
Tetrahedron Letters,Vol.27,No.l5,pp 1649-1652,1986 0040-4039/86 $3.00 + .OO 

Printed in Great Britain 01986 Pergamon Press Ltd. 

ACETOXYLATION AT BENZYLIC POSITIONS OF TETRAHYDROBENZO 

RINGS WITH DDQ IN ACETIC ACID 
Roland E. Lehr*, Panna L. Kole and Kathryn D. Tschappat 

*Department of Chemistry, University of Oklahoma, Norman, OK 73019 

Abstract: Good-excellent yields of monoacetoxy derivatives at benzylic positions are obtain- 
ed upon reaction of polycyclic aromatic hydrocarbons (PAH) containing an angular 
tetrahydrobenzo ring with DDQ in acetic acid. 

Bay-region diol epoxides are now generally recognized as ultimate carcinogenic forms of 

PAH'. Though a variety of synthetic approaches to diol epoxides and the related tetrahydro- 

epoxides exist*, a dihydro PAH is frequently utilized: 

,fl_Jn_J3;H 

In the course of studies directed toward the preparation of the 1,2- and 3,4-epoxide 

derivatives of 1,2,3,4-tetrahydro-12_methylbenz[a]anthracene, we had need of pure samples 

of 1,2- and 3,4-dihydro-12-acetoxybenz[a]anthracene. Although a variety of methods exist 

for substitution at benzylic positions on tetrahydrobenzo rings, the need to separate the 

products of substitution at C-l and C-4 chromatographically suggested that a polar sub- 

stituent be introduced, so that advantage could be taken of the different steric environ- 

ments at the bay (C-l) and non-bay (C-4) positions on the ring. 

We have found that, at moderate temperatures, a variety of tetrahydrobenzo ring deriv- 

atives of PAH react with DDQ in HOAc to produce good-excellent yields of the benzylic ace- 

toxy compounds. The results for several compounds are cited in Table 1. Except for 1,2,3,4- 

tetrahydrobenz[a]anthracene, the yields cited are for purified compounds. In that case, the 

isolated yield of the mixture of monoacetates was 75 % and NMR integration was used to 

estimate the relative percentages of the isomers. For the benz[a]anthracene derivatives, the 

product mixtures were separated by chromatography on silica gel, using O-10 % EtOAc in 

petroleum ether or benzene. For all cases except the unsubstituted 1,2,3,4_tetrahydrobenz- 
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[alanthracene, reactions proceeded at acceptable rates at temperatures between 25-30°. For 

the unsubstituted compound, a temperature of 55O was needed to complete the reaction in one 

day. Generally, 1.1-1.2 moles of DDQ per mole of hydrocarbon were used. This slight stoich- 

TABLE 1. Product distribution for the formation of tetrahvdrobenzo 
ring acetates from several tetrahydro PAH 

% OAc derivative at % aromatic 
C-l c-4 c-10 --- product 

40 35 - 33 39 - : 
32 39 - 5 

5 

0 

iometric excess compensates for the relatively small amount of aromatization, which should 

consume two moles of DDQ per mole of substrate. For reactions of the benzo[a]pyrene deriv- 

atives, an immediate formation of a blue-green precipitate is observed, which is presumed to 

be a charge-transfer complex between the hydrocarbon and DDQ. A similar precipitate is 

formed when DDQ is added to a solution of pyrene in HOAc. Despite the formation of precip- 

itate, the reaction of the benzo[a]pyrene derivatives is complete within 24 hours. 

The NMR absorptions of the acetoxy and meso hydrogens and of the hydrogen atoms at the 

acetoxy-substituted carbon atoms at C-l and C-4 for the products of reaction of the 1,2,3,4- 

tetrahydrobenz[a]anthracene compounds are compared in Table 2. As expected, the bay-region 

hydrogen atoms (Hl) are significantly downfield (0,48-0.65 delta) compared to the corres- 

ponding hydrogen atoms (H4) at the non-bay benzylic positions (cf. compounds 1-2 vs. A-g)3. 

Also, Hl is shifted upfield by 0.2 delta due to the presence of the acetoxy group at C-12 

(cf. compound 3 vs. compounds 1 and 2). 

In a typical experiment, 7,8,9,10-tetrahydrobenzo[a]pyrene (200 mg, 0.00078 mole) was 

stirred magnetically in glacial HOAc (8.8 mL). DDQ (192 mg, 0.00085 mole) was added, all at 

once, and the dark mixture was stirred magnetically at room temperature (20-25'). After 22 

hours, the HOAc was removed at room temperature under vacuum on a rotary evaporator, and the 

residue was treated with equal volumes of benzene and 10 % aq. KOH. The aqueous phases were 

combined and extracted with benzene. The benzene phases were combined, washed with water, 
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dried (Na2SO4), filtered and evaporated. Trituration of the white, solid residue with ether 

gave 201 mg (82 %) of lo-acetoxy-7,8,9,10-tetrahydrobenzo[a]pyrene, mp 175-178 (lit. 174- 

1754). 

TABLE 2. Chemical shifts of selected protons in the products of DDQ/HOAc reaction 

of the tetrah.vdrobenz[alanthracene derivatives in Table l.a 

Compoundb 

LR1=R2=Y=H 

X=OAc 

2 R,=Y=H 

R2=X=OAc 

3 R1=X=OAc 

R2=Y=H 

4_R1=R2=X=H 

Y=OAc 

5 R1=X=H - 
R2=Y=OAc 

6 R1=Y=OAc - 
R2=X=H 

H1 Hq_---__ Cl-OAc C4-OAc H7 
H12 

6.79 - 2.08 - 8.38 or 8.35 

6.79 - 2.08 - - 8.31 

6.58 - 2.03 - 8.31 - 

- 6.16 - 2.14 8.39 or 8.57 

- 6.14 - 2.12 - 8.51 2.63 - 

- 6.10 - 2.13 8.30 - 

C7-OAc C12-OAc 
-- 

2.63 - 

2.60 

2.58 

a300 MHz, in CDCl with TMS as internal standard bSatisfactory combustion analyses were 
obtained on new sompounds 2 (mp 156-157), 3 (mp 201-205, dec.), 5 (mp 160-162) and 6 
(mp 121-124) as well as for 1O-acetoxy-7,7~dimethyl-7,8,9,1O-tet~ahydrobenzo[a]pyre~e 
(mp 186-187, dec.). 

Some clear advantages to the DDQ/HOAc procedure are evident by comparison with literature 

results. First, lo-acetoxy-7,8,9,10-tetrahydrobenzo[a]pyrene has previously been preoared by 

reaction of 7,8,9,10-tetrahydrobenzo[a]pyrene with lead tetraacetate4. However, extensive 

purification was needed to produce the pure product, and the best yield (70 %) was lower than 

that obtained here (82 %). Second, the DDQ/HOAc procedure apoears to minimize unwanted arom- 

atization. For example, treatment of tetrahydrobenzo ring PAH with an equivalent of DDQ in 

benzene has proven a successful approach for the preparation of several dihydro PAH5. How- 

ever, in some cases, including 1,2,3,4-tetrahydrobenz[a]anthracene, only the fully aromatic 

derivative was detected6. In contrast, less than 10 per cent aromatization is observed in the 

reaction of 1,2,3,4_tetrahydrobenz[a]anthracene with DDQ/HOAc. 

The regioselectivity shown by the data in Table 1 is interesting. 7,8,9,10_Tetrahydro- 

benzo[a]pyrene reacts highly selectively at C-10, and this corresponds to the position at 
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which the more stable carbocation is predicted to be formed ( ~~~~~~~~ 8' at C-10 = 0.794; 
at C-7, BE deloc/B = 0,488). However, nearly equal amounts of products are formed at C-l and 

'-4 of the benz[a]anthracene derivatives. Calculations indicate a greater stability for the 

carbocation at C-l (AEdeloc/B = 0,766 at C-l vs. 0.622 at C-4) for the unsubstituted hydro- 

carbon. The very similar yields of products at C-l and C-4 for the three tetrahydrobenz[a]- 

anthracene derivatives indicates an insensitivity to electronic and steric effects of the 

acetoxy substituent. Previous results for the production of the dihydro derivatives of 7- 

and 12-methyl-8,9,10,11-tetrahydrobenz[a]anthracene with DDO, in benzene were consistent with 

a predominating steric effect of the methyl groups upon the position of incorporation of the 

double bond5. 

Benzylic acetates 1, 3, 2 and 5 have proven to be suitable precursors for the 1,2- and 

3,4-epoxide derivatives of 7- and 12-methyl-1,2,3,4-tetrahydrobenz[a]anthracene. Details of 

these conversions will be presented in a full paper. 
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