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SYNTHESIS OF 4-AMINO-3 I 2 -DIMETHYLBIPHENYL-3-METHYL-14C AND 

4-AMINO-2'-lYETHYLBIPHENYL -2 ' -METBYL-14C 

1 Karam El-Bayoumy and Stephen S. Hecht 
Division of Environmental Carcinogenesis 
Naylor Dana Institute for Disease Prevention 
American Health Foundation 
Valhalla, New York 10595 

SUMMARY 

The syntheses of 4-amin0-3,2'-dimethyl- 

biphenyl-3-methyl-14C , a potent carcinogen 
and mutagen, and 4-amino-2'-methylbiphenyl- 

2 I -~nethyl-~~C, an analogue having weaker 

activity, are described. In both cases, 

label was introduced with Cu14CN. 

Key words: 4-Amino-3,2'-dimethylbiphenyll 4-Amino-2I-methyl- 

biphenyl, carcinogens, carbon-14. 

INTRODUCTION 

4-Amino-3,2'-dimethylbiphenyl (1) is a potent carcinogen, 
inducing colon and breast tumors in rats and bladder cancer in 

Syrian golden hamsters ( 1 - 3 ) .  In contrast, 2 , as the corres- 
ponding acetamide, failed to induce tumors in rats (4). The 
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mutagenic a c t i v i t y  of 1 toward S. 

t h a t  of 2 ( 5 ) .  

aromatic  amines having a methyl group o r t h o  t o  t h e  amino func t ion -  

a l i t y .  The o r t h o  s u b s t i t u t e d  compounds are  f r e q u e n t l y  more carc ino-  

gen ic  o r  mutagenic t h a n  t h e  u n s u b s t i t u t e d  ana logues  (6). To in -  

v e s t i g a t e  t h e  o r i g i n  of t h i s  e f fec t ,  w e  syn thes i zed  1-3-methyl-l4C 

and 2-2 ' - n ~ e t h y l - ~ ~ C .  

typhimurium TA 1538 a l s o  exceeded 

These r e s u l t s  are t y p i c a l  of several  ca rc inogen ic  

1 2 

The s y n t h e s i s  of L - 3 - m e t h ~ l - l ~ ~  i s  o u t l i n e d  i n  Scheme 1. 

coupl ing  product  w a s  s epa ra t ed  from t h e  two o t h e r  isomers  by co l -  

umn chromatography, and c h a r a c t e r i z e d  by i t s  NMR spectrum. The pur- 

i t y  of - 5 was e s t a b l i s h e d  by GLC,  which s e p a r a t e d  a l l  3 isomers .  W e  

p r e f e r r e d  t o  in t roduce  t h e  l a b e l  by r e a c t i o n  o f  t h e  carbanion  de r iv -  

ed from - 5 wi th  I 4 C O 2 ,  by analogy t o  o u r  prev ious  syn theses  of o-  

t o  1 u i d i  ne-me t hy 1 - 

However, t h i s  r e a c t i o n  w a s  unsuccess fu l  i n  t h e  case of  2,  probably 

because of in t r amolecu la r  quenching of  t h e  carbanion .  The re fo re ,  

w e  r eac t ed  - 5 wi th  Cu14CN genera ted  from K l 4 C N  and ob ta ined  - 6 

i n  6 8 %  y i e l d  (34% based on K I 4 C N ) .  

all proceeded i n  good y i e l d s .  

The 

C and 3-me t hy 1 - 2 -naph t h y  lamine - 3 -methyl C ( 7 ) . 

The remaining s t e p s  i n  Scheme 1 

A s i m i l a r  scheme w a s  used f o r  t h e  s y n t h e s i s  o f  2 -2 ' -1ne thy l -~~C.  

2'-Bromo-4-nitrobiphenyl (lo) w a s  p repared  by coupl ing  of p -n i t ro -  
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SCHEME 1 : SYNTHESIS OF 4-AMIN0-3,2 ‘ -DIMETHYLBIPHENYL-3-METHYL-14C 

7 - 8 - 9 - 1 - 

benzenediazonium tetrafluoroborate with bromobenzene; lo was 
purified and characterized prior to introduction of label with 

Cu CN. Hydrolysis and successive reductions, as in Scheme 1, 

yielded - 2-2’-rneth~l-~~C. 

methyl-l4C from Cu14CN were 13% and 16%, respectively. 

14 

The yields of - l-3-methyl-l4C and - 2-2’- 

10 
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EXPERIMENTAL 

Melting points were determined with a Thomas-Hoover Capillary 

melting point apparatus and are uncorrected. 'H NMR spectra were 

recorded on a Hitachi Perkin-Elmer R-24 high-resolution NMR Spect- 

rometer. Chemical shifts are reported in parts per million rela- 

tive to Me Si as an internal standard. IR spectra were recorded 

on a Perkin-Elmer Model 267 infrared spectrometer. Mass spectro- 

metry was performed with a Hewlett-Packard Model 598211 instrument. 

For GC analysis, we used a Hewlett-Packard Model 5710A gas chroma- 

tograph equipped with a flame-ionization detector and a 6 ft x 0.12 

in. column packed with 10% UCW-98 on WHP-7620. The oven tempera- 

ture was programmed from 150 to 24OOC at 8O/min; helium was used as 

a carrier gas at a flow rate of 50 ml/min. To check the radio- 

chemical purity, the GLC was interfaced with a Packard Model 894 

gas proportional counter or TLC plates were scanned with a Packard 

Model 7201 radiochromatogram scanner. Scintillation counting was 

prformdwith a Nuclear Chicago Isocap 300 scintillation system. 

TLC was carried out with 0.25 mm silica gel 60F254 

plates. Elemental analyses were performed by Galbraith Laborator- 

ies, Knoxville, Tenn. and were withinLO.l% of the calculated values. 

4 

(E .  Merck) glass 

3-Bromo-4-nitrobenzenediazonium tetrafluoroborate (4) 
3-Bromo-4-nitroaniline (3)  (8) (4.3 g, 0.019 mole) was suspend- 

ed in CH30H (10 ml) and donc. HC1 (25 ml) was added. The reaction 

mixture was heated on a steam bath for 15 min., cooled and the 

hydrochloride filtered. The salt was washed with benzene, qiving 

the HC1 salt (3g,0.012 mole, 63%). This hydrochloride was suspend- 

ed in 48% HBF (15 ml, Columbia Chem.) and cooled to O°C. A 4 
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saturated aq. solution of NaN02 (2.07 g, 0.03 mole) was added drop- 

wise with vigorous stirring while the temperature was maintained 

below 5OC. After addition was complete, the reaction mixture was 

stirred for 90 min. as the temperature rose to ambient. The dia- 

zonium salt 5 was filtered and washed with benzene yielding 3.2 g ,  

0.01 mole, 84%. IR (Nujol) 2300 ern-'. 
3-Bromo-2'-methyl-4-nitrobiphenyl (5) The reaction was per- 

formed under N2 and protected from light. To a stirred mixture of 

the dlazonium tetrafluoroborate 5 (3.1 g, 0.01 mole) and 18-Crown- 
6 (0.08 g, 0.3 mmole, Aldrich Chem. Co.) in dry toluene (30 ml) was 

added anhydrous potassium acetate (0.6 g, 0.6 mmole). The color 

of the reaction mixture changed from yellow to red within a few min. 

Stirring was continued for 2 h. followed by filtration. The solid 

was washed with benzene (25 m1)and the combined filtrates were 

washed with saturated aq. NaCl and H20, dried (MgS04) and concen- 

trated. The resulting oil was chromatographed on Silicar cc-7 

(Mallinckrodt) with elution by hexane. A mixture of 3 isomers was 

obtained (0.73 g, 2.5 mmole, 25%) having relative retention times 

on GLC of 1-00, 1-05, and 1.07. The predominant isomer (relative 

retention time, 1-00) was 5 which was purified by another column 
chromatography on Silicar CC-7 with elution by hexane. This gave 

0.43 g (1.5 mmole, 15%) - 5, mp 55-56OC and pure by GLC analysis.Spec- 

tral properties of 5: NMR (CDC13) 6 7.91 (d, lH, J=9 Hz, H o r t k o  to 

No2), 7.69 (d,lH, J=2-3 Hz, H o r t h o  to Br), 7.29 (m, 5H, aromatic 

H), MS m/e (re1 intensity) 293 (49.4), 291 (47.9), 166 (57) I 165(100). 

Anal. Qlcd for Cl3HlOBT N02:C, 53.44; H, 3.45; Br,27.36; N, 4.79 Found c ,  

53.45; H I  3.49; Br, 27.49; N, 4.81. 
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3-Cyano-2 ' -methyl-4-nitrobiphenyl-3-~yano-~~C (51 I n  a d r y  

15 m l  round bottom f l a s k  f i t t e d  wi th  a r e f l u x  condenser  and pro- 

t e c t e d  from mois ture  by a CaC12 tube  w e r e  p laced 5 (150 mg, 0.52 

mmole),anhydrous Cu14CN ( 9 )  (from 5 m C i  K 1 4 C N ,  5 mCi/mmole, New 

England Nuclear)  and dry  p y r i d i n e  (10 ml). The mix tu re  was hea ted  

under r e f l u x  f o r  5 h. The r e s u l t i n g  dark  brown s o l u t i o n  was poured 

whi le  s t i l l  hot  i n t o  a f l a s k  con ta in ing  aq. NH3 (Sp. g r .  0 . 9 ,  20 

ml) and H 2 0  ( 2 0  m l ) .  The mixture  was e x t r a c t e d  wi th  e t h y l  a c e t a t e  

( 3  x 50 ml) and t h e  o rgan ic  l a y e r  washed wi th  H 2 0  (50 ml), 6 N H C 1  

( 2  x 50 ml) , H 2 0  ( S O  m l ) ,  d r i e d  (Na SO4) and concen t r a t ed  t o  g i v e  

a p a l e  yellow s o l i d .  This  m a t e r i a l  (80  mg, 0.34 m o l e ,  1 . 7  m C i ,  

34% based on K 1 4 C N )  showed mainly one r a d i o a c t i v e  band of R f =  0 . 6 4  

(A/l: E t O A c / M e O H )  i d e n t i c a l  t o  unlabe led  5. Another minor ,  un labe l -  

ed component with R =0.65 (same s o l v e n t  system f o r  TLC) correspond- 

ed t o  5. The cyano compound 5 was used i n  t h e  nex t  s t e p  wi thout  

f u r t h e r  p u r i f i c a t i o n .  S p e c t r a l  p r o p e r t i e s  of unlabe led  5, mp 125- 

127OC; I R  (Nujol)  2215 c m  ( C N ) ;  M S  m/e  (rel .  i n t e n s i t y )  238 (M', 

l o o ) ,  1 9 1  ( 3 3 ) ,  190 (43.7)  , 165 (31.7). 

2 

f 

-1 

3 -Car box y -2 I- m e t  h y 1 - 4 - n it rob  i ph en y 1 - c a r  bo x y 1 - C ( 1) A mixture  

of  6 ( 8 0  mg, 0.34 m o l e ,  1 . 7  m C i )  and 4 0 %  H2S04 ( 2 0  m l )  was hea ted  

under r e f l u x  f o r  7 h. 

and e x t r a c t e d  wi th  E t O A c  ( 3  x 50 m l ) .  The o rgan ic  l a y e r  was con- 

c e n t r a t e d  t o  about  50 m l  and e x t r a c t e d  wi th  1 0 %  aq. NaHC03 (50 m l ) .  

The aq. l a y e r  was sepa ra t ed ,  a c i d i f i e d  wi th  conc. H C 1  and e x t r a c t e d  

wi th  E t O A c  ( 3  x 50 m l ) .  The o rgan ic  ex t rac t  w a s  d r i e d  (Na2S04) and 

concent ra ted  t o  y i e l d  a c o l o r l e s s  s o l i d  (56 mg, 0.22 mmol, 1 . 0 9  mCi ,  

6 4 % )  which showed a s i n g l e  r a d i o a c t i v e  band of  Rf=0.36 ( 4 / 1 : E t O A c /  

The mixture  was added t o  co ld  H 2 0  ( 4 0  m l )  
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MeOH), identical to unlabeled 2; mp 149OC. Spectral properties: 

IR (Nujol) 1695 cm-l (br), MS m/e (re1 intensity) 257 (M+, LOO) , 
165 (66.3). Anal. (unlabeled 1) Calcd for C14HllN04: C,65.36; H, 
4.31; N, 5.45. Found: C, 65.52; H, 4.45; N, 5.45. 

4-Amino-3bcarboxy-2 -methylbiphenyl-~arboxyl-~~C (S) The 
nitro compound 1 (56 mg, 0.22 mole, 1.09 mCi) was dissolved in 
absolute ethanol (25 ml) containing 10% Pd/C (20 mg) and hydro- 

genated in a Parr Shaker at 15 psi. After 30 min., the catalyst 

was filtered, washed with 20 ml absolute ethanol and the solvent 

removed to give a solid (42 mg, 0.19 mmole, 0.8 mCi, 73%) which 

showed a single radioactive band of Rf=0.50 (4/1: EtOAc/MeOH) 

identical to unlabeled S (mp 201-203OC). MS m/e (rel. intensity) 

227 (M', 1001, 209 (821, 180 (33.4). 

4-.Amino-3-hydroxymethyl-2 ' -methylbiphenyl-methylene-14C (9 - ) . 
The reduction was done under an N2 atmosphere in a 25 ml three 

neck round bottom flask fitted with a gas inlet tube and a pressure 

equalizing dropping funnel. To a suspension of lithium aluminum 

hydride (100 mg, 2.5 mole) in dry THF (10 ml) was added dropwise 

a solution of (42 mg, 0.19 mole, 0.8 mCi) in dry THF (15 ml). 

After addition was complete, stirring was continued for 2 h at room 

temperature. The reaction was quenched by cautious addition of 

20 ml H 0, filtered, and the inorganic solid washed with EtOAc 

(20 ml). The filtrate was further extracted with EtOAc and the 

organic layers were combined, washed with 25 ml 10% aq. NaHC03 and 

dried (Na2S04) to give 9 (0.68 mCi, 85%) with R =0.55 (4/1: EtOAc/ 

MeOH). This was used without further purification. 

2 

f 
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1 4  4-Amino-3,2'-dirnethylbiphenyl-3-methyl- C (1) A m i x t u r e  

of 2 (32 mg, 0.15 mmole, 0.68 m C i )  and 1 0 %  Pd/C i n  30 m l  a b s o l u t e  

e t h a n o l  c o n t a i n i n g  1 m l  conc.  H C 1  was shaken f o r  45 min i n  a P a r r  

a p p a r a t u s  a t  room t e m p e r a t u r e  and a hydrogen p r e s s u r e  of 13-15 p s i .  

The c a t a l y s t  w a s  f i l t e r e d ,  washed w i t h  20 m l  a b s o l u t e  e t h a n o l  and 

t h e  combined e t h a n o l  s o l u t i o n s  c o n c e n t r a t e d  t o  g i v e  t h e  c r u d e  hy- 

d r o c h l o r i d e  of 1 ( 0 . 4 1  m C i )  as a c o l o r l e s s  s o l i d .  The f r e e  amine 

w a s  o b t a i n e d  by t r e a t i n g  t h e  s a l t  w i t h  30 m l  1 0 %  aa. KOH. Chroma- 

tography on 1 0  g S i l i c a r  CC-7 w i t h  e l u t i o n  by hexane gave p u r e  1 
( 1 2  mg, 0 . 0 6 1  m o l e ,  0.32 m C i ) ,  Rf=0.3 (9/1: EtOAc/benzene) i d e n t i -  

ca l  t o  u n l a b e l e d  1. 
n o n r a d i o a c t i v e  i m p u r i t i e s .  The amine w a s  stored as t h e  hydrochlo-  

r i d e  s a l t ;  M S  of t h e  l a b e l e d  h y d r o c h l o r i d e  m / e  ( re l .  i n t e n s i t y )  

197 ( M + - H C l ,  loo), 1 8 0  ( 2 9 . 2 ) ,  165 (29.7), i d e n t i c a l  t o  u n l a b e l e d  

GLC a n a l y s i s  of 1 showed no radioactive o r  

- 1 ( 5 ) .  

2'-Bromo-4-nitrobiphenyl ( 1 0 )  The compound was o b t a i n e d  as - 
d e s c r i b e d  above for  5 u s i n g  p- nitmbenzenediazoniun t e t r a f l u o r o b o r a t e  

(Eastman) and d r y  bromobenzene. Three  isomers were o b t a i n e d  i n  

30% y i e l d  w i t h  re la t ive r e t e n t i o n  t i m e s  on GLC 1.00:1.09:1.11. 

Compound lo (rel .  r e t e n t i o n  t i m e ,  1 . 0 0 )  w a s  o b t a i n e d  i n  1 6 %  y i e l d  

a f te r  column chromatography,  mp 81-83'C, litlo 82.5'C. 

(rel. i n t e n s i t y )  277 (-72.2) , 279 (69.3) , and 152 (100). 

M S  m / e  

2 '-Cyan0-4-nitrobiphenyl-cyano-~~C (11) A m i x t u r e  of 10 
( 1 4 0  mg, 0 .5  mmole) and Cu14CN ( 9 )  

New England Nuclear )  was h e a t e d  under  r e f l u x  o v e r n i g h t  i n  d r y  

q u i n o l i n e  (15 m l ) .  The r e a c t i o n  m i x t u r e  w a s  worked up as d e s c r i b e d  

(from 5 m C i  K l 4 C N ,  5 mCi/mmole, 
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above for 6. The product (95 mg, 0.42 mmole, 1.9 mCi, 38% based 

on starting K14CN) had R = 0.45 (9/1:EtOAc/benzene), identical to 

that of unlabeled 11; mp 114-116OC. IR (Nujol, unlabeled 11) 2210 
cm-l. MS (unlabeled) m/e (re1 intensity) 224 (M , loo), 178 (44), 
177 (51.5), 166 (40.6). 

f 

+ 

2 I -Carboxy-4-nitrobiphenyl-carboxyl-14C (12 - 1 The cyano com- 

pound 11 (95 mg, 1.9 mCi, 0.42 mmole) was heated under reflux for 
24 h in 40% H2S04 

compound 7. Colorless crystals were obtained (1.5 mCi, 78% based 

on 11) which had Rf=0.4 (4/1:EtOAc/MeOH) identical to an unlabeled 

sample, mp 224-226OC. 

(re1 intensity) 243 (Mf,lOO) , 226 (33.1) and 151 (28.2). The radio- 
active purity was greater than 99% as shown by radiochromatography. 

(25 ml). The reaction was worked up as above for 

IR (Nujol, unlabeled 2) 1690 cm-l. MS m/e 

4-Amino-2 ' -carboxybiphenyl-carb~xvl-~~C (13) The nitro com- 
pound 12 (70 mg, 0.29 mmole, 1.5 mCi) was hydrogenated in a Parr 
Shaker (10 psi) in absolute ethanol (50 ml) using 10% Pd/C (20 mg). 

After 30 min, the product 2 (45 mg, 0.21 mmole, 1 mCi, 67% based 
on 12) was obtained as described above for compound a. The product 

had Rf=0.5 (4/1: EtOAc/MeOH) identical to unlabeled g,mp 208-210OC. 

MS (unlabeled 13) m/e (re1 intensity) 213 (M+,lOO), 196 (17.6) 

167 (26.4), 168 (19.9). 

4 -Amino- 2 - hyd roxyme thy 1 b iphen y 1 -met hy 1 ene -I4 C (14) Compound 

- 13 (45 mg, 0.21 mmole, 1 mCi) was dissolved in dry THF (20 ml) and 

lithium aluminum hydride (100 mg, 2.5 mmole) in dry THF (10 ml) was 

used for reduction. The procedure was identical to that described 

above for 2; after 2.5 h reaction time, 14 (0.71 mCi, 71% based on 
- 13) was obtained. Compound 14 had Rf=0.54 (4/1:EtOAc/MeOH) and 
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was used without further purification in the followins step. 

4-Amino-2 - n ~ e t h y l b i p h e n y l - m e t h y l - ~ ~ C  (2 - ) The hydrogenation 

of compound 14 (0.71 mCi) was performed as described above for 9. 

The amine 2 ( 1 6  mg, 0.073 mole, 0.4 mCi, 16% based on Cu14CN) was 

obtained by treating the hydrochloride with 10% aq. KOH. The 

radiochemical purity of Z_ was greater than 99% as shown by radio- 

chromatography. The chromatographic and spectral properties of 

2-2 '-methyl-14C were identical 

by a different route (11). MS of - 2-HC1 salt,rn/e (re1 intensity) 183 

(M+-HCl, l o o ) ,  182 (52) , 165 (32). The amine was stored as the 

hydrochloride. 

to those of unlabeled 2, prepared 
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