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@  Photographic  element  and  process  for  providing  metal  complex  color  images. 

@  A  process  of  obtaining  highly  stable  color  dyes  (e.g.  color 
masking  dyes)  comprises  use  of  an  element  which  has  a  sup- 
port  having  thereon  at  least  one  silver  halide  emulsion  layer 
having  associated  therewith  an  essentially  colorless,  immobile, 
ligand-releasing  compound  of  the  structure  LIG-X.  In  this 
structure,  LIG  is  a  ligand  which  is  capable  of  complexing  with 
metal  ions  (e.g.  ferrous  ions)  to  form  a  metal  complex  dye,  and 
X  is  a  group  which,  as  a  function  of  silver  halide  development, 
is  cleaved  from  LIG.  A  color  image  is  formed  by  developing  the 
described  element  after  imagewise  exposure  with  a  develop- 
ing  agent  to  imagewise  cleave  the  bond  between  LIG  and  X, 
and  treating  the  developed  element  with  metal  ions  (e.g.  fer- 
rous  ions)  to  form  a  metal  complex  dye  image. 
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  A  process  of  obtaining  highly  stable  color  dyes  (e.g.  color 
masking  dyes)  comprises  use  of  an  element  which  has  a  sup- 
port  having  thereon  at  least  one  silver  halide  emulsion  layer 
having  associated  therewith  an  essentially  colorless,  immobile, 
ligand-releasing  compound  of  the  structure  LIG-X.  In  this 
structure,  LIG  is  a  ligand  which  is  capable  of  complexing  with 
metal  ions  (e.g.  ferrous  ions)  to  form  a  metal  complex  dye,  and 
X  is  a  group  which,  as  a  function  of  silver  halide  development, 
is  cleaved  from  LIG.  A  color  image  is  formed  by  developing  the 
described  element  after  imagewise  exposure  with  a  develop- 
ing  agent  to  imagewise  cleave  the  bond  between  LIG  and  X, 
and  treating  the  developed  element  with  metal  ions  (e.g.  fer- 
rous  ions)  to  form  a  metal  complex  dye  image. 



T h i s   i n v e n t i o n   r e l a t e s   to   c o l o r  

p h o t o g r a p h y .   In  p a r t i c u l a r ,   i t   r e l a t e s   t o  

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

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

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

i m a g e s .  
I t   i s   w e l l   known  in   t h e   p h o t o g r a p h i c   a r t s   t o  

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

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

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

d y e s   c o m m o n l y   u s e d   to   p r o v i d e   s u c h   i m a g e s   ( e . g .   a z o  

or   a z o - m e t h i n e   d y e s )   h a v e   b e e n   o p t i m i z e d   o v e r   t h e  

y e a r s ,   t h e r e   i s   a  c o n t i n u e d   s e a r c h   in   t h e   a r t   f o r  

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

I t   i s   known  t h a t   dye  s t a b i l i t y   can   b e  

e n h a n c e d   by  f o r m i n g   m e t a l - d y e   c o m p l e x e s .   F o r  

e x a m p l e ,   U.  S.  P a t e n t   4 , 1 4 2 , 8 9 1   ( i s s u e d   M a r c h   6,  1 9 7 9  

to   B a i g r i e   e t   a l )   r e l a t e s   to   i m a g i n g   in   d i f f u s i o n  

t r a n s f e r   a s s e m b l a g e s   w i t h   m e t a l - c o m p l e x e d   azo   d y e s .  

A l t h o u g h   m e t a l - d y e   c o m p l e x e s   a r e   f a v o r a b l y  

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

m e t a l l i z e d   d y e s   or   dye  p r e c u r s o r s   a r e   a l r e a d y   c o l o r e d  

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

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

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

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

w h i c h   o t h e r w i s e   w o u l d   r e a c h   t h e   s i l v e r   h a l i d e .   T h i s  

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

s p e e d ) .   F u r t h e r ,   s u c h   c o l o r e d   d y e s   or   dye  p r e c u r s o r s  
c a n n o t   be  u s e d   in   w h i t e   p h o t o g r a p h i c   p a p e r s .  

One  way  to   e l i m i n a t e   t h e   u n w a n t e d   f i l t e r i n g  
e f f e c t   i s   to   h a v e   t h e   s i l v e r   h a l i d e   and  t h e   dye  i n  



s e p a r a t e   l a y e r s   w h i l e   m a i n t a i n i n g   them  in   r e a c t i v e  

a s s o c i a t i o n .   W h i l e   t h i s   i s   a  u s e f u l   and  p r a c t i c a l  

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

e l e m e n t ,   m a k i n g   i t   t h i c k e r   and  p r e s e n t i n g  

m a n u f a c t u r i n g   and  i m a g i n g   i n e f f i c i e n c i e s .  

I t   w o u l d ,   t h e r e f o r e ,   be  d e s i r a b l e   to   f o r m  

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

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

e l e m e n t .  

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

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

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

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

c h a r a c t e r i z e d   by  h a v i n g   a s s o c i a t e d   w i t h   t h e   s i l v e r  

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

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

L IG-X.   In  t h i s   s t r u c t u r e ,   LIG  i s   a  l i g a n d   w h i c h   i s  

c a p a b l e   of   c o m p l e x i n g   w i t h   m e t a l   i o n s   to   fo rm  a  m e t a l  

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

s i l v e r   h a l i d e   d e v e l o p m e n t ,   i s   c l e a v e d   f rom  L I G .  

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

f o r m i n g   a  dye  image   in   t h e   e l e m e n t   d e s c r i b e d   a b o v e  

w h i c h   has   b e e n   i m a g e w i s e   e x p o s e d .   T h i s   p r o c e s s  

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

i m a g e w i s e   c l e a v e   t h e   bond   b e t w e e n   LIG  and  X  as  a  

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

w i t h   m e t a l   i o n s   to   fo rm  a  m e t a l   c o m p l e x   dye  w i t h   L I G  

and  t h e   m e t a l   i o n s .  

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

of   t h i s   i n v e n t i o n   can   be  u s e d   to   o b t a i n   c o l o r   i m a g e s  

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

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

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



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

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

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

of   p l a c e m e n t   o f t e n   e n c o u n t e r e d   w i t h   known  m e t a l l i z e d  

or   m e t a l l i z a b l e   d y e s   can  be  a v o i d e d .   T h e  

d y e - p r o v i d i n g   m a t e r i a l s   can   a l s o   be  u s e d   to   p r o v i d e  
c o l o r   m a s k i n g   d y e s .  

The  LIG-X  c o m p o u n d s   a r e   e s s e n t i a l l y  

c o l o r l e s s ,   m e a n i n g   t h a t   p r i o r   to   c o m p l e x a t i o n   o f   t h e  

LIG  m o i e t y   w i t h   m e t a l   i o n s   to   fo rm  a  v i s i b l e   d y e ,  
LIG-X  e x h i b i t s   e s s e n t i a l l y   no  o b s e r v a b l e   c o l o r .   T h a t  

i s ,   LIG-X  e x h i b i t s   a  low  o p t i c a l   d e n s i t y   ( i . e .   l e s s  

t h a n   0 . 0 5 ) ,   a l t h o u g h   i t   may  e m i t   or   r e f l e c t  

e l e c t r o m a g n e t i c   r a d i a t i o n   in   t h e   n o n - v i s i b l e   p o r t i o n s  
of   t h e   e l e c t r o m a g n e t i c   s p e c t r u m .   T h e r e f o r e ,   t h e   L I G  

m o i e t y   and  t h e   m e t a l   i o n s   fo rm  a  c o l o r e d   dye  f rom  a  
c o l o r l e s s   p r e c u r s o r ,   as  o p p o s e d   to   c o m p o u n d s   w h i c h  

a r e   m e r e l y   s h i f t e d   in   t h e i r   a b s o r p t i o n   X   u p o n  
c o m p l e x a t i o n   w i t h   a  m e t a l   i o n   to   p r o v i d e   a  dye  o f   a  

d i f f e r e n t   c o l o r .  
LIG  i s   a  m o i e t y ,   w h i c h   when  c o m p l e x e d   w i t h  

one  or   more   m e t a l   i o n s ,   f o r m s   a  v i s i b l e   d y e .  

D e p e n d i n g   on  t h e   way  LIG  and  X  a r e   j o i n e d ,   t h i s  

c o m p l e x a t i o n   can   o c c u r   e i t h e r   w h i l e   LIG  and  X  a r e  

j o i n e d   or   a f t e r   LIG  i s   c l e a v e d   f rom  X.  In  c e r t a i n  

e m b o d i m e n t s ,   LIG  and  X  a r e   j o i n e d   s u c h   t h a t   LIG  i s  

i n c a p a b l e   of   c o m p l e x i n g   w i t h   m e t a l   i o n s   u n t i l   LIG  a n d  

X  a r e   c l e a v e d .   In  o t h e r   w o r d s ,   t h e   m e t a l   c h e l a t i n g  

s i t e   on  LIG  is   b l o c k e d   w i t h   X.  In  o t h e r   e m b o d i m e n t s ,  

LIG  and  X  a r e   j o i n e d   s u c h   t h a t   m e t a l - L I G   c o m p l e x a t i o n  

can   o c c u r   w i t h o u t   LIG-X  c l e a v a g e .   I m a g e w i s e   r e l e a s e  

and  r e m o v a l   of   LIG  t h e n   a l l o w s   m e t a l   c o m p l e x a t i o n  
w i t h   t h e   r e m a i n i n g   LIG  m o i e t y   s t i l l   a t t a c h e d   to   X .  

In  e i t h e r   c a s e ,   c o m p l e x a t i o n   o f   m e t a l   i o n s   w i t h   t h e  

LIG  m o i e t y   p r o v i d e s   a  dye  i m a g e   as  a  f u n c t i o n ,   e i t h e r  

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



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

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

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

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

s p e c t r u m ,   i . e .   b e t w e e n   400  and  700  nm.  More  t h a n   o n e  

m o l e c u l e   of   a  LIG  m o i e t y   can  be  c o m p l e x e d   w i t h   o n e  
m e t a l   i o n .   For   e x a m p l e ,   t h e r e   may  be  two  or   t h r e e  

LIG  m o l e c u l e s   c o m p l e x e d   w i t h   a  s i n g l e   m e t a l   i o n .  

R e p r e s e n t a t i v e   d y e s   w h i c h   can   be  f o r m e d   a r e   c y a n ,  

y e l l o w   and  m a g e n t a   d y e s .  

U s e f u l   LIG  m o i e t i e s   can   be  o b t a i n e d   f r o m  

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

t e t r a z o l y l p y r i d i n e s ,   p y r i d y l q u i n a z o l i n e s ,  

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

b i p y r i d i n e s ,   t e r p y r i d i n e s ,   b i d i a z i n e s ,  

p y r i d y l d i a z i n e s ,   p y r i d y l b e n z i m i d a z o l e s ,  

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

t e t r a z i n e s ,   t r i a z i n e s   d e s c r i b e d   by  S c h i l t   e t   a l   i n  

t h e   j o u r n a l   T a l a n t a ,   15,  pp .   4 7 5 - 4 7 8   ( 1 9 6 8 ) ,   p y r i d i n e  

d e r i v a t i v e s   of   p h e n a z i n e   and  q u i n o x a l i n e   d e s c r i b e d   b y  
S c h i l t   e t   a l   in   T a l a n t a ,   15,   pp .   8 5 2 - 8 5 5   ( 1 9 6 8 ) ,  

s u b s t i t u t e d   b e n z i m i d a z o l e   d e r i v a t i v e s   as  d e s c r i b e d   b y  
S c h i l t   e t   a l ,   T a l a n t a ,   15,   pp .   1 0 5 5 - 1 0 5 8   ( 1 9 6 8 ) ,  

o x i m e s   of   s u b s t i t u t e d   m e t h y l   and  p h e n y l   2 - p y r i d y l  
k e t o n e s   as  d e s c r i b e d   by  S c h i l t   e t   a l ,   T a l a n t a ,   1 6 ,  

pp .   4 4 8 - 4 5 2   ( 1 9 6 9 ) ,   and  t h e   l i k e .   O t h e r  

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

f o l l o w i n g   T a l a n t a   l i t e r a t u r e   a r t i c l e s :   16,  p p .  
5 1 9 - 5 2 2   ( 1 9 6 9 ) ,   13,  pp .   8 9 5 - 9 0 2   ( 1 9 6 6 ) ,   17,   p p .  

6 4 9 - 6 5 3   ( 1 9 7 0 ) ,   19,  pp .   1 0 2 5 - 1 0 3 1   ( 1 9 7 2 ) ,   21,   p p .  
8 3 1 - 8 3 6   ( 1 9 7 4 ) ,   22,  pp .   9 1 5 - 9 1 7   ( 1 9 7 5 ) ,   23,   p p .  

5 4 3 - 5 4 5   ( 1 9 7 6 ) ,   24,  pp .   6 8 5 - 6 8 7   ( 1 9 7 7 ) ,   26,   pp .   8 5 - 8 9  

( 1 9 7 9 ) ,   pp .   8 6 3 - 8 6 5   ( 1 9 8 1 ) ,   36,   pp .   3 7 3 - 3 7 6   ( 1 9 7 9 ) ,  

55,   pp .   5 5 - 5 8   ( 1 9 8 0 ) ,   29,   pp .   1 2 9 - 1 3 2   ( 1 9 8 2 ) ,   and  i n  

B l a n d a m e r   e t   a l ,   J .   Chem.  Soc .   D a l t o n ,   pp .   1 0 0 1 - 1 0 0 8  



( 1 9 7 8 ) ,   and  C a s e ,   J .   Org .   C h e m . ,   31 ,   pp .   2 3 9 8 - 2 4 0 0  

( 1 9 6 6 ) .   The  t e r p y r i d i n e s   a r e   p a r t i c u l a r l y   u s e f u l   f o r  

o b t a i n i n g   m a g e n t a   d y e s .  

In  c e r t a i n   e m b o d i m e n t s ,   LIG  can   h a v e   a  

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

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

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

BALL-LIG-X  w h e r e i n   LIG  and  X  a r e   as  d e f i n e d   a b o v e ,  

and  BALL  i s   an  o r g a n i c   n o n p o l y m e r i c   or   p o l y m e r i c  

g r o u p   of   s u c h   m o l e c u l a r   s i z e   and  c o n f i g u r a t i o n   as  t o  

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

e l e m e n t   d u r i n g   d e v e l o p m e n t   in   an  a l k a l i n e   p r o c e s s i n g  

c o m p o s i t i o n .   P a r t i c u l a r l y   u s e f u l   b a l l a s t   g r o u p s  
i n c l u d e   l o n g   c h a i n   a l k y l   g r o u p s   ( e . g .   6  to   30  c a r b o n  

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

a l o n g   w i t h   a l k y l  g r o u p s .   R e p r e s e n t a t i v e   b a l l a s t  

g r o u p s   i n c l u d e  

-CD-C11H23 ,   - C O - C 6 H 4 ( t - C 1 2 H 2 5 ) ,   - C O N ( C 1  2 H 2  5 ) 2 ,  

-NHSO2C16H33,   - C 7 H l 5 ,  

-SO2NHC18H3 7,   -OC 12H 25, 



E x a m p l e s   of   u s e f u l   BALL-LIG-X  c o m p o u n d s  

i n c l u d e :  

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

w h e r e i n   x  i s   f rom  10  to   100  w e i g h t   p e r c e n t ,   and  y  i s  
f rom  0  to   90  w e i g h t   p e r c e n t .  



P a r t i c u l a r l y   u s e f u l   LIG  m o i e t i e s   a r e   t h o s e  

d e r i v e d   f rom  c o m p o u n d s   r e p r e s e n t e d   by  t h e   s t r u c t u r e :  

w h e r e i n   m  i s   0  or   a  p o s i t i v e   i n t e g e r   o f   1  t o  

3,  n  a n d   p  a r e   i n d e p e n d e n t l y   0  or   1,  and  - -  

r e p r e s e n t s   a  s i n g l e   or   d o u b l e   b o n d .  

Z  i s   R1-N=,   0=,   S=,  R 1 - P = ,  

( R 1 ) 2 P -   or   ( R 1 ) 3 P = ,   and  when  Z  i s  

( R 1 ) 2 P - ,   n  i s   1,  o t h e r w i s e   n  i s   0.  P r e f e r a b l y ,  

m  i s   0  or  1  and  Z  i s   R 1 - N = .  

R1,  R2,  R3,  R4',  R   and  R 6 a r e  

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

t e r t i a r y ) ,   h y d r o x y ,   m e r c a p t o ,   a l k o x y   ( p r e f e r a b l y   of   1 

to   20  c a r b o n   a t o m s ,   e . g .   m e t h o x y ,   c h l o r o m e t h o x y ,  

e t h o x y ,   o c t y l o x y ,   a l k o x y   s u b s t i t u t e d   w i t h   i m i n o ,  

e t c . ) ,   a l k y l   ( p r e f e r a b l y   of   1  to   20  c a r b o n   a t o m s   i n  

t h e   n u c l e u s ,   e . g .   m e t h y l ,   e t h y l ,   c h l o r o m e t h y l ,  

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

i m i n o ,   e t c . ) ,   a r y l   ( p r e f e r a b l y   of   6  to   14  c a r b o n  

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

m o i e t y   ( p r e f e r a b l y   h a v i n g   5  to   20  c a r b o n ,   n i t r o g e n ,  
s u l f u r   or  o x y g e n   a t o m s   in   t h e   n u c l e u s ,   e . g .   p y r i d y l ,  

q u i n o l y l ,   a  h e t e r o c y c l e   s u b s t i t u t e d   w i t h   i m i n o ,   e t c . ) .  
When  R6  i s   a  g r o u p   d e f i n e d   a b o v e ,   p  i s   1 

and  i s   a  s i n g l e   b o n d .  

A l t e r n a t i v e l y ,   i f   m  i s   0,  R1  and  R 2 ,  

R2  and  R3,  and  R3  and  R4,  t a k e n   t o g e t h e r ,   c a n  

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

( e . g .   n i t r o g e n ,   o x y g e n ,   s u l f u r ,   s e l e n i u m ,   e t c . )  

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



5  to   20  m e m b e r e d   mono-   or   p o l y c y c l i c   c a r b o c y c l i c   o r  

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

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

h e t e r o c y c l i c   n u c l e u s   so  f o r m e d   can   be  s u b s t i t u t e d  

w i t h   one  or   more   o x o ,   a l k y l ,   a m i n o ,   i m i n o ,   a r y l ,  

p h o s p h i n o   ( e . g .   d i p h e n y l p h o s p h i n o ) ,   a l k o x y ,   a m i d e ,  

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

or   a  h e t e r o c y c l i c   g r o u p   ( e . g .   p y r i d y l ,   p y r i m i d y l ,  

t h i a z o l y l ,   i m i d a z o l y l ,   t h i e n y l ,   e t c . ) .  

I f   m  i s   1,  2  or   3,  R1  and  R2,  R5  a n d  

R6,  and  R   and  R*,  t a k e n   t o g e t h e r ,   c a n  

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

( e . g .   n i t r o g e n ,   o x y g e n ,   s u l f u r ,   s e l e n i u m ,   e t c . )  

n e c e s s a r y   to   c o m p l e t e   a  s u b s t i t u t e d   or   u n s u b s t i t u t e d  
5  to   20  m e m b e r e d   mono-   or   p o l y c y c l i c   h e t e r o c y c l i c  

n u c l e u s   as  d e f i n e d   a b o v e   w h e r e   m  i s   0.  When  R5  a n d  

R 6  a r e   so  d e f i n e d ,   p  i s   0  when  - -   i s   a  d o u b l e   b o n d ,  

and  p  i s   1  when  - -   i s   a  s i n g l e   b o n d .  

I f   d e s i r e d ,   LIG  or   a  b a l l a s t   g r o u p   a t t a c h e d  

to  i t   can   c o n t a i n   one  or  more   s o l u b i l i z i n g   g r o u p s ,  

e . g .   s u l f a t e ,   s u l f o n a t e ,   c a r b o x y l a t e ,   h y d r o x y   o r  

p h o s p h a t e   g r o u p s .  
E x a m p l e s   of   u s e f u l   LIG  m o i e t i e s   w h i c h   f o r m  

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

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

to   X  i s   r e p r e s e n t e d   by  an  u n s a t i s f i e d   b o n d .   T h e  

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

c o m p l e x   dye  i s   a l s o   n o t e d ,   h o w e v e r ,   t h e   λmax  c a n  
be  s h i f t e d   s l i g h t l y   ( e . g .   1 0 - 1 5   nm)  d e p e n d i n g   u p o n  
t h e   m o i e t y   to   w h i c h   LIG  i s   a t t a c h e d .  

y e l l o w ,   λmax=  4 4 2  n m  

y e l l o w ,   X  =  443  nm 
m a x  



y e l l o w ,   λmax=  441  nm 

y e l l o w ,   λ  =  441  nm 
m a x  

m a g e n t a ,   λ  =  564  nm 
m a x  

m a g e n t a ,   λ  =  536  nm 
m a x  

m a g e n t a ,   λmax=  536  nm 

m a g e n t a ,   λmax=  5 5 5  n m  

3 

m a g e n t a ,   λmax=  571  nm 



m a g e n t a ,   λmax=  5 6 7  n m  

m a g e n t a ,   λmax=  583  nm 

m a g e n t a ,   λmax=  557  nm 

c y a n ,   λmax=  644  nm 

c y a n ,   λmax  =  670  nm  a n d  



c y a n ,   λmax=  650  n m .  

X  i s   any  m o i e t y   w h i c h   w i l l   r e a c t   w i t h  

o x i d i z e d   d e v e l o p i n g   a g e n t   ( e . g .   o x i d i z e d   c o l o r  

d e v e l o p i n g   a g e n t ) .   In  p r e f e r r e d   e m b o d i m e n t s ,   i t   i s   a  

c o u p l e r   m o i e t y   e m p l o y e d   in   known  c o l o r - f o r m i n g  

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

w i t h   o x i d i z e d   c o l o r   d e v e l o p i n g   a g e n t s   or   w h i c h   y i e l d s  
a  c o l o r l e s s   p r o d u c t   on  r e a c t i o n   w i t h   o x i d i z e d   c o l o r  

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

a r e   w e l l   known  to  t h o s e   s k i l l e d   in   t h e   p h o t o g r a p h i c  

a r t   and  d e s c r i b e d ,   f o r   e x a m p l e ,   in   R e s e a r c h  

D i s c l o s u r e ,   p u b l i c a t i o n   1 7 6 4 3 ,   p a r a g r a p h   V I I ,  

D e c e m b e r ,   1 9 7 8 ,   and  r e f e r e n c e s   n o t e d   t h e r e i n .  

H o w e v e r ,   u s e f u l   r e s u l t s   can   be  o b t a i n e d   w i t h  

t h i s   i n v e n t i o n   when  X  i s   a n o t h e r   m o i e t y   known  in   t h e  

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

f r a g m e n t s   as  a  r e s u l t   of   s i l v e r   h a l i d e   d e v e l o p m e n t .  
Such   m o i e t i e s   i n c l u d e   r e d o x   dye  r e l e a s e r s   and  s i m i l a r  

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

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

4 , 1 3 9 , 3 8 9 ,   4 , 1 9 9 , 3 5 4 ,   4 , 1 9 9 , 3 5 5 ,   and  4 , 2 3 2 , 1 0 7 .  

X  can   be  u n b a l l a s t e d   or   b a l l a s t e d   w i t h   a n  

o r g a n i c   b a l l a s t i n g   g r o u p   as  d e s c r i b e d   a b o v e   f o r   L I G .  
X  can   be  m o n o m e r i c ,   or   i t   can   fo rm  p a r t   of   a  d i m e r i c ,  

o l i g o m e r i c   or   p o l y m e r i c   c o u p l e r .  
The  LIG  m o i e t y   i s   j o i n e d   to   X  a t   any  o f   t h e  

p o s i t i o n s   f rom  w h i c h   g r o u p s   c l e a v e d   f rom  c o u p l e r s   b y  
r e a c t i o n   w i t h   o x i d i z e d   d e v e l o p i n g   a g e n t   can   b e  



a t t a c h e d .   P r e f e r a b l y ,   LIG  i s   a t t a c h e d   to   X  in   a  

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

c o u p l e r   w i t h   o x i d i z e d   d e v e l o p i n g   a g e n t ,   LIG  w i l l   b e  

c l e a v e d   f rom  X.  H o w e v e r ,   LIG  can   be  in   a  

n o n - c o u p l i n g   p o s i t i o n   of   X,  f rom  w h i c h   p o s i t i o n   i t  

w i l l   be  c l e a v e d   as  a  r e s u l t   o f   r e a c t i o n   of   X  w i t h  

o x i d i z e d   d e v e l o p i n g   a g e n t .   In  t h e   c a s e   w h e r e   t h e   L I G  

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

c o u p l i n g   o f f   g r o u p s   or   t h e   same  or   a  d i f f e r e n t   L I G  

m o i e t y .   A c c o r d i n g l y ,   t h e   LIG-X  c o m p o u n d s   u s e f u l   i n  

t h i s   i n v e n t i o n   can   p r o v i d e   more   t h a n   one  mole   of   L I G  

p e r   mole   of   c o m p o u n d .   The  LIG  m o i e t i e s   can   be  t h e  

same  or  d i f f e r e n t   and  can   be  c l e a v e d   a t   t h e   same  o r  
d i f f e r e n t   t i m e s   or   r a t e s .  

In  a  p r e f e r r e d   e m b o d i m e n t   of   t h i s   i n v e n t i o n ,  
t h e r e   i s   no  l i n k i n g   g r o u p   b e t w e e n   X  and  LIG.   The  L I G  

m o i e t y   i s   b l o c k e d   by  X  p r e v e n t i n g   c o m p l e x a t i o n   w i t h  

m e t a l   i o n s ,   and  c l e a v a g e   by  o x i d i z e d   d e v e l o p e r  

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

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

LIG.   E x a m p l e s   of   s u c h   p r e f e r r e d   LIG-X  c o m p o u n d s   a r e :  



a n d  

In   t h e s e   s t r u c t u r e s ,   Z'  i s   an  e l e c t r o n   w i t h d r a w i n g  

g r o u p ,   Z"  i s   an  e l e c t r o n   w i t h d r a w i n g   g r o u p ,   h y d r o g e n ,  

a l k y l   or   a r y l ,   BALL  i s   a  s u i t a b l e   b a l l a s t i n g   g r o u p   a s  

d e f i n e d   a b o v e ,   and  A n i o n -   i s   a  s u i t a b l e   a n i o n .  

A l t e r n a t i v e l y ,   r e l e a s e   o f   LIG  and  X  m o i e t i e s  

l i n k e d   w i t h   an  o r g a n i c   b l o c k i n g   g r o u p   (BL)  can   o c c u r  
in   s e v e r a l   s t e p s   w h e r e i n   t h e   BL-LIG  f r a g m e n t   i s  

c o u p l e d   o f f   f rom  t h e   X  m o i e t y   upon   r e a c t i o n   w i t h  

o x i d i z e d   d e v e l o p e r .   The  BL-LIG  f r a g m e n t   i s   t h e n  

c a p a b l e   of   r e l e a s i n g   t h e   LIG  m o i e t y   by  a n  
i n t r a m o l e c u l a r   r e a c t i o n .   The  c o m p o u n d s   a r e   r e s i s t a n t  

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

a b s e n c e   of   o x i d i z e d   d e v e l o p e r ,   b u t   a r e   u n b l o c k e d   u p o n  

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

The  i n t r a m o l e c u l a r   r e a c t i o n   w h i c h   r e s u l t s   i n  

r e l e a s e   of   t h e   LIG  m o i e t y   can   be  an  e l i m i n a t i o n  
r e a c t i o n   s u c h   as  o c c u r s   w i t h  



w h e r e i n   COUP  i s   any  s u i t a b l e   c o u p l e r   m o i e t y .   T h i s  

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

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

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

o c c u r s   w i t h  

T h i s   c o n c e p t   i s   d e s c r i b e d   in   U .S .   P a t e n t s   4 , 2 4 8 , 9 6 2  

and  4 , 3 1 0 , 6 1 2 .  

In  y e t   a n o t h e r   e m b o d i m e n t ,   LIG  and  X  a r e  
c o n n e c t e d   w i t h   a  s i n g l e   bond   or   w i t h   an  o r g a n i c  

l i n k i n g   m o i e t y   w h i c h   g e n e r a l l y   r e m a i n s   w i t h   LIG  w h e n  



i t   i s   c l e a v e d   and  i s   p r o t o n a t e d   or   i o n i z e d   d e p e n d i n g  

upon   t h e   pKa  of   t h e   g r o u p .   U s e f u l   o r g a n i c   l i n k i n g  
m o i e t i e s   i n c l u d e   -COO- ,   -CONH-,   - 0 - ,   - S - ,   - S 0 2 - ,  

-SO2NH- ,  -CH2CO- ,   - S O 2 N ( A l k y l ) -   and  t h e  

l i k e   as  w e l l   as  t h e   t i m i n g   g r o u p s   d e s c r i b e d   in   U . S .  

P a t e n t   4 , 2 4 8 , 9 6 2 .   A  p a r t i c u l a r l y   u s e f u l   l i n k i n g  

g r o u p   is   a  s i n g l e   bond   or  - 0 - .  

E x a m p l e s   u s e f u l   in  t h e   p r a c t i c e   of   t h i s  

e m b o d i m e n t   of   t h e   i n v e n t i o n   as  X  m o i e t i e s   a r e   t h e  

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

w h e r e i n   r  i s   0  or   1 ,  



w h e r e i n   q  i s   an  i n t e g e r   of   1  to   2 0 ,  

w h e r e i n   R7  i s   s u b s t i t u t e d   or  u n s u b s t i t u t e d   a l k y l  

( p r e f e r a b l y   of   1  to   20  c a r b o n   a t o m s )   or   s u b s t i t u t e d  

or  u n s u b s t i t u t e d   a r y l   ( p r e f e r a b l y   of   6  to   14  c a r b o n  

a t o m s ) ,  

a n d  

In   t h e s e   f o r m u l a e ,   BALL  i s   any  s u i t a b l e  

b a l l a s t   g r o u p   as  d e s c r i b e d   a b o v e   ( e . g .  

-NHSO2C16H33,   - N H C O - a l k y l e n e - o x y - a r y l ,  

a l k y l   of   1  to  20  c a r b o n   a t o m s ,   a r y l   of   6  to   14  c a r b o n  

a t o m s   in  t h e   n u c l e u s ,   e t c . ) ,   and  LINK  is   a  s u i t a b l e  

l i n k i n g   m o i e t y ,   as  d e s c r i b e d   a b o v e ,   w h i c h   l i n k s   X  a n d  

LIG  p r i o r   to   r e a c t i o n   w i t h   o x i d i z e d   d e v e l o p i n g  

a g e n t .   BALL  can   a l s o   be  a  s u i t a b l e   p o l y m e r   b a c k b o n e .  

R e p r e s e n t a t i v e   LIG-X  c o m p o u n d s   u s e f u l   in   t h e  

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

N - { { 4 - c h l o r o - 3 - { 4 , 4 - d i m e t h y l - 3 - o x o - 2 - [ 4 ' -  

( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] p e n t a n a m i d o } -  

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

d y e - p r o v i d i n g   c o m p o u n d ,  



l - h y d r o x y - N - [ 4 - ( 2 , 4 - d i - t - p e n t y l p h e n o x y ) b u t y l ] -  

4 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] - 2 - n a p h t h a m i d e ,   a  

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

4 - { { 4 , 4 - d i m e t h y l - 3 - o x o - 2 - { 3 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " -  

t e r p y r i d y l ) ] p h e n o x y } p e n t a n a m i d o } } - N - m e t h y l - N -  

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

c o m p o u n d ,  

1 - h y d r o x y - 4 - { { { 4 - n i t r o - 2 - { N - i s o p r o p y l - N - { 4 -  

[ 6 - p h e n y l - 3 - ( 2 - p y r i d y l ) - 1 , 2 , 4 - t r i a z i n - 5 - y l ] p h e n o x y -  

c a r b o n y l } a m i n o m e t h y l } } p h e n o x y } } } - N - ( 2 - t e t r a -  

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

d y e - p r o v i d i n g   c o m p o u n d ,   a n d  

l - h y d r o x y - N - [ 4 - ( 2 , 4 - d i - t - p e n t y l p h e n o x y ) b u t y l ] - 4 -  

{ { { 4 - { { N - { 2 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] -  

e t h y l } s u l f a m o y l } } p h e n o x y } } } - 2 - n a p h t h a m i d e ,   a  

m a g e n t a   d y e - p r o v i d i n g   c o m p o u n d .  
The  LIG-X  c o m p o u n d s   u s e f u l   in  t h e   p r a c t i c e  

of   t h i s   i n v e n t i o n   can   be  r e a d i l y   p r e p a r e d   u s i n g  
c h e m i c a l   r e a c t i o n s   known  to  one  s k i l l e d   i n  

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

w h i c h   t h e   LIG  m o i e t y   i s   d e r i v e d   i s   r e a c t e d   w i t h   a  

c o m p o u n d   ( e . g .   a  c o l o r   c o u p l e r )   f rom  w h i c h   X  can   b e  

d e r i v e d .   D e t a i l e d   s y n t h e s e s   of   e x e m p l a r y   L I G - X  

c o m p o u n d s   a r e   p r o v i d e d   b e l o w .  

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

g e n e r a l   p r e p a r a t o r y   t e c h n i q u e s   can   be  u s e d :  

a)  R e a c t i o n   of   a  LIG  m o i e t y   c o n t a i n i n g   a  

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

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

s u l f o n i u m   s a l t ,   e t c . )   in   t h e   c o u p l i n g   o f f   p o s i t i o n   t o  

p r o d u c e   a  LIG-X  c o m p o u n d   o f   t h e   i n v e n t i o n   h a v i n g   t h e  

LIG  m o i e t y   b o n d e d   to   t h e   X  c o u p l e r   m o i e t y   t h r o u g h   a n  
- 0 -   l i n k a g e .   A l t e r n a t i v e l y ,   a  LIG  m o i e t y   h a v i n g   a  

m e r c a p t o   g r o u p   c o u l d   be  u s e d   to   o b t a i n   a  L I G - X  

c o m p o u n d   h a v i n g   t h e   LIG  and  X  m o i e t i e s l i n k e d   t h r o u g h  

an  -S -   l i n k a g e .  



b)  R e a c t i o n   of   a  c o l o r   c o u p l e r   h a v i n g   a  

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

g r o u p   (as   d e f i n e d   a b o v e )   to   p r o d u c e   t h e   same  k i n d   o f  

LIG-X  c o m p o u n d   as  d e s c r i b e d   in   a ) .  

In  o t h e r   e m b o d i m e n t s ,   LIG-X  c o m p o u n d s   u s e f u l  

in   t h i s   i n v e n t i o n   can   be  p r e p a r e d   by  c o n d e n s a t i o n   o f  

a  L I G - c o n t a i n i n g   c a r b o x y l i c   a c i d   h a l i d e   or   s u l f o n i c  

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

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

p o s i t i o n   to   p r o d u c e   LIG-X  c o m p o u n d s   h a v i n g   LIG  and  X 

m o i e t i e s   j o i n e d   by  an  e s t e r ,   a m i d e ,   s u l f o n a m i d e   o r  

t h i o e s t e r   l i n k a g e .  
The  LIG-X  c o m p o u n d s   p r e f e r r e d   f o r   u s e   i n  

t h i s   i n v e n t i o n   can   be  p r e p a r e d ,   in   g e n e r a l ,   by  t h e  

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

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

g r o u p   in   t h e   c o u p l i n g - o f f   p o s i t i o n .   T h i s   r e s u l t s   i n  

q u a t e r n i z a t i o n   of   LIG  by  t h e   c o u p l e r   to   f o rm  L I G - X  

w h e r e   t h e   c h e l a t i o n   s i t e   of   LIG  i s   b l o c k e d .  

A l t e r n a t i v e l y ,   t h e   LIG  m o i e t y   can   c o n t a i n   a n  

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

( s u c h   as  a c r y l a m i d e ,   a c r y l a t e ,   e t c . ) .   The  L I G - X  

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

m o i e t y   can   be  p o l y m e r i z e d   to   y i e l d   a  p o l y m e r i c   L I G - X  

c o m p o u n d .  

As  n o t e d   a b o v e ,   LIG  i s   a  m o i e t y   c a p a b l e   o f  

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

one  or   more  l a y e r s   o f   p h o t o g r a p h i c   e l e m e n t s .   A 

v a r i e t y   of   m e t a l   i o n s   can   be  so  u s e d   as  l o n g   as  t h e  

c o m p l e x   of   t h e   LIG  m o i e t y   w i t h   t h e   m e t a l   i o n   i s  

s t a b l e ,   or   in   o t h e r   w o r d s ,   t h e   c o m p l e x   i s   l i k e l y   t o  

r e m a i n   in   c o m p l e x e d   fo rm  f o r   a  s u b s t a n t i a l   p e r i o d   o f  

t i m e .   In   g e n e r a l ,   t h e   l og   of   t h e   f o r m a t i o n   c o n s t a n t  

o f   s u c h   c o m p l e x e s   s h o u l d   be  in   t h e   r a n g e   of   f rom  1 0  

to   30 ,   and  p r e f e r a b l y   f rom  15  to   25.   U s e f u l   m e t a l  



i o n s   i n c l u d e   F e + + ,   Co++,  C u  ,   Cu++,  R u + +  

and  Os++.   F e r r o u s   i o n s   a r e   p r e f e r r e d   in   t h e  

p r a c t i c e   of   t h i s   i n v e n t i o n .  

In  t h e   p r a c t i c e   of   t h i s   i n v e n t i o n ,   c l e a v a g e  
of   LIG  f rom  X  r e s u l t s   f rom  r e a c t i o n   of   o x i d i z e d  

d e v e l o p i n g   a g e n t   w i t h   t h e   LIG-X  c o m p o u n d .   A n y  

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

of   t h i s   i n v e n t i o n ,   w h i c h   when  o x i d i z e d   f rom  s i l v e r  

h a l i d e   d e v e l o p m e n t ,   can   r e a c t   w i t h   L I G - X .  

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

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

p h e n y l e n e d i a m i n e s ,   t e t r a h y d r o q u i n o l i n e s   and  t h e   l i k e  

as  d e s c r i b e d ,   f o r   e x a m p l e ,   in   R e s e a r c h   D i s c l o s u r e ,  

p u b l i c a t i o n   1 7 6 4 3 ,   p a r a g r a p h   XX,  n o t e d   a b o v e .   O t h e r  
u s e f u l   d e v e l o p i n g   a g e n t s   i n c l u d e   h y d r o q u i n o n e s ,  

c a t e c h o l s   and  p y r a z o l i d o n e s .  
In  a  p r e f e r r e d   e m b o d i m e n t   of   t h i s   i n v e n t i o n ,  

a  n e g a t i v e   image   can   be  g e n e r a t e d   in   an  e l e m e n t .  
T h i s   i s   done   by  i n c o r p o r a t i n g   in   t h e   e l e m e n t   a  L I G - X  

c o m p o u n d   w h e r e i n   X  is   a  m o i e t y   w h i c h   y i e l d s   a  
c o l o r l e s s   or  d i f f u s i b l e   r e a c t i o n   p r o d u c t   w i t h  

o x i d i z e d   d e v e l o p e r ,   and  X  i s   a t t a c h e d   to   LIG  in   s u c h  

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

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

d e v e l o p e r .   LIG  i s   a p p r o p r i a t e l y   b a l l a s t e d   a s  

o u t l i n e d   a b o v e   to  p r e v e n t   d i f f u s i o n .   Upon  i m a g e w i s e  

d e v e l o p m e n t   w i t h   a  d e v e l o p i n g   a g e n t ,   t h e   LIG-X  b o n d  

i s   c l e a v e d   in   e x p o s e d   a r e a s ,   and  t h e   c o u p l e d   p r o d u c t  

may  be  w a s h e d   o u t   of   t h e   e l e m e n t   i f   d e s i r e d .  

S u b s e q u e n t   t r e a t m e n t   of   t h e   e l e m e n t   w i t h   m e t a l   i o n s  

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

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

e x p o s e d   a r e a s ,   r e s u l t i n g   in   a  n e g a t i v e   i m a g e .  
In  a n o t h e r   e m b o d i m e n t   of   t h i s   i n v e n t i o n ,   L I G  

and  X  a r e   j o i n e d   s u c h   t h a t   LIG  i s   c a p a b l e   o f  



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

LIG-X  b o n d .   In  o t h e r   w o r d s ,   t h e   m e t a l   c h e l a t i n g   s i t e  

in   LIG  i s   n o t   b l o c k e d   by  X.  In  t h e   e x p o s e d   a r e a s   o f  

t h e   e l e m e n t ,   a  s u i t a b l e   c o l o r   dye  image   i s   f o r m e d  

w i t h   a  known  c o l o r   c o u p l e r   and  t h e   LIG-X  bond   i s  

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

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

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

to  fo rm  a  m e t a l   c o m p l e x   d y e .   The  r e a c t i o n   p r o d u c t   o f  

X  and  t h e   o x i d i z e d   d e v e l o p i n g   a g e n t   can   be  c o l o r l e s s  

or   d i f f u s a b l e ,   in   w h i c h   c a s e   i t   w i l l   n o t   c o n t r i b u t e  

to   image   d e n s i t y ,   or   c o l o r e d   in   w h i c h   c a s e   i t   c a n  

a u g m e n t   or   m o d i f y   t h e   p r i n c i p a l   dye   i m a g e   ( e . g .   i n  

c o l o r   c o r r e c t i o n ) .   In  t h e   u n e x p o s e d   a r e a s ,   t h e  

u n r e a c t e d   LIG-X  c o m p o u n d   i s   t r e a t e d   w i t h   m e t a l   i o n s  

( e . g .   f e r r o u s   i o n s )   to   p r o v i d e   a  v i s u a l l y   c o l o r e d   d y e  
w h i c h   a c t s   as  a  m a s k i n g   dye  in   t h o s e   a r e a s .  

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

g e n e r a t e   a  r e v e r s a l   i m a g e   in   an  e l e m e n t   u s i n g   w h a t  

a r e   known  in   t h e   a r t   as  u n i v e r s a l   c o u p l e r s .   T h i s   c a n  
be  done   by  i n c o r p o r a t i n g   a  LIG-X  c o m p o u n d   in   t h e  

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

o x i d i z e d   d e v e l o p i n g   a g e n t   and  LIG  i s   a  m o i e t y   c a p a b l e  

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

s t i l l   l i n k e d   to   X.  Upon  i m a g e w i s e   d e v e l o p m e n t   w i t h   a  

d e v e l o p i n g   a g e n t ,   t h e   LIG-X  bond   in   e x p o s e d   a r e a s   i s  

c l e a v e d   and  f r a g m e n t s   w a s h e d   o u t   of   t h e   e l e m e n t .  

S u b s e q u e n t   t r e a t m e n t   of   t h e   e l e m e n t   w i t h   m e t a l   i o n s  

( e . g .   f e r r o u s )   p r o v i d e s   d y e s   in   u n e x p o s e d   a r e a s   t o  

p r o v i d e   a  r e v e r s a l   i m a g e .  

In  s t i l l   a n o t h e r   e m b o d i m e n t ,   t h e  

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

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

s u p p o r t   and  a  p l u r a l i t y   of   l a y e r s   i n c l u d i n g   one  o r  



more  i m a g e - r e c o r d i n g   l a y e r s   and  an  i m a g e - r e c e i v i n g  

l a y e r .   A  LIG-X  c o m p o u n d   i s   i n c o r p o r a t e d   in   o r  

a d j a c e n t   an  i m a g e - r e c o r d i n g   l a y e r ,   and  t h e   LIG-X  b o n d  

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

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

Redox   r e l e a s e   c h e m i s t r y   i s   d e s c r i b e d ,   e . g .   in   U . S .  

P a t e n t s   4 , 1 0 8 , 8 5 0   and  4 , 1 3 9 , 3 7 9 ,   w h e r e u p o n   r e d u c t i o n  

of   a  h y d r o q u i n o n e   c o m p o u n d   r e l e a s e s   a  dye  f r a g m e n t .  
In  e i t h e r   c a s e ,   t h e   r e l e a s e d   LIG  m o i e t y   d i f f u s e s   t o  

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

m e t a l   i o n s .   T h e s e   i o n s   c o m p l e x   w i t h   t h e   LIG  m o i e t y  

to   p r o v i d e   t h e   d e s i r e d   dye  i m a g e .  
The  p h o t o g r a p h i c   e l e m e n t s   and  f i l m   u n i t s   o f  

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

i n c o r p o r a t e d   in   t h e   e l e m e n t   or   f i l m   u n i t   or   a r e  

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

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

a g e n t s   ( e . g .   c o l o r   d e v e l o p i n g   a g e n t s )   and  o t h e r  

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

c o m p l e x   w i t h   LIG,   i f   d e s i r e d .   A l t e r n a t i v e l y ,   t h e  

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

t h e   same  or   d i f f e r e n t   l a y e r   as  t h e   LIG-X  c o m p o u n d .  

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

i n v e n t i o n   can   be  a c c o m p l i s h e d   by  s u i t a b l e   s i l v e r  

d e v e l o p m e n t ,   e i t h e r   c o l o r   or  b l a c k   and  w h i t e ,   f o r  

e x a m p l e ,   by  t r e a t m e n t   w i t h   a  p h e n y l e n e d i a m i n e   o r  

h y d r o q u i n o n e   d e v e l o p e r ,   f o l l o w e d   by  b l e a c h i n g   w i t h   a n  
F e   s a l t   b l e a c h ,   or   s i m p l y   by  t r e a t m e n t   of   t h e  

i m a g e w i s e   d i s t r i b u t i o n   of   LIG  w i t h   f e r r o u s   i o n s .  

E l e c t r o n   t r a n s f e r   a g e n t s   can   be  u s e d   in   r e d o x   r e l e a s e  

p r o c e s s e s .   The  f e r r o u s   or   o t h e r   i o n s   can  be  i n c l u d e d  

in   t h e   b l e a c h   s o l u t i o n   f o r   c o m p l e x a t i o n   w i t h   t h e   L I G  

m o i e t y .  



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

w h i c h   t h e   d e s c r i b e d   LIG-X  c o m p o u n d s   a r e   i n c o r p o r a t e d  

can   c o m p r i s e   a  s u p p o r t   and  one  or   more   s i l v e r   h a l i d e  

e m u l s i o n   l a y e r s   and  a s s o c i a t e d   d y e - f o r m i n g   l a y e r s .  
The  LIG-X  c o m p o u n d s   can   be  i n c o r p o r a t e d   in   t h e   s i l v e r  

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

a d j a c e n t   l a y e r ,   w h e r e   t h e y   w i l l   come  i n t o   r e a c t i v e  

a s s o c i a t i o n   w i t h   o x i d i z e d   c o l o r   d e v e l o p i n g   a g e n t  
w h i c h   has   d e v e l o p e d   s i l v e r   h a l i d e   in   t h e   e m u l s i o n  

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

or   h a v e   a s s o c i a t e d   w i t h   i t ,   p h o t o g r a p h i c   c o u p l e r  

c o m p o u n d s ,   s u c h   as  c o l o r   f o r m i n g   c o u p l e r s ,   c o l o r e d  

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

fo rm  d y e s   of   t h e   same  or   d i f f e r e n t   c o l o r   or   hue   a s  
t h e   d y e s   f o r m e d   by  c o m p l e x a t i o n   of   LIG  and  m e t a l  

i o n s .   A d d i t i o n a l l y ,   t h e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r  

can   c o n t a i n   o t h e r   a d d e n d a   g e n e r a l l y   c o n t a i n e d   in   s u c h  

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

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

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

u n i t   h a v i n g   a s s o c i a t e d   t h e r e w i t h   a  c y a n   dye  i m a g e  

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

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

dye  image   p r o v i d i n g   m a t e r i a l   and  a  b l u e - s e n s i t i v e  

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

t h e r e w i t h   a  y e l l o w   dye  i m a g e - p r o v i d i n g   m a t e r i a l ,   a t  

l e a s t   one  of   t h e   s i l v e r   h a l i d e   e m u l s i o n   u n i t s   h a v i n g  

a s s o c i a t e d   t h e r e w i t h   a  LIG-X  c o m p o u n d .   Each   s i l v e r  

h a l i d e   e m u l s i o n   u n i t   can   be  c o m p o s e d   o f   one  or   m o r e  

l a y e r s   and  t h e   v a r i o u s   u n i t s   and  l a y e r s   can   b e  

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

a n o t h e r   as  i s   known  in   t h e   a r t .   The  LIG-X  c o m p o u n d s  

d e s c r i b e d   h e r e i n   can   be  i n c o r p o r a t e d   i n t o   o r  

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



e l e m e n t .   P r e f e r a b l y ,   t h e   LIG-X  c o m p o u n d   i s   in   o r  

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

e m u l s i o n   u n i t .  

The  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   e m u l s i o n s  

can   i n c l u d e   c o a r s e ,   r e g u l a r   or   f i n e   g r a i n   s i l v e r  

h a l i d e   c r y s t a l s   or   m i x t u r e s   t h e r e o f   and  can   b e  

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

s i l v e r   b r o m i d e ,   s i l v e r   b r o m o i o d i d e ,   s i l v e r  

c h l o r o b r o m i d e ,   s i l v e r   c h l o r o i o d i d e ,   s i l v e r  

c h l o r o b r o m o i o d i d e   and  m i x t u r e s   t h e r e o f .   T h e  

e m u l s i o n s   can   be  n e g a t i v e - w o r k i n g   or   d i r e c t - p o s i t i v e  

e m u l s i o n s .   They  can   fo rm  l a t e n t   i m a g e s   p r e d o m i n a n t l y  

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

p r e d o m i n a n t l y   on  t h e   i n t e r i o r   of   t h e   g r a i n s .   T h e y  

can   be  c h e m i c a l l y   and  s p e c t r a l l y   s e n s i t i z e d .   T h e  

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

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

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

u s e d   i f   d e s i r e d .  

The  e l e m e n t   s u p p o r t   can   be  any  s u i t a b l e  

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

a  f l e x i b l e   p a p e r   or   r e s i n o u s   f i l m   s u p p o r t   i s   u s e d ,  
and  a  p a p e r   s u p p o r t   i s   p a r t i c u l a r l y   u s e f u l .   P a p e r  

s u p p o r t s   can   be  a c e t y l a t e d   or   c o a t e d   w i t h   b a r y t a  
a n d / o r   an  a - o l e f i n   p o l y m e r   s u c h   as  p o l y e t h y l e n e ,  

p o l y p r o p y l e n e ,   e t h y l e n e - b u t e n e   c o p o l y m e r   and  t h e   l i k e .  

F u r t h e r   d e t a i l s   r e g a r d i n g   s i l v e r   h a l i d e  

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

a r t   as  d e s c r i b e d ,   f o r   e x a m p l e ,   in   R e s e a r c h  

D i s c l o s u r e ,   p u b l i c a t i o n   1 7 6 4 3 ,   n o t e d   a b o v e ,   as  w e l l  

as   in  R e s e a r c h   D i s c l o s u r e ,   p u b l i c a t i o n   1 5 1 6 2 ,  

N o v e m b e r ,   1976  and  U.  S.  P a t e n t   4 , 3 5 8 , 5 2 5 .  



P r e p a r a t i o n   1 

A  u s e f u l   m a g e n t a   d y e - f o r m i n g   LIG-X  c o m p o u n d  
i s   l - h y d r o x y - N - [ 4 - ( 2 , 4 - d i - t - p e n t y l p h e n o x y ) b u t y l ] - 4 -  

[ 4 ' - ( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] - 2 - n a p h t h a m i d e   w h i c h  

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

To  a  s o l u t i o n   of   1 2 . 2 5   g  (25  mmole)   o f  

1 , 4 - d i h y d r o x y - N - [ 4 - ( 2 , 4 - d i - t - p e n t y l p h e n o x y ) b u t y l ] -  

2 - n a p h t h a m i d e   and  3 . 1   g  (10  mmole)   of   2 , 6 - d i - 2 -  

p y r i d y l - 4 - m e t h y l s u l f o n o p y r i d i n e   in   100  ml  of   d r y  

N , N - d i m e t h y l f o r m a m i d e   (DMF)  u n d e r   N2  was  a d d e d   i n  

p o r t i o n s   2 . 4   g  (50  mmole)   of   50%  NaH.  A f t e r   h y d r o g e n  

e v o l u t i o n   was  c o m p l e t e ,   t h e   s o l u t i o n   was  h e a t e d   t o  
90°C  f o r   two  h o u r s .   T h i n   l a y e r   c h r o m e t o g r a p h y  

a n a l y s i s   ( 9 / 1   CH3CN/MeOH)  r e v e a l e d   t h a t   a l l   o f  

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

p o u r e d   i n t o   2  1  of   d i l u t e   KH2PO4  b u f f e r ,   a n d  

t he   p r o d u c t   s o l i d i f i e d   upon   s t i r r i n g .   A f t e r   r e m o v a l  

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

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

n a p h t h a m i d e .   The  r e s u l t i n g   p u r i f i e d   LIG-X  c o m p o u n d  

was  i s o l a t e d   by  f i l t r a t i o n   a s  a   t a n   s o l i d   (9  g ) .  

A n a l y s i s   by  mass   s p e c t r o s c o p y   ahowed   t h e   c o m p o u n d   t o  
be  c o n s i s t e n t   w i t h   t h e   a s s i g n e d   s t r u c t u r e .  

P r e p a r a t i o n   2  

The  monomer   1 - b e n z o y l m e t h y l - 2 - [ 4 - ( 2 -  

a c r y l a m i d o e t h o x y ) - 6 - ( 2 , 2 ' - b i p y r i d y l ) ] p y r i d i n i u m  
b r o m i d e   was  p r e p a r e d   in   t h e   f o l l o w i n g   m a n n e r .  

A  m i x t u r e   o f   1 0 . 0 0   g  (20  mmole)   o f   N - { 2 -  

[ 2 , 6 - d i ( 2 - p y r i d y l ) - 4 - p y r i d y l o x y ] e t h y l } a c r y l a m i d e  

and  5 . 7 9   g  (29  mmole)   o f   @ - b r o m o a c e t c p h e n o n e   i n  

1 0 . 0   ml  DMF  was  s t i r r e d   a t   80°C  u n d e r   a r g o n   f o r   3 . 5  

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

r e s u l t i n g   s o l i d   mass   was  t r i t u r a t e d   w i t h  

CH2C12  to  r e m o v e   u n r e a c t e d   s t a r t i n g  
m a t e r i a l s .   The  c r u d e   p r o d u c t :   was  f i l t e r e d ,   w a s h e d  



w i t h   CH2C12  and  t a k e n   up  in   m e t h a n o l .   T h e  

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

o i l .   A d d i t i o n   of   CH2C12  f o l l o w e d   b y  

t r i t u r a t i o n   y i e l d e d   6  g  of   a  w h i t e   s o l i d .   E l e m e n t a l  

and  n u c l e a r   m a g n e t i c   r e s o n a n c e   (NMR)  a n a l y s e s   s h o w e d  

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

a s s i g n e d   s t r u c t u r e .  

P r e p a r a t i o n   3 

A  u s e f u l   m a g e n t a   d y e - f o r m i n g   p o l y m e r i c   L I G - X  

c o m p o u n d   i s   p o l y { a c r y l a m i d e - c o - 1 - b e n z o y l m e t h y l - 2 -  

[ 4 - ( 2 - a c r y l a m i d o e t h o x y ) - 6 - ( 2 , 2 ' - b i p y r i d y l ) ] -  

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

f o l l o w i n g   m a n n e r .  

To  a  s o l u t i o n   o f   a c r y l a m i d e   ( 2 4 . 0   g,  0 . 3 4  

m o l e )   and  l - b e n z o y l m e t h y l - 2 - [ 4 - ( 2 - a c r y l a m i d o -  

e t h o x y ) - 6 - ( 2 , 2 ' - b i p y r i d y l ) ] p y r i d i n i u m   b r o m i d e   ( 6 . 0   g ,  
0 . 0 1 1   m o l e )   in   w a t e r   (300   ml)  and  e t h a n o l   (50  ml)  w a s  

a d d e d   2 , 2 ' - a z o b i s ( 2 - m e t h y l p r o p i o n i t r i l e )   ( 0 . 6 0   g)  a s  

an  i n i t i a t o r .   The  m i x t u r e   was  m a i n t a i n e d   u n d e r   a  

n i t r o g e n   a t m o s p h e r e   and  h e a t e d   to   65°C .   A f t e r   1 . 5  

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

w a t e r   f o r   15  m i n u t e s )   (200  ml)  was  a d d e d   and  h e a t i n g  
a t   65°C  was  c o n t i n u e d   f o r   4 . 5   h o u r s .   The  r e s u l t i n g  

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

d i s t i l l e d   w a t e r   to   g i v e ,   a f t e r   c o n c e n t r a t i o n ,   1 0 . 3 %  

s o l i d s   (27  g,  89%  y i e l d ) .  

P r e p a r a t i o n   4  

A  u s e f u l   m a g e n t a   d y e - f o r m i n g   LIG-X  c o m p o u n d  
i s   N - { { 4 - c h l o r o - 3 - { 4 , 4 - d i m e t h y l - 3 - o x o - 2 -  

[ 4 ' - ( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] p e n t a n a m i d o } -  

p h e n y l } } h e x a d e c a n e s u l f o n a m i d e   w h i c h   was  p r e p a r e d   i n  

t h e   f o l l o w i n g   m a n n e r :  
The  f o l l o w i n g   w e r e   a d d e d   to   a  25  mL  f l a s k  

e q u i p p e d   w i t h   a  s t i r r e r :   0 . 5   g  (2  mmole)   o f  

2 , 6 - d i - 2 - p y r i d y l - 4 - h y d r o x y p y r i d i n e ,   0 . 4 3   g  ( 3 . 7 5  



mmole)   of   t e t r a m e t h y l g u a n i d i n e ,   5  ml  of   CH3CN  a n d  

1 .5   g  ( 2 . 7   mmole)   of   N - [ 4 - c h l o r o - 3 - ( 2 - c h l o r o - 3 - o x o -  

4 , 4 - d i m e t h y l p e n t a n a m i d o ) p h e n y l ] h e x a d e c a n e s u l f o n a m i d e .  

The  r e s u l t i n g   m i x t u r e   was  h e a t e d   a t   40°C  w i t h  

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

a n a l y s i s   (10%  EtOAc/CH3CN)  r e v e a l e d   t h a t   s t a r t i n g  

t e r p y r i d i n e   r e m a i n e d ,   so  a n o t h e r   0 . 3   g  o f   t h e  

h e x a d e c a n e s u l f o n a m i d e   and  0 . 1   g  of   t e t r a m e t h y l -  

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

m i x t u r e   was  s t i r r e d   an  a d d i t i o n a l   f i v e   h o u r s  

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

c h r o m a t o g r a p h e d   on  s i l i c a   g e l .   N o n p o l a r   d e g r a d a t i o n  

p r o d u c t s   of   t h e   c o u p l e r   w e r e   e l u t a d   w i t h   10% 

c y c l o h e x a n e / C H 2 C l 2   up  to   CH2Cl2 .   T h e  

d e s i r e d   LIG-X  c o m p o u n d   was  e l u t e d   w i t h   10% 

E t O A c / C H 2 C 1 2   up  to   50%  C H 2 C 1 2 / E t C A c .  

R e m o v a l   of   t h e   s o l v e n t   l e f t   0 . 8  f ;   of   a  g l a s s y   s o l i d  

i d e n t i f i e d   as  t h e   d e s i r e d   m a g e n t a   dye  by  m a s s  

s p e c t r o s c o p y .  

P r e p a r a t i o n   5 

A  u s e f u l   m a g e n t a   d y e - f c r m i n g   LIG-X  c o m p o u n d  

i s   4 - { { 4 , 4 - d i m e t h y l - 3 - o x o - 2 - { 3 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " -  

t e r p y r i d y l ] p h e n o x y } p e n t a n a m i d o } } - N - m e t h y l - N -  

o c t a d e c y l b e n z e n e s u l f o n a m i d e   w h i c h   was  p r e p a r e d   in   t h e  

f o l l o w i n g   m a n n e r .  

To  a  s o l u t i o n   of   1 . 4   ml  of   t r i e t h y l a m i n e   ( 2  

e q u i v a l e n t s )   in   100  ml  of   d r y   a c e t o n i t r i l e   w e r e   a d d e d  

3  g  o f  



and  1 . 6 3   g  o f  

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

a r g o n   f o r   24  h o u r s .   Upon  c o o l i n g ,   2 . 5   g  of   a  w h i t e  
s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n .   The  m a t e r i a l  

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

p o s s e s s e d   i n f r a r e d ,   NMR  and  mass   s p e c t r a   c o n s i s t e n t  

w i t h   t h e   a s s i g n e d   s t r u c t u r e .  

P r e p a r a t i o n   6 

A n o t h e r   u s e f u l   m a g e n t a   d y e - f o r m i n g   L I G - X  

c o m p o u n d   i s   1 - h y d r o x y - 4 - { { { 4 - n i t r o - 2 -  

{ { N - i s o p r o p y l - N - { 4 - [ 6 - p h e n y l - 3 - ( 2 - p y r i d y l ) - 1 , 2 , 4 -  

t r i a z i n - 5 - y l ] p h e n o x y c a r b o n y l } a m i n o m e t h y l } } -  

p h e n o x y } } } - N - ( 2 - t e t r a d e c y l o x y p h e n y l ) - 2 - n a p h t h a m i d e  

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

The  r e a c t a n t s  

w e r e   c o m b i n e d   ( 2 . 5   g  and  0 . 3 7   g,  r e s p e c t i v e l y )   in   1 0 0  
ml  o f   e t h a n o l   and  r e f l u x e d   u n d e r   a r g o n   o v e r n i g h t .  



Upon  c o o l i n g   to   room  t e m p e r a t u r e ,   t h e   p r o d u c t   o i l e d  

o u t .   Slow  e v a p o r a t i o n   of   t h e   s o l v e n t   and  g r i n d i n g  
w i t h   a  s t i r r i n g   rod   c a u s e d   t h e   p r o d u c t   to   s o l i d i f y .  

R e c r y s t a l l i z a t i o n   f rom  i s o p r o p a n o l   a f f o r d e d   1 . 7 0   g  o f  

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

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

r e a c t a n t   and  i n f r a r e d ,   NMR  and  mass   s p e c t r a  

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

P r e p a r a t i o n   7 

A n o t h e r   u s e f u l   m a g e n t a   d y e - f o r m i n g   L I G - X  

compound   i s   1 - h y d r o x y - N - [ 4 - ( 2 , 4 - d i - t - p e n t y l -  

p h e n o x y ) b u t y l ] - 4 - { { { 4 - { { N - { 2 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " -  

t e r p y r i d y l ) o x y ] e t h y l   } s u l f a m o y l }  } p i r e n o x y  } } } - 2 -  

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

To  a  s o l u t i o n   of   0 . 5 8 4   g  o f  

and   0 . 4   g  of   d r y   t r i e t h y l a m i n e   in  100  n l   o f  

t e t r a h y d r o f u r a n ,   was  a d d e d   a  s o l u t i o n   o f   1 . 3 3   g  o f  

in   20  ml  of   t e t r a h y d r o f u r a n .   A f t e r   t o t a l   a d d i t i o n ,  

t h e   r e a c t i o n   m i x t u r e   was  s t i r r e d   a t   room  t e m p e r a t u r e  
f o r   two  h o u r s .   The  r e s u l t i n g   E t 3 N · H C l   w a s  



f i l t e r e d   o f f ,   0 . 5   ml  of   g l a c i a l   a c e t i c   a c i d   was  a d d e d  

and  t h e   f i l t r a t e   was  r e d u c e d   to   d r y n e s s .   The  r e s i d u e  

was  t a k e n   up  in   CH2Cl2 ,   w a s h e d   w i t h   1  n o r m a l  

a c e t i c   a c i d ,   w a t e r ,   and  b r i n e   and  t h e n   d r i e d   o v e r  

Na2SO4.   The  CH2Cl2  was  r e m o v e d   i n  

v a c u o   and  t h e   r e s u l t i n g   m a t e r i a l   r e d i s s o l v e d   in   e t h y l  
e t h e r   and  e v a p o r a t e d   to   d r y n e s s   to   a f f o r d   1 . 6 9   g  of   a  

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

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

The  f o l l o w i n g   e x a m p l e s   a r e   p r o v i d e d   t o  

i l l u s t r a t e   t h e   p r a c t i c e   of   t h i s   i n v e n t i o n .  

E x a m p l e  1  -   P h o t o g r a p h i c   E l e m e n t   C o n t a i n i n g  

P o l y m e r i c   LIG-X  Compound  w h i c h  

P r o v i d e s   a  M a g e n t a   Dye  C o m p l e x  
w i t h   F e r r o u s   I o n s  

To  a  warm  s t i r r e d   s o l u t i o n   of   p o l y { a c r y l -  

a m i d e - c o - l - b e n z o y l m e t h y l - 2 - [ 4 - ( 2 - a c r y l a m i d o e t h o x y ) - 6 -  

( 2 , 2 ' - b i p y r i d y l ) p y r i d i n i u m   b r o m i d e }   ( 1 0 . 3 %   s o l i d s ,  
5 8 . 0 4   g  s o l u t i o n ) ,   was  a d d e d   12.5%  g e l   s o l u t i o n   ( 3 0 . 6  

g ) ,   10%  A l k a n o l   XC™  s u r f a c t a n t   s o l u t i o n   ( 3 . 8   g ) ,   a  

s p r e a d i n g   a g e n t   s o l u t i o n   ( 4 . 3   g ) ,   and  d i s t i l l e d   w a t e r  

( 4 1 . 0   g ) .   A  c o a t i n g   c o m p o s i t i o n   was  p r e p a r e d   b y  

a d d i n g   6 . 3   ml  of   s i l v e r   h a l i d e   e m u l s i o n   c o n t a i n i n g  

160  mg  Ag /ml   and  60  mg  g e l a t i n / m l   to   t h e   a b o v e  

s o l u t i o n .   The  e m u l s i o n   was  t h e n   c o a t e d   on  a  

c e l l u l o s e   a c e t a t e   s u p p o r t   a t   a b o u t   129  m l / m 2  

l a y d o w n .   An  o v e r c o a t   s o l u t i o n   c o n t a i n i n g   1 . 0 7   g  

g e l a t i n / m 2   and  85  mg  of   2%  b i s ( v i n y l s u l f o n y l -  

m e t h y l )   e t h e r   h a r d e n e r   s o l u t i o n / m 2   was  c o a t e d   o v e r  

t h e   e m u l s i o n   a t   a b o u t   54  m l / m 2   l a y d o w n .  
The  r e s u l t i n g   p h o t o g r a p h i c   e l e m e n t   w a s  

i m a g e w i s e   e x p o s e d ,   d e v e l o p e d   w i t h   pH  1 1  

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

LIG  f rom  X  ( p o l y m e r i c   b a c k b o n e ) ,   b l e a c h e d   w i t h   f e r r i c  

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

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



f e r r o u s   ammonium  s u l f a t e   s o l u t i o n   ( 0 . 1   m o l a r )   w h i c h  

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

LIG  m o i e t y   to   fo rm  a  m a g e n t a   dye  image   in   i m a g e w i s e  

e x p o s e d   a r e a s .  

E x a m p l e  2  -   P h o t o g r a p h i c   E l e m e n t   C o n t a i n i n g  

LIG-X  Compound  as  M a s k i n g   D y e  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   u s e   of   L I G - X  

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

e l e m e n t .  

A  1 :1   m o l a r   r a t i o   of   a  known  c y a n  

d y e - p r o v i d i n g   c o u p l e r ,   N - [ N ' - ( 4 - c y a n o p h e n y l ) u r e i d o - 3 -  

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

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

LIG-X  c o m p o u n d ,   1 - h y d r o x y - N - [ 4 - ( 2 , 4 - d i - t - p e n t y l -  

p h e n o x y ) b u t y l ] - 4 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] - 2 -  

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

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

a c e t a t e   was  d i s p e r s e d   in   a  s i l v e r   b r o m o i o d i d e  

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

l e v e l s   we re   0 . 4 8   g/m2  of   m a g e n t a   d y e - p r o v i d i n g  
LIG-X  c o m p o u n d ,   0 . 5 8   g/m2  of   t h e   c y a n   d y e - p r o v i d i n g  

c o l o r   c o u p l e r ,   0 . 9   g /m2  of   Ag  a i d   3 . 8  g / m 2   o f  

g e l a t i n .  

The  r e s u l t i n g   e l e m e n t   was  i m a g e w i s e   e x p o s e d ,  

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

s o l u t i o n   (pH  10)  and  b l e a c h e d   u s i n g   a  

f e r r i c y a n i d e - b a s e d   b l e a c h   s o l u t i o n .   T a i s   p r o c e s s  

p r o v i d e d   a  c y a n   dye  image   in   t h e   e x p o s e d   a r e a s   a n d  

c l e a v e d   t h e   t e r p y r i d y l   LIG  m o i e t y   from  t h e   X  m o i e t y  

in  t h o s e   a r e a s .   The  f r e e   LIG  : n o i e t y   was  w a s h e d   o u t  

of   t h e   e l e m e n t   in   t h e   p r o c e s s i n g   s o l u t i o n s .   T h e  

e l e m e n t   was  t h e n   p l a c e d   i n t o   a  d i l u t e   a m m o n i u m  

f e r r o u s   s u l f a t e   s o l u t i o n   ( 1 0 - 3   m o l a r ) ,   p r o v i d i n g  

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

t h e   u n c o u p l e d   LIG-X  c o m p o u n d ,   g e n e r a t i n g   a  m a g e n t a  

c o l o r   c o r r e c t i n g   dye  image   in   t h e   u n e x p o s e d   a r e a s   o f  

t h e   e l e m e n t .  



E x a m p l e   3 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   u se   of   a  L I G - X  

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

a  y e l l o w   dye  in   a  p h o t o g r a p h i c   e l e m e n t .  

A  1 :3   m o l a r   r a t i o   of   a  m a g e n t a   d y e - p r o v i d i n g  

LIG-X  c o m p o u n d ,   N - { { 4 - c h l o r o - 3 - { 4 , 4 - d i m e t h y l -  

3 - o x o - 2 - [ 4 ' - ( 2 , 2 ' : 6 ' , 2 " - t e r p y r i d y l ) o x y ] p e n t a n -  

a m i d o } p h e n y l } } h e x a d e c a n e s u l f o n a m i d e ,   and  a  k n o w n  

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

s t r u c t u r e :  

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

h a l f   t h e i r   w e i g h t   of   d i b u t y l   p h t h a l a t e   and  t h r e e  

t i m e s   t h e i r   w e i g h t   of   e t h y l   a c e t a t e .   The  c o a t i n g  

l e v e l s   w e r e   1 . 8   g /m2  of   m a g e n t a   d y e - p r o v i d i n g   L I G - X  

c o m p o u n d ,   5 .9   g/m2  of   t h e   y e l l o w   d y e - p r o v i d i n g  

c o l o r   c o u p l e r ,   2 . 5   g /m2  of   Ag  and  1 2 . 4   g /m2  o f  

g e l a t i n .  

The  r e s u l t i n g   e l e m e n t   was  i m a g e w i s e   e x p o s e d ,  

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

p r o v i d e   a  c y a n   dye  i m a g e .   U n c o u p l e d   LIG  m o i e t y   w a s  
w a s h e d   o u t   of   t h e   e x p o s e d   a r e a s .   The  e l e m e n t   w a s  

t h e n   t r e a t e d   w i t h   f e r r o u s   i o n s   as  in   E x a m p l e   2.  T h e  

f e r r o u s   i o n s   c o m p l e x e d   w i t h   t h e   LIG  m o i e t y   of   t h e  

u n c o u p l e d   LIG-X  c o m p o u n d ,   g e n e r a t i n g   a  m a g e n t a   c o l o r  

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



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

s u p p o r t   h a v i n g   t h e r e o n   a t   l e a s t   one  s i l v e r   h a l i d e  
e m u l s i o n   l a y e r ,   t h e   e l e m e n t   c h a r a c t e r i z e d   by  h a v i n g  
a s s o c i a t e d   w i t h   t h e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   a n  

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

compound   of   t h e   s t r u c t u r e   LIG-X  w h e r e i n   LIG  i s   a  

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

to  form  a  m e t a l   c o m p l e x   d y e ,   and  X  i s   a  g r o u p   w h i c h ,  
as  a  f u n c t i o n   of   s i l v e r   h a l i d e   d e v e l o p m e n t ,   i s  

c l e a v e d   f rom  L I G .  

2.  The  e l e m e n t   as  c l a i m e d   in   c l a i m   1 

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

t h e   c o u p l i n g   p o s i t i o n   t h e r e o f   so  t h a t ,   upon   r e a c t i o n  

of  t h e   c o u p l e r   m o i e t y   w i t h   o x i d i z e d   d e v e l o p i n g   a g e n t ,  
LIG  i s   c l e a v e d   f rom  X .  

3.  The  e l e m e n t   as  c l a i m e d   in   c l a i m   1 

w h e r e i n   LIG  and  X  a r e   j o i n e d   s u c h   t h a t   LIG  i s  

i n c a p a b l e   of   c o m p l e x i n g   w i t h   t h e   m e t a l   i o n s   u n t i l   L I G  

i s   c l e a v e d   f rom  X.  

4.  The  e l e m e n t   as  c l a i m e d   in   any  of   c l a i m s  

1  to   3  w h e r e i n   X  i s   a  c o u p l e r   m o i e t y   w h i c h   f o r m s   a  
c o l o r l e s s   r e a c t i o n   p r o d u c t   upon   r e a c t i o n   w i t h  
o x i d i z e d   d e v e l o p i n g   a g e n t .  

5.  The  e l e m e n t   as  c l a i m e d   in   any   of   c l a i m s  

1  to   3  w h e r e i n   X  is   a  c o u p l e r   m o i e t y   w h i c h   f o r m s   a  

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

o x i d i z e d   d e v e l o p i n g   a g e n t .  
6.  The  e l e m e n t   as  c l a i m e d   in   any  of   c l a i m s  

1  to   5  w h e r e i n   LIG  and  X  a r e   j o i n e d   s u c h   t h a t   LIG  i s  

c a p a b l e   of   c o m p l e x i n g   w i t h   t h e   m e t a l   i o n s   w h i l e   L I G  
i s   j o i n e d   to   X,  and  upon   c l e a v a g e   f rom  X,  LIG  i s  

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



7.  The  e l e m e n t   as  c l a i m e d   in   any  of   c l a i m s  

1  to   6  w h e r e i n   LIG  i s   d e r i v e d   f rom  a  c o m p o u n d  

r e p r e s e n t e d   by  t h e   s t r u c t u r e :  

w h e r e i n   m  i s   0  or   a  p o s i t i v e   i n t e g e r   of   1  t o  

3,  n  a n d   p  a r e   i n d e p e n d e n t l y   0  or   1,  - -   r e p r e s e n t s   a  

s i n g l e   or   d o u b l e   b o n d ,  

Z  i s   R1-N=,   0=,   S=,  R 1 - P = ,  

( R 1 ) 2 P -   or   ( R 1 ) 3 P = ,   and  when  Z  i s  

( R 1 ) 2 P - ,   n  i s   1,  o t h e r w i s e   n  i s   0 ,  
R1,  R 2 ,  R 3 ,   R4,  R 5  a n d   R6  a r e  

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

when  R6  i s   so  d e f i n e d ,   p  i s   1  and  - -   i s   a  s i n g l e  

b o n d ,  

i f   m  is   0,  R1  and  R2,  R   and  R3,  a n d  
R3  and  R4,  t a k e n   t o g e t h e r ,   can   i n d e p e n d e n t l y  

r e p r e s e n t   t h e   c a r b o n   and  h e t e r o a t o m s   n e c e s s a r y   t o  

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

or   h e t e r o c y c l i c   n u c l e u s ,   o r ,   i f   m  i s   1  to   3,  R1  a n d  

R2,  R   and  R6,  and  R   and  R4,  t a k e n  

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

u n s u b s t i t u t e d   h e t e r o c y c l i c   n u c l e u s ,   and  when  R5  a n d  

R6  a r e   so  d e f i n e d ,   p  i s   0  when  - -   i s   a  d o u b l e   b o n d ,  

and  p  i s   1  when  - -   i s   a  s i n g l e   b o n d .  
8.  The  e l e m e n t   as  c l a i m e d   in   c l a i m   7 

w h e r e i n   m  i s   0  or   1  and  Z  i s   R 1 - N = .  

9.  The  e l e m e n t   as  c l a i m e d   in   any  of   c l a i m s  

1  to   8  c o m p r i s i n g   a  s u p p o r t   h a v i n g   t h e r e o n ,   in   o r d e r ,  



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

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

is   c a p a b l e   of   f o r m i n g   a  c y a n   d y e ,  

a  g r e e n - s e n s i t i v e   s i l v e r   h a l i d e  

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

m a g e n t a   dye  i m a g e - p r o v i d i n g   m a t e r i a l ,   a n d  

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

u n i t   w h i c h   has   a s s o c i a t e d   t h e r e w i t h   a  c o l o r   c o u p l e r  

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

t h e   e l e m e n t   h a v i n g   t h e   LIG-X  c o m p o u n d  
a s s o c i a t e d   w i t h   a t   l e a s t   one  of   t h e   u n i t s .  

10.  The  e l e m e n t   as  c l a i m e d   in   any  o f   c l a i m s  

1  to   9  w h i c h   i s   a  p h o t o g r a p h i c   p a p e r   p r o d u c t .  

11.  A  p r o c e s s   o f   f o r m i n g   a  dye  image   in   a n  

i m a g e w i s e   e x p o s e d   e l e m e n t   as  c l a i m e d   in   any  of   c l a i m s  

1  to   10  c o m p r i s i n g   t h e   s t e p s   o f  

a)  d e v e l o p i n g   t h e   e l e m e n t   to   i m a g e w i s e  

c l e a v e   t h e   bond   b e t w e e n   LIG  and  X  as  a  f u n c t i o n   o f  

d e v e l o p m e n t ,   a n d  

b)  t r e a t i n g   t h e   e l e m e n t   w i t h   m e t a l   i o n s  

to  fo rm  a  m e t a l   c o m p l e x   dye  w i t h   LIG  and  t h e   m e t a l  

i o n s .  
12.  The  p r o c e s s   as  c l a i m e d   in   c l a i m   1 1  

w h e r e i n   t h e   m e t a l   i o n s   a r e   f e r r o u s   i o n s .  
13.  The  p r o c e s s   as  c l a i m e d   in   e i t h e r   o f  

c l a i m s   11  and  12  w h i c h   i s   c o l o r   c o r r e c t i o n   in   a n  

i m a g e w i s e   e x p o s e d   e l e m e n t .  
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