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In this work, a novel nanostructured silica-bonded ionic liquid namely silica-bonded imidazolium-sulfonic acid
chloride (SBISAC) has been prepared, and characterized by Fourier transform infrared spectroscopy (FT-IR),
X-ray diffraction (XRD), thermal gravimetric analysis (TGA), differential thermal gravimetric (DTG), trans-
mission electron microscopy (TEM) and energy dispersive X-ray analysis (EDX) spectra. Then, SBISAC was uti-
lized as an efficient and heterogeneous nanocatalyst for the synthesis of 12-aryl-8,9,10,12-tetrahydrobenzo[a]-
xanthen-11-ones via the one-pot three-component condensation reaction of arylaldehydes with 2-naphthol
and dimedone (5,5-dimethylcyclohexane-1,3-dione) under solvent-free conditions.

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

Multi-component reactions (MCRs) play an important role in combi-
natorial chemistry because of the ability to prepare target compounds
with greater efficiency and atomic economy by generating structural
complexity from three or more reactants. Moreover, MCRs offer the
advantages of simplicity and synthetic efficiency over conventional
chemical reactions [1–3].

Xanthenes and benzoxanthenes are of importance as they have vari-
ous biological activities. For example, these compounds have been fre-
quently used as antibacterial [4], anti-inflammatory [5], and antiviral [6]
agents, and as antagonists for inhibiting the action of zoxalamine [7].
Moreover, xanthene derivatives could be applied as dyes [8], and as pH
sensitive fluorescent materials for visualization of biomolecular assem-
blies [9], and in laser technology [10]. The one-pot multi-component
condensation reaction between arylaldehydes, 2-naphthol, and
dimedone (5,5-dimethylcyclohexane-1,3-dione) has been used as the
best procedure for synthesis of 12-aryl-8,9,10,12-tetrahydrobenzo[a]-
xanthen-11-one derivatives. Several catalysts have been used to
savi-Zare),
promote this reaction, including ceric ammonium nitrate [11], proline
triflate [12], NaHSO4·SiO2 [13], strontium triflate [14], Zr(HSO4)4 [15],
dodecatungstophosphoric acid [16], iodine [17], InCl3/P2O5 [18],
p-toluenesulfonic acid/ionic liquid [19], RuCl4 [20], Brønsted acidic
ionic liquid [21], [Pyridine–SO3H]Cl [22], and tityl chloride [23]. Al-
though several methods and catalysts for the preparation of 12-aryl-
8,9,10,12-tetrahydrobenzo[a]-xanthen-11-ones are known, consider-
ing the different application of these compounds, search for finding
efficient catalysts and methods for their synthesis is still of significance.

We have recently introduced a new category of Brønsted acidic ionic
liquids (ILs), namely sulfonic acid-functionalized imidazolium salts
(SAFIS) [24–35], and applied them as catalysts or reagent for synthesis of
bis(indolyl)methans [24], N-sulfonyl imines [25], nitro aromatic com-
pounds [26,27], 1-amidoalkyl-2-naphthols [28], benzimidazoles [29], xan-
thenes [30], 1-carbamatoalkyl-2-naphthols [31], 4,4′-(arylmethylene)-
bis(3-methyl-1-phenyl-1H-pyrazol-5-ol)s [32], t-butyl aryl carbamates
[33], 1,2,4,5-tetrasubstituted imidazoles [34], and β-acetamido ketones
[35].

In continuation of our previous projects on the preparation and appli-
cation of SAFIS in organic synthesis, we have prepared a heterogeneous
member of these salts namely silica-bonded imidazolium-sulfonic acid
chloride (SBISAC) (Fig. 1). This novel silica-supported ionic liquid was
characterized by Fourier transform infrared spectroscopy (FT-IR), X-ray
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Fig. 1. The structure of silica-bonded imidazolium-sulfonic acid chloride (SBISAC).
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diffraction (XRD), thermal gravimetric analysis (TGA), differential ther-
mal gravimetric (DTG), transmission electronmicroscopy (TEM) and en-
ergy dispersive X-ray analysis (EDX) spectra, and applied as an efficient
and heterogeneous nanocatalyst for the synthesis of 12-aryl-8,9,10,12-
tetrahydrobenzo[a]-xanthen-11-ones by the one-pot three-component
condensation of aromatic aldehydes with 2-naphthol and dimedone in
the absence of solvent (Scheme 1).
2. Experimental

2.1. Materials

All chemicals were purchased from Merck or Fluka Chemical Com-
panies. The known products were identified by comparison of their
melting points and spectral data with those reported in the literature.
Progress of the reactions was monitored by TLC using silica gel SIL G/
UV 254 plates. The 1H NMR (500 or 300 MHz) and 13C NMR (125 or
75MHz) were recorded on a Bruker Avance DPX FT-NMR spectrometer
(δ in ppm).Melting points were recorded on a Büchi B-545 apparatus in
open capillary tubes. Thermal gravimetry (TG) and differential thermal
gravimetric (DTG) were analyzed by a Perkin Elmer (Model: Pyris 1).
Scheme 1. The reaction of 2-naphthol with aldehydes and dimedone cata

Scheme 2. The synthesis of silica-bonded imid
TG/DTG analysis was achieved at range of 25 to 600 °C (temperature
increase rate of 10 °C · min−1 under nitrogen atmosphere). Optical ro-
tations were measured in spectral grade solvents using a Perkin–Elmer
341 polarimeter.

2.2. General procedure for the preparation of silica-bonded imidazolium-
sulfonic acid chloride (SBISAC)

A mixture of imidazole (0.34 g, 5 mmol), (3-chloropropyl)
triethoxysilane (1.125 g, 5 mmol) and toluene (15 mL) in a 50 mL
round-bottomed flask connected to a reflux condenser, was stirred for
18 h under reflux conditions. In the next step, the obtained white pre-
cipitate was separated by filtration, and reacted with silica (0.30 g,
5 mmol) in refluxed ethyl acetate (15 mL) for 12 h to give a solid after
removing the ethyl acetate. Then, a solution of chlorosulfuric acid
(5 mmol) in chloroform (10 mL) was added dropwise to the resulted
solid at 0 °C (ice-water bath), and stirred for 2 h. The chloroformwas re-
moved, and the residue was triturated with chloroform (3 × 10 mL),
and dried under powerful vacuum at 90 °C to give SBISAC as a white
precipitate in 95% yield (Scheme 2).

2.3. General procedure for the synthesis of 12-aryl-8,9,10,12-
tetrahydrobenzo[a]-xanthen-11-ones 1a-n

A mixture of 2-naphthol (0.144 g, 1 mmol), dimedone (0.140 g, 1
mmol), arylaldehyde (1 mmol) and SBISAC (0.005 g) in a 10 mL
round-bottomed flask connected to a reflux condenser, was stirred in
an oil-bath at 100 °C. After completion of the reaction, as monitored
by TLC, the reaction mixture was cooled to room temperature, and ex-
tracted by warm EtOAc (20 mL) to separate the catalyst (the product
is soluble inwarm EtOAc; however, SBISAC isn't soluble in this solvent).
EtOAc was removed, and the crude product was recrystallized from
aqueous ethanol (90%) to afford the pure racemic product which
lyzed by silica-bonded imidazolium-sulfonic acid chloride (SBISAC).

azolium-sulfonic acid chloride (SBISAC).



Fig. 2. The IR spectrum of SBISAC.
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required no further purification. The recovered catalyst was washed
with EtOAc (2 × 20mL), dried and reused for the next run. The catalyst
was reused for four times without any significant changes in the yield
and the reaction time.

3. Results and discussion

3.1. The preparation of SBISAC

According to the previous works on the synthesis of silica-bonded
imidazolium compounds [36–39], initially, imidazole was reacted with
(3-chloropropyl) trimethoxysilane under reflux conditions to afford I,
which transformed to II as s white precipitate by releasing of one mol-
ecule of HCl. In the next step, II was reacted with silica in refluxed
ethyl acetate to give III. Finally, by the reaction of IIIwith chlorosulfuric,
silica-bonded imidazolium-sulfonic acid chloride (SBISAC) was synthe-
sized (Scheme 2).

3.2. Characterization of SBISAC

The structure of the silica-bonded imidazolium-sulfonic acid chlo-
ridewas characterized by IR, XRD, TG, DTG, EDX, SEM, and TEManalysis.
Fig. 3. The XRD diag
The IR spectrum of the catalyst showed a broad peak at 2500–
3600 cm−1 related to O–H stretching of the SO3H group. Also, the two
peaks observed at 1046 cm−1 and 1106 cm−1 correspond to vibrational
modes of N–SO2 and O–SO2 bonds (Fig. 2).

X-ray diffraction analysis (XRD) pattern of SBISAC was studied in a
domain of 0–90° (Fig. 3). As shown in Fig. 3, the XRD pattern exhibited
diffraction lines of a high crystalline nature at about 2θ ≈ 9.6°, 12.1°,
19.5°, 20.2°, 22.8° and 81.7°.

Thermal gravimetric analysis (TGA) of SBISAC was also investigated.
The corresponding diagrams are depicted in Fig. 4. The thermo-
gravimetry (TG) and differential thermal gravimetric (DTG) of the cata-
lyst showed weight losses in one step (after 325 °C).

Energy-dispersive X-ray spectroscopy (EDX) of the catalyst (Fig. 5)
showed the presence of the expected elements in its structure, i.e. car-
bon, oxygen, nitrogen, sulfur, chlorine and silicon.

In another investigation, the scanning electron microscope (SEM)
micrographs of the catalyst showed that the particles have not
completely agglomerated. Moreover, particles of the catalyst were
observed in nanosize (Fig. 6).

The nanostructure of silica-bonded imidazolium-sulfonic acid chlo-
ridewas confirmed by TEM (Fig. 7). The TEMmicrograph clearly proved
that the particles were in nanosize.
ram of SBISAC.



Fig. 4. The TG/DTG diagrams of the catalyst.

Fig. 5. The energy-dispersive X-ray spectroscopy (EDX) of SBISAC.
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Fig. 6. The SEM micrographs of SBISAC.

Table 1
Effect of the catalyst amount and temperature on the reaction between β-naphthol
(1 mmol) with dimedone (1 mmol) and 4-chlorobenzaldehyde (1 mmol).

Entry Catalyst Catalyst amount (g) Temp.(°C) Time (min) Yielda (%)

1 SBISAC 0.002 100 28 81
2 SBISAC 0.005 100 12 94
3 SBISAC 0.01 100 12 94
4 SBISAC 0.005 110 12 94
5 SBISAC 0.005 70 65 –

a Isolated yield.

Table 2
Effect of various solvents on the reaction of β-naphthol (1 mmol) with dimedone
(1 mmol) and 4-chlorobenzaldehyde (1 mmol), in the presence of SBISAC (5 mg).

Entrya Solvent Time (min) Yieldb (%)

1 CHCl3 30 40
2 EtOAc 30 33
3 EtOH 30 40
4 CH2Cl2 30 30
5 H2O 30 45

a All reactions were carried out under reflux condition.
b Isolated yield.
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3.3. Optimization the reaction condition

After full characterization of SBISAC, its catalytic activitywas examined
on the reaction of arylaldehydes with β-naphthol and dimedone to pro-
vide 12-aryl-8,9,10,12-tetrahydrobenzo[a]-xanthen-11-ones (Scheme 1).
For this purpose, as a model reaction, the condensation of β-naphthol
(1 mmol) with dimedone (1 mmol) and 4-chlorobenzaldehyde
(1 mmol) was tested using different amounts of SBISAC at range of
70–110 °C in the absence of solvent (Table 1). As it is shown in Table 1,
5 mg of the catalyst was sufficient to promote the reaction efficiently at
100 °C, and give the product in excellent yield and in short reaction time
(Table 1, entry 2).

To compare the efficiency of solution conditions versus the solvent-
free procedure, the reaction between β-naphthol (1 mmol), dimedone
(1 mmol) and 4-chlorobenzaldehyde (1 mmol) using SBISAC (5 mg)
was checked in some solvents (2 mL) under reflux conditions. The
results are summarized in Table 2. As this Table indicates, low yields
of the product were obtained in solution conditions even after elon-
gated reaction times.
Fig. 7. The transmission electron micrographs (TEM) of SBISAC.
3.4. Using the optimal conditions for the reaction

To assess the efficiency and the scope of SBISAC in the preparation
of tetrahydrobenzo[a]xanthene-11-ones, various aromatic alde-
hydes (including aldehydes possessing electron-releasing substituents,
electron-withdrawing substituents and halogens on their aromatic
ring) were reacted with β-naphthol and dimedone in the optimal reac-
tion conditions to produce the desired products in high yields and in
short reaction times. The results are displayed in Table 3.

In a proposed mechanism which is supported by the literature [30]
(Scheme 3), at first, aromatic aldehyde is activated by acidic group of
SBISAC to produce a. Then, β-naphthol attacks to the activated carbonyl
group of aldehyde to afford intermediate b. Then, by removing onemole-
cule ofH2O fromb, orthoquinonemethide [(o-QM, c)] is prepared. SBISAC
again activates intermediate c to give d as a Michael acceptor. Afterward,
Michael addition of dimedone to intermediate d affords e. Intermediate e
converts to f after tautomerisation. At last, tetrahydrobenzo[a]xanthene-
11-one produces by removing one molecule of H2O from f.

In another investigation, recyclability of SBISAC was investigated.
For this purpose, the reaction of β-naphthol (1 mmol) with dimedone
Table 3
The solvent-free synthesis of tetrahydrobenzo[a]xanthene-11-ones using silica-bonded
imidazolium-sulfonic acid chloride (SBISAC).

Entry R Time (min)/yielda

(%)
M.p. °C
(Lit.)

1a C6H5 10/93 140–152 (151–153) [18]
1b 3-ClC6H4 10/94 174–176 (175–178) [23]
1c 4-ClC6H4 7/94 177–179 (180–182) [18]
1d 2,3-Cl2C6H3 10/95 221–224 (223–225) [23]
1e 2,4-Cl2C6H3 11/96 180–183 (181–182) [16]
1f 2-BrC6H4 17/85 169–171 (–) [19]
1g 3-BrC6H4 12/90 160–162 (–) [19]
1h 4-BrC6H4 11/91 186–187 (186–187) [17]
1i 3-NO2C6H4 8/93 166–169 (168–170) [18]
1j 4-NO2C6H4 10/93 176–179 (178–180) [18]
1k 3-OHC6H4 15/91 238–239 (240–241) [18]
1l 2-MeC6H4 25/85 166–168 (161–164) [23]
1m 3-MeC6H4 27/83 181–183 (178–180) [23]
1n 4-OMeC6H4 25/84 202–204 (204–205) [18]

a Isolated yield.
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Scheme 3. The plausible mechanism for the condensation reaction of β-naphthol with aldehydes and dimedone catalyzed by the SBISAC.

Table 4
Comparison of the results of the synthesis of 12-aryl-8,9,10,12-tetrahydrobenzo[a]-
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(1 mmol) and 4-chlorobenzaldehyde (1 mmol), was performed in the
presence of SBISAC (5 mg) at 100 °C. After completion of the reaction,
as monitored by TLC, the reaction mixture was cooled to room temper-
ature, extracted with warm EtOAc to separate the catalyst (the product
is soluble in warm EtOAc; however, SBISAC isn't soluble in this solvent).
EtOAc was removed, and the recovered catalyst was washed with
EtOAc, dried and reused for the synthesis of 12-aryl-8,9,10,12-
tetrahydrobenzo[a]-xanthen-11-ones according to the mentioned pro-
cedure. The catalyst was reused for four times without any significant
changes in the yields and the reaction times (Fig. 8).

To compare the efficiency of our catalyst with the reported catalysts
for the synthesis of 12-aryl-8,9,10,12-tetrahydrobenzo[a]-xanthen-11-
Fig. 8. The condensation of β-naphthol (1 mmol) with dimedone (1 mmol) and 4-
chlorobenzaldehyde (1 mmol) in the presence of the recycled SBISAC.
ones, we have tabulated the results of these catalysts to perform the re-
action of β-naphthol with dimedone and 4-chlorobenzaldehyde, in
Table 4. As Table 4 indicates, SBISAC has remarkably improved the syn-
thesis of 12-aryl-8,9,10,12-tetrahydrobenzo[a]-xanthen-11-ones; the
reaction times were shorter, and the yields were higher when our cata-
lyst was utilized.

To recognize the scalability of our method, we examined some reac-
tions in larger scale (15 mmol of each reactants). The respective results
are summarized in Table 5. As shown in Table 5, the reactions were
xanthen-11-ones catalyzed by our new catalyst with those obtained by the recently
reported catalysts.a.

Reaction condition Catalyst
loading

Time
(min)

Yieldb

(%)
Ref.

TrCl, solvent-free, 110 °C 7 mol% 45 90 [23]
[Dsim]Cl, solvent-free, 110 °C 10 mol% 10 88 [30]
Py(HSO4)2, solvent-free, 110 °C 10 mol% 30 87 [40]
[Et3N–SO3H]Cl, solvent-free, 120 °C 25 mol% 40 89 [41]
CA–SiO2, solvent-free, 60 °C 0.1 g 30 90 [42]
pTSA, [bmim]BF4, 80 °C 10 mol% 120 85 [19]
pTSA, solvent-free, 120 °C 2 mol% 35 86 [19]
PWA, solvent-free, 60 °C 5 mol% 60 92 [16]
InCl3, solvent-free, 120 °C 30 mol% 30 80 [18]
P2O5, solvent-free, 120 °C 20 mol% 40 76 [18]
SBISAC, solvent-free, 100 °C 0.005 g 7 94 –c

a The reactionswere carried out by the condensation ofβ-naphtholwith dimedone and
4-chlorobenzaldehyde.

b Isolated yield.
c Our work.



Table 5
The scalability of the synthesis of 12-aryl-8,9,10,12-tetrahydrobenzo[a]-xanthen-11-ones
by the reaction of 2-naphthol (15 mmol) with arylaldehydes (15 mmol) and dimedone
(15 mmol) using SBISAC (0.075 g) at 100 °C.

Entry R Time (min)/yielda (%)

1a C6H5 25/89
1c 4-ClC6H4 7/92
1i 3-NO2C6H4 15/90
1m 3-MeC6H4 35/82

a Isolated yield.
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successfully performed at the larger scale without significant loss of the
yields.

The mentioned xanthene derivatives which produce in achiral
mediawere racemic. To confirm this subject, optical activity of the com-
poundsweremeasured by polarimeter. This study clearly confirmed the
racemization of the xanthene derivatives in our protocol.

4. Conclusions

In conclusion, we have synthesized a novel nanostructured silica-
supported ionic liquid namely silica-bonded imidazolium-sulfonic acid
chloride (SBISAC), and successfully used as catalyst for the one-pot
three-component condensation of arylaldehydes with 2-naphthol
and dimedone. The novel catalyst was fully characterized by several
techniques including Fourier transform infrared spectroscopy (FT-IR),
X-ray diffraction (XRD), thermal gravimetric analysis (TGA), differential
thermal gravimetric (DTG), transmission electron microscopy (TEM)
and energy dispersive X-ray analysis (EDX).
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