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Abstract

The optimized structure of title compound 3Hfimidazol-1-yl)-1-phenylpropan-1-ol
(3HIP) was predicted according to the density fiometl theory (DFT) using the B3LYP method
with 6-311G(d,p) basis set. Computed structuratipeters of 3HIP were compared with X-ray
diffraction data. Recorded and computed wavenumbene assigned according to the total
energy distribution (TED) using VEDA software. Thatural bond orbital (NBO) analysis was
used to characterize intramolecular rehybridizatio delocalization of the electron density
within the title molecule. Predictions of the NMBH(and **C) chemical shift assignments
obtained by applying the gauge including atomiatatf{GIAO) approach were consistent with
the corresponding experimental values. Ultravielsible spectra of the title compound were
simulated and validated experimentally. A molecuddectrostatic potential (MEP) diagram
visualized the electrophilic and nucleophilic sitek the 3HIP molecule. Hirshfeld surface
analysis assessed the potential interactions df asum inside the 3HIP molecule. Moreover,
molecular docking analysis simulated the poteriatling site pose of 3HIP within the active
site of its target protein. The resulting 3HIP—&rgrotein model can provide guidance for the
development of new potent antifungal treatments.
1. Introduction

A significant increase in the use of antifungalreigen recent years led to the emergence
of resistance to the currently available antifurdyailgs [1], which necessitates the search for new
antifungal agents that act on novel targets ane ladwoad spectrum, high potency, and few side
effects. Computational chemistry has become a sdurccritical tools that are used not only in
organic chemistry but also in other areas of chahriesearch, as well as in biology or material
science. It improves our understanding of the maé&c structure of bioactive organic
compounds and provides predictions for their padémeaction mechanisms, as well as their
geometrical and electronic properties. Moreovemloiming computational and experimental
chemistry has already solved an array of orgarmblpms. In addition, the development of the
density functional theory (DFT) has contributed nfigantly to the advances in organic
synthesis and has been extensively utilized for prding the geometrical and electronic
properties of bioactive organic compounds [2-4].

The azole moiety (imidazole or triazole) is the mhacophore fragment in azole-
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demethylase, which subsequently suppresses startiiesis in fungi [5]. A literature survey
indicated that available azole antifungal candidaimpounds often have an aromatic moiety
linked to the azole nitrogen via an ethyl group {@hereas a limited number have a propyl group
instead of the ethyl group. Hence, we were inteckst synthesizing the title compound using a
propyl group to link the imidazole and phenyl mmsf which created a precursor for the
synthesis of new imidazole-containing antifungadrag.

Considering the potential pharmaceutical propertésthe title compound, 3-H-
imidazol-1-yl)-1-phenylpropan-1-ol (3HIP), we pemieed vibrational analyses using DFT
computations that have not been reported previo@ggctroscopic (FT-IR, FT-Raman, U
and **C NMR) analyses were recorded and compared withilaied results. In addition, we
examined intermolecular and intramolecular inteoast, molecular geometry, and orbital energy
levels of the 3HIP molecule. A natural bond orbifdBO) analysis explored potential hyper-
conjugation or intermolecular delocalization of titke molecule. Studies on molecular orbitals,
i.e., HOMO and LUMO, were performed to characteppéential intermolecular interactions of
the 3HIP molecule. Furthermore, the Hirshfeld asiglgenerated a graphical image for in-depth
exploration of the intermolecular interactions ok ttitte molecule, while reduced density
gradient (RDG) analysis and color-filled electroendity diagrams assessed its non-covalent
interactions. We also used a molecular docking toopredict the binding pose of the title
compound in the target protein.

2. Experimental details
2.1. Synthesis

A reaction mixture containing dimethylamine hydroclde (2.2 g, 27 mmol),
paraformaldehyde (0.81 g, 9 mmol), acetophenored220 mmol), and a catalytic amount of
concentrated hydrochloric acid (0.1 mL) in absolateanol was stirred under reflux for two
hours. Acetone (30 mL) was added to the cooledtimracnixture to precipitate the Mannich
base hydrochloridd as a white powder, which was filtered off, washath cold acetone (10
mL), and dried. Compountl (2.1 g, 10 mmol) was dissolved in water and imadaZ1.4 g, 20
mmol) was added under stirring; the resulting sotutvas heated under reflux for five hours.
The reaction mixture was cooled, and the precgutaolid was recovered by filtration to obtain
compound2. Subsequently, sodium borohydride (1.14 g, 30 mmas added in aliquots to

compound (2.0 g, 10 mmol) dissolved in methanol (100 mLheTreaction mixture was stirred



at room temperature (RT) for 18 hours and conctdrander vacuum before adding water (50
mL) to the residue. The aqueous solution was eeawith ethyl acetate (3 x 50 mL), and the
organic phases were collected, dried fMa,), and evaporated under reduced pressure,
generating the title compound 3HIP at an almoshtiiaive yield as a white powder, m.p. 107—
109 °C [7, 8].
2.2. Spectral characterization

The FT-IR spectrum of 3HIP was recorded with th886V spectrophotometer in the
range of 4000-400 chusing the KBr pellet technique. The Nerus 670 sppbotometer
(Thermo Electron Corporation, Waltham, MA) was useaneasure the FT-Raman spectrum of
the title compound with the Nd-YAG laser as exditatsource in the range of 3500-50 trithe
NMR (**C and'H) spectra of the 3HIP molecule were measured irClgising the Bruker
NMR spectrometer (Bruker, Billerica, MA) at 500 MHar *H and 125.76 MHz fofC at the
Research Center, College of Pharmacy, King Saudiddsity, Saudi Arabia. The ultraviolet
absorption spectrum of the 3HIP molecule was measur chloroform in the range of 200-600
nm using the UV-1650 PC spectrophotometer (Shima#zwto, Japan). Single crystal data
collection of the 3HIP molecule was carried outl@0 K on an APEX-Il D8 Venture area
diffractometer (Bruker) equipped with a graphitenachromatic Mo K radiation source) =
0.71073 A. Data reduction and cell refinement werecuted using the SAINT software
(Bruker). The 3HIP structure was solved with the @fithe SHELXT program [9].
2.3. Computational data processing

The optimized geometry of the 3HIP molecule andvitgational wavenumbers were
calculated using the Gaussian 09W program packattpete 6-311G(d,p) basis set [10]. Total
energy distribution (TED) calculations with the VB[ program [11] were used for vibrational
assignments of the normal modes for the title camgo The calculated vibrational
wavenumbers were scaled down by the scale fac8f70[12] to offset the systematic error
caused by negating electron density and anharntgnwehich allowed the comparison between
the calculated data and the experimental resulie. NBO calculations were carried out using
the NBO 3.1 program [13] as implemented in the Gams09W [10] package at the B3LYP/6-
311G(d,p) level of the basis set. The UV-Vis speutr vertical excitation, electron transition
energies, and oscillator strength were computedappglying the time-dependent density

functional theory (TD-DFT) method, and the elecicoproperties were specified by the TD-



DFT approach [14]. The reduced density gradienBGRand the electrostatic potential (EPS)
were plotted using the Multiwfn software [15] ame VMD 1.9.1 program [16], respectively.

3. Results and discussion
3.1. Synthesis

The synthesis of title compound 3HIP was initiatesing commercially available
acetophenone as a substrate in the Mannich reaasighustrated in Scheme 1. The Mannich
base hydrochloridé was converted to imidazole derivati2ewhich was subsequently reduced

by sodium borohydride to generate 3HIP.
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CH; N(CHs), .HCI N/\\N
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Reagents and conditions) HN(CHs)2.HCI, (CHO),, conc. HCI, ethanol, reflux, 2 h; ii)
imidazole, water, reflux, 5 h; iii) NaBKimethanol, RT, 18 h.

Scheme 1 Synthesis of title compound 3HIP.

3.2. Optimized structure

The 3HIP molecule crystallizes as P21/c space gwatlpthe following cell constants: a
=9.0352(5)A, b = 11.8521(7A, ¢ = 10.3462(6}X, a = 90.00°, b = 109.6880(10)°, ¢ = 90.00°, V
= 1043.17(10)&3, and Z = 4 as reported previously [9]. The optediznolecular structure is
shown in Fig. 1. The 3HIP molecule was optimizeshgishe B3LYP/6-311G(d,p) method; the
optimized parameters (bond lengths, bond anglesddredral angles) are summarized in Table

1. The presence of an O-H group in a small moleaffects its structural and vibrational



properties. The 3HIP molecule contains two rings,, ithe phenyl and imidazole rings, and
possesses a total of four C-N bonds, thirteen iktlb, and one O-H bond.

The propane chain substitution linking the phenytl amidazole rings distorted the
phenyl ring as indicated by the bond angle C1-C6=C518.937°, which deviated from the
normal value of 120°. However, the bond angle C22-824 = 106.253° in the imidazole ring
indicated that it was not much affected by the prepchain. In the phenyl ring, the C-C bond
lengths were C1-C2 = 1.393 A, C1-C6 = 1.398, C2=CB394 A, C3-C4 = 1.393 A, C4-C5 =
1.393 A, and C5-C6 = 1.397 A according to the B3I6¢/B11G(d,p) method, and the
corresponding X-ray diffraction (XRD) values wer841, 1.399, 1.398, 1.388, 1.394, and 1.393
A, respectively.

The C-O (C12-0O14) bond length of 1.4&1was in a good agreement with the standard
literature value of 1.406 [17]. The bond lengths of C6-C12 = 1.519 A, C156G11.532 A,
C16-C19 = 1.534 A, and C19-N22 =1.459 A indicateldrge repulsion in the propane chain,
which might lead to a push-pull electron effecthirs title compound region.

As reported previously, deviations in the arom&iti bond lengths upon substitution
may be caused by changes in the charge distribatiothe carbon atoms of the benzene ring
[18]. In addition, the substitution of hydrogenmatcan increase the electron density of aromatic
ring carbons, which decreases the C-H force cotsstail occur and increases the bond lengths.
The title compound C-H bond length was 1.084or C1-H7, C2-H8, C3-H9, and C4-H10 and
1.086A for C5-H11 according to the B3LYP/6-311G(d,p) neethThese values differed slightly
from the XRD values, which might be related to tbe scattering factor of hydrogen atoms
involved in the X-ray diffraction experiment [18].

Table 1: Molecular geometry [bond length (A), bondangle ¢) and dihedral angle ¢)]
of 3HIP by B3LYP/6-311G(d,p).

Parameter | Calculated | XRD’
Bond length(A)
Cil-C2 1.393 1.391
C1-C6 1.398 1.399
C1-H7 1.084 0.950
C2-C3 1.394 1.398
C2-H8 1.084 0.950
C3-C4 1.393 1.388




C3-H9 1.084 0.950
C4-C5 1.393 1.394
C4-H10 1.084 0.950
C5-C6 1.397 1.393
C5-H11 1.086 0.950
C6-C12 1.519 1.518
C12-H13 1.101 1.001
C12-014 1431 1.417
C12-C16 1.532 1.527
0O14-H15 0.963 0.964
C16-H17 1.094 0.990
C16-H18 1.094 0.990
C16-C19 1.534 1.526
C19-H20 1.090 0.990
C19-H21 1.094 0.990
C19-N22 1.459 1.464
N22-C23 1.380 1.377
N22-C24 1.36i 1.357
C2:-C2t 1.37] 1.367
C2:-H26 1.07¢ 0.95(
C24H27 1.08( 0.95¢
C24-N29 1.31¢ 1.32:
C2E5-H28 1.07¢ 0.95(
C2E-N29 1.37¢ 1.38(
Bond angle (°)
C2-C1-C6 120.462 120.42
C2-C1-H7 120.421 119.80
C6-C1-H7 119.114 119.79
C1-C2-C3 120.225 120.16
C1-C2-H8 119.764 119.91
C3-C2-H8 120.011 119.93
C2-C3-C4 119.670 119.55
C2-C3-H9 120.189 120.19
C4-C3-H9 120.141 120.26
C3-C4-C5 120.036 120.22
C3-C4-H10 120.107 119.90
C5-C4-H10 119.856 119.88
C4-C5-C6 120.668 120.59
C4-C5-H11 119.713 119.71
C6-C5-H11 119.619 119.70
C1-C6-C5 118.937 119.04




C1-C6-C12 120.534 120.64
C5-C6-C12 120.516 120.32
C6-C12-H13 108.187 108.70
C6-C12-014 112.295 112.56
C6-C12-C16 112.059 110.39
H13-C12-014 109.577 108.68
H13-C12-C16 108.462 108.71
014-C12-C16 106.185 107.72
C12-014-H15 108.039 107.68
C12-C16-H17 109.148 108.83
C12-C16-H18 108.581 108.76
C12-C16-C19 112.277 113.82
H17-C16-H18 107.181 107.70
H17-C16-C19 109.833 108.75
H18-C16-C19 109.679 108.81
C16-C19-H20 109.859 109.04
C16-C19-H21 110.290 109.02
C16-C19-N22 112.832 112.79
H20-C19-H21 107.287 107.78
H20-C19-N22 108.849 109.03
H21-C19-N22 107.544 109.06
C19-N22-C23 126.728 126.59
C19-N22-C24 126.941 126.45
C23-N22-C24 106.253 106.94
N22-C23-C25 105.699 105.80
N22-C23-H26 121.778 127.14
C25-C23-H26 132.521 127.06
N22-C24-H27 121.743 123.99
N22-C24-N29 112.427 111.96
H27-C24-N29 125.826 124.06
C23-C25-H28 127.979 124.89
C23-C25-N29 110.569 110.28
H28-C25-N29 121.450 124.83
C24-N29-C25 105.052 105.02
Dihedral angle (°)

C6-C1-C2-C3 -0.136 -1.16
C6-C1-C2-H8 179.913 178.81
H7-C1-C2-C3 -179.485 178.86
H7-C1-C2-H8 0.564 -1.17




C2-C1-C6-C5 -0.218 1.20
C2-C1-C6-C12 178.520 -178.30
H7-C1-C6-C5 179.139 -178.82
H7-C1-C6-C12 -2.124 1.68
C1-C2-C3-C4 0.277 -0.15
C1-C2-C3-H9 179.986 179.89
H8-C2-C3-C4 -179.772 179.88
H8-C2-C3-H9 -0.063 -0.08
C2-C3-C4-C5 -0.061 1.41
C2-C3-C4-H10 179.511 -178.56
H9-C3-C4-C5 -179.770 -178.63
H9-C3-C4-H10 -0.198 1.41
C3-C4-C5-C6 -0.299 -1.37
C3-C4-C5-H11 179.396 178.59
H10-C4-C5-C6 -179.871 178.60
H10-C4-C5-H11 -0.177 -1.44
C4-C5-C6-C1 0.436 0.06
C4-C5-C6-C12 -178.302 179.56
H11-C5-C6-C1 -179.259 -179.91
H11-C5-C6-C12 2.003 -0.40
C1-C6-C12-H13 155.861 170.33
C1-C6-C12-014 34.805 49.88
C1-C6-C12-Cl16 -84.616 -70.52
C5-C6-C12-H13 -25.421 -9.17
C5-C6-C12-014 -146.478 -129.62
C5-C6-C12-C16 94.102 109.99
C6-C12-014-H15 55.923 39.65
H13-C12-014-H15 -64.332 -80.81
C16-C12-014-H15 178.720 161.57
C6-C12-C16-H17 -55.779 -62.48
C6-C12-C16-H18 60.747 54.59
C6-C12-C16-C19 -177.810 176.07
H13-C12-C16-H17 63.583 56.67
H13-C12-C16-H18| -179.891 173.74
H13-C12-C16-C19 -58.448 -64.78
014-C12-C16-H17| -178.725 174.27
014-C12-C16-H18 -62.199 -68.67
014-C12-C16-C19 59.245 52.81
C12-C16-C19-H20 -57.362 -62.23




C12-C16-C19-H21 60.697 -179.664
C12-C16-C19-N22| -179.014 59.04
H17-C16-C19-H20| -179.002 176.28
H17-C16-C19-H21 -60.943 58.84
H17-C16-C19-N22 59.346 -62.45
H18-C16-C19-H20 63.451 -58.21
H18-C16-C19-H21| -178.491 59.22
H18-C16-C19-N22 -58.202 -179.51
C16-C19-N22-C23 80.793 71.41
C16-C19-N22-C24 -95.531 -107.01
H20-C19-N22-C23 -41.429 -49.86
H20-C19-N22-C24 142.247 131.71
H21-C19-N22-C23| -157.356 167.31
H21-C19-N22-C24 26.320 14.27

C19-N22-C23-C25| -177.220 -179.01
C19-N22-C23-H26 3.278 1.00

C24-N22-C23-C25 -0.280 -0.34

C24-N22-C23-H26| -179.782 179.68
C19-N22-C24-H27 -3.360 -1.02

C19-N22-C24-N29 177.302 178.99
C23-N22-C24-H27 179.709 -179.69
C23-N22-C24-N29 0.370 0.31

N22-C23-C25-H28| -179.377 -179.71
N22-C23-C25-N29 0.115 0.26

H26-C23-C25-H28 0.049 0.28

H26-C23-C25-N29 179.540 -179.76
N22-C24-N29-C25 -0.294 -0.15

H27-C24-N29-C25| -179.600 179.85
C23-C25-N29-C24 0.104 -0.07

H28-C25-N29-C24 179.634 179.89

®Taken from reference [16].
3.3. Hirshfeld surface analysis

Intermolecular interactions of 3HIP molecules weraracterized using the Hirshfeld
surface analysis, which simulates the surface charaf the molecule [19, 20]. The Hirshfeld
surfaces are associated with the 2D fingerprint atoa quantitative measure of intermolecular
interactions on the molecule surface [21, 22]. €nare two critical distances in the Hirshfeld

surfaces, de as the distance from the nearestusuelgerior to the surface, and di as the distance
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from the nearest nucleus interior to the surfade Mormalized contact distance4#) is based
on de and di as written below:
_(di=ri"™) L (de- re"™

norm — - vdW vdw

r re (1)

d

where 1™ and ré&®" represent the van der Waals radii of the atomgjahlee diorm Values are
indicated in red, denoting a shorter distance tthensum of the van der Waals radii. White
marks intermolecular distances close to the vanWaals radii and a.gmn value of zero.
Positive dorm Values are marked in blue, indicating a longetadise than the sum of the van der
Waals radii. The Hirshfeld surface was generateith Wirystal Explorer 3.0 [23] as shown in
Figs. 2 and 3. The surface mapg.6(A), shape index (B), curvedness (C), di, and d& ar
presented in the range of -0.593-1.%591.000—1.000%, -4.000-0.40Q%, 0.741-2.375, and
0.740-2.4524, respectively. Deep red (circular depression) len Hirshfeld surface indicates
the presence of O...H hydrogen bond contacts; spatiifi the concave regions around the
acceptor hydrogens are labeled in red, and theecoregions around the oxygen are marked in
blue. Thex.....t interactions are absent in the 3HIP crystal apeued by the shape index,
which does not have adjacent red and blue triapgteerns [24]. In the 2D fingerprint, the C-H,
C-0O, N-H, and H-O interactions are indicated bykspiat the bottom, and the H-C, O-C, N-H,
and O-H interactions are represented as spikeseiriop left region. Two sharp peaks close to
the lower left of the plot represent H...H hydrogemtling. The short distance minimum value
(di + de) = 1.0A indicates the importance of hydrogen bond intewast The proportions of
H...H, C...H, and N...H are 59.5%, 23.7%, and 12.0%the 2D fingerprint plot. The
characteristic wing of (di + de) ~ LéQcorresponds to C...H/H...C bonds as shown in Fig. 2.
3.4. Mulliken charge analysis

Mulliken charge analysis predicts the charactesstof molecules based on atomic
charges that affect their molecular propertieduisiag dipole moment, electronic structure, and
molecular polarizability. The Mulliken charges biet3HIP molecule were computed using the
B3LYP/6-311G(d,p) method as shown in Fig. 4. Allepll ring carbon atoms have negative
charges (C1 = -0.052 e, C2 =-0.090 e, C3 = -0)824 = -0.090 e, C5 = -0.065 e and C6 = -
0.157 e). The atom C6 has the strongest negatiagehwhich could be attributed to its direct
bond to the propane group. The atom H15 has theebigoositive charge among all hydrogen

11



atoms because of its bond to the electronegatiygeoxatom. The atom O14 shows the strongest
negative charge (-0.408 e) due to its high inheedmttronegativity. In the imidazole ring, the
atom C24 has the highest positive charge (0.15&eepuse of its covalent bonds to the
electronegative atoms N22 and N29. All hydrogematare inherently positive as shown in Fig.
4.
3.5. Natural bond orbital (NBO) analysis

NBO analysis assesses intramolecular and intermialebonding and the interactions
among bonds. It is also a tool for investigatingirge transfer or conjugative interactions in
molecular systems. The larger tB& value, the stronger is the interaction betweentelac
donors and acceptors, i.e., the higher the donaéndency from electron donors to electron
acceptors, the stronger the covalent bonds of thelevsystem. Delocalization of electron
density between occupied Lewis-type (bond or loaé&)pNBOs and formally unoccupied
(antibond or Rydgberg) non-Lewis NBOs stabilizesaaleacceptor interactions [25]. The NBO
analysis of the title molecule at the DFT/B3LYP/BL3G (d,p) level assessed the molecule’s
intramolecular rehybridization and electron dengiglocalization within the molecule. The
second order Fock matrix was performed to evaltlag¢edonor—acceptor interactions of the
NBOs. These interactions can cause a loss of oocypeonverting the localized NBO of an
idealized Lewis structure of a molecule into an gmmn-Lewis orbital. For each donor (i) and
acceptor (j), the stabilization energ{PFBssociated with delocalizatior»j is estimated as:

E, =AE; =q Fg?—-{s)lz @
where ¢is the donor orbital occupancy,ande; are diagonal elements, and F (i, j ) is the off-
diagonal NBO Fock matrix element. Intramoleculapérgonjugative interactions occur during
overlaps between bonding and antibonding orbitas, (C-C), (C-N), (C-H), (C-0O), and (O-H),
which results in an intramolecular charge trangf€T) that stabilizes the molecular system.
These interactions are indicated by an increasdectron density (ED) in the bonding orbitals
(C-C) and (C-N) and the antibonding orbital (C-@gtt weakens the respective bonds. The
electron density[(1.9 e) of the conjugated bonds in the 3HIP mole®ikn indicator of strong

delocalization.
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The strong intramolecular hyperconjugative intacact between the andz electrons of
C-C bonding and antibonding orbitals of the aromatng in the 3HIP molecule partially
stabilizes the ring structure as shown in Table Far example, the intramolecular
hyperconjugative interactions ef{C1-C2) distributed tas*((C1-C6), (C2-C3), (C3-H9), and
(C6-C12)) were stable at 3.96, 3.07, 2.38, and BJ&nol, respectively. This stability promoted
further conjugation with the antibonding orbitgC1-C2), which caused strong delocalization of
7 ((C3-C4) and (C5-C6)) at 20.31 and 21.71 KJ/mapeetively, as shown in Table 2. The
same type of interaction was observed for the Ch@ that distributed energy 48((C2-C3),
(C2-H8), (C4- C5) and (C5-H11)) with stabilizatienergy values of 3.00, 2.45, 3.12 and 2.53
KJ/mol, respectively, as shown in Table 2. Thisnstated conjugation with antibonding orbital
1(C3-C4), leading to strong delocalization #o((C1-C2) and (C5-C6)) with a stabilization
energy of 20.67 and 20.33 KJ/mol, respectivelyp@sented in Table 2. Similar behavior was
computed for the C5-C6 and C23-C25 bonds. Moredtiercharges transferred from lone pairs
LP(2)014, LP(1)N22, and LP(1)N29 had stabilizatemergy values of 5.44, 6.98, 5.83, 2.46,
31.27, 46.55, 8.32, 5.51, 2.23, and 2.19 KJ/mol(@8-C12), (C12-H13), (C16-C19), (C19-
H20), (C23-C25), (C24-N29), (N22-C24), (C23-C2%)24-H27), and (C25-H28), respectively.
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Table 2: Second order perturbation theory analysis of Foakisnon NBO of 3HIP using the B3LYP/6-311G(d,p) thed

Donor (i) Type ED/e Acceptor (j) Type ED/e E(2) (KjMol) E()-E() (a.u) F(i,)) (a.u)
C1-C2 c 1.97708 C1-C6 o* 0.02635 3.96 1.27 0.063
C1-C2 c 1.97708 C2-C3 o* 0.01708 3.07 1.27 0.056
C1-C2 c 1.97708 C3-H9 o* 0.01462 2.38 1.14 0.047
C1-C2 c 1.97708 C6-C12 o* 0.03918 3.79 1.10 0.058
C1-C2 T 1.66191 C3-C4 T 0.33025 20.31 0.28 0.068
C1-C2 T 1.66191 C5-C6 T 0.35496 21.71 0.28 0.070
C1-C6 c 1.97172 C1-C2 o* 0.01639 3.50 1.27 0.060
C1-C6 c 1.97172 C2-H8 o* 0.01466 2.20 1.14 0.045
C1-C6 c 1.97172 C5-C6 o* 0.02438 4.22 1.27 0.065
C1-C6 c 1.97172 C5-H11 o* 0.01595 2.54 1.13 0.048
C1-C6 c 1.97172 C6-C12 o* 0.03918 2.23 1.10 0.044
C1-H7 c 1.97851 C2-C3 o* 0.01708 3.75 1.09 0.057
C1-H7 c 1.97851 C5-C6 o* 0.02438 4.76 1.09 0.064
C2-C3 c 1.97914 C1-C2 o* 0.01639 3.13 1.28 0.056
C2-C3 c 1.97914 C1-H7 o* 0.01596 2.48 1.15 0.048
C2-C3 c 1.97914 C3-C4 o* 0.01691 3.01 1.27 0.055
C2-C3 c 1.97914 C4-H10 o* 0.01446 2.47 1.14 0.047
C2-H8 c 1.97956 C1-C6 o* 0.02635 4.10 1.09 0.060
C2-H8 c 1.97956 C3-C4 o* 0.01691 3.81 1.09 0.058
C3-C4 c 1.97889 C2-C3 o* 0.01708 3.00 1.27 0.055
C3-C4 c 1.97889 C2-H8 o* 0.01466 2.45 1.14 0.047
C3-C4 c 1.97889 C4-C5 o* 0.01628 3.12 1.27 0.056
C3-C4 c 1.97889 C5-H11 o* 0.01595 2.53 1.13 0.048
C3-C4 T 1.66013 C1-C2 T 0.32468 20.67 0.28 0.069
C3-C4 T 1.66013 C5-C6 T 0.35496 20.33 0.28 0.068

=
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C3-H9 c 1.97954 C1-C2 c* 0.01639 3.86 1.10 0.058
C3-H9 c 1.97954 C4-C5 c* 0.01628 3.87 1.09 0.058
C4-C5 c 1.97716 C3-C4 c* 0.01691 3.04 1.27 0.063
C4-C5 c 1.97716 C3-H9 o* 0.01462 2.39 1.14 0.047
C4-C5 c 1.97716 C5-C6 c* 0.02438 3.97 1.27 0.063
C4-C5 c 1.97716 C6-C12 c* 0.03918 3.83 1.10 0.058
C4-H10 c 1.97952 C2-C3 c* 0.01708 3.79 1.09 0.058
C4-H10 c 1.97952 C5-C6 c* 0.02438 4.08 1.09 0.060
C5-C6 c 1.97220 C1-C6 c* 0.02635 4.26 1.27 0.066
C5-C6 c 1.97220 C1-H7 c* 0.01596 2.44 1.15 0.047
C5-C6 c 1.97220 C4-C5 c* 0.01628 3.57 1.27 0.060
C5-C6 c 1.97220 C4-H10 o* 0.01446 2.16 1.14 0.044
C5-C6 c 1.97220 C6-C12 c* 0.03918 2.14 1.10 0.043
C5-C6 T 1.66000 C1-C2 * 0.32468 19.77 0.29 0.067
C5-C6 T 1.66000 C3-C4 * 0.33025 20.73 0.29 0.069
C5-C6 T 1.66000 C12-014 o* 0.02735 2.28 0.53 0.034
C5-C6 T 1.66000 C12-C16 o* 0.02512 2.90 0.62 0.041
C5-H11 c 1.97910 C1-C6 c* 0.02635 4.66 1.09 0.064
C5-H11 c 1.97910 C3-C4 c* 0.01691 3.69 1.10 0.025
C6-C12 c 1.97018 C1-c2 o* 0.01639 2.54 121 0.050
C6-C12 c 1.97018 C1-C6 c* 0.02635 2.40 1.20 0.048
C6-C12 c 1.97018 C4-C5 o* 0.01628 2.45 121 0.049
C6-C12 c 1.97018 C5-C6 o* 0.02438 2.40 121 0.048
C12-H13 c 1.97601 C1-C6 c* 0.02635 3.81 1.08 0.057
C12-H13 c 1.97601 Cl6-H18 o* 0.01595 2.66 0.92 0.044
C12-C16 c 1.96474 C5-C6 * 0.35496 2.53 0.65 0.039
C12-C16 c 1.96474 C19-N22 o* 0.02790 2.33 0.96 0.042
014-H15 c 1.98847 C12-C16 o* 0.02512 2.53 1.09 0.047

[y
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Cl6-H17 c 1.97475 C12-014 c* 0.02735 3.83 0.77 0.049
Cl6-H17 c 1.97475 C19-H20 c* 0.01635 2.53 0.91 0.043
C16-H18 c 1.97600 C12-H13 c* 0.03607 2.74 0.88 0.444
C16-H18 c 1.97600 C19-H21 c* 0.01485 2.64 0.89 0.043
C16-C19 c 1.97528 C6-C12 c* 0.03918 2.07 1.02 0.041
C19-H20 c 1.98004 Cl6-H17 c* 0.01156 2.62 0.92 0.044
C19-H20 c 1.98004 N22-C24 c* 0.04255 3.81 0.98 0.055
C19-H21 c 1.98064 C16-H18 c* 0.01595 2.59 0.93 0.044
C19-H21 c 1.98064 N22-C23 c* 0.02372 4.51 0.98 0.059
N22-C23 c 1.98140 N22-C24 c* 0.04255 2.19 1.25 0.047
N22-C23 c 1.98140 C24-H27 c* 0.02243 2.67 121 0.051
N22-C23 c 1.98140 C25-H28 c* 0.01815 3.06 1.24 0.055
N22-C24 c 1.98605 N22-C23 c* 0.02372 2.12 1.25 0.046
N22-C24 c 1.98605 C23-H26 c* 0.01277 2.70 1.24 0.052
C23-C25 c 1.98381 C19-N22 c* 0.02790 5.85 1.04 0.070
C23-C25 T 1.85770 C24-N29 * 0.38194 15.12 0.28 0.062
C23-H26 c 1.98543 N22-C24 c* 0.04255 3.12 1.01 0.051
C24-H27 c 1.98380 N22-C23 c* 0.02372 3.29 1.00 0.051
C24-H27 c 1.98380 C25-N29 c* 0.01136 3.18 1.05 0.052
C24-N29 c 1.98501 C19-N22 c* 0.02790 3.78 1.15 0.059
C24-C29 c 1.98501 C25-H28 c* 0.01815 3.27 1.27 0.058
C24-C29 T 1.86725 C23-C25 * 0.30719 21.55 0.33 0.078
C25-H28 o 1.98550 C24-N29 c* 0.38194 2.86 1.10 0.050
C25-N29 c 1.97835 C23-H26 c* 0.01277 3.43 1.18 0.057
C25-N29 o 1.97835 C24-H27 c* 0.02243 5.19 1.17 0.069
LP(2)014 n 1.95456 C6-C12 c* 0.03918 5.44 0.72 0.056
LP(2)014 n 1.95456 C12-H13 c* 0.03607 6.98 0.70 0.062
LP(1)N22 n 1.55711 C16-C19 c* 0.01988 5.83 0.62 0.060

[y
()]




LP(1)N22 n 1.55711 C19-H20 o* 0.01635 2.46 0.66 0.041
LP(1)N22 n 1.55711 C23-C25 * 0.30719 31.27 0.29 0.088
LP(1)N22 n 1.55711 C24-N29 * 0.38194 46.55 0.28 0.103
LP(1)N29 n 1.92411 N22-C24 c* 0.04255 8.32 0.81 0.074
LP(1)N29 n 1.92411 C23-C25 c* 0.01884 5.51 0.94 0.065
LP(1)N29 n 1.92411 C24-H27 o* 0.02243 2.23 0.77 0.037
LP(1)N29 n 1.92411 C25-H28 c* 0.01815 2.19 0.80 0.038
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3.6. Vibrational analysis

The maximum number of potentially active fundamentbrations of a non-linear
molecule consisting oN atoms is Bl — 6, apart from three translational and threetianal
degrees of freedom. The title molecule has 29 ateitis 81 normal vibrations and displays C
point group symmetry. The simulated and experinieRfalR and FT-Raman spectra of the
3HIP molecule are shown in Figs. S1 and S2. Therobd and scaled theoretical frequencies of
6-311+G(d,p) basis sets and the respective TEDSiséed in Table 3. The 3HIP molecule was
subjected to vibrational analyses using the B3LYPX&G(d,p) method. The computed
wavenumbers were generally higher than the reco(B@dR and FT-Raman) wavenumbers,
which might be related to the neglect of the anlwemigity in the built-in real calculation system
of the software. These discrepancies can be cedeby either computing anharmonicity
corrections explicitly or introducing a scaled @iedr directly scaling the wavenumbers using a
proper scale factor [12]. However, tentative assignts are often made using the non-scaled
frequencies by assuming that the observed fregeenaie in the same magnitude as the
calculated values.
3.6.1. C-H vibrations

Carbon-hydrogen stretching vibrations are assigmedthe basis of scaledb initio
predicted frequencies and known “group frequenti€se 3HIP molecule has one imidazole
substructure and one phenyl ring linked by a predanmdge as shown in Fig. 1. The imidazole
moiety has three C-H bonds, and the phenyl ring fias. The heterocyclic aromatic
substructures have C-H stretching vibrations inréimeje of 3100—3000 chi26]. In this range,
the substituents do not significantly affect thieration bands. The scaled vibrations (mode nos.:
2-9) correspond to the stretching modes of the 8eHds in the imidazole and phenyl rings.
Computing of these vibrations for the title compaduy using the B3LYP/6-311G(d,p) method
generated the following values, 3155, 3126, 3198733080, 3069, 3060, and 3047 trwhich
were in good agreement with the recorded FT-IR tspectband at 3166 chand the FT-Raman
spectrum bands at 3135, 3117, and 3074".cfihe computed TED contribution for the C-H
vibration was 100% as shown in Table 3. The aran@iH stretching bands were weak because
of the low dipole moment based on the weak negathage on the carbon atoms, which is

caused by increasing the chain length of the sulesti [27].
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Substitution-sensitive C-H in-plane-bending vilbwas are in the range of 1300-1000 cm
1 [26]. For the title compound, the medium and sgrbands at 1292, 1255, and 1147'dmthe
FT-IR spectrum and at 1280, 1210, 1109, and 1078 @mthe FT-Raman spectrum were
assigned as C-H in-plane-bending vibrations. Tleerttically computed wavenumbers for this
mode were 1282, 1277, 1264, 1243, 1236, 1216, 1118, 1144, 1129, 1102, 1074, and 1058
cm™ using B3LYP/6-311G (d,p) method. The computed Gittof-plane bending vibrations for
both rings of the 3HIP molecule are in good agregmath recorded wavenumbers as shown in
Table 3.
3.6.2. Chvibrations

Assigning of methylene group vibrations is basedspactral similarity to amino acids,
which have expected GHymmetric and antisymmetric vibrations of ~3100-2@0r" [28].
The calculated CHsymmetric and antisymmetric stretching modes eftite compound were
3015, 2983, 2954, 2943, and 2863 tfmode nos. 10-14, respectively) with TED contridmus
of ~95% indicating a pure mode. The wavenumbershefrecorded FT-IR and FT-Raman
spectra of the 3HIP molecule show bands near 22®17, and 2943 ciwhich were assigned
to CH, antisymmetric and symmetric stretching vibratioRssition shift and changes in the
intensity of the C-H stretching and bending modas lse caused by electronic effects including
back donation due to a nitrogen atom adjacent o rttethylene group. The Ghbending
(scissoring) mode is in the range of 1450-875 camd its wagging mode is approximately 1340
+ 25 cm'[28, 29]. The CH wagging mode calculated for the 3HIP molecule a&$350 crit
with a TED contribution of ~35% using the B3LYP/613G(d,p) method. A weak band
recorded at 1352 cmof the 3HIP FT-Raman spectrum of the title comgburas assigned as
CH, wagging mode. The band recorded at 1456" @hthe 3HIP FT-Raman spectrum was
categorized as CHscissoring mode, and its computed TED indicatepuge mode with a
contribution of ~60% as shown in Table 3.
3.6.3. O-H vibrations

The O-H group induces vibrations in stretching,piane bending, and out-of-plane
bending modes. Vibrations of the O-H group are msessitive to the surrounding environment;
they show pronounced shifts in the spectra of hyeinebonded molecule species. The
frequencies of O-H stretching vibrations are appnately 3500 cnit [30]; however, in un-
substituted phenol derivatives, they appear imgteephase at approximately 3657 cj#1]. The
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3HIP molecule analysis detected a strong FT-IR kmrRil66 crit, which was categorized as O-
H stretching vibration. The measured O-H stretchdagd value had a negative deviation of
approximately 500 cihfrom the literature values, which could be relatedhe absence of the
harmonic approximation as a vibration parameteatofmic groups involved in intramolecular
hydrogen bonds as shown in Table 3. The computegnember of this vibration was 3698 tm
! (mode no. 1) with a 100% TED contribution.

The O-H in-plane-bending vibration of phenols iglie range of 1250—-1150 &mand it
is not significantly affected by intramolecular hgden bonding unlike the stretching and out-of-
plane bending vibrations [30]. The observed band<82 ad 1280 cnm'in the FT-IR and FT-
Raman spectra, respectively, of the 3HIP molecubeewclassified as O-H in-plane-bending
vibrations. The corresponding computed wavenumtzer ¥#282 criiwith a TED contribution of
approximately 35%.

The free O-H group has vibrations in out-of-plaeading mode at 300 chwhich was
beyond the infrared spectral range of this invesitbg. However, in compounds, the O-H out-of-
plane bending vibrations are in the range of 51@-ati’ in intermolecular and intramolecular
interactions. For the title compound, the O-H oliplane bending vibrations computed using
the B3LYP/6-311+G(d,p) method were in good agree¢mh the recorded spectral data.

3.6.4. Ring vibrations

Ring mode vibrations are affected by substitutionshe ring system. Due to different
substituents, the imidazoting absorbs strongly in the range of 1630—1300 §80]. Typically,
the indole ring has several bands of variable sitess in the range of 1530-1013 ¢rdue to
ring stretching vibrations [31]. The bands at 958 &89 crit in the FT-IR spectrum of the title
compound and at 1000, 978, 779, 750'dmits FT-Raman spectrum were categorized as C-C
stretching vibrations, which were in good agreemsith the following wavenumber values
computed using the B3LYP/6-311+G(d,p) method, 1048,7, 1014, 1012, 1005, 983, 973, 954,
912, 899, 889, and 835 &mThe computed C-C-C in-plane and out-of-plane bengibration
wavenumbers were in a good agreement with recapedra data as shown in Table 3.

3.7. UV-Vis and Frontier molecular orbital (FMO) analysis

The UV-Vis spectral data of the 3HIP molecule ie tias and chloroform phases were
computed according to the time-dependent densitctional theory (TD-DFT) using the
B3LYP/6-311G (d,p) method. Fig. S3 shows the UV-\digsorption spectrum of 3HIP in
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chloroform. The computed electronic properties sash absorption wavelength, excitation
energy, oscillator strength, and the major contitsu of each transition along with its
assignment are shown in Table 4. Single peaks vadoslated for the title compound in the gas
and chloroform phases at 245.49 and 232.29 nmecésply. The recorded UV-Vis spectrum
peak of the title compound in chloroform at 258 mras attributed to the hyperconjugation
interactions in the ring substructures and assigoea>=* electronic transition, i.e., the lone
pair electrons of the electronegative phenyl rmghe 3HIP molecule underwent the transition to
then electrons of this ring. The computed UV-Vis spewctrof the title compound is presented in
Fig. 5.

Among the two frontier orbitals, the HOMO is theteumost orbital occupied by
electrons that tends to donate them, whereas tHdQ.Wepresents the free, unoccupied space
that tends to accept electrons [32, 33]. The icteya between the frontier orbitals of 3HIP was
based on the-pxn* transition. The energy difference between HOMQI drlUMO orbitals
determines critical electronic parameters suchoagation potential, electron affinity, global
hardness, chemical potential, electrophilic indexid chemical softness. The respective
electronic parameters of 3HIP in the gas and cfdomo phases were computed using the
B3LYP/6-311G(d,p) method as shown in Table 5. Tompmuted parameters indicated that the

3HIP molecule is chemically soft and may possedsicebiological activities.
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Table 3: Vibrational wavenumbers obtained for the 3HIP moleat B3LYP /6-311G(d,p) method.

Experimental

Theoretical

TED (>10%)

I\ﬁl‘gg.e 4 Wavenumber (crit) Assignments
Wavenumber (cm”)
B3LYP/6-311G(d,r
FT-IR | FT-Raman | o enumber IR Intinisty Ramanactivity
1 3698 29.2539 110.46! vOH(100)
2 3166 s 3155 2.4972 97.093¢ vCH(99)
3 3135s 3126 5.2045 115.06: vCH(82)
4 3117 s 3121 4.107 46.206° vCH(96)
5 3087 13.4354 301.691! vCH(98)
6 3074 ms 3080 20.0083 38.80° vCH(95)
7 3069 16.6743 102.936: vCH(93)
8 3060 0.1181 84.843: vCH(80)
9 3052 s 3047 8.9797 45.122" vCH(97)
10 3015 11.3894 24.445. vCH(88)
11 2981 s 2983 7.942 45.9¢ vCH(99)
12 2954 32.7296 37.368¢ vCH(96)
13 2927 ms| 2943 ms 2943 1.8283 90.390: vCH(97)
14 2863 41.1782 78.979: vCH(98)
15 1599 s 1592 2.7215 39.262¢ vCH(55)
16 1567 w 1573 0.7586 6.627¢ vCH(68)
17 1499 m 1486 24.7969 2.777: vNC(24)+CC(30)4HCC(14)
18 1480 40.5059 8.033¢ vCC(21)#CNC(16)#HCC(16)#HCH(11)
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19 1473's 1476 12.0087 1.219; BHCC(61)

20 14560 vw 1450 21.8502 3.091; BHCH(60)

21 1436 10.5121 0.598: vCC(22)4HCC(38)

22 1429 8.2081 21.267! BHCH(87)

23 1379 ms 1367 15.2077 5.467" VNC(17)+CCNH(11)+HCCC(23)
BHOC(16)4HCN(10)+HCC(12)+xHCCN(22)+

24 1364 25.1505 8.668 /CCCH(13)

25 1352 w 1350 3.0391 19.88: BHCN(19)+CCCH(35)

26 1339 9.0834 17.857¢ vNC(25)+3HCC(19)

27 1334 4.2829 15.3¢ vNC(26)+3BHCN(13)+HCC(15)

28 1305 2.9689 0.800: BHCC(57)

29 1292 s 1280 m 1282 23.6727 5.909" BHOC(11)4HCC(35)

30 1277 1.6797 2.7° vCC(20)

31 1255 ms 1264 27.9995 16.040: VvNC(11)+3HCC(43)

32 1243 25.1309 1.621° BHOC(18)4HCC(18)+«HCCN(12)

33 1236 15.0415 0.791¢ BHCC(19)+HCCN(16)

34 1210 w 1216 32.8976 4.956¢ VNC(23)+3HCN(57)

35 1174 1.4703 16.751« vCC(41)4HCC(10)

36 1158 1.0541 6.153: BHCC(73)

37 1147 vs 1144 0.0744 3.951" vCC(10)4HCC(73)

38 1129 1.652 3.698¢ VNC(11)4BHCN(12)+HCCC(11)

39 1109 w 1102 17.1502 6.793¢ vNC(58)+3HCC(22)

40 1076 m 1074 8.755 1.616: vCC(24)+0C(10)

41 1058 24.6236 9.770¢ vCC(20)HCC(49)

42 1048 37.4455 6.864¢ vOC(21)

43 1017 41.6054 14.377" vCC(34)+HOC(10)

44 1014 6.3276 11.252¢ vCC(57)

45 1012 6.4814 4.592" vCC(12)4CCN(36)
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46 1000 vs 1005 36.515 13.096: vCC(52)#8CCN(14)

47 983 0.5324 35.342 vCC(21)#CCC(66)

48 978 m 973 0.4591 0.031¢ tHCCH(70)

49 958 s 954 0.025 0.031¢ tHCCC(24)®HCCH(40)

50 912 10.4503 2.685; vCC(15)w0C(28)

51 899 1.0808 2.179: TtHCCC(17)®HCCH(45)

52 889 vs 889 11.8444 3.213: vNC(10)+3CNC(72)

53 835 1.5913 0.34¢ THCNC(14)+HCCH(80)

54 835 0.0468 1.006¢ THCCC(21)®xHCCH(71)

55 817 3.3625 5.693¢ vCC(27)#CCC(19)

56 779 w 787 30.0652 0.839¢ YCNNH(88)

57 758 1.6371 0.5 BHCC(15)4CCNH(25)+HCCN(16)
58 750 vw 748 26.8554 1.0t THCCC(28)®CCCC(42)

59 712 vw 709 28.2746 0.686¢ THCNC(76)+xHCCH(14)

60 706 4.5605 1.410° vNC(21)+3CNC(23)

61 694 37.8496 0.473: THCCC(64)+®CCCC(20)

62 639 ms 656 16.4995 0.176¢ TCNCN(93)

63 622 1.4825 1.992: TCNCC(63)

64 614 0.5227 4.96: BCCC(74)

65 608 14.4752 1.958; BCCC(19)4BCCO(14)+«CNCC(17)
66 562 m 535 27.6639 0.682¢ tCCCC(45)

67 495 4.8639 0.375: BCCC(10)0OCCC(32)

68 403 1.7212 0.071¢ tCCCC(85)

69 377w 378 26.8244 2.394; BCCO(11)BCCN(14)+«HCOH(12)+CCCC(21)
70 362 vw 354 48.702 2.436¢ BCCN(13)+«HCOH(39)

71 333 38.8219 0.404¢ BCNC(45)+HCOH(25)

72 326 29.5431 0.949¢ BCNC(31)4CCO(13)+®HCOH(19)
73 237 1.1241 3.542; BCCC(25)+CCCC(26)*CNCN(11)
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74 225w 226 0.6517 1.1¢ BCCC(40)OCCC(11)

75 202 0.5978 0.770¢ BCCC(50)4CCO(14)

76 116 0.3341 1.187; TCCCC(39)®*CNCN(39)

77 99 1.2795 0.30¢ TCCCC(52)®CCNC(11)

78 61 1.622 1.606¢ 1CCCC(33)%«CCCN(38)

79 44 0.6167 6.952¢ BCCC(37)BCCN(15)+CCCC(20)«CNCN(20)
80 35 1.6557 6.62 TCCCC(49)®CCNC(35)

81 23 0.6654 4.341¢ 1CCCC(21)

w—-weak; vw—-very weak; s—strong; vs—very strong; raeimm; br, sh—broad, shouldesstretchingpsyn—Symmetric stretchingiasy—
antisymmetric stretchingp— in-plane bendingy—out-of —plane bendingy—wagging; t—twistingp—scissoring t—torsion.

Table 4: Experimental and calculated absorption wavelengthergies, and oscillator strengths of the 3HIPecude according to
the TD-DFT method using the B3LYP/6-311G(d,p) metho

A (nm) E(eV) 0) Experimental Major contributions ® Assignment
Gas
245.49 5.0505| 0.0048 H—L (100%) n—n*
241.98 5.1238 | 0.0001 H—L+1 (99%) T —o*
232.22 5.3391| 0.0007 H-3—L(39%), H1—-L+1(44%) T —7*
Chloroform
232.29 5.3376| 0.001P2 258 H-2-L (39%), H-15L+1(48%) n—m*
230.22 5.3854| 0.0083 230 H-L (97%) T —T*
226.90 5.4643| 0.0001 H—L+1 (94%) T —o*

aH: HOMO:; L: LUMO
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Table 5: Calculated energy values of HOMOs and LUMOs in3réP molecule in the gas and
chloroform phases using the B3LYP/6-311G(d,p) meétho

Parameter Energy
Gas Phase | Chloroform Phase

“omo" -6.13 -6.33
“LUMO -0.65 -0.53
EHomo- ELUMo gaﬁev) 5.48 5.80

HOMO-1 -7.0 -6.93
S UMO+1 -0.6 -0.47
EHOMO—l‘ " umo+1 gap®” 6.4 6.46

HOMO-2 -7.11 -7.16
S LUMO+2 0.59 0.5
Chemical hardnesg(eV ) 2.74 2.90
Electronegativityy (eV) 3.39 3.43
Chemical softness(eV ) 1.37 1.45
Electrophilicity indexo (eV) 2.0970 2.028
Dipole moment (Debye) 5.3521 6.1333

The density of state (DOS) spectra of the 3HIP md& in the gas and chloroform
phases were predicted using the GaussSum [34] a&ftéor calculating the Gaussian curves
including their heights as shown in Fig. 5. Therggegap value between HOMO and LUMO of
the title compound was 5.48 and 5.80 eV in the aya$ chloroform phases, respectively. An
increase in the electron donating properties catmedubstituents on ring substructure leads
typically to an increase in the HOMO-LUMO energydaa decrease in the HOMO-LUMO
energy gap [35]. The energy gap between the HOM®OUindicates the eventual charge
transfer within the molecule. The marginal lowerioigthe HOMO-LUMO energy gap in the
titte compound could be attributed to the propameug substitution connecting the two ring
substructures. The frontier molecular orbitals iR are displayed in Fig. 6. Positively charged
regions are marked in green and negatively charggibns in red. The HOMOLUMO
transitions indicated the occurrence of an electiemsity transfer from the imidazole ring to the
phenyl moiety.

3.8. Molecular electrostatic potential

The molecular electrostatic potential (MEP), alatbet] the molecular electrical potential
surface, represents the 3D charge distributiohemtolecule by visualizing the electrophilic and
nucleophilic charged regions. The MEP surface ofP3Was generated using the B3LYP/6-
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311G(d,p) method as shown in Fig. 7. Electron-rielgions with the lowest electrostatic
potential are marked in red, and areas with theeftvelectron concentration and the highest
electrostatic potential are marked in blue. An nmiediate color represents an intermediary
electrostatic potential. In the 3HIP molecule, ljldrogen atoms have an electrophilic site
whereas the imidazole ring represents a nucleaysitte.
3.9. NMR analysis

Nuclear magnetic resonance (NMR) spectroscopicniqole is used to investigate the
chemical structure of organic compounds. The mddecstructure of the 3HIP molecule was
optimized using B3LYP/6-311G(d,p) method; then, gaeige including atomic orbital (GIAO)
method was adopted to determieand**C chemical shift values. The recorded and computed
(gas and chloroform phase) chemical shift valuepaesented in Table 6. }fC NMR spectrum
of the 3HIP molecule, the signal peak observedBd&4/ppm was assigned to the C12 atom, and
its computed value was 77.96 ppm in the chlorofginase using the B3LYP/6-311G(d,p)
method. The chemical shifts of the shielded C16 @h8l atoms were observed at 38.9 and 42.7
ppm, and their computed values were 47.43 and 43, respectively. ThEC chemical shift
values for aromatic carbons are typically aroun6-120 ppm [35]. The computédC NMR
chemical shifts of the phenyl ring carbons C1, C3, C4, C5, and C6 were 128.28, 132.78,
131.74, 132.09, 129.49, and 151.35 ppm in chlorofoespectively. The chemical shift values
of the imidazole ring carbons C23, C24, and C2Xhioroform were calculated as 122.39,
139.21, and 132.84 ppm, respectively. The comptiiechemical shift values of the methylene
protons were 1.67, 1.90, 4.37 and 3.90 ppm fohffigogens H17, H18, H20, H21, respectively.
The recorded spectra peaked at 1.93 and 3.92 ppmsponding to the methylene protons in
chloroform. The calculatetH chemical shift values of the phenyl ring hydrogemere in the
range of 7.28-7.82 ppm using the B3LYP/6-311G(thp)hod.

Table 6: Computed NMR parameters of the 3HIP molecule uieg83LYP/6-311G(d,p)
method.

Atom B3LYP/6-311G(d,p) Exp.
Number Gas Phase Chloroform Phase
C1 128.09 128.28 126.5
C2 132.94 132.78 127.8
C3 131.88 131.74 124.7
C4 132.06 132.09 127.8
C5 128.99 129.49 126.5
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C6 150.80 151.35 143.6
C12 78.54 77.96 68.9
Cl6 47.75 47.43 38.9
C19 47.67 47.71 42.7
C23 120.35 122.39 117.8
C24 137.95 139.21 136.2
C25 134.64 132.84 127.5
H7 7.79 7.82 7.14
H8 7.48 7.55 7.19
H9 7.34 7.42 7.20
H10 7.35 7.44 7.19
H11 7.15 7.28 7.14
H13 4.67 4.82 4.41
H17 1.61 1.67 1.93
H18 1.93 1.90 1.93
H20 4.37 4.37 3.92
H21 3.69 3.90 3.92
H26 6.78 7.01 6.79
H27 7.18 7.33 7.25
H28 7.03 6.98 6.79

3.10. Reduced density gradient (RDG)
Johnsoret al [36] were the first to develop the methodology ¢alculating the reduced

density gradient (RDG) from the electron density aémensionless quantity.

1 [A%(n)
23m2y pt)

RDG=(r) = (3)

The plot ofp(r) versus the sign of; helps to characterize the nature and strengtheof th
interactions. The sign @k, the second largest value of the Hessian matrixeaftron density, is
used to define the interaction typge> O for non-bonded species akd< 0 for bonded species.
The RDG isosurface of the 3HIP molecule was drasingian isosurface value of 0.5 as shown
in Fig. 8. The software used for plotting the RD@face was Multiwfn software supported by
the VMD program [16]. In Fig. 8, red indicates eosgy repulsion that appears at the centers of
the phenyl and imidazole ring systems. As showthe same figure, a strong van der Waals
interaction happened between the O-H group andybhiexy hydrogens.
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3.11. Molecular docking

A docking analysis simulates potential ligand-targeeractions that can be used to
predict the biological activities of compounds. Tis¢ructure of Candida albicansN-
myristoyltransferase (PDB ID: 11YL) as target retoepwith a bound non-peptidic inhibitor was
obtained from the RCSB protein data bank [37]. Abnéodock 2 docking [38] software tool was
used for the docking study. The protein structur@s vprocessed using the Autodock tools
graphical user interface. Polar hydrogens were cddehe protein, and atomic charges were
calculated by the Kollman method. Water moleculed eo-crystalline solvents were removed.
The 3HIP molecule was prepared for docking by mining its energy status using the
B3LYP/6-311G(d,p) method. The active site of thrgea protein was defined by applying a grid
size of 90x90x9Gh using Autogrid [39]. The docking study was perfedrby implementing the
Lamarckian Genetic Algorithm with Autodock [40]. @testimated binding energy of the 3HIP
molecule to the target protein was -5.41 kcal/nmohrminhibition constant of 107.97 uM. The
simulated binding pose of the title compound intisghe engagement of its O-H group with the
LEU419 and TYR422 residues whereas its N-H moietgracts with the TYR210 residwea
hydrogen bonding as illustrated in Fig. 9. The mted interactions could significantly enhance
the bioactivity of the 3HIP molecule.
Conclusion

A comprehensive vibrational analysis of 3H¢imidazol-1-yl)-1-phenylpropan-1-ol
(3HIP) was conducted using different DFT methodshwhe 6-311G(d,p) basis sethe
experimental FT-Raman and FT-IR spectra of 3HIPewergood agreement with the computed
data. The computed structural parameters of the 3HIP coddewere compared and further
assessed using experimental XRD data. The expe@m®MR (*H and **C) chemical shifts
values of 3HIP were consistent with the correspogdiomputed values derived using the GIAO
approach. The MEP diagram of the title moleculaiafized its electrophilic and nucleophilic
regions. The possible intermolecular and intramdbactransitions inside the 3HIP molecule
were studied by NBO analysis. Hirshfeld surfacelyamns assessed the potential interaction of
each atom inside the 3HIP molecule. Molecular daglof 3HIP illustrated its possible binding
pose within the active site of its target protéihe resulting model of the 3HIP—target protein

interaction derived from our integrated experimergad computational study will provide
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critical information for the development of new @ot antifungal candidates for the treatment of
drug-resistant fungal infections.
Supplementary Information

Figures S1-Sare provided in the supporting information.
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Figures captions

Scheme 1Synthesis of the title compound 3HIP.

Fig. 1: Molecular structure and atom numbering schemeeBthIP molecule.

Fig. 2: Hirshfeld surfaces of di, shape indexsgl and curvedness simulations of the title
compound

Fig. 2: 2D fingerprint diagram of the title compound.

Fig. 4: Mullikan charges of the 3HIP molecule

Fig. 5: Density state and theoretical UV-Vis spectrum eftile compound in the gas (left) and
the chloroform (right) phases.

Fig. 6: The atomic orbital compositions of the frontieolecular orbital of the 3HIP molecule
Fig. 7: Molecularelectrostatic potential diagram of the 3HIP molecul

Fig. 8: Reduced density gradient diagram (RDG) of the 3idtPecule

Fig. 9: The hydrogen bond diagram ©&ndida albican$N-myristoyltransferase with bound
3HIP molecule.
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Table 1. Molecular geometry [bond length (A), bondingle ¢) and dihedral angle ¢)]
of 3HIP by B3LYP/6-311G(d,p).

Parameter | Calculated| XRD?®
Bond length(A)
Ci1-C2 1.393 1.391
C1-C6 1.398 1.399
C1-H7 1.084 0.950
C2-C3 1.394 1.398
C2-H8 1.084 0.950
C3-C4 1.393 1.388
C3-H9 1.084 0.950
C4-C5 1.393 1.394
C4-H10 1.084 0.950
C5-C6 1.397 1.393
C5-H11 1.086 0.950
C6-C12 1.519 1.518
C12-H13 1.101 1.001
C12-014 1.431 1.417
C12-C16 1.532 1.527
0O14-H15 0.963 0.964
Cl16-H17 1.094 0.990
C16-H18 1.094 0.990
C16-C19 1.534 1.526
C19-H20 1.090 0.990
C19-H21 1.094 0.990
C19-N22 1.459 1.464
N22-C23 1.380 1.377
N22-C24 1.367 1.357
C23-C25 1.371 1.367
C23-H26 1.078 0.950
C24-H27 1.080 0.950
C24-N29 1.314 1.322
C25-H28 1.079 0.950
C25-N29 1.375 1.380
Bond angle (°)
C2-C1-C6 120.462 120.42
C2-C1-H7 120.421 119.80
C6-C1-H7 119.114 119.79
C1-C2-C3 120.225 120.16
C1-C2-H8 119.764 119.91
C3-C2-H8 120.011 119.93
C2-C3-C4 119.670 119.55
C2-C3-H9 120.189 120.19
C4-C3-H9 120.141 120.26
C3-C4-C5 120.036 120.22




C3-C4-H10 120.107 119.90
C5-C4-H10 119.856 119.88
C4-C5-C6 120.668 120.59
C4-C5-H11 119.713 119.71
C6-C5-H11 119.619 119.70
C1-C6-C5 118.937 119.04
C1-Ce-C12 120.534 120.64
C5-C6-C12 120.516 120.32
C6-C12-H13 108.187 108.70
C6-C12-014 112.295 112.56
C6-C12-C16 112.059 110.39
H13-C12-014 109.577 108.68
H13-C12-C16 108.462 108.71
014-C12-C16 106.185 107.72
C12-014-H15 108.039 107.68
C12-Cl16-H17 109.148 108.83
C12-C16-H18 108.581 108.76
C12-C16-C19 112.277 113.82
H17-C16-H18 107.181 107.70
H17-C16-C19 109.833 108.75
H18-C16-C19 109.679 108.81
C16-C19-H20 109.859 109.04
C16-C19-H21 110.290 109.02
C16-C19-N22 112.832 112.79
H20-C19-H21 107.287 107.78
H20-C19-N22 108.849 109.03
H21-C19-N22 107.544 109.06
C19-N22-C23 126.728 126.59
C19-N22-C24 126.941 126.45
C23-N22-C24 106.253 106.94
N22-C23-C25 105.699 105.80
N22-C23-H26 121.778 127.14
C25-C23-H26 132.521 127.06
N22-C24-H27 121.743 123.99
N22-C24-N29 112.427 111.96
H27-C24-N29 125.826 124.06
C23-C25-H28 127.979 124.89
C23-C25-N29 110.569 110.28
H28-C25-N29 121.450 124.83
C24-N29-C25 105.052 105.02
Dihedral angle (°)
C6-C1-C2-C3 -0.136 -1.16
C6-C1-C2-H8 179.913 178.81
H7-C1-C2-C3 -179.485 178.86
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H7-C1-C2-H8 0.564 -1.17
C2-C1-Ce6-C5 -0.218 1.20
C2-C1-Ce6-C12 178.520 -178.30
H7-C1-C6-C5 179.139 -178.82
H7-C1-C6-C12 -2.124 1.68
C1-C2-C3-C4 0.277 -0.15
C1-C2-C3-H9 179.986 179.89
H8-C2-C3-C4 -179.772 179.88
H8-C2-C3-H9 -0.063 -0.08
C2-C3-C4-C5 -0.061 141
C2-C3-C4-H10 179.511 -178.56
H9-C3-C4-C5 -179.770 -178.63
H9-C3-C4-H10 -0.198 141
C3-C4-C5-Co -0.299 -1.37
C3-C4-C5-H11 179.396 178.59
H10-C4-C5-C6 -179.871 178.60
H10-C4-C5-H11 -0.177 -1.44
C4-C5-C6-C1 0.436 0.06
C4-C5-Ce6-C12 -178.302 179.56
H11-C5-C6-C1 -179.259 -179.91
H11-C5-C6-C12 2.003 -0.40
C1-C6-C12-H13 155.861 170.33
C1-C6-C12-014 34.805 49.88
C1-C6-C12-Cl6 -84.616 -70.52
C5-C6-C12-H13 -25.421 -9.17
C5-C6-C12-014 -146.478 -129.62
C5-C6-C12-Cl6 94.102 109.99
C6-C12-014-H15 55.923 39.65
H13-C12-014-H15 | -64.332 -80.81
C16-C12-O14-H15 | 178.720 161.57
C6-C12-C16-H17 -55.779 -62.48
C6-C12-C16-H18 60.747 54.59
C6-C12-C16-C19 | -177.810 176.07
H13-C12-C16-H17 63.583 56.67
H13-C12-C16-H18 | -179.891 173.74
H13-C12-C16-C19 | -58.448 -64.78
014-C12-C16-H17 | -178.725 174.27
014-C12-C16-H18 | -62.199 -68.67
014-C12-C16-C19 59.245 52.81
C12-C16-C19-H20 | -57.362 -62.23
C12-C16-C19-H21 60.697 -179.66
C12-C16-C19-N22 | -179.014 59.04
H17-C16-C19-H20 | -179.002 176.28




H17-C16-C19-H21 | -60.943 58.84
H17-C16-C19-N22 59.346 -62.45
H18-C16-C19-H20 63.451 -58.21
H18-C16-C19-H21 | -178.491 59.22
H18-C16-C19-N22 | -58.202 -179.51
C16-C19-N22-C23 80.793 71.41
C16-C19-N22-C24 | -95.531 -107.01
H20-C19-N22-C23 | -41.429 -49.86
H20-C19-N22-C24 | 142.247 131.71
H21-C19-N22-C23 | -157.356 167.31
H21-C19-N22-C24 26.320 14.27
C19-N22-C23-C25 | -177.220 -179.01
C19-N22-C23-H26 3.278 1.00
C24-N22-C23-C25 -0.280 -0.34
C24-N22-C23-H26 | -179.782 179.68
C19-N22-C24-H27 -3.360 -1.02
C19-N22-C24-N29 | 177.302 178.99
C23-N22-C24-H27 | 179.709 -179.69
C23-N22-C24-N29 0.370 0.31
N22-C23-C25-H28 | -179.377 -179.71
N22-C23-C25-N29 0.115 0.26
H26-C23-C25-H28 0.049 0.28
H26-C23-C25-N29 | 179.540 -179.76
N22-C24-N29-C25 -0.294 -0.15
H27-C24-N29-C25 | -179.600 179.85
C23-C25-N29-C24 0.104 -0.07
H28-C25-N29-C24 | 179.634 179.89

#Taken from reference [16].




Table 2: Second Order perturbation theory analysis of Fock matrix in NBO basis for the 3HIP molecule by B3LY P/6-311G(d,p) method.

Donor (i) Type ED/e Acceptor (j) Type ED/e E(2) (Kj/Mal) E()-E() (a.u) F(@i,)) (a.u)
Ci1-c2 c 1.97708 C1-C6 c* 0.02635 3.96 1.27 0.063
Ci1-Cc2 o 1.97708 C2-C3 c* 0.01708 3.07 1.27 0.056
Ci1-Cc2 o 1.97708 C3-H9 c* 0.01462 2.38 1.14 0.047
Ci1-c2 c 1.97708 C6-C12 c* 0.03918 3.79 1.10 0.058
Ci1-c2 T 1.66191 C3-C4 * 0.33025 20.31 0.28 0.068
Ci1-c2 T 1.66191 C5-C6 * 0.35496 21.71 0.28 0.070
C1-C6 o 1.97172 C1-C2 c* 0.01639 3.50 1.27 0.060
C1-C6 c 1.97172 C2-H8 c* 0.01466 2.20 1.14 0.045
C1-C6 c 1.97172 C5-C6 c* 0.02438 4.22 1.27 0.065
C1-C6 c 1.97172 C5-H11 c* 0.01595 2.54 1.13 0.048
C1-C6 c 1.97172 C6-C12 c* 0.03918 2.23 1.10 0.044
C1-H7 c 1.97851 C2-C3 c* 0.01708 3.75 1.09 0.057
C1-H7 o 1.97851 C5-C6 c* 0.02438 4.76 1.09 0.064
C2-C3 c 1.97914 C1-C2 c* 0.01639 3.13 1.28 0.056
C2-C3 c 1.97914 C1-H7 c* 0.01596 2.48 1.15 0.048
C2-C3 c 1.97914 C3-C4 c* 0.01691 3.01 1.27 0.055
C2-C3 c 1.97914 C4-H10 c* 0.01446 2.47 1.14 0.047
C2-H8 o 1.97956 C1-C6 c* 0.02635 4.10 1.09 0.060
C2-H8 c 1.97956 C3-C4 c* 0.01691 3.81 1.09 0.058
C3-C4 c 1.97889 C2-C3 c* 0.01708 3.00 1.27 0.055
C3-C4 c 1.97889 C2-H8 c* 0.01466 2.45 1.14 0.047
C3-C4 o 1.97889 C4-C5 c* 0.01628 3.12 1.27 0.056
C3-C4 o 1.97889 C5-H11 c* 0.01595 2.53 1.13 0.048
C3-C4 T 1.66013 Ci1-C2 * 0.32468 20.67 0.28 0.069




C3-C4 T 1.66013 C5-C6 * 0.35496 20.33 0.28 0.068
C3-H9 c 1.97954 C1-C2 c* 0.01639 3.86 1.10 0.058
C3-H9 c 1.97954 C4-C5 c* 0.01628 3.87 1.09 0.058
C4-C5 c 1.97716 C3-C4 c* 0.01691 3.04 1.27 0.063
C4-C5 c 1.97716 C3-H9 c* 0.01462 2.39 1.14 0.047
C4-C5 c 1.97716 C5-C6 c* 0.02438 3.97 1.27 0.063
C4-C5 c 1.97716 C6-C12 c* 0.03918 3.83 1.10 0.058
C4-H10 c 1.97952 C2-C3 c* 0.01708 3.79 1.09 0.058
C4-H10 c 1.97952 C5-C6 c* 0.02438 4.08 1.09 0.060
C5-C6 c 1.97220 C1-C6 c* 0.02635 4.26 1.27 0.066
C5-C6 c 1.97220 C1-H7 c* 0.01596 2.44 1.15 0.047
C5-Co c 1.97220 C4-C5 c* 0.01628 3.57 1.27 0.060
C5-Co c 1.97220 C4-H10 c* 0.01446 2.16 1.14 0.044
C5-Co c 1.97220 C6-C12 c* 0.03918 2.14 1.10 0.043
C5-C6 T 1.66000 C1-C2 * 0.32468 19.77 0.29 0.067
C5-C6 T 1.66000 C3-C4 * 0.33025 20.73 0.29 0.069
C5-Co T 1.66000 C12-014 c* 0.02735 2.28 0.53 0.034
C5-Co T 1.66000 C12-C16 c* 0.02512 2.90 0.62 0.041
C5-H11 c 1.97910 C1-Ce c* 0.02635 4.66 1.09 0.064
C5-H11 c 1.97910 C3-C4 c* 0.01691 3.69 1.10 0.025
C6-C12 c 1.97018 C1-C2 c* 0.01639 2.54 121 0.050
Ce6-C12 c 1.97018 C1-Ce c* 0.02635 2.40 1.20 0.048
Ce6-C12 c 1.97018 C4-C5 c* 0.01628 2.45 121 0.049
Ce6-C12 c 1.97018 C5-C6 c* 0.02438 2.40 121 0.048
C12-H13 c 1.97601 C1-C6 c* 0.02635 3.81 1.08 0.057
C12-H13 c 1.97601 C16-H18 c* 0.01595 2.66 0.92 0.044
C12-C16 c 1.96474 C5-C6 * 0.35496 2.53 0.65 0.039
C12-C16 c 1.96474 C19-N22 c* 0.02790 2.33 0.96 0.042




014-H15 c 1.98847 C12-C16 c* 0.02512 2.53 1.09 0.047
Cl6-H17 c 1.97475 C12-014 c* 0.02735 3.83 0.77 0.049
Cl6-H17 c 1.97475 C19-H20 c* 0.01635 2.53 0.91 0.043
C16-H18 c 1.97600 C12-H13 c* 0.03607 2.74 0.88 0.444
C16-H18 c 1.97600 C19-H21 c* 0.01485 2.64 0.89 0.043
C16-C19 c 1.97528 C6-C12 c* 0.03918 2.07 1.02 0.041
C19-H20 c 1.98004 Cl6-H17 c* 0.01156 2.62 0.92 0.044
C19-H20 c 1.98004 N22-C24 c* 0.04255 381 0.98 0.055
C19-H21 c 1.98064 C16-H18 c* 0.01595 2.59 0.93 0.044
C19-H21 c 1.98064 N22-C23 c* 0.02372 4.51 0.98 0.059
N22-C23 c 1.98140 N22-C24 c* 0.04255 2.19 1.25 0.047
N22-C23 c 1.98140 C24-H27 c* 0.02243 2.67 121 0.051
N22-C23 c 1.98140 C25-H28 c* 0.01815 3.06 1.24 0.055
N22-C24 c 1.98605 N22-C23 c* 0.02372 212 1.25 0.046
N22-C24 c 1.98605 C23-H26 c* 0.01277 2.70 1.24 0.052
C23-C25 c 1.98381 C19-N22 c* 0.02790 5.85 1.04 0.070
C23-C25 T 1.85770 C24-N29 * 0.38194 15.12 0.28 0.062
C23-H26 c 1.98543 N22-C24 c* 0.04255 3.12 1.01 0.051
C24-H27 c 1.98380 N22-C23 c* 0.02372 3.29 1.00 0.051
C24-H27 c 1.98380 C25-N29 c* 0.01136 3.18 1.05 0.052
C24-N29 c 1.98501 C19-N22 c* 0.02790 3.78 1.15 0.059
C24-C29 c 1.98501 C25-H28 c* 0.01815 3.27 1.27 0.058
C24-C29 T 1.86725 C23-C25 * 0.30719 21.55 0.33 0.078
C25-H28 c 1.98550 C24-N29 c* 0.38194 2.86 1.10 0.050
C25-N29 c 1.97835 C23-H26 c* 0.01277 3.43 1.18 0.057
C25-N29 c 1.97835 C24-H27 c* 0.02243 5.19 117 0.069
LP(2)014 n 1.95456 C6-C12 c* 0.03918 5.44 0.72 0.056
LP(2)014 n 1.95456 C12-H13 c* 0.03607 6.98 0.70 0.062




LP(1)N22 n 1.55711 C16-C19 c* 0.01988 5.83 0.62 0.060
LP(1)N22 n 1.55711 C19-H20 c* 0.01635 2.46 0.66 0.041
LP(1)N22 n 1.55711 C23-C25 * 0.30719 31.27 0.29 0.088
LP(1)N22 n 1.55711 C24-N29 * 0.38194 46.55 0.28 0.103
LP(1)N29 n 1.92411 N22-C24 c* 0.04255 8.32 0.81 0.074
LP(1)N29 n 1.92411 C23-C25 c* 0.01884 5.51 0.94 0.065
LP(1)N29 n 1.92411 C24-H27 c* 0.02243 2.23 0.77 0.037
LP(1)N29 n 1.92411 C25-H28 c* 0.01815 2.19 0.80 0.038




Table 3: Vibrational wavenumbers obtained for the 3HIP moleat B3LYP /6-311G(d,p) method.

Theoretical TED (>10%)
M ode Experimental 1 _
oS, 1 Wavenumber (cm™) Assignments
Wavenumber (cm™)
B3LYP/6-311G(d,p
FT-IR [ FT-Raman |\ ayenumber | | Rintinisty Ramanaciivity

1 3698 29.2539 110.46! vOH(100)

2 3166 s 3155 2.4972 97.0931 vCH(99)

3 3135s 3126 5.2045 115.06:. vCH(82)

4 3117 s 3121 4.107 46.206 vCH(96)

5 3087 13.4354 301.691! vCH(98)

6 3074 ms 3080 20.0083 38.80" vCH(95)

7 3069 16.6743 102.936 vCH(93)

8 3060 0.1181 84.843: vCH(80)

9 3052 s 3047 8.9797 45.122: vCH(97)

10 3015 11.3894 24.445. vCH(88)

11 2981 s 2983 7.942 45.9¢ vCH(99)

12 2954 32.7296 37.368! vCH(96)

13 2927 ms| 2943 ms 2943 1.8283 90.390: vCH(97)

14 2863 41.1782 78.979: vCH(98)

15 1599 s 1592 2.7215 39.262¢ vCH(55)

16 1567 w 1573 0.7586 6.627¢ vCH(68)

17 1499 m 1486 24.7969 2.777: vNC(24)+CC(30)+8HCC(14)
18 1480 40.5059 8.033¢ vCC(21)#8CNC(16)4HCC(16)4HCH(11)




19 1473 s 1476 12.0087 1.219: BHCC(61)

20 14560 vw 1450 21.8502 3.091; BHCH(60)

21 1436 10.5121 0.598¢ vCC(22)4HCC(38)

22 1429 8.2081 21.267! BHCH(87)

23 1379 ms 1367 15.2077 5.467; VvNC(17)4CCNH(11)+HCCC(23)
BHOC(16)4BHCN(10)+HCC(12)+«HCCN(22)+

24 1364 25.1505 8.668 yCCCH(13)

25 1352 w 1350 3.0391 19.88: BHCN(19)+CCCH(35)

26 1339 9.0834 17.857¢ vNC(25)43HCC(19)

27 1334 4.2829 15.3¢ vNC(26)+3HCN(13)+3HCC(15)

28 1305 2.9689 0.800¢ BHCC(57)

29 1292 s 1280 m 1282 23.6727 5.909; BHOC(11)4HCC(35)

30 1277 1.6797 2.7= vCC(20)

31 1255 ms 1264 27.9995 16.040: vNC(11)43HCC(43)

32 1243 25.1309 1.621° BHOC(18)4HCC(18)+HCCN(12)

33 1236 15.0415 0.791¢ BHCC(19)+xHCCN(16)

34 1210w 1216 32.8976 4.956¢ vNC(23)#3HCN(57)

35 1174 1.4703 16.751- vCC(41)4HCC(10)

36 1158 1.0541 6.153: BHCC(73)

37 1147 vs 1144 0.0744 3.951; vCC(10)4HCC(73)

38 1129 1.652 3.698¢ vNC(11)#3HCN(12)+HCCC(11)

39 1109 w 1102 17.1502 6.793¢ vNC(58)+#3HCC(22)

40 1076 m 1074 8.755 1.616° vCC(24)+w0OC(10)

41 1058 24.6236 9.770¢ vCC(20)4HCC(49)

42 1048 37.4455 6.864¢ vOC(21)

43 1017 41.6054 14.377! vCC(34)4HOC(10)

44 1014 6.3276 11.252¢ vCC(57)

45 1012 6.4814 4.592 vCC(12)4CCN(36)




46 1000 vs 1005 36.515 13.096: vCC(52)4CCN(14)

47 983 0.5324 35.342" vCC(21)4CCC(66)

48 978 m 973 0.4591 0.031¢ tHCCH(70)

49 958 s 954 0.025 0.031¢ THCCC(24)+«HCCH(40)

50 912 10.4503 2685 vCC(15)+w0C(28)

51 899 1.0808 2.179: THCCC(17)+®HCCH(45)

52 889 vs 889 11.8444 3.213; vNC(10)43CNC(72)

53 835 1.5913 0.34¢ THCNC(14)+«HCCH(80)

54 835 0.0468 1.006¢ THCCC(21)+®HCCH(71)

55 817 3.3625 5.693¢ vCC(27)4CCC(19)

56 779w 787 30.0652 0.839¢ YCNNH(88)

57 758 1.6371 0.5 BHCC(15)#CCNH(25)+«HCCN(16)
58 750 vw 748 26.8554 1.0E THCCC(28)+®CCCC(42)

59 712 vw 709 28.2746 0.686¢ THCNC(76)+«HCCH(14)

60 706 4.5605 1.410° vNC(21)43CNC(23)

61 694 37.8496 0.473: THCCC(64)+®CCCC(20)

62 639 ms 656 16.4995 0.176¢ TCNCN(93)

63 622 1.4825 1.992: TtCNCC(63)

64 614 0.5227 4.962 BCCC(74)

65 608 14.4752 1.958; BCCC(19)BCCO(14)«CNCC(17)
66 562 m 535 27.6639 0.682¢ tCCCC(45)

67 495 4.8639 0.375¢ BCCC(10)yOCCC(32)

68 403 1.7212 0.071¢ tCCCC(85)

69 377w 378 26.8244 2.394. BCCO(11)4BCCN(14)+®HCOH(12)+CCCC(21)
70 362 vw 354 48.702 2 .436¢ BCCN(13)+xHCOH(39)

71 333 38.8219 0.404¢ BCNC(45)+®HCOH(25)

72 326 29.5431 0.949¢ BCNC(31)#CCO(13)®HCOH(19)
73 237 1.1241 3.542° BCCC(25)+®CCCC(26)*CNCN(11)




74 225 w 226 0.6517 1.1¢ BCCC(40)OCCC(11)

75 202 0.5978 0.770¢ BCCC(50)BCCO(14)

76 116 0.3341 1.187: TCCCC(39)®*CNCN(39)

77 99 1.2795 0.30: TCCCC(52)®CCNC(11)

78 61 1.622 1.606¢ TCCCC(33)®CCCN(38)

79 44 0.6167 6.952¢ BCCC(37)BCCN(15)+CCCC(20)*CNCN(20)
80 35 1.6557 6.62 TCCCC(49)+*CCNC(35)

81 23 0.6654 4.341¢ tCCCC(21)

w-weak; vw- very weak; s-strong; vs-very strongnmaeium; br, sh- broad, shoulder,- stretchingpsym — symmetric stretchinguasy
asymmetric stretchingf- in plane bendingy- out-of —plane bendingg — wagging ; t- twisting § —scissoring - torsion.




Table 4: Experimental and cal culated absorption wavelengths, energies and oscillator strengths of the 3HIP molecule by TD-DFT method at
B3LYP/6-311G(d,p) method.

A (nm) E(eV) (H Experimental Major contributions’ assignment
Gas
245.49 5.0505 | 0.0043 H—L (100%) n—m*
241.98 5.1238 | 0.0001 H—L+1 (99%) n—m*
232.22 5.3391 | 0.0007 H-3—L (39%), H-1—L+1(44%) n—m*
Chloroform
232.29 5.3376 | 0.0012 258 H-2—L (39%), H-1—L+1(48%) n—m*
230.22 5.3854 | 0.0083 230 H—L (97%) n—m*
226.90 5.4643 | 0.0001 H—L+1 (94%) n—m*

H: HOMO: L: LUMO



Table5: HOMO and LUMO calculated energy values of the 3HIP molecule in the gas and

chloroform phases using B3LY P/6-311G(d,p) method.

Par ameter Energy
Gas Phase | Chloroform Phase
Eomo) -6.13 -6.33
ELUMO -0.65 -0.53
FHOMO - LUMO gap(ev) 5.48 5.80
= HOMO-1 -7.0 -6.93
“LuMo+1 -0.6 -0.47
“Homo1- Lumor1 gap " 6.4 6.46
EHOMO-2 -7.11 -7.16
LUMO+2 0.59 0.5
Chemical hardness 1 (eV ) 2.74 2.90
Electronegativity y (eV) 3.39 3.43
Chemical Softness & (eV ) 1.37 1.45
Electrophilicity index o (eV ) 2.0970 2.028
Dipole moment (Debye) 5.3521 6.1333




Table 6: Computed NMR parameters of the 3HIP molecule by B3LY P/6-311G(d,p) method.

Atom B3L YP/6-311G(d,p) Exp.
Number Gas Phase Chloroform Phase
C1 128.09 128.28 126.5
Cc2 132.94 132.78 127.8
C3 131.88 131.74 124.7
C4 132.06 132.09 127.8
C5 128.99 129.49 126.5
C6 150.80 151.35 143.6
C12 78.54 77.96 68.9
Cl6 47.75 47.43 38.9
C19 47.67 47.71 42.7
c23 120.35 122.39 117.8
C24 137.95 139.21 136.2
C25 134.64 132.84 1275
H7 7.79 7.82 7.14
H8 7.48 7.55 7.19
H9 7.34 7.42 7.20
H10 7.35 7.44 7.19
H11 7.15 7.28 7.14
H13 4.67 4.82 441
H17 161 1.67 1.93
H18 1.93 1.90 1.93
H20 4.37 4.37 3.92
H21 3.69 3.90 3.92
H26 6.78 7.01 6.79
H27 7.18 7.33 7.25
H28 7.03 6.98 6.79
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ELumo+ 1=-047 eV

ELumo=-0.53 eV

AE=6.46 eV AE= 58¢V

Enomo= -6. 33 eV

HOMO -1=-6.93eV

Fig. 6: The atomic orbital compositions of the frontier molecular orbital of the 3HIP molecule.
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. Spectroscopic anaysis of Ci» H14N20, a potentia precursor to antifungal

agents.
. FT-IR, FT-Raman, *H and **C NMR spectral analyses are reported.
. The geometrical parameters are in agreement with XRD data.

. Molecular docking and Hirshfeld surface analysis were carried out.



