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Abstract—An effective solid-phase preparation of the pharmaceutically interesting 4H-2-(3-hydroxy-4-methoxyphenyl)-naph-
tho[1,2-b]pyran-1-one system from an anchored bisarylacetylene is described.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. Solid phase synthesis of Lamellarins U and L.
A Baeyer–Villiger1 reaction is one of the key steps in the
solid-phase synthesis of pentacyclic lamellarins,2 as re-
cently described by our group (Fig. 1).3 This transfor-
mation allows the use of the formyl group of a
substituted benzaldehyde 2 to mask the required phenol,
which in turn allows the introduction of a second ele-
ment of diversity in a putative library. Diversity is fur-
ther increased by the use of an iodophenol, the first
building block anchored to the starting resin to give 1,
and a dihydroisoquinoline. An intramolecular [3+2]
cycloaddition then allows the formation on solid phase
of the pentacyclic system that is characteristic of
lamellarins.4

The Baeyer–Villiger oxidation–transposition, which has
few precedents in solid phase, gave good results using
MCPBA and base.3 However, the number of commer-
cially available substituted benzaldehydes is relatively
small and their preparation is tedious. With the aim of
reducing the number of steps in solid phase and trans-
forming the synthetic strategy into a more convergent
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route, we tested a Pd(0) cross-coupling reaction between
the anchored 5-iodo-2-methoxyphenol (1)5 with a
hydroxynaphthylacetylene protected with the O-meth-
oxymethyl (MOM) group (5).6

The choice of MOM as a protecting group can be attrib-
uted to its facile removal under mild acidic conditions,
which are compatible with Merrifield resin, as well as
the fact that basic conditions can be avoided altogether.
The latter is relevant because base promoted nucleophi-
lic addition can lead to the formation of condensed
polycyclic systems if one of the aryl rings linked to the
triple bond is deactivated or a p-deficient system.7
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The coupling reaction between the resin 1 and acetylene
5 with PdCl2(PPh3)2, CuI as catalyst, Et3N as base, and
THF as solvent cleanly afforded the resin 6 (Fig. 2).8

Evidence for the formation of the anchored bisaryl-
acetylene was provided by the absorption band of the
triple bond at 2200cm�1 in the IR spectrum as well
as signals for the quaternary acetylenic carbons at
94.0 and 80.0ppm and the CH2 and CH3 of the
MOM at 95.6 and 56.4ppm in the gel-phase 13C NMR
spectrum.8
Nth-B

127.2 128.2

Figure 3. 1H- and 13C NMR chemical shifts of the three coupled

aromatic systems of 8.
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Figure 2. Cross-coupling reaction between 1 and 5. Reagents: (i)

Pd(PPh3)2Cl2 (0.3equiv), CuI (0.6equiv), THF–Et3N (3:1), N2, 20h,

room temperature.
Attempts at O-deprotection of 6a using HCl (cat.) in a
mixture of THF–MeOH (2:1) were unsuccessful.9

Me3SiBr
10 in DCM was tested for O-deprotection and

was found to be successful after two treatments
(30equiv) for 3h at 0 �C each. Deprotection was con-
firmed by the absence of the characteristic MOM signals
in the gel-phase 13C NMR spectrum of resin 6b. How-
ever, it was also apparent that the acetylenic carbon
signals were absent from the 13C NMR spectrum and
the triple and OH bond absorptions were not observed
in the IR spectrum.11 A weak signal at 178.1ppm was
also observed in the gel-phase 13C NMR spectrum.
Although the significance of these results remains
unclear, the original strategy was followed as outlined
in Figure 1. Thus, reaction of the anchored naphthol
6b with iodoacetic acid using the standard conditions
for ester formation was followed by reaction with 3,4-di-
hydro-6,7-dimethoxyisoquinoline and subsequent treat-
ment with DIEA.3 At this stage, the spectroscopic
data of the resulting resin were the same as for 6b.
Cleavage of this resin with AlCl3 in dry DCM gave a
very clean crude product, which was analyzed by
HPLC–MS. The HPLC shows only two compounds (8
and 9) in the ratio 5.4:1 with a UV peak shape different
from that which is characteristic of lamellarins and with
m/z values of 318 and 353, respectively.12

The 1H NMR spectrum of 813 shows three coupled sys-
tems and a singlet at 8.03ppm in the aromatic region
and only one methoxy group at 3.95ppm. These signals
provide evidence for the absence of the dimethoxyisoqui-
onoline moiety. A bidimensional COSY experiment on 8
allowed the three coupled systems to be identified as
belonging to the trisubstituted aryl group (Ar), the
a,b-disubstituted ring of naphthalene (Nth-A), and the
non-substituted naphthalene ring (Nth-B). A gHSQC
experiment allowed the correlation of each proton with
its supporting carbon (Fig. 3).
The molecular formula corresponding to an m/z value of
318 and containing all of the aforementioned C and H
units must be C20H14O4. Two possible structures can
be proposed for this formula: 8A and 8B (Fig. 4). The
low field chemical shift (d 10.11ppm) of one a-H of
naphthalene (B) can be explained by the anisotropic ef-
fect of the keto group in position 1 of structure 8A. In
contrast, structure 8B is not consistent with these values,
as the keto group is in position 3. Structure 8A is also
more consistent with the chemical shift of the keto
group at 178.1ppm, as envisaged in the anchored com-
pound (7 in Fig. 5) and also in the cleaved compound
8. A NOESY experiment proved definitive for assigning
the structure 8A. A NOE effect was not observed
between the naphthalene a-H10 at d 10.11ppm and
the singlet at 8.03ppm. A significant NOE effect was
observed between the Ar 2 0-H (at 7.17ppm) or the Ar
6 0-H (at 7.16ppm) protons and the singlet at 8.03ppm.
Other NOE effects observed are shown in Figure 4.

The complete 13C NMR assignment of 8 was possible
after a bidimensional long distance H–C correlation
(HMBC). The most important correlations are shown
in Figure 4 and all of the observed correlations are de-
tailed in Table 1. The HMBC correlation between the
H10 and the keto group and also the cross-ring correla-
tions between H3–C1 0 and H6 0–C2 confirms the pro-
posed structure.

Compound 914 has a similar 1H NMR spectrum to that
of compound 8, with the exception of the aryl group sig-
nals. The NMR spectrum of 9 shows two singlets for the
aryl group at 6.98 and 7.01ppm due to two protons that
are not coupled, in contrast to the ABC coupling system
observed for 8. Furthermore, the MS clearly shows the
presence of a chloro-substituent, which explains the 1H
NMR data. Electrophilic chlorination of electronically
rich rings has been previously observed during the cleav-
age of similar resins with AlCl3.

15

A possible explanation for the formation of the benzo-
chromone system present in 7 and the partial chlorina-
tion of 8 to give 9 is detailed in Figure 5. Thus,
O-silylation of the MOM methoxy group with Me3SiBr
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Table 1. HMBC: bidimensional long distance H–C (5Hz) correlations

of 8

H C

3 1, 2, 10, 4a
5 4a, 4b, 6a

6 4a, 6a, 7, 10a

7 6, 9, 10a

8 6a, 10

9 7, 10a

10 1, 8, 10a

5 0 10, 30, 4 0, 60, 10

6 0 2, 20, 3 0, 5 0

OMe 40

OH 20, 30
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followed by demethylation via nucleophilic attack of
bromide could give the O-trimethylsilyl derivative. This
compound is susceptible to further electrophilic addition
by the triple bond and trapping of the resulting carboca-
tion intermediate by atmospheric H2O would then gen-
erate the keto group. Further oxidation would give the
anchored compound 7. Final cleavage with AlCl3 ren-
ders 8 and 9.

In conclusion, an effective solid-phase strategy for the
preparation of the quite rare 2-(aryl)naphtho[1,2-b]pyr-
an-1-one16,17 is described. These compounds, like other
polycondensed heterocyclic systems bearing electron-
donating substituents, are of undoubted pharmaceutical
interest.18 The solid-phase synthetic strategy described
here will facilitate the preparation of libraries with appli-
cations in drug discovery.
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