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SUMMARY 

A nove l  f i v e - s t e p  s y n t h e s i s  o f  3,3'-dichlorobenzidine-(phenyl- 
U-I4C) d i h y d r o c h l o r i d e  i s  d e s c r i b e d .  The method c o n s i s t s  of t h e  
p r e p a r a t i o n  of ben~idine-(phenyl-U-~~C) fo l lowed  by a c e t y l a t i o n ,  
c h l o r i n a t i o n  w i t h  N-chlorosucc in imide  (NCS), and h y d r o l y s i s .  The 
s p e c i f i c  a c t i v i t y  of t h e  product  w a s  31.2 mCi/mmole and t h e  o v e r a l l  
r ad iochemica l  y i e l d  w a s  20% [based on n i t robenzene -  (phenyl-U-14C)]. 

Key Words: 3,3'-Di~hlorobenzidine-(phenyl-U-~~C) d i h y d r o c h l o r i d e ,  
Carcinogen, C h l o r i n a t i o n ,  N-Chlorosuccinimide 

INTRODUCTION 

The widespread  u s e  of 3 ,3 ' -d i ch lo robenz id ine  (DCB) as an i n t e r m e d i a t e  i n  t h e  

manufac tu re  of y e l l o w  and orange-red o r g a n i c  pigments [I] and t h e  c a r c i n o g e n i c  

e f f e c t s  of DCB i n  expe r imen ta l  an ima l s  [2-8] have s t i m u l a t e d  i n t e r e s t  i n  t h e  com- 

pound f o r  t h e  p a s t  s e v e r a l  yea r s .  T h i s  i n t e r e s t  i s  man i fe s t ed  by m e t a b o l i c  s t u d i e s  

[9-10] of DCB and by s e v e r a l  i n v e s t i g a t i o n s  p e r t a i n i n g  t o  t h e  i n c i d e n c e  o f  c a n c e r  

i n  exposed workers  [2,11-13]. F u r t h e r ,  i n  May 1973 t h e  Uni ted  S t a t e s  Department 

of Labor i s s u e d  temporary  r e g u l a t i o n s  c o n t r o l l i n g  t h e  manufac tu re  and u s e  o f  

DCB [14], and i n  1974 t h e  Occupat iona l  S a f e t y  and Hea l th  A d m i n i s t r a t i o n ' s  l i s t  

of chemica l  ca rc inogens  inc luded  t h i s  m a t e r i a l  [Is]. 

To f a c i l i t a t e  t o x i c o l o g i c a l  s t u d i e s  i n v o l v i n g  DCB, t h e  s y n t h e s i s  o f  DCB- 

( p h e r ~ y l - U - ~ ~ C )  d i h y d r o c h l o r i d e  w a s  r equ i r ed .  The method d e s c r i b e d  h e r e i n  does  n o t  

n e c e s s i t a t e  t h e  s y n t h e s i s  of  q-nitrochl~robenzene-(phenyl-U-~~C) [16] bu t  i n -  

vo lves  t h e  Ru/C c a t a l y z e d  r e d u c t i o n  of t h e  e a s i l y  a t t a i n a b l e  s t a r t i n g  m a t e r i a l ,  

0 1977  by John W i l e y  & Sons,  Ltd.  
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SCHEME I 

I I1 

I V  I11 

e 

c1 C l  
V V I  

a5% Ru/C, NH2-NH2, a l c .  KOH, 40-50'. baq. HC1,  Et20. 'aq. XaHC03; HOAc, Ac20, 

boil .  dNCS, HOAc, r e f lux .  eaq. HC1, E tOH.  

nitroben~ene-(phenyl-U-~~C), s e e  Scheme I. Thus, I was converted t o  111 i n  56% 

o v e r a l l  y i e l d  by t h e  ac id  ca t a lyzed  rearrangement of I1 [17], which i n  t u r n  had 

been prepared from I us ing  hydrazine and 5% Ru/C [la]. The f r e e  base  was then gen- 

e r a t e d  from 111 and a c e t y l a t e d  us ing  t h e  procedure of Laham e t  a l .  [19] t o  g i v e  

I V  i n  55% y ie ld .  Ch lo r ina t ion  of IV w i t h  N-chlorosuccinimide i n  g l a c i a l  a c e t i c  

ac id  a f fo rded  a 74% y i e l d  of V [20] which w a s  subsequent ly  hydrolyzed wi th  hydro- 

c h l o r i c  ac id  i n  e thano l  providing t h e  d e s i r e d  compound, V I ,  i n  87% y i e l d  [21]. 
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EXPERIMENTAL 

Nitrobenzene- (pher~yl-U-'~C) was ob ta ined  from Pa th f inde r  Labora to r i e s ,  

St .  Louis,  Missouri .  Ruthenuim on carbon w a s  purchased from Strem Chemicals, Inc. ,  

Danvers, Massachusetts.  I R  s p e c t r a  were determined with a Beckman Acculab I, 

us ing  Nujol. Rad ioac t iv i ty  was determined i n  a Packard Model 3003 l i q u i d  s c i n t i l -  

l a t i o n  c o u n t e r  u s ing  AquafluorTn (New England Nuclear)  a s  t h e  count ing medium. 

Radiochemical p u r i t y  was determined using a Packard Yadel 7201 radiochromatogram 

scanner.  A l l  experimental  ope ra t ions  were conducted under a n i t r o g e n  atmosphere. 

Benzidine- (Dhenv ~-I$~C) d ihvdroch lo r ide  (111 1 

To 213 )L1 (2.07 m o l e )  of nitr~benzene-(phenyl-U-~~C) was added 167 P1 of 85% 

hydrazine and 1 ml of 5% a l c o h o l i c  potassium hydroxide. The s t i r r e d  r e a c t i o n  mix- 

t u r e  was cooled i n  an i ce -ba th  and 3.0 mg of 5% Ru/C w a s  added. A f t e r  1.0 min t h e  

i ce -ba th  was removed and t h e  r e a c t i o n  mix tu re  was allowed t o  w a r m  t o  room tempera- 

t u r e  a t  which t ime a vigorous exothermic r e a c t i o n  ensued with concomitant p r e c i p i -  

t a t i o n  of a gray-white s o l i d .  The temperature  was maintained a t  50-60' by e x t e r n a l  

coo l ing  w i t h  an a i r  gun. A f t e r  s t i r r i n g  an a d d i t i o n a l  10 min t h e  p r e c i p i t a t e  was 

c o l l e c t e d  by f i l t r a t i o n  and washed away from t h e  c a t a l y s t  w i t h  4.1 m l  of anhydrous 

e the r .  The r e s u l t i n g  e t h e r  s o l u t i o n  of I1 was s u i t a b l e  f o r  conversion t o  benzidine 

d ihydroch lo r ide  without p u r i f i c a t i o n ;  TLC, Rf 0.45, s i l i c a  g e l / S k e l l y  B-acetone 

( 4 : l ) .  

The e t h e r  s o l u t i o n  of  11 w a s  cooled in an i ce -ba th  and 4.1 m l  of 1:l hydro- 

c h l o r i c  ac id  w a s  added. A f t e r  s t i r r i n g  2 min, 2 . 1  m l  of concentrated hydroch lo r i c  

ac id  was added followed b y - r a p i d  s t i r r i n g  f o r  an a d d i t i o n a l  15 min. The r e s u l t i n g  

white  p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  a b s o l u t e  e thano l  ( 1  x 

1 ml) ,  e t h e r  ( 2  x 1 m l ) ,  and d r i e d  ( i n  vacuo) y i e l d i n g  148 mg (56%, based on I )  

of 111; TLC, R 0.56, s i l ica  gel/benzene:acetone (1: l ) .  f 

N.N'-Diacetylbenzidine-(~henyl-U-~~C) ( IV) 

To 148 mg (0.58 m o l e )  of I11 d i s s o l v e d  in  a minimum amount of warm water w a s  
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added enough s a t u r a t e d  NaHC03 s o l u t i o n  t o  a c h i e v e  a pH o f  approximate ly  8. The 

p r e c i p i t a t e d  f r e e  base  was subsequen t ly  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  & 

- vacuo).  To t h e  d r y  s o l i d  was added 1 0  m l  of g l a c i a l  a c e t i c  a c i d  and 10 d r o p s  of 

a c e t i c  anhydr ide .  The r e s u l t i n g  suspens ion  was b o i l e d  f o r  30 min, coo led ,  and t h e  

p r e c i p i t a t e  of c rude  I V  c o l l e c t e d  by f i l t r a t i o n .  A f t e r  r e c r y s t a l l i z a t i o n  from 

e t h a n o l  86 mg (55%)  of I V  w a s  o b t a i n e d :  TLC, R 0.48,  s i l i c a  ge l / I -bu tanone .  

N ,  N ' -Diace ty l -3 ,3  ' - d i c h l o r o b e n z i d i n e -  ( ~ h e n v l - U - ' ~ C  ) (V) 

f 

To 86 mg (0.31 m o l e )  of I V  suspended i n  a mix tu re  of 2.6 ml of warm g l a c i a l  

a c e t i c  a c i d  and 100 i;l of wa te r  was added 90 xg (0.67 m o l e )  of N-ch lo rosucc in ix ide  

i n  smal l  p o r t i o n s  ove r  a p e r i o d  of 15 min. The r e s u l t i n g  r e a c t i o n  mix tu re  'hias 

s lowly  hea ted  t o  r e f l u x .  A t  100" a comple t e ly  homogeneous s o l u t i o n  ..<as ob ta ined .  

A f t e r  approximate ly  1 0  min a w h i t e  s o l i d  began t o  p r e c i p i t a t e .  The r e a c t i u n  n ix -  

t u r e  was r e f l u x e d  f o r  1 h r ,  . cooled ,  and t h e  r e s u l t i r i g  suspens ion  f i l t e r e d  y i e l d i n s  

78 mg ( 7 4 % )  of V a s  buf f  n e e d l e s ,  m.p. 310-311°, TLC, Rf 0.60, s i l i c a  ge l /2-butanon*.  

3 , 3  - D i  c h l o r o  b en z id  i n e -  ( Dhenv 1- U- 4C ) d i hyd r o c h l  o r  i d  e ( V I  1 

To 78 mg (0 .23  m o l e )  of V was added 30 m l  of a b s o l u t e  e t h a n o l  dnd 5 ml o f  

c o n c e n t r a t e d  h y d r o c h l o r i c  ac id .  The r e s u l t i n g  suspens ion  was v i g o r o u s l y  s t i r r e d  

a t  r e f l u x  f o r  18  h r ,  coo led  i n  an i c e  b a t h ,  and t h e  r e s u l t i n g  p r e c i p i t a t e  c o l l e c t e d  

by f i l t r a t i o n  y i e l d i n g  6 5  mg (87%) of V I  a s  an  o f f  w h i t e  c r y s t a l l i n e  powder, m.p. 

275' (decomposi t ion) ;  TLC, Rf 0.60, s i l i c a  ge l /benzene :ace tone  (2:l). The I R  was 

i d e n t i c a l  t o  t h a t  o b t a i n e d  on an a u t h e n t i c  sample. Radiochromatography i n d i c a t e d  

a r ad iochemica l  p u r i t y  o f  r 98% c221.  

ACKNOWLEDGEMENT 

We g r a t e f u l l y  acknowledge t h e  s u p p o r t  o f  t h i s  work by t h e  N a t i o n a l  Cen te r  f o r  

T o x i c o l o g i c a l  Research ,  J e f f e r s o n ,  Arkansas ,  BPA No. PIN-428-76. 

REFERENCES 

1. L u r i e  A.P. i n  Encvclopedia  o f  Chemical Techno low,  2nd ed.,  John Wiley and 
Sons, Inc . ,  New York, N e w  York, Vol. 3, p. 416 (1964). 



1 4  
3,3'-DichlorobenzZdine-(phenyZ-U- Cl dihydrochloride 309 

2. 

3.  

4. 

5. 

6. 

7 .  

8 .  

9 .  

10. 

11. 

12. 

1 3 .  

14. 

1 5 .  

16 .  

17. 

18 .  

19 .  

20. 

21. 

2 2 .  

Gadian T. - Chem. and Ind. (London), 821 ( 1 9 7 5 ) .  

S t u l a  E.F. , Sherman H. , Zapp J.A. , Jr. and Clayton  J . W .  , Jr. - Toxico l .  A D P I .  
Pharmacol., 3ll: 159 ( 1 9 7 5 ) .  

Griswold D.P., Jr., Casey A.E., Weisburger E.K and Weisburger J . H  - Cancer 
&, g: 924 ( 1 9 6 8 ) .  

Sel lakumar  A . R . ,  Montesano R. and S a f f i o t t i  U. - Proc. h e r .  Assoc. Canc. Re- 
s e a r c h ,  lo: 78 ( 1 9 6 9 ) .  

P l i s s  G.B. - Voprosv Onkol., 5: 524 ( 1 9 5 9 ) .  

P l i s s  G.B. - Khim.  Nauka Prom., 6: 281 ( 1 9 5 9 ) .  

Sabad L.M. - S,i.e. Tr. Prof .  Zabol.,  3: 8 ( 1 9 6 0 ) .  

S c i a r i n i  L.J. and Meigs J . W .  - Arch. Environ. Heal th ,  2: 423 ( 1 9 6 1 ) .  

K e l l n e r  H.M., C h r i s t  O.E. and Lotzch  K. - Arch. Tox ico l . ,  2: 6 1  ( 1 9 7 3 ) .  

Case R.A.M., Hosker M.E. , McDonald D.B. and Pearson  J.T. - J. Indus t .  Xed. , 
c 11: 75 (1954) .  

XacIn ty re  I. - J. OCCUP. Med., 17: 2 3  ( 1 9 7 5 ) .  

Gerarde  N.W. and Gerarde  D.F. - J. OCCUP. Med., Lh: 5 ( 1 9 7 4 ) .  

Federa l  R e o i s t e r ,  3 8 ( 8 5 ) ,  May 3 ,  1973. 

Chemical and Enpineer ing  News, pp. 12-13, February  11, 1974. 

Normally, DCB i s  p repa red  by r e d u c t i o n  o f  2 - n i t r o c h l o r o b e n z e n e  fo l lowed  by 
rear rangement  of t h e  i n t e r m e d i a t e  hydrazo compound w i t h  h y d r o c h l o r i c  a c i d .  
T h i s  method w a s  deemed u n t e n a b l e  f o r  t h e  p r e p a r a t i o n  of t h e  r i n g - l a b e l e d  
m a t e r i a l  due  t o  t h e  low rad iochemica l  y i e l d  a n t i c i p a t e d  (30%) f o r  t h e  
p roduc t ion  of 2 - n i t r o c h l o r o b e n z e n e  by n i t r a t i o n  of l a b e l e d  ch lorobenzene .  

Vogel A. I. P r a c t i c a l  Organic  Chemistry,  Longmans, Green and Company, 
London, p. 606 (1951) .  

P i e t r a  S. and Res M. - Ann. Chim. (Rome),  48: 299 (1958). 

Laham S., Faran t ,  J e a n - P i e r r e  and P o t v i s  M. - Ind. Med. Surv., 2: 142 ( 1 9 7 0 ) .  

These r e a c t i o n  c o n d i t i o n s  were d e r i v e d  from i n f o r m a t i o n  r e p o r t e d  i n  t h e  lit- 
e r a t u r e  d e s c r i b i n g  t h e  d i r e c t  c h l o r i n a t i o n  o f  a n i l i n e s  u s i n g  NCS, Neale  e t  
al .  - J. Orp. Chem., 2: 3390 ( 1 9 6 4 ) ;  and t h e  c h l o r i n a t i o n  of N,N'-diacetyl-  
b e n z i d i n e  u s i n g  c h l o r i n e  g a s ,  F r i e d l z n d e r  P. - F o r t s c h r i t t e  d e r  Tee r fa rben-  
f a b r i k a t i o n  and Ver ivand te r  I n d u s t r i e z w e i n e ,  5: 7 3  ( 1 8 9 6 ) ;  and van Roosmalen 
F.L.W. - Rec. Trav. Chim., 2: 359 ( 1 9 3 4 ) .  

Whaley T. W - Los Alamos S c i e n t i f i c  Labora tory ,  U n i v e r s i t y  of C a l i f o r n i a ,  un- 
pub l i shed  procedures .  

Numerous "cold" r u n s  i n  which 1 g o f  n i t r o b e n z e n e  w a s  used  a s  s t a r t i n g  mate- 
r i a l  c o n s i s t e n t l y  gave  o v e r a l l  y i e l d s  o f  40-45% of  u n l a b e l e d  V I  (based  on 
n i t r o  benzene 1. 




