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(S)  Dry  silver  photo-sensitive  compositions,  dyes  for  use  therein  and  preparation  of  such  dyes. 

Dry  silver  photo-sensitive  compositions  comprising  an 
intimate  mixture  of  a  substantially  light-insensitive  silver 
compound  which  upon  reduction  gives  a  visible  change  and 
sufficient  of  a  silver  halide  to  catalyse  said  reduction  to  give  a 
visible  change  in  those  areas  where  the  silver  halide  has  been 
exposed  to  light  and  when  the  mixture  is  heated  in  the  pres- 
ence  of  a  reducing  agent,  and  as  an  acutance  dye  a  compound 
of  the  general  formula: 



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

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

to  t he   p r e p a r a t i o n   of  such   c o m p o u n d s   and  to   p h o t o -  

s e n s i t i v e   c o m p o s i t i o n s   c o n t a i n i n g   t h e   c o m p o u n d s .   T h e  

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

c o m p o s i t i o n s   of  t h e   t y p e   known  as  " d r y   s i l v e r "   c o m p o s i t i o n s .  

Dry  s i l v e r   p h o t o s e n s i t i v e   c o m p o s i t i o n s   c o m p r i s e  

an  i n t i m a t e   m i x t u r e   of  a  l i g h t   s e n s i t i v e   s i l v e r   h a l i d e  

and  a n o t h e r   s i l v e r   c o m p o u n d   s u c h   as  a  s i l v e r   s a l t   of  a n  

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

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

s u b s t a n t i a l l y   l i g h t - i n s e n s i t i v e .   Such  a  m i x t u r e   i s  

u s u a l l y   p r e p a r e d   in  s u s p e n s i o n   and  t he   r e s u l t i n g  

d i s p e r s i o n   s p r e a d   as  a  l a y e r   on  a  s u i t a b l e   s u b s t r a t e .  

When  d r y ,   t h e   l a y e r   i s   e x p o s e d   to  a  l i g h t   image   a n d  

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

by  h e a t i n g   t h e   l a y e r   in  t h e   p r e s e n c e   of  a  r e d u c i n g   a g e n t  

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

I t   is   b e c a u s e   t h e   e x p o s u r e   and  d e v e l o p m e n t   of  t h e  

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

a r e   o f t e n   r e f e r r e d   to  as  dry   s i l v e r   l i g h t - s e n s i t i v e  

m a t e r i a l s .   Such  m a t e r i a l s   in  w h i c h   m i n o r   a m o u n t s   of  a  

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

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



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

r e a c t i o n   m i x t u r e   w h i c h   r e a c t s   more  r a p i d l y   in  t h e  

p r e s e n c e   of  t h e   c a t a l y s t   r e s u l t i n g   upon   e x p o s u r e   o f  

t h e   s i l v e r   h a l i d e   a r e   w e l l   known  in  t h e   a r t .   E x a m p l e s  

of  s u c h   m a t e r i a l s   a r e   d e s c r i b e d   in  ou r   B r i t i s h   P a t e n t  

N o .  1   110  046  and  in   U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n  

Nos .   3  839  049  and  3  457  0 7 5 .  

We  b e l i e v e ,   t h a t   when  t h e   m i x t u r e   i s   e x p o s e d   t o  

l i g h t ,   a  l a t e n t   image   is   f o r m e d   in  t h e   s i l v e r   h a l i d e .  

T h e r e a f t e r ,   t he   s i l v e r   compound   can  be  r e d u c e d   by  h e a t i n g  

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

i m a g e - w i s e   by  t h e   l i g h t   e x p o s e d   s i l v e r   h a l i d e .   By  a  

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

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

a r e a s   to   g i v e   a  v i s i b l e   d a r k e n i n g   w h i l e   any  s l i g h t  

r e d u c t i o n   w h i c h   o c c u r s   in  t h e   n o n - l i g h t   e x p o s e d   a r e a s  

i s   i n s u f f i c i e n t   to   g i v e   a  m a r k e d   c h a n g e .   Of  c o u r s e ,  

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

o n l y   v e r y   s m a l l   a m o u n t s   of  i t   can  s u f f i c e ,   e . g .   0 .1   t o  

10%  by  w e i g h t   of  t h e   m i x t u r e .   H o w e v e r ,   l a r g e   a m o u n t s ,  

e . g .   up  to  15  or  even   20%  may  be  d e s i r a b l e   in  s o m e  

c i r c u m s t a n c e s .  

In  o r d e r   to  i m p r o v e   t h e   s h a r p n e s s   or  d e f i n i t i o n  

of  p h o t o g r a p h i c   i m a g e s   a  dye  known  as  an  a c u t a n c e   d y e  

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



To  be  e f f e c t i v e   t h e   a c u t a n c e   dye  w i l l   a b s o r b   at  t h e  

w a v e l e n g t h s   at  w h i c h   t h e   p h o t o s e n s i t i v e   c o m p o s i t i o n   i s  

s e n s i t i v e .   The  l o n g e r   t he   p a t h   l e n g t h   of  t h e   l i g h t   i n  

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

a t t e n u a t i o n .   T h e r e f o r e ,   s c a t t e r e d   l i g h t   i s   a t t e n u a t e d  

or  a b s o r b e d   to   a  l a r g e r   e x t e n t   t h a t   l i g h t   w h i c h   i m p i n g e s  

d i r e c t l y   on  a  l i g h t - s e n s i t i v e   c r y s t a l .   As  a  r e s u l t  

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

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

w h i c h   a r e   l i a b l e   to   p r o d u c e   a  b l u r r e d   image   a r e   p r e f e r -  

e n t i a l l y   a b s o r b e d   and  so  t he   o v e r a l l   d e f i n i t i o n   a n d  

s h a r p n e s s   of  i m a g e s   p r o d u c e d   in  t he   l a y e r   a re   i n c r e a s e d .  

An  a c u t a n c e   dye  f o r   use   in  a  dry   s i l v e r   c o m p o s i t i o n  

i s   p r e f e r a b l y   h e a t   l a b i l e ,   t h a t   is  to  s a y ,   i t   i s   d e s t r o y e d  

by  t h e   h e a t   d e v e l o p m e n t   of  t h e   dry  s i l v e r   c o m p o s i t i o n   t o  

one  or  more  c o m p o u n d s   w h i c h   a re   s u b s t a n t i a l l y   c o l o u r - l e s s .  

I t   i s   t h e r e f o r e   a n ' o b j e c t   of  t h i s   i n v e n t i o n   t o  

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

w h i c h   a b s o r b   l i g h t   a t   at   l e a s t   some  of  t h o s e   w a v e l e n g t h s  

to   w h i c h   t h e   c o m p o s i t i o n   is   s e n s i t i v e   and  w h i c h   a r e  

r e n d e r e d   c o l o u r l e s s   upon  h e a t   d e v e l o p m e n t   of  t h e   d r y  

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

I t   i s   a l s o   an  o b j e c t   of  t he   i n v e n t i o n   to  p r o v i d e  

n o v e l   c o m p o u n d s   s u i t a b l e   f o r   use   as  a c u t a n c e   dyes   in  d r y  

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



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

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

an  i n t i m a t e   m i x t u r e   of  a  s u b s t a n t i a l l y   l i g h t - i n s e n s i t i v e  

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

c h a n g e   and  s u f f i c i e n t   of  a  s i l v e r   h a l i d e   to  c a t a l y s e  

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

a r e a s   w h e r e   t h e   s i l v e r   h a l i d e   has  been   e x p o s e d   to  l i g h t  

and  when  t he   m i x t u r e   i s   h e a t e d   in  the   p r e s e n c e   of  a  

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

c o n t a i n s   as  an  a c u t a n c e   dye ,   a  compound   of  t h e   g e n e r a l  

f o r m u l a :  

in  w h i c h   R1  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  t o  

12  c a r b o n   a t o m s ,  



R2  r e p r e s e n t s   a  h y d r o g e n   a tom,   an  a l k y l   g r o u p  

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

p h e n y l   g r o u p   of  m o l e c u l a r   w e i g h t   l e s s   t h a n   350,   -COOR1 

in  w h i c h   R1  is   as  d e f i n e d   a b o v e ,   C6H5CO-  or  R6NH.CO  i n  

w h i c h   R6  r e p r e s e n t s   a  h y d r o g e n   atom  or  an  a l k y l ,   a r y l  

or  a r a l k y l  g r o u p ,  

R3,  R4  and  R5  i n d e p e n d e n t l y   r e p r e s e n t   a  h y d r o g e n  

atom  or  a  s u b s t i t u e n t   w h i c h   can  be  p r e s e n t   in  a  c y a n i n e  

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

D  r e p r e s e n t s  o r  

in  w h i c h   R7  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g  

1  to   4  c a r b o n   a t oms   or  CH3COO-,  

Y  r e p r e s e n t s   -CN  or  - N 0 2 ,  

n  i s   1  when  k  i s   0  or  k  i s   1  when  n  i s   0,  a n d  

m  i s   0,  1  or  2 .  



The  s u b s t i t u e n t s   R3,  R4  and  R   i n d e p e n d e n t l y  

r e p r e s e n t   a  s u b s t i t u e n t   w h i c h ,   as  known  in  t he   a r t ,   c a n  

be  p r e s e n t   in  a  c y a n i n e   dye  t y p e   h e t e r o c y l i c   n u c l e u s ,  

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

r e f e r r i n g   to   t h e   b r o a d l y   a r t   a c c e p t e d   k n o w l e d g e   o f  

s u b s t i t u e n t s .   A  r a n g e   o f   s u c h   s u b s t i t u e n t s   a r e   d i s c l o s e d  

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

2  921  0 6 7 .  

E x a m p l e s   of  s u b s t i t u e n t s   f o r   R3,  R4  and  R5  i n c l u d e  

h y d r o g e n   or   h a l o g e n ,   e . g .   c h l o r i n e ,   b r o m i n e   or  i o d i n e ,  

an  a l k y l   g r o u p   c o n t a i n i n g   1  to   12  c a r b o n   a t o m s ,   a n  

a l k o x y   g r o u p   c o n t a i n i n g   1  to   4  c a r b o n   a t o m s ,   an  a l k e n y l  

g r o u p   c o n t a i n i n g   2  to   4  c a r b o n   a t o m s ,   - (CH2)pCOOH  w h e r e  

p  i s   0,  1,  2  or  3,  -N02 ,   -NH2  or  -NHCOCH3,  or  any  t w o  

of  R3  to   R5  t o g e t h e r   r e p r e s e n t   t h e   c a r b o n   a toms   n e e d e d  

to  c o m p l e t e   a  f u s e d   on  b e n z e n e   r i n g .   P r e f e r a b l y   a t   l e a s t  

one ,   more   p r e f e r a b l y   a t   l e a s t   t w o ,  o f   t h e   s u b s t i t u e n t s  

R3  to   R5  r e p r e s e n t   h y d r o g e n   a t o m s .   The  most   p r e f e r r e d  

s u b s t i t u e n t s   to  be  r e p r e s e n t e d   by  e a c h   of  R3  to  R5  a r e  

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

m e t h o x y   or  e t h o x y   g r o u p s .  

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

one  of  t h e   a b o v e   d e s c r i b e d   c o m p o u n d s   as  an  a c u t a n c e  

dye  can  g i v e   e x c e l l e n t   s h a r p   i m a g e s   and  t h a t   t h e   a c t u a n c e  

dye  w i l l   be  r e n d e r e d   c o n s i d e r a b l y   l i g h t e r   in  c o l o u r   o r  



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

d e v e l o p   t he   c o m p o s i t i o n ,   T h i s   is   s u r p r i s i n g   in  v i e w  

of  t h e   f a c t   t h a t   many  of  t h e s e   dyes   a re   f o u n d   no t   to  b e  

d e c o m p o s e d   to  a  c o l o u r l e s s   s t a t e   when  t h e y   a r e   h e a t e d  

on  t h e i r   own  to  t h e   t e m p e r a t u r e   at   w h i c h   t h e   dry  s i l v e r  

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

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

no t   known  a l t h o u g h   t h e   e x t e n t   of  d e c o l o u r i s a t i o n   h a s  

been   f o u n d   to  v a r y   when  t h e   dry   s i l v e r   s y s t e m s   a re   a l t e r e d .  

Thus  a  dye  may  be  d e c o m p o s e d   to   a  c o l o u r l e s s   s t a t e   w h e n  

i t   i s   p r e s e n t   i n ' o n e   p a r t i c u l a r   dry   s i l v e r   s y s t e m   u p o n  

d e v e l o p m e n t   bu t   in  a  d i f f e r e n t   s y s t e m   t h e   dye  may  s i m p l y  

be  r e n d e r e d   l i g h t e r   in  c o l o u r .   Thus  a  compound   f o r   u s e  

as  an  a c u t a n c e   dye  in  a  p a r t i c u l a r   dry   s i l v e r   s y s t e m   i s  

s e l e c t e d   no t   o n l y   f o r   i t s   e f f i c i e n c y   as  an  a c u t a n c e   d y e  

in  t h a t   s y s t e m   bu t   a l s o   to  o b t a i n   t h e   d e s i r e d   b a c k g r o u n d  

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

One  p r e f e r r e d   g r o u p   of  a c u t a n c e   d y e s   f o r   use   in  t h e  

i n v e n t i o n   a r e   t h o s e   in  w h i c h   k=0 ,   n = l ,   Y  is  N02  and  R2 

is   COOC2H5,  C6H5,  C1  to   C4  a l k y l   or  h y d r o g e n .  

A  s e c o n d   p r e f e r r e d   g r o u p   of  a c u t a n c e   dyes   f o r  

use   in  t h e   i n v e n t i o n   a re   t h o s e   in  w h i c h   m=l,   k = l ,   n = 0 ,  

Y  i s   NO2,  D  is   o x y g e n   or  s u l p h u r   and  R   is   COOR1,  C6H5,  

s u b s t i t u t e d   p h e n y l ,   C 1  t o   C 4  a l k y l   or  h y d r o g e n .  



A  f u r t h e r   g r o u p   of  p r e f e r r e d  d y e s   a r e   1 - a l k y l - 4 -  

n i t r o m e t h y l e n e - q u i n o l a n e s   in  w h i c h   t h e   a l k y l   s u b s t i t u e n t  

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

of  t h e   g e n e r a l   f o r m u l a :  

in  w h i c h   R11  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  t o  

4  c a r b o n   a t o m s ,   e a c h   R12  i n d e p e n d e n t l y   r e p r e s e n t s   a  
or  a l k o x y  

h y d r o g e n   or  h a l o g e n   a t o m ,   an  a l k y l / g r o u p   c o n t a i n i n g   1  t o  

4  c a r b o n   a t o m s ,   an  a l k e n y l   g r o u p   c o n t a i n i n g   2  to  4  c a r b o n  

a t o m s ,   - (CH2)pCOOH  w h e r e i n   p  i s   0,  1,  2  or  3,  -NO2,  -NH2 

or  NHCOCH3,  or  two  g r o u p s   R12  t o g e t h e r   r e p r e s e n t   t h e  

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

P r e f e r a b l y   R11  r e p r e s e n t s   a  m e t h y l   or  e t h y l   g r o u p ,   a t  

l e a s t   one  g r o u p   R12  r e p r e s e n t s   a  h y d r o g e n   a tom  and  e a c h  

o t h e r   R12  i n d e p e n d e n t l y   r e p r e s e n t s   a  h y d r o g e n ,   c h l o r i n e  

or  b r o m i n e   a tom,   or  a  m e t h y l ,   e t h y l ,   m e t h o x y   or  e t h o x y  

g r o u p .  

A  f u r t h e r   s e r i e s   of  d y e s   a r e   t h o s e   in  w h i c h   R2 

r e p r e s e n t s :  



in  w h i c h   X,  Y  and  Z  i n d e p e n d e n t l y   r e p r e s e n t   a  h y d r o g e n  

or  h a l o g e n   a tom,   N02,  CN  or  p e r f l u o r o a l k y l   of  1  to  4 

c a r b o n   a t o m s ,   w i t h  t h e   p r o v i s o   t h a t   at  l e a s t   one  of  X 

and  Y  is   N02  and  R3,  R4  and  R5  i n d e p e n d e n t l y   r e p r e s e n t  

a  h y d r o g e n   or  h a l o g e n   a t o m ,   an  a l k y l   or  a l k o x y   of  1  t o  

4  c a r b o n   a t o m s ,   a l k e n y l   of  2  to  4  c a r b o n   a t o m s ,   - ( C H 2 ) p C O O H  

w h e r e i n   p  i s   0,  1,  2  or  3,  -NO2,  -NH2  or  -NHCOCH3,  or  a n y  

two  of  t h e   a d j a c e n t   g r o u p s   a r e   t h e   a toms   n e c e s s a r y   t o  

fo rm  a  f u s e d   on  b e n z e n e   r i n g .  

P r e f e r r e d   d y e s   w i t h i n   t h e   g r o u p   have   t he   g e n e r a l  

f o r m u l a :  

in  w h i c h   R16  r e p r e s e n t s   an  a l k y l   g r o u p   of  1  to  8  c a r b o n  

a t o m s ,  

R17  r e p r e s e n t s   a l k y l ,   a l k o x y ,   h a l o g e n ,   N02 

or  a r y l ,   a n d  

R18  r e p r e s e n t s   h y d r o g e n ,   a l k y l   of  1  to  8  c a r b o n  

a toms   or  a l k o x y   of  1  to   8  c a r b o n   a t o m s .  



The  a c u t a n c e   d y e s   can  be  i n c o r p o r a t e d   i n t o  

t h e   dry   s i l v e r   c o m p o s i t i o n s   of  t h e   i n v e n t i o n   in  a d  

a m o u n t   f rom  5  x  10-4   to   0 .1   m o l e   of  a c u t a n c e   dye  p e r  

k i l o g r a m   of  t o t a l   d ry   s o l i d s   in  t h e   c o m p o s i t i o n .  

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

a m o u n t   of  f rom  2  x  1 0 - 3   to   3  x  1 0 - 2   mole   of  a c u t a n c e  

dye  p e r   k i l o g r a m   of  d ry   s o l i d s   in  t h e   c o m p o s i t i o n .  

The  l i g h t - s e n s i t i v e   c o m p o s i t i o n s   of  t h e  

i n v e n t i o n   w i l l   n o r m a l l y   be  s p r e a d   f o r   u se   on  a  

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

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

The  c o m p o s i t i o n   w i l l   n o r m a l l y   be  p r e p a r e d   as  a  s o l u t i o n  

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

and  t h e n   t h e   s o l v e n t   or  v e h i c l e   i s   e v a p o r a t e d   o f f   t o  

l e a v e   a  dry   p h o t o - s e n s i t i v e   l a y e r .   I f   d e s i r e d ,   a  

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

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

a c e t a t e ,   c e l l u l o s e   a c e t a t e - p r o p i o n a t e   and  c e l l u l o s e  

a c e t a t e   b u t y r a t e ,   can  be  i n c o r p o r a t e d   in  t h e   l i g h t -  

s e n s i t i v e   m i x t u r e .  

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

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

The  o r g a n i c   a c i d   can  be  a  C12  to   C29  a l i p h a t i c   a c i d  

and  i s   p r e f e r a b l y   a  C16  to   C 2 5   a l i p h a t i c   a c i d .  

E x a m p l e s   i n c l u d e   s i l v e r   b e h e n a t e ,   s i l v e r   c a p r a t e ,   s i l v e r  



l a u r a t e ,   s i l v e r   m y r i s t a t e ,   s i l v e r   p a l m i t a t e ,   s i l v e r  

s t e a r a t e ,   s i l v e r   a r a c h i d a t e   and  s i l v e r   s a c c h a r i n e .  

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

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

q u i t e   m i l d .   S u i t a b l e   e x a m p l e s   i n c l u d e   h y d r o q u i n o n e  

and  s u b s t i t u t e d   p h e n o l s   s u c h   as  1 - m e t h y l - 4 - h y d r o x y -  

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

d i a m i n e ,   p - a m i n o - p h e n o l   and  1 - p h e n y l - 3 - p y r a z o l i d o n e .  

The  r e d u c i n g   a g e n t   can  be  i n c o r p o r a t e d   i n t o   t h e  

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

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

a g e n t   a f t e r   e x p o s u r e   to   l i g h t .   For   e x a m p l e ,   a  l i g h t -  

s e n s i t i v e   c o a t i n g   can  be  e x p o s e d   to  a  l i g h t   i m a g e ,  

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

a g e n t   and  t he   image   t h e n   d e v e l o p e d   by  h e a t i n g ,  

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

in  t h e   l i g h t - s e n s i t i v e   c o m p o s i t i o n   b e f o r e   t h i s   i s  

s p r e a d   on  t h e   s u p p o r t .   Then  t h e   s t o r a g e   s t a b i l i t y  

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

in  t h e   c o m p o s i t i o n   a  s m a l l   a m o u n t   of  a  s t a b i l i z e r   s u c h  

as  an  a c i d   s t a b i l i z e r ,   e . g .   s u c c i n i c   a c i d ,   b e n z o i c  

a c i d   or  s a l i c y l i c   a c i d .  

The  s i l v e r   h a l i d e   can  be  p r e s e n t   in  a m o u n t s  

of  up  to   20%  by  w e i g h t   of  t h e   m i x t u r e   of  s i l v e r  

c o m p o u n d s   or  can  be  p r e s e n t   in  s m a l l   a m o u n t s ,   e . c .   0 . 1  



to   10%  by  w e i g h t   of  t h e   m i x t u r e   of  s i l v e r   c o m p o u n d s .  

I t   can  be  a d d e d   as  s u c h   to   t h e   s u b s t a n t i a l l y   l i g h t -  

i n s e n s i t i v e   c o m p o u n d   or  f o r m e d   in  s i t u   by  a d d i n g  

a  s o l u b l e   h a l i d e ,   e . g .   a  m e r c u r y   or  s o d i u m   h a l i d e ,  

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

c o m p o u n d .   The  s i l v e r   h a l i d e   c a n ,   f o r   e x a m p l e ,   b e  

c h l o r i d e ,  b r o m i d e   or  a  m i x t u r e   of  them  a n d / o r   o t h e r  

s i l v e r   h a l i d e s .  

The  l i g h t - s e n s i t i v e   c o m p o s i t i o n s   of  t h e   i n v e n t i o n  

can  i n c l u d e   o n e  o r   more  s e n s i t i s i n g   d y e s   to  i m p r o v e  

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

t h a n   t h e   s h o r t e r   w a v e l e n g t h s .   Thus  dye  s e n s i t i z e d  

d ry   s i l v e r   c o m p o s i t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   c a n  

c o n t a i n   an  a d d i t i o n a l   a c u t a n c e   dye  s u c h   as  one  o f  

t h o s e   d e s c r i b e d   in  ou r   c o p e n d i n g   B r i t i s h   P a t e n t  

A p p l i c a t i o n   N o .  1   6 6 7 7 / 7 7 .  



The  c o m p o u n d s   of  g e n e r a l   f o r m u l a   ( I )   may  b e  

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

of  t h e   g e n e r a l   f o r m u l a :  

w h e r e i n   X@  r e p r e s e n t s   an  a n i o n ,  

Z   is   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  S R 1 ,  

w h e r e i n   R1  is   a s  d e f i n e d   a b o v e ,   a n d  

w i t h   a  compound   of  t h e   f o r m u l a :  

w h e r e i n   Y  and  R 2  a r e   as  d e f i n e d   a b o v e ,  

t h e   r e a c t i o n   b e i n g   c o n d u c t e d   in  t he   p r e s e n c e   of  a  p o l a r  

s o l v e n t ,   a  b a s e   c a t a l y s t   and  an  a c i d   b i n d i n g   a g e n t .  

S u i t a b l e   r e a g e n t s   a r e   w e l l   known  and  f u l l y  

e x e m p l i f i e d   in  t h e   c y a n i n e / m e r o c y a n i n e   dye  l i t e r a t u r e .  

The  r e a c t i o n   i s   p r e f e r a b l y   c a r r i e d   out   in  t h e  

p r e s e n c e   of  C2H5OH  as  a  s o l v e n t   and  (C2H5)3N  as  b o t h  



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

to  known  p r o c e s s e s   u s e d   in  t h e   s y n t h e s i s   of  m e r o c y a n i n e  

d y e s .  

The  a c u t a n c e   d y e s   of  g e n e r a l   f o r m u l a   ( I I )   can  b e  

p r e p a r e d   by  p r o c e s s e s   w h i c h   a r e   w e l l   known .   Thus ,   t h e y  

can  be  p r e p a r e d   in  a  m a n n e r   a n a l o g o u s   to  t h e   s y n t h e s i s  

of  s i m p l e   m e r o c y a n i n e   d y e s   as  d e s c r i b e d ,   f o r   e x a m p l e ,  

in  B r i t i s h   P a t e n t   No.  426  718,   by  r e a c t i n g   n i t r o m e t h a n e  

w i t h   a  1 - a l k y l - 4 - a l k y l t h i o - q u i n o l i n i u m   s a l t   in  a  s o l v e n t  

in  t h e   p r e s e n c e   of  a  b a s i c  c a t a l y s t .   They  a r e ,   h o w e v e r ,  

p r e f e r a b l y   p r e p a r e d   f rom  1 - a l k y l - q u i n o l i n i u m   s a l t s   b y  

t h e   m e t h o d   d e s c r i b e d   by  L e o n a r d ,   DeWal t   and  L e u b u e r   i n  

J . A . C . S . ,   73,  3 3 2 8 ,   in  w h i c h   a  q u i n o l i n i u m   q u a t e r n a r y  

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

an  o x i d i s i n g   a g e n t   and  a  s o l v e n t .  

The  d y e s   of  g e n e r a l   f o r m u l a  ( I I I ) m a y   a l s o   be  m a d e  

a c c o r d i n g   to  t h e   f o l l o w i n g - r e a c t i o n   s c h e m e   A: 



T h i s   m e t h o d   is   p e r f o r m e d   in  t h e   p r e s e n c e   of  a  s t r o n g  

t e r t i a r y   amine   s u c h   as  d i i s o p r o p y l e t h y l a m i n e .   For   e x a m p l e ,  

in  f o r m i n g   1 , 4 - d i h y d r o - 4 - ( 2 , 4 - d i n i t r o p h e n y l ) - n i t r o m e t h y l e n e -  

1 - m e t h y l q u i n o l i n e   ( w h i c h   may  a l s o   be  named  1 , 4 - d i h y d r o -  

1 - m e t h y l - 4 - ( a , 2 , 4 - t r i n i t r o b e n z y l i d e n e ) q u i n o l i n e ) ,   o n e  

w o u l d   r e a c t   4 - n i t r o m e t h y l e n e - 1 - m e t h y l - 1 , 4 - d i h y d r o q u i n o l i n e  

w i t h   2 , 4 - d i n i t r o f l u o r o b e n z e n e   in  d i i s o p r o p y l e t h y l a m i n e .  



C e r t a i n   of  t h e   c o m p o u n d s   s u i t a b l e   f o r   use   a s  

a c u t a n c e   dyes   in  t h e   p r e s e n t   i n v e n t i o n   a re   k n o w n .  

C e r t a i n   c o m p o u n d s   of  t h e   a b o v e   f o r m u l a   in  w h i c h   m=0 

a r e   d i s c l o s e d   in  J . A . C . S .   7 4 , 2 1 1 0 ,   C.A.  55  2 7 3 7 3 g   a n d  

U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   N o .  2   411  507  a n d  

o t h e r   c o m p o u n d s   in  w h i c h   m=1  a r e   d e s c r i b e d   by  S e v e r i n   & 

Bohme  in  C h e m B e r .   101  2 9 2 5 .   T h e r e   i s   no  i n d i c a t i o n   i n  

any  of  t he   p r i o r   a r t   t h a t   s u c h   c o m p o u n d s   wou ld   b e  

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

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

Many  of  t h e   c o m p o u n d s   f o r   u se   as  a c u t a n c e   dyes   i n  

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   a r e   n o v e l   and  t h e r e f o r e  

a c c o r d i n g   to   one  e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e r e   i s  

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

w h e r e i n :  

R1  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  to  12  

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

R3,  R   and  R   a r e   c y a n i n e   dye  c o m p a t i b l e   s u b s t i t u e n t s ,  

D  r e p r e s e n t s   a  member  of  t h e   g r o u p   c o n s i s t i n g   o f  

in   w h i c h   R7  i s  

s e l e c t e d   f rom  an  a l k y l   g r o u p   c o n t a i n i n g   1  to  4  c a r b o n  



a toms   or  CH3COO-,  

n  i s   1  when  k  is   0  or  k  i s   1  when  n  is  0 ,  

m  is   0,  1  or  2 ,  

when  m  is   0  or  2 :  

R2  r e p r e s e n t s   a  member   s e l e c t e d   f rom  the   g r o u p  

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

p h e n y l   g r o u p   of  m o l e c u l a r   w e i g h t   l e s s   t h a n   350,   -COOR1 

w h e r e i n   R   is   as  d e f i n e d   a b o v e ,   C6H5CO-  or  R 6 N H . C O -  

w h e r e i n   R6  is   a  member   of  t h e   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   atom  o r  a n   a l k y l ,   a r y l   or  a r a l k y l   g r o u p ,  

and  when  m  i s   1 :  

R2  r e p r e s e n t s   R 6 N H . C O  w h e r e i n   R6  is   as  d e f i n e d   a b o v e .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   by  t h e  

f o l l o w i n g   E x a m p l e s .  



E x a m p l e   1 

P r e p a r a t i o n   of  4 - ( c y a n o - 4 ' - n i t r o p h e n y l m e t h y l e n e ) - 1 - m e t h y l -  

q u i n o l a n e   (Compound   No.  1 4 )  

1 - M e t h y l - 4 - m e t h y l t h i o - q u i n o l i n i u m   t o l u e n e - 4 -  

s u l p h o n a t e   ( 1 . 8 3   g)  was  p l a c e d   in  e t h a n o l   (20  ml)  a n d  

4 - n i t r o p h e n y l a c e t o n i t r i l e   ( 0 . 8 1   g)  a d d e d .   The  m i x t u r e  

was  w a r m e d ,   t r i e t h y l a m i n e   ( 0 . 8   ml)  a d d e d   and  t h e   r e s u l t i n g  

m i x t u r e   h e a t e d   u n d e r   r e f l u x   f o r   15  m i n u t e s .   The  d y e  

w h i c h   s e p a r a t e d   f rom  t h e   ho t   s o l u t i o n   was  f i l t e r e d   o f f  

and  t h e   c r u d e   c o m p o u n d   ( 1 . 2   g)  was  t w i c e   c r y s t a l i s e d  

f rom  t o l u e n e   (200   ml)  to  g i v e   m a g e n t a   n e e d l e s   ( 0 . 9   g )  

h a v i n g   a  m e l t i n g  p o i n t   of  203  to  204oC.   In  m e t h a n o l i c  

s o l u t i o n   t h e  d y e   e x h i b i t e d   ε  =  2 .0   x  104  at  Xmax  495  nm.  

E x a m p l e   2 

P r e p a r a t i o n   of  4 - ( e t h o x y c a r b o n y l - n i t r o m e t h y l e n e ) -  

1 - m e t h y l - q u i n o l a n e   (Compound   No.  1 2 )  

1 - M e t h y l - 4 - m e t h y l t h i o - q u i n o l i n i u m   t o l u e n e - 4 -  

s u l p h o n a t e   ( 1 . 8   g)  and  e t h y l   n i t r o a c e t a t e   (1  ml)  w e r e  

p l a c e d   in  e t h a n o l   (10  ml)  and  t h e   m i x t u r e   w a r m e d .   A f t e r  

t h e  a d d i t i o n   of  t r i e t h y l a m i n e   ( 0 . 7   ml)  t h e   w h o l e   was  h e a t e d  

u n d e r   r e f l u x   f o r   10  m i n u t e s .   The  p r o d u c t   c r y s t a l l i s e d  

upon  c o o l i n g   and  was  f i l t e r e d   o f f .   The  c r u d e   p r o d u c t  

was  p u r i f i e d   by  b o i l i n g   w i t h   e t h a n o l   (70  m l ) ,   to   g i v e  

b o t h   an  u n d i s s o l v e d   r e s i d u e   ( 0 . 8   g)  and  a  c r y s t a l l i s e d  

s a m p l e   ( 0 . 2 5   g)  Bo th   s a m p l e s   f o r m e d   y e l l o w   p l a t e s   w i t h  



m e l t i n g   p o i n t   of  203  to  206°C  and  the   r e c r y s t a l l i s e d  

s a m p l e   showed   ε=  6  x  103  in  m e t h a n o l i c   s o l u t i o n   a t  

λ  max   465  nm. 

A n a l y s i s :  

C a l c u l a t e d :   N  1 0 . 0 %  

F o u n d :   N  1 0 . 2 %  

E x a m p l e   3 

P r e p a r a t i o n   of  3 - e t h y l - 2 ( 3 - n i t r o - 3 - p h e n y l - a l l y l i d e n e ) -  

2 , 3 - d i h y d r o b e n z o t h i a z o l e   (Compound   No.  2 1 )  

2 - A c e t a n i l i n o - 3 - e t h y l - b e n z o t h i a z o l i u m   i o d i d e  

( 4 . 5   g)  was  p l a c e d   in  e t h a n o l   (25  ml)  and  p h e n y l   n i t r o -  

m e t h a n e   ( 1 . 4   g)  a d d e d .   The  m i x t u r e   was  w a r m e d ,   t r i e t h y l -  

amine   ( 1 . 4   ml)  a d d e d   and  t h e   r e s u l t i n g   m i x t u r e   h e a t e d  

u n d e r   r e f l u x   f o r   20  m i n u t e s .   Upon  c o o l i n g ,   a  m i x t u r e   o f  

p r o d u c t   and  t r i m e t h i n c y a n i n e   dye  was  d e p o s i t e d .   T h i s  

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

The  e x t r a c t e d  s o l i d   was  t h e n   c r y s t a l l i s e d   f rom  e t h a n o l  

(350  ml)   to   g i v e   d a r k  g r e e n   c o l o u r e d   p l a t e s   ( 2 . 4   g )  

h a v i n g   a  m e l t i n g   p o i n t   of  1 5 5 ° C .   In  m e t h a n o l i c   s o l u t i o n  

t h e   dye   e x h i b i t e d   ε  =  6 .2   x  104  at   λ  max   523  nm. 

A n a l y s i s :  

C a l c u l a t e d :   N  8 .64%;   S  9 . 8 7 %  

F o u n d :   N  8 . 69%;   S  9 . 8 5 %  



E x a m p l e   4 

P r e p a r a t i o n   of  3 - e t h y l - 2 - ( 3 - e t h o x y c a r b o n y l - 3 - n i t r o - a l l y l i d e n e ) -  

2 , 3 - d i h y d r o b e n z o x a z o l e   ( C o m p o u n d   No.  2 0 )  

2 - A c e t a n i l i n o - 3 - e t h y l - b e n z o x a z o l i u m   i o d i d e   ( 2 . 1 7   g )  

was  p l a c e d   in  e t h a n o l   (10  ml)  and  e t h y l   n i t r o a c e t a t e  

( 1 . 0   ml)   a d d e d .   The  m i x t u r e   was  w a r m e d ,   t r i e t h y l a m i n e  

( 0 . 7   ml)   added   and  t h e   r e s u l t i n g   m i x t u r e   h e a t e d   u n d e r  

r e f l u x   f o r   7  m i n u t e s .   The  dye  s e p a r a t e d   upon  c o o l i n g  

and  a f t e r   f i l t r a t i o n   t h e   c r u d e   p r o d u c t   ( 1 . 2   g)  w a s  

c r y s t a l l i s e d   f rom  t o l u e n e   (17  ml)  to  g i v e   y e l l o w   n e e d l e s  

( 1 . 0 5   g)  h a v i n g  a   m e l t i n g   p o i n t   of  172  to  1 7 5 ° C .   I n  

m e t h a n o l i c   s o l u t i o n   t h e   dye  e x h i b i t e d   e  =  5 . 6   x  104  a t  

λ  max  452  nm. 

A n a l y s i s :  

C a l c u l a t e d :   C  5 9 . 2 1 % ;   H  5 .26%;   N  9 . 2 1 %  

F o u n d :   C  5 8 . 9 0 % ;   H  5 .59%;   N  9 . 1 0 %  

E x a m p l e   5  

P r e p a r a t i o n   of  3 - e t h y l - 2 - ( 5 - e t h o x y c a r b o n y l - 5 - n i t r o - p e n t a  

2 , 4 - d i e n y l i d e n e ) - 2 , 3 - d i h y d r o b e n z o t h i a z o l e  

( C o m p o u n d   No.  3 4 )  

2 - ( 4 ' - A c e t a n i l i n o - 1 , 3 - b u t a d i e n y l ) - 3 - e t h y l   b e n z o -  

t h i a z o l i u m   i o d i d e   ( 4 . 7 6   g ) ,   e t h y l   n i t r o a c e t a t e   ( 1 . 2   m l ) ,  

e t h a n o l   (100  ml)  and  t r i e t h y l a m i n e   w e r e   m i x e d   and  s t i r r e d  

at   room  t e m p e r a t u r e   f o r   15  h o u r s .   The  w h o l e   was  t h e n  

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



(50  ml)  e ach   of  t o l u e n e   a t  5 0 ° C .   The  r e s i d u e   o b t a i n e d  

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

a q u e o u s   m e t h a n o l   to  g i v e   d a r k   m i c r o c r y s t a l s   ( 0 . 5   g )  

w i t h   a  m e l t i n g   p o i n t   of  1 2 5 ° C .   In  m e t h a n o l i c   s o l u t i o n  

t h e   compound   s h o w e d   ε  =  4 . 6   x  104  at  X  max  574  nm. 

A n a l y s i s :  

C a l c u l a t e d :   C  59 .0%;   H  5 .20%;   N  8 . 1 %  

F o u n d :   C  59 .5%;   H  5 .4%;  N  8 . 1 %  

E x a m p l e   6 

E v a l u a t i o n   of  a c u t a n c e   d y e s  

A  dry  s i l v e r   c o m p o s i t i o n   was  f i r s t   p r e p a r e d .   U n d e r  

room  l i g h t   a  1000  g  d i s p e r s i o n   c o n t a i n i n g   12 .5   p a r t s   o f  

s i l v e r   b e h e n a t e   in  8 7 . 5   p a r t s   of  s o l v e n t   wh ich   in  t u r n  

c o m p r i s e d   75  p a r t s   b u t a n - 2 - o n e   and  25  p a r t s   t o l u e n e  

was  c h a r g e d   to  a  m i x i n g   v e s s e l   m a i n t a i n e d   at   1 5 ° C .  

20  g  of  p o l y v i n y l   b u t y r a l   r e s i n   ( B u t v a r ,   B - 7 6 )   and  10  g  

of  1 - m e t h y l - 2 - p y r r o l i d i n o n e   were   a d d e d   and  t h e   m i x t u r e  

s t i r r e d   f o r   30  m i n u t e s .  

Unde r   W r a t t e n   1A  s a f e l i g h t   a  m i x t u r e   c o n t a i n i n g  

h y d r o b r o m i c   a c i d   (15  ml,  2 .0   m o l a r   in  e t h a n o l ) ,   h y d r o i o d i c  

a c i d   (7  ml,  0 .1   m o l a r   in  e t h a n o l ) ,   and  m e r c u r i c   b r o m i d e  

(4  ml,  0 .5   m o l a r   in  e t h a n o l )   was  a d d e d   w i t h   s t i r r i n g .  

A f t e r   20  m i n u t e s   an  a d d i t i o n a l   40  g  of  B u t v a r   B-76  w a s  

a d d e d ,   f o l l o w e d   a f t e r   f i v e   m i n u t e s   by  10  g  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   a v a i l a b l e   f rom  A m e r i c a n   C y a n a m i d e   u n d e r   t h e   n a m e  

A080  and  6  g  p h t h a l a z i n o n e .   A f t e r   20  m i n u t e s   12  g  o f  

a  s o l u t i o n   c o n t a i n i n g   2  mg  of  t h e   f o l l o w i n g   d y e :  

p e r   gram  of  I - m e t h y l - 2 - p y r r o l i d i n o n e   was  added   and  t h e  

m i x t u r e   s t i r r e d   f o r   an  a d d i t i o n a l   30  m i n u t e s .  

E q u i m o l a r   a m o u n t s   of  t h e   a c u t a n c e   dyes   to  b e  

t e s t e d   we re   added   to  a p p r o p r i a t e   c o n t a i n e r s   and  d i s p e r s e d  

in  2  ml  of  b u t a n e - 2 - o n e .   40  g  p o r t i o n s   of  t h e   l i g h t  

s e n s i t i v e   d i s p e r s i o n   p r e p a r e d   a b o v e   were   a d d e d   to  e a c h ,  

t h e   m i x t u r e   s h a k e n ,   l e f t   to  s t a n d   30  m i n u t e s ,   t h e n  

s h a k e n   a g a i n   p r i o r   to  c o a t i n g .  

K n i f e   c o a t i n g s   100  m i c r o n s   t h i c k   on  p o l y e s t e r   s h e e t s  

w e r e   p r e p a r e d   f rom  e a c h   s a m p l e   and  d r i e d   3 .5   to  4 . 0  

m i n u t e s   at   90°C.   T h e s e   d r i e d   c o a t i n g s   were   o v e r c o a t e d  

w i t h   a  s o l u t i o n   c o n t a i n i n g   97  p a r t s   b u t a n - 2 - o n e   a n d  

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

f rom  U n i o n   C a r b i d e   u n d e r   t h e   name  VYNS  w i t h   t he   k n i f e  

s e t   50  m i c r o n s   a b o v e   t h e   b a s e   and  d r i e d   as  b e f o r e .  



The  p e r f o r m a n c e   of  t h e s e   c o m p o s i t i o n s   was  t h e n   e v a l u a t e d .  

A  c o m b i n a t i o n   of  a  t u n g s t e n   s o u r c e ,   a  n a r r o w   b a n d  

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

a b s o r b a n c e   of  e ach   dye  and  an  a p e r t u r e   t a r g e t   o v e r l a i d  

w i t h   a  0  to  4  c o n t i n u o u s   d e n s i t y   wedge  in  a  vacuum  f r a m e ,  

was  u s e d   to  make  c o n t a c t   e x p o s u r e s   at  a  w a v e l e n g t h   c l o s e l y  

m a t c h i n g   t h e   s p e c t r a l   a b s o r b a n c e   maximum  of  each   d y e .  

The  s t r i p s   were   t h e n   p r o c e s s e d   by  h e a t i n g   fo r   20  s e c o n d s  

in  a  f l u o r o c h e m i c a l   b a t h   and  e x a m i n e d   fo r   f l a r e   of  t h e  

i m a g e .  

The  a c u t a n c e   p r o p e r t y   of  t h e   dyes   was  c l a s s i f i e d  

v e r y   g o o d ,   good ,   f a i r   by  e x a m i n i n g   t h e   s h a r p n e s s   of  t h e  

image   w i t h   t h e   n a k e d   e y e .  

The  b a c k g r o u n d   b e f o r e   and  a f t e r   p r o c e s s i n g   w a s  

o b s e r v e d .  

The  f o l l o w i n g  T a b l e   1  r e p o r t s   c o m p o u n d s   of  t h e   g e n e r a l  

f o r m u l a   ( I ) .  

The  mode  of  p r e p a r a t i o n   of  t h e   c o m p o u n d s   i s   i n d i c a t e d  

in  t h e   f i n a l   c o l u m n ,   in  w h i c h :  

1.  r e f e r s   to  a  p r e p a r a t i o n   d i s c l o s e d   in  C h e m . B e r .   101  2 2 9 5 ,  

2.  r e f e r s   to  a  p r e p a r a t i o n   a n a l o g o u s   to  E x a m p l e   2 ,  

3.  r e f e r s   to   a  p r e p a r a t i o n   a n a l o g o u s   to  E x a m p l e   3 ,  

4.  r e f e r s   to  a  p r e p a r a t i o n   a n a l o g o u s   to  E x a m p l e   5 .  









E x a m p l e   7 

A  s e r i e s   of  dyes   of  g e n e r a l   f o r m u l a   ( I I )   w e r e  

p r e p a r e d   a c c o r d i n g   to  t h e   m e t h o d   d e s c r i b e d   in  J . A . C . S .  

73,  3 3 2 8 .  

The  dyes   p r e p a r e d   a r e   t h o s e   h a v i n g   t h e   v a l u e s   o f  

R11  and  one  of  t he   s u b s t i t u e n t s   R12,  t he   r e m a i n i n g  

s u b s t i t u e n t s   R12  r e p r e s e n t i n g   h y d r o g e n   a t o m s ,   as  s e t  

ou t   in  t h e   f o l l o w i n g   T a b l e   2 .  



C o m p o u n d s   36  to  43  w e r e   e v a l u a t e d   f o r   use   a s  

a c u t a n c e   d y e s   in  a  s i m i l a r   m a n n e r   to  t h o s e   in  E x a m p l e   6 .  

T a b l e   3  s u m m a r i s e s   t h e   a m o u n t   of  e a c h   dye  u s e d   in  t h e  

d ry   s i l v e r   c o m p o s i t i o n s .  

The  a c u t a n c e   p r o p e r t i e s   we re   m e a s u r e d   as  in  E x a m p l e  

6  w i t h   t h e   e x c e p t i o n   t h a t   m i c r o d e n s i t o m e t e r   t r a c e s   a c r o s s  

t h e   w i d t h   of  t h e   image   at  D  =  2 .0   ( o b t a i n e d   a f t e r  

p r o c e s s i n g   t h e   e x p o s e d   s t r i p s   20  s e c o n d s   at  127°C  in  a  

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

t h e s e   t e s t s )   w e r e  u s e d   to  j u d g e   t h e   e f f e c t i v e n e s s   of  e a c h  

d y e .  



The  w i d t h s   r e p o r t e d   a re   t he   m e a s u r e d   w i d t h s   i n  

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

o b t a i n e d   f rom  t h e   m i c r o d e n s i t o m e t e r   c h a r t .   A l l  

m e a s u r e m e n t s   were   c a r r i e d   ou t   at  D  =  1 . 5 .  

The  r e s u l t s   of  t e s t i n g   t h e   c o m p o s i t i o n s   a re   g i v e n  

in  T a b l e   4 .  





As  can  be  s e e n   f rom  t h e s e   r e s u l t s   t h e   p r e s e n c e  

of  a  y e l l o w   a c u t a n c e   dye  in  a  dry   s i l v e r   c o m p o s i t i o n  

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

as  c o m p a r e d   w i t h   t h e   dry   s i l v e r   c o m p o s i t i o n   A  n o t  

c o n t a i n i n g   any  a c u t a n c e   d y e .  

E x a m p l e   8 

The  f o l l o w i n g   c o m p o u n d s   of  g e n e r a l   f o r m u l a   ( I I I )  

r e p o r t e d   in  T a b l e   5  w e r e   p r e p a r e d   in  a c c o r d a n c e   w i t h  

r e a c t i o n   s c h e m e   ( A ) .  

In  T a b l e   5  t he   n u m b e r s   in  p a r e n t h e s e s   i n d i c a t e   t h e  

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

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

c o n f i r m e d   t h e   s t r u c t u r e   of  e ach   of  t h e s e   d y e s .  



E x a m p l e   9 

Four   h u n d r e d   g rams   of  a  d i s p e r s i o n   c o n t a i n i n g   13  

p a r t s   by  w e i g h t   of  s i l v e r   b e h e n a t e   in  87  p a r t s   of  a  

s o l v e n t   c o m p o s e d   of  67  p a r t s   by  w e i g h t   m e t h y l e t h y l k e t o n e ,  

26  p a r t s   by  w e i g h t   t o l u e n e ,   and  7  p a r t s   by  w e i g h t   m e t h y l -  

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

s t i r r e d   r e a c t i o n   v e s s e l   at  15°C.   Dark  room  c o n d i t i o n s  

we re   m a i n t a i n e d   d u r i n g   a l l   s u b s e q u e n t   w o r k .  

The  f o l l o w i n g   m a t e r i a l s   w e r e   a d d e d   s e q u e n t i a l l y  

w i t h   20  to   30  m i n u t e s   of  s t i r r i n g   b e t w e e n   s e p a r a t e  

a d d i t i o n s .  

A.  2  g  of  1 - m e t h y l - 2 - p y r r o l i d i n o n e   in  6  g  of  p o l y v i n y l -  

b u t y r a l ,  

B.  8  ml  of  2M  HBr  ( i n   e t h a n o l )   and  3 .2   ml  of  0.1M  HI  

( i n   e t h a n o l ) ,  

C.  10  g  of  a  c o p o l y m e r   d e r i v e d   f rom  91%  by  w e i g h t   v i n y l -  

c h l o r i d e ,   3%  v i n y l a c e t a t e ,   and  6%  by  w e i g h t   v i n y l  

a l c o h o l   p o l y m e r i z e d   to   a  m o l e c u l a r   w e i g h t   of  a b o u t  

2 3 , 0 0 0 ,   and  24  g  of  p o l y v i n y l   b u t y r a l ,  

D.  1 .8   ml  of  0.5M  HgBr2  ( i n   e t h a n o l )   was  a d d e d   w i t h   5 

m i n u t e s   of  s t i r r i n g ,  

E.  5 . 2   g  of  p h t h a l a z i n o n e   and  7 .8   g  of  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 ,  

F.  2 . 8   ml  of  a  s e n s i t i z e r   s o l u t i o n   h a v i n g   5  mg/ml   o f  

t h e   s e n s i t i z e r   in  N - m e t h y l p y r r o l i d o n e ,   t h e   s e n s i t i z e r  

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



10  mg  of  e a c h   c a n d i d a t e   a c u t a n c e   dye  was  w e i g h e d  

i n t o   s e p a r a t e   v e s s e l s   w i t h   3  ml  of  m e t h y l e t h y l k e t o n e  

to  d i s s o l v e   or  d i s p e r s e   t h e   dye .   50  g  p o r t i o n s   of  t h e  

l i g h t - s e n s i t i v e   d i s p e r s i o n   f o r m e d   a b o v e   were   c o m b i n e d  

w i t h   t h e   dye  s o l u t i o n s   and  to  p o r t i o n s   of  m e t h y l e t h y l -  

k e t o n e   a l o n e   as  a  c o n t r o l .   A l l   m a t e r i a l s   were   s t i r r e d  

f o r   t h r e e   m i n u t e s .   The  p o r t i o n s   were   t h e n   a l l o w e d   t o  

s t a n d   at  room  t e m p e r a t u r e   fo r   30  m i n u t e s ,   t h e n   t h e y  

were   k n i f e   c o a t e d   at  85  m i c r o n s   t h i c k n e s s   on  p o l y e s t e r  

and  d r i e d   f o r   f o u r   m i n u t e s   at  85°C.   Each  s a m p l e   w a s  

t o p c o a t e d   w i t h   a  50  m i c r o n   k n i f e   c o a t i n g   of  a  v i n y l -  

c h l o r i d e / v i n y l a c e t a t e   c o p o l y m e r   as  a  5%  by  w e i g h t  

s o l u t i o n   in  m e t h y l e t h y l k e t o n e .  

The  p r o d u c e d   f i l m   s a m p l e s   were   e x p o s e d   at  t h e  

w a v e l e n g t h s   i n d i c a t e d   b e l o w   t h r o u g h   a  0 . 2 5   mm  a p e r t u r e  

mask  o v e r l a i d   w i t h   a  c o n t i n u o u s   d e n s i t y   wedge  in  a  

v a c c u m   f r a m e .   T h i s   p e r m i t t e d   an  e a s y   c o m p a r i s o n   of  i m a g e  

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



f o r   15  s e c o n d s   at  1270C  in  an  i n e r t   f l u o r o c a r b o n   c h e m i c a l  

b a t h .   A l l   dye  s a m p l e s   had  m a r k e d l y   l e s s   f l a r e   t h a n   t h e  

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

2 . 0 .   E x c e p t   f o r   t h e   Compound  No.  51,  no  s a m p l e s   l e f t  

s i g n i f i c a n t   v i s i b l e   s t a i n   a f t e r   p r o c e s s i n g .   The  dye  o f  

Compound  No.  51  l e f t   a  m a g e n t a   s t a i n   w h i c h   f a d e d   w i t h i n  

an  h o u r   u n d e r   room  l i g h t .   The  d y e s   u s e d   in  t h e   t e s t s  

we re   as  f o l l o w s :  



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

i n t i m a t e   m i x t u r e   of  a  s u b s t a n t i a l l y   l i g h t - i n s e n s i t i v e  

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

c h a n g e   and  s u f f i c i e n t   of  a  s i l v e r   h a l i d e   to  c a t a l y s e  

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

whe re   t h e   s i l v e r   h a l i d e   has   b e e n   e x p o s e d   to  l i g h t   a n d  

when  t he   m i x t u r e   i s   h e a t e d   in  t h e   p r e s e n c e   of  a  r e d u c i n g  

a g e n t ,   c h a r a c t e r i s e d   in  t h a t   t h e   c o m p o s i t i o n   c o n t a i n s  

as  an  a c u t a n c e   d y e ,   a  compound   of  t h e   g e n e r a l   f o r m u l a :  

in  wh ich   R1  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  to   12 

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

R2  r e p r e s e n t s   a  h y d r o g e n   a tom,   an  a l k y l   g r o u p  

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

p h e n y l   g r o u p   of  m o l e c u l a r   w e i g h t   l e s s   t h a n   350,   -COOR1 

in  wh ich   R1  is   as  d e f i n e d   a b o v e ,   C6H5CO-  or  R6NH.CO  i n  

wh ich   R6  r e p r e s e n t s   a  h y d r o g e n   atom  or  an  a l k y l ,   a r y l  

or  a r a l k y l   g r o u p ,  

R3,  R4  and  R5  i n d e p e n d e n t l y   r e p r e s e n t   a  h y d r o g e n  

atom  or  a  s u b s t i t u e n t   w h i c h   c a n . b e   p r e s e n t   in  a  c y a n i n e  

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



D  r e p r e s e n t s  o r  

in  wh ich   R7  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g  

1  to  4  c a r b o n   a t oms   or  CH3COO-,  

Y  r e p r e s e n t s   -CN  or  - N O 2 ,  

n  i s   1  when  k  i s   0  or  k  i s   1  when  n  i s   0,  a n d  

m  is   0,  1  or  2  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1  in  w h i c h   t h e  

a c u t a n c e   dye  i s   a  1 - a l k y l - 4 - n i t r o m e t h y l e n e - q u i n o l a n e ,  

t h e   a l k y l   s u b s t i t u e n t   c o n t a i n i n g   1  to  4  c a r b o n   a t o m s .  

3.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   2  in  w h i c h   t h e  

a c u t a n c e   dye  has   t h e   g e n e r a l   f o r m u l a :  

in   w h i c h   R11  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  to  4 

c a r b o n   a t o m s ,   e a c h   R12  i n d e p e n d e n t l y   r e p r e s e n t s   a  h y d r o g e n  
or  a l k o x y  

or  h a l o g e n   a tom,   an  a l k y l / g r o u p   c o n t a i n i n g   1  to   4  c a r b o n  

a t o m s ,   an  a l k e n y l   g r o u p   c o n t a i n i n g   2  to  4  c a r b o n   a t o m s ,  

- (CH2)pCOOH  w h e r e   p  i s   0,  1,  2  or  3,  -NO2,  -NH2  o r  

NHCOCH3,  or  two  g r o u p s   R12  t o g e t h e r   r e p r e s e n t   t he   c a r b o n  

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

4.  A  l i g h t - s e n s i t i v e   c o m p o s i t i o n   as  c l a i m e d   in  C l a i m  3  



in  w h i c h   R11  r e p r e s e n t s   a  m e t h y l   or  e t h y l   g r o u p ,   at  l e a s t  

one  g r o u p   R12  r e p r e s e n t s   a  h y d r o g e n   a tom  and  each   o t h e r  

R12  i n d e p e n d e n t l y   r e p r e s e n t s   a  h y d r o g e n ,   c h l o r i n e   o r  

b r o m i n e  a t o m ,   or  a  m e t h y l ,   e t h y l ,   m e t h o x y   or  e t h o x y   g r o u p .  

5.  A  c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1  in  w h i c h   R2 

r e p r e s e n t s :  

in  w h i c h   X,  Y  and  Z  i n d e p e n d e n t l y   r e p r e s e n t   a  h y d r o g e n  

or  h a l o g e n   a tom,   NO2,  CN  or  p e r f l u o r o a l k y l   of  1  to  4 

c a r b o n   a t o m s ,   w i t h   t h e   p r o v i s o   t h a t   at  l e a s t   one  of  X 

and  Y  i s   N02  and  R3,  R4  and  R5  i n d e p e n d e n t l y   r e p r e s e n t  

a  h y d r o g e n   or  h a l o g e n   a tom,   an  a l k y l   or  a l k o x y   of  1  t o  

4  c a r b o n   a t o m s ,   a l k e n y l   of  2  to  4  c a r b o n   a t o m s ,   - ( C H 2 ) p   COOH 

w h e r e i n   p  i s   0,  1,  2  or  3,  -NO2,  NH2  or  -NHCOCH3,  or  a n y  

two  of  t h e   a d j a c e n t   g r o u p s   a r e   t h e   a t o m s   n e c e s s a r y   t o  

fo rm  a  f u s e d   on  b e n z e n e   r i n g .  

6.  A  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  h a v i n g   t h e  

f o r m u l a :  



in  w h i c h   R16  r e p r e s e n t s  a n   a l k y l   g r o u p   of  1  to  8  c a r b o n  

a t o m s ,  

R17  r e p r e s e n t s   a l k y l ,   a l k o x y ,   h a l o g e n ,   N02 

or  a r y l ,  

R18  r e p r e s e n t s   h y d r o g e n ,   a l k y l   of  1  to   8  c a r b o n  

a t o m s   or  a l k o x y   of  1  t o   8  c a r b o n   a t o m s ,   a n d  

X,  Y  and  Z  i n d e p e n d e n t l y   r e p r e s e n t   h y d r o g e n ,  

NO2,  CN,  h a l o g e n   and  p e r f l u o r o a l k y l   of  1  to  4  c a r b o n  

a toms   w i t h   t h e   p r o v i s o   t h a t   at  l e a s t   one  of  X,  Y  and  Z 

r e p r e s e n t   N 0 2 .  

7.  A  l i g h t - s e n s i t i v e   c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1 

in  w h i c h   k=0 ,   n = l ,   R2  r e p r e s e n t s   COOC2H5,  C6H5,  an  a l k y l  

g r o u p   of  1  to   4  c a r b o n   a t o m s   or  h y d r o g e n   and  Y  i s   NO2.  

8.  A  l i g h t - s e n s i t i v e   c o m p o s i t i o n   as  c l a i m e d   in  C l a i m   1 

in  w h i c h   m=l,   k = l ,   n=0,   D  i s   a  member  of  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   and  s u l p h u r ,   R2  is   a  member   of  t h e  

g r o u p   c o n s i s t i n g   of  COOR1,  C6H5,  a  s u b s t i t u t e d   p h e n y l '  

g r o u p   of  m o l e c u l a r   w e i g h t   l e s s   t h a n   350,   an  a l k y l   g r o u p  

of  1  to   4  c a r b o n   a t o m s   and  h y d r o g e n   and  Y  i s   N 0 2 .  

9.  A  l i g h t - s e n s i t i v e   c o m p o s i t i o n   as  c l a i m e d   in  a n y  

p r e c e d i n g   c l a i m ,   in  w h i c h   t h e   dye  i s   u s e d   in  an  a m o u n t  

of  f rom  5  x  10-4   to   0 . 1   mole   p e r   k i l o g r a m   of  t o t a l   d r y  

s o l i d s   in  t h e   c o m p o s i t i o n .  



10.  A  compound   of  t h e   g e n e r a l   f o r m u l a :  

w h e r e i n :  

R1  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  to  12  

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

R3,  R   and  R5  a re   c y a n i n e   dye  c o m p a t i b l e   s u b s t i t u e n t s ,  

D  r e p r e s e n t s   a  member  of  t h e   g r o u p   c o n s i s t i n g   o f  

in  w h i c h   R7 

is   s e l e c t e d   f rom  an  a l k y l   g r o u p   c o n t a i n i n g   1  to  4  c a r b o n  

a toms   or  CH3COO-,  

n  is   1  when  k  i s   0  or  k  i s   1  when  n  i s   0 ,  

m  i s   0,  1  or  2 ,  

when  m  is   0  or  2 :  

R2  r e p r e s e n t s   a  member   s e l e c t e d   f rom  t h e   g r o u p  

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

p h e n y l   g r o u p   of  m o l e c u l a r   w e i g h t   l e s s   t h a n   350,   -COOR1 

w h e r e i n   R1  i s   as  d e f i n e d   a b o v e ,   C6H5CO-  or  R6NH.CO  w h e r e i n  

R6  is   a  member   of  t h e   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  

atom  or  an  a l k y l ,   a r y l   or  a r a l k y l   g r o u p ,  

and  when  m  is   1 

R2  r e p r e s e n t s   R6NH.CO  w h e r e i n   R6  is  as  d e f i n e d   a b o v e .  



11.  A  m e t h o d   of  p r e p a r i n g   a  c o m p o u n d   of  t h e   g e n e r a l  

f o r m u l a :  

w h e r e i n :  

n  i s   1  when  k  i s   0  or  k  i s   1  when  n  i s   0 ,  

m  is   0,  1  or  2 ,  

Y  is   a  member  s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

of  -CN  and  N O 2 ,  

R1  r e p r e s e n t s   an  a l k y l   g r o u p   c o n t a i n i n g   1  to   12  

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

R2  i s   a  member  s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g  

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

w e i g h t   l e s s   t h a n   350 ,   -COOR1  w h e r e i n   R1  is   an  a l k y l   g r o u p  

of  1  to   12  c a r b o n   a t o m s ,  C 6 H 5 C O -   o r   R 6 N H . C O -  w h e r e i n   R6 

i s   a  member   of  t h e   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   a t o m ,  

a l k y l ,   a r y l   or  a r a l k y l   g r o u p   and  when  m  i s   1  or  2  R2 

may  a d d i t i o n a l l y   r e p r e s e n t   a  member  of  t h e   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   atom  and  an  a l k y l   g r o u p   h a v i n g   1  to  4  c a r b o n  

a t o m s ,  

R3,  R4  and  R5  a r e   c y a n i n e   dye  c o m p a t i b l e   s u b s t i t u e n t s ,  

D  r e p r e s e n t s   a  member   of  t h e   g r o u p   c o n s i s t i n g   o f  

w h e r e i n   R7  i s  



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

c o n t a i n i n g   1  to  4  c a r b o n   a t o m s   and  CH3COO-,  

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

w h e r e i n :  

X@  r e p r e s e n t s   an  a n i o n ,  

Z3  i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  S R 1 ,  

w h e r e i n   R1  i s   as  d e f i n e d   a b o v e ,   a n d  

w i t h   a  c o m p o u n d   of  t he   f o r m u l a :  

w h e r e i n   Y  and  R2  a re   as  d e f i n e d   a b o v e ,  

t h e   r e a c t i o n   b e i n g   c o n d u c t e d   in  t h e   p r e s e n c e   of  a  p o l a r  

s o l v e n t ,   a  b a s e   c a t a l y s t   and  an  a c i d   b i n d i n g   a g e n t .  
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