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Quantitative calculations thus indicate that an S con-
figuration should be assigned to (--)-trans-abscisic
acid, and therefore to (-)-cis-abscisic acid.

As exemplified in the present case, quantitative ap-
plications of the exciton chirality method should pro-
vide a useful tool for conformational analyses of nat-
ural products. An alternative application of the ex-
citen chirality method has also indicated that the con-
figuration of natural (+)-cis-abscisic acid should be re-
presented by S§.1%%
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K-Region Arene Oxides of Carcinogenic
Aromatic Hydrocarbons
Sir:

Arene oxides have recently been implicated as pri-
mary intermediates in the metabolism of aromatic
molecules,! and the “K-region’ oxides of certain poly-
cyclic hydrocarbons have been shown to induce “ma-
lignant transformation” of rodent cells in culture? and
mutational changes in mammalian cells and bacterio-
phages.? This evidence would appear to support the
suggestion of Boyland* that epoxides are responsible for
the carcinogenic activity of the parent hydrocarbons.
However, investigation has been hampered by the syn-
thetic inaccessibility of many of the compounds of
greatest interest, e.g., 7,12-dimethylbenz[a]anthracene
5,6-oxide (1b) and benzo[a]pyrene 4,5-oxide (1c¢), the
parent hydrocarbons of which are among the most
powerful carcinogens.> A new general synthesis of
arene oxides, and of compounds la—c, in particular, is

now reported.
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The general synthetic scheme involves the following
sequence: (1) generation of the “K-region” c¢is-di-
hydrodiols (2) via interaction of the corresponding hy-
drocarbons with osmium tetroxide,® (2) oxidation with
dimethyl sulfoxide and sulfur trioxide-pyridine com-
plex” to the quinones 3, (3) reduction with lithium alu-
minum hydride to yield the related trans-dihydrodiols?
(4), and finally (4) cyclization of the latter with the di-
methyl acetal of dimethylformamide® (DMA-DMF) to
afford the desired epoxide (1). Good yields of epoxides
and intermediates were generally obtained, and the re-
sults are summarized in Table I.

Tablel. Product Yields (%)®
Compd a b [
3 96 49 98
4 87 (93) 85 (55) 44 (96)b.c
5 100 68¢
1 from 4 71 80 68
1 from § 89¢ 75 50

= All new compounds show consistent nmr, ir, mass spectral, and
microanalytical data. ? Percentage of trans isomer as determined
by nmr on the diacetates is given in parentheses. ¢ Isolated as the
diacetate, since the diol is susceptible to air oxidation. ¢Lead
tetraacetate was employed as the oxidant. ¢ M. S. Newman and
S. Blum, J. Amer. Chem. Soc., 86, 5598 (1964).
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Oxidation of the cis-diols to the corresponding 1,2-
diones presented the first synthetic challenge.’® A
number of unsuccessful attempts to transform the cis-
diol of DMBA (2b) to the related quinone 3b are re-
corded in the literature.!*!2 Oxidation with dimethyl
sulfoxide and acetic anhydride, according to the method
of Newman and Davis,!? gave fair but erratic yields of
the quinones. Also, phenanthrene-9,10-dihydro-9,10-
diol (2a) on treatment with DMSO-Ac;O afforded
principally the phenanthrene 9,10-diacetate. In con-
trast, the sulfur trioxide-pyridine complex in DMSC-
triethylamine’ at room temperature -efficiently and
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rapidly oxidized all diols to quinones. On neutraliza-
tion, the latter precipitated from solution in relatively
pure state, It appears that the DMSO-SO; reagent’
may offer broader applicability than existing methods??
for the general oxidation of 1,2-diols to 1,2-diones.

Reduction of 3 with lithium aluminum hydride® pro-
ceeded smoothly and stereoselectively to furnish the ex-
pected 7rans-diols; however, 3b was accompanied by a
major proportion (459%) of the cis isomer. This dimin-
ished steric preference is likely due to the steric in-
fluence of the adjacent 7-methyl group.'* Fortunately,
the trans-diols may be separated from the cis isomers
through conversion of the latter to acetonides with
acetone in the presence of anhydrous copper sulfate.

Conversion to the epoxides was effected under con-
ditions similar to those described in the aliphatic
series® except that DMA-DMF was employed as rea-
gent only (2.5 equiv) and not as solvent (in order to
minimize formation of the unreactive bis adducts), and
dimethylformamide or chloroform was used as the
solvent.

7,12-Dimethylbenz[a]anthracene 5,6-oxide, obtained
as almost colorless crystals from benzene-ether-
hexane, exhibited the following properties: mp 148°
(soften ~139°); nmr*® (CCl,) § 2.78 (s, 3, 7-CHjy), 2.93
(s, 3, 12-CHj3), 4.27 (d, 1, oxirane-H, J = 4 Hz), 4.68
(d, 1, oxirane-H, J = 4 Hz), 7.2-8.1 ppm (m, 8, aro-
matic); ir (KBr) 11.3 u (medium-weak); mass spectrum
mje 272 (parent peak). Anal. Caled for Cy0His0: C,
88.20; H, 5.92. Found: C, 88.07; H, 5.96. This
epoxide proved considerably more sensitive than 1a to
both heat and protonic solvents. Thus, 1b in carbon
tetrachloride, though stable at 0°, decomposed com-
pletely at room temperature within 1 week. In aque-
ous acetone, decomposition was virtually complete in
72 hr at ambient temperature. Mild hydrolysis in
aqueous acetic acid regenerated 4b accompanied by its
dehydration product, 7,12-dimethylbenz[a]anthracen-
5-ol.

Benzo[a]pyrene 4,5-oxide crystallized from benzene in
light straw needles: mp 150° (softens ~135°); nmr
(CDCl3) 6 470 (d, 1, J = 4 Hz), 480 (d, 1,J = Hz),
7.5-8.8 ppm (m, 10, aromatic); ir (KBr) 11.2 u (medium
weak); mass spectrum m/e 268 (parent peak). Anal.
Calcd for C;H,2O: C, 89.53; H, 4.50. Found: C,
89.32; H, 4.64. A sample of the epoxide in benzene
showed only slight decomposition after 1| month at
room temperature.

The observed instability of 1b suggested that the pre-
vious failure!® to synthesize it via interaction of 1,4-
dimethyl- 2- phenylnaphthalene- 3,2’-dicarboxaldehyde
with tris(dimethylamino)phosphine!” was more due to
its facility of decomposition than the inadequacy of the
synthetic approach. Reinvestigation confirmed this
suspicion, and it was found that with appropriate care
the epoxides of interest were also obtainable through
this method; the yields are given in Table I. At this
time, the two approaches appear complementary, and
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(17) V.Mark, ibid., 1884 (1963).
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since 1b and 1c represent probably the two most diffi-
cult to synthesize types of K-region oxide derived from
highly active carcinogens, all such compounds should
now be available.

It is tempting to speculate that the comparative in-
stability of 1b may relate to its carcinogenic activity.
Structural features, electronic or steric (e.g., symmetry,
ring polarization, ring strain, low steric hindrance),
which enhance the chemical reactivity of the oxide ring,
may be expected to favor greater facility of interaction
with a cellular receptor. On the other hand, excessive
reactivity might lead to destruction before initiation of
the carcinogenic process. Since the number of K-
region oxides known is still quite limited and data on
their relative reactivity are lacking, no meaningful
decision regarding the relationship among arene oxide
structure, chemical reactivity, and carcinogenic activity
is yet possible. However, the problem is currently
under active investigation.
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Synthesis of Non-K-Region Arene Oxides
Sir:

Since the initial isolation of an arene oxide as an ob-
ligatory metabolite of an aromatic hydrocarbon,! sub-
stantial interest has developed in the biochemistry and
pharmacology of arene oxides which have been iden-
tifiled as metabolic intermediates? and causative agents
in studies on necrosis,® mutagenesis,* and carcino-
genesis.® Despite their biological importance only two
general synthetic routes to arene oxides have been avail-
able.® K-Region arene oxides have been prepared by
closure of the corresponding dialdehydes with tris-
(dimethylamino)phosphine.” In spite of its wide use,’
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