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Abstract. The purpose of this article is to compare Mulliken charges in monohy-
droxy flavones in order to assess the intramolecular reasons determining the electron
density distribution and reactivity in all ten isomers. What would also be estimated is
the role of the position of the hydroxyl group in the radical-scavenging activity. The op-
timization procedure was performed on a DFT/B3LYP level and on a large orbital basis.
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Introduction

The disadvantages of Mulliken population analysis are well known. They come
from the fundamental assumption in the Mulliken scheme: the overlap between two
orbitals is shared equally in the partitioning of the wave function. This assumption
doesn’t reflect the electronegativity of the atoms. In addition, when large bases are
used, it may give confusing partial charges. The occupation of an orbital may exceed
two electrons or accept negative values. The last one is mainly due to the use of diffuse
functions in orbital basis (Mulliken, 1955a; 1955b).

Mulliken population analysis is by default available in Gaussian and it is cheap.
When, however, we do not care for the absolute values of the charges, this approach
gives sufficiently reliable results and it is widely used for assessment of reactivity or
QSAR investigations even for radical-scavenging description (Alov et al., 2015; Amir
etal., 2011).

The properties of the monohydroxy flavones (Fig. 1) are a subject of our interest in
the recent years (Vakarelska-Popovska & Velkov, 2013;2014)." Investigation of mono-
hydroxy flavones allows to determine how important is the position of the hydroxyl
group in flavones on their radical-scavenging activity. In all previous studies we are
interested in the structure reasons determining electron density distribution and their
ability to react with active radicals.
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Fig. 1. 2-Phenyl-1-benzopyran-4-one (2-1-phenyl-4-oxo-chromen)

Therefore, in this work we will scrutinize the Mulliken charges in the evaluation of
the internal molecular causes determining reactivity of all ten isomeric monohydroxy
flavones.

Computational details

The calculations were carried out using the DFT, as implemented in the Gaussi-
an09 program package (Frisch et al., 2009). The optimization of the geometry was
performed with the Becke 3-parameter hybrid exchange functional combined with the
Lee-Yang-Parr correlation functional (B3LYP), and with the standard 6-311++G(d,p)
basis set (Parr & Yang, 1989). The optimization was achieved without any geometry
constraints. For all structures the harmonic vibrational frequencies were computed to
confirm the true minima on the calculated potential surface.

All possible intra-molecular interactions were taken into account in the initial ge-
ometries.

Discussion

The oxygen atom in position 1 (see Fig. 1) carries a negligible charge in all isomers.
Only in isomers F-2¢ and F-8 at Ol it has negligible negative charge. Most likely it is
formed in counterbalance to a standing nearby hydrogen atom with a partial positive
charge. The Mulliken charges in unsubstituted flavon (Fig. 1) have also been examined.
The charge at Ol therein is 0.035 in vacuo and 0.023 in water, almost as in most mono-
hydroxy flavones, i. e. the addition of a hydroxyl group does not affect the electron
density in this oxygen atom. Obviously, the oxygen atom in first position is a constant
donor of electron density to carbon oxygen and to the rest of the molecule.
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Fig. 2. The optimized structure of 6’-hydroxy-flavone.

The charges of the carbon atom on second position are very sensitive to the location
of the hydroxyl group. There is a significant positive charge at C2 in the isomers with
hydroxyl groups in ring B. Ring B is usually not coplanar to ring C and the withdrawal
of electron density to the carbonyl group is realized mainly from rings C and A. When
the hydroxyl group is in rings A and C, there is less withdrawal from position 2 and 1.

The charges at C3 are also very sensitive to a position of the hydroxyl group. In iso-
mers with hydroxyl group in ring B the charges are negative or close to zero. In isomers
with hydroxyl group in ring A, the charges are close to zero or positive. The polarizing
effect of the water is considerable for the isomers F-6" and F-4’.

The charge accumulation at C4 is greater in the isomers in which the hydroxyl
groups are in ring A and less in the isomers in which the hydroxyl groups are in ring B.
The negative charge in the isomer F-3 was significantly lower than all, probably due to
the induction of the oxygen atom from the hydroxyl group

In earlier studies we came to the conclusion that the transfer to the carbonyl oxigen
atom is one of the important reasons for stabilizing monohydroxy flavonoid. Therefore,
the charges of the carbonyl oxygen atomes are the most telling ones. Let‘s see how the
charges at carbonyl oxygen atoms change. Surprisingly, in vacuo, the charges at the
carbonyl oxygen varies marginally (around -0.300). Only in isomers F-3 and F-5 there
is a higher negative charge (-0.350 and -0.344 correspondingly). The only reason for
that is the presence of strong hydrogen bonds in these isomers, which leads to an accu-
mulation of charge at the carbonyl oxygen. Obviously, the charge at this atom is not so
sensitive to the position of the hydroxyl group in monohydroxy flavones.
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Table 1. Mulliken charges in all ten monohydroxy flavones (*Numbers show the po-
sition of the hydroxyl group in 2-phenyl-1-benzopyran-4-one structure on Fig. 1)

Atom Ne in
F-6°*

Charges/vac  [004 (076 |-068 |-0824 (0303 [0.112 |-0400 (0278 [-0070 |LIT2 {05 |07 (0677 |02 [0354 [-0.159
Charges/PCM. [0041  [0501 [-0079 {-1233 [0412 [0.133 [-0004 [0475 |-0393 [0875 [-0388 |03 [0439 [-014 |-0459 |-0.108
Atom Ne in
F-5'

Charges/vac ~ [004 [0627 |-0383 096 [-0.292 (051 |-008 (0474 |-0303 | 1435 [-LI87 |-0S18 (<0205 |0055 035 |[-0.166
Charges/PCM [0053  [0604 [-0421 [-0791 [-0401 [0.196 [-0.124 10513 085 135 [-LI8L [-0351 |-0.254 [0.165 [-0.38 [-0.381
Atom Ne in
F-4¢

Charges/vac |00 [0683 |-0627 0880 (0299 |02 |-0081 [-0462 |-0305 | L1127 (0507 |-044 (043 [-028 |-03%6 |0.167
Charges /PCM [ 0041|0407 [-0218 |-1242 [-0414 [0.109 10209 ]-0503 (0369 [120 084 [0.125 J031 0257 |0437 [0.49
Atom Ne in
F-3°

Charges/vac 005 0301 |-0037 |-1307 (0304 014 |-0159 |-0419 (0384 [1226 |-0457 |-0414 |0.179 |-0283 |-0251 [-043%
Charges/PCM 0005 {0287 [-0045 |-1419 [-0404 [0.154 [-0213 0462 [-0386 [1165 [-0453 [-0436 (0173 [-031 [-0304 [-0438
Atom Ne in
F-2¢

Charges/vac |05 0355 {0103 |-1618 [-0.95 {0077 |-0.168 |-0416 (046 [ 1397 |-0437 |51 |-0.145 |-008 0459 [0
Charges /PCM [-0000 0358 008 |-L531 [04 [ 0087 |-0008 [0466 |-0448 | 1356 [-0435 |-0341 [0.194 |02 [-0401 [40273
Atom Nein
F-3

Charges/vac  [0035 [-0253 |-0485 0284 [035 |03 {034 (0207 |-0279 |-0087 {1325 |-0672 [0344 [-020 |-0374 |0077
Charges/PCM 0038 0118 [-0431 |0265 [-0.549 |-0424 10269 0416 (0248 [-014 1361 |-0.644 0653 |-0367 |-0378 [0.073
Atom Nein
F-5

Charges/vac ~ [0045 [019% 0177 |-L764 (0344 (0020 |-0279 (0091 |-0332 |-079% [L189 |-0509 (<0403 |-0.203 [0307 [-0.097
Charges/PCM (0034 [0220 |0.117 |-L691 0422 |0086 |-0333 [002 |-0378 |-0816 {1242 |-0317 (0432 |-0244 [0345 [-0.081
Atom Nein
F-6

Charges/vac ~ [0033 034 |-005 |-1470 0295 (0013 |-0446 (0251 |-0032 |-039 [L208 |-0482 (<0302 |-0218 [0291 |[-.164
Charges/PCM 0039|0348 [-0094 |-1326 [0407 [-0013 [-0472 [-0262 [0.059 [-0363 [ 1143 [-0466 [-0416 [-0059 [-0322 [-0.1%
Atom Nein
F-7

Charges/vac |00 [038 0052 |-1470 (0304 |006 [0209 (0744 |-0204 |-0260 [L091 |-0378 |[0353 [-025 |-048 |16
Charges/PCM (0038 0379 |0016 |-L3%4 [0415 004 0285 [0882 |-0235 |-0364 {1099 |-0308 (0425 |-0.57 (0326 [-0.001
Atom Ne in
F-8

Charges/vac  [0047 (0020 |0465 |-L877 0289 [0.067 |-0205 (0070 [-0703 |-0218 [LOIL |-0511 (<0357 {0217 (0219 [-0.179
Charges/PCM [-0015 [0059 |042 |-182 (039 [0.093 |-0264 [0.121 |-0881 |-0252 {0972 |-0316 (<0392 |-084 [026 |[-0.142
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Aquatic environment prevents the formation of hydrogen bonds with the hydroxyl
group at position 3, but does not prevent the strong bond with the hydroxyl group in 5
position.

It is interesting to compare the charges at the oxygen atoms of the hydroxyl groups
in all ten isomers.

The smallest negative charge in vacuo belongs to the hydroxyl oxigen in isomers
F-6 (-0.174). The reasons are probably the following. The attraction between the ox-
ygen of the hydroxyl group and the hydrogen at 3th position in ring C (see Fig. 2)
leads to the formation of a planar geometry and efficient withdrawal of electron density
from the first one. In all other isomers with hydroxyl groups in ring B there is no such
efficient conjugation and all of them have higher negative charges at the hydroxyl oxi-
gen. From those six isomers F-3 has the most significant negative charge. The oxygen
atoms in isomers F-3 and F-5 have the greatest negative charges. The hydroxyl group
in F-3 is non-phenolic. Obviously, the size of the charge of the hydroxyl oxygen in the
F-5 is associated with the strong hydrogen bond in this isomer.
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Fig. 3. Correlation between charges at hydroxyl and carbonyl oxygen atoms.
This is an unusual result. We expected that by reducing the charge of the hydroxyl
oxygen this will increase the charge of the carbonyl oxygen. There is no correlation
between these charges in aqueous media
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When reporting the polarizing effect of the water, the charges at the hydroxyl groups
oxygens grow to about 0.1. Only the charge of the oxygen atom in F-3 significantly
decreases.

It is interesting to note that the charges of the oxygen atoms of the hydroxyl groups
in vacuo correlate with the charges at the oxygen atoms of the carbonyl groups. Hence,
the larger the negative charge of first oxygen atom is, the greater is at the other.

Conclusions

We have always believed that the charge transfer to the carbonyl oxygen is the de-
termining structural feature for the properties of the flavones. The Mulliken population
analysis, however, shows that this is not entirely so.

The withdrawal of electron density from the oxygen at position 1 and the lack of
flatness in the molecules hinder it. In all cases, a comprehensive analysis of the electron
density needs to be done in the near future.

NOTES
1. Velkov & Vakarelska-Popovska, unpublished results.
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