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The remarkable ability of pyrazolo[1,2-b]phthalazines as a nitrogen-containing
heterocycles with fused scaffold of bridgehead hydrazine and pyrazole moieties
have generated substantial interest in the pharmaceutical industry and in the
synthetic chemistry. The present mini-review focuses on
current progress in the synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione
derivatives using multi-component reaction of phthalhydrazide, aldehyde and
malononitrile and covers publications from 2015 up to now.

1. Introduction

Heterocyclic compounds are one of the most attractive
sections of chemistry, especially nitrogen-containing
heterocyclic compounds which are distinguished in
nature and their applications are becoming more and
more important in biologically active pharmaceuticals,
agrochemicals and functional materials [1]. Among
diverse classes of nitrogen-containing heterocyclic
compounds, pyrazole is a privileged motif in the design
of drug candidates exhibiting biological activity,
including Sildenafil, Phenazone, Celecoxib, Rimonabant
(Scheme 1) and many others [2-4]. On the other hand,
pyrazole derivatives have shown wide spectra of
biological activities such as anticancer [5-7], anti-
inflammatory [8], analgestic [9], antibacterial [10], anti-
alzheimer [11], antifungal [12], anticoagulant [13] and
antinypoglycemic ~ [14].  Similarly,  phthalazine
derivatives including drugs such as Luminol, Olaparib
and Talazoparib (Scheme 1) are acknowledged to possess
antimicrobial, antifungal, anti-inflammatory, anticancer,
anticonvulsant, antidiabetic, antipyretic, vasorelaxant,
cardiotonic and cytotoxic activities [15-21]. As a result,
molecules containing polyfunctionalized heterocycles
like pyrazolo[1,2-b]phthalazine-5,10-dione derivatives,
fused scaffold of pyrazole and phthalazine moieties, are

of current interest due to their multiple pharmacological
activities such as antimicrobial, antiflammatory,
anticancer and anticonvulsant and play considerable roles
in drug discovery [22-24]. In light of this background, the
synthesis of pyrazolo[1,2-b]phthalazine analogs has
attracted the attention of the research community by
employing various interesting approaches. Literature
survey reveals that the best strategies for the synthesis of
1H-pyrazolo[1,2-b]phthalazine-5,10-diones (PPDs) are
three-component reaction including phthalhydrazide,
aldehyde and active methylene compound like
malononitrile, or four-component reaction involving
phthalic  anhydride/  phthalhydrazide, hydrazine,
aldehyde and active methylene compound. These multi-
component condensations affiliate the formation of C-C
and C-N bonds to afford PPDs and are important area in
the organic synthesis (Scheme 2) [15, 25]. The reaction
proceeds through the Knoevenagel condensation,
Michael type addition, intramolecular concerted
cyclization followed by tautomerization to give the
corresponding products [26, 27]. The present review
summarizes the latest developments in these multi-
component reactions, which have been accelerated by
incorporating various catalysts.
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Scheme 1. Structures of drugs containing a pyrazole or phthalazine skeleton.
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Scheme 2. Three-component synthesis of pyrazolo[1,2-b]phthalazines.

2. Multi-component synthesis of pyrazolo[1,2-
b]phthalazines

2.1. Using lonic Liquids

Currently, usage of ionic liquids has drawn remarkable
interest as environment-friendly reaction media or
catalyst in diverse fields of the synthetic chemistry. It
provides large number of convenient properties including
nonflammability, high ionic conductivity, low vapor
pressure, negligible volatility and excellent chemical
stability which offers better alternatives to other catalysts
[28, 29].

Basic ionic liquids 1-butyl-3-methyl imidazolium
hydroxide ([bmim]OH) has been utilized for the
synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-diones
(PPDs) by Wang et al. [30] through the one-pot, three-
component condensation of aromatic aldehydes,
malononitrile or ethyl cyanoacetate, and phthalhydrazide
in EtOH. The results have been revealed that 10 mol% of
[bmim]OH at 60 °C made the corresponding products (12
examples) in 0.8-3 h and excellent yields (86-97%).
Shaikh and colleagues [31] prepared a Brgnsted acidic
ionic liquid [BusNH][HSO.] via the neutralization
reaction of n-tributylamine and concentrated sulfuric
acid. This ionic liquid was explored in one-pot reaction
of phthalhydrazide, various aldehyde and malononitrile
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for the synthesis of PPDs (Scheme 3). In this synthetic
protocol 20 mol% of [BusNH][HSO.] has been utilized
at 80 °C and offered excellent yields of the products (83—
95%) in short reaction times (9—-30 min).

1,4-Diaza bicyclo[2.2.2]octanium acetate
[DABCO][OACc] and 1-methylimidazolium acetate
(IMim][OAc] have also been used as a protic ionic
liquids for the synthesis of PPDs through three-
component reaction at ambient temperature under
solvent-free conditions (Scheme 4) [32].

Raghavendra and Siddaiah [33] developed DBU acetate
ionic liquid [DBUH][OACc] for the synthesis of 3-amino-
1-(5-nitro-1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine derivatives by one-pot, four
component reaction of phthalic anhydride, hydrazine
hydrate, malononitrile/ethyl cyanoacetate and indole-3-
carboxaldehydes at 60-65°C (Scheme 5).

In other research [34], DBU-based ionic liquid [Bn-
DBU][TFA] has been reported for the synthesis of PPDs
via the three-component reaction of phthalhydrazide,
aromatic aldehydes, and active a-methylene compounds.
Benzylation of DBU followed by anion exchange of the
resulting salt with trifluoroacetate gave nearly
quantitatively the ionic liquid [Bn-DBU][TFA].
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Scheme 3. Synthesis of PPDs using Brgnsted acidic ionic liquid.
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Scheme 4. Synthesis of PPDs using Brgnsted acidic ionic liquid.
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Scheme 5. Synthesis of PPDs in the presence of DBU acetate ionic liquid.

Jahanshahi and Mamaghani [35] described acetic acid
functionalized imidazolium salt (1-carboxymethyl-2,3-
dimethylimidazolium iodide, [cmdmim]l) as a Bransted
acidic ionic liquid catalyst for the synthesis of PPD
derivatives. The reaction occurs through one-pot four-
component cyclocondensation of phthalic anhydride,
hydrazine hydrate, aromatic aldehydes and 3-(1-methyl-
1H-pyrrol-2-yl)-3-oxopropanenitrile (or 3-(1H-indol-3-
yl)-3-oxopropanenitrile) in ethanol under reflux
conditions for 4-6 h and 71-89% yields in the presence of
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15 mol% of catalyst. However, the catalyst has been
prepared by the reaction of 1,2-dimethylimidazole with
ethyl iodoacetate according to Scheme 6.

Hasthavaram et al. [36] used [bmim]OH ionic liquid for
the synthesis of some pyrazophthalazine having indol
moiety. The four-component reaction is initiated with
phthalic acid and hydrazine hydrate to produce
phthalhydrazide intermediate in the presence of ionic
liquids. To this reaction mixture, indole-3-carbaldehyde
and malononitrile have been added to afford 3-amino-1-
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(5-nitro-1H-indol-2-yl)-5,10-diox0-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-carbonitrile  derivatives
(Scheme 7). The products have been synthesized at 70-
75 °C for 30-45 min in 85-89 % vyields. Moreover, the
anti-cancer assessment and molecular modeling studies
offered an insight into their potential anti-cancer agents
and binding pattern with the protein respectively.
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Jadhav and coworkers [37] reported the efficiency of
diisopropyl ethyl ammonium acetate (DIPEAC) ionic
liquid under controlled microwave irradiation or
conventional heating in the reaction of phthalhydrazide,
substituted aldehydes and malononitrile. The best results
produced PPDs in 4-5 min with excellent yields (90-
94%) (Scheme 8).
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Scheme 6. Four-component synthesis of PPD derivatives in the presence [cmdmim]I.
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Scheme 7. Four-component reaction using [bmim]OH.
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Scheme 8. Using diisopropyl ethyl ammonium acetate (DIPEAC) ionic liquid.

Kour and coworkers [38] prepared ionic liquid coated [DMDSP]CI and 3,5-dimethyl-1,2-disulfonic acid-1H-
sulfonated carbon@titania composites (C@TiO,-SOzH- pyrazolium trichlorostannate [DMDSP]SnCls. Their
ILs) and used for the three-component condensation of activity as homogeneous and green catalysts have been
phthalhydrazide, aromatic aldehydes and malononitrile studied in the synthesis of PPDs by the reaction of
to afford PPDs in aqueous medium at 100 °C. phthalhydrazide with an aromatic aldehyde and
Davoodniaa et al. [39] reported the synthesis of two malononitrile or ethyl cyanoacetate (Scheme 9) using 5
disulfonic acid functionalized ionic liquids, 3,5- mol% catalyst at 60 °C for 10-30 min.
dimethyl-1,2-disulfonic acid-1H-pyrazolium chloride
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Scheme 9. Disulfonic acid functionalized ionic liquids in the synthesis of PPDs.
2.2. Using nanocatalysts Sabour et al. [45] described (3-propyltrimethoxysilane)
Nowadays, magnetic nanoparticles have attracted imidazolium  hydroxide supported on magnetic
growing research attention due to some notable nanoparticles ([SIPMIM]JOH@MNPs) as a recoverable
advantages such as simple separation using an external catalyst for one-pot reaction of aromatic aldehydes,
magnet, easy synthesis, reusability, high catalytic activity phthalhydrazide and malononitrile to offer PPDs in good
and excellent thermal and chemical stability in various to excellent yields (82-96%) in 12-20 min at ambient
organic solvents and chemical processes [40-42]. The temperature and solvent-free media. Scheme 10 shows
majority of the novel heterogenized catalysts are based the preparation procedure of (3-propyltrimethoxysilane)
on magnetic nanoparticles FezO4 supports [43]. In recent imidazolium hydroxide supported on silicacoated
years, some catalysts immobilized on  magnetic magnetic nanoparticles ([SIPMIM]JOH@MNPSs) in
nanoparticles have been prepared and utilized as catalysts multiple steps. Firstly, magnetic nanoparticles (MNPs)
[44]. FesO4 were prepared form FeCls-6H,0 and FeCl,-4H-0.

Then the coating of a layer of silica on the surface of the
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naked FesO. (MNPs) was obtained using
tetraethoxysilane (TEOS) by the sol-gel method. The
product has been reacted with 3-
chloropropyltrimethoxysilane  (CPTMS), then N-
methylimidazole and finally potassium hydroxide was
added to get the (3-propyltrimethoxysilane) imidazolium
hydroxide supported on magnetic nanoparticles.

Arora and Rajput [46] reported preparation of
silicotungstic acid (STA, HaW1,SiO4]) supported on
amino-functionalized Si—magnetite nanoparticles. To
improve the catalytic properties of heteropoly acid, STA
has been coated over aminopropyltrimethoxysilane
(APTMS)-functionalized silica-coated magnetite
nanoparticles (STA-Amine-Si-Magnetite). The catalytic
activity and recyclability of the STA-amine-Si-
magnetite nanoparticles were investigated in the
synthesis of PPD derivatives through the reaction of

phthalhydrazide, malononitrile and aromatic aldehyde in
CH3O0H at 70 °C for around 16-330 min. The products
(27 examples) have been obtained in 75-99% yields.

Caesium carbonate supported on hydroxyapatite-coated
magnetic nanoparticles (Nig.sZnosFe;0s@HAP-Cs,COs)
was prepared by Maleki et al. [47] and the catalytic
activity of this catalyst was investigated in the synthesis
of PPD derivatives through the three-component reaction
of aldehydes, malononitrile and phthalhydrazide at 110
°C under solvent-free conditions. The products (16
examples) have been obtained in 10-30 min with 76-98%.
The catalyst has been prepared in three steps. Firstly,
NiosZnosFe204 (NZF) was prepared from FeCls, NiCl;
and ZnCl,. Then a layer of hydroxyapatite on the surface
of the NZF nanoparticles has been coated and finally
caesium carbonate has been added to afford the catalyst.
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¥ NHz, H,0 US, 5h, 50 °C _
) Ny, 1.t Q 0=$IT™>"ci
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Scheme 10. Synthesis of PPDs in the presence of basic ionic liquid supported on silica-coated magnetic nanoparticles.

Moradi and her co-workers [48] described the synthesis
of PPDs in the presence of modified perlite nanoparticles
(perlite NPs/SiO./guanidine) as a heterogeneous catalyst
through  the  four-component condensation  of
phethalimide, hydrazine hydrate, malononitrile (or
ethylcyanoacetate) and aldehyde derivatives. The
catalyst was prepared and characterized according to
Scheme 11. Firstly perlite nanoparticles (NPs) have been
prepared, then tetraethyl orthosilicate (TEOS) was added
to obtain perlite NPs/SiO,, then perlite NPs/SiO, /CPTES
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was prepared by the reaction with  3-
chloropropyltriethoxysilane ~ (CPTES). Finally,
guanidine was added to afford the perlite NPs/SiO;
/guanidine). This catalyst has been utilized for the four-
component condensation and the best efficiency (82-97%
yield) was obtained using 0.009 g of perlite NPs/SiO,
/guanidine at 78 °C in ethanol as solvent over 150-235
min.

Kalhor and colleagues [49] prepared 4-methylpyridinium
chloride ionic liquid manganese nanocomposite (Mn/4-
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MePy-IL@ZY). First, Mn@zeolite-Y nanostructure was
prepared by the metal exchange reaction of manganese
(1) chloride with zeolite-NaY. This nanomaterial was
then reacted consecutively with trimethoxysilylpropyl
chloride and 4-methylpyridine to obtain the catalyst
(Mn/4-MePy-IL@ZY). To evaluate the catalytic

performance, the catalyst has been employed (10 wt.%,
0.01 g) in the synthesis of PPDs through the four-
component reaction of phthalic anhydride, hydrazine
hydrate, malononitrile and arylaldehydes in aqueous
ethanol (50%) at 80 °C in 8-12 min with 88-98 % yields
(Scheme 12).
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Scheme 11. Four-component synthesis of PPDs using perlite NPs/SiO./guanidine.
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Hamidinasab and colleagues [50] described one-pot
three-component condensation reaction of malononitril,
phthalhydrazide and various aldehydes using
heterogeneous magnetic nanocatalyst (NiFe;Os@TiO--
Pip NPs) in PEG400 at 80 °C for approximately 60 min
in 70-98% yields. For the preparation of the nanocatalyst,
nickel ferrite magnetic nanoparticles (NiFe,O) have
been prepared, coated with TiO, and finally decorated
with piperazine with the aid of the silane coupling agents.
In addition, the cytotoxic activities of all PPD derivatives

Mn/4-MePy-IL@ZY

EtOH:H,0, 80 °C

ol

16 examples

Mn/4-MePy-IL@ZY
Scheme 12. Application of 4-methylpyridinium chloride ionic liquid grafted on Mn@zeolite-Y in the synthesis of PPDs.
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have been evaluated. In the same manner, N,N,2,2,6,6-
hexamethyl-N-(3- (trimethoxysilyl)propyl) piperidin-4-
amonium iodide was grafted onto titana-coated NiFe;O4

nanoparticles have been prepared and used as
bifunctional base—ionic liquid hybrid magnetic
nanocatalyst (nano-NiFe:Os@TiO>—ILPip) for the

synthesis of PPDs by these authors [51].

In other research, Khaleghi and Azarifar [52] reported a
synthesis of magnetic S-alanine-functionalized-graphene
oxide quantum dots FesO,@GOQDs-N-(5-alanine) as a
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recyclable heterogeneous nanocatalyst for the one-pot
three-component synthesis of various PPD derivatives.
The reactions proceeded at room temperature for 10-20
min under mild and green conditions to afford the
respected products in excellent yields (90-98%).

The catalytic activity of the superparamagnetic
poly(aniline-com-phenylenediamine) @Fes04
nanocomposite was investigated in the synthesis of PPDs
by MiraniNezhad et al. [53] through one-pot three-
component condensation reaction of phthalhydrazide,
aromatic aldehyde derivatives and malononitrile at 80 °C
under solvent free conditions, whereby the reaction was
complete within 30 min. The antibacterial activity of
some derivatives, according to the data (inhibition
zone%), exhibited good activity against Staphylococcus
aureus and E. coli.

Ghorbani-Vaghei and coworkers [54] used piperidinium
benzene-1,3-disulfonate nanomagnetic ionic liquid
(NMIL) as a reusable catalyst for the one-pot four-
component synthesis of PPDs and 1H-pyrazolo[1,2-a]
pyridazine-5,8-diones from the reaction of aldehydes,
malononitrile, hydrazine hydrate and phthalic anhydride
or maleic anhydride at 110 °C in 40-85 min with 75-94
% vyields. For the preparation of NMIL Catalyst, firstly,
magnetite-phase Fe;Os was prepared and treated with
tetraethylorthosilicate (TEOS) under reflux to achieve
Fes0.@SiO.. Subsequently, Fe;0.@SiO- reacted with
(3-chloropropyhtriethoxysilane to obtain
Fes0.@SiO.@(CH2)sCl. Then reacted with piperidine
followed by adding benzene-1,3-disulfonic acid to afford
the catalyst (Scheme 13).
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Scheme 13. Four-component synthesis of PPDs using perlite NPs/SiO/guanidine.
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Davoodnia et al. [55] reported phosphotungstic acid-
containing ionic liquid immobilized on CuFe;04@SiO>
magnetic nanoparticles in the synthesis of PPDs by
reaction of phthalhydrazide with an aromatic aldehyde
and malononitrile under solvent-free conditions in 10-15
min with 88-95 % vyields. CuFe-O. has been prepared by
a  chemical  co-precipitation  method  using
Cu(NOs3)2-:3H20 and Fe(NOs3)3-9H:0 as precursors and
were coated with a layer of SiO; via sol-gel method with

CuFe;0,@SiO,. These magnetic nanoparticles (MNPs)
reacted with (3-chloropropyl) triethoxysilane and then
with an excess of imidazole to give CuFe;0.@SiO,@Cs-
Imid MNPs. Finally, interaction of obtained
CuFe,0,@Si0,@Cs-Imid MNPs with 1,4-butane sultone
followed by reaction with phosphotungstic acid
(HsPW1204, denoted as PW) gave the final PW-
containing IL immobilized on CuFe;Os@SiO; MNPs
which is denoted as CuFe,0.@SiO,@Cs-Imid-C4SOs-

tetraethyl  orthosilicate (TEOS) that led to PW (Scheme 14).
:
O0—Si—oO0
M, / I \
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Scheme 14. Phosphotungstic acid-containing IL immobilized on CuFe,O,@SiO, magnetic nanoparticles in the synthesis of PPDs.

al. [56] using one-pot three-component reaction of
phthalhydrazide, malononitrile and aromatic aldehydes at
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CuO nanoparticles was successfully utilized as a reusable
catalyst for the synthesis of PPD derivatives by Patil et
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70 °C under solvent-free conditions. Sixteen derivatives
have been obtained in 15-35 min with 86-94% vyields.

In other research, Cu-doped ZnO hollow sphere
nanostructures have been used as a recyclable catalyst in
the synthesis of PPDs from the three-component reaction
of phthalhydrazide, malononitrile and aldehydes at 100
°C under solvent-free condition [57].

Chalaki and Akhlaghinia [58] prepared Cu'" anchored
onto the magnetic talc (y-Fe,Os/ talc /Cu" NPs) as a
magnetically heterogeneous nanocatalyst for the one-pot
gram-scale synthesis of PPD derivatives through the
reaction between phthalhydrazide, malononitrile and
aldehydes in 10-25 min with 85-96% yields. The catalyst
has been prepared in multiple steps. Firstly, the reaction
of a mixed salt-solution of ferrous and ferric ions and
NaOH in the presence of talc powder as supporting
material. Afterward, the obtained FesOs/talc has been
heated at 220 °C for 3 h to produce y-Fe;Os/talc NPs.
Subsequently, the treatment of y-Fe;Os/talc NPs with
refluxing solution of Cu(OACc)..H20 in methanol gave y-
Fe,Os/talc/Cu" NPs.

PbO nanoparticles were explored by Tayebee et al. [59]
as a recyclable catalyst for the fast synthesis of PPD
derivatives (11 examples) through a one-pot three-
component reaction of phthalhydrazide, aromatic
aldehyde and malononitrile under solvent-free conditions
at 80 °C for 15 min with 69-99 %.

Piltan [60] reported zirconium oxide nanoparticles for the
three-component reaction between phthalhydrazide,
malononitrile and aromatic aldehydes. In this study,
PPDs have been obtained with good yields (87-96%)
using ZrO, nanoparticles (15 mol%) at 100 °C under
solvent-free conditions for 35-45 min.

Azarifar and coworkers [61] prepared urea-
functionalized  silica-coated  magnetic  core—shell
Fes4TixO4 nanoparticles as illustrated in scheme 15. This
catalyst has been utilized as a heterogeneous nanocatalyst
for the synthesis of PPDs from three-component reaction
between aromatic aldehydes, malononitrile, and
phthalhydrazide at 100 °C under solvent-free conditions
in 10-25 min and high yields (87-98%).

1) NH,NH, H,0/HC|

FeSO,7H,0 + TiCly (MeO),Si(H,C);HN” ~NH,

2) Si(OC,Hs),US

0 0
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" 0 O Ar
NH )L ) cN ey, Ti,0,@Si0,@Urea N

H s | CN
oo AT R NG solventifree, 100°C N

5 o NH,
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Scheme 15. Synthesis of PPDs using urea-functionalized silica-coated magnetic core—shell Fe;«TixO4 nanoparticles.
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Scheme 16. Synthesis of PPDs catalyzed by the [UiO-66@Schiff-base-Cu(l1)] nanocomposite.

Ghaobakhloo and colleagues [62] developed the one-pot
three-component reaction of aromatic aldehydes,
malononitrile, and phthalhydrazide to afford the
corresponding PPDs using metal-organic framework-
based supported Cu(ll) nanocatalyst [UiO-66@Schiff-
Base-Cu(I1)] at 80 °C under solvent-free conditions. The
procedure gave the products in 10-45 min with 38-93%
yields. The catalyst has been prepared using the reaction
of ZrCl, and 2-aminoterephthalic acid. Then the Schiff-
base reaction of amine groups with the as-prepared
aldehyde, containing a ligand, has been made in order to
afford UiO-66@Schiff-Base, which was finally
coordinated to copper ions to give the target [UiO-
66@Schiff-Base-Cu(ll)] catalyst as illustrated in Scheme
16.

Nesarvand et al. [63] utilized magnetite-silica core—shell
nanoparticles modified with Cu-salen complex
(FesO4@SiO2-imine/phenoxy-Cu(ll)) a heterogeneous
catalyst in the synthesis of PPDs through the three-
component reaction of phthalhydrazide, malononitrile
and aldehydes at 80 °C under solvent-free conditions in
14-22 min and 88-96% yields. To prepare the catalyst, the
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Fes0,@SiO, nanoparticles were first prepared and
treated with (3-chloropropyl)triethoxysilane, yielding the
Fes0.@ SiO,—(CH2)3-Cl MNPs. In the next step, the
Fes0.@SiO,—(CH,)s-Cl nanoparticles were reacted with
1,3-phenylenediamine followed by further Schiff base
reaction with salicylaldehyde and coordination with
Cu(ll) ion in order to give the catalyst (Scheme 17). In
the same manner, a Schiff base Cu (Il) complex
immobilized on Fe;0.@SiO, nanoparticles has been
reported for the synthesis of PPDs by Ebrahimiasl et al.
[64]. The Schiff base ligand has been prepared from the
reaction of 2-pyridinecarboxaldehyde and 2-((4-(2-
aminobenzyl)-1,4-diazepan-1-yl)methyl)benzenamine.
Bashti et al. [65] prepared dicationic 4,4'-bipyridine
silica hybrid nanocomposite and utilized in the three-
component reaction of phthalhydrazide, malononitrile
and aromatic aldehyde at 100 °C under solvent-free
conditions. The PPD products (10 examples) have been
obtained in 30-60 min and 86-96% yields.
Shafe-Mehrabadi and colleagues [66] reported
preparation of nanostructured silica-supported sulfuric
acid (Si02—H»S0O4) and used as a nanocatalyst for one-pot
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synthesis of phtahalazines via three-component 95% yields (Scheme 18). Nano SiO,-H>SO4 was prepared
condensation of an aromatic or aliphatic aldehyde, form the reaction of chlorosulfonic acid and nanosilica
malononitrile and 5-amino-2,3-dihydrophthalazine-1,4- gel powder at 0 °C.
dione in ethanol at reflux conditions in 10 min with 86-
EtO
Et0-5i7\/"cl
TEOS EtO OO\//Si/\/\CI
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Scheme 17. Synthesis of magnetite-silica nanoparticles modified with Cu-salen complex and application for the synthesis of PPDs.
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Scheme 18. Synthesis of PPDs in the presence of silica-supported sulfuric acid nanoparticles.

Nickel ferrite immobilized over B,N,F tridoped derivatives through the reaction of phthalimide,
mesoporous cerium oxide (CeOz) nanostructures have hydrazine monohydrate, aromatic aldehyde and
been prepared by Sharma et al. [67] and used as an malononitrile in H,O at 60 °C (Scheme 19). To prepare
heterogeneous nanocatalyst for the synthesis of PPD the mesoporous nanocatalyst, firstly, 1-butyl-4-
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methylpyridinium tetrafloroborate ionic liquid has been calcination. Then NiFe,Os nanopartiles and tri-doped
added to the already prepared nanoceria in a silica nanoceria have been mixed in a silica crucible and heated
crucible for tri-doping of ceria. This mixture was at 650 °C for 3 h in a muffle furnace to afford the catalyst.
thoroughly mixed with grinding accompanied by
7N
o) o 9 =R
CN NiFe,0,@B,N,F tridoped CeO,
NH + HN=NH, + { +|\ H h|'/ CN
cN G H,0, 60 °C N
o) R 6 NH,
Scheme 19. Synthesis of PPDs using NiFe04@B,N,F tridoped CeOs..
2.3. Using Bio/organocatalysts malononitrile and 2,3-dihydro-phthalazine-1,4-dione in
In the last decade, organocatalysts have gained much ethanol under reflux conditions. In this method, PPDs
interest because in many cases, they are usually more have been obtained in 5-20 min with 86-95% yields. In
readily available, less expensive, more environmentally addition, N-methylimidazole has been used as a catalyst
friendly and can be applied using less demanding in the reaction of 2-chloro-3-formylquinoline,
reaction conditions [68]. malononitrile  or  ethylcyanoacetate and  2,3-
The catalytic potential of organocatalyst N- dihydrophthalazine-1,4-dione in ethanol. After 2.5-3.5h
methylimidazole (one drop, ca. 20 mol%) is explored in the corresponding pyrazolophthalazinyl quinolines have
the multi-component reactions of aromatic aldehydes, been synthesized in 78-82% yields (Scheme 20) [69].
R
N
R, O O Ry O —
NH N H CN N-methylimidazol N
I + N < | )—CN
NH R CN EtOH, 80 °C N
o 5-20 min o NH,
Ri=H, NH; 17 examples
R, O 0
N
- R o) N\ /,
NH | N H CN N-methylimidazol 1
| +
NH N o <x EtOH, 80 °C @:;/}\N "
| X
2.5-35h NI
o)
Ri=H, NO, X= CN, COOEt o NH,
Scheme 20. Synthesis of PPDs using N-methylimidazole.
Bovine serum albumin was used as a biocatalyst for the was observed when aliphatic aldehydes such as
synthesis of PPDs through a cyclocondensation reaction isobutyric aldehyde and acetaldehyde were tested [70].
of malononitrile, phthal hydrazide and aryl aldehydes in Dalal et al. reported [71] the synthesis of PPD derivatives
water as a solvent. The reaction worked well and gave the using lipase from the Aspergillus niger through
products (10 examples) after 24 h with 73-93% yields. It multicomponent reaction of aldehydes, malononitrile,
was found that a wide range of aryl aldehydes can and phthalhydrazide in DMSO:H,O at 50 °C for 48 h to
participate in this reaction and electron-withdrawing achieve the products with good yield (70-86%).
groups (NO-, Br, Cl) gave higher yields than electron- Mohamadpour [72] reported 1,8-
donating groups (OH, Me). However, there is no product diazabicyclo[5.4.0Jundec-7-ene (DBU) as a bicyclic

amidine catalyst for the synthesis of biologically active
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PPD derivatives (19 examples) through one-pot four- one-pot three-component reaction of aldehydes,
component condensation reaction of phthalimide, malononitrile and phthalhydrazide in H,O—-EtOH (4:1) at
hydrazine  monohydrate, aryl aldehydes and 100 °C in 2.5-5 h with 82-93 % yields.
malononitrile under solvent-free conditions at 70 °C for Oliaei and coworkers [75] reported the unexpected
2-4 h with 75-90% yields. synthesis of 4-(4,5-dihydro-1H-imidazol-2-ylsulfanyl)
Lamera and coworkers [73] investigated 4-N,N- butyl hydrogen sulfite through the reaction of
dimethylaminopyridin as Brgnsted base catalyst for the imidazolidine-2-thione and 1,4-butane sultone in
synthesis of PPDs starting from phthalhydrazide, acetonitrile at reflux conditions (Scheme 21). Then, it has
aromatic aldehydes and malononitrile. The procedure been applied as a catalyst for the synthesis of PPDs by
gave the products with good yields (88-97%) in 0.5-2 h means of the one-pot three-component condensation
using 20 mol% of catalyst in ethanol under reflux reaction of phthalhydrazide, malononitrile and aromatic
conditions. aldehydes in DMF at reflux conditions in 10-30 min with
Tayade and Dalal [74] developed the synthesis of PPD 89-98% yields (Scheme 21).
derivatives by employing 20 mol% B-cyclodextrin via a
[ >:S N @ CH3CN, Reflux [N/>_S/\/\/O'SOZH
N 12 h N
H R
Catalyst \
o) o) o —
NH N H CN  Catalyst (4 mol%) N
e @ < War
R/ CN DMF, Reflux N
o) o) NH;
10 examples

Scheme 21. Synthesis of 4-(4,5-dihydro-1H-imidazol-2-ylsulfanyl) butyl hydrogen sulfite and using for the synthesis of PPDs.

Unnikrishnan et al. [76] prepared inositol cored primary solvent and catalyst for the one-pot, multi-component
amine-functionalized GO dendritic polymer (INO-GO) synthesis PPDs under controlled microwave irradiations.
and used for the synthesis of PPDs as the catalyst. The Saccharin has also been reported as a green catalyst for
products have been prepared through the reaction of four-component reaction of phthalimide, hydrazine
aldehydes, phthalhydrazide and malononitrile in the monohydrate, aromatic aldehydes and malononitrile at 90
presence of 0.3 mol% of polymer catalyst INO-GO within °C under solvent-free condition [79].

15 min and 89- 95% vyields in ethanol medium under

ultrasonic irradiation. According to Scheme 22, the 2.4. Using miscellaneous methods

polymer catalyst has been synthesized firstly by the ring An efficient protocol was demonstrated for the synthesis
opening polymerization of epichlorohydrin initiated by of PPDs by employing catalytic amount of zinc—proline
inositol, in the presence of BF;OEt,. Then it has been complex (Zn[L-proline],) via one-pot three-component
subjected to azidation reaction using sodium azide and reaction of phthalhydrazide, aldehyde and malononitrile
finally, reduced to inositol cored dendritic amino in the solvent of H,O:PEG400= 6:4 at 80 °C. After 0.5-1
polymer (INO-GO) by LiAlH.. h the products (18 examples) have been prepared with 85-
The diethylenetriamine (DETA) covalently immobilized 98% vyields. The zinc—proline complex was prepared by
on the surface of the Zeolite HY and used as an organic- adding EtsN to L-proline in MeOH, followed by the
inorganic hybrid catalyst (Zeolite HY@DETA) for the addition of zinc acetate [80].

synthesis of PPD derivatives by Hamidinasab et al. [77] Hiremath and Kamanna [81] described an interesting
The products (16 examples) have been achieved in catalyst for one-pot multicomponent synthesis of PPDs
ethanol under reflux conditions after 20-30 min. with 85- through condensation of aldehyde, malononitrile and
95% yields. phthalhydrazide catalyzed by water extract of mango peel
Zaky et al. [78] described glycerol as a cheap, ash under microwave irradiation in ethanol in short
biodegradable, and commercially available promoting reaction time (6-8 min) and good yields (83%-89%).
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Maheswari and coworkers[82] reported a one-pot three-
component synthesis of PPD derivatives from the
aromatic aldehyde, cyanoacetamide and phthalhydrazide
using fish scale hydroxyapatite (FS-HAP) as a reusable

heterogeneous catalyst at 110 °C under solvent-free
condition (Scheme 23). The products have been achieved
with remarkable yields (88-96%) in short reaction time
(5-12 min).
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HO OH o c . o} 0
@O > BF;0EL/CH,CI J_L
e HoN on oH
HO OH o o
(2) NaN3, DMSO, 100 °C HO 04§ (NHz
o o
HO ~ OH (3) LiAIH4, THF ﬂ
HoN HN  — O
0 NH, "
n HO  NH,
HO
HoN INO-GO

R

INO-GO (0.3 mol%)

Ultrasonic irradiation
EtOH

TN
(@] O fe) —
Y N
+ + X
NH o . N
o o o o NH,
| I
cl

Scheme 22. Synthesis of PPDs using inositol cored primary amine-functionalized GO dendritic polymer (INO-GO).
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19 examples

Scheme 23. Synthesis of PPDs using fish scale hydroxyapatite.

Synthesis of PPD derivatives via one-pot four-
component condensation reaction of phthalimide,
hydrazine monohydrate, aromatic aldehyde derivatives
and malononitrile in the presence of a catalytic amount of
zirconium tetrachloride (20 mol%, ZrCls) as a Lewis
acidic catalyst at 80 °C and solvent-free conditions has
been developed by Lashkari et al. [83]. However in this
method, firstly, a mixture of hydrazine monohydrate,
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phthalimide and ZrCl, (20 mol%) was heated at 80 °C for
2 h. Then, malononitrile and aromatic aldehyde were
added and the mixture was heated for 2-5 h to afford the
products with good yields (79-94%).

Jadhav and coworkers [84] described synthesis of 3-
amino-2-benzoyl-1-aryl PPDs via one-pot three-
component reaction between phthalhydrazide or maleic
hydrazide, aldehydes and arylacetonitrile in the presence
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of 20 mol% of indium (I11) chloride (InCls) as a Lewis
acid catalyst at 80 °C under solvent-free conditions in 25-

(¢} O e}
NH ~N H S CN
NH l// -
Pz
R Rl/
0

Scheme 24. Synthesis of PPDs in the presence of indium (111) chloride.

Sangani et al. [85] reported the synthesis of a series of
PPD derivatives using one-pot, three-component base-
catalyzed cyclocondensation reaction of 3-methyl-5-
aryloxy-1-aryl-1H-pyrazole-4-carbaldehyde,
malononitrile or ethyl cyanoacetate and 2,3-dihydro-1,4-
H3C H3C CHO

40 min and 86-94% yields (Scheme 24).

InCl3 (20 mol%)

Solvent-free, 80 °C

o}
\
N

o}

phthalazinedione in ethanol containing NaOH under
reflux for 3.5-4 h in good yields (70-89%). The required
starting material was prepared according to scheme 25.
However, the antimicrobial, antituberculosis and
antioxidant activity of products have been investigated.

H3C CHO
N/
\N O
POCly KoCO3, DMF C\Z
R
Ry
H3C CHO
NaOH
EtOH, Reflux
R3
X=CN, COOEt

16 examples

Scheme 25. Synthesis of PPDs in the presence of NaOH.

Kerru and colleagues [86] used eggshell powder as an
inexpensive, biodegradable and heterogeneous catalyst
for the four-component one-pot condensation reaction
through the reaction of different chosen active methylene
compounds, phthalic anhydride, and hydrazine hydride
with aromatic aldehydes in the water at 60 °C and
provided the high yields of products (93-98%) in short
reaction time of 28 to 45 min. The eggshell powder has
been characterized and composed of the high percentage
of calcium oxides and carbonates.

Kefayati and colleagues [87] used tetrabutylammonim
fluoride as phase-transfer catalyst for the synthesis of
PPD derivatives in one-pot three-component reaction of
phthalhydrazide, aromatic aldehydes or isatin derivatives
and malononitrile in water at 75 °C under ultrasonic
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irradiation. The products (12 examples) have been
synthesized for 20-45 min with 86-95% yields.
Synthesis of PPDs has also been reported in the presence
of copper(ll) acetate monohydrate as a catalyst by means
of four-component reaction using phthalic anhydride
[88].

Abdesheikhi and Karimi-Jaberi [89] reported an efficient
method to synthesize PPD derivatives through one-pot,
four-component  cyclocondensation ~ of  phthalic
anhydride, hydrazine hydrate, aromatic aldehydes and
malononitrile in the presence of potassium carbonate
(K2CO3). The reaction was performed in ethanol under
reflux conditions gave the corresponding products in 85-
96% vyield after 50-80 min (Scheme 26).
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Scheme 26. Four-component synthesis of PPDs in the presence of potassium carbonate.

3. Conclusion

This review presented a brief overview of the recent
methods and catalysts leading to pyrazolo[1,2-
b]phthalazines as biologically or pharmaceutically active
compounds. As is evident from the several approaches
outlined in this review article, these synthetic procedures
offered access to pyrazolo[1,2-b]phthalazine-5,10-diones
from three-component reaction including
phthalhydrazide, aldehydes and malononitrile, or four-
component  reaction of phthalic  anhydride/
phthalhydrazide, hydrazine, aldehydes and
malononitrile. Now that the useful methods and catalysts
like ionic liquids, organic acids, metal nanoparticles,
biocatalysts and so on which have been utilized in the
multi-component reaction have been summarized in one
source, we hope that this review could be of interest in
medicinal, natural products and organic synthesis.
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