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Abstract. The modification of a molecule that was identlfias highly efficacious in the
previous studies could considerably improve thelogical activity of the resulting
compounds. While targeting lanosterol d4lemethylase, the molecular modelling studies
convinced that the extension of the phenyl ringcainpoundl deep into the hydrophobic
pocket of the enzyme may increase the enzyme rdigateractions and hence improve the
anti-fungal profile of the molecules. As a resulte newly designed compoun@swere
synthesized and screened for their anti-microkiaperties and these compounds were found
to exhibit considerably better activity than theyous moleculd. Some of the compounds
in this series exhibited Ml 16 pg mL™* and 32pug mL* againstCandida albicans and

Aspergillus niger, respectively as against 3ft§ mL"* for compoundL.



Introduction

The use of antineoplastic and immunosupresagents along with the broad spectrum of
antibiotics, cancer treatment and AIDS [libJresponsible for the increasing incidences of
suprafacial and invasive fungal infections [6-7heTpathogenic microbes includi@andida
sp, Cryptococcus sp andAspergillus sp are the most common causative agents of invasive
fungal diseases [8-10]. Besides the lack of corepletderstanding of the bio-mechanistic
pathways of the fungal cells, the similarity in fla@gal cell structure and the human host has
made the invention of new antifungal agents quiteblematic [11-12]. Thus a limited
number of chemotherapeutic agents for fungal irdastare available and among the existing
antifungal agents, most of them act as fungistaticer than fungicidal [13]. Furthermore, the
over use of the present antifungals, prevalencautftions and development of biofilms by
the fungus are certain factors contributing foreleping resistance to the antifungal drugs in
the pathogenic fungi [14-17].

Out of the available antifungals; the polye@sphotericin-B) and 5-fluorocytosine do
not impact on the synthesis of ergosterol. Allylaes (terbinafine) act upstream of the
ergosterol biosynthesis pathway whereas azoles)galith the other classes such as
morpholines and ployenes, act downstream whileibgntb ergosterol [18-23For the azole
class of antifungals (the imidazoles and triazolés® imidazoels were the first one to be
used but with their poor bioavailability and higlxicity they had only limited formulations
and could not be used systemically [24]. Improveerothe imidazoles, recently, 1,3-
thiazolidin-4-one derivatives have been reportethwiigh anti-fungal potency and low
toxicity [25]. Owing to the favourable pharmacokioe and safety profile, the triazoles have
been used frequently in treating invasive infeif@6-28]. Triazoles act by deactivating the
cytochrome P450 dependent enzyme lanosterel ddmethylase, consequently minimizing

the synthesis of ergosterol. The depletion of dsgos and accumulation of toxic methyl
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sterols alters the cell membrane fluidity, therelsrupting the activity of membrane bound
enzymes and leading to the inhibition in the groank replication of fungal cells [29-31].

Out of the recently reported series of indekzole conjugates, compouhdchart 1) was
the most potent anti-fungal agent with M§G12.5ug mL* [32]. Mechanistically, compound
1 was found to target lanosterol &ddemethylase. Motivated by these findings, and in
continuation of our efforts endowed with the disegv of amino acid appended indole
conjugates with potential chemotherapeutic propsrit was planned to modify compouhd

so that its anti-fungal activity gets improved.
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Chart 1

Results and Discussion

Since the computational techniques have madeossible to investigate the crystal
coordinates of the enzyme as well as the enzymstratie complexes and thence helping in
the design of new chemical entities, the molecdlaeking studies of compountlin the
active site pocket of lanosterol dddemethylase were performed. The enzyme — compound
interactions were compared with the enzyme — flazoke interactions. Significantly more
contacts of compound in the active site of the enzyme were observeduiiéi 1 A, 1B). In
addition to parallel with fluconazole for interagi with R96 and F83; compourid also
exhibited interactions with F255, F78, Y76, R326 &892. Since a large part of the enzyme

pocket is hydrophobic (Figure 1C) and these inteyas play critical role in the drug-enzyme
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binding, it was planned to extend the phenyl moiptgsent on the azole ring, deep into the
hydrophobic pocket of the protein constituted by6¥ahd F78. Consequently, the phenyl ring
present on the azole moiety of compoubdvas replaced with the benzyl group and
compound (Chart 1) were designed. The docking of compo2@dh the active site pocket
of lanosterol 14+ demethylase clearly showed that the phenyl uniievizyl group occupies
the hydrophobic pocket of the enzyme and charatieally, the indole part of the molecule
exhibits cationz interactions with R96 (Figure 1D). Hence compouBdsere synthesized
and investigated for their antimicrobial activity bcreening againgtandida albicans (MTCC

3958) andAspergillus niger (MTCC 9933)
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Figure 1. (A) Compoundl docked in the active site pocket of lanosterolildemethylase.
(B) Fluconazole docked in the active site of laaost14e demethylase. (C) 2D view of the
docking pose of compountlin the active site pocket of the enzyme showindrbghobic
residues. (D) Compourizedocked in the active site pocket of lanosterobldemethylase.
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Chemistry
Reaction of indolelj with oxalyl chloride at 0-5 °C resulted in therfation of a yellow

colored compoun®. Compound3 was then made to react with,®O; pretreated glycine
methyl ester/L-tyrosine methyl ester/L-tryptophaathyl ester/L-aspartate methyl diester/L-

glutamic methyl diester in dry acetonitrile in theesence of BCO; and triethylamine and

compoundsg! —8 were procured (Scheme 1).

H
o N\:/\/COOMe i (0] H COOMe
) Coome ~
\ N o
O ¢
i T~ - i
H / H
N
H

Reactions conditions :

i) dry ether, (COCl), , 0-5 °C

i) dry ACN, K,COs3, glycine methyl esterHCI, 0-5 °C

iii) dry ACN, K,COs3, L-tyrosine methyl esterHCI 0-5 °C

iv) dry ACN, K,COj, L-Tryptophan methyl esterHCI 0-5 °C

v) dry ACN, K,COs3, L-Aspartate methyl diester HC1 0-5 °C
vi) dry ACN, K,CO3, L-glutamate methyl diesterHC1 0-5 °C

Scheme 1Synthesis of compounds- 8.
Further reaction of compouddvith propargyl bromide in the presence of sodiurdride
in dry acetonitrile at 0 — 10 °C provided compo@n@&cheme 2)Using the same procedure,
compoundslO — 14wereobtained by the reaction &f— 8with propargyl bromideDuring
the propargylation o€ompound5, compoundslO and 11 with propargyl group at indole-N
only and at both indole N and tyrosine-O, respetyiwere isolated. For compourgj

propargylation occurred at one indole N only andlid not go to Trp residue as it was
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confirmed with HMBC, HSQC, COSY and TOCSY NMR expents with compound8

(Figure S42-5S48).
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Reaction conditions:
(i) Dry ACN, NaH (1.5 mmol), propargyl bromide (1.5 mmol), 0-5 °C

Scheme. Synthesis of compoun@s- 14.

Reaction of compoun@él with benzyl azide in the presence of sodium asterland

copper sulphate in ethanol:water (9:1) gave comgditn(Scheme 3). Similarly, reaction of
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10 — 14 with benzyl azide led to the formation of respeetcompoundd6 — 20. The ester

hydrolysis of compounds5 — 20 provided the target compounga-e (Scheme 3).
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Biological studies

All the synthesized compounds were screenednfertro antifungal activity against two
fungal strains;Candida albicans (MTCC 3958) andAspergillus niger (MTCC 9933).
Antifungal activity of the test compounds was exssetl in terms of ZOI (Zone of Inhibition)
and MIC (Minimum Inhibitory Concentration). Flucarde was used as reference drug for
the study and 5% DMSO was used as a negative ¢ontro

Table 1. Zone of inhibition and MIgy of compounds againsCandida albicans and
Aspergillus niger.

Compound Candida albicans Aspergillus niger
ZOIl (mm) MICqp (Lg/mL) ZOIl (mm) | MIGg (ug/mL)
4 10 128 - -
5 - - 9 >128
6 14 32 - -
7 15 32 13 64
8 - - 9 >128
9 11 64 - -
10 11 64 10 128
11 13 64 13 64
12 10 128 9 >128
13 13 64 - -
14 9 128 - -
15* 12 64 11 64
16 8 128 10 128
17 - - 13 64
18* 9 128 12 64
19 11 128 - -
20 10 64 11 64
2a 13 32 10 128
2bi 15 16 13 >32
2bii 16 16 15 32
2c 14 32 14 >32
2d 15 32 13 64
2e 14 32 12 >32
Fluconazole 19 16 18 8

*Compounds showed precipitation at the test comagoh 128 pg/50 puL while determination of ZOI valdherefore, 10% DMSO was
used for both these compounds instead of 5% comparative anti-fungal activities of 5 and%MMSO in the negative control groups
showed no significant difference.



A significant improvement in the anti-fungattiaity of compounds2 over compound
was observed. The different fragments of the madéesiz. amino acid, propargyl group,
azole part were found to influence the activitytteg molecule. In the category of compounds
4-8; compound$ and7 bearing respectively Trp and Asp residues shovetigbanti-fungal
activity. Replacement of Asp with Glu in compou8dlid not improve the activity of the
compound in comparison to compoundeven not at the propargylated stage (compare MIC
of compoundL3 and14). Presence of propargyl group at N-1 positionampounds and7
increased the MIC of the resulting compouti2iand 13. However, the propargylation of
compound5 resulted into the improvement in MIC of the compdsi10 and11. Amongst
the azole group carrying compourids-20; compound20 exhibited MIC 64ug mL™* and the
MIC was further improved when ester group of commb20 was hydrolyzed to the
corresponding acid in compoure In fact, compoundae showing ZOl 13-16 mm
exhibited better anti-fungal activity in comparisdo their corresponding precursor
compounds. Overall, the ZOIl for compoungls-e was comparable to the standard drug
fluconazole. In general, the compounds were acagainst bothCandida albicans and
Aspergillus niger.

Cytotoxicity of compound 2bii

MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenylti@zolium bromide] cellular toxicity assay
was performed for checking the bio-safety of commub@bii against sheep blood cells.
Reduction of MTT dye to formazan can directly berelated with the metabolically active
cells, so that the absorbance can be interpretédd the living state of the cells. At a
concentration of 1 mg mt(conc much higher than the MJ§of this compound), compound
2bii was found to be non-cytotoxic. The cytotoxicity wasmparable to the untreated

(control) sample and the cell viability of 85 % wasserved.



3D Quantitative Structure Activity Relationship (QSAR) Studies Model

In order to correlate the structural featurigs steric, electrostatic, hydrophobic, HBD and
HBA of the molecules with biological activity, Gaian based QSAR model was generated
by using PLS with three factors?RV value of 0.54 was derived from the LOO cross-
validation method and the non-cross validation ysislprovided R0.97 with standard error
of estimate 0.09 and an F ratio 50.3. The steratofacontribution is 0.41 whereas the
electrostatic, hydrophobic, HBA and HBD contrib@téd6, 0.17, 0.14 and 0.10, respectively
towards the antimicrobial activity of the moleculdhe green colored contours in Fig. 2a
favor the steric effect of bulky substituent wheréae yellow color represents negative effect
of the steric substituent in this region. The pesitffect of the bulky substituent in green
region was clearly visible in case of compourits 2d, 2e 2bi, 2bii. The hydrophobic
contours (Figure 2b) showed the light yellow (p@sitsaturation) and white (negative
saturation) colored regions. This can be effecyivsden by the presence of indole scaffold
and phenyl rings in the light yellow colored regiethus increase in the activity. Also in case
of compoundbii the presence of additional phenyl rings in théoyelcolored region lead to
increase in its 16y value. The electrostatic contour (Figure 2c) shibwexl and blue regions
with positive and negative saturation respectivéded region favored the presence of
electronegative groups and blue region favoredtrelpositive groups. The presence of acid
forms of the amino acids in this region producedbfable effect in comparison to the ester
forms of the compounds. In case of hydrogen bord@or (HBA) contour map (Figure 2d),
the presence of maroon colored region (positivairgdbn) in the amide bond area
complemented their positive effect (increase in alogvity) whereas the magenta colored
area proved to be detrimental for the HBA groumsent there. The effect of hydrogen bond
donor parameter was represented with purple and cgatours (Figure 2e). The purple

colored areas were suitable for donors and cyaoreminegative regions found not suitable
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for hydrogen bond donors. The contribution of ttagion was limited (0.10) (Table 3). The
QSAR model also showed the 3 fithess graph amdhgsibserved and predicted activity for
(a) training set (b) test set (c) and both (tragjnend test set combined) of molecules
(supporting information). Therefore, the resultdanted from QSAR studies are clearly
supporting the design of the molecules. The st@aator along with the hydrophobic

parameters is the major contributors for the bimlalgactivity of the molecules under present

investigation.

Figure 2. Visualization of QSAR effects of different padkthe molecule. (a) Steric contour
map (yellow, negative saturation; Green, positiggisation); (b) Hydrophobic contour map
(white, negative saturation; Light yellow, positigaturation); (c) Electrostatic contour map
(red, negative saturation; blue, positive saturgtiqd) H-bond acceptor contour map
(magenta, negative saturation; maroon, positivaratbn); (e) H-bond donor contour map
(cyan, negative saturation; purple, positive sailomy The molecules with better anti-fungal

activity are represented as tube sketches.
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Table 2 PLS Statistical Parameters of the Selected 3DRSwdef

PLS- SD R R’ CV R Stability | F P RMSE ® | Pearson-r
Factors scramble

1 0.1835| 0.6853] 0.003f 0.6009 0.168 32.7 4.09¢-05 6 0/10.6501 0.8971

2 0.1409| 0.8268 0.1160 0.825¢ 0.41p 3B.4 4.68¢-06.15 0| 0.6716 0.9026

3 0.0990| 0.9206 0.0122 0.905( 0.218 50.3 2.07¢-07.18 0] 0.5755 0.8660

3D, standard deviation of regression; R, squaréubviar R for regression; F, variance ratio (a large vaifie
F indicates more statistical regression); P, sigaifce level of variance ratio (smaller values ¢atk a greater
degree of confidence); RMSE, root mean squared;e® value for the predicted activities; Pearson-tuga
for the predicted activities of the test set.

Table 3. Contribution of various factors towards the bgital activity of the molecule.

PLS-Factors Steric electrostatic hydrophobjc HBA HB
1 0.421 0.154 0.186 0.151 0.086
2 0.439 0.157 0.169 0.143 0.090
3 0.412 0.161 0.170 0.144 0.1086
Conclusions

Guided by the results of the molecular madgktudies, the rational modification of a
lead molecule led to the development of highlyceifious anti-fungal agents. Amongst the
different series of compounds obtained during g§mhesis of compound it was observed
that compound® were the most potent. Compourisi and 2bii with MICgo 16 ug mL*
were identified as the most suitable candidates ftother investigation. Under the
experimental procedures, the MiCof these two compounds was comparable to that of
standard drug fluconazole. The 3D contour modehiabt by QSAR studies indicating the
role of steric, hydrophobic and electrostatic pagtars will be helpful in further improving

the structure of the compound.

Experimental section

All materials were procured from commalt@uppliers and used as such without any

further notification unless otherwise required. thye ether was dried by distilling over
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anhydrous calcium chloride and further dried byspag sodium wire. Acetonitrile was dried
by refluxing over phosphorous pentaoxided§) and stored over activated 4 molecular
sieves. Melting points were determined in openltzapms and are uncorrected. All reactions
were carried out on oven dried glass wares. Re&twere monitored by thin layer
chromatography (TLC) performed on glass platesezbatith silica gel (GF254) and further
visualized under UV light and iodine atmosphereluB8m chromatography was performed
with silica gel 60 — 120 mesh size and hexaneyl ettetate as eluent$d, *C, DEPT-NMR
spectra were recorded on Bruker 500 MHz, JEOL 4G{zNnd 125 MHz, 100 MHz NMR
spectrometer, respectively using Ch@nd DMSOeds as solvents and TMS as internal
standard. Chemical shifts are reported in ppm iveldb trimethyl silane, multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet & double doublet, br s = broad singlet) and
coupling constant)(in Hz). Data for*C and DEPT-135 NMR spectra are given in chemical
shift; +ve signals correspond to gihd CH carbons, -ve signals correspond te @GHile
absent means a quaternary carbon. Mass spectrare@neled on Bruker Micro TOF Qll
mass spectrometer. Machine was calibrated with usodformate using KdScientific
automated pump, with flow rate 180 uL/h, 50 uM solu in ACN-water formic acid
(7:2.9:0.1) was injected to electrospray ionizatsmurce. Desolvation was performed with
dry N; gas heated at 180 °C. Various parameters of tiss speectrometer were optimized for
maximum ion abundance. Typically the capillary agkt was 4500 V and vacuum was
maintained at 3-4xI0mbar. Sodium formate was used as internal calibran

General procedure for synthesis of compounds 4-8 (etedure A)

Indole @) (1 g, 8.5 mmol) was dissolved in dry ether (50 rah§l oxalyl chloride (732 pL,
8.5 mmol) was added drop-wise keeping the temperdbetween 0-5C. The reaction
mixture was stirred for 2-3 min. The solid produwegas filtered under vacuum to get

compound3. Compound3 was then dissolved in dry ACN (50 ml), to which overied
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K2CGOs (1 equiv) was added. Further, the ice cooled swludf neutralized L-amino acid
methyl ester (neutralized with,ROs) was added to the ACN solution of compouhdrhe
reaction was then stirred for 3 h maintaining temperature 0-5C. The reaction was
guenched by adding 20 mL ice cold water and exddhetith ethyl acetate (4x25 ml). The
combined organic layers were then washed with wated brine solution, dried over
anhydrous sodium sulphate and solvent was remoyetishillation. Crude compound thus
obtained was purified through column chromatograpbing hexane-ethyl acetate as the
eluent (60:40).

General procedure for synthesis of compounds 9 -IProcedure B)

NaH (28 mg, 1.1 mmol) after washing with dry hexares suspended in dry ACN followed
by the addition of compountl(260 mg, 1.0 mmol). After the change in coloutlef reaction
mixture from colourless to yellow, propargyl bromi@l78 mg, 1.5 mmol) was added drop-
wise. Reaction mixture was stirred for 2 h, mamitag the temperature 0-5 °C. After the
completion of the reaction (TLC), 10 mL ice cooledter was added to the reaction mixture
and extracted with ethyl acetate (4x25 mL). The lwoed organic layers were then washed
with water and brine solution and dried over anbydrsodium sulphate. The organic layer
was concentrated under vacuum and the crude prodast purified through column
chromatography using hexane — ethyl acetate astdlu@rocure produ@. Compound40—

14 were prepared from compounsis-8 by using the same procedure.

General procedure for the synthesis of compounds 12 (Procedure C)

Compound (298 mg, 1.0 mmol) was dissolved in ethanol - wé@ mL, 9:1 v/v). Sodium
ascorbate (9 mg, 0.05 mmol) was added to the abolion and the reaction mixture was
allowed to stir for 5 — 10 min at room temperaturken copper sulphate (2 mg, 0.01 mmol)
was added to the reaction mixture followed by tldditton of benzyl azide (133 mg 1.0

mmol) and the reaction mixture was stirred for 12fter the completion of reaction (TLC),
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the reaction mixture was washed with water andebfollowed by extraction with ethyl
acetate (4x25 ml). The combined organic layers wkes dried over anhydrous sodium
sulphate and concentrated under vacuum. Crude ialatbtained was then purified through
column chromatography using hexane:ethyl acetateluents to obtain pure produtb.
Compoundsl6 — 20 were obtained from compound$ — 14 by using same experimental
protocol.

General procedure for the synthesis of compounds(Procedure D)

Compoundl5 (431 mg, 1.0 mmol) was taken in acetone - watérn@®, 2:1 v/v) containing
1N NaOH. The reaction mixture was stirred for 3 iiLC). Acetone was removed under
vacuum and 10 mL 1N HCI| was added drop-wise uhtl $olution becomes acidic. The
precipitates formed were filtered and left for aiyito obtain pure produ@a. Similarly, the
ester group of compound$ —20 was hydrolyzed.

Methyl (2-(1H-indol-3-yl)-2-oxoacetyl)glycinate (4) Compound 4 was synthesized
following general procedure A. White solid, yiel@%, mp 163 °C. IR (KBr): 3369, 3324,
3149, 2952, 1736, 1490, 1423 tniH NMR (500 MHz, DMSOds) §: 3.68 (s, 3H, OCH),
4.01 (d,J = 5.85 Hz, 2H, Ch), 7.27-7.30 (m, 2H, ArH), 7.54-7.56 (m, 1H, Art§24-8.26
(m, 1H, ArH), 8.75-8.76 (m, 1H, ArH), 9.09 @,= 5.90 Hz, 1H, NH) 12.26 (s, 1H, NHYC
NMR (125 MHz, DMSO#g) &: 41.0 (-ve, CH)), 52.3 (+ve , OCH), 112.6 (ArC), 121.7 (+ve,
ArCH), 121.7 (+ve, ArCH), 123.1 (+ve, ArCH), 124(éve, ArCH), 126.5 (ArC), 136.7
(ArC), 139.0 (+ve, ArCH), 164.4 (C=0), 170.2 (C=Qg1.7 (C=0). HRMS (micro TOF-
QIl, MS, ESI) Calcd for @H12N204 ([M+H] ) 261.0870, found 261.0762.

Methyl (2-(1H-indol-3-yl)-2-oxoacetyl)tyrosinate (5) Compound 5 was synthesized
following general procedure A. White solid, yiel®%%, mp 180-182C. IR (KBr): 3369,
3324, 3149, 3140, 2952, 1736, 1490, 1423'ciH NMR (500 MHz, DMSO4s) &: 3.00 (dd,

J=14.19, 5.13 Hz, 1H, Cj), 3.08 (dd,J = 14.02, 5.30 Hz, 1H, C}{ 3.67 (s, 3H, OC}j,
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4.57 (m, 1H, CH), 6.66 (dl = 8.3 Hz, 2H, ArH), 7.04 (d] = 8.24 Hz, 2H, ArH), 7.26-7.27
(m, 2H, ArH), 7.53 (dJ=7.19 Hz, 1H, ArH), 8.19-8.21 (m ,1H, ArH), 8.56 (kH, ArH),
8.92 (d,J = 8.9 Hz, 1H, NH), 9.24 (s, 1H, NH), 12.25 (s, 1BH). **C NMR (125 MHz,
DMSO-dg) o: 35.8 (-ve, CH), 52.5 (+ve, CH), 54.1 (+ve, OGKH 112.5 (ArC), 113.0 (+ve,
ArCH), 115.5 (+ve, ArCH), 121.6 (+ve, ArCH), 123(tve, ArCH), 123.9 (+ve, ArCH),
126.4 (ArC), 127.6 (ArC), 130.4 (+ve, ArCH), 136(&rC), 138.8 (+ve, ArCH), 156.7
(C=0), 164.0 (C=0), 171.9 (C=0), 181.9 (C=0). HRMicro TOF-QII, MS, ESI) Calcd
for CooH1eN20s ([M+H] ™) 367.1288, found 367.1290.

Methyl (2-(1H-indol-3-yl)-2-oxoacetyl)tryptophanate (6) Compound6 was synthesized
following general procedure ANhite solid, yield 75%, mp 170-172 °C, IR (KBr): 38}
3310, 3272, 2952, 1733, 1498, 1468t NMR (500 MHz, DMSOsg) &: 3.30-3.34 (m,
2H, CH), 3.8 (5 3H, OCH), 4.68-4.73 (m, 1H, CH), 6.99 @,= 7.84 Hz, 1H, ArH), 7.08 (t,
J=7.25 Hz, 1H, ArH), 7.21 (d] = 2.20 Hz, 1H, ArH), 7.26-7.28 (m, 2H, ArH), 7.86,J =
8.15, 1H, ArH), 7.53-7.55 (m, 2H, ArH), 8.20-8.28,(1H, ArH), 8.59 (dJ = 3.02 Hz, 1H,
ArH), 8.89 (d,J = 7.87 Hz, 1H, NH), 10.88 (s, 1H, NH), 12.24 (s, NH). *C NMR (125
MHz, DMSO-) 6: 26.9 (-ve, CH), 52.5 (+ve, OCH), 53.4 (+ve, CH), 109.8 (ArC), 111.9
(+ve, ArCH), 112.5 (ArC), 113.0 (+ve, ArCH), 118(#ve, ArCH), 118.9 (+ve, ArCH),
121.5 (+ve, ArCH), 121.7 (+ve, ArCH), 123.1 (+vaCAX), 123.9 (+ve, ArCH), 124.3 (+ve,
ArCH), 126.5 (ArC), 127.5 (ArC), 136.6 (ArC), 136(ArC), 138.9 (+ve, ArCH), 163.9
(C=0), 172.1 (C=0), 181.8 (C=0). HRMS (micro TOR,QIS, ESI) Calcd for H19N304
[M+Na]" 412.1267, found 412.1384.

Dimethyl (2-(1H-indol-3-yl)-2-oxoacetyl)aspartate (7) Compound?7 was synthesized
following general procedure ANhite solid, yield 75%, mp 168 -170 °C, IR (KBr) 33
3142, 3000, 1736, 3145, 2952, 1736t NMR (500 MHz, CDCJ) &: 2.95 (dd,J = 17.27,

4.88 Hz, 1H, CH), 3.13 (dd,J = 17.11, 5.10 Hz 1H, CH} 3.74 (s, 3H, OCH), 3.81 (s, 3H,
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OCH), 4.96-5.00 (m, 1H, CH), 7.31-7.37 (m, 2H, ArH@¥5-7.47 (m, 1H, ArH), 8.32 (d,=
8.54 Hz, 1H, ArH), 8.42 (d] = 7.72 Hz, 1H, ArH), 9.0 (s, 1H, NH), 9.13 (s, 1NH). °C
NMR (125 MHz CDC}) &: 36.1 (-ve, CH)), 48.6 (+ve, CH), 52.2 (+ve, OGH 52.9 (+ve,
OCH,), 111.65 (+ve, ArCH), 113.2 (ArC), 122.4 (+ve, Afl; 123.4 (+ve, ArCH), 124.2
(+ve, ArCH), 126.5 (ArC), 135.7 (ArC), 138.1 (+vArCH), 162.1 (C=0), 170.6 (C=0),
170.9 (C=0), 179.50 (C=0). HRMS (micro TOF-QIl, MESI) Calcd for GgH1eN2Og
([M+H] ") 333.1081, found 333.3973.

Dimethyl (2-(1H-indol-3-yl)-2-oxoacetyl)glutamate (8) Compound 8 was synthesized
following general procedure A. White solid, yiel8%, mp 143-145 °CH NMR (500 MHz,
DMSO-d6) &: 2.01-2.07 (m, 1H, C§), 2.12-2.18 (m, 1H, CH), 2.41-2.44 (m, 2H, §}B.59
(s, 3H, OCH), 3.68 (s, 3H, OCH), 4.43-4.48 (m, 1H, CH), 7.27-7.30 (m, 2H, ArH)5%-
7.56 (m, 1H, ArH), 8.23-8.25 (m, 1H, ArH), 8.66 (d= 2.48 Hz, 1H, ArH), 9.10 (d, 7.87 Hz,
1H, NH), 12.28 (s, 1H, NH)-*C NMR (125 MHz, DMSOdg) &: 25.9 (-ve, CH), 30.2 (-ve,
CH,), 51.6 (+ve, OCk), 51.8 (+ve, OCH), 52.6 (+ve, CH), 112.6 (ArC), 113.1 (+ve,
ArCH), 121.6 (+ve, ArCH), 123.1 (+ve, ArCH), 124(éve, ArCH), 126.5 (ArC), 136.7
(ArC), 138.8 (+ve, ArCH), 164.6 (C=0), 172.0 (C=Q)3.1 (C=0), 182.1 (C=0). HRMS
(micro TOF-QII, MS, ESI): Calcd for GH1gN2Og ([M+H] ") 347.1238, found 347.1381.
Methyl ((2-oxo-2-(1-(prop-2-yn-1-yl)-IH-indol-3-yl) acetyl) glycinate (9) Compound9
was synthesized following general procedurer8llow solid, yield 70%, mp 117-119 °C, IR
(KBr) 3369, 3265, 3216, 2952, 2120, 1736 critH NMR (500 MHz, CDCJ) &: 2.54 (t,J =
2.45, 1H, CH), 3.8 (s, 3H, OGH 4.18 (d,J = 5.74 Hz, 2H, Ch), 4.93 (d,J = 2.5 Hz, 2H,
CH,), 7.37-7.39 (m, 2H, ArH), 7.46-7.48 (m, 1H, ArH01 (t,J = 5.90 Hz, 1H, ArH),
8.43-8.44 (m, 1H, ArH), 9.07 (s, 1H, NHYC NMR (125 MHz, DMSOdg) &: 41.1 (-ve,
CH,), 42.4 (-ve, CH), 52.56 (+ve, OCh), 60.4 (+ve, CH), 110.3 (+ve, CH), 112.3 (ArC),

122.7 (+ve, CH), 123.7 (+ve, ArCH), 124.2 (+ve, AC 127.6 (ArC), 136.2 (ArC), 140.9
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(+ve, ArCH), 142.6 (ArC), 162.8 (C=0), 169.5 (C=@),9 (C=0). HRMS (micro TOF-QII,
MS, ESI) Calcd for @H14N,O4 ([M+Na]™) 321.0845, found 321.0831.

Methyl (2-oxo0-2-(1-prop-2-yn-1-yl)-H-indol-3-yl)acetyl)tyrosinate (10) Compoundl10
was synthesized following general procedureYBllow solid, yield 40%, mp 117 °CH
NMR (500 MHz, CDC}) &: 2.50 (t,J = 2.54, 1H, CH), 3.08 (dd] = 14.17, 6.72 Hz, 1H,
CH,), 3.16 (dd,J = 14.17, 5.45 Hz, 1H, G 3.78 (s, 3H, OCH), 4.84-4.87 (m, 1H, CH),
4.89 (d J = 2.42 Hz, 2H, CH), 5.64 (br, 1H, OH), 6.74 (d,= 8.4 Hz, 2H, ArH), 7.03 (d]
=8.39 Hz , 2H, ArH), 7.37-7.39 (m, 2H, ArH), 7.2648 (m, 1H, ArH), 7.90 (d] = 8.50 Hz,
1H, ArH), 8.41-8.43 (m, 1H, ArH), 8.99 (s, 1H, NHC NMR (125 MHz, CDGJ) §: 36.8
(-ve, CH), 37.3 (-ve, CH), 52.4 (+ve, CH), 53.5 (+ve, OGK 75.5 (+ve, CH), 75.7 (O),
110.1 (+ve, ArCH), 112.3 (ArC), 115.7 (+ve, ArCH)22.8 (+ve, ArCH), 123.8 (+ve,
ArCH), 124.2 (+ve, ArCH), 127.4 (ArC), 127.7 (ArC}30.4 (+ve, ArCH), 135.9 (ArC),
140.5 (+ve, ArCH), 155 (ArC), 161.9 (C=0), 171.2=@), 179.3 (C=0). HRMS (micro
TOF-QII, MS, ESI) Calcd for §HzoN-Os [M+H] * 405.1445, found 405.0878.
Methyl-2-(2-ox0-2(1-(prop-2-yn-1-yl)-H-indol-3-yl)acetamido)-3-(4-(-2yn-1-yloxy)
phenyl)propanoate (11) Compoundll was synthesized following general procedure B.
Yellow thick oil, yield 50%.'H NMR (500 MHz, CDC}) &: 2.48 (t,J = 2.41 Hz, 1H, CH),
2.51 (t,J = 2.56, 1H, CH), 3.12 (dd} = 14.43, 6.61 1H, C§), 3.18 (dd,J = 14.26, 5.56 Hz,
1H, CHp), 3.73 (s, 3H, OCH), 4.64 (d,J=2.4, 2H, CH), 4.87 (m, 1H, CH), 4.91 (d,= 2.49
Hz, 2H, CH), 6.89-6.91 (m, 2H, ArH), 7.10-7.11 (m, 2H, ArHY.35-7.37 (m, 2H, ArH),
7.45-7.46 (m, 1H, ArH), 7.86 (d,= 8.33 Hz, 1H, ArH), 8.40-8.41 (m, 1H, ArH), 9.0, (LH,
NH). *C NMR (125 MHz, CDG)) &: 36.8 (-ve, CH), 37.41 (-ve, Ch), 52.4 (+ve, CH), 53.4
(+ve, CH), 55.7 (-ve, C}), 55.8 (+ve, OCHh), 75.4 (+ve, CH), 75.5 (+ve, CH), 75.7 (C), 78.5
(C), 110.08 (+ve, ArCH), 112.3 (ArC), 115.2 (+verOX), 122.8 (+ve, ArCH), 123.7 (+ve,

ArCH), 124.1 (+ve, ArCH), 127.7 (ArC), 128.6 (ArC};30.2 (+ve, ArCH), 135.9 (ArC),
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140.4 (+ve, ArCH), 156.8 (ArC), 161.8 (C=0), 171a=0), 179.9 (C=0). HRMS (micro
TOF-QII, MS, ESI) Calcd for &H3gNgOs [M+Na]" 465.2512, found 465.2592.

Methyl (2-ox0-2-(1-(prop-2-yn-1-y)-H-indol-3-yl)acetyl-L-tryptophanate (12).
Compoundl2 was synthesized following general procedureyBllow solid yield 60% mp
119-121 °CH NMR (500 MHz, CDCJ) &: 2.52 (t,J = 2.26, 1H, CH), 3.42-3.43 (m, 2H,
CH,), 3.71 (s, 3H, OCH), 4.92-4.93 (dJ = 1.70 Hz, 2H, Ch), 4.96-5.00 (m, 1H, CH), 7.11-
7.15 (m, 2H, ArH), 7.20 () =7.43 Hz, 1H, ArH), 7.36-7.39 (m, 3H, ArH), 7.48 (tH,
ArH), 7.60 (d,J =8.05 Hz, 1H, ArH), 7.98 (dJ = 8.12 Hz, 1H, ArH), 8.16 (br, 1H, NH),
8.41-8.43 (m, 1H, ArH), 9.05 (s, 1H, NHJC NMR (125 MHz, CDG)) §: 27.8 (-ve, CH),
36.8 (-ve, CH), 52.5 (+ve, OCH), 53.4 (+ve, CH), 75.4 (+ve, CH), 75.7 (C), 10933,
110.0 (+ve, ArCH), 112.5 (C) 118.6 (+ve, ArCH), 1a9+ve, ArCH), 122.3 (+ve, ArCH),
122.8 (+ve, ArCH), 123.7 (+ve, ArCH), 124.1 (+vaChl), 127.3 (ArC), 127.7 (ArC), 135.9
(ArC), 136.9 (ArC), 140.4 (+ve, ArCH), 161.9 (C=A)71.5 (C=0), 179.8 (C=0). HRMS
(micro TOF-QII, MS, ESI) Calcd for £gH21Nz04[M+H] " 428.4274, found 428.1600.
Dimethyl (2-ox0-2-(1-(prop-2-yn-1-yl)-H-indol-3-yl)acetyl)aspartate (13) Compoundl3
was synthesized following general proceduréy8llow solid yield 60%,mp 115-117 °C'H
NMR (400 MHz, CDCJ) &: 2.53 (t,J = 2.7 Hz , 1H), 2.92 (dd] = 17.2, 5.0 Hz, 1H, C}),
3.12 (dd,J = 17.4, 4.8 Hz, 1H, C}), 3.72 (s, 3H, OCH}, 3.80 (s, 3H, OCHJ, 4.92-4.97 (m,
2H+1H), 7.37-7.39 (m, 2H, ArH), 7.46-7.48 (m, 1HH), 8.30 (d,J = 8.9 Hz, 1H, ArH),
8.43-8.45 (m, 1H, ArH), 9.06 (s, 1H, NHYC NMR (100 MHz, CDGJ) &: 36.1 (-ve, CH),
36.9 (-ve, CH) 48.5 (+ve, OCH) 52.3 (+ve, OCH), 53.0 (+ve, CH), 75.6 (+ve, CH), 75.8
(C), 110.1 +ve, ArCH), 112.4 (ArC), 122.9 (+ve, Ai; 123.9 (+ve, ArCH), 124.2 (+ve,
ArCH), 127.8 (ArC), 135.9 (ArC), 140.5 (+ve, ArCH)}62.0 (C=0), 170.5 (C=0), 170.9
(C=0), 179.14 (C=0). HRMS (micro TOF-QIl, MS, ESTalcd for GgH1gN»0g [M+H] *

371.1237, found 371.1193.
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Dimethyl (2-oxo0-2-(1-(prop-2-yn-1-yl)-H-indol-3-yl)acetyl)glutamate (14) Compound
14 was synthesized following general procedureY@low solid yield 60% mp 121-123 °C,
60%.'H NMR (400 MHz, CDCJ) &: 2.10-2.19 (m, 1H, Ch), 2.28-2.39 (m, 1H, Ch), 2.41-
2.48 (dd,J = 16.0 Hz, 4.0 Hz, 2H, Cii 2.52 (t,J = 2.8 Hz, 1H, CH), 3.68 (s, 3H, OGH
3.79 (s, 3H, OCH), 4.65-4.73 (m, 1H, CH), 4.93 (d= 2.7 Hz, 2H, Ch), 7.36-7.38 (m, 2H,
ArH), 7.46-7.48 (m, 1H, ArH), 8.03 (d,= 8.7 Hz, 1H, ArH), 8.42-8.44 (m, 1H, ArH), 9.06
(br, 1H, NH).**C NMR (101 MHz, CDGJ) &: 27.3 (-ve, CH), 30.1 (-ve, CH), 36.9 (-ve,
CH,), 51.7 (+ve, CH), 52.0 (+ve, OGH 52.7 (+ve, OCH), 75.8 (C), 110.1 (+ve, ArCH),
112.4 (ArC), 122.8 (+ve, ArCH), 123.9 (+ve, ArCHR4.2 (+ve, ArCH), 127.8 (ArC), 135.9
(ArC), 140.5 (+ve, ArCH), 162.2 (C=0), 171.4 (C=Q)2.9 (C=0), 179.2 (C=0). HRMS
(micro TOF-QII, MS, ESI) Calcd for H20N-0s [M+Na]” 407.1213, found 407.1025.
Methyl (2-(1-((1-benzyl-H-1,2,3-triazol-4-yl)methyl)methyl)-1H-indol-3yl)-2-
oxoacetyl)glycinate (15) Compoundl15 was synthesized following general procedure C.
Yellow solid, yield 75%, mp 143-145 °¢H NMR (500 MHz, CDCJ) &: 3.80 (s, 3H, OCH),
4.16 (d,J = 5.8 Hz, 2H, CH), 5.45 (s, 2H, Ch), 5.47 (s, 2H, Ch), 7.20-7.21 (m, 2H, ArH),
7.29-7.34 (m, 6H, ArH), 7.48 (d,= 7.6 Hz, 1H, ArH), 7.98 (1] = 5.5 Hz, 1H, ArH), 8.41 (d,
J = 7.0 Hz, 1H, ArH), 8.99 (s, 1H, NH}*C NMR (125 MHz, CDG)) §: 41.0 (-ve, CH)),
43.1 (-ve, CH), 52.4 (+ve, OCh) 54.3 (-ve, CH), 110.6 (+ve, ArCH), 112.3 (ArC), 122.2
(+ve, ArCH), 122.6 (+ve, ArCH), 123.7 (+ve, ArCH)24.1 (+ve, ArCH), 127.6 (ArC),
128.04 (+ve, ArCH), 129.1 (+ve, ArCH), 134.1 (Ar@36.1 (ArC), 140.8 (+ve, ArCH),
162.6 (C=0), 169.4 (C=0), 179.1 (C=0). HRMS (Mi&FOF-QIl, MS, ESI) Calcd for
C23H21Ns0,4 [M+Na]* 454.1485, found 454.1636.

Methyl (2-1((1-benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)-L-
tyrosinate (16) CompoundL6 was synthesized following general procedure C.o¥elolid,

yield 40 %, mp 141-143 °CH NMR (500 MHz, CDC}) &: *H NMR (500 MHz, CDCJ) :
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2.91-2.95 (m, 1H, Cb), 3.18 (ddJ = 14.0, 4.9 Hz, 1H, CH, 3.77 (s, 3H, OCH), 4.84 (m,
1H, CH), 5.43 (s, 2H, CH), 5.45 (d,J = 10.7 Hz, 2H, Ch), 6.75 (d,J = 8.2 Hz, 2H, ArH),
6.99 (d,J = 8.5 Hz, 2H, ArH), 7.19-7.22 (m, 3H, ArH), 7.282 (m, 3H, ArH), 7.33-7.36
(m, 3H, ArH), 7.42 (dJ = 7.9 Hz, 1H, ArH), 7.73 (d] = 8.5 Hz, 1H, ArH), 8.34 (d] = 7.3
Hz, 1H, NH), 8.60 (s, 1H, OH}’C NMR (125 MHz, CDGJ) &: 38.1 (-ve, CH), 42.7 (-ve,
CHy), 52.5 (+ve, OCH), 53.6 (+ve, CH), 54.4 (-ve, GH 110.4 (+ve, ArCH), 112.6 (ArC),
115.9 (+ve, ArCH), 122.4 (+ve, ArCH), 122.7 (+vaCX), 123.6 (+ve, ArCH), 124.1 (+ve,
ArCH), 127.3 (ArC) 127.6 (ArC) 128.1 (+ve, ArCH)28.9 (+ve, ArCH), 129.2 (+ve,
ArCH), 130.5 (+ve, ArCH), 133.9 (+ve, ArCH), 136(ArC), 140.9 (+ve, ArCH), 142.8
(ArC), 155.5 (ArC), 162.1 (C=0), 162.7 (ArC), 171(2=0), 179.8 (C=0). HRMS (micro
TOF-QII, MS, ESI) Calcd for H»7NsOs[M+Na]* 560.1904, found 560.5723.

Methyl (5)-3-(4-((1-benzyl-H-1,2,3-triazol-4-yl)methoxy)phenyl)-2-(2-(1-((1-benyl-
1H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetamido)propanoate a7)
Compoundl? was synthesized following general procedurey@low thick oil, yield 50%.
'H NMR (400 MHz, CDCJ) &: 3.12 (dd,J = 13.2, 6.6 Hz, 2H, C}), 3.72 (s, 3H, OCH),
4.78-4.82 (m, 1H, CH), 5.13 (s, 2H, @H5.43 (s, 2H, Ch), 5.45 (s, 2H, Ch), 5.51 (s, 2H,
CH,), 6.87 (d,J = 8.5 Hz, 2H, ArH), 7.07 (d] = 8.5 Hz, 2H, ArH), 7.18-7.20 (m, 2H, ArH),
7.29-7.32 (m, 5H, ArH), 7.34-7.38 (m, 5H, ArH), 8.4d,J = 7.6 Hz, 1H, ArH), 7.50 (s, 1H,
ArH), 7.85 (d,J = 8.5 Hz, 1H, ArH), 8.37 (dJ = 7.6 Hz, 1H, ArH), 8.93 (s, 1H, NH}*C
NMR (100 MHz, CDC}) &: 37.2 (-ve, CH), 43.1 (-ve, Ch)), 52.4 (+ve, OCHh), 53.4 (+ve,
CH), 54.2 (-ve, Ch), 54.3 (-ve, CH), 62.1 (-ve, CH), 110.6 (+ve, ArCH), 112.3 (ArC),
115.1 (+ve, ArCH), 122.0 (+ve, ArCH), 122.5 (+vaCX), 122.6 (+ve, ArCH), 123.6 (+ve,
ArCH), 124.1 (+ve, ArCH), 127.6 (ArC), 128.0 (+vArCH), 128.1 (+ve, ArCH), 128.2
(ArC), 128.7 (+ve, ArCH), 128.8 (+ve, ArCH), 129(xve, ArCH), 129.1 (+ve, ArCH),

130.2 (+ve, ArCH), 134.1 (ArC), 134.4 (ArC), 13G#ve, ArCH), 140.8 (+ve, ArCH), 143.1
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(ArC), 144.5 (ArC), 157.4 (ArC), 161.9 (C=0), 162.5C=0), 171.1 (C=0), 179.2 (C=0).
HRMS (micro TOF-QIl, MS, ESI) Calcd for 4gH3sNgOs [M+Na]® 709.2881, found
709.1780.

Methyl (2-(1-((1-benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)-L-
tryptophanate 18 Compoundl8 was synthesized following general procedure Cloviel
solid, yield 60%, mp 144-146 °H NMR (500 MHz)s: 3.38 (d,J = 5.87 Hz, 2H Ch), 3.69
(s, 3H, OCH), 4.91-4.95 (m, 1H, CH), 5.44 (s, 4H, 2x§}H7.08-7.12 (m, 2H, ArH), 7.16 -
7.20 (m, 3H, ArH), 7.27-7.35 (m, 7H, ArH), 7.45 (tk 7.59 Hz, 1H, ArH), 7.58 (d} = 7.89
Hz, 1H, ArH), 7.92 (d,) = 8.05 Hz, 1H, CON(H), 8.22 (br, 1H, NH Tryptophad)36 (d,J =
7.44 Hz, 1H, ArH), 8.91 (s, 1H, ArH}*C NMR (125 MHz, CDGJ) &: 27.9 (-ve, CH), 43.1
(-ve, Ch), 52.5 (+ve, OCH), 52.6 (+ve, CH), 54.4 (-ve, CH 109.8 (ArC), 110.6 (+ve,
ArCH), 111.2 (+ve, ArCH), 112.3 (ArC), 118.6 (+\v&r,CH) 119.7 (+ve, ArCH), 122.3 (+ve,
ArCH), 122.6 (+ve, ArCH), 122.9 (+ve, ArCH), 123(6ve, ArCH), 124.1 (+ve, ArCH),
127.3 (+ve, ArCH), 127.6 (ArC), 128.0 (ArC), 12&§&ve, ArCH), 129.2 (+ve, ArCH), 134.0
(+ve, ArCH), 136.1 (ArC), 136.2 (ArC), 140.8 (ArC)62.0 (C=0), 171.5 (C=0), 179.5
(C=0). HRMS (micro TOF-QIl, MS,ESI): Calcd fors€,gNsO,4 ([M+Na] ") 583.2064, found
583.2153.

Dimethyl (2-(1-((1-benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoaceyl)-L-
aspartate (19) Compoundl9was synthesized following general procedurér@low solid,
yield 60%, mp 145-147 °CH NMR (400 MHz, CDCJ) &: 2.89 (dd,J = 15.9, 5.0 Hz, 1H,
CH,), 3.09 (dd,J = 16.2, 4.8 Hz, 1H, C}}, 3.70 (s, 3H, OCE), 3.77 (s, 3H, OC}Hj, 4.89-
4.91 (m, 1H, CH), 5.43 (s, 2H, GH 5.46 (s, 2H, Ch), 7.17-7.21 (m, 2H, ArH), 7.27-7.34
(m, 6H, ArH), 7.45-7.46 (m, 1H, ArH), 8.26 (d,= 8.8 Hz, 1H, NH), 8.38-8.40 (m, 1H,
ArH), 8.97 (s, 1H, ArH)**C NMR (100 MHz, CDG)) &: 36.1 (-ve, CH), 43.2 (-ve, CH),

48.5 (+ve, CH), 52.3 (+ve, OGH 53.0 (+ve, OCh), 54.4 (-ve, CH), 110.6 (+ve, ArCH),
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112.4 (ArC), 122.7 (+ve, ArCH), 123.8 (+ve, ArCHP4.3 (+ve, ArCH), 127.8 (ArC), 128.1
(+ve, ArCH), 129.0 (+ve, ArCH), 129.2 (+ve, ArCH)34.1 (ArC), 136.1 (ArC), 140.8 (+ve,
ArCH), 143.1 (ArC), 162.1 (C=0), 170.5 (C=0), 17¢®=0), 179.0 (C=0). HRMS (micro
TOF-QII, MS, ESI) Calcd for GH16N-Og [M+H]* 504.1877, found 504.1550.

Dimethyl (2-(1-((1-benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)
glutamate (20) Compound20 was synthesized following general proceduré&’ €low solid,
yield 60%, mp 146-148 °C. 1H-NMR (400 MHz, CRCS: 2.10-2.17 (m, 1H, Ch), 2.30-
2.39 (m, 1H, CH), 2.42-2.49 (ddJ = 16 Hz, 4 Hz, 2H, C}), 3.68 (s, 3H, OCHj, 3.78 (s,
3H, OCH), 4.64-4.70 (m, 1H, CH), 5.45-5.47 (s, 4H, 2x§H.30-7.36 (m, 6H, ArH), 7.47
(d, J = 8.0 Hz, 1H, ArH), 8.01 (d] = 8.2 Hz, 1H, ArH). 8.40 (d] = 8.0 Hz, 1H, ArH), 8.98
(br, 1H, NH).**C NMR (100 MHz normal/DEPT-135, CDgIs: 27.2 (-ve, CH), 30.0 (-ve,
CHy), 43.2 (-ve, CH), 51.6 (+ve, OCH), 51.9 (+ve, OCH), 52.7 (+ve, CH), 54.4 (-ve, GH
110.6 (+ve, ArCH), 112.3 (ArC), 122.7 (+ve, ArCH)23.7 (+ve, ArCH), 124.2 (+ve,
ArCH), 127.7 (ArC), 128.0 (+ve, ArCH), 128.9 (+vArCH), 129.2 (+ve, ArCH), 134.0
(ArC), 136.1 (ArC), 140.8 (ArC), 162.2 (C=0), 1713=0), 172.9 (C=0), 179.0 (C=0).
HRMS (micro TOF-QIl, MS, ESI) Calcd for#&H,7NsOg [M+H]*518.2034, found 540.1350.
(2-(1-((2-Benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)glycine  (2a)
Compound2awas synthesized following general procedDrdink solid, yield 80%, mp 157
°C, IR (KBr) 3127, 3034, 2929, 1736 ¢ntH NMR (500 MHz, DMSO#€) &: 3.90 (d,J=6.24
Hz, 2H, CH), 5.56 (s, 2H, Ch), 5.63 (s, 2H, Ch), 7.26- 7.27 (m, 2H, ArH), 7.29- 7.33 (m,
4H, ArH), 7.35-7.37 (m, 1H, ArH), 7.72- 7.74 (m, 1ArH), 8.23- 8.26 (m, 2H, NH, ArH),
8.97- 8.99 (m, 2H, ArH), 12.67- 12.76 (br, 1H, COOHC (125 MHz, DMSO- ¢) d: 41.1 (-
ve, Ch), 42.0 (-ve, CH), 53.2 (-ve, CH), 111.8 (ArC), 112.0 (+ve, ArCH), 122.0 (+ve,
ArCH), 123.5 (+ve, ArCH), 124.0 (+ve, ArCH), 124(4ve, ArCH), 127.3 (ArC), 128.3

(+ve, ArCH), 128.6 (+ve, ArCH), 129.2 (+ve, ArCH)36.3 (ArC), 136.5 (ArC), 141.5 (+ve,
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ArCH), 142.9 (ArC), 163.7 (C=0), 171.0 (C=0), 181C=0).HRMS (micro TOF-QII, MS,
ESI): Calcd for GoH19NsO4 [M+Na]™ 440.1329, found 440.1845.
(2-(1-((1-Benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)tyrosine (2bi)
Compound2bi was synthesized following general procedurdBawn solid, yield 80%, mp
168 °C. fi]»>° (1, DMSO) = - 66. 'H NMR (500 MHz, DMSOdg) &: 3.02-3.15 (m, 2H, C}),
4.51-4.54 (m, 1H, CH), 5.07 (s, 2H, @H5.56-5.59 (m, 2H, Ch), 6.65 (d,J = 8.06 Hz, 1H,
ArH), 6.92 (d,J = 8.06 Hz, 1H, ArH), 7.04 (d] = 7.87 Hz, 1H,ArH), 7.18 (d] = 8.06 Hz,
1H, ArH), 7.26-7.27 (m, 2H, ArH), 7.29-7.33 (m, 4RH),7.35-7.36 (m, 2H, ArH), 7.52 (d,
J=6.87 Hz, 1H ArH), 8.19-8.25 (m, 1H NH, 1H Art®.57 (br, 1H, OH), 8.77-8.79 (br, 1H,
ArH), 12.25 (br, 1H, COOH)**C NMR (125 MHz, DMSOdg) &: 35.9 (-ve, CH), 53.6 (-ve,
CH,), 54.3 (+ve, CH), 61.8 (-ve, GH112.8 (+ve, ArCH), 113.3 (+ve, ArCH), 115.2 (+ve,
ArCH), 115.8 (+ve, ArCH), 122.0 (+ve, ArCH), 123(#ve, ArCH), 124.3 (+ve, ArCH),
125.3 (+ve, ArCH), 126.8 (ab, ArC), 128.6 (+ve, A 128.7 (+ve, ArCH), 128.9 (+ve,
ArCH), 129.5 (+ve, ArCH), 130.6 (ab, ArC),130.8 é\ArCH), 130.9 (+ve, ArCH), 136.6
(ab, ArC), 136.7 (ab, ArC), 137.0 (ab, ArC), 136t2e, ArCH), 143.8 (ab, ArC), 157.5 (ab,
ArC), 164.2 (C=0), 173.1 (C=0), 182.3 (C=0). HRMSi¢ro TOF-QIl, MS, ES) Calcd
for CogHasNsOs [M+H] *524.1928, found 524.1761.
3-(4-((1-Benzyl-H-1,2,3-triazol-4-yl)methoxy)phenyl)-2-(2-(1-((1-benyl-1H-1,2,3-
triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetamido)propanoic acid (2bii) Compound
2bii was synthesized following general procedure D.wBreolid, yield 80%, mp 166 °C.
[a]o? (1, DMSO) = - 26. 'H NMR (500 MHz, DMSO#ds) &: 3.03-3.12 (m, 2H, C}, 4.50-
4.57 (m, 1H, CH), 5.07 (s, 2H, GH5.56 (s, 2H, Ch), 5.56-5.61 (m, 4H, C}), 6.66 (d,J =
8.62 Hz, 2H, ArH), 6.93 (dJ = 8.31, 2H, ArH), 7.05 (d] = 8.16 Hz, 2H, ArH), 7.19 (d] =
8.16 Hz, 2H, ArH), 7.26-7.35 (m, 5H, ArH), 7.72 @z 7.39 Hz, 2H, ArH), 8.22-8.24 (m,

2H, ArH), 8.70 (d,J = 8.31 Hz, 1H, ArH), 8.76-8.81 (m, 3H, ArH), 9.8, 1H, NH), 12.92
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(br, 1H, COOH)*C-NMR (125 MHz, DMSOdg) &: 35.6 (-ve, CH), 35.7 (-ve, CH), 41.9 (-
ve, CH), 53.1 (-ve, CH), 54.1 (+ve, CH), 61.4 (-ve, GH 111.8 (ArC), 112.0 (+ve, ArCH),
114.9 (+ve, ArCH), 115.5 ( +ve, ArCH), 121.9 (+¥eCH), 123.6 (+ve, ArCH), 124.0 (+ve,
ArCH), 124.5 (+ve, ArCH), 125.07(+ve, ArCH), 127(ArC), 128.0 (ArC), 128.3 (+ve,
ArCH), 128.4 (+ve, ArCH), 128.6 (+ve, ArCH), 129(2ve, ArCH), 130.5 (+ve, ArCH),
130.6 (+ve, ArCH), 136.3 (ArC), 136.4 (ArC), 13¢4&rC), 141.4 (+ve, ArCH), 142.9 (ArC),
143.5 (ArC), 156.4 (ArC), 157.2 (+ve, ArCH), 163B=0), 172.9 (C=0), 181.4 (C=0).
HRMS (micro TOF-QIl, MS, ESI) Calcd for GgH3:sNgOs [M+H]" 695.2724, found
695.2498.

(2-(1-((1-Benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)  tryptophan
(2c). Compound2c was synthesized following general procedure DvBragolid, yield 80%,
mp 160 °C. ¢],*° (1, DMSO) = - 36. IR (KBr) 3127, 3034, 2929, 1736 ¢m'H NMR (500
MHz, DMSO-dg) &: 3.16-3.33 (m, 2H, Ch), 4.61-4.65 (m, 1H, CH), 5.48 (s, 4H, 2xQH
6.93 (t,J = 7.55 Hz, 1H, ArH), 7.03 (f = 7.55 Hz, 1H, ArH), 7.14 (s, 1H, ArH), 7.20-7.22
(m, 2H, ArH), 7.26-7.29 (m, 5H, ArH), 7.32-7.33 (®H, ArH), 7.51 (dJ = 8.19 Hz, 1H,
ArH), 7.62-7.63 (m, 1H, ArH), 8.12-8.15 (m, 2H, AxH8.54 (d,J = 7.93 Hz, 1H, NH), 8.65
(s, 1H, NH), 10.88 (br s, 1H, COOHYC NMR (125 MHz, DMSOd) &: 26.9 (-ve, CH),
41.8 (-ve, CH), 53.3 (+ve, CH), 53.4 (-ve, GH 110.3 (ArC), 111.6 (ArC), 111.8 (+ve,
ArCH) 112.0 (+ve, ArCH), 118.5 (+ve, ArCH), 119.2ve, ArCH), 121.7 (+ve, ArCH),
121.9 (+ve, ArCH), 123.9 (+ve, ArCH), 124.2 (+verCM), 124.5 (+ve, ArCH), 126.9
(ArC), 127.4 (ArC), 128.2 (+ve, ArCH), 128.8 (+vArCH), 129.3 (+ve, ArCH), 135.8
(ArC), 136.3 (ArC), 136.5 (ArC), 141.3 (+ve, ArCH)42.7 (ArC), 163.2 (C=0), 173.2
(C=0), 181.1 (C=0). HRMS (micro TOF-QIl, MS, ESQalcd for GiH26N¢O4 ([M+Na]")

569.1907, found 569.1858.
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(2-(1-((1-Benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl)aspartic acid
Compound2d was synthesized following general proceduréAthite solid, yield 80% , mp
165 °C. f]o>° (1, DMSO) = - 18. IR (KBr) 3142, 3309, 2926, 2363, 1722 tntH NMR
(500 MHz, DMSO¢k) 8: 2.77-2.88 (m, 2H, C}J, 4.69-4.72 (m, 1H, CH), 5.57 (s, 2H, §H
5.64 (s, 2H, Ch), 7.26-7.27 (m, 2H, ArH), 7.30-7.32 (m, 2H, ArH)34-7.37 (m, 3H, ArH),
7.72-7.74 (m, 1H, ArH), 8.23-8.25 (m, 2H, ArH), 8.2d,J = 8.50 Hz, 1H, ArH), 8.99 (br,
1H, NH), 12.66 (br, 2H, 2xCOOHJ>*C NMR (125 MHz DMSOds) &: 36.1 (-ve, CH), 42.3
(-ve, CH), 49.1 (+ve, CH), 52.8 (-ve, GH 111.8 (ArC), 112.1 (ArCH), 121.9 (+ve, ArCH),
123.6 (+ve, ArCH), 124.1 (+ve, ArCH), 124.5 (+verCM), 127.3 (ArC), 128.3 (+ve,
ArCH), 128.6 (+ve, ArCH), 129.2 (+ve, ArCH), 136(ArC), 136.5 (ArC), 141.6 (+ve,
ArCH), 142.9 (ArC), 162.9 (C=0), 172.3 (C=0), 172@=0), 181.0 (C=O)HRMS (micro
TOF-QII, MS, ESI): Calcd for &H»:NsOg ([M+Na]*) 498.1384, found 498.1389.
(2-(1-((1-Benzyl-H-1,2,3-triazol-4-yl)methyl)-1H-indol-3-yl)-2-oxoacetyl) glutamic acid
(2e) Compound2e was synthesized following general procedure Dk Riolid, yield 80%,
mp 161 °C[a],> (1, DMSO) = - 26. 'H NMR (400 MHz, DMSOsdg) &: *H NMR (400
MHz, DMSO-d6) §; 1.90-1.98 (m, 1H, Ch), 2.05-2.12 (m, 1H, C}), 2.26-2.30 (t, J = 8.0
Hz, 2H, CH), 4.29-4.35 (m, 1H, CH), 5.52 (s, 2H, @H5.59 (s, 2H, Ch), 7.21-7.33 (m,
7H, ArH), 7.67-7.70 (m, 1H, ArH), 8.18-8.21 (m, 2&H), 8.87 (s, 1H, ArH), 8.89 (s, 1H,
NH), 12.25-12.75 (2H, COOH}’C NMR (125 MHz normal/DEPT-135, DMS@Y) &: 25.6
(-ve, CH), 30.1 (-ve, CH), 41.5 (-ve, CH), 51.3 (+ve, CH), 52.8 (-ve, GH 111.4 (ArCH),
111.5 (+ve, ArC), 121.3 (+ve, ArCH), 123.1 (+ve,CAt), 124.0 (+ve, ArCH), 127.9 (+ve,
ArCH), 128.1 (ArCH), 128.7 (+ve, ArCH), 135.8 (+vArC), 136.0 (ArC), 140.9 (ArC),
142.5 (ArC), 163.4 (C=0), 172.6 (C=0), 173.8 (C=0$1.0 (C=0). HRMS (micro TOF-
QIll, MS, ESI) Calcd for GsH23NsOg [M+H] " 490.1721, found 490.1791.

Anti-fungal activity
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Compounds were screenigelitro for antifungal activity against strain€andida albicans
(MTCC 3958) andAspergillus niger (MTCC 9933), their antifungal activities were eggsed
in terms of ZOI (Zone of Inhibition) and MIC (Miniam Inhibitory Concentration). In this
study, Fluconazole was used as reference drug WlléOMSO in triple distilled water was
used as a negative control. Tests were performddplicate. The procedure followed for
determining ZOI is described briefly: autoclavedpective fungal growth mediums; Malt
Yeast Agar (HiMedia) foCandida albicans and Czapek Yeast Extract Agar-CYA (HiMedia)
for Aspergillus niger were poured into sterile petri plates. Next, [datere swabbed with
100 pL inocula of each fungal (1x *IOFU/mL) culture under aseptic condition. After the
adsorption, wells of 6 mm diameter were made bystkele metallic borer and the solution
of working compound (128 pg/50 pL) in 5% DMSO wasuped into the wells. Two
compoundsl2 and15 exhibited less solubility and not produced cledutson in 5% DMSO
at the mentioned concentration (128 pg/50uL). Hetieesolutions of both these compounds
were prepared in 10% DMSO. The plates were incabate28°C for 48 h and ZOl was
determined as mean of triplicate values. The coatpar studies of the two negative control
sets (5 and 10 % DMSO) not exhibited any significhfierence in their anti-fungal activity.

MIC assay was performed to determine the lbwescentrations of the test compound

required to inhibit the visible growth of select&thgal strain and for this purpose, the
compounds at 128, 64, 32, 16 and 8 pg/mL concemratere used. Yeast Malt Broth
(Himedia) forCandida albicans and Czapek Dox Broth (Himedia) féspergillus niger were
prepared in triple distilled autoclaved water arahsferred in to set of test tubes with net 9.5
ml in each tube. Further, compounds were added ibgyolding in DMSO attaining a
concentration of 128, 64, 32, 16 and 8 pg/mL irhsaigvay that the net percentage of DMSO
remains 5%. To obtain this, the set of five tebegicontaining respective media were added

with DMSO of volume 400 uL, 450 pL, 475 uL, 4876 and 493.75 L. Further, to this set
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of test tubes, the test compounds 100 pL, 50 pLt2512.5 pL and 6.25 pL, respectively
were added from the stock solution (12.8 mg/mL M3D). The content of the test tubes
was mixed thoroughly.

In the similar way, the working concentratioh positive control Fluconazole was
prepared. 5% DMSO was taken as negative contra.tlihes were inoculated with 100 pL
of inocula (1x1® CFU/mL) of respective fungal cultures asepticallyobtain final size
1x10° CFU/mL. Finally, the culture of. albicans andA. Niger were incubated on a rotary
shaker (180 rpm) at 28 °C for 48 and 72 h, respagtiunder dark conditions. The
concentrations which inhibited visible fungal grbwtvere determined and data were
compared with that of reference drug fluconazo& 33].

Cytotoxicity assay

The bio-safety of compourbii was evaluated using MTT [3-(4, 5-dimethylthiazey}-2,
5-diphenyl tetrazolium bromide] cellular toxicityssay [36]. The sheep blood cells were
taken in 10:3 ratios with the anticoagulant solut{@lsevier solution) i.e. 10 mL of sheep
blood in 3 mL of Alsevier solution. The plasma wiagn separated from blood cells by
centrifugation at 16000 rpm at 25 °C for 20 mine®upernatant was discarded and 6 mL of
1X PBS was added to the cellular pellet. Washinip WX PBS was repeated thrice and the
blood cells were re-suspended in 6 mL 1X PBS. Tit@ Suspension was serially diluted in
PBS and blood cells observed under a light micnoscand counted with the help of a
Haemocytometer so as to obtain cell density of Ixdélls/mL. 100 pL of the above
suspension was taken in ELISA microplate well andubated at 37 °C for 24 h. The
supernatant was removed and the wells were treaitd200 pL of compoun@bii and
further incubated at 37 °C for 24 h. After incubatisupernatant was discarded again and 20
pnL of MTT solution (5mg/ml in 1X PBS) was addedwias kept for 4 h of incubation at 37

°C and for 4 h in an orbital shaker at 60 rpm. Aftecubation the supernatant was removed
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carefully and 50 puL of DMSO was added to each aelas to dissolve the formazan crystals
formed. The absorbance was measured at 595 nm aismgroplate reader (Biorad 680-XR,
Japan). The wells with diluents (10% DMSO) treatellls served as control.

Conflict of interests

Authors declare no conflict of interest for theaasch work reported here.
Acknowledgements

SERB-DST, New Delhi is acknowledged for financiakigtance in the form of sponsored
research project. SM and MK thank UGC, New Delld &8IR, New Delhi respectively for
fellowship. UGC, New Delhi is gratefully acknowlestty for financial assistance to Guru

Nanak Dev University under the University with Rutel for Excellence Programme.
References

[1] E. Castagnola, S. Cesaro, M. Giacchino, S. diw#i, F. Tucci, G. Zanazzo, D. Caselli, I.
Caviglia, S. Parodi, R. Rondelli, P. E. Cornelli,Nura, N. Santoro, G. Russo, R. De. Santis,
S. Buffardi, C. Viscoli, R. Haupt, M. R. Rossi,dpar. Infect. Dis. J. 25 (2006) 634—639.

[2] D. Armstrong-James, G. Meintjes, G. D. Brownneglected epidemic: fungal infections
in HIV/AIDS, Trends Micrbiol. 22 (2014) 120-127.

[3] E. Anaissie, G. P. Bodey, H. Kantarjian, J., [0 E. Vartivarian, R. Hopfer, J. Hog, K.
Rolsten. New spectrum of fungal infections in patsewith cancer, Rev. Infect. Dis. 11
(1989) 369- 378.

[4] A. Korula, A. Abraham, F. N. Abubacker, A. Wabandya, K. M. Lakshmi, O. C.
Abraham, P. Rupali, G.M. Varghese, J. S. MichaelSAvastava, V. Mathews, B. George,
Invasive fungal infection following chemotherapy ficute myeloid leukaemia—EXxperience
from a developing country, Mycoses 60 (2017) 686-69

[5] M. D. Richardson, Changing patterns and tremdssystemic fungal infections, J.

Antimicrob. Chemother. 56 (2005) i5-i11.

29



[6] O. Brissaud, J. Guichoux, J. Harambat, O. Tamét, T. Zaoutis, Invasive fungal disease
in PICU: epidemiology and risk factors, Ann. InteesCare 6 (2012) 2-8.

[7] A. Upton, K. A. Kirby, P. Carpenter, M. BoeckK. A. Marr, Invasive Aspergillosis
following Hematopoietic Cell Transplantation: Outees and Prognostic Factors Associated
with Mortality, Clin. Infect. Dis. 44 (2007) 531-64

[8] A. L. Colombo, J. Perfect, M. Dunibile, K. Bemal, Motyl, M. Motyl, P. Hicks, R.
Lupinacci, C. Sable, N, Kartsonis, Global distribnt and outcomes fo€andida species
causing invasive candidiasis: Results from an magonal randomized double blind study of
caspofungin vs amphotericin B for the treatmentirofasive candidasis, Eur. J. Clin.
Microbiol. Infect. Dis. 22 (2003) 470-474.

[9] M. H. Miceli, J. A. Diaz, S. A. Lee, Emggng opportunistic yeast infections, Lancet
Infect. Dis. 11 (2011) 142-151.

[10] A. A. Brakhage, Systemic Fungal Infections €zdiby Aspergillus Species:
Epidemiology, Infection Process and Virulence Dmiaants, Curr. Drug Targets. 6 (2005)
875-886.

[11] T. Roemer, D. J. Krysan, Antifungal drug deymhent: Challenges, unmet clinical
needs and new approaches, Cold Spring Har Persieect4 (2014) a019703.

[12] C-C. Lai, C-K. Tan, Y-T. Huang, P-L. Shao, R-Rsuch, Current challenges in the
management of invasive fungal infections, J. Inf€ttemother. 14 (2008) 77-85.

[13] J. R. Graybill, D. S. Burgess, T. C. Hardingyissues concerning fungistatic vs
fungicidal drugs, Eur. J. Clin. Microbiol. Infedis. 16 (1997) 42-50.

[14] D. P. Kontoyiannis, R. E. Lewis, Antifungaludy resistance of pathogenic fungi, Lancet,
359 (2002) 1135-1144.

[15] J. M. Rybak, C. M. Dickens, J. E. Parker, Kaudle, K. Manigaba, S. G. Whaley, A.

Nishimoto, A. L. Nishimoto, A. Luna-Tapia, S. RdQ, Zhang, K. S. Barker, G. E. Palmer,

30



T. R. Sutter, R. Homayoni, N. P. Wiederhold, SKelly, P. D. Rogers, Loss of C-5 sterol
desaturase activity results in increased resisttm@zoles and echinocandins antifungal in
clinical isolates ofandida parapsilosis, Antimicrob. Agents. Chemother. 61 (2017) e00651-
17/1-e00651-17/13.

[16] J. Chandra, D. M. Kuhn, P. K Mukherjee, L. Hoyer, T. Mccormick, M. A.
Ghannoum, Biofilm Formation by the Fungal Pathogemdida albicans: Development,
Architecture, and Drug Resistance, J. Bacteria (B®01) 5385-5394.

[17] C. R. Boschman, U. R. Bodnar, M. A. Tornatofe, A. Obias, G. A. Noskin, K.
Englund, M. A. Postelnick, T, Suriano, L. R. PetersThirteen-Year evolution of azole
resistance in yeast isolates and prevalence dftagsistrains carried by cancer patients at a
large medical center, Antimicrob. Agents. Chemath&r(1998) 734-738.

[18] M. F. Ahmad, Fungal Infections and their traant, World J. Pharm. Pharm. Sci. 6
(2017) 344-360.

[19] L. Alcazar-Fuoli and E. Mellado, Ergosterobbynthesis in aspergillus fumigates: its
relevance as an antifungal target and role in amgi&l drug resistance, Front. Microbiol, 3
(2013) 1-6.

[20] H. Siau, D. Kerridge, 5-Flurocytosine antagmd the action of sterol biosyesis
inhibitors incandida glabrata, J. Antimicrob. Chemother. 43 (1999) 767-775.

[21] J. E. Birranbaum, Pharmacology of allylamines, d. Acad. Dermatol. 23 (1990) 782-
785.

[22] K. Gauwerky, C. Borelli, H. C. Korting, Tartjimg virulence: A new paradigm for
antifungals, Drug Discov. Today, 14 (2009) 3-4.

[23] A. J. Carillo-Munoz, G. Giusiano, P. A. EzkayG. Quindos, Antifungal agents: Mode

of action in yeast cells, Rev. Esp. Quiomiotergp(2006) 130-139.

31



[24] A .V. Vinggaard, V. Hass, M. Dalgaard, H. Rndersen, E. Bonfeld-Jorgensen, S.
Christiansen, P. Laier, M. E. Poulsen, Prochlomz:imidazole fungicide with multiple
mechanisms of action, Int. J. Androl. 29 (2006)-182.

[25] S. Carradori, B. Bizzarri, M. D'Ascenzio, Oe Monte, R. Grande, D. Rivanera, A.
Zicari, E. Mari, M. Sabatino, A. Patsilinakos, Rad®to, D. Secci. Synthesis, biological
evaluation and quantitative structure-active retahips of 1,3-thiazolidin-4-one derivatives.
A promising chemical scaffold endowed with highifamgal potency and low cytotoxicity.
Eur. J. Med. Chem. 140 (2017) 274-292.

[26] C. —H. Zhou, Y. Wang, Recent derivatives rdizole compounds as Medicinal drugs,
Curr. Med. Chem. 19 (2012) 239-280.

[27] A. H. Groll, T. Lehrnbecher, Posaconazolegaediatric patients: status of development
and future perspectives, Mycoses, 51 (2008) 5-11.

[28] K. Shalini, N. Kumar, S. Drabu, P. K. Sharmalvances in synthetic approach to and
antifungal activity of triazoles, Beilstein J. Oghem. 7 (2011) 668-677.

[29] N. Strushkevich, S. A. Usanov, H-W. Park,ustural basis of human CYP51 inhibition
by antifungal azoles, J. Mol. Biol. 397 (2010) 1a8Y78.

[30] Y. Yoshida, Y. Aoyama. Interaction of azoletitmgals with cytrochome P-45%{u
purified from saccharomyces cervisiae microsomes, Biochem. Pharmacol., 36 (1987) 229-
235.

[31] F. C. Odds, A. J. P. Brown, N. A. R. Gow, Auatigal agents: mechanisms of action,
Trends. Microbiol. 11 (2003) 272-279.

[32] K. Pawar, A. Yadav, P. Prasher, S. Mishra, $ngh, P. Singh, S. S. Komath.
Identification of an indole—triazole—amino acid payate as a highly effective antifungal

agent. Med. Chem. Comm. 6 (2015) 1352-1359.

32



[33] S.Magaldi, S. Mata-Essayag, C. H. de Capriles, Ge£2eM.T. Colella, C. Olaizola, Y.
Ontiveros Well diffusion for antifungal susceptibility tesgnint. J. Infect. Dis. 8 (2004) 39-45.
[34] S. Chander, P. Ashok, Y.T. Zheng, P. Wand;.KRaja, A. Taneja, S. Murugesdpesign,
synthesis andh-vitro evaluation of novel tetrahydroquinoline carbamateHIV-1 Reverse
Transcriptase inhibitor and their antifungal adyivBioorg. Chem. 64 (2016) 66-73.

[35] Clinical and Laboratory Standards Institute. Rafeee method for broth dilution
antifungal susceptibility testing of Yeast; approv&andard-third edition. CLSI document
M27-A3. Wayne: Clinical and Laboratory Standardstitnte; 2008.

[36] G. Ciapetti, E. Cenni, L. Pratelli, A. Pizzofato. In vitro evaluation of cell/biomaterial

interaction by MTT assayiomaterials, 14 (1993) 359-364.

33



Graphical abstract

mer
433
ey
ALA LEY g
sgr 400, yuy 100 a
G!..Yz‘l m [ 3
257 " WAL
X v VAL, 435
3 O z
PHE
255
LEV GLY
ALA
05) oy MA 396

Compd 2bii in Lanosterol 140 Demethvlase

MICyy=16 png/mL

34



Highlights

- Molecular modelling based modification of the lead molecule
- Significant improvement in the anti-fungal activity of the molecules

- QSAR studies further supported the design of molecules



