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42 derivatives of chalcone, flavanone and flavone having a phloroglucinic type of ring “A” and containing the same elec-
tron-donating substituents on ring “B”, have been studied. Flavonoids with the phloroglucinic type of ring “A” are the most
common in nature, which is due to the peculiarities of biogenetic formation with the participation of malonyl and acetyl
fragments.

The aim. To determine the effect of the hydroxy group in position 6’ of chalcones and in position 5 of flavanones and flavones
on bond numbers (Nu), free valence indices (Fu), Mulliken charges (a.e), electron density, unsaturation indices (IUA) of the
carbon atoms C-1 - C-6 - C-7 - C-8.

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

Results. The quantum-chemical characteristics of the considered derivatives having a phloroglucinic type of the “A” ring,
indicate that the OH group in position 6’ of chalcones (in the corresponding flavanones and flavones in position 5) has
different effects: a slight increase occurs in chalcones negative charge (a.e.) and electron density, the bond numbers take
different values, which depends on the position and number of substituents on the ring “B”. In flavanones, Nu practically
remains at the same level of 3.822-3.829. For flavones, the binding numbers Nu for C-8 are in the range of 3.700-3.706,
and the Mulliken charges are in the range from —0.4120 to —0.4356. For position-substituted C-3 (6anone and 7anone), the
charges are —0.4436 and —0.4479, respectively. The charge on C-7 of chalcones is negative for compounds 4x, 5x, 10x and 13x
from —0.0204 to —0.0470. The remaining derivatives of the chalcone, as well as the corresponding flavanones and flavones,
are characterized by a positive value of a.e. on C-7. Based on the bond numbers (Np), free valency indices (Fu) have been
found for the carbon atoms of the cinnamoyl fragment C-1 - C-6 - C-7 - C-8. When comparing the obtained data, it was
found out that for chalcones on C-1 - C-8 atoms, the values of the free valence indices are in the range of 0.900-0.980 for
compounds 12x, 13x, where Fu>1. For flavanones on C-1, C-3, and C-5 atoms (compounds 12anone and 13anone), the free
valence indices are in the range of 0.984-1.024, and for the remaining atoms the value of Fu is approximately the same as
that of chalcones. On the C-8 atoms of all the derivatives, as well as on C-1, C-3 and C-5 (compounds 12one, 13one), Fu>1.0.
It can be assumed that at values of Fu=0.850-0.955 for all the analyzed compounds, coupling reactions on the double bond
are possible, and if Fu>1, the coupling will take place according to the free radical mechanism. The data obtained indicate
that the OH group in position 6’ for the chalcone and 5 for the flavanones, does not significantly effect the Mulliken charge
(a.e) and the electron density on C-8 atoms.

Conclusion. It has been established that the OH group in position 6" of the “A” ring of chalcones (in position 5 of the “A”
ring in flavones and flavanones) has a conflicting effect on the bond numbers: when passing from chalcone to flavanone, Nu
increases, and then, in flavone, sharply decreases. For C-8 of all flavone derivatives, Fu>1. The following conclusion has been
confirmed: at the initial stage of the reaction the electrophilic hydroxyl radical is attached at the C-8 position of the cinnamoyl
fragment
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M3yyeHo 42 npou3BOAHbIX Xa/NKOHa, GnaBaHOHA M GpnaBoHa, UMetoWwmnx GAOPOIIOLMHOBBLIN TUM KOMbLA «A» U cofeprKa-
LLMX OAMHAKOBbIE 3/1EKTPOHOA0HOPHbIE 3aMeCTUTENIN B Ko/bLie «B». dnaBoHoMAbl C GAOPOIIOLUHOBLIM TUMOM KOJbLL «A»
Hanbonee pacnpocTpaHeHbl B NpUpoae, YTo 06ycnoBAeHO 0COBEHHOCTAMM BUOrEHETUYECKOTO GOPMMUPOBAHMA NPU YHaCTUK
Ma/IOHUbHbIX U aLEeTUIbHbIX GparMeHTOB.

Lienb. BbiaBAeHWE BAUAHUA TMAPOKCUIPYNIbl B MOAOXKEHUM 6’ Y Xa/SIKOHOB U B NOMIOXKeHUN 5 y dnaBaHOHOB U G1aBOHOB Ha
cBasesble yncna (Np); nHaekcbl ceoboaHon BaneHTHocTU (FU); MannnkeHoBCcKue 3apaabl (a.e); 3NEeKTPOHHYH NIOTHOCT;
MHAEKCbl HeHacblweHHocTu (IUA) atomoBs yrnepoga C-1->C-6—>C-7->C-8.

Matepuanbl u metogbl. NepeyncneHHble Bbille KBaHTOBO-XMMUYECKME NMapaMeTpbl aHAIM3NPYEMbIX COeAUHEHNI paccyu-
TaHbl NOAYaMNUpUYecknm metogom PM7 (nporpamma WinMopac 2016) Ha pabouyeli ctaHumm ¢ npoueccopom Intel Xeon
E5-1620 3,5 T, 20 [6 onepaTUBHOM NamATK.

Pe3ynbratbl. KBAHTOBO-XMMMUYECKME XapPaKTEPUCTUKM PAaCCMATPUBAEMbIX MPOU3BOAHbBIX, UMEIOLLUX GNOPOFNOLMHOBBIV TUN
Ko/ibLa «A», CBUAETENbCTBYIOT 0 TOM, YTo OH-rpynna B NMonoXeHuu 6’ y xankoHoB, (y cooTBeTCTBYOWMX GAaBaHOHOB U
$NaBOHOB B MOMOXEHUWN 5) BAUAET MO-Pa3HOMY: Yy Xa/IKOHOB MMEET MECTO He3HayuTe/IbHOE MOBbIWEHWEe OTPULLATENbHO-
ro 3apaaa (a.e) ¥ aNEeKTPOHHOM NIOTHOCTU, CBA3EBbIE YMC/IA MPUHUMAIOT PasHble 3HAYEHUA, YTO 3aBUCUT OT NOJIONKEHUA U
yucna 3amecTuTenen B Konble «Bx». Y dnaBaHOHOB N MPaKTUYECKM OCTaeTcsa Ha oaHOM ypoBHe 3,822-3,829. Y dnaBoHOB
3Ha4veHuA ceasesbix Yncen Npy C-8 HaxoaaTca B uHTepBane 3,700-3,706, a MannMKeHOBCKMe 3apAaabl HAXOAATCA B npeaenax
oT —0,4120 go —0,4356. Y 3amelleHHbIX No nosioxeHuto C-3 (6-dnaBaHoH u 7-dnaBaHoH) 3apag paseH —0,4436 n —0,4479
COOTBETCTBEHHO. Y XaZIKOHOB 3apag Ha C-7 MMmeeT oTpuLaTebHOe 3HaYeHne y coeguHeHnin 4x, 5x, 10x n 13x ot —0,0204 oo
—0,0470. OcTanbHble NPON3BOAHbIE Xa/IKOHA, @ TaKXKe COOTBETCTBYOWME GaBaHOHbI U GNIaBOHbI, XapaKTePU3yoTCA NONOo-
KUTE/IbHbIM 3HaYeHuem a.e Ha C-7. Ucxopa ns ceasesbix uncen (N, HalgeHbl MHAEKChI CBOGOAHOM BaneHTHoCTH (FUL) ans
aTOMOB yriepoaa UMHHamouabHoro ¢parmeHTta C-1->C-6—->C-7->C-8. Mpu conoctaBieHUMN NONYYEHHbIX JAHHbIX YCTaHOBE-
HO, YTO Y Xa/NIKOHOB Ha atomax C-1->C-8 3HaYeHUA MHAEKCOB CBOOOAHOM BasleHTHOCTU HaxoaaTcsa B npegenax 0,900-0,980
y coeanHeHun 12x, 13x, roe Fu>1. Y ¢pnasaHoHoB Ha atomax C-1, C-3 u C-5 (coegnHeHuns 12aHoH M 13aHOH) MHAEKCHI CBO-
604HOM BaNEHTHOCTM HaxoaATca B MHTepBane 0,984-1,024, a y ocTa/ibHbIX aTOMOB Be/in4YMHa FL NpMMEpPHO TaKas e, KaK y
Xa/JIKoHOB. Ha aTomax C-8 Bcex Mpomn3BoAHbIX, a TakKe C-1, C-3 u C-5 (coeanHeHuna 120H, 130H) Fu=1,0. MoXHO npegnono-
YKUTb, YTO NpK 3HaYeHunax Fu=0,850-0,955 ons Bcex aHaIM3MPYEMbIX COEAUHEHMI BO3MOXKHbI peaKLUn NPpUCoeanHEHUA NO
[OBOMHOM CBA3K, a ecnn FU>1, To npucoeanHeHne byaet Npoxo4uTb No cBO6OAHOPAAMKANbHOMY MexaHU3My. MonyyeHHble
OaHHble CBMAETENbCTBYIOT O TOM, YTo OH-rpynna B nonoxKeHum 6’ y xankoHa 1 5y G1aBaHOHOB — He OKa3blBaET CyLLECTBEH-
HOro BAMAHUA Ha ManMKeHOBCKUI 3apAg, (a.e) U SNeKTPOHHYO NJIOTHOCTbL Ha aTomax C-8.

3aKnoyeHue. Ha oCHOBaHMM NONYYEHHbIX AaHHbIX YCTaHOBAEHO, YTo OH-rpynna B NON0OXKeHUW 6 Kobla «A» XankoHoB (B
nonoxeHuu 5y dnaBoHoB 1 p1aBaHOHOB) pa3HOHANPABAEHO BAUAET Ha BE/IMYUHY CBA3EBbIX YNCE/: NPU Nepexose OT XasIKo-
Ha K dnaBaHoHy N Bo3pacTaeT, a 3ateM y paBoHa pe3Ko ymeHbluaetca. [1na atomoB C-8 Bcex Npomn3BoaHbIX GnaBoHa Fu>1.
3T0 BHOBb [0Ka3blBAET BbICKA3aHHbIM paHee Hamu BbIBOA, YTO Ha HaYa/lbHOM 3Tane 371eKTPOdUNbHbIV TMAPOKCUAbHBIN pa-
AMKan npucoeamHAeTcA No NonoXKeHuto C-8 LMHHaMOUAbHOTO GparmeHTa.

Kntouesble cnosa: 2,'4’,6'-TpUrnapoKcuxankoHbl; 5,7-auruapokcudnaBaHoHbl; 5,7-AUrnapokcndiaBoHbl; CBA3EBbIE YNCA;
MHAEKCbl CBOOOAHOM BaNIeHTHOCTH

INTRODUCTION

In nature, flavonoids with the phloroglucinic type of
ring “A” [1-4] are the most common.

With reference to the previous reports [5, 6], this
paper presents an interpretation of the quantum-chem-
ical characteristics of chalcone, flavanone and flavone
derivatives, characterized by a phloroglucinic type of
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ring (42 compounds in total) and having electron-donat-
ing substituents on ring “B”.

THE AIM of the article is to determine the effect
of the hydroxy group in position 6’ of chalcone deriv-
atives, which upon heterocyclization react to form the
corresponding flavanones and flavones, on the quan-
tum-chemical parameters; as well as the calculation of

447



REVIEWS, LECTURES
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

the free valence indices (Fu) of the carbon atoms of the
main conjugation chain to explain the reactivity of the
compounds under study relative to the hydroxyl radical
OH.

MATERIALS AND METHODS

The calculations of the listed above parameters with
the use of the semi-empirical method PM7 (WinMopac
2016 program), have been carried out on a workstation
with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of
RAM.

RESULTS AND DISCUSSION

This report presents the data on the analysis of the
quantum chemical characteristics of the structures pre-
sented in Table 1.

Bond numbers (Np), free valence indices (Fu)

The reactivity of organic molecules is conveniently
explained taking into account the free valence indices
of the corresponding regions. There is a relationship be-
tween this parameter and the bond number [7]:

Fu=N__-Np

It is appropriate here to describe the physical mean-
ing of the bond number in more details, because it is
actually the sum of the orders of all the bonds adjacent
to this atom [7].

The value of Nu reflects the degree of saturation of
a particular atom: the larger Ny, the more saturated a
particular atom is and, conversely, the lower the value
of N, the more pronounced is the tendency of a given
atom to form new bonds.

The theoretical maximum of the sum of the bond
orders should be 4.732, which is considered a constant
value. It corresponds to the sum of the bond orders of a
carbon atom bound by three o-bonds and three n-bonds
with neighboring atoms in the threemethylmethane bi-
radical [8, 9].

CH, CH,

N\

| !
|
CH,

It should be notified that by the value of Fu one can
judge the possibility of an addition reaction involving the
compounds containing mt-bonds: the higher F, the more
pronounced the activity of the addition of neutral parti-
cles. For values of Fu>1, a radical mechanism will prevail
in these reactions.

Tables 2—-4 shows the numerical values of the free
valence indices of carbon atoms of the main conjugation
chain of the analyzed groups of compounds.

Derivatives of 2’,4’, 6’-threehydroxychalcones

In the absence of substituents on the B ring (com-
pound 1x), the C-8 atom is characterized by the smallest
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value of bond number 3.799 (Fu = 0.953); therefore, the
attachment of the hydroxyl radical is most likely due to
this position.

The bond numbers for C-1 and C-5 (3.813) with a
free valence index of 0.919 for both atoms, are slightly
larger. For the rest of the atoms C-2, C-4, C-6 and C-7, the
values of N are in the range of 3.850, with a value of Fu
from 0.881 to 0.884.

The introduction of a hydroxy group into the C-1
position of the “B” ring (compound 2x) helps to reduce
the bond number of this atom to 3.745 (Fu = 0.987 at
a.e. +0.3426) compared to the same position for the un-
substituted ring B, where Nu = 3.813 (Fu = 0.919 with
a.e. = —0.1183). In the same compound, C-8 has the
smallest bond number (Nu = 3.732, Fu = 1.000, a.e =
—0.3721), and at the C-6 atom Nu = 3.765 (Fu = 0.967,
a.e =-0.2414).

Relatively low values of the bond numbers and free
valence indices are characterized by positions C-2 and
C-5, where N are equal to 3.788 (Fu = 0.944) and 3.806
(Fp = 0.926). Replacing the OH group in C-1 by OCH, re-
tains the indicated patterns at the C-1, C-2, C-5, C-6, and
C-8 atoms (Table 2).

There is OH group in the C-2 position of compound
4x, and this contributes to a decrease in the bond num-
ber at the C-1 atoms (Nu = 3.752, Fu = 0.980, a.e =
-0.2504), C-3 (Nu = 3.769, Fu = 0.963, a.e = —0.3068). At
C-8, the value of Ny is significantly lower (Nu = 3.822, Fu
=0.910, a.e =-0.3225) than at C-1 and C-3.

The methoxy group in position C-2 (compound 5x)
contributes to a decrease in the bond number by C-1 (Nu
=3.746, Fu=0.986, a.e =—0.2567) and C-3 (Nu = 3.767,
Fu=0.965, a.e =—-0.2964). As for the C-8 atom, here Nu
=3.823 (Fu=0.909, a.e =—0.3575).

The hydroxy group in position C-3 (compound 6x)
contributes to a significant decrease in the bond num-
ber (Nu = 3.768, Fu = 0.964, a.e = -0.3475) compared
to other carbon atoms in the compound 6x. Rather
low bond numbers are recorded for C-2 (Nu = 3.788,
Fu = 0.944, a.e = —-0.2618) and C-4 (Nu = 3.778, Fu =
0.954, a.e = —=0.3219). In the case of OCH, in position
C-3 (compound 7x), practically the same features as in
6x, are retained.

Two hydroxy groups or two methoxy groups (com-
pounds 8x and 11x) in positions C-2 and C-3 have a com-
petitive effect on the propenone fragment C-7 - C-8 -
C-9. According to the o-Taft constants of the substituents
for the C-3-OH group, o = -0.370, for OCH, o = -0.268;
for C-2-OH groups, o = +0.127, for OCH, o = +0.115 [10].
This type of substitution contributes to a decrease in N
to 3.763 and 3.765 (C-2 and C-3 di-OH), 3.765 and 3.777
(C-2 and C-3 di-OCH,) at C-4 and C-5 atoms, respectively,
ring “B”).

For compounds 9x and 10x, where 2-OH and 3-OCH,
(2-OCH, and 3-OH) groups are presented, almost all Nu
and Fu values are the same on all carbon atoms of the
propenone fragment.
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Table 5 — Comparative quantum-chemical characteristics of the C-8 atom of 2’-hydroxy-, 2, 4’-dihydroxy-
and 2’,4’,6’-threehydroxychalcones derivatives containing substituents in positions 3, 4, 5 of the ring “B”*

OH OH

a.e. -0.3016
Nt 3.817
Fu 0.915
El.d. 4.3195
\0
3
\
a.e. —0.3136 —0.4370
Np 3.813 3.821
Fu 0.919 0.911
El.d. 4.3136 4.4370 4,437
Supeclle s Gk
a.e. -0.3013 —0.4342
N 3.818 3.816
Fu 0.914 0.916
El.d. 4.3013 4.4343
\O
o
a.e. 0.3130 —0.4378
Np 3.815 3.821
Fu 0.917 0.911
El.d. 43113 4.4378
eUnda “
a.e. -0.3115 —0.4252
Nu 3.784 3.822
Fu 0.948 0.91
El.d. 4.3115 4.4253
\0 \O
HO oH Q o/ HO o Q 0/
I @
a.e. —0.3265 -0.4291
N 3.820 3.831
Fu 0.912 0.901
El.d 4.3266 4.4292

Note: * — Numbering of positions in accordance with figures generated by settlement programs
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The most characteristic features are recorded in
compounds 12x and 13x, where ring “B” is represent-
ed by the remainder of pyrogallol or its fully methylated
derivative. This arrangement of hydroxy groups is char-
acteristic of natural flavonoids — myricetin, tricetin and
tricin [1,2,3], which are the most active antioxidants [10]
with respect to OH radical. Atoms C-1, C-2, C-5, C-8 are
characterized by approximately the same values of Nu
and Fu for both 12x and 13x (Table 2).

There is a very important feature: the carbon atoms
on the «B» ring, to which the electron-donating OH and
OCH, groups are bound with, are characterized by a pos-
itive charge (C-1 for 2x and 3x; C-2 for 4x and 5x; C-3
for 6x, 7x, 8x, 9x, 10x, 11x, 12x and 14x; C-4 at 8x, 9x,
10x, 11x, 12x, 13x).Table 2 shows that the carbon atoms
listed above, are characterized by rather high values of
the free valence indices, however, the presence of a pos-
itive charge on these atoms precludes the addition of an
electrophilic hydroxyl radical to them at the initial stage.

5,7-dihydroxyflavanone derivatives

Table 3 shows the values of Ny and Fu for the ana-
lyzed flavanones. Comparing them with similar character-
istics for chalcones (Table 2), it can be notified that flava-
nones have bond numbers and, accordingly, free valence
indices, not fundamentally different from those of chal-
cones.

In flavanones 12anone and 13anone on C-1, C-3, C-5
atoms, the values of Fu are very close or equal to 1.0,
which indicates the predisposition of the indicated posi-
tions of the ring “B” to the attachment, possibly, by the
radical mechanism.

The values of the free valence indices of C-6, C-7 and
C-8 atoms also indicate the ability of these atoms to ad-
dition reactions.

5,7-dihydroxyflavone derivatives

It should be notified that in this group of derivatives,
the C-7 carbon atom is characterized by a positive Mul-
liken charge in all compounds, without exception.

There is a similar pattern for atoms C-2 (compounds
4,5,9,10-130ne), C-3 (compounds 6—12one and 14one)
and C-4 (compounds 12one and 13one).

The presence of a positive charge on carbon atoms
in these positions indicates that at the initial stage, the
addition of an electrophilic hydroxyl radical to the listed
carbon atoms is excluded.

At the same time, the C-8 position is characterized by
such features as low bond numbers (Nu = 3.689-3.712)
in comparison with other carbon atoms in combination
with rather high free valence indices (Fu = 1.02-1.25)
(Table 4). At the same carbon atom, the negative Mullik-
en charge is in the range from —0.4122 to —0.4508.

Thus, the C-8 position is the most probable center
where the radical OH should join.

It is clear that the interaction of an attacking par-
ticle with a given carbon atom of the vinylene group
will entail a redistribution of the electron plane, bond
numbers, Mulliken charge and free valence indices. This,
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in turn, will lead to the formation of new nucleophilic
centers, where the subsequent -OH radical will join, and
so on until the carbon atoms in the flavone transforma-
tion products become extremely saturated. Every time,
this can be judged by the changing values of the bond
numbers, free valence indices, as well as the charges of
carbon atoms and their electron density.

Such an approach, in our opinion, predetermines a
guantitative assessment of the ratio of the moles num-
ber of the OH radical to 1 mole of the initial flavone
during their interaction.

Table 5 shows the comparative quantum chemi-
cal characteristics of C-8 atoms in the analyzed groups
of chalcones, flavanones and flavones containing elec-
tron-donating substituents in the rings “A” and “B”. The
choice of the compounds containing three -OH and
-OCH, groups (pyrogallol type of substitution) is deter-
mined, first of all, by their greatest antioxidant and an-
ti-inflammatory kinds of activity, which was experimen-
tally proved [10-12].

It follows from the table that, when passing from
chalcones to flavones, the bond numbers (Np) decrease,
which entails an increase in the values of the free va-
lence indices (Fu). That indicates an increase in the re-
activity of the C-8 atom with respect to the electrophilic
hydroxyl radical.

CONCLUSION

The article is devoted to the analysis of the quan-
tum-chemical parameters of chalcones, flavanones and
flavones, in which the “A” ring is represented by the
phloroglucinic type, and the “B” ring of all the three
groups of compounds in the same positions, contains
electron-donating —OH and —OCH, groups.

In all the three compounds -14x, 14anone and
14one —the “B” ring contains two tert-butyl substituents
and a phenolic hydroxyl between them (see Table 1), i.e.
the “B” ring is a spatially hindered phenol which, due to
the homolytic cleavage of the OH bond, is able to form
a stable phenoxyl radical that actively interacts with the
hydroxyl radical.

For the carbon atoms of the main conjugation chain
C-1 - C-6 - C-7 - C-8, free valence indices (Fu) have
been found.

It has been established that the OH group in posi-
tion 6’ of the “A” ring of chalcones, and in position 5 of
the “A” ring of flavanones and flavones, has conflicting
effects on the bond numbers: when passing from chal-
cone to flavanone, N increases, and then, in flavone,
sharply decreases. Using the dependence Fu = Nmax —
Ny, the corresponding free valency indices-have been
found out; for the C-8 atoms of all flavone derivatives,
they correspond to the expression Fu=1.

With reference to the previous reports and taking
into consideration both the Mulliken charge (a.u.) and
the electron density on this atom, the following conclu-
sion has been confirmed: at the initial stage of the reac-
tion the electrophilic hydroxyl radical is attached at the
C-8 position of the cinnamoyl fragment.
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