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Letters
First synthesis of arylpyrrolo- and pyrazolopyrrolizinones as
useful agents with potential biological interest
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Abstract—Novel arylpyrrolo- and pyrazolopyrrolizinones were prepared in three or four steps starting from aminoarylpyrrole and
pyrazole carboxylates through the cyclisation of a Vilsmeier–Haack intermediate. This synthesis was enhanced by diverse N-pro-
tections of the aza-heterocycle and furnish new series with potential biological interest.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents and conditions: (i) N2CHCO2Et, EtONa, EtOH,

25 �C.
We recently reported the synthesis and the biological
evaluation of novel thienopyrrolizinones among which
derivative MR 22388 exhibited a potent antiproliferative
activity in relation with an antitubulin action.1 With the
aim to increase the structural diversity of these com-
pounds, we wish to describe herein the first synthesis of
their aza-analogs belonging to the pyrrolo 1 and pyr-
azolo 2 series (Fig. 1).

Using the route elaborated in the thiophene series, the
starting materials we needed to reach this goal were
aminoarylpyrrole and pyrazole carboxylates. We very
recently described the synthesis of methyl 3-amino-4-
aryl-1H-pyrrole-2-carboxylates 3 in three steps starting
from commercial arylacetonitriles (Scheme 1).2 We used
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the same starting materials and ethyl diazoacetate to
prepare ethyl 4-amino-5-aryl-1H-pyrazole-3-carboxy-
lates 4 according to Tarzia’s method.3

The methyl aminopyrrolecarboxylates 3 were first in-
volved in a four steps sequence beginning with a Clau-
son-Kaas and Zdenek4 reaction leading to 5 (Scheme
2).5 The latter was then treated with refluxing pyrrol-
idine to form the carboxamide 66 before cyclisation
under Vilsmeier conditions (refluxing POCl3) to an
iminium salt, which was finally hydrolysed under alka-
line conditions to give the pyrrolopyrrolizinones 1 in
moderate to low yields (Table 1).7;8

N-Substitution of the pyrrole ring of 6 improved the
cyclisation yield since methyl 8, ethyl 9 and benzyl 10
derivatives led to the corresponding pyrrolizinones 12,
13 and 14, respectively in excellent yields (Table 1).
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Scheme 4. Reagents and conditions: (i) BnBr, NaH, DMF, 0–25 �C;
(ii) POCl3, 70 �C; (iii) 10% NaOH, 80 �C; (i) 33% HBr in AcOH, 25 �C;
(ii) NaOH 1N, MeOH, 25 �C; (iv) 33% HBr in AcOH, 25 �C; (v)

NaOH 1N, MeOH, 25 �C.
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Scheme 3. Reagents and conditions: (i) 33% HBr in AcOH, 25 �C;
(ii) NaOH 1N, MeOH, 25 �C.
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Scheme 2. Reagents and conditions: (i) 2,5-dimethoxyTHF, 4-chlo-

ropyridine hydrochloride, dioxane, 100 �C; (ii) pyrrolidine, 87 �C; (iii)
POCl3, 70 �C; (iv) 10% NaOH; (v) NaH, RX, DMF, 0–25 �C or

(Boc)2O, TEA, DMAP, CH2Cl2, 25 �C.

Table 1. Preparation of 1a–i, 12d,i, 13d,i, 14d,i and 2d,i from corre-

sponding carboxamides

Compd Ar R X Yield (%)

(from)a

1a 2-Thienyl H CH 28 (6a)

1b 3-Thienyl H CH 4 (6b)

1c Phenyl H CH 5 (6c)

1d 4-Cl-phenyl H CH 16 (6d)

1e 4-F-phenyl H CH 32 (6e)

1f 4-Me-phenyl H CH 23 (6f)

1g 4-MeO-phenyl H CH 10 (6g)

1h 3,4-DiCl-pheyl H CH 14 (6h)

1i 3-BnO,4-MeO-phenyl H CH 2 (6i); 32 (11i)

12d 4-Cl-phenyl Me CH 72 (8d)

12i 3-BnO,4-MeO-phenyl Me CH 95 (8i)

13d 4-Cl-phenyl Et CH 66 (9d)

13i 3-BnO,4-MeO-phenyl Et CH 66 (9i)

14d 4-Cl-phenyl Bn CH 82 (10d)

14i 3-BnO,4-MeO-phenyl Bn CH 61 (10i)

2d 4-Cl-phenyl H N 42 (16d)

2i 3-BnO,4-MeO-phenyl H N 6 (16i)

a Isolated yields after column chromatography.
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In the case of the N-Boc derivative 11i, N-deprotection
occurred under the cyclisation conditions leading di-
rectly to 1i in 32% yield.

The analogs of MR 22388, 1j, 12j and 13j, bearing a
m-hydroxy, p-methoxyphenyl ring in 3-position were
finally obtained by O-debenzylation of 1i, 12i and 13i,
respectively, under treatment with HBr in acetic acid
followed by alkaline hydrolysis of the resulting acet-
oxyderivatives 1k, 12k, 13k (Scheme 3).

The same chemical pathway was used to achieve the
synthesis of the pyrazolopyrrolizinones 2 (Scheme 2).
The aminoesters 4 led successively to 15 and 16, which
were cyclised under treatment with boiling POCl3 fol-
lowed by hydrolysis to give ketones 2.

As for the pyrrole series, the yield of the cyclisation was
improved by N-protection of the pyrazole ring. How-
ever, benzylation of 16i (NaH in DMF) took place
equally on N1 and N2, due to the delocalisation of the
negative charge between the two pyrazole nitrogens
under treatment with NaH (Scheme 4).

The regioisomers 17 and 18 were separated, cyclised and
hydrolysed as previously into 19 and 20 in 85% and 50%
yield, respectively. O-Debenzylation was achieved as
above with respect of the N-benzyl group of 21 and 22.
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Other alkylation conditions9 are under investigation in
order to achieve a more selective N-benzylation.

In conclusion, we have developed an efficient synthesis
of the first arylpyrrolo- and pyrazolopyrrolizinones
whose suitability as biologically active agents, particu-
larly in the antineoplastic domain, is currently under
investigation.
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