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Abstract

A green protocol with high productivity for synthesizing hydrazone derivatives through condensation
method between aromatic hydrazines and aldehydes and ketones is described. In this procedure, we used
magnesium oxide nanoparticles as a green catalyst to access hydrazones under solvent-free and
ultrasonic conditions. The present strategy provided essential improvements for the synthesis of
hydrazones including clean reaction, non-acidic and solvent-free conditions. The MgO nanoparticle has
acid-base bifunctional sites, which make it an appropriate candidate for the preparation of synthetically
valuable hydrazone derivatives, and all desired compounds were synthesized with high yields under mild
conditions.

1. INTRODUCTION

Hydrazones are of profound importance due to their wide applications in organic synthesis, chemical
industry, and biological systems [1]. Hydrazones represented a broad range of remarkable biological
activities, including anti-HIV, antimalarial, anti-inflammatory, antitumor, and antibiotic properties (Fig. 1)
[2]. They also can act as a drug carrier for site-specific delivery, particularly for anticancer and
antibacterial agents [3]. Moreover, this class of compounds are employed as a new strategy for direct
functionalization of hydrazones derived from aldehyde through radical addition to the C=N bond in
hydrazone [4]. Furthermore, hydrazones can be employes as ligands of metal complexes and covalent
organic frameworks [5], dyes [6], hole-transporting materials [7], and therapeutic agents [8]. In addition,
they have been extensively investigated in the context of supramolecular chemistry owing to their unique
structural properties, which enable them to apply as molecular switches, Metallo-assemblies, and sensors
[9]. The reversibility of hydrazone's bond formation is a useful feature in dynamic combinatorial
chemistry [10]. Among these interesting properties, they also are categorized as an important
intermediate in synthetic organic chemistry, including Fischer synthesis [11].

Given such significance, hydrazones received the high attention of the synthetic community in recent
years [12]. Many synthetic routes have demonstrated to achieve hydrazone compounds. Meanwhile, the
most straightforward route to synthesize hydrazone bond compounds is the coupling between
hydrazines and carbonyl group in aldehydes and ketones [9]. The readily obtained compounds usually
need a simple purification process due to the highly crystalline features of the product that crash out of
the reaction mixture. Some of the recently reported methods also include catalytic procedures suffering
from limitations, including excessive use of starting materials and solvents like Methanol. So, introducing
milder conditions to access hydrazones is highly demanded [13].

In recent decades, researchers have been interested in developing and designing new routes and
materials with eco-friendly properties [14]. To achieve this goal, nanoscience could be the solution. A
significant aspect of nanoscience is its ability to develop new routes for synthesizing various
nanoparticles (NPs) with different chemical compositions, sizes, shapes, and properties. Nanocatalysis is
a rapidly growing field that provides new nanomaterials with wide application, including homogeneous
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and heterogeneous catalytic systems. Meanwhile, magnesium oxide (MgO) NPs are known as an
important class of nanomaterials with great applications in organic synthesis which could be used as
both individual catalysts and catalysts support in various transformations [14].

Herein, we wish to report an efficient and convenient method for condensation of aryl hydrazines and
various aromatic aldehydes and ketones to get corresponding hydrazone derivatives. In this report, we
use magnesium oxide nanoparticles as a green catalyst to promote this transformation under solvent-
free and ultrasonic conditions.

2. MATERIALS AND METHOD

All applied chemicals and reagents in this report, were commercially available and purchased from
various companies such as Merck and Sigma-Aldrich. All the materials were applied without further
purifications. The standard procedures were performed to purify solvents before using them in the
reaction.

The analysis of scanning electron microscope (SEM) for the nanoparticle was performed on a FESEM
Hitachi S4160. The recorded IR spectra was achieved on a Nicolet FT-IR spectrophotometer and the
samples were prepared as KBr pellets. To record TH and 13C NMR spectra, d6-DMSO was used as the
proper solvent. The mentioned spectra were recorded on a Bruker DRX-400 spectrometer. X'PertPro
(Philips) instrument was used to record XRD patterns applying 1.54 A° wavelengths of the X-ray beam
which belongs to Cu anode material. Transmission electron microscopy (TEM) was achieved on a Jeol
JEM-2100UHR apparatus. The analysis was operated at 200 kV. Finally, melting points were measured
with a Yanagimoto micro melting point device. The reported data were recorded without further
correction. The reaction monitoring and clarifying purity of the substrates were performed by TLC on
silica-gel polygram SILG/UV 254 plates (from Merck Company).

3. EXPERIMENTAL
3.1. Catalyst preparation

In order to synthesize MgO nanoparticles, the reported procedure by Chan et al. [15] have been used with
modifications. In this method, the sol-gel process has been performed to achieve MgO nanoparticles. 14.2
g of magnesium acetate and 9 g of oxalic acid as gelation agent was dissolved in 20 mL Ethanol
separately. Then, the prepared solutions has been mixed, and the gel-magnesium resin has been achieved
at PH 5. This solution stirred for 12 h at ambient temperature. Then, to obtain the sol-gel powder, the
produced resin was dried by stirring the solution for 24 h at 100°C. The ultimate product was calcined at
500°C temperatures in air for 2 h to obtain the white powder of MgO.

3.2. The procedures for the synthesis of hydrazone
derivatives by MgO nanoparticles
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Condition A) A mixture of selected benzaldehyde (1.0 mmol) and phenylhydrazine (1.0 mmol) in the
presence of 0.02 g MgO nanoparticles was reacted at 80°C. The reaction progress was monitored by thin-
layer chromatography (TLC). After completion of the reaction, 10 ml of methanol was added to the
mixture, and the solid catalyst was filtered through silica. The filtrate was placed in the ice bath to
precipitate the product. Then the obtained crystals were separated through filter paper. The product was
recrystallized in boiled ethanol to have purified crystals.

Condition B) to a 50 ml RBF, a solution of phenylhydrazine (1.0 mmol), selected benzaldehyde (1.0
mmol), and 15 ml of Methanol was added and the solution was irradiated in the presence of 0.05 g MgO
nanoparticle for 90 minutes in a water bath of an ultrasonic cleaner at room temperature (to avoid
increasing the vapor pressure of methanol, the power of the bath was adjusted on 50 KHz). The reaction
progress was monitored by thin-layer chromatography (TLC). When the reaction was completed, the solid
catalyst was filtered through silica and seperated from the reaction mixture. Then, the same procedure
was performed to access pure products.

To obtain the following hydrazone derivatives the general procedure (A) was followed. The products were
characterized by spectroscopic and physical techniques and the obtained data are aligned with previous
reports [40-43].

Benzaldehyde phenylhydrazone (1a): Off-white solid (186mg, 95%). M.P¢,, (°C) :152-154°C, IR(KBr)/
v(em™): 3433.3 (NH), 3310 (C-H, aromatic), 1594.4 (N = C), 1489.01 (C = C, aromatic). "H NMR (400 MHz,
DMSO0-dg) 6 10.33 (s, TH), 7.85 (s, TH), 7.67-7.60 (m, 4H), 7.36-7.34 (m, 2H), 7.30-7.25 (m, TH), 7.20~
7.16 (m, 2H), 7.09-7.01 (m, 2H), 6.74 (t, J = 6.4 Hz, TH).

(3-chloro-benzaldehyde) phenylhydrazone (2a): Off-white solid (223mg, 97%). M.P,¢, (°C) :131-133°C,
IR(KBr)/v(cm™): 3395.25 (NH), 3321.54 (C-H, aromatic), 1603.87 (N = C), 1457.98 (C-H, aromatic), 733.18
(C-Cl). "TH NMR (400 MHz, DMS0-dg) 6 10.52 (s, TH, NH), 7.83 (s, TH, N = CH), 7.70 (s, TH, CH aromatic),
7.60 (d, J = 7.6 Hz, TH, CH aromatic), 7.40 (t, J = 7.8 Hz, 1TH, CH aromatic), 7.33 (d, J = 7.7Hz, 1H, CH
aromatic), 7.21-7.25 (m, 2H, CH aromatic), 7.09 (d, J = 7.9 Hz, 2H, CH aromatic), 6.77 (t, J = 7.7 Hz, 1H,
CH aromatic).

(4-chloro-benzaldehyde) phenylhydrazone (3a): Off-white solid (223mg, 97%). M.P,¢, (°C) :120-122°C,
IR(KBr)/v(cm™): 3429.25 (NH), 3311.10 (C-H, aromatic), 1598.87 (N = C), 1487.89 (C-H, aromatic), 749.02
(C-Cl). "TH NMR (400 MHz, DMSO-dg) & 10.44 (s, TH, NH), 7.84 (s, TH, N= CH), 7.67 (d, J = 8.3 Hz, 2H, CH
aromatic), 7.44 (d, J = 8.3 Hz, 2H, CH aromatic), 7.22 (t, J = 7.7 Hz, 2H, CH aromatic), 7.07 (d, J = 8.0 Hz,
2H, CH aromatic), 6.76 (t, J = 7.2 Hz, TH, CH aromatic).

(4-flouro-benzaldehyde) phenylhydrazone (4a): Off-white solid (199mg, 93%). M.P, (°C) :135-137°C,
IR(KBr)/v(cm™): 3433.3 (NH), 3311.10 (C-H, aromatic), 1600.11 (N = C), 1260.44 (C-F). "H NMR (400 MHz,
DMSO-dg) 6 10.33 (s, TH, NH), 7.86 (s, TH, N = CH), 7.69 (dd, J = 8.5, 5.4 Hz, 2H, CH aromatic), 7.29-7.13
(m, 4H, CH aromatic), 7.06 (d, J = 8.0 Hz, 2H, CH aromatic), 6.75 (t, J = 7.2 Hz, TH, CH aromatic).
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(2-nitro-benzaldehyde) phenylhydrazone (5a): Red solid (229mg, 95%). M.P, (°C) :115-117°C, IR(KBr)/
v(em™): 3462.97 (NH), 3296.71 (C-H, aromatic), 1600.74 (N = C), 1492.17, 1334.48 (N-0). "H NMR (400
MHz, DMSO-dg) 6 10.89 (s, TH, NH), 8.25 (s, TH, N = CH), 8.16 (d, J = 8.0 Hz, TH, CH aromatic), 7.97 (d, J =
8.1 Hz, 1H, CH aromatic), 7.71 (t, J = 7.8 Hz, 1H, CH aromatic), 7.49 (t, J = 7.7 Hz, 1H, CH aromatic), 7.24-
7.28 (m, 2H, CH aromatic), 7.10 (d, J = 7.9 Hz, 2H, CH aromatic), 6.82 (t, J = 7.3 Hz, TH, CH aromatic).

(3-nitro-benzaldehyde) phenylhydrazone (6a): Orange solid (229mg, 95%). M.P¢, (°C) :117-119°C,
IR(KBr)/v(cm™): 3410.59 (NH), 3321.99 (C-H, aromatic), 1589.56 (N = C), 1523.50, 1345.20 (N-0). "H NMR
(400 MHz, DMSO-dg) 6 10.69 (s, TH), 8.43 (s, TH), 8.08 (m, 2H), 7.95 (s, TH), 7.65 (m, TH), 7.29-7.15 (m,
2H), 7.11 (d, J = 7.8 Hz, 2H), 6.78 (m, TH).

(3-hydroxy-benzaldehyde) phenylhydrazone (7a): Off-white solid (191mg, 90%). M.P, (°C) :143-145°C,
IR(KBr)/v(cm™): 3520.79 (NH, OH), 3308.93 (C-H, aromatic), 1595.26 (N = C), 1255.23 (C-0). "H NMR (400
MHz, DMSO-dg) 6 10.27 (s, TH, NH), 9.43 (s, TH, OH), 7.77 (s, TH, N = CH), 7.15-7.23 (m, 3H, CH aromatic),
7.12-6.98 (m, 4H, CH aromatic), 6.68-6.74 (m, 2H, CH aromatic).

(4-hydroxy-benzaldehyde) phenylhydrazone (8a): Brown solid (193mg, 91%). M.P, (°C) :169-171°C,

IR(KBr)/v(cm™): 3427.51 (NH, OH), 3297.24 (C-H, aromatic), 1599.32 (N = C), 1255.42 (C-0). "H NMR (400
MHz, DMSO-dg) 6 10.04 (s, TH, NH), 9.63 (br, TH, OH), 7.78 (s, TH, N= CH), 7.47 (d, J = 8.2 Hz, 2H, CH
aromatic), 7.19 (t, J = 7.7 Hz, 2H, CH aromatic), 7.01 (d, J = 7.9 Hz, 2H, CH aromatic), 6.78 (d, J = 8.2 Hz,
2H, CH aromatic), 6.70 (t, J = 7.2 Hz, TH, CH aromatic).

(2/4-dihydroxy-benzaldehyde) phenylhydrazone (9a): Off-white solid (189mg, 83%). M.P,o, (°C) :165-
167°C, IR(KBr)/v(cm™): 3378.21 (NH, OH), 3318.39 (C-H, aromatic), 1631.59 (N = C), 1601.20 (C-H)
1256.15 (C-0). "TH NMR (400 MHz, DMSO-dg) 6 10.74 (s, TH, NH), 10.12 (s, TH, OH), 9.67 (s, TH, OH), 8.04
(s, TH,N=CH), 7.28 (d, J = 8.7 Hz, TH, CH aromatic), 7.22 (t, J = 7.7 Hz, 2H, CH aromatic), 6.90 (d, J= 7.9
Hz, 2H, CH aromatic), 6.73 (s, 1H, CH aromatic), 6.32 (d, J = 70.3 Hz, 2H, CH aromatic).

Benzophenone-N-phenylhydrazone (10a): Off-white solid (242mg, 89%). M.P¢, (°C) :134-136°C, IR(KBr)/

v(cm™): 3321.87 (NH), 3051.88 (C-H, aromatic), 1594.24 (N = C), 1492.18 (C = C, aromatic). "H NMR (400
MHz, DMSO-dg) & 8.83 (s, TH), 7.57 (m, 3H), 7.44 (m, 2H), 7.31 (m, 5H), 7.20 (m, 4H), 6.75 (m, TH).

2-chloro-benzaldehyde (4-nitro-phenylhydrazone) (11a): Orange solid (264mg, 96%). M.P,, (°C) :245-
247°C, IR(KBr)/v(cm™): 3433.20 (NH), 3270.36 (C-H, aromatic), 1592.18 (N = C), 1465.34, 1303.19 (N-0),
1105.23 (C-Cl). "H NMR (400 MHz, DMSO0-dg) 6 11.55 (s, TH), 8.38 (s, 1H), 8.15 (d, J = 8.9 Hz, 2H), 8.09-

8.00 (m, TH), 7.50 (dd, J = 7.3, 2.4 Hz, TH), 7.43-7.35 (m, 2H), 7.19 (d, J = 8.6 Hz, 2H). '3C NMR (100 MHz,
DMSO- d) & 150.7, 139.4, 137.8,132.7, 132.3, 131.0, 130.4, 128.0, 126.9, 126.6, 112.1.

3-chloro-benzaldehyde (4-nitro-phenylhydrazone) (12a): Orange solid (261mg, 95%). M.P, (°C) :218-
220°C, IR(KBr)/v(cm™): 3347.89 (NH), 3251.37 (C-H, aromatic), 1591.95 (N = C), 1474.85, 1300.30 (N-0),
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1108.02 (C-CI). "TH NMR (400 MHz, DMSO-dg) & 11.42 (s, TH), 8.13 (m, 2H), 8.01 (s, TH), 7.80 (s, TH), 7.68
(m, TH), 7.42 (m, 2H), 7.19 (m, 2H). '3C NMR (100 MHz, DMSO- d,) & 150.8, 140.4, 139.2, 137.5, 134.1,
131.1,129.2, 126.6, 126.1, 125.6, 112.0.

4-fluoro-benzaldehyde (4-nitro-phenylhydrazone) (13a): Orange solid (246mg, 95%). M.Pq, (°C) :215-
217°C, IR(KBr)/v(cm™): 3376.49 (NH), 3277.71 (C-H, aromatic), 1603.78 (N = C), 1495.73, 1316.15 (N-0),
1106.68 (C-F). "H NMR (400 MHz, DMSO-d¢) 6 11.30 (s, TH, NH), 8.14 (d, J = 8.9 Hz, 2H, CH aromatic),
8.05 (s, TH, CH aromatic), 7.85-7.74 (m, 3H, CH aromatic), 7.28 (t, J =8.5 Hz, 2H, CH aromatic), 7.23-
7.11 (m, 2H, CH aromatic). 13C NMR (100 MHz, DMSO0-dg) 6 163.1 (d, J=246.8 Hz), 151.1, 141.2, 138.9,
131.8 (d, J=3.0 Hz), 129 (d, J= 8.4 Hz), 126.6, 116.3 (d, J=21.8 Hz), 111.7.

3-nitro-benzaldehyde (4-nitro-phenylhydrazone) (14a): Yellow solid (266mg, 93%). M.P,, (°C) :257-
259°C, IR(KBr)/v(cm™): 3433.23 (NH), 3269.49 (C-H, aromatic), 1588.81 (N = C), 1529.24, 1330.35 (N-O).
"H NMR (400 MHz, DMSO0-dg) & 11.54 (s, TH), 8.53 (s, TH), 8.22-8.00 (m, 5H), 7.76~7.63 (m, 1H), 7.28-
7.16 (m, 2H). 13C NMR (100 MHz, DMSO0-d,) 6 150.7,148.8,139.7, 139.5, 137.2, 132.8, 130.8, 126.6,
123.8,121.0,112.2.

3-hydroxy-benzaldehyde (4-nitro-phenylhydrazone) (15a): Yellow solid (231mg, 90%). M.P4, (°C) :221-
223°C, IR(KBr)/v(cm™): 3444.46 (NH, OH), 3256.89 (C-H, aromatic), 1592.54 (N = C), 1556.18, 1300.66 (N-
0), 1109.00 (C-0). "H NMR (400 MHz, DMSO-d¢) & 11.26 (s, TH), 9.57 (s, TH), 8.17-8.08 (m, 2H), 7.95 (s,
1H), 7.25-7.03 (m, 5H), 6.77 (d, J =8.0 Hz, TH). '3C NMR (100 MHz, DMS0-d;) & 158.1, 151.1, 142.5,
138.8,136.4,130.3,126.7,118.5,117.1,112.8,111.7.

4-methoxy-benzaldehyde (4-nitro-phenylhydrazone) (16a): Red solid (238mg, 88%). M.P,,, (°C) :165-
167°C, IR(KBr)/v(cm™): 3447.56 (NH), 3266.78 (C-H, aromatic), 1608.45 (N = C), 1507.85, 1322.13 (N-0),
1108.07 (C-0). "H NMR (400 MHz, DMSO-d¢) 6 11.16 (s, TH), 8.11 (d, J =8.9 Hz, 2H), 7.99 (s, 1H), 7.67 (d,
J=8.3 Hz, 2H), 7.13 (d, J= 8.8 Hz, 2H), 6.99 (d, J= 8.4 Hz, 2H), 3.79 (s, 3H).

4-methyl-benzaldehyde (4-nitro-phenylhydrazone) (17a): Orange solid (237mg, 93%). M.P,, (°C) :205-
207°C, IR(KBr)/v(cm™): 3260.97 (NH), 3280.07 (C-H, aromatic), 1590.12 (N = C), 1542.74, 1302.71 (N-O).
TH NMR (400 MHz, DMSO-dg) 6 11.23 (s, TH), 8.12 (d, J= 9.0 Hz, 2H), 8.01 (s, 1H), 7.62 (d, J= 7.8 Hz, 2H),
7.24(d, J=7.8 Hz, 2H), 7.15 (d, J = 8.9 Hz, 2H), 2.33 (s, 3H).

2,4-dimethoxy-benzaldehyde (4-nitro-phenylhydrazone) (18a): Orange solid (256mg, 85%). M.P,, (°C)
:189-191°C, IR(KBr)/v(cm™): 3303.47 (NH), 3245.07 (C-H, aromatic), 1603.17 (N = C), 1590.03, 1270.11
(N-0), 1180.24 (C-0). "H NMR (400 MHz, DMSO0-dg) 6 11.33 (s, TH, NH), 8.35 (s, TH, N = CH), 8.12 (d, J=
8.9 Hz, 2H, CH aromatic), 7.42 (d, J= 3.1 Hz, 1H, CH aromatic), 7.15 (d, J= 8.7 Hz, 2H, CH aromatic), 7.03
(d, J=8.9 Hz, 1H, CH aromatic), 6.95 (dd, J=9.1, 3.2 Hz, 1H, CH aromatic), 3.81 (s, 3H, OCHy), 3.77 (s, 3H,
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OCH,3). 3C NMR (100 MHz, DMSO0-d,) 6 153.8,152.1,151.0, 138.8, 137.6, 126.6, 123.8, 116.8, 113.6,
111.7,109.7, 56.7, 55.9.

2,4-dihydroxy-benzaldehyde (4-nitro-phenylhydrazone) (19a): Red solid (237mg, 87%). M.P,o, (°C) :191-
193°C, IR(KBr)/v(cm™): 3258.72(NH, OH), 3092.69(C-H, aromatic), 1593.57 (N = C), 1493.42, 1320.45 (N-
0). "H NMR (400 MHz, DMS0-d¢) 6 11.10 (s, TH), 10.16 (s, TH), 9.78 (s, 1H), 8.23 (s, TH), 8.10 (d, J=8.9
Hz, 2H), 7.50 (d, J=9.1 Hz, TH), 7.01 (d, J= 8.9 Hz, 2H), 6.32 (dt, J= 4.9, 2.5 Hz, 2H).

Acetone-(4-nitro-phenylhydrazone) (20a): Yellow solid (162mg, 84%). M.P,, (°C) :145-147°C, IR(KBr)/

v(cm™): 3428.18 (NH), 3322.01 (C-H, aromatic), 1603.44 (N = C), 1473.17, 1306.99 (N-0). "H NMR (400
MHz, DMSO-dg) 6 9.77 (s, TH), 8.08 (d, J= 9.0 Hz, 2H), 7.15 (d, J= 8.9 Hz, 2H), 2.01 (s, 3H), 1.96 (s, 3H).

13C NMR (100 MHz, DMSO0-d,) 6 152.2,150.0, 138.1, 126.4,111.6, 25.6, 17.6.

Acetophenone-(4-nitro-phenylhydrazone) (21a): Orange solid (222mg, 87%). M.P,, (°C): 185-187°C,
IR(KBr)/v(cm™): 3311.09 (NH), 1595.97 (N = C), 1469.99, 1317.25 (N-0). "H NMR (400 MHz, DMSO0-dg) &

10.23 (s, 1H), 8.16 (d, J= 8.8 Hz, 2H), 7.86 (d, J= 7.7 Hz, 2H), 7.44 (m, 2H), 7.37 (m, 3H), 2.36 (s, 3H). 13C
NMR (100 MHz, DMSO-dj) 6 151.9, 146.6, 139.0, 138.9, 129.1, 128.9, 126.4, 126.3, 112.5, 14.0.

Benzophenone-(4-nitro-phenylhydrazone) (22a): Yellow solid (266mg, 84%). M.P,¢, (°C):151-153°C,
IR(KBr)/v(cm™): 3316.31 (NH), 1596,16(N = C), 1501,77, 1318,15 (N-0). "H NMR (400 MHz, DMSO-d¢) &
9.90 (s, TH), 8.12 (d, J= 9.0 Hz, 2H), 7.62 (d, J= 7.8 Hz, 2H), 7.52—~7.47 (m, 3H), 7.43-7.34 (m, 7H).

2-nitro-benzaldehyde (4-bromo-phenylhydrazone) (23a): Purple solid (287mg, 90%). M.P, (°C) :167-
169°C, IR(KBr)/v(cm™): 3393.87 (NH), 3293.02 (C-H, aromatic), 1535.27 (N = C), 1484.19, 1254.55 (N-0).
TH NMR (400 MHz, DMSO-dg) 6 11.00 (s, 1H), 8.27 (s, 1H), 8.16 (d, J= 7.9 Hz, 1H), 7.98 (d, J= 8.2 Hz, TH),
7.78-7.66 (m, TH), 7.52 (s, TH), 7.41 (d, J= 8.5 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H).

3-nitro-benzaldehyde (4-bromo-phenylhydrazone) (24a): Yellow solid (293mg, 92%). M.P,, (°C) :147-
149°C, IR(KBr)/v(cm™): 3414.12 (NH), 3322.51 (C-H, aromatic), 1584.66 (N = C), 1479.26, 1262.31 (N-0).
TH NMR (400 MHz, DMSO-dg) 6 10.81 (s, TH, NH), 8.45 (s, TH, N = CH), 8.10—8.12 (m, 2H, CH aromatic),
7.98 (s, TH, CH aromatic), 7.67 (t, J = 7.9 Hz, 1H, CH aromatic), 7.41 (d, J = 8.6 Hz, 2H, CH aromatic), 7.08
(d, J=8.5 Hz, 2H, CH aromatic).

3-hydroxy-benzaldehyde (4-bromo-phenylhydrazone) (25a): Off-white solid (258mg, 89%). M.P,¢, (°C)
1163-169°C, IR(KBr)/v(cm™): 3381.73 (NH, OH), 3307.42 (C-H, aromatic), 1588.51 (N = C), 1249.89 (C-
0)."H NMR (400 MHz, DMSO-d¢) 6 10.40 (s, TH, NH), 9.44 (s, TH, OH), 7.79 (s, TH, N = CH), 7.37 (d, J= 8.5
Hz, 2H, CH aromatic), 7.18 (t, J=7.9 Hz, TH, CH aromatic), 7.10 (s, TH, CH aromatic), 7.01 (dd, J=13.0, 8.2
Hz, 3H, CH aromatic), 6.71 (d, J= 7.6 Hz, TH, CH aromatic). '3C NMR (100 MHz, DMSO-d,) 6 158.0, 145.1,
138.1,137.3,132.2,130.1,117.8,116.1,114.3,112.2, 109.9.
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Benzophenone-(4-bromo-phenylhydrazone) (26a): Off-white solid (332mg, 95%). M.P,, (°C) :103-105°C,
IR(KBr)/v(cm™): 3403.38 (NH), 3324.26 (C-H, aromatic), 1590.72 (N = C). "H NMR (400 MHz, DMSO-dg) &
9.03 (s, TH), 7.62-7.55 (m, 3H), 7.48-7.42 (m, 2H), 7.36—7.30 (m, 7H), 7.25-7.19 (m, 2H).

Acetophenone-(2,4-dinitro-phenylhydrazone) (27a): Orange solid (279mg, 93%). M.P,, (°C) :241-243°C,
IR(KBr)/v(cm'™): 3360.43 (NH), 3302.51 (C-H, aromatic), 1612.07 (N = C), 1504.42, 1324.12 (N-0). "H NMR
(400 MHz, DMSO-dg) 6 11.12 (s, TH), 8.92 (s, TH), 8.44 (d, J= 9.8 Hz, TH), 8.12 (d, J= 9.9 Hz, TH), 7.99-
7.93 (m, 2H), 7.52-7.46 (m, 3H), 2.49 (s, 3H).

3-methyl-acetophenone (2,4-dinitro-phenylhydrazone) (28a): Orange solid (289mg, 92%). M.P,, (°C)
:199-201°C, IR(KBr)/v(cm™): 3360.43 (NH), 3302.51 (C-H, aromatic), 1612.07 (N = C), 1504.42, 1324.12
(N-0). "H NMR (400 MHz, DMSO-d¢) 6 11.11 (s, TH), 8.91 (s, TH), 8.44 (d, J=9.7 Hz, TH), 8.11 (d, J= 9.6
Hz, TH), 7.75 (d, J= 9.4 Hz, 2H), 7.42-7.35 (m, TH), 7.31 (s, TH), 2.47 (s, 3H), 2.41 (s, 3H). '3C NMR (100
MHz, DMSO-d,;) & 153.9, 145.0,138.3,137.8,137.6,131.1,130.7, 130.3, 129.0, 127.5, 124.2,123.5, 117.0,
21.6,14.0.

4. RESULTS and DISCUSSIONS

The structure of the synthesized magnesium oxide nanoparticle was confirmed by various analysis,
including X-ray diffractometer (XRD), transmission electron microscope (TEM), and scanning electron
microscope (SEM).

4.1. Characterization of the MgO nanocrystals

The XRD pattern of the synthesized MgO sample is demonstrated in Fig. 2. All the peaks matches the
standard values of JCPDS 45-946 and could be indexed to cubic MgO crystallites with the lattice
parameter a=0.421 nm. In Fig. 2, no extra peaks were observed which means the high purity of
synthesized nanoparticles.

The related XRD pattern of the synthesized MgO nanoparticles represented two main broad peaks. The
diffraction peaks at 26 values of 37°,42°, 62°, 74°, and 78° correspondto (111),(200),(31 1),and (2 2
2) diffraction planes of cubic MgO, respectively. To calculate the average crystallite sizes of the
magnesium oxide, we used the Debye—Scherrer's equation; D = 0.91/bCos8. In this equation, D is
represented the crystallite size, b is the full width at half maximum (FWHM) in radians of the diffraction
peaks, 6 is the Bragg's diffraction angle, and | is the X-ray wavelength (1.54056 A°). Based on the FWHM
of the most intense plane (2 0 0), the crystallite size is calculated and the results showed that the size of
the synthesized MgO nanoparticles most be around 16 nm. The pattern of the MgO nanoparticles
indicated the cubic phase which has high similarity to the reported values (JCPDS No. 45-946).

The scanning electron microscop (SEM) images of the MgO nanoparticles is represented in Fig. 3. As it is
illustrated, the obtained SEM images of synthesized MgO nanoparticles is confirmed the nano size of the
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compound and the size of nanoparticles is found between 30—50 nm.

To study the quantitative compositional information in synthesized MgO nanoparticle and reveal its
elemental identification, the Energy Dispersive X-Ray Analyzer (EDX or EDA) was also operated (Fig. 4).
The EDX analysis is applied to detect present elements on nanoscale areas. The elemental detection
proved the presence of Mg and O elements in the desired ratio expected in MgO.

4.2. Catalytic studies

Herein, a one-pot condensation reaction of aryl hydrazines and substituted benzaldehydes or ketones
catalyzed by MgO nanoparticles is reported under solvent-free and ultrasonic conditions. In the present
synthetic method, the Aryl hydrazones were achieved with high outcome and satisfying times. In follow,
the optimization procedures have been investigated for both conditions and the results will be compared.

Optimization conditions for procedure A) to initiate the study, the reaction between phenylhydrazine and
benzaldehyde was chosen as a standard condition. Firstly, the reaction was performed without using
catalyst and solvent at 80°C and poor results were obtained (Table 1, entry 1). Next, the reaction was
carried out using various amounts of the catalyst under solvent-free conditions at 80°C (Table 1, entry 2—
6). When 0.01 g of MgO nanoparticle was applied, the yield raised to 31% in 40 minutes. Subsequently,
increasing the amount of the catalyst improved the outcome. It was found that loading 0.03 g of the
catalyst has the highest efficiency and lead to complete the reaction after 30 min (Table 1, entry 5).
Increasing the applied amount of the catalyst led to no improvements (Table 1, entry 6). The effect of
temperature on the reaction performance was also studied (Table 2). Running the reaction at ambient
temperature using 0.03 g of the catalyst for 120 minutes resulted in 23% (Table 2, entry 1). By increasing
the temperature the yield of the reaction was enhanced and the reaction completed in shorter time
(Table 2, entries 2—-6). Consequently, the reaction temperature was optimized at 80°C in 30 minutes to
have the highest productivity of the reaction (Table 2, entry 5).

HaNon Os H
MgO NPs (cat ) N
+ &0 *C, solvent-free @l f\©

conditions
Entry MgO NPs (g) Time (min) Yield (%)
1 - 40 <10
2 0.01 40 31
3 0.02 40 62
4 0.01 35 35
5 0.03 30 05
i 0.05 30 95

Eeaction conditions: phenvlhvdrazine 1.0 mmeol. and benzaldehvde 1.0 mmol
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Table 2
Effect of temperature on the hydrazone formation

Entry Temperature (°C) Time (min) Yield (%)

1 rt 120 23

2 50 60 36

3 60 30 55

4 70 30 87

5 80 30 95

6 100 30 95

ngaﬁygtn conditions: phenylhydrazine 1.0 mmol, benzaldehyde 1.0 mmol, and MgO NPs 0.03 g as the

Optimization conditions for procedure B): to continue our investigations on the reaction conditions, the
reaction between phenylhydrazine and benzaldehyde was studied under ultrasonic conditions as well. To
start the optimizing studies, we performed the reaction in the prescence of 0.02 g of MgO nanoparticles in
50 kHz ultrasonic bath at ambient temperature for 120 minutes (Table 3, entry 1) and resulted in 38%
yield of the desired product. Increasing the amount of loaded catalyst resulted in increasing the outcome
(Table 3, entries 2—-4) and the reaction had the highest efficiency in the presence of 0.06 g MgO
nanoparticles. Moreover, the reaction was performed in 90 and 60 minutes (Table 3, entries 5 and 6). It
was found that the reaction needs at least 90 minutes to complete. In order to reveal the effect of the
catalyst on the yield of the reaction, no catalyst was and, the poor results were achieved (Table 3, entry 7).
Furthermore, the effect of solvent on the reaction performance was investigated. Hence, the reaction was
carried out in various solvents and, Methanol was chosen as the best solvent for the desired
transformation (Table 4, entries 1-5). Finally, the yield of the reaction was sharply dropped to 19% under
neat conditions (Table 4, entry 6).
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HEN“NH Ox H
MgO NPs (cat.) N"N",
+ Methanaol, RT, Ultrasonic @I /\©

conditions
Entry MgO NPs (g) Time (min) Yield (%)
1 0.02 120 38
2 0.04 120 67
3 0.05 120 83
4 0.06 120 01
5 0.06 90 01
6 0.06 60 84
7 - 90 <5

Reaction conditions: phenylhydrazine 1.0 mmol, benzaldehyde
1.0 mmol. mn 15 ml methanol under ultrasonic rradiation.

Table 4

Effect of solvent on the hydrazone formation
Entry Solvents (°C) Yield (%)
1 Ethanol 82
2 Methanol 91
3 Ethyl acetate 79
4 Dichloromethane 73
5 Acetone 89
6 neat 19
Reaction conditions: phenylhydrazine 1.0 mmol, benzaldehyde 1.0 mmol, Solvent 15 ml, and MgO
NPs 0.06 g as the catalyst

Based on the obtained results, the reaction has a better outcome under solvent-free conditions. On the
other side, the neat condition has priority to using solvents, although the temperature factor is lower in
procedure B in comparison to procedure A. According to this, we select the solvent-free pathway as the
standard condition and, the scope of the reaction is explored under the solvent-free protocol. The novelty
of presented protocol is employing of MgO nanoparticles as a green nanocatalyst and economical
process owing to the usage of equimolar amounts of starting materials. Because of the special features
of MgO nanoparticles, including their stability and eco-friendly merits, they have attracted much interest
in synthetic methods. Additionally, the synthesis of hydrazones under solvent-free conditions is a notable
merit.

The efficiency of MgO nanoparticles is owing to the activity of the catalyst surface, which is promoted the
condensation reaction in a short time. To investigate the reaction conditions more deeply, the effect of
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various functional groups on the reaction efficiency was studied. The reaction was carried out in the
presence of several substituents on the aryl hydrazines and benzaldehydes. The results are outlined in
Table 5. The scope investigation of the reaction revealed that various aromatic benzaldehydes, ketones,
and aryl hydrazines bearing electron-withdrawing and electron-donating groups led to corresponding
hydrazones with high yields. Moreover, the reaction worked well with aliphatic ketones like acetone
(Table 5).

The mechanism of the reaction could be explained by the dual effect of MgO nanoparticles in the
reaction. Since the MgO nanoparticles possess acid-base bifunctional sites in their structure, the
presented Mg and O elements can behave as weak Lewis acidic sites and Bronsted basic sites with high
strength activity, respectively [30]. The lewis acid cites of MgO NPs can coordinate the aldehyde or ketone
functional groups and activate them for nucleophilic attack. On the other side, the basic sites of MgO NPs
facilitate the removal of water and the formation of an imine double bond to achieve the final products.

CONCLUSION

In this protocol, a promising and green procedure to access aryl hydrazones through condensation
reaction between equimolar amounts of Aryl hydrazines and aromatic aldehydes and ketones catalyzed
by MgO NPs is presented. This novel method has significant advantages, including high product yields,
solvent-free conditions, no side products, short reaction time, and an easy product purification process.
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Table 5 is available in the Supplementary Files section.
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Figure 1

Hydrazone-containing structures with biological activities
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Figure 2

The XRD pattern of MgO nanoparticles
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Figure 3

SEM images of synthesized MgO nanoparticles
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Figure 4
Energy dispersive X-ray (EDX) spectra of MgO nanoparticles
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