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Benzo[a]pyrene (BP) and 7,12-dimethylbenz[a]anthracene
(7,12-DMBA) are two of the most potent carcinogens known,!
and a substantial volume of research accomplished thus far
points to the notion that their bay-region anti-diol epoxide
metabolites 1 and 2, respectively, are the crucial ultimate
carcinogenic forms of these polycyclic aromatic hydrocarbons
(PAHs).!™3 The synthesis of these extremely labile compounds

presents a formidable challenge for synthetic chemists; while
the synthesis of 1 has been amply documented,* the bay-region
anti-diol epoxide metabolite of 7,12-DMBA, 2, reportedly has
been synthesized but has not been characterized in any respect.’6
We had earlier established a novel, generally applicable
synthesis of PAH bay-region diol epoxides featuring the use of
an arene—3,4-bis(benzyloxy)furan cycloaddition reaction fol-
lowed by a stereo- and regioselective opening of the ether bridge
(see Scheme 1).” While the thrust of this approach should be
applicable for the synthesis of diol epoxides 1 and 2, the extreme
propensity toward generating the highly delocalized bay-region
benzylic carbocation has necessitated extensive reevaluation on
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9 Reagents and condmons: (a) 7 [R = benzyl (Bn)] (2.5 equiv),
n-BuLi (2.5 equiv)/THF, —78 °C to room temperature, 5 h; (b) H, (1
atm), PtO, (cat.)/THF, room temperature, 4 h; (c) BF;*OEt; (1.1 equiv),
Nal (1.1 equiv)/CH3CN, 0 °C to room temperature, 2 h; (d) 1,1’-
carbonyldiimidazole (1.5 equiv)/CH,Cl,, reflux, 3 h.
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the choice of the reagent and fine-tuning of the reaction
conditions. In the following, we describe a convenient synthesis
of the bay-region anti-diol epoxide metabolites of the carcino-
gens BP and 7,12-DMBA, 1 and 2, respectively. This represents
the first isolation and spectroscopic characterization of the highly
biologically important diol epoxide 2.

The synthesis of the known BP metabolite 14 was undertaken
first as a test case for these highly labile anti-diol epoxide
metabolites. The requisite cyclic carbonate 11 was readily
accessible from bromo tosylate 9% in four steps in 56% overall
yield (Scheme 2). Thus, the aryne generated from bromo
tosylate 9 reacted smoothly with 3,4-bis(benzyloxy)furan (7; R
= Bn) to provide, following catalytic hydrogenation of the crude
cycloadduct, the ether-bridged product 10 as a single stereo-
isomer in 72% overall yield from 9. On the basis of our
previous synthetic work,’ this benzyl ether-protected 10 needed
to be converted into the cyclic carbonate derivative 11 for the
regioselective opening of the five-membered ether bridge at the
bay-region benzylic carbon C-10. Installation of the 103-halide
required for the formation of 9a,l10a-epoxide by opening of
the ether bridge in 11 proved problematic. The virtually
complete regioselective ether-bridge opening by boron tribro-
mide (1 equiv, —20 °C, CH,Cl,) was realized as predicted on
the premise that the formation of the more stable bay-region
benzylic carbocation would be favored.” However, the stereo-
chemical integrity of the resulting 103-bromide (12; X = 8-Br)!°

(8) Prepared from commercially available 1-bromopyrene (Aldrich
Chemical Co., Milwaukee, WI) in four steps in 64% overall yield: (1)
n-BuLi (2.2 equiv)/THF, —78 °C, 15 min, then B(OMe); (1.1 equiv), —78
°C to room temperature, | h; (2) 30% aqueous H,0, (excess), 0 °C to room
temperature, 1 h (87% yleld for steps 1 and 2); (3) Br; (1.5 equiv), +-BuNH,
(1.1 equiv)/toluene, —78 °C to room temperature, 6 h (78%); (4) p-TsCl
(1.1 equiv), EtsN (2 equiv)/CH;,Cly, 0 °C to room temperature, 2 h (95%).

(9) A variety of bay-region benzylic carbocations are shown to be more
stable than their corresponding non-bay-region counterparts by AMI1
calculations, and the degree of regioselective ether-ring opening seems to
be correlated with the extent of the difference in relative heats of formation
of the two benzylic cations: Gopalaswamy, R.; Koreeda, M. Submitted
for publication.
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7 Reagents and conditions: (a) MeLi (4 equnv)/benzene, room temperature, 3 h; (b) TMSCI (3 equiv), Nal (3 equiv)/CH3CN, room temperature,
0.5 h (83% for a and b); (¢) BBr3 (1 equiv)/CH;Cl;, —78 °C to room temperature (78%); (d) NBS (1.1 equiv)/THF, —35 to —30 °C, 15 min; DBU
(2.2 equiv), —35 °C, 10 min; p-TsCl (1.5 equiv), room temperature, 2 h; (¢) 7 (R = Bn) (2.5 equiv), #n-BuLi (1.1 equiv)/THF, —78 °C to room
temperature, 5 h; (f) Ha (1 atm)/PtO2/THF, room temperature, 5 h; (g) BF:*OEt, (5.0 equiv), Nal (5.0 equiv)/CH3CN, room temperature, 6 h (87%);
(h) 1,1"-carbonyldiimidazole (1.1 equiv)/CH,Cl,, reflux, 2.5 h (95%); (i) BCl; (1.0 equiv)/CH,Cl,, —20 °C, 0.5 h; (j) 4 M NaOH/THF (1:10), 0 °C
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Figure 1. Conformations of the 103- () and 10a- (i) bromides 12
deduced from 'H—'H NMR decoupling experiments and NOE mea-
surements (360 MHz; CDCl;) and AM1 calculations.

could not be maintained as it was found to gradually epimerize
into, via the highly stabilized bay-region benzylic cation
intermediate iii (Figure 1), the 10a-bromide upon standing at
room temperature over a period of a few hours. This problem
of epimerization was subsequently circumvented by the use of
boron trichloride for the ether-bridge opening of 11 (Scheme
3). The resulting 108-chloride 13 was found to be stable at
room temperature at least for a day. The assignments of the
stereochemistry at C-10 as well as the conformation of the
benzocyclohex?ll rings of these eplmerlc bromides were vali-
dated through '"H—'H decoupling experiments and NOE mea-
surement between pertinent protons (Figure 1). Note, however,
that the 1083-chloro product 13 (vide ante) was used for the NOE
measurements in lieu of the 108-bromo product since the two
108-halo products exhibit virtually superimposable proton
spectral patterns except for the chemical shifts of the peaks
assignable to 10a-H and the 108-chloro product 13 was much
more stable. The results of semiempirical MO calculations with
the use of an AM1 Hamiltonian revealed that the two boat forms
1 and ii shown in Figure 1 are the most stable conformations
for the 108- and 10a-bromo products (12), respectively.
Furthermore, comparison of the heats of formation of i and ii
estimated from the AMI calculations indicates that the latter is
more stable by 2.34 kcal/mol. Subjection of chloride 13 to two-
phase alkaline/THF conditions’ resulted in the clean formation
of crystalline anti-diol epoxide 1,* thus constituting a convenient,
highly effective synthesis (six steps, 38% overall yield) of 1
from readily available bromo tosylate 9.

A similar aryne—bis(benzyloxy)furan cycloaddition approach
was explored for the synthesis of the bay-region anti-diol
epoxide metabolite of 7,12-DMBA, 2. The precursor to the

(10) The initial formation of the 108-bromide 12 or chloride 13 may be
best rationalized by postulating the intramolecular delivery of the halide
anion onto the carbocation at C-10 from the C-7 trihaloborate group
generated by ring-opening of the ether-bridge/boron trihalide complex.

requisite aryne, 16, was prepared from commercially available
2-methoxy-9,10-anthraquinone (14)!>!2 (Scheme 4). The cy-
cloaddition product 17, obtained after hydrogenation of the
cycloadduct in 81% overall yield from 16, was converted into
the cyclic carbonate derivative 18. The ether bridge of 18 was
then to be treated with boron trichloride to provide the 13-chloro
derivative. However, as 7,12-DMBA is generally considered
substantially more potent in its carcinogenicity than BP, it was
quite conceivable that this biological potency may be a
manifestation of the extremely facile formation of the bay-region
benzylic carbocation. Therefore, uncertainty persisted as to the
bay-region 15-chloride being still too labile to be utilized as
the penultimate intermediate in the synthesis of the diol epoxide
2. Treatment of 18 with 1.0 equiv of boron trichloride at —20
°C gave rise to the desired 15-chloro product 19 together with
the epimerized l1a-chloro isomer in a 3.5:1 ratio in a combined
yield of 77%. This result seems to indicate that, even under
extremely mild conditions with chloride as a substituent at C-1,
some stereochemical leakage to the more stable 1a-chloride is
unavoidable in the present case. Fortunately, subsequent
treatment of this mixture of 1-chlorides with two-phase 4 M
aqueous NaOH/THF’ followed by flash column chromatography
using EtsN—deactivated silica gel resulted in the isolation of
crystalline anti-diol epoxide 2 (mp 133—135 °C) in 52% overall
yield from 18. The bay-region anti-diol epoxide was thus
obtained in satisfactory purity based on various spectroscopic
analyses.

The synthesis of the bay-region anti-diol epoxide metabolites
1 and 2 described above attests the versatility of the aryne—
bis(benzyloxy)furan cycloaddition approach as a generally
applicable means for the synthesis of diol epoxide derivatives
of a variety of polycyclic aromatic hydrocarbons., Current
efforts in these laboratories include studies on the reactions of
diol epoxide 2 with a number of nucleophiles including DNAs
and a series of oligonucleotides.
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(12) Interestingly, bromination of 15 with NBS resulted in the mono-
bromide having the 1-bromo-1(H)-2-keto form, which was shown by AM1
calculations to be more stable by >3 kcal/mol than its aromatized tautomer,
1-bromo-2-hydroxy-9,10-anthracene, presumably due to the severe peri
interaction between the 1-bromo and 10-methyl groups in the aromatized
form (details to be published as part of a full account).




