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Abstract—Treatment of allylic alcohols 5, easily prepared from dioxene and methoxyacetophenones, with 1-(trimethylsilyl-
oxy)cyclopentene in the presence of a catalytic amount of TMSOTf in acetonitrile, afforded a polycyclic acetal 6 by domino
nucleophilic substitution, annulation and intramolecular Friedel–Crafts alkylation reaction sequence. Acid-mediated cleavage of
the acetal moiety led to fused seven-membered carbocyclic rings or to substituted naphthalenes. © 2000 Elsevier Science Ltd. All
rights reserved.

The development of reactions that efficiently generate
polycyclic molecules from easily accessible starting ma-
terials continues to be an important trend in organic
synthesis. For this purpose, domino reactions offer the
advantage of executing multistep transformations with-
out intermediate workup and therefore can be applied
to the one-pot synthesis of polycyclic ring systems.1 In
recent reports, we have described the behaviour of
allylic alcohols 1, readily prepared by the addition of
dioxenyllithium to ketones and aldehydes, towards
nucleophilic displacement reactions in the presence of
Lewis acids.2 For instance, 1 reacts with various silyl

enol ether such as 1-(trimethylsilyloxy)cyclopentene in
the presence of a catalytic amount of trimethylsilyltri-
fluorosulfonate (TMSOTf) in acetonitrile to afford 2,3-
disubstituted 1,4-dioxenes 2 in high yields (Scheme 1).2b

Oxidation of 2 with m-chloroperbenzoic acid in
methanol followed by nucleophilic addition of allyl-
trimethylsilane in the presence of TiCl4 afforded di-
enes 3, which have been converted to oxabicyclo[4.2.1]
nonenes 4 in excellent yield by an olefin ring-closing
metathesis reaction.2c We have found, and now report
that a nucleophilic substitution reaction at allylic alco-
hols 5 bearing an aromatic substituent such as a
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methoxyphenyl group gave, instead of 2, a polycyclic
acetal 6 by a triple-domino reaction.

Allylic alcohols 5 were readily prepared by addition of
dioxenyllithium to corresponding acetophenones.3

Treatment of 5a with 1-(trimethylsilyloxy)cyclopentene
(1.5 equiv.) in the presence of a catalytic amount (10
mol%) of TMSOTf in acetonitrile at −40 to −10°C led
to the pentacyclic ketal 6a4 as a mixture of two
diastereoisomers (2:1 ratio) separated by flash column
chromatography in 77% combined yield (Scheme 2).
These isomers only differ in the configuration of the
benzylic carbon bearing the methyl group. The struc-
tural assignment for 6a was based on its spectral data
and was further confirmed by an X-ray crystal structure
determination of acetal opened derivatives (Scheme 2).

The unexpected formation of this novel pentacyclic ring
system can be rationalized as indicated in Scheme 2. We
assume that Lewis acid-catalyzed nucleophilic substitu-
tion of the silyl enol ether at allylic alcohol 5a occurs
first providing 7a. The protonation of the exocyclic
double bond in 7a initiates cyclization and leads to a
tertiary carbocation which undergoes an intramolecular
Friedel–Crafts alkylation.5 This final step is undeniably
assisted by the electron-donating methoxy group. In
fact, in the absence of this group, the reaction is
stopped at the cyclopentanone stage in agreement with
the results of our previous investigations.2

Under the same reaction conditions, allylic alcohol 5b
afforded the same pentacyclic structure 6b as above,
albeit in lower yield (40%), along with the indene
derivative 8b (45%). In contrast, the presence of a third
methoxy group in 5c totally inhibited the aromatic
electrophilic substitution and gave rise to cyclopen-
tanone 7c and indene 8c in equal amounts (Scheme 3).
As anticipated, when the reaction was carried out in the

absence of an external nucleophile (e.g. the silyl enol
ether), the indene derivative 8 was isolated as the sole
product in nearly quantitative yield.

We next investigated the feasibility of the cleavage of
the ether bond in the [3.2.1]oxabicyclic moiety in 6a in
order to generate a seven-membered carbocyclic ring
system. To this end, Lewis acid-mediated nucleophilic
cleavage6,7 was first considered. Treatment of 6a (the
major isomer) with excess triethylsilane (8 equiv.) in the
presence of titanium tetrachloride (TiCl4) (3 equiv.) in
dichloromethane at −70°C afforded 9 as a single
diastereoisomer in 90% yield after flash column chro-
matography. In the same manner, addition of al-
lyltrimethylsilane to 6a gave the tetracyclic compound
10 in 75% yield (Scheme 4). These structures were

Figure 1. ORTEP drawing of 9.
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Scheme 5.

Scheme 6.

assigned on the basis of an extensive NMR study
(COSY, NOESY and HETCOR spectra) and have been
confirmed by X-ray crystallographic analysis (Fig. 1).8

The formation of 9 and 10 is the overall result of
sequential double addition of the nucleophile (hydride
and allylsilane, respectively) from the same face, syn to
each other.

In order to cleave the dioxene ring and release the
oxygenated functionalities, acid hydrolysis of 6a was
undertaken. Treatment of ketal 6a with perchloric acid
in refluxing acetonitrile for three hours furnished the
naphthalene derivative 11 in 95% after flash chromatog-
raphy. This unexpected structure was established on the
basis of 1H, 13C NMR, IR and mass spectra. A similar
result was obtained when 6a was submitted to
iodotrimethylsilane. Treatment of 6a with excess TMSI,
in situ generated from chlorotrimethylsilane and
sodium iodide in acetonitrile, led the iodomethylnaph-
thalene 12 in 44% yield. This structure was deduced
from its spectroscopic data and confirmed by the fol-
lowing transformation: reduction of 12 with n-trib-
utyltin hydride in the presence of a catalytic amount of
AIBN in refluxing benzene for one hour gave the
dimethylnaphthalene 13 (Scheme 5).

The formation of the naphthalene ring can be rational-
ized as illustrated in Scheme 6. Protonation of the
furane ring occurs first and leads after cleavage of the
ether bond to intermediate B. Acid-mediated opening
of the dioxane moiety is followed by a pinacol-like
rearrangement affording C which leads to 11 after
hydrolysis of the hemiacetal and dehydration. Obvi-
ously, the driving force for this transformation is the
formation of the highly stabilized aromatic system.

In summary, we have found that allylic alcohols 5,
readily prepared from 1,4-dioxene and methoxy-aceto-
phenones, undergo acid-catalyzed triple-domino reac-

tions leading to the pentacyclic acetal 6 which can be
transformed into a fused seven-membered ring system
or into naphthalene derivatives in high yields. Work to
apply this reaction to the synthesis of natural products
containing the 5,6,7-fused tricyclic systems is now under
way.
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