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ABSTRAC T 

The p r e p a r a t i o n  of 1 4 C - l a b e l l e d  b i p h e n y l ,  2 , 5 - d i c h l o r o b i p h e n y l ,  2 , 4 ' , 5 - t r i c h l o r o b i p h e n y l ,  

2 , 2 ' , 4 ,  S ' - t e t r e c h l o r o b i p h e n y l ,  2 ' , 3 , 4 , 4 ' , S - p e n t a c h l o r o b l p h e n y [ ,  2 , 2 ' , 3 , 4 , 4 ' - p e n t a c h l o r o -  

b i p h e n y l ,  2 , 3 , 3 ' , 4 ' , 6 - p e n t o c h l o r o b i p h e n y l  and  2, 2 ' ,  3, 3 ' ,  6 - p e n t o c h l o r o b i p h e n y l  is d e s c r i b e d  

[ 1 4 C ] A n i l i n e  hyd rogen  s u l f a t e  u s e d  as  e s t a r t i ng  m a t e r i a l  w a s  a c e t y l a t e d ,  c h l o r i n a t e d  and d e -  

c c e t y l a t e d  f o l l o w e d  by coup l ing  to b e n z e n e  or on a p p r o p r i c t e  c h l o r o b e n z e n e  to g i v e  the b i p h e n y l s  

l a b e l l e d  in the  p h e n y l  n u c l e i  hav ing  c h l o r i n e  a t o m s  at  the  4 - ,  2 , 4 -  or 2 , 3 ,  6 - p o s i t i o n s ,  r e s p e c -  

t i v e l y .  The s t r u c t u r e s  of t he  l a b e l l e d  c o m p o u n d s  were  e s t a b l i s h e d  by c o m p a r i s o n  wit!l n u t h e n t i c  

s a m p l e s  among w h i c h  2 ' ,  3 , 4 , 4 ' ,  S- and  2, 2 ' ,  3 , 4 , 4 ' - p e n t a c h l o r o b i p h e n y l  were  not e a r l i e r  d e -  

s c r i b e d .  

A s i m p l e  m e t h o d  for the  p r e p a r a t i o n  of 2, 3, 6 - t r i c h l o r o a c e t a n i l i d e ,  u n l c b e l l e d  and  l a b e l l e d ,  was  

w o r k e d  ou t .  2 , 6 - D i c h l o r o a c e t a n i l i d e  in c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  g a v e  the  me te  s u b s t i t u t e d  

p roduc t  w h e n  t r e a t e d  wi th  c h l o r i n e .  

An i m p r o v e d  th in  l aye r  c h r o m a t o g r a p h i c  t e c h n i q u e  u t i l i z i n g  p l a t e s  i m p r e g n a t e d  wi th  c e r t a i n  t e t r o -  

c l ky l am m on ium  s a l t s  w a s  u s e d  for s e p a r a t i o n  of some of the  l a b e l l e d  c o m p o u n d s  p r e p c r e d .  

INTRODUCTION 

The p r e p a r a t i o n  of pure  i s o m e r s  of p o l y c h l o r i n a t e d  b i p h e n y l s  (PCB) has  b e e n  n e c e s s a r y  for a n a -  

l y s e s  of c o m p o n e n t s  bo th  in t e c h n i c a l  PCB m i x t u r e s  a n d  in b i o l o g i c e l  m a t e r i a l  1 ,2  a s  we l l  as  for 

s t u d i e s  of the  m e t a b o l i s m  of t h e s e  c o m p o u n d s  3.  It h a s  a l s o  b e e n  impor tan t  to hove  r a d i o a c t i v e  
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l abe l l ed  chlor ina ted  b iphenyls  ava i l ab l e  for t o x i c o l o g i c a l  i n v e s t i g a t i o n s  and in this laboratory 

some 1 4 C - l a b e l l e d  b iphenyls  have been s y n t h e s i z e d  using [14C]an i l i ne  hydrogen su l fa te  as 

s tar t ing mater ia l .  The chlorine atoms were int roduced by chlor inat ion  of [ 1 4 C ] a c e t a n i l i d e  to g ive  

chlor ine  at the 2 , 4 -  and 2, 4, 6 -pos i t i ons  4-6. Nitrat ion of [14C] 2 ,4 ,  6 - t r i ch lo roace t an i l i de  and 

coupl ing of the corresponding an i l ine  according to Shu H u a n g -  Cadogan 7,8 to 1 , 2 , 3 , 4 - t e t r a c h l o -  

robenzene ,  fol lowed by d i sp lacement  of the nitro group by chlor ine gave  2, 3 , 4 , 6 - s u b s t i t u t i o n  in 

the l abe l l ed  phenyl ring 9. A hexachlorobiphenyl  containing chlorine atoms at the 2, 4 , 5 - p o s i t i o n s  

in both phenyl nucle i  was f ina l ly  prepared by ni t rat ion of [14C] 2, 2', 4,5'- tetrachlorobiphenyl 

prepared from [14C] 2, 4 -d i ch lo roan i l ine  and 1 , 4 - d i c h l o r o b e n z e n e  5. Disp lacement  of the two nitro 

groups by chlor ine  gave the des i red  subs t i tu t ion  pattern of the biphenyl  5 

Autoradiography of mice t rea ted  with these  b iphenyls  and with [14C] 2, 2', 4 ,5,  5 ' - p e n t a c h l o r o b i -  

phenyl ,  purchased from Mall inckrodt  C o . ,  St.  Louis,  U . S . A . ,  indica ted  a highly spec i f i c  accumu- 

la t ion of some of the b iphenyls  to the bronchial  mucosa  of the lungs 10-12. In order to obtain  more 

de t a i l ed  knowledge about the nature of the bronchia l  accumula t ion  some addi t iona l  1 4 C - l a b e l l e d  

b iphenyls  were prepared and the preparat ion of these  is p resen ted  in this  paper (Scheme 1). From 

the resu l t s  of autoradiographic  i nves t i ga t i ons  involving these  b iphenyls  a hypo thes i s  about ce r -  

ta in  s t ructural  requirements  for the bronchial  accumula t ion  could be put forward 13' 14. In order to 

t e s t  the va l id i ty  of the hypothes i s  a few addi t iona l  l abe l l ed  b iphenyls  were syn thes i zed ,  the pre-  

parat ion of which is a l so  desc r ibed  in the present  paper (Scheme 1). 
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RESULTS AND DISCUSSION 

An e s s e n t i a l  r e q u i r e m e n t  for  t h e  p r e p a r a t i o n  of  t he  c h l o r o b i p h e n y l s  (III-VIII)  w a s  the  p o s s i b i l i t y  

to  c h l o r i n a t e  [ 1 4 C ] a c e t a n i l i d e  a t  s p e c i f i c  p o s i t i o n s  a n d  in  t h i s  work we h a v e  u s e d  t h r e e  s u b -  

s e q u e n t  c h l o r i n a t i o n  s t e p s .  N - C h l o r o s u c c i n i m i d e  w a s  u s e d  in the  f i r s t  s t e p  to o b t a i n  a h igh  

y i e l d  of  [14C]  4 - c h l o r o a c e t a n i l i d e  15, 16,  w h i c h  w a s  i s o l a t e d  by  p r e p a r a t i v e  t h i n  laver, c h r o m a t o -  

g r a p h y  (TLC).  The [ 1 4 C ]  2 - c h l o r o -  a n d  2 , 4 - d i c h l o r o a c e t a n i l i d e s  a l s o  fo rmed  in t h i s  r e a c t i o n  

w e r e  u s e d  a s  a m i x t u r e  in  t h e  f o l l o w i n g  s t e p  w i t h o u t  f u r t h e r  s e p a r a t i o n .  In t he  s e c o n d  s t e p  c h l o -  

r i n a t i o n  w a s  p e r f o r m e d  by t h e  u s e  of s o d i u m  c h l o r a t e  4 w h i c h  u n d e r  the  c o n d i t i o n s  u s e d  g a v e  

[ 1 4 C ]  2 , 4 - d i c h l o r o a c e t a n i l i d e  a s  t he  m a j o r  p r o d u c t  a n d  some  1 0% of  the  t o t a l  y i e l d  a s  [ 1 4 C ]  

2, 6 - d i c h l o r o a  c e t a n i l i d e .  

The  m o s t  c o m m o n  c o m p o n e n t s  of p o l y c h l o r i n a t e d  b i p h e n y l s  in  c o m m e r c i a l l y  p r o d u c e d  PCB, wi th  

c h l o r i n e  c o n t e n t  b e t w e e n  50 a n d  60%, c o n t a i n  c h l o r i n e  a t o m s  in t he  2 , 3 , 4 - ,  2 , 4 , 5 -  or 2, 3 , 6 -  

p o s i t i o n s  in  a t  l e a s t  o n e  of  t h e  p h e n y l  r i n g s  2.  The s y n t h e s i s  of b i p h e n y l s  c o n t a i n i n g  2 , 3 ,  6-  

s u b s t i t u t i o n  w a s  c o n s i d e r e d  to be  e s p e c i a l l y  i m p o r t a n t  for  b i o l o g i c a l  i n v e s t i g a t i o n s  b e c a u s e  of 

t h e  m e t a b o l i c  s u s c e p t i b i l i t y  of  c h l o r i n a t e d  b i p h e n y l s  c o n t a i n i n g  two v i c i n a l  h y d r o g e n s  a t  the  4 

a n d  5 p o s i t i o n s  2, 17,18. A m e t h o d  e a r l i e r  d e s c r i b e d  by  At ta r  e t  a l .  16 for m e t e  d i r e c t e d  c h l o r i n a -  

t i o n  of  [ 1 4 C ] 4 - c h l o r o a n i l i n e  w a s  c o n s i d e r e d  u n s u i t a b l e  for e m i c r o s c a l e  p r e p a r a t i o n  of  the  [ 1 4 C ]  

2, 3, 6 - t r i c h l o r o a n i l i n e  r e q u i r e d  a n d  o t h e r  r o u t e s  we re  t r i e d .  Thus  a h i g h  y i e l d  of 2 , 3 , 6 - t r i c h l o r o -  

a c e t a n i l i d e  19, 20 w a s  o b t a i n e d  w h e n  c h l o r i n e  w a s  p a s s e d  t h r o u g h  a s o l u t i o n  of  2, 6 - d i c h l o r o -  

a c e t a n i l i d e  in  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  A c i d i c  h y d r o l y s i s  of  t he  p r o d u c t  g a v e  a q u a n t i t a -  

t i v e  y i e l d  of  2 , 3 , 6 - t r i c h l o r o a n i l i n e 2 0 ' 2 1 ,  so  far  no t  c o m m e r c i a l l y  a v a i l a b l e .  Th i s  m e t h o d  was  

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

The p r e p a r a t i o n  of  2 , 3 , 6 - t r i c h l o r o a c e t a n i l i d e  is  o n l y  s u c c e s s f u l  if c a r r i e d  out  in a s u f f i c i e n t l y  

a c i d i c  m e d i u m ,  i n d i c a t i n g  t h a t  2 , 6 - d i c h l o r o a c e t a n i l i d e  i s  b a s i c  e n o u g h  to be  p r a c t i c a l l y  c o m p -  

l e t e l y  p r o t o n a t e d  at  l e a s t  u n d e r  t h e  c o n d i t i o n s  u s e d .  Th i s  m o s t  p r o b a b l y  r e f l e c t s  the  i n h i b i t i o n  

of r e s o n a n c e  c a u s e d  by  the  two  o r t h o - s u b s t i t u e n t s  22. The low r a t e  of a c i d i c  h y d r o l y s i s  of t he  

2 , 6 - d i c h l o r o -  a n d  2 , 3 , 6 - t r i c h l o r o a c e t a n i l i d e s ,  a n e c e s s a r y  p r e r e q u i s i t e  for t he  h i g h  y i e l d  o b -  

s e r v e d  in t he  r e a c t i o n  s t u d i e d ,  s h o u l d  a l s o  r e f l e c t  s t e r i c  h i n d r a n c e  due  to t he  o r t h o - s u b s t i t u e n t s .  

In o r d e r  to m a k e  p o s s i b l e  t h e  i s o l a t i o n  of  t he  a n i l i d e s  in a pure  s t a t e  a new  m e t h o d ,  i n v o l v i n g  
23 i m p r e g n a t i o n  w i th  ion  p a i r s  of s i l i c a  g e l  t h i n  l a y e r  p l a t e s  w a s  w o r k e d  ou t  . I m p r e g n a t i o n  w a s  

done by dipping the plates into ethanol solutions of certain tetrabutylammonium salts of suitable 

concentrations. The silica gel was then regenerated at 100°C over night before the plates were 

used. Successful separation of labelled 2-chloro- and 2,4-dichloroacetanilides as well as of 

2,6-dichloro- and 2, 3, 6-trichloroacetanilides was achieved when this method was used 23 Also 

the separation of the biphenyls VII and VIII was improved when silica gel plates impregnated 

with tetrabutylammonium hydrogen phosphate were used. 

The labelled acetanilides shown in Scheme I were hydrolyzed, the aniline salts formed were 

dried and then coupled to benzene or an appropriate chlorobenzene according to Shu Huang - 

Cadogan7'8 with some modifications. The compounds prepared were [14C]biphenyl (1) 24-28, 



762 : h .  ~] 

[ 1 4 C ] 2 , 5 - d i c h [ o r o b i p h e n y l  (]I) 2 9 ' 3 0 ,  [ 1 4 C ] 2 , 4 , , S _ t r i c h l o r o b i p h e n y l  (III) 31, [ 1 4 C ] 2 , 2 , , 4 , 5 , _  

t e t r a c h l o r o b i p h e n y l  (IV) 5, [ 1 4 C ]  2, 3, 3 ' ,  4 ' ,  6 - p e n t a c h l o r o b i p h e n y l  (VII) 32 a n d  [ 1 4 C ] 2 , 2 ' , 3 , 3 ' , 6 -  

p e n t a c h l o r o b i p h e n y l  (VIII) 32. R e f e r e n c e s  2 9 - 3 2  r e f e r  to t h e  u n l a b e l l e d  c o m p o u n d s  u s e d  for com-  

p a r i s o n  wi th  the  l a b e l l e d  b i p h e n y l s  p r e p a r e d .  U n l a b e l l e d  2', 3 , 4 , 4 '  5 -  a n d  2, 2 '  3 , 4 , 4 ' - p e n t a -  

c ! d o r o b i p h e n y l s  not p r e v i o u s l y  d e s c r i b e d  were  p r e p a r e d  a s  w e l l  a s  t h e i r  1 4 C - l a b e l l e d  a n a l o g o u s  

('~ and  VI r e s p e c t i v e l y ) .  

The rc . 'd iochent icc l  y i e l d  of c h l o r o b i p h e n y l s  in the  c o u p l i n g  r e a c t i o n s  r a n g e d  from i~igh ( ' ~ , 4 0 % )  

o: IV, V a n d  VI p r e p a r e d  from [ 1 4 C ] 2 , 4 - d i c h l o r o a n i l i n e  hydroc i~ lo r ide ,  to more  m o d e r a t e  y i e l d s  

( ' ~ , 2 0 % )  of I, II, III, VII a n d  VIII p r e p a r e d  from the  h y d r o c h l o r i d e s  of 1 4 C - l a b e l l e d  a n i l i n e ,  

4 - c h l o r o a n i l i n e  ~)r 2 , 3 , 6 - t r i c h l o r o a n i l i n a .  The s y n t h e s i s  of b i p h e n y l  IV h a s  e a r l i e r  b e e n  d e s -  
5 c r i b e d  by Sundstr~sm but  w i th  a s l i g h t  m o d i f i c a t i o n  m a d e  by  us  a m a r k e d  i n c r e a s e  of ti~e i s o t o p e  

y : e l d  w a s  o b t a i n e d .  

A n u m b e r  of p i lo t  t e s t s  p r e c e e d e d  a l l  t he  p r e p a r a t i o n s  of the  l a b e l l e d  c o m p o u n d s  he re  d e s c r i b e d  

in o rde r  to a p p r o a c h  the  o p t i m a l  c o n d i t i o n s  for e a c h  r e a c t i o n .  Th i s  r e s u l t e d  in e s s e n t i a l  m o d i f i -  

c a t i o n s  oI the  e x p e r i m e n t a l  c o n d i t i o n s  for mos t  p r e p a r a t i o n s  w h i c h  m a k e s  o t h o r o u g h  d e s c r i p t i o n  

o :  e a c h  e x p e r i m e n t  n e c e s s a r y .  

in  c o n n e c t i o n  w i th  t h e s e  s t u d i e s  s e v e r a l  p r o b l e m s  were  e n c o u n t e r e d .  It p r o v e d  d i f f i c u l t  to 

d i s s o l v e  a n i l i n e -  a n d  4 - c h l o r o a n i l i n e  h y d r o c h l o r i d e s  in  b e n z e n e  a n d / o r  1 , 4 - d i c h l o r o b e n z e n e  

e :  t,~'e c o n d i t i o n s  i n i t i a l l y  u s e d  r e s u l t i n g  in ve ry  low y i e l d  of t he  c o r r e s p o n d i n g  b i p h e n y l s .  T h e s e  

d i f f i c u l t i e s  we re  at  l e a s t  p a r t l y  o v e r c o m e  by s u i t a b l e  e x p e r i m e n t a l  t e c h n i q u e s .  No s u c h  p r o b -  

l ems  were  o b s e r v e d  wi th  the  l e s s  po l a r  2 , 4 - d i c h l o r o -  a n d  2 , 3 ,  6 - t r i c h l o r o c n i l i n e  h y d r o c h l o r i d e s .  

The l a t t e r  s a l t ,  on  the  o t h e r  h a n d ,  w as  ve ry  s e n s i t i v e  to the  c o n d i t i o n s  dur ing  t ' e  e v a p o r a t i o n  

p r o c e d u r e  f o l l o w i n g  the  h y d r o l y s i s  in c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  To p r e v e n t  e v a p o r a t i o n  of 

2, 3, 6 - t r i c h l o r o a n i l i n e  one  mole  of s u l f u r i c  a c i d  was  a d d e d  w h e n  the  h y d r o l y s i s  was  c o m p l e t e d .  
33 T h e s e  o b s e r v a t i o n s  migh t  be  e x p l a i n e d  by d i f f e r e n c e s  in  b a s i c i t y  of the  a n i l i n e s  in q u e s t i o n  

~fhe P K a - v a l u e  of 2, 3 , 6 - t r i c h l o r o a n i l i n e  i s  e x p e c t e d  to fa l l  b e t w e e n  t h o s e  of 2 , 6 - d i c h l o r o -  a n d  

2 , 4 , 6 - t r i c h l o r o a n i l i n e ,  0 . 4 2  a n d  - - 0 . 0 3 ,  r e s p e c t i v e l y ,  w h i c h  s h o u l d  be  c o m p a r e d  to t h a t  of 

a n i l i n e  (4 .60 )  a n d  of 4 - c h l o r o a n i l i n e  ( 3 . 9 8 ) .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  were  d e t e r m i n e d  w i th  a Kofler m~cro hot  s t a g e .  U V - s p e c t r a  we re  m e a s u r e d  on  a 

B e c k m a n  M o d e l  24 s p e c t r o p h o t o m e t e r .  Pro ton  NMR s p e c t r a  (100 MHz) were  o b t a i n e d  on  a Joel  

FX 100 i n s t r u m e n t  u s i n g  t e t r a m e t h y l s i I a n e  a s  i n t e r n a l  s t a n d a r d .  G a s  l i q u i d  c h r o m a t o g r a p h y  (GLC) 

w a s  p e r f o r m e d  on a HP 7620A g a s  c h r o m a t o g r a p h  f i t t e d  wi th  a 63Ni d e t e c t o r .  The q l a s s  c o l u m n  

( 1 . 8  m x 1 / 4 "  ) c o n t a i n e d  3% SE-30  on  C h r o m o s o r b  W (AW, DMCS,  1 0 0 - 1 2 0  m e s h ) .  G a s  c h r o m a -  

t o g r a p h y - m a s s  s p e c t r o m e t r y  ( O C - MS)  w a s  p e r f o r m e d  on  a HP S700A g a s  c h r o m a t o g r a p h  a n d  c 

IIP $930A m a s s  s p e c t r o m e t e r .  Th in  l a y e r  c h r o m a t o g r a p h y  (TLC) w a s  p e r f o r m e d  on p r e c o a t e d  s i l i c a  

g e l  p l a t e s  ( D C - F e r i g p l a t t e n ,  K i s e l g e l  60 F - 2 8 4 ,  Merck)  u n l e s s  o t h e r w i s e  s t a t e d .  All r a d i o a c t i v i -  

t i e s  we re  m e a s u r e d  in S ml s c i n t i l l a t i o n  f lu id  (5 g PPO + SO mg POPOP/ I  t o l u e n e )  by a n  I n t e r -  

t e c h n i q u e  SL-30  l i qu id  s c i n t i l l a t i o n  s p e c t r o m e t e r .  [ 1 4 C ] / \ n i l i n e  h y d r o g e n  s u l f a t e  (66 C i / m o l ,  
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98% rad iochemica l  purity) was obtained from the Radiochemical  Cent re ,  Amersham, Great  Britain. 

The ident i ty  of the l abe l l ed  compounds prepared was confirmed by comparison (GLC, TLC) with 

au then t ic  un labe l led  compounds.  The purity of the compounds prepared was e s t a b l i s h e d  by GLC. 

All reac t ion  tempera tures  ment ioned below are bath tempera ture .  

[ 1 4 C ] A c e t a n i l i d e .  [14C]Anil ine hydrogen sul fa te  (5 mCi, 66 Ci /mol )  was st i rred with sodium 

hydrogen carbonate  (6.4 rag) and water  (25 ~1) in dichloromethone (10 ml) for half an hour, 

fol lowed by the addi t ion of a c e t i c  anhydride (140 ~1, 1 .46 retool) with the stirring cont inued 

over  night at room tempera ture .  This procedure was repea ted  twice  to obtain  a quant i ta t ive  

y ie ld  of [ 1 4 C ] a c e t o n i l i d e .  The [14C]oce t an i l i de  ob ta ined  was di lu ted to a spec i f i c  ac t iv i ty  of 

25 C i / m o l  by the addi t ion of ace t an i l i de  (16.8 rag). 

[ 1 4 C ] 4 - C h l o r o a c e t a n i l i d e .  To the dry [ 1 4 C ] a c e t a n i l i d e  (5.1 mCi, 25 Ci /mol )  was added a 0.1 

M solut ion of N-ch lo rosucc in imide  in ace t i c  acid  (3.8 ml) at 75°C.  The temperature was ra i sed  

to 100°C during 1 h and kept at this temperature for 2.5 h. After cool ing aqueous  solu t ions  of 

sodium b isu l f i t e  (2.5 M, 2 ml) and sodium hydroxide (5 M, 5 ml) were added fol lowed by chloro-  

form ex t rac t ion .  The solut ion was evapora ted  to a volume of 1 ml and was sub jec t ed  to prepara-  

t ive  TLC with chloroform as e luent ,  to separa te  [ 1 4 C ] 4 - c h l o r o o c e t a n i t i d e  (Rf= 0 .09,  2.74 mCi) 

from o mixture of [ 1 4 C ] 2 - c h l o r o -  and 2 , 4 - d i c h l o r o a c e t a n i l i d e s  (Rf = 0 . 3 1 ,  2.49 mCi).  The two 

an i l i des  e lut ing toge ther  were used without further pur i f ica t ion in the following chlor ina t ion  s tep 

The re l a t ive  amounts of [ 1 4 C ] 2 - c h l o r o -  and 2 , 4 - d i c h l o r o a c e t a n i t i d e  was e s t ima ted  af ter  TLC 

separa t ion  on p la tes  impregnated with a 0.4 M solut ion of tetrabutylammonium chloride in 50% 

ethanol  and e lu ted  with e ther .  From ac t iv i ty  measurements  of the ex t rac t s  from spots  with Rf- 

va lues  of 0.22 and 0.12 the r e l a t ive  amounts of [14C] 2 -ch lo ro -  and 2, 4 - d i c h l o r o a c e t a n i l i d e  

r e s p e c t i v e l y  was found to be 4:1 .  

[14C] 2, 4 - n i c h l o r o o c e t a n i l i d e  and [ 1 4 c j  ~, 6 - d i c h m r o a c e t a n i l i d e .  [14C] 2 -Ch lo rooce t an i l i de  

containing [ 1 4 C ] 2 , 4 - d i c h l o r o a c e t o n i l i d e  (2.49 mCi, 25 Ci /mol )  from above was d i s s o l v e d  in a 

mixture of ace t i c  ac id  (1.0 ml) and concent ra ted  hydrochlor ic  ac id  (1.8 ml). A 0.44 M solut ion 

of sodium chlorate  (0.5 ml) was added and the mixture was st i rred for 15 rain at 19°C.  The r eac -  

tion was interrupted by the addi t ion of sodium b isu l f i t e  and the an i l ides  were ex t rac ted  with 

chloroform. Evaporation of so lvent  and separa t ion  of the d i ch to roace ton i l i des  by TLC with ch lo-  

roform as an eluent  gave  [ 1 4 C ] 2 , 4 - d i c h l o r o a c e t a n i l i d c  (2.17 mCi) in a pure s ta te  (GLC) and 

[14C] 2 , 6 - d i c h l o r o o c e t a n i l i d e  (0.28 mCi) contaminated  by t races  of [14C] 2 ,4 ,  6 - t r i c h t o r o a c e t -  

o.nilide (GLC). 

[ 1 4 C ] 2 , 3 , 6 - T r i c h l o r o a c e t a n i l i d e .  [ 1 4 C ] 2 , 6 - D i c h l o r o a c e t a n i l i d e  (280 }~Ci, 12 Ci /mol)  was 

ch lor ina ted  at 50°C in concen t ra ted  hydrochloric  ac id  (2.5 ml) with dry chlor ine gas  (flow rate:  

33 ml rain -1) during 15 h. After cooling to 0°C sodium b isu l f i t e  was added and the solut ion was 

neu t ra l i zed  with sodium hydroxide.  Extraction with chloroform gave [ 1 4 C ] t r i c h l o r o a c e t a n i l i d e ,  

which was purified on s i l i c a  ge l  impregnated with a 0 .4  M solut ion of tetrabutylammonium 

chlor ide  in 50% ethanol  and cont inuous ly  e lu ted  for 3 h with e ther .  [ 1 4 C ] 2 , 3 , 6 - T r i c h l o r o -  

a c e t a n i l i d e  (126 pCi) containing t reces  of [14C] 2 , 3 , 4 ,  6 - t e t r a c h l o r o a c e t a n i l i d e  (GLC) was 
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i so l a t ed .  No star t ing mater ia l  was recovered.  

2, 3~ 6-Tr ich lo roace tan i l ide .  The un labe l led  2,3,  6 - t r i ch loroace tan i l ide  was syn thes ized  by t rea t -  

ment of 2, 6 -d ich loroace tan i l ide  (1.0 g) in concent ra ted  hydrochloric acid (100 ml) with chlorine 

as above .  The react ion was terminated when almost  a l l  the start ing mater ial  was consumed (GLC) 

(18 h). Any N-ch io roace tan i l ides  formed were reduced with sodium b i su l f i t e .  Extraction and eva -  

potat ion of so lvent  gave a c rys ta l l ine  res idue (0.96 g), which conta ined  approximately 90% of 

2, 3, 6 - t r i ch lo roace tan i l ide  (GLC). Purif icat ion of the an i l ide  was carried out by repeated c rys -  

t a l l i s a t i o n s  from e thanol .  The first  r ec rys t a l l i s a t i on  gave a 97% pure product (0.52 g) and the 

second one gave 2, 3 , 6 - t r i ch lo roace t an i l i de  of >99.9% purity, mp 174-175°C (l i t .  20, 172- 

173°C).  IH NMR E(CD3)2CO ] : 7.48 (1 H, s), : ' .50 (1 H, s), 9 .00 (1 H) and 2.16 (3 H, s).  

M S ( E E : 7 0  eV) M + : 2 3 7 .  UV(abs .  EtOH (logE / ) 216nm (4.38) .  ( F o u n d C : 4 0 . 3 ,  H : 2 . 5 ,  

N:  5 .8 ,  C8H6NO CI 3 requires C : 4 0 . 3 ,  H:  2.5,  N:  5 .9) .  

[14C]Bipheny[ .  [14C]Acetani l ide  (800 NCi, 25 Ci/mol)  was t reated with concent ra ted  hydro- 

chloric  acid (1.8 mD at 95°C for 3 h. The solut ion was evaporated ty dryness  at room tempera-  

ture i n a  des icca tor  (15 mm Hg). Benzene (1.0 ml) and potassium carbonate (2 mg) in water (10 

~al) was added to the dry [14C]an i l i ne  hydrochloride and the mixture was heated to 65°C.  I so-  

pentyl  ni t r i te  (40 ~al) was added and the temperature was ra ised  to 75°C.  The react ion was comp- 

leted in 2 h and the excess  of benzene  containing [14C]benzene  was careful ly  d i s t i l l ed  off at a 

s l ight  vacuum. The crude product was d i sso lved  in hexane-chloroform (1:1) and t ransferred to a 

TLC plate which was developed twice with hexane .  The appropriate band was removed and the 

[14C] b iphenyl  was e luted with ethyl  a ce t a t e .  Activity measurements  gave a yield of 21% of 

pure (TLC, GLC) [14C]b ipheny l  (170 NCi, 25 Ci /mol ) .  

r 1 4 c ] 2 , 5 - D i c h l o r o b i p h e n y l .  [14C]Acetan i l ide  (124pCi ,  12 Ci/mo[) was hydrolyzed and e v a -  

porated to dryness  as descr ibed  above .  The [14C] an i l ine  hydrochloride was d i s so lved  in di-  

methyl  sulfoxide (30 rag). 1 ,4 -Dich lo robenzene  (3 g) was added and the mixture was heated to 

80°C.  Acetic acid (10 ;al) and i sopenty l  ni t r i te  (50 ;ul) were added to the melt and the react ion 

mixture was st irred for 2 h at 80°C and f ina l ly  for 1 h at 100°C.  Excess 1 ,4 -d i ch lo robenzene  

conta in ing [14C] benzene  was careful ly  evaporated and the res idue was chromatographed as 

descr ibed  above .  The total  yield of [14C] 2, 5-dichlorobiphenyl  ( > 98%, GLC) was 14% (17 ~uCi, 

12 C i /mo l ) .  

[14C] 2 , 4 ' ,  5-Tr ichlorobiphenyl .  [ 14C]4 -Ch lo roace t an i l i de  (1700 NCi, 25 Ci/mol)  was hydro- 

lyzed as descr ibed  using 4 h react ion t ime.  The dry [14C]4 -ch lo roan i l i ne  hydrochloride was 

d i s so lved  in 1 , 4 -d i ch lo robenzene  (6 g) at 60°C.  Acetic ac id  (40 N1) and i sopenty l  ni t r i te  (100 ~[) 

were added and the so lu t ion  was st irred for 2.5 h at this  temperature and then for another  2.5 h 

at 100°C.  The i so la t ion  and pur i f icat ion of the des i red b iphenyl  was performed as d e s c r i b e d  

above .  The total  y ie ld  of [ 1 4 C ] 2 , 4 ' , 5 - t r i c h l o r o b i p h e n y l  ( > 98%, GLC) was 21% (250;uCi, 25 

C i /mo l ) .  
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[ 1 4 C ] 2 f 2 ' , 4 , 5 ' - T e t r a c h l o r o b i p h e n y l .  [ 1 4 C ] 2 , 4 - D i c h l o r o a c e t a n i l i d e  (1570 pCi ,  25 C i / m o l )  was  

h y d r o l y z e d  as  a b o v e .  The dry h y d r o c h l o r i d e  was  r e a c t e d  with  1 , 4 - d i c h l o r o b e n z e n e  (6 g) by the  

a d d i t i o n  of a c e t i c  a c i d  (54 pl) and i s o p e n t y l  n i t r i t e  (100 pl) at 7 0 ° C .  Another  por t ion  of  i s o p e n -  

tyl  n i t r i t e  (100 pl) was  a d d e d  a f t e r  2 .5  h and the  t e m p e r a t u r e  r a i s e d  to 100°C and kept  the re  for 

2 .5  h.  Pu r i f i c a t i on  a s  a b o v e  g a v e  a 37% y i e ld  of  [ 1 4 C ] 2 , 2 ' , 4 , 5 ' - t e t r a c h l o r o b i p h e n y l  (580 juCi, 

25 C i / m o l ,  > 98% b y G L C ) .  

[ 1 4 C ] 2 ' , 3 , 4 , 4 ' , 5 - P e n t a c h l o r o b i p h e n y l  and  [14C]  2, 2 ' ,  3, 4, 4 ' - p e n t a c h l o r o b i p h e n z 1 .  [ 1 4 C ] 2 , 4 -  

D i c h l o r o a c e t a n i l i d e  (590 ~Ci ,  25 C i / m o l )  was  h y d r o l y z e d  as  d e s c r i b e d .  To the  dry [ 1 4 C ] 2 , 4 -  

d i c h l o r o a n i l i n e  h y d r o c h l o r i d e  was  a d d e d  1 , 2 , 3 - t r i c h l o r o b e n z e n e  (3 .5  g) wh ich  was  h e a t e d  to 

7 0 ° C .  A c e t i c  a c i d  (20 ~ul) and i s o p e n t y l  n i t r i t e  (50 pl) was  added  in the  same  manner  as  for the  

s y n t h e s i s  of  [ 1 4 C ] 2 , 2 ' , 4 ,  5 ' - t e t r a c h l o r o b i p h e n y l .  Work up of  the r e a c t i o n  mix ture  was  per formed  

us d e s c r i b e d  a b o v e .  The b i p h e n y l  f r ac t i on  was  s e p a r a t e d  by TLC into two bands  with  Rf = 0 . 3 6  

c o n t a i n i n g  [ 1 4 C ] 2 , 2 ' , 3 , 4 , 4 ' - p e n t a c h l o r o b i p h e n y l  (170 ~Ci ,  25 C i / m o l )  > 99% pure by GLC and 

Rf=  0 . 4 0  c o n t a i n i n g  [14C]2',3,4,4',5-pentachlorobiphenyl (59 }3Ci, 25 C i / m o l )  > 96% pu re .  

The l ower  pur i ty  of  the minor  b i p h e n y l  was  due  to c o n t a m i n a t i o n  by i t ' s  i s o m e r .  The to ta l  y i e ld  

of  the  b i p h e n y l s  formed in a ra t io  of  2 . 9  : 1 was  38%. 

2 ' , 3 , 4 , 4 ' , 5 - P e n t a c h l o r o b i p h e n y l  and 2 , 2 ' , 3 , 4 , 4 ' - p e n t a c h l o r o b i p h e n y l  ; 2 , 4 - D i c h l o r o a n i l i n e  

f l  g) ,  was  c o u p l e d  a s  d e s c r i b e d  by Sunds t r6m34  with  1 , 2 , 3 - t r i c h l o r o b e n z e n e  (17 g) .  The 

c o l o u r e d  b y p r o d u c t s  were  r e m o v e d  on a sma l l  s i l i c a  g e l  co lumn (3 x 20 cm) e l u t e d  with  h e x a n e .  

S e p a r a t i o n  of the two p e n t a c h l o r o b i p h e n y l s  was  a c h i e v e d  on a co lumn (3 .5  x 75 cm) of s i l i c a  g e l  

( K i s e l g e l  60, < 0 .063  ram, Merck)  e l u t e d  with  h e x a n e .  The 2 '3 ,  4, 4 ' ,  5 - p e n t a c h l o r o b i p h e n y l  

wh ich  e l u t e d  f i rs t  was  i s o l a t e d  and r e c r y s t a l l i z e d  from e t h a n o l ,  m . p .  1 3 7 - 1 3 8 ° C ,  (Found:  C4c.44.2 

H :  1 . 5 ;  C 1 2 H 5 C l  5 r e q u i r e s  C : 4 4 . 2 ,  H :  1 . 5 ) .  MS (EE: 70 eV) : M + = 324.  UV (abs .  EtOH ( | a g E ) ) :  

254 ( 4 . 2 3 )  and  218 ( 4 . 6 3 )  nm. 1H NMR (CDC[3)  : 7 . 1 8  ( H 6 , , d ,  J 8 .3  t-Iz), 7 , 3 0  ( H 5 , ,  dd, 

8 .3  and 1 . 9  Hz),  7 . 4 0  ( H 2 , 6 ,  s) and 7 .47  (H3, , d, ] 1 . 9  Hz) .  The s e c o n d  b i p h e n y l  

2, 2', 3 , 4 , 4 ' - p e n t a c h l o r o b i p h e n y l  was  r e c r y s t a l l i z e d  from e t h a n o l ,  m . p .  5 1 - 5 3 ° C .  (Found :  C : 

4 4 . 4 ,  H : 1 . 6 : C 1 2 H 5 C 1 5  r e q u i r e s  C : 4 4 . 2 ,  H :  1 . 5 ) .  MS (EE: 70 eV) : M + = 324.  U V ( a b s .  EtOH 
1 

( l o g ~ ) )  : 218 (4 .53)  nm w i t h a  i n f l e c t i o n  point  at  248 nm. H NMR ( C D C 1 3 ) : 7 . 0 7  (H6, d, ] 

8 .3  Hz) ,  7 .13  (H 6, , d, J 8 .3  Hz),  7 .32  (H 5, , dd, [ 8 .3  and 2 . 0  Hz),  7 .44  (H5, d, ] 8 .3  Hz) 

cnd  7 . 5 0  (H3, , d, J 2 . 0  H z ) .  

[ 1 4 C ] 2 , 3 , 3 ' , 4 ' , 6 - P e n t a c h l o r o b i p h e n y l  and [14C]  2, 2 ' ,  3, 3 ' ,  6 - p e n t a c h l o r o b i p h e n ~ ' l  . [14C]  2, 3, 6-  

T r i c h l o r o a c e t a n i l i d e  ( 1 2 6 p C i ,  12 C i / m o l )  was  t r e a t e d  with c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (1 .8  

ml) a t  95°C for 5 h.  Before e v a p o r a t i o n  of the  h y d r o c h l o r i c  a c i d a  0 . 2 2  M s o l u t i o n  of  su l fu r i c  

a c i d  (50;ul) was  added ,  to a v o i d  any e v a p o r a t i o n  of  the  a n i l i n e .  To the  dry [ 1 4 C ] 2 , 3 , 6 - a n i l i n e  

hyd rogen  s u l f a t e  was  a d d e d  1 , 2 - d i c h l o r o b e n z e n e  (3 g) and the  mix ture  was  h e a t e d  to 7 0 ° C .  I s o -  

p e n t y l  n i t r i t e  (50 pl) was  a d d e d  and  2 .5  h l a te r  a new por t ion  of  the  n i t r i t e  (50 ~ul) was  a d d e d .  

After  c a r e fu l  e v a p o r a t i o n  of  u n r e a c t e d  d i c h l o r o b e n z e n e  the  r e s i d u e  was  d i s s o l v e d  in c h l o r o f o r m -  

h e x a n e  and t r a n s f e r r e d  to a s i l i c a  g e l  (0 .5  g) co lumn which  was  e l u t e d  with  h e x a n e .  The c h l o r o -  

b i p h e n y l  f r a c t i o n  was  c o l l e c t e d  and the  s o l v e n t  e v a p o r a t e d .  The two c h l o r o b i p h e n y l  i s o m e r s  



766 ~,~o. I I 

were separated by the use of a s i l i ca  gel  plate impregnated with a 0.8 M solut ion of t e t r abu ty | -  

ammonium hydroxide neut ra l ized  with phosphoric acid in 50% ethanol  23. Elution with hexane 

gave [14C] 2, 2', 3, 3 ' ,  6 -pentachlorobipheny!  with Rf= 0.32 ( 1 0 . 5 9 C i ,  12 Ci /mol ,  > 97% pure 

byGLC and [14C]2,3,3',4',6-pentachlorobiphenylRf= 0.41 (9.6 ~Ci, 12 Ci /mo[ ,  > 97% pure 

by GLC in a total  yield of 16%. 
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