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Catalytic applications of 1-methylimidazolium trinitromethanide
{[HMIM]C(NO,);}as a first nano ionic liquid (NIL) was
studied. The described NIL was efficiently tested in the 10
synthesis of S5-amino-pyrazole-4-carbonitrile derivatives in
good to excellent yields on the three-component condensation
of various aromatic aldehydes, malononitrile and
phenylhydrazineat room temperature under solvent-free and
ambient conditions. In the next study, 1,4-dihydropyrano-[2,3-
c]-pyrazole derivatives were also synthesized via four-
component condensation of a good range aromatic aldehydes,
malononitrile, phenylhydrazine and ethyl acetoacetate in the
presence of NIL under same reaction conditions. The
described reactions were in good agreement with the green 2
chemistry disciplines and their major advantages are short
reaction times, good yields, ease of separation, recycle and
reusability of NIL. A new mechanistic approach was
proposed for the final step of the pyrazoles synthesis which
was supported by theoretical studies. 25

@

Introduction

Ionic liquids (ILs) are commonly introduced as liquid
electrolytes composed completely of ions, and
occasionally a melting point criterion has been suggested
to identify between molten salts and ionic liquids (m.p 100 3o
°C). Though, both molten salts and ionic liquids are better
defined as salts that show ionic covalent crystalline
structures. Over the last few years, ionic liquids have
effectively been useful as alternative solvents for
homogeneous biphasic catalysis.'® The increased interest ss
in ionic liquids through chemists and technologists clearly
is due to the efficiency of ionic liquids as solvents in
chemical processes and counting catalytic reactions. The
industrial for “green” solvents is more demand. Many
chemists now understand that ionic liquids have dual roles
and could be acts both as solvent and catalyst. Ionic
liquids are materials that are entirely composed of ions
and are liquid at or close to room temperature.” Attention
in these compounds, frequently heralded as the green,
their thermal stability,® is still increasing rapidly,’ stems
from their near-zero vapor pressure,'’ and their broadly
harmonic properties as concerns polarity, hydrophobicity,
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and solvent miscibility behavior via suitable modification
of the cation and the anion.

Multi-component reactions (MCRs) have occurred as a

powerful tool for the construction of new and complex
molecular structures because of their advantages over
conventional multi-step synthesis. The major advantages
of MCRs contain shorter reaction times, lower costs, high
atom-economy, energy saving, the avoidance of time
consuming and expensive purification procedures. It is
recognized that MCRs are commonly much more eco-
friendly, and suggestion rapid availability to large
compound libraries with diverse functionalities.'' '

Pyrazoles are the significant kind of heterocyclic compounds

that feature in several pharmaceutical targets and natural
products of medicinal interest. Pyrazole derivatives have
showed a wide variety of biological activities counting
anti HIV,'® anti-malarial,'® antibacterial and antifungal,17
anticancer,'® anti—inﬂammatory,19 antioxidant,'” 2° and
anti-depressant  activities.”’  The prominence and
importance of pyrazoles in drug discovery has frequently
concerned the following for to improved methods.?
Recent processes for the synthesis of 5-amino-pyrazole-4-
carbonitrile  and  1,4-dihydropyrano-[2,3-c]-pyrazole
contain  synthesis based on the procedure of
Ti(NMez)z(PyPyr)2,23 L,** Sc(OTf);,° water or ethanol
media,?*?® ZrO, nanoparticles,29 LiOH,*® Cu0/Zr0,,!
[BMIM]OH?* and triethylbenzylammonium chloride.*

Very recently, we have been reported the first nano ionic

liquid (NIL) namely 1-methylimidazolium
trinitromethanide {{HMIM]C(NO,);} and its catalytic uses
for Hantzsch four component condensation.** In
continuation of our previously reported procedure for the
preparation of 1,3,5-trisubstituted pyrazolines®> and
pyranopyrazoles,*® here, we wish to describe an efficient
and benign synthesis of 5-amino-pyrazole-4-carbonitrile
(5) via one-pot three-component condensation of various
aromatic  aldehydes (1), malononitrile (2) and
phenylhydrazine (3) at room temperature under solvent-
free and ambient conditions (Scheme 1, a). Furthermore,
synthesis of 1,4-dihydropyrano-[2,3-c]-pyrazole (6) by a
one-pot four-component approach the reaction between
several aromatic aldehydes (1), malononitrile (2),
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phenylhydrazine (3) and ethyl acetoacetate (4) under same
conditions, was studied (Scheme 1, b).

{[HMIM]C(NO,)3} (0.5 mol%)
Solvent-free, r.t.

bﬁf T
-CHO Ph*NHNH;ﬁI
|

&)

| P N

1 + 3 HaN
CN
R S
Ph—N
7 N N R 15
N = s
N7 07 "Ni,
Ph 6

Scheme 1. The synthesis of 5-amino-pyrazole-4-carbonitrile derivatives (a) 20
and 1,4-dihydropyrano-[2,3-c]-pyrazole (b) in the presence of
{[HMIM]C(NO,);} as nano structure ionic liquid catalyst.

Results and discussion

Development of task specific ionic liquids (TSILs) and their
structural diversity could be achieved via designing and 2s
synthesis of novel cationic cores with suitable anionic
counterparts. By considering the above-mentioned
synthetic strategy, in the course of a decade of our

Table 1. Effect of amount of the catalyst and temperature under solvent-free conditions.”

Firstly,

investigation on designing and synthesis of TSILs lead to
report a good range of TSILs.**?’

1-methylimidazolium trinitromethanide
{[HMIM]C(NO,)3} as a first reported nano ionic liquid
(NIL), has been prepared according to our previously
reported procedure. Then, optimization of the reaction
conditions was followed. Finally, the influence of the nano
ionic liquid catalyst in the synthesis of 5-amino-pyrazole-
4-carbonitrile derivatives and 1,4-dihydropyrano-[2,3-c]-
pyrazole derivatives was investigated (Scheme 1). For this
intention, as a model, the condensation reaction of
naphthalene-1-carbaldehyde, malononitrile and
phenylhydrazine (in the synthesis of 5-amino-pyrazole-4-
carbonitrile derivatives) and naphthalene-1-carbaldehyde,
malononitrile, phenylhydrazine and ethyl acetoacetate (in
the synthesis of 1,4-dihydropyrano-[2,3-c]-pyrazole
derivatives) were considered using various amounts of the
catalyst at range of 25-100 °C under solvent-free
conditions (Table 1). As Table 1, show that, the best
results were attained when the reaction was achieved in
the presence of 0.5 mol% of NIL as a catalyst at room
temperature (Table 1, entry 3). In the absence of catalyst a
low yield of the products were achieved after 1 h (Table 1,
entries 1 and 2). Increasing the reaction temperature and
catalyst loading did not improve the rate of the reaction
(Table 1, entries 4-14).

Reaction time (min) Yield® (%)

Entry Catalyst loading (mol%) Reaction temperature (°C)
Pathway a Pathway b Pathway a Pathway b
1 Catalyst-free r.t. 60 60 18 15
2 Catalyst-free 100 60 60 21 17
3 0.5 r.t. 10 12 95 94
4 0.5 50 10 12 95 94
5 0.5 75 10 12 95 94
6 0.5 100 10 12 95 94
7 1 r.t. 10 12 95 94
8 1 100 10 12 95 94
9 2 r.t. 10 12 95 94
10 2 100 10 12 95 94
11 5 r.t. 10 12 94 92
12 5 100 10 12 94 92
13 10 r.t. 15 15 93 90
14 10 100 15 15 93 90

Reaction conditions: * Pathway a: Naphthalene-1-carbaldehyde (I mmol), malononitrile (1 mmol), phenylhydrazine (I mmol); Pathway b: Naphthalene-1-

carbaldehyde (1 mmol), malononitrile (1 mmol), phenylhydrazine (1 mmol), ethyl acetoacetate (1 mmol); ® Isolate yield.

To compare the proficiency of the solution versus solvent-free
conditions, a mixture of naphthalene-1-carbaldehyde,
malononitrile and phenylhydrazine (in the synthesis of 5- ¢
amino-pyrazole-4-carbonitrile derivatives) and
naphthalene-1-carbaldehyde, malononitrile,
phenylhydrazine and ethyl acetoacetate (in the synthesis
of 1,4-dihydropyrano-[2,3-c]-pyrazole derivatives) as

model reaction, in the presence of 0.5 mol% of NIL as a
catalyst in some several solvents such as H,O, C,HsOH,
CH,Cl,, CH;CN, CH;CO,Et and toluene was considered at
room temperature. The results are summarized in Table 2.
As it can be realized in Table 2, solvent-free condition
was the best conditions in this reaction.

Table 2. The effect of various solvents in the presence of 0.5 mol% of nano structure ionic liquid at room temperature.®

age 2 of 14

30

65

70

Reaction time (min) Yield® (%)

Entry Solvent

Pathway a Pathway b Pathway a Pathway b

1 Solvent-free 10 12 95 94

2 | Journal Name, [year], [vol], 00—-00 This journal is © The Royal Society of Chemistry [year]


http://dx.doi.org/10.1039/c5ra16289k

Page 3 of 14

Published on 28 August 2015. Downloaded by University of Sussex on 28/08/2015 21:07:41.

RSC Advances

View Article Online

DOI: 10.1039/C5RA16289K
2 H,O 15 20 95 94
3 C,HsOH 15 20 95 94
4 CH;CN 20 25 94 92
5 CH,Cl, 30 30 88 85
6 CH;3CO,Et 45 45 85 80
7 Toluene 60 60 75 70

Reaction conditions: * Pathway a: Naphthalene-1-carbaldehyde (1 mmol), malononitrile (I mmol), phenylhydrazine (1 mmol); Pathway b: Naphthalene-1-

carbaldehyde (1 mmol), malononitrile (1 mmol), phenylhydrazine (1 mmol), ethyl acetoacetate (1 mmol); ® Isolate yield.

Encouraged by the considerable results and with the aim of
verification to overview the scope of this main process,
several S-amino-pyrazole-4-carbonitrile derivatives were s
synthesized from three-component condensation reaction
of a range of aromatic aldehyde, malononitrile and
phenylhydrazine under solvent-free conditions at room
temperature in the presence of a catalytic amount of NIL
as a catalyst. Consequently, various 1,4-dihydropyrano- 1o
[2,3-c]-pyrazole derivatives were synthesized via four-
component condensation reaction of several aromatic
aldehyde, malononitrile, phenylhydrazine and ethyl

acetoacetate under same reaction conditions. The results
have been represented in Table 3 and 4. The effect of s
substituents on the aromatic ring shows estimated strong
effects in terms of yields under these reaction conditions.
All aromatic aldehydes with electron-withdrawing and
electron-releasing groups on their aromatic ring afforded
the related products in high to excellent yields in short 2
reaction times. The reaction times of aromatic aldehydes
having electron withdrawing groups were rather faster
than electron donating groups.

Table 3. The three-component synthesis of 5-amino-pyrazole-4-carbonitrile derivatives in the presence of 0.5 mol% of {{HMIM]C(NO,);} as a nano structure ionic liquid

catalyst.” 25
Entry Aldehyde Product Time (min) Yield® (%) M.p (°C) [Lit.]*"
H,N c
oHC @ ~ N
1 \O\ N\N/ 8 97 172-174 [164-166]**
NO,
BN o
OHC =~
2 \Q N\N/ 10 95 227-229 [128-1301*
Cl
H)N
? CN
S
3 OHC QNN, 10 95 162-164
H,N N
OHC___cCH;, Q S
4 [I : N 20 91 237-239
H,N
OH CN
= H
5 OHC OCH; @’N\ 1 9 20 9 281-283
N OCH;
H,N oN
e OCILCT, N 221-223
6 N OCH,CH; 20 92 -
oH
H,N
CN
OHC S
12 94 178-180 [128-1301*

NO,

This journal is © The Royal Society of Chemistry [year]
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H,N
CN
OHC S
N\ 24
8 NT 15 93 173-175 [118-120]
CHj,
CH,
H,N .
OHC ~
o N‘N/ ! 10 94 275-277
H,N ox
OHC S
" N 246-248 [212-213]"!
10 N OH 25 91
OH
OH
H,N
Cl CN
OHC N Cl
" N7 15 94 245247
Cl
Cl
H,N
CN
OHC N S
12 i N . 25 o1 224-226
=N N I \
=N

Reaction conditions: * Aldehyde (I mmol), malononitrile (1 mmol), phenylhydrazine (1 mmol); ° Isolate yield.

Table 4. The four-component synthesis of 1,4-dihydropyrano-[2,3-c]-pyrazole derivatives in the presence of 0.5 mol% of {{HMIM]C(NO,);} as a nano structure ionic liquid

catalyst.”
Entry Aldehyde Product Time (min) Yield® (%) M.p (°C) [Lit.]*"
CH,4 NO,
OHC N=
. \©\ ©/N 7 10 05 204-206 [192-194]"
NO, O~/ CN
NH,
CH, Cl1
OHC N=
2 Q ©/ ¢ 15 93 183-185 [177-178
Cl 0~ CN
NH,
CH;
A0
N
s OHC ‘ @/ 7 Q B 9 235237 [222-224]”
O 07 CN
NH,
CH,
OHC__cH, N= CHs
N
. | @/N 7 55 % 267-269
NH,
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NH,

NO,

CH;
;V_
N
O~ (N
NH,
CH,
U
oY
0~ CN
NH,
CH;, OH
}\I_
o
O~ CN
NH,
cH, cl
}\I_
N~
al
O~ CN
NH,
CH,
72\
}\I_
N__ \
O~ CN

30

30

35

30

90 297-299
89 175-177
93 207-209
91 179-181 [173-175]%
93 206-208
88 189-191
91 231-233 [182-184]%
88 249-251

Reaction conditions: * Aldehyde (1 mmol), malononitrile (1 mmol), phenylhydrazine (1 mmol), ethyl acetoacetate (1 mmol); ® Isolate yield.

In Scheme 2 we introduce a possible mechanism for the
synthesis of S-amino-pyrazole-4-carbonitrile derivatives
(5) in the presence of {[HMIM]C(NO,);} as a nano

formation
derivatives (5) is suggested to include the reaction
between arylidene malononitrile (10) and phenylhydrazine

of  the

S-amino-pyrazole-4-carbonitrile 10

structure ionic liquid catalyst. The reaction occurs via s (3), followed by Michael addition, intermolecular

initial formation of arylidene malononitrile (10) in
quantitative yield through the Knoevenagel addition of
activated malononitrile (2) to the activated aromatic
aldehyde (1) and followed by loss of water molecules. The

cyclisation.
suggested aerobic auto oxidation of 5-amino-pyrazolidine- 15
4-carbonitrile (14) to its corresponding 5-amino-pyrazole-
4-carbonitrile (5). In contrast to the previously reported

Previously

reported studies have been

This journal is © The Royal Society of Chemistry [year]
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To

mechanistic description for the final step of the above
described organic synthesis,”* 2> *' we believed that, this
step might be proceed through unusual hydride transfer as
well as Cannizzaro reaction (Fig. $98)*® and H, releasing
from tricyclic orthoamide (16) which presented in Scheme s
3. For improving of this idea, reaction was occurred
under nitrogen atmosphere and in the absence of any
molecular oxygen. It was observed that, the reaction
proceeded under atmosphere of nitrogen as well as normal
reaction condition in the presence of oxygen. By 1
considering the above-mentioned evidence, conversion of
5-amino-pyrazolidine-4-carbonitrile (14) to its
corresponding 5-amino-pyrazole-4-carbonitrile (5) might
be occurred through unusual hydride transfer and releasing
of molecular hydrogen (H,). The C-H bond is so weakend 15
by electron donation from the nitrogen lone pairs into the
anti-bonding of C-H (6 ¢y orbital) which it can be broken
via reaction with a proton to give molecular hydrogen. As
we know, this phenomena has been named as anomeric
effect. 20
improvement a deeper kinetic and thermodynamic
understanding of synthesis of 5-amino-pyrazole-4-
carbonitrile derivatives DFT calculations were performed
(Fig. 1). Starting from 13, two different orientations of
adjacent N-H and C-H groups on pyrazole ring with »s
respect to each other give cis and trans like isomers. Our
calculations show that the trans like isomer is about 2
kcal/mol more stable than cis one. Fig. 1 shows energy
profile for more stable trans isomer. As can be seen, at
first the intermediate 14 forms which are slightly more 3o

stable than 13. Then through the formation of a logical
transition structure and then removing the molecular
hydrogen (H,) the zwitterionic intermediate 15 will be
formed. According to values of calculated Gibbs free
energies this reaction is about -3.10 and -2.27 kcal/mol
exothermic for cis and trans isomers, respectively. On the
other hand, because of the delocalization of lone pair of
adjacent nitrogen atom and = electrons to o* C-H bond
(the anomeric effect) the C-H bond in compound 14 is so
weakened and the activation energy is relatively small.
The NBO analysis of donor—acceptor interactions
identified that the anomeric effect due to delocalization of
lone pair of nitrogen atom to o* C-H bond for cis and
trans isomers of intermediate 14 is 3.84 and 3.82 kcal/mol,
respectively. The delocalization from the m electron of
adjacent double bond is 4.69 and 4.43 kcal/mol for cis and
trans isomers, respectively. The main donor-acceptor
interaction for pyrazole ring in intermediate 14 is shown
in Table 5. In the final step of the reaction the zwitterionic
intermediate 15  converts to 5-amino-pyrazole-4-
carbonitrile (5) through an exothermic process (AG=-
19.85 kcal/mol). In conclusion, the whole process of
conversion of 13 to 5 through the releasing molecular
hydrogen is exothermic (AG= -24.64 kcal/mol). Thus the
above theoretical studies support our suggested
mechanism and shows that releasing molecular hydrogen
(H,) is quite possible in such systems. The optimized
structure of all compounds involved in our suggested
mechanism is shown in Fig. 2.

Table 5. The main second order perturbation energies (kcal/mol) calculated for pyrazol ring in intermediate 14.

Donor-acceptor interactions 14-cis 14-trans
R /H7
nb N2 — o* C1-H7 3.84 3.82 AN N
° c1_, ///
~o \Q
n C4-C5 - o* C1-H7 4.69 4.43 N2 5
nb N6 — n* C4-H5 38.53 39.79 ’ ,
N3————(.
nb N6 — o* C4-H5 1.02 — O\/ v
N
nb N3 — n* C4-H5 30.94 35.03 H

nb N3— o* C4-H5 —

0.52

The proposed catalytic method are recommend in Scheme 4,

which are dependable with literature reports.*” *' The
reaction happen through primary formation of arylidene
malononitrile (10) in quantitative yield via the es
Knoevenagel addition of activated malononitrile (2) to the
activated aromatic aldehyde (1) and followed by loss of
water molecules. The formation of the 1,4-dihydropyrano-
[2,3-c]-pyrazole (6) is proposed to contain the following
tandem reactions: pyrazolone (20) formation by reaction 7
between phenylhydrazine (3) and activated ethyl
acetoacetate (4), Michael addition of pyrazolone (20) to
arylidene malononitrile (10), followed via cyclization and
tautomerization (Scheme 4).

Additionally, reusability of the NIL catalyst was corroborated 7s

aboard the condensation of naphthalene-1-carbaldehyde,

malononitrile and phenylhydrazine (in the synthesis of 5-
amino-pyrazole-4-carbonitrile derivatives) and
naphthalene-1-carbaldehyde, malononitrile,
phenylhydrazine and ethyl acetoacetate (in the synthesis
of 1,4-dihydropyrano-[2,3-c]-pyrazole derivatives). At the
end of the reaction, ethyl acetate was added to the reaction
mixture and heated to extract product from remained
starting materials. This solution was washed with water to
separate catalyst from other materials (the product is
soluble in hot ethyl acetate and NIL catalyst is soluble in
water). The aqueous layer was decanted, separated and
used for further reaction after removing of water. It have
been detected that the catalytic activity of the catalyst was
restored within the limits of the experimental errors for
five continuous runs (Fig. 3). The deactivation of the nano

6 | Journal Name, [year], [vol], 00—00
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ionic liquid catalyst is low, while reactant was expected.
The reaction was scaled up to 10 mmol of reactants in the
presence of 5 mol% of NIL catalyst at room temperature.
The yield of the reaction was 95% after 10 min and 91%
after the fifth run (in the synthesis of 5-amino-pyrazole-4- s

13-trans

e

14-trans

group is shown as R.

13-cis

Published on 28 August 2015. Downloaded by University of Sussex on 28/08/2015 21:07:41.

carbonitrile derivatives) and 94% after 12 min and 89%
after the fifth run (in the synthesis of 1,4-dihydropyrano-
[2,3-c]-pyrazole  derivatives).  The  results
summarized in Fig. 3.

were

1.455

© o3t

1591

Fig. 1. Energy profile calculated for synthesis of S-amino-pyrazole-4-carbonitrile derivatives (5) beginning from compound 13 (see Scheme 2). The relative Gibbs

free energy and corrected electronic energies (Figures in parentheses) obtained from the B3LYP/TZVP calculations both are given in kcal/mol. The phenyl

13-trans

14-cis

14-trans

This journal is © The Royal Society of Chemistry [year]
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Fig. 2. The optimized structure of all compounds involved in conversion of 13 to 5 according to the mechanism suggested in Fig. 1.
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= N O,N H @ P
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: H.
L‘\H Mo (\%'H’/Q) R
P NI 9
{ cn ‘

®
Ggﬁ OO Mo

NOz HN-NH, H Y\~
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HyN N Driving force R N Anomeric effect I ’
0f aromatization N 7 lead to hydride transfer | N
OzN Noz N~ CNH, 3
K, ! 14
NO, L
H

1-Methylimidazolium trinitromethanide
{[HMIM]C(NO,);}

20

Scheme 2. The suggested mechanism for the synthesis of 5-amino-pyrazole-4-carbonitrile derivatives in the presence of {{HMIM]C(NO,);} as a nano structure ionic

liquid catalyst.
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Scheme 3. A striking example which had been observed for an unusual hydride transfer from tricyclic orthoamide (16) through anomeric effect.®
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Scheme 4. The proposed mechanism for the synthesis of 1,4-dihydropyrano-[2,3-c]-pyrazole derivatives in the presence of {[HMIM]C(NO,);} as a nano structure 40
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Fig. 3. Reusability of the nano structure ionic liquid catalyst in the synthesis of 5-amino-pyrazole-4-carbonitrile derivatives (in 10 minutes) and in the synthesis of 1,4-

dihydropyrano-[2,3-c]-pyrazole derivatives (in 12 minutes).
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ARTICLE TYPE

In continuation of our study into the application of nano structure
ionic liquid catalyst in the synthesis of 5-amino-pyrazole-4-
carbonitrile derivatives, we studied the efficacy of this ionic
liquid catalyst (an approval of suggested mechanism) is
comparable with various catalysts. To optimize the reaction s

conditions, the reaction between 3-ethoxy-4-
hydroxybenzaldehyde, malononitrile and phenylhydrazine
under N, atmosphere at room temperature was used as a
typical (Table 6).

Table 6. The synthsis of 5-amino-pyrazole-4-carbonitrile in the presence of different catalyst for an approval of suggested mechanism.”

Entry Catalyst Amount of catalyst (mol%) Time (min) Yield® (%)
1 {[HMIM]C(NO,);} 0.5 20 92
2 HBF, 10 30 85
3 Ce(HSO4);.7H,0 10 60 83
4 Fe(HSO4)3 12 60 79
5 NH,SO;H 10 60 85
6 [MSIM]C1 1 60 87
7 Zn(HSO4), 10 120 51
8 Ca(HSOy4), 15 120 47
9 BiCls 10 120 41
10 H3PW 5,040 1 180 —
11 ZrOCl, 10 180 —
12 B(OH); 10 180 —
13 Oxone 5 180 —
14 Bi(HSO4); 10 180 —
15 Al(HSO4)3 12 180 —

Reaction conditions: * 3-Ethoxy-4-hydroxybenzaldehyde (1 mmol), malononitrile (1 mmol), phenylhydrazine (1 mmol), under N, atmosphere, r.t.; ® Isolate yield.

Conclusions
In summary, a green, effective and environmentally friendly NIL

catalyst namely 1-methylimidazolium trinitromethanide
{{HMIM]C(NO,);} was used and considered in the synthesis 15
of 5-amino-pyrazole-4-carbonitrile derivatives by three-
component condensation reaction of various aromatic
aldehydes, malononitrile and phenylhydrazine under solvent-
free conditions at room temperature. Subsequently, 1,4-
dihydropyrano-[2,3-c]-pyrazole  derivatives  were  also 2
synthesized via four-component condensation between
several aromatic aldehydes, malononitrile, phenylhydrazine
and ethyl acetoacetate under same reaction conditions. The
presented mechanisms revealed that the buffer ability of nano
ionic liquid, probably plays the key and dual catalytic roles in 2s
the described reactions. Finally, considerable advantages of
the presented methodology and/or investigation are
reasonably high yield, cleaner reaction profile, short reaction
time, simple work up, recycle and reusability of the nano
structure ionic liquid catalyst which makes it in close o
agreement with the green chemistry disciplines. A new
mechanistic approach was also proposed for the final step of
the pyrazoles synthesis which was supported by theoretical
studies. Therefore, we thought that the suggested mechanism
have potential for entering into the graduate text book in the 3s
future.

Experimental
General procedure for the preparation of nano structure ionic

The nano ionic liquid {{HMIM]C(NO,);} as a catalyst was 40

liquid catalyst: 1-methylimidazolium trinitromethanide

synthesized according to our previously reported
procedure.** A yellow solid was formed in high purity and
then the physical data of these known nano structure ionic
liquid was found to be identical. M.p: 54-56 °C; Yield:
97% (0.679 g); Spectral data: IR (KBr): v 3433, 3144,
1584, 1383 cm’'; 'TH NMR (400 MHz, DMSO-d,): & 3.87
(s, 3H, —CHs), 7.68 (d, 1H, J = 3.2 Hz, —CH); 7.71 (d,
1H, J = 3.2 Hz, —CH), 9.08 (s, 1H, —CH), 14.23 (brs,
1H, —NH); *C NMR (100 MHz, DMSO-d,): & 35.8, 46.5,
120.2, 123.6, 136.3; MS: m/z = 233 [M]", 234 [M+H]".

General procedure for the synthesis of 5-amino-pyrazole-4-

A

carbonitrile derivatives

mixture of various aromatic aldehydes (1 mmol),
malononitrile (1 mmol) and phenylhydrazine (I mmol) in
a round bottom flask, was added {{[HMIM]C(NO,);} as a
nano structure ionic liquid catalyst (0.5 mol%; 0.117 g),
and the subsequent mixture was firstly stirred magnetically
under solvent-free conditions at room temperature. After
completion of the reaction, as monitored by TLC n-
hexane/ethyl acetate (5:3), ethyl acetate (10 mL) was
added to reaction mixture, stirred and refluxed for 3 min,
and then was washed with water (10 mL) and decanted to
separate catalyst from the other materials (the reaction
mixture was soluble in hot ethyl acetate and nano structure
molten salt catalyst was soluble in water). The aqueous
layer was decanted and catalyst separated after removing

[journal], [year], [vol], 0000 | 10
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of water. The remained catalyst was used for alternative
reaction. The solvent of organic layer was evaporated and
the crude product was purified by recrystallization from
ethanol/water (10:1). In this study, nano structured ionic
liquid catalyst was recycled and reused for five times
without significant loss of its catalytic activity.

General procedure for the synthesis of 1,4-dihydropyrano-

A

[2,3-c]-pyrazole derivatives

mixture of various aromatic aldehydes (1 mmol),
malononitrile (1 mmol), phenylhydrazine (1 mmol) and
ethyl acetoacetate (1 mmol) in a round bottom flask, was
added {{HMIM]C(NO,);} as a nano structure ionic liquid
catalyst (0.5 mol%; 0.117 g), and the subsequent mixture
was firstly stirred magnetically under solvent-free
conditions at room temperature. After completion of the
reaction, as observed by TLC n-hexane/ethyl acetate (5:2),
ethyl acetate (10 mL) was added to reaction mixture,
stirred and refluxed for 3 min, and then was washed with
water (10 mL) and decanted to separate catalyst from the
other materials (the reaction mixture was soluble in hot
ethyl acetate and nano structure ionic liquid catalyst was
soluble in water). The aqueous layer was decanted and
catalyst separated after removing of water. The remained
catalyst was used for alternative reaction. The solvent of
organic layer was evaporated and the crude product was
purified by recrystallization from ethanol/water (10:1). In
this work, nano structure ionic liquid catalyst was recycled
and reused for five times without significant loss of its
catalytic activity.

Spectral data analysis for compounds
5-Amino-3-(naphthalen-1-yl)-1-phenyl-1H-pyrazole-4-

carbonitrile (Table 3, entry 3): Yellow solid; M.p: 162-
164 °C; Yield: 95%; IR (KBr): v 3554, 3475, 3415, 3237,
3027, 2226, 1637, 1616, 1566, 1384, 1371 cm™'; 'H NMR
(400 MHz, DMSO-dj): 8, 7.71 (t, 6H, J = 7.4 Hz, ArH),
8.11 (d, 2H, J = 7.2 Hz, ArH), 8.22 (d, 1H, J = 7.2 Hz,
ArH), 8.28 (d, 2H, J = 8.4 Hz, ArH), 9.40 (s, 2H, —NH,);
*C NMR (100 MHz, DMSO-dy): 8,pm 85.5, 100.8, 101.5,
113.7, 114.5, 124.3, 125.9, 127.7, 128.6, 129.0, 129.4,
131.1, 133.5, 134.6, 160.8, 166.1, 167.3.

5-Amino-1-phenyl-3-(1-phenylprop-1-en-2-yl)-1H-pyrazole-4-

carbonitrile (Table 3, entry 4): Yellow solid; M.p: 237-
239 °C; Yield: 91%; IR (KBr): v 3550m 3462, 3418, 3237,
2987, 2208, 1634, 1515, 1384, 1266 cm’'; "H NMR (400
MHz, DMSO-dy): 8,pm 2.00 (s, 3H, —CHj), 3.92 (s, 1H,
—CH), 7.51 (t, 6H, J = 8.0 Hz, ArH), 7.66 (d, 4H, J = 7.6
Hz, ArH), 9.60 (s, 2H, —NH,); “C NMR (100 MHz,
DMSO-dy): S,pm 33.9, 67.4. 114.7, 114.9, 126.1, 126.2,
126.7, 126.9, 127.4, 127.5, 129.0, 129.3, 129.4, 129.6,
137.4,137.5, 137.6, 166.1.

5-Amino-3-(2-hydroxy-3-methoxyphenyl)-1-phenyl-1H-

pyrazole-4-carbonitrile (Table 3, entry 5): Orange solid;
M.p: 281-283 °C; Yield: 92%; IR (KBr): v 3545, 3483,
3412, 3237, 2217, 1638, 1618, 1498, 1347, 1246 cm™'; 'H
NMR (400 MHz, DMSO-dg): 8,pm 3.37 (s, 3H, —OCH;),
6.55 (s, 1H, —OH), 7.39 (t, 4H, J = 5.9 Hz, ArH), 7.48 (s,
2H, —NH,), 7.77 (d, 4H, J = 5.9 Hz, ArH); >C NMR (100
MHz, DMSO-dg): 8,pm 24.1, 63.9, 116.0, 116.1, 126.0,

S

30

w
oy

40

50

126.1, 126.2, 126.8, 126.9, 127.1, 127.5, 127.8, 128.9,
129.3,129.4, 129.5, 168.1. 6
5-Amino-3-(3-ethoxy-4-hydroxyphenyl)-1-phenyl-1H-
pyrazole-4-carbonitrile (Table 3, entry 6): Orange solid;
M.p: 221-223 °C; Yield: 92%; IR (KBr): v 3554, 3468,
3412, 3237, 2978, 2181, 1639, 1608, 1569, 1384, 1274
cm’'; '"H NMR (400 MHz, DMSO-dg): 8,5 1.33 (t, 3H, J s
= 7.0 Hz, —CH,;), 4.04 (q, 2H, J = 6.8 Hz, —CH,), 6.54
(d, 1H, J = 8.0 Hz, ArH), 6.70 (d, 2H, J = 8.4 Hz, ArH),
6.79 (d, 1H, J = 8.0 Hz, ArH), 6.86 (s, IH, —OH), 7.01 (t,
1H, J = 8.4 Hz, ArH), 7.45 (t, 2H, J = 8.4 Hz, ArH), 7.54
(s, 1H, ArH), 7.95 (s, 2H, —NH,); *C NMR (100 MHz, 7
DMSO-dg): d,pm 14.6, 28.5, 64.0, 114.9, 125.4, 125.6,
126.3, 126.4, 126.5, 126.6, 128.0, 131.1, 133.2, 147.1,
151.2,151.3, 159.0, 159.1.
5-Amino-3-(naphthalen-2-yl)-1-phenyl-1H-pyrazole-4-
carbonitrile (Table 3, entry 9): Yellow solid; M.p: 275- 7
277 °C; Yield: 94%; IR (KBr): v 3550, 3470, 3411, 3358,
3237, 2983, 2219, 1638, 1559, 1384, 1283 cm™; 'H NMR
(400 MHz, DMSO-dy): 8,5 7.33 (s, 1H, ArH), 7.52 (t, 5H,
J=9.2 Hz, ArH), 7.88 (d, 6H, J = 9.2 Hz, ArH), 8.87 (s,
2H, —NH,); "C NMR (100 MHz, DMSO-dy): 8,pm 59.5, s0
144.6, 125.3, 125.4, 125.6, 126.0, 126.1, 126.3, 126.4,
126.9, 127.7, 127.8, 128.5, 131.7, 131.9, 132.0, 133.2,
133.3, 133.4, 167 .4.
5-Amino-3-(2,4-dichlorophenyl)-1-phenyl-1H-pyrazole-4-
carbonitrile (Table 3, entry 11): Yellow solid; M.p: 245- ss
247 °C; Yield: 94%; IR (KBr): v 3463, 3400, 3233, 2983,
2206, 1645, 1577, 1384 cm™'; 'H NMR (400 MHz, DMSO-
ds): Sppm 7.06 (s, 1H, ArH), 7.40 (t, 3H, J = 8.4 Hz, ArH),
7.45 (d, 1H, J = 8.4 Hz, ArH), 7.51 (d, 2H, J = 8.4 Hz,
ArH), 7.61 (d, 2H, J = 8.4 Hz, ArH), 7.86 (s, 2H, —NH,);
*C NMR (100 MHz, DMSO-dy): 8,pm 65.0, 112.7, 112.8,
125.6, 125.7, 126.1, 127.4, 127.7, 127.8, 128.1, 132.0,
133.3, 145.3, 151.8, 152.0, 165.4.
5-Amino-1-phenyl-3-(pyridin-4-yl)-1H-pyrazole-4-
carbonitrile (Table 3, entry 12): Brown solid; M.p: 221- s
223 °C; Yield: 92%; IR (KBr): v 3550, 3462, 3416, 3229,
2987, 2194, 1639, 1615, 1384 cm™; 'H NMR (400 MHz,
DMSO-dg): 8ppm 7.05 (s, 2H, —NH,), 7.21 (d, 2H, J = 6.0
Hz, ArH), 7.41 (t, 1H, J= 7.8 Hz, ArH), 7.82 (d, 2H, J =
7.2 Hz, ArH), 8.46 (t, 1H, J= 6.2 Hz, ArH), 8.53 (d, 2H, J 100
= 6.0 Hz, ArH), 8.77 (t, 1H, J = 5.6 Hz, ArH); *C NMR
(100 MHz, DMSO-dy): 8, 60.8, 123.1, 125.5, 125.7,
126.2, 126.5, 126.6, 127.0, 128.0, 131.2, 133.4, 138.4,
145.4, 150.1, 165.6.
6-Amino-3-methyl-4-(naphthalen-1-yl)-1-phenyl-1,4- 105
dihydropyrano[2,3-c]pyrazole-5-carbonitrile (Table 4,
entry 3): Yellow solid; M.p: 235-237 °C; Yield: 94%; IR
(KBr): v 3550, 3470, 3415, 3241, 3062, 2197, 1600, 1498,
1370 cm™'; '"H NMR (400 MHz, DMSO-dy): 8,pm 2.27 (s,
3H, —CHj;), 5.42 (s, 1H, —CH), 7.09 (s, 2H, —NH,), 110
7.35 (t, 2H, J = 8.0 Hz, ArH), 7.47 (t, 2H, J = 6.8 Hz,
ArH), 7.53 (t, 2H, J = 8.0 Hz, ArH), 7.75 (d, 1H, J = 8.0
Hz, ArH), 7.86 (d, 3H, J = 7.6 Hz, ArH), 8.01 (d, 1H, J =
7.2 Hz, ArH), 8.23 (d, 1H, J = 7.6 Hz, ArH); *C NMR
(100 MHz, DMSO-d): 8ypm 19.0, 31.7, 56.5, 103.8, 119.9, us
120.4, 123.6, 124.1, 125.4, 125.8, 126.0, 126.2, 126.6,

©
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126.7, 128.9, 129.2, 129.3, 129.9, 131.3, 134.1, 138.1, 1653, 1593, 1518, 1398 cm™'; "H NMR (400 MHz, DMSO-
140.2, 145.7. dg): Sppm 1.77 (s, 3H, —CH3), 4.89 (s, 1H, —CH), 7.33 (d, «
6-Amino-3-methyl-1-phenyl-4-(1-phenylprop-1-en-2-yl)-1,4- 4H, J = 8.0 Hz, ArH), 7.53 (t, SH, J = 8.4 Hz, ArH), 7.86
dihydropyrano[2,3-c]pyrazole-5-carbonitrile (Table 4, (d, 2H, J = 8.0 Hz, ArH), 7.90 (s, 1H, ArH), 7.92 (s, 2H,
entry 4): Yellow solid; M.p: 267-269 °C; Yield: 89%; IR s —NH,); C NMR (100 MHz, DMSO-dy): 8, 35.2, 37.5,
(KBr): v 3545, 3470, 3414, 3333, 3061, 2925, 2204, 1599, 58.5, 124.9, 125.1, 125.2, 125.3, 125.4, 126.5, 126.6,
1499, 1383 cm’™'; '"H NMR (400 MHz, DMSO-dy): Sppm 126.7, 126.8, 127.7, 1238.0, 128.1, 131.1, 131.2, 131.3, ¢
1.87 (s, 3H, —CH3;), 2.10 (s, 3H, —CHs;), 6.41 (s, 1H, — 133.4, 133.8, 134.0, 139.8, 142.9, 143.8.
CH), 6.84 (s, 1H, —CH), 7.06 (d, 2H, J = 7.2 Hz, ArH), 6-Amino-4-(3,4-dihydroxyphenyl)-3-methyl-1-phenyl-1,4-
7.32 (t, 6H, J = 7.6 Hz, ArH), 7.96 (d, 2H, J = 7.2 Hz, 1 dihydropyrano[2,3-c]pyrazole-5-carbonitrile  (Table 4,
ArH), 8.04 (s, 2H, —NH,); *C NMR (100 MHz, DMSO- entry 10): Orange solid; M.p: 189-191 °C; Yield: 88%; IR
dg): Sppm 21.1, 37.4, 69.4, 101.2, 111.7, 116.2, 122.9, (KBr): v 3413, 3329, 3237, 2186, 1655, 1598, 1496, 1384 7
123.1, 125.3, 125.5, 125.6, 125.7, 126.1, 126.4, 126.6, em™'; "H NMR (400 MHz, DMSO-dy): Sppm 1.90 (s, 3H, —
127.0, 128.1, 129.4, 131.1, 134.0, 138.4, 139.4, 145.9, CH;), 4.14 (s, 1H, —OH), 4.49 (s, 1H, —OH), 6.58 (d,
152.2. 15 1H, J = 8.4 Hz, ArH), 6.71 (d, 1H, J = 8.0 Hz, ArH), 6.83
6-Amino-4-(2-hydroxy-3-methoxyphenyl)-3-methyl-1-phenyl- (s, 1H, —CH), 6.86 (s, 1H, ArH), 7.10 (t, 1H, J = 6.8 Hz,
1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile (Table 4, ArH), 7.16 (s, 2H, —NH,), 7.33 (t, 1H, J = 7.6 Hz, ArH),
entry 5): Pink solid; M.p: 297-299 °C; Yield: 90%; IR 7.51 (t, 1H, J = 8.0 Hz, ArH), 7.81 (d, 1H, J = 7.6 Hz,
(KBr): v 3462, 3420, 3333, 3231, 3062, 2945, 2201, 1640, ArH), 7.90 (d, 1H, J=7.6 Hz, ArH); '*C NMR (100 MHz,
1599, 14971361 cm™'; '"H NMR (400 MHz, DMSO-d,): 2 DMSO-dg): oppm 33.8, 36.6, 59.4, 99.6, 115.3, 115.5,
Oppm 1.86 (s, 3H, —CHj3), 2.09 (s, 3H, —CH3), 3.82 (s, 1H, 118.4, 119.1, 120.1, 120.3, 124.2, 126.6, 128.9, 129.9,
—OH), 3.98 (s, 1H, —CH)), 6.88 (d, 4H, J = 8.0 Hz, ArH), 138.1, 145.9, 146.6, 157.7, 159.6. 80
7.30 (t, 2H, J= 7.8 Hz, ArH), 7.51 (s, 2H, —NH,), 7.91 (t, 6-Amino-3-methyl-1-phenyl-4-(pyridin-4-yl)-1,4-
2H, J = 6.8 Hz, ArH); *C NMR (100 MHz, DMSO-dy): dihydropyrano[2,3-c]pyrazole-5-carbonitrile  (Table 4,
dppm 21.1, 32.6, 37.2, 60.3, 100.4, 100.5, 101.4, 111.4, 2 entry 12): Red solid; M.p: 249-251 °C; Yield: 88%,; IR
116.0, 116.1, 126.1, 126.2, 126.7, 126.9, 127.5, 128.9, (KBr): v 3406, 3346, 3152, 3066, 2919, 2195, 1667, 1595,
129.3, 129.5, 137.3, 137.6, 140.8, 140.9, 145.0. 1520, 1395 cm’'; 'H NMR (400 MHz, DMSO-dj): Sppm 8
6-Amino-4-(3-ethoxy-4-hydroxyphenyl)-3-methyl-1-phenyl- 1.82 (s, 3H, —CH3), 4.78 (s, 1H, —CH), 7.36 (d, 1H, J =
1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile (Table 4, 6.6 Hz, ArH), 7.41 (s, 2H, —NH,), 7.51 (t, 3H, J = 8.0 Hz,
entry 6): Orange solid; M.p: 175-177 °C; Yield: 89%; IR 3 ArH), 7.65 (d, 1H, J = 8.8 Hz, ArH), 7.81 (d, 2H, J= 7.6
(KBr): v 3420, 3331, 3229, 3195, 2984, 2186, 1647, 1597, Hz, ArH), 8.57 (d, 2H, J = 7.0 Hz, ArH); '*C NMR (100
1516, 1494, 1395 cm™'; '"H NMR (400 MHz, DMSO-d,): MHz, DMSO-dy): 6ppm 30.6, 41.3, 57.9, 123.4, 124.2, »
Oppm 1.32 (t, 3H, J = 7.0 Hz, —CHj3), 1.84 (s, 3H, —CHjy), 125.0, 125.4, 128.2, 128.3, 128.4, 129.3, 129.8, 130.0,
4.02 (q, 2H, J = 6.8 Hz, —CHs), 4.58 (s, 1H, —OH), 6.44 131.6, 133.6, 134.1, 134.6, 142.6, 145.4.
(d, 1H, J = 8.0 Hz, ArH), 6.78 (d, 1H, J = 8.0 Hz, ArH), 35  Computational detail
6.82 (s, 1H, —CH), 7.07 (t, 1H, J = 7.4 Hz, ArH), 7.17 (s, Computations were performed using the Gaussian09
1H, ArH), 7.30 (t, 1H, J = 7.2 Hz, ArH), 7.50 (t, 1H, J = program.42 Density functional theory has been used to ¢s
8.0 Hz, ArH), 7.82 (d, 1H, J = 8.0 Hz, ArH), 7.89 (d, 1H, investigate the reactions of 5-amino-pyrazole-4-
J = 7.6 Hz, ArH), 8.08 (s, 2H, —NH,); *C NMR (100 carbonitrile  derivatives (5) in the presence of
MHz, DMSO-dy): 8,,m 27.0, 34.5, 36.8, 59.1, 64.3, 119.4, « {[HMIM]C(NO,);} as a nanostructure ionic liquid
120.1, 120.3, 120.7, 120.8, 124.1, 126.5, 128.9, 129.4, catalyst. All geometry optimizations were performed at
129.8,135.0, 138.1, 144.2, 145.0, 145.9, 146.3, 146 .4. B3LYP/TZVP level of theory and frequency calculations 100
6-Amino-3-methyl-4-(3-nitrophenyl)-1-phenyl-1,4- were carried out at the same level. All frequencies in the
dihydropyrano[2,3-c]pyrazole-5-carbonitrile ~ (Table 4, non-transition states are real. We have used the corrected
entry 7). Yellow solid; M.p: 207-209 °C; Yield: 93%; IR s electronic energy and Gibbs free energy for investigation
(KBr): v 3462, 3411, 3328, 3249, 3195, 3057, 2920, 2195, of the mechanism of the synthesis of 5-amino-pyrazole-4-
1661, 1597, 1519, 1385 cm™'; '"H NMR (400 MHz, DMSO- carbonitrile derivatives (5). The nature of transition ios
ds): Sppm 1.82 (s, 3H, —CHj3), 4.80 (s, 1H, —CH), 7.35 (d, structure was confirmed by intrinsic reaction coordinate
2H, J = 7.2 Hz, ArH), 7.42 (s, 1H, ArH), 7.52 (t, 2H, J = (IRC)* searches and vibrational frequency calculations.
8.0 Hz, ArH), 7.69 7.30 (t, 2H, J = 7.6 Hz, ArH), 7.83 (d, s The intramolecular interactions were calculated on the
2H, J = 7.6 Hz, ArH), 8.18 (s, 2H, —NH,); '*C NMR (100 basis of natural bond orbital (NBO)* analyses.
MHz, DMSO-ds): Sypm 13.4, 26.6, 36.7, 57.5, 119.2,
119.8, 120.3, 120.6, 120.8, 122.3, 122.7, 122.8, 123.2, Acknowledgements 110

123.9, 126.8, 128.9, 129.4, 129.7, 129.8, 130.8, 134.9.
6-Amino-3-methyl-4-(naphthalen-2-yl)-1-phenyl-1,4- 55
dihydropyrano[2,3-c]pyrazole-5-carbonitrile  (Table 4,
entry 9): Yellow solid; M.p: 206-209 °C; Yield: 93%; IR
(KBr): v 3554, 3441, 3351, 3301, 3191, 3095, 2925, 2191,
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Graphical Abstract

Catalytic applications of {{HMIM]C(NO,);}: as a nano
ionic liquid for the synthesis of pyrazole derivatives under
green conditions and a mechanistic investigation with a 4«
new approach
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1-Methyl imidazoliumtrinitromethanide {{[HMIM]C(NO;);} as a nano structure 60
ionic liquid was applied for the synthesis of 5-amino-pyrazole-4-carbonitrile
and 1,4-dihydropyrano-[2,3-c]-pyrazole derivatives with high yields under

mild and green conditions.
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