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Hydrolysis of syn- and anti-Benzo[ a]pyrene Diol
Epoxides: Stereochemistry, Kinetics, and the Effect
of an Intramolecular Hydrogen Bond on the Rate of
syn-Diol Epoxide Solvolysis

Sir:

A 9,10-oxide of trans-7,8-dihydro-7,8-dihydroxybenzo-
[a]pyrene has recently been implicated as a major activated
metabolite in benzo[a]pyrene mutagenesis and carcinogene-
sis.!'2 Both the anti-diol epoxide, 1, and the syn-diol epoxide,
2, have been synthesized.?23 Although both compounds proved
to be mutagenic to mammalian cells, the anti-stereoisomer,
1, is exceptionally powerful;2¢:3 however, 2, was more muta-
genic than 1 to Salmonella typhimurium.?*< Moreover, liver
microsomal metabolism of benzo[a]pyrene-7,8-trans-dihy-
drodiol gave products identical on high pressure liquid chro-
matography with those obtained from the hydrolysis of 1, but
not of 2,24
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We have investigated the aqueous solvolysis of 1 and 2 as
models for the reaction of these epoxides with other weak nu-
cleophiles in aqueous systems. We report now that ring opening
of both isomers proceeds with relatively similar rates and with
remarkable cis stereoselectivity at pH 5.0. In addition, oxide
2 proved more sensitive to dihydrogen phosphate general acid
catalysis than 1.

Solvolysis of both 1 and 2 was carried out at pH 5.0 in 1:1
(v/v) dioxane-water, 0.10 M in KCl at 37 °C. Acetylation of
the reaction products’ followed by thin layer chromatography®
of the crude acetates afforded the 7,8,9,10-tetraacetoxy-
7,8,9,10-tetrahydrobenzo[a]pyrenes in good yield.” NMR
spectrascopy (270 MHz)8 of the tetraacetates derived from
the anti-diol epoxide, 1, indicated the formation of the
trans,cis,cis-S, and the trans,cis,trans- 3, stereoisomers in the
ratio of 3:2. These products presumably arise from addition
of water at C-10 in both cis and trans directions. Regiospecific
attack at C-10 is supported by the failure to detect the trans-
trans-trans-isomer, 6, expected to arise from trans-specific
attack at C-9, and is consistent with the previous observations
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Figure 1. pH-Rate profiles of the reactions of 7«,83-dihydroxy-983,10-
epoxy-(1,0) and 7«,88-dihydroxy-9«,10a-epoxy-7,8,9,10-tetrahydro-
benzo[a]pyrene (2, @) in 1:1 dioxane-water at 34.8 °C, 0.0950 M in KClI
and 0.0034 M in phosphate. Points are experimental; lines are theoreti-
cal.

of attack of sulfur nucleophiles at C-10.32"* The NMR spec-
trum (90 MHz) of the tetraacetates derived from the syn diol
epoxide, 2, showed the presence of only the 9,10-cis adduct,
tetraacetyl-4.'0

The kinetic measurements were carried out in a solvent
system of similar composition as the product studies above (1:1
(v/v) dioxane-water, 0.095 M in KCl and 0.00342 M in
phosphate).'! The reactions were run in a spectrophotometer
in order to monitor the appearance and disappearance of the
characteristic Apax’s of product dihydrodiols and the starting
epoxide.'?

First-order rate constants were calculated from the change
of absorbance at 278.8 nm.'3 The pH dependence of these re-
actions is illustrated in Figure 1. Diol epoxide 1 exhibits a linear
log kobsa,1 vs. pH plot with a slope = —1.0. This is normally
associated with acid catalysis; i.e., kKobsd,) = kn,1aH, Where ay
is the hydrogen ion activity as determined by glass electrode
and ky, is the specific acid catalyzed rate constant, here equal
to 910 M~ g=1 14

Diol epoxide 2 failed to conform to this pattern, since the
slope of the log kousa.2 vs. pH plot is —0.7, instead of —1.0. This
deviation can be rationalized by adding a term for general acid
catalysis by dihydrogen phosphate anion to the expression for

kObSd.Z. i'e'9
kovsa,2 = ku.2au + ku,po,- [H2POs—] (1)

Substituting Fpo,-an/(Ka + an) for [HPO47] in eq (1),
dividing through by ay, and plotting k¢bsd,2/au vs. Fpo,-/
au(K, + ay) produces a linear array of points with slope =
ku,po,- = 0.32 M~! s~! and intercept = ky,; = 300 M~!
5.
These results are in accord with present ideas concerning
the structures of diol epoxides 1 and 2 in solution.>!3 The lower
ky ., value may reflect a decrease in the pKy, of the oxirane
oxygen caused by an internal hydrogen bond between C7-OH
and the oxirane oxygen in 2.3:'5 anti-Diol epoxide, 1, cannot
form such a bond. Likewise, hydrogen bond-induced polarity
in the epoxide moiety of 2 may enhance participation of the
dihydrogen phosphate anion in the ring opening process.'6
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The difference between the 9,10-cis/trans ratios of the hy-
drolysis products from diol epoxides 1 and 2 resists a simple
explanation. Nevertheless, these reactions do provide models
for the reactions of 1 and 2 with other weak nulceophiles in
aqueous systems. In particular, on the basis of our results, it
would be reasonable to expect both cis and trans adducts of
metabolically produced anti-diol epoxide, 1, with the nucleo-
philic sites on cellular DNA. Furthermore, while the intra-
molecular hydrogen bond in 2 greatly facilitates the addition
of nucleophiles in the tert-butyl alcohol solvent system,3 Sy
reactivity of the two diol epoxide stereoisomers, 1 and 2, in
aqueous solvents seems to be very similar. Also, in the naph-
thalene system, sulfur nucleophile addition rates in aqueous
ethanol were very similar for the syn- and anti-3,4-diol 1,2-
oxides.3? Thus, the suggestion2d that the observed lower mu-
tagenic activity of 2 may be a consequence of the fact that this
isomer is so “highly reactive that it hydrolyzes rapidly before
it can reach and react with DNA” would appear untenable.

Finally, it should be noted that epoxide rearrangement to
afford trans-7,8-dihydroxy-9-keto-7,8,9,10-tetrahydro-
benzo[a]pyrene could not be detected. This is consistent with
the known tendency of aryl epoxides to hydrolyze rather than
rearrange in aqueous solvents.'” The K-region arene oxides
which furnish large amounts of rearranged products (i.e.,
phenols) during aqueous solvolysis represent a special case for
the reasons discussed previously.*
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Construction of the 1,5-Methano[10]Jannulene
(Bicyclo[5.3.1]undeca-1,3,5,7,9-pentaene) System
Sir:

Vogel and his associates accomplished the first synthesis of
1,6-methano[10]annulene (1) in 1964' and have built the
elegantly organized chemistry of bridged cyclic =-electron
systems.? This development has naturally aroused interest in
1,5- (instead of 1,6-)methano[10]annulene (2) and its chem-
istry, initially for the apparent structural similarity of the two
systems. Indeed numerous attempts at the synthesis of 2 have
been made.? Our own interest in 2 originated from two main
experimental facts: (i) the lability exhibited by two (non-
bridged) [10]annulenes* appears more pronounced than that
intuitively conceived from the stability of 1 and (ii) the ap-
parent existence of a nonnegligible 1,6-interaction calculated
by several theoretical treatments® seems to be manifested in
the photoelectron’2 and ultraviolet spectra of 1.57 To further
examine to what extent the transannular interaction, if it exists,
perturbs the monocyclic 10 m-electron system of 1, we have
selected 2 where such an interaction would very likely vanish
(cf. azulene and naphthalene®®). It is obvious, however, that
the evaluation of the electronic structure of 2 in comparison
with 1 requires a careful examination of the geometry of the
two compounds, since Allinger and Sprague!© have recently
predicted that the ¢ system constraints of 2 would force ring
dihedral angles to differ up to 54° from planarity; thus 2 would
have complete bond alternation and lack so-called aromaticity.
We have now achieved the first construction of this system in
a remarkably simple manner and wish to present its spectral
and chemical properties in preliminary form.
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1 R’
2,R=R'= 16, R =H; R’ = OPO(OC,H;),
1L,R=H; R’=CO,CH; 17, R = OCH;; R’ = CO,CH,
14, R=H:R’ =0OCH, 18, R=Cl; R’=CO,CH;,
15, R =H; R’ = OSi(CH,),t-C;H, 19, R=H;R’' =Cl

The present scheme owes its success to a one-step synthesis
of the proper ring system containing four carbon-carbon
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