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SYNTHESIS OF I4C-LABELLED BIS-AZO BIPHENYL DYES 
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SUMMARY 

Two 14C-label l e d  b is-azo biphenyl dyes have been prepared 

from un i fo rm ly  r i n g - l a b e l l e d  14C-benzidine and 14C-3,3'- 

dimethylbenzidine. The amines were te t ra -azo t i zed  w i t h  sodium 

n i t r i t e  and HCL. D i r e c t  Blue 6 was then prepared from 

te t ra -azo  benzid ine by a l l ow ing  i t  t o  r e a c t  w i t h  two equiva- 

l e n t s  of H a c i d  (8-amino-l-naphthol-3,6-disulfonic a c i d  mono 

sodium s a l t )  under bas ic  condi t ions.  Ac id Red 114 was prepared 

from te t ra -azo  3,3'-dirnethylbenzidine by sequent ia l  r e a c t i o n  

w i t h  one equ iva len t  o f  G a c i d  (2-naphthol-6,8-disulfonic a c i d  

dipotassium s a l t )  f o l l owed  by one equiva lent  o f  phenol. This 

product was then e s t e r i f i e d  w i t h  p- to luenesul fony l  c h l o r i d e  t o  

g i v e  a c i d  Red 114. 
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INTRODUCTION 

Bis-azo biphenyl dyes have r e c e n t l y  received widespread a t t e n t i o n  as 

poss ib le  human carcinogens (1-4) .  I n  the course o f  our  research i n t o  the 

b i o l o g i c a l  t rans fo rma t ion  o f  these dyes, i t  became necessary t o  prepare rad io -  

l a b e l l e d  D i r e c t  Blue 6 and Ac id  Red 114 f o r  d i s t r i b u t i o n  s tud ies i n  animals ( 5 ) .  

Although these dyes are w ide ly  known comnerc ia l ly  (6), t h e i r  syntheses are no t  

a v a i l a b l e  i n  t h e  chemical l i t e r a t u r e  and were consequently redeveloped from f i r s t  
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p r i n c i p l e s .  Since u l t r a - p u r e  compounds were requ i red  f o r  our  b i o l o g i c a l  s tud ies 

and since azo dye synthes is  of ten leads t o  a wide v a r i e t y  o f  products w i t h  

s i m i l a r  phys ica l  c h a r a c t e r i s t i c s ,  spec ia l  problems i n  p u r i f i c a t i o n  were 

encountered. 

The focus o f  our  s tud ies has been the  b i o l o g i c a l  f a t e  o f  benzidine o r  

s u b s t i t u t e d  benzid ine produced by metabol ic  azo reduc t i on  o f  bis-azo biphenyl 

dyes (6 ) .  Hence, these dyes were prepared from un i fo rm ly  r i n g - l a b e l l e d  

I4C-benzidine o r  14C-3,31-dimethylbenzidine t o  a l l o w  de tec t i on  o f  the benzidine 

moiety by l i q u i d  s c i n t i l l a t i o n  counting. The chromophores used were un labe l l ed  

so t h a t  t h e i r  eventual d i s t r i b u t i o n ,  a f t e r  azo reduct ion,  would n o t  i n t e r f e r e  

w i t h  the de tec t i on  o f  t he  benzid ine base. 

The s t a r t i n g  ma te r ia l s ,  benzid ine and 3,3'-dimethylbenzidine, were t e t r a  

azo t i zed  by the usual procedure us ing sodium n i t r i t e  and HC1 (7) .  The r e s u l t i n g  

e l e c t r o p h i l i c  species was then a l lowed t o  r e a c t  w i t h  two equiva lents  o f  H a c i d  i n  

the  case o f  D i r e c t  B lue 6 (F igure l ) ,  o r  s e q u e n t i a l l y  wi th one equ iva len t  o f  

F igure 1 

H2N-@++NH2 + 2 NaNO2- HCI ,N=N 0 N=N, 
\ 
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Na2C03 
____) 
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Direct Blue 6 
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G acid, f o l l owed  by one equ iva len t  of phenol i n  the  case o f  Ac id  Red 114 

(F igure 2 ) .  The product  of t he  phenol coupl ing was then converted t o  the 

p-toluene su l fona te  us ing p-to1 uenesulfonyl ch lo r i de .  

"I "I n 

Naz C03 
___) ,N=N 

,' 
B Na03S CI 

SO3 K 
SO3 Na 

A +  
KO3 S 

CH3 CH3 OH 

- C +  * CH3@S03 @- N=N N=N 
Na2C03 

Na03 swsqNa 
Acid Red 114 

The coupl ing o f  t he  te t ra -azo  compounds w i t h  the chrornophores was accom- 

p l i s h e d  under bas ic  cond i t i ons  t o  i nsu re  t h a t  the a t tack  occurred i n  a p o s i t i o n  

o r t h o  t o  the naphthol and para t o  the  phenol. However, i n  s p i t e  o f  t h i s  e f f o r t ,  

severa l  products were formed from these syntheses. These apparently r e s u l t e d  

from the v a r i e t y  o f  a v a i l a b l e  s i t e s  f o r  a t tack  on the chromophore. As dye s t u f f s  

a re  o f t e n  d i f f i c u l t  t o  c r y s t a l l i z e ,  i t  was found t h a t  these compounds were best 

p u r i f i e d  by chromatographic techniques. 
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High pressure l i q u i d  chromatography was performed on a Hewlett Packard 1084B 

l i q u i d  chromatograph us ing 0.01 phosphate bu f fe r ,  pH 6, and a c e t o n i t r i l e  as 

solvents. Preparat ive scale TLC was performed on Analtech Inc. 2000 1-1 s i l i c a  gel 

G p la tes .  Uniformly r i n g - l a b e l l e d  I4C-benzidine and I4C-3 ,3'-dimethylbenzidine 

were prov ided by Pa th f i nde r  Laborator ies,  Inc.  , S t .  Louis, MO. Unlabel led 

3,3'-dimethylbenzidine was obta ined from Fluka Chemical Corp., Hauppauge, NY,  and 

was g rea te r  than 98% pure. G-acid (2-naphthol-6,8-disulfonic a c i d  dipotassium 

s a l t )  was obta ined from P f a l t z  and Bauer, Inc., Stamford, CT, as were p-toluene- 

su l fony l  c h l o r i d e  and H-acid (8-amino-1-naphthol -3,6-di s u l f o n i c  a c i d  monosodium 

s a l t ) .  Phenol was g rea te r  than 99% pure and was obta ined from A l d r i c h  Chemical 

Co., Milwaukee, W I .  

D i r e c t  Blue 6. Benzidine, un i fo rm ly  14C-labelled, 2024 V C i ,  28 mg (0.15 mmol), 

was d isso lved i n  600 ~1 o f  1.5 1 HC1 a t  80°C. The s o l u t i o n  was then cooled t o  

10°C and 150 1-11 o f  2 NaN02 was added s low ly  w i t h  s t i r r i n g .  This s o l u t i o n  o f  

t e t ra -azo t i zed  benzidine was added s low ly  w i t h  s t i r r i n g  t o  an i c e - c o l d  s o l u t i o n  

o f  120 mg (0.35 mmol) H-acid and 120 mg Na2C03 i n  600 1-11 o f  0.5 NaOH. This 

s o l u t i o n  was s t i r r e d  f o r  20 min a t  0°C and was then al lowed t o  warm t o  room 

temperature w i t h  s t i r r i n g  f o r  1 h r .  F i n a l l y ,  t he  s o l u t i o n  was heated t o  80°C and 

s t i r r e d  f o r  5 h r .  I t  was then al lowed t o  cool t o  room temperature and was 

s t i r r e d  overn ight .  

The f o l l o w i n g  day, t h e  r e a c t i o n  m ix tu re  was d i l u t e d  t o  50 m l  w i t h  water and 

was n e u t r a l i z e d  w i t h  1 1 HC1. Pure 14C-labelled D i r e c t  Blue 6 was then obtained 

by preparat ive scale HPLC on a Waters C18 Bondapak column. The percent aceto- 

n i t r i l e  i n  phosphate b u f f e r  was increased from 5% a t  the r a t e  o f  2/3% per  min a t  

a f l ow  r a t e  o f  2 ml/min. The product was e l u t e d  i n  the 16% a c e t o n i t r i l e  

f r a c t i o n .  Y i e l d  66% by U.V.  de tec t i on  a t  295 nm. 

Ac id  Red 114. 14C-3,3'-dimethylbenzidine, uni formly r i n g - l a b e l l e d ,  1230 U C i  , 
19.7 mg (0.095 mmol) was combined w i t h  un labe l l ed  3,3'-dimethylbenzidine, 86.4 mg 
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(0.415 nmol) and d i sso l ved  i n  2 m l  o f  1.5 HC1 a t  30°C. The s o l u t i o n  was then 

cooled i n  i c e  and 0.5 m l  o f  2 The 

m ix tu re  was al lowed t o  cont inue s t i r r i n g  f o r  20 min a f t e r  the a d d i t i o n  was 

complete and was then added dropwise t o  a s t i r r e d ,  i ce -co ld  s o l u t i o n  of 190 mg 

(0.500 mmol) o f  G a c i d  dipotassium s a l t  and 220 mg (2.07 mmol) of sodium 

carbonate i n  2.5 m l  o f  water. A f t e r  t h i s  m ix tu re  had s t i r r e d  f o r  30 min, phenol, 

60 mg (0.63 mnol) was added and the  r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  3 h rs  w i t h  

i c e  cool ing,  f o l l owed  by 15 h rs  of s t i r r i n g  a t  room temperature. 

NaN02 was added s lowly  w i t h  s t i r r i n g .  

The f o l l o w i n g  day, p- to luenesul fony l  ch lo r i de ,  250 mg (1.31 mmol) and sodium 

carbonate, 145 mg (1.36 mmol) was added t o  the  r e a c t i o n  m ix tu re  w i t h  s t i r r i n g .  

The r e a c t i o n  was monitored by TLC and a d d i t i o n a l  a l i q u o t s  of p- to luenesul fony l  

c h l o r i d e  and sodium carbonate were added hour l y  u n t i l  t he  r e a c t i o n  was complete. 

This requ i red  a t o t a l  o f  500 mg p- to luenesul fony l  c h l o r i d e  and 290 mg o f  sodium 

carbonate. 

The pH o f  t he  s o l u t i o n  was then adjusted t o  8.0 w i t h  0.5 H2S04 and the 

product was s a l t e d  ou t  a t  60°C w i t h  360 mg NaCl per  m l  o f  s o l u t i o n .  The mixture 

was al lowed t o  s t i r  a t  t h i s  temperature f o r  10 min a f t e r  t he  s a l t  was added and 

was then r e f r i g e r a t e d  overn ight .  

The p r e c i p i t a t e d  dye was recovered by suc t i on  f i l t r a t i o n  and d r i e d  over P205 

a t  0.025 t o r r  f o r  24 h r .  This d r y  product was then washed w i t h  ch loroform t o  

remove excess p- to luenesul fony l  c h l o r i d e  and p u r i f i e d  by p repara t i ve  TLC on 

s i l i c a  ge l  using 16:4:3:2 butano1:methanol:ammonium hydr0x ide:pyr id ine.  Y ie ld :  

278 mg (67%). 
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