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Abstract: Tricyclic and tetracyclic benzoxepin derivatives were
prepared by one-pot enyne metathesis/Diels–Alder reactions start-
ing from differently substituted 2-allyl-1-propargyloxybenzenes
(endo stereoselectivity).
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The ring-closing metathesis1 (RCM) reaction of olefins
promoted by metal carbenes has become in the last years
an efficient and selective method for C=C bond cleavage
and formation leading to carbo and heterocyclic com-
pounds of different size, from five-membered rings to
macrocyclic structures. Ring closing enyne metathesis has
also been explored in recent years,2–4 providing 1-vinylcy-
cloalkene derivatives5,6 from acyclic enynes in an atom
economical process. These diene derivatives can be useful
substrates for subsequent Diels–Alder reaction. Several
yne-ene cross-metathesis/cycloaddition sequences have
been recently reported in the literature in a stepwise man-
ner.7 Sequential ring-closing metathesis/[4+2] cycloaddi-
tion have also been used in the last years for the
preparation of several carbocyclic and heterocyclic sys-
tems.8 Spontaneous dimerization by Diels–Alder reaction

of 2-vinylbutenolide prepared by enyne metathesis gives
the perhydroisobenzofuranone rac-differolide.9 One-pot
ring-closing enyne metathesis/Diels–Alder reaction with-
out isolation of diene intermediate has been reported in
the preparation10 of tetrahydropyran and dihydrofuran de-
rivatives, for the construction of heterocyclic boronic es-
ter derivatives,11 and in the synthesis12 of perhydroindenes
and perhydroisoindoles. In the last case the cycloaddition
was carried out under Lewis acidic conditions. Prompted
by these very recent reports we want to present here our
work concerning the preparation of tricyclic and tetracy-
clic benzoxepin derivatives by one-pot enyne metathesis
and Diels–Alder reaction from 2-allyl-1-propargyloxy-
benzenes.

There are no general syntheses of benzoxepin derivatives.
Snieckus et al had reported13 the preparation of benzannu-
lated oxygen heterocycles of different ring size by con-
necting directed ortho metalation and olefin metathesis
strategies. In this way they obtained the natural products
radulanin A and racemic helianane containing 2,5-dihy-
drobenzoxepin and benzoxepane moieties. 

Our work is summarized in the Scheme. Treatment of
phenolic derivatives 1a–d with propargyl bromide and
potassium carbonate in refluxing acetone gave 2-allyl-1-

propargyloxybenzenes 2a–d (72–98%). Compound 1d

Scheme i: Propargyl bromide, K2CO3, acetone, reflux; ii: RuCl2(PCy3)2=CHPh (2–6% molar), CH2Cl2, r.t., 5 h; iii: EtO2C-N=N-CO2Et,
CH2Cl2, reflux, 4 days; iv: benzoquinone, CH2Cl2, reflux, 4 days; v: maleimide or maleic anhydride, CH2Cl2, reflux, 4 days.
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was prepared14 from o-nitrophenol by standard allylation
and subsequent Claisen rearrangement.

Enyne metathesis on 2a–d with Grubbs’ catalyst15 (2-6%
molar) in dichloromethane (0.024-0.048 M) at room tem-
perature for 5 h afforded 3-vinyl-2,5-dihydrobenzo[b]ox-
epins 3a–d. Only diene 3a was isolated once.16 In all cases
the corresponding dienophile was added to the dichlo-
romethane solution containing the enyne and the mixture
was refluxed for 4 days to give cycloadducts 4–10. Over-
all yields and representative analytical data of the com-
pounds are collected in the Table. 

Cycloaddition of 3a with 1,2-diphenyldiazene failed in re-
fluxing dichloromethane and in toluene at 100 °C. Diethyl
acetylenedicarboxylate reacted also sluggishly and the
corresponding cycloadduct 11 could be isolated in only
8% overall yield (chromatography on SiO2, hexane–dieth-
yl ether 9:1) after treatment of 2a with Grubbs’ catalyst in
toluene at room temperature for 5 h and then five days
with the dienophile in refluxing toluene. Compounds 4
and 717 were isolated by flash chromatography of the
crude mixture on silica gel. In the case of compound 7
only one diastereoisomer was eluted, corresponding to the
endo stereochemistry, the exo diastereoisomer being not
detected. In the other cases the cycloadducts crystallized
from the dark oily crude mixtures by addition of diethyl
ether. Once again, only the endo diastereoisomer was iso-
lated.18

In summary, tricyclic and tetracyclic compounds 4–10
have been stereoselectively obtained by one-pot ring-
closing enyne metathesis and Diels–Alder cycloaddition
from 2a–d in good overall yields, without removal of the
ruthenium catalyst or isolation of the intermediate dienes
3a–d. No Lewis acidic conditions are required for the
[4+2] cycloaddition and most of the cycloadducts can be
isolated and purified without chromatography of the crude
mixtures.
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(cyclohexane)

280.1099
280.1106

6 53 184–186
(isopropanol)
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11 8 oil 314.1154
314.1158
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