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Reported here is the synthesis of the pyranonaphtho-
quinone 5b, a dimethyl analog of naphthgeranine E (5c),
a member of a family of bioactive naturally occurring
naphthoquinones found in Streptococcus violaceous.1 Key
to this synthesis are the utility of the thermally induced
ring expansion of 4-arylcyclobutenones for the regiospe-
cific synthesis of 2-aryl-3-isopropoxy-1,4-naphthoquino-
nes and a new photoannulation reaction of quinones of
this structural type for the construction of the pyranon-
aphthoquinone nucleus.2,3

Cyclobutenedione 2 (87%) was prepared in a “one-pot”
reaction sequence involving 1,2-addition of 5-lithio-2-
(triisopropylsiloxy)benzyl triisopropylsilyl ether to diiso-
propyl squarate (1) followed by trifluoroacetic anhydride
(TFAA) and aqueous workup (Scheme 1).4 Regiospecific
addition of 4-lithio-1,3-dimethoxybenzene to the more
reactive carbonyl group in 2 gave cyclobutenone 3 in 76%
yield. Thermolysis of 3 (p-xylene, 138 °C) followed by
oxidation (Ag2O) provided naphthoquinone 4 (53%). Pho-
tolysis (2× 40 W fluorescent lamps) of a benzene solution
of 4 at ambient temperature in the presence of a 5-fold
excess of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)
gave 5a and its regioisomer 6 in 82% yield as a 1:1
mixture. Finally, desilylation of 5a (TBAF) provided 5b
(76%).5

The above photoannulation reaction is noteworthy
since it appears to have little precedence in the litera-
ture.3 A proposed mechanism is presented in Scheme 2
as it applies to the conversion of 3-isopropoxy-2-phenyl-
1,4-naphthoquinone6 (7) to the pyranonaphthoquinone 12
in 87% yield. Visible light excitation of 7 is envisaged to
lead to zwitterionic (or diradical) intermediate 8. Proton
transfer from the methine carbon of the isopropoxy group
to the adjacent carbonyl with concomitant aromatization
would then give 9. Intramolecular ring closure to the
proposed o-quinone methide 10 followed by tautomeriza-

tion provides hydroquinone 11. Subsequent DDQ oxida-
tion of 11 provides quinone 12.7
The presence of excess DDQ (5 equiv) is required in

order to maximize the yield of 12. Indeed, if this high
potential quinone is absent, not only do the yields of the
pyranoquinone suffer, but a significant amount of the
hydroquinone of 7 is realized. A reasonable pathway to
account for this would involve oxidation of 11 by the
starting quinone 7. Thus, DDQ converts 11 to 12 during
the course of the photolysis, thereby preventing the
consumption of 7 by the nonphotolytic oxidation/reduc-
tion pathway suggested above.
The scope of the photoannulation was further probed

and found to have useful generality. Specifically, alkox-
yquinone analogs6 13a, 13b, 7, and 15 give the respective
annulated quinones 14a (27%), 14b (38%), 12 (83%), and
16 (80%) when subjected to the above reaction conditions
(Scheme 3). The lower yields observed for 14a,b as
compared to 12 and 16 point to the possible importance
of radical (or carbocation) stabilization of the intermedi-
ate (e.g. 9) to the efficiency of the reaction.
In conclusion, we wish to make the following significant

points: (1) For the first time, a direct analog of a member
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of the naphthgeranine family of natural products has
been synthesized. (2) A key step in the synthetic scheme
is a new and facile photoannulation reaction of 2-aryl-
3-alkoxy-1,4-naphthoquinones. (3) Also, key to the syn-
thesis is the thermal rearrangement of 4-arylcyclobuten-
ones, thus further illustrating this ring expansion as a

general, regiospecific route to highly substituted aromatic
compounds.2 (4) Finally, the synthetic strategy employ-
ing the key cyclobutenone/quinone synthesis and photo-
annulation reaction as outlined here can be envisaged
to be applicable to the synthesis of other natural quinones
as represented by marinone (17),8 helinudchromene
quinone(18),9 metachromin E(19),10 and jadomycin (20).11
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