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Experimental

Materials and methods.

'H NMR spectra of copolymers were recorded on an AVANCE Il 500 MHz Bruker
BioSpin NMR-spectrometer using deuterated chloroform as solvent in NMR tubes at 295K. The
concentrations of copolymers were 6 mg ml~t. DLS measurements for buffer (pH 6.8) solutions
of Pt(IV)C1-Pt(IV)C3 were carried out at the detection angle of 90° using a Photocor Compact
(Photocor Instruments Inc., USA) equipped with a diode laser operating at the wavelength of 654
nm. The experimental data were processed using DynalLS v. 2.8.3. TGA measurements were
performed using an STA 409C LUXX NETZSCH synchronous thermal analyzer (Germany,
2006). FTIR spectra were recorded on a Bruker ALPHA FTIR spectrophotometer in the range of
4000—400 cm™, the number of scans was 16. The CHN content was analyzed on a Vario cube
instrument (Elementar GmbH). The absolute molecular weights of copolymers were determined
using a HPLC Waters GPCV 2000 (2 columns PS-gel, 5 microns, MIXED-C, 300x7.5 mm)
equipped with a WYATT DAWN HELEOS 11 (658 nm) refractometric and light scattering
detector in N-methyl pyrrolidone in the presence of LIClI (1%) in order to avoid the
macromolecules aggregation.

Synthesis of Pt'Y complex.

A solution (14.6 mM) of N-(nitroxyethyl)isonocotinamide (3.1 g) in water (250 ml) was
added to solution of K2[PtCls] (3.5 g, 7.19 mM) in H20 (100 ml) at 40-60 °C. After stirring for 5
h, the reaction mixture was filtered out, and a yellow crystalline precipitate was washed out with
ethanol and dried at a room temperature.

Isolation of copolymers 1-3.

Copolymers 1 and 3 were isolated from the toluene solution by precipitating the reaction
mixture with a 10-fold excess of hexane. Copolymer 2 precipitated from the reaction mixture
under the conditions of VP-TEGDM copolymerization. All the copolymers were dried from
toluene and hexane in air and in vacuo until the constant weight.

Encapsulation of Pt" complex.

Solutions of copolymers 1-3 in Pr'OH (Fluka) with their concentrations of 3.7, 1.5 and
3.5 mg mlI and of the complex in freezing-purified DMSO (12.8 mg ml1) were prepared. The
solution of Pt(1V)C (0.12, 0.054 and 0.12 ml) was added dropwise to the solution (20 ml) of a
copolymer in the alcohol under constant stirring with a magnetic stirrer. Pt(1\V)C content per
copolymers 1-3 was 2.1, 2.1 and 2.2%, respectively. Then, the organic solvents were evaporated
in air and in vacuo. Their absence in the obtained polymer composites was controlled by IR
spectroscopy. Phosphate buffer solution (PBS) similar by its composition to the physiological
solution (137 mM NacCl, 2.68 mM KCI, 4.29 mM Na2HPOs, and 1.47 mM KH2PQO4, pH 6.8-7.0)
was added to the dry residues.

For chemical analysis, the polymer composites based on copolymer 1 were prepared.
Solution of Pt (IV)C in DMSO (0.48 ml, 12.8 mg mlI) was added dropwise to a solution (15 ml)
of copolymer 1 in PriOH (3.7 mg ml™) and dried from the solvents in air and in vacuo until the
constant weight.

For IR spectroscopic study, the polymer composites based on copolymer 3 containing
18% of Pt'"Y complex were prepared. Solution of Pt (IV)C in DMSO (0.93 ml, 12.8 mg ml™?)
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was added dropwise to a solution (16 mL) of copolymer 3 in PriOH (3.5 mg ml™?) and dried from
the solvents in air and in vacuo until the constant weight.

Quantum-chemical calculations.

The calculations were carried out within the framework of density functional theory
(DFT) with full optimization of the geometry of the initial molecules and their complexes (tpssh
/ lanl2dz) using the Gaussian 09 program.S Using the polarized continuum model (PCM), an
influence of the solvent (water) was taken into account. In results of calculations, there are no
imaginary oscillation frequencies, all the optimized structures correspond to the minimum
potential energy. Theoretical spectra of reagents and adduct were simulated using ChemCraft
program (version 1.8).52

The TEM study of polymer particles loaded by Pt"Y complex.
The aqueous solution of P(IV)C3 was applied to the substrate, water was quickly
evaporated, and image was obtained by Leo 912 AB equipment.

The electrochemical study of encapsulation Pt'"Y complex.

Electrochemical experiments were carried out in a three-electrode quartz cell ca. 10 cm®
of volume via cyclic voltammetry with using an IPC-ProL potentiostat (IPCE of RAS, Russia).
The working electrode was a glassy carbon (GC) disc of 1.6 mm diameter, polymerized into an
inert PEEK polymer (AES, Japan), the auxiliary electrode was a Pt wire, and the reference
electrode was a silver/silver chloride electrode (Ag/AgCl), relative to which all the potentials
were measured and given in the paper. GC-electrode was polished immediately before an
experiment by a diamond suspension (diameter of 1 um) then rinsed with ultrasonic machining
in a media where the investigation was performed (water or a respective non-aqueous solvent).

The estimation of the complex and polymer particles cytotoxicity.

The study was carried out on the culture of mammalian cells. As a model of tumor cells,
A-172 culture (human glioblastoma) was used. It was obtained from the collection of the
Institute of Cytology, Russian Academy of Sciences. Cell cultivation was carried out according
to the standard procedure in an atmosphere of 5% CO2 and a temperature of 37 °C. Cells were
cultured in DMEM medium (PanEco, Russia) with the addition of 10% fetal calf serum
(BioWest, France).

The study of the cytotoxic properties of PC and polymer particles was performed using
the MTT test. The cells were seeded into 96-well culture plates at a concentration of 7x10* cells /
ml. The studied compounds were introduced into the culture medium 24 h after sieving. MTT
dye (3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyl-2H-tetrazolium bromide) was added to the
incubation medium 48 h after the introduction of the compounds. The resulting formazan
crystals were dissolved in 100% DMSO. The optical density was measured at a fundamental
wavelength of 570 nm and a background wavelength of 620 nm using a Spark 10M
multifunctional microplate reader (Tecan, USA). The cytotoxicity index (ICso) was determined
on the basis of dose-dependent curves using a median effect analysis. The results of three
independent experiments are presented as mean = SD. The evaluation of statistical significance
was performed using the t-test. The criterion of statistical significance was *p <0.05.

Details of Pt'Y complex synthesis, instrumentation, electrochemical, *H NMR, IR, TGA
and cytotoxicity study could be found in refs. S7-S13.
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'H NMR spectra of the copolymers 1-3
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Figure S1 'H NMR spectra of the copolymers (a) 1, (b) 2 and (c) 3 recorded in CDCls.



Molecular weight (MW)—eluent volume Vg dependences
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Figure S2 Dependences of average MW on eluent volume Vr for copolymers 1-3.

The direct evidence of differences in topological structure of copolymers 1-3 was
revealed by the analysis of dependences of MW on the eluent volume Vr (Figure S2).
Macromolecules 2 and 3 with higher molecular weight were eluted by the same Vr within Vr

range of 5.2—7 ml. This evidences on higher package density of their polymer chains with respect
to copolymers 1.
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TEM image of Pt(1V)C3

Figure S3 TEM image of polymer particles 3 loaded with Pt complex.
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Dependences of the light scattering intensity 1 and hydrodynamic radius R for aqueous

buffer (pH 6.8) solutions of Pt(1V)C1-Pt(IV)C3 on temperature T
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Figure S4 Dependences of the (a) light scattering intensity and (b) hydrodynamic radius for
aqueous buffer (pH 6.8) solutions of Pt(IV)C1-Pt(IV)C3 (curves 1-3, respectively) on the
temperature. The concentrations of Pt(IV)C1-Pt(IV)C3 were 1.4, 1.8 and 1.4 mg ml,
respectively.
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Figure S5 The TGA curve for the Pt'"Y complex. The heating rate was 5 degrees min™t. Ar

atmosphere.
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IR spectra of Pt(1V)C, copolymer 3,and Pt(IV)C3
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Figure S6 IR spectra of Pt(IV)C, copolymer 3, and the Pt(1V)C3.
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Pt(1V) complex
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The tpssh / lanl2dz optimized structures
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The copolymer consisting of three VP-units
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-0.063163000
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-0.698542000
-1.386748000
-2.113881000
-0.967737000
0.239367000
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The proposed adduct
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Theoretical IR spectra of a platinum complex, a portion of a copolymer and an adduct
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Figure S7 Theoretical IR spectra of a complex of platinum (green), a portion of a copolymer
(red) and an adduct (black).

Theoretical spectra confirmed the assumption on the structure of the Pt"V complex copolymer
adduct. First of all, a single peak is of interest within the region of 3300 cm in the spectrum of
the platinum complex, corresponding to the stretching vibrations of the N—H group. It is also
present in the theoretical spectrum at 3558 cm™ (thus, the scaling factor is 1.08). It shifts by 327
cmt in the simulated spectrum of the adduct, and falls into the region of C—H bonds stretching
vibration. The small shift of the absorption band of the C=0 group vibration in VP moiety is
apparently due to the hydrated state of the initial copolymer and its characteristic shift of

absorption band in its IR spectrum.
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CVA encapsulated Pt(IV)C in aqueous phosphate buffer, DMSO, and initial Pt(1V)C in
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Figure S8 CVA curves recorded on GC-electrode at different scan rates v for (a) encapsulated
PtV complex in aqueous phosphate buffer solution + 0.5 KCI, (b) in DMSO + 0.1 M TBAPFs,
and (c) initial Pt(IV) complex in DMSO + 0.1 M TBAPFe.
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Table S1 The viability of A-172 cells after 48 h incubation with polymer particles 1-3.

Concentration/ug ml= Part of living cells

%)
Polymer particle 1
0 100.00 £ 5.62
! 104.59 + 3.95
70 95.64 + 6.09
700 95.46 % 9.10
Polymer particle 2
0 100.00 £ 3.56
! 102.92 +8.13
70 99.56 + 6.75
700 98.37+7.23
Polymer particle 3
0 100.00 = 7.64
! 97.72 + 2.38
70 94.79 = 6.07
700 92.93 + 6.50
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