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Abstract
In this research work, a novel strategy for the heterogenization of sultone based acidic ionic liquids via
their non-covalent immobilization on nano silica sulfuric acid is reported and the catalytic ability of the
prepared heterogeneous catalysts for the synthesis of tetrazolopyrimidines derivatives is investigated.
The physicochemical properties of the prepared catalysts were studied using thermal and spectroscopic
techniques such as 1H and 13C NMR, FTIR, SEM, TEM, TGA, EDX and BET. In the following,
tetrazolopyrimidine derivatives were synthesized in the presence of the prepared heterogeneous
supported acidic ionic liquids on nano silica sulfuric acid in a three-component reaction of aromatic
aldehydes, 5-aminotetrazole and active methylene compounds. The obtained results showed that the
supported protic ionic liquids have better catalytic activity than their non-supported forms. Moreover, the
recoverability, reusability and thermal stability of the acidic ionic liquids were also signi�cantly improved
by immobilization on nano silica sulfuric acid.

Introduction
Ionic liquids (ILs) have attractive properties such as high thermal stability, low vapor pressure, wide liquid
range, the ability to dissolve a broad series of chemical as the reaction media and ionic conductivity that
make them a signi�cant choice for industrial applications as solvent or catalyst[1, 2]. A number of
research works have been reported about the application of Brønsted acidic ILs (BAILs) as e�cient acid
catalysts in organic transformations[3–5]. However, extensive industrial application of ILs is limited by
some of their problematic drawbacks, such as high viscosity leading to slow diffusion and �ow of
substrates, incomplete or tedious extraction of product from ionic phase, partial and time-consuming
catalyst recovery and their high commercial cost[6].

However, supported ILs have the superiorities of ILs and heterogeneous support materials together,
improve the catalytic activity/ability, decrease the commercial cost, simplify IL recovery, and operational
simplicity which make them excellent candidate to be used for continuous �xed-bed reactors to reach
extensive industrial applications[7, 8]. In this regard, ILs have been anchored to the external surfaces and
cavities of several porous solid material to place a thin layer of IL in order to make them more cost-
effective, easily recoverable, quicker diffusion and mass transfer. Up to now, silica[9, 10], clays[11],
organic polymers[12], zeolites[13] and metal oxides[14] are commonly used supports for the
immobilization of ILs.

Among the porous supports, mesoporous and nanoscale silica materials have been extensively and
effectively applied as supports for heterogenization of homogeneous catalysts[15–17]. Their
microstructures allow the dispersion of active sites of catalysts on widespread internal surfaces and
pores and make an effective improvement in the catalytic activity of the whole system.

Several ways have been applied to immobilize homogeneous catalysts on silica gel. For example,
homogeneous catalysts are physically adsorbed[10] or encapsulated[18] into the silica gel. Moreover,
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immobilizing on solid supports by hydrogen bonding[19] or chemical covalent bonding have been
reported[20]. Recently, the immobilization of homogeneous catalyst by creating ionic bond interactions
with solid supports have also been investigated[21, 22].

Tetrazolo[1,5-a]pyrimidines are a signi�cant class of aza-heterocycles with several important drug
activities such as anticancer, antitumor, anti-in�ammatory and antibacterial agents, etc. Literature review,
represents their catalytic preparation via one-pot multicomponent reaction of aromatic aldehydes, active
methylene compounds and 5-aminotetrazole[3, 23, 24].

One type of Brønsted acidic ionic liquids (BAILs) is achievable by the reaction of aliphatic/ aromatic
tertiary amines with sulfo-alkylating agent (sultone) to give desired organic zwitterion and in the
following the addition of Brønsted acid more powerful than sulfonic acid to complete the preparation
process of targeted BAILs[25–27]. Herein, in order to heterogenization of BAILs, we introduce a new
method by using nanoparticles of silica sulfuric acid (SSA) as solid support for ionic immobilization of
BAILs. Full characterization of the prepared supported BAILs on nano SSA was well done by using 1H and
13C NMR, FTIR, SEM, TEM, EDX, TGA, DSC and BET techniques and in the following, the catalytic activity
of the heterogenized BAILs for the synthesis of tetrazolopyrimidine derivatives was investigated.

Results And Discussion
Preparation of nano SSA

The approach described previously with slight additional modi�cation was used for the preparation of
nano SiO2-SO3H (SSA)[28]. For this purpose, 1 g of nano SiO2 was sonicated and suspended in dry
CH2Cl2 (25 mL) and ClSO3H (1 mL) was added slowly over a period of 15 min at 0 °C. A gas channel tube
was connected for leading HCl gas into water during the reaction. In the following, the mixture was stirred
at room temperature for 12 h. To complete the preparation of nano SiO2-SO3H, the mixture was �ltered,
washed with diethyl ether (2×10 mL) and dried at 70°C for 1 h, �nally white powder of nano SSA was
collected (1.25 g).

Preparation of organic zwitterions

1-benzyl-4-phenyl-1H-1,2,3-triazole and N-methyl imidazole were chosen as aromatic nucleophilic sources
for the preparation of organic zwitterions.  To reach this goal, n-methyl imidazole and 1-benzyl-4-phenyl-
1H-1,2,3-triazole were reacted with 1,4-butane sultone in dry toluene at 75 ̊C for appropriate time (Scheme
1). During the reactions, 4-(1-benzyl-4-phenyl-1H-1,2,3-triazol-3-ium-3-yl)butane-1-sulfonate (TrAzBs) and
4-(1-methyl-1H-imidazol-3-ium-3-yl)butane-1-sulfonate (MImBs) zwitterions were obtained slowly as white
precipitates. The synthesis of these organic zwitterions is clean, simple and straightforward, without any
side-reaction. Their extraction was done with simple �ltration, without the need for further tedious or
expensive puri�cation techniques. The prepared zwitterions were characterized using FTIR, 1H and 13C
NMR spectroscopies. The 1H NMR spectrum of the prepared MImBs zwitterion is presented in Figure 1.
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Preparation of nano SSA supported BAILs (SSA@BAILs)

TrAzBs or MImBs zwitterion was added to nano SSA in ethanol as the reaction media and the reaction
mixture was re�uxed with stirring for 12 h. Then the resulting slurry was �ltered and washed several times
with deionized water and dried at 80 °C for 10 h. Finally, SSA@TrAzB-SO3H (CAT-1) and SSA@MImB-
SO3H (CAT-2) were obtained as white powders (Scheme 2).

Characterization of the catalysts

FT-IR spectroscopy 

Successful preparation of SSA@BAILs could be con�rmed by FT-IR spectroscopy. The FT-IR spectra of
nano SiO2, nano SSA, MimBs zwitterion and SiO2-SO3@MImB-SO3H (CAT-2) are comparatively depicted

in Figure 2. In the FT-IR spectrum of SiO2 the peaks at 3487 and 1640 cm-1 are referred to the hydroxyl

groups of SiO2. Nano spherical particles of SiO2 also displays two peaks at 1093 and 820 cm-1 which are
ascribed to the asymmetric and symmetric stretching vibration modes of Si-O-Si. Moreover, the peak at
459 cm-1 is attributed to the stretching vibrations of the Si-O band. Nano spherical particles of SSA (SiO2-

SO3H) exhibits distinctive absorption peaks at 1170, 1109 and 540 cm-1 referred to asymmetric and
symmetric stretching vibrations of S=O group respectively[29]. The stretching broad band of hydroxy
groups is observed around 3400 cm-1. The FT-IR spectrum of MImBs zwitterion shows asymmetric
stretching absorptions of aromatic and aliphatic C-H at above and below 3000 cm-1. The asymmetric and
symmetric stretching vibrations of aromatic C=C are appeared at 1648 and 1461 cm-1 respectively. The
stretching mode of C=N is observed at 1569 cm-1. Furthermore, the sulfonate group represents its
asymmetric and symmetric stretching vibrations at 1195, 1141 and 594 cm-1 [30]. The FT-IR of the novel
CAT-2 shows all characteristic absorption bands of its constituents when is compared individually with
each of them and strongly con�rms the successful synthesis of the targeted catalyst. 

FESEM and EDS

Field-emission scanning electron microscopies (FESEM) of nano SiO2-SO3H@TaAzB-SO3H (CAT-1) is
presented in Figure 3. It can be seen from the FESEM image that morphology change is happened in the
catalyst structure when is compared with the structure of pure nano SSA. Although nano catalyst has
kept its nanostructure, some aggregations are formed for SSA nano particles. The morphology of the
prepared organic-inorganic hybrid obviously shows a two-phase structure which organic zwitterion
moieties occupied the distances between nearly spherical nano SSA particles.

Energy dispersive spectrometer (EDS) analysis of the prepared CAT-1 is shown in Figure 4. This analysis
approves the existence of silicon, oxygen, carbon, nitrogen and sulfur elements as constituent of the
introduced nanohybrid which is a further reason for the successful loading of the zwitterion on nano SSA
support in the structure of CAT-1.
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TEM 

The TEM image of CAT-1 is presented in Figure 5. Two distinguishable phases are observed which on the
them is spherical and is referred to SSA nano particles and another one is non-spherical that most
probably belong to the organic zwitterion moiety. The particle size from FESEM and TEM analysis was
calculated to be between 20-30 nm.

TG and DSC

The thermal stability of the synthesized nanomaterials was investigated using TGA. As shown in Figure
6, the TGA curves of nano SiO2 shows 9% weight loss below 200 ℃ which is most possibly attributed to
the evaporation of adsorbed water and other organic solvents that were utilized during catalyst synthesis.
However, when the temperature is increased, the TGA curve of nano SiO2 shows weight stability without
extraordinary weight decreasing up to 600°C. The TGA of CAT-2 catalyst (Figure 7), shows small (5%)
weight loss at <200°C which is caused from the loss of the adsorbed moisture. Against nano SiO2, the
CAT-2 nano hybrid catalyst shows the major weight loss (20%) between 230°C and 450°C that is ascribed
to the decomposition of organic moieties and sulfonic groups that are anchored onto the SiO2 support.
This observation indicates that the synthesized CAT-2 is thermally stable up to 230°C which is acceptable
thermal stability for using in chemical transformations.

N2 adsorption–desorption determination of catalyst pore structures and surface areas

N2 adsorption–desorption tests were applied to evaluate the surface characteristics of CAT-1 and CAT-2
using the BET and BJH analyses. The prepared catalysts as well as SSA display type-IV isotherms,
approving the mesoporous nature of the synthesized catalysts, (Figures 8 and 9). This kind of isotherm
demonstrates the adsorption progress. “Ink-bottle” form pores are proved by the existence of H2
hysteresis loops containing adsorption and desorption divisions at relative pressures of 0.8 and 0.4,
respectively[31]. From table 1, it can be seen that both catalysts have lower surface pore volumes and
surface areas than SSA support. However, mesopore blocking raised from anchoring TrAzBs or MImBs
zwitterions to SSA support leads to decrease in the speci�c surface area[32]. Moreover, the BET data for
CAT-1 and CAT-2 represents their lower surface area than SSA. The mean pore diameter and surface area
of SSA mesoporous support are 70.32 °A and 430.4 m2 g-1, respectively. By anchoring the organic
zwitterions to SSA, the pore diameters growth to 110.64 °A (CAT-1) and 115.21 °A (CAT-2) and surface
areas decrease to 95. 5 m2 g-1 (CAT-1) and 133.2 m2 g-1 (CAT-2). Additionally, in the case of SSA support,
the pore volume of 0.390 for SSA decreases to 0.066 for CAT-1 and 0.223 for CAT-2. The anchoring effect
of large TrAzBs and MImBs moieties on the framework of SSA support is an increased strain on the meso
structured which has positive effect on catalytic activity of the catalysts[33]. All these observations verify
the successful immobilization of organic zwitterions on SSA support.

Table 1 Obtained data of N2 adsorption measurements of SSA and organic-inorganic nanohybrid
catalysts
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Sample BET surface

area [m2 g-1]

Single desorption

pore volume [cm3 g-1]

BJH desorption

average pore diameter [°A]

SSA 430.4 0.390 70.32

CAT-1 95.5 0.066 110.64

CAT-2 133.2 0.223 115.21

 

Catalytic activity of the synthesized nanohybrid catalysts for the preparation of tetrazolopyrimidines

The preparation of biologically active tetrazolopyrimidines, can be accomplished form multicomponent
reactions of aldehydes, 5-aminotetrazole, and dimedone or acetoacetate as active methylene compounds
the by using an effective catalyst. To assess the catalytic ability of the introduced catalysts, organic-
inorganic acidic nanohybrid were used as heterogenous catalysts in the three-component reaction
involving benzaldehyde, 5-aminotetrazole and acetoacetate ester as the typical reaction. The progress of
the reaction was examined in various solvent even under solvent free condition at different temperatures.
The reaction was not progressed without catalyst after prolong time at room temperature even thermal
condition (Table 2, entries 1, 2). By using 10 mg of the introduced organic-inorganic nanohybrids as
catalyst, the desired tetrazolopyrimidine product was gained which indicated the catalytic role of the
prepared catalysts (entries 3-10). However, the most satis�ed isolated yields were gained when the
reaction was performed under solvent free condition (entries 3-5). 

The best condition for the typical reaction was achieved by using 20 mg of CAT-1 and CAT-2 nanohybrids
as catalyst under solvent free condition at 120 ℃. Any further improvement in the reaction times and
yield of the product was not detected by using larger amount of the catalysts (entries 13, 14).

Table 2 Synthesis of tetrazolopyrimidine in the presence of introduced organic-inorganic hybrids under
different reaction condition
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Entry Catalyst (mg)  Solvent T (
̊C)

Time(min) Yield (%)a

1 - - 120 240 -

2 - - 120 240 -

3 CAT-1 (10) - 80 40 40

4 CAT-1 (10) - 120 40 75

5 CAT-2 (10) - 120 40 79

6 CAT-1 (10) EtOH 78 40 30

7 CAT-1 (10) H2O 100 40 40

8 CAT-2 (10) THF 60 40 35

9 CAT-1 (10) CH3CN 80 40 45

10 CAT-2 (10) DMF 120 40 66

11 CAT-1 (20) - 120 20 90

12 CAT-2 (20) - 120 20 89

13 CAT-1 (30) - 120 20 88

14 CAT-2 (30) - 120 20 90

a Isolated yield

After �nding the optimized reaction condition, to show the generality and effectiveness of the presented
method in a wide range, the protocol was explored with different types of aromatic aldehyde (A),
dimedone (B) or acetoacetate ester (C) and 5-aminotetrazole under determined reaction condition to
provide corresponding methyl-7-aryl-4,7-
 dihydrotetrazolo[1,5-a]pyrimidine-6-carboxylate (D) and 6,6-dimethyl-9-aryl-5,6,7,9-tetrahydrotetrazolo[5,1-
b]quinazolin-8(4H)-one (E) products. The results are tabulated in Table 3. Generally, the target products
(E) using dimedone as active methylene reagent are obtained during shorter times than products (D)
which are prepared using acetoacetate ester (table 3 and scheme 3). Under optimized reaction condition,
various aromatic aldehydes with different  electron-releasing or electron-withdrawing groups were
successfully reacted. It was detected  that aldehydes bearing electron-withdrawing groups gave the
corresponding tetrazolopyrimidines  during shorter reaction times than their electron-donating aldehyde
counterparts.

Table 3 Preparation of tetrazolopyrimidines under optimized condition using CAT-1 and CAT-2 catalysts
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Product A Active methylene T (min) Yield (%)a Catalyst Mp (̊C)

D1 C6H5CHO B 20 90 CAT-1 202-204[23]

D1 C6H5CHO B 20 89 CAT-2 202-204[23]

D2 4-MeOC6H4CHO B 30 88 CAT-1 194-196[3]

D2 4-MeOC6H4CHO B 30 91 CAT-2 194-196[3]

D3 2,4-DiCl-C6H3CHO B 20 90 CAT-1 252-255[3]

D3 2,4-DiCl-C6H3CHO B 20 87 CAT-2 252-255[3]

D4 2-NO2C6H4CHO B 20 89 CAT-1 241-243[3]

D4 2-NO2C6H4CHO B 20 90 CAT-2 241-243[3]

E1 C6H5CHO C 15 89 CAT-1 273-275[23]

E1 C6H5CHO C 15 88 CAT-2 270-273[23]

E2 4-MeOC6H4CHO C 25 90 CAT-1 224-226[3]

E2 4-MeOC6H4CHO C 25 92 CAT-2 224-226[3]

E3 2-NO2C6H4CHO C 15 88 CAT-1 262-264[23]

E3 2-NO2C6H4CHO C 15 87 CAT-2 262-264[23]

E4 2,4-DiCl-C6H3CHO C 20 86 CAT-1     >270 [34]

E4 2,4-DiCl-C6H3CHO C 20 89 CAT-2     >270 [34]

E5 4-BrC6H4CHO C 15 86 CAT-1 248-250[23]

E5 4-BrC6H4CHO C 15 85 CAT-2 248-250[23]

a Isolated Yield 

Recycling study of the introduced catalysts

The reusability of the catalyst is an important bene�t particularly for commercial applications. To
investigate the catalytic stability of the presented nano heterogeneous acidic hybrid catalysts over
recycling process, the typical reaction from table 1 was selected. The reactions were performed in the
presence of optimized amount (20 mg) of CAT-1 or CAT-2 at 12 ̊ C under solvent free condition. Upon
completion of the reaction as monitored by TLC, 10 ml of hot EtOH was added and the mixture was
stirred for 5 min. Afterward, then the reaction mixture was �ltered and the �ltrate recovered catalyst was
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washed with acetone and dried at 80 ̊C for using in the next 4 consecutive tests. Simple �ltration and
washing with acetone make the catalyst ready for repeating runs and it can be observed that the yield
deference between the �rst and �fth runs for both catalysts is negligible demonstrating high catalytic
stability of the presented nano hybrid catalysts. 

A recommended and probable mechanism to reveal the catalytic activity of the presented nano hybrid
catalysts for the preparation of tetrazolopyrimidines (D and E) is described (scheme 4). Initially, aromatic
aldehyde (A) is activated by the acidic nano hybrid, and in the following, an aldol condensation type
reaction is occurred among activated aldehyde and enolic form of activated methylene compound (B or
C). Subsequently, 5-aminotetrazole makes a Michel type addition to the activated Michel acceptor under
catalytic activation by nano hybrid catalyst afterward cyclization and then dehydration give the desired
tetrazolopyrimidines (D or E).

Conclusion
A novel strategy was applied for heterogenization of two organic zwitterions using ion pair
immobilization on nano spherical SSA. To achieve the targeted catalysts, nano SSA was prepared and
reacted with previously synthesized organic zwitterions in boiling ethanol. Proton transfer from SSA to
the zwitterions led to ion pair immobilization. The synthesized organic-inorganic nanohybrids were fully
identi�ed by using several techniques such as using 1H and 13C NMR, FTIR, SEM, TEM, EDX, TGA, DSC
and BET. These heterogenous catalysts are thermally stable up to 230 ̊C that is reasonable and
satisfactory for laboratories uses. Moreover, these nanohybrid catalysts are easy to handle and have
powerful acidic activity with no corrosive properties. The catalytic ability of the introduced nanohybrids
CAT-1 and CAT-2 was investigated for the catalytic preparation of tetrazolopyrimidine derivatives in the
multicomponent reaction of aromatic aldehydes, active methylene compounds and 4-aminotetrazole. The
comparison of the obtained results of CAT-1 and CAT-2 with their non-immobilized BAILs showed that the
reaction times and the yield of the products are improved by using CAT-1 and CAT-2 organic-inorganic
nanohybrids. Moreover, the amount of the recovered CAT-1 and CAT-2 and their catalytic stability are
almost completely retained while the recovery of the corresponding non-immobilized BAILs is not
completed over reusing study. These observations make the introduced nanohybrid catalysts as new
e�cient and simply recoverable replacements for homogeneous BAILs.

Experimental
Synthesis of 1-benzyl-4-phenyl-1H-1,2,3-triazole 

To a round-bottom �ask containing 10 mL of H2O/PEG400 (1:1 v/v), benzyl chloride (10 mmol), phenyl
acetylene (10 mmol), sodium azide (11 mmol) and CuI (0.5 g) were added together and the reaction
mixture was stirred at room temperature for 1 h. The mixture was �ltered and the �ltrate was washed with
15 mL of ethyl acetate. Ethyl acetate solvent of �ltrate was removed under reduced pressure to leave a
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white precipitate of desired 1,4-disubstituted-1H-1,2,3-triazole. For further puri�cation the precipitate was
recrystallized from EtOH/H2O (1:1 v/v), obtained yield: 92%). 

1-Benzyl-4-phenyl-1H-1,2,3-triazole: Mp: 128–130 °C (Lit. 128–129 °C) [34]. IR ( max in cm-1, KBr): 3087,

2956, 1494, 1469, 1450, 1361, 1224, 1140, 1076, 1046, 972, 807, 769, 739. 1H NMR (400 MHz, DMSO-d6,
TMS): δ 8.68 (s, 1H), 7.86-7.84 (m, 2H), 7.46-7.33 (m, 8H), 5.65 (s, 2H).

Preparation of TrAzBs and MImBs zwitterions

A round-bottom �ask containing a magnet and 20 mL of sodium-dried toluene was charged with 1-
benzyl-4-phenyl-1H-1,2,3-triazole (10 mmol) or n-methyl imidazole (10 mmol) and stirred under nitrogen
atmosphere at 75 ̊C.  After completion of the reaction (2 h for n-methyl imidazole and 6 h for 1-benzyl-4-
phenyl-1H-1,2,3-triazole), the white precipitate of prepared organic zwitterion was �ltered and washed
several times with diethyl ether and acetone then dried (Scheme 1). The TrAzBs zwitterion was obtained
in 92% and MImBs zwitterion in 95% yield.

The spectral 1H NMR, 13C NMR and elemental analysis data for TrAzBs were as follows: 1H NMR (400
MHz, DMSO-d6, TMS): δ 9.35 (s, 1H), 7.75-7.73 (m, 2H), 7.70-7.63 (m, 3H), 7.59-7.55 (m, 2H), 7.52-7.39 (m,
3H), 5.99 (s, 2H), 4.62 (t, 2H, J=7.2 Hz), 2.37 (t, 2H, J=7.2 Hz), 1.96 (quin, 2H, J=7.2 Hz), 1.60 ppm (quin,
2H, J=7.2 Hz) . 13C NMR (100 MHz, DMSO-d6, TMS): δ 142.8, 133.4, 132.0, 130.0, 129.9, 129.8, 129.7,
129.6, 129.5, 123.0, 56.8, 51.9, 50.7, 27.7, 22.4 ppm. Anal. Calcd for C19H21N3O3S: C, 61.44; H, 5.70; N,
11.31; S, 8.63%. Found: C, 61.40; H, 5.75; N, 11.28; S, 8.68%.

The spectral 1H NMR analysis data for MImBs were as follows: 1H NMR (400 MHz, DMSO-d6, TMS): δ
9.17 (s, 1H), 7.80 (br, 1H), 7.34 (br, 1H), 4.18-4.21 (m, 2H), 3.88 (s, 3H), 2.46-2.43 (m, 2H), 1.92-1.88 (m,
2H), 1.56-1.53 (m, 2H).

Preparation of SSA@TrAzB-SO3H (CAT-1) and SSA@MImB-SO3H (CAT-2) nano organic-inorganic hybrids

SSA (1 g) was added to a round-bottom �ask containing 10 ml of EtOH and a magnet. Next, 10 mmol of
the synthesized zwitterion (TrAzBs or MImBs) was added to the �ask and the mixture was stirred under
re�ux condition for 12 h. Finally, the reaction mixture was �ltered and the �ltrate precipitate was washed
with H2O several times to removed unsupported zwitterion. The remaining residue was dried at 80 ̊C
under vacuum for 4 h.

General procedure for the synthesis of tetrazolopyrimidines in the presence of the prepared novel
introduced CAT-1 and CAT-2 nano organic-inorganic hybrids 

An optimized amount (0.02 g) of the prepared CAT-1 or CAT-2 was added to a mixture of aromatic
aldehyde A (1 mmol), dimedone (1 mmol) or acetoacetate ester (1 mmol), and 5-aminotetrazole (1
mmol). Then, the reaction temperature was raised to 120 ̊ C, and the mixture was magnetically stirred at
this temperature for proper time according to table 3. Upon completion of the reaction as followed by TLC
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(n-hexane: ethyl acetate; 2:1), the mixture was cooled to room temperature and 10 ml of acetone was
added and stirred for 10 min. Then, the mixture was �ltered and the �ltrate catalyst was separated and
washed with acetone for further similar runs.  The �ltered solution was evaporated under reduced
pressure and the precipitate was recrystallized from hot EtOH (2×25 mL) to give the pure wanted
tetrazolopyrimidine product. All the products are known compounds and are characterized by IR and NMR
spectroscopy and CHN data for new compounds. Their melting points are compared with reported
values[3].
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Scheme
Scheme 1-4 is available in Supplementary Files section.

Figures

Figure 1

1H NMR (400 MHz, DMSO-d6) of MImBs zwitterion

Figure 2

FT-IR spectra of MImBs, SSA@MImB-SO3H, nano SSA, nano SiO2 respectively from above to bottom 
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Figure 3

FESEM image of the prepared CAT-1

Figure 4

EDX analysis of CAT-1

Figure 5

TEM image of CAT-1
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Figure 6

TGA and DSC curves of nano SiO2
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Figure 7

TGA and DSC curves of the prepared CAT-2 catalyst
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Figure 8

N2 adsorption–desorption isotherm and the corresponding BJH desorption of SSA
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Figure 9

N2 adsorption–desorption isotherm and the corresponding BJH desorption of CAT-2



Page 20/20

Figure 10

Reusability study of CAT-1 and CAT-2 nano hybrids for the synthesis of D1 product
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