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Nitroalkenes derived from O-propargyl salicylaldehyde undergo facile Michael addition with indoles
leading to indole-derived Michael adducts. Intramolecular nitrile oxide cycloaddition (INOC) of the
Michael adducts results in isoxazolobenzoxepanes in good to excellent yields.
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Nitrogen and oxygen containing heterocycles are ubiquitous
substructures in a myriad of biologically active natural products
and small-molecule pharmaceuticals.1,2 The nitrile oxide cycload-
dition is a useful method to prepare heterocyclic compounds.3,4

Isoxazole, the cycloadduct of nitrile oxide, is regarded as a versatile
synthetic precursor for c-amino alcohols and b-hydroxy ketones.
There have been many examples applying the present methodol-
ogy to the preparation of five- or six-membered carbo- and hetero-
cyclic compounds5 as well as the preparation of medium- or large-
sized cyclic compounds.6,7

Nitrile oxides are readily generated through various methods
such as dehydration of primary nitro compounds8 or oxidative
treatment of oximes.9 Intramolecular nitrile oxide cycloaddition
(INOC) offers a powerful strategy to construct carbo- or heterocy-
clic compounds and many reports on the stereoselective INOC
reaction have been published in recent years.10 Nitroalkenes have
been known as a good Michael acceptor and widely used in organic
synthesis.11 Conjugate addition to a nitroalkene and subsequent
generation of a nitrile oxide is frequently applied to achieve a suc-
cessful INOC reaction.12

In continuation of our work with 1,3-dipolar cycloadditions,13

we herein report the facile synthesis of isoxazolobenzoxepanes
by INOC. The preparation of INOC precursors 6 was carried out
by the Michael addition of indoles with nitroalkenes14 (Scheme
1) in the presence of KHSO4 in water15 (Scheme 2). The Michael
addition reaction was completed within 3–5 h at room tempera-
ture and the corresponding adducts 6 were isolated by column
ll rights reserved.
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chromatography. For example, the treatment of the 1-ethoxy-3-
(2-nitrovinyl)-2-(prop-2-ynyloxy)benzene (4b) with N-ethylindole
(5c) in KHSO4/H2O medium resulted in the formation of adduct 6h
in 89% yield. The Michael addition product 6h was confirmed
through NMR and mass spectral studies.16

Initial studies of INOC were carried out using Michael adduct 6h
as a model substrate with phenyl isocyanate and Et3N in CH3CN at
60 �C (Scheme 3). The reaction yielded a single product 7h, which
was isolated by column chromatography (Table 1, entry 1). The
4a-d

Scheme 1. Preparation of nitroalkenes 4.
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Scheme 2. Michael addition of indoles to nitroalkenes.
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Scheme 3. Synthesis of isoxazolobenzoxepane (7h) by different methods.

Table 1
Methods to generate nitrile oxide and sequential INOC (7h)

Entry Methods Solvent Temp (�C) Time (h) Yielda (%)

1 PhNCO, Et3N CH3CN 60 12 20
2 CH2Cl2 40 24 35
3 THF 60 24 Trace
4 Toluene 90 24 42
5 EtOCOCl, Et3N, DMAP CH3CN 90 12 38
6 CH2Cl2 40 12 Trace
7 THF 60 12 10
8 Toluene 90 24 52
9 (Boc)2O, DMAP CH3CN 60 8 40

10 CH2Cl2 40 12 48
11 THF 60 12 26
12 Toluene 60 4 74
13 Toluene 90 2 92

a Isolated yield after column chromatography.

Figure 1. ORTEP diagram of compound 7h.
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Scheme 4. Synthesis of isoxazolobenzoxepanes (7a–n).
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structure was confirmed by NMR and mass spectral studies.17 In 1H
NMR spectrum of the compound 7h, the two doublet of doublets at
d 4.94 (J = 14.5, 1.9 Hz) and 5.24 (J = 14.5, 1.5 Hz) ppm were as-
signed to –OCH2 protons. The two singlets at d 5.82 and
8.08 ppm were attributed to Ha and Hb protons, respectively. The
mass spectrum revealed the molecular ion peak [M+H]+ at m/z
375. The structure was further confirmed by X-ray crystallographic
analysis of the compound 7h (Fig. 1).18

Having obtained the isoxazolobenzoxepane product, we next
varied the reaction conditions in order to increase the yield of
the products from its initial low yield of 20%. Change of solvent
from CH3CN to CH2Cl2, THF and toluene moderately increased
the yield up to 42% (Table 1, entries 2–4). Then we changed the
reaction conditions from phenyl isocyanate/Et3N to ethyl chloro-
formate/Et3N and DMAP and (Boc)2O/DMAP, the yield increased
moderately (Table 1, entries 5–12). When toluene was used as a
solvent at 90 �C in (Boc)2O/DMAP method the yield was maximum
(up to 92%) (Table 1, entry 13).

Under the above optimized condition the reaction of various
substituted Michael adducts 6a–n was examined and the corre-
sponding isoxazolobenzoxepane derivatives 7a–n were obtained
in good yields (Scheme 4, Table 2). After these encouraging results,
we modified the O-propargyl group with an internal alkyne instead
of a terminal alkyne moiety to examine the feasibility and yield of
the reaction, but only a small variation was observed.

The additional advantage of this method is the use of di-tert-bu-
tyl dicarbonate which allows the reaction to be carried out with
substrates that contain –NH groups without requiring protecting
groups, thus the cycloaddition leads to N-Boc products. For exam-
ple, cycloaddition of 2-methyl-3-{2-nitro-1-[2-(prop-2-ynyl-
oxy)phenyl]ethyl}-1H-indole (6b) with (Boc)2O and DMAP affords
the N-Boc protected indolyl substituted isoxazolobenzoxepane 7b
in 85% yield (Table 2, entry 2).

In summary, we have reported the Michael addition of indoles
to b-nitrostyrenes possessing O-propargyloxy groups to generate
nitroalkanes and the use of (Boc)2O, in combination with DMAP
to convert the nitroalkanes into nitrile oxide to undergo intramo-
lecular nitrile oxide-alkyne cycloaddition (INOC) to form iso-
xazolobenzoxepane. A study on the application of this method to
synthesize novel heterocyclic compound by using different nucle-
ophiles is underway.



Table 2
Synthesis of isoxazolobenzoxepanes (7a–n)

Entry Nitro alkenes 4 Indoles 5 Michael adducts 6 Yielda (%) Cycloadducts 7 Time (h) Yielda (%)

R4 R5

1 4a Me H 5a 6a 90 7a 2.0 96
2 4a H Me 5b 6b 85 7b 2.0 85
3 4a Et H 5c 6c 92 7c 2.5 92
4 4a Bn H 5d 6d 60 7d 5.0 83
5 4a p-Br–Bn H 5e 6e 55 7e 6.0 75
6 4b Me H 5a 6f 91 7f 3.5 92
7 4b H Me 5b 6g 88 7g 3.0 90
8 4b Et H 5c 6h 89 7h 2.5 92
9 4b Bn H 5d 6i 64 7i 5.5 80

10 4b p-Br–Bn H 5e 6j 59 7j 6.0 72
11 4d Me H 5a 6k 92 7k 3.0 86
12 4c Me H 5a 6l 90 7l 2.5 85
13 4c H Me 5b 6m 84 7m 3.5 91
14 4c Et H 5c 6n 86 7n 3.0 87

a Isolated yield after column chromatography.
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