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Novel 6-chloropyrazolo[3,4-b]pyridine-5-carbaldehydes 5 have been synthesized from the 4,5-dihydro-
pyrazolo[3,4-b]pyridine-6-ones 4 via Vilsmeier–Haack reaction. Further treatment of carbaldehydes 5
with acetophenones 6 and hydrazine hydrate afforded chalcone analogues 7 and dipyrazolo[3,4-b:40 ,30-
e]pyridines 8, respectively.

� 2010 Elsevier Ltd. All rights reserved.
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Pyrazolo[3,4-b]pyridine derivatives have been studied as antivi-
ral1 and potential antimalarial agents;2 and some exhibit parasiti-
cide properties3 and bactericidal activity;4 some others have been
used as vasodilators5 and evaluated for enzymatic inhibitory
activity.6

The use of formylation reaction as synthetic strategy to form
versatile carboxaldehyde intermediates is still of interest, due to
both their intrinsic pharmacological properties and chemical reac-
tivity.7 Formylation reactions have been described for pyrazoles,8

pyridines,9 and pyrimidines,10 as a key step to the introduction of
functionalities via the intermediate carboxaldehydes, and further
cyclization to fused heterocycles, such pyrido[2,3-d]pyrimidines,11

pyrazolo[3,4-b]pyridines,12 and pyrazolo[1,5-a]pyrimidines.12

Vilsmeier–Haack reaction carried out on methylene-active
compounds leads mainly to the formation of b-halo-carboxalde-
hyde derivatives, which are useful precursors in the construction
of different heterocyclic compounds by means of numerous
transformations.12,13

On the other hand, we have concentrated much of our recent
work on the preparation of bioactive nitrogen-containing hetero-
cycles, and have already described simple and efficient procedures
to prepare interesting molecules with biological properties as pyr-
azolo[3,4-b]pyridin-6-ones 4a–f in a three-component reaction
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from 5-amino-3-methyl-1-phenylpyrazole 1, Meldrum’s acid 2,
and aromatic aldehydes 3a–f (Scheme 1).14

We describe here the preparation, 6-chloropyrazolo[3,4-b]pyri-
dine-5-carbaldehydes 5,15 which have been proved as interesting
precursors for new heterocyclic systems.

In this way, we have used as starting material the 4,5-dihydro-
pyrazolo[3,4-b]pyridin-6-ones 4 and employing classical Vilsme-
ier–Haack conditions, we were able to prepare the desired
6-chloropyrazolo[3,4-b]pyridine-5-carbaldehydes 5 in moderate
yields (Scheme 2).

These novel chloroformyl derivatives provide access to a great
number of structures for the introduction of functionalities via
the intermediate carbaldehydes. The Claisen–Schmidt condensa-
tion between heteroaromatic aldehydes and acetophenones is a
synthetic tool for the generation of C–C bonds permitting the
production of a,b-unsaturated ketones (chalcones).16
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Comp. Ar m.p. (oC) Yield % m/z

5a C6H5 165-167 55 347 

5b 4-CH3C6H4 173-175 45 361 

5c 4-CH3OC6H4 159-161 45 477 

5d 4-ClC6H4 153-154 50 381 

5e 4-BrC6H4 189-190 50 425 

5f 4-O2NC6H4 217-219 52 392 
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Scheme 2. Chorine-formylation of pyrazolopyridinones.

Comp. Ar m.p. (oC) Yield % m/z

8a C6H5 232-233 70 325 

8b 4-CH3C6H4 258-260 68 339 

8c 4-CH3OC6H4 229-230 72 355 

8d 4-ClC6H4 270-272 70 359 

8e 4-BrC6H4 271-273 70 403 

8f 4-O2NC6H4 270-272 60 370 
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Scheme 4. Synthesis of dipyrazolopyridines.
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The reaction of equimolar amounts of chloroaldehydes 5 with
acetophenones 6 in ethanol with 10 drops of NaOH (20%) was stir-
red for 48 h at room temperature yielding the novel chalcone ana-
logues 7a–l (Scheme 3).17

On the other hand, due to the highly electron-deficient nature of
the pyridine ring and the presence of the electron-withdrawing
formyl group, the nucleophilic substitution of the adjacent chlorine
atom can be favored; the nucleophilic heteroaromatic substitution
(SNAr) allows us to introduce the hydrazino group that further
cyclization leads to the formation of 1H,7H-dipyrazolo[3,4-b:40,30-
e]pyridines 8a–f. Accordingly, we carried out the reaction of equi-
molar amounts of aldehyde 5 with hydrazine hydrate in ethanol as
a solvent (Scheme 4).18 The synthesis of this kind of compounds
has previously been reported by heating at 220–260 �C,19a-d and
by microwave irradiation.19e,f Our approach allows to obtain
unsymmetrically substituted dipyrazolopyridines bearing a free
N–H bond which increases the possibility to introduce diversity
by further selective transformations.

The structures of all new compounds were determined from
analytical and spectral data, NMR 1D and 2D mainly, MS, and ele-
mental analysis.
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Comp. Ar Ar’ m.p. (oC) Yield % m/z

7a C6H6 C6H6 >300 70 449 

7b C6H6 p-OCH3-Ph >300 (d) 75 479 

7c C6H6 p-Cl-Ph >300 (d) 80 483 

7d p-OCH3-Ph C6H6 250 (d) 75 479 

7e p-OCH3-Ph p-Cl-Ph 300 (d) 70 513 

7f p-Cl-Ph p-OCH3-Ph >300 75 513 

7g p-Cl-Ph p-Cl-Ph 280 (d) 85 517 

7h p-Cl-Ph p-Br-Ph >300 85 561 

7i p-Br-Ph p-Cl-Ph >290 (d) 85 561 

7j p-Br-Ph p-NO2-Ph >300 70 572 

7k p-NO2-Ph C6H6 >250 (d) 75 494 

7l p-NO2-Ph p-OCH3-Ph 248 (d) 80 524 

Scheme 3. Synthesis of heterocyclic analogues of chalcones.
In conclusion, we have described the preparation of novel
6-chloro-3-methyl-l-phenylpyrazolo[3,4-b]pyridine-5-carbaldehy-
des as versatile precursors for diverse pyrazolopyridine deriva-
tives. These new compounds present a privileged core from a
biological point of view. The chemical and biological interest of
the pyrazolopyridinecarbaldehydes and bis-pyrazolopyridines
mainly obtained in these experiments are under investigation.
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