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By exploiting the wide biological potential of the hydrazone
scaffold, a series of hydrazone derivatives were synthesized,
starting from N-(3-hydroxyphenyl)acetamide (metacetamol).
The structures of the compounds were determined using IR, 1H
and 13C-NMR, and mass spectroscopic methods. The obtained
molecules (3a–j) were evaluated for their anticancer potential
against MDA-MB-231 and MCF-7 breast cancer cell lines.
According to the CCK-8 assay, all tested compounds showed
moderate to potent anticancer activity. Among them, N-(3-(2-(2-
(4-nitrobenzylidene)hydrazinyl)-2-oxoethoxy)phenyl)acetamide
(3e) was found to be the most effective derivative with an IC50

value of 9.89 μM against MDA-MB-231 cell lines. This compound
was further tested for its potential effects on the apoptotic
pathway. Molecular docking studies was also carried out for 3e
in the colchicine binding pocket of tubulin. Additionally,
compound 3e also demonstrated effective antifungal activity,
particularly against Candida krusei (MIC=8 μg/ml), indicating
that nitro group at the 4th position of the phenyl ring was the
most preferable substituent for both cytotoxic and antimicro-
bial activity. Our preliminary findings suggest that compound
3e could be exploited as a leading structure for further
anticancer and antifungal drug development.

Introduction

Breast cancer is a significant global health concern and is
classified into two major groups based on estrogen receptor
(ER) status. ER positive cancers respond to treatment with
estrogen or progesterone and are responsible for two-thirds of
deaths, while ER negative cancers account for one-third of
deaths.[1,2] Effective treatment options for breast cancer,
especially ER-negative cancers, are needed to improve patient
outcomes.

Cancer patients are more susceptible to microbial infections
due to factors such as aggressive therapies, frequent antibiotic
use, and compromised immune systems.[3] Neutropenic pa-
tients, in particular, are at a higher risk of developing drug-
resistant bacterial infections. Candidiasis, a fungal infection, is
also a common concern in cancer patients.[4–6]

Hydrazones are a class of organic compounds that contain a
hydrazone functional group (� NHN=) and are widely used in
various fields including pharmaceuticals, agrochemicals, and
materials science.[7] They have shown promising potential in the
development of antimicrobial and anticancer drugs. Numerous
studies have demonstrated the potent antimicrobial activity of
hydrazone-based compounds against various bacterial and
fungal pathogens.[8–12] Additionally, hydrazone derivatives have
represented promising anticancer activity by inhibiting cancer
cell proliferation and inducing apoptosis.[13–19] The mechanism
of action of these compounds involves targeting specific
cellular pathways and enzymes, facilitated by their multiple
hydrogen bond acceptor/donor atoms that can interact with
biological targets. Importantly, this functional group is found in
several commercially available drugs used to treat diverse
diseases including cancer, fungal and bacterial infections (Fig-
ure 1).

Due to the crucial role of hydrazone molecules in the
pharmaceutical field and the need for targeted chemotherapeu-
tic agents, a series of hydrazones have been developed using
metacetamol. Metacetamol, (N-(3-hydroxyphenyl)acetamide) is
a regioisomer of paracetamol and was chosen in this study, due
to the diverse biological activities of its N-phenylacetamide
moiety, including anticancer and antimicrobial properties.[20–22]

In light of these considerations, we aimed to synthesize new
hydrazone derivatives starting from metacetamol (3a–j) and to
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explore the therapeutic potential of these compounds in
treating breast cancer and managing microbial infections
commonly observed in cancer patients. For this purpose, the
cytotoxic potential of the hydrazone derivatives was assessed
against ER-positive (MCF-7) and ER-negative (MDA-MB-231)
breast cancer cell lines, and the potential mechanism of
cytotoxic activity was investigated. Additionally, the antimicro-
bial activity of 3a–j was evaluated against Gram-positive and
Gram-negative bacteria, as well as against Candida species. This
assessment provides insights into the potential of metacetamol-
derived hydrazone compounds as dual-function agents that can
inhibit tumor growth and offer prophylaxis against microbial
infections in cancer patients undergoing chemotherapy treat-
ment.

Results and Discussion

Chemistry

The synthesis of ester 1 and hydrazide 2, a precursor to the
desired new hydrazide-hydrazone derivatives 3a–j, was carried
out following the procedure outlined in Figure 2. Briefly, to
prepare hydrazide, N-(3-hydroxyphenyl)acetamide (metaceta-
mol) was acquired from Sigma–Aldrich and subjected to
refluxing with ethyl bromoacetate under basic conditions to
give ethyl 2-(3-acetamidophenoxy)acetate (1). Subsequently,
the obtained product was treated with hydrazine hydrate in
ethanol to yield N-(3-(2-hydrazinyl-2-oxoeth-
oxy)phenyl)acetamide (2).[23,24] Under reflux conditions for 3–4 h,
in the presence of a catalytic amount of glacial acetic acid in
ethanol, the condensation reaction of compound 2 with

aromatic aldehydes produced hydrazide-hydrazones 3a–j (Fig-
ure 2).

The structures of all the synthesized compounds were
characterized using FT-IR, 1H-NMR, 13C-NMR, MS spectroscopy,
and elemental analysis, as given in the experimental section.
The presence of C=O and C=N stretching vibrations in the
range of 1649–1674 cm� 1 and 1585–1608 cm� 1, respectively,
confirmed the presence of the acyl hydrazone backbone in all
compounds. The 1H and 13C-NMR spectra of the hydrazide-
hydrazone compounds showed duplicated signals, indicating
the presence of a mixture of syn/anti conformers around the
amide bond, not E/Z stereoisomers of the imine double bond
(Figure 3). Previous literature has demonstrated that the most
stable isomer is the E geometric isomer, which has been
confirmed to be present in DMSO-d6 solution through various
experiments including NOE, NOESY, X-ray diffraction crystallog-
raphy and conformation analysis.[25–27] The 1H-NMR spectra of
compounds 3a–j displayed two sets of singlet signals at 4.59–
4.67/5.03–5.17 and 7.95–8.33/8.18–8.69 ppm corresponding to
the OCH2 and N=CH protons, respectively. Similarly, separated
singlet signals between 11.47–11.87 ppm were observed, corre-
sponding to the C(O)NH protons. The acetamide protons
appeared between 9.91–9.97 ppm as two separate singlet
signals.

The 13C-NMR spectra of compounds 3a–j synthesized also
demonstrated duplicated signals, suggesting the presence of a
mixture of conformational stereoisomers.[25] Two signals were
observed for the carbonyl carbon (C=O), with peaks assigned to
the antiperiplanar and synperiplanar conformers. The meth-
ylene (CH2) and azomethine (C=N) carbons also yielded two
signals.

Figure 1. Some commercial drugs derived from hydrazone scaffold.
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Biological evaluation

Antimicrobial activity

The compounds 3a–j were screened for their antibacterial
activity against a panel of reference bacterial strains including
Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC
29212, Escherichia coli ATCC 25922, and Pseudomonas aerugino-
sa ATCC 27853 using ciprofloxacin as reference drug. Further-
more, 3a–j were also tested for antifungal activity against yeast
strains Candida albicans ATCC 90028, Candida parapsilosis ATCC
90018, and Candida krusei ATCC 6258 employing fluconazole as
the standard. The results of the antimicrobial activity screening
of the tested compounds are summarized in Table 1.

Based on the obtained data, the compounds exhibited MIC
values ranging from 64 μg/mL to 1024 μg/mL against bacteria.
Notably, compounds 3a, 3c, 3f and 3g demonstrated moder-
ate antibacterial activity against E. faecalis with a MIC value of
64 μg/mL. Furthermore, in the antifungal screening, several
derivatives displayed a broad spectrum of activity against the
tested fungi. Among them, compound 3e, which is 4-nitro-
phenyl derivative, exhibited superior activity against C. krusei
compared to the reference drug fluconazole, with a MIC of
8 μg/mL (Table 1). It is important to highlight the significance of

this finding as C. krusei is a common causative agent of invasive
candidiasis and non-albicans candidemia worldwide. This
pathogen is associated with high morbidity and mortality rates.
Moreover, C. krusei has shown intrinsic resistance to fluconazole,
and the therapeutic use of this antifungal agent has been linked
to numerous infections caused by this pathogen.[28]

Among the tested compounds (3a–j), compounds 3e and
3f, which carry a nitro substituent on phenyl ring, displayed a
notable improvement in the spectrum of antifungal activity.

Anticancer activity

The synthesized compounds were screened in vitro against
MDA-MB-231 and MCF-7 breast cancer cell lines to investigate
potential cytotoxicity effects for 24 h (Table 2).

Compound 3e with N’-(1-(4-nitrophenyl)meth-
ylidene)acetohydrazide moiety (nitro group at para position on
phenyl ring) was found to be the most active derivative against
breast MDA-MB-231 cell lines with IC50 value of 9.89 μM. More-
over, compounds 3b and 3d showed remarkable cytotoxicity
against MDA-MB-231 cell lines. Compound 3f, containing a 4-
methoxy-3-nitrophenyl moiety, displayed the most potent
antiproliferative activity with an IC50 value of 16.54 μM against

Figure 2. Synthetic route for the preparation of compounds 3a–j.

Figure 3. Representation of amido forms of compounds 3a–j.
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the MCF-7 cell lines, followed by compound 3 i (4-fluoro-3-
phenoxyphenyl substituent) showing potent cytotoxicity (IC50=

17.52 μM).
The presence of a chlorine substitution on the phenyl

moiety (3g) clearly led to a reduction in anticancer activity. This
effect was further pronounced when two chlorine substituents
were present, as observed in compound 3a, resulting in a
decreased anticancer activity against MDA-MB-231 cells. Also,
the replacement of the 2-Cl group with 2-F or 2-OCF3 groups
led to an increase in cytotoxic activities. Intriguingly, the
incorporation of bulkier substituents such as nitro and phenoxy
at the 3rd position on the phenyl ring significantly enhanced the
cytotoxicity against MCF-7 cells.

It was suggested that compound 3e, which exhibited
cytotoxicity based on the IC50 values, may have apoptotic
potential. The apoptotic pathway can be divided into two
pathways: intrinsic and extrinsic. Various caspases are involved
in the intrinsic and extrinsic apoptotic pathways. The intrinsic
pathway involves caspase-9 as the initiator caspase, while the
extrinsic pathway involves caspase-8. Caspase-3/7 activation is
observed in both pathways..[30] However, it has been previously

shown that caspase-3 is not expressed in MCF-7 cells.[31]

Considering this information, the effect of compound 3e on the
enzymatic activity of caspase-8, associated with the extrinsic
apoptotic pathway, was investigated in MDA-MB-231 and
MCF-7 cell lines. As shown in Figure 4, no significant changes in
caspase-8 activity were observed (pMDA-MB-231=0.521; pMCF-7=

0.368).
The intrinsic apoptotic pathway, also referred to as the

mitochondrial pathway, involves the permeabilization of the
outer mitochondrial membrane in response to a stimulus. This
permeabilization leads to the release of cytochrome-c from the
mitochondria into the cytosol, where it binds to Apaf-1 and
triggers the activation of caspase-9. The permeabilization of the
outer mitochondrial membrane is mostly associated with a loss
of mitochondrial membrane potential.[32] To investigate the
potential impact of compound 3e on the intrinsic apoptotic
pathway, changes in mitochondrial membrane potential were
assessed using the JC-1 mitochondrial membrane potential
assay.

While the fluorescence intensity appeared to rise with
increasing concentrations of compound 3e in both cell lines, no
statistically significant changes were observed in the MCF-7 cell
lines (Figure 5). Conversely, in the MDA-MB-231 cell lines, the
fluorescence intensity in the 50 μM experimental group signifi-

Table 1. The minimum inhibitory concentration (MIC) values of compounds 3a–j.

MIC value (mg/ml)
Gram positive bacteria Gram negative bacteria Yeast

Compound S. aureus E. faecalis P. aeruginosa E. coli C. albicans C. parapsilosis C. krusei

3a 64 64 128 64 64 256 128
3b 256 128 256 64 64 128 64
3c 128 64 256 256 16 512 16
3d 256 128 256 256 64 64 32
3e 256 128 256 256 16 8 8
3f 128 64 256 256 16 32 32
3g 512 64 512 128 128 256 128
3h 512 256 512 256 128 256 128
3 i 1024 128 512 256 256 128 128
3 j 256 128 256 256 256 256 256
2 1024 512 256 256 256 256 256
Ciprofloxacin[a] 0.5 0.25 0.25 0.015 NA NA NA
Fluconazole[a] NA[b] NA NA NA 0.125 0.5 32

[a] Reference compounds, [b] Not applicable.

Table 2. Results of the CCK-8 assay presented as IC50 values obtained after
24 h of treatment.

Compound IC50 (μM)
MDA-MB-231 MCF-7

2 42.89�1.29 53.47�0.61
3a 63.67�0.15 71.03�0.43
3b 18.84�2.84 30.53�0.44
3c 23.12�0.67 22.62�0.67
3d
3e
3f
3g
3h
3 i
3 j

17.21�0.87
9.89�1.02
31.71�2.16
45.11�1.76
59.10�1.36
39.51�0.41
24.46�1.03

22.91�0.32
39.55�0.71
16.54�1.04
31.54�0.62
60.12�0.14
17.52�0.15
34.33�0.51

Cisplatin[a] 26.7�1.70[29] 16.3�2.30[29]

[a] Reference drug; IC50 refers to the half-maximal inhibitory concentration.
The compounds were applied in three repetitions for the experimental
and control groups (n=3). Results are shown as mean�SD.

Figure 4. Effect of compound 3e on the activity of caspase 8 in breast cancer
cells.
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cantly increased compared to the control group, as depicted in
Figure 5. Hence, it can be concluded that there was an increase
in the permeability of the outer mitochondrial membrane and
depolarization of the mitochondrial membrane potential.

The obtained results suggest that compound 3e exhibits
dose-dependent cytotoxicity, particularly in MDA-MB-231 triple-
negative breast cancer cells. Furthermore, it appears to induce
apoptosis through the mitochondrial pathway.

These findings provide further evidence that the nitro
substituent on the phenyl ring of metacetamol hydrazide–
hydrazone derivatives is responsible for their potent cytotoxicity
and antifungal activity. Nitro groups are commonly found in
approved drugs, particularly antibiotics, and are known to
hinder the replication of microorganisms. The strong electron-
withdrawing nature of the nitro moiety results in certain
sections of the molecules becoming less polar, facilitating
nonpolar interactions with essential proteins.[33] Additionally,
the reduced nitro species can covalently bind to DNA, resulting
in nuclear damage and subsequent cell death.[34]

Molecular docking studies

Molecules that interfere with the dynamics of microtubules/
tubulin are extensively employed in cancer treatment. The
majority of these compounds function through binding to
tubulin protein which consists of α and β subunits and serves
as the fundamental structure of microtubules.[35] The micro-
tubule system serves as a crucial element in vital cellular
processes like mitosis, intracellular movement, and maintaining
cell morphology. Therefore, tubulin inhibition has emerged as a
rational strategy for the development of potent anticancer
agents.[36,37]

The colchicine site (represented in Figure 6) is one of the
binding pockets found on tubulin that has significant potential
for therapeutic applications. This particular site could potentially
overcome some of the limitations associated with microtubule-

targeting agents currently available in the market, such as
taxanes and vinca alkaloids that target other sites of tubulin.[38]

Numerous structural scaffolds have been identified due to
their potential to inhibit tubulin and thus display anticancer
activity. Among them, hydrazone-based molecules, illustrated in
Figure 7, are frequently reported as anti-tubulin agents that
specifically target the colchicine binding site.[39–41]

Inspired by the structural similarity between our com-
pounds and the hydrazones previously identified as colchicine
binding site inhibitors of tubulin, we employed molecular
modeling techniques to perform docking studies of compound
3e within the corresponding binding pocket of tubulin (Fig-
ure 8).

We initially analyzed how the co-crystallized inhibitor
Combretastatin A4 interacts with the colchicine binding site of
tubulin and we determined the phenolic hydroxy group was
responsible for forming hydrogen bond with Thr179. Addition-
ally, Leu248, Ala250, Leu255, and Ala316 were significant
residues participating in hydrophobic contacts with the inhib-
itor. Subsequently, we examined the most plausible docking
pose of 3e within the same binding pocket. Likewise the
original inhibitor Combretastatin A4, 3e formed a hydrogen
bond with Thr179 through the N� H group of its acetamide
moiety. Notably, an additional hydrogen bond was formed
between the nitro group of 3e and Tyr202. This situation
highlights the importance of the substitution pattern of the
phenyl ring. 3e also engaged in lipophilic contacts with Leu248
and Ala250 through the phenyl ring of the metacetamol
scaffold.

Based on the results obtained from molecular docking
studies, it is plausible to suggest that compound 3e demon-
strates its antiproliferative effects by binding to the colchicine
site of tubulin through comparable interactions as those of the
original ligand Combretastatin A4.

Figure 5. Green/red fluorescence intensity for JC-1 staining of MCF-7 (A) and MDA-MB-231 (B) cells after treatment of compound 3e for 24h.
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Conclusions

In summary, novel aryloxyacetic acid derivatives carrying
hydrazone moiety were successfully synthesized starting from
metacetamol by a convenient procedure. The antimicrobial and
anticancer activities of the compounds were assessed against
various microbial strains and breast cancer cell lines. Among
them, N-(3-(2-(2-(4-nitrobenzylidene)hydrazinyl)-2-oxoeth-
oxy)phenyl)acetamide (3e) exhibited the most potent antifun-
gal properties against all Candida species, with MIC ranges of
8–16 μg/ml. Additionally, this compound (3e) showed promis-
ing anticancer activity against MDA-MB-231 breast cancer cells
(IC50=9.89 μM). Mechanistic studies indicated that compound
3e may inhibit cell proliferation by inducing a mitochondrial-
dependent apoptotic pathway in MDA-MB-231 cells. Molecular
docking studies suggested that 3e is likely to represent its

anticancer activity by targeting the colchicine binding site of
tubulin. In conclusion, compound 3e shows promise for further
investigation in the development of new anticancer and
antifungal agents.

Experimental Section

Chemistry

The chemicals and solvents used in this study were purchased from
Merck and Sigma–Aldrich chemical companies and were exerted.
All melting points (m.p.) of the compounds were determined in
open capillaries using an Electrothermal Thermo Scientific IA9300
instrument and were uncorrected. The BRUKER Ultrashield TM
spectrometer was used to record the NMR spectra. Microanalyses
were determined using the LECO CHNS-932 instrument. The

Figure 6. Two tubulin αβ heterodimers with combretastatin A4 bound to β subunit at the interface with α. Combretastatin A4 is shown as black ball&stick.

Figure 7. Recently reported hydrazone derivatives as anti-tubulin agents targeting colchicine binding site.
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Shimazu 8400S spectrometer was used to record FT-IR spectra. The
mass spectra were recorded on Shimadzu LC/MS/MS-8030 system.
The synthesis of compounds 2 and 3 followed a previously reported
procedure.[23,24] The spectra for each substances are provided as
supplemental material.

General procedure for the synthesis of hydrazones (3a–j)

A mixture of hydrazide 2 (1 mmol) and the appropriate aldehyde
(1 mmol) in EtOH (20 mL) in the presence of a catalytic quantity of
glacial acetic acid was refluxed for 3–4 h. After cooling the formed
precipitate was filtered off and purified by crystallization using
ethanol to give the hydrazone derivatives.

N-(3-(2-(2-(2,5-Dichlorobenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3a)

White solid; m.p. 229–231 °C; FT-IR υmax (cm� 1): 3390 (N� H), 1705
(C=O), 1658 (C=O), 1608 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.66&5.17 (2s, 2H, � OCH2), 6.59–8.01
(m, 7H, Ar� H), 8.33&8.69 (2s, 1H, CH=N), 9.91&9.97 (2s, 1H, NH),
11.89 (s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm: 24.5
(CH3), 65.1&66.9 (CH2), 105.8&106.2 (C-17), 109.3 (C-13), 111.9&112.5
(C-21), 126.3&126.6 (C-3), 129.7&129.9 (C-5), 131.9&132.0 (C-6),
132.7&132.9 (C-4), 133.4&133.6 (C-2), 138.9 (C-20), 140.8&140.9

(CH=N), 142.8 (C-18), 158.3&158.8 (C-16), 165.2 (C=O), 168.8,&169.8
(C=O). Anal. calc. for C17H15Cl2N3O3,%: C, 53.70; H, 3.98; N, 11.05
Found, %: C, 53.78; H, 4.20; N, 11.17. LC/MS (ESI) m/z: 380.20 [M+

H]+, 378.25 [M� H]� .

N-(3-(2-(2-(4-((4-Fluorobenzyl)oxy)benzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3b)

White solid; m.p. 193–195 °C; FT-IR υmax (cm� 1): 3358 (N� H), 1689
(C=O), 1658 (C=O), 1600 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.60&5.07 (2s, 2H, � OCH2), 6.57-7.67
(m, 12H, Ar� H), 7.95&8.26 (2s, 1H, CH=N), 9.91&9.96 (2s, 1H, NH),
11.47&11.49 (2s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm:
24.4 (CH3), 64.9,&66.8 (CH2), 69.0 (OCH2), 105.6&106.1 (C-2), 109.3 (C-
4), 111.8&112.4 (C-6), 115.5,&115.8 (C-28, C-30), 127.2&127.3 (C-19,
C-21), 128.9&129.1 (C-17), 129.7&129.8 (C-18, C-22), 130.4&130.5 (C-
27, C-31), 133.3 (C-26), 133.4 (C-5), 140.8&140.9 (CH=N), 143.9 (C-3),
148.0 (C-20), 158.4&158.8 (C-1), 162.2 (C� F, d, J=242), 164.3 (C=O),
168.7&169.1 (C=O). Anal. calc. for C24H22FN3O4,%: C, 66.20; H, 5.09; N,
9.65 Found, %: C, 66.15; H, 5.36; N, 9.66. LC/MS (ESI) m/z: 436.35 [M
+H]+, 434.35 [M� H]� .

Figure 8. Binding mode of co-crystallized inhibitor Combretastatin A4 (A) and 3e (B) in the colchicine binding pocket of tubulin. 2D representations of ligand-
protein interactions are also provided for Combretastatin A4 (C) and 3e (D). The ligands are depicted as sticks and balls in black (for Combretastatin A4) and
pink (for 3e), while the amino acid residues interacting with them are shown as dark gray sticks. Protein backbone and hydrogen bonds are represented as
white cartoon and purple dashes, respectively.
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N-(3-(2-Oxo-
2-(2-(2-(trifluoromethoxy)benzylidene)hydrazinyl)eth-
oxy)phenyl)acetamide (3c)

Beige solid; m.p. 189–191 °C; FT-IR υmax (cm� 1): 3254 (N� H), 1681
(C=O), 1660 (C=O), 1602 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.64&5.12 (2s, 2H, � OCH2), 6.59–8.08
(m, 8H, Ar� H), 8.28&8.63 (2s, 1H, CH=N), 9.91&9.97 (2s, 1H, NH),
11.71&11.87 (2s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm:
24.5 (CH3), 65.0&66.9 (CH2), 105.7&106.2 (C-20), 109.3 (C-22),
111.9&112.5 (C-24), 118.8 (C-6), 122.2 (OCF3, q, J=256), 127.0&127.3
(C-3), 127.4&127.6 (C-4), 129.8&129.9 (C-2), 132.0&132.2 (C-5), 137.6
(C-23), 140.9 (CH=N), 141.4 (C-21), 147.0 (C-1), 158.4&158.8 (C-19),
165.0 (C=O), 168.7&169.5 (C=O). Anal. calc. for C18H16F3N3O4.3/4
H2O,%: C, 52.88; H, 4.31; N,10.28 Found, %: C, 52.66; H, 4.35; N,
10.80. LC/MS (ESI) m/z: 396.25 [M+H]+, 394.30 [M� H]� .

N-(3-(2-(2-(2-Fluorobenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3d)

Off-white solid; m.p. 192–194 °C; FT-IR υmax (cm
� 1): 3304 (N� H), 1697

(C=O), 1666 (C=O), 1604 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.63&5.11 (2s, 2H, � OCH2), 6.58-7.94
(m, 8H, Ar� H), 8.22&8.59 (2s, 1H, CH=N), 9.92&9.97 (2s, 1H, NH),
11.72&11.75 (2s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm:
24.5 (CH3), 65.0&66.9 (CH2), 105.7&106.2 (C-2), 109.3 (C-4),
111.9&112.5 (C-6), 116.3&116.6 (C-19), 121.9&122.0 (C-21), 126.9
(C-17), 129.9 (C-22), 132.3 (C-20), 137.1 (C-5), 140.9 (CH=N), 141.1
(C-3), 158.4&158.8 (C-1), 161.1 (C� F,d, J=247), 164.8 (C=O),
168.8&169.5 (C=O). Anal. calc. for C17H16FN3O3.1/2 H2O,%: C, 60.35;
H, 5.06; N, 12.42 Found, %: C, 62.00; H, 4.90; N, 12.76. LC/MS (ESI) m/
z: 331.30 [M+2H]+, 328.30 [M� H]� .

N-(3-(2-(2-(4-Nitrobenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3e)

Off-white solid; m.p. 241–242 °C; FT-IR υmax (cm
� 1): 3346 (N� H), 1697

(C=O), 1649 (C=O), 1606 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.67&5.15 (2s, 2H, � OCH2), 6.64–8.44
(m, 9H, Ar� H &CH=N), 9.92&9.97 (2s, 1H, NH), 11.92 (s, 1H, NH). 13C-
NMR (75 MHz), (DMSO-d6/TMS) δ ppm: 24.5 (CH3), 65.1, 66.8 (CH2),
105.8&106.2 (C-2), 109.3 (C-4), 112.0 (C-6), 124.4&124.5 (C-19, C-21),
128.3&128.5 (C-18, C-22), 129.8&129.9 (C-17), 140.9&140.9 (CH=N),
141.9 (C-5), 145.8 (C-3), 148.3 (C-20), 158.4&158.8 (C-1), 165.2 (C=O),
168.9&169.8 (C=O). Anal. calc. for C17H16FN4O5,%: C, 57.3; H, 4.53; N,
15.72 Found, %: C, 57.25; H, 4.35; N, 15.79. LC/MS (ESI) m/z: 357.30
[M+H]+, 355.35 [M� H]� .

N-(3-(2-(2-(4-Methoxy-3-nitrobenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3 f)

Yellow solid; m.p. 252–254 °C; FT-IR υmax (cm
� 1): 3375 (N� H), 1687

(C=O), 1656 (C=O), 1599 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 3.97 (s, 3H, � OCH3), 4.63&5.12 (2s, 2H,
� OCH2), 6.63–8.32 (m, 8H, Ar� H &CH=N), 9.91&9.96 (2s, 1H, NH),
11.69 (s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm: 24.5
(CH3), 57.4 (OCH3), 65.1&66.8 (CH2), 105.8&106.2 (C-20), 109.3 (C-22),
111.9&112.4 (C-24), 115.0&115.2 (C-6), 123.3&123.8 (C-3), 127.2 (C-
4), 129.7&129.9 (C-5), 132.8 (C-23), 140.1&140.8 (C-2), 140.9&141.9
(CH=N), 145.9 (C-21), 153.1&153.5 (C-1), 158.4&158.8 (C-19), 164.7
(C=O), 168.8&169.5 (C=O). Anal. calc. for C18H18N4O6,%: C, 55.96; H,
4.70; N, 14.50 Found, %: C, 55.60; H, 4.51; N, 14.48. LC/MS (ESI) m/z:
387.30 [M+H]+, 385.25 [M� H]� .

N-(3-(2-(2-(2-Chlorobenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3g)

Off-white solid; m.p. 201–203 °C; FT-IR υmax (cm
� 1): 3336 (N� H), 1697

(C=O), 1660 (C=O), 1599 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.59&5.03 (2s, 2H, � OCH2), 6.53-7.59
(m, 8H, Ar� H), 7.97&8.28 (2s, 1H, CH=N), 9.91&9.92 (2s, 1H, NH),
11.63&11.65 (s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm:
24.5 (CH3), 65.1&66.9 (CH2), 105.7&106.2 (C-16), 109.4 (C-18),
111.9&112.5 (C-20), 127.&127.4 (C-3), 128.0 (C-4), 129.8&129.9 (C-5),
130.3 (C-6), 131.6&131.8 (C-2), 132.0 (C-1), 133.4 (C-19), 140.2&140.9
(CH=N), 144.2 (C-17), 158.4&158.8 (C-15), 164.9 (C=O), 168.7&169.5
(C=O). Anal. calc. for C17H16ClN3O3. 1/4 H2O,%: C, 58.29; H, 4.75; N,
12.00 Found, %: C, 58.63; H, 4.61; N, 12.01. LC/MS (ESI) m/z: 346.25
[M+H]+, 344.30 [M� H]� .

N-(3-(2-(2-(3,4-Difluorobenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3h)

Beige solid; m.p. 202–204 °C; FT-IR υmax (cm� 1): 3342 (N� H), 1693
(C=O), 1651 (C=O), 1608 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.63&5.12 (2s, 2H, � OCH2), 6.59-7.87
(m, 7H, Ar� H), 7.98&8.31 (2s, 1H, CH=N), 9.91&9.96 (2s, 1H, NH),
11.71&11.73 (s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm:
24.5 (CH3), 65.1& 66.8 (CH2), 105.8&106.2 (C-2), 109.2 (C-4),
111.9&112.4 (C-6), 115.5&115.7 (C-21), 118.3&118.5 (C-18), 124.8 (C-
22), 129.8&129.9 (C-17), 132.3 (C-5), 140.8&140.9 (CH=N), 141.9 (C-
3), 158.4&158.8 (C-1), 160.7 (C� F, d, J=248), 161.1 (C� F, d, J=254),
164.8 (C=O), 168.7&169.6 (C=O). Anal. calc. for C17H15F2N3O3,%: C,
58.79; H, 4.35; N, 12.10 Found, %: C, 58.50; H, 4.14; N, 11.77. LC/MS
(ESI) m/z: 348.25 [M+H]+, 346.35 [M� H]� .

N-(3-(2-(2-(4-Fluoro-3-phenoxybenzylidene)hydrazinyl)-
2-oxoethoxy)phenyl)acetamide (3 i)

White solid; m.p. 163–165 °C; FT-IR υmax (cm� 1): 3281 (N� H), 1697
(C=O), 1674 (C=O), 1585 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.59&5.03 (2s, 2H, � OCH2), 6.53-7.58
(m, 12H, Ar� H), 7.97&8.28 (2s, 1H, CH=N), 9.91&9.96 (2s, 1H, NH),
11.64 (s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm: 13C-
NMR (75 MHz), (DMSO-d6/TMS) δ ppm: 24.5 (CH3), 65.0&66.8 (CH2),
105.8&106.2 (C-23), 109.2 (C-25), 111.9&112.4 (C-22), 117.3&117.9
(C-6), 118.0&118.4 (C-3), 120.4 (C-11), 123.9&124.2 (C-4),
129.8&129.9 (C-9, C-13), 130.5&130.6 (C-10, C-12), 132.2 (C-26),
134.1 (C-5), 140.8&140.9 (CH=N), 142.5 (C-24), 156.3&156.6 (C-1),
156.8&157.1 (C-8), 158.4&158.8 (C-22), 164.7 (C=O), 168.8&169.6
(C=O). Anal. calc. for C23H20FN3O4,%: C, 65.55; H, 4.78; N, 9.97 Found,
%: C, 65.23; H, 5.26; N, 10.14. LC/MS (ESI) m/z: 422.35 [M+H]+,
420.35 [M� H]� .

N-(3-(2-Oxo-
2-(2-(4-(trifluoromethoxy)benzylidene)hydrazinyl)eth-
oxy)phenyl)acetamide (3 j)

Off-white solid; m.p. 186–188 °C; FT-IR υmax (cm
� 1): 3296 (N� H), 1697

(C=O), 1654 (C=O), 1600 (C=N); 1H-NMR (300 MHz), (DMSO-d6/TMS)
δ ppm: 2.02 (s, 3H, � COCH3), 4.64&5.11 (2s, 2H, � OCH2), 6.59-7.87
(m, 8H, Ar� H), 8.04–8.36 (2s, 1H, CH=N), 9.92&9.97 (2s, 1H, NH),
11.71 (s, 1H, NH). 13C-NMR (75 MHz), (DMSO-d6/TMS) δ ppm: 24.2
(CH3), 64.7&66.5 (CH2), 105.4&105.9 (C-2), 109.0 (C-4), 111.6&112.2
(C-6), 121.7 (OCF3, q, J=248), 128.9&129,1 (C-19, C-21), 129.5&129.6
(C-18, C-22), 133.4 (C-17), 133.6 (C-5), 140.6&140.7 (CH=N), 142.3 (C-
3), 146.4 (C-20), 158.1&158.5 (C-1), 164.5 (C=O), 168.5&169.2 (C=O).
Anal. calc. for C18H16F3N3O4.H2O,%: C, 52.30; H, 4.39; N,10.17 Found,
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%: C, 52.08; H, 4.53 N, 10.34. LC/MS (ESI) m/z: 397.30 [M+2H]+,
394.30 [M� H]� .

Biological Assays

Antimicrobial activity testing by broth microdilution

In vitro antimicrobial activity assays were carried out by broth
microdilution method according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines against a panel of reference
bacterial strains including S. aureus ATCC 29213, E. faecalis ATCC
29212, E. coli ATCC 25922, P. aeruginosa ATCC 27853 and yeast
strains including C. albicans ATCC 90028, C. parapsilosis ATCC
90018, C. krusei ATCC 6258.[42,43]

The stock solutions of the test compounds were dissolved in
dimethyl sulfoxide (DMSO) and twofold serial dilutions were
prepared in 96-well polystyrene plates containing either Mueller–
Hinton Broth (MHB, Merck, Germany) for bacteria or RPMI 1640
buffered to a pH of 7 with MOPS for yeasts in a concentration range
of 1024 μg/ml to 0.5 μg/mL. Ciprofloxacin and fluconazole were
used as control drugs for tested bacteria and fungi, respectively.

Microbial suspensions were prepared from fresh overnight cultures
of each microorganism and adjusted to 0.5 McFarland standard.
The suspensions were subsequently diluted in MHB or RPMI 1640
and added to each well to give a final cell density of 2.5×103 cfu/
mL for yeasts and 5×105 cfu/mL for bacteria. Sterility control and
growth control were included in each assay. MICs were read after
incubation at 37 °C for 24 h.

Anticancer activity assay

Cell culture

MDA-MB-231 triple negative and MCF-7 luminal A breast cancer cell
lines were incubated in DMEM medium containing 10% FBS and
1% Penicillin/Streptomycin at 37 °C and 5% CO2. The medium was
changed three times a week.

Cell viability and cytotoxicity

CCK-8 colorimetric method was used to determine the effect of
metacetamol and its derivatives on cell viability and cytotoxicity
in vitro. In this method, cells were seeded at 5000 cells/well in 96-
well plates. After 24 h, control and experimental groups were
formed with three repetitions in each group. Compounds for the
experimental group were diluted at appropriate concentrations (10,
25, 50, 75, 100 μM). After 24 h of incubation, the medium in the
wells was discarded. 100 μl of fresh medium and 10 μl of WST-8
solution were added to each well (Cell Counting Kit-8, KTC011001,
Abbkine). After 4 h, the absorbance value was measured at 450 nm
wavelength (Synergy H1, BioTek Instruments Inc., USA).

Caspase-8 enzymatic activity

50000 cells/well were seeded in 96-well black opaque plates. After
overnight incubation, control (0 μM) and experimental (10, 25,
50 μM) groups were formed for the metacetamol derivative (3e),
with three replicates in each group. After 24 h, the medium in the
wells was discarded. A working solution for Caspase-8 was prepared
as specified in the manufacturer’s protocol. Then, 100 μl of the
working solution was added to each well. After 1 h at room
temperature, fluorescence values were measured at 490 and

525 nm excitation and emission wavelengths (Cell Meter Caspase
3/7,8,9 Activity Apoptosis assay kit, 22820, AAT Bioquest, Sunnyvale,
USA).

JC-1mitochondrial membrane potential test

50000 cells/well were seeded in 96-well black opaque plates. After
overnight incubation, control (0 μM) and experimental (10, 25,
50 μM) groups were formed for the metacetamol derivative (3e),
with three replicates in each group. After 24 h, the medium in the
wells was discarded. Then, 100 μl of fresh medium and 1 :10 diluted
JC-1 dye were added to each well (JC-1 Mitochondrial Membrane
Potential Assay Kit, 10009172, Cayman Chemical). Centrifugation
and buffering were performed as specified in the manufacturer’s
protocol. Fluorescence values were measured with Elisa Reader,
with excitation and emission wavelengths being 535 and 595 nm
for healthy cells, and 485 and 535 nm for apoptotic cells,
respectively.

Statistical analysis

GraphPad Prism (version 5.01, GraphPad Software, CA, USA)
program was used for statistical analysis of the obtained data.
Dunn’s multiple comparison test was applied after one-way ANOVA
test. The significance value was accepted for p<0.05.

Molecular Docking

The 3D crystal structure of the tubulin-combretastatin A4 complex
was downloaded from the Protein Data Bank with PDB code
5LYJ.[44] The chemical structure of compound 3e was drawn, energy
minimized and docked into the colchicine binding site of tubulin
using LigandScout 4.4[45] and AutoDock 4.2 with default
parameters.[46] The resulting docking poses were visually analyzed
and the docking figures were prepared using Maestro.[47]
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