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Abstract

Five derivatives of 2-phenyl-1H-indene-1-one have been prepared and fully characterized.
Spectroscopic techniques such as FT-IR, 'H-NMR, mass spectrometry, and elemental analysis
were used to investigate the chemical structures and physical properties of the prepared
compounds. The optimized structures and the distribution of the frontier molecular orbital
were obtained using density functional theory (DFT) at B3LYP/6-311++G(d,p) level of
theory. Additionally, the UV spectral properties of the indene compounds were corroborated
by frontier orbital (HOMO and LUMO) calculations. Intramolecular charge transfer (ICT)
peak has'been observed in the UV spectra of the compounds and theoretically confirmed by
the HOMO and LUMO analysis. The potential use of these compounds as antibacterial agents
was investigated. The results show that indene-1-one derivatives have an antibacterial activity
for both gram-negative (Pseudomonas aeruginosa) and gram-positive (Methicillin Resistant

Staphylococcus aureus) bacteria.
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1. Introduction

Indene compounds have recently attracted the interest of researchers as important
intermediates for the synthesis of a wide range of ‘chemicals such as polymers, liquid crystals
and enzyme inhibitors [1-6]. In particular, metal complexes of indene derivatives have shown
an exceptional catalytic efficiency in the polymerization of ethylene and propylene (Ziegler-
Natta type catalysis). Furthermore, indene derivatives have been widely used as cancer
inhibition drugs, pesticides and antimicrobial agents [7, 8]. Remarkably, 2-phenyl-1H-inden-
I-one has been well known as anticoagulant and vitamin K antagonist [9, 10]. Therefore,
efficient synthetic pathways to indene derivatives are in high demand. The second position is
particularly reactive and indan-1,3-dione derivatives with unique chemical and physical
properties [11, 12] may be obtained by functionalizing the methylene bridge [11-13]. The
photophysical properties of the derivatives obtained are mainly due to the strong electron-
accepting ketone moieties that may couple with electron-donating substitutents such as phenyl
[11]. On the other hand, addition reactions on the carbonyl groups of 2-phenyl-indan-1,3-

dione in the literature is scarce [14].



Donor-acceptor (D-A) molecules have been intensively explored for their potential use

as efficient electroluminescent and nonlinear optical materials [15-18]. In this context, the
efficiency largely depends on the optimum choice of a good donor-acceptor pair and the
proper spacing group. Most of the previously reported materials were based on conjugated
polymers [19-21]. Only recently, small molecules with intramolecular charge transfer (ICT)

are being investigated for their potential use as nonlinear optics materials [22-24].

In this work five derivatives of 3-(arylamino)-2-phenyl-1H-inden-1-one have been

synthesized and characterized with spectroscopic techniques such'as FTHR, 'H-NMR, mass

spectrometry and elemental analysis for their possible use as electroluminescent and nonlinear
optical materials. Quantum chemical calculations were performed using density-functional
theory (DFT) at B3LYP/6-311++G(d,p) level of theory for more insight on the electronic
structure and the confirmations of the compounds. The UV-Vis spectroscopic studies, along
with the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) analysis have been used to explain the ICT phenomena within these
molecules. In addition, the potential use of the studied compounds as antibacterial agents was

investigated.
2. Experimental
2.1 Materials, measurments, and calculations

All chemicals and reagents used for the synthesis were purchased from Merck KGaA,
Darmstadt, Germany, and used without further purification. Melting points (uncorrected)
were recorded on a Griffin & George melting point apparatus . The UV-vis absorption spectra
were recorded on a UV-2401PC "UV-VIS Recording Spectrophotometer”. The 'H-NMR
spectra were recorded on a Varian Mercury-300BB "NMR300" spectrometer using a TMS

internal reference. Electron impact mass spectra were obtained at 70 eV electron impact



ionization energy, using a GCMS sp.1000 Shimadzu. Infrared spectra were recorded with
KBr disks on a Bruker Tensor Model spectrophotometer. The FT-IR spectra were recorded

from 500 to 4500 cm®. The average of 8 scans were used at a resolution of 4 cmA, and the

KBr disks were prepared by standared procedures. Elemental analyses were carried outat

the Microanalytical unit at Cairo University, Egypt.

All the calculations were performed by the Gaussian03 program [25]. Ground state
geometries were calculated using Kohn-Sham density-functional theory (DFT) with the
Becke3-Lee-Yang-Parr hybrid functional (B3LYP) method using the 6-311++G(d,p) basis set
[26] for the full structural optimization and frequency calculations. Analytical frequency
calculations were done in order to verify the stationary points on the potential energy surface.
Exclusively positive frequencies and no imaginary negative frequencies for the energy
minima were found. To calculate excitation energies, the time-dependant density functional

theory (TD-DFT) were also conducted at the B3LYP/6-311++G(d,p) level of theory.

2.2 General synthetic method for the 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives

(PHI, PMI, PMOI, PCI, and PNI).

A mixture of 2-phenyl-indan-1,3-dione PI (1a, 1b; 2.2 mg; 10 mmol), prepared
according to literature,[27, 28] and the corresponding primary aromatic amines 2 (10 mmol),
namely, aniline, p-toluidine, p-anisidine, p-chloroaniline and p-nitroaniline, was fused at

100410 <C for 1 h and left stirring overnight. The condensation of PI with the different

aromatic amines proceeded via a nucleophilic attack of the amines followed by elimination of
one water molecule [29]. The solid compounds obtained were filtered and recrystallized from
the appropriate solvent to give PHI, PMI, PMOI, PCI, and PNI, respectively (3a and 3b, in

Scheme 1).
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Scheme 1. The synthetic route of 3-(arylamino)-2-phenyl-1H-inden-1-one.

2.3 Characterization of the 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives (PHI, PMI,

PMOI, PCI, and PNI)

The PHI compound was obtained in 86% yield after recrystallization from
chloroform. The m.p. was 168170 °C and "H-NMR (DMSO): 6 = 6.874.73 (m, 14H, arom.
H), 9.87 (s, 1H, NH); IR (KBr, cm™): 3235 (NH), 3053, 2890 (CH,), 1657 (C=0), 1592
(C=N), 1120 (C-N); MS: m/z = 297 (100%) (M"); Anal. Calcd. for C,;H;sNO. C, 84.82; H,

5.08; N, 4.71. Found; C, 84.55; H, 5.13; N, 4.94 %.



The PMI compound was obtained in 90% yield after recrystallization from ethanol,
m.p 232234 °C; '"HINMR (DMSO): & = 2.15 (s, 3H, CH3), 6.837.72 (m, 13H, arom. H), 9.84
(s, 1H, NH); IR (KBr, cm™): 3232 (NH ), 3050, 2887 (CHs, CH,), 1659 (C=0), 1589 (C=N),
1122 (C-N); MS: m/z = 311 (99.7%) (M"); Anal. Calcd. For C»,H7NO. C, 84.86; H, 5.50; N,

4.50. Found; C, 84.69; H, 5.45; N, 4.72 %.

The PMOI compound was obtained in 93% yield after recrystallization from
chloroform. M.p. 226228 °C and "HNMR (DMSO): & = 3.62 (s, 3H, OCH3), 6.557.64 (m,
13H, arom. H), 9.79 (s, 1H, NH); IR (KBr, cm™): 3235 (NH), 3055, 2887 (CH;0, and CH,),
1661 (C=0), 1594 (C=N), 1124 (C-N); MS: m/z = 327 (25.7%) (M"); Anal. Calcd. For

C»nH7NO:. C, 80.71; H, 5.23; N, 4.28. Found; C, 84.84; H, 5.36; N, 4.03 %.

The PCI compound was obtained in 88% yield after recrystallization from
chloroform/ethanol (3:1). M.p. 244246 °C; "H-NMR (DMSO): 6 = 6.88-7.76 (m, 13H, arom.
H), 9.92 (s, 1H, NH); IR (KBr, ¢m™): 3240 (NH), 3054, 2879 (CH,), 1662 (C=0), 1609
(C=N), 1120 (C-N); MS: m/z =331 (67.3%) (M"); Anal. Calcd. For C,;H;sNOCI. C, 76.02;

H, 4.25; N, 4.22; Cl, 10.69. Found; C, 76.10; H, 4.32; N, 4.19; Cl, 10.57 %.

The PNI compound was obtained in 94% yield after recrystallization from ethanol,
m.p 272274 °C; "HNMR (DMSO): § = 7.077.82 (m, 13H, arom. H), 10.29 (s, 1H, NH); IR
(KBr, cm™): 3257 (NH), 3055, 2878 (CH,), 1666 (C=0), 1610 (C=N), 1093 (C-N); MS: m/z
=342 (42.4%) (M"); Anal. Caled. For Cy;H14N,05. C, 73.68; H, 4.12; N, 8.18. Found; C,

73.54; H, 4.09; N, 8.35 %.



2.4 Antibacterial activity test

An in vitro antibacterial and antifungal activity assay was performed by the paper disc
assay method using the agar nutrient as medium. The 3-(arylamino)-2-phenyl-1H-inden-1-one
were tested against gram positive and negative bacteria (Pseudomonas aeruginosa,
Methicillin-Resistant Staphylococcus aureus). The stock solutions were prepared by
dissolving the compounds in ethanol and the solutions were serially diluted in order-to find
the minimum inhibitory concentration values (MIC). All the blank discs were moistened with
the solvent. For disc assays, Chloramphenicol-treated strains were used as a positive control.
The diameters of the growth inhibition hollows caused by samples were measured and

expressed in millimeter. All the assays were carried out.in triplicate.

3. Results and Discussion
3.1 Molecular structures and geometry optimization

The PI compound was synthesized by the reaction of phthalic anhydride and
phenylacetic acid according to literature [28, 30, 31]. Calculations with density functional

theory (DFT) at the B3LYP/6-311++G(d,p) level of theory [26] show that the keto-form (PI-

1a) exists in-equilibrium with the enol-form (PI-1b) and is 3.77 kcal mol™ more stable, in the
gas phase [31, 32]. This result is in a good agreement with the X-ray structure reported by
Bravic et al. [33], who showed that PI exists in organic solvents in keto—enol tautomerism but
only in its keto-form in the crystal structure [32, 33]. The phenyl ring in the keto-form (1a) is
not in the same plane with the indan-1,3-dione moiety, but rather at a torsional angle

C1€C2-€3-C4 of 90°and 75° (Fig. 1), in the X-ray structure and in the gas phase calculations,

respectively [32, 33]. In the enol-form (1b), the phenyl ring is only slightly deviated from



planarity, with a C1-€2-€C3-C4 torsional angle of approximately 143° (Fig. 1), allowing an

unfavorable OH...H (2.16 A) interaction and a C=0...H interaction of a favorable distance of

2.60 A, but an unsuitable bond angle of 110.4°[34-36], which may account for the instability

of this form compared to the keto-form.

Fig. 1. Optimized molecular structure of the PI-la and PI-1b isomers calculated at

B3LYP/6-311++G(d,p) level of theory.

The optimized structures and DFT calculated energies with B3LYP/6-311++G(d,p) level
show that the amide form 3a exists in equilibrium with the imide form 3b. The 3a isomer is
approximately 4 kcal/ mol more stable than 3b (see Table 1, and S1-S10 Supplementary data).
Interestingly, the geometrical structure of 3a has the phenyl ring twisted from the indan
moiety plane; the dihedral angle (C1-€2-€3-C4) is, for example, 140.5° in case of PHI-3a,
and 58:2° for PHI-3b (Fig. 2 and Table 1). The steric repulsion between the hydrogen atom of

the indane benzene ring and the phenyl ring may be held responsible for the lower stability
displayed by the amide isomer 3b [34, 37]. The stability of the possible conformation isomers

of 3a was explored particularly around the C5-N1 bond. For example, the potential energy
surface of PHI shows stabilization of PHI-3a by 2.3 kcal, the dihedral angle C8-C5-N1-H1 =
160°, than the corresponding isomer where C8-C5-N1-HI1 = 0° (see Fig. S5, Supplementary

data).



PHI-3b

Fig. 2. Molecular structure of PHI-3a and PHI-3b @ isomers calculated at

B3LYP/6-311++G(d,p) level of theory.

3.2 Vibrational spectra

Experimental FT-IR corroborated with theoretical calculations (DFT) reveals the
presence of an amide-tmide tautomerism. The calculated and experimental FT-IR spectra of
the most stable isomers of 3 are shown in Fig. 3, and Fig. S1-S4, Supplementary data.
Selected vibrational modes are collected in Table 2. For example, the FTHR spectra of PHI
show N-H stretching frequencies of 3235 cm4, 1530 cm’ (C=C), as well as 1566 —1594 cm’?
streching vibrations, corresponding to C=N stretching, as it is usually the case for
amide-+mide tautomers [38-40]. Simulated FT-IR spectra, scaled by a factor of 0.963 [41],
support the experimental results and show the diffrence between 3a and 3b isomers. Again,
the vibrational peaks at 3563 cm’? (N-H), and the peak at 1600 cm’? C=N, and 1414 cm? sp2
(C=C) are well resolved in the 3a compounds. Their absence in the 3b compounds supports

tautomerism equillibrium. In addition, C=O stretching peak in the region 1800 —1680 cm’



was observed for the all compounds which its position depends on the group envieroment [38,

42, 43].

a)

Wavenumber [cm—1]

Fig. 3. a) Experimental FTHR of PHI, b) calculated vibrational absorption spectra of PHI, 3a
(green) and PHI, 3b (red), at-the optimized structure by B3LYP/6-311++G(d,p) level of

theory.



Table 1: Optimized bond lengths (A), bond angles (°), dihedral angles (°) and stabilization

energy, include zero point energy corrections, (kcal/ mol) of 3-(arylamino)-2-phenyl-1H-

inden-1-one derivatives obtained by B3LYP/6-311++G(d,p) level of theory.

PHI PMI PMOI PCI PNI
3a 3b 3a 3b 3a 3b 3a 3b 3a 3b
Dihedral C1-€2€C3€C4 1405 582 1405 683 140.2 58.7 1403 609  140.7 59
angles
C1€2€3€5 399 61 40.1 509 403 615 400 587 394 60.6
C5N1€C6-C7 1544 887 1508 945 1462 36.1 1555 921 1653 90.7
Bond angles  C2-€3C5 127.8 114.7 1277 115 1277 115 127.8 1147 128.8 1263
C5N1€6 1284 1243 128.1 - 1241 127.6 124 128 1245 128.1 1147
Bond lengths  C5-N1 1.37 127 137 127 142 128 137 126 138 127
C6-N1 141 <141 142 141 142 141 141 140 140 1.39
X 458 - 482 - 425 - 4.10 - 343 -




Table 2: Experimental and calculated [B3LYP/6-311++G(d,p)] [26] vibrational frequencies (v

cm-) of 2-phenyl-1H-indene-1-one derivatives.

Compound Experimental Calculated assignment
a b
PHI 3235 3435 WN-H)
3053 3076 3093 WCH)ph
gggg U C-H)alph
1705 1742 Wcé{_)alph
1657 1696 1684 UC=N)
1592 1593 1584 C=0)
1558 1558 1473 UCC)ph, UC=N)
1530 1414 UC=C)
1492 1379 1341 dN-H)
1449 1336 1238 &C—H)ph
PMI 3232 3440 3097 UN-H)
3050 3071 UCH)ph
2887 2999 00 UCH;)as
2360 2969 UC-H)alph, UCH;)
1743 UC=N)
1657 1683 1683 C=0)
1589 1589 1593 UCC)ph, UC=N)
1533 1400 UC=C)
1490 1495 &CC)ph
1440 1431 1288 & NH)
PMOI 3235 3116 WN-H)
3055 3050 ¥C-H)ph
% o r | e
2275 ¥C-H)alph, ¥CH3)
1747 ¥C-H)alph, ¥CH3)
1661 1646 1679 ¥C=N)
1594 1595 1593 ¥C=0)
1562 1533 ¥CC)ph
1532 1499 1499 KC=N)
1465 1472 1465 UC=C)
1419 1426 1241 &CCph
4N-H)
PCI 3240 3431 WN-H)
3054 3079 3093 ¥C-H)ph
a b
1742 ¥C-H)alph
1662 1691 ¥C=N)
1609 1589 1683 ¥C=0)
1587 1563 1588 ¥CC)ph, UC=N)
1560 1420 UC=C)
1488 1481 1477 &CC)ph
1403 1379

&N-H)




PNI 3257 3409 WN-H)
3084 3093 \(C-H)alph
gggg (C-H)alph
1742 WC-H)alph
1666 1705 1700 VC=N)
1610 1589 1588 WC=0)
1566 1525 1525 WCC)ph, UC=N)
1540 1420 UC=0)
1488 1481 1472 CC)ph

*Calculated vibrational signals were scaled by 0.963 [41].

3.3 UV-Vis absorption spectra

The UV-is absorption spectra of PHI, PMI, PMOI, PCI; and PNI were measured in
ethanol and are shown in Fig. 4. The recorded absorption spectra show characteristic peaks at
250300 nm, a shoulder at ca. 310 nm, and broad peak at 400550 nm (Table 3). The 272276
nm peaks are characteristic for a local 7R electronic transition and the maxima at 450454 nm

pertains to the ground state intramolecular charge transfer (ICT) between the arylamino donor

and the 2-phenyl-1H-inden--one acceptor group (vide infra). In addition, the 309 nm

shoulder is due to the equilibrium between the amide and imide tautomers (Scheme 1).

Interestingly, PNI shows an extra peak at 351 nm.
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Fig. 4: a) Absorption spectra of 3 in ethanol (3.4 M PHI; 5.1 M PMI; 2.6 M PMOI; 4.0 M
PCI; 6.0 M PNI), b) Predicted absorption spectra of 3a, C) Predicted absorption spectra of
3b with TD-DFT at B3LYP/6-311++G(d,p) level of theory.



3.4 Frontier orbital (HOMO-LUMO) calculations

In order to understand the experimental UV-vis absorption spectra, TD-DFT
calculations for PHI, PMI, PMOI, PCI, and PNI were performed at B3LYP/6-311++G(d,p)

level to investigate the nature of both HOMO and LUMO orbitals [44, 45]. The experimental
wavelengths, the calculated energy values and the oscillator strengths of the near UV~is
spectra are shown in Table 3. The optimized geometries in Fig. 5 for the highest HOMO and
the lowest LUMO orbitals reveal that the electron density transfer occurs from the more
aromatic part of the meonjugated system (the electron donor) to the electron deficient part (the
electron acceptor). The HOMO is distributed over both the aryl group and the indene moiety,
while the indene moiety has the largest contribution to the LUMO orbital for both 3a and 3b
isomers (see Fig. 5 and S6, Supplementary data). Exceptionally, both PNI derivative isomers
have the larger contribution to the LUMO orbital located on the phenyl ring in addition to the
indene moiety (Fig. 5), which may be due to the low energy difference of this particular
derivative between its LUMO(3.15 eV) and LUMO+1 (2.64 eV). This result implies that the

2-nitrophenyl) moiety can work as electron acceptor in addition to the indene moiety. The
presence of two acceptors centers and one electron donor site in PNI-3a explain the presence

of the extra peak of this derivative at 351 nm (Fig. 4).



Table 3: Experimental and predicted wavelength (4, oscillator strength (j, and excitaion

energy (eV) of 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives obtained by B3LYP/6-

311++G(d,p) level of theory.

A(nm)
Observed Predicted — Aa.u) E(eV)
3a 3b 3a 3b 3a 3b
PHI 272 299 300 0.008 0.0007 4.14 4.13

309 sh 309 367 0.055 0.0022 4.01 4.08
450 477 408 0.096 0.0008 2.60 3.04
PMI 274 301 298 0.025 0.0110 4.12 4.15
309 sh 308 372 0.006° 0.0060 4.03 4.10
455 476 423 0.103 0.0004 2.60 2.93
PMOI 274 306 300 0.0059 0.0002 4.05 4.13
314 sh 307 392 0.0680 0.0021 4.04 4.09
453 476 457 0.1039 0.0037 2.60 2.71
PCI 272 307 301 0.0781 0.0013 4.03 4.11
308 sh 312 369 0.0094 0.0030 3.96 4.05
451 477 411 0.1092 0.0002 2.59 3.01
PNI 276 329 314 0.0170 0.0175 3.76 3.94
309 sh 331 326 0.0313 0.2044 3.75 3.79
351 345 384 0.1969 0.0338 3.58 3.79
454 493 420 0.1782 0.0011 2.51 3.22

The energy gap between the HOMO and LUMO orbitals generally determine the
molecular chemical activity, optical polarizability, kinetic stability, bioactivity and chemical
hardness of the molecule. Table 4 depicts the HOMO, LUMO, and energy gap values for the

3a and 3b isomers. The small energy gap of the studied compounds implies that there is a



small energy barrier to be overcome for electron transfer and substantial ground state internal
charge transfer (ICT) occurs, which is experimentally confirmed by a charge transfer band
(Fig. 4). The energy gap values (Table 4) are smaller for the amide form (3a) than the imide
form (3b). Therefore, the former is more reactive than the later isomer. Note that the energy
gaps, calculated at the B3LYP/6-311++G(d,p) level of theory, are comparable to energy gaps

of other conjugated polymers [46] and small organic molecules [47].

The TD-DFT calculations with simulated electronic transitions/of both 3a and 3b
isomers explain the UV=is absorption spectra observed for these derivatives. The predictions
give the electronic absorption spectra for the singletsinglet transitions (see Fig. 4b and 4c).
For the 3a isomers, intense absorption peaks are simulated in the UV region with a strong
maximum at 299, 301, 306, 307, and 329 nm (corresponding to the experimental 272276 nm
absorption) and less intensive peaks in the visible range at 477, 476, 476, 478, and 493 nm
(corresponding to the ICT experimental peaks at 450454 nm) for PHI-3a, PMI-3a,
PMOI3a, PCI3a, and PNI3a, respectively. These assignments are based on the predicted

high oscillator strength values and low excitation energy values of the corresponding peaks
(Table 3). On the other hand, the simulated electronic absorption spectra of the 3b isomers
show intense peaks in the UV region (300 — 320 nm) and shoulder peaks in the visible region

at 367, 372, 392, 369, and 384 nm for PHI-3b, PMI-3b, PMOI-3b, PCI3b, and PNI3b,

respectively. The broad absorption shoulders predicted for the 3b isomers in the visible region
may be corresponding to the shoulders experimentally obtained at 310 nm. In the particular
case of PNI, the experimental peak observed at 350 nm is present in the simulation of 3b at

420 nm.



»ip l&” l&gg 13945

PNI-3a PCI-3a PI-3a PMI-3a PMOI-3a

Fig. 5: (a) The optimized structure, (b) lowest unoccupied molecular orbital (LUMO), (c)
highest occupied molecular orbital (HOMO) of PHI3a, PMI3a, PMOI3a, PCI3a, and

PNI3a isomers calculated at B3LYP/6-311++G(d,p) level of theory.

3.5 The dipole moment

The dipole moment (£, which results from the non-uniform distribution of charges on
the different atoms in a molecule, is another important electronic property of molecules. This
is mainly used to study the intermolecular interactions (e.g. Van der Waals, dipole-dipole, #7.
The dipole moment is directly proportional to the strength of the intermolecular interaction;
the larger the dipole moment, the stronger the intermolecular interactions. Table 4 lists the
dipole moment (f for both isomers of the 3-(arylamino)-2-phenyl-1H-inden-1-one
synthesized derivatives, and shows that the 3a, amide isomers are always more polar than the

3b imide, therefore, having a stronger tendency for intermolecular interactions. The only



exception is the PNI derivative, which has a lower dipole moment value and, hence, a lower

tendency for the intermolecular interactions in its 3a isomer form.

Table 4: Predicted dipole moment (£, HOMO and LUMO energies (Enomo and Erumo), and

the band gap energies (&) of the 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives.

PHI PMI PMOI PCI PNI

3a 3b 3a 3b 3a 3b 3a 3b 3a 3b

Enomo (€V) 569 621 561 603 555 573 581 628 618 6787

Erumo (eV) 249 237 242 233 236 231 262 249 315 276

X (eV) 320 384 319 B70 319 342 319 379 303 411

UD) 497 3.61 3.02 233 594 442 3.06 233 335 429

3.6 Molecular electrostatic potential (MEP) surface

The molecular electrostatic potential (MEP) surface has been intensively used for the
investigation of the chemical reactivity of the molecules [48]. This is usually investigated by
generating an electrostatic potential V(r) in the space around the molecule and predicting the
charge distribution. The negative region in MEP is the preferred site for an electrophilic
attack while the positive region is the preferred site for a nucleophilic attack. The MEP is
further used to predict the active sites in biological systems and, therefore, it is effectively
used in biological systems recognition [49]. To predict the electrophilic and nucleophilic

reactive sites for both isomers of the 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives, the



MEP was calculated for the optimized structures with B3LYP/6-311++G(d,p) level of theory

(Fig. 6). The negative charge densities (red color) are localized on the carbonyl oxygen atoms
for both the isomers. The nitrogen atoms of the 3a isomers bear positive charge densities
(blue color), while those of the 3b isomers have negative charge densities. The nitro group
carry a negative charge that is higher in isomer 3a, as shown by the higher dipole moment of

this isomer compared to 3b (Table 4).

PNI-3a PCI-3a PHI-3a PMI-3a PMOI-3a

-0.04

+0.04

PNI-3b PCI-3b PHI-3b PMI-3b PMOI-3b

Fig. 6: The MEP surface of 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives calculated at

B3LYP/6-311++G(d,p) level of theory (negative charge areas as colored in red, while the

positive charged ones are blue).

3.7 Biological activity

The search for new antibiotics is increasing due to the microbes mutations [50, 51].
Staphylococcus aureus and Pseudomonas aeruginosa are of particular interest due to their
versatile pathogenic response, causing a wide range of human diseases such as pustules [52,

53] carbuncles [54] furuncles [55] and impetigo [56]. In addition, Staphylococcus aureus is a



well-known infectious agent in hospitals, particularly for new born babies, diabetes patients
and chronic diseases [57]. The discovery of penicillin in the early 1940s has reduced the
infectiousness of Staphylococcus aureus until the penicillin resistant Staphylococcus aureus
(PRSA) was reported. Methicillin was then discovered as being effective against PRSA
infections in the late 1950s, however, only until the Methicillin-Resistant Staphylococcus

aureus (MRSA) emerged, the treatment of PRSA and MRSA is largely restricted to Slactam

antibiotics, although, recently the MRSA becomes resistant to it [58;, 59]. Herein, we
investigated indene-1-one derivatives for their potential use as medicinal agents for both gram
positive and gram-negative bacteria. These compounds were screened for antibacterial
activities using Chloramphenicole as reference-antibiotic [60]. The PHI, PCI, PMOI and
PNI derivatives were biologically active against Pseudomonas aeruginosa (Table 5), with
PNI having the largest effect (14.0 mm) and PHI the lowest, compared to the reference
antibiotic. The antibacterial trend is in agreement with the increasing inductive effect of the

substituted groups (H <—Cl <—OCHj3; <-NQO,) of these derivatives. The derivative, with an

electron-donating group (—CHj3), however, does not shown any effect on Pseudomonas
aeruginosa. Interestingly, only PNI shows a significant activity against MRSA (15.2 mm).
This may be related to the presence of multiple sites for the intermolecular interaction of PNI,
as the MEP surface shows (Fig. 6). Note that both PNI and the reference antibiotic
(Chloramphenicole) have the resonance effect of (-NO;), which may be the link to their

similar effect on MRSA.



Table 5: The antibacterial activity of 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives
against Pseudomonas aeruginosa (ATCC 278223 Gram negative) and Methicillin Resistant

Staphylococcus aureus (MRSA, ATCC 43300 Gram positive).

Antibacterial activity (mm)

MRSA Pseudomonas aeruginosa
Chloramphenicole®  32.9 21.5
PMOI - 12.0
PMI — —
PHI - 6.0
PCI - 10
PNI 15.2 14.0

*Chloramphenicole was used as reference antibiotic.

4. Conclusion

Five derivatives of 3-(arylamino)-2-phenyl-1H-inden-1-one derivatives, PHI, PMI,
PMOIL, PCI, and PNI, were synthesized and fully characterized by various analytical

techniques. We discussed the presence of amide —imide tautomerism both by experimental
and theoretical methods. TD-DFT calculations proved the intramolecular charge transfer

(ICT) in these molecules and determined the energy gap between the HOMO and LUMO that
allow such ICT processes. Except for the p-methyl derivative, all others show an antibacterial

effect against Pseudomonas aeruginosa, the largest being that of the p-nitro derivative. The



structural and spectroscopic properties of the p-nitro substituent may be the underlying reason

for this unique antibacterial affect on the MRSA.
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Highlights

e Synthesis of 3{arylamino)-2-phenyl-d H-inden-1-ene derivatives.

e Geometric structure and vibrational spectra of the amide-imide forms were
analyzed.
e Experimental photophysical properties were compared with the computed values.

e Biological activities on different bacteria were examined.



