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Phenyl a-bromovinyl sulfone reacts with glycine ester Schiff bases regioselectively in the presence of cat-
alytic amounts of AgOAc and DBU yielding polysubstituted pyrrolidine cycloadducts. Utilization of excess
DBU induces subsequent facile aromatization of the cycloadducts and affords 5-arylpyrrole-2-carboxylic
acid esters in 39–85% yields in a single step.

� 2012 Elsevier Ltd. All rights reserved.
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Scheme 1. Formation of a pyrrolidine ring by azomethine ylide cycloaddition.
Phenyl a-bromovinyl sulfone (1) as a dipolarophile and conversion of C into D.
Pyrroles and their hydrogenated analogs, pyrrolidines, occupy a
sizeable part of the drug-like chemical space represented by
numerous biologically1 and pharmaceutically2 active small mole-
cules derived from these five-membered nitrogen heterocyclic
scaffolds. Some recent developments of pyrrolidine and pyrrole
compounds include ionotropic glutamate receptor antagonists,3 a
clinical anticoagulant candidate based on a factor Xa inhibitor,4

avian influenza neuraminidase inhibitors,5 a potential agent for
treatment of liver cirrhosis,6 antimycobacterials with high protec-
tion indices,7 and nanomolar selective b-secretase inhibitors.8

An efficient synthetic strategy for the construction of polysub-
stituted pyrrolidines C is 1,3-dipolar cycloaddition between azo-
methine ylides A and activated olefins B (Scheme 1).9 Modified
5-arylpyrrolidine-2-carboxylic acid derivatives generated by this
chemistry have been used for creating Staphylococcus aureus sor-
tase A inhibitors,10 antiplatelet agents11, and thrombin inhibi-
tors.12 Obviously, the structural variations of pyrrolidines C
depend on both the nature of the azomethine and dipolarophile.13

Aiming to increase the available diversity of pyrrolidines prepared
via 1,3-dipolar cycloadditions, we have studied for the first time
the application of phenyl a-bromovinyl sulfone (1) as a dipolaro-
phile in reactions with azomethine ylides (Scheme 1). We also dis-
covered a convenient transformation of the corresponding
ll rights reserved.

: +7 495 932 8846.
yavtsev).
cycloadducts into pyrroles D (R = Ar) which are suitable intermedi-
ates for the synthesis of biologically active compounds.14

Initial experiments were conducted with iminoesters 2a,b and
vinyl sulfone 1 using an equimolar ratio of the reagents (Table
1). Despite typical application of equimolar amounts of silver(I)
acetate and triethylamine as a system for the generation of azome-
thine ylides,9 we found that 20 mol % of both AgOAc and DBU were
appropriate for efficient cycloaddition.15 1H NMR spectroscopy of
the reaction mixture, in all cases, indicated two sets of signals cor-
responding to the products 3 and 4. The regioselectivity of the
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Scheme 2. Aromatization of cycloadduct 3 under the influence of a base.

Figure 1. ORTEP drawing of molecule 3b. Displacement ellipsoids are shown at 50% probability level.

Table 1
Phenylsulfonyl bromopyrrolidines 3 and 4 produced via cycloadditiona
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1 (±)-3a,b (±)-4a,b
2a R = H
2b R = Br

Entry R Solvent Base (equiv) AgOAc (equiv) Conversion of 1 (%) Ratio 3:4b Yieldc (3 + 4) (%)

1 H Toluene Et3N (1.0) 1.0 100 3:1 72
2 H Toluene DBU (0.2) 0.2 100 2:1 90
3 H CH2Cl2 DBU (0.2) 0.2 72 1:1 70
4 H THF DBU (0.2) 0.2 96 1:1 95
5 H CH3CN DBU (0.2) 0.2 95 1:1.1 91
6 Br Toluene Et3N (1.0) 1.0 100 4:1 90
7 Br Toluene DBU (0.2) 0.2 100 1:1 96

a Reagents and conditions: (i) Vinyl sulfone 1 (5.9 mmol), iminoester 2 (5.9 mmol), AgOAc, base, solvent (25 ml), rt, 24 h under argon.
b Determined from 1H NMR spectroscopy of the reaction mixture.
c Isolated yield.
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cycloaddition was determined based on the singlet resonances at
5.00 and 5.20 ppm consistent with the H-5 protons of 3 and 4,
respectively. This fact indicates that the phenylsulfonyl and bro-
mine substituents are located at C-4 of the pyrrolidine based on
the absence of H-5 spin interactions. Both isomers behave similarly
under different chromatographic conditions and were isolated as
mixtures (Table 1). Fractional crystallization of the 4-bromophenyl
cycloadducts led to isolation of the individual isomer 3b, which
was characterized by X-ray analysis (Fig. 1).16

With the aim to introduce an endocyclic double bond in cyc-
loadducts 3 and 4 we studied the reaction of these pyrrolidines
with bases. Treatment of compounds 3 and 4 with Et3N or DBU
at elevated temperatures in different solvents converted the start-
ing sulfonyl bromopyrrolidines into a certain extent (data not
shown), and in all cases pyrroles 5 were isolated from the reactions
(Scheme 2). A plausible mechanism for this transformation would
include E2-type elimination of HBr, double bond migration, and
phenylsulfinic acid elimination (Scheme 2). An analogous reaction
pathway can be proposed for the aromatization of the isomeric



Table 2
5-Arylpyrrole-2-carboxylic acid derivatives 5 produced via the one-pot cycloaddition-aromatization cascadea
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1 2a-h 5a-h 

Pyrrole R Yield (%)b Mp (�C) Mp (�C) (Lit.)

5a H 70 145–147 145–14619

5b Br 62 182–183 182–18319

5c 3,4,5-(MeO)3 75 110–112 —
5d 2-F 52 105–107 —
5e 3,5-(Cl)2 39 189–191 —
5f Thienyl 85 106–107 105–10619

5g 4-CF3 60 197–198 196–19719

5h 4-Cl 65 177–179 177–17920

a Reagents and conditions: (i) Vinyl sulfone 1 (0.81 mmol), iminoester 2 (0.81 mmol), THF (15 ml), AgOAc (0.16 mmol), DBU (2.03 mmol), rt, 24 h under argon, then 10 h at
reflux under argon.

b Isolated yield.

Figure 2. ORTEP drawing of the crystal packing of 5c.
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cycloadduct 4. It is worth noting that pyrrolines, as the products of
partial extrusion of HBr or PhSO2H, were never detected in the
reaction mixtures under various conditions.

Carretero et al. have disclosed an excellent strategy toward pyr-
roles via a one-pot 1,3-dipolar cycloaddition of azomethine ylides
with sulfonyl dipolarophiles.17 We decided to explore if we could
achieve the same goal using phenyl a-bromovinyl sulfone (1) in
the one-pot cycloaddition-aromatization approach. We reasoned
to combine the requirements for cycloaddition and elimination
steps and applied a catalytic amount of AgOAc and 2.5 equiv of
DBU. At least 2 equiv of the base were needed to ensure both
HBr and PhSO2H elimination. Treatment of an equimolar mixture
of 1 and 2b in THF with the chosen catalytic system over seven
days at room temperature led to the formation of pyrrole 5b in
65% isolated yield.

THF was a superior solvent for pyrrole synthesis in contrast to
toluene, CH2Cl2, CH3CN, and DMF. To decrease the reaction time,
we also used heating of the reaction mixture. Extension of the opti-
mized reaction conditions18 to other glycine ester aromatic Schiff
bases 2, obtained from both electron-rich and electron-deficient
benzaldehydes, provided 5-arylpyrrole-2-carboxylic acid esters 5
in moderate to good yields (Table 2).

Compounds 5a,b,f–h have been synthesized previously19,20 and
demonstrate the same spectral and physico-chemical characteris-
tics as described in the corresponding references (Table 2). Novel
pyrroles 5c–e were fully characterized by elemental analysis and
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NMR (Supplementary data). Trimethoxy derivative 5c was ana-
lyzed by X-ray crystallography.16 Molecules of 5c form H-bond sta-
bilized chains in the crystal (Fig. 2). Each molecule of 5c forms two
H-bonds via the pyrrole N-hydrogen atom and ether oxygen atom.

In conclusion, the cycloaddition of the geminally-substituted
dipolarophile 1 and stabilized azomethine ylides has been studied
for the first time. The combination of ligand-free, 1,3-dipolar cyclo-
addition, and elimination stages during the reaction of glycine es-
ter Schiff bases and phenyl a-bromovinyl sulfone (1) represents a
simple pathway to 5-arylpyrrole-2-carboxylates.
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