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A novel epoxide 2 was formed as the major product in the reaction of 2-bromo-3-methyl-1,4-naph-
thoquinone with 1,3-propanedithiol in the presence of triethylamine in 92% yield. Molecular oxygen
is suggested to be the source of the added oxygen in 2, an oxidation product of its precursor 3. A
strong base such as triethylamine is required to abstract the methyl hydrogen of 1,4-naphthoqui-
nones, leading to the formation of 3 as well as 2.

� 2010 Elsevier Ltd. All rights reserved.
The reactivity of 1,4-naphthoquinones toward a nucleophile is
important for the understanding of their biological activities.1–3

Various 1,4-naphthoquinone derivatives, including 2-methyl-1,
4-naphthoquinone, have shown anticancer activity by inhibiting
overexpressed tyrosine phosphatase of cdc25a in cancer cells.4

These biological activities of 1,4-naphthoquinonoes are understood
as the consequence of the covalent modification of a nucleophilic
center such as cysteine residues in the active site of tyrosine
phosphatase. The covalent modification of a nucleophile by 1,4-
naphthoquiones is initiated with a conjugate addition reaction of
a nucleophile to the qunonoid structure of 1,4-naphthoquinones.
Due to the acidic nature of the methyl hydrogen of 2-methyl-1,
4-naphthoquinones, a nucleophile could further react at the
methyl group.

In this Letter, we describe the reaction of 2-bromo-3-methyl-
1,4-naphthoquinone 1 with 1,3-propanedithiol in the presence of
triethylamine. Depending upon the reaction setting, four different
products are isolated (Fig. 1). Typically, 2-bromo-3-methyl-1,
4-naphthoquinone (�20 mg) is reacted with 2 equiv of 1,3-pro-
panedithiol in the presence of 2 equiv of triethylamine in methanol
(10 mL). When the reaction is assisted by microwave5 (at 80 �C for
20 min), the epoxide 2 is isolated in 92% yield, accompanied by two
tricyclic products, 3 (3%), and 4 (3%) after purification on a silica gel
column with chloroform as the eluent. From the reaction at room
temperature for a week, dithiacyclooctene 3 is isolated (35%) as
one of the major products, along with dithiacycloheptene 4
All rights reserved.
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(39%). After reacting at �4 �C for two weeks, on the other hand, a
spiro product, 5, was found as the major product (45%) with the
epoxide 2 as a minor product (18%).

Products 2 and 3 are formed in the presence of a strong base such
as triethylemine due to the acidic nature of the methyl group.6 The
acidic nature of the methyl group of 2-halogeno-3-methyl-1,4-
naphthoquinone as well as 2-alkylthio-3-methyl-1,4-naphthoqui-
none is demonstrated by the H–D exchange reaction in the presence
of triethylamine in deuterated methanol, yielding the corresponding
3-duteriomethyl-1,4-naphthoquinone.7 The reaction at the methyl
group with a thiolate ion was reported in the reaction of 2-chloro-
3-methyl-1,4-naphthoquinone with sodium methanethiolate.8

Here, the primary product, 2-methyl-3-methylthio-1,4-naphtho-
quinone, is further converted to 2-methylthio-3-methylthiometh-
yl-1,4-naphthoquinone through a quinone methide, which is
generated by the abstraction of an acidic methyl proton of 2-
methyl-3-methylthio-1,4-naphthoquione. On the other hand, the
formation of 4 is the result of a demethylation reaction. A similar
demethylation reaction by a nucleophile was also found when 2-
bromo-3-methyl-1,4-naphthoquinone was reacted with an alkyla-
mine as a nucleophile, where the methyl group was replaced with
the alkylamino group.9

In the reaction in chloroform as the solvent, instead of metha-
nol, the epoxide 2 was also identified as the major product when
assisted by microwave. Interestingly, however, under argon atmo-
sphere, no epoxide formation was detected in either solvent. Thus,
molecular oxygen is suggested as the source of oxygen for the for-
mation of the epoxide 2. The epoxidation of 2-methyl-1,4-naph-
thoquinone to the corresponding 2,3-epoxide is easily performed
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Scheme 1. A proposed pathway to 3 and 2.
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Figure 1. The reaction of 2-bromo-3-methyl-1,4-naphthoquinone with 1,3-propanedithiol.
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by the reaction with hydrogen peroxide in aqueous sodium
carbonate solution.10 In our reaction, molecular oxygen is antici-
pated to oxidize 1,4-naphthohydroquinone intermediates to the
corresponding 1,4-naphthoquinones, generating hydrogen perox-
ide (see Schemes 1 and 2).11 Thus, the formation of the epoxide 2
can be explained as the secondary reaction product from the cyclic
product 3 with hydrogen peroxide, which is generated during the
(From Scheme 1)
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reaction. The mechanisms leading to two cyclic products, 3 and
4, as well as the epoxide 2 are tentatively suggested in Schemes
1 and 2. The presence of a strong base such as triethylamine is cru-
cial for the production of a quinone methide, and thus, 3 and 2.

The spiro product, 5, is the major product in the reaction at
�4 �C and is transformed to cyclic products, 3 and 4, upon the addi-
tion of excess 1,3-propanedithiol and triethylamine in methanol at
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Figure 2. ORTEP drawing of the epoxide 2.
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room temperature. Thus, it is suggested that the spiro product, 5, is
a kinetic product in the reaction, whereas the cyclic products, 3
and 4, are the thermodynamic products.

A mechanism is proposed for the formation of the spiro product
5 and its conversion to the thermodynamic products 3 and 2 in the
presence of triethylamine (Scheme 3).

All products, 2–5, were isolated by silica gel column chromatog-
raphy and spectroscopically characterized.12–15 The structure of
the novel epoxide 2 is also confirmed by X-ray analysis (see
Fig. 2, CCDC-720472).16

Other halogeno-1,4-naphthoquinones such as 2-chloro-, 2-bro-
mo-, 2,3-dichloro-, and 2,3-dibromo-1,4-naphthoquinonoes, lack-
ing the acidic methyl group, form cyclic product 4 in good yields
in the reaction with 1,3-propanedithiol in the presence of triethyl-
amine.17 Further detailed study of the reactions of 1,4-naphthoqui-
nones toward nucleophiles is under way to help better
understanding biological activities of 1,4-naphthoqunones. The
reaction caused by the acidic nature of the a-hydrogen, for exam-
ple, leading to the formation of 2 and 3, could result in another bio-
logical consequence of 2-methyl-1,4-naphthoquinones. It is not
acidic enough to be easily ionized in solution. In the active site of
an enzyme, however, due to the nature of the local environment,
a particular pKa value could be quite altered from the one in solu-
tion as in the lysine residue in the active site of acetoacetate
decarboxylase.18
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