
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXZI, No. 5 

NOTE 

517 

PREPARATION O F  2-CHLORO-6-(2-FURANYLMETHOXY)-4- 
TRICHLOROMETHYLPYRIDINE-2, 6-14C 

L. H. McKendry 
R e s  idue/Environmental/Metabol i s m  R e s  a r c h  

A g r i c u l t u r a l  Products  Department 
Dow Chemical U.S.A. 
Midland, Michigan 

SUMMARY 

A 16.7 m C i  sample of 99+% rad iochemica l ly  pu re  2-chloro- 
6- (2-f uranylmethoxy ) -4 - t r  ichloromethylpyr  idine-2 , 6 - 1 4 C  with  
a s p e c i f i c  a c t i v i t y  of 13.2 mCi/mmole w a s  prepared from 
t r ime thy l  c i t ra te-1,5-14C in a 4 4 %  y i e l d  y& a th ree - s t ep  
process .  

Key Words: 2-Chloro-6- (2-furanylmethoxy)-4-trichloro- 
methylpyridine-2,  6-14C, c i t raz in ic  ac id -  

2 ,  6-14C, 2,6-dichloro-4-trichloromethyl- 
pyridine-2,  6-14C. 

INTRODUCTION 

2-Chloro-6- (2-furanylmethoxy) -4-trichloromethylpyridine 
2,6-14c (2) is a promising new DOW experimental  systemic 
f u n g i c i d e  and a carbon-14 l abe led  sample w a s  r equ i r ed  f o r  
p l a n t  and s o i l  metabolism s tud ie s .  

DISCUSSION 

The r ad io l abe led  2 w a s  prepared via t h e  process  dep ic t ed  
in Scheme I. 

The conversion of c i t r ic  a c i d  and i ts  esters to  c i t r a -  

z i n i c  acid as dep ic t ed  i n  S t e 5  1 has  been ex tens ive ly  inves t i -  
ga t ed  (1-4) and t h e r e f o r e  t h e  chemistry only  r equ i r ed  adap ta t ion  
f o r  t h e  r a d i o t r a c e r  syn thes i s .  The modified process  a f forded  
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Scheme I 

S t e p  1 
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S t e p  3 

55-60% y i e l d s  of  95% p u r e  c i t r a z i n i c  a c i d  i n  t h e  p i l o t  r u n s  

and a 63% y i e l d  i n  t h e  tracer s y n t h e s i s .  

W. J. S e l l  and F. W. Dootson(5)  had p r e v i o u s l y  a t tempted  
t h e  second s t e p  of t h e  sequence u s i n g  phosphorous p e n t a c h l o r i d e  

i n  phosphoryl  c h l o r i d e .  They observed  t h a t  o n l y  a small 
q u a n t i t y  of 2,6-d ichloro-4-  t r  ich loromethylpyr id  h e  w a s  produced. 
I n  t h e  p r e s e n t  s t u d y ,  t h e  r e a c t i o n  w a s  conducted i n  phenyl- 
phosphonic d i c h l o r i d e  which a f f o r d s  h i g h  y i e l d s  of d e s i r e d  
product .  U t i l i z a t i o n  of  99+% p u r e  c i t r a z i n i c  a c i d  (Eastman 
Chemicals) a f f o r d e d  80-95% y i e l d s  of 2 whereas t h e  t e c h n i c a l  
g r a d e  a c i d  produced i n  S t e p  1 affords 76% and 88% y i e l d s  of 
- 1 r e s p e c t i v e l y  i n  t h e  p i l o t  and tracer s y n t h e s e s .  
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S t e p  2 must b e  conducted as descr ibed  i n  t h e  experimental  
s ec t ion .  The i n i t i a l  r e a c t i o n  of c i t r a z i n i c  a c i d  i n  r e f l u x i n g  
phenylphosphonic d i c h l o r i d e  i n  t h e  absence of phosphorous 
pen tach lo r ide  presumably a f f o r d s  t h e  in t e rmed ia t e  2 ,6-dichloro-  
i s o n i c o t i n i c  a c i d  ch lo r ide .  I f  the phosphorous pen tach lo r ide  
is  added p r i o r  t o  t h i s  conversion,  r i n g  c h l o r i n a t i o n  occurs  
r e s u l t i n g  i n  low product  y i e l d s .  The subsequent  conversion 
of t h e  a c i d  t o  t h e  t r i ch lo romethy lpyr id ine  us ing  phosphorous 
pen tach lo r ide  i n  phenylphosphonic d i c h l o r i d e  has  g e n e r a l  
a p p l i c a b i l i t y  towards a romat ic  carboxyl  ic a c i d s  and is the 
s u b j e c t  of  a r e c e n t  p a t e n t ( 6 ) .  

Syn thes i s  of 2-chloro-6- (2-furanylmethoxy) -4- t r ich loro-  
methylpyridine-2,  6-14C (Step  3)  w a s  conducted i n  excess 
f u r f u r y l  a l c o h o l  t o  a f f o r d  a 92% y i e l d  of 2 i n  t h e  p i lo t  run 
and a 79% y i e l d  of 99+% rad iochemica l ly  pure 2. i n  t h e  t r a c e r  
syn thes i s .  Thus, t h e  t r a c e r  s y n t h e s i s  a f fo rded  a 4 4 %  o v e r a l l  
y i e l d  of  r ad io l abe led  2 f r o m  t r ime thy l  citrate-1, 5-l4C. 

EXPERIMENTAL 

All GLC ana lyses  were conducted on a H e w l e t t  Packard 
5830A instrument  us ing  a 2 '  x 4 mm g l a s s  column con ta in ing  
1 0 %  SE 30 on 80/100 Chromasorb WHP. The fo l lowing  cond i t ions  

w e r e  used un le s s  o the rwise  s t a t e d :  In]. Temp: 175'C, FID 
Temp: 3OO0C, Temperature Program: 100°  t o  250'C a t  10°/min, 
Time a t  100': 2.0 min, T i m e  a t  250OC: 5.0 m i n ,  N2 flow: 60 
m l / m i n ;  R t  2 = 1 4 . 0  m i n .  The percentages r e p r e s e n t  t h e  GLC 

a r e a  % of t h e  v o l a t i l e  components. N o  i n t e r n a l  s t anda rds  
w e r e  used. The r e t e n t i o n  times were compared wi th  t h o s e  of 
a u t h e n t i c  samples . 

C i t r a z i n i c  Acid-2, 6-14C. A 434.8 mg (2.080 mole) 
sample of t r i m e t h y l  citrate-1, 5-14C (Pa th f inde r  Labora to r i e s ,  
Lot #81004, 49.83 m C i  a t  24.12 mCi/mmole)  was d i l u t e d  wi th  
353.0 mg of unlabeled t r i m e t h y l  c i t r a t e  a f f o r d i n g  ester wi th  
a s p e c i f i c  a c t i v i t y  of 13.9 mCi/mmole. The s o l i d  w a s  t r ans -  
f e r r e d  t o  a 30-ml g l a s s  ampul wi th  1 5  m l  o f  MeOH.  The ampul 
was cooled t o  -78OC under N 2  and 5 m l  of anhydrous NH3 added. 
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The ampul w a s  sealed, p laced  i n  a S.S. reactor and t h e  reactor 
p r e s s u r i z e d  t o  1250 p s i  w i t h  N 2 .  

r o c k e r - h e a t e r  a t  135-145OC f o r  7 .0  h r  and a l lowed to  cool 
overn igh  t. 

The reactor w a s  h e a t e d  i n  a 

The ampul w a s  removed, cooled  t o  -78OC, opened, and t h e  
c o n t e n t s  a l lowed to  w a r m  o v e r  a 0 . 5  h r  p e r i o d  which removed 
t h e  excess  NH3. The ampul w a s  cooled t o  -78OC and t h e  MeOH 
removed from t h e  p r e c i p i t a t e  v i a  a f i l t e r  s t i c k .  The p r e c i p i -  
t a te  was treated w i t h  5 m l  of M e O H ,  a l lowed to  w a r m  t o  ca 2 4 O C ,  

and t h e  mother l i q u o r  removed i n  t h e  above manner. The washing 
w a s  r e p e a t e d  w i t h  2 x 2 m l  of MeOH. T h r e e  ml of h o t  H 2 0  w a s  
added t o  t h e  ampul and t h e  m i x t u r e  p laced  i n  a 95OC o i l  b a t h  
which caused  comple te  d i s s o l u t i o n .  The s o l u t i o n  w a s  t r a n s -  

f e r r e d  t o  a tared 100-ml round-bottomed f l a s k  and t h e  ampul 
r i n s e d  w i t h  s i x  1 - m l  p o r t i o n s  of  h o t  H 2 0 .  

The s o l v e n t  w a s  removed from t h e  aqueous s o l u t i o n  a t  
5OoC and 30 mm and t h e  r e s i d u e  t r e a t e d  w i t h  3 m l  o f  70% H2S04. 
The m i x t u r e  w a s  h e a t e d  a t  12OOC f o r  1 . 0  h r ,  c o o l e d ,  and 5 m l  

o f  H 2 0  s lowly  added. The m i x t u r e  w a s  a g a i n  h e a t e d  a t  1 2 O O C  

f o r  0.75 h r ,  allowed t o  cool t o  2 4 O C ,  and f i n a l l y  c o o l e d  t o  
5OC. The mother l i q u o r  w a s  removed from t h e  p r e c i p i t a t e  and 
t h e  p r e c i p i t a t e  washed w i t h  3 x 2 ml of  H 2 0  and 3 x 2 m l  of 
a c e t o n e .  It w a s  d r i e d  i n i t i a l l y  a t  2 4 O C  and 30 mm and f i n a l l y  

a t  0.5 mm to  a f f o r d  346.8 mg (2.236 mmole, 62.6% y i e l d )  o f  
c i t r a z i n i c  acid-2,  6-14C as  a r e d d i s h  brown s o l i d .  

2,6-Dichloro-4-trichloromethylpyridine-2, 6- l4C .  F i v e  
m l  of PhPOC12 w a s  added t o  t h e  f l a s k  c o n t a i n i n g  t h e  c i t r a z i n i c  
acid-2,  6-I4C. 
s t i r r i n g  f o r  22.5 h r .  The r e s u l t a n t  b l a c k  s o l u t i o n  w a s  cooled  
and 4 .6  g of PC15 added. 
S t a r k  t r a p  and a g a i n  h e a t e d  a t  195OC f o r  22.5 h r .  
produced in t h e  r e a c t i o n  w a s  collected in t h e  t r a p .  

The mixture was h e a t e d  a t  195OC under  N2 w i t h  

The f l a s k  was equipped w i t h  a Dean 
The P0Cl3 

The m i x t u r e  w a s  c o o l e d  i n  an  ice b a t h ,  t r e a t e d  s lowly  
w i t h  ice u n t i l  t h e  e x c e s s  PC15 and PhP0Cl2 had r e a c t e d ,  and 
d i l u t e d  w i t h  25 ml of n-pentane and 20  m l  of H 2 0 .  

w e r e  mixed w e l l  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  o f  
The phases  
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n-pentane over a 6 h r  per iod .  The e x t r a c t i o n  f l a s k  w a s  r e p l a c e d  
w i t h  a second f l a s k  c o n t a i n i n g  25 m l  o f  g-pentane and t h e  
e x t r a c t i o n  cont inued  for  17  h r .  The s o l v e n t  w a s  removed from 
each extract  i n  vacuo and the r e s i d u e s  chromatographed through 
200 g of Brinkman S i l i c a  G e l  G 6 0  w i t h  3:7 (v/v) CHCl3:r-hexane. 
P r o d u c t  w a s  f i r s t  observed  (GLC, i s o t h e r m a l  a t  17OoC, R t  I = 
2.53 m i n )  after 625 ml of s o l v e n t  had e l u t e d  and w a s  isolated 
i n  450 m l  of s o l u t i o n .  

S o l v e n t  removal a f f o r d e d  521.6 mg (1.965 mmole, 87.9% 
y i e l d )  of as  a w h i t e  c r y s t a l l i n e  s o l i d  which was 99.6 GLC 

area % p u r e  ( R a t e  = 2Oo/min, R t  1 = 6.24 min) . 
2-Chloro- 6- (2- f urany lmethoxy 1 - 4- tr ich loromethylpyr  i d i n e -  

2,6-14C. 
mg (1.604 mmole) of  2,6-dichloro-4-trichloromethylpyridine- 
2, 6-14C (22.3 m C i  a t  13.9 m C i / m m o l e )  w a s  added 197.6 mg 

(4.94 mmole) of  p u l v e r i z e d  NaOH and 1.3 m l  (15.0 mmole) o f  

f u r f u r y l  a l c o h o l .  The m i x t u r e  w a s  s t i r r e d  a t  ca 24OC f o r  
18.5 h r .  The b l a c k  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  o f  20% 
NaOH and e x t r a c t e d  w i t h  1 0  x 2 m l  o f  n-hexane. 

w a s  t r a n s f e r r e d  t o  a column c o n t a i n i n g  1 0 0  g of Brinkman 

S i l i c a  G e l  G60. The p r o d u c t  w a s  chromatographed u s i n g  3:7 
(v/v) CHCl3:Z-hexane and w a s  f i r s t  observed  (GLC, I s o t h e r m a l  
a t  22OoC,  R t  2. = 2 . 6  min) a f t e r  225 m l  of s o l v e n t  had e l u t e d .  

I t  w a s  i s o l a t e d  i n  250 m l  o f  s o l u t i o n .  The s o l v e n t  w a s  
removed i n  vacuo to  a f f o r d  414.9 mg (1.269 mmole, 79.1% 
y i e l d )  of 2 as a colorless o i l .  

To a 3-dram v i a l  c o n t a i n i n g  a s t i r r i n g  bar and 425.8 

Each e x t r a c t  

The o i l  was d i s s o l v e d  i n  1 m l  o f  C6H6 and t r a n s f e r r e d  t o  
a 10-ml Volumetric f l a s k .  The round-bottomed f l a s k  was r i n s e d  
w i t h  s e v e r a l  p o r t i o n s  of  C6H6 and t h e  Volumetr ic  f l a s k  d i l u t e d  

t o  volume ( S o l u t i o n  A ) .  A 0. 5 ml a l i q u o t  of  S o l u t i o n  A w a s  
d i l u t e d  t o  50 m l  ( S o l u t i o n  B). A 1 . 0  m l  a l i q u o t  of  S o l u t i o n  B 

w a s  d i l u t e d  to  100  m l  ( S o l u t i o n  C ) .  

The s o l u t i o n s  w e r e  ana lyzed  as d e s c r i b e d  below t o  a f f o r d  
16.7 m C i  of 99+% r a d i o c h e m i c a l l y  p u r e  2 w i t h  a s p e c i f i c  a c t i v i t y  
of  13.2 m C i / m m o l e .  
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RADIOMETRIC DETERMINATION 

L. H. McKendry 

The r a d i o a c t i v i t y  w a s  de te rmined  i n  a Packard Tri-Carb 

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

Aquasol u n i v e r s a l  l i q u i d  s c i n t i l l a t i o n  c o c k t a i l .  T r i p l i c a t e  

a s s a y s  of S o l u t i o n  C w e r e  t aken .  

The rad iochemica l  p u r i t y  w a s  de te rmined  by s p o t t i n g  s i x  

- 5 x 20 c m  - Merck s i l i ca  g e l  601-254 p l a t e s  w i t h  6 p 1  

a l i q u o t s  of S o l u t i o n  B a l o n g  w i t h  s t a n d a r d  samples  of 1 and 

- 2. The p l a t e s  were developed i n  t h e  s o l v e n t  sys tems l i s t e d  

below: 

Rf Values  of  
1 2 P l a t e  S o l v e n t  System R a t i o  (v/v) - - 

C H :n-hexane 25:25 0.35 0 . 4 6  1 

2 C HC 1 : fi- h exan e 15:  3 5 0.23 0.33 

3 CHZC12  :c-hexane 15 :  35 0.23 0.36 

4 Acetone: E-hexane 5:45 0 .  51 0 . 4 7  

5 E tOAc  : y h e x a n e  5:45 0. 51 0.47 

6 CH30H: ;-h exane 5:45 0 . 6 1  0 . 6 1  

6 6 -  

The p l a t e s  w e r e  s u b s e q u e n t l y  scanned u s i n g  a Vanguard 

r a d i o s c a n n e r  connec ted  t o  a H e w l e t t  Packard 5830A i n t e g r a t o r .  

Except  for a r t i f a c t s  a t  t h e  o r i g i n ,  no detectable i m p u r i t i e s  

were observed.  

P l a t e s  2 and 4 were s c r a p e d  in 5 mm s e c t i o n s  and t h e  

s e c t i o n s  counted.  Histogram a n a l y s e s  of t h e  d a t a  a f f o r d e d  

p r o d u c t  of  99+% r a d i o c h e m i c a l  p u r i t y .  
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