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SUMMARY 
1 1  

A s y n t h e t i c  procedure f o r  2 ,4 ,2 ,5  - t e t r ach lo rob ipheny l -  

1 , 2 ,  3,4,5,6-14c6 is presented.  2 , 4 - D i ~ h l o r o a n i l i n e - ~ ~ C  6 w a s  

prepared i n  46.7% y i e l d  from benzene-14C v i a  m-dinitrobenzene- 

I 4 C 6 ,  ~ d i c h l o r o b e n z e n e - ~ ~ C  6 and 2,4-di~hloronitrobenzene-~~C~. 

2,4-Di~hloroaniline-~~C~ was coupled wi th  p d i c h l o r o b e n z e n e  t o  

produce 14C-labeled t e t r ach lo rob ipheny l .  The y i e l d  was 21% 

based on 2,4-dichloroani l ine-  C6,  

6-- 

1 4  

I 1  
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INTRODUCTION 

S ince  po lych lo r ina t ed  biphenyls  (PCBs) were recognized a s  one of t h e  most 

important  p o l l u t a n t s  i n  t h e  environment,  they have r ece ived  wide a t t e n t i o n  on 

t h e i r  va r ious  e f f e c t s  on l i v i n g  th ings .  I n  o r d e r  t o  f a c i l i t a t e  b i o l o g i c a l  

s t u d i e s  of PCBs, t h e i r  r a d i o a c t i v e  forms had been much r equ i r ed .  The au tho r  

and h i s  coworker had prepared s e v e r a l  k inds  o f  14C-labeled PCB mixtures  and 

p u t  them t o  p r a c t i c a l  use'? Using t h e s e  l a b e l e d  PCBs, Shimada s t u d i e d  

(2) metabolism of PCBs t o  e l u c i d a t e  mechanism by which PCBs induce Liver  i n j u r y  . 
For f u r t h e r  d e t a i l e d  s t u d y ,  14C-labeled i n d i v i d u a l  c o n s t i t u e n t s  of PCBs 

. .  
i nc lud ing  2,4,2,5-tetrachlorobiphenyl have come t o  be r e q u i r e d .  Up t o  d a t e ,  

however, on ly  a l i m i t e d  number of t h e  r a d i o a c t i v e  syn theses  have been publ ished 

i n  t h e  l i t e r a t ~ r e ( ~ - ~ !  Th i s  may be due p a r t l y  t o  l i m i t a t i o n  of a v a i l a b i l i t y  of 

t h e  s t a r t i n g  materials. 
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The au tho r  has  s t a r t e d  a program f o r  t h e  s y n t h e s i s  of I4C-labeled 

i n d i v i d u a l  c h l o r i n a t e d  biphenyls .  F i r s t  of a l l ,  t h e  p r e s e n t  work was under- 

taken t o  meet t h e  need f o r  2 ,4 ,2 ,5  -tetra~hlorobiphenyl-'~C. As unsymmetrical 

biphenyls  a r e  g e n e r a l l y  prepared from corresponding c h l o r o a n i l i n e s  and excess  

of chlorobenzenes (7-10) and no a t t r a c t i v e  a l t e r n a t i v e  method can b e  found, 

2 , 4 - d i ~ h l o r o a n i l i n e - ~ ~ C  w a s  necessary f o r  t h e  p r e s e n t  purpose.  This l a b e l e d  

compound had p r e v i o u s l y b e e n  prepared i n  35% y i e l d  by c h l o r i n a t i o n  of commercial 

I 1  

aniline-14C wi th  potassium c h l o r a t e  (3) . 
The au tho r  sought a p r a c t i c a l  s y n t h e t i c  r o u t e  f o r  t h i s  compound s t a r t i n g  

from l e s s  expensive benzene- 14C6.  The fol lowing scheme was devised by 

modifying t h e  known methods f o r  non-labeled compounds. 2 ,4-Dichloroani l ine-  

14C6 ( 5 ) w a s  t hen  coupled wi th  p-dichlorobenzene t o  produce 2,4,2,5 -tetra- 

chlorobiphenyl-1,2,3,4,5,6- 

I t  

14 (10) C6 ( 1 ) according t o  t h e  pub l i shed  procedure . 

3 - 2 - 4 - 

c1 c1 - C l W  

c1 

EXPERIMENTAL 

Benzene-I4C used as a s t a r t i n g  material was p rev ious ly  prepared from 6 
barium carbonate- 

p u r i t y  of t h e  products  a t  each s t a g e  were determined by radio-gaschromato- 

graphy ( YANAKO 6 1 8 0 0  GLC equipped wi th  a combustion t r a i n ,  a d ry ing  tube  and 

a GM count ing cel l  ).  Radioac t iv i ty  w a s  measured by l i q u i d  s c i n t i l l a t i o n  count- 

i n g  ( Beckman LS-100 ) .  The f i n a l  product  was i d e n t i f i e d  by UV spectrometry 

( H i t a c h i  EPU-2 ), mass spectrometry ( H i t a c h i  RMU-6MG GLC-MS ) and measurement 

14 C according t o  t h e  pub l i shed  method(12! The y i e l d  and t h e  
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of me l t ing  p o i n t  ( Micro h o t  s t a g e ,  uncorrected ). Reten t ion  t i m e  r e l a t i v e  t o  

1,l -dichloro-2,2 - b i s ( p c h l o r o p h e n y l )  e thy lene  ( p,p -DDE ) was a l s o  compared 

wi th  t h a t  of t h e  a u t h e n t i c  2 ,4 ,2 ,5  - t e t r ach lo rob ipheny l .  

1 I I 

1 1  

~ g - D i n i t r o b e n z e n e - ~ ~ C  6 -  ( 3 )--- Benzene-14C6 ( 2 ) ( 2 m o l ,  22.5 m C i  ) w a s  

t r a n s f e r r e d  under vacuum t o  a Pyrex g l a s s  t ube  con ta in ing  KNO 

conc H2S04( 1 .6  m l  ) c h i l l e d  wi th  l i q u i d  n i t r o g e n  and sea l ed .  A f t e r  be ing  

allowed t o  w a r m  t o  t h e  room temperature ,  t h e  con ten t s  were mixed w e l l  a n d  t h e  

tube w a s  hea t ed  a t  80" f o r  1 h r  wi th  occas iona l  shaking. Then, t h e  tube was 

opened i n  a vacuum l i n e  t o  remove t h e  v o l a t i l e  con ten t s .  The r e s i d u a l  l i q u i d  

w a s  poured i n t o  i c e  water and t h e  p r e c i p i t a t e  formed was c o l l e c t e d  by f i l t r a t -  

t i o n ,  followed by washing wi th  water and d r i e d  i n  a vacuum d e s i c c a t o r .  

radiochemical  y i e l d  was 82% ( 278 mg, 18.5 m C i  ) .  

( 0.7 g ) and 3 

The 

- m - D i c h l o r ~ b e n z e n e - ~ ~ C ~  ( 4 )--- m - D i n i t r o b e n ~ e n e - ~ ~ C ~  ( 2 ) ( 278 mg, 18.5 m C i  ) 

w a s  p l aced  i n  a Pyrex g l a s s  tube and d r i e d  CC14 ( 1.5 m l  ) was added t o  i t .  

A f t e r  t h e  con ten t s  had been cooled wi th  Dry I c e ,  t h e  tube w a s  s e a l e d ,  p l aced  

i n  an  e l e c t r i c a l  fu rnace  kep t  a t  280' and hea ted  f o r  1 h r .  The tube was then 

c h i l l e d  wi th  l i q u i d  n i t r o g e n  and opened. The gaseous con ten t s  and t h e  excess  

C C 1  were removed by evaporat ion.  To t h e  r e s i d u a l  l i q u i d ,  a small amount of 

pentane was added and t h e  s o l u t i o n  w a s  poured onto a column of s i l i c a  g e l  

( Merck, 70-230 mesh, 12 x 150 mm ) .  ~ - D i c h l o r o b e n z e n e - ~ ~ C ~  ( 4 ) w a s  e l u t e d  

wi th  50 m l  of pentane.  Evaporat ion o f  t h e  s o l v e n t  gave a c o l o r l e s s  4 wi th  a 

radiochemical  p u r i t y  of 97%. The radiochemical  y i e l d  was 86% ( 210 mg, 15.9 m C i ,  

S p e c i f i c  a c t i v i t y  11.1 mCi/mmol ). 

4 

2,4-Dichloronirroben~ene-~~C~ ( 2 )--- ~ - D i c h l o r o b e n z e n e - ~ ~ C ~  ( 4 ) ( 210 mg, 

15.9 m C i  ) was t r a n s f e r r e d  wi th  a small amount of e t h e r  t o  a Pyrex g l a s s  tube,  

t h e  s o l v e n t  was removed by evapora t ion ,  conc H SO ( 0.3 m l  ) w a s  added and 

mixed we l l .  Then, 0 .3  m l  of 1:l mixture  of HNO 

was added dropwise. The tube  w a s  then cooled wi th  Dry I c e ,  s e a l e d  and warmed 

2 4  

3 ( sp .  g r .  1.40 ) and 96% H2S04 
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a t  40' f o r  l h r  with shaking. Af te r  cool ing wi th  Dry I c e ,  t h e  tube was opened 

and the  reac t ion  mixture was  n e u t r a l i z e d  with conc NaOH s o l u t i o n .  The so lu t ion  

was  ex t rac ted  s e v e r a l  t i m e s  wi th  e t h e r .  The combined e x t r a c t s  were washed with 

water and dr ied  over CaC12.  Evaporation of t h e  so lvent  gave a crude 3 with a 

radiochemical p u r i t y  of 90%. The only impuri ty  de tec ted  was unreacted 3 . The 

crude 3 was dissolved I n  a small amount of pentane/ether  ( 95:s  ) and t h e  

s o l u t i o n  w a s  poured onto a column of s i l i c a  g e l  ( Merck, 70-230 mesh, 1 2  x 

150 mm ) . After  g - d i c h l o r o b e n ~ e n e - ~ ~ C ~  ( 3 ) had been e l u t e d  with pentane i n  

t h e  way a s  descr ibed above, the  product 5 w a s  e l u t e d  i n  small f r a c t i o n s  with 

pentane/ether  ( 95:5 ). The des i red  f r a c t i o n s  were c o l l e c t e d  and evaporat ion 

of the  solvent  gave a radiochemical ly  pure 5 . The radiochemical y i e l d  w a s  

81% ( 225 mg, 12.8 m C i ,  S p e c i f i c  a c t i v i t y  10.9 mCl/mmol ). 

2,4-Di~hloroaniline-~~C. hydrochlor ide ( 5 )--- 2,4-Dichloronitroben~ene-~~C~ 

( 5 )  ( 225 mg, 12.8 m C i  ) was d isso lved  i n  5 m l  of warm ethanol /water  ( 60:40 ) 

i n  a 50 m l  f l a s k  equipped with a r e f l u x  condenser. Granulated t i n  ( 2.5 g ) was 

added t o  t h e  s o l u t i o n  and t h e  mixture  was warmed a t  50' f o r  10 minutes. 

Concentrated H C 1  ( 2.5 m l  

ref luxed f o r  30 min. Then conc NaOH s o l u t i o n  was added t o  make the  s o l u t i o n  

a lka l ine .  After  cool ing,  t h e  s o l u t i o n  was e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r  

and t h e  combined e x t r a c t s  were d r i e d  over CaC12. Hydrogen ch lor ide  gas d r i e d  

through conc H2S04 was then introduced i n t o  t h e  e t h e r e a l  s o l u t i o n  and t h e  

p r e c i p i t a t e  of 5 fcrmed was c o l l e c t e d  by f i l t r a t i o n  and d r i e d  i n  a des icca tor  

( 242 mg, 9 . 5  m C i  ). Pure 2 , C d i c h l o r o a n i l i n e  ( 60 mg ) w a s  added as a carrier 

t o  the f i l t r a t e  and the  p r e c i p i t a t e  was obtained again i n  t h e  same way ( 72 mg, 

1.0 m C i  ). The t o t a l  radiochemical y i e l d  was 82%. Both products,  presumably 

contaminated w i t h  excess of hydrogen ch lor ide ,  were combined and a por t ion  of 

them was converted t o  2,4-dichloroaniline- 

followed by e x t r a c t i o n  wi th  e ther .  The s p e c i f i c  a c t i v i t y  of 2,4-dichloro- 

aniline-14C6, determined by gaschromatography and r a d i o a c t i v i t y  measurement of 

an  a l i q u o t  of t h e  e t h e r e a l  s o l u t i o n ,  was 8.75 mCi/mol. Radio-gaschromatographic 

was added port ionwise and the  r e a c t i o n  mixture was 

14 C6 by t reatment  wi th  NH40H, 
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a n a l y s i s  showed t o  be  radiochemical ly  pure.  

1 1  

2,4,2,5 -Tetra~hlorobiphenyl-l,2,3,4,5,6-~~C~ ( 1. )--- 2,4-Di~hloroaniline-~~C~ 

hydrochlor ide ( 5 ) ( 300 mg, 10.0 m C i  ) was mixed wi th  non-radioact ive 

2,4-dichloroani l ine ( 180 mg ) and p d i c h l o r o b e n z e n e  ( 10 g ) i n  a 50 m l  f l a s k  

equipped wi th  a r e f l u x  condenser. The mixture  w a s  heated a t  70' i n  an oil ba th  

u n t i l  2-dichlorobenzene melted.  To t h e  r e s u l t i n g  suspension,  isoamyl n i t r i t e  

( 1.0 m l  ) w a s  added wi th  vigorous s t i r r i n g .  The temperature  was slowly r a i s e d  

t o  130' and kept  t h e r e  f o r  1 h r .  Excess p d i c h l o r o b e n z e n e  was then removed by 

d i s t i l l a t i o n  under a p re s su re  of  about  700 T o r r  a t  200'. The r e s i d u e  w a s  

d i s so lved  in a small a m u n t  of hexane and t h e  s o l u t i o n  was poured onto a 

column of s i l i c a  g e l  ( Merck, 70-230 mesh, 12 x 250 mm ). On t h e  e l u t i o n  w i t h  

hexane, t h e  product  1. was e l u t e d  over 10 m l  f r a c t i o n s  from f o u r t h  t o  e igh th ,  

among which t h e  f i f t h  and s i x t h  f r a c t i o n s  con ta in ing  pu re  1 ( checked by GLC ) 

were co l l ec t ed .  Other impure f r a c t i o n s  were combined, concentrated and t h e  same 
I .  

chromatographic s e p a r a t i o n  was performed again.  Next, pure 2,4,2,5 - t e t r a -  

chlorobiphenyl  ( 50 mg ) was added as a carrier t o  t h e  combined impure 

f r a c t i o n s  and t h e  same s e p a r a t i o n  procedure w a s  repeated.  The l a t te r  procedure 

using 50 mg of t h e  carrier a t  a t i m e  w a s  r epea ted  two more times. The f r a c t i o n s  

con ta in ing  pure 1 from each run were combined and t h e  s o l v e n t  w a s  evaporated 

t o  l e a v e  a n  almost c o l o r l e s s  oil which c r y s t a l l i z e d  on s t and ing .  Th i s  was re- 

c r y s t a l l i z e d  from methanol/water ( 95:5 ).  The radiochemical y i e l d  w a s  21% 

( 204 mg, 2 .1  m C i ,  S p e c i f i c  a c t i v i t y  3.0 mCi/mmol 1. 

M.p. and mixed m.p.: 64.0-64.5'; W (EtOH): Xmax275nm ( logs  3.12) ,  282nm ( log€  

3.09) ; GLC-MS: M+ 290( C12H635C14 ), 292( C12H635C1337C1 ) , 294( C12H635C1237C12) 

296( C H 35~137~13 ), 298( C H 37C14 ) ;  R e l a t i v e  r e t e n t i o n  t i m e  ( p,p'-DDE - 
1.00 ) :  0.446. 

12 6 12 6 

DISCUSSION 

In t h e  r o u t e  p re sen ted  he re ,  t h e  r e a c t i o n  s t e p s  1, 3 and 4 were r e a d i l y  

accomplished by t h e  convent ional  methods w i t h  minor mod i f i ca t ions .  



635 T. Moriya 

For t h e  s u b s t i t u t i o n  of t h e  n i t r o  groups by c h l o r i n e  ( Step 2 ) ,  an  

i n i t i a l  a t t empt  w a s  made w i t h  t h i o n y l  ~ h l o r i d e ' ~ !  But t h e  y i e l d s  v a r i e d  widely 

( 5 5 - 8 3  ) probably because t h i s  r e a c t i o n  is very s e n s i t i v e  t o  t h e  p re sence  of 

moisture .  In s t ead ,  carbon t e t r a c h l o r i d e  was used i n  t h i s  work'"! Th i s  was found 

t o  be p r e f e r a b l e  from bo th  viewpoints  of y i e l d  and handl ing procedure.  The 

r e a c t i o n  w a s  achieved simply by h e a t i n g  t h e  r e a c t i o n  mixture  i n  a s e a l e d  tube.  

An important  f a c t o r  of t h i s  r e a c t i o n  was t h e  temperature;  e x c e l l e n t  y i e l d s  were 

ob ta ined  a t  280'. On t h e  o t h e r  hand, when i t  exceeded 290°,  y i e l d s  decreased by 

t h e  formation of cons ide rab le  amounts of t r i ch lo robenzenes  a s  by-products which 

were impossible  t o  remove by t h e  s imple procedure as desc r ibed  i n  t h e  experi-  

mental  s e c t i o n .  The r e a c t i o n  t i m e  w a s  a l s o  v a r i e d  from 30 t o  90 minutes.  The 

y i e l d s  reached n e a r l y  90% i n  60 minutes and d i d  n o t  a l t e r  du r ing  a d d i t i o n a l  

30 minutes.  
I 1  

I n  t h e  t r ia l  experiments f o r  t h e  s y n t h e s i s  of 2 ,4 ,2 ,5  - t e t r ach lo rob ipheny l ,  

t h e  r e a c t i o n  y i e l d s  were always about  30%, b u t  only about 60% of t h e  product  

could be ob ta ined  i n  pure s t a t e  even by r e p e a t i n g  column chromatography. 

Therefore ,  i n  t h e  h o t  run,  a d d i t i o n  o f  c a r r i e r  2 ,4 ,2 ,5  - t e t r ach lo rob ipheny l  

w a s  r equ i r ed  t o  a i d  s e p a r a t i o n  procedure.  To avoid uncon t ro l l ed  i s o t o p i c  

d i l u t i o n  wi th  a c a r r i e r ,  t h e  q u a n t i t y  and r a d i o a c t i v i t y  of t h e  l a b e l e d  p roduc t s  

both i n  t h e  pu re  and i n  t h e  impure f r a c t i o n s  w e r e  checked each t i m e  when t h e  

c a r r i e r  w a s  t o  b e  added. 

I 1  

The radiochemical  p u r i t y  of t h e  p u r i f i e d  p roduc t ,  determined by radio-  

gaschromatography, w a s  g r e a t e r  t han  98%. W spectrum, mass spectrum and o t h e r  

d a t a  were a l l  i d e n t i c a l  t o  those  of t h e  a u t h e n t i c  2 ,4 ,2 ,5  - t e t r ach lo rob ipheny l .  
I 1  
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