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Reported here is a new method for the regiospecific synthesis
of phenanthraquinones and related angularly fused polycyclic
compounds from squaric acid derived cyclobutendnebhe
method rests on dual annulation reactions. On®lpes the well-
known electrocyclic ring opening of appropriately substituted
cyclobutenones tainylketenes and their subsequent reactions with
proximally placed ketenophilés.The other constitutes a new
metathesis sequence leading to aromatic rings which arise from
a photofragmentation of cyclobutyl-substituted quinones as the
ultimate step.

The salient details are outlined in Scheme 1. Cyclobutenone
1 undergoes ring closure to the tetracyclic cyclobuter®(@5%)
upon mild thermolysis (benzene, 78C), a transformation
envisaged to involve arnvBelectrocyclization to cyclooctatriene
intermediate2, followed by a 6r electrocyclic ring closure to
the observed produ@* Treatment of3 with phenylcerium(lll)
chloridé® followed by acid hydrolysis (concentrated HCI) gave
cyclobutenoné, which was immediately thermolyzed (benzene,
80 °C)2 The resulting ring expanded hydroquinone was not
isolated but directly oxidized (A®) to quinone5 in >90%
overall yield from3.

When the red-colored benzene solutionSofvas exposed to
fluorescent laboratory light it underwent an efficient photofrag-
mentation reaction to yield yellow benzj§nthracene-7,12-dione
(8)® (87%), a compound representing the basic framework of the
angucycline group of antibiotics® The mechanism of this
unusual photofragmentation is envisaged to involve the excited-
state diradicab whose strain energy is relieved upon cleavage
of the cyclobutane ring to givd. Subsequent expulsion of
isobutylene provides.

The following data suggest this method to be a general,
regiospecific route to angularly fused polycyclic aromatic com-
pounds (Scheme 2). For exampBewas converted t® (89%),
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Scheme 1
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visible light
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8 (87%)

1@ (71%), andl1 (75%) by using respectively 1-hexynylcerium-
(1) chloride, 2-anisoylcerium(lll) chloride, and 2-lithiofuran. For
comparison,12 (obtained from22 in 91% yield) gave the
regioisomersl3 (73%), 14° (83%), andl5 (75%).

A particularly interesting example is the conversion of cy-
clobutenonel6 to 6-(4-pentenyl)benza]anthracene-7,12-dione
(19) (Scheme 3). Herel6 gave 17 in 89% vyield upon mild
thermolysis at 80C. Ring expansion af7, using phenylcerium-
(1 chloride, gave the quinon&8in 93% yield. Photofragmen-
tation of 18 then gavel9 in 81% yield (75% froml7).

Syntheses of the requisite cyclobutenofigf2, and16 were
accomplished as outlined in Schemé& 4Specifically, treatment
of dimethyl squarafé (20) with 2-lithiostyrene followed by
methanolysis (TFAA, MeOH) of the resultifizhydroxyenol ether
gave cyclobutenon2l in 86% vyield. This was converted tb
(88%) upon treatment with 1-lithio-2-methylpropene. Similarly,
20 gave22 (64% overall) by changing the addition order of the
organometallic reagents, i.e., 1-lithio-2-methylpropene preceded
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a) 1-lithiohexyne/CeCls, THF, -78 °C; b) HCI, 0 ° C;

c) diethyl ether, reflux; d) Ag,O; €) benzene, visible light;

f) 2-lithioanisole/CeCl,, THF, -78 °C; g) 2-lithioanisole, THF, -78 °C;
h) benzene, reflux; i) 2-lithiofuran, THF, -78 ° C;

2-lithiostyrene. Finally,16 was obtained in 88% yield upon
treatment of21 with 1-lithiocyclopentené?

The significant points to arise from this study include the
following: (1) a general synthesis of 2-(2-ethenylphenyl)-3-
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a) 2-lithiostyrene, THF, -78°C
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c) 1-lithio-2-methylpropene, THF, -78° C

d) 1-lithiocyclopentene, THF, -78 °C
from these cyclobutenones undergo a new photofragmentation
reaction leading to aryl ring formation; (3) this methodology
provides a useful route to angularly fused polycyclic quinones,
including those having the basic framework of the angucycline
antibiotics; and (4) although other synthetic routes to angularly
fused quinones are available (for example, by Did&der
method§), the dual annulation sequence presented here illustrates
a potentially powerful, regiospecific method leading to highly
substituted examples.
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