p a r t l y   d i f f e r e n t ,   o r  

a l l   d i f f e r e n t   in   t h e i r   s t r u c t u r e s .   In  some  i n s t a n c e s ,   c o -  

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

t i e s   t h a n   h o m o p o l y m e r s .  

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

w h e r e i n   a  p a r t   or  a l l   of   t h e   h y d r o x y   g r o u p s   of  t h e   p o l y m e r  

a r e   e t h e r i f i e d ,   e s t e r i f i e d   or  c o n v e r t e d   i n t o   c a r b a m a t e  

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

P r e f e r r e d   s u c h   p o l y m e r s   w i t h   Z  #   h y d r o g e n   a r e ,   e . g .   m e t h y l  

e t h e r s ,   e t h y l   e t h e r s ,  a c e t a t e s ,   p r o p i o n a t e s ,   b e n z o a t e s ,  

N - m e t h y l   c a r b a m a t e s ,   N - e t h y l   c a r b a m a t e s ,   N - p h e n y l   c a r b a -  



m a t e s   and  N - c y c l o h e x y l   c a r b a m a t e s .  

The   p o l y m e r s   of  f o r m u l a   ( I )   a c c o r d i n g   to   t h e   i n v e n -  

t i o n   may  be  p r e p a r e d   by  a n y  o n e   of   t h e   f o l l o w i n g   m e t h o d s  

w h i c h   a r e   p e r f o r m e d   u n d e r   c o n d i t i o n s   known  p e r   s e .  

1)  P o l y m e r s   i n   w h i c h   Z  i s   a  h y d r o g e n   a t o m   and  b o t h  m 1  
and   m2  a r e   0  may  be  p r e p a r e d   by  p o l y m e r i z i n g   an  e p o x y   c o m -  

p o u n d   h a v i n g   t h e   f o r m u l a  

i n  w h i c h   Y1  i s   a  g r o u p   of  f o r m u l a e   ( I I )   to   ( I V ) ,   w i t h   t h e  

p r o v i s o   t h a t   t h e   2 , 3 - e p o x y p r o p y l   g r o u p   i s  l i n k e d   to   t h e  

n i t r o g e n   a t o m   a t   3 - p o s i t i o n ,   t h e   o x y g e n   a t o m   a t   4 - p o s i t i o n  

o r   t h e   o x y g e n   a t o m   of   - C H 2 0 -   in   f o r m u l a e   ( I I ) ,   ( I I I )   a n d  

( I V ) ,   r e s p e c t i v e l y .  

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

s t a r t i n g   c o m p o u n d   ( X I I )   a t   60  to   230°C  in   t h e   p r e s e n c e   o r  

a b s e n c e   of   an  i n e r t   s o l v e n t .   S u i t a b l e   s o l v e n t s   a r e ,   e . g . ,  

e t h e r s   s u c h   as  d i o x a n e   or   d i e t h y l e n e g l y c o l   d i m e t h y l   e t h e r ;  

d i a l k y l a m i d e s   s u c h   as  d i m e t h y l f o r m a m i d e   or  d i m e t h y l a c e t -  

a m i d e ;   c h l o r i n a t e d   or  n o n - c h l o r i n a t e d   a r o m a t i c   h y d r o c a r b o n s  

s u c h   as  b e n z e n e ,   t o l u e n e , x y l e n e , c h l o r o b e n z e n e   or  p - d i c h l o r o -  

b e n z e n e ;   and  a l c o h o l s   or   m i x t u r e s   t h e r e o f   w i t h   w a t e r   s u c h  

as  m e t h a n o l ,   e t h a n o l ,   n-   or   t e r t - b u t a n o l ,   n - o c t a n o l ,  

a q u e o u s   m e t h a n o l   or   a q u e o u s   e t h a n o l .  

In   p e r f o r m i n g   t h e   r e a c t i o n ,   t h e r e   may  be  e m p l o y e d   a  

c a t a l y s t ,   i f   n e c e s s a r y .   S u i t a b l e   c a t a l y s t s   a r e   f o r   i n s t a n c e  

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

s u c h   as  t r i e t h y l a m i n e ,   t r i e t h a n o l a m i n e   or  1 , 5 - d i a z a b i c y c l o -  

[ 5 . 4 . 0 ] u n d e c e n e - 5   (DBU)  or  L e w i s   a c i d s   s u c h   as  b o r o n   t r i -  

f l u o r i d e   or  z i n c   b o r o f l u o r i d e .  

The  s t a r t i n g   c o m p o u n d s   ( X I I )   may  be  p r e p a r e d   by  r e a c t -  

i n g   a  c o m p o u n d   of   f o r m u l a   H-Y1 -H  w i t h   one   m o l e   e q u i v a l e n t  

o f   an  e p i h a l o h y d r i n .  

2)  P o l y m e r s   of  f o r m u l a   ( I )   i n   w h i c h   Z  i s   a  h y d r o g e n   a t o m  



and  one  of   m 1  a n d   m2  i s   1  and  t h e   o t h e r   i s   0  may  be  p r e -  
p a r e d   by  p o l y m e r i z i n g   an  e p o x y   c o m p o u n d   of   f o r m u l a  

w i t h   a  p i p e r i d i n e   c o m -  

p o u n d   of   f o r m u l a   H-Y2 -H,  or  by  p o l y m e r i z i n g   an  e p o x y   c o m -  

p o u n d   c o n t a i n i n g   a  p i p e r i d i n e   of   f o r m u l a  

w i t h   a  c o m p o u n d   H - X - H  

in   w h i c h   Y2  i s   an  a b o v e - d e f i n e d   g r o u p   of  f o r m u l a   (V)  t o  

(XI)   and  X  has   t h e   m e a n i n g   d e f i n e d   a b o v e .  

The  r e a c t i o n   i s   p e r f o r m e d   u n d e r   s i m i l a r   c o n d i t i o n s  

as  in   t h e   a f o r e m e n t i o n e d   p r o c e s s   v a r i a n t   1 ) .  

The  s t a r t i n g   c o m p o u n d s   (XIV)  may  be  p r e p a r e d   by  r e -  

a c t i n g   a  c o m p o u n d  o f   f o r m u l a   H-Y2-H  w i t h   t w o  m o l e   e q u i v a -  

l e n t s   o f  a n   e p i h a l o h y d r i n .  

3)  C o m p o u n d s   o f  f o r m u l a   ( I )   in   w h i c h   a  p a r t   or   a l l  o f  

Z  a r e  o t h e r   t h a n   h y d r o g e n   may  be  p r e p a r e d   by  i n t r o d u c i n g  

a  s u b s t i t u e n t   i n t o   a  c o m p o u n d   in   w h i c h   Z  i s   a  h y d r o g e n   a t o m  

and   o b t a i n e d   in   a c c o r d a n c e   w i t h   t h e   a b o v e - m e n t i o n e d   p r o c e s s  

v a r i a n t s   1)  or  2 ) ,   by  t h e   m e t h o d s   d e s c r i b e d   b e l o w :  

3 - a )   C o m p o u n d s   in   w h i c h   Z  i s   an  a l k y l   g r o u p   may  be  p r e p a r e d  

by  r e a c t i n g   t h e   c o r r e s p o n d i n g   c o m p o u n d   i n   w h i c h   Z  i s   a  h y d -  

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

as  s o d i u m   h y d r i d e   or   p o t a s s i u m   t e r t - b u t y r a t e   and  t h e n   w i t h  

t h e   d e s i r e d   a l k y l   h a l i d e .  

3 - b )   C o m p o u n d s   i n  w h i c h   Z  i s   an  a c y l   g r o u p   maybe   p r e p a r e d  

by  r e a c t i n g   t h e   c o r r e s p o n d i n g   c o m p o u n d   in   w h i c h   Z  is   a  h y d -  

r o g e n   a t o m   w i t h   a  r e a c t i v e   d e r i v a t i v e   of   t h e   c o r r e s p o n d i n g  

c a r b o x y l i c   a c i d .   As  r e a c t i v e   d e r i v a t i v e s   a c i d   h a l i d e s ,   a c i d  

l o w e r   a l k y l   e s t e r s   or   a c i d   a n h y d r i d e s ,   p r e f e r a b l y   a c i d   a n -  

h y d r i d e s ,   may  be  e m p l o y e d .  

3 - c )   C o m p o u n d s   in   w h i c h   Z  i s   an  N - s u b s t i t u t e d   c a r b a m o y l  

g r o u p   may  be  p r e p a r e d   by  r e a c t i n g   t h e   c o r r e s p o n d i n g   c o m -  

p o u n d   in   w h i c h   Z  i s   a  h y d r o g e n   a tom  w i t h   t h e   c o r r e s p o n d i n g  

i s o c y a n a t e .  



The  p o l y m e r s   of   f o r m u l a   ( I )   a c c o r d i n g   to   t h e   i n v e n t i o n  

c a n   e f f e c t i v e l y   s t a b i l i z e   a  w i d e   v a r i e t y   of   s y n t h e t i c   p o l y -  

m e r s ,   s u c h   a s :  

o l e f i n   and  d i e n e   p o l y m e r s ,   i n c l u d i n g   h o m o p o l y m e r s   of  o l e -  

f i n s   and  d i e n e s   ( e . g .   l o w - d e n s i t y ,   h i g h - d e n s i t y   and  c r o s s -  

l i n k e d   p o l y e t h y l e n e s ,   p o l y p r o p y l e n e ,   p o l y i s o b u t y l e n e , p o l y -  

m e t h y l b u t e n e - 1 ,   p o l y m e t h y l p e n t e n e - 1 ,   p o l y i s o p r e n e   and  p o l y -  

b u t a d i e n e ) ,   m i x t u r e s   of   s u c h   h o m o p o l y m e r s   ( e . g .   m i x t u r e s  

o f   p o l y p r o p y l e n e   and  p o l y e t h y l e n e ,   p o l y p r o p y l e n e   and  p o l y -  

b u t e n e - 1 ,   or   p o l y p r o p y l e n e   and  p o l y i s o b u t y l e n e ) ,   and  c o -  

p o l y m e r s   of   o l e f i n s   and  d i e n e s   ( e . g .   e t h y l e n e / p r o p y l e n e  

c o p o l y m e r s ,   p r o p y l e n e / b u t e n e - 1   c o p o l y m e r s ,   p r o p y l e n e / i s o -  

b u t y l e n e   c o p o l y m e r s ,   e t h y l e n e / b u t e n e - 1   c o p o l y m e r s ,   and   t e r -  

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

h e x a d i e n e ,   d i c y c l o p e n t a d i e n e   or   e t h y l i d e n e   n o r b o r n e n e ) ;  

s t y r e n e   p o l y m e r s ,   i n c l u d i n g   p o l y s t y r e n e ,   c o p o l y m e r s   of   s t y -  

r e n e   and  of   a - m e t h y l s t y r e n e   ( e . g .   s t y r e n e / b u t a d i e n e   c o p o l y -  

m e r s ,   s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r s ,   s t y r e n e / a c r y l o -  

n i t r i l e / m e t h y l m e t h a c r y l a t e . c o p o l y m e r s ,   s t y r e n e / a c r y l o n i t -  

r i l e / a c r y l i c   e s t e r   c o p o l y m e r s ,   s t y r e n e / a c r y l o n i t r i l e   c o -  

p o l y m e r s   m o d i f i e d   w i t h   a c r y l i c   e s t e r   p o l y m e r s   to   p r o v i d e  

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

l e n e / p r o p y l e n e / d i e n e   e l a s t o m e r s   to   p r o v i d e   i m p a c t   s t r e n g t h ) ,  

and   g r a f t   c o p o l y m e r s   o f   s t y r e n e   ( e . g .   p o l y m e r s   i n   w h i c h  

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

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

d i e n e   as  w e l l   as  m i x t u r e s   t h e r e o f   w i t h   t h e   a f o r e m e n t i o n e d  

s t y r e n e   c o p o l y m e r s ,   c o m m o n l y   known  as  a c r y l o n i t r i l e / b u t a -  

d i e n e / s t y r e n e   or  ABS  p l a s t i c s ) ;  

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

v i n y l   c h l o r i d e ,   p o l y v i n y l i d e n e   c h l o r i d e ,   p o l y v i n y l   f l u o r i d e ,  

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

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

c o p o l y m e r s ,   and  v i n y l i d e n e   c h l o r i d e / v i n y l   a c e t a t e   c o p o l y -  

m e r s ;  



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

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

l a t e s ,   p o l y a c r y l i c   a m i d e s   and  p o l y a c r y l o n i t r i l e ;  

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

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

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

p o l y v i n y l   b e n z o a t e ,   p o l y v i n y l   m a l e a t e ,  p o l y v i n y l   b u t y r a l ,  

p o l y a l l y l   p h t h a l a t e ,   and  p o l y a l l y l   m e l a m i n e ,   and  c o p o l y -  

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

( e . g .   e t h y l e n e / v i n y l   a c e t a t e   c o p o l y m e r s ) ;  

e p o x y  p o l y m e r s ,   i n c l u d i n g   h o m o p o l y m e r s   and  c o p o l y m e r s   d e -  

r i v e d   f r o m   e p o x i d e s   ( e . g .   p o l y e t h y l e n e   o x i d e ) ,   and  p o l y -  

m e r s   d e r i v e d   f r o m   b i s - g l y c i d y l   e t h e r s ;  

. p o l y a c e t a l s ,   p o l y a l k y l e n e   o x i d e s   and  p o l y p h e n y l e n e   o x i d e s ,  

i n c l u d i n g   p o l y o x y m e t h y l e n e ,   o x y m e t h y l e n e / e t h y l e n e   o x i d e  

c o p o l y m e r s ,   p o l y o x y e t h y l e n e ,   p o l y p r o p y l e n e   o x i d e ,   p o l y i s o -  

b u t y l e n e   o x i d e   and  p o l y p h e n y l e n e   o x i d e s ;  

p o l y u r e t h a n e s   and  p o l y u r e a s ;  

p o l y c a r b o n a t e s ;  

p o l y s u l p h o n e s ;  

p o l y a m i d e s   and  c o p o l y a m i d e s   d e r i v e d   f r o m   d i a m i n e s   and  d i -  

c a r b o x y l i c   a c i d s   a n d / o r   f r o m   a m i n o - c a r b o x y l i c   a c i d s   or  t h e  

c o r r e s p o n d i n g   l a c t a m s ,   i n c l u d i n g   n y l o n - 6 ,   n y l o n - 6 , 6 ,  

n y l o n - 6 , 1 0 ,   n y l o n - 1 1   and  n y l o n - 1 2 ;  

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

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

l a c t o n e s ,   e . g .   p o l y e t h y l e n e   g l y c o l   t e r e p h t h a l a t e   and  p o l y -  

1 , 4 - d i m e t h y l o l - c y c l o h e x a n e   t e r e p h t h a l a t e ;  

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

p h e n o l s ,   u r e a s   or  m e l a m i n e s ,   e . g .   p h e n o l / f o r m a l d e h y d e ,  

u r e a / f o r m a l d e h y d e   and  m e l a m i n e / f o r m a l d e h y d e   r e s i n s ;  

a l k y d   r e s i n s ,   e . g .   g l y c e r o l / p h t h a l i c   a c i d   r e s i n s   a n d  m i x -  

t u r e s   t h e r e o f   w i t h   m e l a m i n e / f o r m a l d e h y d e   r e s i n s ;  

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



s a t u r a t e d   and  u n s a t u r a t e d   d i c a r b o x y l i c   a c i d s   w i t h   p o l y -  

h y d r i c   a l c o h o l s   as  w e l l   as  f r o m   v i n y l   c o m p o u n d s   as  c r o s s -  

l i n k i n g   a g e n t s ,   and  a l s o   h a l o g e n a t e d   f l a m e - r e s i s t a n t   m o d i -  

f i c a t i o n s   t h e r e o f .  

The  a m o u n t   of  s t a b i l i z e r s   o f   t h e   i n v e n t i o n   n e e d e d   f o r  

e f f e c t i v e   s t a b i l i z a t i o n   of   o r g a n i c   p o l y m e r s   w i l l   d e p e n d  

on  a  v a r i e t y   of   f a c t o r s ,   s u c h   as  t h e   t y p e   and  p r o p e r t i e s  

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

s e n c e   of  o t h e r   s t a b i l i z e r s .   I t   i s   g e n e r a l l y   s a t i s f a c t o r y  

to   u s e   f r o m   0 . 0 1   to   5 .0%  by  w e i g h t   of   t h e   s t a b i l i z e r s   o f  

t h e   i n v e n t i o n ,   b a s e d   on  t h e   w e i g h t   of  t h e   p o l y m e r ,   b u t  

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

p o l y m e r ;   v i z .   0 . 0 1 %   to   2 . 0 % ,   p r e f e r a b l y   0 . 0 2 %   to   1 . 0 % ,   b y  

w e i g h t   f o r   o l e f i n , d i e n e   and  s t y r e n e   p o l y m e r s ;   0 . 0 1 %   t o  

1 . 0 % ,   p r e f e r a b l y   0 . 0 2 %   to   0 . 5 % , b y   w e i g h t   f o r   v i n y l   a n d  

v i n y l i d e n e   p o l y m e r s ;   and  0 . 0 1 %   to   5 . 0 % ,   p r e f e r a b l y   0 . 0 2 %  

t o   2 . 0 % ,   by  w e i g h t   f o r   p o l y u r e t h a n e s   and  p o l y a m i d e s .   I f  

d e s i r e d ,   two  or  more   of   t h e   p o l y m e r i c   s t a b i l i z e r s   of   t h e  

i n v e n t i o n   may  be  u s e d   t o g e t h e r .  

The  p o l y m e r i c   s t a b i l i z e r s   o f   t h e   i n v e n t i o n   may  r e a d i -  

ly   be  i n c o r p o r a t e d   i n t o   s y n t h e t i c   p o l y m e r s   to   be  s t a b i l i -  

zed   by  c o n v e n t i o n a l   t e c h n i q u e s   a t   any  c o n v e n i e n t   s t a g e  

p r i o r   to   t h e   m a n u f a c t u r e   of   s h a p e d   a r t i c l e s   t h e r e f r o m . F o r  

e x a m p l e ,   t h e   p o l y m e r i c   s t a b i l i z e r   may  be  m i x e d   w i t h   t h e  

p o l y m e r   to   be  s t a b i l i z e d   in   d r y   p o w d e r   f o r m ,   or  a  s u s p e n s -  

i o n   or   e m u l s i o n   of   t h e   s t a b i l i z e r  m a y   be  m i x e d   w i t h   a  s o l u -  

t i o n ,   s u s p e n s i o n   or  e m u l s i o n   o f   t h e   p o l y m e r   to   be  s t a b i -  

l i z e d .  

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

may  o p t i o n a l l y   a l s o   c o n t a i n   one  or  more   o f   v a r i o u s   a d d i t i -  

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

a d d i t i v e s   l i s t e d   in   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   n o .  

1 , 4 0 1 , 9 2 4 ,   a t   p a g e s   1 1 - 1 3 . I n   t h e   f o l l o w i n g   E x a m p l e s   t h e  

mean   m o l e c u l a r   w e i g h t   was  m e a s u r e d   by  t h e   v a p o u r   p r e s s u r e  

d e p r e s s i o n   m e t h o d .  



1 . 4   g  of   3 - ( 2 , 3 - e p o x y p r o p y l ) - 7 , 7 , 9 , 9 - t e t r a m e t h y l - 1 , 3 , 8 -  

t r i a z a s p i r o t 4 . 5 ] d e c a n e - 2 , 4 - d i o n e   w e r e   h e a t e d   a t   1 8 0 - 1 9 0 ° C  

f o r   20  m i n u t e s   in   t h e   a b s e n c e   of   a  s o l v e n t .   E t h y l   a c e t a t e  

was  a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   and  i n s o l u b l e   r e s i d u e s  

w e r e   f i l t e r e d   o f f .   A  p r e c i p i t a t e   f o r m e d   by  a d d i n g   n - h e x a n e  

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

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

g i v i n g   a  w h i t e   p o w d e r   (Compound   no.   1)  s o f t e n i n g   a t   2 0 5 -  

2 0 8 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   of   1 , 3 5 0 .  

3 . 0   g  o f   4 - ( 2 , 3 - e p o x y p r o p o x y ) - 2 , 2 , 6 , 6 - t e t r a m e t h y l p i p e r i d i n e  

w e r e   h e a t e d   a t   2 1 0 - 2 2 0 ° C   f o r   5  h o u r s   u n d e r   an  a r g o n   s t r e a m .  

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

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

p o w d e r   (Componnd   no.   2)  s o f t e n i n g   a t   1 4 0 - 1 4 5 ° C   and  h a v i n g  

a  mean   m o l e c u l a r   w e i g h t   of  3 , 8 0 0 .  

E x a m p l e  3  

A c e t a t e   of   c o m p o u n d   no.   2.  A  m i x t u r e   o f   1 . 0   g  of   t h e   p a l e  

y e l l o w   p o w d e r   o b t a i n e d   a c c o r d i n g   to   E x a m p l e   2  and  10  g  o f  

a c e t i c   a n h y d r i d e   was  h e a t e d   a t   1 0 0 - 1 1 0 ° C   f o r   5  h o u r s   u n d e r  

a  n i t r o g e n   s t r e a m .   The  r e a c t i . o n   m i x t u r e   was  p o u r e d   i n t o  

i c e - w a t e r ,   n e u t r a l i z e d   w i t h   a q u e o u s   a m m o n i a   and  e x t r a c t e d  

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



w a t e r   and  d r i e d   o v e r  a n h y d r o u s   m a g n e s i u m   s u l f a t e .   T h e  

e t h y l   a c e t a t e   was  r e m o v e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e ,   y i e l d i n g   t h e   d e s i r e d   c o m p o u n d   (Compound   no.   3 )  

s o f t e n i n g   a t   1 0 3 - 1 0 6 ° C .   E x a m i n a t i o n   of  t h e   c o m p o u n d   b y  

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

d r o x y   g r o u p s   of   t h e   c o m p o u n d   w e r e   a c e t y l a t e d .  

3 . 0   g  of   2 - ( 2 , 3 - e p o x y p r o p o x y m e t h y l ) - 7 , 7 , 9 , 9 - t e t r a m e t h y l -  

l , 4 - d i o x a - 8 - a z a s p i r o [ 4 . 5 ] d e c a n e   w e r e   h e a t e d   in   a  s i m i l a r  

m a n n e r   as  in   E x a m p l e   2.  F u r t h e r   t r e a t m e n t   of   t h e   r e a c t i o n  

p r o d u c t   as  d e s c r i b e d   in   s a i d   E x a m p l e   2  y i e l d e d   t h e   d e s i r e d  

c o m p o u n d   (Compound   no.   4)  as  a  p a l e   y e l l o w   p o w d e r   s o f t e n -  

i n g   a t   1 2 8 - 1 3 5 ° C   and  h a v i n g   a  mean   m o l e c u l a r   w e i g h t   o f  

1 4 , 0 0 0 .   By  h e a t i n g   t h e   s t a r t i n g   m a t e r i a l   to   2 1 0 - 2 2 0 ° C   f o r  

2  h o u r s   u n d e r   an  a r g o n   s t r e a m   and  t r e a t i n g   t h e   r e a c t i o n  

p r o d u c t   as  d e s c r i b e d   in   E x a m p l e   2,  a  p a l e   y e l l o w   p o w d e r  

( C o m p o u n d   no.   5)  was  o b t a i n e d ,   s o f t e n i n g   a t   8 0 - 8 5 ° C   a n d  

h a v i n g   a  mean  m o l e c u l a r   w e i g h t   of   2 , 2 0 0 .  

To  6 . 0   g  of   2 - h y d r o x y m e t h y l - 8 - ( 2 , 3 - e p o x y p r o p y l ) - 7 , 7 , 9 , 9 -  

t e t r a m e t h y l - 1 , 4 - d i o x a - 8 - a z a s p i r o [ 4 . 5 ] d e c a n e   w e r e   a d d e d   2 0  

ml  of   10%  a q u e o u s   p o t a s s i u m   h y d r o x i d e   s o l u t i o n   and  t h e  

m i x t u r e   was  r e f l u x e d   f o r   5  h o u r s   w h i l e   s t i r r i n g .   The  r e -  

a c t i o n   m i x t u r e   was  t h e n   e x t r a c t e d   w i t h   b e n z e n e   and  t h e   b e n -  



z e n e   s o l u t i o n   was  w a s h e d   w i t h   w a t e r   and  d r i e d   o v e r   p o t a s -  
s i u m   c a r b o n a t e .   The  r e s i d u e   o b t a i n e d   by  r e m o v i n g   t h e   s o l -  

v e n t   was  p u r i f i e d   by  c o l u m n   c h r o m a t o g r a p h y   ( s i l i c a   g e l ;  

e t h y l   a c e t a t e : t r i e t h y l a m i n e   =  1 9 : 1 ) ,   g i v i n g   t h e   d e s i r e d  

c o m p o u n d   (Compound   no.  6)  as  a  p a l e   y e l l o w   v i s c o u s   o i l y  

p r o d u c t   h a v i n g   a  mean  m o l e c u l a r   w e i g h t   of  6 0 0 .  

5 . 0   g  of   3 - e t h y l - 3 - ( 2 , 3 - e p o x y p r o p o x y m e t h y l ) - 8 , 8 , 1 0 , 1 0 - t e t r a m e -  

t h y l - 1 , 5 - d i o x a - 9 - a z a s p i r o [ 5 . 5 ] u n d e c a n e   w e r e   h e a t e d   to   2 2 0 -  

2 3 0 ° C   f o r   10  h o u r s   u n d e r   an  a r g o n   s t r e a m .   The  r e a c t i o n   m i x -  

t u r e   was  t h e n   t r e a t e d   in   a  m a n n e r   s i m i l a r   to   t h a t   d e s c r i b e d  

i n   E x a m p l e   2,  y i e l d i n g   t h e   d e s i r e d   c o m p o u n d   (Compound   n o .  

7)  as  a  p a l e   y e l l o w   p o w d e r   s o f t e n i n g   a t   1 3 0 - 1 4 0 ° C   and  h a v -  

i n g   a  mean  m o l e c u l a r   w e i g h t   of   1 4 , 0 0 0 .  

By  h e a t i n g   t h e   a b o v e - m e n t i o n e d   s t a r t i n g   m a t e r i a l   t o  

2 1 0 - 2 2 0 ° C   f o r   2  h o u r s   u n d e r   an  a r g o n   s t r e a m   and  t r e a t i n g  

t h e   r e a c t i o n   p r o d u c t   as  d e s c r i b e d   in   E x a m p l e   2,  t h e   d e s i r -  

ed  c o m p o u n d   (Compound   no.   8)  was  o b t a i n e d   in   t h e   f o r m   o f  

a  w h i t e   p o w d e r   s o f t e n i n g   a t   5 5 - 6 0 ° C   and  h a v i n g   a  mean  m o l e -  

c u l a r   w e i g h t   of  1 , 2 0 0 .  



7 . 9   g  o f   2 , 2 - b i s ( p - [ 2 - h y d r o x y - 3 - ( 7 , 7 , 9 , 9 - t e t r a m e t h y l - 2 , 4 -  

d i o x o - 1 , 3 , 8 - t r i a z a s p i r o [ 4 . 5 ] d e c - 3 - y l ) p r o p o x y ] p h e n y l ) p r o -  

p a n e   and  3 . 4   g  of   2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o p o x y ) p h e n y l ] p r o -  

p a n e   w e r e   h e a t e d   to  1 8 0 - 1 9 0 ° C   f o r   20  m i n u t e s   in   t h e   a b s e n -  

ce  of   a  s o l v e n t .   The  r e a c t i o n   m i x t u r e   was  w a s h e d   w i t h  

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

d e s i r e d   c o m p o u n d   (Compound   no.   9)  as  a  w h i t e   p o w d e r   s o f t -  

e n i n g   a t   1 7 5 - 1 8 0 ° C   and  h a v i n g   a  mean   m o l e c u l a r   w e i g h t   o f  

3 , 2 0 0 .  

5 . 0   g  of  3 , 3 ' - h e x a m e t h y l e n e - b i s - ( 7 , 7 , 9 , 9 - t e t r a m e t h y l - 1 , 3 , 8 -  

t r i a z a s p i r o [ 4 . 5 ] d e c a n e - 2 , 4 - d i o n e )   and  3 . 3   g  of   2 , 2 - b i s [ 4 -  

( 2 , 3 - e p o x y p r o p o x y ) c y c l o h e x y l ] p r o p a n e   w e r e   h e a t e d   a t   2 3 0 ° C  

f o r   3  h o u r s   u n d e r   an  a r g o n   s t r e a m .  T h e   r e a c t i o n  m i x t u r e  

was  d i s s o l v e d   in   c h l o r o f o r m   and  t h e   s o l u t i o n   was  p o u r e d  

i n t o   n - h e x a n e ,   w h e r e b y   a  p r e c i p i t a t e   was  f o r m e d .   The  p r e c i -  

p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n   and  d r i e d   u n d e r   r e d u c e d  

p r e s s u r e ,   g i v i n g   t h e   d e s i r e d   c o m p o u n d   ( C o m p o u n d   no.   10)  i n  

t h e   f o r m   of   a  w h i t e   p o w d e r   s o f t e n i n g   a t   1 3 9 - 1 4 1 ° C   and  h a v -  

i n g   a  mean  m o l e c u l a r   w e i g h t   of  1 , 9 0 0 .  

E x a m p l e  9  

B e n z o a t e   of  C o m p o u n d  n o .   10.   2 . 0   g  of  t h e  w h i t e   p o w d e r  

o b t a i n e d   a c c o r d i n g   E x a m p l e   8  and  8 . 0   g  of   b e n z o i c   a n h y d r i d e  

w e r e   h e a t e d   to   150°C  f o r   15  h o u r s   u n d e r   a r g o n .   The  r e a c t i o n  

m i x t u r e   was  d i s s o l v e d   in   e t h y l   a c e t a t e ,   w a s h e d   w i t h   5% 

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



o v e r   s o d i u m   s u l f a t e .   The  r e s i d u e   o b t a i n e d   by  r e m o v i n g  

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

f i r s t , e l u t i o n   w i t h   e t h y l ,   a c e t a t e   gave   a  w h i t e   p o w d e r   ( C o m -  

p o u n d   no.   11)  s o f t e n i n g   a t   1 1 5 - 1 2 0 ° C .   The  NMR  s p e c t r u m   o f  

t h e   c o m p o u n d   showed   t h a t   t h e   b e n z o y l a t i o n   r a t e   was  95%.  

A  s e c o n d   e l u t i o n   w i t h   e t h y l   a c e t a t e : e t h a n o l : t r i e t h y l a m i n e  

=  2 0 : 1 : 1 ,   gave   a  g r e y i s h   w h i t e   p o w d e r   (Compound  no.  1 2 )  

s o f t e n i n g   a t   1 1 5 - 1 1 8 ° C .   The  NMR  s p e c t r u m   of  t h e   c o m p o u n d  

s h o w e d   t h a t   t h e   b e n z o y l a t i o n   r a t e   was  4 5 % .  

4 . 8   g  of  N , N ' - h e x a m e t h y l e n e b i s [ N - ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 -  

p i p e r i d y l ) a c e t a m i d e   and  3 . 4   g  of  2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o -  

p o x y ) p h e n y l ] p r o p a n e   in   25  ml  of  n - o c t a n o l   w e r e   r e f l u x e d  

a t   1 8 0 - 2 0 0 ° C   f o r   8  h o u r s .   n - O c t a n o l   was  r e m o v e d   u n d e r   r e -  

d u c e d   p r e s s u r e   and  t h e   r e s i d u e   was  p u r i f i e d   by  c o l u m n  

c h r o m a t o g r a p h y   ( s i l i c a   g e l ;   e t h y l   a c e t a t e : t r i e t h y l a m i n e :  

m e t h a n o l   =  8 : 1 : 1 )   g i v i n g   a  w h i t e   p o w d e r   (Compound   no.  1 3 )  

s o f t e n i n g   a t   1 0 8 - 1 1 5 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t  

o f   2 , 6 0 0   f r o m   t h e   f i r s t   e l u a t e ,   and  a  w h i t e   p o w d e r   ( C o m -  

p o u n d   no.   14)  s o f t e n i n g   at   9 0 - 1 1 0 ° C   and  h a v i n g   a  mean  m o l e -  

c u l a r   w e i g h t   of  1 , 6 5 0   f r o m   t h e   s e c o n d   e l u a t e .  

The  a b o v e - m e n t i o n e d   s t a r t i n g   m a t e r i a l   was  h e a t e d   t o  

2 0 0 - 2 2 0 ° C   f o r   3  h o u r s   in  t h e  a b s e n c e   of  a  s o l v e n t   and  t h e n  

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

g i v i n g   a  w h i t e   p o w d e r   (Compound   no.  15)  s o f t e n i n g   at   1 5 0 -  

160°C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   of  6 , 0 0 0   f rom  t h e  

f i r s t   e l u a t e ,   and  a  w h i t e   p o w d e r   (Compound  no.  16)  s o f t e n -  

i n g   a t   1 2 0 - 1 3 0 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   o f  

2 , 6 5 0   f r o m   t h e   s e c o n d   e l u a t e .  



4 . 8   g  of  N , N ' - h e x a m e t h y l e n e b i s [ N - ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 -  

p i p e r i d y l ) a c e t a m i d e ]   and  2 . 8  g   of   b i s ( 2 , 3 - e p o x y p r o p y l ) -  

1 , 2 - c y c l o h e x a n e d i c a r b o x y l a t e   w e r e   h e a t e d   t o   200°C  f o r   5 

h o u r s   u n d e r   a  n i t r o g e n   s t r e a m .   The  r e a c t i o n   m i x t u r e   w a s  

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

a t e : t r i e t h y l a m i n e : m e t h a n o l   =  8 : 1 : 1 )   and  t h e   c r u d e   p r o d u c t  

t h u s   o b t a i n e d   was  d i s s o l v e d .  i n   b e n z e n e .  T h e  b e n z e n e   s o l u t -  

i o n   was  p o u r e d   i n t o   n - h e x a n e   and  t h e   p r e c i p i t a t e   f o r m e d  

was  c o l l e c t e d   b y  f i l t r a t i o n ,  g i v i n g  a  w h i t e   p o w d e r   ( C o m -  

p o u n d   no.   1 7 )  s o f t e n i n g   a t   1 1 5 - 1 2 5 ° C   and  h a v i n g   a  m e a n  

m o l e c u l a r   w e i g h t   of   2 , 7 0 0 .  

3 . 0   g  o f  b i s ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d y l ) s e b a c a t e   a n d  

2 . 1   g  of   2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o p o x y ) p h e n y l ] p r o p a n e   w e r e  

h e a t e d   to   1 9 0 - 2 0 0 ° C   f o r   4  h o u r s   u n d e r   a r g o n .   The  r e a c t i o n  

m i x t u r e   was  p u r i f i e d   by  c o l u m n   c h r o m a t o g r a p h y   ( s i l i c a   g e l ;  

e t h y l   a c e t a t e : t r i e t h y l a m i n e =   2 0 : 1 ) ,   g i v i n g   a  p a l e   y e l l o w  

s o l i d   p r o d u c t   ( C o m p o u n d   no .   18)  s o f t e n i n g   a t   8 5 - 9 0 ° C   a n d  

h a v i n g   a  mean   m o l e c u l a r   w e i g h t   of  2 , 5 0 0   f r o m  t h e   f i r s t   e l u -  

a t e ,   and  a  p a l e   y e l l o w   s o l i d   p r o c u c t   (Compound   no.   19)  s o f -  

t e n i n g   a t   7 4 - 7 7 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   o f  

1 , 9 0 0   f r o m   t h e   s e c o n d   e l u a t e .  



2 . 2   g  of   b i s [ 1 - ( 2 , 3 - e p o x y p r o p y l ) - 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 -  

p i p e r i d y l ]   s e b a c a t e   and  0 . 5 5   g  of  a d i p i c   a c i d   w e r e   r e f l u x -  

ed  in   5  mol  of   n - b u t a n o l   f o r   24  h o u r s .   The  n - b u t a n o l   w a s  

r e m o v e d   f r o m   t h e   r e a c t i o n   m i x t u r e   and  t h e   r e s i d u e   w a s  

w a s h e d   w i t h   n - h e x a n e   and  t h e n   t r e a t e d   w i t h   e t h y l   a c e t a t e .  

The  e t h y l   a c e t a t e   s o l u b l e   f r a c t i o n   was  p u r i f i e d   by  c o l u m n  

c h r o m a t o g r a p h y   ( s i l i c a   g e l ;   e t h y l   a c e t a t e : e t h a n o l   =  4 : 1 ) .  

g i v i n g   t h e   d e s i r e d   c o m p o u n d   (Compound   no.   20)  as  a  p a l e  

y e l l o w   o i l   h a v i n g   a  mean   m o l e c u l a r   w e i g h t   of  1 , 6 0 0 .  

2 . 7   g  of   b i s [ 1 - ( 2 , 3 - e p o x y p r o p y l ) - 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 -  

p i p e r i d y l ]   s e b a c a t e   and  0 . 9 5   g  of  1 , 1 0 - d e c a n e d i c a r b o x y l i c  

a c i d   w e r e   r e f l u x e d   in   6  ml  of  n - a m y l   a l c o h o l   f o r   17  h o u r s .  

The   r e a c t i o n   m i x t u r e   was  t h e n   t r e a t e d   in   a  s i m i l a r   m e n n e r  

as  d e s c r i b e d   in   E x a m p l e   12 ,   y i e l d i n g   t h e   d e s i r e d   c o m p o u n d  

( C o m p o u n d   no.   21)  as  a  p a l e   y e l l o w   o i l   h a v i n g   a  mean  m o l e -  

c u l a r   w e i g h t   of   1 , 8 2 0 .  



3 . 0   g  o f   b i s ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d y l )   s e b a c a t e   a n d  

1 . 1   g  of   e t h y l e n e g l y c o l   d i g l y c i d y l   e t h e r   w e r e .  h e a t e d   a t  

2 0 0 - 2 0 0 ° C   f o r   8  h o u r s   u n d e r   an  a r g o n   s t r e a m .   The  r e a c t i o n  

m i x t u r e   was  p u r i f i e d   by  c o l u m n   c h r o m a t o g r a p h y   ( s i l i c a   g e l ;  .  

e t h y l   a c e t a t e : e t h a n o l : t r i e t h y l a m i n e   =  2 0 : 1 : 1 ) ,   g i v i n g   a  

p a l e   y e l l o w   v i s c o u s   o i l   (Compound   no.   22)  h a v i n g   a  m e a n  

m o l e c u l a r   w e i g h t   of   3 , 0 0 0   f r o m   t h e   f i r s t   e l u a t e ,   and  a  p a l e  

y e l l o w   v i s c o u s   o i l   (Compound   no.   23)  h a v i n g   a  mean   m o l e c u l -  

a r   w e i g h t   of  2 , 3 0 0   f r o m   t h e   s e c o n d   e l u a t e .  

4 . 4   g  of   2 , 2 , 4 , 4 , 1 4 , 1 4 , 1 6 , 1 6 - o c t a m e t h y l - 7 , 1 1 , 1 8 , 2 1 - t e t r a -  

o x a - 3 , 1 5 - d i a z a t r i s p i r o [ 5 . 2 . 2 . 5 . 2 . 2 ] h e n e i c o s a n e   and  3 . 4   g  

o f   2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o p o x y ) p h e n y l ] p r o p a n e   w e r e   h e a t e d  

t o   180°C  f o r   8  h o u r s   u n d e r   a  n i t r o g e n   s t r e a m .   The  r e a c t i o n  

m i x t u r e   was  p u r i f i e d   by  c o l u m n   c h r o m a t o g r a p h y   ( s i l i c a   g e l ;  

e t h y l   a c e t a t e :   t r i e t h y l a m i n e   =  9 : 1 ) ,   and  t h e   p r o d u c t   w a s  

d i s s o l v e d   i n   b e n z e n e   and  p r e c i p i t a t e d   w i t h   n - h e x a n e ,   y i e l d -  

i n g   t h e   d e s i r e d   c o m p o u n d   ( C o m p o u n d   no.   24)  as  a  w h i t e   p o w -  

d e r   s o f t e n i n g   a t   1 8 0 - 2 0 0 ° C   and  h a v i n g   a  mean   m o l e c u l a r  

w e i g h t   of   3 , 4 5 0 .  

E x a m p l e   1 7  

A c e t a t e   of   Compound   no.   24 .   2  g  of   t h e   w h i t e   p o w d e r   o b -  

t a i n e d   a c c o r d i n g   t o E x a m p l e   1 6 . a n d   10  g  of   a c e t i c   a n h y d r i d e  

w e r e   r e f l u x e d   in   2 0  m l   of  b e n z e n e   f o r   5  h o u r s .   The  r e a c t i o n  

m i x t u r e   was  w a s h e d   w i t h   10%  a q u e o u s   p o t a s s i u m   c a r b o n a t e  

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

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

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

a c e t a t e )   and   t h e   o b t a i n e d   c r u d e   p r o d u c t   was  d i s s o l v e d   i n  



i n   b e n z e n e .   By  p o u r i n g  t h e   b e n z e n e   s o l u t i o n   i n t o   n - h e x a n e ,  

a  p r e c i p i t a t e   was  f o r m e d   w h i c h  p r e c i p i t a t e   was  c o l l e c t e d  

by  f i l t r a t i o n   y i e l d i n g  a   w h i t e   p o w d e r   (Compound   no.  2 5 )  

s o f t e n i n g   at  1 5 5 - 1 7 5 ° C .   The  IR  and  N M R  s p e c t r a   showed   t h a t  

t h e   h y d r o x y   g r o u p s  o f   t he   p o l y m e r   had  b e e n   c o m p l e t e l y  

a c e t y l a t e d  

2.1  g  of  3 . 1 5 - b i s ( 2 , 3 - e p o x y p r o p y l ) - 2 , 2 , 4 , 4 , 1 4 , 1 4 , 1 6 , 1 6 -  

o c t a m e t h y l - 7 , 1 1 , 1 8 , 2 1 -  t e t r a o x a - 3 , 1 5 - d i a z a - t r i s p i r o l [ 5 . 2 , 2 .  

5 . 2 . 2 ] h e n e i c o s a r e   and  0 , 8   g  of  s e b a c i c   a c i d  w e r e  r e f l u x e d  

in   a  m i x t u r e   of  10  ml  of  t e r t - b u t a n o l   and  10  ml  of  t o l a e n e  

f o r   14  h o u r s .   A f t e r   r e m o v a l   of  t he   s o l v e n t   u n d e r   r e d u c e d  

p r e s s u r e   t he   r e s i d u e   was  p u r i f i e d   by  c o l u m n   c h r o m a t o g r a -  

phy  ( s i l i c a   g e l ;   e t h y l   a c e t a t e  :  m e t h a n o l   =  1 : 1 ) ,   g i v i n g  

t h e   d e s i r e d   c o m p o u n d   (Compound   no.  26)  as  a  w h i t e   p o w d e r  

s o f t e n i n g   a t   1 4 9 - 1 5 8 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t  

o f   5 , 1 0 0 .  

4 . 1   g  of  2 , 2 , 4 , 4 , 1 4 , 1 4 , 1 6 , 1 6 - o c t a m e t h y l - 7 , 1 1 , 1 8 , 2 1 - t e t r a -  

o x a - 3 , 1 5 - d i a z a t r i s p i r o [ 5 . 2 . 2 . 5 . 2 . 2 ] h e n e i c o s a n e   and  1 . 7 4  g  

of   e t h y l e n e g l y c o l   d i g l y c i d y l   e t h e r   were  h e a t e d   to   200°C  i n  

4  ml  of  o c t a n o l   f o r   20  h o u r s   w h i l e   s t i r r i n g .   A f t e r   r e m o v a l  

of   t h e   o c t a n o l   u n d e r   r e d u c e d   p r e s s u r e ,   t he   r e s i d u e   was  p u r i -  

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

m e t h a n o l :  t r i e t h y l a m i n e  =  2 : 2 : 1 ) ,   g i v i n g   t h e   d e s i r e d  



c o m p o u n d   (Compound   no.  27)  as  a  p a l e   y e l l o w   p o w d e r   s o f t -  

e n i n g   a t   1 4 0 - 1 5 4 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   o f  

2 , 7 7 0 .  

6 . 4   g  of   4 , 4 ' - b i s ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d i n o l )   a n d  

6 . 8   g  of   2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o p o x y ) p h e n y l ] p r o p a n e   w e r e  

h e a t e d   in   80  ml  of  o c t a n o l   to   1 5 0 - 1 6 0 ° C   f o r   8  h o u r s   w h i l e  

s t i r r i n g .   A f t e r   r e m o v a l   of   t h e   o c t a n o l   u n d e r   r e d u c e d   p r e s -  

s u r e ,   t h e   r e m a i n i n g   v i t r e o u s   mass   was  t r i t u r a t e d ,   g i v i n g  

t h e   d e s i r e d   c o m p o u n d   (Compound   no.   28)  as  a  w h i t e   p o w d e r  

s o f t e n i n g   at   1 0 6 - 1 0 9 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t  

of   1 , 8 5 0 .  

1 . 5   g  of   2 , 2 , 2 ' , 2 ' , 6 , 6 , 6 ' , 6 ' - o c t a m e t h y l - 4 . 4 ' - b i p i p e r i d y l -  

y d e n e   and  1 . 8   g  of  2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o p o x y ) p h e n y l J p r o -  

p a n e   w e r e   h e a t e d  t o   1 8 0 - 2 2 0 ° C   f o r   2  h o u r s   u n d e r   an  a r g o n  

s t r e a m .   The  r e a c t i o n   m i x t u r e   was  d i s s o l v e d   in   c h l o r o f o r m ,  

m e t h a n o l   was  a d d e d   t h e r e t o   w h e r e u p o n   a  p r e c i p i t a t e   f o r m e d .  

The  p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n ,   w a s h e d   w i t h  

m e t h a n o l   and  d r i e d   u n d e r   r e d u c e d   p r e s s u r e ,   g i v i n g   t h e   d e -  

s i r e d   c o m p o u n d   (Compound   no.  29)  as  a  w h i t e   s o l i d   s o f t e n -  

i n g   a t   1 7 0 - 1 8 0 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   o f  

5 , 3 0 0 .  



A  m i x t u r e   of  5 . 2 4   g  of  b i s ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d y l )  

a d i p a t e   and  4 . 2   g  of  2 , 2 - b i s [ p - ( 2 , 3 - e p o x y p r o p o x y ) p h e n y l ]  

p r o p a n e   was  h e a t e d   to   1 6 0 - 1 7 0 ° C   f o r   6  h o u r s   u n d e r   a  n i t r o -  

gen   s t r e a m .   The  r e a c t i o n   m i x t u r e   was  p u r i f i e d   by  c o l u m n  

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

a t e ,   g i v i n g   t h e   d e s i r e d   c o m p o u n d   (Compound   no.  30)  in  t h e  

f o r m   of   a  w h i t e   p o w d e r   s o f t e n i n g   at   9 5 - 1 1 5 ° C   and  h a v i n g   a 

mean  m o l e c u l a r   w e i g h t   of  3 , 7 0 0 .  

A  m i x t u r e   of  8 . 5  g   o f  

a d i p a t e   and  5 . 2  g   of  b i s ( 2 , 3 - e p o x y p r o p y l )   1 , 4 - b u t a n e d i -  

c a r b o x y l a t e  w a s   h e a t e d   to  1 6 0 - 1 7 0 ° C  f o r   4  h o u r s   u n d e r   a  

n i t r o g e n   s t r e a m .   The  r e a c t i o n   m i x t u r e   was  d i s s o l v e d   i n  

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

y i e l d i n g   an  o i l y   s u b s t a n c e   w h i c h   was  i n s o l u b l e   in  n - h e x a n e .  

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

t h e   d e s i r e d   c o m p o u n d   (Compound   no.  31)  in  t h e   f c r m   of  a  

c o l o u r l e s s   s o l i d   s o f t e n i n g   at   9 7 - 1 1 5 ° C   and  h a v i n g   a  m e a n  

m o l e c u l a r   w e i g h t   of  3 , 7 0 0 .  



A  m i x t u r e   of   4 . 8   g  of   N , N ' - h e x a m e t h y l e n e b i s [ N - ( 2 , 2 , 6 , 6 -  

t e t r a m e t h y l - 4 - p i p e r i d y l ) a c e t a m i d e ]   and  2 . 6   g  of  b i s ( 2 , 3 -  

e p o x y p r o p y l )   1 , 4 - b u t a n e d i c a r b o x y l a t e   was  h e a t e d   to   2 0 0 ° C  

f o r   3  h o u r s   u n d e r   a  n i t r o g e n   s t r e a m .   The  r e a c t i o n   m i x t u r e  

was  w a s h e d   w i t h   h o t   n - h e x a n e   and  d r i e d   u n d e r   r e d u c e d   p r e s -  

s u r e ,   y i e l d i n g   t h e   d e s i r e d   c o m p o u n d   ( C o m p o u n d   no.   32)  i n  

t h e   f o r m   of  a  p a l e   y e l l o w   p o w d e r   s o f t e n i n g   a t   5 0 - 6 0 ° C   a n d  

h a v i n g   a  mean   m o l e c u l a r   w e i g h t   of  2 , 0 2 0 .  

A  m i x t u r e   of  4 . 8   g  of   N , N ' - h e x a m e t h y l e n e b i s [ N - ( 2 , 2 , 6 , 6 -  

t e t r a m e t h y l - 4 - p i p e r i d y l ) a c e t a m i d e ]   and  1 . 7 4   g  of   e t h y l e n e  

g l y c o l   d i g l y c i d y l   e t h e r   was  h e a t e d   to   250°C  f o r   1  h o u r  

u n d e r  a   n i t r o g e n   s t r e a m .   The  r e a c t i o n   m i x t u r e   was  d i s s o l v e d  

i n   b e n z e n e   and  t h e   s o l u t i o n   was  p o u r e d   i n t o   n - h e x a n e   t o  

g i v e   a  p r e c i p i t a t e .   The  p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r -  

a t i o n   and  d r i e d   u n d e r   r e d u c e d   p r e s s u r e ,   a f f o r d i n g   t h e   d e -  

s i r e d   c o m p o u n d   (Compound   no.   33)  i n   t h e   f o r m   of   a  p a l e   y e l -  

low  p o w d e r   s o f t e n i n g   a t   8 5 - 9 5 ° C   and  h a v i n g   a  mean  m o l e c u l a r  

w e i g h t   of   2 , 3 6 0 .  

A  m i x t u r e   of  4 . 2 5   g  of   b i s ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d y l )  

a d i p a t e   and  2 . 8 4   g  of   b i s ( 2 , 3 - e p o x y p r o p y l )   1 , 2 - c y c l o h e x a n e -  

d i c a r b o x y l a t e   was  h e a t e d   t o   1 7 0 - 1 8 0 ° C   f o r   16  h o u r s   u n d e r  

an  a r g o n   s t r e a m .   The  r e a c t i o n   m i x t u r e   was  d i s s o l v e d   in   b e n -  

z e n e   and  t h e   s o l u t i o n   was  p o u r e d   i n t o   n - h e x a n e   to  g i v e   a  





A  m i x t u r e   of   3 . 5   g  o f   b i s ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d y l )  

i s o p h t h a l a t e   and  2 . 0   g  of   b i s ( 2 , 3 - e p o x y p r o p o x y ) a d i p a t e  

was   h e a t e d   t o   180°C   f o r   7  h o u r s   u n d e r   a  n i t r o g e n   s t r e a m .  

The  r e a c t i o n  m i x t u r e  w a s   d i s s o l v e d   i n   b e n z e n e   and  t h e   s o l -  

u t i o n   was  f i l t e r e d   and  p o u r e d   i n t o   n - h e x a n e   to   g i v e   a  p r e -  

c i p i t a t e .   The  p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n   a n d  

d r i e d   u n d e r   r e d u c e d   p r e s s u r e   to   g i v e   t h e  d e s i r e d  c o m p o u n d  

( C o m p o u n d   no.   37)  in   t h e   f o r m   of   a  p a l e   y e l l o w   p o w d e r   s o f t -  

e n i n g   a t   9 0 - 1 0 0 ° C  a n d   h a v i n g   a  m e a n  m o l e c u l a r   w e i g h t   o f  

3 , 0 0 0 .  

A  m i x t u r e   o f   3 . 5   g  of   b i s   ( 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - p i p e r i d y l )  

i s o p h t h a l a t e   and  1 . 4   g  of  e t h y l e n e   g l y c o l   d i g l y c i d y l   e t h e r  

was  h e a t e d   to   180°C  f o r   7  h o u r s   u n d e r   a  n i t r o g e n   s ; t r e a m .  

The  r e a c t i o n   m i x t u r e   was  d i s s o l v e d   in   b e n z e n e   a n d  t h e   s o l -  

u t i o n   was  p o u r e d   i n t o   n - h e x a n e   to   g i v e   a  p r e c i p i t a t e . T h e  

p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n   and  d r i e d   u n d e r   r e -  

d u c e d   p r e s s u r e ,   y i e l d i n g   t h e   d e s i r e d   c o m p o u n d   (Compound   n o .  

38)  in   t h e   f o r m   of  a  p a l e   y e l l o w   p o w d e r   s o f t e n i n g   a t   9 8 -  

1 0 5 ° C   and  h a v i n g   a  mean  m o l e c u l a r   w e i g h t   of  3 , 2 0 0 .  

E x a m p l e   3 1  

S t a b i l i z a t i o n   of  p o l y p r o p y l e n e .   M i x t u r e s   w e r e   p r e p a r e d  

f r o m   100  p a r t s   of  u n s t a b i l i z e d   p o l y p r o p y l e n e   p o w d e r   ( m e l t  

f l o w   i n d e x   =  1 8 ) ,   0 . 2   p a r t s   of   s t e a r y l   3 - ( 3 , 5 - d i - t e r t -  



b u t y l - 4 - h y d r o x y p h e n y l ) p r o p i o n a t e   (a  c o n v e n t i o n a l   a n t i o x i -  

d a n t )   and  0 . 2 5   p a r t s   of  e a c h   of  t h e   s t a b i l i z e r s   l i s t e d  

in   t h e   f o l l o w i n g   T a b l e   1.  [ A l l   p a r t s   a r e   p a r t s   by  w e i g h t ] .  

The  m i x t u r e s   w e r e   b l e n d e d   and  h o m o g e n i z e d   w i t h   a  B r a b e n d e r  

P l a s t o g r a p h   a t   200°C  f o r   10  m i n u t e s   and  the   o b t a i n e d   m a s s  

was  p r e s s e d   i n t o   a  s h e e t   of  2-3   mm  t h i c k n e s s   w i t h   a  l a b o -  

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

p r e s s   a t   260°C  f o r   6  m i n u t e s   (12  t o n s )   and  pu t   i m m e d i a t e l y  

i n t o   c o l d   w a t e r   to   f o r m   a  f i l m   of  0 . 5   mm  t h i c k n e s s ,   f r o m  

w h i c h   a  f i l m   of  0 . 1   mm  t h i c k n e s s   was  o b t a i n e d   by  t h e   s a m e  

p r o c e d u r e .  

The  f i l m   was  c u t   i n t o   t e s t   s p e c i m e n s   of  50  x  120  mm. 

The  t e s t   s p e c i m e n s   w e r e   e x p o s e d   to   l i g h t   in   a  S u n s h i n e  

W e a t h e r   M e t e r   a t   a  b l a c k   p a n e l   t e m p e r a t u r e   of  63+3°C  a n d  

e x a m i n e d   p e r i o d i c a l l y   to   d e t e r m i n e   t h e   p e r c e n t a g e   of  e l o n g -  

a t i o n   a t   b r e a k .   From  t h e   t e s t   r e s u l t s   t h e   r a t i o   of  t h e  

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

t o   r e a c h   50%  e l o n g a t i o n   a t   b r e a k   was  d e t e r m i n e d ,   to   t h e  

. t i m e   r e q u i r e d   f o r   an  u n s t a b i l i z e d   t e s t   s p e c i m e n   to  r e a c h  

50%  e l o n g a t i o n   a t   b r e a k .   The  r e s u l t s   a r e   s u m m a r i z e d   i n  

T a b l e   1 .  



E x a m p l e   32  

S t a b i l i z a t i o n   of  p o l y s t y r e n e  .   M i x t u r e s   w e r e   p r e p a r e d  

f r o m   100  p a r t s   of   p o l y s t y r e n e   ( " S t y r o n   6 6 6 " ,   t r a d e   n a m e ,  

m a n u f a c t u r e d   and  s o l d   by  A s a h i   Dow  Co.  L t d . )   and  0 . 2 5   p a r t s  

o f   e a c h   of  t h e   s t a b i l i z e r s   l i s t e d   in   t h e   f o l l o w i n g   T a b l e   2 .  

The  r e s u l t a n t   m i x t u r e s   w e r e   b l e n d e d   and  h o m o g e n i z e d   b y  

m e a n s   of   a  B r a b e n d e r   P l a s t o g r a p h   a t   200°C  f o r   5  m i n u t e s ,  

t h e n   c o m p r e s s i o n - m o l d e d   a t   180°C  f o r   2  m i n u t e s ,   f o r m i n g  

s h e e t s   of   1 . 5   mm  t h i c k n e s s .   Each   t e s t   s h e e t   was  e x p o s e d  

to   l i g h t   in   a  X e n o n   W e a t h e r - O - M e t e r   ( 6 . 5   kw;  ASTM  G  2 6 - 7 7 )  

f o r   1500  h o u r s ,   and  t h e   y e l l o w n e s s   i n d e x   of  t h e   s h e e t   b e -  

f o r e   and  a f t e r   i r r a d i a t i o n   was  d e t e r m i n e d   in   a c c o r d a n c e  

w i t h   ASTM  D  1 9 2 5 .   The  r e s u l t s   a r e   shown  i n   T a b l e   2 .  

E x a m p l e   3 3  

S t a b i l i z a t i o n   of  p o l y u r e t h a n e .   M i x t u r e s   w e r e   p r e p a r e d  

f r o m   10  g  of   p o l y u r e t h a n e   ( " P a r a p r e n e   2 2 S " ,   t r a d e   n a m e ,  

m a n u f a c t u r e d   and  s o l d   by  N i p p o n   P o l y u r e t h a n e   Kogyo  K K ) , a n d  

0 . 0 5  g   of   e a c h   of   t h e   s t a b i l i z e r s   g i v e n   in   t h e   f o l l o w i n g  

T a b l e   3.  Each   m i x t u r e   was  d i s s o l v e d   i n   30  ml  of  d i m e t h y l -  

f o r m a m i d e   and  t h e   r e s u l t i n g   s o l u t i o n   was  d r a w n   on  a  g l a s s  

p l a t e   to  f o r m   a  s h e e t   of   0 . 4   mm  t h i c k n e s s .   The  s h e e t s   w e r e  



m a i n t a i n e d   a t   60°C  f o r   20  m i n u t e s   and  d r i e d   a t   120°C  f o r  

15  m i n u t e s   to   c a s t   f i l m s   o f  0 . 1   mm  t h i c k n e s s .   The  f i l m s  

t h u s   o b t a i n e d   w e r e   e x p o s e d   to  u l t r a v i o l e t   r a d i a t i o n   in  a  

S u n s h i n e   C a r b o n   Arc  Lamp  W e a t h e r   M e t e r   ( t y p e   " W E L - S U N - H C " ,  

t r a d e   name  of   Suga   T e s t   I n s t r u m e n t s   Co.  L t d . )   f o r   300  h o u r s  

and  t h e   y e l l o w n e s s   i n d e x   b e f o r e   and  a f t e r   i r r a d i a t i o n   w a s  

d e t e r m i n e d   in   a c c o r d a n c e   w i t h   ASTM  D 1 9 2 5 . T h e   r e s u l t s   a r e  

s h o w n   in   T a b l e   3 .  



1.  A  p o l y m e r   r e p r e s e n t e d   by  t h e   f o r m u l a   ( I ) :  

w h e r e i n  

1  i s   an  i n t e g e r   of   f r o m   2  to   5 0 ,  

m1  and  m2  a r e   0,  or   one  of   t h e m   is   1  and  t h e   o t h e r   i s   0 ,  

X  r e p r e s e n t s   a  g r o u p   of  f o r m u l a  

i n   w h i c h  

R'  i s   a  h y d r o g e n   a t o m   or   a  m e t h y l   g r o u p ,  

n1  i s   an  i n t e g e r   of   f r o m   1  to   1 0 ,  

n2  i s   0  or  an  i n t e g e r   of   f r o m   1  to   10 ,   C H 3  

W  r e p r e s e n t s   a  g r o u p   of   f o r m u l a  

in   w h i c h  

n3  i s   an  i n t e g e r   o f   f r o m  1   to   10 ,   a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

Y  r e p r e s e n t s ,   when   m1  and  m2  a r e   0,   a  g r o u p   of   t h e   f o l l o w -  

i n g   f o r m u l a e   I I   to   I V :  

i n   w h i c h :  

R1  r e p r e s e n t s   a  h y d r o g e n   a t o m   or   a  m e t h y l   g r o u p ,  

R2  r e p r e s e n t s   a  h y d r o g e n   a t o m   or   an  a l k y l   g r o u p   h a v i n g  

f r o m   1  to   18  c a r b o n   a t o m s ,  



in   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

in   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

R3  r e p r e s e n t s   a  g r o u p   of  f o r m u l a  a n d  

R4  r e p r e s e n t s   t h e   m e t h y l   or  e t h y l   g r o u p ,  
Y  r e p r e s e n t s ,   when  one  of   m1  and  m2  is  1  and  t h e   o t h e r  

i s   0,  a  g r o u p   of  t h e   f o l l o w i n g   f o r m u l a e   V  to   X I :  

in   w h i c h :  

R1  and  R2  have   t h e   m e a n i n g s   d e f i n e d   a b o v e ,  

A  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to  12  c a r -  

bon   a t o m s ,   a  x y l y l e n e   g r o u p ,   a  g r o u p   of  f o r m u l a  

in  w h i c h  

R5  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f rom  2  to  8  c a r b o n  

a t o m s ,  

R6  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   t h e   m e t h y l   or  p h e n y l   g r o u p ,  

R7  r e p r e s e n t s   an  a l i p h a t i c ,   a r o m a t i c   or  a l i c y c l i c   d i a c y l  



g r o u p  h a v i n g   up  to   12  c a r b o n   a t o m s ,  

R8  has   t h e   same  m e a n i n g   as  t h e   a b c v e - d e f i n e d   X ,  

p  i s   0  or   1,  a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

in   w h i c h :  

R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

R9  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   18  c a r b o n  

a t o m s ,   a  p h e n y l   g r o u p ,   a  b e n z y l   g r o u p ,   a  c y c l o h e x y l   g r o u p ,  

or  an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a t i c   or   a l i c y c l i c   a c y l  

g r o u p   h a v i n g   up  to   18  c a r b o n   a t o m s ,  

B  r e p r e s e n t s  a n   a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   10  c a r -  

bon  a t o m s ,   a  x y l y l e n e   g r o u p ,   a  g r o u p   of   f o r m u l a  

- C H 2 C O O - R 5 - O C O C H 2 -  '  

in   w h i c h  

R5,  R6,  R7,  R8  and  p  h a v e   t h e   m e a n i n g s   d e f i n e d   a b o v e ,   a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

in   w h i c h :  

R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

D  r e p r e s e n t s   an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a t i c   o r  

a l i c y c l i c   d i a c y l   g r o u p   h a v i n g   up  to   36  c a r b o n   a t o m s   or  a  

g r o u p   of   f o r m u l a   -CONH-R10-NHCO-   in   w h i c h  



R10  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to  10  c a r -  

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

m e t h y l ,   a  n a p h t h y l e n e   g r o u p ,   a  x y l y l e n e   g r o u p ,   a  c y c l o h e x -  

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

o f   f o r m u l a  

in  w h i c h  

R11  r e p r e s e n t s   an  o x y g e n   a t o m   or   t h e   m e t h y l e n e   g r o u p ,  

i n   w h i c h :  

R1  and  R3  h a v e   t h e   m e a n i n g s   d e f i n e d   a b o v e ,  

G  has   t h e   same  m e a n i n g   as  t h e   a b o v e - d e f i n e d   D,  or  r e -  

p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   3  t o  1 0   c a r b o n   a t o m s ,  

a  x y l y l e n e   g r o u p ,   a  g r o u p   of   f o r m u l a  

o r   a  g r o u p   of   f o r m u l a  in   w h i c h  

R8  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,   a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

i n   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  



i n   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

in   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,   a n d  

a l l   cf   Z  in   t h e   m o l e c u l e   r e p r e s e n t   a  h y d r o g e n  a t o m ,   a n  

a l k y l   g r o u p   h a v i n g   f r o m   1  to   18  c a r b o n   a t o m s ,   an  a l i p h a t i c ,  

a r o m a t i c ,   a r a l i p h a t i c   or   a l i c y c l i c   a c y l   g r o u p   h a v i n g   up  t o  

18  c a r b o n   a t o m s   or  a  g r o u p   of   f o r m u l a   -CONHR12  i n   w h i c h  

R12  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g   f r o m   1  t o   18  c a r b o n  

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

or   a  p a r t   of   Z  r e p r e s e n t s  a   h y d r o g e n   a t o m   and  t h e   r e m a i n -  

i n g   Z  r e p r e s e n t   a b o v e - d e f i n e d   g r o u p s   o t h e r   t h a n   h y d r o g e n .  

2.  A  p o l y m e r   as  c l a i m e d   i n   c l a i m   1,  w h e r e i n   Y  is   a  g r o u p  

of   f o r m u l a   ( I I )   to   (XI)  a n d  R 1   i s   a  h y d r o g e n   a t o m .  

3.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   b o t h   m1  a n d  

m2  a r e   0 ,   Y  is   a  g r o u p   of   f o r m u l a   ( I I )   in   w h i c h   R1  and  R2  

a r e   h y d r o g e n   a t o m s .  

4.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   b o t h   ml  a n d  

m2  a r e   0,  Y  is   a  g r o u p   of   f o r m u l a   ( I I I )   i n   w h i c h   R1  i s   a  

h y d r o g e n   a t o m .  

5.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   b o t h   m1  a n d  

m2  a r e   0,   Y  is   a  g r o u p   of   f o r m u l a   (IV)  i n   w h i c h   R1  is   a  

h y d r o g e n   a t o m .  

6.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   one  of  m1 
and  m2  is   1  and  t h e   o t h e r   i s   0,  X  is   a  g r o u p   of   f o r m u l a  



-OCH2CH20-   or   -OWO-  in   w h i c h  

W  i s   a  g r o u p   of  f o r m u l a  

- C O - ( C H 2 ) - C O - ,   n 3  b e i n g   an  i n t e g e r  

o f   f r o m   4  to   10,   o r  

7.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   6,  w h e r e i n   Y  is   a  g r o u p  
of   f o r m u l a   (V)  in   w h i c h   R1  and  R2  a r e   h y d r o g e n   a t o m s   a n d  

A  i s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   6  c a r b o n   a t o m s  

or   a  g r o u p   of  f o r m u l a  w h e r e i n   R8  h a s  

t h e   same  m e a n i n g   a s   X .  

8.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   6,  w h e r e i n   Y  i s   a  g r o u p  
o f   f o r m u l a   (VI)  in   w h i c h   R1  i s   a  h y d r o g e n   a t o m ,   and  R9  i s  

an  a l k a n o y l   g r o u p   h a v i n g   f r o m   2  to  4  c a r b o n   a t o m s   or  a n  

a l k y l   g r o u p   h a v i n g   f r o m   1  to   8  c a r b o n   a t o m s ,   and  B  i s   a n  

a l k y l e n e   g r o u p   h a v i n g   f r o m   2  t o   6  c a r b o n   a t o m s ,   or  R9  i s  

an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   8  c a r b o n   a t o m s ,   and  B  i s  

a  g r o u p   of  f o r m u l a  w h e r e i n   R8  h a s  

t h e   same  m e a n i n g   as  X.  

9.  A  p o l y m e r   as  c l a i m e d   in   c l a i m   6,  w h e r e i n   Y  is   a  g r o u p  

o f   f o r m u l a   ( V I I )   in   w h i c h   R1  i s   a  h y d r o g e n   a tom  and  D  i s  

i  an  a l k a n e d i c a r b o n y l   g r o u p   h a v i n g   f r o m   4  to   12  c a r b o n   a t o m s  

or   a  b e n z e n e   d i c a r b o n y l   g r o u p .  
10.   A  p o l y m e r   as  c l a i m e d   in   c l a i m   6,  w h e r e i n   Y  is   a  g r o u p  

o f   f o r m u l a   ( V I I I )   in   w h i c h   R 1 i s   a  h y d r o g e n   a tom  and  G  i s  

an  a l k a n e d i c a r b o n y l   g r o u p   h a v i n g   f r o m   4  to   12  c a r b o n   a t o m s  

or   a  g r o u p   of   f o r m u l a  w h e r e i n   R8 

has   t h e   same  m e a n i n g   as  X .  

11.   A  p o l y m e r   as  c l a i m e d   in   c l a i m   6,  w h e r e i n   Y  i s   a  g r o u p  

of   f o r m u l a   ( I X ) ,   (X)  or  (XI)  i n  w h i c h   R1  is   a  h y d r o g e n   a t o m .  



12.  A  p o l y m e r   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   7  to   1 1 ,  

w h e r e i n   X  i s   a  g r o u p   of   f o r m u l a  

13.   A  p o l y m e r   as  c l a i m e d   in   c l a i m   1  w h e r e i n   a l l   of  Z  i n  

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

14.   A  p o l y m e r   a s  c l a i m e d   i n   c l a i m   1,  w h e r e i n   a l l   o f  Z   i n  

t h e   m o l e c u l e   a r e   a c e t y l   or  b e n z o y l   g r o u p s ,   or   a  p a r t   of   Z 

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

z o y l   g r o u p s .  

15.   A  p o l y m e r   as  c l a i m e d   in   c l a i m  1 ,   w h e r e i n   1  i s   an  i n -  

t e g e r   o f   f r o m   2  to   1 0 .  

16.   A  s y n t h e t i c   p o l y m e r   c o m p o s i t i o n   s t a b i l i z e d   a g a i n s t  

l i g h t -   and  h e a t - d e g r a d a t i o n   t h e r e o f ,   w h i c h   i s   c h a r a c t e r i z e d  

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

be  s t a b i l i z e d   f r o m   0 . 0 1   to   5 . 0%  by  w e i g h t ,   b a s e d   on  t h e  

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

r e p r e s e n t e d   by  t h e   f o r m u l a   ( I ) :  

w h e r e i n  

1  i s   an  i n t e g e r   of   f r o m   2  to   5 0 ,  

m1  and  m2  a r e   0,   or  one   of   t h e m   is   1  and  t h e   o t h e r   i s   0 ,  

X  r e p r e s e n t s   a  g r o u p   of   f o r m u l a  

i n   w h i c h  

R'  i s  a   h y d r o g e n   a t o m   or   a  m e t h y l   g r o u p ,  

n1  i s   an  i n t e g e r   of  f r o m   1  to   1 0 ,  

n 2  i s   0  or   an  i n t e g e r   of   f r o m   1  to   1 0 ,  

W  r e p r e s e n t s   a  g r o u p   of   f o r m u l a  



in   w h i c h  

n3  i s   an  i n t e g e r   of  f r o m   1  to   10,   a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

Y  r e p r e s e n t s ,   when   m1  and  m2  a r e   0,  a  g r o u p   of  t he   f o l l o w -  

i n g   f o r m u l a e   I I   to   I V :  

i n   w h i c h :  

R1  r e p r e s e n t s   a  h y d r o g e n   a t o m   or  a  m e t h y l   g r o u p ,  

R2  r e p r e s e n t s   a  h y d r o g e n   a tom  or   an  a l k y l   g r o u p   h a v i n g  

f r o m  1   to  18  c a r b o n   a t o m s ,  

i n   w h i c h - R 1   has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

in   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

R3  r e p r e s e n t s   a  g r o u p   of   f o r m u l a  a n d  

R4  r e p r e s e n t s   t h e   m e t h y l   or  e t h y l   g r o u p ,  
Y  r e p r e s e n t s ,   when  one  of   m1  and  m2  is   1  and  t h e   o t h e r  

i s   0,   a  g r o u p   of   t h e   f o l l o w i n g   f o r m u l a e  V   to   X I :  



i n   w h i c h :  

RI  and  R2  h a v e   t h e   m e a n i n g s   d e f i n e d   a b o v e ,  
A  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  t o   12  c a r -  
bon   a t o m s ,   a  x y l y l e n e   g r o u p ,   a  g r o u p   of   f o r m u l a  

i n   w h i c h  

R5  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   8  c a r b o r  

a t o m s ,  

R6  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   t h e   m e t h y l   or  p h e n y l   g r o u f  

R7  r e p r e s e n t s   an  a l i p h a t i c ,   a r o m a t i c   or   a l i c y c l i c   d i a c y l  

g r o u p   h a v i n g   up  to   12  c a r b o n   a t o m s ,  

R8  has   t h e   same  m e a n i n g   as  t h e   a b o v e - d e f i n e d   X ,  

p  i s   0  or   1,  a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

i n   w h i c h :  

R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

R9  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g   f r o m   1  to   18  c a r b o n  

a t o m s ,   a  p h e n y l   g r o u p ,   a  b e n z y l   g r o u p ,   a  c y c l o h e x y l   g r o u p ,  

o r   an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a t i c   or   a l i c y c l i c   a c y l  

g r o u p   h a v i n g   up  to   18  c a r b o n   a t o m s ,  

B   r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   10  c a r -  

bon   a t o m s ,   a  x y l y l e n e   g r o u p ,   a  g r o u p   of  f o r m u l a  



- C H 2 C O O - R 5 - O C O C H 2 -  ,  

in  w h i c h  

R5,  R6,  R7,  R8  a n d  p   h a v e   t h e   m e a n i n g s   d e f i n e d   a b o v e ,   a n d  
Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

in   w h i c h :  

R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

D  r e p r e s e n t s   an  a l i p h a t i c ,   a r o m a t i c ,   a r a l i p h a t i c   o r  

a l i c y c l i c   d i a c y l   g r o u p   h a v i n g   up  to   36  c a r b o n   a t o m s   or  a  

g r o u p   of   f o r m u l a   -CONH-R10-NHCO-  in   w h i c h  

R10  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   2  to   10  c a r -  

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

m e t h y l ,   a  n a p h t h y l e n e   g r o u p ,   a  x y l y l e n e   g r o u p ,   a  c y c l o h e x -  

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

o f   f o r m u l a  

in   w h i c h  

R11  r e p r e s e n t s   an  o x y g e n   a t o m   or   t h e   m e t h y l e n e   g r o u p ,  

i n   w h i c h :  

R1  and  R3  h a v e   t h e   m e a n i n g s   d e f i n e d   a b o v e ,  



G  has   t h e   same  m e a n i n g   as  t h e   a b o v e - d e f i n e d   D,  or   r e -  

p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   f r o m   3  t o  1 0   c a r b o n   a t o m s ,  

a  x y l y l e n e   g r o u p ,   a  g r o u p   of   f o r m u l a  

o r   a  g r o u p   of   f o r m u l a   -CH2,CHCH2-R8-CH2,CHCH2-  i n   w h i c h  

OZ  OZ 

R8  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,   a n d  

Z  has   t h e   m e a n i n g   d e f i n e d   b e l o w ,  

i n   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

i n   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,  

i n   w h i c h   R1  has   t h e   m e a n i n g   d e f i n e d   a b o v e ,   a n d  

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

a l k y l   g r o u p   h a v i n g   f r o m   1  to   18  c a r b o n   a t o m s ,   an  a l i p h a t i c ,  

a r o m a t i c ,   a r a l i p h a t i c   or   a l i c y c l i c   a c y l   g r o u p   h a v i n g   up  t o  

18  c a r b o n   a t o m s   or   a  g r o u p   of   f o r m u l a   -CONHR12  i n   w h i c h  

R12  r e p r e s e n t s   an  a l k y l  g r o u p   h a v i n g   f r o m  1   to   18  c a r b o n  



a t o m s ,   a  p h e n y l   or  c y c l o h e x y l   g r o u p .  

o r   a  p a r t   of  Z  r e p r e s e n t s   a  h y d r o g e n   a t o m   and  t h e   r e m a i n -  

i n g   Z  r e p r e s e n t   a b o v e - d e f i n e d   g r o u p s   o t h e r   t h a n   h y d r o g e n .  

17.   A  s y n t h e t i c   p o l y m e r   as  c o m p o s i t i o n   as  c l a i m e d   i n  

c l a i m   16,   w h e r e i n   t h e   s y n t h e t i c   p o l y m e r   i s   an  o l e f i n   o r  

d i e n e   p o l y m e r ,   a  s t y r e n e   p o l y m e r   or   a  p o l y u r e t h a n e .  
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