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The cytochromes P-450 are the principal enzymes in liver that
are responsible for the oxidative detoxification of nonpolar foreign
compounds by mammals.! Among these enzymes, cytochrome
P-450c? is particularly effective in catalyzing the oxidation of
polycyclic aromatic hydrocarbons and accounts for 70% of the
total cytochromes P-450 in the livers of rats that have been treated
with the inducer 3-methylcholanthrene.? We have recently
proposed a stereochemical model for the catalytic binding site of
cytochrome P-450c that predicts the absolute configuration of
arene oxides of many polycyclic hydrocarbons formed by this
enzyme.* So that this model for the binding site of cytochrome
P-450c could be tested, the present study assigns absolute con-
figuration to the (+)- and (-)-enantiomers of benzo[a]pyrene
9,10-dihydrodiol which are formed by the action of epoxide hy-
drolase on their benzo[a]pyrene 9,10-oxide percursors. Config-
urational assignment was achieved through chemical correlation
of the 9,10-dihydrodiol with the 7,8-dihydrodiol of known absolute
configuration based on circular dichroism® as well as X-ray
crystallographic studies.®
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Enantiomers of the 9,10-dihydrodiol were obtained via resolution
of trans-9,10-dihydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene’ as
its diastereomeric bisesters (1, Scheme I) with (=)-menthoxyacetic
acid. The diastereomeric bisesters were obtained in essentially
quantitative yield by allowing the tetrahydrodiol to react with
menthoxyacety! chloride in pyridine at 50 °C for 24 h. Separation
of the diastereomers was achieved by HPLC on a 2.5 X 120 cm
column of 10-um silica gel eluted with 12% ether in cyclohexane
(a = 1.34):

1A: k’ (less polar) = 2.00
[a]lp =99° (11 mg/mL, CHCI;)

1B: &’ (more polar) = 2.75
[a]p =37° (12 mg/mL, CHCl,)

Both diastereomers were colorless oils. Preliminary indication
of the absolute configuration of these diastereomers was obtained
from examination of their NMR spectra (100 MHz, C¢Dy).
Previous studies® of the bis(menthoxy) esters of several trans-diol
derivatives of polycyclic hydrocarbons have shown that the dia-
stereotopic CH, hydrogens in the pair of COCH,O groups of the
less polar bisester with the more negative [«]p generally appear
as a pair of singlets and have an R,R configuration whereas the
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Figure 1. Estimated shape of the hydrophobic depression that constitutes
the catalytic binding site of cytochrome P-450c. Only one of the het-
erotopic faces of benzo[a]pyrene can face the heme and fit into the site
if the 9,10-bond of the hydrocarbon is epoxidized.

more polar (S,S)-diastereomers always show these hydrogens as
a pair of AB quartets with Jg.,, ~ 16 Hz for each ester. In 1B
the hydrogens within each CH, group are nonequivalent and each
CH, appears at a pair of AB quartets (centered at 6 3.72 and 3.93
and at 4 3.86 and 4.04 with Jg., ~ 16 Hz) suggestive of an S.S
configuration. For 1A these hydrogens appear as a sharp singlet
(8 3.98) and a weakly split AB quartet (major lines at § 3.83 and
3.86) suggestive of an R,R configuration. After hydrolysis (50%
1 N NaOH in THF/MeOH (1:1), 18 °C, 2 h) of 1A, the resultant
free tetrahydrodiol (+)-2 [mp 165 °C, [«a]p +55° (7 mg/mL,
THF)] was benzoylated quantitatively (benzoyl chloride in pyr-
idine, 10 °C, 18 h) to afford (-)-3 [mp 145-146 °C, [a]p —50°
(30 mg/mL, CHCl;)]. Bromination at C-7 with N-bromo-
succinimide (in CCl,) followed by dehydrohalogenation and hy-
drolysis with NaOMe [in THF/MeOH (1:1), 18 °C, 3 h] afforded
(-)-4 [mp 210 °C, [a]p -294° (5 mg/mL, THF), HPLC on a
Du Pont Zorbax ODS column (21.2 X 250 mm) eluted with 75%
MeOH in water, k' = 4.2] in 77% overall yield for the above three
steps (Scheme I). The circular dichroism spectrum of the (-)-
9,10-dihydrodiol ((-)-4) was identical with that of 9,10-dihydrodiol
formed metabolically from benzo[a]pyrene.’

Unequivocal assignment of the 9R,10R configuration to com-
pounds 1A and (-)-4 (Scheme I) was achieved by (i) epoxidation
of the dihydrodiol (-)-4 to form a pair of diastereometrically
related 9,10-diol 7,8-epoxides in which the benzylic 10-hydroxyl
group is either cis or trans to the epoxide oxygen and (ii) acid-
catalyzed hydrolysis of the trans isomer at C-7 to form a tetraol
of known absolute configuration (Scheme II). Epoxidation of
(-)-4 with m-chloroperoxybenzoic acid as described for the racemic
material'® afforded a 2:3 mixture of the cis and trans diastereomers
from which the trans isomer (trans-5) could be isolated in pure
form by crystallization from tetrahydrofuran. The other dia-
stereomer (cis-5) required HPLC for final purification.!!
Acid-catalyzed hydrolysis of trans-S (20% THF in 0.1 M NaClO,
adjusted to pH 2.5 with HCIO,, 1 h, 18 °C) proceeded mainly
by trans addition of water at C-7 to afford the trans,cis,trans-
tetraol (+)-6, which was isolated in pure form by HPLC on a Du
Pont Zorbax ODS column (21.2 X 250 mm?) eluted with 60%
methanol in water [k’= 3.2, [a]p +51° (3 mg/mL in THF)].
The opposite enantiomer of the trans,cis,trans-tetrol [(-)-6: [a]p
~49° (3 mg/mL in THF), circular dichroism band Aeyyy = -1.32
(methanol)] was obtained as the major product upon similar acidic
hydrolysis but at C-10 of the known*® trans-diastereomer (+)-
benzo[a]pyrene-(7R,8S)-diol (95,10R)-epoxide. Acidic hydrolysis
of cis-5 by trans addition of water at the 7-position provided the
trans,trans trans-tetraols [(+)-7: [«]p +110° (Smg/mL in THF),
k’ = 3.9]. Definitive structural assignments of the enanthiomeric
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tetraols rests on comparison of their HPLC retention time, UV
spectra, mass spectra, and NMR spectra of their tetraacetates
with the corresponding data for the racemic tetraol.!2

The above correlations establish trans-§ as the (95,10R)-diol
(7R,8S)-epoxide and cis-5 as the (95,10R)-diol (75,8 R)-epoxide.
Furthermore, (-)-4, which is metabolically formed from benzo-
[a]pyrene,>!? must be the (-)-(9R,10R)-dihydrodiol. Since la-
beling studies have shown that the C-9 hydroxyl group derives
from water and the C-10 hydroxyl group derives from air in the
9,10-dihydrodiol,'*!* cytochrome P-450c must form predominantly
the (9S,10R)-arene oxide which epoxide hydrolase!>!6 converts
to the (-)-(9R,10R)-dihydrodiol.

On the basis of the known absolute configurations of several
benzo[a]pyrene metabolites>*!"1¥ and the assumption that a su-
perimposition of all of these must fit into the active site of cy-
tochrome P-450c in such a way that the double bond that is
epoxidized lies directly over the heme iron, we have proposed* that
the shape of the catalytic binding site for this enzyme is ap-
proximated by the hypothetical hydrocarbon shown in Figure 1.
The model predicts that the (9S5,10R)-arene oxide should be
formed (dark outline in the hypothetical hydrocarbon skelton,
Figure 1) and subsequently converted to the (9R,10R)-dihydrodiol
by epoxide hydrolase, as confirmed by the present study. We felt
that assignment of abolute configuration to the metabolically
formed 9,10-dihydrodiol would provide a good test of this model
since previous workers had erroneously predicted!? that this di-
hydrodiol would have a 95,108 absolute configuration.
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We report the first synthesis, characterization, and chemical
behavior of a new [3.1.1]propellane, 2,6-methano-2,6-dehydro-
norbornane? (2). This is the most strained carbocyclic propellane
that has been prepared.

Small-ring propellanes are tricyclic systems with three rings
fused to a common, central bond containing two inverted carbon
atoms.* Both the molecular orbital* and maximum overlap’
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