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Abstract—The first total synthesis of (1R,2S,3S,4R,4aS,11bS)-2-(benzyloxy)-1,2,3,4,4a,5-hexahydro-1,3,4-trihydroxy-11bH-
benzo[b]carbazole-6,11-dione from DD-glucose is described. The key steps of this synthesis are the stereoselective Michael addition of
2-lithium-1,4-dimethoxynaphthalene to 3-O-benzyl-5,6-dideoxy-1,2-O-isopropylidene-6-nitro-a-DD-xilohex-5-enefuranose followed
by the enantioselective intramolecular Henry reaction of 3-O-benzyl-5,6-dideoxy-5-C-(1,4-dimethoxynaphthalene-2-yl)-6-nitro-
b-LL-idofuranose to the key (1R,2S,3S,4R,5S,6S)-3-(benzyloxy)-5-(1,4-dimethoxynaphthalene-2-yl)-1,2,4-trihydroxy-6-nitrocyclo-
hexane.
� 2004 Elsevier Ltd. All rights reserved.
Naphthoquinones are of perennial chemical interest due
to the widespread occurrence of the naphthoquinone
nucleus in natural products, from simple hydroxynaph-
thoquinones such as lawsone, the main component of a
natural dye, to complex structures such as the trimeric
hydroxynaphthoquinone conocurvone, a potential
anti-HIV agent.1 The chemistry of naphthoquinones is
mainly dependent on the substituents on the quinone
moiety. Thus 1,4-naphthoquinones bearing a phenyl
substituent attached to its C-2 position proved to be
convenient precursors for the synthesis of polycyclic
naphthoquinone derivatives that exhibit anti-neoplasic2

activity, such as indolonaphthoquinones,3 benzofuro-
naphthoquinones,4 and benzopyronaphthoquinones.5

The similar transformation of related, less abundant,
2-cyclohexyl-1,4-naphthoquinones6 into promising
1,2,3,4,5,6-hexahydroindolonaphthoquinones 97 has
not been studied, probably due to the lack of available
methods for the preparation of highly functionalized
cyclohexylnaphthoquinones.

On the other hand, nitrocompounds are compounds of
great versatility in organic synthesis due to their easy
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availability and transformation into a wide variety of
functionalities.8 Their chemistry is largely dominated
by the electron withdrawing character of the nitro
group. Thus the nitroaldol condensation (the Henry
reaction) is a classical method for carbon–carbon form-
ation, which couples a carbonyl compound with a nitro-
alkane and can result in the formation of one or two
stereogenic centers.9 Its intramolecular modality has
proven to be a powerful method for the preparation of
nitrocycloalkanes. On the other hand, nitroalkenes are
potent dienophiles in the Diels–Alder reaction and they
give easily addition reactions with a great variety of
nucleophiles. Their chemistry has been the object of sev-
eral reviews.10 Persual of the literature indicates that
reactions of nitroalkenes with 1,4-naphthoquinones
has not yet been described.

Our continuous interest into indolonaphthoquinones11

together with our recent interest in nitrosugars12 led us
to develop the first total synthesis of a highly function-
alized indolonaphthoquinone (compound 9) by a route
including two key steps: a Michael addition of naphtha-
lene 1 to nitrosugar 2 and an intramolecular Henry reac-
tion of nitrosugar derivative 4 (Scheme 1).

Reaction of bromonaphthalene 113 with t-BuLi in THF at
�78 �C, followed by the addition of sugarnitroethylene
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214 to the resulting 2-lithionaphthalene of 1 gave a
4.7:1.0 epimeric mixture 3a and 3b15 of the expected ad-
duct, as a result of the attack of the organolithium deri-
vative of 1 on both faces of the nitroethylene moiety of
2. This moderate stereoselectivity should be due to the
preferential attack on the si-face of the double bond.
This was confirmed when the structure of 3a16 was
firmly established by X-ray diffraction (Fig. 1).
Figure 1. ORTEP diagram corresponding to the X-ray molecular

structure of compound 3a.
Removal of acetonide protecting group of 3a with TFA
followed by treatment of the resulting furanose 4 with
2% aqueous sodium bicarbonate allowed us to obtain
a 87% yield of naphthalenecyclohexane 5. The alterna-
tive cyclization product was not detected by TLC nor
by 1H NMR. The configuration of compound 5 was eas-
ily established from its 1H NMR spectrum, which in-
cludes at 5.15 ppm a pair of doublets (J1,6 = 10.3 Hz,
J5,6 = 10.7 Hz) corresponding to the highly deshielded
hydrogen at position C6 bearing the NO2. This signal
can be explained in terms of di-axial couplings between
H5 and H6 and between H1 and H6.
Formation of compound 5 may occur as indicated in
Scheme 2. The intramolecular Henry reaction in the
open form 10 of nitrosugar 4 probably gives a mixture
of nitrocyclohexanes 5 and 12 via the corresponding
chair transition states 11a and 11b, both having an equa-
torial nitro group. Compounds 5 and 12 could easily re-
vert to compound 10 by a retro-Henry reaction. At the
equilibrium, compound 5 should be favored with respect
to compound 12, because 11a is thermodynamically
more stable than 11b, where the carbonyl is axial. This
explains the highly remarkable stereoselectivity of the
cyclization.

Catalytic hydrogenation of naphthylnitrocyclohexane 5
allowed its efficient transformation into the correspond-
ing aminocyclohexane 6. Finally, treatment of this
compound with CAN gave aminocyclohexanenaphtho-
quinone 7, which on heating in THF provided a poor
yield of a dark purple compound tentatively identified
as hexahydroindolonaphthoquinone 9 from its spectro-
scopical data.15 Formation of this compound might
occur by conjugate addition of the amino group to the
quinone moiety followed by oxidation of the resulting
naphthol 8. The unfavorable attack of the amino to
the quinone 7 would justify the low efficiency of the
intramolecular addition leading the pentacyclic nitrogen
ring of 8.

In conclusion, we have developed the first total synthesis
of a polyhydroxylated 2-nitrocyclohexane-1,4-naphtho-
quinones (compound 5) together with the first total
synthesis of a polyhydroxylated hexahydroindolonaph
thoquinone (compound 9), the later being a new class
of compound that should exhibit antibiotic properties
on the basis of their structural similarities to kinamycin
antibiotics.17

Work is now in progress to extend this new route for
nitrocyclohexanenaphthoquinones 5 in order to prepare
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a wide range of indolonaphthoquinones 9 for chemical
and biological studies.
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hedron: Asymmetry 2003, 14, 3955; (b) Soengas, R. G.;
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