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ABSTRACT

A new hybrid material of NaY zeolite supported 1-sulfonic acid-3-methyl imidazolium ferric chloride
[Msim][FeCl4] has been developed by modifying the zeolite surface with six different w/w ratios through
wet impregnation method. These composites were fully characterized by Powder XRD, FT-IR, Raman, TGA,
SEM, TEM, EDX, BET, ICP-OES and Hammett acid strength measurement methods. The zeolite framework
was found to be remaining preserved up to w/w ratio of 0.2 with some portion of extra framework
Al species (EFAIl) while crystallinity of the composites decreased from lower to higher loading. The
overall thermal stability of composite materials increases up to w/w ratio of 0.1 than NaY. The cat-
alytic performance of composite materials were examined for the novel one-pot consecutive formation
of Biginelli- 3,4-dihydropyrimidin-2-(1H)-ones to 2-amino-4-arylpyrimidines. The 0.1 ratio composite
material showed excellent catalytic activity up to ten consecutive cycles in solvent-free medium under
the optimized reaction condition.

Reusable catalyst
2-Amino-4-arylpyrimidine

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Encapsulation of ionic liquid salt in microporous solids such as
zeolite is an attractive technique for heterogenization, since leach-
ing can be controlled when the salt is confined exclusively in the
zeolite pores [1-3]. Zeolites are among the most efficient support
for ionic liquids owing to their unique properties such as high
surface area, well organized pore channels, good thermal stabil-
ity, environmentally benign nature and high absorption towards
organic compounds. Ionic liquid salts are also characterized by
their low melting point, non-flammability, relatively low viscosi-
ties, high thermal and chemical stability [4]. The presence of acidic
or basic character of ionic liquids makes them more suitable for dual
role in organic synthesis as catalyst and recyclable solvent [5-8].

The combination of the two aforementioned types of materi-
als (zeolites and ionic liquids) could result in composite materials
suitable for various applications such as separation technol-
ogy, catalysis and fuel cell [2,9-13]. For example, DeCastro
et al., developed 1-butyl-3-methyl-imidazolium chloride and AlCl3
immobilized beta type zeolite for the alkylation of aromatic com-
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pounds [14]. Valkenberg et al., also presented three different
approaches for the preparation of novel catalysts of supported ILs
on zeolites and other porous supports for the Friedel-Crafts reac-
tion [15]. Eguizabala et al., utilized ammonium based ionic liquids
immobilized in Y and beta type zeolites by solution methods as
hydrophilic-conducting fillers for proton exchange membrane fuel
cell [16]. The heterogenization process can easily modify the sur-
face of solid support by transferring some properties of IL phase on
to the surface for specific use [17,18]. Such acidic or basic hybrid cat-
alysts can be separated from the product by filtration in any suitable
solvent. This type of composite material allows us to design solid
material possessing uniform and well-dispersed surface topologies
with definite properties and controlled chemical reactivity which
may act as ‘designer surface’. Hybrid zeolite catalysts have advan-
tages compared to the parent ones in terms of their tunable acidity,
hydrophilicity or hydrophobicity and thermal stability.
Pyrimidines are integral part of DNA and RNA, and also have
diverse biological activities like anticancer, anti-inflammatory,
analgesic, anticonvulsant, anthelmintic and anti-allergic agents
[19,20]. 2-Aminopyrimidine unit is the structural motif of several
bioactive natural products and finds extensive applications as drug
like scaffold in medicinal chemistry such as anti-atherosclerotic
Aronixil, anti-histaminic Thonzylamine, anti-anxiolytic Buspirone,
HMG-CoA reductase inhibitor Rosuvastatin and anti-cancer drug
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Fig. 1. Commercial drugs with pyrimidine/2-aminopyrimidine/2-amino-4-arylpyrimidine moiety.
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Scheme 1. One pot synthesis of 2-amino-4-arylpyrimidine derivatives via in situ formation of DHPMs.

Gleevec (Fig. 1). They are also capable of exhibiting rho-associated
protein kinease-1 inhibitor, glycogen synthase kinease-3 inhibitor
and N-type calcium channel blockers [21-24]. The Biginelli
3,4-dihydropyrimidinones (DHPMs) are the chemical precursors
of multi-functionalized pyrimidines. The preparation of DHPMs
involves a three component reaction of [3-keto ester, aldehydes
and urea (or thiourea) using a variety of acid catalysts at dif-
ferent conditions (Scheme 1) [25-28]. Several modified methods
have been developed for the Biginelli reaction till date [29-33].
Despite the connecting link with pyrimidines, there has been lack
of efficient methodologies to convert DHPMs to pyrimidines. Few
methodologies are available in literature which achieved this by
dehydrogenation of the DHPMs followed by nucleophilic substitu-
tion at C-2 position [34-36].

Puchala et al,, first reported the dehydrogenation of DHPMs by
nitric acid with 50-60% of oxidized products [37]. Other meth-
ods include the use of ceric ammonium nitrate, (diacetoxyiodo)
benzene, Mn(OAc); and MnO,, tert-butylhydroperoxide in the
oxidative aromatization of 1,4-dihydropyrimidine [38-41]. Quan
etal,, reported a simple iodine mediated S—N or C—N cross-coupling
and oxidative-aromatization of 3,4-dihydropyrimidine-2(1H)-
thione with a secondary amine [42]. Kang et al., also synthesized
C-2 functionalized pyrimidines via Kappe dehydrogenation of the
DHPMs and PyBroP-mediated coupling with nucleophiles at room
temperature for 24 h [43]. Most of the known dehydrogenation
methods suffer from longer reaction time (36-67 h), higher tem-
perature, and lower yields and inefficiency of the oxidizing agents
[34-36]. The inactive nature of DHPMs ring towards various oxidiz-
ing agents makes dehydrogenation a more difficult task [36-44].

In 2007, Matoobi et al., introduced a modified sequential five
steps microwave assisted conversion of DHPMs to 2-amino-4-
aryl pyrimidine derivatives at high temperature in sealed vessel
through isolation of each intermediate involved in S-alkylation,
oxidation and nucleophilic substitution steps [23].

In this context, there is a scope to develop mild, sim-
pler and more efficient route to construct complex library of
pyrimidine derivatives via in situ conversion of DHPMs to 2-amino-
4-arylpyrimidine derivatives using sequential acid catalyzed
condensation-aromatization reactions according to Scheme 1 from
the three component Biginelli reactions [45-47].

2. Experimental
2.1. General techniques

All chemicals were purchased from different chemical suppli-
ers and used as received without any further treatment. X-ray
diffraction patterns of the prepared samples were recorded using
a Rigaku (miniflex UK) X-ray diffractometer with CuKa radia-
tion (0.15418 nm) operated at 30kV and 15mA at a scan speed
of 2° min~! and 26 range of 5-70°. The percent crystallinity of
the samples was calculated from the XRD peaks by using the for-
mula: %Crystallinity = (Intensity of the characteristic XRD peak of
the hybrid catalyst)/(Intensity of the characteristic peak of the
base zeolite). The "THNMR and '*CNMR were recorded on a JEOL
400 MHz spectrometer (8 in ppm) in CDCl3 and DMSO-dg solvents.
Perkin Elmer FT-IR spectrometer was used to take FT-IR spectra. The
Hammett plot of the solid acids was determined on an UV 2550
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Fig. 2. Powder XRD spectrum of the parent and modified NaY zeolite sample; (a) NaY, (b) [Msim][FeCl4]/NaY =0.03, (c) [Msim][FeCl4]/NaY = 0.05, (d) [Msim][FeCl4]/NaY =0.1,

(e) [Msim][FeCl4]/NaY = 0.2, (f) [Msim][FeCl4]/NaY =0.5, (g) [Msim][FeCls]/NaY=1.

spectrophotometer. The thermogravimetric (TGA) analysis of the
three solid acids was performed on Shimadzu TGA 50 instrument.
All elemental analyses were obtained from PerkinElmer 20 ana-
lyzer. Melting points were recorded on a Buchi-560 apparatus. The
amount of Fe present in the used catalyst composite was deter-
mined with an ICP-OES Perkin Elmer Optima 2100DV instrument.
The laser micro-Raman spectroscopic measurement was conducted
in a Horiba LabRAM HR spectrometer equipped with a He—Ne
laser that has an excitation wavelength of 514.5 nm. The BET sur-
face area of the catalysts was measured in Quantachrome Nova
Win apparatus. The scanning electron microscopy (SEM) analyses
were carried out using a JEOL J[SM-6390LV SEM, equipped with an
Energy-Dispersive X-ray analyzer.

2.2. Synthesis of NaY supported hybrid catalysts of
[Msim][FeCly](b-g)

[Msim][FeCl4] ionic solid was prepared through a reported pro-
cedure [5]. The [Msim][FeCly] loaded NaY zeolite catalysts were
prepared by wet impregnation method. The following steps have
been utilized: (i) the NaY zeolite powder was out gassed at 600 °C
for 3 h, (ii) [Msim][FeCl4] and NaY zeolite were mixed well with six
different weight/weight (w/w) ratios (such as 0.03, 0.05, 0.1, 0.2,
0.5 & 1) of ionic solid and NaY zeolite using few drops of distilled
EtOAc to ensure complete mixing, and finally (iii) the mixtures were
heated at 150°C in a vacuum oven for 12 h.

2.3. General procedure for the synthesis of
2-amino-4-arylpyrimidine derivatives 5

A mixture of ethyl acetoacetate (1 mmol), aromatic alde-
hyde (1mmol) and urea (1.5mmol) was heated in a two
necked 50mL round bottom flask at 60°C for 10min using
3mg of [Msim][FeCl4]/NaY=0.1 catalyst. The formation of 3,4-
dihydropyrimidin-2-(1H)-one was confirmed through thin layer
chromatography (TLC) using EtOAc and hexane (1:3) as solvent
system. After completion of the 1st step, 1 mmol of 2,4-dinitro-
phenylhydrazine was added to the crude mixture along with few
drops of dichloromethane and heated at 80°C for the specified

time. The progress of 2nd step was also tracked with TLC technique
using EtOAc and hexane (1:5) as developing solvent. The work-up
step involved addition of 6 mL of CH,Cl, to the crude mixture to
separate the unreacted DHPMs and catalyst by filtration from the
solution of crude pyrimidine. The catalyst was recovered as solid
residue on filter paper from the hot solution of DHPMs in ethanol.
The saturation of dichloromethane (DCM) solution of pyrimidine
at 0°C precipitated the unreacted 2,4-dinitro-phenyl hydrazine as
red precipitates. Evaporation of DCM solution yielded the pyrimi-
dine derivatives as solid residue which was further recrystallized
from acetone and methanol solution.

3. Results and discussion
3.1. Characterization of the hybrid catalysts

3.1.1. Powder XRD analysis

The powder XRD patterns of NaY and modified zeolite compos-
ites (Fig. 2) support the preservation of zeolite framework up to the
w/w ratio of 0.2. Above that, complete destruction of the framework
occurs which can be attributed for acid induced dealumination of
Y- zeolite at 150 °C to maximum amount of extra framework alu-
minium species (EFAl) in presence of higher loaded (0.5 & 1)—SO3H
containing [Msim][FeCly] ionic solid [48-51].

A small peak observed at 20 =45.13° for all composites which
becomes prominent for e (0.2), f(0.5) and g (1) composites. Partial
ionic interaction between Fe species and zeolite framework could
also occur during impregnation method and was found to be more
effective beyond [Msim][FeCl4]/NaY = 0.2 ratio. The extra peak cen-
tered at 20 =45.13° matches well with the XRD database of FeCl;
(JCPDS card no. 770999) and represents the attachment of [FeCly ]~
species with the surface of zeolite. On modification, the crystallinity
of the zeolite particles decreases and it has a direct correlation with
loading percentages.

This implies that partial dealumination transforms a portion of
crystalline zeolite into amorphous state along with preservation
of significant fraction of crystalline structure in Fig. 2 up to 0.2 (e)
loading of [Msim][FeCly] salt [52].
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Fig. 3. FT-IR spectra of the parent as well as modified NaY zeolite samples, where (a) NaY, (b) [Msim][FeCl4]/NaY=0.03, (c) [Msim][FeCl4]/NaY=0.05, (d)
[Msim][FeCl4]/NaY =0.1, (e) [Msim][FeCl4]/NaY = 0.2, (f) [Msim][FeCl4]/NaY =0.5, (g) [Msim|[FeCls]/NaY =1.

The relative crystallinity difference between modified samples
and the parent zeolite were compared by taking four high intensity
peaks at 20=15.3°, 23.48°, 26.85° and 31.05° and an informative
graphisincluded in the supplementary section along with the table
(see, supporting file, Fig. 1 and Table 1).

3.1.2. FT-IR analysis

FT-IR spectra of the parent and the modified samples were
recorded and represented in Fig. 3 in the region 400-1800cm™1.
The 0.2(e) loaded sample shows optimum dealumination state,
without an appreciable change of basic vibrational frequencies of
NaY zeolite like powder X-ray analysis (Fig. 2) [53]. The sharp band
in the region of 1638-1642cm~! for all composites can be con-
sidered for bending vibration of water molecules attached to the
zeolite structure including —C=N— stretching vibration of imida-
zolium cation of ionic salt [5]. The O—H stretching vibration at
3459 cm~! for parent zeolite shifts its position to 3441 cm~! with
an intense peak for the composite [Msim][FeCls]/NaY=1(g) and
this represents the existence of strong hydrogen bonding within
the composite involving O—H group [54]. The framework sensitive
double-ring vibration peak at 577 cm~! of NaY observed around
578-579cm! for the composites of 0.03(b), 0.05(c), 0.1(d) and
0.2(e). The other characteristic frequencies of NaY zeolite, corre-
sponding to bending, symmetrical and asymmetrical stretching
vibrations of TO4 (Si or Al) building units have been displayed at
455-458cm~1, 721-793 cm~! and 1019-1143 cm™! for the above
four composites [55]. The strong S—O symmetric and asymmet-
ric stretching and bending vibrations of ionic salt at 1222 cm™!,
1075cm~! and 618 cm~! are also overlapping with the above fun-
damental vibrations of TO4 unit of NaY zeolite [5]. The characteristic
absorption peaks of the composites almost disappeared for 0.5(f)
and 1(g) [Msim][FeCl4]/NaY samples which can be accounted for
destruction of the parent zeolite framework by rapid acid mediated
dealumination process in these two samples to form large amount
of non-framework Al species such as AI(OH),* or AlO* etc [56,57].

From the above discussion of IR studies, we can assume that the
modified samples have some extra framework species of alumi-
nosilicate and silica gel formed by partial or complete destruction of

the parent framework during preparation of [Msim][FeCl4] loaded
composites with NaY. Furthermore, the identical FT-IR spectra of
four composites (b-e) and NaY(a) represents insufficient dealumi-
nation inside the framework in presence of less amount of acidic
salt [58].

The recorded FT-IR spectra (Fig. 4) of [Msim][FeCl4]/NaY=0.1
sample after calcination at 250°C, 350°C and 450°C also wit-
nessed complete intactness of characteristic bands of the fresh
0.1(d) composite within 400-1800 cm~!. This observation supports
the thermal stability of this composite with small portion of non-
framework Al species in solid state [59,60]. On the other hand, the
intensity of O—H bending peaks gradually reduced at high tem-
perature calcination which indicate the loss of some hydroxyls
associated with the 1641 cm~! band up to 450°C as included in
supporting information (Fig. 3, Supporting File).

3.1.3. SEM-EDX analysis

Fig. 5 displays the SEM images of NaY zeolite, 0.1(d) and 0.2(e)
[Msim][FeCl4]/NaY composites. Both the size and uniformity of the
particles decrease on modification. Originally the parent NaY zeo-
lite has cube like large particle structure. The change in surface
morphology for the loaded materials depicts the anchoring of ionic
solid on the surface of zeolite as smaller size cube type particles.
They form more aggregation in case of w/w ratio of 0.2 than 0.1.
This may convert the surface of [Msim][FeCl4]/NaY =0.2 composite
to non-uniform in nature and decreases the number of acidic sites
for catalytic performance.

The EDX spectra of the [Msim][FeCl4]/NaY =0.1 composite con-
firmed the presence of constituent elements of the ionic solid along
with the zeolite (Fig. 6).

3.1.4. TEM analysis

The TEM imaging was carried out for the
[Msim][FeCl4]/NaY=0.1 composite zeolite at high resolution
(Fig. 7). These images proved that in the composite the crystallinity
of basic NaY zeolite was preserved as observed in the PXRD pattern
in Fig. 2. No substantial damages were detected on the hexagonal
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Fig. 4. FT-IR spectra of the sample; [Msim][FeCls]/NaY =0.1 calcined at 250°C, 350°C and 450 °C.
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Fig. 5. SEM images of (i) NaY, (ii) [Msim][FeCl4]/NaY =0.2, (iii) [Msim][FeCl4]/NaY = 0.1, (iv) EDX profile for [Msim][FeCl4]/NaY =0.1 composite.

structure of NaY zeolite [61]. The TEM images also supported the 3.1.5. BET analysis

accumulation of [Msim][FeCly] salt as clusters on the external Table 1 shows the BET surface area and pore volumes of NaY

surface of zeolite in (c) and (d) similar to the SEM images (Fig. 5). and four [Msim][FeCl4]/NaY composites. The composites displayed
abrupt decrease of surface area as compared to NaY. This may be
attributed to mostly non-porous coverage of zeolite surface by the
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Fig. 7. TGA profiles of parent zeolite and modified samples: (a) NaY; (b) [Msim][FeCl4]/NaY=0.03; (d) [Msim][FeCl4]/NaY=0.1; (f) [Msim][FeCl4]/NaY=0.5; (g)
[Msim][FeCls]/NaY =1; (h) [Msim][FeCls].
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Table 1
Textural properties of NaY and the composites.

SIno Sample name Surface area(m?/g) Pore Volume(cm?/g)
1 NaYy 900 0.324
2 [Msim][FeCl4]/NaY =0.03 9 0.009
3 [Msim][FeCl4]/NaY =0.05 16 0.011
4 [Msim][FeCl4]/NaY =0.1 30 0.016
5 [Msim][FeCls]/NaY =0.2 38 0.030

ionic solid and can lead to restricted access to the zeolite pores
for adsorption of N, gas. Interestingly, we also observed opposite
trend for gradual increase of surface area and pore volume with
increase in the percentage loading (entry 2-5, Table 1). This trend
can be supported by the phenomenon of more clustering of ionic
solid on the zeolite surface as the loading increases, which was
also further confirmed from SEM photograph (Fig. 5). Such type of
clusters formation may create some porous host points into which
the N, gas prefer to adsorb and thus it was reflected as increasing
surface areain BET analysisin Table 1 againstincrease in the loading
of ionic solid [62].

3.1.6. TGA analysis

Thermogravimetric analysis was conducted to compare the
overall thermal stability of NaY, [Msim][FeCl4] and various com-
posites of [Msim|[FeCl4]/NaY (Fig. 7). The small weight loss steps
of NaY(a) and the composite materials 0.03(b) and 0.1(d) around
200°C can be assigned to elimination of physisorbed or bound
water attached to Na* of the parent framework (or hydrated cation
for the modified samples) [63]. The amount of such water is more
for the NaY (a) framework. For (b) and (d) samples, the number of Al
content slightly decreases through partial exchange of proton with
Na* which converts only a small fraction of the crystalline structure
into non- framework Al structure due to lower percentage of —SOsH
functionalized [Msim][FeCly] salt. It was found in some observation
that appearance of EFAI brings a stabilizing effect to the modified
zeolite framework by healing of Al defects with migrating H4SiO4
molecules [64].

Therefore, as compared to the parent zeolite, the modified sam-
ples (b & d) display smaller weight loss up to 200 °C. The moderate
release of water molecule for 0.1 (d) composite with partial change
of the basic TO4 frequencies (Fig. 3) can also be evidenced from
the comparative O—H bending vibration peak intensity observa-
tion at high temperature calcinations (see Fig. 3, Supporting file).
Above 200°C no significant weight loss was observed for these
two samples 0.03(b) and 0.1(d) which can be speculated for prob-
able ionic interaction of FeCl4 ~ anion complex of Na* exchanged
ionic salt with partial Lewis acidic sites of the extra framework
species such as Al*(OH),. As the loading of ionic solid increases
from 0.5 (f) to 1 (g), the weight loss below 100°C becomes rapid
(approximately 15%) for the composite 1(g). At the same time, this
composite expresses its framework structure as the highest dealu-
mination state in the PXRD and FT-IR patterns, so we cannot exclude
the possibility of water loss below 100 °C both from the hydrated
cations and dehydroxylation of Al defects consisting of four silanols
(Si—OH)[65]. The loss of water at 50 °C for the above sample (g) was
further confirmed from the sudden drop of peak intensity for O—H
stretching vibration with two calcined samples at 50°C and 100°C
(See Fig. 4, Supporting file). The two onset decomposition points
for [Msim|[FeCl,] ionic solid at 115-150°C are enhanced to 170°C
in case of (b) and (d) and it raised to 200 °C for (f). The composite
(f) witnessed gradual weight loss from 200 °C to 600 °C.

3.1.7. Raman analysis
The Raman spectra for NaY and three composites are presented
in Fig. 8. The most intense peak for NaY zeolite was detected at
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Fig. 8. Comparison of the Raman spectra of (a) NaY; (b) [Msim][FeCl4]/NaY =0.03;
(c) [Msim][FeCl4]/NaY =0.05; (d) [Msim][FeCl4]/NaY=0.2.

Table 2
Calculation of the Hammett Function of the modified zeolite samples with equal
concentration of composites and indicator.

Entry Sample name? Amax [11% [IH]% Ho

1. Blank 2.493 100 0 -

2. [Msim][FeCl4]/NaY =0.03 1.256 50.4 49.6 0.997
3. [Msim][FeCls]/NaY =0.05 1.244 49.9 50.1 0.988
4. [Msim][FeCl4]/NaY =0.1 1.209 48.49 51.51 0.964
5. [Msim][FeCl4]/NaY =0.2 1311 52.59 47.40 1.035

@ Indicator: 4-nitroaniline.

500cm~! and is characteristics of the T-O—T bending vibration
where T denotes Si or Al atoms of zeolite frameworks [66,67]. For
the composites, a broad shoulder at 337-341cm~! was detected,
which is exclusive proof of the presence of the ionic solid on the
NaY zeolite surface [5]. The shoulder goes prominent with increase
in loading.

3.1.8. Acidity determination by Hammett plot

The relative acidity of the composites was determined on an
UV-vis spectrophotometer with Hammett plots (Fig. 9A-C) using
p-nitroaniline as the basic indicator [68]. The absorbance of the
indicator [I] in the composite solutions was reduced as the acidity
of the catalysts increases. The lower molar absorptivity of proto-
nated form [HI]* of the indicator didn’t show any absorption. The
Hammett functions H° of various composite materials were cal-
culated from the absorption differences [I]/[IH]* using equation-1
(Table 2).

H° = pK(l)aq + log[1]/[IH]* (1)

where pK(I)aq is the pKa value of the p-nitroaniline indicator in
aqueous solution. The procedure required the mixing of equal
concentration of 4-nitroaniline (5mg/L, pKa=0.99) and catalyst
(equal amounts of all) in ethanol solution. The indicator observed
maximum absorbance at 378 nm in ethanol. The Hammett plot
expressed the following decreasing acidity order of the four modi-
fied zeolite samples against their observed H° values as (Table 2):
[Msim][FeCl4]/NaY =0.1(d)> [Msim][FeCl4]/NaY = 0.05(c) >Msim]

[FeCl4]/NaY=0.03(b) > [Msim][FeCl4]/NaY=0.2(e). The formation
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Fig. 9. (A) Hammett plots of the hybrid materials of zeolite samples by mixing
equal concentration of indicator and composites: (B) [Msim][FeCl4]/NaY = 0.03 ;
(C) [Msim][FeCl4]/NaY = 0.05; (D) [Msim][FeCl4]/NaY = 0.1; (E) [Msim][FeCl4]/NaY
= 0.2. (B) Hammett plots of the hybrid materials of zeolite samples by mixing 1:
4 ratio of indicator and composites (C) Hammett plots of the hybrid materials of
zeolite samples by mixing 2:3 ratio of indicator and composites.

of more clusters in case of (e) as supported by SEM analysis
may block the active sites of the composites for interaction with
the basic indicator and it leads to decrease in the acidity of (e)
as compared to (d). The powder XRD profile also indicates the
destruction of the zeolite structure above w/w ratio of 0.2.

To determine the effect of composite concentration on Ham-
mett acidity, we also evaluated the acidity of the four composites
in two different ratios (1:4 and 2:3) by altering the concentration
of p-nitroaniline and composites respectively which produced two
identical Hammett plots (Fig. 9B and C). Both the plots revealed the
same acidity order as observed from the Hammett plot (Table 2) of
equal concentration of the composites and indicator. With increas-
ing concentrations of the composites the unprotonated form of the
basic indicator showed lower absorbance values.

3.2. Catalytic performance

3.2.1. Optimization of the reaction condition

The acidic scale of the four composites with w/w ratio up to 0.2
has been determined through the Hammett plot. Due to small dif-
ference in acidity, we decided to test the catalytic activity of all of
them. From the time frame required for completion of the reac-
tion, the [Msim][FeCl4]/NaY =0.1 hybrid composite was chosen as
the best acidic catalyst for the two-step one pot model synthesis
of pyrimidine derivatives via in situ generation of Biginelli DHPMs
from three component reaction of ethyl acetoacetate (1 mmol),
benzaldehyde (1 mmol) and urea (1.5 mmol) followed by reaction
with 2,4-dinitrophenyl hydrazine (1 mmol) (Table 3, entries 1-4).
The catalytic activity of the composite was tested by varying the
amount of catalyst (3/5/10/15 mg) at 60 °C in neat condition. Irre-
spective of the amounts of the catalyst, the first step of reaction
completed within 5-10 min without solvent at 60 °C as monitored
by TLC plate (Table 3, entries 3, 5-7). By conducting the reaction
at room temperature, it has been observed that only 3 mg of cat-
alyst is sufficient to produce 3,4-dihydropyrimidinone exclusively
in 30 min (Table 3, entry 8). However, no product formation was
observed for the second step at room temperature. At 60 °C, 65-75%
yield was observed for the second step in around 5-25 min dura-
tion using different amounts of the catalyst (3/5/10/15 mg) (Table 3,
entries 3, 5-7). Therefore, we decided to carry out the 2nd step at
80°C and it gave improved result. Almost 87% yield was observed
in 10 min (Table 3, entry 8). We have also checked the utility of
this catalytic system for industrial scale reactions by performing
the same reaction on 20 mmol scale. We are pleased to report here
that the composite was able to maintain its activity at that scale
under the optimized conditions and has successfully completed the
reaction within 10 min in 2nd step.

3.2.2. Substrate study and plausible mechanism for the sequential
conversion of DHPMs to 2-amino-4-arylpyrimidines 5

By utilising the above optimized conditions, various pyrimi-
dine derivatives were synthesized from 3,4-dihydropyrimidinone
derivatives obtained through the three component reaction of var-
ious aryl aldehydes with ethyl acetoacetate and urea and then
condensation with 2,4-dinitro phenylhydrazine in acidic medium
at high temperature. These results are included in Table 4. From
this table, we can infer that the nature of various electron donat-
ing or withdrawing group containing aryl group at C-4 position
of 3,4-dihydropyrimidinones didn’t influence the reaction rate. All
the reactions yielded 80-87% of pyrimidine product in 2nd step
within 10-15 min at 80 °C. The 2nd step may proceed through acti-
vation of carbonyl group for condensation with 2,4-dinitro phenyl
hydrazine in presence of the acid catalyst to form the hydra-
zone derivatives as reaction intermediate (Scheme 2). Under the
reaction condition, this intermediate can undergo acid catalysed
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Table 3

Optimization study for the one pot synthesis of pyrimidine derivatives.
Entry Catalyst Amount of the catalyst(mg) 1st step 2nd step %Yield?

Time(min) Time(min) 5a

1. [Msim][FeCl4]/NaY =0.03 15 7 10 72
2. [Msim][FeCl4]/NaY =0.05 15 5 10 73
3. [Msim][FeCl4]/NaY =0.1 15 3 5 75
4. [Msim][FeCl4]/NaY =0.2 15 10 15 70
5. [Msim][FeCl4]/NaY =0.1 10 5 12 70
6. —do- 5 10 20 68
7. —do- 3 10 25 65
8. —do- 3 30 10 87"
2 Reactions were conducted at 60 °C for entries 1-7 in each step.
b The 1st step was performed at room temperature and 2nd step at 80°C for entry 8.

Table 4

Synthesis of pyrimidine derivatives using [Msim][FeCl;]/NaY =0.1 composite as catalyst.
Entry Aldehyde 2 Time(min) Yield (%) 5 M.p.°C5

Step-1°4 Step-11°5

1 CeHs2a 10 10 87 5a 214.7-217.3
2 4-MeOCgH42b 15 10 84 5b 204.8-207.2
3 4-NO,CgHs2¢ 10 10 82 5¢ 215.4-217.5
4 4-MeCgHs2d 15 10 855d 227.6-229.4
5 2-Naphthyl2e 20 10 80 5e 163.1-164.0
6 4-HOCgH42f 10 10 83 5f 97.4-97.9
7 34,5-(MeO); CsH22g 10 10 82 5g 158.1-160.5

2 Reactions were performed at 60°C using 3 mg of 0.1 composite as catalyst with the mixture of ethyl acetoacetate(1), aromatic aldehyde(2) and urea(3).

b 2 4-Dinitrophenyl hydrazine was added and heated the crude mixture at 80°C.
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Scheme 2. Proposed mechanisms for one step conversion of Biginelli pyrimidin-2-(1H)-one to 2-amino-4-aryl pyrimidine.

aromatization reaction to 2-amino-pyrimidine derivatives with
expulsion of 2,4-dinitroaniline as side product.

3.2.3. Spectral analysis of 2-amino-4-aryl pyrimidine
derivatives 5

The structures of new 2-amino-4-aryl pyrimidines 5 were
confirmed from the THNMR, '3CNMR, FT-IR and CHN elemental
analysis data. Furthermore, two pyrimidines 5a and 5d were further

studied with COSY, HETCOR and DEPT techniques. All these spec-
tral analysis data have been included as supporting information in
the supplementary file.

3.2.4. Recycling of catalyst

The stability of the active species in supported catalysts is of
great concern. The reusability of [Msim][FeCl4]/NaY=0.1 compos-
ite as catalyst was investigated for the one pot synthesis of 5a under



330 P. Gogoi et al. / Applied Catalysis A: General 523 (2016) 321-331

@ Time

© %0 Yield

No of cycles

Fig. 10. Reusability profile of [Msim][FeCl4]/NaY =0.1 composite.
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Fig. 11. FT-IR spectra of the used catalyst from 2nd cycle onwards after every alter-
nate cycle.

the optimized conditions on a 5 mmol scale reaction. The filtered
catalyst was repeatedly washed with hot EtOH to make it free from
traces of the reaction mixture and then reactivated in vacuum oven
at 100°C for 3 h. The reusability was found to be quite good and it
could be reused up to ten consecutive cycles (Fig. 10) with moderate
loss in activity.

3.2.5. Characterization of the used catalyst

The integrity of the used catalyst was checked through FT-IR,
Raman spectra and ICP-OES from 2nd cycle onwards after every
alternate cycle. FT-IR spectra of the reused catalyst after every alter-
nate cycle from 2nd cycle onwards showed clear evidence of the
presence of characteristic bands of the parent zeolite structure as
well as the guest ionic solid species (Fig. 11).

However, the peak characteristic of double ring vibration at
577 cm~! for the reused catalyst also shifted slowly towards higher

Table 5
ICP-OES results of the used catalysts.

Entry Cycles Amount of Fe(mg/L)
1 2nd cycle 10.23

2. 4th cycle 9.31

3. 6th cycle 7.32

4, 8th cycle 6.92

5 10th cycle 6.64

values around 579 cm~! from 2nd cycle onwards as tabulated in the
supporting material (see, Tabel 3 in supporting file). From this table,
we determined the Si/Al ratio of used [Msim][FeCl4]/NaY=0.1 cat-
alyst from 2nd alternate cycle (see, Table 3 in supporting file) using
the IR double-ring (Upg, vibration values to the empirical relation
given by Riischer et al. [69] with Si/Al = (1-x)/x.

X = 3.857 —0.00619Upg(cm™1) (2)

This table showed the slow leaching of some non-framework Al
species to the solution during repeated washing with hot ethanol
and then reactivation in vacuum at 100 °C for several hour up to
ten consecutive runs. Simultaneously, the ICP-OES results (Table 5)
also indicated slight loss of Fe content in every alternate cycle after
2nd run from the complex anion FeCl;~. The leaching of some
non-framework Al species may destabilize the ionic interaction of
FeCl4~ anion with the Lewis acidic site of composite framework. As
results, the attached FeCl;~ anion leaches out from the composite
to the solution.

Raman spectra for the spent catalyst are included in the sup-
porting file. The intensity of the broad peak at 351 cm~! indicative
of FeCly~ species gradually decreases towards the 10th cycle.
It clearly agrees with the leaching information obtained from
the ICP-OES study. The respective characterization techniques of
the spent catalyst supports the recyclability profile Fig. 10 of
[Msim][FeCl4]/NaY =0.1 composite.

4. Conclusions

The hybrid composites were characterized with different ana-
lytical techniques and they denote the successful entrapment of
the ionic solid particles above the NaY zeolite surface. The compos-
ite materials are superior in some respects like thermal stability,
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recyclability etc. than the sole ionic solid. They synergistically
combine the advantages of both the host and guest components.
The [Msim][FeCl4]/NaY=0.1 composite exhibited excellent cat-
alytic activity towards the sequential three component two step
conversion of 3,4-dihydropyrimidin-2(71H)-one to multifunction-
alized 2-amino-4-arylpyrimidines. The present methodology is a
novel efficient route towards the development of pyrimidines in
less time and would be applicable for the library synthesis of 2-
amino-4-arylpyrimidine derivatives without using any oxidizing
agents and solvents with easy purification. The 0.1 ratio composite
material showed good catalytic activity up to ten consecutive cycles
in solvent-free medium under the optimized reaction condition.
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