Accepted Manuscript =

EUROPEAN JOURNAL OF

Designed chalcone-1,2,3-triazole conjugates as potential antimicrobial agents
synthesis, crystal structure and antimicrobial potential of some fluorinated A

chalcone-1,2,3-triazole conjugates

Pinki Yadav, Kashmiri Lal, Lokesh Kumar, Ashwani Kumar, Anil Kumar, Avijit K. Paul,

Rajnish Kumar

PII: S0223-5234(18)30480-X
DOI: 10.1016/j.ejmech.2018.05.055
Reference: EJMECH 10466

To appearin:  European Journal of Medicinal Chemistry

Received Date: 10 March 2018
Revised Date: 18 May 2018
Accepted Date: 31 May 2018

Please cite this article as: P. Yadav, K. Lal, L. Kumar, A. Kumar, A. Kumar, A.K. Paul, R. Kumar,
Designed chalcone-1,2,3-triazole conjugates as potential antimicrobial agents synthesis, crystal
structure and antimicrobial potential of some fluorinated chalcone-1,2,3-triazole conjugates, European
Journal of Medicinal Chemistry (2018), doi: 10.1016/j.ejmech.2018.05.055.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.ejmech.2018.05.055

O H CHO N=N

O = O\/l%/N\R
(o e
R

Bioactive Chalcones Bioactive triazoles

MOLECULAR
HYBRIDIZATION

X N:N\
»® o
6a-6r

Designed chal cone-1,2,3-triazole conjugates as potentiad antimicrobial agents



Synthesis, crystal structureand antimicrobial potential of some fluorinated chalcone-1,2,3-

triazole conjugates

Pinki Yadav} Kashmiri Lal** Lokesh Kumar: Ashwani Kumar, Anil Kumar’, Avijit K. Pauf’,

and Rajnish Kumar

!Department of Chemistry, Guru Jambheshwar UniveddiScience and Technology, Hisar,
Haryana 125001, India

’Department of Pharmaceutical Sciences, Guru JarhiMaedniversity of Science and
Technology, Hisar, Haryana 125001, India

3Department of Bio and Nanotechnology, Guru Jambhask/niversity of Science and
Technology, Hisar, Haryana 125001, India

“Department of Chemistry, National Institute of Teclogy, Kurukshetra, Haryana 136119,
India

®Department of Neurobiology, Care Sciences and 8gd@enter for Alzheimer Research,

Division of Neurogeriatrics, Karolinska Institutétuddinge, Sweden
*Corresponding author: klal_iitd@yahoo.com (Kashroal)

Abstract

A simple and green synthesis of some fluorinateaocme-triazole hybrids from propargylated
chalcones and organic azides catalyzed by cellukaggported copper nanoparticles click
reaction is reported. All the synthesized compoumdse well characterized by various
analytical and spectroscopic methods. The X-raystallographic study of compoundk
revealed the self assembling properties. The aatohial screening results of all the synthesized
compounds revealed that most of the triazole hgbeichibited significant efficacy against tested
bacterial and fungal strains. The activity resdl®wed the synergistic effect of biological
activity when two pharmacophoric units, i.e. cloale and 1,2,3-triazole are conjugated. Further,
docking simulation of the most active compourigsinto Escherichia coli topoisomerase |l

DNA Gyrase B was also carried out.
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1. Introduction
The development of fluorine containing scaffolds lgain a real interest especially in organic
and pharmaceutical areas due to their unique claéraitd physiological propertiés. Due to
unique properties of fluorine, there is an enormpregress of fluorine-containing drugs which
continue to stimulate research on fluorine in miedic chemistry for drug discovery.
Fluorination of an organo-molecule significantlyeats its biological properties. Introduction of
fluorine atom could somewhere alter the coursetaoldgical activity of the compounds. Due to
the size of the fluorine atom and its electro niedst the insertion of a fluorine atom or a
trifluoromethyl (CR) group in the moiety also changes both pharmacamijes and
pharmacokinetics of the molecule. Somewhere thiacement of the oxidizable C-H bond by a
C-F bond acts as a key factor that increases tiedical half life of a drug and also increases its
metabolic stability.

1,2,3-triazoles are the important class of heterlicgompounds that received enhanced

significant attention from last decade because @ Wwide applications in the field of
pharmaceutical, biochemical and material sciéfftel,4-Disubstituted 1,2,3-triazoles have
attracted significant attention because of thewalrrange of biological activities including

[12-17 f8-23 fA-26 12" anti-inflammatory?®

antimicrobia anticance antitubercula antivira
antimalarial?® anti-HIV,*° antidiabetic’* *? anti-oxidant® antiallergic®* etc. These are attractive
connecting units, since they are stable to oxieatductive conditions, metabolic degradation
and participate in hydrogen bonding and dipole-®@igateractions® The cellulose supported
copper nanoparticles catalyzed cycloaddition betmteeminal alkynes and organic azides is an
excellent method for the click synthesis of 1,2i8zbles in eco-friendly conditions in good
yield*® The insertion of 1,2,3-triazoles and fluorine atamthe substrate led to excellent
pharmacological activity like anticancer activify,antimicrobial activity*® antitubercular
activity,* etc.

In addition, chalcones, also known @$-unsaturated ketones, are not only important
precursors for synthetic manipulation but also farmajor component of the natural proddéts.

1 Chalcones as well as their synthetic analogues #ormous biological activitiés*’ and



widely used as frameworks in drug design. The preseof double bond in conjugation with
carbonyl functionalities is known to be responsitdethe biological activities. In view of this,
Yadav et al. efficiently synthesized benzaldehyde chalcoreztie analogs for anticancer
activity towards human cancer cell lines and thedptrevealed that analdgwas found as
potential anticancer agent (Figure'l)nterestingly, among the series of novel 1,2,8zoie-
chalcone hybrids, compound$ and Il in Figure 1 showed broad-spectrum antimicrobial
activity and antiplasmodial activity with MIC valsieof 6.25pug/mL and 1G, values of 8.86
ng/mL, respectively® Recently we have also reported some naphthaldeligéled 1,2,3-
triazoles as good antimicrobial compounds. Moreoeealcones have also been reported as
biologically active molecules. Therefore, it wawisioned that the conjugation of chalcone and
naphthaldehyde linked 1,2,3-triazoles may leadetiteb antimicrobial agents. Therefore, on the
basis of aforementioned and as a part of our pnogra towards the development of triazole
based molecules of biological importance it wasnpé& to synthesize some fluorinated
chalcone-triazole hybrids. Herein we report thetisgsis of a series of chalcone-1,2,3-triazole

hybrids in water as potential antimicrobial agents.
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Figure 1. Structures of some biological active fluorinated,3-triazoles
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Figure 2: Design of chalcone-1,2,3-triazole conjugates

2. Results and Discussion
2.1 Chemistry

The synthetic route for propargylated chalcones ahdlcone-triazole hybrids is

presented in scheme 1 and 2. Commercially avail@leydroxynaphthaldehydel)( was

subjected to O-alkylation with 1.2 eq of propar@sybmide in presence of.KO; (1.5 eq) in

DMF at room temperature. Propargylated naphthaldieh@) thus obtained was further

condensed with variedly substituted acetophenoBeS8d) via base catalyzed Claisen-Schmidt

condensation in presence of NaOH (60 %) to furpisipargylated chalcones in excellent yield

(4a-4c) and recrystallized with ethyl acetate/hexane.



OH

1 (4a-4c)

4aR'=0OCH;; 4b R! =Br; 4c R' =NO,

Scheme 1. Reagent and conditions: (i) propargyl bromide;CRs, acetone, reflux (ii)
acetophenones$#-3c), NaOH (60 %), Ethanol, RT, 4 h.

The synthesis of the substituted 1,2,3-triazolés-6() was accomplished from
propargylated chalcones utilizing azide-alkyne egddition reaction with appropriate azide
using cellulose supported copper nanoparticBehdme 2).%° Propargylated chalconedaf4c)
were then subjected to click reaction with sodiurid@ and various benzyl bromidesa{sd,;
method A) and organic azideSe{5f; method A) catalyzed by cellulose supported copper
nanopatrticles in water at 70 °C to yield 1,2,3Zoi@s 6a-6r) in good yield. The organic azides
(5e-5f) were synthesized from aniline derivatiwéa reported metho® The cellulose supported
copper catalyst can be reused to next turn withosg of significant activity. The reactions
proceeded very smoothly and afforded the desiredymts in excellent yield. The plausible
mechanism for the transformation of Propargylatédl@ones and Sod./ Aryl azides in to

chalcone-triazole derivatives (schemel; supplenngmtaterial)>®



R1
o O

(i)
A Method A
R2-Br (5a-5d)

o._# _RBrsa-5d
OO Method B

R2-N; (5e-5f)

4a-4¢
Br Br Br Br
F
5a 5b 5S¢ F 5q

6a = R' = Br, R? = C¢gH;CH,- 6j = R' = OCHj3, R? = 4-FC4H,CH,-
6b = R! = Br, R2 = 2-FC4H,CH,- 6k = R!' = OCH3, R? = 4-FCgH,-
6c = R! = Br, R = 3-FC4H,CH,- 6l = R' = OCHj;, R? = 3-CF;C¢H,-
6d = R" = Br, R2 = 4-FC¢H,CH,- 6m = R = NO,, R2 = C4H;CH,-
6e = R' = Br, R2 = 4-FCzH,- 6n =R' = NO,, R? = 2-FC4H,CH,-
6f = R' = Br, R? = 3-CF3C¢H,- 60 = R' = NO,, R? = 3-FC¢H,CH,-
6g = R = OCH3, R2 = C4gH5CH,- 6p = R' = NO,, R? = 4-FC¢H,CH,-
6h = R1 OCH;, R? = 2-FCz4H,CH,- 69 =R!=NO,, R? = 4-FC¢H,-
6i = R' = OCHj;, R? = 3-FC¢H,CH,- 6r = R!' = NO,, R2 = 3-CF3;CgH,-

Scheme 2: Reagent and conditions: (i) NaOH (60 %), EthaRadl, 4 h (i) Method A: copper
nanoparticles; sodium azide; water; 70 °C; 4-Migthod B: copper nanoparticles;
water; 70 °C; 4-7 h.
The chemical structures of all the synthesized aamgs 6a-6r) were confirmed by FTIR*H
NMR, **C NMR and MS data.
IR analysis
The IR spectra of propargyl chalconés-@c) exhibited two bands at 3178-3275 and
2114-2133 cnt due to alkyne=C-H stretching and €C stretching, respectively and were not
present in the spectra of all the triazoléa-§r). The IR spectrum of compourth exhibited a
characteristic band due to =C-H stretching of tiazat 3151 ci. The synthesized triazon
displayed two absorption bands at 1579'cemd 1658 cm, which were assigned to the
stretching vibrations of =C-H and C=0 stretchiregpectively.
'H NMR analysis



The'H NMR spectrum of compounéh exhibited two characteristic doubletssa8.04
and 6 8.58 with a coupling constantl)(of 15.6 Hz. The high value of coupling constant
established th&-geometry of double bond in chalcones. A charastiersinglet ab 7.70 due to
triazolyl proton confirmed the formation of triaeoting. Two singlets of methylene protons of
NCH,and OCH each integrating for two protons resonated in gggand 5.46 and 5.62.

F NMR analysis

The®F NMR spectrum o6n showed a signal &-117.95 (ddJ* = 22.56,J° = 7.57 Hz)
which confirmed the presence of 2-fluoro benzentécompound.
13C NMR analysis

The'*C NMR spectrum o6n exhibited peaks of C-4 and C-5 carbon atoms afafe at
0 143.18 and 123.12, respectively. The signal due tp &d G carbon atoms of the,p-
unsaturated carbonyl moiety of compoub6d were observed af 121.45 andé 143.49,
respectively. The peak in the regidri89.52 was attributed to the carbonyl carbon aftwo
peaks of methylene carbons of O£ind NCH appeared & 62.52 and 47.61, respectively.
Mass analysis

The mass spectrum of compouid showed a peak atVz 510.1 (M+HY, which is in
good agreement with the molecular formula of theagound. The chemical shifts of proton and
carbon atoms were designated on the basis of DEBBTHSQC and HMBC spectra.

X-rays crystallography

X-rays crystallography of the compouBl (recrystallized from ethanol) confirmed the
anticipated structure (Figure 3; Table 1 in sup@etary material). Compour@k crystallizes in
monoclinic crystal system with the space grdep/c. The asymmetric unit contains one
crystallographically independent molecule. Crystucture shows that the plane of chalcone
group and triazole group is different. Five—-membeteazole ring is almost in gauche
conformation with respect to the central biphengigrof the chalcone. Hence, the attached
flurobenzene ring is almost perpendicular to thel@me moiety. The molecular structure is
stabilized by nonclassical hydrogen-bonding inteoas. Here, the hydrogen donor atom is
carbon and acceptors are F, N and O atoms (Tabfe supplementary material). C~HD
interactions are mainly observed for intramoleci@bilization whereas C-+ and C-H-N
interactions are observed for supramolecular stalibn (Figure 4). In the packing structure,

one can find the 2screw-axis is extended along the crystallograpkagis. .1t is noteworthy that



the weak C—H-F and C—H-N interactions are responsible for the three-dinoera packing and
such week interactions can play a crucial roldlierbiological activity.

~ Fl

Figure 3: Ortep diagram of the compoubi



Figure 4: Hydrogen bonded supramolecular packing diagrarth@fcompoundk (Pink color

dotted lines correspond to the observed hydrogempganteractions).

2.2 Pharmacology

Antimicrobial activity

bacteriaS. epidermidis (MTCC 6880),B. subtilis (MTCC 441), Gram-negative bacteiia coli

(MTCC 16521),P. aeruginosa (MTCC 424) and two fungal strains vi&. niger (MTCC 8189)

The target compounds and chalcone alkynes were iegdntowards Gram-positive

and C. albicans (MTCC 227) by standard serial dilution meth8dCiprofloxacin and

Fluconazole were used as standard drug for anéibacend antifungal analysis, respectively.

Minimum inhibitory concentrations (MIC in pmol/mlof all the synthesized compounds as well

as positive controlsl andlll (Fig. 1) are depicted in Table 1.

Table 1: In vitro antimicrobial screening of the compouridsac; 6a-6r (MIC in pmol/mL).

B. S. P. C.
Entry | Compounds | E. coli . ) o _ _ A. niger
subtilis | epidermidis | aeruginosa | albicons
1. da 0.0731| 0.0731 0.1462 0.0731 0.0731 0.0731
2. 4b 0.0637| 0.0637 0.1274 0.0637 0.0637,  0.1274




3. 4c 0.0700| 0.1400 0.0700 0.0700 | 0.0700  0.0700
4. 6a 0.0119| 0.0239 0.0119 0.0119 0.0119  0.0119
5. 6b 0.0116| 0.0116 0.0116 0.0232 0.0232  0.0232
6. 6C 0.0116| 0.0116 0.0232 0.0232 0.0232  0.0232
7. 6d 0.0058| 0.0058 0.0058 0.0116 0.0058  0.0038
8. 6e 0.0237| 0.0474 0.0474 0.0474 0.0474  0.0237
9. 6f 0.0108| 0.0217 0.0217 0.0108 0.021f  0.0108
10. 69 0.0263| 0.0263 0.0526 0.0263 0.0526  0.0526
11. 6h 0.0063| 0.0253 0.0253 0.0126 0.0068  0.0253
12. 6i 0.0126| 0.0253 0.0253 0.0253 0.0126  0.0126
13. 6j 0.0032| 0.0253 0.0253 0.0253 0.0068  0.0126
14. 6k 0.0130| 0.0261 0.0522 0.0261 0.0130  0.0522
15. 6l 0.0118| 0.0236 0.0236 0.0236 0.0118  0.0118
16. 6m 0.0128| 0.0063 0.0063 0.0128 0.0128  0.0063
17. 6n 0.0063| 0.0063 0.0063 0.0248 0.0068  0.0063
18. 60 0.0063| 0.0126 0.0063 0.0063 0.0068  0.0063
19. 6p 0.0032| 0.0063 0.0032 0.0063 0.0032  0.0032
20. 60 0.0253| 0.0126 0.0253 0.0253 0.0126  0.0126
21. 6r 0.0230| 0.0459 0.0230 0.0230 0.0115  0.04%9
22. | Ciprofloxacin | 0.0047 | 0.0047 0.0047 0.0047

23. | Fluconazole 0.0102 | 0.0051

24. | 1™ 0.0956 | - | - >0.191 | >0.191 | 0.0956

25. |11 >0143 | - | - >0.143 0.0714 | 0.1428

The preliminaryin vitro antibacterial screening indicated that the majoot the

synthesized compounds exhibited good activity. Gaump 6p with 4-nitro group was found to

be more active than the standard with MIC valued @032 pmol/mL againdE. coli and S.

epidermidis. Moreover,6] also showed excellent potency agaiastoli with the MIC value of

0.0032 pmol/mL and was found to be more active tstamdard used. In case Bf subtilis,

compoundsd exhibited high potency amongst all the tested ammgs with MIC values of



0.0058 pmol/mL. In case ®f. aeruginosa, compound$o and6p were found to be more active

compared to the all other tested compounds with MdlDes of 0.0063 pmol/mL.

Most of the synthesized hybrids also exhibited gaatfungal activity. Compoun@p

showed better potency compared to Fluconazole (MBC0102 pmol/mL) againgt. niger and
C. albicans with MIC value of 0.0032 pmol/mL. Similarlygh, 6j, 6n and6o showed excellent
activity againstA. niger andC. albicans with the MIC value of 0.0032 pmol/mL which is bette

than Fluconazole (MIC = 0.0102 pmol/mL). AgairSt albicans, 6d with bromine group

exhibited comparable activity to that of standarthwlIC values of 0.0054 pmol/mL.

Structure Activity Relationship

)

i)

ii)

Vi)

vii)

Most of the fluorinated triazoles exhibited gooduks than the non-fluorinated
compoundsa.®*

The synthesized triazole analogues with a substitbenzene showed better activity
than naphthaldehyde-chalcone alkynés-4c), exhibiting the significance of 1,2,3-
triazole. These outcomes revealed the additivecetfEbiological activity when two
pharmacophoric moieties, i.e. chalcone and 1,2a2dfe are conjugated.

Compounds with electron withdrawing substituents lmenzene displayed more
activity than having electron releasing grogps.

It was observed that compounds with nitro and mettsubstituents on benzene ring
demonstrated better activity against majority @ thicroorganisms under test.
Molecule 6p containingp-nitro group exhibited good antifungal activity amds
more effective than Fluconazole.

Activity results also revealed that most of theazdle hybrids exhibited superior
antifungal potency compared to antibacterial attivi

Further, the biological activity of the synthesizzmmmpounds has been compared with
the positive control (Il and IlI; Fig. 1) reportémthe literature” It was observed that
all the synthesized triazoles were found to be npotent than the positive control I

and |1l against all the tested microbial strains.

Docking studies

The docking simulations most potent antibacter@ainpound6p into ligand binding

region of E. coli topoisomerase Il DNA gyrase B were carried ougéd probable modes of

binding. The most stable binding conformation6pfinto active site of topoisomerase 11 DNA



gyrase B and cartoon diagram are shown in Figuaad Figure 6, respectively. The carbonyl
group participated in hydrogen bonding with HisB896 and Serl21 residues. Triazole ring as
well as phenyl ring attached to triazole is engageul-alkyl interactions with lle 78, while same
phenyl ring also demonstrated pi-alkyl interactiamgh Val120. The phenyl ring showed pi-
alkyl interactions with Ala 96 and pi-sigma intetiaas with lle 90. Hence, it can be thought that

these chalcone triazole conjugates possibly inBIBIA topoisomerase.

Figure 5: Binding conformation of compoungp into topoisomerase Il DNA Gyrase showing
different interactions i.e hydrogen bond (greeresin pi-alkyl (pink lines), pi-sigma

(magenta lines).



Figure 6: Cartoon diagram of topoisomerase Il DNA Gyrasagbath dockedp.

Molecular dynamics studies

We performed a 50 ns molecular dynamics simulatibligand-protein complex obtained after
molecular docking study in order to reveal the dgitas of ligand binding into the active site of
enzyme. MD simulation gives important insight intee dynamics of interaction between the
partners and the overall stability of the complekicla overcomes the limitation of x-ray
crystallography or molecular docking as these nathmrovides a still picture of the interaction.
The Fig. 7A represent the all atom (blue), backb¢me=en) root means square deviation
(RMSD) plot for the protein and ligand RMSD (maggmtlot. The RMSD plot indicates that the
protein remains stable throughout the 50 ns sinangieriod with very small fluctuations at the
starting point of simulation. The ligand RMSD renmfluctuating owing to its dynamic nature
and in order to accommodate and bind itself stypmglthe protein binding pocket. It is also
observed that the ligand RMSD stabilized during ldter half of simulation period. Further,
radius of gyration plot of & atoms of protein provided a measure of overall gactness of the
protein structure during simulatioRi@. 7B).

Additionally, in order to evaluate the flexibilitpf the protein structure throughout the
simulation, we calculated root mean square fluana{RMSF) of individual amino acid
residues of the proteirf(g. 7C). The whole protein had a RMSF value between 0.06.45

indicating a simulation.
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Figure 7: Qualitative analysis of the Molecular dynamics trajectory. RMSD plot of protein
and ligand A). Radius of gyration plot of the proteiB)( RMSF plot of the proteinQ) and the
plot of hydrogen bonds formed between protein agahtd during the 50 ns simulation period.
(D).

One of important forces involved during proteiraligl interaction is the hydrogen bonding and it
plays an indispensable role in stabilizing the @retigand complex. The average number of
hydrogen bonds formed during the simulation wasutated using a soft cut-off value of 3.5 A
with the help of h-bond utility in GROMACS and aietted inFig. 7D. It was observed that the
ligand not only preserved the hydrogen bonds forehedng the docking simulation, but also
makes new hydrogen bonds and thus stabilizes tmplea. Especially, during the later half of
the simulation period, compound forms on an avei&adeg/drogen bonds with the protein. It
indicates that the compound stabilizes itself itlte binding pocket of the protein through

formation of additional contacts with the bindingsmino acid residues.



Finally, we extracted the coordinates from trajectat 0, 15 and 50 ns time interval and made a

comparison. The structures are giveifrig. 7

3. Conclusion

We have synthesized some new fluorinated-chalco®@-triazoles with potential
antimicrobial activity from substituted propargydt chalcones and organic azides by click
reaction under environmentally benign conditionse X-ray crystallographic studies suggested
that molecular structure is stabilized by noncleasihydrogen-bonding interactions. The
antimicrobial evaluation revealed that most of doenpounds showed significant activity. The
antimicrobial screening results demonstrated thelitimd effect of activity when two
pharmacophoric moieties, i.e. 1,2,3-triazole ahdlaone are connected. Docking studies also
showed that compoundk interacts with DNA topoisomerase via various noowvatent
interactions. Additionally, molecular dynamics studas also performed to get an insight into

the dynamics of ligand interaction.

4. Materialsand M ethods
4.1. Experimental section
General

All the melting points (°C) were recorded in op@pitlaries and are uncorrected. The IR
spectra were taken on SHIMAZDU IR AFFINITY-I FTIRa&ctrophotometer using potassium
bromide (KBr). The'H NMR and *C NMR spectra were obtained at 400 and 100 MHz,
respectively on Bruker Avance Il 400 nano bay gstetramethysilane (TMS). DEPT-135,
HMQC (heteronuclear multiple quantum coherenceH&8QC (heteronuclear single quantum
coherence) and HMBC (heteronuclear multiple bondetation), *°F NMR experiments were
also parformed out for characterization of some pounds. MS spectra were recorded on Q-
TOF micromass (ESI-MS) Waters high resolution mgssctrometer. The analytical TLC was
recorded on readymade silica gel plates (SIL G/UW?2BLUGRAM) and visualized under
ultraviolet lamp. Starting materials were procufemim Aldrich, Across, Hi-media, S. D. fine,
SRL etc. and were used as recieved.



Single-Crystal Structure Deter mination

A suitable light yellow single crystal was carefjulselected under a polarizing
microscope and glued to a thin glass fiber witlyanoacrylate (superglue) adhesive. The single-
crystal data were collected on a Bruker D8 Advadifieactometer at 295(2) K. The data were
reduced using SAINTPLU%, and an empirical absorption correction was applisihg the
SADABS progrant? The structure was solved and refined using SHELR! resent in the
WinGx suit of programs (Version 1.63.044)All the hydrogen atoms were located from
difference Fourier map and refined using the ridimgdel. The final refinement included atomic
positions for all of the atoms, anisotropic therrpatameters for all of the non-hydrogen atoms,
and isotropic thermal parameters for all the nodrbgen atoms. Full-matrix least-squares
refinement against’Fwas carried out using the WinGx package of prograbetails of the
structure solution and final refinements for theudiure are given in Table 1. The
crystallographic data for the compound can be foun@CDC No: 1587460 by free of charge
from The Cambridge Crystallographic Data Center 1) (@44} via
www.ccdc.cam.ac.uk/data_request/cif.

General procedure for the synthesis of chalcone alkyne (4a-4c)*®:

An aqueous solution of NaOH (3 mL, 60%) was addegpwise to a solution of
substituted acetophenor®(1 mmol) and 49-propargylated naphthaldehyde(1 mmol) in
ethanol (5-10 mL) with constant stirring. The réactmixture was stirred for 3-4 h at room
temperature. Upon completion of the reaction asitod by the TLC, reaction mixture was
diluted with ice cold water and filtered. The sofltus obtained was washed with ethanol 2-3
times followed by water and recrystallized from haetol: chloroform (7:3) to yield the
chalcones4a-4c).

(E)-3-(4-methoxyphenyl)-1-(2-(prop-2-yn-1-yloxy)naphthalen-1-yl) prop-2-en-1-one (4a), Yield
89%; Yellow solid; mp 168-170 °C; IR (KBr, ¢ 3283, 3056 (C-H), 2930, 2862, 2127
(C=C), 1658 (C=0), 1592 (C=C), 1575, 1520, 1426, 13BA4, 1296, 1253, 1215, 1176, 1068,
1036, 1008, 989, 778, 743, 692, 642, 586, BB7NMR (CDCk, 400 MHz): 2.61 (t, 1H), 3.90
(s, OCH, 3H), 4.92 (s, 2H, OC}), 7.01 (d,J = 8.0 Hz, 2H), 7.38-7.46 (m, 2H), 7.54-7.59 (m,
2H), 7.83 (dJ = 8.4 Hz, 1H), 7.89 (dJ = 9.2 Hz, 1H), 7.96 (d] = 15.6 Hz, 1H, =C-H), 8.11-
8.15 (m, 2H), 8.28 (d] = 8.4 Hz, 2H), 8.47 (d] = 15.6 Hz, 1H, =C-H)**C NMR (CDC}, 100
MHz): 6 189.35 (C=0), 163.38, 154.76, 136.48, 133.04,4/31131.32, 130.98, 129.62, 128.61,



127.98, 127.48, 124.45, 123.75, 119.05, 114.39,8P1¥8.56, 57.18 (OCH 55.48 (OCH).
MS: m/z (M") Cacld. for GsH1g03 : 342.1; found: 343.0 (M+H)
(E)-3-(4-bromophenyl)-1-(2-(prop-2-yn-1-yloxy)naphthalen-1-yl)prop-2-en-1-one (4b), Yield
91%; Yellow solid; mp 170-172 °C; IR (KBr, Crlm: 3287, 3058 (C-H), 2932, 2864, 2128
(C=C), 1662 (C=0), 1596 (C=C), 1577, 1520, 1430, 13839, 1297, 1258, 1217, 1179, 1062,
1038, 1002, 988, 770, 739, 689, 639, 587, SWONMR (CDCk, 400 MHz): 2.62 (t, 1H), 4.94
(s, 2H,0CH), 7.39-7.44 (m, 1H), 7.46 (d,= 8.0 Hz, 1H), 7.56-7.61 (m, 1H), 7.66 (t= 8.4
Hz, 2H), 7.84 (d,) = 8.0 Hz, 1H), 7.91 (m, 1H), 7.94 @= 15.6 Hz, 1H, =C-H), 7.98 (d,= 8.0
Hz, 2H), 8.27 (dJ = 8.4 Hz, 2H), 8.51 (d] = 15.6 Hz, 1H, =C-H)"*C NMR (CDCk, 100 MHz):
6 190.07 (C=0), 155.07, 137.84, 137.23, 133.06, 8831130.24, 129.56, 128.70, 127.77,
127.71, 127.29, 124.56, 123.53, 118.42, 114.187{&%7.15 (OCH. MS: m/z (M) Cacld. for
C2:H1sBrO; : 390.0; found: 391.1 (M+H)
(E)-3-(4-nitrophenyl)-1-(2-(prop-2-yn-1-yloxy)naphthalen-1-yl)prop-2-en-1-one  (4c), Yield
83%; Yellow solid; mp 174-176 °C; IR (KBr, ¢mx 3287, 3058 (C-H), 2928, 2872, 2131
(C=C), 1656 (C=0), 1594 (C=C), 1576, 1524, 1428, 13846, 1297, 1261, 1215, 1177, 1069,
1037, 1010, 983, 777, 746, 696, 644, 589, 3B8NMR (CDCk, 400 MHz): 2.64 (t, 1H), 4.96
(s, 2H, OCH), 7.40-7.48 (m, 2H), 7.58-7.63 (m, 1H), 7.85 Jck 8.0 Hz, 1H), 7.93 (m, 1H),
7.97 (d,J = 15.6 Hz, 1H, =C-H), 8.38 (d,= 8.4 Hz, 2H), 8.55 (d] = 15.6 Hz, 1H, =C-H)!*C
NMR (CDCl;, 100 MHz): 6 189.72 (C=0), 155.23, 143.38, 139.08, 133.06, 4532129.57,
128.80, 127.93, 126.83, 124.66, 123.79, 123.28,6417113.37, 76.30, 56.89 (OQHMS: m/z
(M™) Cacld. for GoH1sNO;4 : 352.1; found: 353.3 (M+H)
General procedure for the synthesis of triazoles (6a-6r)® 8

A suspension of propargylated chalconds4c) (1 mmol), substituted benzyl bromides
(2 mmol), sodium azide (1.2 mmol), water (2 mL) @etlulose supported Cul nanopatrticles (0.1
g) was heated at 70 °C for 4-7 h. Upon completibreaction as monitored by TLC, the reaction
mixture was filtered and residue was washed wittyleacetate three times (3x30 mL). The
organic extract was washed with water followed hynd and dried over N&O, and
concentrated under vacuum. The solid obtained wesystallized from methanol: chloroform
(7:3) to yield the pure producta-6r).
(E)-3-(2-((1-benzyl-1H-1,2,3-triazol -4-yl)methoxy)naphthal ene-1-yl)-1-(4-bromophenyl) prop-
2-en-1-one (6a), Yield 88%; Yellow solid; mp 184-186 °C; IR (KBepiY): 3177, 3162 (C-H,



triazole), 3048 (C-H), 2953, 2879, 1669 (C=0), 15@4C), 1578, 1524, 1459, 1399, 1289,
1258, 1222, 1178, 1078, 1048, 1010, 828, 777, BRONMR (CDCk, 400 MHz):8 5.44 (s, 2H,
NCHy), 5.52 (s, 2H, OC}), 7.20-7.22 (m, 2H), 7.31-7.33 (m, 3H), 7.43-7(d{ 2H), 7.56 (s,
1H, triazolyl-H), 7.56-7.60 (m, 1H), 7.64 (d,= 8.8 Hz, 2H), 7.85-7.92 (m, 5H), 8.04 Mz
15.6 Hz, 1H, =C-H), 8.25 (d] = 8.8 Hz, 2H), 8.49 (dJ = 15.6 Hz, 1H, =C-H)!*C NMR
(CDCl5, 100 MHz): 6 189.92 (C=0), 155.82, 143.94 (C-4), 137.75, 137134.23, 133.13,
132.12, 131.19 130.20, 129.38, 129.17, 128.88,0228.27.77, 127.70, 126.90, 124.42, 123.40,
122.91 (C-5), 117.95, 114.19, 63.21 (OfH54.32 (NCH). MS: m/z (M) Cacld. for
CooH2,BrNzO, : 523.1; found: 525.7 (M+2H)
(E)-1-(4-bromophenyl)-3-(2-((1-(2-fluorobenzyl)-1H-1,2,3-triazol-4-yl ) methoxy) naphthal ene-
1-yl)prop-2-en-1-one (6b), Yield 89%:; Yellow solid; mp 188-190 °C; IR (KBcni™): 3189,
3148 (C-H, triazole), 3046 (C-H), 2949, 2879, 16&8-0), 1591 (C=C), 1577, 1522, 1458,
1397, 1295, 1258, 1218, 1177, 1075, 1045, 1009, B28, 520'H NMR (CDCk, 400 MHz):3
5.44 (s, 2H, NCH), 5.58 (s, 2H, OC}}, 7.06-7.11 (m, 2H), 7.23 (§,= 8.0 Hz, 1H), 7.32-7.34
(m, 1H), 7.43-7.48 (m, 2H), 7.56-7.58 (m, 2H), 7667 (m, 2H), 7.83-7.93 (m, 5H, triazolyl-
H, =C-H + 3ArH), 8.26 (dJ = 8.0 Hz, 1H), 8.49 (d] = 15.6 Hz, 1H, =C-H):*C NMR (CDCE,
100 MHz): 6 189.90 (C=0), 161.71, 159.23, 155.83, 143.88 (Ci8).65, 137.10, 133.14,
132.11, 131.85, 131.11, 131.03, 130.18, 129.35,712827.69, 126.87, 124.84, 124.40, 123.38,
123.15, 121.63, 121.51 (C-5), 117.88, 115.98, 171,6124.12, 63.10 (OCH) 47.94 (NCH).
MS: m/z (M) Cacld. for GgH2:BrN3O, : 541.1; found: 543.8 (M+2H)
(E)-1-(4-bromophenyl)-3-(2-((1-(3-fluorobenzyl)-1H-1,2,3-triazol-4-yl ) methoxy) naphthal ene-
1-yl)prop-2-en-1-one (6¢), Yield 87%; Yellow solid; mp 196-198 °C; IR (KBemi?): 3179,
3149 (C-H, triazole), 3052 (C-H), 2947, 2882, 1§850), 1593 (C=C), 1576, 1524, 1458,
1397, 1295, 1258, 1218, 1177, 1075, 1045, 1009, B28, 520'H NMR (CDCk, 400 MHz):5
5.46 (s, 2H, NCh), 5.51 (s, 2H, OC}h), 6.91-6.94 (m, 1H), 6.98 (d,= 8.0 Hz, 1H), 7.01-7.06
(m, 1H), 7.26-7.32 (m, 2H), 7.45 @t~ 8.0 Hz, 2H), 7.56-7.61 (m, 2H), 7.63-7.65 (m,)2H84-
7.93 (m, 5H, triazolyl-H, =C-H + 3ArH), 8.25 (@= 12 Hz, 1H), 8.48 (d] = 15.6 Hz, 1H, =C-
H). *C NMR (CDCE 100 MHz):5 189.90 (C=0), 164.18, 161.72, 155.72, 144.18 (C:37.80,
137.08, 136.56, 133.06, 132.15, 131.89, 130.87,7830.30.19, 129.37, 128.74, 127.80, 127.73,
126.91, 124.45, 123.48, 123.45, 123.39, 122.99)(A-67.98, 116.02, 115.81, 115.08, 114.86,



114.16, 63.18 (OCH, 53.52 (NCH). MS: m/z (M) Cacld. for GgH21BrNs;O, : 541.1; found:
543.8 (M+2HJ.

(E)-1-(4-bromophenyl)-3-(2-((1-(2-fluorobenzyl)-1H-1,2,3-triazol-4-yl ) methoxy) naphthal ene-
1-yl)prop-2-en-1-one (6d), Yield 88%; Yellow solid; mp 196-198 °C; IR (KBcmi?): 3182,
3153 (C-H, triazole), 3074 (C-H), 2946, 2884, 18850), 1594 (C=C), 1577, 1531, 1459,
1398, 1296, 1257, 1220, 1179, 1077, 1046, 1009, B2, 522'H NMR (CDCk, 400 MHz):8
5.44 (s, 2H, NCh), 5.48 (s, 2H, OC}), 6.98-7.03 (m, 2H), 7.19-7.22 (m, 2H), 7.43-7(4Y,
2H), 7.56-7.60 (m, 2H), 7.65 (d,= 8.0 Hz, 2H), 7.83-7.92 (m, 5H, triazolyl-H, =C+H3ArH),
8.25 (d,J = 12 Hz, 1H), 8.47 (d] = 15.6 Hz, 1H, =C-H)}*C NMR (CDCk, 100 MHz):8 189.88
(C=0), 164.09, 161.54, 155.69, 144.03 (C-4), 13718r.08, 133.06, 132.12, 131.90, 130.18,
129.95, 129.38, 128.72, 127.80, 127.73, 126.95,4824.23.40, 122.79 (C-5), 118.03, 116.29,
116.08, 114.20, 63.23 (OGH 53.54 (NCH). MS: m/z (M) Cacld. for GgH»1BrNzO, : 541.1;
found: 543.8 (M+2H).
(E)-1-(4-bromophenyl)-3-(2-((4-fluorophenyl-1H-1,2 3-triazol -4-yl )methoxy)naphthalene-1-
yl)-prop-2-en-1-one (6€), Yield 92%: Yellow solid; mp 188-190 °C; IR (KBemi™): 3184, 3156
(C-H, triazole), 3049 (C-H), 2953, 2876, 1657 (C=@%92 (C=C), 1575, 1530, 1467, 1388,
1295, 1259, 1219, 1170, 1084, 1049, 1008, 829, $26,"H NMR (CDCk, 400 MHz):5 5.52

(s, 2H, OCH), 7.21-7.26 (m, 2H), 7.45-7.49 (m, 1H), 7.51 J& 9.2 Hz, 1H), 7.55-7.58 (m,
2H), 7.60-7.62 (m, 1H), 7.64-7.67 (m, 2H), 7.8277(&, 3H), 7.90-7.97 (m, 2H), 8.06 (s, 1H,
triazolyl-H), 8.27 (d,J = 8.4 Hz, 1H), 8.54 (d] = 15.6 Hz, 1H, =C-H)**C NMR (CDCE, 100
MHz): 6 189.72 (C=0), 155.83, 144.57 (C-4), 137.93, 13718BB.12, 132.26, 131.91, 130.08,
129.47, 128.74, 127.83, 126.96, 124.55, 123.45,42@C-5), 122.41, 121.22, 118.08, 116.97,
116.74, 114.12, 63.21 (OGHMS: m/z (M) Cacld. for GgH1gBrFN;O, : 527.1; found: 529.8
(M+H)".
(E)-1-(4-bromophenyl)-3-(2-((1-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl )methoxy)
naphthalene-1-yl)prop-2-en-1-one (6f), Yield 92%; Yellow solid; mp 196-198 °C; IR (KBr,
cm): 3187, 3164 (C-H, triazole), 3039 (C-H), 29487981657 (C=0), 1590 (C=C), 1578,
1520, 1458, 1398, 1287, 1264, 1218, 1170, 1068),10811, 829, 776, 526H NMR (CDCl,
400 MHz):8 5.56 (s, 2H, OCH), 7.45-7.51 (m, 2H), 7.55-7.62 (m, 3H), 7.68)(t 8.0 Hz, 1H),
7.74 (d,J = 8.0 Hz, 1H), 7.85-7.92 (m, 5H), 7.95 (05 9.2 Hz, 1H), 8.06 (m, 1H), 8.21 (s, 1H,



triazolyl-H), 8.26 (dJ = 8.4 Hz, 1H), 8.52 (d] = 15.6 Hz, 1H, =C-H)**C NMR (CDCk, 100
MHz): 6 189.72 (C=0), 155.58, 144.94 (C-4), 137.95, 137183.02, 133.03, 132.74, 132.40,
132.18, 131.89, 130.63, 130.07, 129.57, 128.76,8527127.80, 127.63, 125.64, 125.61, 124.58,
123.50, 123.39 (C-5), 121.88, 121.01, 117.38, 11463.21 (OCH). MS: m/z (M) Cacld. for
CooH19BrFsNs0; : 577.1; found: 579.2 (M+2H)

(E)-3-(2-((1-benzyl-1H-1,2,3-triazol -4-yl)methoxy)naphthal ene-1-yl)-1-(4-methoxyphenyl)
prop-2-en-1-one (6g), Yield 79%; Yellow solid; mp 188-190 °C; IR (KBeniY): 3182, 3152
(C-H, triazole), 3044 (C-H), 2948, 2877, 1657 (C=@%90 (C=C), 1575, 1520, 1457, 1398,
1294, 1256, 1217, 1170, 1074, 1040, 1008, 827, 326,"H NMR (CDCk, 400 MHz):8 3.92

(s, OCH, 3H), 5.44 (s, 2H, NC}), 5.48 (s, 2H, OCH), 7.00 (dJ = 8.0 Hz, 2H), 7.17 (d] = 2.4
Hz, 1H), 7.19 (dJ = 1.6 Hz, 1H), 7.29-7.32 (m, 3H), 7.42-7.47 (m, 2AB6 (s, 1H, triazolyl-
H), 7.57 (ddJ = 4.0 Hz, 1H), 7.84 (d] = 8.0 Hz, 1H), 7.87-7.91 (m, 2H, =C-H +1ArH), 8.@R

J = 8.0 Hz, 2H), 8.26 (d) = 8.0 Hz, 1H), 8.43 (d] = 15.6 Hz, 1H, =C-H)**C NMR (CDCE,
100 MHz): 6 189.23 (C=0), 163.37, 155.41, 144.17 (C-4), (CH6.56, 134.28, 133.03,
131.59, 131.30, 130.93, 129.40, 129.11, 128.78,682827.99, 127.60, 127.49, 124.33, 123.62,
122.98 (C-5), 118.59, 114.43, 113.85, 63.43 (Q¢CH5.52 (NCH), 54.25 (OCH). MS: m/z
(M™) Cacld. for GoH2sNz03 : 475.2; found: 476.0 (M+H)
(E)-3-(2-((2-fluorobenzyl-1H-1,2,3-triazol-4-yl ) methoxy) naphthal ene-1-yl)- 1-(4-methoxy
phenyl)prop-2-en-1-one (6h), Yield 90%; Yellow solid; mp 192-194 °C: IR (KBeni?): 3186,
3158 (C-H, triazole), 3047 (C-H), 2958, 2873, 1888-0), 1591 (C=C), 1575, 1522, 1458,
1399, 1290, 1256, 1218, 1170, 1084, 1043, 1013, B27, 522'"H NMR (CDCk, 400 MHz):3
3.92 (s, 3H, OCHh), 5.44 (s, 2H, NCH), 5.48 (s, 2H, OC}J, 7.00 (d,J = 8.0 Hz, 2H), 7.17-7.19
(m, 2H), 7.31-7.32 (m, 3H), 7.42-7.47 (m, 2H), #%dm, 2H, triazolyl-H + 1ArH), 7.84 (d =
8.0 Hz, 1H), 7.89 (dd] = 4.0 Hz, 1H), 7.89 (d] = 15.6 Hz, 1H, =C-H), 8.02 (d,= 12 Hz, 2H),
8.26 (d,J = 12.0 Hz, 1H), 8.43 (d] = 16.0 Hz, 1H, =C-H)*C NMR (CDCk, 100 MHz):
189.12 (C=0), 163.37, 155.30, 144.17 (C-4), 13615%1.28, 133.03, 131.59, 131.30, 130.93,
129.40, 129.11, 128.78, 128.63, 127.99, 127.60,482724.33, 123.62, 122.98 (C-5), 118.59,
114.43, 113.85, 109.14, 63.43 (OgH5.52 (NCH), 54.25 (OCH). MS: m/z (M) Cacld. for
CsoH24FN303 : 492.8; found: 493.9 (M+H)

(E)-3-(2-((3-fluorobenzyl)-1H-1,2,3-triazol -4-yl)methoxy)naphthal ene-1-yl)-1-(4-methoxy



phenyl)prop-2-en-1-one (6i), Yield 88%; Yellow solid; mp 188-190 °C; IR (KBeni?): 3186,
3155 (C-H, triazole), 3049 (C-H), 2958, 2867, 1883-0), 1594 (C=C), 1576, 1524, 1457,
1399, 1294, 1257, 1218, 1170, 1075, 1040, 1008, B2B, 520'H NMR (CDCk, 400 MHz):8
3.92 (s, 3H, OCH), 5.46 (s, 2H, NCh), 5.48 (s, 2H, OC}h}, 6.90-7.04 (m, 4H), 7.23-7.27 (m,
2H), 7.43-7.47 (m, 2H), 7.55-7.59 (m, 2H), 7.601Hl, triazolyl-H), 7.84 (dJ = 8.0 Hz, 2H),
7.88 (d,J = 15.6 Hz, =C-H, 1H), 8.08 (d,= 12 Hz, 2H), 7.90 (d) = 8.0 Hz, 2H), 8.02 (d] =
8.0 Hz, 2H), 8.26 (dJ = 8.0 Hz, 2H), 8.43 (d] = 15.6 Hz, 1H, =C-H)**C NMR (CDCk, 100
MHz): 6 189.21 (C=0), 164.15, 163.38, 161.69, 155.31,4814C-4), 136.69, 136.67, 136.62,
131.61, 131.24, 130.93, 129.44, 128.65, 127.67,5227124.37, 123.65, 123.47, 123.03 (C-5),
118.72, 115.92, 115.71, 114.85, 114.46, 113.8%/%6B0CH,), 55.52 (NCH), 53.57 (OCH).
MS: m/z (M") Cacld. for GoH24FNsOs : 492.8; found: 493.9 (M+H)
(E)-3-(2-((4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methoxy)naphthalene-1-yl)-1-(4-methoxy
phenyl)prop-2-en-1-one (6j), Yield 86%; Yellow solid; mp 184-186 °C; IR (KBemi™): 3186,
3155 (C-H, triazole), 3048 (C-H), 2949, 2876, 18&F0), 1591 (C=C), 1576, 1524, 1458,
1399, 1295, 1256, 1219, 1177, 1078, 1047, 1012, B2®, 520'H NMR (CDClk, 400 MHz):3
3.92 (s, 3H, OCh), 5.44 (s, 2H,NCH), 5.45 (s, 2H, OCH), 6.95-7.01 (m, 4H), 7.15-7.19 (m,
2H), 7.42-7.46 (m, 2H),7.55-7.59 (m, 2H), 7.70XHl, triazolyl-H), 7.87 (dJ) = 8.0 Hz, 2H),
7.96 (d,J = 8.0 Hz, 2H), 8.04 (d] = 15.6 Hz, 1H, =C-H). 8.08 (d,= 12 Hz, 2H), 8.42 (d] =
15.6 Hz, 1H, =C-H)*C NMR (CDCk, 100 MHz): 5 189.19 (C=0), 164.06, 163.41, 161.58,
155.30, 144.41 (C-4), 136.69, 132.96, 131.58, ¥31130.92, 130.16, 130.13, 129.93, 129.84,
129.44, 128.64, 127.70, 127.53, 124.38, 123.65,812¢C-5), 118.77, 116.23, 116.01, 114.49,
113.86, 63.54 (OCH), 55.52 (NCH)), 53.48 (OCH). MS: m/z (M) Cacld. for GoH24FN3Os :
492.8; found: 493.9 (M+H)
(E)-3-(2-((4-fluorophenyl)-1H-1,2,3-triazol -4-yl )methoxy) naphthal ene-1-yl)-1-(4-methoxy
phenyl)prop-2-en-1-one (6k), Yield 90%; Yellow solid; mp 200—-202 °C; IR (KBeni?): 3188,
3158 (C-H, triazole), 3064 (C-H), 2956, 2878, 18&F0), 1591 (C=C), 1575, 1522, 1457,
1399, 1295, 1256, 1218, 1177, 1074, 1048, 1008, B28, 520 H NMR (CDCk, 400 MHz):8
3.48 (s, 3H, OCH), 5.54 (s, 2H, OCH, 6.90-6.93 (m, 2H), 7.16-7.20 (m, 2H), 7.44-7(51,
2H), 7.57-7.65 (m, 3H), 7.86 (d,= 8.0 Hz, 2H), 7.92-7.97 (m, 2H), 8.07 (s, 1Hazolyl-H),
8.28 (d,J = 8.8 Hz, 1H), 8.49 (d] = 15.6 Hz, =C-H, 1H)}*C NMR (CDCk 100 MHz):8 192.36
(C=0), 168.17, 160.65, 155.23, 146.17, 143.73 (Ct4p.35, 139.16, 138.94, 131.99, 131.05,



130.36, 130.26, 130.22, 130.18, 130.16, 130.08,003(.29.89, 128.78, 123.57 (C-5), 122.47,
120.92, 119.15, 118.99, 117.62, 115.03, 102.38B6YOCH), 53.57 (OCH). MS: m/z (M)
Cacld. for GgH2,FN3O3 : 479.1; found: 480.2 (M+H)
(E)-1-(4-methoxyphenyl)-3-(2-((1-(3-(trifluoromethyl)phenyl)-1H-1,2,3-triazol -4-yl )methoxy)
naphthalene-1-yl)prop-2-en-1-one (6l), Yield 90%; Yellow solid; mp 192-194 °C; IR (KBr,
cm): 3185, 3159 (C-H, triazole), 3064 (C-H), 29586881657 (C=0), 1592 (C=C), 1575,
1522, 1457, 1388, 1294, 1257, 1218, 1170, 10770,10809, 827, 777, 526H NMR (CDCl,
400 MHz): 6 3.80 (s, 3H, OCBH), 5.52 (s, 2H, OC}), 6.88 (d,J = 8.8 Hz, 2H), 7.43-7.46 (m,
2H), 7.55-7.63 (m, 2H), 7.69 (d,= 8.0 Hz, 1H), 7.83-7.93 (m, 4H), 7.98 M= 8.8 Hz, 2H),
8.08 (m, 1H), 8.24 (s, triazolyl-H, 1H). 8.26 M= 8.4 Hz, 1H), 8.47 (d) = 15.6 Hz, =C-H,
1H). °C NMR (CDCE, 100 MHz): & 189.15 (C=0), 163.38, 155.26, 145.21 (C-4), 137.16
136.69, 132.98, 131.69, 131.13, 130.84, 130.51,552928.69, 127.74, 127.61, 125.42, 124.48,
123.67, 123.29 (C-5), 121.10, 118.87, 117.39, 1mM4143.82, 63.50 (OCH 55.22, 29.70.
HRMS: m/z (M) Cacld. for GgH22FNsO3 : 479.1645 found: (M+H) MS: m/z (M) Cacld. for
CsoH22FsN305 : 529.1; found: 530.0 (M+H)
(E)-3-(2-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)naphthal ene-1-yl)-1-(4-nitrophenyl) prop-2-
en-1-one (6m), Yield 86%; Yellow solid; mp 186-188 °C; IR (KBeni?): 3178, 3162 (C-H,
triazole), 3046 (C-H), 2958, 2876, 1658 (C=0), 1§82C), 1576, 1522, 1458, 1388, 1296,
1257, 1218, 1176, 1075, 1046, 1009, 827, 777, BRONMR (CDChk, 400 MHz):8 5.46 (s, 2H,
NCHy), 5.62 (s, 2H, OC}}, 7.04—7.12 (m, 2H), 7.30-7.36 (m, 2H), 7.45-7(49 2H), 7.61 (t,
1H), 7.70 (s, 1H, triazolyl-H), 7.85 (d,= 8.0 Hz, 1H), 7.95 (d] = 8.0 Hz, 2H), 8.04 (d] =
15.6 Hz, =C-H, 1H), 8.14 (dl = 12 Hz, 2H), 8.28 (d] = 8.0 Hz, 1H), 8.32 (d] = 8.0 Hz, 2H),
8.58 (d,J = 15.6 Hz, =C-H, 1H)**C NMR (CDCE 100 MHz):5 189.56 (C=0), 164.15, 161.74,
156.22, 149.99, 143.82, 143.17 (C-4), 138.80, 1132129.63, 128.83, 127.94, 126.42, 124.55,
123.77, 123.15 (C-5), 117.38, 116.04, 115.83, 115104.82, 113.92, 62.87 (OG}153.66
(NCH,). MS: m/z (M) Cacld. for GeH2oN4O4 : 490.1; found: 491.2 (M+H)
(E)-3-(2-((1-(2-fluorobenzyl)-1H-1,2,3-triazol-4-yl ) methoxy)naphthal ene-1-yl)-1-(4-nitro
phenyl)prop-2-en-1-one (6n), Yield 89%; Yellow solid; mp 194-196 °C; IR (KBenmi?): 3183,
3156 (C-H, triazole), 3057 (C-H), 2938, 2849, 1885-0), 1593 (C=C), 1572, 1524, 1459,
1395, 1356, 1295, 1256, 1218, 1170, 1075, 10402,1827, 777, 520'H NMR (CDClk, 400
MH2z): 6 5.46 (s, 2H, NCh), 5.62 (s, 2H, OC}), 7.04-7.12 (m, 2H), 7.30-7.36 (m, 2H), 7.45-



7.49 (m, 2H), 7.61 (t, 1H), 7.70 (s, 1H, triazoMl)y- 7.85 (d,J = 8.0 Hz, 2H), 7.95 (d] = 8.0 Hz,
2H), 8.04 (dJ = 15.6 Hz, =C-H, 1H). 8.14 (d, J = 12 Hz, 2H),8(d,J = 8.0 Hz, 1H), 8.32 (d]

= 8.0 Hz, 2H), 8.58 (d] = 15.6 Hz, =C-H, 1H)**C NMR (CDCk 100 MHz):§ 189.52 (C=0),
161.79, 159.27, 156.15, 149.85, 143.49, 143.18)(A-38.41, 133.22, 132.56, 131.18, 131.10,
130.70, 130.67, 129.61, 129.30, 128.82, 127.91,2826.24.90, 124.50, 123.75, 123.23, 123.12
(C-5), 121.59, 121.45, 117.20, 115.98, 115.77, BZBCH), 47.61 (NCH). MS: m/z (M)
Cacld. for GgH21FN4O, : 508.1; found: 509.1 (M+H)
(E)-3-(2-((1-(3-fluorobenzyl-1H-1,2,3-triazol -4-yl ) methoxy)naphthalene-1-yl)-1-(4-nitro
phenyi)prop-2-en-1-one (60), Yield 91%; Yellow solid; mp 192-194 °C; IR (KBemi?): 3184,
3157 (C-H, triazole), 3048 (C-H), 2938, 2857, 18&F0), 1591 (C=C), 1576, 1522, 1458,
1398, 1345, 1295, 1257, 1217, 1179, 1074, 10438,18D7, 776, 520.'H NMR (CDCk, 400
MHZz): 8 5.45 (s, 2H, NCh), 5.56 (s, 2H, OCH), 7.22-7.25 (m, 2H), 7.31-7.33 (m, 2H), 7.46 (t,
J = 8.0 Hz, 2H), 7.58-7,62 (m, 2H, triazolyl-H + ® 7.85 (d,J = 8.0 Hz, 1H), 7.94 (d] =
8.0 Hz, 1H), 8.02 (d) = 15.6 Hz, =C-H, 1H), 8.15 (d,= 8.0 Hz, 2H), 8.27 (d] = 8.0 Hz, 1H),
8.32 (d,J = 8.0 Hz, 2H), 8.57 (d] = 15.6 Hz, =C-H, 1H)}*C NMR (CDCk 100 MHz):3 189.56
(C=0), 156.32, 149.99, 143.56, 143.19 (C-4), 13818324.20, 133.26, 132.70, 129.62, 129.32,
129.16, 128.89, 128.01, 127.92, 126.35, 124.52,782323.13, 122.97 (C-5), 117.29, 113.91,
62.87 (OCH), 54.35 (NCH). MS: m/z (M) Cacld. for GgH,:FN4O, : 508.1; found: 509.1
(M+H)*.

(E)-3-(2-((1-(4-fluorobenzyl-1H-1,2,3-triazol -4-yl)methoxy)naphthalene-1-yl)-1-(4-nitro
phenyl)prop-2-en-1-one (6p), Yield 94%; Yellow solid; mp 188-190 °C: IR (KBeni?): 3184,
3157 (C-H, triazole), 3054 (C-H), 2948, 2876, 18840), 1590 (C=C), 1576, 1521, 1458,
1399, 1356, 1295, 1257, 1218, 1170, 1075, 10483,1807, 777, 520‘H NMR (CDCk, 400
MHz): & 5.46 (s, 2H, NCH), 5.53 (s, 2H, OCh), 7.01 (t,J = 8.0 Hz, 2H), 7.23-7.26 (m, 2H),
7.45-7.48 (m, 2H), 7.59 (s, 1H, triazolyl-H), 7.@l J = 8.0 Hz, 1H), 7.85 (d] = 8.0 Hz, 1H),
7.94 (d,J = 8.0 Hz, 1H), 8.00 (d] = 15.6 Hz, =C-H, 1H). 8.16 (d,= 8.0 Hz, 2H), 8.26 (d] =

8.0 Hz, 1H), 8.34 (dJ = 8.0 Hz, 2H), 8.55 (d] = 15.6 Hz, =C-H, 1H)**C NMR (CDC}, 100
MHz): 6 189.53 (C=0), 164.11, 156.21, 150.00, 143.74,1A8C-4), 138.83, 133.19, 132.69,
130.07, 129.98, 129.89, 129.63, 129.35, 128.83,9527126.46, 124.50, 123.78, 123.16, 122.81
(C-5), 117.43, 116.31, 116.09, 113.96, 62.92 (}CB3.59 (NCH). MS: m/z (M) Cacld. for
CooH21FN4O4 : 508.1; found: 509.1 (M+H)



(E)-3-(2-((4-fluorophenyl)-1H-1,2,3-triazol -4-yl )methoxy) naphthal ene-1-yl)-1-(4-nitrophenyl)
prop-2-en-1-one (6q), Yield 87%; Yellow solid; mp 198-200 °C; IR (KBepi): 3185, 3157
(C-H, triazole), 3064 (C-H), 2958, 2897, 1657 (CF@%95 (C=C), 1576, 1530, 1458, 1388,
1295, 1257, 1217, 1174, 1077, 1040, 1018, 827, $20."H NMR (CDCk, 400 MHz):6 5.57
(s, 2H,0CH), 7.23-7.27 (m, 2H), 7.46—7.54 (m, 2H), 7.60-7(68 1H), 7.71-7.74 (m, 2H), 7.87
(d,J = 8.0 Hz, 1H), 7.98-8.01 (m, 1H), 8.06 (s 15.6 Hz, =C-H, 1H). 8.13-8.16 (m, 3H), 8.28-
8.30 (m, 3H), 8.61 (d] = 15.6 Hz, =C-H, 1H)**C NMR (CDC} 100 MHz):& 189.40 (C=0),
163.52, 156.21, 154.86, 143.25 (C-4), 142.88, 188134.49, 133.18, 132.64, 132.25, 132.23,
129.40, 129.34, 128.87, 128.27, 127.68, 126.81,582826.32, 124.64, 123.77, 123.21, 122.43
(C-5), 122.31, 121.21, 117.03, 116.83, 113.90, BAOCH). MS: m/z (M) Cacld. for
CaeH19FN4O, : 493.4; found: 494.5 (M+H)
(E)-1-(4-nitrophenyl)-3-(2-((1-(3-trifluoromethyl ) phenyl)-1H-1,2,3-triazol -4-yl )methoxy)
naphthalene-1-yl)prop-2-en-1-one (6r), Yield 89%; Yellow solid; mp 194-196 °C; IR (KBr,
cm™): 3185, 3157 (C-H, triazole), 3057 (C-H), 29533981657 (C=0), 1589 (C=C), 1576,
1524, 1457, 1379, 1294, 1257, 1217, 1177, 10749,10408, 827, 775, 522H NMR (CDCl,
400 MHz):8 5.62 (s, 2H, OCb), 6.63 (m, 2H), 7.45-7.54 (m, 3H), 7.67Jt 8.0 Hz, 1H), 7.72
(d, J = 8.0 Hz, 1H), 7.83-7.92 (m, 5H), 8.12 @ = 8.4 Hz, 1H), 8.08 (m, 1H), 8.20 (s, 1H,
triazolyl-H), 8.44 (dJ = 15.6 Hz, =C-H, 1H), 9.26 (d,= 8.0 Hz, 1H)*C NMR (CDC}, 100
MHz): & 191.73 (C=0), 162.31, 156.20, 144.62 (C-4), 14118Y.63, 137.22, 131.53, 131.14,
130.67, 130.04, 129.79, 129.03, 128.53, 128.31,202825.75, 125.71, 125.22, 124.91, 123.68
(C-5), 121.07, 121.01, 117.66, 117.62, 117.57,92,3113.92, 113.76, 63.21 (OQHMS: m/z
(M™) Cacld. for GgH19FsN4O; : 544.1; found: 545.2 (M+H)
Phar macology
The antimicrobial activities were carried out byldwing the procedure as reported by Kaushik
etal ®
Docking details

The most potent compourip was docked into the active sites of Docking stsidiere
carried out by following procedure as given by Kaikt al using Auto Dock Vina 1.1.2
Molecular dynamics simulation
A 50 ns long molecular dynamics simulation of tleekked complex between 1kzn and 6p was

carried out in order to elucidate the binding moflép into the active site of 1kzn as described



earlie® using GROMACS 5.1.4 code and Gromos43al forced ff8I®.The force field
parameters of ligand 6p were obtained from PRODREb wervet. Briefly, the docked
complex of 1kzn-6p obtained from molecular dockivas solvated in a cubic box of 255.26°m
using simple point charge (SPC/E) water model kegpidistance of 1.0 nm between each side.
The final simulation system was solvated and iachiz&h Na+ and Cl- ions at a concentration
of 100 mM and the final system consisting of onetgin molecule, one ligand molecules, 7465
water molecules, 24 Na+ and 15 Cl- ions was mirgghimsing the steepest descent algorithm
until the maximum force became less than 500 kJmmol

Position restrained equilibration was performed aissociation with constant Numbers of
particles, Volume and Temperature (NVT) and coristaamber of particles, Pressure, and
Temperature (NPT) also called as isothermal-iscbansemble.NVT equilibration was
performed at constant temperature at 300K usings¢ale (modified Berendsen thermostat)
temperature couplinGffor a time duration of 500 ps. After stabilizatiohtemperature the NPT
equilibration was performed using both temperaamd Parrinello-Rahman pressure coupling
®%0 maintain the system at 300 K temperature anar ptessure along with coupling constant of
0.1 picosecond (ps) for temperature and 2 ps fsqure. Position restraints were applied during
both NVT and NPT ensemble equilibration. Long-ramdectrostatic interactions and van der
Walls interactions were calculated using the Plartitesh Ewald (PME) methdd, and the cut-
off for short-range van der Waals was set to 1 Afhbonds were constrained using LINCS
algorithm®® and the time step of the simulation was set t0D8s. Finally, a 50 ns production
simulation was performed.

The analysis of MD trajectory was performed usingdales present in GROMACS 5.1.4. The
trajectory was analyzed quantitatively by determgnRMSD, RMSF and radius of gyration
using rms, rmsf, and gyrate functionalities. Stuuak analysis was performed by analyzing the
hydrogen bonds formed throughout the simulationopeof 50 ns using the h-bond utility.

Graphs were plotted using the XMgrace prodiam
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Highlights

Some fluorinated chal cone-1,2,3-triazol e conjugates were synthesized via click reaction.
The X-rays crystallographic study of compounds 6k revealed the self assembling properties.
Some conjugates demonstrated better activity compared to reference drug.

Conjugates exhibited synergistic effectsin the activity.



