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ABSTRACT

HPWA/MCM-41 mesoporous molecular sieves of appropriate ratios were prepared by loading HPWA
on siliceous MCM-41 by the wet impregnation method. The prepared HPWA/MCM-41 materials were
characterized by X-ray diffraction analysis (XRD) and BET surface area and FT-IR measurements. The
morphology of mesoporous materials was studied by TEM observation. The catalytic activity of the
above materials was tested for the condensation of dimedone (active methylene carbonyl compound)
and various aromatic aldehyes under liquid phase conditions at 90°C. The products were confirmed
by FT-IR, '"H NMR and 3C NMR studies. HPWA supported MCM-41 catalysts catalyses efficiently
the condensation of dimedone and aromatic aldehydes in ethanol and other solvents under liquid
phase conditions to afford the corresponding xanthenedione derivatives. Activities of the catalysts
follow the order: HPWA/MCM-41(20 wt.%) > HPWA/MCM-41(30 wt.%) > H3PW1,040-nH, 0 > HPWA/MCM-
41(10 wt.%) > HPWA/SiO; (20 wt.%)>HM (12)>H[f (8)>Al-MCM-41 (50). Various advantages associated
with these protocols include simple workup procedure, short reaction times, high product yields and

easy recovery and reusability of the catalyst.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Xanthene derivatives are indispensable in the field of medicinal
chemistry for their biologically active properties as they have been
synthesised and evaluated for their potential as anti-depressants
and antimalarial [1]. Among them, xanthenediones forms the struc-
tural unit in many of the natural product compounds [2,3] and
are used as versatile synthons for their inherent reactivity [4] due
to the presence of inbuilt pyran ring. It was our interest to syn-
thesis xanthenediones, since it possess a potential antimicrobial
activity [5] similar to ampicilin and chlotrimazole, against Staphlo-
coccus aureus and Candida albicans, respectively. Xanthenediones
are synthesised by many procedures in recent years and one among
the conventional methods involve acid- or base-catalyzed conden-
sation of appropriate active methylene carbonyl compounds with
aldehydes [6], since the active methylene compounds like dime-
done is used as a precursor for many heterocyclic compounds [7-9].
The formation of xanthenediones usually condenses active methy-
lene carbonyl compounds with aldehydes catalyzed by sulfuric acid
or hydrochloric acid [10] and many methods for the synthesis has
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been adopted [11,12]. Many authors attempted to use solid acid cat-
alysts and ionic liquids as catalysts to synthesise xanthenediones.
InCl3-4H,0 catalyzed reaction has been reported for the prepara-
tion of xanthenedione derivatives in ionic liquids [13]. Recently, the
synthesis of xanthenedione derivatives has been reported through
condensation reactions between aromatic aldehydes and dimedone
using Fe3*-montmorillonite as a solid acid catalyst [14] and also
the synthesis of 1,8-dioxo-octahydroxanthenes (xanthenediones)
over amberlyst-15 catalyst [15], FeCI3.6H,0 and [bmim|[BF,] ionic
liquid [16] has been proposed. Jin et al. reported the novel proce-
dure to synthesise xanthenediones over dodecylbenzene sulphonic
acid [17]. 14-Substituted-14-H-dibenzo xanthene derivatives over
HPA/SiO, [18] and Preyssler type heteropoly acid [19] has been
reported recently. The synthesis of 1,8-dioxooctahydroxanthenes
using tetrabutylammonium hydrogen sulphate has been performed
inrecentyears[20].In view of environmental aspects, heterogenous
catalysts are preferable to homogenous catalysts and mineral acids
such as HCl, H,SOy4, BF3, FeCls, pTSA, etc., for their green environ-
mental character. Heterogenous solid acid catalysts are important
in catalysis field for their easy synthesis procedures, recoverabil-
ity and reusability, referred to as environmentally benign catalysts
for their non-polluting properties. Catalysts like zeolites [21],
Amberlyst-15 [22], and montmorillonite K10 clay [23] has been
used for the synthesis of fine chemicals in particular. These cata-
lysts suffer from microporosity, small surface area and complicated
intermediate steps rendering the main product such that the
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larger organic molecules cannot pass through their pores result-
ing in the limited selectivity and conversion. In recent years, many
researchers reported that the MCM-41 type heterogenous catalysts
favours alkylation and acylation reactions [24-26], acetalyzation
[27], rearrangements [28], esterification [29] reactions, condensa-
tion reactions [30], etc.

HPWA [31,32], HPWA supported Si-MCM-41 [33-36] and other
heterogenous supported HPW catalysts [37] finds its place in cataly-
sis over many organic reactions owing to the typical characteristics
of the mesoporous materials of the MCM-41 type with highly
ordered mesoporosity, large surface area, and high hydrothermal
stability and acidity, alluding to the possibility of applying these
materials as catalysts in the synthesis and conversion of large
organic molecules. These reports paved the way for the present
work as this is the first time we are reporting HPWA/MCM-41
mesoporous molecular sieves for the condensation reaction of
dimedone and aromatic aldehydes to afford biologically active 1,8-
dioxooctahydroxanthenes (xanthenediones) in high yields which
involves simple workup procedure, short reaction times; the used
green solid acid HPWA/MCM-41 type catalysts are recovered and
reused.

2. Experimental
2.1. Materials

The syntheses of HPWA/MCM-41 materials were carried
out by a hydrothermal method using sodium metasilicate
(NaySi03-5H,0), H3PW13049-nH; 0, cetyltrimethylammonium bro-
mide (CgH33(CH3),;N*Br~), and sulfuric acid (H,SO4). The AR grade
chemicals used were purchased from Merck. The commercial cat-
alysts such as H3PW1,049-nH,0, HM (12) (Si/Al=12, PQ) and H3
(8) (Si/Al=8, PQ) were obtained from Sud Chemie India Ltd. Var-
ious aromatic aldehydes and 5,5-dimethyl-1,3-cyclohexanedione
(dimedone) were purchased from Aldrich & Co., USA and abso-
lute alcohol was purchased from Heymen, England and were used
without further purification.

2.2. Synthesis of Si-MCM-41

Si-MCM-41 samples were synthesised hydrothermally using a
gel composition of SiO,: 0.2CTAB: 0.89H,S04: 120H,0 [38]. Sodium
metasilicate and aluminium sulphate were used as the sources
for silicon and aluminium, respectively. Cetyltrimethylammonium
bromide (CTAB) was used as the template. In typical synthesis,
10.6 g of sodium metasilicate was dissolved in an appropriate
amount of distilled water and stirred. The pH of the solution was
adjusted to 10.5 by adding 1M H,SO4 with constant stirring to
form a gel. After 30 min, an aqueous solution of CTAB was added
to it and the mixture was stirred for 1h at room temperature.
The suspension was then transferred into a 300 ml stainless steel
autoclave, sealed and heated in a hot air oven at 145°C for 48 h.
After cooling to room temperature, the product formed was fil-
tered, washed with deionised water and dried. The dried materials
were calcined at 550°C for 1 h in nitrogen atmosphere and for 5h
in air.

2.3. Preparation of HPWA/MCM-41 catalysts

Initially, 1g of predried Si-MCM-41 was dispersed in 10 ml
deionized water and stirred. A desired amount of HPWA (e.g. 0.1 g
for 10 wt.%) is weighed and dissolved in 20 ml deionized water and
this solution was added slowly to prepare the impregnated cata-
lysts by stirring for 6 h. The residue was filtered and gently washed
with deionized water in order to remove metal ions adsorbed on

the external surface. The filtrate was dried under reduced pressure,
and finally calcined in air at 300°C for 5 h.

2.4. Catalytic experiments

In a general procedure, 5,5-di-methyl-1,3-cyclohexanedione
(2.00mmol), aromatic aldehyde (1.00mmol) and catalyst
(HPWA/MCM-41) 0.25¢g in the presence of ethanol (5-ml) were
placed in a 25 ml round-bottomed glass reactor containing mag-
netic stirrer and fitted with reflux condenser. The reactor was
heated to 90°C and maintained in oil bath for appropriate time.
The completion of the reaction was monitored by TLC. After
completion of the reaction, the solution was filtered to remove the
catalyst and the clear solution (filtrate) is poured in 50 ml water
in a beaker. The resulting precipitate is settled down, filtered and
dried. Pure product is obtained by re-crystallization in ethanol.

All the products were characterized by '"H NMR, 13C NMR and
IR and have been identified by the comparison of the spectral data
with those reported. All yields refer to isolated products. NMR spec-
tra were recorded on a Bruker 500 MHz spectrometer. IR spectra
were run on a PerkinElmer bio-spectrometer. The purity of the sub-
stances and the progress of the reactions were monitored by TLC on
silica gel.

2.5. Characterisation

The crystalline phase identification and phase purity determi-
nation of the calcined samples of HPWA/MCM-41 were carried
out by XRD (Philips, Holland) using nickel filtered Cu Ko radia-
tion (A =1.5406 A). The samples were scanned from 1° to 40° (26)
angle in steps of 0.02°, with a count of 5s at each point. Slits
were used in this work, in order to protect the detector from the
high energy of the incident and diffracted beam. ASAP-2010 vol-
umetric adsorption analyzer manufactured by the Micromeritics
Corporation (Norcross, GA) was used to determine the specific sur-
face area of the catalysts at liquid nitrogen temperature. Before
the measurement, each sample was degassed at 623 K at 10~ Torr
overnight in an outgassing station of the adsorption apparatus.
The full adsorption-desorption isotherms were obtained using
the BET method at various relative pressures; the pore size dis-
tribution and wall thickness were calculated from the nitrogen
adsorption-desorption isotherms using the BJH algorithm (ASAP-
2010 built-in software from Micromeritics). Mid-infrared spectra
of MCM-41 molecular sieves were recorded on a Nicolet (Avatar
360) instrument using a KBr pellet technique. About 4 mg of the
sample was ground with 200 mg of spectral grade KBr to form
a mixture, which was then made into a pellet using a hydraulic
press. This pellet was used for recording the infrared spectra in the
range of 4000-400 cm~!. The acidity of all the catalytic systems was
analyzed by pyridine adsorption followed by FT-IR spectroscopy
in the absorbance mode on a Nicolet 800 (AVATAR) FT-IR spec-
trometer, fully controlled by the OMNIC software, and an all-glass
high-vacuum system. 3P MAS NMR spectra were measured at room
temperature on a Bruker Avance DSX 400 FT-NMR spectrometer in
the frequency range of 10 kHz, pulse duration 12 s, delay between
pulses 30s. The instrument was equipped with a Doty Scientific
5mm Solids MAS Probe, as described elsewhere and the external
reference 1% H3PO4 in D, 0 was used. The accuracy of the chemical
shift determination was within +0.4 ppm. The tungsten content in
supported catalysts was recorded using ICP-AES Optima 5300 DV
(PerkinElmer) instrument. The dispersion of the HPWA was deter-
mined by means of TEM measurements. TEM was performed using
a Philips CM 30 ST electron microscope operated at 300 kV. Sam-
ples for TEM were prepared by placing droplets of a suspension of
the sample in methanol on a polymer microgrid supported on a Cu
grid.
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Fig. 1. (A) X-ray diffraction patterns of MCM-41 molecular sieves [low angle (26:
1-10°)]: (a) Si-MCM-41, (b) 10% HPWA/Si-MCM-41, (c) 20% HPWA/Si-MCM-41, and
(d) 30% HPWA/Si-MCM-41. (B) X-ray diffraction patterns of MCM-41 molecular
sieves [high angle (26: 10-80°)]: (a) Si-MCM-41, (b) 10% HPWA/Si-MCM-41, (c) 20%
HPWA/Si-MCM-41, and (d) 30% HPWA/Si-MCM-41 and bulk HPWA.

3. Results and discussion
3.1. Characterisation of HPWA/MCM-41 catalysts

3.1.1. XRD

The XRD diffraction patterns for calcined HPWA/MCM-41 and
Si-MCM-41 materials are shown in Fig. 1 and the data are pre-
sented in Table 1. The patterns illustrate the characteristics of a
typical mesoporous MCM-41 structure since the materials show
the diffraction peaks below 10° (26) which correspond to the planes

Table 1
Physicochemical characterisation of HPWA/MCM-41 type materials.
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Fig. 2. Nitrogen adsorption-desorption isotherms of the catalysts: (a) Si-MCM-41,
(b) 10% HPWA/Si-MCM-41, (c) 20% HPWA/Si-MCM-41, and (d) 30% HPWA/Si-MCM-
41,

(100),(110),(200)and (210). The XRD of HPWA/MCM-41 in par-
ticular shows the effect of the PW loading on the XRD of MCM-41
samples. HPWA has a striking effect on the width and intensity
of the main reflection at high d; oo spacing and this line becomes
broader and weaker as the loading increases and the peak height is
inversely proportional to the amount of loaded HPW. This suggests
that the long-range order of Si-MCM-41 is decreased noticeably by
the presence of HPWA. Bulk HPWA crystal phase does not appear in
the HPWA supported Si-MCM-41 material, indicating that HPWA is
finely dispersed on the MCM-41 support.

3.1.2. Nitrogen adsorption isotherms

The data of BET surface area, pore size and pore volume of
calcined HPWA/MCM-41and Si-MCM-41 are presented in Table 1.
The BET surface area and the pore volume of the HPWA/Si-MCM-
41 samples decrease from 765 to 561 m?2/g and from 0.479 to
0.338 cc/g, respectively. However, the pore size distribution of the
mesoporous part is centered at about 2.75-2.68 nm. The pore size
of the HPWA/Si-MCM-41 samples is smaller than that of Si-MCM-
41. This shows that HPWA has been dispersed on the surface of the
mesopores of Si-MCM-41, which is due to the blockage of particles
in one-dimensional mesopores of Si-MCM-41 by small aggregates
of HPWA. Fig. 2 shows N, adsorption-desorption isotherms of
Si-MCM-41 and all the HPW/Si-MCM-41 samples. It can be seen
that MCM-41 presents the highest surface area and pore vol-
ume, with all pores being in the mesopore range. With increasing
PW loading, a reduction in the pore volume and a prominent
density of the pore size distribution are observed as shown in
Fig. 3.

Catalysts XRD BET surface area (m?/g) Pore sizeP BJHags (nm) Pore volumeP BJHpgs (cc/g) ICP* W (wt.%)
d spacing? (A) a,® (nm)

Si-MCM-41 (o0) 39.44 4.55 970 2.983 0.754 —

10% HPWA/Si-MCM-41 37.25 430 765 2.776 0.479 6.9

20% HPWA/Si-MCM-41 36.89 4.25 660 2.752 0.402 14.1

30% HPWA/Si-MCM-41 36.32 4.19 561 2.678 0.338 21.2

2 Values obtained from XRD studies.
b Values obtained from N;-adsorption results.
¢ Measured by ICP-AES techniques.
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Fig.3. Pore size distribution of the catalysts: (a) Si-MCM-41, (b) 10% HPWA/Si-MCM-
41, (c) 20% HPWA/Si-MCM-41, (d) 30% HPWA/Si-MCM-41.

3.1.3. FI-IR spectroscopy

The FT-IR spectra of the HPWA loaded MCM-41 samples and bulk
HPWA are givenin Fig. 4. In Fig. 4(a), abroad band around 3430 cm ™!
is due to the OH stretching vibration of MCM-41 which could be
associated to Si-OH and water vibration and another broad band
around 1300-1000 cm~"! corresponds to the asymmetric stretching
mode of Si-O-Si. The bands at 800 and 461 cm™! are assigned to
symmetric stretching vibration and bending vibration of the rock-
ing mode of Si-0O-Si, respectively. A band at 967 cm~! is due to
symmetric stretching vibration of Si-OH. Fig. 4(b) of bulk HPWA
with a Keggin structure shows four strong bands at 1084cm™!
(P-0), 983cm~! (W=0), 895cm~1!, and 801 cm~! (W-0-W), and
one weak band at 524 cm~! (W-0-P) [39]. The framework bands
of Si-MCM-41 as mentioned for Fig. 4(a) easily overlap with that
of HPWA. None of the HPWA bands were observed for 10% HPWA
loading except an intense band at 801 cm~!. For 20% and 30% HPWA
loadings, two bands at 983 and 895 cm~! became visible. These
peaks became more evident with an increase in the HPW load-
ing, due to greater number of oscillators. There was no shift of
W=0 band occurring after impregnation, as shown in Fig. 4(c-e).
It is suggested that HPWA is still intact, after supported on MCM-
41.
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Fig. 4. FT-IR spectra of the catalysts: (a) Si-MCM-41, (b) bulk HPWA, (c) 10%
HPWA/Si-MCM-41, (d) 20% HPWA/Si-MCM-41 and (e) 30% HPWA/Si-MCM-41.
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Fig. 5. Pyridine-adsorption FT-IR spectra of the catalysts: (a) Si-MCM-41, (b) 10%
HPWA/Si-MCM-41, (c) 20% HPWA/Si-MCM-41 and (c) 30% HPWA/Si-MCM-41.
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Fig. 6. 3'P MAS NMR spectra of the catalysts: (a) 10% HPWA/Si-MCM-41, (b) 20%
HPWA/Si-MCM-41, (c) 30% HPWA/Si-MCM-41 and (d) bulk HPWA.
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Fig. 7. TEM images of MCM-41 molecular sieves: (a) Si-MCM-41, (b) 20% HPWA/Si-MCM-41, and (c) 30% HPWA/Si-MCM-41.

3.14. Pyridine adsorbed FT-IR spectroscopy

Pyridine adsorbed FT-IR spectra of HPWA/MCM-41 samples con-
taining adsorbed pyridine are presented in Fig. 5. A more intense
peak that appears at 1445 cm™~! is due to the pyridine adsorbed on
Lewis acid sites, a less intense peak at 1545 cm~! is due to adsorp-
tion on Bronsted acid sites and a peak around 1493 cm~! are due to
both Bronsted and Lewis acid sites. Bronsted acid sites are due to
the presence of small clusters of heteropoly acid, while the Lewis
acid sites might be due to the interaction of heteropoly acid with
framework SiO;. In HPWA/MCM-41 samples, the acidity increases
gradually with increasing HPWA loading from 10 to 30 wt.%. At
higher loadings, interactions between HPWA and the MCM-41 sur-
face may have a negative effect on the activity of these materials, as
they appear to be responsible for severe distortion of the structural
wall [39,40]. This steady rise in the acidity of the materials with
higher HPWA loadings suggest that there is no collapse of the struc-
ture wall in spite of this high loading. This was further confirmed
by XRD (Fig. 1).

3.1.5. 31P MAS NMR

31p MAS NMR spectra of HPW/MCM-41 samples with different
acid loadings revealed that the Keggin structure of the catalyst was
unaffected after loading HPWA on Si-MCM-41 support and remains
intact, illustrating a peak around —15.1, —15.3 and —15.4 ppm for
10, 20 and 30 wt.% HPWA loading on Si-MCM-41, respectively com-

pared to that obtained for bulk HPWA around —15.5ppm as in
Fig. 6. The observations predicts that there is a strong resonance
at —15 ppm corresponding to the tetrahedral coordination of PO4
in the Keggin unit [29].

3.1.6. TEM analysis

The morphology of the Si-MCM-41 and supported catalysts was
consistent with TEM results (Fig. 7). TEM images depicts a honey-
comb structure of the host material, whereas 20% and 30% HPWA
containing Si-MCM-41 shows the uniform dispersion of HPWA
on the host, which can be distinguished as dark dots. The exis-
tence of large PW crystals on the MCM-41 and a fine dispersion
is noticed.

3.2. Catalytic studies

3.2.1. Synthesis of 1,8-dioxo-octahydroxanthenes
(xanthenediones) from dimedone and aromatic aldehydes through
addition and cyclo-dehydration

The synthesis of xanthenediones was performed by taking a
mixture of stoichiometric amount of dimedone (2 mol), aromatic
aldehyde (1 mol) along with calculated amount of catalyst in a
selected solvent at appropriate temperatures under liquid phase
conditions. The reaction involves two steps to yield the expected
xanthenediones; the first step is the addition step to form an
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intermediate A and the second being the (Knoevenagel type) con-
densation step with the elimination of a water molecule to form
the product B.

HPWA/MCM-41
EtOH + A

3.2.2. Effect of substituents of benzaldehyde on product yield

Different substituted xanthenediones were prepared from var-
ious aromatic aldehydes and 5,5-dimethyl-1,3-cyclohexanedione.
About 10 substituted xanthenedione derivatives were obtained as
shown in Table 2 such as: Entry [a] 3,3,6,6-tetramethyl-9-phenyl-1,
2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione, Entry [b] 3,3,6,6-tetra-
methyl-9-(4’-nitrophenyl)-1,2,3,4,5,6,7,8-octahydro-xanthene-1,
8-dione, Entry [c] 3,3,6,6-tetramethyl-9-(3’-nitrophenyl)-1,2,3,4,5,
6,7,8-octahydro-xanthene-1,8-dione, Entry [d] 3,3,6,6-tetramethyl-
9-(2’-chlorophenyl)-1,2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione,
Entry [e] 3,3,6,6-tetramethyl-9-(4’-chlorophenyl)-1,2,3,4,5,6,7,8-
octahydro-xanthene-1,8-dione, Entry [f] 3,3,6,6-tetramethyl-9-(4'-
-methoxyphenyl)-1,2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione,
Entry [g] 3,3,6,6-tetramethyl-9-(4’-hydroxy-3’-methoxyphenyl)-
1,2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione, Entry [h] 3,3,6,6-
tetramethyl-9-(2’-hydroxyphenyl)-1,2,3,4,5,6,7,8-octahydro-
xanthene-1,8-dione, Entry [i] 3,3,6,6-tetramethyl-9-(4'-
hydroxyphenyl)-1,2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione and
Entry [j] 3,3,6,6-tetramethyl-9-(2’-methoxyphenyl)-1,2,3,4,5,6,7,8-
octahydro-xanthene-1,8-dione.

The presence of electron-donating (nitro or halide group) or
electron-withdrawing groups (alkoxy or hydroxyl group) in the
aromatic ring of the aldehydes did not have much effect on the
reaction such that to afford respective products with high yields.
But para-substituted aldehydes gave good results compared to the
ortho-substituents. There is more steric hindrance for the ortho
substituted aldehydes (0-OCHs, -OH, -Cl, -NO,) on the product
formation than the para-substituted (p-OCHs, -OH, -Cl, -NO, ) alde-
hydes.

3.2.3. Effect of different solvents on product yield

The condensation reaction to yield xanthenediones was tested
with different solvents such as ethanol, methanol, acetoni-
trile, ethyl acetate and toluene. The order of various solvents
over product yield is as follows: ethanol>acetonitrile>ethyl
acetate > methanol > toluene, as shown in Table 3. Since the more
polar nature of the solvent is concerned with the active centres of
the catalyst to drive the products at its surface, ethanol and acetoni-
trile were found to be more suitable for the reaction to yield pure
xanthenediones. The less polar solvents like toluene showed low
product yield and there was no reaction when solvents like DMSO
and DMF are used; due to their nature of adsorption on catalyst sur-
face or reactants it is suggested that they retard the condensation
of the intermediates.

3.2.4. Effect of molar ratio

In general, 2 mol dimedone and 1 mol aromatic aldehyde (2:1) is
the basic stoichiometry to yield xanthenediones. The ratio of dime-
done to aromatic aldehyde was altered to check the influence of
molar ratio such as 2:1, 3:1, 4:1 and 5:1. The yield was found to
increase with increasing molar ratio up to mole ratio 3:1 and then

0] I 0]
-H,0
T —— —_—
-+ —)
0
OH OH
A

decreased (2:1=85% and 3:1=94%). This may be due to the avail-
ability of the reactant (dimedone) near the Bronsted acid sites as

they promote the dehydration mechanism. One can suggest that
the promotion of eliminating the water molecules decreases, once
the pores of the catalyst get blocked by the product precipitation.
The high surface area of the catalysts and higher acidity prevents
such diffusion problems as the bulky molecules pass through the
pores with ease.

3.2.5. Effect of catalyst

The reaction of dimedone and aromatic aldehyde was performed
over various catalysts to test their catalytic activity individually. All
the catalysts were compared to support the activity based on the
product yield, recovery and reusability. The activity of the catalysts
used were in the order; HPWA/MCM-41(20 wt.%) > HPWA/MCM-
41(30 wt.%) > H3PW15049-n1H; 0 > HPWA/MCM-41(10 wt.%) > 20%
HPWA/SiO; >HM (12)>HP (8)>Al-MCM-41 (50), as shown in
Table 4. The prominent efficient catalyst was HPWA/MCM-41
(20 wt.%) for all the substituted xanthenediones.

When compared with the catalysts above, all type of zeolites
gave the low xanthenedione yield, which is attributed mainly to
the small pore size and surface area leading to the diffusion prob-
lems of reactants and products together with lower acidity. The
activity of 20 wt.% HPWA/MCM-41 is significantly higher than that
of the 30 wt.% HPWA/MCM-41. The low HPWA content of 10 wt.%
loading resulting in the low activity among these catalysts. The
partial impasse of one-dimensional mesopores of Si-MCM-41 due
to the observed deliberate decrease in the pore size with increas-
ing HPWA loading and the hasty decrease in the BET surface area
and the pore volume at higher loading of HPWA are the grounds
for the slight lower activity of 30 wt.% HPWA/MCM-41 compared
to that of 20 wt.% HPWA/MCM-41. The product yield was very low
for Al/MCM-41 and this may be due to the lower acidity of the cat-
alyst rendering the product formation. The HPWA supported silica
gel catalysts showed low activity compared to MCM-41 catalysts.
Of all the catalysts, supported HPWA catalysts possessing more
acidity, wide porosity and large surface area were effective for the
synthesis of xanthenediones. Turnover number (TON) for 20 wt.%
HPWA/MCM-41 catalyst to yield the product 3,3,6,6-tetramethyl-
9-phenyl-1,2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione (Entry [a])
are presented in Table 5. The turnover of the reaction was stud-
ied using 0.25g of 20wt.% HPWA/Si-MCM-41 with varying the
reactant concentrations under the reaction conditions; tempera-
ture=90°C; time =5 h; feed ratio=3:1 (dimedone/benzaldehyde);
solvent=ethanol. It was observed that the turnover number
increased from 18.8 to 184 and thereafter decreased to 153. From
this observation it can be concluded that 20 wt.% HPWA/Si-MCM-
41 is efficient for the synthesis of biologically active xanthenedione
derivatives.

3.2.6. Structural determination of isolated products
Primary elucidation of the structures for all the isolated prod-
ucts was done by FT-IR spectra as in Fig. 8. For Entry [a]—Table 3;
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Table 2
Synthesis of xanthenediones over various % of HPWA loaded Si-MCM-41.
Entry Aldehyde Compound Isolated yield (%)
20 wt.% HPWA/MCM-41 30 wt.% HPWA/MCM-41

(0]
=
(o] o]
[a] é 94 85
1909
O
. NO,
= 4 |/J\
=
[b] 9 I 2 87 82
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. /\ NO,
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Table 2 (Continued )

Entry Aldehyde Compound

Isolated yield (%)
20 wt.% HPWA/MCM-41

30 wt.% HPWA/MCM-41

O

87 74
89 76
93 81
81 75

Reaction conditions: temperature=90°C; reaction vessel=25ml; time=5h; solvent=ethanol (5ml); mole ratio=3:1 (dimedone/benzaldehyde); catalyst=20wt.%

HPWA/MCM-41 and 30 wt.% HPWA/MCM-41; Wt. of the catalyst=0.25g.

Table 3
Effect of various solvents on the condensation of dimedone with benzaldehyde over
20 wt.% HPWA/MCM-41.

SI. no. Solvents Yield of xanthenedione (%)
1 Ethanol 94
2 Acetonitrile 82
3 Ethyl acetate 71
4 Methanol 70
5 Toluene 64
Reaction conditions: temperature=90°C; mole ratio=3:1 (dime-

done/benzaldehyde); catalyst=20wt.% HPWA/MCM-41; time=5h; Wt. of the
catalyst=0.25g.

Table 4

Effect of various catalysts on condensation of dimedone with benzaldehyde.

SI. no. Catalysts Isolated yield (%)
1 10% HPWA/MCM-41 71
2 20% HPWA/MCM-41 94
3 30% HPWA/MCM-41 85
4 10% HPWA/SiO, 47
5 20% HPWA/SiO, 59
6 30% HPWA/SiO, 58
7 H3PW12040<T[H20 75
8 HM (12) 58
9 HB (8) 54

10 Al-MCM-41 50

11 Without catalyst 7

Reaction conditions: temperature=90°C; time=5h; feed ratio=3:1 (dime-
done/benzaldehyde); catalyst loading=0.25 g; solvent =ethanol.
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Table 5
Turnover number for 20 wt.% HPWA/Si-MCM-41 over the condensation of dimedone
with benzaldehyde (Entry [a]).

Acid amount of Benzaldehyde Isolated yield of TON?
catalyst (mmol) (mmol) xanthenedione (%)

0.05 1 94 18.8
0.05 5 93 93.0
0.05 10 92 184.0
0.05 15 51 153.0

a4 TON—turnover number: number of moles of product per mole of acid
amount of catalyst. Reaction conditions: temperature=90°C; time=5h; feed
ratio=3:1 (dimedone/benzaldehyde); catalyst (20 wt.% HPWA/Si-MCM-41)=0.25g;
solvent = ethanol.

o
o
-

80

40

Transmittance [%]

#

2957.64

/

i
7

1363.80

1666.27

1199.49

3500 3000 2500 2000 1500 1000 500
Wavenumber cm”’

Fig. 8. FT-IR spectrum of the compound [Table 3, entry [a]]: IR (KBr); 2957.64,
1666.27, 1363.80, and 1199.49 cm™!.

a medium band obtained at 2957 cm~! represents the presence of
alkanes (4 CHs groups), a strong band at 1666 cm~! represents the
presence of general carbonyl groups (C=0 stretching), a medium
band at 1364cm~! for alkanes (C-H bending), a strong band at
1199 cm~! confirms the presence of ether (C-O stretching). The
determination of structures for the products was further confirmed
by TH NMR spectra. A singlet obtained at 4.75 (s, 1H, CH) (as in Fig. 9)
confirms the formation of product, 3,3,6,6-tetramethyl-9-phenyl-
1,2,3,4,5,6,7,8-octahydro-xanthene-1,8-dione.

I I A

10 9 8 7 6 5 4 3 2 1 0
(8) ppm

Fig. 9. 'H NMR (CDCl3, 500 MHz) spectrum of the compound [Table 3, entry [a]]:
0.99(s, 6H, 2CH3), 1.1 (s, 6H, 2CH3), 2.2 (dd, 4H, ] = 1.6, 4.0 Hz, 2CH,), 2.5 (s, 4H, 2CH,),
4.75 (s, 1H, CH), 7.1 (m, 2H, ArH), 7.2 (m, 3H, ArH).

Table 6

Recyclability of supported catalysts (20 wt.% HPWA/MCM-41).

Cycles W2 (wt.%) WP (wt.%) Isolated yield of
xanthenedione® (%)

Fresh 14.1 - 94

1 11.5 2.5 89

2 10.9 0.5 86

3 10.7 0.15 84

2 W content in 20 wt.% HPWA/MCM-41 obtained from ICP-AES data.
b W content in reaction solvent (ethanol) after each cycles obtained from ICP-AES
data.

Table 7

Reusability of 20 wt.% HPWA/MCM-41 catalysts.

Cycles Isolated yield of Isolated yield of
xanthenedione? (%) xanthenedione® (%)

Fresh 94 82

1 89 72

2 86 69

3 84 67

2 Yield obtained for product (using ethanol as solvent).
b Yield obtained for product (using acetonitrile as solvent).

3.2.7. Reusability of the catalysts and the leaching effect

The supported HPWA catalysts were collected by filtration from
the solution and washed with acetone and dried to give the mate-
rial. Leaching of HPWA in 20% HPWA/MCM-41 catalysts was studied
by ICP-AES analysis in terms of tungsten percentage. The loading
amount of H3PW1,049 in the supported catalysts was measured in
terms of tungsten percentage as obtained from ICP-AES results. The
W% of first, second and third cycles for 20 wt.% catalysts after the
reaction were 11.5, 10.9 and 10.7, respectively. The W% in the cat-
alyst and that in the solution are presented in Table 6. There was
significant loss of tungsten for the first cycle when ethanol is used
as solvent but the loss diminished for later cycles. From the cat-
alytic runs observed, the product yield was gradually decreased for
the recycle use as shown in Table 7.

4. Conclusion

The present work involves the target synthesis of biologically
active xanthenediones over supported HPWA catalysts. The Bron-
sted acidic nature of the supported HPW materials determines the
effective condensation pathway in order to give good product yields
and the acidity of the supported HPWA increases with loading.
There is a decrease in pore size and pore volume at higher loading
of HPWA. Supported HPWA catalysts give good results compared
to bulk HPWA. Regarding the nature of the aldehydes, the para-
substituted aldehydes give better yields than the ortho-substituents
since the steric hindrance of the later restricts the product forma-
tion. The practical simplicity of the procedures, short reaction times,
recoverability and reusability attracts attention to the applications
of the materials.
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