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Azafulvenium methides and diazafulvenium methides have been generated under microwave irradiation
from 2,2-dioxo-1H,3H-pyrrolo[1,2-c]thiazoles and 2,2-dioxo-1H,3H-pyrazolo[1,5-c]thiazoles, respec-
tively. Pericyclic reactions of these 1,7-dipole intermediates, namely, sigmatropic [1,8]H shifts, 1,7-elec-
trocyclization or [8p+2p] cycloaddition led to the synthesis of a range of pyrrole and pyrazole derivatives.
The first evidence for the azafulvenium methides by intermolecular trapping via [8p+2p] cycloaddition is
reported.

� 2008 Elsevier Ltd. All rights reserved.
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The study of pericyclic reactions of extended dipoles, such as
azafulvenium methides 2 and diazafulvenium methides 4, is one
of our current research interests (Scheme 1).1,2 It has been previ-
ously demonstrated that azafulvenium methides can be generated
from 2,2-dioxo-1H,3H-pyrrolo[1,2-c]thiazoles under Flash Vacuum
Pyrolysis1,3 or in some cases via sealed tube thermolysis.1 These di-
poles participate in pericyclic reactions, namely, sigmatropic [1,8]H
shifts and 1,7-electrocyclization, giving N-vinyl- or C-vinylpyrroles.
The SO2 extrusion of 2,2-dioxo-1H,3H-pyrazolo[1,5-c]thiazoles oc-
curs more readily than from the analogous pyrrolo sulfones and
can be carried out in refluxing 1,2,4-trichlorobenzene.2,3 1-Methyl-
and 7,7-dimethyl-diazafulvenium methides undergo intramolecu-
lar sigmatropic [1,8]H shifts giving vinylpyrazoles. Diazafulvenium
methides unsubstituted at C-7 participate in [8p+2p] cycloaddi-
tions giving pyrazolo[1,5-a]pyridine derivatives resulting from the
addition across the 1,7-position. However, generation of azafulveni-
um methides in the presence of dipolarophiles did not lead to the
synthesis of [8p+2p] cycloadducts.1a,3

The synthetic utility of the use of microwave irradiation in or-
ganic synthesis has increased considerably in recent years.4 This
nonconventional energy source is able to reduce chemical reaction
times, increase yields and in some cases can lead to a different out-
come when compared to conventional heating. In this context we
decide to evaluate the potential of microwave irradiation to gener-
ll rights reserved.

: +351 239 826068.
Melo).
ate aza- and diazafulvenium methides. In this Letter, we report
that aza- and diazafulvenium methides can in fact be generated
under microwave irradiation and we describe their reactivity
including the first evidence for the azafulvenium methides by
intermolecular trapping via [8p+2p] cycloaddition.

Starting from 3-methyl-2,2-dioxo-1H,3H-pyrrolo[1,2-c]thi-
azoles 5a or 5b the reaction carried out in 1,2,4-trichlorobenzene
under microwave irradiation afforded the corresponding N-vinyl-
pyrroles 7 (Scheme 2). The synthesis of these heterocyles results
from the SO2 extrusion of sulfones 5 giving azafulvenium methides
6 followed by a sigmatropic [1,8]H shift. Azafulvenium methide 9
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mailto:tmelo@ci.uc.pt
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


7a  R = H      59%
7b  R = Me    40%

N
H

MeO2C CO2Me

Sigmatropic
[1,8]H Shift

N

CO2Me

CO2Me

Ph

O2S N

Me

CO2Me

CO2Me

- SO2

Ph

R

Electrocyclization

Ph

Ph

11  63%

MW (10-20 min)
260 °C, 1,2,4-TCB

N

CO2Me

Ph
Ph

H

CO2Me

N

CO2Me

CO2Me

R

N

CO2MeMeO2C

Me R

H

H
H

O2S N

Ph

CO2Me

CO2Me

- SO2Ph

MW (10 min)
260 °C, 1,2,4-TCB

6a  R = H
6b  R = Me

5a  R = H
5b  R = Me

8 9

10

Scheme 2.

4890 M. I. L. Soares, T. M. V. D. Pinho e Melo / Tetrahedron Letters 49 (2008) 4889–4893
could also be generated from 3-phenyl-2,2-dioxo-1H,3H-pyrrolo-
[1,2-c]thiazole 8 under microwave irradiation. In this case, the
1,7-dipole undergoes electrocyclization to give 10, which is con-
verted into C-vinylpyrrole 11 in 63% yield. Pyrroles 7 and 11 have
been previously prepared via sealed tube thermolysis of the start-
ing sulfone in sulfolane, which required a reaction time of 1.5–2 h.
These conditions allow the synthesis of pyrroles 7b and 11 in good
yield but 7a could only be obtained in 8% yield. Pyrrole 7a was also
obtained in low yield (11%) under flash vacuum pyrolysis condi-
tions. Thus, the microwave-assisted reaction of sulfone 5a allows
a more efficient synthesis of N-vinylpyrrole 7a, which is obtained
in 59% yield.

Particularly interesting was the observation for the first time of
[8p+2p] cycloadditions of azafulvenium methides (Scheme 3).5 In
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Scheme
fact, the generation of azafulvenium methide 6a in the presence
of diethyl diazene-1,2-dicarboxylate allowed the synthesis of the
corresponding [8p+2p] cycloadduct 12a6 in 39% yield, together
with the formation of N-vinylpyrrole 7a in 24% yield. The reaction
of sulfone 5a in the presence of N-phenylmaleimide gave 5,6,7,8-
tetrahydroindolizine derivative 13a in 39% yield. Attempts to pro-
mote the [8p+2p] cycloaddition of 6a with bis(trimethylsilyl)acet-
ylene and with N-benzylidenebenzenesulfonamide7 led only to the
isolation of N-vinylpyrrole 7a. However, the generation of aza-
fulvenium methide 6a under microwave irradiation in the pres-
ence of DMAD afforded a mixture of 3,5-dimethylindolizine-
1,2,6,7-tetracarboxylate 14a and dihydroindolizine-1,2,6,7-tetra-
carboxylates (15a and 16) in 17% overall yield and also N-vinylpyr-
role 7a in 16% yield. Azafulvenium methide 6b, generated from
3-methyl-2,2-dioxo-1H,3H-pyrrolo[1,2-c]thiazole 5b, reacted with
diethyl diazene-1,2-dicarboxylate and N-phenylmaleimide giving
4,6-dimethyl-1,2,3,4-tetrahydro-pyrrolo[1,2-d][1,2,4]triazine-2,3,
7,8-tetracarboxylate 12b (6%) and hexahydro-pyrrolo[3,4-f]indoli-
zine 13b8 (30%), respectively. In both cases, N-vinylpyrrole 7b
was the major product. The 1,7-dipole 6b did not react with bis(tri-
methylsilyl)acetylene, DMAD nor with N-benzylidenebenzenesulf-
onamide and only N-vinylpyrrole 7b could be obtained from these
attempted reactions.

Azafulvenium methide 6c, generated from 2,2-dioxo-1H,3H-
pyrrolo[1,2-c]thiazole 5c unsubstituted at C-3, cannot undergo
the sigmatropic [1,8]H shift observed for the 1-methylazafulveni-
um methides (6a and 6b). Therefore, in this case there is no
competitive formation of N-vinylpyrroles and only 1,7-dipolar cyc-
loadducts are obtained from the microwave-assisted reaction of
sulfone 5c in the presence of dipolarophiles (Scheme 4). The reac-
tion of 6c with diethyl diazene-1,2-dicarboxylate gave 1H,4H-pyr-
rolo[1,2-d][1,2,4]triazine 17 in 31% yield and from the reaction
with N-phenylmaleimide the hexahydro-pyrrolo[3,4-f]indolizine
189 was obtained in 62% yield. Microwave irradiation of sulfone
5c for 20 min in the presence of N-benzylidenebenzenesulfona-
mide gave the 1,2,3,4-tetrahydro-5H-pyrrolo[1,2-c]pyrimidine-
5,6-dicarboxylate 20 in 31% yield and the aromatized derivative
19 in 31% yield. On the other hand, the microwave irradiation for
a longer period (40 min) allowed the synthesis of dimethyl
7-methyl-3-phenyl-5H-pyrrolo[1,2-c]pyrimidine-5,6-dicarboxylate
19 in 46% yield as the only product. 1H NMR and 13C NMR data of
dimethyl 7-methyl-3-phenylpyrrolo[1,2-c]pyrimidine-5,6-dicar-
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Table 1
1H NMR and 13C NMR data for pyrrolo[1,2-c]pyrimidine 19
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boxylate 19 is collected in Table 1. The assignment was supported
by two-dimensional HMQC and HMBC spectra (400 MHz). In the
HMBC spectrum the proton with the chemical shift 8.03 ppm (H-
4) shows 2J coupling constants with C-4a and C-3 with lower inten-
sity. Correlation of H-4 with C-8 is also observed. On the other
hand, the proton at 9.54 ppm (H-1) shows 3J coupling constants
with C-4 and C-3 with higher intensity.
N
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C 1H (ppm) 13C (ppm)

C-14 2.62 9.92
C-16 3.95 51.91
C-18 3.97 52.68
C-4 8.03 111.35
C-6 — 121.66
C-7 — 124.73
C-4a — 127.38
C-8 — 132.82
C-3 — 141.90
C-1 9.54 145.95
C-17 — 163.32
C-15 — 165.80
Attempts to carry out cycloaddition reactions of 6c with DMAD
were not successful. However, azafulvenium methide 6c reacts
with the electron-rich dipolarophile bis(trimethylsilyl)acetylene
giving dimethyl 3-methyl-6,7-bis(trimethylsilyl)indolizine-1,2-
dicarboxylate 14b (8%) and dimethyl 3-methyl-6,7-bis(trimethyl-
silyl)-5,8-dihydroindolizine-1,2-dicarboxylate 15b (15%). Although
in low yields the formation of these products proves that the cyclo-
addition of azafulvenium methide 6c is not limited to the reaction
with electron-deficient dipolarophiles. This is a reactivity pattern
also observed for the diazafulvenium methide 4,5-dicarboxylate,
unsubstituted at C-1 and C-7.2b
The study was extended to the reactivity of diazafulvenium
methide 22 generated from 2,2-dioxo-1H,3H-pyrazolo[1,5-c]-
[1,3]thiazole 212 under microwave irradiation in the presence of
dipolarophiles (Table 2). We have previously reported that dia-
zafulvenium methide 22 participates in [8p+2p] cycloaddition
with a range of electron-deficient dipolarophiles giving pyrazol-
o[1,5-a]pyridine derivatives (e.g., compounds 23–31).2c It has also
been reported that the SO2 extrusion of 2,2-dioxo-1H,3H-pyrazol-
o[1,5-c]thiazoles occurs more readily than from the analogous pyr-
rolo sulfones and can be carried out in refluxing 1,2,4-
trichlorobenzene.2,3 This observation was corroborated in this
study since the generation of the diazafulvenium methide 22
under microwaves required lower temperature (230 �C) than the
one required to form the azafulvenium methide derivatives
(260 �C).

Diazafulvenium methide 22 reacts with DMAD to give a mix-
ture of dihydropyrazolo[1,5-a]pyridines (23 and 24) in 81% overall
yield. On the other hand, the [8p+2p] cycloaddition with methyl
propiolate affords regioisomers 26 (23%) and 27 (28%) together
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Generation and [8p+2p] cycloaddition of diazafulvenium methide 22
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with the formation of N-vinylpyrazole 25 (19%) resulting from the
sigmatropic [1,8]H shift of diazafulvenium methide 22. The
1,7-dipolar cycloaddition of 1,2-diazafulvenium methide 22 with
N-phenylmaleimide gave two diastereoisomeric products, cycload-
ducts 28 (67%) and 29 (14%), resulting from an endo cycloaddition
with the involvement of the two possible configurations of aza-
fulvenium methide 22. The lower stability of the configuration
having the inward methyl group explains the formation of hetero-
cycle 29 in a lower yield. This is a selectivity similar to the one
observed previously carrying out the conventional solution ther-
molysis of 22.2b The 1,7-dipole 22 can also be trapped by
[8p+2p] cycloaddition with N-benzylidenebenzenesulfonamide
giving tetrahydropyrazolo[1,5-c]pyrimidine-2,3-dicarboxylate 30
in 33% yield. The microwave-assisted reaction of sulfone 21 with
diethyl diazene-1,2-dicarboxylate gives pyrazolo[1,5-d][1,2,4]tri-
azine 31 in high yield (94%). However, diazafulvenium methide
22 could not be trapped with bis(trimethylsilyl)acetylene and only
N-vinylpyrazole 25 was isolated.

In conclusion, we report the microwave-assisted generation of
azafulvenium methides and diazafulvenium methides from 2,2-di-
oxo-1H,3H-pyrrolo[1,2-c]thiazoles and 2,2-dioxo-1H,3H-pyrazolo-
[1,5-c]thiazoles, respectively. Under these conditions and in the
absence of dipolarophiles azafulvenium methides undergo sigma-
tropic [1,8]H shifts or 1,7-electrocyclization giving N-vinyl- or
C-vinylpyrroles. On the other hand, in the presence of dipolaro-
philes the [8p+2p] cycloaddition of azafulvenium methides was
observed for the first time leading to the synthesis of a range of
pyrrole-annulated systems. Diazafulvenium methide generated
from dimethyl 3-methyl-2,2-dioxo-1H,3H-pyrazolo[1,5-c][1,3]-
thiazole-6,7-dicarboxylate under microwaves in the presence of
dipolarophiles also participate in [8p+2p] cycloadditions. This is
an interesting and useful synthetic strategy to prepare functional-
ized pyrazole-annulated systems since the reaction time has been
reduced from 3 to 4 h in conventional heating to 10 min.
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