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ABSTRACT

An efficient intermolecular 1,3-dipolar cycloaddition of a variety of nitrones to pentafluorophenyl (PFP) vinylsulfonate is described. The
transformation produces stable “reversed” cycloadducts of unprecedented stereo- and regioselectivity. Subsequent amine displacement of
the PFP moiety furnished functionalized sulfonamide products in good yields.

The sulfonamide structural motif is widely found in mol-
ecules of medicinal interest, particularly antibacterial agents.1a

Their ability to act as carbonic anhydrase inhibitors has
resulted in sulfonamides being used clinically for over 50
years in the treatment of diseases such as glaucoma, epilepsy,
and heart failure.1b More recently, sulfonamides have been
found to be potent cysteine protease inhibitors, which could
possibly extend their therapeutic applications to include
conditions such as Alzheimer’s Disease, arthritis, and cancer.2

The significant potential that still exists for sulfonamides
as potent therapies for disease had led us to investigate novel
routes to their synthesis. We have recently described a new
strategy for sulfonamide formation, using the readily avail-
able and shelf-stable pentafluorophenyl vinylsulfonate1. In
that work, we described intermolecular radical addition

reactions followed by substitution of the PFP group with a
wide range of amine nucleophiles (Scheme 1).3

Encouraged by the impressive selective reactivity dis-
played by1, we decided to explore the scope of its reactivity
and hence its general applicability for the preparation of
structurally diverse sulfonamides. In this paper, we describe
our preliminary findings concerning the 1,3-dipolar cycload-
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Scheme 1. Previously Described Strategy for Sulfonamide
Formation
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dition reactions of1 with a variety of functionalized nitrones.
Sulfonates are widely applicable dienophiles in both inter-

and intramolecular cycloaddition reactions,4 the latter being
the subject of a review by Metz.5 Their ability as dipolaro-
philes has yet to be investigated as thoroughly, although
Chiacchio and co-workers have employed vinylsulfonamides
in selective intramolecular cycloaddition reactions with a
series of 1,3-dipoles.6

Intermolecular examples of sulfonates as dipolarophiles
are infrequent; however, Chan and co-workers have recently
shown that prop-1-ene-1,3-sulfone will undergo regio- and
stereoselective 1,3-dipolar cycloaddition with both nitrile
oxides and nitrones.7

Hence, we were intrigued to discover if1, whose vinyl
portion is recognized as being especially electron deficient,
would undergo cycloaddition to 1,3-dipoles. If successful,
this would provide a direct route to heterocyclic PFP-
sulfonates, which could subsequently be employed in the
preparation of functionalized sulfonamides using our previ-
ously described amination methodology.3

Nitrones were initially of interest, as they are one of the
most widely studied 1,3-dipoles and can be simply prepared
from the corresponding aldehyde.8 Following literature
procedures,9 we synthesized a variety of functionalized
nitrones in excellent yield, which were then subjected to
cycloaddition with 1 (Scheme 2). For the purpose of
comparison,C-phenyl-N-methylnitrone was also used in
reactions with phenyl vinyl sulfone and phenyl vinylsulfonate
(Table 1, entries 1 and 2).

It is generally acknowledged that the cycloaddition of
nitrones to olefins generates 5C-substituted isoxazolidines
(Scheme 2, B). However, experimental observations have
shown that the “reversed” 4C-substituted cycloadduct in-
creasingly predominates when very electron-deficient dipo-
larophiles are involved (Scheme 2, A).10 This “reversal”
in regioselectivity is known to be a characteristic of only a
small number of specific electron-deficient dipolarophiles;
hence, the criterion for the formation of 4C-substituted
isoxazolidines via cycloaddition is particularly selective.8

Notably, Chan and co-workers observed reversed regiose-
lectively in the aforementioned nitrone cycloaddition reac-
tions.7

This atypical behavior has been successfully explained by
Houk and co-workers using frontier orbital theory,11 who
have wholly supported their hypothesis with numerous
examples of 1,3-dipolar cycloadditions utilizing highly
electron-deficient dipolarophiles such as phenyl vinyl
sulfone.10a,b

With this information in hand, it was of great interest for
us to observe the regiochemical outcome in the cycloaddition
of nitrones with1. From literature precedent and theoretical
considerations, it was reasonable to predict that we would
achieve the trans 4C-substituted regioisomer as the major
product.

It was very pleasing to observe that1 readily underwent
cycloaddition with a variety of nitrones to give the isoxazo-
lidine cycloadducts (Table 1). The addition was successful
with a variety of C-aryl-N-methyl andC-alkyl-N-methyl
nitrones, including species with electron-withdrawing nitro
and halogen functionalities, and electron-donating methoxy,
allyloxy, and alkyl substituents. The cycloaddition could also
be achieved with poly and heteroaromatic systems such as
naphthyl and furyl rings. Consequently, this methodology
represents a general and versatile route to highly function-
alized heterocycles.

A NOE analysis of entry 12 (Table 1) confirmed that
cycloadducts of this type were indeed trans 4C-substituted
as predicted and represents further evidence to support the
prior rationalization of related cycloadditions.12

An interesting theme that emerged from our study was
the excellent regioselectivity we observed in the cycload-
ducts. Even for the previously reported cycloaddition of
phenyl vinyl sulfone toC-phenyl-N-methyl nitrone10a(Table
1, entry 1), we attained a significantly improved product ratio
of 94:6 A:B simply by performing the cycloaddition at
elevated temperatures. We presume that this result is
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Scheme 2. Isoxazolidine Formation via 1,3-Dipolar
Cycloadditiona

a Reaction conditions: (a) MeNHOH. HCl (1.2 equiv), NaHCO3

(3.0 equiv), DCM, 40°C, 2 h. (b) R′SO2CHCH2 (0.4-1.0 equiv),
PhMe, 110°C, 2-20 h.
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consistent with a thermodynamically controlled process,
especially considering that isoxazolidines are prone to
undergo cycloreversion at high temperatures.8

Once the PFP-substituted isoxazolidines had been suc-
cessfully produced, our attention was turned to the con-
version into sulfonamides via amine displacement of the PFP
moiety (Scheme 3). On the basis of our prior work,3 we

envisaged that treatment of the PFP derivatives with amines
under basic conditions would furnish the desired sulfona-
mides.

As anticipated, aminolysis proceeded smoothly to give the
sulfonamide products in good yield. Structural evidence
provided by X-ray crystallographic analysis of compound2
(2-methyl-3-(4-nitro-phenyl)-isoxazolidine-4-sulfonic acid
4-methyl-benzylamide), indicated that the transformation was
achieved with clean retention of stereochemistry (Figure 1).3

Comprehensive results from the displacement reactions are
presented in Figure 2, which illustrates that a variety of
sulfonamides can be prepared from the novel cycloadducts
derived from1.

In conclusion, we have shown that pentafluorophenyl
vinylsulfonate 1 is an active participant in regio- and

Table 1. Cycloaddition of Functionalized Nitrones to1

a Isolated yields. Regioselectivity of A:B) 100:0 except where indicated.
b A:B ) 94:6. c A:B ) 99:1. d A:B ) 98:2.

Scheme 3. Sulfonamide Formation from PFP-Substituted
Isoxazolidinesa

a Reaction conditions: (a) R′NH2 (3.0 equiv), DBU (1.0-1.4
equiv), THF, 65°C, 1-5 h.

Figure 1. 2-Methyl-3-(4-nitro-phenyl)-isoxazolidine-4-sulfonic acid
4-methyl-benzylamide.
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stereoselective cycloaddition reactions with a wide range of
functionalized nitrones. The regio- and stereochemical

outcome of these cycloadditions is consistent with prior
theoretical predictions for electron-deficient alkenes. How-
ever, our findings demonstrate that modification of reaction
conditions can lead to significantly improved levels of
regioselectivity. The PFP-isoxazolidines are shelf-stable and
can be transformed into a variety of sulfonamides using a
simple substitution protocol. The application of 1,3-dipolar
cycloaddition methodology to sulfonates such as1 offers an
excellent opportunity for the preparation of diverse com-
pound collections of potentially valuable sulfonamide struc-
tures.
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Figure 2. Isoxazolidine sulfonamides formed from PFP-substituted
cycloadducts via aminolysis.
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