Inorganic Chemistry Research
Article

N o

o, Iranian

Society

o,
"%
%

Irg,

One-pot Synthesis of Arylidene Barbituric Acid Derivatives

Using Fe;0s3

and Fe,03/MFe,0,

(M = Cu, and Ni)

Nanoparticles as Heterogeneous Catalysts in Knoevenagel

Condensation Reaction

Mohammad Ali Khajeh Shahkoei?, Asiech Yahyazadeh?, Aliakbar Dehno Khalaji®*

aChemistry Department, University of Guilan, 41335-1914, Rasht, Iran

bDepartment of Chemistry, Faculty of Science, Golestan University, Gorgan, Iran

Received: November 6, 2023; Accepted: January 15, 2024

Cite This: /norg. Chem. Res. 2023, 7, 34-41. DOI: 10.22036/j10.22036.2024.423255.1154

Abstract: In this paper, a facile one-pot two-component synthesis of arylidene
barbituric acid derivatives (Knoevenagel reaction) in the presence of heterogeneous
catalyst of as-prepared Fe:O3 and Fe2O3/MFe2Os (M = Cu and Ni) nanoparticles
under mild reaction condition is described and discussed. The as-prepared MFe204
nanoparticles were characterized by FT-IR, XRD, BET and SEM. They are used as
efficient heterogeneous catalysts for the one-pot two-component synthesis of
arylidene barbituric acid derivatives and the effect of important parameters such as
solvent and amount of catalyst was investigated on the efficiency production of
arylidene barbituric acid derivatives. The results of catalytic studies confirmed high
activity of as-prepared nanoparticles as heterogeneous catalysts. Finally, the

arylidene barbituric acid products were obtained on high purity. The products were
characterized by FT-IR, 'H-NMR and melting point. This process is simple and

provides high yields of products in short reaction times.
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1. INTRODUCTION

Recently, inorganic nanoparticles have attracted much
attention due to their unique properties'* and potential
different applications®'? especially in the fields of
catalysis for synthesis of various organic compounds
such as  naphthoxazinones,!'  pyrido[2,3-d:6,5-d']
dipyrimidines,'>'3 arylidene barbituric acid
derivatives,'*!* benzimidazole compounds,'® xanthenes,'’,
oxazepane'® and coumarins.”” From different inorganic
nanoparticles, nanoferrites (MFe;O4, M = Co, Ni, Cu, Zn)
are of the most important inorganic materials, which
have spinel structure (Figure 1), unique physical,
chemical properties and different application.'!!
The catalytic properties of inorganic nanoparticles depend
on their size, surface area and shape.'>'® Among the
various transition metal oxide nanoparticles, magnetic
nano-ferrites have been widely used as catalyst because of
their low-toxicity, thermal stability, high surface area
and high activity.'""'* In recent years, barbituric acid
has been used as row building block material in the
synthesis of different organic compounds.?’ It has an
active -CH,- group for reactions with carbonyl group to
preparation arylidene barbituric acid derivatives.!4!32122
Barbituric acid derivatives have important biological

activity such as anticancer, anxiolytics, sedative, and
hypnotic.?!
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Figure 1. Classification of spinel ferrites as a) normal, b) inverse and
¢) orthorhombic
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The Knoevenagel reaction?>*! is a condensation reaction

of carbonyl compounds and active methylene sites in the
presence of a catalyst to form a carbon-carbon bond,**3
which is used to produce new intermediates for biological
and pharmaceuticals active materials was discovered by
Emil Knoevenagel in 189423 (Scheme 1). Recently, many
researchers are trying to develop low-cost, simple and
eco-friendly Knoevenagel reaction using heterogeneous
and homogeneous efficient reusable catalysts.3>* For
example, Anbu et al.6 reported the green and sustainable
processes for synthesis of a,B-unsaturated carboxylic
acids using chitosan as a reusable solid base catalyst. Roy
et al.’® prepared MgO nanostructure under ambient
condition, which was used as active and reusable catalyst
in Knoevenagel reaction between aromatic aldehydes and
malononitrile and ethylcyanoacetate. Alirezvani et al.?’
synthesized the new covalently-modified chitosan by 1,3-
dibromopropane and melamine as a heterogeneous
bifunctional catalyst for the condensation of aromatic
aldehyde with malononitrile. Sadjadi et al.,”® developed
and reported the synthesis of new metal free catalyst
through decoration of chitosan with ionic liquid
terminated dendritic moiety for Knoevenagel reaction. In
2023, Liandi et al.” reviewed the use of five spinel ferrite
as efficient environmentally friendly catalysts in the
synthesis of wvarious organic compounds through
multicomponent reactions.
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Scheme 1. Knoevenagel condensation reaction
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The mail goal of this paper is the preparation of Fe;O;
and Fe;O3/MFe;0O4 (M = Cu, Ni) nanoparticles as a
catalyst in the simple and efficient Knoevenagel reaction
for the synthesis of arylidene barbituric acid derivatives
(Scheme 2).
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Scheme 2. Chemical reaction of 4-dimethylaminobenzaldehyde and
barbituric acid
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2. EXPERIMENTAL
Preparation of Fe:O3 and Fe:03/MFe:04 (M = Cu, Ni)
nanoparticles

A solution of FeCl; (0.2 mmol) and MCl2'xH20 (0.1 mmol)
(M = Fe, Cu, Ni) in deionized water (50 mL) was stirred for
0.5 h at 50 °C. Then, 1 g NaOH was added and the reaction
mixture was stirred for 2 h at 85 °C. After that the solution was
cooled to room temperature, the brown precipitates were
filtered, washed with water and methanol and finally dried.

Characterization

The crystal structure of the as-prepared Fe2Os and
Fe203/MFe204 (M = Cu, Ni) nanoparticles was determined by a
Panytical XPERTPRO X-ray diffractometer (XRD) using Cu Ko
radiation with A = 0.154 nm in the 26 range of 10-70°. Fourier
transform infrared (FT-IR) spectra of MFe20O4 nanoparticles and
arylidene barbituric acid derivatives were carried out with a
Perkin-Elemr spectrophotometer using KBr pellets in the range
of 4000-400 cm™!. Morphology of the products was investigated
by scanning electron microscope (SEM) using a JEOL JSM-
6610LV. 'H- and *C-NMR spectra of arylidene barbituric acid
derivatives were recorded in DMSO-ds solvent using a Bruker
DRX-500 spectrometer with TMS as internal reference. Melting
points and the elemental analysis (CHN) of arylidene barbituric
acid derivatives were obtained by Yanagimoto micro melting
point aperture and a Vario EA 1108 analyzer, respectively. The
Brunauer-Emmett-Teller (BET) specific surface area and pore
sized of MFe204 nanoparticles were measured with ASAP 2460
instrument.

General procedure for the Knoevenagel reaction

1 mmol of aldehyde, 1 mmol of barbituric acid, 20 mg of Fe203
and Fe:03/MFe:04 (M = Cu, Ni) nanoparticles and suitable
solvent (20 mL) were added to flask. The resulting mixture was
stirred at room temperature and after completion of the reaction
as monitored by thin layer chromatography (TLC), the arylidene
barbituric acid precipitates were filtered, washed with cold
methanol and dried. The pure arylidene barbituric acid
derivatives were obtained after recrystallization in EtOH/CHCl;
(1:1 v/v).

3. RESULTS AND DISCUSSION

Characterization of MFe204 nanoparticles

To investigated the functional groups of the as-prepared
Fe,O3 and Fe;O3/MFe,O4 (M = Cu, Ni) nanoparticles,
they were characterized using FT-IR spectroscopy. The
FT-IR spectra are given in Figure 1. The peaks appeared
at about 3420 cm™! and 1630 cm™' corresponds to the O-H
stretching of H,O molecules adsorbed on the surface of
nanoparticles.'*® There are two strong bands at about
470 cm?! and 550 cm™ which correspond to M-O
stretching vibrations of tetrahedral site of the spinel
structure and O-M-O bending vibrations of octahedral site
of the spinel structure of MFe>Ox4 nanoparticles. '8

The XRD patterns of the as-prepared Fe,Os and
Fe,03/MFe>04 (M= Cu, Ni) nanoparticles are shown in
Figure 2. All the diffraction peaks appeared at different 26
values match the JCPDS cards numbers of 033-0664, 34-
0425, and 10-0325 very well and revealed that the Fe;O3
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Figure. 1. FT-IR spectra of as-prepared Fe,O; and Fe,03/MFe,0, (M=
Cu, Ni) nanoparticles.

is cubic structure,** CuFe;Os is tetragonal structure®* and
NiFe,O4 is cubic structure.** The peak broadening
indicates  that the MFe,Os compounds have
nanocrystalline nature. The average size of MFe;O4
nanoparticles was calculated by Scherer equation
(d =0.94 A/f cosB) and was found to be 95 nm for Fe;0s4,
88 nm for CuFe;O4 and 59 nm for NiFe,O4, which is un
agreement with the size obtained from the SEM images
(Figure 3).

The FE-SEM images of as-prepared Fe,O3 and
Fe,03/MFe;04 (M = Cu, Ni) nanoparticles was gathered
and were represented in Fig. 3. The images confirmed that
the particles in the as-prepared Fe,O3; and FeO3/MFe 04
(M = Cu, Ni) have quasi-spherical shapes with different
sizes. However, the crystal sizes of Fe,O3/NiFe 04
composite are lower than Fe;O3/CuFe,04 and Fe,Os.
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Figure 2. XRD patterns of as-prepared Fe,O; and Fe,Os/MFe,O4 (M=
Cu, Ni) nanoparticles.
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Figure 3. FE-SEM images of as-prepared Fe,O; and Fe,03/MFe,04 (M=
Cu, Ni) nanoparticles.

The N, adsorption/desorption isotherms and por size
distribution of as-prepared Fe,Os; and Fe,O3;/MFe;O4
(M = Cu, Ni) nanoparticles were represented in Figures 4
and 5, respectively. Also, data were shown in Table 1.
According to Table 1, the Fe,O3/CuFe;O4 nanoparticles
exhibited higher surface area and pore volume compared
to the Fe»O3 and Fe»O3/NiFe2Os4.

Table 1. The BET analysis of as-prepared Fe,O; and Fe,O3;/MFe,04
(M = Cu, Ni) nanoparticles

Fe;0s Fe;03/CuFe;04 Fe:03/NiFe04

Vi [em*(STP) g] 2.1765  3.162 0.4395

asper [m® g'] 94733 13.763 3.913

Total pore volume (p/po= 0.979) 0.138 0.0015466
3 0.1116

[em’ g7]

Average pore diameter [nm] 47.127 40.113 3.2339
031 Fe,0,/CuFe,0,
0.2 4

=

s

=

3,
0.1 Fe,0,/NiFe,0y

# v v
0 0.25 0.5
PiPa

Figure 4. N, adsorption/desorption isotherms of as-prepared Fe,O; and
F6203/MF8204 (M = Cu, Nl)

Investigation of catalytic activity

Due to the unique properties of arylidene barbituric acid
derivatives,?! we are interested in the preparation of Fe>O;3
and Fe,O3/MFe;Os (M = Cu, Ni) nanoparticles as a
catalyst in Knoevenagel reaction?*3! for simple and low-
cost synthesis of them. In this reaction, to find best
condition, we should examine the important parameters
such as the effect of solvent and the amount of catalyst.
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Figure 5. The por size distribution of as-prepared Fe,O; and
F6203/MF6204 (M = Cu, Nl)

Initially, the Knoevenagel condensation reaction of
barbituric acid (0.64 g, 0.01 mol) and aldehyde with 1:1
molar ratio at the presence of 0.01 g catalyst was
examined in different solvent such as acetonitrile, acetic
acid, dichloromethane, water, ethanol, methanol and 1:1
v/v  water/ethanol and water/methanol at room
temperature to provide the best solvent.

The effect of various solvent at the presence of 0.01
catalyst was considered for the Knoevenagel condensation
of 4-dimethylaminobenzaldehyde and barbituric acid and
the results are shown in Table 2. It was observed that the
1:1 v/v of ethanol/water was required to achieve
maximum yield of the desired product. The maximum
yield of desired product was obtained in ethanol/water
(1:1 v/v) mixture, due to these polar solvents can be better
solvated the transition state of the substrates and the yield
and rate reaction were increased. Similar result was
reported by Rajput and Kaur using CoFe,O4 nanoparticles
as catalyst.*

After that, we investigated the effect of catalyst dose on
the yield and rate reaction. The results are shown in
Table 3. It can be seen that, when the reaction was studied
in the presence of 0.03 g of the catalyst, the desired
product was obtained in high yields, because of the
increases of active sites on the surface of catalyst. Low
yield of the desired product was obtained in the absence
of the catalyst under similar condition even in longer
times.*!”

After the optimized solvent and catalyst dose, the
Knoevenagel reaction was examined using different
aldehydes with electron-withdrawing and electron-
donating substituents and the results are shown in Table 4.
All aldehydes gave the desired products in high yields.
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Table 2. The effect of solvent on the yield and time reaction of
Knoevenagel condensation of 4-dimethylaminobenzaldehyde and
barbituric acid at r.t. at the presence of 0.01 catalyst

Catalyst Solvent Time (min) Yield (%)
Fe203 11 40
Fe203/CuFex04 CHsCN 14 37
Fe203/NiFe204 15 36
Fe203 10 42
Fe203/CuFex04 CH3COOH 11 38
Fe203/NiFe204 11 36
Fe203 9 51
Fe203/CuFex04 CHCl3 10 49
Fe203/NiFe204 11 48
Fe203 8 62
Fe203/CuFe204 CH;OH 8 59
Fe203/NiFe204 9 55
Fe203 7 74
Fe203/CuFex04 CHsOH 8 70
Fe203/NiFe204 8 68
Fe203 7 71
Fe203/CuFex04 H>O 7 68
Fe203/NiFe204 8 66
Fe203 5 82
Fe203/CuFez04 C2HsOH/ H.0 8 80
Fe03/NiFe204 (1:1 v/v) 9 80

Table 3. The effect of catalyst dose on the yield and time reaction of
Knoevenagel condensation of 4-dimethylaminobenzaldehyde and
barbituric acid at room temperature

Catalyst Catalyst amount (g) Time (min) Yield (%)
Fe20; 0.01 4 82
Fe203/CuFex04 0.01 7 80
Fe203/NiFe204 0.01 9 80
Fe20; 0.02 4 86
Fe203/CuFe204 0.02 5 84
Fe203/NiFe204 0.02 7 81
Fe203 0.03 3 93
Fe203/CuFex04 0.03 4 90
Fe203/NiFe204 0.03 5 87

Characterization of arylidene barbituric acid
derivatives

The arylidene barbituric acid products were purified by
recrystallization form EtOH/CHCl; (1:1 v/v) and
characterized by 'H-NMR, FT-IR spectroscopies and
melting point (Table 5). The FT-IR spectra of them are
shown in Figure 6. The characteristic peaks between
3200- and 3600 cm are assigned to the existence of
different functional groups such as -NH, and -OH
groups.*® The peaks are appeared from 1400-1700 cm!
are assigned to the existence of aromatic rings and
carbonyl groups.?* The 'H-NMR spectra of 5-(3-ethoxy-4-
hydroxybenzylidene)barbituric  acid and 5-(4-
dimethylaminobenzylidene)barbituric acid are shown in
Figure 7.

The FT-IR and 'H-NMR results of desired arylidene
barbituric acid compounds confirmed that the products
were produced with good selectivity without any by-
products formation.'* According to the literatures,'*21-3 it
seems that the Lewis basic sites on the surface of catalysts
are responsible for preparation of desire products due to
the interaction of them with carbonyl group of aldehydes
or hydroxy group of intermediate compounds. A proposed
mechanism for the preparation of 5-(4-dimethylamino-
benzylidene)barbituric acid is given in Scheme 3.
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Table 4. Synthesis of arylidene barbituric acid derivatives in the
presence of as-prepared catalysts

The results predicted no appreciable loss in the catalytic
activity (Figure 9), revealing their good stability and
reusability.>® In Figure 10, the XRD patterns and SEM
image of the as-prepared Fe,Os; nanoparticle after 5
recycled used was shown. The position and intensities of
all peaks were agreed as well as Fe,O3 (JCPDS card no.
033-0664)* and SEM image confirmed that the size and
shape of Fe,O; catalyst after the reaction is agreement
with the size and shape before the reaction.

Table 5. 'H-NMR and FT-IR spectral data and melting point of desired
compounds

R substituents FT-IR 'H-NMR ML.P. (°C)

Catalyst Aldehyde Time Yield
(min) (%)
Fe20; 3 93
Fe203/CuFe204 4-Dimethylaminobenzaldehyde 4 90
Fe203/NiFe204 5 87
Fe:0s 8 72
Fe205/CuFe204 4-Nitrobenzaldehyde 17 68
Fe203/NiFe2O4 20 69
Fe20; 6 88
Fe203/CuFe204 4-Hydroxybenzaldehyde 7 84
Fe203/NiFe204 7 96
Fe20; 2 96
Fe205/CuFe204 3-Methoxy-2- 3 95
Fe203/NiFe2O4 hydroxybenzaldehyde 3 93
Fe20; 2 98
Fe203/CuFe20s  3-Ethoxy-4-hydroxybenzaldehyde 2 97
Fe203/NiFe204 3 93
Fe20; 8 89
Fe203/CuFe204 2,4-Dichlorobenzaldehyde 9 86
Fex03/NiFe204 9.12 83.40
80 =={-N(CH3)2 ===4-OH 3-Et0-4-OH
70
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Figure 6. FT-IR spectra of as-prepared arylidene barbituric acid
derivatives.

Recovery and reusability of catalysts

As an advantage of heterogeneous catalysts is their simple
recovery and reusability. In this study, after each reaction
between aldehyde and barbituric acid, the catalyst was
separated from the reaction mixture, washed twice with
methanol:chloroform (1:1 v/v), and finally followed by
drying at 80 °C for 3 h. The recycled catalysts were used
five times in the reaction of 4-dimethylamino
benzaldehyde and barbituric acid for the preparation of 5-
(4-dimethylaminobenzylidene)barbituric acid as model at
optimum condensation conditions.

Inorg. Chem. Res. 2023, 7, 34-41
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Figure 7. '"H-NMR spectra of 5-(4-dimethylaminobenzylidene)barbituric
acid.
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Flgure 8. Proposed mechanism for synthesis of 5-(4-
dimethylaminobenzylidene)barbituric acid.
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Figure 9. Recyclability study of catalysts on the synthesis of 5-(4-
dimethylaminobenzylidene)barbituric acid.
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Figure 10. The XRD pattern and SEM image of Fe,O; catalyst recycled
after the Knoevenagel reaction.

Comparison with other catalysts

Until now, numerous catalysts were synthesized and used
in the Knoevenagel condensation reaction involving
aromatic aldehydes and barbituric acid.!#?02247-62 The
results were compared with those reported in the previous
works (Table 6). It can be seen that the efficiency of the
as-prepared catalysts is similar to the previous results.
However, the results not show the disadvantages such as
using expensive raw materials, and hazardous organic

Inorg. Chem. Res. 2023, 7, 34-41

solvents. This method is simple, eco-friendly and efficient
for the preparation of arylidene barbituric acid.

Table 6. Comparison of our results with previous results

Catalyst Condition Time Yield Ref.
(min) (%)
Bentonite H,0/90 °C 5-25 90-98 55
PVC/NiFe;0:/Fe;0; Hot water 0.5-22 75-95 54
CoFe 04 H,O:Ethanol 2-6 70-95 14
PVP Ni Ethylene glycol, 10-15 91 57
nanoparticles 50 °C
Nanoporous MMT- Hx0, 70 °C 4 94 61
HCIO4
Taurine H-0, 90 °C 9 96 60
CMZO Ethanol, 60-70 °C 60 85 59
BF3, nano-y-ALO3 Ethanol, r.t. 30 84 58
(H2-pip)(H2PO4) H.0, Ethanol, 80°C 20 96 6
Fe,Os H>O:Ethanol, r.t. 3-8 72-96 This work
Fe>03/CuFex04 H>O:Ethanol, r.t. 4-17 68-95 This work
Fe 03/NiFe 04 H>0:Ethanol, r.t. 5-20 69-93 This work
4. CONCLUSIONS

In this paper, we synthesized Fe;O; and Fe;O3/MFe 04
(M = Cu, Ni) and used them as new simple, eco-friendly,
efficient, non-toxic, recoverable, and inexpensive catalyst
in Knoevenagel condensation reaction for the preparation
of different arylidene barbituric acid derivatives. Simple
process, an aqueous medium, low catalyst loading, non-
toxic reagent, high yields of the desire products and short
reaction time are the attractive features of this work. Also,
the catalysts showed recyclability up to five runs without
any notable reduction in their activity. Therefore, the
as-prepared Fe,O; and Fe,O3/MFe,Os (M = Cu, Ni)
nanoparticles was proposed as novel catalysts in the
multicomponent reactions f or synthesis various organic
compounds.
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