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Abstract—A series of 6-aryl platinum complexes with the sterically hindered phenol group of the general for-
mula RPt[PPh;],X (R = 3,5-di-tert-butyl-4-hydroxyphenyl; X = CI (I), diclofenac (II), aspirin (IIT), and
OOCR (IV)) is synthesized and characterized by 'H, 3C, and 3'P NMR spectroscopy, IR spectroscopy, and
elemental analysis. The molecular structure of compound I is determined by X-ray diffraction (XRD) (CIF
file CCDC no. 2243100). The electron and hydrogen atom transfers are studied by spectrophotometry in the
CUPRAC and DPPH tests. Complexes I, II, and IV are active reducing agents of Cu(II). The antioxidant activ-
ity is studied as the ability of the compounds to inhibit lipoxygenase (LOX-1B). Compound I is found to be an
inhibitor of LOX-1B. The antiproliferative properties of the complexes are studied in vitro on the HCT-116,
MCF-7, and A-549 cancer cells and WI-38 normal cells. The synthesized compounds have a lower antipro-

liferative activity than that of cisplatin.
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INTRODUCTION

Cancer diseases represent an important social
problem, since they worsen the life quality of the
patients and are among the main causes of mortality.
Surgery methods, chemotherapy, radiotherapy, hor-
monotherapy, immunotherapy, target therapy, and
genetic engineering are used for the treatment of can-
cer diseases. Chemotherapy is one of the most popular
methods for the treatment of malignant tumors of var-
ious types and, therefore, the search for new com-
pounds used as cytostatic agents is a perspective task.
The platinum compounds (cisplatin, oxaliplatin, and
carboplatin) occupy the leading positions on the mar-
ket of anticancer drugs. The mechanism of the action
of cisplatin includes the binding of the platinum atom
with DNA nitrogenous bases resulting in the transver-
sal crosslinking of helices, cell cycle arrest, and apop-
tosis [1]. However, some cancer forms produced resis-
tance to these compounds. The series of the Pt(IV)
complexes with the frans-coordination geometry and
the center at frans-ammineplatinum (cyclohexylami-
nodichlorodihydroxoplatinum) was studied in vitro in
order to develop more efficient anticancer platinum-
based drugs [2]. Cisplatin and transplatin were found
to be capable of forming intra- and interchain cross-
linkages with DNA, but there are substantial differ-
ences in the mechanisms that explain the opposite
anticancer effects of these two agents. Transplatin is
stereochemically incapable of forming 1,2-intrachain

or cross bonds indicating differences in the anticancer
activity because of different characters of violations
induced in DNA by different intrachain cross bonds,
which can depend on the nature of the ligand and its
coordination.

The platinum compounds overcoming the cisplatin
resistance of various cancer types due to the ligand
environment in the platinum complexes are known.
For instance, the introduction of the fragment of non-
steroid anti-inflammatory drug (NAID) aspirin into
oxoplatin resulted in the formation of asplatin, which
made it possible to overcome the resistance of cancer
cells to the known platinum drugs [3]. Satraplatin
(first perorally administrated Pt(IV) complex) showed
no cross resistance with cisplatin on several human
cancer cells in vitro [4].

The Pt(1I) complexes containing NAID diclofenac
in the ligands with different intracellularly cleaved
linkers are powerful cytotoxic agents on several differ-
ent cancer cell lines in vitro, and they are much more
efficient against cisplatin-resistant tumor cells [5, 6].

Thus, the physiologically active platinum com-
plexes can be modified by the transition to the trans
complexes and by the introduction of various pharma-
cophoric or redox-active groups into the ligand envi-
ronment.

Redox reactions are involved in various processes
of cell survival. For example, the redox regulation of
protein kinases plays a more general role in the regula-
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tion of tyrosine kinases in the selective activation,
duration, and enhancement of phosphorylation [7].
Protein oxidation is also a biologically necessary pro-
cess. The mechanism of signal transmission and redox
potential control includes, to a high extent, the oxida-
tive modification of lateral amino acid chains in pro-
teins (cysteine, methionine, proline, histidine, and
tryptophan) by hydrogen peroxide. However, single
errors related to the transfer of reactive oxygen metab-
olites can appear in these reactions, which leads to
serious consequences for metabolism and important
chemical processes in the cell. The full information
transfer is impossible because of the oxidative damage
of DNA and, as a consequence, valid cell division also
becomes impossible [8]. 2,6-Dialkylphenols, which
are mimetics of natural vitamin E and are widely used
as antioxidants and stabilizers, are well known in the
series of substances that control negative sequences of
oxidative stress [9, 10].

The purpose of this work is the molecular design of
the platinum complexes in which the Pt(II) atom, on
the one hand, forms the ¢ bond with the sterically hin-
dered phenol group and, on the other hand, is linked
with the chelating fragment of the NAID. The antiox-
idant, antiproliferative, and anti-inflammatory activi-
ties of the complexes were also studied in vitro.

EXPERIMENTAL

3,5-Di-fert-butyl-4-hydroxybenzoic acid (99%,
Sigma), triphenylphosphine (99%, Sigma), acetylsali-
cylic acid (Asp), and sodium diclofenac (NaDicl)
(Moscow Pharmaceutical Plant) were used, and K, Pt-
Cl, [11] and 3,5-di-fert-butyl-4-hydroxyphenylmer-
curium chloride [12] were synthesized using known
procedures. Solvents CHCl;, CH,Cl,, CH;O0H,
C,H;OH, toluene, DMSO, and acetone (reagent
grade); ethanol (96%); and petroleum ether (fraction
40—70°C) were used as received.

IR absorption spectra were recorded on an IR200
spectrophotometer (ThermoNicolet) with FT-IR in
KBr pellets. NMR spectra were detected on a Bruker
AMX-400 instrument in CDCl, (‘H, 400 MHz; C,

100 MHz; 3'P, 162 MHz). Elemental analysis was con-
ducted on a Vario Microcube C,H,N analyzer (Ele-
mentar). The melting point was determined by the
capillary method on a Stuart SMP10 instrument
(Bibby Scientific Limited Stone, UK) designed for the
determination of the melting point (temperature).
The antioxidant activity of the compounds was
determined using a MultiskanGo plate (96 wells)
spectrophotometer (Thermo Fisher Sci., USA). The
MTT test was conducted on a Zenyth200rt plate spec-
trophotometer (Anthos).
Tetrakis(triphenylphosphine)platinum  Pt[PPh;],
was synthesized according to a described procedure
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[13]. The vield was 0.81 g (72%). T, = 148°C (T, =
148—153°C [13]).

3,5-Di-tert-butyl-4-hydroxyphenylbis(triphen-
ylphosphine)platinum chloride RPt[PPh;],Cl (I) was
synthesized from tetrakis(triphenylphosphine)plati-
num and 3,5-di-fert-butyl-4-hydroxyphenylmercu-
rium chloride [14]. The yield was 468 mg (56%). T, =
247°C (T,, = 248°C [14]). The crystals of compound I
suitable for XRD were isolated after the slow evapora-
tion of a solution of the product from acetone at room
temperature for 24 h.

'H NMR (CDCl;; 6, ppm): 0.97 (s, I8H,
2C(CH;)5); 4.23 (s, 1H, —OH); 6.48 (s, 2H, 2CH
(arom.), 3Jyp, = 54 Hz); 7.16—7.53 (m, 30H, 2 PPh;).
BC NMR (CDCly; &, ppm): 29.73 (C(CH,)y):
32.83 (C(CHs;)5); 107.26, 124.51 (C—Pt); 127.28 (2C,
3Jep = 10 Hz); 129.42 (2C); 130.17 (C); 134.37 (2C,
2Jep = 12 Hz), 134.82, 153.12. 3'P NMR (CDCl;; 8,
ppm): 23.49 (t, 2P, 'Jp_p, = 3197 Hz).

Synthesis of 3,5-di-zerr-butyl-4-hydroxyphenyl-
bis(triphenylphosphine)platinum 2-[2-(2,6-dichloro-
aniline)phenyl]acetate RPt[PPh;],Dicl (II). A mixture
of compound I (56 mg, 0.058 mmol) and sodium
diclofenac (19 mg, 0.058 mmol) in acetone (3 mL) was
stirred for 24 h. Then the solvent was distilled off in
vacuo, and the residue was washed with n-hexane and
water, and dried in air for 24 h. The yield was 34 mg
(57%). T,, = 211°C.

For C¢4Hg,O;NP,Cl,Pt
Anal. calcd., %: C, 63.01
Found, %: C, 62.64

H, 5.04
H, 4.87

N, L.15
N, 1.03

IR (KBr; v, cm™): 3625 v(OH); 2869—3058
V(CH); 3100—3300 v(NH); 1611 v(COO), 1452, 1435,
1358, 1098, 745, 692.

'H NMR (CDCl;, 6, ppm): 0.88 (s, I8H,
2C(CH;)5); 4.35 (s, 1H, —OH); 6.48 (t, 2H, 2CH
(arom.), 3Jyy = 54 Hz); 6.15—-6.54 (m, 3H, (arom.));
6.75—6.94 (m, 4H, (arom.)); 7.16—7.53 (m, 30H,
(arom.)). 3'P NMR (CDCl;, 8, ppm): 21.97 (s, 2P,
Jp_p, = 3967 Hz).

Synthesis of 3,5-di-zert-butyl-4-hydroxyphenyl-
bis(triphenylphosphine)platinum acetylsalicylate
RPt[PPh;],Asp (IIT). A 1 M solution of KOH (73 uL,
0.078 mmol) was added dropwise to a mixture of com-
pound I (75 mg, 0.078 mmol) and acetylsalicylic acid
(14 mg, 0.078 mmol) in acetone (5 mL), and the
resulting mixture was stirred for 24 h. The solvent was
distilled in vacuo, and the residue was filtered off,
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washed with water and petroleum ether, and dried in
air for 24 h. The yield was 72 mg (68%). T,, = 195°C.

For C59Hs305P,Pt
Anal. calcd., %: C, 64.18 H, 5.29
Found, %: C, 63.94 H, 5.39

IR (KBr; v, cm™'): 3627 v(OH free), 2870—3055
v(CH); 1607 v(COO0), 1593, 1558, 1456, 1385, 1220,
1197, 755.

'H NMR (CDCl;, 8, ppm): 0.97 (s, 18H,
2C(CH;)5); 4.23 (s, 1H, —OH); 6.48 (t, 2H, 2CH
(arom.), 3/ = 54 Hz); 7.16—7.53 (m, 30H, (arom.)).

3P NMR (CDCl;, 8, ppm): 23.49 (s, 2P, 'Jp_p, =
3197 Hz).

Synthesis of 3,5-di-zerz-butyl-4-hydroxyphenylcar-
boxylate-3,5-di-zerz-butyl-4-hydroxyphenylbis (tri-
phenylphosphine)platinum RPt[PPh;],00CR (IV). A
1 M solution of KOH (80 L, 0.08 mmol) was added
dropwise to a mixture of compound I (77 mg,
0.08 mmol) and 3,5-di-fert-butyl-4-hydroxybenzoic
acid (21 mg, 0.08 mmol) in acetone (5 mL), and the
resulting mixture was stirred for 24 h. A yellow solution
with a precipitate was formed. The solvent was dis-
tilled off in vacuo, and the colorless residue was fil-
tered off, washed with water and petroleum ether, and
dried in air for 24 h. The yield was 88 mg (75%). T,, =
201°C.

For C4cH7,0,P4Pt
Anal. calcd., %: C, 66.71 H, 6.28
Found, %: C, 66.48 H, 6.39

IR (KBr; v, cm™!): 3633 v(OH free), 3200—3500
v(OH bonded); 2873—3050 v(CH); 1605 v(COO),
1544, 1387, 1234, 693.

'H NMR (CDCl;, 8, ppm): 0.92 (s, 18H,
2C(CHs;)5); 1.31 (s, 18H, 2C(CHj);); 4.28 (s, 1H,
—OH); 5.10 (s, IH, —OH); 6.42 (s, 2H, 2CH (arom.));
7.04 (s, 2H, 2CH (arom.)); 7.16—7.55 (m, 30H,
(arom.)). BC NMR (CDCl;,, &, ppm): 30.79
(C(CH,;)3); 31.21 (C(CH;)5); 34.29 (C(CHsy);); 34.94
(C(CHy);); 109.90; 111.73; 118.36; 124.64; 125.51;
126.14; 129.99; 135.96; 137.27; 150.18; 156.37; 181.00.

3P NMR (8, ppm, CDCl,): 22.18 (s).

XRD was carried out on a BrukerQuest D8 diffrac-
tometer equipped with a Photon-III detector (¢ and
o scan modes) using MoK, radiation. An absorption
correction was applied by a multiscan procedure
implemented in SADABS (version 2016/2) [15]. The
structure was solved by direct methods using the
SHELXT program [16] and refined for F? using the
SHELXL-2018 program [17]. The atoms were refined
with individual anisotropic (non-hydrogen atoms) or
isotropic (hydrogen atoms) displacement parameters.
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Table 1. Selected bond lengths (A) and angles (deg) for
compound I

Bond d, A
Pt(1)—C(1) 2.004(5)
Pt(1)—P(1) 2.2981(16)
Pt(1)—P(2) 2.2971(16)
Pt(1)—CI(1) 2.4116(17)
Angle o, deg

C(1)Pt(1)P(1) 89.39(17)
C(1H)Pt(1)P(2) 90.64(17)
P()Pt(1)P(2) 178.44(7)
C(H)Pt(D)CI(1) 176.88(18)
P(1)Pt(1)CI(1) 92.89(6)
P2)Pt(1)CI(1) 87.02(6)

Selected bond lengths and angles in the structure of
compound I are listed in Table 1.

The full set of XRD parameters was deposited with
the Cambridge Crystallographic Data Centre (CIF
file CCDC no. 2243100; deposit@ccdc.cam.ac.uk;
http://www.ccdc.cam.ac.uk).

Determination of the activity of the compounds in
the electron transfer reaction (CUPRAC test). Trolox
(Sigma-Aldrich) was used without additional purifica-
tion. The method was named according to the abbre-
viation CUPRAC (Copper Reducing Antioxidant
Capacity) that implies the ability of an antioxidant to
reduce the Cu(Il) ion [18]. This method is based on
the reduction of copper in a complex with neocupro-
ine (2,9-dimethyl-1,10-phenanthroline) and demon-
strates the ability of the studied substance to act as an
electron donor. The experiment was carried out on the
basis of an increase in the absorbance of a solution of
the complex at the wavelength A,,,, = 450 nm using a
Thermo Scientific Multiskan plate (96 wells) spectro-
photometer. The reaction mixture (V= 0.2 mL) con-
tained an acetate buffer (0.05 mL), a 10~2 M solution
of CuCl, (0.05 mL), a 7.5 M solution of neocuproine

(0.05 mL), and a 2 x 10~3 M solution of the studied
compounds in methanol (0.05 mL).

The results were presented in Trolox equivalents
(TEAC), the values of which were determined graphi-
cally from the absorbance using the calibrated plot: the
concentration dependence of the amount of the
reduced Cu(II) complex on the Trolox content.

Investigation of the radical-binding activity (DPPH
test). The procedure is based on the spectrophotomet-
ric measurement of a decrease in the absorbance at
517 nm due to the reaction of the 2,2'-diphenyl-1-pic-
rylhydrazyl (DPPH) radical with the studied com-
pounds [19]. The reaction occurred in wells of a
Thermo Scientific MultiskanGo plate (96 wells). A
series of solutions with a specified concentration was
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prepared, and the reaction mixture contained DPPH
(0.1 mL) and studied substances (0.1 mL) in different
concentrations (0.02, 0.04, 0.08, 0.12, 0.16, and
0.2 mM). The measurements were carried out at 20°C
for 30 min.

The antioxidant activity in percentage (I, %) was
calculated from the obtained data using the equation

I = (A — A4)/ A4, %100,

where A, is the absorbance of a control solution of
DPPH, and A4, is the absorbance of a solution of the
reaction mixture.

The values of ECy, (effective concentration) were
determined by the approximation of the concentration
dependence of the logistic curve in the general form

I =1/(1+[c]/ECs,) x 100,

where c is the concentration of the studied substance.

Inhibition of lipoxygenase enzyme. The activity of
lipoxygenase (LOX-1B) was determined by spectro-
photometric measurements. The content of the prod-
ucts of linoleic acid oxidation (the corresponding iso-
meric hydroperoxides) was measured at A,,,, = 234 nm
[20]. The analyzed solution contained 2 mL of a solu-
tion of linoleic acid (0.3 mM), 0.89 mL of a borate
buffer (pH 9.0), and 0.01 mL of a solution of the com-
pound in DMSO. The reaction was initiated by the
addition of 0.1 mL of a solution of LOX-1B enzyme
(500 units), and the measurements were carried out at
2°C for 10 min. The experiments for each substance
were carried out at five concentrations and in three
repetitions.

The degree of inhibition of lipoxygenase (/, %) was
determined by the equation

I =V, (solution of substance)/V, (DMSO) x 100.

Procedure of operating with the cell cultures. The
HCT-116, MCF-7, and A-549 cells and WI-38 fibro-
blasts were cultured in the DMEM complete cultural
medium under standard conditions reseeding them
two times a week depending on the seeding density.
For reseeding, the cells were washed down from the
vial walls with 2 mL of a versene solution (0.02%
EDTA), which chelates calcium ions necessary for cell
adhesion due to which the cells are detached from the
support. For a more complete detachment of the cell
mass, the vial was placed in a CO, incubator for
15—20 min (the CO, content was 5%, T = 37°C, Gal-
axy 170S incubator, New Brunswick an eppendorf
company, USA). A portion of the cell mass (~100 iL)
was left in the cultural vial, suspended in a DMEM
medium (7—8 mL), and placed in the incubator for the
further growth. The remained portion of the cell mass
(1.5—2 mL) was neutralized by the addition of a
DMEM cultural medium (5 mL), and the cells were
precipitated by centrifugation (2 min, 2000 rpm, Uni-
versal 320R centrifuge, Germany). After centrifuga-
tion, the supernatant was removed and a precipitate of
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the cells was suspended in the cultural medium
(5 mL). Then the cell mass (50 uL) was transferred to
the eppendorf and dissolved in DMEM (450 uL). The
number of cells was counted in a Goryaev chamber
using a Magnus inversion biological microscope (Ger-
many).

The cells were counted by the equation

(1nx25)/100 x [10]" cells/mL.

For the further operation with the cell cultures, a
necessary dilution was attained using a DMEM
medium to reach a cell density of 5 x 10* cells/mL.
Then, a portion of the cell mass (190 uL) was intro-
duced into each well of a sterile 96-well plate followed
by cell cultivation for 24 h in a CO, incubator.

MTT test is based on the ability of living cell dehy-
drogenases, in particular, succinate dehydrogenase, to
reduce uncolored forms of 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazole (MTT) to blue formazan
soluble in DMSO. The MTT test was conducted via a
published procedure [21] with minor modifications.
Solutions with concentrations of 1, 0.25, 0.0625,
0.015, and 0.00375 mM in DMEM were prepared
from the studied substances. If necessary, the sub-
stances were preliminarily dissolved in DMSO (the
DMSO concentration was not higher than 0.5% of the
final solution volume). The prepared solutions of the
studied substances were introduced into a sterile pla-
nar-bottom 96-well plate containing cell cultures with
5- and 10-uL micropipettes in such a way that the final
concentrations of the substance in the wells would be
50, 25, 12.5, 6.4, 3.2, 1.6, 0.8, 0.4, 0.2, and 0.1 uM.
The plate with the cells and studied substances was
placed in a CO, incubator for 72 h. Then 10 uL of a
solution of MTT (5 ug/mL) were introduced into each
well of the plate with the primary culture and studied
substance, and incubation was conducted at 37°C for
2 h in a wet atmosphere with 5% CO,. After 2 h of
exposure, the living cells reduce yellow MTT to dark
violet granules of formazan. The formazan granules
were dissolved in DMSO (150 uL), and the amount of
the reduced product was measured by spectrophotom-
etry on a Zenyth 20001t plate reader at a wavelength of
570 nm. The test results were presented as a plot of the
dependence of % survived cells on the concentration
of the studied substances. Cisplatin was applied as the
standard. The experiments with the tested compounds
were carried out in three repetitions.

RESULTS AND DISCUSSION

The initial ¢-aryl platinum complex (I) was syn-
thesized by the transmetallation reaction [14] of
tetrakis(triphenylphosphine)platinum with 3,5-di-
tert-butyl-4-hydroxyphenylmercurium chloride. The
compounds of the general formula RPt[PPh;],X were
synthesized using the nucleophilic substitution of CI
in the initial compound I (Scheme 1). Diclofenac is a
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sodium salt and a convenient nucleophile for the
introduction into the reaction with compound I to give
complex II. To synthesize complex III, an equimolar
amount of alkali should be introduced into the reac-
tion of compound I with acetylsalicylic acid, since an
excess results in the hydrolysis of the ligand at the acyl
group (Scheme 1). The reaction of compound I with
3,5-di-fert-butyl-4-hydroxybenzoic acid was con-

O\/\COZNa
NH

ANTONENKO et al.

ducted in acetone with the addition of an equimolar
amount of KOH for the deprotonation of the carboxy
group and formation of the nucleophilic center. The
initial complex I was completely dissolved in acetone
after the addition of the acid and base, which indicated
that the reaction occurred to afford complex IV
(Scheme 1).

R\P/PPh3
cl cl ) t‘O
Ph;P 0
OH Acetone
_ !
= By Bu Cl
HN (1))
Bu COOH Cl
o T o
PL(PPhs); 00CCH; _ R—pt-0_°
RHgCl —5 =~ HO Pl setone. kom Lpn
) PPh; ’
Bu (I11)
M H;CCOO
RCOOH

Acetone, KOH

o 'Bu
Il’Ph3
R- fl’t -0 OH @av)
PPh
3 Bu

Scheme 1.

The composition and purity of the organoplatinum
compounds were confirmed by 'H, B3C, and 3P NMR
spectroscopy, IR spectroscopy, and elemental analy-
sis. The yields of the compounds were 56—75%. The
IR spectra of compounds I-IV exhibit narrow absorp-
tion bands in a range of 3592—3639 cm~! correspond-
ing to stretching vibrations of the O—H bond of the
sterically hindered unassociated phenol group, and
stretching vibrations of the C—H bond are observed in
a range of ~2800—3060 cm™".

The "H NMR spectrum of compound I in a range
of 6.42—6.55 ppm shows the spin-spin interaction H—
Pt with the constant 3J,;_p, = 52 Hz. The low-field
shift of signals of the aromatic ring protons compared
to the initial ligand confirms the coordination with the
metal. The 3'P NMR spectrum contains the spin-spin
interaction P—Pt with the constant 'Jp_p, = 3197 Hz.

The '"H NMR spectrum of compound II demon-
strates the spin-spin interaction H—Pt in a range of
6.65—6.73 ppm with the constant 3J};_p, = 32 Hz. The

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

signal of protons of the fert-butyl substituent exhibits
the chemical shift relative to the initial compound I,
which confirms the formation of a new compound.
The '"H NMR spectrum exhibits signals of aromatic
protons at 6.30—6.90 ppm related to the diclofenac
fragment. The 3'P NMR spectrum contains the signal
at 21.97 ppm shifted relative to the initial compound I
(23.49 ppm).

Compound IV contains two nonequivalent phenol
fragments and, hence, the 'H NMR spectrum exhibits
two groups of signals of the corresponding substitu-
ents. For instance, the signal from the fert-butyl
groups of the phenol fragment 6-bonded with Pt in
compound I is observed in a range of 0.92 ppm. The
singlet at 1.31 ppm corresponds to protons of the tert-
butyl groups of 3,5-di-fert-butyl-4-hydroxybenzoate.
The protons of the phenol groups of the platinum-
containing fragment and hydroxybenzoate appear at
4.28 and 5.10 ppm, respectively.

The BC NMR spectra of compound IV exhibit the
chemical shifts of the carbon signals indicating com-
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Fig. 1. (a) Molecular structure of compound I (hydrogen atoms are omitted) and (b) hydrogen bonds in the crystal packing of

compound I.

plex formation. The sequence of the signals resembles
that for the initial compound I, but not all signals are
distinctly observed because of a low solubility of com-
pound IV in CDCl,. The 3'P NMR spectrum of com-
pound IV also demonstrates the formation of the com-
plex due to the chemical shift (22.18 ppm) compared
to 23.5 ppm for compound I.

The molecular structure of compound I was stud-
ied by XRD. The recrystallization of compound I from
acetone gave light yellow single crystals used for XRD.

The compound was found to crystallize in the tri-

clinic system with the space group P1; a = 10.4531(18),
b= 11.828(2), ¢ = 22.049(4) A; oo = 75.160(4)°, B=
86.396(5)°, v = 64.287(3)°; V' = 2370.6(7) A% Z=12;
AP i/ AP min = 2.155/1.178 e/A3; MoK, radiation; pL =
3.122 mm™'; R;/wR, (I 2 26(1)) = 0.0499/0.1105;
GOOF = 1.020; angle range 6 = 1.964°-25.998°;
crystal sizes 0.1 X 0.2 X 0.2 mm. It is found that com-
pound I in the crystalline state is solvate with the
outer-sphere acetone molecule. The coordination
number of Pt is 4, and the coordination polyhedron is
a distorted square (Fig. 1a).

Intermolecular hydrogen bonds between the OH
group of the 2,6-di-zert-butylphenol fragment and the
oxygen atom of the acetone molecule were found in
the complex: O(1)—H(1)---O(2) (H(1)---O(2) 2.37 A,
O(1)—H(1)---0(2) 4.06 A, angle O(1)H(1)O(2)
66.43°) (Fig. 1b).
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The antioxidant activity of the platinum com-
pounds was studied by spectrophotometry according
to their ability to the one-clectron reduction of the
Cu?" ion to Cu* using the CUPRAC test [18, 22].
Neocuproine (2,9-dimethyl-1,10-phenanthroline) is
known to form the Cu(I) complex in the presence of
antioxidants with the absorption maximum at 450 nm.
6-Hydroxy-2,5,7,8-tetramethylchromane-2-carbox-
ylic acid (Trolox, TEAC = 1.00 + 0.03) served as the
standard. The results are given in Trolox equivalents
TEAC (Table 2).

Complexes I, II, and IV were shown to be most
active. The platinum complex with diclofenac has a
high activity exceeding by 1.5 times the activity of the
known antioxidant ionol (BHT).

The ability of the synthesized compounds to
reduce the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
stable radical was estimated by the hydrogen atom
transfer as another method for studying the antioxi-
dant activity [19].

The activity of the platinum compounds was deter-
mined by electronic absorption spectroscopy measur-
ing a decrease in the absorbance of DPPH at the wave-
length 517 nm for 30 min. The effective concentration
of the compound necessary for decreasing the DPPH
radical concentration by 50% (EC,,) was determined
graphically from the dependence of the remained
DPPH (in %) on the primary concentration of the
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Table 2. Values of TEAC and ECs, (uM) for platinum com-
pounds I-1V, initial ligands, and ionol (R = 3,5-di-fert-

butyl-4-hydroxyphenyl)

Compound | TEAC (CUPRAC) | ECsy, uM (DPPH)

I 1.84 +£0.05 84+5

I 1.57 £ 0.24 n/a*

111 0.66 £ 0.01 142 + 62

v >3 104+ 6
Diclofenac n/a n/a
Aspirin n/a n/a
RCOOH 1.56 £ 0.07 79+3
R-CH; 1.10 £ 0.03 67 £4

* n/a means that the compound is not active.

compounds (0.01—0.1 mM). The values of ECs, are
listed in Table 2.

The antioxidant/anti-inflammatory properties of
platinum compounds I-IV were studied in the model
enzymatic oxidation of linoleic acid under the action
of lipoxygenase LOX-1B in vitro. The by-products of
the oxidation are reactive oxygen metabolites, whose
accumulation leads to the oxidative stress. Therefore,
the capability of inhibiting lipoxygenase can indicate
potential antioxidant and anti-inflammatory proper-
ties of the studied substances. The activity of lipoxy-
genase was determined by spectrophotometry measur-
ing the content of the product of linoleic acid oxida-
tion (the corresponding hydroperoxides) at A, =
234 nm [20]. Only compound I was found to be a
moderate inhibitor of lipoxygenase (ECs, = 182.8 =
81 uM). It should be mentioned specially that other
compounds promote the oxidation of linoleic acid.

The antiproliferative activity of the synthesized
platinum complexes and initial diclofenac and aspirin
was estimated by the MTT test [21] on the
human colon cancer cells (HCT-116), human breast
adenocarcinoma (MCF-7), human lung carcinoma

ANTONENKO et al.

(A-549), and human diploid cell line consisting of
fibroblasts (WI-38), and ICs, were determined in
comparison with those of cisplatin (Table 3).

Unlike cisplatin, the synthesized compounds have
a lower antiproliferative activity, which is caused, most
likely, by both the frans-coordination environment of
the platinum atom and the presence of the cytoprotec-
tor phenol group of 2,6-di-fert-butylphenol in the
molecule. This provides a possibility of the further
study of these platinum compounds as potential anti-
cancer drugs with a milder effect on the organism. The
selectivity of the effect of compound I on the colon
cancer cell line HCT-116 (ICs, = 59.6 uM) and nor-
mal cells WI-38 (diploid cell line of human fibro-
blasts) (IC5, = 169.5 uM) was observed. An almost
threefold exceeding ICs, can serve as a basis for the
search for similar trans complexes to achieve a high
selectivity.

Thus, the trans-Pt(Il) complexes containing the
2,6-di-tert-butylphenol fragments and nonsteroid
anti-inflammatory drugs aspirin and diclofenac were
synthesized and characterized. The introduction of
the organoplatinum fragment into the 2,6-di-fert-
butylphenol derivatives leads to an increase in the anti-
oxidant activity. Compound I was found to be a lipox-
ygenase inhibitor, which possibly indicates its poten-
tial anti-inflammatory properties. The antiprolifera-
tive activity of the platinum complexes was studied in
vitro on the human cell lines. Unlike cisplatin, the
synthesized compounds are characterized by a sub-
stantially lower activity.
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Table 3. Values of ICs, (uM) for complexes I-1V, diclofenac, aspirin, and cisplatin against the HCT-116, MCF-7, A-549,

and WI-38 cell lines

I1Cs0, UM
Compound
HCT-116 MCF-7 A-549 WI-38
I 59.6 £ 6 101.5 = 15 105.6 £ 12 169.5 + 52
I 93.7+ 15 146.5 + 35 >200 51.8 5
I 69.4 + 11 118.2 £ 50 106.5 + 62 65.3+24
v 187.6 = 100 >200 >200 61.9 £ 10
Diclofenac n/a* >200 >200 81.7 £ 61
Aspirin n/a* n/a* n/a* 111 £ 34
Cisplatin 9.04+0.7 1n=*1 16.7 3 4.8+0.5

* n/a means that the compound is not active.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Vol.

49  No. 10

2023



10.

11.

trans-PLATINUM COMPLEXES WITH DICLOFENAC, ASPIRIN

REFERENCES

. Guddneppanavar, R., Saluta, G., Kucera, G.L., and

Bierbach, U., J. Med. Chem., 2014, vol. 49, no. 11,
p. 3204.

. Kelland, L.R., Barnard, F.G.C., Mellish, K.J., and

Jones, M., Cancer Res., 1994, vol. 8, p. 5618.

. Cheng, Q., Wang, H., Min, Y., and Wang, J., Chem.

Commun., 2014, vol. 50, p. 7427.

Hager, S., Ackermann, C.J., Joerger, M., et al., Annals
Oncology, 2016, vol. 27, p. 975.

Intini, F.P., Zajac, J., Novohradsky, V., et al., Inorg.
Chem., 2017, vol. 56, no. 3, p. 1483.

Ayoub, S.S., Botting, R.M., Joshi, A.N., et al., Mol.
Cell. Biochem., 2009, vol. 327, nos. 1-2, p. 101.
D’Autreaux, B. and Toleda, M.B., Nat. Rev. Mol. Cell
Biol., 2007, vol. 8, no. 10, p. 813.

Sies, H., Berndt, C., and Jones, D.P., Annu. Rev. Bio-
chem., 2017, vol. 86, p. 715.

Antonenko, T.A., Shpakovsky, D.B., Vorobyov, M.A.,
et al., Appl. Organomet. Chem., 2018, vol. 32, p. e438]1.
Antonenko, T.A., Gracheva, Yu.A., Shpakovsky, D.B.,
etal., Int. J. Mol. Sci., 2023, vol. 24, p. 2024.

Brauer, G., Handbook of Preparative Inorganic Chemis-
try, New York: Academic, 1983, vol. 5, p. 1814.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

659

Milaev, A.G., Panov, V.B., and Okhlobystin, O.Yu.,
Zh. Obshch. Khim., 1981, vol. 51, no. 12, p. 2715.

Malatesta, L. and Cariello, C., J. Chem. Soc., 1958,
no. 6, p. 2323.

Milaeva, E.R., Rubezhov, A.Z., Prokoph’ev, A.I., and
Okhlobystin, O.Yu., J. Organomet. Chem., 1980,
vol. 188, no. 3, p. 43.

Krause, L., Herbst-Irmer, R., Sheldrick, G.M., and
Stalke, D., J. Appl. Crystallogr., 2015, vol. 48, p. 3.

Sheldrick, G.M., Acta Crystallogr., Sect. A: Found. Adv.,
2015, vol. 71, p. 3.

Sheldrick, G.M., Acta Crystallogr., Sect. C: Struct.
Chem., 2015, vol. 71, p. 3.

Apak, R., Guglu, K., Ozyurek, M., and Karademir, S.,
J. Agric. Food Chem., 2004, vol. 52, p. 7970.

Brand-Williams, W., Cuvelier, M.E., and Berset, C.,
Food Sci. Technol., 1995, vol. 28, p. 25.

Ozturk, 1., Filimonova, S., and Hadjikakou, S.K., In-
org. Chem., 2010, no. 7, p. 488.

Niks, M. and Otto, M., J. Immunol. Methods, 1990,
vol. 130, no. 1, p. 149.

Ustafa, M.O., Agric. Food Chem., 2004, vol. 52, p. 7970.

Translated by E. Yablonskaya

No.10 2023



	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	REFERENCES

		2023-09-29T10:29:02+0300
	Preflight Ticket Signature




