
molbank

Communication

Microwave-Assisted Synthesis of Schiff Bases of Isoniazid and
Evaluation of Their Anti-Proliferative and Antibacterial
Activities

Bayan Ahed Al-Hiyari 1, Ashok K. Shakya 1,2,* , Rajashri R. Naik 1,2 and Sanaa Bardaweel 3

����������
�������

Citation: Al-Hiyari, B.A.; Shakya,

A.K.; Naik, R.R.; Bardaweel, S.

Microwave-Assisted Synthesis of

Schiff Bases of Isoniazid and

Evaluation of Their Anti-Proliferative

and Antibacterial Activities. Molbank

2021, 2021, M1189. https://doi.org/

10.3390/M1189

Academic Editor: Fawaz Aldabbagh

Received: 31 December 2020

Accepted: 31 January 2021

Published: 4 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Pharmaceutical Sciences, Faculty of Pharmacy, Al-Ahliyya Amman University, PO BOX 263,
Amman 19328, Jordan; b.alhyari@ammanu.edu.jo (B.A.A.-H.); rsharry@ammanu.edu.jo (R.R.N.)

2 Pharmacological and Diagnostic Research Centre, Faculty of Pharmacy, Al-Ahliyya Amman University,
Amman 19328, Jordan

3 School of Pharmacy, The University of Jordan, Amman 19328, Jordan; s.bardaweel@ju.edu.jo
* Correspondence: ashokkumar2811@gmail.com; Tel.: +962-3500211 (ext. 2315)

Abstract: Three new Schiff bases of isoniazid were synthesized using microwave-assisted synthesis
and conventional condensation with aromatic aldehydes. Synthesized compounds were characterized
using elemental analysis, IR, NMR, and Mass spectroscopy. Synthesized compounds were evaluated
for antiproliferative activity against MCF-7 cell line. The IC50 values were from 125 to 276 µM.
The compounds were also evaluated for antibacterial activity against Staphylococcus aureus and
Escherichia coli. Results showed that the synthesized compounds produce significant antibacterial
activity in vitro. Inhibition of compounds ranged from 13 to 18 mm.

Keywords: Schiff base; isoniazid; antiproliferative; antibacterial; microwave irradiation; MCF-7 cell
lines; isonicotinic acid hydrazide; S. aureus; E. coli

1. Introduction

The Schiff bases of isoniazid and their derivatives exhibited antitubercular [1–3],
antibacterial, antifungal and cytotoxic activities [4], antimicrobial and urease inhibitory
activity [5] and antidepressant and analgesic properties [6]. The carvone Schiff base of
isoniazid was evaluated for its pharmacokinetic profile in rat [7]. Schiff bases are the
compounds that possess azomethine or imine (-C=N-) as their functional group serving
as key pharmacophore for the development of biologically active compounds, which can
be synthesized by the condensation reaction of primary amine with carbonyl compounds.
It was observed that in recent years, isoniazid and its derivatives have received attention
and are being widely studied. The derivatives of isoniazid are evaluated for their various
biological activities, such as anti-inflammatory [8], anticancer [9,10], antimicrobial [11–13],
anti-tubercular [2,11,14–17], and in the treatment of Alzheimer’s disease [18].

In men, the most common place of cancer occurrence is in the lungs, prostrate, col-
orectum, stomach and liver. In women, it occurs in breast, colorectum, stomach, lungs and
cervix [19]. Breast cancer is the most common cancer and is the second highest cause of
death in women. At present, the treatment includes surgical removal of the tumor followed
by radiation therapy with systemic chemotherapy. Chemotherapy is the most common and
widely used therapy for cancer at all stages. The role of a medicinal chemist is to develop
new molecules that exhibit various biological activities, such as anticancer and antibacte-
rial; keeping this in view, there is a need to develop new synthetic anticancer drugs that
minimize or overcome the side effects or target the cell cycle. There is also need to develop
new chemical entities that can counteract the infection caused by microorganisms that
are developing resistance to the existing therapeutics. These properties encouraged us to
undertake the synthesis of Schiff Bases of isoniazid that might exhibit bioactive properties
against breast cancer MCF-7 cell lines and combat the drug-resistant bacterial infection. In
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the present communication, we are reporting the conventional and economical microwave
assisted synthesis of Schiff bases of isoniazid. The percent yield and time required to
complete the synthesis are being compared.

2. Results and Discussion
2.1. Chemical Section

Conventional and microwave-assisted synthesis produced the anticipated product
with an average yield of 95.0% and 98.5% respectively (Scheme 1). The microwave-assisted
synthesis is 20 to 45 times faster than the conventional method, which takes 6 to 8 h.
With respect to the yield and purity of the product, the microwave-assisted synthesis
requires less time and energy than the conventional method [20]. With the help of a Robotic
Biotage® Initiator+Alstra™ microwave plus peptide synthesizer, several compounds can
be synthesized in a few hours. The percent yield of the product using both methods
is presented in the experimental section. The NMR, LCMS/MS, IR spectroscopic, and
Elemental analysis techniques were used to characterize the synthesized compounds.
The spectral data are presented as Supplementary data. The 1H-NMR data of Schiff
bases indicate that the N=CH proton resonates between 8.35 to 8.54 ppm. In case of IR
spectroscopy, the carbonyl functional group of (CO-NHN=) was observed between 1657 to
1674 cm−1 and the N-H bending between 1533 to 1578 cm−1. The LCMS/MS spectroscopic
data indicate the facile synthesis of the Schiff bases of isoniazid.
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Scheme 1. Synthesis of the Schiff bases of isoniazid. Conditions (a): absolute ethanol, acetic acid, microwave irradiation
(5–10 W, 0–1 atm. pressure), 10 to 20 min, at 85 ◦C. (b) Absolute ethanol, acetic acid, and reflux 6–8 h.

2.2. Biological Studies
2.2.1. Antiproliferative Activity

The human breast adenocarcinoma MCF-7 cells were used to study the preliminary
anti-proliferative activity of the compounds. The antiproliferative activities of the com-
pounds were determined as described elsewhere by our group without modification [21,22].
Results are reported in Table 1. The IC50 values of the synthesized compound ranged
from 125 to 276 µM. Compound (E)-N’-(4-fluoro-3-nitrobenzylidene)isonicotinohydrazide
(2) showed superior activity (IC50 125 ± 3µM) when compared to the other compounds.
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Vincristine sulfate was used as standard antiproliferative agent against the MCF-7 cell
line. It is a well-known anticancer drug; in the present study, the synthesized compounds
showed low to moderate activity, compared to standard. The vincristine sulfate inhibits
the microtubule formation in mitotic spindle, resulting in an arrest of dividing cells at the
metaphase stage.

Table 1. Cytotoxic activity (IC50) against MCF-7 cell lines and antibacterial activity of Schiff Bases.

Compound
Anti-Proliferative Activity *, µM Antibacterial Activity

(Zone of Inhibition, mm) @

MCF-7 Cell Lines S. aureus
ATCC 6538

E. coli
ATCC 8739

1 276 ± 3 18 15

2 125 ± 3 13 14

3 253 ± 3 14 14

Vincristine sulfate 0.05 ± 0.001 − −
Amoxicillin (25 µg) − 30 30

Gentamycin (10 µg) − 25 25

Tobramycin (30 µg) − 35 20

* n = 3; @ Diameter of disc = 6 mm, n = 2; “−”: not tested.

2.2.2. Antibacterial Screening

The compound (E)-N’-((5-(2-nitrophenyl)furan-2-yl)methylene)isonicotinohydrazide
(1) showed better antibacterial activity than compounds (2) and (3) against Gram-positive
and Gram-negative strains. The compounds showed weak activity against Gram-positive
and Gram-negative microorganism with respect to the standard drugs, such as amoxicillin,
gentamycin, and tobramycin.

The preliminary results indicate that more structural modification is required to
enhance the anti-proliferative and antibacterial activities. With this limited data, it can be
noted that compound (1), with a furan ring system, produces better antibacterial activity
than the aromatic ring.

3. Materials and Methods
3.1. General

Starting reagents were purchased from Sigma Aldrich (St. Louis, Missouri, USA).
USA) and were used without any purification. 1H-NMR were recorded on Bruker DPX-300
(Billerica, MA, USA) instrument (300 MHz) and Bruker 500 MHz-Avance III (500 MHz)
spectrometer (Billerica, MA, USA), while 13C-NMR spectra were recorded on Bruker 500
MHz-Avance III (at 125 MHz) at room temperature using TMS as reference. The solvent
used for NMR was DMSO-d6. Chemical shifts are reported in parts per million (δ/ppm).
Coupling constants are reported in Hertz (J/Hz). The peak patterns are indicated as
follows: s, singlet; d, doublet; t, triplet; q, quadruplet; m, multiplet; dd, doublet of doublets,
br/m, broad multiplet and br/s, broad singlet. Infrared spectra were measured on an
Shimadzu Prestige-21 FT-IR instrument (Shimadzu Corporation, Kyoto, Japan). The signals
are reported in reciprocal centimeters (cm−1). Mass spectra were recorded with LC-MS/MS-
4500Qtrap Triple quadrupole liquid chromatograph mass-spectrometer from ABSciex USA
(ESI) (AB Sciex LLC, Framingham, MA, USA) using methanol and 1% formic acid as mobile
phase for infusion. Elemental analyses (C, H, and N) were performed on a Perkin-Elmer
model 2400 analyzer (PerkinElmer, Shelton, CT, USA). Microwave-assisted synthesis was
performed on Biotage® Initiator+ Alstra™, which is a fully automated microwave plus
peptide synthesizer (Biotage®, Uppsala, Sweden). The melting points were determined in
open capillary and are uncorrected.
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General Procedure for the Synthesis of Schiff Bases of Isoniazid

(a) Microwave-assisted synthesis. Various aldehydes (1mM) each in ethanol were
added to isoniazid (1mM) in ethanol with intermittent shaking separately. To this mixture,
glacial acetic acid (GAA, 2 drops) was added dropwise with shaking. The microwave glass
tubes were closed with the help of Teflon septum and aluminum caps. The microwave
synthesis was performed by irradiating the reaction mixture under microwave (5–10 W,
0–1 atm. pressure), at 85 ◦C until the completion of the reaction (10 to 20 min.). TLC was
used to monitor the progress of the reaction.

(b) Conventional method. Various aldehydes (2mM) each in ethanol were added to
isoniazid (2mM) in ethanol with intermittent shaking separately. To this mixture, glacial
acetic acid (GAA) was added dropwise with shaking and then refluxed for 6 to 8 h.
The completion of reaction was monitored by thin layer chromatography using chloro-
form:methanol:acetic acid (90:10:0.5 v/v/v) as solvent system. The reaction mixture was
concentrated, and the residue obtained washed with water and dried. The crude product
obtained was recrystallized using ethyl alcohol.

(E)-N’-((5-(2-Nitrophenyl)furan-2-yl)methylene)isonicotinohydrazide (1): (yield, time (a) 99%, 15
min. (b) 95%, 6h, yellow crystalline), m.p. 180–182 ◦C (decomposed). 1H-NMR (300 MHz,
DMSO-d6): δ: 12.04 (s, 1H, NH-N=); 8.76–8.74 (br/m, 2H, H2′ and H6′ of pyr); 8.35 (s, 1H,
N=CH-); 7.94–7.91(br/m, 2H, H3′’ and H6′’ of ArH); 7.72–7.85 (m, 3H, H3′, H5′ of pyr and
H5′’ of ArH); 7.58–7.63 (br, 1H, H4′’ of ArH); 7.03 (d, 1H, J = 12 Hz, H4 of furan), 6.99 (d,
1H, J = 12 Hz, H3 of furan). LCMS/MS for C17H12N4O4 (ESI+ion): m/z = 337.6 [M + 1],
336.6[M+], 319.2, 216, 148, 121, 104.8, 80, 79. IR (KBr, cm−1): 3442.9 (N-H), 3209.6 (C-H,
arom.), 1660.7 (C=O), 1616.4 (C=C), 1533.4 (N-H), 1410.0 (C-N), and 690.5 (C-H, arom.).
Elemental Analysis C17H12N4O4, Calculated C, 60.71; H, 3.60; N, 16.66; Found C, 60.49; H,
3.59; N 16.62. Rf value = 0.69 (chloroform:methanol:acetic acid: 90:10:0.5 v/v/v).

(E)-N’-(4-Fluoro-3-nitrobenzylidene)isonicotinohydrazide (2): (yield, time (a) 98%, 10 min. (b)
95%, 6 h, brown crystals), m.p. 200–205 ◦C (decomposed). 1H-NMR (500 MHz, DMSO-d6):
δ: 12.32 (1H; s; NH-N=); 8.81(d, 2H, J = 5.0 Hz, H-2′ and H-6′, pyr); 8.54 (1H, s, N=C-H),
8.51 (d, 1H, J = 6.8 Hz, H-2), 8.19 (d, 1H, J = 7.0 Hz, H-6), 7.83 (d, 2H, J = 5.0 Hz, H-3′ and
H-5′, pyr), 7.69 (dd, 1H, 3JH-F = 10.5 Hz, H-5); 13C-NMR (125 MHz, DMSO-d6): δ 162.38
(C=O), 155.77 (d, 1JC-F = 263 Hz, C-4), 150.84 (C-2′ and C-6′, pyr), 146.15 (C′ ′), 140.64 (C-4′),
137.78 (d, 2JC-F = 7.50 Hz, C-2), 134.95 (d, 2JC-F = 9.5 Hz, C-3), 131.98 (C-1), 124.80 (C-6),
122.02 (C-3′ and C-5′, pyr), 119.74 (d, 2JC-F = 21.50 Hz, C-5). LC-MS/MS for C13H9FN4O3
(ESI+ion): m/z = 289.6 [M+1], 288.6, 242.8, 123, 121, 104, 80, 79. IR (KBr, cm−1): 3446.8
(N-H), 3201.8, 3118.9, 3086.1 (C-H, arom.), 1674.2 (C=O), 1618.3 (C=C), 1577.8 (N-H), 1537.3
(C=C), 1411.9 (C-N), 1159.2 (C-F), and 752.2 and 694.4 (C-H, arom.). Elemental Analysis
C13H9FN4O3, Calculated C, 54.17; H, 3.15; N, 19.44; Found C, 54.29; H, 3.16; N 19.51.
Rf value = 0.52 (chloroform: methanol: acetic acid:90:10:0.5 v/v/v).

(E)-N’-(2-Fluoro-5-nitrobenzylidene)isonicotinohydrazide (3): (yield, time (a) 98.5%, 20 min.
(b) 95.0%, 8 h, off white, fine crystals), m.p. 208–210 ◦C; 1H-NMR (300 MHz, DMSO-d6):
δ: 12.38 (s, 1H, NH-N=C); 8.82(d, J = 5.1 Hz, 2H, H-2′ and H-6′, pyr), 8.70 (s/br, N=C-H,
overlapped with 1H, H-6), 8.35-8.37 (m/br, 1H, H-4), 7.85 (d, J = 5.1 Hz, 2H, H-3′ and H-5′,
pyr), 7.64 (dd, 1H, 3JH-F =10.5 Hz, H-3). LCMS/MS for C13H9FN4O3 (ESI+ion): m/z = 289.8
[M + 1], 288.8, 242.8, 126, 123, 121, 105, 80, 79. IR (KBr, cm−1): 3427.5 (N-H), 3228.8, 3203.8,
3074.5 (C-H, arom.), 1656.9(C=O), 1626.0 (C=C), 1602.9 (C=C), 1556.6 (N-H), 1525.7 (C=C),
1423.5 (C-N), 1143.8 (C-F), 746.5 (C-H, arom.), and 682.8 (C-H, arom.); Elemental Analysis
C13H9FN4O3, Calculated: C, 54.17; H, 3.15; N, 19.44; Found C, 54.32; H, 3.14; N 19.56.
Rf value = 0.63 (chloroform: methanol: acetic acid:90:10:0.5 v/v/v).

3.2. Chemicals and Cell Lines

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] was purchased
from Sigma Chemicals (St. Louis, Missouri, USA). The human MCF-7 cells were procured
from The University of Jordan, Amman. Cells developed in an ideal media magnified with
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10% warmth inactivated fetal bovine serum (FBS), 100 µg of streptomycin/mL, 100 U/mL
of penicillin, and were incubated in humidified environment with 5% CO2 at 37 ◦C.

3.2.1. Antiproliferative Activity

The human breast adenocarcinoma MCF-7cells were used to study the preliminary
anti-proliferative activity of the compounds [21,22]. Each experiment was carried out
in triplicate.

3.2.2. Antibacterial Screening

Synthetic compounds were tested for antibacterial activity [23] against Gram negative
(E. coli ATCC 8739) and Gram-positive bacteria (Staphylococcus aureus ATCC 6538).

Determination of inhibition zones—briefly, standardized fresh inoculums (direct
suspension of colonies) were swabbed onto the surface of sterile nutrient agar plates (9 cm).
Sigma-Aldrich microbiological paper disc (6 mm) were impregnated in the solution of
compounds (50 µg/mL) overnight. These impregnated disks were placed on to the agar
media surface along with standard antibiotics disc (amoxicillin 25 µg, Gentamycin 10 µg,
Tobramycin 30 µg/disk). Plates were then incubated at 37 ◦C for 24 h. The zones of
inhibition were determined as the diameter of the zone of inhibition. Disks impregnated
with DMSO were used as control. Each experiment was carried out in duplicate.

3.3. Statistical Analysis

Statistical analysis was accomplished by a one-way ANOVA conveyed by Bonferroni’s
multiple comparison test. This was used to examine the correlation p < 0.05 and was used
to signify statistical significance when computing the IC50 of all the compounds. Data
were analyzed utilizing GraphPad Prism 5.0 software (GraphPad Software Inc., San Diego,
CA, USA).

4. Conclusions

We have successfully developed an efficient protocol for the synthesis of a Schiff
basis in excellent yields, using microwave irradiation and conventional conditions. The
microwave-assisted method presented here is rapid and economical. All the synthe-
sized compounds were thoroughly characterized using elemental analysis, NMR, IR, and
LC-MS/MS spectrometric analyses. The synthesized compounds were then utilized for
anti-proliferative and biological studies. The synthesized compound exhibited low to
moderate anti-proliferative and weak antibacterial activities; more structural modifications
are required to enhance the efficacy of the synthesized compounds.

Supplementary Materials: The following data are available online, Figure S1: Representative 1H-NMR
of (E)-N’-((5-(2-nitrophenyl)furan-2-yl)methylene)isonicotinohydrazide; Figure S2: Representative 1H-
NMR of (E)-N’-(4-fluoro-3-nitrobenzylidene)isonicotinohydrazide; Figure S3: Representative 13C-NMR
of (E)-N’-(4-fluoro-3-nitrobenzylidene)isonicotinohydrazide; Figure S4: Representative DEPT-13C-NMR
of (E)-N’-(4-fluoro-3-nitrobenzylidene)isonicotinohydrazide, Figure S5: Representative DEPT-13C-NMR
of (E)-N’-(4-fluoro-3-nitrobenzylidene)isonicotinohydrazide (enlarged View); Figure S6: Representative
1H-NMR of (E)-N’-(2-fluoro-5-nitrobenzylidene)isonicotinohydrazide; Figure S7: ESI-LC-MS-MS spec-
trum and fragmentation pattern of (E)-N’-((5-(2-nitrophenyl)furan-2-yl)methylene)isonicotinohydrazide
in KBr, Figure S8: ESI-LC-MS-MS spectrum and fragmentation pattern of (E)-N’-(4-fluoro-3-nitro
benzylidene)isonicotinohydrazide in KBr; Figure S9: ESI-LC-MS-MS spectrum and fragmentation
pattern (E)-N’-(2-fluoro-5-nitro-benzylidene)isonicotinohydrazide; Figure S10: IR of (E)-N’-((5-(2-nitro-
phenyl)furan-2-yl)methylene)isonicotinohydrazide in KBr; Figure S11: IR spectrum of (E)-N’-(4-fluoro-
3-nitrobenzylidene)isonicotinohydrazide in KBr; Figure S12: IR spectrum of (E)-N’-(2-fluoro-5- nitroben-
zylidene)isonicotinohydrazide.
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