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Abstract

Twenty two diverse coumarin-triazole derivativesraveynthesized by alkylation of 7-hydroxy-4-methyl-
coumarin followed by click chemistry at 7-positiohhese compounds were evaluated for tiheivitro
antiplasmodial activity against chloroquine semsittrain ofPlasmodium falciparum (3D7). Compound 9
(7-[1-(2, 4-dimethoxy-phenyl)-1H-[1, 2, 3] triazdkylmethoxy]-4-methyl-chromen-2-one) was found most
active with 1Gg value 0.763 + 0.0124 pg/mL. Further, the strucafreompound 20 was characterized by
single crystal X-ray diffraction. In view of impr&ge results, we considered it worthwhile to vakdthe
results ofin vitro antiplasmodial activity by assessing whether tleesapounds are capable of hampering

the catalytic activity of DNA gyrase, thus preveagtits supercoiling function.
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1. Introduction

Natural products are regarded as rich sourcesstdating antiplasmodial compounds such as alkaloids
flavonoids, glycosides, etc. [1-4]. Coumarin, thestiabundant naturally occurring secondary meteholi
is found in several plant families, essential afsgroorganisms and a few animal species. Coumahow
certain biochemical properties which exert certaological effects in the cellular environment. Vheve
also been proposed for use in clinical medicinaur@arin derivatives possess a remarkably broad rspect
of biological activities including antibacterial,[B], antifungal [7-9],anticoagulant [10], anti-inflammatory
[11] antitumor [12, 13] and anti-HIV [14]. In aditih, these compounds are used as fragrant additives
food and cosmetics [15]. The commercial applicatioin coumarin includes dispersed fluorescent
brightening agents and as dyes for tuning lase8§ Main representatives of this class are the dwylr
derivatives, viz, 4- and 7-hydroxycoumarins whiche abiologically active (primarily used as

anticoagulants) and act as precursors for the sgrgtof other coumarin derivatives.

Pteryxin and Suksdorfin-A, isolated frdateryxia terebinthina andL. omatium suksdorfii, respectively, and a
coumarin compound isolated from the rootsTofldalia asiatica, exhibit antiplasmodial activity [17-19].
Further, Tringali and coworkers reported that 574@rimethoxycoumarin and isofraxidin show moderate

activity [20].

The mode of action by which coumarins exert antamal activity is, however, not precisely known.
However, they have been established to operatsaat in part through DNA gyrase inhibition, leading
the accumulation of single-stranded DNA breaks .[By this means, self-replication of the organelle
where this enzyme is functional in the protozoaragiée, i.e. the apicoplast may also be inhibitedding

to the death of the parasite in the subsequenitatioin cycle.



Azoles are regarded as one of the most importasises of nitrogen containing heterocyclic compounds
that exhibit potent antiplasmodial activity [22]mdng them, the 1, 2, 3-triazole moiety has arosgedial
interest due to its excellent pharmacokinetic dtarestics, favorable safety profile, as well as ldtent ability

for the formation of hydrogen bonds with other\aetimolecules [23]. A number of triazole drugs iclahg
Fluconazole, Voriconazole and Itraconazole have Ipeevalently used in the anti-infective therap, [25].
Recently, some triazole derivatives have been tepdo exhibit good anti-MRSA potency [26], as wasl
potent antimalarial, anticancer, antidiabetic, antlinflammatory activities [27]. A series of chaie and
dienone hybrid compounds containing aminoquinoéind nucleoside templates has been screendd for
vitro antimalarial activity. Amongst the synthesized poonds, three compounds were found to be highly
potent against D10, Dd2 and W2 strainsRb&smodium falciparum compared with the standard drug

chloroquine [28].

Our recent work showed that incorporation of trlaaing in norfloxacin leads to a substantial irse in
antimalarial activity [29]. This envisioned us tesign and synthesize newer coumarin analogs having
altered structural features, with the hypothesmt tubstituents in the benzopyrone framework would
significantly affect the biological activity and sneender them more effective against the malarragee.

In the continuation of our ongoing projects on watiarial lead identification [30-33] we designed an
analog to synthesize different coumarin triazolevdgives involving click chemistry. These deriveds
were evaluated for thein vitro antiplasmodial activity again&. falciparum 3D7 (choroquine-sensitive
strain). Further, we attempted to gain insight ititeir mechanism of action via inhibition of thezgme

DNA gyrase.

2. Results and Discussion

2.1 Synthesis of coumarin-triazole analogs



We synthesized 7-hydroxy-4-methyl-coumarin by thechman condensation from resorcinol by
reacting with ethylacetoacetate in presence of .céh80, as catalyst. The hydroxyl group of 7-
hydroxy-4-methyl-coumarin was alkylated using pmgya bromide and KCO; in acetone. The
compound 7-(prop-2-yn-1-yloxy)-2H-chromen-2-one emgbes cyclo-addition reaction with different
azides in presence of CupbBH,O and sodium ascorbate as reducing agent yieldesgtrias of 1,4-
substituted triazole derivatives 1-22 (figure ltable 1). The structures of all synthesized comgsu
(1-22) were unambiguously established by varioestspscopy techniques viz. FT-IR, ESI-M$&, and
%C- NMR. X-Rays analysis was also carried out onmmmd 20, which validates the feasibility of the

reaction.
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Figure 1. Scheme showing reagents and conditions used ihesistof coumarin compounds 1-22



Table 1.Inhibitory activity of coumarin-triazole compoundgainst®. falciparum 3D7, and various azides

used for their synthesis

Compound Azide Product Mean ICsot SE*  Mean CCso +SE°
(Hg/mL) (Hg/mL)

1 Na m 7.43 + 0.3179 >100
©\CI »Nfo 0o
2 s O\)i 6.43 + 0.1453 >100

3 éﬁ, m 8.94 + 0.6472 >100
A
"Nfo 0o
4 Na m 2.48 + 1.7401 >100
F A
©/ »N]/\o o Yo
5 Ns m 8.43 + 0.3283 >100
© —Nfo o Yo

6 L. O\)i 15.40 + 0.8718  >100
©/ N'oNfo 0o
F
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2.2The X-ray crystal structure

Single crystals suitable for X-ray diffraction wegeown by slow evaporation in ethanol at room
temperature. The data were collected on an Oxfeffdabtion Excalibur CCD diffractometer with
graphite monochromated Mookadiation & = 0.71073 A) at 298(2) K. A total of 3144 reflexis
were measured, out of which 2607 were found unidhe. structure was solved by direct method
using SHELXL-97 and refined by full matrix leastusges method on F2 (SHELXL-97). All
calculations were carried out using the WinGX paekaf the crystallographic program and
PLATON. For the molecular graphics, program ORTER#I Mercury were used. The final
residual indices are: R 0.0907, for the observed Rn0.2855 for all the reflections using 236
parametersPacking diagram is given in figure @hereas the ortep diagram has been included in
the supplementary information.

Crystallographic data collection, crystal data #mel refinement details are summarized in table 2.
The bond distance, bond angles, atomic coordiratesanisotropic displacement parameters are
given in the supporting information table.

X-Ray diffraction study was carried out on compol@land data were analyzed. The unit cell

parameters obtained for the single crystal are; &.5405(0.0006) A,a = 90.14° b =



10.5423(0.0016) A p = 90.01°, ¢ = 14.7610(0.0020) A= 96.94°and volume =845.09(0.20§,A
which clearly indicates that compound 20 is Tridiarystal with the space group Bfl. Further,
there is intermolecular hydrogen bonding and anpfanar structure. The detailed structural data

have been deposited with Cambridge Crystallographta Centre No. 846613.

Figure 2. Packing diagram of compound 20

Table 2.Crystal data and structure refinement for compa@l

Identification code Shelxl
Empirical formula Coo H17N3 O3
Formula weight 347.373
Temperature 293 K
Wavelength 0.71073 A

Crystal system Triclinic




Space group P-1
Unit cell dimensions a = 5.5405(0.0006) A o = 90.14°.
b = 10.5423(0.0016) A B =90.01°.

¢ = 14.7610(0.0020) A vy =96.94°,

Volume 845.09(0.20) A

V4 2

Density (calculated) 1.3651 Mg/m3

Absorption coefficient 0.094 mm-1

F(000) 364

Index ranges -6<=h<=6, -10<=k<=12, -17<=I<=16
Reflections collected 3144

Independent reflections 2607

Completeness to theta = 25.50° 99.80%

Absorption correction Multiscan

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 236

Final R indices [I>2sigma(l)] 0.0970(2607)

R indices (all data) 0.2855(3144)

2.31n vitro efficacies of coumarin-triazole analogs again®. falciparum

It is well documented that coumarin analogs inteveith bacterial DNA gyrase, which induces bacteria

death [34]. Since the malaria parasite also hadgyrase enzyme of the bacterial origin, antipladiaio



activity of coumarin analogs can be attributed téADgyrase inhibition, which is suggested to be rilegv
target for antimalarials in future. Moreover, toé& moiety is a very important pharmacophore urhiclv

is widely seen in many clinical drugs and crititad wide range of activity, ie. antifungal: clotvazole,
fluconazole, miconazole; antibacterial: metronidezazithromycin. However, their inhibitory roleagst
the malaria parasites has not yet been exploradugbly except few known drugs. Keeping all thesad

in mind, we designed an analog and synthesizedIsimgpumarin-triazole derivatives exploiting click
chemistry. Since coumarin and triazole moieties @esent in the same molecule, their antiplasmodial
activity would be a result of synergistic interacti Various substituted coumarin-triazole derivesiwere
testedin vitro against chloroquine sensitive 3D7 strainFoffalciparum using artemisinin as a standard
drug. Analysis reveals that some of the compoursvsvery promising activity. Out of twenty two
compounds, eighteen compounds showp I€ss than 10 pg/mL. Compound 6, 10, 15 and 22 ddgw
more than 10 pg/mL. In compound 22 we insertedhfero quinoline moiety in expecting better result
because quinolones have proven to be successiuiemtbial agents, but we got 4¢£10.60 + 0.1732
png/mL. This may be due to steric hindrance, whigghinhave prevented its binding with DNA gyrase
enzyme. Same steric factor is evident in compoufdcéntaining 3, 4, 5-trimethoxy phenyl ring.
Compound 6 containing 2, 4-difluoro phenyl ring wisdeast antimalarial activity with §g15.40 + 0.8718
ng/mL and compound 15 having 4-fluoro-2-methylplieing also shows weak activity with 4612.80 +
0.1527 pg/mL. Here, the stereochemical approach nod have been appropriate with DNA gyrase
enzyme. Compound 1, 2, 3, 5, 11 and 12 exhibit matdeactivity with 1Go ranging5-10 pg/mL. Here
activity data of compound 1 (7.43 + 0.3179 pg/mL) compound 2 {§5.43 + 0.1453 pg/mL) cleared
fluoro substituent in ring gave better result tledmoro substituent as compound 3 {J@.94 + 0.6472

pg/mL) and compound 5 (k8.43 + 0.3283 pug/mL). Further, in compound 12§1€46 + 2.5983 pug/mL)



fluoro substituent present at meta position did gige better result. Compound 11 £3.86 + 0.2403
png/mL) having nitro group at ortho position exhdoitmoderate activity.

Further, compounds 7, 8 and 14 containing triflnoethoxy, acetamide and phenoxy subtituent showed
better results with I§granging 4-5 pg/mL.

Now, if we compare benzyl derivative like compow2@ (IGo 6.4+ 0.1732 ug/mL) and compound 21
(ICs50 2.23 + 1.14438 pg/mL), compound 21 (containingi#eNoenzyl derivative) shows significant result
may be due to electron withdrawing nature of ngroup. Similarly, increase in activity was observed
when alkyl chain having polar group such as methetkjanoate (compound 17;543.30_+ 0.4041ug/mL)
and 2-hydroxyethyl (compound18;4¢3.36 + 0.2185 pg/mL) were introduced on triazalg.r

Interestingly, compound 21 in which position-1 n&zole ring was left unsubstituted exhibited prsimg
antimalarial activity with 16y 1.817 + .033 pg/mL, suggesting that the hydrodeniazole ring might be
forming H- bond with the target site, thus inteirigrwith the normal function of parasite.

In this series, three most active compounds arepoamd 9 (IGy 0.763 + .0124 pg/mL), compound 13
(IC50 0.893_+ 0.0455 pg/mL) and compound 16s§IC.496 + 1.0315 pg/mL). Compound 16 contains 2-
choloro-4-methyl phenyl ring and compound 13 corgd —dimethyl phenyl ring. The result suggesas th
presence of electron releasing group methyl entsatiee antimalarial activity. Compound 9 havingi2,
dimethoxy phenyl ring was the most potent compoymdsence of two electron releasing methoxy group
at ortho and para position of phenyl ring enhartbedantimalarial activity quite significantly.

Thus, the results presented in table 1 show that mibthe new compounds of coumarin-triazole series
exhibited very promising activity ranges, dependimgthe substitution on position-1 of triazole ritige
alkyl chain having polar group and phenyl ring mavdifferent functional group. The presence of tetet
releasing group and electron withdrawing groupirtpesition (ortho, meta and para) in phenyl rimgla

their steric hindrance, all the factors might afffédee activity, but varying behavior of compoundighw



similar nature of functional groups is still elusivThis study clearly demonstrates that there ed nef
systematic SAR study to establish meaningful cati@h among various functional groups. Work in this

direction is under progress.

2.4 Effect of coumarin-triazole analogs on the activityof E. coli DNA gyrase

The molecular details of the gyrase-coumarin corple extensively studied [35]. The coumarins
inhibit the gyrase action by competitive bindingth@ ATP-binding site of DNA gyrase B (GyrB)
protein. In contrast, the quinolones act in a ddfé manner, by trapping the cleavage complex and
interacting primarily with GyrA and to some extavith GyrB and DNA [36]. Hence, DNA gyrase
has been hypothesized to be a new target for dawelot of newer antimalarial drugs in future.
Substantiating this hypothesis is the fact thatrttadaria parasite harbours the bacterial type DNA
gyrase enzyme. It requires the apicoplast, a cplast-like organelle for survival. Genome of the
apicoplast (pIDNA) is a 35 kb circular DNA that served by gyrase, a prokaryotic type

Il topoisomerase [37].

In the present study, we investigated the influesfceoumarin-triazole analogs on the supercoiling
activity of DNA gyrase exerted on relaxed plasmiblA The results revealed inhibition of the
supercoiling activity, which may be attributed toeyention of ATP hydrolysis required for the
enzymatic cycle and inhibition of the gyrase DNAding. Figure 3 shows the relative positions of
the relaxed topoisomers (A), linear (B) and supédo(C) pHOT1 plasmid DNA, gyrase treated
relaxed DNA (D), and gyrase treated relaxed DNAhe presence of Kgconcentrations of test

compounds 9, 13 and 16, respectively (E-G) anghtisetive control, ciprofloxacin (H).



Figure 3. Effect of coumarin-triazole analogs 9, 13 and 1@ocoli DNA gyrase, using relaxed
pHOT1 plasmid DNA as a substrate. The lower bamavstsupercoiled DNA. Samples were

analysed by gel electrophoresis.

3. Conclusion

We have synthesized a series of novel coumarineteaderivatives (1-22) by exploiting Click Chemnyst
on 7-(prop-2yn-1-yloxy)-2H-chromen-2-one. Most d¢fetcompounds demonstrated promisingvitro
antiplasmodial activities. However, three compouwith the lowest inhibitory concentration valuesreve
9, 13, 16, with IGy values of 0.763 + 0.0124, 0.893 + 0.0455 and 1#49®315, respectively. Convincing
results were obtained on account of analyzing thdiibitory effect on the supercoiling activity tfie
enzyme gyrase, employirg coli DNA gyrase and relaxed plasmid DNA. Thus, we canctude that
these compounds can be used as potential leagstttesize new antimalarial drugs that target theADN
gyrase enzyme. Furthermore, it would be interestiogstudy their behavior in Artemisinin-based

Combination Therapy (ACT), as combination partrierthe artemisinins.



4. Experimental procedure
4.1 General methods

Various chemicals and solvents used in this stuelevpurchased from E. Merk (India) and Sigma-Ahric
Chemicals. Melting points werejhu8iky determinedusjng open capillary method and are uncorrected.
NMR spectral data were recorded on a BruckerAva3@@VHz and Jeol JNM 400MHz spectrometers
respectively using TMS as an internal standard. diemical shift values are recorded ®scale and
coupling constants (J) are in hertz. The followatdpreviations were used in reporting spectra: sghst, d

= doublet, t = triplet, g = quartet, m = multipl&k spectra were obtained on a Perkin Elmer Fourier-
transform infrared (FT-IR) spectrophotometer (Speut2000) in potassium bromide disk. ESI-MS spectra
were obtained on Waters Micromass LCT spectromElemental analysis was done on Elementar GmbH

VarioElanalyzer.
4.2 Preparation of 4-methyl-7-hydroxy coumarin

Concentrated 80O, (20mL) was taken into a 250mL round flask and eddh an ice bath at 0°C.
A solution of resorcinol (2.0g, 18.16 mmol) in edlogtoacetate (2.4mL, 19mmol) was added
dropwise to the flask with constant stirring white temperature was carefully kept below at 10°C.
Then the mixture was continued to stir overnightr@m temperature. After this period, the
reaction mixture was poured into crushed ice wigorous stirring. The solid product was filtered
and washed with cold water. Crude product was stallized from absolute ethanol to obtain pure

4-methyl-7-hydroxycoumarin with an approximately6§ield [38].



4.3 Synthesis of 7-(Prop-2-yn-1-yloxy)-2H-chromen-@ne

To a stirred solution of 4-methyl-7-hydroxy-counmari(1.76g, 10mmol) in dry acetone, anhydrous
potassium carbonate (1.38g, 10mmol) and propargyinige (1.19g, 10mmol) were added. The
resultant mixture was stirred at 50°C for 18h, thie®m mixture was cooled and the solvent was
removed under reduced pressure. The residue wasobed into 15mL of water and extracted
with ethyl acetate. The combined organic phases washed with water, dried over anhydrous
sodium sulphate and evaporated in vacuum. The gratkict was purified by crystallization from

ethyl acetate/hexane mixture to yield light yells@lid product [38].

Yield: 90%. mp: 130-132°CH NMR (CDCk, 400MHz)& ppm: 2.40(s, 3H, 4-CH), 2.57(s, 1H,
CH of alkyne), 4.76(s, 2H, -O-GHmethylene proton), 6.16(s, 1H, pyran ring), 6i832H, H and
He), 7.5 (s, 1H, ). **C NMR (CDCEk, 100MHz) & ppm: 18.56(CH), 56.08(-CH-O), 76.41(G’
alkyne), 77.31 (¢ alkyne), 102.04(¢), 112.27(G), 114.14(G), 125.55(G), 152.35(G pyran ring),

154.90(G-0), 160.24 (C=0).
4.4 General procedure for synthesis of alkylazide

Alkyl halide (5.8 mmol) in DMSO (8 mL) was taken @around bottom flask and sodium azide was
(760mg, 11.69mmol) added and stirred overnight. fBaetion mixture was quenched in ice-water
and extracted with diethyl ether, washed succelsswith 5% bicarbonate solution and dried over
anhydrous sodium sulphate. The solvent was rembyetbtary evaporated to give alkyl azide,

yield 70% [39a].



4.5 General procedure for synthesis of arylazide

Aniline (7.25 mmol) was dissolved in 4.57mL (1:}isaHCl:water) and stirred at 0-5°C. Sodium

azide (4689g) was dissolved in 5.67mL of water atdied drop wise and then reaction was allowed
to reach at room temperature and stirred further3f® minutes. The resultant precipitate was
extracted with CHGl and washed successively with water. The organyerlavas dried over

anhydrous Nzg5Oy and the solvent was removed in vacuum to get zidgain good yield [39a].

4.6 Synthesis of 4-azido-7-chloro-quinoline

To 4,7-dichloroquinoline (1.0gm, 5mmol) solution amhydrous DMF (4mL) was added sodium
azide (0.650gm, 10mmol) and resulting mixture wiisesl at 70°C for 6h. After completion of

reaction as checked by TLC, the reaction mixturs adowed to cool to room temperature and
diluted with DCM (100mL), washed with water, driexver anhydrous sodium sulphate and
evaporated to dryness. The resulting product reswias crystallized from DCM / hexane mixture

which yielded pure colourless needle like crysiial80% yield [39b].

4.7 General procedure for synthesis of compounds-@2)

To a solution of compound 7-(Prop-2-yn-1-yloxy)-2Hromen-2-one (214 mg, 1.0 mmol) in tert.
BUOH/HO (1:1), CuSQ5H,0 (37.45mg, 0.15mmol) and sodium ascorbate (59.4n8)mmol)
were added. The mixture was stirred at room tentpexdor 15 minute and then azide (1.0 mmol)
was added. The resulting mixture was stirred atrdemp. until the starting material was
consumed. After 24h, on completion of the react@isnseen by TLC, the reaction mixture was
extracted with ethylacetate. The combined orgahesp washed with water, dried over anhydrous
sodium sulphate and evaporated in vacuum. The craeluct was purified by column

chromatography [39a].



4.7.1. 7-[1-(3-Chloro-4-fluoro-phenyl)-1H-[1,2,3]ridzol-4-ylmethoxy]-4-methyl-chromen-2-one

(1)

Yield: 40%. Yellow solid. mp: 182-184°C. MS: m/z385.34 (M), 387 (M+2), 386 (M+1), 210
(M-175) .'"H NMR (DMSO-ds, 300MHz) ppm: 2.36(s, 3H, -Ch), 5.38(s, 2H, -O-Ch) 6.25(s,
1H, Hz coumarin pyran ring), 7.07(d, 1HgH) = 8.1Hz), 7.19(s, 1H,dtoumarin ring), 7.67(d, 1H,
He, J = 4.2Hz), 7.87(m, 2H, ¢& Hs' benzene ring), 9.04(s, 1H,Hoenzene ring). 9.05(s, 1H,
triazole ring). *C NMR ((DMSO4ds, 75MHz) & ppm: 18.64(Ch), 62.00(-CH-O), 80.38,
102.12(G), 111.80(G), 113.08(G), 121.60(G benzene ring), 123.04¢% 124.03(G), 127.06(G
coumarin ring & G' benzene ring) 129.76(CH, ethylene C of triazol&30.10(G-Cl), 143.84(C,
quaternary carbon of triazole ring), 149.93(C153.13(C-O Fused in pyran ring), 155.13(§ran
ring), 160.60(G-0), 161.36(C=0). IR (KBr, cif) v 2929.50(C-H stretching), 1718.44(p-
unsaturated ketonic C=0O stretching), 1617.95, 1#B91270.58(C-O-C stretching), 1153.71(C-N
stretching in 1,2,3-triazole ring), 1072.62(C-O-CQrekhing), 845.78. Anal. Calcd for

C19H13CIFN3Os: C, 59.15; H, 3.40; N, 10.89. Found: C, 59.12;5H9; N, 12.49%.

4.7.2. 7-[1-(4-Fluoro-phenyl)-1H-[1,2,3] triazolymethoxy]-4-methyl-chromen-2-or(@)

Yield: 40%. Yellow solid, mp: 172-174°C. MS: m/z351.23 (M), 352.23 (M+1), 353.22(M+2),
176.11(M-175)*H NMR ((DMSO-ds, 300MHz) & ppm: 2.39(s, 3H, -C#), 5.36(s, 2H, -O-Cht),
6.22(s, 1H, H coumarin pyran ring), 7.04(d, 1H, sH 7.15(s, 1H, K coumarin ring),
J = 7.8Hz), 7.49(m, 2H, #4& H,' benzene ring), 7.67(d, 1Hgldoumarin ring, J = 8.4Hz), 7.9(br,
s, 2H, H & Hs benzene ring), 9.02(s, 1H, triazole rin)C NMR ((DMSOds 75MHz) & ppm:

18.12(CH), 61.85(-CH-0), 101.57(G), 111.36(G), 112.53(G), 113.45(G & Cs), 116.94(C



quaternary fused C of coumarin ring), 122.53)(@23.62 (@), 126.52 (CH, ethylene C of triazole
), 132.98(G & Cg), 143.32(C, quaternary carbon of triazole ring)3.B7(C-O Fused in pyran
ring), 154.61(G pyran ring), 160.11(5&F benzene ring), 160.85 {0©), 163.40(C=0). IR (KBr,
cm™) v 2925.95(C-H stretching), 1717.96, (-unsaturated ketonic C=O stretching), 1609.70,
1516.59, 1388.08(C-O-C stretching), 1158.17 (Csitahing in 1,2,3-triazole ring), 1071.92(C-0O-C
stretching), 845.5. Anal. Calcd forgE14FN3Os: C, 64.95; H, 4.02; N, 11.96. Found: C, 64.32,; H

4.22; N, 11.82%.
4.7.3. 7-[1-(2-Chloro--phenyl)-1H-[1,2,3] triazohdmethoxy]-4-methyl-chromen-2-or(8)

Yield: 36%. Yellow solid. mp: 118-120°C. MS: m/z367.89 (M), 369.88 (M+2), 368.86 (M+1),
193(M-175) *H NMR ((DMSO-ds, 300MHz)3ppm: 2.41(s, 3H, -Ch), 5.38 (s, 2H, -O-CH), 6.25(s,
1H, Hycoumarin pyran ring), 7.09(d, 1HgH = 8.0Hz), 7.2 (s, 1H,dtoumarin ring), 7.6-7.8(m, 5H,
4H benzene ring, Hcoumarin ring),8.7(s, 1H, triazole rindfC NMR ((DMSOds 75MHz) & ppm:
18.62(CH), 61.88(-CH-0), 102.10(G), 111.83(G), 113.13(G), 113.92 (C quaternary fused C of
coumarin ring), 127.03@} 127.70 (@), 129.00 (¢ & Cg), 131.03 (G & Cg), 132.27 (CH, ethylene
C of triazole ), 134.83(£Cl), 142.59(C, quaternary carbon of triazole rjntf)3.92(C-O Fused in
pyran ring), 155.14(€pyran ring), 160.61(£0), 161.45(C=0). IR (KBr, Cf) viex: 2922.33(C-H
stretching), 1718.21¢, p-unsaturated ketonic C=0O stretching), 1617.78,7188 1282.08(C-O-C
stretching), 1143.18 (C-N stretching in 1,2,3-iazing), 1070.38(C-O-C stretching), 837.28, 761.9

Anal. Calcd for GaH14CIN3Os: C, 62.05; H, 3.84; N, 11.43. Found: C, 62.01;3189; N, 11.22%.
4.7.4. 7-[1-(2-Fluoro-phenyl)-1H-[1,2,3] triazolymethoxy]-4-methyl-chromen-2-or{é)

Yield: 35%. Yellow solid. mp: 128-130°C. MS: m/z351.13 (M), 352.23(M+1), 353.22(M+2),

176.11 (M-175).*H NMR ((DMSO-ds, 300MHz) & ppm: 2.38(s, 3H, -C¥), 5.30(s, 2H, -O-Cht)



6.23(s, 1H, H coumarin pyran ring), 7.10-8.19(br, 7H, 4H bereeing & 3H coumarin ring H

He, Hg), 8.84(s, 1H, triazole ringf>C NMR ((DMSOds 75MHz) & ppm: 23.36(Ch), 66.54(-CH-

0), 106.81 (@), 116.57 (G), 117.82 (G), 118.66 (C, quaternary fused C of coumarin ring),
122.24(G), 122.50 (@), 129.78(G), 129.92(G), 130.85(G), 131.26(G), 131.77 (CH, ethylene C
of triazole ), 147.87 (C, quaternary carbon ofzia ring), 157.40 (C-O Fused in pyran ring),
158.64 (G pyran ring), 160.72(£0), 165.30(G-F), 166.16(C=0). IR (KBr, cf) via 2924.28
(C-H stretching), 1718.4Gw( B-unsaturated ketonic C=0 stretching), 1617.57, 13891282.36 (C-
O-C stretching), 1140.09 (C-N stretching in 1,2i&zble ring), 1044.25 (C-O-C stretching), 834.21,
765.51. Anal. Calcd for fgH14FN3O3: C, 64.95; H, 4.02; N, 11.96. Found: C, 64.31; 4t27; N,

11.83%.
4.7.5. 7-[1-(4-Chloro-phenyl)-1H-[1,2,3] triazolydmethoxy]-4-methyl-chromen-2-or(&)

Yield: 40%. Yellow solid. mp: 200-202°C. MS: n¥z367.13 (M),369.07(M+2), 368.07(M+1)
193(M-175), 176 .*H NMR ((DMSO-ds 300MHz)& ppm: 2.40(s, 3H, -C#), 5.36(s, 2H, -O-Cht)
6.23(s, 1H, H coumarin pyran ring), 7.07(d, 1HsH) = 6.3Hz), 7.18(s, 1H, ddcoumarin ring),
7.69( m, 3H, K coumarin ring, B and H benzene ring), 7.95(d, 2H,stnd H, benzene ring),
9.02(s, 1H, triazole ring)**Cc NMR ((DMSOds 75MHz) § ppm: 18.60(Ch), 62.00(-CH-O),
102.12(G), 111.94(G), 113.06(G), 113.95(C quaternary fused C of coumarin rin@2.36(G
&Cy), 123.73(G & C¢), 127.03(G), 130.36(CH, ethylene C of triazole ), 133.5¢4(CL35.77(G-
Cl), 143.82 (C, quaternary carbon of triazole rjing3.86(C-O Fused in pyran ring), 155.14(C
pyran ring), 160.57(€0), 161.37(C=0). IR (KBr, cf) v 2924.41(C-H stretching), 1718.39, (
B-unsaturated ketonic C=0O stretching), 1612.28, 15011388.50, 1265.51(C-O-C stretching),
1155.15(C-N stretching in 1,2,3-triazole ring), Q@B(C-O-C stretching), 839.48, 504.28. Anal.

Calcd for GoH14CIN3Os: C, 62.05; H, 3.84; N, 11.43. Found: C, 62.31;3190; N, 11.20%.



4.7.6. 7-[1-(2,4-Difluoro-phenyl)-1H-[1,2,3] triakd-ylmethoxy]-4-methyl-chromen-2-or(6)

Yield: 35%. Yellow solid. mp: 170-172°C. MS: m/z369.17 (M), 370.16(M+1), 371.18(M+2),
177.1(7-hydroxy coumarin cation)’H NMR ((DMSO-ds, 300MHz) & ppm: 2.36(s, 3H, -Ch),
5.39(s, 2H, -O-Cht) 6.24(s, 1H, H coumarin pyran rings), 7.09-7.20(br, 2H; &hd H), 7.37(s,
1H, Hg, benzene ring), 7.71(s, br, 2HgtNd H, benzene ring), 7.93(s, 1H,gk 8.80(s, 1H,
triazole). IR (KBr, cn) vmm: 3069.46, 2925.08(C-H stretching), 171086 -unsaturated ketonic
C=0 stretching), 1612.87, 1517.46, 1388.02, 12{2.40-C stretching), 1198.58, 1142.00(C-N
stretching in 1,2,3-triazole ring), 1067.42(C-O4ekhing), 1013.82, 836.90, 609.44. Anal. Calcd

for CigH13FN30s: C, 61.79; H, 3.55; N, 11.38. Found: C, 61.61;3H9, N, 11.22%.

4.7.7. 7-[1-(4-Trifluoromethoxy-phenyl)-1H-[1,2,3liazol-4-ylmethoxy]-4-methyl-chromen-2-one

()

Yield: 35%. Yellow solid. mp: 154-156°C. MS: m/z427.17 (M), 332(M-OCK), 177 (7-hydroxy
coumarin cation)'H NMR ((DMSO-ds 300MHz) & ppm: 2.40(s, 3H, -Ch), 5.38(s, 2H, -O-Ch)
6.24(s, 1H, H coumarin pyran rings), 7.08(d, 2Hg dnd K, J = 8.7Hz), 7.62-772(m, 3H,Hand

Hg benzene ring anddy 8.06(d, 2H, H and H; benzene ring , J = 8.7Hz), 9.05(s, 1H, triazole).
%C NMR ((DMSO4s 75MHz) & ppm: 18.62(Ch), 61.96(-CH-O), 102.07(G), 111.87(G),
113.08(G), 113.94(C quaternary fused C of coumarin ring?2.68(Ck), 123.16(G &Cs),
123.97(GQ), 127.05(G), 135.83(G &Cg), 143.83(C, quaternary carbon of triazole ring),
148.41(G-0), 153.92(C-O Fused in pyran ring), 155.10(@yran ring), 160.62(£0),
161.32(C=0). IR (KBr, cM) vmx: 2925.22(C-H stretching), 1743.28, B-unsaturated ketonic C=0

stretching), 1612.50, 1517.53, 1389.32, 1261.940(C- stretching), 1156.10 (C-N stretching in



1,2,3-triazole ring), 1027.39(C-O-C stretching) 9&®, 502.60. Anal. Calcd fora@H14FN304: C,

57.56; H, 3.38; N, 10.07. Found: C, 57.53; H, 318610.22%.

4.7.8. N-{4-[4-(4-Methyl-2-0x0-2H-chromen-7-yloxylkathyl)-[1,2,3] triazol-1-yl]-phenyl}-

acetamid€8)

Yield: 38%. Yellow solid. mp: 150-152°C. MS: m/z390.16(M), 391.16(M+1), 392(M+2).*H
NMR ((DMSO-ds, 300MHz) & ppm: 2.04(s, 3H, -CO-Ci#)l 2.4(s, 3H, -Ch), 4.94(s, 2H, -O-CH),
6.26(s, 1H, H coumarin pyran ring), 7.03(d, 2H,sBnd K, J = 12.0Hz), 7.46(d, 2H,and H;, J

= 8.7Hz), 7.56(d, 2H, Hand H;, J = 8.7Hz), 9.01(s, 1H, triazole), 10.095(s, N). *C NMR
((DMSO-ds 75MHz) 6 ppm: 18.20(CHcoumarin ring methyl C), 24.08(GHamide methyl C),
56.11(-CH-0), 78.98, 78.59, 101.87{C 111.58(G), 112.63(G), 113.73(G&C quaternary fused
C of coumarin ring), 114.55¢C&Cs), 120.89(G &Cyg¢), 126.63(G), 131.54 (CH, ethylene C of
triazole), 138.71(C4N & quaternary carbon of triazole ring), 153.410CFused in pyran ring),
154.53(G pyran ring), 160.15(C=0), 168.57(C=0 of amide). (&Br, cm™) v 3305.17(N-H
Stretching in amide), 2926.13(C-H stretching), 1818, B-unsaturated ketonic C=0 stretching),
1390.01, 1364.04, 1282.09, 1262.03(C-O-C stretghia@55.58(C-N stretching in 1,2,3-triazole
ring), 1070.35(C-O-C stretching), 1017.94, 8228014.20. Anal. Calcd for £H1sN4O,4: C, 64.61;

H, 4.65; N, 14.35. Found: C, 64.59; H, 4.97; N324%.
4.7.9. 7-[1-(2,4-Dimethoxy-phenyl)-1H-[1,2,3] tri@z4-ylmethoxy]-4-methyl-chromen-2-0r{8)

Yield: 30%. Yellow solid. mp:170-172°C. MS: m/z 9R12(M), 394.13(M+1), 395.11 (M+2),
218 (M-175)."H NMR ((DMSO-ds, 300MHz) & ppm: 2.41(s, 3H, 4-Ckicoumarin ring), 3.78 (s,
6H, 2 and 4-OCHg), 5.36(s, 2H, -OCH), 6.24(s, 1H, H pyran ring), 7.13(m, 2H, aromatic),

7.43(m, 3H, aromatic), 7.80(s, 1HgH 8.68(s, 1H, triazole ring}’C NMR ((DMSOds 75MHz) &



ppm: 18.60(CH), 56.28(20CHs), 57.01(4OCHs), 61.91(-CH-O), 102.11(G), 111.58(G),
111.80(G), 113.13(C quaternary fused C of coumarin rind3.88(C3), 114.74(@), 116.36(G),
126.27(G), 127.00(G), 127.44(CH, ethylene C of triazole ), 142.28(Qatgrnary carbon of
triazole ring), 145.96(&0), 153.61(G-0), 153.88(C-O Fused in pyran ring), 155.1b(5yran
ring), 160.60(G-0), 161.48(C=0). IR (KBr, cif) vmac 2926.01(C-H stretching), 1728.48(-
unsaturated ketonic C=0 stretching), 1615.75, 1%,11511.97, 1389.79, 1292.63, 1281.18(C-O-C
stretching), 1146.77(C-N stretching in 1,2,3-trlazaing), 1071.82, 1042.84(C-O-C stretching),
862.58, 810.45, 705.16. Anal. Calcd fonldidN3Os; C, 64.12; H, 4.87; N, 10.60. Found: C, 64.01;

H, 4.89; N, 10.22%.

4.7.10. 7-[1-(3,4,5-Trimethoxy-phenyl)-1H-[1,2,3tiazol-4-ylmethoxy]-4-methyl-chromen-2-one

(10)

Yield: 28%. Yellow solid, mp: 142-144°C. MS: m/z 423.16 (M), 248(M-175), 177(hydroxy
coumarin).'H NMR ((DMSO-ds 300MHz) & ppm: 2.39(s, 3H, -C¥), 3.71(s, 3H, 4-OC¥}, 3.87(s,
6H, 3-OCH and 4-OCH), 5.3(s, 2H, -CHO-), 6.23(s, 1H, K coumarin pyran ring), 7.07(d, 1H,
Hs, J = 8.4Hz), 7.08-7.17(m, 3H,gldoumarin ring, B and Hy benzene ring), 7.09(d, 1HH =
8.7Hz), 9.03(s, 1H, triazole ringy*C NMR ((DMSOds;75MHz) & ppm: 18.18(CH), 56.31(3
OCH; &5'-OCHg), 60.23(40CH;), 61.72(-CH-O), 98.13, 101.65, 102.204¢ 110.27(G),
111.41(G), 112.64(G), 112.90(@), 113.51(C quaternary fused C of coumarin rin@3.47(G),
126.59(G), 132.43(CH, ethylene C of triazole ), 137.39(C143.09(C, quaternary carbon of
triazole ring), 153.45(6&Cs), 153.56(C-O Fused in pyran ring), 154.68(9ran ring), 160.18(&
0), 160.97(C=0). IR (KBr, ci) v 2930.68(C-H stretching), 1717.53@-unsaturated ketonic

C=0 stretching), 1610.74, 1510.30, 1389.06, 127714%5.72(C-O-C stretching), 1126.41(C-N



stretching in 1,2,3-triazole ring), 1073.56(C-O-@etching), 861.26, 820.30. Anal. Calcd for

CH21N30s: C, 62.41; H, 5.00; N, 9.92. Found: C, 62.21; 645N, 10.13%.
4.7.11. 7-[1-(2-Nitro-phenyl)-1H-[1,2,3] triazol-imethoxy]-4-methyl-chromen-2-or(@1)

Yield: 35%. Yellow solid. mp: 146-148°C. MS: m/z 378.10 (M), 173(M-175). *H NMR
((DMSO-ds, 300MHz) 6 ppm: 2.41(s, 3H, -C¥), 5.39(s, 2H, -O-CH), 6.29(s, 1H, KHcoumarin
pyran ring), 8.91(s, 1H, triazole ring), 7.20(s,, I coumarin ring), 7.09(d, 1H, $1J = 6.0Hz),
7.72(d, 1H, K, J = 6.9Hz) , 7.86-7.95(m, 3H,HHs' & He' benzene ring), 8.24(d, 1HzHbenzene
ring, J = 6.6Hz)*C NMR ((DMSO4ds, 75MHz) & ppm: 18.63(Ch), 61.83(-CH-0), 102.05(G),
111.84(G), 113.10(G), 115.90(C quaternary fused C of coumarin ridg®.62(G), 126.08(G),
127.04(G), 128.16(G), 129.47(GQ), 131.81(CH, ethylene C of triazole ), 134.99(C136.21,
143.26(C, quaternary carbon of triazole ring), 584C,-NO,), 153.92(C-O Fused in pyran ring) ,
155.13(G pyran ring), 160.62, 161.40(C=0). IR (KBr, ¢mvm 2920.02(C-H stretching),
1735.98(a ,B-unsaturated ketonic C=0 stretching), 1617.96, 1HP41345.94(-N@sym stretching),
1278.65(C-O-C stretching), 1154.55(C-N stretching 1,2,3-triazole ring), 1017.41(C-O-C
stretching), 839.57, 740.83. Anal. Calcd foiglisN4Os: C, 60.32; H, 3.73; N, 14.81. Found: C,

60.17; H, 3.89; N,14.65%.
4.7.12. 7-[1-(3-Fluoro-phenyl)-1H-[1,2,3] triazolydmethoxy]-4-methyl-chromen-2-or(@2)

Yield: 40%. Yellow solid. mp: 178-180°C. MS: m/z351.10 (M) 352.23(M+1), 353.22(M+2),
176.11 (M-175).*H NMR ((DMSO-ds, 300MHz) & ppm: 2.41(s, 3H, -C#), 5.39(s, 2H, -CHO-),
6.24(s, 1H, H), 7.08(d, 1H, J = 9.0Hz), 7.18(s, 1Hg)H7.39(d, 1H, K, J = 6.9Hz), 7.66-7.72(m,
2H, Hy and H), 7.81-7.88(m, 2H, Wand H). *C NMR ((DMSO-ds 75MHz)  ppm: 18.51(CH),

62.00(-CH-0), 102.09(G), 107.95, 108.30, 111.83¢C 113.03(G), 113.94(G&C>), 115.87(C



quaternary fused C of coumarin ring), 116.50)(Q23.76(G), 126.90(G), 132.27(CH, ethylene C
of triazole ), 138.20(¢), 143.84(C, quaternary carbon of triazole ring3.82(C-O Fused in pyran
ring), 155.09(G pyran ring), 160.58(£0), 161.30(G-F), 164.48(C=0). IR (KBr, ci) v
3161.20(C-H stretching), 1700.2](p-unsaturated ketonic C=O stretching), 1612.81, 1384
1296.92(C-O-C stretching), 1146.58(C-N stretching 1,2,3-triazole ring), 1072.17(C-O-C
stretching), 1037.88, 868.38, 853.48, 801.18, 329%®al. Calcd for gH14FN3O3: C, 64.95; H,

4.02; N, 11.96. Found: C, 64.30 ; H, 4.29; N, 2%/
4.7.13. 7-[1-(3,5-Dimethyl-phenyl)-1H-[1,2,3] trialz4-ylmethoxy]-4-methyl-chromen-2-or{&3)

Yield: 30%. Yellow solid. mp :202-204°C. MS: m/z 361.14 (M). '"H NMR ((DMSO-s,
300MHz) & ppm: 2.41(s, 9H, 3-C¥)l, 5.36(s, 2H, -CHO,), 6.24(s, 1H, pyran ring), 7.10(m, 3H,
aromatic proton), 7.53(s, 2H,,Hand Hy), 7.72(d, 1H, aromatic proton, J = 8.1Hz), 8.93(4,
triazole ring). IR (KBr, crit) v 2919.65 (C-H stretching), 1717.61p-unsaturated ketonic C=0
stretching), 1612.81, 1390.28, 1370.28, 1265.88{C-Gtretching), 1199.40, 1138.71( C-N
stretching in 1,2,3-triazole ring), 1070.91(C-O-@etching), 1017.93, 841.30, 808.35, 681.12,
439.12. Anal. Calcd for £H19N3O3: C, 69.79; H, 5.30; N, 11.63. Found: C, 69.65; 588, N,

11.61%.
4.7.14. 4-Methyl-7-[1-(4-phenoxy-phenyl)-1H-[1,21Bazol-4-ylmethoxy]-chromen-2-or{@4)

Yield: 30%. Yellow solid. mp: 144-146°C. MS: m/z425.67(M), 332 (M- PH), 93 (Ph-0),77
(PH). 'H NMR ((DMSO-ds, 300MHz) & ppm: 2.41(s, 3H, 4-CiHaromatic ring) 5.37(s, 2H, -GH
0O-), 6.24(s, 1H, B coumarin pyarn ring), 7.10(m, 3H, aromatic profonRl (m, 4H aromatic
proton), 7.45(t, 2H, aromatic ring, J = 15.6HZz7J8Hz, J’=7.8Hz), 7.2 (d, 2H, aromatic ring, J =

8.7Hz), 7.90 (d, 2H, J = 8.7Hz), 8.96 (s, 1H,zmia ring)."*C NMR ((DMSOds75MHz) § ppm:



18.08(CH), 61.56(-CH-0), 101.61 (G), 111.32 (@), 112.55(G), 113.42 (C quaternary fused C of
coumarin ring), 119.15(2C aromatic), 119.18(2C ate), 122.21(2C aromatic), 123.20(2C
aromatic), 124.12(1C aromatic), 126.49(C130.20(G), 131.87(CH, ethylene C of triazole ),
143.09 (C, quaternary carbon of triazole ring),.B23C-O Fused in pyran ring), 154.61,4(8/ran
ring), 155.89 (G-O), 157.00 (C-O phenoxy), 160.05(0), 160.89(C=0). IR (KBr, cif) viex:
2935.57 (C-H stretching), 1733.94, (B-unsaturated ketonic C=0 stretching), 1612.08, 113
1388.29, 1241.30(C-O-C stretching), 1155.12 (Chitching in 1,2,3-triazole ring), 1071.14(C-0O-C
stretching), 1024.15, 833.68, 699.06. Anal. Calod @sH19N304: C, 70.58; H, 4.50; N, 9.88.

Found: C, 70.12; H, 4.84; N, 9.78%.

4.7.15. 7-[1-(4-Fluoro-2-methyl-phenyl)-1H-[1,2,&azol-4-ylmethoxy]-4-methyl-chromen-2-one

(15)

Yield: 30%. Yellow solid. mp: 140-142°C. MS m/z 6812 (M),190(M-175), 177(hydroxy
coumarin cation)*H NMR ((DMSO-ds 300MHz)& ppm: 1.23(s, 3H,'2CH; of azide ring), 2.08(s,
3H, 4-CH; of coumarin ring), 5.37(s, 2H, -GHD-), 6.07(s, 1H, K pyran ring), 6.80(d, 2H,
aromatic proton J = 6.6Hz), 7.21(s, 1H), 7.41(s),IH80(m, 3H, aromatic), 9.53(s, 1H, triazole
ring). IR (KBr, cm') v 2923.48(C-H stretching), 1715.2](B-unsaturated ketonic C=0O
stretching), 1611.91, 1509.45, 1379.85, 1266.27{C-Gstretching), 1203.52, 1139.56(C-N
stretching in 1,2,3-triazole ring), 1021.98(C-O4&:&hing), 827.87, 683.55, 456.47. Anal. Calcd for

C20H16FN3Os: C, 65.75; H, 4.41; N, 11.50. Found: C, 65.18;4H4; N,11.48%.

4.7.16. 7-[1-(2-Chloro-4-methyl-phenyl)-1H-[1,2,8]azol-4-ylmethoxy]-4-methyl-chromen-2-one

(16)



Yield: 40%. Yellow solid. mp :148-150°C. MS: m/z 381.10 (M), 383.11(M+2), 382(M+1),
206.05(M-175)H NMR ((DMSO-ds 300MHz)& ppm: 2.41(s, 3H, 4-Ckpyran ring), 2.50(s, 3H,-
CHz aromatic ring attached with triazole) 5.37(s, 28BH,-O-), 6.24(s, 1H, &l coumarin pyran
ring), 7.08(d, 1H, K coumarin ring , J = 8.7Hz), 7.2(s, 1Hg Ebumarin ring), 7.39(d, 1H,41J =
7.8Hz), 7.5-7.6(m, 2H, kland H), 7.71(d, 1H, H, J = 8.7Hz) , 8.71(s, 1H, triazole rin§JC NMR
((DMSO-ds 75MHz) & ppm: 18.61(CHcoumarin ring), 20.91(Ckbenzene ring), 61.93(-GHD),
102.12(G), 111.83(G), 113.13(G), 113.92(C quaternary fused C of coumarin rin@7.02(G),
127.67(G), 128.50(@), 128.60(G), 129.42(G), 131.10(CH, ethylene C of triazole ), 132.38(C
142.53(C, quaternary carbon of triazole ring), 682Cy), 153.89(C-O Fused in pyran ring),
155.15(G pyran ring), 160.59(£0), 161.47(C=0). IR (KBr, cit) vmmx 3144.15, 2923.48(C-H
stretching), 1715.2&( pB-unsaturated ketonic C=O stretching), 1611.91, 1889 1379.85,
1266.27(C-O-C stretching), 1203.52, 1139.56(C-Mtsting in 1,2,3-triazole ring), 1021.98(C-O-C
stretching), 827.87, 456.47. Anal. Calcd fapidis Cl N3Os: C, 62.91; H, 4.22; N, 11.50. Found: C,

62.12; H, 4.52; N,14.38%.

4.7.17. [4-(4-Methyl-2-0x0-2H-chromen-7-yloxymethyl,2,3] triazol-1-yl]-acetic acid methyl

ester(17)

Yield: 42%. Yellow solid. mp: 138-140°C. MS: m/z 329.16 (M), 315(M-CH), 271 (M-
COOMe). 'H NMR ((DMSO-ds, 300MHz) & ppm: 2.39(s, 3H, -Ch, 3.7(s, 3H, -OCHh), 5.30(s,
2H, -CHy-N-), 5.44(s, 2H, CR+O-), 7.04(d, 1H, g J = 9.0Hz), 7.15(s, 1H,d] 7.67(d, 1H, K, J =
8.7Hz), 8.30(s, 1H, triazole ring}*C NMR ((DMSOds75MHz) & ppm: 18.59(Ch), 50.79(-
OCHs), 53.02, 56.52(CHN), 61.97(-CH-O), 101.92, 102. 26¢}, 111.75(G), 113.00(G),
114.00(C quaternary fused C of coumarin ring), 9265 &CH, ethylene C of triazole ), 142.60(C,

quaternary carbon of triazole ring), 153.82(C-Osd¢l in pyran ring), 154.004Cpyran ring),



160.52(G-0), 161.44(C=0), 168.16 (C=0, ester). IR (KBr, 9mmx: 2960.23(C-H stretching),

1733.95¢, p-unsaturated ketonic C=0 stretching), 1717.58(@fethyl ester), 1611.95, 1396.82,
1375.73, 1279.70(C-O-C stretching), 1254.58, 11H&4N stretching in 1,2,3-triazole ring),
1138.37, 1070.82(C-O-C stretching), 988.59, 84082®,.16, 458.77. Anal. Calcd for £15N30s:

C, 58.36; H, 4.59; N, 12.76. Found: C, 58.12; 814N, 12.74%.
4.7.18. 7-[1-(2-Hydroxy-ethyl)-1H-[1,2,3] triazokmethoxy]-4-methyl-chromen-2-or@8)

Yield: 38%. Yellow solid. mp: 140-142°C. MS: m/z391.16 (M), 282.10( M-HO). *H NMR
((DMSO-ds, 300MHz) & ppm: 2.39(s, 3H, -C§J, 3.7(s, 2H, -CHOH), 4.42(s, br, 2H, -CHN),
5.07(s, 1H, -OH), 5.26(s, 2H, -GHD-), 6.21(s, 1H, B coumarin pyran ring), 7.03(d, 1HgH =
8.4Hz), 7.13(s, 1H, & coumarin ring), 7.67(d, 1H, d1J = 8.4Hz), 8.25(s, 1H, triazole ringjC
NMR ((DMSO-ds 75MHz) & ppm: 18.11(CH), 52.27(-CH-N-.ethyl), 59.78(-CHOH,ethyl)
61.64(-CH-0), 101.50(@), 112.24(G), 112.57(G), 113.31(C quaternary fused C of coumarin
ring), 125.44(G), 126.46 (CH, ethylene C of triazole ), 153.40(CG~@sed in pyran ring), 154.62(C
pyran ring), 160.14(£0), 161.04(C=0). IR (KBr, cf) vmax: 3096.95(C-H stretching), 1716.70(
B-unsaturated ketonic C=0 stretching), 1612.62, 12801294.71(C-O-C stretching), 1150.24(C-N
stretching in 1,2,3-triazole ring), 1075.75(C-O4geghing), 1044.00, 849.32, 707.14. Anal. Calcd

for Ci5H15N4O3: C, 59.79; H, 5.02; N, 13.95. Found: C, 59.75;5K3; N,13.92%.
4.7.19. 4-Methyl-7-(1H-[1,2,3] triazol-4-ylmethoxghromen-2-on€19)

Yield: 30%. Dark green solid. mp: 186-188°C. MSzm/257.33 (M), 177 (7-hydroxy coumarin
cation).'H NMR ((DMSO-ds 300MHz) & ppm: 2.18(s, 3H, -C), 5.3(s, 2H, -O-Cht), 6.23(s, 1H,
Hs coumarin pyran ring), 7.16(d, 1HsH) = 12.3Hz), 8.07(s, 1H,g 8.29(d, 1H, K, J = 12.9H2),

9.18(s, 1H, triazole ring)**C NMR ((DMSO4ds 75MHz) 8 ppm: 18.60(Ch), 61.95(-CH-O),



102.09(G), 111.84(G), 113.07(G), 122.34(C quaternary fused C of coumarin ringd3.15,
127.04(G), 130.37(CH, ethylene C of triazole ), 135.75, .B48C, quaternary carbon of triazole
ring), 153.89(C-O Fused in pyran ring), 155.11yran ring), 160.60(£0), 161.35(C=0) . IR
(KBr, cm™®) v 3422.71, 2925.89(C-H stretching), 1718.68 p-unsaturated ketonic C=O
stretching), 1612.22, 1501.95, 1388.70, 1265.54¢{C-Sretching), 1155.63 (C-N stretching in 1,2,3-
triazole ring), 1071.67(C-O-C stretching), 1008.839.59. Anal. Calcd for 8H11N30s: C, 60.79;

H, 4.31; N, 16.33. Found: C,60.65; H, 4.34; N,Béw2
4.7.20. 7-(1-Benzyl-1H-[1,2,3] triazol-4-yImethoxgymethyl-chromen-2-ong0)

Yield: 55%. White crystals. mp :118-120°C. MS: m#Z377.17 (M), 256.17(M-91), 91(benzyl
cation) . *H NMR ((DMSO-ds, 300MHZz) 6 ppm: 2.36(s, 3H, -C¥}, 5.20(s, 2H, -Benzylic —CH),
5.50(s, 2H, -O-CH) 6.11(s, 1H, H coumarin pyran ring), 6.87 (s, br, 2H; End H coumarin
ring), 7.23-7.56(m, 7H, 5 benzene ring, 1H triazitg, Hs coumarin ring)**C NMR ((DMSO+s,
75MHz) 5 ppm: 18.64(Ch), 54.33(-CH-N), 62.29(-CH-0), 102.10(Q), 112.27(G), 114.09(Q),
122.83(C quaternary fused C of coumarin ring), 8885, Cy &Cs), 128.53(G), 128.90(G &
Ce), 129.18(G), 134.37(CH, ethylene C of triazole ), 143.57(Gatgrnary carbon of triazole ring),
152.33(C-O Fused in pyran ring), 155.25(fyran ring), 160.86(C=0). IR (KBr, ¢ viex:
2925.77(C-H stretching), 1708.@9(B-unsaturated ketonic C=O stretching), 1609.84, 1BB8
1264.87(C-O-C stretching), 1198.08, 1141.98 (Cshltaching in 1,2,3-triazole ring), 1071.99(C-O-C
stretching), 1001.73, 844.33, 726.90, 706.24. A@Gallcd for GoHi7/N3Os3: C, 69.15; H, 4.93; N,

12.10. Found: C, 69.12; H, 4.99; N, 12.06%.



4.7.21. 7-[1-(4-Nitro-benzyl)-1H-[1,2,3] triazol:d-methoxy]-4-methyl-chromen-2-or@1)

Yield: 36%. Yellow solid. mp: 144-146°C. MS: m/z392.64 (M), 256.24, 136.11(nitrobenzyl
cation). 'H NMR ((DMSO-ds 300MHz) 8 ppm: 2.39(s, 3H, -CH, 5.29(s, 2H, -Cp+0-), 5.80(s,
2H, -CH-N- nitrobenzyl), 6.23(s, 1H, Hcoumarin pyran ring), 7.03(d, 1H,sHJ = 8.1Hz),
7.14(s, 1H, | coumarin ring), 7.54(d, 2H, Hand K, J = 7.8Hz), 7.68(s, 1H,H J = 8.4H2),
8.24(d, 2H, H and Hy, J = 7.8Hz), 8.43(s, 1H, triazole rindJC NMR ((DMSOds, 75MHz) &
ppm : 18.18(CH), 59.16(-CH-N), 61.61(-CH-0), 101.62(G), 111.36(G), 112.71(G), 113.42(C
quaternary fused C of coumarin ring), 124.090&CC5s), 125.52(G &Cy¢), 126.57(G), 129.12(CH,
ethylene C of triazole ), 142.51(C, quaternary carbf triazole ring), 143.59(Cnitrobenzyl),
147.29(G-NO,), 153.48(C-O Fused in pyran ring), 154.64(@yran ring), 160.20(£0),
160.99(C=0). IR (KBr, ci) v 2924.63(C-H stretching), 2107.12, 1718.82@-unsaturated
ketonic C=0 stretching), 1618.14, 1521.64 (NBym stretching), 1388.25, 1346.73(-N€&ym
stretching), 1292.29 (C-O-C stretching), 1150.52\(&tretching in 1,2,3-triazole ring), 1074.12(C-
O-C stretching), 852.71, 814.34, 727.81, 504.0lalA€alcd for GoH16N4Os: C, 61.22; H, 4.11;

N, 14.28. Found: C, 61.12; H, 4.34; N, 14.23%.

4.7.22. 7-[1-(7-Chloro-quinolin-4-yl)-1H-[1,2,3] i&zol-4-ylmethoxy]-4-methyl-chromen-2-one

(22)

Yield: 40%. Yellow crystals. mp: 150-152°C. MS: n#z418.60 (M), 257.06 (M-quinoline
ring), 162 (quinoline cation)H NMR (DMSO-ds, 300MHz) & ppm: 2.39(s, 3H, -Ch), 5.37(s,
2H, -O-CH-) 6.21(s, 1H, H coumarin pyran ring), 6.69-8.2(m, 8H, 5H quinolined 3H
coumarin ring), 8.99(s, 1H, triazole rindfC NMR ((DMSO4ds 75MHz) 6 ppm: 18.62(CH),

62.09(-CH-0), 80.54, 102.11(%, 111.59(G), 113.06(G), 114.18(C quaternary fused C of



coumarin ring), 122.35(quinoline aromatic carbodp4.65(G), 127.81(CH, ethylene C of
triazole), 130.37(¢-N), 143.50 (C, quaternary carbon of triazole rint9.53(C-N, quinoline),
151.78(C-O Fused in pyran ring), 154.02yran ring), 155.40 (CH-N, quinoline), 160.57{C
0), 161.61(C=0). IR (KBr, cfl) vmax: 2128.31(C-H stretching), 1726.16(B-unsaturated ketonic
C=0 stretching), 1610.32, 1388.36, 1304.50(C-O+€tahing), 1201.14, 1155.88(C-N stretching
in 1,2,3-triazole ring), 1071.74(C-O-C stretchin@g0.52. Anal. Calcd for £H1sCIN4Os: C,

63.09; H, 3.61; N, 13.38. Found: C, 63.03; H, 3.M511.31%.
4.8 Estimation of in vitro antiplasmodial activity
4.8.1 Parasite culture

Culture of erythrocytic stages of chloroquine sewesiP. falciparum strain 3D7 was procured from
International Centre of Genetic Engineering andt@&ibnology (ICGEB), New Delhi. It was continuously
maintained as stocks in 25 trissue culture flasks, on human O+ red blood cefider low-oxygen
concentration (3%) and high carbon dioxide atmospl#26) along with nitrogen (93%), at a temperature
of 37 °C, in RPMI 1640 (Invitrogen) with 25 mM HEBE25 mM NaHC@ 2 mM L-glutamine, 50 mg/L
gentamicin (Gibco), 5 g/L Albumax Il (Life Techngies). The stock cultures were started with 5%
hematocrit and parasitemia less than 1%. Parasiteias kept between 2 and 4% with sub-culturing done
beyond 5%. Medium was changed once a day and pageemarasitemia was monitored by Giemsa

stained slides.
4.8.2. Stock solution of compounds

Artemisinin (Sigma—Aldrich, USA), and the compouridi 22 were prepared separately in DMSO to get

the concentration of stock solution of 1 mg/ml sgth. The stock solution was further diluted on dag



of experiment to get the desired concentrations dach drug. The amount of DMSO in diluted

concentrations used had no effect on parasite growt

4.8.3. Compound (drug) concentration response assay

The concentration of an individual compound requit@ inhibit multiplication of parasites by 50% g4C
againstP. falciparum was determined using concentration response as2fywell tissue culture plates in
triplicates. Parasite cultures were subjected tadep concentration of a compound, prepared in
gentamicin-free RPMI culture medium, for 48 h at°’87in a CQ incubator. Medium was changed in each
well after 24 h with or without the compound. Tlesults were expressed as the mean percentageimhibi
+ standard error in relation to control; examingdtbin smear Giemsa stained slidessol@alues were

computed from semi-log plots.

4.8.4. Slide preparation, staining and assessment

Thin blood smear slides were air dried, methanadj and stained in Giemsa solution for 40 mineAft
staining, the slides were removed from couplingyarshed in running tap water and air dried. Then@Ga
stained slides were examined for counting the nurobgarasites in random adjacent microscopic $eld
equivalent to about 4000 erythrocytes at 1000x nfi@gtion. Percent parasitemia was calculated.

Reproducibility of counts was checked by two otteaders to maintain the quality control.

4.9 MTT assay for cell viability

Various human hepatoma cells (Huh-7) were mainthase monolayer at 37 °C in 5% ¢@sing DMEM
medium. Approximately, 20,000 cells/well were sekoe96-well plate containing 200 mL of medium and
incubated for 24 h. The culture medium was repldnefiesh medium containing 1, 10, 20, 30, 50 ab@ 1

png/mL concentration of each of the compounds andhbated for 72 h. The cell viability was determined



by the MTT assay following the procedure describgdPrice and McMillan [40]. The light absorbance

was measured at 570 nm wave length using a mideopader.

4.10 Inhibition of DNA gyrase

1 U of enzyme gyrase converts @ of relaxed plasmid DNA to the supercoiled forri][4Escherichia

coli DNA gyrase and relaxed plasmid DNA substrate (pHCal derivative of pBR322) were purchased as
a kit from TopoGEN. Thé. coli DNA gyrase supercoiling inhibition assay was pemied according to
the instructions of the manufacturer, as followke Tassay buffer (1X recipe) consisted of 35 mM-Tris
HCI, pH 7.5, 24 mM KCI, 4 mM MgCI2, 1 mM ATP, 2 mMTT, 1.8 mM spermidine, 6.5% glycerol, 1
mM ATP and 10Qug/mL BSA. A typical reaction mixture (2@ final volume) consisted of sterile distilled
water, 5X assay buffer, relaxed DNA substrate, approximately IG, concentrations of the coumarin
analogs. The fluoroquinolone antibiotic ciprofloxaavas used as a positive control. Following the
addition of gyrase, the reactions were moved t6@Tor 1 h. Termination was carried out by additif
10% SDS. Next, proteinase K was added, and they agaa incubated an additional 30 min at 37 °C,
followed by addition of loading dye. Organic extian was carried out to withdraw the agueous phase,
which was loaded onto 1% agarose gel prepared witbthidium bromide (EtBr). Bands were visualized
by staining with EtBr (0.ug/ml) for 30 min, followed by destaining with digid water, and finally UV

analysis on a Bio-Rad GelDoc apparatus.
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Highlights
* A series of coumarin-triazole derivatives were synthesized by alkylation of 7-

hydroxy-4-methyl-coumarin followed by click chemistry.
* Most of the compounds demonstrated promising in vitro antiplasmodial activities.

* They displayed inhibition of the supercoiling activity of DNA gyrase enzyme.



