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A simple, efficient and One-pot four component synthesis to afford the library of 1H-
pyrazolo[1,2-b]phthalazine-5,10-dione derivatives using novel heterogeneous calcined Mg-
Fe-CO3 hydrotalcite at room temperature is described. The calcined hydrotalcite with a
Mg/Fe ratio of 3:1 derived from calcinations at 500°C was found to be a suitable catalyst
that gives best catalytic activity for this reaction. Hydrotalcites are non-toxic, easy to
separate and the isolated catalyst was reused for a number of times without loss of catalytic
activity. Hence, making this process green and benign.
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Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Heterocyclic chemistry attracted considerable attention in
organic synthesis and pharmaceutical chemistry'. Among the
various heterocyclic systems nitrogen containing heterocycles
play a fundamental role in the view of both chemistry and
biology and their application in biologically active
pharmaceuticals, agrochemicals and functional materials are
getting more and more important.”

In addition, heterocycles containing a phthalimide moiety has
attracted extensive attention. Phthalizine derivative have been
reported to possess antifungal’, anticonvulsant’ anti-
inﬂammatory7, vasorelaxant ® and antimicrobial’. Moreover,
1H-pyrazolo [1,2-b]phthalazine-5,10-diones, were also found
to have analgesic, antipyretic and antihypoxic activities'”.
Therefore, the development of new synthetic methodologies
for the construction of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-
diones will be a beneficial and interesting challenge.
Multicomponent reaction with high throughput generate
structurally complex and diverse heterocyclic compounds by
the reaction of three or more readily accessible starting
materials via a one-pot methodology, have become the
powerful tool in organic and medicinal chemistry.'"'*"* They
offer significant advantages over traditional stepwise
strategies, by reducing waste production, showing reaction
periods, saving energy and avoiding protection-de protection
of functional groups that resulting in both environmental and
economical benefits.'

*Corresponding author: Keshav Badhe
Department of Chemistry, Kishichand Chellaram College,
Mumbai University, Churchgate, Mumbai-400020

The multicomponent synthesis of 1H-pyrazolo[1,2-b]
phthalazine-5,10-diones derivatives have been reported via the
three component reaction of phthalhydrazide, malononitrile
and aldehyde in the presence of diverse catalyst including p-
toluene sulphonic acid in ionic liquid, [Bmim]Br, as solvent at
100°C for 3 hrs”, InCl315, using triethylamine as a catalyst in
ethanol at 60°C for 1 hr under ultrasound with a frequency of
50Kh216, NiCl,.6H,O as a catalyst in ethanol under reﬂux”,
glycerol promoted catalyst free synthesis '*, AL-KIT-6 in
ethanol at 60°C for 4 hrs."” However, the reported methods
have more or less shortcoming. They largely suffer in practical
exploitation either due to use of environmentally unfriendly
reagents such as strong acid, ionic liquid, require long reaction
time, high temperature and non-recyclability of the catalyst.

In recent year, many investigations drawn great demand on the
development of low cost heterogeneous materials with basic
characteristics that could be used in reactions. Layer double
hydroxides, LDH’s are anionic clays that are also referred to as
hydrotalcite like compound.” They have received considerable
attention in recent years because of their potential application.
2122 General formula is [M*')x M*", (OH),]* [A™ yw mH20]*
where M*" and M®" are metal cations, for example Mg'* and
Al that occupy octahedral sites in the hydroxide layers, A™ is
an exchangeable anion and x is the ratio M”/M™+M" and
layer charge will depend on the M™ /M ™ ratio®. There is a
need to evaluate environmentally benign catalytic system and
hydrotalcite meet the needs. Hydrotalcite has been reported to
be ion-exchanger *' and catalyst or catalyst support. ** % It is
reusable and non-toxic catalyst system. Herein, we have used
Mg/Fe- hydrotalcite as a solid base catalyst for synthesis of
1H-pyrazolo [1,2-b] phthalazine-5,10-diones at room
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temperature resulted in high yields. After the reaction, the
catalyst can be recycled, easily separable and robust catalyst.

Experimental
Materials

All chemicals of A.R. grade were purchased from S.D. Fine
Chemicals Ltd., Mumbai, India and were used without any
further purification.

Method of characterization

Melting points of all synthesized compounds were measured
on electro thermal apparatus using open capillary tubes and are
uncorrected. TLC for the purity of compounds was performed
on silica gel coated aluminum plate as adsorbent and which are
analyzed with U.V. light as a visualizing agent. FT-IR Spectra
were recorded on Bruker Spectrometer in the region of 400-
4000cm™. 'H and '*C NMR spectra were recorded on Varian
500 MHz NMR spectrophotometer using TMS as an internal
standard and CDCI3/DMSO-d; as solvent (chemical shifts in 6
ppm).

Powder X-ray diffraction pattern was collected with
monochromatic Cu Ka radiation (A = 1.54059 A) at 40 kV and
15 mA using Shimadzu  7000S  diffractometer.
Thermogravimetric analysis was performed with a RIGAKU
Thermo Plus TG 8120 thermo balance with a heating rate of
10°C/min from 25 to 900°C.The morphological information
gathered using scanning electron microscope ZEISS Ultra
FESEM.

Catalyst preparation

Mg-Fe-HTs with different Mg/Fe molar ratio (Mg/Fe = 2:1,
3:1, 4:1 and 5:1) were synthesized by co-precipitation
method.”® An aqueous solution of Mg (NOs),.6H,O and Fe
(NO3),. 9H,0 were prepared and mixed aqueous solution of
Mg (NO;),.6H,0 and Fe (NO3),.9H,0 was added drop wise
using addition funnel to an aqueous solution containing NaOH
and Na,CO; under vigorous stirring. After complete addition
the solution was heated at 80°C for 18 hr and maintain pH of
the solution in the range of 10-11 during stirring. After
complete stirring, the solution was allowed to cool to room
temp and filtered. The obtained residue was washed with hot
deionized water several times till filtrate was neutral. The solid
was dried in an oven at 60°C in the air. Dry solid then calcined
at 500°C for 5 hrs.

General procedure for synthesis of 1H-pyrazolo [1, 2-b]
phthalazine-5, 10-dione

In round bottom flask Phthalimide (3mmol), hydrazine hydrate
(3mmol) malononitrile (3mmol), benzaldehyde (3mmol) and 0.3 gm
C-Mg-Fe-hydrotalcite in ethanol stirred at room temperature. The
completion of the reaction was checked by T.L.C. After that, reaction
mixture diluted with ethanol and heated to dissolved solid formed.
The solid catalyst was recovered by filtration. The removal of solvent
resulted in the recovery of solid product. The product was
recrystallized using ethanol. Purified product characterized by
N.M.R. and I.R.

RESULTS AND DISCUSSION
Characterization of hydrotalcite
XRD (X-ray diffractogram)

Powder XRD of calcined Mg/Fe = 3 hydrotalcite catalyst is in
agreement in the standard hydrotalcite peaks, which indexes

are correlating with the reported hydrotalcites. After
calcinations due to removal carbonate and water from the
hydrotalcite structure mixed oxides of hydrotalcite precursors
are formed. The powder X-ray diffraction pattern of LDH with
Mg/Fe=3:1 molar ratio (fig. 2) shows peaks at 20 =
43.14°,62.60° which are corresponding to MgO and at 20 =
30.14°, 35.52°, 43.14° and 62.60° which can be attributed to
MgFe,0, spinel structure (JCPDS 17-0465) those peaks have
been observed in literature. 2%
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Fig 1 XRD spectrum for calcined hydrotalcite with Mg/Fe = 3:1

TGA (Thermo Gravimetric Analyses) and SEM (Scanning
Electron Microscopy)

The TGA Plot of LDH having Mg/Fe molar ratio 3:1 shows
three distinct phase loss in the range 50-200°C, 200-400°C and
460-750°C (fig. 3). The first weight loss in the temp range of
50-200°C which was about 13%. This weight loss of
hydrotalcite mainly due to interlayer and physisorbed
water. Further, weight loss of 21% which occurs between
200-460°C which is related to removal of carbonate ions from
the interlayer of hydrotalcite and first step dehydroxylation.
Final the third mass loss, that occurs further than 460°C can
due to continuous dehydroxylation and decarbonation and
formation of oxide metals as MgO which are detected in X-ray
differ action of calcined LDH and possibly MgFe,O,4. as
reported in the literature.””** Beyond 600°C temp, there was
no significant mass loss was observed.

Catalyst morphologies as indicated by the SEM image of C-
Mg-Fe-HT-3 showed the materials to be clearly point out the
homogeneity in shapes for the sample and high crystallinity
(fig.4).
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Fig 2 TGA Plot of hydrotalcite with Mg/Fe=3:1.
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Fig 3 SEM image of hydrotalcite with Mg/Fe=3:1 calcinied at 500°C

General reaction of phthalimide, hydrazine hydrate,
malononitrile /ethyl acetoacetate and substituted  aromatic
aldehyde at room temperature were carried out in order to
screen the various parameters in presence of Mg/Fe
hydrotalcite (Scheme 1).
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Scheme 1 Synthesis of 1H-pyrazolo [1, 2-b]phthalazine-5,10-dione as
model reaction

In first step, the reaction was examined by carrying out this
MCR in different protic and aprotic solvents such as water,
ethanol, methanol, DMF and DMSO as tabulated in (Tablel).
From experimental studies of the solvent, ethanol found to be
suitable solvent with an excellent yield of the product .In
absence of solvent lower yield of product was observed. Along
with solvent, the effect of catalyst and quantity of catalyst also
evaluated for the model reaction.

Table 1 Influence of solvent selection in The reaction of
benzaldehyde, malononitrile, Phthalimide and Hydrazine
hydrate in the presence of C-Mg-Fe HT-3 in different solvents
at ambient temperature 29°C

Entry Solvent pr?){(llfllgt 25@
1 H,0 40
2 EtOH 90
3 MeOH 78
4 DMF 55
5 DMSO 48
6 Without solvent 35

Reaction conditions: Benzaldehyde (3mmol), malononitrile
(3mmol), Phthalimide (3mmol), Hydrazine hydrate (3mmol),
solvent (5Sml), C-Mg-Fe HT-3 (0.3g), ambient temperature
(29°0).

To find out the most effective catalyst for this reaction
calcined- Mg-Fe HT’s with different Mg:Fe molar ratio i.e.

2:1,3:1,4:1,5:1. was tried (Table 2). However, the basicity of
HT’s mainly depend on Mg/Fe molar ratio and calcination
temperature. The HT’s were calcined in order to tune the
basicity. On calcinations at a higher temperature, the Lewis
basicity of hydrotalcite increases, while bronsted basicity
decreases. It is reported that calcined hydrotalcite contain
surface basicity due to OH™ group, (Mg-O) pairs and (0?)
species.” The basicity of hydrotalcite also sensitive to the Mg
/Fe molar ratio and found to be maximum at Mg /Fe molar
ratio 3:1 further increase in molar ratio decreases the basicity.
Hence, Mg -Fe HT molar ratio of 3:1 was found to be the best
catalyst for this reaction, and in absence of catalyst the yield of
product was so poor.

Table 2 Influence of catalyst selection The reaction of
benzaldehyde, malononitrile, Phthalimide and Hydrazine
hydrate in the presence of different C- Mg-Fe HTs in
EtOH at ambient temperature

Entry Hydrotalcite Yield (z{/‘l)))roduct
1 C-Mg-Fe HT-2 65
2 C-Mg-Fe HT-3 90
3 C-Mg-Fe HT-4 18
4 C-Mg- Fe HT-5 58
5 Without HT No Reaction

Reaction conditions: Benzaldehyde (3mmol), malononitrile
(3mmol), Phthalimide (3mmol), Hydrazine hydrate (3mmol),
Ethanol(5ml), C-Mg-Fe HT-3 (0.3g),ambient temperature
(29°C).

In the heterogeneous catalyst, the optimization of catalyst
quantity is very important in view of scale up of reaction and
selectivity towards the expected product. The reaction was
carried out with different quantity of hydrotalcite and 0.3gm of
calcined- Mg -Fe-HT was found to be optimal quantity (Table
3).Further, any increase in the quantity of catalyst did not
increase the yield of product.

Table 3 Influence of C-Mg-Fe-HT-3 catalyst loading in
the reaction of benzaldehyde, malononitrile, Phthalimide
and Hydrazine hydrate using different quantity of C-Mg-

Fe- HT-3 in C2H50H at ambient temperature.

Catalyst Yield of product
Y quantity () (%)
1 0.10 65
2 0.20 79
3 0.30 90
4 0.40 90
5 0.50 90

Reaction conditions: Benzaldehyde (3mmol), malononitrile
(3mmol), Phthalimide (3mmol), Hydrazine hydrate (3mmol),
Ethanol (5ml), C-Mg-Fe HT-3 (0.3g), ambient temperature
(29°C). Increased with increase in molar ratio up to 3.0 and
when this molar ratio exceeds 3.0 the catalytic activity
decreases. Since Mg-Fe HT was a heterogeneous base, it was
easily separated from the reaction mixture by simple filtration.
After each reaction, the catalyst could be reused. However, the
yield of product remains same even after reusing of catalyst
number of times (Figure .4).
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Fig 6 Reusability of the catalyst

Reaction conditions: Benzaldehyde (3mmol), malononitrile
(3mmol), Phthalimide (3mmol), Hydrazine hydrate (3mmol),
C,HsOH (5ml), C-Mg-Fe HT-3 (0.3g), ambient temperature
(29°0).

The feasibility of this MCR process was further evaluated
under optimized reaction conditions and results are shown in
(Table 5). A variety of aromatic aldehyde carrying both
electron withdrawing and electron donating groups were
reacted with malononitrile and phthalhydrazide to generate
1H-pyrazolo [l, 2-b] phthalazine-5, 10-dione in good to
excellent yields. In general aromatic aldehyde -carrying
electron withdrawing group reacted rapidly as compared to
aromatic aldehyde carrying electron donating group. In
addition, the four component reactions using ethyl acetoacetate
instead of malononitrile generally gave good yields (Table 5).

practical alternative for application of this synthesis in the
view of following advantages high catalytic activity, easy
separation of catalyst by simple filtration, waste minimization,
reusability of catalyst and environmentally benign processes.
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Spectral Data

3-Amino-5,10-dioxo-1-phenyl-5,10-dihydro-1H-pyrazolo[1,2-
b]phthalazine-2-carbonitrile (5a): Yellow powder, Yield =
90%, M.P.= 275-276 C, IR (KBr) [cm™]: 3362 cm-1 & 3261
(NH,), 2198 (C=N), 1661 (amido C=0)."H NMR (500 MHz,
DMSO-dy): dppm= 6.219 (s,1H,CH), 7.401-8.376(m,11H,Ar-
H & NH,) BC NMR (500 MHz, DMSO-dg): Sppm=
61.8(CH),116.31 (CN), 127.18-154.09(C=C, ArC), 157.04
(C=0).

3-amino-1-(3-nitro)phenyl-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-  carbonitrile (5b):  Yellow
powder ,Yield = 91%, M.P.= 268-270 C IR (KBr) [cm™]: 3433
& 3323 (NH,), 2198 (C=N), 1658 (amido C=0) 1493 & 1330
(NO,).'H NMR (500 MHz, DMSO-ds): &ppm= 6.330
(s,1H,CH), 7.655-8.387 (m, 10H, Ar-H & NH,).

Table 4 Synthesis of substituted 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione using C-Mg-Fe-HT-3 at
room temperature (29°C).

0 O
Y 0 MgFeCO3 hydrotalcit i
gFeCO3 hydrotalcite N
+ + -
NH + NHyNH,.H20 <CN R)J\H - N:/>7Y
R.Temp.
o} 0 NH;
Y= -CN,COOEt
Entry R Y product  Yield (%) Time(min.) M.P°C Lit. M.P.°C_ References
1 C¢Hs -CN la 90 60 275-276 276-278 19
2 3-NO,-C¢Hy4 1b 91 55 268-270 269-271 19
3 4-NO,-CeH,4 lc 93 50 230-231 230-232 19
4 2-Cl- C¢Hy 1d 91 65 259-261 251-261 19
5 3-Cl- C¢H,4 le 87 68 265-266 266-267 19
6 4-Cl- C¢Hy If 92 60 269-270 270-272 19
7 4-OCH;- CsHy lg 87 65 275-276 -
8 3-Furyl 1h 84 65 290-292
9 CsHs -COOEt 2a 92 65 345-347
10 3-NO,- C¢Ha 2b 94 55 332-334
11 4-Cl- C¢Hy 2c 93 60 326-328
12 4-OCH;-CeHy 2d 89 70 308-310

Reaction conditions:  Substituted benzaldehyde (3mmol),
Phthalimide =~ (3mmol), Hydrazine hydrate (3mmol),
Malononitrile /cyano ethylacetoacetate (3mmol), EtOH (5ml),
C-Mg-Fe HT-3 (0.3g), reaction temperature (29°C).

CONCLUSION

We have developed an operationally simple and mild process
for the synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-
diones in presence of solid base catalyst Mg/Fe=3:1
hydrotalcite at room temperature. This solid base catalyst is a

C NMR (500 MHz, DMSO-dg): 8ppm= 60.67(CH), 116.10
(CN), 122.50-154.37(C=C, ArC), 157.15 (C=0).
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