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Abstract: Redox properties of a set of aryldiketo acids (ADKSs), small organic
molecules that comprise 2,4-dioxobutanoic acid moiety, were studied. Along
with well-known HIV-1 integrase (IN) inhibition, ADKs exert widespread bio-
logical activities. The aim of this work was to evaluate the effects of aryl sub-
stitutions on the properties of the dioxobutanoic moiety that is involved in key
interactions with metal ions within the active sites of target enzymes. The
effect of pH on the electronic properties of nine congeners was examined using
cyclic voltammetry and differential pulse polarography. The compounds were
chosen as a simple set of congeners bearing Me-groups on the phenyl ring,
which should not be involved in electrochemical reactions, leaving the diketo
moiety as the sole electrophore. The substitution pattern was systematically
varied, yielding a set having different torsion between the phenyl ring and the
aryl keto group (Ar—C(O)). The protonation state of the ADKs at different pH
values was determined from the experimentally obtained pK, values. The
results showed that an equal number of protons and electrons were involved in
the oxidation and reduction reactions at the surface of the electrode. Quanti-
tative linear correlations were found between the reduction potentials and the
energies of the frontier orbitals, calculated for neutral, mono-anionic and the
corresponding radical anionic species, and the steric parameter as two inde-
pendent variables.
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INTRODUCTION

Small organic molecules that comprise 2,4-dioxobutanoic acid moiety in
their structures exert widespread biological activities along with their well-
-known HIV-1 integrase (IN) inhibition.!=3 Such compounds were described as
inhibitors of: the HIV-1 reverse transcriptase ribonuclease H domain (RT —
RNase H);# undecaprenyl diphosphate synthase, the enzyme involved in bacterial
cell wall biosynthesis;> M. tuberculosis malate synthase,® the endonuclease act-
ivity of the La Crosse orthobunyavirus L-protein;’ the influenza virus PA endo-
nuclease;$10 the duplex DNA-unwinding activity of the SARS coronavirus
NTPase/helicase;!! the protein tyrosine phosphatase 1B;!2 bacterial aldolases;!3
the hepatitis C virus RNA-dependent RNA polymerase,!4 and as inhibitors of
protein—protein interactions between HIV-1 integrase and the cellular cofactor
LEDGF/p75.15 It was shown that 4-aryl-2,4-dioxobutanoic acids (aryldiketo
acids, ADKs) exert promising activity against multidrug resistant bacteria.!®

Herein, as a continuation of work on structure—property relationship stu-
dies!7-18 and the biological activity of ADKs,!6 the effects of pH on electronic
properties of nine congeners (compounds 1-9, Fig. 1) were investigated using
cyclic voltammetry (CV), and differential pulse polarography (DPP). Compounds
1-9 were chosen as a simple set of congeners, bearing Me-groups that should not
be involved in electrochemical reactions to evaluate the effects of aryl substi-
tution on the dioxobutanoic moiety. It was shown that this moiety is responsible
for the inhibitory activity of ADKs since it is involved in interactions with metal
ions within active sites of target enzymes.!8 The substitution pattern on the
phenyl ring was systematically varied, yielding a set having different torsion
between phenyl ring and the aryl keto group (Ar—C(O)). Due to the presence of
ortho-Me groups and tri- and tetra-Me-substitution at the phenyl ring for some
compounds, different congeners most probably differently approach and interact
with the electrode.

= OH

R =H (comp.1); 2-CHj; (2); 3-CHj; (3); 4-CH; (4);
2,4-di-CH; (5); 2,5-di-CH; (6); 3,4-di-CH3 (7);  Fig, 1. Structures of methyl-substituted ADKs
2,4,5-tri-CHj (8); 2,3,5,6-tetra-CH; (9) studied within this work.

There are many electrochemical studies of various 1,3-diketones and their
metal complexes in the literature.!9-22 Nevertheless, except data on the polaro-
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graphic behavior of four aryldiketo acid methyl-esters (unsubstituted, 4-Me-Ph,
4-C1-Ph and 2-HO-Ph) in the pH range 2—12 in aqueous 20 % 2-propanol,?3 to
the best of our knowledge there are no similar reports for ADKs. Oxidation and
reduction potentials of the compounds at pH 1, 5 and 10, as well as the pK,
values of the carboxyl group and the hydroxy group in the a-position with respect
to carboxyl group were experimentally obtained. ADKs could simultaneously
exist in two enol forms (I and III), conformationally locked (through intra-
molecular hydrogen bonding) by the pseudo-ring, and one diketo form (II) having
two rotatable bonds, responsible for their conformational mobility (Fig. 2).24:25

(o] OH (0] (0] OH O
P OH OH NS OH
=z = Z
R@)U\r( R | R @)\/u\'(
X 0 X o _ (o]
! [ m
Fig. 2.Tautomerism of aryldiketo acids; two enol forms (I and III) and one diketo form (II).

From the NMR spectra of compound 1 recorded in the pH range 1 to 10, it
was concluded that enol form I is predominant in aqueous solutions over a wide
pH range,2% and hence, for all calculations, the enol form I of the molecules was
chosen. The geometries of the molecules in their neutral, monoanionic and cor-
responding radical anion or cation forms were optimized by MP2 calculations
using the 6-31G(d,p) basis set.

EXPERIMENTAL
Reagents and apparatus

All chemicals were purchased from Fluka, Aldrich, or Merck, having >98 % purity, and
were used as received. For purity assessment of the compounds, methanol (Merck, LiChro-
solv), HCOOH (Fisher Scientific, F/1750/PB15), and acetonitrile (Sigma—Aldrich, Chroma-
solv) were used. For the thin-layer chromatography, silica gel pre-coated plates with fluores-
cent indicator (254 nm) were used.

Melting points were determined in open capillary tubes on a Stuart SMP-10 instrument
and are uncorrected. The ESI-MS analysis was performed in methanol on an Agilent Tech-
nologies 6210-1210 TOF-LC-ESI-MS instrument in the negative mode. The IR spectra were
recorded on a Thermo Nicolet 6700 FT-IR spectrometer equipped with an ATR accessory.
The 'H- and 13C-NMR spectra of compounds 1-9 were recorded in DMSO-ds, CDCl; or
CD;0D on a Varian Gemini 2000 200/50 MHz or a Bruker Avance 500/125 MHz NMR ins-
truments. Multiplicities are reported as: s (singlet), bs (broad singlet), d (doublet) and ¢ (trip-
let). All coupling constants (J) are given in Hz. Chemical shifts are given in ppm, relative to
the solvent signals. Purity of compounds was analyzed by HPLC on an Agilent Technologies
1260 Infinity Series instrument equipped with a Zorbax Eclipse XDB-C18 (4.6 mmx50 mm,
1.8 um) column. Physical, analytical and spectral data of the compounds are given in
Supplementary material to this paper.

Cyclic voltammograms were recorded using a CHI760B instrument (CH Instruments,
USA). The cell was equipped with a glassy carbon electrode and an accessory Pt electrode
(model CHI221, cell top including the Pt wire counter electrode) and an Ag/AgCl reference
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electrode (model CHI111). Differential pulse polarograms were recorded using a Metrohm
797 VA COMPUTRACE (Netherlands). The electrochemical cell was equipped with a drop-
ping mercury electrode, Ag/AgCl (3 M KCl) reference electrode, and platinum wire as the
accessory electrode.

For the determination of the acidity constants, UV/Vis spectra were recorded on a GBC
Cintra 6 spectrophotometer (GBC Dandenong, Australia) with 1 cm quartz cuvette. The pH
values were measured using a CRISON pH-Burette 24 2S, equipped with CRISON 50 29
micro-combined pH electrode (Crison Instruments, S.A. Spain). The electrode was calibrated
by standard CRISON buffer solutions (pH 4.01, 7.00, and 9.21).

Synthesis and characterization of compounds 1-9

The compounds were prepared by addition of equimolar amounts of Ph-substituted
acetophenones and diethyl oxalate to a twofold molar amount of sodium methoxide, obtained
by dissolution of sodium in dry MeOH. The reaction mixture was stirred overnight, then
poured into ice-cold water and vigorously stirred for additional =3 h at room temperature.
Subsequently, the reaction mixture was filtered into water acidified with hydrochloric acid to
pH 2-3. The obtained precipitate was collected by filtration and washed by ice-cold water.
Evaporation of MeOH from filtrate leads to the precipitation of additional amount of products.
The crude products were recrystallized from appropriate solvents.

The physical, analytical and spectral data of compounds 1-9 are given in the Supple-
mentary material to this paper.

HPLC determination of the purity of the compounds

Stock solutions of compounds 1-9, 2 mg mL-! were prepared in methanol, and 1 pL was
injected onto the column. Gradient elution was performed in the following steps: 0—1 min, 100
% solvent A; 1-6 min, linear gradient from 100 % A to 0 % A (100 % B); 6—12 min, 100 %
B. Solvent A: 0.2 % HCOOH in water; Solvent B: acetonitrile. The obtained chromatograms
are shown in the Supplementary material, Figs. S-1-S-9.

Electrochemistry

Britton—Robinson buffers (pH range 1-10) were used for all measurements. Cyclic vol-
tammograms were recorded on a glassy carbon electrode (GCE) at a scan speed 100-500 mV
s'1. All differential pulse voltammograms were recorded at a scan speed 13 mV s (pulse
amplitude 50 mV and pulse time 0.4 s). Nitrogen was bubbled for 200 s before each measure-
ment.

Acidity constants determination

The acidity constants were spectrophotometrically determined at ¢ = 25+1 °C and cons-
tant ionic strength 0.1 M (NaCl). Stock solutions were prepared in ethanol (c = 1x102 M);
working solutions (c = 1x10** M) were prepared in deionized water (the ethanol concentration
was | vol. %) in the pH ranges 1.0-3.5 for pK,; and 6.1-9.8 for pK,,, solutions of HCl were
used for pH 1.0-3.5, phosphate buffers for pH 6.1-8.0 (¢, = 0.01 M), and carbonate buffers
for pH 8.0-9.8 (¢ = 0.01 M). The UV/Vis spectra of the monoanionic form (HA") of the
ADKs were recorded in acetate buffer (¢, = 0.01 M, pH 4.5-5.0). The spectra were recorded
over the 220-500 nm wavelength range at a scanning speed of 500 nm min™! against the
appropriate HCI or buffer solution as the corresponding blank. The absorbances were mea-
sured at the wavelength of the absorption maximum or at the wavelength of the maximal dif-
ferences in the absorbances. Three sets of experiments were performed. The values of the
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acidity constants were determined according to two transformed forms of the classical spec-
trophotometric equation:?’

Ay (1)

A=Ay, — Ky ol
3

1
A=A +-—H0")(4

HA- A) (2)
a2

where Ap,a, Apa-, Aa2, and A represent the absorbances of molecular (H,A), monoanionic
(HA"), dianionic (A2") forms of the ADKs and their mixture at specified wavelengths, respect-
ively. Equations (1) and (2) gave linear dependences where the spectrum of only one “pure”
form (HA") was needed for K,; and K,, determination. The values of K,; and K,, were
calculated by linear regression analysis from the slope of the corresponding fitting line (Sup-
plementary material, Figs. S-10-S-21). The determination of the pK, values of compounds 1,
4 and 7 was previously described.!”

Calculations setup

The full geometry optimizations of compounds 1-9 in their neutral (H,A) and anionic
forms (HA") were performed at the MP2 level of theory using the 6-31G(d,p) basis set. The
geometries and energies of the H,A and HA™ forms of 1-9 are given in the Supplementary
material, Figs. S-22 and S-23. The influence of solvent was simulated applying the implicit
(water) solvation model, IEF-PCM. The energies of the radical anions and radical cations of
the HyA form, and the radical anions of the HA™ form of the compounds were obtained by
single-point calculations from the optimized geometries of HyA or HA". The enol form I of
compounds 1-9 was used, and appropriate charges and spin multiplicities in input files were
chosen. All calculations were performed in the Gaussian09 program.2®

RESULTS AND DISCUSSION

Identity and purity of compounds 1-9, synthesized according to previously
reported procedure,2® was confirmed using 'H-, 13C-NMR and IR spectroscopy,
melting point determination, high resolution MS and HPLC analysis (Supple-
mentary material). All compounds had > 95 % purity, as confirmed by HPLC.

The spectrophotometrically determined values of the acidity constants (pKj,)
of the compounds are given in Table 1. The distribution diagram of HyA, HA-,
and A2~ forms of compound 1 are shown in Fig. 3. The pKj,; values stands for
the acidity constant of ADKs’ carboxyl group and the pK,; for the acidity
constant of enol —OH group. In aqueous media, ADKSs act as diprotic acids spa-
ringly soluble in water, with the lowest solubility in acidic media (at pH < pKj),
where they are mostly present in the molecular, i.e., unionized, form (HyA).

As a trend, lower pK, values were observed for the ortho-substituted deri-
vatives, with compound 9 being the most acidic one, most probably due to the
presence of two ortho-substituents. Hyperchromic and blue shifts of UV/Vis abs-
orption maxima of the ADKs with increasing pH value was also observed (Figs.
S-10-S-21 of the Supplementary material), which could be attributed to the
increased electron density of the chromophore.
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TABLE 1. Spectrophotometrically determined pK, values of compounds 1-9 (/ = 0.1 M
(NaCl), t =25%1 °C)

Compound pK,1=SD pKp=SD
1 2.06+0.032 7.56+0.022
2 2.11£0.01 6.94+0.04
3 2.27%0.06 7.52+0.02
4 2.2240.052 7.994+0.022
5 2.02+0.04 7.28%0.04
6 2.39+0.04 7.231+0.04
7 2.09+0.042 7.9240.042
8 2.18+0.04 6.79+0.06
9 1.96+0.04 6.50+0.05
apreviously published!” pK, values

1.0
o

0.8

0.6

04

0.2

0 1z 14 Fig. 3. Protonation states of com-
pound 1 at pH values 0 to 14.

0.0

CV and DPP were used to examine the electrochemical behavior of the
studied compounds at three pH values, i.e., 1, 5 and 10. In this way, the electro-
chemical properties of neutral, monoanionic and dianionic forms of the com-
pounds were covered.

Representative cyclic voltammograms (CVM) of the pure HyA, HA~ and
A2~ forms and the E = f{pH) dependence for compound 4 are shown in Fig. 4a.
The peak potentials for all compounds are given in Table II and the CVM are
given in the Supplementary material, Fig. S-24.

All compounds showed only one anodic (oxidation) peak at pH 1. The invol-
vement of protons and electrons in oxidation within pH range 1-4 was deter-
mined according to the shift of peak potential as a function of pH (Fig. 4b). The
obtained slope (—0.052+0.002 V pH~!) was close to Nernstian, indicating that the
electrode reaction involves an equal number of protons and electrons within pH
range 1-4. Therefore, the oxidation of the ADKs is one-electron process invol-
ving the loss of one proton (most probably from the carboxyl group).
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10 15 20 25 30 35 40 = 0.992; (¢;=4.77x10" M, scan
pH rate 100 mV s, ¢ =25+1 °C).

TABLE II. Oxidation and reduction potentials (£, given in V) of compounds 1-9 in Britton—
Robinson buffer, at pH 1, 5, and 10, and the numerical values of the indicator variable (/)

Compound E,,pH1 E,pH5S E,,pH10 E. .4, pH1 E.4pHS I
1 1.008 0.717 Not observed —0.5296 -0.7974 0
2 1.004 0.744 0.568 -0.5415 -0.7855 1
3 0.994 0.748 0.625 -0.5296 -0.7736 1
4 0.993 0.737 Not observed —0.5475 -0.8093 0
5 0.997 0.750 0.514 -0.5534 -0.7915 1
6 0.996 0.736 0.520 —0.5475 -0.7617 2
7 1.005 0.751 0.444 -0.5534 -0.7796 1
8 1.002 0.795 0.510 -0.5475 -0.7617 2
9 0.936 0.713 0.524 -0.4999 -0.7379 4

A reversible reduction peak was not observed at any of the tested scan rates
(50-500 mV s~1). The one-electron oxidation of the ADKs generated a radical
cation that was not stable long enough to allow a reversible cathodic reaction,
and hence, a concurrent chemical reaction (most likely polymerization) occurred.
In the second CV cycle (Fig. 5), the current decreased due to strong adsorption of
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studied compounds at the electrode surface. The adsorption of structurally similar
molecules at the surface of glassy carbon electrode was described in the liter-
ature.30:31 The oxidation of the ADKs was facilitated with increasing pH value
(lower oxidation potentials) and, simultaneously, the peak current decreased,
most probably due to stronger adsorption on the electrode surface. At pH 10, a
negligible oxidation peak was observed for all compounds.

10

1* cycle

4 L gy Fig. 5. Two CV cycles of com-
0.0 0.2 0.4 0.6 0.8 1.0 1.2 pound 4 (C4 = 4.77%x107° M, scan
E, agiagol !V rate 100 mV s°!, = 25+1 °C).

Since no reversible reduction peak was observed in the CV experiments,
DPP on a dropping mercury electrode was used to study the reduction features of
the compounds in aqueous medium within the pH range 1-10. Representative
polarograms of the pure HoA, HA~ and A2~ forms and E = f{pH) dependence for
compound 1 are shown in Fig. 6a. Polarograms for all compounds are given in
the Supplementary material, Fig. S-25. As the slope in £ = f{pH) dependence
(Fig. 6b) was close to Nernstian ((—0.058+0.002) V), the reduction appears to be
a one-electron process.

As the pH value was increased, the reduction potential shifted to more neg-
ative values. At pH 10, no reduction peak was observed. Reduction potentials for
all compounds at pH 1 and pH 5 are given in Table II.

Electrochemical oxidation and reduction are electron transfer processes
between the electro-active molecule and the electrode surface. These heterogen-
eous processes are influenced by various effects beyond purely electronic ones,
i.e., it is well established that the way a molecule approaches the electrode and
the nature of the electric double layer at the surface of the electrode affect
electron transfer.32 To obtain quantitative correlation between the oxidation and
reduction potentials and structural features of compounds 1-9, descriptors
derived from ab initio calculations were used.
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< Fig. 6. Differential pulse polaro-
2 056} : :
T grams of compound 1 in Britton—
w’ —Robinson buffer at pH 1, 5 and
.38 - 10; b) E=f(pH) dependence for
compound 1, E=atbpH, a =
-0.60 - = (~0.538+0.005) V, b= (-0.058+
£0.002) V, 2=0995 (¢ =
1.0 1.5 2.0 25 3.0 3.5  5.46x10° M, scan rate 13 mV/s,

pH {=25+1 °C).

Frontier molecular orbitals, which describe the whole molecules and account
for their reactivity, appear as a logical choice. As already noted, the enol form I
was used and the geometry of all the studied compounds in their neutral forms
was optimized. The electron density distribution of the HOMO and LUMO for
representative compounds is shown in the Supplementary material, Figs. S-26
and S-27. The HOMO of all members of the set is located mainly on the phenyl
ring while the corresponding LUMO electron density is generally located on the
hydroxy-butanoic moiety. Upon removal of a hydrogen from the carboxyl group
(deprotonation), the optimized structures were used as the input for full geometry
optimization of the compounds in their monoanionic form. Subsequently, single
point calculations were performed on the structures of the molecules optimized in
their neutral forms to obtain aSOMO (singly occupied molecular orbital) and
aLUMO energies for the radical cations and radical anions. Single point calcul-
ations on the fully optimized geometries of the monoanions (HA~ forms) were
used to obtain the aSOMO and aLUMO energies for the radical dianions (radical
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anions of the HA~ form). In all calculations, the implicit solvation model is used.
The FMO energies and the corresponding gaps between those orbitals (HOMO—
—LUMO and aSOMO-aLUMO) of the neutral, anionic and corresponding rad-
ical forms of the compounds were included in the pool of descriptors, Tables S-I
and S-1I of the Supplementary material. The pool of descriptors was enhanced by
the addition of the numeric values of molecular dipoles for all the studied forms
(Tables S-I and S-II of the Supplementary material), and the indicator variable
(1), which corresponds to number of ortho- and meta-alkyl substituents on the
phenyl ring (Table II). From the optimized geometries of the molecules, it is
clear that the Ar-to-C(O) torsion of the ortho-substituted compounds is larger
than for the other compounds, due to repulsion of the ortho-Me and the aroyl-
-C(O)- moiety. Furthermore, alkyl substituents in ortho- and meta-positions most
probably influence the approach and interaction of the molecules to the electrode.
An attempt to include the square cosine values of the torsion angles between Ar
and the —C(O)— moieties of the molecules, in order to provide a more precise
description of the differences in the geometry, proved unproductive; such des-
criptor did not fit to any correlation (data not shown).

At pH 1, all compounds exist in the molecular, while at pH 5, all compounds
are in their monoanionic form (Fig. 3, Table I). To make correlations of the redox
potentials experimentally obtained at different pH values, descriptors derived
from the optimized geometries of the corresponding forms were used. Descrip-
tors derived for the neutral form of the molecules were used in the correlation
with redox properties obtained at pH 1, while descriptors derived for the mono-
anionic forms were used for pH 5.

The intercorrelation matrix of the descriptors used (Table S-III of the Sup-
plementary material) and the numeric values of the oxidation and reduction pot-
entials revealed good correlations (» values > 0.9) between:

— Ereq_ pH_1 and the SOMO-LUMO gap for the radical anions;

— Eox_pH_1 and the SOMO-LUMO gap for the radical cations;

— Eox_pH_1 and the numerical values of the dipoles of the radical cations;

— Eox_pH_5 and the numerical values of the dipoles of the radical cations.

Exclusion of derivative 9 resulted in statistically insignificant correlations in
all instances.

Regarding two-parameter correlations, good linear relationships between the
reduction potentials obtained at pH 5 and either the energy of the LUMO orbitals
of the anions of the compounds (Eq. (3)), or the energy of the aLUMO orbitals of
the radical dianions (obtained by the one-electron reduction of the HA~ forms)
(Eq. (4)) and the indicator variable were found:

Ered_pH_S = (‘30593&1-170)ELUMO,anion +
+(0.0275%0.0045)7 — (0.610+0.073) 3)
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(n=9;r=10.994; s = 0.003; F = 253.878; 0? = 0.977; SD., = 0.004)
Ered | pH 57 (_O-905i0-78O)ELUMO,radical_dianion +
(0.0231+0.0064)/ — (1.15140.300) @)
(n=9; r=10.980; s = 0.005; F = 73.796; 0% = 0.709; SD., = 0.013)
Graphical presentations of the predicted vs. the experimental values, derived
from Egs. (3) and (4), are given in Fig. 7.

a)
n 9

e
~
N

-0.76 -

-0.78 - 7

E_, predictedat pH 5/ V
®
[--]

rex
(%) ]

-0.80 | .

-0.80 -0.78 -0.76 -0.74
E_,experimental at pH 5/V

0.74
>
wn
T
S 076
[+
e
o
[&)
5 -0.78
o
Q.
b
m

&
8

L . . . ! ‘ . Fig. 7. Predicted vs. experimental
-0.80 -0.78 -0.76 -0.74 reduction potentials at pH 5 derived
E_, experimental atpH 5/V using: a) Eq. (3); b) Eq. (4).

Similar correlations could be obtained with the difference between aSOMO
and aLUMO for the radical anions and the indicator variable, but such correl-
ations had significantly lower internal predictivity (Q? value, obtained by the
leave-one-out cross-validation). Aside the good statistics in Egs. (3) and (4), the
very good correlation between the reduction potentials at pH 5 and the indicator
variable alone (» = 0.953) should be noted.

If the normalized values of the variables are considered, the regression coef-
ficients in Egs. (3) and (4) revealed the importance of each term for the des-
cription of the reduction potentials. Although the indicator variable, accounting
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for steric effects, featured in both correlations, the importance of FMO des-
criptors was somewhat higher. No statistically significant correlations could be
found using any combination of descriptors for reduction potentials obtained at
pH 1, nor for the oxidation potentials at pH 1 and pH 5. This may be due to
adsorption of electro-oxidation products at the electrode, which was observed
experimentally (Fig. 5).

CONCLUSIONS

In continuation of ongoing work on structure—property relationships and the
biological activity of ADKs, the redox properties of nine congeners were
measured at three pH values, where they are present in molecular, monoanionic
or dianionic form, in CV and DPP experiments. The substitution pattern on phe-
nyl ring of the examined compounds was systematically varied, yielding a set
having different torsion between the phenyl ring and the aryl keto group (Ar-
-C(0)), to evaluate the effects of substituents on the dioxobutanoic moiety. Oxid-
ation and reduction involved the same number of protons and electrons. The
oxidation of ADK is a one-electron process involving the loss of one proton,
while a reversible reduction peak was not observed. DPP measurements revealed
shifts of reduction potential to more negative values with increasing pH. It was
observed that ortho-substituted ADKs have lower pK,; and pK,y values com-
pared to those of the other derivatives.

The optimized geometries of all the studied congeners were used to ration-
alize the results of the CV and DPP experiments. The influence of substituents on
the electrochemical behavior of the ADKs was quantified using quantum chem-
ical descriptors. Very good linear correlations between the reduction potentials
determined at pH 5 and the calculated FMOs and a descriptor that accounts for
steric effects were observed.

SUPPLEMENTARY MATERIAL

Physical, analytical and spectral data of the compounds, as well as additional
experimental data, are available electronically at the pages of journal website: http:/
//www.shd.org.rs/JSCS/, or from the corresponding author on request.
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U3BOJ
PEIOOKC CBOJCTBA AJIKUJI-CYTICTUTYUCAHUX 4-APWJI-2,4-TUOKCOBYTAHCKHUX
KHUCEJTHMHA

WIWJA H. UBUJETHUR', TATJAHA . BEPBUR?, [FPAHKO J. IPAKYJIUR, JATHBOP M. CTAHKOBUR'"*,
WBAH 0. JYPAHUR®, IPATAH JI. MAHOJJIOBUR” 1 MUPE 3J10X°

"HUnosauuonu yentap Xemujckol paxynitieiia Ynusepsuitiewia y Beoipagy, Ciiygentticku wipi 16, Beoipag,
ZYHueepsumew y Beoipagy — Xemujcku ¢axyniteii, Ciuygeniticku wpi 16, Beoipag, SUXTM, Lentuap 3a
xemujy, Ynueep3utiewi y beoipagy, Fbeiowesa 12, Beoipag, 4I/I1-Lcmuruyru 3a HyKJiedpHe Hayxe ,Bunua”,
Yuusep3uiieii y Beoipagy, ii. up. 522, Beoipag u *Department of Pharmacy, University of Hertfordshire,
Hatfield, Hertfordshire AL10 9AB, United Kingdom

Y oxBUpY OBOr pazia Mpoy4yaBaHe Cy OCOOMHE HEKOIHKO apungukero kuceanHa (ADK),
jenvmema koja crnapajy y rpymy 2,4-puokcobyTaHCKHMX KucenuHa. Ilopen mobpo mosHartor
nejctBa ADK kao unaxuburopa ensuma HIV-1-unterpase, ADK ucnosmaBajy ¥ 4MuTaB HU3 pas-
JMYUTHX OMOJIOLIKMX aKTUBHOCTU. Llusb oBor pama dumo je mpoyuyaBame edexara CyICTH-
Tyuuje ¢eHWIHOr jesrpa Ha ocoduHe JuUOKcodyTaHCKOr nena Mosekyna. OBaj CTPYKTYpHH
(parmeHT je ogrosopaH 3a uHTepakuujy ADK ca MeTalHUM joHMMa YHyTap akTUBHMX MeCTa
pas3nuuuTUX eH3uMa. Ytuuaj pH Ha cTpykrype mesetr ADK y BOIEHO] CpEAMHHM HCIIHTaH je
nomohy UHMKIHYHE BOJITaMeTpHje U IudepeHIHjaTHo-MysIcHe nonaporpaduje. 3a mpoydyaBa-
me cy uzadpane camo ADK ca pefokC HEaKTUBHMM METUI-CYNCTUTYEHTHMAa Yy PasIMuYUTUM
nonoxxajumMa (peHUITHOT jesrpa U y OBOM CIy4ajy je 3a penokc moHamame ADK HajBuiie onro-
BOpaH JUOKCODYTaHCKH Jeo MoseKkyna. Ha oBaj HAauMH CUCTEMAaTCKH je MewbaH TOP3UOHH yrao
usmely denwnHor npcreHa u apuiaHe keto rpymne (Ar-C(O)) u mocmaTpaH yTHLaj CyNCTH-
TyeHaTa Ha PeJoKC CBOjCTBA AUOKCOOyTaHCKOT Jena Monekyna. Crtame mpoToHoBaHOCTH ADK
Ha pasnuuutuM pH BpenHocTMMa yTBpHEHO je U3 excnepumeHTanHo oppehenux pK, Bpen-
HOCTH. PesynTatu cy mokasanu ja y MexaHH3MHMa okcupanuje u pepykuuje ADK Ha moBp-
IIMHY EJEKTPOJie YUYecTByje jenHak Opoj mpoToHa U enekTpoHa. HaheHe cy KBaHTUTaTHUBHE,
JTMHeapHe Kopenaudje nu3melhy moreHnujana penykudje U eHeprija rpaHUYHUX MOJIEKYICKHX
opbuTana ¥ CTepHUX MapamMeTapa M3payyHaTHX 3a HEYTpaJHH, MOHOAHjOHCKH W pajuKal-
aHjoHcku 0dnuk ADK.

(ITpumsseno 23. HoBembpa 2016, pesunupano 4. pedpyapa, mpuxsaheno 7. dbedpyapa 2017)
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