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A microwave-assisted method has been developed for the synthesis of tri-substituted pyrazoles via direct

N-heterocyclization of hydrazines with metal-acetylacetonate and -dibenzylideneacetonate without using

any base or additives. Most importantly, the synthesis of 1-aryl-5-phenyl-3-styryl-1H-pyrazoles was

achieved in a single step using hydrochloride salt of various phenylhydrazines and this is the first report

for direct construction of these molecules. The reaction medium and microwave conditions play

a critical role for their selective product formation during the reaction. The present reaction explored the

usage of metal-diketonic complexes as reaction substrates providing acetylacetone and

dibenzylideneacetone moieties to directly participate in cyclization with hydrazines to form the

corresponding pyrazoles in excellent yields. The present protocol introduces the important N-

heterocyclic moieties in the final structures, giving the reaction great applications from a medicinal

chemistry perspective, particularly in the late stage modification strategies in drug discovery.
1. Introduction

Pyrazoles are very important functional moieties having extensive
applications in pharmaceuticals,1 agriculture,2 supramolecular
chemistry,3 polymers,4 liquid crystals,5 ligands in catalysis6 and
many others. Despite the intricacy inN–Nbond formations, these
are widely present in nature7 such as in withasomnine, pyr-
azofurin, formycin A and B, nostocine A, uviol A–E, and
pyrazole-3(5)-carboxylic acid and show remarkable biological
potential. 1,3,5-Trisubstituted pyrazoles constitute a number of
drugs,1i,8 including sildenal (inhibits phosphodiesterase), cele-
coxib (selective COX-2 inhibitor used for inammation and
arthritis), rimonabant (inverse agonist for cannabinoid receptor
CB1 and anti-obesity drug) and difenamizole (analgesic). In
recent times, these are one of the privileged scaffolds in drug
discovery and are extensively targeted by synthetic chemists. A
number of methods have been developed to construct pyrazole
scaffolds.9 Traditionally, 1,3,5-trisubstituted pyrazoles are
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synthesized by cyclocondensation of hydrazines with diketones
under acidic conditions,10 aromatization of pyrazolines11 and
intramolecular coupling of hydrazones.12
Scheme 1 Synthesis of pyrazoles and dihydropyrazoles.
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Table 1 Optimization of conditions for formation of styryl pyrazolesa

Entry Solvent MW (watts)

Yieldb [%]

A B

1 H2O 50 30 25
2 DMSO 50 80 5
3 DMF 50 0 10
4 MeOH 50 20 10
5 PEG-200 50 5 8
6 CHCl3 50 15 0
7 THF 50 20 6
8 Toluene 50 10 0
9c H2O 50 5 89

a Reaction conditions: phenyl hydrazine hydrochloride (1.0 mmol),
Pd2(dba)3 (0.5 equiv.), solvent (1 mL), MW (watts), 100�C, for 5 min.
b Isolated yields. c Reaction with phenyl hydrazine (no HCl salt).

Table 2 Synthesis of pyrazoles and dihydropyrazolesabcd

a Reaction conditions: hydrazine (1.0 mmol), Pd(dba)3 (0.5 equiv.), MW
(50 watts), 100 �C, for 5 min. b Isolated yields. c DMSO (1 mL) was used
as solvent for synthesis of pyrazoles (5a–5k). d H2O (1 mL) was used as
solvent for synthesis of dihydropyrazoles (5l–5t). e Yields in
parenthesis are with Pd(dba)2 (0.5 equiv.).
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Recently, pyrazoles have been synthesized from imine
hydrazine precursors (I, II) by cyclization using metal catalyst
and oxidants or base13 and from addition of hydrazones by a-
bromo ketones using light irradiation.14

Among 1,3,5-trisubstituted pyrazoles, the synthesis of 1-aryl-5-
phenyl-3-styryl-1H-pyrazoles require pre-installed pyrazolines (III)
as a substrate15 for further oxidation to pyrazoles (Scheme 1). To
date, we could not come across any report in our thorough
literature search for the direct synthesis of 1-aryl-5-phenyl-3-
styryl-1H-pyrazoles (IV) in one step. The electrocyclization of
dibenzylideneacetones with hydrazines leads to the synthesis of
pyrazolines (III) in the presence of a catalyst (Scheme 1).16 Metal-
acetylacetonates [M(acac)2] and metal-dibenzylideneacetones
[M2(dba)3 or M(dba)2] are very powerful reagents in organic
synthesis and catalysis. However, thesemetal complexes have not
been used till date as a partner substrate for the construction of
pyrazoles. As envisioned, herein, we disclose a general method
for N-heterocyclization of different arylhydrazines with metal-
diketonic complexes to access 1,3,5-trisubstituted pyrazoles,
namely, 1-aryl-5-phenyl-3-styryl-1H-pyrazoles (IV), 3,5-dimethyl-N-
aryl-1H-pyrazoles (V), 3,5-dimethyl-N-sulfonyl aryl-1H-pyrazoles
(VI) and 1,3-diphenyl-5-styryl-4,5-dihydro-1H-pyrazole (III), under
neutral conditions using microwave irradiations (Scheme 1).

2. Results and discussion

To investigate the optimized conditions for the synthesis of
styryl substituted pyrazoles (A), we choose phenyl hydrazine
hydrochloride as a model substrate. The reaction of model
substrate with Pd2(dba)3 was performed in different solvents
under microwave irradiation at 100 �C and 50 watt for 5 min
(Table 1). Reaction with phenylhydrazine hydrochloride in H2O
gave both pyrazole as well as dihydropyrazole in approximately
equal amounts (Table 1, entry 1). However, interestingly, in the
case of phenyl hydrazine substrate (without hydrochloride salt),
the reaction gave styryl-substituted dihydropyrazole (B) as the
major product (Table 1, entry 9). DMSO afforded the desired
styryl-substituted pyrazole in high yield (Table 1, entry 2). In
case of DMF, the reaction did not give pyrazole (A) product, but
only 10% of dihydropyrazole (B) was observed (Table 1, entry 3).

Reaction in CHCl3 and toluene selectively provided the pyr-
azole (A) product. However, very less conversion was observed
(Table 1, entries 6 and 8). Other solvents such as MeOH, PEG-
200 and THF also did not provide promising yields and selec-
tivity of the desired pyrazole (A) product (Table 1, entries 4, 5
and 7).

Thereaer, we investigated the scope for an important
nding in the present report, i.e. direct synthesis of 1-aryl-5-
phenyl-3-styryl-1H-pyrazoles from the reaction of phenyl
hydrazine hydrochlorides (Table 2). The reaction of tri-
uoromethoxy, nitrile, methoxy and triuoro methyl-
substituted hydrazines afforded 1-aryl-5-phenyl-3-styryl-1H-pyr-
azoles in good yields (Table 2, 2a–2d) with Pd2(dba)3 using
DMSO as a solvent instead of H2O. Halogenated (Cl, F, Br)
phenylhydrazines also gave the desired product in high yields
(Table 2, 2e–2j). The reaction of phenylhydrazine hydrochloride
proceeded well under optimised conditions (Table 2, 2k).
26524 | RSC Adv., 2018, 8, 26523–26527
To obtain the dihydropyrazole product, reaction of Pd2(dba)3
was carried out with various substituted phenylhydrazines in
H2O. The reaction of triuoromethoxy, nitrile and halides (F, Cl,
Br) substituted phenyl hydrazines afforded the corresponding
dihydropyrazoles in good yields (Table 2, 2l–2s). Also, phenyl-
hydrazine gave the desired product in high yield (Table 2, 2t).
Following this, we thought to explore the scope of the current
This journal is © The Royal Society of Chemistry 2018
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Scheme 2 Formation of pyrazole and/or other products (azobenzene and biphenyl) using phenylhydrazine and M(acac)2 in DMSO.

Table 4 Synthesis of 1,3,5-trisubstituted pyrazolesab
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methodology for other metal complexes that could be used as
coupling partners. Initially, the reaction of phenyl hydrazine
with Cu(acac)2 in DMSO was performed to optimize the condi-
tions under microwave irradiation (Scheme 2).

To extend the scope of various substituted pyrazoles, we
screened different solvents with the Cu(acac)2 on model
substrates (Table 3, entries 1–8) and among them, H2O (96%),
DMSO (89%) and THF (90%) provided the desired 3,5-dimethyl-
1-phenyl-1H-pyrazole (C) in high yields. In case of DMF and
toluene, azobenzene (D) was observed as the major (>90%)
product (Table 3, entries 3 and 8). Undoubtedly, an ideal solvent
H2O was selected for further study. Furthermore, the reaction
with different metal (Cu, Co, Pd, Ni, Cr, Mn)-diketones were also
explored; the results showed the formation of the desired pyr-
azole in good to excellent yields (63–96%). To our delight,
Cu(acac)2 showed the best results (Table 3, entries 1 and 9–13).
The required minimum amount of Cu(acac)2 for the reaction
was also optimized (Table 3, entries 1 and 14–16). On
decreasing the amount to 0.5 equiv., yield of the product was
not affected (Table 3, entry 17). However, on further decreasing
Table 3 Optimization of conditions for 3,5-dimethyl substituted
pyrazolea

Entry M(acac)2 (equiv.) Solvent MW (watts) Yieldb [%]

1 Cu(acac)2 (1) H2O 50 96
2 Cu(acac)2 (1) DMSO 50 86
3c Cu(acac)2 (1) DMF 50 0
4 Cu(acac)2 (1) MeOH 50 35
5 Cu(acac)2 (1) PEG-200 50 63
6 Cu(acac)2 (1) CHCl3 50 52
7 Cu(acac)2 (1) THF 50 90
8d Cu(acac)2 (1) Toluene 50 6
9 Co(acac)2 (1) H2O 50 89
10 Pd(acac)2 (1) H2O 50 88
11 Ni(acac)2 (1) H2O 50 72
12 Cr(acac)2 (1) H2O 50 65
13 Mn(acac)2 (1) H2O 50 63
14 Cu(acac)2 (0.05) H2O 50 9
15 Cu(acac)2 (0.25) H2O 50 45
16 Cu(acac)2 (0.5) H2O 50 96
17 Cu(acac)2 (0.05) H2O 100 95
18 Cu(acac)2 (1) H2O 100 96

a Reaction conditions: phenyl hydrazine (1.0 mmol), M(acac)2 (equiv.),
solvent (1 mL), MW (watts), 100 �C, for 5 min. b Isolated yields.
c Azobenzene (40%) and biphenyl (60%) were formed as major
products. d Azobenzene was formed as major product (96%).

This journal is © The Royal Society of Chemistry 2018
the amount drastically, the yield of the product greatly reduced
(Table 3, entries 14 and 15). The increase in microwave (MW)
power did not inuence the yields per time of the present
reaction (Table 3, entries 17 and 18).

The present reaction was explored for the synthesis of
various 1,3,5-trisubstituted pyrazoles. Different types of func-
tional groups were tolerated under the present reaction condi-
tions. The reaction of phenyl hydrazine gave the desired
pyrazole in 96% yield (Table 4, 3a). Halogen bearing phenyl
hydrazines proceeded well and afforded the corresponding
1,3,5-trisubstituted pyrazoles in high yields (Table 4, 3b–3j).
Nitrile, nitro, methoxy, methyl and methylenedioxy accommo-
dated phenyl hydrazines also gave the corresponding pyrazoles
in excellent yields (Table 4, 3k–3p). The labile ester group
remained intact in the nal product during the reaction (Table
a Reaction conditions: hydrazine (1.0 mmol), Cu(acac)2 (0.5 equiv.), H2O
(1 mL), MW (50 watts), 100 �C, for 5 min. b Isolated yields.

RSC Adv., 2018, 8, 26523–26527 | 26525
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Table 5 Synthesis of 3,5-dimethyl-N-sulfonyl aryl-1H-pyrazolesab

a Reaction conditions: sulfonylhydrazine (1.0 mmol), Cu(acac)2 (0.5
equiv.), H2O (1 mL), MW (50 watts), 100 �C, for 5 min. b Isolated yields.

Fig. 1 Direct application of method in preparation of pyrazole
analogue of sildenafil.
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4, 3q). The reaction of hydrazine having the heterocyclic ring
system, i.e., 2-hydrazinopyridine, afforded the corresponding
pyrazole product in high yield (Table 4, 3r).

Next, with the thought of further expanding the scope of the
reaction, we moved our attention towards applying the meth-
odology on sulfonyl hydrazines. The reaction with various
substituted aryl sulfonylhydrazines such as methyl, methoxyl,
halides, triuoromethyl, triuoromethoxyl, nitrile, and naph-
thalene substituted sulfonyl hydrazines gave the corresponding
arylsulfonyl pyrazoles in excellent yields (Table 5, 5a–5m).

As an extension of the present method, a typical example of
alkyl-hydrazine, i.e., phenethylhydrazine hydrochloride, was
reacted under the optimized conditions, in which the desired
product 3,5-dimethyl-1-phenethyl-1H-pyrazole (see ESI†) was
obtained in trace amount.

The present protocol was applied in some complex molecules
to elaborate the commercial importance in late stage modica-
tions. In continuation to our ongoing project for the synthesis of
selective PDE5 inhibitors,17 the pyrazole-bearing analogue with
different heterocyclic moiety in the native structure of sildenal
(Fig. 1) was prepared only to show the utility of method in late
stage modications of important drug scaffolds.
26526 | RSC Adv., 2018, 8, 26523–26527
3. Conclusions

In conclusion, we have developed a new method for direct N-
heterocyclization of hydrazines with metal-diketones for the
synthesis of various trisubstituted pyrazoles under microwave
irradiation offering excellent yields. The synthesis of 1-aryl-5-
phenyl-3-styryl-1H-pyrazoles was achieved in a single step,
which is the most important nding in the present method. In
addition to the various substituted phenyl hydrazines, this
method was also applicable to various sulfonyl hydrazines,
which are very important functional moieties in drug discovery.
To ascribe the late stage modication importance of the present
methodology, pyrazole analogue of sildenal was also prepared.
Bringing N-heterocyclic moieties, pyrazoles, in the nal struc-
ture in a single step, the present method could have great
importance in medicinal chemistry or drug discovery.
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