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Abstract—A three step synthesis of an isogranulatimide analogue, in which the imidazole moiety is replaced by a pyrrole unit and
the indole heterocycle is replaced by a 7-azaindole moiety is described. Moreover, a novel synthetic pathway to the pyrrolo[3,2-c]-
pyrazole skeleton is reported.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Granulatimide and isogranulatimide are aromatic alka-
loids isolated from the brazilian ascidian Didemnum
granulatum (Fig. 1).1–3 These compounds have been
identified as cell cycle G2 checkpoint inhibitors. In
response to DNA damage, cell cycle checkpoints are
activated. Their role consists in blocking the cell cycle
to allow time for DNA repair. In more than 50% of can-
cer cells, the p53 gene is mutated. The G1 checkpoint is
dependent on the p53 protein. Therefore, in the p53-
mutated cells, the G1 checkpoint is lacking. These cells
will be more sensitive to DNA damaging agents in the
presence of a G2 checkpoint inhibitor, than healthy
cells in which G1 checkpoint remains intact.4–13 Granu-
latimide and isogranulatimide, as well as staurosporine
and UCN-01, are G2 checkpoint inhibitors. Compounds
structurally related to granulatimide and isogranulati-
mide have been recently synthesized by our group.14–17

A series of compounds related to isogranulatimide, in
which the imidazole moiety was replaced by a pyrrole
heterocycle has been described (Fig. 1).14

In this letter, we report the synthesis of an isogranulat-
imide analogue bearing a pyrrole moiety instead of the
imidazole heterocycle, and a 7-azaindole unit instead
of an indole heterocycle. Azaindoles are bioisosters of
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indole. They are found in many natural and synthetic
compounds of biological interest. The replacement of
a carbon atom by a nitrogen atom may modify the affin-
ity for the binding site of the target enzyme(s), due to the
modification of the electronic distribution on the aro-
matic framework and also due to the presence of a sup-
plementary lone electron pair, which may induce
additional hydrogen bonds. Moreover, a novel two-step
synthesis of a pyrrolo[3,2-c]pyrazole is reported.
2. Chemistry

The preparation of compound 5 is outlined in Scheme 1.
In indole series, 2,2 0-pyrrolylindole was prepared from
3-bromoindole and pyrrole in an acidic medium.14,18 In
these conditions, the coupling between 3-bromo-7-azain-
dole and pyrrole did not occur. For the preparation of
7-azaindoles, acid-catalyzed Fischer indolization from
pyridylhydrazones is not favored.19,20 7-Azaindole
framework could be build by thermal cyclization from
the hydrazone prepared from 2-hydrazinopyridine and
the appropriate ketone.21,22 Heating 2-acetylpyrrole in
2-hydrazinopyridine at 160 �C allowed the isolation of
hydrazone 1 in 94% yield (Scheme 1).23 Unfortunately,
the 7-azaindole derivative 3 could not be obtained by
thermal indolization. Heating 1 at 245 �C in diethylene
glycol22 led to decomposition of starting material. When
the reaction was performed in nitrobenzene at 200 �C,
pyrazole 2 was isolated in 40% yield after purifica-
tion by flash chromatography.24 Only few methods
are described in the literature for the synthesis of
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pyrrolo[3,2-c]pyrazoles.25,26 The pyrrolo[3,2-c]pyrazole
nucleus is found in more complex or related struc-
tures27–33 or condensed aromatic systems of biological
interest.34,35 However, to our knowledge, this syn-
thetic pathway has never been described previously.
The structure of compound 2 has been confirmed from
NMR spectroscopic data (1H–1H COSY, 13C–1H HSQC,
13C–1H HMBC, 15N–1H HMBC correlations), which
allowed the assignments of the signals (Fig. 2). A possible
mechanism for the formation of compound 2 could
involve an azomethine imine intermediate, which would
undergo electrocyclization.36,37
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Compound 3 was obtained in 42% yield by coupling 3-
picoline and 2-cyanopyrrole in the presence of
LDA.38–40 A Michael addition between compound 3
and maleimide in refluxing toluene in the presence of
SnCl2

14 allowed the obtention of compound 4 in poor
yield. As previously observed, a Michael addition could
not be performed from 7-azaindole and maleimide in
acetic acid.17 Finally, coupling of compound 3 with
maleimide was successfully carried out in a mixture
MeOH/H2O 1:2 at 50 �C giving the Michael adduct 4
in 54% yield.41 Compound 5 was obtained in 14% yield
by cyclization of 4 in refluxing nitrobenzene in the pres-
ence of Pd black followed by filtration and purification
by flash chromatography.14,42 This step probably
involves the oxidation of the succinimide to maleimide
prior to the cyclization.

In summary, a new isogranulatimide analogue was pre-
pared in three steps via a 2,2 0-pyrrolyl-7-azaindole inter-
mediate. In parallel, the synthesis of a pyrrolo[3,2-c]-
pyrazole derivative was performed in two steps. This
method could be applied to obtain analogues bearing
various substituents. The pyrrolo[3,2-c]pyrazole nucleus
is found in structures of biological interest. The biologi-
cal activities of the new compounds are under
investigation.
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