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Abstract

The synthesis, FT-IR, FT-Raman and NMR spectralyaisgaof an antimicrobial active
benzoxazole derivative, 5-[(4-methylphenyl)acetafi@- (4-tert-butylphenyl)
benzoxazole (MPATB) is reported. The localizatidgrH®MO, LUMO plots in the title
compound over the title molecule shows the chargesfer in the molecular system
through the conjugated paths.The electrophilic andeophilic sites are revealed from
the molecular electrostatic potential map. Thet fingperpolarizability of the title

compound is greater than that of the standard meatioptical material urea and the title



compound and its derivatives are good objects dahér research in nonlinear optical
analysis. Molecule sites prone to electrophili@aeits have been detected by calculation
of average local ionization energies, while caltales of Fukui functions have provided
additional information about the local reactivityoperties. Bond dissociation energies
have been calculated in order to investigate adatian possibilities of the title
molecule, as well as to determine the weakest bandgherefore the sites where process
of degradation could start. Reactive propertieshwitater have been investigated by
molecular dynamics simulations and calculationsragfial distribution functions. The
compound possessed broad spectrum activity agalinst the tested Gram-positive and
Gram-negative bacteria and yeasts, their minimuhbitory concentrations ranging
between 8-128ig/ml. The compound exhibited significant antifungativity (64.g/ml)
againstCandida kruseiat samepotency with the compared standard drugs flucorazol
The docked title compound forms a stable complek wWiymidylate synthase and got a
binding affinity value of -8.5kcal/mol and the éittompound can be a lead compound for
developing new anti-cancerous drug.
Keywords: Benzoxazole; DFT; ALIE; BDE; Molecular docking.
1 I ntroduction

Heterocyclic compounds such as benzoxazoles hdxactad attention due to
their diverse pharmacological and biological preipsrlike antibacterial, antifungal, anti-
tubercular, anti-tumor and antiviral [1-6]. Benzagkes are the structural bio-isoesters of
nucleotides such as guanine and adenine and thenadh easily with biopolymers of
living system [7, 8] and they inhibit essential teaial enzymes, such as hyaluronanlyase
[9] and isocitratelyase [10] as well as bactema tomponent systems [11, 12]. Mabied
et al. [13] reported the crystal structure of stehemistry study of 2-substituted
benzoxazole derivatives and Jayana et al. [14]rtepdhe synthesis, antibacterial and
antioxidant evaluation of novel 1-(5,7-dichloro-h&nzoxazol-2-yl)-1H-pyrazolo[3,4-b]
quinoline derivatives.

Studies of reactive properties of newly synthetizmganic molecules with
potential important biological activities are vemyportant for the development and
improvement of methods for water purification. N&memolecules that are active

components of pharmaceutical products are syntdtketia be very stable, thus natural



conditions and conventional purification methode aot enough effective for their
degradation [15-17.]

Unfortunately, due to various reasons drugs arerigt the environment and are
accumulating especially in the water resources, ravhiiey are toxic to aquatic
organisms. So far these types of compounds have tetected in all types of waters
[18]. Fortunately, advanced oxidation processesaea as the alternative when it comes
to the degradation of these compounds [19-21]. debdegradation experiments are very
important in the process of making of new pharmagichl formulations [22]. These
experiments serve as tools by which it is possiblevaluate degradation mechanisms
and toxicity. These experiments are expensive adobws, but principles of molecular
modeling are very useful for their rationalizatiémthis regard it is important to note that
DFT calculations and MD simulations are able tovpie important reactive properties
thanks to which autoxidation and hydrolysis propsrtcan be effectively initially
assessed. Taking this into account in this work hege also been devoted to the
investigation of specific local reactivity propedi based on DFT calculations and MD
simulations.

2. Experimental
21 Materialsand methods

The chemicals and solvents were purchased from &iyiarich (Munich,
Germany) and Fisher Scientific (Pittsburgh, PA, QSAhey were used without
purification. Silica gel Hpss chromatoplates (0.3 mm) were used for thin layer
chromatography, and the mobile phase was chlordfetihanol (10:0.5). Melting point
was recorded on a Stuart Scientific SMP1 instrum@ibby Scientific Limited,
Staffordshire, UK) and is uncorrected. NMR spewgtsae recorded on a Varian Mercury
400 MHz NMR spectrometer (Palo Alto, CA, USA); tethylsilane (TMS) was used as
an internal standard. The mass spectra was recordadWaters ZQ Micromass LC-MS
spectrometer (Milford, MA, USA) using the ESI(+) thed.

The FT-IR spectrum (Fig. S1-supporting materialy wecorded using KBr pellets
on a DR/Jasco FT-IR 6300 spectrometer. The FT-Raspaontrum (Fig. S2-supporting
material) was obtained on a Bruker RFS 100/s, Geymigor excitation of the spectrum

the emission of Nd:YAG laser was used, excitati@velength 1064 nm, maximal power



150 mW, measurement on solid sample. The speesalution after apodization was 2
cmt,

Materials used in the microbiology study were; MerlHinton agar (MHA)
(Merck, Darmstadt, Germany), Mueller Hinton brotNMHB) (Merck), Sabouraud
dextrose agar (SDA) (Merck), RPMI-1640 medium witglutamine (Sigma-Aldrich), 3-
(N-morpholino)-propane-sulfonic acid (MOPS) (Sigmai#dh), 96-well micro plates
(BD, Franklin Lakes, NJ, USA), ampicillin (Mustafdevzat Pharmaceuticals, Istanbul,
Turkey), gentamycin sulfate (Paninkret Chem.-PhaRmneberg, Germany), ofloxacin
(Zhejiang Huangyan East Asia Chemical Co. Ltd., tiy@n, Zhejiang, China),
vancomycin (Mayne Pharma, Salisbury South, SA, wlis), meropenem (Astra
Zeneca, Istanbul, Turkey), fluconazole (Sigma-Add)yj amphotericin B (Riedel de
Haen, Seelze, Germany), isoniazid (Sigma-Aldriethambutol (Sigma-Aldrich), DMSO
(Riedel de Haen).

Microorganisms used in the assay weéebsiella pneumoniaglinical isolate
(extended beta lactamase spectrum (ESBLBxscherichia coli isolate (ESBL),
Enterococcus faecalsolate (resistant to vancomycin (VRE)), a@taphylococcus
aureusisolate (resistant to methicilline (MRSA}. pneumoniaeRSKK 574, E. coli
ATCC 25922 ,E. faecalisATCC 29212,S. aureusATCC 29213, Candida albicans
ATCC 10231,Candida kruseATCC 6258,Mycobacterium tuberculosid37RV ATCC
27294 and a clinical isolate ®fl. tuberculosis Reference strains and clinical isolates
were provided by Gazi University, Faculty of PhacyaDepartment of Pharmaceutical
Microbiology, Culture Collection, Ankara, Turkey,n& Gazi University Hospital
Microbiology Laboratory, Ankara, Turkey, respective
2.2  Chemistry
General procedure for the preparation of 5-[(4-methylphenyl)acetamido]-2-(4-tert-
butylphenyl)benzoxazole

Firstly, 5-amino-2-(4-tert-butylphenyl)-benzoxazolas synthesized by heating
0.02 mol 2,4-diaminophenol-2.HCI with 0.02mol 4tentylbenzoic acid in 25 g
polyphosphoric acid (PPA) and stirring for 3-4 h.tAe end of the reaction period, the

residue was poured into an ice/water mixture aedstiution was neutralized with 10%



NaOH. The resulting precipitate was filtered, wakkeéth distilled water, dissolved in
boiling ethanol with 0.2 g charcoal, and filterdfl @hen distilled water was added to the
filtrate slowly in order to stimulate crystallizati. The crude compour2lwas obtained
by filtering and drying the crystalline material.[Zhen, 4-methylphenyl acetic acid (0.5
mmol) and thionylchloride (1.5 ml) were refluxed lenzene (5 ml) at 80°C for 3h.
excess thionylchloride was removedvacuo The 4-methylphenyl acetic acid chloride
(5) was dissolved in ether (10 ml) and this solutiodeatiduring 1 h to a stirred, ice-cold
mixture of  5-amino-2-[4-tert-butylphenyl]lbenzoxazol (3) (0.5 mmol),
sodiumbicarbonate (0.5 mmol), diethylether (10 amyl water (10 ml). The mixture was
kept stirred overnight at room temperature anériitl. The precipitate was washed with
water, 2M HCI and water, respectively and finalljthwether to give compound. The
product was re-crystallized from ethanol-water agdbes which are drieth vacuo
(scheme).
2.3  Microbiological assays

For microbiological assays, standard powders of iafp, meropenem,
gentamycin sulfate, ofloxacin, vancomycin, flucoslaz amphotericin B, isoniazid, and
ethambutol were dissolved in appropriate solver@sommended by Clinical and
Laboratory Standards Institute (CLSI) guideline8,[24]. Stock solutions of the test
compounds were prepared in DMSO. Bacterial suduiéfti testing was performed
according to the guidelines of CLSI M100-S18 [24HB was added to each well of the
micro plates. The bacterial suspensions used &muilation were prepared at®OFU/m|
by diluting fresh cultures at McFarland 0.5 densBuspensions of the bacteria af 10
CFU/ml were inoculated to the two-fold diluted data of the compounds. A 10-pul
bacterium inoculum was added to each well of theranplates. There were ACFU/m
bacteria in the wells after inoculations. Microtplmwere incubated at 37°C over night.
Fungal susceptibility testing was performed acaaydo the guidelines of CLSI M27-A3
[23]. RPMI-1640 medium with L-glutamine buffered ppl 7 with MOPS was added to
each well of the micro plates. The colonies wergpsaded in sterile saline, and the
resulting suspension was adjusted to McFarlandd@rsity. A working suspension was
prepared by appropriate dilution of the stock sosma. A 10-pl bacterium inoculum

was added to each well of the micro plates resyitn1G CFU/ml yeasts in the wells.



Micro plates were incubated at 35°C for 24-48 houkHer incubation, the lowest
concentration of the compounds that completely bl macroscopic growth was
determined and reported as minimum inhibitory catregion (MIC). All solvents and
diluents, pure microorganisms, and pure media wesed in control wells. All
experiments were done in three parallel series.ddta on the antimicrobial activity of
the compounds and the control drugs as MIC (ugialjies are given in table 1. The
synthesized compound was found to possess MIC vabedween 8- 128g/ml for
Mycobacterium tuberculosis, some Gram-negative,n3pasitive bacteria and their
isolates and some fungi. The synthesized compowfbited the same antifungal
activity againstC. kruseiwith MIC values of 64g/ml with the tested reference drug
fluconazole. However, all compounds showed loweéibanterial and anti-mycobacterial
activity against the microorganisms than the cdmtrogs.
3. Computational details

The molecular geometry optimization, polarizaletiand natural bond orbital
analysis for the title compound are calculated leysity functional using B3LYP/6-
311++G(d,p) [25, 26] level of theory using GausBmrsoftware [27]. The calculated
scaled wave numbers are scaled by using scalirtigrfas reported in literature [28].
With the help of potential energy distribution aysa [29] and Gaussview program [30]
the vibrational assignments were carried out. Tmtimized geometrical (Fig.1)
parameters are given in table S1 (supporting nad}eri

Jaguar 9.0 program [31], as implemented in Schg@titMaterials Science Suite
2015-4, was also used for the DFT calculations IofEA Fukui functions and BDEs with
B3LYP exchange-correlation functional [32], togethavith 6-311++G(d,p), 6-
31++G(d,p) and 6-311G(d,p) basis sets, respectiiely MD simulations Desmond
program [33-36], also as implemented in Schrodingaterials Science Suite 2015-4,
was used with OPLS 2005 force field [37] within NBfisemble class. Simulation time
was set to 10 ns, while the whole system was mddgfeplacing one MPATB molecule
in the cubic box with ~3000 water molecule. Othargmeters include cut off radius set
to 12 A, temperature to 300 K and pressure to B(U&&. Solvent was treated within
simple point charge (SPC) model [38]. Noncovalarieriactions were determined by

using the method of Johnson [39, 40], as impleskit Jaguar 9.0 program. In all cases



when Jaguar and Desmond were used, input and ofitesitwere manipulated by
Maestro graphical user interface application fohr8dinger Materials Science Suite
2015-4.

4. Resultsand discussion

In the following discussions, the rings;1€C43-Ca7-Cas5-Ca2-Cao, Cog-Cor-Cos-Cos-
Cog-Cs1, N3s-Cp4-034-Co5-Coe and G-C»-C3-Cs-Cs-Cs are designated as Phl, Phll, Phlll
and PhlV, respectively.

41  Geometrical parameters

For the title compound, the bond lengths in thengheings are in the range
1.4002-1.3929 A for Phl, 1.4140-1.3829 A for Phitlal.4062-1.3929 A for PhIV which
are in agreement with that of literature [41]. T8g=0s9 bond length of the title
compound is 1.2188 A which is in agreement witbréiture [42]. The bond lengthszs€
Oss = 1.3711 A, G034 =1.3807 A, G;=Ngzs = 1.2975 A, Gg-Nzs = 1.3695 A, G1-Nas
=1.4138 A and g-N3s = 1.3912 A are different which is due to differemvironment in
the molecular system and,£Nss assumes a double bond character as reported in
literature [41].

The bond angles around,fds Cs-C47-Cy3 = 117.8°, G5-Cy7-Cs3 = 121.1°, Gs-
C47Cs3= 121.1° and this asymmetry in angles is due teradtion between phenyl ring
Phl and Hs, 49 Similarly at Go position, the angles are 3C40-Cs2 = 117.8°, G2-Cs0-Cso
= 121.1° and ¢-C40-Cs0 = 121.1° which is due to the repulsion betweenGhk& and
Haa,46 Of Phl. At Gs and Gg positions, Gs-Co5-Co7= 123.1°, GgCps-O34 = 107.7°, G-
C25-O34 = 129.1A and -Cys-Cog = 121.1°, G5-Co6-N3s = 108.4°, Gg-Coe-N3s = 130.5°
and this is due to the interaction between rings &id Phlll. The bond angless&Css
N3g = 115.5°, Go-Czg-O3z9 = 119.9°, NgCzs-O39 = 124.6° around £ position gives the
interaction is due to the neighboring units NH. Similarly, at G4, the angles are &
CosN3s = 114.7°, Q4-Cps-Cs = 117.5° and By-Cy4-Cs = 127.9° and this asymmetry is
due to interaction between Phlll and neighboringsu he interaction between NH and
Phll is given by the bond angles aroungs Which are G;-N3ze-Csg = 129.2°, G1-N3g-Hsz
=115.4°, Gg-N3s — Hz7 = 115.4°. The carbonyl group is tilted from theepyl ring Phl as
is evident from the torsion angles #C,o-Cs-Css = 89.5°, G5-Cy2-Cyo-Cso = -178.8°,
C11-Ca0-Cs0-C3s = -89.6°, G3-Ca1-Cao-Cso = 178.8°.



4.2 IR and Raman spectra

The observed IR, Raman bands, calculated scaled mawmbers and assignments
are given in Table 2.

According to literature [43, 44], the NH vibratioase expected in the following
regions: stretching mode: 3500-3300 tndeformation modes: around 1500, 1250 and
750-600 crit. For the title compound, the NH stretching modesassigned at 3440 €m
in the IR spectrum, 3449 ¢hin the Raman spectrum and at 3453"dfmeoretically and
the NH deformations are assigned at 1507, 1263, 6#B theoretically and
experimentally bands are observed at 1498, 644iorthe Raman spectrum and 644 cm
Lin the IR spectrum. The NH stretching mode hasE® Bf 100% with IR intensity
108.48 and Raman activity 440.07. The PED of the d@i#fiormation modes are in
between 40 and 50%. For the mode at 646,dime IR intensity and Raman activity are
very low, less than 10. The reported values of Nétes are at 3462 c¢hin the IR
spectrum, 3450 cthin the Raman spectrum, 3400 timeoretically (stretching modes),
1508, 1219, 655 cth(DFT) (deformation modes) [42] and 1587, 1250, 650" (IR),
1580, 1227, 652 cth(DFT) (deformation modes) [45].

The C=N stretching mode of the title compound sgrsed at 1521 cihin the IR
spectrum, 1519 cthin the Raman spectrum and at 1522 dimeoretically as expected
[46, 47]. The C-N stretching modes of the title mund are observed at 1192, 1115 cm
Yin the IR spectrum, 1242, 1189 ¢rin the Raman spectrum and at 1244, 1189, 1118
cm’ theoretically which are expected in the range 1BD0O cmi' [47]. All the CN
stretching modes have PEDs from 36 to 42% andhfermodes, 1522, 1244 &nihe
Raman activity is very high and bands are seeR#mean spectrum.

In the present case, the C=0O stretching mode isreéd at 1677 ciin the IR
spectrum, 1670 cthin the Raman spectrum, 1674 trheoretically while the C-O
stretching modes are assigned at 905 amthe Raman spectrum and at 1174, 903 cm
theoretically. For the modes, 1674 and 903" ¢he Raman activities are high, 64.43 and
181.17 and experimentally bands are observed ifiRdmean spectrum and the PEDs are
74 and 39%. Also the mode at 1674 thas a high IR intensity of 334.39 and a PED of
74%. According to literature, the C=0 stretchingde® are expected in the region 1850-
1550 cnt [48] and the C-O-C stretching modes are in théored200-900 ci [47, 49].



Sebastian et al reported the carbonyl stretchindemai 1694 cih in the IR spectrum,
1696 cnt in the Raman spectrum and at 1699 diveoretically [42]. For a benzoxazole
derivative, the C-O-C stretching modes are repaatedl 73, 890 cihin the IR spectrum,
1174, 888 cnt in the Raman spectrum, 1172, 893 ctheoretically by Parveen et al.
[41].

The methyl stretching modes of the title compourel @bserved at 2960, 2903
cm® in the IR spectrum and at 2983, 2955, 2914 amthe Raman spectrum as expected
[43, 46]. The bending modes of the methyl groups @rserved at 1427, 1361, 1342,
1018, 984 cni in the IR spectrum and at 1461, 1433, 1359, 13862, 969, 905 cthin
the Raman spectrum. The DFT calculations give timesées in the ranges 2984- 2904
cm® (stretching) and 1463-901 énfdeformation modes) [43, 46]. The €htodes of the
title compound are observed at 1410, 1149'émthe IR spectrum, 1276, 1156 ¢rin
the Raman spectrum experimentally and the PED sisafjives these modes at 2968,
2933 cn (stretching) and 1408, 1276, 1159, 893 dueformation modes) which are in
agreement with the literature [43, 468].

The CG stretching modes are expected in the ranges 1285-dni" and 890-710
cm’ [46] and in the present case, these modes argnassat 1235, 809 chin the IR
spectrum, 812 cthin the Raman spectrum and at 1234, 1176, 8I1theoretically with
PEDs 47, 48 and 52%. For the mode 1234 tie IR intensity is 40.31 and for the other
two modes the IR intensity is less than 10.00. gos al. reported the GGtretching
modes at 1244, 907 ¢hin the IR spectrum, 1247 ¢hin Raman spectrum and at 1286,
1249, 906 cni theoretically [50]. The deformation modes of th&;@roup are expected
in the regions, 435+ 85, 335 + 80 and 300 + 80" ¢total five modes, two asymmetric,
one symmetric and two rocking) and for the tdtenpound, these deformation modes
are assigned at 446, 384, 374, 342, 284 tmeoretically with PEDs, 62, 35, 38, 43, 33%
and the IR intensity and Raman activity valuesl@ese than 10% and the reported values
are 496, 326, 313, 290, 219 Ctrneoretically [50].

The phenyl CH stretching modes are observed at 3080 in the Raman
spectrum for Phl, 3078 ¢hin the IR spectrum, 3121 ¢hin the Raman spectrum for
Phll and 3052 cfin the IR spectrum, 3085, 3053 ¢rim the Raman spectrum for PhIV
[46]. Theoretically these CH stretching modes asigmed in the ranges, 3049-3031"cm



for Phl, 3124-3041 chfor Phll and 3083-3052 cinfor PhIV as expected [46]. The
phenyl ring stretching modes are assigned in thges 1589-1296 cinfor Phl, 1595-
1320 cnt for Phll and 1586-1280 cimfor PhIV while experimentally bands are
observed at 1578, 1545, 1521, 1279"im the IR spectrum and at 1610, 1580, 1551,
1519, 1397, 1322 cthin the Raman spectrum [46].

Trisubstituted phenyl rings have three frequendgrirals for the ring breathing
mode: 500-660, 1050-1100 and 600-750"dwr light substituent, heavy substituent and
mixed substituent according to literature [51]. HEuoe title compound, the ring breathing
mode of tri-substituted benzene ring is assigned @6 crit theoretically. with a PED 04
44% and the IR intensity and Raman activity valaeslow. The ring breathing mode of
tri-substituted phenyl rings are reported at 111129 cni [52] and at 1109 cihin the
IR spectrum, 1100 cihtheoretically 1109 cih (IR), 1100 crit (DFT) [53]. The ring
breathing mode of para-substituted phenyl rings veittirely different substituent are
expected in the range 780-880 tmccording to literature [51] and in the preserseca
this is confirmed by the bands at 824 tand 783 cii by PED analysis with PEDs 42
and 48%. For the mode at 783 tithe IR intensity is less than 10%. The phenyl ring
breathing mode of para substituted phenyl rings neperted at 795 ch[54], at 873 crh
Yin the IR spectrum and at 861 Crtheoretically [55] and at 753 ¢hin IR spectrum,
793, 759 crit theoretically [56].

The in-plane CH bending modes of the phenyl rings assigned as 1018 ¢m
(IR), 1277, 1188, 1162, 1020 &n§DFT) for Phl, 1106 cm (Raman), 1236, 1103, 1094
cm'® (DFT) for Phil and 1002 cth(Raman), 1293, 1174, 1161, 1000 tDFT) for
PhlV as expected [46]. The out-of-plane CH bendimgdes of the phenyl rings are
assigned at 928 ¢h(IR), 928 cnT (Raman), 947, 930, 822, 797 ¢DFT) for Phl, 875
cm® (IR), 880 cnt (Raman), 895, 880, 773 €n(DFT) for Phil and at 956 cM(IR),
959, 841, 829, 818 cM(DFT) for PhIV [46].

43 NMR spectra

GIAO H and **C NMR chemical shifts with respect to trimethylsiéa were
calculated (Table S2-supporting material) using tB8LYP/6-311++G(d,p). The
predicted chemical shifts of aromatic protons o title compound are in the range
7.7001-7.7117 for Phl, 6.2699-9.5267 for Phll and705-8.9744 for PhIV while the

10



experimental protons shifts are 7.60-8.11 for F%2-8.09 for Phll and 7.11-7.24 for
PhiV. For the tert-butyl group, the proton shiftee @an the range, 1.6036-2.1832
(calculated), 1.31 (experimental) while in the nyéthroup, the chemical shift is in the
range 2.6774-3.0564 (calculated), 2.26 (experinteatad in methylene group the shifts
are 4.0823, 4.0833 (calculated), 7.61 (experimgniéle hydrogen atom of amide group
in this compound appears at a higher chemical shitt0.30 experimentally and 6.0895
ppm theoretically. We noted thaid¢,c of the NH protons strongly deviate from the
experimental data due to the high polarity of thbsads. The range foC NMR
chemical shift of the typical organic molecule Ugu& greater than 100 ppm [57] the
accuracy ensures reliable interpretation of spectipic parameters. The carbon atom of
the carbonyl group has a low lying excited stateoliving the movement of electrons
from the oxygen lone pair to anti-bondimgorbital which generates a paramagnetic
current [58]. This r>n* transition produces a large shift to a higher evammber, and
hence the carbonyl carbon signals have a weakemsity and appear in the range, 150-
220 ppm [59, 60]. Thus it is easy to recognize dabonyl absorptions from the other
resonances and for the title compound carbonyt if62.9137. The aromatic carbons
give resonance in overlapped areas of NMR spectitin chemical shift values from
100 to 150 ppm [61] and in the present case, tleenddal shifts of the aromatic carbon
atoms are, 129.9396-132.4818 for Phl, 109.535-B&22for Phll and 124.8705-
152.1844 for PhIV. The chemical shifts of the otbarbon atoms are 28.4974 (C53),
43.6937 (C11), 38.7895 (C13), 35.071 (C14), 38(8R2) and 51.8989 (C50).
4.4  Frontier Molecular analysis

Using frontier molecular orbital analysis charaizt&tion of intra molecular
charge transfer through conjugated paths can blaieeg through the donor — acceptor
groups [62]. In the present case the HOMO and LUdt@rgies are -8.136 and -5.272
eV, respectively. The ionization energy | sidmo = 8.136eV and electron affinity A = -
ELumo = 5.272eV and energy gap = 2.864 eV. The globafhmbal descriptors are given
as hardnesg = (I-A)/2, chemical potential = -(I+A)/2 and electronegativity index
=p?/2n [63, 64]. In the present cagep andw are 1.432, -6.704 and 15.693 respectively.
In the HOMO-LUMO plot (Fig. S3-supporting materighe HOMO is localized over the

acetamido group, benzoxazole, trisubstituted pheimg and the phenyl ring attached

11



with the tert-butyl group, while the LUMO is overet tertbutyl phenyl ring, tert-butyl
group, benzoxazole ring and trisubstituted pheimg.rThis shows the charge transfer in
the molecular system through the conjugated paths.
45 Molecular Electrostatic Potential Map

MEP is used for predicting sites in studies of @gital recognition and hydrogen
bonding interactions and relative reactivity’s todaelectrophilic attack [65]. Using the
B3LYP/6-311++G(d,p) method the reactive sites feceophilic and nucleophilic attack
for the title compound is calculated and shown ig. 54 (supporting material).The
different values of the electrostatic potential aepresented by different colors and
increases in the order red < orange < yellow <rgreblue. Red indicates the strongest
repulsion while blue represents the strongestaiitra From the MEP plot it is clear that
the carbonyl group and nitrogen atom in the benzoleamoiety are the strongest
repulsion regions and NH group is the strongesa@ton centers.
46  ALIE surfaces, non-covalent interactionsand Fukui functions

Sites of molecule that are possibly prone to ebgttilic attacks are characterized
by the lowest values of energy necessary for theval of electrons. In this work these
sites were effectively determined by calculatiorisaverage local ionization energy
(ALIE), as introduced by Sjoberg et al. [66, 67hiF important quantum-molecular
descriptor is defined as a sum of orbital energieghted by the orbital densities:
-5

wherep, (F) represents the electronic density of ithle molecular orbital at the point,

& represents the orbital energy arm(r) is the total electronic density function.

Visualization of ALIE results is the most effectiifehe corresponding ALIE values are
mapped to the electron density surface, whichasctse in this work, Fig.2.

ALIE surface of MPATB molecule indicate that aresith the lowest ALIE values
are located within the all three benzene rings.id@ebenzene rings there is one more
location where ALIE value is the lowest and thathe near vicinity of nitrogen atom
N35, where ALIE has the value of ~199 kcal/mol. tha other side the highest ALIE

value for the MPATB molecule was calculated to #33-kcal/mol and it is mostly
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located in the near vicinity of hydrogen atoms. ke of intra-molecular non-covalent
interactions revealed only one such interactionjolwving oxygen atom O39 and
hydrogen atom H32.

Other possibly important molecule locations of MBATB molecule in this work
have been detected employing the concept of Fuiagations. These functions show how
electron density changes with the addition or remhaof charge. In this way one
practically obtains response properties in termsl@étron density when molecule acts as
electrophile or nucleophile. In Jaguar programvihieies of Fukuf * andf ~ functions are

calculated in finite difference approximation aatiag to the following equations:
e ()= p"(r)

5 ) )
f_:(pN"s(r)é—pN(r))’ ()

whereN represents the number of electrons in referente sfahe molecule, whil® is
fraction of electron which default value is seth® 0.01 [68]. Same as in the case of
ALIE values, values of Fukui functions have beempp®l to the electron density surface,
Fig.3.

In Fig.3 purple colour has been usegasstive one, while the red colour is used
as negative one. In the case of Fuklifunction purple colour indicates molecule areas
where electron density increase with the additiboharge while in the case of Fului
function red colour indicates molecule areas wheteetron density decreases with the
charge removal. Both Fukui functions confirm theartance of benzene rings in terms
of reactivity. Namely, purple colour in case of Euk” function is located in the benzene
ring in the vicinity of three methyl groups, whited colour in the case of Fukti™
function is located again within the benzene rihgs time the one with only one methyl
group.

4.7  Nonlinear Optical properties

The polarizability, first and second hyperpolariéibs of the title compound are
respectively, 5.4051x18, 1.328x1G° and -603.64x8’ esu. The reported value of a
similar derivative is 1.37xI¥ esu [69] and in the present case the first
hyperpolarizability of the title compound is 10.2Pnes that of the standard NLO
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material urea [70]. The hyperpolarizability valwas give information about the physical
properties of materials to gain knowledge abouttkti& harmonic signals in molecular
systems [71-73]. From the values of hyperpolari#éds of the title compound, we can
conclude that the title compound and its derivatiaee good objects for further research
in nonlinear optical analysis.
4.8 Natural Bond Orbital Analysis

NBO 3.1 program [74] as implemented in the Gau§8grackage is used for the
NBO calculations of the title compound in order understand various second-order
interactions and the important interactions aresgivn tables S3 and S4 (supporting
materials). The strong inter molecular hyper-coajivg interactions are: £Nss from
O34 Of Mp(O3z4) - (C24-N3s) with electron density, 0.30911e and stabilizatemergy
34.08 kJ/mol; G4-Os34 from Nss of m(Nss) - 0*(C24-O34) with electron density 0.06285e
and stabilization energy 14.40 kJ/moks@®s9 from Nsg Of mi(Nze) — T(C35-O39) with
electron density 0.28747e and stabilization end8)y84 kJ/mol; Ne-Czg from Ozg Of
Ny(Osg) - 0* (N35-Cgg) With electron density 0.0768e and stabilizatiamergy 26.20
kJ/mol. The different bonding in the molecular systare: a(Oz4) and n (Ozg) with
higher orbital energies, -0.3291 and -0.23508acajpsiderable p-characters, 100 and
99.97%, low occupation number 1.973332 and 1.858@7ile the orbital, (O34 and
n1(Osg) occupy lower energies, -0.58285 and -0.66097ath prcharacters, 62.30 and
42.05% and high occupation numbers, 1.96958 ant142Thus, a very close to pure p-
type lone pair orbital participates in the electdmmation to thet(C,4-N3s) orbital for iy
(Os4) - T(C24-N3s), 0* (C24-O34) orbital for n (Nas) — 0* (C24-Oz4), T0(C35-Ozg)orbital
for m (Nse) — T(C35-O39) and*(N36-Cgg) orbital for i (Ozg) — 0* (N3e-Cag)interaction
in the compound.
4.9 Reactive and degradation properties based on autoxidation and hydrolysis

Molecular modeling provides important results treanko which forced
degradation experiments can be significantly rali@ed and optimized [75]. Namely,
there is clear correlation between the mechanisautixidation and BDE for hydrogen
abstraction. Concretely, if the BDE for hydrogemstadiction is in the proper interval then
particular molecule location can be considered assiple starting point for the

mechanism of autoxidation. Concerning the propwrual of BDE values it is important
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to know that all peroxy radicals have similar BD&8ues (87-92 kcal/mol) which can be
considered as independent of the chemical surragndié, 77]. This implies that if the

BDE for hydrogen abstraction at some location ighis interval it can be considered that
autoxidation mechanism is possible. However, thdysof Wright et al. [78] have shown

that autoxidation mechanism is the most probablenolecule where BDE for hydrogen

atom is in the interval between 75 and 85 kcal/nB#side calculations of BDE for

hydrogen abstraction it is also useful to calcuBRE values for the remaining single
acyclic bonds since these indicate the weakest foadd thus the locations where
degradation could start. BDE values for all siratgclic bonds are presented in Fig.4.

Results presented in Fig.4 indicate that it islikely for MPATB molecule to be
prone to autoxidation mechanism since all calcdlaBDE values for hydrogen
abstraction are higher than 92 kcal/mol, althougtre are two bonds (denoted with 10
and 11) with BDE values close to 92 kca/mol. Thistifer indicates that MPATB
molecule is stable in the open air and in the pres@f oxygen. Of the remaining single
acyclic bonds there are two with the lowest BDEuieal around 70 kcal/mol each. Those
bonds are denoted with numbers 14 and 17 and tbald de the locations where
degradation could start.

In order to investigate which atoms of MPATB molecihave pronounced
interactions with water molecules, we have caledaRDF as obtained after MD
simulations. RDF, g(r), gives the probability ofiding a particle in the distancefrom
another particle [79]. In Fig.5 RDFs of atoms wdignificant interactions with water
molecules have been presented. According to tleuleaéd RDFs there are five carbon
atoms and four non-carbon atoms with significareriactions with water molecules.
Carbon atoms with significant interactions with gramolecules are C1, C5, C11, C47
and C53. Of these five, three of them, C1, C5 alm® Gave lower peak distances
(between 3.5 A and 4 A), than atoms C11 and C4it fthve peak distances between 4.5
A and 5.0 A). On the other side two carbon atorth wie highest g(r) values are carbon
atoms Cl1l1 and C53. The fact that carbon atoms Gwr G653 have pronounced
interactions with water molecules is very importdricause the BDE value for the
abstraction of nearby hydrogen atom is close t&kd&#/mol. This further indicates that

autoxidation mechanism for MPATB molecule is hardé expected since oxidation and
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hydrolysis could compete at the mentioned molelmdation. Concerning the non-carbon
atoms the most important RDF is calculated for bgdn atom H37, for which the
highest g(r) value is somewhat higher than 0.9levtlie peak distance is located at
below 2 A. Other atoms with significant interacsowith water include hydrogen atom
H7, nitrogen atom N35 and oxygen atom O39. OxygemaD39 has the highest g(r)
value of almost 1.0, while its peak distance isated at around 2.7 A. The importance of
nitrogen atom N35 lies in the fact that this at@naliso recognized as important reactive
center according to the ALIE results.
4.10 Molecular docking studies

Based on the structure of a compound, PASS (Prediof Activity Spectra) [80]
is an online tool which predicts different typesadftivities. PASS analysis of the title
compound predicts activities given in the Table (S&pporting material), thymidylate
synthase activity with probability to be active YRalue of 0.754. Thymidylate synthase
(TS) is a key enzyme in the synthesis of 2'-deouyidine-5-monophosphate, an
essential precursor for DNA biosynthesis. For te@son, this enzyme is a critical target
in cancer chemotherapy [81, 82]. Benzoxazole deves are used as antitumor activities
against human breast cancer cell lines [83, 84jsMe choose thymidylate synthase and
used as target for docking study. High resolutiystal structure of thymidylate synthase
was downloaded from the RSCB protein data bank ieelgth PDB ID: 3TMS. All
molecular docking calculations were performed omcADock-Vina software [85] and as
in literature [41, 42]. With the help of Discove®yudio Visualizer 4.0 software the active
site which binds well are analysed [86] and the ku@an-covalent interactions are given
in Fig. 6. Amino acid Trp101 forms twsigma, 1t T-shapedjralkyl interaction with
CHs group, phenyl rings respectively. Phel49 foms T-shaped and Tyr164 fornts
stacked interactions with phenyl ring. Serl131 shélasond with benzoxazole ring. The
docked ligand forms a stable complex with thymitylaynthase (Fig. S5-supporting
material) and got a binding affinity value of -8cakkmol (Table 3). These studies show
that the title compound can be used for developag anti-cancerous drug.
5. Conclusion
5-[(4-methylphenyl)acetamido]-2-(4-tertbutylphemghzoxazole was synthesized and
characterised by experimental and theoretical nasthdhe structure, vibrational wave
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numbers, NMR, frontier molecular orbital, MEP, NL&d NBO analysis of the title

compound is carried out by DFT level using the BBL&-311++G(d,p) basis set. The

calculated geometrical parameters were found tanbgood agreement with that of
similar derivatives. The stability and intermolesuinteraction have been interpreted by

NBO analysis. ALIE surface recognized benzene riagsl nitrogen atom N35 as

important reactive centres possibly prone to ebpttilic attacks. Fukui functions also

indicated the importance of benzene rings fromasect of reactivity. BDE values for
hydrogen abstraction indicate that MPATB molecsldighly stable in the open air and
in the presence of oxygen. RDF indicate that fiaebon atoms and four non-carbon
atoms have significant interactions with water mole, among which the most
important is the hydrogen atom H37. The title coombbinds at the active site of the
substrate by weak non-covalent interactions andathao acid Trp101 forms two-

sigma, et T-shaped,mralkyl interaction with CH group, phenyl rings respectively;

Phel49 formgemt T-shaped and Tyrl64 forntsstacked interactions with phenyl ring.

Ser131 shows H-bond with benzoxazole ring.
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Figure captions

Fig.1 Optimized geometry of 5-[(4-methylphenyl)aratdo]-2-(4-tert-butylphenyl)
benzoxazole

Fig.2 ALIE surface of 5-[(4-methylphenyl)acetamid|4-tert-butylphenyl)
benzoxazole molecule

Fig.3 Fukui functions &)™ and b)f ~ of 5-[(4-methylphenyl)acetamido]-2-(4-tert-
butylphenyl) benzoxazole molecule

Fig.4 BDEs of all single acyclic bonds of 5-[(4-ingphenyl)acetamido]-2-(4-tert-
butylphenyl) benzoxazole molecule

Fig.5 RDFs of atoms of 5-[(4-methylphenyl)acetanpdq4-tert-butylphenyl)
benzoxazole with pronounced interactions with watgrcarbon atoms and b) non-carbon
atoms

Fig.6 Amino acids of thymidylate synthase recejpttaraction with the docked ligand

and receptor surface as background
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Tablel
Antimicrobial and antitubercular activity (MIC pg/ml) of synthesized compound 6 and the standard drugs.

Microorganisms®
Compound E.c. E.c* K.p. K.p* Sa S.a E.f. E.f* Ca C.k. M.t. M.t.*

- 32 64 32 128 128 128 64 128 64 64 8 8
Vancomycin nd® nd. n.d. n.d. 1 1 1 32 n.d. n.d. n.d. n.d.
Gentamycin 1 1024 05 256 0.125 32 4 32 n.d. n.d. n.d. n.d.
sulfate

Meropenem 0.0625 <0.06250.03 <0.06250.125 - 2 0.5 n.d. n.d. n.d. n.d.
Ofloxacin <0.0625 64 0125 05 0125 025 1 4 n.d. n.d. n.d. n.d.
Amipicillin 2 >2048 2 >2048 0.5 >2048 1 0.5 n.d. n.d. n.d. n.d.
AmphotericinB  n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 025 2 n.d. n.d.
Fluconzaloe n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1 64 n.d. n.d.
Isoniazid n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. <0.25 <0.25
Ethambutol n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2 2

®E.c., Escherichia coli ATCC 25922; E.c.*,Escherichia coli isolate (ESBL); K.p., Klebsidla pneumoniae RSKK 574; K.p.*, Klebsiella pneumoniae isolate
(ESBL); S.a.,Saphylococcus aureus ATCC 29213; S.a*, Staphylococcus aureus isolate (MRSA); E.f., Enterococcus faecalis ATCC 29212; E.f.*: Enterococcus
faecalisisolate (VRE); C.a.,Candida albicans ATCC 10231;C.k., Candida krusei ATCC 6258; M.t., Mycobacterium tuberculosis H37RV ATCC 27294; M.t.*,
Mycobacterium tuberculosis isol ate.

®n.d., not determined (microbiological assays were not performed due to following reasons: antibacterial drugs were not assayed against fungi and M.
tuberculosis; antifungal drugs were not assayed against bacteria and M. tubercul osis; antitubercular drugs were not assayed against bacteria and fungi; Gram-

negative bacteria employed in the study are naturally resistant to vancomycin).



Table2
Calculated scaled wave numbers, observed IR, Raman bands and assignments

B3lYP/6-311++G(d,p) IR Raman Assignments®
v(cm™) IRI RA v(em™)v(em™) -

3453 108.48 440.07 3440 3449 vNH(100)
3124 11.64 33.28 - 3121 vCHI1(99)
3083 7.36 130.46 - 3085 vCHIV (98)
3079 3.44 114.66 3078 - VCHI1(96)
3076 3.56 46.77 - - vCHIV(98)
3067 3.28 4263 - - VCHIV(99)
3052 14.93 78.39 3052 3053 vCHIV(98)
3049 0.63 276.62 - - vCHI(98)
3046 27.77 8.83 - - vCHI(99)
3041 8.31 94.94 - - VCHI1(96)
3031 0.22 110.21 - 3020 vCHI(99)
3031 19.29 3.54 - 3020 vCHI(98)
2984 14.84 58.54 - 2983 vCH3(100)
2979 43.18 68.68 - - vCH3(95)
2976 18.84 38.16 - - vCH3(92)
2973 110.63 373.72 - - vCH3(96)
2970 21.28 29.22 - - vCH3(86)
2968 3.27 65.74 - - vCH»(100)
2965 6.43 46.42 - - vCH3(95)
2964 341 16.43 - - vCH3(96)
2958 15.69 100.35 2960 2955 vCH3(99)
2933 11.70 224.30 - - vCH2(100)
2912 38.67 608.01 - 2914 vCH3(100)
2906 32.62 375.49 - - vCH3(99)
2904 26.96 27.42 2903 - vCH3(94)
2904 27.86 12.21 2903 - vCH3(100)

1674 334.39 64.43 1677 1670 vC=0(74)



1595 2.85 1704.08 - 1610 vPhlI(42), vPhi(19)

1589 1.69 91.89 - - vPhI(62), SCHI(21)

1586 14.82 2757.26 - 1580 vPhIV (44), vPhi1(12)

1580 65.94 136.66 1578 - vPhl1(49), vPhi(23)

1548 93.68 1291.13 1545 1551 vC=N(17), vPhIV (47)

1546 0.27 4.56 - - vPhI(70), vC=N(11)

1522 147.17 1936.56 1521 1519 vC=N(41), vPhIV (47)

1507 380.29 193.57 - 1498 SNH(50), vCN(15)

1485 25.12 6.15 - - SCHI(22), vPhl (46)

1475 78.87 199.25 1478 - SCHIV(26), vC=N(19),
vPhIV(27)

1463 4.99 0.57 - 1461 5CH3(86)

1450 8.14 10.13 - - 5CH3(91)

1449 369.22 52.20 - - vPhlI(47), SCHII(18),
WCN(15)

1446 8.58 10.04 - \ 5CH3(88)

1437 11.51 8.04 n - 5CH3(86)

1434 2.18 7.88 - - 5CH4(88)

1433 7.03 16.15 - 1433 5CH3(95)

1430 0.10 8.47 - - 5CH4(87)

1425 0.01 1.20 1427 - 5CH3(85)

1408 18.85 68.76 1410 - 5CH,(84)

1399 8.79 937.74 - 1397 vPhlI(43), 5CHI1(20),
vCN(11)

1385 1.14 0.57 - - vPhI (46), SCHI(20),
5CH3(10)

1384 21.76 310.36 - - vPhIV(49), SNH(17)

1376 4.28 4.25 - - 5CH3(95)

1361 0.86 24,06 1361 1359 5CH3(89)

1344 8.39 20.09 1342 1338 5CH3(89)

1344 8.37 0.02 1342 1338 d0CH3(95)



1320
1296
1293
1280
1277
1276
1263

1244

1236
1234
1189
1188
1176
1174
1174
1173
1162
1161

1159
1118
1103
1100
1094
1085
1027
1020
1006
1000

33.10
0.15
8.57
1.54
0.01
3.40
3.64

39.93

5.03
40.31
190.69
10.62
5.95
19.53
3.23
542
0.51
91.21

0.07
11.14
4.40
5.59
1.26
32.00
34.79
14.22
0.01
13.28

121.11
0.72
59.14
17.75
2.37
48.77
38.52

1886.24

283.76
32.57
177.90
2.74
8.53
8.92
12.36
78.98
19.51
530.43

215
43.38
25.67
3.85
0.22
124.94
46.95
0.76
1.36
19.13

1235
1192

1149
1135

1322

1276

1242

1156

1106

1088
1028

1002

vPhll(65), 6CHII(10)
dCHI(22), vPhi(50)
dCHIV (50), vPhlV (15)
vPhIV(61), sCHIV (13)
vPhi(80)

dCH3(65), vCC(12)
vCC(13), 6NH(42),
vPhIV(10), vPhll(14)
vCN(42), vPhll(10),
dPhII(11)

dCHII(53), vPhll(11)
vCC;3(47), 6CH3(20)
vCN(36), vCC(14), SNH(18)
vCC(35), 3CHI(49)
vCC;3(48), 6CH3(37)
vCO(39), 6CHIV(38)
dCH3(43), vCO(42)
vCC(30), vPhi(22)
dCHI(78)

vCO(18), 5CHIV(40),
dCHII(12)

dCHy(65), vPhi(16)
vCN(41), 6CHII1(19)
SCHII(57), vPhl1(12)
dCHIV(26), vPhil(44)
dCHI1(46), vPhi(30)
vPhIV(31), 6CH3(52)
vPhIV(24), vCC(35)
d0CH3(69), 6CHI(27)
dCH3(74)

0CH3(48), 6CHIV (40)



998
989
970
959
947
943

941
930
922
918
903
901
895
893
891
880
839
829
824

822
818
811
797

783

773

748

737

2.24
28.30
0.09
0.05
0.01
19.10

0.16
6.34
0.08
3.23
13.00
1.12
8.40
1.72
151
13.31
1.09
24.61
24.53

0.01
3.39
1.32
37.46

9.58

39.00

3.01

1.55

0.21
11.85
0.38
0.07
0.01
73.40

0.54
0.22
0.01
10.57
181.17
10.36
0.40
0.99
8.77
0.05
27.75
1.53
8.52

0.43
0.63
8.25
13.26

4.61

0.12

12.23

3.72

875
841

775
750

880
840

812

780

750

733

3PhI(53), vPhi(22)
5CH(59), yCHIV/(13)
5CH4(70), vPhi(16)
yCHIV(80)
yCHI(92)

vPhI1(28), 5CH2(29),
vCN(11)
yCHIV/(73), tPhIV (15)
yCHI(70), TPl (14)
SCHa(94)

vCC(23), $C=0(22)
5CHa(41), vCO(39)
vCC(26), 5CH4(45)
yCHI11(90)

SCHa(77)

vCC(50), yCHI1(35)
yCHII(79), tPhl1(14)
3CH(38), yCHI(12)
yCHIV(81)
SPhII(15), vPhi(42),
SPhl1I(10)
yCHI(100)
yCHIV(95)
vCCs(52), YCHIV(22)
yCHI(42), vCC(17),
Phi(12)

yCHI(28), vPhiV/(48)
yCHI1(85)

vCC(19), tPhl(23),
3CH2(26)

tPhIV/(48), yCC(34),



726

715
699
692

646

632
626
624

604
586

562

545
540

539
527
502

446
437
429
413

400

0.73

0.49
6.67
15.96

1.33

0.20
0.88
8.82

9.05
1.35

10.93

6.86
18.09

21.90
297
40.69

1.35
0.61
2.63
248

0.03

0.08

37.45
6.32
0.56

1.09

4.37
8.20
111

3.52
0.10

15.42

0.56
0.62

0.15
4.63
1.43

0.75
1.12
1.33
0.04

0.02

728

703

690

644

606

567

547

525

448

426

701

644

622

598

560

536

524

499

445

426

tPhil1(10)

TPhiI(53), TPhil1(24),
tPhIV/(10)
SPhIV(37), 6Phl11(28)
tPhl(62), yCC(18)
tPhI11(29), tPhIV (25),
Phl1(27)

3PhlII(22), TPhI(17),
yNH(45)

5PhI(77)

SPhIV/(77)

YCN(28), yC=0(24),
tPhll(21)

dPhI1(32), oPhll1(30)
YCN(25), YNH(13),
yC=0(21), tPhlI(17)
5CC5(20), 5PhI11(28),
5PhI(23)

8Phl(46), yCCs3(15)
vC=0(43), YNH(28),
dCH2(12)

tPhIV (34), yCC3(45)
5PhI1(26), 5CC3(34)
tPhI(19), yCC5(39),
5PhI1(10)

0CC3(62)

tPhi(44), yCC3(17)
tPhI1(36), TPhil1(28)
Phl1(40), TCN(10),
yCC5(11)

7PhI(83)



398
384

374
371

363

342
335

318
313
284
280

272
269
257
224
209

208
185

176

122

106
98

0.01
0.83

3.39
0.13

0.05

0.16
3.74

291
0.01
1.30
0.30

3.38
1.06
0.15
0.02
1.26

0.01
0.87

0.43

1.73

0.18
0.09

0101
2.32

1.31
0.93

0.18

0.65
4.76

0.81
0.04
0.78
0.35

3.24
0.17
1.03
1.26
0.59

0.72
0.98

1.26

1.04

2.35
041

396

375

187

170

124
104

PhlV(80)

dCN(22), 5Phll(22),
0CC4(35)

dCC5(38), 6CN(20)
dCC3(28), tPhllI(24),
tPhll(10)

dCC3(29), 6PhI(22),
TPhl1(26)

dCC3(43), TPhlI(10)
dPhI(18), yCC(14),
0CC3(12), tPhlI(15)
dCC4(61), 5CN(12)
TCH3(89)

dCC3(42), 5CN(21), 6CC(15)
tPhlV(128), tPhl1(29),
dCC4(33)

yCC(24), 6CC(13), tPhI(10)
dCH(80)

TCH3(84)

TCH3(59), tPhl1(124)
dCC(26), 6PhIV(22),
0CH(10)

tPhll(38), TCH3(27)
3CC(21), 6PhIV (34),
0CC3(14)

yCC(22), tPhll(12),
d0CC3(11), TPhIII(10),
TCH3(10)

tPhiI(37), 6CH2(10), 6CC(13)
dCN(33), 6CC(33), tPhi(12)
tPhIV(19), 1C=0(12),



61

56

53

46

45

31

25

22

11

0.09

0.85

0.33

0.48

3.46

1.97

0.35

0.61

0.11

0.08

0.01

1.05

0.67

1.09

1.15

1.74

3.00

3.80

3.71

2.64

tPhll1(19), yCC(17),
yYNH(10)

1CC3(25), tNH(27)
TCH3(26), 1CC;3(22), T1CC(14)
TCH3(49), 1CC5(16)
0CC(48), yCC(12), 6CHx(11)
TNH(24), tCH,(24),
1CC5(19)

1CC3(22), tCHy(11),
1CC(10), yCC(21)

yCC(23), 6CH2(22),
dCN(15), 6CC(15)

1CC3(20), 1CC(34),
1C=0(10)

1CC(26), 1C=0(10),
yCC(11), tCC5(10)
TCH3(25), tCC(25),
1C=0(17), tCH(10)

%-stretching; 6-in-plane deformation; y-out-of-plane deformation; t-torsion; Phl-Cy;-Cy3-Cy7-
Cu5-Cap-Cao; PhlI-Cog-Cy7-Cos-Co6-Cos-Cay; Phll1-N3s-Coa-Ogs-Cos-Cog; PhIV-Cq-Cy-Cs-Cy-Cs-Ce.



Table 3

The binding affinity values of different poses béttitle compound

predicted by AutodockVina.

Mode Affinity (kcal/mol)  Distance from best mod&)(
- RMSD |.b. RMSD u.b.

1 -8.5 0.000 0.000
2 -8.4 18.347 19.273
3 -8.2 6.757 13.844
4 -8.1 2.722 7.911
5 -8.1 2.179 3.491
6 -8.1 7.309 10.133
7 -7.9 16.684 17.634
8 -7.9 7.387 9.579
9 -7.8 17.063 20.172







198.57 ALIE [kcal/mol] 332.69

Fig.2 ALIE surface of 5-[(4 ylpheny




Fig3 Fukui functions a) f* and b) /- of 5-[(4-methylphenyl)acetamido]-
2-(4-tertbutylphenyl) benzoxazole molecule



ACCEPTED MANUSCRIPT

Bond BDE [kcal/mol]

1 118.94
2 115.63
3 107.62
4 119.23
5 121.88
6 119.70
7 105.84
8 116.95
9 116.96
10 92.68
11 93.96
12 88.91
13 125.71
14 70.52
15 93.50
Fig.4 BDEs of all single acyclic bonds of 5-[(4-methylphenyl)acetamido]-2-(4- 1 6 8 3 . 09
tertbutylphenyl) benzoxazole molecule l 7 7 0‘ l 8
18 95.33

19 102.92
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Fig.5 RDFs of atoms of 5-[(4-methylphenyl)acetamido]-2-(4-tertbutylphenyl) benzoxazole with
pronounced interactions with water: a) carbon atoms and b) non-carbon atoms



Fig.6 Amino acids of thymidylate synthase receptor interaction
with the docked ligand and receptor surface as background
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Scheme 1. Synthesis of compound 6



Highlights

*

*

*

IR and Raman spectra were measured
Exhibits significant antifungal activity
ALI, BDE, RDF have been discussed in detail

Docking suggests the title compound as an anti-cancerous drug.



