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Polycyclic aromatic hydrocarbons (PAHs) probably exert their carcinogenic properties through
metabolically induced binding to tissue constituents.2 While arene oxides are attractive inter-
mediates by which such binding may be explained,3 recent studies have implicated more highly
oxygenated metabolites. For example, 7,8-dihydroxy-7,8-dihydrobenzola]pyrene 9,10-oxide4 and
8,9~-dihydroxy-8,9-dihydrobenzo{a]anthracene 10,11—oxide5 are formed by a hepatic microsomal oxid-
izing system and readily bind to DNA.

As part of a study on the metaholism of carcinogenic PAHs, the non-carcinogen pyrene (})
was selected as a model system upon which routes could be developed for the synthesis of potential
secondary metabolites. Since pyrene (1) posesses two K-regions, a feature common to many PAF
carcinogens, we investigated sequential chemical oxidation of both these sites and report here
on tetrol derivatives, an arene oxide-diol, and a bis-arene oxide. The bis-arene oxide is of es-
pecial interest as a precursor of a number of secondary metabolites which could arise from further
chemical or enzymatic transformations of the oxido functionality.

The starting point for our synthetic scheme (Fig. 1) was oxidation of the K-region double
bond of pyrene (1) to a cis dihydrodiol. Accordingly, pyrene (1) was converted with Osoalpytidine
to the known cis-4,5-dihydroxy-4,5-dihydropyrene (2a) in 75% yield. The derived diacetate 2b
had m.p. 147-48°, 11¢.% 146-47°, w/e 320, CH,CO 2.06 ppm, CH-0 6.58 ppm. In order to convert the
K-region double bond of pyrene (1) into a trans dihydrodiol, the cis dihydrodiol (2a) was oxidized
to the ortho-quinone followed by stereospecific reduction. Although oxidation of 2a with Cr03/
pyridine7 or with SO3/pyridine8 provides fair yields of pyrene 4,5-dione (3), we have found that
MnO2 is the reagent of choice for this type oxidation, in that consistently high yields were ob-
tained (90-95%2) and isolation of the desired product was greatly simplified.9 Quinone 3 had m.p.
3100—3120, lit.ll 303-304°. Several other dihydrodiols were oxidized with similar efficiency.
Reduction of 3 with KBHI‘]'2 at 0° in MeOH gave trans-4,5-dihydroxy-4,5-dihydropyrene (4a), mp 222-
223°,14¢. 1% 222° w/e 236; diacetate (4b), mp 216-17°, 116.1% 218°, w/e 320, CH,CO 2.02 ppm,
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CH-0 6.20 ppm. Osmium tetroxide oxidation of 4b yielded cis-4,5-dihydroxy-trans-9,10-diacetoxy-
4,5,9,10-tetrahydropyrene (5) in 607 yield; mp 169-710, m/e 354, cgaco 2.00 ppm, §4’5 4 .88 ppm,
59,10 6.12 ppm. cis-Diacetate 2b, upon oxidation with 0304, yielded gi_s_—l;,S—dihydroxy—_c_:f;g—%lO-
diacetoxy-4,5,9,10-tetrahydropyrene (6a) in 65% yield; mp 232-350, m/e 354, cgsco 2.08 ppm,

_1;14,5 H9,10 6.25 ppm. The derived tetraacetate 6c had mp 239—2410, C§_3C0 2,10 ppm,

CH~0 6.26 ppm; the tetrol 6b had m.p. 269—-700, m/e 270, CH-0 4.60 (d) ppm, C-OH 5.00 (d, exchanges

in DZO) .

4,80 ppm,

The vicinal groups in fa-6¢ must be mutually cis but, pairwise, they may be syn or anti with
respect to each other. Because these three compounds are crystalline solids and appear individuall
homogeneous in chromatographic behavior, each is probably a pure diastereomer. The actual stereo-
chemistry has not been elucidated and this is under investigation.

The tetrol derivatives (6) were employed for the synthesis of an arene oxide-diol and a bis-
arene oxide. cis-4,5-Dihydroxy—4,5-dihydropyrene 9,10-oxide (11) was prepared by the methoxydi-
oxolane routel'? Conversion of 6a into the methoxydioxolane 9 afforded a mixture of two diastereo-
mers as evidenced by n.m.r. Without separation 9 was converted to a mixture of chloroacetates 0)
which were not separated but subjected to intramolecular oxide formation to yield one dias-
tereomerically pure oxide diol (11). The overall reaction, 6a>9+10>11, proceeded in 40% yield
and 11 had mp 171—740, m/e 254, §4’5 4.78 (d) ppm, gg,lo 4.50 ppm.

Application of the methoxydioxolane route for the synthesis of pyrene 4,5; 9,10-bis-oxide ®
was not satisfactory. Therefore, resort to the dialdehyde + epoxide route of Newman and Bluml6
was employed. Pyreme 4,5;9,10-bis-oxide (8) was prepared starting from tetrol 6b which was clea-
ved with H510 -THF-H,0 to the known biphenyl-2,2'; 6,6'-tetracarboxaldehyde (7) m.p. 164-65°,

2
lit.17 162—638, CH=0 1680 cm 1, CHO 9.86 ppm. Conversion of 7 to bis-arene oxide 8 was accomplished

as follows'.16 0.63 mmoles of 7 in benzene was treated with 1.4 mmoles of freshly digtilled
[(CH3)2N]3P (Mark's reagent) in benzene at 53° for 3 hr. The bis-oxide was obtained in 20% yield
and had m.p. 210° [d], m/e 234, CHO 4.64 ppm. This compound is thermally stable as evidenced by
the intense molecular fon (234, 100%Z) and a loss of oxygen (218, 15Z) rather than CHO had a phenol
been formed. Decomposition on t.l.c. prevented determination of whether 8 is a mixture of syn
and anti diastereomers.

Bis-arene oxides could act as bifunctional binding agents within the cell while diol-arene
oxides might reach more polar regions of the cell which are inaccessible to arene oxides. Chemical
reactions of diol-oxidell and bis-oxide 8 will be reported in the full paper along with data on

their biological activities.
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