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Summary: The molecular structure aspects of 2-(4-hydroxy-3-methoxy-benzylidene) -6-methoxy-
3,4-dihydro-2H-naphthalen-1-one 3 and 4-(4-hydroxy-3-methoxy-phenyl)- 8-methoxy-3,4,5,6-
tetrahydro-1H-benzo[h]quinazoline-2-thione 5 were investigated using spectroscopic analyses and
DFT calculations. The calculated geometric parameters of the most stable isomer of 3 were in good
agreement with the experimental data obtained from its X-ray analysis. On the basis of the HOMO
and LUMO energies different reactivity descriptors such as chemical potential (n), hardness (1),
softness (S) and the electrophilicity index (®) were calculated. It was found that the electrophilicity
index (w) of 3 is higher than that for 5 and the electronic chemical potential of 5 is higher than 3.
Also the hardness is lower for 3 than 5 which has larger number of electronegative atoms. The
calculated 13C and 'H-NMR chemical shifts at the optimized geometry of the studied compounds
were correlated well with the experimental data and showed high correlation coefficients (R?). Both
molecules were screened against some selected proteases, phospholipases, bacterial and fungal
strains. Compound 3 demonstrated better antiproteases activity than 5 with its maximum inhibitory
activity against trypsin. Interestingly, while 3 demonstrated moderate inhibition against all tested
phospholipases, compound 5 was more potent in inhibiting the catalytic activities of DrG-IB and
SG-IBsPLA;s than oleanolic acid the reference antiphospholipase. Therefore, compound 5 may
serve as a potential candidate for further development to identify therapeutic agents for treatment of
diet induced obesity and diabetes. Antibacterial screening revealed that while 5 was completely
inactive, 3 demonstrated promising inhibitory potential against some microbes with the lowest 1Cs
value against gram negative Klebsiella pneumoniae ATCC 700603.

Keywords: Quinazoline-2(1H)-thiones; 2-Arylidenetetralin-1-one; DFT calculations; Antiphospholipases;

Antiproteases; Antimicrobial activity.
Introduction

Secretory PLA; (SPLAS) is a subgroup of
phospholipase Az (PLA?) superfamily involved in the
regulation of a great variety of physiological events
such as digestion, inflammation, tissue injury,
atherosclerosis, host defense, reproduction and skin
homoeostasis [1,2]. Likewise, it had become evident
that proteases make a distinct contribution to various
biological processes such cell differentiation,
proliferation, replication and transcription of DNA,
protein-protein  interaction, immune  response,

maturation, fertilization, ovulation, bone formation,
survival and programmed cell death, and the
recycling of cellular proteins [3]. All of these
enzymatic activities are critical to the progression of
a number of serious diseases either directly or
indirectly [4-14]. Also, it was reported that the
secretions of both phospholipases and proteases are
very well-known virulence characteristics in case of
Candida  infections  [15]. Correspondingly,
development of potent and selective inhibitors for the
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management of these proteins is considered a highly
remarkable aspect of drug discovery processes for
therapeutic candidates to be used for the prevention
and treatment of immunological complaints,
inflammatory bowel disease (IBD), diet-induced
diabetes and cancer or to provide protection from
infectious microbes [16-20].

In this context, chalcones and their
analogues are considered as privileged candidates for
these purposes due to their wide spectrum of
pharmacological activities including antimitotic [21],
anti-inflammatory [22], antioxidant [23], analgesic
[24], Angiotensin I-Converting Enzyme (ACE)
inhibitors [25], anti-protozoal [26], anti-histaminic
[27], antibacterial [28] antifungal [29] and anticancer
agents [30]. Moreover, quinazoline-2(1H)-thiones
and their annealed derivatives are attractive drug
scaffolds found in  many of the synthetically
developed biologically  active heterocyclic
compounds such as the Bcl-x.inhibitors [31],
cathepsin B and cathepsin H inhibitors [32],
antimicrobials [33,34], cytotoxic and anti-HIV
candidates [35].

Considering, the aforementioned facts which
coupled with our interest in the synthesis of bioactive
molecules as phospholipases and proteases inhibitors
and antimicrobial agents [36,37], we report herein the
synthesis, characterization of 2-arylidenetetralin-1-
one 3 and the new tetrahydrobenzo[h]quinazoline-2-
thione derivative 5. The structures of the two
compounds were investigated using density function
theory methods. The natural populations of the
atomic charges were calculated using the natural
bond orbital (NBO) method and correlated to the data
obtained from the X-ray structure of 3. The reactivity
of the two compounds toward electron transfer
process have been determined using Frontier
molecular orbitals (FMOs). NBO analyses were used
for studying the intra-molecular charge transfer (ICT)
interactions taking place in the studied molecular
systems. The NMR chemical shifts were calculated
using the gauge including atomic orbital (GIAO)
method and correlated to the experimental data.
Moreover, in vitro antiphospholipases and
antiproteases activities of the two compounds were
investigated to explore their potential for controlling
inflammation, inflammation associated diseases and
diet-induced obesity and diabetes as well. Besides,
the antimicrobial activities of the studied compounds
were evaluated against two pathogenic plant fungi
and fourteen strains of gram positive and gram
negative bacteria with the aim to develop new agents
capable of inhibiting resistant bacteria and fungi.
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Experimental
Synthesis

Melting points were determined on a
Gallenkamp melting point apparatus and are
uncorrected. Infrared spectra were recorded on a
Perkin Elmer 1600 FTIR spectrophotometer. NMR
spectra were recorded on a 1-Ascend Bruker NMR
spectrometer operating at 850 MHz for 'H and 213
MHz for *C or on a Bruker DPX 400 spectrometer
operating at 400 MHz for *H and at 100 MHz for *3C
at 25 °C. All chemical shifts () are reported in ppm
relative to the internal standard tetramethylsilane.
Coupling constants (J) are reported in Hz.
Multiplicity in *H-NMR is reported as singlet (s),
doublet (d), double of doublets (dd), triplet (t), and
multiplet (m). Mass spectra were recorded on a
ShimadzuQp-2010 Plus mass spectrometer works
using electron ionization Mode (EI). Elemental
analyses were performed on Perkin Elmer 2400
elemental analyzer; CHN mode and the values found
were within +0.3% of the theoretical values. All
chemical reagents were commercially available and
used without further purification.

2-(4-Hydroxy-3-methoxy-benzylidene)-6-methoxy-
3,4-dihydro-2H-naphthalen-1-one (3)[38]

To a stirred solution of 6-methoxy-1-
tetralone 1 (4.93 g, 0.028 mol) in conc. HCI (37%, 28
mL) and glacial acetic acid (28 mL) at 0 °C, vanillin
2 (4.3 g, 0.028mol) was added. The resulting
mixture was further stirred at this temperature for 3 h,
then at room temperature for 18 h. Diethyl ether was
added and the ethereal layer was discarded. The
remaining residue was treated with water/ice mixture,
and the separated solid was filtered off and
recrystallized from ethanol/petroleum ether to afford
the 2-arylidene tetralin-1-one derivative 3 (50 %) as
red crystals, m.p. 112-115 °C; vmax (KBr)/cm™ 3431,
3177, 2940, 2838, 1638, 1597, 1559, 1520, 1443,
1425, 1390, 1317, 1253, 1165; 84 (400 MHz; CDCls)
2.92 (2 H, t, J=6.0, CH), 3.13 (2 H, t, J = 6.0, CHy),
3.87 (3H, s, OCHjs), 3.92 (3H, s, OCHs), 6.70 (1H, d,
J= 2.6, CH-Ar), 6.87 (1H, dd, J= 8.5, 2.6, CH-Ar),
6.95-6.96 (2H, m, 2 x CH-Ar), 7.02 (1H, dd, J= 7.7,
1.7, CH-Ar), 7.78 (1H, s, CH=C,-CO), 8.10 (1H, d,
J= 8.5, CH-Ar); 8¢ (100 MHz; CDCls) 27.28 (CHy),
29.18 (CHy), 55.40 (OCHjz), 55.94 (OCHs), 112.21,
112,73, 113.21, 114.39, 123.64, 127.14, 128.32,
130.66, 133.70, 136.33, 145.51, 146.24, 163.46 (6 x
CH-Ar, CH=C4-CO and 6 x Cg4-Ar), 186.71 (C=0);
MS (El) m/z (%) [M* + 1] 31115 (14.29), [M*]
310.15 (69.06), 309.15 (100.00), 295.10 (9.67),
294.10 (15.64), 293.15 (12.54), 279.10 (11.79),
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137.10 (7.88), 125.15 (4.63), 120.10 (3.11), 89.05
(3.88), 77.00 (4.84). Anal. Calcd. for CioHisOs
(310.34): C, 73.53; H, 5.85; Found: C, 73.78; H,
5.96.

4-(4-Hydroxy-3-methoxy-phenyl)-8-methoxy-3,4,5,6-
tetrahydro-1H-benzo[h]quinazoline-2-thione (5)

A mixture of 6-methoxy-1-tetralone 1 (0.46
g, 0.0026 mol), vanillin 2 (0.4g, 0.0026 mol) and
thiourea 4 (0.32 g, 0.0042 mol, 1.62 equiv.) in
ethanol (20 mL) containing (1 mL) of conc. HCI
(37%) was refluxed for 27 h. The reaction mixture
was concentrated under reduced pressure to afford
the crude product. Crystallization from chloroform
afforded 5 (45 %) as a yellow powder, m.p. 253-255
°C; vmax (KBr)/cm™ 3402, 3199, 3114, 2996, 1578,
1501, 1461, 1358, 1307, 1256, 1215, 1173, 1088,
1031, 914, 857, 828, 780, 743, 684, 497; &n (850
MHz; DMSO-dg) 1.85-1.88 (1H, m, CH-aliph), 2.12-
2.15 (1H, m, CH-aliph), 2.58-2.62 (1H, m, CH-
aliph), 2.68-2.72 (1H, m, CH-aliph), 3.74 (3H, s,
OCHj3), 3.75 (3H, s, OCHs), 482 (1H, s, CH-
pyrimidine), 6.70 (1H, dd, J=6.5, 1.5, CH-Ar), 6.76-
6.78 (3H, m, 3 x CH-Ar), 6.88 (1H, d, J= 1.7,
CH-Ar), 7.61 (1H, d, J= 8.5, CH-Ar), 8.91 (1H, s,
NH), 9.05 (1H, s, NH), 9.60 (1H, s, OH); dc (312
MHz; DMSO-ds) 23.58 (CH,), 27.77 (CHy), 55.07
(OCHs), 55.58 (OCHs), 58.17 (CH-pyrimidine),
108.77, 110.75, 111.41, 113.88, 115.50, 119.38,
120.65, 122.92, 126.32, 133.91, 137.48, 146.27,
147.48, 158.77 (6 x CH-Ar, 6 x Cq-Ar, 2 x
Cq-pyrimidine), 173.77 (C=S); MS (EIl) m/z (%) [M*
+ 1] 369.10 (25.58), [M*] 368.15 (100.00), 367.15
(53.86), 335.15 (16.51), 308.15 (10.49), 246.10
(16.14), 245.10 (98.68), 184.05 (9.17), 152.10 (3.19),
137.15 (3.12), 125.00 (3.49), 115.10 (3.92), 109.05
(3.29), 97.15 (3.65), 83.10 (4.00), 69.05 (5.08), 55.05
(5.94).Anal. Calcd. for CzoH20N203S (368.45): C,
65.20; H, 5.47; N, 7.60; Found: C, 65.49; H, 5.63; N,
7.82.

Calculation methods

The DFT/B3LYP method has been validated
to give results close to those for the more
computationally expensive MP2 method for
molecular geometries and frequency calculations
[39,40] Consequently, the DFT/B3LYP method at 6-
31G(d,p) basis set as implemented in Gaussian 03
program package [41,42] was used to calculate the
equilibrium molecular geometries of the possible
isomers of the titled compounds (Scheme-1). For all
computations, frequency calculations were performed
using the same level of theory. These frequency
calculations showed that all structures were
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stationary points in the geometry optimization
procedures and none showed imaginary frequencies
in the vibrational analyses. On the basis of the
principle of statistical thermodynamics [43], entropy
(S), enthalpy (H) and Gibbs free energy (G) of the
isomers under standard conditions of T=298.15 K
and P= 1 atm have been obtained. The NMR
chemical shifts were computed using the GIAO
method [44, 45].The natural bond orbital (NBO)
calculations were performed using NBO 3.1 program
of the Gaussian 03W package at the DFT/B3LYP
level in order to understand the various orbital
interactions between the filled orbitals of one
subsystem and vacant orbitals of another subsystem,
which are considered as a measure of the
intermolecular delocalization or hyperconjugation
[46].

Biological testing
SPLA; inhibition assay [47]

The substrate consisted of 3.5 mM lecithin
in a mixture of 3 mM Sodium
Taurodeoxycholate (NaTDC), 100 mM NacCl, 10 mM
CaCl, and 0.055 mM red phenol as a colorimetric
indicator dissolved in 100 mL of H;O. The pH of the
reaction mixture was adjusted to 7.6. The Human
group A (hG-I1A), the dromedary group V (DrG-
V), lIA (DrG-I1A), and IB (Dr-IB) sPLA; and the
stingray group V (SG-V), A (SG-I1A), IB (SG-IB)
SPLA; were solubilized in 10% acetonitrile at a
concentration of 0.02 pg/ul;. A volume of 10 pL of
these PLA; solutions was incubated with 10 uL of
each compound dissolved in 100 % DMSO for 20
min at room temperature. Then, 1 mL of the sPLA;
substrate was added, and the kinetic progress of the
hydrolysis reaction was followed for a duration of 5
min by reading the optical density at 558 nm.
Oleanolic acid and DMSO were used as positive and
negative control, respectively. The inhibition
percentage was calculated by comparison with a
control experiment (i.e. DMSO in the absence of the
compound).

Proteases inhibition assay

Four commercially available proteases
namely, proteinase K (Sigma-Aldrich, P2308), and
that obtained from Aspergillus oryzae (Sigma-
Aldrich, P6110), Bacillus licheniformis (Sigma-
Aldrich, P4860) and Bacillus sp. (Sigma-Aldrich,
P3111), and four proteases with therapeutic
importance, namely, chymotrypsin (Sigma-Aldrich,
C3142), collagenase (Sigma-Aldrich, C2674),
thrombin  (Sigma-Aldrich, T7513) and trypsin
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(Sigma-Aldrich, T4799) were used to study the
effects of the prepared compounds (dissolved in 100
% DMSO ) on their enzymatic activities. Proteases
assays were carried out by adopting the Kunitz
caseinolytic method [48] using Hammerstein casein
as the substrate. The respective protease inhibitor
activity was assayed under the same conditions with
the addition of the inhibitor (0.1 mg/mL) to the
respective reaction mixture, preincubation for 10
min, and assaying the residual enzyme activity. A
protease inhibitor unit is defined as the amount of
protease inhibitor that was able to inhibit one unit of
respective enzyme activity. The protease inhibitor
activity has been expressed in terms of percent
inhibition. Appropriate blanks for the enzyme,
inhibitor, and the substrate were also included in the
assay.

Antibacterial Activity
Culture of bacterial strains preparation

Pure standard microbial isolates collected
from King Khaled University Hospital were tested in
this study; including Staphylococcus aureus ATCC
25923, Staphylococcus aureus Ala 1, Methicillin
resistant Staphylococcus aureus ATCC3345, Bacillus
subtilis ATCC 6633, Enterococcus faecalis ATCC
29212, Streptococcus pyogensATCC 19615, and
Streptococcus mutans as gram positive, and
Escherichia coli ATCC 25966, Escherichia coli
ATCC 35218, Pseudomonas aeruginosa ATCC
27853, Klebsiella pneumoniae ATCC 700603,
Salmonella sp., Salmonella typhimurium LT2 and
Serratia marcescens as gram negative bacteria. Fresh
cultures of each microorganism were grown on
nutrient agar plates (Oxoid, UK), of which small
inoculums were suspended in 5 mL of the nutrient
broth for bacterial suspension preparation of
0.5MacFarland.

Antibacterial assay

Antimicrobial activity was assayed using the
well diffusion technique according to the vanden
Berghe and Vlietinck protocol [49]. Briefly, small
inoculums of each of the prepared microbial
suspensions were loaded on the surface of sterile
Muller Hinton agar plates (Oxoid) with sterile cotton
swabs. The loaded plates were then equidistantly
perforated using a sterile 6mm diameter cork borer.
Next, 70 pL of each compound (1 mg/ml, dissolved
in 100% DMSO) was loaded in the appropriate well.
The plates were allowed to rest for 30 min. at room
temperature and then incubated at 37°C for 18-24 h.
Antimicrobial activity was determined by measuring
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the inhibition zone. All tests were performed in
duplicates and means of inhibition zones were
recorded in mm. Tetracycline, Vancomycin and
Gentamicin were used as positive drugs while DMSO
was used as the negative control.

Determination of minimal inhibitory concentration
(MIC)

Micro-well dilution method was performed
to determine the MIC values, which represent the
lowest concentrations of the studied chemical
compounds that are capable of completely inhibiting
the visible growth of bacteria [50]. Dilutions series of
compound 3 dissolved in 100% DMSO were
prepared in a 96-well plate. Each well contained 50
uL of the diluted compound, 10 pL of inoculums (108
CFU/mL) and 40 pL of the growth medium.
Dimethyl sulfoxide and tetracycline were used as
negative and positive controls  respectively.
Subsequently, the plate was covered with another
sterile plate and incubated for 24 h at 37°C. Then, 40
uL of freshly prepared MTT dye (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (0.5 mg/mL) was added to each well and
incubated for 30 min. The biologically active bacteria
were indicated by the change to red color. The MIC
was taken to the well, where no change of color of
MTT was observed. The experiments to determine
the MIC values were performed in triplicate.

Determination of the ICso values
(concentration eliciting 50% inhibitory effect for
bacterial activity)

Bacterial viability was investigated by
measuring the colony-forming ability (CFU) of
bacteria incubated in the presence or absence of
compound 3 (dissolved in 100% DMSO) for different
times. The assay mixtures included 2 x 107
CFU/mL in sterile BHI supplemented with the
appropriate amounts of the compound were incubated
for 60 min with shaking at 37 °C. At different
intervals, aliquots were withdrawn and serially
diluted into sterile BHI. To determine the bacterial
viability by colony counting, samples were streaked
onto media agar plates and incubated at 37 °C for
24h. The bactericidal effect of compound 3 was
expressed as the residual number of CFU with
respect to the initial inoculums and the ICsp value
corresponding to the compound concentration
capable to inhibit  50% of the initial inoculums.
DMSO was used as the negative control. The
experiments to determine I1Cso values were performed
in triplicate.
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Antifungal Activity
Fungal culture and media preparation

Two fungal species namely Fusarium sp.
and Alternaria alternate were isolated from plants
and identified by the Department of Mycology at
king Saud University. Both species were cultured,
purified and maintained on Sabouraud dextrose agar
(Oxoid) for testing the antifungal activities of the
chemical compounds prepared in study.

Antifungal assay

The antifungal assays for compounds 3 and
5 were performed by measuring the diameter growth
of the fungal strains using disc the diffusion
technique [51]. 100 pL of each of the chemical
compounds (Img/ml in 100% DMSO) was
inoculated in the center of a sterile Petri dish and then
mixed with 20 mL of the Sabouraud dextrose agar.
The plates were allowed to solidify and subsequently,
5 mm sized-disc was cut from each of the test fungi
Fusarium and Alternaria, using a sterile cork borer.
The disc was placed upside down at the center of the
agar- chemical compound plates and incubated for 5
days at 28 °C. The control plates (containing the
experimented fungi and DMSO without the chemical
compound) were prepared for comparing the
inhibitory effects of compounds 3 and 5. Tests were
performed in duplicates. The growth of each of the
fungal strains was measured and determined as the
mean diameter growth in mm.

Results and Discussion
Chemistry

The Knoevenagel condensation between
6-methoxy-1-tetralone 1 and vanillin 2 under acidic
catalysis by adopting procedures reported by Du and
co-workers [38] afforded 2-arylidenetetralin-1-one
derivative 3 as portrayed in Scheme-1. Next,
cyclocondensation of 3 with thiourea 4 was attempted
under basic catalysis according to the reported
method [52] with the aim to obtain
tetrahydrobenzo[h]quinazoline-2-thione derivative 5.
However, after 27 h of refluxing the reaction mixture,
the TLC analysis indicated formation of a complex
mixture of compounds which was very difficult to
separate. The same result was obtained by using the
modified protocol under acidic conditions [53]. One
possible reason for this result in a strong acidic
medium is the protonation of carbonyl oxygen atom
of enone moiety in compound 3 that resulted in
increasing the electrophilic character of the
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B-conjugated position of intermediate A which
therefore, could be subjected to nucleophilic attack
either by nitrogen or sulfur atoms of thiourea
molecule. Subsequent intramolecular cyclization
would furnish the desired Biginelli product 5 having
benzo[h]quinazoline-2-thione core or its isomeric
product 6 incorporating 2-amino-1,3-thiazine ring as
documented in the literature [54] as depicted in
Scheme-2.

Complex Mixture

HZN NH;
on @ or (i) or (v)
HN NH

Scheme-1:  Synthesis and attempts of
cyclocondensation of

2-arylidenetetralin-1-one 3

Reagents and conditions: (i) Compound 1, conc. HCI, AcOH, 0
°C, compound 2, stirring 3 h at 0 °C, overnight at r. t.; (ii)
Compound 3 (0.6 g, 0.0019 mol), compound 4 (0.14 g, 0.0019
mol), conc. HCI (1 mL), EtOH, reflux 27 h; (iii) Compound 3 (0.6
g, 0.0019 mol), compound 4 (0.14 g, 0.0019 mol), conc. HCI (2
mL), CHsCN, reflux 27 h; (iv) Compound 3 (0.5 g, 0.0016 mol),
compound 4 (0.3 g, 0.0039 mol), KOH (0.33 g , 0.0058 mol),

EtOH, reflux 27 h.
o \
K
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Scheme-2: The  proposed  mechanisms  for

formation of compounds 5 and 6



Nahed N. E. El-Sayed et al.,

Therefore, the one pot, three component
synthesis using 6-methoxy-1-tetralone 1, vanillin 2
and thiourea 4 under acidic conditions was the next
optimal choice and it successfully led to the
formation of the desired product 5 rather than the
isomeric 2-amino-1,3-thiazine 6, as shown in
Scheme-3.

S

o CcHO s e |
Y HCl o
+ + HNTONH, T H
o ° EOH\27h o oH
! oH | I
1 2 4 5

Scheme-3: One pot synthesis of compound 5.

The assignment of the structure of 2-
arylidene tetralin-1-one 3 was based on the following
observations. The presence of an absorption band at
vmax= 1733 cm™ in the IR spectrum attributed to the
conjugated carbonyl group. The presence of only two
triplet signals at 6 2.90 and 3.11 ppm in *H-NMR
spectrum each integrating to two protons,
corresponded to the two methylene groups of the 1-
tetralone fragment. The appearance of a singlet signal
at & 7.76 ppm, integrating to one proton which was
attributed to the p-methine proton of the
characteristic o,p-enone functionality. Furthermore,
the ®*C-NMR spectrum revealed the presence of only
two methylene groups at 6 27.28 and 29.18 ppm and
the characteristic carbonyl group at & 186.71 ppm.
Also the mass spectrum (EI) of compound 3
indicated the presence of the expected molecular ion
[M* + 1] at m/z 311.15 (14.29%) for Ci9H1504 and
the base peak was observed at m/z 309.15 (100.00%).

Analogously, the assignment of the structure
of the tetrahydrobenzo[h]quinazoline-2-thione
derivative 5 was based on the following observations.
The emergence of an absorption band at vma= 1173
cm* due to C=S functionality in the IR spectrum. In
the *H-NMR spectrum, the two methylene groups of
the tetralone core exhibited complicated splitting
patterns because of generation of the new stereogenic
center at C-4 in  the tetrahydro-1H-
benzo[h]quinazoline-2-thione scaffold and the proton
at this center was demonstrated by a one proton
singlet spectral line at & 4.82 ppm. Moreover, the
presence of two singlet spectral lines at 6 8.93 and
9.05 ppm corresponded to the two NH groups proved
the formation of structure 5 rather than its isomeric
2-amino-1,3-thiazine derivative 6. The BC-NMR
spectrum also confirmed the formation of tetrahydro-
1H-benzo[h]quinazoline-2-thione derivative 5 as
indicated by the presence of a new spectral line at &
58.17 ppm which would be attributed to the methine
carbon of the pyrimidine ring and the presence of a
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new spectral line at & 173.77 ppm arising from the
thiocarbonyl group. The mass spectrum (EI) showed
the molecular ion [M* + 1] at m/z 369.10 (25.58%)
for CyH20N20sS and the base peak [M*] was
ohserved at m/z 368.15 (100.00%).

Structural investigation

Stabilities and energetic

The optimized structures of compounds 3
and 5 are shown in Fig 1. The total energies (Ewt),
zero point vibrational energies (ZPVE), corrected
energies (Ecorr) and the thermodynamic parameters of
all suggested isomers are given in Table-1. For
compound 3, it is evident that, the T11 is more stable
than T12 by 3.08 kcal/mol. The latter has a higher
energy because of the steric effect. On other hand, for
compound 5 the thione tautomer is predicted to be
more stable than either of the two thiol isomers. The
T21 form (thione) is more stable than T22 and T23
by 16.99 and 14.29 kcal/mol, respectively. As a result
the order of tautomeric stability of the suggested
isomers of 5 is T21 > T23 > T22. The
thermodynamic parameters indicates that the
conversion of any of the less stable isomers to the
most stable one is an exothermic process with
negative AH. Also, the T11 and T12 isomers are
thermodynamically more stable than the others as
indicated from their negative AG values.

Table-1: Energies and thermodynamic parameters of
the different isomers of 3 and 5.

3 5

Cpd # T11 T12 T21 T22 T23
Ett(a.u)
ZPVE(a.u)
Ecorr(@.u)
AE (kcal/mol)
H (a.u)
AH(kcal/mol)?
G (a.u)

AG (kcal/mol)?
S (cal. mol*K-

)

1507.5351
0.3660

1507.5306
0.3659

1035.7580 1035.7532 1507.5621
0.3311 0.3312 0.3702

1507.1691
14.2884

1507.1647
16.9944

10354270 1035.4220 1507.1918
3.0809

1507.1445
-14.5356

1507.1401
-17.2465

1035.4057 1035.4008 1507.1676
-3.0378

1507.2237
-14.2765

166.7020

1507.2195
-16.8624

167.1210

1035.4768 10354720 1507.2464
-2.9882

149.7080  149.8740  165.8340

2The difference between the most stable isomer and the less stable one
Optimized geometry

The optimized geometric parameters of the
studied compounds are given in Table-2. The
calculated bond distances of the most stable isomers
of compound 3 are in agreement with the reported
X-ray structure (CCDC 1459326) [55] and the
calculated bond distances are deviated very slightly
from the experimental data. The maximum error
doesn't exceed 0.018 A for the C27-C29 bond. Fig. 2
shows the correlations between the calculated and
experimental bond distances of 3. The correlation
coefficients (R?= 0.942-0.981) indicates that there is
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a good agreement between the calculated and experimental structures.
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Fig. 1. Optimized structures of the suggested isomers of compounds 3 and 5.
Table-2: Calculated bond distances of the studied i _ R(44-45) 1.684
compounds 2 Lllsz of bond angles is given in the Supplementary data (Table S1).
Parameter 3 5 16 ¥=0.964x +0.045
R(1-5) 1231 1243 R(1-10) 1.363
R(2-11) 1.361 1.360 R(1-31) 1.420 g™
R(2-33) 1.420 1.438 R(2-27) 1.364 i
R(3-29) 1.362 1.364 R(3-28) 1.363 3
R(4-30) 1.362 1.366 R(3-35) 1.418 3
R(4-37) 1.419 1.428 R(4-5) 1.475 2.
R(5-6) 1.487 1.475 R(4-20) 1.350 L
R(5-21) 1500 1.483 R(4-40) 1.403
R(6-7) 1.407 1.403 R(5-6) 1.405 13
R(6-14) 1.405 1.402 R(5-13) 1.409
R(7-9) 1.382 1371 R(6-8) 1.388
R(9-11) 1.407 1.400 R(8-10) 1.401 Calculatad bond distances
R(11-12) 1.400 1.388 R(10-11) 1.401
R(12-14) 1.399 1.394 R(11-13) 1.395
R(14-15) 1510 1.507 R(13-14) 1513 J-osisesssso
R(15-18) 1.537 1532 R(14-17) 1534 130 #0542
R(18-21) 1512 1512 R(17-20) 1.509 .
R(21-22) 1.354 1.346 R(20-21) 1511 H
R(22-24) 1.463 1.465 R(21-22) 1530 % i
R(24-25) 1.403 1.391 R(21-42) 1.471 3
R(24-31) 1415 1.403 R(22-23) 1.394 Eous
R(25-27) 1.396 1.387 R(22-29) 1.403 2
R(27-29) 1.392 1.374 R(23-25) 1.396 e
R(29-30) 1416 1.409 R(25-27) 1.393
R(30-31) 1.390 1.380 R(27-28) 1.413
R(28-29) 1.396
R(40_45) 1366 100 105 110 115 120 125 130 135

R(42-45) 1.352 Calculated bond angle
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Fig. 2: Correlation graphs between the calculated
and experimental geometric parameters of 3.
Table-3: Calculated natural charges of compounds3

and 5.

3 5

o1 -0.5784 o1 -0.5158
02 -0.5126 02 -0.6804
03 -0.6763 03 -0.5089
04 -0.5101 C4 0.1631
C5 0.5303 C5 -0.0976
C6 -0.1658 C6 -0.2122
C7 -0.1678 H7 0.2380
H8 0.2625 C8 -0.2739
C9 -0.2840 H9 0.2539
H10 0.2523 C10 0.3336
C11 0.3492 C11 -0.3135
C12 -0.3271 H12 0.2406
H13 0.2390 C13 0.0163
C14 0.0212 C14 -0.4687
C15 -0.4704 H15 0.2518
H16 0.2550 H16 0.2487
H17 0.2469 C17 -0.4711
C18 -0.4845 H18 0.2523
H19 0.2473 H19 0.2484
H20 0.2535 Cc20 -0.0649
C21 -0.1162 Cc21 -0.0688
C22 -0.1530 C22 -0.0734
H23 0.2565 C23 -0.2321
C24 -0.0891 H24 0.2500
C25 -0.2265 C25 -0.3029
H26 0.2426 H26 0.2365
c27 -0.3107 c27 0.2983
H28 0.2346 C28 0.2846
C29 0.3067 C29 -0.3086
C30 0.2805 H30 0.2390
C1 -0.2836 C31 -0.3288
H32 0.2452 H32 0.2344
C33 -0.3292 H33 0.2067
H34 0.2341 H34 0.2070
H35 0.2077 C35 -0.3270
H36 0.2080 H36 0.2350
C37 -0.3278 H37 0.2052
H38 0.2338 H38 0.2037
H39 0.2073 H39 0.4929
H40 0.2064 N40 -0.6118
H41 0.4927 H41 0.4493

N42 -0.6202

H43 0.4470

S44 -0.2701

C45 0.2713

H46 0.2432

Natural charges

The natural populations of the atomic
charges were calculated using the natural bond orbital
(NBO) method (Table-3). For both molecules, the
most negative charge is located over the O-atoms,
where the O-atom of the OH group has the highest
negative charge. Also, the S-atom of 5 has a negative
charge. Thus these sites are the most reactive to be
attacked by an electrophile. They are also considered
the most H-accepting sites. In contrast, the H-atoms
are the most positive, where the OH proton is the
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most positive in both molecules. Also, the two NH
protons in 5 have high positive charges. These
protons are the most favored to be attacked by a
nucleophilic species and are considered the most H-
donating sites. These facts are revealed by
distributions of the electron density over the
molecular electrostatic potential of the studied
molecules (Fig. 3). As shown in this Fig there is a
clear red region, i.e. negative electron density,
located over the O and S-atoms indicating that these
sites are the most nucleophilic sites. In contrast, the
blue regions of low electron density are located over
the OH/NH protons indicating that these sites are
most electrophilic sites. Furthermore, these are
considered as the most reactive protons for
H-bonding interactions which are in agreement with
the X-ray structure of 3.

Fig. 3: MEP of the studied compounds.
Frontier molecular orbitals (FMOs)

The frontier molecular orbitals are the
highest occupied (HOMO) and lowest unoccupied
(LUMO) molecular orbitals which are related to the
reactivity of compound toward electron transfer
process. HOMO energy is a relative index for the
ability of a molecule to donate electron. In contrast,
the ability of a compound to accept electrons is
related to its LUMO energy. Thus compounds having
high energy HOMO and a low lying LUMO are
considered as the most reactive electron donor and
electron acceptor, respectively. Fig 4 shows the
frontier molecular orbitals and their energies. The
HOMO energies for 3 and 5 were calculated to be -
5.4505eV and -5.2031 eV, respectively. It is evident
that 5 is a better electron donor than 3. In contrast, 5
have higher LUMO than 3 and hence the latter is
considered a better electron acceptor with lower
HOMO-LUMO gap of 3.8145 eV compared to
4.2477 eV for 5. The orbital density of the HOMO
and LUMO levels are mainly distributed over the -
system and partially over the heteroatom lone pairs.
Hence, the HOMO-LUMO excitation could be
described as w-m* excitation mixed with some n-m*
transitions.
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-1.6360 eV
A

3.8145eV

-5.4505 eV
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-0.9554 eV

=

4.2477 eV

-5.2031 eV

Fig. 4. The FMOs energy level diagram of the compounds 3 and 5.

On the basis of the HOMO and LUMO
energies, different reactivity descriptors such as
chemical potential (i), hardness (1), softness (S) and
the electrophilicity index (o) were calculated [56-62].
It is clear from the data shown in Table-4 that the
electrophilicity index (w) of 3 is higher than that for 5
indicating the higher electrophilic character of the
former compared to the latter. In addition, soft
systems are large and highly polarizable, while hard
systems are relatively small and much less
polarizable. The results indicated that, the hardness is
lower for 3 than 5 which have larger number of
electronegative atoms. Moreover, the electronic
chemical potential of 5 is higher than 3 indicating the
more ease of electron transfer from the former than
the latter. These results agree with the HOMO and
LUMO energies discussed above.

Table-4: The reactivity parameters of 3 and 5

Parameter 3 5
n -3.5433 -3.0793
n 1.9073 2.1239
S 0.2622 0.2354
[0} 3.2913 2.2322

Natural bond orbital (NBO) analysis

The second order perturbation energy
analysis is one of the most important NBO features
used for studying the intra- and intermolecular charge
transfer (ICT) interactions taking place in molecular
systems. The stabilization energy E@ obtained from
this analysis sheds light on the stabilization of the
system due electron delocalization processes. Many
intramolecular  charge transfer  delocalization

processes such as m—7n*, n—n* and n—c* that
occurred in the studied molecules have been listed in
Table-5. Within the organic skeleton of the molecule,
the system is stabilized by strong n—n* electron
delocalization from the filled BD(2)C-C to the empty
antibonding BD*(2)C-C NBOs, which stabilizes the
system by up to 24 kcal/mol for both compounds. For
3, some BD(2)C-C— BD*(2)C-C ICT interactions
were detected while 5 didn't show any BD(2)C-C—
BD*(2)C-S ICT interactions. On other hand, the
n—n* ICT stabilization energies of up to 32.47
kcal/mol were detected for 3. Interestingly,
compound 5 shows a very strong electron
delocalization from the LP(1)N filled NBOs to the
empty BD*(1)S44-C45 with stabilization energy E®@
ranging from 70.55 to 81.81 kcal/mol. In contrast, the
LP(2)S44— BD*(1)N40-C45 interactions are
weaker, which indicates that the BD*(1)S44-C45
antibonding natural orbitals are better electron
acceptors than the BD*(1)N40-C45 one. Generally,
the n—n* ICT interactions are stronger than the
n—c* ones for both compounds.

Moreover, the electron density (ED) of the
donor (i) and acceptor (j) NBOs included in the ICT
interactions are listed in the same table. As can be
seen that the electron density of all the occupied =-
and LP-type as NBOs donor orbitals are less than
2.00000 e; for a non-conjugated system such as
ethanol molecule. In contrast, the acceptor n* and c*
acceptor NBOs are increased more than 0.00000 e in
absence of any ICT transfer. The strong lowering the
ED of the former and the significant increase in the
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ED of the latter indicated the strong ICT interactions
in the studied systems.
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Table-5: Donor (NBOj)—acceptor (NBO;j) interactions and their stabilization energies deduced from the

second order perturbation theory?,

3 5

NBO: ED(i) e NBO; ED()e E® NBO; ED() e NBO; ED(j) e E@
BD(2)C6-C14 163576  BD*(2)01-C5 022215 2133 BD(2)C4-C20  1.88896  BD*(2)C5-C6  0.41245 1091
BD(2)C6-C14 163576  BD*(2)C7-C9 027301 2165 BD(2)C5-C6  1.64940 BD*(2)C4-C20  0.21572 14.35
BD(2)C6-C14 163576 BD*(2)C11-Cl2 038944 1621  BD(2)C5-C6  1.64940 BD*(2)C8-C10  0.39672 18.43
BD(2)C7-C9 170665 BD*(2)C6-Cl4  0.38247 1527  BD(2)C5-C6  1.64940 BD*(2)C11-C13  0.35494 23.35
BD(2)C7-C9 170665 BD*(2)C11-C12 0.38944 2351 BD(2)C8-C10 161656 BD*(2)C5-C6  0.41245 2351
BD(2)C11-C12 165802 BD*@2)C7-C9 027301 13.69 BD(2)C8-C10  1.61656 BD*(2)C11-C13  0.35494 17.14
BD(2)C11-C12 165802 BD*(2)C6-Cl4 038247 23.98 BD(2)C11-C13 1.69132 BD*(2)C5-C6  0.41245 16.13
BD(2)C11-C12 165802 BD*(2)01-C5 022215 2006 BD(2)C11-C13 1.69132 BD*(2)C8-C10  0.39672 2321
BD(2)C24-C25 197377 BD*(2)C21-C22 012734 1201 BD(2)C22-C23 1.68835 BD*(2)C25-C27  0.38580 18.95
BD(2)C24-C25 197377 BD*(2)C27-C29 0.38557 19.61 BD(2)C22-C23 1.68835 BD*(2)C28-C29  0.39685 19.19
BD(2)C24-C25 197377 BD*(2)C30-C31 0.36668 1852 BD(2)C25-C27 168630 BD*(2)C22-C23  0.36890 19.62
BD(2)C27-C29 168509 BD*(2)C24-C25 0.39030 1942 BD(2)C25-C27 168630 BD*(2)C28-C29  0.39685 18.05
BD(2)C27-C29 168509 BD*(2)C30-C31 0.36668 17.03 BD(2)C28-C29 169661 BD*(2)C22-C23  0.36890 19.21
BD(2)C30-C31 170839 BD*(2)C24-C25 0.39030 17.54 BD(2)C28-C29 169661 BD*(2)C25-C27  0.38580 18.22
BD(2)C30-C31 170839 BD*(2)C27-C29 0.38557 18.42 LP(2)01 1.83578 BD*(2)C8-C10  0.39672 28.42
LP(2)01 1.88375  BD*(1)C5-C6  0.06151 18.88 LP(2)02 1.86997 BD*(2)C25-C27  0.38580 29.16
LP(2)01 1.88375 BD*(1)C5-C21  0.06637 19.41 LP(2)03 1.83937 BD*(2)C28-C29  0.39685 30.73
LP(2)02 1.82885 BD*(2)C11-C12 0.38944 3247 LP(1)N40 167001 BD*(2)C4-C20  0.21572 32.82
LP(2)03 1.86441 BD*(2)C27-C29  0.38557  29.66 LP(1)N40 167001 BD*(1)S44-C45  0.51353 70.55
LP(2)04 1.83969 BD*(2)C30-C31 0.36668  30.90 LP(1)N42 167934 BD*(1)S44-C45  0.51353 81.81
LP(2)S44 1.88782 BD*(1)N40-C45  0.05510 10.37
LP(2)S44 1.88782  BD*(1)N42-C45  0.05510 10.50

3aBD(2) = xt; LP=lone pair (n); BD*(1) = ¢* and BD*(2)=n*

Table-6: Calculated and experimental chemical shifts
of the most stable isomers of the studied compounds.

3 Calc. Exp. 5 Calc. Exp.
C 5 177.18 186.71 C 4 123.84 126.32
C 6 124.70 128.32 CcC 5 117.96 122.92
c 7 127.43 130.66 C 6 116.25 120.65
c 9 111.73 113.21 Cc 8 111.37 115.50
C 11  156.15 163.46 C 10 153.31 158.77
C 12 10351 112.73 Cc 11 105.59 110.75
C 14  139.89 145.50 C 13 134.07 137.48
C 15 31.77 29.18 C 14 31.70 271.77
C 18 30.07 27.28 Cc 17 26.69 23.58
C 21 12896 133.70 C 20 103.92 108.77
C 22 13498 136.33 c 21 64.40 58.21
C 24 12583 127.14 Cc 22 130.43 133.91
C 25 116.30 123.64 Cc 23 115.69 119.38
C 27  108.66 112.21 C 25 110.75 113.88
C 29 141.87 146.01 Cc 27 141.17 146.27
C 30 142.83 146.24 C 28 141.80 147.48
C 31 111.72 114.39 C 29 106.70 111.41
C 33 52.55 55.40 C 31 52.52 55.58
Cc 37 52.62 55.94 C 35 52.45 55.07
H 8 8.28 8.10 C 45 170.35 173.77
H 10 6.87 6.87 H 7 7.05 7.61
H 13 6.33 6.70 H 9 6.82 6.76
H 16 2.93 3.13 H 12 6.37 6.71
H 17 2.40 2.92 H 15 2.86 2.70
H 19 2.77 2.92 H 16 222 2.60
H 20 3.08 3.13 H 18 1.96 2.14
H 23 7.88 7.78 H 19 147 1.87
H 26 6.86 7.02 H 24 7.03 6.88
H 28 6.34 6.96 H 26 6.45 6.77
H 32 6.65 6.95 H 30 6.31 6.78
H 34 3.96 3.87 H 32 3.92 3.74
H 35 3.61 3.87 H 33 3.56 3.74
H 36 3.61 3.87 H 34 3.55 3.74
H 38 4.03 3.92 H 36 4.03 3.75
H 39 3.62 3.92 H 37 3.55 3.75
H 40 3.60 3.92 H 38 352 3.75
H 41 3.48 H 39 3.36 9.62

H 41 6.58 9.05
H 43 5.30 8.93
H 46 4.82 4.82

NMR

The NMR chemical shifts were calculated
using the same level of theory at the optimized
geometry of the studied compounds. The chemical
shifts for the C and H-atoms were obtained on the
d-scale with respect to TMS as reference. The
corresponding calculated and experimental chemical
shifts for the hydrogen and carbon atoms are given in
Table-6. The calculated chemical shift values are
found to be in good agreement with the experimental
data, except for the NH and OH protons. These
protons are labile in solution and strongly involved in
solute-solvent interactions, which explains the
significant differences between the calculated and
experimental values of these protons. The
correlations between the experimental and calculated
chemical shifts for the most stable isomers are shown
in Fig. 5. The relationships between the calculated
and experimental chemical shifts are linear. The
correlation coefficients are high, which indicates that
the method used to predict the NMR chemical shifts
is highly accurate.

Biological evaluation
Phospholipases inhibitory screening

The inhibitory effects of the studied
compounds were examined against several G-11A and
GV sPLAs and two GIB sPLAs.

As shown in Fig 6, although 2-arylidene
tetralin-1-one 3 is more potent than compound 5, it
exhibits moderate inhibitory activity against
proinflammatory GIIA and GV sPLA,s compared to
oleanolic acid which is used as the reference
phospholipases inhibitor. Interestingly, compound 5
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is more potent than both of compound 3 and a potential candidate for treatment of diet induced
oleanolic acid in inhibiting the two types of GIB  obesity and diabetes [8].
SPLA:s. This implies that compound 5 might serve as
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Fig. 5. Correlation between the calculated and experimental 3C-(left) and *H-(right) NMR chemical shifts of
the most stable isomers of 3 and 5. Note that H39, H41 and H43 chemical shifts of 5 were omitted
from the correlation because these labile protons won't be computed satisfactorily because of the
possibility of the strong interactions with solvent molecules.
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Fig. 6: Inhibitory effects of compounds 3 and 5 on 7 different SPLA.s (hGIIA, DrGlIA, SGIIA, SGV, DrGIB
and SG-IB) enzyme activities. Oleanolic acid was used as positive control. Experiments were
performed in triplicate and are reported as the mean + standard deviation.
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Fig. 7. Inhibitory activities of compounds 3 and 5 toward different pharmaceutically and commercially

important proteases. Protease Inhibitor Cocktail (13911 SIGMA) was used as positive control. Data

are means of triplicate determinations + SD.
Proteases inhibitory screening

Analogously, compounds 3 and 5 were
examined for their anti-proteases activity against four
of the commercially available proteases, namely,
proteinase K and those obtained from Aspergillus
oryzae, Bacillus licheniformis and Bacillus sp., and
four other therapeutically important proteases
including chymotrypsin, collagenase, thrombin and
trypsin. The screening results are shown in Fig 7
reveal that 2-arylidenetetralin-1-one 3 was more
effective than compound 5 towards all of the tested
proteases with its maximum inhibitory activity
against trypsin (71 %), as compared to that of the
reference protease inhibitor; cocktail (75 %). The
weakest inhibition was recorded against proteinase K
(21 %) as compared to cocktail (90 %).

Considering the large number of in vitro and
in vivo reports indicated that active trypsin is one
component of the multifaceted response of the acute
inflammatory diseases of the pancreas [63], and its
activity was also increased in tissues from patients
with Crohn’s disease and ulcerative colitis [64],

compound 3 may be considered as a potential
candidate that can be chemically modified to enhance
its inhibitory potency for the treatment of such acute
inflammatory disorders.
Antimicrobial screening

Moreover, compounds 3 and 5 were further
screened for in vitro antimicrobial activities against
two pathogenic plant fungi, namely, Fusarium sp.
and Alternaria alternate as well as against fourteen
strains of gram positive and gram negative bacteria.
Screening results are presented in Table-7 and 8. As
shown in Table-7, both compounds are capable of
inhibiting the growth of the tested fungi and are
found to be more effective against the fungus
Fusarium sp. than Alternaria alternate. Moreover,
compound 3 has a higher inhibitory effect by
displaying the smallest diameter for fungal growth
(29 mm) in comparison to both of compound 5 (33
mm), and the control Petri dish of the tested fungi
with full fungal growth.

Table-7: Antifungal properties of compounds 3 and 5
against two pathogenic plant fungi.

Alternaria alternata Fusarium sp.
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Control Comp 3 Comp 5 Control Comp 3 Comp 5
Full Full
growth 29 mm 33 mm growth 39 mm 38 mm
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The antifungal effect of studied compounds (100 pg) was assessed by
measuring the growth of each fungal strain and expressed as the mean
diameter growth in mm. DMSO was used as the negative control.

Table-8: Antibacterial properties of compounds 3 and 5 expressed in inhibition zones (mm) against several

Gram-positive and Gram-negative bacteria.

Positive control Standard discs

Organisms Comp. 3 Comp. 5 inhibition zone in (mm)
Average inhibition zone in (mm)  Average inhibition zone in (mm)  TE \Y% CE
(30pg)  (30pg) (120pg)
Stapylococcus aureus ATCC 25923 10+0.2 - 32 - -
Alal - - 29 - -
MRSA ATCC 3345 10+0.1 - - 20 -
MRSA - - - 19 -
Streptococcus pyogenes ATCC 19615 10+0.2 - 23 - -
Streptococcus mutans 18.5+0.1 - 29 - -
Entrococcus feacalis ATCC 29212 - - 8 - -
Bacillus subtilis ATCC 6633 10+0.1 - 12 - -
Escherichia coli ATCC25922 - - 19 - -
Escherichia coli ATCC - - 20 - -
Pseudomonas aeruginosa ATCC 27853 13+0.1 - - - 29
Klebsiella pneumoniae ATCC 700603 12+0.1 - - - 26
Salmonella sp. 8+0.1 - 23 - -
LT2 - - 20 - -
Serratia marscens 13.5+0.3 - 13 - -

The bactericidal effect of studied compounds was assessed by measuring the diameter of inhibition zone (70 pg/well). Tetracycline (TE), Vancomycin (VA)
and Gentamicin (CN) were used as the positive reference standards, and DMSO was used as the negative control.

The results of antibacterial screening shown
in Table-8 reveal that while
tetrahydrobenzo[h]quinazoline-2-thione derivative 5
is completely inactive, 2-arylidenetetralin-1-one 3
demonstrates moderate to good antibacterial activity
against both gram positive and gram negative
bacteria. The highest inhibitory effects of compound
3 are observed against gram positive Streptococcus
mutans (18 mm) followed by gram negative bacterial
strains namely; Serratia marscenses (13.5 mm),
Pseudomonas aeruginosa (13 mm), Klebsiella
pneumoniae (12 mm), Staphylococcus aureus,
MRSA and Bacillus subtilisall by displaying an
inhibition zone of 10 mm; however, lower effects are
observed against Salmonella sp. (8 mm), in addition
to bacterial strains; Ala, Entrococcus feacalis ATCC
29212, E .coli and LT2 (Salmonella typhimurium) are
completely unaffected by the tested compounds.

Table-9: Antibacterial activities of compound 3
expressed in terms of 1Csp and MIC.

Organisms 1Cs0 (Mg/mL) MIC (ug/mL)
Stapylococcus aureus ATCC 25923 2250450 >970
MRSA ATCC 3345 145075 >620
Streptococcus pyogenes ATCC 19615 1650445 >850
Streptococcus mutans 2500+100 >1050
Bacillus subtilis ATCC 6633 1500+70 >620
Pseudomonas aeruginosa ATCC 27853 2180+80 >560
Klebsiella pneumoniae ATCC 700603 1200+80 >780
Salmonella sp. 1450+40 >890
Serratia marscens 2070430 >1100

1Cs0, the compound concentration necessary to kill 50% of the initial
inoculum, was deduced from curves obtained from three independent
experiments. MIC values represent the lowest concentrations of the studied
chemical compounds which are capable of completely inhibiting the visible
growth of bacteria. DMSO was used as the negative control

In the view of the obtained results of the
antibacterial activities, the 1Cso value, i.e. the
compound concentration necessary to kill 50% of the

initial inoculum, which was deduced from curves
obtained from three independent experiments and
MIC (the minimal inhibitory concentration) value i.e.
the lowest compound concentrations that completely
inhibited the growth of microorganisms were
determined for compound 3 (Table-9) towards the
more sensitive microbes. These experiments indicate
that compound 3 displayed the lowest ICso against
gram negative Klebsiella pneumoniae ATCC 700603.

Conclusions

In this study, 2-(4-hydroxy-3-methoxy-
benzylidene)-6-methoxy-3,4-dihydro-2H-naphthalen-
l-one 3 and 4-(4-hydroxy-3-methoxy-phenyl)-8-
methoxy-3,4,5,6-tetrahydro-1H-benzo[h]quinazoline-
2-thione 5 were synthesized and their molecular
structures  were confirmed using different
spectroscopic analyses and DFT computations. The
relative stabilities of their suggested isomers were
discussed in the framework of the DFT/B3LYP
method. The most stable isomer for compound 3 was
found to be the one that was observed experimentally
using X-ray diffraction. The frontier molecular
orbitals of the most stable isomers were also
calculated and discussed. The energies of the HOMO
and LUMO orbitals were taken as indicators of the
ability of the molecules to donate and accept
electrons respectively. The NMR spectral data of the

stable isomers was well correlated with the
experimental NMR chemical shifts.
Antiphospholipases and  antiproteases  testing

revealed that compound 3 was more active than 5
against all the tested enzymes except for the two
isoforms of GIB sPLAs, as compound 5 showed
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higher inhibition even than the that of oleanolic acid
which is used as the reference phospholipases
inhibitor. Thereby, compound 5 might serve as a
potential candidate for treatment of diet induced
obesity and diabetes. Furthermore, antibacterial
screening showed that enone 3 was more potent and
displayed the lowest 1Csy against gram negative
Klebsiella pneumoniae ATCC 700603.
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