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ORGANIC PREPARATIONS AND PROCEDURES INT. 19(4-5), 269-276 (1987) 

SYNTHESIS OF 6.7,12-TRIMETHYLBENZ[a]ANTHRACENE 

6.7-. AND 6.12-DIMETHYLBENZ[a]ANTHRACENE 

Guido H .  Daub+. Lorraine M. Deck and Albert0 A. Leon*++ 

Department of Chemistry, University of New Mexico 
Albuquerque, NM 87131 

Methyl substitution in the benz[a]anthracene ring system often pro- 

foundly alters the tumorigenic properties of the parent hydrocarbon.’ * 2  

This paper reports improved syntheses of three methylated benz[a]anthra- 

cenes: 6.7- and 6,12-dimethylbenz[a]anthracene (1 and 2) and 6.7.12-tt-i- 

methylbenz[a]anthracene (3) .  

(3% of 1 and 9% of 2) were first reported by Fieser and Jones.3 from de- 

hydrogenation of the saturated angular ring analogs 5 and 5 with Pd/C and 

sulfur. Pataki et al.4’5 subsequently reported the synthesis of 1. 2. 
and - 3 in overall yields o f  35%. 27%. and 20%. respectively. We now report 

modified procedures which afford overall yields of 1, 2, and 3 of 57%. 35% 

Syntheses of compounds 1 and 2 in poor yields 

and 37%. respectively from synthetically available & and a. 3 

&@ > 2 + Demethylated Products 

- 5 ’  

O 1 9 8 7  by Organic Preparations and Procedures Inc. 
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DAUB, DECK AND LEON 

We circumvented t h e  problem o f  low y i e l d  dehydrogenat ion r e a c t i o n s  by 

pe r fo rm ing  t h e  dehydrogenat ion be fo re  t h e  benz[a]anthracene system was as- 

sembled. E s t e r i f i c a t i o n  o f  t h e  ac ids  Q and fo l l owed  by dehydro- 

gena t ion  us ing  s u l f u r ,  DOQ,7'8 and 10% Pd/C a f f o r d e d  good y i e l d s  o f  naph- 

6 

t h a l e n e  e s t e r s  2 and a. S a p o n i f i c a t i o n  o f  t h e  e s t e r s  a f f o r d e d  t h e  a c i d s  

- 7c and 7d which were r e a d i l y  conver ted  t o  t h e  s u b s t i t u t e d  acetophenones g& 

and by t rea tmen t  w i t h  m e t h y l l i t h i u m .  C y c l i z a t i o n  o f  and us ing  d i -  

l u t e  methanesu l fon ic  a f f o r d e d  t h e  des i red  hydrocarbons 2 and 3 i n  

55% o v e r a l l  y i e l d  and 50% o v e r a l l  y i e l d ,  r e s p e c t i v e l y  ( f r o m  & and u). On 
t h e  o t h e r  hand, r e a c t i o n  o f  a c i d  7d w i t h  ZnC12 and a c e t i c  anhydr ide  i n  

a c e t i c  a c i d  f o l l o w e d  by r e d u c t i o n  w i t h  Zn i n  t o l u e n e  a f f o r d e d  compound 1 i n  

76% y i e l d .  

6a:  R = H, R'= H a: R = CH3, R'= H 
G: - R = H, R '=  CH 
- 6d: R = CH3, R'= &i3 

7a: R = H ,  R'= CH? 
7b: R = CH3, R'= M 3  z: R = R'= H 
E: R = CH3, R'= H 

- 

- 

2 : R = H  
- 3 :  R = C H 3  
- 8a: R = H  

86: R = CH3 - 

2 70 
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DIMETHYL AND TRIMETHYLBENZ [ a 1A"I'HRACENE 

EXPERIMENTAL SECTION 

Melting points were determined with a Thomas-Hoover capillary melting point 
apparatus and are uncorrected as are reported boiling points. 
analyses were performed by Mrs. Ruby J u  of the Department of Chemistry. 
I R  measurements were obtained on a Perkin-Elmer Model 337 spectrophotometer. 
1H NMR spectra at 60 MHz were recorded on a Hitachi Perkin Elmer R-248 
instrument at ambient temperature and are referenced to tetramethylsilane as 
an internal standard. 

Elemental 

2 4  1 ,2.3,4-Tetrahydro-6, a-dimethy 1 -7-naphthv lmethy 1 1 benzoi c Acid (6b) . - 
A mixture of 450 g (6.73 mol) of granulated Zn (amalgamated), 40 mL of H20. 

195 mL of conc HC1. 45 mL of acetic acid, and 2-(1.2,3,4-tetrahydro- 6,a- 

dimethyl-7-naphthylmethyl-6-ol)benzoic lactone (8.8 g.  30 mnol)' in 100 mL 

of toluene was stirred under reflux for 50 hrs. 

layer was separated, washed with ether, and the combined organic extracts 

were washed with 10% Na2C03. 

(92%) of a white solid, mp. 164-165", which was recrystallized from ethyl 

acetate, mp. 165-166". lit.3 mp. 165-166". 

Methyl 2-~1.2.3.4-tetrah~dro-6-meth~1-7-naphth~1meth~1~benzoate (&).- A 

mixture of 26 g (93 mnol) of 2-(1,2,3.4-tetrahydro-6- methyl-7-naphthyl- 

methy1)benzoic acid (6a ) ,3  7 g (71 mnol) of conc sulfuric acid, 24 g 

(750 mnol) of methanol, and 112 ml of 1,2-dichloroethane was heated to re- 

flux for 72 hrs. After cooling, 500 mL of ether was added and the organic 

layer was separated. washed with water, 5% aq NaHC03. and satd salt solu- 

tion. After the organic layer was dried (MgS04), the solvent was removed 

to give 26 g (96%) of a clear pale yellow oil. 

Anal. Calcd for C H 0 - C, 81.58; H, 7.54 20 22 2' 
Found: C. 81.63; H, 7.62 

After cooling, the aqueous 

Acidification with conc HC1 gave 8.2 g 

IR: 1725 (C=O, ester) cm-'. 

4.30(s, 2H). 3.80(s, 3H). 2.40-2.90(m, 4H). 2.15(s, 3H), 1.55-1.95(m, 4H). 

Methyl 2-(1.2.3.4-tetrah~dro-6-a-dimeth~1-7-na~hth~1meth~1~benzoate (a).- 
As described for the synthesis of &, a mixture o f  13.2 g (44.8 mnol) of 

'H NMR (CDC13): 6 6.55-8.05(m, 6H), 
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DAUB, DECK AND LEON 

- 6b, 14 mL of methanol, 400 mL of 1,2-dichloroethane, and 2.7 mL of conc 

H2S04 was refluxed for 72 hrs. 

of a solid, mp. 82-83'. 

Anal. Calcd for C H 0 * C. 81.77; H, 7.86 21 24 2' 
Found: C, 81.67; H, 7.62 

Similar workup afforded 13.5 g (98%) 

IR: 1720 (C=O. ester) cm-'. 

( q ,  lH), 3.82(s, 3H). 2.50-2.90(m, 4H), 2.00(s, 3H), 1.45-1.90(m, 7H). 

Methyl 2-(3-methyl-2-naphthylmethyl)benzoate (B).- A mixture of 0.1 g of 

10% palladium on charcoal, 2.6 g (8.8 rnmol) of 6c ,  3.6 g (20 rnmol) o f  

1,l-diphenylethylene and 10 mL of 1-methylnaphthalene was dehydrogenated at 

290' for 6 hrs. After cooling, benzene was added and the catalyst was re- 

moved by filtration. Benzene was removed under reduced pressure and 

1-methylnaphthalene, 1.1-diphenylethane. and 1.1-diphenylethene were re- 

moved on a Kugel Rohr apparatus (SO', 0.05 mm). The resulting oil was dis- 

tilled (lBO', 0.05 mm) to give a yellow oil which solidified to afford 

2.1 g (82%) of a white solid, mp. 87-88'. 

Anal. Calcd for C20H1802: C, 82.73; H, 6.25 

Found: C, 82.80; H, 6.35 

'H NMR (CDC13): 6 6.70-7.95(m, 6H), 4.95-5.40 

IR: 1730 (C=O, acid) cm-l. 

4.29(s, 2H). 3.40(s, 3H), 2.09(s, 3H). 

Methyl-2-(3.a-dimethyl-2-naphthylmethyl)benzoate (a).- A s  described for 

the synthesis of 7 a ,  0.1 g of 10% palladium on charcoal, 4.0 g (13 mmol) of 

- 6d. 5.4 g (30 mmol) of 1.1-diphenylethylene, and 10 mL of l-methylnaphtha- 

lene were allowed to react for 6 hrs. Similar workup afforded a pale yel- 

low oil which solidified to a white solid. Recrystallization from methanol 

'H NMR (CDC13): 6 6.60-7.85(m, 10H). 

gave 3.4 g (85%) of white crystals mp. 92-93'. 

@. Calcd for C21H2002: C, 82.86: H, 6.62 

Found: C, 83.02; H, 6.81 
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DIMETHYL AND TRIMETHYLBENZ[ a]ANTHRACENE 

IR: 1720 (C=O, ester) cm-'. 'H NMR (CDC13): 8 6.85-7.90(m, lOH), 

5.10-5.55(q, lH), 3.75(S, 3H). 2.15(~, 3H). 1.55-1.75(d, 3H). 

2-(3-Methyl-2-na~hth~lmeth~l~benzoic Acid ( 7 c ) . -  A solution of 4.0 g of KOH 

pellets (85%). 10.7 g (36.8 m o l )  of in 110 mL of 95% ethanol was re- 

fluxed for 3 hrs. The ethanol was removed and water was added to dissolve 

the residue. The aqueous solution was extracted with ether and then acidi- 

fied with conc HC1. 

and dried to give 9.7 g (95%) of 7 c ,  mp. 165-168". An analytical sample, 

mp. 167-168". was obtained by recrystallization from ethyl acetate. 

- Anal. Calcd for C19H1602: C, 82.58; H, 5.84 

Found: C, 82.47; H, 5.71 

The white precipitate was collected, washed with water, 

IR: 1680-1725 (C=O, acid) cm-l. 

4.61(s, 2H). 2.50(s, 3H). 

2-(3.a-Dimethy1-2-naphth~lmeth~l)benzoic Acid (u).- As described for the 

synthesis of lz. a mixture of 5.0 g of KOH (85%). 10.7 g (35.1 m o l )  of a, 
and 170 mL of 95% EtOH was refluxed for 7 hrs. Similar workup afforded 

10.1 g (90%) of a white solid, mp. 210-212". An analytical sample, mp. 

213-215". was obtained by recrystallization from ethyl acetate. 

Anal. Calcd for C20H1802: C, 82.73; H, 6.25 
Found: C, 82.74; H, 6.19 

'H NMR (CDC13): 8 7.10-8.15(m. lOH), 

IR: 1670-1715 (C=O, acid) cm-'. 'H NMR (CDC13): 8 7.00-8.00(m, lOH), 

5.20-5.60(q, lH), 2.20(S, 3H), 1.50-1.70(d, 3H). 

2 - ( 3 - M e t h ~ l - 2 - n a ~ h t h ~ l m e t h v l ) a c e t o ~ h e n o n e  ( E a ) . -  To a solution of 6.50 g 

(23.5 m o l )  of & in 300 mL of dry ether was added 50 mL (71 m o l ;  4% solu- 

tion in ether) of methyllithium. After stirring for 1 hr. the reaction mix- 

mixture was poured over 400 mL of ice water containing 5 mL of conc H2S04. 

After a conventional workup 6.5 g of the solid obtained was chromatographed 

on neutral alumina with benzene to afford 4.10 g (64%) of a white solid. 
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DAUB, DECK AND LEON 

mp. 81-82.5". Recrystallization from methanol afforded an analytical 

sample, mp. 84-85". 

Anal. Calcd for C20H180: C, 87.56; H, 6.61 

Found: C. 87.58; H, 6.40 

IR: 1680 (C=O, ketone) cm-l. 

4.32(s, 2H), 2.38(s, 3H), 2.25(s, 3H). 

6.12-DimethylbenzTalanthracene (2).- A solution of 0.40 g (1.46 mmol) of 

- 8a in 20 mL of a 50:50 mixture of methylene ch1oride:methanesulfonic acid 

was stirred at room temperature for 24 hrs. 

chromatographed on neutral alumina (benzene), to yield 0.27 g (73%) of 2 

as a white solid, 

mp. 73-74.5". lit.3 mp. 75-75.5O. 

3.05(s, 3H). 2.45(s, 3H). 

2-(3.a-Dimethyl-2-naphth~lmethyl)acetophenone (8b).- A s  described for the 

synthesis of a, to a solution of 1.2 g (4.1 mmol) of i n  50 ml of dry 

ether was added 20 mL (28.4 m o l ;  4% solution in ether) of methyl- lithium. 

Chromatography afforded 0.84 g (7 %) of a white solid, mp. 91-92'. 

Anal. Calcd for C21H200: C, 87.45 

'H NMR (CDC13): 6 6.85-7.80(m, lOH), 

The product was 

'H NMR (CDC13): 6 7.10-8.40 ( m ,  lOH), 

H, 7.03 

Found: C, 87.15; H, 7.21 

IR: 1680 (C=O, ketone) cm-l. 'H NMR: 6 7.12-8.00(m, 10H). 

5.05-5.40(q, lH), 2.42(~, 3H), 2.28 ( 5 ,  3H), 1.62-1.75(d, 3H). 

6.7,12-TrimethylbenzFalanthracene (2).- As described for the synthesis of 2, 

a solution of 0.50 g (1.7 mmol) of in 30 mL of a 50:50 mixture of 

methylene chloridehethanesulfonic acid was stirred at room temperature for 

48 hrs. Similar workup gave 0.33 g (70%) o f  a pale yellow solid, 

mp. 188-190", mp. 179-180". 

Anal. Calcd for C21H18: C, 93.29; H, 6.73 
Found: C, 93.30; H, 6.72 
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DIMETHYL AND TRIMETHYLBENZ[a]ANTHRACENE 

'H NMR(CDCl3 ) :  6 7.05-8.25(m, 9H), 3.05(s, 3H). 2.85(s, 3H), 2.55(s, 3H). 

6.7-DimethylbenzTalanthracene (l).- A m i x t u r e  o f  3.9 g (13 mnol) o f  fi, 
0.32 g (1.8 mnol) o f  z i n c  c h l o r i d e ,  20 mL o f  a c e t i c  anhydr ide  and 24 mL o f  

a c e t i c  a c i d  was r e f l u x e d  f o r  1.5 h rs .  Water was added t o  t h e  coo led  reac- 

t i o n  m i x t u r e  and t h e  p r e c i p i t a t e  was d i s s o l v e d  i n  e the r .  

washed w i t h  water  and d r i e d  (MgS04). 

y e l l o w  o i l  which was p u r i f i e d  on a Kugel Rohr apparatus (180', 0.05 mn) t o  

a f f o r d  3.8 g o f  a p a l e  y e l l o w  o i l .  

18.7 g (286 mnol) o f  Zn d u s t  w i t h  0.8 g o f  CuS04 d i s s o l v e d  i n  30 mL o f  

water.  The aqueous l a y e r  was decanted and t o  t h e  r e s i d u a l  Zn was added 

200 mL o f  10% NaOH s o l u t i o n  and 3.8 g o f  t h e  o i l  d i s s o l v e d  i n  70 mL o f  

to luene.  The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  40 hrs .  A f t e r  c o o l i n g  

to luene  was added, and t h e  p roduc t  was chromatographed on n e u t r a l  a lumina 

The e t h e r  was 

Removal o f  t h e  s o l v e n t  a f f o r d e d  a 

React ive  Zn was prepared by s w i r l i n g  

(benzene), t o  a f f o r d  2.6 g (76% f rom fi) as a p a l e  y e l l o w  s o l i d ,  mp. 

114-115'. 

mp. 114.5-115.5°. lit.3 mp. 114-174.4'. 

'H NMR (CDC13): 6 7.05-8.20(m, l O H ) ,  2.85(s,3H), 2.55(s,3H). 

R e c r y s t a l l i z a t i o n  f rom EtOH/benzene gave l i g h t  y e l l o w  needles, 

P i c ra te ,  mp. 162.5-163.5'. 
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