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3-Acylaminopyrazole derivatives via a regioselectively
N-protected 3-nitropyrazole
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Abstract—A simple procedure for the selective protection of the endocyclic 1-N of 3-aminopyrazoles as tert-butoxycarbamate (Boc)
in good yield is described. A 3-nitropyrazole derivative represents the key intermediate with the nitro substituent determining the
regiochemistry of the obtained protected compound. Subsequent acylation at the exocyclic amino group gave rise, after Boc
removal, to a series of 3-acylaminopyrazoles in high yields and purities.
� 2004 Elsevier Ltd. All rights reserved.
Figure 1.
Cdks/Cyclins, a series of binary protein complexes
altered in several major tumour types, are rate-limiting
kinase enzymes in cell cycle progression and represent
excellent molecular targets for therapeutic intervention.1

Within a study aimed at finding a new Cdk2/Cyclin A
inhibitor we had to devise an efficient synthesis of
5-cyclopropyl 3-pyrazolamides.2

It is well known that the 3-aminopyrazole system exists
in several different tautomeric forms3 and its reactivity
towards acylating agents is a complex issue.4 Attempts
to directly introduce an acyl moiety on the exocyclic
amino group generally affords complex reaction mix-
tures, including regioisomeric mono- and bi-acylated
derivatives. The alternative approach of double acyla-
tion of the scaffold either with acyl chloride or activated
carboxylic acids5 and subsequent selective hydrolysis of
the more labile endocyclic residue is not an optimal
choice in terms of atom economy and moreover results
in unsatisfactory yields. In our hands these approaches
turned out to be of not general applicability and affor-
ded mixtures of products that were often difficult to pur-
ify. Our goal was then to obtain an N-ring selectively
protected scaffold endowed with a good reactivity to-
wards the majority of commercially available acylating
agents.
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.12.054

Keywords: 3-Aminopyrazole; 3-Acylaminopyrazole; 3-Nitropyrazole.
* Corresponding author. Tel.: +39 0331581407; fax: +39

0331581757; e-mail: paolo.orsini@nervianoms.com
Although it is possible to introduce a protective group
such as Boc or Cbz at the endocyclic nitrogen in the
a-position with respect to the exocyclic amino group,6

the reactivity of these intermediates was revealed to be
not sufficiently broad for our purpose. This can be ex-
plained either in terms of steric hindrance or a nucleo-
philicity decrease due to the hydrogen bond formation
between N–H of the 3-amino group and C@O of the
protecting group. In order to obtain a more reactive
substrate we focused our efforts on the synthesis of
5-cyclopropyl-3-amino pyrazole protected at position
1 (Fig. 1).

Our strategy comprised the masking of the exocyclic
amino group via an oxidation–reduction sequence and
employing Boc, chosen on the basis of its facile removal,
as the endocyclic protecting group. We actually found
that a 3-nitro substituent can act at the same time as a
protecting and directing group both for steric and elec-
tronic reasons (Scheme 1).

5-Cyclopropyl-3-aminopyrazole 1 was prepared in
multi-grams scale in 58% overall yield starting from

mailto:paolo.orsini@nervianoms.com


Scheme 1. Reagents and conditions: (a) Oxone�, NaOH, NaHCO3, water, acetone, 0 �C, 56%; (b) (Boc)2O, CH2Cl2/aq NaHCO3, 95%; (c) H2/Pd–C

10% 50 psi, EtOH, 95%.
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commercially available ethyl cyclopropanecarboxylate.7

The conversion of the amino into nitro group was
achieved by employing Oxone�/acetone system8 provid-
ing the nitro-derivative 2 in 56% yield.9 Subsequent
treatment with Boc2O in a biphasic mixture of aq
NaHCO3 and DCM afforded with high regioselectivity
1-N-Boc-protected 3-nitropyrazole 3 in 95% yield10 after
column chromatography. Compound 3 was then
reduced in high yield to the desired compound 4 by
catalytic hydrogenation.11 The yield in the oxidation
step was not considered an issue due to the high purity
of crude 2 and the possibility to work on large scale
for the preparation of 4. The structure of 4 was unam-
biguously assigned by comparison of the 1H NMR
chemical shifts of the 2-N-Boc regioisomer 5 reported
in the literature.6a,12,13 In compound 5 an intramolecular
hydrogen bond between the 3-NH2 and the 2-CO2t-Bu
accounts for the downfield shift of the amino group
(d = 5.22 ppm vs d = 3.82 ppm). Another remarkable
difference in the 1H NMR spectrum of the two regio-
Scheme 3. Reagents and conditions: (a) polymer supported-DCC, RCO2H,

Scheme 2. Reagents and conditions: (a) EDCI, DIPEA, 2-naphthylacetic ac
isomers is the downfield shift (�0.4 ppm) of the cyclo-
propyl-CH signal of 4 versus 5 due to the magnetic
anisotropy induced by the carbonyl group.

The different reactivity of 4 in comparison with 5
towards acylating agents was assessed by employing 2-
naphthylacetic acid as model reactant (Scheme 2). Un-
der the same experimental conditions (a—EDCI/DIPEA
in CH2Cl2, b—TFA/CH2Cl2), 4 and 5 afforded the
amide 614 in 90% and 50% yield, respectively, thus con-
firming the convenience of our approach.

This strategy was pursued to explore the SAR around
the amide portion of this class of compounds2 in order
to find a potential ATP-competitive inhibitor of the
Cdk2/Cyclin A complex. We set up a two step parallel
synthesis of 30 pyrazolyl amide derivatives by using 4
as starting material and carboxylic acids as acylating
agents, for their superior stability and wider commercial
availability as compared to acyl chlorides (Scheme 3).
CH2Cl2, rt; (b) CH2Cl2–TFA 9:1, rt.

id, rt; (b) CH2Cl2–TFA 9:1, rt.
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The optimized protocol involved the use of 4 equiv mol
of polymer supported DCC, 3 equiv mol of carboxylic
acid and 1 equiv mol of 4 for 96 h at room temperature
on Quest 210 equipment15 and subsequent removal of
protecting group (TFA/CH2Cl2 1:9). All compounds,
manually triturated with diethyl ether without any fur-
ther purification, were obtained in good to high yields
(65–90% overall) and high purities (85–100%). Charac-
terization by 1H NMR and LC–MS furnished data
according to those already published.2,7

In conclusion, an efficient route to regioselectively pro-
tected 5-cyclopropyl-3-amino pyrazole 4, via an oxida-
tion/reduction sequence, was established. This valuable
intermediate was successfully converted into 5-cycloprop-
yl-3-acylamino pyrazoles under mild conditions in high
yields. The reaction conditions and the easy availability
of carboxylic acids make this an attractive approach for
a wide exploration of this class of compounds.
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