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Due to a global increase of microbial resistance to antimicrobial drugs the search for new antibiotics
is vital for modern medicinal chemistry. 3-Quinolin-4-one propanoic acids have the molecular similarity with
fluoroquinolone antibiotics and are prospective scaffold to create antimicrobial drugs. On the example
of 3-(2-methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid the analytical methods that can be
used for quality control of promising active pharmaceutical ingredients (API) among derivatives of
3-(2-methyl-4 oxo-1,4-dihydroquinoline-3-yl) propanoic acids have been analyzed and tested. The
necessity of their inclusion in the list of control methods of *C NMR-spectroscopy, due to which the
problem of the tautomeric forms of 3-(2-methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid is
uniquely solved, has been shown. Specific related substances, which are by-products of the synthe-
sis of 3-(2-methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid — 1,2,3,4,9,10- hexahydroacridine-
2,9-dione and 6a-hydroxy-5,6,6a, 8,9,14,15,16a, 17,18-decahydro-7,16-dioxa -5. 14-diazaheptacene-
9,18-dione, have been identified using liquid chromatography-mass spectrometry (LC-MS/MS).
Recommendations for the use of UV- and IR-spectroscopy to develop quality control methods for
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3-(2-methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid have been proposed.

The antimicrobial resistance (AMR) to drugs has now
become one of the biggest threats to the global health.
[10-11]. In the world many spread infections become
resistant to antimicrobial drugs used to treat them. As a
result, the number of diseases avalanche increases, in-
cluding fatalities related to AMR [4]. The World Health
Organization (WHO) is the focal point of efforts to com-
bat AMR. In May, 2015, the 68-th Assembly of the WHO
adopted a Global Plan of Action to combat resistance to
antimicrobial agents, in which the unanimous opinion
that AMR is a huge threat to human health is expressed
[6]. One of the five strategic objectives of this document
is connected with intensification of the search for new
antimicrobial agents and creation of favourable condi-
tions for the solution of this problem. Previously, it was
shown at the Department of Medicinal Chemistry of the
National University of Pharmacy that derivatives of 3-
(2-methyl-4-ox0-1,4-dihydroquinoline-3-yl) propanoic
acids exhibited a broad spectrum of the antibacterial ac-
tivity and could be considered as promising scaffolds
for searching new antibiotics [12]. The development of
methods of standardization of substances and selection of
validated methods suitable for quality control occupy an
important place among the stages of introduction of drugs
in medical practice. The aim of this study was to substanti-
ate and select the analytical methods that can be used as a
basis for determining the quality of promising active phar-
maceutical ingredients (API) among derivatives of 4-oxo-

quinoline-3-propanoic acids on the example of 3-(2-me-
thyl-4-1,4-oxo dihydroquinoline-3-yl) propanoic acid.

Materials and Methods

3-(2-Methyl-4-oxo-1,4-dihydroquinoline-3-yl) pro-
panoic acid was obtained according to the method [14]
and purified by several recrystallizations from ethanol
and propanol-2. 'H and *C NMR-spectra were recorded
on a “Bruker Avance-400” device in DMSO-D; at opera-
ting frequencies of 400 MHz for "H NMR and 100 MHz
for B*C-NMR, TMS was the internal standard. The IR-
spectrum was recorded on a “Bruker Tensor 27 FT-IR”
spectrophotometer in the 4000-400 cm™! in tablets with
anhydrous potassium bromide (the concentration of the
substance was 1%).

The electronic absorption spectrum was recorded on
a “Specord 200 “AnalitykJena” spectrophotometer in the
methanol solution (the concentration of the substance
was 5%10%%). The chromatography-mass spectrometry
studies (LC-MS/MS) were carry out using an Agilent
1290 liquid chromatograph equipped with a diode ar-
ray, a four-canal pump for forming a low pressure gra-
dient, an automatic sample dispenser and the column
thermostat. As a mass selective detector an Agilent 6530
Q-TOF tandem quadrupole time-of-flight mass spectro-
meter was used. The “MassHunter” software was used
for processing of the measurement results obtained. The
“ChemAxon” chemo-information software was used to
determine the molecular similarity of structures [8].
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The procedure for liquid chromatography-mass
spectrometry of 3-(2-methyl-4-oxo0-1,4-dihydroqui-
noline-3-yl) propanoic acid.

Preparation of the test solution of 3-(2-methyl-4-oxo-
1,4-dihydroquinoline-3-yl) propanoic acid: place 100 mg
of the substance in a 100 ml volumetric flask, add 75 ml
of acetonitrile R and place on an ultrasonic bath to comp-
lete dissolution. Cool the solution, dilute it to the volu-
me with acetonitrile R and mix. Chromatograph alter-
nately the test solution and the reference solution (sol-
vent) to obtain the number of parallel chromatograms
(n) for each of the solutions not less than in verification
of the chromatographic system suitability under the fol-
lowing conditions (C8):

* column with the size of 50x4.6 mm filled with
the sorbent derivatized silica gel octadecyl (L1),
the particle size — 1.7 um, or the similar column
satisfying the requirements of “Chromatographic
system suitability” section of the State Pharma-
copoeia of Ukraine;

 the flow rate — 1 ml/min;

* the column thermostat temperature — 30°C;

* mobile phase A: 0.005 M solution of ammonium
formate in water R degassed in any convenient
method;

* mobile phase B: 0.005 M ammonium formate
solution in acetonitrile R — water R (90:10) de-
gassed by any convenient method;

* the elution mode — gradient:

Time, min Mobile Mobile Elution mode
! phase A phase B
0-1 100 0 Isocratic
1-5 100—10 0—90 Linear gradient
5-6 10—100 90—0 Linear gradient
6-10 100 0 Isocratic

* the injection volume — 1.0 pl;

* the detector — a mass spectrometer (Q-TOF).

Settings of the detector:

» the ionization type — positive, electrospray (+ESI);

* the measurement mode — scanning in the mass

range of 10-1000 AU;

* the nitrogen temperature — 350°C;

* the nitrogen flow — 10 ml/min;

* the pressure at the nebulizer — 35 PSI;

* the voltage at the capillary — 4 kV.

The MS/MS mode was used for identification of the
substances detected. Using this mode ions of the prelimi-
narily fixed weight were accumulated, and mass spectra
were recorded.
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Results and Discussion

By its chemical structure 3-(2-methyl-4-oxo-1,4-di-
hydroquinoline-3-yl) propanoic acid 1 has the molecular
similarity with 4-oxo-1,4-dihydroquinoline-3-carboxy-
lic acid 2 known as the core scaffold for a large class of
modern antibiotics — fluoroquinolones 3. (Fig. 1).

Calculation of molecular similarity for 2D structu-
res between acids 1 and 2 by Tanimoto index showed
a moderate degree of similarity of these compounds —
0.55 (range 0-1 index values; 0 — the absence of simi-
larity between the structures, 1 — complete similarity)
[9]. If we operate in comparison with 3D structures of
these acids by the method of maximum common sub-
systems (maximum common substructures — MCS), an
increase in the index 3D Tanimoto to 0.68 can be ob-
served, and it is close to a good degree of molecular
similarity between two structures. Accordingly, at first
the articles in Pharmacopoeias of Ukraine (SPhU), Eu-
rope (Ph. Eur.) and the USA (USP) [1-2, 3, 5] related to
fluoroquinolones were analyzed to determine the range
of the group analytical methods that can be used in de-
veloping methods of quality control for APIs, which are
derived from 3-(2-R-4-o0x0-1,4-dihydroquinoline-3-yl)
propanoic acids.

Currently, the quantitative composition of medicines
of fluoroquinolone antibiotics included in national phar-
macopoeias is as follows: Ukraine — 3, the European
Council — 10, USA — 8 medicines. Liquid chromatogra-
phy, which is mostly presented in the sections “Purity
Test” (Fig. 2), leads in the aggregate numerical ratio in
all the pharmacopoeias among the physical and chemi-
cal methods used for the analysis of fluoroquinolone drugs.

For the quantitative determination of substances in
pharmacopoeias the titrimetric methods of analysis are
mainly selected, while liquid chromatography in this
section takes the second place by incidence in the phar-
macopoeial articles.

Based on this analysis only consideration of instru-
mental methods of analysis for quality control of 3-(2-
methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid,
namely IR-, UV-spectroscopy and liquid chromatogra-
phy, was taken into account. However, if the structural
features of quinolin-4-ones, namely the probability of
appearance of prototropic tautomerism (Fig. 3) and,
as a consequence, the possibility of the existence of
the heterocycle in the 4-oxo and 4-hydroxy forms are
considered, then the use of only the abovementined in-
struments is insufficient when developing methods of
quality control for derivatives of 3-quinolin-4-one pro-
panoic acids.

(6] 0] 0] 0]
OH OH l OH
l ~ l R1\
N \ )

R, R34

Fig. 1. The molecular similarity of quinoline-4-ones having the antibacterial activity.



24 ISSN 1562-7241 (Print)

BICHWK ®APMALLIT 4(88)2016

ISSN 2415-8844 (Online)

. .. |([wE T T
Titration [IAMAMATAMTATMIIITITIITIT T 8
Liquidchromatography.............'......... LJ 11
TLC 6
UV spectroscopy [ ___| 1
LIS (AR
IR spectroscopy 10
[ I [ [ [ [
0 2 4 6 8 10 12
OUSA mEU BUkraine

Fig. 2. The numerical application of methods of analysis for fluoroquinolones in the USP, Ph. Eur. and SPhU (Identification, Impurity, Assay).
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Fig. 3. Quinoline-quinolone tautomerism for 3-(2-methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid.

X-ray diffraction analysis and NMR-spectroscopy
are used to solve the problem of the structural isomerism
of organic compounds. Based on the analysis of world
pharmacopoeias these methods are also pharmacopoeal
although not as common as other physical and chemical
methods of analysis (Fig. 4).

From the perspective of development of the quality
control methods in those cases when a substance pos-
sesses stereoisomerism or potential tautomerism the more
rational and informative method is NMR-spectroscopy,
in our opinion, since it allows to receive information on
the structure of substances in solutions.

To identify 3-(2-methyl-4-oxo-1,4-dihydriquinoline-
3-yl) propanoic acid we suggested to include the method
of "H and "*C of NMR-spectroscopy to the list of the ana-
lytical procedures, which might be applied for quality
control of this class of chemical compounds. In the
spectrum of 'H NMR in DMSO-d, the following sig-
nals are observed: singlets of the OH carboxylic group
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Fig. 4. The number of articles in the USP, Ph. Eur. and SPhU with
NMR-spectroscopy.

and NH of the quinoline cycle at 12.07 and 11.45 ppm
(Fig. 5). Aromatic protons of the benzol ring of the qui-
noline cycle are the ABCD system, and their signals are
located on the spectrum in the order according to their
chemical shifts and the character of multiplicity. The sig-
nal of proton in position C5 of the heterocycle (SH) is
observed at 8.03 ppm (dd, J = 8.1, 1.5 Hz, 1H); the sig-
nal of proton (6H) is observed at 7.57 ppm (ddd, J = 8.4,
6.9, 1.5 Hz, 1H); the signal of proton (8H) is located in
the area of 7.49-7.41 ppm (m, 1H); the signal of proton
(7H) is observed at 7.24 ppm (ddd, J =8.1, 6.9, 1.1 Hz, 1H).

The signals of aliphatic protons appear in the area
of strong fields and have the following location: signals
of the CH, group located directly next to the carboxyl
group are observed at 2.69 ppm (dd, J = 8.5, 6.9 Hz,
2H); the signals of protons of the methylene group in
the quinoline heterocycle are observed at 2.37 ppm (dd,
J=28.6, 7.0 Hz, 2H), and the signal of the methyl group
is displayed at 2.41 ppm as a singlet (s, 3H).

The one-dimensional 'H NMR-spectroscopy does not
allow to explain clearly the question of belonging the
substance to the 4-oxo and 4-hydroxy form. Since the
chemical shifts of protons are determined mainly by the
diamagnetic component of the shielding constant o, and
paramagnetic contribution o, is not significant and is cor-
rective. Substituents have a great influence on the value
of the chemical shift 6 (‘H) together with magnetic ani-
sotropy of the neighbouring groups, effects of the ring
currents and electric field, hydrogen bonds and the inter-
molecular interaction with the solvent [7]. In 3C NMR-
spectroscopy the position of the signals of the carbon
nuclei is stipulated mainly by the paramagnetic contri-
bution to the shielding constant 6. Therefore, intra- and
intermolecular effects (in ppm) are close in size with
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Fig. 5. The '"H NMR-spectrum of 3-(2-methyl-4-oxo-1,4-dihydroquinoine-3-yl) propanoic acid in DSMO-d.

the same effects in 'H NMR-spectroscopy, but are very
small in comparison with the total value of the chemical
shift & (*C).

Previously, we applied *C NMR-spectroscopy and
quantum-chemical calculations with different approxi-
mations to show an evident difference in chemical shifts
of the carbon atoms at C4 position of 4-oxo tautomeric
form (174-177 ppm) and 4-hydroxy form (160 ppm) [13].
This allows identifying easily in which tautomeric form
the substance under study is, and, therefore, these values
can be used as an analytical criterion when developing
quality control methods for derivatives of 3-quinolin-
4-on propanoic acid in identification sections and purity
tests.

In the *C NMR-spectrum of 3-(2-methyl-4-oxo-1,4-
dihydroquinoline-3-yl) propanoic acid recorded within
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o
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39,10

the APT experiment the following signals of nuclei car-
bons are observed: 175.48 ppm (C1 of propanoic acid),
174.41 ppm (C4 of quinolone), 146.42 ppm (C8a of qui-
nolone), 139.10 ppm (C2 of quinolone), 131.03 ppm (C7
of quinolone), 124.89 ppm (CS5 of quinolone), 123.29 ppm
(C6 of quinolone), 122.41 ppm (C4a of quinolone),
117.45 ppm (C8 of quinolone), 117.30 ppm (C of qui-
nolone), 32.62 ppm (C2 of propanoic acid), 21.00 ppm
(C3 of propanoic acid), 17.55 ppm (C1 of the methyl
group) (Fig. 6).

In the modern pharmaceutical chemistry while de-
veloping quality control methods chromatography oc-
cupies the leading place among the other methods of
physical and chemical analysis. If a chromatograph is
equipped with a mass-spectrometric detector, the range
of analytical tasks which can be solved with assistance

OH

170 160 150 140 130 120 10 100

9 a0 n 60 S0 30 20

f1 {pom)

Fig. 6. Numeration and the *C NMR spectrum of 3-(2-methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid in DSMO-d (APT experiment).
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Fig. 7. The chromatogram of the total ion current of the sample and the mass spectrum (m/z) of peak A in the study of 3-(2-methyl-4-oxo-1,4-

of a set of such devices is vastly increasing. For 3-(2-
methyl-4-oxo-1,4-dihydroquinoline-3-yl) propanoic acid
the LC/MS-MS method was applied to identify and deter-
mine specific impurities in the substance. The tests were
conducted at the premises of the National University of
Pharmacy under the supervision of Ph. D. Khanin V.A.

In Fig. 7 and 8 the results of the gas chromato-mass-
spectrometric studies are presented. They show that the
test sample contains three components: with the molecu-
lar weight of 213 atomic units (Impurity 4), 231 a.u.
(the main substance) and 440 a.u. (Impurity B), (molecu-
lar ions m/z 214 (M+H)+; 232 (M+H)+; 441 (M+H)+,

Qualitative Analysis Report

dihydroquinoline-3-yl) propanoic acid.

respectively). Such set of impurities is explained by the
method of obtaining 3-(2-methyl-4-oxo0-1,4-dihydroqui-
noline-3-yl) propanoic acid synthesized from 3-[(dime-
thylamino)methyl]-2-methyl-1,4-dihydroquinoline-4-one
5 in four steps [14] (Scheme 1).

Impurity 4 has the molecular weight of 18 a.u. less
than the main substance. It is perfectly clear that such
compound is obtained by elimination of a water mole-
cule from 3 (2-methyl-4-oxo-1,4-dihydro-quinoline-3-yl)
propanoic acid 1, and the only logical direction, in which
dehydration can pass, is the intramolecular condensa-
tion with formation of 1,2,3,4,9,10-2,9-hexahydroacri-

s}

N 5]

10 5 |Cpd 2 13 HI2 N O3 4ESIMFE Spactrum (rt: 0.368-0,496 mi) Frag=200.0v Zub_003.4
25

2

15

H

Cy;HyNO, M.w. 213,24

i e} 2323 324 1325 Fart ] 327 328 2329 a3
Counts ve. Mass-to-Charge (miz)

Cpd 5_'025H3$N3o; +E5I| MPE Spectrum (st 3.068-4. 104 min) ﬁag-m.wm_wla

o] o

@%I\)ko" Main substance
N cH,
N

C1 3H13N03 M.w. 231 ,25

4414 4415 4418 4417 4418 4419 442 4421 4422
Counits va. Mass-to-Charge {miz)

(o]
OH H
o M
N (s}
H
0

C,6Ha0N;05 Maw. 440,55

Fig. 8. Substances identified in the sample of 3-(2- methyl-4-oxo-1,4-digidpohinolin-3-yl) propanoic acid (LC/MS-MS).
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dine-2,9-dione 9 (Scheme 2). To the benefit of this fact
is that the last stage of the synthesis is carried out under
rather rigid conditions — long boiling in 50% aqueous
sulphuric acid that promotes acylation of the methyl
group with the aliphatic carboxyl group in position C2
of quinolone.

Impurity B with the molecular weight of 440 a.u.
was considered as a product of dimerization with invol-
vement of either the main compound or impurity 4, or
both of them. After the logical analysis of the synthetic
potential conducted and the possible ways of interaction
between these compounds the structure of 6a-hydroxy-
5,6,6a, 8,9,14,15,16a,17,18-decahydro-7,16-dioxa-5,14-
diazaheptacen-9,18-dione 12 was proposed as impurity
B. The key role in the mechanism of its formation is
also played by conditions under which decarboxylation
of 2-[(2-methyl-4-0x0-1,4-dihydroquinoline-3-yl) methyl]

propanedioic acid 8 (Scheme 2) occurs; and it can be
assumed that the synthesis is conducted with involve-
ment of two molecules of 1,2,3,4,9,10-hexahydroacri-
dine-2,9-dione 9 according to Scheme 3.

The scheme of dimerization proposed is possible,
it is in accordance with the basic principles of organic
chemistry, and the molecular weight of such compound
coincides with the weight of impurity B found experi-
mentally.

The information on related substances obtained by
the LC-MS/MS analysis of 3-(2-methyl-4-oxo-1,4-dihydro-
quinoline-3-yl) propanoic acid is important for the fur-
ther research in the field of searching and introducing
new promising biologically active compounds among
derivatives of 4-oxo-quinoline-3-alkylcarboxylic acids.
On the grounds of this information the following con-
clusions can be made:
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Fig. 9. The UV-spectrum of 3-(2-methyl-4-oxo-1,4-duhydroquinoline-3-yl) propanoic acid (0.0005% solution in methanol).

 the multiple recrystallization from alcohols does

not allow to obtain a chromatographically pure
sample;

to obtain reference standard (RS) of 3-(2-methyl-
4-0x0-1,4-dihydroquinoline-3-yl) propanoic acid
the method of preparative chromatography should
be used or other scheme of the synthesis should
be developed;

liquid chromatography is the only suitable method
for quantitative determination of the substance,
but the use of titrimetric determination (alkalimet-
ry) is limited by the presence of hydroxyl groups
in the structures of impurities 4 and B.

o

The SPhU stipulates the use of UV (2.2.25) and IR
(2.2.24) spectroscopy for the analysis of medicines. In
order to assess feasibility and usefulness of applying these
methods in development of quality control methods for
prospective APIs among 4-oxo-quinoline-3-alkylcarboxy-
lic acids the spectral studies of 3-(2-methyl-4-oxo-1,4-
dihydpoquinoline-3-yl) propanoic acid were conducted.

The UV-spectrum of absorption of 0.0005% metha-
nolic solution of acid 1 has three absorption maximum
at 240+2 nm, 32142 nm and 33442 nm (Fig. 9). The
maxima at 321 and 334 nm have the incomplete nature,
and the spectrum itself might be considered as a batho
chromically displaced spectrum of benzene, which a-band

o -
—
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Fig. 10. The IR-spectrum of 3-(2-methyl-4-oxo-1,4-duhydroquinoline-3-yl) propanoic acid in a disk with potassium bromide (1:200).
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does not have a typical fine structure due to the superpo-
sition of absorption bands of n—n* transitions. In view
of the fact that while analyzing fluoroquinolones the USP,
Ph. Eur. and SPhU prefer other physical and chemical
methods of analysis (Fig. 2), and the UV spectroscopy
is used only for the analysis of dosage forms of fluoro-
quinolone preparations, as well as taking into account
the uninformative nature of the UV spectrum for 3-(2-
methyl-4-oxo-1,4-dihydpoquinoline-3-yl) propanoic acid,
we do not recommend the UV-spectroscopy method for
development of quality control methods for derivatives
of 4-oxo0-quinoline-3-alkylcarboxylic acids.

The IR-spectrum of 3-(2-methyl-4-oxo-1,4-dihydro-
quinoline-3-yl) propanoic acid (Fig. 10) is characterized
by the distinctively expressed bands of valence symmet-
ric and asymmetric vCH bonds at 3300-2800 cm™ The
presence of the propionic acid fragment in the structure
of aliphatic methylene groups causes the increase in the
height of the peaks in this area. In the IR spectrum of
the substance the characteristic valence vibrations of
vC = O groups are observed. At 1678 cm™ the signals
of vC = O of the carboxyl group of the substance stud-
ied occur. At 1630 cm™ there is the absorption peak of
the vC = O group of the quinoline cycle. Basically, the
valence carbonyl vibrations of the carboxyl group of
aliphatic alkanoic acids cause bands at 1700-1720 cm™.

The bathochromic shift of the carboxyl group sig-
nal at 1678 cm™! may be connected with the existence of
the substance studied in a dimer form in the crystalline
state. The valence vibrations of bonds of the vC = C
benzene fragment of the quinolone heterocycle appear

at 1608-1591 cm™'. The method of IR-spectroscopy can
be recommended when developing the quality control
methods for derivatives of 4-oxo-quinoline-3-alkylcarb-
oxylic acids in “Identification” section compared to the
spectrum of the substance studied with the IR-spectrum
of RS.

CONCLUSIONS

1. Based on the analysis of articles for fluoroquinolone
antibiotics from the Pharmacopoeias of United States,
Europe and Ukraine it is recommended to use such in-
strumental methods of analysis as IR, NMR-spectroscopy
and liquid chromatography for development of quality
control methods of promising APIs among derivatives of
3-(2-methyl-4-oxo0-1,4-dihydroquinoline-3-yl) propanoic
acids. ’C NMR-spectroscopy is the necessary method of
analysis, which allows solving uniquely the problem of the
structural isomerism of 3-(2-methyl-4-oxo-1,4-dihydro-
quinoline-3-yl) propanoic acid.

2. Specific related substances of 3-(2-methyl-4-oxo-
1,4-dihydroquinoline-3-yl) propanoic acid have been de-
termined using liquid chromatography-mass spectrometry
(LC-MS/MS). Impurities — 1,2,3,4,9,10-hexahydroacri-
dine-2,9-dione and 6a-hydroxy-5,6,6a, 8,9,14,15,16a,17,
18-decahydro-7,16-dioxa-5,14-diazaheptacen-9,18-di-
one appear as by-products in the results of the basic
substance synthesis.

3. IR-spectroscopy can be recommended for deve-
lopment of quality control methods for 3- (2-methyl-4-
0x0-1,4-dihydroquinoline-3-yl) propanoic acid in “Identi-
fication” section. Meanwhile, the use of UV-spectroscopy
does not seem appropriate for this purpose.
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3ACTOCYBAHHA AHANITUYHUX METOAIB OJ1A KOHTPOITO AKOCTI NEPCMNEKTUBHUX
AKTUBHUX ®APMALIEBTUYHUX IHTPEQIEHTIB CEPEQ NOXIAHUX 4-OKCO-XIHOJIH-3-
NMPOMAHOBUX KUCINOT

B.0.3y6kos, H.I.Pywak, M.M.CynetimaH, A.O.[JeesimkiHa, I.C.I puyeHko

Knroyoei cnoea: aHmumikpobHa cmilikicmb, XiHOMIH-4-0H,; rponaHoea Kucrioma; cmaHoapmu3auisi;
koHmporb sikocmi; NMR,; LC-MS/MS

Y 38’a3Ky 3 enobanbHUM 36irbUWEeHHSIM CMItKocmi MiKpoopaaHiamie 00 aHmMuMIKpObHUX ripenapamie
MowyK HOBUX aHmMuUbIOMUKI8 € XUmmeego 8axusuM 3a80aHHSIM Cy4acHOi MeAOUYHOI Ximil. 3-XiHomiH-
4-0H-rponaHosi KucIomu mMaroms MOAEKYspHY nodibHicmb 00 hmMOpXiHOMOHO8UX aHMuUbIoOMUKig
i € nepcriekmusHuMuU ckagpgpondamu 058 CMBOPEHHS aHMUMIKPOBHUX npenapamis. Ha npuknadi
3-(2-memur-4-okco-1,4-0u2idpoxiHoniH-3-ir1)nponaHoeoi Kucromu rnpoaHasnizosaHi i anpobosaHi
aHanimuyHi Memoou, SIKi MOXymb 6ymu 3acmocogaHi rnpu KOHMpPOosi skocmi nepcrnekmugHux A®I
ceped noxiOHux 3-(2-memurs-4-okco-1,4-0u2idpoxiHosniH-3-ir1) nponaHosux Kuciom. [Noka3aHa HeOb-
XiOHiCmMb 8KItoYeHHs1 0o reperiky memodie koHmporto *C SIMP-criekmpockoril, 3a 00romMo20t0 sIKoi
OOHO3Ha4YHO 8UPILYEMBCSA NMUMaHHs maymomepHux ¢popm 3-(2-memuri-4-okco-1,4-0uidpoxiHomiH-
3-inn) nponaHoeoi kucriomu. 3a dornomozor piduHHOI Xxpomamo-mac-criekmpomempii (LC-MS/MS)
8cmaHoereHi crieyudbiuHi cynymHi pedosuHu, SKi € nobiYHUMuU npodykmamu cuHmesy 3-(2-memuri-
4-okco-1,4-0ueiopoxiHoniH-3-in)nponaHosol kuciomu — 1,2,3,4,9,10-2ekcaciopoakpuduH-2,9-0ioH
i 6a-e2i0pokcu-5,6,6a, 8,9,14,15,16a, 17,18-0ekazidpo-7,16-0iokca-5, 14-OiazacenmaueH-9, 18-0ioH.
3BanpornoHosaHi pekomeHOauii w000 sukopucmaHHs Y®- ma I4-cnekmpockonit 0rnsi po3pobku me-
modie KOHMPOoso skocmi 3-(2-memuri-4-okco-1,4-0u2idpoxiHoniH-3-ir1)ponaHoeoi Kucaomu.

NMPUMEHEHUE AHATIMUTUYECKUX METOAOB ANdA KOHTPOIA KAYECTBA
NMEPCNEKTUBHbLIX AKTUBHbIX ®PAPMALEBTUYECKUX MHTPUOVMEHTOB CPEOU
NMPOU3BOOHbIX 4-OKCO-XUHOJIUH-3-NMPOMAHOBbIX KUCNOT

B.A.3y6kose, H.U.Pywak, M.M.CynetmaH, A.A.[JeesmkuHa, U.C.I puyeHko

Knrodeesnie criosa: aHmMuMuKpobHasi ycmouU4yugoCmb, XUHOMUH-4-0H; rnpornaHoeas Kucrioma;
cmaHOapmu3sayusi; KoHmpors kadecmea, NMR; LC-MS/MS

B ces3u ¢ enobarnbHbIM ygenudyeHuUeM ycmol4yueocmu MUKPOOP2aHU3MO8 K pomu8oMUKPOOHbIM
npernapamam roucK Ho8bIX aHMUBUOMUKO8 518M151emCsl XU3HEHHO 8axHOU 3adayell cospeMeHHOU
MeOUUYUHCKOU xumuu. 3-XUHOMUH-4-0H pornaHo8ble KUC/I0Mbl UMEOM MOJIEKYISIPHYH CXOXeCcmb C
bMOPXUHOMOHOBLIMU aHMUbUOMUKaMu U S6/1SIKMCcs NepcrieKmueHbIMU ckaghgpondamu 051 cosoa-
HUS1 MPOMU8OMUKPOBHbIX rnpernapamos. Ha npumepe 3-(2-memun-4-okco-1,4-0uaudpoxuHonuH-3-
un)npornaHoeoU KUC/I0mbl npoaHanu3upoeaHb! U anpobuposaHsl aHarumu4yeckue mMemoodbl, KOmo-
pble Mo2ym bbimb rpUMeEHeHbI NPpU KOHMpPosie kadecmea nepcriekmusHbix AOU cpedu npou3eodHbIX
3-(2-memuri-4-okco-1,4-0uaudpoxuHonuH-3-un)nponaHossix Kucraom. TokazaHa Heobxodumocmb
BKITIOYEHUSI 8 riepedeHb Memodoe KoHmporis *C SAMP-criekmpockonuu, ¢ MoMowbio Komopol 0OHO-
3HaYHO pewaemcs 80rpPOC 0 maymomepHbix chopmax 3-(2-memun-4-okco-1,4-0ueudpOXuHOMUH-
3-umn)nponaHoeol kucriomsl. C MOMOWb0 XUOKOCMHOU Xpomamo-macc-criekmpomempuu (LC-MS/MS)
ycmaHoerieHbl creyuguyeckue cornymemaeyroujue eewecmea, Komopble s1811s0mcsi noboYHbI-
Mu npodykmamu cuHme3sa 3-(2-memun-4-okco-1,4-0u2udpoxuHonuH-3-us)nponaHoeol Kuciomaml —
1,2,3,4,9,10-2ekcaczudpoakpuduH-2,9-0uoH u 6a-sudpokcu-5,6,6a,8,9,14,15,16a,17,18-dekacudpo-
7,16-0uokca-5,14-0uaszazenmaueH-9,18-0uoH. [NpedrnoxeHbl pekomeHOayuu rno Uucrofb308aHuUK
Y®- u VIK-cnekmpockonuti 0151 pa3pabomku Memodo8 KOHmMpOsisi kKayecmea 3-(2-memus-4-okco-1,4-
OueudGpPOXUHOIUH-3-Ur1)rponaHo8ol KUC/I0mabl.



