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bulk PbO. The prepared nano-PbO via ball milling was 
described by SEM, TEM, XRD, EDX, and FT-IR spec-
troscopy. The present protocol conveyed major proficien-
cies such as the use of a reasonable and readily available 
catalyst, simple work-up and purification of products by 
nonchromatographic strategy, low reaction times, and 
enhanced yields under relatively environmental benign 
conditions. The heterogeneous catalyst was appropriately 
recyclable and could be reused for several times without 
loss of activity.

Abstract  PbO nanoparticles were explored as a highly 
efficient, simple, cheap, and recyclable catalyst for the 
fast synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-di-
one derivatives by means of a one-pot three-component 
reaction of phthalhydrazide, aromatic aldehyde, and 
malononitrile under solvent-free conditions at 80  °C. 
Furthermore, nanosized PbO was prepared by the two 
conventional methods of planetary ball milling and dis-
persion of commercial PbO in n-octane, and their cata-
lytic performances were compared with the commercial 
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Introduction

Nanoparticles develop particularly unique properties from 
their bulk and molecular counterparts, while preserving 
chemical composition, and have shown assorted applica-
tions in various areas, for example in electronics and opto-
electronics, biomedical and pharmaceutical, energy and 
environmental, magnetic, material science, and catalysis [1, 
2]. Because of the widespread prospects of nanotechnol-
ogy, there has been an overall consideration in investment 
in nanotechnology research and development [3, 4].

Lead oxide (PbO) is an important compound which has 
been broadly used in batteries, gas sensors, pigments, and 
paints [5, 6]. Among various metal oxide nanoparticles, 
PbO is mostly utilized as solid catalyst in synthetic organic 
chemistry, and despite its incredible significance, only a 
few reports exist in this area [7–13]. Recently, PbO has got 
impressive consideration because of its cost-effectiveness, 
air and water compatibility, the simplicity of handling, 
good reactivity, recyclability, and experimental simplicity 
in organic synthesis.

So far, a number of protocols have been developed to 
synthesize PbO nanoparticles including vapor phase growth 
[14, 15], vapor–liquid–solid process [16], electrophoretic 
deposition [17], sol–gel process [18], and homogeneous 
precipitation [19]. In spite of the fact that these methods are 
valuable, however, a number of these procedures have sig-
nificant drawbacks such as using toxic reagents, long reac-
tion times, and polydispersity of particle size [20, 21]. In 
this way, achieving new simple and efficient approaches to 
prepared nano-PbO is of great interest.

Multi-component reactions constitute potent and effi-
cient synthetic procedures for quick and compelling essen-
tial transformations in organic and medicinal chemistry to 
produce different medicinal compounds, heterocyclic core 
structures [22–28]. These protocols are normally free from 
remarkable quantities of wastes via minimization of com-
plex isolation steps and using toxic, hazardous, and costly 
solvents [29, 30]. Since many of the noteworthy drugs are 
incorporated in various types of polyfunctionalized hetero-
cycles [31], research on the multi-component synthesis of 
polyfunctionalized heterocyclic compounds is an interest-
ing challenge.

Nitrogen-containing heterocyclic compounds are perva-
sive in nature, and their applications to biologically active 
pharmaceuticals, agrochemicals, and useful materials are 
turning out to be prominent [32]. Thus, improvement of 
new effective strategies to synthesize these potential drugs 

is a significant issue in the diversity-oriented synthesis and 
combinatorial chemistry. Among a scope of nitrogen-con-
taining heterocycles, those including bridgehead hydrazine 
moieties have gained significant consideration because of 
their pharmacological and clinical applications [33–37]. 
Likewise, pyrazoles are critical synthons which have an 
extensive variety of antiviral properties [38], anticonvul-
sant [39], vasorelaxant [40], cardiotonic [41], and antipy-
retic activities [42]. Until now, a few methods have been 
perceived for the synthesis of 1H-pyrazolo[1,2-b]phthala-
zine-5,10-diones [43–48]. In any case, most of the reported 
protocols have at least one disfavor, such as long reaction 
time, high temperature, need to volatile, and risky natural 
solvents [43].

Among various catalytic systems reported for the prepa-
ration of pyrazoles, homogeneous catalysts have received 
little consideration. Therefore, heterogeneous catalysis 
achieved much attention in most organic synthesis terri-
tories [49–52]. These catalysts have beneficial over tradi-
tional homogeneous ones as they can be easily recovered 
from the reaction mixture by simple filtration and can be 
reused after with or without activation, making the proce-
dure more feasible. Meanwhile, decreasing global warm-
ing and investigation of solvent-free reactions achieved 
an important role in synthetic organic chemistry through 
the simplifying experimental procedure, necessitating less 
energy, and producing high yields of products by almost 
quantitative reactivity of the substrates.

In continuation of our endeavors to investigate new pro-
tocols and as well as our interest in performing heteroge-
neously catalyzed organic reactions [53–58], we reported 
herein a simple, quick, inexpensive, and one-step strategies 
to accomplish uniform PbO nanoparticles. Then, the syn-
thesized nanoparticles were carried out as a heterogeneous 
catalyst for the one-pot synthesis of 1H-pyrazolo[1,2-b]
phthalazine-5,10-diones through a three-component con-
densation reaction of phthalhydrazide, aromatic aldehyde, 
and malononitrile under solvent-free conditions at 80  °C 
(Scheme 1).

Experimental

Materials

All reagents and beginning materials were provided by 
Merck and Fluka and were used without further refinement. 
All products were known samples and were distinguished 
by comparison with their spectral and physical information 
with those already reported. Melting points were recorded 
on a Barnstead electrothermal 9200 melting point appa-
ratus. A freeze dryer, model FD-10, Pishtaz Equipment 
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Engineering Co, Iran, was utilized for drying the prepared 
PbO nanoparticles. X-ray diffraction patterns (XRD) were 
obtained from an XPert MPD diffractometer with Cu Kα 
radiation at 40 keV and 30 mA. The transmission electron 
microscopy (TEM) observations of the prepared PbO nano-
particles were carried out on a JEM 2010 operating at an 
acceleration voltage of 200  kV. The morphology and dis-
tribution of nanoparticles was studied by scanning electron 
microscopy (SEM) using a KYKY-EM3200 with an accel-
erating voltage of 25 and 30 kV. 1H and 13C NMR spectra 
were recorded on a Bruker AVANCE instrument operating 
at 300 MHz using TMS as internal reference. Fourier trans-
form infrared (FT-IR) spectra were recorded (KBr pellets) 
on 8400 Shimadzu Fourier transform spectrophotometer.

Preparation of nano‑PbO

Although there are several physical and chemical strategies 
for the preparation of nanosized metal oxides, in any case, 
planetary ball milling and solvothermal synthesis are the 
most common ways. Solvothermal synthesis is generally 
directed to crystal synthesis or crystal growth under high 
temperature and high-pressure solvent conditions from sub-
stances which are insoluble in normal customary tempera-
ture and pressure in an autoclave. In this report, nanosized 
PbO was prepared by the two specified methods. Then, as-
synthesized nanostructures were characterized by several 
characterization methods such as XRD, TEM, SEM, EDX, 
and FT-IR. Finally, catalytic performance of the prepared 
nanoparticles of PbO were compared in the preparation of 
1H-pyrazolo [1,2-b]phthalazine-5,10-diones.

Preparation of nano‑PbO through up‑to‑bottom planetary 
ball milling

Commercial PbO powder was obtained from Merck and 
used without further purification. For the preparation of 
the nano-PbO, a planetary ball process in the dry state was 
applied for a period of 120 min, 10 balls of 20 mm per 30 g 
of powder and a milling rate of 350 rpm. The experiments 
were performed in a 250-ml stainless steel jar with a safety 
coat of zirconium oxide working in dry milling.

Solvothermal synthesis of nano‑PbO through dispersion 
in n‑octane

In this simple technique, 5  g of commercial bulk lead 
oxide was added to 50 ml of n-octane with strong stirring 
for 10  min. At that point, the mixture was further stirred 
at room temperature for 2  h. Thereafter, the mixture was 
transferred to a small Teflon steel and the closed container 
was heated to 100 °C for 24 h. Finally, the container was 
gradually cooled to room temperature and the separated 
solid material was dried at 80  °C for 12  h. To study the 
impact of drying conditions on the catalytic efficacy of 
PbO, freeze-drying technique was compared with the usual 
classic drying in an oven at 80 °C under air. Results showed 
no explicit advancements in the catalyst efficiency under 
the freeze-drying conditions.

General procedure for the preparation 
of 1H‑pyrazolo[1,2‑b]phthalazine‑5,10‑diones

A mixture of phthalhydrazide (1 mmol), aromatic aldehyde 
(1 mmol), malononitrile (1 mmol), and PbO (5 mol% for 
the commercial and 1  mol% in the case of the nanopow-
ders) was stirred at 80  °C under solvent-free conditions 
for the required times. The progress of the reactions was 
observed by TLC in a mixture of ethyl acetate:n-hexane 
(1:4). After consummation of reaction, ethanol (5 ml) was 
added with stirring. Then, the catalyst was exhausted by fil-
tration and the filtrate was poured into cold water to afford 
the desired product as a yellow residue which was further 
refined by recrystallized in ethanol. Spectral data for some 
illustrative 1H-pyrazolo[1,2-b]phthalazine-5,10-diones are 
given in the supporting data part.

Results and discussion

Characterization of PbO nanoparticles

Vibrational frequencies of nanoparticles might be influ-
enced by some important parameters, for example dipo-
lar interactions, quantum repressions, interfacial effects, 

Scheme 1   General formulation 
for the preparation of different 
1H-pyrazolo[1,2-b]phthalazine-
5,10-diones
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size, and surface amorphousness. The FT-IR spectra of 
the three kinds of PbO samples including commercial 
bulk (a), nanoparticles prepared via dispersion in n-octane 
(b), and nanoparticles prepared through ball milling (c) 
appear in Fig. 1 due to the small size of the grains and the 
large surface-to-volume ratio of nanoparticles, the atomic 
arrangements on the limits differ enormously from that 
of bulk particles (surface amorphousness), and a blueshift 
of the characteristic bands of PbO nanoparticles to higher 
wave numbers compared to the bulk one was observed in 
the FT-IR. In addition, the sharp peaks around 1410 cm−1 
for all samples confirmed bonding of oxygen to Pb [59]. 
Weak absorption bands around 844  cm−1 with a rela-
tively strong vibration at 684 cm−1 were because of Pb–O 
stretching and asymmetric bending of Pb–O–Pb, respec-
tively [60–62]. Obviously, variations in the band position 
may be due to variations in the cation–oxygen bond length 
coming from the alterations in particles size; the observed 

blueshift in Fig.  1a–c affirmed diminishing particle size. 
The absorption bands above 3600 cm−1 are ascribed to the 
stretching vibrations of OH groups of water molecules.

The SEM and TEM pictures indicated morphology 
and size of the synthesized PbO nanoparticles by means 
of ball processing, which proposed the ellipsoidal–
spherical structures for PbO nanoparticles with discrete 
appearance (Fig.  2). Besides, the elemental investiga-
tion (EDAX) confirmed the material contains Pb and 
O elements (Fig. S1). The XRD pattern suggested that 
the PbO nanoparticles prepared through ball milling 
contain specific crystal planes reported previously for 
the orthorhombic structure (JCPDS Card No. 76-1796) 
[63]. Moreover, sharp diffraction peaks indicated that 
well-crystallized lead oxide crystals are prepared under 
current synthetic procedure. The average particle size of 
<60 nm was determined for the PbO nanoparticles using 
Debye–Scherer equation.

Fig. 1   FT-IR spectra for three 
kinds of PbO including com-
mercial bulk (a), nanoparticles 
prepared via dispersion (b), and 
nanoparticles obtained through 
ball milling (c)
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Catalytic tests

Effect of solvent on the catalytic efficiency

In order to improve the reaction conditions, effects of 
different solvents on the reaction progress and as well 
as yield of the appropriate products were explored in 
the condensation reaction of benzaldehyde (1  mmol), 
phthalhydrazide (1  mmol), and malononitrile (1  mmol) 
catalyzed by 5  mol% of the commercial PbO in vari-
ous solvents at 80 °C (Table 1). In acetonitrile, ethanol, 
and 1,2-dichloroethane, as polar solvents, the reaction 
was effective and great reaction rates as well as product 
yields were achieved. While toluene and n-hexane, as 
nonpolar solvents, were wasteful and very low amounts 
of the product was picked up, since these solvents would 
be inefficient to approach the reactants at the catalyst 
surface. In addition, adsorption of nonpolar solvent mol-
ecules on the catalyst surface deactivates the catalyst 
surface and would diminish the quantity of active loca-
tions. The lower yield obtained with chloroform com-
pared to acetonitrile and 1,2-dichloroethane would be 
due to the lower reaction temperature, due to the lower 
boiling point of chloroform. However, when a simi-
lar reaction was done in water as an economical, non-
flammable, and natural favorable solvent, the expected 
product was acquired just in low yield (17%) even after 
120  min. Lower product yield in the case of water as 
solvent would be likely because of the insolubility of 
the reactants. Furthermore, we also led the solvent-free 
condensation reaction under the optimized conditions. 
As shown in Table  1, the yield % was the highest and 
the reaction time was shorter than under the solvent con-
ditions. Better yield under the solvent-free condition 
would be clarified considering uniform dissemination of 
the eutectic mixture of reactants, being in closer proxim-
ity to react than under the solvent conditions.

Phthalhydrazide (1  mmol), benzaldehyde (1  mmol), 
malononitrile (1  mmol), and commercial bulk PbO 
(5  mol%) were stirred at 80  °C in the presence of the 
desired solvent (1  ml). Progress of the reactions and 
work-up of the products are described in the experimen-
tal section.

Effect of catalyst amount on the catalytic efficiency of the 
system

In next step, a study was set out to determine the ideal 
amount of PbO in the creation of APhDPyC. Hence, the 
reaction was done by fluctuating amount of the catalyst 
(Fig. S3). As is expected, product yield was affected by 
the amount of loaded PbO in the reaction medium. When 

1 mol% of commercial PbO was used, the condensation 
reaction of benzaldehyde (1  mmol), phthalhydrazide 
(1  mmol), and malononitrile (1  mmol) progressed very 
easily and gave the desired product in 48% yield after 
15 min. However, when 5 mol% of the commercial PbO 
was used as catalyst, the reaction proceeded smoothly 
and the intended product was accomplished in 92% yield 
after 15  min. Consequently, yield % was increased by 
the amount of the loaded commercial catalyst. When 3, 

Fig. 2   SEM micrographs (a, b) and TEM (c) of the prepared PbO 
nanoparticles via ball milling
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5, 10, and 15 mol% of the commercial PbO were used, 
yields were 73, 92, 94, and 96%, respectively, after 
15 min. In this way, 5 mol% of the commercial PbO was 
adequate. Moreover, a further increase in the amount 
of the catalyst in the aforementioned reaction did not a 
noteworthy effect on the product yield and reaction time.

Effect of reaction temperature on the catalytic efficiency 
of PbO

To upgrade the reaction temperature, a mixture of benzal-
dehyde (1 mmol), phthalhydrazide (1 mmol), malononitrile 
(1  mmol), and commercial PbO (5  mol%) was heated at 
various temperatures ranging from 20 to 100 °C for 15 min 
(Fig. S4). The yield of the desired product was increased 
when the reaction temperature was raised from 20 to 80 °C. 
However, no more addition was found when the reaction 
temperature was raised from 80 to 100  °C. Subsequently, 
80  °C was picked as the best reaction temperature for all 
further reactions.

Studying effect of particle size on the optimum catalyst 
amount and reaction time

Effect of lead oxide particle size was investigated on the 
ideal amount of the needed catalyst and reaction time for 
the preparation of APhDPyC under the standard reaction 
conditions delineated in the experimental section. As Fig. 3 
shows, only 1 mol% of nanosized PbO was adequate to give 
86% yield after 5 min (Fig. 3b); however, 5 mol% of com-
mercial bulk PbO was needed to achieve 65% yield during 
the similar time (Fig.  3a). Albeit, both catalysts managed 
92–95% yield after 15  min, but the nanosized PbO was a 
more proficient catalyst in the preliminary steps of the reac-
tion (<10  min). However, no obvious increase in yield % 
was distinguished after a delayed reaction time for both 
catalysts.

Synthesis of APhDPyC catalyzed by different kinds of PbO 
particles

Three kinds of lead oxides were conducted in the titled 
condensation reaction (Table 2). As a matter of first impor-
tance, commercial bulk PbO was screened as catalyst. Find-
ings demonstrated that 1  mol% of this material provided 
48% of the demanded product after 15 min; however, the 
nanosized lead oxides prepared by ball milling (1  mol%) 
and the other one prepared from dispersion of commercial 
PbO in n-octane led to 95 and 81% of the desired product, 
respectively, after 15 min. These results clearly confirmed 
the higher efficacy of the nanosized PbO due to its higher 
surface area. Moreover, fewer amounts of nano-PbO (1 
instead of 5 mol%) were sufficient to attain the maximum 
yield. Comparison of the results obtained for the two kinds 
of nano-PbO (1  mol%) showed that the sample prepared 
via ball milling was the most effective catalyst. The first led 
to 95% yield after 15 min, whereas the nano-PbO prepared 
through dispersion in n-octane afforded 81% yield under 
the same reaction conditions and similar reaction time.

Table 1   Effect of different solvents on the synthesis of 3-amino-1-(2-
methylphenyl)-5,10-dihydro-5,10-dioxo-1H -pyrazolo[1,2-b]phthala-
zine-2-carbonitrile (APhDPyC)

Entry Solvent Boiling point (°C) Time (min) Yield (%)

1 H2O 100 120 17

2 CH3CN 81 120 83

4 C2H5OH 78 120 78

5 CHCl3 61 120 62

6 ClCH2CH2Cl 83 120 86

7 Ph-CH3 111 120 <10

8 n-hexane 68 120 <15

9 – – 15 92
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General reaction conditions are described in Table 1. All 
reactions were carried out at 80 °C for 15 min.

Synthesis of APhDPyC catalyzed by different simple 
and complex oxides

Because of the important role of catalyst in a multi-compo-
nent catalytic organic synthesis, effect of various catalysts 
was examined by controlling the improved reaction condi-
tions under the solvent-free conditions (Table 3). Without cat-
alyst, the reaction progress was unacceptable and the product 
was acquired in a very low yield after delayed reaction time 
(entry 1). Therefore, our endeavors were concentrated to find 
other reasonable catalysts. At first, some Keggin– and Wells–
Dawson heteropolyacids were inspected. All the selected 
heteropolyacids provided comparable function and prompted 
to 59–64% yield with 0.003  mmol catalyst after 15  min 
(entries 2–5). However, ZrOCl2∙8H2O produced 54% yield 
with 0.03 mmol of the catalyst during the same time (entry 
6). Commercial PbO acted better and gave 73% yield under 
the same conditions and time (entry 7). Moreover, nano-PbO 
behaved better than the commercial one and led to 94% yield 

with 0.01  mmol catalyst after 15  min (entry 8). Different 
oxides such as CuO, SiO2, and CeO2 (even in the nanorange) 
were less effective than PbO and 0.015 mmol of each catalyst 
provided the aspired product with 22–41% yield after 30 min 
(entries 9–11). Considering accessibility, price, ease of work-
up, and reusability aspects which determine the appropriate-
ness of a catalyst from financial and consensus points of view, 
PbO was discovered better among all the screened catalysts 
to perform the titled multi-component condensation reaction 
with respect to reaction time and product yield.

General reaction conditions are described in Table  1. 
All reactions were carried out at 80  °C. H3PW12O40 and 
H3PMo12O40 obtained commercially. H5PW10V2O40 and 
H6P2W18O62 were prepared according to the reported pro-
cedures [54, 58].

Synthesis of different substituted 1H‑pyrazolo[1,2‑b]
phthalazines

Next, using the optimized reaction conditions, the exten-
sion and scope of the method were investigated for the syn-
thesis of an assortment of substituted 1H-pyrazolo[1,2-b]
phthalazines in the presence of commercial bulk and nano-
sized PbO (Table 4). The electronic nature of the substitu-
ents on the aromatic ring revealed no critical effect on the 
yield % and aromatic aldehydes bearing substituents on the 
ortho-, meta-, and para-positions including electron donat-
ing and/or electron-withdrawing substituents participated 
well in the reaction and gave the corresponding products 
in high yields. Additionally, para-substituted aldehydes led 
to good results compared to the ortho-substituents, as there 
are more steric hindrances for the ortho-substituted alde-
hydes for the product formation than the para-substituted 
ones.

Reactions were carried out as described in the experi-
mental section. Yields refer to the isolated pure products. 
Bulk PbO (5  mol%) and nano-PbO (1  mol%) were used. 
All reactions were carried out at 80  °C for 15  min. The 
desired pure products were characterized by comparison of 
their physical data with those of known compounds.

Comparison of the catalytic efficacy of the nanosized PbO 
as catalyst with other reported catalysts in the preparation 
of 1H‑pyrazolo[1,2‑b]phthalazine‑5,10‑diones

The productivity of the present heterogeneous catalytic 
framework was concentrated on some reported catalysts 
(Table  5). The reaction of benzaldehyde was chosen as 
a model reaction, and the comparison was in terms of 
mol% of catalyst, temperature, reaction time, and per-
centage yields. Obviously, the present method behaved 

Table 2   Effects of PbO particles size and preparation method on the 
synthesis of APhDPyC

Entry Catalyst 
mol%

Yield (%)

PbO (com-
mercial)

Nano-PbO 
(ball milling)

Nano-PbO 
(dispersed in 
n-octane)

1 0.5 n.d. 87 74

2 1 17 95 81

3 5 92 94 93

Table 3   Effect of different catalysts on the catalytic efficiency of the 
multi-component synthesis of APhDPyC

Entry Catalyst Amount (mmol) Time (min) Yield (%)

1 Without – 120 n.d.

2 H3PW12O40 0.003 15 63

3 H5PW10V2O40 0.003 15 59

4 H3PMo12O40 0.003 15 61

5 H6P2W18O62 0.003 15 64

6 ZrOCl2∙8H2O 0.031 15 54

7 PbO 0.030 15 73

8 Nano-PbO 0.010 15 94

9 CuO 0.015 30 41

10 SiO2 0.015 30 33

11 Nano-CeO2 0.015 30 22
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better than most of the catalysts mentioned in Table  5. 
The present methodology utilized a very low amount of 
PbO as a simple and cheap catalyst under solvent-free 
conditions.

Studying reusability of PbO in the synthesis of APhDPyC

So as to examine the catalytic activity and probability of 
catalyst reusability, the reusing of PbO was considered 
under the solvent-free conditions using the model reac-
tion with benzaldehyde. After finishing of the reaction, the 
catalyst was recovered from the reaction mixture by simple 
filtration in hot EtOH. The isolated catalyst was dried in a 
vacuum oven at 100 °C and was reused under comparable 
reaction conditions. The outcomes demonstrated that PbO 

is steady in the reaction medium and can be reused several 
times without significant loss of catalytic activity (Fig. 4). 
Moreover, as specified before, drying of the reused catalyst 
under freeze condition had no a vital effect on the catalyst 
efficacy.

Plausible reaction pathway

Considering the above results into account, the accompa-
nying reaction pathway is proposed for the catalytic trans-
formation (Scheme S1) [46, 66]. The reaction is thought 
to continue in a stepwise manner by means of Knoev‑
enagel condensation of malononitrile anion with the aro-
matic aldehyde and elimination of hydroxide anion and 
originating lidenemalononitrile intermediate. This would 

Table 4   Synthesis of various 
1H-pyrazolo[1,2-b]phthalazine-
5,10-dione derivatives in the 
presence of bulk and nanosized 
PbO as catalyst

NH

NH

O

O O

N
N

O
O

H

+ +

R1

nano-PbO, 1mol%

R1= halogen, electron withdrawing (releasing) group

NH2

Ar

CNNC CN Solvent-free, 80 °C

Entry R1 Yield (%) M.p. (°C) Lit.m.p (°C) References

Bulk Nanosized

1 H 93  94 276–277 276–278 [64]

2 3-Br 97  99 271–273 270–272 [65]

3 2-OMe 74  78 258–260 259–261 [66]

4 4-Cl 82  87 270–272 271–273 [65]

5 2-Cl 97  98 266–268 268–270 [64]

6 3,4-(OMe)2 46  69 150–152 150–152 [67]

7 4-isopropyl 81  94 265–267 264–266 [67]

8 4-Me 73  86 252–255 253–255 [64]

9 4-NO2 98  99 242–244 241–243 [67]

10 4-Br 63  77 269–270 267–268 [67]

11 4-OMe 93  97 245–247 245–248 [7]

Table 5   Comparison of the catalytic efficacy of nanosized PbO as catalyst with some reported catalysts in the preparation of APhDPyC

Entry Catalyst Catalyst amount Solvent Temp (°C) Time (min) Yield (%) References

1 InCl3 10 mol% free 80 35 94 [48]

2 Nano-ZnO 15 mol% free 100 14 90 [7]

3 Nano-CuI 10 mol% free 70 25 93 [68]

4 NiCl2∙6H2O 10 mol% EtOH reflux 240 90 [46]

5 [Bmim]OH MW.100 W 0.2 ml water 45 4 96 [45]

6 Nano-PbO 1 mol% free 80 15 95 This work
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happen through the initiation of C–H bond in malononitrile 
by basic oxygen in the catalyst in one hand, and activa-
tion of the carbonyl group in aldehyde by the acidic part 
(Pb2+) of the catalyst on the other. Then, Michael addition 
of phthalhydrazide to the C=C bond of electron-deficient 
Knoevenagel adduct prompted to the formation of an imi-
nomethylene. Michael-type addition of intermediate (A) 
to phthalhydrazide under the catalytic role of PbO was 
occurred to yield a second intermediate (B) which progres-
sively experienced cyclization to (C) and lastly tautomer-
ized to the expected product. Thus, the titled compound 
would be framed by intramolecular concerted cyclization 
by tautomerization of the Michael adduct. Lewis acidity of 
PbO would help initiation of nitrile to be transformed into 
the amine. In addition, it should be mentioned that PbO 
possesses both Lewis acidic and basic properties. Accord-
ingly, PbO would actuate the C–H bond of malononitrile 
via the mediation of the basic O2− in one hand, and activa-
tion of the carbonyl group of aldehyde via the acidic part 
Pb2+ on the other.

Conclusion

In conclusion, well-crystallized lead (II) oxide nanopar-
ticles were effectively prepared by means of ball milling 
and solvothermal conditions. The connected synthetic 
methodology was quick, and the PbO nanoparticles had 
good separation with uniform nanometer scale without 
expecting any additive and stabilizer. Finally, the pre-
pared PbO nanoparticles were connected as productive 
and recyclable nanocatalyst in the one-pot high yielding 
synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones 
under environmentally friendly conditions. The proposed 
condensation reaction of aromatic aldehydes, phthalhy-
drazide, and malononitrile was clean, and no side prod-
ucts were recognized. In all cases, the reactions continued 
proficiently at 80 °C under solvent-free conditions in the 

presence of a little amount of PbO. The simplicity and the 
use of an inexpensive catalyst under solvent-free reaction 
conditions are some important elements of the present 
protocol.
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