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Abstract An efficient procedure has been reported for the
synthesis of 4H-pyrano[2,3-c]pyrazoles in the presence of
ZnS nanoparticles as a heterogeneous catalyst at the room
temperature by grinding method. The ZnS nanoparticles were
synthesized by hydrothermal method and characterized by
X-ray diffraction, scanning electron microscopy, transmission
electron microscopy and N, adsorption—desorption isotherm
analysis. The 4H-pyrano[2,3-c]pyrazoles were obtained with
high yields (87-97 %) in a short reaction time (5-21 min)
under solvent-free condition. This method has advantages
such as it is solvent free, uses simple grinding method that
can be carried out at room temperature, requires short reac-
tion times and production of pure products without any by
product. The nanocatalyst can be easily recovered and reused
for five runs without appreciable loss of its catalytic activity.

Keywords ZnS nanoparticles - 4H-pyrano[2,3-c]
pyrazoles - Grinding - Solvent free condition - Catalyst
reuse

Introduction

The 4H-pyrano[2,3-c]pyrazoles and their derivatives are
important class of heterocyclic compounds due to their phar-
macological and biological properties [1]. They are widely
used in biodegradable agrochemicals and pharmaceutical
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ingredients [2]. Pyranopyrazoles exhibit biological proper-
ties such as anti-inflammatory, anticancer, antimicrobial and
analgesic activity, and acts as a hypoglycemic, hypotensive
and vasodilator agent [3-9]. The derivatives of 4H-pyrano[2,3-
c]pyrazoles have an affinity toward Al and A2a adenosine
receptors [10]. They also exhibit molluscicidal activity and
are used as a screening kit for Chkl kinase inhibitor [11].
Substituted 4H-pyrano[2,3-c]pyrazole derivatives have been
found to be effective antiplatelet agents [12]. Therefore, the
synthesis of pyranopyrazole derivatives is recently of much
interest. There are several catalysts reported for the synthesis
of 4H-pyrano[2,3-c]pyrazoles including ethanol [13], absolute
ethanol by heating or electrochemical method under an inert
atmosphere [14, 15], boiling water [16], iodine [17], 3-methyl-
1-(4-sulfonic acid) butyl imidazolium hydrogen sulfate [18],
silicotungstic acid [19], water using combination of micro-
wave and ultrasonic irradiation [20], nano-titania supported
Preyssler-type heteropoly-acid [21], sodium benzoate [22],
ionic liquid [23], microwave [24] and nano ZnO [25].

Recently, nanocrystalline metal oxide, metal sulfide
and modified nanocatalyst have been used as catalysts
in organic synthesis [26-37]. In consideration of green
chemical methodology, here we report the synthesis of
4H-pyrano[2,3-c]pyrazoles derivatives using ZnS nanopar-
ticles as a catalyst to explore the catalytic activity of nano-
particles in organic synthesis under solvent-free condition
with grinding at room temperature.

Experimental
Chemicals and apparatus

All chemicals were purchased from Aldrich chemical
and were used without purification. The X-ray diffraction
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(XRD) pattern was recorded using Philips-1710 diffractom-
eter with Cu—Ka radiation (A = 1.54 A°). The SEM with
EDAX was recorded using JEOL-JEM-6360 microscope.
The TEM was recorded with SAED using CM-200 Philips
microscope. The surface area was recorded with help of
Quantachrome Autosorb Automated Gas Sorption system.
Melting points reported are determined by a melting point
apparatus with open capillary tubes and are uncorrected.
FTIR spectra of different products were recorded on Schi-
madzu 8400s spectrometer using KBr pellets. '"H NMR
spectra were recorded with a Bruker Advance 11 400 MHz
spectrometer in DMSO-d; with TMS as an internal stand-
ard. '*C NMR spectra were recorded with a Bruker
Advance II 100 MHz spectrometer. Mass spectra were
recorded with a JEOL GCMATE II GC-MS instrument.

Typical experimental procedure for the synthesis of ZnS
nanoparticles

The ZnS nanoparticles were synthesized by simple hydro-
thermal method using solution of analytical-grade high-
purity zinc nitrate. In the solution of zinc nitrate (10 mmol,
2.974 g), sodium dodecyl sulfate was added as a capping
agent (2 mmol, 0.576 g) while sodium sulfide (10 mmol,
0.780 g) was slowly added and the reaction mixture was
stirred for 5 h. The reaction mixture was filtered and
nanocrystalline zinc sulfide material was dried in an oven
at 120 °C for 2 h. The zinc sulfide nanocrystal was further
calcinized at 400 °C for 2 h. The calcined ZnS nanoparti-
cles were used as catalyst.

Typical experimental procedure for the synthesis
of 4H-pyrano|2,3-c]pyrazoles

To a mixture of hydrazine hydrate (1.0 mmol, 0.050 g) and
ethyl acetoacetate (1.0 mmol, 0.130 g), ZnS nanoparticles
(0.5 mmol, 0.050 g) were added and stirred for few min-
utes. Then, benzaldehyde (1.0 mmol, 0.106 g) and malon-
onitrile (1.0 mmol, 0.066 g) were added to it and the reac-
tion mixtures were ground by mortar and pestle at room
temperature. The reaction was monitored by thin-layer
chromatographic technique. After completion of the reac-
tion, the crude product was recrystallized from hot ethanol
to afford the pure products. A series of 4H-pyrano[2,3-c]

Scheme 1 synthesis of
4H-pyrano[2,3-c]pyrazoles
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pyrazoles were synthesized in high yields (Sa-h). The
catalyst was separated by filtration, dried at 110 °C for 2 h
and reused for similar reaction. The spectral data IR, 'H
NMR, *C NMR and MS of all synthesized compounds are
reported [16-25]. The physical and spectroscopic data of
the synthesized compounds are shown below.

Spectroscopic data

Compound (Table 3, 5a): IR (KBr, cm_l): 3,370, 3,307,
2,190, 1,609, 1,591, 1,441; '"H NMR (400 MHz, DMSO-dj,
8): 1.78 (s, 3H, CH;), 4.58 (s, 1H, C-4), 6.85 (s, 2H, NH,),
7.15-7.33 (m, 5H, Ar-H), 12.08 (s, 1H, NH); *C NMR
(100 MHz, DMSO, §): 9.71, 36.24, 57.15, 97.56, 120.75,
126.67, 127.43, 128.36, 135.51, 144.39, 154.72, 160.82;
MF: C,,H,,N,0; MW: 252; MS (m/z): 253 (M+1)".

Compound (Table 3, 5b): IR (KBr, cm’l): 3,381, 3,288,
2,192, 1,626, 1,510, 1,451; '"H NMR (400 MHz, DMSO-d,,
8): 1.81 (s, 3H, CH;), 4.95 (s, 1H, C-4), 6.91 (s, 2H, NH,),
7.40-7.46 (m, 2H, Ar-H), 7.75 (d, 1H, Ar-H, J = 8.40 Hz),
7.87 (s, 1H, Ar-H), 12.11 (s, 1H, NH); C NMR
(100 MHz, DMSO, §): 9.71, 32.0, 59.1, 98.1, 121.8, 124.1,
127.2, 130.5, 134.6, 135.1, 141.2, 145.8, 147.5, 165.1; MF:
C,,H;N5O5; MW: 297; MS (m/z): 298 (M+1)".

Compound (Table 3, 5c¢): IR (KBr, cm™!): 3,471,
3,278, 3,114, 2,191, 1,648, 1,598, 1,508, 1,489; '"H NMR
(400 MHz, DMSO-d, 8): 1.78 (s, 3H, CH,), 4.87 (s, 1H,
C-4), 7.41 (d, 2H, Ar-H, J = 8.70 Hz), 7.43 (s, 2H, NH,),
8.25 (d, 2H, Ar-H, J = 8.70 Hz), 12.21 (s, 1H, NH); *C
NMR (100 MHz, DMSO, §): 9.3, 35.1, 96.1, 120.7, 123.2,
128.1, 135.3, 146.7, 151.3, 154.2, 161.3; MF: C,,H;;N5O5;
MW: 297; MS (m/z): 298 M~+1)".

Compound (Table 3, 5d): IR (KBr, cm™Y): 3,409,
3,368, 2,192, 1,515, 1,450; '"H NMR (400 MHz, DMSO-
dg, 8): 1.62 (s, 3H, CHy), 4.97 (s, 1H, C-4), 6.83 (s, 2H,
NH,), 6.96-7.88 (m, 4H, Ar-H), 11.96 (s, 1H, NH); "*C
NMR (100 MHz, DMSO, §): 10.3, 27.4, 57.6, 97.6, 121.7,
130.3, 135.3, 137.2, 138.2, 148.7, 156.3, 161.3; M. F:
C,,H,,BrN,O; M. W: 331; MS (m/z): 332 (M+1)".

Compound (Table 3, 5e): IR (KBr, cm’l): 3,478, 3,247,
2,180, 1,596, 1,448; 'H NMR (400 MHz, DMSO-d, $):
1.74 (s, 3H, CH;), 3.86 (s, 3H, OCH;), 4.64 (s, 1H, C-4),
6.81 (d, 2H, Ar-H, J = 8.20 Hz), 6.82 (d, 2H, Ar-H,
J = 8.20 Hz), 7.12 (s, 2H, NH,), 12.13 (s, 1H, NH); B¢
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Fig. 1 X-ray diffraction pattern of synthesized ZnS nanoparticles
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Fig. 2 a SEM of ZnS nanoparticles b EDAX of ZnS nanoparticles

NMR (100 MHz, DMSO, §): 10.5, 36.7, 54.7, 57.2, 107.8,
112.8,114.8, 118.1, 136.2, 144.7, 155.1, 156.6, 160.1; MF:
C,sH,4N,0,; MW: 282; MS (m/z): 283 (M+1)".
Compound (Table 3, 5f): IR (KBr, cm’l): 3,412, 3,371,
2,184, 1,598, 1,482; 'H NMR (400 MHz, DMSO-d,;, $):

1 2.00 1/nm

Fig.3 a TEM of ZnS nanoparticles b SAED of ZnS nanoparticles

1.76 (s, 3H, CH,), 2.24 (s, 3H, Ar-CH,), 4.56 (s, 1H, C-4),
6.80 (s, 2H, NH,), 7.06 (d, 2H, Ar-H, J = 8.0 Hz), 7.13
(d, 2H, Ar-H, J = 8.0 Hz), 12.10 (s, 1H, NH); '3*C NMR
(100 MHz, DMSO, 8): 9.5, 20.5, 35.7, 57.6, 97.2, 118.6,
120.1, 124.3, 128.5, 135.2, 141.7, 154.3, 160.6; MF:
C,sH ,N,0; MW: 266; MS (m/z): 267 (M+1)".
Compound (Table 3, 5g): IR (KBr, cm’l): 3,374,
3,305, 2,182, 1,595, 1,492; '"H NMR (400 MHz, DMSO-
dy, 8): 1.78 (s, 3H, CH;), 4.46 (s, 1H, C-4), 6.70 (d, 2H,
Ar-H, J = 8.30 Hz), 6.81 (s, 2H, NH,), 6.97 (d, 2H, Ar-H,
J = 8.30 Hz), 9.25 (s, 1H, OH), 12.06 (s, 1H, NH); *C
NMR (100 MHz, DMSO, 8): 9.6, 35.5, 57.7, 97.7, 115.2,
120.6, 128.4, 134.3, 135.3, 154.6, 155.8, 160.4; M. F:
C,4H,,N,0,; M. W: 268; MS (m/7): 269 (M+1)".
Compound (Table 3, 5 h): IR (KBr, cm™): 3,372, 3,225,
2,183, 1,621, 1,520, 1,486; 'H NMR (400 MHz, DMSO-d,
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Fig. 4 BET surface area of ZnS nanoparticles

Table 1 Effect of amount of catalyst

Entry Catalyst amount (g) Time (min) Yield (%)
1 0.010 24 80
2 0.020 20 82
3 0.030 15 85
4 0.040 10 88
5 0.050 8 92
6 0.060 8 92
7 0.070 8 92

5): 1.80 (s, 3H, CH;), 4.63 (s, 1H, C-4), 6.91 (s, 2H, NH,),
7.22 (d, 2H, Ar-H, J = 8.30 Hz), 7.35 (d, 2H, Ar-H,
J = 8.30 Hz), 12.12 (s, 1H, NH); '*C NMR (100 MHz,
DMSO, 3): 9.7, 35.4, 57.1, 97.2, 120.2, 128.4, 129.1,
131.2, 135.4, 143.5, 154.4, 160.6; M. F: C,,H,,CIN,O; M.
W: 287; MS (m/7): 288 (M+1)*.

Results and discussion

Characterization of the ZnS nanoparticles

The ZnS nanoparticles synthesized by hydrothermal
method and were characterized by different analytical
techniques. The X-ray diffraction (XRD) patterns of ZnS

nanoparticles (Fig. 1) have peaks due to the crystal plane
100, 105, 110, 203, 210 and 215. The X-ray diffraction

@ Springer

Table 2 Screening of catalyst for the synthesis of 4H-pyrano[2, 3-c]
pyrazoles [16-25]

Entry Catalyst Time (min) Yield (%) Temperature ‘o)

1 None 180 No reaction 60

2 FeCl, 10 20 60

3 SnCl, 10 38 60

4 ZnCl, 10 25 60

5 P,05 10 32 60

6 CAN 10 15 60

7 H,[SiW ,0,] 10 96 60

8 Nano ZnO 90 87 70

9 Water: ethanol 120 90 Reflux

10 [bmim]OH 5 85 60

11 Microwave 5 76 -

12 Ionic liquid 30 85 Room tempera-
ture

13 Sodium benzo- 50 85 Room tempera-

ate ture

14 Iodine 10 90 Room tempera-
ture

15 Bulk ZnS 50 45 Room tempera-
ture

16 ZnS nanopar- 10 94 Room tempera-

ticles ture

Reaction conditions ethyl acetoacetate (1.0 mmol), hydrazine hydrate
(1.0 mmol), 3-nitro benzaldehyde (1.0 mmol) and malononitrile
(1.0 mmol), solvent free in the presence of ZnS nanoparticles

(XRD) pattern of synthesized ZnS nanoparticles shows
single-phase system with average crystallite size of 20 nm.
The peak at 32.3, 33.5 and 47.6 is used for determin-
ing the average crystalline size of ZnS nanoparticles from
XRD pattern. The X-ray diffraction (XRD) pattern is in
agreement with hexagonal structure of ZnS nanoparticles
(JCPDS Card no. 01-0677).

The scanning electron microscopy (SEM) image confirms
the hexagonal structure of ZnS nanoparticles with uniform
shape and size (Fig. 2a). The EDAX spectrum (Fig. 2b) shows
the elemental analysis of ZnS nanoparticles and the presence
of Zn and S element in the synthesized sample material.

The transmission electron microscopy (TEM) analysis
(Fig. 3a) reveals that nanomaterial is of hexagonal structure. The
dark spot in the SAED (Fig. 3b) reveals the occurrence of hex-
agonal ZnS in the total agreement with XRD data. The trans-
mission electron microscopy (TEM) analysis confirms that the
average crystallite size of ZnS nanoparticles is about 20 nm.

The N, adsorption—desorption isotherms and BJH pore
size distribution of ZnS nanoparticles (Fig. 4) show that
the samples have typical IV N, adsorption—desorption iso-
therm with specific surface area (Sggy) obtained from BET
method as 84.71 m?/g; the average pore volume (V,) and
pore diameter (d,,) are 0.0865 cc/g and 31.11 A.
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Table 3 Synthesis of 4H-pyrano[2,3-c]pyrazoles in the presence of ZnS nanoparticles

Entry R Product Time Yield M. P
(min) (%) (°C)
1 H 8 92 244
Y CN
N
N™ ™07 “NH,
H
5a
2 3-NO, NO, 10 94 193
) CN
Nl
N7 >0" “NH,
H
5b
3 4-NO, NO, 5 97 195
Y CN
N
N™ ™07 “NH,
H
Sc
4 4-Br Br 11 96 206
) CN
N
N™ 0" “NH,
H
5d
5 4-OCH; OCHj, 21 88 211
y CN
N
N™ >0 “NH,
H
Se

Catalytic reaction for synthesis of 4H-pyrano[2,3-c]

pyrazoles

In continuation of our research on the synthesis of hetero-
cyclic molecules using nanoparticles for cyclization and

condensation reactions [38—42], we report the synthesis
of 4H-pyrano[2,3-c]pyrazoles by grinding under solvent-
free condition and using ZnS nanoparticles at room tem-
perature. In the synthesis of 4H-pyrano[2,3-c]pyrazoles
to optimize the amount of catalyst, the model reaction of
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continued
Entry R Product Time Yield M. P
(min) (%) (‘0
6 4-CH; 20 87 202
Y CN
N
N™ ™07 “NH,
H
5f
7 4-OH OH 16 93 225
Y CN
N
N™ 07 “NH,
H
Sg
8 4-Cl Cl 20 96 175
Y CN
N
N™ 0" “NH,
H
5h
— _ greater amount of the ZnS nanoparticles did not improve
i p the yields (Table 1). In heterogeneous catalysis, the surface
80 area of the catalyst plays important role, determines the
— . — — — — availability of catalytic sites and directs the reaction to take
s 60 ‘l. place. The surface area of 0.050 g ZnS nanoparticles was
% A sufficient to convert reactants into the product. Therefore,
& P — — — — the amount of the ZnS nanoparticles above the 0.050 g
20 does not improve the yields.
i 7 To compare the efficiency of the ZnS nanoparticles catalyst
- oy N ' 5 for the synthesis of 4H-pyrano[2, 3-c]pyrazoles to improve the
Cycles yield and to optimize the reaction conditions, it is compared

Fig. 5 Recycling of ZnS nanoparticles catalyst

benzaldehyde, hydrazine hydrate, ethyl acetoacetate and
malononitrile (Scheme 1) was carried out with different
amounts of ZnS nanoparticle catalysts such as 0.010, 0.020,
0.030, 0.040, 0.050, 0.060, 0.070 g. The 0.050 g of ZnS
nanoparticles was sufficient to promote the reaction and

@ Springer

with the another catalysts [16-25]. An efficient reaction was
observed with high yield in the presence of ZnS nanoparticles
under solvent-free condition at room temperature with grind-
ing method (Table 2). Bulk ZnS is used to carry out same
model reaction, but requires more time and gives fewer yields.

After optimizing the reaction conditions a variety of
aromatic aldehydes with hydrazine hydrate, ethyl acetoac-
etate and malononitrile were employed under same reaction
conditions to evaluate the scope of this reaction. A series of
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4H-pyrano[2,3-c]pyrazoles were prepared using ZnS nano-
particles as a catalyst (Table 3) with excellent yields at room
temperature with grinding and at solvent-free condition. The
reaction proceeds efficiently by either electron releasing or
electron withdrawing substituents on aryl ring of aldehyde.
In case of aromatic aldehydes, the nature of substituents of
aromatic aldehydes did not have appreciable effect on over-
all yields of the product. The electron-deficient aldehydes
gave excellent yield of products. The position (o, m and
p) of the substituted aromatic aldehydes did not show any
noticeable effect on either the reaction time or the yields.

The catalyst was filtered after completion of the reaction
and washed with ethanol and heated at 120 °C in oven for
2 h. The recovered catalyst was further used in several suc-
cessive runs under identical reaction condition. The catalyst
exhibited a good catalytic activity and stable was even after
five runs (Fig. 5).

Conclusions

The ZnS nanoparticles were successfully synthesized by
hydrothermal method and were characterized by different
analytical techniques. We have also developed a green chem-
istry approach for one-pot synthesis of 4H-pyrano[2,3-c]
pyrazoles using ZnS nanoparticles as an efficient catalyst by
grinding at room temperature. The advantages of this proto-
col are simple work-up, excellent yield, solvent-free reaction
and utilization of nanoparticles as a reusable catalyst.
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