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45 compounds uniting 3 groups of derivatives of cinnamic acid, chalcone and flavanone, have been studied. Each of them
includes 15 substances. The analyzed compounds contain a common structural fragment, which is a cinnamic acid residue
(cinnamoyl fragment). The aim is to study the quantum-chemical parameters of the listed groups of the compounds in order
to predict possible ways of their interaction with the most aggressive and dangerous of the active oxygen species (ROS) —
a hydroxyl radical. Materials and methods. For the analyzed structures, the Mulliken charges (a.u.), bond numbers (Nu),
unsaturation index (IUA), and electron density values on all 9-carbon atoms of the cinnamoyl fragment have been determined.
The calculations have been carried out on a workstation with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of RAM. The
semi-empirical method PM7 was used (WinMopac 2016 program). The ORCA 4.1 program was used to calculate the energies
of homolytic cleavage of the O — H bond. Results. The analysis of Mulliken charges (a.u.), bonded numbers (Nu), unsaturation
indices (IUA), and electron density revealed a number of regularities on the basis of which it can be concluded, that taking
into account the nature of the substituent, the most probable for addition in the aryl residueare positions C-1, C-2, C-3, C-4
and C-5. In the propenone fragment, the radical HO: first attacks position 8, then 7. For the hydroxy-substituted, the energy of
the homolytic breaking of the H— O bond has been determined and it has been established that the spatial difficulty of phenols
(compounds 13k, 13x, 13f, 14k, 14x, 14f) H-O bonds are the smallest and on average are -160.63 kJ/mol. It has also been
established that the higher the positive Mulliken charge on the carbon atom with which the phenolic hydroxyl is bound, the
lower the energy of the homolytic breaking of the H— O bond and the more stable the resulting phenoxy radicalis. Conclusion.
The carried out quantum chemical calculations allow us to conclude that the studied classes of compounds can be used to bind
the hydroxyl radical formed in the body, causing various kinds of mutations, leading, among other things, to the development
of oncological diseases.
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NCITOJIB3OBAHUE KBAHTOBO-XUMHNYECKHUX ITAPAMETPOB
JIJISI TIPOTHO3UPOBAHUSA AHTUPATUKAJBHOH (HO")
AKTUBHOCTHU POACTBEHHBIX CTPYKTYP,

COJEPXKAIIMX HUHHAMOWJIbHBIN ®PAITMEHT.

I. IPOU3BOJAHBIE KOPUYHOM KUCJIOTHI,

XAJTKOHA U ®JIABAHOHA

I.T. Oranecsin, C.C. lllaroxun, A.A. I'tymxo

[TsTuropckuii Meauko-gpapmaneBTiHdeckiii HHCTUTYT — priman @I'BOY BO BoarI'MY Mumnsnpasa Poccun
357532, Poccus, [Taruropcek, np. Kanununa, 11

E-mail: edwardov@mail.ru

IToctynuna B pegakuuro: 23.12.2018 [Ipunsra x newaru: 20.02.2019

Uzyueno 45 coeounenuil, 06vedunsowux 3 spynnevl nPoOU3BOOHbIX KOPUUHOU KUCLOMbI, XAIKOHA U (DIABAHOHA, KAHCOAs U3
KOmopwix gxtoyaem no 15 sewpecma. Ananuzupyemvie coeOUHeHUs CoOepicam odwuLl CmpyKmypHulil opazmenm, npeocmag-
JAOWULL CODOU 0OCMAMOK KOPUUHOU KUCIOMbL (YWUHHAMOUNbHBIL ppacmenm). Llens padomul — uzyyenue K6aHmMogo-xumuie-
CKUX NApaMempos NepeyucienHbIxX SpYynn COeOUHEHUI C Yelblo NPOSHOSUPOBAHUS BOIMONCHBIX NYMeEl UX 63aUMOOeCEUs ¢
Hauboee azpecCUSHbIM U ONACHBIM U3 YUCLA AKMUBHBIX (hopm Kuciopoda (ADK) eudpoxcunvuvim paduxaiom. Mamepuanst
u Memoowl. /{15 ananuzupyemvix cmpykmyp onpeoenenvl Maniuxenosckue 3apaovl (a.e.), cesazesvie yucaa (Nu), unoexc nena-
coiyennocmu (IUA) u eenuyunbvl 21eKMpoHHOU NIOMHOCIU HA 8ceX 9-amomax yenepooa YuHHAMoUIbHo2o gppazmenma. Pac-
uemvl ocyujecmeiensvl Ha pabouetl cmanyuu ¢ npoyeccopom IntelXeonE5-1620 3,5 I'Ty, 20 I'6 onepamusnoti namamu. Ilpu
2MOM UCNONB308aH NOTyIMnupudecku memoo PM7 (npoepamma WinMopac 2016). /lna pacuemog snepauti 20MOMUMuU4ecko2o
pacwennenus céazu O—H ucnonvzosana npoepamma ORCA 4.1. Pesynomamot. Ananuz eeruuun ManiukeHO8CKUX 3apsao08
(a.e.), céazesvix uucen (Nu), unoexcos nenacviyennocmu (IUA) u anekmpoHHol nA0OMHOCU NO360UNL BbIAGUMb PO 3AKO-
HOMEPHOCHEl, Ha OCHOBAHUU KOMOPLIX MONCHO 0ellamb 8bl800bL O MOM, YO C YYenom npupoosl 3amecmumenei Haubonee
8EPOAMHBIMU 0151 NPUCOEOUHEHUs 8 apunbHoM ocmamke agaaromces nonoxcenuss C-1, C-2, C-3, C-4 u C-5. B nponeronogom
@pazmenme paouxan HO* 6 nepsyio ouepedv amaxyem nonodicerue 8, samem 7. /lna 2u0pokcusameweHHvIx onpeoenena SHep-
2UsL 20MOAUMULECKO20 pa3pblea ceasu H-O u ycmaHosieHo, 4mo y npocmpaHcmeeHHO 3ampyOHeHHbIX (PeHoN08 (coedunenus
13x, 13x, 13¢p, 14x, 14x, 14¢p) snepeus paspuvisa cesasu H-O naumenvwias u 6 cpeonem cocmagisem — 160,63 x/[c/mons.
Yemanosneno maxaice, umo,uem gviuie nonoxcumenvuuiii MannukeHo6ckuil 3apso0 Ha amome y2nepood, ¢ KOmMopblM CéA3aH (e-
HONbHYLUL 2UOPOKCUI, TeM HUNCE IHepIUsl 2oMOIUmu4ecko2o paspwiea ceéazu H-O u mem 6onee ycmouiuus obpasyrowuiics ge-
HOKCUNbHBII paduran. 3akntouenue. IIposedennvle KEAHMOBO-XUMUYECKUE PACYenbl NO36ONAIM COeNantb 861600 0 MOM, YUMo
uzyyaemvle Kidccvl COeOUHeHUL MO2ym Obimb UCNONb308AHbI OJIA CE:A3bIBAHUS 0OPA3YIOUE20Cs 8 OP2AHUIME SUOPOKCUTLHOLO
PaouKana, 8bi3bl8arOWe20 pasiuiHo20 pooa Mymayuu, npueoosuue, 6 Nom YUcie, K pa3eumuro OHKOI0SUYEeCKUX 3a001e6aHU.
Kniouesnvie cnosa: 2uopoxcunvHbill paouxan, npou3sooHsle KOpUHHOU KUCTIOMbl, XAIKOHbL, nasanonsl, Mannukenosckue 3a-
PAObL, cA3€e8ble YUCTA, UHOEKC HEHACBIUWEHHOCU, DNEeKMPOHHAS NIOMHOCIb

INTRODUCTION

Currently, experimental biochemistry and clinical
pharmacology have accumulated extensive material indi-
cating the relationship of free radical oxidation processes
involving reactive oxygen species (ROS) and many dis-
eases. It is known that in violation of the mechanisms of
antioxidant protection in the body there is an accumulation
of ROS, of which the HO-radical is the most dangerous. It
is able to interact with the nitrogenous bases of DNA and
RNA, which contributes to the formation of various types
of mutations [1, 2]. It also interacts with phospholipids of
cell membranes, increasing the level of their peroxidation
and resulting in reperfusion tissue damage, carcinogenesis
and other pathological processes [2, 3].

54

In case of disturbances in the equilibrium process-
es involving ROS, natural compounds — derivatives
of cinnamic acid, chalcones and flavanones, contain-
ing a common cinnamoyl fragment, are getting more
and more become important. In flavonoids it is the
main conjugate chain and, in essence, it represents the
residue of cinnamic acid. These three groups of com-
pounds are interconnected by biogenetic transforma-
tions [4-6].

The listed representatives of polyphenolic com-
pounds are characterized by a broad spectrum of phar-
macological activity, which is probably due to their high
antiradical activity.

THE AIM istostudy the quantum-chemical char-
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acteristics of cinnamic acid derivatives, chalcones and
flavanones containing substituents in the aryl moiety
conjugation of the main chain to predict their possible
interactions with the hydroxyl radical HO.

MATERIALS AND METHODS

The objects of the study were hydroxy and methoxy
substituted cinnamic acid, chalcone and flavanone de-
rivatives in the aryl residue of the cinnamoyl moiety, 45
compounds in total. Quantum-chemical parameters of
the analyzed structures were calculated on a workstation
with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB
of RAM.

The hydroxyl radical HO, whose life expectancy in
a biological medium is about 10~ seconds, represents the
greatest danger among the active oxygen species (ROS).

One of the ways of formation of a hydroxyl radical
in the body can be the Fenton reaction or the oxidation
of Fe*" to the Fe3* hypochlorite anion, which, in turn, is
formed in phagocytes.

It has been proved that the yield of hydroxyl radical
OH:- in the second case is higher than in the Fenton re-
action [8].

The same radical can be formed by the reaction of
Haber-Weiss [8].

The consequences of these reactions involving biva-
lent iron are obvious: the “extraction” of Fe?* cation from
the systems containing it and its subsequent oxidation to
Fe**, which is extremely dangerous in itself, since it con-
tributes to the destruction of blood heme and iron-con-
taining endogenous substances.

2'-Hydroxychalcone

Flavonone

On the other hand, the hydroxyl radical, interacting
with the amino acid fragments of proteins, causes denatur-
ation of the latter and subsequent inactivation of enzymes.

There is an opinion that the OH- radical-is able to
selectively accumulate near the DNA [9].

Possessing sufficiently high electrophilic proper-
ties, it can not only hydroxylate the nitrogenous bases
of nucleic acids, but also contribute to the subsequent
breaking of both carbohydrate bridges between nucleo-
tides and hydrogen bonds of “interlaced” polynucleotide
chains [2]. It is clear that further processes will mutate or
damage genes.

In the lipid layer of cell membranes, the HO- initiates
a chain reaction of lipid oxidation by a radical mecha-
nism, which leads to cell damage and cell death.

Biochemical processes involving ROS in the physio-
logical norm are controlled by both enzyme and non-en-
zyme components of cells. In case of disturbances in the
equilibrium processes involving ROS, natural antioxi-
dants, such as polyphenolic compounds as cinnamic acid
derivatives, as well as flavonoids (chalcones, flavanones,
flavones and flavonols), become important.

Due to the structural diversity, as well as the totality
of the manifested pharmacological effects, they occupy a
special place among natural antioxidants.

It is known that cinnamic acid is directly involved in the
biosynthesis of flavonoids [4]. Comparing the structures of
cinnamic acid and flavonoids, it is easy to verify that the com-
mon structural fragment in all the compounds is the cinnam-
oyl fragment, which is essentially a cinnamic acid residue

(Fig. 1).

Flavone

Figure. 1. Structural features of chalcone, flavanone and flavone

It should be noted that with slight changes in the
pH-environment, the chalcones become flavanones and
vice versa: flavanone prevails in the acidic environment,
and chalcone prevails in the alkaline one. This circum-
stance is important from the point of view of the biologi-
cal activity of chalcones and flavanones.

Tom 7, Beinyck 1, 2019

It is clear from the presented structures, that the main
conjugation chain is formed thanks to the cynnamoyl
fragment, and the transfer of electronic effects exerted by
substituents in ring B, occurs through this chain.

In continuation of our earlier studies [10—13], and also
taking into account the structural proximity of cinnamon
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acids, chalcones and flavanones (the presence of a cinnam-  (Np), theoretical valence (V ), unsaturation index (IUA),
oyl fragment), we found it advisable to a priori examine  and electron density. Table 1 presents the analyzed com-
the activity of the chalcones and flavanones in relation  pounds, which are designated respectively 1k—15k (deriv-
to the hydroxyl radical OH- using such quantum-chemi- atives of cinnamic acid), 1x—15x (derivatives of chalcone),
cal parameters as Mulliken charges (a.u.), bond numbers  1f—15f (derivatives of flavanone).

Table 1. Derivatives of cinnamic acid (k), chalcone (x) * and flavanone with substituents
in the aromatic core of the main conjugation chain

No. Position of substituents
K x* f 1 2 3 4
1k 1x 1f H H H H
2k 2x 2f OH H H H
3k 3x 3f CH,O H H H
4k 4x 4f H OH H H
S5k 5x 5f H CH.O H H
6k 6x 6f H H OH H
7k 7x 7t H H CH,O H
8k 8x 8f H OH OH H
9k 9x of H CH,O OH H
10k 10x 10f H OH CH,O H
11k 11x 11f H CH,0 CH,0 H
12k 12x 12f H OH OH OH
13k 13x 13f H CH,O OH CH,O
14k 14x 14f H C (CH)), OH C (CH),
15k 15x 15 H CH,0 CH,O CH,O

* Note: chalcone derivatives containing an OH group in the ortho-position to the carbonyl are considered, since in its absence
the chalcone-flavanone transition is impossible

Previously, using semi-empirical quantum-chemical acid, we considered it expedient to determine the most
methods, we studied the reactivity indices of cinnamic  probable centers of primary attack by the OH- radical of
acid derivatives with respect to the hydroxyl radical [10].  chalcone and flavanone.

This made it possible to identify the most reactive centers The quantum chemical characteristics listed above
in the cinnamoyl fragment: the interaction of cinnamic  were calculated using the PM7 semi-empirical method
acid with the OH-radical electrophilic in properties oc- (WinMopac 2016 program) for chalcones and flavanones
curs primarily at the C-8 position, since this atom is char-  containing hydroxy and methoxy groups in the aryl moi-
acterized by the lowest degree of “saturation” (the lowest ety of the main conjugation chain.

bond number), the highest electron density, and the great- Tables 2, 3, 4 present the distribution of Mulliken
est negative charge compared to its two nearest atoms.  charges (a.u.), bond numbers (Np), unsaturation index
Further interaction of cinnamic acid with the formation = (IUA) and electron density on the carbon atoms of the
of the corresponding adducts is possible according to the ~ cinnamoyl fragment of the two derivatives of cinnamic
C-7, C-6, C-1 and C-5 positions'. acid (6k and 7k), chalcone (6x and 7x) and flavanone (6f

Taking into account the trends revealed in cinnamic  and 7).

! Henceforward, numbering of atoms in the analyzed structures is given not in accordance with the IUPAK rules, but in accordance with the
calculation programs. For cinnamic acid, the carbon numbering generated by the programs is shown. To make it easier and more convenient to
compare the results obtained, authors have kept this numbering for chalcones and flavanones.
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It is characteristic for the C-7 and C-8 atoms to have
the same dynamics of changes in parameters as it had
been in cinnamic acid. In the analyzed structures, the car-
bon atom C-9 is characterized by a significantly lower
electron density and a higher positive Mulliken charge,
although the bond number is insignificant (third decimal
place), it is higher than those for C-8 and C-7. The high-
est negative Mulliken charge and the electron density,
as well as the smallest bond numbers compared to the
two nearest atoms, are concentrated on the C-8 atom of
all the three types of the structures under consideration.
Similar electronic effects are easy to explain, if we take
into consideration the fact that with respect to the prope-
none moiety, the electron-donating hydroxy and methoxy
groups at positions 1 and 3 (ortho and para positions with

respect to the propene unit) contribute to the enhance-
ment of the polar conjugation and, consequently, to an
increase in the Mulliken charge and electron density on
C-8 (compounds 2, 3, 6, 7) compared with the parent
structure of each group of the analyzed compounds.

If the hydroxy- and methoxy groups are in position 2
of the aryl fragment (compounds 4 and 5), then the elec-
tron density and Mulliken charge decrease, but the same
parameters increase on the C-1, C-3 and C-5 atoms, that
is, in two ortho- (P-1 and P-3) and para-positions (P-5)
(table 5). This dependence is repeated in all the three
types of the structures under consideration - 4k, 4x, 4f
and 5k, 5x and 5f. Such electronic effects are in good
agreement with the contribution of the Taft constants
[14].

Table 5. Values of Mulliken charges (a.u.), electron density and bond numbers (Nu) on carbon atoms
in o0- and p- positions with respect to the substituent for the derivatives of cinnamic acid, chalcone
and flavanone, numbered 2, 3 and 4

Unsubstitute dcinnamic acid

Unsubstitute dchalcone

Unsubstituted flavanone

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
1 -0.118 4.1180 3.812 -0.122 4.122 3.813 -0.141 4.141 3.827
2 -0.159 4.1590 3.852 -0.161 4.162 3.852 -0.145 4.145 3.849
3 -0.125 4.1249 3.836 -0.121 4.126 3.837 -0.135 4.135 3.845
4 -0.159 4.1595 3.854 -0.156 4.156 3.854 -0.151 4.151 3.852
5 -0.126 4.1260 3.816 -0.128 4.128 3.814 -0.132 4.133 3.829
6 -0.054 4.0540 3.858 -0.053 4.054 3.856 -0.081 4.081 3.840
7 -0.020 4.0200 3.869 -0.013 4.013 3.855 0.122 3.877 3.840
8 -0.298 4.9810 3.798 -0.319 4319 3.814 -0.440 4.440 3.819

2k 2x 2f

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
8 -0.288 4.288 3.798 -0.364 4.364 3.763 -0.446 4.442 3.812
2 -0.234 4.047 3.852 -0.268 4.268 3.787 -0.229 4.229 3.803
4 -0.149 4.062 3.854 -0.238 4.238 3.842 -0.197 4.197 3.844
1 -0.046 4.322 3.832 0.342 3.658 3.747 0.284 3.715 3.777

3k 3x 3f

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
8 -0.301 4.301 3.781 -0.368 4.368 3.785 -0.439 4.439 3.819
2 -0.238 4.050 3.838 -0.270 4.270 3.780 -0.309 4310 3.773
4 -0.161 4.060 3.783 -0.235 4.235 3.842 -0.227 4.228 3.834
1 -0.050 4314 3.833 0.309 3.690 3.740 0.269 3.730 3.777

4k 4x 4f

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
8 -0.283 4.283 3.804 -0.299 4.299 3.819 -0.437 4.437 3.818
1 -0.290 4.290 3.740 -0.230 4.230 3.750 -0.240 4.240 3.747
3 -0.228 4.228 3.779 -0.296 4.296 3.769 -0.303 4.303 3.774
5 -0.205 4.205 3.800 -0.210 4.210 3.803 -0.223 4.223 3.813

Sk 5x 5f

Cv a.u. el.d. Np a.u. el.d. Nup a.u. el.d. Nu
8 -0.290 4.290 3.802 -0.303 4.303 3.819 -0.436 4.436 3.818
1 -0.278 4.278 3.737 -0.234 4.234 3.743 -0.252 4.252 3.757
3 -0.233 4.233 3.773 -0.285 4.285 3.766 -0.293 4.293 3.770
5 -0.204 4.204 3.798 -0.210 4.210 3.803 -0.215 4.210 3.814

Note: k — cinnamic acid, x — chalcone, f— flavanone
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Thus, the primary hydroxyl radical electrophilic at-
tack will take place primarily at position C-8, and then at
the C-7 position.

A similar conclusion is valid for the considered types
of the analyzed compounds, as shown before [11, 12].

Using a similar approach to interpret the possible
attack paths of the monosubstituted derivatives by the
OH-radical (compounds 2k, 2x, 2f — 7k, 7x, 7f) taking
into account the quantum chemical parameters, it can be
assumed that the most likely are the C-2 and C-4 posi-
tions for compounds 2 and 3, since they are character-
ized by the highest IUA values. If the substituent is in
position 2, then the attack is likely to occur in C-1, C-3
or C-5 positions of the phenyl fragment of all three types
of structures under consideration due to high IUA values.
For compounds of types 6 and 7, the attack of a hydroxyl

radical is equally probable in the C-2 and C-4 positions
for the same reasons as mentioned above (Tables 2, 3,
4,5).

In the case of disubstituted for the aryl fragment, the
dynamics of changes in the Mulliken charges, the unsat-
uration index and the electron density in compounds 8,
9 and 10 of all the three types of the structures under
consideration practically coincide and actually make the
same electronic contribution to the C-8 propene unit.

It should be emphasized that two hydroxy- or hy-
droxy- and methoxy-groups in positions 2 and 3 of the
aryl fragment have a competitive effect on the conjuga-
tion system: the effect of the para-substituent is partially
extinguished by the inconsistent influence of the same
substituent in position 2. This conclusion can be illustrat-
ed by Taft 6-constants for -OH and -OCH3 groups [14]:

c=0.127 _ c=0.115 c=0.127
OH O—CH, OH
=-0.370 >=-0.370 =-0.268
OH ° OH o} °
CH,
¥=-0.243 ¥=-0.255 y=-0.141

Compounds 8k, 8x, 8f

When interpreting antiradical (HO-)activity of poly-
hydroxy cinnamic acid derivatives, chalcones and flava-
nones, one should take into account their ability to bind
reactive oxygen species not only with the participation
of carbon atoms of the aryl radical, but also due to the
homolytic breaking of the H — O bond of the phenolic
hydroxy-group to form an intermediate adduct — the
phenoxyl radical.

Earlier, when analyzing the antiradical activity of
polyhydroxychalcons, we calculated the energies of ho-
molytic breaking of H-O bonds in monohydroxy-com-
pounds in which the hydroxy-group is located at C-3 or
C-4, as well as for disubstituted ones, as shown below.

In continuation of these studies using the ab ini-
tio method, we calculated the energies of the homolytic
breaking of the H O bond with the transition of the hydro-
gen atom to the hydroxyl radical in the cinnamoyl disub-
stituted along the aryl residue. The relationship between
the breaking energy of the H-O bond and the unsaturation
index (IUA) of the carbon atom which the substituent is

Tom 7, Beinyck 1, 2019

Compounds 9k, 9x, 9f

Compounds 10k, 10x, 10f

associated has been revealed. For this program, ORCA
4.1 was used. The optimization of the geometry of mol-
ecules was performed using the density functional theory
(UB3LYP) method using the set of basis functions 3-21G*.
Vibrational analysis, as well as the calculation of thermo-
dynamic functions (enthalpy, entropy, and Gibbs energy)
were performed on the basis of the density functional the-
ory (UB3LYP) using the set of basic functions 6-311G**
[15, 16]. It has been established that the lower the bond
breaking energy, the higher the IUA value is (Table 6).

In the presented data, a clear relationship can be
traced: the larger the unsaturation index (IUA) of the aryl
carbon atom with which the hydroxy group is associated,
the lower the energy of the H — O homolytic bond break is.
There is a similar relationship for bond numbers (Table 3).

In the list of the compounds subjected to quan-
tum-chemical study, we have considered three types of
compounds containing three substituents in positions 2,
3, 4 of the aryl fragment and designated by numbers 12,
13 and 14.
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Table 6. Gibbs free energy of homolytic breaking of the H-O bond
Breaking energy of
Structuralfragment the O — H bond IUA (C-1) IUA (C-2) IUA (C-3)
HO 0.135 (2k) - -
@ -150.30 0.152 (2x) - .
0.145 (2) - -
- - 0.132 (6k)
OOH -137,70 - . 0.133 (6x)
) ; 0.126 (6f)
OH - 0.175 (8K) 0.172 (8k)
-173.89 - 0.173 (8x) 0.172 (8x)
OH
- 0.162 (8) 0.183 (8f)
OH - 0.184 (10k) 0.189 (10k)
-130.01 - 0.174 (10x) 0.179 (10x)
O\
CH3 - 0.167 (10f) 0.196 (10f)
O—CH, - 0.174 (9K) 0.178 (9K)
-174.26 - 0.183 (9x) 0.189 (9x)
OH
- 0.178 (9f) 0.187 (9f)

For these compounds, the energies of the homo-
lytic O — H bond have been calculated resulting in
corresponding phenoxyl radical in position C-3 and

OH + OH

the addition of a hydrogen atom to a hydroxyl radical.
In our opinion, it can be represented by the following
scheme:

o

This reaction was simulated by the molecular dy-
namics method in a 3-21G* force field using the density
functional theory (UB3LYP) method for 50 picoseconds.
In the process of simulation, a hydroxyl radical attacks a
phenolic hydroxyl group, bonding a hydrogen atom with
its oxygen. In the course of the oscillation of the phenolic
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hydroxyl group, covalent bonding of the hydrogen atom
of the phenol hydroxide to the oxygen atom of the hy-
droxyl radical occurs. After that, a free water molecule
and a phenol radical are formed. Figure 2 shows a graph
of the dependence of potential energy of the simulated
system on time.
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Figure 2. Dynamics of potential energy changes in the process of simulating homolytic cleavage
of the OH bond of the phenolic hydroxyl

According to the results of the molecular dynamics It should be notified that this phenolic hydroxyl
simulation, the activation energy of a simulated reaction of i surrounded by two ortho substituents, which have a
th:? homfoly}t:cdcleavagi ofpthenoﬁlc dhydr(l)xyllyvltlh}:he gan— shielding effect. The phenoxyl radical formed by the C-3
S Oom O OB O 0 Oy e oy 2T hydroxyl in structures 12, 13, and 14 belongs to the spa-

determined. The activation energy was 34.918 kJ/mol, ; ] ;
which indicates that the reaction proceeds fairly quickly ~ tially obstructed types of radicals and is therefore more

at a human body temperature (310 K). stable.

Table 7. Gibbs free energy of homolytic breaking of the H — O bond

Substance Structuralfragment Energy of O-Hsplittingbreaking
12x OH -171.21
12k Q—D H -170.72
12f OH -166.79
13x OCH3 -164.66
13k 4@7(]” -117.04
13f QCH3 -159.40
14x >L -178.31
14k _,-"_ :-‘}—{:H -181.29

&
14f _>T -163.08
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The same dependence as in the case of disubstituted
ones, is observed here, i.e. the lower the energy of the
homolytic breaking of the H — O bond in sterically hin-
dered phenols, the higher the [UA values and the positive
charge of the carbon atom, phenolic hydroxyl is bound
with (in this case C-3). It should be notified that com-
pound 14k (4-hydroxy-3,5-di-tertbutyl-cinnamic acid)
was previously synthesized by us in accordance with the
forecast [11], since its high activity had been predicted.
An experimental study of the pharmacological properties
confirmed our prediction: the substance is characterized
by cerebroprotective [17], antioxidant [18], endothelio-
protective [19] and actoprotective [20] types of activity.

It is possible to predict with high probability the
same level of activity for compounds 14x and 14f, since

OH

their quantum-chemical characteristics are almost identi-
cal with compound 14k.

With regard to the analysis of structures of all three
types, we found it expedient to take into account the mo-
lar mass in the characterization of bonded numbers (Np),
unsaturation index (IUA), and electron density. For this
purpose, the total value of the listed characteristics was
determined for each compound, which was then referred
to the molar mass. The partial dividing of the total value-
sof Ny, IUA and electron density by the molar mass, in
our opinion, characterizes the specific value of the list-
ed parameters in terms of the mass unit of the molecule.
In our opinion, a similar indicator in the future may be
useful for the interpretation of biologically active related
compounds. The results are presented below:

OH OH
‘;O;V* .
N e I
HO OH
OH OH O
O 0]

C,H,0, M=196

CsH,,0, M=272

C,sH,,0, M=272

> z 2
v, _33. 99_01734 N _3404_01251 Ny :£:0.1259
196 M 272 272
L6 0072 Zws 1416 0051 Zuw 142 505
196 M 272 272
Zaa 35685 1eng  Zaa 358741319 Zaw 33205409,
M 196 M 272 M 272
.CH
0) 3
O—CH

O—CH,
OH
O—CH, O—CH,
O—

C“HIZO5 M=224 C15H16O5 M=276 C,sH,,05 M=276
z )3 >
Ve 3394 4 1515 Yo 3% 01231 v 3395 1230
M 224 M 276 M 276
2w 1494 606¢ Zu 18 0054 Zua 151 5934
M 224 M 276 M 276
M 224 M 276 M 276
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OH
OH
o o on o K
o C
O 0O 5
C,,H,,0, M=276 C,3H,40, M=352 C,y3Hy, 05 M=352
b 2 2
v 31201036 Y 342400972 v 234136 0970
M 276 M 332 M 352
2 1324 0047 Zua 131 0037 2w 1366 0356
M 276 M 352 352
Yg 359741203 Zaw 3620400 Xy, 36116
M 276 M 352 M 352

The attention of the scientistshas been attracted to
very close values of specific indicators of bond numbers,
indices of unsaturation and electron density for chalcone
and flavanone. This fact once again confirms not only the
ease of their interconversion, but, apparently, the same
level of pharmacological properties.

CONCLUSION
Cinnamic acid differs from chalcone and flava-
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