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ARTICLE INFO ABSTRACT

Keywords: Nanotechnology offers the synthesis of nanoparticles (NPs) with diverse applications in several fields. However,
Green nanotechnology physical and chemical methods were required tedious reaction conditions to attempt the goal, and it is not
MgO NPs

ecofriendly. Therefore, the green method for nanomaterial synthesis was adapted and successfully used to
synthesize nanomaterial using plant extract to overcome these limitations. Herein, we demonstrate a facile,
efficient, inexpensive, and green approach for the production of magnesium oxide nanoparticles (MgO NPs)
employing Ajwain (Trachyspermum ammi) leaf extract, the phytochemicals such as polyphenols and flavonoids
present in an extract made possible bio-reduction of Mg(NOs),. The eco-friendly synthesized MgO NPs were
explored by diverse techniques like UV-DRS, FTIR, XRD, PL, BET, BJH, SEM, EDX, and CO»-TPD. The peak at
284 nm in UV-DRS confirms the formation of MgO NPs with a band gap of 3.9 eV, whereas the surface area was
found to be 12.411 m2/g by BET techniques. Furthermore, the morphology of as-synthesized MgO NPs was
confirmed with SEM analysis. The fully characterized MgO NPs were explored as reusable catalysts for Claisen-
Schmidt and Knoevenagel reactions and screened for biological activities.

Heterogeneous catalyst
Claisen-Schmidt reaction
Knoevenagel reaction
Biological applications

1. Introduction methods that conquer the shortcomings of these chemical and physical

methods [5-9]. As evaluated with physical and chemical methods, the

Nanotechnology is one of the treasured and superb disciplines that
serve the top-down and bottom-up approach, which contains physical,
chemical, and biological (plant, microorganisms, and biomaterials)
methods for synthesizing multifunctional nanomaterials [1-3]. Nano-
particles (NPs) are a multifaceted class of materials that include par-
ticulate materials having dimensions 1-100 nm [4]. Those mentioned
above physical and chemical techniques are initial time eating, which
utilizes excessive energy, the requirement of reducing agents. Also, they
are not eco-friendly, which makes them want to discover and innovate

biological methods for synthesizing NPs seem pleasant due to their
fascinating packages and fewer requirements. It is quick, nontoxic,
economical, energy-efficient, and follows the standards of principles of
green chemistry [10-16]. Plenty of research was done on synthesizing
metal oxide NPs supported by other materials like g-C3Ny4, which en-
hances nanomaterial’s photocatalytic and biological activity [17-24].
There are numerous reports on the eco-benign production of MgO
NPs, and the literature survey suggests that extract of diverse plants and
their different parts have been used for the phytogenic fabrication of

Abbreviations: BET, Brunauer-Emmett-Teller; BJH, Barrett-Joyner-Halenda; CO»-TPD, Carbon dioxide-temperature programmed desorption; EDX, En-
ergy dispersive X-ray spectroscopy; FTIR, Fourier-transform infrared spectroscopy; MgO-NPs, Magnesium oxide nanoparticles; NPs, Nanoparticles; PL,
Photoluminescence; SEM, Scanning electron microscopy; UV-DRS, Ultraviolet visible diffuse reflectance spectroscopy; XRD, X-ray diffraction.
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Scheme 2. Knoevenagel reaction of an aldehyde with malononitrile.

MgO NPs [25-37]. The MgO NPs possess excellent catalytic activities
and are utilized for numerous organic reactions, as evident by literature
[38-43]. The exploitation of MgO NPs as a catalyst for various organic
transformations is because of their non-toxic nature, high basicity, ready

availability, low cost, and reproducibility [38]. However, besides
numerous applications of MgO NPs as a catalyst for organic trans-
formations, the use of MgO NPs synthesized from the plant for organic
reactions is not explored to its capacity. Nonetheless, few reports on
using plant-mediated MgO NPs for organic reactions [44].

Ajwain (Trachyspermum ammi) of the family Apiaceae, is an essential
therapeutic, spice and aromatic plant. As displayed in Fig. 1, Trachy-
spermum ammi extract contains diverse active bio-compounds, namely
thymol, limonene, myrcene, 1’-(3-hydroxy-4,5-dimethoxy-phenyl)pro-
pane-2'-3'-diol, Luteolin-7-o-glucoside, and carvacrol [45,46]. Diverse
therapeutic uses were noted in the literature for this plant. Further,
Trachyspermum ammi is also used for pharmacological and biological
activities such as antidiarrhoeal, antifungal, insecticidal, antibacterial,



H. Dabhane et al.

124 (A =285 nm) ]

3.0x10 4

Eg=39eV.

2510

20x10" 4

(ahv)?

1.5x10"
1.0x10" 4

Photon Energy (v)

Intensity (a.u.)

I J Ll I Ll
400 500 600 700 800
Wavelength (nm)

T T
200 300

Fig. 2. (a) UV-DRS spectra of Green-MgO NPs (b) Band gap of Green-MgO NPs.

35
30 - —
L .g
S 289 - 18
<4 ©
s 20+ £ B
= o ©
g N Q
7] o N~
£ 154 bl ©
L d -~
= v'E -
10 4 g g
1 < 3
5+ 8 3
. 3 i
0 —r 77T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l)
Fig. 3. IR spectra of Green-MgO NPs.
10000 4 ——283.1 nm 565.5 nm
8000 -
G J
2 6000+
‘@
= L
<
E 40004
i L\ L
0

L) L) L) L) L) L) L)
250 300 350 400 450 500 550 600 650
Wavelength (nm)

Fig. 4. Photoluminescence spectra of Green-MgO NPs.
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antihypertensive, anthelmintic, antispasmodic, nematicidal, anti-
inflammatory, anti-lithiasis, anti-nociceptive, antiplatelet-aggregatory,
antifilarial, abortifacient, antitussive, enzyme modulation, anti-
hyperlipidemic, antioxidant, antiepileptic, and analgesic activity
[46,471].

Considering the catalytic potential of plant-mediated MgO NPs, here
we first report the green fabrication of MgO NPs employing leaves broth
of Ajwain (Trachyspermum Ammi) and their use as a catalyst for Claisen-
Schmidt and Knoevenagel reactions. The MgO NPs synthesized using the
developed protocol were found to show excellent catalytic activities and
could be reused up to five times without considerable loss in its catalytic
effectiveness for both reactions. In addition, the antimicrobial and
antioxidant potential of MgO NPs were also tested, which shows mod-
erate to considerable efficacies compared to standards.

2. Experimental
2.1. Chemical and reagents

All imperative chemicals and reagents of AR grade were purchased
from Sigma Aldrich, Mumbai, India, and utilized without additional
purification.

2.2. Preparation of Ajwain leaves extract

The fresh leaves of Ajwain (Trachyspermum ammi) were collected
from Sinnar Tehsil and doubly washed with distilled water (DW). The
10 g of fresh leaves were crushed into tiny pieces and blended into 100
ml of DW, stirred, and then heated at 80-95 °C for 30 min. The resulting
solution was filtered employing Whatman filter paper and further used
to synthesize of MgO NPs.

2.3. Green synthesis of MgO NPs

In a typical process, the freshly prepared extract of Ajwain (Trachy-
spermum ammi) leaves was heated at 60 °C, and the pH was kept basic by
the addition of 0.1 M NaOH. Next, the hot solution was added magne-
sium nitrate hexahydrate (1.48 g) slowly, and the resultant mixture was
further heated at 60 °C for 15-20 min. Later, the reaction mixture was
continuously stirred at 25 °C for 2 h. The solid particles were obtained,
washed several times with DW followed by alcohol, and finally collected
by centrifugation. The obtained solid was then dried in an oven at 70 °C
and finally calcinated in a muffle furnace at 300 °C and used for further
characterization and applications.

2.4. Characterizations of MgO NPs

The synthesized MgO NPs were explored using diverse spectroscopic
and microscopic techniques such as UV spectroscopy by JASCO V-770
spectrophotometer, XRD data was recorded using Model-D8 Advance-
Bruker, IR spectra were recorded using FT/IR-4600 type A, and PL
spectra using FP-8200 instrument. The topology of synthesized MgO was
analyzed by SEM using JSM-6380, and basicity was studied by CO2-TPD
by BELCAT II Version 0.5.1.10.

2.5. General procedure for the synthesis of chalcone by Claisen-Schmidt
reaction

The 9-Acetylanthracene 0.22 g (0.001 mol) and benzaldehyde 0.106
g (0.001 mol) were taken in a 50 ml round bottom (RB) flask, 10 ml of
50% ethanol was used as a solvent with 15 mg MgO NPs as a catalyst.
The reaction mixture was stirred in an oil bath at 80 °C for 1 hr. The
reaction progress was monitor by TLC method. After completing the
reaction, reaction mixture was poured into ice-cold water to separate the
product and catalyst (Scheme 1).
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Fig. 6. XRD profile of Green-MgO NPs.

2.6. General procedure for the synthesis of chalcone by Knoevenagel
reaction

The benzaldehyde 0.106 g (0.001 mol), malononitrile 0.132 g
(0.002 mol), and 15 mg of MgO nanocatalyst was taken in 50 ml RB
flask, 10 ml of 50% ethanol was used as a solvent, and the reaction
mixture was stirred at room temperature, within a fraction of minute
product was obtain. Then, the product was poured into ice-cold water
and collected after the filtration (Scheme 2).

2.7. Spectral data of synthesized compounds

This is furnished in the Electronic supplementary data file.

2.8. Antimicrobial activity of MgO NPs

2.8.1. Disk diffusion assay

The antimicrobial efficacy for Ajwain-mediated MgO NPs was per-
formed against four bacterial strains (B. megaterium, B. subtilis, S. typhi,
and E. coli) and four fungal pathogens (A. niger, P. chrysogenum, R.
oryzae, and C. albicans) respectively and compared with standard drugs.

This antimicrobial efficacy was conducted following protocol in Dab-
hane et al. [48].

2.8.2. Resagurin microtiter assay (REMA)

The minimum inhibitory concentration (MIC) was
employing the REMA plate assay protocol with few modifications [48].
The concentration ranges used 0.97-500 pg/ ml for MgO NPs and
standards. The MIC was examined using Fluconazole and Penicillin as
positive controls against fungal and bacterial pathogens.

assessed

2.9. Antioxidant activity of MgO NPs

The antioxidant performance of eco-benignly fabricated MgO NPs
was studied using Hydroxyl (OH) and DPPH radical assay. The detailed
protocol for the antioxidant study was reported in our previous study
[48].

3. Results and discussion
3.1. Structural and morphological study of MgO NPs

The Ajwain plant facilitated production of MgO NPs was affirmed by
UV-visible spectroscopy. The peak at 284 nm in Fig. 2a confirms the
formation of MgO NPs. Further, the band gap of eco-friendly synthesized
MgO NPs was obtained by intercept line graphically, as shown in Fig. 2b.
It was found to be 3.9 eV. Fig. 3 described the FT-IR spectrum of MgO
NPs, the broadband at 3465.46 cm ™! indicate the bending vibration of
surface hydroxyl group, resulting in either alcoholic or phenolic, mois-
ture adsorption stretching. In contrast, the peaks at 1639.2 cm ™
attributed to a C = C stretching in aromatic compounds and those at
1384.64 cm™! corresponds to carbonyl stretch in biomolecules present
in the plant extract. The stretching vibration appears at 872.63 crn_l,
and 838.88 cm ™Y, indicating the Mg-O bonds. The FTIR results confirm
the presence of the bio-molecules in leaf extract of Ajwain (Trachy-
spermum ammi), i.e. flavonoids (Luteolin-7-o-glucoside) and other bio-
molecules accountable for the capping and/or stabilization of MgO NPs
[49]. The plant-mediated MgO NPs were tested against fluorescence
studies and exhibited visible photoluminescence. The fluorescence
spectrum is shown in Fig. 4. The enhanced MgO NPs were found to emit
two emissions at 283.1 nm and 565.5 nm for excitation at 250 nm. The
band gap of biosynthesized MgO NPs was calculated using equation E =
hc/\, where ) is the highest wavelength taken in fluorescence spectra,
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Fig. 7. FE-SEM of Green-MgO NPs.

230]
0 Element | Weight % | Atomic %
207,

OK 60.64 70.07

184 Mg
MgK 39.36 29.93

161

138
115
92
69

46,

23 Am
e i sikatsbiont . el e b

00 17 34 51 68 85 102 119 136 153

Lsec:300  3Cnts 3670keV  Det: Octane Pro Det

Fig. 8. EDX of green synthesized MgO NPs.

and it was found to be 2.19 eV. The luminescence observed may be due NPs measured applying the multipoint BET equation and was found at

to the availability of phytochemicals or antioxidants in the plant extract. 12.411 m?/g. In addition, Fig. 5b presents the typical BJH desorption
The catalytic properties of catalysts depend on the surface area and pore sizes distribution curve of MgO NPs. The pour size obtained from
its porosity, large surface area, enhances the catalytic properties of MgO peak position was about 51.77 nm, and pore volume was found 0.1201

NPs. Fig. 5a represents the BET plot of MgO NPs, the surface area of MgO em®/g, specifying the moderately small pore size. The BET and BJH



H. Dabhane et al.

6000
5000 <
O
3 1 L 0
& 40004 @ @
> L 0
= 1 <
w
S 30004
2
=
— L
a
O 2000+
s
1000 <
<l
100 200 300 400 500 600 700
Temperature ("C)

Fig. 9. CO,-TPD plot of Green-MgO NPs.

curves conclude that most microspores have a size smaller than 51.77
nm.

Fig. 6 displays the XRD pattern of resulting MgO NPs. The XRD
profile of MgO NPs synthesized in this study shows six distinct diffrac-
tion peaks corresponding to (111), (200), (210), (220), (311), and
(222), which confirms hexagonal structure (JCPDS file: 00-004-0823).
The XRD pattern reveals that synthesized MgO NPs are polycrystalline,
and data were matched previous works [25-26]. In addition, the mean
size of MgO NPs was determined from XRD data, which was found to be
83.24 nm. The crystalline size of MgO NPs was ascertained according to
Scherrer’s equation (1).

K2

- pcosd M

Where, D = Crystalline size
K = 0.9 (Scherrer’s constant)
A = 0.15406 nm (wavelength of X-ray source)

Inorganic Chemistry Communications 138 (2022) 109270

f = FWHM (radians)

0 = Peak position (radians)

Fig. 7 shows representative SEM images that confirm the agglom-
eration of MgO NPs. The average particle size of MgO NPs revealed by
SEM analysis was 78.48 nm. Further, the EDX profile is additional in-
formation to affirm the production of MgO NPs. In Fig. 8, the peaks of O
and Mg elements in between 0.5 and 1.5 KeV suggest the presence of
MgO NPs. The elemental analysis reveals that the percentage of Mg and
O element in the material is 39.36 and 60.64 %, respectively.

The basicity of green synthesized MgO NPs using leaf extract of
Ajwain (Trachyspermum ammi) was studied by CO»-TPD technique. In
the beginning, the material was pre-treated with helium gas from 24 °C
to 400 °C for one hour to remove the absorbed moisture and impurities.
Then, this material was used for TPD analysis after cooling to room
temperature and saturation CO, at 50 °C. Finally, the TPD analysis was
carried out from 24 °C to 600 °C at a temperature range of 10 °C/min
employing helium as inert gas at a 20 cm®/min flow rate. As a result, the
amount of CO5 desorbed from MgO NPs was 420 umol/g and 586 umol/
g, which shows that MgO NPs are more basic in nature (Fig. 9) [50].

3.2. Plausible mechanism for green synthesis of MgO NPs

The MgO NPs were synthesized using leaf extract of Ajwain (Tra-
chyspermum Ammi). The phytochemicals study shows the presence of
flavonoids, alkaloids, carbohydrates, triterpenoids, tannins, steroids,
phenolic compounds, resins, coumarins, saponins, volatile oils, and
ascorbic acid as significant phytochemical groups [51]. The phytocon-
stituents present in leaves extract are accountable for the bio-reduction
of magnesium nitrate into MgO NPs (Fig. 10) [52]. In addition, different
characterization techniques confirmed the morphology and other
properties of MgO NPs.

3.3. Catalytic performance of MgO NPs

The fully characterized MgO NPs were explored as a nano-catalyst
for Claisen-Schmidt and Knoevenagel reactions.
The Claisen-Schmidt reaction of 9-acetylanthracene with various
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Fig. 10. Possible mechanistic scheme for the bio-reduction of Mg(NO3), by leaf extract of Ajwain.
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Table 1
Optimization of reaction conditions for the synthesis of chalcone from 9-
acetylanthracene®.

Entry Catalyst (mg) Temperature (°C) Time (Min.) Yield (%)"
Effect of catalyst loading®
1 5 80 60 49
2 10 80 60 68
3 15 80 60 95
4 20 80 60 95
5 25 80 60 95
Effect of time®
6 15 80 10 50
7 15 80 20 60
8 15 80 40 65
9 15 80 50 80
10 15 80 60 95
Effect of solvent
114 15 80 60 Trace
12¢ 15 80 60 70
13¢ 15 80 60 95
14 15 80 60 90
158 15 80 60 92

# Reaction conditions: 9-Acetylanthracene (1 mmol); Benzaldehyde (1 mmol);
Temperature (80 °C), Catalyst-MgO NPs , Solvent (10 ml).
b Isolated yield, °50% Ethanol, ‘Water, °25% Ethanol, 775% Ethanol, 8Etahnol.

aldehydes was tested to evaluate MgO NPs catalytic efficiency. Initially,
to obtain optimum parameters, the reaction between 9-acetylanthracene
and benzaldehyde was considered model reaction (Scheme-1) and the
effect of diverse factors like catalyst loading, time, and solvents were
screened (Table 1, entries 1-15).

At the outset, we investigated the effectiveness of catalyst loading.
The use of 5 mg of a catalyst provides a moderate yield of 3a (Table 1,
entry 1). By the increasing amount of catalyst loading from 5 mg to 15
mg, we observed an increased yield of 3a (Table 1, entry 2-3). However,
with a further increase in the amount of catalyst loading, no notable
change in the amount of product was observed (Table 1, entry 4-5). The
result shows that 15 mg of MgO NPs catalyst loading is required for the
title reaction. Then we carried out the effect of reaction time on reaction
outcome, which reveals that there is an increase in yield of expected
product (Table 1, entries 6-10). The reaction was found to be complete
in 60 min. The effect of solvent on the formation of the product was also
checked (Table 1, entries 11-15). A primarily polar solvent like water,
ethanol and their mixture were tested. The reaction yielded the product
smoothly using 50% ethanol as a solvent (Table 1, entry 13). Hence the
optimized reaction parameters were: MgO NPs catalyst (15 mg), solvent:
50% ethanol, temperature: 80 °C, and time: 60 min.

Then optimized reaction parameters were applied for the reaction of
9-acetylanthracene with diverse aldehydes obtaining good to excellent
yields of targeted products (Table 2, entries 1-7). Aromatic aldehyde
having various groups and aliphatic aldehyde were well tolerated to
provide products. The reaction of 9-acetylanthracene with 4-chloroben-
zaldehyde and 4-bromobenzaldehyde proceeded smoothly under opti-
mized reaction conditions providing 90 and 81% yield of expected
products, respectively (Table 2, entries 2 and 3). The reaction with 2-
methoxy benzaldehyde yielded 91% of the product (Table 2, entry 4).
Further, the system permits the reaction of sterically hindered aldehydes
(2e and 2f), providing excellent yields of anticipated products (Table 2,
entries 5-6). Encouraged by these results, 9-acetylanthracene was sub-
jected to react with an aliphatic aldehyde (valeraldehyde) which be-
stows clean product with 88% yield under optimized reaction conditions
(Table 2, entry 7).

The various results on the synthesis of MgO NPs and their results

Inorganic Chemistry Communications 138 (2022) 109270

were discussed in Table 3. Prabhakar et al. reported the Claisen-Schmidt
condensation of 9-acetylanthracene and substituted aromatic aldehyde
using NaOH as a catalyst in methanol as a solvent. The given reaction
condition required 24 h for completion at room temperature, giving an
86% yield (benzaldehyde) [53]. In the current study, we first reported
the same reaction in 50% ethanol with green MgO NPs as a catalyst, and
the reaction took only 1 h with a high yield (95%). Patil et al. investi-
gated the synthesis of chalcone employing the same reaction in the
presence of solar radiation mediated MgO NPs at 140 °C for 4 h under
solvent-free conditions [39]. In comparison, Sutradhar et al. reported
the condensation reaction between aromatic aldehyde and ketone using
synthesized MgO NPs at solvent-free conditions for 4 h [40]. Both re-
ports performed the reaction in solvent-free conditions, but they
required a high temperature and longer time to complete, whereas our
green route efficiently synthesized MgO NPs in a reaction at 80 °Cin 1 h,
demonstrating the high basicity of green MgO NPs.

Inspired by the catalytic efficacy of synthesized MgO NPs, we
decided to extend its application as a heterogeneous based catalyst for
the Knoevenagel reaction of various aldehydes with malononitrile
(Scheme 2).

To get the optimum reaction parameters, the reaction between
benzaldehyde and malononitrile was chosen as a model reaction, and
the influence of diverse parameters such as catalyst loading, tempera-
ture, time, and the solvent was tested (Table 4, entries 1-10). Initially,
the reaction of malononitrile and benzaldehyde was carried out in the
absence of catalyst, which provided traces of product that indicated
requisites of the catalyst for the reaction (Table 4, entry 1). The title
reaction in the presence of MgO NPs provided the product with excellent
yields. To determine the optimum amount of catalyst required to get
desired product, reactions were carried out with variable catalyst
amounts (5-25 mg) (Table 4, entries 2-6). The reaction with 15 mg
catalyst loading was found to be optimum.

Later, the reaction was carried out in water, ethanol, and water-
—ethanol mixtures (Table 4, entries 7-10). The water was used as a
solvent, and the reaction was found to proceed slowly, providing 77 %
product in 10 min. However, in ethanol, it gave 90 % product in one
minute. Finally, the reaction was found to work smoothly in a 50%
water—ethanol mixture providing desired product in just one minute at
room temperature. Thus, the optimum reaction parameters for Knoe-
venagel reaction are benzaldehyde (1 mmol), malononitrile (1.2 mmol),
MgO NPs (15 mg), Solvent (50 % ethanol), room temperature, and time
(1 min).

To study the advancement and scope of the present protocol,
different types of aldehydes containing electron-donating and with-
drawing groups were reacted with the active methylene compound
(malononitrile) and gave well to excellent yields of the desired product
(Table 5). The reaction of malononitrile with aromatic aldehyde bearing
-OH, —Cl, -Br, -OMe group was found to yield a significant amount of
product (Table 5, entries 2-6). The reaction of vanillin with malononi-
trile gave the product excellent yield and purity (Table 5, entry 7). The
reaction of malononitrile with 2-nitro benzaldehyde also offers product
smoothly (Table 5, entry 8). The reaction with cinnamaldehyde and
valeraldehyde gives a product with moderate yields under optimized
reaction conditions (Table 5, entries 9-10). Finally, the reaction with
sterically hindered 2, 3, 4-trimethoxybenzaldehyde provides a product
with a good yield (Table 5, entry 11).

The comparative study is shown in Table 6. Roy and co-workers
reported the catalytic performance of synthesized nano-crystalline
MgO towards Knoevenagel and Claisen-Schmidt condensation re-
actions. In the given report, Knoevenagel condensation was carried out
with aromatic aldehyde and active methylene group with 0.025 g of
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Table 2
Claisen-Schmidt reaction of 9-Acetylanthracene with various aldehydes.™
Entry Aldehyde Product (Chalcone) Yield Physical constant (°C)
(% )b
1 (o] 95 186[53]
(j)k ) ° \
2a
3a
2 (0] Cl 920 156(53]
d H o} N
Cl
2b
3b
3 O Br 81 168(53]
)@AKH NS
Br
2g
3g
4 O 91 102(53]
& H O b
OMe OMe
2f
3f
5 (0] OH 87
H (0]
N OMe
143
HO
OMe
2e
3e
6 (0] OMe 91 152
H (0]
N OMe
MeO OMe OMe
OMe
2d
3d
7 \/\/L )
O 138

2¢

t

3c

# Reaction condition: 9-acetylanthracene (1 mmol), aldehyde 2a-g (1 mmol), MgO NPs (15 mg), temperature (80 °C), 50% ethanol (10 ml), time (60 min).
b Yields of isolated product.
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Table 3
Comparative study of Claisen-Schmidt reaction with previous report.
Entry Mg Reducing/ Stabilizing/ Method Morphology and Size Surface Reaction Condition % Ref.
Precursor Capping agent (nm) Area Yield
(m*/g)
1 Mg(OAc), 1,4-butannediol Green Method Spherical (5-20) - Solvent Free, 98 [39]
140 °C, 4 h.
2 Mg(NO3), (NH,4)»CO3 Hydrothermal & Different Morphology 28-115 Solvent Free, 57-99 [40]
Solvothermal Method (6-9) 140 °C, 5 h.
3 Mg(OAc), Ammonium carbonate Precipitation Method Nanoflask - 150 °C, 30 min 99 [42]
4 Mg(NO3)2 Ajwain plant extract Green Method Spherical 51.77 50% ethanol, RT, 81-95 Present
60 min Work

Table 4
Effect of reaction parameters on the Knoevenagel reaction are benzaldehyde and
malononitrile”.

Entry MgO NPs (mg) Temperature (°C) Time (Min.) Yield (%)h
Effect of catalyst loading®
1 - 25 30 Trace
2 5 25 5 64
3 10 25 5 80
4 15 25 1 98
5 20 25 1 98
6 25 25 1 98
Effect of solvent
74 15 70 10 77
8¢ 15 25 1 90
of 15 25 1 93
108 15 25 1 90

@ Reaction conditions: Benzaldehyde (1 mmol); malononitrile (1.2 mmol).
b Isolated yield, “50% Ethanol, “Water, °25% Ethanol, 775% Ethanol, 8Ethanol.

nano-crystalline MgO catalyst at solvent-free condition which requiring
25-90 min for completion (yield 84% —98%) [19]. In the present work,
we reported the same reaction with an equal amount of catalyst (0.025 g
MgO NPs) in 50% ethanol. The reaction is completed in just 1 min and
yields higher.

3.4. Recyclability study of MgO NPs

The reusability of the synthesized catalyst was also investigated for
Claisen-Schmidt and Knoevenagel reactions. After completion of the
reaction, the reaction mixture was filtered, the catalyst was washed with
DW followed by alcohol and kept at 300 °C in a furnace for 2 h for
activation before the next reaction cycle. The MgO NPs were found to
maintain their high effectiveness and selectivity for five consecutive
cycles for both reactions (Fig. 11). In addition, there was no considerable
loss in yield during the five tested cycles. Thus, the catalyst was suc-
cessfully recycled, and the reusability protocol was tested up to five
times with consistent results.

3.5. Antibacterial efficacy

The bactericidal study of as-prepared MgO NPs was investigated
using a well diffusion protocol against gram-positive and negative bac-
terial strains. The MgO NPs show potent efficacy against gram-positive
and negative bacterial strains such as B. megaterium and E. Coli when
compared with positive control Penicillin (Table 7, entries 2 and 3).
Although the small size and morphology of green MgO NPs may explain
their antibacterial effectiveness. The MIC study also discloses the

considerable antibacterial efficacy, especially against B. megaterium
and E. Coli. Also, the MIC study displays that 125 pg/ml dose of green
MgO NPs is sufficient to inhibit the growth of bacterial strains (Table 7,
entry 5, and 7).

3.6. Antifungal activity

The antifungal effects of synthesized MgO NPs were tested against
fungal strain, and the potent antifungal activity was observed against
A. niger and P. chrysogenum fungal strains (Table 8, entries 1 and 3).
Furthermore, the MIC study displays that 250 ug/ml dose of synthesized
MgO NPs is sufficient to inhibit the growth of fungal strains (Table 8,
entries 5 and 7).

3.7. Antioxidant activity

The antioxidant assay of synthesized MgO NPs is presented in
Table 9. In addition, the DPPH radical scavenging performance and OH
radical scavenging efficacy were promising compared with standard
(ascorbic acid).

4. Conclusion

In summary, we have developed a sustainable protocol for the
fabrication of MgO NPs using Ajwain (Trachyspermum ammi) leaf
extract. These Ajwain leaf extract mediated MgO NPs were explored
using UV-DRS, FT-IR, PL, BET, XRD, SEM, and CO,-TPD analysis. The
resulting characterization techniques proved the existence of MgO NPs
in the nano range and their basic character, which is suitable for organic
transformation. Therefore, synthesized MgO NPs via the phytogenic
method was explored as catalysts for Claisen-Schmidt and Knoevenagel
reactions. The reactions were optimized concerning various parameters
and achieved many products with good to excellent yields. In addition,
the catalytic reusability of MgO NPs was also examined and was effec-
tively recyclable for five consecutive cycles without any considerable
loss in catalytic performances. Therefore, we conclude that the MgO NPs
is the efficient catalyst for organic transformations. Moreover, the MgO
NPs were screened for their antimicrobial and antioxidant activities,
which showed considerable efficacy compared with standards.
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Table 5
Knoevenagel reaction of diverse aldehydes with malononitrile.
O
CN
X H XY
| MgO NPs A
R + CHy(CN); ——= R
Z 50% ethanol Z
RT
4a-4k 5a 6a-6k
Entry Aldehyde Product Yield Physical constant (°C)
%)°
1 (0] CN 98 81[54]
X
H CN
6a
4a
2 (0] CN 86 187(55]
X
H CN
HO
HO 6b
4b
3 (o] CN 70 162[54]
X
H CN
Cl
cl 6c¢
4c
4 O CN 71 157([55]
X
H CN
Br
Br 6d
4d
5 (o] CN 89 165(55]
X
H CN
OH
OH be
4e
6 (0] CN 93 85[54]
X
H CN
OMe
OMe be
4e
7 (0] MeO CN 98
X
MeO
H eN 158
HO
HO 6e
4e
8 (0] CN 92 137(55]
X
H CN
NO, 6f
4f
9 AN \ A CN 83 128[54]
CN
H O
4i 6i
10 78

10
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(0]
CN
X H ST
MgO NPs A
+ CHy(CN), —— R7
> 50% ethanol CN
RT
4a-4k 5a 6a-6k
Entry Aldehyde Product Yield Physical constant (°C)
(% )b
103
AN CN
X0 \/\/\(
4j CN
6j
11 O CN 920
X
167
CN
MeO OMe
MeO OMe OMe
OMe 6k
4k
@ Reaction conditions: Aldehyde (4a-4 k) (1 mmol); malononitrile (1.2 mmol), 50 % ethanol (10 ml), time (1 min), temperature (25 °C).
b Isolated yield.
Table 6
Comparative study of Knoevenagel reaction with previous reports.
Entry Mg Reducing/ Stabilizing/ Method Morphology and Surface Area Reaction Condition % Ref.
Precursor Capping agent Size Yield
1 Mg(OAc), Ammonium Carbonate Precipitation Method Nanoflask - Ethanol, 150 °C, 30 min 99 [42]
2 Mg(NO)3 NaOH Precipitation Method Spherical, 6.04 — 43.93 - Emulsion phase, 30 °C, 10-87 [43]
12.83 116.67 30 min
3 Mg(NO3)> NH,CH;COOH Solution Combustion Nano-MgO - Solvent Free 95 [55]
Method 30 min.
4 Mg(NO3)» Ajwain plant extract Green Method Spherical 51.77 50% ethanol, RT, 1 71-98 Present
min Work
ey
Catalyst reusability study
100
98 98
98
97
96
95 95 95
- 94
94
) 93
-
e
S 92
91
90
92
88 \ ‘
86
3 4 5

H Knoevenagel Reaction Yield (%)

Cycle
i Claisen-Schmidt Reaction Yield (%)
Fig. 11. Catalyst reusability study of MgO NPs.
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