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A new general synthesis of arene oxides recently reported1 from this laboratory has
allowed the synthesis of the previously inaccessible "K-region' oxides (1a, b) of the potent
carcinogens 7, 12-dimethylbenzfa]anthracene (7, 12-DMBA) and benzo[a] pyrenez. This
approach, however, still suffers from the limitation of requiring the use of osmium tetroxide
in the initial step. This reagent is both costly and hazardous, affords only moderate yields,
and necessitates time-consuming operations in handling the air sensitive productss. As a
consequence, the quantities of the oxides available for biological studies remain severely

limited.
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We now report a new synthesis of o-quinones which affords K-region quinones directly
from dihydroaromatic precursors, utilizing sodium dichromate in acetic acid-acetic anhydride
under mild conditions7.

Pyrene 4, 5-quinone (3) and benz[alanthracene 5, 6-quinone (5) were selected for this
study because direct oxidation of the corresponding parent hydrocarbons generally affords
primarily products of attack elsewhere in the tnoleculea. Also, the previously unknown pyrene
4, 5-oxide is of considerable interest for comparative biochemical studies in vivo and in vitro,

because of its close structural relationship to 1b and the noncarcinogenicity of pyrene.
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In a typical procedure, 4, 5-dihydropyrene (2) (2.04g, 10 mmol) dissolved in 50 ml of
acetic anhydride-acetic acid (1:1) at 0° was added to a stirred solution of sodium dichromate
dihydrate (8g, 26.7 mmol) in an equal volume of the same solvent. The resulting solution was
stirred at ambient temperature for 24 hr, then poured into 500 ml of water. The dark green-
ish brown precipitate was collected on Celite by filtration, washed thoroughly with water, and
extracted with hot chloroform (600 ml), The chloroform solution was dried over magnesium
sulfate, evaporated to dryness, and chromatographed on silica gel (50g). Elution with CH2C12
gave a red band which afforded 0. 58g of essentially pure 3 which upon recrystallization from
ethanol-chloroform yielded dark red needles (0.50g), mp 318-320° (lit. %1 310°, 304.5-
306.4°), nmr'” (CDCLy) § 7.68 (8. 2, H, ;. J=7.5Hz), T.77 (s, 2, Hy (), 8.11 (@of d, 2, H, 4
J=7.5 Hz and J=1.8 Hz), and 8.41 ppm (d of 4, 2, H3' 6 J=7.5 Hz and J=1.8 Hz). Further
elution with 20% ethyl acetate in CH2C12 gave a mixture of the 1, 6~ and 3, 6-quinones, as
indicated by tlc and nmr analysis in comparison with the authentic compounds. Analogous
reaction of 5, 6-dihydrobenz(a]anthracene was conducted in similar manner except that a
smaller ratio of the oxidizing agent (4.4g, 14.7 mmol) was employed in order to minimize
excessive oxidation. Chromatography afforded 5, 0.56g (22%), red needles from chloroform,
mp 260-2° (lit, 10 260-2°), nmr (CDC13) singlets at 8. 37 and 8. 72, assigned to H,7 and H12,
respectively.

In comparison, direct oxidation of pyrene with the same reagent under comparable
conditions afforded principally the 1, 6- and 3, 6-quinones (2:1 by nmr) accompanied by only a
minor amount of 3 ( ¢ 2%).\ Similar direct oxidation of benz(alanthracene gave the 7, 12-
quinone without any detectable quantity (by nmr or tlc) of 5. Thus, pyrene and benzfajanthra-
cene are not intermediates in the oxidation of their K-region dihydro derivatives to the

corresponding o-quinones.
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The requisite dihydro compounds 2 and 4 were obtained from the parent aromatic
molecules by metal-ammonia reducﬁon13 and catalytic hydrogenation, respectively. The K-
region selectivity of the catalyst employed (6% palladium on strontium carbonate) is quite
remarkable and confirms the earlier report]'4 of similar regioselectivity in hydrogenation of
7,12-DMBA, Hydrogenation of benz[a] anthracene in ethyl acetate (room temperature, 20-
35 psig) for 24 hr gave 4 accompanied by a minor amount of 7, 12-dihydrobenz[a] anthracene
which was readily removed by taking advantage of its greater ease of oxidation with sodium
dichromate. Chromatography on alumina afforded pure 4 as white crystals, mp 96.0-96. 5,
75%, nmr (CCl4) $3. 9 (apparent s, 4, benzylic), 7.1-8.1 ppm (m, 10, aromatic)lz.

Finally conversion of the quinones 3 and 5 to the corresponding K-region oxides 6 and
1 was achieved through reduction with LiAlH 4 to the related transdiols and cyclizatiox; by
means of the dimethyacetal of dimethylformamide according to the general procedure™,
Pyrene 4, 5-oxide, obtained as pale yellow crystals from methylene chloride-cyclohexane,
exhibited the following properties: mp 180-183° (soften ~ 139°; decomp); nmr (CDC13)
54.83 (s, 2, oxirane-H), 7.8-8.3 ppm (m, 8, aromatic). The physical properties of 7 were in

essential agreement with those reported earlierls.

&

Attempts of other investigators to synthesize 6 via the alternative approach of
Newman and Blum15 have been frustrated by failure to obtain the reportedly unstable16 pre-
cursor, phenanthrene 4, 5-dicarboxaldehyde in adequate quantity and purity.

The general synthetic approach described herein appears potentially applicable to
the majority of polycyclic hydrocarbons having a K-region. This view has thus far been

confirmed by related studies currently in progress with other ring systems.
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