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©  Copper  complexes  of  N-pyrazole-,  N-imidazole-  and 
N-triazole-acetaniiide  derivatives  of  formula: 
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wherein 
R,  and  R]  represent  independently  of  each  other  methyl, 
ethyl,  methoxy,  ethoxy  or  halogen, 
H,  represents  hydrogen,  C,-C3-alkyl,  C,-CValkoxy  or  halogen, 
R4  represents  hydrogen  or  methyl  . .  
R,  represents  l-?H-000C"3;  -ohbBjOohJ  or  M  

0H3  :CH3  I  I 
R,  represents  1,2-pyrazole,  1  ̂ -imidazole,  1,2,4-triazole  (1)  or 
I,  2,4-triazole(4) 
A  represents  the  anion  of  an  organic  or  inorganic  acid  and 
n  stands  for  the  number  1  or  2 
p  stands  for  a  number  from  1  to  12  inclusive,  their  prepara- 
tion  and  use  as  fungicides. 
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C o p p e r   complexes  of  N-pyrazole-,  N-imidazole-  and 
N-triazole-acetanilide  derivatives  of  formula: 

wherein 
R1  and  R2  represent  independently  of  each  other  methyl, 
ethyl,  methoxy,  ethoxy  or  halogen, 
R3  represents  hydrogen,  C1-C3-alkyl,  C1-C4-alkoxy  or  halogen, 
R.  represents  hvdroaen  or  methvl 
R3  represents 

R4  represents  1,2-pyrazole,  1,3-imidazole,  1,2,4-triazole  (1)  or 
1,2,4-triazole  (4) 
A  represents  the  anion  of  an  organic  or  inorganic  acid  and 
n  stands  for  the  number  1  or  2 
p  stands  for  a  number  from  1  to  12  inclusive,  their  prepara- 

tion  and  use  as  fungicides. 



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

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

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

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

The  a n i l i n e   d e r i v a t i v e s   w h i c h   fo rm  t he   b a s i s   of  t h e  

c o p p e r   c o m p l e x e s   of  t he   i n v e n t i o n  a r e  i n   p a r t   known  f r o m  

German   O f f e n l e g u n g s s c h r i f t   No.  2 , 6 4 3 , 4 7 7   w h i c h   a l s o  

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

The  c o m p l e x e s   of   t he   p r e s e n t   i n v e n t i o n   have   b e e n   f o u n d  

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

p e r i o d .  

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

of   t h e   f o r m u l a   I  



w h e r e i n  

R1  and   R2  r e p r e s e n t   i n d e p e n d e n t l y   of   e a c h   o t h e r   m e t h y l ,  

e t h y l ,   m e t h o x y ,   e t h o x y   or   h a l o g e n ,  

R3  r e p r e s e n t s   h y d r o g e n ,   C 1 - C 3 - a l k y l ,   C l - C 4 - a l k o x y   o r  

h a l o g e n ,  

R4  r e p r e s e n t s   h y d r o g e n   or   m e t h y l ,  

R5  r e p r e s e n t s  

R6  r e p r e s e n t s   1 , 2 - p y r a z o l e ,   1 , 3 - i m i d a z o l e ,   - 1 , 2 , 4 - t r i a z o l e ( 1 )  

or   l , 2 , 4 - t r i a z o l e - ( 4 ) ,  

A  r e p r e s e n t s   t h e  a n i o n   o f   an  o r g a n i c   or   i n o r g a n i c   a c i d  

a n d  

n  s t a n d s   f o r   t h e   n u m b e r   1  or   2  a n d  

p  s t a n d s   f o r   a  n u m b e r   f r o m   1  to   12  i n c l u s i v e .  

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

f o l l o w i n g   a r e   to   be  u n d e r s t o o d   as  a l k y l   or  as  a l k y l   m o i e t y  

of   an  a l k o x y   g r o u p :   m e t h y l ,   e t h y l ,   n - p r o p y l ,   i s o - p r o p y l ,  

n - b u t y l ,   i s o - b u t y l ,   s e c -   b u t y l   or  t e r t - b u t y l .  

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

The  f o l l o w i n g   a r e   e x a m p l e s   o f   a c i d s   f r o m   w h i c h   a n i o n   A  m a y  

be  d e r i v e d   e . g .   h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,  

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

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

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

a c i d ,   o x a l i c   a c i d ,   m a l e i c   a c i d   or  b e n z o i c   a c i d .  



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

n o t   n e c e s s a r i l y   be  a  w h o l e   n u m b e r .  

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

p r e c i s e l y   d e f i n e d   c o m p o u n d s .  

The  c o m p l e x e s   o f   t h e   f o r m u l a   I  may  be  p r e p a r e d   a n a l o g o u s l y  

to   k n o w n   m e t h o d s   f o r   e x a m p l e   as  f o l l o w s  

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

a n d   e t h a n o l ;   k e t o n e s   s u c h   as   a c e t o n e   and   m e t h y l e t h y l k e t o n e ;  

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

m e t h y l c e l l o s o l v e   and   w a t e r   as  w e l l .   as  m i x t u r e s   t h e r e o f .  

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

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

0°  and   100°   C  p r e f e r a b l y   2 0 ° - 5 0 °   C.  The  p r o c e s s   i s   c a r r i e d  

o u t   u n d e r   n o r m a l   p r e s s u r e .  

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

The   c o m p l e x e s   of   t h e   f o r m u l a   I  c o n t a i n   in   t h e   g r o u p   R5  a n  

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

a n d   may  be  o b t a i n e d   as  o p t i c a l   a n t i p o d e s   in   c o n v e n t i o n a l  



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

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

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

a t r o p i s o m e r i s m   a b o u t   t h e   p h e n y l  -   N     a x i s   on  t h e  

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

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

w i t h o u t   a t t e m p t i n g   to   s e p a r a t e   t h e   p u r e   i s o m e r s   of   t h e  

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

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

t h e   f o r m u l a   I  a r e   m i x e d   w i t h   s u i t a b l e   c a r r i e r s   a n d / o r  

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

S u i t a b l e   c a r r i e r s   and   a d d i t i v e s   c a n   be  s o l i d   or  l i q u i d   a n d  

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

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

d i s p e r s a n t s ,   w e t t i n g   a g e n t s ,   t a c k i f i e r s ,   t h i c k e n e r s ,  

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

i s   e f f e c t e d   in   known   m a n n e r   by  i n t i m a t e l y   m i x i n g   t h e  

c o n s t i t u e n t s .  

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

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

w e i g h t   o f   a c t i v e   s u b s t a n c e ) :  

S o l i d   f o r m u l a t i o n s :  

d u s t s ,   t r a c k i n g   a g e n t s ,   (up   t o   10  % ) ,  g r a n u l e s   ( c o a t e d  

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

g r a n u l e s ) ;   p e l l e t s   (1  to   80  % ) ;  

L i q u i d   f o r m u l a t i o n s :  

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

i n   w a t e r :   w e t t a b l e   p o w d e r s ,   p a s t e s ;   ( 2 5 - 9 0   %  i n  



c o m m e r c i a l   p a c k s ,   0 . 0 1   to  15%  in   r e a d y   f o r   u s e  

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

(10  to   50  %;  0 . 0 1   to  15  %  in   r e a d y   f o r   u s e   s o l u t i o n s ) .  

b)  S o l u t i o n s ,   a e r o s o l s .  

The  c o n t e n t   of   a c t i v e   s u b s t a n c e   in   t h e   a b o v e   d e s c r i b e d  

c o m p o s i t i o n s   i s   b e t w e e n   0 . 1   %  and   90  %  by  w e i g h t .  

The   c o m p o u n d s   of   t h e   f o r m u l a   I  c an   be  u s e d   t o g e t h e r   w i t h  

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

i n s e c t i c i d e s ,   a c a r i c i d e s   or  a c t i v e   s u b s t a n c e s   w h i c h  

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

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

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

The  c o m p l e x e s   of   t h e   f o r m u l a   I  a r e   s u i t a b l e   f o r   t h e  

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

c u l t u r e s   f r o m   a t t a c k   by  p h y t o p a t h o g e n i c   f u n g i .   E x a m p l e s  

of   s u c h   c r o p s   and   c u l t u r e s   a r e   m a i z e ,   v e g e t a b l e s ,   s u g a r -  

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

h b p s ,   c u c u m b e r   p l a n t s   ( c u c u m b e r ,   m a r r o w s ,   m e l o n s t s q u a s h ) ,  

s o l a n a c e a e   s u c h   as  p o t a t o e s ,   t o b a c c o   p l a n t s   and   t o m a t o e s  

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

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

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

p a r t s   of   p l a n t s   ( f r u i t ,   b l o s s o m s ,   l e a v e s ,   s t e m s ,   t u b e r s ,  

r o o t s )   in   t h e s e   and   r e l a t e d   c u l t u r e s   and  a l s o   to   p r o t e c t  

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

l a t e r .   T y p i c a l   of   s u c h   f u n g i   a r e   t h o s e   w h i c h   b e l o n g   to   t h e  

f o l l o w i n g   c l a s s e s t A s c o m y c e t e s   ( e . g .   E r y s i p h a c e a e ) ;  

B a s i d i o m y c e t e s ,   in   p a r t i c u l a r   r u s t   f u n g i ;   f u n g i   i m p e r f e c t i  

( e . g .   C e r c o s p o r a ) ;   and   e s p e c i a l l y   O o m y c e t e s   b e l o n g i n g  

to   t h e   c l a s s   of   t h e   P h y c o m y c e t e s ,   s u c h   as  P h y t o p h t h o r a ,  



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

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

as  s e e d   d r e s s i n g   a g e n t s   f o r   p r o t e c t i n g   s e e d s   ( f r u i t ,   t u b e r s ,  

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

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

A  f u r t h e r   a s p e c t   o f   t h e   i n v e n t i o n   t h e r e f o r e   c o n c e r n s   t h e  

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

p h y t o p a t h o g e n i c   f u n g i .  

P r e f e r r e d   c o m p l e x e s   a r e   t h o s e   of   t h e   f o r m u l a   I  w h e r e i n  

R1  r e p r e s e n t s   m e t h y l  

R2  r e p r e s e n t   m e t h y l   or   c h l o r i n e   a n d  

R3  r e p r e s e n t s   h y d r o g e n ,   c h l o r i n e ,   b r o m i n e   or  m e t h y l .  

P r e f e r r e d   as  s u b s t i t u e n t   R6  i s   t h e   1 , 2 , 4 - t r i a z o l e   g r o u p .  

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

X  i s   p r e f e r a b l y   t h e  g r o u p   o r  g r o u p  

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

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

The   i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e  f o l l o w i n g   E x a m p l e s .  
U n l e s s   o t h e r w i s e   s t a t e d ,   a  c o m p o u n d   o f   t h e   f o r m u l a   I  i s  
a l w a y s   o b t a i n e d   as  a  r a c e m i c   m i x t u r e   o f   p o s s i b l e   i s o m e r s .  

T e m p e r a t u r e s   a r e  g i v e n   in   d e g r e e s   c e n t i g r a d e ,   p r e s s u r e s   i n  
m i l l i b a r s   and   p a r t s   a n d   p e r c e n t a g e s   a r e   by  w e i g h t ,  



A.  P r e p a r a t i v e   e x a m p l e s  

E x a m p l e   1 

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

C o p p e r   c o m p l e x   of   N - ( l ' - m e t h o x y c a r b o n y i - e t h y l ) - N - ( 1 , 2 , 4 -  

t r i a z o l - 1 - y l ) - a c e t y l - 2 , 6 - d i m e t h y l a n i l i n e   ( c o m p o u n d   N o .  2 ) .  

9 . 3   g  o f   N - ( 1 ' - m e t h o x y c a r b o n y l - e t h y l ) - N - ( 1 , 2 , 4 - t r i a z o l - 1 - y l ) -  

a c e t y l - 2 , 6 - d i m e t h y l a n i l i n   w e r e   d i s o l v e d   in   75  ml  of   w a r m  

95  %  e t h a n o l   and   r e a c t e d   w i t h   a  s o l u t i o n   c o m p r i s i n g   2 .7   g  

of   c o p p e r - ( I I ) - c h l o r i d e   d i h y d r a t e   in   10  ml.   of   w a t e r   a n d  

5  g  of   a m m o n i u m   c h l o r i d e   in   20  ml  of   w a t e r .   P r e c i p i t i o n  

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

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

r o d .   A f t e r   s t a n d i n g   f o r   30  m i n s .   a t   30°  t h e   r e a c t i o n  

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

w a t e r .  

The  c o p p e r   c o m p l e x   t h u s   o b t a i n e d   m e l t e d   a t   1 9 3 - 1 9 4 °  



E x a m p l e   2  

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

C o p p e r   c o m p l e x   of   N - ( 1 ' - m e t h y l - 2 ' - m e t h o x y e t h y l ) - N - ( 1 , 2 , 4 -  

t r i a z o l - 1 - y l ) - a c e t y l - 2 , 6 - d i m e t h y l   a n i l i n   ( c o m p o u n d   no .   1 0 )  

9 . 1   g  o f   N - ( 1 ' - m e t h y l - 2 - m e t h o x y e t h y l ) - N - ( 1 , 2 , 4 - t r i a z o l - 1 -  

y l ) - a c e t y l - 2 , 6 - d i m e t h y l   a n i l i n e   w e r e   d i s o l v e d   i n   40  m l  

o f   warm  95  %  e t h a n o l   and   r e a c t e d   w i t h   a  s o l u t i o n   c o m p r i s i n g  

2 . 7   g  o f   c o p p e r - ( I I ) - c h l o r i d e   d i h y d r a t e   in   10  ml  o f   w a t e r  

a n d   5  g  o f   a m m o n i u m   c h l o r i d e   i n   20  ml  of   w a t e r .   T h e  

r a p i d l y   f o r m e d   b l u e   s u s p e n s i o n   was  d i l u t e d   w i t h  2 0   m l  

o f   w a t e r ,   s t i r r e d   f o r   a  f u r t h e r   20  m i n s .   and   f i l t e r e d .  

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

w a t e r   and   d i e t h y l e t h e r   and   d r i e d ,   m . p .   1 3 8 - 1 3 9 ° .  

E x a m p l e   3 

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

C o p p e r   c o m p l e x   of   3 - ( N - ( 1 , 2 , 4 - t r i a z o l - 1 - y l - a c e t y l ) - N -  



( 2 , 6 - d i m e t h y l p h e n y l ) - a m i n o - t e t r a h y d r o - 2 - f u r a n o n e  

( c o m p o u n d   no .   1 6 ) .  

3 . 2   g  of   3 - ( N - ( 1 , 2 , 4 - t r i a z o l e - 1 - y l - a c e t y l ) - N - ( 2 , 6 - d i m e t h y l -  

p h e n y l ) - a m i n o - t e t r a h y d r o - 2 - f u r a n o n e w e r e   d i s o l v e d   a t   50°  i n  

2 2 . 5   ml  of   95 %  e t h a n o l   and   r e a c t e d   f o r   2  h o u r s   a t   6 5 °  

and   16  h o u r s   a t   r oom  t e m p e r a t u r e   w i t h   a  s o l u t i o n  

c o m p r i s i n g   1  g  of   c o p p e r - ( I I ) - c h l o r i d e   d i h y d r a t e   in  3  m l  

of   w a t e r   and   1 .5   of   ammonium  c h l o r i d e   in  6ml  of   w a t e r .  

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

20  ml  w a t e r ,   f i l t e r e d ,  w a s h e d   t h r o u g h   w i t h   w a t e r   a n d  

t h e   o b t a i n e d   c r y s t a l s   d r i e d   u n d e r   v a c u u m ,  m . p .   1 9 0 - 1 9 5 ° .  

The   f o l l o w i n g   c o m p l e x e s   of   t h e   f o r m u l a   I  c an   be  o b t a i n e d  

a n a l o g o u s l y .  











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

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











B.  F o r m u l a t i o n   e x a m p l e s  

E x a m p l e   4  

D u s t s :   The  f o l l o w i n g   s u b s t a n c e s   a r e   u s e d   to   p r e p a r e  

a)  5  %  and   b)  a  2  %  d u s t :  

a)  5  p a r t s   of   a c t i v e   s u b s t a n c e  

95  p a r t s   of   t a l c ;  

b)  2  p a r t s   of   a c t i v e   s u b s t a n c e  

1  p a r t   of   h i g h l y   d i s p e r s e d   s i l i c i c   a c i d  

97  p a r t s   of   t a l c .  

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

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



E x a m p l e  3  

G r a n u l a t e   T h e  f o l l o w i n g   s u b s t a n c e s   a r e   u s e d   to   p r e p a r e  a  
5 %  g r a n u l a t  

or  a c t i v e   s u b s t a n c e s  

0 . 2 5  p a r t   o f   e p i c h l o r o h y d r i n  

0 . 2 5   p a r t   o f   c e t y l   p o l y g l y c o l   e t h e r  

0 , 2   parts  of   p o l y e t h y l e n e   g l y c o l  

p a r t s   o f   k a o l i n   ( p a r t i c l e   s i z e   0 . 3  -   0 . 8   m m ) .  

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

m i x t u r e   i s   d i s s o l v e d   in   6  p a r t s   of   a c e t o n e .   Then   p o l y -  

e t h y l e n e   g l y c o l   and   c e t y l   p o l y g l y c o l   e t h e r   a r e   a d d e d .   T h e  

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

e v a p o r a t e d   in  v a c u o .   Such   a  m i c r o g r a n u l a t e   may  be  u s e d   f o r  

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

E x a m p l e   6  

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

p r e p a r e   a)  a  70  %,  b)  a  40  %,  c)  and   d)  a  25  %  and   e)  a  10  % 

w e t t a b l e   p o w d e r .  

a)  70  p a r t a   of   a c t i v e   s u b s t a n c e  

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

3  p a r t s   of   n a p h t h a l e n e s u l p h o n i c   a c i d / p h e n o l s u l p h o n i c  

a c i d / f o r m a l d e h y d e   c o n d e n s a t e   ( 3 : 2 : 1 )  

10  p a r t s   o f  k a o l i n  

12  p a r t s   of   C h a m p a g n e   c h a l k  

b)  40  parts  o f   a c t i v e   s u b s t a n c e  

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

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

p a r t s   a c i d  



c)  25  p a r t s   of   a c t i v e   s u b s t a n c e  

4 . 5   p a r t s   o f  

1 . 9   p a r t s   of   C h a m p a g n e  

m i x t u r e   ( 1 : 1 )  

1 . 5   p a r t s   of   s o d i u m   d i b u t y l n a p u t  

1 9 . 5   p a r t s   of   s i l i c i c   a c i d  

1 9 . 5   p a r t s   of   C h a m p a g n e   c h a l k  

2 8 . 1   p a r t s   of   k a o l i n  

d)  25  p a r t s   of   a c t i v e   s u b s t a n c e  

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

1 .7   p a r t s   of   a  C h a m p a g n e   c h a l k / h y d r o x y e t h y l   c e l l u l o s e  

m i x t u r e   ( 1 : 1 )  

8 . 3   p a r t s   of   s o d i u m   a l u m i n i u m   s i l i c a t e  

1 6 . 5   p a r t s   of   k i e s e l g u h r  

46  p a r t s   of   k a o l i n  

e)  10  p a r t s   o f   a c t i v e   s u b s t a n c e  

3  p a r t s   of   a  m i x t u r e   of   t h e   s o d i u m   s a l t s   of  s a t u r a t e d  

f a t t y   a l c o h o l   s u l p h a t e s  

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

c o n d e n s a t e  

82  p a r t s   o f   k a o l i n .  

The   a c t i v e   s u b s t a n c e s   a r e   i n t i m a t e l y   m i x e d   in   s u i t a b l e  

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

a n d   r o l l e r s .   W e t t a b l e   p o w d e r s   of   e x c e l l e n t   w e t t a b i l i t y   a n d  

s u s p e n s i o n   p o w e r   a r e   o b t a i n e d .   T h e s e   w e t t a b l e   p o w d e r s   can   b e  

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

c o n c e n t r a t i o n   and   c an   be  u s e d   in   p a r t i c u l a r   f o r   l e a f  

a p p l i c a t i o n .  



E x a m p l e   7 

E m u l s i f i a b l e  c o p c e n t r a t e s :   The   f o l l o w i n g   s u b s t a n c e s   a r e  
u s e d  2   p r e p a r e  a   25  %  e m u l s i f i a b l e   c o n c e n t r a t e :  

25 parts  a c t i v e   s u b s t a n c e  

2 . 5   p a r t s   of   e p o x i d i s e d   v e g e t a b l e   o i l  

10  p a r t s  o f   an  a l k y l a r y l s u l p h o n a t e / f a t t y   a l c o h o l  

e t h e r   m i x t u r e  

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

5 / 5   p a r t s   of   x y l e n e .  

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

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

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

C.  B i o l o g i c a l   E x a m p l e s  

E x a m p l e   8 

A c t i o n   a g a i n t  P l a s m o p a r a   v i t i c o l a   on  v i n e s  

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

" c h a s s e l a s "   in   t h e   10  l e a f   s t a g e   w e r e   s p r a y e d   w i t h   a  s p r a y  

b r o t h  ( a c t i v e   s u b s t a n c e   c o n c e n t r a t i o n   0 , 0 6   %)  p r e p a r e d  

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

be  t e s t e d   24  h o u r s   l a t e r   t h e   p l a n t s  

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

s u s p e n s i o n   of   t h e   f u n g u s .   The   p l a n t s   w e r e   t h e n   k e p t   i n  a  

h u m i d   c h a m b e r   f o r   8  d a y s   w h e r e u p o n   s y m t o m s   of   d i s e a s e  

b e c a m e   v i s i b l e   on  t h e   c o n t r o l   p l a n t s .   The   e f f e c t i v e n e s s  

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

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

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

c o n t r a l   p l a n t s .  



E x a m p l e   9 

A c t i o n   a g a i n s t  

T h r e e - w e e k - o l d   g r o u n d   n u t   p l a n t s   s p l a y e a   s p r a y  
b r o t h   ( c o n t a i n i n g   0 . 0 2  %   of   a c t i v e   s u b s t a n c e )   p r e p a r c e d   f r o m  

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

' a p p r o x i m a t e l y   48  h o u r s   t h e   t r e a t e d   p l a n t s  w e r e  i n f a c t e d  b y  

d u s t i n g   w i t h   a  c o n i d i a   s u s p e n s i o n   of  t h e   f u n g u s   T h e  

i n f e c t e d   p l a n t s   w e r e   i n c u b a t e d   f o r  3   d a y s   a t   9 0  %  

r e l a t i v e   h u m i d i t y   and   t h e n   p l a c e d   in   a  a t  

a p p r o x .   22°   C.  The  f u n g a l   a t t a c k   was  v a l u a t e d   a f t e r  

12  d a y s .  

E x a m p l e   1 0  

A c t i o n   a g a i n s t   P h y t o p h t h o r a   i n f e s t a n s   on  t o m a t o   p l a n t s  

a)  C u r a t i v e   A c t i o n  

" R o t e r   Gnom"  t o m a t o   p l a n t s   w e r e   s p r a y e d   when   3  w e e k s   o l d  

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

f o r   24  h o u r s   a t   18°  to   20°  C  and  100  %  h u m i d i t y .   A f t e r  

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

s u b s t a n c e   c o n c e n t r a t i o n   0 , 0 6   %)  p r e p a r e d   f r o m   a  w e t t a b l e  

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

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

c h a m b e r   f o r   a  f u r t h e r   4  d a y s .   The  e f f e c t i v e n e s s   of   t h e  

t e s t e d   s u b s t a n c e s   was  a s s e s s e d   by  d e t e r m i n i n g   t h e   s i z e  

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

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

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



b)  P r e v e n t i v e - s y s t e m i c  a c t i o n  

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

a p p l i e d   in   a  c o n c e u t r a t i o n   of  0 . 0 0 6   %  ( r e f e r r e d   to   t h e  

v o l u m e   of   t h e   s o i l )   to  t h e   s u r f a c e   of   t h e   s o i l   in   p o t s  

c o n t a i n i n g   3 - w e e k - o l d   " R o t e r   Gnom"  t o m a t o   p l a n t s .   T h r e e  

d a y s   l a t e r   t h e   u n d e r s i d e   of   t h e   l e a v e s   of   t h e   p l a n t s   w a s  

s p r a v e d   w i t h  a   o s p o r e   s u s p e n s i o n   of   t h e   f u n g u s .  T h e  

p l e a t e  w e r e   t h e n   k e p t   i n   a  s p r a y   c h a m b e r   a t   18°  to   20°  C 

and   1 0 0 %   be  i d i t y   f o r   5  d a y s   w h e r e u p o n   t y p i c a l   l e a f  

s p e c k s   a p p e a t e d .  

E x a m p l e   1 1  

A c t i o n   a g a i n s t   P y t h i u m   d e b a r y a n u m   on  s u g a r   b e e t s   and   m a i z e  

The   f u n g u s   was  c u l t i v a t e d   on  s t e r i l e   o a t   g r a i n s   and   a d d e d  

to   a  m i x t u r e   of   e a r t h   and   s a n d .   S u g a r   b e e t   a n d   m a i z e   s e e d s  

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

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

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

(20   ppm  of   a c t i v e   s u b s t a n c e   r e f e r r e d   to   t h e   v o l u m e   of   t h e  

s o i l ) .   The  p o t s   w e r e   t h e n   p l a c e d   f o r   2 - 3   w e e k s   in   a  

g r e e n b o u s e   a t   2 0 ° - 2 4 °   C.  The  s o i l   was  k e p t   u n i f o r m l y   m o i s t  

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

p l a n t s   as  w e l l   as  t h e   r e l a t i v e   n u m b e r   o f   h e a l t h y   and   s i c k  

p l a n t s   w e r e   d e t e r m i n e d .  



R e s u l t s  

The   f o l l o w i n g s   c o m p o u n d s ,   a m o n g s t   o t h e r s ,   w e r e   s u e c e s f u l  
i n   r e d u c i n g   t h e   f u n g a l   a t t a c k   to  l a s s   t h a n   20 %  c o m p a r e d  
w i t h   c o n t r o l   p l a n t s .  
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P y t h i u m  d e b a r y a n u m :   Cmpds .   n o s .   2,  3,  10,  11  and  1 6 .  



1.  A  c o p p e r   c o m p l e s   of   t h e   f o r m u l a   I  

w h e r e i n  

R 1  a n d   R2  r e p r e s e n t   i n d e p e n d e n t l y   of   e a c h   o t h e r   m e t h y l ,  

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

R3  r e p r e s e n t s   h y d r o g e n ,   C 1 - C 3 - a l k y l ,   C 1 - C 4 - a l k o x y   o r  

h a l o g e n ,  

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

R5  r e p r e s e n t s  

R6  r e p r e s e n t s   1 , 2 - p y r a z o l e ,   1 , 3 - i m i d a z o l e ,   1 , 2 , 4 - t r i a z o l e  

(1)   or   1 , 2 , 4 - t r i a z o l e   ( 4 )  

A  r e p r e s e n t s   t h e   a n i o n   o f   an  o r g a n i c   or   i n o r g a n i c   a c i d  

a n d  

n  s t a n d s   f o r   t h e   n u m b e r   1  or   2  

p  s t a n d s   f o r   a  n u m b e r   f r o m   1  to   12  i n c l u s i v e .  

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

R1  r e p r e s e n t s   m e t h y l ,  

R2  r e p r e s e n t s   m e t h y l   or  c h l o r i n e   a n d  

R3  r e p r e s e n t s   h y d r o g e n ,   c h l o r i n e ,   b r o m i n e   or   m e t h y l .  



3.  A  c o p p e r   c o m p l e x   a s  c l a i m e d  i n   c l a i m   1  or  2  w h e r e i n  

R6  r e p r e s e n t s   t h e   1 , 2 , 4 - t r i a z o l e ( 1 )   g r o u p .  

4.  A  c o p p e r   c o m p l e x   as  c l a i m e d   in   any  one  of   c l a i m s  

1  to   3  w h e r e i n  

X  r e p r e s e n t s   t h e  g r o u p  

5.  A  c o p p e r   c o m p l e x   as  c l a i m e d   in   c l a i m   4  w h e r e i n  

X  r e p r e s e n t s   t h e  g r o u p .  

6.  A  c o p p e r   c o m p l e x   as  c l a i m e d   in   any  one  of   c l a i m s  

1  to   5  w h e r e i n  

A  r e p r e s e n t s   t h e   a n i o n   of   an  i n o r g a n i c   a c i d .  

7.  The  c o p p e r   c o m p l e x   of  N - ( l ' - m e t h o x y c a r b o n y l - e t h y l ) - N -  

( 1 , 2 , 4 - t r i a z o l - 1 - y l ) - a c e t y l - 2 , 6 - d i m e t h y l a n i l i n e   o f   t h e  

f o r m u l a  

8.  The  c o p p e r   c o m p l e x   o f   N - ( 1 ' - m e t h o x y c a r b o n y l - e t h y l ) -  

N - ( 1 , 2 , 4 - t r i a z o l - 1 - y l ) - a c e t y l - 2 , 3 , 6 - t r i m e t h y l a n i l i n e  

of   t h e   f o r m u l a  



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

f o r m u l a   I  as  d e f i n e d   i n   c l a i m   1  c h a r a c t e r i s e d   b y  

r e a c t i n g   i n   t h e   p r e s e n c e   o f   an  i n e r t   s o l v e n t   a  

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

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

w h e r e b y   R1  to   R69  A,  n  a n d   p  h a v e   t h e   m e a n i n g s   g i v e n   i n  

c l a i m   1 .  

10.   A  f u n g i c i d a l   c o m p o s i t i o n   c o n t a i n i n g   as   a t   l e a s t   o n e  

a c t i v e   i n g r e d i e n t   a  c o p p e r   c o m p l e x   as   c l a i m e d   i n   any   o n e  

o f   c l a i m s   1  to   8 .  

11.   A  m e t h o d   f o r   c o m b a t t i n g   p h y t o p a t h o g e n i c   f u n g i   w h i c h  

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

c o p p e r   c o m p l e x   as   c l a i m e d   in   any   one   o f   c l a i m s   1  to   8  o r  

a  c o m p o s i t i o n   as   c l a i m e d   i n   c l a i m   1 0 .  
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