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quick reaction time, ease of product isolation and high yields.

INTRODUCTION

Multicomponent reactions (MCRs) refer to a class of
reactions in which three or more reactants are combined in a
single reaction vessel, enabling the synthesis of a desired product
in a single step [1]. The one of the most essential operations in
organic chemistry is formation of a new carbon-carbon bond.
As an end result, there is a little or unsolicited byproduct do
form related to sequential synthesis. Metal-catalyzed reactions
(MCRs) have garnered a significant interest in the field of
organic synthesis due to their advantageous atom economy,
operational simplicity and overall remarkable productivity
[2,3]. The conventional way to prepare the complex molecules
through sequential preparation, where MCRs let the assem-
bly of complex molecules in a one-pot mode. On the other
hand, individual bonds inside the target molecule formed in the
standard stepwise mode through a multi-step synthetic method.
The significant feature of MCRs is the ability to generate certain
bonds in a single step, without the groing through the interme-
diate reactions, alteration of reaction conditions or the introdu-
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In this work, octahydroquinazolinone derivatives were synthesized using magnetic cobalt ferrite nanoparticles using oxalate precursor |
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ction of the additional reagents. Sustainable techniques are
considered excellent tools for the synthesis of biological-active
compounds and the optimization of strategies within the pharm-
aceutical industry [4,5].

Multicomponent reactions (MCRs) are considered to be
a significant tool in the field of sustainable organic synthesis.
By employing MCRs along with green chemistry principles,
organic chemists might potentially bring themselves closer to
achieving the ideal synthesis [6]. Several multicomponent
organic reactions involve different types of catalysts that possess
many active sites, nano-scale dimensions and a substantial
surface area [7].

Spinel ferrite nanoparticles have gained attention due to
their better magnetic, electronic and catalytic characteristics
compared to their bulk form. The catalytic efficiency of ferrites
for many reactions is related to the alteration of oxidation of
iron among 2+ and 3+. Additional vital quality of ferrite mater-
ials from industrial point-of-view is their balance underneath
particularly lowering situations because of their spinel crystal-
lography. In evaluation to the spinel ferrites, catalyst Fe,Os
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loses its nature as it is altered to FeO and metal iron. Nanoparticles
of magnetite Fe,O; as a catalyst can be simply bifurcated using
outside magnet without the need of filtration [8]. Cobalt ferrite,
CoFe,0,, amongst the spinel ferrites forms inverse spinel struc-
ture where majority of Co* ions are located at B site, whereas
Fe* ions are equally disbursed among A and B sites [9].

Octahydroquinazolinone derivatives known for the pinnacle
medicinal agents, which can be used for antimicrobial [10],
anti-inflammatory analgesic [11], antiviral [12], etc. Synthesis
of octahydroquinazolinone derivatives by MCRs has gained
reputation because of its easy process, economic efficiency
and better selectivity [12]. Bigenelli reactions preferentially
applicable for B-diketone relatively than open-chain dicarbonyl
complexes for the synthesis octahydroquinazolinone [13]. The
synthesis of octahydroquinazolinone through one-pot three-
component reaction of aldehydes, dimedone and urea or thiourea
by the usage of special catalysts or chemical agents like conc.
HCI [13], conc. HoSO;4 [14], trimethylsilyl chloride (TMCI)
[15] and Lewis acids (La(OTf);, La,Os, ZrCL) [ 16,17] are already
reported. However, many of these techniques have been assoc-
iated by one or more drawbacks, such as the requirement for
harsh reaction conditions, prolonged reaction times, low yields,
the use of hazardous and expensive catalysts, excessively acidic
environments and the formation of several byproducts. So the
improvement of easy, high-yielding and environmentally frie-
ndly techniques remains ideal and much in demand.

Keeping the importance of octahydroquinazolinone
derivatives, it was decided to synthesize octahydroquinazolinone
derivatives (4a-n) by one-pot three-component reaction of dime-
done, aromatic aldehyde and urea/thiourea using magnetically
recoverable and reusable spinel cobalt ferrite catalyst prepared
by oxalate precursor technique.

EXPERIMENTAL

Preparation of CoFe,O, ferrite catalyst: Nanospinel
cobalt ferrite was synthesized by the oxalate precursor method
[18]. Stoichiometric amount of corresponding cobalt sulphate
and ferrous sulphate dissolved in deionized water at 60 °C to
obtain clear solution. Saturated oxalic acid solution added with
continuous string till all metal sulphates converted in to metal
oxalates, then the precipitate digested for 0.5 h, washed with
deionized water till free from sulphates (tested with barium
chloride). The oxalate precursor precipitate filtered, dried at

CHO
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+ . L
H,N NH,
3
1 2
X=0orS

room temperature and finally calcinated at 600 °C for 4 h, to
obtain spinel cobalt ferrites.

Characterization: The structural parameters of calcinated
cobalt ferrite investigated by X-ray diffraction Phillips-3710
X-ray diffractometer employed with CuKorradiation (A = 1.5405
A) were used in the present study. Microstructure investigated
by JEOL-JSM-5600-N Scanning Electron Microscope. The
infrared spectra recorded at room temperature by Perkin-Elmer
infrared spectrophotometer in the range of 4000-400 cm™.
Magnetic measurements carried at room temperature using
the vibrating sample magnetometer.' H NMR spectra of
representative derivatives were recorded on Bruker-Avance III
HD NMR 500 MHz spectrometer.

Synthesis of octahydroquinazolinone derivatives: A
mixture of dimedone (1) (10 mmol), aromatic aldehydes (2)
(10 mmol) and urea/thiourea (3) (15 mmol) dissolved in solvent
(15 mL ethanol + 10 mL distilled water) in round bottom flask
followed by the addition of prepared cobalt ferrite catalysts
(CoFe;0q, 15 mol%)and the reaction mixture was then heated
underneath reflux. The reaction monitored by the TLC, [solvent
system ethyl acetate:n-hexane (3:7)] (Scheme-I).

The catalyst was removed by firmly attaching it to the
bottom of the flask using a strong magnet. Subsequently, the
reaction mixture was extracted and allowed to cool down to
the ambient temperature and finally filtered. The residue of octa-
hydroquinazolinone derivatives 4a-n was then washed thoro-
ughly with aqueous ethanol and dried. The product obtained
first purified by using recrystallization followed by column
chromatography.

4-Phenyl-7,7-dimethyl-4,6,7,8-tetrahydro-1H,3H-quin-
azolin-2,5-dione (4a): m.p. 290 °C, 'H NMR: (500 MHz,
DMSO-ds) 6 ppm: 0.98 (s, 3H, CMe); 1.10 (s, 3H, CMe); 2.22
(q, 2H, CHy); 2.39 (q, 2H, CH>); 5.48 (d,1H, CH); 7.25 (m,
5H, Ar); 7.45 (s, 1H, NH); 10.38 (s, 1H, NH).

4-(4-Dimethylamino-phenyl)-7,7-dimethyl-4,6,7,8-tetra-
hydro-1H,3H-quinazolin-2,5-dione (4b): m.p.. 238 °C, 'H
NMR: (500 MHz, DMSO-ds) 6 ppm: 0.98 (s, 3H, CMe); 1.11
(s,3H, CMe); 2.18 (q, 2H, CH>); 2.36 (q, 2H, CH»); 2.52 (s, 6H,
NMe.), 5.32 (d, 1H, CH); 7.36 (m, 4H, Ar); 7.85 (s, 1H, NH);
10.24 (s, 1H, NH).

4-(4-Chloro-phenyl)-7,7-dimethyl-4,6,7,8-tetrahydro-
1H 3H-quinazolin-2,5-dione (4f): m.p. 260 °C; 'H NMR: (500
MHz, DMSO-ds) 6 ppm: 0.99 (s, 3H, CMe); 1.09 (s, 3H, CMe);

15 mL Ethanol + 10 mL H,O
Reflux

>
15 mol % CoFe,0y4 catalyst

4a-n

Scheme-I: Synthesis of octahydroquinazolinone derivatives (4a-n) from dimedone (1), aromatic aldehyde (2) and urea/thiourea (3) using

cobalt ferrite catalyst
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1.65 (q, 2H, CH,); 2.3 (q, 2H, CH,); 5.5 (d, 1H, CH); 6.9 (m,
4H, Ar); 7. 4 (s, 1H, NH); 11.5 (s, 1H, NH).

4-(4-Methoxyphenyl)-7,7-dimethyl-4,6,7,8-tetrahydro-
1H,3H-quinazolin-2,5-dione (4g): m.p. 240 °C; "H NMR (500
MHz, DMSO-d;) 6 ppm: 0.97 (s, 3H, CMe); 1.10 (s, 3H, CMe);
1.18 (q, 2H, CH,); 2.84 (s, 2H, CH,); 3.88 (s, 3H, OCH3), 5.32
(d, 1H, CH); 6.8 (m, 4H, Ar); 9.32 (s, IH, NH); 11.24 (s, 1H,
NH).

4-(4-Nitrophenyl)-7,7-dimethyl-2-thioxo-4,6,7,8-tetra-
hydro-1H,3H-quinazolin-5-one (41): m.p. 212 °C; 'H NMR:
(500 MHz, DMSO-ds) & ppm: 0.99 (s, 3H, CMe); 1.09 (s, 3H,
CMe); 2.2 (s, 1H, NH); 2.3 (m, 2H, CH>); 2.3 (m, 2H, CH,);
5.5(d, 1H, CH); 7.3 (m, 4H, Ar); 8.4 (s, IH,NH); 11.8 (d, 1H,
NH).

4-(4-Methoxyphenyl)-7,7-dimethyl-2-thioxo-4,6,7,8-
tetrahydro-1H,3H-quinazolin-5-one (4n): m.p. 282 °C; 'H
NMR (500 MHz, DMSO-ds) & ppm: 0.98 (s, 3H, CMe); 1.12
(s, 3H, CMe); 2.24(q, 2H, CH,); 3.14 (s, 2H, CH,); 3.85 (s,
3H, OCHs;), 5.22 (d, 1H, CH); 6.12 (m, 4H, Ar); 9.42 (s, 1H,
NH); 11.14 (s, 1H, NH).

RESULTS AND DISCUSSION

FTIR and thermal analysis of oxalate precursor: The
FTIR spectrum of synthesized oxalate precursor [CoFe,(C,0.);
-2H,0] was analyzed in the range of 4000-400 cm™ (Fig. 1).
The two peaks at 3404 cm™ and 3343 cm™ assigned to OH,
symmetric stretch and OH, asymmetric stretching, respectively.
The strong single peak at 1640 cm™ is related to the >C=0
stretching vibration. The two proximate peaks at 1373 and 1320
cm™ are related to the C—O symmetric and asymmetric vibra-
tions, respectively. The peak at 821 cm™ is due to the O-C-O
vibration. Another two IR peaks at 494 and 532 cm™ are from
the Fe—O stretching and Co—-O stretching, respectively.
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Fig. 1. IR spectrum of oxalate precursor [CoFe,(C,04);-2H,0]

Fig. 2 represents the thermal profiles (TGA/DTA) of
oxalates precursor. It is observed that the oxalate precursor
decomposed thermally in several steps. First decomposition
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Fig. 2. TGA/DTA plot of oxalate precursor [CoFe,(C,04)::2H,0]

step obtained at around 95.32 and 185.46 °C, due to the dehy-
dration of oxalates precursor. The second step decomposition,
in which anhydrous oxalate can be converted into metal oxide
and gases (CO, and CO) from 243.56 to 471.76 °C, which
finally results into formation of cobalt ferrite nanoparticles.

Structural analysis of CoFeQ;, spinel ferrite catalyst:
FTIR of calcinated cobalt ferrite was obtained in the range of
800-400 cm™ at room temperature (Fig. 3). Two foremost IR
absorption bands determined, band v, at 591 cm™ is allocated
to the tetrahedral A-site, even as the decrease wave range v, at
425 cm™ is allocated to the octahedral B-site. Within the cobalt
ferrite pattern, the excessive wave quantity v, signifies the
vibration of Fe**—~O> inside the sub-lattice site A, whilst the
band v, signifies the Fe**/Co** metal-oxygen vibrations at the
B-sites. The change in v, and v, band locations is anticipated
due to the change within the Fe**~O? distances for the A- and
B-sites [19].
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Fig. 3. IR spectrum of CoFe,O, catalyst

The XRD pattern of the calcinated cobalt ferrite sample
at 600 °C is presented in Fig. 4. All the XRD peaks are charac-
teristic of cubic spinel CoFe,O4 (JCPDS card#79-1744) and
no secondary peaks related to impurity phases observed in the
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Fig. 4. XRD patterns of calcinated CoFe,O, catalyst

XRD patterns [19]. The observed XRD diffraction peaks were
assigned to (220), (311), (222), (400), (422), (333) and (400)
planes of cobalt spinel ferrite. The average crystallite size from
the most intense (3 1 1) peak were calculated using XRD data
and Debye-Scherrer formula [20], which is found to 26.599
nm.

The Lattice parameter ‘a’ was calculated by using XRD
data the equation discussed elsewhere [20], 4 = d\/ﬁ , where,
‘a’ is lattice parameter, ‘d’ is the inter planer spacing and

\/_ =,/(h? +k* +1?) . The calculated value of lattice parameter

of cobalt ferrite is A = 8.365 A, shows that the sample is to be
cubic spinel structure.

As it can be observed from the SEM and TEM micrographs
(Fig. 5), calcinated CoFe,O4 nanoparticles synthesized by the
oxalate precursor technique show a uniform structure with fine
particle size distribution. Agglomerated spherical CoFe,O,
particles were also seen in the SEM and TEM images.

The magnetic properties of calcinated spinal cobalt ferrite
particles were assessed at room temperature using a vibrating
sample magnetometer (VSM). Hysteresis loop of calcinated

SPRU-JEOL

cobalt ferrite is shown in Fig. 6. The saturation magnetization
(M) at room temperature was found to be 55.83 emu/g and
remanent magnetization (M;) become 17.95 emu/g and co-
ercivity (H.) turned into 695.92 O.. The saturation magnetization
(M) value of CoFe,O4 nanoparticles was found to be 55.83
emu/g, which is comparatively lower than the reported value
for the bulk samples (80 emu/g). This discrepancy might be
attributed to the superparamagnetic characteristics shown by
the magnetic nanoparticles.
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Fig. 6. Hysteresis loop of calcinated CoFe,O, catalyst

Optimum conditions for the synthesis of octahydro-
quinazolinone derivatives: To begin with the quantity of
cobalt ferrite (catalyst load) became optimized for model
reaction for compound 4a, the use of benzaldehyde and urea.
The catalyst was introduced in different quantities of 0, 5, 10,
15, and 20 mol%. The results suggest that there is a positive
correlation between the concentration of catalyst, ranging from
0 mol% to 15 mol%, and the yield of the process. In the absence
of catalyst (0 mol%) in model reaction 4a, the highest yield of
27% was obtained after a reaction time of 290 min (Table-1).

Fig. 5. SEM and TEM micrographs of calcinated CoFe,O4 catalyst
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TABLE-1
OPTIMIZATION OF REACTION CONDITIONS AND CATALYST
LOAD (mol%) OF CoFe,O, NANOPARTICLES FOR THE
SYNTHESIS OF OCTAHYDROQUINAZOLINONE (4a)

Catalyst loading

Entry (mol%) Time (min) Yield® (%)
1 0 215 27:00
2 05 55 89.65
3 10 50 95.45
4 15 40 98.02
5 20 45 93.50

“Hereinafter, isolated yield of pure product.

To evaluate the generality of this method, five different
aromatic aldehydes with urea/thiourea have been used under
the optimized conditions to acquire substituted octahydroquina-
zolinones (4a-n) (Scheme-I). As tabulated in Table-2, the reaction
of aromatic aldehydes having electron-withdrawing substituents
reacted thoroughly at faster rate compared with aromatics alde-
hydes substituted with electron releasing groups to offer octa-
hydroquinazolinone.

Reusability studies: Catalyst reusability is of fundamental
difficulty in heterogeneous catalysis. The restoration and

reusability of the catalyst changed into investigated on this
reaction for model reaction (4a). The catalyst was eliminated
by setting the catalyst magnetically at the bottom of the flask
with a magnet and then the reaction mixture collected and
cooled to room temperature. The eliminated catalyst washed
thoroughly with acetone and can be recycled for another run.
The catalyst can be used for five consecutive times without
any considerable lack of its catalytic performance (Cycle
number and yield of 4a: 1- 98.02%; 2- 97.56%; 3- 95.60%: 4-
94.20%; 5- 94.75%). Since the catalyst possesses the magnetic
properties, enabling them to be easily and effectively separated
using an external magnet at room temperature. This character-
istic provides a significant advantage for heterogeneous catalysts.

Conclusion

In this work, a non-toxic, low-cost, easily magnetically
recoverable and green catalyst spinel cobalt ferrite nanoparticles
were efficiently synthesized by oxalate precursor method. The
XRD patterns and IR spectrum confirmed the formation of
single phase cubic spinel cobalt ferrite. A very fine spherical
CoFe,0y particles with some quantity of aggregation was observed
within the SEM and TEM images. Octahydroquinazolinone

TABLE-2
SYNTHESIS OF OCTAHYDROQUINAZOLINONE DERIVATIVES USING CoFe,0, NANOPARTICLES (4a-n)
Entry Aromatic aldehyde Product Time (min) Yield® (%) m.p. (°C)
CHO
1 40 98.02 290
CHO
2 50 96.63 238
N
He”  NcH,
CHO
OH
3 45 95.92 256
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45 98.45 290
45 97.90 258
45 98.7 264
45 98.41 212

55 96.40 230
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OCH;

(4n)

OCH,

45 98.28 282

NH

N
H

A

‘Hereinafter, isolated yield of pure product

derivatives (4a-n) were efficiently synthesized using CoFe,O4
magnetic nanoparticles as heterogeneous catalyst with good
yields and in short time.
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