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Abstracts. The series of 2-amino-7-propargyloxifehromene-3-carbonitrilésa-t were
synthesized from corresponding 2-amino-7-phydrodyefiromene-3-carbonitrile$a-t and
propargyl bromide. Two procedures were used inglsgatheses: £COs/acetone and NaH/DMF
procedures with yields of 65-89% and 80-96%, rebpedy. 1H-1,2,3-Triazole-tethered 4H-

chromeneb-glucose conjugate&-t were synthesized using click chemistry of propasgkiers



5a-t and tetra®-acetyl$-D-glucopyranosyl azide. Cu@MOF-5 was the optimadlgat for this
chemistry. The yields ofH-1,2,3-triazoles were 80-97.8%. All triazolés-t were evaluatech
vitro for anti-microorganism activities. Among tested @munds with MIC values of 1.56.25
uM, there were four compounds agaiBssubtilis, four compounds againStaureus, and four
compounds again§ epidermidis; five compounds againgt coli, four compounds againkt
pneumoniae, five compounds againBt aeruginosa, and six compounds agair&ttyphi murium.
Compound¥c,7d,7f,7h, and7r had MIC values of 1.56—-6.28M for three clinical MRSA
isolates. Some compounds had inhibitory activiigainst four fungi, including. niger, A.

flavus, C. albicans, andS. cerevisiae, with MIC values of 1.56-6.2pM. Some H-1,2,3-triazoles

had comparatively low toxicity against RAW 264.Tlxe

Keywords. 1H-1,2,3-Triazoles; 2-Amino4-chromene-3-carbonitriles; Propargyl ether; Sugar

azide; CuU@MOF-5; Click chemistry; Antibacterial; tkangal; Cytotoxicity.

1. Introduction

Organic compounds bearing chromene ring exhibiide wange of biological activities, especially
with certain functional groups, such amino, nitrilein its molecular skeleton that could be
effectively bound to enzyme receptor sites [1-3le§e compounds function as important
pharmacophores, which are associated with a baragerof pharmacological activities, including
anticancer [3], antimicrobial [4], cytotoxicity [4dnti-proliferativg5], antitumor [6], antibacterial
[7, 8], antioxidant [7], antiviral [9] agents, asd on. A large number of synthetic 2-
aminochromene derivatives have shown remarkablediaal activities that some representative
compounds were given in Fig. 1. Kuneh@l. [10] showed that tetrahydrochromehédiad
antibacterial activity againgischerichia coli and Saphylococcus aureus with MIC value of 64
ug/mL. Kidwai et al. indicated that chromen&sbearing benzothiazolyl-2 had antibacterial

activity against both Gram-(-), suchkscoli andPseudomonas aeruginosa, and Gram-(-), such



asS aureus andSaphylococcus epidermidis [11]. Mirjalili et al. synthesized benzig¢hromeneC,
which had antifungal activity again&spergillus flavus andCandida albicans with MIC < 1

ug/mL [12]. Makawanat al. [13] showed that chromerfi (Fig. 1) was especially active against
Gram-negative bacterMibrio cholerate (MIC = 12.5ug/mL), whereas chromerewas more
active against Gram-positiv&reptococcus pneumonia (MIC = 12.5ug/mL) as compared to
ampillicin (MIC =100 ug/mL for both strains). Therefore, synthetic praged of derivatives with

chromene moiety have been developed due to thefulusiological activities [14, 15].

Figure 1

1H-1,2,3-Triazole are an important class of nitrogentaining heterocycles in the area of organic
(chemistry) and medicinal chemistry. Medicinallyey showed a broad range of diverse,
interesting pharmacological properties such asrdettive [9], antituberculosis [16], anticancer
[17], antifungal [18], and antibacterial [19], antcrobial [20], antioxidant [21] activities, and so
on. The connection of some heterocycles, suchrasnene andH-1,2,3-triazole rings, even
monosaccharide, could bring forth some interedtiofpgical activities. Sangshett al. [22]
showed that triazolE (Fig. 2) had inhibitory activities against someady such a€. albicans

(MIC =30ug/mL), A. niger (MIC = 15ug/mL) andA. flavus (MIC = 15ug/mL) in comparison to
fluconazole (MIC = sug/mL for all strains). Yadaet al. [23] indicated that chalcone-12,3-triazole
conjugateG exhibited inhibition activity against serial orgems with MIC = 0.0032-0.0063
ug/mL. Chaudhargt al. [24] synthesized several novel 1,4-disubstitutgj3ttriazolyluridine
derivatives [, Fig. 2), which showed significant antifungal &itti. One of the compounds$
showed potent antifungal activity agai@stmeoformans with an MIC value of &g/mL. The other
one with 4-methoxy group had antifungal activityaegtC. albicans with MIC value of 24ug/mL

in comparison to MIC = 0.018g/mL for fluconazole), whereas the compound havisanloro

group showed antifungal activity agaifstoxysporum with MIC = 32ug/mL.



Figure 2

Saeedkst al. [25] showed that compoundFig. 2) that had chromene anid-1,2,3-triazole rings
exhibited good anti-acetylcholinesterase actiwyh 1Cso = 15.42uM. Similarly, Shaikhet al.

[26] synthesized some triazolégFig. 2) with remarkable antifungal and antioxitiaativities.
Some potential pharmaceuticals were based on rjazZdle ring, including the anticancer agent
CAI (carboxyamidotriazolek, Fig. 3) [27], TSAO [25'-bis-O-(tert-butyldimethylsilyl)-3-spiro-
5"-(4"-amino- 1',2"-oxathiole-2,2"-dioxide)]$-D-ribofuranosel., Fig. 3), a nucleoside
derivative non-nucleoside reverse transcriptasiton [28], and tazobactanM, Fig. 3), oneB-

lactam antibiotic drug, and so on.

Figure 3

The heterocyclic aromatic ringHt1,2,3-triazole ring is formed through click chetrnysof
appropriate alkynes-1 and organic azides, whichoftes catalyzed by copper [29-32]. Copper-
catalyzed azide-alkyne cycloaddition (CUAAC) iype of Huisgen 1,3-dipolar cycloaddition
[30]. Some copper-catalysts in free metal or salhk (ionic or complex) were employed for most
effective promotion of CUAAC processes, such Cuglilfate/sodium ascorbate [32], Cul/DIEA
(N,N-diisopropylethylamine) [33], copper(ll) acetatetoflate/sodium ascorbate [34, 35],
CuCL/PMDETA (pentamethyldiethylenetriamine) [36], CuM®gcopper nanoparticles on
activated carbon) [37], etc... The same catalysts\akre employed in click chemistry of
carbohydrate [38].

In order to find some hybrid structures betweerootene and H-1,2,3-triazole rings having
bacterial and fungal activities, we reported thetsgsis of H-1,2,3-triazole-tetheredt

chromene and-glucose conjugates and the evaluation of theirrarroorganism activity. These
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triazoles were obtained by the click chemistry @rino-4-aryl-7-propargyl4#-chromene-3-
carbonitriles to and-glucose moiety. They were evaluated by their actierial and fungal
activities against some Gram-positive bacteriahssBacillus subtilis, Saphylococcus aureus,
Saphylococcus epidermidis, some Gram-negative bacteria, suclkseherichia coli,

Pseudomonas aeruginosa, Klebsiella pneumonia, Salmonella typhimurium, and some fungi, such
asAspergillus niger, Aspergillus flavus, Candida albicans, andSaccharomyces cerevisiae. These

compounds were also tested their cytotoxicity agfdRAW 264.7 cells [39-42].

2. Results and discussion

2.1. Chemistry

2-Amino-4-aryl-7-hydroxyl-#4-chromene-3-carbonitrile$a-t were prepared by three-component
reaction of (un)substituted benzaldehytlag, malononitrile2, and resorcindd (Scheme 1). The
three-component reaction process took place at tearperature (25°C) for 24 h. The basic
catalyst for this reaction was sodium carbonatsater (44.7 mol%, i.e. ~0.47% solution). The
yields were 62-90% (Table 1S, including their sp@and analytical data, Section 4,

Supplementary data in the online version of thila).

Scheme 1

2-Amino-7-propargyloxy-4-aryl-4-chromene-3-carbonitrilésa-t, which were the precursors
necessary for CUAAC click chemistry, were synthedily reaction of corresponding 7-hydroxyl-
4H-chromeneta-t with propargyl bromide. We used two synthetic wanysrder to accomplish

this purpose (Scheme 2). In the first way, anhyslfgatassium carbonate was used as a base and
dried acetone was used as a solvent (ProcedurEhA)reaction time was 12 hours at 50°C, and
the yields were 65-89%. In the second way, sodiydnitie was used as a base in dried DMF

solvent (Procedure B). In Procedure B, the fornmatibether5a-t took placevia reaction ofda-t



with sodium hydride to form sodium phenoxides, ndres@dium 2-amino-3-cyano-4-pheny4
chromene-7-olate$'a-t, which were dissolved well in DMF and could notibelated and allowed
to react with propargyl bromide to afford the targiherssa-t. The reaction time was only 2 hours
at a temperature of 25°C, and the yields obtainect\B0-96%. The synthesized 2-amino-4-aryl-
7-propargyloxy-#4-chromene-3-carbonitrilésa-t were shown in Table 1. Their spectral and

analytical data were given in Section 5 (Supplemmgntiata, in the online version of this article).

Scheme 2

Table 1

The spectral data showed that in the reaction pritipargyl bromide, th®-alkylation of the
hydroxyl group on position 7 of benzene moiety lofornene ring occurred instead of tie
alkylation of the primary amino group on positioof2yran moiety of chromene ring.

Crystals for the compourtal (2-amino-7-propargyloxy-4-(Zhlorophenyl)-4-chromene-3-
carbonitrile) were grown by slow evaporation tecjua using a mixture of 96% ethanol and
toluene as a solvent system (4:1 by volumes). Taydiffraction data showed that the crystal of
5i had the same empirical formula and formula weiglab(e 2). The crystal data 6f can be
accessed at www.ccdc.cam.ac.uk/data_request/offr Brystallographic Data Centre number

CCDC 1854537 (for crystallographic details, seetiSe®.1, Supplementary data in online

version of this article). The ORTEP diagranbofvas given in Fig. 4.

Table 2

Figure 4



The other precursor for the click chemistry wasf&tetraO-acetyl$-D-glucopyranosyl azidsé,
which was prepared by the reaction of téracetylo-D-glucopyranosyl bromide
[43](acetobromax-D-glucose) with sodium azide in dried DMF [44] oetane-water [45]. We

have prepared this sugar azide with some modifinatof the known procedure (Scheme 3). Dried
acetone was used as a solvent, which avoided ttmrgmsition of acetobrome-D-glucose by
water, and acetone was easily removed from thdiogamixture. This sugar azide derivative was

obtained as a crystalline solid on a multi-gramesca

Scheme 3

The single-crystal X-ray structure of this azidesvgaown in Table 2 and Fig. 5 with CCDC

number is 1855316, www.ccdc.cam.ac.uk/data_redufe@ée Section 6.2, Supplementary data in

the online version of this article), which was danto the azide compound that was synthesized

and structurally determined by D. P. Temelkeifél. [46].

Figure 5

From the literature, the click chemistry could la¢atyzed by some different catalysts [38]. In
order to find the optimal conditions for the clickemistry of propargyl ether of 4H-chromene-3-
carbonitrilesba-t with 2,3,4,6-tetra®-acetyl$-D-glucopyranosyl azidé, we have carried out
investigations of the CUAAC catalytic conditionstive reaction of the compoufid (R = H) with
this azide (Scheme 4). The catalysts used incl@le.5H,O/sodium ascorbate, Cupfim =
imidazole), Cul, CuNPs (Cu nano-particles on Monittamite K10), and Cu@MOF-5. Some
copper catalysts that were utilized in these exatiuns were prepared in our lab and

characterized structurally, except (for the) CyS@dium ascorbate system. The obtained



examination results are shown in Table 3.

Scheme 4

Table 3

The use of the catalytic system of CuEb,O (2 mol%) and sodium ascorbate (5 mol%) in
DMSO as solvent (Procedure A, Entry 1, Table 3) enadifficult to handle the reaction, even
with the solvent-extraction method being used tdai® the product out of the reaction mixture.
On the other hand, reaction time prolonged untih@drs when the reaction was carried out at
room temperature. The yield @ was 60.7% in this case. The increasing of reat¢gorperature
(only to ~40°C) led to the formation of oily or tsembstances having indefinite structures possibly
due to the decomposition of the reactants andtmtymts.

The catalysis of Culg(2 mol%) in Entry 2 (Procedure B), which was a ptew of copper (II) ion
and imidazole, gave an only low yield Zd (53.3%) after 1.5-hour heating at 79-80°C in absolu
ethanol as solvent. The other CUAAC catalyst syst@ntries 3-5, Table 3) seemed to be
preeminenbecause the treatment of those reactions becanee aad produced higher yields
since copper did not affect the reaction treatmentis, (the) product was easily isolated. The use
of nano-structured copper catalyst that supportechontmorillonite K-10 had more advantages in
comparison to the catalytic Cug€odium ascorbate system in Entry 1. The reactina wvas

only 30 min and gave high product yields (up ta824). In this reaction, trimethylamine was often
used as an additive. The products were isolate@ masily. Usually, water was added to the
reaction mixture, and the separated precipitates Vileered simply. These conveniences were
also achieved by using the catalyst of copperflide (2 mol%) in-BuOH as a solvent with a

little of water as an additive (Entry 3, Procedije However, the reaction time was prolonged

(until 1 hour) and a yield of 94.8% was attainedthe last examination, copper was supported on



microporous metal-organic frameworks MOF), anchis tase, Cu@MOF-5 (2 mol%) (Procedure
E, Entry 5) gave the best results of the catalysteyyed. The reaction temperature was 79-80°C.
On the other hand, the use of absolute ethanogbtan outstanding advantages in this entry.
After the end of the reaction, the product wasatsa simply by adding toluene (by half a
volume), heating and filtering out solid catalyBhe obstructions of the copper salts to isolating
products have been avoided. The yield of 97.8%attaned when this procedure was employed.
Based on the above results of examinations, weldddb choose Cu@MOF-5 to be a catalyst in
the synthesis of remained substitutétt1,2,3-triazolegb-t. The obtained synthetic results were

shown in Table 4. The product yields were 80-97.8%.

Table 4

The assignments proton and carbon-13 signdid INMR and™*C NMR spectra were done based

on HSQC and HMBC of compour¥ad (see Section 8.1, Supplementary Data in onlinsi@erof

this article). The spectral data confirmed the fation of H-1,2,3-triazole ringia click

chemistry and the presence éf-éhromene and glucopyranose rings.

2.2. Biological screening

2.2.1. Antibacterial assays

All the synthesizedH-1,2,3-triazoles were screened for thaivitro antibacterial activity against
three representative Gram-positive bacteria, whiereB. subtilis (ATCC 11774) S aureus
(ATCC 11632)S. epidermidis (ATCC 12228), and representative four Gram-negdiaeeria,
which wereE. coli (ATCC 25922)P. aeruginosa (ATCC 25923) K. pneumoniae (ATCC 4352),

S. typhimurium (ATCC 14028). Three methicillin resista®ttphylococcus aureus (MRSA) strains
isolated from Hospital of Ministry of Public Sedyr{in Ha Noi), numbered MRSA198-1,

MRSA198-2 and MRSA198-3, were also included in ¢htests. Ciprofloxacin, methicillin and



vancomycin were used as positive references fapaaterial activity. It is known that methicillin
was used to treat infections caused by certain grasitive bacteria, including aureus, S
epidermidis, S pyogenes, andS. pneumoniae. (However,) methicillin is no longer effective agst
these mircoorganisms due to resistance. Vanconayarciprofloxacin are still used to treat a
number of bacterial infections, with the formerdise treat serious, life-threatening infections by
Gram-positive bacteria (, includir@ difficile?) that (are) unresponsive to other antibiotice Th
latter treated serious infections caused by Gragative bacteria, includinB. aeruginosa.

Evaluated results fofa-t were given in Table 5.

Table 5

The results in Table 5 showed that almost all navalecule exhibited antibacterial activity
against the tested bacteria at low and high coratgms. In general, it has been observed that
almost all tested compounds showed mild to modexetiegity against the tested bacteria in
comparison with the MIC values of the referencespound. MIC values of these reference drugs
are as follows: Ciprofloxacin, 3.1#M (for Gram-positive bacteria), 1.5V (for Gram-negative
bacteria); vancomycin, 0.78-3.1&1 (for Gram-positive bacteria), 3.1aM (for Gram-negative
bacteria). Methicillin had the least inhibitory adly for all tested bacteria (all MICs = 4Q0M).
Some H-1,2,3-triazoles had higher ability to inhibit toa@n-positive bacteriaB( subtilis, S
aureus andS. epidermidis) with MIC values of 1.566.25uM. Amongst these triazoles were
compoundgf (MIC = 3.12uM), 7h (MIC = 6.25uM), 7i (MIC = 1.56uM) againstB. subtilis.
Compound¥c,7h,7r had activity againss. aureus with MIC values of 6.25, 3.12 and 3.u#,
respectively. Compoundd,7p,7s7t were more active againStepidermidis with MIC values of
3.12, 6.25, 1.56 and 3.1, respectively. In general, the above-mentionetties were more
inhibitory active than ciprofloxacin but less theancomycin, excepti,7h,7r, and7s (MICs =

1.56uM). Some others were less active against thesetaetith MIC values of 12.5-25M,
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such a¥h,71,7n,7q (againstB. subtilis), 7d,7f,7q (againstS. aureus), 7d,7i,7p (againsiS.
epidermidis). The remaining triazoles had MIC values of 100B-4M or higher (not evaluated).
Several triazoles had inhibitory activity againatle Gram-negative bacterium similar to
ciprofloxacin, with MIC value of 1.56M, such a¥g,7i (against. coli), 71 (againsK.
pneumoniae), 7m (againstP. aeruginosa), and7n (againstS. typhimurium). The compounds
mentioned herein were more active than vancomydic (= 3.12uM) and methicillin (MIC =
400uM) for all tested Gram-negative bacteria. The tlag that had less inhibitory activity
against these bacteria (with MICs = 3.12-6.R%) included7f,7h,7s (against. coli); 7h,70,7p
(againstK. pneumoniae); 7¢,7g,71,7p (againstP. aeruginosa), and7a,7f,7h,7i,7p (againstS.
typhimurium). Thus, the synthesizedH1l,2,3-triazole-tetheredH#tchromened-glucose
conjugates were more inhibitory active against Greagative bacteria than Gram-positive ones.
We have evaluated the antibacterial activitiesese triazoles against a series of MRSA strains
(MRSA198-1, MRSA198-2 and MRSA198-3) from clinicalurces. Among the tested
compoundsyc, 7d, 7f, 7h and7r exerted anti-MRSA activities against all the stsatiested with
MIC values ranging from 1.56 to 6.28/. In addition, the inhibitory effects of triazol&s, 7h
and7r were obviously observed by treating it againstistkéRSA198-1 with MIC values of 1.56,
3.12 and 1.5@M, respectively. Triazolegd, 7f and7r had the better inhibition activity against
strain MRAS198-2 with all MIC values of 1.98/. Triazoles7c, 7d, 7f, and7h also had better
inhibition activity against strain MRAS198-3 withl® values of 3.12, 3.12, 3.12 and 1,84,
respectively. Compound&, 71, 7j, 7n (against MRSA 198-1Y)/c, 7h, 7j, 7n (against MRSA 198-
2), and7j, 7r, 7n (against MRSA 198-3) showed mild anti-MRSA effedth MIC values of
6.25-12.5uM. Other compounds did not show any significancarnti-MRSA activity (MIC =
25-400uM or not evaluated) (Table 6). Some triazoles hetteb activity against Gram-positive,
Gram-negative and MRSA bacteria, suctv&gh, and7i, with MIC values of 1.56-6.2pM,

(respectively.) Amongst these compounds wirand7h, which had inhibitory activity against

11



hospital-isolated MRSA strains (MICs = 1.56—-6,28). Triazoles7cand7r were more

inhibitory-active against bot8 aureus and MRSA (Table 5, Fig. 6).

Figure 6

Some obtained SAR results were as follows:

1. The electron-withdrawing groups on the benzerge Gram-positive antibacterial activity
againstB. subtilisincreased, with MICs = 1.56-6.2%/, except compounds with nitro-group,
such a¥b-7c (MICs = 50-10QuM), and the ones bearingehloro and 4bromo groups
(MICs = 400 and 20QM, respectively). The compounds with electron-wrdwling groups had
also higher activity again& aureus andS. epidermidis, exceptrb, 7i (for S. aureus), and
7¢,7e79,7] (for S epidermidis). These observations were also true for Gram-neghacteria,
except some cases, such as triazobese 7j (for E. coli), 7¢c—717i,7j (for K. pneumoniae), 7d
(for P. aeruginosa), (and)7b-7d,7j (for S. typhimurium).

2. The electron-donating groups on the benzene Alkyl groups (such as methyl, isopropyl) and
dimethylamino group in general decreased the itdnpiactivity against Gram-positive
bacteria, except compoufti(for B. subtilis). One methoxy group on the benzene ring
increased unnoticeably the inhibitory activity agdiGram-positive bacteria, excéfot (for B.
subtilis) and7p (for S. epidermidis), and decreased this activity (against) Gram-negat
bacteria, excepip (for K. pneumoniae, P. aeruginosa, S. typhimurium) (and)7n (for S.
typhimurium).

3. The increasing numbers of methoxy groups orbémzene ring led to increased Gram-positive
antibacterial activity, except compounds7s(for S. aureus, MICs = 1.56uM), and to

decreased Gram-negative antibacterial activityepis (for E. coli, MIC = 6.25uM).

2.2.2. Antifungal assay

12



We evaluated the antifungal activities of the abtiWel,2,3-triazole¥a-t against some fungi,
such asAspergillus niger (ATCC 439),Aspergillus flavus (ATCC 204304) Candida albicans
(ATCC 7754), andaccharomyces cerevisiae (SH 20). Miconazole and fluconazole were used as
references. Miconazole is mainly used externalhttie treatment and prophylactic treatment of
Candida infection in the oral cavity and the digestivectraluconazole is a first-generation
triazole antifungal medication. It has a spectrdraativity, which includes mostandida species
but notC. krusel or C. glabrata, Cryptococcus neoformans, some dimorphic fungi, and
dermatophytes. MIC values of miconazole were 11585, 3.12 and 3.12M for each fungus,
respectively, and of fluconazole were 1.56, 0.783@&nd 0.78M for each fungus, respectively.
The obtained results were given in Table 6. Notadliyost all of the tested triazoléa-t were
more remarkably active against furgiflavus, C. albicans, andS. cerevisiae, but those triazoles
were more resistant #. niger than miconazole and fluconazole. In the case mgifA. niger,
almost all of the compounds were less active theomazole and fluconazole, except for triazole
7p that was as active as these references, with &wdlue of 1.5aM. Seven compounds
7b,7¢,79,7h,7),7k, 7t were active again& cerevisiae with MICs= 1.56-6.2uM. Some triazoles
had more inhibitory activity against these funginMIC = 1.56-3.12uM, such a¥j,7p (A.

niger), 7b,7k,70,7s(A. flavus), 7j,71,7n (C. albicans), and D,79,7h,7],7k (S. cerevisiae).
Remarkably, compountin was more active againGt albicans than miconazole but less active
than fluconazole, and compounéyand7j were more active againStcerevisiae than

miconazole.

Table 6

Triazoles have the remarkable ability to inhib#gk fungi with MIC values of 6.28M, such as
7a(A. niger), 7d,7i (A. flavus), and7g,7s (C. albicans), and7c,7t (S. cerevisiae). Some triazoles

displayed mild inhibitory activity with MIC valuesf 12.5uM, and other ones exhibited even less
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inhibitory activity (with MIC values of 25-5(M). Triazoles were least active with MIC values of
100-200uM, such age7k,7n,7s7t (A. niger), 7a,7e7h,7j (A. flavus), 7a,7¢,7f,7p,7q (C.

albicans), and7m,7p,7q (S cerevisiae). The remaining compounds had MIC values of gBDfor
each fungus and displayed no activity, suclitaf, 71, 7m (for A. niger), 7r (for A. flavus), 7Kk,

70 (for C. albicans), and7d,7¢7i (S cerevisiae) (see Table 6, Fig. 7). In general, triazoles Hzat
bulky groups (methoxy, methyl, isopropyl) in thegnzene ring were less active. However, there
are some exceptional cases. TriaZkgevith 2-methoxy group was more active agaiAshiger

(MIC = 1.56uM) but less active against fungAsflavus andC. albicans. Triazoles7b (with para-
nitro group) and’o (with meta-methoxy group) were more active agaiastiavus (MICs = 1.56

uM) but less active again$t cerevisiae and not active against baoth niger andC. albicans.

Figure 7

The triazoles bearing monomethoxy-substituted phemg, in general, exhibited mild to most
activity (with MIC = 1.56uM and 12.5uM), except7n, 70 (A. niger), 7p (A. flavus), 70,7p (C.
albicans). The more introduced methoxy group (compourgi) reduced the antifungal
inhibitory activity against all tested fungi of geetriazoles, exce@sthat was more active against

A. flavus andC. albicans, and7t that was more active agair&tcerevisiae.

2.2.3. Cytotoxicity

All 1H-1,2,3-triazoles tetheredH4chromenex-glucose were also tested forvitro cytotoxicity
against mouse macrophage (RAW 264.7) cell liné®ag/mL concentration using (4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode (MTT) assay. All these compounds
showed less than 50% inhibition. The percentagwiiintns of cells were given in Table 7. The
most promising antitubercular analogs7d,7f,7h, and7r exhibited 15.56, 15.45, 18.13, 17.20,

and 12.45% growth inhibition, at 2@/mL, respectively. The results indicated that ¢hestent
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1H-1,2,3-triazoles wereomparatively less toxic than other triazoles disdsuggested that these

compounds are suitable subjects for further drugeld@ment studies.

Table 7

3. Conclusions

A series of 2-amino-4-aryl-7-propargyloxyddchromene-3-carbonitrilésa-t were synthesized by
the reaction of corresponding 2-amino-7-hydroxy~éhromene-3-carbonitrile$a-t through
Williamson’s ether synthesis. Propargyl bromide wsad in these syntheses in two procedures:
K,COs/acetone and NaH/DMF procedures. Both procedures tjee etherSa-tin high yields.

The single-crystal X-ray structure of propargylesthi has been recorded. This X-ray study helps
to confirm the structure of 2-amino-4-aryl-7-progpgoxy-4H-chromene-3-carbonitriles. Click
chemistry of these propargyl ethers was carriedgueaction with tetr&-acetylfi-D-
glucopyranosyl azide by CuUAAC process. The catali@tthis chemistry were examined. The
obtained results showed that CuU@MOF-5 was the @ptatalyst for the above chemistry. The
yields of H-1,2,3-triazolega-7twere 80-97.8%. All synthesizedH11,2,3-triazole-tethered 4H-
chromeneb-glucose conjugates were evaluated for inhibitatyvdies against some Gram-
positive, Gram-negative bacteria, and fungi. Sooreounds had remarkable inhibitory activity
against the tested microorganisms with MIC valuek 56-6.25uM. In particular, triazoles
7¢,7d,7f,7h, and7r were active against three clinical MRSA isolatewMlIC values of
1.56-6.25uM. 1H-1,2,3-Triazole¥b, 71, 7i, 7], and7| are comparatively less toxic against RAW

264.7 cells than other triazoles.

4. Experimental
Melting points were determined by open capillarytme on STUART SMP3 (BIBBY

STERILIN, UK). The IR spectra were recorded on IRTAffinity-1S Spectrometer (Shimadzu,
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Japan) in KBr pellet. ThH and'*C NMR spectra were recorded on Avance AV500 Spettter
(Bruker, Germany) at 500 MHz and 125 MHz, respetyivusing DMSOds as solvent and TMS
as an internal standard. ESI-mass spectra weredenton LC-MS LTQ Orbitrap XL, ESI/HR-
mass spectra were recorded on Thermo ScientifictiweaPlus Orbitrap spectrometers
(ThermoScientific, USA) in methanol using ESI meth®he analytical thin-layer
chromatography (TLC) was performed on silica geV@B:s,S aluminum sheets (Merck,
Germany) and was visualized with UV light or byiimelvapor. Chemical reagents in high purity
were purchased from the Merck Chemical Company/igh Nam). All materials were of reagent
grade for organic synthesis. The procedures fqugregion of the copper catalysts (Cul, Cplm
CuNPs, Cu@MOF-5), substituted 2-amino-4-aryl-7-lbyxgr4H-chromene-3-carbonitriled &-t),

and also tetr&®-acetylf-D-glucopyranosyl azidesf were described in Supplemental Data file (in

the online version of this article).

4.1 General procedurefor the synthesis of substituted 2-amino-4-aryl-7-propar gyl oxy-4H-
chromene-3-carbonitriles

Procedure using potassium carbonate in dried acetone

To a solution of appropriate substituted 2-aminard-7-hydroxy-4-chromene-3-carbonitriles
4a-t (1 mmol) in dried acetone (10 mL) was added anhyslpotassium carbonate (207 mg, 1.5
mmol). Propargyl bromide (1.2 mmol, 143 mg, 0.2 afilsolution 80 wt. % in toluene) then was
added dropwise into this suspension mixture. Thetien mixture was heated with stirring at
50°C on water-bath for 12 h. Then the solvent waperated completely in vacuum at the
ambient temperature. Water was added to the residdissolve inorganic salts §€0O; and KBr).
The separated solid product was filtered, washeddigr and recrystallized from a mixture of
96% ethanol and toluene (1:1 to 1:2, by volumesiftord the titled substituted 2-amino-4-aryl-7-

propargyloxy-4H-chromene-3-carbonitrilga-t.
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Procedure using sodium hydride in dried DMF

The suspension of sodium hydride (24 mg, 1.5 minaiflyied DMF (2 mL) was cooled to 0°C,
then appropriate substituted 2-amino-4-aryl-7-hyg¥éH-chromene-3-carbonitrile$a-t (1

mmol) was added to the stirred mixture. The reaatmxture became purple color resulting from
the formation of the phenoxide anion ¢i-¢hromene. The reaction mixture was stirred at room
temperature until hydrogen ceased (for ~40 min)thi®reaction mixture was then added
propargyl bromide (1.2 mmol, 143 mg, 0.2 mL of $ioh 80 wt. % in toluene) in DMF (2 mL)
and stirred at room temperature for 2 h. Afterdbmpletion of the reaction (monitoring by TLC),
the reaction mixture was quenched by dropwise extddf water (10 mL) and subsequently
extracted with ethyl acetate (3 x 30 mL). The cambiorganic layers were washed with a brine
solution, dried over anhydrous 0, and concentrated under reduced pressure. Puoficat

the reaction mixture by recrystallized from a mnetof 96% ethanol and toluene (1:1 to 1:2, by
volumes) to afford the titled substituted 2-aminargl-7-propargyloxy-4H-chromene-3-
carbonitrilesba-t that are the novel compounds. The analytical dteariatics for the compound
5a,bareshown below. The spectral and analytical data®fémained compounde-t were

given in Section 5 (Supplemental Data file in tiirge version of this article).

4.1.1. 2-Amino-4-phenyl-7-propar gyl oxy-4H-chromene-3-carbonitrile (5a)

Ivory solids.From4a (R = H, 1 mmol, 264 mg) and propargyl bromide (huol, 143 mg, 0.2
mL of solution 80 wt.% in toluene). M.p. 288—-289fm 96% ethanol/toluene 1:1); FT-IR
(KBr), v (Cm_l): 3437, 3333, 3059, 2200, 2133, 1650, 1612, 15810;'H NMR (500 MHz,
DMSO-dg), § (ppm): 7.34-7.31 (m, 2H, H-& H-6'), 7.24-7.20 (m, 3H, H!4H-3 & H-5'), 6.96
(d, J=8.75 Hz, 1H, H-5), 6.95 (s, 2H, 2-MH6.72 (dd,) = 8.75, 2.5 Hz, 1H, H-6), 6.67 (d=
2.5 Hz, 1H, H-8), 4.81 (d] = 2.5 Hz, 2H, 7-@H,C=CH), 4.71 (s, 1H, H-4), 3.59 (,= 2.5 Hz,
1H, 7-OCHC=CH); *C NMR (125 MHz, DMSOdg), 5 (ppm): 160.7 (C-2), 157.6 (C-7), 149.3

(C-8a), 146.8 (C-}, 130.5 (C-5), 129.1 (C'& C-5), 127.9 (C-2& C-6), 127.2 (C-4, 121.1
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(C=N), 114.2 (C-4a), 112.9 (C-6), 102.7 (C-8), 79.40C€H,C=CH), 79.0 (7-OCHC=CH), 56.6
(C-3), 56.2 (7-@H,C=CH), 40.5 (C-4); ESI/HRMS: calcd. for;§H:4N-O,, M = 302.1055 Da;
found:myz 302.1058 (100%) [M} Elemental anal., calcd: C, 75.48; H, 4.67; N7962 found: C,

75.77; H, 4.93; N, 9.07%.

4.1.2. 2-Amino-4-(4'-nitrophenyl)-7-propar gyl oxy-4H-chromene-3-carbonitrile (5b)

Pale yellow crystals. Frodb (R = 4-NO,, 1 mmol, 309 mg) and propargyl bromide (1.2 mmol,
143 mg, 0.2 mL of solution 80 wt.% in toluene). M289-290°C (from 96 % ethanol/toluene
1:1); FT-IR (KBr),v (Cm_l): 3445, 3402, 3342, 3267, 3083, 2971, 2865, 2219/, 1657, 1615,
1523, 1404, 1349H NMR (500 MHz, DMSOdg), & (ppm): 8.11 (dJ = 7.5 Hz, 2H, H-3& H-

5, 7.49 (dJ = 7.5 Hz, 2H, H-2& H-6'), 7.23 (d,J = 7.5 Hz, 1H, H-5), 7.02 (s, 2H, 2-NH 6.73
(dd,J = 7.5, 1.5 Hz, 1H, H-6), 6.66 (d= 1.5 Hz, 1H, H-8), 4.88 (dd,= 9.0, 3.0 Hz, 1H, 7-
OCH,¥C=CH), 4.87 (s, 1H, H-4), 4.82 (d= 9.0, 3.0 Hz, 1H, 7-OH,”’C=CH), 3.60 (tJ = 3.0
Hz, 1H, 7-OCHC=CH); *C NMR (125 MHz, DMSOdg), 5 (ppm): 163.9 (C-2), 159.4 (C-7),
153.7 (C-8a), 146.8 (C1. 146.5 (C-4, 146.5 (C-1), 129.3 (C-2& C-6'), 127.1 (C-5), 123.6 (C-
3 & C-5'), 120.6 (&N), 119.4 (C-4a), 111.6 (C-6), 102.2 (C-8), 79.80CH,C=CH), 75.9 (7-
OCH,C=CH), 60.4 (C-3), 56.3 (7-OH,C=CH), 44.0 (C-4); ESI/MS: calcd. for;¢H13N304, M =

347.09 Da, MH = 346.08 Da; found: m/z 346.07 [M—HJ (100%).

4.2. General procedures for click chemistry of substituted 2-amino-4-aryl-7-propar gyl oxy-4H-
chromene-3-carbonitriles with tetra-O-acetyl-#-D-glucopyranosyl azide

Procedure A. Use of CuS0,.5H,0/sodium ascorbate for synthesis of 1H-1,2,3-triazole 7a (Entry

1, Table 3)

Reaction mixture consisted of 2-amino-4-phenyl-@pargyloxy-4-chromene-3-carbonitrilda
(2 mmol, 302 mg) and tett@-acetyl$-D-glucopyranosyl azidé (1 mmol, 373 mg) in DMSO (5

mL). The mixture was stirred gently in order tostdilve the reactants. To the stirred reaction
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mixture distilled water (5 mL) was added dropwiSken, CuS@5H,0 (0.02 mmol, 5.0 mg) and
sodium ascorbate (0.05 mmol, 9,9 mg) were addeckssively to the reaction mixture at room
temperature. After stirring the reaction mixture &out 3—-5 minutes at room temperature, some
white precipitate appeared. The reaction mixturs stared overnight at room temperature and
poured into water (10 mL). The separated solidsevii#ered, washed with water and crystallized
from solvent mixture of 96% ethanol and toluendigraf 2:1 by volumes) to afford the titled

compoundga as white solids. Yield: 410 mg (60.7%).

Procedure B. Use of Culm, for synthesis of 1H-1,2,3-triazole 7a (Entry 2, Table 3)

Reaction mixture consisted of 2-amino-4-phenyl-@pargyloxy-4-chromene-3-carbonitrilda

(2 mmol, 302 mg) and azide(1 mmol, 373 mg) in absolute ethanol (2 mL). Amiooihused
catalyst Culm (0.02 mmol, 3.99 mg) was added. The reaction méxtvas heated under reflux at
70-75°C on bath for 90 min. Then, the reaction orxtwas cooled to room temperature, toluene
(with half a volume) was added, the reaction mixtwas heated to boiling, and the solid copper
catalysts were filtered out. The filtrate was tefstand overnight, and the product separated was
filtered and crystallized from solvent mixture &% ethanol and toluene (ratio of 2:1 by volumes)

to yield the compounda as white solids. Yield: 360 mg (53.3%).

Procedure C. Use of CuNPs for synthesis of 1H-1,2,3-triazole 7a (Entry 3, Table 3)

This procedure was performed similarly to Procedirbut CuNPs was used as a catalyst, and
NEt; was used as an additive. Reaction mixture consistzsamino-4-phenyl-7-propargyloxy-4
chromene-3-carbonitrilba (1 mmol, 302 mg) and azide(1 mmol, 373 mg) and CuNPs (0.02
mmol, 34.8 mq) ir-BuOH (2 mL). Then, NEt(0.1 mL) was added in the stirring mixture. The
reaction mixture was heated and stirred underxeftu85-87°C on bath for 30 min. After that, the
mixture was poured into water (10 mL), and the saed solids were filtered, washed with water

and crystallized from solvent mixture of 96% etHaanod toluene (ratio of 2:1 by volumes) to
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afford the compounda as white solids. Yield: 643 mg (95.2%).

Procedure D. Use of Cul for synthesis of 1H-1,2,3-triazole 7a (Entry 4, Table 3)

This procedure was performed similarly to Procedrbut Cul was used as a catalyst. The
reaction mixture consisted of 2-amino-4-phenyl-@gargyloxy-4H-chromene-3-carbonitrilda (1
mmol, 302 mg) and azidg(1 mmol, 373 mg) in a mixture ¢BUOH (2 mL) and water (0.1 mL).
Amount of catalyst Cul (0.02 mmol, 3.82 mg) wasetidl he reaction mixture was heated under
reflux at 85-87°C on bath for 1 h. Then, the reactnixture was poured into water (10 mL), and
the separated solids were filtered, washed witlexmatd crystallized from solvent mixture of 96%
ethanol and toluene (ratio of 2:1 by volumes) foralf compound/a as white solids. Yield: 640

mg (94.8%).

Procedure E. Use of CU@MOF-5 for synthesis of 1H-1,2,3-triazole 7a (Entries 5, Table 3)

This procedure was performed similarly to Procedjrasing CuU@MOF-5 as a catalyst. Reaction
mixture consists of 2-amino-4-phenyl-7-propargylady-chromene-3-carbonitrilda (1 mmol)

and azides (1 mmol) in absolute ethanol (2 mL). Amount ofatgst Cu@MOF-5 (0.02 mmol, 15
mg) was added. The reaction mixture was heatedruatlex at 79-80°C on bath for 30 min.
Then, toluene (1 mL) was added to the reactionumexffiltered off the solid catalyst, and the
filtrate was slowly cooled to give the product,mestallized from solvent mixture of 96% ethanol
and toluene (ratio of 2:1 by volumes). Compo@advas obtained with a yield of 97.8% (660 mg).
Because the procedure E gave the best yield, tes d-1,2,3-triazolesb-t were synthesized

using this procedure. The characterizations ofalieks1,2,3-triazolega-t are as follows.

4.2.1. 2-Amino-4-phenyl-7-((1-(2",3",4",6"-tetra-O-acetyl - f-D-glucopyranosyl)-1H-1,2,3-triazol -
4-yl)methoxy)-4H-chromene-3-carbonitrile (7a)

Pale orange solids, frofa (R = H; 1 mmol, 302 mg) angl(1 mmol, 373 mg)[a]Z® +90.1 € =
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0.22, CHCY). FT-IR (KBr),v (cni?): 3424, 3343, 3219, 3123, 2953, 2193, 1755, 16571,158
1506, 1456, 1375, 1224, 1155, 1101, 1039, $¥NMR, 5 (ppm): 8.55 (s, 1H, H-a), 7.32 &=
7.25 Hz, 2H, H-3& H-5'), 7.23 (t,J = 7.25 Hz, 1H, H-3, 7.19 (d,J = 7.25 Hz, 2H, H-2& H-6"),
6.95 (s, 2H, 2-Nb), 6.94 (d,J = 8.25 Hz, 1H, H-5), 6.75 (ddd,= 8.25, 5.25, 2.75 Hz, 1H, H-6),
6.71 (d,J = 2.0 Hz, 1H, H-8), 6.38 (d,= 9.25 Hz, 1H, H-1), 5.68 (t,J = 9.25 Hz, 1H, H-2),

5.57 (t,J = 9.25 Hz, 1H, H-3), 5.20 (t,J = 9.25 Hz, 1H, H-4), 5.17 (s, 2H, CkD), 4.70 (s, 1H,
H-4), 4.38 (ddd) = 10.0, 5.5, 2.5 Hz, 1H, H5 4.12 (ddJ = 12.5, 5.5 Hz, 1H, H@&), 4.08 (d,]
= 5.5 Hz, 1H, H-68b), 2.04 (s, 3H, 65H3CO), 2.01 (s, 3H, £HCO), 1.97 (s, 3H, EHCO),
1.76 (s, 3H, Z2H3CO); **C NMR, § (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-
COCHs), 168.9 (2-CHCO), 160.7 (C-2), 158.0 (C-7), 149.3 (C-8a), 146.61(C 143.7 (C-b),
130.5 (C-5), 129.1 (C:& C-5), 127.9 (C-2& C-6'), 127.2 (C-4, 124.2 (C-a), 121.0 €N),
116.4 (C-4a), 112.5 (C-6), 102.3 (C-8), 84.3 (§-13.7 (C-5), 72.6 (C-3), 70.6 (C-2), 68.0 (C-
4", 62.3 (C-6), 61.7 (CHO), 56.6 (C-3), 39.5 (C-4), 21.0"CHCO), 20.9 (4-CH5CO), 20.7
(3"-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for 3H33Ns011, M = 675.22 Da; foundi/z
676.13 (98%) [M+H], 698.31 (100%) [M+N4d] Elemental analysis, calcd: C, 58.66; H, 4.92; N,

10.37%; found: C, 58.79; H, 4.77; N, 10.52%.

4.2.2. 2-Amino-4-(4'-nitrophenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl - f-D-glucopyranosyl )-1H-1,2,3-
triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7b)

Pale yellow solids, fromsb (R = 4-NO; 1 mmol, 347 mg) anél (1 mmol, 373 mg)[a]3° +86.2

(c = 0.20, CHCGJ). FT-IR (KBr),v (cmi™): 3470, 3285, 3143, 2958, 2931, 2192, 1756, 16514,161
1585, 1531, 1502, 1352, 1227, 1165, 1105, 1037, 82KMR, 5 (ppm): 8.55 (s, 1H, H-a), 8.12
(d,J = 7.5 Hz, 2H, H-3& H-5'), 7.49 (dJ = 7.5 Hz, 2H, H-2& H-6'), 7.03 (s, 2H, 2-Nb), 7.23
(d,J= 7.5 Hz, 1H, H-5), 6.73 (dd,= 7.5, 1.5 Hz, 1H, H-6), 6.66 (d= 1.5 Hz, 1H, H-8), 6.37 (d,
J=9.25 Hz, 1H, H-1), 5.67 (tdJ = 9.25, 2.5 Hz, 1H, H‘3, 5.56 (tJ = 9.5 Hz, 1H, H-3), 5.19

(s, 2H, CHO), 4.97 (s, 1H, H-4), 4.38 (ddd= 9.75, 5.25, 2.5 Hz, 1H, H% 4.12 (dd,J = 5.5,
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1.5 Hz, 1H, H-Ba), 4.08 (ddJ = 12.5, 2.5 Hz, 1H, H:&), 2.04 (s, 3H, &HsCO), 2.00 (s, 3H, 4-
CH5CO), 1.98 (s, 3H, &H3CO), 1.75 (s, 3H, BH3CO); *C NMR, 5 (ppm): 170.5 (6-CKCO),
170.0 (3-CHCO), 169.8 (4-CHCO), 168.9 (2-CHCO), 160.9 (C-2), 157.6 (C-7), 149.3 (C-8a),
148.4 (C-1), 146.8 (C-4), 146.5 (C-1), 143.7 (C-b), 130.5 (C-5), 129.3 (C&C-6'), 124.2 (C-
a), 123.6 (C-3& C-5), 120.6 (&N), 115.4 (C-4a), 112.9 (C-6), 102.6 (C-8), 84.31((, 73.7 (C-
5"), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 55.7 (C-3), 39.5 (C-4), 21.0
(6"-CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for
CasHz2NgO1s, M = 720.20 Da; foundz 721.16 (30%) [M+H], 743.25 (100%) [M+N4]

Elemental analysis, calcd: C, 55.00; H, 4.48; N66%; found: C, 55.23; H, 4.74; N, 11.82%.

4.2.3. 2-Amino-4-(3'"-nitrophenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl - f-D-glucopyranosyl )-1H-1,2,3-
triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7¢)

Pale yellow solids, fromsc (R = 3-NO,; 1 mmol, 347 mg) anél (1 mmol, 373 mg)[a]3® +84.3

(c = 0.28, CHGJ). FT-IR (KBr),v (cm™%): 3471, 3288, 3147, 2958, 2931, 2193, 1757, 16514,161
1587, 1531, 1502, 1352, 1227, 1165, 1105, 1037, ‘928MR, & (ppm): 8.55 (s, 1H, H-a), 8.11
(dd,J = 8.0, 1.5 Hz, 1H, H%, 8.07 (s, 1H, H-3, 7.70 (dd.J = 8.0, 1.5 Hz, 1H, H5, 7.65 (tdJ =
8.9, 1.5 Hz, 1H, H-§, 7.13 (s, 2H, 2-Nb), 6.99 (dd,J = 8.5, 2.5 Hz, 1H, H-5), 6.78 (dd= 8.5,

2.5 Hz, 1H, H-6), 6.75 (dl = 2.5 Hz, 1H, H-8), 6.37 (d,= 9.25 Hz, 1H, H-1), 5.67 (td,J = 9.25,
2.5 Hz, 1H, H-2), 5.56 (t,J = 9.5 Hz, 1H, H-3), 5.19 (s, 2H, CkD), 5.00 (s, 1H, H-4), 4.38 (ddd,
J=9.75,5.25, 2.5 Hz, 1H, H'p 4.12 (ddJ = 5.5, 1.5 Hz, 1H, H‘&), 4.08 (ddJ = 12.5, 2.5 Hz,
1H, H-6"a), 2.04 (s, 3H, &H3CO), 2.00 (s, 3H, £H3CO), 1.98 (s, 3H, &H3CO), 1.75 (s, 3H,
2-CH5CO0); 1*C NMR, § (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.8 (4-CHCO), 168.9
(2-CHsCO), 160.9 (C-2), 158.3 (C-7), 149.4 (C-8a), 148.83(> 148.5 (C-1), 143.7 (C-b), 134.8
(C-6), 130.9 (C-5), 130.5 (CR 124.2 (C-a), 122.4 (C% 122.3 (C-4, 120.7 (&N), 115.2 (C-
4a), 112.8 (C-6), 102.5 (C-8), 84.3 (C}173.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3

(C-6"), 61.7 (CHO), 55.7 (C-3), 39.5 (C-4), 21.0'"@H3CO), 20.9 (4-CH5CO), 20.7 (3-
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CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for €3H3:NgO13, M = 720.20 Da; foundnwz 721.14
(30%) [M+H]", 743.27 (100%) [M+N4d] Elemental analysis, calcd: C, 55.00; H, 4.481N56%;

found: C, 55.33; H, 4.64; N, 11.86%.

4.2.4. 2-Amino-4-(2'-nitrophenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl - f-D-glucopyranosyl )-1H-1,2,3-
triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7d)

Pale yellow solids, fromsd (R = 2-NO; 1 mmol, 347 mg) anél (1 mmol, 373 mg)[a]3° +90.1
(c=0.22, CHG)). FT-IR (KBr),v (cmi™%): 3472, 3288, 3147, 2958, 2931, 2194, 1755, 16514,161
1587, 1537, 1502, 1352, 1227, 1165, 1105, 1037, ‘928MR, & (ppm): 8.55 (s, 1H, H-a), 8.06
(dd,J=7.5, 1.5 Hz, 1H, H-} 7.57 (tdJ = 7.25, 1.25 Hz, 1H, H3p 7.48-7.45 (m, 2H, H4&
H-6'), 7.11 (s, 2H, 2-Nb), 7.01 (d,J = 8.0 Hz, 1H, H-5), 6.74 (dd,= 8.5, 2.5 Hz, 1H, H-6), 6.71
(d,J= 2.5 Hz, 1H, H-8), 6.37 (d,= 9.25 Hz, 1H, H-1), 5.67 (td,J = 9.25, 2.5 Hz, 1H, H3,
5.56 (t,J = 9.5 Hz, 1H, H-3), 5.19 (s, 2H, ChD), 4.92 (s, 1H, H-4), 4.38 (ddd= 9.75, 5.25, 2.5
Hz, 1H, H-8), 4.12 (ddJ = 5.5, 1.5 Hz, 1H, H-@), 4.08 (dd) = 12.5, 2.5 Hz, 1H, H:&), 2.04
(s, 3H, 6CH3CO), 2.00 (s, 3H, £H3CO), 1.98 (s, 3H, &H3CO), 1.75 (s, 3H, LH;CO); 1°C
NMR, & (ppm): 170.49 (6-CECO), 170.02 (3-CHCO), 169.84 (4-CHCO), 168.90 (2-CHCO),
160.9 (C-2), 157.6 (C-7), 149.3 (C-8a), 147.9 (-243.7 (C-b), 135.5 (C. 132.4 (C-H, 130.5
(C-5), 129.9 (C-6, 124.3 (C-3, 124.2 (C-a), 122.3 (C-6), 120.68), 115.4 (C-4a), 112.9 (C-
6), 102.6 (C-8), 84.3 (C¥), 73.7 (C-5), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7
(CH;0), 55.7 (C-3), 39.5 (C-4), 21.0"&CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-
CH3CO); ESI/MS, calcd for §Hs:NgO13, M = 720.20 Da; foundmn/z 721.18 (30%) [M+H],
743.25 (100%) [M+Nad} Elemental analysis, calcd: C, 55.00; H, 4.481MN66%; found: C,

55.19; H, 4.75; N, 11.82%.

4.2.5. 2-Amino-4-(2',3-dichlorophenyl)-7-((1-(2",3",4",6"-tetr a-O-acetyl -5-D-glucopyr anosyl ) -

1H-1,2,3-triazol -4-yl ) methoxy)-4H-chromene-3-carbonitrile (7€)
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Dark orange solids, frofie (R = 2,3-dichloro; 1 mmol, 371 mgh (1 mmol, 373 mg)[a]Z
+92.5 € = 0.24, CHG)). FT-IR (KBr),v (Cm_l): 3443, 3352, 3213, 3078, 2953, 2194, 1757, 1729,
1651, 1622, 1585, 1507, 1398, 1250, 1234, 11571,1928;'"H NMR, & (ppm): 8.55 (s, 1H, H-a),
7.38 (ddJ=7.5, 1.5 Hz, 1H, H4, 7.25 (tJ = 7.5 Hz, 1H, H-5, 7.20-7.18 (m, 1H, H§ 7.06

(s, 2H, 2-NH), 6.94 (d, 1HJ = 8.5 Hz, H-5), 6.72 (dd, 1H,= 8.5, 2.5 Hz, H-6), 6.66 (d, 1K=
2.5 Hz, H-8), 6.38 (dJ = 9.25 Hz, 1H, H-1), 5.68 (dJ = 9.25 Hz, 1H, H-2), 5.58 (dJ = 9.25

Hz, 1H, H-3), 5.21-5.17 (m, 3H, H4 CH0), 5.20 (s, 1H, H=4, 4.38 (ddd,) = 10.0, 5.5, 2.25
Hz, 1H, H-8), 4.13 (ddJ = 12.5, 5.5 Hz, 1H, H&), 4.08 (dd) = 12.5, 2.25 Hz, 1H, H®),
2.04 (s, 3H, 82H3CO), 2.01 (s, 3H, £H3CO), 1.98 (s, 3H, BH5CO), 1.77 & 1.76 (s, 3H, 2-
CH5CO0); °C NMR, § (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-
CHsCO), 160.7 (C-2), 157.3 (C-7), 149.2 (C-8a), 143.60[C142.4 (C-1), 132.1 (C-3, 131.1
(C-2), 130.5 (C-5), 129.7 (C% 129.4 (C-4, 127.7 (C-5, 120.8 (&N), 116.1 (C-4a), 112.8 (C-
6), 102.4 (C-8), 124.2 (C-a), 120.55K), 114.4 (C-4a), 112.7 (C-6), 102.4 (C-8), 84.31(G,

73.7 (C-3), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 54.8 (C-3), 37.4 (C-
4), 21.0 (8-CH3CO), 20.9 (4-CH3CO0), 20.7 (3-CH3CO0), 20.3 (2-CH3CO); ESI/MS, calcd for
Cs3H31CIoNs5011, M = 743.14/745.14/747.13 Da; fourdiz 742.21 (100%)/744.27 (61%)/746.28
(14%) [M-HJ"; Elemental analysis, calcd: C, 53.24; H, 4.209M1%; found: C, 53.12; H, 4.47;

N, 9.64%.

4.2.6. 2-Amino-4-(2',4'-dichlorophenyl)-7-((1-(2",3",4",6"-tetr a-O-acetyl -5-D-glucopyr anosyl ) -
1H-1,2,3-triazol-4-yl )methoxy)-4H-chromene-3-carbonitrile (7f)

Dark orange solids, frofsf (R = 2,4'-dichloro; 1 mmol, 371 mgkh (1 mmol, 373 mg)fa]3®

+88.2 € = 0.22, CHG)). FT-IR (KBr),v (Cm_l): 3449, 3356, 3209, 3076, 2951, 2195, 1755, 1651,
1620, 1583, 1506, 1468, 1402, 131, 1230, 1170, 110451, 926 H NMR, & (ppm): 8.55 (s, 1H,
H-a), 7.61 (dJ = 1.5 Hz, 1H, H-3, 7.42 (dtJ = 8.5, 2.75 Hz, 1H, H4p 7.26 (dJ = 8.5 Hz, 1H,

H-5), 7.06 (s, 2H, 2-Nb), 6.86 (dd,J = 8.75, 2.25 Hz, 1H, H-5), 6.76 (dt= 8.75, 2.25 Hz, 1H,
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H-6), 6.72 (dJ = 2.25 Hz, 1H, H-8), 6.38 (d,= 9.25 Hz, 1H, H-1), 5.68 (d,J = 9.25 Hz, 1H, H-
2"), 5.58 (d,J = 9.25 Hz, 1H, H-3), 5.21-5.17 (m, 3H, H4 CH,0), 5.20 (s, 1H, H=4, 4.38
(ddd,J = 10.0, 5.5, 2.25 Hz, 1H, H’§ 4.13 (ddJ = 12.5, 5.5 Hz, 1H, H:@), 4.08 (dd) = 12.5,
2.25 Hz, 1H, H-8b), 2.04 (s, 3H, 68H3CO), 2.01 (s, 3H, £H3CO), 1.98 (s, 3H, BH3CO),
1.77 & 1.76 (s, 3H, TLH3CO); *C NMR, 5 (ppm): 170.5 (6-CKCO), 170.0 (3-CHCO), 169.9
(4-CHsCO), 168.9 (2-CHCO), 160.9 (C-2), 158.3 (C-7), 149.5 (C-8a), 143.60{C142.1 (C-1,
133.3 (C-2), 132.8 (C-3& C-6'), 129.8 (C-5), 129.7 (C% 128.6 (C-9, 124.2 (C-a), 120.5
(C=N), 114.4 (C-4a), 112.7 (C-6), 102.4 (C-8), 84.31(¢, 73.7 (C-B), 72.6 (C-3), 70.6 (C-2),
68.0 (C-4), 62.3 (C-8), 61.7 (CHO), 54.8 (C-3), 37.4 (C-4), 21.0"(€H5CO), 20.9 (4-
CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for Hz1CloNsO11, M =
743.14/745.14/747.13 Da; founuiiz 742.19 (100%)/744.20 (63%)/746.24 (19%) [M*H]

Elemental analysis, calcd: C, 53.24; H, 4.20; M1%; found: C, 53.47; H, 4.39; N, 9.57%.

4.2.7. 2-Amino-4-(4'-chlorophenyl)-7-((1-(2",3",4",6"-tetr a-O-acetyl -5-D-gl ucopyr anosyl )- 1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (79)

White solids, fronbg (R = 4-Cl; 1. mmol, 337 mg) anél (1 mmol, 373 mg)fa]3° +80.7 ¢ =

0.25, CHCY). FT-IR (KBr),v (cni): 3441, 3352, 3213, 3078, 2953, 2195, 1757, 17281,165
1620, 1582, 1506, 1398, 1250, 1234, 1157, 1041, ‘828MR & (ppm): 8.55 (dJ = 1.6 Hz, 1H,
H-a), 7.38 (d,) = 8.5 Hz, 2H, H-2& H-6'), 7.22 (d,J = 8.5 Hz, 2H, H-3& H-5'), 7.00 (s, 2H, 2-
NH,), 6.93 (dd,J = 8.5, 2.25 Hz, 1H, H-5), 6.76 (k= 8.5, 2.25 Hz, 1H, H-6), 6.72 (s, 1H, H-8),
6.38 (d,J = 9.25 Hz, 1H, H-1), 5.67 (dJ = 9.25 Hz, 1H, H-2), 5.57 (t,J = 9.25 Hz, 1H, H-3),
5.20 (d,J = 9.8 Hz, 1H, H-4), 5.17 (s, 2H, ChD), 4.75 (s, 1H, H-4), 4.40-4.36 (m, 1H, K5
4.13 (t,J = 8.9 Hz, 1H, H-6a), 4.08 (d,) = 10.9 Hz, 1H, H-&), 2.04 (s, 3H, 6H3CO), 2.01 (s,
3H, 4-CH3CO), 1.97 (s, 3H, H3CO), 1.76 & 1.75 (s, 3H, BH5CO); °*C NMR, § (ppm): 170.5
(6-CHsCO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.6 (C-2), 158.1 (C-7),

158.1 (C-1), 149.3 (C-8a), 145.6 (C)}143.7 (C-b), 131.8 (C-5), 130.5 (C-5), 129.84@: C-
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6, 129.1 (C-3 & C-5, 124.2 (C-a), 120.9 (N), 115.8 (C-4a), 112.6 (C-6), 102.4 (C-8), 84.3
(C-17), 73.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 56.2 (C-3),
39.5 (C-4), 21.0 (6CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS,
calcd for G3H32CINsO11, M = 709.18/711.18 Da; foundyz 708.36 (100%)/710.39 (38%)
[M—H]"; Elemental analysis, calcd: C, 55.82; H, 4.549186%; found: C, 55.66; H, 4.37; N,

9.65%.

4.2.8. 2-Amino-4-(3'-chlorophenyl)-7-((1-(2",3",4",6"-tetr a-O-acetyl -5-D-glucopyr anosyl )- 1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7h)

Pale yellow solids, fronsh (R = 3-Cl; 1 mmol, 337 mg) anfl (1 mmol, 373 mg)[a]® +76.4 €
=0.18, CHCYJ). FT-IR (KBr),v (cn™Y): 3429, 3344, 3215, 3132, 2947, 2895, 2195, 1757),173
1651, 1624, 1582, 1506, 1398, 1371, 1248, 1236711803, 1041, 928H NMR, & (ppm): 8.55
(s, 1H, H-a), 7.36 (td] = 7.5, 1.5 Hz, 1H, H%, 7.30 (dJ = 7.5 Hz, 1H, H-9, 7.24 (s, 1H, H-3,
7.17 (dJ = 7.5 Hz, 1H, H-6, 7.04 (s, 2H, 2-Nb), 6.97 (dd,) = 8.75, 3.25 Hz, 1H, H-5), 6.77 (dt,
J=8.75, 3.25 Hz, 1H, H-6), 6.72 (dil= 6.0, 2.5 Hz, 1H, H-8), 6.37 (d,= 9.5 Hz, 1H, H-1),
5.68 (td,J = 9.5, 1.5 Hz, 1H, H-9, 5.56 (t,J = 9.5 Hz, 1H, H-3), 5.20-5.18 (m, 3H, H4&
CH.0), 4.77 (s, 1H, H-4), 4.38 (ddd = 10.0, 5.25, 2.25 Hz, 1H, H% 4.13 (dd,) = 12.25, 5.25
Hz, 1H, H-6'a), 4.08 (ddJ = 12.25, 2.25 Hz, 1H, H28), 2.04 (s, 3H, 6EH3CO), 2.00 (s, 3H, 4-
CH5CO0), 1.97 (s, 3H, &H3CO), 1.74 (s, 3H, BH3CO); *C NMR, 5 (ppm): 170.5 (6-CKCO),
170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.8 (C-2), 158.2 (C-7), 149.3 (C-8a),
149.1 (C-1), 143.7 (C-b), 133.7 (C58 131.1 (C-5, 130.5 (C-5), 127.6 (CR 127.3 (C-4, 126.7
(C-6), 124.2 (C-a), 120.8 (&N), 115.6 (C-4a), 112.7 (C-6), 102.4 (C-8), 84.3U(, 73.7 (C-5),
72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-8), 61.7 (CHO), 56.0 (C-3), 39.5 (C-4), 21.0't6
CH3CO), 20.9 (4-CH3CO), 20.7 (2€H3CO), 20.3 (2-CH3CO); ESI/MS, calcd for
CsaH3:CINsO1, M = 709.18/711.18 Da; foundyz 708.28 (100%)/ 710.27 (38%) [M—H]

Elemental analysis, calcd: C, 55.82; H, 4.54; 186%; found: C, 55.68; H, 4.72; N, 9.57%.
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4.2.9. 2-Amino-4-(2'-chlorophenyl)-7-((1-(2",3",4",6"-tetr a-O-acetyl -5-D-glucopyr anosyl )- 1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7i)

White solids, fronbi (R = 2-Cl; 1 mmol, 337 mg) anél (1 mmol, 373 mg)[a]3® +79.5 ¢ = 0.23,
CHCL). FT-IR (KBr),v (cm™): 3426, 3344, 3215, 3132, 2947, 2895, 2192, 1757411661,
1624, 1582, 1506, 1398, 1371, 1248, 1236, 11573,11@45, 927*H NMR & (ppm): 8.55 (dyJ =
1.6 Hz, 1H, H-a), 7.44 (dd, 1d,= 1.5, 7.75 Hz, H-3, 7.32 (td, 1H) = 7.5, 1.5 Hz, H-§, 7.27
(td, 1H,J= 1.5, 7.5 Hz, H-3, 7.22 (dd, 1H,) = 7.5, 1.5 Hz, H-§, 7.00 (s, 2H, 2-Nb), 6.87 (d,
1H,J = 8.5 Hz, H-5), 6.71 (dd, 1H,= 8.5, 2.5 Hz, H-6), 6.67 (d, 1H= 2.5 Hz, H-8), 6.38 (d]
=9.25 Hz, 1H, H-1), 5.67 (dJ = 9.25 Hz, 1H, H-2), 5.57 (t,J = 9.25 Hz, 1H, H-3), 5.20 (d,J =
9.8 Hz, 1H, H-4), 5.17 (s, 2H, CkD), 4.77 (s, 1H, H-4), 4.40-4.36 (m, 1H, HM}54.13 (t.J = 8.9
Hz, 1H, H-8a), 4.08 (dJ = 10.9 Hz, 1H, H-8b), 2.04 (s, 3H, 6sH3CO), 2.01 (s, 3H, £H3;CO),
1.97 (s, 3H, 3H5CO), 1.76 & 1.75 (s, 3H, BH3CO); **C NMR, § (ppm): 170.5 (6-CECO),
170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.9 (C-2), 157.5 (C-7), 149.4 (C-8a),
143.7 (C-b), 143.0 (C4}, 132.3 (C-2, 130.3 (C-5), 129.8 (C1B8 129.2 (C-4, 128.4 (C-5, 124.2
(C-a), 120.6 (EN), 115.3 (C-4a), 112.7 (C-6), 102.4 (C-8), 84.3U(, 73.7 (C-5), 72.6 (C-3),
70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 56.2 (C-3), 39.5 (C-4), 21.0"€CH3CO), 20.9
(4"-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for €H32CIN5O11, M =
709.18/711.18 Da; foundn/z 708.25 (100%)/ 710.22 (35%) [M—H]Elemental analysis, calcd:

C, 55.82; H, 4.54; N, 9.86%; found: C, 55.67; H44.N, 9.68%.

4.2.10. 2-Amino-4-(4'-bromophenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl-5-D-glucopyranosyl )-1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7))

White solids, fronbj (R = 4-Br; 1 mmol, 381 mg) anél (1 mmol, 373 mg)fa]3® +77.5 ¢ = 0.23,
CHCl). FT-IR (KBr),v (Cm_l): 3442, 3353, 3213, 3078, 2953, 2193, 1756, 172818520,

1582, 1506, 1398, 1251, 1234, 1157, 1041, 438YMR & (ppm): 8.55 (dJ = 1.6 Hz, 1H, H-a),
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7.38 (d, 2H,J = 8.5 Hz, H-2& H-6"), 7.22 (d, 2H,) = 8.5 Hz, H-3& H-5'), 6.99 (s, 2H, 2-Nb),
6.94 (d, 1H,J = 8.5 Hz, H-5), 6.72 (dd, 1H,= 8.5, 2.5 Hz, H-6), 6.66 (d, 1H= 2.5 Hz, H-8),
6.38 (d,J = 9.25 Hz, 1H, H-1), 5.67 (dJ = 9.25 Hz, 1H, H-2), 5.57 (t,J = 9.25 Hz, 1H, H-3),
5.20 (d,J = 9.8 Hz, 1H, H-4), 5.17 (s, 2H, CkD), 4.75 (s, 1H, H-4), 4.40-4.36 (m, 1H, K5
4.13 (t,J = 8.9 Hz, 1H, H-8a), 4.08 (d,) = 10.9 Hz, 1H, H-Bb), 2.04 (s, 3H, 6HCO), 2.01 (s,
3H, 4CH4CO), 1.97 (s, 3H, &H5CO), 1.76 & 1.75 (s, 3H, ZH3CO); °C NMR, § (ppm): 170.5
(6-CHsCO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.7 (C-2), 157.3 (C-7),
149.2 (C-8a), 145.5 (C31 143.7 (C-b), 131.9 (C% 130.5 (C-5), 129.8 (C'& C-6'), 129.1 (C-3
& C-5), 124.2 (C-a), 120.8 (aN), 116.1 (C-4a), 112.8 (C-6), 102.4 (C-8), 84.3UT, 73.7 (C-
5", 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-8), 61.7 (CHO), 56.2 (C-3), 39.5 (C-4), 21.0
(6"-CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CHCO); ESI/MS, calcd for
CaaH3BrNsO11, M = 753.13/755.13 Da; foundyz 752.22 (100%)/754.21 (96%) [M-H]

Elemental analysis, calcd: C, 52.53; H, 4.27; 128%; found: C, 52.74; H, 4.51; N, 9.43%.

4.2.11. 2-Amino-4-(4'-methyl phenyl)-7-((1-(2",3",4",6"-tetr a-O-acetyl-5-D-glucopyr anosyl )- 1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7k)

White solids, fronbk (R = 4-Me; 1 mmol, 316 mg) ané (1 mmol, 373 mg)[a]%® +89.3 € =
0.25, CHC}). FT-IR (KBr),v (cni™): 3441, 3352, 3213, 3123, 3003, 2953, 2193, 1757,173
1651, 1622, 1582, 1506, 1398, 1248, 1234, 11573,11(41, 928*H NMR, & (ppm): 8.55 (s, 1H,
H-a), 7.12 (dJ) = 7.75 Hz, 2H, H-2& H-6"), 7.07 (dJ = 7.75 Hz, 2H, H-3& H-5), 6.92 (d,J =
3.0 Hz, 1H, H-5), 6.91 (s, 2H, 2-NH 6.76-6.73 (m, 1H, H-6), 6.70 (d= 2.5 Hz, 1H, H-8), 6.38
(d,J=9.25 Hz, 1H, H-1), 5.68 (t,J = 9.25 Hz, 1H, H-2), 5.57 (t,J = 9.25 Hz, 1H, H-3), 5.20
(d,J = 9.25 Hz, 1H, H-4), 5.16 (s, 2H, ChD), 4.64 (s, 1H, H-4), 4.38 (ddd= 10.0, 5.25, 2.25
Hz, 2H), 4.12 (ddJ = 12.5, 5.25 Hz, 1H, H:®), 4.08 (dd,J = 12.5, 2.25 Hz, 1H, H:®), 2.26 (s,
3H, 4-CHj), 2.04 (s, 3H, 82H3CO), 2.01 (s, 3H, £H3CO0), 1.98 (s, 3H, £H3CO), 1.76 (s, 3H,

2-CH5CO0); *C NMR, § (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9
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(2-CHsCO), 160.6 (C-2), 157.9 (C-7), 149.3 (C-8a), 143.70)C136.3 (C-J, 130.5 (C-5), 129.6
(C-2 & C-6'), 127.8 (C-3& C-5), 124.2 (C-a), 124.2 (CH 121.0 (&N), 116.5 (C-4a), 112.5
(C-6), 102.2 (C-8), 84.3 (C"}, 73.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6),

61.7 (CHO), 56.8 (C-3), 39.5 (C-4), 21.1{@Hs), 21.0 (6-CH3CO), 20.9 (4-CH3CO), 20.7
(38"-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for €H3sNs011, M = 689.23 Da; foundr/z
690.23 (53%) [M+H], 712.26 (100%) [M+N4d] Elemental analysis, calcd: C, 59.21; H, 5.12; N,

10.15%; found: C, 59.46; H, 5.35; N, 10.42%.

4.2.12. 2-Amino-4-(4"-isopropyl phenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl -5-D-glucopyranosyl )-1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (71)

White solids, fronbl (R = 4-iPr; 1 mmol, 344 mg) anél (1 mmol, 373 mg)fa]3° +77.8 € =

0.23, CHCY). FT-IR (KBr),v (cni™): 3456, 3352, 3213, 3121, 2961, 2193, 1755, 17349,164
1620, 1582, 1506, 1462, 1396, 1230, 1101, 1041, '826IMR, & (ppm): 8.55 (s, 1H, H-a), 7.18
(d,J=7.0 Hz, 2H, H-2 & H-6"), 7.10 (d,J = 7.0 Hz, 2H, H-3 & H-5"), 6.95 (dd,J = 8.25, 2.75
Hz, 1H, H-5), 6.92 (s, 2H, 2-N#ji 6.75 (ddd,) = 8.25, 5.5, 2.75 Hz, 1H, H-6), 6.70 (s 2.75
Hz, 1H, H-8), 6.37 (dJ = 9.25 Hz, 1H, H-1), 5.68 (t,J = 9.25 Hz, 1H, H-2), 5.56 (t,J = 9.25

Hz, 1H, H-3), 5.18 (t,J = 10.0 Hz, 1H, H-4), 5.16 (s, 2H, CkD), 4.65 (s, 1H, H-4), 4.37 (dddl,
=10.0, 5.5, 2.5 Hz, 1H, H"}, 4.13 (ddJ = 12.75, 5.25 Hz, 1H, H"@), 4.08 (ddJ) =12.5, 2.0
Hz, 1H, H-8'b), 2.84 [septet] = 7.0 Hz, 1H, 4CH(CHs),], 2.04 (s, 3H, 82H3CO), 2.01 (s, 3H,
4-CH3CO), 1.97 (s, 3H, £H3CO), 1.74 (s, 3H, ZH3CO), 1.18 [dJ =7.0 Hz, 6H, 4
CH(CH5),]; *C NMR, 5 (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9
(2-CH;CO), 160.7 (C-2), 157.9 (C-7), 149.3 (C-8a), 147.24(C 144.1 (C-1), 143.7 (C-b), 130.5
(C-5), 127.7 (C-2& C-6'), 127.0 (C-3& C-5), 124.2 (C-a), 121.1 (N), 116.6 (C-4a), 112.5 (C-
6), 102.3 (C-8), 84.3 (C¥), 73.7 (C-5), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7
(CH0), 56.7 (C-3), 38.9 (C-4), 33.5'{€H(CHj3)2]. 24.3 [4-CH(CH3),], 21.0 (8'-CH3CO), 20.9

(4"-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for €sH39Ns011, M = 717.26
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Da; found:m/z 718.23 (100%) [M+H], 740.26 (76%) [M+Na} Elemental analysis, calcd: C,

60.24; H, 5.48; N, 9.76%; found: C, 60.52; H, 5.839.54%.

4.2.13. 2-Amino-4-(4'-dimethylaminophenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl -5-D-
glucopyranosyl)-1H-1,2,3-triazol -4-yl )methoxy)-4H-chromene-3-carbonitrile (7m)

White solids, fronbm (R = 4-dimethylamino; 1 mmol, 345 mg) asd1 mmol, 373 mg)fa]Z®
+79.3 €=0.22, CHCJ). FT-IR (KBr),v (cm™): 3454, 3352, 3215, 3121, 2961, 2192, 1755, 1737,
1645, 1620, 1582, 1513, 1465, 1396, 1230, 11011.,1926;"H NMR, & (ppm): 8.55 (s, 1H, H-a),
7.14 (d,J = 6.5 Hz, 2H, H-2& H-6'), 6.96 (d, 1H,J = 9.0 Hz, H-5), 6.91 (s, 2H, 2-N} 6.71 (dd,
1H,J=9.0, 2.5 Hz, H-6), 6.64 (d,= 7.5 Hz, 2H, H-3& H-5'), 6.70 (d, 1H,) = 2.5 Hz, H-8),
6.37 (d,J = 9.25 Hz, 1H, H-1), 5.68 (t,J = 9.25 Hz, 1H, H-2), 5.56 (t,J = 9.25 Hz, 1H, H-3),
5.18 (t,J = 10.0 Hz, 1H, H-4), 5.16 (s, 2H, CbD), 4.65 (s, 1H, H-4), 4.37 (ddd= 10.0, 5.5, 2.5
Hz, 1H, H-8), 4.13 (ddJ = 12.75, 5.25 Hz, 1H, H2&), 4.08 (dd,) = 12.5, 2.0 Hz, 1H, H®),
2.94 [s, 6H, 4N(CH3),], 2.04 (s, 3H, B2H3CO), 2.01 (s, 3H, £H5CO), 1.97 (s, 3H, &H3CO),
1.74 (s, 3H, ZZH5CO); *C NMR, § (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-
CH3CO), 168.9 (2-CHCO), 160.7 (C-2), 157.2 (C-7), 150.7 (04149.2 (C-8a), 143.7 (C-h),
134.5 (C-1), 130.5 (C-5), 128.8 (C+Z& C-6'), 124.2 (C-a), 121.1 (N), 116.9 (C-4a), 112.6 (C-
6), 112.1 (C-3& C-5'); 102.3 (C-8), 84.3 (C4), 73.7 (C-8), 72.6 (C-3), 70.6 (C-2), 68.0 (C-
4"), 62.3 (C-6), 61.7 (CHO), 56.7 (C-3), 40.3 [AN(CH3),], 38.9 (C-4), 33.5 [4CH(CHzs),],

24.3 [4-CH(CH3)y], 21.0 (8'-CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO);
ESI/MS, calcd for GsHzaNeO11. M= 718.26 Da; foundi/z 718.22 (100%) [M+H], 740.25 (80%)
[M+Na]"; Elemental analysis, calcd: C, 58.49; H, 5.331IN69%; found: C, 58.65; H, 5.43; N,

11.34%.

4.2.14. 2-Amino-4-(4'-methoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl - 5-D-glucopyranosyl )-1H-

1,2,3-triazol -4-yl)methoxy)-4H-chromene-3-carbonitrile (7n)
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White solids, fronbn (R = 4-OMe; 1 mmol, 332 mg) an@ (1 mmol, 373 mg)[a]3> +87.1 € =
0.22, CHCH). FT-IR (KBr),v (cn™): 3458, 3354, 3211, 3076, 2956, 2191, 1755, 164%,161
1582, 1508, 1462, 1398, 1371, 1232, 1172, 110%,1986;*"H NMR, & (ppm): 8.55 (s, 1H, H-a),
7.10 (d,J = 8.5 Hz, 2H, H-2& H-6'), 6.93-6.86 (m, 5H, H‘3H-5, H-5 & 2-NH,), 6.76—6.74 (m,
1H, H-6), 6.70 (dJ = 2.5 Hz, 1H, H-8), 6.38 (d,= 9.2 Hz, 1H, H-1), 5.68 (tJ = 9.5 Hz, 1H,
2"), 5.57 (tJ = 9.5 Hz, 1H, 3), 5.19 (tJ = 9.5 Hz, 1H, 4), 5.16 (s, 2H, CkD), 4.64 (s, 1H, H-4),
4.38 (dddJ = 10.0, 5.5, 2.5 Hz, 1H, H§ 4.14 (dd,J = 12.5, 5.5 Hz, 1H, H&), 4.08 (dd,) =
12.5, 2.5 Hz, 1H, H/®), 3.72 (s, 3H, 40CH), 2.04 (s, 3H, BH3CO), 2.01 (s, 3H, £H3CO),
1.98 (s, 3H, 32H5CO), 1.76 (s, 3H, BHCO); °C NMR, § (ppm): 170.5 (6-CKCO), 170.0 (3-
CH,CO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.5 (C-2), 158.5 (C-7), 157.9 (0):4149.3 (C-
8a), 143.7 (C-b), 138.7 (C)1130.5 (C-5), 129.0 (C:& C-6'), 124.2 (C-a), 121.1 (N), 116.7
(C-4a), 114.4 (C/3& C-5'), 112.4 (C-6), 102.2 (C-8), 84.3 (C)173.7 (C-5), 72.6 (C-3), 70.6
(C-2"), 68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 57.0 (C-3), 55.5 (4DCH), 40.4 (C-4), 21.0 (6
CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for
CasH3sNs012. M= 705.23 Da; foundm/z 706.15 (100%) [M+HT, 728.30 (82%) [M+Na4}

Elemental analysis, calcd: C, 57.87; H, 5.00; 92%; found: C, 57.63; H, 5.33; N, 9.66%.

4.2.15. 2-Amino-4-(3-methoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl-5-D-glucopyranosyl )-1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (70)

Pale yellow solids, fronso (R = 3-OMe; 1 mmol, 332 mg) angl(1 mmol, 373 mg)[a]3® +79.4
(c=0.23, CHG)). FT-IR (KBr),v (Cm_l): 3455, 3354, 3213, 3076, 2956, 2194, 1756, 164/72,161
1582, 1508, 1462, 1398, 1371, 1232, 1173, 1105,1935;"H NMR, & (ppm): 8.54 (s, 1H, H-a),
7.21 (t,J= 7.5 Hz, 1H, H-5, 7.02-7.00 (m, 1H, H45 6.93 (d, 1H, = 8.75 Hz, H-5), 6.90 (s, 2H,
2-NH,), 6.88-6.87 (m, 1H, H-p, 6.86-6.85 (m, 1H, H 6.71 (dd, 1H,) = 8.75, 2.5 Hz, H-6),
6.66 (d, 1HJ = 2.5 Hz, H-8), 6.38 (d] = 9.5 Hz, 1H, H-1), 5.68 (t,J = 9.5 Hz, 1H, H-2), 5.57

(t, J=9.5 Hz, 1H, H-3), 5.19 (t,J = 9.75 Hz, 1H, H-4), 5.15 (s, 2H, CkD), 5.04 (s, 1H, H-4),
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4.38 (ddd, = 10.0, 5.25, 2.25 Hz, 1H, H%p 4.13 (dd,J = 12.75, 5.25 Hz, 1H, H“&), 4.08 (dd
=12.75, 2.25 Hz, 1H, H®), 3.87 (s, 3H, 30CHs), 2.07 (s, 3H, 82H3CO), 2.01 (s, 3H, 4-
CH5CO), 1.97 (s, 3H, BHCO), 1.76 & 1.74 (s, 3H, BH3CO); **C NMR, § (ppm): 170.5 (6-
CH;CO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.5 (C-2), 158.5 (C-7),
159.9 (C-3), 149.2 (C-8a),143.7 (C-b), 143.3 (0;1130.5 (C-5), 129.2 (C%H 125.0 (C-6, 124.2
(C-a), 121.0 (EN), 117.0 (C-4a), 114.2 (C)2113.0 (C-9, 112.6 (C-6), 102.3 (C-8), 84.3 (C-
1"), 73.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-8), 61.7 (CHO), 56.1 (C-3), 55.6
(2'-OCHg), 34.1 (C-4), 21.0 (6CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-

CH3CO); ESI/MS, calcd for &H3zsNsO1,. M= 705.23 Da; foundn/'z 706.27 (86%) [M+H],
728.26 (100%) [M+Nad} Elemental analysis, calcd: C, 57.87; H, 5.009192%; found: C, 57.53;

H, 5.15; N, 9.57%.

4.2.16. 2-Amino-4-(2'-methoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl-5-D-glucopyranosyl )-1H-
1,2,3-triazol-4-yl)methoxy)-4H-chromene-3-carbonitrile (7p)

Pale yellow solids, fromsp (R = 2-OMe; 1 mmol, 332 mg) an@ (1 mmol, 373 mg)[a]3> +98.5
(c=0.27, CHG)). FT-IR (KBr),v (cm™Y): 3452, 3354, 3215, 3076, 2945, 2189, 1757, 17349,164
1622, 1585, 1506, 1462, 1371, 1236, 1159, 11031,1928;'"H NMR, & (ppm): 8.54 (s, 1H, H-a),
7.20 (t,J = 7.75 Hz, 1H, H-§, 7.22-7.19 (m, 2H, H:4& H-5'), 6.90 (m, 1H, H-3, 6.86 (s, 2H, 2-
NH,), 6.73-6.11 (m, 1H, H-6), 6.78-6.74 (m, 1H, H®88 (d,J = 9.5 Hz, 1H, H-1), 5.68 (t,J =
9.5 Hz, 1H, H-2), 5.57 (tJ = 9.5 Hz, 1H, H-3), 5.19 (t,J = 9.75 Hz, 1H, H-4), 5.15 (s, 2H,
CH.0), 5.04 (s, 1H, H-4), 4.38 (ddd= 10.0, 5.25, 2.25 Hz, 1H, H%5 4.13 (dd,) = 12.75, 5.25
Hz, 1H, H-6'a), 4.08 (ddJ = 12.75, 2.25 Hz, 1H, H28), 3.79 (s, 3H, 20CH;), 2.07 (s, 3H, 6-
CH5CO), 2.01 (s, 3H, £H5CO0), 1.97 (s, 3H, BHCO), 1.76 & 1.74 (s, 3H, BH;CO); °C
NMR, & (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 161.3
(C-2), 157.8 (C-7), 156.8 (C)2149.7 (C-8a), 143.7 (C-b), 134.2 (Q;3.29.8 (C-5), 129.1 (CB

128.5 (C-4), 124.2 (C-a), 121.2 (C1 121.1 (&N), 116.6 (C-4a), 112.2 (C)3112.1 (C-6),
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102.2 (C-8), 84.3 (C, 73.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7
(CH,0), 56.1 (C-3), 55.6 (RDCHy), 34.1 (C-4), 21.0 (6CH5CO), 20.9 (4-CHsCO), 20.7 (3-
CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for €4H35Ns012. M= 705.23 Da; foundwz 706.28
(85%) [M+H]", 728.25 (100%) [M+N4d] Elemental analysis, calcd: C, 57.87; H, 5.009192%;

found: C, 57.54; H, 5.24; N, 9.71%.

4.2.17. 2-Amino-4-(2',3"-dimethoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl-5-D-glucopyranosyl ) -
1H-1,2,3-triazol-4-yl ) methoxy)-4H-chromene-3-carbonitrile (7q)

Pale yellow solids, frombq (R = 2,3-dimethoxy; 1 mmol, 362 mg) ar&l(1 mmol, 373 mg).
[a]2® +77.5 € = 0.21, CHCJ). FT-IR (KBr),v (cnmi): 3452, 3353, 3212, 3073, 2945, 2187, 1755,
1733, 1649, 1624, 1585, 1506, 1462, 1371, 12360,11803, 1041, 928H NMR, & (ppm): 8.54
(s, 1H, H-a), 7.04-7.03 (m, 1H, H}67.00 (tJ = 7.5 Hz, 1H, H-5, 6.93 (d, 1H,) = 8.75 Hz, H-
5), 6.90 (s, 2H, 2-Nb}, 6.81 (ddJ = 6.5, 1.5 Hz, 1H, H, 6.71 (dd, 1H) = 8.75, 2.5 Hz, H-6),
6.66 (d, 1HJ = 2.5 Hz, H-8), 6.38 (d] = 9.5 Hz, 1H, H-1), 5.68 (t,J = 9.5 Hz, 1H, H-2), 5.57

(t, J= 9.5 Hz, 1H, H-3), 5.19 (tJ = 9.75 Hz, 1H, H-4), 5.15 (s, 2H, CbD), 5.04 (s, 1H, H-4),
4.38 (ddd, = 10.0, 5.25, 2.25 Hz, 1H, H2p 4.13 (dd,J = 12.75, 5.25 Hz, 1H, H“&), 4.08 (dd
= 12.75, 2.25 Hz, 1H, H®), 3.82 (s, 3H,"30CH;), 3.79 (s, 3H, 20CHg), 2.07 (s, 3H, 6-
CH5CO), 2.01 (s, 3H, £H3CO), 1.97 (s, 3H, BHCO), 1.76 & 1.74 (s, 3H, BH;CO); °C
NMR, & (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.5
(C-2), 158.5 (C-7), 150.7 (C)3149.2 (C-8a), 148.4 (C)2143.7 (C-b), 130.5 (C-5), 124.6 (C):6
124.2 (C-a), 123.6 (C% 132.0 (C-1), 121.0 (&N), 117.0 (C-4a), 113.0 (C¥112.6 (C-6),
102.3 (C-8), 84.3 (C4), 73.7 (C-5), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7
(CH0), 60.4 (30CH), 56.1 (C-3), 56.0 (20CH;), 34.1 (C-4), 21.0 (6CH3CO), 20.9 (4-
CH3CO), 20.7 (3-CH3CO), 20.3 (2€H3CO); ESI/MS, calcd for gH37/Ns013. M= 735.24 Da;
found: vz 736.28 (84%) [M+H], 758.29 (100%) [M+N4d] Elemental analysis, calcd: C, 57.14;

H, 5.07; N, 9.52%:; found: C, 57.31; H, 5.32; N,94.
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4.2.18. 2-Amino-4-(2',4'"-dimethoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl - 5-D-glucopyranosyl ) -
1H-1,2,3-triazol-4-yl )methoxy)-4H-chromene-3-carbonitrile (7r)

Pale yellow solids, fromsr (R = 2,4-dimethoxy; 1 mmol, 362 mg) ar&l(1 mmol, 373 mg)fa]3®
+78.3 € = 0.22, CHCJ). FT-IR (KBr),v (cmiY): 3452, 3353, 3212, 3073, 2945, 2190, 1756, 1733,
1649, 1624, 1585, 1516, 1465, 1375, 1236, 1158,11@M41, 928*H NMR, & (ppm): 8.54 (s, 1H,
H-a), 7.16 (dJ) = 7.5 Hz, 1H, H-§, 6.93 (d, 1H,) = 8.75 Hz, H-5), 6.90 (s, 2H, 2-N}4 6.81 (dd,
J=6.5, 1.5 Hz, 1H, H4, 6.71 (dd, 1HJ = 8.75, 2.5 Hz, H-6), 6.66 (d, 18 = 2.5 Hz, H-8), 6.59
(dd,J=7.5, 1.5 Hz, 1H, H*5, 6.54 (dJ = 1.5 Hz, 1H, H-3, 6.38 (d,J = 9.5 Hz, 1H, H-1), 5.68

(t, J= 9.5 Hz, 1H, H-2), 5.57 (tJ = 9.5 Hz, 1H, H-3), 5.19 (tJ = 9.75 Hz, 1H, H-4), 5.15 (s,

2H, CH0), 5.04 (s, 1H, H-4), 4.38 (ddd= 10.0, 5.25, 2.25 Hz, 1H, H% 4.13 (dd,J = 12.75,
5.25 Hz, 1H, H-6a), 4.08 (ddJ = 12.75, 2.25 Hz, 1H, H2®), 3.83 (s, 3H, 40CH;), 3.82 (s, 3H,
2'-OCHg), 2.07 (s, 3H, 82H3CO), 2.01 (s, 3H, £H5CO), 1.97 (s, 3H, &H3CO), 1.76 & 1.74

(s, 3H, 2€H3CO); **C NMR, 5 (ppm): 170.5 (6-CECO), 170.0 (3-CHCO), 169.9 (4-CHCO),
168.9 (2-CHCO), 160.5 (C-2), 158.5 (C-7), 159.8 (0:4158.2 (C-2, 149.2 (C-8a), 143.7 (C-b),
130.5 (C-6), 127.4 (C-5), 124.2 (C-a), 123.9 (0;1121.0 (&N), 117.0 (C-4a), 112.6 (C-6), 108.0
(C-5), 102.3 (C-8), 99.2 (CB 84.3 (C-1), 73.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4),

62.3 (C-6), 61.7 (CHO), 56.3 (C-3), 55.8 (DOCH;), 55.6 (3-OCH;), 34.1 (C-4), 21.0 (6
CH3CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for

CasH37/NsO13. M= 735.24 Da; foundnz 736.27 (84%) [M+H], 758.31 (100%) [M+N4]

Elemental analysis, calcd: C, 57.14; H, 5.07; §2%; found: C, 57.41; H, 5.31; N, 9.75%.

4.2.19. 2-Amino-4-(3',4'"-dimethoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl-5-D-glucopyr anosyl ) -
1H-1,2,3-triazol -4-yl ) methoxy)-4H-chromene-3-carbonitrile (79)
White solids, fronbs (R = 3,4-dimethoxy; 1 mmol, 362 mg) ar&i(1 mmol, 373 mg)[a]3®

+79.1 € = 0.22, CHCJ). FT-IR (KBr), v (cmi™): 3451, 3353, 3212, 3073, 2945, 2188, 1754, 1730,
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1650, 1624, 1586, 1506, 1462, 1371, 1236, 1159%,11041, 928'H NMR, & (ppm): 8.55 (s, 1H,
H-a), 6.84-6.83 (m, 2H, H®& H-6"), 6.93 (d, 1H,) = 8.75 Hz, H-5), 6.90 (s, 2H, 2-N}
6.78-6.77 (m, 1H, H-2, 6.71 (dd, 1HJ = 8.75, 2.5 Hz, H-6), 6.66 (d, 1H= 2.5 Hz, H-8), 6.38
(d,J=9.2 Hz, 1H, H-1), 5.68 (tJ = 9.5 Hz, 1H, 2), 5.57 (t.J = 9.5 Hz, 1H, 3), 5.19 (tJ= 9.5
Hz, 1H, 4'), 5.16 (s, 2H, CkD), 4.64 (s, 1H, H-4), 4.38 (ddd= 10.0, 5.5, 2.5 Hz, 1H, H*}
4.14 (ddJ = 12.5, 5.5 Hz, 1H, H“®), 4.08 (dd)) = 12.5, 2.5 Hz, 1H, H‘®&), 3.79 (s, 3H, 4
OCHs), 3.76 (s, 3H, 30CHs), 2.04 (s, 3H, 6H5CO), 2.01 (s, 3H, £H5CO), 1.98 (s, 3H, 3-
CH4CO), 1.76 (s, 3H, ZH5CO); *°C NMR, § (ppm): 170.5 (6-CkCO), 170.0 (3-CHCO), 169.9
(4-CH;CO), 168.9 (2-CHCO), 160.5 (C-2), 158.5 (C-7), 149.3 (€)3L49.2 (C-8a), 148.5 (C}
143.7 (C-b), 136.4 (CY), 127.4 (C-5), 124.2 (C-a), 123.6 (0;621.0 (&N), 117.0 (C-4a), 112.6
(C-6), 112.5 (C-2, 112.3 (C-5, 102.3 (C-8), 84.3 (C*), 73.7 (C-B), 72.6 (C-3), 70.6 (C-2),
68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 57.0 (C-3), 55.9 (80CHs), 55.8 (4OCHy), 40.4 (C-4),
21.0 (8-CH5CO), 20.9 (4-CH5CO), 20.7 (3-CH3CO), 20.3 (2-CH3CO); ESI/MS, calcd for
CasH3NsOr3. M= 735.24 Da; foundmvz 736.28 (84%) [M+H], 758.30 (100%) [M+N4]

Elemental analysis, calcd: C, 57.14; H, 5.07; 82%; found: C, 57.48; H, 5.38; N, 9.81%.

4.2.20. 2-Amino-4-(3',5"-dimethoxyphenyl)-7-((1-(2",3",4",6"-tetra-O-acetyl-5-D-glucopyranosyl ) -
1H-1,2,3-triazol -4-yl ) methoxy)-4H-chromene-3-carbonitrile (7t)

White solids, fronbt (R = 3,5-dimethoxy; 1 mmol, 362 mg) ar&(1 mmol, 373 mg). Yield 0.42
g (60%).[«]%® +79.6 €= 0.21, CHCY). FT-IR (KBr),v (cnY): 3452, 3350, 3212, 3071, 2945,
2187, 1756, 1738, 1645, 1627, 1588, 1514, 14621 18736, 1159, 1103, 1041, 928t NMR, 5
(ppm): 8.55 (s, 1H, H-a), 6.93 (@= 8.75 Hz, 1H, H-5), 6.90 (s, 2H, 2-NH6.66 (d, 1HJ) = 2.5
Hz, H-8), 6.63-6.62 (m, 2H, H-& H-6'), 12.5 (d,J = 8.75 Hz, 1H, H-3, 6.38 (dJ = 9.2 Hz, 1H,
H-1"), 5.68 (t,J = 9.5 Hz, 1H, 2), 5.57 (t,J = 9.5 Hz, 1H, 3), 5.19 (t,J = 9.5 Hz, 1H, 4), 5.16 (s,
2H, CH.0), 4.64 (s, 1H, H-4), 4.38 (ddd = 10.0, 5.5, 2.5 Hz, 1H, H*5 4.14 (ddJ = 12.5, 5.5

Hz, 1H, H-8'a), 4.08 (ddJ) = 12.5, 2.5 Hz, 1H, H‘®), 3.77 (s, 6H, 3 & 5'-OCHg), 2.04 (s, 3H,
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6-CH3CO), 2.01 (s, 3H, £H3CO), 1.98 (s, 3H, &H3CO), 1.76 (s, 3H, BZH3CO); °C NMR, §
(ppm): 170.5 (6-CHCO), 170.0 (3-CHCO), 169.9 (4-CHCO), 168.9 (2-CHCO), 160.5 (C-2),
159.9 (C-3& C-5'), 158.5 (C-7), 149.2 (C-8a), 143.7 (C-b), 142.31( 127.4 (C-5), 124.2 (C-
a), 121.0 (EN), 117.0 (C-4a), 112.6 (C-6), 108.76 (C&C-6'), 102.3 (C-8), 100.9 (C4 84.3
(C-17), 73.7 (C-B), 72.6 (C-3), 70.6 (C-2), 68.0 (C-4), 62.3 (C-6), 61.7 (CHO), 57.0 (C-3),
55.6 (3- & 5'-OCHg), 40.4 (C-4), 21.0 (6CH5CO), 20.9 (4-CH3CO), 20.7 (3-CH3CO), 20.3
(2"-CH3CO); ESI/HRMS, calcd for €gH37Ns0;13. M= 735.2388 Da, M+H = 736.2461 Da; found:

Mz 736.2464 (100%) [M+H]

4.3. Biological assays
4.3.1. Chemicals

Chrysin, dicyclohexylcarbodiimide (DCC) and diethlybsphoryl cyanide (DEPC), sodium
azide, ethylenediamine tetraacetic acid (EDTARicotinamide adenine dinucleotide phosphate,
reduced form (NADPH), cumene hydroperoxide, glutath reductase, Db-tocopherol acetate,
carbon tetrachloride (Cg)l xanthine, potassium cyanide (KCN), sodium dotkdfate,
trichloroacetic acid (TCA), cytochrome C, thiobaupic acid,n-butanol, pyridine, HEPES [4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid], lutgmine, sodium pyruvate, and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode were purchased from Sigma-Aldrich

Chemical Co. (Viet Nam). All other chemicals andgents were analytical grade.

4.3.2. Invitro antimicrobial activity

The all synthesizedH-1,2,3-triazolega-t were screened tha vitro antibacterial and antifungal
activities against Gram-positive, Gram-negativetéa@a organisms. Gram-positive were chosen
wereB. subtilis (ATCC 11774)S. aureus (ATCC 11632)S. epidermidis (ATCC 12228); Gram-
negative bacteria weke coli (ATCC 25922) K. pneumoniae (ATCC 4352),P. aeruginosa

(ATCC 25923), an. typhimurium (ATCC 1402). Three methicillin resistafitaureus
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(MRSA198-1, MRSA198-2 and MRSA198-3 were also cho3ée evaluations were performed
by using minimum inhibitory concentration (MIC), dsscribed in our previous article [47]. The
microbroth dilutions technique was applied usingelfer-Hinton broth [48]. Each tested
compound was dissolved in dimethyl sulfoxide (DM&Dgoncentration of 1 mg/mL. The drug
references were ciprofloxacin, methicillin and vamgcin (Table 5). The solutions that had the
concentrations of 400, 200, 100, 50, 25, 12.5,,82R, 1.56, and 0.78V were prepared by
further diluting the test compounds and standangisiprepared above. The inoculum was
prepared using a 4-6-h broth adjusted to a tugbétjuivalent of an 0.5 McFarland standard,
diluted in broth media to give a final concentratif 5 x 16 CFU/mL in the test tray. The plates
were incubated at 35°C for 18-20 h. The MIC wasneefas the lowest concentration of
compound giving complete inhibition of visible gritwAll the experiments were performed three

times. The MIC values for all tested compounds r@fierence drug are listed in Table 5.

4.3.3. Invitro antifungal activity

The compoundZa-t were evaluated for thein vitro antifungal activity against three fungi,
includingA. niger (439),A. flavus (ATCC 204304) S cerevisae (SH 20), ancC. albicans (ATCC
7754), using agar dilution method with Saburoudsttbse agar (Hi-Media), as described in our
previous article [47]. Miconazole and fluconazolerevused as drug references for antifungal
activity. The solutions, which had the concentmagiof 200, 100, 50, 25, 12.5, 6.25, 3.12, 1.56,
and 0.78M of each tested compound and standard drugs, prepared. Suspensions of each
microorganisms were prepared to contain 10 CFU/nd_applied to agar plates, which had been
serially dilutedwith compounds to be tested. The plates were inedtat 35°C. After 72 h, the
MICs were determined [48]. Minimal inhibitory comteations for each compound were
investigated against standard fungal strains.dléxperiments were performed three times. The

MIC values for all tested compounds and referemag dre shown in Table 6.
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4.3.4. Cytotoxicity screening

Stock solutions were freshly prepared by dissolvested compounds in DMSO. Cells were from
ATCC and showed no mycoplasma contamination asaleddy Roche ELISA-based test [49,

50]. Cells were cultured in 96-well plates (25,@@0s/well for RAW). Cells were allowed to

attach overnight. Drugs were added to wells in 10atiquots of 200-times concentrated drug
solutions dissolved in DMSO, in duplicates. DMSQ (L) was added to control-wells. Cells
were incubated with studied compounds for 12037a&€C and 95%/5% Cg£atmosphere [51]. To

all wells 200 mL of solution of 3-(4,5-dimethyltlzial-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) in PBS (4 mg/mL) was added and incubatedherrtfor 4 h at 37°C. After formazan

crystals were solubilized in 1 mL of DMSO, the aflismce was measured using a multi-well plate
reader (Victor3, Perkin-Wallac) at= 560 nm. Cytotoxicity was determined compareddn-

treated cells (% control). The results of cell vigbcorrespond to the megg) standard error of

at least three independent experiments performétpiicate and are expressed as the percentage

of the untreated control cells.
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Captions to lllustration
Table Captions

Table 1.Synthesif 2-amino-7-propropargyloxy-4-arylHtchromene-3-carbonitrilesa-t
Table 2. Crystal data and structure refinements for thepmmdsbi and6

Table 3.Investigation of copper catalysts for click cheimyi®f 5awith sugar azidé
Table 4.Synthesis of substitutedt1,2,3-triazolega-t using CuU@MOF-5 as catalyst
Table 5. Antibacterial activity of H-1,2,3-triazole¥ a-t

Table 6. Antifungal activity of H-1,2,3-triazoles a-t

Table 7. Cytotoxicity against RAW 264.7 cells oH11,2,3-triazole¥ a-t

Figure and Scheme Captions

Schema

Scheme 1Synthetic path for 2-amino-7-hydroxy-4-aryt&hromene-3-carbonitrilega-t.

Reaction conditionsi) Sodium carbonate, water, 25°C, 24 h.

Scheme 2Two ways for synthesis of 2-amino-4-aryl-7-propdogy-4H-chromene-3-
carbonitrilesba-t. Reaction conditionsi)(Anhydrous KCGQOs, KI, dried acetone, 430°C, 12 h;

(i) NaH, dried DMF, 0°C;i{i) 0°C, 40 min, then to 20-25°C, 2 h.

Scheme 3Preparation of sugar aziéeReaction conditionsaf 1. Ac.O, HCIO, 74% (catalyst),

30-40°C; 2. Bry, red phosphorous, <20°C, then water, <20bENaNs, dried acetone, 25°C, 24 h.

Scheme 4Click chemistry of substituted 2-amino-4-aryl-7-pasgyloxy-4H-chromene-3-
carbonitrilessa-t with tetraO-acetyl$-p-glucopyranosyl azide. Reaction conditiosse Table 3.
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Figure

Figure 1. Some chromene structures having bacterial andafuaggivities.

Figure 2. Some H-1,2,3-triazole structures having bacterial andyalractivities.

Figure 3. Some drugs havingHt1,2,3-triazole ring.

Figure 4. ORTEP diagram of compouril.

Figure 5. ORTEP diagram of compourtd

Figure 6. A plot of MIC values (M) against three strains of Gram-positive bactEna/a-t.
Figure 7. A plot of MIC values (M) against three strains of Gram-negative bacferidga-t.

Figure 8. A plot of MIC values (g/mL) against four strains of fungi f@a-t.
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Table 1. Synthesiof 2-amino-7-propropargyloxy-4-arylHtchromene-3-carbonitrileésa-t

Compd. R KCQO; as base NaH as base

Reaction Temp. (°C) Yields (%f Reaction Temp. (°C) Yields (%)

5a H 50 89 25 95

5b 4'-NO, 40 or 50 < 20 80

5¢c 3-NO, 40 78¢ 20 82
50 55

5d 2'-NO, 40 70¢ 20 82
50 56

5e 2'.3-dichloro 40 84¢ 25 94
50 78

5f 2' 4-dichloro 40 81¢ 25 92
50 76

5 4'-Cl 40 89¢ 25 93
50 70

5h 3'-Cl 40 86¢ 25 93
50 65

5i 2'-Cl 40 84¢ 25 94

50 78



Compd. R KCQO; as base NaH as base

Reaction Temp. (°C) Yields (%f Reaction Temp. (°C) Yields (%)

5i 4'-Br 40 84¢ 25 94
50 78

5k 4'-Me 50 85 25 93
51 4'-iPr 50 70 25 90
5m 4'-dimethylamino 50 65 25 90
5n 4'-OMe 50 81 25 94
50 3-OMe 50 83 25 96
5p 2'-OMe 50 85 25 96
59 2',3-dimethoxy 50 83 25 94
5r 2", 4-dimethoxy 50 82 25 96
5s 3',4'-dimethoxy 50 81 25 96
5t 3',5'-dimethoxy 50 80 25 96

2 Reaction time: 12 H:'Isolated yields® N.A; ¢ Reaction carried out in 40°C to give the higheld;® Reaction time: 2 h.



Table 2. Crystal data and structure refinements for thepmmdssi and6

Identification code Compourtl Compounds
Molecular formula GoH13CIN20O; C14H19N30g

M, 336.76 373.32
Temperature (K) 100.0 100.0

Crystal system, space group Triclinic, P-1 Orthonba, P22,2;

Unit cell dimension

Volume (A%

Z

p (g/cnt, calcd.)

w/mm*

F(000)

Crystal size (mr)

Radiation

20 range for data collection

Index ranges

Reflections collected

Independent reflections

a=8.4787(6) Ap =
82.480(2)°
b=8.5633(6) Ap =
72.640(2)°
¢ =12.8009(8) Ay =
64.001(2)°
797.31(9)
4
1.279
0.435
308.0
0.2x0.2x0.1
MoKa (. = 0.71073)
5.834-52.998°
-18h <10, -10<k< 10,
-16<1<15
7765

3278"{3% 00243, agma:

a=7.3226(5) Ap = 90°

b= 14.7489(9) Af = 90°

¢ = 15.9064(10) Ay = 90°

1717.90(19)

4

1.443

0.122

784.0

0.2x0.2x0.15

MdKa (A = 0.71073)

5.82-66.84
~11<h<11, -22<k< 22,
—24<1<24
78861

6686 [Ry = 0.0380, Rgma=



0.0360] 0.0163]

Data/restraints/parameters 3278/0/218 6686/0/239
Goodness-of-fit on ¥ 1.040 1.077

Final R indexes [I>=2 (I)] R; = 0.0417, WR=0.0982  R=0.0315, wR= 0.0799
Final R indexes (all data) 1R 0.0591, wR=0.1077 R=0.0347, wRR= 0.0819
Largest diff. peak and hole (65A  0.46 and -0.44 0.35 and -0.19

Flack parameter - 0.06(12)




Table 3. Investigation of copper catalysts for click chetnyi®f 5a with sugar azidé

Entry Catalyst Procedure  Solvents React. React. Yield
Temp. (°C) Time (%)*
1 CuSQ.5H,0 (2 mol%)- A DMSO/H,0 24 h 60.7
Sodium ascorbate (5 mol%) (1:1 by volume) eome

2 Culm (2 mol%) B Abs. ethanol 79-80 90 min 53.3
3 CuNPs (2 mol%) C t-BuOH, NEt*  85-87 30 min 95.2
4  Cul (2 mol%) D t-BUOH/H,O°¢ 85-87 1h 94.8
5 Cu@MOF-5 (2 mol%) E Abs. ethanol 7980 30 min 97.8

Reaction conditions: 1 mmol of each reactant.

3|solated yield® t-BuH (5 mL), NE§ (0.1 mL);®t-BuOH (5 mL)/HO (0.1 mL).



Table 4. Synthesis of substitutedHt1,2,3-triazolega-t using Cu@MOF-5 as catalyst

Compd. R Yield$%)° m.p. (°C)| Compd. R Yield€o)® m.p. (°C)
7a H 97.8 218-220| 7k 4'-Me 95.7 214-216
7b 4-NO; 80.2 205-207 | 7l 4'-iPr 96.8 209-210
7c 3-NO, 80.3 197-199| 7m 4'-dimethylamino  85.3 219-221
7d 2'-NO, 80.4 185-187| 7n 4'-OMe 90.1 198-200
7e 2',3-dichloro  96.2 188-190| 70 3-OMe 95.2 189-191
7f 2'4-dichloro  96.1 168170 | 7p 2'-OMe 92.3 206202
79 4-Cl 93.3 196192 | 7q 2',3-dimethoxy 92.3 211-213
7h 3-ClI 85.9 200-202| 7r 2 ,4-dimethoxy 91.2 212-214
7 2-Cl 92.8 190-192| 7s 3, 4-dimethoxy 94.8 205-207
7] 4'-Br 92.7 250-252| 7t 3',5-dimethoxy 94.7 213-215

Reaction conditions: 1 mmol for each reactant, Btnof Cu@MOF-5 in 2 mL of abs. ethanol;

%|solated yield.



Table5. Antibacterial activity of H-1,2,3-triazole¥a-t

Compd. | R Micro-organisms/ MIC (M)

Gram-positive Gram-negative MRSA

B.s.? Sa’ Se? E.c® K.p.? P.a® St.® MRSA198-1 | MRSA198-2 | MRSA198-3
7a H 400+22.95 200+16.56  25+0.85| 400+32.78 400+31.67 200+18.92 3.12+0.87 400+36.12 400+32.22 200+19.23
7b 4'-NO; 50+2.62 400+35.54  50+2.12| 400+33.05 12.5+0.56 50+3.56 NE 400+41.89 400+41.17 200+18.64
7c 3-NO2 50+3.45 3.12+0.98 400+32.35 50+2.01 NE 12.5+0.87 400£37.15 1.56+0.54 6.25+0.98 3.12+0.97
7d 2'-NO; 10049.13 6.25+1.02 12.5+0.75 50+5.72 400+32.12 400+32.17 NE 6.25+0.81 1.56+0.62 3.12+0.56
7e 2',3-dichloro 25+1.84 50+3.23 200+19.33] 200+13.54 NE 6.25+0.95 50+3.29 200+17.43 200+20.92 100+15.67
i 2',4-dichloro 3.12+0.75 12.5+0.98 12.5+0.97| 3.12+0.56 200+18.52 50+1.54 3.12+0.93 6.25+0.67 1.56+0.94 3.12+0.75
79 4'-Cl 400+28.95 5049.12 200+18.43 1.56+0.23 12.5+0.97 3.12+0.82 12.5+0.45 200+19.71 200+21.73 100+12.83
7h 3-Cl 6.25+0.77 1.56+0.98 12.5+0.81] 6.25+0.78 3.12+0.77 25+0.92 6.25+0.25 3.12+0.82 6.25+0.87 1.56+0.82
7i 2'-Cl 1.56+0.27 200+19.45 3.12+0.92| 1.56+0.25 400+32.15 12.5+0.87 6.25+0.85 NE NE 400+29.14
7 4'-Br 200+19.73 25+1.87 100+9.56| 100+12.02 200+19.27 25+1.79 200+17.71 12.5+0.75 12.5+0.83 12.5+0.93
7k 4'-Me 50+3.48 400+32.03 400+32.67] 12.5+0.71 400+32.18 400+32.15 200+18.56 NE NE 400+28.67
7l 4'-iPr 6.25+0.96 100+12.96 400+32.32] 200+18.34 1.56+0.77 6.25+0.67 50+2.67 400+35.27 400+42.11 200+19.82
m 4'-dimethylamino | 100£12.72 100£11.75 NE | 12.5+0.83 NE 1.56+0.61 50+3.82 400+29.17 400+32.83 200+18.92
m 4'-OMe 12.5+0.83  25+1.95 200+18.92] 200+16.45 NE 100+15.77 1.56%0.47 12.5+0.92 12.5+0.93 12.5+0.98
70 3-OMe 200+20.45 400+32.76 100+11.64| 200+19.75 6.25+0.94 400+34.61 100+12.23 NE NE 400+42.21




7p
q
i
7s

Tt

2'-OMe
2',3-dimethoxy
2’ 4-dimethoxy
3',4-dimethoxy
3',5'-dimethoxy
Ciprofloxacin
Vancomycin

Methicillin

NEP

50+4.72

12.5+1.13 12.5+0.87

5045.72

2512.24

50+11.92

3.12+0.83

1.56+0.34

25+2.32

100+15.72

3.12+0.87

0.78+0.02 1.56+0.75

400+£12.35 400+15.57

6.251+0.91

25+1.66

25+1.98

1.56+0.79

3.12+0.92

3.12+0.85

3.12+0.13

400+23.25

400+£32.67

200+17.34

NE

6.25+0.87

100+13.36

1.56+0.82

3.12+0.11

400+21.01

3.12+0.65

25+1.85

12.5+£1.01

25%1.77

100+12.67

1.56+0.83

3.12+0.15

400+21.77

3.12+0.86

12.5+0.89

NE

12.5+0.93

NE

1.56+0.62

3.12+0.17

400£19.56

6.25+0.78

12.5+0.82

50£3.57

400+32.82

50+4.51

1.56+0.52

3.12+0.13

400+18.36

400+37.82

12.5+0.92

1.56+0.78

25%1.72

400+41.17

400£36.67

1.55+0.19

NE

400£39.56

12.5+0.89

1.56+0.46

50+3.67

400+1.89

400+37.23

1.56+0.14

NE

200+19.71

12.5+0.93

6.25+0.96

50+3.07

200+1.54

400+34.53

1.56+0.11

NE

#B.s.: Bacillus subtilis; Sa.: Staphylococcus aureus; S.e.: Staphylococcus epidermidis; E.c.: Escherchia coli; K.p.: Klebsiella pneumoniae; P.a.: Pseudomonas aeruginosa: St.: Salmonella

typhimurium.

PNE = not evaluated.




Table 6. Antifungal activity of H-1,2,3-triazolega-t

Compd. R Fungi/ MIC(M)
An.? Af.°® Ca® Sc.?

7a H 6.25+0.82 100+12.01 100+11.67 12.5+1.67
7b 4'-NO, NEP® 1.56+0.14 25+1.05 3.12+0.92
7c 3-NO, 12.5+0.33 50+2.43 200+15.13 6.25+1.05
7d 2'-NO, 400+£31.35 6.25+0.73 50+2.79 NE
7e 2',3-dichloro 200+14.22 200+17.67 25+1.04 NE
7f 2',4-dichloro NE 25+1.79 100+10.23  400+41.52
79 4'-Cl 50+3.78 25+1.35 6.25+0.92 1.56+0.02
7h 3-Cl 12.5+0.93  200+£1.53 12.5+1.23 3.12+0.93
7i 2'-Cl 400+41.28 6.25+0.12 25+1.25 NE
7 4'-Br 3.1240.93 200+17.01 3.12+0.95 1.56+0.52
7K 4'-Me 100£11.92 3.1240.94  400+41.02 3.12+0.89
7l 4-iPr NE 50+2.96 3.124+0.78 12.5+0.93
7m 4'-dimethylamino NE 12.5+0.78 12.5+0.75 100+12.16
7n 4-OMe 200+17.23 12.5+0.83 1.56+0.63 12.5+0.87
70 3-OMe 400+32.12 1.56+0.22  400+37.29 25+1.95
P 2'-OMe 1.56+0.15 400%33.08 200+14.67 100+11.26
7q 2',3-dimethoxy 25+1.22 25+1.05 100+11.34  200+17.12
T 2’ 4-dimethoxy 400+32.03 NE 12.5+0.94 50+3.19
7s 3',4-dimethoxy 200+£15.49 3.12+0.78 6.25+0.78 25+2.07
Tt 3',5'-dimethoxy 100+10.23 50+3.84 25+1.67 6.25+0.98

Miconazole 1.56+0.19 1.56+0.21 3.12+0.24 3.12+0.22

Fluconazole 1.56+0.12 0.78+0.02 0.78+0.03 0.78+0.02

&AN.: Aspergillus niger; Af.: Aspergillus niger; C.a.: Candida albicans; S.c.: Saccharomyces cerevisiae.



Table 7. Cytotoxicity against RAW 264.7 cells oH11,2,3-triazolega-t

Compd. Cytotoxicity’ Compd. Cytotoxicity’
Ta 22.93+2.83 7k 19.56+2.12
7b 27.56%2.54 7l 17.95+1.55
7c 15.5611.46 m 19.65+1.79
d 15.45+1.53 n 29.65%2.93
Te 23.84+£2.16 70 25.11+2.71
Tt 18.13+1.45 P 22.08+2.78
79 25.1442.17 79 31.11+2.88
7h 17.20+1.89 r 12.45+1.15
7i 21.15+2.05 7s 21.95+2.78
7] 25.34+£2.28 Tt 19.53+2.56

@Cytotoxicity (% inhibition) at 5qig/mL of RAW 264.7 cells.



Schema
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Scheme 1. Synthetic path for 2-amino-7-hydroxy-4-ary<€hromene-3-carbonitrileta-t. Reaction

conditions: () Sodium carbonate, water, 25°C, 24 h.

Procedure A

(i)

Procedure B

(if)

4'a-t

Scheme 2. Two ways for synthesis of 2-amino-4-aryl-7-propdogy-4H-chromene-3-carbonitriles
5a-t. Reaction conditionsi)(Anhydrous KCO;, K, dried acetone, 440°C, 12 h; (ii) NaH, dried
DMF, 0°C; {ii) 0°C, 40 min, then to 20-25°C, 2 h.
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Scheme 3. Preparation of sugar azie Reaction conditionsaj 1. Ac,0O, HCIO, 74% (catalyst),
30-40°C; 2. Brp, red phosphorous, <20°C, then water, <20bCNaNs, dried acetone, 25°C, 24 h.

: OAc
CUAAC reaction
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N
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7a-t

Scheme 4. Click chemistry of substituted 2-amino-4-aryl-7-paogyloxy-4H-chromene-3-

carbonitrilesba-t with tetraO-acetyl$-o-glucopyranosyl azide. Reaction conditiosse Table 3.



Figures
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CN N CN
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A Ar= 4-MeOCsH4, 4-N02C6H4 B
MIC = 64 ug/mL (E. coli, S. aureus) R =4-MeOCgH, MIC =2 pg/mL (P. aeruginosa),
3-indolyl MIC = 0.5 ug/mL (E. coli),
4-NO,CgH4 MIC = 0.5 png/mL (S. aureus),
piperonyl  MIC = 0.5 ug/mL (S. epidermidis)

D, R1,R2 = C6H4, R3 = Me:

MIC = 12.5 pg/mL (V. cholerate)
E, Ry =H, R, = OH, R3 = OMe:

MIC = 12.5 ug/mL (S. pneumonia)

MIC >1 pg/mL
(A. flavus, C. albicans)

Figure 1. Some chromene structures having bacterial andafiagjivities.



N-0 O,N
CH50,S— N/\:>—N / N)—@—
MIC 30 pg/mL (C. albicans)
15 ug/mL (A. niger; A. f/avus) \/\VN CHoCeH4F-4
\©\ /\(\

\Q’ T ¥
N= :\ Z MIC = 0.0032 pg/mL (E. coli, B. epidermidis,
o)

C. albicans, A. niger)

H >< MIC = 0.0063 ng/mL (B. subtilis, P. aeruginosa)
R =H, MIC = 8 ug/mL (C. neoformans)
4-OMe, MIC = 24 pg/mL (C. albicans) @)
4-Cl, MIC = 32 pg/mL (F. oxysporum) /\O)m
O
N o) o O/Y\N
X H/\(\‘\\,N , N:N,
O O N R =F, MIC =12.5 ng/mL (C. albicans) R
OMe MIC =25 pg/mL (A. niger)
Cl (Fluconazole, MIC = 12.5 pug/mL for both fungi)
I, AChE inhibition ICso = 15.42 uM R =NO, IC5¢ = 15.00 pg/mL (BTH, ICs9 = 16.47 pg/mL)

Figure 2. Some H-1,2,3-triazole structures having bacterial andyalractivities.
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Figure 3. Some drugs havingHt1,2,3-triazole ring.



Figure5. ORTEP diagram of compouréd
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Figure 6. A plot of MIC values (M) against three Gram-positive bacterial strainslfé-1,2,3-
triazoles7a-t.
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Figure 7. A plot of MIC values (M) against four Gram-negative bacterial strainsifdsl,2,3-
triazoles7a-t.
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Figure7. A plot of MIC valus (1tM) against four strains of fungi foHt1,2,3-triazolega-t.




Highlights

Novel 1H-1,2,3-triazole-tetheredHtchromeneD-glucose conjugates by click chemistry
Several triazoles were active for three strain&@m-(+), four strains of Gram-(-)
bacteria (MICs=1.56—-6.26M)

Some triazoles had activity against four straingiafyi with MICs of 1.56-6.25M
7¢,7d,7f,7h,7r exerted anti-MRSA activities against all strainghwMIC of 1.56-6.25

uM

1H-1,2,3-Triazole¥c,7d,7f,7h,7r had comparatively low cytotoxicity against RAW
264.7 cells



