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Abstract

Indole-isatin molecular hybridSa-i have been synthesized and characterized by differe
spectroscopic methods to be evaluated as new anbibmal agents against a panel of Gram
positive bacteria, Gram negative bacteria, and dseuCompoundh was selected as a
representative example of the prepared compoubals to perform computational
investigations. Its vibrational properties haverbstudied using FT-IR and FT-Raman with
the aid of density functional theory (DFT) approathe natural bond orbital (NBO) analysis
as well as HOMO and LUMO molecular orbitals invgations of compoun8h were carried
out to explore its possible intermolecular delagtion or hyper-conjugation and its possible
interactions with the target protein. Molecular king of compoundh predicted its binding
mode with the fungal target protein.

1. Introduction

Indole (benzopyrrole) is an aromatic bicyclic stuwe consisting of fused benzene and
pyrrole rings through the 2- and 3-positions of plyerole fragment. Since its first synthesis
in 1866, indole was found in many natural produi&es fungal metabolities, vinca alkaloids,
and marine natural products in addition to its mpooation in various bioactive
agrochemicals and pharmaceuticals [1, 2]. In teeflew years it has been documented that
indole myriad derivatives and its bioisosters haveide spectrum of bioactivities ranging
from antimicrobial to anticancer activities [2-5Moreover, 5-methoxyindole constitutes the
scaffold of the natural hormone melatonin (MLT). Mland its derivatives have diverse
pharmaceutical applications such as treatment pfedsion, headache, sleep disorders, and
as anticancer agents [6-8].

On the other hand, 2,3-dioxindole (isatin) is andsed form of indole and it has been
identified as an endogenous molecule in humano#re mammals [9]. It contains different
functionalizable groups and it possesses privilegksttronic characteristics with unique
molecular size giving it the ability to exhibit @ixse beneficial biological properties. Isatin
constitutes the backbone of a relatively large nemdd bioactive compounds endowed with
various useful biological activities such as argtbaal [10, 11], antifungal [12],
anticonvulsant [13], and anticancer activities [B}: Consequently, isatin-bearing
compounds have captured the attention in differesgarch fields particularly in the medical
research area.

Molecular hybridization is a well known strategy nmedicinal chemistry to get new potent
bioactive molecules [17, 18]. Therefore, the molactybrids5a-i incorporating both isatin

and 5-methoxyindole moieties were designed andhsgited to be evaluated as new
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antimicrobial agents. Single crystal X-ray struetwf compoundbh, as a representative
example of the synthesized compoun8a-i, confirmed their imine double bond
configuration. In addition, the vibrational propest of compoundh have been investigated
in the current study using FT-IR and FT-Raman attareations aided by density functional
theory (DFT) computations in order to gain insighto its inter- and intra-molecular
interactions as well as the equilibrium structgabmetry of this type of compounds. Whilst,
the natural bond orbital (NBO) analysis of compo&hcdas been performed to determine its
possible intermolecular delocalization or hyperjagation. Also, compoundh was
subjected to HOMO and LUMO molecular orbitals imgations to explore its possible
interactions with the target protein. Molecular kiog studies predicted the binding mode of
compoundbh with its target protein.

2. Experimental details

2.1. General

The melting points were measured using a Gallenkamefting point device and are
uncorrected. The FT-IR spectrum of compouifdwas recorded using Perkin-Elmer RXL
spectrometer (Waltham, Massachusetts, USA) in elgeon 4000-500 cih with samples in
the KBr pellet method with resolution of 2 ¢mThe Raman spectrum of compoustd was
recorded in the region 3500-50 ¢rasing Bruker RFS-27 spectrophotometer (Ettlingen,
Germany) having resolution of 2 &mThe NMR samples of the synthesized compoaeis
were dissolved in DMS@; and the NMR spectra were recorded using Bruker NMR
spectrometer (Bruker, Reinstetten, Germany) atNdbiz for *H and 125.76 MHz fot°C at
the Research Center, College of Pharmacy, King &iidersity, Saudi Arabia. Chemical
shifts are expressed Brvalues (ppm) relative to TMS as an internal stathd&lemental
analyses were carried out at Microanalysis LaboyatGairo University, Cairo, Egypt and
the results agreed favorably with the proposedctiras within £ 0.4 % of the theoretical
values. Mass spectra were recorded using Agilenad@uole 6120 LC/MS with ESI
(Electrospray ionization) source (Agilent Technoésy Palo Alto, CA, USA). Synthesis of
compoundgla-i has been previously reported [19-21].

2.2. Synthesis

2.2.1. Synthesis ofiethyl 5-methoxy-1H-indole-2-carboxyl¢&

Compound was prepared according to the literature procedndaits spectral data were
consistent with the published ones [22].



2.2.2. Synthesis of 5-methoxy-1H-indole-2-carbofzide(3)

Hydrazine hydrate (0.32 g, 10 mmol) was added sospension of compourl(0.21 g, 1
mmol) in methanol (15 mL). The reaction mixture weesated under reflux for three hours,
cooled to room temperature and filtered. The ctél@solid was dried to give 0.19 g (90%)
of the carbohydrazide derivatia&[23] as a white powder m.p. 266-268 °C which wasep
enough to be used in the subsequent reactions.

2.2.3. General procedure for the synthesis of tacgenpound®a-i

A mixture of compound (1 mmol) and the appropriate isatin derivatdaei (1 mmol) in
absolute ethyl alcohol and catalytic amount of igllaacetic acid was heated under reflux for
4 h, filtered while hot and the collected solid weashed with ethanol. The crude products
5a-i were re-crystallized from ethanol/DMF mixture (Bt@ furnish the pure title compounds
5a-i in 43-94% yields.

2.2.3.1. 5-Methoxy-N'-[(3Z)-1-methyl-2-0x0-1,2-dihydro-3Hiwoi-3-ylidene]-1H-indole-2-
carbohydrazidg5a): Yellow powder m.p. > 300 °C (yield 55%} NMR (DMSO-dg) ppm
3.23 (s, 3H, NCHh), 3.79 (s, 3H, OCH), 6.93 (s, 1H, H), 7.13-7.18 (m, 3H, H), 7.22 (s,
1H, Hy), 7.39-7.49 (m, 2H, K), 8.09 (s, 1H, K), 11.71 (s, 1H, NH), 11.85 (s, 1H, NHjC
NMR (DMSO-ds) ppm 26.5 (NCH), 55.7 (OCH), 102.6, 109.8, 112.4, 113.9, 115.4, 116.7,
122.8, 126.8, 127.8, 129.2, 129.5, 133.1, 139.8,414154.5 (G, CH,,, C=N), 161.5, 163.9
(2 x C=0); MSm/z 349 [M+1]".

2.2.3.2. N'-[(32)-5-Bromo-1-methyl-2-ox0-1,2-dihgeBH-indol-3-ylidene]-5-methoxy-1H-
indole-2-carbohydrazidésb): Orange powder m.p. > 300 °C (yield 719%); NMR (DMSO-
ds) ppm 3.21 (s, 3H, NCHh), 3.79 (s, 3H, OC}, 6.94 (ddJ = 8.5, 2.0 Hz, 1H, K), 7.09
(d,J =8.5Hz, 1H, H,), 7.18 (d,J = 1.5 Hz, 1H, H), 7.39 (dJ = 8.5 Hz, 1H, H;), 7.57 (s,
1H, Hy), 7.67 (ddJ = 8.0, 0.5 Hz, 1H, H), 8.36 (s, 1H, H), 11.83 (s, 1H, NH), 11.89 (s,
1H, NH); **C NMR (DMSO+g) ppm 26.6 (NCH), 55.8 (OCH), 102.6, 111.6, 113.9, 114.5,
115.5, 116.9, 117.0, 121.7, 123.2, 127.8, 128.2,513.34.9, 144.5, 154.5 {C CH,,. C=N),
160.4, 163.9 (2 x C=0); MB\/z 428 [M+1].

2.2.3.3. N'-[(32)-5-Chloro-1-methyl-2-0x0-1,2-dihydro-3H-iold3-ylidene]-5-methoxy-1H-
indole-2-carbohydrazidésc): Yellow powder m.p. > 300 °C (yield 43941 NMR (DMSO-
ds) ppm 3.22 (s, 3H, NCHh), 3.79 (s, 3H, OC}), 6.94 (ddJ = 8.5, 2.0 Hz, 1H, K), 7.14
(d,J=8.5Hz, 1H, H), 7.18 (dJ = 2.0 Hz, 1H, H,), 7.39 (dJ = 8.5 Hz, 1H, H), 7.55 (dd,
J=8.5, 1.5 Hz, 1H, K), 7.56 (s, 1H, K), 8.24 (s, 1H, H), 11.83 (s, 1H, NH), 11.88 (s,
1H, NH); **C NMR (DMSO+g) ppm 26.7 (NCH), 55.8 (OCH), 102.6, 111.1, 113.9, 116.4,



116.9, 120.5, 126.3, 126.8, 127.8, 129.2, 131.2,21333.0, 144.1, 154.5 {C CH,,. C=N),
159.9, 163.8 (2 x C=0); MB\/z 384 [M+1].

2.2.3.4. N'-[(32)-5-Fluoro-1-methyl-2-oxo-1,2-dihydro-3H-iol3-ylidene]-5-methoxy-1H-
indole-2-carbohydrazidésd): Yellow powder m.p. > 300 °C (yield 71%}4 NMR (DMSO-
ds) ppm 3.22 (s, 3H, NCHh), 3.79 (s, 3H, OCkJ, 6.94-6.96 (m, 1H, K), 7.12-7.15 (m, 1H,
Har), 7.19 (dJ = 2.0 Hz, 1H, H), 7.36-7.40 (m, 2H, K), 7.57 (s, 1H, /&), 8.05 (d,J=8.0
Hz, 1H, Hy), 11.82 (s, 1H, NH), 11.84 (s, 1H, NHY*C NMR (DMSOdg) ppm 26.7
(NCHj3), 55.8 (OCH), 102.6, 113.9, 116.9, 127.8, 129.2, 133.1, 13841,.7, 154.5 (&,
CHar C=N), 110.6 (@.r J=8.0 Hz, G), 114.1 (G.r, J = 26.4 Hz, &), 115.8 (G-, J=9.0
Hz, Cy), 118.9 (G- J = 23.1 Hz, &), 129.2 (G.f, J = 3.0 Hz, G;), 158.3 (G-r, J = 235.4
Hz, Cy) 161.7, 163.9 (2 x C=0); MB/z 367 [M+1].
2.2.3.5.5-Methoxy-N'-[(3Z)-5-methoxy-1-methyl-2-0x0-1,2ydito-3H-indol-3-ylidene]-1H-
indole-2-carbohydrazidése): Orange powder m.p. > 300 °C (yield 94%); NMR (DMSO-
ds) ppm 3.20 (s, 3H, NCHh), 3.79 (s, 3H, OCH), 3.84 (s, 3H, OCH), 6.92-6.95 (m, 1H,
Har), 7.09-7.12 (m, 2H, K), 7.23 (dJ = 1.5 Hz, 1H, H), 7.38 (dJ = 9.0 Hz, 1H, H/), 7.53
(s, 1H, Hy), 7.74 (s, 1H, K), 11.82 (s, 1H, NH), 12.02 (s, 1H, NHFC NMR (DMSO+d)
ppm 26.6 (NCH), 55.7 (OCH), 56.4 (OCH), 102.6, 110.2, 111.4, 113.3, 115.9, 116.9,
120.4, 127.8, 128.6, 129.5, 132.9, 137.8, 140.8,515154.7 (G-, CH.y C=N), 160.8, 162.5
(2 x C=0); MSm/z 379 [M+1]".

2.2.3.6. N'-[(32)-1-(4-Fluorobenzyl)-2-oxo-1,2-dihydro-3Heal-3-ylidene]-5-methoxy-1H-
indole-2-carbohydrazide(5f): Yellow powder m.p. 258-260 °C (yield 84%jH NMR
(DMSO-dg) ppm 3.79 (s, 3H, OCBH), 5.01 (s, 2H, Ch), 6.94-6.95 (m, 1H, K), 7.09 (dJ =
8.0 Hz, 1H, H,), 7.18-7.21 (m, 4H, K), 7.39-7.46 (m, 4H, K), 7.56 (s, 1H, &), 8.12 (d J
= 7.5 Hz, 1H, H,), 11.74 (s, 1H, NH), 11.86 (s, 1H, NHYC NMR (DMSOds) ppm 42.5
(CHp), 55.7 (OCH), 102.6, 110.3, 113.9, 116.8, 121.2, 123.1, 127278, 129.8, 129.9,
132.9, 133.1, 142,9, 144.1, 154.5,{(@nd CH;, C=N), 115.9 (@e.r J = 21.4 Hz, G),
130.1 (G5-r J=8.1Hz, G), 132.4 (G, J=2.0Hz, G), 161.9 (G, J=241.9 Hz, G),
163.1, 164.1 (2 x C=0); MB\/z 443 [M+1T .

2.2.3.7. N'-[(3Z)-5-Bromo-1-(4-fluorobenzyl)-2-oxo-1,2-dilnpd3H-indol-3-ylidene]-5-
methoxy-1H-indole-2-carbohydrazi@gg): Yellow powder m.p. 238-240 °C (yield 60%MH
NMR (DMSO-ds) ppm 3.79 (s, 3H, OCH), 5.04 (s, 2H, Ch), 6.97-7.88 (m, 11H, K,
12.07 (s, 1H, NH), 13.82 (s, 1H, NHJC NMR (DMSO«ds) ppm 42.5 (CH), 55.8 (OCH),
102.7, 110.9, 112.9, 113.9, 115.8, 115.9, 116.7,21122.1, 123.5, 127.8, 130.1, 130.2,



132.1, 133.5, 134,1, 141.9, 154.7, 161.4 (&d CH,, C=N), 161.8, 162.8 (2 x C=0), MS
m/z 522 [M+1].

2.2.3.8. N'-[(3Z)-5-Chloro-1-(4-fluorobenzyl)-2-oxo-1,2-dityo-3H-indol-3-ylidene]-5-
methoxy-1H-indole-2-carbohydrazi@h): Orange powder m.p. 250-252 °C (yield 599%);
NMR (DMSO-ds) ppm 3.79 (s, 3H, OCH), 5.00 (s, 2H, Ch), 6.83 (d,J = 8.5 Hz, 1H, H,),
6.95-6.98 (m, 1H, K), 7.12-7.25 (m, 4H, K), 7.35-7.51 (m, 3H, K), 7.73 (s, 1H, H),
8.52 (s, 1H, K ), 11.37 (s, 1H, NH), 12.04 (s, 1H, NHYC NMR (DMSO«ds) ppm 42.2
(CHp), 55.8 (OCH), 102.5, 111.5, 112.5, 113.5, 115.8, 115.9, 116175, 121.7, 121.9,
128.2, 129.7, 129.8, 130.1, 130.2, 132,1, 140.8,95162.5 (G. and CH,, C=N), 162.6,
163.1 (2 x C=0); MSn/z 478 [M+1]".

2.2.3.9. N'-[(3Z)-5-Fluoro-1-(4-fluorobenzyl)-2-oxo-1,2-ditiso-3H-indol-3-ylidene]-5-
methoxy-1H-indole-2-carbohydrazig&): Yellow powder m.p. 258-260 °C (yield 68%NH
NMR (DMSO-ds) ppm 3.79 (s, 3H, OCH), 5.04 (s, 2H, Ch), 6.95 (ddJ = 2.0, 9.0 Hz, 1H,
Hap), 7.07-7.09 (m, 2H, K), 7.17-7.21 (m, 4H, H), 7.41 (d,J = 9.0 Hz, 1H, H), 7.42-7.45
(m, 2H, Hy), 7.49-7.51 (m, 1H, &), 8.11 (d,J = 8.0 Hz, 1H, H;), 11.85 (s, 2H, 2 x NH);
3C NMR (DMSOds) ppm 43.1 (CH), 55.7 (OCH), 102.7, 111.0, 111.1, 113.9, 116.5,
116.9, 117.2, 120.8, 121.3, 127.9, 129.8, 129.8,113140.4, 154.5 (& and CH,, C=N),
116.0 (Ge.r J = 21.3 Hz, &), 130.2 (G 5.5 J = 8.1 Hz, G), 132.8 (G.r, J = 2.6 Hz, G;),
158.4 (G-, J=236.0 Hz, @), 161.1, 162.9 (2 x C=0); M®/z 461 [M+1].

2.3. Antimicrobial evaluation

2.3.1. Antimicrobial agents

Ampicillin (AMP) was purchased from Sigma-AldrichoC(St. Louis, MO, USA) and
fluconazole (FLC) from Shouguang-Fukang Pharmacebutitd. (Shandong, China). AMP
was used as positive control for bacteria while Fk&s used as positive control for fungi.
The antimicrobial discs (containing 1§ AMP or 25ug FLC) were purchased from ROSCO
(Neo-Sensitabs, Taastrup, Denmark). 100% Dimetwfoside (DMSO) was used to
dissolve FLC and/or the tested compoubdd to obtain an initial concentration of 1000
ug/mL. These stock solutions were then diluted ® desired concentrations with sterile
distilled water. AMP was dissolved in water to abtan initial concentration of 10Q@/mL.
AMP and FLC antifungal discs were stored at -80~G| wsed.

2.3.2. Media

Muller Hinton broth (MHB) and Muller Hinton agar (NA) were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA) and were used floe antimicrobial assay of the bacterial

isolates. Liquid RPMI 1640 medi um supplementethvzglutamine was purchased from
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Sigma-Aldrich Co. (St. Louis, MO, USA) and was adde 2% sodium bicarbonate and
0.165 M 3-morpholinepropanesulfonic acid (MOPShfrDojindo Laboratories (Kumamoto,
Japan) then adjusted to pH 7.0 and was used faagbay of the yeast and moulds. Nutrient
agar, MacConkey’s agar, mannitol salt agar, cetleragar, sabouraud dextrose agar (SDA)
and Brain heart infusion broth (BHI) from Difco Ladatories (Detroit, MI, USA). Potato
dextrose agar (PDA) was purchased from Eiken Chedriio. Ltd. (Tokyo, Japan).

2.3.3. Organisms

Five Gram negative organisms, namelcherichia coli(E. coli), Pseudomonas aeruginosa
(Ps. aeruginosg Proteus vulgarigp. vulgarig, Klebsiella pneumonigK. pneumoniaand
Salmonella enteridigS. enteridi} four Gram positive isolates, namelytaphylococcus
aureus (S. aureuy Methicillin resistantStaphylococcus aureufVIRSA), Enterococcus
fecalis (E. fecalig andBacillus subtilis(B. subtilig and three fungal isolates; o@andida
albicans(C. albican3 and two mould isolategysperagillus niger(A. nigel) andPenicillum
notatum(P. notatun. All isolates were obtained from King Khaled Haafy Riyadh, Saudi
Arabia.

2.3.4. Culture conditions

All clinical samples were first inoculated onto 8peblood agar (SPML Co. Ltd, Riyadh,
Saudi Arabia), The plates were incubated at 370tQ4-48 h. Identification of isolates was
done according to the standard methods descrilsetvkére [24, 25] and Clinical Laboratory
Standards Institute (CLSI) [26]. Isolates were exiorn BHI broth containing 16% (w/v)
glycerol at =80 °C until further use.

2.3.5. Growth of the tested microorganisms

Staphylococcal isolates were re-inoculated ontontainsalt agar and then the plates were
incubated at 37 °C for 24-48 h. Mannitol fermemtatwas observed and recorded. Gram
negative isolates were re-inoculated onto MacCoskegar and then the plates were
incubated at 37 °C for 24-48 h. Lactose fermentatieas observed and recorddes.
aeruginosastrains were further re-inoculated on cetrimidarasg 37 °C for 24 h.

2.3.6. Determination of Minimum Inhibitory Conceattons (MICs)

2.3.6.1. Antibacterial susceptibility studies

Concerning the bacterial isolates (either Gramtp@sor Gram negative), AMP was used as
a reference control. MICs of AMP and the test commus were carried out in cation-
adjusted MHB by means of microdilution broth methodccordance to National Committee
for Clinical Laboratory Standards [27] and CLSI downts [28, 29] Stock solutions of AMP

pure drug was prepared in sterile distilled watdtilevstock solution of each of the test
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compounds was prepared in DMSO to reach an indacentration of 1000 mg/mL.
Preparation of inocula for broth microdilution iegt was carried out in accordance with
CLSI standard procedures. Briefly, 0.5 McFarlandieglent inoculum of each strain was
prepared in normal saline from 18-24 h agar plateuce. The suspension was further diluted
to achieve desired inoculums concentration Gf@BU/mL. 100uL of aliquot of each strain
were then added to a 96-well microtiter plate cminig gradient concentrations of either
AMP pure drug or any of the test compounds dilutedouble strength MHB. The plates
were then incubated at 37 °C for 24 h. The turpidit each well was measured at 490 nm
with a microplate ELISA reader. The MIC was defines the lowest concentration of the
antibiotic or the test compound that preventeddradtgrowth.

2.3.6.2. Antifungal susceptibility studies

Broth microdilution testing was carried out in amance with CLSI documents M27-A3
[30] and M38-A2 [31] with RPMI 1640 medium buffergalpH 7.0 with 0.165 M MOPS for
all organisms. Stock inoculum suspensions of abkj®ewere obtained from 24-h-old cultures
grown on PDA at 35 °C. Stock inoculum suspensadrthe filamentous fungi were prepared
from cultures grown on PDA at 30 °C. The final inkon concentrations of the yeasts and
the filamentous fungi ranged from 0.65 x*16 2.5 x 16 CFU/mL and 0.87 x 10to 3.8 x
10* CFU/mL, respectively. The microplates were incedaat 35 °C for 48 h. In case of
yeasts, the MICs of the examined compounds andefieeence control, FLC, were recorded
as the lowest concentration at which 50% decreasearbidity relative to the turbidity of the
growth control was observed. Whereas, in caseeofildimentous fungi, the MICs of the test
compounds and FLC were recorded as the lowest ntatens at which a prominent
decrease in turbidity was observed.

2.3.7. Disk diffusion assay

The disk diffusion assay was performed as descipedously [32]. Colonies obtained from
the bacterial or the fungal isolates under tesevgeispended in sterile saline and adjusted to a
0.5 McFarland standard corresponding to 5 & @BU/mL. An aliquot of 10QuL of each
isolate suspension was spread uniformly onto MHA 8DA plates for bacteria and fungi,
respectively. Six mm Whatmann filter paper disksenienpregnated with 1000y of the test
compounds and were allowed to dry. Then they wdeeep onto the surface of the
inoculated agar plates together with the standafietence discs which were then incubated at
35 °C. All tests were performed for three replisatelates were examined for evidence of
antimicrobial activities, represented by a zoneirdfibition of microorganism’s growth
around the holes at 24 h., and diameters of cle@@szwere expressed in millimetres [33].
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2.3.8. Scanning electron microscopy

Overnight diluted(10” CFU/mL) S. aureuswas cultured for 24 h in MHB containirp
sample (2X MIC). Control bacterial isolate was sltaneously done for the sake of better
comparison. Primary fixation of samples was dopdbffered Glutaraldehyde 2.5 % over
night in refrigerator, washed by phosphate buffet € 7.2) and centrifuged (3000 g, 15 min,
4 °C). Secondary fixation was done by buffered @smiretroxide 1 % for one hour, then
dehydration by series concentration of ethanol, exfding by resin mixture from SPI (SPI-
Pon™ - Araldite® Epoxy Embedding Kit). The bactépallets were mounted on membrane
filters (Anodisc; Whatman International Ltd, Maidse, UK). Before examination under a
scanning electron microscope (SEM, JEOL, JSM-608)) Epecimens were coated with 100
A of a gold-palladium mix in an ion sputter (JECEGI1100) [34].

2.4. Computational methods

Geometrical parameters, atomic charges and vilmatiwavenumbers have been carried out
in both gas and solvent phases using Gaussian'@§ragn package [35] with B3LYP/6-
311++G(d,p) level of basis set [36-38]. The vibyatl wavenumbers were then scaled by a
factor of 0.9673 to compensate the errors due twrational anharmonicities and the
incompleteness of basis set [39]. Potential endrglyibution (PED) has been conducted for
the computed wavenumbers of compoubid using VEDA4 program [40]. Natural bond
orbital analysis was performed using NBO 3.1 progfdl]. The molecular docking analysis
for compoundbh was carried out using AutoDock 4.2 program [42fital out the binding

mode of compoun8h in its target protein.

3. Resultsand discussion

3.1. Chemistry

Scheme 1 illustrates the synthetic pathway whichs ealopted to prepare the target
compoundsa-i. The synthesis was started by esterification efdbmmercially available 5-
methoxyindole-2-carboxylic acidl according to the literature procedure [4Bje obtained
methyl este2 was allowed to react with hydrazine hydrate to raffthe corresponding acid
hydrazide3. Subsequently, the appropriate isatin derivadiae was reacted with compound

3 to give the respective title compourtisi.



_ HsCO H5CO
H5CO N OH i 3 \©f\>_<OCH3 i 3 WNHNHZ
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H (@) N O N @]
1 2 3
o}
X
Ol jii
J
Ra HyCO
\_NH
H
N—N
X / o
T
N
>
5a-i
Compound No. X R Compound No. X R
4a, 5a H H 4f, 5f H 4-F-GsHgq4
4b, 5b Br H 4g, 59 Br 4-F-GHy,4
4c, 5c Cl H 4h, 5h Cl  4-F-GHg,4
4d, 5d F H 4i, 5i F 4-F-GH,4
4e, Se OCH; H

Scheme 1. Synthesis of the target compouridsi. Reagents and condition@) Methanol,

drops of HSQ,, reflux, 4 h; (i) Methanol, EN-NH,.H,0, reflux, 2 h; (iii) Absolute ethanol,
drops of acetic acid, reflux 4 h.

3.2. Antimicrobial evaluation

3.2.1. Antimicrobial spectrum

Tables 1 and 2 showed the MICs and DIZs of the dasiplessa-i, respectively, and the
reference agents against different Gram positivgnGnegative, yeasts, and filamentous
fungi. Table 1 illustrates that all of the testeanples showed almost no activity against the
tested Gram negative isolates as compared to @neatd antimicrobial agent except toward
the Ps. aeruginosasolate. Most of the tested samples exhibited n@nam positive activity
than Gram negative spectrum and even potent actgainst a variety of fungal species. All
the tested compounds showed a clear pseudomonaityaetith variable MIC values of

which compound$c and5d being eight and six fold more potent than AMP pesgively.
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On the other hand, none of the tested compoundseshantibacterial activity againg.
fecalis

All the tested compounds were highly active agaimstmouldP. notatum AlthoughA. niger
isolate was resistant to compouriitsand5d, it showed comparable MIC activity to that of
FLC to the rest of the tested compounds and evimegfold higher activity than FLC by
applying compounéi.

The DIZs of the tested compoundsi against the Gram-negative organisms confirmed the
lack of activity of the samples against the tessadates but for thés. aeruginosasolate
where some of the samples gave clear zones rangedlD to 14 mm in diameter compared
to absolutely no zones with AMP. Against Gram pesibrganisms however, the obtained
results were different, Compoun8s, 5b, and5g showed some antibacterial activity giving a
zone diameter of 22, 24, and 22 mm, respectivalyugh much less than that of AMP (32
mm) MD 16, 19 and 21showed some antibacterial iagtgrving a zone diameter of 22, 24
and 22 mm, respectively though much less than ahadMP (32 mm). Against MRSA
isolate, however, many of the DIZs obtained on igappbn of different samples produced
comparable results with that of the standard awtithi The diameter of the inhibition zones
of some of the tested compounds against eitheyeahst or the filamentous fungi was almost
equivalent to that of FLC.

3.2.2. Scanning electron microscope

S. aureuscells were photographed by electron microscopyceonpare morphological
alterations after addition of compoubd sample to the cells with subsequent incubation for
24 h. (Figure 1). The most representative photdgmaps chosen even if morphologically
normal organisms were also observed. Normal mograirS. aureuscells under scanning
electron microscope showed a clear spherical cell grape like arrangement (Figure 1).
Upon application of samplgb on the Gram positive cells, the obtained resuitsved total
destruction and clumping of the bacterial cells.néimal forms were visible with clear
change in the coccoid morphology of the bacteeliscSome cells were shrunk while others
fused together losing their normal morphology. He thount, very few bacterial cells were

found retaining their normal shape (Figure 1).
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Table 1. Minimum Inhibitory Concentrations (MICs) of thitlé compound®a-i, AMP and FLC toward&ram negative bacteria, Gram positive

bacteria and fungi.

MIC values (pg/mL)
Strain name
Comp. Gram negative organisms Gram positive organisms giFun
No. . Ps. P. 3 S. S. E. B C. A. P,
E. coli : . . - MRSA . - ) :
aeruginosa | vulgaris | pneumonia| enteridis| aureus fecalis | subtilis | albicans| niger | notatum
5a >1000 250 500 >1000 500 15.6 15.6 500 31,3 625 6 15. 15.6
5b 500 125 500 500 500 15.6 15.6 500 31.8 250 3125 8 7
5¢c 500 3.9 500 500 500 15.6 31.8 500 31.8 62]5 500 6 15.
5d 250 15.6 500 500 500 15.6 62.5 250 250 62/5 62.5 .3 31
5e 250 500 250 500 500 500 50( 500 50( 250 1%.6 250
5f 250 62.5 500 500 1000 500 50( >1000 62.5 250 3L.3 561
59 500 250 500 500 500 500 500 500 50( 62,5 15.6 15.6
5h 500 500 500 500 500 500 50( 500 25( 62.5 15.6 7.8
5i 500 250 500 500 500 250 50( 500 12% 156 7.8 3125
AMP | 15.6 >1000 <7.8 >1000 <7.8 25( 500 3.9 1000 ND ND ND
FLC ND ND ND ND ND ND ND ND ND 15.6 31.3 250

ND: not determined.
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Table 2. Diameter of the Inhibition Zone (DI1Z) of the &tcompound$a-i, AMP and FLC toward&ram negative bacteria, Gram positive bacteria

and fungi.
DIZinmm+ S.D.*
Strain name
CI(\)lmp. Gram negative organisms Gram positive organisms giFun
(o}
E. coli PS.' P- K. . S'. .| S.aureus| MRSA E. . B'.. C A. niger P.
aeruginosa| vulgaris | pneumonia| enteridis fecalis | subtilis | albicans notatum
5a 12+0.8 10+ 0.8 -ve -ve -ve 22+08 2009 -ve 14+ 0.8 -ve 13+£1.0 10x0.(
5b 12 £0.43 14+£2.0 -ve -ve 100 24+£043 18& -ve 14 £ 0.0 -ve -ve 14 £ 0.0
5¢c 10+0.4 10+ 0.9 -ve -ve -ve 16+0.8 18%0.0 -ve 18+ 0.4 -ve 11+0.0 11+04
5d 16+1.0 14+2.4 -ve -ve -ve 18+00 14+05 -ve 12+ 0.5 -ve -ve -ve
5e -ve 14+0.1 -ve 11+0.3 11+0 11 +0J7 9+0.09+0.0| 11+0.6 12+0.8 18+0J0 -ve
5f 14 £ 0.7 12+0.0 -ve 12+1.7 -ve 18 £0/0 -ve -ve 12+ 0.0| 10%0.0 -ve -ve
59 18+0.0 14+1.6 -ve -ve 10+0 22+10 -V§ HI24 | 12+0.7 -ve 11+0.8 11+1.8
5h 16 £ 0.0 10+0.4 -ve -ve -ve 14+0.4 -ve 12+ 0.0 -ve -ve 14+1.0 10+04
5i 14+0.4 10+0.0 10+ 0.] -ve -ve 12 +0)0 -vg 120 -ve 14+0.3 14+0.8 -ve
AMP 30+0.0 -ve 36 £ 0.7 -ve 45+ 1 32+0/4 184035+1.0/ 30+0.5 ND ND ND
FLC ND ND ND ND ND ND ND ND ND 21+05 16+08 15z®

*Arithmetic meant standard deviation; ND: not determined.
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Figure 1. Scanning electron microscopy of compohdafter 24 h incubation wits.
aureus

3.3. Computational studies

3.3.1. Molecular geometry

Figure 2 illustrates the optimized structure of pannd5h. Optimized parameters, bond
lengths, bond angles and torsional angles calallayeB3LYP/6-311++G(d,p) are listed in
Table 3. The global minimum energy for optimizatiohcompoundsh was found to be -
1968.65 Hartree. The bond length-G; in the indole ring manifested the highest value of
1.4194 and 1.4213 A in the gas and solution phaesgectively, due to its attachment to the
methoxy group. The calculated bond lengtGz in the indole ring showed good agreement
with the experimental X-ray results (1.467/1.467 Alyhereas, the bond lengths ofy®ls,
Ci15-N1s, Coo-N1g, Cs-N7, C4-N7, and Go-Nj, are 1.4123, 1.3791, 1.4568, 1.3775, 1.3726, and
1.3992 A respectively. Of all the C-N bondss®lis is comparatively higher due to the
attachment of oxygen atom to the carbon atom. Timel bengths N12-kh (1.0214/0.790 A)
and N-Hsg (1.0092/0.847 A) exhibited considerable deviatiosn the experimental X-ray
data, due to the intermolecular interactions indhstalline state. The bond angles@-Ny
(130.78°/130.36°), €Cs-Cs (121.48°/121.81°), G-C15-Cy4 (120.72°/120.61°), N-C17-Cis
(109.74°/109.96°), and MCyo-Hi1 (108.71°/109.19°) showed agreement with the
experimental X-ray results, respectively. The clamd dihedral angles in solution phase of
N13-Ci14-Ci5-N1g and Q3zCy-C,-Cz are 179.61 and 180.00, respectively and they ara i
satisfactory agreement with the experimental XR8ults. The deviations in the calculated
dihedral angle values from the experimental XRDultssreveal the occurrence of steric
effect in the crystalline state. In general, thatistical linear regression plots between the
experimental XRD values [44] and theoretical geoioat parameters showed good
agreement withR? values in the range of 0.972-998 in the gas ahatien phases (Figure
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S1). The root-mean square deviation (RMSD) valuergevealculated for the predicted bond

lengths to be 0.0300 A (solution phase) and 0.0804as phase) with their experimental
XRD values. Similarly, the RMSD values for the poted bond angles are 4.7308° and
7.0373° in solution and gas phases, respectivali, their XRD results. This indicates that

the calculated values in solution phase are intt@ibagreement with the experimental values.

Figure 2. Optimized molecular structure of compouisid

Table 3. Structural geometry parameters of compaobimadlong with the recorded XRD results.

Bond lengths (A)

Bond Angles (°)

Dihedral angles (°)

Gas Solution Gas Solution Gas Solution

Parameters| Phase Phase XRD Parameters Phase Phase XRD Parameters Phase Phase XRD
C-C, 1.4194 1.4213 1.414 €C,-Cq 121.07 121.10 121.46 €C-C,-Cy 0.003 -0.02 1.54
C-Ce 1.3843 1.3844 1.378 ,6C;-Oa; 114.22 114.32 115.28 C;-Co-Hae -180 179.98| 178.48
C;-Ogsz 1.3686 1.3696| 1.379| G-Ci-Oss 124.71 12458 123.30| Qs-C;-C,-Cj -180 -180| -179.63
C,-Cs 1.3790 1.3797 1.385 @C,-C; 121.57 121.68 120.60 30C;-Cy-Hgsg -0.003 -0.004 0.34
Co-Hae 1.0831 1.0835 0.950 €C,-Ha: 117.62 117.88 119.68 +C;-C4-Cy -0.01 0.01 -2.13
Cs-Cy 1.4016 1.4026 1.392 @C,-Hae 120.81 120.44 119.68 +C;-Cs-Hs; -179.99 -179.97 177.8
Ca-Hge 1.0838 1.0834 0.950 L€5-C, 117.77 117.63 118.05 30C;-C4-Cs 180 179.99 178.9%
C4-Cs 1.4202 1.4211 1.415 @C5-Hse 120.70 120.90 120.96 30C;-Cg-Hagy 0.01 0.01 -1.07
Cs-N; 1.3726 1.3714 1.379 ,&C5-Hje 121.53 121.47 120.99 €,-Cs-Cy 0.002 0.002 0.73
Cs5-Cq 1.4127 1.4139 1.409 &C,-Cs 121.46 121.48 121.81 €,-Cs-Hgyg -179.99 179.97 -179.2
Cs5-Cy 1.4254 1.4243 1.420 C45-C4-N, 130.91 130.78 130.36| H3:-C,-C5-C,4 -180.00 -179.99 -179.2
Cg-Hzs 1.0815 1.0813 0.950 £€C,-N-, 107.62 107.74 107.82 3HC,-Cs-Hgg 0.01 -0.03 0.78
N,-Cg 1.3775 1.3787 1.367 46C5-Cq 119.88 120.02 119.38 C5-Cy4-Cs -0.002 0.02 -2.36
N.-Hsg 1.0089 1.0092 0.84Y ,&5-Cy 106.86 106.84 106.8p »C5-C,s-N5 179.99 179.97 177.6
Cg-Cy 1.3852 1.3869 1.382 4C-Cq 133.26 133.14 133.76 3HC;-Cs-Cs 179.99 -179.94 177.6
Ce-Cyc 1.4682 1.4651 1.467 &-Cs 118.25 118.09 118.54 3HC;-C4-N5 -0.02 0.01 -2.42
Cg-Hazg 1.0796 1.0792 0.951 €C4-Hs; 121.87 121.98 120.74 C,-Cs-Cq -0.003 -0.03 1.76
C1:=0y4 1.2156 1.2239 1.22P C-Hj, 119.88 119.93 120.72 C,-Cs-Cy 180.00 179.95 -179.0
Cic-Nio 1.3992 1.3906 1.379 N,-Cg 109.39 109.30 108.69 ,NC,-C5-Cq -179.99 -179.99 -178.2
N1,-Ni3 1.3319 1.3372 1.348 ,N,-Hse 128.13 127.13 124.88 NC,-C5-Cq 0.01 -0.01 0.99
N1,-Hag 1.0214 1.0212 0.790 gN;-Hasg 122.48 123.57 126.32 C4-N+-Cg -179.99 -179.95 179.7
N1:=Ci4 1.2932 1.2916 1.295 MNCg-Cy 109.05 109.06 109.80 €C,-No-Hse 0.002 0.16 -4.01
Ci14Cis 1.4980 1.5028 1.505 N;-Cg-Cy 117.36 118.08 119.68| C5-C,-N,-Cq4 0.003 0.01 -0.25
C1sCis 1.4562 1.4561 1.455 JCs-Cyc 133.59 132.86 130.51 5@4-N,-Hae 179.99 -179.88 175.9
C1:-Nyg 1.3791 1.3736 1.366 6C5-Cq 107.07 107.06 106.82 4C5-Cs-Cy 0.01 0.02 0.52
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C1:=Oyq 1.2287 1.2297 1.238 &gHae 126.31 126.15 126,58 ,&5CgHay 179.99 179.909 -179.4
N;e-Ciy 1.4123 14117  1.412 &gHae 126.62 126.79 126.6D oC-CeCy -179.99 -179.96 -178.4
Nie-Coo 1.4568 1.4590 1470 &,c-0y; | 122.52 12243 123.98 4@ CgHay -0.01 0.02 1.6
C17-Cue 1.4084 1.4080 1.408 &Ny, | 114.02 11459 111.9] ,&-CyCq -0.01 0.01 -1.34
C17=Cyy 1.3856 1.385§ 1.379 @CicNy, | 123.46 123.00 124.1p ,&5CyHae -179.99 179.0§ 178.6
C1e-Cos 1.3888 1.3892 1.38] 6Ni»-Ni; | 120.21 110.0§ 122.1p @&4CyCq 179.99 179.909 177.6
Co-Coe 1.5184 15193 1511 ©NyyHy | 121.23 12151 120.26 &oCyHae 0.01 0.02 -2.36
Coc-Har 1.0943 1.0927 0.990 NN;-H, | 118.56 11853 117.41 ,&,CyCq -0.01 -0.003 -0.62
Coc-Hay 1.0930 1.0921] 0.990 NN;-Cy, | 118.11 11824 114.80 ,&,CyCy 179.91 179.85 1785
C1-Coy 1.3993| 1.3994| 1.403 N,,C,+Cpc | 127.37 12754 126.95| HaeN;-Co-Co -180 179.89] -176.7%
Cor-Has 1.0821 1.081§ 0.950 NC,Cis | 126.07 126.05 127.18 sHN,CygCio -0.08 -0.26 2.39
Cyr-Coa 1.3936 1.3933 1.380 ,6C.,Ciz | 106.56 106.42  105.87 MCqCo-Cs 0.02 -0.003 1.23
Cp-Haa 1.0822 1.0821] 0.950 ,6CiN;c | 106.45 10651 107.00 NCq-Co-Hae 179.99 179.91 -178.7
Cy:-Cos 1.3941 1.393§ 1.395 6Ci=Oic | 127.29 126.8] 127.44 ,€C4CyCs -179.89 -179.80  -177.7
C,:Cls, 1.7595 1.7651] 1.741 NC;cO;c | 126.26 126.6§ 125.46 ,€CyCoHag 0.09 0.15 2.28
CosHas 1.0821 1.0820 0.951 ,6N;cC,; | 110.50 11054 110.16 ;€N;»N;:-Cyg 179.92 -179.92 -178.6
Coe-Coe 1.3965| 1.3976| 1.391| C,eNyeCyxc | 123.34 123.82 122.46| Hu-Ny»Nys-Cuy 0.24 -0.01 -3.36
Cpe-Cao 1.3984 1.3984 1.380 ©N;C, | 126.06 12556 127.28 ;NC14+Cie-Nye 179.74 179.6] 179.0
Coe-Coy 1.3943 1.3945 1.390 NC,;7Cis | 109.61 109.74 109.96 ;NC.4Cyc-Oyq 0.3 -0.46 -1.96
Coe-Hae 1.0853 1.0846 0.950 NC,7C, | 129.02 128.81] 127.95 ;£C1,Cie-Nyg -0.35 -0.44 -1.47
C-Coe 1.3847 1.3843 1371 ,6C,+Cy | 121.37 121.45 122.00 1£C1,Ci=-Oro 179.62 179.4§ 1775
Cor-Hay 1.0828 1.082§ 0.950 ,6Ci+Ci; | 106.87 106.74 106.9p ;NC1+CisCi; | -179.91 -179.92 -178.8
Coe-Cog 1.3870 1.3857 1.369 6CieCoy | 132.42 13250 132.40 ;NC14Cis-Coy 0.38 0.46 0.45
Coe-Far 1.3544|  1.3627| 1.364| C,-C;¢C,y | 120.71 120.72 120.61| Cye-Cy4-Cis-Cyy 0.17 0.13 1.68
Cpe-Cag 1.3916 1.3930 1.390 NC,cCpe | 114.39 11423 111.94 ,6C,,CieCpy | -179.54 -179.4§ -179.0
Coc-Hag 1.0828 1.082§ 0.950 NC,c-H, | 108.87 108.71] 109.10 ;€Ci-NiCiy 0.39 0.59 0.69
Cac-Hag 1.0841 1.083§ 0.950 NC,-Hs, | 105.50 105.85  109.24 ;€C1-Ni-Cy 176.90 17755 177.2
03:-Cay 1.4193 1.4271] 1.431 ,6C,H, | 109.94 110.14 109.28 ,©C;N;-Cy; | -179.57 -179.33 -178.34
CasHse 1.0888 1.0883 0.980 ,6C,H, | 110.34 11030  109.256 ;0C;--N;-Cog -3.06 -2.38 -1.82
CasHs; 1.0959 1.0944 0.980 4iC,H, | 107.51 10733 107.9] ;EN;Ci7Cis -0.29 -0.53 0.39
CasHs, 1.0959 1.0944 0.980 ,6C,-C,; | 117.95 117.92 117.24 ,0C,-C,-C, 179.63 179.8§ -179.9
O " Hao 1.9742 1.9798

3.3.2 Natural bond orbital analysis

Natural bond orbital (NBO) analysis produces a doampicture of (hyper)conjugative
interactions from the bonding to anti-bonding alstof a compound to understand its
intramolecular charge-transfer (ICT) interactiohle results of NBO analysis of compound
5h are presented in Table 4. The larger E(2) valukcates more intensive interaction
between electron donors and acceptors. The intenacf the lone pair of the nitrogen
LP(1)Nys with 7*(C15-O19) yielded an energy value of 52.87 kcal thathich is higher than
the energy value (39.08 kcal rifo) of the interaction with the adjacent paf{C,-C,1) due

to the presence of electro negative oxygen in trenér pair. Also, the charge transfer
interaction between LP(1) Ni21*(C10-O11) exhibited high energy than the interaction
LP(1) N12-7*(N13-C14) due to the presence of oxygen atom connectedqtol@e lone pair
of oxygen LP(2)@, interacts witho*(Cg-C10) andc*(C1o-N12) with energy values of 16.85
and 27.28 kcal mdirespectively. While, LP(3)Gl interacts withs*(C24-Has) with an energy
value 63.25 kcal mdl The low electron density (0.0389 e) value of anéibonding orbital
N12-Hgo reveals the more ability to make interactions with other acceptor motifs. These
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results can identify the efficiency of donor andemtor groups within the compound, which
helps the interaction with its target protein.
Table 4. Selective donor acceptor interactions resultsoafipoundbh based on second-order

perturbation theory in Fock matrix.

. . . . E(2P E@)-E()° F(i,j)°
Donor (i) | ED (e | Acceptor () | EB()e (kca(llr)nol) (a?t)xur(n)ts) (artf.lj)nits)
7(CrCo | 1.57391 | #(C1-Co) 0.33686 19.64 0.28 0.068
7(CiCo) | 1.57391 | #(C,-Cy) 0.28170 15.70 0.29 0.062
7(CiCo) | 1.57391 | #(Ca-Co) 0.37198 21.10 0.28 0.069
o (NzNp) | 1.98814 | 0*(CrCp) | 0.02664 37.97 1.31 0.200
7 (CirCy) | 1.67568 | 7(CyCr)) | 1.65607 39,95 0.08 0.056
7 (CiaCon) | 1.67839 | 7*(N15Crg) | 0.28572 1887 0.27 0.064
LP()N, | 1.59925 | 7%(C4-Cy) 0.49729 38.79 020 0.097
LP()N, | 1.59925 | 7%(C5-Cy) 0.37198 36.97 0.28 0.092
LP(2)On | 1.85846 | o*(Cs-Cio) 0.05788 16.85 0.72 0.100
LP(2)On | 1.85846 | o"(CioNy) | 0.08610 27.28 0.6 0.119
LP(1) N, | 1.62155 | 7(C1pOr) | 0.30522 42,23 030 0102
LP(1) N, | 1.62155 | 7"(N15Cr) | 0.28572 42.19 028 0099
LP(1) Nis | 1.90641 | o*(N1rHi) | 0.03893 10.73 0.76 0.082
LP(1) Nis | 1.90641 | o(C14Cig) | 0.04105 12.10 0.86 0.092
LP(1) Nis | 1.64010 | 7(C150) | 0.30742 52.87 0.29 0.112
LP(1) Nis | 1.64010 | 7(C1rCpy) | 0.39926 39.08 0.29 0.096
LP(1) Nis | 1.64010 | 7(CorCpy) | 0.36353 72.40 007 0.065
LP(2) O | 1.84605 | oX(CioNy) | 0.08946 27.47 0.68 0.124
LP(1) By | 1.98960 | 0(CpsC) | 0.02212 116.92 0.18 0.132
LP(2) Ry | 1.97242 | 0(CosHa) | 0.01369 32.77 0.72 0.138
LP(2) By | 1.97242 | 0%(C2-Cay) | 0.02664 51.5( 0.77 0.177
LP(3) oy | 1.92663 | 0"(CosHa) | 0.01369 1883 0.70 0.104
LP(3) Fy | 1.92663 | 0X(Cpe-Cy) | 0.01334 15.07 0.95 0.109
LP(3) Fy | 1.92663 | 0X(C21Co) | 0.02664 55.37 0.74 0.183
LP(2)Ch, | 1.96603 | o(CosHa) | 0.01369 14.03 0.58 0.0d1
LP(2)Ch, | 1.96603 | o(Co-Cag) | 0.02664 19.60 0.6 0.099
LP(2) Ck, | 1.96603 | 7(CorCpy) | 0.36353 45.64 017 0086
LP(3) Ch, | 1.93242 | o*(CosHa) | 0.01369 63.25 0.77 0.200
LP(3) Ch, | 1.93242 | o*(Cor-Cag) | 0.02664 51.75 0.81 0.185
LP(3) Ch, | 1.93242 | 7(CorCpe) | 0.36353 65.56 035 0147
LP(3) Ch, | 1.93242 | 0*(Cp9-Cs) | 0.01309 22.34 459 0.290
LP(1) O | 1.96348 | 7(CorCpy) | 0.36353 22.38 034 0085
LP(1) Op | 1.96348 | 0(Cp0-Ca) | 0.01309 11.16 458 0.203
LP(2) O | 1.84916 | 7%(C,-Co) 0.33686 27.20 034 0.091
LP(2) O | 1.84916 | 7(Cor-Crg) | 0.36353 34.67 0.09 0.051

®Electron density’Energy of stabilization interaction®nergy difference between donor and acceptor jand
NBO orbital; “Fock matrix element between i and j NBO orbital.

3.3.3 Natural population analysis (NPA)
The atomic charge of compoubd was calculated by natural population analysis (INRtA

is an effective method to calculate the atomic geamwithin the molecule. The plot of charge
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distribution is shown in Figure 3. TheJ0.669 e) and { (0.646 e) atoms showed more
positive charge than the other carbon atoms dubd@resence of electronegative oxygen
atom directly attached to them. Whereas, Th€0D32 €), & (0.100 e), and G (0.188 e)
atoms showed positive charge because of their hgndith nitrogen atoms. On the other
hand, the other carbon atoms manifested negataegeb. The N(-0.532 e) is more negative
than the other nitrogen atomgeN-0.482 e), N, (-0.389 e) and N (-0.204 e). All hydrogen
atoms displayed positive charges in whicks kD.446 e) and I3 (0.378 e) are the most
positive owing to their direct attachment to niteagatoms.
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Figure 3. Charge distribution chart for compoubd according to the natural population
analysis.

3.3.4 Frontier molecular orbital analysis

The chemical reactivity and kinetic stability oetimolecules are determined by the highest
occupied molecular orbital (HOMO) and lowest ungaed molecular orbital (LUMO).The
former represents the ability to donate an electwbile the latter represents the ability to
accept an electron [45]. A molecule is more reactor a small HOMO-LUMO energy gap
[46]. The energies have been calculated by B3LYFR/6++G(d,p) methods and are depicted
in the Figure 4. The energy gap between HOMO anOUbf the test compoungh is 2.79
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eV. The lowering of HOMO-LUMO energy gap revealg thossibility of charge transfer

interaction within the molecule.

Figure 4. HOMO (upper) and LUMO (lower) energy plots of quound5h.

3.3.5. Vibrational analysis

The vibrational spectral analysis of compousid was carried out on the basis of the
characteristic vibrations of indole ring, phenylgj methoxy group, as well as methylene and
carbonyl groups. The observed and simulated FTAR ET-Raman spectra are shown in
Figures 5 and 6, respectively. The computed an@raxental wavenumbers as well as their

assignments with PED were presented in Table 5.
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Table 5. Tentative vibrational assignments of compousid predicted based on PED

analysis.
Calculated Experimental
Wavenumber Wavenumber Assignment with PED (%)
(cm™) (cn)
Unscaled | Scaled IR Raman
3593 3476 3293 vw v N7-H3¢(99)
3206 3101 3101 W v Cys-H45(98)
3181 3077 3076 W v Cp-Hz5(25), v Cs-Hze(75)
3162 3058 3057 w 3043 Wv Cye-Hae(96)
3131 3029 3008 W v Cz4-Hsc(92)
3040 2940 2941w| v Cas-Hs4(76)
3031 2933 Vas Cog-Hs1(45)
1729 1672 1665 m 1666 sv O1,;=Cy((77)
1662 1607 1608 w vC,=C3(16),v C;=Ce(17) v C3-C4(13)
1636 1583 1579 vw| 1581vsv C,;=Cy4(32),v Co:-Cyr6(20)
1612 1559 1560 vw v Cp-Cp3(16),v C1-C15(19)
1553 1502 1509 m 1525 mv Cg-Co(20) v C5-Cy(10)
1541 1490 1484 m v C-H ph
1518 1469 1479 vw SCigdiCoo-Haz(12)
1503 1454 1449 m v, Ca-Hs2(63)
1490 1441 1445 w VaCas-Hs1(76)
1484 1436 1436 M  dseHs-Hs-Hse(31)
1394 1348 1349 m 1344 wv C,=C5(13),v C;=C¢(17),v Cs-Cg(11)
1331 1287 1297 W B Hi6-Co6-Co7(23),Hig-Csc-Cye(22)
1273 1231 1229 w 1228 mv N;-C4(12)
1251 1210 1210 m p CHs (38) methoxy
1244 1203 1204 s v F31-Cy4(45)Ph
1218 1178 1181 m 1182 mPC-H, Hye-Coe-Co7(11)
1195 1156 1159 s 1158 mv O33-C34 (59)
1143 1106 1112 m 1110 mp —O-CH; (42)
1124 1087 1088 w 1089 mB H47'Cz7‘025(18),H48'CZQ‘C30(15),H45'Cze'Cg7(11),H49‘
Car-Cyg(10)

1101 1065 1050 vw| 1052 W BC-H,He-Coe-C30(27)Ph
1055 1020 1024 w p —O-CH; (15)
1031 998 985 w 987 w Y Qg'CZg-C30-H4g(43),Q7-C28-ng'H4g(16)Ph
977 945 948 vw 942 w Y CZG'C25'C27'H45(19), H48‘CZQ‘C30'H49(59)Ph
860 832 839 vw b Ph
847 819 820 m b Ph
843 815 811w | b Ph
830 803 808 m b Ph
784 759 759 vw 754 w| v C23-Cl32(41)
755 730 729 w 731w | p —CH, (23)
581 562 563 vw 562 w| d-OGHZS8)
526 508 512 w d -OC§PR2)
494 478 477 vw d -OCKR8)
482 466 466 vw d -OC¥il9)
439 424 422w d -OC¥P0)
218 210 203 w | 1 -OCH;(26)

v-stretching;vasasymmetric stretchingj-bending;t-torsion; -in-plane bendingy-out-of-plane bending; sci-
scissoringp-rocking; d-deformation; b-ring breathing; vs-vestyong; s-strong; m-medium; vw-very weak; w-

weak; ph: phenyl ring.
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3.3.5.1. Indole ring vibrations

In solution, the N-H stretching vibration occursaneg400 crit while in solid state, the
frequency shifts towards lower values [47]. A bavak observed due to the N-H stretching
vibration in the IR spectrum of compoust at 3293 crit. A band occurred in the Raman
spectrum of compounsh at 3076 crit which was assigned to C-H stretching of indole. The
indole ring C-C stretching vibrations are expedtte in the region 1625 ¢hto 1300 crit
[47] and it was observed in the IR spectrum of coumu 5h at 1608 crit. The C-N
stretching mode is reported at 1244 and 122%7wmindole [48] which occurred at 1229 and
1228 cnt in the IR and Raman spectra of compoBhdrespectively.

3.3.5.2. Phenyl ring

The C-H stretching bands occur in the region ofd88810 crit. The weak bands observed at
3057 and 3043 cihin the IR and Raman spectra, respectively, of camg&h correspond
to the C-H stretching mode. The ring C-C stretchirfigyations occur in the region of 1625-
1430 cm' [47]. A weak band was observed at 1579*¢mthe IR spectrum of compourith
and a very strong band at 1581 tim its Raman spectrum which were assigned for @ C
stretching mode. The fluorine atom attached toramatic ring gives absorption band in the
region of 1270-1100 cth[49] which was noted as a strong band at 120% &nthe IR
spectrum of compoundh. The stretching modes fgara substituted fluoro phenyl ring are
expected to be in the range 1620-1280'{50]. A medium band was observed in the Raman
spectrum of compoungh at 1484 crit which was assigned to thEara substituted fluoro
phenyl ring.

3.3.5.3. Methoxy group vibrations

The methoxy asymmetric and symmetric stretchingibarccur around 2960 and 2846 tm
respectively. A weak band was observed at 2941 ienthe Raman spectrum of compound
5h which was assigned to methoxy group symmetri¢cdineg vibration. The asymmetric C-
H bending vibrations appear in the region of 142@a.cm' [51]. These vibrations were
noted as a medium intense band at 1449 tnthe Raman spectrum of compoustdand at
1445 cnt in its IR spectrum. The strong band at 1159'émthe IR spectrum of compound
5h and a medium band at 1158 trim its Raman spectrum were assigned to the C-O
stretching [52].

3.3.5.4. Methylene vibrations

Asymmetric stretching vibration for methylene graagpears about 2930 &nj49]. A weak
band was observed at 2941 tin the IR spectrum of compourith which was assigned for

this mode. Scissoring and rocking vibrations of gkstne occur in the region of 1480-1440
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cm* and 730-710 cih respectively [53]. The observed weak intensitgcbat 1479 cil in
the IR spectrum of compourih corresponds to its scissoring vibration. Whilee ttoticed
bands of weak intensity at 729 and 731'cim the IR and Raman spectra of composhd
respectively, were assigned for its rocking vilmas.

3.2.5.5. Carbonyl vibration

The C=0 stretching vibrations appear as intenselddetween 1870 and 1540 tnThe
position of these bands is determined by the neighbg substituents, conjugations and
hydrogen bonding [54]. Strong and medium bandewbserved at 1666 and 1665 tim
the Raman and IR spectra of compo&hdvhich were assigned to its C=0 stretching mode.
3.3.5.6. Chloro-Indole vibrations

The chloro-indole ring shows strong absorption Isaindthe range of 760-505 Enfor C-Cl
stretching vibration. A shift might occur in the pgy limit to 840 cri, if there is a
vibrational coupling with other vibrations [47]. @pound 5h manifested a stretching
absorption band in its IR and Raman spectra agR89754 cnt, respectively.

3.3.6. Molecular docking studies

Molecular docking was performed using AutoDock ddttware interfaced with AutoDock
Tools v1.5.6rc3 based on Lamarckian Genetic algori{f42]. Compoundh was energy
minimized using Gaussid@l® program package at DFT level. TGealbicanstarget protein
(PDB code: 11YL) was selected for the present itigation. Its XRD structural coordinates
were downloaded from research collaboratory faucstiral bioinformatics (RCSB) protein
data bank, with a resolution of 3.2 A. The rigictkimg of flexible ligand was carried out into
the target protein by AutoDockTools program. Paréisomic charges were added using
Kollman’s method. The grid box was set as 90 x 9Dxpoints with spacing 0.913 A over
the target protein binding pocket. Visualizationg(ffe 7) was performed with PyMOL
v1.2rl program [55] and it manifested that the amiMH of compoundbh interacts with the
amino acid residue Tyr354 of the target proteine Tgrotein-ligand complex has been
stabilized by the formation of this N=i® hydrogen bond interaction. This hydrogen bond
interaction (ligand (N-H) : protein (O)) has beaergicted by NBO analysis based on the low
electron occupancy on the N-H orbital. The bindemgrgy of the best docked conformation
of compoundbh is -7.79 kcal.mat with estimated inhibition constant of 1.44 pM antas
been selected from 100 conformations (100 GA rivgreover, docking of the antifungal
drug, fluconazole, into the target protein (11Yl) a similar manner lik&h, gave protein-

ligand binding energy of -4.99 kcal.roindicating the possible anBandida activity of
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compoundsh. The docking results showed the possible bindinglenof compoundh with

its target protein (11YL) and predicted its a@tialbicansactivity.

Figure 7. Binding pose of compoursh with its target protein.

4. Conclusion

Nine indole-isatin molecular hybrids-i have been successfully prepared and characterized
using various spectroscopic techniques. The tipoundsba-i were estimated for their
antimicrobial activity using DIZ and MIC assays.@wound5c emerged as the most active
congener towardBs. aeruginosavith MIC value of3.9 pg mL'. Whereas, compourfd is

the most active congener agaiAstnigerand compoundSb and5h are the most active and
equipotent towardB. notatumwith MIC value of 7.8 pg mt. The vibrational spectroscopic
analysis of N'-[(32)-5-chloro-1-(4-fluorobenzyl)-2-oxo-1,2-dihydrd43indol-3-ylidene]-5-
methoxy-H-indole-2-carbohydrazide5l) was performed experimentally using FT-IR and
FT-Raman and theoretically by DFT/B3LYP method. Tpimized geometric parameters,
vibrational harmonic frequencies, PED assignment$ molecular orbital energies of the
compoundsh have been calculated by DFT/B3LYP method with &-434G(d,p) basis set.
The theoretical optimized geometric parameters \@hchtional frequencies are compared
with the experimental data and their level of clatren is fairly good. The detailed PED
analysis of compounBh showed a good agreement with the experimental d@ae& charge-
transfer occurring within the molecule can be ustterd by its HOMO and LUMO energy
values. Molecular docking study manifested thesfimbs binding mode of compourath with

its fungal target protein. The results of the carrexploration could be harnessed to develop

new bhioactive indole-based antimicrobial molecules.
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Supplementary material

Figure Sland the NMR spectra of the synthesized compobadsare provided as
supplementary materials.
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. Synthesis and spectroscopic characterization of new indole-isatin hyprids 5a-i
are reported.

. Antimicrobia activities of thetitle molecules 5a-i were assessed.

. FT-IR, FT-Raman, HOMO-LUMO and molecular docking were performed for
compound 5h.

. The geometrical parameters of compound 5h are in agreement with its XRD

data.



