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SYNTHESIS OF T H E  FUNGICIDE p4C]TRIADIMEFON 

J e a n  Rouchaud  and  J o s e p h  M e y e r  
L a b o r a t o i r e  de C h i m i e  P h y t o p h a r m a c e u t i q u e  
U n i v e r s i t e  C a t h o l i q u e  de L o u v a i n  
3, P l a c e  C r o i x  du Sud, S C I .  15D, 
1348  L o u v a i  n - 1  a-Neu ve , Be1 g i  um 

S U M M A R Y  
1 4  The s y n t h e s i s  o f  t h e  f u n g i c i d e  [ C l t r i a d i m e f o n  i s  

d e s c r i b e d .  B r o m i n e  t r a n s f o r m e d  p i n a c o l o n e  i n t o  
d. - b r o m o p i n a c o l o n e ;  t h i s  r e a c t e d  w i t h  4 - c h l o r o -  

[ U -  14  C] p h e n o l  y i e l d i n g  1 - ( 4 - c h l o r o  [U-14C]phenoxy)-  

- 3 , 3 - d i m e t h y l - 2 - b u t a n o n e ;  t h i s  was t r a n s f o r m e d  b y  
b r o m i n e  i n t o  1 - ( 4 - c h l  o r 0  [v- ’  4 C ]  p h e n o x y )  -1  -b romo-  

- 3 , 3 - d i m e t h y l - 2 - b u t a n o n e ;  t h i s  l a s t  compound r e a c t e d  

w i t h  l Y 2 , 4 - t r i a z o l e  t o  y i e l d  [ 1 4 C ] t r i a d i m e f o n ,  i . e . ,  
1 - ( 4 - c h l o r o  [U-14C] phenoxy)-3,3-dimethyl-l-( ll- 
- 1 ,2 , 4- t r i a z o 1 - 1 -y 1 ) - 2 - b u t a  no n e  . .[’ 4 C ]  T r i a d  i me f o n , 
h a v i n g  t h e  s p e c i f i c  a c t i v i t y  0 . 8 8  mCi /mmol ,  was 

o b t a i n e d  i n  58% o v e r a l l  y i e l d  f r o m  4 - c h l o r o [ U -  
p h e n o l .  

1 4  
C ] -  

Key w o r d s  : [‘ 4 C ] T r i a d i m e f o n ,  F u n g i c i d e ,  C a r b o n - 1 4  

I N T R O D U C T I O N  

T r i a d i m e f o n  [l- ( 4 - c h l o r o p h e n o x y )  - 3 , 3 - d i m e t h y l - 1 -  (1H-  
-1,2,4-triazol-l-yl)-2-butanone],3, - i s  a r e c e n t  s y s t e m i c  f u n g i -  
tide w i d e l y  u s e d  f o r  t h e  p r o t e c t i o n  o f  c e r e a l s  a g a i n s t  m i l d e w s  
and  r u s t s  ( 1 ) .  L i t t l e  i s  known and  p u b l i s h e d  a b o u t  t h e  m e t a b o -  
l i s m  o f  t r i a d i m e f o n  i n  t h e  c e r e a l s ,  o n  a c c o u n t  o f  t h e  l a c k  o f  t h e  
l a b e l l e d  f u n g i c i d e  ( 2 ) .  F o r  t h a t  r e a s o n ,  we s y n t h e s i z e d  [ C l t r i a -  
d i m e f o n  i n  o r d e r  t o  s t u d y  i t s  m e t a b o l i s m  i n  c e r e a l s .  F o r  ‘ the me- 

t a b o l i s m  s t u d i e s ,  14C i s  m o r e  a p p r o p r i a t e  t h a n  t r i t i u m ;  f o r  t o x i -  
c o l o g i c a l  i n t e r e s t s ,  we l a b e l l e d  t h e  4 - c h l o r o p h e n y l  r i n g .  

14  

T h e r e  i s  no  c l e a r  p u b l i s h e d  e x p e r i m e n t a l  m e t h o d  f o r  t h e  
s y n t h e s i s  o f  u n l a b e l l e d  t r i a d i m e f o n ,  t h e  p a t e n t s  g i v i n g  o f t e n  c o n -  
t r a d i c t o r y  i n f o r m a t i o n s  ( 3 , 4 ) ;  t h e r e  i s  n o  d e s c r i p t i o n  a t  a l l  
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a b o u t  t h e  s y n t h e s i s  o f  [ 1 4 C ] t r i a d i m e f o n .  We t h u s  f i r s t  d e v e -  

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

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

l a b e l l e d  i n  t h e  r i n g  w i t h  14C.  
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EXPERIMENTAL 

4 - C h l o r o  [U-14C]phenol  ( u n i f o r m l y  l a b e l l e d  i n  t h e  r i n g ;  

99% p u r i t y )  was p u r c h a s e d  f r o m  t h e  R a d i o c h e m i c a l  C e n t r e ,  Amer- 

sham, G r e a t - B r i t a i n .  The s o l v e n t s  w e r e  o f  a n a l y t i c a l  g r a d e  f r o m  

M e r c k ;  b e f o r e  use ,  a c e t o n e  was d r i e d  w i t h  p o t a s s i u m  c a r b o n a t e  

and  d i s t i l l e d ,  w h e r e a s  d i e t h y l  e t h e r  was d i s t i l l e d  f r o m  L i A 1 H 4 .  

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

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

b y  means o f  t h e  P a c k a r d  T r i - C a r b  2425  s c i n t i l l a t i o n  c o u n t e r .  

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

w e r e  m e a s u r e d  w i t h  t h e  B e r t h o l d  r a d i o s c a n n e r  I 1  ( L B 2 7 2 3 ) .  The 

a n a l y t i c a l  ( t . 1 . c . )  and  p r e p a r a t i v e  ( p . t . 1 . c . )  t h i n - l a y e r  c h r o -  

m a t o g r a p h i e s  w e r e  made w i t h  p l a t e s  f r o m  M e r c k  ( K i e s e l g e l  6 0  F254,  

20x20  cm) whose t h i c k n e s s  r e s p e c t i v e l y  w e r e  0.25 a n d  2 m m .  

TABLE 1 

T .1 .c .  o f  t h e  m a i n  r e a c t a n t s  and  p r o d u c t s  

l Y 2 , 4 - T r i -  I a z o l e  
T . l  . c .  s o l v e n t  4 - c h l  o r o -  

l p h e n o l  

C h l o r o f o r m  
E t h y l  a c e t a t e  

M e t h a n o l  

T o l u e n e  

Benzene,  d i o x a n e ,  a. 
c e t i c  a c i d ,  9 0 1 2 5 1  
4 

0 - 6 7  
0 . 9 3  

0 . 8 6  

0 . 4 8  

0 . 7 8  

The i n f r a  r e d  ( I R )  and  mass s p e c t r a  ( M S )  w e r e  r e s p e c t i -  
v e l y  o b t a i n e d  w i t h  t h e  P e r k i n - E l m e r  297 and  V a r i a n - M A T  311  

( 7 0  eV) s p e c t r o m e t e r s .  



d - B r o m o p i n a c o l o n e ,  1 

1 1 3 

A s o l u t i o n  o f  3 3 . 6  g o f  b r o m i n e  ( 0 . 2 1  m o l )  a n d  0 .5  g 

o f  z i n c  ( 1 1 )  c h l o r i d e  i n  9 0  m l  o f  c h l o r o f o r m  was added  d r o p -  

w i s e  ( d u r i n g  a b o u t  1 h r )  t o  a s t i r r e d  s o l u t i o n  o f  25 g o f  p i n a -  
c o l o n e  ( 0 . 2 5  m o l )  i n  3 5 0  m l  o f  c h l o r o f o r m  m a i n t a i n e d  a t  0 " .  

I n  o r d e r  t o  s t a r t  t h e  r e a c t i o n  ( d i s c o l o r a t i o n ) ,  s o m e t i m e s  i t  was 
n e c e s s a r y  t o  b r i n g  f o r  a s h o r t  t i m e  t h e  s o l u t i o n  o f  p i n a c o l o n e  
t o  1 0 " .  The d i s c o l o r e d  s o l u t i o n  was washed w i t h  an  aqueous  s o l u -  
t i o n  o f  s o d i u m  c a r b o n a t e  ( 0 . 1  M y  70  m l ) ,  d r i e d  w i t h  s o d i u m  s u l -  
f a t e ,  t h e  c h l o r o f o r m  was e v a p o r a t e d  u n d e r  vacuum i n  a r o t a v a p o r ,  
and  t h e  f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s i d u e  g a v e  t h e  com- 
pound  - 1 ( b . p .  71 -73" ,  10  mm; 3 4  g ,  0 . 1 9  m o l y  76% r e l a t i v e l y  

t o  t h e  p i n a c o l o n e ) .  I R  ( t h i n  f i l m ,  c m - ' ) :  2980, 2880 ( C - H ) ;  
1725 (C=O); 1480 ;  1395 ,  1370  [C-H i n  C(CH3)3 ] ;  1282 ,  1227 ,  1154,  

1060,  1005,  937,  870,  835 ;  7 5 5  ( C - B r ) .  MS [ m / e ( r e l a t i v e  i n t e n -  
s i t y ) ] :  1 8 0 ( 3 5 ) ,  1 7 8 ( 3 3 ) ,  M + ;  1 3 7 ( 5 ) ,  1 3 5 ( 5 ) ,  M+-HC(CH3)2; 
123 ( 1  2 ) ,  1 2 1  ( 1  0 )  , M + - C  ( CH3)3 ; 95 ( 2 6 )  , 9 3  ( 3 0 )  , 
[ C O -  C ( CH ) 3 ]c  ; 57 ( 1 0 0 )  , [C ( CH3 ) 3 ]  + . 

[ C H 2 B r ] + ;  85 ( 8 2 )  , 

1-  ( 4 - C h l o r o  [U- '  4C ]phenoxy )  - 3 , 3 - d i m e t h y l - 2 - b u t a n o n e ,  - 2 

A m i x t u r e  o f  1 4 0  mg o f  4 - c h l o r o p h e n o l  ( 1 . 0 9  m m o l ) ,  
6 . 3  mg o f  4 - ~ h l o r o [ U - ~ ~ C ] p h e n o l  ( 0 . 0 4 9  mmol, 1 m C i ) ,  204 mg 
o f  d - b r o m o p i n a c o l o n e  ( 1 . 1 4  mmol)  and  157 mg o f  p o t a s s i u m  c a r -  
b o n a t e  ( 1 . 1 4  mmol)  i n  25 m l  o f  a c e t o n e  was r e f l u x e d  w i t h  s t i r -  
r i n g  d u r i n g  20 h r s .  A c e t o n e  was e v a p o r a t e d  u n d e r  vacuum i n  a 
r o t a v a p o r ,  t h e  r e s i d u e  was m i x e d  w i t h  20 m l  o f  w a t e r  and 50 m l  

o f  c h l o r o f o r m ,  t h e  c h l o r o f o r m  l a y e r  was s e p a r a t e d ,  and  t h e  a -  
queous  l a y e r  was e x t r a c t e d  two  t i m e s  w i t h  2x50  m l  o f  c h l o r o -  
f o r m .  The c h l o r o f o r m  s o l u t i o n s  w e r e  g a t h e r e d ,  t h e  c h l o r o f o r m  

was e v a p o r a t e d  u n d e r  vacuum i n  a r o t a v a p o r ,  t h e  r e s i d u e  was 
d i s s o l v e d  i n  some c h l o r o f o r m  and  a p p l i e d  as a b a n d  on  a p . t . 1 . c .  
p l a t e .  E l u t i o n  w i t h  e t h y l  a c e t a t e  g a v e  one  r a d i o a c t i v e  b a n d  
( R F = 0 . 9 1 )  w h i c h  c o r r e s p o n d e d  t o  compound 2. T h a t  b a n d  was 
s c r a p e d  o f f ,  e x t r a c t e d  w i t h  e t h y l  a c e t a t e ,  e t h y l  a c e t a t e  was 
e v a p o r a t e d  u n d e r  vacuum i n  a r o t a v a p o r ,  and  t h e  r e s i d u e  c o r r e s -  

ponded  t o  221 mg o f  compound 2 ( 0 . 9 8  mmol, 0 . 8 6  m C i ,  8 6 % )  
w h i c h  c r y s t a l l i z e d ;  i t  was b o t h  c h e m i c a l l y  and  r a d i o c h e m i c a l l y  
p u r e  ( >  9 9 % )  as  shown b y  c o m p a r i s o n  w i t h  t h e  s t a n d a r d  o f  
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compound 2. T . 1 . c .  ( T a b l e  1 ) .  I R  ( K B r ,  c m - ' ) :  2970 ,  2870 
(C-H) ;  1720  (C=O);  1595,  1580 ,  1490  (C-H i n  t h e  a r o m a t i c  c y c l e ) ;  

1435;  1366  [ C - H  i n  C ( C H 3 ) 3 ] ;  1285 ,  1 2 4 5  (C-0,  e t h e r ) ;  1165 ,  
1105;  1050  (C-0 ,  e t h e r ) ;  9 9 2 ;  820,  800 ( C - H  i n  t h e  a r o m a t i c  c y -  
c l e ) ;  770 ( C - C l ) .  M S  [ m / e ( r e l a t i v e  i n t e n s i t y ) ] :  2 2 8 ( 1 2 ) ,  2 2 6 ( 3 5 ) ,  
M+;  1 4 3 ( 3 ) ,  1 4 1 ( 8 ) ,  [ C l C  H O C H 2 ] + ;  1 3 0 ( 2 ) ,  1 2 8 ( 8 ) ,  [C1C6H40H]+; 

[ C O C  ( C H 3  13]+ ; 57 ( 1  0 0 )  , [C (CH3) 3 ] + .  

1 1 3 ( 1 0 ) ,  1 1 1 ( 3 2 ) ,  [C1C6H4 ' j  6 4  ; 9 9 ( 8 ) ,  [CH2COC(CH3)3]+; 8 5 ( 1 9 ) ,  

p 4 C ] T r i a d i m e f o n ,  3 

A s o l u t i o n  
mCi )  i n  a m i x t u r e  o f  

o f  206 mg o f  compound - 2 ( 0 . 9 1  mmol, 0 . 8 0  
5 m l  o f  c h l o r o f o r m  and  25 m l  o f  d i e t h y l  

e t h e r  was s t i r r e d ,  m a i n t a i n e d  a t  3 5 - 4 0 " ,  and t r e a t e d  d r o p w i s e  

w i t h  a s o l u t i o n  o f  1 4 6  mg o f  b r o m i n e  ( 0 . 9 1  mmo l )  i n  10 m l  o f  
c h l o r o f o r m .  A f t e r  d i s c o l o r a t i o n ,  t h e  s o l v e n t  was e v a p o r a t e d  
u n d e r  vacuum i n  a r o t a v a p o r .  The r e s i d u e  was d i s s o l v e d  i n  
30 m l  o f  a c e t o n e ,  189 mg o f  1 , 2 , 4 - t r i a z o l e  ( 2 . 7 3  mmol)  w e r e  

added, t h e  s t i r r e d  m i x t u r e  was r e f l u x e d  d u r i n g  15 h r s ,  a c e t o n e  
was e v a p o r a t e d  u n d e r  vacuum i n  a r o t a v a p o r ,  t h e  r e s i d u e  was 

m i x e d  w i t h  20 m l  o f  w a t e r  a n d  50 m l  o f  c h l o r o f o r m ,  t h e  c h l o r o -  
f o r m  l a y e r  was s e p a r a t e d ,  and t h e  aqueous  l a y e r  was e x t r a c t e d  
t w o  t i m e s  w i t h  2 x 5 0  m l  o f  c h l o r o f o r m .  The c h l o r o f o r m  s o l u t i o n s  
w e r e  g a t h e r e d ,  t h e  c h l o r o f o r m  was e v a p o r a t e d  u n d e r  vacuum i n  
a r o t a v a p o r ,  t h e  r e s i d u e  was d i s s o l v e d  i n  some c h l o r o f o r m  a n d  
a p p l i e d  as a band  on  a p . t . 1 . c .  p l a t e .  E l u t i o n  w i t h  e t h y l  a c e -  
t a t e  g a v e  o n e  r a d i o a c t i v e  b a n d  ( R F = 0 . 8 5 )  w h i c h  c o r r e s p o n d e d  t o  
compound 2. T h a t  b a n d  was s c r a p e d  o f f ,  e x t r a c t e d  w i t h  e t h y l  
a c e t a t e ,  e t h y l  a c e t a t e  was e v a p o r a t e d  u n d e r  vacuum i n  a r o t a -  

v a p o r ,  and  t h e  r e s i d u e  c o r r e s p o n d e d  t o  193 mg o f  compound 3 
( 0 . 6 6  mmol, 0 . 5 8 . m C i Y  7 2 % )  w h i c h  c r y s t a l l i z e d ;  i t  was b o t h  
c h e m i c a l l y  and r a d i o c h e m i c a l l y  p u r e  (1 9 9 % ) ,  as shown b y  com- 
p a r i s o n  w i t h  t h e  s t a n d a r d  o f  compound 2. T . 1 . c .  ( T a b l e  1 ) .  
I R  ( K B r ,  cm ) :  3 0 0 0  ( C - H ) ;  1730  ( C = O ) ;  1590,  1505,  1495 
(C-H o f  t h e  a r o m a t i c  c y c l e s ) ;  1385  [C-H i n  C (CH3)3 ] ;  1280,  1222  
(C-0,  e t h e r ) ;  1195 ,  1180,  1135,  1100 ;  1075 ,  1050,  1015 (C-0,  

e t h e r ) ;  995,  960,  910 ;  870 ,  830 (C-H o f  t h e  a r o m a t i c  c y c l e s ) ;  
775  ( C - C l ) .  MS [ m / e ( r e l a t i v e  i n t e n s i t y )  1: 2 9 5 ( 1 ) ,  2 9 3 ( 3 ) ,  M+;  

2 8 1 ( 1 ) ,  2 7 9 ( 3 ) ,  M t - N ;  2 6 9 ( 1 ) ,  2 6 7 ( 3 ) ,  M + - C N ;  2 5 8 ( 2 ) ,  M+-C1; 

- 1  
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238(1), 236(2), M+-C(CH3)3; 210(5), 208(16), 
[ C 1 C 6 H 4 0 C H N B C H ] t ;  181 (7) , 
181-H C N ;  130(5), 128(13), 
9 9 ( 5 ) ~  [CH2COC(CH3)3]t; 85(15) , [COC(CH3)31f; 69(10), 
[!HN=CHN=$H]+; 5 7 ( 1 0 0 ) ,  [C(CH3)3]t. 

[y=CHN=CHqCOCOC(CH3)3]t; 154(4), 
[C1C6H40H]'; 113(1), 111(4), [C1C6H4]+; 

A 

8'2 
---+m 

6 '2 R YH3 
CH3-C-C-CH3 - Br-CH2-C-C-CH3 

I I 
C"3 CH3 - 

1 2 

H 

11 I I  
HC/"N 

fll fH3 N- 
C l o O - ~ H - C - : - C H 3  

Br C% ' CH3 
HCON,N 

II II 
N-CH 
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p 4 C ] T r i a d i m e f o n  was p r e p a r e d  f r o m  4 - c h l o r o  [U-14C] - 
p h e n o l  b y  t h e  s e q u e n c e  o f  r e a c t i o n s  shown i n  Scheme 1 .  B r o m i -  

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

m e t h o d  r e p o r t e d  b y  Widman and  W a h l b e r g  ( 5 ) .  Compound 1 was o b -  

t a i n e d  b y  m o d i f i c a t i o n s  o f  t h e  m e t h o d  o f  B i s a g n i  and  R i v a l l e  

( 6 ) .  The s y n t h e s i s  o f  C l t r i a d i m e f o n  - 3 f r o m  compound 2 was 

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

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

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

[ 1 4 C ] T r i a d i m e f o n  was b o t h  c h e m i c a l l y  and  r a d i o c h e m i c a l l y  p u r e  

( > 9 9 % )  as shown b y  c o m p a r i s o n  w i t h  t h e  s t a n d a r d  o f  t r i a d i m e -  

f o n  a t  t h e  t . l . c . ,  I R ,  and  M S .  

s p e c i f i c  a c t i v i t y  0 . 8 8  mCi /mmol ,  was o b t a i n e d  i n  58% o v e r a l l  

y i e l d  f r o m  4 - c h l o r o  [U -14C]pheno l .  
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