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The antioxidant activity of 10 synthetic dibenzylideneacetone (DBA) derivatives has been studied. Except for the base
compound, all other derivatives contain electron-bearing substituents, such as OH and OCH, on aromatic fragments. Formally,
DBA can be considered a system containing a cinnamoyl moiety linked to a substituted styrene residue.

The aim of the study was to investigate antioxidant properties of the synthesized DBA derivatives and to analyze their
quantum chemical parameters revealing the regularities of the «structure—activity» relationship.

Materials and methods. For the carbon atoms of the analyzed compounds, Mulliken charges (AUs), bond numbers (Nms),
an unsaturation index (IUA), a free valence index (Fr), a theoretical valence (TV) and the electron density were determined.
All calculations were performed on a workstation with an Intel Xeon E5-1620 3.5GHz processor and 20GB RAM using a semi-
empirical RM7 method and the WinMopac 2016 software. lonization energies were calculated using the WinMopac 7.21
software for the studied compounds. The Way2Drug PASS Online predictive program was used to evaluate their possible
pharmacological activity. The antioxidant activity was evaluated both in vitro (using DPPH and ABTS assays) and in vivo
(by measuring a superoxide dismutase (SOD) activity and the concentration of products reacting with 2-thiobarbituric acid
(TBA-AP) in Wistar rats without pathology).

Results. A preliminary analysis of the possible types of the biological activity of the synthesized DBA derivatives was
performed using the Way2Drug PASS Online program. This analysis showed that all the structures have an antitumor activity,
which is apparently due to their antioxidant properties. This type of activity was experimentally confirmed by four tests: by
DPPH and ABTS in vitro and the effect on SOD and by the TBA-AP in animals. The analysis of the data allowed us to determine
that the most active antioxidants are compounds 5, 6, and 8, which contain phenolic hydroxyl groups. In these compounds,
the 8-hydroxy group is surrounded by OCH, radicals on both sides, making it spatially blocked and, therefore, the phenoxyl
radical it forms is the most stable. A comparison of the values of the quantum chemical parameters found shows that the
most informative for studying the structure—activity relationship are the Mulliken charges (AUs), electron density on carbon
atoms, and also their IUA and Fr.

Conclusion. The structural features of the 1,5-diphenylpent-1,4-diene-3-one derivatives and the nature of free radicals
formed during biological tests indicate that this class of compounds can be considered promising as antioxidants.
Keywords: quantum chemical parameters, antioxidants, 1,5-diphenylpent-1,4-dien-3-one derivatives, antitumor properties.
Abbreviations: ROS — reactive oxygen species, DPPH — 2,2-diphenyl-1-picrylhydrazyl; ABTS — diammonium salt of
2,2’-azino-bis[3-ethylbenzthiazoline-6-sulfonic acid]; SOD — superoxide dismutase; TBA-AP — thiobarbituric acid active

products; IP — ionization potential.
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M3yyeHa aHTMOKCMAQHTHAA aKTMBHOCTb 10 CMHTETMYECKMX NPOU3BOAHbLIX AnbeH3uanaeHauetoHa (ABA), monekyna
KOToporo npeactasnset coboi (1E, 4E)-1,5-andeHmnneHTa-1,4-aneH-3-oH. 3a UCKIOYEHWEM POAOHAYA/IbHOMO COEANHEHMS,
OCTa/ibHble CoAep}KaT B apoOMaTUYEeCKnX dparmeHTax aNeKTpoHoAopHble 3amecTutesin — OH, OCH,. ®opmanbHO monekyny
MOHO PacCMATPMBaTb KaK CUCTEMY, COAEPKALLYI LUHHAMOW/bHbLIA GParmMeHT, CBA3AHHbIA C OCTAaTKOM 3aMELLEHHOro
cTupona.

Lienb. M3yyeHne aHTMOKCMAAHTHbIX CBOMCTB CUHTE3MPOBAHHbIX MPOU3BOAHbIX [BA U X KBAHTOBOXMMMUYECKMX MAaPamMeTpoB
C LLe/Iblo BbIAB/IEHNA 3aKOHOMEPHOCTEN B3aMMOCBA3U «CTPYKTYPAa—aKTUBHOCTbY.

Martepuanbl U metoapbl. 111 aTOMOB Yrneposa aHaIM3npyemblx coeiMHeHU onpeaeneHbl MannnkeHoBCKWe 3apaabl (a.e.),
ceasesble uucna (Np), wuHAEKc HeHacbiweHHocTn (IUA), uHaekc cBoboaHon BaneHTHocTM (FU), TeopeTuyecKas
Ba/fieHTHOCTb (VW) M 3N1eKTpOHHAA MAOTHOCTb. Bce pacuyéTbl ocyliecTBleHbl Ha paboyeit CTaHUMKM C MNPOLLECCOPOM
IntelXeonE5-1620 3,5 MTw, 20 [6 onepaTMBHOW NaMATM C UCMOb30BaHMEM MONYIMNUPUYECKOro MeToda PM7 (nporpamma
WinMopac 2016). [na nsyyaembix coeguHeHnin no nporpamme WinMopac 7.21. 6bin paccuMTaH MoKasaTelb SHepruu
MOHM3aUMK. [NA OLEeHKM BO3MOXKHOW HapMaKoNOrMUYecKo aKTMBHOCTM WMCMONb30Basacb MPOrHOCTUYECKasa Mporpamma
Way2Drug PASS Online. AHTMOKCMZAHTHYIO aKTUBHOCTb aHa/IM3UPYEMbIX COeaAUHEHWN oueHuBanu in vitro (DPPH wu
ABTS TecTbl), a TakxKe in vivo (onpegeneHne akTMBHOCTM cynepoKenaamcmyTasbl (COL) M KOHLEHTPALMM aKTUBHbIX MPOAYKTOB,
pearupyowmx c 2-Tnobapbutyposoi kucnotoi (TEK-AM) y Kpbic AMHUK Wistar 6e3 natonorum).

Pesynbrathbl. peagaputensHo Obln OCYLLECTBNEH aHANIM3 BO3MOMHbIX BMAOB OUONOTMYECKOW aKTUBHOCTM CUMHTE3MPOBAHHbIX
npounsBogHbix ABA no nporpamme Way2Drug PASS Online KoTopbii MoOKasan, 4YTo A/1A BCEX CTPYKTYp XapaKTepHa
NPOTUBOOMNYXONEBAA AKTUBHOCTb, YTO, MO-BMAMMOMY, OOYC/NOBNEHO B TOM YMCAe U AHTMOKCUAAHTHbIMU CBOMCTBAMM.
[aHHbIN BMUA aKTUBHOCTU 3KCMEpPUMEHTaNbHO onpeaenanca no 4 tectram — DPPH v ABTS (in vitro) n no BavaHuto Ha CO/, n
TBK-AM (Ha XMBOTHbIX). AHANN3 NONYYEHHbIX AaHHbIX NO3BOIN/ YCTAHOBUTb, YTO Hanbosee aKTUBHbIMU aHTMOKCMAAHTaMMU
ABNAIOTCA coeaAnHeHna 5, 6 u 8, copgepKalyme peHoNbHbIe rTMAPOKCUMrpynmnbl. B cTpyKType 8 rugpokcurpynna c o6enx cTopoH
OKpyxeHa OCH,-pagnKanamu, To ecTb OHa ABNAETCA NPOCTPAHCTBEHHO 3aTPYAHEHHOM M, CnefoBaTeNbHO, 06pasyemblit MM
$EeHOKCUIbHBIN pagukan Hanbonee yctonums. ConoctaBneHMe 3HAYeHUN HaWAEeHHbIX KBAHTOBOXMMUYECKUX NapameTpoB
NoKa3blBaeT, YTo Hanbonee MHPOPMATUBHBIMM C TOUKM 3PEHUA U3YYEHUA B3aMMOCBA3N KCTPYKTYPa—aKTUBHOCTbY ABAAIOTCA
MannnkeHoBcKue 3apAabl (a.e.), 3NeKTPOHHaA NNOTHOCTb HAa aTOMaXx Yrnepoaa, a TakKe uHaekcol IUA n FuL.

3akntoyeHme. CTpyKTypHble 0COHBEHHOCTM NOAYYEHHbIX MPOU3BOAHbIX 1,5-andbeHnnneHTa-1,4-gmeH-3-0Ha, a TakKe npupoaa
0bpasyembix CBOBOAHbIX PafUKaNoB B UCMNONb30BaHHbIX 6MONOMMUYECKMX TECTAaX OAHO3HAYHO CBUAETENbCTBYIOT O TOM, YTO
AHaNM3NPYeMbI KNacc COeAMHEHUA MOXKHO CYUTATb MePCNEeKTUBHbIMU AHTUOKCUAAHTAMM.

KntoueBble cnoBa: KBAHTOBOXMMUYECKME MAPaMeTPbl; aHTUOKCUAAHTbI; Npou3BoaHble 1,5-andeHnnneHTa-1,4-ameH-3-oHa;
NPOTUBOOMNYXO/1IEBbIE CBOMCTBA

Cnucok cokpaweHuii: AOK — aktuBHble ¢opmbl Kucnopoga; DPPH — 2;2-andenun-1-nukpunrngpasun; ABTS —
OVWaMMOHMEBasA cosb 2,2'-a3nHo-buc [3-3TmnbeH3TnasonnH-6-cynbdoHoBoOM Kucnotbl; COL —- cynepoKcuMaamncmyTasa;
TBK-A — akTUBHbIE NPOAYKTbI TMO6APOUTYPOBOMN KNCNOTbI; UM — MOHU3ALMOHHbIN NOTeHLMan.

INTRODUCTION

Currently, extensive experimental data have been
accumulated, they clearly indicate a relationship
between free radical oxidation processes and metabolic
disorders. These processes, as a rule, lead to the
suppression of the antioxidant defense mechanisms
due to the accumulation of free radicals, including
reactive oxygen species (ROS), in the body. Among
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the latter, the hydroxyl radical (HOe) characterized
by electrophilic properties, is the most dangerous. It
interacts with the nitrogenous bases of nucleic acids,
promoting the formation of numerous mutations [1-
4]. The hydroxyl radical simultaneously interacts with
phospholipids in the cell membranes, causing tissue
damages and various pathological processes in the
human body [2, 5-7].
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In the cases of disorders caused by an excessive
production of ROS and other free radicals, it is
important to search for non-toxic antioxidants. From
this perspective, the authors believe that derivatives of
1,5-diphenylpent-1,4-diene-3-one (DBA), which contain
two cinnamoyl groups, are of interest. These molecules
have the structure shown in Fig. 1.

Previously, the interaction of natural polyphenols,
such as cinnamic acid derivatives, with the hydroxyl
radical using quantum chemical methods, had been
analyzed [8, 9]. A relationship between their biological
activity and the presence of a hindered phenol group
had also been established [10, 11].

THE AIM of the study was to investigate
antioxidant properties of the synthesized DBA
derivatives and to analyze their quantum chemical
parameters revealing the regularites of the
«structure—activity» relationship.

MATERIALS AND METHODS

Study Design

At the first stage of the study, virtual structures for
potential target compounds using the Way2Drug PASS
Online program (Way2Drug, Russia)!, were described;
that allowed the authors to predict their activity.
Then 10 compounds, which had been synthesized by
condensing acetone with 2 moles of corresponding
aromatic aldehydes in an alkaline environment, were
selected. After a five-fold recrystallization, the structures
of the compounds were confirmed, and then were
studied their antioxidant activity. The study period lasted
from 11 November 2023 to 29 May 2024.

Tested compounds

The DBA derivatives were obtained through
the alkaline condensation of one mole of acetone
and two moles aromatic aldehydes,
including  benzaldehyde,  p-hydroxybenzaldehyde,
salicylic aldehyde, 4-methoxybenzaldehyde,
2,3-dihydroxybenzaldehyde, vanillin, veratinaldehyde,
lilialdehyde, 3,4,5-trimethoxybenzaldehyde, and
2,4,6-trimethoxyphenylacetaldehyde. These compounds
contain similarly-named substituents on the aryl
fragments. The quantum chemical properties of these
target compounds were computed on a workstation
equipped with an Intel Xeon E5-1620 processor at a
frequency of 3.5 GHz and 20 GB of RAM. The ionization
energy of the synthesized molecules was calculated
using the WinMOPAC 7.21 software (Russia).

* Way2Drug PASS Online. Available from: http:// www. Pharmaexpert.
ru/ passonline/

of various
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DPPH assay

To assess the ability of the investigated substances
to scavenge uHrnbuposatb DPPH radicals in a model
system, the method proposed by B. Ahmadipour et al.,
was used [12].

Then 1 ml of the solution (20 mg/mL was the initial
solution) of the analyzed substances was incubated in
ethanol (Vecton, Russia) at various concentrations in
double dilutions, and 0.5 mL of a 0.4 mM solution of
DPPH (Sigma-Aldrich, Germany) in methanol (Vecton,
Russia) was added for 30 min at room temperature.
Then, the optical density change (measured using a PE-
5300V spectrophotometer from Ekroschem LLC, Russia
at A=518 nm against pure methanol from Panreac,
Spain) of the samples was recorded. The methanol
DPPH solution served as a positive control (A ). The
inhibition percentage was calculated using the following
formula:

%ing. = %xloo%,

where A is the optical density of the sample and A
is the optical density of the positive control.

ABTS assay

0.1 mL of the solution (20 mg/mL is the initial
concentration) containing the analyzed substances in
ethanol (Vecton, Russia), in various concentrations,
and 0.19 mL of a 7 mM aqueous solution of ABTS
(Sigma-Aldrich, Germany) were incubated for 5 min
at room temperature in the dark. After that, the
optical density of the samples was measured at
A=734 nm compared to purified water. An aqueous
solution of ABTS served as a positive control (A ). The
percentage of the inhibition was calculated using above
formula [13].

The in vivo study of the antioxidant activity was
conducted on 100 male Wistar rats, weighing 200-210 g
obtained from the «Rappolovo» laboratory animal
nursery (Russia), after a microbiological control and
a 2-week quarantine. These animals were kept under
standard conditions, including the air temperature
between 18-22°C, a relative humidity of 60£5%, with a
daily cycle of 12 hours of light and 12 hours of darkness,
and a free access to food and water. The design of the
study and conditions for the animal care adhered to
generally accepted standards for experimental ethics,
as outlined in Directive 2010/63/EU, and was approved
by the Local Ethics Committee at the Pyatigorsk Medical
and Pharmaceutical Institute — branch of Volgograd State
Medical University (Protocol No. 7 dated 4 April 2024).
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For the analysis, the compounds were administered
to the animals (n=10 per test substance) for a period
of 30 days, at a dose of 20 mg/kg, once per day in the
form of an ex tempore suspension prepared on a water
basis, without the use of any additional substances.
The experimental groups were: Group 1 — the
animals receiving compound 1, Group 2 — the animals
receiving compound 2, Group 3 — the animals receiving

compound 3, Group 4 — the animals receiving
compound 4, Group 5 — the animals receiving
compound 5, Group 6 — the animals receiving
compound 6, Group 7 — the animals receiving
compound 7, Group 8 — the animals receiving
compound 8, Group 9 — the animals receiving

compound 9, and Group 10 — the animals receiving
compound 10.

Afterwards, the blood was collected from the
abdominal aorta of rats under chloral hydrate anesthesia
(Panreac, Spain; dose 350 mg/kg, intraperitoneally).
Then, the blood samples were centrifuged at 3500 rpm
for 15 min (Armed centrifuge, Russia) to obtain serum,
in which changes in the superoxide dismutase (SOD)
activity and concentrations of products reacting with
2-thiobarbituric acid (TBA-AP) were assessed.

Determination of SOD activity

The activity of SOD was estimated using a
xanthine oxidase method [14]. The incubation medium
consisted of 0.05 mmol/L xanthine, 0.025 mmol/L
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride, 0.94 mmol/L EDTA, 80 U/L xanthine oxidase,
and 40 mmol/L CAPS buffer. The extinction of the
samples was measured at 505 nm, and the activity of
SOD was expressed in U/L.

Determination of TBA-AP concentration

The concentration of TBA-AP was determined using
a spectrophotometry at 532 nm. The optical density of
the stained product of the reaction between aldehydes
and 2-thiobarbituric acid was proportional to the
TBA-AP concentration and was expressed in nM/mL [15].

Statistical analysis

A statistical processing of the results obtained
was carried out using a software package StatPlus 7.0
(AnalystSoft Inc., USA, license 16887385). The data were
expressed as a meanitstandard deviation (M+SD). The
normality of the data distribution was assessed using the
Shapiro—Wilk test. The differences between the groups
were determined using ANOVA with the Newman—Keuls
post-hoc test (normally distributed data) or the Kruskal—
Wallis test with the Dunn post-hoc test (abnormally
distributed data) [16].
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RESULTS AND DISCUSSION

Endogenous ROS take part in biochemical processes
that are regulated by enzymatic and non-enzymatic
components in cells. When there is an overproduction
of ROS in the body, this disrupts equilibrium processes,
leading to uncontrolled chemical reactions that cause
damage and death to cells. In these cases, natural and
synthetic antioxidants are important [17-19]. Cinnamic
acid and its hydroxy and methoxy derivatives are some
of the most active natural compounds when it comes
to ROS. The hydroxyl radical has significant electrophilic
properties and attaches to the C-8 position of cinnamic
acid, as this carbon atom has the largest charge and
highest electron density among the neighboring carbon
atoms [20].

The DBA derivatives analyzed in this report contain
two cinnamoyl fragments, or cinnamic acid residues, as
their basis. This fact was used to determine the positions
in the DBA structure that have electron-donating
properties, which neutralize the ROS by donating an
electron.

Table 1 shows the structures of the compounds
analyzed and their experimentally
antioxidant activity. It also provides information on

determined

the types of the predicted antitumor activities based
on the Way2Drug PASS Online program, as well as the
manifestation likelihood of these activities.

From the data in Table 1, it can be seen that
compounds 5, 6, and 8 have the highest levels of the
antioxidant activities.

In the DPPH assay, the IC  value of compound 5
was significantly lower than those of compounds 1-4,
7,9 and 10, by 79.1, 67.2, 75.3, 70.6, 56.1, and 24.6%,
respectively (all p-values <0.05). Similarly, in the ABTS
assay, the IC_  of compound 5 was also significantly lower
(p <0.05) than those of the other compounds (Table 1).
Additionally, the SOD activities in the rats treated with
compound 5 was higher than in those treated with
compounds 1-4 and 7, by 41.1, 27.8, 44.9, 23.3, and
41.1% (all p-values <0.05), respectively. In these groups,
the concentration of TBA-AP was also decreased by
42.3, 37.5, 37.6, 48.3, and 34.8% (all p-values <0.05),
respectively.

In the DPPH assay, the IC_ value of compound 6 was
lower than those of compounds 1-4 and 7,9 and 10 by
82.0,71.8,78.7,74.7,62.2,34.1, and 33.2%, respectively
(all p-values <0.05). Similarly, in the ABTS assay, the IC,,
of compound 6 was lower than the IC_, of compounds
1-4,7,9,and 10 by 84.2,71.6, 85.2, 78.1, 63.6, 39.1, and
35.1%, respectively (all p-values <0.05). In terms of the
animal studies, the activity of SOD was increased in the

Volume Xll, Issue 4, 2024
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rats treated with compound 6 compared to those treated
with compounds 1, 2, and 3 and compound 7, 22.1,
38.4, 17.8, and 34.9%, respectively (all p-values <0.05).
Additionally, the content of TBA-AP was decreased in
the rats treated with compound 6 by 30.8, 25, 25.1, and
21.7%, respectively, compared to the rats treated with
the other compounds (all p-values <0.05).

The IC, value of compound 8 in the DPPH and
ABTS assays was significantly lower than those

of compounds 1 by 84.1 and 87.0% (p <0.05);
compounds 2 — 751 and 76.5% (p <0.05);
compounds 3 — 81.2 and 87.8% (p <0.05);
compounds 4 — 77.6 and 81.9% (p <0.05);
compounds 7 — 66.6 and 69.9% (p <0.05);
compounds 8 — 427 and 49.8% (p <.05);

compounds 10 — 41.0 and 46.4% (p <0.05). It is also
worth noting that the activity of serum SOD in rats
treated with compound 8 was higher than in animals
treated with compounds 1-4 and 7 by 40.6, 27.3, 44.3,
22.8 and 40.6% (all p-values <0.05), while the content
of TBK-AP decreased by 46.2, 41.7, 41.8, 51.7,
and 39.1% (all p-values <0.05), respectively.

The analysis of the quantum chemical parameters
of the synthesized compounds testifies to the fact that
the pentadiene moiety exhibits the highest reactivity. In
this moiety, two vinyl groups are separated by a carbonyl
carbon atom, indicating the absence of a conjugated
double bond.

Free phenolic hydroxyl groups are capable of
breaking the H-O bond homolytically and forming
phenoxyl radicals. If the hydroxyl group is shielded
on both sides, the resulting radical is stabilized and
relatively stable [8].

It has been previously experimentally shown that the
Gibbs energy of homolytic H-O bond breaking depends
not only on the unsaturation index (IUA) and a positive
charge of the carbon atom to which the hydroxyl group
is attached, but also on the nature of the neighboring
substituents. For example, if methoxy groups act as
shielding substituents, the Gibbs energy is -117.04. In
contrast, if alkyl ditret-butyl groups act as substituents,
this energy increases to -181.29.

These results are summarized below:

OH (-171.21) OMe (-164.66) (-178.31)
OH (-170.72) OH (-117.04) OH (-181.29)
OH (166.79) OMe (-159.40) (-163.08)

Bond numbers (Np) and free valence indices (Fr)

As it is known, a free valence index is an important
tool for analyzing the reactivity of organic compounds.
This value, Fr, is typically calculated by subtracting the
maximum possible number of bonds (Nm) from the
actual number of bonds a carbon atom can form (in
this case, 4.732, which corresponds to the maximum
“valence” of 4.732) [21-23].

The number of bonds an atom has, Ny, indicates
its saturation level: the more bonds an atom forms,
the lower its N value, and vice versa. Table 2 shows
the bond numbers (Nm) for the carbon atoms in
the aromatic nuclei (positions C-2 to C-3 and C-15
to C-18).

Therefore, if certain atoms do not fully utilize their
properties to form bonds, it can be said that they have
a certain amount of “free valence”. This value indicates
a potential for the interaction with reagents lacking a
charge dipole.

Fr applies only to sp- and sp?hybridized carbon
atoms, and not to C atoms that can form o-bonds. If, for
example, the Fr value is 0.732 (for an ethylene carbon
atom), this indicates that the atom is highly reactive
in reactions involving the addition of neutral particles.

Tom 12, Beinyck 4, 2024

Atoms with Fr >1 values are more likely to attach free
radicals.

Tables 3 and 4 provide the Fu values for atoms 7, 8,

11, and 12 in the pentadienone fragment, as well as for
aryl-C-2-C-5 and C-15-C-18.

The data presented show the following.

1. The Fr values of carbon atoms (C-7, C-8, C-11,
and C-12) in the pentadienone fragment are
very similar and range from 0.781 to 0.815.

2. The Fr indices for C2 aromatic nuclei (C-2-C-5
and C-15-C-18) differ depending on the
substituent connected to them. In compound 5,
with two OH groups connected to atoms C-4,
C-5 (ring “A”) and C-17, C-18 (ring “B”), the
Fu values are in the range of 0.813-0.830. For
the remaining atoms — C-2, C-3, and C-15,
C-16 — they are approximately the same and
range from 0.780 to 0.790.

3. In compound 6, the phenolic hydroxyl group
is bound to C-3 (ring “A”), with an Fr value of
0.830; it is also bound to C-16, with an Fu of
0.823. The Fr values for C-4 and C-17 are 0.819
and 0.820, respectively.

4. In the most active compound, hydroxyl groups

285



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

are associated with C-3 (ring “A”) and C-16 (ring
“B”). The magnitude of Fr on these atoms is
0.807 and 0.838, respectively.

5. It is characteristic of compounds 4, 6, 7 and 8
to have aryl carbon atoms associated with OCH,
groups. Atoms C-3 and C-16 (compound 4),
C-4 and C-17 (compound 6), C-3, C-4, and C-16
and C-17 (compound 7), and C-2, C-4 and C-15
and C-17 (compound 8) have positive Mulliken
charges in the range of 0.1024 to 0.1600. The
carbonyl carbon atom (C-9), on the other
hand, has the highest positive charge, equal to
0.4600+0.0045 in compounds 5, 6 and 8, and
reaching up to 0.4725+0.0025 in compounds
1-4and 7.

Electron density and electronic effects

of substituents

The distribution of the electron density in the
analyzed molecules depends on the electronic effects of
substituents that are conjugated with the pentadienone
fragment in the aromatic nuclei. This unevenness in
the electron density distribution suggests the presence
of reactive centers in the molecule. These centers
determine the direction of the attack by other molecules
or agents. If the latter is of a radical nature (the presence
of an unpaired electron), then, being highly reactive, it
(the agent) has little sensitivity to the electron density
distribution.-

When analyzing this parameter for the DBA
derivatives, the pentadienone fragment and its
associated aryl residues A and B, taking into account the
“+mesomeric effect” of electron-donating substituents,
were considered. Tables 3 and 4 show the values of the
electron density on the carbon atoms of the pentadiene
fragment (C-7, C-8 and C-11, C-12), as well as the
aromatic fragments “A” (C-2-C-5) and “B” (C-15-C-18).

In the unsubstituted parent structure, the electron
density is distributed as follows: C-7 — 4.080; C-8 —
4.279; C-11 — 4.31; C-12 — 4.039. On the carbon
atoms of aromatic fragments “A” and “B”, the electron
densities are almost the same: C-2 and C-15 — 4.154;
C-3 and C-16 — 4.134; C-4 and C-17 — 4.156; and C-5
and C-18 — 4.142, with the differences appearing only
on the third decimal place.

The introduction of hydroxyl groups in positions
C-3 and C-16 (which are para-positions relative to C-7
and C-12, respectively) increases the electron density
on atoms C-8 and C-11 of the pentadienone fragment
(compound 2). A similar pattern is observed when OH
groups are located in positions 5 and 18 (compound 3).
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However, if the OCH, group replaces OH in positions
C-3 and C-16 (para-positions to C-7 and C-12), the
values of the electron density on C-8 and C-12 remain
practically unchanged.

The G-Taft substituent constants are presented in
Table 5 [24].

In compound 5, dihydroxy groups are located in
positions C-4 and C-5 (core “A”), as well as in C-17 and
C-18 (core “B”). In C-5 and C-18, the OH groups with
respect to the pentadienones C-7 and C-12, occupy
ortho positions and the o constant is 0.370; and the OH
groups in C-4 and C-17 are located in meta positions with
respect to C-7 and C-12 of the pentadienone fragments
and their G =+0.127. Thus, the total contribution of
phenolic hydroxy groups (2 in each core) is:

D5 =2x(0.370) + 2 x (+0.127) = 0.486

Compound 6 has OH groups in the para-positions
to C-7 and C-12. C-3 and C-16 have OH groups; but in
the meta-positions to C-7 and C-12, there are methoxy
groups, so, here the total contribution of two meta-OCH,
and two para-OH is equal to:

D5 =2x(-0.370) + 2 x (+0.115) =—0.510

The most antioxidant active compound 8 contains
two shielded hydroxy groups in positions C-3 (core “A”)
and C-16 (core “B”). In addition to these OH groups,
there are two methoxy groups in ortho positions to C-2,
C-4 (core “A”) and C-15, C-17 (core “B”) atoms. These
substituents are located in meta positions with respect
to the C-7 and C-12 atoms of the pentadienone fragment.
The total contribution of the two shielded OH groups in
C-3 and C-16 and four methoxy groups in positions 2,4
(core “A”) and 15,17 (core “B”) is:

D5 =2x(-0.370) + 4 x (+0.115) =—0.280

lonization potential

In the analyzed DBA derivatives, the pentadienone
fragment contains electron-redundant centers at C-7,
C-8, C-11, and C-12 atoms, which can become electron
donors in redox reactions. The energy that is used to
detach one electron from a molecule is called the first
ionization potential (IP). The lower the IP, the easier it
is for the molecule to release an electron, turning into
a positively charged ion, i.e., it transitions to an excited
state. Table 3 shows the ionization potentials for all
10 synthesized DBA derivatives, which means that the
most antioxidant active compounds (5, 6, and 8) are
characterized by IP values of 8 987, 8 714, and 8 639,
respectively.
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Table 5 — Constant substituents for substituted phenyls

Compounds G-Taft substituent constants S5
G
OH-M OH-0 OH-M OCH-MN OCH.-O OCH_-M
3 3 3 calculated
No.  Structure 0370 -0.370 +0.127 -0.268 -0.268 +0.115
1
2
C-3.16 - - - - - -0.740
(0]
3
- C-5.18 - - - - -0.746
4
- - - Cc-3.16 - - -0.536
5
- - C-4.17 - - - -0.486
6 OMe OMe
HO OH
@ @ C-3.16 - - - - C-4.17 -0.510
= N
o]
7 OMe OMe
MeO OMe
O ‘ - - - c-3.16 - C-4.17 -0.306
= N
0
8 OMe OMe
HO OH
C-2.15
O = X O ¢3.16 - - - N ca17 0280
MeO OMe
o]
9 OMe OMe
OMe O O OMe
- - - C-3.16 - - -0.076
MeO Z X OMe
o]
10 MmeO OMe MeO OMe
C-1.14
W ‘/\g - - - C-3.16 cs518 -1.608
OMe (0] OMe

Note: * The term “constants” and the values of the G-Taft constants are given in accordance with [24]. They take into account the polar conjugation
with the electron-donor reaction center.
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R1 R2

R3

HO
R5 R4

0]

Cinnamic acid

Figure 1 — Structural fragments of dibenzylidenacetone and cinnamic acid

Note: DBA — dibenzylidenacetone.
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Figure 2 — Correlation relationship between DPPH and electronic density
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Figure 3 — Correlation relationship between ABTS and electronic density
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Figure 4 — Correlation relationship between TBA-AP and free valence index
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Figiure 5 — Correlation between SOD and unsaturation index

When interpreting the biological activity of organic
molecules, the problem should be considered taking
into account the structural features of the molecules,
as well as all physico-chemical parameters, so that the
results and conclusions are reliable. So, if the antioxidant
activity of the compounds under study is judged only by
the IP magnitude, then an error will inevitably arise:
compounds 4, 7, 9, and 10 have significantly lower IP
values than the most active compounds 5, 6, and 8. In
order to avoid such errors, all structural features of the
molecules should be taken into account in combination
with the other parameters. For example, compounds 4,
7,9, and 10 lack hydroxy groups in aromatic fragments
“A” and “B”, and the existing methoxy groups are not
able of forming phenoxyl radicals. Compounds 5, 6 and
8, on the contrary, contain free hydroxy groups and,
therefore, their antioxidant activity is higher.

292

Correlation dependencies

In order to identify the relationship between a
specific type of activity and the objective parameters
of the analyzed molecules, the functional dependences
between the level of the antioxidant action and the
electron density, the unsaturation index, and the free
valence index were determined. The obtained data from
the corresponding correlation equations indicate the
degree of reliability of the experimental data obtained.
Fig. 2-5 show graphs of the functional relationship
between the listed quantum chemical parameters and
the activity in the corresponding tests.

It should be noted that compounds 4, 7, 9, 10, in
which phenolic hydroxy groups are methylated, exhibit
their antioxidant activity, in the authors’ opinion, only
due to the 1,4-diene fragment and therefore, their
activity is significantly lower, which is consistent with the
previously obtained data for chromone derivatives [25].
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Study limitations

If there are available domestic aldehydes containing,
for example, tret-butyl radicals and a hydroxy group
between them, it is possible to obtain reliably active
antioxidants, the activity of which will be comparable to
tocopherols.

CONCLUSION

This article is devoted to the analysis of the quantum
chemical parameters of (1E,4E)-1,5-diphenylpent-1,4-
diene-3-one derivatives in relation to their antioxidant
activity. It has been established that the most informative
and reliable are the unsaturation index (IUA), the
electron density and the free valence index (Fr). In the
experiment using the tests such as DPPH, ABTS, SOD
and TBA-AP, it has been found out that the most active
compounds are the derivatives containing free hydroxy
groups. The most active among them is characterized by
the derivative that contains a spatially hindered phenolic

hydroxyl, due to which a stable phenoxyl radical is
formed. The study of the correlations between the
biological activity and quantum chemical parameters
indicates that the values of the electron density, free
valence indices and unsaturation indices give the most
reliable results.

The relationship between the distribution of the
electron density on the carbon atoms of the pentadiene
fragment and the ionization potential has been shown.
The correlation analysis of the functional relationship
between the antioxidant activity and IUA, Fr and electron
density showed a high reliability of the study data, as
evidenced by the correlation coefficients. The authors of
the article believe that based on the basic structure of
(1E,4E)-1,5-diphenylpent-1,4-diene-3-one, by selecting
appropriate substituents in the aromatic fragments, it is
possible to significantly increase an antioxidant activity
and create pharmacologically promising therapeutic and
prophylactic agents.
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