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1,5-DIARYL-3-BENZIMIDAZOLYL-2-PYRAZOLINES AND PYRAZOLES — NOVEL
FLUORESCENT DYES OF PYRAZOLINE FAMILY

V.N. Kotlyar, 0.V. Grygorovych, 0.0. Kolomoitsev, D.V. Nikolaievskyi,
A.O. Doroshenko

A series of novel aryl derivatives of 2-pyrazoline bearing 2-benzimidazolyl moiety was synthesized via
condensation of corresponding chalcones with phenyl hydrazine. Pyrazoles on their background were ob-
tained by the optimized oxidation procedure with manganese dioxide in benzene. Fluorescent characteris-
tics of the title compounds were determined for their solutions in acetonitrile. Quantum-chemical modeling of
molecular structure, UV/Vis spectra, electron density redistribution and structural relaxation at electronic ex-
citation resulting in high fluorescence Stokes shifts were conducted as well.

Keywords: pyrazoline, pyrazole, benzimidazole, organic synthesis, fluorescence, quantum-chemical
modeling, ESSA.

Introduction

Derivatives of 2-pyrazoline with aryl radicals in positions 1, 3 and 5 are known from the middle
50-th as blue-to-green fluorescent dyes, possessing relatively high quantum yields [1,2]. During dec-
ades of their history, fluorescent pyrazolines had found wide practical application as optical brighten-
ing agents [3,4], spectra shifters in scintillation techniques [5,6], components of electroluminescent
devices [7-9], fluorescent ligands for metals cations [10-14], intracellular pH probes [15,16], etc. They
were extensively studied in the crystalline state [17], polymer matrices [9,18], in Langmuir-Blodgett
films [19] and in donor-acceptor molecular complexes with electron-deficient compounds [20,21].
Several representatives of this class demonstrated physiological activity and were tested as potential
medical drugs, see for example [22,23].

1,3,5-triaryl substituted pyrazoles being oxidation products of the parent pyrazolines were consid-
ered earlier to fluoresce at shorter wavelengths with lower quantum yields [24]. Interest to 1,3,5-triaryl
substituted pyrazoles was reasoned also by the fact, that they are potential products of chemical and/or
photochemical oxidative processes [25], which often take place at practical application of parent pyra-
zolines.

Another heterocyclic unit of the title compounds, benzimidazole bicycle, is widely used for con-
structing fluorescent materials. SCOPUS database reports more than 1400 references on this request,
its biological applications are much wider ...

Quite unexpected to us is the limited number of publications devoted to aryl pyrazolines with ben-
zimidazole moiety [26-30]. Most of these papers are focused on their synthesis, and only a few ones —
on the investigation of luminescent properties [31,32] and their application as fluorescent sensing
compounds [33]. No examples of the synthesis of benzimidazolic pyrazoles by direct oxidative proce-
dure were reported, however, a few compounds of this family were obtained by alternative synthetic
procedure [34].

Thus, the main purpose of this communication is to synthesize a series of new fluorescent benzimi-
dazloic pyrazolines, then — to convert them into pyrazoles (via oxidative aromatization of the main
heterocycle) with the aim to study spectral properties of both sub-series of the dyes.

In 1,3,5-triarylpyrazoline system synthesis on the basis of isomeric benzimidazolic chalcones
[35,36], the benzimidazole unit may appear in positions 3- or 5- of pyrazoline cycle. Here we do not
consider the last possibility, because in such a case 5-aryl moiety is out of conjugation with the main
chromophoric fragment of the molecule, 1,3-diaryl-2-pyrazoline. In most cases substituents in position
5 of pyrazoline cycle have no effect on fluorescent characteristics at all, however, several publications
reported dramatic decreasing of fluorescence quantum yields in case of introducing into position 5
electron-withdrawing groups or polycyclic aromatic moieties like anthracene [37-40].

© Kotlyar V.N., Orlov V.D., Grygorovych O.V., andrey.o.doroshenko@gmail.com
Kolomoitsev O.0., Nikolaievskyi D.V.,
Doroshenko A.O., 2017
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Experimental

The required chemicals were purchased from Aldrich local representatives in Ukraine. Commer-
cially available acetonitrile was additionally purified by distillation before spectra measurement.

The 1,5-diaryl-3-benzimidazolyl-2-pyrazolines were synthesized from corresponding chalcones
(products of condensation of 2-acetylbenzimidazole with aromatic aldehydes) and phenylhydrazine

under acidic catalysis:
(o] OH (o]
@[N Vi N N =
\ ~ ~
L @ &
\ o AN o N,
R R R R R

\

R"

The final cyclization could be conducted in the presence of base catalyst as well. However, this
leads to lower yields of target products.

Synthesis of benzimidazolic chalcones. 50% aqueous NaOH was added dropwise to saturated solu-
tion of 2-acetylbenzimidazole 10 mmol (1.6 g) and an appropriate aldehyde (10 mmol) in ethanol until
appearance of yellow color. The reaction mixture allowed staying overnight, and then neutralized by
5% aqueous acetic acid. The precipitate was filtered off, dried on air and crystallized from ethyl alco-
hol or acetic acid.

In several cases the base-catalyzed Claisen-Schmidt condensation yielded intermediate products of
aldol-type (see the above scheme, in square brackets), which conversion to corresponding chalcones
was conducted by boiling in acetic acid under periodic TLC control.

Cyclization of benzimidazolic chalcones to pyrazolines. 20 mmol of substituted 1-(2-
benzimidazolyl)-3-aryl-propenone was dissolved in boiling ethyl alcohol and then 20 mmol of arylhy-
drazine and several drops of concentrated HCl was added. The reaction mixture was heated until the
beginning of precipitation, than kept overnight at room temperature. The precipitate was filtered off,
dried on air and crystallized from ethyl alcohol.

The molecular formulae and physico-chemical characteristics of the synthesized benzimidazolic
pyrazolines are presented in Table 1. The evidence for their successive synthesis is the appearance of
fluorescence and characteristic ABC signals system of pyrazoline cycle in 'H NMR spectra.

Table 1. The main physico-chemical characteristics of the synthesized 1,5-diphenyl-3-(2-benzimidazolyl)-

pyrazolines.
.
s
\
NN
< L
.
Found,
Com- s . M.P. Yield, Element N% / |
pound R R R °C % composition | Calc., HNMR data
N%
3.43 (1H, dd, J=6.4, 11.0 Hz); 4.23
o 16.59/ | (1H, dd, J=4.2, 13.4 Hz); 5.80 (1H,
1 H H H 1250 33 CooHisNg 16.56 | dd, J=6.4, 6.4 Hz); 6.82-7.77 (14H,
m); 12.8 (1H, s, NH)
3.48 (1H, dd, J= 6.4, 11.1 Hz); 3.90
o 15.93/ | (3H, s,NCH3); 4.25 (1H, dd, J=4.2,
2 |CHsy| H Ho 170 >0 CosHaoNa | 15090 | 13.4 Hy); 5.81 (1H, dd, 1=6.4, 6.4
Hz); 6.93-7.88 (14H, m)
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Continuation of table 1.

Found,
Com- s . M.P. Yield, Element N% / |
pound R R R °C % composition | Calc., HNMR data
N%
3.45 (1H, dd, 1=6.7, 11.1 Hz); 3.75
150/ | (1H: s, OCH3); 430 (1H, dd,
3 H | CHO | H | 265 | 55 CotaNO | J25] | J=42.13.6 Hz); 5.67 (1H, dd,
: J=6.4, J=6.6); 6.93-7.88 (13H, m);
12.89 (1H, s, NH)
3.77 (3H, s, NCH3); 3.89 (1H, s,
1467/ | OCH3); 435 (1H, dd, J=6.4, 11.4
4 |CH;| CH,O | H | 165 | 49 CoHoNO |70 | H2); 5.30 (1H, dd, J=4.2, 13.4 Ho);
. 5.95 (1H, dd, =6.4, 6.4 Hz); 6.51-
7.56 (13H, m)
2.52 (6H, s, N(CH3)2); 3.40 (1H,
1838 | 44, J=64, 111 Hz); 421 (1H, dd,
5 H | (CH;),N | H | 240° | 52 CysHysN;s 1836 | /=42,13.6 Hz); 5.80 (1H, dd,
: J=6.4, 6.4 Hz); 6.75-7.67 (13H, m);
12.8 (1H, s, NH)
2.52 (6H, s,N(CH3)2); 3.91 3H, s,
1770/ | NCH3); 430 (1H, dd, J=6.4, 11
6 |CHy| (CHy,N | H | 194° | 50 CysHasN;s 1791 | H2);5.26 (H, dd, J=4.2, 13.4 Hz);
: 5.88 (1H, dd, J=6.3, 6.4 Hz); 6.69-
7.71(13H, m)
3.45 (1H, dd, 1=6.4, 11.1 Hz); 4.25
. 15.75/ | (1H, dd, J=4.4, 13.4 Hz); 5.79 (1H,
7 H F Hop 235 >0 CooH17E N, 15.72 Eid,J=6.4, 6.4 Hz); 6.79)-7.81 (1(3H,
m); 13.0 (1H, s, NH)
3.44 (1H, dd, J=6.4, 11.1 Hz); 4.23
. 15.01/ | (1H, dd, J=4.2, 13.4 Hz); 5.80 (1H,
8 H cl Hop 243 33 CoHirCING |5 3 dd, J=6.4, 6.4 Hz); 6.80-7.69 (13H,
m); 13.0 (1H, s, NH)
3.44 (1H, dd, J=6.6, 11 Hz); 4.22
. 13.45/ | (1H, dd, J=4.2, 13.6 Hz); 5.80 (1H,
? H Br Ho1 250 2| CoHuBNe 5 s | 44, 7=6.4, 6.3 Hz): 6.81-7.69 (13H.,
m); 13.0 (1H, s, NH)
3.45 (1H, dd, 1=6.4, 11.2 Hz); 3.88
. 13.00/ | (3H, s, NCH3); 4.23 (1H, dd,
10| CHs ) Br H | 258 48 CHBrNy | g9 .(T=4.2,13.4Hz)); 5.81((1H, dd,
J=6.4, 6.4 Hz); 6.69-7.69 (13H, m)
3.44 (1H, dd, J=6.4, 11 Hz); 4.23
. 15.02/ | (1H, dd, J=4.2, 13.4 Hz); 5.81 (1H,
1 H H Cl | 199 35| CaHiCINe 503 | 44, J=6.4, 6.4 Hz): 6.80-7.69 (13H.
m) 13.0 (1H, s, NH)
3.44 (1H, dd, J=6.4, 11 Hz); 4.22
. 13.44/ | (1H, dd, J=4.2, 13.6 Hz); 5.80 (1H,
12 1 H H Br | 205 S0 | CoHuBrNe 54 | 44, 1=6.4, 6.4 Hz): 6.81-7.69 (13H.,

m); 13.0 (1H, s, NH)

Replacing phenylhydrazine by thiosemicarbazide and boiling the reaction mixture during 6 hours
with addition of 1 ml of 10% aqueous NaOH resulted in obtaining of 3,5-diaryl-1-thiocarboxamido-2-
pyrazolins (I3, 14). The latter are considered as semi-products only and thus were not characterized

spectrally.

Their interaction with a-bromo-acetophenone at 2 hours boiling in ethanol solution leads to
3,5-diaryl-1-(3-phenyl-thiazol-2-yl)-2-pyrazolines (15, 16, Table 2).
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Table 2. The main physico-chemical characteristics of the synthesized 3,5-diaryl-1-(3-phenyl-thiazol-2-yl)-2-

pyrazolines.
Rl

el

N\ _N
N N~ N
\ \f
R S/

Found,

Com- M.P. Yield, Element N% / |
pound °C % composition | Calc., HNMR data

N%

3.63(1H, dd, J=7.1, 11.0 Hz); 4.34 (1H, dd,
J=5.4, 12.7 Hz); 5.93 (1H, dd, J=5.6, 7.1
Hz); 7.17-7.82(15H, m); 12.9 (1H, s, NH)

16.60/

15 H H 240 75 CysH9NsS 16.61

3.44 (1H, dd, J=6.4, 11.2 Hz); 3.71(1H, s,
15.50/ | OCH3); 4.16 (1H, dd, J=5.6, 12.2 Hz);
15.51 5.81(1H, dd, J=5.6, 6.4 Hz); 6.91-7.76(14H,
m); 12.9(1H, s, NH)

16 H | CH;0 | 215° 75 Cy6H21NsOS

Oxidation of pyrazolines into pyrazoles. Solutions of 10 mmol of corresponding pyrazoline in
toluene were boiled with 2 g of activated MnO, during 2-5 hours under the periodic TLC control.
Then, solid inorganic components were filtered off, the toluene solution was evaporated to dryness
under reduced pressure. The precipitate, obtained by solidification of resulting amorphous mass by
addition of small amount of isopropyl alcohol, was filtered off and crystallized from ethanol.

L

MnO,

The main physico-chemical characteristics of pyrazoles, synthesized in such a way are presented in
Table 3. The characteristic feature in their 'H NMR spectra is the disappearance of pyrazoline cycle
ABC signals system and appearance of a low-field singlet at 8.1-8.3 ppm, which we attribute to pyra-
zole ring proton in position 4.

Let us note that we failed to oxidize pyrazolines with N,N-dimethylamino group in phenyl-5: all
starting compounds returned unchanged. Thus we concluded that strong electron donor groups in this
moiety prevent oxidation of pyrazoline cycle. Analogous observations were reported earlier [41].

UV-Vis absorption spectra were measured on Hitachi U-3210 spectrophotometer, fluorescence
spectra and quantum yields - on Hitachi F-4010 spectrofluorimeter in rectangular 1 cm quartz cells.
Absolute fluorescence quantum yields of the title compounds (¢x) were estimated by relative method
using quinine sulfate as quantum yield standard and the following equation, where ¢, — absolute quan-
tum yield of quinine in aqueous 0.5 M sulfuric acid (0.546 [42]); I«(v) — fluorescence intensity in
wavenumber scale; Ay, 4y — absorbencies of the sample and reference solutions on the excitation
wavelength; ny ny— refraction indices of the above solutions. The refraction indices squared correction
was introduced owing to significant difference in refractions of the sample and reference solutions
[43,44].

\
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Molecular structure and electronic spectra of target compounds were modeled by quantum-
chemical calculations in b3lyp/cc-pvdz scheme [45, 46]. The following program packages were used:
Gaussian-09 (B.01) [47] (for optimization of molecular structure in the ground and in the excited
states) and NWChem (5.1) [48] (upgraded by the special module for ESSA, “excited state structural
analysis” [49, 50] — for calculation of electronic absorption spectra and analysis of the electron density
redistribution at electronic excitation).

@

Table 3. The main physico-chemical characteristics of 1,5-diphenyl-3-(2-benzimidazolyl)-pyrazoles, synthesized
via oxidation of corresponding pyrazolines.

Com | o | g | ge | MP. | Yield, | Element ]F\IET“/CL MR dat
pound C % composition | (w1 nog
ADERDEE R AR

a Jan ] n [ [oe | o | e | S0 [T0aNaE

8 D 0 I e e e
20 |CHy | CH,O | H | 155 | 55 | CyuHyN,O %/ 13\12% 31{7830%;321 ;({)’1 rI(SH s,
21 | H F H | 130° | 50 | CyHisFN, %/ Zzlgsg(%l{(ljgl{ r;l);
R TR R

s [ o e | s [ eman | B2 [RSIR0NS

<G
\
N NN N
\ —
o )
Continuation of table 3.
Found,
Com- s M.P. Yield, Element N% / |
pound R R °C % composition | Calc., HNMR data
N%
o 16.71/ )
24 H H 275 58 C,5H;7NsS 16.69 7.12-7.60 (15H, m); 12.63 (1H, s, NH)
o 15.60/ | 3.83 (3H, ¢, OCHj3); 7.05-8.03 (15H, m);
25 H | CH;0 | 278 60 C,6HoN50S 15.58 13.06 (1H, s, NH)

Results and discussion

3.1. Quantum-chemical modeling
According to our quantum-chemical calculations, molecules of unsubstituted compounds of both
pyrazoline (I and 15) and pyrazole (17 and 24) sub-series are substantially unplanar. Typical angles
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between the mean planes of their heterocyclic moieties and benzene rings are presented on the follow-

ing scheme:
0 2° N o 1° N
O30 G NIV
g &

N—N

ok o

1 17

As expected, side phenyl residue in position 5 of pyrazoline cycle, which is not included into the
main m-conjugated chromophoric system of this molecule (1), is practically orthogonal to the mean
plane of pyrazoline cycle. Substantial pyramidalization is typical to the nitrogen atom in position 1,
which manifests itself in 2-3° deviation of the sum of its valence angles from the value expected for
ideal sp® hybrid state (360°). Another indication of pyramidalization is the distance from N1 atom to
the plane drawn through its three neighboring atoms (~0.12 A). Benzimidazole and pyrazoline moie-
ties lie practically in the same plane with the angle between their mean planes within 1-2°.

First, we have to check the existence of intramolecular hydrogen bond between the benzimidazole
N-H group and pyrazoline nitrogen atom in position 2. The distance between these acidic and basic
centers was estimated as 2.6-2.7 A, this retains just theoretical possibility for existence of weak hydro-
gen bonding. However, the N-H "N angles for the modeled compounds is near 91-93°, this contradicts
with one of the general criteria for H-bond formation [51, 52]. Finally the existence or absence of in-
tramolecular hydrogen bonding was elucidated with the application of R.F.W. Bader AIM (atoms in
molecules) theory [53, 54]. The H-bond critical point (-3,1) was not detected in space between the
corresponding N and H centers, thus we had to exclude the possibility of existence of
H-bonding. From another point of view, the purely electrostatic interaction between these oppositely
charged atoms could be among the factors, which favor space arrangement of the pyrazoline and ben-
zimidazole moieties in the common plane.

Concerning the thiazolic derivative 15, its side benzene ring, connected to thiazole cycle position
4’, is not included in direct conjugation with pyrazoline unit of this molecule, thus we do not expect its
significant influence on the spectral properties of the main chromophore of 15.

Oxidation of pyrazoline heterocycle to pyrazole one does not result in formation of fully-
conjugated system, because of significant steric repulsion between the cyclic subunits in positions 1
and 5 of pyrazole moiety. In case of compound 17, the discussed 1- and 5- benzene rings form angles
of 44-46° with the pyrazole cycle. In case of 1-thiazolic derivative 24, thiazole and pyrazole rings are
almost coplanar (with the angle between their planes of 7-8°), however, phenyl-5 in this case rotates
around its single bond to pyrazole cycle on 52°, indicating significant violation of conjugation.

Resuming the molecular structure simulations, one can conclude, that the main chromophoric unit
of compounds of pyrazoline series includes benzimidazole bicycle, n-conjugated C=N-N part of pyra-
zoline cycle and aromatic moiety (phenyl or thiazolyl) in position 1. In case of the most of investigated
pyrazoles, their chromophoric system includes benzimidazole and pyrazole subunits with the special
situation of compound 24 and 25, when it extends to thiazole ring as well. Other aromatic moieties of
the title compounds fall out of their chromophoric system and have minor influence on their optical
characteristics.

Electronic spectra and electron density redistribution at electronic excitation were modeled with
ESSA approach [49, 50], which requires calculation and analysis of several special quantum-chemical
indices: 1) the electronic excitation numbers (L;) reflect the participation of distinct atoms and more
complicated moieties in formation of a given electronic transition (in %); the charge transfer indices
(/) reflect the redistribution of electron density in a molecule at electronic excitation to a given excited
state (% of the elementary electric charge). The latter indices are much more informative compared to
traditional net charge changes, calculated by the most of quantum-chemical software, because they
show also the directions of charge transfer between the distinct atoms and moieties of the excited
molecule. The ESSA is the generalization of the earlier m-electronic approach [55] to the contempo-
rary TDDFT calculation schemes. The ESSA data for several most typical compounds of the investi-
gated series are presented in Table 4.

11
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Higher electronic excitation indices (L;) help to define the chromophoric systems of the title mole-
cules (see Table 4, in which data for long-wavelength electronic transitions are shown). Thus, for
pyrazolines I and 15, the main chromophore includes the central heterocycle and (hetero)aromatic
moieties in its positions 1 and 3. Participation in electronic excitation is miserable for phenyl-5 and
quite low for “thiazolic” side benzene ring. First of them is not conjugated with the main n-system of
the discussed molecules, while second one is not in direct polar conjugation (i.e., connected to analog
of meta-position in benzene ring). However, definite interaction of the above mentioned side phenyls
with the main chromophoric unit of their molecules still remains in case of thiazole-substituted com-
pounds 15 and 24: the long-wavelength electronic transitions demonstrate substantial bathochromic
shift.

As it follows from the data of Table 4, benzimidazole bicycle plays a role of electron withdrawing
center in respect to pyrazoline moiety at the electronic transition of compound 7 to its lowest singlet
excited state. Increase of electron density on the benzimidazole moiety reduces the S, state acidity of
benzimidazolic N-H group, thus no photochemical activity connected with its possible excited state
dissociation is expected.

Table 4. Energy, localization and electron density redistribution of the long-wavelength transitions
So-S; in the electronic spectra of several model benzimidazolic pyrazolines and pyrazoles in ESSA approach.

Electronic tran- Electronic excitation localization
Compound sition Charge transfer indices (Z;;)
S-S numbers (L;) v
0-S1
7 372 nm 43.4) N 13 /] N
f=0.83 N AN n
Au=10D < E §/
31900 cm” @ _ 7;@
314 nm 29.9 N
7 7=032 NN
Au=21D
N
25360 cm™ @ hz@
36.0
15 394On5rr71 N_l\/l E
I N
e | @
N
28700 cm’ @ 2 /ZZD
24 348 nm N lf
=048 N=— H
Ap=4D @ s

Here: f— electronic transition oscillator strength, Ap — vector difference of the ground and excited state dipole
moments (directly reflecting the direction and amount of redistributed electron density). The main chromophoric
fragments of compounds 1, 17, 15, 24, localization of electronic transitions on which is close or exceeds
“all-molecule average value”, are highlighted in green color.

Aromatization of pyrazoline ring to pyrazole one principally changes the directions of the excited
state electron density redistribution (compare compounds I with 17, 15 with 24). The benzimidazole
moiety becomes an electron donor in respect to the pyrazole one.

The excited state intramolecular donor-acceptor interaction intensifies at replacing of phenyl-1 by
thiazolyl-phenyl subunit. This reflects itself in nearly doubling of the ground-to-excited state dipole
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moments vector difference, Ay, for the long-wavelength electronic transition of 15 compared to 1.
This circumstance allows expecting strong solvatochromic and solvatofluorochromic effects for the
compounds of this sub-series.

The obvious exception is the case of compound 24, which Ap value is quite low owing to the spe-
cific excited state electron density redistribution from the periphery to the central part of this molecule.

The excited state geometry of the investigated molecules was modeled in TD-DFT scheme. Gener-
ally, enlarged fluorescence Stokes shifts are typical to 1,3,5-triphenyl-substituted pyrazolines and
pyrazoles (see section 3.2). Definite excited state structural relaxation processes could be among the
reasons of such behavior, which make the initially unplanar unexcited molecule more planar and more
conjugated in its fluorescent S-state [56-59]. This results in additional decrease of the energy of struc-
turally relaxed excited state and corresponding Stokes shift enlargement.

The calculated ground and excited state molecular geometry of compounds 1 and 17 are compared
in Figure 1.

For the benzimidazolic pyrazoline I, the most important S, state geometry changes occur around
the nitrogen atom in position 1 of the main heterocycle. Being slightly pyramidal in the ground state, it
completely looses this feature at the electronic excitation: the sum of its valence angles become
359.9°, while as deviation from the plane of three neighboring atoms does not exceed 0.03 A. All
these reflect N1 atom hybrid state approaching to sp’. At the same time, nearly planar in the ground
state pyrazoline cycle of 1 demonstrates substantially nonplanar conformation in the excited state of
the “open envelope” type with maximal displacement of its carbon-5. Thus, pyrazole cycle bents
around the axis, which passes through its atoms N1 and C4, approximately to 24°. Evidently, the
above mentioned changes in the spatial shape of pyrazoline cycle were predetermined by the excited
state de-pyramidalization of its N1 atom.

Structural relaxation does not change substantially the electronic excitation localization — devia-
tions in L; indices, calculated for the excited state molecular geometry of compound 7, do not exceed a
few % for benzimidazole and phenyl-1 and were negligible for two benzene rings in positions 1 and 5.

At the same time, calculated for compound 1 excited state energy lowering related to the structural
relaxation is rather significant, ~6900 cm™ in wavenumber scale, and this should be the main contribu-
tion to the enlarged fluorescence Stokes shift of 7 (even if the structurally relaxed excited state energy
is slightly overestimated in our calculations, as it was sometimes happened when applying b3/yp func-
tional to the systems with significant charge redistribution [60,61]).

The driving force of the excited state structural relaxation of pyrazolic compound 17 is the increase
of conjugation of its phenyl radicals in positions 1 and 5 with the central heterocycle. The angles be-
tween the planes of pyrazole ring and phenyl-1 decreases from 44° in the ground state to 30° in
S;-state, while as corresponding parameter for phenyl-5 changes from 46° to 29°. The pyrazole and
benzimidazole moieties remain coplanar in S; state as they were in Sy. To minimize steric repulsion,
which increases as a result of 1 and 5 benzene rings rotation, the torsion angle, formed by two single
bonds in positions 1, 5 and atoms N1 and C5 of pyrazole ring, increases to 21°. This circumstance
does not affect conjugation of the side phenyls with pyrazole moiety, thus the excited molecule of
compound 77 should be also considered as more conjugated, than in its ground state.

Partial planarization decreases the energy of the structurally relaxed excited states, resulting in ba-
thochromic shift of the long-wavelength electronic transition of 17 to 25800 cm™ compared with
31900 cm™ calculated for the ground state geometry. First value corresponds to position of fluores-
cence spectrum, second one — to position of the long-wavelength absorption band, thus “theoretic”
Stokes shift should be near 6100 cm™. Experimental Stokes shift of compound 17 in acetonitrile is
higher, than that of compound 1. However, in case of 17 the contribution of solvent relaxation proc-
esses into Agt value should be higher as well: the ground-to-excited state change in dipole moment is
more significant for pyrazole 17 (Apu~21 D), than that for pyrazoline 1 (Ap~10 D).

The NH N distance in the excited molecule 17 decreases to 2.42 A from 2.59 A in the ground
state, however the angle NHN remains near 97°, this does not allow to consider appearance of in-
tramolecular hydrogen bonding in the S;-state. The AIM analysis does not confirm such possibility as
well: the critical bond point of (-3,1) type in the space between the discussed H and N atoms was not
observed for the excited molecule 717. Thus, there is no reason to interpret higher Stokes shifts of the
investigated pyrazols as a result of the excited state intramolecular proton transfer reaction.
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Figure 1. Lowest singlet excited states molecular geometries of benzimidazolic pyrazoline 1 (above) and pyra-
zole 17 (below) compared to those in the ground states - quantum-chemical modeling in (TD) DFT schemes.
Carbons are shown in cyan, nitrogens — in blue, hydrogens — in white color. Yellow arrows indicate conforma-
tional changes on going from S, to S;* state.

3.2. Experimental fluorescent properties

The experimental spectral data for the studied benzimidazolic pyrazolines and pyrazoles in acetoni-
trile solutions are presented in Tables 5 and 6. The choice of this solvent was reasoned by its wide
transparency in UV spectral range and good solubility of all the title dyes in it. Benzimidazolic pyra-
zolines dissolved in polar aprotic solvents emit fluorescence in bluish-green spectral region with mod-
erate quantum yields, usually do not exceeding 0.5. In solvents of lower polarity they are generally
higher.

Experimental absorption and fluorescence spectra of unsubstituted representatives of benzimida-
zolic pyrazolines and pyrazoles series are shown in Figure 2 as an example.

Fluorescence Stokes shifts of benzimidazolic pyrazolines are slightly enlarged (~6000 cm™), re-
flecting realization of the already discussed structural and solvent relaxation processes (section 3.1).
The “theoretically estimated” Avsy values are nearly of the same order of magnitude with the experi-
mental ones.

Let us note that spectral parameters of compounds with N-methylated benzimidazolic moiety are
close to those of their N-H analogs. This fact is in favor of our conclusion about the lack of the in-
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tramolecular hydrogen bond of N-H "N type and connected to this fact absence of the excited state
intramolecular proton transfer reaction in the discussed series.

Substituents in aryl-5, which are not conjugated with the main chromophoric system of the mole-
cule, seem to have no significant effect on positions of the long-wavelength absorption and fluores-
cence bands in the electronic spectra. However, definite variations in fluorescence quantum yields
were observed. Groups with low-to-moderate positive mesomeric effect (+M) like methoxy, bromine,
fluorine increase fluorescence quantum yield. Chlorine in aryl-5 does not change quantum yield com-
pared to unsubstituted compound. The expected heavy atom effect of bromine did not manifest itself at
all: fluorescence quantum yields of compounds 9 and 10 are the highest among those presented in
Table 5.

Absorbance, Fluorescence intensity, a.u

40000 37500 35000 32500 30000 27500 25000 22500 20000 17500 15000 12500

-1
Wavenumber, cm

Figure 2. Electronic absorption (solid lines) and fluorescence spectra (dashed lines) of compounds
1 (green) and 17 (red) in acetonitrile.

Strong electron donor in aryl-5 (N,N-dimethylamino group) decreases fluorescence efficiency. The
analogous behavior was reported previously [62] and was attributed to the quenching by electron
transfer from the N(CHj;),-group nitrogen atom lone electron pair to the excited chromophore of the
molecule, taking into account, that it should increase its electron affinity in the first singlet excited
state. The applied polar solvent favors the realization of such process.

Thyazolic derivatives 15 and 16 have low and hardly measurable quantum yields, which are gener-
ally typical to compounds with significant excited state electron density redistribution in polar solvents
[63,64]. Such a behavior could be clarified not only by the excited state twisting, the main focus of the
above-cited reviews. Another entirely photophysical mechanism of S;-S, internal conversion could be
responsible for such behavior as well [65,66].

Table 5. Absorption and fluorescence spectral and photophysical data for benzimidazolic pyrazolines in acetoni-

trile solutions.
Rl
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Continuation of table 5.

Com- Absorption Fluorescepce
pound R R’ R” v om’ i om’ Stokes shift anntum
“ » Avsr,em” | yield, ¢
1 H H H 24700 18500 6200 0.27
2 CH;, H H 24100 18400 5700 0.24
3 H CH;0 H 24200 18400 5800 0.36
4 CH; CH;0 H 24400 18200 6200 0.34
5 H (CH;),N H 26800 20700 6100 0.13
6 CH; (CH;),N H 27500 20700 6800 0.13
7 H F H 26900 20900 6000 0.37
8 H Cl H 27500 20800 5700 0.26
9 H Br H 27300 21100 6200 0.46
10 CH; Br H 27900 21100 6800 0.42
R
5
\
N NNN
RS
Com- Absorption Fluorescepce
pound R R’ v om’ i om’ Stokes shift | Quantum
@ 5 Avgr, cm™ | yield, ¢
15 H H 26800 17900 8900 low
16 H CH;O 25900 17800 8100 low

Benzimidazolic pyrazoles absorption and emission spectra lie in shorter-wavelength region in re-
spect to parent pyrazolines. This could be attributed to the lower planarity of their molecules, which
causes violation of conjugation between their cyclic subunits. Such behavior of 1,3,5-triaryl-pyrazols
was reported in the early 80-th [24]. The main feature of benzimidazolic pyrazoles series is signifi-
cantly higher quantum yields in comparison with corresponding pyrazolines.

Table 6. Absorption and fluorescence spectral and photophysical data for benzimidazolic pyrazoles in acetoni-
trile solutions.

Com- Absorption Fluorescepce
pound R R’ R” v om’ i om’ Stokes shift | Quantum
@ 5 Avgr, cm’ yield, ¢
17 H H H 33100 25600 7500 0.91
18 CH; H H 32700 25500 7200 0.80
19 H CH;0 H 32500 25300 7200 0.78
20 CH; CH;0 H 32500 25300 7200 0.65
21 H F H 33400 25500 7900 0.70
22 H Cl H 33500 25700 7800 0.45
23 H Br H 33200 25600 7600 0.49
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Continuation of table 6.

Com- Absorption Fluorescence
pound R R’ v om’ i om’ Stokes shift | Quantum
o » Avsr,em” | yield, ¢
24 H H 29500 (~24000) (~5500) low
25 H CH;0 30900 24400 6500 0.07

According to our quantum-chemical modeling of compound 17, the excited state redistribution of
electron density is directed from the benzimidazole to the pyrazole moieties, thus benzimidazolic N-H
should become more acidic, while as pyrazolic nitrogen atom — more nucleophilic, than they were in
the ground state. All these could be the prerequisites of the excited state proton transfer reaction, usu-
ally resulting in significant Stokes shift increase. However, like it was already discussed for the pyra-
zoline series, the spectral properties of pyrazoles with N-methylated benzimidazole moiety are practi-
cally the same as for the corresponding derivatives without methyl group, clearly indicating again the
absence of intramolecular proton transfer reaction is S;* state.

Introduction of methyl group into benzimidazole moiety had another effect — systematic decrease
of fluorescence quantum yields. This is probably due to the steric effects: further violation of planarity
of N-methylated compounds (Table 6).

Substituents with positive mesomeric effects in aryl-5 decrease the fluorescence quantum yields of
benzimidazolic pyrazoles.

Thiazole-containing benzimidazolic pyrazoles are practically non-fluorescent, like their parent
pyrazolines. However, in this case the fluorescence quenching could not be attributed to the enforced
excited state charge redistribution. Our quantum-chemical modeling reveals that it is rather weak and
has no preferential direction (Table 4). It seems, that appearance of thiazole moiety launches a new
radiationless process of undefined nature, which identification would be, probably, the subject of out
further investigations.

Conclusions

Series of benzimidazolic pyrazoline and pyrazole fluorescent dyes were synthesized and character-
ized by their UV-Vis absorption and emission spectra. The synthetic procedure for mild oxidation of
pyrazoline ring to pyrazole one was optimized for obtaining higher chemical yields of target com-
pounds. It was revealed, that strong electron donor substituents in pyrazoline aryl-5 prevent oxidative
aromatization of this heterocycle.

Compounds of both investigated sub-series demonstrate enlarged fluorescence Stokes shifts of the
order of 6000-8000 cm™, which was attributed to the excited state structural relaxation processes,
making the investigated molecules chromophoric units more planar, and, correspondently,- more con-
jugated in S-state.

Contrary to widespread insights, benzimidazolic pyrazoles are characterized by substantially higher
fluorescence quantum yields with respect to the parent pyrazolines.

Introduction of thiazole moiety in position 1 of pyrazoline or pyrazole cycles leads to nearly com-
plete disappearance of fluorescence.
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B.H. Kotnap, [B.A. Opnos|, A.B. INpuroposu4, A.O. Konomonues, O.B. Hukonaesckun, A.O. [dopoLueHko.
1,5-anapun-3-6eH3MMmnaasonun-2-N1pasonmHbl U NMpa3sosibl — HOBble (yOpPECLEHTHbIE KpacuTenu NMpasonnHo-
BOro psiga.

P54 HOBbIX apurbHbIX NPOM3BOAHbLIX 2-NMpa3onnHa ¢ 2-6eH3MMnaa30NbHbIM GUULMKIIOM B NONOXeHUU 3 Gbinu
CUHTE3NPOBaHbl KOHAEHCAUMEeN COOTBETCTBYHOLUMX XankoHOB C deHunrmapasnHom. npasonbl Ha MX OCHoOBe
ObIiny Nony4YeHbl ONTUMU3UPOBAHHONM NPOLEAYPON OKUCIIEHUS AMOKCUAOM MapraHua B GeHsone. dnyopecueHT-
Hble XapaKTepUCTUKM Uccrieqyemblx coeanHeHnin Gbinm onpeaeneHsl Ans pacTBOpoB B aueToHuTpune. Mpoeeae-
HO KBaHTOBO-XMMWYECKOE MOLENMPOBAHNE MOSEKYNSIPHON CTPYKTYPbl, 3NEKTPOHHBLIX CMEKTPOB MOrMoLEeHNs,
nepepacnpeneneHnss 3reKTPOHHOW MMOTHOCTU W CTPYKTYPHOW penakcauum B 3NEeKTPOHHO-BO3GYKAEHHOM CO-
CTOSIHUK, NPUBOASLLEN K BbICOKMM CTOKCOBbBIM caBuram chnyopecLeHLnn.

KnioyeBble cnoBa: nMpasonunH, Nupasors, 6eH3MMAa30M, OpraHUYEcKUin CUHTE3, hilyopecLeHLUsi, KBaHTOBO-
XMmMmnyeckoe mogenupoBaHue, ESSA.
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1,5-gnapwn-3-6eHsimigasonin-2-nipa3oniiu i nipasonu — HOBI ryopecuUeHTHI GapBHKKM Nipa3oniHOBOI cepi.

Psig HOBMX apunbHUX NOXiAHUX 2-nipa3orniHy 3 2-6eH3iMigasonbHUM GiLuKIOM B NOMOXEHHI 3 Oynu cHTe30BaHi
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MOLECULAR DYNAMICS SIMULATIONS OF SILVER
NANOPARTICLES OF CUBIC AND BIPYRAMIDAL SHAPE

M.M. Blazhynska, A.V. Kyrychenko, O.N. Kalugin

The crystalline structure, the perfect face-centered cubic (fcc) atom packing and macroscopic morphologi-
cal stability of sharp-edged silver nanoparticles of cubic and bipyramidal shapes were compared against
quasi-spherical nanoparticles by using classical molecular dynamics (MD) simulations. A series of silver
nanocubes (AgNCs) and nanobipyramides (AgNBs) of different sizes varying from 44 up to 1156 atoms
were considered. Our MD simulations revealed that starting from the preformed perfect crystalline structures
the initial shape was preserved for cubic and bipyramidal nanoparticles composed of more than 256 atoms.
Surprisingly, the rapid loss of the cubic-shape morphology and transformation into the
non-fcc-structure were found for the smaller AQNCs composed of less than 172 atoms. No such loss of the
preformed crystalline structure was noticed for bipyramidal and quasi-spherical nanoparticles. The analysis
of the binding energy of the outermost Ag surface atoms suggests that the loss of the perfect cubic shape,
rounding and smoothing of sharp edges and corners were driven by the tendency towards the increase in
their coordination number.

Keywords: silver, nanoparticle, nanocube, nanobipyramide, fcc, sharp-edged, molecular dynamics simu-
lation.

Introduction

Silver nanoparticles (AgNPs) have gained the growing attention due to their great performance in a
broad range of applications, ranging from spectroscopic techniques based on surface-enhanced Raman
scattering and metal-enhanced fluorescence up to numerous life-science applications, such as in vivo
cellular imaging and sensing [1-3]. In recent years, particular attention has been paid to synthesis and
characterization of sharp-edged AgNPs [4], because their optical, electronic and catalytic properties
are strongly dependent on the number of constituent atoms and morphology [1,5-7]. The simple chem-
istry enables the tuning of these properties by varying the shape, ratio and number of the corners and
edges that holds promise for their applications in many industrially and technologically important
phenomena, ranging from chemical engineering to nano-science [8-11]. However, the complex inter-
play among the physico-chemical properties, such as size, morphology, charge, and ligand coating,
often makes the interpretation of the experimental results difficult [6,7].

Despite the substantial progress made in the chemical fabrication of sharp-edged silver nanostruc-
tures, there is less understanding of their morphological stability where high resolution methods are
still difficult to apply [12]. Therefore, the atomic-scale information, which is not directly accessible by
experimental studies, is often tested out by various types of computational chemistry methods. Among
these methods, molecular dynamics (MD) simulation has become a powerful tool, which can effec-
tively complement experiments to design well-defined nanostructures [6,13] and may facilitate the
investigation of structure of metal nanoparticles at the atomic level [14]. MD simulation studies have
already provided the important insight into solution-phase synthesis of silver nanostructures that in-
volves the seeded growth [15,16], aggregation of silver clusters, as well as adsorption of stabilizing
agents and solvent molecules onto the exposed facets of inorganic metal nanocrystals [17,18]. Numer-
ous MD simulation studies of isolated quasi-spherical metal nanoparticles, as well as nanoparticles
protected by organic ligands [19-21] and polymers [22-26], have been conducted. However, the reli-
ability of classical MD simulations of non-spherical nanoparticles with sharp edges and corners, such
as cubes, pyramids, octahedrons, rods, etc., is still poorly understood [15,27,28].

The main goal of our work was to benchmark a scope and limitations of classical MD simulations
for studying of the structure of sharp-edged silver nanoparticles with cubic (AgNCs) and bipyramidal
(AgNBs) shapes (Figure 1). A series of silver nanocubes and nanobipyramides of different sizes, vary-
ing from 44 up to 1156 atoms, were considered. The relative stability of silver nanoparticles of the
different shapes was found to be correlated with the binding energy and the coordination numbers of
the outermost low-coordinated Ag surface atoms.
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Molecular dynamics simulations of silver nanoparticles of cubic and bipyramidal shape

Molecular dynamics simulation setup

The initial configuration of the silver nanocubes (AgNCs) and nanobipyramides (AgNB) were ap-
proximated by the preformed perfect face-centered cubic (fcc) crystalline structure (Fig. 1). All silver
nanoparticles consisted of neutral, non-polarizable silver atoms with the zero charge. The repulsion
and dispersion terms of the nonbonded interactions between silver atoms were computed by using the
Lennard-Jones 12—6 potential energy function (Fig. 1, Eq. 1), which describes the dependence of the
potential interaction energy Vi(r;) of two silver atoms as a function of the interatomic distance. The
nonbonded interaction parameters Ag-Ag 6=0.264 nm and &=19.0587 kJ/mol were taken from our
recent works [22, 29]. No any rigid bonds and restraints were applied between silver atoms, so that the
silver core crystalline structure was maintained by the Ag-Ag nonbonded LJ interactions.

Each Ag nanostructure was simulated in vacuum according to the following procedure: (/) Steepest
descent energy minimization was performed for 500 steps. (2) Initial atomic velocities were generated
with the Maxwellian distribution at T=250 K. Then, productive MD sampling was carried out at the
reference temperature of T=303 K, which was kept constant using the Berendsen weak coupling
scheme with the temperature coupling constant of t;=0.1 ps [30]. To test the reproducibility of our
MD simulations, 3-5 independent MD runs were carried out for each studied system, starting from
different initial distributions of Maxwellian atomic velocities. The cutoff distance of 0.8 nm was used
for Lennard-Jones interactions. The MD simulation time step was 2 fs with the neighbor list updates
every 10 fs. The MD simulations were carried out using the GROMACS set of programs, version 4.6.5
[31]. Molecular graphics and visualization were performed using VMD 1.9.2 [32].
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Figure 1. Silver nanostructures: (a) — truncated polyhedron (AgNPig45), (b) cube (AgNCig9), (¢) bipyramide

(AgNB 56). (d-e) The Lennard-Jones (LJ) 12-6 potential energy function and the example of the LJ potential for
Ag-Ag.
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Results and Discussion

MD Simulations of Morphological Stability. The morphological stability, crystalline structure
and the perfect face-centered cubic (fcc) atom packing were considered for series of preformed silver
polyhedrons, nanocubes and bipyramides of varying sizes from N=44 up to 1156 atoms (Fig. 1). Our
MD simulations revealed that the morphological stability of the preformed silver cubic-shape
fee-nanocrystals was size-dependent. MD simulations of each system AgNC was repeated from 3 to 5
times, starting from different initial distributions of Maxwellian atomic velocities. In the most cases,
the perfect cubic shape and the fcc crystalline structure were reproduced for AgNCs composed of
N=256-1099 atoms. In some single MD runs, fcc lattice defects due to displacement of a single Ag
atom could be observed. However, for the smaller AgNC with N=172, all independent MD runs re-
vealed the appearance of multiple crystalline lattice defects and the significant loss of the sharp cor-
ners and edges. Upon a further decrease in N to 63-108, the complete loss of the cubic shape occurred
(Fig. 2). In contrast, in all the cases of AgNBs and quasi-spherical AgNPs of different sizes with
N=38-1156 MD simulations reproduced the initial morphology and the perfect fcc crystalline struc-
ture.

Root Mean Square Displacements. To characterize the stability of Ag nanostructures, their struc-
tures were analyzed by calculating the root mean square displacement (RMSD) of Ag atoms as a func-
tion of time (Fig. 2). The RMSD of all Ag atoms was calculated with the respect to their positions in a
perfect fcc structure by using the GROMACS utility g _rms, which carries out least-square fitting the
current Ag nanostructure (z,) to its initial perfect structure (r; = 0) (Eq. 2).

1

1 N 2
RMSD(7 .7,) :|:MZ mz"||ri(rl)+l”i(fz)||2:| 2)
i=1

N
M =2m, (3)
i=1
where M is given by (Eq. 3) and 7i(t) is the position of silver atom 7 at time t [33].
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Figure 2. Time-traces of MD simulations of root mean square displacements (RMSD) for the position of silver

atoms in AgNCq; and AgNBy,. Each RMSD plot is normalized by the number of silver atoms in the system.

For comparison of the morphological stability of AgNB4s and AgNCs;, their structures were ana-
lyzed by calculating the root mean square displacements (RMSD) of Ag atoms as a function of time.
The RMSD of all Ag atoms was calculated with respect to their position in a perfect fcc structure by
least-square fitting of the nanoparticle structure (z,) to its initial perfect structure (7,=0) (Fig. 2). MD
simulations demonstrated that the smallest AgNB4, was capable to keep its initially preformed
bipyramidal shape during 10 ns sampling period. In contrast, the complete loss of the cubic shape was
evident for AgNCg; already after 2-3 ns (Fig. 2).
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Coordination Numbers of Ag atoms. In a fcc unit cell the lattice atoms were located at each of
the corners and the centers of all the cubic faces; therefore, each bulk Ag atom occupied the closed-
facets site with the coordination number (CN) of 12. The coordination number decreased up to 9, 7, 4
and 3 for the Ag atom that located at the side, edge, and corner of the cubic and bipyramidal shaped
nanoparticles [34] (Fig. 3).

The analysis of the morphological stability of the studied systems showed that the loss of the per-
fect structure in the sharp-edged Ag nanoparticles was driven by the tendency of the outermost low-
coordinated Ag atoms located at the corners and edges to increase in their coordination number (CN)
by acquiring more neighboring surrounding atoms [34, 35]. Upon going from AgNCs to AgNBs the
CNs of the corner atoms were increased from 3 up to 4 (Fig. 3). Therefore, AgNBs were characterized
by the more stable morphology as compared with AgNCs of the same sizes. These findings explain the
high morphological stability of quasi-spherical nanoparticles, in which corner and edge atoms are
characterized by CN=7 (Fig. 3).

AgNP AgNC ;g
Figure 3. Coordination number distribution of surface atoms in silver nanoparticles of different shape: In
AgNP 43, AgNC99 and AgNBy 156, Ag atoms are color-coded according to their coordination number: corner
atoms in AgNC (blue) — CN=3, corner atoms in AgNB (red) — CN=4, edge atoms (orange) — CN=7, side atoms
(white) — CN>9. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)

Binding Energy of Outermost Ag atoms. The Van der Waals binding energy of the certain atoms
located at the corners and edges of the studied silver nanoparticles were considered by estimating their
average LJ interaction energy calculated with the rest of the Ag atoms within the interaction cutoff
distance 0.8 nm. As mentioned above, for AgNCs composed of N>256, the perfect cubic shape was
reproduced. However, some single Ag-atom lattice defects could still be observed. Fig. 4 shows the
example of the formation of such single-atom defect and the time trace of the binding energy of a sin-
gle corner Ag atom in AgNCsg calculated from the MD trajectory. The binding energy of the single
corner Ag atom demonstrated the high-amplitude fluctuations around the initial plateau at -76 kJ/mol
during the first 0.8 ns. After that, the rapid hopping of the Ag atom toward the side position occurred
leading to the binding energy decreased up to -104 kJ/mol. The corner-to-side hopping of the selected
Ag atom required the activation energy AE, of ~12 kJ/mol (Fig. 4). AE, was calculated as the differ-
ence between the average binding energy of the selected Ag atom (energy trajectory from 0 to 0.8 ns)
and the highest energy value observed before the hopping (dotted lines in Fig. 4). In AgNBg7, no such
corner atom hopping occurred, so that its binding energy was fluctuated around -90 kJ/mol. In agree-
ment with the increase in the coordination number (Fig. 3), the much larger binding energies of
-149 and -174 kJ/mol were observed for the corner and edge atoms in AgNPq; (Fig. 4). This fact
explains the high structural stability of quasi-spherical silver nanostructures.

Thus, we suggest that the loss of the perfect cubic-shape, accompanied by rounding of the sharp
edges and corners, is driven by the tendency of the outermost Ag atoms to acquire more neighboring
surrounding atoms. The migration of the certain Ag atom from an edge or a corner should lead to the
increase in their coordination number, so that their binding stabilization energy should also increase. It
is also well recognized that physical and chemical properties of metal nanoparticles are strongly size-
dependent because of their large surface-to-volume ratio [34, 36, 37]. In the studied AgNCs, the frac-
tion of the outermost surface atoms (F,r) was increased from 39.5 % up to 85.7 % when going from
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AgNC99 to AgNCgs, respectively. In AgNCg, the majority of the Ag atoms (54) were the weakest
bound surface atoms. Therefore, these arguments explain the low stability of the cubic-shape mor-
phology of small AgNCs and their rapid rearrangement to the nearly spherical shape that is more
thermodynamically stable.

/0
4 3 AE, TR
-60 - 12 kJimol LR
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)
S 804 -76 kJ/mol
£ -90 kJ/mol
2 I )
; -100 - “«
=) [ Y
8 [Fevereveeed -104 kJ/mol
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T 140 e
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-160 MMMM -149 kJ/mol
-180 -174 kJ/mol
e —
0 1 2 3 4 5
Time / ns

Figure 4. MD simulations of time traces of the Van der Waals binding energy of a single Ag atom located in
different positions (color-coded) in the silver nanoparticles of the different shape.

Summary

Our MD simulations revealed that, starting from the preformed perfect crystalline structures, the
morphological stability of a series of AgNCs and AgNBs depended on their shapes and sizes varying
from 44 up to 1156 atoms. The rapid loss of the cubic-shape morphology and transformation into the
non-fce-structure were found for the smaller AgNCs composed of less than 172 atoms, which were not
observed for bipyramidal and quasi-spherical nanoparticles of the same sizes. The analysis of the bind-
ing energy of the outermost Ag surface atoms suggests that the loss of the perfect cubic shape, round-
ing and smoothing of sharp edges and corners are driven by the tendency towards the increase in their
coordination number. Therefore, the structure of AgNBs, in which its low-coordinated corner atoms
have CN=4, is characterized by the more stable morphology as compared to AgNCs, in which its cor-
ner atoms have the smallest CN=3. Taken together, these results provide the new important physical
insights onto the relative stabilities of various sharp-edged silver nanoparticles in the gas phase, which
have further promising perspective in solution phase synthesis of polymer-protected silver nanoparti-
cles.
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M.M. BnaxuHckas, A.B. Kupndenko, O.H. KanyruH. MonekynsapHo-gnHaMmmyeckoe MogenvpoBaHne HaHoYacTuy,
cepebpa kybuyeckon n GunupammaansHo opMbl.

B paHHOM cTaTbe pacCMOTPEHbl KpUCTannmMyeckme CTPYKTYpbl OCTPOYrofbHbIX HaHo4acTuy, cepebpa ¢ cosep-
LUEHHON rpaHeueHTpupoBaHHon Kybudeckon (LK) ynakoBkon aToMOB M KX CNOCOBHOCTb K MaKpOCKOMUYECKON
Mopdponoruyeckon crabunbHoctTn. OCTpoyronbHble HaHoYacTUubl cepebpa npeacrasneHbl B hopMe KyboB K
6unupamng, U CpaBHMBAKOTCH C KBa3W-CEPUHECKUMM HAHOYACTMLL @MU TON Xe Mpupodbl, C MOMOLLBIO MeToada
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KIlaccmnyeckoro MornekynspHo-anHamumdeckoro (M) mopoenupoBaHus. Beina uccnegosaHa cepusi pasHopasmep-
HblXx HaHoky6oB (AgNC) n HaHobunupamug (AgNB) cepebpa, koTopble cogepxaT oT 44 no 1156 atomos. lNMpose-
AeHHoe M mogenupoBaHue CBUAETENbCTBYET O TOM, YTO UCXOAHbIE COBEPLUEHHbIE KpUCTanmnnyeckue CTpyKTy-
pbl, KOTOpble COCTOSIT U3 Gosblue Yem 256 aToOMOB, COXPaHSOT CBOK MepBUYHyt0 dopmy. McknoumTenbHbIM
sBnsieTcs ToT dpakT, uto anst AGQNC, koTopble cocTosiT U3 MeHee Yem 172 atomoB, Obina 3acdukcpoBaHa MrHo-
BeHHasi noTepsi Kybuyeckor opMbl U NOMHOE MpeBpaLleHne B amopdHyto cTpykTypy. OgHako, Ans HaHobunu-
pamug 1 KBasn-chepmyecknx HaHOUaCTUL Tako MOpPdONOrMyeckon NoTepu He MPOUCXOAMNO. AHanNn3 aHepruun
cBs3n Hanbornee oTAaneHHbLIX aToMOB cepebpa OT LeHTpa ykasbiBaeT Ha TO, YTO NpeBpalleHne COBEpLUEHHOMN
Kybryeckon hopMbl B OKPYTIYH U CrMaXEHHYI0 NPOUCXOAMUT 3a CHET U3MEHEHUST BENMUYUHBI OCTPOro Yria u Koop-
AvHauuM aTOMOB BEPLUMHBI, YTO CBA3AHO CO CKIMOHHOCTLIO YrIOBbIX aTOMOB K YBEMNUYEHUIO CBOMX KOOpAUHALM-
OHHbIX Yuncen.

KnioueBble cnoBa: cepebpo, HaHo4acTuua, HaHoKy6, HaHobunupamuaa, MUK, ocTpoyronbHbIA, MonekynsipHo-
OVHaMmn4yeckoe MOLEenMpoBaHue.

M.M. BnaxuHceka, O.B. Kupunyenko, O.M. KanyriH. MonekynspHo-AMHaMiyHe MOAentoBaHHA HaHOYaCTUHOK
cpibna kybiyHoi Ta GinipamigansHoi dopmu.

Y [aHin cTaTTi po3rnsHyTi KpUCTanivyHi CTPYKTYPW roCTPOKYTHUX HAHOYACTMHOK cpibna i3 JOCKOHarnoto rpaHeLe-
HTpoBaHot KyGiuHot (LK) ynakoBkoto aToMiB Ta ixX 3a4aTHICTb 4O MaKpOCKOMiYHOT MOpdonoriYHoi cTaGinbHOCTI.
oCTpoKyTHI HaHo4acTWHKM cpibna npeacrtaBneHi y dopmi Ky6iB Ta Oinipamia, Ta NOPiBHIOKOTLCS i3 KBa3i-
chepuyHMMM HaHOYaCTUHKAMM Ti€l XK NPUPoOAMX, 3a AOMNOMOrOK METOAY KAaCUYHOrO MOSEKYNsipHO-AMHAMIYHOIO
(ML) mopentoBaHHsa. Byna gocnigxkeHa cepist pisHopoamipHux HaHokybiB (AgNC) Ta HaHobinipamig (AgNB) cpi6-
na, wo mictatb Big 44 0o 1156 atomis. MNposeaeHe M mogentoBaHHA CBIAYNTL NPO Te, WO NOYATKOBI AOCKOHAsI
KpUCTaniyHi CTPYKTYpW, siKi cKnagatoTbes i3 Ginblu Hixk 256 aTtomis, 36epiratoTb CBOIO NepBUHHY opMy. BuHATKO-
BUM € Ton dpakT, wo ans AgNC, ski cknagatoTbes i3 MeHL Hixk 172 aTomiB, 6yna 3acdikcoBaHa MUTTEBa BTpaTa
Kybi4HOi chopmm i NoBHE NepeTBOpeHHst y amopdbHy CTpykTypy. lNMpoTe, ansa HaHobinipaMia Ta KBasicdepuyHmx
HaHOYaCTMHOK Taka MopdbororiyHa BTpaTa He BigbyBanacs. AHani3 eHeprii 38’s13ky HanbiNbL BigAaneHWx aTtomis
cpibna Bia LIEeHTPY BKa3ye Ha Te, Lo NepeTBOPEHHS OCKOHANOi KyBiuHOI (hbopMmn B OKpyrny Ta 3rnamkeHy Biady-
Ba€ETbCHA 3a paxyHOK 3MiHN BEMWYMHN FOCTPOro KyTa Ta KOOpAMHaUIiT BEPLUMHHMX aTOMIB, LLO MOB’A3aHO i3 CXUIbHi-
CTIO KyTOBMX aTOMIB 0 36iNbLUEHHS1 CBOIX KOOpAMHALIMHNX YnCern.

Knro4oBi cnoBa: cpibno, HaHo4YacTuMHKa, HaHOKYO, HaHoGinipamiga, LK, rocTpokyTHWiA, MonekynsipHo-

OWHaMiYHe MOAEeNtoBaHHS.
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TWO-STAGE ONE-POT INTERACTION OF ACYCLIC B-KETOESTERS,
DMFDMA AND 2-CYANOMETHYLBENZIMIDAZOLE

M.A. Vodolazhenko™, A.E. Mykhailenko®, N.Yu. Gorobets™*, S.M. Desenko™*

A one-pot two-stage interaction of acyclic B-ketoesters, dimethylformamide dimethylacetal (DMFDMA)
and 2-cyanomethylbenzimidazole was studied. Carried out under microwave irradiation in 2-propanol in the
presence of piperidine, this transformation leads to the formation of 4-cyanobenzo[4,5]imidazo
[1,2-a]pyridine-2-carboxylates, whereas at room temperature in methanol in the presence of sodium methy-
late 1-hydroxybenzo[4,5]imidazo[1,2-a]pyridine-4-carbonitriles are formed. Intermediate enamines initially
formed from B-ketoesters and DMFDMA attack methylene group of 2-cyanomethylbenzimidazole followed
by heterocyclizaton. In the presence of piperidine the benzimidazole nitrogen atom attacks the keto group of
the B-ketoester fragment, whereas in the strong basic conditions cyclization occurs by the ester group.

Keywords: [B-ketoester, 2-cyanomethylbenzimidazole, one-pot heterocyclization, DMFDMA, microwave
irradiation.

Introduction

Multicomponent and one-pot multistage heterocyclzations are powerful tools to create a chemical
complexity and increase molecular diversity of small drug-like molecules [1-4]. An accelerated re-
search in this field has been driven by the fast development of the high-throughput biological screen-
ing and combinatorial chemistry. Since the simple variations of the widely known multicomponent
reactions are largely investigated the more and more complex and polyfunctional starting building-
blocks are involved in the studies of such processes [5-7]. A special attention here should be paid to
the problem of selectivity and efficiency of such transformations, since the presence of several reac-
tion centers in one building block often leads to an ambiguous reaction outcome.

Working in this field we studied previously several variations of a one-pot reaction between
a~-CH,-carbonyl compounds, dimethylformamide dimethylacetal (DMFDMA) and active methylene
nitriles giving a great diversity of heterocyclic compounds of different classes [8-13]. Selectivity and
pathways of such transformations depend on both the reaction conditions and the structure of initial
compounds. Nature of substituents in a-carbonyl CH-acids and methylene components also makes
contribution into the determination of the reaction pathway in this process. All these factors can be
used for the selectivity control in such reactions. In most of the above cited publications cyanoacetic
acid amides and related acyclic derivatives of this acid were used as the active methylene nitriles [14].
However, heteroaryl substituted acetonitriles also have significant potential for the construction of
complex heterocyclic systems in this approach [15]. One of the most commonly used reagent of this
type, 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (4), applied widely for construction of benzimidazole
derivatives fused with various heterocycles [16,17]. Recently we used its reactivity within the dis-
cussed above synthetic approach using cyclic 1,3-dicarbonyl compounds of type 1 as the starting
a-CH,-carbonyls (Scheme 1). This condensation was found to be a highly selective process leading to
4-0x0-1,2,3,4-tetrahydrobenzo[4,5 Jimidazo[ 1,2-a]quinolin-6-yl cyanides (5) [18].

In this work we aimed to apply acyclic B-ketoesters in one-pot reaction with DMFDMA (2) and
2-cyanomethylbenzimidazole 4.
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Two-stage one-pot interaction of acyclic B-ketoesters, DMFDMA and 2-cyanomethylbenzimidazole
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Scheme 1. Reaction conditions: a: solvent-free, rt, 5 min or 1 h; b H,O, rt 1 h or H,O0, MW,
120°C/5 min or i-PrOH, 120°C, 5 min.

Results and Discussion

Search for optimal reaction conditions

Since the interaction between 1,3-cyclohexanediones 1, DMFDMA (2) and
2-cyanomethylbenzimidazole 4 is a highly selective process, an analogous reaction applying acyclic
B-ketoesters 6 as representatives of 1,3-diketocompounds was also expected to give the corresponding
benzo[4,5]imidazo[ 1,2-a]pyridine-4-carbonitrile derivatives. For our initial experiments we chose
ethyl acetoacetate (6a) as the simplest representative of acyclic B-ketoesters that on the first stage re-
acted with DMFDMA 2 (2.5 mmol of each reagent) to give enamine 7a (Table 1) according to the
known method [8] with the reaction time prolonged up to 10 min to increase the conversion extent
(reaction monitored by GC-MS). On the second reaction stage an equivalent amount of nitrile 4 was
added and the reaction conditions for this interaction were further screened. Generally, the reaction
product was isolated as precipitate and analyzed by 'H NMR to make a fast conclusion of the reaction
outcome. The analysis of filtrates were performed for selected cases and discussed below.

The second stage in aqueous media carried out by analogy to Scheme 1 at room temperature or un-
der microwave heating gave negative results: the starting nitrile 4 or its mixtures with by-product 12
were isolated (Table 1, Entries 1-3). Application of i-PrOH instead of water allowed us to detect the
expected formation of 8a in admixture with the starting nitrile 4 in low yield (Entries 4-8). The use of
piperidine as catalyst in i-PrOH under microwave irradiation at 100 °C during 5 min [8] resulted in
formation of pure expected product 8a, but the isolated yield was again very low (12%, Entry 9). Fur-
ther experiments with catalytic amounts of piperidine, its stoichiometric quantities and excess at
higher temperatures (Entries 10-14) showed that under such conditions increasing amounts of the un-
desired by-product 10a appeared in the isolated material. The reaction carried out at 160 °C during
20 min under microwave irradiation gave the pure by-product (10a, Entry 15). Its identification will be
discussed later, and its formation can be rationalized as a result of enamine 7a decomposition in the
reaction mixture at higher temperatures returning the initial ester 6a followed by its reaction with 4.
Further optimization steps at room temperature during 48 h or at lower temperatures under microwave
irradiation with longer reaction times (Entries 16-26) led to elucidation of optimal conditions, resulted
in the pure product (8a) formation in a moderate yield (37 %, Entries 18 and 24). At the same time,
attempts to carry out the reaction under reflux conditions or with ultrasonic activation (exampled by
Entries 27 and 28) did not give better results.

In our further attempts to find more efficient reaction conditions we used different basic catalysts.
Application of triethylamine and K,CO; led to formation of 8a (Entries 29-31) but in lower yields than
for the cases with piperidine or with large amounts of admixtures. Interestingly, the use of stronger
bases (NaOH, -BuOK, MeONa) resulted in formation of a product 13a in a new alternative reaction
(Entries 32-35) and the use of MeONa at room temperature allowed the isolation of 13a in 44% yield
(Entry 34).
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Table 1. Optimization of the reaction conditions towards products 8a and 13a.

o Stage 1 o Stage 2 O
CN
(MeO),CH—NMe, Me EtO X
EtO 2 Et0” NN 4 |
! see Table M N

MW Me

Me (0] o ; Me (0]
6a 100°C, 10 min 7a 8a
Stage 2 4
\ see Table\

Cj@ CD%%

OH 10a or 11a o Catlon 13a 14a

10a: Cation =%NH2 11a: Cation® = Na or K®

Entry Conditions for Stage 2 Cm(l?i glzoaduct Agrmu:;:l;rrzsciigl ©
1 H,O (7.0 mL), r.t., 24 h — 4
2 H,0 (4.0 mL), MW: 80-100°C/60 min - 4+12a (10-20%)
3 H,O (4.0 mL), MW: 120-140°C/60 min — 4
4 i-PrOH (5.0 mL), r.t., 24 h traces of 8a 4
5 i-PrOH (5.0 mL), MW: 120°C/10 min 8a, 12% 15% of 4
6 i-PrOH (5.0 mL), MW: 130°C/60 min 8a, 14% 10% of 4
7 i-PrOH (5.0 mL), MW: 140°C/60 min 8a, 11% 15% of 4
8 i-PrOH (1.5 mL), MW: 140°C/25 min 8a, 28% 35% of 4
piperidine (cat.), i-PrOH (2.0 mL), o B
? MW: 100°C/5 min 8a, 12%
piperidine (cat.), i-PrOH (1.5 mL), o N
10 MW: 120°C/10 min 8a,27% 50% of 4
L 35-45% of 4 and
piperidine (cat.), i-PrOH (1.5 mL), Py o o
11 MW-: 140°C/15-25 min 8a, 20-25% unldentilfj:eds admix
12 piperidine (cat.), i-PrOH (1.5 mL), 8a. 26% 25% of 4 and uniden-
MW: 160°C/10 min ’ tified admixtures
13 piperidine (1.0 equiv), -PrOH (1.5 mL), 8a. 12% 10% of 10a and uni-
MW: 140°C/10 min ’ dentified admixtures
14 piperidine (2.0 equiv), -PrOH (1.5 mL), 8a. 10% 10% of 10a and uni-
MW: 140°C/10 min ’ dentified admixtures
piperidine (2.0 equiv), i-PrOH (0.8 mL), o B
15 MW: 160°C/20 min 10a, 20%
16 piperidine (5.0 equiv), i-PrOH (3 mL), r.t., 48h 8a, 37% 10% of 4
17 piperidine (6.0 equiv), i-PrOH (3 mL), r.t., 48h 8a, 37% 10% of 4
18 piperidine (7.0 equiv), i-PrOH (3 mL), r.t., 48h 8a, 37% —
19 piperidine (10.0 equiv), i-PrOH (3 mL), r.t., 48h 8a, 30% —
20 piperidine (15.0 equiv), i-PrOH (3 mL), r.t., 48h 8a, 26% —
piperidine (3.0 equiv), i-PrOH (2 mL), o 3
21 MW: 100°C/20 min 8a, 19%
piperidine (1.0 equiv), i-PrOH (2 mL), o 3
22 MW: 100°C/40 min 8a, 28%
piperidine (1.0 equiv), o 3
23 i-PrOH (2 mL), MW: 90°C/60 min 8a, 31%
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Continuation of table 1.

Entry Conditions for Stage 2 Cm(l?i glzoaduct Agrmug(eu;zsdii:tt? ¢
piperidine (1.0 equiv), i-PrOH (2 mL), o B
24 MW: 80°C/70 min 8a, 37%
piperidine (1.0 equiv), i-PrOH (2 mL), o N
25 MW: 70°C/85 min 8a, 36% 10% of 4
piperidine (1.0 equiv), i-PrOH (2 mL), o B
26 MW: 60°C/110 min 8a, 34%
27 piperidine (0.5 equiv), i-PrOH (7.5 mL), A, 5h 8a, 27% 5% of 4, 5% of 10a
78 piperidine (7.0 equiv), i-PrOH (4.0 mL), 8a. 26% 20% of unidentified
US, 30 °C, 60 min ’ admixtures
NEt; (1.0 equiv), i-PrOH (2 mL), o B
29 MW: 80°C/70 min 8a, 20%
30 NEt; (7.0 equiv), i-PrOH (2 mL), r.t., 48h 8a, 24% -
5 - -
31 K.CO; (2.0 equiv), DMF (3.5 mL), r.t., 6 days 8a, 74% SOA;iiﬁﬁggﬁai
32 NaOH (2.0 equiv), H,O (3.0 mL), r.t., 48h 13a, 17% 50% of 11a
25% of 8a, 5% of
33 t-ButOK (2.0 equiv), i-PrOH (4.0 mL), r.t., 4.5h 13a, 42% 11a, unidentified
admixtures
34 MeONa (2.0 equiv), MeOH (3 mL), r.t., 3.5h 13a, 44% —
MeONa (2.0 equiv), MeOH (3 mL), o B
33 MW: 100°C/25 min 13a, 34%

*The yield of the crude product accounted for the expected product specified in the table.
®The admixture content defined by "H NMR of the crude product.

Reactions involving various f-ketoesters

Based on our results obtained with ethyl acetoacetate 6a, we further used different other
B-ketoesters 6b-j in similar one-pot transformations. From the initial experiments on this research
stage it became clear that the reaction outcome strongly depends on the nature of the starting
B-ketoester and requires additional optimization steps to obtain an individual product with a reason-
able yield. Thus, the progress of reactions was monitored by TLC, and the reaction times and tempera-
tures under microwave heating were tuned to ensure the disappearance of the initial nitrile 4 (Table 2).
The isolated yields over two reaction steps were generally moderate, a good yield (51%, Entry 8) was
achieved only in the case of ethyl 3-(3-chlorophenyl)-3-oxopropanoate (6i). At the same time the
yields for other aromatic B-ketoesters were lower, especially for those ones containing electron donat-
ing substituents in aromatic ring (6g, 6h, and 6j, Entries 6, 7 and 9). Such influence of the donating
substituents can be racionalized as increasing the electron density on the ketone carbon atom that
should decrease the electrophilic properties of the carbonyl group. An attempt was made to carry out
the reaction between enamine 7f and nitrile 4 in glacial acetic acid [19] under reflux conditions. After
1.5 h the reaction was complete (TLC-control) resulting in the same product 8f isolated in lower yield
(21%, compare with Entry 5).

Table 2. Synthesis of compounds 8b-j.

0] O O cN
]
R1O)i Stage 1 Rb%N’Me Stage 2 R O)h
I | — >
M 2 N
R S0 RZ S ° RT NN
6b-j 7h-j 8b-j

Stage 1: .0 equiv), MW: 100°C/10 min

2(1
Stage 2: 4 (1.0 equiv), piperidine (1.0 equiv), i-PrOH (2.0 mL), MW: see Table 2
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Continuation of table 2.

Entry Initial B-ketoester Stage .2’. MW Product Yield
conditions
0
0] 0] N CN
o . MeO
1 MGMOMG 100°C/45 min | 21%
6b Me~ "N” SN
8b
0
O 0] N CN
. . t-BuO .
2 Me)J\/U\Ot-Bu 100°C/45 min | 32%
6¢c Me~™ "N” N
8c I~
0
6 o MeO._~. CN
N
3 MGMO/\/OMe 100°C/45 min S 22%
6d Me~ N° N
8d
0
O O N CN
4 me I OMe 80°C/115 min M&O | 26%
6e € N \N
8e I~
0
O O
, EtO N
5 OEt 100°C/50 min | 30%
6f N™ >N
8f T
0
O O
EtO NN
6 OEt | 100°C/60 min | 20%
6g N™ SN
Me 8g "
Me
0
O O
MeO - ON
7 OMe | 80°C/120 min® | 10%
6h N N
MeO 8h /™~
MeO
0
o ©
8 Cl OEt | 100°C/40 min 51%
6i
O O
9 'V'eo\@)\)LOEt 100°C/70 min 19%
6j

*Conditions for Stage 1: MW: 100 °C/20 min
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Interestingly, in contrast to ethyl acetoacetate (Table 1, Entry 18) in the case of B-ketoester 6g a
room temperature transformation catalyzed by piperidine excess resulted in formation of piperidinum
salts 15g (Scheme 2). In the case of ethyl acetoacetate such heterocyclization involving the ester group
was accomplished in the presence of MeONa as much stronger base than piperidine (6a — 13a, Table
1, Entry 34). It can be presumed that the decreased reactivity of the carbonyl group in 7g is due to the
influence of electron donating methyl substituent in the aromatic ring (see above) that may result in
the manifestation of the competing cyclization process involving the ester group. However, we could
not isolate or even detect formation of such salts or any other product in similar reaction of 6h (with
electron donating substituent, OMe) proceeded for 15 days. Thus, the reasons for the increased stabil-
ity of salt 15g are not obvious.

EtO = N
69 Stage 1 Ie Stage 2 Stage 3 /@)‘t(\/[
O 27% Me 88%
14g

Me 79 %NH
Stage 1: 2 (1.0 equiv), MW: 100°C/10 min
Stage 2: 4 (1.0 equiv), piperidine (7.0 equiv), i-PrOH (3.0 mL), rt, 6 days
Stage 3: AcOH:i-PrOH (1:1), r.t.

Scheme 2.

The products of the alternative heterocyclization were obtained for the selected representatives of
B-ketoesters 6a,g,h at room temperature in the presence of sodium methylate as it is shown in Table 3.
The resulting sodium salts 13a,g,h precipitated from the reaction mixtures. Their neutralization by
acetic acid resulted in formation of novel compounds 14a,g,h.

Table 3. Synthesis of compounds 13a,g,h and 14a,g,h

o o i N 0 N
2
R1o)i Stage 1 R1O)I/\ Nl _Stage2 R J;j(\/[ Siage3 szt(\/(
R | _—
Me @ 0" "N' N 0~ "N\

R? N0 R2 S0 Na H
6a,g,h 7a,g,h 13a,g,h 14a,g,h
Stage 1: 2 (1.0 equiv), MW: 100°C/10 min
Stage 2: 4 (1.0 equiv), MeONa (2.0 equiv), MeOH (3.0 mL), r.t.: see Table 3
Stage 3: AcOH:i-PrOH (1:1), r.t.

Entry Initial B-ketoester Stage 2| Stage 2: Product and Yield | Stage 3: Product and Yield
O O
O
6a Na N )
13a ~ 7 14a
44% 75%
0] O
O O | ~CN | ~CN
©
Me Na 139 149~
37% 60%
O o)
O O
| xCN | ~CN
OMe ©)
3 6h 8 days MeO i o ';L\N MeO HO™ N NN
MeO Na® 13h T 14h ~
75% 24%
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In the case of dimethyl malonate 16 the second stage was carried out at room temperature in the
presence of piperidine or MeONa catalysts, and for both conditions the corresponding salts 18 and 19
were obtained in moderate yields (Table 4). Their acidification with AcOH in i-PrOH gave the neutral

product 20.
)
o
M )

AN
MeO™ YO MeO™ YO HO™ NN

Cation
16 17 18 or 19 @ 20 @

Stage 1: 2 (1.0 equiv), MW: 100°C/10 min o @
Stage 2: 4 (1.0 equiv), see Table 4 18: Cation” = /~—NH2  19: Cation® = Na~
Stage 3: AcOH:i-PrOH (1:1), r.t.

Table 4. Synthesis of compounds 18, 19 and 20.

O O 0
M Meo” NN
MeO Stage 1 |MeO” N V€| Stage 2 M€ o | Stage 1 MeO
—_— | —_— —_—
e ®0" 'N" SN

Entry| Initial diester Stage 2 Stage 2: Product and Yield | Stage 3: Yield
@)
i eridi . MeO | NN
L __piperidine (7.0 equiv), S) e 27%
i-PrOH (3.0 mL), r.t., 6 days % H, OO "N SN
o o 18
24%
MeO)J\/”\OMe 0
16
CN
, MeO N
) MeONa (2.0 equiv), o | 15%
' MeOH (3.0 mL), r.t., 13 days ® 5NN °
Na N
19
44%

Thus, the studied two-stage one-pot interaction allowed synthesis of individual products of differ-
ent types in one-pot format. All products were obtained as precipitates with fast and facile isolation in
moderate yields. Analysis of the filtrates by means of "H NMR method for the selected reaction mix-
tures in the case of ethyl acetoacetate 6a showed that the formation of the by-product 12a due to de-
composition of enamine 7a is the main competing process. This transformation prevailed at elevated
temperatures (Table 1, Entries 23, 24), whereas at lower temperatures formation of unidentified ad-
mixtures was also observed (Table 1, Entries 25, 26). The filtrate analysis for the reactions of other
B-ketoesters showed similar situation. In the case of starting B-ketoesters 6¢ and 6b the salt 10a was
detected, whereas in case 6e the formation of corresponding pure by-product 12e was observed
(Table 2, Entries 1, 2, 4).

Determination of the product structure

To determine the origin of the main admixture two possible by-products 21 and 12a were synthe-
sized in two-component reactions of the starting reagents 4 and 6a (Scheme 3). From the comparison
of 'H NMR spectra of the obtained samples with spectra of the studied reaction product obtained at
160°C (Entry 15, Table 1) we assumed that compound 10a often accompanied the formation of the
main product 8a, but the formation of the possible by-product 21 has never been detected in the stud-
ied reaction mixtures.
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H

N
N j@ + DMFDMA rEt)th J_< j@
N

4 2

NC N
EtoJl ]© )~ ]@
Ve~ N LHPIOH, piperidine _ Acon M N

MW:160°C/20 min -PrOH_
OH 42a

6a %NHZ 10a

Scheme 3.

However, the formation of two different structures in the course of the above described reactions is
possible following two alternative reaction mechanisms (Paths A and B, Scheme 4).

25' CN 25 \
o
0O R? / o\‘ O N 0 '/ 0
R1O)K@CN 2 A CN i ~ CN R1O)ﬁcr\1
)
NN NN @ 07 NN R2™ NN

Scheme 4.

In the earlier papers of our group [8, 10] enamines 21 were shown to react with N-substituted
cyanoacetamides 22 via intermediate formation of resonance-stabilized enolates 23 (Scheme 5) simi-
larly to Path B (Scheme 4). The intermediates 23 were isolated as precipitates and their structure was
defined in X-ray diffraction study [9].
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o 0

e o
/ N 22 H
Me

Scheme 5.

In addition the condensation of cyclic 1,3-dicarbonyl compounds of type 1 with DMFDMA 2 and
2-(1H-benzo[d]imidazol-2-yl)acetonitrile 4 (Scheme 1) resulted in selective formation of cyanides 5
and our attempts to isolate other types of reaction products by variation of reaction conditions were
unsuccessful [18]. Based on these considerations we assume that the main product obtained in the
presence of piperidine (Tables 1,2) is formed by Path B (Scheme 4) and formulated as 8.

Routine spectral data can not allow the unambiguous structural assignment for the by-product, and
the products of the alternative reaction, and structural pairs: 8 and 8', 13 and 13", 14 and 14' have to de
distinguished using the additional spectral study.

7 - HMBC-cross peak
Figure 1. Distinction of the regioisomers of the obtained products

To resolve this structural issue for the main by-product (12 or 12') and the product of alternative di-
rection (14 or 14') we used APT, HSQC and HMBC methods for representatives 12a, 14a and 14g. In
HMBC spectrum of the main by-product (Figure 2) the expected correlations for 12a between the sig-
nals of the methyl group protons and the quaternary 4-C carbon signal was observed that proves the
close disposition of the methyl group and pyridine carbon in position 4, which is impossible for 12a.
For 14a and 14g, (Figures 3 and 4) HMBC correlation between the 4-CH proton signal and the carbon
signal of the CN group, clearly showed the close disposition of the nitrile group with the mentioned
proton strongly supporting the suggested structures 14a and 14g.

Conclusion

The studied one-pot two-stage interaction of acyclic p-ketoesters, DMFDMA and
2-cyanomethylbenzimidazole 4 was found to have low regioselectivity and give unambiguous results.
The piperidine catalized process results in formation of esters 8 due to heterocycle ring closure with
participation of B-ketoester keto group and the benzimidazole amino function. In the presence of a
stronger base, MeONa, the ring closure involves the ester group of 6 and benzimidazole nitrogen
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atom. Both reactions follow Path B (Scheme 4), and in our opinion, after the formation of intermediate
25 in the presence of piperidine (for the most cases) the benzimidazole nitrogen atom attacks the keto
group of the B-ketoester fragment as a relatively softer electrophilic center compared to the competing
ester function to form compounds 8. The change of the reaction detraction in the presence of an excess
of the strong base (MeONa) can be rationalized by the effect of two unidirectional factors. In this me-
dium deprotonation or even double deprotonation of the intermediate 25 is probably possible, and the
enolate formation is worsen significantly the hydroxyl group properties as a leaving group. More over,
in accordance with HSAB theory, the formed much harder nucleophile (benzimidazole N*) would at-
tack the harder electrophilic center, the ester group to form compounds 14. The side products of a type
12 are formed due to decomposition of the intermediate enamine 7 at the reaction conditions returning
the initial ester 6a with its consequent reaction with 4.

| | '
‘ N N M A ppm

I |II | f | F110
! | ) \ JUL . ppmi — o
- .. - 20 =
120
- a0 ° F130
- - -
- F140
- 80 k150
100 9 " 160
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140 180
- -
190
160 .

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 ppm 8'_8 8'_6 3:4 3:2 3:0 T,Is 7:6 ‘7:4 7:2 pom
Figure 2. HMBC spectrum fragment for compound Figure 3. HMBC spectrum fragment for compound 14a
12a (APT and '"H NMR spectra were laid out on the (APT and 'H NMR spectra were laid out on the vertical

vertical and horizontal axis, correspondingly). and horizontal axis, correspondingly).
) |
| ,"'.\._-_ '] ppmi
115
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-X:] 8.6 84 82 8o ] 16 T4 72 70 ppm

Figure 4. HMBC spectrum fragment for compound 14g (APT and 'H NMR spectra were laid out on the vertical
and horizontal axis, correspondingly).

Experimental section

General information

The structure of all the obtained compounds was confirmed using 'H NMR spectroscopy. Selected
representatives were analyzed by means of IR spectroscopy, mass-spectrometry, LC-MS and elemen-
tal analysis, °C NMR, APT NMR as well as HSQC and HMBC correlation NMR spectroscopy. NMR
spectra were recorded on a Bruker Avance drx 500MHz (126MHz for °C NMR; Bruker Spectrospin
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Ltd., Coventry, United Kingdom), Varian MR 400MHz spectrometer (100MHz for °C NMR), and
Varian Mercury VX 200MHz (Varian Inc., Palo Alto, CA) using DMSO-ds as a solvent and residual
solvent signal as the reference (TMS scale). IR spectra were recorded on a Perkin Elmer Spectrum
One FTIR spectrometer (PerkinElmer, Inc., Shelton, CT) (in KBr pellets). Mass spectra were recorded
on a Varian 1200L GC-MS instrument with the use of direct exposure probe method with 70 eV EI
ionization. LC-MS analyses were carried out with the use of chromatographic/mass-spectrometric
system, which consist of HPLC chromatograph equipped with diode matrix and mass-selective detec-
tor, in the atmospheric pressure chemical ionization (negative or positive APCI) mode, simultaneous
scanning of positive ions in mass diapason 80—1,000 m/z. Elemental analysis was performed on a
EuroVector EA-3000 instrument. Melting points were measured in open capillary tubes and are uncor-
rected. Microwave experiments were carried out using the EmrysTM Creator EXP from Biotage (Upp-
sala, Sweden) in sealed microwave process vials (for maximum 2.5mL of the reaction mixture) utiliz-
ing the “High” absorbance level (150W maximum power) and a monomode Anton Paar Monowave
300 microwave reactor (2.45 GHz) in G4 (for maximum 2.5 mL of the reaction mixture) microwave
process vials. Reaction times under microwave conditions correspond to the time of reaction mixture
was kept at the designated temperature. After completion of the reaction, the vial was cooled to 50°C
by air jet cooling. Reaction temperatures were monitored by an IR sensor. All reagents including
B-ketoesters 6a-j, dimethyl malonate 16 and 2-cyanomethylbenzimidazole 4 and solvents were pur-
chased from commercial suppliers and used without further purification.

General procedure for preparation of 4-cyanobenzo[4,5]imidazo[1,2-a]pyridine-2-
carboxylates (8a-j). Enamines 7a-j were obtained by reaction of neat B-ketoesters 6a-j (2.5 mmol)
with DMFDMA (297 mg, 2.5 mmol) heated under microwave irradiation at 100°C during 10 min (20
min for enamine 7h). Than 2-cyanomethylbenzimidazole 4 (393 mg, 2.5 mmol), piperidine (1.0 equiv,
2.5 mmol, 213 mg) and 2.0 mL of i-PrOH were added to the obtained mixture. The vial was encapsu-
lated and heated again under microwave irradiation (Table 2). After cooling, the precipitate obtained
was filtered off and washed with Et,O or #~-BuOMe, then dried on air. For 8h the product was isolated
from the filtrate that was evaporated in vacuum, and than diluted with 10.0 mL of cold i-PrOH, the
precipitate obtained was filtered off, washed with i-PrOH, then dried on air.

Procedure for preparation of piperidin-1-ium 4-cyano-2-(4-
methylbenzoyl)benzo[4,5]imidazo[1,2-a]pyridin-1-olate (15g) and piperidin-1-ium 4-cyano-2-
(methoxycarbonyl)benzo[4,5]imidazo[1,2-a|pyridin-1-olate (18). Enamines 7g and 17 were ob-
tained by reaction of neat P-ketoesters 6g or dimethyl malonate 16 (2.5 mmol) with DMFDMA
(297 mg, 2.5 mmol) under microwave heating to 100°C during 10 min. Than
2-cyanomethylbenzimidazole 4 (393 mg, 2.5 mmol), piperidine (7.0 equiv, 17.5 mmol, 1.488 g) and
3.0 mL of i-PrOH were added to the obtained mixture, which further was stirred at room temperature
during 6 days. The precipitate obtained was filtered off and washed with Et,O or ~-BuOMe, then dried
on air.

General procedure for preparation of sodium 4-cyanobenzo[4,5]imidazo[1,2-a]pyridin-1-
olates (13a,g,h) and sodium 4-cyano-2-(methoxycarbonyl)benzo[4,5]imidazo[1,2-a]pyridin-1-
olate (19). Enamines 7a,g,h were obtained by a reaction of neat B-ketoester 6a,g,h (2.5 mmol) with
DMFDMA (297 mg, 2.5 mmol) under microwave heating at 100°C during 10 min. Then
2-cyanomethylbenzimidazole 4 (393 mg, 2.5 mmol) and freshly prepared solution of MeONa
(2.0 equiv) in 3.0 mL of MeOH (solution of 0.115g of Na in 3.0 mL of MeOH) were added to the ob-
tained mixture, which further was stirred at room temperature (time for each case is given in Tables 3
and 4). The precipitate obtained was filtered oft, washed with corresponding solvent (13a with MeOH,
13h with -BuOMe, 13g and 19 with CH3CN) and dried on air.

General procedure for preparation of 1-hydroxybenzo[4,5]imidazo[l,2-a]pyridine-4-
carbonitriles (14a,g,h) and methyl 4-cyano-1-hydroxybenzo|4,5]imidazo[1,2-a]pyridine-2-
carboxylate (20). 1.0 mL of i-PrOH and 1.0 mL of glacial acetic acid were added to isolated products
13a,g,h, 15g, 19 (100 mg), than stirred at room temperature for 1h, precipitated solid was filtered off,
washed with water, dried on air.

Procedure for preparation of piperidin-1-ium 4-cyano-3-methylbenzo[4,5]imidazo
[1,2-a]pyridin-1-olate (10a). Ethyl acetoacetate 6a (325 mg, 2.5 mmol), 2-cyanomethylbenzimidazole
4 (393 mg, 2.5 mmol) and 0.8 mL of i-PrOH were mixed. The vial was encapsulated, and the reaction
mixture was heated under microwave irradiation at 160°C during 20 min. After cooling under stirring,
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the product was upsetted with water; precipitate obtained was filtered off and washed with water, then
dried on air. Yield 42% (323 mg).

Procedure for preparation of 1-hydroxy-3-methylbenzol[4,5]imidazo[1,2-a]pyridine-4-
carbonitrile (12a). Isolated product 10a (100 mg), 1.0 mL of i-PrOH and 1.0 mL of glacial acetic acid
were mixed, the reaction mixture was stirred at room temperature for 1 h, precipitated solid was fil-
tered off, washed with water, dried on air. Yield 81% (58 mg).

Procedure for preparation of 2-(1H-benzo|d]imidazol-2-yl)-3-(dimethylamino)acrylonitrile
(21). 2-Cyanomethylbenzimidazole 4 (393 mg, 2.5 mmol), DMFDMA (297 mg, 2.5 mmol) and
1.0 mL of DMF were mixed and stirred at room temperature for 12 h, precipitated solid was filtered
off, washed with i-PrOH, dried on air. Yield 71% (375 mg).

Ethyl 4-cyano-1-methylbenzo[4,5]imidazo[1,2-a|pyridine-2-carboxylate (8a). Pale yellow solid.
Yield 37%. Mp 221°C. Anal. caled. for C;¢H3N30,5: C, 68.81; H, 4.69; N, 15.05. Found: C, 68.91;
H, 4.72; N, 15.08; 'H NMR (200 MHz, DMSO-ds) & 1.36 (t, ] = 7.1 Hz, 3H), 3.39 (s, 3H),
4.35 (q, J = 7.0 Hz, 2H), 7.40-7.54 (m, 1H), 7.57-7.72 (m, 1H), 7.88-7.02 (m, 1H), 8.33-8.47 (m, 1H),
8.51 (s, 1H); "C NMR, APT, HSQC (125 MHz, DMSO-d¢) & 14.5 (CH;CH,0), 19.3 (CHa),
62.2 (CH;CH,0), 98.8 (C-4), 113.1 (CN), 113.4 (C-7), 117.8 (C-2), 119.3 (CH, C-8), 120.2 (CH,
C-11), 121.3 (CH, C-9), 127.2 (CH, C-10), 131.0 (C-5), 138.3 (C-3), 141.2 (C-12), 164.9 (C-1), 191.0
(C=0); MS: (70eV, electron impact) m/z 279 (M"); LC-MS: purity 100%, m/z (APCI, pos.) 280
(M+H"); IR (KBr), v: 3420, 2981, 2230, 1716, 1625, 1592, 1366, 1235, 1067, 1031, 754 cm .

Methyl 4-cyano-1-methylbenzo[4,5]imidazo[1,2-a|pyridine-2-carboxylate (8b). Pale beige-
yellow solid. Yield 21%. Mp 200-205°C (decomp.). Anal. calcd for C;sH;7N30,: C, 67.92; H, 4.18; N,
15.84. Found: C, 68.06; H, 4.15; N, 15.89; 'H NMR (200 MHz, DMSO-ds) & 3.39 (s, 1H),
3.89 (s, 1H), 7.41-7.54 (m, 1H), 7,59-7,7 (m, 1H), 7.9-7.99 (m, 1H), 8.8-8.47 (m, 1H), 8.5 (s, 1H); °C
NMR (125 MHz, DMSO-ds) & 19.3, 53.3, 97.88, 97.90, 113.1, 115.6, 117.8, 120.18, 120.22, 120.23,
123.1, 127.3, 131.0, 138.3, 165.3; LC-MS: purity 96.7%, m/z (APCI, pos.) 266 (M+H"); IR (KBr),
v: 3432, 3086, 2925, 2227, 1723, 1435, 1363, 1241, 1203, 1066, 752, 735 cm .

Tert-butyl 4-cyano-1-methylbenzo[4,5]imidazo[1,2-a|pyridine-2-carboxylate (8c). Pale yellow
solid. Yield 36%. Mp 287°C. Anal. caled for CisH;N30,: C, 70.34; H, 5.58; N, 13.67. Found:
C, 70.42; H, 5.55; N, 13.69; 'H NMR (200 MHz, DMSO-ds) & 1.59 (s, 9H), 3,36 (s, 3H), 7.38-7.53
(m, 1H), 7.55-7.72 (m, 1H), 8.30-8.44 (m, 1H), 8.45 (s, 1H); °C NMR (125 MHz, DMSO-dq) & 19.2,
28.23, 28.25, 28.3, 92.4, 120.20, 120.23, 123.0, 123.3, 125.3, 127.2, 143.46, 143.47, 143.7, 148.8,
151.6, 187.2; MS: (70eV, electron impact) m/z 307 (M"); LC-MS: purity 97.17%, m/z (APCI, pos.)
308 (M+H"); IR (KBr), v: 3421, 2976, 2932, 2231, 1954, 1819, 1717, 1627, 1593, 1369, 1247, 1168,
1154 cm™.

2-Methoxyethyl  4-cyano-1-methylbenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate (8d).
Yellow solid. Yield 21%. Mp 152-153°C Anal. caled for C;sH7N;0,: C, 66.01; H, 4.89; N, 13.58.
Found: C, 66.14; H, 4.81; N, 13.59; '"H NMR (200 MHz, DMSO-d) & 3.32 (s, 3H), 3.39 (s, 3H),
3.63-3.73 (m, 2H), 4.36-4.51 (m, 2H), 7.39-7.52 (m, 1H), 7.57-7.69 (m, 1H), 7.88-7.97 (m, 1H),
8.34-8.50 (m, 2H); °C NMR (125 MHz, DMSO-ds) & 19.3, 58.6, 65.0, 70.1, 97.9, 113.1, 115.6, 117.8,
120.2, 123.1, 127.2, 130.9, 138.2, 145.3, 146.0, 152.1, 164.9; LC-MS: purity 97.42%, m/z (APCI, pos.)
310 (M+H"); IR (KBr), v: 3436, 2926, 2230, 1717, 1624, 1591, 1363, 1235, 1066, 1035, 754 cm™.

Methyl 4-cyano-1-ethylbenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate (8e). Beige-yellow
solid. Yield 26%. Mp 224-225°C (decomp.). 'H NMR (400 MHz, DMSO-ds) & 1.44 (t, J = 7.3 Hz,
3H), 3.79 (q, J = 7.6 Hz, 2H), 3.9 (s, 3H), 7.47-7.58 (m, 1H), 7.61-7.72 (m, 1H), 7.93-8.04 (m, 1H),
8.23-8.36 (m, 1H), 8.52 (s, 1H).

Ethyl 4-cyano-1-phenylbenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate (8f). Yellow solid.
Yield 30%. Mp 273 °C (decomp.). '"H NMR (200 MHz, DMSO-d¢) & 0.98 (t, J = 7.5 Hz, 3H),
4.05 (d, J = 6.6 Hz, 2H), 5.89-6.07 (m, 1H), 6.92-7.14 (m, 1H), 7.41-7.54 (m, 1H), 7.54-7.82 (m, SH),
7.83-7.95 (m, 1H), 8.53(s, 1H).

Eethyl 4-cyano-1-(p-tolyl)benzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate (8g). Pale yellow
solid. Yield 20%. Mp 248°C. 'H NMR (200 MHz, DMSO-ds) & 0.96 (t, J = 7.0 Hz, 3H),
4.02 (q, J = 6.9 Hz, 2H), 5.91-6.06 (m, 1H), 6.97-7.14 (m, 1H), 7.38-7.59 (m, SH), 7.83-7.98 (m, 1H),
8.61 (s, 1H).
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Methyl 4-cyano-1-(4-methoxyphenyl)benzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate (8h).
Pale green-yellow solid. Yield 10%. Mp 269°C. '"H NMR (400 MHz, DMSO-ds) & 3.61(s, 1H),
391 (s, 1H), 591-6.11 (m, 1H), 7.01-7.16 (m, 1H), 7.16-7.96 (m, 2H), 7.44-7.55 (m, 3H),
7.88-7.96 (m, 1H) 8.64 (s, 1H).

Ethyl 1-(3-chlorophenyl)-4-cyanobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate (8i). Yellow
solid. Yield 51%. Mp 272°C. 'H NMR (200 MHz, DMSO-ds) & 0.97 (t, J = 7.2 Hz, 3H),
4.04 (d, J = 6.6 Hz, 2H), 5.81-6.04 (m, 1H), 7.05-7.23 (m, 1H), 7.46-7.65 (m, 2H), 7.66-7.88 (m, 3H),
7.90-8.00 (m, 1H), 8.69 (s, 1H); °C NMR (125 MHz, DMSO-d) & 13.9, 61.8, 115.3, 120.6, 123.0,
127.3, 127.7, 128.9, 130.5, 131.0, 131.7, 134.9, 138.5, 145.4, 145.5, 145.6, 145.7, 146.4, 146.6, 163.7,
163.8; LC-MS: purity 100%, m/z (APCI, pos.) 376 (M+H"); IR (KBr), v: 3415, 3063, 2980, 2235,
1712, 1445, 1373, 1318, 1253, 1229, 1017, 759, 735 cm .

Ethyl 4-cyano-1-(3-methoxyphenyl)benzo[4,5]imidazo[1,2-a]pyridine-2-carboxylate  (8j).
Yellow solid. Yield 21%. Mp 218°C (decomp.). 'H NMR (200 MHz, DMSO-dg) 8 0.95 (t, J = 7.2 Hz,
3H), 3.77 (s, 3H), 4.03 (q, J = 7.0 Hz, 2H), 5.87-6.05 (m, 1H), 7.02-7.34 (m, 4H), 7.44-7.65 (m, 2H),
7.85-7.96 (m, 1H), 8.63 (s, 1H).

Piperidin-1-ium 4-cyano-3-methylbenzo[4,5]imidazo[1,2-a]pyridin-1-olate (10a). Dark beige
solid. Yield 42%. Mp 240-245 ‘C decomp. 'H NMR (200 MHz, DMSO-dy) & 1.44-1.7 (m, 6H),
2.25 (s, 3H), 2.91-3.06 (m, 4H), 5.33 (s, 1H), 6.90-7.05 (m, 1H), 7.14-7.29 (m, 1H),
7.36-7.47 (m, 1H), 8.35-8.51 (m, 1H).

1-Hydroxy-3-methylbenzo[4,5]imidazo[1,2-a|pyridine-4-carbonitrile (12a). Pale beige solid.
Yield 34%. Mp >270°C decomp. 'H NMR (200 MHz, DMSO-dy) & 2.32 (s, 3H), 5.91 (s, 1H),
7.25-7.40 (m, 1H), 7.42-7.57 (m, 2H), 8.41-8.61 (m, 1H), 13.55 (br.s., IH) °C NMR, APT, HSQC,
HMBC (125 MHz, DMSO-d¢) 6 20.8 (CH3), 69.9 (C-4), 105.4 (CH, C-2), 111.9 (CH, C-11),
116.7 (CH, C-8), 118.0 (CN), 123.1 (CH, C-9), 126.8 (CH, C-10), 128.2 (C-7), 132.0 (C-12),
146.9 (C-5), 151.4 (C-3), 158.7 (C-1).

Sodium 2-acetyl-4-cyanobenzo[4,5]imidazo[1,2-a]pyridin-1-olate (13a). Pale pink solid. Yield
44%. >300 ‘C. 'H NMR (200 MHz, DMSO-dg) & 2.53 (s, 3H), 7.08-7.25 (m, 1H), 7.26-7.42 (m, 1H),
7.53-7.49 (m, 1H), 8.20 (s, 1H), 8.47-8.64 (m, 1H).

Sodium 4-cyano-2-(4-methylbenzoyl)benzo[4,5]imidazo[1,2-a]|pyridin-1-olate (13g). Beige-
yellow solid. Yield 37%. Mp >305C. 'H NMR (200 MHz, DMSO-ds) & 2.35 (s, 3H),
7.02-7.24 (m, 2H), 7.24-7.41 (m, 1H), 7.43-7.54 (m, 2H), 7.54-7.66 (m, 1H), 7.98 (s, 1H),
8.30-8.55 (m, 1H).

2-Acetyl-1-hydroxybenzo[4,5]imidazo[1,2-a|pyridine-4-carbonitrile (14a). Pale beige solid.
Yield 33%. Mp 221°C. Anal. calcd for CgsH7N30,: C, 66.93; H, 3.61; N, 16.73. Found: C, 67.06; H,
3.59; N, 16.76; "H NMR (200 MHz, DMSO-de) & 2.57 (s, 3H), 7.39-7.50 (m, 1H), 7.52-7.67 (m, 2H),
8.37 (s, 1H), 8.55-8.74 (m, 1H); °C NMR, APT, HSQC, HMBC (125 MHz, DMSO-dg) & 31.1 (CH3),
72.3 (C-4), 112.8 (CH, C-11), 113.2 (C-2), 116.4 (CH, C-8), 117.1 (CN), 124.0 (CH, C-9), 127.4 (CH,
C-10), 128.9 (C-7), 132.2 (C-5), 144.4 (CH, C-3), 147.4 (C-12), 158.9 (C-1), 193.8 (C=0); MS:
(70eV, electron impact) m/z 251 (M"); LC-MS: purity 100%, m/z (APCI, pos.) 252 (M+H"); IR
(KBr), v: 3383, 3124, 3059, 2999, 2878, 2218, 1927, 1894, 1695, 1637, 1545, 1487, 1300 1251, 1237,
971,775,761 cm’™.

1-Hydroxy-2-(4-methylbenzoyl)benzo[4,5]imidazo[1,2-a]pyridine-4-carbonitrile (14g). Wight
solid. Yield 22%. Mp 310-312°C (decomp.). 'H NMR (200 MHz, DMSO-dy) & 2.36 (s, 3H), 7.18-7.34
(m, 2H), 7.35-7.47 (m, 1H), 7.51-7.71 (m, 4H), 8.16 (s, 1H), 8.47-8.61 (m, 1H); °C NMR, APT,
HSQC, HMBC (125 MHz, DMSO-d¢) 6 21.7 (CH3), 71.0 (C-4), 112.6 (CH, C-11), 115.0 (C-2), 116.8
(CN), 117.0 (CH, C-8), 123.7 (CH, C-9), 127.4 (CH, C-10), 128.9 (C-1"),129.1 (2CH, C-3°, C-5"),
129.7 (2CH, C-2', C-6"), 132.3 (C-7), 136.4 (C-5), 142.9 (C-4"), 144.5 (CH, C-3), 147.7 (C-12), 157.9
(C-1), 192.5 (C=0); LC-MS: purity 100%, m/z 328 (APCI, pos.) (M+H"); IR (KBr), v: 3430, 3131,
3069, 2997, 2951, 2871, 2810, 2743, 2345, 2226, 1923, 1869, 1803, 1687, 1634, 1548, 1487, 1256,
1236, 785, 761 cm .

1-Hydroxy-2-(4-methoxybenzoyl)benzo[4,5]imidazo[1,2-a]pyridine-4-carbonitrile (14h).
Wight solid. Yield 18%. Mp 289°C. '"H NMR (200 MHz, DMSO-d) & 3.83 (s, 3H), 6.92-7.06 (m, 2H),
7.34-7.48 (m, 1H), 7.51-7.68 (m, 2H), 7.70-7.83 (m, 2H), 8.14 (s, 1H), 8.49-8.62 (m, 1H); LC-MS:
purity 100%, m/z (APCI, pos.) 344 (M+H").
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Piperidin-1-ium 4-cyano-2-(4-methylbenzoyl)benzo[4,5]imidazo[1,2-a]pyridin-1-olate (15g).
Yield 34%. Mp 114-115°C. 'H NMR (200 MHz, DMSO-d¢) & 1.41-1.75 (m, 6H), 2.35 (s, 3H), 2.91-
3.06 (m, 4H), 7.04-7.14 (m, 1H), 7.14-7.24 (m, 2H), 7.25-7.37 (m, 1H), 7.44-7.54 (m, 1H), 7.54-7.64
(m, 1H), 7.99 (s, 1H), 8.2 (br. s., 2H), 8.34-8.44 (m, 1H).

Methyl 4-cyano-1-hydroxybenzo[4,5]imidazo[1,2-a|pyridine-2-carboxylate (20). Purple solid.
Yield 7%. Mp 280-282°C decomp. 'H NMR (400 MHz, DMSO-dg) & 3.74 (s, 1H), 7.38-7.70 (m, 3H),
8.44 (s, 1H), 8.57-8.72 (m, 1H).

2-(1H-Benzo[d]imidazol-2-yl)-3-(dimethylamino)acrylonitrile (21). Yield 71%. Mp 224-226°C.
'H NMR (200 MHz, DMSO-dg) & 3.34 (s, 3H), 6.94-7.09 (m, 2H), 7.27-7.41 (m, 2H), 7.94 (s, 1H),

11.91 (s, 1H).
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M.A. BoponaxeHko, A.E. MuxanneHko, H.tO. MNopobeu, C.M. [leceHko. [lByxcTaauiHoe ogHOpeakTopHoe B3au-
MoZencTBme aumnknmiecknx B-ketoacpmpos, OMPOMA n 2-unaHometTnnbeHsmmaasona

M3yyeHO oaHOpeakTopHOe ABYXCTaAMMHOE B3aUMOOENCTBUE auUKNNYECcKnx B-keToadpmpoBs, gumerunnaueTtans
N,N-gnmetundopmamuaa (AMOOMA) n 2-(1H-6eH3o[d]umuaason-2-un)auetoHmTtpuna. NMog oencTBnemM MUKpo-
BOMTHOBOTO M3My4eHusi B 2-MporaHone B NPUCYTCTBMM NWUNEpUAMHA OHO NpUMBOOUT K 0OpasoBaHUo
4-unaHobeH30[4,5]lumnaasol1,2-alnpuamnH-2-kapbokcunaTos, Torga kak npu KOMHaTHOW TemnepaTtype B MeTaHo-
ne B MpUCYTCTBMM MeTunata Hatpua  obpasyitcs  1-rugpokcnbensol4,5lumuaasol1,2-alnupnanH-4-
KapboHUTPUnbl. [TpOMEXYTOYHbIE €HaMWHbI, KOTOpble 0OpasylTcs Ha MNepBoW CcTaguu U3 (-keToadupoB U
OM®OMA, pearvpytoT No METUIIEHOBOK rpynne 2-unaHoMeTunoeH3nMmaasona ¢ nocneayoLlen retepounknmnsa-
uven. B npucyTcTBMM NunepuaovHa UMKNM3aumus uaeT ¢ ydactmeM aToma asota GeHsavmupasona v Ketorpynnebl
B-keToacpmpHoro parmeHTa, TOraa Kak B NPUCYTCTBUM CUMBHOTO OCHOBaHUS LIMKNN3aLmsa NPOMCXOONUT MO CIOX-
HO3bmpHON rpynne.

KnioyeBble cnoBa: [3-keToacTep, 2-UMaHOMeTUNOEH3MMMAA30M, OAHOPEeaKTOpHasi reTepoumKMsaums,
OM®OMA, MUKPOBONHOBOE M3ryYeHue.

M.O. BogonaxeHko, A.€. MuxaiineHko, M.KO. Nopobeup, C.M. [eceHko. [IBocTagiiHa ogHOpeakTopHa B3aemMo-
4is aumnknivHmx B-ketoectepis, AMPMA Ta 2-uiaHomeTun6eHsimigasony.

BuByeHO OOHOpPEaKTOpPHY [OBOXCTadiMHy  B3aeMoilo  auuKniyHuMx  B-ketoedipiB, AumeTMnaueTanto
N,N-gnmetundopmamigy (AMPOMA) Ta 2-(1H-6eH3o[d]imigason-2-in)aueToHiTpuna. IMig gieto MiKpoXBUIbOBOrO
OMNPOMIHEHHS B 2-MponaHofli B NPUCYTHOCTI NiNnepuauHy BoOHa npu3BoauTb A0 4-uiaHo6eH30[4,5]imigaso
[1,2-a]nipnanH-2-kapbokcunaris, ToAi SK NpU KIMHATHIW TemMnepaTypi B MeTaHori y NPUCYTHOCTI MeTUNaTy HaTpito
cnocrepiraetbcs yTBOpeHHs1 1-rigpokcnbeH3so[4,5]iminaso[1,2-alnipnanH-4-kapboHiTpunis. MpoMixHi eHaMiHK, K
YyTBOPIOIOTLCA Ha nepuwin cragii 3 B-ketoedipis Ta AMPOMA, pearyloTb 3a METUNEHOBOK IPYMO0
2-uiaHomeTun6eHs3iMigasony 3 HACTYNHOK reTepoumKizauieto. Y NpMcyTHOCTI NinepuavHy uuknisauis ige 3 yyac-
THO aToOMy a30Ty GeHsiMmigasony Ta keTorpynu B-ketoedipHoro oparmMeHTy, TOAi SIK Y MPUCYTHOCTI CUIIbHOI OCHOBM
UMKNi3auig npoxoauTb 3a eCTEPHOD rPynoto.

Knro4oBi cnoBa: [3-ketoectep, 2-LiaHoMeTun6eHsiMmiaason, ogHopeakTopHa retepoumknisadis, AMPOMA, mik-

POXBUNBOBE OMPOMIHEHHS.

Kharkov University Bulletin. Chemical Series. Issue 29 (52), 2017

45



BicHuk XapkiBChbKOI'0 HalliOHAJIBLHOTO YHIBEpCUTETY, cepis "Ximia", Bum. 29 (52), 2017

doi.org/10.26565/2220-637X-2017-29

VK 544.354.081.7: 54-438+543.422.3

INFLUENCE OF TETRABUTYLAMMONIUM BROMIDE AND SODIUM BROMIDE ON
ACID-BASE PROPERTIES OF THYMOL BLUE IN WATER-ETHANOL MEDIUM

E.A. Reshetnyak, A.I. Rysukhina, N.N. Kamneva, K.V. Goloviznina

For the first time the values of two acidity constants Ks1 and K2 of the sulfophthalein indicator thymol blue
in water and water-ethanol (mass fraction of ethanol is 50%) solutions with and without addition of tetrabu-
tylammonium bromide and a background electrolyte NaBr were determined. Spectrophotometry was chosen
as a method of investigation and potentiometry was used to check the pH value in the solutions. It was
found that the influence of tetrabutylammonium bromide on the pKa. values (compared with aqueous solu-
tions) of thymol blue in water and water-ethanol solutions correlated in sign with the effects that took place
in micellar solutions of cationic surfactants for this indicator. Changes in the pKa,1 value did not exceed a
measurement error.

Keywords: thymol blue, acidity constant, water-ethanol solution, tetrabutylammonium bromide, back-
ground electrolyte, spectrophotometry, potentiometry.

Introduction

Thymol blue (2,2’-dimethyl-5,5’-diisopropylphenolsulphophthalein, TB) is an acid-base indicator,
that is sufficiently studied and commonly used in analytical and physical chemistry practice. Thymol
blue, along with other dyes, is used as a spectroscopic probe for investigating of medium effects [1-7].
It is known that transition from water to non-aqueous solvents, either to micellar solutions or similar
media, causes a shift of protolytic equilibrium or leads to changes in values of the indicators (K,) acid-
ity constants. The value ApK, = pK, (medium) — pK,"” (water) is a quantitative characteristic of an in-
fluence of the indicator microenvironment in the chosen medium.

Different indicator systems based on dye solutions or sorbents with immobilized dyes are used as
an express method to determine the pH of aqueous media; acid-base papers are best known to con-
sumers [8,9]. Indicator papers that work in a “wide” pH range are prepared using water or water-
alcohol solutions of indicator mixtures. These solutions can contain thymol blue. To improve the sta-
bility of immobilized indicators in sorbents, tetrabutylammonium bromide (TBAB) was added to the
solutions of dyes [9]. The presence of a quaternary ammonium salt can cause a shift in the color transi-
tion of the indicator. A preliminary research into the indicator’s behavior in the solution in the chosen
conditions is necessary for prediction of acid-base properties of the dye in the sorbent phase.

The indicator thymol blue has two color transitions characterized by two acidity constants K, and
K. The schemes of protolytic equilibria are shown in Fig.1 ([4]). A molecule of an acid is red in
color, hydroanion — yellow, anion — blue one.

A standard method of spectrophotometric determination of acidity constants is mostly used for in-
vestigation of acid-base properties of dyes under various conditions [10]. If the dissociation equilib-

rium of the indicator’s acid form is represented by the equation HR =2 R+H™, the formula for calcu-
lation of the logarithmic acidity constant is as follows:

pK, =pH+logﬂ (1)
Agr — 4

where Ar and Apr are absorbances of conjugated forms of the indicator at a fixed wavelength,

A — absorbance of the solution containing both the forms; the pH value of the solutions is determined

by the potentiometric method.

In Table 1, some examples of the experimentally estimated values of the second acidity constant of
thymol blue in aqueous micellar solutions of cationic surfactants at different values of ionic strength of
the solutions (/) are collected. These results confirm regularities summarized in the literature [1,6,7]:
the indicators’ pK, values decrease in the presence of micelles of cationic surfactants as compared
with the values in water and increase when a background electrolyte is added to the micellar medium
(references on the influence of TBAB on pK,; and pK,, of thymol blue were not found).
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Figure 1. The scheme of protolytic equilibria of thymol blue.

Table 1. Values of the indices of the second acidity constant of thymol blue in water micellar solutions of cati-
onic surfactants.

Conditions
Surfactant c(surfactant), | Background 3 0 pPKa
mol/dm’ electrolyte £, mol/dm S
0.003 KBr 0.011 20 8.90 [2]
ltrimethyl 0.003 KBr 0.05 20 9.30 [2]
amilio};lium %myn;i i 0.01 NaBr 0.05 20 | 9.15+0.05 [4]
0.01 — not stabylized 25 8.73 £0.03 [4]
0.002 NaBr 0.05 25 9.60 [5]
ditetradictyldimethyl 5-107 NaBr 0.01 25 | 8.90%0.06 [6]
ammonium bromide
gemini 4
16-4-16 surfactants 510 NaBr 0.05 25 9.60 [6]
cetylpyridinium chloride 0.003 KCl 0.05 25 8.83 1]
cetyltrimethyl- 0.003 KCl 4.0 25 10.47 [3]
ammonium chloride

"In water solutions pK,, = 9.2 (I=0, [1,11]); 9.01 (/= 0.01, [11]); 8.90 (/= 0.1, [11]).

It is known that an increase in pK,, i.e. a decrease of acid strength, is supposed to be observed
when water is replaced by an organic or water—organic medium. Thus, pK,, of thymol blue reaches the
value of 13.1 in water—ethanol solution (91 mas % fraction of ethanol) [1].

The aim of this work was to investigate the influence of tetrabutylammonium bromide on acid-base
properties of the indicator thymol blue in water and water—ethanol solutions (mass fraction of the al-
cohol 50%) in the presence of background electrolyte NaBr.

Experimental

Materials

In the present work, the chemicals were reagent or extra pure grade, all the solutions were prepared
using distilled water. Stock solutions of thymol blue (~2-10* mol/dm’) and TBAB (0.10 mol/dm’)
were prepared by dissolution of exactly weighed amounts in ethanol (96 mas % fraction). Aqueous of
1.00 mol/dm’® NaBr solution was prepared using exactly weighed amount.

The values of pH < 3.3 in the working solutions were maintained by HCl additions, pH from 4.0 to
5.5 by an acetate buffer, from 6.0 to 8.0 by a phosphate buffer, from 8.2 to 10.5 by a borate buffer,
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pH > 11 by NaOH solutions. The stock solution of alkali was prepared from a saturated NaOH solu-
tion using CO,-free water and was kept protected from the atmosphere.

Apparatus

Absorption spectra of dye solutions were measured using KFK-3 and HITACHI U-2000 apparatus
against water or water-ethanol reference solutions in 1 cm cuvette. The pH values of working solutions
were determined by the potentiometric method using either a compensation scheme with uncertainty
of £0.3 mV at (25.0=0.1) °C or pH meter-millivoltmeter pH-121 at room temperature. An Ag/AgCl
electrode EVL-1M3 was chosen as a reference electrode and a glass electrode ESL-43-07 as an indica-
tor one. Calibration of the optical path cell was carried out with standard aqueous buffer solutions.
A correction A = —0.2 units was applied for measured pH values of water—ethanol (50% mass frac-
tion) solutions [12].

Procedure

The concentration of thymol blue was determined more precisely by spectrophotometric method
taking into account the exact value of the molar absorptivity of the indicator in water solutions
Ema=3.6 X 10" dm’/(mol xcm) [1].

Water—alcohol solutions of the indicator (50 mas % fraction of ethanol) with fixed pH and ionic
strength values were prepared in a flask with a volume capacity of 10 ml. Necessary volumes of the
base solutions were placed into the flask using pipettes in the following order: TB solution, 96 % etha-
nol, TBAB solution, NaBr solution, and then made up by an aqueous buffer solution. Concentration of
the indicator in all the solutions was 3.0 x 10~ mol/dm’, and that of TBAB: 0.01 or 0.002 mol/dm’.
The fixed value 7 = 0.05 mol/dm’ was maintained by adding the background electrolyte NaBr. The
value of ionic strength was determined by the concentration of the components of buffer solutions or
HCl in case of absence of the TBAB and NaBr salts.

Results and discussion

The scheme of acid-base conversion of thymol blue in ethanol and water-ethanol-solutions is sup-
posed to be the same as in water (Figure 1, [1]).

H,R* = HR +H", K, 2
HR™ =R* +H', K, 3)

It is well known that in a strongly acidic medium (pH<0), the zwitter-ion H,R™ is readily proto-
nated forming cation H;R" (fixed by sight and spectroscopically) [1,13]. Different authors report the
pK. value to be about 1.6. Based on this value, pH range from 0.7 to 3.5 was chosen for studying
zwitter-ion dissociation to hydroanion. The contribution of the equilibrium concentration of H;R" ion
to total concentration of the indicator can be neglected in this acidity range [13].

Absorption spectra of the three forms of the indicator at different pH values in water (without
TBAB and NaBr) and water—ethanol solutions (with TBAB and NaBr) are shown in Figures 2 and 3.
Absorption spectra of the dye were similar to those obtained in other tested systems. The values of the
wavelength in maxima of the absorption bands of all the forms (%, , Table 2) are shifted insignifi-

cantly into a long wavelength spectrum band by 4-11 nm in water—ethanol solutions as compared with
the water ones. This shift is typical for colored particles when a polar solvent is replaced by a less
polar one; the value of Ay, also characterizes the medium effect [1].

For the experimental evaluation of the indicator’s acidity constants under different conditions, the
wavelengths were chosen where the light absorption of the dye strongly depends on pH: 3 ___ of the

max

zwitter-ion when studying the first step of dissociation and 3 of the anion R* when evaluating the

second acidity constant.

Examples of the titration curves of water—ethanol solution of the indicator by hydrogen chloride so-
lutions and alkali are shown in Figure 4. For calculating every logarithmic acidity constants according
to Eq. 1, 8-10 experimental points on the sloping part of the curves were chosen. Averaged values are
presented in Table 2.
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Figure 2. Absorption spectra of thymol blue at different pH values in water solutions with concentration of TB
3.2% 107 mol/dm’:

a)pH: 1-5.00;2-2.29,3-2.00,4-1.86,5-1.74,6-1.62,7-1.57,8-1.47,9—-1.28, 10— 0.70.

b) pH: 1 —5.00; 2 —8.63; 3 - 8.78; 4 — 8.85; 5 -8.94; 6 —9.05; 7—9.08; 8 —9.20; 9-9.21; 10 -9.26; 11 —9.38;
12-9.43; 13 -13.0.
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Figure 3. Absorption spectra of thymol blue at different pH values in water solutions with concentration of TB
3.2x107° mol/dm’, TBAB — 0.01 mol/dm®, NaBr (/= 0.05 mol/dm®):

a)pH: 1-1.00;2-1.50,3-1.68,4—1.89, 5—-1.96,6—2.09, 7 —2.27, 8 —2.60,9 —2.79, 10 —3.30, 11 — 5.00.
b) pH: 1 —13.00; 2 —11.00; 3 —10.80; 4 — 10.60; 5—0.43; 6 — 10.26; 7—10.01; 8 — 9.87; 9 — 8.94; 10 — 5.00.
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Figure 4. Spectrophotometric titration curves of water—ethanol solutions of thymol blue by HCI solution (a;
Amax =550nm) and NaOH solution (b; A =604nm). (a, b: ¢(TB)=3.2x10" mol/dm’,
¢(TBAB) = 0.01 mol/dm’, 7= 0.05 mol/dm® (NaBr).
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Table 2. j,  values of absorption bands of three forms of thymol blue and logarithmic acidity constants values

of the indicator obtained under different conditions

Conditions Amax, NM K K
Medium t°C | ¢, mol/dm’ | 7, mol/dm’ |H,R* | HR | R* PRl Pfa

Water 25 — 0.001 —0.05 | 546 | 430 | 596 | 1.76 =0.04 | 9.05 +0.02

25 — 0.05 (NaBr) | 546 | 430 | 596 | 1.77+0.05 | 9.06 +0.02

18-20 — 0.001-0.05 | 552 | 441 | 603 | 2.00+£0.15| 9.45+0.11

25 — 0.05 (NaBr) | 550 | 437 | 602 | 1.88+0.09 | 10.06 + 0.06
Water : ethanol 0.001

— 1:1 by weight 18-20 (TBAB) 0.005-0.03 | 552 | 441 | 603 | 1.77+£0.05 | 8.30+0.16
0.01

25 (TBAB) 0.05 (NaBr) | 550 | 437 | 604 | 1.80+0.04 | 10.59 +0.06

Bishop [11] underlines that temperature fluctuation and the presence of background electrolytes in
the solutions display negligible influence on the equilibria of dissociation of indicator molecules with
a bipolar ionic structure (in particular, the molecular form of thymol blue). This statement is illustrated
by the data in Table 2. The difference in the value of the first logarithmic acidity constant did not ex-
ceed a measurement error under all the studied conditions (confidence intervals for all of the mean
values of pK,; overlap), i.e., the pK,; fluctuation is negligible.

The behavior of the logarithmic second acidity constant of thymol blue illustrates regularities dis-
cussed hereinabove. Stabilization of the ionic strength of the buffer aqueous solution of the indicator
by adding the electrolyte NaBr (I = 0.05 mol/dm’) did not influence the constant value significantly.
Having cationic surfactants properties, TBAB displays a greater influence on the shift of acid-base
equilibrium than NaBr.

The pK,, value, as it was expected, increased from 9.05 to 9.45 when water solutions of thymol
blue containing only the buffer were replaced by water—ethanol ones (when passing to a less polar
solvent); adding the background NaBr salt for the ionic strength stabilization led to a subsequent in-
crease in logarithmic acidity constant up to the value of 10.06. Adding of a comparatively small
amount of the TBAB salt (0.002 mol/dm’) to water—ethanol solutions of the indicator decreased the
pK., value from 9.45 to 8.30 (Table 2, the third line from the bottom). The sign of the effect is the
same as in the cationic surfactants in the solutions of thymol blue (Table 1).

The background electrolyte NaBr being added to water-ethanol solutions containing TBAB were
supposed to shift the equilibrium (3) to the side of hydroanion, which had to lead to the increase in the
pK., value. Just this result was obtained in our study: stabilization of ionic strength of the solutions
(0.05 mol/dm”) causes the increase in the pK,, value from 8.30 to 10.59 (Table 2, the next-to-last line)
even if TBAB concentration is increased five times.

Conclusions

The study of protolytic equilibria of the indicator thymol blue in water—ethanol (50% mass frac-
tion) solutions with and without adding tetrabutylammonium bromide and sodium bromide confirmed
the fact that the influence of the TBAB salt on acid-base properties of the dye is similar to the influ-
ence of micellar solutions of cationic surfactants. The decrease (comparing with water) of polarity of
the medium and the presence of the background electrolyte NaBr caused the opposite in sign effects
on the value of logarithmic second acidity constant comparing with the influence of TBAB. These
factors did not affect the equilibrium of zwitter-ion dissociation to hydroanion of the indicator signifi-
cantly — change in the pK,; value did not exceed the measurements error.
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E.A. PewertHsik, A.W. PucyxuHa, H.H. KamHeBa, E.B. MonosusHuHa. BnusHue tetpabytunammonmin 6pommaa u
HaTpuin Gpommnaa Ha KUCMOTHO-OCHOBHbIE CBOWCTBA TUMOIOBOIO CUHErNO B BOAHO-3TAHONBHOW cpeae.

Ons cynbcdodTaneMHoBoro nHankaTopa TMMOSIOBOrO CUMHEro BriepBble onpeaeneHbl 3HaYeHUs ABYX KOHCTaHT
KMcrnoTHoCcTU Kat1 1 Ka2 B BOOHBIX 1 BOOHO-3TaHOSMbHLIX (C MaccoBow gonen cnupta 50%) pactBopax conu TeTpa-
6yTunamMmmoHuii 6pomuaa ¢ nobaskamu 1 6e3 nobasok doHoBoro anekTponuta NaBr. iccrnenoeaHusi nposoamnu
METOAOM CnekTpohoToOMETpUM, 3Ha4YeHne pH B pacTBopax YTOYHANM NOTEHLUOMETPUYECKN. YCTAHOBIEHO, YTO
BIidAHUEe conun TeTpa6yTI/IJ'IaMMOHVII7I 6p0MVILLa Ha N3MeHeHne 3Ha4deHusa pKag TUMOJIOBOIro CMHEro B BOAHbLIX U
BOAHO-3TaHOSIbHBLIX pacTBOpax KOPPEnUPYeT No 3Haky ¢ addekTaMu, KoTopble Habnaanyu Ans 3Toro MHAMKaTo-
pa B MUUENNApHbIX pacTtBopaxX KaTUOHHBLIX NMOBEPXHOCTHO-aKTUBHbLIX BELLECTB. MN3meHeHne BenuyuHbl pKa1 He
NPEBbICUIO NOrPELLHOCTU N3MEPEHNIA.

KnioyeBble cnoBa: TUMOMOBLIA CUHWIA, KOHCTAHTa KUCIOTHOCTM, BOOHO-3TaHOmMbHas cpeaa, TeTpabytunam-
MOHUIA 6pomuz, (POHOBBIN INEKTPONUT, CNEKTPOPOTOMETPUSI, MOTEHLMOMETPUS.
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0.0. PewertHsik, A.l. Pucyxina, H.M. KamHeBa, K.B. lonogisHiHa. Bnnue tetpabytunamoHin 6pomigy i HaTpin
Gpomigy Ha KMCNOTHO-OCHOBHI BMAcTUBOCTI TUMOMIOBOIO CUHBOTO B BOAHO-ETAaHONIbHOMY CEPELOBMULL.

[na cynbdodTaneiHoBoro iHgukaTopa TMMOSIOBOrO CUHLOIO BrepLle BU3HAYEHO 3HAYEHHS ABOX KOHCTaHT KUC-
notHocTi Kat i Ka2 Y BOAHMX | BOOHO-eTaHOMbHKX (3 MacoBok YacTkoto cnupTy 50%) po3unHax coni TeTpabytuna-
MOHin Gpomigy 3 nobGaBkamu i 6e3 gobaBok doHoBoro enektponity NaBr. [JocnigpkeHHs npoBoaunvM MeToaoMm
cnekTpodoTOMETPIi, 3Ha4YeHHA pH y po3unmHax yTOYHIOBaNM NoTeHUioMeTpuyHoO. BcTaHoBNEHO, WO BAAMB COfi
TeTpabyTnnamoHin 6pomiay Ha 3miHy 3HavyeHHs1 pKa2 TUMONOBOIro CMHLOrO B BOAHMX i BOOHO-ETAHOMbHUX PO34K-
Hax KOpertoe 3a 3HaKoM 3 edhekTamm, Aki cnocTepirany Ansa upboro iHaukaTtopa B MiLEeNspHUX PO34YMHaX KaTiOHHUX
NOBEPXHEBO-AKTUBHUX peYOBUMH. 3MiHa BenuunHu pKai He nepeBumLLmMna NOXMOKU BUMIpIOBaHb.

Knro4yoBi crnoBa: TMONOBWIA CUHIA, KOHCTAHTa KUCMOTHOCTI, BOAHO-eTaHONMbHE cepenoBuLLe, TeTpabyTunamo-
Hi 6pomia, POHOBUIA ENEKTPONIT, CNEKTPOHOTOMETPISA, MOTEHLIOMETPIS.
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CMHTE3 TA AHANI3 IKOCTI CYBCTAHUII 7,8-AUr1APO-3,7,7-TPUMETUN-4-
CTUPWJI-2H-NIPA30J10[3,4-B]XIHOJIIH-5(4H,6H,9H)-OHY — HOBOT
BIOJIONTYHO AKTMBHOI CMOJIYKU 3 KOMMJIEKCHOIO
AHTUAIAGETMYHOLO AIEIO

H.1. 3emnsHa, C.B. KpaBueHko, J1.€. HikiwunHa, B.B. JlincoH
Po3pobneHo cnocib ogepxaHHsi NOTEHUiNHOrO iHribiTopy depmeHTy 11B-rigpokcuctepoinaerigporeHasu
1-ro Tuny 7,8-auvrigpo-3,7,7-Tpumetun-4-ctupun-2H-nipasono[3,4-b]xiHoniH-5(4H,6H,9H)-oHy Ta xpomartor-
padivHi METOAMKM KOHTPOSIIO CYMYTHiX JOMILLOK i KiflbKICHOrO BMICTY OCHOBHOI peqoBUHM Yy 3pa3kax cybcra-
HUiT, NpM3HaAYeHNX ANs po3WwmpeHoro apMakornoriYyHOro BUBYEHHS CrieundivyHMX aHTUdiabeTnyHUX Bnac-
TUBOCTEN B €KCMEPUMEHTI Y TBApUH 3 MOZENSIMU LiyKPOBOTO AiabeTy 2-ro Tuny, WO CynpOBOAXKYHTLCS OXW-
PiHHAM.

KnioyosBi cnoea: TPUKOMMNOHEHTHA LIMKNOKOHOeHcaLiq, 3-meTun-5-amiHonipason,
5,5-aumeTunuuknorekcan-1,3-4ioH, 3-cheHinnpon-2-eHanb, aHaniTU4Ha aTecTauisi, PO34YMHHICTb, XpomaTor-
padiyHa YMcToTa, aHTMaiabeTnyHa aKkTUBHICTb.

Bctyn

3 METOI0 MOIIYKY HOBUX CHOJNYK 3 aHTHIIa0CTHYHHMY BIACTUBOCTAMH, PUIATHHUX JIJISI CTBOPEHHS
Ha TX OCHOBI MEpPOpaTbHHUX JIKAPCHKUX 3ac0O0IB JUIsl JTIKyBaHHS IyKpoBoro aiadery 2-ro tumy (L1/12),
IO CYMPOBOJIKYETHCS OXKHUPIHHSAM, IUITXOM TONEPEIHBOT0 CKPUHIHTY in Silico METOJJOM MOJIEKYJIsIp-
Horo nokinry Ha 3D mopnensax 11B-rimpokcucrepoinaerigporenasu 1 (11B-HSD1) nmronunu Ta ekcre-
PUMEHTAIFHUX TBapUH 3 OUThII HDK 20 THC. CTPYKTYp 3 PSAIIB YaCTKOBO TiJIPOTEHI30BaHHX ITipa3o-
10[3,4-bnipunuHiB, -XiHONMIHOHIB, -[1,5-a|mipuminuHiB, Tiazono[2,3-a|HipUMITUHIB, CyIbPOHILI-
MminepasvHiB  Ta  Tia30diAMHIB HaMu Oyio  BimiOpaHo 27  CTPYKTyp AMTiAPOMipa3olio-
[3,4-D]XiHOJIIHOHIB, SIKi BUSIBUJIA CIIOPIIHEHICTH 10 BKa3aHOI MIIIICH].

3ocepemkenicts Ha 11B-HSD1 o0ymoBIieHa TUM, 110 HU3KOI TPUBAIMX KIIIHIYHHX CIIOCTEPEKCHD
JIOBE/ICHO 3B'A30K MiK OxHpiHHIM, [1J[2 i cepueBo-cymMHHUMHU 3axBopioBaHHAMHU [1-4]. Y mepury
Yepry, B IIbOMY 3B'SI3Ky 3aC/IyTOBYIOTh Ha yBary rOpMOHajIbHI YMHHHUKHA METa0OIYHUX TOPYIIEHbD 1
pO3TaliB CepIEeBO-CYMHHOI CHCTEMHU — TIFOKOKOPTUKOIIM — TOPMOHHM KOPH HAJJHUPHHKOBHUX 3all03,
SK1 € BOXITUBUMH PETYJIITOPaMH ByTieBonHoro meradomizmy. ®@epment 11B-HSD1 Bigirpae kimo4oBy
pOJb Y MO3aHaTHUPKOBOMY JOPEIENTOPHOMY OOMIiHI IIMX TOPMOHIB, Y JIIOAWHU BiH KaTalli3ye mepe-
TBOPEHHS HEAKTHBHOTO KOPTU30HY B aKTHBHHI KOPTH30J B IHCYNIH-UYyTJINBUX OpraHax i TkaHnHax (y
TIeYiHIl, KUPOBIH TKaHWHI, JIETeHsX, IICHTPalbHIA HEpBOBiil cuctemi, enporenii aoptu) [5,6]. Ilpu
/12 npu4rHOIO JTOKaThbHOrO HAUTHINKY KOPTU30Jy 1 HOro HEraTUBHOTO BIUIMBY Ha PO3BUTOK iHCYIIi-
HOPE3WCTEHTHOCTI € mijBuieHa akTuBHIcTh 11B-HSD1 y BicuepamnbHiil )KUpPOBiK TKaHWHI Ta TEYIHIII.
3acrocyBaHHs iHTIOITOPIB IHOrO (DEPMEHTY € BUMPABAAHOIO CTPATETIEI0 3HWKEHHS Tepru(epruyHOro
PIBHS KOPTHU30ITY, IO, B CBOIO YEPTY, CHPUATHME 3MEHILICHHIO €HJIOTeHHOT MPOAYKIIiT IITFOKO3H, Tirep-
[IKEeMIi, TUCITimigeMii Ta MiABUINCHHIO YYTJIMBOCTI 10 iHCYMIHY [6,7]. ToMy MpOTSAroM OCTaHHBOTO
necstupivdst 11B-HSD1 € oxgnieto 3 momynsipHuX MillleHeH y KOHCTPYIOBaHHI aHTHIIa0ETHYHHUX 3aC0-
6iB [8-10].

Cepen BimiOpaHUX IUISIXOM BIPTYaJIbHOT'O CKPHHIHTY AUTigporipa3ono|3,4-b]xiHoniHOHIB Haiibi-
JBIIY CIIOPITHEHICTh O 3a3HA4YeHOro ()epMeHTy (po3paxoBaHHl BUTpall B €HEPTii MpU YTBOPEHHI
BIIMOBIIHOTO KOMIUTIEKCY Epoe = -8.7- (-10.3) kkayi/MoJib) BUSBWIM CTPYKTYpPH, sKi Mayu nipu C-3 Ta
C-4 aromax mipa30J0XiHONIH-5-0OHOBOI CUCTEMH METWIIBHY TPYIY Ta apHIBIHUTBHUN 3aMiCHUK Bifllo-
BiTHO. Y 3B’S3Ky 3 MM HaMU TPHUKOMIIOHEHTHOIO KOHJIEHCAIli€I0 3-MeTHI-5-aMiHomipazony 3 3-
apUWIINPON-2-eHANISIMA  Ta [UKIIYHAMHU  1,3-TUKETOHAMH CHUHTE30BaHO psin  3-metun-4-[(E)-2-
apuiBiHiN|-5 H-miipa3ono[3,4-b|xiHONiH-5-0HIB, BHBUEHO iX XiMmiyHi BrmactuBocTi [11] Ta mpoBemeHO
NepBUHHI (hapMaKoJIoriuHi BUITPOOYBaHHS TOCTPOI TOKCHYHOCTI, AaHTHOKCHIIAHTHOT (in Vitro) Ta Timo-
TIIiKeMi3yto4oi (in vivo) akTUBHOCTI, 332 pe3yJabTaTaMU SIKUX BiliOpaHO HU3BKOTOKCUYHY (5 Kiac TOK-
CHYHOCT1) CHONYKY - 7,8-nurinpo-3,7,7-tpumerni-4-crupui-2 H-niipazono| 3,4-b | xiHomiH-
5(4H,6H,9H)-ou (ymoBHa Ha3Ba LV-2418) — nepcrniekTUBHY JUTS TIOAATBINOTO AOCHTIIKEHHS 11 Crenu-
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CuHTe3 Ta aHai3 SKOCTI cyocTanuii 7,8-muriapo-3,7,7-tpuMerni-4-ctupuii-2 H-mipasolo ...

¢iuHoi aHTHAIa0eTHYHOT Al y eKCIIepuMEHTAIRHIX TBApUH 3 Mojensmu LIJ12, 1mo cynpoBomKyeThes
OXXHMPIHHSM Ta IHCYJIIHOPE3UCTEHTHICTIO [12].

Mera 1MomaHOro JOCTIKEHHS MONATaE y BIANpPAIlOBaHHI METOAWKH CUHTE3y 7,8-murimpo-3,7,7-
TpuMeTHI-4-cTrpnin-2 H-ipa3onol 3,4-b |xinomin-5(4H,6 H,9H)-ony, ska 3abe3nedye cTabibHY sSKICTh
cyOcCTaHIIii, MPU3HAYCHOI /I PO3IIMPEHOrO JOKITIHIYHONO BUBYCHHS, a TAKOXK Y BU3HAYCHHI METO/IIB
KOHTPOJIO y Hill CYIyTHIX JOMIIIIOK Ta BMICTy OCHOBHOI pEU4OBHHH.

O6roBopeHHs1 pe3ynbTaTiB

Bionoriuno axtuBHa crniomyka LV-2418 yTBOpIOEThCS TpW B3a€MOJiT €KBIMOIBHHX KUIbKOCTEH
3-Metun-5-aminomipasony 1, 3-deninmpomn-2-eHamo 2 Ta 5,5-mUMETHIIMKIOreKcan-1,3-miony 3 y
cepenoBuill po3unHHHKA (cxema 1). Ilpu BUKOpHCTaHHI y SKOCTI OCTAHHBOTO BUCOKOKHILISTIOTO
JIM®A ninsoBuii mipaszono[3,4-b]xiHOMIH-5-0H 4 0JIep>KaHO Pa30M i3 IPOAYKTOM HOro OKMCHEHHS 3.
Tomy mpu BiINpaIOBaHHI METOAUKH CHHTE3Y CIIOJIIYKH 4 MOPIBHIOBAIN PE3YJbTaTH BiTBOPIOBAHOCTI
npoliecy NUKIOKOHJSH ANl Y CIUpTaxX Ta aneToHITpuii. [Ipy oMy OIIHIOBAIHM BUXIiJl IPOIYKTY B
3aJIeKHOCT1 BiJl pO3YMHHUKA, TEMIIEPaTypH 1 TPHBAIIOCTI Mpoliecy. Pe3ynbTaTi ekcriepuMeHTiB HaBe-
JICHO y Ta0i1. 1.

/O 2
NH
1 : 2 O3

Cxema 1
Tabaunst 1. Pesynbratm BiaTBOpeHHS Meromuku cuHTesy cnoinyku 4 (LV-2418) y  pi3Hux
PO3YMHHHKAX.
Ne 3aBaHTa- Po3unnnuK, VYMoBH cuHTE3y | MexaHiuHe Buxin, % T. mr, °C
JIOCITi Ly YKEHHSA V, Mn nepeMilly- | cromyka CIONIyKa | CHONYyKH 4
peareHTiB BaHHA 4 5
v, MMOJIb
1 1 JM®DA, 1 A, 1 rox - 56 28 312-315
2 1 JM®DA, 1 A, 15 xB - 68 17 313-315
3 1 H-OyTaHo, 2 A, 15 xB - 53 14 314-317
4 10 n-OyraHoi, 10 A, 10 xB - 55 12 314-316
5 5 2-mpomnaHon, 5 A, 15 xB - 50 10 315-317
6 1 €TaHoJI, 2 A, 15 xB - 54 8 314-316
7 10 eraHod, 8 45-55 °C, 10 xB - 62 ~5 318-320
8 20 eraHoi, 15 45-55°C, 10 x8 + 73 ~5 318-320
9 80 eTaHoi, 25 45-55°C, 10 x8 + 70 ~5 318-320
10 1 alCTOHITPHUII, 2 A, 10 xB - 47 10 314-316

3 ngaHux Ta0i.l BUILIMBAE, 10 TPUBAJE KUI STIHHSI BUXITHUX PEAreHTIB y OyIb-IKOMY 3 JOCIHi-
JDKYBaHUX PO3YMHHUKIB CIIPHE HAKOMUYEHHIO Y PEAKIIMHOMY CepeJIOBHUIII T'eTepoapoMaTHYHOI MMo-
XimHOT 5. 3MEHIIUTH 1i YTBOPEHHS J03BOJISIE MTPOBEACHHS IIMKJIOKOH/ICHCAIIIT Y CEPEIOBUIL €TaHOIy
npu temrepatypi 45-55 °C i nepeminryBanHi. 3aBIsky OUTBININA PO3YMHHOCTI MOPIBHIHO 13 Mipa3o-
110[3,4-b]XiHOMIH-5-0HOM 4, CIIONyKa 5 3aIMIIA€ThCS Y (QUIBTPATI MiCHS BHIYYEHHS IUTHOBOTO MPOY-
KTy. BTiM sik gomilka nmeBHa 1 KiTbKIiCTh MOTpAIuisie 1 1o ocany pedoBuHu 4. [y BuiydeHHs ii, a
TaKOX CYMYyTHIX PEYOBHH, HAa KIITAIT BUXITHHUX, aMiHy 1, IMKeTOHY 3 Ta MPOMYKTY OKHCHEHHS HeHa-
CHYCHOTO ajbJeriny 2 — HIMHAMOBOI KHUCIIOTH, BUIPOOYBAaHO JEKLIbKa CIOCO0IB OUYMCTKHU: MEPEeKpHC-
Tajizalis 3 #-OyTaHoly, 2-POIAaHOy Ta MPOMHUBKA PO3YMHHUKAMU Ha (QUIbTpi. 3-3a HU3BKOI PO3UHH-
HOCTI criojiyku 4 y criupTtax (Tads. 2) s nepekpucTaiizaliii moTpiOHi BeMKi 00’ €MU WX PO3YMHHH-
KiB Ta TPUBAJIC KUII SITIHHSA, 110 TAKOXK BEJE JI0 YaCTKOBOI'O IMEPETBOPEHHS JAMTIAPONOXiaHOI 4 Ha Te-
TepoapoMaTHUYHY CHONYKY 5. Brpatu gocmimkyBanoi cyOcTaHIil mpu oMy HaOmmxkarThes 10 30 %.
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Haii6inbm npuitHITHIM METOZOM BHAAJICHHS CYMyTHIX JOMIIIOK € (QiIbTpyBaHHS Ocaay CIONyKH 4 3
TEIUI0i peakiifHol CyMillli 1 MpOMUBaHHS HOro Ha (QUIBTPI JEKiTbKOMa MOPIISMHU Tapsyoro eTaHoIy
110 OJiepKaHHs 0e30apBHOIO (PiIbTPaTy.

s arectamii Oionoriuno akTuBHOI crionyku 4 LV-2418 Oynu BUKOpUCTaHI TpaauiliiHi papma-
KoreiHi MeToau [13]: BU3HAaYCHHS TeMIlepaTypH TUIaBICHH, BUBUCHHS PO3YMHHOCTI B PO3UMHHHKAX
pi3Hoi monsipHOCTi, [Y- Ta Y ®-criektpockomisi, po3po0ieH0 METOMKH KOHTPOIIO CYMYTHIX JTOMIIIOK,
a TaKOXK OI[IHEHO KUTbKICHUH BMICT OCHOBHOI PEYOBHHH B CHHTE30BaHUX 3pa3Kax.

ExcnepuMeHTasnbHa YacTUHA

MeTtoauka CUHTE3Y 7,8-murigpo-3,7,7-Tpumerun-4-crupui-2H-nipa3zoJio|3,4-b]xinoin-
5(4H,6H,9H)-ony (LV-2418).

J1o po34KMHy €KBIMOJILHUX KUTBKOCTEH 3-(peHUIpon-2-eHamo 2 Ta 5,5-1uMeTriiukiorekcand-1,3-
JioHy 3 B €TaHOMI JOJal0Th 3-METUJI-5-aMIHOMIPa30Jl TAKOXK B €KBIMOJIbHIM KUTbKOCTI 1 BUTPUMYIOTh
npu temreparypi 45-55 °C Tta nepemimryBanni 10-15 xB. Ocan, mo yTBOpHBCS, Bia(ilbTPOBYIOTH i
MPOMHBAIOTH Ha (QUITPI TapsUYUM €TaHOJIOM JIo Oe30apBHOrO (pimbTpary.

Busnavenuns po3unnnocti cnoayku LV-2418. JInsg BUBYEHHS 37aTHOCTI PEUOBUHH POIUNHSATHCS
Opasn HaBakKy 50 MT, TOMIIIANK Y KOHIYHY KOJIOY 1 JJ0AaBalii pO3UMHHHK MOPIIISIMHU 32 JIOTTIOMOT OO
OropeTku. AHaji3 MPOBOIMIIN 3a KIMHATHOI TemMIiepatypu. Pe3ynbTati HaBeaeHo y Tad. 2.

Ta6muus 2. BupueHHsS po34rMHHOCTI crionyku LV-2418.

[Tpubnu3Ha KibKICTh PO3UMHHUKA, HEO0- OnwucoBwuii TepMiH
Po3unnHuK . .
xigHa mms posunHeHHs 1 r LV-2418, mn PO3YMHHOCTI
Eranon 420 Maiio po3urHHa
Meranon 300 Maso po3durHHA
Po3uun rmpomnny KaJiio 32 ToMipHO posunHHa
B eranoii 0,5 Moib/1
Po3uuH x10puCTOBOAHEBOI
KHCJIOTU B €TaHOMI 70 [MomipHO po3unHHA
0,1 momb/1
JIMCO 70 ITomipHO po3unHHA
JAM®DA 30 Po3unnna
Xiopodhopm 3450 Jyxe Mano po3unHHA

Temneparypy niaBjeHHsl BU3HaYIN KaniisipHuM MetonoM [13] va npunani [TTII 3a nonomororo
tepmometpiB TJI-6 3 ninoro moninku 0,1 °C. PewoBuHy BHCyIIyBaiy y CyIIWIbHIN madi npu Temie-
patypi 105 °C, postupanu i noMimaid y KanusipHy TPyOKY JIO0 OJep:KaHHS 3TYIICHOTO CTOBITYMKA
3aBBHIIKH BiJ 4 10 6 MM. Kaminap momiman y kamepy, MOBITpsl B SKii HarpiBauocs eleKTPUIHOIO
cripauio 3i mBuaKicTio 1 rpaa/xs. Temneparypa rasients LV-2418 cranosuts 318-320 °C.

Inenrndikamin. nsa ineHTrdikaiii akTHBHUX (papMalleBTUYHUX IHTPEIIEHTIB 3a3BUYall BUKOPHC-
TOBYIOTH CIIEKTpO(OTOMETpit0 B iH(GpadepBOHii 1 ynbTpadionerosii obmactax cnekrpy [13]. Y-
crekTp crionyku y tabnerkax KBr 3apeectpoBanmii Ha ciekTpodoromerpi Specord-M 82 y niama3owni
XBHJIBOBHX wmcen Bix 3700 1o 700 cv™'. Haii6inbin xapakTepHCTHYHNM € MOMIMHAHHS y iHTEpBai
3153-2958 (cynepmo3suiis po3mupeHoi cmyru acomivioBanoi rpynu NH ta ¢parmentie CH,, CHj;
LMKJIOreKCAHOBOTO KilbIIs), & TAKOK KapOOHiNbHOI rpynu pu 1584 cm™.

Y®-criektp peuoBuHu LV-2418 B eraHoli peecTpyBaad 3a JOIOMOIOK CIEKTPO(GOTOMETPY
Shimadzu UV-2450 y ktoBerax 3 TOBIIMHOIO mapy 1 cMm B iHTepBami Bix 200 mo 350 M. Lleii criektp
Mae JiBa MAKCUMYMH TIOTJIMHAHHS 3a JIOBXKHUH XBHJIb 256 1 335 HM Ta MiHIMyMH 3a JIOBXKUH XBHJIb 228 i
292 um (puc.l). BusnaueHi koedillieHTH MOJISPHOTO MOTIMHAHHS JJIs IBOX MaKCUMYMIB CTaHOBJISITh
BigmoBigHo 22600 1 15700 j1/MOJIB*CM.

BunpodyBanHns Ha xpoMaTorpagiuHy 4ucToTy 3pa3kiB cnoayku LV-2418.

[Ipu po3podiii Meronuku anamnizy cnomykd LV-2418 meronoM BHCOKOEEKTHBHOI piIIMHHOI XpoO-
Mmatorpadii (BEPX) nocrana 3agaua orpuMaTi XpoMaTorpamMu 3 eeKTHBHUM PO3AUICHHSM ITIiKiB OC-
HOBHOI PEYOBMHU Ta BUXIJIHUX PEAreHTIB a00 MOOIYHHUX MPOAYKTIB SIK MOXKIHBHX JIOMIIIOK:

JOMIIIKa A — 5,5-1MMeTHIIMKIOreKcan-1,3-mi0H;
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nomimka B — 3-¢eninnpon-2-eHoBa KKCI0Ta (IMHAMOBA KHCIIOTA - MOMKJIMBUH MOOIYHHHA TPOIYKT
peaxiiii);

nomimka C — 3-deninmpon-2-eHanb (IMHAMOBHIA aJbJETiN);

nominika D — S-amino-3-merui-1 H-mipason;

nomimka E — 7.8-murinpo-3,7,7-tpumernn-4-crupun-2H-niipazono| 3,4-b|xinonin-5(6 H)-oH (MOX-
JTUBUIA TOOTYHHN MTPOIYKT PeaKilii).

1,200

1,000 -

0,800

COnTHYHA IYCTHHA

0,000 L 1 1
200,00 250,00 300,00 350,00 400,01

HeEmnna xBUNL, HM

Pucynok 1. CrieKTp NOrHHAHHS po3unHy crionyki LV-2418 B eranomni (C = 4.4-10™ monb/1).

Ax moaudikaTopu pyxomoi ¢a3u 3aCTOCOBYBAIM METAHOJI, allCTOHITPHII, JJAyPHICYIb(haT HATPIIO;
pH BomHOi yactuHu pyxomoi das3u BapitoBanu Bin 2.7 no 8.5. Haiikpamioro po3aizeHHs TOCSTIH A
CYMIIIII alleTOHITPHITY 1 BOAHOTO po3unHy (ochopHoi kucmoru 3 pH 3.45.

Ipucomysanns sunpobosysanoco posuuny. Hasaxkky 0.100 r 3pa3ka conyku LV-2418 nomirnanu
B MipHY K0JIOY MicTKicTiO 100 M1, mogaBanu 70 MII CyMillli alleTOHITPHII — BOTHHUE po3unH dochopHoT
kucnotu 3 pH 3.45 y cniBBigHomieHHi 41:59 (pyxoma ¢asa), JOBOJUIN IO MITKH THM K€ PO3UNHHH-
KOM, TIEpEMilITyBaJIH.

Ipucomysanns pozuunie nopisusnus domiwox. Haaxxku mo 0.025 r pobouux cTaHAapTHHUX 3pa3-
KIB JOMIIIIOK MOMIIIaNIK B MIpHY KOOy MicTkicTio 100 MiI, po3uMHSIN y pyxoMmiii ¢asi, 1oBOANIH
00’€M po3unHY pyXOoMOI0 (a300 10 MO3HAYKK Ta MepemimyBaiu. Y MipHY KonOy micTkicTio 50 M
nmomimaiy 1 Mi1 oJiep>KaHoro po3vrHy, goaaBaiu 0.2 MJI BUITPOOOBYBAHOT'O PO3YMHY, JOBOIUIH 00’ €M
PO3UMHY pyXOoMOI0 (a30r0 10 Mo3Ha4kH Ta mnepemiiryBaan. OnepxkaHi po3urHH (UIBTPYBAIU Yepe3
¢buTbTp MeMOpaHHM TToTiaMiTHUH. PO3YNHN BUKOPHUCTOBYBAJH CBIXKOIIPUTOTOBAHUMHU.

XpomarorpadyBanu JeKiibka pa3iB o 20 MKJI pO3YHHY TOPIBHAHHS Ha PiIMHHOMY XpoMaTorpadi
Agilent 1200 3 Y ®-gerekTopoM 3a TAKUX YMOB:

- KOJIOHKa cTajieBa, po3MipoM 250%4.0 MM, 3allOBHEHA CHIIIKAreleM OKTHJICHIIUIBHUM €HIKEIoBa-
HUM Ut Xpomatorpadii i3 po3mipom yactok 5 MkM. [IpuitnsaTHa konmonka: Nucleosil 100-5 C18;

- pyxomMa (haza: aleToHITpuI — po3unH ¢GochopHoi kuciotu y Boai 3 pH=3.45 (41:59);

- WBUJIKICTB pyxomoi ¢azu 1.0 M/xB;

- Temrieparypa kononku 40 °C;

- ICTEKTYBAHHS 3a JOBXUHHU XBUII 250 HM.

[TpoBoann imeHTU(IKALIIO MIKIB JOMIIIOK 3a JONOMOTror0 iHdopMalliiiHoi xpomarorpamu (puc. 2)
Ta Tad. 3.
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Pucynok 2. Iudopmaniiina xpomatorpaMa uisi igeHTH(DIKAI] MIKIB MOXIJIMBUX JOMIIIOK Yy 3pa3Kax CIONYKH
LV-2418.

Ta6auuns 3. [npopmauiini nani st igeHTHdiKalii miKiB TOMINIOK y 3pa3kax crionyku LV-2418.

Hazga pomiriku Yac yrpumyBaHHs
MPUOJIN3HUIN, XB BiJTHOCHUH

Jomimka A
(5,5-muMeTnMKIorekcan-1,3-moH) 2.891 0.45
Jowmimka B (nnHaMoBa KuciaoTa) 4.119 0.64
Jowmimika C (1iuHAMOBHI aJbJIeri) 5.540 0.86
Howmimka D (5-amino-3-merun-1H-niipazon) 8.834 1.37
Homimka E (7,8-gurinpo-3,7,7-tpumernn-4- 19.672 3.04
crupun-2H-niipazono| 3,4-b|xinonin-5(6H)-oH) ' '
cronmyka LV-2418 6.468 1

[IpunatHicTe XpoMaTorpadiuHOi CHCTEMH OIIHIOBAIIM 32 TAKUMH MTOKa3HUKAMHU:

- koedimieHT posainenns mikiB gomimku C ta crionyku LV-2418 mae 6ytu He Menme 1.8;

- koeilmieHT cuMeTpii MKy KOXKHOT JOMIIKK Mae OyTy He Oinbie 1.5;

- e(peKTHBHICTh XpoMaTorpadiqHoi KOJOHKHU, SIKY PO3PaxOBaHO 3a MIKOM KOXXHOI JOMIIIKH, Ma€e
OyTtu He Merie 2000 TeopeTUUHUX TaPiJIOK.

[Nonepeminao xpomarorpadyBaiu 1Mo Mm'saTh pa3iB mo 20 MKJI pO3UMHIB MOPIBHAHHS 1 BUITPOOOBY-
BaHoro. Ha xpomaTorpamMax BHUIIPOOOBYBAaHOIO PO3YMHY CEPEIHS IUIONIA IMiKa KOXKHOI JOMIIIKHA HE
Ma€ TIePEBUIIYBATH CEPEIHIO IJIONIY BiAMOBIHOIO MiKa Ha XpOMaTorpamMax po34rHy IMOPIBHSHHS (He
outbie 0.5 % KOXKHOI JTOMIIIKK). 3a JOIMOMOIOI0 PO3PO0ICHOI METOUKH ITPOaHaIi30BaHO 5 3pa3KiB
LV-2418, oxepkaHuX 3a pi3HUX YMOB CHHTE3Yy 1 OYMCTKH. Pe3ynbTaTé OMIHKA CyMapHOI KiIBKOCTi
JIOMIIIIOK JJIsi KOXKHOI'O 3pa3Ka 3a IUIOIIAMHU IKIB METOIOM BHYTPIIIHBOI HOpMaizailii HaBEACHO y
Tabm. 4.

Ha pwuc. 3 momano xpoMarorpamy pedyoBHHH 3 nociimy Ne 5 (auB. Ta0i. 4), 3 SKOi BUIHO, 10 KPIM
OCHOBHOI CIIOJIYKH 3pa30K MicTuTh nomiinku A, B, D, E, 3arajibHa KinbKIiCTh SkuX ckianae 2 %. Omke
BMICT OCHOBHOI peHOBHHH 98 % € MpUIHATHUM JJIsl 3aCTOCYBaHHsI CHHTE30BaHOTO Mipa30JI0XiHOJiHO-
Hy LV-2418 y hapmakoiorivHuX JOCITiKEHHSX.
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Ta6auus 4. Pe3ynpratu BU3HaYEHHS CyMapHOI KUIBKOCTI JOMIIIOK y 3pa3kax cronyku LV-2418

Cyma

ocig Ne YMoBU cHHTE3 Crocib ouucTku .
Hocin y JIOMIIIIOK, %
1 Byranomn, kum’ sITiHHS Kpucranizamis 3 6yranomny 9.2
2 2-niportanon, kum ATiHHsA | Kpucranizamis 3 2-nponaHory 1.35
. . [TpomuBKa aneToHITPHIOM
3 ATETOHITPWI, KU ATIHHS P ! P 2.8
Ha QUIBTPI
Etanon, nepeminryBanHs . .
4 ’ [IpomuBKka eTaHonoM Ha QUIBTPI 4.6
(45-55°C) P PineTp
Eranomn, nepeminryBanHs | BimMuBKa rapsuuM €TaHOJIOM Ha
5 o . . 2.00
(45-55°C) ¢binbTpi

Po3pobmeni  meroamkn  cuHTE3y 1 ouucTku  7,8-muriapo-3,7,7-tpumeruin-4-ctupun-2H-
niipazono|3,4-b|xinonin-5(4H,6 H,9H)-oHy N03BOJSIOTH OJEPXKYBATH 110 OIONOTIYHO aKTHBHY CIONY-
Ky HaJexXHOI sikocTi (He MeHiie 98 % BMICTY OCHOBHOI PEUOBHMHH), SIKY HIATBEPIKEHO METOIOM

BEPX.

1418
mALl
45

40
35
30 A
25
D
20
15
10 \/}
B

S5

od ALV e )N
0 5 10 15 0 min
Pucynok 3. Xpomarorpama po3unny pedoBuHu LV-2418 (3pazok Ne 5)
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H.WN. 3emnsiHas, C.B. KpaBueHko, J1.E. HukuwmHa, B.B. JluncoH. CuHTe3 1M aHanu3 kadecTBa cybcTaHumm
7,8-gurngpo-3,7,7-Tpumetun-4-ctupun-2H-nnpasono[3,4-b]xuHonunH-5(4H,6 H,9H)-oHa — HoBoro Guonornyecku
aKTUBHOMO COEAMHEHUST C KOMMIEKCHbIM aHTUAnabeTUYeckumM encTBrem.

PaspaboTaHbl cnocob nony4yeHus noTeHumansHoro MHrMbutopa depmeHTa
11B-rugpokcucteponagerngporeHassl 1-ro  tuna —  7,8-gurugpo-3,7,7-TpyumeTtun-4-ctupun-2H-nnpasono-
[3,4-b]xuHonuH-5(4H,6H,9H)-oHa 1 xpomaTorpadudeckue MeTOAMKU KOHTPOMsS COMyTCTBYIOLUMX MNpUMeEcen u
KONMMYECTBEHHOIO COAEPXXaHMs OCHOBHOTO BellecTBa B obpasuax cybcTaHumn, npegHasHayvyeHHbIX A5 pacluu-
PEHHOro hapMaKkonorM4eckoro u3ydeHus crneumguyeckux aHTManabeTnyeckmx CBOMNCTB B 3KCMIEPUMEHTE Y Xu-
BOTHbIX C MOAENsIMU caxapHoro anabeTa 2-ro Tmna, ConpoBOXAAIOLLMNXCA OKUPEHNEM.

KnioueBble crnosa: TPEXKOMMOHEHTHas LIMKNOKOHAEHCcaLus, 3-MeTun-nmupason-5-aMmuH,
5,5-anmeTtunuuknorekcan-1,3-4MoH, 3-eHunnpon-2-eHanb, aHanuTuyeckas aTrectauusl, pacTBOPMMOCTb, XpO-
maTorpaduyeckasl YucToTa, aHTuanabetTnyeckas akTMBHOCTb.

N.l. Zemlyanaya, S.V. Kravchenko, L.Eu. Nikishina, V.V. Lipson. Synthesis and analysis of the quality of the
substance of 7,8-dihydro-3,7,7-trimethyl-4-styryl-2H-pyrazolo[3,4-b]quinolin-5(4H,6 H,9H)-one — a new biologically
active compound with complex antidiabetic action.

A method for the synthesis of potential inhibitor of the enzyme 11B-hydroxysteroid dehydrogenase type 1 —
7,8-dihydro-3,7,7-trimethyl-4-styryl-2H-pyrazolo[3,4-b]quinolin-5(4H,6 H,9H)-one, methods for the control of con-
comitant impurities and the quantitative content of the main substance in the samples of the compound intended
for an expanded pharmacological study of specific antidiabetic properties in experimental animal models of type 2
diabetes mellitus accompanied by obesity were developed.

Keywords: three-component cyclocondensation, 3-methylpyrazol-5-amine, 5,5-dimethylcyclohexane-1,3-dione,
3-phenylprop-2-enal, analytical quality assessment, solubility, chromatographic purity, antidiabetic activity.

Kharkov University Bulletin. Chemical Series. Issue 29 (52), 2017
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V]IK 547.7/8

NMOUCK HOBbIX JIOMWUHO®OPOB C 3AAAHHbIMUN
®U3UKO-XUMUYECKUMU U XMMUYECKUMU CBOMCTBAMM
XIII. CONOIMMEPbI AKPUIAMUAA N AKPUJTOBOW KUCNOTbI
C 3-APUJ1-1-®EHUI-5-(2-®YPWUJT)-2-NMTNPA3SOJINHAMWA

A.N. Wkymar, F0.C. UBaHOBa

CuvHTe3anpoBaH psg BOOOPACTBOPMMBIX COMOMMMEPOB akpurnamuaa, akpuroBoWn Kucnotbl u 3-apun-1-
deHnn-5-(2-cpypun)-2-nupasonnHos, obnagarLmx NIOMUHECLEHTHBIMU cBovicTBamu. Mpu cononnmepursa-
LM MCMOMNb30BaN1ch MNONSPHLIE anpOTOHHbIE PacTBOPUTENM C tyn Bbile 70°C (OMoKcaH, aTunauertar) u
MHUUMATOPbl pagukanbHoW nonvmepusaumun (nepekvce 6eHsouna, AMHUTPUN a3obrucu3omacnsHoWm K1cno-
Tol). 3-Apun-1-peHun-5-(2-dpypun)-2-nupasonuHbl [apun: 4-6udeHnnun, 4-6pomdeHun-, 4-xnopdeHun-,
4-(N-auetunamuHo)peHun-, 2-TneHun-] nmetoT cobcTeeHHyto criyopecueHumo. CrnekTpanbHble nccneno-
BaHWS KOMMMEKCHO NoaTBepXaatoT obpasoBaHne cononnmepoB. AHanma MK-cnekTpoB cononmmepoB noka-
3bIBaeT Hanu4uue CTpykTypHbIX doparmeHToB: — CONH,, - COOH, CH3CO-, -CH<, —CHz>- n apomatuyeckmx
cuctem. COBMECTHbIN aHanm3 CneKkTpoB NormoweHns 1 ornyopecueHUmnm NCXogHbIX COeANHEHUI U COMOnu-
MEpOB yKa3sblBaeT Ha COXPaHeHMe B MpoLecCe CMHTe3a XPOMOMOPHLIX CUCTEM, KOTOpble OTBEYalT 3a
ONVHHOBONHOBBIE Nepexoabl S, — S1 1 hnyopecueHLMio B MOHOMEPaX M B MOSyYeHHbIX NOMMMEPHbIX CO-
eOUHEHNAX.

KnioueBble cnoBa: CUHTE3, akpunamuj, nonvakpunamui, akpunoBas KMCroTa, nonmakpunoBas KMcmno-
Ta, cononumepsl, 3-apun-1-peHnn-5-(2-cypun)-2-nupasonuHbl, momuHodopsl, NK-cnekTpbl, enekTpoHHbIe
CMEeKTPbI NOrnoLweHns 1 ryopecueHLnn.

Hacrosum cooOliieHreM Mbl IpojosbkaeM [ 1—5] myOauKanumoo pe3yabTaToB UCCISI0BaHUS BOIO-
PACTBOPHUMBIX JIIOMHUHECIIUPYIOIIKUX MOJTUMEPOB — MPOU3BOAHBIX Nonuakpuiamuaa (ITAA) u nonmak-
punoBoit kucinothl (ITAK), KoTOpble MOT'YT MCIIOJIb30BAaThCS B KAYECTBE ONTHYCCKUX OTOCTMBAIOIIMX
arcHTOB B MPOM3BOJICTBE Oymaru, pabounx A00aBOK K MPOMBINUICHHBIM oOpasiaMm [TAA, gacTudHO
ruapoiau3oBaHHoro ITAA umu ITAK ¢ nenbsio BeicOK03()()EKTHBHOTO M HAJISKHOTO KOHTPOJSI COACP-
xanus [TAA nau ITAK B pabounx cMecsix, MX OCTATOYHOI'O KOJIMYECTBA B CTOYHBIX Bojax u T.x. Ciie-
IyeT OTMeTUTh, uto uccienoanus [TIAA, ITAK Bce Bpems pacmmpsitores [6-11].

CoenuHenus, copepkaiue GypaHOBBIA UK, TPEICTABISIOT Ul HAIIUX WCCIEOBAHUM 3HAYH-
TENBHBIA MHTEpEC, TaK KaK ¢ MX MOMOIIBI0O MOYXHO MOJU(HUIMPOBATH CTPOCHHE MOJIMMEPOB BBUIY
TOr0, OHM MOT'YT BCTYNaTh B PEaKIM{ MOJIMMEPH3AH U COMOIMMEpPH3aluH ¢ akpuiaMuaoM (AA) u
akpuiioBoii kucioror (AK) mocpencteom cBsizeit 2-3 u 4-5, a ¢ Oosbllel BEPOATHOCTHIO 2-5, Kak Jaue-
Ha.

C uenpio MOIy4deHHUsT HOBBIX comonuMepoB - mpou3BoAHblX [TAA u ITAK, BomopacTBOpUMBIX U
(diyopecMpyOIUX, Mbl BBIOpaay ps (pypaHOBBIX aHAJIOTOB TpU(EHUI-2-TUPa30IMHa, COSTUHEHHH,
KOTOpbhIC MMECIOT COOCTBEHHYIO HMHTEHCHBHYIO (IIYOPECHEHIMIO M KOTOpPhIC MOTEHIMAIBHO MOTYT
BCTyNaTh B YKa3aHHbIC COMOJUMEpH3aluu: 3-(2-TueHm)-1-perun-5-(2-gpypui)-2-nupa3oiuH,
3-(4-ondennnmn)-1-pennn-5-(2-gypun)-2-nupazonus,  3-(4-6pomdennn)-1-pennn-5-(2-pypun)-2-
nupas3oiuH, 3-(4-xiaopdennn)-1-hpennn-5-(2-¢pypun)-2-nupasonun, 3-(4-/N-anerunamuHo/penunn)-1-
¢bennn-5-(2-gpypun)-2-nupazonus (coequaenus 1.1 - 1.5).

Comonumepsl OBUTH TIOTYYEHBI METOIOM OCAJIUTEIBHOM COMONMMEpPH3aINK akpriaMuaa u Qypa-
HOBBIX MOHOMepOB (DPM) - coenunenus 2.1 - 2.5, akpuioBoit kucioTsl © ®M - coenunenus 3.1 - 3.5
Y aKpuJIaMua, aKprIoBO KUCIOTE 1 ®M - coenuuenus 4.1 - 4.5, ¢ y4eTOM MPEIbIAYIIETO OIBITa
[1-5], B cpeme ampOTOHBIX PacTBOPUTENEH (IMOKCaH, dTHIAIICTAT, METHJIITHIKETOH U Ap.) (cxema 1),
KaK MpaBWJIO MPH TEMIIepaType KUIEHHs pacTBoputeis. JIydmmmu WHUIMATOpaMy JJs YKa3aHHBIX
MPOIIeCcOB OBUTH TPaTUIIMOHHBIE HHAIIMATOPBI PaJKaIbHOW TIONUMEPU3AIUH - JHHUTPUI a300UCU30-
MmacisiHor kucinothl (JJAK) u nepekuch 6enzomna (I16). OurcTka KOHEUYHBIX MPOIYKTOB - COMOIMME-
POB, TIPOBOMIIOCH IIyTEM MEPEOCAKIEHHS MX M3 BOAHBIX PACTBOPOB alleTOHOM WJIM CIUpTaMH (MeTa-
HOJIOM, 3TaHOJIOM).

© Illkymar A.Il., MBanogra }O.C., 2017 shkumat@karazin.ua
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Cxema 1. Cxema cuntesa cononumepoB [TIAA — ®M, [TAK — ®M i [TAA-TTIAK-OM
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Pucynok 1. UK-cnekrpbl comonaumepoB 3-(4-Oudenmnmn)-1-pennn-5-(2-¢pypun)-2-mupasoianna ¢ AA (a),
AK (6) u AA-AK (B) s cpaBHEHHSI.
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Pucynok 2. CriekTpu momionieHust 1 ¢uyopectieHmu 3-(4-xmopbennn)- 1 -herun-5-(2-gypun)-2-nupazonuna (a) u
comonumepa AA — 3-(4-xmopdennn)- 1 -herni-5-(2-pypun)-2-nupaszonuHa (0)
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Ta6auna 1. CriekTpaibHbIe XapaKTepUCTUKH 3-Ar-1-penun-5-(2-¢pypun)-2-nupa3onuHoB u cononumepoB AK i
AA ¢ snemMeHTapHBIMH 3BeHbSIMHU 3-Ar-1-¢penun-5-(4,5-murunpo-2-¢pypui)-2-nupazonuna, 3-Ar-1-¢penun-5-
(2,3-murunpo-2-¢pypun)-2-mupazonuna ta 3-Ar-1-¢ennn-5-(2,5-auruapo-2-ypun)-2-nupasonuHa

MaxkcuMyM MOJIOCHI Maxcumym CrtokcoBo
T0JIOCHI Brixon
Coen. Ar MOTMIOMEHHA Py ou— CMEILICHHE N %
Amax, HM (V, €M) Ao, HM (v, M) Av, cMm
3-Ar-1-pennn-5-(2-gypwn)-2-nupa3onuHsl (CIUPTOBEIE PACTBOPHI)
1.1 2-THEHWIT 382 (26100) 487 (20500) 5600 94
1.2 4-oudenmmn 382 (26200) 477 (21000) 5200 94
1.3 4-6pompennn 378 (26400) 476 (21000) 5400 87
1.4 4-xmopdeHnn 364 (27400) 478 (21000) 6400 75
1.5 4-(N-anetmiiaMuHO)peHHIT 368 (27000) 475 (21100) 5900 97
Comnonmumepst AA — 3-Ar-1-beann-5-(2-Gpypun)-2-nupa3oiarHbl (BOJHBIE PACTBOPHI)
2.1 2-THEHWIT 378 (26400) 505 (19800) 6600 86
2.2 4-oudenmmn 398 (25100) 505 (19800) 5300 92
23 4-6pomennn 390 (25600) 487 (20500) 5100 92
2.4 4-xmopdeHnn 392 (25500) 499 (20000) 5500 80
2.5 4-(N-aneTmsiaMuHO)peHHIT 372 (26900) 495(20200) 6700 80
Cononmumepst AK — 3-Ar-1-denmn-5-(2-¢ypun)-2-nupa3onuHsl (BOAHBIC pACTBOPHI)
3.1 2-THEHWIT 386 (25900) 481 (20800) 5100 75
3.2 4-6udennnmn 388 (25800) 502 (20000) 5800 92
33 4-6pomennn 386 (25900) 477 (21000) 4900 96
3.4 4-xn0pdeHnn 386 (26000) 466 (21500) 4500 83
3.5 4-(N-anetmiiaMuHO)peHHII 392 (25500) 498.5 (20000) 5500 73
Conomumepst AA — AK — 3-Ar-1-dennn-5-(2-gypun)-2-nupa3oiauHbl (BOTHBIE PACTBOPHI)
4.1 2-THEHWIT 396 (25200) 478 (20900) 4300 83
4.2 4-oudenmmn 368 (27200) 468 (21400) 5800 80
4.3 4-6pombernn 374 (26700) 471 (21200) 5500 83
4.4 4-xnopdeHn 380 (26300) 488 (20500) 5800 82
4.5 4-(N-aneTmsiaMuHO)peHHIT 388 (25800) 470 (21300) 4500 85
[Mony4eHnnsle 00Opa3mbl COMOJIMMEPOB — BEIIECTBA OENOr0, CBETIO-)KENTOBATOTO H OJETHO-

OPaHKEBOTO I[BETOB, KOTOPHIE JIETKO PACTBOPUMBI B BOJIe U 001aat0T (iyopeciieHInell Kak B TBEp-
JIOM COCTOSIHWH, TaK U B pacTBopax. sl KOHTPOJIS YHCTOTHI MOMYUYEHHBIX COMOIMMEPOB (BO3MOXKHO
3arpsi3HEHHE COMOJIMMEPOB UCXOAHBIMH JTIOMHUHO(POPaMHU) MHKPOITPOOBI KX BOIHBIX PACTBOPOB HAHO-
cwn Ha ttactuHku «Silufol UV-254», nnacTtuHky cynmind 1 xpomarorpaduposanu. Ha TCX ma-
CTHHKE COMOJHMMEPBI OCTABAIMCH Ha JIMHUW CTapTa, a BO3MOXKHBIC ()IIyOPECIICHTHBIE U JPYTHUe opra-
HUYECKHE 3arps3HECHUs TepeMelIaiich Mo XpoMaTorpaduyeckoi TUIACTHHKE B 3aBUCHMOCTH OT BBI-
OpaHHOTO pacTBOpUTENS (OEH30II, TOTYOT M MX CMECH C TOISIPHBIMHU PACTBOPUTEISIMH JUISI ONITUMHU3a-
un Rf).

UK-criektpel  comonumepoB  3-(4-0udennmnmn)-1-pennn-5-(2-gpypun)-2-nupazonuaa ¢ AA (a),
AK (6) u AA-AK (B), anst cpaBHEHHS UX APYT C JAPYTOM MIpezcTaBiieHbl Ha puc. 1. [lonTBepkaeHneM
CTPOCHHS TIOJIYUYEHHBIX COMOJIMMEPOB SBISIOTCS NaHHbIe IK-criekTpoB (WHTCHCHBHBIE KK B 00JIac-
™ 1610 - 1750 cm™' orBewaer — CONH,, — COOH, CH;CO- rpymmawm, B o6nactu ~ 2500 - 3600 cm™
WHTCHCHBHBIC CTPYKTYPHUPOBAHHBIE MOJIOCHI TIOTJIONICHUSI 00yCIOBICHBI BAICHTHBIMU KOJIEOaHHSIMHU
—CH<, —CH,—rpynn momumepnoii nenu, CH— rpynm apoMaTH4ecKuX CHUCTEM, CBOOOIHBIX THAPO-
KCHJIBHBIX, KApOOKCHUIIBHBIX M aMUHOTPYII U MHOKECTBOM OOpa30BaHHBIX BOJOPOTHBIX CBsI3eH pas-
Heix THIIOB. B MK-cniektpax takxke npossisirorest Aedopmaronnsie konedanus —CH<, —CH,—rpymnmn
(1440 - 1455 cM") u 3HAUMTENBEHOE KOTHYECTBO MOJIOC, MPEIONPEIEICHHBIX HATHUAEM YKa3aHHBIX
TPYIII B IOJIUMEPHOM LIeTIH COMOIMMEPOB, a TaKKe apOMAaTUYECKUX U TeTEPOLHKINYECKIX PaIuKaIOB
(B TOM umcye u B obmactu 1400 - 1610 cm™ ). TTomockl MOINOIIEHHUs TOCTEIHUX HAJOXKEHH! Ha Gonee
WHTCHCHBHBIE, COOTBETCTBYIOIIME MOJMMEPHOH IeMH W Mano WHPOPMATHBHEI HECMOTPSI HA TO, YTO
obriee conepkanre @M moxxer gocturath 20 %.
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CoBMecCTHMOE pacCMOTPEHHE DIIEKTPOHHBIX CHEKTPOB TOTJIOMICHUS M CIEKTPOB (PIryopeciieHInH
CIIHPTOBBIX PACTBOPOB MUCXOJHBIX JIOMUHOGOPOB (B BOAEC OHHM HE PACTBOPHMEI, & JIJISI CIUPTOBBIX, B
KaKoK-TO Mepe, UMeeM BIIMSHHE PACTBOPHUTEIS, IPUOIMKEHHOE MO CONBBATHPYIONIEH CIOCOOHOCTH K
BOJIHOM cpelie) U BOJHBIX PACTBOPOB COMOIMMEPOB, COJEPKAIMX (IIyopeciupyromuye GparMeHThl
(Tabm. 1), moka3bIBaeT, YTO B IIEMOYKE MAKPOMOJICKYJ Coaepikarcs (hparMeHThl, OTBEUAIOIIKE 3a I10-
TIIOIICHUE W JIIOMHHECIICHIIMIO TOJIy4eHHBIX o0pasioB. [lormomaromme u (hiayopecuupyoye B BH-
IMMOH obnacTu criekTpa OokoBbie rpymibl (1-denwnn-3-apun/rerapuin/-4,5-1uruaponupazon-S-uiebl),
KOTOpbIC BO BpEMs CHHTE3a IIeJICHANPABICHHO HAMH BBOAWJIKMCH B TOT WJIM JAPYrOM COMONKUMED, TO-
TJIOIIAIOT ¥ M3ITy4YaloT B TeX jKe 00IacTsIX CIeKTpa, YTO M UCXOTHbIE 2-MUPa30IuHbL. bezycinoBHo, mpu
aHallM3e CIIEKTPOB TOTJIONICHUS HYXXHO ObLIO MMETh B BHJy, YTO IOTJIONIEHHE OOKOBBIX TPYNI -
(parmMeHTOB JTFOMHHOGOPOB HaOMIOAaeTCS Ha (DOHE MOTJIOIICHUS moJuMepHol MaTpuilbl - [TAA, [TAK
win cononmmepa [TAA-TTAK, u, kak mpaBWIIO, TOJIOCH! TOTJIONICHUS! TIOMHHO(OPOB HAXONATCS Ha
CKJIOHE TTOJIOCHI CHUIBHOTO TTOTJIONIEHUS CaMOT'0 BEICOKOMOJIEKYJISIPHOTO COSMHEHUS (CM. pHC. 2).

AHaMM3UpPYyst CIIEKTPHI MOTJIONIEHUS U TFIOMUHECIICHIIMY U JJAHHBIE Ta0JIUIBI | MOKHO KOHCTaTHPO-
BaTh, YTO B MPOIIECCE CHHTE3a BO3MOXKHOE OKUCIIEHHE 2-TTMPa30JIMHOBOTO IIUKJIA JI0 MMHPa30IbHOrO He
MPOIILIO, TaK KakK B CHeKTpax (IyopecieHIIMH Mbl He HabmromaeM Ooiee KOPOTKOBOJHOBOM TONOCHI
COOTBETCTBYIOLIEro mupa3oia (061acts 27000 cm™' [15]); /s MOTYYEHHBIX COSIMHEHHIT XapaKTepHOE
HOpMaubHOe 3HaueHne CTokcoBoro casura (4300 — 6700 cv™).

[NonoxxeHnst MaKCHMYMOB TTOJIOC TIOTJIOLICHUS ¥ JIIOMHHECIICHITUN PACTBOPOB COIMTOJIMMEPOB B BOJIE
OTJIMYAeTCs] OT TaKOBBIX IS MCXOTHBIX 2-TIMPa30JMHOB (CIUPTOBBIE pacTBophl). Kak mpaBuio, Ha-
Omroaercss 0aTOXPOMHOE CMEIIEHUE MOJIOC MOTJIOICHUS U 0aTO(IOPHOE CMEIICHHS MOJI0C JTFOMH-
HECIICHIIMH, COMTPOBOXKIAIOIIEECS HEKOTOPBIM YIIUPEHUEM TI0JIOC JIFOMHUHECISHIINH, OJlaroapsi pocty
MOJISIPHOCTH cpefibl (TIPU TIepexo/ie OT CIIUPTOBBIX PACTBOPOB K BOJHBIM), & TAKIKE Pa3IMYHOMY BIIHS-
HUIO cpeabl (PacTBOPHUTENS) U dJIEMEHTapHBIX 3BeHbEB pazmuuHoro crpoenus [-CH,-CHR;-, -CH,-
CHR;, rne R, = -CONH,, R, = -COOH, snementapubie 3BeHbs1 3-Ar-1-hennn-5-(4,5-aurumpo-2-
¢bypun)-2-nupasonuna, 3-Ar-1-¢pennn-5-(2,3-gurunpo-2-¢pypun)-2-nupazonunu 1a 3-Ar-1-¢eHun-5-
(2,5-nuruapo-2-ypui)-2-nupa3oinHa), a TakkKe U3-3a Pa3IMYHOro KOH()OPMAIIMOHHOIO U KOH(UTY-
paIMOHHOTO (HEYHOPSIOYSHHOT0) CTPOCHHUS B CErMEHTAaX MaKpOMOJEKYJbl U, B IIEIOM, Pa3IMYHBIX
CETMEHTOB TIOJMMEPHOMW e BHICOKOMOJICKYIISIPHBIX COCMHEHUH MPHU HAXO0XKJICHUU TTOTIIOIIAIOIINX
CHCTEM B Pa3JIMYHbBIX YACTAX IMOJIMMEPHOr0 KIyOKa MU TJI00YIIbI.

3KCI'IepVIMeHTaJ1bHaSI 4acTb

UK-crieKTphl IOTMMEpOB H3MepsutH B auanasone 4000-400 cm™', 32 cKaHMPOBAHKS C pa3peleHueM
4 cv”' ma cnmextpomerpe ALPHA mpoussoncta Bruker, usmepurensusiii Moxyns ALPHA-P (s
n3mepenuit Hapymennoro [lonnoro Bayrpennero Otpaxenus), Kpucramn-anmas.

DNEeKTPOHHBIE CHEKTPHI MOTJIOMICHUS W3MEPSIIN JUIS BOAHBIX PAacTBOPOB Ha crekTpodoromerpe
«Hitachi-3210», cnektpsl ¢uyopectieHiimu — Ha cnekrpodoromerpe «Hitachi 850» (mumHa BOIHBI
BO30YKJCHUS BBIOMPATUCH B MAKCHMYME TTOJIOCHI MTOTJIOMIEHUST U3y4aeMOro COC/INH CHHS).

Hcxomaple peareHThl OYHINAIN HEMOCPEJACTBEHHO MEpea SKCIEPUMEHTOM (aKpUIIOBYIO KHCIOTY
MIEPEroHKON B MPHUCYTCTBUHM MHEPTHOTO Ta3a, Gpypdypon — meperoHkoi ¢ BOISHBIM MapoM), CHHTE3
MOJMAKPUIIOBON KHCIIOTHI, MOJUAKPUIIAMHI/IA TPOBOAMIM COTIIACHO METOJHMKAM W3 TPEIBIIYIINX CO-
obmieHuii [1-5]. PacTBopuTEIM HMCIOIB30BAIM KBATU(BHUKAIIUN «X4», «41a». HeoOXomauMble i CHH-
Te3a 2-mupa3onuHoB 1-apui-3-(2-gypwn)-2-nporneH-1-oHpl Tonydanu KoHAeHcanuen KosiiHeHa-
muara, 3-Ar-1-pennn-5-(2-gpypun)-2-nupa3onruHbl B3aUMOCHCTBUEM CHHTE3UPOBAHHBIX (QypaHo-
BBIX aHAJOTOB XAJIKOHOB C (DEHMIITHIPa3nHOM-OCHOBAaHHEM B YCIIOBUSX OCHOBHOT'O KaTaju3a MoJJ00HO
ykazanusm, onucanHeiM C.B.ILlykepmanom [16]. UncToTy mody4yeHHBIX MPOJYKTOB HAa BCEX CTaAMSIX
cuHTe3a nposepsuin MeronoM TCX Ha ruractuakax «Silyfol UV-254».

CunTes comonmumepoB 2.1-2.5, 3.1-3.5 u 4.1-4.5 mpoBOINUIN METOJIOM OCAJIUTEIHHOM COMOIMMEpPH-
3aIlMU B CPEJIe AlPOTOHHBIX PACTBOPHUTEIEH C tyy BbImIe 70 °C (IMOKCaH, STHIAIETAT U II.), HCIIOIb-
3ysl HHUIIMATOPBI PalKaIbHON nonuMepu3anun (nepekuck 0enszonna, JJAK). [lomydennsie comonu-
MepBI TIePEOCaKAAIN U3 BOAHBIX PACTBOPOB alleTOHOM, YHCTOTa COMOIIMMEpoB mposepsiiach TCX Ha
HAJIMYHE OCTATOYHBIX KOJHYECTB JTIIOMUHO(OPOB.
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BbiBOoAbI

1. CuHTE3MpOBaHBI COMOIMMEPHI TPOU3BOAHBIC AaKPHIIOBON KUCIIOTHI, aKpUiIaMua, 0 (ypaHOBBIX
aHaJIOrOB TpU(EHUI-2-TUPa30JInHa, UMEIOIMX (ITyopecleHTHbIe cBoWcTBa. [loka3zaHo, 4TO OJTHUM W3
nyTei MoAu(UKALINU CTPYKTYPhl MaKPOMOJIEKYJ MTOJHAKPUIAMU/IA, TOTHAKPUIOBOM KHUCIIOTHI, COMO-
numepoB AA n AK sBisieTcs BBEICHHE HA CTaIUU COMOJIMMEPHU3AIIN MOHOMEPOB, C 3apaHee 3a/1aH-
HBIMH (PUBUKO-XUMHUYECKUMH CBOMcTBaMHU. ONTHMAaIbHBIM METOJIOM CHHTE3a COMOJIMMEPOB aKpHia-
MU/Ia U aKPUJIOBOHM KHCIIOTHI ¢ pypaHOBEIMA MOHOMEPAMH SIBJISIETCS OCAJMTENbHAS COTOJIMM EpU3AIUs
B CpeJie anpOTOHHBIX pacTBOpUTENEH (IMOKCAH, STHIIALIETAT), BhI3bIBACMAasi HMHHIIUATOPAMH PaINKAIb-
Hol monumepuzanun (nepekuck Oenzonna, JJAK). CuHTe3 mpoTekaer B He TOMOT€HHBIX YCIOBUSX U
0e3 yropsioueH s TOJIOKEHUSI CTPYKTYPHBIX 3BEHBEB B TIOJIMMEPHOH IIETTH.

2. Tlposenen pecunre3 3-(2-tuenun)-1-henun-5-(2-¢pypun)-2-nupaszonuna, 3-(4-6udennnmn)-1-
benm-5-(2-pypui)-2-nupasoiivHa, 3-(4-6pomdennn)-1-pennn-5-(2-¢pypun)-2-nupa3onuHa,
3-(4-xnopdpennn)- 1 -pennn-5-(2-gpypun)-2-nupazonuna, 3-(4-/N-anermnamuno/pernn)-1-pennn-5-(2-
¢dypun)-2-npasonuHa — psga GypaHOBBIX MOHOMEPOB, KOTOPbIE UMEIOT COOCTBEHHYIO (hiyopeciieH-
LIMIO ¥ BCTYNAIOT B COMOIMMEPHU3ALIUIO C AKpPUJIAMUOM U aKPUIIOBOM KHCIOTOM.

3. Bricokomonekymsapubie coenunenus [IAA - M, [TAK - ®M u [TAA-ITAK-OM, nomydeHHbIE
OCa/INTENBHON cononmMepu3anueil akpuiamuaa (AA) u gypaHoBeix MmoHoMepoB (DPM), akpuioBoi
kucnotbl (AK) u (ypaHOBBIX MOHOMEPOB U aKpWJIaAMHJIa, aKPUIIOBOH KHCIOTH U (ypaHOBBIX MOHO-
MEpOB B Pa3HbIX COOTHOIICHHUAX (ONTHMAIBLHO B CpPE/e MOJSPHBIX alPOTOHHBIX PACTBOPUTENEH) MPH
WHUIIMUPOBAHUH MIEPOKCUIOM OEH30MIIa WM JUHUTPUIOM a300MCH30MACIISTHON KHUCIIOTHI, COXPAHSIOT
BojgopacTBOpuMOCTh, mnpucyinylo I[TAA wmm [TAK, u wumewor @QiayopecieHIMIO B 00JacTH
19800-21500 cm™' u HOpManbHBIit cTokcos casur (4300 — 6700 cm™).

4. TlpoBeneHHbIC CIIEKTPaIbHBIE UCCIENOBaHHS (IEKTPOHHBIE CIIEKTPHI MOTJIOMIEHHS U (ryopec-
nennuu, MK-crekTppl) KOMIIEKCHO TIOATBEPKIAI0OT 00pa30BaHUE BBIIIE OTMEYEHHBIX MOIUMEPHBIX
coenmnHeHnii. Anann3 UK-criektpoB mommmepoB MOATBEPKAACT HATMYUE CTPYKTYPHBIX (pparMeHToB:
—CONH,, —COOH, CH;CO—, —CH<, —CH,—, apomaTtnueckux cucteM. COBMECTUMBII aHAIN3 CIIEK-
TPOB TIOTJIOMICHUS ¥ (PIyOPECIICHIINHI UCXOMHBIX COCAMHEHUH U COMOJIMMEPOB YKa3bIBaeT Ha COXpa-
HEHHE B MPOIIECCE CHHTE3a XPOMO(OPHBIX CUCTEM, KOTOPHIC OTBEYAIOT 33 JJTMHHOBOJIHOBEIE TIEPEX0-
16l S, — Si 1 QIyOpECIeHIINI0 B MOHOMEPAX, U B ITOMyYSHHBIX TTOJIMMEPHBIX COCTUHCHHUSX.
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A.MN. Wkymart, FO.C. IBaHoBa. lNMowyk HOBUX NOMIHOGOPIB i3 3agaHNMK dI3UKO-XIMIYHUMMU | XIMIYHUMK BRacTu-
Boctamu. Xlll. Kononimepw akpunamiga i akpunoson kucnotu 3 3-apwn-1-ceHin-5-(2-cpypun)-2-nipasoniHamu.

CuvHTe30BaHO psAg BOOOPO3YMHHMX KOMomiMepiB akpunamiga, akpunosoi Kucrotu i 3-apun-1-ceHin-5-(2-
ypun)-2-nipa3oniHie, WO MawTb NIOMIHECLEHTHI BnactueocTi. ig yac kononimepusauii BUKOPUCTOBYBaNmcs
NONSIPHI aNPOTOHHI PO3UYMHHUKM 3 tyn BULe 70°C (aiokcaH, eTunaueTar) i iHiujaTopy pagukanbHoi nonimepusadii
(nepekuc  6eH3oiny, AuHITPMN  asobicisomacnsiHoi  kucnotu).  3-Apun-1-derin-5-(2-dypun)-2-nipasoniHn
[apun: 4-6udeHinin, 4-6pomdeHin-, 4-xnopdeHin-, 4-(N-auetTunamiHo)eHin-, 2-TieHun-] matoTb BnacHy cnyope-
cueHuito. CnekTpanbHi JOCHiIMKEHHS KOMMNMEKCHO NiATBEpAKYloTb YTBOPEHHS kononiMepiB. AHanis |Y-cnekTpis
KomnonimepiB Nokasye HasiBHICTb CTPYKTypHUX dparmeHTiB: ~CONH,, ~COOH, CH3CO-, -CH<, -CH_,- i apoma-
TUYHUX cuctem. CyMiCHMI aHani3 CnekTpiB NOrNUHaHHA i donyopecueHLii BUXiQHWUX CNOMyK i KononiMepie BKkasye
Ha 306epexeHHs1 B MpOLEeCi CUHTe3y XpPOMOGOPHUX CUCTEM, SIKi BiAMOBidalOTb 3a [OBrOXBWUMbLOBI Nepexoam
So — S1i dhnyopecueHLuito B MOHOMEPaXx i B OTPUMaHUX NONIMEPHUX CrOMyKax.

KnrouoBi cnoBa: cuHTes, akpunamig, noniakpunamig, akpurnosa KACNoTa, Noniakpurosa KMCNoTa, Kononimepw,
3-apun-1-geHin-5-(2-dypun)-2-nipasoniHn, nomiHodgopu, 14-cnekTpn, enekTPoHHi CNeKTpU MOrfNHAHHA i dnyo-
pecueHLil.

A.P. Shkumat, U.S. Ivanova. The search of new luminophores with predetermined physicochemical and chemi-
cal properties. Xlll. Copolymers of acrylamide and acrylic acid with 3-aryl-1-phenyl- 5 -(2-furyl)
-2-pyrazolines.

A number of water-soluble copolymers with luminescent properties has been synthesized based on acrylamide,
acrylic acid and 3-aryl-1-phenyl-5-(2-furyl)-2-pyrazolines. Polar aprotic solvents with boiling temperature above
70°C (dioxane, ethyl acetate) and several initiators of radical polymerization (benzoyl peroxide, azobisisobutyric
acid dinitrile) were used for copolymerization. 3-Aryl-1-phenyl-5-(2-furyl)-2-pyrazolines
[aryl: 4-biphenylyl, 4-bromo-phenyl-, 4-chlorophenyl-, 4-N-acetylamino)phenyl)-, 2-thienyl-] possess intrinsic fluo-
rescence. The formation of copolymers is confirmed by spectral studies. The analysis of IR-spectra of copolymers
indicates the presence of the following structural fragments: - CONHz, - COOH, CH3CO-, —CH<, -CH_-, as well
as of the aromatic systems. The comparative analysis of absorption and fluorescence spectra of initial com-
pounds and copolymers shows that the chromophoric systems, which are responsible for the long-wave S, — S1
transitions and the fluorescence in monomers and synthesized polymers, are preserved in the process of synthe-
sis.

Keywords: synthesis, acrylamide, polyacrylamide, acrylic acid, polyacrylic acid, copolymers, 3-aryl-1-phenyl-5-
(2-furyl)-2-pyrazoline, IR spectra, luminophores, absorption and fluorescence spectra.
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PACTBOPUMOCTb BEH30ATA KAJIUS1 U FTOMOACCOLIMALIMA BEH30MHOMN
KUCNOTbl B ALETOHE, COAEPXXALLEM 5 MOJIbHbIX MPOLIEHTOB AMCO

C.T.lora, H.B. E¢pumoBa, H0.B. UcaeHko’, H.0. Muegnos-lNeTpocaH

Ha ocHoBaHWM AaHHbIX O BNMsAHUM [o6aBok 6eH3oiHoM kucnoTel (HA) Ha pacTBopuMocTb GeH3oaTa Ka-
nus (KA) npu 25°C B aueToHe, codepxallem 5 MonbHbIx npoueHtos AMCO, npoBefeH Nouck afeksaTHoM
MOZEeNu, oNucbIBalOLLEN paBHOBECUSA B AMana3oHe HavarbHbIX KOHUeHTpaumn knucnotbl 0.015-0.50 monk/n.
C ucnonb3oBaHuem nporpammbl CLINP nony4veHbl cnegytowme oueHkn napameTpoB paBHoBecuin. Mokasa-
Tenb npoussedeHns pactsopumocTtn KA: szp = 8.38 (s = 0.18); norapmdm KOHCTaHTbl 06pa3oBaHKs Npo-

AyKTa romoaccousaumm — KOMMekcHoro aHmoHa HAz: Jog KZ}A* =4.14 (s = 0.21); norapum KOHCTaHTbI
2

obpaszoBaHusa aumepa kucnoTbl (HA).: log K 4m = 0.73 (s = 0.37). B pacuéTax ucnornb30Basnock onpenenét-
HOe paHee 3HaveHue pk, GeH30MHOoN KMcnoTbl, paBHoe 14.03.

KnioueBble crnoBa: 6eH30aT kanua 6eH30iMHasn KUCnoTa, aueToH, AMMETUICYNbGOKCU, PacTBOPUMOCTb,
npovsseneHne pacTBOPMMOCTH, FOMOACCoLMaLIVS, AMMepu3aLns.

BBeaeHue

B cepun mpenpiaymux pador [1-4] ObUTH UCcIeOBaHBI HOHHBIC PABHOBECHUS B alleTOHE, COJEp-
xateM 5 MonbHBIX % JIMCO. O6a 3TuX pacTBOPHUTEISI OTHOCATCS K TaK Ha3bIBAEMBIM IOJISIPHBIM, HE
SIBJIAIOIIUMCST TOHOpOM BogopoaHoi cBszu (nomspusie HJIBC-pactBoputenu). [Ipu sTtoMm aneron
sBisiercs: mpotodoOHbIM (katnoHooOHEIM), a JIMCO — mporoduinbHbIM (KaTHOHOQWIBHBIM) [5].
[ToaTOMYy CneoBble KONMMYECTBA BOJIBI, TAK WIM MHA4Ye MONajatonne B Oy epHble CUCTEMBI B alleTo-
HOBBIX pacTBOpax B JKCIEPUMEHTANIBHBIX YCIOBHUSAX, MPUBOMIAT K THApPATallMd HMOHOB Boaopoaa. B
pe3yabpTaTe TaKo MepeconbBaTalluy MPOTOHA B alleTOHE BO3HUKAET CUCTEMa, B KOTOPOI MOH JIMOHHS
MPEJCTABIIAET CMECH COJILBATOB MPOTOHOB HEOMPEAEIEHHOrO cocTaBa. B To ke Bpems, ¢ y4€TOM 3a-
MetHOM ocHOBHOcTH JIMCO, mpeBBImameii OCHOBHOCTh BOABI [6], BBIMICYIOMSHYTas CHCTEMa
Ipe/CTaBNIsAeT cobOi alleTOHOBYIO Cpey, B KOTOpoil noH H™ combBaTHPOBAH MOJNEKYNAMH AUMETHII-
Cynb(pOKCHIA.

B Hammx nuTHpOBaHHBIX padoTax BhIlIe [ 1—4] mpu MOMOIIM KOHIYKTOMETPUYIECKOT0, TTOTEHIINO-
METPHYECKOTO H CIEKTPO(OTOMETPUIECKOTO METOOB OIpPEeTeHbl KOHCTAHTBI JUCCOIMALNKN Psiia

o *
COJICH M KUCIIOT, & TaKKe 3Ha4YCHUs Pa . cepun OydepHbIX Kucior. Bmecre ¢ TeM, 06HApYKHIIOCH,

YTO TPOIECCH TOMOACCOIMAIINK, T.€. 00pa30BaHHWE KOMIUIEKCOB KUCIIOTHI ¢ e€ aHnoHOM, HA, , TH-
nuuneie A noisipasix HJIBC-pactBopuTeneii (v, mHaYE, MOISAPHBIX «allPOTOHHBIXY) [5,7], B pac-
CMaTpHBAaEMOM PACTBOPHTEIIE MPOTEKAIOT ¢ Oosee CIOXKHON crexuoMeTpuei. [1oaToMy ObLIO MOcTaB-
JICHO CIIeUANTbHOE UCCIIEIOBAHHE C UCTIOIB30BAaHMEM CTAHAAPTHOTO ISl TAKUX CIydaeB MpUEMA: OIl-
peleneHust paCTBOPHUMOCTH COJIM OPTaHWYEeCKOW KHCIIOTHI B MIPUCYTCTBHH Pa3IMYHBIX KOHIIEHTPAIIHH
3TOH ke KuchoThl [7]. B kauectBe KucnoThl Oblia BhIOpaHa OcH30WHAs, B Ka4eCTBE COJIM: OCH30aT
KaJusl.

JkcnepMMeHTasibHag 4YacTb

ATleTOH, TUMeTHICYNIb(OKCH, OEH30HHYI0 KHCIOTY M OCH30aT Kallusi TOTOBHIIM K paboTe Kak
omucano B [1,3,4].

PacTBOoprMOCTh O€H30aTa Kallusl B MMPUCYTCTBUH OCH30MHOW KUCIIOTHI OMPEACISIIA METOIOM H30-
TEPMHUIECKOTO HACHIIICHHS B YCIOBUAX TEPMOCTATHpPOBaHUA Tpu Temneparype 25 °C (TOYHOCTh Tep-
MoctatupoBanust 0.2 °C). ns kaxaol KOHICHTpaluu OeH30HHOH KHCIOTHI HACHIIICHHE PACTBOPOB
MPOBOAMIIM MapajlIeibHO B YEThIPEX TePMETHYHO 3aKPBITHIX NMpoOHpKax. B mpobupku BHOCHIN OcH-

" Konnedowe Hayuonanvnozo apmayesmuueckozo ynusepcumema
© T'ora C.T., Xonun FO.B., Ebumosa H.B., goga@karazin.ua
HUcaenko 10.B., Mueanos-Ilerpocsn H.O., 2017
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30aT KaJus U 100aBIIsIN PacTBOP OEH30MHON KHCIIOTHI, I10CIIE 3TOr0 MPOOUPKH MOMEIIATIH B BO3IYII-
HBId TepmocTaT. [locie Tpex 4acoB NepeMemBaHus COACPKUMOr0 MPOOHPOK MPOU3BOUIOCH OT-
cTavBaHKE B TeUeHHE IBYX 4acoB. CIelnaIbHbIE OIBITHI TOKA3ad, YTO TAKOTO MPOMEKYTKA BPEMEHU
JOCTaTOYHO JIJIsl YCTaHOBIICHHS paBHOBecHsl. KOHIEHTpAlMIO HACKHIIEHHBIX pacTBOPOB OEH30aTa Ka-
TS OTpENeNsuid MO KOHIEHTPAIlMd HMOHA Kajusl, ITEepelIe/ero B pacTBOp, METOJAOM aTOMHO-
abcopOIMOHHOI (OTOMETPHH.

Wzmepenue conepkaHust Kaaus MPOBOAMIN Ha aTOMHO-a0COpOIMOHHOM criekTpodoTomerpe Selmi
C115MII npu myrHe BomHBI 765 HM. ['pagynpoBka mpoBOAMIIACH IO BOJHBIM PaCTBOPAM.

Pe3ynbTaTtbl U chymnel-me

PesynbTathl onpenenenns pacTBOPUMOCTH TipencTaBieHsl B Tabmuie 1. Poct pactBopumocTH comu
10 Mepe YBEIWYEHHs Ha4aJlbHOW KOHIIEHTPAIMH KUCIOTHI OUEBUICH.

Ta6auna 1. 3aBUCUMOCTh KOHILIEHTPALMK KaJIUS B HACHIIIEHHOM PacTBOpPE OT HAYaIbHOM KOHLIEHTpaluu OeH-
30MHON KHCIIOTHI (3KCIIEPUMEHTAJIbHBIC TAaHHBIE)

c(HBz), mons/n | c¢(K"), mons/n | ¢(HBz), mons/n | c(K"), Mons/n

0 (6.5+0.3)-10°° 9.00-10 (2.02+0.03)-10°°
1.50-10° (7.941.2)-10°* 1.00-10°" (2.05+0.04)-10°°
2.00-10 (6.9+0.6)-10* 1.50-10"" (1.77+0.03)-10°°
2.50-10°° (1.540.4)-10° 2.00-10" (2.49£0.11)-10°°
3.00-10° (1.54£0.17)-10°° 2.50-10°" (1.99£0.02)-10°°
4.00-10* (1.83£0.16)-10"° 3.00-10°" (2.92+0.21)-10°°
5.00-10° (1.55+0.17)-10°° 3.50-10°" (2.71£0.11)-10°°
6.00-10° (1.93£0.14)-10°° 4.00-10" (3.30£0.11)-10°°
7.00-10° (2.14£0.24)-10°° 4.50-10" (2.59£0.22)-10°°
8.00-10 (2.14£0.19)-10°° 5.00-10" (3.75+0.02)-10°°

O0paboTka pe3ynbTaToOB MpoBOaMIach npu oMoy nporpammbl CLINP [8]. Heo6xoaumoe B pac-
yérax TepMoAMHaMUueckoe 3HaueHne PK, OeH30iHOI KucnoTel, paBHOe 14.03, ObLIO OmpeneneHo

panee [4]. KoadduimeHThl akTHBHOCTH MOHOB PAaCCUMTHIBAIM 0 ypaBHeHHIO JleOasi—XIoKKens; OT-
HOCUTENbHAS JTUDJICKTPHUECKas MPOHUIIAEMOCTh JTAHHOTO CMEIIAHHOTO PaCTBOPUTEINST COCTaBIISET
22.19 mpu 25°C [4]. 3HaueHue pacTBOPMMOCTH OeH30aTa Kaius 0e3 J00aBOK OEH30MHOM KHCIOTHI
OIPEeeNSIOCh HAMH MHOTOKPATHO H cocTaBHiI0 6.47-107° Momb/1 (+ 5 %). OTcioa moKasaTels mpo-
W3BEACHUS PACTBOPUMOCTH 3TOM CONMM B aIreroHe, coaepxkameM S5 MombH. % JIMCO, coctaBun
pK,, = 8.38 (s =0.18).

Hanee, Oblia MpeNpUHSITA TOMBITKA WHTEPIPETUPOBATH YBEIHMUCHUE PACTBOPUMOCTH MYTEM BBe-
JICHHsI B pAaCCMOTPEHHE BTOPOro paBHOBecHs (Mozens I):
KA12K'+A", K (1)

sp

A +HA=A HA, K/ (2)

HA;
(TIpH 3TOM 3KCIIEpUMEHTAIbHAS TOUKA JIUISl KOHIIeHTparwu Kucinothl 0.02 Momb/1 Obl1a OTOpoIeHa Kak
npomax). [Ipu 00paboTKe NaHHBIX MPU MATBIX KOHIICHTPAIMSIX OCH30MHOW KUCIOTHL, ¢ < 0.1 MOIb/m,
TaKasi MOJIeb HEIJIOXO OMKCHIBAET dKcrepuMeHT (puc. 1). Ilpu olieHKe OTHOCUTENBHBIX CTaHIaPTHBIX
OTKJIOHEHMI1 paBHOBEeCHBIX KoHLeHTpaumuii mona K’ 15%, Mojenb ajiekBaTHA JKCIIEPHUMEHTY:
szn = 14.4, 4T0 MEHbIIIC KPUTUYECKOr0 3HaYeHUs s 10 creneHel cBOOOIbI szpm = 18.3. Paccuu-
TaHHBIC OLICHKH MTAPAMETPOB: pK = 8.38 (s =0.16), log KI:A'Z =4.07 (s = 0.16).

Ho mporHosupoBanue pe3ynbTaToB MpH 0OoJiee BHICOKHX KOHIICHTPAIMSX IMOKAa3bIBACT HAIHYHE
CHCTEMAaTHYECKNX OTKIOHEHUH pacCYMTAaHHBIX 3HAYCHUH pacTBOPHMOCTH OT M3MepeHHbIX. Ha puc. 1
MPE/ICTABJICHBI ANMPOKCUMAIINS MOJENbIO 3HAUCHUH Jiorapu(Ma pacTBOPHUMOCTH, W3MEPEHHBIX TPH
¢ < 0.1 MoIB/11, ¥ IPOTHO3 PACTBOPUMOCTH TP O0JIee BHICOKHX C.

[TosTomy ObLTa MpoBeaeHa 00pabOTKa 3aBUCMMOCTH PACTBOPHUMOCTh O€H30aTa Kajus OT KOHIICH-
Tpanuu OSH30MHOM KHCIOTHI B MHTEpBaJle HayaJbHBIX KOHIEHTpanuii HA ams Bcero skcrepumeH-
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TanbHO U3ydeHHoro uHTepBana (0 < ¢ < 0.5 mMonb/i). beiir UCIPOOOBaHBI Pa3INYHbIE CXEMbI PABHO-
BECHIi; Hanbolee yIaqHoi OKa3anach MOJENb, OTIIMYAIOIIASCS OT MPEAbIAYIIeH YIETOM qUMepr3aun
KHUCIOTH (Mojaenb II), mockombKy MPOTrHO3 1Mo Mozenu | 1aéT 3aBBHINIEHHBIC OIIEHKH PAaCTBOPUMOCTH
MIPH BBICOKUX KOHIIEHTPALUAX KUCIIOTHI:

2HA =2 (HA),, K

dim

° o ® 11
e o -® .. . o
_,\._._._’_’_.3_. .
I e
2!0 T T T T T T
0,0 0,1 0,2 0,3 0,4 0,5
c(HBz), M

)

Pucynok 1. 3aBucumocts pactBopumoctd KA (S) or c¢(HA). Toukm — sKCriepUMEHTalbHBIE 3HAYECHUSI.
¢(HBz) > 0.1 Monb/n— TIPOTHO3),

I — pacuer mo momemun 1 (c(HBz)<0.1mons/n

— alllipoKCcuManus,

I - alIrpoKCUMaIysa N3MEPCHHBIX 3HAYECHHI PacTBOPUMOCTU MOJCIIBIO 1L

Moenb ageKBaTHa SKCIIEPUMEHTY IIPH OI[EHKE OTHOCHTEIBHBIX CTaHIAPTHBIX OTKJIOHCHHUI PaBHO-
. 2
BECHBIX KOHIICHTPAIUil MOHOB K" 15%: Y sken = 27.2, 4TO MEHBINE KPUTUUECKOTO 3HAYECHUS s 17

o 2
crerneHei cBoOOIbI ¥ xpur = 27.6.

Paccuntanubie omeHkr mapamMeTpoB TakoBbl: pK. = 8.38 (s = 0.18), loex/ = 4.14 (s = 0.21),
P&y, E8

logK,, =0.73 (s =0.37). PaBHOBECHBIC KOHLICHTPAIIMH PEATEHTOB B PACTBOPaX IPUBEIEHBI B TaOM. 2.
Tabauna 2. PaBHOBeCHbIE KOHLIEHTPALIMH PEareHToB (MOJIB/T)
MOJIeK TIAPHBIC 1 HOHHBIC (DOPMBbI
c(HBz) HBz Bz . H13 K top HBz, (HBz),
0 0 6.46-10 0 6.46-10 0 0
1.50-10° 1.18-10% | 4.65-10° | 2.37-10" | 8.99-10° | 8.94-10°* | 1.14-10°
2.00-10°* 1.52.10% | 4.10-10° | 3.46-10" | 1.02-10° | 1.02-10° | 1.89-10°
2.50-10° 1.84-10% | 3.73-10° | 4.60-10"" | 1.12-10° | 1.12:10° | 2.75-10°
3.00-10° 2.14-10% | 3.46-10° | 5.76-10" | 1.21-10° | 1.20-10° | 3.72-10°°
4.00-10* 2.69-10% | 3.09-10° | 8.12-10" | 1.35-10° | 1.35-10° | 5.89-10°
5.00-10° 3.19:-10° | 2.83-10° | 1.05-10" | 1.47-10° | 1.47-10° | 8.30-10°
6.00-10* 3.66-107 | 2.65-10° | 1.29-10" | 1.58-10° | 1.58-10° | 1.09-10°
7.00-10°* 4.10-10% | 2.50-10° | 1.53-10"° | 1.67-10° | 1.67-10° | 1.37-107
8.00-10° 451-10% | 2.3810° | 1.77-10"° | 1.75-10° | 1.75-10° | 1.66-107
9.00-10°* 4.90-10% | 2.29-10° | 2.00-10" | 1.83-10° | 1.82:10° | 1.96-107
1.00-10" 5.27-107% | 2.20-10° | 2.23-10" | 1.90-10° | 1.89-10° | 2.27-10°
1.50-10" 6.94-10° | 1.92-10° | 3.37-.10" | 2.17-10° | 2.17-10° | 3.92-10°
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IIpononxenne TadauubI 2.

2.00-10™ 8.36-10° | 1.75-10° | 4.46-10" | 2.39-10° | 2.38:10° | 5.70-10°
2.50-10" 9.63E-02 | 1.63-10° | 5.51-10"° | 2.56-10° | 2.56-10° | 7.56-107
3.00-10" 1.08-10" 1.5410° | 6.52.10"° | 2.71-10° | 2.71-10° | 9.47-107°
3.50-10" 1.18-10" 1.47-10° | 7.51-10"° | 2.84-10° | 2.84-10° | 1.14-10"
4.00-10" 1.28-10°" 1.41-10° | 847-10" | 2.96-10° | 2.95-10° | 1.34-10"
4.50-10"" 1.38-10" 1.36-10° | 9.42:10" | 3.06-10° | 3.06-10° | 1.55-10"

CpaBHenue orapuMoB pacTBOPUMOCTH, BBIYHCICHHBIX 10 MojensiM | u Il 1 u3MepeHHBIX KOH-
LIEHTpaIlii HOHOB K+, MIpUBEACHO Ha puc. 1.

Hanee, ObUIM HCIIBITAHBI MOJICITH, YUHUThIBaOIIHEe oOpa3oBanue yactui (HA),A", a Takke HOHHBIX
accoI[MaTOB aHMOHOB C MOHaMU Kanus. OJHaKo JajbHEHIIee YCIOKHEHNE CXEeMbl PaBHOBECHH HE IO-
3BOJISIET TOOMTHCS JTYUIIETO OMMCAHUS DKCIIEPUMEHTAIILHBIX JaHHBIX.

Takum 00pa3oM, B JIOCTATOYHO LIMPOKOM MHTEpBaJie HayallbHBIX KOHIICHTpAIUii OCH30HHON Ku-
CIIOTBI 00pPa3yIOTCs JIMIIB JIBE KOMIUIEKCHbIe YacTHibl, HA, u (HA),, npuuém B oboux ciydasx Jo-
THYHO MPENNOI0KUTh PEIAIONIYI0 POJIb BOJOPOIHBIX CBSI3EH:

0] O
0..H_
0:“““.\H_0 ©—< >—®

B Tabnuie 3 HaiiileHHOe HAMH 3HAYCHUE K;{ COIOCTABJICHO C JIMTEPATYPHBIMH JaHHBIMH U3 00-

2

30pHo#t crathu KonbTroda [5].

Ta6anna 3. 3HaueHus K ;;A’ Juts1 6en3oitHoi kuciotel B HIIBC-pactBopurernsix

2

PacTBOPHTEND OtHOCUTENBHAS  JTUANEKTPHYECKas K[m* , 1/MOITh
MIPOHMUIIAEMOCTH [9] 2
Humeruncynbdokenn [5] 46.45 ~ 610
N,N-Inmerundopmamun [5] 36.71 2.5-10
AreroHnTpu [5] 35.94 4-10°
Anteros ¢ 5 monbH. % IMCO 22.19 [4] 1.4-10°

CornacHo CyIIECTBYIONIMM MPEICTABICHUSM, IBUXKYIIEH CHIION TOMOACcCONUAINH SIBIsieTcs Aedu-
IUT BogoponHbIx cBszelt B H/IBC-pacTtBoputerne; B pe3yibTaTe COMbBATaIllUsl aHHOHA KUCIOTHI MpPO-
HCXOMUT MyTEM acCOIMAIlMK C MOJICKYyJIaMHu caMoil kuciaoThl [5]. Ho kaTHOHODHIBHOCTE TUMETHII-
dbopmMaMuaa U 0COOCHHO TUMETHICYIb(POKCHAA TIPUBOIUT K TOMY, YTO MOJIEKYIIBI 3TUX PACTBOPHTE-
Jiel KOHKYpUPYIOT C aHHOHaMH A~ 3a B3auMoAeicTBHe ¢ Monekynamu HA. B pesynbrate romoacco-
[UAaIys 0CJIaA0ISEeTC.

AIIETOH XOTS M OTHOCHTCS, KaK M alleTOHUTPWII, K MPOTOGOOHBIM PacCTBOPHUTEISIM, HO BCE kKe He-
CKOJIbKO 0oJiee OCHOBEH, CyAs IO JIOHOPHBIM unciaM ['yTMaHa ¥ 3HaYEHUSM MPOTOHHOTO CPOJICTBA
[2]. bBonee BBICOKOE 3HAYEHUE KfCA; B CiIy4yae HCCIEIOBAHHOTO HAMH PACTBOPUTEIS, COAEPXKAIIETO

emé 1 100aBKy OCHOBHOI'O JUMETHIICYJIb(OKCHAA, Mbl OOBSICHIEM CYIIECTBEHHO OOJiee HU3KUM 3Ha-
YCHUEM OTHOCHUTENIbHOM TUAJICKTPUYCCKON MPOHMIIAEMOCTH, YTO B IIEJIOM JO/DKHO CIHOCOOCTBOBATh
IpoIieccaM acCcoOIaIliyi HOHOB U MOJICKYIL.
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C.T. lora, [0.B. XoniH, H.B. Edimora, F0.B. IcaeHko, M.O. Mueanos-MNeTpocsiH. Po3unHHICTL 6eH3oaTy Kanito i

logKF’;A,

romoacodliaLisi 6GeH301MHOT KUCMOTWN B aLLETOHiI, o MicTUTb 5 MonbHKX BigcoTkie AMCO.

Ha niacraBi gaHux npo Bnnve ao6aBok 6eH30MHOoI kmucrotu (HA) Ha po3umHHicTe 6eH3oaTty kanito (KA) npu
25°C B aleToHi, Wo MiCTUTb 5 MonbHMX BiacoTkis JMCO, nposeaeHo Moluyk aaeksaTHOI Mofeni, sika onucye
piBHOBarn B Aianas3oHi no4aTkoBuX KoHUeHTpauin kucrnotn 0.015 — 0.50 monb/n. 3 BUKOpPUCTAHHAM Mporpamu
CLINP

pKSp = 8.38 (s = 0.18); norapmdm KOHCTaHTU YTBOPEHHSI MPOAYKTY roMoaccoLiaLii - KOMNIEKCHOro aHioHy HA,™:

OTpUMaHi  HacTynHi  OujiHKM napameTpiB  piBHoBar. [lokasHwk [oOyTKy  posumHHocTi  KA:

= 414 (s = 0.21); norapudpm KOHCTAHTU YTBOPEHHS Aumepa kucnotn  (HA).:
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PacTBopuMocTh OeH30aTa Kalvs U roMoaccolfalis OCH30MHOM KUCIIOThI B alIETOHE ...

logK,. = 0.73 (s = 0.37). Y po3paxyHkax BMKOPWUCTOBYBANocCs 3HaeHe paHille 3Ha4yeHHsI pK, OeH30MHOT
KMCRoTw, Wwo gopisHioe 14.03.

Knro4yoBi cnoBa: 6eH3oaT kanito, 6eH30MHa KWUCroTa, aueToH, AMMETUNCYNbdoKCKa, PO3YMHHICTb, AOOYTOK
PO34YMHHOCTI, FOMOacoLlialisi, Aumepusadisi.

S.T. Goga, |Yu.V. Kholin], N.V. Efimova, Yu.V. Isaenko, N.O. Mchedlov-Petrosyan. Solubility of potassium ben-
zoate and homoassociation of benzoic acid in acetone containing 5 mole percent DMSO.

The solubility of potassium benzoate was studied in a mixed solvent acetone-DMSO, molar ratio 95 : 5, at 25°C
without and with addition of benzoic acid (0.015 to 0.50 mol L"1). In search for an adequate equilibrium model for
fitting the experimental data, the CLINP program was applied. Following values of equilibrium constants were
estimated: the indices of the solubility product for KA, szp = 8.38 (s = 0.18); the logarithm of the formation con-

stant of HA,, 10g[(£[ = 4.14 (s = 0.21); the logarithm of the dimerization constant of benzoic acid, (HA)2:

logK,, = 0.73 (s = 0.37). The pK, = 14.03 value of benzoic acid in this solvent, determined and reported previ-
ously, was used in the calculations.

Keywords: potassium benzoate, benzoic acid, acetone, dimethylsulfoxide, solubility, solubility product,
homoassociation, dimerization.
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HOBI EJIEKTPOXIMIMHI CEHCOPU AJ11 BUSHAYEHHA
AO®AMIHY B JIIKAPCbKUX MPEMNAPATAX

A.B. TkaueHko, []1.M. BeprotiHa, A.I. Ky3bMiHa, H0.I. Yyiiko, M.O. OHDKYK,
0.C. TkaueHko, P.B. CyxoB, M.O. Konocos, A. B.lMaHTeneiiMoHOB

Ha ocHoBIi opraHo-kpemHe3emMHoro matepiany i3 immobinisoBaHMmu poccoHoBUMM rpynammn Ta copbosa-
HUMK ioHamm Cu?* i Fe®* cTBopeHo enekTpoaw Ans BU3HAYeHHs JodamiHy. [Ins enekTpoxiMiyHMX BUMi-
ploBaHb BUKOPUCTAHO MeTo AudbepeHuianbHo-iMnynbCHOT BoNbTamnepoMeTpii. BusaBneHo, wo noBepxHesi
komnnekcu Cu?* Ta Fe*' i3 chocchoHOBMMM rpynamMu NposiBNSOTL eKnekTpokaTaniTuuHy Ail0 Ha NpoLiec
OKMCHEHHS JodaMiHy.

3 BMKOPWCTaHHAM OTPUMaHUX CEHCOpIiB po3pobneHo npoueaypu BU3Ha4YeHHs BMICTY godamiHy B nikap-
CbKMX Npenaparax. [ianasoH NiHiiHOCTI rpaytoBanbHOro rpadika ctaHoBuTb 0.005 — 1.38 MMonb-n~ (4nst
enekTpogy i3 ioHamu Cu>" ) Ta 0.006 — 0.65 Mmonb N~ (ans enektpoay i3 ionamu Fe** ), uytnmeicTs 9.1 Ta
19.2 MA-n-Monb'1, BiAMNOBIAHO, a Mexa BusinieHHst 0.002 MMOsb . EnekTpoximivHi ceHcopu OEMOHCTPY-
I0Tb BUCOKY CENeKTUBHICTb Ta CTabinbHiCTb.

Mpoueanypu anpob6oBaHO Ha kKOMepLiHKMX dhapmaLeBTUYHUX 06’ekTax. MpaBunbHICTL pe3ynbTaTiB aHani-
3y NiATBEPAXEHO HE3aNEXHUM METOAOM.

KnroyoBi cnoBa: enekTpoxiMiYHMI CEHCOp, OpraHo-KpeMHe3eMHUn maTtepian, ocdoHOoBI rpynu, goda-
MiH, BONbTamnepoMeTpis.

Bctyn
Hodawmin (puc. 1), npeacTaBHUK TPYIH KATEXOJIaMiHIB, Ma€ BIACTUBOCTI aIpeHEPriYHUX PEUOBHH.
3acTOCOBYETHCS B MEMUHIN MPaKTHII IPU IIOKOBUX CTaHaxX pi3HOI erionorii [1], y BHmaakax myxke
HU3BKOTO KPOB’SIHOTO TUCKY, cepueduTTs [2]. KoHTpoah SKOCTI MEMUYHUX MpenapaTiB, IO BKIIOYA-
10Th J0(paMiH, € HEOOXIJIHUM erarioM iX BHpPOOHHMIITBA B (papMaieBTHUHii mpomucioBocTi. [losBa
HOBHX JIIKiB, JIIKapChKUX (POPM 3YMOBIIIOE HEOOXiHICTH PO3POOKH BiIMOBITHUX MPOLEAYpP BH3HAYCH-
Hs1 200 MoaudiKaIlito BXKe iCHYIOUHX.

HO NH,

HO
Pucynok 1. CtpykrypHa dpopmyna godaminy

OfHMM 13 MBUAKHKX 1 ACHICBUX METOJIB CYy4acHOTO aHaJli3y € BoyibTaMiepoMerpis [3,4]. Po3pobka
HOBHX POOOYHX ENIEKTPO/IIB JJO3BOJISIE PO3IMIUPUTH KOJO aHANITIB 1 MEXi BU3HAYEHHS B IIbOMY METOII.
OcobnuBHii iHTEpeC BUKIMKAE MOHITOPUHT BMICTY OpTaHIYHHX PEUOBHH y (apMalleBTHYHHX Ipera-
paTax, XapuoBHX MPOAYKTAX 1 CAPOBHHI, O10J0TTYHHX cepefoBuiax [4-7].

BaxJMBUM PO3ALIOM Cy4acHOrO XiMIYHOT'O MaTepiallo3HaBCTBA € CHHTE3 TiOpUIHHX OpraHo-
KpEMHE3EMHHX MaTepiaiiB, 0 MalOTh MPAKTUYHE 3aCTOCYBAHHS B €IEKTPOXIMIYHOMY aHalli3i, a caMme
€ OCHOBOIO JIJIsi CTBOPEHHS pobounx enekTpodiB [8]. Taki eaeKTpoau J03BOJSIOTh BU3HAYATH KOHIICH-
Tpalii peYOBHH B MeXaX MiKpO- Ta HAHOMOJIb JT ', BOJIOJ[FOTh BUCOKMMH 4yTIIMBICTIO TA CEIEKTHBHiC-
TIO T10 BIIHOLICHHIO JI0 JOCTIKYBAaHUX PEUOBHH.

B naniii po60Ti HOBOCHHTE30BaHMI OpraHO-KpeMHE3EMHHI MaTepiai 3 iMMoOLTi30BaHUME Pocdo-

. 2 .
HOBHMH TpymaMmu Ta copboBanumu iomamu Cu’’ ta Fe’* GyB BHKOpHCTAaHWIA ISl BUTOTOBJICHHS
SNEKTPOXIMIYHUX CEHCOPIB JUIsl BU3HAYCHHS TodaMiHy.

© Txauenko A.B., Beprorina /.M., Ky3zemina A.I., Uyiiko FO.1., Onixkyk M.O., oleg.s.tkachenko@karazin.ua
Txkauenko O.C.,. CyxoB P.B, Konoco M.O., ITanteneiimonos A.B., 2017
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HoBi enexTpoxiMiuHi CeHCOpH JJIs BU3HAUYCHHS J0(haMiHy B JIIKAPCHKUX IIperaparax

ExcnepuMeHTasnbHa YacTUHa

Buxioni peacenmu. JInsg cuHTE3y OpraHO-KPEMHE3EMHHX MaTepialliB BUKOPUCTOBYBaIM O€3 Imore-
pEeIHBOrO OYMINECHHSI Taki peareHTH: 3-aminonpomnintpuerokcucunan (AIITEC), terpaerokcucuiian
(TEOC) (Merck, >98 %), nueTuiIdocdir, JUXJIOPMETaH, aIleTOH,
4-(N,N-mumernn)aminomipunud (IMAII) ta neonitn CaA i NaA (Bci XimJIabopPeaktus, >98 %).

[Tix wac cuHTE3y MaTepianiB Ta MPOBENCHHS EKCIIEPUMEHTIB BUKOPUCTOBYBAJIM TaKi PO3ZYMHHUKH:
tonyon (XimJlabopPeaktus, 99.5%), eranon (JlyOoB’s3iBCchkuii ciupToBHiA 3aBoia, 96%) Ta OigMCTH-
JTLOBaHY BOJY.

B enexTpoxiMiuHMX BUMIPIOBAaHHAX BUKOpHCTOBYBaNU: yucTuil rpadit (Aldrich, 99.99%) nns Bu-
TOTOBJICHHS JIMCK-TA0JIETOK eNeKTpoaiB; nodamin-rinpoxnopun (XimJlabopPeakrus, 99%) nis npu-

roryBaHHs po3unHiB ananitie; CuSO, -5H,0 Ta FeCl, -6H,0 (XimJIabopPeaktus, 98%,) six 110-

HOp €JIeKTPOaKTUBHOI YacTHHKU mpu momudikyBanHi enekrponiB; KCl (XimJlabopPeakTus, 99%)
JUTSL THITPUMYBAHHS TOCTIHHOT 10HHOT CHITH.

Xnopua kuciora (XimJIa6opPeaktup, 70%) Oyia crangaptu3oBaHa 3a meroaukoro [9]. be3soaHi
PO3YMHH MypamurHoi Ta ouroBoi kucior (06maBi XimJlaGopPeakTus, 98%) BHKOPHUCTOBYBAIM JUIS
MOTEHI[IOMETPUYHOTO THTPYBAHHSI.

Crannmaprauii 0ydepuuii pozunH (pH=6.86) OyB nMpUroTOBaHWI PO3YMHEHHSM BiAMOBITHOTO (iK-
caHaiy B OimucTHibOBaHiil Boai; pH poOounx po3umHiB peryiroBany aonaBaHHsM po3unHy NaOH
a6o HCI (Bci XimJIabopPeaktus, 99%).

Pozunn NaCl, NaSO,, ackop6inoBoi kucnotu ta riokosu (XimJIabopPeaktus, Bci 99 %) rory-

BaJIM PO3YMHEHHAM TOo4HOI HaBakku B 1 M pozunni KCI .

Cunmes mamepiany. Matepian SiO, ~ P(O)(OH), 100yIx METOIOM 30/b-T'€llb CHHTE3Y 3a TaKOIO
cxemoro (puc. 2). Cunte3 npoBoauin B atMochepi aprony. Cymiin anerony (29 mmons, 1.7 1), meosti-
TiB (5 1) Ta 50 M TOMyONy MeEpeMillyBalii 32 KIMHATHOI TeMIepaTypu ynponosxk 10 xB, micis 4oro
nonaam AIITEC (3 1, 13.6 MMonb) i mepeminryBain ynpoJoBx 12 roj 3a KIMHATHOI TeMIIepaTypH.
Haui BindineTpoByBau yepe3 Toukuii map (1 cm) S10, 115 BUAaICHHS LEOMITIB Ta IPOMHUBAIIN JJUX-
nopMeraHoM. [licisi BUIaNIEHHS PO3YMHHHKA MPH 3HIKEHOMY THCKY OTPUMAIH TEMHO-XOBTY PiIKY
cionyky. Cymim orpumanoi crionyku (3.5 1, 13.4 mmons), nuernndocdiry (3.7 r, 26.8 Mmmonsb,) Ta
4-(N,N-mumernn)aminomipuauny (0.16 v, 1.3 MMoJb) TiepeMilllyBail IPU TeMIIepaTypi BOJSHOI OaHi
100°C ymponosx 5 rox. Hagmumok auerundocdiTy BUAATIUN MPU 3HIKEHOMY THCKY. OTpuMmaHy
KopuuHeBy pinuny (5.35 1, 100 %) BUKOPHCTOBYBAIH SIK OpraHiuHWN MoaudikaTop. Hdami, cymim i3
20 mn eranomny, 20 mn TEOC, 10 max H,O narpiBamm mo 50°C i mepemiuryBanu ynpoaoBx 15 XB.
Hani nomasamu 1.5 mn opraniyHOro MojudikaTopy i MPOMOBKYBajlM IMEPEMINTyBaHHS YIPOIOBK
45 xB. ITotim momaamu 1 M 25%-ro posunny NH, Tta nponosxysamu nepeminryBanss 1.5 rog no
BHITIHHS OUTOro mopoinky. [lam orpumaHuii MOPOIIOK BindibTPOBYBaIU uepes3 JIKKy broxHepa,
npomuBamu 20 mn H,O Ta BucymyBanu no nocriitnoi macu npu 90°C B cymuibHiil madi. Binnii

moportiok (Macoro 1 1) cycrenayBanu B 10 mur po3unny korn. HCI, a moTiM Kumm’sSTHIH yIpOIOBK
10 ron. dami cymim OXONODKYBAIX J0 KIMHATHOI TeMIEpaTypu Ta HeWTpamizyBanu 5%-BUM pO3UH-
Hom NaOH gno pH 7-7.5. Ocan BiadineTpoByBaiu uepes Jikky BroxHepa Ta IpOMHBAIA BOJIOI.
Otpumanuii MaTepian BUCYITyBaiH y cylibHii magi mpu 80°C mo moctiiiHoi MacH.

Ipunaou ma memoou sumiproganns. J{ns BuMiptoBaHHs pH BUKOPHCTOBYBAIU KOJIO 3 TIEPEHOCOM,
110 MicTuo ckisHu# enexktpoa EC-10603 3 BomHeBow ¢yHKIEW («BuMiproBanbHa TEXHIKa), XJI0p-
cpibuuit enextpon nopisasiaas EBJI-1M3 (I"oMenbepkuii 3aB0JT BUMIPIOBAIBHUX MPHIIAJIIB) Ta COIBO-
BHil MiCTOK, 3anoBHeHuMiT HacnueHuM posunHoM KNO, B arap-arapi. 3nadenns pH peectpyBanu 3a

nornomoroto naboparopHoro ionomipy U-160 Mu («BumiproBanbaa TexHikay). CTaHIapTHI BiIXUIICH-
Hs He nepeBuityBain 0.03 pH, a BenmuunHa cycrnensiitHoro edekry He nepepuinysana 0.1 pH.
EnexTpoximiuHi BUMIpIOBaHHS TPOBOIWIM Ha moTeHIiocrati / raneBaHoctati P-301 (Enluc) 3 Bu-
KOPUCTaHHSM TPHOXEJIEKTPOJAHOT CXEMH: eNEKTPONy TOpIBHSHHS (HACHYCHHWHA XJIOPCPIOHWH eNeKT-
PO), TOTMIOMDKHOTO eNEeKTPOay (TNIATHHOBHH JPIT) Ta poOOYOro enekTpoay. BukopuctoByBamu MeTo
nrdepeHiansHo-IMITyIbCHOT BonbTamnepomerpii (AIB). BumiproBanns 3pilicHIOBanyM B Jiama3oHi
norenitianis Big —0.2 1o 1.0 B BigHOCHO XJIOpPCPIOHOTO €IeKTpo/Ia MOPIBHAHHS 3 TAKUMHU XapaKTepHC-
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THKaMU: BeIMYHMHA iMITybey — 50 MB, kpok Ha kokHOMY iMIynbei — 10 MB, TpuBaiicts iMmynbscy —
0.4 c, inTepBan Mk iMmynbcamu — 0.9 c.
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Pucynok 2. Cxema CHHTE3y OpraHO-KpeMHE3eMHOr 0 MaTepiaity

Mero/ MOTEHI[IOMETPUYHOI'0 THTPYBaHHSI BUKOPHCTOBYBAJIM JIJISl BU3HAYEHHS KOHIIEHTpAIil J0-
(dbaMiH rigpoxiopuIy B Jikapchkux npemapatax. 0.150 r cyocranmii po3unHsoTh y 10 M1 6€3BogHOT
MYypaIIHHOI KUCIOTH, A0Aa0Th S0 M1 O€3BOHOT OI[TOBOI KMCIOTH 1 TUTPYIOTh 0.1 M po3unHOM XJ10-
pHOI kucioty noteHnioMerpuyao. 1 v 0.1 M po3unHy XJ0opHOT KUCIOTH Bianoigae 18.96 mr moda-
MiH rigpoxaopuny [10].

Buzcomosnenns pobouux enexmpoodie. PoO0UMIA €1eKTPOa BUTOTOBIISIIN TaKUM YrHOM. CyMillI i3 pi-
BHHUX 32 Macoro nopuiit (mo ~ 30 mr) mopomkonoaioHoro rpadity Ta opraHo-KpeMHE3eMHOT0 MaTepi-
any (AMB. Jaiii) peTeabHO IEpeMIllyBajyd B araToBIi CTYIII, MOTIM CIPECOBYBAJIM B TAaOJETKU IIij
tuckoM 12.13 MIla. Otpumanuii quck-TabneTky po3MipoM 5 MM B JIiaMeTpi Ta ~ 2 MM TOBIIHUHOIO
BUTPUMYBaIH B pifkoMy napadini ynpoaosx 10 XB s BUIaIeHHS afcopOoBaHMX ras3iB. 3amapadi-
HOBaHUH JIHMCK-TA0JIETKY MPHUKIICIOBAIN HA KiHEIb CKISHOI TpYOKH (5 MM B miamerpi, 150 MM 10BXU-
HOI0) 1 3ajIMINaIM Ha 24 roj JjIs BUCHXaHHS KJIEK. EIeKTpoXiMIYHUN KOHTaKT 3IiHCHIOBABCA 3a J0-
MOMOT'0I0 MiZIHOTO JIPOTY, SIKUH PO3MIIIYBaBCs BCEPEAMHI CKISTHOI TPYOKH 1 3’€THYBaBCs 3 TAOJIETKOO
yepe3 rpadiToBuid opomiok. Ilepen KoXKHUM eKCIIEPUMEHTOM MOBEPXHIO POOOYMX EIEKTPO/IIB aKTH-
BYBaJW ILTIQYBaTbHAM TaniepoM. Bci BUMIprOBaHHS POBOIWIIN MIPH KiMHATHIHM TemriepaTtypi (20°C) B
1 M pozunsni KCI.

Byno BMroToBieHO TpM Pi3HI €NEKTPOAM: 3 YUCTOro marepiany SiO, ~P(O)(OH), (SiPOH/C) Ta

Ba 3 MaTepialy Ha MOBEPXHi AKOro IUIAXoM copOuii 3akpimieno iorn Cu”" (SiPOH/Cu/C) i ionn

Fe’* (SiPOH/Fe/C).
Ionn Cu® Ta Fe’* Ha moBepxHi Marepiamy SiO, ~P(O)(OH), 3aKpilUIiOBaad TaKUM YHHOM.

~0.05 r martepiamy cycneHayBaid B 25 MI BOAHOrO po3uuHy CuSO, (1.5 mMmonb ') a6o FeCl,
(0.8 Mmonb 11'), pH AKX mixTpuMyBasocs Ha piBHi 5.8+0.2 (u1st pozunHy Cu>*) Ta 1.9 (11st po3unHy

F63+) 3a fgoromororo posunry HCl (2 mone-n™'). Cucremu mepemilnyBaiy Ha mieiikepi BIPOJOBIK
72 ron. Jauni TBepay ¢a3y BindiIbTpOBYBAIH i BUCYIIYBAJIM MIPU KIMHATHIN TeMIepaTypi, a 3aJIUIIKO-
BY KOHIICHTpAIIil0 10HIB METaliB y PO3YMHAX BH3HAYAIHM 33 JOMOMOTOK KOMIUIEKCOHOMETPUYHOTO
TUTpyBaHHS po3unHoM Tpunony b Biamosimno no meronauk [9]. [loBepxHeBa KOHIIEHTpAaLlis 10HIB
cranoswia 0.3 MMonb I w1 Cu?* Ta 0.07 Mmons 10 Fe®* .

Pe3ynbTaTh Ta ix 06roBopeHHs

Enexmpoxamanimuune oxucHenus dogaminy na erexkmpooax. Ha puc. 3 HaBeneHO BOJILTaMITEPOT-
pamHi kpuBi enektponis SiPOH/C, SiPOH/Cu/C i SiPOH/Fe/C B 1 M pozunni KCI (pH 6.6) 3a Bin-
CcyTHOCTi Ta B ipucyTHOCTI ~0.1 MMOIB T ' Hohaminy.
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084 Pucynok 3. JIudepeHiianbHO-iMITYIbCHI BOJbTaMIIC-
3 porpamu Ha enekrpomax SiPOH/C (a), SiPOH/Cu/C
= . .
5 0.6 (6) i SiPOH/Fe/C (8) B 1 M posunni KCl (pH 6.6) 3a
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Ha xpugiit enekrpona SiPOH/C (puc. 3a) npu nomaBanHi 1odamiHy cuia CTpyMy pi3Ko 301IbIIY-
€ThCS Ha TUISHIII BHCOKHX IOTEHIIIATIB, MPOTE TaKa CMyra HE Ma€ YiTKOro MakCMMyMy Ta HE MOXE
OyTH BUKOpHCTaHA SK aHAIITHYHUNA chrHal. ToMy, 1aii el eneKTpol He BUKOPHCTOBYBAIIH.

Sx BumHO 3 puc. 30 Ta 3B, NpH BBEACHHI B cucTeMy nodaMiHy Ha KPUBUX BOJBTaMIIepOrpaM
3’ BISIIOTHCS KK 3 MakcuMyM nipu 600mMB mist SIPOH/Cu/C ta npu 500MB mns SiPOH/Fe/C, siki
BIJIIIOBI1al0Th €IEKTPOXIMIYHOMY OKHCHEHHIO nodaminy. OTxe, 00HIBa €IEKTPOIH € YYTIUBUMH IO
nodaminy.

[NopiBHIOIOYM BOJNBTAMIEPOrPaMH TPHOX EIEKTPOAIB B PO3UHHAX JA0(QamiHy, MOXKHA BUSBUTH, IO
noBepxHesi kommueken ionis Cu®’ ta Fe’' i3 iMMobinizoBannMu (pOCOHOBIME IPyIaMU TPOSB-
JISIIOTH EJICKTPOKATATIITUYHY JIIF0 Ha MPOIlec OKUCHEHHS TodaMiny.

Bapro BimzHaunTH, M0 MPUCYTHICTH Mika Ha kpuBi mist SIPOH/Cu/C o0ymoBieHe mpoiecoM OKu-
cuenns ionis Cu® o Cu®".
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Pucynok 4. JTudepeniiiansHo-iMIyibcHI BobTammeporpamu Ha enekrponax SiPOH/Cu/C (a) i SiPOH/Fe/C (0)
B 1 M pozunni KCl 3 pH 3.43 (cyuinbhna ninis), 4.42 (mrpuxosa jinis), 5.15 (myHKTHpHa niHis), 7.12 (uTpux-
nyHKTHpHA niHis). Konnenrpauis godaminy 1-10° moms 1 ' wms SiPOH/Cu/C i 110 mons 1" st SiPOH/Fe/C
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Sk BUJHO 3 BOJBTAMIIEPOrpaMm, B CIA0KONY>KHUX pPO3UMHAX HE BAAEThCA 3a(iKCyBaTH YiTKUH aHa-
JMITUYHUNA CHTHaN Ha 000X enekTponax. OTKe, eNeKTPOAM HE € MPUIATHUMHU JUIS BUKOPHCTAaHHS B
TaKUX CepellOBHIIAX.

Ha BonpramMneporpamax st cIaOKOKHCIMX PO3UHHIB MK OKHCHEHHS odaMiHy Ma€ 4iTKy ¢opmy,
IO JI03BOJISIE BUKOPHCTOBYBATH HOTO SIK aHANITUYHUI CUTHAJ, a PO3UYMHH — SIK TaKi, 110 € ONTHMAab-
HUMH 11 BU3HAUCHHS Jodaminy. OCKITbKY IHTCHCHBHICTD Ta (hOpMa aHAITHYHOTO CUTHAJTY Ha elleK-
Tpoaax B cnabkokuciux po3unHax Ta B po3unni KCl (puc. 4) cniBnasarTb, TO i Al CIPOLICHHS
eKCIIEpUMEHTY BUMIpIOBaHHs npoBoauiu juiie B pozunHi KCl .

Ipoyedypa eusnauenns dogpaminy. [y modyaoBu KamiOpyBaibHUX TpadikiB 0y10 MPOBEICHO HU-
3Ky BUMIpIOBaHb. 3a JJOMIOMOT'OI0 €NIEKTPO/IiB 3aMKCYBaIH BOJLTAMIIEPOMETPUYHY KpUBY B 25 Mi 1 M
po3unny KCl. Jlani B cucTemy moCioBHO BBOAWIN JIEKiIbKa MOPIiH aliKBOTH POOOYOro pO3vunHY
nodaminy (o 0.05 mu koxHa). [Ticnst mogaBaHHs KOXKHOI MOPITiT alliKBOTH CHCTeMY mepeMinryBanu 20
C Ta pEECTPYBaIM BoJbTaMIieporpamy (puc. Sa ta 6a). Kaniopysansuuii rpagik (puc. 56 ta 60) Oymy-
Bami y koopaunatax «I - C(nod.), Monb 11™'», 1 | — BeTHUMHA CHIIM CTPYMY B MAKCHMyMi IiKy OKHC-
HenHs, a C(10d.) — KOHLIEHTpaIlis AopaMiHy B PO3UHHI.
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Pucynok 5. a) [ludepeHnuianbHo-iMIyNbCcHI BonbTamieporpamu Ha exekrponi SiPOH/Cu/C st po3uunHiB, 1110 Mic-
Tath Biz 0.04 710 1.38 Mmonb 1 ' todaminy. 6) KaniGpyBanbHuii rpadix
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Pucynok 6. a) [ludepenmianbHo-iMIyIbCHI BonbTamieporpamu Ha enekrponi SiPOH/Fe/C mns po3uuHiB, mo mic-
s1h Bix 0.03 10 0.65 MMontb 1 | modaminy. 6) KanibpyBambHmii rpadix

[Mosroproanicts (I1, %) [12] BU3HaYamM 3 II°ATH EKCIIEPUMEHTIB, MMPOBEJCHUX B OJMH JICHb, B OJI-
Hill i Tiif %e eTeKTPOXiMiuHiil KOMIpIi 3 0HAKOBUMHU po3umHaMH, o MicTimu 10™ Momb 17" mopami-
HY.

BinreoproBanicte (B, %) [12] npouenypu BH3HAYaM 3a JOMOMOTOK0 HU3KH EKCIEPUMEHTIB 3
I’ SITbMa PI3HUMH ENTEKTPOIAMH ITPUTOTOBICHUMH 32 OJTHIEIO 1 TIEIO K METOIUKOIO.

Po3paxoBaHi METponoriyui napaMerpH mporeaypyu BU3HadeHHs nodaMiHy HaBeaeHi B Ta0u. 1.
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Ta6mmusa 1. MeTposorivHi XapaKTepUCTUKHU IPOLCAYPH BU3HAYCeHHS nodaminy 3 (n=3, P=0.95)

Entexrpon Hiamazon HIHII:I]HOCTI, MBs, | quJII/IBICTI),_] m.% | B,%
MMOJIb J1 MMOJIb J1 HA 1T MKMOJIb
SiPOH/Cu/C 0.005 -1.38 0.002 9.1 1.3 5.1
SiPOH/Fe/C 0.006 - 0.65 0.002 19.2 1.4 5.1

Bnnue pisnux ionie ma peuosun na susnavents dogaminy. Byio BCTaHOBJICHO, 10 HA aHAIITHYHUN
CHTHAJl Ha eNEeKTPOoJiaxX He BIUIMBAIOThH TaKi KPaTHI KUTLKOCTI PEYOBHH: HATPIM XJIOPH[ Ta HATPIH Cy-
aegiT (< 1000), rmroko3a (< 800) Ta ackopbiHoBa kuciaoTa (< 50).

Ipasunvricmov npoyedypu susnauenus oogaminy. ['0TyBaIu cepito pO3YMHIB i3 BMICTOM qo(haMiHy
0.09, 0.22, ta 0.60 Mmomb 1. EnekTpoxiMiuHi BUMipIOBaHHS IIPOBOIMIIM 5K OIHCAHO BHIIE. BmicT
nodhaMiHy 3HAXOIUIIH 3a KaJliOpyBaJIbHUM TpadikoM. Pe3ynbTaTi BU3HAUCHHS HaBeIEHO B TaOI. 2.

Ta6auns 2. Pe3ynbraTu nepeBipky NpaBUILHOCTI MPOLEAYPU BU3HAYEHHS T0o(aMiHy 3a JOIOMOTrO0 eJIeKTPO-

niB (n=3, P=0.95).

B Enexrpon SiPOH/Cu/C Enexrpon SiPOH/Fe/C
BEICHO 100, 3Haii ¢ 3HaiigeHo go0d
MMOJTB T HAHCHO 200, [IpaBuibHICTD, % ACHO 200, [IpaBuibHICTD, %
MMOJTb JT MMOJIB JT
0.09 0.089 £0.001 99 +1 0.091 £0.001 101 £1
0.22 0.22140.001 100£1 0.220+0.004 100£1
0.60 0.59940.001 99+1 0.58940.001 98+2

Enexmpoximiune susnavenns oogaminy 6 meouyHux npenapamax. J{ns BU3Ha4eHHS BMICTy noda-
MiHy B nipernapatax «Jodamin-Hdapauns» (3AT «DapmaneBtrnuna dipma» Hapauis) ta «Dopaminey»
(Orion Corporation) BUKOPHUCTAIX METOJ| CTAHJIAPTHUX JJOOABOK.

1.25 Mi1 amikBOTH Ipenapary HepeHOCHIM B MIpHY KOJIOy, 00’€MOM 25MII, 1 JTOBOAMJIU 10 MITKU
IM pozunnom KCl . ITpuroroBani po34rMHN BUKOPHCTOBYBAIH SIK POOOUI.

BcranoBiieHo, 1110 TOTOMDXKHI KOMIIOHEHTH, COJISIHA KUCIIOTa Ta HATPil MeTadicynbQiT (KU y BO-
JHUX PO3YMHAX IEPETBOPIOETHCS HA HATPId Cynb(]iT) HE BIUIMBAIOTh HA AHATITHYHWA CUTHAI TPU
SNEKTPOXIMIYHOMY OKHCHEHHI JodaMiHy Ha eNeKTpoaax.

PesynbraTtu Bu3HaveHHs nodamiHy B JIiKax 3a PO3pOOJICHOIO MPOIEAYPOIO KOPEIIOIOTh 13 JTaHUMH
MOTEHIIIOMETPUYHOTO TUTPYBaHHs (Tabi. 3). OcKiNbKy, BU3HAUCHHS A0QaMiHy y CyOCTaHIIii cTaHaap-
THUM METOJIOM BHMara€ BUKOPHCTaHHS XJIOPHOI Ta OE3BOJHUX MYPAIIMHOI 1 OTOBOI KHCJIOT, OIITOBO-
T'0 aHTAPHUILY, K1 € TOKCHYHUMH Ta IIKIUTMBAMH JJIsl OPraHi3My, a OCTaHHIH € MPeKypcopoM, TO po3-
po0JieHa HaMH MPOLIEAYPa € OUIbIIT OS3MEUHOK Ta JOCTYITHO.

Ta6mmus 3. PesynbraTt BU3HAYCHHS T0(QaMiHy B JIKAPCHKHX Mperaparax.

«Jodamin-JlapHuiis» «Dopamine»
1

Me’FOII C3a}lBHCH0: r H- CBI/UIBJ'[CHO’ r H-] C3aﬂBHCH03 r H-] CBI/UIBJ'[CHO’ r H-]

EnexrtpoximiuHe BU3HA-
YEeHHS

SiPOH/Cu/C 39.8+£0.2 39.6 £0.2

SiPOH/Fe/C 40.00 40.0£0.2 40.00 39.9+0.2
[lorenuiomerpuune 3974002 39.5+0.1
TUTPYBaHHS

B1cHOBKM

Ha ocHOBI opraHo-KpeMHE3eMHOro MaTepiany i3 iMMoOUTi3oBaHUMH (POCHOHOBUMH TPyIaMH Ta 3
copboBanumu ioHamu Cu®* 1 Fe® CTBOpEHO eleKTpOXiMiuHi CEHCOpH Ul BH3HAYEHHS Jo(hamiHy.
Po3pobiieni nponeaypy XapakTepu3yeTbCss TAKUMH METPOJIOTITYHUMH XapaKTepUCTUKAMHU: Jiarma3oH
ninitirocti 0.005 - 1.38 MMob T, MeKa BHABIIGHHS 2 MKMOJIb JT ', BiITBOPIOBAHICTh Ta MOBTOPIOBA-
HICTh CTAHOBIATH ~5 Ta ~1.35 %, BimnoiaHo. [Iporenypu BeprdikoBaHO 3a JOMOTOK METOIY «BBE-
JICHO-3HaiICHO», BITHOCHE CTaHAAapTHE BIAXWICHHS HE nepeuinye 1 %. BuspiieHo, 110 BU3HAYCHHIO
HE 3aBaXkKalOTh TaKi I0HM Ta peYOBMHU (KpaTHI KiIbKOCTi): HaTpid xiopun (< 1000), rmokosa (< 800)
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Ta ackopOinoBa kuciora (< 50). [Iporenypu anpoOOBaHO Ha JIIKAPCHKUX Mpenapartax. PesynbTaTi
CIIBMAJAIOTh 13 JAHUMH TIOTEHI[IOMETPUYHOI'0 TUTPYBAHHS.
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A.B. TkauyeHko, .M. BeptotuHa, A.W. KyabmuHa, HO.U. Yyiiko, H.O. OHwkyk, O.C. TkadeHko, P.B. Cyxos,
M.A. Konocos, A.B. MNaHTenemoHoB. HoBble aneKTpOXMMUYECKME CEHCOpbI ANs onpedeneHus godamuHa B
JNleKapCTBEHHbIX Npenaparax.

Ha ocHoBe opraHo-kpeMHe3eMHOro MaTepuana ¢ MUMMOOMM30BaHHLIMU POCHOHOBLIMM rpynnammn 1 copbmpo-

BaHHbIMM MoHamn Cu’* u Fe® cosmaHo anekTpodbl Ans onpeaeneHuns aodammHa. [ns anekTpoXMMUMYEcKmX
M3MepeHuii ncnonb3oBaH Metoa AnddepeHUnanbHO-MMNYNbCHOW BonbTaMmnepometpum. OBHapyKeHo, YTo no-

BEpXHOCTHbIE komnnekchl Cu?’ u Fe*™ ¢ dhocdoHOBLEIMK rpynnaMu MPOSBRSIOT SKMNeKTpoKaTanuTieckoe feil-
CTBME Ha NPOLLECC OKMCNeHnsa godamuHa.

C 1cnonb3oBaHWeM NofyyYeHHbIX CEHCOPOB pa3paboTaHbl MpoLeaypbl onpeaeneHnst cogepxanuna gogammHa B
NeKapCTBEHHbIX  Mpenaparax. IOunanaszoH  nuHeHocTn KanmbpoBOYHOrO rpadouka cocTaBnsier
0.005 - 1.38 mmosib 11! (ans snexktpoaa ¢ noHamu Cu**) n 0.006 - 0.65 Mmonb n’ (ona anektTpoga ¢ MoHaMm

Fe*), yyBcTBUTENBHOCTL 9.1 1 19.2 MA N Monb'1, COOTBETCTBEHHO, a npeaen obHapyxerus 0.002 mmonb n'
OnNeKTPOXMMMYECKNE CEHCOPbI AEMOHCTPUPYIOT BbICOKYH CENEKTUBHOCTb M CTAOUIBHOCTb.

Mpouenypbl anpobupoBaHO Ha KOMMepYeckux chapmaueBTuiecknx obbektax. [paBuUnbHOCTL pesynbTaToB
aHanusa noaTBEPXAEeHO HE3aBUCUMbIM METOLO0M.

KnioueBble cnoBa: 9neKTPOXUMUYECKUI CEHCOP, OpraHo-KpeMHe3eMHbIi MaTtepuan, ocdoHoBbIe rpynnbl,
AodamuiH, BONbTamMnepoMeTpusi.

A.B. Tkachenko, D.M. Veriutina, A.l. Kuzmina, Yu.l. Chuiko, M.O. Onizhuk, O.S. Tkachenko, R.V. Sukhov,
M.O. Kolosov, A.V. Panteleimonov. New electrochemical sensors for dopamine determination in drugs.

The electrodes based on silica-organic materials with immobilized phosphonic groups and sorbed ions of Cu?**
and Fe* were created for dopamine determination. The technique of differential pulse voltametry was used for

electrochemical measurements. It was found, that surface complexes of Cu?* or Fe** and phosphonic groups
have electrocatalytic effect on dopamine oxidation.
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The procedures for dopamine content determination in medicine using the obtained sensors were developed.
The analytical range is 0.005 - 1.38 mmol L™ (for electrode with Cu?*" ions) and 0.006 - 0.65 mmol L

(for electrode with Fe** ions), sensitivity — 9.1 and 19.2 mA L mol”, correspondingly, and limit of detection -
0.002 mmol L™". Electrochemical sensors show high selectivity and stability.

The procedures tested on commercial pharmaceutical facilities. The measurement trueness was confirmed by
independent methods.

Keywords:. electrochemical sensors, silica-organic material, phosphonic groups, dopamine, voltammetry.
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. XPOHUKA
N3MAWNJTOBCKUE YTEHUSA /IZMAILOV ACADEMIC READING

MepornpusTus, NOCBAIIEHHbIE MAMSITH BbLAAIOIIErocs (PU3NMKO-XUMUKa, podeccopa, uie-
Ha-koppecnonzienTa AH YCCP Huxonas ApkaabeBuua M3maiinoBa, npoxoasaT B XapbKoB-
CKOM YHUBEPCHUTETE C MEPHUOJUYHOCTBIO B IAThH JeT. V3MailloBCKue YTeHHUs, COCTOSBILINECS
16 HOSIOps TeKyLIero roja Ha XUMHUYECKOM (aKyibTere, ObuiH nocssiieHs! 110-netuto co 1Hs
POXIEHHUS YYEHOTO.

[Tocne kpaTkoOro BCTYNMUTENBHOIO CJOBa 3aBeayrouiero kadenpoil (u3nyueckod XuMHUU
H. O. MuennoBa-IlerpocsiHa BHMMaHMIO COOpaBIIMXCSI ObUIM TMPEAJIOKEHbI JaBa (UIbMA.
[lepBriit U3 HUX, co3gaHHbI B 2007 roay, ObUT MOCBALIEH OMMCAHUIO KU3HEHHOIO MYTH U
tBOpuecTBa H. A. M3maiinoBa, BTOpoii mpencTaBisl co0oil uHTEpBbIo, B3siToe B 2002 rony y
JOKTOpa XUMUYECKUX Hayk, npodeccopa MI'Y Buxropun HuxonaeBusl M3maiinoBoii, B Ko-
TOPOM OHa OTBeYaja Ha BOIIPOCHI O CBOEM OTLIE KaK YEJIIOBEKE U YUEHOM.

3atem ObLT 3aciymiaH AOKIAN "Onekmponaumvl ONsi TUMUU-UOHHBIX AKKYMYISMOPOS8 CO
CNIIABO-00PA3YIOWUMU AHOOAMU. NPODTIeMbl, OOCMUNCEHUs], NepcneKmussl", KOTOPBIN caeman
kanguaatr xumudeckux Hayk C. II. Kykcenko (MHCTUTYT XMMHMM TNOBEPXHOCTH HMMEHH
A. A. Yyiiko HAH VYkpaunsl, KueB) oT cBoero MMEHH ¥ OT UMEHH JOKTOPAa XUMUYECKUX Ha-
yK, npogeccopa 0. A. Tapacenxo.

Jlokiiag BhI3BaJl 0>KMBIIEHHYIO JTUCKYCCHIO, B KOTOpoi yyactBoBanu npod. B. W. Jlebenp,
O. H. Kanyrun, H. O. Muennos-Ilerpocsn, a taxke npod. B. . Pribauenko (MucTtutyT ui-
3UKO-OpraHn4eckoi xumuu u yriexumun umenu JI. M. JlutBunenko HAH Ykpaunsr).

Hapsiny ¢ npenonaBarensmMu u coTpyaHuKaMu xumudeckoro dakynpreta 1 HUM Xumun,
KaK JIEWCTBYIOUIUMHU, TaK U OBIBIIMMU, HA YTEHUSX IPUCYTCTBOBAIM CTYAEHTHI CTAPIINX Kyp-
COB XMMHYECKOTO (haKysbTeTa.

H. O. Mueonos-Ilempocsn

Kharkov University Bulletin. Chemical Series. Issue 29 (52), 2017
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K 100-JIETUIO CO AHSA POXXAEHUA NMPOPECCOPA
OTAPA MNETPOBNYA MHYEUTOBA-NETPOCAHA

MBI ceeM THH Ha CHTaX MaMsTH:
YXOIAT MENOYb, IBUIb Ha JIHO;

M TaK JIETKO HaM I10 TOaM HM/ITH,
HECs 3aBETHOE 3€PHO.

O. I1. Mueonos-Ilempocsn

B »tom rony ucnonuunocs 100 et co qHSA poXk-

nenus 3aciykeHHoro pgesrens Hayku YCCP, 3a-
ciyxenHoro usooperarenss YCCP, Jlaypeata ['ocy-
JAPCTBEHHON TpeMHUU YKpauHbl B 001aCTH HAYKH U
TEeXHUKH, aypeara npemun umeHu H. C. Kypnakosa
AH CCCP, unen-koppecnonaeHTa AKageMuu HayK
I'pysunckoit CCP, pokTopa TEXHHYECKHX HayK,
npodeccopa  Orapa  [lerpoBuua  MuemsoBa-
[lerpocsiHa — KPYIMHOTO CIENUAUCTa B 00NacTH
(U3BNKO-XMMUU M TEXHOJOTUU CHIIMKATOB, Mac-
TabHOIr0, pa3HOCTOPOHHETO0, N0Oporo YenoBeka.
- C HammM YHUBEPCHUTETOM €ro CBS3BIBAJH MHO-
TOJIETHsISL pa0oTa B CIENMATM3UPOBAHHOM COBETE 10 3alllUTe JrccepTanuii, yuactue B padore 'OK B
KayecTBe TpeiceiaTells, HO TIIaBHOE — TITyOOKUH MHTepec K (PU3UKO-XMMHUYECKUM OCHOBAM TEXHOJIO-
THUYECKUX TIPOIECCOB, KOTOPHIMHU OH 3aHUMAJICH, K (PYHJIaMEHTATbHOW YHHBEPCUTETCKON HAYKE H JTIO-
JIIM, BOBJICUEHHBIM B 3Ty HAYKY.

B w™onorpapun "TepmonuHaMuka CHIIMKaTOB" (HAIMCAaHHOW COBMECTHO C YYCHUKAMH
B. U. BaOymkunabiM u I'. M. MaTBeeBbIM ¥ U3MaHHON B mepuoa 1962 - 1985 rogoB 4eThIpexIbl Ha
PYCCKOM $I3bIKE€, BAYKABI Ha HEMEIIKOM U IO OJHOMY pa3y Ha aHTJIMHCKOM M KUTAaWCKOM) 1O CYTH
3aJI0KEHBl OCHOBBI TOCJIEAOBATEIBHOTO (PU3NKO-XHUMUYECKOT0 TOJXO0Ja K HM3YUYCHHIO CHIIMKATHBIX
cucreM. O. I1. ObIT OTHUM M3 MTUOHEPOB MCIIOIB30BAHUSI METOIOB TEPMHUUECKOT'0 aHAIM3a B XUMUHU U
TEXHOJIOTUU CTPOUTENBHBIX MarepuanoB. CTpemsich MaKCUMAallbHO UCIIONB30BaTh (PyHIIaMEHTAILHOE
3HaHWE B CBOMX HMCCIIEAOBAHUIX, OH MPUBIIEKAI MOJI0XKEHHS U METOJBI KpUCTAIUIOrpaduu U KpUCTaII-
JIOXMMHWH, TEOPUH TBEPAO(PA3HBIX PEAKIUH, MEKTPOXUMHH, (PU3UKO-XHMUYECKOH MEXaHHKH, MeXa-
HUKH CIUTIOIIHBIX Cpel U Psiia APYTHX AUCHUIUIMH. HearoKUHHBIM MHTEIUIEKT U pa3HOCTOPOHHUE T10-
3HAHUA TTO3BOJIUIIN €MY BBICTPOUTH BCE ATO B MOCIEN0OBATENbHBIA CHCTEMAaTUYECKHIA TOJIXOJ1 K M3yHde-
HUIO ¥ COBEPLICHCTBOBAHHMIO CIOXKHBIX CHCTEM H MPOIECCOB, KOTOPHIMH OH 3aHEMaics . Co Bpeme-
HEM 3TOT MOJIXO CTa] BU3UTHON KapTOUKOI ero HIKOJbI.

JIJist MeHsI, IPUBBIKILIETO YETKO pa3rpaHAYUBATh MPUKIATHbIE U (yHIAMEHTAIbHBIC UCCIICIOBAHMUS,
BCTpeYa C TaKHM YENIOBEKOM ObLIa HOBBIM HEOXKHMJAHHBIM OITBITOM, TPaHUIIBI KOTOPOro emie Oolee
pacmupmIuCh, Koraa s y3Hai, uro Otap IlerpoBud murier Myapble TaKOHUYHBIE CTUXU, U3 KOTOPBIX
MHE 0COOCHHO TTOHPABHIIMCH TIOPTPETHI, & TAKKE MEPEBOJUT C HEMEI[KOTO, aHTIIMHCKOTO ¥ TPY3UHCKO-
ro. EMy noBenock BCTpedaTbcs CO MHOTMMH WHTEPECHBIMH JIIOJbMH, U OH C YJOBOJILCTBHEM pacckKa-
3pIBaT 00 3TUX BeTpeuax. Cpenn Hux AHHa AHzpeeBHa AxmatoBa, [lerp Anekcanaposud Pebunmep
(omMH W3 ONIOHEHTOB MO AOKTOpcKoil nuccepranun), [lerep Tuccen, Ilerp Ilerposuu byanukos ...
YKasib, 9TO 3aMBICeN HAMICATH 006 STHX BCTpEYax ocTacs He peanmsoaHbM'. O. IT. cTpemuncs K
00IIEHHIO, PACIIUPSIONIEMY TOPH30HTBI, U caM Bcerza ObUT OTKPHIT st oOeHust. OH yMen HaXOAUTh
00MIMH S3BIK C JIOJBMH HAYKH U KYJBTYPHI, C TEXHOJIOTAaMH M MPOMBIIICHHIUKaMu. be3 Ha3umanuii u

*® o

Iloopobnee 06 ocnosuvix nanpasnenusx Hayuuou Oesmenvrhocmu O. Il moocHo npouumams 6 cmamve
A.B. Yweposa-Mapwaxa "@uszurxo-xumuueckas 3n0xa CmpoumesibHo20 Mamepuaniogedenusl. XapbKoscKas Ha-
yuno-mexnonocudeckas wxkoaa". Cmpoumenvnole mamepuanvt. 2017. Ne 8 (751). C. 49-54.
A . .

Hckmouenue cocmasnaiom eocnomunanus o ecmpeue ¢ A. A. Axmamosoi. Universitates. 2003. Ne 1.c. 80-81.
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A.N. KopoGos

HOTalUi, MSTKO M HEHaBA34YMBO OH 3aJaBajl OYECHb BBICOKYIO IUIAHKY YPOBHsSI KyJbTYpbl, HAYYHBIX
HCCIENOBAHUN U YEJIOBEUECKUX B3aMMOOTHOUICHU.

skeskosk

Orap IlerpoBuu Muennos-Ilerpocsin pomuiicst 3 okrsiopst 1917 ropa B 1. Tudmuc (Toummcn). C
1926 no 1928 rr. npoxxuan B ['epmanuu (bepaun, Apesnen) ¢ orunmowm, I1. I1. Ilerpocsnom, Haxo-
IUBIIUMCS TaM Ha yuébe. Orciona — cBoOOIHOE BiaJICHHE HEMEIIKUM SI3BIKOM; JTa)KEe CTHXH THCA MO-
memerku. C 1929 rona xwun u yawics B Tommcu. B 1935 okonunn 107-10 cpenutoro mkomy, B 1940 —
I'py3unckuii [lonurexHuueckunii HHCTUTYT, B 1946 — acnupaHTypy 10 Kadeape TeXHOIOTHU CHUITHKA-
TOB. 3allUTHII KaHIUAATCKYIO nuccepranuio «MccnenoBanue peakiuu cynbdar Oapus + rIIMHO3EM U
MOJTy4eHNE OrHEYMOPHOro IeMeHTay (pyKoBoAMTEINb: podeccop A. M. ABryctunuk). [locne 3amuThl
paboran accucTeHTOM Ha Kadenpe W 3aMecTHTENeM JiekaHa XUMHKO-TEXHOJIOIHYEecKoro (akynprera.
B 1947 nepemén B mabopaTopuio oraeynopoB MHcTuTyTa MeramuioB u ropaoro aena AH I'pysunckoit
CCP (crapmmii Hay4HbIH coTpyaHUK). B 1952 romy moctynun B 3aounyio npokropantypy AH CCCP.
U ¢ sToro e roga HaunHaeTCs XapbKoBCKUM mepuo xu3uu O. 1.
Ty [lepBeiM MecToM paboTel B XapbKoBE CTall

Mue cnamces eopul 6 3apese ympa, XUUT (crapmuit mpenojgaBareib, IOICHT, 3aBe-
HAO 20pOO0OM, 20€ NPOMENbKHYNI0 0emcmeo, { nylomui  Kaemapoll CTPOMTENbHBIX MAaTepHajoB
U IOHOCHb NPOJICUMA, U 20e 51 ObL1 8Yepa. (1955-1976 rr)).
LIymum aucmea depesbes no coceocmsy... Vxe B 1953 r. O. I1. 3amutun B UaCcTHTYTE -
Ykpauncroii Houvio cmenena dcapa ... sudeckor xumuu AH CCCP muccepraruio Ha couc-
Bokpye 6orvuioii u neznaxomwiii 20poo, KaHWE YYEHOH CTENEHU JOKTOpa XMMHUYECKHUX HayK
U 6 OKHAX MOM Jice, U HOEblll c6em? «DU3MKO-XUMHUYECKAE CBOMCTBA CEPIICHTHHUTA W
A cunysm paspyuennoix cobopog MOJTy4eHHEe BSDKYIIMX M OTHEYIIOPOB Ha €ro OCHO-
0 OnusKOM npouiiom Moxcem 0amv omeéem \ Be». OIHAKO B COOTBETCTBMHU C TOIJALIHMMH HOP-
0e3 ONUHHBIX UTU CIPAUUHDBIX PA3208OPO8. Mamu (mu BesHusamy) BAK B KoHIlE KOHIIOB TpH-
T aasaasaeay cgonl eMy B 1954 rosy cTerneHb IOKTopa TeXHUYe-
CKUX HayK; B TOM ¢ IOy OH MOJy4us 3BaHue mpodeccopa. B 1957 roay Obul M30paH 4jieHOM-
KOPPECTIOHACHTOM AKaJeMHH CTPOUTENbCTBA U apXuTekTypsl Y CCP, B KOTOPO# COCTOSAT BIUIOTH 10
e€ mukBuganuu B 1963 roxy; B 1974 rogy — unenom-koppecnongaentom AH I'pysunckoit CCP.

[Mapamnensro ¢ padoroit B XUNTe O.I1. pykoBoaun nBymMs 1abopaTopusMu: labopaTopueil ruji-
pOTEXHHUECKOro OeToHa W (Qu3nko-xumuu u kopposun Oerona HUU «YkpBOIAI'EO» Akanemun
crpoutenbeTBa U apxuTekTypsl YCCP (1958 - 1962) u maboparopueii (pU3NKO-XUMHUYIECKHX HUCCIIENO0-
Banuit Macturyra FOXKT'UITPOLIEMEHT (c 1964 r).

B 1976 romy O.Il. mepexomut Ha paboty B
XapbKOBCKUI WHKEHEPHO-CTPOUTENbHBIA WHCTHU-
TyT (HbIHE — XapbKOBCKHUI TOCYAapCTBEHHBIN TEX-
HUYECKUH YHHUBEPCHUTET CTPOUTENHCTBA U apXH-
TeKTyphl). 31ech oH 10 1991 roma 3aBemgoBan Ka-
denpoi PU3NKO-XUMHUECKON MEXaHUKU M TEXHO-
noruu OeroHa, a ¢ 1991 roma u 10 cBoeld cMepTH
pabotan mnpodeccopom 3toit kKadenpol. C 3THM
MEPHUO/IOM CBSI3aHO CO3/laHWE JIBYX HCCIIe0Ba-
TenbCKUX IeHTpoB. B 1976 romy O.Il. opranuzo-
Bal y4eOHO-HayYHO-IIPOM3BOJICTBEHHBIA LIEHTP
«XNCH — FOxrunponement — XapbkoBckuid JJCK
No 1», BBIMOTHABIIMK KaJOpPUMETPUYECKHE HC-
CIIC/IOBaHMS Ui CTPOUTENBbHBIX JabopaTopuii
Mockssl, Jlenunrpana, Kuepa, Xapekosa, TOwiu-
cu, baky, EpeBana u Bunbnioca, a B 1977 1. —
nabopaTopuio pa3pabOTKH U HccienoBaHus d3PPEKTUBHBIX CTPOUTEIBHBIX MaTepuanoB MUHHCTEPCT-
Ba MPOMBIIIUIEHHOCTH CTPOUTENbHBIX MaTepuainoB Y CCP.

Kax 1 mHOrum apyrum kpymnueiM yaensiM, Otapy IlerpoBuuy npemnaranu nepeexats B Kues. Mor
ObI OBITH ellle M KHEBCKUH TIEPHOJT )KU3HHU, HO OH OT Tiepee3]ia OTKa3acs.

A

ST A A AT L TSI IELT LIS
[ FIFIITI VIV IV

T A TE T T I I ITIAIITIATAIIAIAIIIA AR T R A AR R AR R A Y
Yoice cebs ne moicio s 6e3 Xaporosa
8 1I0OUMOU U OOTLULOL MOell cmpate,
U WYMHO20, U NBLILHO20, U HCAPKO2O,
HO OU3K020 U O0P02020 MHe.

Y

30ecy 3ambicavl MOU NPUULTU K CEEPULEHUIO.
30ect s yuun u Hayuuacs Hcumo.

U 30ecv mens nposepunu comnenus,

K uemMy CImpemMumsCst U Ko2o a00ums.

U ecnu eenuuagetl u kpacugee

ecmb 20pooa, U 8 HuX Obleamv 5 pao,
mol, coenasuiull myopee u cuacmiugee
MeHs1, MHe 00po2 MOYHO cmapuwuii bpam.

B L ety
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PRI --—-— Hayunas mkona O. 1. HacuuteiBaer 17 TOKTOPOB HAYK, MO
A noesoa mobur, €ro pyKOBOJICTBOM 3aIUIICHB! 95 KaHIMIATCKUX IHCCEPTALHIA.
U MeHbuie - NapoxoObL. OH omy0IuKoBaj, CaMOCTOATEIBLHO U B COABTOPCTBE C YUEHHKA-
Co cmpaxom 6 nebe niwii, mu, 12 MoHorpaduii (MHOrHE M3 KOTOPBIX MEpPEeU3IaBalnuCh W
A sce mobun Hagzodbz. MEPEBOVITUCh HA HEMEIKUH, aHTIIMIHCKUNA M KATAWCKAN SI3bIKN)
Obvesoun yenvitl céem, u 6onee 500 Hay4yHBIX pabOT; MOAYYHSI 76 aBTOPCKUX CBHJIE-
He npucmpacmsco x eanome. TELCTE M ATCHTOB.

ITnoxux napoodos nem, OOnazaast OrpOMHBIM aBTOPUTETOM B HAYYHOM COOOIIECTBE,
Ho ecmw nnoxue noou. O. II. mOCTOSSHHO BeNl HAay4YHO-OpPraHMW3alMOHHYIO pabory. Ha
npoTsbkeHuu 20 JeT pyKoBOAMI TOPOJACKUM ceMuHapoM «Hayd-
HbIE OCHOBBI TEXHHUYECKOI'0 MpOrpecca B TEXHOJOTHU CTPOUTEINBHBIX MAaTEpPHUaoB» B XapbKOBCKOM
Jlome TexHuky; 0bU1 wieHoM komuccuu 1o Tepmorpaduu AH CCCP, uneHoM penkoiieruii xypHaioB
«emenT», «CTpoHTenbHbIe MaTepHaibl U KOHCTPYKIMH», «TeXHHUKAa M TEXHOJIOTHS CHUIIMKATOBY,
‘Silikattechnik’ (I'/IP), ‘il Cemento’ (UTamus) u psnpa apyrux. B 1974 . sBnsuicst reHepaibHbIM CEK-
perapem VI Mexnaynapoauoro Konrpecca mo xumuu mementa (MockBa); B 1980 r. — Buie-
npesuneHToM Hay4dHoro komutera VII Konrpecca (ITapmwxk) u B 1986 — unmenom oprxomutera VIII
Konrpecca (Puo ne JKaneiipo). BooOriie, oH MHOro €311Jj1, aKTUBHO Y4aCTBOBAJl B pa0OTe HAYYHBIX
KoH(pepeniui, onmonuposat. JKusupe O. I1. o6opBanacek 3 oktsa0pst 1997 roaa, Bckope mociie Bo3Bpa-
HICHUS C O4YepeIHOT0 KoHTpecca IBAUSIL (Befimap), MoCTOSHHBIM y4aCTHUKOM KOTOPOT'O OH OBLIT TPH-
JIAaTh JIeT.

PP P S FF PP PSS FFFFFEFEEFFF IS
B F F PP F P FF PP F A FFFFFFFE LTS

B AL EN

A.U. Kopobos

Kharkov University Bulletin. Chemical Series. Issue 29 (52), 2017

Y Moopobuee 06 smom 6 cmamve A. M. ITnyein, A. A. Iyein. Jo 100-pivus O. I1. Mueonosa-Ilempocsna.
36ipnux  Haykosux npayb YKpaiHcbkoeo OepicasHo2o YHieepcumemy 3anizHuynozo mpancnopmy. 2017.
Bunycx 171. C. 4-11.
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NAMSITU MPO®ECCOPA B.[1. OPJIOBA
(14.08.1941 — 14.12.2017)

14 nexaOps 2017 roma He ctayno Bare-
pust Amutpuenua OpiioBa, BBIIAIOIIETOCS
YU4EHOT0-XMMHKa, JOKTOpa XUMHUYECKHUX
HayK, Ipodeccopa, 3aciayKeHHoro mpodec-
copa XapbKOBCKOT'0 HAIIMOHAIBHOTO YHU-
Bepcutera mMmenn B.H. Kapaswna, 3aciy-
KEHHOTO JeATeNd HAayKH M TeXHUKH YK-
pauHEbl, JekaHa XUMHYECKOTO (aKyibTeTa ¢
1990 o 2006 rox, 3aBenyroliero kadeapsl
oprannyeckoit xumuu ¢ 1990 mo 2015 rog,
VYuurenss, HactaBuuka, uenoBeka, Oe3rpa-
HUYHO MpPEJaHHOTO Hayke, kKadeape opra-
HUYECKOH XUMHH, XUMHUYECKOMY (aKyib-
tery U KapazuHckoMy yHUBEpCUTETY.

Banepuii JIMuTpueBud M3BECTEH B YK-
pauHe W JalieKo 3a ee MpeaernaMH Kak oc-
HOBaTellb XapbKOBCKOW HAy4YHOW IIKOJIbI
XUMUU A30MCOOEPACAUYUX 2eMEPOYUKTUYE-
ckux coeounenuti, Ilpencenarens OIHO-
HMEHHOW MEXIyHapOJIHOW Hay4yHOM KOH-
¢depennun XAI', koTopasi MPOBOIUIACH IO
ero MHHUIMATUBE M IO/ €ro HEemocpescT-
BEHHBIM PYKOBOJACTBOM Ha MPOTSHKEHUU
18 mer, ¢ 1997 mo 2015 rox. Yucno Hayd-
HbIX myOnukanui Bamepus JIMuTpueBnya
nepeBanuio ganeko 3a 500, 6osee IBYXCOT
W3 HUX TIPEJCTABIIEHBl B MEXKIyHAPOTHBIX
HayKoMmeTpudeckux 0Oazax. OH sBIsieTCS
aBTOPOM JBYX MOHOrpadui, Tpex yueOHHU-
KOB, Hamboiiee WM3BECTHBIH W3 KOTOPBIX —
YHHUKAJIbHBI YHUBEPCUTETCKUI Kypc «MeEAMIIMHCKAs XUMUA», a TAaKKE HECKOJIIbKMX y4EOHBIX IMOCO-
owmii. B./l. OpsoB BocniuTan 36 KaHIUAATOB U 5 JOKTOPOB HayK, OyIy4H IJIaBOH CIIEIHAIN3UPOBAHHO-
ro CoBera 10 3aIUTe AUCCEPTALUM, JJaJl MyTeBKY B )KU3Hb MHOTOYHCIEHHBIM COMCKATENIIM HAaYYHBIX
CTerneHel B 00J1aCTH OPraHuYecKoM, PU3NIECKON M aHATUTHICCKON XUMUH. BBl Y4JIEHOM 3KCIIEPTHOTO
coBeta Bricmieit arrectanmonHoi komuccun Ykpauubl (BAK, moszxe — JlemapramenTa artrectanuu
KaJapoB MuHuctepcTBa 00pa3oBaHus), HayuHoro cosera MOH, Hay4HO-METOAMYECKOW M yd4eOHO-
Meroandeckoi komuccuit MOH Ykpaunnsl, akagemukom AH Briciiei mkoiasr Y kpauHsl.

Hayunbie nnTepecsl Banepus JmuTpreBnda BKIIOYAN XHMHIO 0,-HEHACHIIEHHBIX KapOOHWIIb-
HBIX COCJMHEHHH — aHAJOrOB XajJKOHA C IeTepOapOMAaTHYECKHMHU 3aMECTHTEISIMU: celleHO(EeHOM,
THO(PEHOM, HCCIEIOBAHUE CTEPECOXMMHUECKUX OCOOCHHOCTEH MOHO- M OMC-apWIMICHIIMKIAHOHOB, a
TaKXKe HOBBIX T'€TEPOIMKINYECKIX CHCTEM, 00Opa3yIONIMXCs MPH MX B3aUMOJCHCTBUU C a30THCTHIMU
Oou- u nonuHykiacopuaamu. OCHOBOW pa3BUTOrO0 MM HAYYHOrO HAIPABJICHUS CTald pPabOTHI
1979-1980 romoB, mocBsiIeHHBIE O00Opa3oBanui0  1,la-muruapoasupuHo|1l,2-aJXMHOKCAIMHOB U
2,4-nuapun-1H-2,3-muruapo-1,5-0eH301Ma3eMHOB Ha OCHOBE ITPOM3BOAHBIX XaJIkOHA H OPTO-
¢dennnenanamMuna. Brocnencreun mox pykosojactsoMm B./I. Opnosa ero ydeHWKaMu ObUTH MONYYEHBI
a3WPHUMHOBBIC, a30JIbHBIC W a3WHOBBIC CHUCTEMBI, UCCICIOBAHO MX CTPOCHHE, (PH3UKO-XUMHUS, KOH-
(opMallMOHHBIC U TayTOMEpPHBIC PABHOBECHS, PEAKIMOHHASI CIIOCOOHOCTH, BBISBICHBI KOPPEISIHH
cTpoeHne-cBoiicTBa. OTAenbHOe BHUMAaHHUE YAENSIOCh YaCTUYHO THJIPUPOBAHHBIM KOHJAEHCHUPOBAH-
HBIM TETEePOIMKINICCKUM COCAMHEHHIM, CPEIH KOTOPHIX ObIIIM 00HAPYKEHBI MHOTOYHCIICHHBIE OHO-
JIOTHYECKH aKTUBHBIC BEIIECTBA U YHUKAIbHBIE OTOXPOMHBIE MAaTEPHAIBI.

[Tpunse Ha ceds pyKOBOACTBO (akynabTeroM U Kadenpoi B 1990 romy, Banepuit JIMutpueBud cy-
MeJl JOCTOWHO MPOBECTH WX 4epe3 MOCIeNyIollne HempocThle A yHUBepcuTera aecartuierud. OH
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[Mamsatu npodeccopa B.JI. Opinoa (14.08.1941 — 14.12.2017)

MpHjIarajl MHOTO YCHIIMI JUTS COXpaHEHUs M YCHIICHHUS KaJ[pOBOTO COCTaBa (haKyiIbTeTa; BaXKHBIM IIa-
TOM U OOJNBINON 3aciTyroil B TOM OBIJIO BOCCO3JaHHE MM B Havaie 90-x crenuaan3upoBaHHOTO JO0K-
Topckoro CoBera. OrpoMHBIM aBTOPUTETOM MOJIb30Bajcs Banepuii [IMUTpueBHd B IEKAHCKOM KOPITY-
ce Halllero YHUBEPCHUTETA; JOBOJBHO JOJTO ObIT ero HeopMaibHbIM maepoM. OH MHOTO padoTal B
Pa3IMYHBIX MUHUCTEPCKUAX U YHUBEPCUTETCKUX KOMHUCCHUSIX, OXOTHO U KOHCTPYKTHBHO OTKJIMKAJICS Ha
MPOCHOBI O TIOMOIIM B PENICHUU Pa3IMYHBIX aJMUHHCTPATUBHBIX BONMPOCOB. HenaMeHHO momepxu-
BaJ Bce GOPMBI paObOTHI C OAPCHHBIMU MIKOJILHUKAMH M CTyJIEHTaMH (OJMMITUaIbl, TypHEpBl, MAH,
CTY/IGHUYECKOE HAyYHOE OOIECTBO), 3JI0KUB 3THM JOOPYIO M MPOYHYIO TPAJTUIMIO HA XUMHUYECKOM
(dakynprere.

[TnomorBopHas HaydHas, Melaroruveckas ¥ aIMUHHCTPaTHBHAS JesTeIbHOCTh Banepus Imurtpue-
Buua OpsoBa OBUIM OTMEUYEHBI MeaalsiMu «BimMIHHUK OCBiTH YKpaiHu», MOYETHBIM 3HAKOM
«Hayunoe maptaepctBOo» (2004), memansio mmenn B.H. Kapasuna (2011), 3omoroii Menmanbio
A.H.Kocra (2012), TTodyerHsIM 3HaKOM XapbKOBCKOr0 00JIaCTHOTO coBeTa «CI000KaHChKa claBay
(2016), 3Banmsmm «3acmyxeHuil npodecop XapKiBCHKOTO HAI[IOHAILHOTO YHIBEPCHUTETY IMeHi
B.H. Kapazina» (2001), «3acmyxxennii nisia Hayku 1 TexHiku Ykpainu» (2002) «[TodeTHbldt JOKTOD
HTK «MucTtuTyT MOHOKpHCTAIIOB»» (2011).

Banepuii ImutpreBnd Bcerja ObLT JUTsi MHOTOYHMCICHHBIX KOJUIET M YYEHHKOB 00pa3lloM dpyau-
[IUH, TPYJOIIO0HSI, TeJIEYCTPEMICHHOCTH U ONTHMHU3MA, KOTOPhIE OH COXPAHMII BIUIOTh JIO CBOHX Ca-
MBIX IOCJICIHUX JTHEH.

skesksk

Opnor Banepuit JImutpueBuy poauics 14 asrycta 1941 roma B 1. Cepsmxuyc (JIutBa) B ceMbe
BoeHHOcHy:xamero. OxonuyuB B 1958 roxy cpeanioro mkony B ropoje banruiick Kanununrpaackoit
00JIacTy, TMOCTYNMHI HAa XUMHYECKUH (akynbTer XapbKOBCKOTO T'OCYJapCTBEHHOIO YHUBEPCHTETA,
MOCBSITHB €MY BCIO CBOIO *H3Hb. [lociie okoH4aHus yueObl B yHuBepcurere (1963), a 3aTem u acnu-
pantypsl (1965), on paboran Ha xuMHU4eckoM Qakynbrere U B MHCTUTYTe XUMHH XapbKOBCKOTO I'O-
CYJapCTBEHHOTO YHHBEPCUTETA, MPOI/Is BCE CTYNEHbKH KapbepHOI'0 POCTa OT JAOJDKHOCTH MHXKEHEpa
(1965-1969), crapiiero HayuHoro corpyanuka (1969-1971), nouentra (1971-1988), mpodeccopa
(1988-1990, 2015-2017), 3apenyromiero kadeapbl opranudeckor xumuu (1990-2015). Brin gexanom
xumuueckoro (akynprera ¢ 1990 mo 2006 rona. B 1969 rony 3aiuThI KaHIUAATCKYIO TUCCEPTALIMEO
«CeneHo(eHOBBIC aHATIOTH XaJIKOHa», B 1986 — mokTopckyro «CTepeoXuMus, peaKIMOHHAS CIIOCO0-
HOCTh U (PH3UKO-XUMHUYECKHE CBOMCTBA O, B-HelpeneNbHbIX KETOHOB M 00pa3yIOIINXCsl Ha MX OCHOBE
a30TCOJIEPIKAIINX TeTepOUUKIOoB». B 1976 rony npoxoaun craxxuposky B CILIA y mpod. Anana Xu-
repa B yHHBepcuTere [leHCHIIbBaHMM, B JajbHEHIIEM COTPYAHWYAN C Koiuleramu W3 ['epMaHuH,
[Tonpmu, @panmun. MHorouucieHnasle yaeHuKU Banepus [mutpuesuda OpiioBa yCrenHo padoTaroT
B Ykpaune, CIIIA, ABcrpanun, Kanane, Hukaparya, Konymouu, Beetname, Kutae.
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Indopmaunist npo aBTopin

1,5-nuapun-3-0ensiminazoin-2-nipa3oninm i mipazoam — HoOBi (QuyopecueHTHi OapBHHUKH
nmipa3o0.1iHoBOiI cepii.

B.M. Kotnap*, B.J. Opnort, O.B.I'puroposuui, O.0.Konowmiies*, [.B. MukonaeBcbkuii*,
A.O. JlopomieHKo T

* XapkiBchkull HalioHanbHUE yHiBepcuteT imeHi B.H. Kapazina, ximiunuii dakynerer, Kadenpa
XIMIYHOTO MaTepiaio3HaBCcTBa, Maiiian CBoboau, 4, Xapkis, 61022, Ykpaina

1 XapkiBcbkwuii HallioHanpHUH yHiBepcuteT iMeHi B.H. Kapasina, ximiuanii dakynbrer, kadenpa
opraHiyHoi ximii, Mmafiman CBoboau, 4, Xapkis, 61022, Ykpaina

1 XapkiBcbkuil HanioHaneHUH yHiBepcuteT iMeHi B.H. Kapaszina, HJII ximii, maiinan Cobonwu, 4,
Xapkis, 61022, Ykpaina

MoJiekyJIsIpHO-THHAMIYHE MOJEJTIOBAHHS HAHOYACTHHOK Cpidja kyOiuHoi Ta Oimipamizanab-
HOI (hopmu

M.M. bnaxunceka*, O.B. Knpnuenko*, O.M. Kanyrig*

* XapkiBcbKHI HalliOHANBbHUE yHiBepcuTeT imeHi B.H. Kapazina, ximiunuii ¢axynbrer, Maigan
CBobonu, 4, Xapkis, 61022, Ykpaina

JABocTaniiiHa oJHOpeakTOPHA B3aeMoAiss anukKiIiYyHUX [-keroecrepiB, AM®PIMA Tta
2-nianoMeTHJI0eH3iMiTa3 0y

M.O. Bononaxenko*t, A.€. Muxaitnenko*, M.1O. 'opobenp*f, C.M. Jlecerko*}

* «(HTK «lacturyt mMoHokTucTamBy HAH Yxkpainu, Bigmin opraHigHoi Ta OioopraHigyHOI Ximil
np. Hayxwu, 60, Xapkis 61001, Ykpaina

1 XapkiBcbKHI HalliOHaJTBLHUN MeIW4HUH yHiBepcuteT, Kadenpa mennunoi ta 6ioopraniunoi ximii
np. Haykwu, 4, Xapkis 61022, Ykpaina

1 XapkiBcekuii HarionansHUN yHiBepcuTeT iMeHi B.H. Kapasina, ximiuauii dakymereT, Kadenpa
oprasiuHoi ximii, Mafinan CBo6oau, 4, Xapkis, 61022, Ykpaina

BnuuB TerpaldyTmiiamMoHiii 6pomiay i HaTpiii GpoMiny Ha KHCJIOTHO-OCHOBHI BJIACTUBOCTI TH-
MOJIOBOTO CHHbOT'O B BOJTHO-€TaHOJILHOMY cepe10BHIIi

0.0. Pemetnsak*, A.l. Pucyxina*, H.M. Kamuesa*, K.B. 'onoBizHina*

* XapkiBcbKUH HamioHansHUHN yHiBepcutTeT iMeHi B.H. Kapazina, xiMmidauii ¢akynpTeT, Maigan
CBo0oju, 4, Xapkis, 61022, Ykpaina
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CunTte3 Ta aHaJi3 sikocTi cydcranuii 7,8-qurinpo-3,7,7-rpumernii-4-ctupuia-2H-mipa3oso[3,4-
b]xinoain-5(4H,6 H,9H)-oHy — HOBOI 0i0/10TiYHO AKTHUBHOI CMIOJYKH 3 KOMILJIEKCHOIO aHTH Iia0e-
THYHOIO JAi€10

H.L. 3emuana*, C.B. KpaBuenkot, JI.€. Hikimmurat, B.B. Jlincor™

* JlepkaBHa ycraHoBa «[HCTHTYT mpo0iieM eHaokpuHHOI nmaTasorii iM. B. 5. Jlanunescbkoro Ha-
LiOHANBbHOI akaieMil MeIWYHUX HayK YKpaiHumy», nabopaTopis CHHTE3y aHTHIiaOeTHYHHX CIOJYK,
ByJ1. AmdeBcrkux, 10, M. XapkiB, 61002, Ykpaina

1 JlepkaBHa ycraHoBa «IHCTUTYT mpoOiieM eHmokpuHHOI matanorii im. B. 5. Jlanunescbkoro Ha-
LioHANbHOI akagemii MeJUYHUX HayK YKpaiHu», 1adoparopii aHamiTHYHHX Ta (Pi3HKO-XiMIYHUX 10-
CIiJKEeHb, ByJI. AmdeBchkuX, 10, M. Xapkis, 61002, Ykpaina

IHomyk HoBuUX JIOMiHO(pOPIB i3 3a7aHuMu (i3uKo-XiMiYHUMM i XiMiYHMMHM BJIACTHBOCTAMH.
XIII. Komogimepn axkpwiaMmina i akpuiaoBoi kuciaotu 3 3-apmi-1-¢enin-5-(2-¢pypni)-2-
nipasoJsiHamMu

A.IT. Illxkymar*, }O.C. IBanoBa*

* XapkiBchkuil HauioHanbHUi yHiBepcuteT iMeHi B.H. Kapasina, ximiunuii dakyneter, Kadenpa
XiMIYHOTO MaTepiano3HaBcTBa, Maiinan CBoooawm, 4, Xapkis, 61022, Ykpaina

Po3unnHicTh 0eH30aTy Kajdilo i romoacomiainis 0eH30iHOI KHCJOTH B alleTOHI, 1[0 MiCTHTH
5 moabHux Biacorkis IMCO

C.T. I'ora*, 10.B. Xomia*, H.B. €dimosa*, F0.B. Icaeakot, M.O. Muemios-Ilerpocsa*

* XapkiBcbKHi HallioHaNbHUI yHiBepcuteT imeHi B.H. Kapazina, ximiunuit ¢axkynbrer, Maiinan
CobOonm, 4, Xapkis, 61022, Ykpaina

1 Konemx HamionansHOTO (hapMmarieBTHIHOTO YyHiBepcHuTeTy, Byl Oiekcannpa Heschbkoro, 18,
Xapkis, 61140, Ykpaina

Hogi exexTpoximMiuHi ceHCOpH 1711 BU3HAYeHHS 10(aMiHy B JiKapCchbKUX NMpenapaTax

A.b. TkaueHKO*, JI.M. Beprorina*, A.L. Ky3pMiHa*, 10.1. YyiikoT, M.O. OHiKYK*,
0O.C. Tkauenko*, P.B. CyxoB], M.O. Konocog§, A.B. [lanTeneiimonoB*

* XapkiBchkuil HallioHadbHHN yHiBepcuteT imeni B.H. Kapasina, ximiunnii akynpret, kadeapa
XiMIYHOTO MaTepiano3HaBcTBa, Maiiaan CBobou, 4, Xapkis, 61022, Ykpaina

1 XapkiBcbkuii HanioHanbHUH yHiBepcuteT iMeHi B.H. Kapasina, HapuansHuii eHTp MEHEIKMEH-
Ty SIKOCT1 Ta MOHITOPHHTY OCBITHBOTO MIpoILleCy YTpaBIiHHS SKOCTi OCBiTH, Malinan CBoboau 4, Xap-
KiB, 61022, Ykpaina

1 XapkiBcekuit HaioHansHMH yHiBepcuteT iMeHi B.H. Kapasina, ¢izuko-eHepreTnunmii ¢akyiib-
TeT, Kadenpa iHPOPMaLIHHUX TEXHOJOTIH y (i3MKo-eHepreTMYHUX cucreMax, Maiinan Coboam 6,
Xapkis, 61022, Ykpaina

§ XapkiBcekmii HarioHansHUN yHiBepcuTeT iMeHi B.H. Kapasina, ximiunuii dakymereT, Kadenpa
oprasivHoi ximii, Matizan CBoOoau, 4, Xapkis, 61022, Ykpaina

HNudopmanus npo aBTopoB

1,5-nuapui-3-6eH3uMUIa30/1UI-2-TUPA30JIMHBI M TUPA30Jibl — HOBbIE (hIyopeclieHTHbIE Kpa-
CHUTEJIM MUPa30JINHOBOIO psAla

B.H. Kotnap*, B.Jl. OpnoBf, A.B.I'puropomuf, A.O.Konomoiines*, JI.B. HukomaeBckuii*,
A.O. Jlopomenkot

* XapbKOBCKMI HalMOHaNbHBIN yHUBepcuteT mMmeHun B.H. Kapasuna, xumuueckuii ¢axyibrer,
kadenpa xuMuyeckoro MatepuanoBeaenus, . CBodoxsl, 4, XapskoB, 61022, Ykpauna

1 XapbKoBCKMIA HaITMOHANBHBEIN yHHBepcuTeT mMeHH B.H. Kapaswna, xumudeckuii (axyibrer,
kagenpa opranuueckoid xumud, wi. CBo6oxsl, 4, Xapbskos, 61022, YkpanHa

1 XapbkoBckuil HauMoHaNbHBIN yHUBepcuTeT umenn B.H. Kapasuna, HUM xumuu, . CBo6oasl,
4, XapekoB, 61022, Ykpauna
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MoJiekyJsIpHO-IMHAMAYECKOe MOJeTHPOBaHNEe HAHOYACTHI cepedpa KyOM4Yeckoil W Oumu-
paMuIAJIbHOMH (hOpPMBI

M.M. bnaxunckag*, A.B. Kupuuenko*, O.H. Kagyrug*

* XapbKOBCKUI HallMOHANIBHBI yHuUBepcuteT uMeHn B.H. Kapasuna, xumuueckuii (akyibrer,
1. CBo6omw, 4, XapekoB, 61022, Yikpanna.

JByxcTranuiiHOe  OAHOPEaKTOPHOEe  B3aMMOJAecTBHEe  AlUKJINYeCKHX [-KeT03(QUPOB,
JAM®IMA u 2-unaHOMeTHI0eH3UMH1a3071a

M.A. Bononaxenko*t, A.E. Muxainenko*, H.IO. l'opoten*}, C.M. JleceHko*

* «HTK «UHCcTUTYT MOHOKpHCTamnoB» HAH Ykpaunsl, oTnen opranudeckoi 1 OM0OpraHn4ecKoi
xumuu np. Hayku, 60, XapskoB 61001, Ykpauna

1 XapbKOBCKMY HAIMOHATBHBIA METUITMHCKUA YHUBEPCUTET, Kadenpa METUITMHCKON U Omoopra-
Hudeckol xumuu np. Hayku, 4, Xapekos 61022, Ykpanna

1 XappkoBckuil HanmoHaNbHBI yHuUBepcuteT uMeHn B.H. Kapasuna, xumuueckuii (akyibrer,
kadeapa opraHndeckoil xumun, wi. Coooasl, 4, XappkoB, 61022, YkpanHa

Bausiaue TeTpadyTHiiaMMOHMII OpoMHMIa U HATPUHA OpOMHUAA HA KHCIOTHO-OCHOBHBIE CBOIi-
CTBa THMOJIOBOI'0 CHHEI'0 B BOJJHO-3TAaHOJILHOH cpeje

E.A. Pemetnsax*, A.W. Pucyxuna*, H.H. Kamuesa*, E.B. I'onoBu3nnHa*

* XapbKOBCKHMH HalMOHaNbHBIN yHUBepcuTeT mMeHH B.H. Kapasuna, xumuueckuii Qaxymnbrer,
1. CBoOosL, 4, XapekoB, 61022, YkpanHa.

CuHTe3 W aHaJgu3 KadecTBa cyOcTtanmum 7,8-muruapo-3,7,7-tpumeruii-4-ctupuia-2H-
nupa3o0.0[3,4-b]xunonun-5(4H,6 H,9H)-oHa — HOBOro OMOJIOTMYECKH AKTHBHOIO COeIMHEHUs €
KOMILJIEKCHBIM AHTHIMA0EeTHYECKUM JelCTBHEM

H.U. 3emnsnas*, C.B. Kpasuenkot, JI.E. Hukumunat, B.B. Jluncou*

* TocynapcTBeHHOe yupexkaeHue « MHCTUTYT mpo0iieM SHAOKpUHHON matojoruu uMm. B. f. lanu-
neBckoro HarmoHanbpHO# akageMuy MEAWIMHCKAX HAyK Y KpauHbD), JTa0opaTopusi CHHTE3a aHTHIWA-
0eTUYECKHUX BEIIeCTB, Y. AnueBckux, 10, Xaprkos, 61002, Ykpanna

1 TocynapcTBerHoe yupexaeHue « MHCTUTYT mpo0OiieM SHAOKpUHHOMN matojioruu uMm. B. . lanu-
neBckoro HammoHanbHOW akajgeMuy METUIIMHCKUX HayK YKpawHbBD), JIA00OPaTOpUN aHATUTHYECKUX U
(HPM3UKO-XUMHUYIECKUX MCCIIeIOBaHUH, Y. AmdeBckux, 10, Xappkos, 61002, YkpanHa

Ilouck HOBBIX JTIOMHUHO(OPOB € 33JaHHBIMH (PU3UKO-XMMHYECKUMH U XUMHUYECKMMHM CBOMHCT-
Bamu XIII. Conosmmepsl akpuiIaMuaa U aKpUJIOBOH KUCJIOTHI ¢ 3-apui-1-penunn-5-2-pypuni)-
2-n1Mpa30JduHAMM

A.IT. lllxkymar*, FO.C. BanoBa*

* XapbKOBCKUI HallMOHANBHBIH yHuUBepcuteT uMeHn B.H. Kapasuna, xumuuecknii (akyibrer,
Kadeapa XMMHIEeCKOro MarepuaioBeneHus, mi. CBooomsl, 4, Xaprkos, 61022, Ykpanna

PacTBOopuMoOCTh GeH30aTa KaJIMA U roMoacconnanus 0eH30iHOH KHCJIOTHI B alleTOHe, cofep-
skamem 5 moabHbIX npouenTos JJIMCO

C.T. T'ora*, }0.B. Xonmuu*, H.B. Epumosa*, }0.B. Ucaenkot, H.O. Mueios-Ilerpocsa*

* XapbKOBCKHMH HalMOHaNbHBIM yHUBepcuTeT mMmeHH B.H. Kapasuna, xumuueckuii Qaxymnbrer,
1. CBoOojsL, 4, XapekoB, 61022, YkpanHa.

1 Komnemx HanmonanpHOTO hapMarieBTUUIECKOTO YHHBEpCUTETa, yi. Ajekcanapa Hesckoro, 18,
Xapbkos, 61140, Ykpanna

Hogble 3j1eKTpOXMMHYECKHE CEHCOPBI JJIsl onpeeseHust N0paMIHA B JIEKAPCTBEHHBIX Ipe-
naparax

A.b. TkaueHKO™*, JI.M. Beprotuna*, A.N. Ky3spmuna¥*, 10.1. Yyiikof, H.O. OHmxyk*,
O.C. Txauenko*, P.B. CyxoBf, M.A. Komnocor§, A.B. [lanTenciimonoB™

* XapbKOBCKHMH HaIMOHANbHBIN yHUBepcuTeT mMmeHu B.H. Kapasuna, xumuueckuii Qakynbrer,
Kaeapa XMMHUYECKOTro MaTepraioBeaenus, 1. Ceobdoasl, 4, XapekoB, 61022, Ykpanna
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ETUYHI HOPMM IYBJIKALII HAYKOBUX PE3VJIBTATIB TA iX IMOPYHIEHHA.
Penakuiiina xoJerisi poOUTh BCe MOXKIIMBE ISl JOTPUMAHHS €TUYHUX HOPM, NPUHHATHUX MIXHApOA-
HUM HayKOBMM TOBAPHCTBOM, 1 Ans 3ano0iraHHs OyIb-IKHX TMOPYIIEHb IHX HOPM. Taka momiTuka €
BaXXJIMBOIO YMOBOIO IUTITHOI y4acTi KYPHay B PO3BUTKY LLTICHOI CHCTeMH 3HAHb B Tallysi XiMii Ta
CYMDKHHUX Tamy3sX. JisulbHICTh penakiiiiHoOl KoJierii 3HauHOK MipOI0 CIIUPAEThCs Ha peKOMeHnauu
Kowmirery 3 etnkn HaykoBux myoOmikariii (Committee of Publication Ethics), a Takoxx Ha 1iHHUN 10-
CBil MDDKHAPOJHUX JKypHaJliB Ta BUIABHUUTB. [logaHHs cTaTTi Ha po3risi] 03HAYae, M0 BOHA MICTUTh
OTpYMaHi aBTOpPaMH HOBI HETPHBIaJbHI HAYKOBI PE3yNBTATH, SKI paHilie He Oynu omyoiikoBani. Ko-
KHY CTaTTIO PELCH3YIOTh IIOHANMEHIIIE JIBa €KCIIEPTH, SIKi MarOTh yCi MOKJIMBOCTI BUTLHO BUCIIOBHTH
MOTHBOBaHI KPUTHYHI 3ayBa)KCHHS LIOA0 PIBHS Ta SICHOCTI MPEACTAaBICHHS MaTepiany, Horo BiINoBi-
JTHOCTI MpodiTo )KypHATY, HOBU3HHU Ta JOCTOBIPHOCTI pe3ynbTaTiB. PekomeHnallii pereH3eHTiB € oc-
HOBOIO JUIS IPUMHATTS OCTATOYHOTO PIlIEHHS MO0 MyOJIiKamii cTaTTi. SIKII0 CTaTTIO NPUHHATO, BOHA
PO3MIITYETHCST Y BIAKPUTOMY IOCTYII; aBTOPCHKI IpaBa 30epiraloThCs 3a aBTOpPAMH. 3a HAsIBHOCTI
Oyap-skuX KOH(QIIKTIB iHTepeciB ((iHAHCOBHX, aKaAeMiYHUX, NEPCOHATBHUX Ta IHIIHMX), YYaCHUKU
TPOLECY PELCH3YBAHHS MAiOTh CIIOBICTUTH PEMAKIIHHY KOJETiio mpo 1. Bei muTaHHs, OB’ s3aHi 3
MOXIIMBUM IUIariaromM abo Qanbcudikalliero pesyibTaTiB PeTeNbHO OOroBOPIOIOTECS PEAAKUIHHOO
KOJICTI€I0, PIBHO SIK CIIOPH W00 aBTOPCTBA Ta JOLUIBHICTE PO3APOOICHHS Pe3y IbTaTiB Ha HEBEIMYKI
CTaTTi. I[OBe;[e}n iariat uu Qanbeudikaris pe3yabTaTiB € miACTaBaMH s 0€3yMOBHOTO BiAXHJICHHS
CTaTTI.

STATEMENT ON THE PUBLICATION ETHICS AND MALPRACTICE. The Editorial
Board has been doing its best to keep the ethical standards adopted by the world scientific community
and to prevent the publication malpractice of any kind. This policy is considered to be an imperative
condition for the fruitful contribution of the journal in the development of the modern network of
knowledge in chemistry and boundary fields. The activity of the Editorial Board in this respect is
based, in particular, on the recommendations of the Committee of Publication Ethics and valuable
practice of world-leading journals and publishers. The submission of a manuscript implies that it con-
tains new significant scientific results obtained by authors that where never published before. Each
paper is peer reviewed by at least two independent experts who are completely free to express their
motivated critical comments on the level of the research, its novelty, reliability, readability and rele-
vance to the journal scope. These comments are the background for the final decision about the paper.
Once the manuscript is accepted, it becomes the open-access paper, and the copyright remains with
authors. All participants of the review process are strongly asked to disclose conflicts of interest of any
kind (financial, academic, personal, etc.). Any indication of plagiarism or fraudulent research receives
extremely serious attention from the side of the Editorial Board, as well as authorship disputes and
groundless subdivision of the results into several small papers. Confirmed plagiarism or fraudulent
research entail the categorical rejection of the manuscript.

9TUYECKUE HOPMBbI INYBJIUKAIIUU HAYYHBIX PE3YJBTATOB U UX HAPY-
HIEHUS. PenakiimoHHasi KOJUIETHS IETAET BCE BO3MOXKHOE JJISi COOTFOICHMS STHIECKUX HOPM, TIPH-
HATBIX MEXKIYHAPOIHBIM HAYYHBIM COOOIIECTBOM, W JJISl TIPEAOTBPAICHHsS JTIOOBIX HAPYIICHUH ITHX
HOpM. Takas momuUTHKA SBIAETCS HEOOXOAMMBIM YCIOBUEM TUIOAOTBOPHOIO y9acTHs KypHaia B pas3-
BHUTHH TIEIOCTHOW CHCTEMBI 3HAHUH B OOJACTH XMMHH W CMEXHBIX 00NacTsAX. JTa AEITEIHHOCTH pe-
JAKITUOHHOM KOJUISTMH OIHPACTCS, B YaCTHOCTU, Ha pEeKOMEHIAuu KoMuTeTa 1Mo 3THKE HAyYHBIX
myosmkarmii (Committee of Publication Ethics), a Takyke Ha 1EHHBIH OMBIT aBTOPUTETHBIX MEXIyHa-
POIIHBIX )KYPHAIOB U U3AaTelbCcTB. [IpencraBinenre cTaTbi Ha paCCMOTPEHUE TIOIPa3yMEBaeT, YTO OHA
COACPIKUT MOJYUYCHHBIC aBTOpaMU HOBBIC HETPUBUAJIBHBIC HAYUYHBIC PE3YJIbTAaThl, KOTOPHIC PAHCC HU-
r7e He myOnuKoBamich. Kaxkayro cTaThio PEleH3UPYIOT MHHAMYM JIBa SKCIIEPTa, KOTOPBIE UMEIOT BCE
BO3MO>XKHOCTH CBOGO)Z[HO BbICKa3aTb MOTUBUPOBAHHBIC KPUTUYCCKUEC 3aMCYaHUA OTHOCUTCIILHO YpPOB-
HS U SCHOCTH H3IJIOKEHUS MPEJCTABIEHHOTO MaTepHala, ero COOTBETCTBHUS MPO(UIII0 KypHaIa, HO-
BH3HBI U JIOCTOBEPHOCTH PE3yJIbTATOB. PeKOMEHIANY PEIICH3CHTOB SIBIISIFOTCS OCHOBAHUEM JUIS TIPH-
HATHUS OKOHYATENILHOTO pemeHus o myOiukanuu ctatbi. CTaThd, B CIydae IPUHATHS K OMyOJIIMKOBa-
HUIO, Pa3MEIACTCS B OTKPBHITOM JIOCTYIIC; aBTOPCKHE MIpaBa COXPaHIIOTCS 3a aBTopamu. [Ipu Hanmuuu
KaKAX-TH00 KOH(IMKTOB HHTEPECOB ((PMHAHCOBBIX, aKaIEMUICCKUX, JIMYHBIX U T.J.) YIACTHHKH TIPO-
1ecca pereH3upoBaHus JOJDKHBI COOOIUTE 00 3TOM penkosuierud. JIroObie criopHbIe BOIPOCHI, CBS-
3aHHBIC C BO3MOXKHBIM IIJIaruaToM HIIN (1)3HBCPI(1)I/IK3HHGI>'I PE3YIbTAaTOB, BHUMATCIILHO pacCMaTpuBa-
IOTCS PEJaKIMOHHOW KOJUIETHEH, paBHO Kak CIOPBI 00 aBTOPCTBE M IIEIECOO0Pa3HOCTh IPOOIICHUS
pe3yJIbTaTOB Ha HEOONBIIUE CTaTh. B ciiyyae MOATBEpKIACHMS Tularvara wWid (pambCUpUKAIIT pe-
3yJBTATOB CTAThsI O€30TOBOPOTHO OTKIOHSIETCS.
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THOOPMAULIA JJ151 ABTOPIB. XKypnan my6iikye cTaTTi pociiichKO0, aHTITIHCHKOI0 Ta YKpai-
HCBbKOI0 MoBamU. Jlo myOmikamii npuiMaroThCs: OTJIsAN (38 MOTOKEHHSM 3 PEAKOJIETI€0); OpHUriHa-
JBHI CTaTTi, 00cAT 6-10 )XypHaIbHUX CTOPIHOK; KOPOTKI MOBIAOMIIEHHS, 00CST 10 3 KypHaJIbHUX CTO-
piHok. KpiM 3BHUaitHOTO CHMCKY JiTepaTypH, B CTATTi 00OB'I3KOBO MOBHHEH OYTH APYTHH CIIHCOK, BCi
MOCHWJIAHHS SKOTO JIaHi JIaThHUIeo. [IpaBuia miaroToBKM bOTO CIUCKY HaBeAeHI B po3aim «TpaHc-
JiTepaiis» Ha caiTi xkypHary. OOuaBa CIIMCKH ITOBUHHI OYyTH MOBHICTIO ileHTHYHI. [IpH pernieH3yBan-
Hi cTaTel OAWH 3 KPUTEPIiB - HASIBHICTh TIOCHJIaHb HA MyOJIiKamii ocTaHHIX pokiB. CTaTTs 000B'sI3KOBO
MMOBHHHA MICTUTH PE3IOME POCIHCHKOIO, YKPATHCHKOIO Ta aHTJIIMCHKOI0 MOBaMH. Y BCIiX TPHOX HE00-
XiIHO BKa3aTH Ha3BY CTaTTi, NPI3BHIIA aBTOPIB i KIIOUOBi cioBa. OpieHTOBHHHA 00CAT pe3oMe -
500 3HakiB (0e3 ypaxyBaHHS 3arojIOBKy 1 KJIFOUOBHX ciiB). Pemakiiis mpuiiMae enekrponHuii (MS
Word) i nBa po3apykoBaHHX (I XapKiB'aH) TEKCTy pykomucy. Aapecu BkasaHi B po3auti «Konrak-
TH» Ha CalTi kypHary. CylpoBiTHHIA JIUCT IO CTATTi, BUMPABICHOI BiIMOBIIHO 0 3ayBaXKECHb PEIICH-
3€HTa, MOBMHEH MICTHTH BiJMOBiAl Ha BCi 3ayBaxkeHHs. [logaeTbes eNeKTPOHHUM 1 OUH pO3APYKOBa-
HUH (U1 XapKiB'sH) BapiaHT. PykomnucH, siKi MPOUTILTH pelieH3yBaHHs, MPUHHATI 10 myOumikarii i odo-
PMJICHI BiITOBITHO IO TPaBHJI IS aBTOPIB, MpHitMaioThes y dopmari doc (He docx) eleKTpOHHOIO
nomtoro (chembull@karazin.ua). Po3apykoBanuii BapianT He morpiOeH. [JloxmanHima iHdopmaris
po3milieHa Ha caiiTi xxypHany http://chembull.univer.kharkov.ua.

INFORMATION FOR AUTHORS. Papers in Ukrainian, Russian and English are published.
These may be invited papers; review papers (require preliminary agreement with Editors); regular
papers; brief communications. In preparing the manuscript it is mandatory to keep the statement on the
publication ethics and malpractice, which can be found on the web-site and in each issue. The article
should contain summaries in English, Russian, and Ukrainian. In all three it is necessary to indicate
the title of the article, the names of the authors and the keywords. The approximate volume of sum-
mary is 500 characters (excluding the title and key words). The help in translation is provided by re-
quest for foreign authors.. Any style of references is acceptable, but all references within the paper
must be given in the same style. In addition, the second, transliterated, list of references is required if
at least one original reference is given in Cyrillic. See section "Transliteration" of the web-site for
details. Please use papers of previous issues as samples when prepare the manuscript. The MS Word
format is used. Standard fonts (Times New Roman, Arial, Symbol) are preferable. Figures and dia-
grams are required in vector formats. Figure captions are given separately. All figures, tables and
equations are numbered. Please use MS Equation Editor or MathType to prepare mathematical equa-
tions and ISIS Draw to prepare chemical formulas and equations. The decimal point (not coma) is
accepted in the journal. Please avoid any kind of formatting when prepare the manuscript. Manuscripts
may be submitted to the Editor-in-Chief via e-mai chembull@karazin.ua. For more detailed informa-
tion see the journal web-site http://chembull.univer.kharkov.ua.

NHOOPMAIMA JJISA ABTOPOB. XypHan myOnukyeT cTaTbil Ha pyCCKOM, aHTJIIMHCKOM U YK-
panHCKOM s3bIkax. K myOnmkanuy npuHUMAaloTcs: 0030pbI (110 COTTIaCOBAHMIO C PEIKOJIIETHEN); OpH-
TUHAIBHBIC CTaThH, 00heM 6-10 >XypHAIBHBIX CTPAHHI]; KpaTKUE COOOIICHMS, 00heM 10 3 JKypHAIb-
HBIX cTpaHull. [ToMUMO OOGBIYHOTO CHMCKA JUTEPATYpPhI, B CTaTbe 0053aTENbHO JOJHKEH OBITh BTOPOI
CIIHCOK, BCE CCBUIKM KOTOpOTO JaHbl JaTHHUIEH. [IpaBuna MoAroToBKH 3TOrO CIMCKA MPHUBEIEHB! B
paznene «TpaHciourepanus» Ha caite xypHana. O0a cMcKa IOJDKHBI OBITH MOJHOCTBIO WICHTHYHBIL.
IIpu perieH3UpOBaHUM CTaTEl OJMH U3 KPUTEPUEB - HAIWYHME CCHUIOK Ha MyOIMKAIMK MOCIEIHUX JIET.
Cratps 0043aTeIbHO JOJKHA COAEPHKATh PE3IOME Ha PYyCCKOM, YKPAaWHCKOM M aHIJIMHCKOM A3BIKAaX.
Bo Bcex Tpex HEOOX0AMMO yKa3aTh Ha3BaHME CTaTbu, ()aMHUIMK aBTOPOB U KIIOUYEBbIe cioBa. OpueH-
THPOBOYHBIN 00BeM pe3tome - 500 3HaKk0B (03 yueTa 3ariiaBus U KIIFOUEBBIX CJIOB). Penaknus mpuHU-
MaeT 31ekTpoHHbINH (MS Word) u 1Ba pacriedataHHbIX (JUIsI XapbKOBYaH) TEKCTa pyKOMHCH. Azpeca
yKazaHbl B pasfene «KoHTakTel» Ha caiiTe xypHana. COpoOBOAUTENBHOE NMUCBMO K CTaThe, HCIpaB-
JICHHOW B COOTBETCTBHMHU C 3aMEUaHMSMH PELIEH3CHTA, JOJDKHO COJEPXKATh OTBETHI HA BCE 3aMEUaHMS.
[TomaeTcst 3nMeKTPOHHBIN M OAMH pacliedaTaHHBIA (1711 XapbKoBuaH) BapHaHT. lIpomenmue pereH3u-
pOBaHUE W MPHHATHIE K MyOIMKALUK PYKOMHUCH, O(QOpMIICEHHBIE B COOTBETCTBHU C MpPaBUJIAMH IS
aBTopoB, mpuHUMatoTcs B popmare doc (He docx) mo amektponHoU moute (chembull@karazin.ua).
Pacnieuatanusiii Bapuant He TpeOyercs. boree moapobHas wHGOpMAIns pa3MeIIeHa Ha calTe KypHa-
na http://chembull.univer.kharkov.ua.
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