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Abstract: A series of 5,6-diaryl-1,2,4-triazines hybrids heg a 1,2,3-
triazole linker were synthesized by molecular hgization strategy and
evaluated for antiproliferative activity againste@ selected cancer cell
lines (MGC-803, EC-109 and PC-3). The first struetactivity
relationship (SAR) for these 5,6-diaryl-1,2,4-tirees is explored in this
report with evaluation of 15 variants of the stuwnat class. Among these
chemical derivatives, 3-(((1-(4-fluorobenzyl)-1H2 13-triazol-4-
yl)methyl)thio)-5,6-diphenyl-1,2,4-triazind {E) showed the more potent
inhibitory effect against three cell lines than &-Eellular mechanism
studies in MGC-803 cells elucidat&dE inhibited colony formation and
arrested cell cycle at G2/M phase. Furthermore,poamd 11E caused
morphological changes, decreased mitochondrial memab potential,
and induced apoptosis through the apoptosis-refataeins in MGC-803
cells. It was the first time, to our knowledge, ttH&6-diaryl-1,2,4-
triazines bearing a 1,2,3-triazole linker were uasdpotential apoptosis
inducers.

Keywords. 5,6-diaryl-1,2,4-triazines; molecular hybridizatistrategy;
morphological changes; apoptosis; apoptosis-relatetbins.

1. Introduction

5,6-Diaryl-1,2,4-triazine, an important heterocgcdkeleton, has been
reported to exhibit a variety of biological actieg [1-7]. 2-((5,6-
diphenyl-1,2,4-triazin-3-yl)thio)-N-arylacetamiderivative 1 with strong
electron-withdrawing nitro group on the arylacetaenmoiety exhibited
potenta-glucosidase inhibitory activity (l§g= 12.46 + 0.13M) [8]. 5,6-
diaryl-1,2,4-triazine bearing 3-morpholinoethylamimoiety2 displayed
a promising antithrombotic profilen vivo, which demonstrated less
ulcerogenicity in rats as compared to aspirin 192,4-triazine derivative
3 was synthesized and screened for inhibition ofaryc/genases (COX-



1 and COX-2) with anti-oxidant activity based oreallular assay using
human whole blood and lipoxygenase [10]. HoweVery studies
investigated 5,6-diaryl-1,2,4-triazine moiety agp@mising anticancer
scaffold fFig. 1).
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Fig. 1. Bioactive 5,6-diaryl-1,2,4-triazine derivatives.

1,2,3-triazole, a privileged scaffold in drug digeoy, displayed a wide
array of biological activities as antibacterialntifungal, anti-HIV, anti-
allergic, anti-tubercular and anti-inflammatory atge[11-14]. Recently,
our group have reported four series of 1,2,3-tt@zderivatives as
potential antitumor agentsFig. 2): 1,2,3-triazole-chalcone hybrid
inhibited the proliferation of SK-N-SH cancer cdbg inducing apoptosis
and arresting the cell cycle at the G1 phase [tbg];novel 1,2,3-triazole-
chalcone5 bearing a 4,5-dihydrothiazole showed the potenviactvith
an 1G value of 8.16.M against neuroendocrine cancer cells [16]; 1,2,3-
triazole-dithiocarbamate based selective lysinecifpedemethylase 1
inactivator 6 inhibited gastric cancer cell apoptosis, invasi@md
migration [17]; the steroidal hybrid arrested cell cycle at G2/M phase,
induced apoptosis accompanied with decrease of chotarial
membrane potential [18].
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Fig. 2. 1,2,3-triazole derivatives as antiproliferativeeats.

Molecular hybridization strategy is a useful cortdepdrug design and
development based on the combination of pharmacaphwieties of
different bioactive substances to produce a newithylith improved
affinity and efficacy, when compared to the pammigs [19, 20]. These



above interesting findings and our continuous quesidentify more
potent anticancer agents led to the molecular bigaiion of 5,6-diaryl-
1,2,4-triazine and bioactive scaffolds by a 1,2i8zble linker to
integrate them in one molecular platform to geresahew hybrid with a
potential antiproliferative activity.

As shown inFig. 3, a molecular hybridization strategy based on the
structures of a 5,6-diaryl-1,2,4-triazine and a,3:fAazole yielded a
scaffold which has three parts: (i) a 5,6-diary;4;triazine scaffold as a
central core, (i) a 1,2,3-triazole as a linker ¢combine different
antiproliferative active skeletons, and (i) a ie#y of reported
antiproliferative skeletons (benzyl moiety, chalepnformononetin,
coumarin, sulfanilamide) [21-23]. To the best ofr ¢canowledge, there
have been no literature reports regarding 5,6-8igR&;4-triazine hybrids
bearing a 1,2,3-triazole linker as antiproliferatisgents so far. These
findings also encouraged us to investigate thenpiadesynergistic effect
of 1,2,3-triazole and 5,6-diaryl-1,2,4-triazine ffolals.
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Fig. 3. Rational molecular hybridization design.

2. Results and discussion
2.1. Chemistry

To explore the potential synergistic effect of 3;&#jazole and 5,6-
diaryl-1,2,4-triazine  scaffolds, 5,6-diaryl-1,2darzine derivatives
without triazole moiety 10A-10C were synthesized irScheme 1.



Condensation of commercially available compoun8 with
thiosemicarbazide in acetic acid at 12D for 3.5 h provided the 5,6-
diphenyl-1,2,4-triazine-3-thiol9 [24], which was then reacted with
different bromides (1-bromopropan-2-one, 3-brompgteyne, and 3-
bromopropanoic acid) in the presence of triethyteamas base to obtain
compoundLOA-10C.

10A 10B 10C

Scheme 1. Reagents and conditions: (a) AcOH, thiosemicadeazeflux,
3.5 h; (b) E4N, bromides (1-bromopropan-2-one or 3-bromopropié;y
or 3-bromopropanoic acid), Acetone, reflux.

In order to obtain the target 5,6-diaryl-1,2,4#nmees hybrids bearing a
1,2,3-triazole linker, various azide derivativé$a-111 were used to
synthesize the target compounds by click reaclibe. structures of azide
derivativeslla-11l in this work were shown ischeme 2. The synthetic
methods and structure confirmation of azide dénea 11a-111 were
described in the Supporting Information.
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Scheme 2. Azide derivatived 1a-11l in this work.

As shown inScheme 3, 5,6-diaryl-1,2,4-triazine-triazole derivatives
11A-11L were achieved by reaction of compouh@B with various
azides [25, 26] using sodium ascorbate and GUEFQO in THF at room
temperature. The structures of all the new syntledscompound40A-
10C and 11A-11L were characterized b{H NMR. *C NMR and
HRMS.
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Scheme 3. Reagents and conditions: (a) Sodium ascorbat8(¢bH,0,
azideslla-11l, THF/H0, r.t.

2.2. Antiproliferative activity

In continuation with our efforts toward the idemd#tion of novel
derivatives with anticancer potential, we evaluatieel antiproliferative
activity of 5,6-diaryl-1,2,4-triazine derivative|0A-10C and 5,6-diaryl-



1,2,4-triazine-triazole hybrid41A-11L using the MTT assay. 1,2,3-
triazole derivatives have reported as potent avitfprative agents
against PC-3 cells, MGC-803 cells and EC-109 deir3. All the target
compounds in this work contained a 1,2,3-triazoleiety. Therefore,
these three cancer cell lines (MGC-803, EC-109 3P @ere selected to
evaluate their antiproliferative activity. When s&ml,2,3-triazole
derivatives were reported as potent antiprolifeeatigents, 5-fluorouracil
(5-FU) was selected as the control [27]. TherefbfrEBu was also used as
the reference drug in this MTT assay.

The antiproliferative activity results against #ifee cancer cells for
the candidate compounds were showif @ble 1. In order to investigate
the effect of the inhibitory activity of 1,2,3-tmale, non-1,2,3-triazole-
5,6-diphenyl-1,2,4-triazineslOA-10C and 1,2,3-triazole-5,6-diphenyl-
1,2,4-triazinesl1A-11L were examined for their antiproliferative activity
Removal of the 1,2,3-triazole was clearly detrinaérior the inhibitory
activity against the three cancer cell lines, aswwhby compound40A-
10C. The introduction of 1,2,3-triazole scaffold rdedl in an
improvement of inhibitory activity. Especially, cpound 11E showed
the more potent inhibitory effect against thred beés than 5-Fu. This
result suggested that 1,2,3-triazole moiety may playnergistic role in
determining activity.

In order to complete the structure activity relasbip study, a series of
5,6-diphenyl-1,2,4-triazine-1,2,3-triazole hybridsere prepared and
evaluated for their antiproliferative activity. Witthe exception of
compoundsl1A-11F, all the compounds bearing a 1,2,3-triazole moiety
exhibited potential antiproliferative activity. Tadetermine whether the
substituents on the phenyl ring have an effecthenimhibitory activity,
compounds with various groups on the phenyl ringeweompared with
activity. We found that the substitution on the pylering was important
for the activity showing an over 4-fold activitysl® when the fluoro
group was replaced with methyl group (compouddg vs. 11C). In
addition, the size of halogen group on the phemg may affected the
antiproliferative activity. Replacement of the biamatom of compound
11B and chlorine atom of compouddA with a fluorine atonl1E led to
an increase of the activity.

Furthermore, compounds with a chalcone scaffoltlG), a
sulfanilamide scaffold1(1H), a naphthyl scaffoldi(ll), a formononetin
scaffold (1J) and coumarin scaffoldslIK-11L) were synthesized to
explore the effect of bioactive scaffolds for thamntiproliferative activity.
Compound bearing a chalcone scaffalds displayed antiproliferative
activity against MGC-803 cells with andgralue of 36.61M. However,
compounds possessing a sulfanilamide grbiid or a naphthyl group



111 were unactive against three cancer cell lines.a&l8e found that the
type of coumarin ring affected the activity compgricompoundl1K
with compoundl1L. In addition, there is an interesting discovergtth
5,6-diphenyl-1,2,4-triazine-1,2,3-triazole hybrigadning a formononetin
moiety 11J exhibited more potent cytotoxicity against PC-8a= cells
than 5-Fu. However, compoundll] displayed no significant
antiproliferative activity against MGC-803 cells darEC-109 cells
indicating that compound1lJ had good selectivity among different
cancer cells.

Compoundl1E displayed the potent antiproliferative activityaagst
MGC-803 cells with an I¢ value of 7.59uM. Compoundl1lE was
further examined for possible cytotoxicity agai@G#S-1 (normal human
gastric epithelial cell line). We found that compdl1E exhibited weak
cytotoxicity against GES-1 (31.71+1.24M). The results indicated that
compoundl1lE had good selectivity between the selected candkliree
(MGC-803) and a normal cell line (GES-1).

Table 1. Antiproliferative activity of target derivatives.

Compound 1Go (UM)°®

MGC-803 EC-109 PC-3
10A >100 >100 >100
10B >100 >100 >100
10C >100 >100 >100
11A 13.23+0.99 24.24+1.16 14.66+0.09
11B >100 >100 22.00+3.39
11C 34.75+0.51 12.42+0.04 22.63+2.02
11D 11.35+0.97 11.05+1.56 15.60+1.09
11E 7.59+0.28 19.12+1.11 10.63+0.28
11F 22.71+2.86 28.41+0.11 27.51+0.39
11G 36.67+4.69 >100 >100
11H >100 >100 >100
111 >100 >100 >100
11J >100 >100 10.23+0.77
11K >100 >100 92.34+8.27
11L >100 >100 57.77+4.36
5-FU 9.79+0.17 56.20+5.48 12.87+1.20

? Antiproliferative activity was assayed by exposfme48 h to substances
and expressed as concentration required to intoitmior cell proliferation

by 50% (IGg). Data are presented as the meanszSDs from the dos
response curves of three independent experiments.

2.3. Clone assays
Based on the most excellent activity against MGG-8€ells,



compoundl1lE was chosen to perform colony formation to invesdtg
whether 11E could inhibit MGC-803 cells proliferationF{g. 4). The
assay measures the ability of MGC-803 cells to geowl form foci,
which represents an indirect estimation of neojdstnsformation [28].
As shown in Fig. 4, MGC-803 cells treated wWittE exhibited fewer and
smaller colonies compared to the control, whichaatéd that compound
11E could significantly inhibit the proliferation of @C-803 cells in a
concentration-dependent manner.

Fig. 4. Representative images of MGC-803 cells coloniésr aifeatment
11E with various concentrations for a week.

2.4. 11E induces G2/M phase arrest

Targeting the cell cycle of tumor cells has beeoogmized as a
promising strategy for cancer therapy [29]. In tiisdy, compoundlE
was chosen to investigate the effect of our desigiherivatives on the
cell cycle of MGC-803 cells. After treating MGC-80&ells with
compoundl1E at different concentrations (M, 6 uM, 8 uM) for 48 h,
cells were then fixed and stained with PI for floygtometry analysis. As
shown inFig. 5, compoundl1E concentration dependently arrested cell
cycle at G2/M phase.
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Fig. 5. Effects of11E on MGC-803 cell cycle progress for 48 h.

2.5. Morphological changes of MGC-803 cells induced by compound 11E

Morphological changes of cancer cells are alwag®@ated with the
growth inhibition induced by cytotoxic agents [30]spired by the good
inhibition of compound.1E against MGC-803 cells, we then investigated
whether compoundl1E was able to induce morphological changes. After
being incubated witli1E for 48 h at different concentrations (M, 6
uM, 8uM, 10 uM), the morphological changes of MGC-803 cells were
recorded using an inverted microscope. As showrign6A, significant
changes of cell morphology such as rounding up @lddebris were
observed, especially at high concentrations. Adtaming with Hoechst
33258, remarkable nuclear changes including thenshtin condensation,
nuclear fragmentation and condensation were alsergbd Fig. 6B).

Control 6 pM 8 uM 10 pM

Fig. 6. (A)The morphological changes of cells were obsemeder an
inverted microscope (magnification,x400).(B) MGC38Cells were
incubated with indicated concentrations of 1035 48rhours and then
stained with DAPI. The stained nuclei were theneobsd under a
fluorescentmicroscope (magnification,x400).



2.6. Apoptosis detection by flow cytometry

The effect of compoundlE on the apoptosis was investigated using
the propidium iodide (Pl) and Annexin V-FITC biparetric
cytofluorimetric analysis. After treatment with féifent concentrations of
compoundl1lE (O uM, 6 uM, 8uM, 10 uM) for 48 h, MGC-803 cells
were stained with Pl and FITC, and then analyzethbyflow cytometry
[31]. As illustrated inFig. 7, compoundL1E induced apoptosis of MGC-
803 cells in a concentration-dependent manner. ifs@dly, the
percentage of apoptotic cells was about 3.3% f#@rctintrol group. When
treated with high concentration () of compoundL1E, around 54.8%
of apoptosis rate was observed. While the late tagaprate of MGC-803
cells was not changed significantly with increastoegcentrations.

A control 6puM 8uM 10 pM

Gate: (P2 in all) o Gate: (P2 in all)
UL Q1-UR] & Ja1-uL Q1-UR]
J0.1% 27.3%

7.0%

Fig. 7. Compound11E induced apoptosis of MGC-803 cells in a
concentration-dependent manner.

2.7. 11E decreased the membrane potential (4¥) of the mitochondria.

The decrease of mitochondrial membrane potenti@utfh multiple
mechanisms including deficiency of oxidizable stdiss for the
blockage of respiration, the mitochondria, or urgmg of the inner
membrane, followed by cytochrome c release fromntitechondria and
expression changes of apoptosis-related proteing. (Bax, Bcl-2,
caspase3/9, parp, etc) have been observed duromicss process. The
remarkable apoptosis induced by compo@ihE promoted us to explore
whether this compound had an effect on the mitodhahmembrane
potential. MGC-803 cells were incubated at theaatkd concentrations
(O uM, 6 uM, 8uM, 10 uM) for 48 h, then stained and analyzed by flow
cytometry. As shown ifrig. 8, compoundL1E caused the mitochondrial



membrane potential decrease in a concentrationadepe manner. The
percentage of cells at 1M was 42.9%, significantly higher than that of
the control group (4.1%).
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Fig. 8. MGC-803 cells were treated with vehicle control aratious
concentrations of1E (OuM, 6uM, 8uM, and 1@M) for 48 hours. The
mitochondria membrane potential was measured by d@e retention
using flow cytometry.

2.8. 11E affected apoptosis-related protein expression.

Proteins in Bcl-2 family are key regulators of amss and
overexpression of the prominent pro-survival Békehily members like
Bcl-2 and Bcl-xL is a common feature responsible deregulation of
apoptosis in human adenocarcinomas, which makertaetis resistant to
conventional cancer therapeutic agents and theesufting in hindrance
to cancer cell death [32, 33]. Caspases are cystipendent, aspartate-
directed proteases that have been shown to playaortant part in the
apoptotic cascade of events and caspase 3 andsea@@re one of the
most important effectors [34]. Poly (ADP ribose)lypoerase (PARP),



the first caspase substrate identified, is a padrty interesting death
substrate, and its cleavage is now recognizedledlmark of apoptosis
[35].

To further investigate the mechanism of apoptosisstern blot
analysis was performed in MGC-803 cells by treatnveith compound
11E (OuM, 6uM, 8uM, and 1@M) for 48 h. As shown inFig.9,
treatment of MGC-803 cells with compouddE resulted in increased
expression of Bax, Cleaved-Caspase 9, Cleaved-6aspa Cleaved
PARP and DR4 in a concentration-dependent manneankthile, the
expression of apoptotic-related proteins (Bcl-xd aBcl-2) decreased
accordingly. Based on these results, 1,2,3-triag@ediphenyl-1,2,4-
triazinel1lE was a potent apoptosis inducer.
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Fig. 9 Expression changes of apoptosis related protéi)scompound
11E induced expression changes of apoptosis relatagips in MGC-
803 cells; (B-H) Statistical analysis of proteinpeassion levels. The
results shown were representative of three indep@rekperiments. **: p
< 0.01 verse control , ***: p < 0.001 verse controf**: p < 0.0001
verse control.

3. Conclusions

Following our previous work, we designed a seriénavel 1,2,3-
triazole-5,6-diphenyl-1,2,3-triazole derivatives sbd on molecular
hybridization strategy. Majority of hybrids posssganoderate to good
growth inhibition against the tested cancer céMarticularly, compound



11E exhibited more potent antiproliferative activitihian well-known
antitumor drug 5-Fu against all three cancer ¢eld. The preliminary
SAR illustrated that 1,2,3-triazole as a reportatitamor scaffold could
play potential synergistic effect for 1,2,3-triag€d,6-diphenyl skeleton.
These hybrids in this work might serve as bioactragments and lead
compounds for developing more potent cytotoxic &gen

The mechanism investigation showed that compdliti€l can inhibit
the colony formation, halted cell cycle progressainthe G2/M phase,
induce morphological changes and lead to apoptesisher mechanisms
of apoptosis indicated that 1,2,3-triazole-5,6héipyl-1,2,3-triazold 1E
induced MGC-803 cells apoptosis probably throughtoamondrial
pathway by the decrease of mitochondrial membraatengal and
regulation the expression of apoptosis-related gomet In summary,
novel 5,6-diphenyl-1,2,3-triazole derivative begrira 1,2,3-triazole
moiety 11E was a potential apoptosis inducer, which can bel asea
lead compound for the development of potent canbemotherapeutic
agents in the drug discovery process.

4. Experimental section
4.1. General

Reagents and solvents were used without speciatnmesnt. Melting
points were determined on an X-5 micromelting appe and are
uncorrected’H NMR and**C NMR spectra were recorded on a Bruker
400 MHz and 100 MHz spectrometer, respectively.hHigsolution mass
spectra (HRMS) of all derivatives were recordedadivaters Micromass
Q-T of Micromass spectrometer by electrospray iatmin (ESI).

4.2. General procedure for the synthesis of compounds 10A-10C

5,6-Diphenyl-1,2,4-triazine-3-thiol9 was prepared by a reported
method [1].To a solution 0B (0.5 mmol, 1.0 eq) and bromide (0.5 mmol,
1.0 eq) in acetone (10 mL) was addedNE{0.75 mmol, 1.5 eq), the
mixture was refluxed for about 3~4 h. Upon completiEtOAc and kKD
were added. The aqueous layer was extracted wi@A&tfor several
times; the combined organic layers were washed D for several
times to remove the acetone, and then washed watie,bdried over
MgSQ, and evaporated to give the products. The resida® purified
with column chromatography (hexane: EtOAc = 7:1phtain analogue
10A-10C.

4.2.1. 1-((5,6-diphenyl-1,2,4-triazin-3-yl)thio)propan-2-one (10A)
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Light yellow solid; Mp:102~104C; Yield: 35%."H NMR (400 MHz, Acetone-
d®) § 7.75 — 7.27 (m, 10H), 4.32 (s, 2H), 2.35 (s, 3. NMR (100 MHz, DMSO-8)
§ 201.49, 170.52, 156.47, 155.24, 136.66, 136.4Q,6I8 130.75, 130.33, 130.10,
129.28, 129.23, 41.54, 29.11. HR-MS (ESI): Cal@dsH1N:0S, [M+H]'m/z:
322.1018, found: 322.1014.

4.2.2. 5,6-diphenyl-3-(prop-2-yn-1-ylthio)-1,2,4-triazine (10B)

O s 57

=N
O

Yellow solid; Mp:96~99°C; Yield: 63%.'H NMR (400 MHz, Acetoned &
7.65 — 7.36 (m, 10H), 4.19 (d,= 2.6 Hz, 2H), 2.77 (t) = 2.6 Hz, 1H).**C NMR
(100 MHz, Acetone-d & 169.89, 156.57, 155.45, 136.63, 136.35, 131.68,8R3
130.35, 130.16, 129.32, 129.25, 80.13, 72.65, 1H&ZMS (ESI): Calcd. GH14N3S,
[M+H] "m/z: 304.0909, found: 304.0908.

4.2.3. 4-((5,6-diphenyl-1,2,4-triazin-3-yl )thio)butanoic acid (10C)

Light yellow solid; Mp:172~174C; Yield: 34%."H NMR (400 MHz, Acetone-)
8 7.56 — 7.13 (m, 10H), 3.44 (dd= 9.4, 4.5 Hz, 2H), 2.80 (f = 6.9 Hz, 2H)C
NMR (100 MHz, Acetoned 5 173.04, 171.06, 156.54, 155.20, 136.80, 136.55,
131.58, 130.76, 130.35, 130.09, 129.31, 129.28%B4£6.42. HR-MS (ESI): Calcd.
C18H16N305S, [M+H]+m/Z: 338.0965, found: 338.0963.

4.3. General procedure for the synthesis of compounds 11A-11L.

Compoundl10B (1 mmol), azide derivatives (1 mmol), CugeH,0
(0.2 mmol) and sodium ascorbate (0.1 mmol) wersodied in THF/HO
(5 ml/5 ml) to stir for 8 h at room temperature.ddpcompletion, the
precipitated product was filtered off and washethvathanol to afford
the crude product, which was purified with columhramatography
(hexane: EtOAc = 9:1) to obtain analodiié\-11L .



4.3.1. 3-(((1-(4-chlorobenzyl)-1H-1,2,3-triazol -4-yl )methyl )thi 0)-5,6-

diphenyl-1,2,4-triazine (11A)
t[ |

Light yellow solid; Mp:120~123C:; Yield: 52%.*H NMR (400 MHz, AcetoneJ 5
7.97 (s, 1H), 7.60 — 7.28 (m, 14H), 5.58 (s, 2H§64(s, 2H).**C NMR (100 MHz,
Acetone-§) 5 170.68, 156.46, 155.21, 144.89, 136.72, 136.49,913 134.53, 131.64,
130.77, 130.65, 130.34, 130.15, 129.73, 129.34,2129.24.06, 53.41, 26.05. HR-
MS (ESI): Calcd. GH20CINgS, [M+H]'m/z: 471.1160, found: 471.1159.

4.3.2. 3-(((1-(4-bromobenzyl)-1H-1,2,3-triazol -4-yl )methyl)thi 0)-5,6-
diphenyl-1,2,4-triazine (11B)

g

Light yellow solid; Mp:132~134C:; Yield: 41%."H NMR (400 MHz, AcetoneY 5
7.97 (s, 1H), 7.60 — 7.32 (m, 12H), 7.240d; 8.4 Hz, 2H), 5.57 (s, 2H), 4.66 (s, 2H).
¥C NMR (100 MHz, Acetone&l & 170.68, 156.47, 155.21, 144.91, 136.71, 136.40,
136.38, 132.73, 131.64, 130.94, 130.77, 130.34,1530129.35, 129.27, 124.08,
122.65, 53.46, 26.04. HR-MS (ESI): CalcdasiBrNeS, [M+H]'m/z: 515.0657,
found: 515.0654.

4.3.3. 3-(((1-(4-methylbenzyl)-1H-1,2,3-triazol-4-yl ) methyl ) thi 0)-5,6-
diphenyl-1,2,4-triazine (11C)

//

Light yellow solid; Mp:119~122C:; Yield: 64%.*H NMR (400 MHz, AcetoneY 5
7.90 (s, 1H), 7.60 — 7.32 (m, 10H), 7.15 (dd; 22.4, 8.0 Hz, 4H), 5.50 (s, 2H), 4.65
(s, 2H), 2.27 (s, 3H)**C NMR (100 MHz, Acetonedl 5 170.73, 156.46, 155.18,
144.69, 138.82, 136.73, 136.42, 133.95, 131.62,7¥30130.34, 130.27, 130.14,
129.33, 129.27, 128.92, 123.81, 54.03, 26.09, 2HREMS (ESI): Calcd. &H23N6S,
[M+H] *m/z: 451.1708, found: 451.1705.



4.3.4. 3-((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-5,6-di phenyl-1,2,4-
triazine (11D)

Light yellow solid; Mp:130~132C; Yield: 72%.'H NMR (400 MHz, CDC})) §
7.50 (s, 1H), 7.47 — 7.20 (m, 13H), 7.12 (de; 6.6, 2.9 Hz, 2H), 5.38 (s, 2H), 4.57 (s,
2H). 1C NMR (100 MHz, CDG) & 168.68, 154.50, 152.85, 143.41, 133.98, 133.76,
133.38, 129.79, 128.61, 128.31, 128.10, 127.85,4¥27127.44, 127.31, 126.79,
121.52, 52.94, 24.38. HR-MS (ESI): CalcgsiiNeS, [M+H]'m/z: 437.1549, found:
437.1548.

4.3.5. 3-(((1-(4-fluorobenzyl)-1H-1,2,3-triazol -4-yl )methyl ) thi 0)-5,6-
diphenyl-1,2,4-triazine (11E)

|
SRS
N=N

F

=

Light yellow solid; Mp:126~128C: Yield: 64%."H NMR (400 MHz, CDCJ) & 7.50 (s,
1H), 7.41 (dd) = 12.7, 5.1 Hz, 4H), 7.37 — 7.32 (m, 2H), 7.31277m, 2H), 7.24 (d,
J=7.8Hz, 2H), 7.11 (dd} = 8.6, 5.2 Hz, 2H), 6.90 (dd,= 11.9, 5.3 Hz, 2H), 5.33 (s,
2H), 4.56 (s, 2H)*C NMR (100 MHz, CDGJ) § 168.80, 162.97, 160.50, 154.67,
153.05, 143.71, 134.13, 130.01, 129.44, 128.91,7¥28128.52, 128.25, 127.65,
127.50, 121.64, 115.11, 52.33, 24.52. HR-MS (ES#licd. GsHaoFNgS, [M+H]'m/z:
455.1456, found: 455.1454.

4.3.6. 3-(((1-(4-methoxybenzyl)-1H-1,2,3-triazol -4-yl )methyl)thi 0)-5,6-
diphenyl-1,2,4-triazine (11F)




Light yellow solid; Mp:108~111C; Yield: 65%.H NMR (400 MHz, CDC})) &
7.46 (s, 1H), 7.45 — 7.20 (m, 10H), 7.080d; 8.6 Hz, 2H), 6.75 (d] = 8.7 Hz, 2H),
5.30 (s, 2H), 4.56 (s, 2H), 3.69 (s, 3HC NMR (100 MHz, CDGJ) 6 168.90, 158.83,
154.65, 153.02, 143.46, 134.18, 133.96, 129.96,7928128.56, 128.48, 128.28,
127.62, 127.49, 125.55, 121.45, 113.41, 54.28,7528.57. HR-MS (ESI): Calcd.
CoeH2aNgOS, [M+H]'m/z: 467.1657, found: 467.1654.

4.3.7. (E)-3-(4-(4-(((5,6-diphenyl-1,2 4-triazin-3-yl ) thio)methyl )-1H-
1,2,3-triazol-1-yl ) phenyl)-1-(4-methoxyphenyl) prop-2-en-1-one (11G)

Light yellow solid; Mp:162~164C; Yield: 61%.*H NMR (400 MHz, CDC})) 5
8.09 (s, 1H), 7.96 (dl = 8.8 Hz, 2H), 7.68 (d] = 15.6 Hz, 1H), 7.56 — 7.23 (m, 15H),
6.90 (d,J = 8.8 Hz, 2H), 4.67 (s, 2H), 3.80 (s, 3HJC NMR (100 MHz, CDGCJ) &
187.09, 162.66, 140.89, 136.50, 135.90, 134.06,9633130.32, 130.09, 129.92,
129.68, 129.24, 128.80, 128.55, 128.28, 127.67,.6U27127.58, 127.52, 122.62,
120.64, 120.11, 118.38, 112.94, 54.52, 24.45. HR{ESI): Calcd. G4H.7NgO,S,
[M+H] "m/z: 583.1919, found: 583.1916.

4.3.8. 4-(4-(((5,6-diphenyl-1,2,4-triazin-3-yl)thio)methyl )-1H-1,2,3-
triazol-1-yl)benzenesulfonamide (11H)

(A,
- o
O
N:N/ 0]

J

=z

Light yellow solid; Mp:236~238C: Yield: 56%."H NMR (400 MHz, DMSO-8) 5
8.85 (s, 1H), 8.06 (d] = 8.8 Hz, 2H), 7.99 (d] = 8.8 Hz, 2H), 7.58 — 7.33 (m, 12H),
4.77 (s, 2H).**C NMR (101 MHz, DMSO-8 § 168.94, 155.63, 154.18, 144.64,
143.71, 138.39, 135.08, 134.87, 130.74, 129.60,2529129.19, 128.36, 128.33,
127.37, 122.02, 120.12, 24.63. HR-MS (ESI): Cal€asH2N70:S,, [M+H] 'm/z:
502.1127, found: 502.1120.

4.3.9. 3-(((1-(naphthal en-2-ylmethyl)-1H-1,2,3-triazol-4-yl ) methyl ) thi 0)-
5,6-diphenyl-1,2,4-triazine (111)



Light yellow solid; Mp:136~138C; Yield: 69%.'H NMR (400 MHz, CDC})) 5
7.80 — 7.63 (m, 3H), 7.60 (s, 1H), 7.53 (s, 1H527— 7.23 (m, 10H), 7.20 (di, =
11.5, 3.8 Hz, 3H), 5.54 (s, 2H), 4.57 (s, 2HC NMR (100 MHz, CDGJ)) 5 168.85,
154.68, 153.02, 143.70, 134.15, 133.91, 132.15,1P32130.90, 129.94, 128.75,
128.47, 128.27, 128.07, 127.61, 127.45, 126.98, 7R 126.29, 125.66, 125.64,
124.24, 121.80, 53.32, 24.57. HR-MS (ESI): CalccigHaNeS, [M+H]'m/z:
487.1709, found: 487.1705.

4.3.10. 7-(3-(4-(((5,6-diphenyl-1,2,4-triazin-3-yl ) thio)methyl)-1H-1,2,3-
triazol-1-yl)propoxy)-3-(4-methoxyphenyl)-4H-chromen-4-one (11J)

N:N
NN
NzN/ ° \\\
S °
O o O o
Light yellow solid; Mp:162~164C; Yield: 70%.'H NMR (400 MHz, CDC})) &
8.10 (d,J = 8.9 Hz, 1H), 7.81 (s, 1H), 7.63 (s, 1H), 7.48,@ = 14.5, 7.9 Hz, 6H),
7.29 (ddtJ = 21.4, 15.3, 7.7 Hz, 6H), 6.94 — 6.81 (m, 3HY06(d,J = 2.2 Hz, 1H),
4.59 (s, 2H), 4.46 (&) = 6.8 Hz, 2H), 3.96 (tJ = 5.7 Hz, 2H), 3.76 (s, 3H), 2.41 —
2.24 (m, 2H)**C NMR (100 MHz, CDGJ)) 6 174.73, 168.86, 161.60, 158.56, 156.76,
154.78, 153.11, 151.09, 143.32, 134.10, 133.88,.0830129.09, 128.79, 128.54,
128.24, 127.66, 127.51, 126.88, 123.85, 123.12,242 117.66, 113.57, 112.93,

99.73, 63.80, 54.32, 45.93, 28.60, 24.52. HR-MSIXESalcd. G7H31NsO,S,
[M+H] "m/z: 655.2128, found: 655.2127.

43.11. 7-(3-(4-(((5,6-diphenyl-1,2,4-triazin-3-yl)thio)methyl)-1H-1,2,3-
triazol-1-yl)propoxy)-2H-chromen-2-one (11K)

N$N S N:N
N W/ \/l\/N
N
O \\\\ 0 O
0]
0%

&

Light yellow solid; Mp:127~129C; Yield: 68%.'H NMR (400 MHz, CDC})) &
7.63 (s, 1H), 7.53 (dl = 9.5 Hz, 1H), 7.48 — 7.23 (m, 11H), 6.75 — 6.68 2H), 6.17
(d,J = 9.5 Hz, 1H), 4.60 (s, 2H), 4.46 (= 6.8 Hz, 2H), 3.94 (t) = 5.7 Hz, 2H),




2.33 (p,J = 6.4 Hz, 2H)."*C NMR (100 MHz, CDGJ) & 168.88, 160.48, 160.01,
154.76, 153.11, 143.39, 142.25, 134.13, 133.91,08530128.81, 128.55, 128.25,
127.90, 127.67, 127.52, 123.97, 122.17, 112.41,881111.47, 100.63, 63.80, 46.00,
28.64, 24.52. HR-MS (ESI): Calcd.3¢:5Ne0sS, [M+H]'m/z: 549.1712, found:

549.1709.

4.3.12. 4-(3-(4-(((5,6-diphenyl-1,2,4-triazin-3-yl)thio)methyl)-1H-1,2,3-
triazol-1-yl)propoxy)-2H-chromen-2-one (11L)

NN
\N

ol

Light yellow solid; Mp:131~132C:; Yield: 70%.H NMR (400 MHz, DMSOQ)3
8.17 (s, 1H), 7.67 (ddd,= 15.6, 8.3, 4.1 Hz, 2H), 7.54 — 7.28 (m, 12H355(s, 1H),
4.63 (s, 2H), 4.58 (t) = 6.7 Hz, 2H), 4.22 (t) = 5.7 Hz, 2H), 2.43 — 2.26 (m, 2H).
¥C NMR (100 MHz, DMSO0)§ 169.24, 164.70, 161.53, 155.54, 154.09, 152.68,
142.89, 135.14, 134.89, 132.71, 130.80, 129.64,3129129.22, 128.43, 128.36,
124.05, 123.77, 122.98, 116.33, 115.05, 90.54,%648.69, 28.67, 24.89. HR-MS
(ESI): Calcd. GoH2sN6OsS, [M+H] 'm/z: 549.1715, found: 549.17009.

4.4. Biological testing.

The MTT assay, Clonogenicity assay, analysis dfayele distribution,
Hoechst 33258 staining, detection of apoptosis amtbchondrial
membrane potential were carried out following ougvipously reported
method [36]. The Western blot analysis was perfor@ecording to the
methods previously published [37]. Statistical ge&l was performed
according to the our reported methods [22]. Theesfomo details are
given here.
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Highlights
«SAR for this 5,6-diaryl-1,2,4-triazine scaffold is explored.
+11E inhibited colony formation and arrested cell cycle at G2/M phase.

« 11E caused morphological changes and decreased mitochondrial membrane
potential.

+5,6-Diaryl-1,2,4-triazine hybrids were discovered as novel apoptosis inducers.



