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ABSTRACT
A series of new hydrazones bearing pyridyl and thiazolyl scaffolds
have been synthesized and evaluated for their in vitro anticancer
and antimicrobial activities. The anticancer activity was evaluated
against the A549 lung cancer cell line. The eight hydrazone deriva-
tives have shown better anticancer activity than positive control
doxorubicin against the A549 lung cancer cell line. The antimicrobial
activity was evaluated against bacterial and fungal pathogens by
using well diffusion method. The four hydrazone derivatives have
displayed good antimicrobial activities. Molecular docking studies of
the synthesized hydrazone derivatives revealed good binding via
hydrogen bond interactions with key residues on active sites as well
as neighboring residues with an active site of Focal adhesion kinase
(PDB ID 2JKO). A computational study for the prediction of absorp-
tion, distribution, metabolism, and excretion (ADME) properties of all
compounds has also been performed.
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Introduction

Cancer has become the most common life-threatening disease representing a major
health problem worldwide. In spite of the extensive research in cancer therapy, there is
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still an increasing need for new treatments for cancer.[1] The discovery of new chemo-
therapeutics is of prime importance due to the essential ability of tumor cells to develop
resistance to current agents. The development of multiple drug resistance to antitumor
drugs is a major problem in chemotherapy. Hence, research for the invention of novel
agents for treating cancer is of prime importance.[2] It has also been reported that lung
cancer is the prominent cause of cancer-related deaths.[3] The most common lung can-
cer i.e. non-small cell lung cancer (NSCLC) poses a continuous and serious threat to
public health. In spite of significant improvements in both diagnostic and therapeutic
approaches, the overall survival for NSCLC patients remain poor.[4] One main obstacle
for the treatment of NSCLC is that most patients are diagnosed at a late stage when the
prognosis is poor and therapeutic options are limited.[5]

Diversely substituted thiazole derivatives embedded with a variety of functional
groups are found to exist in a large number of well-known naturally occurring com-
pounds such as thiamin and commercial synthetic drugs.[6] A literature survey revealed
that thiazole derivatives are found to have many therapeutic activities such as anti-
cancer,[7] antimicrobial,[8] anti-inflammatory,[9] antioxidants,[10] antihypertension[11]

and antitubercular.[12] Functionalized pyridines are accompanying many pharmaco-
logical activities, such as antioxidant, antimicrobial,[13] b-glucuronidase[14] and cytotox-
icity against several human cancer cell lines.[15] Fused heterocyclic compounds with
pyridinyl and thiazolyl rings in a molecular frame are common structural designs with
substantial applications in medicinal chemistry.[16]

In particular, many studies have pointed out the pivotal role of the hydrazone moiety
for anticancer drug development.[17] The synthesis of the hydrazone derivatives have
been found to paid more attention due to their antitumor activity against various cancer
cell lines such as A549 human lung adenocarcinoma, MCF-7 human breast adenocar-
cinoma, U-373MG human glioblastoma, SK-OV-3 human ovary carcinoma, SK-MEL-2
human melanoma, HCT15 human colon carcinoma, MIA PaCa-2 human pancreas car-
cinoma and HepG2 human hepatocellular carcinoma cell lines.[18] Some of the repre-
sentative compounds with pyridine, thiazole and hydrazone scaffolds, reported in the
literature [19–22] are shown in Figure 1.
Recently, we have reported the synthesis, anticancer and antimicrobial activities of

some hydrazone derivatives starting from an antitubercular drug, ethionamide.[23]

Considering the biological significance of pyridines, thiazoles and substituted hydra-
zones and in continuation of our ongoing research on the synthesis of new bioactive
molecules,[24] herein we have reported a new series of pyridyl and thiazolyl clubbed
hydrazone derivatives (6a–k) with anticancer and antimicrobial activities starting from
an antitubercular drug, prothionamide.

Results and discussions

Chemistry

The reaction sequence employed for the synthesis of the hydrazone derivatives (6a–k)
has been shown in Scheme 1. In the first step, 2-propylpyridine-4-carbothioamide (1)
and ethyl 3-bromo-2-oxopropanoate (2) were refluxed in ethanol for 5 h to obtain
ethyl 2-(2-propylpyridin-4-yl)thiazole-5-carboxylate (3) with 85% yield. The ethyl
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2-(2-propylpyridin-4-yl)thiazole-5-carboxylate (3) was condensed with hydrazine
hydrate in refluxed ethanol to furnish a key intermediate, 2-(2-propylpyridin-4-yl)thia-
zole-5-carbohydrazide (4) with 76% yield. The condensations of aromatic aldehydes
(5a–k) and 2-(2-propylpyridin-4-yl)thiazole-5-carbohydrazide (4) was carried out in dii-
sopropylethylammonium acetate (DIPEAc) to obtain the corresponding substituted (E)-
N’-benzylidene-2-(2-propylpyridin-4-yl)thiazole-5-carbohydrazides (6a–k) with 80-90%
yields. The obtained products were purified by crystallization using ethanol.
The structures of synthesized (E)-N’-benzylidene-2-(2-propylpyridin-4-yl)thiazole-5-

carbohydrazides (6a–k) were established based on their 1H and 13C NMR spectral data
and satisfactory HRMS analysis. The IR spectrum of hydrazone 6b shows characteristic
peaks at 3273 and 1663 cm�1 indicate the presence of amide N–H and amido carbonyl
groups, respectively. The 1H NMR spectrum of 6b displays two singlet peaks at d 8.40
and 10.52 ppm indicates the presence of thiazolyl-H and amide N–H, respectively.
According to the literature, the singlet at deshielded region, d¼ 8.27–8.87 ppm indicates

Figure 1. Pyridine, thiazole, and hydrazone containing bioactive molecules.

Scheme 1. Reaction conditions: (i) EtOH, reflux, 5 h; (ii) H2N–NH2.H2O, EtOH, reflux, 4 h; (iii) DIPEAc,
rt, 30min.
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the presence of -CH¼N signal, exclusively accounts for the formation of E-isomers.[25]

In 13C NMR spectrum of 6b, the peaks at d 14.04, 23.24, and 40.58 ppm are due to the
carbons of the n-propyl group attached to a pyridine ring. The peak at d 166.69 ppm
indicates the presence of the amide carbonyl group. The HRMS analysis of compound
6b, displays (MþH)þ peak at 419.0501 for its molecular formula C19H16Cl2N4OS. The
spectral data of the remaining compounds are consistent with the assigned structures.

Anticancer activity

All the synthesized hydrazones (6a–k) were screened for their in vitro anticancer activ-
ity against A549 lung cancer cell line by using MTT assay.[26] The compounds dilutions
(lM) were prepared in DMSO. The compounds were added to the 24 h grown A549
cells in RPMI 1640 with FBS (10% v/v). The seeding density for the cell line was
>5� 103 cells per well/200mL of medium. The cells were incubated for 24 h. The IC50

was determined by using an EIA scan at 570 nm (Figure 2). Inhibition of cell prolifer-
ation by these active compounds at various concentrations was measured and their IC50

(the concentration that causes a 50% cell proliferation inhibition) values were calculated
and summarized in Table 1. The doxorubicin was used as a positive control. The com-
pounds with IC50 lower than 20 lM are found to be active against the cells.
In the present study, we have prepared hydrazones having electron-withdrawing sub-

stituents. The nitro substituent at ortho position displayed better anticancer activity as
compared to meta and para position. The hydrazones with halogen substituents at all
positions (ortho, meta and para) have shown good anticancer activity. Exceptionally, the
compound 6i with ortho-chloro substituent on the aryl ring showed a very week activ-
ity. In fact, out of eleven hydrazone derivatives, seven derivatives having one or more
either chloro or bromo showed better effects than the positive control, doxorubicin
against A549 lung cancer cells.

Antimicrobial activity

The newly synthesized hydrazone derivatives (6a-k) were screened for in vitro antibac-
terial activity against bacterial strains Staphylococcus aureus ATCC 6538, Bacillus mega-
terium ATCC 2326, Bacillus subtilis ATCC 6633, Escherichia coli ATCC8739, Salmonella
typhi ATCC9207, Shigella boydii ATCC 12034, Enterobacter aerogenes ATCC13048,
Pseudomonas aeruginosa ATCC9027, Salmonella abony NCTC6017 and antifungal activ-
ity against fungal strains Aspergillus niger ATCC 16404, Saccharomyces cereviseae ATCC
9763, Candida albicans ATCC10231. Antimicrobial activity was performed by using a
well diffusion method.[27] Streptomycin and fluconazole were used as antibacterial and
antifungal standard reference compounds, respectively. The results of antibacterial and
antifungal activities in the zone of inhibition (mm) are presented in Table 2.
The structure-activity relationship analysis revealed that among the hydrazone deriva-

tives (6a–k), compound 6b (R¼ 3, 5-Dichloro) and 6c (R¼ 4-Chloro) showed moderate
activity against almost all the pathogens. The compounds 6e (R¼ 3-Nitro), 6f (R¼ 2-
Nitro) and 6g (R¼ 3-Chloro) have shown moderate activity against pathogens S. typhi,
E. aerogenes, B. subtilis, S. aureus, A. niger, and C. albicans. The convincing
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antimicrobial activity of synthesized hydrazones (6a–k) in our preliminary screening
(Table 2) leads us to determine the minimum inhibitory concentration. The MIC was
deduced by following the method and guidelines of the Clinical and Laboratory
Standard Institute (CLSI) (Table 3). In this study, the MIC was determined for the most
potent selected antimicrobial compounds 6b, 6e, 6f, and 6g.

Molecular docking study

Docking analysis was utilized to establish the mode of action of synthesized hydrazones
(6a-k) for their anticancer potential. Grip based docking analysis was performed keep-
ing protein structure in rigid conformation and ligand structures in flexible conform-
ation with cocrystallized bis-anilino pyrimidine inhibitor as a reference molecule.[28]

Molecular docking was performed using the crystal structure of the Focal adhesion kin-
ase (PDB ID 2JKO). Focal adhesion kinase is a key regulator of cell division and prolif-
eration and it also possesses all the critical attributes to act as a promising anticancer
target. The compound 6c was found to be interacting with the formation of two hydro-
gen bond interactions with ILE428, GLU430 and hydrophobic interactions with
ASN551, GLY563, ASP564, LEU567 (Figure 3). The compound 6f showed hydrogen
bond interaction with GLU430 and hydrophobic interactions with GLY429 and
GLU430 (Figure 4). The bonding interactions of the remaining compounds are given in
supplementary material.

ADME predictions

ADME predictions of all the synthesized hydrazone derivatives (6a–k) were predicted
using Swiss ADME portal (Table 4).[29] All the molecules have shown excellent

Figure 2. Antiproliferative action of hydrazone derivatives (6a–k).
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Table 1. Antiproliferative activity of hydrazone derivatives (6a–k).

Entry Compounds (6a-k) IC50 (µM)

6a 3.83 ± 0.23

6b 3.81 ± 0.20

6c 3.11 ± 0.10

6d 4.27 ± 0.15

6e 50.92 ± 0.55

6f 3.04 ± 0.10

6g 5.84±0.20

6h 3.46 ± 0.40

6i 79.83 ± 0.37

6j 20.92 ± 0.18

6k 3.61 ± 0.15
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physicochemical parameters with low Lipinski violation, which is desirable for the oral
absorption of drug candidates.

Experimental

The commercially available laboratory grade chemicals were used. The IR spectra were
recorded on Brucker FT-IR spectrometer. The 1H and 13C NMR spectra were recorded
on Brucker DRX-400 NMR spectrometer. The trimethylsilane (TMS) was used as an
internal standard. The coupling constants (J) are reported in hertz (Hz).

Synthesis of substituted (E)-N0-benzylidene-2-(2-propylpyridin-4-yl)thiazole-5-
carbohydrazides (6a–k)

The substituted aromatic aldehydes (5a–k) (1.0mmol) and 2-(2-propylpyridin-4-yl)thia-
zole-5-carbohydrazide (4) (1.0mmol) was dissolved in diisopropylethylammonium

Table 3. MIC values of most potent antimicrobial hydrazone derivatives (lg/mL).
Entry B. subtilis E. aerogenes C. albicans

6b 90 ± 0.47 170 ± 0.83 150 ± 0.78
6c 260 ± 1.67 120 ± 0.54 280 ± 2.19
6f 75 ± 1.12 85 ± 0.76 210 ± 1.57
6g 120 ± 2.37 150 ± 1.43 250 ± 0.75
Streptomycin 25 ± 0.34 30 ± 0.59 NA
Fluconazole NA NA 30± 0.17

NA: not applicable.

Figure 3. Docking interactions of 6c.
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acetate (DIPEAc) (5ml) and stirred at room temperature for 30min. After completion
of reaction, the reaction mixture was poured on cold water. The solid obtained was fil-
tered and washed with cold water. The products obtained were crystallized from ethanol
to furnish corresponding substituted (E)-N0-benzylidene-2-(2-propylpyridin-4-yl)thia-
zole-5-carbohydrazides (6a–k)with 80–90% yields

(E)-N0-(3,5-Dichloro-2-hydroxybenzylidene)-2-(2-propylpyridin-4-yl)thiazole-5-
carbohydrazide (6a)

Yield: 85%; M. P.: 220–222 �C; IR (Neat) m cm�1: 3424, 3116, 2907, 2840, 1682, 1600,
1534, 1444, 1347, 1285, 1222, 1177, 994, 849, 796, 717; 1H NMR (400MHz, CDCl3)
d¼ 1.08 (t, J¼ 6.7Hz, 3H, CH3), 1.90 (m, 2H, CH2), 2.93 (t, J¼ 6.7Hz, 2H, CH2),
7.39–7.38 (m, 1H, Ar–H), 7.44 (s, 1H, Ar–H), 7.77 (d, J¼ 12.9Hz, 2H, Ar–H), 8.45 (s,
1H, thiazolyl–H), 8.69 (s, 2H, Ar–H), 11.23 (s, 1H, Ar–OH), 12.00 (s, 1H, amido–NH);

Figure 4. Docking interactions of 6f.

Table 4. Pharmacokinetic parameters of hydrazone derivatives (6a–k).
Entry H-bond acceptors H-bond donors MR TPSA XLOGP3 Bioavailability score

6a 5 2 113.14 115.71 4.88 0.55
6b 4 1 111.11 95.48 5.23 0.55
6c 4 1 106.1 95.48 4.61 0.55
6d 4 1 108.79 95.48 4.67 0.55
6e 6 1 109.92 141.3 3.81 0.55
6f 6 1 109.92 141.3 3.81 0.55
6g 4 1 106.1 95.48 4.61 0.55
6h 4 1 108.79 95.48 4.67 0.55
6i 4 1 106.1 95.48 4.61 0.55
6j 6 1 109.92 141.3 3.81 0.55
6k 4 1 111.11 95.48 5.23 0.55

SYNTHETIC COMMUNICATIONSVR 9



13C NMR (100MHz, CDCl3þDMSO-d6) d¼ 13.87, 23.06, 29.62, 119.55, 122.62, 123.73,
126.69, 128.43, 131.28, 139.33, 148.88, 149.31, 150.17, 152.94, 156.59, 166.33; HRMS
(ESI)þ calcd. for C19H16Cl2N4O2S [MþH]þ: 435.0371 and found 435.0443.

Conclusions

In summary, we have reported new pyridyl and thiazolyl clubbed hydrazone scaffolds
starting from an antitubercular drug, prothionamide. The synthesized hydrazone deriva-
tives were evaluated for their in vitro antitumor activity against the A549 lung cancer
cells. As compared to the standard drug, doxorubicin, the hydrazones 6a, 6b, 6c, 6d, 6f,
6g, 6h, and 6k were shown better inhibitory activity with MIC values 3.83, 3.81, 3.11,
3.04, 4.27, 5.84, 3.46, and 3.61lM, respectively. The synthesized hydrazone derivatives
have also been evaluated for their antimicrobial activity against gram-positive and
gram-negative pathogens. Among them, hydrazone derivatives 6b, 6c, 6f, and 6g have
displayed good antimicrobial activities. Besides, the molecular docking study was per-
formed using the crystal structure of the Focal adhesion kinase (PDB ID 2JKO). We
believe these results laid a foundation for further improving the potency and the select-
ivity of this series of compounds as anticancer and antimicrobial agents.
Full experimental detail, 1H and 13C NMR spectra, HRMS spectra and docking

images, these materials can be found via the “Supplementary Content” section of this
article’s webpage.
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