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Novel 3-Thioether-4-indolimino-4H-1,2,4-triazole Derivatives Bearing
Pyridyl Moiety: Design, Synthesis and Bioactivity Evaluation in vitro
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Abstract A series of novel 3-thioether-4-indolimino-4H-1,2,4-triazole derivatives bearing pyridyl moiety (17a~17r) have
been designed, synthesized and evaluated for antiproliferative activities against four human cancer cells A549, PC-3, HepG2
and K562, and normal rat kidney cells NRK-52E using methyl thiazolyl tetrazolium (MTT) assay. The results showed that
some compounds exhibited moderate antiproliferative activities against four cancer cells. Among these derivatives, ethyl
(E)-2-((4-(((2-chloro-1-ethyl-1H-indol-3-yl)methylene)amino)-5-(pyridin-4-yl)-4H-1,2 ,4-triazol-3-yl)thio)acetate (17k) sho-
wed the most potent antiproliferative activity against PC-3 cells with ICso value of 9.90 umol/L, and the toxicities of com-
pound 17k to NRK-52E cells were significantly lower than the positive control 5-fluorouracil. Meanwhile, the cell migration
assay, 4,6-diamidino-2-phenylindole (DAPI) staining, mitochondrial membrane potential analysis, cell apoptosis and cell
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cycle analysis were carried out to further studied the mechanism of compound 17k, which demonstrated that compound 17k
can effectively inhibit tumor cell migration and significantly induce cell apoptosis, arrest PC-3 cells in the G2 stage in a
dose-dependent manner. In addition, the antibacterial tests of target compounds against Xanthomonas oryzae pv. oryzae (Xoo)
were also explored. The preliminary antibacterial activity results showed that compounds 17b, 17e and 17h displayed a
noteworthy inhibition rate against Xoo compared to standard drugs bismerthiazol (BMT) and thiodiazole copper (TDC) at 50

and 100 pg/mL.

Keywords 1,2,4-triazole; indole; antiproliferative activity; bactericidal activity

1 Introduction

Cancer is ranked primary cause of death replacing car-
diovascular diseases throughout the world in recent years.[!]
Chemotherapy is employed as a crucial part of the multi-
modal treatment of cancer when surgery is not suitable.
However, severe dose-limiting toxicity and resistance re-
sourcing from various factors restrict the chemotherapeutic
responses of available drugs. Therefore, the discovery of
efficient anti-tumor agents with low toxicity against cancer
is still a promising field.”?! The 1,2,4-triazole moiety is a
well-known privileged structure in the fields of organic
synthesis and medicinal chemistry as it is a versatile het-
erocycle, which has been incorporated into a comprehensive
variety of therapeutically interesting drug candidates in-
cluding antitumor,*7 such as compounds 1 and 2 (Figure
1), antimicrobial,® 3! such as compound 311 (Figure 1),
anti-inflammatory,!'*) analgesic,!'>!®1 herbicidal,!'”! insecti-
cidal,"® antiviral,'”! hypoglycemic and antifungal proper-
ties.””) Among these heterocycles, the mercapto and thione
substituted 1,2,4-triazole ring systems have been well
studied and are also of prodigious utility in preparative
organic chemistry as useful intermediates for the synthesis
of many triazolothiadiazoles and triazolothiadiazines.!® The
amino and mercapto groups are ready-made nucleophilic
centers for the preparation of fused heterocyclic rings.!

Noteworthily, our previous work led to the discovery of a
series of novel substituted indole derivatives possessing
excellent antitumor activities, such as compounds 4,221 5231
(Figure 1) and antimicrobial activities!>* such as compound
6121 (Figure 1). Moreover, there are also many drugs con-
taining indole moiety for tumor treatment, such as
nintedanib, vinblastine, vinorelbine, sunitinib, melatonin,
indirubin, efc. What’s more, further near-term literature
investigation has revealed that adjunction of pyridine, hal-
ogen moiety, or peroxyalkyl can significantly increase the
antitumor activity of candidate compounds.26-28]

Motivated by these findings, a series of novel 3-thioether-
4-indolimino-4H-1,2 4-triazole derivatives bearing pyridyl
moiety (17a~17r) were designed and synthesized by ethyl
picolinate, ethyl isonicotinate, 1H-indole and indolin-2-one
as raw materials. The anti-tumor activity against A549,
PC-3, HepG2 and K562 cells was evaluated by methyl
thiazolyl tetrazolium (MTT) assay. What’s more, the anti-
bacterial activities of target compounds 17a~17r against
Xanthomonas oryzae pv. oryzae (Xoo) were also assessed in
a nutshell at 50 and 100 pg/mL according to the method of
turbidimetric assay.
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Figure 1 Representative structures of 1,2,4-triazole and indole
molecules

2 Results and discussion

2.1 Chemistry

The synthesis of 3-thioether-4-indolimino-4H-1,2,4-tria-
zole derivatives bearing pyridyl moiety 17a~17r started
with the synthesis of thiol Schiff base 16. As outlined in
Scheme 1, on one hand, 1H-indole-3-carbaldehyde (8) and
2-chloro-1H-indole-3-carbaldehyde (10) were prepared via
two steps procedure which involved the Vilsmeier-Haack
reaction of indole or indolone with acylation agent N,N-di-
methylformamide (DMF) under the POCl; catalyzing to
give. Then various substituted indole formaldehyde com-
pounds 11 were obtained by a substitution reaction. On the
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R? = o-pyridyl, R® = CI, R* = OCH,CH,CH,, 17i: R! =
R2 = o-pyridyl, R® = CI, R* = OCH,CH,CHj3; 17k: R’
R3®=Cl, R* = Ph; 17Tm: R" =
R2 = p-pyridyl, R® = CI, R* = OCH,CH,CHj3; 17p: R' =
R®=Cl, R* = OCH,CH3; 17r: R" =

H, R? = o-pyridyl; R® = CI, R* = OCH,CH,CHj3; 17e: R" =
CH,CH3, R? = o-pyridyl, R® = Cl; R* = OCH,CHg; 17h: R" =
CH,CH,CH3, R? = o-pyridyl, R® = CI, R* = OCH,CHg; 17j: R = CH,CH,CHs,
= CH,CHg, R? = p-pyridyl, R® = Cl, R* = OCH,CHj; 171: R’
H, R? = p-pyridyl, R® = H, R* = OCH,CH3; 17n: R" =
CHjg, R? = p-pyridyl, R® = CI, R* = OCH,CH,CHs; 17q: R" =
CH,CH,CHjs, R? = p-pyridyl, R® = Cl, R* = OCH,CH,CH3, X =Br, |

CHs, R? = o-pyridyl, R® = CI, R* = OCH,CHj;
CH,CHs,

= CH,CHg, R? = p-pyridyl,
H, R? = p-pyridyl, R® = CI, R* = OCH,CHjg; 170: R' = H,
CH,CH,CHjg, R? = p-pyridyl,

Scheme 1 Synthetic routes of the target compounds 17a~17r

other hand, 4-amino-5-pyridin-4H-1,2,4-triazole-3-thiol 15
were synthesized in three steps employing hydrazinolysis,
salt formation, and cyclization. Subsequently, Schiff base
16 were selected as our key intermediates for this series of
reactions, and were synthesized through one-step procedure
that involved the condensation reaction of compounds 15
with substituted indole formaldehyde compounds 8 and
10~11. Finally, the preparations of 3-thioether-4-indo-
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limino-4H-1,2,4-triazoles bearing pyridyl moiety 17a~17r
were accomplished in good yields via the substitution reac-
tion of various alkylation reagents with 4-indolimino-4H-
1,2,4-triazole-3-thiol (16), and further optimization of re-
action conditions and study of the reaction mechanism were
well under way.

Chemical structures of the newly prepared compounds
17a~17r were ingrained spectroscopically based on the

Chin. J. Org. Chem. 2021, 41, 1670~1682
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spectral data, including '"H NMR, '3C NMR, and HRMS
spectra. The characteristic hydrogen atoms of the target
compounds were affiliated to '"H NMR spectra as follows:
the '"H NMR spectra of 17a~17r revealed the presence of
singlet signals at 6 8.98~8.37 corresponding to N=CH
protons, the 'H NMR spectra of 17a, 17¢, 17e, 17g, 17i,
17k, 17m, 17n, and 17q manifested the existence of
OCH,CHj3; (quartets) and OCH,CHj3 (triplets) at 0 4.26~
3.99 and 1.31~1.08, respectively. Whereas the 'H NMR
spectra of compounds 17a~17r (except for 171) showed
SCH: single peaks at 6 4.25~4.14. Additionally, the triplets
at 6 4.19~4.01 and 0.98~0.83 were assigned to the meth-
ylene group on OCH,CH,CH3 and the methyl group on
OCH,CH,CHj3 of target molecules 17b, 17d, 17f, 17h, 17j,
170, 17p and 17r, including the multiple peaks at  1.75~
1.49 were the two hydrogen signals of the second methylene
group on OCH,CH,CHj3; of them. Likewise, the character-
istic carbon atoms of the target compounds were attached to
BC NMR spectra as follows: the '*C NMR spectra of
compounds 17a~17r (except for 171) showed the chemical
shift of SCH; at § 34.99~33.55, the '*C NMR spectra of
17a~17r (except for 171) manifested the existence of the
carbonyl carbon signal at § 168.88~168.17, and the '3C
NMR spectra of 17a~17r (except for 171) disclosed the
OCHj; at 6 67.74~61.79. Furthermore, the measured values
of HRMS [M+H]" or [M—H]" of the target compounds
were consistent with the theoretical values, which further
confirmed the structures of the target compounds. Finally,
the melting point determination of the target molecules
indicated the melting point range of 3-thioether-4-indo-
limino-4H-1,2 4-triazole analogs 17a ~ 17r at 106 ~
232 °C.

2.2 Biological activity

The toxicities of all synthetic 3-thioether-4-indolimino-
4H-1,2 4-triazole derivatives bearing pyridyl moiety were
evaluated against A549 (human lung cancer cells), PC-3
(human prostate cancer cell lines), HepG2 (human hepa-
toma cells), K562 (human chronic myeloid leukemia cells),
and normal cells NRK-52E (rat renal tubular epithelial
cells). 5-Fluorouracil (5-Fu) was chosen as reference con-
trol and dimethyl sulfoxide (DMSO) as negative vehicle
control for the antiproliferative activity. It can be seen from
Table 1, the most compounds showed potent antiprolifera-
tive activity against four human cancer cell lines. As well,
the toxicities of most compounds towards NRK-52E were
lower than the reference control 5-Fu (Table 3). Then, the
ICso values of compounds 17b, 17¢, 17d, 17k, 171, 170,
17p, and 17r with equivalent inhibitory activity were ex-
plored. As shown in Table 2, these compounds displayed
ICso values between 9.90 and 58.49 umol/L. Most of them
showed better inhibitory activity towards PC-3 compared
with the referential drug 5-Fu. The most promising com-
pound 17k showed more potent in vitro antiproliferative
activities against A549, PC-3, HepG2, and K562 with ICs
values of 14.42, 9.90, 17.36, and 13.70 umol/L, respec-
tively.

Chin. J. Org. Chem. 2021, 41, 1670~1682

Table 1 Antiproliferative activity of target compounds 17a~
17r

Inhibitory activity?/% at 10 pmol/L
A549 PC-3 HepG2 K562
17a 17.02+3.33 27.76+5.09 4.60+6.71 5.82+2.12
17b 17.56+5.63 37.13+3.89 8.86+5.78 12.524+5.33
17¢ 14.89+4.85 40.04 +4.85 30.28 +4.85 27.03+-4.85
17d 22.29+1.28 37.63+6.32 9.284+5.90 39.34+2.53
17e 16.13+£2.5527.62+3.56 6.03+4.71 11.62+2.16
17f 18.59+6.34 31.38+4.78 5.50+6.57 10.64+2.69
17g 11.11£3.22 25.59+2.70 6.52+9.90 13.00+5.37
17h 14.62+2.96 26.71+5.83 11.95+4.21 7.79+0.83
17i 10.04+3.34 18.46+6.41 9.15+4.67 14.941+5.38
17j 10.51+£6.97 14.22+2.86 14.04+1.6 10.061+3.57
17k 36.90+3.46 32.98+2.29 52.80+2.40 29.331+1.96
171 36.521+3.44 29.741+5.89 21.254+6.46 12.104-0.37
17m 24.16+5.60 36.98+4.31 12.65+5.27 16.12+5.50
17n 12.39+4.72 27.96+2.90 11.81+5.44 20.574+2.98
170 22.99+8.21 40.04+7.26 11.30+4.48 14.96+7.78
17p 23.66+8.70 53.40+8.89 11.69+5.56 27.18 +6.34
17q 30.5946.66 36.11+1.62 10.524+1.38 18.05+1.07
17r 48.88+5.19 43.30+5.54 9.59+5.59 26.88+5.39
5-Fu® 47.4341.3939.474+3.4337.01£2.12 29.61+5.62

Compd.

@ Average of three replicates; ? 5-fluorouracil used as a positive control.

Table 2 ICso values of some compounds against four human
cancer cells

1Cs0%/(umol-L 1)

A549 PC-3 HepG2 K562
17b 25.0246.63 24.97+8.11 43.02£7.61 18.321+4.41
17¢ 31.77£6.66 12.954+0.83 23.12+£6.70 11.86+3.67
17d 15.4541.48 26.311+8.86 17.991+1.83 14.39£0.65
17k 14.224+0.60 9.90£3.85 11.36%2.72 13.70+0.42
171 16.231+3.34 17.544+5.00 22.22+0.92 37.23£7.64
170 21.78+7.08 31.25£8.70 41.15£5.11 22.45£3.51
17p 29.961+3.49 26.60£8.06 17.63£8.92 58.49£8.25
17r 23.114+9.21 16.28+3.82 21.37+4.49 28.14+3.19

5-Fu’ 6.29+1.12 11.84+1.90 15.471+4.23 18.06+4.61

Compd.

© 2021 Chinese Chemical Society & SIOC, CAS

@ ICso values mean of three experiments in replicate; * used as a positive con-
trol.

A preliminary structure-activity relationship analysis was
conducted. As listed in Table 3, it is shown that compounds
with p-pyridyl-containing showed more better antiproli-
ferative activities than o-pyridyl-containing against PC-3
cancer cell lines (e.g., 17k>17g, 17q>17i, 17p>17f,
17m>17a, 17n>17¢, 17r>17j); Meanwhile, the ICso
values of 17¢<<17a and 17m<17n, probably because the
activity of the R substituent is Cl greater than that of H.
And for R* of alkoxy, the different side-chain length could
exhibit different antiproliferative activities. Compounds
17¢, 17e ,17g, 17i, 17n, 17q (R*OCH,CH3) showed greater
antiproliferative activities than compounds 17d, 17f, 17h,
17j, 170, 17r (R*OCH,CH,CH3), Furthermore, the antipro-
liferative activities of compound 17k with R*-alkoxy are
better than 171 with R*-Ph, but compound 171 presented
higher toxicity on NRK-52E cells. Among these com-
pounds, the antiproliferative activities 17k are comparable

http://sioc-journal.cn/ 1673
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Table 3 1Cs values of all compounds against PC-3 and NRK-52E
. 5 5 . 1Cs0%/(umolL 1)
Compd. R R R R PCA NRK-52E
17a H 0-Pyridyl H OCH:CH3 23.85+5.46 38.78 :3.56
17b H o-Pyridyl H OCH:CH2CH3 24.97%8.11 33.23%3.51
17¢ H o-Pyridyl Cl OCH:CH3 12.95%£0.83 48.831+1.95
17d H o-Pyridyl Cl OCH2CH2CH3 26.311+8.86 33.05%+2.46
17e CHs 0-Pyridyl Cl OCH2CH3 27.611+3.45 45.4143.20
17f CHs 0-Pyridyl Cl OCH2CH2CH3 32.42+4.60 86.24+3.46
17¢g CH:CH3 0-Pyridyl Cl OCH:CH3 16.74£2.53 81.96+£0.77
17h CH:CH3 0-Pyridyl Cl OCH2CH2CH3 4431%1.14 49.3443.76
17i CH2CH2CH3s 0-Pyridyl Cl OCH:CH3 31.25£1.75 36.68+3.20
17j CH2CH2CH3s 0-Pyridyl Cl OCH2CH2CH3 33.15£2.35 44.554+3.87
17k CH:CH3 p-Pyridyl Cl OCH:CH3 9.90+£3.85 51.73+£4.48
171 CH:CH3 p-Pyridyl Cl Ph 17.54£5.00 19.83£3.00
17m H p-Pyridyl H OCH:CH3 23.28+1.84 65.971+1.95
17n H p-Pyridyl Cl OCH:CH3 12.58 £4.26 69.1942.55
170 H p-Pyridyl Cl OCH2CH2CH3 31.25£8.70 61.211+5.02
17p CHs p-Pyridyl Cl OCH2CH2CH3 26.601+8.06 50.77£4.57
17q CH2CH2CH3 p-Pyridyl Cl OCH:CH3 15.50%£1.42 32914522
17r CH2CH2CH3 p-Pyridyl Cl OCH2CH2CH3 16.28 +3.82 27.601+4.80
5-Fu® — 11.84+1.90 14.13£1.34
21Cs values mean of three experiments in replicate; ® Used as a positive control.

199 Control  17b  17¢  17d 17k 5-Fu
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60 1
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Figure 3 Cytotoxicity of all compounds on normal rat kidney
cell NRK-52E in vitro

to those of the positive control drugs, probably because R?
(p-pyridyl), R? (CI), R* (OCH,CH3) are the best active sub-
stituent groups.

The target compounds 17b, 17¢, 17d, 17k were selected
to further investigate the cell migration ability against A549
cell lines. The wound healing assays were examined at
concentrations of 10 pmol/L from 0, 12, 24 to 48 h, re-
spectively. As shown in Figure 4. Representative micro-
graphs showed that these compounds could efficiently in-
hibit A549 migration in comparison with control. Among
these compounds, 17k showed potent potentially to inhib-
ited A549 cell migration and motion. Furthermore, the
migration ratios of A549 ranged from 4.87% to 50.3% after
being cultured with these compounds.

In order to preliminary investigate the induction of
apoptosis in PC-3 cells, the DAPI staining assay was con-
ducted in nuclear morphology by fluorescent microscopy.

1674

http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Oh

60
I Control
I 17b
= I 17c
° I 17d
T 407 mmm17k
o I 5-Fu
.5 30
©
2
s 204
10
0-
12 24 48
Time/h

Figure 4 Representative microphotographs of cell migration
assay of all experimental groups from 0 h to 48 h (magnification
10X)

The results from Figure 5a clearly demonstrated that the
nuclear structure of untreated cells showed normal round
nuclei. However, it was easy to observe the distinct pattern
of morphological changes after culturing with different

Chin. J. Org. Chem. 2021, 41, 1670~1682
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compounds at 20 pmol/L in PC-3 cell lines for 24 h. Rep-
resentative microphotographs of morphological changes in
nuclei of treatment with compounds 17b, 17¢, 17d, 17Kk,
Figures 5b~5e exhibited nuclear fragmentation, condensed
chromosome and the characteristic pyknotic, horseshoe
pattern of the nuclei. Especially, compound 17k displayed
the better capacity to induced PC-3 cells apoptosis.

(e)

Figure 5 DAPI staining of representive compounds in PC-3
cells
(a) Not treat with any compounds; (b~~e) representative microphoto-
graphs of morphological changes in nuclei of treatment with compound
17b, 17¢, 17d, 17k (20 pmol/L) for 24 h, respectively (magnification
20X).

The potential changes of mitochondria membrane per-
meability (MMP) were also designed and detected to further
investigate the apoptosis-inducing effect of target com-
pound 17k based on the above results by employing a
fluorescent probe JC-1. JC-1 is a lipophilic cationic dye and
it can easily pass through the plasma membrane into cells
and accumulate in actively respiring mitochondria. As
shown in Figure 6, cells not treated with the compound 17k
were normally red, while for 17k treatment cells showed
that the red fluorescence of JC-1 was gradually decreased
and the green fluorescence was correspondingly increased
in a dose-dependently manner, and compound 17k exhib-
ited better potentiality to induced apoptosis against PC-3
cell line than reference drug. Therefore, it could be con-
cluded that compound 17k could collapse MMP. The results
were identical to that of the previous experiment of DAPI
staining.

The apoptosis ratios induced by compound 17k in PC-3
tumor cells were then quantitatively determined by flow
cytometry. The results were given in Figure 7. It revealed
that compound 17k could induce apoptosis in PC-3 cells,
Apoptosis ratios (including the early and late apoptosis
ratios) for compound 17k were obtained after 48 h of
treatment at the concentration of 10 and 20 pmol/L, re-
spectively. The apoptosis of PC-3 cells treated with com-
pound 17k increased gradually in a concentration manner.
The apoptosis ratios of compound 17k measured at different
concentration points were found to be 11.56% (10 pmol/L)
and 22.61% (20 umol/L), respectively, while that of control

Chin. J. Org. Chem. 2021, 41, 1670~1682
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(d)

Figure 6 JC-1 mitochondrial membrane potential staining of
compound 17k in PC-3 cells

(a) Control; (b) treatment with 5-Fu (10 pmol/L); (c, d) treatment with
17k (10, 20 pmol/L) for 24 h respectively (Magnification 20 X)

was 0%. In addition, the apoptosis ratio of 5-Fu was assayed
to be 18.2% (10 umol/L) and 19.57% (20 umol/L) under a
similiar condition. The results evidently illustrated that
compound 17k suppressed cell proliferation by inducing
apoptosis.

The above studies have proved that compound 17k can
induce apoptosis, therefore the effect of compound 17k on
the cell cycle of the PC-3 cell line was investigated by flow
cytometry at its ICso concentration (Figure 8). After treat-
ment of PC-3 cell with compound 17k at 10 and 20 umol/L
for 48 h, it was discovered that 17k could enhance cell cycle
arrest at G2 phase. When the concentration increased from
10 umol/L to 20 umol/L, the ratio of cells in the G2 phase
increased from 13.92% to 18.02% compared with the con-
trol cells (10.01%), while the G1 phase decreased from
59.24% to 56.94% compared with the control cells
(63.66%), respectively. Meanwhile, it’s accompanied by a
decrease in the S phase (26.83% and 26.35%). These results
suggested that compound 17k mainly arrest the cell cycle of
PC-3 cells in the G2 stage.

Antibacterial activities of target compounds 17a~17r
against Xoo were also tested at 50 and 100 ug/mL according
to the method of the turbidimetric assay. As demonstrated in
Table 4, the inhibitory activity of compounds 17b
[(43.01£6.57)%, (66.431£9.54)%], 17e [(44.17£3.61)%,
(67.01 £ 2.93)%] and 17h [(35.83 £ 4.81)%, (71.27 =
1.58)%] contains o-pyridine structure against Xoo under
two concentrations (50 and 100 pg/mL) were higher than
that of the positive control drugs of commercial agricultural
bactericides bismerthiazol (BMT) [(28.02 X 4.49)%,
(64.38 = 0.86%)] and TDC [(32.65 + 7.54)%, (53.96 =
0.71%)], respectively. Additionally, the target compound
171 [(68.88+4.74)%)] had a higher suppressive capacity
against Xoo (relative to BMT and TDC) at 100 pg/mL,
which adequately proved that the introduction of phenyl
could increase the antibacterial activity of the compound.
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Figure 7 Cell apoptosis induction of compound 17k after 48 hours treatment with different concentrations

Table 4 Antibacterial activities (inhibition rate%)” of target A preliminary structure-activity relationship analysis
compounds 17a~17r against Xoo was established, which showed that compounds with
Xoo Xoo o-pyridyl-containing showed more advantageous antibacte-
Compd. 100 Compd. rial activities than p-pyridyl-containing (e.g., 17a and 17m,
30 pg/mL pg/mL 50 pg/mL pg/mL 17d and 170, 17glz?1nd 17k), the inhi%i(tioi effect of com-
17 36.96+ 60.69+ 17k 2581+ 4886+ pounds obtained by substitution of sulthydryl group
0.66 5.54 8.25 6.25 against Xoo were improved (e.g., 17p), the inhibition rate
- 4301+ 6643+ - 23.14+ 68.88+ was superior when R* is phenyl group than R* is alkoxy
6.57 9.54 3.46 4.74 group (e.g., 171 and 17k), the antibacterial activity of
17e 2881+ 63.33%+ 7m 15.02+ 42.02+ compounds with R'=H, CHs;, CH,CH; or R*=H was
4.92 1.10 1.45 2.46 generally greater than that of compounds with R!'=
17d 27.18% 57.75+ 17n 6.87+ 3938+ CH,CH,CH; (e.g., 17¢, 17e, 17g and 17i) or R*=Cl (e.g.,
425 2.06 2.59 5.37 17b and 17d, 17m and 17n), which may be related to the
e 4417+  67.01% 170 23.18% 5417+ solubility of the compounds.
3.61 2.93 3.56 7.77
2602+ 5991+ 2.02+ 5633+ 3 Conclusions
7 o0 883 o 537 ea2 , , -
: ‘ : : A series of heterocyclic compounds, prepared in this
17¢ 2755+ 65.17+ 17q 2149+ 58.54% paper, were characterized by 'H NMR, *C NMR, HRMS,
131 2.47 5.22 7.50 and evaluated for their antiproliferative activity in vitro
17h 3583+ 7127+ 17r 2097+ 5470+ against four human cancer cell lines including A549, PC-3,
4.81 1.58 4.84 6.76 HepG2, and K562 according to standard protocol MTT
17i 2149+ 53.96% BMT® 28.02£  64.38% assay. Several compounds with good antiproliferative ac-
5.29 2.83 4.49 0.86 tivity and low toxicity were discovered. Due to different
17 2539+ 47.33% TDCP 32.65+  53.96% water solubility and group substitution, these compounds
277 9.09 7.54 0.71 produced a remarkable influence on their antiproliferative
@ Average of three replicates; ® the commercial bactericide bismerthiazol

(BMT) and thiodiazole copper (TDC) were used as positive control.
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activities against four human cancer cell lines, such as the
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Figure 8 Cell cycle analysis by flow cytometry of PC-3 cells treated with compound 17k at ICso concentration.

antiproliferative activity of 17b (ICso=18.32 umol/L) to-
wards K562, 17¢ (ICs50=12.95 umol/L) towards A549, 17d
(ICs50=14.39 umol/L) towards K562, and 17k (IC50=9.90
pmol/L) towards PC-3. Furthermore, 17b, 17¢, 17d, 17k
could efficiently inhibit A549 migration in comparison
with control. Especially compound 17k showed potent
potentially to inhibit A549 cell migration and motion.
Apoptosis analysis in PC-3 cell line suggested that com-
pound 17k inducing cell apoptosis in a dose-dependent
manner and also displaying typical apoptosis characteris-
tics such as nuclear fragmentation, condensed chromosome
and the characteristic pyknotic, horseshoe pattern of the
nuclei. Cell cycle analysis indicated that compound 17k
could arrest PC-3 cell in G2 stage. What’s more, most
compounds have higher inhibitory activity against Xoo
whenever the concentration at 50 or 100 pg/mL, especially
compounds 17b, 17e and 17h showed prominent inhibition
rate compared to the positive drugs of BMT and TDC,
which can be used for the further research of antibacterial
drugs. The above results demonstrated that the rational
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design of 3-thioether-4-indolimino-4H-1,2,4-triazole de-
rivatives as novel antiproliferative and antibacterial leads is
feasible. The precise mechanism of action is currently un-
der way.

4 Experimental section
4.1 Materials

Unless otherwise noted, all reagents were purchased
from commercial sources as analytical grade and used
without further purification. All reactions and purity of the
prepared compounds were monitored by using thin-layer
chromatography (TLC) plates (silica gel G). Nuclear mag-
netic resonance ('"H NMR and C NMR) spectra were
performed on a Bruker Ascend 400 NMR spectrometer and
JEOL-ECX 500 NMR spectrometer using DMSO-d¢/
CDCl; as solvent and TMS as internal standard. High-reso-
lution mass spectra (HRMS) were recorded on a Thermo
Scientific Q Extractive series with an ESI source. All
melting points (m.p.) were taken on an X-4D Micro melt-
ing point instrument and may be uncorrected.
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4.2 Chemistry

4.2.1 Synthesis of 1H-indole-3-carbaldehyde deriva-
tives

1,2-Substituted-1H-indole-3-carbaldehydes (8 and 10~
11) were prepared according to literature procedu-
res.?>243% The physical and spectral data of the prepared
compounds 8 and 10~11 were consistent with those in the
literature(2%-24301,
4.2.2 Synthesis of compounds 15

Compounds 15a and 15b were synthesized according to
the synthetic method of its analogue in the literature.*!)

4-Amino-5-(pyridin-2-yl)-4H-1,2 4-triazole-3-thiol
(152a):31 White solid, yield 52.4%. m.p. 184~185 C; 'H
NMR (500 MHz, DMSO-ds) o: 14.03 (s, 1H, SH), 8.74~
8.67 (m, 1H, ArH), 8.04~7.94 (m, 2H, ArH), 7.67~7.42
(m, 1H, ArH), 6.25 (s, 2H, NH>).

4-Amino-5-(pyridin-4-yl)-4H-1,2 4-triazole-3-thiol
(15b):BY White solid, yield 49.6%. m.p. 223~225 C; 'H
NMR (500 MHz, DMSO-ds) J: 14.15 (s, 1H, SH), 8.73
(dd, J=4.6, 1.6 Hz, 2H, ArH), 7.99 (dd, J=4.5, 1.6 Hz,
2H, ArH), 5.83 (s, 2H, NH>).
4.2.3 General procedure for the preparation of inter-
mediates 16

Various indole derivatives 8 and 10~11 (5.69 mmol)
and the intermediate 16 (5.18 mmol) were dissolved in
CH;CH,0H (44 mL) at room temperature, then acetic acid
(51.75 mmol, o-pyridine) or HCI (10 drops, p-pyridine)
were tardily added to the solution and heated at reflux for
2~4 h, and monitored by thin-layer chromatography
(TLC) (M(petroleum ether) : V(ethyl acetate)=1 : 1). Af-
ter the reaction was finished, the mixture was cooled to
room temperature and the solid precipitate was filtered,
washed with ethanol (5 mLX2) and petroleum ether (5
mL), dried, and purified by recrystallisation using ethyl
alcohol to obtain (E)-4-(((2-chloro-1-methyl-1H-indol-3-
yl)methylene)amino)-5-(pyridin-4-yl)-4H-1,2,4-triazole-3-
thiol (16), yellow solid, yield 85.2%. m.p. 223~224 C,;
'"H NMR (400 MHz, DMSO-ds) J: 14.41 (s, 1H, SH), 9.76
(s, 1H, N=CH), 8.74 (d, J=6.0 Hz, 2H, ArH), 8.04 (d,
J=7.8 Hz, 1H, ArH), 7.94 (dd, J=4.6, 1.6 Hz, 2H, ArH),
7.68 (d, J=8.3 Hz, 1H, ArH), 7.42~7.34 (m, 1H, ArH),
7.32~7.25 (m, 1H, ArH), 3.87 (s, 3H, NCH3); '3C NMR
(101 MHz, DMSO-dg) J: 163.3, 161.2, 150.6 (2C), 146.8,
136.9, 134.7, 133.4, 124.2, 123.7, 123.3, 122.3 (20),
121.3, 111.5, 105.9, 31.1. HRMS (AP-ESI) caled for
Ci7H12CINGS [M—H]" 367.0527, found 367.0544.

4.2.4 General procedure for the target compounds
17a~17r

A mixture of indole Schiff base of 1,2,4-triazoles 16
(0.813 mmol) and triethylamine (TEA) (1.63 mmol) in 10
mL of anhydrous ethanol was stirred and refluxed for 5
min, then various o-bromoketones (1.63 mmol) were
dropwise added to the system and refluxed for 30 min. Af-
ter the reaction was complete according to the TLC gaug-
ing, the mixture was cooled and evaporated, afterwards
adjusted pH to neutral with acetic acid. The Schiff base 17
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were conveniently obtaining by filtration and recrystalliza-
tion from ethanol.

Ethyl (£)-2-((4-(((1H-indol-3-yl)methylene)amino)-5-
(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)acetate (17a):
White solid, yield 72.5%. m.p. 188~189 ‘C; 'H NMR
(500 MHz, DMSO-ds) o: 12.05 (s, 1H, NH), 8.74 (s, 1H,
N=CH), 8.52~8.49 (m, 1H, ArH), 8.16~8.09 (m, 1H,
ArH), 8.02~7.98 (m, 2H, ArH), 7.94 (td, J/=7.8, 1.8 Hz,
1H, ArH), 7.50 (d, /=8.0 Hz, 1H, indole-2-CH), 7.44~
7.40 (m, 1H, ArH), 7.28~7.23 (m, 1H, ArH), 7.23~7.18
(m, 1H, ArH), 4.14 (s, 2H, SCH>), 4.10 (q, J=7.1 Hz, 2H,
OCH>), 1.16 (t,J=7.1 Hz, 3H, CH3); 3C NMR (101 MHz,
DMSO-ds) 6 168.8, 164.6, 150.0, 149.7, 149.5, 147.0,
137.8, 137.8, 136.4, 1249, 124.7, 123.9, 123.9, 122.3,
122.2, 112.9, 110.3, 61.7, 33.6, 14.4; HRMS calcd (AP-
ESI) for C20H17N6028 [M - H] * 4051128, found
405.1135.

Propyl (E)-2-((4-(((1H-indol-3-yl)methylene)amino)-5-
(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)acetate (17b):
White solid, yield 74.8%. m.p. 192~193 ‘C; 'H NMR
(500 MHz, DMSO-ds) o: 12.05 (s, 1H, NH), 8.74 (s, 1H,
N=CH), 8.52~8.49 (m, 1H, ArH), 8.13 (d, J=7.7 Hz,
1H, ArH), 8.03~7.98 (m, 2H, ArH), 7.94 (td, J="7.7, 1.8
Hz, 1H, ArH), 7.50 (d, J=8.0 Hz, 1H, indole-2-CH),
7.44~7.40 (m, 1H, ArH), 7.28~7.23 (m, 1H, ArH), 7.20
(td, J/=7.6, 1.1 Hz, 1H, ArH), 4.15 (s, 2H, SCH>»), 4.01 (4,
J=6.6 Hz, 2H, OCH;), 1.60~1.50 (m, 2H, OCH,-
CH,CH3), 0.83 (t, J=7.4 Hz, 3H, CH3); *C NMR (101
MHz, DMSO-ds) J: 168.8, 164.5, 150.0, 149.7, 149.5,
147.0, 137.8, 137.8, 136.4, 124.9, 124.6, 123.9, 123.9,
122.3, 122.2, 112.9, 110.3, 67.1, 33.5, 21.9, 10.6; HRMS
(AP-ESI) caled for CyHi9NgO.S [M—H]" 419.1284,
found 419.1292.

Ethyl (E)-2-((4-(((2-chloro-1H-indol-3-yl)methylene)-
amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)acetate
(17¢): White solid, yield 75.7%. m.p. 209~210 C; 'H
NMR (500 MHz, DMSO-ds) J: 13.00 (s, 1H, NH), 8.79 (s,
IH, N=CH), 8.55~8.53 (m, 1H, ArH), 8.12~8.08 (m,
1H, ArH), 8.02 (dt, /=7.9, 1.1 Hz, 1H, ArH), 7.99~7.94
(m, 1H, ArH), 7.48~7.44 (m, 1H, ArH), 7.44~7.40 (m,
1H, ArH), 7.30~7.22 (m, 2H, ArH), 4.16 (s, 2H, SCH>),
4.10 (q, J=7.1 Hz, 2H, OCH»), 1.16 (t, J=7.1 Hz, 3H,
CH3); '3C NMR (101 MHz, DMSO-ds) 6: 168.7, 160.5,
150.0, 149.7, 149.6, 147.0, 138.0, 135.7, 132.7, 125.1,
124.5,124.3, 124.2, 122.9, 121.4, 112.3, 106.0, 61.7, 33.5,
14.4; HRMS (AP-ESI) calcd for CaoH;sCINsO>S [M—H]"
439.0738, found 439.0744.

Propyl (E)-2-((4-(((2-chloro-1H-indol-3-yl)methylene)-
amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)acetate
(17d): White solid, yield 76.3%. m.p. 155~157 C; 'H
NMR (400 MHz, CDCls) 6: 10.71 (s, 1H, NH), 8.60~8.55
(m, 1H, ArH), 8.37 (s, 1H, N=CH), 8.19~8.11 (m, 2H,
ArH), 7.88~7.81 (m, 1H, ArH), 7.36~7.31 (m, 1H, ArH),
7.24~7.17 (m, 3H, ArH), 4.25 (s, 2H, SCH>), 4.19 (t, J=
6.8 Hz, 2H, OCH»), 1.72~1.64 (m, 2H, OCH,CH>CH3),
0.98 (t, J=7.4 Hz, 3H, CH;); *C NMR (101 MHz, CDCl;)
0: 169.3, 159.0, 150.3, 149.9, 149.0, 146.8, 137.0, 134.9,
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132.1, 1244, 1243, 124.1, 124.0, 122.6, 122.0, 111.0,
106.8, 67.9, 33.8, 21.8, 10.3; HRMS (AP-ESI) calcd for
C21H5CINGO,S [M+H]" 453.0895, found 453.0902.

Ethyl (£)-2-((4-(((2-chloro-1-methyl-1H-indol-3-yl)me-
thylene)amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)-
acetate (17e): Beige solid, yield 75.7%. m.p. 193 ~
194 °C; '"H NMR (400 MHz, CDCI;) &: 8.95 (s, 1H, N=
CH), 8.57~8.54 (m, 1H, ArH), 8.41~8.35 (m, 1H, ArH),
8.17 (d, J=8.0 Hz, 1H, ArH), 7.81 (td, /=7.8, 1.8 Hz, 1H,
ArH), 7.37~7.31 (m, 3H, ArH), 7.31~7.28 (m, 1H, ArH),
4.25 (q, J=7.1 Hz, 2H, OCH>»), 4.19 (s, 2H, SCH>), 3.81
(s, 3H, NCH3), 1.31 (t, J=7.1 Hz, 3H, CH,CH3); *C NMR
(101 MHz, CDCl3) d: 168.5, 160.6, 150.2, 149.9, 149.0,
147.1, 136.9, 136.5, 134.0, 124.1, 124.0 (2C), 123.9,
123.1, 122.4, 109.5, 106.6, 62.0, 33.9, 30.4, 14.1; HRMS
(AP-ESI) caled for CyiHaCINGO,S [M+H]" 455.1051,
found 455.1043.

Propyl (E)-2-((4-(((2-chloro-1-methyl-1H-indol-3-yl)-
methylene)amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)-
thio)acetate (17f): White solid, yield 84.2%. m.p. 137~
138 ‘C; '"H NMR (400 MHz, CDCl;) &: 8.93 (s, 1H, N=
CH), 8.56~8.53 (m, 1H, ArH), 8.40~8.33 (m, 1H, ArH),
8.15(d, J=7.9 Hz, 1H, ArH), 7.80 (td, /=7.8, 1.7 Hz, 1H,
ArH), 7.36~7.27 (m, 4H, ArH), 4.20 (s, 2H, SCH,), 4.15
(t, J=6.7 Hz, 2H, OCH>), 3.79 (s, 3H, NCH3), 1.75~1.64
(m, 2H, OCH>CH>CH3), 0.95 (t, J=7.4 Hz, 3H, CH.CHa);
BC NMR (101 MHz, CDCl3) 6: 168.6, 160.5, 150.2, 150.0,
149.0, 147.1, 136.9, 136.5, 134.0, 124.1, 124.0 (20),
123.9, 123.1, 122.4, 109.6, 106.6, 67.5, 33.9, 30.4, 21.8,
10.3; HRMS (AP-ESI) calcd for C2H»CINgO»S [M+H]"
469.1208, found 469.1200.

Ethyl (E)-2-((4-(((2-chloro-1-ethyl-1H-indol-3-yl)meth-
ylene)amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)-
acetate (17g): White solid, yield 80.4%. m.p. 143 ~
145 C; "H NMR (400 MHz, CDCl;) &: 8.98 (s, 1H, N=
CH), 8.60~8.56 (m, 1H, ArH), 8.40~8.37 (m, 1H, ArH),
8.20 (d, J/=7.9 Hz, 1H, ArH), 7.83 (td, J/=7.8, 1.6 Hz, 1H,
ArH), 7.40~7.30 (m, 4H, ArH), 4.33 (q, /=7.2 Hz, 2H,
NCH»), 4.26 (q, J=7.1 Hz, 2H, OCH,), 4.20 (s, 2H,
SCH»), 1.46 (t, J=7.2 Hz, 3H, NCH,CH3), 1.31 (t, J=7.1
Hz, 3H, OCH,CH3); '3C NMR (101 MHz, CDCl;) &:
168.5, 160.6, 150.1, 150.0, 149.0, 147.1, 136.8, 135.4,
133.2, 124.3, 124.0, 124.0, 123.9, 123.0, 122.6, 109.5,
106.6, 62.0, 39.1, 33.9, 14.7, 14.1; HRMS (AP-ESI) calcd
for C2xH»CINGO,S [M+H]" 469.1208, found 469.1199.

Propyl (E)-2-((4-(((2-chloro-1-ethyl-1H-indol-3-yl)me-
thylene)amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)th-
io)acetate (17h): White solid, yield 87.2%. m.p. 152~
153 C; 'H NMR (400 MHz, CDCI;) &: 8.96 (s, 1H, N=
CH), 8.60~8.54 (m, 1H, ArH), 8.41~8.36 (m, 1H, ArH),
8.17 (d, J=8.0 Hz, 1H, ArH), 7.82 (td, /=7.8, 1.8 Hz, 1H,
ArH), 7.39~7.35 (m, 2H, ArH), 7.35~7.32 (m, 1H, ArH),
7.32~7.28 (m, 1H, ArH), 4.31 (q, J/=7.2 Hz, 2H, NCH.>),
4.20 (s, 2H, SCH>), 4.15 (t, J=6.7 Hz, 2H, OCH), 1.75~
1.64 (m, 2H, OCH,CH»CH3), 1.44 (t, J=7.2 Hz, 3H,
NCH,CH3), 0.95 (t, J=7.4 Hz, 3H, OCH,CH,CHj3); 1*C
NMR (101 MHz, CDCls3) d: 168.6, 160.6, 150.1, 150.0,
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149.0, 147.1, 136.8, 135.4, 133.2, 124.3, 124.0, 124.0,
123.9, 123.0, 122.6, 109.5, 106.6, 67.5, 39.1, 33.9, 21.8,
14.7, 10.3; HRMS (AP—ESI) caled for C23H24C1N5028
[M-+H]" 483.1364, found 483.1356.

Ethyl (£)-2-((4-(((2-chloro-1-propyl-1H-indol-3-yl)me-
thylene)amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)-
acetate (17i): White solid, yield 74.0%. m.p. 146~148 C;
'"H NMR (500 MHz, CDCl;) J: 8.96 (s, 1H, N=CH),
8.56~8.53 (m, 1H, ArH), 8.36~8.33 (m, 1H, ArH), 8.20
(d, /=79 Hz, 1H, ArH), 7.82 (td, J/=7.8, 1.7 Hz, 1H,
ArH), 7.37~7.33 (m, 2H, ArH), 7.33~7.29 (m, 2H, ArH),
4.26~4.20 (m, 4H, NCH,, OCH,), 4.19 (s, 2H, SCH>),
1.91~1.82 (m, 2H, NCH,CH,CH3), 1.28 (t, J=7.1 Hz,
3H, OCH2CH3), 0.98 (t, J=7.4 Hz, 3H, NCH,CH,CH3);
13C NMR (101 MHz, CDCl3) 6: 168.5, 160.9, 150.2, 149.9,
149.0, 146.9, 136.9, 1359, 133.8, 124.2, 124.2, 124.1,
123.9, 123.1, 122.5, 109.8, 106.5, 62.0, 45.8, 34.0, 22.8,
14.1, 11.3; HRMS (AP—ESI) calcd fOI‘ C23H24C1N5028
[M-+H]" 483.1364, found 483.1358.

Propyl (E£)-2-((4-(((2-chloro-1-propyl-1H-indol-3-yl)me-
thylene)amino)-5-(pyridin-2-yl)-4H-1,2,4-triazol-3-yl)thio)-
acetate (17j): White solid, yield 74.7%. m.p. 106 ~
107 °C; '"H NMR (500 MHz, CDCl;) &: 8.95 (s, 1H, N=
CH), 8.55~8.53 (m, 1H, ArH), 8.36~8.33 (m, 1H, ArH),
8.18 (d, /=8.0 Hz, 1H, ArH), 7.81 (td, /=7.8, 1.8 Hz, 1H,
ArH), 7.35~7.28 (m, 4H, ArH), 4.20 (t, J=7.3 Hz, 2H,
NCHo»), 4.19 (s, 2H, SCH>), 4.12 (t, J=6.7 Hz, 2H, OCHy,),
1.91~1.81 (m, 2H, NCH.CH,CH3), 1.71~1.62 (m, 2H,
OCH>CH,CHj3), 0.98 (t, J=7.4 Hz, 3H, NCH,CH>CH3),
0.92 (t, J=7.4 Hz, 3H, OCH,CH,CHs); *C NMR (101
MHz, CDCls) : 168.5, 160.9, 150.2, 149.9, 149.0, 146.9,
136.9, 135.9, 133.8, 124.2, 124.2, 124.1, 124.0, 123.0,
122.5,109.8, 106.6, 67.6, 45.8, 34.0, 22.8, 21.8, 11.3, 10.3;
HRMS (AP-ESI) caled for CaHaCINgO2S [M+H]'
497.1521, found 497.1514.

Ethyl (£)-2-((4-(((2-chloro-1-ethyl-1H-indol-3-yl)meth-
ylene)amino)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)thio)-
acetate (17k): White solid, yield 81.4%. m.p. 192 ~
194 °C; '"H NMR (400 MHz, CDCl;) &: 8.75 (s, 1H, N=
CH), 8.69 (dd, J/=4.7, 1.5 Hz, 2H, ArH), 8.35~8.31 (m,
1H, ArH), 8.06 (dd, /=4.7, 1.5 Hz, 2H, ArH), 7.46~7.42
(m, 2H, ArH), 7.42~7.37 (m, 1H, ArH), 4.36 (q, J=7.3
Hz, 2H, NCH>»), 4.23 (q, J=7.1 Hz, 2H, OCH,), 4.15 (s,
2H, SCH»), 1.48 (t,J=7.3 Hz, 3H, NCH»CH3), 1.29 (t, J=
7.1 Hz, 3H, OCH,CH3;); '*C NMR (101 MHz, CDCl;) &:
168.1, 160.9, 150.1 (2C), 149.6, 147.8, 135.5, 1344,
1342, 1244, 124.1, 123.5 (2C), 122.0, 121.4, 109.9,
106.3, 62.1, 39.4, 34.9, 14.6, 14.1; HRMS (AP-ESI) calcd
for C2,H2CINGO,S [M+H]" 469.1208, found 469.1201.

(E)-2-((4-(((2-chloro-1-ethyl-1H-indol-3-yl)methylene)-
amino)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)thio)-1-phe-
nylethan-1-one (171): White solid, yield 79.6%. m.p. 201~
203 ‘C; 'H NMR (400 MHz, CDCl5) 6: 8.80 (s, 1H, N=
CH), 8.68 (dd, J=4.8, 1.6 Hz, 2H, ArH), 8.35~8.30 (m,
1H, ArH), 8.09~8.06 (m, 2H, ArH), 8.05 (dd, /=4.8, 1.6
Hz, 2H, ArH), 7.66~7.59 (m, 1H, ArH), 7.50 (t, J=7.7
Hz, 2H, ArH), 7.45~7.41 (m, 2H, ArH), 7.41~7.36 (m,
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1H, ArH), 5.03 (s, 2H, SCH»), 4.36 (q, J=7.2 Hz, 2H,
NCH,), 1.49 (t, J=7.2 Hz, 3H, CH3); *C NMR (126 MHz,
CDCl3) d: 193.0, 160.9, 150.2 (2C), 149.7, 148.4, 135.6,
135.2, 134.6, 134.3, 134.0, 128.9 (2C), 128.6 (2C), 124.5,
124.3, 123.6 (2C), 122.1, 121.5, 110.0, 106.4, 41.7, 39.4,
14.7; HRMS (AP-ESI) calcd for Co6H2CINGOS [M+H]"
501.1258, found 501.1250.

Ethyl  (E)-2-((4-(((1H-indol-3-yl)methylene)amino)-5-
(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)thio)acetate (17m):
White solid, yield 75.9%. m.p. 213~214 °C; 'H NMR
(400 MHz, DMSO-ds) J: 12.27 (s, 1H, NH), 8.87 (s, 1H,
N=CH), 8.69 (dd, J=4.6, 1.6 Hz, 2H, ArH), 8.22~8.18
(m, 2H, ArH), 7.91 (dd, J=4.6, 1.6 Hz, 2H, ArH), 7.58 (d,
J=7.4 Hz, 1H, indole-2-H), 7.36~7.26 (m, 2H, ArH),
4.15 (s, 2H, SCHy»), 4.10 (q, J=7.1 Hz, 2H, OCH>CH3),
1.16 (t, J=7.1 Hz, 3H, OCH,CH3); *C NMR (101 MHz,
DMSO-ds) o: 168.5, 165.9, 150.8 (2C), 149.2, 148.3,
1379, 137.6, 134.2, 124.6, 124.1, 122.7, 122.1, 121.4
(20), 113.1, 110.0, 61.7, 34.5, 14.4; HRMS (AP-ESI)
caled for CyH;7N¢O»S [M — H] © 405.1128, found
405.1136.

Ethyl (£)-2-((4-(((2-chloro-1H-indol-3-yl)methylene)-
amino)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)thio)acetate
(17n): White solid, yield 79.3%. m.p. 230~232 C; 'H
NMR (400 MHz, DMSO-ds) : 13.20 (s, 1H, NH), 8.86 (s,
1H, N=CH), 8.71 (dd, J=4.6, 1.6 Hz, 2H, ArH), 8.14~
8.10 (m, 1H, ArH), 7.91 (dd, /J=4.5, 1.6 Hz, 2H, ArH),
7.52~7.48 (m, 1H, ArH), 7.39~7.26 (m, 2H, ArH), 4.15
(s, 2H, SCH»), 4.10 (q, J/=7.1 Hz, 2H, OCH,CH3), 1.16 (t,
J=17.1 Hz, 3H, OCH,CH;); “C NMR (101 MHz,
DMSO-ds) o: 168.5, 162.4, 150.7 (2C), 149.4, 147.9,
1359, 134.2, 133.9, 124.5, 124.5, 123.3, 121.7 (2C),
121.2, 112.5, 105.9, 61.7, 34.8, 14.3; HRMS calcd (AP-
ESI) for CyH;sCINsO.S [M — H] " 439.0738, found
439.0746.

Propyl (E)-2-((4-(((2-chloro-1H-indol-3-yl)methylene)-
amino)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)thio)acetate
(170): White solid, yield 78.5%. m.p. 224~225 C; 'H
NMR (400 MHz, DMSO-ds) 6: 13.22 (s, 1H, NH), 8.86 (s,
1H, N=CH), 8.71 (dd, J=4.6, 1.5 Hz, 2H, ArH), 8.14~
8.10 (m, 1H, ArH), 7.91 (dd, J=4.5, 1.6 Hz, 2H, ArH),
7.53~7.47 (m, 1H, ArH), 7.38~7.27 (m, 2H, ArH), 4.16
(s, 2H, SCH,), 4.01 (t, J=6.6 Hz, 2H, OCH,CH,CH3),
1.60~1.49 (m, 2H, OCH,CH,CH3), 0.83 (t, J/=7.4 Hz,
3H, OCH,CH,CH3); C NMR (101 MHz, DMSO-ds) &:
168.5, 162.4, 150.7 (2C), 149.4, 1479, 1358, 134.2,
133.8, 124.5 (2C), 123.3, 121.6 (2C), 121.2, 112.5, 106.0,
67.1, 34.8, 21.8, 10.5; HRMS (AP-ESI) calcd for
C21H 5CINGO,S [M—H]" 453.0895, found 453.0903.

Propyl  (E)-2-((4-(((2-chloro-1-methyl-1H-indol-3-yl)-
methylene)amino)-5-(pyridin-4-yl)-4H-1,2 4-triazol-3-yl)-
thio)acetate (17p): White solid, yield 80.2%. m.p. 177~
179 °C; 'H NMR (400 MHz, CDCl;) &: 8.72 (s, 1H, N=
CH), 8.67 (dd, J/=4.6, 1.5 Hz, 2H, ArH), 8.33~8.28 (m,
1H, ArH), 7.98 (dd, /=4.6, 1.5 Hz, 2H, ArH), 7.48~7.32
(m, 3H, ArH), 4.14 (s, 2H, SCH>), 4.11 (t, J/=6.7 Hz, 2H,
OCH>CH,CH3), 3.85 (s, 3H, NCH3), 1.73~1.58 (m, 2H,
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OCH>CH,CHj3), 0.92 (t, J=7.4 Hz, 3H, OCH,CH,CH3);
13C NMR (101 MHz, CDCls) é: 168.2, 160.8, 150.2 (2C),
149.6, 147.8, 136.6, 135.3, 134.1, 124.5, 123.9, 123.7,
121.9 (20), 121.5, 110.0, 106.3, 67.7, 34.9, 30.7, 21.8,
10.3; HRMS (AP-ESI) calcd for C2H»»CINgO,S [M+H]"
469.1208, found 469.1207.

Ethyl (£)-2-((4-(((2-chloro-1-propyl-1H-indol-3-yl)me-
thylene)amino)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)thio)-
acetate (17q): White solid, yield 81.7%. m.p. 210~
211 ‘C; '"H NMR (400 MHz, DMSO-ds) J: 8.90 (s, 1H,
N=CH), 8.71 (dd, J=4.6, 1.5 Hz, 2H, ArH), 8.18~8.14
(m, 1H, ArH), 7.91 (dd, J=4.6, 1.5 Hz, 2H, ArH), 7.78~
7.73 (m, 1H, ArH), 7.43~7.38 (m, 1H, ArH), 7.37~7.33
(m, 1H, ArH), 4.33 (t, J/=7.2 Hz, 2H, NCH,CH>CH3),
4.14 (s, 2H, SCH»), 4.09 (q, J=7.1 Hz, 2H, OCH>CH3),
1.82~1.77 (m, 2H, NCH,CH,CH3), 1.15 (t, J=7.1 Hz,
3H, OCH2CH3), 0.92 (t, J=7.3 Hz, 3H, NCH,CH,CHy);
BC NMR (101 MHz, DMSO-ds) 6: 168.5, 162.5, 150.7
(20), 1494, 147.9, 136.4, 135.0, 134.2, 124.6, 123.7,
122.4, 121.7 (2C), 1214, 111.8, 105.9, 61.7, 45.8, 34.8,
22.8, 14.3, 11.4; HRMS (AP-ESI) calcd for CyH4Cl-
NsO2S [M+H]" 483.1364, found 483.1359.

Propyl (E£)-2-((4-(((2-chloro-1-propyl-1H-indol-3-yl)me-
thylene)amino)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)th-
io)acetate (17r): White solid, yield 80.8%. m.p. 215~
216 ‘C; '"H NMR (400 MHz, CDCl5) é: 8.73 (s, 1H, N=
CH), 8.67 (dd, /=4.7, 1.4 Hz, 2H, ArH), 8.34~8.30 (m,
1H, ArH), 8.00 (dd, /=4.7, 1.4 Hz, 2H, ArH), 7.43~7.34
(m, 3H, ArH), 4.25 (t, J=7.3 Hz, 2H, NCH,CH>CH3),
4.15 (s, 2H, SCH,), 4.11 (t, J=6.7 Hz, 2H, OCH,CH>-
CHz3), 1.96~1.85 (m, 2H, NCH,CH,CH3), 1.71~1.60 (m,
2H, OCH,CH»CH3), 1.02 (t, J=7.4 Hz, 3H, NCH,CH>-
CHa), 0.92 (t, J=7.4 Hz, 3H, OCH,CH,- CH3); *C NMR
(101 MHz, CDCl3) J: 168.2, 160.9, 150.2 (2C), 149.7,
147.8, 136.1, 134.9, 134.2, 124.4, 124.1, 123.5, 122.0
(20), 121.5, 110.2, 106.3, 67.7, 46.0, 34.9, 22.8, 21.8,
11.3, 10.2; HRMS (AP—ESI) caled for C24H26C1N5028
[M-+H]" 497.1521, found 497.1516.

43.1 MTT assay

The in vitro antitumor activities of the synthesized
compounds 17a~17r against four human cancer cell lines,
including A549, PC-3, HepG2, K562 and the toxicity of all
compounds towards NRK-52E, were evaluated by MTT
assay. Simply, exponentially growing cells (3X10*
cells/mL) were plated in 96-well plates and cultured over-
night, followed by treatment with various concentrations of
compounds from 0.625 to 10 umol/L for 48 h at 37 C, 5%
CO;. Then, 20 pL of MTT (5 mg/mL) was added per well
and incubated continually for 4 h, the culture medium was
removed, and DMSO was added 150 pL/well for 10~15
min. Finally the absorbance at 490 nm (Abs) of the sus-
pension was measured by TW 200 PRO (Enzyme-labelled
meter). For comparison, fluorouracil was used as reference
drug and the results expressed as inhibition rate and ICso
were summarized in Tables 1 and 2, respectively. Here, the
response parameter calculated was the 1Cso value, which
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corresponds to the concentration required for 50% inhibi-
tion of cell viability, and computed averages of three inde-
pendent determinations (SD<:10%).

4.3.2 Cell migration assay

Given the importance of cell migration in pathobiology
of cancer, the effect of 17k on A549 cells has been inves-
tigated by performing wound scratch assay. The cells in
the logarithmic phase were seeded in 6-well plates and
cultured overnight at 37 C in a 5% CO; supplemented
atmosphere grown for 24 h to 80%~90% confluence.
Cells were washed twice with phosphate buffered saline
(PBS), and the monolayers were scraped with a micropi-
pette tip to create an artificial wound. Next, cells were
washed with PBS again to remove the detached cells. The
compounds were added in the RPMI medium at 10
pmol/L, and DMSO was used as a control. Digital images
of the wounded monolayers were obtained using a photo-
microscope (Ti-S, Nikon, Japan) at 0, 12, 24 and 48 h. The
unfilled scratched zones were quantified by Java’s Image J
software.

4.3.3 DAPI staining

DAPI staining of the cultured cells was used to observe
apoptotic nuclei by evaluation of nuclear morphology us-
ing a fluorescence inverted microscope. Briefly, exponen-
tially growing cells (1X10° cells/mL) were plated in
6-well plates and cultured for 24 h. Then, cancer cell lines
were treated with compounds 17b, 17¢, 17d, 17k. 5-Fu at
20 pumol/L for 48 h, washed twice with phosphate buffered
saline (PBS) and added 1 mL 4% paraformaldehyde solu-
tion for 10~15 min. Then the cells were incubated with
0.5 mL 10 pg/mL DAPI staining solution for 20 min in the
dark. The results were image observed under the fluores-
cence microscope (Ti-S, Nikon, Japan) and analyzed by
Image J software.

4.3.4 MMP analysis

The fluorescent, lipophilic and cationic probe, JC-1
(sorlarbio, China), was used to measure the mitochondrial
membrane potential (MMP) according to manufacturer’s
directions. Firstly, PC-3 cells (1X10° cells/mL) were
seeded in 6-well culture plate and incubated in 5% CO, at
37 ‘C overnight and treated with compound for 48 h.
Then, treated with JC-1 staining solution (0.5 mL per well)
at 37 ‘C for 30 min. After washing twice with PBS, fluo-
rescence intensity was measured immediately by fluores-
cence microscopy (Ti-S, Nikon, Japan). For JC-1 green,
Ex=485 nm and E,,=525 nm; for JC-1 red, Ex=535 nm
and £n=>590 nm.

4.3.5 Cell apoptosis assay

The apoptosis ratios induced by compound 17k in PC-3
tumor cells were then quantitatively determined by flow
cytometry (BD, FACSCallibur). Briefly, The PC-3 cells
stimulated by potential compound 17k was assayed 48 h at
different concentrations, then wash cells twice with cold
PBS and then resuspend cells in binding buffer (1x) bind-
ing buffer at a concentration of 1X10° cells/mL. Next,
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Transfer 100 pL of the solution (1X10° cells) to a 5 mL
culture tube. Add 5 pL of Annexin V-FITC and 5 pL of
propidium iodide (PI). Gently vortex the cells and incubate
for 15 min at room temperature in the dark. Finally, each
tube was mixed with 400 uL of binding buffer and detect-
ed by flow cytometry (BD, FACSCallibur) within 1 h.

4.3.6 Cell cycle assay

The above studies have proved that compound 17k can
induce apoptosis, therefore the effect of compound 17k on
the cell cycle of PC-3 cell lines was investigated by flow
cytometry at its ICso concentrations. The effect of com-
pound 5-Fu on the cell cycle of PC-3 cell was also studied.
Firstly, the cells were washed once with PBS, collected by
centrifugation at 1500 r/min for 5 min. Then, the cell con-
centration was adjusted to 1X10° cell/mL, and 1 mL of
single-cell suspension was taken. After the prepared single
cell suspension was centrifuged, the supernatant was re-
moved, and 500 pL of 70% precooled ethanol was added
for 2 h to overnight, and stored at 4 °C. Before staining,
the fixative with PBS was washed off, 100 pL of RNase A
solution was added to the cell pellet, resuspend the cells,
and bath in 37 ‘C water for 30 min. Finally, each tube
was mixed with 400 uL of PI staining solution and incu-
bated on 4 C for 30 min, detected by flow cytometry
(BD, FACSCallibur) within 1 h.

4.3.7 Antibacterial activity

In addition, using Xoo as the tested bacterial strains, the
antibacterial activity against Xoo of synthesized target
compounds 17a~17r is the same as two commercial ag-
ricultural bactericides bismerthiazol (BMT) and thiodia-
zole copper (TDC) was appraised by the turbidimetric as-
say, as a blank control of which DMSO was dissolved in
the nutrient medium. Concretely, all of compounds to be
assessed were dissolved in DMSO to prepare a solution
with a concentration of 20 pL/mg. Then took 20 uL from it
and diluted with 4.0 mL Tween-20 aqueous solution (1%).
Immediately, 1.0 mL test fluid was taken out after being
thoroughly mixed and added to 4 mL nontoxic nutrient
broth (NB: 15.0 g of glucose, 7.5 g of peptone, 1.5 g of
yeast powder, 4.5 g of beef extract and 1500 mL of sec-
ondary water, pH 7.0~7.2). Subsequently, after adding 40
pL of NB medium solution containing Xoo (ODsgs=0.6~
0.8) to each test tube mentioned the above, the inoculated
sample liquid were incubated at 28 ‘C, 180 r/min in a con-
stant temperature and continuous shaking for 48 h. Finally,
we took sequentially 200 pL of inoculated sample liquid
after the drug action from each test tube adding to 96-well
plates, and measured the optical density (OD) at 595 nm by
taking advantage of a microplate reader. Inhibition rate of
target compounds against Xoo was calculated as follows:
1= (.— I,)/[X100%, I, is the difference between the
blank control medium OD value and the corresponding
empty hole value, and I, is the difference between the OD
value of the compounds-containing medium and the cor-
responding pore value
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Supporting Information

"H NMR and '*C NMR spectra

of compounds 17a~17r. The Supporting Information is
available free of charge via the Internet at http://sioc-

journal.cn.
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