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a b s t r a c t

In the present study a library of thiophenol-formaldehyde-triazole (TFT) derivatives was synthesized and
screened against CAOV3, CAOV4 and ES-2 ovary cancer cell lines. Initial screening revealed that five-
compounds 5a, 5b, 5j, 5h and 5i inhibited the viability of tested cell lines. Analysis of apoptosis
revealed that increase in compound 5a (most active) concentration from 0.25 to 2.0 mM enhanced
apoptotic cell proportion. Transwell assay showed reduction in invasive potential of CAOV3 cells on
treatment with compound 5a. In wound healing assay increasing the concentration of compound 5a
from 0.5 to 2.0 mM caused a significant (P< 0.05) decrease in the migration potential. Western blotting
showed that compound 5a treatment markedly decreased the level of matrix metalloproteinase (MMP)-
2 and �9 in CAOV3 cells. Treatment of CAOV3 cells with compound 5a caused a marked decrease in Focal
Adhesion Kinase (FAK) activation. Tumor growth was inhibited in the compound 5a treated mice
markedly than those of untreated group. The tumor metastasis to liver, intestine, spleen and peritoneal
cavity was markedly decreased in mice treated with 10mg/kg dose of compound 5a. Examination of Von
Willebrand factor (vWF) expression in liver, intestinal and pulmonary lesions showed a marked decrease
in the compound 5a-treated mice. The infiltration of macrophages in the metastatic lesions showed a
significant decrease in compound 5a-treated mice. In conclusion, the compound 5a inhibited ovary
cancer cell viability and induced apoptosis through decrease in expression of vWF and metalloproteinase,
suppression of FAK activation and decrease in infiltration of macrophages. The compound 5a therefore
can be investigated further for the treatment of ovary cancer.

© 2019 Published by Elsevier Masson SAS.
1. Introduction

Ovarian cancer is the most common cause of mortality among
gynaecologic cancers and the fifth leading cause of deaths in fe-
males because of cancer [1]. The 5-year survival rate of the females
suffering from ovarian cancer is very low which stresses for the
development of an effective treatment strategy for the ovary cancer
[2]. Difficulty in the detection of ovary cancer at an early stage and
dearth of available effective treatment makes ovary cancer a life-
threatening disease in females [3]. In ovarian cancer patients tu-
mor metastasis to the peritoneal tissues takes place at an advanced
stage [4]. Inhibition of ovarian cancer growth and its metastasis to
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the distant organs demands for the development of novel and
effective treatment strategies. Studies are being continuously per-
formed to investigate the mechanism of ovarian cancer for devel-
opment of efficient treatment strategies [5e8].

Triazole moiety comprises of a heterocyclic aromatic five-
membered ring and constitutes an important pharmacophore of
several bioactive molecules (Fig. 1) [9]. The molecules containing
triazole scaffold possess several biological activities like anti-tumor,
anti-inflammatory, etc. [9]. A large number of compounds bearing
triazole moiety have been identified as the biologically active
molecules [10]. Screening of the 5-mercapto-1,2,4-triazole de-
rivatives has led to the identification various molecules possessing
anticancer activity against various types of carcinoma cell lines
[11e13]. Molecular docking results demonstrate that 1,2,4-triazole
compounds inhibit proliferation of cancer cells through apoptosis
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Fig. 1. Structure of triazole possessing anticancer activity.
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induction by acting as inhibitors for methionine aminopeptidase
type II [14]. The 1,2,4-triazole derivatives are synthesized and
assessed for anti-cancer activity using docking simulation [15]. The
in vitro screening of the triazole derivatives have shown significant
activity against several types of cancer cells like ovarian, pulmonary
and melanoma [15]. The triazole derivatives synthesized from
various molecules also lead to the development of novel com-
pounds possessing antimicrobial activity [16,17]. The present study
was aimed to synthesize a series of thiophenol-formaldehyde tri-
azoles (TFT) and to investigate the synthesized molecules against
the ovary cancer cell lines. The study demonstrated that among the
synthesized library compound 5a is the most active against ovarian
cancer cells. The effect of compound 5awas also analysed on tumor
metastasis in mice model of ovary cancer. The study demonstrated
inhibition of ovary cancer cell viability through apoptosis induction
and suppression of tumormetastasis inmice by down-regulation of
vWF expression.

1,2,3-Triazole derivatives have been synthesized since long and
explored mainly for their anti-tumor potential [18]. The 2-
methoxy-5-(1-(3,4,5-trimethoxyphenyl)-1H-1,2,3- triazol-5-yl)an-
iline have been shown to inhibit tubulin polymerization through
interactionwith b-tubulin via H-bonding with the amino acids [19].
Another compound, 3-(4-(4-phenoxyphenyl)-1H-1,2,3-triazol-1-
yl)benzo [d]isoxazole was found to significantly inhibit the prolif-
eration of MV4-11 cells at an IC50 of 2 mM [20]. The 4-[phenyl-1-(1-
phenyl-ethyl)]-1H-1,2,3-triazole displayed promising cytotoxic ac-
tivity against HL 60 cells [21]. The preparation of 1,2,3-triazole de-
rivatives of flavonoid, quinolone and oxadiazole lead to the
identification of compounds which inhibit growth of leukemia K-
562 and melanoma SK-MEL-5 cell lines [22]. The 1,2,3-triazole
derivatization of betulinic acid lead to the identification of two
compounds, 3{1N(2-cyanophenyl)-1H1,2,3-triazol-4yl}methyloxy
betulinic acid and 3{1N(5- hydroxy-naphth-1yl)-1H-1,2,3-triazol-
4yl}methyloxy betulinic acid with significant anti-proliferation
activity against leukemia cells HL-60 [23].

2. Materials and methods

2.1. Chemistry

2.1.1. General
1H and 13C NMR spectra of all the triazoles synthesized was

recorded in (CD3)2SO solvent using a Bruker AC-300P spectrometer.
The tetramethylsilane (TMS) was used as the internal standard. The
values of chemical shift (d values) and coupling constants (J values)
are presented in ppm and Hz, respectively. The Bruker Daltonics
electro spray ionization apparatus was used for the measurement
of HRMS of all the compounds synthesized. Thin layer chroma-
tography was performed using commercially available silica gel
plates GF254 aluminium plates. The chemicals used for experi-
ments and solvents were obtained from Sigma-Aldrich (Sigma, St.
Louis, MO, USA). Purification of the compounds was achieved using
column chromatography on silica gel (Qualigens, 60e120 mesh).
2.1.2. General procedure for propargylation
The solution of compound 3 (500mg, 1.0mmol) in THF was

stirred with NaH (600mg, 1.0mmol) and propargyl bromide
(458 mL, 4.0mmol) for 1 h at room temperature. The completion of
the reaction was monitored by TLC. After 1 h, the reaction mixture
was purified by the column chromatography using 2:98 ethyl ac-
etate/hexane as the solvent system.

2.1.3. Procedure for preparation of azides
Aromatic Azides. To a solution of 2,5-dimethyl aniline (500mg,

4.13mmol) in 1,4-dioxane at �15 �C, 2M sulphuric acid (10.3mL,
20.6mmol) was added in small instalments while stirring [24].
After 5min, 3M aqueous sodium nitrite solution (2.75mL,
8.26mmol) was added drop wise followed by careful addition of
3M sodium azide solution (4.13mL,12.39mmol). After the addition
was over, the reaction mixture was allowed to attain room tem-
perature and extracted with diethyl ether (3� 50mL). The com-
bined organic layer waswashedwith saturated sodium bicarbonate
solution, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure to yield aromatic azide that was used in the
next reaction without purification.

Aliphatic Azides. A mixture of octanol (4.6mL, 3.8mmol), tri-
phenylphosphine (1.2 g, 4.6mmol), iodine (1.16 g, 4.6mmol), and
imidazole (0.26 g, 3.84mmol) was thoroughly mixed in a round
bottom flask [24]. To this mixture was added sodium azide (0.99 g,
15.3mmol) in DMSO and stirred at room temperature for 1 h. The
reaction mixture was extracted with diethyl ether (3� 30mL),
washed with brine, and concentrated under reduced pressure to
yield crude aliphatic azide that was used in the next reaction
without further purification.

2.1.4. General procedure for synthesis of triazole compounds (5a-
5u)

The compound 4 (300mg, 1.0mmol) was dissolved in 5ml of
H20:tBuOH (2:1) mixture. To this solution was added CuSO4
(20mol%) and alkyl or aryl azide (1.5mmol) and the mixture was
subjected to sonication at 45 �C for 1e2 h. The progress of the re-
action was monitored by TLC. The products obtained were char-
acterized by 1H NMR, 13C NMR, and HRMS techniques; 2-(((1-(2-
fluorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzenethiol
(5a). 1H NMR (400MHz, (CD3)2SO) d 8.01 (1H, s), 7.53.7.55 (1H, m),
7.20 (1H, d, J¼ 8.0 Hz), 7.12e7.03 (6H, m), 4.68 (2H, s), 4.66 (2H, s),
4.24 (1H,s); 13C NMR (101MHz, (CD3)2SO) d 159.57, 157.47, 151.99,
133.75, 130.12, 128.05, 127.96,127.54, 125.75, 125.70, 122.06, 122.02,
118.01, 117.80, 70.59, 60.04; HRMS (ESI) m/z calcd. for C16H14FN3OS
[M]þ: 315.0842, found: 315.0842; yield: 89%; melting point:
203e205 �C.

2-(((1-(2,4-difluorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)
methyl)benzenethiol (5b). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H,
s), 7.58.7.54 (1H, m), 7.21e7.19 (1H, m), 7.09e7.01 (4H, m),
6.91e6.83 (1H, m), 4.68 (2H, s), 4.66 (2H, s), 3.29 (1H,s); 13C NMR
(101MHz, (CD3)2SO) d 161.80, 160.27, 159.70, 151.99, 133.75, 130.12,
129.54, 127.96, 123.19, 122.98, 114.69, 114.66, 105.95, 105.52, 70.59,
60.04; HRMS (ESI) m/z calcd. for C16H13F2N3OS [M]þ: 333.0747,
found: 333.0747; yield: 92%; melting point: 206e209 �C.

2-(((1-(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5c). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s), 7.43
(2H, d, J¼ 8.0 HZ), 7.25 (2H, d, J¼ 8.0 HZ), 7.19e7.02 (4H, m), 4.66
(4H, s), 3.15 (1H,s); 13C NMR (101MHz, (CD3)2SO) d 151.53, 135.45,
133.75, 132.19, 130.12, 129.54, 127.96, 127.27, 127.07, 121.80, 121.05,
120.54, 70.59, 60.04; HRMS (ESI)m/z calcd. for C16H14BrN3OS [M]þ:
375.0041, found: 375.0041; yield: 90%; melting point: 204e206 �C.

2-(((1-(2-bromophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5d). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s),
7.48e7.46 (2H, m), 7.22e6.99 (6H, m), 6.65 (4H, s), 4.66 (4H, s), 4.17
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(1H, s); 13C NMR (101MHz, (CD3)2SO) d 151.99, 137.93, 133.75,
133.34, 132.10, 130.12, 129.54, 129.03, 127.96, 127.27, 127.07, 126.24,
124.71, 122.03, 121.05, 114.90, 70.59, 60.04; HRMS (ESI) m/z calcd.
for C16H14BrN3OS [M]þ: 375.0041, found: 375.0041; yield: 92%;
melting point: 212 �C.

2-(((1-(3-bromophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5e). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s), 7.81
(1H, s), 7.45e7.47 (1H, m), 7.23e7.02 (6H, m), 4.69 (2H, s), 4.65 (2H,
s), 3.28 (1H, s); 13C NMR (101MHz, (CD3)2SO) d 151.53, 139.27,
133.75, 130.50, 130.12, 129.54, 128.07, 127.96, 127.27, 127.07, 122.91,
122.86, 121.05, 118.29, 70.59, 60.04; HRMS (ESI) m/z calcd. for
C16H14BrN3OS [M]þ: 375.0041, found: 375.0041; yield: 88%;
melting point: 217 �C.

2-(((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5f). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s), 7.32
(2H, d, J¼ 8.0 Hz), 7.26 (2H, d, J¼ 8.0 Hz), 7.19e7.02 (4H, m), 4.66
(4H, s), 4.15 (1H, s); 13C NMR (101MHz, (CD3)2SO) d 151.53, 136.01,
133.75, 132.65, 130.12, 129.54, 129.01, 127.96, 127.27, 127.07, 122.93,
121.05, 70.59, 60.04; HRMS (ESI) m/z calcd. for C16H14ClN3OS [M]þ:
331.0546, found: 331.0546; yield: 90%; melting point: 206e209 �C

2-(((1-(3,4-dimethylphenyl)-1H-1,2,3-triazol-4-yl)methoxy)
methyl)benzenethiol (5g). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H,
s), 7.40 (1H, s), 7.28e7.02 (6H, m), 4.69 (2H, s), 4.65 (2H, s), 3.28 (1H,
s), 2.35 (3H, s), 2.33 (3H, s); 13C NMR (101MHz, (CD3)2SO) d 151.53,
140.54, 138.13, 134.35, 133.75, 132.06, 130.12, 129.54, 127.96, 127.27,
127.07, 126.12, 125.44, 121.05, 70.59, 60.04, 20.37, 19.44; HRMS (ESI)
m/z calcd. for C18H19N3OS [M]þ: 325.1249, found: 325.1249; yield:
86%; melting point: 218 �C.

2-(((1-(2-(trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)
methoxy)methyl)benzenethiol (5h). 1H NMR (400MHz, (CD3)2SO)
d 8.03 (1H, s), 7.91e7.80 (2H, m), 7.48 (1H, m), 7.28e7.05 (5H, m),
4.65 (4H, s), 3.15 (1H, s); 13C NMR (101MHz, (CD3)2SO) d 151.99,
136.03, 135.98, 132.86, 130.12, 129.54, 128.94, 127.96, 127.27, 127.21,
127.14, 126.85, 124.75, 122.03, 121.12, 70.59, 60.04; HRMS (ESI) m/z
calcd. for C17H14F3N3OS [M]þ: 365.0810, found: 365.0810; yield:
89%; melting point: 207e208 �C.

2-(((1-(4-(trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)
methoxy)methyl)benzenethiol (5i). 1H NMR (400MHz, (CD3)2SO)
d 8.03 (1H, s), 7.75 (2H, d, J¼ 8.0 Hz), 7.66 (2H, d, J¼ 8.0 Hz),
7.64e7.05 (4H, m), 4.65 (2H, s), 4.56 (2H, s), 3.40 (1H, s); 13C NMR
(101MHz, (CD3)2SO) d 151.53, 142.39, 133.75, 130.12, 129.54, 127.96,
126.91, 125.51, 123.81, 121.76, 121.70, 121.64, 121.59, 121.32, 121.05,
70.59, 60.04; HRMS (ESI) m/z calcd. for C17H14F3N3OS [M]þ:
365.0810, found: 365.0810; yield: 91%; melting point: 209 �C.

2-(((1-(2,4,6-trichlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)
methyl)benzenethiol) (5j). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H,
s), 7.43 (2H, s), 7.21e7.19 (1H, m), 7.08e7.01 (3H, m), 4.70 (2H, s),
4.65 (2H, s), 3.29 (1H, s); 13C NMR (101MHz, (CD3)2SO) d 150.75,
138.70, 135.84, 135.10, 133.75, 130.12, 129.85, 129.54, 127.96, 127.27,
127.07, 119.63, 70.59, 60.04; HRMS (ESI) m/z calcd. for
C16H12Cl3N3OS [M]þ: 398.9767, found: 398.9767; yield: 92%;
melting point 206 �C.

2-(((1-(naphthalen-1-yl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5k). 1H NMR (400MHz, (CD3)2SO) d 8.28 (1H, d,
J¼ 4.0 Hz), 8.03 (1H, s), 8.50e8.52 (1H, m), 7.62e7.01 (9H, m), 4.72
(2H, s), 4.66 (2H, s), 3.31 (1H, s); 13C NMR (101MHz, (CD3)2SO)
d 150.80, 136.80, 134.10, 133.75, 130.12, 129.54, 128.31, 127.96,
127.29, 127.28, 127.07, 126.86, 126.40, 125.69, 124.22, 123.60, 122.06,
112.84, 70.59, 60.04; HRMS (ESI) m/z calcd. for C20H17N3OS [M]þ:
347.1092, found: 347.1092; yield: 90%; melting point: 219 �C.

2-(((1-phenyl-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzene-
thiol (5l). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s), 7.35e7.37 (2H,
m), 7.21e6.93 (7H, m), 4.66 (4H, s), 34.13 (1H, s); 13C NMR
(101MHz, (CD3)2SO) d 151.53, 137.08, 133.75, 130.12, 129.54, 129.27,
127.96, 127.60, 127.27, 127.07, 121.38, 121.05, 70.59, 60.04; HRMS
(ESI) m/z calcd. for C16H15N3OS [M]þ: 297.0936, found: 297.0936;
yield: 88%; melting point: 212e214 �C.

2-(((1-(m-tolyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzene-
thiol (5m). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s), 7.43 (1H, d,
J¼ 4.0 Hz), 7.32e7.34 (1H, m), 7.23e6.88 (6H, m), 4.70 (2H, s), 4.65
(2H, s), 3.29, (1H, s), 2.35 (3H, s); 13C NMR (101MHz, (CD3)2SO)
d 151.53,139.18,138.72,133.75,130.12,129.54,128.41,127.96,127.27,
127.07, 126.49, 124.15, 121.05, 116.19, 70.59, 60.04, 21.20; HRMS
(ESI) m/z calcd. for C17H17N3OS [M]þ: 311.1092, found: 311.1092;
yield 86%; melting point 209e211 �C.

2-(((1-(2-nitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5n). 1H NMR (400MHz, (CD3)2SO) d 8.03 (1H, s),
8.90e8.81 (2H, m), 7.53e7.40 (2H, m), 7.22e7.04 (4H, m), 4.69 (2H,
s), 4.67 (2H, s), 4.01, (1H, s); 13C NMR (101MHz, (CD3)2SO) d 151.99,
141.93, 133.75, 133.19, 132.74, 130.12, 129.54, 128.04, 128.01, 127.96,
127.27, 127.07, 126.18, 122.03, 70.59, 60.04; HRMS (ESI) m/z calcd.
for C16H14N4O3S [M]þ: 342.0787, found: 342.0787; yield 89%;
melting point 203e205 �C.

2-(((1-(3-nitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5o). 1H NMR (400MHz, (CD3)2SO) d 8.33 (1H, s), 8.03
(1H, s), 7.81.7.79 (1H, m), 7.52e7.50 (2H, m), 7.23e7.02 (4H, m), 4.70
(2H, s), 4.67 (2H, s), 3.29, (1H, s); 13C NMR (101MHz, (CD3)2SO)
d 151.53, 147.64, 137.68, 133.75, 131.09,130.12, 129.54, 127.96,127.27,
127.07, 121.48, 121.05, 119.90, 70.59, 60.04; HRMS (ESI) m/z calcd.
for C16H14N4O3S [M]þ: 342.0787, found: 342.0787; yield: 90%;
melting point: 205e208 �C.

2-(((1-(2,4-dinitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)methyl)
benzenethiol (5p). 1H NMR (400MHz, (CD3)2SO) d 8.70 (1H, s), 8.30
(1H, d, J¼ 8.0 Hz), 8.12e8.03 (2H, m), 7.19e7.21 (2H, m), 7.07e7.05
(2H, m), 4.70 (2H, s), 4.67 (2H, s), 4.01, (1H, s); 13C NMR (101MHz,
(CD3)2SO) d 151.99, 147.09, 145.59, 135.00, 133.75, 130.70, 130.12,
129.54, 127.96, 127.60, 127.27, 127.07, 124.70, 122.03, 70.59, 60.04;
HRMS (ESI) m/z calcd. for C16H13N5O5S [M]þ: 387.0637, found:
387.0637; yield: 92%; melting point: 205e208 �C.

2-(((1-pentyl-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzenethiol
(5q). 1H NMR (400MHz, (CD3)2SO) d 7.99 (1H, s), 7.23 (1H, d,
J¼ 4.0 Hz), 7.13e7.06 (3H, m), 4.66 (2H, s), 4.56 (2H, s), 4.20e4.03
(2H, m), 3.56 (1H, s), 1.82e1.78 (2H, m), 1.42e1.34 (4H, m),
1.01e0.97 (3H, m); 13C NMR (101MHz, (CD3)2SO) d 142.45, 133.75,
130.12, 129.54, 127.96, 127.27, 127.07, 124.44, 70.59, 60.04, 51.72,
29.80, 26.85, 22.93, 14.01; HRMS (ESI) m/z calcd. for C15H21N3OS
[M]þ: 291.1405, found: 291.1405; yield: 87%; melting point:
209e211 �C.

2-(((1-heptyl-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzenethiol
(5r). 1H NMR (400MHz, (CD3)2SO) d 7.99 (1H, s), 7.23e7.06 (4H, m),
4.66 (4H, s), 4.13e4.02 (2H, m), 3.29 (1H, s), 1.82e1.76 (2H, m),
1.36e1.31 (8H, m), 1.09e0.97 (3H, m); 13C NMR (101MHz,
(CD3)2SO) d 142.45, 133.75, 130.12, 129.54, 127.96, 127.27, 127.07,
124.44, 70.59, 60.04, 51.72, 31.64, 29.06, 27.55, 26.96, 22.93, 14.01;
HRMS (ESI) m/z calcd. for C17H25N3OS [M]þ: 319.1718, found:
319.1718; yield: 86%; melting point: 214 �C.

2-(((1-nonyl-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzenethiol
(5s). 1H NMR (400MHz, (CD3)2SO) d 7.99 (1H, s), 7.24e7.26 (1H, m),
7.13e7.07 (3H, m), 5.07 (1H, s), 4.65 (2H, s), 4.56 (2H, s), 4.20e4.01
(2H, m), 1.83e1.79 (2H, m), 1.46e1.31 (12H, m), 1.09e0.97 (3H, m);
13C NMR (101MHz, (CD3)2SO) d 142.45, 133.75, 130.12, 129.54,
127.96, 127.27, 127.07, 124.44, 70.59, 60.04, 51.72, 31.64, 29.06,
28.95, 27.55, 26.96, 22.93, 14.01; HRMS (ESI) m/z calcd. for
C19H29N3OS [M]þ: 347.2031, found: 347.2031; yield: 85%; melting
point: 210e212 �C.

2-(((1-decyl-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzenethiol
(5t). 1H NMR (400MHz, (CD3)2SO) d 7.99 (1H, s), 7.24e7.22 (1H, m),
7.11e7.04 (3H, m), 4.67 (2H, s), 4.65 (2H, s), 4.24e3.95 (2H, m), 3.30
(1H, s), 1.84e1.79 (2H, m), 1.46e1.32 (14H, m), 1.09e0.97 (3H, m);
13C NMR (101MHz, (CD3)2SO) d 142.45, 133.75, 130.12, 129.54,
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127.96, 127.27, 127.07, 124.44, 70.59, 60.04, 51.72, 31.64, 29.06,
28.95, 27.55, 26.96, 22.93, 14.01; HRMS (ESI) m/z calcd. for
C20H31N3OS [M]þ: 361.2188, found: 361.2188; yield: 92%; melting
point: 216 �C.

2-(((1-dodecyl-1H-1,2,3-triazol-4-yl)methoxy)methyl)benzenethiol
(5u). 1H NMR (400MHz, (CD3)2SO) d 7.84 (1H, s), 7.25e7.27 (1H, m),
7.11e7.04 (3H, m), 4.64 (2H, s), 4.60 (2H, s), 4.43 (1H, s), 4.18e3.98
(2H, m), 1.78e1.74 (2H, m), 1.48e1.32 (18H, m), 1.02e0.99 (3H, m);
13C NMR (101MHz, (CD3)2SO) d 142.45,133.75,130.12,129.54,127.96,
127.27, 127.07, 124.44, 70.59, 60.04, 51.72, 31.64, 29.06, 28.95, 27.55,
26.96, 22.93, 14.01; HRMS (ESI) m/z calcd. for C22H35N3OS [M]þ:
389.2501, found: 389.2501; yield: 91%; melting point: 228 �C.

2.2. Biology

2.2.1. Cell culture
The human ovarian cancer cell lines CAOV3, CAOV4 and ES-2

were obtained from the Shanghai Institute of Biochemistry and
Cellular Biology of the Chinese Academy of Sciences (Shanghai,
China). Dulbecco's modified Eagle's medium (DMEM; Gibco Life
Technologies, Carlsbad, CA, USA) mixed with 10% fetal bovine
serum was used for culturing the cell lines. The medium was sup-
plemented with penicillin (100 U/ml) and streptomycin (100 U/ml)
and the cells were cultured at 37 �C under humidified atmosphere
containing 5% CO2.

2.2.2. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
bromide) assay

Changes in proliferation of CAOV3 cells after incubation with
compound 5awere analysed byMTTassay [20]. Briefly, CAOV3 cells
were dispersed at 1.5� 106 cells/ml density into the 96-well plates.
The cells were subjected to incubation with 0.25, 0.5, 0.75, 1.0, 1.5,
1.75 and 2.0 mM concentrations of compound 5a for 48 h in an
incubator under 5% CO2 at 37 �C. Following incubation, 20 ml of MTT
solution (5mg/ml) was put into each well of the plate and incu-
bated for 4 h. From each well supernatant was decanted and
dimethyl sulfoxide (150 ml) was added. Cell viability was deter-
mined by measuring the absorbance of each well at 490 nm. The
reading were measured three times for each of the well.

2.2.3. DNA fragmentation assay
Into T-75 flasks, CAOV3 cells were cultured for 12 h at

2� 105 cells per flask density [25]. The medium was then replaced
with fresh medium containing 0.25, 0.5, 1.0, 1.5 and 2.0 mM con-
centrations of compound 5a and incubated in it for 48 h. The
genomic DNA was prepared using QIAamp DNA Mini kit (Qiagen)
according to the guidelines mentioned in the user manual. Agarose
gel (1.8%) was used for the DNA sample electrophoresis over 2 h at
50 V. The gels were stainedwith ethidium bromide (Sigma-Aldrich)
and subjected to visualization under ultraviolet (UV) trans-
illuminator (Wealtech Corp., Reno, NV, USA).

2.2.4. Cell cycle analysis
In 6-well plates CAOV3 cells at a density of 3� 106 cells per well

were added and cultured for 24 h [25]. The compound 5a at 0.25,
0.5, 1.0, 1.5 and 2.0 mM concentrations was put into the plates and
cells were incubated for 48 h. After compound 5a treatment the
cells were washed with PBS, collected and subjected to overnight
fixing in ethyl alcohol (70%) at 4 �C. Then tris-hydrochloride buffer
(pH 7.6) mixed with 1% RNase A was added to the cells followed by
propidium iodide staining. Cell cycle distribution of CAOV3 cells
was assessed by examining the DNA contents using flow cytometry.

2.2.5. Invasion assay
CAOV3 cell invasion potential after incubationwith compound 5a
was assessed by Transwell assay [26]. Briefly, the cells were incu-
bated with 0.25, 0.5, 1.0, 1.5 and 2.0 mM concentrations of compound
5a for 8 h. The cells following incubation were harvested and sub-
sequently seeded onto the upper chambers at 2� 105 cells/ml den-
sity in the serum-free DMEM. The lower chambers contained DMEM
mixedwith fetal bovine serum (10%). The cell culturewas performed
for 24 h and subsequently the chambers were inverted for staining
the cells with hematoxylin. The proportion of the cells migrated to
lower chamber was calculated for the assessment of invasion po-
tential. The cell counting was carried out randomly in five fields and
images were captured at x400 magnification.

2.2.6. Migration assay
CAOV3 cell migration potential after incubation with compound

5a was determined by wound-healing assay. The cells were incu-
bated with 0.25, 0.5, 1.0, 1.5 and 2.0 mM concentrations of com-
pound 5a for 48 h at 2� 105 density per well in 6-well plates [27].
The cells were scratched using plastic scraper and the cellular
monolayer was washed to clear it from the detached cells. The
adherent cells were subjected to incubation for 24 h under an at-
mosphere of 5% CO2 at 37 �C. Themigration potential of CAOV3 cells
was recorded by monitoring the distance travelled by the cells in
the scraped region.

2.2.7. Western blot analysis
CAOV3 cells were subjected incubation with 0.25, 0.5, 1.0, 1.5

and 2.0 mM concentrations of compound 5a for 48 h. The cells were
collected, washed with PBS and subsequently lysed by treatment
with RIPA (Roche, Shanghai, China) for 45min under ice-cold
conditions assay [27]. The cellular lysates were subjected to
centrifugation for 20min at 14,000 rpm at 4 �C. The concentration
of proteins was analysed by the bicinchoninic acid (BCA) and sep-
aration was achieved on SDS-PAGE gel (10%). The proteins were
transferred subsequently to polyvinylidene difluoride membranes.
Incubation of the membranes was then performed overnight with
primary antibodies at 4 �C. After incubation, membranes were
washed using tris-buffered saline and Tween-20 three times. Then,
the membrane incubation was carried out at room temperature
with horseradish peroxidase-labelled goat anti-rabbit IgG second-
ary antibody for 1 h. Detection of the protein bands was performed
using chemiluminescence and autoradiography (ChemiDoc XRS;
Bio-Rad Laboratories, Inc., Hercules, CA, USA). The Quantity One
software version 4.6.2 (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) was used for densitometry determination. The primary anti-
bodies used were against MMP-2 (dilution 1:1000; catalog number
#4022), MMP-9 (dilution 1:500; catalog number #3852), p-FAK
(dilution 1:500; catalog number #3283), FAK (dilution 1:500; cat-
alog number #3285) and b-actin (dilution 1:1000; catalog number
#4967) (Cell Signalling, Shanghai, China).

2.2.8. Animals
Twenty 5-week old female BALB/c nude mice were purchased

from the Chinese Academy of Science. The mice were acclimatized
oneweek before the actual experiment to the laboratory conditions
and were housed under standard laboratory conditions. All the
mice were provided free access to food and water ad libitum. The
experimental procedures were performed according to the guide-
lines issued by the Animal Ethics Committee, School of Medicine,
Shanghai Jiaotong University, China.

2.2.9. Preparation of ovarian cancer mice model
The solid viable tumor mass was established by inoculation of

CAOV3 cells at a concentration of 2� 106 in 100 ml volume of PBS on
the dorsal side of nudemice [28]. From themice tumorwas extracted
under anesthesia by laparotomy and then dissected into small pieces
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of 1mm3dimension. The tumorwas implanted into the right ovaryof
mice orthotopically through surgical suture under sterilized condi-
tions. The ovarywas placed to its original site carefully and thewall of
abdominal cavity was stitched using 3-0 silk suture. The mice were
then assigned randomly into three groups of 5-each. The mice in the
two treatment groups were intraperitoneally administered com-
pound 5a dissolved in DMSO at 5mg/kg and 10mg/kg doses after 1 h
of tumor implantation.Mice in the untreated group received equal of
normal saline. The mice were sacrificed on day 21 after tumor im-
plantation to extract liver, lungs, intestine and peritoneal tissues for
analysis of tumormetastasis. The extracted tumor sampleswerefixed
in formalin (10%) and then embedded in paraffin wax. The tissue
sampleswere sliced into 2 mmsections and then subjected toH&E for
histopathological examination.

2.2.10. Immunohistochemical analysis
The pulmonary, intestinal, peritoneal and liver tissues sections

after extraction and PBS washing were embedded in paraffin wax.
The samples were cut into thin 2 mm sections and subjected to in-
cubation with antibodies against vWF (Dako, Australia) [27]. The
samples after washingwere incubatedwith horseradish peroxidase
(HRP)-conjugated rabbit anti-rat secondary antibody (Dako). The
sections were then stained with 3,30 diaminobenzidine (DAB) and
subsequently subjected to hematoxylin counterstaining. The image
examination software Image Pro Plus version 4.5 software (Diag-
nostic Instruments, USA) was used for the immunohistochemical
quantification of the digitized images.

2.2.11. Statistical analysis
All the experiments were repeated three times. The data pre-

sented are the means± standard SD. Student's t-test and one-way
ANOVA were used for the data analysis. The P< 0.05 was taken to
indicate statistically significant differences. SPSS v17 software (SPSS,
Inc., Chicago, IL, USA) was used for statistical analysis of the data.

3. Results and discussion

3.1. Chemistry

Considering the biological importance of triazolyl derivatives, a
series of thiophenol-formaldehyde-triazolyl (TFT) compounds was
synthesized using click chemistry procedure and evaluated against
ovarian cancer cells. For this purpose, thiophenol was subjected to
MBH-reaction using DABCO (1,4-diazabicyclo[2.2.2]octane) as base
to obtain a-hydroxymethyl thiophenol (3) in 89% yield. The com-
pound 3 was subsequently propargylated using NaH under anhy-
drous conditions to afford the alkyne derivative (4) in 86% yield
(Scheme 1).
The aromatic azides required were synthesized from the ani-
lines by diazotization reaction with sodium nitrite under acidic
conditions and subsequently reacted in situ with sodium azide
(Scheme 2).

All the aliphatic azides were synthesized by the reaction of
aliphatic alcohol with NaN3, Ph3P and I2 in the presence of imid-
azole as base (Scheme 3).

The alkyne derivative (4) was subjected to 1,3-dipolar cycload-
dition reaction with the synthesized aromatic and aliphatic azides.
The reaction was performed using CuSO4$5H2O and sodium
ascorbate in the presence of t-BuOH/H2O (2:1; v/v) solvent (Scheme
1). The reaction lead to the formation of 1,4-substituted-triazole
compounds (5a�5u) in very good yield under sonication at a
temperature of 45 �C in 1e2 h (Scheme 1). The products obtained
were characterized by 1H NMR, 13C NMR, and HRMS techniques. In
1H NMR, cyclization of azides to form triazoles was confirmed by
the resonance of H-atom of triazole ring at d 8.0 Hz in addition to,
chemical shift of other protons in aromatic and aliphatic region. The
structure was further supported by 13C NMR and HRMs, which
showed all the expected carbon signals corresponding to the tri-
azolyl derivatives.
3.2. Biology

Initial screening of the synthesized compounds (5a-5u) against
CAOV3, CAOV4 and ES-2 ovarian cancer cells revealed that five-
compounds 5a, 5b, 5j, 5h and 5i significantly inhibited viability.
However, among the five compounds 5a was found to be most
active against the tested ovarian cancer cell lines. The inhibitory
effect of compound 5a on ovarian cancer cells was investigated in
detail. Compound 5a significantly inhibited the viability of CAOV3,
CAOV4 and ES-2 cells in a concentration-dependent manner
(Fig. 2). The cell viability was measured on treatment with 0.25, 0.5,
0.75, 1.0, 1.5, 1.75 and 2.0 mM concentrations of compound 5a. The



Scheme 3. Preparation of aliphatic triazoles.

Fig. 3. Compound 5a treatment leads to nuclear fragmentation in CAOV3 cells. (A) The
cells after compound 5a-treatment were analysed for nuclear morphology using
Hoechst 33342 staining by a fluorescent microscope.

Scheme 1. Synthesis of thiophenol-formaldehyde-triazolyl (TFT) compounds.
Library of the synthesized compounds. Isolated yield of the compounds 86e94%.

Scheme 2. Preparation of aromatic triazoles.
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viability was reduced significantly (P< 0.05) at 48 h on treatment
with compound 5a from 0.5 mM concentration. The CAOV3, CAOV4
and ES-2 cell viability was reduced to 27, 26 and 29%, respectively
on incubation with 2.0 mM concentration of compound 5a for 48 h.
At 0.25 mM concentration, compound 5a did not change the
viability of CAOV3, CAOV4 and ES-2 cells significantly.

In CAOV3 cells compound 5a treatment for 48 hwas followed by
the analysis of cell apoptosis by staining with Hoechst 33342
(Fig. 3). Increase in the compound 5a concentration from 0.25 to
2.0 mM enhanced apoptotic cell proportion significantly (P< 0.05).
At 2.0 mM concentration of compound 5a the presence of charac-
teristic apoptotic nuclei was evident in CAOV3 cell cultures. The
apoptotic nuclei were not seen in CAOV3 cells cultured for 48 h in
the absence of compound 5a. The percentage of apoptotic nuclei
was recorded as 1.26, 8.67, 21.54, 45.89 and 62.53%, respectively on
treatment with 0.25, 0.5, 1.0, 1.5 and 2.0 mM concentrations of
compound 5a for 48 h.

CAOV3 cells after exposure to 0.25, 0.5, 1.0, 1.5 and 2.0 mM
concentrations of compound 5a for 48 h were analysed by flow
cytometry (Fig. 4). A significant increase in the percentage of
CAOV3 cells was observed in G0/G1 phase on exposure to com-
pound 5a. The percentage of CAOV3 cells in G2/M and S phases
decreased with the increase in concentration of compound 5a.
Exposure to 2.0 mM concentration of compound 5a increased per-
centage of CAOV3 cells in G0/G1 to 69.54% in comparison to 57.77%
Fig. 2. Effect of compound 5a on CAOV3, CAOV4 and ES-2 cell viability. The cells were incuba
*P < 0.05, **P < 0.02 and ***P < 0.01 compared to 0 mM compound 5a concentration.
in the untreated cells. The population of CAOV3 cells in the S phase
decreased to 11.48% on exposure to 2.0 mM concentration of com-
pound 5a in comparison to 18.89% in control cultures. In G2/M
phase compound 5a exposure at 2.0 mM concentration reduced
CAOV3 cell population to 18.08% compared to 22.68% in the un-
treated cultures.

Carcinoma development and its progression is associated with
the invasion and migration potential of the cells [29,30]. Detached
cancer cells use the membrane receptors to penetrate different
microenvironments for metastasis [29,30]. In the present study the
invasive potential of CAOV3 cells was reduced significantly
(P< 0.05) on treatment with compound 5a in concentration based
manner (Fig. 5). The cells after 48 h of incubationwith 0.25, 0.5, 1.0,
1.5 and 2.0 mM concentrations of compound 5a were examined by
Transwell assay. The invasive potential of CAOV3 cells didn't show
any significant change on treatment with 0.25 mM concentration of
compound 5a. Incubation with 0.5, 1.0, 1.5 and 2.0 mM concentra-
tions of compound 5a decreased cell invasion to 84.54, 67.76, 39.14
and 8.62%, respectively.

These findings proved that compound 5a also inhibits tumor
metastasis in vivo in mice. To understand the mechanism of
ted with compound 5a for 48 h. Viability of the cells was assessed by MTT assay at 48 h



Fig. 5. Effect of compound 5a on invasion of CAOV3 cells. The cell incubation with
compound 5a was followed by assessment of invasion potential by Transwell method.
The images were captured at x100 magnification.

Fig. 4. Cell cycle arrest in CAOV3 cells in G0/G1 phase by compound 5a. The cells after
exposure to compound 5awere examined by flow cytometry. The presented values are
mean± SD of three separate experiments.

Fig. 6. Effect of compound 5a on migration of CAOV3 cells. The cell incubation with compo
assay. The images were captured at x100 magnification.
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compound 5a mediated suppression of tumor metastasis the
expression of pathways and molecules associated with the cell
invasion and migration was investigated. The cell metastasis is
commonly regulated by the matrix metalloproteinases, TIMPs and
FAK [31,32]. Activation of FAK plays an important role in the
migration and proliferation of tumor cells through alteration of
cell-ECM interactions [32,33]. The CAOV3 cell migration after 48 h
of treatment with 0.25, 0.5, 1.0, 1.5 and 2.0 mM concentrations of
compound 5a was determined by wound healing assay (Fig. 6).
Increasing the concentration of compound 5a from 0.5 to 2.0 mM
led to a significant (P< 0.05) decrease in the migration potential of
CAOV3 cells. The cell migration was decreased from 89.65 to 6.43%
with the increase in compound 5a concentration from 0.5 to
2.0 mM.

Metastasis of the tumor cells is facilitated by the matrix met-
alloproteinases through break down of basement membrane and
components of extracellular matrix [29,31,34]. The metastasis po-
tential of tumor cells is related to the expression of matrix
matelloproteinase-9 [31]. In the present study the effect of 0.25, 0.5,
und 5a for 48 h was followed by assessment of migration potential by wound healing

Fig. 7. Effect of compound 5a on MMPs and FAK expression. The protein expression in
CAOV3 cells after incubation with compound 5awas assessed by western blotting. The
protein expression was compared to b-actin as loading control.



Fig. 8. Compound 5a inhibits vWF expression in tumor metastasis lesions. The vWF expression was examined in the lesions extracted from liver, lungs, intestinal and peritoneal
tissues.
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1.0, 1.5 and 2.0 mM concentrations of compound 5a on the expres-
sion of MMP-2 and -9 in CAOV3 cells was determined by Western
blot assay (Fig. 7). Compound 5a treatment markedly decreased the
level of MMP-2 and -9 in CAOV3 cells from 0.5 mM concentration.
No difference in the MMP-2 and -9 expression in untreated and
0.25 mM compound 5a treatment CAOV3 cells cultures was recor-
ded. Treatment of CAOV3 cells with compound 5a caused a marked
decrease in FAK activation from 0.5 mM concentration at 48 h. With
the enhancement of compound 5a concentration from 0.5 to 2.0 mM
a remarkable decrease was recorded in p-FAK expression.

Metastasis of the malignant tumor cells also depends on the
vWF expression which determines neovascularisation [35]. In the
tumor microenvironment microphages promote angiogenesis of
the cells by secreting matric proteases [36,37]. In the ovary tumor
mice model effect of compound 5a on tumor metastasis was ana-
lysed after 20 days. The tumor growth was inhibited in the com-
pound 5a treated mice markedly than those of untreated mice.
However, the tumor growth was slightly larger in the 5mg/kg
compound 5a treatment group than the 10mg/kg groups. The size
of tumor extracted from negative control, untreated, 5mg/kg and
10mg/kg compound 5a treatment groups was measured as 0,
1956± 367, 1258± 298 and 213.34mm3, respectively on day 20.
Metastasis of tumor was observed to liver, intestine, spleen and
peritoneal cavity in all the mice of untreated group. However, the
tumor metastasis was decreased in mice treated with 10mg/kg
compound 5a. Examination of vWF expression by immunohisto-
chemistry in liver, intestinal, pulmonary and peritoneal lesions
showed a marked decrease in compound 5a-treated mice (Fig. 8).
Fig. 9. Compound 5a suppresses macrophage infiltration into metastatic tumor.
Immunohistostaining was used to determine macrophage infiltration in tumor
metastasis lesions from liver, intestinal and pulmonary tissues.
The vWF expression was reduced to ~7, ~8, 6, and ~5%, respectively
in liver, lungs, intestinal and peritoneal lesions of 10mg/kg treat-
ment group compared to the untreated mice. In the 5mg/kg
treatment group the vWF expression was higher than those of
10mg/kg treatment mice group.

Microphages also release invasive proteases and adhesion
related factors to promote dissemination of the tumors [38,39]. The
infiltration of macrophages in the metastatic lesions of liver, in-
testinal and pulmonary tissues showed a significant decrease in the
compound 5a-treated mice compared to the corresponding lesion
from untreated mice (Fig. 9). The suppression of macrophage
infiltration was markedly higher in the mice treated with 10mg/kg
doses of compound 5a compared to 5mg/kg treatment group. The
macrophage infiltration in the lesions of liver, pulmonary tissues
intestinal and peritoneum was ~8, ~9, ~7 and ~5% in mice treated
with 10mg/kg doses of compound 5a.

4. Conclusion

In summary, compound 5a inhibited ovarian cancer cell prolif-
eration, caused onset of apoptosis and decreased metastasis partly
through targeting FAK activation and down-regulation of MMP
expression. In vivo compound 5a suppressed tumor development
and metastasis by suppression of macrophage infiltration and vWF
expression. Thus, compound 5a needs to be investigated further for
the development of ovarian cancer treatment.
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