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Structural investigations of the components in commercial PCB- 

-mixtures have shown that 2, 2' , 4,4', 5,5' -hexachlorobiphenyl (I) 

is a major constituent in mixtures containing more than ca. 50% 

(w/w) chlorine (SISSONS and WELTI 1971, WEBB and McCALL1972, 

TAS and DeVOS 1972). In extracts of the fatty tissues from higher 

animals - including man - I, among some other higher chlorinated 

biphenyls, is often found in high concentrations which indicates 

a very slow metabolism or excretion of this compound (JENSEN and 

SUNDSTROM). In a recent study on the metabolism of some struc- 

turally defined PCBs using unlabelled material, no metabolites 

were detected when I was given to trouts, pigeon and rats 

(HUTZINGERet al. 1972). 

In order to study the turnover of I we required the 14C-labelled 

compound and we now wish to report a convenient synthetic route 

to 2, 2', 4,4', 5,5'-hexachlorobiphenyl-14C. The synthesis is ba- 

sed on some of the reactions used in previously published work 

on 14C_labelled polychlorobiphenyls (SUNDSTR(JM 1973a, MORON 

et al. 1972, SUNDSTR(JM and WACHTMEISTER 1972), and on the 

observation that nitration of 2, 2', 4,5'-tetrachlorobiphenyl (II) 

(SUNDSTROM 1973b) gives a high yield of 4,5'-dinitro-2, 2' ,4',5- 

-tetrachlorobiphenyl (Ill). Hitherto published syntheses of I in- 

volves Ullmann or Sandmeyer reactions and are not easily appli- 

cable to 14C-labelled material (WEBB and McCALL 1972, TAS and 

DeVOS 1972, SAFE and HUTZINGER 1972). 

2,4-Dichloroacetanilide-14C (MORON et al. 1972) was hydro- 

lysed to give 2,4-dichloroaniline-14C which was coupled with 

i, 4-dichlorobenzene by the general procedure described by Cado- 

+ Part IV, SUNDSTR(SM (1973a).  
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gan  (SUNDSTROM 1973b,  CADOGAN 1962) .  The p roduc t ,  2 , 2 ' ,  

4 , 5 ' - t e t r a c h l o r o b i p h e n y l - 1 4 G  upon n i t r a t i o n  wi th  fuming n i t r i c  

a c i d  ga ve  one  major  and two minor d i - n i t r a t e d  compounds  wh ich  

were  s e p a r a t e d  by  p r e p a r a t i v e  th in  l aye r  c h r o m a t o g r a p h y .  On TLC 

a four th  band  was  a l s o  o b s e r v e d  which  c o n t a i n e d  s e v e r a l  com-  

pounds  and was  not  fu r ther  i n v e s t i g a t e d .  

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

-14C (66%), was  f i n a l l y  c o n v e r t e d  to 2 , 2 '  , 4 , 4 '  , 5 , 5 ' - h e x a c h l o -  

r o b i p h e n y l - 1 4 C  in a lmos t  q u a n t i t a t i v e  y i e l d  by  t r e a t m e n t  wi th  c a r -  

bon t e t r a c h l o r i d e  at  280-290  ~ for one  hour  (SUNDSTROM 1973a,  

PONOMARENKO 1962 a - b ,  PONOMARENKO 1963,  PONOMARENKO 

and  TSYBINA 1963) .  

C o m p a r i s o n  of the  h e x a c h l o r o b i p h e n y l  a n a l o g o u s l y  p r e p a r e d  

u s ing  u n l a b e l l e d  ma te r i a l  wi th  a sample  of  I s y n t h e s i s e d  by  an 

Ul lmann r e a c t i o n  (TAS and DeVOS 1972) ,  s h o w e d  tha t  the p roduc t s  

were  i d e n t i c a l  (GLC, m . p . ,  mixed  m . p . ) .  The s t r u c tu r e  of the 

d in i t ro  compound  III w a s  a l s o  conf i rmed  by  i t s  NMR sp ec t ru m ,  

which  s h o w e d  four d o u b l e t s  (J  ~ 0 .25  Hz) in the  r eg ion  ~ 8 . 0 0 -  

8 . 3 8 ,  c o n s i s t e n t  on ly  wi th  two pa i r s  of p ro tons  in pa ra  p o s i t i o n s  

to e a c h  o t h e r .  

The two minor p roduc t s  o b t a i n e d  from the  n i t r a t i o n  of II were  

shown to be  3 , 5 '  - d i n i t r o - 2 , 2 ' ,  4 ' ,  5 - t e t r a c h l o r o b i p h e n y l  (IV) and  

2, S' - d i n i t r o  - 2 ' ,  3 , 4 ' ,  6 - t e t r a c h l o r o b i p h e n y l  (V) wi th  r e a s o n a b l e  

c e r t a i n t y  by  e x c h a n g e  of  the ni t ro  groups  for ch lo r ine  by the same 

p r o c e d u r e  a s  for II .  The c h l o r o b i p h e n y l s  formed,  VI and  VII, r e -  

s p e c t i v e l y ,  were  c o m p a r e d . o n  GLC and  TLC wi th  s a m p l e s  u n a m -  

b i g o u s l y  s y n t h e s i s e d  (SUNDSTROM). 
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EXPE RIMENTAL 

A c t i v i t i e s  w e r e  m e a s u r e d  wi th  a P a c k a r d  T r i - c a r b  l iqu 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  mode l  3320 .  Me l t i n g  p o i n t s  w e r e  d e t e r -  

m i n e d  on a Kofler  micro  hot  s t a g e .  M a s s  s p e c t r a  w e r e  r e c o r d e d  

on an  LKB 9000 s p e c t r o m e t e r .  The NMR s p e c t r u m  w a s  o b t a i n e d  

on a Varian A-60A instrument with tetramethylsilane a s  internal 

standard. All reagents used were of analytical grade unless other- 

wise stated. 

Gas chromatography. The products were characterised by GLC 

using a Hewlett-Packard 7620A instrument fitted with an EC de- 

tector (Ni) .  G l a s s  c o l u m n s  ( 0 . 2 0  x 160 cm) c o n t a i n i n g  4% (w/w)  

SF 96 on C h r o m o s o r b  W A / W  DMCS (100 - 120  mesh)  a t  1 8 0 - 2 1 0  ~ 

w e r e  u s e d .  The g a s  f low (n i t rogen)  w a s  a b o u t  30 m l / m i n .  

Thin l a y e r  c h r o m a t o g r a p h y .  The r e a c t i o n s  w e r e  f o l l o w e d  by  TLC 

on 0 .1  mm l a y e r s  of  s i l i c a  g e l  ( K i e s e l g e l  HF 254 '  Merck)  u s i n g  

h e x a n e  or h e x a n e - e t h y l  a c e t a t e  (9:1) a s  s o l v e n t .  P r e p a r a t i v e  TLC 

w a s  p e r f o r m e d  on c a .  1 mm l a y e r s  of  the  s a m e  a d s o r b e n t .  

2, 2 '  , 4, 5 '  - T e t r a c h l o r o b i p h e n y 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 -  

- 1 4 C  (MORON et  a l .  1972) (430 }~Ci, 10 C i / m o l )  w a s  h e a t e d  wi th  

h y d r o c h l o r i c  a c i d  (12 M, 1 ml) and  a c e t i c  a c i d  (0 .5  ml) a t  90 ~ for  

2 h .  The s o l u t i o n  w a s  c a u t i o u s l y  e v a p o r a t e d  to d r y n e s s  in a v a -  

cuum d e s s i c c a t o r  o v e r  sod ium h y d r o x i d e  and  s i l i c a  g e l .  To the  

r e s i d u e  w a s  a d d e d  1 , 4 - d i c h l o r o b e n z e n e  (Kebo AB, p u r u m ,  2 g) 

a n d  the  mix tu re  w a s  h e a t e d  to c_..a. 70 ~  I s o a m y l  n i t r i t e  ( R i e d e l - d e  

H a e n ,  pure ,  DAB. 6, 0 .1  ml) w a s  a d d e d  wi th  s t i r r ing  wh ich  w a s  

c o n t i n u e d  for  2 .5  h .  After  the a d d i t i o n  of  a n o t h e r  po r t i on  of  i s o -  

a m y l  n i t r i t e  (0 .1  ml) the  t e m p e r a t u r e  w a s  r a i s e d  to c_._a. 100 ~ for  

2 .5  h .  E x c e s s  d i c h l o r o b e n z e n e  w a s  e v a p o r a t e d  in v a c u o  and  

c o l l e c t e d  in a co ld  t rap  c h i l l e d  wi th  dry  i c e  ( c f .  SUNDSTR(JM and  

WACHTMEISTER 1972) .  The r e s i d u e  w a s  d i s s o l v e d  in a s m a l l  

amoun t  of  c h l o r o f o r m - h e x a n e  (1:1) and  a d d e d  to a co lumn (0 .8  x 

1 cm) of  n e u t r a l  a l u m i n a  ( M e r c k ,  a c t i v i t y  g r a d e  I) wh ich  w a s  e l u -  

ted with hexane-ethyl acetate (9:1). The eluate was collected on 

a preparative TLC plate which was developed twice with hexane. 

The biphenyl zone was collected and eluted with chloroform. Eva- 

poration of solvent gave 2, 2' ,4,5' -tetrachlorobiphenyl-14C, 115 

]JCi, 26%, as a crystalline residue. 
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4, 5'  -D in i t ro -  2, 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 .  To 2, 2 ' ,  4,5'- 

- t e t r ach lo rob ipheny l  (115)~Ci) was added cold fuming ni tr ic  ac id  

(d= 1 .52 ,  1 ml). The mixture was s t i r red at 0 ~ for 1 h, di luted 

with ice water  and ex t r ac t ed  with chloroform (5 x 2 ml). The orga-  

nic  phase  was dried by f i l t ra t ion through a small  column of mag- 

nesium sulphate  and appl ied  to a prepara t ive  TLC p la te .  The layer  

was e lu ted  con t inuous ly  (cf.  STAHL 1969) with h e x a n e - e t h y l  a c e -  

ta te  (95:5) for ca___. 6 h. This procedure  was n e c e s s a r y  to separa te  

the band containing the major product III from the s l ight ly  s lower 

band with compound IV. Removal of the des i red  zone and e lut ion 

with chloroform gave 4 , 5 '  - d in i t ro -2 ,  2 ' ,  4 ' ,  5 - t e t r a ch lo rob ipheny l -  

14C as a s lowly c rys ta l l i s ing  oi l ,  76 }]Ci, 66%. 

The two minor products ,  IV and V ~g~_. below),  were i so l a t ed  in 

i so tope  y ie lds  of 6 and 8%, r e s p e c t i v e l y ,  by e lu t ion  of the appro-  

pr ia te  bands from the TLC pla te .  

212 ' ,  4t 4 ' ,  5 , 5 '  - H e x a c h l o r o b i p h e n y l - 1 4 C .  The above dinitro 

compound was t ransfer red  to an ampoule (Pyrex g l a s s ,  volume 2.3 

ml) with the aid of carbon te t rach lor ide  (Riedel -de  Haen,  A.R. ) .  

The amount of carbon te t rach lor ide  was ad jus t ed  to c._aa. 0.5 ml 

and the ampoule,  p laced  in a s t ee l  au toc l ave ,  was hea ted  in an 

e l e c t r i c  oven at 2 8 0 - 2 9 0  ~ for 60 rain. After cooling the so lven t  

was evapora ted  and the res idue  d i s so lved  in hexane  and f i l t e red  

through a column (0.5 x 1 cm) of neutra l  alumina which was e lu ted  

with hexane (10 ml). Evaporat ion of so lvent  gave chromatographi-  

ca l ly  pure (TLC, GLC) 2, 2 ' ,  4 , 4 ' ,  5 , 5 '  - hexach lo rob ipheny l -14C ,  

74 )lCi, 97% (isotope y ie ld  from 2 , 4 - d i c h l o r o a c e t a n i l i d e - 1 4 C  17%)o 

4, 5 ' - D i n i t r o - 2 , 2 '  , 4 ' ,  5 - t e t r ach lo rob ipheny l  (III). 2 , 2 ' ,  4 , 5 '  - 

-Te t rach lo rob ipheny l  (SUNDSTROM 1973 b) (0.35 g) was added in 

small port ions to nitr ic ac id  (d= 1 .52 ,  5 ml) at 0 ~  The mixture 

was s t i rred for 1 h at 0 ~ and then poured on i ce .  Extract ion with 

chloroform, drying (MgSO4), and evapora t ion  of so lvent  gave an 

oil  which c r y s t a l l i s e d  upon the addi t ion of e thanol  (0~ g). C rys -  

t a l l i s a t ion  from the same so lvent  gave pure 4 , 5 '  - d in i t ro -2 ,  2 ' ,  4 ' ,  

5 - t e t r ach lo rob ipheny l ,  m .p .  1 5 2 . 5 - 1 5 4  ~ (Found: C 38 .1 ,  H 0 .7 ,  

N 7 . 3 .  M + 380 m.u .  (4 C1) C12H4N204C14 (382.0) requires  

C 37 .7 ,  H 1 .1 ,  N 7~ NMR: (Acetone-d 6) ~ 8 .00  (d, J~,~ 0 .25) ,  

8 .12  (d, j , v  0~ ~ 8.31 (d, ]',,..' 0.25) and ~ 8 .38 (d, 

J ~ O.  2 5 )  o 42 



GLC as  a b o v e  at 210 ~ s h o w e d  a r e t e n t i o n  t ime for compound  III 

of  1 2 . 0  min.  

Small amoun t s  of the i somers  IV and V (molecu la r  ions  380 m . u .  

on MS) were  i s o l a t e d  from the a b o v e  mother  l iquor  by p r epa ra t i ve  

TLC u s i n g  the same c o n d i t i o n s  as  for the i s o l a t i o n  of l a b e l l e d  I I I .  

The Rf v a l u e s  for compounds  III ,  IV and  V on TLC with h e x a n e -  

- e t h y l  a c e t a t e  (9:1) as  s o l v e n t  were  0 . 4 2 ,  0 .36  and  0 . 2 1 ,  r e s -  

p e c t i v e l y .  

Re ten t ion  t imes  on GLC at 210 ~ were  1 0 . 9  and  7 .8  rain for c o m -  

pounds  IV and  V, r e s p e c t i v e l y .  

The c o n v e r s i o n s  of  IV to VI and V to VII were  per formed with 1 

mg por t ions  in 0.S ml CC14 at  280 -290  ~ (Pyrex ampou le ,  volume 

2 .3  ml).  Reac t ion  t imes  were  c__~a. 2 .5  and 1 .5  h, r e s p e c t i v e l y .  

The p r o d u c t s  were  pur i f i ed  on TLC and i n j e c t e d  on s e v e r a l  GLC 

co lumns  and compared  with r e f e r e n c e  s a m p l e s  p repa red  by  o ther  

r ou t e s  (SUNDSTROM). 

2, 2 '  , 4 , 4 ' ,  5 , 5 '  - H e x a c h l o r o b i p h e n y l  (I).  This compound  was  

s y n t h e s i s e d  from 2 , 4 , 5 - t r i c h l o r o i o d o b e n z e n e  as  d e s c r i b e d  in Ref. 

4 or by  the same route  as  the l a b e l l e d  ma te r i a l .  The p roduc t s  fo r -  

med by  the two m e t h o d s ,  m . p .  1 0 3 . 5 - 1 0 4 . 5  ~ ( m . p .  l i t . ,  1 0 0 -  

102~ and  McCALL 1972);  1 0 2 -  103 ~ (TAS and  DeVOS 1972);  

103 - 104 ~ (SAFE and  HUTZINGER 1972),  were  i n d i s t i n g u i s h a b l e  

(TLC, GLC, r n . p . ,  mixed  m . p . ) .  

GLC as  a b o v e  at 210 ~ s h o w e d  a r e t e n t i o n  t ime of  4 . 3  rain for 

th i s  compound  (13 .4  rain at  180 ~  
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