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HIGHLY EFFICIENT QUALITY CONTROL SYSTEMS
FOR ENATHIOMER-PURE DRUGS ON THE BASIS
OF SENSORS MODIFIED WITH TRANSITION METAL
COMPLEX COMPOUNDS

Recognition and determination of optically pure medicinal and bio-
logically active compounds that are in demand in medicine, pharmaceuti-
cals, food industry and other areas of human activity is one of the most im-
portant tasks of analytical chemistry. Recently, the main efforts in this area
have been focused on the development of affordable and inexpensive de-
vices that allow rapid analysis of enantiomerically pure drugs. This is fully
consistent with potentiostats/galvanostats using enantioselective voltam-
metric sensors (EVS). An increase in the availability, reliability of recogni-
tion of enantiomers, sensitivity, and other characteristics is primarily pro-
vided by chiral selectors used to construct such sensors [1]. The range of
compounds used as chiral selectors is very diverse, but only a small part of
them provides the required combination of characteristics - reliability of
recognition of enantiomers, sensitivity, reproducibility, stability, availabil-
ity, and most importantly, ease of manufacture of EMU. In the latter case,
the use of transition metal complexes Cu(Il), Ni(II), and Co(IIl) with or-
ganic chiral ligands seems promising [2].The structure of the chiral ligand
with the coordination number of the complexing metal is of decisive im-
portance for the selectivity and other characteristics of the EMU. At the
same time, the cost of such complexes is much lower than that of modified
cyclodextrins or chiral nanotubes. Thanks to the advances in synthetic or-
ganic chemistry, there are ample opportunities to control the properties of
the resulting complexes by forming ligands of a given structure, geometry,
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and the required chiral environment, which makes it possible to purposeful-
ly form highly selective, stable, and time-stable EMUs. Thus, the study of
the properties of chiral transition metal complexes as enantioselectors in
EMU has great prospects. We have developed two types of sensor plat-
forms: composite ones based on GCE [2, 3] and paste electrodes made of
carbon black Carboblack C modified with transition metal complexes. The
proposed control systems have been tested for the determination of the en-
antiomers of tryptophan, tyrosine and propranolol, atenolol and naproxen.
The developed sensor platforms have good analytical characteristics and
allow the determination of enantiomers in biological fluids, in tablet forms,
in a racemic mixture, and in a mixture with a predominance of one of the
enantiomers [4, 5].The purpose of this work is to study the features of using
sensor platforms based on chiral transition metal complexes for express
recognition and detection of enantiomers of biologically active substances
that are in demand in chemistry, biology, pharmaceuticals, food industry
and related fields of science and practice.

A method for obtaining enantioselective voltammetric sensors based
on transition metal complexes with chiral ligands (Carboblack C-based
paste electrodes, composite sensors based on glassy carbon electrodes) has
been developed and optimized. The questions of the analytical application
of enantioselective voltammetric sensors for the recognition and detection
of enantiomers of biologically active (pesticides) and medicinal compounds
(naproxen, atenolol, amino acids) in model and real (blood plasma, urine,
biological fluids, etc.) objects were studied, and the conditions for their
recognition were optimized. and analysis, application of sensors, a compar-
1son of the obtained results with the results for other sensors.

The possibilities of using "intelligent" methods of pattern recognition
(neural networks, principal component analysis, discriminant and hierar-
chical cluster analysis, independent modeling based on the classification of
SIMCA analogies, etc.) for the recognition of enantiomers in preparations
of various manufacturers and in multicomponent solutions containing other
analytes (with errors of the first kind not exceeding 5% and errors of the
second kind not exceeding 20%).These approaches will make it possible to
carry out not only the recognition of optically active biologically and me-
dicinal compounds, but to establish their compliance with standard sam-
ples, control quality, determine the manufacturer and the presence of coun-
terfeits. The developed devices were tested on real objects, the selectivity
of the sensors was evaluated depending on the method of formation of the
surface layer of the electrode and the nature of the chiral modifier, the
composition of the electrode matrix and the object of analysis. To recog-
nize and determine the enantiomers of tryptophan (Trp), tyrosine (Tyr) and
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propranolol (Prp), it was found that the analytical signals of enantiomers on
unmodified PEs coincide, and on modified PEs differences are observed in
the potentials and currents of the oxidation peak:

- in the case of the PE/S-1 sensor, the highest selectivity is observed for Trp
enantiomers, I,p /I,. =1.36, and E, =35.25 mV;

- in the case of the PE/S-2 sensor, the highest selectivity is observed for Tyr
enantiomers, I,p / I,p =1.14, and E, =5.04 mV;

- in the case of the PE/C-3 sensor, the highest selectivity is observed for
Trp enantiomers, I,p / I, =1.15, and E, =25.18 mV;

- in the case of the PE/S-4 sensor, the highest selectivity is observed for Prp
enantiomers, I,s/I,r=1.24, and E;, =5.00 mV;

- in the case of the PE/S-5 sensor, the highest selectivity is observed for Trp
enantiomers, I,p / I, =1.21, and E, =20.14 mV.

The PE/C-1 sensor has the highest enantioselectivity with respect to

Trp enantiomers; therefore, the study of electrochemical and analytical
characteristics was carried out for this sensor. According to the results of
cyclic voltammetry and impedancemetry using a standard redox system
based on potassium ferrocyanides, hindered electron transfer for the modi-
fied sensor was established. The effective surface area of the unmodified
electrode was 5.64 + 0.35 mm2, while that of the modified electrode was
2.75 +0.62 mm?.
From the linear dependence i,/(v'?) (R* =0.993+0.999) it was established
that the rate of diffusion of the electroactive substance to the electrode sur-
face is the limiting stage of the electrode process (the value of the Semera-
no criterion is 0.55 and 0.58 for L- and D-Trp, respectively). The linear
range of determined concentrations is 6x10-5 to 1x1073 M, the limit of de-
tection is 2.89 x107¢ for D-Trp and 3.87 x10-6 for L-Trp. The sensor exhib-
its the highest sensitivity (11.30 pA/mM) to D-Trp. The relative standard
deviation does not exceed 3.3%. The proposed sensor has been successfully
tested for the determination of tryptophan enantiomers in mixtures, in the
presence of interfering components (Sr = 0.2—-14.0%), in biological fluids
(urine Sr 1.4-5.1%, blood plasma Sr 1.4-5.4%), in tablet forms (Sr = 3.1—
5.0 %).

According to the research data, the requirements for enantioselective
sensor platforms based on the proposed chiral materials are formulated, the
methods for their manufacture are specified, providing the required enanti-
oselectivity (enantioselectivity coefficient ki/kj > 1.3), analytical (detection
limit up to 10-9 M) and operational characteristics (electrode modification
time no more than 5 minutes, time of registration of voltammograms no
more than 3 minutes, storage of the modified sensor for at least 72 hours).

246



LITERATURE
1. Maystrenko V.N. Enantioselective voltammetric sensors based on chiral
materials / Maystrenko V.N., Zilberg R.A. // Journal. analyte chemistry. -
2020. - T. 75, No. 12. - S. 1080-1096.
2. Zilberg R.A. Voltammetric determination of tyrosine enantiomers in
pharmaceutical and biological samples / Zilberg R. A., Karimova G. R.,
Terentyeva A. S., Teres Yu. . -2021.-V. 26, No. 1. - S. 84-92.
3. Zilberg R.A. Voltammetric sensor based on polyelectrolyte complex and
copper (II) amino acid complex for recognition and determination of tyro-
sine enantiomers / Zilberg R.A., Teres Yu.B., Zagitova L.R., Zhigalova
A.A., Ibragimova A.A. // Bulletin of the Bashkir University. - 2021. -
V.26, No. 4. - S. 877-885.
4. Chiral selectors in voltammetric sensors based on mixed phenylala-
nine/alanine Cu(Il) and Zn(II) complexes / R. A. Zilberg, T. V. Berestova,
R. R. Gizatov [et al.] / Inorganics. - 2022. - Vol. 10. - No 8. - P. 117. -
EDN CLFIKF.
5. Enantioselective Voltammetric Sensors Based on Amino Acid Complex-
es of Cu(Il), Co(Ill), and Zn(II) / R. A. Zil'berg, L. R. Zagitova, 1. V. Vaku-
lin [et al.] // Journal of Analytical Chemistry. - 2021. - Vol. 76. - No. 12. -
P. 1438-1448.

VJIK 541.49

E. B. Canamaruna, B. M. Hukoabckuii
TBepckoi rocy1apCcTBEHHBIN YHUBEpCUTET, TBeph, Poccust

CPABHEHUE 3ABUCUMOCTHU KOHCTAHT YCTOMYUBOCTHU
KOMILJIEKCOB KOBAJIBTA C KOMIIJIEKCOHAMM,
IMPON3BOJHBIMHU YKCYCHOM U STHTAPHOM KHUCJIOT

Hacenenue 3emun mpeBbICHIIO 8 MIIPJ. YEJIOBEK, IOATOMY aKTyaslb-
HOW 3aJjayeli CTAHOBUTCS ITPOU3BOJCTBO JOCTATOYHOI'O KOJIMYECTBA MHUILH
JUTSl HACEJIEHHUS IIJIaHEThl. DTO 00CTOSATEIBCTBO TPEOYET PE3KOro yBenuye-
HUSL YPOXKAMHOCTU KyJNbTYp, ynoTpeOnsiembix B nuity. Coznanue 3¢ dek-
TUBHBIX U B TO K€ BPEMS SKOJIOTHUECKH 0€30MacHbIX CTUMYJISITOPOB pOCTa
Y Pa3BUTHS PACTEHUNA MOKET COAECHCTBOBATH PELIEHUIO ATOM 3anaun. Kom-
IJIEKCOHAThl OMOMETAIIOB € SKOJOTMYECKHU 0€30MMACHBIMU KOMIIEKCOHAMHU
B IOJIHOM MEpe YAOBIJIETBOPSIOT 3TUM TpeOOBaHUAM, T.K. HE YCTYNalOT
TPaJIULMOHHBIM KOMILIEKCOHAM 10 KOMILIEKCOOOpa3yoleld CioCOOHOCTH,
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