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Abstract—Novel heterocyclic compounds containing the 3-(4,5-dihydroisoxazol-5-yl)pyrrole ring system were synthesized in good
yields (66–78%) by regioselective 1,3-dipolar cycloaddition of nitrile oxides to 1-phenylsulfonyl-1,3-dienes followed by Barton–
Zard pyrrole annulation. © 2001 Elsevier Science Ltd. All rights reserved.

Although 1,3-dipolar cycloaddition of nitrile oxides to
alkenes has been extensively studied,1 examples of their
reactions with dienes are rare.2 4,5-Dihydroisoxazoles
and pyrroles constitute important structural moieties,
which occur frequently in natural products and other
biologically active compounds.3 Indeed, interesting
routes to diisoxazolines4 and dipyrroles5 have been
recently reported. Building on this work, we report a
convenient synthesis of 3-(4,5-dihydroisoxazol-5-
yl)pyrrole-2-carboxylates by a process consisting of the
regioselective 1,3-dipolar cycloaddition of nitrile oxides
to 1-phenylsulfonyl-1,3-dienes followed by pyrrole
annulation using the method pioneered by Schöllkopf6

and employed more recently by Magnus.5 To our
knowledge, these 3-(4,5-dihydroisoxazol-5-yl)pyrrole
products have not been previously reported.

1-Phenylsulfonyl-1,3-butadienes (i.e. 4) have been suc-
cessfully employed in a variety of reactions,7 but there
are no reports of their use as dipolarophiles in 1,3-dipo-
lar cycloadditions. The 1-phenylsulfonyl-1,3-buta-

dienes8 used to explore this novel transformation were
synthesized from commercially available benzene-sulfi-
nate sodium salt 1 as follows. Methylation of benzene-
sulfinate with iodomethane in THF furnished methyl
phenyl sulfone 29 in 90% yield. Subsequent 1,2-addition
of phenylsulfonylmethyllithium, generated in situ from
methyl phenyl sulfone and n-BuLi in THF at −78°C, to
�,�-unsaturated aldehydes gave 1-phenylsulfonyl-
3-alken-2-ols 3 in 95% yield.10 The target 1-phenyl-
sulfonyl-1,3-butadienes (4) were then obtained in excel-
lent yield (4a/95% and 4b/91%; Scheme 1) by acetyla-
tion followed by in situ elimination in the presence of
DBU.

1-Sulfonyl-1,3-butadiene substrates 4 and 6 were syn-
thesized to evaluate the influence of diene substitution
on nitrile oxide (generated from the corresponding
oximes with an excess of commercially available bleach)
1,3-dipolar regioselectivity. With diene 4 (R1=H or
Me), these cycloadditions occur exclusively at the termi-
nal double bond to give 511 as a single isomer (Scheme

Scheme 1. Reagents and conditions : (a) MeI (5 equiv.), THF, reflux, 12 h; (b) (i) n-BuLi (1.1 equiv.), THF, −78°C, 1 h, (ii)
CH2�C(R1)CHO (1.1 equiv.), −78°C to rt, 30 min, (c) Ac2O (3 equiv.), DBU (4 equiv.), rt, 1 day.
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Scheme 2. Reagents and conditions : (d) R2-CH�NOH (1.1
equiv.), aq. NaOCl (2.5 equiv.), CH2Cl2, 0°C.

by aromatization to isoxazole 8 and subsequent sul-
finate elimination produced vinyl isoxazole 9.
Indeed, vinyl isoxazole 9 was independently obtained
by treating isolated 8 with potassium t-butoxide
(Scheme 3). Fortunately, treatment of cycloadduct 5a
with the sodium hydride-derived enolate of ethyl iso-
cyanoacetate (EtO2CCH2NC/NaH/HMDS/Me2SO/
THF/25°C)5b,5c,6 gave the desired pyrrole-containing
product 10a in 78% yield (Scheme 3). This modified
protocol delivered 10a–d17 from 5a and 5b.

In summary, the regioselective 1,3-dipolar cycloaddi-
tion of nitrile oxides to 1-phenylsulfonyl-1,3-butadienes,
which are further transformed to new 3-(4,5-dihy-
droisoxazol-5-yl)pyrrole heterocycles, has been
achieved. The initial 1,3-dipolar cycloaddition is medi-
ated by differential steric hindrance in the two C,C-
double bonds of the diene.

Experimental

General procedure for the preparation of compounds 5a:
As a typical example, the preparation of 5a is
described. To a solution of benzaldehyde oxime (0.13 g,
1.1 mmol) in CH2Cl2 (8 mL) was added 0.5 M 1-
phenylsulfonyl-1,3-diene solution in CH2Cl2 (2 mL, 1
mmol),18 and the solution was cooled to 0°C. Aqueous
NaOCl (5.25%; 3.5 g, 2.5 mmol) was added dropwise
over 30 min, and the reaction was stirred overnight
(0°C�room temperature) at which time the layers were
separated and the aqueous layer was extracted with
CH2Cl2 (3×10 mL). The combined extracts were dried
(MgSO4) and evaporated in vacuo. The residue was
purified by recrystallization from CH2Cl2/Et2O to give
5a (0.27 g, 86%). Isoxazolines 5b–d were also prepared
in 61, 90, and 63% yields, respectively, under similar
reaction conditions.

General procedure for the preparation of compounds 10a:
As a typical example, the preparation of 10a is
described. To a solution of 5-((E)-2-benzenesul-
fonylvinyl)-3-phenyl-4,5-dihydroisoxazole 5a (0.31 g,

2)12—presumably due to the consequence of differing
steric hindrances at the two competing C,C-double
bonds. We note that both electron rich (R2=Ph) and
electron poor (R2=2-Py) nitrile oxides perform equally
well in this transformation. Not surprisingly, diene 6,
which has only internal C,C-double bonds, fails to react
with nitrile oxides under these conditions.

It has been reported that pyrroles are readily prepared
from ethyl isocyanoacetate and electron-deficient alke-
nes, e.g. nitroalkenes13 and sulfonylalkenes,14 using a
Barton–Zard type reaction13 in which these electron-
deficient alkenes act as Michael acceptors. Since
cycloadduct 5 incorporates an electron-deficient sul-
fonylalkene moiety, it appeared ideally suited for this
pyrrole-forming reaction. We set out to construct our
3-(4,5-dihydroisoxazol-5-yl)pyrrole targets using this
transformation (Scheme 3).

Unfortunately, pyrrole annulation of 5a with ethyl iso-
cyanoacetate using DBU as base failed to produce the
desired pyrrole product. Instead, isoxazole-containing
compounds 815 and 916 were obtained suggesting that
C,C-double bond isomerization in 5 occurred prior to
Michael addition of the ethyl isocyanoacetate enolate.
Thus, formation of presumed intermediate 7 followed

Scheme 3. Reagents and conditions : (e) CNCH2CO2Et (1.2 equiv.), NaH (1.35 equiv.), HMDS (1.35 equiv.), DMSO (8.3 equiv.),
THF, 0°C to rt.
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1.0 mmol) and ethyl isocyanoacetate (0.13 mL, 1.2
mmol) in THF (6 mL) was added dropwise a solution
of 60% sodium hydride (0.054 g, 1.35 mmol) and
1,1,1,3,3,3-hexamethyldisilazane in THF (4 mL) at 0°C.
DMSO (0.59 mL) was added to this reaction mixture,
which was stirred overnight (0°C�room temperature).
The reaction mixture was quenched with saturated
aqueous NH4Cl (10 mL) and extracted with EtOAc
(3×30 mL). The combined extracts were washed with
water and brine, dried (MgSO4), and evaporated in
vacuo. Column chromatography of the residue over
silica gel eluting with n-hexane/EtOAc (4:1) gave 10a
(0.22 g, 78%). Other products (10b–d) were also pre-
pared in 66, 75, and 74% yields, respectively, under
similar reaction conditions.
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