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1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU): as a highly efficient bicyclic amidine
catalyst promoted solvent-free and one-pot synthesis of 1H-pyrazolo [1, 2-b]
phthalazine-5,10-dione derivatives
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1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU) as a highly efficient bicyclic amidine catalyst promoted one-pot
multi-component synthesis of biologically active 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione derivatives via one-pot
four-component condensation reaction of phthalimide, hydrazine monohydrate, aryl aldehydes and malononitrile under
solvent-free conditions through simple filter with no necessity of chromatographic purification steps. Use of safe,
non-volatile, non-corrosive, highly efficient, readily available and easy to handle of catalyst, one-pot reaction, high yields
and short reaction times, economical and convenient synthesis, solvent-free conditions and operational simplicity are among
the other added advantages that make this approach an attractive alternative for the synthesis of these biologically active

compounds.
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phthalazine-5, 10-dione derivatives, Solvent-free conditions, One-pot procedure.

Among the various nitrogen-containing heterocyclic
compounds, 1H-pyrazolo [1, 2-b] phthalazine-5, 10-
dione derivatives have received considerable attention
due to their various biological and pharmacological
activities"” ? such as anticancer’, anti—inﬂarnmatory4,
anti micrbiological’ and they have been reported to
possess vasorelaxant’, cardiotonic’, anticonvulsant®
and antifungal’.

Between the known procedures for the synthesis of
1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione
derivatives, the most straightforward method for
synthesis of these systems involves a four-component
tandem reaction of phthalimide/phthalic anhydrid,
hydrazine = monohydrate,  aromatic  aldehyde
derivatives and malononitrile or three-component
reaction of phthalhydrazide, aryl aldehyde derivatives
and malononitrile utilizing a variety of homogeneous
and heterogeneous catalysts, such as
Ce(S04)2.4H,0", SBA-Pr-SO;H', InCl;"2,
NiCL.6H,0", [Bmim] OH'", Ultrasound-assisted',
P-TSA'C, STA", Cul nanoparticleslg,
PTSA/[Bmim]Br"’ and TBBAD?. Although these
protocols find certain merits of their own, still they
suffer from a number of demerits such as relying on
multi-step conditions, use of toxic organic solvents or
catalysts containing transition metals, tedious work-

up procedure, troublesome waste discarding, high
reaction time, and low yields. Thus, a search for
general, clean, efficient, feasible, and high yielding
routes to this class of 1H-pyrazolo [1, 2-b]
phthalazine-5, 10-dione derivatives remains a valid
exercise. Based on the above considerations and in
continuation of our efforts to develop -efficient
methodologies®' > via multi-component reactions® ¥,
finally, we have reported DBU as a cost-effective and
easy to handle catalyst”>' for one-pot four-
component condensation of 1H-pyrazolo [1, 2-b]
phthalazine-5, 10-dione derivatives under solvent-free
conditions. We speculated that use of neutral organic
bases that have high basicity, and can form a stable
protonated species, may suppress the formation of
enaminonitrile and other side products. 1,8-
Diazabicyclo[5.4.0Jundec-7-ene (DBU) fulfills these
requirements, and has been used in many organic
transformations in recent years®. It is a sterically
hindered amidine base and especially useful where
side reactions due to the inherent nucleophilicity of
basic nitrogen are a problem®. DBU is one of the
strongest organic neutral base (pKa=12) and the +M
effect of the adjacent nitrogen stabilizes the
protonated species”. Furthermore, one of the source
of environmental pollutions is the usage of organic
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solvents under reflux conditions and the need for column
chromatography to purity the products. In this present
work, the products were obtained through simple filter
with no need column chromatographic separation.

Results and Discussion

At beginning we performed four-component
condensation of phthalimide (1.0 mmol), hydrazine
monohydrate (1.0 mmol), benzaldehyde (1.0 mmol)
and malononitrile (1.0 mmol) in the present of DBU
(15 mol%) under solvent-free at 70°C, the product Sa
was found in 86%, which was confirmed by 'H NMR
spectroscopy. Encouraged by this result, we chosen
this reaction as a model reaction to study the reaction
conditions further for the synthesis of 1H-pyrazolo [1,
2-b] phthalazine-5, 10-dione derivatives (5a-S). The
catalyst plays an important role in the success of the
reaction in terms of rate of the reaction and yields. In
order to optimize the reaction conditions, quantity of
the catalyst required was determined. No product
could be detected in the absence of the catalyst even
after 12 h (Table I, entry 1). Then, 5 mol% DBU was
used to perform the reaction. But it requires slightly
long reaction time and low yields (Table I, entry 2).
Therefore, the loading of catalyst was gradually
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increased from 5 mol% to 20 mol% (Table I). It was
found that 15 mol% of DBU is optimal to carry out
the reactions in a short duration (Table I, entry 4). The
use of excess of catalyst did not alter either reaction
time or yield of the product (Table I, entry 10). Thus,
the use of 15 mol% DBU is ideal to achieve the
desired product in high yields. We also investigated
different temperatures for the model reaction
(Table I). It was observed that fast reaction occurred
on raising the temperature from rt to 80°C and the
yield of preferred product increased significantly
(Table I). We were satisfied to find that the reaction
proceeded smoothly and almost complete conversion
of reactants was observed at 70°C to afford the
desired product (5a) in 86% yields within 2 h
(Table I, entry 4). Further increase in the temperature
did not affect the product yield (Table I, entry 9).
Having optimized reaction conditions, we synthesized
a series 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione
derivatives via phthalimide (1, 1.0 mmol), hydrazine
monohydrate (2, 1.0 mmol), aldehyde derivatives (3,
1.0 mmol) and malononitrile (4, 1.0 mmol) (5a-3)
using 15 mol% DBU as the catalyst under solvent-
free conditions at 70°C (Scheme I) and the results
are summarized in Table IL.

Table I — Optimization of the reaction condition

O Os_H
NH, H,0

NH + | = + +
NH,

(0]

Entry DBU (mol %) Temperature (°C) Time (h) Isolated Yields (%)
1 Catalyst free 70 12 No product
2 5 70 6 43

3 10 70 3 69

4 15 70 2 86

5 15 rt 12 No product
6 15 40 6 32

7 15 50 4 51

8 15 60 3 72

9 15 80 2 86

10 20 70 2 87

& Reaction conditions: phthalimide, hydrazine monohydrate, benzaldehyde and malononitrile (1:1:1:1) and DBU was heated at 70 °C for

the appropriate time.

Os_H
0

NH, H,0 oS .

NH + | e ‘ NC C

©<§ NH, 7
: X
0
1 2 3 4

O Nm,
N
DBU (15 mol %) N CN
Solvent free, 70 °C ‘
O 4 \
5as /=
X

Scheme I — Synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione derivatives.
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Table Il — DBU-catalyzed synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione derivatives under solvent-free conditions.

Entry Ar
1

w
o
: T
=<
o

Cl

W IN

o o

: T : am
N

Product

5b

5f

Time (h) Isolated Yields (%)

2

2.5

86

78

92

80

90

86

89

m.p.’C
272-274

210-212

247-249

257-259

269-271

266-268

251-253

Lit. m.p."C
270-272 [18]

212-214 [14]

248-250 [18]

257-259 [17]

268-270 [12]

265-266 [11]

250-252 [18]

(contd.)
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Table I — DBU-catalyzed synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione derivatives under solvent-free conditions. (contd.)

Entry Ar Product Time (h) Tsolated Yields (%) mp.C Lit. mp.'C
9 O? H ) 88 268-270 269-271 [19]
NO, ;
5i
10 Oé H 79 272-274 270-272[11]
Br z
5
11 O _H 85 152-154 150-152 [20]
1 OMe
OMe
5k
12 Os_H 3 81 255-257 253-255[12]
MeO 1 OMe
OMe
5l
13 O« _H 75 269-271 270-272[12]
OH %
5m
14 O._H 88 254-256 253-255[18]
Me %

on (contd.)
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Table Il — DBU-catalyzed synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione derivatives under solvent-free conditions.

Entry Ar Product

16

~04
Q Q

)
g

op
17 Oé H
NO,
5q
18 e H (l)
@Q .
|
(0]
Br
5r
19 H O
ST
S/

5s

Time (h) Tsolated Yields (%) m.p.C Lit. mp.'C

90 264-266 263-265 [11]
87 226-228 228-229 [17]
4 81 266-268 265-267 [11]

246-248 244-246 [18]

Comparison of catalytic ability some of catalysts
reported in the literature for synthesis of 1H-
pyrazolo[1,2-b]phthalazine-5,10-dione derivatives are
shown in Table III. Table IV shows the comparison of
'"HNMR data. This study reveals that caffeine has
shown its extraordinary potential to be an alternative
inexpensive and highly efficient catalyst for synthesis
of these biologically active nitrogen-containing
heterocyclic compounds, in addition to the use of
solvent-free conditions with excellent yield and short
reaction times in the reaction are the notable
advantages this present methodology.

Experimental Section

Melting points all compounds were determined using
an Electro thermal 9100 apparatus. Also, nuclear
magnetic resonance, 'H NMR spectra were recorded on
a Bruker DRX-400 Avance instruments with DMSO-d,
as solvents. In this article, all reagents and solvents were
purchased from Merck, Fluka and Acros chemical
companies were used without further purification.

General procedure for preparation of 1-H-
pyrazolo[1,2-b]phthalazine-5,10-dione derivatives
(5a-9):
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Table III — Comparison of catalytic ability some of catalysts reported in the literature for synthesis of
1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives *

Entry Catalyst Conditions

1 InCl Water, Reflux

2 NiCl,.6H,0 EtOH, Reflux

3 p-TSA [Bmim]Br, 100°C

4 STA Solvent-free, 70°C

5 Cul nanoparticles MeCN, Reflux

6 TBBAD Solvent-free, 80-100°C
7 DBU Solvent-free, 70°C

Time/Yield (%) References
1.5h/85 [12]

3h/87 [13]

3h/94 [16]

20 min/94 [17]

27 min/91 [18]

15 min/89 [20]

2h/86 This work

@Based on the four-component reaction of benzaldehyde, phthalimide, hydrazine monohydrate and malononitrile.
Also "HNMR data of products have been compared with literature for synthesis of 1H-pyrazolo [1, 2-b] phthalazine-5, 10-dione

derivatives are shown in Table IV.

A mixture of phthalimide (1, 1.0 mmol), hydrazine
monohydrate (2, 1.0 mmol) and DBU (15 mol %) was
heated for 2h at 70°C. Then aromatic aldehyde (3, 1.0
mmol) and malononitrile (4, 1.0 mmol) were added
and the mixture was heated for the appropriate time.
After completion of the reaction (by Thin layer
chromatography TLC) the mixture was cooled to rt
the solid products were filtered and then were be
recrystallized from ethanol to give pure compounds
(5a-s). Products have been characterized by melting
points and "H NMR spectroscopy. Spectra data some
of known products are represented below:

3-Amino-1-(phenyl)-5,10-dihydr 0-5,10-dioxo-1H-
pyrazolo[1,2-b]phthalazine-carbonitrile (5a)

Yield: 86%; m.p. 272-274°C; 'H NMR (400 MHz,
DMSO_dﬁ): 6.14 (lHa S, Hbenzylic)a 7.33-7.48 (SH, m,
Ha), 7.97-8.29 (6H, m, NH, and Hy,).

3-Amino-1-(2-chlor ophenyl)-5,10-dihydr 0-5,10-dioxo-
1H-pyrazolo[1,2-b]phthalazine-2-car bonitrile (5d)

O| NH,
N
I ) CN
N
| Cl
0]
5d

Yield: 80%; m.p. 257-259°C; 'H NMR (400 MHz,
DMSO-d): 6.47 (1H, s, Hoenyiic), 7.39-7.65 (4H, m,
Hy), 7.91-8.31 (6H, m, NH, and Hay)).

3-Amino-1-(3-methylphenyl)-5,10-dihydr o0-5,10-dio
x0-1H-pyrazolo[1,2-b]phthalazine-2-car bonitrile (5 g)

? NH,
N
I CN
| N
O
Me
59

Yield: 89%; m.p. 251-253°C; 'H NMR (400 MHz,
DMSO-dg): 2.30 (3H, s, CHs), 6.08 (1H, s, Hyenayiio),
7.14-7.26 (4H, m, Hy,), 7.97-8.29 (6H, m, NH, and
Ha).

3-Amino-1-(3,4,5-trimethoxyphenyl)-5,10-dihydr o-
5,10-dioxo-1H-pyr azolo[ 1,2-b]phthalazine-2-car bo

nitrile (51)
? NH,
N
@i [ CN
| N
)
OMe
5| MeO OMe

Yield: 81%; m.p. 255-257°C; 'H NMR (400 MHz,
DMSO-dg): 3.66 (3H, s, OCHs), 3.76 (6H, s,
2x0OCH3), 6.07 (1H, s, Hyenmiic), 6.78 (2H, s, Hy,),
7.89- 8.29 (6H, m, NH, and Hy,).



1240 INDIAN J. CHEM., SEC B, AUGUST 2020

Table IV — Comparison of 'HNMR data for synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives.
EntryProduct H Shift (found) H Shift (lit) References.

6.14 (1H9 S, Hbenzylic)
7.33-7.48 (5H, m, Hy,)
7.97-8.29 (6H, m, NH, and H,,)

6.47 (1H9 S, Hbenzylic)
7.39-7.65(4H, m, Hy,)
7.91-8.31 (6H, m, NH, and Hy,)

2.30 (3H, s, CH3)
6.08 (IH, S, Hbcnzylic)
7.14-7.26 (4H, m, Hy,)

7.97-8.29 (6H, m, NH, and ArH).

3.66 (3H, s, OCH3)
3.76 (6H, s, 2xOCHj)
6.07 (1H, s, Hpenytic)
6.78 (2H, s, Hy,)

7.89- 8.29 (6H, m, NH, and Hy,).

6.15 (1H, s, Hyenyic)

743 (2H,d,J=11.2 Hz, Hy,)
7.54 (2H, d, J=11.2 Hz, Hy,)
7.88-8.28 (6H, m, NH, and H.,)

2.30 (3H, s, CH3)
6.10 (lH, S, Hbenzylic)
7.18 (2H, d, J=18.0 Hz, H,,)

6.12 (1H, s, Hpenyiic) 20
7.29-7.47 (5H, m, Hy,)
7.80-8.3 (6H, m, NH, and Hy,,)

6.46 (1H, s, Hoengyic) 19
7.33-7.62 (4H, m, Hy)

7.87-8.30 (4H, m, Hy,)

8.15 (2H, s, NH,)

2.27 (3H, s, CH;) 18
6.05 (1H, s, Hyengyiic)

7.12-7.24 (4H, m, Hy,)

7.96-8.26 (6H,m,Ar and NH,)

3.64-3.73 (9H, s, OCH;) 20
6.05 (1H, s, Hyenyiic)

6.75 (2H, s, ArH)

7.94- 8.26 (6H, m, NH, and
Hp,).

6.14 (1H, s, Hoensyic)

7.39-7.52 (4H, m, Hy))
7.94-826 (6H, m, NH, and
HAr)

2.28 (3H, s, CHy) 18
6.07 (1H, s, Hyenzyiic)
7.14-7.33 (4H, m, Hy,)

7.34 (2H, d, J = 8.0 Hz, Hy,) 7.97-8.28 (6H, m, NH, and7.94-8.25 (6H, m, NH, and

HA r)

HA r)
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3-Amino-1-(4-methylphenyl)-5,10-dihydr 0-5,10-dio References

x0-1H-pyrazolo[1,2-b]phthalazine-2-carbonitrile(5n) 1 Genin M J, Biles C, Keiser B J, Poppe S M, Swaney S M,
Tarpley W G, Yagi Y & Romero D L, J Med Chem,
43 (2000) 1034

OI NH,
N 2 Singh S K, Reddy P G, Rao K S, Lohray B B, Misra P,
I CN Rajjak S A, Rao Y K & Venkatewarlu A, Bioorg Med Chem
N Lett, 14 (2004) 499.

| 3 LilJ, Zhau Y F, Yuan X Y, Gong J X X I, Molecules,
O
5n
Me

11 (2006) 574.

4 RyuCK, Park R E, MaM Y & Nho J H, Bioorg Med Chem
Lett, 17 (2007) 2577.

5 LiuJ N, Li J, Zhang L, Song L P, Zhang M, Cao W J,
Zhu S Z, Deng H G & Shao M, Tetrahedron Lett, 53 (2012)

Yield: 88%; m.p. 254-256°C; '"H NMR (400 MHz, 5469,

DMSO—d())Z 2.30 (3H, s, CH3), 6.10 (lHa S, Hbenzylic), 6  Watanabe N, Kabasawa Y, Takase Y, Masukura M,
7.18 (2H, d, J= 8.0 Hz, Hy,), 7.34 (2H, d, J= 8.0 Hz, Miyazaki K, Ishihara H, Kodama K & Adachi H, J Med
Ha,), 7.97-8.28 (6H, m, NH, and Hy,). Chem, 41 (1998) 3367. o

7  Nomoto Y, Obase H, Takai H, Teranishi M, Nakamura J &

. . Kubo K, Chem Pharm Bull, 38 (1990) 2179.

3_'Am| no-l-(4-ch|or ophenyl)-S,;O-dl hydro-_5,l'0- 8  Grasso S, Desarro G, Micale N, Zappala M, Puia G, Baraldi
dioxo-1H-pyrazolo[ 1,2-b]phthalazine-2-car bonitrile M & Demicheli C, J Med Chem, 43 (2000) 2851.
(50) 9 KimJ S, Rhee HK, Park HJ, Lee S K, Lee C O &

Park Choo H'Y, Bioorg Med Chem Lett, 16 (2008) 4545.
10 Mosaddegh E & Hassankhani A, Tetrahedron Lett, 52 (2011)

Ol NH,
N 488.
| CN 11 Mohammadi Ziarani G, Hosseini Mohtasham N, Badiei A &
N Lashkari N, J Chin Chem Soc, 61 (2014) 990.
Cl) 12 Veeranaayana Reddy M & Tae Jeong Y, Tetrahedron Lett,
50 Cl

54 (2013) 3546.

13 Song S H, Zhong J & He Y H, Guan Z, Tetrahedron Lett,
53 (2012) 7075.

14 Raghuvanshi D S & Singh K N, Tetrahedron Lett, 52 (2011)

5702.
. 1 15 Nabid M R, Rezaei S J T, Ghahremanzadeh R & Bazgir A,
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