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ORGANIC PREPARATIONS AND PROCEDURES INT. 1 9 ( 4 - 5 ) ,  277-282 (1987) 

AN I M P R O V L D  SYNTHESIS OF 2-METHYLBENZ[a ]ANlHRACLNi  

L o r r a i n e  H. Deck, Guido H. Daub,t and A l b e r t 0  A .  Leon*++ 

Department o f  Chemistry,  U n i v e r s i t y  o f  New Mexico, 
Albuquerque, NH 87131 

A s  p a r t  o f  a program designed t o  p repare  mu l t i g ram q u a n t i t i e s  o f  mono- 

methylbenz[a]anthracenes, t h e  syn thes i s  o f  2-methylbenz[a]anthracene (1) was 

undertaken. 

low y i e l d s .  

cene i n  6% o v e r a l l  y i e l d .  

P r i o r  ~ y n t h e s e s l - ~  were r e l a t i v e l y  complex and s u f f e r e d  f rom 

Th is  paper r e p o r t s  t h e  syn thes i s  o f  1 i n  6 s teps  f rom an th ra -  

Treatment o f  anthracene w i t h  m e t h y l s u c c i n i c  anhydr ide  i n  t h e  presence 

o f  aluminum c h l o r i d e  a f f o r d e d  t h e  k e t o a c i d  & i n  20% y i e l d .  A l though t h e  

y i e l d  o f  & i s  low, anthracene i s  inexpens ive ,  and t h e  p roduc t  ob ta ined  i s  

a n a l y t i c a l l y  pure .  C lemensen r e d u c t i o n  o f  a f u r n i s h e d  t h e  cor respond ing  

3a: R = H  
- 3b: R = CH3 
- 3c: R = CH2CH3 

- 2a: R = H - 
2b: R = CH3 
- 2 ~ :  R = CXzCH3 
- 

000 2 .Pd/C 

1 - 
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DECK, DAUB AND LEON 

c a r b o x y l i c  a c i d  a. 
c l u d i n g  a l a c t o n e .  

t i o n  o f  t h e  k e t o a c i d  t o  t h e  m e t h y l  o r  e t h y l  e s t e r s  

went  r e d u c t i o n  t o  t h e  c o r r e s p o n d i n g  e s t e r s  3 and % i n  47% and 42% y i e l d ,  

r e s p e c t i v e l y .  i n  

90% and 96% y i e l d .  C y c l i z a t i o n  o f  

v i d e d  t h e  k e t o n e  4 i n  70% y i e l d .  

d r i d e  gave t h e  a l c o h o l  (100% y i e l d )  w h i c h  was dehydrogena ted  t o  t h e  d e s i r e d  

h y d r o c a r b o n  1 i n  65% y i e l d  u s i n g  10% Pd/C. 

because n o t i c e a b l e  d e h y d r a t i o n  o c c u r r e d  upon a c i d i c  work as e v i d e n c e d  b y  

NMR a n a l y s i s  showed t h e  f o r m a t i o n  o f  s i d e - p r o d u c t s  i n -  

T h i s  p r o b l e m  was p a r t i a l l y  c i r c u m v e n t e d  b y  e s t e r i f i c a -  

and & w h i c h  u n d e r -  

S a p o n i f i c a t i o n  o f  e s t e r s  3 and C gave t h e  f r e e  a c i d  

i n  anhydrous  hyd rogen  f l u o r i d e  p r o -  

R e d u c t i o n  o f  3 w i t h  l i t h i u m  a luminum hy -  

The a l c o h o l  was used d i r e c t l y  

C-13 NMR. 

EXPERIMENTAL SECTION 

M e l t i n g  p o i n t s  were o b t a i n e d  w i t h  a Thomas-Hoover c a p i l l a r y  m e l t i n g  p o i n t  
a p p a r a t u s  and a r e  u n c o r r e c t e d  as  a r e  r e p o r t e d  b o i l i n g  p o i n t s .  E l e m e n t a l  
a n a l y s e s  were p e r f o r m e d  by  Mrs.  Ruby Ju,  Depar tmen t  o f  C h e m i s t r y ,  UNM. I R  
measurements were o b t a i n e d  on a P e r k i n - E l m e r  Model 337 s p e c t r o p h o t o m e t e r .  
1H NMR s p e c t r a  and 13C NMR were  r e c o r d e d  on a V a r i a n  FT-80 i n s t r u m e n t  a t  
a m b i e n t  t e m p e r a t u r e  and a r e  r e f e r e n c e d  t o  t e t r a m e t h y l s i l a n e  as  an i n t e r n a l  
s t a n d a r d .  
2-Methyl-3-(2-anthroyl)propionic A c i d  (a).- To a c o o l e d  s o l u t i o n  ( 1 0 " )  o f  

5 7  g ( 0 . 5 0  m o l )  o f  m e t h y l s u c c i n i c  a n h y d r i d e ,  89 g ( 0 . 5 0  m o l )  o f  a n t h r a c e n e  

and 500 mL o f  d r y  n i t r o b e n z e n e  was added 133 g ( 1 . 0  m o l )  o f  a luminum c h l o -  

r i d e  a t  such a r a t e  t h a t  t h e  t e m p e r a t u r e  rema ined  b e l o w  15" .  A f t e r  s t i r -  

r i n g  f o r  7 h r s  a t  room t e m p e r a t u r e ,  t h e  r e a c t i o n  was h y d r o l y z e d  b y  t h e  ad- 

d i t i o n  o f  1 L o f  i c e  w a t e r  c o n t a i n i n g  20 mL o f  conc HC1 and s team d i s t i l l e d  

t o  remove t h e  n i t r o b e n z e n e .  The r e s u l t i n g  s o l i d  was d i s s o l v e d  i n  4 L o f  

h o t  1 N NH40H s o l u t i o n  and f i l t e r e d  t h r o u g h  a h o t  f u n n e l  c o n t a i n i n g  a ce -  

l i t e  pad.  S o l i d  NaCl was added t o  t h e  h o t  f i l t r a t e  t o  p r e c i p i t a t e  t h e  

sod ium s a l t  w h i c h  was f i l t e r e d  and d i s s o l v e d  i n  h o t  w a t e r .  A c i d i f i c a t i o n  

w i t h  conc HC1 a f f o r d e d  a c r u d e  a c i d ,  mp. 196-205", w h i c h  was t r i t u r a t e d  
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AN IMPROVED SYNTHESIS OF 2-METHYLBENZ[a]ANTHRACENJI 

w i t h  warm benzene. f i l t e r e d ,  and then  e x t r a c t e d  w i t h  e t h y l  ace ta te  f o r  24 

h r s  us ing  a Soxh le t  t h imb le .  Concent ra t ion  o f  t h e  e t h y l  ace ta te  a f f o r d e d  

29 g (20%) o f  2a,  mp. 208.5-209.5'. 

Anal. Calcd. f o r  C19H1603: C. 78.06; H, 5.52 

Found: C, 77.97; H, 5.42 

I R :  1675 (C=O. ketone),  1700 (C=O, a c i d )  cm-'. 

-8.87(m,9H), 2.95-3.50(m,3H), 1.13-1.25(d,3H). 

Hethyl-2-meth~1-3-(2-anthroyl~pro~~onate (a).- A m i x t u r e  o f  1.1 g (3.6 mnol) 

o f  2a, 1 mL o f  conc s u l f u r i c  ac id ,  5 g (16 mnol) o f  methanol and 100 mL o f  

benzene was heated t o  r e f l u x  f o r  24 h r s  us ing  a Dean-Stark wa te r  t r a p .  

A f t e r  coo l i ng .  t h e  r e a c t i o n  m i x t u r e  was washed w i t h  water,  5% aq NaHC03, 

and sa td  NaC1. 

removed t o  g i v e  a y e l l o w  s o l i d  which was c r y s t a l l i z e d  f rom methanol t o  g i v e  

0.95 g (86%) o f  y e l l o w  c r y s t a l s ,  mp. 135-136'. 

- Anal. Calcd f o r  C20H1803: C, 78.39; H, 5.93 

Found: C, 78.22; H, 5.71 

'H NMR (DMSO-d6): 6 7.47 

A f t e r  t h e  organ ic  l a y e r  was d r i e d  (MgS04). t h e  s o l v e n t  was 

I R :  1670 (C=O. ketone),  1730 (C=O, e s t e r )  cm-'. 

6 7.20 -8.65(m. 9H). 3.65-3.75(d, 2H), 3.70(s,3H), 2.95-3.55(m, l H ) ,  

'H NMR (CDC13): 

1.25-1.40 (d.3H). 

Ethyl-2-methyl-3-(2-anthroyl)~ro~~onate ( 2 c )  .- As descr ibed f o r  t h e  syn- 

) o f  2a. conc s u l f u r i c  ac id ,  

f o r  24 h r s .  S i m i l a r  workup 

e thano l  t o  g i v e  1.05 g (88%) o f  

t h e s i s  o f  2b. a s o l u t i o n  o f  1.10 g (3.76 mmo 

e thano l ,  and benzene was heated under r e f l u x  

a f fo rded  a s o l i d  which was c r y s t a l l i z e d  f rom 

y e l l o w  c r y s t a l s ,  mp. 120-121'. 

Anal. Calcd f o r  C21H2003: C. 78.71; H, 6.30 

Found: C. 78.51; H, 6.24 

I R :  1680 (C=O, ketone),  1725 (C=O, e s t e r )  cm-'. 'H NMR (CDC13): d 7.35-8.45 
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DECK, DAUB AND LEON 

(m, 9H), 4.15-4.35(q. 2H), 3.50-3.60(d. 2H), 2.90-3.50(m, 1H). 1.30-1.40 

(d, 3H), 1.15-1.35(t, 3H). 

Methy l  4-(2-anthryl)-2-methylbutanoate (a).- A m i x t u r e  o f  a (1.8 g, 

5.9 mnol) i n  100 mL o f  to luene,  24 mL o f  conc HC1. 10 mL o f  H20. and 18 g 

o f  mossy z i n c  (amalgamated) was s t i r r e d  under r e f l u x  f o r  24 h r s .  A f t e r  

coo l i ng ,  t h e  o rgan ic  l a y e r  was washed w i t h  H20, sa td  NaCl and d r i e d  

(MgS04). 

chromatographed over  n e u t r a l  a lumina us ing  benzene t o  g i v e  0.80 g (47%) o f  

a w h i t e  s o l i d .  R e c r y s t a l l i z a t i o n  f rom methanol a f f o r d e d  w h i t e  c r y s t a l s ,  mp. 

Removal o f  t h e  t o l u e n e  a f f o r d e d  a p a l e  y e l l o w  s o l i d  which was 

116-1 17". 

Anal. Calcd. f o r  C20H2002: C, 82.15; H, 6.89 

Found: C,  82.12; H, 6.69 

I R :  1730 (C=O, e s t e r )  cm-'. 

2.65-2.85(t9 2H). 2.40-2.65(q, 2H), 1.70-2.20(m, l H ) ,  1.15-1.25(d9 3H). 

E t h y l  4-(2-anthryl)-2-meth~lbutanoate ( 3 c ) . -  As descr ibed f o r  t h e  syn thes i s  

o f  a, a s o l u t i o n  o f  & (0.90 g, 2.8 mmol) i n  70 mL o f  to luene  was s t i r r e d  

under r e f l u x  w i t h  9 g o f  amalgamated Zn, 15 mL o f  conc HC1 and 15 mL o f  HOAc 

f o r  28 h rs .  S i m i l a r  workup a f f o r d e d  0.36 g (42%) o f  a p a l e  y e l l o w  s o l i d .  

An a n a l y t i c a l  sample was ob ta ined by r e c r y s t a l l i z a t i o n  f rom e thano l  t o  g i v e  

w h i t e  c r y s t a l s ,  mp. 114-115". 

Anal. Calcd f o r  C21H2202: C,  82.32; H, 7.24 

Found: C,  82.38; H, 7.23 

'H (CDC13): d 7.15-8.35(m, 9H), 3.65(s, 3H), 

I R :  1725 (C=O. e s t e r )  cm-l. 'H NMR (CDC13): 6 7.25-8.30(m, 9H). 3.95- 

4.30(q, 2H). 2.70-2.90(t.  2H). 2.45-2.70(q. 2H) .  1.75-2.25(m, l H ) ,  1.15 

-1.35(t ,  3H). 1.15-1.25(d, 3H). 

4-(2-Anthryl)-2-methylbutanoic Acid  (a).- a)  A m i x t u r e  o f  1.0 g (15 mmol) 

o f  KOH (85%). 0.75 g (2.5 mnol) o f  and 70 mL o f  95% o f  E t O H  was r e f l u x e d  

f o r  4 h r s .  The e thano l  was removed and water  was added t o  d i s s o l v e  t h e  
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AN IMPROVED SYNTHESIS OF 2-METHYLBENZ[a]ANTHRACENE 

residue. 

with conc HC1 to give a white precipitate. 

acetate afforded 0.65 g (96%) of white crystals, mp. 192-193'. 

Anal. Calcd for C19H1802: C. 81.99; H. 6.52 

Found: C, 81.90; H, 6.31 

The aqueous solution was extracted with ether and then acidified 

Recrystallization from ethyl 

IR: 1719 (C=O, acid) cm-'. 'H NMR (DMSO-d6): 8 7.30-8.50(m. 9H). 2.65 

-2.95(t, 2H), 2.25-2.60(q, 2H), 1.60-2.15(m, IH), 1.15-1.25(d, 3H). 

b) As described for the synthesis o f  3a, a mixture of 1.5 g of KOH 

(85%), 1.1 g (3.7 mnol) of 2 and 80 mL of methanol was refluxed for 3 hrs. 

Similar workup afforded 0.93 g (90%) of a white solid, mp. 189-190'. 

c) As described for the synthesis of 3, 6.0 g of amalgamated Zn was 

stirred under reflux with 4 mL of  H20, 8 mL of conc HC1 and a solution of 

- 2 (2.0 g, 6.8 mnol) in 200 mL of toluene for 48 hrs. Four 2-mL aliquots of 

cone HC1 were added at intervals. Similar workup afforded 1.2 g (63%) of a 

tan solid, mp. 180-185'. 

3.4-Di h~dro-2-meth~l-1.2.3.4-tetrahydrobenzra lanthracene-l(2H) -one (4).  - 

Ten mL of anhydrous HF was added to (0.93 g,  3.3 mnol) in a polyethylene 

beaker. After evaporation of the HF, the residual solid was stirred with 5% 

aq. NaHC03 and benzene. 

water and satd NaC1, and dried (MgSO4). Evaporation of the benzene gave a 

residue which was chromatographed over Woelm neutral alumina using benzene 

to yield a yellow solid which was recrystallized from methanol to give 

yellow needles, 0.60 g (70%), mp. 91.5-92.5. 

Anal. Calcd for C19H160: C, 87.66; H. 6.19 

Found: C, 87.89; H, 6.05 

The benzene layer was separated. washed with 

IR: 1655 (C=O. ketone) cm-'. 

-2.90(t. 2H), 2.40-2.70(q, 2H), 1.70-2.20(m, 1H). 1.30-1.40(d. 3H). 

'H NMR (CDC13): 6 6.80-8.25(m, 8H), 2.70 
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DECK, DAUB AND LEON 

2-Methylbenzralanthracene (i).- To a s o l u t i o n  o f  4.0 g (15 mrnol) o f  5 i n  

200 mL o f  anhydrous e t h e r  was s l o w l y  added 1.3 g (34  mmol) o f  l i t h i u m  a lumi -  

num hyd r ide .  The m i x t u r e  was r e f l u x e d  f o r  23 h r s  and a f t e r  c o o l i n g  5% s u l -  

f u r i c  a c i d  was added dropwise. The o rgan ic  l a y e r  was separated, washed, and 

removal o f  t h e  s o l v e n t  a f f o r d e d  4.0 g (100%) o f  a y e l l o w  s o l i d .  The s o l i d  

was dehydrogenated over  10% Pd/C (0.4 g )  a t  250" f o r  30 min and then  a t  300" 

f o r  4 h r s .  The res idue  was d i s s o l v e d  i n  benzene and f i l t e r e d .  Removal o f  

t h e  benzene a f f o r d e d  3.8 g o f  a s o l i d  which was chromatographed ove r  n e u t r a l  

a lumina us ing  benzene. Evapora t ion  o f  t h e  e luen ts  gave 2.4 g (65%) o f  a 

w h i t e  s o l i d ,  mp. 148-150". R e c r y s t a l l i z a t i o n  f rom cyclohexane gave w h i t e  

needles, mp. 150-151". mp. 150-151.7'; p i c r a t e ,  mp. 184-185", 

l i t? mp. 179-180: 

'H NMR (CDC13): d 7.40-8.85(m, 11H), 2.60(s, 3H). 
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