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When substituted 2,3-norbornylhydroquinone is treated with CAN with or without water, an unusual
fragmentation–aromatization reaction occurs which leads to a substituted 1,4-naphthoquinone instead
of the desired substituted 2,3-norbornylbenzoquinone.

� 2008 Elsevier Ltd. All rights reserved.
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In the pursuit toward hexa- and heptaprismanes, 5,5-dime-
thoxy-1,2,3,4-tetrachlorocyclopentadiene 1 is a key precursor.1

Its Diels–Alder adduct 3 from reaction with benzoquinone2 2
(Scheme 1) has been subjected to Luche reduction yielding the
exo,exo-diol.3 Dailey and co-workers have converted this diol into
the endo,endo-diol and studied the Diels–Alder reaction with 1.4

It has also been reported by Mehta5 that the unsubstituted 2,3-nor-
bornylbenzoquinone undergoes a Diels–Alder reaction with 1 to
furnish endo,anti and endo,syn adducts in the ratio of 77:23 in good
yields. However, the Diels–Alder reaction of the substituted 2,3-
norbornylbenzoquinone 5 with 1 has not been reported in the lit-
erature. If this reaction could be achieved, it would represent a new
direction in synthetic efforts toward hexa- and heptaprismanes.6 In
order to secure 5, the known Diels–Alder adduct 3 was subjected to
reaction with silica gel by impregnation to form the hydroquinone7

4 in a yield of 42% over two steps from 1 (Scheme 2).
We expected a clean oxidation of the hydroquinone with CAN

under acetonitrile/water conditions. However, to our surprise, the
product obtained was substituted naphthoquinone 7 and none of
the desired benzoquinone 5 or its hydrolyzed product 6 (Scheme
3). Obviously, the hydroquinone part of 4 has been converted into
the benzoquinone as desired, but, additionally a fragmentation
reaction has occurred8 followed by aromatization leading to 1,4-
naphthoquinone 7 in high yield. The structure of 7 was confirmed
by proton and carbon NMR spectroscopy.9 In the proton NMR, an
AB quartet at d 6.94 and d 7.00 with J = 10.7 Hz corresponded to
the benzoquinone protons and a singlet at d 4.04 was due to the
ll rights reserved.

: +91 44 24911589.
).
methyl ester group. The 13C NMR supports the structure of 7 with
two ketone groups at d 181.74 and d 181.44 as expected for an
unsymmetrical benzoquinone.

As is well known, CAN is a one electron oxidant10 and it
oxidizes the oxygen in the methoxy group leading to an oxygen
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Table 1
Oxidation of hydroquinone 4 with CAN

Entry Conditions Oxidant (equiv) Yield (7, %)

1 CAN, CH3CN/H2O, 1 h 5.3 78
2 CAN, CH3CN/H2O, 1 h 2.0 82
3 CAN, CH3CN, 1 h 2.0 76
4 Ag2O, Na2SO4, toluene, 3 h 12.7 47
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cation-radical. This cation-radical undergoes a fragmentation reac-
tion followed by aromatization with the leaving group being a
chlorine radical (Scheme 4). It is also known in the literature that
an acetal is converted into a ketone using CAN.11 Here, instead of
forming a ketone, a fragmentation reaction occurs leading to a
substituted 1,4-naphthoquinone9 in high yield under various con-
ditions (Table 1), including non-aqueous conditions. Since it is also
known that silver oxide5 can oxidize hydroquinone to benzoqui-
none, we studied these conditions. Here again, we observed the
same fragmentation reaction in addition to oxidation of hydroqui-
none. Using silver oxide, the yield was moderate; however, we did
not observe any color change during the reaction as previously
reported.5
In order to determine that aromatization is the driving force for
the above reaction, we subjected Diels–Alder adduct 3 with CAN,
wherein aromatization is not possible. In fact, there was no reac-
tion and the substrate was returned in almost quantitative yield.
The acetal was not affected by CAN and it is known in the literature
that this type of acetal is robust, even under reflux over 48 h in 10%
HCl it is not hydrolyzed.1d Therefore, one of the oxygens in the di-
methyl acetal is oxidized and then cleaved only under aromatiza-
tion conditions.

In conclusion, we have described a CAN-induced serendipitous
reaction leading to a tri-chlorinated 1,4-naphthoquinone in excel-
lent yield which is otherwise difficult to prepare. Work is in pro-
gress in our laboratory to form polychlorinated anthraquinone12

from this product via the above iterative process of Diels–Alder
reaction, hydroquinone formation, and CAN oxidation.
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