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In the present work, amorphous silica nanoparticles were synthesized from low-cost rice husk ash (RH-
Si0,). The nanoparticles were later modified by acidic ionic liquid containing double-charged diazoniabi-
cyclo[2.2.2]octane chloride using sol-gel method (RH@[SiPrDABCO@BuSO;H]HSO,). The structural
properties of this Bronsted solid acid was systematically investigated by fourier transform infrared
spectroscopy (FT-IR), scanning electron microscope (SEM), thermal gravimetric analysis - derivative
thermogravimetric analysis (TGA-DTG), and Brunauer Emmett Teller (BET). The catalytic activity of
this nanocomposite was successfully tested in through one-pot synthesis of 1H-pyrazolo[1,2-
b]phthalazine-5,10-diones via three-component couplings of phthalhydrazide, aromatic aldehydes, and
malononitrile. The heterogeneous catalyst could be recovered easily and reused without significant loss of

its catalytic activity.

1. Introduction

In recent years, regarding the green chemistry’s goals, the target
of science and technology has been shifting towards more
friendly, sustainable resources and reusable
catalysts.” Because of high surface area, stability, easy synthesis
and easily separation, thus for facilitating easy catalyst recycling,
silica has been used as heterogeneous catalytic support.’

Silica is the major inorganic constituent of the rice husk which
high-surface area amorphous silica is extracted by carrying out an
acid chemical treatment followed by the process of burning.
Preparation of silica from rice husk offers a smart and cheap
alternative to commercial silica and at the same time helps solve
rice husk disposal problem faced by rice milling industry. In most
rice producing countries, rice husk will normally be burnt away
causing environmental and health problems. Recently, various
types of transition metals were incorporated into rice husk silica
and their catalytic potentials in the oxidation, reduction, acylation
and benzylation reactions were studied.*”

Moreover the application of supported ionic liquid (IL) in
catalysis is a trendy frontier of researches in recent years. Both in
the washing of the homogeneous IL catalyst system for reuse and
the separation of product from the ionic liquid, large amounts of
organic solvents were usually used. Therefore, supporting ionic
liquids on solid is one of the important routes for developing
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novel heterogeneous catalysts.® The resulting material is solid and
the ionic species is dissolved in both water and organic solvent
which can act as a suitable catalyst.”'° Herein, acidic ionic liquids
including the Lewis and the Bronsted ones had proved to be
efficient catalysts in organic transformation.' In this regard, there
has been considerable interest in the development of stable and
recycle solid acids containing ionic liquid part as eco favorable
replacements for their homogeneous analogous.'?

Hybrid organic-inorganic sulfonic acid catalysts offer an
alternative support to silica-based materials. Herein, covalently
grafting n-propyl and n-butyl sulfonic acids to the supports for
generate strong acid sites, has been applied as effective solid acid
catalysts in organic transformations. In these types of solid acid
catalysts, the reactive centers are highly mobile similar to that of
homogeneous catalysts. Synthesis of these materials was
conducted by oxidation of immobilized thiols to sulfonic acids or
ring opening reaction of 1,3 and 1,4-propanesultone. In both
cases, sulfonic acid groups are introduced on the surface via
covalently bonds. However, in SH oxidation method, imperfect
oxidation of SH groups decreases the efficiency of the catalyst."*"
15

In the past few decades, heterocyclic chemistry has been one of
the most important disciplines in organic synthesis and
pharmaceutical chemistry.'® Heterocyclic compounds containing
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Scheme 1 The reaction sequence for the preparation of RH@[SiPrDABCO@BuSO;H]HSO,

phthalazine moiety have received considerable attention because
s of their pharmacological and biological activities.'”" Similarly,
heterocycles containing pyrazoles moiety are of current interest
due to their wide range of interesting properties, such as anti-
hyperglycemic, analgesic, anti-inflammatory, anti-pyretic, anti-
bacterial, and anti-viral activities.?’¢
10 Several methods for the synthesis of heterocycles containing a
phthalazine ring fragment have also been reported. However,
each of the known procedures has its merits, but the generality of
the existing reports is somewhat defected by the vigorous
reaction conditions, and the catalysts and solvents used are not
acceptable in the context of green synthesis. Thus further studies
and development of simple and highly efficient methodologies
are still necessary to overcome these drawbacks.
The aim of this protocol is to highlight the synergistic effects of
the combined use of multicomponent coupling reactions and
application of solid Bronsted acid catalyst containing ionic liquid
part which supported on nanostructure materials for the
development of new eco-compatible strategy for the synthesis of
heterocycles containing a phthalazine ring fragment.
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2. Results and discussion

G

approach of
preparation and its

Investigation around the
RH@[SiPrDABCO@BuSO;H]HSO,
structural and morphological analysis

There were few studies about the preparation of silica-supported
acidic ionic liquid catalyst and its application for multi-
component reactions (MCRs). However, as a part of our ongoing
interest in the synthesis of biologically relevant heterocyclic
compounds,”’® we attempted to design an inorganic-organic
hybrid solid Bronsted acid catalyst containing double-charged
diazoniabi-cyclo[2.2.2]octane chloride supported on rice husk
silica, RH@[SiPrDABCO@BuSO;H]HSO,, for efficient and
synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-
dione. Scheme 1 shows the schematic representation of the
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convenient

synthetic pathway for RH@[SiPrDABCO@BuSO;H]HSO, solid
acid catalyst.

40 Amorphous nano silica was easily extracted from rice husk (RH).
A brief description of the extraction process follows (Fig. 1).
Pretreatment step: to reduce metallic impurities of RH to
negligible levels, the clean RH was treated with nitric acid.
Pyrolysis step: to complete combustion, the acid-leached RH was

ss burned in a furnace at 800 °C.

Digestion step: to digestion of the rice husk ash (RHA), the

white RHA was reacted with caustic at specific conditions. In this

process the silica in the ash was dissolved with caustic soda to
form sodium silicate solution.

Precipitation step: the sodium silicate solution was titrated with

nitric acid until the solution pH reached to 5.0. in order to

precipitate silica.

The FT-IR spectra of RH@[SiPrDABCO@BuSO;H]HSO,, RH-

Si0,, SiPrDABCO and SiPrDABCO@BuSO;H are shown in Fig.

ss 2. In all materials, the typical bands around 990-1220, 801 and
473 cm’! were attributed to the presence of Si-O group. The band
around 1635 cm™ is also due to the bending vibration of water
molecules bound to the silica matrix. The presence of peaks at
1200-1500 and 2870-3040 cm! in the

o RH@[SiPrDABCO@BuSO;H]HSO,, SiPrDABCO and
SiPrDABCO@BuSO;H were most probably due to the C-H
bonds and also a band around 1465 cm™ is characteristic for the
tertiary amine group.

Scanning electron microscopy (SEM) is a useful tool for

s determining the size distribution, particle shape and porosity. It
has been a primary tool for characterizing the surface
morphology and fundamental physical properties of the surface.
The morphological features and the particle size distribution of
extracted nano silica and RH@[SiPrDABCO@BuSO;H]HSO,

70 were performed by measuring SEM.

w
=

2 | Journal Name, [year], [vol], 00—-00

This journal is © The Royal Society of Chemistry [year]

Page 2 of 8



Page 3 of 8 RSC Advances

Fig. 1 Macroscopies of RH: (a) as received; (b) after pretreatment and
pyrolysis steps; (c) after digestion and precipitation steps
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s Fig. 2 The FT-IR spectra of (a) RH@[SiPrDABCO@BuSO3H]HSO,, (b) RH-

SiO,, (c) SiPrDABCO and (d) SiPrDABCO@BuSO;H
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Fig. 3 SEM images of (a) RH-SiO, and (b) RH@[SiPrDABCO@BuUSO3;H]HSO,
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According to Fig. 3, extracted nano silica has spherical shape
with nano dimension ranging from 60 to 90 nm and the size of
the RH@[SiPrDABCO@BuSO;H]HSO, microspheres are
around 150-170 nm, which indicate that the organic-inorganic
hybrid silica is successfully anchoring to the magnetic particles.

The thermal stability of nanocomposite was also investigated by
thermal gravimetric analysis-derivative thermogravimetric
analysis (TGA-DTQG). TGA-DTG thermogram of
RH@[SiPrDABCO@BuSO;H]HSO, in N, atmosphere was
shown the mass loss of the organic materials as they decompose
upon heating (Fig. 4). The 12.8 % weight loss below 150 °C
might be due to the loss of the adsorbed water molecules
adsorbed onto the surface and ionic liquid part. The weight loss
of about 40 % between 150 and 660 °C may be associated to the
thermal decomposition of PrDABCO@BuSO;H. On the basis of
this observation, the well grafting of SIPrDABCO@BuSO;H on
the RH-Si0, was also verified. In the field of solid catalysis,
N, adsorption-desorption measurements (BET and BJH methods)
have been a powerful tool for characterization of nano or
mesoporous material. Representative nitrogen adsorption-
desorption isotherms for the RH@[SiPrDABCO@BuSO;H]HSO,
are shown in Fig. 5. The surface area was determined by the BET
method, whereas the pore size distribution was calculated using
the Barrett-Joyner-Halenda (BJH) approach. The pore volume
was calculated as the amount of liquid nitrogen adsorbed at P/P,

35 = 0.979. The hysteresis loop was observed in the range of 0.4 <

45

P/Py < 0.7, which is associated with capillary condensation
taking place within the mesopores. The isotherms present a sharp
adsorption step in the P/P;,, which implied that the material
possess large pore size with narrow distributions. It shows
relatively low surface area (192 m* g"), compared with RH-SiO,
that was reported by adam.* In addition,
RH@[SiPrDABCO@BuSO;H]HSO,, exhibits pore-size
distribution at 3.32 nm, that is smaller than that of RH-SiO, (10.4
nm). The characteristic data on the sample are summarized in
Table 1.
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Fig. 4 TGA-DTG of RH@[SiPrDABCO@BuSO3;H]HSO,
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Fig. 5 (a) Pore size distributions and (b) Nitrogen adsorption-desorption
isotherm of RH@[SiPrDABCO@BuSOsH]HSO,
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Table 2, the best result was obtained with a 0.15 g (6 mol%, H")
of RH@[SiPrDABCO@BuSO;H]HSO, as the catalyst at reflux
condition. Using lower amount of catalyst resulted in lower
yields, while higher amount of catalyst did not affected reaction
times and yields. To study the effect of temperature on this
synthesis, it was observed that a lower reaction temperature leads
to a lower yield. Table 2 demonstrates that ethanol was the best
choice of solvent. It should be pointed out that in the absence of
RH@[SiPrDABCO@BuSO;H]HSO,, the reaction was sluggish
and even after prolonged reaction time a considerable amount of
starting material was remained.

Different substituted 1H-pyrazolo[1,2-]phthalazine-5,10-diones
were prepared changing the aromatic aldehyde substituents
(Scheme 3). Generally, the reactions that employed aromatic
aldehydes bearing electron-withdrawing or electron-donating
functional groups at different positions produced the
corresponding products in good to excellent yields. Both of the
aromatic aldehydes with electron-withdrawing and electron-
donating functionalities were found to be compatible under the
optimized reaction condition (Table 3).

The structures of products were determined from their analytical
and spectral (IR, 'H & ">C NMR) data and by direct comparison
with authentic samples. Formation of the products was also
confirmed with the comparison of their melting points with the
products prepared by reported methods.'”"”

O N,
NH A~ 0.15 g catalyst N\
‘ + PhCHO + NC °N { °N
NH ¢ ¢ EtOH, reflux N ¢
0 o M
89%,3 h

Scheme 2 Three component reaction of phthalhydrazide (1 mmol),

malononitrile (1 mmol) and benzaldehyde (1 mmol)

Table 2 The one-pot three component reaction of phthalhydrazide (1
mmol), malononitrile (1 mmol) and benzaldehyde (1 mmol) under
different conditions.

Entry Solvent Temperature Catalyst (g) Time (h) Yield (%)
s Table 1 Specific surface area (Sger), diameter pore and total pore volume. (°C)
. 1 EtOH Reflux - 4 Trace
Sample BET diameter pore 2 EtOH 30 0.15 3 50
surface  (nm)  volume 3 EtOH 50 0.15 3 67
area (cm” ) 4 EtOH Reflux 0.15 3 89
(m g ) 5 H,0 Reflux 0.1 35 71
. . 6 CH;CN Reflux 0.15 4 60
Rice husk 5102 347 10.4 0.872 7 CH2C12 Reflux 0.15 4 65
. 8 EtOH Reflux 0.1 3 78
RH@[SiPrDABCO@BuSO:HHSO, 192 332 0.285 9 EtOH Reflux 02 3 89
Application of RH@[SiPrDABCO@BuSO;H]JHSO, as >0
Bronsted solid acid catalyst for one-pot synthesis of 1H-
pyrazolo[1,2-b]phthalazine-5,10-diones 0 CHO NH,
NH o~ 0.15 g catalyst N\
To investigate the catalytic activity of ot s *ONCOCN E{OH, reflux N
10 RH@[SiPrDABCO@BuSO;H]HSO, in the one-pot o R o
multicomponent synthesis of 1H-pyrazolo[1,2-b]phthalazine- \/\\
R

5,10-dione heterocyclic compounds, we focused on systematic
evaluation of different conditions for the model three-component
couplings of phthalhydrazide, benzaldehyde, and malononitrile
(Scheme 2). Various amounts of catalyst, solvents and
temperature, were screened to test the efficiency of the catalyst
and the results are summarized in Table 2. As could be seen in

o

55

Scheme 3 Synthesis of different substituted 1H-pyrazolo[1,2-
]phthalazine-5,10-diones through multicomponent reaction promoted by

RH@][SiPrDABCO@BuSO;H]HSO,
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Table 3 The one-pot three component synthesis of 1H-pyrazolo[1,2-]phthalazine-5,10-diones catalyzed by RH@[SiPrDABCO@BuSO;H]HSO,.

Entry Aldehyde Product Time (h) Yield (%)
CHO O NHZ 3 89
a
N
| N CN
N
O
b CHO O NHZ 4 86
N
| N CN
N
CHs 0
CH;
c CHO O NHZ 5 84
N
| N CN
N
OCH; 0
OCH,
d CHO O NHZ 3 94
N
| N CN
N
NO, 0
NO,
e CHO 0] NH, 3 91
QL OO
N
NO,
(0]
NO,
f CHO 4 88

This journal is © The Royal Society of Chemistry [year]
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g CHO O NH2 3 92
O O
N
Cl (0]
Cl
h CHO O NH2 4 87
Q, CCi
N
F
O
F
i CHO O NHz 4 86
N
@\ I N CN
Me
O
Me
j CHO (@] NHZ 3 88
T CN
N
Cl
(0]
Cl
k CHO (0] NH, 4 90
Rolse:
| N CN
N
NO,
(0]
1 CHO O NH, 4 86
N
| N CN
@ I}
OMe
(0]
OMe

The steric and electronic properties of the aldehydes affected the
reaction yields. For example 4-nitrobenzaldehyde provided
excellent yield of 94%. The para-substituted aldehydes gave good
results compared to the ortho-substituents due to more steric
s hindrance for the ortho-substituted aldehydes on the product
formation than the para-substituted aldehydes with the use of
acidic catalysts.
To investigate the activity constancy of the catalyst, the catalyst
was reused five in the one-pot multicomponent condensation of
10 benzaldehyde, malononitrile and phthalhydrazide. The catalyst
was recovered after each run, washed with hot ethanol, dried and
tested for its activity in the subsequent run. The results were

shown that the catalyst does not show any loss in its activity and
produced product in 89, 87, 87, 85 and 85 % yield, respectively.

15 3. Experimental
General

Chemical materials were purchased from Fluka and Merck
companies and used without further purification. Rice husk (RH)
was collected from a rice mill in Khozestan-Baghmalek (Iran).
20 Products were characterized by comparison of their physical data,
IR and 'H NMR and "*C NMR spectra with known samples. The
purity determination of the products and reaction monitoring

Page 6 of 8
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were accomplished by TLC on silica gel PolyGram SILG/UV
254 plates. NMR spectra were recorded in CDCIl; on a Bruker
Advance DPX 400 MHz instrument spectrometer using TMS as
internal standard. Fourier transmission infrared (FT-IR) spectra of
the powders (as pellets in KBr) were recorded using a fourier
transmission infrared spectrometer (BOMEM MB-Series 1998
FT-IR spectrometer).

The TGA curve of the RH@[SiPrDABCO@BuSO;H]HSO, was
recorded on a BAHR, SPA 503 at heating rates of 10 °C min".
The thermal behavior was studied by heating 1-5 mg of samples
in aluminum-crimped pans under nitrogen gas flow, over the
temperature range of 25-1000 °C. X-ray diffraction (XRD)
patterns of samples were taken on a Philips X-ray diffractometer
Model PW 1840. The particle size and external morphology of
the particles were characterized by scanning electron microscopy,
SEM (Philips XL30 scanning electron microscope).

Extraction of silica from rice husk (RH-Si0O,)

Amorphous silica nanoparticles were prepared from low-cost rice
husk (RH-Si0,).*? Briefly, rice husk was washed with tap water
and rinsed with distilled water to remove dirt. After drying at
room temperature, the rice husk was stirred with 1.0 M nitric acid
at room temperature for about 24 h. It was thoroughly washed
with distilled water until the pH of the rinse became constant. The
wet RH was subsequently dried in an oven at 100 °C for 24 h.
The cleaned RH was burned in a muffle furnace at 800 °C for 6 h.
Silica extraction from RH was carried out by stirring the rice
husk in 500 mL, 1.0 M sodium hydroxide for 24 h at room
temperature. Then the mixture was filtered to remove the
undissolved residues. The extracted sodium silicate was titrated
with 3.0 M HNOs. The acid solution was added at a slow rate of
ca. 1.0 mL min" with constant stirring. Silica gel started to
precipitate when the pH decreased to less than 10. The titration
was continued until the solution pH reached 5.0. The silica
gel/precipitate was aged for 24 h. The silica gel/precipitate was
35 filtered, washed thoroughly with distilled water and dried at 100
°C for 18 h.

Synthesis of n-propyltrimethoxysilane-1,4-
diazoniabicycle[2.2.2]octane chloride-butlylsulfonate,
SiPrDABCO@BuSOjy’

DABCO (0.897 g, 8.0 mmol) were dissolved in acetone (100
mL). To this solution 8 mmol of 3-chloropropyltrimethoxysilane,
CPTMS (1.58 g), was added drop-wise and the mixture was
refluxed for 24 h under N, atmosphere. The solvent was removed
by rotary evaporation under reduced pressure and a white
precipitate was obtained (SiPrDABCO). 1,4-Butane-sultone (1.09
g) was slowly added into the solution of equal-molar n-
propyltrimethoxysilane-1,4-diazoniabicycle[2.2.2]octane chloride
(SiPrDABCO) and toluene (100 mL). The mixture was stirred at
100 °C for 12 h and toluene was removed by rotary evaporation
under reduced pressure. The formed SiPrDABCO@BuSOs;” then
was washed with ether for 3 times and dried in vacuum at 50 °C
for 3 h.

Preparation of immobilized ionic liquid solid acid catalyst,
RH@[SiPrDABCO@BuSO;H]HSO,

About 2.0 g of the nano silica (obtained from RHA) was stirred in
350 mL of 1.0 M NaOH at room temperature. The resulting
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sodium silicate was titrated with 1.0 M HCI at a slow rate of ca.
1.0 mLmin™" with constant stirring until the solution pH reached
12. Then 2 g of SiPrDABCO@BuSO; was added and the
resulting suspension was stirred at 100 °C for 8h. The solution
was then titrated slowly (1.0 mLmin™") with 1.0 M HCI with
constant stirring. The change in pH was monitored by using a pH
meter. A gel started to form when the pH decreased to less than
10.0. The titration was done slowly until pH 5 was reached. The
resulting suspension was stirred at 80 °C for 24 h and also reacted
at 100 °C under static condition for another 24 h. The separation
process was repeated 3 times with distilled water. The precipitate
was filtered, subsequently washed with acetone, ether and
ethanol. Finally, the formed immobilized acidic ionic liquid was
dried in vacuum at 60 °C for 6 h. The formed solid was dissolved
in 5 mL H,O in a 250 mL round bottom flask, and sulfuric acid
(0.43 mL, 8 mmol) was slowly dropped into the flask at 0 °C.
After the dropping was finished, the mixture was heated up to 60
°C gradually and then stirred for 12 h. The solid was filtered,
subsequently washed with ethanol and water and then dried at
room temperature.

Typical experimental for the

phthalazine derivatives

procedure synthesis of

A mixture of malononitrile (0.07 g, 1 mmol), aldehyde (1.1
mmol), phthalhydrazide (0.16 g, 1 mmol), and
RH@[SiPrDABCO@BuSO;H]JHSO,4 (0.15 g) was refluxed in
ethanol for the time shown in Table 3. Completion of the reaction
was indicated by TLC. After completion of reaction, the reaction
mixture was washed with hot ethanol and the catalyst was
filtered. The crude product was purified by recrystallization in
aqueous ethanol to afford the pure product.

pH-analysis of RH@[SiPrDABCO@BuSO;H]HSO,

To an aqueous solution of NaCl (1 M, 25 mL) with an initial pH
5.9, the RH@[SiPrDABCO@BuSO;H]HSO, (100 mg) was
added and the resulting mixture stirred for 24 h after which the
pH of solution decreased to 2.8. This is equal to a loading of 0.4
mmol SO;H/g of acidic catalyst. Additionally, this result
confirmed by back-titration analysis of the catalyst.

Conclusion

In this research, inorganic-organic hybrid Bronsted solid acid
catalyst, RH@[SiPrDABCO@BuSO;H]HSO,, was successfully
prepared through the supporting of acidic ionic liquid containing
double-charged diazoniabi-cyclo[2.2.2]octane chloride onto the
nano silica. The FT-IR, SEM, TGA-DTA, and BET were clearly
shown that [SiPrDABCO@BuSO;H]HSO,  successfully
immobilized on the surface of rice husk silica (RH-SiO,) by
chemical covalent bond. The catalytic activity of this solid acid
nanocomposite, was probed through the one-pot synthesis of 1H-
pyrazolo[1,2-b]phthalazine-5,10-diones  via  three-component
couplings of phthalhydrazide, aromatic aldehydes, and
malononitrile. In this reactions
RH@[SiPrDABCO@BuSO;H]HSO, shows a highly catalytic
nature, easy to handle procedure, easy workup, recycle
exploitation, good to excellent isolated yields and the use of

1o ethanol as a solvent that is a relatively environmentally benign

solvent. Subsequent reuse of catalyst showed that the catalysis

This journal is © The Royal Society of Chemistry [year]
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was wholly heterogeneous.
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