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@  Macromolecular  complexes,  methods  for  preparing  and  pharmaceutical  compositions  containing  them. 

Macromolecular  complexes  which  comprise  a  first 
and  a  second  macromolecular  moiety  joined  by  a  link 
derived  from  a  linking  agent  having  two  or  more  reactive 
groups,  one  of  these  reactive  groups  being  an  activated 
acyl  group,  an  isocyanate,  an  isothiocyanate,  an  imino- 
ether,  an  iminothioether  or  an  activated  halogen  atom 
attached  to  an  aromatic  ring  and  being  capable  of  reacting 
with  one  of  the  macromolecules  from  which  the  macro- 
molecular  moieties  are  derived,  under  conditions  where 
the  remaining  reactive  group,  or  groups  which  is  or  are 
each  an  aziridine  ring,  an  aryl  azido  group  or  a  halogen 
atom  in  an  a-position  relative  to  a  carbonyl  group  or  two 
carbon  atoms  removed  from  a  heteroatom  carrying  a  lone 
pair  of  electrons,  is  or  are  substantially  unreactive. 

Methods  are  provided  for  making  the  complexes  and 
so  are  uses  for  the  complexes.  Pharmaceutical  formula- 
tions  containing  the  complex  as  are  provided. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

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

t h e m   and   p h a r m a c e u t i c a l   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 m .   More   s p e c i f i c a l l y   t h e   m e t h o d   of   m a k i n g   t h e  

complexes   i n v o l v e s   l i n k i n g   two  m a c r o m o l e c u l e s   t h r o u g h  

a  l i n k i n g   a g e n t   h a v i n g   two  or   more   r e a c t i v e   g r o u p s  

o f   d i f f e r e n t   r e a c t i v i t y .  

I t   i s   known  to  b i n d   t o g e t h e r   m a c r o m o l e c u l e s  

t h r o u g h   an  i n t e r m e d i a t e   l i n k i n g   a g e n t   h a v i n g   a  

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

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

may  be  l i n k e d   to   w a t e r - i n s o l u b l e   c a r r i e r s   a n d  

t h e r e b y   i n s o l u b i l i s e d ;   d r u g s   may  be  l i n k e d   to   c a r r i e r  

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

to   be  l o c a l i s e d   a t   t h e   s i t e   w h e r e   t h e   d r u g   i s  

r e q u i r e d ;   or   c a r r i e r   p r o t e i n s   may  be  l i n k e d   t o  

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

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

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

s i t e s .  



A  common  m e t h o d   o f   l i n k i n g   m a c r o m o l e c u l e s  

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

two  m a c r o m o l e c u l e s   and   t h e   l i n k i n g   a g e n t .   I n  

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

m a c r o m o l e c u l e s   u s e d   a r e   f o r m e d   as  w e l l   as  t h e  

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

s a t i o n   i s   d i s a d v a n t a g e o u s   b e c a u s e : -  

( i )   t h e   y i e l d   o f   t h e   d e s i r e d   p r o d u c t   i s   r e d u c e d ;  

( i i )   m a c r o m o l e c u l e s ,   w h i c h   a r e   e x p e n s i v e   a n d / o r  

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

b e c o m e   d i m e r i s e d   or   p o l y m e r i s e d ;  

( i i i )   t h e   b y - p r o d u c t s   may  be  u n d e s i r a b l e   a n d  

d i f f i c u l t   t o   r e m o v e .  

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

s t e p   c o u p l i n g   c an   l e a d   to   t h e   f o r m a t i o n   o f   i n t r a -  

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

b i o l o g i c a l   a c t i v i t y   o f   t h e   m a c r o m o l e c u l e .  

We  h a v e   now  f o u n d   t h a t   t h e s e   p r o b l e m s   m a y  

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

i n   a  s t e p w i s e   m a n n e r   by  f i r s t   r e a c t i n g   one   o f   t h e  

m a c r o m o l e c u l e s   w i t h   a  f i r s t   r e a c t i v e   s i t e   on  t h e  

l i n k i n g   a g e n t   and   t h e n   r e a c t i n g   t h e   i n t e r m e d i a t e  

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

r e a c t i v e   s i t e   on  t h e   l i n k i n g   a g e n t ,   as  s h o w n   in   t h e  

f o l l o w i n g   s e q u e n c e : -  



i n   w h i c h   M1  i s   a  f i r s t   m a c r o m o l e c u l e ;   M2  i s   a  

s e c o n d   m a c r o m o l e c u l e ;   and   A  i s   a  f i r s t   r e a c t i v e  

g r o u p   and   B  i s   a  s e c o n d   r e a c t i v e   g r o u p   on  a  

l i n k i n g   g r o u p   L.  S t r i c t l y   s p e a k i n g ,   t h e   g r o u p  

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

b e c a u s e   t h e r e   i s   no  n e e d   f o r   t h e   g r o u p s   A  and   B 

to   be  c o m p l e t e l y   l o s t ;   t h e y   ( o r   one   of   t h e m )   m a y  

b e c o m e   i n c o r p o r a t e d   in   a  m o d i f i e d   f o r m   in   L .  

A c c o r d i n g l y   t h e   s t e p s   may  be  e x p r e s s e d   a s : -  

i n   w h i c h   M1,  M2,  A,  B  and   L  a r e   as  d e f i n e d   a b o v e  

a n d   L'  may  be  t h e   same  as  L  o r   a  m o d i f i e d   v e r s i o n  

o f   L  ( d e r i v e d   f r o m   A  and  L)  and   L"  may  be  t h e   s a m e  

as  L'  o r   a  m o d i f i e d   v e r s i o n   o f   L'  ( d e r i v e d   f r o m   L '  

a n d   B) .   F o r   b r e v i t y   h e r e i n a f t e r   t h e   s y m b o l   L  i s  

u s e d   s o l e l y   b u t   s h o u l d   be  c o n s i d e r e d   to   i n c l u d e   t h e  

p o s s i b i l i t i e s   of   L'  and   L"  as  t h e   c o n t e x t   r e q u i r e s .  

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

be  e f f e c t e d   i t   i s   n e c e s s a r y   t h a t   t h e   c o n d i t i o n s  

u n d e r   w h i c h   t h e   f i r s t   r e a c t i o n   ( b e t w e e n   M1  and   t h e  

g r o u p   A)  o c c u r s   a r e   s u c h   t h a t   t h e   s e c o n d   g r o u p   B 



w i l l   n o t   r e a c t   w i t h   m o l e c u l e   M1.  T h i s   i s  

i m p o r t a n t   i n   l i n k i n g   m a c r o m o l e c u l e s   o f  

b i o l o g i c a l   o r i g i n   w h i c h   c o n t a i n   a  

m u l t i p l i c i t y   of   f u n c t i o n a l   g r o u p s .  

L i n k i n g   a g e n t s   s u i t a b l e   f o r   u s e   i n  

t h e   p r e s e n t   i n v e n t i o n   i n c l u d e   t h o s e   in   w h i c h  

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

t e m p e r a t u r e ,   pH  or  l e v e l   of   i r r a d i a t i o n   a t  

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

R e a c t i v e   g r o u p s   s u i t a b l e   f o r   u s e   a s  

g r o u p   A  ( t h e   more   r e a c t i v e   g r o u p )   i n   s u c h   l i n k i n g  

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

e x a m p l e   t h o s e   of  f o r m u l a   -COX  in   w h i c h   X  i s   a  h a l o g e n  

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



an  a z i d o   g r o u p   -N3;   t h e   r e s i d u e   o f   an  o r g a n i c  

a c i d ,   e . g .  ( t o   g i v e   a c i d  

a n h y d r i d e s )   or   t h e   r e s i d u e   of   an  a l c o h o l  

e . g .  ( t o   g i v e   a c t i v a t e d   e s t e r s )  

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

m o l e c u l e s   to   g i v e   a m i d e   l i n k s ;   (b)  i s o c y a n a t e  

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

g r o u p s ,   f o r   e x a m p l e ,   as  f o l l o w s : -  

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

w i t h   a m i n o   g r o u p s ,   f o r   e x a m p l e ,   t h u s   ( f o r   i m i n o e t h e r s )  

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

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



S u i t a b l e   r e a c t i v e   groups  B  are  a c t i v a t e d   h a l o g e n  

groups   i . e .   h a l o g e n   groups  two  carbon  atoms  removed  from  a  

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

r e l e a s i n g   group)  fo r   example  ha logen   groups  in  r a d i c a l s   s u c h  

t 
as  -S-CH2CH2-Cl  or  N-CH2CH2-Cl  (mustards)   (which  are  u n r e a c t i v e  

at  the   lower  t e m p e r a t u r e s   at  which  the  a f o r e m e n t i o n e d   a c t i v a t e d  

c a r b o x y l   g roups   may  be  made  to  r e a c t )   or  h a l o g e n   atoms  in  an  a -  

p o s i t i o n   r e l a t i v e   to  a  c a r b o n y l   group  e .g .   in  a - h a l o c a r b o x y l i c  

a c i d s ;   the   h e t e r o c y c l i c   a z i r i d i n e   r i n g   -N which   is   s t a b l e   a t  

n e u t r a l   o r a l k a l i n e   pH  but  which  unde rgoes   r i n g   opening   at  a c i d  

pH;  and  an  a r y l a z i d o   group  which  becomes  r e a c t i v e   on  i r r a d i a t i o n  

wi th   l i g h t .  

L i n k i n g   a g e n t s   w h i c h   a r e   p r e f e r a b l y   u s e d  

i n   t h e   m e t h o d   o f   t h e   i n v e n t i o n   a r e : -  

a c y l   d e r i v a t i v e s   of   c h l o r a m b u c i l   ( 4 - ( b i s ( 2 -  

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

e . g .  

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

a c i d ,   e . g .  



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

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

t h a n   1 0 ° C ,   p r e f e r a b l y   l e s s   t h a n   5°C,   and   t h e  

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

a m i n o   or   c a r b o x y l   g r o u p s   a t   25  to   3 0 ° C .   At  a  pH  

of   a b o u t   9  t h e   c h l o r o e t h y l a m i n o   g r o u p s   r e a c t  

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

m o l e c u l e   M2  and   as  t h e   pH  i s   l o w e r e d   t h e   a m o u n t  

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

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

more   i m p o r t a n t .   A  f u r t h e r   way  of   i n c r e a s i n g   t h e  

d i f f e r e n c e   in   r e a c t i v i t i e s   b e t w e e n   t h e   A  and   B 

g r o u p s ,   when   t h e   B  g r o u p   i s   a  h a l o g e n   g r o u p   t w o  

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

l o n e   p a i r   o f   e l e c t r o n s ,   i s   to   c a r r y   o u t   t h e   A -  

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

e . g .   g r e a t e r   t h a n   1  m o l a r ,   of   h a l i d e ,   e . g .   c h l o r i d e ,  

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

B  g r o u p .   When  t h e   B-  g r o u p   i s   r e a c t e d   l a t e r ,   t h e  

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



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

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

b e t w e e n   s t e p s ,   e . g .   by  u l t r a f i l t r a t i o n .   T h i s  

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

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

O t h e r   l i n k i n g   a g e n t s   t h a t   may  be  u s e d  

i n c l u d e   a c y l   d e r i v a t i v e s   o f   2 , 4 - d i n i t r o - S -  

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

a n h y d r i d e :  

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

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

a m i n o   g r o u p s   on  t h e   m a c r o m o l e c u l e   M1  t o   g i v e   a m i d e  

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

pH  by  c a r b o x y l   g r o u p s   on  t h e   m a c r o m o l e c u l e   M ;   a n d  

a c y l   d e r i v a t i v e s   o f   5 - a z i d o - 2 , 4 - d i n i t r o -  

b e n z o i c   a c i d ,   e . g .  



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

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

i n t e n s i t y ,   e . g .   i n   a  d a r k   r o o m ,   t h e   a z i d e   g r o u p  

t h e n   r e a c t i n g ,   a f t e r   e l i m i n a t i o n   o f   a  m o l e c u l e  

of   n i t r o g e n ,   by  i n s e r t i o n   i n t o   a  C-H  b o n d   w h e n  

i r r a d i a t e d   w i t h   v i s i b l e   l i g h t   o f   a  s u i t a b l e   h i g h e r  

i n t e n s i t y .  

The  l i n k i n g   g r o u p   L  of   t h e   l i n k i n g   a g e n t  

s e r v e s   as  a  c a r r i e r   f o r   t h e   two  r e a c t i v e   g r o u p s  

A  and   B  and   may  be  any   g r o u p   w h i c h   s e r v e s   s u c h   a  

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

b e t w e e n   t h e   g r o u p s   A  and   B  (as   h e r e i n   d e f i n e d )   i s  

r e t a i n e d .   The  l i n k i n g   a g e n t   p o r t i o n   L  m a y  

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

r e a c t i v i t y   o f   g r o u p s   A  and   B.  The  g r o u p   L  u s e d  

w i l l   g e n e r a l l y   be  d i c t a t e d   by  t h e   a v a i l a b i l i t y  

or   e a s e   o f   s y n t h e s i s   o f   t h e   l i n k i n g   a g e n t   A - L - B  

and   c o n v e n i e n t l y   t h e   two  g r o u p s   A  and   B  a r e  

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

a  b e n z e n e   r i n g .  



I t   i s   e s s e n t i a l   t h a t   t h e   l i n k i n g   a g e n t  

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

A  i n   o r d e r   to   p r e v e n t   d i m e r   or   p o l y m e r   f o r m a t i o n  

i n   t h e   f i r s t   s t e p   of   t h e   r e a c t i o n .   I t   i s   f u r t h e r  

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

t h e   l i n k i n g   a g e n t ,   a l t h o u g h   t h e   u s e   o f   l i n k i n g  

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

p r e c l u d e d .  

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

b e f o r e   d e s c r i b e d   i t   i s   p r e f e r r e d   to   i s o l a t e   a n d  

p u r i f y   ( f o r   e x a m p l e   by  c h r o m a t o g r a p h y )   t h e   p r o d u c t  

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

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

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

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

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

p r o d u c t   to   r e m o v e   any   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  

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

I t   i s   a l s o   to   be  u n d e r s t o o d   t h a t ,   i n   c o m m o n  

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

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

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

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

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

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



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

g r o u p s   in   t h e   m a c r o m o l e c u l e s   M   a n d  M 2 .  

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

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

i n v e n t i o n   h a v e   a  r a t i o   of   1 :1   w i t h   r e s p e c t   t o  

2 t h e   two  m a c r o m o l e c u l e s   M1  and   M2.  In  o r d e r   t h a t  

s u c h   a  r a t i o   may  be  o b t a i n e d   i t   i s   d e s i r a b l e ,   i n  

t h e   r e a c t i o n   b e t w e e n   M1  and   A - L - B ,   t h a t   t h e  

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

M 1 - ( L - B ) n ,   w h e r e   n  i s   g r e a t e r   t h a n   1,  and   t h u s  

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

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

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

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

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

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

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

t h e   s e c o n d   m a c r o m o l e c u l e   M2  b e c a u s e   o f   s i d e  

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

o t h e r   c o m p o n e n t s   in   t h e   r e a c t i o n   m i x t u r e .  

C o n t r o l   o v e r   t h e   r a t i o   o f   M1  to   M2  i s  

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

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

r e p r e s e n t e d   by  M1-L-B  may  r e a c t   t o g e t h e r ,   r a t h e r  

t h a n   w i t h   M2,  to   g i v e   f u r t h e r   i n t e r m e d i a t e s   o f   t h e  



t y p e   r e p r e s e n t e d   by  M 1 - L - M 1 - L - B   w h i c h   m a y  

t h e m s e l v e s   r e a c t   w i t h   e i t h e r   M2  or   a  f u r t h e r  

m o l e c u l e   M 1 - L - B .  

In   b o t h   s t e p s   r e a c t i o n   t e c h n i q u e s   k n o w n  

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

r e a c t i o n s ,   e . g .   u s i n g   an  e x c e s s   o f   one  c o m p o n e n t  

or   by  a d d i n g   a  c o m p o n e n t   t o   t h e   r e a c t i o n   m i x t u r e  

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

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

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

may  be  l i n k e d   by  u s i n g   l i n k i n g   a g e n t s   c o n t a i n i n g   the   a f o r e -  

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

to  m a c r o m o l e c u l e s   of  b i o l o g i c a l   o r i g i n ,   such  as  p e p t i d e s   e . g .  

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

serum  a l b u m i n s ,   t o x i n s   and  t o x o i d s .   In  p e p t i d e s ,   t he   m a c r o m o l e c u l e  

M1  u s u a l l y   r e a c t s   v i a   i t s   amino  groups   and  m a c r o m o l e c u l e   W  r e a c t s  

f o r   example  v i a   i t s   amino  or  c a r b o x y l   g roups ,   or  C-H  b o n d s .  

The  m e t h o d   o f   t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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

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

s p e c i f i c   and   t h e   c h e m o t h e r a p e u t i c   a g e n t   may  b e  

c o n c e n t r a t e d   a t   t h e   r e q u i r e d   p o i n t ,   t h e r e b y   r e d u c i n g  



the   dose  r e q u i r e d   and  hence  s i d e - e f f e c t s   w h i l s t   at  t h e  

same  t ime  improving   the  t h e r a p e u t i c   e f f e c t   of  t h e  

t h e r a p e u t i c   a g e n t .  

The  complexes  of  the  p r e s e n t   i n v e n t i o n ,   e s p e c i a l l y  

the  b i o l o g i c a l l y   a c t i v e   ones ,   may  be  used  for   a  v a r i e t y   o f  

p u r p o s e s .   For  example,   a n t i - c a n c e r   agen t s   of  improved  s e l e c t i v i t y  

for   t r e a t m e n t   of  the  d i s e a s e   in  a  mammal,  i n c l u d i n g   man,  may  

be  o b t a i n e d   by  l i n k i n g   a  t u m o u r - s p e c i f i c   a n t i b o d y   to  the  o r i g i n a l  

a n t i - c a n c e r   a g e n t .   Improved  immunosuppress ive   agen t s   f o r  

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

example ,   g r a f t   v e r s u s   hos t   (GVH)  d i s e a s e   or  t r a n s p l a n t   ( g r a f t )  

r e j e c t i o n   by  a  hos t   mammal  and  autoimmune  d i s e a s e s   may  be  o b t a i n e d ,  

for   example,   by  l i n k i n g   one  or  more  t o x i n s   to  an  a n t i - l y m p h o c y t i c  

g l o b u l i n .   F u r t h e r ,   a n t i - p a r a s i t i c   agen t s   for   t r e a t m e n t   o r  

p r o p h y l a x i s   of  d i s e a s e s   in  a  mammal,  i n c l u d i n g   man,  caused   b y  

p a r a s i t e s   may  be  o b t a i n e d   by  l i n k i n g   an  a n t i b o d y   for   the  p a r a s i t e  

e .g .   Trypanosoma  c r u z i ,   to  a  t o x i n ,   e .g .   d i p h t h e r i a   t o x i n .   T h e s e  

complexes  may   be  used  in  the   t r e a t m e n t   of  the  d i s e a s e s   r e f e r r e d   t o .  

Complexes  of  the  p r e s e n t   i n v e n t i o n   may  be  used  a s  

r e a g e n t s   in  enzyme  l i n k e d   immunosorbent   a s s a y   ( E . L . I . S . A . )   r e a c t i o n s  

For  t h i s   use  an  a n t i b o d y   to  the  s u b s t a n c e   be ing   d e t e c t e d   i s  

l a b e l l e d   by  be ing   l i n k e d   to  an  enzyme  s u i t a b l e   fo r   c a t a l y s i n g   a  

r e a d i l y   mon i to r ed   r e a c t i o n .   The  complexes   o b t a i n e d   by  the  p r e s e n t  

p r o c e s s   g e n e r a l l y   have  g r e a t e r   a c t i v i t y   than  complexes  p r o d u c e d  

by  e a r l i e r  m e t h o d s .  



The  amount  of  t h e r a p e u t i c   complexes  r e q u i r e d   f o r  

t h e r a p e u t i c   e f f e c t   w i l l   of  cour se   v a r y   wi th   the  p a r t i c u l a r   c o m p l e x  

used  and  the  d i s e a s e   being  t r e a t e d .   In  g e n e r a l   a  s u i t a b l e   d o s e  

fo r   a  mammal  of  a  canp lex   of  the  i n v e n t i o n   w i l l   l i e   in  the  range  o f  

10-6  to  10  molar   e q u i v a l e n t s   of  the  amount  of  the   p a r t i c u l a r  

c h e m o t h e r a p e u t i c   agent   in  the  complex  which  would  be  r e q u i r e d   i n  

i t s   unbound  form  fo r   the  t h e r a p e u t i c   e f f e c t   o b t a i n e d .  

The  c a r r i e r   used  in  a  p h a r m a c e u t i c a l   f o r m u l a t i o n   may  b e  

any  t h a t   is  a c c e p t a b l e ,   i . e .   does  no t   have  any  s u b s t a n t i a l l y  

d e l e t e r i o u s   e f f e c t   on  the  r e c i p i e n t .   The  c a r r i e r   used  for   a  

p a r t i c u l a r   a d m i n i s t r a t i o n   w i l l   depend  upon  the  r o u t e   u sed ,   w h i c h  

would  u s u a l l y   be  p a r e n t e r a l ;   for   example  a  l i q u i d ,   e . g .   a q u e o u s ,  

c a r r i e r   would  be  s u i t a b l e   fo r   p a r e n t e r a l   a d m i n i s t r a t i o n ,   e . g . .  

i n t r a v e n o u s   i n j e c t i o n .   A  s u i t a b l e   aqueous  c a r r i e r   is  wa t e r   f o r  

i n j e c t i o n s .  

The  f o r m u l a t i o n s   of  the  p r e s e n t   i n v e n t i o n   in  l i q u i d   m e d i a  

may  be  f r e e z e - d r i e d   for   c o n v e n i e n t   s t o r a g e .  

I t   w i l l   be  a p p r e c i a t e d   from  the  f o r e g o i n g   t h a t   what  we 

c la im  may  compr ise   any  nove l   f e a t u r e   d e s c r i b e d   h e r e i n ,   p r i n c i p a l l y  

and  not   e x c l u s i v e l y : -  

(a)  a  method  of  l i n k i n g   m a c r o m o l e c u l e s   c o m p r i s i n g   t h e  

s t e p s   o f :  

(i)  r e a c t i n g   a  f i r s t   mac romolecu l e   M1  w i t h   a  l i n k i n g  

agent   A-L-B  where in   A  is   a  f i r s t   r e a c t i v e   group  s e l e c t e d   f r o m  

an  a c t i v a t e d   acyl   group  (as  h e r e i n   d e f i n e d ) ,   an  i s o c y a n a t e   or  i s o -  

t h i o c y a n a t e ,   an  i m i n o e t h e r ,   an  i m i n o t h i o e t h e r   or  an  a c t i v a t e d  



h a l o g e n   atom  a t t a c h e d   to  an  a roma t i c   r ing   and  B  r e p r e s e n t s   o n e  

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

an  a c t i v a t e d   h a l o g e n o   g r o u p   (as   h e r e i n   d e f i n e d  

f o r   B  g r o u p s ) ,   an  a z i r i d i n e   r i n g   o r   an  a r y l  

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

g r o u p   A  i s   r e a c t i v e   b u t   B  i s   n o t   r e a c t i v e   t o  

g i v e   an  i n t e r m e d i a t e   M 1 - L - B ;  

( i i )   o p t i o n a l l y ,   i s o l a t i n g   and   p u r i f y i n g  

t h e   s o - p r o d u c e d   i n t e r m e d i a t e ;  

( i i i )   r e a c t i n g   t h e   i n t e r m e d i a t e   M 1 - L - B  

w i t h   a  s e c o n d   m a c r o m o l e c u l e   M2  u n d e r   r e a c t i o n  

c o n d i t i o n s   w h e r e   t h e   g r o u p   B  i s   r e a c t i v e   to   g i v e  

a  c o m p l e x   M 1 - L - M 2 ;   a n d  

( i v )   i s o l a t i n g   t h e   s o - p r o d u c e d   c o m p l e x ;  

(b)  a  m a c r o m o l e c u l a r   c o m p l e x   w h i c h   c o m p r i s e s  

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

a  l i n k   d e r i v e d   f r o m   a  l i n k i n g   a g e n t   h a v i n g   two  o r  

m o r e   r e a c t i v e   g r o u p s ,   one  of   t h e s e   r e a c t i v e   g r o u p s  

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

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

an  a c t i v a t e d   h a l o g e n   a t o m   a t t a c h e d   to   an  a r o m a t i c  

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

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

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

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



an  a z i r i d i n e   r i n g ,   an  a ry l   az ido   group  or  a  ha logen   atom  in  a n  

a - p o s i t i o n   r e l a t i v e   to  a  c a r b o n y l   group  or  two  carbon  atoms  r e m o v e d  

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

are  s u b s t a n t i a l l y   u n r e a c t i v e ;  

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

b i o l o g i c a l l y   a c t i v e   m a c r o m o l e c u l a r   c o m p l e x  a c c o r d i n g   to  the   i n v e n t i o n  

t o g e t h e r   w i t h   an  a c c e p t a b l e   c a r r i e r   t h e r e f o r .  

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t h e  

i n v e n t i o n .  

EXAMPLE  1 

The  c o u p l i n g   o f   a n t i - l y m p h o c y t i c   g l o b u l i n   to   d i p h t h e r i a  

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

C h l o r a m b u c i l   (25  mg)  was  d i s s o l v e d   in   s o l u t i o n  

(B)  ( 1 . 0   ml)   and   t o   an  a l i q u o t   ( 0 . 3   ml)   of   t h e  

s o l u t i o n   o b t a i n e d   was  a d d e d   s o l u t i o n   (A)  ( 0 . 3   m l ) .  

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

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

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

o f   h o r s e   a n t i - h u m a n   l y m p h o c y t i c   g l o b u l i n   (ALG;  50  m g )  

i n   a  m i x t u r e   of   s a l i n e   b o r a t e   (SB)  b u f f e r  



( 0 . 0 5   M  b o r a t e   b u f f e r   c o n t a i n i n g   1.7%  s o d i u m  

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

pH  8 . 9 - 9 . 1 )   (5  ml)   and   d i o x a n   ( 1 . 4   ml)   and  s t i r r e d  

a t   4°C  f o r   90  m i n u t e s   to   f o r m   a  c o n j u g a t e ,  

T h i s   s o l u t i o n   was  a p p l i e d   ( a t   4°C)   t o  

a  j a c k e t e d   S e p h a d e x   SG  25  c o l u m n   ( P h a r m a c i a )   a n d  

e l u t e d   w i t h   SB  b u f f e r   a t   a  f l o w   r a t e   o f   40  m l / h o u r .  

The  p r o t e i n   b a n d   ( d e t e c t e d   on  an  LBK  f l o w -  

t h r o u g h   S p e c t r o p h o t o m e t r i c   c e l l   a t   281  nm)  (20  m l )  

was  c o l l e c t e d   and  c o n c e n t r a t e d   to   2 . 5   ml  in   a n  

A m i c o n   u l t r a f i l t r a t i o n   c e l l .   A  s a m p l e   ( 0 . 1   m l )  

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

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

c h l o r a m b u c i l   to   t h e   ALG  ( a l l   d o n e   in   a  c o l d   r o o m  

a t   4 ° C ) .  

The  c o n c e n t r a t e d   c o n j u g a t e   s o l u t i o n   (1  ml)  was  added  t o  

d i p h t h e r i a   t o x i n   (1 .05  ml )   (25  mg/ml  +  0.05  ml  of   I 1 2 5 - r a d i o r  

l a b e l l e d   t o x i n )   and   s t i r r e d   a t   room  t e m p e r a t u r e  

f o r   30  h o u r s .  

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

c e n t r i f u g e d   ( a t   2 , 0 0 0   G) ,   and  t h e   s u p e r n a t a n t  

a p p l i e d   to   a  S e p h a d e x   SG  150  S /F   c o l u m n   ( K 1 6 / 9 0 )  

( P h a r m a c i a )   and  e l u t e d   w i t h   SB  b u f f e r .   F r a c t i o n s  

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



S a m p l e s   ( 0 . 1   ml)   o f   t h e   f r a c t i o n s   w e r e   a l s o  

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

and   c o u n t i n g .  

The   h i g h   m o l e c u l a r   w e i g h t   f r a c t i o n   h a v i n g  

M . w t .   o f   1 8 0 , 0 0 0   to   2 5 0 , 0 0 0   c o m p r i s e d   a  s e r i e s   o f  

c o n j u g a t e s   o f   ALG  and   d i p h t h e r i a   t o x i n   c o n j u g a t e d  

t h r o u g h   c h l o r a m b u c i l ,   t h e r e   b e i n g   an  a v e r a g e   o f  

f r o m   1 . 0   t o   1 . 5   m o l e s   o f   d i p h t h e r i a   t o x i n   c o n j u g a t e d ,  

t h r o u g h   a  c h l o r a m b u c i l   r e s i d u e ,   to   e a c h   m o l e   o f  

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

(M.  wt  > 2 5 0 , 0 0 0 )   was  a l s o   o b t a i n e d .  

( i )   I n t e g r i t y   o f   t h e   a n t i g e n - b i n d i n g   c a p a c i t y  

o f   t h e   c o n j u g a t e  

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

c e n c e .   Human  l y m p h o i d   c e l l - l i n e   c e l l s   (CLA4  c e l l s )  

w e r e   i n c u b a t e d   (30  m i n u t e s ,   370C)  w i t h   ALG  or   t h e  

c o n j u g a t e ,   A L G - c h l o r a m b u c i l - d i p h t h e r i a   t o x i n ,   b e f o r e  

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

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

t h r e e   t i m e s   and   m o u n t e d   on  s l i d e s   and   e x a m i n e d   u n d e r  

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

c e n c e   i s   a  m e a s u r e   of   t h e   a m o u n t   o f   ALG  or   c o n j u g a t e  

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

so  t h a t   t h e   m i n i m u m   c o n c e n t r a t i o n   o f   a n t i b o d y   n e e d e d  

to   p r o d u c e   v i s i b l e   f l u o r e s c e n c e   c an   be   d e t e r m i n e d .  



The  f l u o r e s c e n t   t i t r e   f o r   A L G - c h l o r a m b u c i l -  

d i p h t h e r i a   t o x i n   (M.wt   1 8 0 , 0 0 0   to   2 5 0 , 0 0 0 )   1 : 1  

was  3 . 0   x  1 0 - 5   mM  w h i c h   i s   i n s i g n i f i c a n t l y  

d i f f e r e n t   f r o m   t h e   t i t r e   f o r   ALG  a l o n e   ( 2 . 6   x  

1 0 - 5   mM).  T h u s   t h e   l i n k a g e   of   d i p h t h e r i a   t o x i n  

to   ALG  d i d   n o t   a f f e c t   t h e   a n t i g e n   b i n d i n g   c a p a c i t y  

of   t h e   a n t i b o d y .   H o w e v e r ,   t h e   c o n j u g a t e   o f   M . w t  

> 2 5 0 , 0 0 0   d i d   show  a  s o m e w h a t   r e d u c e d   b i n d i n g  

c a p a c i t y ,   w i t h   a  t i t r e   of   6 . 6   x  1 0 - 5   mM. 

( i i )   The  c y t o t o x i c  p r o p e r t i e s   o f   c o n j u g a t e d  

d i p h t h e r i a   t o x i n  

T h i s   was  t e s t e d   u s i n g   g u i n e a - p i g   m a c r o p h a g e s  

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

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

d a y s   w i t h   t o x i n   or   c o n j u g a t e s ;   c e l l   s u r v i v a l   a t   t h e  

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

of   a d h e r i n g   c e l l s   to   p i n o c y t o s e   n e u t r a l   r e d   dye  w h i c h  

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

m e a s u r e d   a t   540  n m .  

A L G - c h l o r a m b u c i l - d i p h t h e r i a   t o x i n   ( M . w t  

1 8 0 , 0 0 0   to   2 5 0 , 0 0 0 )   was  as  t o x i c   to   t h e   m a c r o p h a g e s  

as  was  d i p h t h e r i a   t o x i n   a l o n e ,   k i l l i n g   down  to   1 0 - 1 2 M ,  

or   a b o u t   50  m o l e c u l e s   p e r   c e l l .   T h u s   t h e   c o u p l i n g  

of   d i p h t h e r i a   t o x i n   to   ALG  u s i n g   c h l o r a m b u c i l   d o e s  

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



The  c o n j u g a t e   o f   h i g h e r   M . w t .   ( > 2 5 0 , 0 0 0 )   d i d  

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

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

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

The  s p e c i f i c   c y t o t o x i c   a c t i o n   o f   A L G - c h l o r a m b u c i l -  

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

H a v i n g   e s t a b l i s h e d   t h a t   we  c o u l d   l i n k   ALG 

to   d i p h t h e r i a   t o x i n   i n   s u c h   a  m a n n e r   t h a t   n e i t h e r  

a n t i g e n - b i n d i n g   c a p a c i t y   o f   t h e   a n t i b o d y   n o r   t o x i c  

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

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

t h e i r   t a r g e t   c e l l ,   CLA4,  in   v i t r o .  

CLA4  c e l l s   (2  x  1 0  c e l l s   p e r   200  1  c u l t u r e )  

i n   H a n k s   b a l a n c e d   s a l t   s o l u t i o n   c o n t a i n i n g   10%  f o e t a l  

c a l f   s e r u m   w e r e   e x p o s e d   to   d i p h t h e r i a   t o x i n   f o r   1  

h o u r   b e f o r e   w a s h i n g   f i v e   t i m e s .   C e l l   s u r v i v a l   w a s  

m e a s u r e d   a t   t h e   end   o f   t h e   24  h o u r s   i n c u b a t i o n   by  t h e  

a b i l i t y   o f   t h e   c e l l s   to   i n c o r p o r a t e   3 H - l e u c i n e   i n t o  

p r o t e i n .  

I t   was  f o u n d   t h a t   d i p h t h e r i a   t o x i n   was  n o t  

v e r y   e f f e c t i v e   a t   k i l l i n g   CLA4  c e l l s   c o m p a r e d   w i t h  

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

and   human   f i b r o b l a s t s .   On  p r o l o n g e d   (24  h o u r s )  

e x p o s u r e   d i p h t h e r i a   t o x i n   w o u l d   o n l y   k i l l   CLA4  c e l l s  

a t   c o n c e n t r a t i o n s   down  t o   1 0 - 9 M ,   a n d   on  s h o r t  



e x p o s u r e   no  c e l l   d e a t h   was  a p p a r e n t   e v e n   a t   t h e  

max imum  c o n c e n t r a t i o n   u s e d   o f   1 0 - 8 M .   H o w e v e r ,  

t h e   A L G - c h l o r a m b u c i l - d i p h t h e r i a   t o x i n   c o n j u g a t e  

(M.W.  1 8 0 , 0 0 0   to   2 5 0 , 0 0 0 )   was  v e r y   p o t e n t   a n d  

k i l l e d   CLA4  c e l l s   a t   c o n c e n t r a t i o n s   down  t o   1 0 - 1 1 M  

f o r   b o t h   1  h o u r   and   2 4 - h o u r   e x p o s u r e s .   T h u s   b y  

l i n k i n g   d i p h t h e r i a   t o x i n   to   ALG  i t s   c y t o t o x i c   e f f e c t  

on  1  h o u r   e x p o s u r e   to   CLA4  c e l l s   was  i m p r o v e d   by  a  

f a c t o r   of   a b o u t   1 0 0 0 .   ALG  a l o n e   d i d   n o t   k i l l   CLA4 

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

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

F u r t h e r m o r e ,   when  d i p h t h e r i a   t o x i n   w a s  

c o u p l e d   to   a  n o n - i m m u n e   i m m u n o g l o b u l i n   w h i c h   had   n o  

a b i l i t y   to   b i n d   to   CLA4  c e l l s ,  t h e   c o n j u g a t e   was  5 0  

f o l d   l e s s   t o x i c   t h a n   d i p h t h e r i a   t o x i n   a l o n e   so  t h a t  

t h e   i m p r o v e d   t o x i c i t y   o f   A L G - c h l o r a m b u c i l - d i p h t h e r i a  

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

i s   s u p p o r t e d   by  t h e   f i n d i n g   t h a t   A L G - c h l o r a m b u c i l -  

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

a t   k i l l i n g   human  f i b r o b l a s t s ,   a  c e l l   to   w h i c h   ALG 

d o e s   n o t   b i n d ,   t h a n   was  d i p h t h e r i a   t o x i n   a l o n e .  

EXAMPLE  2 

The  c o u p l i n g   o f   human   y  g l o b u l i n   (HγG)  t o  b o v i n e  

s e r u m   a l b u m i n   (BSA)  u s i n g   t h e   s o d i u m   s a l t   o f   2 , 4 -  

d i n i t r o - 5 - a z i r i d i n y l - b e n z o i c   a c i d   as  a  p r e c u r s o r  
f o r   t h e   l i n k i n g  a g e n t  



The  s o d i u m   s a l t   o f   2 , 4 - d i n i t r o - 5 - a z i r i d i n y l  

b e n z o i c   a c i d   (20  mg)  was  d i s s o l v e d   a t   room  t e m p e r a t u r e  

i n   s o l u t i o n   B  ( 0 . 2   ml)   and   c o o l e d   i n   i c e   u n t i l   j u s t  

s o l i d   when  s o l u t i o n   A  ( 0 . 2   ml)   was  a d d e d .   The  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   u n t i l   j u s t   f l u i d  

and   t h e n   i n   an  i c e - w a t e r   b a t h   f o r   20  m i n u t e s .  

A  s o l u t i o n   of   I 1 2 5 - r a d i o l a b e l l e d   b o v i n e  

s e r u m   a l b u m i n   (BSA)  (50  mg  in   1 . 5   ml  SB  b u f f e r )   w a s  

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

m i x t u r e   was  l e f t   a t   room  t e m p e r a t u r e   f o r   90  m i n u t e s  

d u r i n g   w h i c h   t i m e   t h e   pH  was  m o n i t o r e d   and   N / 1 0  

NaOH  s o l u t i o n   a d d e d   to   k e e p   t h e   pH  a t   8 . 0 .  

At  t h e   end  o f   t h e   90  m i n u t e s   t h e   w h o l e   r e a c t i o n  

m i x t u r e   was  a p p l i e d   to   a  K 1 6 / 4 0   S e p h a d e x   SG  2 5  

( P h a r m a c i a )   c o l u m n   and   e l u t e d   w i t h   SB  b u f f e r   a t   a  

f l o w   r a t e   o f   40  m l / h o u r .  

The  p r o t e i n   b a n d   ( d e t e c t e d   as  d e s c r i b e d   i n  

E x a m p l e   1)  ( i n   13  ml  o f   e l u a n t )   was  c o l l e c t e d   and  a  

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

of   t h e   l e v e l   of   b i n d i n g   o f   2 - 4 - d i n i t r o - 5 - a z i r i d i n y l  

b e n z o i c   a c i d   t o   t h e   BSA.  



The  p r o t e i n   b a n d   ( c o n j u g a t e )   w a s  

c o n c e n t r a t e d   t o   2 . 0   ml  in   an  A m i c o n   u l t r a -  

f i l t r a t i o n   c e l l   and   t h e   c o n c e n t r a t e   so  o b t a i n e d  

was  a d d e d   to   HyG  (50  mg)  in   SB  b u f f e r   (2  m l ) .  

The   pH  a t   t h i s   p o i n t   was  9 . 1 .  

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

w h i l e   t h e   pH  was  a d j u s t e d   to   5 . 3   by  s l o w   a d d i t i o n  

o f   1N  h y d r o c h l o r i c   a c i d   f r o m   a  m i c r o s y r i n g e .   W h e n  

t h e   a d d i t i o n   of   h y d r o c h l o r i c   a c i d   was  c o m p l e t e  

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   in   a  w a t e r   b a t h  

a t   400C  and  t h e   r e a c t i o n   f o l l o w e d   s p e c t r o p h o t o -  

m e t r i c a l l y ,   s m a l l   s a m p l e s   b e i n g   t a k e n   e v e r y   5  h o u r s ,  

d i l u t e d   and   e x a m i n e d   by  UV  s p e c t r o s c o p y .   A f t e r   2 0  

h o u r s   a  s h i f t   o f   λmax  f r o m  3 3 6   nm  to   356  nm 

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

pH  was  a d j u s t e d   to   9 . 1   by  s l o w   a d d i t i o n ,   to   t h e  

r a p i d l y   s t i r r e d   m i x t u r e ,   o f   1N  s o d i u m   h y d r o x i d e .  

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

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

( 2 . 0   ml)   was  a p p l i e d   t o   a  K 1 6 / 9 0   S e p h a d e x   SG  1 5 0  

S / F   c o l u m n   ( P h a r m a c i a )   and   e l u t e d   w i t h   SB  b u f f e r .  

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

s a m p l e s   (0.1  ml)  o f   t h e   f r a c t i o n s   w e r e   t a k e n ,  

d i s s o l v e d   in   s c i n t i l l a t i o n   f l u i d   and   c o u n t e d .  



The  h i g h  m o l e c u l a r   we igh t   f r a c t i o n   (M.wt  > 1 5 0 , 0 0 0 )  

c o m p r i s e d   a  s e r i e s   of  c o n j u g a t e s   of  bovine   serum  a lbumin  a n d  

human  (H  G)   having   an  ave rage   of  9  moles  of  2 , 4 - d i n i t r o - 5 -  

a z i r i d i n y l   benzo ic   a c i d  b o u n d   to  each  mole  of  BSA  and  t o  

which  c o n j u g a t e s   was  bound  80%  of  the  l a b e l l e d   BSA.  I t  

was  e s t i m a t e d   t h a t   t h e   c o n j u g a t e   b a n d   c o n t a i n e d  

1  to   2  m o l e c u l e s   of   BSA  f o r   e a c h   m o l e c u l e   o f  

H γ G .  

EXAMPLE  3 

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

The  s o d i u m   s a l t   o f   2 , 4 - d i n i t r o - 5 - a z i r i d i n y l  

b e n z o i c   a c i d   (30  mg)  was  a d d e d   to   s o l u t i o n   ( B )  

( 0 . 3   ml)   and   s t i r r e d   a t   0°C  u n t i l   j u s t   s o l i d   w h e n  

s o l u t i o n   (A)  ( 0 . 3 m l )   was  a d d e d   and   s t i r r e d   i n   a  

j a c k e t e d   v e s s e l   a t   b e l o w   4°C  f o r   20  m i n u t e s .   A n  

a l i q u o t   ( 0 . 4   ml)   o f   t h e   t h u s   o b t a i n e d   r e a c t i o n  

m i x t u r e   was  a d d e d   to   a  p h o s p h o l i p i d   ( d i p a l m i t o y l  

p h o s p h a t i d y l   e t h a n o l a m i n e )   (30  mg)  i n   w a s h e d   a n d  

d r i e d   c h l o r o f o r m   (4  m l ) .   The  t e m p e r a t u r e   w a s  

r a i s e d   to   50°C  and   t h e   r e a c t i o n   was  f o l l o w e d   by  a  

t h i n   l a y e r   c h r o m a t o g r a p h y   (TLC)  on  a l u m i n i u m   b a c k e d  



s i l i c a   g e l   TLC  p l a t e s   u s i n g : -  

(1)  C H C 1 3  :   MeOH  2 0 : 5 ,   o r  

(2)  C H C 1 3  :   MeOH:H20  7 0 : 3 0 : 5  

A f t e r   2  h o u r s   no  u n r e a c t e d   p h o s p h o l i p i d  

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

m i x t u r e   was  a l l o w e d   to   c o o l   and  a p p l i e d   to   a  d r y  

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

( 2 0 0   ml)   t o   e l u t e   2  m i n o r   b a n d s .   The  s o l v e n t   w a s  

t h e n   c h a n g e d   to   c h l o r o f o r m : m e t h a n o l : w a t e r   ( 7 0 : 3 0 : 5 ) ,  

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

t o p   o f   t h e   c o l u m n   and   t h e n   e l u t e d   as  two  m a j o r  

b a n d s ;   when  t h e   s e c o n d   b a n d   s t a r t e d   to   e l u t e   t h e  

s o l v e n t   was  c h a n g e d   to   p u r e   e t h a n o l   and   a l l   t h e  

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

The  c o n j u g a t e   b a n d   ( t h e   f i r s t   m a j o r   b a n d  

e l u t e d )   was  d r i e d   by  e v a p o r a t i o n   u n d e r   r e d u c e d  

p r e s s u r e   a t   l e s s   t h a n   40°C,  r e d i s s o l v e d   i n  

c h l o r o f o r m   (20  m l ) ,   f i l t e r e d   t h r o u g h   a  M i l l i p o r e  

f i l t e r   ( 0 . 2 2   µm  p o r e   s i z e )   to   r e m o v e   s i l i c a   f i n e s  

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

and   a m b i e n t   t e m p e r a t u r e ) .   A  y e l l o w   l i q u i d   r e s i d u e  

( p r e s u m e d   to   be  l a r g e l y   w a t e r )   r e m a i n e d   and   w a s  

r e m o v e d   by  s u c c e s s i v e   a d d i t i o n   and  e v a p o r a t i o n  

u n d e r   r e d u c e d   p r e s s u r e   o f   d r y   b e n z e n e .  



The  p r o d u c t   t r a v e l s   as  a  s i n g l e   s p o t  

( R f .   0 . 6 )   i n   t h e   a b o v e   m e n t i o n e d   TLC  s y s t e m s .  

L i p o s o m e s   a r e   p r e p a r e d   f r o m   egg  l e c i t h i n  

(10  mg)  and   d i p a l m i t o y l   p h o s p h a t i d y l   e t h a n o l a m i n e  

(2  mg)  ( o b t a i n e d   as  d e s c r i b e d   a b o v e )   by  t h e  

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

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

e v a p o r a t o r   a t   a m b i e n t   t e m p e r a t u r e   and   t h e n   s u s p e n d e d  

in   s o d i u m   c h l o r i d e   (1  m l ,   73  ml)   and  p h o s p h a t e  

b u f f e r   (1  mM;  pH  7 . 0 ) ;   ( a t   t h i s   pH  t h e   a z i r i d i n e  

r i n g   o f   t h e   2 , 4 - d i n i t r o - 5 - a z i r i d i n y l   b e n z o i c   a c i d  

r e s i d u e   i s   p o o r l y   r e a c t i v e ) .  

A  s o l u t i o n   (2  m l ;   15  m g / m l )   o f   b o v i n e  s e r u m  

a lbumin   (BSA)  i n   s o d i u m   c h l o r i d e   (73  mM)  and   a c e t a t e  

b u f f e r   (5  mM)  i s   t h e n   a d d e d   and   t h e   pH  of   t h e  

m i x t u r e   i s   a d j u s t e d   to   4 . 1   w i t h   a q u e o u s   h y d r o c h l o r i c  

a c i d .   At  t h i s  p H   BSA  b i n d s   e l e c t r o s t a t i c a l l y   t o  

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

t h e   BSA  i s   n e t   p o s i t i v e l y   c h a r g e d ) ,   and  t h e   2 - , 4 -  

d i n i t r o - 5 - a z i r i d i n y l   b e n z o i c   a c i d   r e s i d u e   r e a c t s  

w i t h   s u i t a b l e   r e s i d u e s   on  t h e   l i p o s o m e .   A f t e r   a n  

8 . h o u r   i n c u b a t i o n   t h e   pH  i s   a d j u s t e d   to   7 . 0   w i t h  

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

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

on  S e p h a r o s e   6 B .  



EXMIPLES  4 - 1 3  

G e n e r a l   m e t h o d   f o r   c o u p l i n g   p r o t e i n - 1   to   p r o t e i n - 2  

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

C h l o r a m b u c i l   ( 7 . 5   mg)  was  d i s s o l v e d   in   0 . 3   m l  

s o l u t i o n   (B)  and   to   t h e   s t i r r e d ,   c o o l e d   ( 2 ° C )  

s o l u t i o n   was  a d d e d   0 . 3   ml  s o l u t i o n   (A) .   A f t e r   3 0  

m i n u t e s   a  p r e - c o o l e d   s o l u t i o n   o f   p r o t e i n - 1   (5  m l  

10  mg  p r o t e i n - 1   p e r   ml  in   b o r a t e : N a C l   ( 0 . 0 5   M : 1 . 7 % ,  

pH  9)  and   d i o x a n   ( 1 . 4   ml)   was  a d d e d   q u i c k l y   a n d  

s t i r r i n g   c o n t i n u e d   a t   2°C  f o r   1½  to   2  h o u r s .   T h e  

s o l u t i o n   was  t h e n   p a s s e d   t h r o u g h   a  j a c k e t e d   ( 2 ° C )  

c o l u m n   of   S e p h a d e x   SG  25  and   e l u t e d   w i t h   t h e   s a m e  

b o r a t e - s a l i n e   b u f f e r .  

The  p r o t e i n   c o n t a i n i n g   e l u a t e   (20  m l )  -  

d e t e c t e d   w i t h   an  LKB  f l o w - t h r o u g h   s p e c t r o p h o t o m e t r i c  

c e l l   a t   280  n m  -   was  r u n   i n t o   a  s o l u t i o n   o f   p r o t e i n - 2  

(1  ml  25  mg  p r o t e i n - 2   p e r   ml  in   t h e   same  b o r a t e -  

s a l i n e   b u f f e r ) .   A  s m a l l   q u a n t i t y   o f   r a d i o - i o d i n e  

l a b e l l e d   ( I 1 2 5 )   p r o t e i n - 2   was  p r e s e n t   t o   a s s i s t  

q u a n t i t a t i o n   o f   t h e   r e s u l t s .  



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

in   an  A m i c o n   u l t r a - f i l t r a t i o n   c e l l   down  to   2  m l  

and   t h e n   a l l o w e d   to   s t a n d   a t   2 6 ° C  f o r   24  h o u r s .  

A f t e r   c e n t r i f u g a t i o n   to   r e m o v e   any   i n s o l u b l e  

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

o f   S e p h a d e x   SG  200  s u p e r f i n e   and   e l u t e d   w i t h   t h e  

b o r a t e - s a l i n e   b u f f e r   o f   pH  9 .  

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

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

The  p r o t e i n - 2   c o n t e n t   o f   t h e   f r a c t i o n s   w a s  

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

p r o t e i n - 1   c o n t e n t   f r o m   t h e   U.V.   a b s o r b a n c e   a t   2 8 0  

nm  a f t e r   d e d u c t i n g   t h e   c o n t r i b u t i o n   f r o m   p r o t e i n - 2 .  

B e s i d e s   f r a c t i o n s   c o n t a i n i n g   u n c o n j u g a t e d  

p r o t e i n - 1   and   p r o t e i n - 2 , f r a c t i o n s   o f   M.wt   1 8 0 , 0 0 0  

to   2 5 0 p 0 0   and   > 2 5 0 , 0 0 0   w e r e   o b t a i n e d .   The   f r a c t i o n  

o f   M.wt   1 8 0 , 0 0 0   to   250,000  c o n s i s t e d   o f   c o n j u g a t e s  

o f   p r o t e i n - 1   and   p r o t e i n - 2 ,   t h e r e   b e i n g   an  a v e r a g e  

of   1  t o   1 . 5   m o l e c u l e s   o f   p r b t e i n - 2   c o u p l e d   t o   e a c h  

m o l e c u l e   o f   p r o t e i n - 1 .  

Fo r   p r o t e i n - 1   i t   i s   p o s s i b l e   to   u s e   n o r m a l  

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

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

l y m p h o c y t i c   g l o b u l i n   and   F ( a b ) 2   f r a g m e n t s   ( o b t a i n e d  

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



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

For   p r o t e i n - 2   i t   i s   p o s s i b l e   to   u s e   b o v i n e  

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

When  F ( a b ) 2   f r a g m e n t s   a r e   u s e d   as  p r o t e i n - 1  

i t   i s   p r e f e r a b l e   to   u s e   S e p h a d e x   SG  150  s u p e r f i n e  

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

t h i s   c a s e   t h e   f r a c t i o n   o f   M . w t  1 3 0 , 0 0 0   to   2 0 0 , 0 0 0  

c o n t a i n e d   p r e d o m i n a n t l y   a  1 : 1   p r o t e i n - l : p r o t e i n - 2  

c o n j u g a t e .  

The  s p e c i f i c   c o u p l i n g s   s e t   o u t   in   T a b l e   1 

h a v e   b e e n   c a r r i e d   o u t .  



EXAMPLES  1 4 - 2 6  

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

f o r m e d   i n   E x a m p l e s   1  to   13  i s   d i s p e r s e d   i n t o  

s e p a r a t e   a l i q u o t s   o f   w a t e r   f o r   i n j e c t i o n s   s o  

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

i n j e c t i o n .  



1.  A  m a c r o m o l e c u l a r   c o m p l e x   w h i c h   c o m p r i s e s  

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

by  a  l i n k   d e r i v e d   f r o m   a  l i n k i n g   a g e n t   h a v i n g   t w o  

or   m o r e   r e a c t i v e   g r o u p s ,   one   o f   t h e s e   r e a c t i v e  

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

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

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

r i n g   and   b e i n g   c a p a b l e   o f   r e a c t i n g   w i t h   one  o f  

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

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

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

a r e   e a c h   an  a z i r i d i n e   r i n g ,   an  a r y l   a z i d o   g r o u p  

or  a  h a l o g e n   atom  in  an  a - p o s i t i o n   r e l a t i v e   to  a  c a r b o n y l   group  o r  

two  ca rbon   atoms  removed  from  a  h e t e r o a t o m   c a r r y i n g   a  lone  p a i r   o f  

e l e c t r o n s ,   is  or  are  s u b s t a n t i a l l y   u n r e a c t i v e .  

2.  A  c o m p l e x   a c c o r d i n g   to   c l a i m   1  i n   w h i c h  

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

3.  A  c o m p l e x   a c c o r d i n g   t o   c l a i m  2   in   w h i c h  

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

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

a l b u m i n ,   t o x i n   or   t o x o i d .  



4.  A  method  of  l i n k i n g   m a c r o m o l e c u l e s   which  c o m p r i s e s  : -  

(a)  r e a c t i n g   a  f i r s t   n a c r o m l e c c u l e   M1  w i th   a  l i n k i n g  

agen t   A-L-B  in  which  A  is   a  f i r s t  r e a c t i v e   group  w h i c h  

i s   an  a c t i v a t e d   acy l   g roup,   an  i s o c y a n a t e ,   an  i s o t h i o -  

c y a n a t e ,   an  i m i n o e t h e r ,   an  i m i n o t h i o e t h e r ,   or  a n  

a c t i v a t e d   ha logen   atom  a t t a c h e d   to  an  a r o m a t i c   r i n g ,   L 

is   a  l i n k i n g   group  j o i n i n g   A  and  B,  and  B  i s   a  s e c o n d  

r e a c t i v e   group  or  f u r t h e r   r e a c t i v e   groups   which  is   or  a r e  

each  an  a z i r i d i n e   r i n g ,   an  a r y l   az ido  group  or  a  h a l o g e n  

a t a n   in  an  a - p o s i t i o n   r e l a t i v e   to  a  c a r b o n y l   group  or  two  

carbon   atoms  from  a  h e t e r o a t o m   c a r r y i n g   a  lone  p a i r   o f  

e l e c t r o n s ,   under   r e a c t i o n   c o n d i t i o n s   where  the  g r o u p  

A  i s   r e a c t i v e   b u t   B  i s   ( a r e )   n o t   r e a c t i v e  

t o   g i v e   an  i n t e r m e d i a t e   M 2 - L ' - B   in   w h i c h  

L'  i s   t h e   same  as  L  o r   i s   d e r i v e d   f r o m  

L  and   A .  

(b)   r e a c t i n g   t h e   i n t e r m e d i a t e   M 1 - L ' - B   w i t h   a  

s e c o n d   m a c r o m o l e c u l e   M2  u n d e r   r e a c t i o n  

c o n d i t i o n s   w h e r e   t h e   g r o u p   B  i s   ( a r e )  

r e a c t i v e   t o   g i v e   a  c o m p l e x   M 1 - L " - M 2   i n  

w h i c h   L"  i s   t h e   same  as  L'  or   i s   d e r i v e d  

f r o m   L'  a n d  B ;   a n d  

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



5.  A  m e t h o d   a c c o r d i n g   to   c l a i m  4  i n   w h i c h   t h e  

r e a c t i o n   c o n d i t i o n s   a r e   a d j u s t e d   i n   t e m p e r a t u r e ,  

pH  or   r a d i a t i o n   a p p l i e d   so  as   to  c a u s e   g r o u p   B  t o  

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

M2,  a l t h o u g h   i t ( t h e y )   h a d   n o t   r e a c t e d   w i t h   m a c r o -  

m o l e c u l e   M1  u n d e r   t h e   p r e v i o u s   c o n d i t i o n s .  

6.  A  m e t h o d   a c c o r d i n g   t o   c l a i m  4   o r  5   i n  

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

a c y l   a n h y d r i d e ,   a c y l a z i d e   or  an  a c t i v a t e d   e s t e r .  

7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   6  i n   w h i c h  

t h e   a c y l   h a l i d e ,   a c y l   a n h y d r i d e ,   a c y l a z i d e   o r  

a c t i v a t e d   e s t e r   i s   o f   c h l o r a m b u c i l ,   o f   4 - ( 2 -  

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

d i n i t r o - 5 - a z i r i d i n y l b e n z o i c   a c i d ,   or   o f   5 - a z i d o -  

2 , 4 - d i n i t r o b e n z o i c   a c i d .  

8.  A  m e t h o d   a c c o r d i n g   to   c l a i m  7   i n   w h i c h  

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

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

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

M1  a t   l e s s   t h a n   10°C  and   t h e   c h l o r o e t h y l   g r o u p  

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

m o l e c u l e   M2  a t   25  to   3 0 ° C .  



9   A  m e t h o d   a c c o r d i n g   to   c l a i m  7   o r  8   i n  

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

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

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

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

g r o u p   in   m a c r o m o l e c u l e   M1  a n d   t h e   c h l o r o e t h y l   g r o u p  

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

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

a m i n o   g r o u p   i n   m a c r o m o l e c u l e   M 2 .  

10,  A  m e t h o d   a c c o r d i n g   t o   a n y  o n e   o f   c l a i m s  4  

t o  9   in   w h i c h   t h e   l i n k i n g   a g e n t   m o l e c u l e   c o n t a i n s  

o n l y   one   B  g r o u p .  

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

t o   40   in   w h i c h   t h e   i n t e r m e d i a t e   M 1 - L ' - B   i s  

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

1 2 .   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   o f   c l a i m s  

to   11   in   w h i c h   t h e   m a c r o m o l e c u l e s   M1  and   M2  a r e  

e a c h   a  p e p t i d e .  

13.  A  m e t h o d   a c c o r d i n g   to   c l a i m  1 2   i n   w h i c h  

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

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

a l b u m i n ,   t o x i n   o r   t o x o i d .  



14,  A  m e t h o d   a c c o r d i n g   to   c l a i m   13  in   w h i c h  

e i t h e r   (a)   one   o f   t h e   m a c r o m o l e c u l e s   i s   a  

d i p h t h e r i a   t o x i n   and   t h e   o t h e r   i s   an  a n t i b o d y   o r  

(b)  one   o f   t h e   m a c r o m o l e c u l e s   i s   an  a n t i -  

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

15.  A  m e t h o d   a c c o r d i n g   to   c l a i m   43  in   w h i c h  

one   of  t h e  m a c r o m o l e c u l e s   i s   an  a n t i b o d y   and   t h e  

o t h e r   i s   an  e n z y m e .  

46.  A  p h a r m a c e u t i c a l   f o r m u l a t i o n   w h i c h   c o m p r i s e s  

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

one  o f   c l a i m s   1  to   3  o r  m a d e  b y   a  p r o c e s s   a c c o r d i n g  

to   any   one  o f   c l a i m s   4  t o   1 5 ,   t o g e t h e r   w i t h   a  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r .  

17.  A  c o m p l e x   a c c o r d i n g   to   any   one  o f   c l a i m s   1 

t o   3  or   p r e p a r e d   by  a  p r o c e s s   a c c o r d i n g   to   a n y   o n e  

of  c l a i m s  4   t o   15  f o r   u s e   in   t h e   t r e a t m e n t   o f   c a n c e r  

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

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

immune   d i s e a s e   o r   a  p a r a s i t i c   i n f e c t i o n .  

18.  A  f o r m u l a t i o n   a c c o r d i n g   t o  

c l a i m   1 6   f o r   u s e   in   t h e   t r e a t m e n t   o f  

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

v e r s u s   h o s t   d i s e a s e ,   a  g r a f t   r e j e c t i o n   d i s e a s e ,  

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