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@)  Stabilizer  compositions  for  synthetic  resins  imparting  improved  light  stability. 
  Stabilizer  compositions  for  synthetic  resins  are  provided, 
improving  the  resistance  of  the  resin  to  deterioration  when 
exposed  to  ultraviolet  light,  comprising  a  2,2,6,6- 
tetramethylpiperidyl  compound  and  an  alkylidene-bis- 
(benzotriazolyl  phenol)  having  the  formula: 

R1  is  hydrogen  or  alkyl  having  from  one  to  about  twelve 
carbon  atoms; 

R2  is  alkyl  having  from  one  to  about  twelve  carbon  atoms 
or  arylalkyl  having  from  seven  to  about  sixteen  carbon 
atoms; 

X  is  selected  from  the  group  consisting  of  hydrogen, 
halogen,  alkyl  having  from  one  to  about  twelve  carbon 
atoms,  aryl  having  from  six  to  ten  carbon  atoms,  arylalkyl 
having  from  seven  to  about  sixteen  carbon  atoms,  alkoxy 
having  from  one  to  about  twelve  carbon  atoms,  aryloxy 
having  from  six  to  ten  carbon  atoms;  and  arylalkoxy  having 
from  seven  to  about  sixteen  carbon  atoms;  as  well  as 
synthetic  resin  compositions  containing  such  stabilizers. 



S y n t h e t i c   r e s i n   c o m p o s i t i o n s   a r e   s u b j e c t   to  d e g r a d a t i o n  

upon   e x p o s u r e   to  u l t r a v i o l e t   l ight ,   r e s u l t i n g   in  c r a c k i n g ,  

d i s c o l o r a t i o n   and  d e c r e a s e d   r e f l e c t a n c e .   Such  d e t e r i o r a t i o n   i s  

u n a c c e p t a b l e   in  p r o d u c t s   that  m u s t   have   long  l ife  and   h i g h  

w e a t h e r a b i l i t y .  

L i g h t   s t a b i l i z e r s   have   b e e n   u sed   to  p r e v e n t   s u c h  

d e t e r i o r a t i o n .   H o w e v e r ,   m o s t   c o n v e n t i o n a l   s t a b i l i z e r s ,   s u c h   a s  

u l t r a v i o l e t   l igh t   a b s o r b e r s ,   a r e   u n s a t i s f a c t o r y   in  t h e i r   s t a b i l i z i n g  

e f f e c t ,   and  a r e   los t   by  e x t r a c t i o n   by  w a t e r .   S o m e   c o n v e n t i o n a l  

s t a b i l i z e r s   i m p a r t   c o l o r   to  the  r e s i n   c o m p o s i t i o n .  

2 , 2 ' - M e t h y l e n e - b i s - ( 4 - h y d r o c a x b y l - 6 - b e n z o t r i a z o l y l - p h e n o l s )  

a r e   k n o w n   l igh t   s t a b i l i z e r s   for   p l a s t i c s ,   and  a  p r o c e s s   fo r   p r e p a r i n g  

t h e m   is  d i s c l o s e d   in  C h e m i c a l   A b s t r a c t s   74  5 3 6 6 6 f   (1971)   a n d  

77  6 2 7 2 0 h   ( 1 9 7 2 ) .  

U . S .   p a t e n t   No.  3 , 9 3 6 , 3 0 5 ,   p a t e n t e d   F e b r u a r y   3,  1 9 7 6 ,  

t o - H i r a i s h i ,   F u t a k i ,   H o r i i   and  Y a m a s h i t a ,   d i s c l o s e s   tha t   c o m p o u n d s  

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

e f f e c t i v e   as  u l t r a v i o l e t   r a y - a b s o r b i n g   a g e n t s ,   e s p e c i a l l y   for  c o l o r  

p h o t o g r a p h i c   p h o t o s e n s i t i v e   m a t e r i a l s :  



w h e r e i n   R1  is  an  a lky l   g r o u p   h a v i n g   1  to  13,  p r e f e r a b l y   5  to  13 

c a r b o n   a t o m s ,   R2  is  an  a l k y l   g r o u p   hav ing   1  to  18  c a r b o n   a t o m s   a n d  

X  is  h y d r o g e n ,   a  h a l o g e n ,   an  a lky l ,   an  a lkoxy ,   an  a r y l o x y ,   a n  

a r a l k y l a x y   or  an  a r y l   g r o u p .  

The   p a t e n t e e s   note   that   h y d r o x y   b e n z o t r i a z o l e   is  known  a s  

an  e x c e l l e n t   u l t r a v i o l e t   r a y - a b s o r b i n g   agen t ,   but   g i v e s   s o l u b i l i t y  

p r o b l e m s ,   c r y s t a l l i z i n g   out  in  the  a m o u n t s   n e e d e d   f o r   a d e q u a t e  

p r o t e c t i o n .   The   a l k y l i d e n e - b i s - b e n z o t r i a z o l y l p h e n o l s   are   m o r e  

s o l u b l e ,   and  in  a d d i t i o n   c a u s e   no  d i s c o l o r a t i o n   and  a r e   not  c o l o r e d  

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

p r o t e c t i v e   co l lo id   c o m p o s i t i o n s .  

C o m b i n a t i o n s   of  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   c o m p o u n d s  

with  b e n z o t r i a z o l e s   have  b e e n   p r o p o s e d .   H o w e v e r ,   c o m b i n a t i o n s  

of  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 s   with  c o n v e n t i o n a l   b e n z o t r i a z o l e s  

do  not  d i s p l a y   s a t i s f a c t o r y   s t a b i l i z i n g   e f f e c t i v e n e s s .  

In  a c c o r d a n c e   with  th is   i nven t ion ,   s t a b i l i z e r   c o m p o s i t i o n s   f o r  

s y n t h e t i c   r e s i n   c o m p o s i t i o n s   a r e   p rov ided ,   i m p r o v i n g   t h e  r e s i s t a n c e   of  

the  r e s i n  t o  d e t e r i o r a t i o n  w h e n  e x p o s e d   t o  u l t r a v i o l e t   l i g h t  

c o m p r i s i n g   a  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   c o m p o u n d   and  a n  

a l k y l i d e n e - b i s - ( b e n z o t r i a z o l y l   phenol )   h a v i n g   the  f o r m u l a :  



w h e r e i n :  

R1  is  h y d r o g e n   or  a lkyl   h a v i n g   f r o m   one  to  abou t   t w e l v e  

c a r b o n   a t o m s ;  

R2  is  a l k y l   h a v i n g   f r o m   one  to  about   t w e l v e   c a r b o n   a t o m s  

or  a r y l a l k y l   h a v i n g   f r o m   s even   to  about   s i x t e e n   c a r b o n   a t o m s ;  

X  is  s e l e c t e d   f r o m   the  g roup  c o n s i s t i n g   of  h y d r o g e n ,   h a l o g e n ,  

a lkyl   h a v i n g   f r o m   one  to  about   twe lve   c a r b o n   a t o m s ,   a r y l   h a v i n g  

f r o m   six  to  ten  c a r b o n   a t o m s ,   a r y l a l k y l   h a v i n g   f r o m   s e v e n   t o  

abou t   s i x t e e n   c a r b o n   a t o m s ,   a lkoxy  h a v i n g   f r o m   one  to  a b o u t  

twe lve   c a r b o n   a t o m s ,   a r y l o x y   h a v i n g   f r o m   six  to  ten  c a r b o n   a t o m s ;  

and  a r y l a l k o x y   h a v i n g   f r o m   s e v e n   to  about   s i x t e e n   c a r b o n   a t o m s ,  

as  wel l   as  s y n t h e t i c   r e s i n   c o m p o s i t i o n s   c o n t a i n i n g   such   s t a b i l i z e r s .  

E x e m p l a r y   a l ky l   r e p r e s e n t e d   by  R1  and  R2 and  X  i n c l u d e  

m e t h y l ,   e thy l ,   p r o p y l ,   i s o p r o p y l ,   b u t y l ,   i s o b u t y l ,   s e c - b u t y l ,  

t - b u t y l ,   a m y l ,   t - a m y l ,   hexyl .   hep ty l ,   oc ty l ,   2 - e t h y l h e x y l ,  

i s o o c t y l ,   1 , 1 , 3 , 3 - t e t r a m e t h y l b u t y l ,   nonyl ,   d e c y l ,   u n d e c y l   a n d  

d o d e c y l .  

E x e m p l a r y   a r y l a l k y l   r e p r e s e n t e d   by  R2 and  X  i n c l u d e  

b e n z y l ,   a - m e t h y l b e n z y l ,   a - e t h y l b e n z y l ,   p - e t h y l b e n z y l ,   c u m y l ,  

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

p h e n h e x y l .  

H a l o g e n   r e p r e s e n t e d   by  X  i n c l u d e   c h l o r i n e ,   b r o m i n e ,  

iodine   and  f l u o r i n e .  

The   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   c o m p o u n d s   of  t h i s  



i n v e n t i o n   a re   k n o w n   c o m p o u n d s   that   have   in  the  m o l e c u l e   t h e  

g r o u p :  

The   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   c o m p o u n d s   a r e  

d i s c l o s e d   in  the  f o l l o w i n g   i l l u s t r a t i v e   p a t e n t s :  

J a p a n e s e   p a t e n t s   Nos .   4 6 - 3 1 7 3 3 ,   4 6 - 3 1 7 3 4 ,   4 6 - 3 1 7 3 5 ,  

4 7 - 1 6 2 8 ,   4 7 - 7 3 8 0 ,   4 7 - 8 5 3 9   and  4 8 - 1 2 4 1 0 ;   J a p a n   koka i   N o s .  

4 6 - 5 0 8 2 ,   4 7 - 5 9 0 ,   4 8 - 9 5 9 8 6 ,   4 9 - 5 3 5 7 0 ,   4 9 - 5 8 0 8 5 ,   4 9 - 6 0 3 3 7 ,  

4 9 - 6 1 2 3 6 ,   4 9 - 6 1 2 3 8 ,   4 9 - 6 3 7 3 8 ,   4 9 - 6 4 6 3 4 ,   4 9 - 7 2 3 3 2 ,   4 9 - 1 2 0 4 9 2 ,  

5 0 - 5 4 3 5 ,   5 0 - 2 6 7 7 9 ,   5 2 - 7 8 8 7 6 ,   5 2 - 8 9 6 7 7 ,   5 2 - 9 1 8 7 5 ,   5 2 - 1 2 5 1 7 5 ,  

5 2 - 1 3 9 0 7 1 ,   5 3 - 6 7 7 4 9 ,   5 3 - 7 1 0 8 2 ,   5 4 - 7 1 1 8 5 ,   5 4 - 1 0 3 8 7 7 ,   5 6 - 3 0 9 8 5 ,  

5 6 - 7 5 4 8 8 ,   5 6 - 1 3 8 1 8 9 ,   5 6 - 1 6 1 3 8 7 ,   5 7 - 2 4 3 9 3 ,   5 7 - 5 8 6 8 1 ,   5 7 - 6 3 3 5 9 ,  

5 7 - 8 0 4 5 3 ,   5 7 - 1 2 1 0 3 4 ,   5 7 - 1 3 7 3 5 8 ,   5 7 - 1 4 6 7 5 5 ,   5 7 - 1 6 7 3 1 6 ,  

5 7 - 1 7 7 0 2 2 ,   5 8 - 5 3 1 9 ,   5 8 - 1 0 5 6 8 ,   5 8 - 3 2 6 4 2 ,   5 8 - 3 2 8 6 4 ,   5 8 - 3 7 0 2 5 ,  

5 8 - 3 8 7 2 0 ,   5 8 - 4 7 0 3 0 5 8 - 5 3 9 3 1 ,   5 8 - 5 7 4 4 4 ,   5 8 - 5 7 4 4 5 ,   5 8 - 6 9 8 7 9 ,  

5 8 - 7 7 8 6 2 ,   5 8 - 9 2 6 6 0 ,   5 8 - 1 0 8 2 3 8 ,   5 8 - 1 2 0 6 4 6 ,   5 8 - 1 5 2 0 5 3 ,   5 8 - 1 5 2 8 8 1 ,  

5 8 - 1 5 4 7 3 9 ,   5 8 - 1 5 9 4 6 0 ,   5 8 - 1 6 8 6 3 4 ,   5 8 - 1 9 4 8 6 2 ,   5 8 - 1 9 4 9 3 1 ,  

5 8 - 2 0 1 7 7 7 ,   5 8 - 2 0 6 5 9 4 ,   5 8 - 2 1 0 0 9 4 ,   5 8 - 2 1 7 5 5 4 ;  

U . S .   P a t e n t s   Nos .   3 , 5 4 2 , 7 2 9 ,   3 , 6 4 0 , 9 2 8 ,   3 , 6 8 4 , 7 6 5 ,  

3 , 7 0 5 , 1 2 6 ,   3 , 8 9 3 , 9 7 2 ,   3 , 9 2 5 , 3 7 6 ,   3 , 9 2 9 , 8 0 4 ,   3 , 9 4 0 , 4 0 1 ,  

3 , 9 9 2 , 3 9 0 ,   3 , 8 9 9 , 4 6 4 ,   3 , 9 8 4 , 3 7 1 ,   3 , 9 7 1 , 7 9 5 ,   3 , 9 5 9 , 2 9 1 ,  

3 , 9 9 3 , 6 5 5 ,   4 , 0 0 7 , 1 5 8 ,   4 , 0 3 8 , 2 8 0 ,   4 , 0 6 1 , 6 1 6 ,   4 , 0 8 6 , 2 0 4 ,  



4 , 0 8 9 , 8 4 1 ,   4 , 0 9 6 , 1 1 4 ,   4 , 1 0 1 , 5 0 8 ,   4 , 1 0 2 , 8 5 8 ,   4 , 1 0 4 , 2 4 8 ,  

4 , 1 0 4 , 2 5 1 ,   4 , 1 0 5 , 6 2 5 ,   4 , 1 0 7 , 1 3 9 ,   4 , 1 0 8 , 8 2 9 ,   4 , 1 1 0 , 3 3 4 ,  

4 , 1 1 5 , 4 7 6 ,   4 , 1 1 6 , 9 2 7 ,   4 , 1 1 8 , 3 6 9 ,   4 , 1 2 8 , 6 0 8 ,   4 , 1 3 6 , 0 8 1 ,  

4 , 1 4 0 , 6 7 3 ,   4 , 1 4 4 , 2 2 4 ,   4 , 1 4 8 , 7 8 4 ,   4 , 1 5 1 , 3 5 6 ,   4 , 1 5 4 , 7 2 2 ,  

4 , 1 6 1 , 5 9 2 ,   4 , 1 6 2 , 2 4 6 ,   4 , 1 6 6 , 8 1 3 ,   4 , 1 7 3 , 5 9 9 ,   4 , 1 7 7 , 1 8 6 ,  

4 , 1 8 5 , 0 0 7 ,   4 , 1 9 7 , 2 3 6 ,   4 , 1 9 8 , 3 3 4 ,   4 , 2 1 0 , 6 1 2 ,   4 , 2 1 9 , 4 6 5 ,  

4 , 2 2 3 , 1 4 7 ,  4 , 2 3 4 , 7 2 8 ,  4 , 2 3 7 , 2 9 7 ,  4 , 2 3 8 , 3 8 8 ,  4 , 2 3 8 , 6 1 3 ,  

4 , 2 7 6 , 4 0 1 ,   4 , 2 7 9 , 8 0 4 ,   4 , 2 8 8 , 5 9 3 ,   4 , 2 8 9 , 6 8 6 ,   4 , 2 9 3 , 4 6 6 ,  

4 , 2 9 3 , 4 6 7 ,   4 , 2 9 3 , 4 6 8 ,   4 , 3 0 8 , 3 6 2 ,   4 , 3 0 9 , 5 4 6 ,   4 , 3 1 1 , 8 2 0 ,  

4 , 3 1 2 , 8 0 4 ,   4 , 3 1 5 , 8 5 9 ,   4 , 3 1 6 , 0 2 5 ,   4 , 3 1 6 , 8 3 ? ,   4 , 3 1 7 , 9 1 1 ,  

4 , 3 2 1 , 3 7 4 ,   4 , 3 2 2 , 5 3 1 ,   4 , 3 2 6 , 0 6 3 ,   4 , 3 3 1 , 5 8 6 ,   4 , 3 3 5 , 2 4 2 ,  

4 , 3 3 6 , 1 8 3 ,   4 , 3 4 0 , 5 3 4 ,   4 , 3 4 8 , 5 2 4 ,   4 , 3 5 1 , 9 1 5 ,   4 , 3 5 6 , 2 7 9 ,  

4 , 3 5 6 , 2 8 7 ,   4 , 3 5 6 , 3 0 7 ,   4 , 3 6 9 , 2 7 4 ,   4 , 3 6 9 , 3 2 1 ,   4 , 3 7 6 , 8 3 6 ,  

4 , 3 7 8 , 4 4 3 ,   4 , 3 9 5 , 5 0 8 ,   4 , 4 0 0 , 5 1 3 ,   4 , 4 0 4 , 3 0 1 ,   4 , 4 0 5 , 7 3 5 ,  

4 , 4 0 8 , 0 5 1 ,   4 , 4 1 2 , 0 2 1 ,   4 , 4 1 3 , 0 7 5 ,   4 , 4 1 3 , 0 7 6 ,   4 , 4 1 3 , 0 9 3  

and  4 , 4 1 3 , 0 9 6 .  

P a r t i c u l a r l y   p r e f e r r e d   c l a s s e s   of  2, 2,  6,  6 - t e t r a m e t h y l  

p i p e r i d y l   c o m p o u n d s   have  the  f o r m u l a e   III,  IV and   V :  



w h e r e i n ;  

R  is  s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   of  h y d r o g e n ;   o x y l ;  

a lky l   h a v i n g   f r o m   one  to  a b o u t  e i g h t e e n   c a r b o n   a t o m s ;   and  a c y l  

h a v i n g   f r o m   one  to  about   e i g h t e e n   c a r b o n   a t o m s ;  

X  i s  

Y  is  - O -   or  N ( R s ) - ;  

R7  is  a lky l   h a v i n g   f r o m   one  to  about   f ive   c a r b o n   a t o m s ;  

R8  is  h y d r o g e n   or  a lky l   h a v i n g   f r o m   one  to  about   e i g h t e e n  

c a r b o n   a t o m s ;  

R1  is  a  r e s i d u e   of  m o n o -   or  p o l y - c a r b o x y l i c   a c i d ;  

n  is  a  n u m b e r   f r o m   1  to  about   6; 

m  is  a  n u m b e r   f r o m   0  to  abou t   5;  a n d  

n+  m  i s   f r o m   1  to  about  6; 

R2  is  -O-R8  or  N ( R 8 ) R 9 ;  

R9  is  a lky l   h a v i n g   f r o m   one  to  about   e i g h t e e n   c a r b o n   a toms ;   a n d  

R8  and  R9  may  be  t aken   t o g e t h e r   to  f o r m   a l k y l e n e   or  a x a d i a l k y l e n  



Rs  is  a l k y l e n e   o r  

R4  is  a l k y l e n e ;  

R5  is  a l k y l e n e ;  

R6  is  a l k y l e n e   or  a r y l e n e ;  

p  is  a  n u m b e r   f r o m   one  to  about   twen ty ;   a n d  

q  is  a  n u m b e r   f r o m   about   2  to  about   20;  p  and  q  

r e p r e s e n t   the  n u m b e r   of  un i t s   in  the  p o l y m e r   m o l e c u l e   of  IV  and  V .  

E x e m p l a r y   and  p r e f e r r e d   a l k y l i d e n e - b i s - ( b e n z o t r i a z o l y l -  

pheno l )   c o m p o u n d s   of  this  i nven t ion   a r e   s h o w n   b e l o w :  

1.  2 , 2 ' - M e t h y l e n e b i s ( 4 - m e t h y l - 6 - b e n z o t r i a z o l y l p h e n o l )  

2.  2 , 2 ' - M e t h y l e n e b i s ( 4 - ( 1 , 1 , 3 , 3 - t e t r a m e t h y l b u t y l ) - 6 -  
b e n z o t r i a z o l y l p h e n o l ) )  

3.  2 , 2 ' - M e t h y l e n e b i s ( 4 - c u m y l - 6 - b e n z o t r i a z o l y l p h e n o l )  

4.  2 , 2 ' - O c t y l i d e n e b i s ( 4 - m e t h y l - ( 5 ' - m e t h y l b e n z o t r i a z o l y l )   p h e n o l )  

5.  2,  2 ' - O c t y l i d e n e b i s ( 4 - m e t h y l - ( 5 ' - c h l o r o b e n z o t r i a z o l y l )   p h e n o l )  



The   a l k y l i d e n e - b i s - b e n z o t r i a z o l y l p h e n o l s   can  be  p r e p a r e d  

b y :  

(1)  r e a c t i n g   a  4 - h y d r o c a r b y l - 6 - b e n z o t r i a z o l y l   p h e n o l  

h a v i n g   the  f o r m u l a   I: 

wi th   an  a m i n e   HNR1R2  and  f o r m a l d e h y d e   in  an  o r g a n i c   s o l v e n t   t o  

p r o d u c e   a  M a n n i c h   b a s e   h a v i n g   f o r m u l a   II :  

a n d  

(2)  r e a c t i n g   the  M a n n i c h   b a s e   wi th   i t s e l f   o r   a  4 - h y d r o c a r b y l -  

6 - b e n z o t r i a z o l y l   p h e n o l   h a v i n g   f o r m u l a  I ,   t h e r e b y   f o r m i n g   a  2 , 2 ' -  

m e t h y l e n e - b i s - ( 4 - h y d r o c a r b y l - 6 - b e n z v b r t a z o l y l - p h e n o l .  

T h e   f o l l o w i n g   E x a m p l e s   r e p r e s e n t   p r e f e r r e d   e m b o d i m e n t s  

of  the  p r o c e s s .  

E x a m p l e   1 

P r e p a t i o n   of  2t  Z ' - m e t h  l e n e - b i s -  4 - m e t h l - 6 - b e n z o t r i a z o l y l - p h e n o l )  

4 - M e t h y l - 6 - b e n z o t r t a z o l y l - p h e n o l   225  g,  d i e t h y l a m i n e   110  g ,  

and  p a r a f o r m a l d e h y d e   51 .8   g  w e r e   d i s s o l v e d   in  250  ml   of  b u t a n o l ,  

and  h e a t e d   with  s t i r r i n g   at  r e f l ux   t e m p e r a t u r e   (95°C  to  105°C)  f o r  



24  h o u r s .   T h e   s o l v e n t   was   v a c u u m   d i s t i l l e d   off,  and  308  g  o f  

2 - d i e t h y  l a m i n o m e t y l - 4 - m e t h y l - 6 - b e n z o t r i a z o l y l - p h e n o l   M a n n i c h  

b a s e   was   o b t a i n e d   as  r e s i d u e .   ( Y i e l d =   9 9 % )  

T h i s   M a u n i c h   b a s e ,   7 . 8   g,  w a s   d i s s o l v e d   in  20  ml   of  x y l e n e ,  

and  s o d i u m   m e t h y l a t e   (28%  m e t h a n o l   s o l u t i o n )   0 .15  g  was   a d d e d .  

T h e   s o l u t i o n   w a s   h e a t e d   with  s t i r r i n g   u n d e r   r e f l u x   at  140°C  to  1 5 0 ° C  

for   10  h o u r s   wh i l e   a  n i t r o g e n   s t r e a m   was   p a s s e d   t h r o u g h   the  r e a c t i o n  

m i x t u r e .   T h e   s o l v e n t   was   v a c u u m   d i s t i l l e d   off,  and  6 .1   g  of  c r u d e  

p r o d u c t   was   o b t a i n e d   as  r e s i d u e .   ( P u r i t y   =  91%;  Y i e l d =   9 6 % )  

The   c r u d e   p r o d u c t   was   r e c r y s t a l l i z e d   f r o m   x y l e n e ,   and  a  

pa le   ye l l ow   p o w d e r ,   2 , 2 ' - m e t h y l e n e - b i s - ( 4 - m e t h y l - 6 - b e n z o t r i a z o l y l -  

p h e n o l   m e l t i n g   at  285°C  was   o b t a i n e d .  

E x a m p l e   2  

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

6 .2   g  of  the  M a n n i c h   b a s e   o b t a i n e d   in  E x a m p l e   1  and  4 - m e t h y l -  

6 - b e n z o t r i a z o l y l - p h e n o l   4 .5   g  w e r e   d i s s o l v e d   in  200  ml   of  x y l e n e ,  

and  s o d i u m   m e t h y l a t e   (28%  m e t n a n o l   s o l u t i o n )   0 .2  g  was   a d d e d .   T h e  

s o l u t i o n   was   h e a t e d   with  s t i r r i n g   u n d e r   r e f l u x   at  1 4 0 - 1 5 0 ° C   f o r  

10  h o u r s   wi th   a  s t r e a m   of  n i t r o g e n .   A f t e r   d i s t i l l i n g   of  the  s o l v e n t ,  

and  r e c r y s t a l l i z i n g   the  r e s i d u e   f r o m   x y l e n e ,   the  d e s i r e d   p r o d u c t  

2 , 2 ' - m e t h y l e n e - b i s - ( 4 - m e t h y l - 6 - b e n z o t r i a z o l y l - p h e n o l )   w a s  

o b t a i n e d   in  95%  y i e l d .  



E x a m p l e s  

P r e p a r a t i o n   of  2 , 2 ' - m e t h y l e n e  b i s - ( 4 - ( 1 ,   1 , 3 , 3 - t e t r a m e t h y l )   b u t y l -  
6 - b e n z o t r i a z o l y l - p h e n o l )  

2 - D t e t h y l a m i n o m e t y l - 4 - ( 1 , 1 , 3 , 3 - t e t r a m e t h y l )   b u t y l - 6 -  

b e n z o t r i a z o l y l - p h e n o l   M a n n i c h   b a s e   w a s   p r e p a r e d   u s i n g   4 - ( 1 , 1 , 3 , 3 -  

t e t r a m e t h y l )   b u t y l - 6 - b e n z o t r t a z o l y l - p h e n o l   by  the  s a m e   p r o c e d u r e  

as  in  E x a m p l e   1.  T h i s   M a n n i c h   b a s e   37  g  and  4 - ( 1 , 1 , 3 , 3 - t e t r a m e t h p l )  

b u t y l - 6 - b e n 2 o t r i a z o l y l - p h e n o l   25  g  w e r e   d i s s o l v e d   in  60  ml   of  x y l e n e ,  

and  s o d i u m   m e t h y l a t e   (28%  m e t h a n o l   s o l u t i o n )   3 . 1   g  was   a d d e d .   T h e  

s o l u t i o n   was   h e a t e d   wi th   s t i r r i n g   u n d e r   r e f l u x   at  140 -150°C   fo r   10  h o u r s  

wi th   a  s t r e a m   of  n i t r o g e n .   A f t e r   d i s t i l l i n g   of  the  s o l v e n t ,   a n d  

r e c r y s t a l l i z i n g   the  r e s i d u e   f r o m   x y l e n e ,   5 5 . 2   g of  the  c r u d e   p r o d u c t  

was   o b t a i n e d .   ( P u r i t y  =   93%;  Y i e l d  =   9 3 % )  

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

whi te   p o w d e r ,   2 , 2 ' - m e t h y l e n e - b i s - 4 - ( 1 , 1 , 3 , 3 - k e t r a m e t h y l )   b u t y l - 6 -  

b e n z o t r i a z o l y l - p h e n o l ,   m e l t i n g   at  200°C  was   o b t a i n e d .  

E x a m p l e  4  

P r e p a r a t i o n   of  2 , 2 ' - m e t h y l e n e - b i s - ( 4 - c u m y l - 6 - b e n z o t r i a z o l y l - p h e n o l l )  

2  D i e t h y l a m i n o m e t h y l - 4 - c u m y l - 6 - b e n z o t r i a z o l y l - p h e n o l )   M a n n i c h  

b a s e   was   p r e p a r e d   u s i n g   4 - c u m y l - 6 - b e n z o t r i a z o l y l - p h e n o l  b y   t h e  

s a m e   p r o c e d u r e   as   in  E x a m p l e   1.  T h i s   M a n n i c h   b a s e   10 .0   g  a n d  

4 - c u m y l - 6 - b e n z o t r t a z o l y l - p h e n o l   6 .6   g  w e r e   d i s s o l v e d   in  60  m l  

of  x y l e n e ,   and  s o d i u m   m e t h y l a t e   (28%  m e t h a n o l   s o l u t i o n )   3 .1   g  

was   a d d e d .   A  w h i t e   c r y s t a l l i n e   p r o d u c t ,   2 , 2 ' - m e t h y l e n e - b i s -  

( 4 - c u m y l - 6 - b e n z o t r i a z o l y l - p h e n o l )   m e l t i n g   at  190°C  was   o b t a i n e d .  

( Y i e l d  =  9 3 % ) .  



E x a m p l e   5 

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

3 1 . 0   g  of  the  M a n n i c h   b a s e   o b t a i n e d   in  E x a m p l e   1  and  m e t h y l  

iodide   30  g  w e r e   d i s s o l v e d   in  100  g  of  e t h a n o l ,   and  h e a t e d   w i t h  

s t t r r i n g   at  r e f l u x   t e m p e r a t u r e   (60°C  to  75°C)  fo r   24  h o u r s .   T h e  

s o l v e n t   was   d i s t i l l e d   off,  and  the  pa le   y e l l o w   c r y s t a l l i n e   p r o d u c t  

( m e t h y l - d i e t h y l - 2 - h y d r o x y - 3 - b e n z o t r l a z o l y l - 5 - m e t h y l b e n z y l a m m o n i u m  

iodlde)   was   o b t a i n e d   by  r e c r y s t a l l i z a t i o n   f r o m   e t h a n o l .  

T h i s   p r o d u c t   9 .0   g  and  s o d i u m   m e t h y l a t e   (28%  m e t h a n o l  

s o l u t t o n )   4 . 0   g  w e r e   d i s s o l v e d   in  40  g  of  b u t c x y  e t h o x y  e t h a n o l ,   a n d  

h e a t e d   with  s t i r r i n g  a t   r e f l ux   t e m p e r a t u r e   (160°C  to  170°C)  f o r  

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

m i x t u r e .   T h e   s o l v e n t   was   v a c u u m   d i s t i l l e d   off,  and  6 .1   g  of  c r u d e  

p r o d u c t   was   o b t a i n e d   as  r e s i d u e .   ( P u r i t y   =  91%;  Y ie ld   =  9 6 % )  

The   c r u d e   p r o d u c t   was   r e c r y s t a l l i z e d   f r o m   x y l e n e   and  t h e  

d e s i r e d   p r o d u c t ,   2 , 2 ' - m e t h y l e n e - b i s - ( 4 - m e t h y l - 6 - b e n z o t r i a z o l y l -  

phenol)   was   o b t a i n e d   in  95%  y i e l d .  



E x e m p l a r 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   c o m p o u n d s   a r e  

shown  b e l o w :  

1.  4 - B e n z o y l a 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  

2.  1 - ( 3 , 5 - D i - 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 o x y e t h y l ) - 4 -  
( 3 , 5 - d i - 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 o l 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  

3.  4 - (β   -3 ' ,   5 ' - D i - t - b u t y l - 4 - h p d r o x y p h e n y l p r o p i o n y l o l 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  

4.  B is (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  

5.  B i s (1 ,   2,  2, 6,  6 - p e n t 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  

6.  Bis (1 ,   2 , 2 , 6 ,   6 - p e n t a m e t h y l - 4 - p i p e r i d y l ) - 2 - b u t y l - 2 - ( 3 ,   5 - d i - t -  
b u t y l - 4 - h y d r o x y b e n z y l )   m a l o n a t e  

7.  B i s ( 1 - a c r y l o y l - 2 , 2 ,   6 , 6 - p e n t a m e t h y l - 4 - p i p e r i d y l ) - 2 - b u t y l - 2 -  
(3,  5 - d i - t - b u t y l - 4 - h y d r o a c y b e n z y l )   m a l o n a t e  

8.  B i s ( 9 - a z a - 8 ,   8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l - 1 , 5 - d i o x a s p i r o  
[ 5 . 5 ] - 3 - u n d e c y l m e t h y l )   m e t h y l i m i n o d i a c e t a t e  

9.  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 - 1 - o x y l )   s e b a c a t e  

10.  T r t 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 )   c i t r a t e  

11.  T r 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 )  n i t r i l o t r i a c e t a t e  

12.  T r 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 )   b u t a n e t r i c a r b o x y l a t e  

13.  T r i s ( 2 , 2 , 6 , 6 - t e t r a x n e t h y l - 4 - p i p e r i d y l )   t r i m e l l i t a t e  

14.  T e t r a ( 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 )   p y r o n i e i l i t a t e  

1 5 .  T e t r a ( 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 ) - 1 , 3 - b i s ( a x n i n o n i e t h y l )  
c y c l o h e x a n e t e t r a a c e t a t e  

16.  T e t r a ( 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 ) - 1 ,   2 , 3 , 4 - b u t a n e t e t r a -  
c a r b o x y l a t e  

17.  T r 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 ) - m o n o ( i s o t r i d e c y l ) - 1 ,   2 , 3 ,  
4 - b u t a n e t e t r a c a r b o x y  l a t e  

18.  T e t r a ( 1 , 2 , 2 ,   6,  6 - p e n t a m e t h y l - 4 - p i p e r i d y l ) - 1 , 2 , 3 , 4 - b u t a n e t e t r a -  
c a r b o x y l a t e  



19.  T r i s ( 1 ,   2 , 2 , 6 , 6 - p e n t a m e t h y l - 4 - p i p e r i d y l ) - m o n o ( i s o t r i d e c y l ) -  
1, 2,  3 , 4 - b u t a n e t e t r a c a r b o x y l a t e  

20.  Bis(1 ,   2 , 2 , 6 ,   6 - p e n t a m e t h y l - 4 - p i p e r i d y l ) - d i ( i s o t r i d e c y l ) - 1 ,   2 ,  
3 ,4  - b u t a n e t e t r a c a r b o x y   l a t e  

21.  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 ) - d i ( i s o t r i d e c y l ) - 1 ,   2 , 3 , 4 -  
b u t a n e t e t r a c a r b o x y l a t e  

22.  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 - 1 - o x y l ) - d i ( i s o t r i d e c y l ) -  
1 , 2 , 3 , 4 - b u t a n e t e t r a c a x b o x y l a t e  

23.  Mono(1 ,   2, 2,  6,  6 - p e n t a x n e t h y l - 4 - p i p e r i d y l ) - m o n o m e t h y l s e b a c a t e  

24.  3 , 9 - B i s ( 1 , 1 - d i m e t h y l - 2 - ( t r 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 -  
o x y c a r b o n y l )   b u t y l c a r b o n y l o x y )  e t h y l ) - 2 ,  4 ,   8 , 1 0 - t e t r a o x a s p i r o  

[ 5 . 5 ]   u n d e c a n e  

25.  3 , 9 - B i s ( 1 , 1 - d i m e t h y l - 2 - ( t r i s ( 1 ,   2 ,2 ,   6,  6 - p e n t a x n e t h y l - 4 -  
p i p e r i d y l - o x y c a r b o n y l )   b u t y l c a r b o n y l o x y )   e t h y l ) - 2 , 4 , 8 , 1 0 -  
t e t r a o x a s p i r o   [ 5 . 5 ]   u n d e c a n e  

26.  2 ,4 ,   6 - T r 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 o x y ) - s - t r i a z i n e  

27.  2 - D i b u t y l a m i n o - 4 ,   6 - b i s ( 9 - a z a - 8 ,  8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l -  
1 , 5 - d i o x a s p i r o [ 5 . 5 ]   - 3 - u n d e c y l m e t h o x y ) - s - t r i a z i n e  

28.  N,  N ' - B i s ( 4 ,   6 - b i s ( 9 - a z a - 8 ,   8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l - 1 ,   5 -  
d i o x a s p i r o   [  5 .5]   - 3 - u n d e c y l m e t h o x y ) - s - t r i a z i n e - 2 - y l ) p i p e r a z i n e  

29.  1 , 5 , 8 , 1 2 - T e t r a k i s ( 4 ,   6 - 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 )  
b u t y l a m i n o ) - 1 ,   3,  5 - t r i a z i n e - 2 - y l )   1 ,5 ,   8 , 1 2 - t e t r a a z a d o d e c a n e  

30.  B i s ( 9 - a z a - 8 ,   8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l - 1 ,   5 - d i o X a s p i r o   [ 5 . 5 ]  
- 3 - u n d e c y l m e t h y l )   c a r b o n a t e   .  

31.  B i s ( 9 - a z a - 8 ,   8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l - 1 ,   5 - d i o x a s p i r o  [  5 . 5 ]  
- 3 - u n d e c y l m e t h y l ) - h y d r o g e n a t e d b i s p h e n o l - A - d i c a r b o n a t e  

32.  Bis(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 ) - p e n t a e r y t h r i t o l - d i p h o s p h i t e  

33.  B i s ( 9 - a z a - 8 ,   8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l - 1 , 5 - d i o x a s p i r o   [ 5 . 5 ]  
- 3 - u n d e c y l m e t h y l ) - p e n t a e r y t h r i t o l - d i p h o s p h i t e  

34.  T e t r a ( 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 ) - b i s p h e n o l - A - d i p h o s p h i t e -  

35.  3 , 5 - D i - t - b u t y l - 4 - h y d r o x y b e n z y l - 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 )   p h o s p h o n a t e  



36.  C o n d e n s a t e   of  1 - ( 2 - h y d r c x x y e t h 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 i n o l   wi th   d i m e t h y l s u c c i n a t e  

37.  C o n d e n s a t e   of  2 - t - o c t y l a m i n o - 4 ,   6 - d i c h l o r o - s - t r i a z i n e   w i t h  
N , N ' - 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 )   h e x a m e t h y l e n e -  
d i a m i n e  

38.  C o n d e n s a t e   of  N,  N'  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 )   w i t h  
h e x a m e t h y  l e n e d i a m i n e / d i b r o m o e t h a n e  

39.  B i s ( 9 - a z a - 8 ,   8 , 1 0 , 1 0 - t e t r a m e t h y l - 3 - e t h y l - 1 ,   5 - d i a x a s p i r o  
[ 5 . 5 ]   - 3 - u n d e c y l m e t h y l )   e t h e r  

40.  3 - G l y c i d y l - 8 - m e t h 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  
[ 4 . 5 ]   d e c a n e - 2 , 4 - d i o n e  

41.  3 - D o d e c y l - 8 - a c e t 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 i r o  
[ 4 . 5 ]   d e c a n e - 2 , 4 - d i o n e  

42.  3 - O c t 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   [ 4 . 5 ]   d e c a n e -  
2 , 4 - d i o n e  

43.  2 , 2 , 4 , 4 - T e t r a m e t h y l - 7 - o x a - 3 ,   2 0 - d i a z a d i s p i r o   ( 5 . 1 . 1 1 . 2 ]  
h e n e i c o s a n e - 2 1 - o n e  

T h e   l ight   s t a b i l i z e r   c o m p o s i t i o n s   of  this   i n v e n t i o n   p r e f e r a b l y  

c o n t a i n   an  a m o u n t   of  each   c o m p o n e n t   ( 2 , 2 , 6 ,   6 - t e t r a m e t h y l   p i p e r i d y l  

c o m p o u n d   and  a l k y l i d e n e - b i s - ( b e n z o t r i a z o l y l p h e n o l ) )  w i t h i n   t h e  

r a n g e   f r o m   about   0 . 001   to  about   5,  p r e f e r a b l y   f r o m   about   0..01  t o  

about   3 , p a r t s   by  w e i g h t   pe r   100  p a r t s   by  w e i g h t   of  p o l y m e r   m a t e r i a l  

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

d e t e r i o r a t i o n   upon  e x p o s u r e   to  u l t r a v i o l e t   l i g h t .  



The  l ight   s t a b i l i z e r   s y s t e m s   of  the  i n v e n t i o n  

can   be  c o m b i n e d   wi th   c o n v e n t i o n a l   hea t   s t a b i l i z e r s  

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

l i g h t   and  h e a t   s t a b i l i z e r   c o m p o s i t i o n s   of  the   i n v e n t i o n .  

The   p h e n o l i c   a n t i o x i d a n t   c o n t a i n s   one   o r   m o r e   p h e n o l i c  

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

c o n t a i n   f r o m   a b o u t   e i gh t   to  abou t   t h r e e   h u n d r e d   c a r b o n   a t o m s .  

In  a d d i t i o n ,   the  p h e n o l i c   n u c l e u s   can  c o n t a i n   an  oxy  or   thio  e t h e r  

g r o u p .  

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

b e c a u s e   of  t h e i r   m o l e c u l a r   w e i g h t ,   have   a  h i g h e r   b o i l i n g   p o i n t ,  

and  t h e r e f o r e   a r e   p r e f e r r e d   b e c a u s e   of  t h e i r   l o w e r   v o l a t i l i t y .  

T h e r e   can   be  one  or  a  p l u r a l i t y   of  a lkyl   g r o u p s   of  one  or   m o r e  

c a r b o n   a t o m s .   T h e   a lky l   g r o u p   or   g r o u p s   i n c l u d i n g   any  a l k y l e n e  

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

c a r b o n   a t o m s .   T h e   l o n g e r   the  a lkyl   or  a l k y l e n e '   c h a i n ,   t h e  

b e t t e r   the  c o m p a t i b i l i t y   wi th   p o l y p r o p y l e n e ,   I n a s m u c h   as  t h e  

p h e n o l i c   c o m p o u n d   t hen   a c q u i r e s   m o r e   of  an  a l i p h a t i c   h y d r o c a r b o n  

c h a r a c t e r ,   and  t h e r e f o r e   t h e r e   is  no  u p p e r   l i m i t   on  the  n u m b e r  

of  a lky l   c a r b o n   a t o m s .   U s u a l l y ,   f r o m   the  s t a n d p o i n t   of  a v a i l -  

a b i l i t y ,   the  c o m p o u n d   wi l l   not  h a v e   m o r e   t h a n   a b o u t   e i g h t e e n  

c a r b o n   a t o m s   in  an  a lky l ,   a l i c y c l i d e n e   and  a l k y l e n e   g r o u p ,   a n d  

a  t o t a l   of  not  o v e r   abou t   f i f ty   c a r b o n   a t o m s .   T h e   c o m p o u n d s   m a y  

h a v e   f r o m   one  to  fou r   a lkyl   r a d i c a l s   p e r   p h e n o l   n u c l e u s .  



T h e   p h e n o l   c o n t a i n s   at  l e a s t   one  and  p r e f e r a b l y   at  l e a s t  

two   p h e n o l i c   h y d r o x y l s ,   the  two  o r   m o r e   h y d r o x y l s   b e i n g   in  t h e  

s a m e   r i n g ,   if  t h e r e   is  only  one .   In  the  c a s e   of  b i c y c l i c   p h e n o l s ,  

the  r i n g s   c a n   be  l i n k e d   by  thio  or   o x y e t h e r   g r o u p s ,   or   b y  

a l k y l e n e ,   a l i c y c l i d e n e   or   a r y l i d e n e   g r o u p s .  

T h e   m o n o c y c l i c   p h e n o l s   w h i c h   can   be  e m p l o y e d   h a v e  

the  s t r u c t u r e :  

R  is  s e l e c t e d   f r o m   the   g r o u p   c o n s i s t i n g   of  h y d r o g e n ;  

h a l o g e n ;   and  o r g a n i c   r a d i c a l s   c o n t a i n i n g   f r o m   one  to  a b o u t  

t h i r t y   c a r b o n   a t o m s ,   such   as  a t k y l ,   a r y l ,   a l k e n y l ,   a l k a r y l ,  

aara lkyl ,   c y c l o a l k e n y l ,   c y c l o a l k y l ,   a l k o x y ,   and  a c y l  

w h e r e   R1.  is  a r y l ,   a lky l   or  c y c l o a l k y l .  

xi  and  x 2  a r e   i n t e g e r s   f r o m   one  to  f o u r ,   and  the  s u m   o f  

x1  a n d  x 2  d o e s   not  e x c e e d   s i x .  

The   p o l y c y c l i c   p h e n o l   p h e n o l   is  one  h a v i n g   at  l e a s t   t w o  

a r o m a t i c   n u c l e i   l i n k e d   by  a  p o l y v a l e n t   l i nk ing   r a d i c a l ,   a s  

d e f i n e d   by  the   f o r m u l a :  

w h e r e i n  

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

g r o u p   c o n s i s t i n g   of  o x y g e n ;   c a r b o n y l ;   s u l f u r ;   s u l f i n y l ;   a r o m a t i c ,  



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

c a r b o n ,   t h i o h y d r o c a r b o n   and  h e t e r o c y c l i c   g r o u p s .   The   l i n k i n g  

g r o u p   can   h a v e   f r o m   one  up  to  t w e n t y   c a r b o n   a t o m s .  

Ar   is  a  p h e n o l i c   n u c l e u s   w h i c h   c a n   be   a  p h e n y l   or   a  

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

e a c h   Ar   g r o u p   c o n t a i n s   at  l e a s t   one  f r e e   p h e n o l i c   h y d r o x y l   g r o u p  

up  to  a  t o t a l   of  f ive .   T h e   Ar   r i n g s   can   a l s o   i n c l u d e   a d d i t i o n a l  

r i n g s   c o n n e c t e d   by  a d d i t i o n a l   l i n k i n g   n u c l e i   of  the   type   Y,  f o r  

e x a m p l e ,   A r - Y - A r - Y - A r .  

ml  and  m2  a r e   n u m b e r s   f r o m   one  to  f i ve ,   and  n1  a n d  n 2  

a r e   n u m b e r s   of  one  or   g r e a t e r ,   and  p r e f e r a b l y   f r o m   one  to  f o u r .  

T h e   a r o m a t i c   n u c l e u s   Ar   can ,   in  a d d i t i o n   to  p h e n o l i c  

h y d r o x y l   g r o u p s ,   i n c l u d e   one  or   m o r e   i n e r t   s u b s t i t u e n t s .  

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

a t o m s ,   e . g . ,   c h l o r i n e ,   b r o m i n e   and  f l u o r i n e ;   o r g a n i c   r a d i c a l s  

c o n t a i n i n g   f r o m   one  to  a b o u t   t h i r t y   c a r b o n   a t o m s ,   such  a s   a l k y l ,  

a r y l ,   a l k a r y l ,   a r a l k y l ,   c y c l o a l k e n y l ,   c y c l o a l k y l ,   a l k o x y ,  

a r y l o x y   and  a c y l o x y  w h e r e   R'  is  a r y l ,   a lky l   o r   c y c l o -  

a l k y l ,   or  t h i o h y d r o c a r b o n   g r o u p s   h a v i n g   f r o m   one  to  abou t   t h i r t y  

c a r b o n   a t o m s ,   and  c a r b o x y l  g r o u p s .   U s u a l l y ,   h o w e v e r ,  

e a c h   a r o m a t i c   n u c l e u s   wil l   not  h a v e   m o r e   t h a n   abou t   e i g h t e e n  

c a r b o n   a t o m s   in  any  h y d r o c a r b o n   s u b s t i t u e n t   g r o u p .   The  A r  

g r o u p   can  have   f r o m   one  to  f o u r   s u b s t i t u e n t   g r o u p s   p e r   n u c l e u s .  



T y p i c a l   a r o m a t i c   n u c l e i   i n c l u d e   p h e n y l ,   n a p h t h y l ,  

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

and   f l u o r o e n y l   g r o u p s .  

W h e n   Ar  is  a  b e n z e n e   n u c l e u s ,   the  p o l y h y d r i c   p o l y c y c l i c -  

p h e n o l   h a s   the  s t r u c t u r e :  

w h e r e i n  

R 1 ,   R2  and  R 3  a r e   i n e r t   s u b s t i t u e n t   g r o u p s   as   d e s c r i b e d  

in  t he   p r e v i o u s   p a r a g r a p h ;  

m1  a n d  m s   a r e   i n t e g e r s   f r o m   one  to  a  m a x i m u m   of  f i v e ;  

m2  is  an  i n t e g e r   f r o m   one  to  a  m a x i m u m   of  f o u r ;  

x1  and x3  a r e   i n t e g e r s   f r o m   z e r o   to  f o u r ,   a n d  

x2  is  an  i n t e g e r   f r o m   z e r o   to  t h r e e ;  

y1  is  an  i n t e g e r   f r o m   z e r o   to  abou t   s ix   a n d  

y2  is  an  i n t e g e r   f r o m   one  to  f ive ,   p r e f e r a b l y   one  o r   t w o .  

P r e f e r a b l y ,   the   h y d r o x y l   g r o u p s   a r e   l o c a t e d   o r t h o  

a n d / o r   p a r a   to  Y .  

E x e m p l a r y   Y  g r o u p s   a r e   a l k y l e n e ,   a l k y l i d e n e ,   a n d  

a l k e n y l e n e ; a r y l e n e ,   a l ky l   a r y l e n e ,   a r y l a l k y l e n e ;   c y c l o a l k y l e n e ,  

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



t e t r a h y d r o f u r a n e s ,   e s t e r s   and  t r i a z i n o   g r o u p s .   The   Y  g r o u p s  

a r e   u s u a l l y   bi,   t r i ,   or  t e t r a v a l e n t ,   c o n n e c t i n g   two ,   t h r e e   o r  

f o u r   Ar   g r o u p s .   H o w e v e r ,   h i g h e r   v a l e n c y   Y  g r o u p s   c o n n e c t i n g  

m o r e   t h a n   f o u r   Ar  g r o u p s ,   c a n   a l so   be  u s e d .   A c c o r d i n g   t o  

t h e t r   c o n s t i t u t i o n ,   the   Y  g r o u p s   can   be  a s s i g n e d   to  s u b g e n e r a  

as   f o l l o w s :  

1)  Y  g r o u p s   w h e r e   at  l e a s t   one  c a r b o n   in  a  c h a i n   o r  

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



2)  Y  g r o u p s   w h e r e   only   a t o m s   o t h e r   t han   c a r b o n   l i n k  

t h e   a r o m a t i c   r i n g s ,   such   a s  

w h e r e   x  is  a  n u m b e r   f r o m  

one  to  t e n ;  

3)  Y  g r o u p s   m a d e   up  of  m o r e   t han   a  s i n g l e   a t o m  

i n c l u d i n g   bo th   c a r b o n   and  o t h e r   a t o m s   l i nk ing   the  a r o m a t i c  

n u c l e i ,   s u c h  a s :  



A l t h o u g h   the  r e l a t i o n   of  e f f e c t i v e n e s s   to  c h e m i c a l  

s t r u c t u r e   is  i n s u f f i c i e n t l y   u n d e r s t o o d ,   m a n y   of  the  m o s t   e f f e c t i v e  

p h e n o l s   h a v e   Y  g r o u p s   of  s u b g e n u s   1),  and  a c c o r d i n g l y   th i s   i s  

p r e f e r r e d .   S o m e   of  t h e s e   p h e n o l s   can   be  p r e p a r e d   by  t h e  

a l k y l a t i o n   of  p h e n o l s   or  a lky l   p h e n o l s   with  p o l y u n s a t u r a t e d  

h y d r o c a r b o n s   such   as  d i c y c l o p e n t a d i e n e   or   b u t a d i e n e .  

=  R e p r e s e n t a t i v e   p h e n o l s   i n c l u d e   g u a i a c o l ,   r e s o r c i n o l  

m o n o a c e t a t e ,   v a n i l l i n ,   b u t y l   s a l i c y l a t e ,   2 , 6 - d i - t e r t - b u t y l - 4 -  

m e t h y l   p h e n o l ,   2 - t e r t - b u t y l - 4 - m e t h o x y   p h e n o l ,   2 , 4 - d i n o n y l  

p h e n o l ,   2 ,  3,  4,   5 - t e t r a d e c y l   p h e n o l ,   t e t r a h y d r o - a - n a p h t h o l ,  

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

p - x y l e n o l s ,   the  c a r v e n o l s ,   s y m m e t r i c a l   x y l e n o l ,   t h y m o l ,   oT,  m -  

and  p - n o n y l p h e n o l ,   o- ,   m-   and  p - d o d e c y l - p h e n o l ,   and  o - ,   m -  

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

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

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

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

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

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



s t e a r y l - ( 3 ,   5 - d i - m e t h y l - 4 - h y d r o x y - b e n z y l )   t h i o g l y c o l a t e ,  

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

3 , 5 - d i - t - b u t y l - 4 - h y d r o x y b e n z y l p h o s p h o n a t e ,   and   d i s t e a r y l  

( 4 - h y d r o x y - 3 - m e t h y l - 5 - t - b u t y l )   b e n z y l m a l o n a t e .  

E x e m p l a r y   p o l y h y d r i c   p h e n o l s   a r e   o r c i n o l ,   p r o p y l  

g a l l a t e ,   c a t e c h o l ,   r e s o r c i n o l ,   4 - o c t y l - r e s o r c i n o l ,   4 - d o d e c y l -  

r e s o r c i n o l ,   4 - o c t a d e c y l - c a t e c h o l ,   4 - i s o o c t y l - p h l o r o g l u c i n o l ,  

p y r o g a l l o l ,   h e x a h y d r o x y b e n z e n e ,   4 - i s o h e x y l c a t e c h o l ,   2 , 6 - d i -  

t e r t i a r y - b u t y l - r e s o r c i n o l ,   2 , 6 - d i - i s o p r o p y l - p h l o r o g l u c i n o l .  

E x e m p l a r y   p o l y h y d r i c   p o l y c y c l i c   p h e n o l s   a r e   m e t h y l e n e  

b i s - ( 2 , 6 - d i - t e r t i a r y - b u t y l - p h e n o l ) ,   2 , 2 - b i s - ( 4 - h y d r o x y  p h e n y l ) -  

p r o p a n e ,   m e t h y l e n e - b i s - ( p - c r e s o l ) ,   4 , 4 ' - b e n z y l i d e n e  b i s  

( 2 - t e r t l a r y - b u t y l - 5 - m e t h y l - p h e n o l ) ,   4 , 4 ' - c y c l o - h e x y l i d e n e  

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

( 1 ' - m e t h y l - c y c l o h e x y l ) - p h e n o l ) ,   2 , 6 - b i s - ( 2 ' - h y d r o x y - 3 ' - t e r t i a r y -  

b u t y l - 5 ' - m e t h y l b e n z y l ) - 4 - m e t h y l p h e n o l ,   4 , 4 ' - b i s - ( 2 - t e r t i a r y -  

b u t y l - 5 - m e t h y l - p h e n o l ) ,   2 , 2 ' - b i s - ( 4 - h y d r o x y - p h e n y l )   b u t a n e ,  

e t h y l e n e   b i s - ( p - c r e s o l ) ,   4 , 4 ' - o x o b i s - p h e n o l ,   4 , 4 ' - o x o b i s -  

( 3 - m e t h y l - 5 - i s o p r o p y l - p h e n o l ) ,   4 , 4 ' - o x o b i s - ( 3 - m e t h y l - p h e n o l ) ,  

2 , 2 ' - o x o b i s - ( 4 - d o d e c y l - p h e n o l ) ,   2 , 2 ' - o x o b i s - ( 4 - m e t h y l - 5 -  

t e r t i a r y - b u t y l - p h e n o l ) ,   4 , 4 ' - t h i o - b i s - p h e n o l ;   4 , 4 ' - t h i o - b i s -  

( 3 - m e t h y l - 6 - t e r t i a r y - b u t y l - p h e n o l ) ,   2 , 2 ' - t h i o - b i s - ( 4 - m e t h y l - 6 -  

t e r t i a r y - b u t y l - p h e n o l ) ,   4 , 4 ' - n - b u t y l i d e n e - ( 2 - t - b u t y l - 5 - m e t h y l -  



p h e n o l ) ,   2 , 2 ' - m e t h y l e n e - b i s - ( 4 - m e t h y l - 6 - ( 1 ' - m e t h y l - c y c l o h e x y l ) -  

p h e n o l ) ,   4 , 4 ' - c y c l o h e x y l e n e  b i s - ( 2 - t e r t i a r y - b u t y l - p h e n o l ) ,   2 , 6 -  

b i s - ( 2 ' - h y d r o x y - 3 ' - t - b u t y l - 5 ' - m e t h y l - b e n z y l ) - 4 - m e t h y l - p h e n o l ,  

4 , 4 ' - o x o b i s   ( n a p h t h a l e n e - 1 , 5 - d i o l ) ,   1 , 3 ' - b i s - ( n a p h t h a l e n e - 2 , 5 -  

d i o l )   p r o p a n e ,   and  2 , 2 ' - b u t y l e n e  b i s - ( n a p h t h a l e n e - 2 , 7 - d i o l ) ,  

( 3 - m e t h y l - 5 - t e r t - b u t y l - 4 - h y d r o x y p h e n y l ) - 4 ' - h y d r o x y - p h e n y l )  

p r o p a n e ,   2 , 2 ' - m e t h y l e n e - b i s - ( 4 - m e t h y l - 5 - i s o p r o p y l p h e n o l ) ,  

2 , 2 ' - m e t h y l e n e - b i s - ( 4 - m e t h y l - 5 - i s o p r o p y l p h e n o l ) ,   2 , 2 ' -  

m e t h y l e n e - b i s - ( 5 - t e r t - b u t y l - 4 - c h l o r o p h e n o l ) ,   ( 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 ) - ( 4 ' - h y d r o x y p h e n y l )   e t h a n e ,   ( 2 - h y d r o x y - p h e n y l ) -  

(3' ,   5 ' - d i - t e r t - b u t y l - 4 '   4 - h y d r o x y p h e n y l )   e t h a n e ,   2 , 2 ' - m e t h y l e n e -  

b i s - ( 4 - o c t y l p h e n o l ) ,   4 , 4 ' - p r o p y l e n e - b i s - ( 2 - t e r t - b u t y l - p h e n o l ) ,  

2 , 2 ' - i s o b u t y l e n e - b i s - ( 4 - n o n y l p h e n o l ) ,   2 , 4 - b i s - ( 4 - h y d r o x y - 3 - t -  

b u t y l - p h e n o x y ) - 6 - ( n - o c t y l t h i o ) - 1 , 3 , 5 - t r i a z i n e ,   2 , 4 , 6 - t r i s -  

( 4 - h y d r o x y - 3 - t - b u t y l - p h e n o x y ) - 1 , 3 , 5 - t r i a z i n e ,   2 , 2 ' - b i s - ( 3 - t -  

b u t y l - 4 - h y d r o x y p h e n y l )   t h i a z o l o - ( 5 , 4 - d )   t h i a z o l e ,   2 , 2 ' - b i s -  

( 3 - m e t h y l - 5 - t - b u t y l - 4 - h y d r o x s r p h e n y l )   t h i a z o l o - ( 5 , 4 - d ) - t h i a z o l e ,  

4 , 4 ' - b i s - ( 4 - h y d r o x y p h e n y l )   p e n t a n o i c   acid   o c t a d e c y l   e s t e r ,  

c y c l o p e n t y l e n e - 4 ,   4 ' - b i s - p h e n o l ,   2 - e t h y l b u t y l e n e - 4 , 4 ' - b i s p h e n o l ,  

4 , 4 ' - c y c l o o c t y l e n e - b i s - ( 2 - c y c l o h e x y l p h e n o l ) ,   β , β - t h i o d i e t h a n o l -  

b i s - ( 3 - t e r t - b u t y l - 4 - h y d r o x y p h e n o x y   a c e t a t e ) ,   1 , 4 - b u t a n e d i o -  

b i s - ( 3 - t e r t - b u t y l - 4 - h y d r o x y p h e n o x y   a c e t a t e ) ,   p e n t a e r y t h r i t o l  

t e t r a -   ( 4 - h y d r o x y p h e n o l   p r o p i o n a t e ) ,   2 , 4 , 4 ' - t r i - h y d r o x y  



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

s u l f i d e ,   b i s - ( 2 - t e r t - b u t y l - 4 - h y d r o x y - 5 - m e t h y l p h e n y l )   s u l f i d e ,  

b i s - ( 2 - t e r t - b u t y l - 4 - h y d r o x y - 5 - m e t h y l p h e n y l   ) s u l f o x i d e ,  

b i s - ( 3 - e t h y l - 5 - t e r t - b u t y l - 4 - h y d r o x y b e n z y l )   s u l f i d e ,   b i s - ( 2 -  

h y d r o x y - 4 - m e t h y l - 6 - t e r t - b u t y l - p h e n y l )   s u l f i d e ,   4 , 4 ' - b i s - ( 4 -  

h y d r o x y p h e n o l )   p e n t a n o i c   ac id   o c t a d e c y l   t h i o p r o p i o n a t e   e s t e r ,  

1 , 1 ,  3 - t r i s - ( 2 ' - m e t h y l - 4 - h y d r o x y - 5 ' - t e r t - b u t y l p h e n y l )   b u t a n e ,  

1 , 1 , 3 - t r i s - ( 1 - m e t h y l - 3 - h y d r o x y - 4 - t e r t - b u t y l p h e n y l )   b u t a n e ,  

1 , 8 - b l s - ( 2 - h y d r o x y - 5 - m e t h y l b e n z o y l - n - o c t a n e ,   2 , 2 ' - e t h y l e n e -  

b i s - [ 4 ' - ( 3 - t e r t - b u t y l - 4 - h y d r o x y p h e n y l ) - t h i a z o l e ] ,   1 - m e t h y l - 3 -  

( 3 - m e t h y l - 5 - t e r t - b u t y l - 4 - h y d r o x y b e n z y l ) - n a p h t h a l e n e ,   2 , 2 ' -  

( 2 - b u t e n e ) - f i s - ( 4 - m e t h o x y - 6 - t e r t - b u t y l p h e n o l ) - b i s - [ 3 , 3 - b i s -  

( 4 - h y d r o x y - 3 - t - b u t y l p h e n y l )   b u t y r i c   a c i d ]   g l y c o l   e s t e r ,   4 , 4 ' -  

b i t y l i d e n e - b i s - ( 6 - t - b u t y l - m - c r e s o l ) ,   1 , 1 , 3 - t r i s - ( 2 - m e t h y l - 4 -  

h p d r o a y - 5 - t - b u t y l p h e n y l )   b u t a n e ,   1 , 3 , 5 - t r i s - ( 3 , 5 - d i - t - b u t y l - 4 -  

h y d r o x y b e n z y l ) - 2 ,  4 , 6 - t r i m e t h y l b e n z e n e ,   t e t r a k l s   [ m e t h y l e n e - 3  

( 3 , 5 - d i - 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 l   m e t h a n e ,   1 , 3 , 5 -  

t r i s - ( 3 , 5 - d i - t - b u t y l - 4 - h y d r o x y b e n z y l )   i s o c y a n u r a t e ,   1 , 3 , 5 - t r i s -  

( 3 , 5 - d i - 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 - o x y e t h y l   i s o c y a n u r -  

a te ,   2 - o c t y l t h i o - 4 , 6 - d i - ( 4 - h y d r o x p - 3 , 5 - d i - t - b u t y l )   p h e n o x y -  

1 , 3 , 5 - t r i a z i n e ,   4 , 4 ' - t h i o b i s - ( 6 - t - b u t y l - m - c r e s o l )   and  p e n t a -  

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



A  p a r t i c u l a r l y   d e s i r a b l e   c l a s s   of  p o l y h y d r i c   p o l y c y c l i c  

p h e n o l s   a r e   the  d i c y c l o p e n t a d i e n e   p o l y p h e n o l s ,   w h i c h   a re   of  t h e  

t y p e :  

in  w h i c h  

R1  and  R2  a r e   l o w e r   a l k y l ,   and  c an   be  the   s a m e   o r  

d i f f e r e n t ,   a n d  

n  is  the  n u m b e r   of  t he   g r o u p s   e n c l o s e d   by  the  b r a c k e t s ,  

and  is  u s u a l l y   f r o m   1  to  a b o u t   5.  T h e s e   a r e   d e s c r i b e d   in  U . S .  

p a t e n t   No.  3 , 5 6 7 , 6 8 3 ,   d a t e d   M a r c h   2,  1971  to  S p a c h t .   A  c o m -  

m e r c i a l l y   a v a i l a b l e   m e m b e r   of  t h i s   c l a s s   is  W i n g s t a y   L,  e x e m -  

p l i f i e d   by  d i c y c l o p e n t a d i e n e   t r i - ( 2 - t e r t - b u t y l - 4 - m e t h y l - p h e n o l )  

of  the   f o r m u l a :  

The   p o l y h y d r i c   p o l y c y c l i c   p h e n o l s   u s e d   in  the  i n v e n t i o n  

can   a l so   be  c o n d e n s a t i o n   p r o d u c t s   of  p h e n o l s   or  a l k y l p h e n o l s  

wi th   h y d r o c a r b o n s   h a v i n g   a  b i c y c l i c   r i n g   s t r u c t u r e   and  a  d o u b l e  

bond   or  two  or  m o r e   d o u b l e   b o n d s ,   such   as  a - p i n e n e ,   β - p i n e n e ,  



d i p e n t e n e ,   l i m o n e n e ,   v i n y l c y c l o h e x e n e ,   d i c y c l o p e n t a d i e n e ,  

a l l o - o c i m e n e ,   i s o p r e n e   and  b u t a d i e n e .   T h e s e   c o n d e n s a t i o n  

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

of  m o r e   or   l e s s   c o m p l e x   m i x t u r e s   of  m o n o m e r i c   and  p o l y m e r i c  

c o m p o u n d s .   H o w e v e r ,   it  is  u s u a l l y   not  n e c e s s a r y   to  i s o l a t e  

the  i n d i v i d u a l   c o n s t i t u e n t s .   The   e n t i r e   r e a c t i o n   p r o d u c t ,  

m e r e l y   f r e e d   f r o m   the  a c i d i c   c o n d e n s a t i o n   c a t a l y s t   and  u n -  

c h a n g e d   s t a r t i n g   m a t e r i a l ,   can   be  u s e d   wi th   e x c e l l e n t   r e s u l t s .  

Whi l e   the  e x a c t   s t r u c t u r e   of  t h e s e   p h e n o l i c   c o n d e n s a t i o n  

p r o d u c t s   is  u n c e r t a i n ,   the  Y  g r o u p s   l i n k i n g   the   p h e n o l i c   n u c l e i  

all   fa l l   into  the   p r e f e r r e d   s u b g e n u s   1.  F o r   m e t h o d   of  p r e p a r a -  

t i o n ,   see   e . g . ,   U. S.  p a t e n t   N o .  3 , 1 2 4 , 5 5 5 ,   U.  S.-  p a t e n t   N o .  

3 , 2 4 2 , 1 3 5 ,   and  B r i t i s h   p a t e n t   No.  9 6 1 , 5 0 4 .  

In  a d d i t i o n ,   the  s t a b i l i z e r   c o m p o s i t i o n s   of  the  i n v e n t i o n  

can  i n c l u d e   o t h e r   s t a b i l i z e r s   c o n v e n t i o n a l l y   u s e d   as  h e a t   a n d / o r  

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

s a l t s   of  o r g a n i c   a c i d s ,   o r g a n i e - t r i p h o s p h i t e s   and  ac id   p h o s p h i t e s .  

W h e n   the   s t a b i l i z e r   c o m p o s i t i o n   is  u s e d   in  c o n j u n c t i o n  

wi th   a  p o l y v a l e n t   m e t a l   sa l t   of  an  o r g a n i c   a c id ,   the   o r g a n i c  

ac id   wil l   o r d i n a r i l y   have   f r o m   abou t   s ix   to  abou t   t w e n t y - f o u r  

c a r b o n   a t o m s .   T h e   p o l y v a l e n t   m e t a l   can   be  any  m e t a l   o f  

G r o u p   n  of  the   P e r i o d i c   T a b l e ,   such   as  z i n c ,   c a l c i u m ,   c a d m i u m ,  

b a r i u m ,   m a g n e s i u m   and  s t r o n t i u m .   The   a lka l i   m e t a l   s a l t s   a n d  



h e a v y   m e t a l   s a l t s   such   as  l e a d   s a l t s   a r e   u n s a t i s f a c t o r y .   T h e  

ac id   c an   be  any  o r g a n i c   n o n - n i t r o g e n o u s   m o n o c a r b o x y l i c   a c i d  

h a v i n g   f r o m   six  to  t w e n t y - f o u r   c a r b o n   a t o m s .   The   a l i p h a t i c ,  

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

a c i d s   a r e   o p e r a b l e   as  a  c l a s s .   By  the  t e r m   " a l i p h a t i c   a c i d "  

is  m e a n t   any  open  cha in   c a r b o x y l i c   ac id ,   s u b s t i t u t e d ,   if  d e s i r e d ,  

wi th   n o n r e a c t i v e   g r o u p s ,   such   as  h a l o g e n ,   s u l f u r   and  h y d r o x y l .  

By  the  t e r m   " a l i c y c l i c "   It  wi l l   be  u n d e r s t o o d   t h a t   t h e r e   i s  

i n t e n d e d   any  c y c l i c   ac id   in  wh ich   the   r i n g   is  n o n a r o m a t i c   a n d  

c o m p o s e d   s o l e l y   of  c a r b o n   a t o m s ,   and  such   a c i d s   may   if  d e s i r e d  

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

a lky l   r a d i c a l s ,   a l k e n y l   r a d i c a l s   and  o t h e r   c a r b o c y c l i c   r i n g  

s t r u c t u r e s   c o n d e n s e d   t h e r e w i t h .   T h e   o x y g e n - c o n t a i n i n g   h e t e r o -  

c y c l i c   c o m p o u n d s   can  be  a r o m a t i c   or   n o n a r o m a t i c   and  c a n  

i n c l u d e   o x y g e n   and  c a r b o n   in  the  r i n g   s t r u c t u r e ,   such   as  a l k y l -  

s u b s t i t u t e d   f u r o i c   ac id .   The   a r o m a t i c   a c i d s   l i k e w i s e   can   h a v e  

n o n r e a c t i v e   r i n g   s u b s t i t u e n t s   such   as  h a l o g e n ,   a lky l   and  a l k e n y l  

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

w i t h .  

As  e x e m p l a r y   of  the   a c i d s   w h i c h   can  be  u s e d   in  t h e  

f o r m   of  t h e i r   m e t a l   s a l t s   t h e r e   can   be  m e n t i o n e d   the  f o l l o w i n g :  

h e x o i c   a c i d ,   2 - e t h y l h e x o i c   ac id ,   n - o c t o i c   ac id ,   i s o o c t o i c   a c i d ,  

c a p r i c   a c id ,   u n d e c y l i c   a c id ,   l a u r i c   ac id ,   m y r i s t i c   a c i d ,  



p a l m i t i c   a c id ,   m a r g a r i c   ac id ,   s t e a r i c   ac id ,   o l e i c   a c i d ,  

r i c i n o l e i c   ac id ,   b e h e n i c   ac id ,   c h l o r o c a p r o i c   a c i d ,   h y d r o x y  

c a p r i c   a c i d ,   b e n z o i c   ac id ,   p h e n y l a c e t i c   ac id ,   b u t y l   b e n z o i c   a c i d ,  

e thy l   b e n z o i c   ac id ,   p r o p y l   b e n z o i c   a c id ,   h e x y l   b e n z o i c   a c i d ,  

s a l i c y l i c   a c id ,   n a p h t h o i c   a c id ,   1 - n a p h t h a l e n e   a c e t i c   a c i d ,  

o r t h o b e n z o y l   b e n z o i c   ac id ,   n a p h t h e n i c   a c i d s   d e r i v e d   f r o m  

p e t r o l e u m ,   a b i e t i c   ac id ,   d i h y d r o a b i e t i c   ac id ,   h e x a h y d r o b e n z o i c  

ac id ,   and  m e t h y l   f u r o i c   a c i d .  

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

a r e   not  l e a c h e d   out  w h e n   the   p l a s t i c   is  in  c o n t a c t   w i th   w a t e r .  

W h e r e   t h e s e   s a l t s   a r e   not  known,   t hey   a r e   m a d e   by  the   u s u a l  

t y p e s   o f  r e a c t i o n s ,   such   as  by  m i x i n g   the   a c i d ,   o r   a n h y d r i d e  

wi th   the   c o r r e s p o n d i n g   ox ide   or  h y d r o x i d e   of  t he   m e t a l   in  a  

l i qu id   s o l v e n t ,   and  h e a t i n g ,   if  n e c e s s a r y ,   un t i l   s a l t   f o r m a t i o n  

is  c o m p l e t e .  

A  v a r i e t y   of  o r g a n i c   t r i p h o s p h i t e s   and  a c i d   p h o s p h i t e s  

can   be  e m p l o y e d ,   of  wh ich   the  f o l l o w i n g   a r e  e x e m p l a r y .  

The   o r g a n i c   t r i p h o s p h i t e   can   be  any  o r g a n i c   p h o s p h i t e  

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

t h r o u g h   o x y g e n .   The  ac id   p h o s p h i t e   can   be  any  o r g a n i c  

p h o s p h i t e   h a v i n g   one  or  two  o r g a n i c   r a d i c a l s   a t t a c h e d   t o  

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



r a d i c a l s ,   in  the  c a s e   of  the  t r i p h o s p h i t e s ,   d i p h o s p h i t e s   a n d  

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

The  o r g a n i c   t r i p h o s p h i t e s   In  w h i c h   the   r a d i c a l s   a r e  

m o n o v a l e n t   r a d i c a l s   can   be  d e f i n e d   by  the  f o r m u l a :  

in  w h i c h  

R1,  R2  and  R 3  a r e   s e l e c t e d   f r o m   the   g r o u p   c o n s i s t i n g   o f  

a l k y l ,   a l k e n y l ,   a r y l ,   a l k a r y l ,   a r a l k y l ,   and  c y c l o a l k y l   g r o u p s  

h a v i n g   f r o m   one  to  a b o u t   t h i r t y   c a r b o n   a t o m s .  

T h e   ac id   p h o s p h i t e s   a r e   d e f i n e d   by  the   s a m e   f o r m u l a ,  

but  one  or  two  of  R1,  R2  and  R3 is  h y d r o g e n   o r   a  c a t i o n   of  a  

m e t a l   or  a m m o n i u m .  

Al so   i n c l u d e d   a r e   the  o r g a n i c   t r i p h o s p h i t e s   h a v i n g   a  

b i v a l e n t   o r g a n i c   r a d i c a l   f o r m i n g   a  h e t e r o c y c l i c   r i n g   wi th   t h e  

p h o s p h o r u s   of  the   t y p e :  

in  w h i c h  

R4  is  a  b i v a l e n t   o r g a n i c   r a d i c a l   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of  a l k y l e n e ,   a r y l e n e ,   a r a l k y l e n e ,   a l k a r y l e n e  

and  c y c l o a l k y l e n e   r a d i c a l s   h a v i n g   f r o m   two  to  a b o u t   t h i r t y  



c a r b o n   a t o m s ,   and  R6  is  a  m o n o v a l e n t   o r g a n i c   r a d i c a l   as  d e f i n e d  

above   in  the  c a s e   of  R1,  R2 and  R3; 

R5 is   h y d r o g e n   or  a  c a t i o n ,   in  the  c a s e   of  the  a c i d  

p h o s p h i t e s .  

A l so   u s e f u l   o r g a n i c   t r i p h o s p h i t e s   a r e   m i x e d   h e t e r o -  

c y c l i c - o p e n   c h a i n   p h o s p h i t e s   of  the  t y p e :  

M o r e   c o m p l e x   t r i p h o s p h i t e s   a r e   f o r m e d   f r o m   t r i v a l e n t  

o r g a n i c   r a d i c a l s ,   of  the  t y p e :  

in  w h i c h  

R6  is  a  t r i v a l e n t   o r g a n i c   r a d i c a l   of  any  of  the  t y p e s   o f  

R1  to  R5,  i n c l u s i v e ,   as   d e f i n e d   a b o v e .  

A  p a r t i c u l a r l y   u s e f u l  c l a s s   of  c o m p l e x   t r i p h o s p h i t e s  

a r e   the   t e t r a o x a d i p h o s p h a s p i r o   u n d e c a n e s   of  the  f o r m u l a :  

w h e r e  

R1  and  R2  a r e   s e l e c t e d   f r o m   the   g r o u p   c o n s i s t i n g   o f  

a r y l ,   a lkyl ,   a r y l o x y e t h y l ,   a l k y l o x y e t h y l ,   a r y l o x y e t h o x y e t h y l ,  



a l k y l o x y e t h o x y e t h y l   and  a l k y l o x y p o l y e t h o x y e t h y l   h a v i n g   f r o m  

a b o u t   1  to  a b o u t   30  c a r b o n   a t o m s .  

In  the   c a s e   of  the  ac id   p h o s p h i t e s ,   one  or  both   of  R1  a n d  

R2   is  a l s o   h y d r o g e n   or  a  c a t i o n .  

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

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

p h o s p h o r u s   t h r o u g h   o x y g e n ,   wi th   no  or   one  or   m o r e   p h e n o l i c  

h y d r o x y l   g r o u p s   on  e i t h e r   or   bo th   of  the   a r o m a t i c   r i n g s .   T h e s e  

p h o s p h i t e s   a r e   c h a r a c t e r i z e d   by  the  f o r m u l a :  

o r  

I n  w h i c h  

Ar   is  a  mono   or  b i c y c l i c   a r o m a t i c   n u c l e u s   and  m  is  a n  

i n t e g e r   of  f r o m   0  to  about   5 .  is  one  or   a  p l u r a l i t y   of  o r g a n i c  

r a d i c a l s   as  d e f i n e d   above   for   R1  to  R6,  t a k e n   s i ng ly   or  t o g e t h e r  

in  s u f f i c i e n t   n u m b e r   to  s a t i s f y   the  v a l e n c e s   of  the   two  p h o s p h i t e  

o x y g e n   a t o m s .  

O n e  o r   b o t h  r a d i c a l s   is  a l so   h y d r o g e n ,   in  the  c a s e  

of  the  a c i d   p h o s p h i t e s ,   and  can   i n c l u d e   a d d i t i o n a l   b i c y c l i c  

a r o m a t i c   g r o u p s   of  the  type   ( H O ) m - A r .  



The  c a t i o n   in  the  c a s e   of  acid   p h o s p h i t e s   c a n   be  a  

m e t a l ,   such   as  an  a lka l i   m e t a l ,   for   i n s t a n c e ,   s o d i u m ,   p o t a s s i u m  

or   l i t h i u m ;   an  a l k a l i n e   e a r t h   m e t a l ,   for   i n s t a n c e ,   b a r i u m ,  

c a l c i u m ,   or   a  non tox ic   p o l y v a l e n t   m e t a l ,   s u c h   as   m a g n e s i u m ,  

t in   and  z i n c .  

Usua l l y ,   the  t r i p h o s p h i t e s   and  acid   p h o s p h i t e s   wi l l   n o t  

h a v e   m o r e   than   about   s i x ty   c a r b o n s a t o m s .  

E x e m p l a r y   t r i p h o s p h i t e s   a r e   m o n o p h e n y l   d i - 2 - e t h y l h e x y l  

p h o s p h i t e ,   d i p h e n y l   m o n o - 2 - e t h y l h e x y l   p h o s p h i t e ,   d i - i s o o c t y l  

m o n o t o l y l   p h o s p h i t e ,   t r i - 2 - e t h y l h e x y l   p h o s p h i t e ,   p h e n y l   d i c y c l o -  

h e x y l   p h o s p h i t e ,   pheny l   d i e t h y l   p h o s p h i t e ,   t r i p h e n y l   p h o s p h i t e ,  

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

p h o s p h i t e ,   t r i i s o o c t y l   p h o s p h i t e ,   t r i d o d e c y l   p h o s p h i t e ,   i s o o c t y l  

d i p h e n y l   p h o s p h i t e ,   d i i s o o c t y l   pheny l   p h o s p h i t e ,   t r i ( t - o c t y l p h e n y l )  

p h o s p h i t e ,   t r i - ( t - n o n y l p h e n y l )   p h o s p h i t e ,   b e n z y l   m e t h y l   i s o p r o p y l  

p h o s p h i t e ,   bu ty l   d i c r e s y l   p h o s p h i t e ,   i s o o c t y l   d i ( o c t y l p h e n y l )  

p h o s p h i t e ,   d i ( 2 - e t h y l h e x y l )   ( i s o o c t y l p h e n y l )   p h o s p h i t e ,   t r i  

( 2 - c y c l o h e x y l p h e n y l )   p h o s p h i t e ) ,   t r i - @ - n a p h t h y l   p h o s p h i t e ,   t r i  

( p h e n y l p h e n y l )   p h o s p h i t e ,   t r i ( 2 - p h e n y l e t h y l )   p h o s p h i t e ,   e t h y l e n e  

p h e n y l   p h o s p h i t e ,   e t h y l e n e   t - b u t y l   p h o s p h i t e ,   e t h y l e n e   i s o h e x y l  

p h o s p h i t e ,   e t h y l e n e   i s o o c t y l   p h o s p h i t e ,   e t h y l e n e   c y c l o h e x y l  

p h o s p h i t e ,   2 - p h e n o x y - 1 , 3 , 2 - d i o x a p h o s p h o r i n a n e ,   2 - b u t o x y -  

1 , 3 , 2 - d i o x y p h o s p h o r i n a n e ,   2 - o c t o x y - 5 , 5 - d i m e t h y l - d i o x a p h o s -  



p h o r i n a n e ,   and  2 - c y c l o h e x y l o x y - 5 ,   5 - d i e t h y l   d i o x a p h o s p h o r i n a n e .  

E x e m p l a r y   p e n t a e r y t h r i t o l   t r i p h o s p h i t e s   a r e   3 ,  9 -  

d i p h e n o x y - 2 , 4 , 8 , 1 0 - t e t r a o x a , - 3 , 9 - d i p h o s p h a s p i r o - ( 5 ,  5 ) - u n d e c a n e  

( d i p h e n y l - p e n t a e r y t h r i t o l   d i p h o s p h i t e ) ,   3 , 9 - d i ( d e c y l o x y ) - 2 , 4 , 8 ,  

1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o   ( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i  

( i s o d e c y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) -  

u n d e c a n e ,   3 , 9 - d i ( o c t a d e c y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 -  

d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 - p h e n o x y - 9 - i s o d e c y l o x y -  

2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i  

i  ( m e t h o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,  

3 , 9 - d i ( l a u r y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a . - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) -  

u n d e c a n e ,   3 , 9 - d i - p - t o l y l o x y - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s -  

p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i ( m e t h o x y e t h y l o x y ) - 2 , 4 , 8 , 1 0 -  

t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 - m e t h o x y e t h y l o x y -  

9 - i s o d e c y l o x y - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) -  

u n d e c a n e ,   3 , 9 - d i ( e t h o x y e t h y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 -  

d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i ( b u t o x y e t h y l o x y ) -  

2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,  

3 - m e t h o x y e t h y l o x y - 9 - b u t o x y - e t h y l o x y - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 -  

d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i ( m e t h o x y e t h o x y e t h y l o x y ) -  

2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i -  

( b u t o x y e t h o x y e t h y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o -  

( 5 , 5 ) - u n d e c a n e ,   3 , 9 - d i ( m e t h o x y e t h o x y e t h o x y e t h y l o x y ) - 2 , 4 , 8 , 1 0 -  



t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e ,  3 , 9 - d i ( m e t h o x y  

( p o l y e m o x y ) e m y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i f i o s f i a s p i r o -  

(5,  5 ) - u n d e c a n e , w h e r e   the  ( p o l y e t h o x y )   e t hy loxy   g r o u p   h a s   a n  

a v e r a g e   m o l e c u l a r   w e i g h t   of  3 5 0 ) , 3 , 9 - d i ( m e t h o x y ( p o l y e t h o x y )  

e t h y l o x y ) - 2 , 4 , 8 , 1 0 - t e t r a o x a - 3 , 9 - d i p h o s p h a s p i r o - ( 5 , 5 ) - u n d e c a n e  

( w h e r e   the   ( p o l y e t h o x y )   e t h y l o x y   g r o u p   h a s   an  a v e r a g e   m o l e c u l a r  

w e i g h t   of  5 5 0 ) .  

E x e m p l a r y   bf  the  b i s   a r y l   t r i p h o s p h i t e s   a r e :   b i s ( 4 , 4 ' -  

t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l - p h e n o l ) )   i s o o c t y l   p h o s p h i t e ,  

m o n o ( 4 , 4 '  - t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l - p h e n o l ) )   d l - p h e n y l  

p h o s p h i t e ,   t r i - ( 4 , 4 ' - n - b u t y l l d e n e - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l -  

p h e n o l ) )   p h o s p h i t e ,   ( 4 , 4 ' - b e n z y l i d e n e - b i s ( 2 - t e r t i a r y - b u t y l - 5 -  

m e t h y l - p h e n o l ) )   d i p h e n y l   p h o s p h i t e ,   i s o o c t y l   2 , 2 ' - b i s ( - p a r a -  

h y d r o x y p h e n y l )   p r o p a n e   p h o s p h i t e ,   d e c y l  4 , 4 ' - n - b u t y l i d e n e - b i s  

( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l p h e n o l )   p h o s p h i t e ,   t r i - 4 , 4 ' - t h i o - b i s  

( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l p h e n o l )   p h o s p h i t e ,   2 - e t h y l h e x y l - 2 , 2 ' -  

m e t h y l e n e - b i s ( 4 - m e t h y l - 6 , 1 ' - m e t h y l c y c l o h e x y l )   p h e n o l   p h o s p h i t e ,  

t r i ( 2 , 2 ' - b i s - ( p a r a - h y d r o x y p h e n y l )   p r o p a n e )   p h o s p h i t e ,   t r i ( 4 , 4 ' -  

t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l - p h e n o l )   p h o s p h i t e ,   i s o o c t y l -  

( 2 , 6 - b i s ( 2 ' - h y d x o x y - 3 , 5 - d i n o n y l b e n z y l ) - 4 - n o n y l   p h e n y l ) )  

p h o s p h i t e ,   t e t r a - t r i d e c y l - 4 , 4 ' - n - b u t y l i d e n e - b i s ( 2 - t e r t i a r y - b u t y l -  

5 - m e t h y l p h e n y l )   d i p h o s p h i t e ,   t e t r a - i s o o c t y l - 4 , 4 ' - t h i o - b i s  

( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l p h e n y l )   d i p h o s p h i t e ,   2 , 2 ' - m e t h y l e n e -  



b i s ( 4 - m e t h y l - 6 ,   1 ' - m e t h y l   c y c l o h e x y l   pheny l )   p o l y p h o s p h i t e ,  

i s o o c t y l - 4 , 4 ' - i s o p r o p y l i d e n e - b i s - p h e n y l   p o l y p h o s p h i t e ,  

2 - e t h y l h e x y l - 2 , 2 ' - m e t h y l e n e - b i s ( 4 - m e t h y l - 6 , 1 ' - m e t h y l - c y c l o -  

h e x y l )   pheny l   t r i p h o s p h i t e ,   t e t r a - t r i d e c y l - 4 , 4 ' - o x y d i p h e n y l  

d i p h o s p h i t e ,   t e t r a - n - d o d e c y l - 4 , 4 ' - n - b u t y l i d e n e   b i s   ( 2 - t e r t i a x y -  

b u t y l - 5 - m e t h y l p h e n y l )   d i p h o s p h i t e ,   t e t r a - t r t d e c y l - 4 , 4 ' - i s o -  

p r o p y l i d e n e   b i s p h e n y l   d i p h o s p h i t e ,   h e x a - t r i d e c y l   b u t a n e - 1 , 1 , 3 -  

t r i s ( 2 ' - m e t h y l - 5 ' - t e r t i a r y - b u t y l p h e n y l - 4 ' )   t r i p h o s p h i t e .  

E x e m p l a r y   ac id   p h o s p h i t e s   a r e   d i ( p h e n y l )   p h o s p h i t e ,  

m o n o p h e n y l   p h o s p h i t e ,   m o n o ( d i p h e n y l )   p h o s p h i t e ,   d i c r e s y l  

p h o s p h i t e ,   d l - ( o - i s o o c t y l p h e n y l )   p h o s p h i t e ,   d i ( p - e t h y l h e x y l p h e n y l )  

p h o s p h f t e ,   d i ( p - t - o c t y l p h e n y l )   p h o s p h i t e ,   d i ( d i m e t h y l p h e n y l )  

p h o s p h i t e ,   d i - n - b u t y l   p h o s p h i t e ,   d i - 2 - e t h y l h e x y l   p h o s p h i t e ,  

m o n o - 2 - e t h y l h e x y l p h o s p h i t e ,   d i i s o o c t y l   p h o s p h i t e ,   m o n o i s o o c t y l  

p h o s p h i t e ,   m o n o d o d e c y l   p h o s p h i t e ,   2 - e t h y l h e x y l   p h e n y l   p h o s p h i t e ,  

2 - e t h y l h e x y l - ( n - o c t y l p h e n y l )   p h o s p h i t e ,   m o n o c y c l o h e x y l   p h o s -  

p h i t e ,   d i c y c l o h e x y l   p h o s p h i t e ,  d i ( 2 - c y c l o h e x y l   p h e n y l )   p h o s p h i t e ,  

d i - a - n a p h t h y l   p h o s p h i t e ,   d i p h e n y l   pheny l   p h o s p h i t e ,   d i ( d i p h e n y l )  

p h o s p h i t e ,   d i - ( 2 - p h e n y l   e thy l )   p h o s p h i t e ,   d i b e n z y l   p h o s p h i t e ,  

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

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

p h o s p h i t e ,   bu ty l   c r e s y l   p h o s p h i t e ,   i s o o c t y l   m o n o t o l y l   p h o s p h i t e  

and  p h e n y l   c y c l o h e x y l   p h o s p h i t e .  



E x e m p l a r y   of  the  b is   a ry l   ac id   p h o s p h i t e s   a r e :  

b i s ( 4 , 4 ' - t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l p h e n o l ) )   p h o s p h i t e ,  

( 4 , 4 ' - t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l p h e n o l ) )   pheny l   p h o s -  

p h i t e ,   b i s ( 4 , 4 ' - n - b u t y l i d e n e - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l -  

p h e n o l ) )   p h o s p h i t e ,   m o n o ( 4 , 4 ' - b e n z y l i d e n e - b i s ( 2 - t e r t i a r y - b u t y l -  

5 - m e t h y l p h e n o l ) )   p h o s p h i t e ,   m o n o ( 2 , 2 ' - b i s - ( p a r a h y d r o x y p h e n y l )  

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

5 - m e t h y l p h e n o l )   p h o s p h i t e ,   b i s ( 4 , 4 ' - t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 -  

m e t h y l p h e n o l ) )   p h o s p h i t e ,   m o n o - 2 - e t h y l h e x y l - m o n o - 2 , 2 ' - m e t h y l -  

e n e - b i s ( 4 - m e t h y l - 6 , 1 ' - m e t h y l c y c l o h e x y l )   p h e n o l   p h o s p h i t e ,   b i s  

( 2 , 2 ' - b i s ( p a r a - h y d r o x y p h e n y l ) p r o p a n e )   p h o s p h i t e ,   m o n o i s o o c t y l -  

m o n o   ( 4 , 4 '  - t h i o - b i s ( 2 - t e r t i a r y - b u t y l - 5 - m e t h y l p h e n o l ) )   p h o s p h i t e ,  

i s o o c t y l - ( 2 , 6 - b i s ( 2 ' - h y d r o x y - 3 , 5 - d i n o n y l b e n z y l ) - 4 - n o n y l p h e n y l ) )  

p h o s p h i t e ,   t r i - t r i d e c y l - 4 , 4 ' - n - b u t y l i d e n e - b i s ( 2 - t e r t i a r y - b u t y l -  

5 - m e t h y l p h e n y l )   d i p h o s p h i t e ,   t r i i s o o c t y l - 4 , 4 ' - t h i o - b i s ( 2 -  

t e r t i a r y - b u t y l - 5 - m e t h y l p h e n y l )   d i p h o s p h i t e ,   b i s ( 2 ,  2 ' - m e t h p l e n e -  

b i s ( 4 - m e t h y l - 6 , 1 ' - m e t h y l   c y c l o h e x y l   p h e n y l ) )   p h o s p h i t e ,  

i s o o c t y l - 4 , 4 ' - i s o p r o p y l i d e n e - b i s - p h e n y l   p h o s p h i t e ,   m o n o p h e n y l  

m o n o ( 2 ,   2 ' - m e t h y l e n e - b i s ( 4 - m e t h y l - 6 , 1 ' - m e t h y l - c y c l o h e x y l ) )  

t r i p h o s p h i t e ,   d i - t r i d e c y l - 4 , 4 ' - o x y d i p h e n y l   d i p h o s p h i t e ,   d i - n -  



d o d e c y l - 4 , 4 ' - n - b u t y l i d e n e - b i s ( 2 - t e r t l a r y - b u t y l - 5 - m e t h y l p h e n y l )  

d i p h o s p h i t e ,   d i - t r i d e c y l - 4 , 4 ' - i s o p r o p y l i d e n e   b i s p h e n y l  

d i p h o s p h i t e ,   t e t r a - t r i d e c y l   b u t a n e - 1 , 1 , 3 - t r i s ( 2 ' - m e t h y l - 5 -  

t e r t i a r y - b u t y l p h e n y l - 4 ) - t r i p h o s p h i t e .  

T h e   t h i o d i p r o p i o n i c   ac id   e s t e r   h a s   the  f o l l o w i n g  

f o r m u l a :  

in  w h i c h   R1  is  an  o r g a n i c   r a d i c a l   s e l e c t e d   f r o m   the   g r o u p   c o n -  

s i s t i n g   of  h y d r o c a r b o n   r a d i c a l s   s u c h   as  a lky l ,   a l k e n y l ,   a r y l ,  

c y c l o a l k y l   and  m i x e d   a lky l   a r y l   and  m i x e d   alkyl   c y c l o a l k y l  

r a d i c a l s ;   h y d r o x y a l k y l   and  h y d r o x y a l k y l o x y a l k y l e n e   r a d i c a l s ;  

and  e s t e r s   t h e r e o f   with  a l i p h a t i c   c a r b o x y l i c   a c i d s ;   and  Y  i s  

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

r a d i c a l   R2,  which   can  be  the  s a m e   as  or   d i f f e r e n t   f r o m   the   R1 

r a d i c a l ,   (c)  a  p o l y m e r i c   c h a i n   of  n  t h i o d i p r o p i o n i c   ac id   e s t e r  

u n i t s :  



w h e r e   Z  is  h y d r o g e n ,   R2  or   M,  n  is  the   n u m b e r   of  t h i o d i p r o p i o n -  

ic  a c i d   e s t e r   u n i t s   in  the  c h a i n ,   and  X  is  a  b i v a l e n t   h y d r o c a r b o n  

g r o u p   of  the  t ype   of  R1 , tha t   is,   a l k y l e n e ,   a l k e n y l e n e ,   c y c l o -  

a l k y l e n e ,   m i x e d   a l k y l e n e - a r y l e n e   and  m i x e d   a l k y l e n e -  

c y c l o a l k y l e n e   r a d i c a l s ;   h y d r o x y a l k y l e n e   and  h y d r o x y a l k y l o x y -  

a l k y l e n e   r a d i c a l s ;   and  e s t e r s   t h e r e o f   wi th   a l i p h a t i c   c a r b o x y l i c  

a c i d s ;   t he   v a l u e   of  n  can  r a n g e   u p w a r d s   f r o m   0,  bu t   t h e r e   is  n o  

u p p e r   l i m i t   on  n  e x c e p t   as  is  g o v e r n e d   by  the  r a t i o   of  c a r b o n  

a t o m s   to  s u l f u r   a t o m s   as  s t a t e d   b e l o w ;   and  (d)  a  p o l y v a l e n t  

m e t a l   M  of  G r o u p   II  of  the  p e r i o d i c   t a b l e   such   as   z i n c ,   c a l c i u m ,  

c a d m i u m ,   b a r i u m ,   m a g n e s i u m   and  s t r o n t i u m .  

T h e   m o l e c u l a r   w e i g h t s   of  the   R  and  Y  r a d i c a l s   a r e  

t a k e n   s u c h   t h a t   with  the  r e m a i n d e r   of  the   m o l e c u l e   the  t h i o d i -  

p r o p i o n i c   e s t e r   h a s   a  t o t a l   of  f r o m   abou t   ten   to  a b o u t   s i x t y  

c a r b o n   a t o m s   p e r   s u l f u r   a t o m .  

A c c o r d i n g l y ,   the   v a r i o u s   t h i o d i p r o p i o n i c   ac id   e s t e r  

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

g e n e r a l   f o r m u l a   can   be  d e f i n e d   as  f o l l o w s :  



In  the  a b o v e   f o r m u l a e   R1  and  R2,  M,  X  and  Z  a r e   t h e  

s a m e   as  b e f o r e   and  the  v a l u e   of  n1  can   r a n g e   u p w a r d s   f r o m   1 ,  

but   t h e r e   is  no  u p p e r   l i m i t   on n1  e x c e p t   as  is  i m p o s e d   by  t h e  

r a t i o   of  c a r b o n   a t o m s ,   as  s t a t e d   b e l o w .   In  the  p o l y m e r   ( c ) ,  

as  in  the  o t h e r   f o r m s   of  t h i o d i p r o p i o n i c   ac id   e s t e r s ,   the  t o t a l  

n u m b e r   of  c a r b o n   a t o m s   p e r   s u l f u r   a t o m   is  w i t h i n   the  r a n g e  

f r o m   abou t   t en   to  abou t   s i x t y .  

The   R  r a d i c a l   of  t h e s e   e s t e r s   is  i m p o r t a n t   in  f u r n i s h i n g  

c o m p a t i b i l i t y   wi th   the  p o l y m e r . .   The   Y  r a d i c a l   is  d e s i r a b l y  

a  d i f f e r e n t   r a d i c a l ,   R2  o r   M  or  a  p o l y m e r ,   w h e r e   R  is  r a t h e r  

low  in  m o l e c u l a r   w e i g h t ,   so  as  to  c o m p e n s a t e   f o r   t h i s   i n  

o b t a i n i n g   the  o p t i m u m   c o m p a t i b i l i t y   and  n o n v o l a t i l i t y .   W h e r e  

Y  is  a  m e t a l ,   the   t h i o d i p r o p i o n i c   ac id   e s t e r   f u r n i s h e s   t h e  

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

d e s c r i b e d   a b o v e .  

The   a r y l ,   a l ky l ,   a l k e n y l ,   and  c y c l o a l k y l   g r o u p s   m a y ,   i f  

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

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

t h e r e w i t h .  

T y p i c a l   R  r a d i c a l s   a r e ,   for  e x a m p l e ,   m e t h y l ,   e t h y l ,  

p r o p y l ,   i s o p r o p y l ,   b u t y l ,   i s o b u t y l ,   t - b u t y l ,   a m y l ,   i s o a m y l ,  

n - o c t y l ,   i s o o c t y l ,   2 - e t h y l   h e x y l ,   t - o c t y l ,   d e c y l ,   d o d e c y l ,  

o c t a d e c y l ,   a l ly l ,   h e x e n y l ,   l i n o l e y l ,   r i c i n o l e y l ,   o l e y l ,   p h e n y l ,  



x y l y l ,   t o ly l ,   e t h y l p h e n y l ,   n a p h t h y l ,   c y c l o h e x y l ,   b e n z y l ,  

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

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

and   p o l y o x y a l k y l e n e   r a d i c a l s   such   as  t h o s e   d e r i v e d   f r o m  

d i e t h y l e n e   g l y c o l ,   t r i e t h y l e n e   g lyco l ,   p o l y o x y p r o p y l e n e   g l y c o l ,  

p o l y o x y e t h y l e n e   g l y c o l ,   and  p o l y o x y p r o p y l e n e o x y e t h y l e n e   g l y c o l ,  

and  e s t e r s   t h e r e o f   wi th   any  of  the  o r g a n i c   a c i d s   n a m e d   b e l o w  

in  the   d i s c u s s i o n   of  the  p o l y v a l e n t   m e t a l   s a l t s ;   i n c l u d i n g   i n  

a d d i t i o n   t h o s e   o r g a n i c   a c i d s   h a v i n g   f ro in   two  to  f i ve   c a r b o n  

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

T y p i c a l   X  r a d i c a l s   a r e   a l k y l e n e   r a d i c a l s   s u c h   a s  

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 ,   d e c a m e t h y l e n e ,  

a l k y l - s u b s t i t u t e d   a l k y l e n e   r a d i c a l s   such   as  1 , 2 - p r o p y l e n e ,  

a r y l e n e   r a d i c a l s   such   as  p h e n y l e n e  

m e t h y l e n e p h e n y l e n e  

d i m e t h y l e n e   p h e n y l e n e  

and  a l i c y c l y l e n e   such   as  c y c l o h e x y l e n e  

and  c y c l o p e n t y l e n e  



As  e x e m p l a r y   of  the  t h i o d i p r o p i o n i c   ac id   e s t e r s   w h i c h  

can   be  u s e d ,   t h e r e   can   be  m e n t i o n e d   the   f o l l o w i n g :   m o n o l a u r y l  

t h i o d i p r o p i o n i c   a c id ,   d i l a u r y l   t h i o d i p r o p i o n a t e ,   buty l   s t e a r y l  

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

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

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

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

f a t t y   a l c o h o l s   and  t h i o d i p r o p i o n i c   ac id ,   the   d i e s t e r   of  m i x e d  

t a l l o w   fa t ty   a l c o h o l s   and  t h i o d i p r o p i o n i c   a c i d ,   the   ac id   e s t e r  

of  m i x e d   c o t t o n s e e d   oil  f a t ty   a l c o h o l s   and  t h i o d i p r o p i o n i c   a c i d ,  

the   ac id   e s t e r   of  m i x e d   s o y a b e a n   oil  f a t t y   a l c o h o l s   and  t h i o d i -  

p r o p i o n i c   a c id ,   c y c l o h e x y l   nonyl   t h i o d i p r o p i o n a t e ,   m o n o o l e y l  

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

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

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

p o l y e s t e r   of  d i e t h y l e n e   g lyco l   and  t h i o d i p r o p i o n i c   a c id ,   t h e  

p o l y e s t e r   of  t r i e t h y l e n e   g lyco l   and  t h i o d i p r o p i o n i c   ac id ,   t h e  

p o l y e s t e r   of  h e x a m e t h y l e n e   g lyco l   and  t h i o d i p r o p i o n i c   ac id ,   t h e  

p o l y e s t e r   of  p e n t a e r y t h r i t o l   and  t h i o d i p r o p i o n i c   ac id ,   t h e  

p o l y e s t e r   of  o c t a m e t h y l e n e   g lyco l   and  t h i o d i p r o p i o n i c   ac id ,   t h e  

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

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

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



b e n z y l   t h i o d i p r o p i o n a t e ,   and  m o n o ( d o d e c y l b e n z y l )   t h i o d i p r o p i o n i c  

a c i d .  

T h e s e   e s t e r s   a r e   for   the  m o s t   p a r t   k n o w n   c o m p o u n d s ,  

bu t   w h e r e   t hey   a r e   not  a v a i l a b l e ,   they   a r e   r e a d i l y   p r e p a r e d   b y  

e s t e r i f i c a t i o n   of  t h i o d i p r o p i o n i c   ac id   and  the  c o r r e s p o n d i n g  

a l c o h o l .  

A l s o   u s e f u l   a r e :  

(1)  T h i o a l k a n o i c   a c i d   a m i d e s   of  T o k u n o   et  al  J a p a n e s e  

p a t e n t   No.  1 6 , 2 8 6 / 6 8   h a v i n g   the  f o r m u l a :  

R  is  a lky l   of  one  to  e igh t   c a r b o n   a t o m s ,   R1  is  a lkyl   o f  

s ix   to  t w e n t y - f o u r   c a r b o n   a t o m s ,   and  R 2  i s   a l k y l e n e   of  one  t o  

s ix   c a r b o n   a t o m s .  

(2)  T h i o a l k a n o i c   a c i d   a m i d e s   of  1, 3,  5 - t r i a z i n e s   o f  

O z e k i   et  al  J a p a n e s e   p a t e n t   No.  2 0 , 3 6 6 / 6 8   h a v i n g   the  f o r m u l a :  

R  is  a lky l   of  e i gh t   to  e i g h t e e n   c a r b o n   a t o m s .  

(3)  B i s - t h i o a l k a n o i c   ac id   a m i d e s   of  Y a m a m o t o   e t  a l  

J a p a n e s e   p a t e n t   No.  2 3 , 7 6 5 / 6 8   hav ing   the  f o r m u l a :  



R  is  a lky l   of  m o r e   than   six  c a r b o n   a t o m s ,   a r y l   o r  

a r a l k y l .  

(4)  B i s - t h i o a l k y l a n o i c   ac id   a m i d e s   of  O z e k i   et  a l  

J a p a n e s e   p a t e n t   No.  2 6 , 1 8 4 / 6 9   h a v i n g   the  f o r m u l a :  

R  is  a lky l   of  t w e l v e   to  e i g h t e e n   c a r b o n   a t o m s ,   and  R 1  i s  

a l k y l e n e   of  one  to  ten  c a r b o n   a t o m s ,   c y c l o a l k y l e n e ,   or   a r y l e n e .  

(5)  B i s - a l k y l e n e   t h i o a l k a n o i c   ac id   a m i d e s   of  O z e k i  

J a p a n e s e   p a t e n t   No.  3 1 , 4 6 4 / 6 9   h a v i n g   the  f o r m u l a :  

R  is  a lky l   of  m o r e   t han   six  c a r b o n   a t o m s ,   a r y l ,   o r  

a r a l k y l .  

(6)  T h i o a l k a n o i c   ac id   a m i d e   d e r i v a t i v e s   of  M i n a g a w a   e t a l ,  

p u b l i s h e d   J a p a n e s e   a p p l i c a t i o n   Nol  1 0 6 , 4 8 4 / 7 4   h a v i n g   t h e  

f o r m u l a :  

R  is  h y d r o c a r b y l   of  one  to  twen ty   c a r b o n   a t o m s .  

(7)  A l k y l e n e   b i s - t h i o a l k a n o i c   acid   a m i d e s   of  U. S.  p a t e n t  

N o .  4 , 2 7 9 , 8 0 5   to  O h z e k i   et  al,  p a t e n t e d   Ju ly   21,  1981,   h a v i n g  

the  g e n e r a l   f o r m u l a :  



w h e r e i n :  

R1  is  a lky l   h a v i n g   f r o m   one  to  a b o u t   f i f ty  c a r b o n   a t o m s ;  

R2  is  a l k y l e n e   h a v i n g   f r o m   one  to  a b o u t   t h r e e   c a r b o n  

a t o m s ;   a n d  

R3  is  a l k y l e n e   h a v i n g   f r o m   abou t   two  to  a b o u t   t w e l v e  

c a r b o n   a t o m s .  

β - A l k y l t h i o p r o p i o n i c   ac id   e s t e r s   h a v i n g   the   g e n e r a l  

f o r m u l a :  

w h e r e i n :  

R  is  a l ky l   of  f o u r   to  t w e n t y   c a r b o n   a t o m s ;  

n  is  a  n u m b e r   f r o m   1  to  6;  a n d  

R'  is  the   r e s i d u e   of  an  a l c o h o l   h a v i n g   f r o m   one  to  s i x  

h y d r o x y l   g r o u p s .  

P e n t a e r p t h r i t o l   t e t r a   d o d e c y l   th io   p r o p i o n a t e   is  a n  

e x a m p l e   of  t h i s   g r o u p .  

O t h e r   c o n v e n t i o n a l   l igh t   s t a b i l i z e r s   can   be  e m p l o y e d ,  

s u c h   as  h y d r o x y b e n z o p h e n o n e s   such  as  2 - h y d r o x y - 4 - m e t h o x y -  

b e n z o p h e n o n e ,   2 - h y d r o x y - 4 - n - o c t o x y b e n z o p h e n o n e ,   2 , 4 - d i h y -  

d r o x y b e n z o p h e n o n e ,   b e n z o t r i a z o l e s ,   such   as  2 ( 2 - h y d r o x y - 5 -  

m e t h y l p h e n y l )   b e n z o t r i a z o l e s ,   2 ( 2 - h y d r o x y - 3 - t - b u t y l - 5 - m e t h y l -  

p h e n y l ) - 5 - c h l o r o b e n z o t r i a z o l e ,   2 ( 2 - h y d r o x y - 3 - 5 - d i - t - b u t y l p h e n y l )  



5 - c h l o r o b e n z o t r i a z o l e ,   2 ( 2 - h y d r o x y - 3 , 5 - d i - t - a m y l p h e n y l )   b e n z o -  

t r i a z o l e ,   b e n z o a t e s   such  as  p h e n y l s a l i c y l a t e ,   2 , 4 - d i - t - b u t y l p h e n y l  

-3,   5 - d i - t - b u t y l - 4 - h y d r o x y   p h e n y l b e n z o a t e ,   n i c k e l   c o m p o u n d s  

s u c h   as   n i c k e l - 2 , 2 ' - t h i o b i s ( 4 - t - o c t y l - p h e n o l a t e ) ,   n i c k e l - m o n o -  

e t h y l ( 3 ,  5 - d i - t - b u t y l - 4 - h y d x o x y b e n z y l )   p h o s p h o n a t e ,   s u b s t i t u t e d  

a c r y l o n i t r i l e s   s u c h   as  m e t h y l - @ - c y a n o - β - m e t h y l - β - ( p - m e t h o x y  

p h e n y l ) a c r y l a t e   and  oxa l i c   a n i l i d e s   such   as   N - 2 - e t h y l   p h e n y l -  

N ' - 2 - e t h o x y - 5 - t - b u t y l   pheny l   oxa l i c   d i a m i d e ,   N - 2 - e t h y l   p h e n y l -  

N ' - 2 - e t h o x y   p h e n y l   oxa l i c   d i a m i d e .  

A  s u f f i c i e n t   a m o u n t   of  the   s t a b i l i z e r   c o m p o s i t i o n   i s  

u s e d   to  i m p r o v e   the  r e s i s t a n c e   of  the   s y n t h e t i c   p o l y m e r   t o  

d e t e r i o r a t i o n   in  p h y s i c a l   p r o p e r t i e s   when   e x p o s e d   to  h e a t   a n d  

l i gh t ,   i n c l u d i n g ,   for   e x a m p l e ,   d i s c o l o r a t i o n ,   r e d u c t i o n   in  m e l t  

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

a d e q u a t e .   A m o u n t s   w i th in   the  r a n g e   f r o m   a b o u t   0. 001  to  a b o u t  

10%  to ta l   s t a b i l i z e r s   i n c l u d i n g   the  l ight   s t a b i l i z e r   s y s t e m  

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

P r e f e r a b l y ,   f r o m   0 .01   to  5%  is  e m p l o y e d   for   o p t i m u m  

s t a b i l i z a t i o n .  

I n a s m u c h   as  all  c o m p o n e n t s   a r e   s o l i d s ,   the  s t a b i l i z e r  

s y s t e m s   of  the  i n v e n t i o n   a r e   r e a d i l y   r e n d e r e d   in  so l id   p a r t i c u -  

l a te   f o r m ,   c o m p r i s i n g   a  b l end   o f :  



(a)  a l k y l i d e n e - b i s - b e n z o t r i a z o l y l   pheno l   in  an  a m o u n t   of  

f r o m   about   10  to  about   35  p a r t s   by  w e i g h t ;  

(b)  2 , 2 , 6 ,  6 - t e t r a m e t h y l   p i p e r i d y l   c o m p o u n d   in  an  a m o u n t  

of  f r o m   about   10  to  abou t   35  p a r t s   by  w e i g h t ;  

and  o p t i o n a l l y :  

(c)  a  pheno l i c   a n t i o x i d a n t   in  an  a m o u n t   f r o m   abou t   10  t o  

a b o u t   35  p a r t s   by  we igh t ;   a n d / o r  

(d)  o t h e r   hea t   or  l ight   s t a b i l i z e r s   in  an  a m o u n t   of  f r o m  

abou t   10  to  about   35  p a r t s   by  w e i g h t .  

The   l ight   s t a b i l i z e r   s y s t e m s   of  the  i n v e n t i o n   can  b e  

e m p l o y e d   in  c o m b i n a t i o n   wi th   p h e n o l i c   a n t i o x i d a n t   a n d / o r   o t h e r  

c o n v e n t i o n a l   hea t   and  l ight   s t a b i l i z e r s   for   the  p a r t i c u l a r   s y n t h e t i c  

p o l y m e r .  

T h u s ,   for  e x a m p l e ,   in  the  c a s e   of  p o l y v i n y l   c h l o r i d e  

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

i n c l u d e d ,   i n c l u d i n g   p o l y v a l e n t   m e t a l   fat ty  a c i d   s a l t s   such   a s  

b a r i u m   and  c a d m i u m   s a l t s   of  the  h i g h e r   fa t ty   a c i d s ;   o r g a n o t i n  

c o m p o u n d s ;   and  epoxy   c o m p o u n d s .  

With  p o l y o l e f i n   r e s i n s   t h e r e   can  be  e m p l o y e d   f a t ty   a c i d  

s a l t s   of  p o l y v a l e n t   m e t a l s ,   and  the  h i g h e r   fa t ty   a c i d   e s t e r s   o f  

t h i o d i p r o p i o n i c   a c i d s ,   such   as ,   for  e x a m p l e ,   d i l a u r y l   t h i o -  

d i p r o p i o n a t e .  

With  p o l y a m i d e   r e s i n   c o m p o s i t i o n s ,   p o l y a m i d e   s t a b i l i -  

z e r s   such   as  c o p p e r   s a l t s   in  c o m b i n a t i o n   with  i o d i d e s   a n d / o r .  



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

can   be  u s e d .  

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

s a l t s   of  the  h i g h e r   fat ty  a c i d s   c an   be  u s e d .  

In  a d d i t i o n ,   o t h e r   c o n v e n t i o n a l   a d d i t i v e s   for   s y n t h e t i c  

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

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

be  e m p l o y e d .  

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

p o l y m e r   in  s u i t a b l e   m i x i n g   e q u i p m e n t ,   such  as  a  m i l l   or  a  

B a n b u r y   m i x e r .   If  the  p o l y m e r   h a s   a  m e l t   v i s c o s i t y   w h i c h   is  t o o  

h igh   for   the   d e s i r e d   u s e ,   the   p o l y m e r   can  be  w o r k e d   u n t i l  i t s   m e l t  

v i s c o s i t y   h a s   been  r e d u c e d   to  the  d e s i r e d   r a n g e   b e f o r e   a d d i t i o n  o f  

the  s t a b i l i z e r .   Mix ing   is  c o n t i n u e d   unt i l   the  m i x t u r e   is  s u b s t a n -  

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

the  m i x i n g   e q u i p m e n t   and  b r o u g h t   to  the  s ize   and  s h a p e   d e s i r e d  

for   m a r k e t i n g   or  u s e .  

The   s t a b i l i z e d   p o l y m e r   can   be  w o r k e d   into  the  d e s i r e d  

s h a p e ,   such   as  by  m i l l i n g ,   c a l e n d e r i n g ,   e x t r u d i n g   or  i n j e c t i o n  

m o l d i n g   or  f i b e r - f o r m i n g .   In  such   o p e r a t i o n s ,   it  wi l l   be  f o u n d  

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

v i s c o s i t y   d u r i n g   the  h e a t i n g ,   as   we l l   as  a  b e t t e r   r e s i s t a n c e   t o  

d i s c o l o r a t i o n   and  e m b r i t t l e m e n t   on  a g e i n g   and  h e a t i n g .  



T h e   f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   p r e f e r r e d   s t a b i l i z e r  

s y s t e m s   and  p o l y m e r   c o m p o s i t i o n s   of  the  i n v e n t i o n .  

E x a m p l e s   1  to  12  

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

s t a b i l i z e r s   of  this   i n v e n t i o n   and  of  the  p r i o r   a r t ,  a n d   h a v i n g   t h e  

f o l l o w i n g   f o r m u l a t i o n .  

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

P l a s t o g r a p h ,   and  then  c o m p r e s s i o n - m o l d e d   to  f o r m   s h e e t s   0 .3  m m  

th ick .   P i e c e s   2 .5   cm2  w e r e   cut  off  f r o m   the  s h e e t s ,   and  e x p o s e d  

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

and  a re   shown   in  T a b l e   1. 





The   da ta   show  the  c o m b i n a t i o n s   of  the  i n v e n t i o n   to  be  s u p e r i o r  

to  the  p i p e r i d y l   c o m p o u n d   or  b e n z o t r i a z o l y l   pheno l ,   t aken   a l o n e ,  

and  to  the  c o m b i n a t i o n   of  p i p e r i d y l   c o m p o u n d   and  b e n z o t r i a z o l y l  

p h e n o l   of  the  p r i o r   a r t   ( C o n t r o l  3 ) ,   c o r r e s p o n d i n g   to  the  b e n z o t r i a z o l y l  

p h e n o l   of  the  i n v e n t i o n   w i t h o u t   the  a l k y l i d e n e - b i s   s t r u c t u r e .  



E x a m p l e s   13  to  17 

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

u s i n g   s t a b i l i z e r s   of  the  i n v e n t i o n   and  of  the  p r i o r   a r t ,   a n d  

h a v i n g   the  f o l l o w i n g   f o r m u l a t i o n :  

The   s t a b i l i z e r s   w e r e   b l e n d e d   with  the  p o l y m e r   on  a  t w o - r o l l  

m i l l ,   and  s h e e t s   0.5  m m   th ick   w e r e   p r e p a r e d   by  c o m p r e s s i o n -  

m o l d i n g  o f   the  b l e n d .   P i e c e s   2 .5  cm  s q u a r e   w e r e   cut  off  f r o m   t h e  

s h e e t s ,   and  exposed   in  a  W e a t h e r - O - M e t e r   to  u l t r a v i o l e t   l i g h t .  

T h e   t i m e   in  h o u r s   when   d e g r a d a t i o n   set  in,  as  d e t e r m i n e d   by  a  

s i g n i f i c a n t   d i s c o l o r a t i o n   a n d / o r   e m b r i t t l e m e n t ,   w a s   no ted   as  h o u r s  

to  f a i l u r e ,   and  the  r e s u l t s   a r e   r e p o r t e d   in  T a b l e   I I .  



The   da t a   show  the  c o m b i n a t i o n s   of  the  i n v e n t i o n   to  be  s u p e r i o r  

to  the  p i p e r i d y l   compound   or  b e n z o t r i a z o l y l   phenol ,   t aken   a l o n e ,  

and  to  the  c o m b i n a t i o n   of  p i p e r i d y l   c o m p o u n d   and  b e n z o t r i a z o l y l  

p h e n o l   of  the  p r i o r   a r t   ( C o n t r o l   3),  c o r r e s p o n d i n g   to  the  b e n z o t r i a z o l y l  

p h e n o l   of  the  i n v e n t i o n   wi thou t   the  a l k y l i d e n e - b i s   s t r u c t u r e .  



E x a m p l e s   18  to  25 

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

s t a b i l i z e r s   of  the  i n v e n t i o n   was  p r e p a r e d   h a v i n g   the  f o l l o w i n g  

f o r m u l a t i o n :  

T h e   f o r m u l a t i o n s   w e r e   b l e n d e d   and  s h e e t e d   off  on  a  t w o - r o l l  

m i l l   to  f o r m   s h e e t s   1  mm  th ick .   The   l ight   r e s i s t a n c e   of  t h e s e   s h e e t s  

was   then  d e t e r m i n e d   by  p l a c i n g   s t r i p s   1  cm  wide  in  a  W e a t h e r - O -  

M e t e r ,   and  e x p o s i n g   them  to  u l t r a v i o l e t   l ight .   The   t ime   in  h o u r s  

was   noted   for   the  s h e e t s   to  d e v e l o p   a  n o t i c e a b l e   d i s c o l o r a t i o n   a n d / o r  

e m b r i t t l e m e n t ,   i n d i c a t i n g   d e t e r i o r a t i o n   due  to  o x i d a t i o n   in  t h e  

p r e s e n c e   of  u l t r a v i o l e t   l ight .   The   r e s u l t s   o b t a i n e d   a r e   shown  i n  

T a b l e   I I I .  





The   da ta   show  the  c o m b i n a t i o n s   of  the  i n v e n t i o n   to  b e  

s u p e r i o r   to  the  p i p e r i d y l   c o m p o u n d   or  b e n z o t r i a z o l y l   p h e n o l ,  

t a k e n   a l o n e .  

E x a m p l e s   26  to  33  

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  t e r p o l y m e r  r e s i n  

c o m p o s i t i o n s   w e r e   p r e p a r e d   u s ing   s t a b i l i z e r s   of  the  i nven t ion   a n d  .  

h a v i n g   the  f o l l o w i n g   f o r m u l a t i o n :  

The   s t a b i l i z e r s   w e r e   b l e n d e d   with  the  r e s i n   on  a  t w o - r o l l  

mi l l ,   and  s h e e t s   3  mm  th ick   w e r e   p r e p a r e d   by  c o m p r e s s i o n - m o l d i n g  

of  the  r e s u l t i n g   b l e n d .   P i e c e s   2.5  cm  s q u a r e   w e r e   cut  off  f r o m   t h e  

s h e e t s ,   and  s u b j e c t e d   to  u l t r a v i o l e t   l ight   in  a  W e a t h e r - O - M e t e r   f o r  

8 0 0  h o u r s .   T e n s i l e   s t r e n g t h   b e f o r e   and  a f t e r   the  tes t   e x p o s u r e   w a s  

d e t e r m i n e d ,   and  the  r e s u l t s   r e p o r t e d   as  the  p e r c e n t   of  t e n s i l e  

s t r e n g t h   r e t a i n e d ,   at  the  end  of  this  t ime ,   in  T a b l e   IV: 





The  da ta   show  the  c o m b i n a t i o n s   of  the  i n v e n t i o n   to  b e  

s u p e r i o r   to  the  p i p e r i d y l   c o m p o u n d   or  b e n z o t r i a z o l y l   p h e n o l ,  

t a k e n   a l o n e .  

E x a m p l e s   34  to  4 1  

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

s t a b i l i z e r s   of  the  i n v e n t i o n ,   and  h a v i n g   the  f o l l o w i n g   f o r m u l a t i o n :  

The  s t a b i l i z e r s   w e r e   b l e n d e d   with  the  r e s i n   on  a  t w o - r o l l  

m i l l   for   f ive  m i n u t e s   at  7 0 ° C , a n d   the  s h e e t s   then  c o m p r e s s i o n -  

m o l d e d   at  120°C  fo r   f ive   m i n u t e s   to  f o r m   s h e e t s   0.5  mm  t h i c k .  

P i e c e s   2.5  cm  s q u a r e   w e r e   cut  off  f r o m   the  s h e e t s ,   and  e x p o s e d   t o  

u l t r a v i o l e t   l ight  in  a  W e a t h e r - O - M e t e r   for   fifty  h o u r s .   E l o n g a t i o n  

b e f o r e   and  a f t e r   e x p o s u r e   was   d e t e r m i n e d ,   and  the  p e r c e n t  

e l o n g a t i o n   r e t a i n e d   a f t e r   e x p o s u r e   is  given  in  T a b l e   V .  





The   da ta   show  the  c o m b i n a t i o n s   of  the  i n v e n t i o n   to  b e  

s u p e r i o r   to  the  p i p e r i d y l   c o m p o u n d   or  b e n z o t r i a z o l y l   p h e n o l ,  

t aken   a l o n e .  

E x a m p l e s   42  to  4 9  

T h e   s t a b i l i z e r s   of  t h i s   i n v e n t i o n   a r e   e f f e c t i v e   l ight  s t a b i l i z e r s  

fo r   l a c q u e r   c o a t i n g s :  

The   effect   of  the  s t a b i l i z e r s   in  a  t w o - c o a t   m e t a l l i c   e f f e c t  

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

f i n i s h i n g   l a c q u e r   was   d e t e r m i n e d .  

a)  M e t a l l i c   effect   p r i m i n g   l a c q u e r  

M e t h y l   m e t h a c r y l a t e   100  g,  n - b u t y l   a c r y l a t e   66  g, 

2 - h y d r o x y e t h y l   m e t h a c r y l a t e   30  g,  m e t h a c r y l i c   acid  4  g,  x y l e n e  

80  g  and  n - b u t a n o l   20  g  w e r e   h e a t e d   and  s t i r r e d   at  110°C  whi le   a  

s o l u t i o n   of  a z o b i s ( i s o b u t y r o n i t r i l e )   2  g,  d o d e c y l m e r c a p t a n   0.5  g ,  

x y l e n e   80  g  and  n - b u t a n o l   20  g  was   added   d r o p w i s e   ove r   t h r e e   h o u r s .  

A f t e r   a d d i t i o n   was  c o m p l e t e d ,   the  s o l u t i o n   was   s t i r r e d   for   two  m o r e  

h o u r s   at  110°C,  thus  p r e p a r i n g   an  a c r y l i c   r e s i n   s o l u t i o n .  

T h i s   a c r y l i c   r e s i n   s o l u t i o n   12  p a r t s ,   was   b l e n d e d   w i t h  

b u t o x y l a t e d   m e t h y l o l  m e l a m i n e   ( M i t s u i   T o a t s u   C o . ,   Yuban   2 0 S E 6 0 :  

s o l i d s   c o n t e n t   60%)  2 .5  p a r t s ,   c e l l u l o s e   a c e t o b u t y r a t e   (20%  b u t y l -  

a c e t a t e   so lu t i on )   50  p a r t s ,   a l u m i n u m   p i g m e n t   (Toyo  A l u m i n u m   C o . ,  

A l p a s t e   1123N)  5.5  p a r t s ,   x y l e n e   10  p a r t s ,   b u t y l   a c e t a t e   20  p a r t s  

and  c o p p e r   p h t h a l o c y a n i n e   b lue   0 .2   p a r t s   to  f o r m   a  p r i m i n g   l a c q u e r .  



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

The   a b o v e   a c r y l i c   r e s i n   s o l u t i o n   48  p a r t s ,   was  b l e n d e d  

w i t h   b u t o x y l a t e d   m e t h y l o l   m e l a m i n e   10  p a r t s ,   x y l e n e   10  p a r t s ,  

b u t o x y  e t h y l  a c e t a t e   4  p a r t s ,   2 , 2 ' - m e t h y l e n e b i s ( 4 - ( 1 , 1 , 3 , 3 -  

t e t r a m e t h y l b u t y l ) - 6 - b e n z o t r i a z o l y l p h e n o l ) )   0 .1   p a r t   as  s h o w n  

in  T a b l e   VI,  and  2 ,2 ,   6,  6 - t e t r a m e t h y l   p i p e r i d y l   c o m p o u n d   0.05  p a r t  

as   s h o w n   in  T a b l e   V I .  

P i e c e s   of  s t e e l   s h e e t i n g   p r e c o a t e d   wi th   a  p r i m e r   w e r e  

f i r s t   c o a t e d   wi th   the  p r i m i n g   l a c q u e r ,   and  s u b s e q u e n t l y   with  t h e  

f i n i s h i n g   l a c q u e r .   The   p r i m i n g   l a c q u e r   was   s p r a y e d   on  to  a  

t h i c k n e s s   of  a b o u t   20  µ ,   and  a i r e d   fo r   10  m i n u t e s .   T h e n   the  c l e a r  

l a c q u e r   was   s p r a y e d   on  to  a  t h i c k n e s s  o f   abou t   3 0 µ .   A f t e r   b e i n g  

a i r e d   15  m i n u t e s   the  s a m p l e s   w e r e   h e a t e d   in  an  oven  for   30  m i n u t e s  

at  1 4 0 ° C .  

T h e   c o a t e d   s h e e t s   w e r e   e x p o s e d   to  u l t r a v i o l e t   l ight  in  a  

W e a t h e r - O - M e t e r .   T h e   t ime   in  h o u r s   when   d e g r a d a t i o n   set   in,  a s  

d e t e r m i n e d   by  c r a c k i n g   on  the  s u r f a c e   of  the  s h e e t ,   was  noted  a s  

h o u r s   to  f a i l u r e ,   and  the  r e s u l t s   a re   shown  in  T a b l e   V I .  





T h e   da ta   show  the  c o m b i n a t i o n s   of  the  i n v e n t i o n   to  b e  

s u p e r i o r   to  the  p i p e r i d y l   c o m p o u n d   or  b e n z o t r i a z o l y l   p h e n o l ,  

t a k e n   a l o n e .  



1.  A  s t a b i l i z e r   c o m p o s i t i o n   f o r   i m p r o v i n g   the  r e s i s t a n c e  

of  s y n t h e t i c   r e s i n s   to  d e t e r i o r a t i o n   when   e x p o s e d   to  u l t r a v i o l e t  

l i gh t ,   c o m p r i s i n g :  

(1)  a  2 , 2 , 6 , 6 - t e t r a m e t h y l - p i p e r i d y l   c o m p o u n d   c o n t a i n i n g  

in  the  m o l e c u l e   at  l eas t   one  2 , 2 ,  6 , 6 - t e t r a m e t h y l - p i p e r i d y l   g r o u p ;  

a n d  

(2)  an  a l k y l i d e n e - b i s - ( b e n z o t r i a z o l y l   phenol)   h a v i n g   t h e  

f o r m u l a :  

w h e r e i n :  

R1  is  h y d r o g e n   or  a lky l   h a v i n g   f r o m   one  to  about   t w e l v e  

c a r b o n   a t o m s ;  

R2  is  a lky l   hav ing   f r o m   one  to  about   twe lve   c a r b o n   a t o m s  

or  a r y l a l k y l   h a v i n g   f rom  s e v e n   to  abou t   s i x t e e n   c a r b o n   a t o m s ;  

X  is  s e l e c t e d   f r o m   the  g r o u p   c o n s i s t i n g   of  h y d r o g e n ,   h a l o g e n ,  

a l ky l   h a v i n g   f r o m   one  to  about   t w e l v e   c a r b o n   a t o m s ,   a ry l   h a v i n g  

f r o m   six  to  ten  c a r b o n   a t o m s ,   a r y l a l k y l   hav ing   f r o m   s e v e n   t o  

abou t   s i x t e e n   c a r b o n   a t o m s ,   a lkoxy  h a v i n g   f r o m   one  to  a b o u t  

t w e l v e   c a r b o n   a t o m s ,   a ry loxy   h a v i n g   f r o m   six  to  ten  c a r b o n   a t o m s ;  

and  a r y l a l k o x y   hav ing   f rom  s e v e n   to  about   s i x t e e n   c a r b o n   a t o m s .  



2.  A  s t a b i l i z e r   c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

R1  is  h y d r o g e n   and  R2  is  a l k y l .  

3.  A  s t a b i l i z e r   c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

R   and  R2  a r e   each  a l k y l .  

4.  A  s t a b i l i z e r   c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

R   is  h y d r o g e n   and  R2  is  a r y l a l k y l .  

5.  A  s t a b i l i z e r   c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

X  is  h y d r o g e n .  

6.  A  s t a b i l i z e r   c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   1  in  w h i c h  

X  is  ha logen ,   a lkyl ,   a ry l ,   a r y l a l k y l ,   a lkoxy ,   a r y l o x y ,   o r  

a r y l a l k o x y .  

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

r e s i s t a n c e   to  d e t e r i o r a t i o n   upon  e x p o s u r e   to  u l t r a v i o l e t   l i g h t  

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

a c c o r d i n g   to  one  or  more  of   t he   c l a i m s   1  to   6 .  

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

i m p r o v e d   r e s i s t a n c e   to  d e t e r i o r a t i o n   upon  e x p o s u r e   to  u l t r a v i o l e t  

l ight  c o m p r i s i n g   an  a - o l e f i n   p o l y m e r   and  a  s t a b i l i z e r   c o m p o s i t i o n  

a c c o r d i n g   to  one  or  more  of   t he   c l a i m s   1  to   6 .  

9.  An  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   t e r p o l y m e r   r e s i n  

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



e x p o s u r e   to  u l t r a v i o l e t   l ight  c o m p r i s i n g   an  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   t e r p o l y m e r   r e s i n   and  a  s t a b i l i z e r  

c o m p o s i t i o n   a c c o r d i n g   to  one  or   more  of  t h e   c l a i m s   1  to  6 .  

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

i m p r o v e d   r e s i s t a n c e   to  d e t e r i o r a t i o n   upon  e x p o s u r e   t o  

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

s t a b i l i z e r   c o m p o s i t i o n   a c c o r d i n g   to  one  or   more  of  t h e  

c l a i m s   1  to   6 .  
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