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Abstract:

Inhibiting the decomposition of carbohydrates imgflocose or promoting glucose
conversion is considered to be an effective treatnf@ type 2 diabetes. Herein, a
series of novel xanthone-triazole derivatives weesigned, synthesized, and their
a-glucosidase inhibitory activities and glucose uptain HepG2 cells were
investigated. Most of the compounds showed betthibitory activities than the
parental compounda (1,3-dihydroxyxanthone, K = 160.8 uM) and
1-deoxynojirimycin (positive control, Kz = 59.5 uM) towardsa-glucosidase.
Compoundbe was the most potent inhibitor, with d§alue of 2.06 puM. The kinetics
of enzyme inhibition showed that compourtsis 59, 5h, 6¢, 6d, 6g and 6h were
noncompetitive inhibitors, and molecular dockinguiés were consistent with the
noncompetitive property that these compoubihsl to allosteric sites away from the
active site (Asp214, Glu276 and Asp349). On thesiotmand, the glucose uptake

assays exhibited that compounBls 6a, 6¢c and 7g displayed high activities in



promoting the glucose uptake. The cytotoxicity gssshowed that most compounds
werelow-toxic to human normal hepatocyte cell line (LOZhese novel xanthone
triazole derivatives exhibited dual therapeutieetfé ofa-glucosidase inhibition and
glucose uptake promotion, thus they could be useamt&diabetic agents for

developing novel drugs against type 2 diabetes.
1. Introduction

Diabetes mellitus is a metabolic disorder cham@mtd by prolonged
hyperglycemia, which leads to an increased riskcanicer, stroke, cardiovascular
disease, retinopathy, nephropathy, and metabohdreyne [1-4]. According to the
World Health Organization, more than 420 millioropke are suffering from diabetes,
and the number would increase to 642 million in @Q8, 6]. Type 2 diabetes
(Noninsulin-dependent diabetes mellitus) is the tmommmon form of diabetes

mellitus, accounting for more than 90 % of all ditds cases [7].

The main strategy for treating this disease is dotrol the high blood glucose
levels. The strategies to control blood glucoseele\can be retarding, regulating
and/or inhibiting carbohydrate hydrolytic enzym8k fi-Glucosidase (EC.3.2.1.20) is
an important hydrolytic enzyme playing a vital radedigestion of carbohydrates and
biosynthesis of viral envelope glycoproteins [9{. datalyzes the final step of
carbohydrates digestion in biological systems, awdnverts unabsorbed
oligosaccharides and disaccharides into monosadesar thus resulting in
hyperglycemia for diabetic patients [7, 10]. Hendejs an effective therapeutic
approach for type 2 diabetes by suppressing thevitgctof o-glucosidase.
a-Glucosidase inhibitors can retard carbohydratggesdion through inhibiting the
activity of a-glucosidase, which in turn balance postprandiabdlglucose levels.
The well-knowna-glucosidase inhibitors, such as acarbose, migéta voglibose,
have been used for the treatments of type 2 diabeétewever, it is attractive and

meaningful to discover novelglucosidase inhibitors due to the adverse efféfoirs



instance, flatulence, diarrhoea, stomach ache igsad damage [11]) of the available

a-glucosidase inhibitors.

The imbalances of glucose homeostasis in type Betka results in reduced
glucose intake in peripheral tissues and incredsgyhtic glucose output [12]. The
Liver plays a major role in blood glucose controtlautilization, providing glucose to
both insulin-sensitive (fat and skeletal muscled arsulin-insensitive (nervous, skin,
red blood cells, smooth muscle, etc.) tissues. &fbeg, promoting glucose uptake in
the liver is also an effective strategy for diabgiatients to control blood glucose

levels [13].

Xanthone and their derivatives are widely distrdaliin nature and they exhibit
various pharmacological activities, such as arftammatory, anti-oxidant,
anti-bacterial, anti-viral, anti-tumor etc. [14-1@h the previous studies, we have
shown that the synthetic polyhydroxyxanthones, bramthones, noncoplanar
xanthones, 3-acyloxyxanthones, and oxazolxanthauwsd be used as new classes
of a-glycosidase inhibitors [17-21]. The J€values of the most compounds were
ranging from 10-200 uM. To further increase theivétgt we hope to introduce
appropriate groups at the suitable position of kané core. Therefore, we checked
all the xanthone derivatives we synthesized, wéceadtthat introducing oxygen or
nitrogen containing group and/or aromatic group thie C3 position of xanthone ring
through the ether or ester bond would increaseirhéitory activities [17, 21]
(Figurel1: (A)). Compoundb as the ester derivatives of xanthone, is a reptatee
compound, which exhibited much higher inhibitorytiaty than its parental
compound a (Figure 1. (A)). Accordingly, we hypothesized that potehtia
a-glycosidase inhibitors can be obtained by moddyihe OH at the C3 position of
xanthone ring, and this modification can be easdyachieve. Considering the
ester-bearing compounds are thought to be sustegtbhydrolysis by intestinal
esterases and the present groups (such as thesgobugompounds, d and e)

introduced through the ether bond showed no so gobibitory activities, thus,



introducing the other appropriate group at C3 pmsiof xanthone through the ether

bond could improve the stability and increase tighitory activity.

1,2,3-Triazole is a heterocyclic scaffold signifilg widespread in the medicinal
chemistry field. This scaffold is stable to acidlisa hydrolysis and
reductive/oxidative conditions, showing high aroimatabilization and resistance to
metabolic degradation [22-24]. Previous studiesvatbthat 1,2,3-triazole derivatives
have a variety of biological activities, such asti-aancer, anti-tuberculosis,
anti-fungal, anti-bacterial, anti-HIV etc. [25Ferreira et al. synthesizeda series of
4-substituted 1,2,3-triazoles. These compounds stidvwgha-glucosidase inhibitory
activities and reduced the postprandial blood gtedevels in normal rats [23]. Wang
et al. synthesized two seriesf 2,4,5-triarylimidazole-1,2,3-triazole derivats/@nd
triazine-triazole derivatives. The biological adivtest showed that all th&iazole

derivatives had good inhibitory activities towardglucosidase [26, 27].

At the same time, 1,2,3-triazole, with strong dgahoment, could actively
participate in hydrogen bonding amdstacking interactions [23]. In our previous
research,-stacking, hydrogen bonding and hydrophobic effglety key roles in
promoting theo-glucosidase inhibitory activity [18, 19]. Consideg the significant
increase of inhibitory activities after the modéimn of xanthone at C3 position and
the fact that 1,2,3-triazoles with potential metabstability and good:-glycosidase
inhibitory activities, we designed the skeletonxahthone-triazole (Figuré: (B)).
From prior docking studies, the skeleton compouxtdieted a higher docking score
(-9.02 kcal/mol) than compourad(-6.65 kcal/mol). It was also found that the niea
atom of the triazole and the oxygen atom of thedanliond formed hydrogen bonds
with the enzyme (Figurel: (C)), which may further enhance the binding of
a-glucosidase and the compound, thus increasing-tilecosidase inhibitory activity.
The docking results rationalized the idea of intrddg triazole into the parental

compounda.



Thus, in this study, a novel series of xanthonavdaves substituted with triazole
group at C3 position, and with OH, OMe or Br groagps<C1, C6 or C7 position were
synthesized (Schemg), and theirin vitro a-glucosidase activities and inhibitory
mechanism were evaluated. Moreover, molecular dgckvas performed to gain

insight into possible binding modes wiikglucosidase.

Furthermore, it was reported that flavonoids coirdrease glucose uptake in
HepG2 hepatocellular liver carcinoma cell line [2&nd the xanthone-triazole
derivatives have the common structure with thesepounds (Figure?), which
enlightened us that the synthetic xanthone triazt@evatives may also promote
glucose uptake in the live cells. Therefore, ineordo determine whether the
xanthone-triazole derivatives, which possessed higlglucosidase inhibitory
activities, can be used as potential anti-diabedagents, glucose uptake and

cytotoxicity assays were also carried out.
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Figure 1. Xanthones asu-glucosidase inhibitors and molecular docking oé th
xanthone-triazole’s skeleton A The synthetic xanthones as tleglucosidase
inhibitors. B) 1,3-dihydroxyxanthone and the skeleton of xanthoiazole. C)
Predicted interactions of the skeleton of xanthwizzole with a-glucosidase. The
green dashed lines stand for hydrogen bonds.
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Figure 2. The structure of flavonoids and xanthone-triaz@gevatives

2. Result and discussion
2.1 Chemistry

The xanthone-triazole derivativéa-5h, 6a-6h, 7a-7h were synthesized as showed
in Schemel. Compoundsla-1d were synthesized from different substituted
hydroxybenzoic acids with phloroglucinol in the ggace of Eaton’s reagent [29].
Compoundsla-1d reacted with 3-bromopropyne in acetone at‘®0 5d4 h to
produce2a-2d with the yields of 61-75% [30]. Different substedt anilines reacted
with chloroacetyl chloride to obtain compoun@a-3b in 96 and 98 % yields,
respectively [31]. Compounda-3b reacted with Naplin DMF at room temperature
for 4 h to generate the intermediaties4b [31, 32]. Then, intermediateZa-2d and
4a-4b underwent copper(l)-catalyzed alkyne-azide cydiitemh (CuAAC) in the
presence of CuSH,0 and sodium ascorbate, then proddztssh were obtained
with the yields of 71-89 % [33]. Demethylation @apound$a-5h in CH,Cl, with a
large excess BBrgave product$a-6h in the yields of 22-45 % [34]. Finally,
xanthone-triazole derivativeé&-7h were achieved with the yields of 81-93 % by the

reaction of compoundsa-5h with Ac,O under the catalysis of NaOAc at 90 °C [35].
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6a R1=R3=R4=OH, R2=R5=H
6b R2=R3=R4=OH, R1=R5=H
6¢c R1=Br, R3=R4=OH, R2=R5=H
6d R2=Br, R3=R4=OH, R4=Rs=H
6e R1=R3=R5=OH, R2=R4=H
6f R2=R3=R5=OH, R1=R4=H
Gg R1=Br, R3=R5=OH, R2=R4=H
6h R2=Br, R3=R5=OH, R1=R4=H

7a R1=R3=R4=OCH3, R2=R5=H
7b R2=R3=R4=OCH3, R1=R5=H
7c R1=Br, R3=R4=OCH3, R2=R5=H
7d R2=Br, R3=R4=OCH3, R1=R5=H
7e R1=R3=R5=OCH3, R,=R4=H
7f R2=R3= R5=OCH3, R1=R4=H
7g R1=Br, R3=R5=OCH3, R2=R4=H
7h R2=Br, R3=R5=OCH3, R1=R4=H

Scheme 1. Synthesis of xanthone-triazole derivatives. Ratgyand conditions: (a)
Eaton's reagent, reflux; (b) 3-bromopropyneCRx;, acetone, reflux;(c) dry THF, AN

0 [J; (d) NaN;, DMF, 40 J; (e) CuSQBH,0O, sodium ascorbate, DMF, rt; (f) BBr
dry DCM, 0(7; (g) AcO, NaOAc, 90 .

2.2 a-Glucosidase inhibitory activitiesand structure-correlation analysis



Thea-glucosidase inhibitory activities of all the syatic compounds were assayed

and the 1Gg values were listed in Table

As shown in the Tabld, all the synthetic compoundsa-5h, 6a-6h and 7a-7h
showed higher inhibitory activities than the paa¢mompounda and almost half of
the compounds showed greater inhibition than comg@dwu (Figure 1: (A)), which
demonstrated that the introduction of triazole cdtice at the C3-OH position can
increase the inhibitory activity as expected. Mexeiting results were that almost of
the compounds showed higher inhibitory activitieant 1-deoxynojirimycin (positive
control) excepbb, 7a and7b, and the I, value of compoun&e reached 2.06 uM,
nearly 29 folds lower than 1-deoxynojirimycin, an8 folds lower than the parental

compounda.

Compounds/a-7h showed lower inhibition compared wisa-5h, indicating that
the inhibitory activities decreased when OH wasngea to OAc at C1 position.
These facts suggested that this OH was vital frctimpound binding to the enzyme,
probably involved in hydrogen bonding or other &festatic interaction with the

enzyme.

Comparing the 16y values of the pair of compound&, b/d, e/g andf/h among all
the series, it was found that the inhibitory activityasvenhanced when the OH or
OCH; group at the C6 or C7 of xanthone ring were regadday Br excepbg. In our
previous QASR studies, it revealed that the chensiofiness of the groups was a key
factor influencing the inhibitory activity [36]. Bad on this, we hypothesized that the

chemical softness of Br might be the key factorgrmmoting the inhibitory activity.

Comparing the Ig values of compound®a-5h bearing OCH at different
positions of the aromatic rings a®d-6h with OCH; reduced to OH, respectively.
The resultsshowed that6a-6d exhibited higher inhibitory activities with the 4&
values ranging from 3.17 uM to 7.06 uM, nearly 24dWis increased compared to
5a-5d. On the contrary, compoun8e-5f were about 2~8 folds more active thae6f,

with the 1G values ranging from 2.06 uM to 8.31 uM. Thesedabtarly indicated

9



that when the C3’and C4’ positions were substitubgdOH and the C2'and C4’

positions were substituted by Og;khe inhibitory activity can be increased.

Compounds6a, 6e with OH at C6 position had similar 4 values with the
compoundsb, 6f which had OH at C7 position. And compourkts 5g, 6¢, 69, 7c,
79 bearing Br at the C6 position also had similagMalues with compoundsd, 5h,
6d, 6h, 7d, 7h which Br at the C7 position except compoubd These results
suggested that the positions of OH and Br havegnifieant effect on the inhibitory
activity. Interestingly, compoundsa, 5e, 7a, 7e, which had OCHlat the C6 position,
showed higher activities than the correspondinghess5b, 5f, 7b, 7f with OCH; at
the C7 position, suggesting that OC&t the C6 position could improve the inhibitory

activity.

Table 1. In vitro a-glucosidase inhibitory activity of compoun8a-5h, 6a-6h,7a-7h.

10



N\\QN t 4 Ry
N

Compounds R R Ry Rs R4 Rs ICs0 (UM)®
5a H OCH; H OCH OCH; H 15.90+0.91
5b H H OCH; OCH; OCHs H >100°

5c H Br H OCH; OCH; H 11.82+0.82
5d H H Br OCH; OCH; H 29.84+3.47
5e H OCH;s H OCH; H OCH; 2.06+0.16
5f H H OCH; OCH; H OCH; 8.31+0.88
59 H Br H OCH; H OCH; 2.78+0.22
5h H H Br OCH; H OCH; 3.07+£0.56
6a H OH H OH OH H 6.13+0.09
6b H H OH OH OH H 7.06+0.89
6c H Br H OH OH H 5.23+0.53
6d H H Br OH OH H 3.17+0.61
6e H OH H OH H OH 17.61+1.68
of H H OH OH H OH 15.62+1.13
69 H Br H OH H OH 5.87+0.76
6h H H Br OH H OH 5.88+0.32
Ta OAc OCH H OCH; OCH; H 98.63+4.12
7b OAc H OCH; OCH; OCHs H >100°

7c OAc Br H OCH; OCH; H 26.11+2.95
7d OAc H Br OCH; OCH; H 32.33+0.82
Te OAc OCH; H OCH; H OCH; 33.16x2.51
7f OAc H OCH; OCH; H OCH; 42.60%£0.09
79 OAc Br H OCH; H OCH; 12.78%0.01
7h OAc H Br OCH; H OCH; 12.13+1.84

#1Cspvalue: concentration that inhibits the activity mwfjlucosidase by 50% (mean
+SD). The IGo value of positive control (1-deoxynojirimycin, P@)59.50 + 4.7
M. The Gy value of parental compouralis 160.8 pM", and compound is
10.6 pM=H,

PThe compounds precipitated when the concentratias higher than 100 uM, but
the inhibition is lower than 50%. Therefore, thedalue of compoundsb and7b
can not be obtained.

2.3 Inhibition kinetics of a-glucosidase

11



To further explore the interaction mechanism oftRane-triazole derivatives with
a-glucosidase, the inhibition types of potential pmundsbe, 59, 5h, 6¢, 6d, 6g and
6h were tested using Lineweaver-Burk plot analysis [3]. As shown irFigure 3,
the double reciprocal plots showed straight lingth ihe same Michaelis constant
(km), indicating that compoundse, 5g, 5h, 6c, 6d, 6g and 6h are noncompetitive

inhibitors ofa-glucosidase.

12
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2.4 Molecular docking

To reveal the binding mode of these compounds tsvaiglucosidase, molecular
docking studies were performed. Compoubessg, 5h, 6¢, 6d, 6g and6h with high
enzyme inhibition, were evaluated for their possibiteractions with the enzyme,
particularly the interactions between the triazolmiety and the enzyme. The
homology model ofi-glucosidase provided by SWISS-MODEL Repository wasd
[39], with the model quality estimation performetye to the unavailability of the

crystal structure od-glucosidase fronsaccharomyces cerevisiae

From the results of the docking studies, it carfduend that all of the examined
compounds bind to allosteric sites away from thévacsite (Asp214, Glu276 and
Asp349) of the enzym@-igure 4), which was consistent with their noncompetitive

property validated in the enzyme kinetic assay.

Various interactions could be found between themapounds and the allosteric
sites of the enzyme. For example, hydrogen bondkidewe formed between the OH
and carbonyl oxygen atoms of the compounds andne&zgnd the aromatic xanthone
core and the side benzene ring could also farm or n-cation interactions with
residues of the enzyme (Figube (A), (B)). Besides, the promoting effects of the
triazole ring could be illustrated in that it coutdt only form a hydrogen bond but

also participate im-n interactions (Figuré: (C), (D)).

14



Figure 4. Binding positions of compoundse, 5g, 5h, 6¢, 6d, 6g and 6h. All the
examined compounds bind to allosteric sites awaynfithe active site (Asp214,
Glu276 and Asp349) ai-glucosidase.

Figure 5. Predicted interactions betweesglucosidase and compoungts 5e, 5h and
6g. The green dashed lines stand for hydrogen bomdl®w columns stand fox-n
interactions, and yellow cones stand focation interactions.A) Compound6c:
Hydrogen bondsg-n interactionsg-cation interactions.) Compoundbe: Hydrogen
bonds,n-n interactions,z-cation interactions.§) Compoundsh: Hydrogen bonds,
n-n interactions. D) Compoundsg: Hydrogen bondss-n interactions.

2.5 Cytotoxicity and glucose uptake assays

2.5.1 In vitro cytotoxicity

15



Most of the drugs are metabolized in the liver,ahhin turn have impacts on liver
function. If the drugs are toxic to the liver, ibuld cause liver damage. In order to
determine the toxicities of the synthetic xanthamezole derivatives, we conducted

MTT assay on human hepatocyte cell line (LO2).

As shown in Tabl&, the 1G, values of all the synthesized compounds exhibited
more than 100 uM in the LO2 cells excé&gf 5f, 6g, 7b, 7c and "h, showing that

most of the compounds have low toxicity to livethe range of tested dose.

Table 2. LO2 cytotoxicity of compoundSa-5h, 6a-6h,7a-7h
Compounds ICso (UM)  Compounds ICso (UM)  Compounds ICsg (uM)?

5a >100 6a >100 7a >100
5b >100 6b >100 7b 24.92+2.38
5c >100 6c >100 7c 25.95+3.10
5d >100 6d >100 7d >100
5e 89.06+4.89 6e >100 7e >100
5f 65.43+3.51 6f >100 7f >100
59 >100 69 73.95%6.73 79 >100
5h >100 6h >100 7h 80.72+1.63

#CsgVvalue: concentration that inhibits cells survivgld% (means + SD).

Furthermore, the effects of compourai$e, 5f, 5g, 5h, 6a, 6b, 6¢, 6d, 6g, 6h, 7g
and7h at the low concentrations on HepG2 cells growthenstrowed in the Figui@
It indicated that the low concentrations of compasihad no effect on cells survival,
which revealed the glucose uptake assay on Hep{Baoelld be performed at these

concentrations.

16
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Figure 6. Effects of different concentrations of compourd$e, 5f, 5g, 5h, 6a, 6b,
6¢, 6d, 6g, 6h, 7g and7h on HepG2 cells growth.

2.5.2 Glucose uptakein HepG2 cells

HepG2 cells maintain many functions of the humare land have the same
glycometabolic function as human hepatocytes, mbdepwHepG2 cells are easy to
cultivate and reproduce rapidly, thus it is wideged as glucose uptake moutevitro

[12, 13, 38].

To investigate whether the xanthone-triazole déiirea had another treatment
approach to type 2 diabetes, the poterdlycosidase inhibitorsvere chosen to
evaluate the glucose uptake in HepG2 cells at 0.62% and 2.5 pM. The results
were shown inFigure 7. Rosiglitazone wasised as positive control and parental
compounda was also used as a reference. Rosiglitazone exanigrovement of an
approximately 50 % glucose uptake in HepG2 cellamared with the control group
and there is no significant difference when theceotration changed at the range of
0.625, 1.25 and 2.5 uM. Inspiringly, the seven coumals5e, 5g, 6a, 6¢, 6d, 6h and
79 significantly enhanced the glucose uptake in Heps®fls, but the parental

17



compounda had little effect on promoting the glucose uptakemong them>b5g, 6d
had similar effects to rosiglitazone, abel 6a, 6¢c and 7g displayed higher activities
than rosiglitazone with concentration dependenc@alticular, at 0.625, 1.25 and 2.5
KM, the most active compound increased the activity by 61 %, 90 % and 163 %,
respectively, compared with the control. Besidespgaring the glucose uptake of the
pair of compound®e/5f, 5g/5h, 6a/6b, 6¢/6d and 7g/7h, it showedthat bearing a
substituent such as OGHOH or Br at C6 position of the xanthone ring prasd

more positive effects than the substituent at Gitjom.

300
[ ] control
1 |[_]o625uM
] 1.25 um
250 - [E25um

200

1504

100

Glucose uptake(% of control)

50

Figure 7. Effects of compounds, 5e, 5f, 5g, 5h, 6a, 6b, 6¢, 6d, 6g, 6h, 7g and7h on
glucose uptake of HepG2 cells.

3. Conclusion
In summary, twenty-four novel xanthone-triazoleiviives have been designed,

synthesized, and their inhibitory activities afglucosidase, inhibition kinetics,

molecular docking, cytotoxicity and glucose uptalare evaluated.

As expected, the introduction of aromatic ring sibbed triazole to the C3-OH

position of the parental xanthone ring enhanceditbkicosidase inhibitory activities,
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and the IGyvalues of the most synthetic xanthone-triazolevdgines ranging from
2.06~17.61 uM, showed higher activities than 1-geojrimycin. Especially, the
ICs0 value of compound$®e, 5g, 5h and 6d were 2.06, 2.78, 3.07 and 3.17 uM,
exhibiting greater inhibitory activities than theost potent reported synthetic
xanthone derivatives (the 4¢value was 5.8 uM [18]). Docking studies reveat tha
increase of the activities may due to the hydrdgamd andr-nt or n-cation interaction

of aromatic ring substituted triazole moiety wikietenzyme.

The structure-activity relationship analysis suggelsat OH at the C1 position of
xanthone ring also has great influence on improvirg inhibitory activity, and the
different substituents at the different positionayninfluence the inhibition towards
a-glucosidase. It may due to the chemical softnefsthe substituents, the
hydrophobic interaction or hydrogen bonding betwdba compounds and the

a-glucosidase.

Kinetic analysis reveals that the compounds exhoitent inhibitory activities
toward yeast'so-glucosidase via a noncompetitive mechanism, andecutar
docking results consist with the results of theekimstudy that these compounds did

not interact with the active site of the enzyme.

It is worth to highlight that compound, 6a, 6¢c and7g showedgood inhibitory
effects towardu-glucosidase and high activities in promoting thecgse uptake in
HepG2 cells, suggesting that these four compoundg have dual effects in the
glucose levels control. Additionally, the cytotaxycassays confirmed that most of the
synthetic xanthone-triazole derivatives have lowxididy. Accordingly, these
compounds may be potentially developed as antit@bgents for the type 2 diabetes

in the future.
4. Experimental designs and methods

4.1 General
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Melting points (Mp) were obtained on WRS-3 meltipgint instrument. Infrared
(IR) spectra were collected by a Perkin-EImer modeambda 950-IR
spectrophotometer with KBr pellets. High resolutigR) mass spectra were
measured using a Thermo LTQ Orbitrap Elite or TSQa@Qum XLS mass
spectrometerrH and *C NMR spectra were recorded with Bruker Avance40D
MHZ and Varian Inova 500 MHZ in DMSO-d6 or CDCIUV spectra were
determined using a Shimadzu UV-3250 scanning spauttometer.

1-Deoxynojirimycin, rosiglitazoney-glucosidase (fronsaccharomyces cerevis)ae
dimethylsulfoxide (DMSO) and p-nitrophengtb-glucopyranoside (PNP) were
purchased from Sigma (St. Louis, MO, USA). Analgtithin-layer chromatography
was performed with silica gel plates (Merck, TLGicsi gel 60 F254). Column
chromatography was performed with 100-200 mesltasiiel (Qingdao Haiyang
Chemical Co., Ltd., China). Others commercial cluatsi and solvents were of
analytical grade and used without further purifimat All the final compounds had a
purity of > 95% determined by HPLC (Agilent 1260 Is§stem) on a Sapphire {C
column (Thermo Fisher Scientific, 4.6 mm150 mm, 5um) or Eclipse XDB Gg
column (Agilent Technologies, 4.6 nr150 mm, 5um) with MeOH/HO (70/30 v/v)

at 1 mL/min flow rate and 254 nm detector wavelbagt
4.1.1 Compounds$a-1d were synthesized as previously reported [29].
4.1.2 General methods for the synthesi2aefd.

A mixture of compoundsla-1d (1.0 mmol), 3-Bromopropyne (1.0 mmol) and
K2CO3(5.0 mmol) in acetone (15 mL) was stirred at6dor 5-14 h. The reaction
mixture was filtered, and the residue was washeti WiH;OH (3 x 10 mL). The
filtrate was combined and concentrated, then tmepomunds2a-2d were obtained by

flash chromatography.

4.1.3 General methods for the synthesi8aoénd3b.
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Chloroacetyl chloride (0.80 mL, 12.0 mmol) was atldeopwise into the solution
of dry THF (10 mL) containing substituted anilin@0(0 mmol) with continuous
stirring to avoid the vigorous reaction at 0 °C enditrogen atmosphere. After 1.5-2
h, the mixture was poured into 100 mL of ice watard extracted with DCM (2
300 mL). The collected organic layers were drieéroMaSQO, and the solvent was
evaporated under reduced pressure to obtain thigisBa and3b, which were pure

enough without further purification.
4.1.4 General methods for the synthesidaodnd4b.

A solution of NaN (12.0 mmol) in DMF (20 mL) was addé&d or 3b (4.0 mmol),
and the reaction mixture was stirred at room tematpee for 4 h. Water (200 mL) was
carefully added to the reaction mixture. Then, dlq@eous layer was extracted with
CH.CI, (2 x 200 mL). The collected organic layers were washigi water (500 mL)
and dried over N&O, The drying agent was filtered out and concentrated

Concentrated product was purified by flash chrompaphy.
4.1.5 General methods for the synthesiSasbh.

The corresponding xanthone derivativs2d (1.0 mmol) were reacted witka or
4b (1.0 mmol)at room temperature overnight in the presence @@bH,O (0.1
mmol), sodium ascorbate (0.2 mmol) using DMF (10)mak a solvent. Then the
solution was poured into ice water (100 mL), théaoted precipitate was filtered and

dried, purified by flash chromatography to obtaa5h respectively.

4.1.5.1.
N-(3,4-dimethoxyphenyl)-2-(4-(((1-hydroxy-6-methefyoxo-9H-xanthen-3-yl)oxy)
methyl)-1H-1,2,3-triazol-1-yl)acetamide5d). White solid; Yield 84.9 %; Mp;
245246 [1; Purity 97.5 %; IR (KBr): 3446, 3250, 3144, 307938, 2833, 1663,
1604, 1565, 1511, 1456, 1404, 1369, 1306, 1267212210, 1154, 1103, 1080, 1018,
973, 940, 814, 671, 642, 556 ¢mtH NMR (400 MHz, DMSOdg) § 12.95 (s, 1H),
10.37 (s, 1H), 8.33 (s, 1H), 8.02 (t= 8.8 Hz, 1H), 7.30 (s, 1H), 7.16 - 6.97 (m, 3H),
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6.90 (d,J = 8.7 Hz, 1H), 6.71 (s, 1H), 6.51 (s, 1H), 5.334(d), 3.92 (s, 3H), 3.71 (s,
6H); 3¢ NMR (100 MHz, DMSOdg) 6 179.35, 165.30, 164.82, 163.65, 162.61,
157.51, 157.15, 148.57, 145.15, 141.54, 131.91,8126126.74, 113.66, 113.33,
112.04, 111.10, 104.25, 102.82, 100.48, 97.58,0304.82, 56.22, 55.65, 55.30,
52.21; HRMS (ESI) calcd for £H30sNs [M-H]™: m/z = 531.15213, found
531.15223.

4.1.5.2.
N-(3,4-dimethoxyphenyl)-2-(4-(((1-hydroxy-7-methe2yoxo-9H-xanthen-3-yl)oxy)
methyl)-1H-1,2,3-triazol-1-yl)acetamide5k). Yellow solid; Yield 81.3 %; Mp
204-205 (1. Purity 99.8 %; IR (KBr): 3564, 3261, 3141, 302964, 2933, 2833, 1667,
1603, 1576, 1513, 1489, 1436, 1404, 1368, 13397,12265, 1237, 1215, 1160, 1129,
1082, 1029, 970, 837, 814, 768, 692, 559 chi NMR (400 MHz, DMSOds) &
12.81 (s, 1H), 10.37 (s, 1H), 8.33 (s, 1H), 7.55)(¢ 8.6 Hz, 1H), 7.51 - 7.40 (m,
2H), 7.30 (s, 1H), 7.05 (d,= 8.7 Hz, 1H), 6.90 (d] = 8.7 Hz, 1H), 6.76 (s, 1H), 6.50
(s, 1H), 5.34 (s, 4H), 3.86 (s, 3H), 3.71 (s, 6HE NMR (100 MHz, DMSOdg) 5
179.82, 165.14, 163.65, 162.42, 157.20, 155.75,1850148.56, 145.15, 141.51,
131.91, 126.75, 124.82, 120.16, 119.27, 112.0310]1105.18, 104.25, 102.96, 97.58,
93.24, 61.84, 55.75, 55.65, 55.30, 52.21; HRMS )ES8lcd for G;H2308N4 [M-H] ™
m/z = 531.15213, found 531.15217.

4.1.5.3.
2-(4-(((6-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)Qryethyl)-1H-1,2,3-triazol-1-yl
)-N-(3,4-dimethoxyphenyl)acetamide5c]. Yellow solid; Yield 76.3 %; Mp
254-2561; Purity 97.2 %; IR (KBr): 3465, 3285, 3069, 294836, 1657, 1598,
1556, 1515, 1447, 1424, 1372, 1312, 1287, 12294,11661, 1024, 924, 882, 818,
796, 663, 553 cif 'H NMR (400 MHz, DMSOds) & 12.62 (s, 1H), 10.37 (s, 1H),
8.33 (s, 1H), 8.02 (d] = 8.5 Hz, 1H), 7.90 (d] = 1.7 Hz, 1H), 7.64 (dd] = 8.5, 1.7
Hz, 1H), 7.30 (dJ = 2.4 Hz, 1H), 7.05 (dd] = 8.6, 2.4 Hz, 1H), 6.90 (d,= 8.6 Hz,
1H), 6.76 (dJ = 2.3 Hz, 1H), 6.55 (d] = 2.3 Hz, 1H), 5.34 (d] = 5.2 Hz, 4H), 3.71
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(s, 6H);**C NMR (100 MHz, DMSOdg) & 179.39, 165.46, 163.57, 162.51, 156.96,
155.53, 148.57, 145.17, 141.43, 131.88, 128.98,787126.96, 126.67, 120.50,
119.03, 112.10, 111.14, 104.36, 103.22, 97.97,79368.93, 55.67, 55.31, 52.19;
HRMS (ESI) calcd for gH200;N4Br [M-H] : m/z = 579.05208, found 579.05223.

4.1.5.4.
2-(4-(((7-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)gryethyl)-1H-1,2, 3-triazol-1-yl
)-N-(3,4-dimethoxyphenyl)acetamide5d). Yellow solid; Yield 71.8 %; Mp
236-239(1; Purity 97.7 %; IR (KBr): 3460, 3264, 3088, 292836, 1658, 1601,
1561, 1515, 1461, 1412, 1368, 1306, 1277, 12282,11829, 1075, 1022, 969, 830,
807, 713, 645, 553 ¢ *H NMR (400 MHz, DMSOdg) 5 12.54 (s, 1H), 10.37 (s,
1H), 8.33 (s, 1H), 8.17 (d,= 2.5 Hz, 1H), 8.01 (dd] = 8.9, 2.5 Hz, 1H), 7.60 (d,=
8.9 Hz, 1H), 7.30 (dJ = 2.3 Hz, 1H), 7.05 (dd] = 8.7, 2.3 Hz, 1H), 6.90 (d,= 8.7
Hz, 1H), 6.81 (dJ = 2.2 Hz, 1H), 6.56 (d] = 2.2 Hz, 1H), 5.34 (d] = 7.4 Hz, 4H),
3.71 (d,J = 2.9 Hz, 6H)**C NMR (100 MHz, DMSOds) & 178.87, 165.60, 163.63,
162.50, 157.12, 154.45, 148.55, 145.14, 141.41,2838131.91, 127.25, 126.80,
121.49, 120.39, 116.57, 112.03, 111.09, 104.24,2B037.99, 93.78, 61.95, 55.65,
55.30, 52.20; HRMS (ESI) calcd forgEi2007N4Br [M-H] ™ m/z = 579.05208, found
579.05159.

4.1.5.5.
N-(2,4-dimethoxyphenyl)-2-(4-(((1-hydroxy-6-methefyoxo-9H-xanthen-3-yl)oxy)
methyl)-1H-1,2,3-triazol-1-yl)acetamide5d). White solid; Yield 86.2 %; Mp
253-26017; Purity 95.9 %; IR (KBr): 3266, 3066, 3011, 294833, 1664, 1602,
1561,1503, 1445, 1362, 1307, 1269, 1211, 1158, ,11080, 1018, 968, 916, 827,
799, 726, 672, 641, 561, 517 ¢ntH NMR (400 MHz, DMSOds) & 12.96 (s, 1H),
9.64 (s, 1H), 8.30 (s, 1H), 8.04 (M= 8.9 Hz, 1H), 7.70 (d] = 8.7 Hz, 1H), 7.12 (d]

= 2.3 Hz, 1H), 7.05 (dd] = 8.9, 2.3 Hz, 1H), 6.73 (d,= 2.2 Hz, 1H), 6.64 (d] = 2.6
Hz, 1H), 6.52 (d,) = 2.2 Hz, 1H), 6.48 (dd] = 8.7, 2.6 Hz, 1H), 5.41 (s, 2H), 5.33 (s,
2H), 3.92 (s, 3H), 3.84 (s, 3H), 3.74 (s, 3HC NMR (100 MHz, DMSOds) 5
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179.41, 165.36, 164.87, 164.07, 162.64, 157.58,2067157.05, 151.34, 141.51,
126.87, 126.75, 123.37, 119.55, 113.74, 113.37,1004.02.86, 100.55, 98.90, 97.62,
93.51, 61.84, 56.28, 55.77, 55.31, 52.11; HRMS )[ESlcd for G7H2308N4 [M-H] "
m/z = 531.15213, found 531.15216.

4.1.5.6.
N-(2,4-dimethoxyphenyl)-2-(4-(((1-hydroxy-7-methefyoxo-9H-xanthen-3-yl)oxy)
methyl)-1H-1,2,3-triazol-1-yl)acetamide5ff. Yellow solid; Yield 83.8 %; Mp
235-23711; Purity 96.4 %; IR(KBr): 3270, 3139, 3086, 300852, 2836, 1659, 1607,
1577, 1545, 1485, 1466, 1434, 1406, 1367, 13084,12337, 1208, 1152, 1125, 1081,
1030, 966, 937, 825, 784, 712, 590, 509'ciiH NMR (400 MHz, DMSOds) &
12.81 (s, 1H), 9.63 (s, 1H), 8.31 (s, 1H), 7.71)(d,8.8 Hz, 1H), 7.56 (d] = 8.8 Hz,
1H), 7.50 - 7.39 (m, 2H), 6.75 (d,= 2.2 Hz, 1H), 6.63 (dJ = 2.6 Hz, 1H), 6.55 -
6.40 (m, 2H), 5.42 (s, 2H), 5.33 (s, 2H), 3.85J& 8.0 Hz, 6H), 3.74 (s, 3H}’C
NMR (100 MHz, DMSOeg) 6 179.83, 165.15, 164.05, 162.42, 157.20, 157.03,
155.75, 151.31, 150.14, 141.49, 126.75, 124.83,3B23120.16, 119.55, 119.29,
105.18, 104.08, 102.96, 98.88, 97.58, 93.25, 6BBY,6 (2C), 55.29, 52.11; HRMS
(ESI) calcd for G/H2308N4 [M-H] - m/z = 531.15213, found 531.15233.

4.1.5.7.
2-(4-(((6-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)gryethyl)-1H-1,2,3-triazol-1-yl
)-N-(2,4-dimethoxyphenyl)acetamide 5¢).Yellow solid; Yield 70.5 %; Mp
244-246(1; Purity 97.5 %; IR(KBr): 3293, 3063, 2935, 283856, 1597, 1543, 1504,
1449, 1422, 1373, 1310, 1282, 1207, 1161, 11261,10862, 1036, 966, 923, 890,
821, 794, 662, 574, 511 €m*H NMR (400 MHz, DMSOdg) 5 12.63 (s, 1H), 9.62 (s,
1H), 8.30 (s, 1H), 8.03 (d, = 8.6 Hz, 1H), 7.91 (d] = 1.9 Hz, 1H), 7.70 (d] = 8.8
Hz, 1H), 7.65 (ddJ = 8.6, 1.9 Hz, 1H), 6.76 (d,= 2.3 Hz, 1H), 6.63 (d] = 2.7 Hz,
1H), 6.55 (dJ = 2.3 Hz, 1H), 6.47 (dd} = 8.8, 2.7 Hz, 1H), 5.41 (s, 2H), 5.35 (s, 2H),
3.84 (s, 3H), 3.74 (s, 3H¥’C NMR (125 MHz, DMSOdg) & 179.66, 165.58, 164.10,
162.62, 157.16, 157.07, 155.76, 151.36, 141.44,1629127.98, 127.18, 126.86,
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123.40, 120.72, 119.55, 119.24, 104.11, 103.391988.09, 93.83, 61.98, 55.80,
55.34, 52.13; HRMS (ESI) calcd forg,00;N4Br [M-H] : m/z = 579.05208, found
579.05188.

4.1.5.8.
2-(4-(((7-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)gryethyl)-1H-1,2,3-triazol-1-yl
)-N-(2,4-dimethoxyphenyl)acetamidgh). White solid; Yield 88.6 %; Mp 245-248;
Purity 97.9 %; IR(KBr): 3250, 3214, 3072, 30026292936, 2833, 1658, 1602,
1557, 1508, 1461, 1414, 1370, 1331, 1305, 12816,1P163, 1128, 1077, 1040, 968,
819, 715, 649, 580, 517 EmH NMR (500 MHz, DMSO€g) 5 12.54 (s, 1H), 9.63 (s,
1H), 8.31 (s, 1H), 8.18 (d,= 2.6 Hz, 1H), 8.01 (dd} = 9.0, 2.6 Hz, 1H), 7.70 (d,=
8.9 Hz, 1H), 7.61 (dJ = 9.0 Hz, 1H), 6.82 (d] = 2.3 Hz, 1H), 6.64 (d] = 2.7 Hz,
1H), 6.56 (dJ = 2.3 Hz, 1H), 6.47 (dd] = 8.9, 2.7 Hz, 1H), 5.41 (s, 2H), 5.35 (s, 2H),
3.84 (s, 3H), 3.74 (s, 3H}*C NMR (125 MHz, DMSOdg) 5 178.97, 165.63, 164.06,
162.53, 157.19, 157.05, 154.53, 151.34, 141.39,3538127.31, 126.80, 123.36,
121.58, 120.48, 119.53, 116.59, 104.10, 103.3M®IP8.04, 93.84, 61.96, 55.77,
55.31, 52.10; HRMS (ESI) calcd forg,00;N4Br [M-H] ™ m/z = 579.05208, found
579.05194.

4.1.6 General methods for the synthesi6aséh.

A solution of5a-5h (0.5 mmol) in dry CHCI, (30 mL) was added BB(4.7 mL,
50 mmol) slowly through the septum with stirringGafC. After 0.5 h, the solution
was stirred for 24-72 h at room temperature, thetuneé was poured into ice water
(300 mL) and stirred for 0.5 h. Solid was preciggth After being filtered and dried,
the solid was purified by flash chromatography Ita 6a-6h, respectively.

4.1.6.1.
2-(4-(((1,6-dihydroxy-9-o0x0-9H-xanthen-3-yl)oxy)nmet)-1H-1,2,3-triazol-1-yl)-N-(
3,4-dihydroxyphenyl)acetamideésd). White solid; Yield 29.5 %; Mp 294-296/;
Purity 95.5 %; IR(KBr): 3496, 3415, 3255, 3139, 808705, 2583, 1665, 1608, 1578,
1509, 1462, 1389, 1296, 1252, 1180, 1145, 11091985, 924, 823, 726, 668, 564,
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530, 454 crit; 'H NMR (400 MHz, DMSOsdg) & 13.05 (s, 1H), 11.10 (s, 1H), 10.13
(s, 1H), 9.01 (s, 1H), 8.69 (s, 1H), 8.30 (s, 1HR¥9 (d,J = 8.8 Hz, 1H), 7.09 (d] =

2.4 Hz, 1H), 6.92 (ddj = 8.8, 2.1 Hz, 1H), 6.87 - 6.78 (m, 2H), 6.74 J& 2.3 Hz,
1H), 6.65 (dJ = 8.5 Hz, 1H), 6.48 (d] = 2.3 Hz, 1H), 5.30 (d] = 11.8 Hz, 4H);}°C
NMR (100 MHz, DMSOdg) & 179.35, 164.71, 164.50, 163.19, 162.58, 157.58,
157.18, 145.07, 141.76, 141.54, 130.38, 127.30,6626115.37, 114.26, 112.35,
110.46, 107.90, 102.73, 102.05, 97.55, 93.41, 615223; HRMS (ESI) calcd for
Co4H1708N4 [M-H] ™: m/z = 489.10519, found 489.10528.

4.1.6.2.
2-(4-(((1,7-dihydroxy-9-oxo-9H-xanthen-3-yl)oxy)nhgt)-1H-1,2,3-triazol-1-yl)-N-(
3,4-dihydroxyphenyl)acetamidesli); White solid; Yield 36.7 %, Mp 226-229;
Purity 97.4 %; IR(KBr): 3271, 3146, 3083, 2945, 273652, 1611, 1582, 1513, 1478,
1364, 1328, 1299, 1271, 1240, 1215, 1166, 111211981, 818, 798, 715, 644, 594,
566, 446 crit; '"H NMR (400 MHz, DMSOdg) § 12.88 (s, 1H), 10.14 (s, 1H), 10.05
(s, 1H), 9.03 (s, 1H), 8.71 (s, 1H), 8.31 (s, 1M1 (d,J = 9.0 Hz, 1H), 7.42 (d] =
2.9 Hz, 1H), 7.32 (dd] = 9.0, 2.9 Hz, 1H), 7.09 (s, 1H), 6.84 - 6.75 &H), 6.65 (d,

J = 8.5 Hz, 1H), 6.49 (s, 1H), 5.31 (d,= 17.7 Hz, 4H);"*C NMR (100 MHz,
DMSO-dg) 6 179.54, 165.53, 163.18, 162.57, 157.05, 155.68,00/4 141.76, 141.41,
130.38, 129.08, 127.88, 127.07, 126.73, 120.61,1819115.36, 110.44, 107.88,
103.30, 98.02, 93.74, 61.96, 52.23; HRMS (ESI)atdte C4H170sN,4 [M-H] = m/z =
489.10519, found 489.10522.

4.1.6.3.
2-(4-(((6-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)gryethyl)-1H-1,2,3-triazol-1-yl
)-N-(3,4-dihydroxyphenyl)acetamidéd); White solid; Yield 21.7 %; Mp 280-281;
Purity 95.9 %; IR(KBr): 3270, 3070, 2927, 1658, 859559, 1516, 1428, 1373, 1310,
1286, 1226, 1203, 1166, 1109, 1062, 966, 926, 893, 668, 577 cii *H NMR
(400 MHz, DMSO#g) § 12.63 (s, 1H), 10.13 (s, 1H), 9.02 (s, 1H), 8501¢), 8.31
(s, 1H), 8.03 (dJ = 8.4 Hz, 1H), 7.92 (d] = 1.8 Hz, 1H), 7.65 (dd] = 8.4, 1.8 Hz,
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1H), 7.08 (dJ = 2.4 Hz, 1H), 6.81 (dd] = 8.5, 2.4 Hz, 1H), 6.76 (d,= 2.2 Hz, 1H),
6.65 (d,J = 8.5 Hz, 1H), 6.55 (d] = 2.2 Hz, 1H), 5.35 (s, 2H), 5.29 (s, 25C NMR
(100 MHz, DMSOds) & 180.08, 165.10, 163.19, 162.47, 157.34, 154.09,1B4
145.07, 141.76, 141.50, 130.38, 126.69, 124.82,420119.07, 115.37, 110.45,
107.96, 107.89, 102.98, 97.44, 93.19, 61.83, 52BRMS (ESI) calcd for
Ca4H160/N4Br [M-H] ~: m/z =551.02078, found 551.02144.

4.1.6.4.
2-(4-(((7-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)Qryethyl)-1H-1,2,3-triazol-1-yl
)-N-(3,4-dihydroxyphenyl)acetamidéd); White solid; Yield 24.5 %; Mp 265-269;
Purity 95.4 %; IR(KBr): 3499, 3270, 3235, 3091, 392659, 1600, 1562, 1530, 1463,
1370, 1305, 1276, 1228, 1204, 1167, 1106, 10777{,195/, 817, 714, 653, 563, 532
cm®; *H NMR (400 MHz, DMSOdg) & 12.52 (s, 1H), 10.14 (s, 1H), 9.02 (s, 1H),
8.70 (s, 1H), 8.32 (s, 1H), 8.14 @= 2.5 Hz, 1H), 7.99 (dd] = 8.9, 2.5 Hz, 1H),
7.58 (d,J = 8.9 Hz, 1H), 7.08 (d] = 2.6 Hz, 1H), 6.87-6.75 (m, 2H), 6.65 (= 8.5
Hz, 1H), 6.53 (d,J = 2.2 Hz, 1H), 5.32 (dJ = 20.3 Hz, 4H)}*C NMR (100 MHz,
DMSO-dg) 6 178.83, 165.59, 163.18, 162.49, 157.09, 154.42,064 141.76, 141.39,
138.27, 130.38, 127.23, 126.74, 121.44, 120.37,5¥16115.36, 110.45, 107.89,
103.20, 97.97, 93.75, 61.96, 52.23; HRMS (ESI)a&&dr C4H160/N4Br [M-H] : m/z
=551.02078, found 551.02131.

4.1.6.5.
2-(4-(((1,6-dihydroxy-9-o0x0-9H-xanthen-3-yl)oxy)net)-1H-1,2,3-triazol-1-yl)-N-(
2,4-dihydroxyphenyl)acetamidesd); White solid; Yield 35.2 %; Mp 290-292];
Purity 99.5 %; IR(KBr): 3441, 3284, 3138, 3086, 292703, 2584, 1663, 1608, 1580,
1547, 1508, 1455, 1394, 1367, 1300, 1257, 12368,11743, 1088, 1036, 977, 923,
886, 841, 820, 725, 671, 597, 560, 534, 498 ctH NMR (400 MHz, DMSOds) &
13.05 (s, 1H), 11.09 (s, 1H), 9.66 (s, 1H), 9.49.4), 9.17 (s, 1H), 8.29 (s, 1H), 7.99
(d,J = 8.7 Hz, 1H), 7.43 (d] = 8.6 Hz, 1H), 6.91 (dd} = 8.7, 2.2 Hz, 1H), 6.84 (d,

= 2.2 Hz, 1H), 6.74 (d] = 2.3 Hz, 1H), 6.48 (d] = 2.3 Hz, 1H), 6.35 (d] = 2.6 Hz,
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1H), 6.17 (ddJ = 8.6, 2.6 Hz, 1H), 5.37 (s, 2H), 5.31 (s, 2 NMR (100 MHz,
DMSO-dg) 5 179.34, 164.71, 164.48, 163.88, 162.58, 157.58,185 155.09, 149.69,
141.52, 127.29, 126.65, 124.02, 116.99, 114.25,35]2105.64, 102.73, 102.68,
102.05, 97.54, 93.40, 61.79, 52.09; HRMS (ESI)atébr CouH170sN4 [M-H] " m/z =
489.10519, found 489.10536.

4.1.6.6.
2-(4-(((1,7-dihydroxy-9-oxo0-9H-xanthen-3-yl)oxy)nhgt)-1H-1,2,3-triazol-1-yl)-N-(
2,4-dihydroxyphenyl)acetamidesf]; White solid; Yield 30.2 %; Mp 266-267;
Purity 98.7 %; IR(KBr): 3286, 3133, 1656, 1607, 157479, 1413, 1389, 1328, 1300,
1232, 1155, 1109, 1082, 1058, 1026, 972, 951, 872, 793, 713, 592, 546, 493 ¢m
'H NMR (400 MHz, DMSOsg) & 12.87 (s, 1H), 10.06 (s, 1H), 9.69 (s, 1H), 9.51 (
1H), 9.19 (s, 1H), 8.30 (s, 1H), 7.49 (k= 9.0 Hz, 1H), 7.45-7.39 (m, 2H), 7.31 (dd,
J=9.0, 3.1 Hz, 1H), 6.75 (d,= 2.3 Hz, 1H), 6.48 (d] = 2.3 Hz, 1H), 6.36 (d] =
2.6 Hz, 1H), 6.16 (dd] = 8.4, 2.6 Hz, 1H), 5.35 (d,= 22.7 Hz, 4H);°*C NMR (100
MHz, DMSO-dg) 6 180.09, 165.10, 163.90, 162.48, 157.34, 155.14,115 149.71,
149.13, 141.50, 126.72, 124.82, 124.03, 120.42,0¥19117.01, 107.97, 105.63,
102.98, 102.70, 97.44, 93.18, 61.84, 52.11; HRMSI)Ealcd for GsH170sN4
[M-H] : m/z = 489.10519, found 489.10493.

4.1.6.7.
2-(4-(((6-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)gryethyl)-1H-1,2,3-triazol-1-yl
)-N-(2,4-dihydroxyphenyl)acetamidéd); White solid; Yield 27.2 %; Mp 264-267;
Purity 98.8 %; IR(KBr): 3268, 3141, 3071, 2956, 865598, 1555, 1498, 1458, 1434,
1403, 1301, 1201, 1150, 1112, 1064, 974, 922, 843, 819, 671, 608, 557, 496 ¢m
'H NMR (400 MHz, DMSO#dg) § 12.61 (s, 1H), 9.67 (s, 1H), 9.49 (s, 1H), 9.17 (s
1H), 8.30 (s, 1H), 8.01 (d,= 8.4 Hz, 1H), 7.89 (s, 1H), 7.63 (@= 8.4 Hz, 1H), 7.42
(d, J = 8.7 Hz, 1H), 6.74 (s, 1H), 6.53 (s, 1H), 6.35J¢& 2.7 Hz, 1H), 6.16 (dd] =
8.7, 2.7 Hz, 1H), 5.36 (d, = 16.3 Hz, 4H)**C NMR (100 MHz, DMSQdg) & 179.50,
165.52, 163.90, 162.57, 157.03, 155.62, 155.12,7P49141.43, 129.09, 127.87,
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127.04, 126.73, 124.05, 120.60, 119.10, 117.01,6609.03.28, 102.71, 98.03, 93.73,
61.98, 52.12; HRMS (ESI) calcd for,4E160;/N4Br [M-H] > m/z = 551.02078, found
551.02115.

4.1.6.8.
2-(4-(((7-bromo-1-hydroxy-9-oxo-9H-xanthen-3-yl)gryethyl)-1H-1,2,3-triazol-1-yl
)-N-(2,4-dihydroxyphenyl)acetamidél); White solid; Yield 45.0 %; Mp 282-284;
Purity 96.3 %; IR(KBr): 3373, 3103, 2995, 2883, 271659, 1601, 1560, 1511, 1460,
1371, 1330, 1282, 1228, 1165, 1109, 1078, 1049, 8¥6, 728, 658, 569, 525, 462
cm’; 'H NMR (400 MHz, DMSOdg) § 12.53 (s, 1H), 9.68 (s, 1H), 9.50 (s, 1H), 9.18
(s, 1H), 8.31 (s, 1H), 8.16 (s, 1H), 8.00 Jd; 8.9 Hz, 1H), 7.59 (d] = 8.9 Hz, 1H),
7.43 (d,J = 8.6 Hz, 1H), 6.80 (s, 1H), 6.55 (s, 1H), 6.351(d), 6.17 (dJ = 8.6 Hz,
1H), 5.36 (d,J = 15.2 Hz, 4H);*C NMR (100 MHz, DMSQOdg) & 178.85, 165.60,
163.86, 162.49, 157.11, 155.09, 154.44, 149.68,3V41138.27, 127.24, 126.73,
124.01, 121.47, 120.38, 116.99, 116.56, 105.61,210302.66, 97.98, 93.76, 61.96,
52.09; HRMS (ESI) calcd for £H160;N4Br [M-H]™: m/z = 551.02078, found
551.02103.

4.1.7 General methods for the synthesigash.

5a-5h (0.5 mmol) and NaOAc (10.0 mmol) were added te@\¢15 mL) at 90 °C
for 5h. On completion, solvent was evaporated umdduced pressure, the residue
was washed with water (200 mL) and dried. Aftert,thiae residue was purified by

flash chromatography to givéa-h, respectively.

4.1.7.1.
3-((1-(2-((3,4-dimethoxyphenyl)amino)-2-oxoethyhHl, 2, 3-triazol-4-yl) methoxy)-
6-methoxy-9-0x0-9H-xanthen-1-yl acetatéa) White solid; Yield 86.2 %; Mp
162-16411; Purity 98.8 %; IR(KBr): 3506, 3265, 3144, 307638, 2833, 1769, 1659,
1613, 1562, 1514, 1435, 1364, 1264, 1233, 12001,11743, 1064, 1023, 842, 662,
550, 459 crit; *H NMR (400 MHz, DMSOds) § 10.38 (s, 1H), 8.34 (s, 1H), 8.00 (d,
J=8.8 Hz, 1H), 7.30 (d] = 2.2 Hz, 1H), 7.24 (d] = 2.4 Hz, 1H), 7.20 - 7.03 (m, 3H),
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6.91 (d,J = 8.7 Hz, 1H), 6.86 (d] = 2.4 Hz, 1H), 5.37 (d] = 19.4 Hz, 4H), 3.91 (s,
3H), 3.71 (s, 6H), 2.36 (s, 3HJ°C NMR (100 MHz, DMSOds) § 172.93, 168.92,
164.63, 163.66, 162.61, 158.16, 156.66, 151.03,5848145.17, 141.40, 131.92,
127.41, 126.90, 115.22, 113.54, 112.05, 111.12,58)8107.75, 104.27, 100.25,
99.96, 62.02, 56.14, 55.67, 55.32, 52.23, 21.04MSRESI) calcd for GHasOsN4
[M-H] ~: m/z = 573.16270, found 573.16262.

4.1.7.2.

3-((1-(2-((3,4-dimethoxyphenyl)amino)-2-oxoethyhHl, 2,3-triazol-4-yl)methoxy)-
7-methoxy-9-ox0-9H-xanthen-1-yl acetatéb) White solid; Yield 59.2 %; Mp
240-242(1; Purity 98.4 %; IR(KBr): 3483, 3359, 3144, 308948, 2833, 1755, 1693,
1658, 1624, 1552, 1521, 1491, 1437, 1364, 131%,1P341, 1216, 1162, 1065, 1028,
963, 895, 861, 821, 788, 762, 736, 653, 551:ctH NMR (400 MHz, DMSOd) &
10.37 (s, 1H), 8.35 (s, 1H), 7.56 (b 9.0 Hz, 1H), 7.47 (d] = 3.1 Hz, 1H), 7.41 (dd,
J=9.0, 3.1 Hz, 1H), 7.31 (d,= 2.3 Hz, 1H), 7.28 (d] = 2.4 Hz, 1H), 7.06 (dd] =
8.6, 2.3 Hz, 1H), 6.90 (d, = 8.6 Hz, 1H), 6.85 (d] = 2.4 Hz, 1H), 5.40 (s, 2H), 5.35
(s, 2H), 3.86 (s, 3H), 3.71 (s, 6H), 2.37 (s, 3HE NMR (100 MHz, DMSQdg) &
173.47, 168.89, 163.64, 162.82, 158.13, 155.85,9850149.39, 148.57, 145.15,
141.36, 131.92, 126.89, 124.15, 121.87, 119.18,04]12111.10, 108.17, 107.90,
105.71, 104.26, 99.75, 62.04, 55.70, 55.66, 5%2123, 21.00; HRMS (ESI) calcd
for CygH2509N,4 [M-H] - m/z = 573.16270, found 573.16253.

4.1.7.3.
6-bromo-3-((1-(2-((3,4-dimethoxyphenyl)amino)-2-exioyl)-1H-1,2,3-triazol-4-yl)m
ethoxy)-9-oxo-9H-xanthen-1-yl acetat&c); White solid ; Yield 80.6 %; Mp
168-17007; Purity 97.9 %; IR(KBr): 3514, 3269, 3144, 308828, 2849, 1767, 1666,
1626, 1598, 1557, 1516, 1418, 1368, 1287, 12212,11659, 1024, 973, 919, 895,
845, 726, 663, 551 ¢ 'H NMR (500 MHz, DMSOeg) § 10.39 (s, 1H), 8.35 (s, 1H),
8.00 (d,J = 8.5 Hz, 1H), 7.92 (d] = 1.8 Hz, 1H), 7.62 (ddl = 8.5, 1.8 Hz, 1H), 7.30
(d,J = 2.4 Hz, 1H), 7.29 (d] = 2.4 Hz, 1H), 7.05 (dd] = 8.7, 2.4 Hz, 1H), 6.93-6.86
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(m, 2H), 5.41 (s, 2H), 5.34 (s, 2H), 3.71 Y& 3.1 Hz, 6H), 2.36 (s, 3H}’C NMR
(125 MHz, DMSOedg) 6 173.61, 169.33, 164.10, 163.70, 158.51, 155.41,48;
148.98, 145.57, 141.73, 132.35, 128.73, 128.33,1R28127.40, 121.12, 120.93,
112.44, 111.51, 109.11, 108.77, 104.62, 100.5(06%56.08, 55.74, 52.67, 21.44;
HRMS (ESI) calcd for ggH2,0sN4Br [M-H] : m/z = 621.06265, found 621.06238.

4.1.7.4.
7-bromo-3-((1-(2-((3,4-dimethoxyphenyl)amino)-2-exioyl)-1H-1,2,3-triazol-4-yl)m
ethoxy)-9-oxo-9H-xanthen-1-yl acetaterd]; White solid; Yield 92.7 %; Mp
204-20501; Purity 98.6 %; IR(KBr): 3512, 3259, 3152, 308032, 2836, 1754, 1664,
1625, 1602, 1556, 1516, 1442, 1369, 1283, 1225],11661, 1023, 970, 897, 863,
816, 722, 556 cify 'H NMR (400 MHz, DMSOdg) & 10.37 (s, 1H), 8.35 (s, 1H),
8.14 (s, 1H), 7.96 (d] = 8.9 Hz, 1H), 7.58 (dJ = 8.9 Hz, 1H), 7.36-7.25 (m, 2H),
7.05 (d,J = 8.6 Hz, 1H), 6.95-6.84 (m, 2H), 5.37 (= 25.0 Hz, 4H), 3.71 (s, 6H),
2.36 (s, 3H);**C NMR (100 MHz, DMSQdg) & 172.55, 168.83, 163.63, 163.30,
158.09, 153.77, 151.05, 148.56, 145.15, 141.27,6137131.90, 127.84, 126.92,
122.95, 120.33, 116.65, 112.03, 111.10, 108.46,3108.04.24, 100.07, 62.14, 55.66,
55.30, 52.23, 20.96; HRMS (ESI) calcd fogg,,0sN4Br [M-H] - m/z = 621.06265,
found 621.06280.

4.1.7.5.
3-((1-(2-((2,4-dimethoxyphenyl)amino)-2-oxoethyhHl, 2,3-triazol-4-yl) methoxy)-
6-methoxy-9-0x0-9H-xanthen-1-yl acetatée); White solid; Yield 89.3 %; Mp
201-203[7; Purity 99.5 %; IR(KBr): 3413, 3280, 3073, 300848, 2836, 1756, 1660,
1614, 1542, 1503, 1437, 1363, 1287, 1265, 1209),11749, 1067, 1028, 960, 908,
834, 666, 574, 444 ch*H NMR (400 MHz, DMSOdg) & 9.64 (s, 1H), 8.33 (s, 1H),
8.01 (d,J = 8.9 Hz, 1H), 7.71 (d] = 8.8 Hz, 1H), 7.24 (d] = 2.6 Hz, 1H), 7.10 (d

= 2.4 Hz, 1H), 7.03 (dd] = 8.9, 2.4 Hz, 1H), 6.86 (d,= 2.6 Hz, 1H), 6.65 (d] = 2.7
Hz, 1H), 6.49 (ddJ = 8.8, 2.7 Hz, 1H), 5.41 (d,= 12.2 Hz, 4H), 3.92 (s, 3H), 3.85 (s,
3H), 3.75 (s, 3H), 2.36 (s, 3H*C NMR (100 MHz, DMSOdg) 5 172.91, 168.89,
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164.61, 164.04, 162.60, 158.14, 157.05, 156.64,3851151.01, 141.37, 127.39,
126.84, 123.35, 119.55, 115.21, 113.51, 108.55,78)7.04.11, 100.23, 99.95, 98.89,
62.02, 56.12, 55.76, 55.30, 52.13, 21.02; HRMS YESlcd for GoHos0eN4 [M-H]
m/z = 573.16270, found 573.16277.

4.1.7.6.
3-((1-(2-((2,4-dimethoxyphenyl)amino)-2-oxoethyhHl, 2, 3-triazol-4-yl)methoxy)-
7-methoxy-9-ox0-9H-xanthen-1-yl acetaté&f)( White solid; Yield 87.1 %; Mp
247-248(7; Purity 98.2 %; IR(KBr): 3401, 3162, 3076, 300878, 2939, 2839, 1758,
1692, 1629, 1532, 1490, 1439, 1365, 1287, 12171,11@61, 1031, 979, 957, 898,
848, 806, 735, 703, 679, 600, 550, 514 cid NMR (400 MHz, DMSOsdg) § 9.64
(s, 1H), 8.33 (s, 1H), 7.71 (d,= 8.8 Hz, 1H), 7.57 (d] = 9.0 Hz, 1H), 7.48 (d] =
3.1 Hz, 1H), 7.42 (ddj = 9.0, 3.1 Hz, 1H), 7.28 (d,= 2.4 Hz, 1H), 6.85 (d] = 2.4
Hz, 1H), 6.64 (d,) = 2.7 Hz, 1H), 6.48 (dd] = 8.8, 2.7 Hz, 1H), 5.40 (d,= 12.6 Hz,
4H), 3.85 (d,J = 6.7 Hz, 6H), 3.74 (s, 3H), 2.37 (s, 3HC NMR (100 MHz,
DMSO-0g) 6 173.43, 168.80, 163.97, 162.79, 158.09, 157.02,8% 151.31, 150.93,
149.37, 141.31, 126.74, 124.08, 123.31, 121.85,58]19119.13, 108.15, 107.85,
105.75, 104.12, 99.74, 98.89, 62.03, 55.73, 55%6&6, 52.10, 20.94; HRMS (ESI)
calcd for GgH2509N4 [M-H] = m/z = 573.16270, found 573.16274.

4.1.7.7.
6-bromo-3-((1-(2-((2,4-dimethoxyphenyl)amino)-2-exioyl)-1H-1,2,3-triazol-4-yl)m
ethoxy)-9-oxo-9H-xanthen-1-yl acetaterg); White solid; Yield 87.3 %; Mp
236-24011; Purity 95.7 %; IR(KBr): 3293, 3146, 3086, 293838, 1765, 1667, 1626,
1599, 1554, 1505, 1443, 1418, 1366, 1282, 12143,11662, 1026, 961, 914, 829,
727, 662, 632, 565, 514 ¢in'H NMR (500 MHz, DMSOds) § 9.65 (s, 1H), 8.32 (s,
1H), 7.99 (dJ = 8.4 Hz, 1H), 7.92 (d] = 1.8 Hz, 1H), 7.70 (d] = 8.9 Hz, 1H), 7.62
(dd,J = 8.4, 1.8 Hz, 1H), 7.28 (d,= 2.6 Hz, 1H), 6.90 (d] = 2.6 Hz, 1H), 6.64 (d]

= 2.7 Hz, 1H), 6.48 (dd] = 8.9, 2.7 Hz, 1H), 5.41 (d,= 8.1 Hz, 4H), 3.84 (s, 3H),
3.74 (s, 3H), 2.36 (s, 3H}*C NMR (125 MHz, DMSOsdg) 5 173.20, 168.91, 164.08,
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163.28, 158.08, 157.06, 155.05, 151.35, 151.06,2B41128.30, 127.91, 127.72,
126.96, 123.39, 120.70, 120.52, 119.55, 108.70,3508.04.09, 100.08, 98.90, 62.16,
55.79, 55.33, 52.14, 21.02; HRMS (ESI) calcd fegHz,0sN4Br [M-H] ™ m/z =
621.06265, found 621.06258.

4.1.7.8.
7-bromo-3-((1-(2-((2,4-dimethoxyphenyl)amino)-2-exloyl)-1H-1,2,3-triazol-4-yl)m
ethoxy)-9-oxo0-9H-xanthen-1-yl acetate’hf; White solid; Yield 87.7 %; Mp
164-1661[1; Purity 99.5 %; IR(KBr): 3475, 3281, 3130, 306949, 2836, 1773, 1659,
1626, 1602, 1541, 1508, 1436, 1439, 1368, 13090,1P306, 1147, 1062, 1034, 966,
928, 893, 818, 723, 694, 673, 580, 525'ciH NMR (400 MHz, DMSOds) & 9.63
(s, 1H), 8.32 (s, 1H), 8.15 (d,= 2.6 Hz, 1H), 7.98 (dd} = 8.9, 2.6 Hz, 1H), 7.70 (d,
J=8.8 Hz, 1H), 7.61 (d] = 8.9 Hz, 1H), 7.32 (d] = 2.4 Hz, 1H), 6.90 (d] = 2.4 Hz,
1H), 6.64 (dJ = 2.7 Hz, 1H), 6.48 (dd] = 8.8, 2.7 Hz, 1H), 5.41 (d,= 4.4 Hz, 4H),
3.84 (s, 3H), 3.74 (s, 3H), 2.36 (s, 3H)C NMR (100 MHz, DMSOdg) & 172.56,
168.84, 164.04, 163.32, 158.09, 157.04, 153.78,3P51151.05, 141.25, 137.63,
127.84, 126.91, 123.35, 122.96, 120.35, 119.55,6516108.46, 108.32, 104.09,
100.07, 98.88, 62.16, 55.76, 55.30, 52.13, 20.9RM8 (ESI) calcd for
Ca8H2,03N4Br [M-H] : m/z = 621.06265, found 621.06289.

4.2 Biological study
4.2.1a-glucosidase inhibitory assays

The method for determining the inhibitory acie# in this study was similar to
those reported previously [17, 37, 38]. Briefliyglucosidase activity was assayed in
phosphate buffer (50 mM pH 6.8) containing 5% v/ivn DMSO using
p-nitrophenyl-a-D-glucopyranoside (PNP) as a salbstrThe inhibitors and enzyme
were pre-incubated in phosphate buffer for 30 miB7aC. PNP glucoside was added,
and then the enzymatic reaction was carried oul forin at 37C . The reaction was
monitored spectrophotometrically by measuring theogbance at 400 nm. ThesiC

values were estimated with five different inhibjtmoncentrations around d&values
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after preliminary estimation of the first round ekperiment. Each sample was

measured three times in parallel.
4.2.2 Kinetics ofi-glucosidase inhibitors

The kinetics of enzyme inhibition were determineahf Lineweavere Burk plots,
using the methods similar to those reported inrdttee [37, 38]. Different
concentrations of both inhibitors around theolZalues and the substrate were chosen.
With each concentration of inhibitorg;glucosidase activity was assayed by varying
the concentration of PNP glycoside. The enzymebitibn was performed with the
same assays detailed above. The inhibitors andnnenzwere pre-incubated in
phosphate buffer at 37 for 30 min. the substrate was added, and theerikgmatic
reaction was carried out at 37 for 1 min. The reaction was monitored
spectrophotometrically by measuring the absorbatcé€00 nm. Inhibition types of

the inhibitors were obtained using double-reciplqdbats.
4.2.3 Cell cultures

The human hepatoma cell line (HepG2) and humegatocyte cell line (LO2)
were Cells were cultured in DMEM (Gibco, USA) cdntag 10 % fetal bovine
serum (Gibco, USA), 100 units/mL penicillin and 1G§mL streptomycin (Bl, USA),
in a humid atmosphere at 37with 5 % CQ.

4.2.4 Cell viability assay.

An MTT assay was used to measure the proliferatfocells treated with different
compounds in 96-well plates [40]. Briefly, cells neeplated in 96-well culture plates
at the density of 5000 cells per well in DMEM madiwith 200 pL aliquots and left
at 37 °C in 5 % atmosphere. After 24 h incubatitwe, cells were treated with test
compounds at various concentrations for 44 h. 2q5uing/mL) MTT was added to
each well thereafter and incubated for another #h®e supernatant was discarded,
and 150 uL DMSO was added into each well and tlmenabsorbance (A) was

measured at 490 nm using a microplate reader (Bm-RISA). Cell viability was
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calculated using the following equation, Cell vidpi(%) = (A weated/ (A contro) X
100 %. IG value was the concentration that caused 50% imtnbof cell viabilities

[41].
4.2.5 Total glucose uptake assay

The effect of xanthone-triazole derivatives on ltglacose uptake in HepG2 were
assessed as described previously with slight nuadifins [38, 42]. HepG2 cells were
cultured in high-glucose DMEM supplemented with %0fetal bovine serum, 100
units/mL penicillin and 10Qg/mL streptomycin, in a humid atmosphere of 95 % ai
5% CQ at 37°C. After achieving confluence, the cellseveeeded in 96-well cluster
plates at the density of 5000 cells and culturedhi@a same medium for 24 h.
Following this incubation, the cells were washedeé¢htimes with low-glucose
DMEM and twice phosphate-buffered saline. The celse added in low-glucose
DMEM with 2 % fetal bovine serum containing the igas test compounds at
different concentrations. After 24 h glucose upthyeHepG2 cells, the remaining

glucose in the medium was measured by Glucose Aisafit (Jian Cheng, China).
4.3 Molecular Docking Studies

The homology model ofa-glucosidase, using oligo-1,6-glucosidase from
Saccharomyces cerevisiae (PDB: 3AXH) as the temftsiquence identity: 72.51 %),
was retrieved from SWISS-MODEL Repository for dackistudies. Gasteiger partial
charges were assigned and non-polar hydrogen at@res merged with AutoDock
Tools [43, 44]. The ligands were structured andnoiged by ChemBioDraw Ultra
12.0, ChemBio3D Ultra 12.0 and Gaussian 09 W, Yailhg by format transformation
to PDBQT files using Autodock Tools. Autodock 4[24-46] was assigned to
perform the docking studies and the Autodock Towds generated to visualize the

results of the docking procedures.
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Tables, figures and scheme

Table 1. In vitro a-glucosidase inhibitory activity of compoun8s-5h, 6a-6h,7a-7h
Table 2. LO2 cytotoxicity of compoundSa-5h, 6a-6h,7a-7h

Figure 1. Xanthones asu-glucosidase inhibitors and molecular docking oé th
xanthone-triazole’s skeleton.AY The synthetic xanthones as the potential
a-glucosidase inhibitors. B) 1,3-dihydroxyxanthone and the skeleton of
xanthone-triazole.@) Predicted interactions of the skeleton of xanthttazole with

a-glucosidase. The green dashed lines stand fooggdrbonds.
Figure 2. The structure of flavonoids and xanthone-triaz@ea\atives.

Figure 3. Lineweaver-Burk plots (1/V vs 1/[S]) o#i-glucosidase inhibition of

compound$e, 5g, 5h, 6¢, 6d, 6g andéh.
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Figure 4. Binding positions of compoundse, 5g, 5h, 6¢c, 6d, 6g and 6h. All the
examined compounds bind to allosteric sites awaynfithe active site (Asp214,

Glu276 and Asp349) af-glucosidase.

Figure 5. Predicted interactions betweerglucosidase and compoun@s 5e, 5Shand
6g. The green dashed lines stand for hydrogen bomdlew columns stand fox-n
interactions, and yellow cones stand focation interactions.A) Compound6c:
Hydrogen bondss-n interactionsg-cation interactions.) Compoundbe: Hydrogen
bonds,n-n interactionst-cation interactions.§) Compoundsh: Hydrogen bonds,

n-n interactions. D) Compoundg: Hydrogen bondss-n interactions.

Figure 6. Effects of different concentrations of compour$e, 5f, 5g, 5h, 6a, 6b,
6c, 6d, 69, 6h, 7g and7h on HepG2 cells growth.

Figure 7. Effects of compounds, 5e, 5f, 5g, 5h, 6a, 6b, 6¢, 6d, 6g, 6h, 7g and7h on

glucose uptake of HepG2 cells.

Scheme 1. Synthesis of xanthone-triazole derivatives. Ratgyand conditions: (a)
Eaton's reagent, reflux; (b) 3-bromopropyneCR;, acetone, reflux;(c) dry THF, N

0 [J; (d) NaN;, DMF, 40 J; (e) CuSQBH,0, sodium ascorbate, DMF, rt; (f) BBr
dry DCM, 00J; (g) Ac,O, NaOAc, 901.
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Table 1. In vitro a-glucosidase inhibitory activity of compoun@a-5h, 6a-6h,7a-7h.

N\\gN l 4 Ry
o) 6 5

Compounds R R R, Rs3 R4 Rs ICs0 (}J.M)a

5a H OCH H OCH, OCH; H 15.90+0.91
5b H H OCH; OCH; OCH; H >100°

5¢ H Br H OCH; OCH; H 11.82+0.82
5d H H Br OCH; OCHs H 29.84+3.47
5e H OCH; H OCH; H OCH; 2.06+0.16

5f H H OCH; OCHs H OCH; 8.31+0.88

59 H Br H OCH; H OCH; 2.78+0.22

5h H H Br OCH; H OCH; 3.07+0.56

6a H OH H OH OH H 6.13+0.09

6b H H OH OH OH H 7.060.89

6¢c H Br H OH OH H 5.23+0.53

6d H H Br OH OH H 3.17+0.61

6e H OH H OH H OH 17.61+1.68
6f H H OH OH H OH 15.62+1.13
69 H Br H OH H OH 5.87+0.76

6h H H Br OH H OH 5.88+0.32

7a OAc OCH H OCH; OCHs H 98.63+4.12
7b OAc H OCH; OCH; OCH; H >100"

7c OAc  Br H OCH; OCH; H 26.11+2.95
7d OAc H Br OCH; OCH; H 32.33+0.82
7e OAc OCH; H OCH; H OCH; 33.16+2.51
7t OAc H OCH; OCH; H OCH; 42.60+0.09
79 OAc  Br H OCH; H OCH; 12.78+0.01
7h OAc H Br OCH; H OCH; 12.13+1.84

#ICspvalue: concentration that inhibits the activityofjlucosidase by 50 % (mean
+SD). The 1@, value of positive control (1-deoxynojirimycin, P@)59.50 + 4.7
M. The 1G value of parental compouralis 160.8 pM®*"!, andcompoundb is
10.6 pM=H,

P Compounds precipitated when the concentration @eeh than 100 pM, but the
inhibition is lower than 50 %. Therefore, thes¢d@alue of compoundSb and7b
can not be obtained.
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Table 2. LO2 cytotoxicity of compoundSa-5h, 6a-6h,7a-7h

Compounds ICsq (ULM)

Compounds ICsq (LM)

Compounds ICsq (UM)?

S5a
5b
5C
5d
5e
5f

59
5h

>100
>100
>100
>100
89.06+4.89
65.43+3.51
>100
>100

6a
6b
6C
6d

>100
>100
>100
>100
>100
>100
73.95%+6.73
>100

7a
7b
7c
7d
e
7f

9
7h

>100
24.92+2.38
25.95+3.10
>100
>100
>100
>100
80.72+1.63

#1CsoVvalue: concentration that inhibits cells survivgld® % (means + SD).
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Figure 1.
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Figure 1. Xanthones as-glucosidase inhibitors and molecular docking @& Kanthone-triazole’s
skeleton. A) The synthetic xanthones as the potentiablucosidase inhibitors. B
1,3-dihydroxyxanthone and the skeleton of xanthwiagole. C) Predicted interactions of the
skeleton of xanthone-triazole witlrglucosidase. The green dashed lines stand forobedr

bonds.
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Figure 2.

OH O O OR
| L1
o o o~ Ry © OA\\/\N“N Rs R
N HN
OH y OH L« Rs
h'd o}
flavonoids xanthone-triazole derivatives

Figure 2. The structure of flavonoids and xanthone-triazaevatives.
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Figure 3.
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Figure 3. Lineweaver-Burk plots (1/V vs 1/[S]) ofi-glucosidase inhibition of
compoundse, 5g, 5h, 6¢, 6d, 6g andéh.
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Figure 4.

Figure 4. Binding positions of compoundse, 5g, 5h, 6c, 6d, 6g and6h. All the
examined compounds bind to allosteric sites awaynfthe active site (Asp214,

Glu276 and Asp349) af-glucosidase.

Figureb5.

Figure 5. Predicted interactions betweetglucosidase and compoungts 5e, 5h and
6g. The green dashed lines stand for hydrogen bgmdl®w columns stand fox-n
interactions, and yellow cones stand focation interactions.A) Compound6c:
Hydrogen bondsg-n interactionss-cation interactions ) Compoundbe: Hydrogen
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bonds,n-n interactionst-cation interactions.§) Compoundsh: Hydrogen bonds,
n-n interactions. D) Compoundsg: Hydrogen bondss-n interactions.

Figure®6.
160

140

—

N

o
1

100 4|

60

Cell survival(% of control)
o
o
!

40 4

20

S )
S HEP TS FS PGS
& '{@'y &

& &

S

Figure 6. Effects of different concentrations of compouagdSe, 5f, 5g, 5h, 6a, 6b, 6¢, 6d, 6g, 6h,
7g and7h on HepG2 cells growth.
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Figure?.
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Figure 7. Effects of compounds, 5e, 5f, 5g, 5h, 6a, 6b, 6¢, 6d, 6g, 6h, 7g and 7h on glucose
uptake of HepG2 cells.
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Scheme 1.
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Scheme 1. Synthesis of xanthone-triazole derivatives. Retgyeand conditions: (a) Eaton's
reagent, reflux; (b) 3-bromopropyne,®0s, acetone, reflux;(c) dry THF, MNO [J; (d) NaN;,
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DMF, 40 [J; (e) CuSQBH,0O, sodium ascorbate, DMF, rt; (f) BRdry DCM, 00J; (g) AcO,
NaOAc, 90].
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Highlights
Twenty-four novel xanthone-triazole derivatives were designed and synthesized.
Xanthone-triazole derivatives significantly increased a-glucosidase inhibition.
5e, 6a, 6¢ and 7g had dual effects on a-glycosidase inhibition and glucose uptake.

Most of xanthone-triazole derivatives had low toxicity.



