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ORGANIC PREPARATIONS AND PROCEDURES INT. 14(3), 169-175 (1982) 

A MODIFIED APPROACH I N  THE SYNTHESIS OF 5-  AN@ 6 - M E T H Y L B E N Z r a l A N T H R A C E N E S  

P e t e r  P. Fu , F r e d e r i c k  E. Evans, Dw igh t  W. M i l l e r ,  

J .  P. Freeman and Shen K. Yang *t 

Depar tment  o f  H e a l t h  and Human S e r v i c e s ,  
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 72079 

and 

‘Department o f  Pharmacology, School o f  M e d i c i n e ,  
Un i fo rmed  S e r v i c e s  U n i v e r s i t y  o f  t h e  H e a l t h  Sc iences ,  

Rethesda, Mary1 and 20014 

P o l y c y c l i c  a r o m a t i c  hyd roca rbons  (PAHs) a r e  common p a r t i c u l a t e  e n v i r o n -  

men ta l  p o l l u t a n t s  and many have been found  t o  be c a r c i n o g e n i c  i n  e x p e r i m e n t -  

a l  an ima l  s, The t w e l v e  i someri c m e t h y l  benzCa1anthracenes (MBAs) have been 

s y n t h e s i z e d  and t h e i r  c a r c i n o g e n i c i t y  has been t e s t e d . ’  The e f f e c t  o f  t h e  

m e t h y l  s i i h s t i t u e n t  on t h e  b i o t r a n s f o r m a t i o n  o f  MBAs i s  n o t  c l e a r l y  u n d e r -  

stood.’  

and t h e  s i m p l e s t  p r o c e d u r e s  t o  d a t e  f o r  t h e  s y n t h e s i s  o f  5- and 6 - m e t h y l -  

benzCa lan th racenes  ( I X  and V I )  have been r e p o r t e d  b y  Newman (see  Scheme 1 ) .  

The s y n t h e s i s  o f  t h e  s t a r t i n g  m a t e r i a l  , 6 - m e t h y l t e t r a l  i n  ( I )  , p r e p a r e d 3  by  

Clemrnensen-Martin r e d u c t i o n  o f  7-methy l  -1 - t e t r a 1  one, r e q u i r e s  a t  l e a s t  f o u r  

4 s t e p s  b e g i n n i n g  w i t h  s u c c i n o y l a t i o n  o f  t o l ~ e n e . ~  It was a l s o  o b t a i n e d  by  

c a t a l y t i c  h y d r o g e n a t i o n  o f  2 - m e t h y l n a p h t h a l e n e  w i t h  Raney n i c k e l  c a t a l y s t  

(18nO p s i g  and 131l-135~). 

n a p h t h a l e n e  o v e r  P t 0 2  o c c u r s  r e a d i l y  a t  40 p s i g ,  (25’) i n  81% y i e l d ;  P t 0 2  

was p r e v i o u s l y  found  t o  be s u p e r i o r  t o  Pd/C i n  p r e p a r i n g  t h e  t e t r a h y d r o - P A H  

by  h y d r o g e n a t i o n  o f  t h e  t e r m i n a l  benzo r i n g  o f  PAHs.’ 

D e t a i l e d  m e t a b o l i c  s t u d i e s  r e q u i r e  l a r g e  q u a n t i t i e s  o f  h y d r o c a r b o n  

3 

We now r e p o r t  t h a t  h y d r o g e n a t i o n  o f  2 - m e t h y l -  

169 ’ 1982 by Organic Preparations and Procedures Inc. 
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FU, EVANS, MILLER, FREEMAN AND YANG 

Compound VI was t h e n  s y n t h e s i z e d  a c c o r d i n g  t o  Scheme 1. We a l s o  employed 

t h e  d e h y d r o g e n a t i o n  r e a g e n t ,  2,3-dich1oro-5,6-dicyano- ly4-benzoquinone 

( n n o )  ,6 i n  t h e  c o n v e r s i o n  o f  lY2,3,4-tetrahydro-6-methyl b e n e z t a l a n t h r a c e n e  

t o  6-methy l  b e n z r a l a n t h r a c e n e  ( V I ) .  

I I1 

CH3 
I11 

CH3 
V 

CH3 

2 

IV 

CH3 
VI 

Zn 

NaOH 
- 

The p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  5-methy l  benz [a ]an th racene  ( I X )  r e -  

p o r t e d  by Wewman3 i s  s i m i l a r  t o  t h a t  used f o r  f i -MBA;  however d e h y d r o g e n a t i o n  

as t h e  l a s t  s t e p  was n o t  necessa ry  s i n c e  1 - m e t h y l n a p t h a l e n e  was used as t h e  

s t a r t i n g  m a t e r i a l .  Our m o d i f i e d  method (Scheme 2 )  r e q u i r e s  one s t e p  l e s s  

t h a n  t h e  p r o c e d u r e  o f  Newman. The k e t o  a c i d  V I I  was s y n t h e s i z e d  a c c o r d i n g  

t o  a known p rocedure .3  

5-methy l  benz[a]anthracene-7,12-d ione ( V I I I )  i n  a 555 y i e l d ,  R e d u c t i o n  o f  

V I I I  w i t h  HI i n  a c e t i c  a c i d  a f f o r d e d  IX i n  a 96% y i e l d .  Thus, t h i s  

t h r e e - s t e p  m o d i f i e d  method p r o v i d e s  I X  i n  an o v e r a l l  y i e l d  o f  487,. 

3 

C y c l i z a t i o n  by c o n c e n t r a t e d  s u l f u r i c  a c i d  a f f o r d e d  
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A MODIFIED APPROACH IN THE SYNTKESTS OF 5-AND h-MFTHYTNBENZ [a IANTHRACENES 

Scheme 2 

8 7 6 
V 

0 CH3 

V 

0 

VIII IX X 

Though c y c l i z a t i o n  o f  t h e  k e t o  a c i d  VII b y  H 50 

i n  good y i e l d ,  c o n v e r s i o n  o f  k e t o  a c i d  I 1  t o  qu inone  X by  s e v e r a l  a c i d i c  

c a t a l y s t s  f a i l e d . 3  A p r o b a b l e  e x p l a n a t i o n  f o r  t h e  r e a c t i v i t y  d i f f e r e n c e  

between t h e s e  two  k e t o  a c i d s  ( I 1  and V I I )  i s  t h a t  c y c l i z a t i o n  o f  I 1  o c c u r s  

b y  e l e c t r o p h i l  i c  a r o m a t i c  s u b s t i t u t i o n  t o  a benzeno id  s u b s t r a t e  whereas 

c y c l i z a t i o n  o f  VII i s  t o  a n a p h t h a l e n o i d  a r o m a t i c  r i n g .  

a1 so p r e p a r e d  i n  a 94": y i e l d  b y  r e d u c t i o n  o f  6 -me thy lbenz [a1an th racene-7 ,  

a f f o r d e d  t h e  qu inone  V I I I  7' 4 

Compound VI was 

12 -d ione  w i t h  HI i n  a c e t i c  a c i d .  The r e s u l t  f u r t h e r  c o n f i r m s  t h e  g e n e r a l i t y  

o f  t h i s  p r o c e d u r e  u s i n g  H I  as  t h e  r e d u c i n g  agent.' The s t r u c t u r e s  o f  k e t o  

a c i d s  I 1  and VII were p r e v i o u s l y  d e t e r m i n e d  b y  chemica l  o x i d a t i o n  t o  f r a g -  

ments o f  known s t r u c t u r e s  . By H NMR s p e c t r a l  a n a l y s i s ,  we have c o n f i r m e d  

t h e  s u b s t i t u t i o n  p a t t e r n .  I n  compound V I I ,  an o r t h o  c o u p l i n g  ( 7 . 4  Hz) be-  

tween H2 and H3 was obse rved  and H2 a l s o  e x h i b i t e d  a b e n z y l i c  c o u p l i n g  o f  

0.8 Hz w h i c h  was c h a r a c t e r i s t i c  o f  an a r o m a t i c  p r o t o n  meta t o  a m e t h y l  

4 1 

group.  

enhancement ( N O E )  when t h e  m e t h y l  p r o t o n s  were s a t u r a t e d .  T h i s  measurement 

Fo r  compound 1 1 ,  o n l y  one p r o t o n  (H5)  e x h i b i t e d  a n u c l e a r  Overhauser  
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FU, EVANS, MILLER, FREEMAN AND YANG 

showed t h a t  H5 was o r t h o  t o  t h e  me thy l  s u b s t i t u e n t ,  b u t  H8 was n o t .  F u r t h e r  

more, when t h e  me thy lene  p r o t o n s  o f  t h e  c o r r e s p o n d i n g  a c i d  I 1 1  were 

s a t u r a t e d ,  t h e  o t h e r  p r o t o n  ( H 8 )  e x h i b i t e d  an NOE. 

EXPERIMENTAL 

'H BlMR s p e c t r a  were r e c o r d e d  w i th  a Jeo l  MH 100 o r  a B r u k e r  WH 270 spec-  
t r o m e t e r  w i t h  Me4Si as an i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  were o b t a i n e d  on 
a F i n n i g a n  Model 4023 gas chromatograph-mass s p e c t r o m e t e r  system, v i a  s o l i d  
p robe  i n s e r t i o n ,  b g  e l e c t r o n  impac t  i o n i z a t i o n  a t  70 ev and an i o n s o u r c e  
t e m p e r a t u r e  of 250 C. M e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  C a t a l y t i c  
h y d r g e n a t i o n  e x p e r i m e n t s  were conduc ted  i n  a P a r r  appara tus .  

P l a t i n u m  ( I V )  o x i d e  and I n %  Pd/c c a t a l y s t s  were purchased f r o m  V e n t r o n  
Corp. ?-Methy l  n a p h t h a l e n e  ( A l d r i c h )  was p u r i f i e d  by ch romatog raphy  on 
s i l i c a  g e l ,  e l u t e d  w i t h  hexane p r i o r  t o  use. HI (57% aqueous s o l u t i o n )  was 
purchased f r o m  F i s h e r  Chemical Co. 6-Methy l  benz[a]anthracene-7,12-d ione was 
o b t a i n e d  f rom A l f r e d  Rader Chemicals .  

6 - M e t h y l t e t r a l i n  (I).- A m i x t u r e  o f  2 - m e t h y l n a p h t h a l e n e  (409 ,  0.28 m o l )  i n  

e t h y l  a c e t a t e  ( 2 5  rn l )  was hyd rogena ted  o v e r  P t 0 2  (2 .1  g ) i n  a P a r r  a p p a r a t u s  

a t  ambient  t e m p e r a t u r e  a t  47. p s i g  f o r  2n h r s .  The c r u d e  r e a c t i o n  p r o d u c t  was 

f i l t e r e d  t h r o u g h  C e l i t e  and washed s e v e r a l  t i m e s  w i t h  ace tone ,  and t h e  s o l -  

v e n t  was evapora ted .  Upon vacuum d i s t i l l a t i o n  o f  t h e  r e s i d u e ,  339 (81% 

y i e l d )  o f  6 - m e t h y l t e t r a l i n  was o b t a i n e d  a t  60-62'/1 mm, l it.4 bp. 226-227'/1 

atrn , as  a c o l o r l e s s  o i l ,  

NMR(ln0 MHz,CC14): 6 1.58-1.90 (m,4,H2,3)y 2.21 (s,3,CH3), 2.44-2.87 (m,4 ,  

H1 y 4 )  and 6.45-6.93 ppm (m,3, H5,7,8). 

6 -Me thy l -1  ,2 ,3 ,4 - te t rahyd ro -BA (V) . -  S u c c i n o y l a t i o n  o f  I w i t h  anhydrous  

AlC13 i n  benzene a t  65' f o r  15 h r s  u s i n g  Newman's p r o c e d u r e  gave k e t o  a c i d  

J I  i n  857' y i e l d ,  mp. 168-170' (benzene-hexane) ,  l i t .  

NMR(27n MHz,acetone-d6): 6 2.05-2.07 ( ~ I I , ~ , H ~ , ~ )  , 2.53 (s,3,CH3), 2.53-2.58 

(m,2,H1 o r  H4). 

3 

3 mp. 167.5-168'. 

3.72-2.76 (m,2,H4 o r  H 1 ) ,  6.89 ( s , l ,H8 ) ,  6.99 (s , l ,H5)  and 

7.42-8.03 (mY4,H1 1 - 4 1 ) ?  ( Jg ,8=1*0  Hz). 

Reduc t ion  o f  k e t o  a c i d  I 1  w i t h  Zn/NaOH a f f o r d e d  a c i d  I 1 1  a s  c o l o r l e s s  

s o l i d  (88% y i e l d )  mp. 167-169', l i t .3 mp. 167-169'. 
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A MODIFIED APPROACH IN THE SYNTHESIS OF 5- AND ~-METHYLRENZ[A]ANTHRACENES 

Mass spec t rum:  m/e 280 ( M + ) ;  NMR (270  MHz, CDC13): 6 1.74-179 ( 1 n , 4 . H ~ , ~ ) ,  

2.14 (s,3,CH3), 2.65-7.73 (m,4,H1, 4),6.fif i  ( s , l  , H 5 )  6.88 ( s , l  ,H8) ,  7.00-7.03 

(d , l  H ) ,  7.76-7.40 (t,l H ) ,  7.42- 7.45 (t,l H ) ,  and 8.08-8.12 ppm ( d d , l  H ) .  

Upon c y c l i z a t i o n  o f  I 1 1  w i t h  conc. s u l f u r i c  a c i d  a t  amb ien t  t e m p e r a t u r e  

o v e r n i g h t  f o l l o w e d  by t h e  usua l  workup, c r u d e  a n t h r o n e  d e r i v a t i v e  I V  was 

o b t a i n e d :  

NMR(ln0 MHz,CDC13): 6 1 .fi6-2.n (m,4,H2,3),2.36 ( s , 3 , C H 3 ) ,  2.68-3.04 (m,2, 

H 4 ) ,  3.24-3.56 (m,2,H1 ) , 4.1 2 ( s,2,CH2) , 7.28 ( s  ,1 , H 5 ) ,  7.40-7.75 

(m,3,H8-l 0) , and 8.36 ppm ( a p p a r e n t  d , 1  ,H1 ) . 
The c r u d e  I V  was reduced  by r e f l u x i n g  w i t h  a c t i v a t e d  z i n c  and sodium h y d r o x -  

i d e  s o l u t i o n ,  p r o v i d i n g  V i n  65:; y i e l d ,  mp. 81.5-83 (benzene-methano l ) ,  o 

0 mp. 82.3-82.9 

Mass spec t rum:  m/e 146 (M'); NMR(100 MHz,CDC13): 6 1.72-2.07 (1n,4,H?,~) 

2.60-2.85 (in,2,H4) ,2.70 (s,3,CH3), 3.02-3.24 ( m , 2 , H 1 ) ,  6.99-8.12 (m,Fj, 

H5,8-1 1 ) ' 
&Methy l  benz[a]anthracene ( V I )  .- ( a )  C a t a l y t i c  d e h y d r o g e n a t i o n  o f  V (2.0 g )  

w i t h  10% Pd/C (200  mg) under  c o n d i t i o n s  d e s c r i b e d  by  Newnian, a f f o r d e d  c r u d e  

V I ;  V I  was p u r i f i e d  by  passage t h r o u g h  a F l o r i s i l  column and e l u t e d  w i t h  

hexane f o l l o w e d  by  c r y s t a l l i z a t i o n  f r o m  benzene-methanol ;1.22 g (62%)  o f  

c o l o r l e s s  n e e d l e s ,  mp. 126-127 l i t . mp. 126.2-127.2 . 
Mass spec t rum:  m/e 242 (M+); NMR(270 MHz,CDC13): 6 2.82 ( a p p a r e n t  s,3,CH3), 

7.56 ( a p p a r e n t  s , l ,H5 ) ,  7.56-8.16 ( N I , ~ , H ~ - ~ , ~ - , ~  ) ,  8.52 ( s , l , H 7 ) ,  5.82 (dd ,  

l y H l ) ,  and 0.21 ppm ( l , s ,H12) .  

7 ,12) '  
and 8.43 ppm ( a p p a r e n t  s,2,H 

0 3 0 

( b )  A s o l u t i o n  o f  V (1.239, 5 mmol) and 000 (1.25 g,5.5 m m o l )  i n  ben- 

zene ( 6 0  rn l )  was r e f l u x e d  under  N2 f o r  1 hr. A f t e r  c o n v e n t i o n a l  workup, V I  

was o b t a i n e d  (0.8 g, 66% y i e l d ) .  

( c )  A m i x t u r e  o f  6-methy lbenz[a]anthracene-7,12-d 

mmol) and 57% H I  (0.5 m l )  i n  g l a c i a l  a c e t i c  a c i d  ( 8  m l  

one (136  mg, 0.5 

was h e a t e d  t o  r e f l u x  

17 3 
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FU, EVANS, MILLER, FREEMAN AND YANG 

f o r  6 h r s .  The r e s u l t i n g  s o l u t i o n  was poured i n t o  a sodium b i s u l f i t e  s o l u -  

t i o n .  The 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 .  Upon p u r i f i c a t i o n  by  

F l o r i s i l  column chromatography,  114 mg (94%) o f  V I  was o b t a i n e d .  

0-  (1  -Methy l  -4-Naphthoy l  ) - b e n z o i c  A c i d  ( w ) ~ .  - S u c c i n o y l  a t i  on o f  1 -me thy l  - 
naph tha lene  (107 g )  w i t h  anhydrous AlC17 i n  benzene u s i n g  N e w a n ' s  p roced-  

u r e 3  a f f o r d e d  k e t o  a c i d  V I I  i n  92% y i e l d ,  mp. 172-173' (benzene) .  

Mass spect rum: m/e 790(Mf);  NMR(27I) MHz,acetone-d6): 6 2.77 (s,3,CH3), 7.29- 

7.75 ( A R M 3  s p i n  system, 2, H 

9.08-9.13 (m,l H). 

5-Methy lbenzra]anthracene-7,12-d ione ( V I I I ) . -  K e t o  a c i d  V I I  ( 1  .I) g,3.45 

mmol) i n  conc. H 70 (fin m l )  was s t i r r e d  a t  ambient  t e m p e r a t u r e  f o r  5 days.  

The r e a c t i o n  m i x t u r e  vJas poured o n t o  i c e w a t e r .  The p r e c i p 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 p u r i f i e d  by  e l u t i o n  w i t h  benzene f r o m  a F l o r i s i l  co lumn,  

a f f o r d i n q  512 mg ( 5 ! 3  y i e l d )  o f  V I I I ,  mp. 178-179', l i t .8 mp. 179 . 
Mass spect ru i r l :  m/e 272 (M'), NMR(100 MHZ,CDC13): 6 7.80 (s,3,CH3), 7.1-8.3 

(m,R,aromatic), 9.5-9.7 ppm (m,l , H 1 ) .  

5-Methy lbenz[a]anthracene ( I X ) , -  A m i x t u r e  o f  5-methylbenz[a]anthracene-7, 

1 2 - d i o n e  ( V I I I )  (777 mg, 1 mmol) and 57% HI (1 .0  m l )  i n  g l a c i a l  a c e t i c  a c i d  

(12  m l )  was r e f l u x e d  f o r  fi h r s .  A f t e r  workup and p u r i f i c a t i o n  as d e s c r i b e d  

f o r  t h e  s y n t h e s i s  o f  V I  f r o m  6- rne thy lbenz [a~anthracene-7 ,12-d ione,  I X  was 

o b t a i n e d  (2.61 mg, 96w, y i e l d ) ,  mp. 156-157O (benzene-methano l ) ,  l i t .  

mp. 155.9-1 56.9'. 

Mass spec t rum:  m/e 242 (m'); NMR ( 2 7 0  MHz, ace tone-d6 ) :  6 2.72 ( d  f r o m  o r t h o  

b e n z y l i c  c o u p l i n g ,  3, CH3), 7.5-8.3 (m,8,H 2-4 36 38-1 1 ) ,  8.40 ( s , l ,H7 ) ,  9.02 

( d y l y H l ) ,  and 9.38 ppm (s , l ,H12) .  

ass igned  f r o m  NOE d i f f e r e n c e  spec t rum f o l l o w i n g  s a t u r a t i o n  o f  t h e  m e t h y l  

g roup ;  7.74 ( s , l  ,H6) and 8.08 ppm ( d , l  ,H4). 

) ,  7.56-7.80 (m,5 H ) ,  8.03-8.17 (m,2 H ) ,  and 
7Y3 

7' 4 

0 

3 

The H4 and H6 resonances c o u l d  be 
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