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Novel Rearrangements during Dehydration of
Nucleophile Adducts of Arene Oxides. A Reappraisal
of Premercapturic Acid Structures

Sir:

Covalent binding of environmental agents to cellular en-
tities such as protein and nucleic acid has been proposed as
a prerequisite for the chemical induction of cancer.! For the
polycyclic aromatic hydrocarbon class of carcinogens, me-
tabolically formed arene oxides have emerged as the most
viable candidates to account for this binding.? Structural in-
formation on the nature of arene oxide adducts, thus, ac-
quires special significance. The present study establishes
that the structures of arene oxide adducts must be deter-
mined prior to dehydration since unanticipated rearrange-
ments can accompany aromatization.

The most common binding reaction of arene oxides with-
in the cell consists of opening of the oxirane ring by the
thiol group of the tripeptide glutathione to form a premer-
capturic acid.2? Reaction of arene oxides with glutathione
occurs both spontaneously and enzymatically with gluta-
thione-S-epoxide transferase.*5 For naphthalene 1,2-oxide
(1), the adduct prepared chemically or enzymatically has
been assigned the structure 1-S-glutathionyl-2-hydroxy-
1,2-dihydronaphthalene based primarily on the observa-
tions®7 that dehydration results in a C-1 substituted naph-
thalene ring. The 'H NMR spectrum of the chemically syn-
thesized adduct® (D,O at 220 MHz) suggests that sulfur is
attached at C-2 rather than C-1. Partial coincidence of sig-
nals from the peptide residue with the critical signals from
the dihydronaphthalene ring, however, prevent rigorous as-
signment of sulfur substitution at C-2 in the adduct. Dehy-
dration of trans-1-hydroxy-2-thioethyl-1,2-dihydronaph-
thalene® (2a, Scheme I) was, therefore, examined as a sim-
pler model. Treatment of 2a with 5% trifluoroacetic acid in
methanol at room temperature caused rapid dehydration to
1-thicethylnaphthalene® (3a), via migration of the thioethyl
residue.

Since a cyclic sulfonium ion (4, Scheme I) is implicated
as the intermediate during dehydration and rearrangement
of 2a, decrease in the electron density at sulfur should in-
hibit migration without preventing dehydration. Treatment
of 2a with H,O, and tungstic acid!® in water led to a 90:10
mixture of 2- and 1-naphthyl ethyl sulfone,'! respectively.
Application of this technique to inhibit migration during
dehydration of 2b was also successful. An aqueous solution
of the peptide conjugate was treated with 15% H,O; at pH
7 and 0° for 6 hr. After destruction of excess H,O; with
catalase, the oxidized conjugate (Amax 269 nm) was made
strongly acidic and heated at 100° for 5 min to effect dehy-
dration. The product consists principally of 7a based on a
Amax Of 276 nm with minor peaks at 265, 282, and 321 nm,
a spectrum typical of the 2-substituted naphthalenes em-
ployed for this study.!? Dehydration without oxidation gave
2 Amax Of 298 nm.
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The facility of migratlon for groups other than thloethers
was then examined. trans-1-Hydroxy-2-methyl-1,2-dihy-
dronaphthalene (6b) is known to dehydrate without migra-
tion of the methyl group to produce 2-methylnaphthalene®
(7b). Addition of methoxide to 1 provided zrans-1-hydroxy-
2-methoxy-1,2-dihydronaphthalene (6¢)!? which decom-
posed (concentrated HCI in CHCl;, 100° for S min) into
1-naphthol and 2-methoxynaphthalene (GLC-MS, 15%
QF-1, 170°) in a ratio of 10:3, respectively. While other
products were present, neither 2-naphthol nor 1-methoxy-
naphthalene (10% Carbowax 20 M, 150°) could be detect-
ed. Thus for 6¢, migration of the hydroxy group to C-2 or of
the methoxy group to C-1 does not occur. In contrast,
trans-1-hydroxy-2-azido-1,2-dihydronaphthalene® (2¢)
dehydrates (12 ~ 11 min, 1 N HCI, 50°) to 1-azidona-
phthalene (2¢) with essentially complete migration of the
azido group.!4 The facility with which intermediate § may
be formed from a carbonium ion accounts for the facile mi-
gration. Evidently, only those substituents which readily
stabilize positive charge (-SR, -N3) undergo migration.
The directed isomerization of 1 to form 1l-naphthol,!5 the
preferential ring opening of 1 by attack of nucleophiles at
C-2, and the direction of migration during dehydration of
these adducts all point to the greater stability of the carbo-
nium ion at C-2.

Decomposition of the thiol adducts from 3- and 4-chloro-
benzene oxides!'¢ (8 and 10, Scheme II) is also accompanied
by migration of the thioether group. The adducts were pre-
pared by allowing 0.2 mM solutions of the oxides in metha-
nol to stand for 2 hr at 0° in the presence of 3 equiv each of
ethanethiol and KOH. The reactions went to completion
and were not accompanied by the production of phenols.

Communications to the Editor



4428

trans-2-Chloro-6-thioethylcyclohexa-2,4-dienol (9) was the
sole product from 8.!7 Acid-catalyzed dehydration of 9
(TFA in CHCIs, 100°, 1 min) produced 2-, 3-, and 4-chlo-
rophenyl ether sulfide in a ratio of 61:5:34.!% Migration of
the thioethyl group occurs to both canonical forms of the
carbonium ion in which the positive charge is adjacent to
sulfur. Pyrolysis (injection port of the GLC at 500°) of the
acetate of 9 led to dehydration with little migration; 2-, 3-,
and 4-chlorophenyl ethyl sulfide and 2-chlorophenyl acetate
were formed in the ratio of 9:75:12:4, respectively. Instabili-
ty of the adducts!® from 10 caused considerable difficulty.
Storage as a neat oil at —70° for 1 week resulted in decom-
position to equal amounts of 4-chlorophenol and 4-chloro-
phenyl ethyl sulfide. Acetylation of the mixture of adducts
followed by HPLC20 produced equal amounts of 4-chloro-
phenyl ethyl sulfide (from 11) and the acetate of 12.2! On
storage at room temperature in CCly, the acetate of 12
slowly converts to 4-chlorophenyl acetate and 4-chlorophen-
yl ethyl sulfide. In contrast, GLC (injection port at 175°)
produces 2-, 3-, and 4-chlorophenyl ethyl sulfide in the ratio
5:4:91 by migration of the thioethyl group. Thus, thiol ad-
ducts of the chlorobenzene oxides aromatize to produce
alkyl aryl sulfides in which the sulfur substituent is prepon-
derantly at the 2- and 4-positions relative to chlorine. Since
most of the epoxide opening had occurred at the 3-position,
the aromatic products must result from extensive sulfur mi-
gration. Formation of 11 from 10 cannot proceed via a car-
bonium ion or tight ion pair and must result from an SN2
reaction since 10 isomerizes only to 4-chlorophenol under a
variety of conditions.!® Thus, carbonium ion (or ion pair)
trapping as well as direct nucleophilic opening are feasible
mechanisms®22 for the reactions of arene oxides with nu-
cleophiles.

The high concentration of glutathione in mammalian
liver?? and the poor K's of glutathione-S-epoxide transfer-
ases24 for epoxides and arene oxides suggest that a substan-
tial portion of the premercapturic acids which form in vivo
are the result of purely chemical reaction. The present
study establishes that the structure of the premercapturic
acid formed from naphthalene®’ and probably those of
chlorobenzene?> have been missassigned. Structures of
many other premercapturic acids’ are now in question. The
observations of distal attack®2¢ and rearrangement on aro-
matization suggest that the products formed on interaction
of arene oxides with DNA will prove to be difficult in their
structural elucidation.
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Synthesis of 3- and 4-Chlorobenzene Oxides.
Unexpected Trapping Results during Metabolism of
[14C]Chlorobenzene by Hepatic Microsomes

Sir:

Direct evidence has been presented for the metabolic for-
mation of arene oxides from polycyclic aromatic hydrocar-
bons ranging in size from naphthalene to benzo{a]pyrene.!2
For hydrocarbons larger than naphthalene, only the rela-
tively stable K-region arene oxides have been detected.'®

Direct demonstration of the metabolic formation of an
arene oxide from benzene and its derivatives has been im-
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