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ABSTRACT
In this method, we have reported the catalytic ability of boric acid as a green, eco-friendly catalyst for one-pot four
component condensation reaction of phthalic anhydride, Monohydrate hydrazine, Malononitrile and substituted
aromatic aldehyde was reported. The major synthetic protocol is the use of inexpensive, nontoxic, avoiding the use
of harmful organic solvent, short reaction time, mild condition reaction, simple procedure, excellent yield and
environmentally benign.
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INTRODUCTION
Multicomponent condensation reactions (MCR) are more important in the synthesis of heterocyclic
molecules. In presence of phthalazine and pyrazole heterocyclic ring system or fused ring with a different
heterocyclic moiety, are in a number of pharmacologically emphasis molecules. In many cases, use of the
classical method for the synthesis of heterocyclic compounds, however, these are simply no longer
reaction time acceptable by current environmental and safety standard. All these reasons, the various
possibilities offered by microwave synthesis are attractive high yield, fast or minimum time and
environmentally benign are important advantages.
Nitrogen-containing bridgehead hydrazine heterocyclic compounds have attracted prominent interest due
to their pharmacological properties, biological activities and clinical applications'***3¢, The pyrazolo
phthalazine derivative expands in nature and their applications of biologically active pharmaceuticals,
functional materials as well as agrochemicals.”!° Pyrazolo phthalazine dione derivatives show various
biological activities such as Anticonvulsant'!, Cardiotonic'?, vasorelaxant'’, Cytotoxic'*, Anticancer',
Antifungal'é, Anti-inflammatory'’, Antiviral'®, Antitumor'®, Anticoagulant®®, Antibacterial*!and Ant
hypoglycemic activity??. To develop a simple method for synthesis of pyrazolo phthalazine dione is
important in organic synthesis.
Earlier reports revealed that one-pot four component synthesis of pyrazolo phthalazine dione derivatives
have been prepared by using different catalytic system such as EtzN?* ,AL-KIT-6%, [bmim] Br/PTSA*,
[bmim]OH*, NiClL.6H,0?, InCl3*’, CAN?, [(DBU)CH;COO] ¥, Cul NPs*,Zn(OAc)," and
NiFe,04*. However, these strategies show different disadvantages related to green synthesis. The present
method has less drawbacks such as short reaction time, use of a cheap catalyst and easy workup
procedure.
Herein, we report the use of a catalyst as a boric acid non-toxic, inexpensive, easily available catalyst, for
organic transformations to give excellent yield because of new numerous advantages associate with
ecofriendly compound. The synthesis of pyrazolo phthalazine dione derivatives by one-pot four
component condensation reaction of phthalic anhydride, Monohydrate hydrazine, substituted aromatic
aldehyde and malononitrile (Scheme-1).
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Scheme-1: Synthesis of Pyrazolo Phthalazine Dione Derivatives.
EXPERIMENTAL
Materials and Methods

All chemicals, solvents and reagents purchased from commercial sources.Melting points were taken in
open capillary and are uncorrected. The reaction was carried out microwave synthesizer, mass-II,
Sineo."H NMR spectra were recorded on a Bucker 300 instrument and IR was recorded in KBr pellets on
a Nicolet impact.

General Reaction Procedure for Pyrazolo Phthalazine Dione Derivatives

A mixture of phthalic anhydride 1 (1 mmol) and monohydrate hydrazine 2(1 mmol) were mixed at 80°C
for 15 min. then added Malononitrile3 (1 mmol), aromatic aldehyde 4 (1 mmol) and boric acid (10 mol%)
as a catalyst in round bottom flask were microwave irradiation at power 300 watt. At 100° C for 10 min.
after completion of the reaction, the reaction mixture was added ice cold water then it filtered and
recrystallized from methanol.

Spectral Data for Representative Compound

3-Amino-1-(4-chlorophenyl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carbonitrile
(Yellow powder) (5b):MP 271-274°C, IR (KBr, cm™); 3376, 3260, 2195, 1660, 1656; 'H NMR (CDCls,
300MHz); 6.15 (1H, s, CH), 7.40-7.51 (4H, m, Ar), 7.95-8.25(6H, m, Ar & NH,), CNMR (CDCls,
100MHz): 61.4,62.9, 1164, 127.3,127.8, 1289, 129.4, 133.4, 134.4, 125.2, 137.01, 151.3, 154.2, 157.3.

3-Amino-1-(4-hydroxyphenyl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-
carbonitrile (Yellow powder)(5d):MP 270-273°C, IR (KBr, cm-1); 3373, 3260, 2198, 1664, 1569,'H
NMR (CDCls, 300MHz); 6.03 (1H, s), 6.71-6.73 (2H, d, J=8 Hz, Ar), 7.23-7.25 (2H, d, J=8Hz, Ar), 7.96-
8.25 (6H, m, Ar & NH>), 9.52 (1H, s,), *CNMR (CDCl;, 100MHz): 61.5, 62.7, 115.01, 116.3, 126.7,
127.4,128.4, 128.7, 128.9, 133.5, 134.6, 150.6, 153.6, 156.5, 157.7.

3-Amino-5,10-dioxo-1-p-tolyl-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carbonitrile(Yellow
Powder)(5¢): MP 252-254°C, IR(KBr, cm-1) 3362,3260,2197,1657,1570, 'H NMR (CDCls, 300 MHz);
2.29(3H, S, CH3), 6.08(1H, S,CH), 7.15-7.34(4H, m, Ar), 7.95-8.26(6H, m, Ar & NH>),

13C NMR (CDCl;, 100 MHz ); 121.3,62.4,64.01,123.2,123.5,127.5,127.7,127.9,128.2,128.8,130.3,130.9,
133.4,134.7,135.01,136.6,153.01,154.8,157.01

RESULTS AND DISCUSSION
The one-pot synthesis of pyrazolo phthalazine dione was possible by the one-pot four component
cyclocondensation of phthalic anhydride (1), monohydrate hydrazine (2), aromatic aldehyde (3), and
malononitrile (4) using boric acid as a catalyst. To optimized reaction condition using various solvents
effects such as ethanol, tetrahydrofuran, dichloromethane, acetonitrile, methanol, ethylene glycol, PEG-
200, PEG-400, toluene, water and solvent-free condition. We examined the reaction proceed in ethanol
and tetrahydrofuran the product was obtained with a lower yield which took it more time (Table-1, entry
1-2). Then other solvents were uses like as dichloromethane and acetonitrile, they gave the low yield and
consumed more time. (Table-1, entry 3-4). The solvents are toluene and ethylene glycol take more time in
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complete reaction with less 48% and 67% yield respectively (Table-1, entry 5-6). The Solvents are PEG-
200 and PEG-400 give good yields but in increasing long time reaction (Table-1, entry 7-8). The water
and methanol used in reaction as a solvent which takes more time and obtained low yield (Table 1, entry
9-10). Therefore, we decided the reaction goes to solvent-free condition and give excellent yield with

lesser time.
Table-1:Synthesis of Compound 5a in the Presence of Different Solvents.

Entry Solvents Time (Min.) Yield®(%)
1 EtOH 45 60
2 THF 120 40
3 CH,Ch 50 53
4 CH3;CN 60 55
5 Toluene 480 48
6 Ethylene Glycol 300 67
7 PEG-200 80 87
8 PEG-400 90 89
9 H,0O 120 20
10 MeOH 60 50
11 Solvent-free 15 91

%Phthalic anhydride (1mmol), hydrazine monohydrate (1mmol), benzaldehyde (1mmol) and malononitrile (1 mmol).
"Isolated yield.

To optimize all Lewis acid catalytic effect on multicomponent condensation reaction. The reaction was
carried out in the same conditions, boric acid shows good catalytic role, which gave in product yield of
95% (Table-1, entryl4). When used FeCl, and MgO as a catalyst, we observedSa in reasonably
corresponding yield of 40% and 50% (Table-2, entry1-2). The reaction carried by EtsN and CuBr they
give the product in 45% and 61 % yields (Table-2, entry 3-4). The use of catalyst CuCl and GaCls take the
same reaction time and product obtained 55% and 35 % yield respectively (Table-2, entry5-6). Another
catalyst Znl,, MnCls, Al-KIT-6, InCl3, CAN, [bmim] Br/PTSA and these catalyst give low yield product
and prolong reaction time 80%, 76%, 87%, 85%, 88%, 89%, yields respectively (Table-2, entry 7-12).
We determine the synthesis of pyrazolo phthalazine dione derivatives using boric acid using 10 mol%
give large amount of yields. (Table-2, entry 14). When 5 mol% of boric acid was used to give 85% of
yield. Hence, using 10 mol% of boric acid was suitable with an excess amount of catalyst which shows
and no improvement, no increase in the yield was observed.

Table-2: Comparison of Synthesis for Pyrazolo Phthalazine Dione Derivatives Using Boric Acid and Different

Catalyst.

Entry Catalysts Mol % Time(Min.) Yield®(%)
1 FeCl, 15 80 40
2 MgO 10 80 50
3 Et:N 20 180 45
4 CuBr 10 45 61
5 CuCl 10 45 55
6 GaCls 10 100 35
7 Znl, 10 160 80
8 MnCl, 10 180 76
9 Al-KIT-6 10 240 87
10 InCl; 10 90 85
11 CAN 5 80 88
12 [bmim]Br/PTSA 10 180 89
13 Boric acid 5 20 85
14 Boric acid 10 15 91

#Phthalic anhydride (1mmol), hydrazine monohydrate (Immol), benzaldehyde (Immol) and malononitrile(1 mmol).
"Tsolated yield.
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To investigate the various substituted aromatic aldehyde containing an electron donating or electron
withdrawing groups reacted with phthalic anhydride, hydrazine monohydrate and malononitrile using
boric acid as a catalyst. Almost all reaction with different aromatic aldehyde and obtained product with
desired high yield within lesser reaction time. Aromatic substituted aldehyde reacts faster and higher yield
compared to aliphatic aldehyde (Table-3).

Table-3: Synthesis of Pyrazolo Phthalazine Dione Derivative®.

Entry Aldehydes Time (min.) Yield®(%)
CHO
5a ©/ 10 91
CHO
) /©/ ) 93
Cl
CHO
SC /©/ 13 ’
MeO
CHO
) /©/ 11 ’
HO
CHO
) /©/ ) 91
HsC
CHO
5 /©/ 10 93
F
CHO
5¢ ©/ 11 94
Cl
CHO
5h ©i 13 92
cl

418
PYRAZOLO PHTHALAZINE DIONE DERIVATIVES S. R. Kolsepatil et al.



RASAYAN J. Chem.
Vol. 12 | No. 2 |415 - 420| April - June | 2019

CHO
5i ©/ 5 89
Br
CHO
Sj /©/ 14 ’
Br
CHO
Sk /©/ 16 86
O.N
CHO
51 ©/ 15 89
NO,
CHO
5m ’ \/ 11 91
\OH
CHO
5n | T 10 90
/
OH
CHO
50 13 88
HO
OMe

#Phthalic anhydride (1mmol), hydrazine monohydrate (1mmol), benzaldehyde (1mmol) and malononitrile (1 mmol).
"Isolated yield.

CONCLUSION
In summary, we have developed a one-pot four-component condensation reaction for novel pyrazolo
phthalazine diones from substituted aromatic aldehyde with phthalahydrazide and malononitrile in
presence boric acid under solvent-free conditions.The advantages of they are a simple procedure,
inexpensive, easy workup, environmentally benign, excellent yield and shorter reaction time.
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