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THE SYNTHESIS OF BENZIU]ANTHRACENE1 

Fahim U. Ahmed, T. Rangarajan, and E. J. Eisenbraun* 
Department of Chemistry, Oklahoma State University 

Stillwater, Oklahoma 74074 

and G. W. Keen and M. C. Hamming 

Ponca City, Oklahoma 74601 
Research and Development Department, Continental Oil Company 

Benz[u]anthracene (III), a carcinogenic polynuclear aromatic hydro- 

carbon widely distributed in the en~ironment,~-~ is an important reference 

hydrocarbon in pollution studies. Consequently, a direct and reliable 

synthesis was developed by the route shown below. Three procedures were 

tried in the cyclization of 1 to 2. 
added boric acid to inhibit sulfonation gave considerable tar, and the 

Sulfuric acid (95%) at 80°, with 

I 111 

a PPA, A .  bAluminum tricyclohexoxide, cyclohexanol, A .  

yield was 54% instead of the reported 94%.8 

48 hr, the reaction was incomplete and the resulting neutral fraction con- 

tained tarry material which interfered with purification. PPA was the 

most effective catalyst.’ 

hexoxide, though active as a reducing agent, was not suitable for the 

reduction sf 2. 

since lY2-benzanthraquinone (11) does not form a picrate. 

With liquid HF, even after 

We also found that commercial aluminum tricyclo- 

Picrate formation enabled easy separation of I1 and 111, 
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EXPERIMENTAL 

2-( l -Naphthoyl)benzoic  Acid (I).- The method i s  an  a d a p t a t i o n  of t h a t  

r e p o r t e d  by Groggins and Newton.8 A 2-11 f l u t e d  f l a s k  w a s  equipped w i t h  a 

mechanical  s t i r rer ,  thermocouple ,  n i t r o g e n  i n l e t ,  g a s  b u b b l e r ,  and con- 

d e n s e r .  A s o l u t i o n  of naph tha lene  (83  g ,  0 .65 mole) and r e sub l imed  

p h t h a l i c  anhydr ide  (92 g ,  0.62 mole) i n  250 m l  of o -d i ch lo robenzene  was 

added t o  t h e  f l a s k  and then  coo led  t o  0". Anhydrous aluminum c h l o r i d e  

(182 g; 1 . 4  mole) w a s  g r a d u a l l y  added t o  t h e  s o l u t i o n  o v e r  a p e r i o d  o f  3 

h r  w i t h  c o n s t a n t  s t i r r i n g  a t  0 " .  S t i r r i n g  w a s  con t inued  (2 h r )  u n t i l  t h e  

e v o l u t i o n  of H C 1  ceased .  The d a r k  p r o d u c t  was t h e n  poured o n t o  i c e  (1 kg) 

c o n t a i n i n g  100 m l  of conc. h y d r o c h l o r i c  a c i d  and l e f t  o v e r n i g h t .  The 

r e a c t i o n  m i x t u r e  w a s  s t e a m - d i s t i l l e d  u n t i l  most o f  t h e  2 -d ich lo robenzene  

(242 ml) w a s  removed. The r e s i d u e  w a s  washed w i t h  5% h y d r o c h l o r i c  a c i d ,  

homogenized i n  a Waring B lendor ,  f i l t e r e d  and d r i e d  in vacuo. The c r u d e  

ye l low p r o d u c t  (154 g ,  0 .56 mole,  86%) me l t ed  a t  110-170". Four r e c r y s -  

t a l l i z a t i o n s  from t o l u e n e  (800 m l ) ,  y i e l d e d  92 g (0 .33  mole,  53%) of 

c o l o r l e s s  I ,  mp 174-175", l i t e8  170-172'. 

I R  spec t rum (KBr) 3000, 2300, 1670,  1400, 1270,  908, 810, 775, 745, 685,  
655 cm-l; m a s s  spec t rum (70 eV) m/e ( r e l a t i v e  i n t e n s i t y )  276 (M+, 4 1 ) ,  232 
( 6 3 ) ,  321  ( 3 8 ) ,  155 ( l o o ) ,  127 ( 7 6 ) ,  9 ( 4 8 ) ;  pmr spec t rum (DCC13, 100 MHz), 
9.95 ( 5 ,  1, COOH),  8 . 9  ( d ,  1, ArH), 7 .9  (m, 1, Ar-H), 7.1-7.7 (m, 7 ,  Ar-H). 

C y c l i z a t i o n  of I t o  1,2-Benzanthraquinone (II),- A 50 g (0 .18  mole) sample 

of I was added o v e r  2 h r  t o  480 g of PPA h e l d  a t  90" w i t h  s t i r r i n g .  

m i x t u r e  was t h e n  h e a t e d  a t  110" f o r  a t o t a l  of 5 h r .  The r e s u l t i n g  da rk -  

c o l o r e d  p roduc t  m i x t u r e  was coo led  and poured o n t o  i c e .  The r e s u l t i n g  

g reen i sh -b lack  s o l i d  was f i l t e r e d  and washed f i r s t  w i t h  500 m l  of s a t u r -  

a t e d  sodium c a r b o n a t e  s o l u t i o n  and t h e n  w i t h  w a t e r  t ho rough ly .  The d r i e d  

I1 (46 g ,  0.18 mole,  9 8 % ) ,  me l t ed  a t  130-150". D i s t i l l a t i o n  a t  a p p r o x i -  

ma te ly  135-155" a t  1 mm i n  a Kuge l roh r  a p p a r a t u s  gave 30 g ,  0.12 mole 

(65%, l i t . 9  45%) and two r e c r y s t a l l i z a t i o n s  from a c e t i c  a c i d  gave 2 1  g 

The 
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THE SYNTHESIS OF BENZ[a]ANTHRACENE 

(45%) of golden-yellow 11, mp 167-169', l i t e8  169".  

I R  spectrum (KBr) 2300, 1650, 1565, 1450, 1370, 1300, 1270, 1160, 845, 765, 
755, 708 cm-l; mass spectrum (70 eV) m/e ( r e 1  i n t e n s i t y )  258 (M+, 100) 230 
(33) ,  228 ( 2 8 ) ,  202 ( 4 8 ) ,  200 (28) ,  and 101 (26) ;  pmr spectrum (DCCl3, 100 
MHz), 6 9.65 (d ,  1, Ar-H) , 8.35-8.0 (my 4,  Ar-H) , 7.9-7.45 (m, 5- Ar-H). 

Reduction of I1 t o  Benz[a]anthracene (III).lo- A 40 g (0.16 mole) s o l u t i o n  

of  111 i n  200 m l  of d r y  cyclohexanol  w a s  added t o  aluminum t r i c y c l o h e x o x i d e  

1 0  
(prepared from 20 g of aluminum t u r n i n g s  and 400 m l  of d r y  cyc lohexanol ) .  

The r e a c t i o n  mixture  w a s  aga in  r e f l u x e d  f o r  a n o t h e r  48 h r  under  n i t r o g e n .  

The c o n t e n t s  of t h e  f l a s k  were cooled ,  poured i n t o  co ld  w a t e r ,  a c i d i f i e d  

w i t h  10% h y d r o c h l o r i c  a c i d ,  s t i r r e d  f o r  2 h r  and then  e x t r a c t e d  twice  w i t h  

250-ml p o r t i o n s  of benzene. 

combined e x t r a c t s  by s team d i s t i l l a t i o n .  

t a l l i z e d  t h r e e  t imes from e t h a n o l - a c e t i c  a c i d  mixture  t o  y i e l d  28 g (0.12 

mole, 80%) of p a l e  ye l low c r y s t a l s  of benz[a]an thracene  (III), mp 153-155'. 

To a c l e a r  s o l u t i o n  of p i c r i c  a c i d  (98 g )  i n  e t h a n o l  was added 65 g (0.29 

mole) of c rude  111 by e x t r a c t i o n  through a Soxhle t  appara tus .  The r e d  p i c -  

r a t e  (120 g ,  0.26 mole, 90%) w a s  r e c r y s t a l l i z e d  twice from e t h a n o l  t o  g i v e  

108 g (0.24 mole, 83%),  mp 140-142", l i t .  'la ' 

Benzene and cyclohexanol  were removed from t h e  

The ye l low p a s t y  mass was r e c r y s -  

141.5- 142.5 '. 
The p i c r a t e  w a s  t h e n  decomposed by e x t r a c t i n g  i t  i n  a Soxhle t  appara- 

t u s  through b a s i c  a lumina (300 g) u s i n g  1 .5  P, of petroleum e t h e r  (bp 60-68") 

as t h e  s o l v e n t . 1 2  An i n e r t  atmosphere (Co2 o r  N2) was main ta ined  through- 

o u t  t h e  e x t r a c t i o n  which l a s t e d  f o r  48 h r .  On c o o l i n g  t h e  e x t r a c t ,  co lor -  

l e s s  p l a t e s  of 111, mp 158-159", were obta ined .  These were r e c r y s t a l l i z e d  

from t o l u e n e ,  d i s t i l l e d  i n  a Kugelrohr a p p a r a t u s  and then  zone-ref ined t o  

g i v e  111, mp 158.5-159.5", lit.13 159.5-160.5' ( c o r r ) .  

I R  spectrum (KBr) , 2300, 950, 895, 880, 820, 780, 745, 685 cm-'; mass spec- 
trum (70 eV) m/e ( r e 1  i n t e n s i t y )  2 2 8  (& l o o ) ,  227 ( 6 ) ,  226 ( 2 0 ) ,  114 (115) ,  
113 ( 3 ) ,  and 100 (10);  pmr spectrum (CDC13, 100 MHz) 6 9.15 (5 ,  1, ArH), 
8.88 (m, 1, ArH). 8 .3  (5 ,  1, ArH), 7.9-7.4 (m, 9 .  ArH). 
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