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The reactivity of buta-2,3-dienoates toward aziridines is reported. Allenoates react as 2p-component in
the [3+2] cycloaddition with the azomethine ylide generated from cis-1-benzyl-2-benzoyl-3-phenylazir-
idine affording 4-methylenepyrrolidines in a site-, regio-, and stereoselective fashion. Under conventional
thermolysis, cis- and trans-2-benzoyl-1-cyclohexyl-3-phenylaziridines showed a different reactivity.
These aziridines participate in formal [3+2] cycloadditions with allenes via C–N bond cleavage of the
three-membered ring leading to functionalized pyrroles.

� 2009 Elsevier Ltd. All rights reserved.
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Allenes are interesting dipolarophiles due to the presence of
two cumulative unsaturations. In fact, both C@C bonds are suitable
positions for dipolar attack which can proceed with two opposite
orientations. Hence, in the 1,3-dipolar cycloadditions of allenes
both site- and regioselectivity can be involved. Allenes participate
in cycloadditions with a variety of 1,3-dipoles, namely, nitrile oxi-
des, nitrones, carbonyl ylides, nitrile imines, azides, and diazome-
thanes. However, the 1,3-dipolar cycloaddition of allenes with
azomethine ylides is an unexplored research topic.1–5 Therefore,
we set out to explore the cycloaddition of azomethine ylides gen-
erated from aziridines via conrotatory electrocyclic ring opening
with buta-2,3-dienoates.

Aziridine 1 was prepared following a known synthetic proce-
dure6 and its X-ray structure was determined in order to unambig-
uously establish the stereochemistry.7 Thermolysis of aziridine 1 in
the presence of benzyl buta-2,3-dienoate8 (3) in refluxing toluene
for 24 h did not lead to the target cycloadduct (Scheme 1). How-
ever, 4-methylenepyrrolidine 49 could be obtained as single ste-
reoisomer in moderate yield (31.5%) when a significantly shorter
reaction time was used (1.5 h). These results indicate the lack of
stability of compound 4 to prolonged heating.

1H and 13C NMR data for pyrrolidine 4 are given in Table 1
(chemical shifts of the aromatic groups are not included). The
assignment was supported by two-dimensional COSY, NOESY,
HMQC, and HMBC spectra (400 MHz). From the HMQC spectrum,
it was established that the carbon with the chemical shift
ll rights reserved.
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elo).
112.6 ppm corresponds to a methylene group since it shows con-
nectivity with two protons with different chemical shifts,
4.99 ppm and 5.15 ppm. In the HMBC spectrum, carbon C-8
(170.8 ppm) correlates with H-2 and H-3. On the other hand, the
carbon C-5 correlates with protons H-10 and H-2. In the NOESY
spectrum H-2 shows connectivity with H-3 but no connectivity
was observed between H-2 and H-5 or between H-3 and H-5.

We have recently reported that the microwave methodology for
the conrotatory ring opening of an aziridine leading to the corre-
sponding 1,3-dipole and the subsequent cycloaddition is more effi-
cient than the conventional heating.10 Thus, the microwave-
assisted 1,3-dipolar cycloaddition of azomethine ylide 2 with ben-
zyl buta-2,3-dienoate (3) was carried out under different reaction
MW, 160 °C, 15 min      67%

Scheme 1. Synthesis of 4-methylenepyrrolidine 4 via [3+2] cycloaddition of
azomethine ylide 2 and allenoate 3.



Table 1
1H and 13C NMR data for pyrrolidine 4a
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C 1H NMR 13C NMR

C-6 3.58 (1H, d, J = 13.2 Hz) 51.5
3.84 (1H, d, J = 13.2 Hz)

C-3 4.18 (1H, d, J = 8.0 Hz) 54.9
C-7 4.41 (1H, d, J = 12.4 Hz) 66.6

4.78 (1H, d, J = 12.4 Hz)
C-10 4.99 (1H, br s) 112.6

5.15 (1H, br s)
C-2 5.17 (1H, d, J = 8.0 Hz) 68.8
C-5 5.35 (1H, s) 67.2
C-4 — 136.7
C-8 — 170.8
C-9 — 201.3

a Chemical shifts of the aromatic groups are not included.

CO2Bn
•

N

Ph COPh

N
Toluene

Reflux, 1.5h

7

8a R = H  51.5%
8b  R = Me 25%

3 R = H
5a R = Me

R

PhBnO2C

R

CO2Bn
•

N

Ph COPh

N
Toluene

Reflux, 1.5h

9

8a 54%

3
PhBnO2C

Me

Scheme 3. Synthesis of pyrroles 8 via formal [3+2] cycloaddition of aziridines and
allenoates.
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conditions in order to optimize the synthetic procedure. We ob-
served that the 1,3-dipolar cycloadduct 4 was obtained in 73%
yield in a site-, regio-, and stereoselective fashion under micro-
wave irradiation at 150 �C for 15 min (Scheme 1).

The work was extended to the reaction of aziridine 1 with ben-
zyl penta-2,3-dienoate (5a)8 and 5,5-dimethylhexa-2,3-dienoate
(5b)8 under microwave irradiation. Using the optimized reaction
conditions the target molecules 6 were also selectively obtained
(Scheme 2). It is worth noting that the isolation of 4-methylene-
pyrrolidines 4 and 6 only requires crystallization from methanol.

trans-2-Benzoyl-1-cyclohexyl-3-phenylaziridine 7 was also
synthesized by a known procedure11 and its reactivity toward
buta-2,3-dienoate was studied (Scheme 3). The reaction of aziri-
dine 7 with benzyl buta-2,3-dienoate (3) in refluxing toluene led
to an unexpected result. Pyrrole 8a12 was obtained in 51.5% yield.
Carrying out the reaction with longer reaction time leads to signif-
icantly lower yield.

Based on the 1H and 13C NMR spectra we concluded that com-
pound 8a did not retain the benzoyl substituent. In fact, no signal
with the chemical shift expected for a carbonyl carbon of a benzoyl
group could be observed. On the other hand, the 1H NMR spectrum
shows a singlet at 6.61 ppm corresponding to a pyrrolic proton. In
the NOESY spectrum no connectivity was observed between the
protons of the methyl group and the pyrrolic proton, which is in
agreement with the proposed structure.

A similar reactivity was observed when aziridine 7 was reacted
with allene 5a in refluxing toluene. Pyrrole 8b was isolated in 25%
yield (Scheme 3).

The reaction of cis-2-benzoyl-1-cyclohexyl-3-phenylaziridine
96 with benzyl buta-2,3-dienoate (3) was carried out and it led
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Scheme 2. Synthesis of 4-methylenepyrrolidines 6 via reaction of aziridine 1 and
allenoates 5.
to the synthesis of pyrrole 8a in 54% yield (Scheme 3). This result
allowed us to conclude that the nature of N-substituent of the ben-
zoyl-3-phenylaziridines determines the chemical behavior of these
three-membered heterocycles toward allenoates.

The formation of pyrroles 8 can be explained as outlined in
Scheme 4. Nucleophilic addition of aziridines 7 or 9 to the acti-
vated allene double bond giving intermediate 10 followed by the
intramolecular attack of the carbanion center on the aziridine ring
affords the five-membered heterocycles 11 via C–N bond cleavage.
Tautomerisms and the subsequent aromatization lead to pyrrole
13 bearing a hydroxybenzyl sidechain, which is converted into
benzaldehyde and the final product. The conversion of 2-(1-
hydoxybenzyl)thiamin into thiamin and benzaldehyde involves a
similar fragmentation step.13

It is known that trans- and cis-2-benzoyl-1-cyclohexyl-3-
phenylaziridines (7 and 9) undergo thermal ring opening affording
azomethine ylides which participate in [3+2] cycloadditions as di-
pole.14 However, the reactivity of aziridines participating in formal
[3+2] cycloadditions via C–N bond cleavage with activated
acetylene derivatives has been reported.15 Mattay and Gaebert
demonstrated that the dipolar intermediate formed from N-bu-
tyl-2-phenylazirine and diethyl acetylenedicarboxylate could be
trapped by carrying out the reaction in methanol.15a Therefore,
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Scheme 4. Mechanism proposal of the formal [3+2] cycloaddition of aziridines and
allenoates.
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Scheme 5. Microwave-assisted reaction of aziridine 7 and allenoate 3.
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the reaction of aziridine 7 with allene 3 in methanol was also
performed. However, we were unable to trap intermediate 10 since
at room temperature no reaction was observed and the reaction in
refluxing methanol gave only pyrrole 8a in 31% yield.

The microwave-induced reaction of aziridine 7 and allene 3
with the temperature set to 150 �C for 15 min afforded pyrrole
14 and dihydropyrrole 13 in 15% and 4% yield, respectively. There-
fore, under these reaction conditions only products resulting from
the 1,3-dipolar cycloaddition of the azomethine ylide generated
in situ from aziridine 7 could be isolated (Scheme 5).

In conclusion, the site-, regio-, and stereoselective synthesis of
4-methylenepyrrolidines was achieved via [3+2] cycloaddition of
allenoates with the azomethine ylide generated from cis-1-ben-
zyl-2-benzoyl-3-phenylaziridine.

This reaction proved to be more efficient under microwave irra-
diation than with conventional heating.

The conventional thermolysis of cis- and trans-2-benzoyl-1-
cyclohexyl-3-phenylaziridines in the presence of buta-2,3-dieno-
ates allows us to report, for the first time, formal [3+2]
cycloadditions of allenes and aziridine via C–N bond cleavage lead-
ing to functionalized pyrroles.
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