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mediated click [3 + 2] cycloaddition with methylene
active nitriles†
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and Mykola D. Obushak

Nitrileimines were implemented in practical click protocols with oxopropanenitriles for the straightforward

5-amino-1H-pyrazole synthesis via 1,3-dipolar cycloaddition. The reaction proceeds at room temperature

in a short time with base catalysis and no chromatographic purification. High purity products were isolated

by simple filtration. The selectivity of the reaction was observed.
Introduction

Synthetic protocols meeting click- and green chemistry
principles and allowing the reactions proceed quickly with
high yields at room temperature with easy workup, simple
isolation without additional purication and in short-step
automated format for the construction of diverse molecular
libraries, are nowadays key to organic synthesis.1 Environ-
mental safety and economic attractiveness of such protocols2

stimulate the implementation of new reactions and reagents,
and determine their limitations with the aim to solve urgent
tasks (Scheme 1).

1,3-Dipolar cycloaddition is one of the powerful click
chemistry tools that allow the formation of a wide variety of
ve-membered heterocycles desirable for biological activity
screening.3 However, organic azides remain the most studied
1,3-dipoles in click reactions.4 Much less attention is paid to
other 1,3-dipolar reagents, for example, nitrileimines, which
ed green protocols giving libraries
atives.
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are insufficiently explored in similar reactions.5 Notably, the
cycloaddition of nitrileimines usually occurs at room
temperature in the presence of base catalysts, nonetheless,
such transformations typically last from a few hours to
several days.6 Application of other types of dipolarophiles
different from alkynes remains poorly studied even in well-
established click protocols. Evidently, several dipolar-
ophiles look more perspective over alkynes as many reactions
of alkynes usually require heavy metal catalysis and do not
always lead to the formation of the target triazoles.7 Thus,
methylene active nitriles could be used as convenient part-
ners in the reaction with 1,3-dipoles. The main advantage for
such reactions is the employment of bases (including organic
bases) as a catalyst.8

Previously, we have shown that methylene active nitriles
readily react with azides in the base-solvent system NaOMe–
MeOH at room temperature giving triazoles with excellent
yields in short time (in some cases during the reagents mixing).9

Moreover, the formed azoles usually contain the amino group,
a convenient function for further modications.10 Specically,
we revealed that the formation of the amino group during the
reaction could cause the ow of domino reactions. As a result,
the formation of polycyclic derivatives, bioisosteric to natural
purine bases,11 was observed and their anticancer activity was
evaluated.12 Therefore, it becomes apparent that development
of synthetic approaches, including the promising reaction of
nitrileimines with activated acetonitriles that fully t click- and
green chemistry concepts, are of current interest and demand
further investigation. Another growing appreciation of pyrazole
derivatives determines the need for increasing their molecular
diversity as such derivatives may hold signicant potential in
medicinal chemistry. Moreover, the utility of nitrileimines
allows to vary the additional substituent in pyrazole core, what
would broaden combinatorial library of biologically suitable
azole derivatives.
This journal is © The Royal Society of Chemistry 2020
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Table 1 Yields of synthesized novel 1,2,4-oxadiazole heterocyclic
derivatives 4a–e, 5a–e

Compound R1 R2 Alk Yield, %

4a 4-Me–C6H4– 4-F–C6H4– Me 87
4b 4-Me–C6H4– 4-Cl–C6H4– Me 91
4c 4-Cl–C6H4– Ph Me 82
4d 4-Cl–C6H4– 2-Cl–C6H4– Me 75
4e 4-Br–C6H4– 2-Me–C6H4– Et 94

Compound R1 R2 Yield, %

5a Ph 4-F–C6H4– 87
5b 3-Me–C6H4– 4-Cl–C6H4– 85
5c 4-F–C6H4– 2-Me–C6H4– 91
5d 4-Cl–C6H4– 4-F–C6H4– 78
5e 2,4-Cl2–C6H3– 2-Cl–C6H4– 82
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Results and discussion

In the current work, we investigated the click protocol involving
the reactions of methylene active nitriles with nitrileimines as
alternatives to highly reactive organic azides. As found previ-
ously, the reaction of electron-decient hetaryl acetonitriles
with arylazides in sodium methylate solution at room temper-
ature led to 1,2,3-triazole derivatives with high yields without
by-products.11 Herein, we implemented nitrileimines instead of
azides as 1,3-dipoles in [3 + 2] cycloaddition with activated
dipolarophiles – (3-het(aryl)-1,2,4-oxadiazol-5-yl)acetonitriles.

It should be mentioned that (1,2,4-oxadiazol-5-yl)-1H-1,2,3-
triazol-5-amines – the products of the reaction of (1,2,4-
oxadiazol-5-yl)acetonitriles with alkyl azides were found to be in
focus due to promising potent activity against the T. cruzi
parasite (Trypanosoma cruzi).13 Moreover, 1,2,4-oxadiazole ring
could be introduced into designed molecules to enhance or
tune some of its physico-chemical properties including biolog-
ical activity.14 Therefore, preparation of a new library of novel
pyrazoles with 1,2,4-oxadiazole ring via green protocol of 1,3-
dipolar cycloaddition is inquired.

Starting 2-(3-aryl-1,2,4-oxadiazol-5-yl)acetonitriles 1a–e were
obtained by the interaction of aromatic amidoximes with 3-(3,5-
dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile in dioxane with
good yields.15 Readily available arylchlorohydrazones 2, as
nitrileimines precursors generated in situ, were allowed to react
with nitriles 1 in methanol solution in the presence of two
equivalents of sodium methylate as a base at room temperature
(Scheme 2). In the control parallel experiments, 2-(3-aryl-1,2,4-
oxadiazol-5-yl)acetonitriles 1a–e were tested in the reaction
with arylazides 3a–e under the same conditions using just one
equivalent of sodium methylate. The 1,2,3-triazoles 5a–e were
precipitated from the reaction medium in the form of white
powders with good yields (Table 1). Similarly, nitrileimines
demonstrated excellent reactivity leading to functionalized
pyrazoles 4a–e during 5–15 min in high yields and without by-
Scheme 2 Synthesis of 5-amino-pyrazoles 4a–e and 5-amino-1,2,3-
triazoles 5a–e with 1,2,4-oxadiazole ring.

This journal is © The Royal Society of Chemistry 2020
products. It was found that replacement of the 1,3-dipoles did
not change the direction of the reaction and the yields of
products were comparable. The inuence of the substituent in
the aryl fragment of 1,3 dipole (azide or imine nitrile) was not
meaningful as in all cases desired products were obtained with
high yields. In addition, nitrileimines generally gave slightly
higher yields. Furthermore, the utility of 1,2,4-oxadiazolyl
acetonitriles with a donor substituent also increased the yield of
products in both cases (nitrileimines or azides). The established
high purity of products also proved the tolerance of this
procedure for compounds with the 1,2,4-oxadiazole ring.

Lately, we have shown that bifunctional 3-(1H-pyrrol-2-yl)/
(1H-indol-3-yl)-3-oxopropanenitriles reacted with azides to yield
aminotriazoles.16 Selective attack on nitrile moiety instead of
carbonyl carbon by azide was observed. However, the 3-hetaryl-
3-oxopropanenitriles in reactions with chlorohydrazones have
not been investigated. It was found that their reactions with 3-
aryl-3-oxopropanenitrile proceeded with the formation of pyr-
azole-4-carbonitrile.17 In order to study the selectivity and scope
of application of the proposed method bifunctional oxopropa-
nenitrile compounds were tested in such green “click chem-
istry” protocol with nitrileimines.

We found out that reaction of bifunctional 3-(1-methyl-1H-
pyrrol-2-yl)-3-oxopropanenitrile 6a and 3-(1H-indol-3-yl)-3-
oxopropanenitrile 6b with chlorohydrazones in methanol solu-
tion in the presence of two equivalents of sodium methylate
occurred selectively with the formation of 5-aminopyrazoles 7a–g
in high yields (Scheme 3). The formation of pyrazole-4-carbonitrile
8 was not observed. One equivalent of the base is spent on the
formation of nitrileimine and another one on the formation of
3-oxopropanenitrile carbonanion. In the rst reaction stage, the
RSC Adv., 2020, 10, 13696–13699 | 13697
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Scheme 3 Regioselective synthesis of 5-amino-pyrazoles 7a–e.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
A

pr
il 

20
20

. D
ow

nl
oa

de
d 

on
 4

/1
7/

20
25

 2
:2

7:
59

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
carbanion attacks the nucleophilic carbon atom of the nitrilei-
mine. It is obvious that the nature of the substituent in the 3-
position of 3-oxopropanenitrile inuences the further direction of
cyclization. The presence of electron-donor pyrrole or indole rings
deactivates the carbonyl group and increases the likelihood attack
of a nitrogen atom on the nitrile group, leading to the formation of
5-amino-pyrazole 7a–g. The reaction occurs similarly to azides, the
replacement of 1,3-dipole reagent with nitrileimine does not affect
its regioselectivity.16 Besides, the reaction occurs quickly, within 5–
15minutes at room temperature and the obtained products do not
need additional purication, which ts well into the concept of
click-reactions.

In the case of uoro-substituted chlorohydrazone 2f, the
formation of 5-aminopyrazole was followed by the subsequent
hydrolysis of the ester group to form a corresponding sodium
salt. The further treatment of last with a solution of acetic acid
led to the formation of pyrazole-3-carboxylic acid 7h with a high
yield.

Conclusions

Consequently, having established 1,3-dipolar cycloaddition of
a number of methylene active nitriles, the scope of their
synthetic application and limitations of the click reaction were
extended. Chlorohydrazones as nitrileimines precursors
generated in situ declared to be a convenient alternative to
highly-reactive azides in such [3 + 2] cycloaddition. The excel-
lent selectivity of chlorohydrazones reaction with 3-hetaryl-3-
oxopropionitriles was reported. New examples of pyrazoles
and triazoles with 1,2,4-oxadiazole, indole and pyrrole moieties
13698 | RSC Adv., 2020, 10, 13696–13699
were obtained with high yields. The proposed green synthetic
protocols make it possible to synthesize a wide range of func-
tionalized heterocyclic compounds suitable for screening for
biological activity in cost and time more effective manner and
from available reagents.

Conflicts of interest

The authors have declared no conict of interest.

Notes and references

1 (a) A. S. Barrow, C. J. Smedley, Q. Zheng, S. Li, J. Dong and
J. E. Moses, Chem. Soc. Rev., 2019, 48, 4731; (b) T. Hong,
W. Liu, M. Li and C. Chen, Analyst, 2019, 144, 1492.

2 H. C. Erythropel, J. B. Zimmerman, T. M. de Winter,
L. Petitjean, F. Melnikov, C. H. Lam, A. W. Lounsbury,
K. E. Mellor, N. Z. Janković, Q. Tu, L. N. Pincus,
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M. T. Paz Lopes, D. Dittz, H. Silva and M. R. Costa Couri,
Eur. J. Med. Chem., 2019, 165, 18; (c) M. Mohammadi-
Khanaposhtani, N. Ahangar, S. Sobhani, P. H. Masihi,
A. Shakiba, M. Saeedi and T. Akbarzadeh, Bioorg. Chem.,
2019, 89, 102989; (d) S. S. De, M. P. Khambetea and
M. S. Degani, Bioorg. Med. Chem. Lett., 2019, 29, 1999.

15 L. W. Hardy, M. L. R. Heffernan, F. X. Wu, K. L. Spear and
L. D. Saraswat, US Pat. WO2011075699A2, 2011.

16 N. T. Pokhodylo, V. S. Matiychuk and M. D. Obushak,
Synthesis, 2009, 8, 1297.

17 (a) H. Fan, E. Kotsikorou, A. F. Hoffman, H. T. Ravert,
D. Holt, D. P. Hurst, C. R. Lupica, P. H. Reggio,
R. F. Dannals and A. G. Horti, Eur. J. Med. Chem., 2009, 44,
593; (b) M. Gao, M. Wang and Q.-H. Zheng, Bioorg. Med.
Chem. Lett., 2012, 22, 3704.
RSC Adv., 2020, 10, 13696–13699 | 13699

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra01417f

	Nitrileimines as an alternative to azides in base-mediated click [3 tnqh_x002B 2] cycloaddition with methylene active nitrilesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra01417f
	Nitrileimines as an alternative to azides in base-mediated click [3 tnqh_x002B 2] cycloaddition with methylene active nitrilesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra01417f
	Nitrileimines as an alternative to azides in base-mediated click [3 tnqh_x002B 2] cycloaddition with methylene active nitrilesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra01417f
	Nitrileimines as an alternative to azides in base-mediated click [3 tnqh_x002B 2] cycloaddition with methylene active nitrilesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra01417f
	Nitrileimines as an alternative to azides in base-mediated click [3 tnqh_x002B 2] cycloaddition with methylene active nitrilesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra01417f
	Nitrileimines as an alternative to azides in base-mediated click [3 tnqh_x002B 2] cycloaddition with methylene active nitrilesElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra01417f


