
Journal of Molecular Liquids 212 (2015) 405–412

Contents lists available at ScienceDirect

Journal of Molecular Liquids

j ourna l homepage: www.e lsev ie r .com/ locate /mol l iq
Efficient synthesis of 2H-indazolo[2,1-b]phthalazine-trione derivatives
using succinimidinium N-sulfonic acid hydrogen sulfate as a new ionic
liquid catalyst
Masoumeh Abedini ⁎, Farhad Shirini ⁎, Javad Mohammad-Alinejad Omran
Department of Chemistry, College of Science, University of Guilan, Rasht, Iran
⁎ Corresponding authors.
E-mail addresses: mabedini@guilan.ac.ir (M. Abedini),

http://dx.doi.org/10.1016/j.molliq.2015.09.014
0167-7322/© 2015 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 13 June 2015
Received in revised form 7 September 2015
Accepted 9 September 2015
Available online xxxx

Keywords:
Succinimidinium N-sulfonic acid hydrogen
sulfate
Ionic liquid
2H-indazolo[2,1-b]phthalazine-trione
Aldehyde
Succinimidinium N-sulfonic acid hydrogen sulfate is prepared as a new ionic liquid and characterized with a va-
riety of techniques including FT-IR, 1H and 13C NMR, SEM,mass spectramethod aswell as Hammett acidity func-
tion. After identification, this reagent was used as an efficient catalyst for the multi-component synthesis of 2H-
indazolo[2,1-b]phthalazine-trione derivatives. The simple work-up, mild reaction conditions, excellent yields
and relatively short reaction times are the notable advantages of this protocol. In addition, the ionic liquid
could be recycled several times without appreciable reduction in its catalytic activity.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Ionic liquids (ILs) have received considerable interest as eco-friendly
solvents, catalysts and reagents in green synthesis. This interest can be
attributed to their unique properties such as negligible vapor pressure,
nonflammability, nomiscibility with nonpolar solvents, reasonable
thermal and chemical stability and reusability for many times without
considerable decrease in their activity [1]. Among these types of com-
pounds, acidic ionic liquids are the most important ones which have
been successfully used in different types of organic transformations [2].

In the past decade, other types of acidic ionic liquids based on N-
substituted reagents are prepared and successfully used for the acceler-
ation of some of the organic reactions including functional group trans-
formation reactions and synthesis of the various types of organic
compounds via the multi-component reactions [3].

Synthesis of heterocycles containing phthalazine is of interest because
of their very important pharmacological and biological activities such as
anti-inflammatory [4], anti-convulsant [5], anti-microbial [6], anti-fungal
[7] and anti-cancer [8] activities. In addition, these compounds can be
used as new luminescent materials or fluorescence probes [9].

Among these compounds, the synthesis of 2H-indazolo[2,1-
b]phthalazine-trione derivatives is so attracted the attention of
many organic chemists that in the past decade, several reports on
the synthesis of them using different types of catalysts have been
shirini@guilan.ac.ir (F. Shirini).
reported in the literature [10–20]. However, some of these methods
suffer from limitations such as the use of expensive catalysts, harsh
reaction conditions, the use of toxic solvents, low yields and long re-
action times. Therefore, it is important to findmore efficient catalysts
and methods for the synthesis of these types of compounds.

In recent years, the use of green catalysts or conditions in synthetic
reactions attracted the attention of many organic chemists. This atten-
tion can be attributed to the reduction of environmental pollution and
the cost of the applied methods. Therefore, preparation of phthalazine
derivatives in the presence of green catalysts such as ionic liquids or
heterogeneous compounds in the absence of solvent is a useful direction
in green chemistry [21–25].

In 2011, and on the basis of our previous reports using ionic liquids in
organic transformations [26], we have introduced succinimide-N-sulfonic
acid [SuSA] for the promotion of different types of organic reactions [27].

Herein and in continuation of these studies we wish to report the
preparation, characterization and application of succinimidinium N-
sulfonic acid hydrogen sulfate {[SuSA-H]HSO4} in the promotion of the
synthesis of 2H-indazolo[2,1-b]phthalazine-trione derivatives.
2. Experimental

2.1. General

Chemicals were purchased from Fluka, Merck, and Aldrich chemical
companies. All yields refer to the isolated products. Products were
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Scheme 1. Preparation of [SuSA-H]HSO4.

Fig. 1. FT-IR spectra of succinimide, SuSA and [SuSA-H]HSO4.
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Fig. 2. 1H NMR spectra of [SuSA-H]HSO4 (a), [Suc-H]HSO4 (b) and SuSA (c).
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Fig. 3.Mass spectra of [SuSA-H]HSO4.
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characterized by comparison of their physical constants and also their IR
and NMR spectra with authentic samples and those reported in the lit-
erature. The purity determination of the substrate and reaction moni-
toring were accompanied by TLC on silicagel polygram SILG/UV 254
plates.

2.2. Preparation of succinimidinium N-sulfonic acid hydrogen sulfate
([SuSA-H]HSO4)

Succinimide-N-sulfonic acid [SuSA] is prepared according to the re-
ported method in the literature [27]. Then, sulfuric acid 98% (0.5 mL)
was added drop wise to a mixture of SuSA (1.68 g) in dry CH2Cl2
(10 mL) over a period of 2 min in an ice bath. The resulting mixture
was stirred for 1 h and then the solvent was decanted. The solid
Fig. 4. SEM micrographs of [SuSA-H]H
compound was washed with dry diethylether (2 × 5 mL) and dried
under vacuum to give [SuSA-H]HSO4 as a white gel in 98% (Scheme 1).

Spectroscopic data for [SuSA-H]HSO4 are as follows:
FT-IR (KBr, cm−1) υmax: 3418, 1706, 1294, 1182, 855, 581; 1H NMR

(400 MHz, DMSO-d6): δ = 2.49 (4H, s), 7.39 (2H, s), 10.84 (1H, s, OH)
ppm; 13C NMR (100 MHz, DMSO-d6) δ = 29.78, 180 ppm; MS: 56, 99,
278 m/z;

2.3. Catalyst characterization

2.3.1. Instrumentation
The FT-IR spectra were recorded on a Perkin Elmer 781 Spectropho-

tometer. The 1HNMR spectrawere recordedwithBrukerAvance 400 in-
struments. In all the cases the chemical shifts are quoted in parts per
SO4 (a–c) and succinimide (d–f).



Fig. 5. Absorption spectra of 4-nitroaniline (indicator) and [SuSA-H]HSO4 (catalyst) in
CCl4. Fig. 6. Titration and its first derivative curves of the ionic liquid with NaOH.

Table 2
Optimization of the reaction conditions for the synthesis of phthalazine-triones derivative
of 4-chlorobenzaldehyde.
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million (ppm) relative to TMS using deuterated solvent. The 13C NMR
data were collected on Bruker Avance 100MHz instrument. MS studies
were performed using 5973 network mass selective detector, Agilent
Technology (HP) company (ion source: electronic (EI) 70 eV; ion source
temperature: 230 °C; analyzer: quadrupole). Melting points were re-
corded on a Büchi B-545 apparatus in open capillary tubes.

2.3.2. IR analysis
The infrared spectra of succinimide, SuSA and [SuSA-H]HSO4 are

shown in Fig. 1. The IR spectrum of the ionic liquid shows a broad
peak at 3000–3600 cm−1 which can be related to the OH stretching of
the SO3H groups. Moreover, the strong peaks observed at 581, 882
and 1182 cm−1 correspond to the S–O symmetric and asymmetric
stretchings, respectively. It should be noted that the two peaks of the
carbonyl groups in succinimide which are observed at 1698 and
1777 cm−1, converted to one peak (1706 cm−1) in the catalyst [27].

2.3.3. 1H NMR analysis
The 1H NMR spectrum of succinimidinium hydrogen sulfate

[Su-H]HSO4, SuSA and [SuSA-H]HSO4 is compared in Fig. 2. In the
1H NMR spectrum of [SuSA-H]HSO4 (Fig. 2A), in addition to the
other protons, the acidic hydrogen of HSO4 appeared at 10.84 ppm
[28]. This observation clarifies that [SuSA-H]HSO4 is exactly synthe-
sized (Fig. 2A).

2.3.4. Mass analysis
The mass spectrum of [SuSA-H]HSO4 is shown in Fig. 3. In this spec-

trum the correctmolecular ion peak appears at 278. Another ion peak is
also observed at 99 (M+-SO3H and HSO4) [28].

2.3.5. SEM analysis
The samples of succinimide and [SuSA-H]HSO4 were also analyzed

by scanning electron microscopy (SEM) with various magnifications
for determining the particle shape, size distribution and surface
Table 1
Calculation of the Hammett acidity function (H0) for [SuSA-H]HSO4.

Entry Catalyst Amax [I]s % [IH+]s % H0
Ref.

1 – 1.329 100 0 –
2 SuSA 0.412 25.4 74.6 0.52 [27]
3 [SuSA-H]HSO4 0.182 13.69 86.31 0.191

Condition for UV–visible spectrum measurement: solvent: CCl4, indicator: 4-nitroaniline
(pK (I)aq = 0.99), 1.44 × 10−4 mol/L (10 mL); Catalyst: SuSA or [SuSA-H]HSO4 (10 mg),
25 °C.
morphology (Fig. 4). These images show that with chemical modifica-
tion the primary morphology of succinimide is completely changed
and the particles are aggregated in the product. This increased the sur-
face area of the catalyst and finally its catalytic activity. This aggregation
can be caused by hydrogen bonding sites and nearby the positive and
negative sides [28].

2.3.6. Acidity of the catalyst
TheHammett aciditymethod is an effectiveway to identify the acid-

ity strength of an acid in organic solvents, using UV–vis technique [29].
The Hammett function is defined as:

H0 ¼ pK Ið Þaq þ log I½ �s= IHþ� �
s

� �

where the pK(I)aq is the pKa value of aqueous solution of indicator,
[IH+]s and [I]s are the molar concentrations of protonated and
unprotonated forms of the indicator in the solvent, respectively. Accord-
ing to Lambert–Beer's Law, the value of [I]s/[IH+]s can be determined
and calculated through UV–visible spectrum.

For this purpose, 4-nitroaniline (pK(I)aq= 0.99) as the basic indica-
tor and CCl4 as the solvent were chosen. As can be seen in Fig. 5, the
maximal absorbance of the unprotonated form of the indicator was ob-
served at 330 nm in CCl4. When [SuSA-H]HSO4 as the ionic liquid cata-
lyst was added to the indicator solution, the absorbance of the
unprotonated form of the indicator decreased, which indicated that
the indicator was partially in the form of [IH+]. These results that have
been listed in Table 1, show the acidity strength of [SuSA-H]HSO4.

A comparison of theHammett acidity of SuSA (Table 1, entry 2)with
[SuSA-H]HSO4, shows that the prepared ionic liquid is more acidic than
Entry Product Catalyst
(mmol)

Time
(min)

Isolated
yields (%)

Temperature
(° C)

1 0.1 60 50 r.t.
2 0.2 60 80 60
3 0.2 60 85 80
4 0.4 15 96 80
5 0.1 7 97 100
6 0.2 7 97 100
7 0.4 4 96 100
8 0.1 30 98 120



Scheme 2. Synthesis of phthalazine-triones derivatives using [SuSA-H] HSO4.
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SuSA, which may cause it more efficient catalyst for the requested
reactions.

2.3.7. Titration curve
The titration method is used to determine the number of protic pro-

tons of the prepared catalyst. In this experiment a solution of the ionic
liquid was titrated with NaOH. The titration curve for the reaction of
20.5 mL of 0.09 M ionic liquid with 0.05 M NaOH is given in Fig. 6.
This figure clearly shows that, when 110.7 mL of the basic solution is
added, all the acidic protons are neutralized. On the other hand,
Eq. (1) shows that for the neutralization of each of the acidic protons
36.9 mL of the basic solution is needed. On the basis of these studies it
can be concluded that this ionic liquid has three protic protons with al-
most the same acidic power.

M acidð Þ � V acidð Þ ¼ M baseð Þ � V baseð Þ

0:09 molarð Þ � 20:5 mLð Þ ¼ 0:05 molarð Þ � V baseð Þ ð1Þ

V baseð Þ ¼ 36:9 mL

2.4. General procedure for the synthesis of
2H-indazolo[1,2-b]phthalazine-triones

A mixture of aldehyde (1 mmol), 1,3-cyclic diketone (1 mmol),
phthalhydrazide (1 mmol) and [SuSA-H]HSO4 (27.7 mg, 0.1 mmol,
10 mol%) was stirred in an oil-bath at 100 °C under solvent-free
Table 3
Synthesis of 2H-indazolo[2,1-b]phthalazine-trione derivatives in the presence of [SuSA-H] HSO

Entry Aldehyde R1 Time (mi

1 C6H5CHO CH3 15
2 4-ClC6H4CHO CH3 7
3 3-ClC6H4CHO CH3 25
4 2-ClC6H4CHO CH3 10
5 4-NO2C6H4CHO CH3 10
6 3-NO2C6H4CHO CH3 20
7 2-NO2C6H4CHO CH3 30
8 4-BrC6H4CHO CH3 20
9 4-CH3OC6H4CHO CH3 30
10 3-CH3OC6H4CHO CH3 15
11 2-CH3OC6H4CHO CH3 70
12 2-HOC6H4CHO CH3 20
13 4-FC6H4CHO CH3 30
14 4-CH3C6H4CHO CH3 5
15 2-CH3C6H4CHO CH3 15
16 4-BrC6H4CHO H 23
17 4-NO2C6H4CHO H 50
18 4-HOC6H4CHO H 40
19 4-(CH3)2NC6H4CHO H 15

aIsolated yields.
conditions. After completion of the reaction [monitored by TLC: n-
hexane:ethyl acetate (8:2)], the reaction mixture was cooled, H2O
(5 mL) was added to it and filtered to separate the catalyst. The solid
residue was recrystallized from ethanol to give the pure product.
3. Results and discussion

On the basis of the obtained information, we anticipated that
[SuSA-H]HSO4 can be used as an efficient catalyst for the accelera-
tion of the reactions which need the use of an acidic catalyst to
speed-up. So we were interested to investigate the applicability
of this ionic liquid in the promotion of the synthesis of 2H-
indazolo[1,2-b]phthalazine-triones derivatives.

At first, and in order to find the optimized reaction conditions, the
reaction of 4-chlorobenzaldehyde with phthalhydrazide and dimedone
was studied as a model reaction in the absence of solvent at different
temperatures using different amounts of [SuSA-H] HSO4 as the catalyst.
The results are tabulated in Table 2.

Also, the model reaction was examined in various solvents (H2O,
EtOH, CH3CN and CH2Cl2) and the obtained results showed that even
after a long time (N1 h) the reactions were not completed. Therefore
the solvent-free condition was selected as the best choice (Scheme 2).

After optimization of the reaction conditions and in order to show
the efficiency of this method, different types of aldehydes were subject-
ed to the same reaction under the determined conditions.

As shown in Table 3, a series of aromatic aldehydes containing either
electron-donating or electron-withdrawing substituents successfully
4.a.

n) Yield (%) Melting point (°C)

Found ReportedRef

93 202–204 202–204 [21]
97 265–269 263–265 [21]
92 204–208 207–209 [30]
94 260–262 266–268 [30]
96 218–220 224–226 [21]
94 267–269 269–271 [21]
92 233–236 236–238 [22]
89 260–265 266–268 [30]
96 218–220 217–219 [21]
95 206–208 206–208 [22]
91 238–241 242–243 [19]
97 182–185 185–187 [18]
88 217–220 219–221 [27]
95 224–226 226–228 [25]
89 238–241 242–244 [22]
92 285–287 279–282 [18]
91 252–254 252–254 [22]
97 258–260 258–260 [31]
95 254–256 256–258 [31]



Fig. 7. Recyclability of the catalyst in the reaction reported in Table 3, entry 2.
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reacted and afforded high to excellent yields of the pure products under
the selected conditions. The nature and electronic properties of the sub-
stituents had no obvious effect on the rate and reaction yields.

It is important to note that some of the reactions were also tested
on a larger scale without any difficulty by using only 0.1 mmol
(10 mol%) of [SuSA-H] HSO4. For example, the reaction of 5 mmol
4-chlorobenzaldehyde (Table 3, entry 2) was investigated in the
presence of 0.1 mmol of the catalyst. The reaction was completed
within 10 min and the desired product was obtained in 97% yield.
This result indicates that a large scale reaction is also feasible using
a lesser amount of the ionic liquid catalyst without significant loss
of the yields.

To check the reusability of the catalyst, the reaction of 4-
chlorobenzaldehyde (Table 3, entry 2) under the optimized reaction
conditions was studied. After separation of the product, the catalyst
was recovered by evaporation of water, washed with Et2O, dried at
50 °C under vacuum for 1 h and reused for the same reaction. This pro-
cess was carried out over six runs and all reactions led to the desired
product with high efficiency (Fig. 7). It should also be noted that the
FT-IR of the recovered catalyst clearly was similar to the fresh catalyst.
Fig. 8. FT-IR recovered ca
This result suggests that the catalyst remains intact during the course
of the reaction (Fig 8).

Table 4 compares our results with the results reported in the litera-
ture using some of the other catalysts in the synthesis of 2H-
indazolo[2,1-b]phthalazine-trione derivatives.

The presented results show thatwhen the same reactions are carried
out in the presence of sulfuric acid in addition to the necessity of the
larger amounts of the catalyst and the use of [bmim]BF4 as the solvent,
the reaction times are longer compared with the present method
(Table 4, entry 6). On the other hand although in some of the reported
cases smaller amounts of the catalysts are used but the use of an ionic
liquid as the solvent is needed (Table 4, entries 4, 5).

To illustrate the efficiency of our method, the preparation of
13-(4-chlorophenyl)-3,3-dimethyl-3,4-dihydro-1H-indazolo[2,1-
b]phthalazine-1,6,11(2H,13H)-trione was also studied under the
optimized conditions in the presence of SuSA. The obtained results
clarified that in this situation the reaction time is longer compared
with [SuSA-H]HSO4 (Table 4, entry 8).
4. Conclusion

In this study, succinimidinium N-sulfonic acid hydrogen sulfate, is
simply prepared from the commercially available starting materials and
characterized with a variety of techniques. This new ionic liquid can be
used as a catalyst in the preparation of 2H-indazolo[2,1-b]phthalazine-
trione derivatives under thermal solvent-free conditions. This method is
more secure than the other methods which in them the mineral acids
like H2SO4 are used as the catalysts. Mild reaction conditions, easy
work-up, short reaction times and high yields of the products are signif-
icant advantages of this method. Also, this ionic liquid could be success-
fully recovered and recycled at least for six runs without significant loss
in its activity.
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Table 4
Comparisonof the results obtained from the synthesis of 13-(4-chlorophenyl)-3,3-dimethyl-3,4-dihydro-1H-indazolo[2,1-b]phthalazine-1,6,11(2H,13H)-trione using [SuSA-H]HSO4with
those obtained using other catalysts.

Entry Catalyst loading (mol %) Conditions Time (min) Yield (%) Reference

1 SSA (6.5) Solvent-free, 100 °C 7 91 [11]
2 Nano-alumina sulfuric acid(23.2) Solvent-free, 110 °C 12 98 [20]
3 MTSA (15) Solvent-free, 100 °C 15 80 [32]
4 Tungstosilicic acid (1) [bmim] [PF6], 100 °C 60 75 [33]
5 Phosphotungstic acid (3) [bmim]BF4 (2 mL), r.t. 8 92 [34]
6 H2SO4 (15) [bmim]BF4(0.5 mL), 80 °C 30 88 [35]
7 [Simp]HSO4 (10) Solvent-free, 100 °C 17 82 [36]
8 SuSA (10) Solvent-free, 100 °C 15 90 This work
9 [SuSA-H] HSO4 (10) Solvent-free, 100 °C 7 97 This work
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