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a b s t r a c t

5-Methoxy-3H-naphtho[2,1,8-mna]xanthen-3-one (musafluorone, 1), the only naphthoxanthenone
reported so far from Musaceae, was synthesized starting from 2-naphthol in nine steps and resulted in
an overall yield of 3%. Grignard addition of phenylmagnesium bromide to 4-methoxyperinaphthenone
afforded the corresponding 4-methoxy-9-phenylphenalenone which, after epoxidation and methyl trans-
position, was subjected to a photochemical cyclization procedure to furnish 1.

� 2010 Elsevier Ltd. All rights reserved.
Naphthoxanthenones constitute a rare group of natural pigments
characterized by the formation of intensely fluorescent solutions in
polar solvents.1 Of the five members reported as natural products,1

four were isolated from Haemodoraceae plants with a common
1H-naphtho[2,1,8-mna]xanthen-1-one skeleton.1 Musafluorone
(5-methoxy-3H-naphtho[2,1,8-mna]xanthen-3-one, 1) is the only
naphthoxanthenone isolated from Musa acuminata with an isomeric
3H-naphtho[2,1,8-mna]xanthen-3-one core nucleus.1d There are no
reports concerning the biological activity of naphthoxanthenones;
however, evidence exist that the extracts of Lachnanthes tinctoria
containing among their major constituents 2,5-dihydroxy-1H-
naphtho[2,1,8-mna]xanthen-1-one (lachnanthofluorone) exhibit
photodynamic activity against Staphylococcus epidermidis.2 The pho-
totoxic potential of naphthoxanthenones can be further suspected
by their relationship with perinaphthenone, which due to its nearly
100% yield of 1O2 production2 possesses a high photosensitizing
capacity.2 The phototoxic effects of various perinaphthenones
against Mycosphaerella fijiensis recently have been demonstrated.2

Because of their minute occurrence in only a few phenylphe-
nalenone-producing plants, naphthoxanthenones are almost inac-
cessible from natural sources. At the extreme is musafluorone
(1), of which 0.5 mg was isolated from 80 kg of fresh rhizomes of
M. acuminata after laborious purification procedures.1d Therefore,
it is important to develop synthetic routes for these kinds of
ll rights reserved.
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compounds in order to guarantee their accessibility for biological
assays.

In the previous work, we stated that 4-methoxy-1H-phenalen-
1-one (4-methoxyperinaphthenone, 6) could be used as a starting
material for the synthesis of oxabenzochrysenones (naphthoxan-
thenones).3 Here, we report the use of 6 in the preparation of 1,
employing a Grignard addition as a C–C bond-forming reaction
and a photochemical cyclization as the key steps in the generation
of the naphthoxanthenone nucleus.

Biosynthetically, it is presumed that musafluorone (1) and re-
lated naphthoxanthenones are derived from 9-phenylphenalenon-
es by oxidative phenol coupling.1d Interestingly, typical EI-MS
spectra of 9-phenylphenalenones present an [M�1]+ ion as the
base peak.

This [M�1]+ ion is supposed to be of naphthoxanthenium struc-
ture.1a Therefore, combining both biomimetic and retro mass spec-
trometric strategies provides an interesting approach to the
naphthoxanthenone nucleus.4 This approach has been applied suc-
cessfully in the case of lachnanthofluorone and structural
analogs.1a,c

The general features of the musafluorone synthesis are outlined
retrosynthetically in Scheme 1.

4-Methoxyperinaphthenone (6) can be conveniently prepared
by a one-pot cyclization procedure of 3-(2-methoxy-1-naph-
thyl)propanoic acid.3 This precursor can be obtained in good yield
through the use of a Heck–Fujiwara coupling between 1-bromo-2-
methoxynaphthalene and ethyl acrylate.3 However, hydrolysis of
3-(2-methoxynaphthalen-1-yl)propanenitrile (8) can provide the
same precursor,6 with the advantage that 8 can be obtained from
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Scheme 1. Retrosynthetic analysis of musafluorone (1).5
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2-naphthol in two steps without the use of palladium and on a
multigram scale.6 Thus, refluxing acrylonitrile with a basic solu-
tion of 2-naphthol in benzene according to the method reported
by Hardman6a (Scheme 2) afforded 3-(2-hydroxynaphthalen-1-
yl)propanenitrile (9) in 43% yield (84% based on recovered
2-naphthol) after flash column chromatography.7 Treatment of 9
with iodomethane produced the methyl ether 8 (80%)8 which,
after basic hydrolysis, afforded the corresponding 3-(2-meth-
oxynaphthalen-1-yl)propanoic acid (7) in 67% yield after acidic
workup and in suitable purity for the next step.9 Friedel–Crafts
cyclization of 7 using our previously reported method3 completed
the synthesis of 4-methoxyperinaphthenone (6, 60%) on the gram
scale.

Adding a phenylmagnesium bromide solution to 4-methoxy-
perinaphthenone (6) resulted in 4-methoxy-9-phenyl-1H-phena-
len-1-one (5) after dehydrogenation of the crude product by the
action of DDQ (72%, Scheme 3).10 The double bond in 5 displayed
a marked resilience to the epoxidation by the action of alkaline
H2O2,11a t-BuOOH/Triton B�,11b oxone�,11c and Na2O2.11d This phe-
nomenon was previously observed for a closely related compound
(6-methoxy-9-phenylphenalen-1-one) for which the Jacobsen–
Katsuki epoxidation proved to be a convenient solution.12 In the
present case, the epoxidation of 5 using Ca(OCl)2 as an oxidizing
OH a
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Scheme 2. Reagents and conditions: (a) acrylonitrile, NaOH, benzene, 3 h reflux then HC
HCl 10% until pH �1; (d) SOCl2, 30 �C until dryness then CH2Cl2, AlCl3 (3 equiv) 10 min,
agent and (salen)Mn as a catalyst furnished 2-hydroxy-4-meth-
oxy-9-phenyl-1H-phenalen-1-one (4) in 50% yield after prepara-
tive TLC.13 The immediate color change from pale yellow to red
that occurred during the application of the crude dichloromethane
extract to TLC plates was indicative of the lability of the epoxide to
acid treatment and therefore no attempt was made to isolate it.

Demethylation of 4 with HBr produced the desired 2,4-dihy-
droxy-9-phenyl-1H-phenalen-1-one (4-hydroxyanigorufone, 3, 84%),
which is identical to the compound isolated from Anigozanthos
flavidus and Monochoria elata.14 Treatment of 3 with an ethereal
solution of diazomethane afforded 4-hydroxy-2-methoxy-9-phe-
nyl-1H-phenalen-1-one (2) in 95% and set the stage for the photo-
chemical key step.15 Transformation of 2 into musafluorone (1)
was achieved in a yield of 56% upon irradiation of a methanolic
solution in an open air atmosphere with an overhead projector
lamp.16

In summary, we have developed a nine-step synthesis of 5-
methoxy-3H-naphtho[2,1,8-mna]xanthen-3-one (musafluorone,
1) starting from 2-hydroxynaphthalene in a 3% global yield using
photochemical cyclization as a key step. The use of 4-hydroxy-2-
methoxy-9-phenyl-1H-phenalen-1-one (2) in the photochemical
cyclization process supports the hypothesis that 2 is the natural
precursor of 1 in Musa.
OR OMe
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l 10% until pH �2; (b) CH3I, K2CO3, acetone, 4 h reflux; (c) NaOH 20%, 8 h reflux then
DDQ (1.3 equiv) 15 min.
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Scheme 3. Reagents and conditions: (a) PhMgBr (1 M in THF), �70 �C to 25 �C in 30 min, then NH4Cl(aq); (b) DDQ, CH2Cl2, reflux 10 min; (c) (salen)Mn, CH2Cl2, 4-
phenylpyridine-N-oxide, 30% Ca(OCl)2, 0 �C, 4 h, then silica gel; (d) 45% HBr, AcOH, reflux 6 h; (e) 1 equiv CH2N2; (f) MeOH, irradiation (ENX lamp, 82 V, 360 W, 2500 lumens),
8 h.
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