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SUMMARY 

A 15.7 mCi sample of 99% radiochemically pure l-cyano- 
1- (6-phenoxy-2-pyridinyl-2,  6-14C)methyl 3-  (2,2- 
dichloroethenyl) -2 , 2-dimethy lcyclopropanecarboxylate 
with a specific activity of 21.3 mCi/mmole was prepared 
- via a six step process from 2,6-dichloropyridine- 
2, 6-l4C. 

Key words: 1-cyano-1- (6-phenoxy-2-pyridinyl-2, 6-14C) - 
methyl 3- (2,2-dichloroethenyl) - 2 ,  2-dimethyl- 
cyclo ropanecarboxylate; 2,6-dibromopyridine- 
2 ,  6-lgC; 2-bromo-6-phenoxypyridine-2 , 6-14C; 
6-phenoxypi coli naldehyde- 2 6- l4 C ; 1-hydroxy- 1- 
(6-phenoxy-2-pyridine-2, 6-14C) acetonitrile 

INTRODUCTION 

Pyrethroid 1 was a promising new Dow experimental insecticide 
being considered for use on cotton. A carbon-14 labeled sample 
was required to initiate the environmental, plant metabolism 
and pharmacokinetic studies required for registration. 

DISCUSS ION 

Tracer &was prepared the six step process depicted in 
Scheme I. 

The reaction conditions were initially determined using non- 
radioactive reactants (pilot runs). The synthesis of 2,6- 
dichloropyridine-2, 6-14C has previously been reported (1) . 
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The process  dep ic t ed  i n  S tep  1 i s  a mod i f i ca t ion  of t h a t  r epor t ed  
by Mut te rer  and W e i s ( 2 ) .  They conver ted  a series of  c h l o r i n a t e d  

p y r i d i n e s  i n t o  t h e  2,6-dibromo- and, where appropr i a t e ,  2 , 4 , 6 -  

t r ib romopyr id ines  by bubbl ing  gaseous H B r  through r e f l u x i n g  
acet ic  a c i d  over  a 1 4  h r  pe r iod .  The process  a s  such s u f f e r s  
from t h e  f a c t  t h a t  a d d i t i o n  of  t h e  gaseous H B r  on a microsca le  
could  cause cons ide rab le  loss  of  product .  Therefore  t h e  
r e a c t i o n  was i n v e s t i g a t e d  us ing  4 8 %  aqueous H B r .  

i s  e s t a b l i s h e d  c o n s i s t i n g  of 1 5  a r e a  % 2-bromo-6-chloropyridine 
and 8 5  a r e a  % 2 by GLC a n a l y s i s  and t h e  r a t i o  i s  no t  e f f e c t e d  
by adding more aqueous H B r .  However, > 9 5 %  conversions a r e  

achieved by subsequent ly  adding P B r 3  t o  t h e  e q u i l i b r a t e d  so lu -  

t i o n .  
p i l o t  run. The y i e l d  f o r  t h i s  s t e p  was no t  determined i n  t h e  
tracer s y n t h e s i s .  

An equ i l ib r ium 

I n  t h i s  manner, a 9 0 %  y i e l d  of 2 was obta ined  i n  t h e  

The gene ra t ion  of 2-bromo-6-phenoxypyridine 4 (S tep  2 )  proceeded 
w e l l  i n  e i t h e r  DMF o r  DMSO t o  a f f o r d  a E. 8 5 %  y i e l d  of p u r i f i e d  
product  i n  both  t h e  p i l o t  and t r a c e r  syntheses .  

The procedure used f o r  t h e  p r e p a r a t i o n  of aldehyde S i n  S tep  

3 i s  s i m i l a r  t o  t h a t  r epor t ed  by J .  E .  Parks ,  B.  E .  Wagner 
and R. H .  Holm(3) f o r  t h e  s y n t h e s i s  of 6-bromopyridine-2- 
aldehyde, except  t h a t  s l i g h t l y  h igher  temperatures  were requi red  
t o  i n i t i a t e  t h e  va r ious  r e a c t i o n s .  The p i l o t  run  a f fo rded  a 
6 5 %  y i e l d  of aldehyde whereas a 1 5 %  y i e l d  was achieved i n  t h e  
t r a c e r  syn thes i s .  

S teps  2 and 3 of t h e  above r e a c t i o n  sequence w e r e  app l i ed  d i -  
r e c t l y  t o  2 ,6-d ich loropyr id ine  i n  an a t t empt  t o  e l i m i n a t e  S tep  
1. Step  2 proceeded smoothly a f f o r d i n g  2-chloro-6-phenoxypyridine 
i n  a 1 5 %  y i e l d .  However, S t ep  3 could n o t  be accomplished. 
Products  o t h e r  t han  aldehyde 2 w e r e  produced. 

The r e a c t i o n  of a ldehydes and ketones wi th  t ime thy l s i ly l cyan ide  
to  a f f o r d  t h e  corresponding t r i m e t h y l s i l y l  e t h e r s  of t h e  r e s u l t a n t  
cyanohydrins (S tep  4 )  i s  a w e l l  known r e a c t i o n  a f fo rd ing  product  
i n  h igh  y i e l d  even i n  those  cases  i n  which t h e  usua l  cyano- 
hydr in  r e a c t i o n s  do n o t  o c c u r ( 4 ) .  When app l i ed  t o  aldehyde 2, 
a q u a n t i t a t i v e  y i e l d  of 6 was obta ined .  
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Subsequent  c o n v e r s i o n  of  5 t o  had been  accomplished p r i o r  

t o  t h e  p u b l i c a t i o n  o f  P .  G. Gassman and J. J .  T a l l e y ( 5 ) .  A s  

i n  t h e i r  s t u d i e s ,  a h i g h  y i e l d  ( 1 0 0 % )  o f  cyanohydr in  w a s  o b t a i n e d .  

Subsequent  r e a c t i o n  of cyanohydr in  1 w i t h  2 - ( 2 , 2 - d i c h l o r o -  

e t h e n y l )  -3,3-dimethylcyclopropanecarboxylic a c i d  c h l o r i d e  

a f f o r d e d  t h e  d e s i r e d  p r o d u c t  1 i n  > 9 0 %  y i e l d s .  

Using t h e  above sequence ,  a 6 0 %  o v e r a l l  y i e l d  o f  99% r a d i o -  

c h e m i c a l l y  p u r e  A - l 4 C  w i t h  a s p e c i f i c  a c t i v i t y  o f  21.3 m C i /  

mmole was o b t a i n e d .  

EXPERIMENTAL 

The GLC a n a l y s e s  w e r e  conduc ted  on  a H e w l e t t  Packard 5830A 

i n s t r u m e n t  u s i n g  a 2 '  x 4 mm g l a s s  column c o n t a i n i n g  1 0 %  SE30 

on  80/100 Chromosorb WHP. The f o l l o w i n g  c o n d i t i o n s  w e r e  u s e d  

u n l e s s  o t h e r w i s e  s t a t e d :  Temp 1: 1 0 0 ° C ,  T i m e  1: 2 . 0  min ;  
Temp 2: 25OoC, T i m e  2: 5.0 min, R a t e :  20°/min, In ] .  Temp: 

275OC, F I D  Temp: 3OO0C, N 2  Flow: 6 0  ml/min. 

2,6-Dibromopyridine-2,  6-14C (2)  

To a 50-ml round-bottcmed f l a s k  equipped w i t h  a s t i r r i n g  b a r  

and condense r  was added 182.0 mg o f  2 , 6 - d i c h l o r o p y r i d i n e - 2 ,  6 - l 4 C  

(1.230 mmole, 31.4 m C i ,  25.5 m C i / m m o l e ) ,  10 m l  of  g l a c i a l  H O A c  

and 2.0 ml of 48% aqueous H B r .  The s o l u t i o n  w a s  h e a t e d  a t  128- 

13GOC f o r  6 .5  h o u r s  

w i s e  o v e r  a 0 . 7 5  hour  p e r i o d .  Hea t ing  w a s  c o n t i n u e d  f o r  1 6  

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

w i t h  20  m l  of 2 -pen tane  and 40 m l  of H 2 0  and t h e  p h a s e s  mixed. 

The m i x t u r e  was e x t r a c t e d  c o n t i n u o u s l y  w i t h  20  m l  o f  I - p e n t a n e  

o v e r  a 4 h o u r  p e r i o d .  The r e s u l t a n t  s o l u t i o n  was a n a l y z e d  by 

GLC (Temp 1: 5OOC): 6.37 min (0 .12  a r e a  % )  , 7 . 1 4  min ( 0 . 1 2 % ) ,  

7 .51 min (3 .94%,  2-bromo-6-chloropyridine) 7.92 min ( 9 5 . 8 % ,  3). 
The s o l v e n t  w a s  removed a t  1 0 0  mm and 24OC a f f o r d i n g  3 as a 

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

( o i l  b a t h )  and 2 . 7  m l  o f  P B r 3  added drop-  

2-Bromo- 6 -phenoxypyridine-  2 ,  6 - 1 4 C  (4) 

T o  t h e  50-ml f l a s k  c o n t a i n i n g  3 w a s  added 1 3 4 . 1  mq (1.425 mmole) 

of ,)hen01 and 5 m l  o f  DMSO ( p r e v i o u s l y  d r i e d  o v e r  m o l e c u l a r  
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s i e v e s ) .  

and 1 0 0 . 5  mg of  5 0 %  N a H  i n  m i n e r a l  o i l  ( 2 . 0 9 4  mmole) g r a d u a l l y  
added. The mixture  was s t i r r e d  a t  24°C f o r  0 . 2 5  hours  and a t  
8 0 ° C  f o r  0 . 5  hours .  The m i x t u r e  was cooled, d i l u t e d  w i t h  30 

ml of 5% N a O H  and e x t r a c t e d  c o n t i n u o u s l y  w i t h  20 m l  of  E t 2 0  

over  a 5 . 5  hour  p e r i o d .  The E t 2 0  e x t r a c t  w a s  d r i e d  ( M g S 0 4 ) ,  

f i l t e r e d  and t h e  f i l t r a t e  ana lyzed  by GLC to  c o n t a i n  4 4 . 7  area 

% 3 ( R t  = 4 . 6 4  m i n ) ,  and 5 0 . 5  a r e a ' s  4 ( R t  = 7 . 3 1  m i n ) .  The 
s o l v e n t  w a s  removed i n  vacuo and t h e  r e s i d u e  t r e a t e d  as above 
w i t h  8 8 . 0  mg ( 0 . 9 3 5  mmole) of phenol ,  5 m l  of  DMSO and g r a d u a l l y  
w i t h  6 9 . 0  mg ( 1 . 4 4  mmole) o f  5 0 %  N a H .  A f t e r  1 . 1 7  hours  a t  8 0 "  

t h e  mixture  w a s  cooled  and t h e  p r o d u c t  i s o l a t e d  as  d e s c r i b e d  
above t o  a f f o r d  by GLC a n a l y s i s  8 2 . 6  a r e a  % 4 and 7 . 1 %  2 , 6 -  

d iphenoxypyr id ine  w i t h  no 3 observed.  The r e p e t i t i o n  of  t h e  

N a H  t r e a t m e n t  w a s  n o t  n e c e s s a r y  i n  t h e  cor responding  p i l o t  run.  

The z e s u l t a n t  s t i r r e d  s o l u t i o n  was purged w i t h  N 2  

- 

The s o l u t i o n  w a s  c o n c e n t r a t e d  t o  2 m l  and t h e  r e s i d u e  chromato- 
graphed on 1 0 0  g o f  Brinkman s i l i c a  g e l  G60 u s i n g  CHC13 f o r  
e l u t i o n .  The t racer  w a s  i s o l a t e d  i n  1 5 0  ml of s o l u t i o n .  GLC 

a n a l y s i s  a f f o r d e d  9 2 . 9  area 8 p u r e  p r o d u c t  ( R t  = 7 . 2 9  min) 
c o n t a i n i n g  2 . 2 0  area % 2-chloro-6-phenoxypyridine-2, 6-14C 

( R t  = 6 . 8 5  min) and 3 . 9  area % 2,6-diphenoxypyridine-2, 6-14C 

( R t  = 9 . 1 9  min) .  S o l v e n t  removal a f f o r d e d  2 7 7 . 6  mg of  4 as a 
w h i t e  c r y s t a l l i n e  s o l i d .  

- 

6-Phenoxypicolinaldehyde-2, 6-14C (2)  

The r a d i o l a b e l e d  5 ( % 1 . 0 3 1  m o l e )  w a s  t r a n s f e r r e d  w i t h  1 0  m l  
of E t 2 0  t o  a 50-ml round-bottomed f l a s k  c o n t a i n i n g  a s i d e  a r m  
and s t i r r i n g  b a r .  The f l a s k  w a s  purged w i t h  N2 and t h e  2 4 / 4 0  

j o i n t  s t o p p e r e d  w i t h  a s t o p p e r  equipped w i t h  a T e f l o n  s l e e v e .  
The s i d e  a r m  w a s  s t o p p e r e d  w i t h  a serum cap  through which w a s  
a t t a c h e d  a N 2  f i l l e d  b a l l o o n  via a s y r i n g e  needle .  
w a s  cooled  t o  -78°C  (dry  i c e - a c e t o n e  b a t h )  c a u s i n g  p r e c i p i t a t i o n .  
N-Butyl l i t h i u m  (1.15 m l  of 1.6M s o l u t i o n  i n  n-hexane, 1 . 9 4  

mmole) w a s  added and t h e  mixture  s t i r red  5 minutes  and al lowed 
to  w a r m  u n t i l  complete d i s s o l u t i o n  r e s u l t s  (E-30°C).  The 
s o l u t i o n  w a s  p laced  i n  a -1OOC i c e - a c e t o n e  b a t h  f o r  5 minutes  
and t h e  r e s u l t a n t  orange s o l u t i o n  a g a i n  c o o l e d  t o  -18°C.  

Diinethyl formamide, 0 .15  m l  ( 1 . 9 4  m m o l e ,  p r e v i o u s l y  d r i e d  o v e r  

The s o l u t i o n  
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molecular  s i e v e s )  w a s  added and t h e  s o l u t i o n  s t i r r e d  a t  -78OC 

f o r  0.5 hour.  The s o l u t i o n  w a s  a l lowed t o  w a r m  f o r  1 0  minutes ,  

p laced  i n  an ice  b a t h  and s t i r r e d  f o r  0.5 hour.  The hazy 

yel low s o l u t i o n  w a s  t r e a t e d  w i t h  5 m l  of 6 N  H C 1  and t h e  phases  

mixed f o r  0.25 hour .  The m i x t u r e  w a s  d i l u t e d  w i t h  5 m l  H 2 0 ,  

s a t u r a t e d  w i t h  N a C 1 ,  and e x t r a c t e d  c o n t i n u o u s l y  w i t h  1 5  m l  of  

Et20  over  a 5 hour  p e r i o d .  The s o l v e n t  w a s  removed i n  V ~ C U O  

and t h e  ye l low o i l y  r e s i d u e  chromatographed through 1 0 0  g of  

s i l i c a  g e l  G60 w i t h  CHC13.  The tracer w a s  i s o l a t e d  i n  250 m l  
of s o l u t i o n  (GLC: 6 . 9 4  mint 9 9 . 1  area % 2 ) .  S o l v e n t  removal 

a f f o r d e d  155.4 mg (0.7731 mmole) o f  2 as a l i g h t  ye l low o i l .  

1-Hydroxy-1- (6-phenoxy-2-pyridine-2, 6 - l 4 C )  a c e t o n i t r i l e  (1) 

To t h e  50-ml round bottomed f l a s k  c o n t a i n i n g  r a d i o l a b e l e d  2 
(0 .7731 mmole) w a s  added 7 . 6  mg of  KCN,  5 m l  E t20 ,  28.8 mg of 

dicyclohexyl-18-crown-6 and 150 pl ( 1 . 2 0 1  mmole) of t r i m e t h y l -  

s i l y l  cyanide.  The s o l u t i o n  w a s  s t i r r e d  1 . 0  hour  and t h e  s o l v e n t  

removed under a N2 atmosphere.  

m l  of THF and 1 m l  of 1N H C 1  added. The s o l u t i o n  w a s  s t i r r e d  5 

minutes a f t e r  which t i m e  GLC ( R t  5 = 8 . 7 9  mint R t  1 = 6.93 min) 

and TLC (1" x 4 "  s i l i c a  g e l  p l a t e ,  CHC13)  a n a l y s e s  i n d i c a t e d  

complete r e a c t i o n .  The s o l v e n t  w a s  removed a t  24OC and 60  nun 
and t h e  r e s i d u e  chromatographed through 1 0 0  g o f  Brinkman S i l i c a  

G e l  G 6 0  w i t h  2:3 (v /v)  acetone:=-hexane. Product  w a s  i s o l a t e d  

i n  200  ml of s o l u t i o n .  The s o l v e n t  w a s  removed i n  V ~ C U O  and 

t h e  r e s i d u e  d i s s o l v e d  i n  E t 2 0  and f i l t e r e d  i n t o  a t a r e d  f l a s k .  

The f i l t r a t e  was ana lyzed  by GLC: R t  1 = 6.92 min (99.7 area % ) .  

The r e s i d u e  w a s  d i s s o l v e d  i n  5 

TLC a n a l y s i s  ( 5  x 20 c m  Merck S i l i c a  G e l  60-F 254 p l a t e ,  2 : 3  

( v / v )  n-hexane: a c e t o n e )  a f f o r d s  p r o d u c t  of  9 8 . 1 %  rad iochemica l  

p u r i t y  . 

The s o l v e n t  was removed i n  vacuo t o  a f f o r d  185.7 mg (0.805 nunole 

a t  9 8 . 1 %  p u r i t y ,  %loo% y i e l d )  of 2 as a v i s c o u s  ye l low o i l .  

1-Cyano-1- (6-phenoxy-2-pyridinyl-2, 6-I4C)methyl 3- ( 2  , 2-Dichloro- 

e t h e n y l )  -2,2-dimethylcyclopropanecarboxylate (1) 

T o  t h e  50-ml pear-shaped f l a s k  c o n t a i n i n g  r a d i o l a b e l e d  2 w a s  
added 7 m l  of  E t 2 0 .  The 3- (2,2-dichloroethenyl)-2,2-dimethyl- 
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cyclopropanecarboxyl ic  a c i d  c h l o r i d e  w a s  d i s t i l l e d  and 2 0 7 . 0  

mg (0.9099 mmole) o f  t h e  c e n t e r  c u t  (bp  60-64O a t  0 . 1  mm, 9 7 . 0  

GLC area % p u r e )  w a s  added t o  t h e  f l a s k .  To t h e  s t i r r e d  s o l u -  

t i o n  w a s  added 1 4 0  p l  ( 1 . 0 0  mmole) of  E t 3 N  c a u s i n g  immediate 

p r e c i p i t a t i o n .  A f t e r  5 minutes  a 0.4 p 1  a l i q u o t  o f  t h e  mother 

l i q u o r  w a s  a n a l y s e d  by GLC: R t  = 5.07 min ( 7 . 0 6  area %, un- 

r e a c t e d  a c i d  c h l o r i d e ) ,  R t  = 6.97 min (1.0%, 1) R t  = 1 3 . 0 1  min 

(86.5%, 1). The mixture  w a s  s t i r r e d  0.5 h r ,  f i l t e r e d  through 

a s c i n t e r e d  g l a s s  f i l t e r  and t h e  s o l v e n t  removed i n  vacuo. The 

v i s c o u s  o i l y  r e s i d u e  w a s  chromatographed through 1 0 0  g of  

Brinkman s i l i ca  g e l  G 6 0  w i t h  CHC13.  

250 m l  of s o l u t i o n .  The s o l v e n t  w a s  removed i n  V ~ C U O  t o  a f f o r d  

308.3 mg (0.7388 mmole, 60.0% o v e r a l l  y i e l d )  of r a d i o l a b e l e d  1, 
as a colorless o i l .  

Product  w a s  i s o l a t e d  i n  

The tracer w a s  d i s s o l v e d  i n  1 0  m l  of  benzene s o l u t i o n  (Volu- 

m e t r i c  f l a s k ,  S o l u t i o n  I )  and a 0.5 m l  p o r t i o n  of  S o l u t i o n  I 

d i l u t e d  t o  50 m l  ( S o l u t i o n  11). A 1 .0  m l  a l i q u o t  of S o l u t i o n  

I1 w a s  d i l u t e d  t o  1 0 0  m l  ( S o l u t i o n  111). The r a d i o m e t r i c  

a n a l y s e s  o f  t h e s e  s o l u t i o n s  a f f o r d s  15.74 m C i  of  99% radio-  

chemica l ly  p u r e  &-pyridine-2,  6 - l 4 C  w i t h  a s p e c i f i c  a c t i v i t y  of  

21.31 m C i / m m o l e .  

RADIOMETRIC DETERMINATION 

The r a d i o a c t i v i t y  w a s  determined i n  a Packard T r i c a r b  Liquid  

S c i n t i l l a t i o n  Spec t rometer  u s i n g  a N e w  England Nuclear  Aquasols.  

T r i p l i c a t e  a s s a y s  o f  S o l u t i o n  I11 w e r e  t aken .  

The rad iochemica l  p u r i t y  w a s  determined by s p o t t i n g  4 p l  a l i q u o t s  

o f  S o l u t i o n  I1 a l o n g  w i t h  s t a n d a r d  samples o f  1, cyanohydrin 2 
and aldehyde 2 on f i v e  Merck 5 x 20 c m  S i l i c a  G e l  60-F 254 p l a t e s  

and developing  t h e  p l a t e s  i n  t h e  fo l lowing  s o l v e n t  systems:  

(A)  CH2C12 (B) CHC13 ( C )  3:7 (v/v)  I -hexane;  a c e t o n e  ( D )  1:l 
(v/v)  p h e x a n e : a c e t o n e  ( E )  7:2:1 (v/v/v) 2-hexane:EtOAc:HOAc. 

The p l a t e s  w e r e  scanned on a Vanguard a u t o  scanner  connected t o  
a H e w l e t t  Packard 5830A i n t e g r a t o r  a f f o r d i n g  p r o d u c t  of  9 9 + %  

rad iochemica l  p u r i t y .  

The p l a t e s  w e r e  exposed t o  a Kodak X-Ray f i l m  NS-5T f o r  19 .5  

hours .  P l a t e s  A and B s h o w  minor i m p u r i t i e s  a t  Rf = 0.3  vers i is  
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1 a t  Rf = 0.46  and  0 . 5 0  f o r  P l a t e  A ( c i s / t r a n s  isomers) and  0.46 

f o r  P l a t e  B.  
- 

A second  p l a t e  c o n t a i n i n g  1 ~1 o f  S o l u t i o n  I and  2 p 1  of So lu -  

t i o n  I1 w a s  d e v e l o p e d  i n  CHC13 a n d  s c r a p e d  i n t o  5 mm s e c t i o n s .  

The s e c t i o n s  w e r e  d i l u t e d  w i t h  3 m l  of 50% aqueous  MeOH and  1 2  

m l  o f  N E N  Aquaso l ,  c o u n t e d  and  a h i s t o g r a m  o b t a i n e d  o n  t h e  da t a  

a f f o r d i n g  p r o d u c t  of 99 .8% r a d i o c h e m i c a l  p u r i t y .  
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