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AbStract - 2-Amino-l-methyl-6-phenylimidazo[4.5-blpyridine. a  mutagenic  

compound new ly  i s o l a t e d  f r o m  cooked bee f ,  and i t s  3-methyl isomer have been 

syn thes ized .  The spec t roscop ic  d a t a  and t h e  m u t a g e n i c i t y  o f  t h e  i somers  a r e  

compared. 

The presence o f  mutagens i n  cooked p ro te inaceous  foods has been r e p o r t e d  by many 

i n v e s t i g a t o r s 1 "  and f o r  t h e  p a s t  s e v e r a l  years  t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  t h e  

3  
mutagenic  compounds has been t h e  focus i n  s e v e r a l  l a b o r a t o r i e s  (see  M i l l e r  f o r  r e v i e w ) .  Of ten.  

a  un ique  s t r u c t u r a l  p r e d i c t i o n  f rom t h e  s p e c t r o s c o p i c  d a t a  d e r i v e d  f r o m  t h e  i s o l a t e d  mutagens i s  

n o t  p o s s i b l e ,  and p r o o f  o f  s t r u c t u r e  n e c e s s i t a t e s  t h e  unambiguous s y n t h e s i s  o f  isomers.  

Fu r the rmore ,  t h e  s y n t h e s i s  o f  l a r g e r  amounts o f  i d e n t i f i e d  p o t e n t  mutagens i s  necessary f o r  

s h o r t - t e r n  t o x i c o l o g i c a l  and g e n e t i c  assessment. W i t h  these  t e s t s  t h e  h e a l t h  r i s k s  a s s o c i a t e d  

w i t h  t h e  consumpt ion of mutagens i n  o u r  d i e t  can b e g i n  t o  be es t ima ted .  The newly i d e n t i f i e d  

mutagen. 2-amino-1-methyl-6-phenylimidazo[4.5-blpyridine (Ph IP) .  i s  t h e  most mass-abundant mutagen 

found t h u s  f a r  i n  f r i e d  beef4,  and t h e r e f o r e ,  i s  o f  p r ime  impor tance  f o r  f u r t h e r  t o x i c o l o g i c a l  

s t u d i e s .  

These syntheses have been c a r r i e d  o u t  t o  1)  c o n f i r n  o u r  proposed s t r u c t u r e  f o r  t h e  i s o l a t e d  

mutagen5, and 2 )  t o  make s u f f i c i e n t  q u a n t i t i e s  f o r  f u r t h e r  i n v e s t i g a t i o n  o f  i t s  b i o l o g i c a l  

e f f e c t s .  

The s y n t h e s i s  of PhIP 1 began w i t h  t h e  c o m n e r c i a l l y  a v a i l a b l e  3 - p h e n y l p y r i d i n e  (25  g )  wh ich  was 

aminated a t  t h e  6 p o s i t i o n  w i t h  sodium amide (12.6 g) i n  t o l u e n e  by t h e  C h i c h i b a b i n  r e a c t i o n  under 

b  c o n d i t i o n s  s i m i l a r  t o  those  used by T s u j l  e t  a1 . The p r o d u c t  was e x t r a c t e d  w i t h  c h l o r o f o r m  and 

6  c r y s t a l l i z e d  f r o m  benzene t o  g i v e  a ( 1 b  g. 581. mp 130'C ( l i t  . 131-13Z°C)). 



SCHEME I 

1 2 1 
The a m i n o d e r i v a t i v e  3 ( 4  g)  was brominated i n  a c e t i c  a c i d  f o r  1  h  a t  ambient  tempera tu re  and 

7  c r y s t a l l i z e d  f rom e t h a n o l  t o  produce 2-amino-3-bromo-5-phenylpyridine 4 (3.1 g)  . The bromine 

o f  4 (1.0 g) was t h e n  s u b s t i t u t e d  w i t h  a  methylamino group by h e a t i n g  a  s o l u t i o n  o f  CuS04 (10  

mg) i n  40% aqueous methylamine i n  a  sand b a t h  a t  200'C i n  a  PTFL-l ined p ressure  bomb f o r  72 h .  

The p r o d u c t  was e x t r a c t e d  w i t h  c h l o r o f o r m  t o  produce 2-amino-3-methylamino-5-phenylpyridine 5. 

The d iamine 5 i s  a i r  s e n s i t i v e  and was handled i n  a  n i t r o g e n  atmosphere. For  t h e  c y c l i z a t i o n  o f  

5  t o  1, t h e  d r i e d  m a t e r i a l  was t r a n s f e r r e d  w i t h  a  sma l l  amount of e t h a n o l  t o  a  p ressure  bomb - 
c o n t a i n i n g  cyanogen bromide.  Th is  was then sea led  under a  n i t r o g e n  atmosphere and heated 1  h a t  

175-C. A f t e r  c o o l i n g ,  t h e  s o l v e n t  was evaporated,  t h e  r e s i d u e  d i s s o l v e d  i n  c h l o r o f o r m  and 

e x t r a c t e d  i n t o  aqueous HCl (pH = 2 ) .  The w a t e r  was evaporated and t h e  r e s i d u e  p u r i f i e d  by f l a s h  

8  chromatography (chloroform-methanol  1 0 : l  v /v )  t o  y i e l d  1 as a  w h i t e  r e s i d u e  (82 mg. 9% y i e l d  

9  f rom 4 ) .  Other  c y c l i z a t i o n  c o n d i t i o n s  were t r i e d ,  such as those  used by Gr ivas  and Olsson . 
b u t  no  r e a c t i o n  occurred.  

The s y n t h e s i s  o f  2-amino-3-methyl-6-phenylimidazo[4,5-b]pyridine (2) was accomplished by e i t h e r  o f  

two r o u t e s  (scheme 1 1 ) .  Using t h e  method o f  ~ i k h a i o v ~ ~  f o r  t h e  s u b s t i t u t i o n  o f  2-aminopyr id ine.  

2-amino-5-phenylpyridine 3 ( 3 . 0  g )  was d i s s o l v e d  i n  48% HBr (10.75 m l )  a t  -S°C. and bromine (3.3 

g)  was added f o l l o w e d  b y  12 M HC1 ( 4 . 4  m l ) .  Aqueous sodium n i t r i t e  (4.8 g )  was added dropwise and 

s t i r r e d  1  h  a t  - S T ,  t h e n  40% sodium hydrox ide  (10.7 m l )  was added, t h e  r e a c t i o n  m i x t u r e  was 

a l lowed t o  warm t o  room tempera tu re  and was e x t r a c t e d  w i t h  c h l o r o f o r m  t o  y i e l d  

2-bromo-5-phenylpyridine 2' (1.4 g. 34%). compound 6 ( 1 . 4  g)  was then  a l lowed t o  r e a c t  

w i t h  methylamine u s i n g  t h e  same procedure used f o r  compound 4, w i t h  h e a t i n g  f o r  48 h  t o  produce 

2-methylamino-5-phenylpyridine 81' (0.98 g. 89%). 

An a l t e r n a t i v e  r o u t e  t o  8 u t i l i z e s  t h e  c o m n e r c i a l l y  a v a i l a b l e  3-amino-6-chloropyr id ine and a  

d i a z o t i r a t i o n  r e a c t i o n  t o  make 2-chloro-5-phenylpyr id ine.  The Gomberg r e a c t i o n  o f  Adam8 g 

a1.13 gave o n l y  a  1% y i e l d  i n  our  l a b o r a t o r y ,  however, a  new method by S t a v e n u i t e r  g a. 14 
- 

u s i n g  p e n t y l  n i t r i t e  t o  d i a z o t i z e  t h e  amine gave compound 11' i n  61% y i e l d  a f t e r  s i l i c a  column 

chromatography w i t h  ch lo ro fo rm.  The r e a c t i o n  o f  l ( 1 . 0  g)  w i t h  aqueous methylamine then  

d i s p l a c e d  t h e  c h l o r i n e  t o  y i e l d  t h e  2-methylamino-5-phenylpyridine 8 (0.88 g. 90%). 

N i t r a t i o n  o f  8 w i t h  n i t r i c  a c i d  i n  s u l f u r i c  a c i d  gave t h e  4 ' - n i t r o  i n s t e a d  o f  t h e  d e s i r e d  

3 - n i t r o  d e r i v a t i v e .  However, b r o m i n a t i o n  o f  8 (0.889)  i n  a c e t i c  a c i d  produced 

16 
2-methylamino-3-bromo-5-phenylpyridine (9) (1.1 g.  89%) . The b r o m o d e r i v a t i v e  P ( 1 . 0  g) 
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was then  a l lowed t o  r e a c t  w i t h  58% NH40H, under s i m i l a r  conditions used f o r  t h e  bromine 

s u b s t i t u t i o n  o f  4, t o  produce 3-amino-2-methylamino-5-phenylpyridine (10). T h i s  was c y c l i z e d  

w i t h  cyanogen bromide, p u r i f i e d  i n  t h e  same manner as was done f o r  1 and c r y s t a l i z e d  f r o m  

2-propanol t o  y i e l d  compound 2 (54 mg. 6.3% y i e l d  f r o m  9) as w h i t e  needles.  

A comparison o f  t h e  chemical ,  p h y s i c a l  and b i o l o g i c a l  p r o p e r t i e s  of t h e  two isomers i s  shown i n  

Tab le  I .  

Table I 

Comparison of t h e  P r o p e r t i e s  o f  PhIP and i t s  3-Methyl Isomer 

PhIP 3-Methyl Isomer o f  PhlP 

IH NHR (200.01 MHz 6 8.31 (5-H.d.J=2.1 Hz) 
DMSO-db) 7.11 (1-H.d.J=2.1 Hz) 

7.72 (2'.b1-H.d,J=7.3 Hz) 
1 .48  (3 ' ,5 ' -H . t , J= l .3  Hz) 
1.35 (4'-H,t.J=1.3 Hz) 
1 . 0  (NH2,broad s) 
3.60 (1-CH3.s) 

' 3 ~  NNR 6 28.43(me-c), 111.84(7-c), 
(50.31 MHz. 12b .32(2 ' ,b1 -c ) .  126.49(4 ' -c)  
OMSO-db) 127.17(6-C). 128.14(3 ' .5 ' -C)  
(decoupled)  138.79(11,8-c) .  139.02(5-c) 

155.84(2-c). 151.81(9-C) 

HS: m l z  224.1068 
( c a l c u l a t e d  f o r  
C13Hl~Nq.  224.1062) 

M e l t i n g  p o i n t  327-328Y 

HPLC s e p a r a t i o n :  K '  5.21 
( S p h e r i s o r b  NH2 column 
hexaneln-propanollacetic 
a c i d ,  60:40:0.1 v l v )  

Salmonel la  m u t a g e n i c i t y  431 r e v e r t a n t s l n m o l e  
( s t r a i n  1538) 

8.15(5-H.d,J=2.1 Hz) 
1.64(1-H.d,J=2.1 Hz) 
7.b6(2'.b1-H,d.J=1.3 Hz) 
1.45(3',5'-H,t.J=7.3 Hz) 
1.33(4 ' -H. t .J=l .3 Hz) 
6.9 (NH2. broad s )  
3.55(3-CH3.s) 

5 .0  rever tan ts ln rno le  



The UV absorbance s p e c t r a  a r e  d i s t i n c t i v e  f o r  each isomer.  The 3-Methyl isomer has i t s  m a j o r  

absorbance maximum s h i f t e d  t o  a s h o r t e r  wavelength and i s  l a c k i n g  t h e  absorbance peak a t  213 nm. 

The I R  s p e c t r a  a r e  s i m i l a r  i n  g e n e r a l  b u t  d i f f e r e n c e s  i n  band s h i f t s  and i n t e n s i t i e s  a r e  

1 observed.  A compar ison of t h e  H NMR s p e c t r a  show t h e  l a r g e s t  d i f f e r e n c e  i n  t h e  peak s h i f t  o f  

H-5 on t h e  p y r i d i n e  r i n g  a t  8.31 f o r  t h e  PhIP and a t  8.15 f o r  t h e  3-methyl i somer  b u t  w i t h  

d i f f e r e n c e s  i n  t h e  o t h e r  p r o t o n s  as  w e l l .  The 13c NMR s p e c t r a  show d i f f e r e n c e s  i n  chemical  

s h i f t s  between t h e  two isomers t h e  l a r g e s t  b e i n g  t h e  expected s h i f t  o f  ca rbon  9. T e n t a t i v e  

ass ignments f o r  a l l  ca rbon  atoms were based on s u b s t i t u e n t  s h i f t s  and i n t e n s i t i e s  i n  co r respond ing  

s tandard  compounds. The carbon numbering system i s  shown i n  Scheme I 1  f o r  compound 2. The mass 

s p e c t r a  a r e  n o t  d i s t i n g u i s h a b l e ,  showing s i m i l a r  f ragments and i n t e n s i t i e s  w i t h  i o n s  a t  m/z 

2 2 4 ( r e l .  i n t .  100, M), 223(17) ,  225(31), 140(31) ,  127(26) ,  196(21) ,  154(19) ,  110(18) ,  115(15) ,  

77 (12) .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  m e l t i n g  p o i n t s  o f  t h e  two compounds d i f f e r  by l lO 'C.  

The two p h e n y l i m i d a z o p y r i d i n e s  can be e a s i l y  separa ted  u s i n g  normal-phase HPLC. The b i o l o g i c a l  

a c t i v i t y  of t h e  two isomers d i f f e r s  a l s o  g r e a t l y  w i t h  t h e  PhIP b e i n g  86  t imes  more mutagenic  i n  

t h e  Ames/Salmonella t e s t  w i t h  a c t i v a t i o n  by A r o c l o r  induced r a t  l i v e r  S-9.17'18 
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