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Abstract—Reaction of a suitably protected aryllithium derivative with citral, and subsequent deprotection and cyclization was
used to obtain dibenzopyran 5, a precursor of the tricyclic quinone 6. Diels—Alder reaction of 6 with 1,3-dimethoxy-1-trimethyl-
silyloxy-1,3-butadiene 7 led to benzonaphthopyranoquinone 8. The regioselectivity in the dienophilic partner is governed by the
remote oxygen of the pyran ring. © 2001 Elsevier Science Ltd. All rights reserved.

Naphtho[2,3-b]pyranoquinones constitute an important
class of compounds due to their interesting biological
activities.! Naphterpin (1) and naphthgeranine A (2), a
new type of benzonaphthopyranoquinone, have been
isolated from Streptomyces sp>* (Scheme 1). The struc-
tural elucidation of these compounds was based on
their spectroscopic properties, but no synthetic attempts
were reported.

Following our studies on the synthesis of heterocyclic
quinones with potential biological activity,® we were
interested in the preparation of compounds 1 and 2.
Recently, we described the synthesis of the carbon
framework of naphthgeranine A in one step, using a
tandem-Knoevenagel  hetero-Diels—Alder  reaction,
although in low yield.®

A useful approach to naphtho[2,3-b]pyranoquinones is
the Diels—Alder reaction of benzopyranoquinones with

Scheme 1.
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dienes,” that has the possibility for variation of the
substitution patterns on the aromatic nucleus. In this
communication we report the synthesis of the racemic
dimethylether derivative of naphthgeranine A using a
Diels—Alder methodology (Scheme 2).

An interesting method to obtain 2,2-dialkyl-2H-1-ben-
zopyrans is the reaction of suitably protected aryl-
lithium derivatives with o,B-unsaturated aldehydes,
followed by subsequent deprotection and cyclization.®
However, this route has not yet been used to obtain the
dibenzopyran 5 precursor of the tricyclic quinone 6. In
this aim, phenol 3.° protected as its methoxymethyl
ether, was treated with n-BuLi in THF at —78°C fol-
lowed by addition of citral to give alcohol 4 in 78%
yield. Hydrolysis of the protecting group of 4 with 6N
HCI in THF and subsequent cyclization induced by the
acidic medium gave the tricyclic compound 5 (40%).
The coupling constant between H-6a and H-10a (J=5.1
Hz) determined by spin decoupling experiments indi-
cates a cis stereochemistry for 5 in agreement with the
cis-A°-tetrahydrocannabinol system.'® The oxidative
demethylation of 5 with silver (II) oxide and nitric acid
gave the tricyclic quinone 6 (75%).!! Finally the Diels—
Alder reaction of 6 with diene 7'? afforded ben-
zo[b]naphtho[2,3-b]pyran-7,12-dione 8 in 70% yield."?

Molecular orbital calculations of HOMO and LUMO
coefficients for diene 7 and quinone 6 were performed
by the semiempirical method PM3'* using Spartan.'” In
the HOMO of diene 7, the coefficient on C-4 (0.561) is
larger than on C-1 (0.383) while in the LUMO of
quinone 6 the coefficients are 0.497 and 0.405 for C-2
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Scheme 2. Reagents: (a) NaH/THF —-30°C, CICH,OCH;, 95%; (b) n-BuLi/THF —78°C, citral, 78%; (c) 6N HCI/THF, 45°C, 40%;

(d) AgO/THF, 6N HNO,, 75%; (¢) CH,Cl,, SiO,, 70%.

and C-3, respectively. Thus, FMO theory suggests for
quinone 8 the regiochemistry shown in Scheme 2.

The structural assignment for compound 8 is estab-
lished from its spectral data. First, the '"H NMR spec-
trum of 8 shows signals for three methyl groups at ¢
1.32, 1.54 and 1.69 ppm, an allylic proton at ¢ 3.49
ppm and a vinylic proton at ¢ 6.05 ppm. These signals
are similar to those of the natural product 2.> Then,
'H-13C HMQC and HMBC correlations performed at
500 and 125 MHz allow to assign all protons and
carbons except the two gem CH;-5 and the two OCHj,
at C-8 and C-10. Finally, the use of HMBC results in
combination with '*C NMR data confirms the orienta-
tion of the Diels—Alder reaction. As it is known for
analogous products, the carbonyl adjacent to the pyran
oxygen is shifted to high field.>*!® On this basis, the
signals at 178.0 and 184.8 ppm are assigned to CO-7
and CO-12, respectively. Then, the presence of a strong
3J HMBC correlation between H-11 and C-12 enabled
H-11 to be assigned thus providing the regiochemistry
for compound 8.
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