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42 derivatives of 2’,4’-dihydroxychalcone, flavanone and flavone, containing the hydroxy group in position 7 (ring “A”), as well
as substituents in the ring “B”, have been studied.

The aim is to study the quantum-chemical parameters of 2’,4’-dihydroxychalcone, flavanone and flavone derivatives
containing a hydroxy group in position 7, in order to identify the effect of substituents on Mulliken charges (a.e) in the
aromatic core “A”, bond numbers (Np), the unsaturation index (IUA) and the electron density of the carbon atoms of the
cinnamoyl fragment.

Materials and methods. The listed above parameters have been calculated by the semi-empirical method PM7 (WinMopac
2016 program) on the workstation with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of RAM.

Results and discussion. The analysis of the values of quantum-chemical parameters, as well as their comparison with the
corresponding indicators presented in Report |, revealed a number of important features associated with the influence of the
hydroxy group in position 7 (ring “A”) on the studied quantum-chemical parameters of molecules. It has been established that
the hydroxy group in the ring “A” does not significantly affect the Mulliken charge and the electron density of the carbon atoms
of the propenone unit C-7->C-8->C-9. On atom C-9 (carbonyl carbon), the Mulliken charge always has a positive value, and
the electron density is about 3.4670-3.4840 for all three groups of compounds. The transition from 2’,4’-dihydroxychalcone
to flavanone and flavone by the formation of the pyrone heterocycle, is accompanied by an increase in the negative charge
on C-8, which can be explained by the involvement of the oxygen heteroatom in the transmission of electronic effects.
The hydroxy group in the ring “A”, has practically no effect on the charge and electron density of atoms. An analysis of the
values of bond numbers and unsaturation indices suggests that atoms C-1 of 2’,4’-dihydroxychalcone and 7-hydroxyflavanone
derivatives, are characterized by the lowest Nu value; the lowest bond numbers are characteristic for atom C-8 derivatives
of 7-hydroxyflavone. Consequently, the primary attack of the HO-radical will be directed at C-1 (in chalcones and flavanones)
and at C-8 in flavones.

Conclusion. The performed quantum-chemical calculations make it possible to analyze the effect on the main quantum-
chemical parameters of the molecule, which can be useful in predicting the biological activity of flavanoid compounds due to
their antiradical effect on reactive oxygen intermediate species (ROls).
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M3yyeHo 42 npounssoaHbIX 2',4-aUrnapoKcuxankoHa, dnaBaHoHa U GNaBoHa, CoAeprKaLLMX FTMAPOKCUIPYNMY B MONOXKEHUN 7
(KonbLo «A»), @ TaKXKe 3aMeCTUTENIN B KO/bLe «B».

Lienb paboTbl: M3y4eHne KBAaHTOBO-XMMUYECKUX MAaPaMeTPOB NPOU3BOAHbIX 2°,4’-AnrnapoKkcmxankoHa, daaBaHoHa 1 dnaso-
Ha, copepKaLLMX TMAPOKCUTPYNNY B NONOMKEHWUW 7, C LLe/Ibo BbIABNEHUA BAUAHWUA 3aMeCTUTEIe B apOMaTUYECKOM Aape «A»
Ha MaNIMKEHOBCKME 3apAaabl (a.e), ceasesble ymcna (NU), MHAEKC HeHacbiWeHHOCTH (IUA) M 3N1eKTPOHHYHO MAOTHOCTb aTOMOB
yrnepoga LMHHaMOUAbHOro GparmeHTa.

Martepuanbl U meTtogbl. Monyamnupuyecknm metogom PM7 (nporpamma WinMopac 2016) Ha paboueit cTaHLmMM € npoLec-
copom IntelXeonE5-1620 3,5 M, 20 6 onepaTMBHOM NaMATU PaccYMUTaHbl MepPeYnC/ieHHble Bbille KBAaHTOBO-XMMUYECKME
napameTpbl aHaIM3MPYEeMbIX COeANHEHWN.

Pe3ynbTatbl U nx 06cykaeHne. AHa M3 BeIMYNH KBAHTOBO-XMMMYECKUX NMapaMeTPOB, a TaK¥Ke MX CPaBHEHMWE C COOTBETCTBY-
OLLMMM MOKa3aTeNAMM, NPEACTaBAEHHbIMU B HaLLEM COOBLLEHUU |, NO3BO/IUA BbIABUTb PAA, BaXKHbIX 0COBEHHOCTEN, CBA3AH-
HbIX C BAUAHWUEM FTMAPOKCUIPYNMbl B MONOXKEHUN 7 (KONbLO «A») HAa U3y4aeMble MapameTpbl MONAEKY/. YCTAHOBAEHO, YTO U-
OPOKCUTPYnna B Ko/bLie «A» HE OKa3bIBaET CYLLECTBEHHOTO BAMAHMA Ha Ma/IMKEHOBCKUIM 3apAj, U 9N1EKTPOHHYHO NAOTHOCTb
aTOMOB yrnepoga nponeHoHoBoro 3seHa C-7->C-8->C-9. Ha atome C-9 (KapbOHUbHbIN Yrnepos) MasanKeHOBCKUIA 3apag,
BCErga MMeeT NONOXUTEIbHOe 3HAaYeHWe, a INeKTPOHHaA NJIOTHOCTb paBHa npumepHo 3,4670-3,4840 y Bcex Tpex rpynn
coepguHeHui. MNepexog, ot 2',4’-ANrMApPOKCUXaNKOHa K pnaBaHOHY U GnaBoHy nytem GOpMUPOBaHUA NMMPOHOBOIO reTepo-
LMKNa COMPOBOXKAAETCA MOBbILEHWEM OTPULATENBHOIO 3apaaa Ha C-8, 4TO MOXHO OBBACHUTL BOB/IEYEHWEM reTepOaToMa
KMCNOPOAaA B NPOLECC Nepesaym 31eKTPOoHHbIX 3G deKToB. MTMAPOKCUTpynna B KobLe «A» MPaKTUUYECKU He BAUAET Ha 3apaa u
3N1EKTPOHHYIO NIOTHOCTb aTOMOB. AHa/IN3 3HAYEHU CBA3EBbIX YNCEN U MHAEKCOB HEHACBILWEHHOCTU CBUAETENbCTBYET O TOM,
YTO HaMMeHbLWMM 3HaYeHnem N xapakTepmsytotca atombl C-1 npounssBoaHbIx 2°,4’-aurnagpoKkcuxankoHa u 7-rugpokcudna-
BAHOHA; HAaMMEHbLLME CBA3EBble YMC/Ia XapaKTepHbl Ana aToma C-8 Npoun3BoAHbIX 7-rnapokcudnaBoHa. U3 atoro cneayer,
YTO MepBMYHAsA aTaka 31eKTPOOUILHOrO No XapaKTepy pasavkana HO byaet HanpasneHa Ha C-1 (y xankoHoB M ¢aBaHOHOB)
n C-8 'y ¢pn1aBoHOB.

3aKkntoueHue. NMpoBeaeHHble pacyeTbl NO3BONAIOT NPOAHANN3UPOBATL BAUAHUE MMAPOKCUTPYMNbl B KOJbLE «A» Ha BaKHen-
LIMe KBAHTOBO-XMMMUYECKME NMapaMeTpbl MOIEKY/, YTO MOXKET ObITb MOJIE3HO NPU NPOrHO3MPOBaHUKN BMONOTMYECKON AaKTUB-
HOCTV GN1aBOHOUAHbBIX COEAMHEHMI 3a CYET UX aHTUPALMKANIbHOTO BAUSAHUA Ha aKTUBHbIe GopMbl Kuciopoaa (APK).
KntoueBble cnoBa: rmapoKCUbHBIN PaanKa, XanKoHbl, GaaBaHOHbI, G1aBOHbI, Mas/IMKEHOBCKME 3apasbl, CBA3EBbIE YACAA,
WHAEKC HEHACbIWEHHOCTH, 3/IeKTPOHHAA MNIOTHOCTb

INTRODUCTION

The known facts about the correlation of free radical
oxidation with the formation of pathochemical process-
es and the resulting diseases, actualizes the problem of
finding new biologically active compounds exhibiting
antiradical properties [1-3]. In this regard, the struc-
tures containing three substituents in positions 2,3,4
of the aromatic nucleus of the main conjugation chain
[4] (cinnamoyl fragment) — 2,3,4-trihydroxy-, 2,4-dime-
thoxy-3-hydroxy- and 2,4-di-tert-butyl-3-hydroxy de-
rivatives — are of significant interest [5]. In this type of
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substitution, phenolic hydroxyl in C-3 is surrounded by
two ortho substituents, due to the screening effect of
which the spatially hindered phenoxy radical is charac-
terized by a sufficient stability. It is important to notify
that the Gibbs free energy of the homolytic cleavage of
the H-0 bond, is quite low and averages -163.61 kl/mol.
Modeling the molecular dynamics of changes in the po-
tential H-O bond energy made it possible to determine
the activation energy equal to 34.918 kJ/mol, and this
indicates that this reaction is easy at the temperatures
of ~36-37°C (~ 310 K).
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Further on, 42 compounds — derivatives of chal-
cone, flavanone and flavone containing substituents in
the ring “B” and a hydroxyl group in position 7 of the ring
“A”, have been studied.

THE AIM is to study quantum-chemical parameters
of the derivatives of 2’,4’-dihydroxychalcone, flavanone
and flavone containing a hydroxy group in position 7 in
order to identify the effect of substituents in the aromat-
ic nucleus “A” on Mulliken charges (a.e), bond numbers
(Np), unsaturation index (IUA) and the electron density
of carbon atoms of the cinnamoyl fragment.

MATERIALS AND METHODS

The objects of the study were hydroxy and methoxy
substituted, chalcone, flavone and flavanone derivatives
in the aryl residue of the cinnamoyl fragment, 42 com-
pounds in total. Quantum-chemical parameters of the an-
alyzed structures were calculated on a workstation with
an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of RAM.

RESULTS AND DISCUSSION

In this paper, the analyzed quantum-chemical pa-
rameters of compounds, their structures and symbols
are presented in Table 1.

The Mulliken charges (a.e)

In our previous report [5], in addition to cinnamic
acid, 2’-hydroxychalcone derivatives that do not contain
substituents in the ring “A” and their corresponding fla-
vanones, were analyzed.

In 2’-hydroxychalcone and the corresponding fla-
vanone [4], atoms C-9 have a positive Mulliken charge
of approximately +0.4657 and +0.5222, respectively,
and in all the analyzed compounds, without excep-
tion, atom C-8 has a negative value equal to approxi-
mately -0,300. This gave us grounds to conclude that
the primary attack of the HO-radical occurs precisely
at position C-8 of both cinnamic acid and 2’-hydroxy
chalcone, as well as the corresponding flavanone
[5, 6].

Table 1 - Derivatives of chalcone, flavanone and flavone, containing a hydroxy group
in position 12" of the ring “A”"*

Compounds, No.

Positions of substituents in the ring “B”

Chalcone Flavanone Flavone 1 2 3 4
1x lanone lone H H H H
2x 2anone 2one OH H H H
3x 3anone 3one CH,0 H H H
4x 4anone 4one H OH H H
5x 5anone 5one H CH,O H H
6x 6anone 6one H H OH H
7x 7anone 7one H H CH,O H
8x 8anone 8one H OH OH OH
9x 9anone 9one H CH,0 OH
10x lanone 100ne H OH CH,0
11x 1lanone 1lone H CH,0 CH,O H
12x 12anone 120ne H OH OH OH
13x 13anone 13one H CH,0 CH,O CH,O
14x 14anone 14one H (CH,).C CH,0 (CH,).,C

* Note. The numbering of carbon atoms is given in accordance with the programs generated by the calculation.

" Note. The scheme is presented in accordance with [6]
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In this report, derivatives of 2’,4’-dihydroxychalcone
are considered. During heterocyclization, they turn into
7 (12)-hydroxyflavanones®, respectively.

Heterocyclization of 2’,4’-dihydroxychalcone to the
corresponding 7-hydroxyflavanone and then to 7-hy-
droxyflavone causes changes in the values of Mulliken
charges on atoms C-1 — C-8. In the absence of substit-
uents in the ring “B”, all three types of structures on
atoms C-1 — C-6 and C-8 have a Mulliken charge of a
negative value. If there is a substituent (OH or OCH,)
in positions C-1 and/or C-3 of the “B” ring (compounds
2x=7x; 2anone-7anone; 2one-7one) in atom C-§,
the negative Mulliken charge increases substantially,
reaching a maximum of —0.4420 (on average) in flava-
none (compounds 2anone, 3anone, 6anone, 7anone)
and —0.4374 (on average) in flavone (compounds 2one,
3one, 6one, 7one). In corresponding chalcones, the
Mulliken charge on atoms C-8 averages —0.3527 (com-
pounds 2x, 3x, 6x, 7x). On atoms C-1 (compounds 2X,
3x, 2anone, 3anone, 2one, 3one) the charge is positive
and equals to +0.3244 on average (compounds 2x and
3x), +0.2700 (compounds 2anone and 3anone) and
+0, 3191 (compounds 2one, 3one). A similar picture
is observed for compounds 4x, 5x, 4anone, 5anone,
8anone — 13anone, 5one —12one and 14one. On atoms
C-3 (compounds 6x — 14x, 6anone— 13 anone, 8one—
120ne) and practically on all atoms C-7 (except com-
pounds 4x, 8x — 10x, 12x, 13x), the charge has also a
positive value.

The changes in the values of Mulliken charges on at-
oms C-8 for chalcone derivatives (compounds 1x — 14x),
flavanone (compounds lanone— 14anone) and flavone
(compounds 1lone— 14one), follow the same pattern: for
the compounds containing hydroxy- and methoxy groups
in position C-1 of the “B” ring (ortho-position to the main
conjugation chain); the average charge is equal to —0.3657
(compounds 2x, 3x), —0.4450 (compounds 2anone, 3anone)
and —0.4304 (compounds 2one, 3one) (Table 2).

On carbon atoms which the electron-donating OH
and OCH3-groups are bound with, the Mulliken charge
has a positive value of +0.3406 (compound 2x), +0.2845
(compound 6anone) and +0.3476 (compound 2one).

There is a similar picture in case if -OH and -OCH,
groups are located in position C-3 of the ring “B” (pa-
ra-position to the main conjugation chain): in chalcones
6x and 7x, the Mulliken charge on C-8 is equal to -0,3370
and -0.3425, respectively; in flavanones 6anone and
7anone — -0.4424 and —0.4414, in flavones 6one and
7one —0.4423 and -0.4466, respectively. Chalcone deriv-

* According to the nomenclature generally accepted for flavonoids,
the structures in question should be designated as 7-hydroxy flava-
nones and 7 hydroxy flavones. Number 12 in brackets indicates the
position generated by the calculation program.
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atives 8x — 11x, flavanones 8anone — 11anone and fla-
vanones 8one— 1lone in positions 2 and 3 of the ring
“B” simultaneously contain two substituents: 2,3-dihy-
droxy-, 2-methoxy-3-hydroxy-, 2-hydroxy-3-methoxy-
and 2,3-dimethoxy-. In these compounds, the Mulliken
charge on C-8 varies slightly: on chalcones 8x — 11x, it
is on average equal to —0.3281, for flavanones 8anone—
11anone, it averages -0.4385, for flavones 8one— 11one
a.e.-0,4310.

The Mulliken charge on C-8 in compounds 6x, 7x
(chalcones), 6anone, 7anone (flavanones), 6one, 7one
(flavones) containing one substituent (OH or OCH,) in
position 3 of the ring “B”, significantly higher than for
compounds 8x — 11x (chalcones), 8anone— 11anone (fla-
vanones) and 8one— 11one (flavones), which contain OH
and OCH, groups in positions 2,3. It is clear that when
there is one substituent in C-3, the polar conjugation
with the propenone fragment is much higher than with
two substituents in positions C-2 and C-3 simultaneous-
ly. This fact is explained by the competing contribution
of the substituent in C-2 with that in C-3, which can be
seen when comparing the contribution of Taft o-con-
stants: OH meta +0.127; OH para -0.370; OCH, meta
+0.115; OCH, para -0,268 [7, 8].

Each of the compounds 13x, 14x, 13anone, 14anone,
13one, 14one contains three substituents in positions 2,
3, 4 and, despite the competitive contribution of Taft
o-constants, are characterized by approximately the
same values of Mulliken charge on C-8.

It should be notified that on carbonyl carbon C-9,
the Mulliken charge is characterized by a high positive
value for all the analyzed compounds, and it is in the
range from 0.5200 to 0.5335. Based on the data in Table
2, the following can be postulated:

1. the value of Mulliken charges on cinnamoyl frag-
ment C-8 in chalcones in pairs (compounds | and
1V), is almost the same (there are differences in
the fourth decimal place after the comma). It
means that the -OH group in position 4’ (com-
pound IV) has almost no effects on the charge of
atom C-8;

2. derivatives of 2’,4’-dihydroxychalcons (compounds
1x, 4x, 5x, 10x, 12x, 13x) have a very slight negative
charge on atom C-7 (-0,0180 on average); here, the
electron-donor substituents OH and OCH, are in po-
sitions C-1 or C-3 of the ring “B”;

3. heterocyclization of the chalcones to the correspond-
ing flavanones and flavones contributes to an in-
crease in the negative charge on C-8, which is associ-
ated with the involvement of the oxygen heteroatom
in the process of transferring electronic effects;

4. the negative charge on C-8 in flavanones (structures
Il'and V) is significantly higher than that of the corre-
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sponding flavones (structures Il and VI): there is no
vinyl group C-7 — C-8 in flavanones;

5. if we compare the positive charge on atoms C-7 of the
analyzed compounds, it is easy to see that this charge
is almost twice lower in flavanones than in flavones;

6. the above listed features of the distribution of the
Mulliken charges indicate that the electrophilic hy-
droxyl radical is primarily attached to C-8 position.

Electrondensity

When discussing the chemical properties of organ-
ic compounds containing fragments with conjugated
bonds, not only the charge distribution on the reaction
sites, but also the electron density on carbon atoms are
helpful.

Analyzing our data on the electron density on the
carbon atoms of the cinnamoyl fragment, it can be con-
cluded that using the relationship between the Mulliken
charge (qu) of the given atom, its electron density (Pup),
and the number of electrons introduced by this atom
into the total m-system (r1u), any of these parameters can
be determined using this expression [9-11]:

q,=n,—Puu

Comparing the data presented in Tables 2, 3 and
4, as well as those given in Report |, we found that all
atoms of C-7 — C-8 — C-9 propenone unit contribute 4
electrons to form the m-system. Note that the electron
density for all compounds is 4 — (a.e.), as can be easily
seen from the data in Table 3. For example, if a.e. = —
0.26842, then the electron density = 4 — (-0.26842) =
4.2684; if a.e. = + 0.34766, then the electron density=
4-0.34766 = 3.6523.

In all the analyzed groups of compounds (includ-

(OHor OCH,) *

(o]

*OH

This scheme is consistent with the conclusions in
[13, 14], obtained on the basis of calculations of the en-
thalpies of radical adducts formation.

Earlier, in accordance with the forecast, we obtained
a cinnamic acid derivative, which contained tert-butyl
radicals in positions C-2 and C-4 and a hydroxy group
in C-3, in the aryl residue of the main conjugation chain
(the ring “B”). [12] It showed high cerebroprotective,
antioxidant, endothelioprotective and actoprotective
activities [15-18]:
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R (OH or OCH,)

ing those presented in Report |), the highest electron
density in the ring “B” bond system = C-7 > C-8 =
C-9 is focused on C-8. Analyzing the values of elec-
tron densities on C-8 compounds considered in this
article, and those previously given in Report 1, it can
be noticed that the presence of hydroxy groups in the
ring “A” (position 4’ in chalcones and 7 in flavanones
and flavones) practically does not affect the value of
this parameter. For comparison, Table 4 presents the
values of electron densities for C-8 compounds con-
taining electron-donating substituents in position 1-4
of the ring “B”.”

The data of Table 3 show that the electron density
values of C-8 in 2’-hydroxy- and 2’,4’-dihydroxychalcones
are almost the same, identical to Mulliken charges (Table
2). The same dependence is observed in both flavanone
derivatives that do not contain a hydroxy group in the “A”
ring, and 7-hydroxy flavanones; these compounds lack the
C-7->C-8 vinyl group. The absence of the latter, formal-
ly excludes the influence of the +M effect from the elec-
tron-donating substituents of the ring “B” on the C-6—>C-
7->C-8 chain of carbon atoms; however, the presence of
an oxygen heteroatom can be the cause for the assump-
tion of its participation in the transmission of electronic
effects in the following chain order; C-6>C-7-> - ring
“A’. This assumption is true, since the electron densities
in C-8 of flavanones and flavones are very close (Table 3).

Thus, taking into account the electrophilic proper-
ties of the hydroxyl radical, as well as the magnitude
of Mulliken charges and electron densities, the addi-
tion of radical ‘OH primarily from the C-8 position, is
highly likely. It can be represented as the following
diagram:

(OH or OCH,)R, r (OHor OCH,)

H O OH

4-hydrohy-3,5-di- tert-butyl cinnamic acid

* To compare the data, Table 3 includes electron densities for a
2’-OH-chalcone and the unsubstituted flavanone on the “A” ring.
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Such a high activity can be explained both by the
presence of a sterically hindered hydroxy group in C-3,
and by a high electron density (- 4.3252) in C-8. Accord-
ing to the updated data, the Gibbs energy of homolytic
cleavage of the O-H bond is 181.29 kJ/mol.

OH +

By the method of molecular dynamics, a simulated
reaction according to which a process leading to the for-
mation of a highly active and spatially hindered phenox-
yl radical, has been carried out:

*OH

The fact about the cinnamoyl fragment as the main
conjugation makes the greatest contribution to the reac-
tivity with respect to reactive oxygen intermediate spe-
cies (ROIs) and, therefore, to pharmacological activity. It
is obvious and undeniable. This conclusion confirms the
previously stated results [13,14].

The above listed conclusions were the basis for pre-
dicting derivatives of chalcone, flavanone and flavone
containing two tert-butyl radicals in positions 2,4 and a
hydroxy group in C-3 in the aryl residue “B” (Table 1).
These compounds are still virtual and will be synthesized
in due course time, however, their quantum-chemical
characteristics were found necessary to analyze, and the
data are shown in Tables 2—4.

H,0

In the previous report it was pointed out that the
Gibbs energy of the homolytic bond break H-O depends
on the value of the unsaturation index (IUA) of the car-
bon atom which the hydroxy group is connected with:
the higher the IUA value, the lower the bond break en-
ergy is.

Considering the closeness of the quantum-chemical
characteristics of the predicted structures —14 chalcone,
14flavanone and 14flavone (Table 1) with those of the
previously obtained cinnamic acid derivative — it is possi-
ble to discuss their high pharmacological activity, which
can be proved by the Gibbs energies of the cleavage of
the H-O bond (Table 4).

Table 4 - Gibbs free energy of homolytic bond cleavage OH

Structure

IUA unsaturation index (C-3)

Energy of homolytic bond cleavage OH

0.167 —-181.29
0.166 -178.31
0.160 —163.08
0.253 250
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It should be notified that flavanone derivatives
belong to systems with a closed conjugation chain. Al-
though flavanones also belong to the closed system,

For chalcones as compounds with an open conju-
gation chain, various geometric isomers are possible
due to the cross-conjugated system, the most stable of

trans-s-trans

Such structural features of chalcones, in contrast to
flavones, indicate additional centers of complementarity
to the biological substrate, which can explain the pres-
ence of a wider spectrum of pharmacological activity, as
well as the absence of prooxidant properties [21].

Bond numbers (Np)

and unsaturation indices (IUA)

In the method of Hiickel molecular orbitals (HMO),
the values of bond orders [9] are used to characterize
molecules, which characterize a relative strength of the
covalent bond, its length and reactivity. The sum of all
the bond orders belonging to the given atom, deter-
mines the bond number (Nu), which characterizes the
degree of saturation of a particular atom. The larger the
Nu value, the higher the degree of saturation, and, con-
versely, the lower the N value, the greater is the abil-
ity of a given atom to form new bonds. This property
is closely related to the unsaturation index (IUA) and
theoretical valency (Vu), between which there is a re-
lationship:

IUA =Vu—Nu

Table 5 below examplifies the matrix of quantum
chemical parameters obtained by analyzing the com-
pounds considered in this report.

The comparison of the Nu values on the C-1->C-
6->C-7->C-8 site of the cinnamoyl fragment of the ana-
lyzed compounds (Table 6), makes it possible to draw a
number of conclusions:

1. in the derivatives of 2’,4’-dihydroxychalcone, an in-
crease in Nu from C-1 to C-7 is observed, which then
decreases slightly in C-8;

2. a similar pattern is observed in the derivatives of
7-hydroxyflavanones;

120

they lack Ar-C=C-C=0 conjugation, and for this reason
they are able to transform into the corresponding chal-
cones with a slight PH>7deviation:

‘ - .
O
which are the derivatives with the trans configuration of
the vinylene fragment [19, 20]:

trans-s-cis

3. in 7-hydroxyflavone, the Nu values in atoms C-1 and
C-6 are almost the same and amount to an average
of 3,769, but in C-7 there is an increase in this pa-
rameter, which reaches an average of 3,803;

4. in C-8 of 7-hydroxyflavone derivatives, N decreases
very sharply and averages 3,696; this indicates an
increase in the unsaturation of this atom;

5. based on the data obtained, it can be reliably con-
cluded that reactive oxygen intermediate species
(ROIs) will primarily be bound by flavonoids in posi-
tion C-8 of the propenone fragment.

CONCLUSION

In this report, representatives of the extensive
group of natural compounds — flavonoids: chalcones,
flavanones and flavones containing electron-donating
substituents in the ring “B” (i.e. they are in the aromat-
ic core of the cinnamoyl fragment) — have been con-
sidered. All the analyzed structures contain a hydroxy
group in the position of 4’-chalcones and in the position
of 7-flavanones and flavones °.

The analysis and comparison of such parameters as
the bond number (Np), unsaturation index (IUA), and
electron density indicate that they differ insignificantly,
but a high electron density in C-8 is common to them.

It is characteristic for C-7 atoms in the cinnamoyl
fragment C-1->C-6 -C-7->C-8->C-9 of all three types of
structures, to have the highest Nu value and a positive
Mulliken charge, and C-8 atoms are characterized by the
smallest bond number and the highest electron density.
This indicates the fact that the primary attack of the elec-
trophilic radical HOe is most likely to the position of C-8.

* Compounds 14x, 14anon and 14on are not found in nature and so far
are virtual. In one of the messages we give methods for their synthesis.

Volume VI, Issue 2, 2020



OPUTNHAJIbHAA CTATbA

DOI: 10.19163/2307-9266-2020-8-2-112-123

-NPaAKTUHECKUN XXYypHan

HayuHo

OAPMALMA N

OAPMAKOJOIUA

131743 99¢r'y L189°¢ 60SC'Y VeECOV €8ECY VA47 a7 99T’y €¢89't Ajisuap uoaoa|3

1898°€ [44°R2 106°€ LV6'E 96’¢ L96°€ 996°¢ 9%6°¢ 706°¢ (riA) Aousien jeannsioay L

€671S°0 §99¢r'0- 9¢81€0 680S¢C°0— 6€EE00— CEBET0- L9%¥0°0— 9€99¢C°0— 99/v€0 "9'e ‘sagleyd

QU0 aduelsqns

6500 LIT°0 9900 T6T°0 SYT°0 6¢T'0 TET0 €910 SYT°0 (VN1)xapur uoneiniesun

19L°€ 118°€ 678°E 88L°€ 4 %3 r8€ wse's €08°€ LLLE (IN) siaquinu puog

6 8 L 9 S v € z T (") woy

EEE143 oroey £996¢€ LTeey S8Y0Y SLECY SLYOY 89ty 7659¢ Aususp uoayda|3

T18'¢ JA{CR 0€6°¢ T196°¢ §96°¢ L96°€ 996°¢ LS6'E 006°¢ (MA) AduajepjednaioayL

SEVPS0 TOv9€'0- C¢EE000 0LCEC 0~ 05870°0— A TAYA ¥SLv0°0— 89T 0- 90v€0 "9'e ‘s9gleyd

Tom 8, Beinyck 2, 2020

XZ d2ueisgns

auog pue auoueg ‘xg spunodwod o si91aweded [ea1Wwayd-wniueny - § sjqeL

121



Scientific and Practical Journal

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

PHARMACY &
PHARMACOLOGY

T 9]qe] 03 puodsa.lod spunodwod Y} JO SIBGUINU BY] 4

669°€ c08°t 669°€ SeLe 8I8°E 8’e 818°E 608°€ 708°¢ 878'¢ 818°¢ 6L'E 14"
989°'€ 88L'€ 86L°€ L8L'E TC8'€ 9€8'€ LEG'E LeL’e SI8'€ _ GS8'€ _ LEY'E _ €ELE €T
669'€ 908'¢ 9¢8'¢t 6€L°€E 918'¢ 8€8'¢E (4383 CSLE 818'€ T98'€ €E8'E (0) 783 4"
769°€ 86L'€ 618'€ 13783 0¢8'€ 9€8'€ SC8'€ 8L'E L08'E _ 1S98°€ _ T4 3 _ S08'€ 1T
€69°€ LEB'E 6T8'€ TSL'E 8T8'¢ LEB'E [43:83 L9L°€ 608'€ 798'€ (4383 €08'€ (0]
769°¢ 108°€ TeLe vL'e 618°€E 8EB'E €EB'E 6SL°E 608°¢ _ 7S8°€ _ €E8’E _ 808°¢ 6
S69°€ 708'€ (73 6vL'€ 8T8'€E 8€8'E €€8'E 99/°€ 188°€ LS8'€E €€8'E S08°€ 8
L89°E v6L'€E 608°¢ 608°€ 618°E LEY'E 618°E 9¢8’t €08°¢E _ 678°€ _ 618°€E _ 0€T’E L
689'¢€ L6L°E S08'€ S08'€ 6T8'¢ 8€8'E TC8'€ 6¢8'€ L08'E S8'€ 98¢ (4553 9
T0LE S08°€ ovL'e ovL'e 918'¢ 8EY'E 8EB'E LSL'E 618°€ _ 098°¢ _ LSL'E _ EvLE S
TO0L'E L08'E LVL'E LVL'E SI8'€ 8€8'E LEB'E €9L°€ 0c8'€ 798¢ €9L°€ 0SL’€ 14
80L°€E 08¢ [473 0LL’E 0T8'¢ EV8'E 68L°€ 08L°€ LBL'E _ 6€8'E _ S9L°€ _ ovL'e €
60L°€ 6L°€ 6SL°E 6SL°€ T18°€ 6C8'€ 88L'€ LLLE 9L'€ TV8'€ 89L°€ LYL'E [4
L69°E 08¢ 0€8'E 0T8'€ 818'¢ 8EB'E 0€8'E 6C8°E S18'€ _ 858°¢ _ 658°€ _ €18'€E T

(8-0) (£-0) (9-2) (1-0) (8-2) (£-0) (9-0) (1-0) (8-0) (£-0) (9-0) (1-0)

N W\, N N N N N N N N N 1N

A Aylp-v ¢
QUOAB|J-HO-L auoueAe|}-HO-/ suodeYIXIPAIP-
m o 1] o a
lo) o
; =
q o)
c
>
&
s
HO OH :
o R

8¢ [-D€9-)4T-) SWOoIe UOQJed Uo SI3GUWINU puoq Jo Sanjep 9 a|qeL

Volume VI, Issue 2, 2020

122



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2020-8-2-112-123

10.
11.

12.

FINANCIAL SUPPORT AND SPONSORSHIP
This study did not have any financial support from outside organizations.

AUTHORS’ CONTRIBUTION
All authors equally contributed to the research work.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

REFERENCES

Myhre O, Utkilen H, Duale N, Brunborg G, Hofer T. Met-
al dyshomeostasis and inflammation in Alzheimer’s and
Parkinson’s diseases: possible impact of environmental
exposures. Oxidative Medicine and Cellular Longevity.
2013, 1-19. Oxidative Medicine and Cellular Longevity.
2013;2013:1-19. DOI: 10.1155/2013/726954.

Snodderly DM. Evidence for protection against age-re-
latedmacular degeneration by carotenoids and antioxi-
dant vitamins. The American Journal of Clinical Nutrition.
1995;62:1448-1461. DOI: 10.1093/ajcn/62.6.1448s.
Thome J, Zhang, JJ, Davids E, Foley P, Weijers HG, Wiesbeck
GA, Boning J, Riederer P, Gerlach M. Evidence forincreased
oxidative stress in alcohol-dependent patients provided by-
quantification of in vivo salicylate hydroxylation products. Al-
coholism, clinical and experimental research.1997;21:82-85.
DOI: 10.1111/J.1530-0277.1997.TB03732X.

Agadzhanayan VS, Oganesyan ET. Primenenie kvanto-
vo-himicheskih metodov analiza dlja interpretacii antira-
dikal’noj aktivnosti v rjadu gidroksiproizvodnyh korichnoj
kisloty [The use of quantum chemical analysis methods for
the interpretation of anti-radical activity in a series of hy-
droxy derivatives of cinnamic acid]. Chemical Pharmaceu-
ticals. 2008;42(11):12-17. Russian. DOI: 10.30906/0023-
1134-2008-42-11-12-17.

Oganesyan ET, Shatokhin SS, Glushko AA. Ispol’zovanie
kvantovo-himicheskih parametrov dlja prognozirovani-
ja antiradikal’noj (no-) aktivnosti rodstvennyh struktur,
soderzhashhih cinnamoil’nyj fragment [The use of quan-
tum chemical parameters to predict the antiradical (HO)
activity of related structures containing a cinnamoyl frag-
ment. |. Derivatives of cinnamic acid, chalcone and flava-
none]. Pharmacy and Pharmacology. 2019;7(1):53-66.
Russian. DOI: 10.19163/2307-9266-2019-7-1-53-66.
Litvinenko VI. Natural flavonoids. In the book “Tech-
nology and standardization of drugs”. Rostov, LLC Rireg.
1996:784 p.

Handbook of a chemist in 6 volumes. M.: Chemistry.
1964;3:1005 p.

Neuvonen K, Neuvonen H, Koch A, Kleinpeter E. Taft equa-
tion in the light of NBO computations. Introduction of a
novelpolar computational substituent constant scale o*q
for alkyl groups. Computational and Theoretical Chemis-
try. 2012;981:52-58. DOI: 10.1016/j.comptc.2011.11.044.
Minkin VI, Simkin BYa, Minyaev RM. Theory of the struc-
ture of molecules. Rostov-on-Don. 1997:560 p.

Krasnov KS. Molecules and chemical bonding. M. “Higher
School”. 1977:280 p.

Zhdanov YuA. Theory of the structure of organic com-
pounds. M. “HigherSchool”. 1971:288 p.

Aghajanayan VS, Oganesyan ET, Abaev VT. Celenaprav-
lennyj poisk soedinenija-lidera v rjadu proizvodnyh ko-
richnoj kisloty, obladajushhih antiradikal’noj aktivnost’ju
[A purposeful search for a leader compound in a series

AUTHORS

Eduard T. Oganesyan—Doctor of Sciences (Pharmacy),

Professor, the Head of the Department of Organic

Chemistry,

Pyatigorsk Medical and Pharmaceutical

Institute, a branch of the FSBEI HE VolgSMU of the
Ministry of Health of the Russian Federation. ORCID 0000-
0002-2756-9382. E-mail: edwardov@mail.ru

Tom 8, Beinyck 2, 2020

13.

14.

15.

16.

17.

18.

19.

20.

21.

of cinnamic acid derivatives with antiradical activity]. Kh-
imiko-Farmatsevticheskii Zhurnal. 2010;44(7):21-26. Rus-
sian. DOI: 10.30906/0023-1134-2010-44-7-21-26.
Oganesyan ET, Dorkina EG, Khochava MR, Tuskaev VA,
Maltsev YuA. Ispol’zovanie kvantovo-himicheskih met-
odov dlja obosnovanija antiradikal’nogo (ON’) dejstvija
poligidroksihalkonov [The use of quantum chemical meth-
ods to substantiate the antiradical (OH’) action of polyhy-
droxychalcones].  Khimiko-Farmatsevticheskii ~ Zhurnal.
2002;36(12):21-25. Russian.

Oganesyan ET, Maltsev YuA, Tvorovsky DE. Issledovanie meh-
anizma reakcii proizvodnyh flavona s gidroksil’nym radikalom
polujempiricheskimi metodami [Investigation of the reaction
mechanism of flavone derivatives with a hydroxyl radical by
semi-empirical methods]. 2001;71(6):99-1005. Russian.
Voronkov AV, Abaev VT, Oganesyan ET, Pozdnyakov DI. Ne-
kotorye aspekty cerebroprotektornoj aktivnosti 4-gidrok-
si-3,5-di-tretbutil korichnoj kisloty pri ishemicheskom
povrezhdenii golovnogo mozga v jeksperimente [Some
aspects of the cerebroprotective activity of 4-hydroxy-3,5-
di-tert-butyl cinnamic acid in ischemic brain damage in
the experiment]. Medicinskij vestnik Severnogo Kavkaza.
2018;13(1.1.):90-93. Russian.

Voronkov AV, Pozdnyakov DI, Khuri El, Kulbekova YuA, Kobin
AA. Ocenka antioksidantnoj aktivnosti 4-gidroksi-3,5-ditret-
butil korichnoj kisloty, meksidola i tioktovoj kisloty na mod-
eli fokal'noj ishemii golovnogo mozga [Evaluation of the
antioxidant activity of 4-hydroxy-3,5-ditretbutyl cinnamic
acid, mexidol and thioctic acid in a model of focal cerebral
ischemia). Voprosy biologicheskoj, medicinskoj i farmacev-
ticheskoj himii. 2017;20(2):48-52. Russian.

Voronkov AV, Oganesyan ET, Pozdnyakov DI, Abaev VT.
lzuchenie dozozavisimogo jendoteliotropnogo vlijanija
soedinenija ATACL v uslovijah ishemicheskogo povre-
zhdenija golovnogo mozga u krys v jeksperimente [The
study of the dose-dependent endotheliotropic effect of
the ATACL compound under conditions of ischemic brain
damage in rats in the experiment]. Vestnik VolgGMU.
2017;1(61):54-58. Russian.

Voronkov AV, Oganesyan ET, Gerashchenko AD. Aspekty ak-
toprotektornoj aktivnosti nekotoryh prirodnyh soedinenij
razlichnoj himicheskoj struktury [Aspects of actoprotective ac-
tivity of some natural compounds of different chemical struc-
tures]. Sportivnaja medicina: nauka i praktika. 2017;7(1):92—
96. Russian. DOI:10.17238/ISSN2223-2524.2017.1.92.

lllyel E. Fundamentals of stereochemistry. — M: Binom;
Laboratory of Knowledge. 2014:120 p.

Tsukerman SV, Surov YuN, Lavrushin VG. Dipol’'nye mo-
menty s IK-spektrami 4 i 4’-monozameshhennyh halkonov
[Dipole moments with IR spectra of 4 and 4’-monosubsti-
tuted chalcones]. Zhokh. 1968;38(38):524-529. Russian.
Tarakhovsky YuS, Kim YuA, Abdrasilov BS, Muzafarov EN.
Flavonoids: biochemistry, biophysics, medicine. Synchro-
book, Pushchino. 2013:310 p. Russian.

Stanislav S. Shatokhin — post-graduate student

of the Department of Organic Chemistry, Pyatigorsk
Medical and Pharmaceutical Institute, a branch of the
FSBEI HE VolgSMU of the Ministry of Health of the

Russian

Federation. ORCID 0000-0001-7891-8338.

E-mail: Shatohin.stanislav95@yandex.ru

123



