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Abstract

Synthesis and application of acid-functionalized mesoporous polymer catalyst for the synthesis
of 3,4-Dihydropyrimidin-2(1H)-ones via Biginelli condensation reaction under microwave
irradiation is investigated. Several analytical techniques such as FT-IR, BET, TEM, SEM and
EDX were employed to characterize the synthesized polymeric catalyst. High acidity (1.15 mmol
g™"), high surface area (90.44 m”g™) and mesoporous nature of the catalyst effectively promoted
the synthesis of 3,4-Dihydropyrimidin-2(1H)-ones. Microwave irradiation shows higher yield
(89-98 %) as compared to conventional heating (15-25 % yield) under our optimized reaction
conditions such as 1:1:1.2 molar ratio of aldehyde/ethylacetoacetate/urea, catalyst loading of 6
wt.% (with respect to aldehyde), the temperature of 80 °C and microwave power of 50 W. The
synthesized Biginelli products were fully characterized by 'H and *C NMR. The reusability of
the catalyst was investigated up to 5 successive cycles and it showed great stability towards the

synthesis of 3,4-Dihydropyrimidin-2(1H)-ones without any significant depreciation in yields.

Keywords:  Multicomponent  reaction;  Biginelli  reaction; = Microwave-irradiation;
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1. Introduction

Multicomponent reactions (MCRs) are attracting utmost attention as it promotes the formation of
several bonds in a single process with diverse advantages such as simple procedure, energy and
time efficient, easy purification process, etc. limits the waste generation."* Besides, MCR can be
considered a useful tool for synthesizing diverse chemical compounds with a complex structure.
Biginelli reaction is the top-ranked example of MCR for the synthesis of dihydropyrimidinones
(DHPMs), exhibited various pharmacological and therapeutic properties such as antibacterial,

antiviral, antifungal, etc.>*®

Classical Biginelli reaction involves one pot condensation between aldehyde, dicarbonyl
compound and urea/thiourea in the presence of homogeneous acid catalyst HCI, which exhibited
some serious drawbacks such as harsh reaction conditions, low yield and selectivity, require
longer time, difficulty in product purification, non-recyclable etc.®”® In this regard, solid catalyst
can compensate the drawbacks associated with homogeneous catalyst as they are non-toxic, easy
to handle, high selectivity, easy separation process and reusable.”'* Numerous solid acid catalysts
such as ZrO,-SO;H," HY," alumina sulfuric acid,” tungstate sulfuric acid,"* ompg-C;N, '
FeCl;@Si-MCM-41'¢ etc. have been utilized in Biginelli reaction to produce DHPMs. However,
many of these catalysts preparation involves multi-steps, high temperature, longer time and toxic

chemicals, limiting their application as a green catalyst."° Recently, polymer-based solid

catalysts are attracting immense attention in the field of MCRs because of their greener



approaches. To date, a wide range of polymer-based catalysts has been employed in the Biginelli
reaction, such as polyaniline supported FeCl;'® PEG-SO;H," PS-PEG-SO;H,* PSBIL@polymer
2! etc. However, these catalysts require prolonged reaction time to obtain good product yield in
the conventional heating technique. In this context, the microwave irradiation technique can be
utilized to synthesize DHMPs as it involves rapid and uniform heating, leading to the
improvement in the reaction rate and selectivity to a greater extent compared to conventional
heating.”>* Besides, aldehyde, dicarbonyl compounds, and urea are excellent absorbers of
microwave radiation; it is a perfect choice to utilize the microwave irradiation technique for
Biginelli reaction.** To date, a few catalysts are available on the utilization of microwave
25

irradiation in Biginelli reaction using a solid acid catalyst such as ferric chloride hexahydrate,

FeCl; supported nanopore silica,*® Cu(OTf),” etc.

In view of the above fundamental concepts and our continuous effort to develop an economical,

efficient, and greener solid catalyst %%

we, for the first time reporting the microwave-assisted
synthesis of DHPMs using acid-functionalized mesoporous polymer (AFMP) catalyst via

Biginelli approach.
2. Experimental
2.1 Materials

Phenolsulfonic acid and formaldehyde (37%) were purchased from Sigma-Aldrich. Glycerol and
acetone were purchased from Merck, India. Deionized water was obtained from Department of

Chemistry, National Institute of Technology, Silchar, India.
2.2. Catalyst preparation

The polymer catalyst was prepared from reported procedure® with slight modification. 7.15 mL
37% aqueous formaldehyde solution (72.5 mmol), 2.52 g (14.5 mmol) of phenolsulfonic acid
were mixed with 7.25 mL of deionized water in an autoclave and kept in an oven at 110 °C for 6
h. After cooling, the solid mass was first washed with methanol and acetone to remove unreacted
formaldehyde and phenolsulfonic acid. The resultant product was dried in a vacuum oven at 60

°C for 8 h. A reddish-brown polymer was obtained after the drying process (Scheme 1).
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Scheme 1: Synthesis of AFMP by condensation

polymerization.

2.3. Catalyst characterization

After successful synthesis of the catalyst, to examine the formation of the desired product,
various characterization tools have been utilized such as scanning electron microscopy (SEM),
energy-dispersive X-ray spectroscopy (EDX), transmission electron microscopy (TEM), BET,
and fourier transform-infrared spectroscopy (FT-IR). SEM analysis and EDX was performed in
JEOL model JSM - 6390LV instrument; operating conditions: 80 mA beam current, 20 kV and
1500 X magnification power. The samples were first dispersed in ethanol via ultrasonication and
dried in an oven over a copper grid, and finally, the copper grid was placed in SEM. EDX
analysis was performed on the same instrument by changing it to EDX mode with 0.28 sr of
solid angle. HR-TEM (high-resolution transmission electron microscope) was performed on
JEOL/JEM 2100 instrument with a magnifying power of 2000 X-1500000 X; condition: 200 kV
voltage. The samples were dispersed in ethanol and dried in the oven over a copper grid, and
placed on TEM. FTIR analysis was performed on Bruker instrument. BET was performed on

Micromeritics ASAP 2010 surface area and porosity analyzer.
2.4. Catalyst activity test

Aldehyde (1 mmol), ethylacetoacetate (1 mmol), urea (1.2 mmol), and 6wt. % polymer catalyst
(wrt aldehyde) were taken in a glass vial, placed in the microwave reactor, and irradiated for 10-
20 min with 50 W ample power and 80 °C. The progress of the reaction was monitored by thin
layer chromatography (TLC). After completing the reaction, the solid product was dissolved in
ethanol, filtered the catalyst, and removed the ethanol by using a rotary evaporator followed by
washing with deionized water. Finally, the washed product was recrystallized in hot ethanol and

dried in vacuum oven at 60 °C for 6 h.

2.5. Characterization of DHPMs



'"H and "C NMR (Nuclear magnetic resonance) was performed to examine the successful
formation of diverse DHPMs. 'H and C NMR were taken on JEOL ECZR series instrument
with a spectrometer frequency of 600 MHz, tetramethyl silane (TMS) was used as an internal

standard and DMSO-ds as solvent.
3. Results and discussions
3.1. Catalyst characterization

At first, FT-IR spectroscopic analysis was performed on the polymer catalyst to investigate its
functionality. The IR spectra in the Fig. 1 shows multiple distinguished peaks for different
functional groups present in the catalyst. The absorption peak at 1032 cm™ can be attributed to
the symmetric stretching of S=O bond of SOs;H functionality.*>** While the bending and
stretching vibrations of —OH bond shows absorption band at 596 cm™ and 3440 cm™, on the other
hand, the peak at 1223 cm™ can be assigned to the aromatic —OH stretching.** The absorption
bands at 1471 cm™ and 1648 cm™ suggests C=C stretching vibration of benzene ring of the

polymeric backbone.*
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Fig. 1: FT-IR spectra of AFMP catalyst

Another important aspect of heterogeneous catalysts is their porosity. The nature of pores and
their sizes can be investigated with the help of N, adsorption-desorption analysis by BET model.

The BET adsorption-desorption isotherm of the polymer catalyst is shown in Fig. 2 referring



characteristic features of type-IV hysteresis loop which suggests capillary condensation in
mesopores. The surface area of the catalyst was found to be 90.44 m?*/g with average pore size of

5.2 nm. The pore-size distribution curve (Fig. 2 (inset)) shows uniform sizes of the porous

structures.
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Fig. 2: N, adsorption-desorption isotherm and pore distribution curve
(inset) of AFMP.

SEM and TEM analysis was performed to investigate the surface morphology and structure of
the catalyst. The SEM images (Fig. 3a, b) displayed an irregular sheet-like surface of the
catalyst, whereas the TEM images (Fig. 3c, d) displayed the porous structure with uniform
particle arrangement, which is good agreement with the N, adsorption-desorption analysis. The

average particle size of the catalyst was found to be 7-8 nm.
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Fig. 3: SEM (a, b) and TEM (c,d) micrraphs of AFMP.

EDX data (Fig. 4) showed the presence of all the desired elements such as carbon, oxygen and
sulfur. The sulfur content (Fig. 4 inset) in the catalyst was found to be 3.7 wt. % (1.15 mmol g™),
confirming the successful introduction of sulfonic acid to the polymer catalyst. The high catalytic

activity of the polymer catalyst may be due to the presence of high content of sulfonic group.



Fig. 4: EDX spectrum and the elemental composition (inset) of the catalyst

3.2. Catalyst activity in Biginelli reaction

After characterization, the activity of the catalyst was examined by performing Biginelli reaction.
The reaction between 4-nitrobenzaldehyde, ethylacetoacetate and urea in presence of polymer
catalyst under solvent-free and microwave irradiation is considered as a model reaction. It was
found that, 98% isolated yield of particular DHPMs was obtained within 10 min of reaction.
Besides, the formation of a single product suggested that the polymer catalyst presence's reaction
is highly selective. The comparison between the microwave irradiation and conventional heating
technique for the model reaction revealed that microwave irradiation improves the yield in
many-fold than the conventional heating. The effect of solvent on the model reaction was

examined by performing the reaction under various solvents such as EtOH, MeOH, CH;COCHs,



THF and CH;CN (Fig. 5a). However, the best result was obtained in terms of reaction time and

isolated yield under solvent-free condition.

The effect of catalyst loading (Fig. 5b) on the model reaction was tested by varying the catalyst
amount from 2-8 wt.% using the reaction conditions: 1:1:1.2
4-nitrobenzaldehyde/ethylacetoacetate/urea molar ratio, 80 °C temperature, 10 min time and 50
W microwave power. The increase in catalyst amount initially increased the yield of the DHPM,
attributed to the increase in the catalyst active sites.>*** The highest yield of 98 % was obtained
when the catalyst amount was increased to 6 wt. %, however, further increase in the catalyst
amount led to the depletion of DHPMs yield as large amount of catalyst makes the reaction
mixture more viscous, hence inhibits the interaction between the reactants and catalyst active

sites.®%

Furthermore, the reaction temperature was varied from 35-95 °C to examine its effect on the
model reaction (Fig. 5c). The increase in temperature initially increased the yield as Biginelli
reaction is an endothermic reaction.® The highest yield of 98% was obtained at 80 °C; no further
improvement in yield was observed beyond 80 °C. Finally, the effect of microwave power was
also tested by varying from 30-70 W (Fig. 5d). Initially, the increase in yield was observed when
microwave power increased as high microwave power resulted in efficient collision between the
reactants and the catalyst active sites.*® The highest yield of 98% was obtained at microwave
power, however, further increase in microwave power led to the slight depletion in yield as at
very high power temperature of the reaction mixture increased instantaneously, leading to the

violent collision between the reactants and catalyst active sites.*
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Fig.5: The effect of solvents, catalyst loading, reaction temperature and
microwave power on Biginelli reaction. Reaction conditions: 4-
nitrobenzaldehyde/ethylacetoacetate/urea molar ratio of 1:1:1.2 and reaction

time of 10 min.

After attaining the optimization conditions, the reaction was generalized for various aromatic
aldehydes to establish our catalyst scope (Scheme 2). The reaction between various aldehydes
with ethylacetoacetate and urea showed good to excellent yield in acid-functionalized polymer
catalyst presence, as shown in Table 1. Table 1 shows that the aromatic aldehyde having an
electron-withdrawing group (such as —NO, group) showed a faster reaction rate and excellent
yield, whereas the electron-donating groups (such as -OCH; group) in the aldehyde took a long
time for complete conversion. Besides, our synthesized catalyst is tolerant of various functional

groups such as —NO,, -Cl, -OCHj3, -OH, etc.

Table 1: Biginelli reaction over acid-functionalized polymer catalyst using diverse aromatic
aldehydes. Reaction conditions: Aldehyde/ethylacetoacetate/urea molar ratio of 1:1:1.2, 6 wt.

% catalyst loading, 80 °C reaction temperature, 50 W microwave power, and 10-20 min




reaction time.
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Scheme 2: Synthesis of DHPMs using AFMP.
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3.3. DHPMs characterization

"H and C NMR was performed to confirm the formation of desired DHPMs. The NMR data are

presented below:

5-Ethoxycarbonyl-6-Methyl-4-Phenyl-3,4-Dihydropyrimidin-2(1H)-One (Table 1, Entry 1):



Appearance: White solid. Melting point: 200-202 °C; '"H NMR (600 MHz, DMSO-ds) § 9.21 (s,
1H), 7.63 (s, 1H), 7.36-7.30 (m, 2H), 7.22-7.19 (m, 3H), 5.10 (d, 1H), 3.98 (q, 2H), 2.21 (s, 3H),
1.00 (t, 3H); *C NMR (75 MHz, DMSO-ds) § 165.1, 151.9, 148.2, 145.0, 128.2, 127.0, 126.5,
99.0, 59.1, 54.0, 18.0, 14.1.

5-Ethoxycarbonyl-6-Methyl-4-(4-nitrophenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table 1,
Entry 2)

Appearance: White solid; melting point: 209-211 °C; 1H-NMR (600 MHz, DMSO-ds): 6 = 9.33
(s, 1H), 8.19 (m, 2H), 7.88 (s, 1H), 7.47-7.55 (m, 2H), 7.03-6.95 (m, 3H), 5.78 (s, 1H), 3.93 (q,
2H), 2.48 (s, 3H), 1.06 (t, 3H); "“C-NMR (600 MHz, DMSO-dg): § = 13.01, 39.22, 58.67,
64.602, 123.26, 127.61, 130.60, 146.50, 155.85, 157.57, 157.65, 170.25.

5-Ethoxycarbonyl-6-Methyl-4-(2-nitrophenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table 1,
Entry 3)

Appearance: White solid; Melting point: 221-222 °C. '"H NMR (600 MHz, DMSO-ds): § 9.01 (s,
1H), 7.25 (s, 1H), 7.18-7.23 (m, 1H), 7.12 (d, 1H), 7.02-7.06 (m, 1H), 6.98 (d, 1H), 5.45 (d, 1H),
3.81 (q, 2H), 2.22 (s, 3H), 1.04 (t, 3H); “C NMR (600 MHz, DMSO-ds): 6 16.04, 19.23, 48.00,
55.12,98.03, 111.23, 121.32, 128.02, 134.02, 149.02, 152.30, 157.01, 166.80.

5-Ethoxycarbonyl-6-Methyl-4-(3-nitrophenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table 1,
Entry 4)

Appearance: pale-yellow solid; Melting point: 226-228 °C. "H-NMR (600 MHz, DMSO-d): § 9.
30 (s, 1H), 8.09-8.11 (m, 2H), 7.85 (s, 1H), 7.61-7.66 (m, 2H), 5.25 (s, 1H), 3.92 (q, 2H), 2.45 (s,
3H), 1.02 (t, 3H); "C-NMR (600 MHz, DMSO-ds): § 164.23, 150.96, 149.32, 147.82, 146.45,
132.12,129.92, 122.22, 119.91, 98.12, 59.35, 52.91, 17.34, 12.95.

5-Ethoxycarbonyl-6-Methyl-4-(4-methoxyphenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table
1, Entry 5)

Appearance: white solid; Melting point: 200-202 °C. '"H-NMR (600 MHz, DMSO-d¢): § = 9.15
(s, 1H), 7.65 (s, 1H), 7.05-7.11 (m, 2H), 6.75-6.80 (m, 2H), 5.04 (s, 1H), 3.87-3.90 (m, 2H), 3.65



(s, 3H), 2.20 (s, 3H), 1.05 (m, 3H); *C-NMR (600 MHz, DMSO-d;): § = 16.04, 19.69, 53.27,
55.01, 59.00, 100.01, 114.05, 127.00, 137, 148.01, 152.01, 159.00, 166.05.

5-Ethoxycarbonyl-6-Methyl-4-(2-methoxyphenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table
1, Entry 6)

Appearance: White solid; Melting point: 261-262 °C; 1H NMR (600 MHz, DMSO-d6) § 9.07 (s,
1H), 6.79-7.19 (m, 5H), 5.42 (s, 1H), 3.85-3.91, (m, 2H), 3.72 (s, 3H), 2.49 (s, 3H), 1.02 (t, 3H).
BC-NMR (600 MHz, DMSO-de): § 168.00, 155.45, 146.21, 129.63, 126.93, 121.12, 112.04,
59.02, 54.95, 48.71, 17.23, 14.05.

5-Ethoxycarbonyl-6-Methyl-4-(4-chlorophenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table 1,
Entry 8)

Appearance: white solid; Melting point: 179-180 °C. 'H-NMR (600 MHz, DMSO-ds): § = 9.32
(s, 1H), 7.85 (s, 1H), 7.46-7.48 (m, 2H), 7.31-7.33 (m, 2H), 5.22 (s, 1H), 4.02-4.07 (m, 2H), 2.58
(s, 3H), 2.32 (s, 3H), 1.14-1.18 (m, 3H); *C-NMR (600 MHz, DMSO-ds): § = 13.98, 17.71,
53.32, 55.01, 98.79, 128.32, 128.35, 131.75, 143.64, 148.65, 151.90, 165.18.

5-Ethoxycarbonyl-6-Methyl-4-(2-chlorophenyl)-3,4-Dihydropyrimidin-2(1H)-One (Table 1,
Entry 9)

Appearance: White solid; Melting point: 214-215 °C; "H-NMR (600 MHz, DMSO-ds): & 8.89 (s,
1H), 71.12-7.52 (m, 4H), 5.82 (s, 1H), 5.75 (s, 1H), 3.95 (q, 2H), 2.45 (s, 3H), 1.07 (t, 3H); "“C-
NMR (600 MHz, DMSO-d): 6 165.71, 154.02, 149.01, 140.05, 133.46, 130.23, 129.23, 128.14,
99.12, 60.12, 52.40, 19.25.

4. Catalyst reusability

Recyclability and reusability are significant factors for assessing a heterogeneous catalyst. The
AFMP catalyst's reusability was examined by carrying out successive reactions using the same
catalyst and recovering it from reaction mixture. After each cycle, the catalyst is separated from
the reaction crude by filtration. The catalyst is then washed with hexane and chloroform by the
shrinking-relaxing method and finally dried under reduced pressure in oven at 60 °C. The results

of five catalytic runs are presented in Fig. 6 which clearly shows that the catalyst activity



remains almost unaffected even after 5th cycle. At the end of 5th catalytic cycle, 85% product

yield was obtained which suggests excellent recyclability and reusability of AFMP catalyst.

100
S

© 80
2
>

60

1 2 3 4 5
Run

Fig. 6: Reusability test of the catalyst. Reaction conditions:
1:1:1.2 of 4-nitrobenzaldehyde/ethylacetoacetate/urea
molar ratio, 6 wt. % catalyst loading, 50 W microwave

power, 80 °C temperature and 10 min time.

The recovered catalyst after the 5" cycle was analyzed by SEM, TEM and EDX to examine the
change in surface morphology, structure and elemental composition of the catalyst. SEM
micrographs (Fig. 7a, b) showed irregular and rough surface morphology of the catalyst, whereas
TEM micrographs (Fig. 7c, d) showed that the uniform arrangement and porous structure of the
catalyst remain intact. However, EDX elemental composition analysis (Fig. 8) revealed that the
sulfur content is decreased from 3.7 wt.% to 2.8 wt.%, suggesting the slight leaching of the

catalyst active sites.
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Fig. 7: SEM (a,
the 5" cycle.

Fig. 8: EDX spectrum and elemental



composition (inset) of the recovered catalyst

after 5" cycle.

5. Conclusion

In summary, we have successfully utilized microwave-assisted AFMP catalyzed the synthesis of
DHPMs under solvent-free condition via Biginelli approach. This advanced method not only
maintains the simplicity in operational condition, but also tolerant to diverse functional groups
and showed good to excellent DHPMs yield in a very short period of time. Besides, the catalyst
is recyclable and reusable up to 5 consecutive reaction cycles with no significant loss in catalytic
activity. The high catalytic activity, easy preparation, and separation process make it an excellent

solid catalyst for the synthesis of DHPMs.
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