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'H NMR SPECTRA OF N-METHYL-4-TOLYL-1-(4-BROMONAPH-
THYL)-AMINE AND N-PHENYL-1-(4-BROMONAPHTHYL)-AMINE:
A COMBINED EXPERIMENTAL AND THEORETICAL STUDY

Theoretical investigations of the conformational properties and *H NMR chemical shifts for N-
methyl-4-tolyl-1-(4-bromonaphthyl)amine and N-phenyl-1-(4-bromonaphthyl)amine are reported. The
calculations were performed at the DFT level (PBE1PBE functional) using magnetically consistent 6-
31G™ and STO™-3G,, basis sets. Conformational properties of the amines were studied using
potential energy surface scanning. Chemical shifts were calculated using the GIAO and CSGT methods
and averaged in proportion to the population of the corresponding conformations. Solvent effects
(CDCI3) were accounted via PCM method. The obtained results allowed to assign the *H NMR signals
for the naphthalene moiety, which could not be done based on the experimental data alone.

Keywords:  N-methyl-4-tolyl-1-(4-bromonaphthyl)amine;  N-phenyl-1-(4-bromonaphthyl)amine;
NMR; DFT; basis set.

Introduction. N-Aryl-naphthylamines and their derivatives are prospective
compounds for investigation of reactivity in electrophilic substitution reactions since they
include several reaction centers. Number of authors have been studied reactions of
nitration, bromination and formylation of amines [1-2], but obtained results were rather
fragmented. Therefore we have performed comprehensive study of the reactivity of
amines (1-3). Obtained therein results concerning regioselectivity of phosphorylation,
formylation, bromination, nitration and azocoupling reactions are collected in reviews
[3-8]. In particular, it has been shown that in the case of N-phenyl-1-naphthylamine
(3),bromination, formylation and reactions proceed at position 4 of naphthalene fragment
(13-15), methyl group at Nitrogen atom (amine 2) changes the direction of electrophilic
substitution which results in formation of 4-phenyl derivatives (8-12). Such changes in
regiochemistry could be determined by conformational changes of source molecule. To
confirm this assumption, we introduce methyl group to position 4 of benzene fragment
which, as expected, leads to decreasing of N-mephyl-4-tolyl-1-naphthylamine (1) if
compare to amines (2, 3) [5].

For identification of obtained compounds and determination of reactions
regiochemistry one is one of the most commanding methods is nuclear magnetic
resonance (NMR) spectroscopy, but in some cases it is very difficult or even impossible
to make signal assignments, based on experimental NMR spectra alone. In these cases,
qguantum-chemical calculations can provide valuable assistance, since direct comparison
of experimental and accurately predicted theoretical spectra allows one almost

* Correspoding author: Tel.: +380505919276; fax: +380563749841; e-mail address: sokovyty@icnanotox.org
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unambiguously to accept or decline suggested structure. Such a “complex NMR study”
has been applied for investigation of stereocisomeric tetrahydroindene diepoxides [9].
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R =R; = CH;(1); X = CHO (4, 11, 14); X = Br (5, 9, 13);
R=CHg Ri=H(2); X =PBr,(8); X = NO, (6, 10)
R=R,;=H (3); X = n-N=N-CgH,NO, (7, 12, 15)

Here we present the results of quantum-chemical investigation of conformational
properties and "H NMR properties of amines (5 and 13).

7
BOAS)
2 Br 2 6 4
3 5

Computational Detalls. Optimization of geometry has been performed at DFT
level (functional PBE1PBE) using magnetically corrected 6-31G™ and STO™-3G,, basis
sets constructed by augmentation of standard 6-31G and STO-3G basis sets by the
additional functions which determined from the analytical expressions for the first-order
correction (response) functions to the unperturbed basis AO’s. The response functions
have been obtained by solution of the inhomogeneous Schrodinger equation for the model
problem “an one electron atom in an external uniform field” using of the closed analytical
representation of the Green’s function that enabled us not only to account the
contributions of both discrete and continuous spectra, but it allows us to improve the
wave function in those regions of the perturbed space which give the main contribution to
the calculated property [10; 11]. The efficiency of this approach has been confirmed
earlier for construction of basis sets for calculations of nuclear magnetic shielding [12—
15], spin-spin coupling constants [16], magnetic susceptibility [13; 17; 20], polarizability
[13; 18] and vibrational frequencies [19].

For calculations of nuclear magnetic shielding 6-31G*and STO"-3G,,,, basis sets
have been applied for “heavy” nuclei and original 6-31G and STO-3G basis sets for
nuclei of interest (protons). Such combination of basis sets is based on the property of
first-order correction functions which in the case of external magnetic field equals zero at
the point of origin (Ryy,,=0).

Chemical shifts were obtained by subtracting the calculated magnetic shielding for
the 'H nuclei of interest from the reference compound (for tetramethylsilane TMS),
shielding (see Table 1). CSGT (continuous set of gauge transformations) [20] and GIAO
(gauge independent atomic orbitals) [21-22] formulations at the CHF level as
implemented in the Gaussian 09 program [23] have been used therein.
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Table 1
Calculated *H magnetic shieldings (ppm) for the reference compound TMS
Basis set GIAO CSGT
6-31G"/6-31G 32.19 31.10
STO™-3G ./ STO-3G 31.52 30.43

The calculations have been performed taking into account the effect of solvent
(CDCls) via PCM method [24].

Results and Discussion. Since for conformationally flexible molecules NMR
spectra usually show averaged values of chemical shifts, first we investigated
conformational properties of amines. Analysis of potential energy surface shows that
amine (5) exists in 3 univocal conformations (A — C). Due to symmetry of benzene ring
for each of those conformers energetically degenerate structure could be obtained by
rotation around corresponding N-C bond on 180° which results in averaging of ortho- and
para- protons of benzene fragment.

As could be seen from Figure 1 and Table 2, in the most stable conformer (5A)
benzene ring is oriented close to the plane of N-Cy bond while naphthalene fragment
approaching plane perpendicular to N-Cye bond. Conformers (5B, 5C) where both
benzene and naphthalene fragments distorted from the plane of N-Cy, bond are in 2,53
and 4.46 klJ/mole less stable if compare to conformer (5A) correspondingly. Population of
each conformer, calculated according to Eq. 1, is shown in Table 2.

_ exp(-AG,/RT) 1)
' > exp(-AG, /RT)

= 5ed

5A

AL,

Fig. 1. Conformations of amines (5, 13)
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Table 2

Absolute and relative values of Gibbs free energy and population of conformations for amines (5, 13),
calculated at PBE1PBE/6-31G* level of theory

Conformer | ZC,’C/NC(H) [£C,C,NC(H) | AG,au.  |AG, ki/mol|Population (ny), %

5

A -1.95 101.47 -3322.473270 0.00 65.35

B 15.28 56.80 -3322.472307 2.53 23.72

C 57.54 24.76 -3322.471570 4.46 10.93
13

A -13.59 139.32 -3243.940369 0.00 82.86

B 31.00 32.92 -3243.938872 3.93 17.14

'H NMR spectrum of N-methyl-4-tolyl-1-(4-bromonaphthyl)-amine (5) is
characterized by two signals of methyl groups [singlets at 2,23 ppm (3H, CH;-Ar) and
3.39 ppm (3H, CH;3-N)] (Table 3). There are two doublets of para-disubstituted benzene
ring (at 6.53 and 6.93 ppm) in the region of aromatic protons, signals of naphthalene ring
protons appear as four doublets at 7.17, 7.76, 7.92 and 8.26 ppm, and two triplets at 7.44
and 7.57 ppm. While signals of methyl groups and benzene ring could be unambiguously
assigned to the corresponding nuclei, it is not a case for signals of naphthalene fragment.

Table 3

Observed and calculated values of chemical shifts of aromatic protons for amines (5, 13)in CDCl3

solution relative to TMS (ppm) and Parameters of the Linear Regression Equation 8e,,:=A*8,

Proton 6-31G7/6-31G STO™-3G e/ STO-3G Experim
Averaged? Corrected? Averaged! Corrected® | ent[7]
CSGT | GIAO [CSGT]| GIAO | CSGT | GIAO |[CSGT][GIAO
5
H2 6.68 | 749 [ 747 [ 725 [ 607 | 714 [ 718] 724 ] 717
H3 7.07 | 783 | 752 | 759 | 6.40 | 748 | 745 754 776
H5 7.83 | 856 | 820 | 830 | 753 | 825 | 839 | 823 | 8.26
H6 718 | 793 | 762 | 769 | 6.44 | 763 | 749 | 767 | 757
H7 7.07 | 781 | 752 | 757 | 634 | 751 | 740 | 757 | 7.44
H8 767 | 801 | 806 | 776 | 7.02 | 783 | 7.96 | 7.85 | 7.92
H2' H6' | 600 | 679 | 656 | 658 | 543 | 6.25 | 6.64 | 6.44 | 653
H3,H5' | 643 | 7.06 | 695 | 684 | 594 | 692 | 7.07] 7.04 | 6.93
R 0.979 | 0.976 0.964 | 0.975
A 0.90 [ 097 0.83 | 0.90
B 118 [ -0.03 211 [ 084
13
H2 6.86 | 774 | 738 [ 741 [ 620 | 721 [7.35] 730 ] 7.20
H3 6.96 | 784 | 748 | 751 | 632 | 739 | 744 | 748 | 765
H5 778 | 862 | 824 824 | 750 | 822 | 837|829 | 825
H6 717 | 800 | 767 | 766 | 6.44 | 763 | 754 | 771 | 761
H7 7.05 | 786 | 756 | 752 | 632 | 750 | 745 | 759 | 751
H8 748 | 833 [ 797 797 | 689 | 775 | 7.90 | 7.83 | 8.02
H2',H6'| 6.42 | 725 | 697 | 695 | 597 | 689 | 717 | 7.00 | 6.98
H3,H5| 673 | 759 | 726 | 727 | 613 | 721 | 730|731 | 7.25
H4' 634 | 718 | 689 | 688 | 562 | 678 | 6.90 | 6.88 | 6.94
R 0.977 | 0.976 0.954 | 0.968
A 0.94 [ 0.4 079 | 098
B 091 | 015 247 | 025

Avarged proportionally to population of conformations.
%Corrected using parameters of linear regression equation.

Ic"'B

Based on comparison of experimental *H NMR spectra for the series of N-phenyl-
1-naphtylamines (4-7) signals at 7.17 , 7.76, 7.92 and 8.26 ppm have been assigned to H,

10
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H®, H°and H* nuclei correspondingly [7]. Analysis of calculated values of chemical shifts
has shown incorrectness of such assignment since all theoretical approaches used predict
smaller value of chemical shift for H* nucleus if compare to H® and H® protons. Triplets at
7.44 and 7.57 ppm could be assigned to H' and H® nuclei, correspondingly. Such
assignment does not contradict with results obtained in ref. [25; 26]. In the case of N-
methyl-4-tolyl-1-(4-bromonaphthyl)-amine (5), as well as for 1-bromo-naphthalene [26],
signal of the proton at peri-position to bromine atom is shifted to weak field on 0.59 ppm
due to anisotropic influence of C-Br bond.

Assignment of signals in 'H NMR spectrum of N-phenyl-1-(4-bromonaphthyl)-
amine (13) coincides with assignment in N-methyl-4-tolyl-1-(4-bromonaphthyl)-amine
(5). There is a small deviation of chemical shifts for nuclei in naphthalene fragment
(+0.11 ppm for H* and -0.10 ppm for H®) while signals of ortho- and para- protons of
phenyl ring in (13) are shifted to weak field on 0.45 ppm and 0.32 ppm if compare to
signals in toluene fragment in amine (5).

Comparison of the performance of basis sets and approaches used for calculations
of chemical shifts values shows slight superiority of 6-31G*/6-31G scheme over STO™-
3G/ STO-3G and GIAO approach over CSGT.

Conclusions. The conformational properties and *H NMR spectra of N-phenyl-1-
(4-bromonaphthyl)-amine (5) and N-methyl-4-tolyl-1-(4-bromonaphthyl)-amine have
been studied (13). There are three local minima on the potential energy surface of amine
(5) which correspond to stable conformers 5A-5C. Two of them (5A, 5B) are
characterized by rather planar orientation of benzene ring relatively to N-C bond and
differ on orientation of naphthalene fragment while in conformer (5C) both aromatic rings
are twisted in relation to N-C bond. For amine (13) two tautomers have been located —
(13A) where benzene ring oriented close to N-H bond and naphthalene ring is twisted and
(13B) where both rings slightly derived from plane. Values of *H NMR chemical shifts
calculated by PBELPBE functional using magnetically corrected 6-31G* and STO™-
3Ggq basis sets are in good correspondence with experimental data. GIAO/PBE1PBE/6-
31G™ shows the best agreement among theoretical levels used herein. The results of our
calculations allowed to solve a problem of the signal assignments for both of amines under
study, especially for protons of naphthalene ring where using of previously established
empirical rules gives incorrect assignment.
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UAEHTUOUKAL WA N-METUJI-4-TOJINJI-1-(4-BPOMHA®TUJI)-
AMHUHA U N-OEHWUJI-1-(4-BPOMHA®TNJI)-AMUHA 110 IAHHBIM
CIIEKTPOB 'H SIMP: KOMILIEKCHOE SKCITEPUMEHTAJIbHOE U
TEOPETUYECKOE UCCJIEJOBAHUE

IIpeacraBjieHbl pe3yJbTAThl T€OPETHYECKOr0 HCCIAeIO0BAHMS KOH(GOPMALMOHHBIX CBOWCTB H
XHMHYeCKHX cABHroB sjgep B cuekrpax ‘H SIMP N-mermn-4-roumi-1-(4-6pomuadrui)-amuna u
N-denni-1-(4-6pomuadTmin)-amuna. Pacuersl mpoBeeHbl B NPUOIMKEHHH Teopuu (GyHKIHOHAIA
mwioTHocTH (pynkunonas PBE1PBE) ¢ ucno/sib30BanneM aJanTHPOBAHHBIX /ISl pacyeTa MarHMTHBIX
cBoiicTB HaGopoB GasucHbIx Gpynxumii 6-31G™ n STO*-3G ... Kondopmanuonnsie cBoiictea aMuHoB
paccYMTAHbI MyTeM CKAHHPOBAHHUSI MOBEPXHOCTH MOTEHIMAJIbHOI Hepruu. BeJMYMHBI XUMHYECKHX
capuroB paccuntanbl Merogamu GIAO um CSGT kak cpeaHue BeJHYHMHBI, NMPONOPLHOHAILHO
3aceJIeHHOCTH COOTBETCTBYIOIINX KOH(opMepoB. Biusinue pacTBOpUTEIsi, HCIO0JIb3YeMOro NPH 3aMUCH
SIMP cnektpoB (CDCl;), yumtbiBajioch MeroaoM PCM. IlojyueHHble pe3yabTaThbl I03BOJIHJIH
BBINOJTHUTH OTHECEHHEe CHIHAJIOB B CIEKTPaX K COOTBETCTBYWINMM sIpaM, B YaCTHOCTH, IS
HAQTAIMHOBOro ()parMeHTa, YTO He MPENCTABISIIIOCHh BO3MOMKHBIM CI€JIaTh HAa OCHOBAHHUH TOJIBbKO
IKCHEPUMEHTAIBHBIX CNIEKTPAIBHBIX TaHHBIX.

Knwouesvie cnosa: N-merun-4-tonun-1-(4-6pomuadrun)amus;  N-dernn-1-(4-6poMuadTiI)aMuH;
SIMP; Teopust QpyHKIIMOHAIA MIIOTHOCTH; 0a3UCHBIC (QYHKITHH.
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IJEHTU®IKALISI N-METWJI-4-TOJILI-1-(4-BPOMOHA®TUIT)-AMIHY
TA N-®EHLI-1-(4-BPOMOHA®TUJ)-AMIHY 3A IAHUMHU CIIEKTPIB
'H SIMP: KOMIIJIEKCHE EKCHEPUMEHTAJIBHE TA
TEOPETUYHE JOCJ/IKEHHSA

HaBeneni pe3yibTaTH TeOpPeTHYHOIO HOCTII:KeHHS KoHpopMmaliiiHuX BJacTHBOCTell Ta
XiMiuHHX 3cyBiB sgep B cnexrpax ‘H SIMP N-merna-4-roain-1-(4-6pomonadruin)-aminy Ta N-(enia-1-
(4-0opomonadTia)-aminy. PospaxyHku mnpoBedeHi B HaO MKeHHi Teopii (yHKIiOHAAY TIyCTHHH
(dbynkuionas PBE1PBE) 3 BukopucTaHHSIM aJanTOBAHUX JUIS PO3PAXYHKY MArHITHMX BJIACTHBOCTEM
HaGopis 6asucHux dynkuiii 6-31G* u STO™-3G,,.. Kondopmauiiini BracTusocti aMinis po3paxopani
IIJISXOM CKAHYBaHHS TOBEPXHi moTeHUiiHOI eHeprii. 3HaveHHsi XiMiuHMX 3cyBiB po3paxoBaHi
metogamu GIAO u CSGT sk cepenHi 3HaYeHHs, MPONOPUiiiHO 3acejieHOCTi BixnmoBinnux kondopmepis.
BB po3unmHHHKA sIKMii BUKOPUCTOBYBaBcs mia 4yac 3anucy cnexktpiB AIMP (CDCl;) BpaxoByBaBcst
meronoM PCM. Otpumani pe3yJbTaTH 103BOJUJIH BHKOHATH BilHeCeHHSI CHUTHAJIB B CHEKTpax 10
BiInmoBinHUX sixep, 30kpeMa, 1is1 HadTaTiHOBOTO (pparMeHTy, 110 GY/I0 HEMOKJIHBO 3POOMTH JIHIIIE HA
OCHOBi eKCTIEPUMEHTAILHUX CIEKTPAJbHUX JaHHX.

Kniouogi  cnosa:  N-merun-4-toin-1-(4-6pomonadtun)amin;  N-¢enin-1-(4-6pomonadrin)amin;
SIMP; teopis GpyHKuUiOHATY T'ycTHHH; 6a3UCHI QyHKIIIT.
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MOLECULAR DOCKING OF CURCUMIN ANALOGUES AS SERCA
INHIBITORY AGENTS

Curcumin derivatives were virtually screened for inhibitory activity towards SERCA by
computational docking. A detailed characterization of the inhibitor binding site at the molecular level
and determination of the amino acids involved in interactions with curcumin and its derivatives have
been provided. Crucial enzyme/inhibitor interactions were identified by analyzing the docking-
predicted binding poses of active compounds. The loss of hydrophilic group by curcumin leads to an
increase in binding energy. Some of curcumin derivatives showed better docking energies than
curcumin indicating that they could be potent enzyme inhibitors. Additional binding energy was
provided by extensive hydrophobic interaction between the hydrophobic parts of the ligands and the
nonpolar residues at the binding site. Curcumin derivatives satisfy Lipinski’s Rule of five which
testifies to their druglikeness (absorption, distribution, metabolism and excretion) and possible
pharmacological activity.

Keywords: molecular docking; binding energy; binding site; inhibitors; apoptosis.

Introduction. The sarco/endoplasmic reticulum calcium ATPase (SERCA) is an
ion transport protein present in the membranes of intracellular calcium storages [1-3].
These storages act as sources for rapid calcium release through calcium-specific channels
and ryanodine receptors that constitute an integral part of various signaling pathways. The
rapid release of calcium ions triggers a variety of physiologically important functions,
such as muscle contraction. Blockage of SERCA leads to malfunction of the calcium
homeostasis in living cells and apoptosis. In contrast to chemotherapeutics SERCA
inhibitors provoke apoptosis at all stages of the cell cycle. Due to its high potency and
specificity, thapsigargin (TG) is the most commonly used SERCA inhibitor [4]. As a
natural product of considerable structural complexity, TG is not easily synthesized, being
therefore rather expensive agent. Due to significant value as research tools and medicinal
potential as an emerging new class of anticancer agents, the development and design of
novel SERCA inhibitors has become an area of considerable interest in the recent
discovery of a sizeable repertoire of inhibitors with good potency. Examples include the
fungal metabolite cyclopiazonic acid (CPA), di-2,5-tertbutylhydroquinone (BHQ),
terpenolides, clotrimazole, tetrabromobisphenol, and curcumin [5-10]. In addition,
inhibitors of SERCA are invaluable tools for the study of the enzyme’s physiological
functions.

The SERCA is an integral membrane protein that consists of three cytoplasmic
domains and ten transmembrane helices (M1-M10) (Fig. 1). A phosphorylation domain
contains the invariants ASP 351 residue. A nucleotide binding domain contains the
nucleotide binding pocket. An actuator domain communicates the conformational
rearrangements that regulate the binding and release calcium [11]. Two inhibitor binding
pockets were revealed: the first one is for TG and the second one for BHQ and CPA
[4; 7; 9]. The binding site of TG is the cavity surrounded by M3, M5 and M7. TG
effectively prevents the conformational changes leading to Ca®* binding by
immobilization of M3 and of ASN 768 (one of the Ca* ligand residues at site) [4]. BHQ
and CPA occupy a pocket surrounded by M1-M4. These compounds inhibit SERCA by

* Correspoding author: Tel.: +380990194576; fax: +380522248544; e-mail address: Isv@icnanotox.org

© Liudmila K. Sviatenko, 2013
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blocking the calcium access channel and immobilizing a subset of transmembrane
helices. A binding site for curcumin is not known yet, therefore a mechanism of SERCA
inhibition by this compound is not fully understood [2; 10].

Nucleotide
binding domain

channel

Cytoplasm

BHQ/CPA

binding pocket binding pocket

Lumen

Fig. 1. Structure of SERCA

Our study was aimed at providing detailed characterization of the inhibitor binding
site at the molecular level and identification of amino acids involved in interactions with
curcumin. We also undertook virtual screening of forty-three curcumin derivatives by
computational docking for inhibitory activity towards SERCA. Crucial enzyme/inhibitor
interactions were identified by analyzing the docking-predicted binding poses of active
compounds.

Results and Discussion. Docking SERCA with curcumin using a grid space
involving all amino acid residues of the protein enabled us to find a binding site for
curcumin. It is a cavity surrounded by M3, M5 and M7 helices. TG and curcumin binding
sites overlap (Fig. 2). It is known AutoDock predicts poses of TG correctly. The RMSD
between the docking-predicted and the experimentally observed heavy atom positions of
TGis2.2 A[12].

Fig. 2. The TG binding pocket in SERCA with docked (a) thapsigargin, (b) curcumin

A small grid box involving all residues of predicted binding pocket was used for
further docking of curcumin and its derivatives. Docking for curcumin led to a cluster
with binding energy -8.7 kcal/mol. It has one hydrogen bond and nine hydrophobic
interactions (Fig. 3). The hydrogen bond was formed between hydroxyl of curcumin and
carbonyl of hydrophobic amino acid ALA 306 through a distance of 2.0 A (O-H...O).
The hydrophobic bonds were formed between phenyl ring of curcumin and methyl group
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of VAL 769, methoxy group of curcumin and methyl group of LEU 260, carbon atoms of
heptanoic chain and phenyl ring of PHE 834 and PHE 256.

Fig. 3. The minimized energy pose of curcumin in SERCA

To conduct flexible docking runs we allowed the side chains of twelve amino acids
closest to the curcumin to be fully flexible. These were PHE 256, PHE 834, VAL 769,
VAL 263, ASN 768, ALA 306, ILE 765, ILE 829, LEU 828, LYS 252, LEU 253,
LEU 260. The AutoDock predicted drastic changes both in the conformation of side
chains (PHE 256, LEU 311, and ASN 101, for instance) and in the position of curcumin,
which was severely displaced from the position predicted by rigid-docking, and thus
presumed unrealistic. In addition, the decrease in binding energy was observed. These
findings are not surprising. It was reported earlier that flexible docking simulations using
AutoDock for the TG can lead to erroneous ligand and receptor conformations and are in
need of further improvement to be of practical use [12]. Given the lack of improvement in
docking performance and increased computation time, simulating a flexible SERCA
binding site does presently not offer any real advantage for curcumin.

Docking results for some curcumin derivatives show binding energy of
-8.8 —- 9.0 kcal/mol (Fig. 4). Additional binding energy was provided by extensive
hydrophobic interactions between hydrophobic parts of the inhibitors and nonpolar
residues in the binding site (Table 1).

o O
R l N 7 O R3
R R
2 4 Binding Energy
curcumin: R4, R3 = OCH3, Ry, R, = OH E=-8.7 kcal/mol
Cq: R1, R2, R4 = H, R3 = OCH3 E=-9.0 kcal/mol
Co: R1, R2 = H, R3 = OCH3, R4 =OH E=-8.9 kcal/mol
Ca! R1 = OH, Rz, R4 = H, R3 = OCH3 E=-8.8 kcal/mol
¢c4: R4, R3=0H,R3, R, =H E=-8.8 kcal/mol

Fig. 4. Docked molecules with the lowest binding energies
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Table 1
Molecular interactions of ligands and binding site residues into SERCA
Length of bonds (A)
Residues Curcumin | cl | c2_ | c3 | cd
Hydrophobic bonds

PHE 256 3.7 (2 bonds) 3.6-3.9 (4 bonds) 3.6 (2 bonds) 3.4-3.8 (4 bonds) | 3.7-3.9 (3 bonds)
PHE 834 38 - - 37, 39 3.9
VAL 769 | 3.3-3.7 (5bonds) | 3.5-3.8 (3 bonds) 3.4-3.8 (3bonds) | 3.5-3.7 (3 bonds) 3.8, 39
VAL 263 - 3.6 3.9 3.7 -

ASN 768 - 38 - 338 -

ALA 306 - 38 39 - -

ILE 765 - 3.7 - 3.3-3.8 (3 bonds) -

ILE 829 - 3.8 3.7-3.9 (3 bonds) 3.6 3.8 (2 bonds)
LEU 828 - 3.7, 38 3.7, 39 - -

LYS 252 - 38 - - -

LEU 253 - 3.7 38 - -

LEU 260 3.6, 3.8 3.6-3.8 (6bonds) | 3.5-3.8 (3 bonds) 38,39 34, 3.8

Hydrogen bonds
ALA 306 20 - - - -
GLU 255 - - - 2.8 29

Further the molecular descriptor analysis was performed to identify druglikeness of
the curcumin derivatives cl-c4 by Lipinski’s Rule of five, which describes molecular
properties important for a drug pharmacokinetics in the human body. According to the
obtained results (Table 2) the derivatives c1-c4 obey Lipinski’s Rule.

Curcumin was found to have good binding to SERCA enzyme. The curcumin
binding site is a hydrophobic pocket surrounded by M3 and M5. It was revealed that
curcumin interacts with SERCA mainly through hydrophobic interactions and stacking
with PHE 256. These interactions cause the distortion of the phenyl rings. Molecule is
pressed against the M5 and M3 helices, thereby probably preventing the movements that
are necessary for Ca** binding. Docking runs with a conformationally flexible binding
site produced no significant improvement of the results.

Table 2
Calculated molecular descriptors for c1-c4
Compound Molecular weight log P H-bond donors | H-bond acceptors
cl 306 4.75 - 3
c2 322 4.49 1 4
c3 322 4.49 1 4
c4 308 4.24 2 4
Lipinski’s Rule <500 <5 <5 <10

The loss of hydrophilic group by curcumin leads to increased binding energy.
Some of curcumin derivatives showed better docking energies than curcumin indicating
that they could be potent enzyme inhibitors. Curcumin derivatives satisfy Lipinski’s Rule
of five which testifies to their druglikeness (absorption, distribution, metabolism and
excretion) and possible pharmacological activity. Therefore, the compounds c1-c4 may
be potentially effective anticancer agents.

Computational Methodology. The three dimensional structure of SERCA protein
[PDB: 2C88] was obtained from Protein Data Bank. The structure was determined using
X-ray Diffraction. Curcumin, the principal curcuminoid of the popular Indian spice
turmeric is used as the ligand. Compound ID: 969516 was retrieved from NCBI
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PubChem Compound database. Curcumin analogs were simulated by a variation of
substituents on phenyl rings followed by optimiztion of the structures at the B3LYP/6-
31+G* level using Gaussian 09. The Graphical User Interface program Auto-Dock Tools
1.5.4 was used to simulate the protein and ligands. The grid boxes size was set at 90, 86
and 126 A (x, y, and z) to include all the amino acid residues that present in rigid
macromolecules, and at 18, 26 and 30 A to include all the amino acid residues that
present in binding site. The spacing between grid points was 1.0 A. Rigid as well as
flexible docking was used. The AutoDock Vina 4.0 was used to run and analyze the
docking simulations. During the docking process, a maximum of 9 conformers was
considered. Autodock results were analyzed to study interactions and binding energy of
the docked structure. Hydrophobic and hydrogen bonds and binding distance between
atoms were measured for the best conformers. The results were visualized by PyMol.
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JIronmua K. CBsiTteHKO

Kupoesoepaockuii cocydapcmeennbiii nedazoeuyeckuti ynugepcumem umenu B. Bunnuuenko,
ya. Llleguenxo, 1, Kuposoepao 25006, Yxpauna

MOJIEKYJIAPHBIN JOKUHT ITPOW3BOIHBIX KYPKYMHHA
KAK UTHI'MBUTOPOB Ca AT®A3bI

Honck 3¢ dpexTuBHbIX HHTHOUTOPOB Ca AT®da3nl capKo/IHAONIAZMATHYECKOr0 PETUKYIyMa
NPOBEICH METOAO0M MOJIEKY/ISPHOI0 JOKMHIa. Y CTAHOBJIEHO, YTO LEHTPOM CBSI3bIBAHHSA KYPKYMHHA C
Ca AT®a3oii siBasiercssi ruapodoO0HbI KapMaH, OKpyxeHHbId cnupaasmu M3 u MS. Kommiekc
kypkymuH-Ca AT®a3a o0pasyercs 3a c4YeT B3aUMOJEHCTBUSI JIMraHJa ¢ aAMHHOKHCJIOTHBIMH
ocratkamu ALA306, VAL769, LEU260, PHE834 u PHE256. Cnoco6HocTh K HMHIMOUPOBAHUIO
Ca AT®a3pl OblLIa TNpoBepeHa /JIsl Psiia NPOU3BOAHBIX KypkymuHa. I[lokazaHo, 4To mnoreps
ruapo@MILHBIX TPYNN B MoJeKyJe KYPKYMHHa MNPHUBOJAMUT K [JONOJHUTEIbHOMY CBSI3bIBAHUIO
JIMTAHA0B ¢ rupododHbIM KapMaHoM Oejika. [IpuMeHenne npaBuia NATH JINMMHCKOr0 K KYPKYMHHY
U ero MPOU3BOAHBIM ISl OLEHKH 1M0J00Hs JeKapcTBeHHBbIM BellecTBaM (abcopOumsi, pacnpe/eieHue,
MeTa00JIM3M H BblIe/IeHHe) He N0Ka3a10 HU OJHOr0 OTKJIOHEHHUs OT NpPaBH/a, KOTOpoe ompeaesser
(apmakosioruuecKky1o aKTHBHOCTb JIEKAPCTBEHHOI'0 BeLeCTBA B TeJle.

Kniouesvie cnosa: MONEKyISPHBIA TOKHHT; DHEPTUs CBSI3BIBAHWS; LEHTP CBS3BIBAHMS, WHTHOHTOD;
aronTo3.

JIropmuina K. CBaTeHko

Kiposoepaocwvxuii oeporcasnuii neoazoziunuil ynieepcumem imeni B. Bunnuuenka,
eyn. lllesuenxa, 1, Kipogsoepad 250006, Yxpaina

MOJIEKYJIAPHUH JOKIHT MMOXIJTHUX KYPKYMIHA SIK
IHI'TBITOPIB Ca AT®A3HU

INomyk edexruBHux iHrioitopie Ca AT®Pa3u capko/eHIOINIA3MATUYHOIO PETHKYJIYMY
NPOBeAeHO0 METOA0M MOJIEKYJISIPHOTO AOKiHTYy. BeranoBiieHo, 10 EHTPOM 3B’SI3yBaHHSI KypKyMiHa 3
Ca AT®a3010 € rinpododHa kumens, orouena cuipajasmu M3 i M5. Kommieke kypkymin-Ca AT®a3za
YTBOPIOETHCSl 32 PaxXyHOK B3aeMofii Jiiranay 3 amiHokuciaoTHumu 3ammmkamu ALA306, VAL769,
LEU260, PHE834 i PHE256. 3aatnicts 10 inrioyBanns Ca AT®a3u 0yjaa mepeBipeHa aasi psay
noxiguux Kypkymina. [lokazano, mo BTpaTa riipoQiibHUX rpyn y MojeKyJi KypKyMiHa Npu3BOIMTH
10 101aTKOBOTO 3B’sI3yBaHHs Jiranais 3 rinpo¢go0Horo kuuenero 0iaka. 3acTocyBaHHs NpaBUJia I’ SITH
JlimiHcbKOro 10 KypKkyMiHa Ta fi0ro moxiTHux /JJisi OLiHIOBAHHA MOJIOHOCTI 10 JiKApPCHKUX pPe4YOBHH
(abcopOuisi, po3moain, MeTadoi3M i BUAiIEHHS) He MOKA3aJ10 JKOHOT0 BiIXWJIEHHS BiJ NMpaBuja, sike
BU3HAa4a€ GapMaKoJIOTiYHy aKTHBHICTD JIiKapchbKkol pe4OBUHH Yy TiJi.

Kntouogi cnosa: MONEKYJISIPHUI JOKIHT; €Hepris 3B’s3yBaHHS; LEHTP 3B’s3yBaHHs, IHrIOITOD;
aromnTo3.
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HOBBIE OKCA30OJIMHBI C CYJIb®OJAHOBBIM ®PAI'MEHTOM

OKca30/IMHBI MIMPOKO HCHOJL3YHTCS B KAveCTBE JIEKAPCTB W CHHTOHOB /IS MX MOJIyYeHHSI,
CTPYKTYPHBIX (parMeHTOB [Js 3alIAThl PeaKNHOHHBIX WEHTPOB, a TaKKe JIMTAHIOB B
acHMMeTPUYeCKUX cuHTe3aX. HaMu BnepBble ncciieloBaHa CIOCOOHOCTh M30MEPHBIX Huc- U mpanc-3-
THAPOKCH-4-aMUHOCYIb(OJAHOB K 00pPa30BaHHI0 OKCA30JMHOB. OKCa30JMHBI CHHTE3HPOBAHBI
HUKJIM3ae COOTBETCTBYIOIIMX N-anujibHbIX MPOU3BOIHBIX mpanc-3-ruapokcu-4-
aMHHOCYJIb()0JIaHA NP KUNSTYEHHH B XJOPHCTOM THOHHWJIE; aMU/bI 4UC-U30MEPHOT0 aMHHOCIIHPTA B
TeX JKe YCJIOBHAX NPOBEIEHUs] PpeakUuH MPOAYKTa He o6pa3yr. IlojydyeHHbIe PpPe3yJbTATHI
MOATBEPKAAIOT, YTO OKCA30JIMHOBBI IHMKJ 00pa3yercsl MyTeM peaiM3allid BHYTPHM0JIEKYJISIDHOTO
SN2-TI0I0OHOr0 MeXaHH3MAa NMPH MCIMOJIb30BAHNH XJIOPHCTOr0 THOHWJIA B KAYeCTBE IerHIpaTuPy0Iero
pearenra.

Kuouesvie  cnosa:  cymbdonas; 4-amuHOTeTparnapoTnodpen-3-on-1,1-1MokcHa;  aMHHOCIHPT;
1,3-0Kca30JIuH; aMu/I.

BBenenue. IlpeBpameHne aMHUHOCIHPTOB B OKCA30JIMHBI BBI3BIBAET OCOOBII
WHTEpEC B TEUCHHE TIOCIEIHUX JIECATWICTHH Onarojaps MHOTOCTOPOHHEMY
HCTIOJIb30BAHUIO 3TUX COEJAMHEHUN B KaUE€CTBE JIEKAPCTB U CUHTOHOB JJISI UX TOJIYyYEHUS
[1-3], B kadyecTBe CTPYKTYPHBIX ()ParMEHTOB, CIYXKAIIUX JUIS 3AIIUTHl PEAKIIMOHHBIX
IEHTPOB, a TaKXKe B KadeCTBE KOOPAWHUPYIONIMX JIMTaHAOB B Pa3HOOOpa3HBIX
SHAHTHOCEJIEKTUBHBIX KaTAIUTUUECKUX PEAKUUAX, [IPHU 3TOM ITOCIEAHEE HANPABICHUE B
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HACTOSIIIEE BpeMsI ABJISETCS peBaHpyronuM [4; 5]. B pabote [6] mpuBeaeHB OCHOBHBIC
HAmIpaBIeHUs] CO3MAHHSA JIEKAPCTBEHHBIX CPEICTB, BKIIOYAIOMIUX OKCA30JIMHOBBIE
(parMeHTBl WM TIONYyYEHHBIX MpPEBpAlleHHEM 3THUX coeAuHeHui. K HUM oTHOCHTCS
pa3paboTKka WHTUOWTOPOB TJIIOKO3MJA3bl, LEpeOpO3UIO0B, CHHTE3 AHTHOMOTHKOB H
MIPOTHBOPAKOBEIX areHTOB [7; 8].

Pa3paboTka BO3MOXKHOCTEH MpEBpaIleHUs] OAHUX T'eTePOLIUKINYECKHX CHCTEM B
Jpyrue SBISETCS OJHMM W3 HaubOoliee MHTEPECHBIX M BAXKHBIX HANpaBICHUM
OpraHWYecKOW XWMHUHU. B mocnenHne rofpl JOCTUTHYTHI 3aMETHBIE YCIIEXH B W3YYEHUHU
MIPEBpAIICHAS OKCA30JMHOB B IUKJIBI C Pa3IUYHBIMH TEeTepOaTOMaMH U Pa3HOM
BEINYMHOW; TOSIBHJINCH TakXe 0030pHbIe pPaboTel Mo 3TOoMy Bompocy [8-10].
Pazpabotansl MeTOABl MONYYEHUS TPEXWICHHBIX TETEPOLMKIOB — OKCHPAHOB,
a3upUIUHOB, THHpaAHOB [11; 12].

Coenunenusi, coaepKaliue Cyib(oNaHOBBI TETEPOLHKI, PEIKO BCTPEUAIOTCS B
NpUposie, ONHAKO CYIIECTBYIOT MHOTOYHCIICHHBIC CBHJICTENLCTBA UX Pa3HOOOPa3HOM
Omosormdeckoil akTWBHOCTH (aHTHUMUKpoOHas [13], mporuBoBOcmamutenbHas [14],
HelipoTponHas [15; 16], poctperynupytomas [17; 18]).

Lenpio HacTosilero McciaeqoBaHUs SBISETCS pa3padOTKa yciIoBUi 00pa3oBaHUs
OKCa30JIMHOB, aHHEIHPOBAHHBIX CYIb(OIaHOBEIM ¢parMeHTOM. COENWHEHHUS TaKOoro
THTIA MOTYT TIPEJICTABIATH WHTEPEC IS JATBHEHIINX UCCIeTOBAHHNA C HENBIO TIOTYIeHHUS
HOBBIX KaTaJlU3aTOPOB M OMOJOrMYECKH aKTUBHBIX BeliecTB. CTOUT OTMETHTh, YTO TaKOU
TUN COWICHEHHS JABYX IISITUWICHHBIX TETCPOLUKINYECKUX CHUCTEM B JIHTEpaType
MIPAKTHYECKU HE MPEICTaBICH.

Pe3yabTaThl M uX o0cy:xkaenne. OCHOBHbIE NMYTH MNPEBpAIlECHUs BUIMHAIBHBIX
aMUHOCIIUPTOB B OKCA30JIMHBI OTpakKeHbl Ha TNpUBeACHHON Hmxke cxeme 1 [19]. B
COOTBETCTBHHM C HEll HamOojee W3BECTHRIM METOAOM (IyTh A) TPEACTaBIsAETCS
nukau3anus  N-anWibHBIX — NPOW3BOJMHBIX  2-aMuHoankoroneid.  Jlermmparanms
THJPOKCHAMUJIOB MPOTEKAET OOBIYHO C YYaCTHEM TaKHX CHIIbHBIX BOJOOTHHMAFOIIUX
arentos kak SOCl,, H,SO,, P,0Os5, MsClI, TsCI.

Cxema 1
B C
R,CO.H - R,CN
T2 aminoalcohol aminoalcohol, katalist 1C
PhsP
EtOH, HCI
socCl, tOH, HC
+ -
A D NH, ClI
R,COCI > - : 2
1) aminoalcohol aminoalcohol R, OEt
2) SOCI, (MsCl, TsCl) solvent
Hamu HCITOJIb30BaHBI pa3iuyHbIe TOIXObI K Tparchopmauu

Cynb(hOTAHCOAEPKAIIETO AMUOHOCIIPTA — mpanc-3-TUIpoKcu-4-amunocybdonana (1)
[20; 21] B okcazonmHBI. B KauecTBe MCXOMHBIX XJIOPAHTHAPHUIOB KapOOHOBBIX KHCIOT
B3ATHl COEIMHEHUSI C PA3IUYHBIM XapakTepOM 3aMecTUTeNel: 4-HUTPOOEH30MIXIOPUA
(2), 2-bropbensomnxmopun (3), Ocwzownxmopun (4) wu aunerwnxmopun  (5).
BsaumopeiictBueM xyopanruapuiior (2, 4, 5) ¢ mpanc-4-amuHoTteTparuapoTrHodeH-3-01-
1,1-muokcugom (1) momywensr amuusl (6, 8, 9), xoropeie paHee aBTopamu [22]
MCIIOJIb30BaHbI B KAUECTBE MPOMEKYTOUHBIX MPOAYKTOB JUISl AaIbHEHIINX MpeBpalleHUl
U He ObUIN BBIEJIECHBI B MHIUBUYaIbHOM BUJE U OIIMCAHbI.
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Ha niepBom a3rarne BbIJe/IeHBI MOHOAIMIIbHBIEC TPOU3BOAHbIC (6-8), Oitaronaps 6osee
MSATKHAM YCIOBHSIM peakuuu [23; 24]; Torma kak B aBTOpHI [22] modyvanu AuanuibHOE
MPOM3BOJHOE, KOTOPOE 3aTeM MOABEPraliy TUAPOIU3Y sl BhlAeneHuss MoHoaMuaa. [lpu
nonyuenun N-[mpanc-4-ruapokcu-1,1-nnokcunorerparuapo-3-ruenu |Janeramuaa  (9),
MOTIONTHUTENHPHO  ApPOOHOW  KpHCTAUIM3allMeld  BBIACICH  mpanc-4-amuHO-1,1-
quokcumorerparuapo-3-tucHmn  arnerat (10) B pasnMyHBIX  COOTHOIICHHSAX, B
3aBUCHMOCTH OT MCIIOJIb30BaHHOTO METO/IA.

0
HO  NH, HO, HNZ R
Z—ﬁ O CeHg -H0 4—3 SOCl,
+R-C_ — —
~g? Cl rt S _S< 2 reflux 6 h
O/ \O 2_5 O O
1 6-9
R = 4-NO,Ph (6), 2-F-Ph (7),
Ph (8), CH5 (9)
0
H3C)LQ,, NH,
O\\ 2
2.5 ,/sq)—R-Hm__
0”0 05 5o N3
10 11-14

R = 4-NO,Ph (11), 2-F-Ph (12),
Ph (13), CH5 (14)

Jus twkmmzamun amuoB  (6-9) B COOTBETCTBYIOIIME OKCA30JMHBI BHIOpaH
XJIOPUCTHI THOHWJI, PEAKIUIO TMPOBOJWIA B HM30BITKE TOCIEAHEr0 MPH KUISYESHUH
peaknuoHHoi Maccel [23; 24]. B pe3ynbrare BBIICICHBI THAPOXIOPUILI OKCA30JIMHOB
(11-14) ¢ KoNMYECTBEHHLIMU BBIXOIaMHU.

CTpykTypa HOBBIX COEIMHEHHH ToATBepkAeHa naHHbIMH MK-crekrpockomuu u
criexrpockorun SIMP 'H. B MK-criektpax okca3omuuoB (11-14) momocsl, XapakTepHsie
ms amuzoB (1645 1 1560 cM™) OTCYTCTBYIOT, Y4TO CBHIETEIBCTBYET O TpaHC(hOPMAIH
AMHHON TPYMIBI; KPOME TOTO, BHHBI MOJNOCHI MOrNMomeHns npu 1650-1685 cm™,
XapaKkTepHbIE [T OKCA30JIMHOB, H OTHOCSTCS K BaJleHTHBIM KoJieOanusM cBsizu C=N. B
cexrpax SIMP 'H coesunenuit (11-14) pesonanc mporonos H* u H* maGmonaercs B
BUJE CIOXHBIX MYyJBTHIDIETOB B Oojee cnaboM T1ojie 10 CPaBHEHUIO C
COOTBETCTBYIOIIMMHU amuamu (6-9).

ABTopamu [25] mpeiokeHO ONTUMHU3HPOBATh METOIUKY TTOTY9IEHHUS OKCA30JIMHOB!
KOHJICHCALIUIO apOMAaTHYECKOW KapOOHOBOW KHCIIOTBHI NMPOBOIAT C aMHHOCTIUPTOM Oe3
KaTaJn3aTopa, 00ydas MHKPOBOJHOBBIM HM3lydeHHeM MomrHocThio 300 BT B TeueHue
HECKOJIbKMX MUHYT. Hamu OBUT MCIOJNB30BaH ATOT IMOJXOJ] (PKBUMOJBHBIC KOJIUYECTBA
mpanc-amuHociupta (1) u  OCH30MHOM KHCIOTBI B  aLETOHUTpHIE OOIydanu
mukpoBoiaHamMu 450 Bt, 30 mMunHyT; pactBop xiopanruapuia (6) B aneTOHUTpUIIE
ob0myyanun mukpoBoimHamu 450 BT, 30 MuHYT), OHAKO OH HE TMpPHBEN K 3aMBIKAaHUIO
OKCa30JIMHOBOTO ITHKJIA.

[Ipu3HaBas BBIIAIOMIYIOCS POJb KapOOHOBBIX KUCIOT W HMX HPOM3BOAHBIX Kak
NPEKypcopoB B TpaHcHOpMAIHMIX aMHHOCITUPTOB B OKCA30JIMHBI, XUMHUKHU B TMOCJICTHHE
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roJibl BCE yallle MMoJIb3YITCS METOANKAaMHU, OCHOBAaHHBIMU Ha UCIIOJIb30BaHUH AJIBIECTUIOB
1 ketoHoB [19]. Hamu ObITn Takoke UCIpoOOBaHBI OKCHAATHBHBIC METOABI IS CHHTE3a
okcazonuHoB (mytu E, F Ha cxeme), KOTOpble paHee ObUIM MCCIeOBaHbl aBTOpamu [26]
Ha sraHoylaMuHe. [IpemiokeHHbI one-pOt CUHTE3 OKCa30JIMHA IPEAINONaracT y4acTHe
foga B KayecTBE OKUCIUTENsI B IPUCYTCTBUM IOTalla; CIEAYeT OTMETUTb, 4YTO
3JIEKTPOHOAOHOPHBIE CBOICTBA M CTEpPUYECKUH OOBEM aipAeruga HE MHPENsTCTBYIOT
NPOTEKAHUIO peakuuu. ABTOpaMu [26] TpeArnoaokeHo o0pa3oBaHHE HMHWHA M €ro
JanpHeHmas TpaHcQopMalys B OKCAa30JIMAMH C IOCIEAYIOLUIMM >JIMMHHUPOBAHUEM B
OKCa30/IMH. B Hamem ciyuyae npemioXeHHble METOOUKH HE IPUBENU K IIOIYYCHUIO
HeNeBbIX oKca3onuHoB (yTH E, F).

BzaumoneiictBue amuna (8) ¢ ueTblpeXKpaTHBIM H30BITKOM TpHpeHmipochrHa B
pacTBOpe HYeTHIPEXXJIOPHCTOTO yIiepoaa M aleTOHuTpwiIa (KumsdeHne 9 dYacoB) mO
meroauke [27] (myte H), Takke He MPUBEIO K MOJYYEHHIO 1IeJIeBOro okcazonuHa (13).

Kunsiuenne amuHocnupta (1) B Teduenue 40 yacoB B yYKCYCHOM AaHTHIPHIC B
npucyrcTBud mmpuanHa [28] (myte () ocTaHaBIMBAaeTCS Ha CTaAWH OOPa30BaHUS
MUAIIIEHOTO TPOW3BOJHOTO — mpaHc-4-(anerninamuHo)-1,1-muokcumorerparuapo-3-
tueHu anerara (15), kotopelit onucan panee [20].

PhCOCI, I,
K2CO3, t-BuOH _
= >
AcO, NHAC py ac,0 HO  NH, PhCH,OH, I,
BFS“» reflux 40 h L—f K2CO3, t-BuOH -
2505 G 'S, F
7\ 2\
o )ie} o O 4PPhg, 2CCly,
15 1 PhCOCI MeCN, 60°C, 9 h.
— 8
83.5% H
[lomobuble  TpymHOCTM TpH  00pa30BaHMHM  OKCAa30JIMHOBOTO  IMKJIA  C
HNCITIOJIb30BAHUECM HYTeﬁ CHHTEC3a E, MO>XKHO 06L$ICHI/ITL MOHWXEHHOM
HYKJ'ICO(I)I/IJ'ILHOCTLIO aToMa a30Ta BCJICACTBUEC 6J‘II/I3KOF0 PacCIoJIOKCHUA K

ANEKTPOHOAKIENITOPHON CYIb(QOHMIBHON TpyIIe, YTO MPENsITCTBYeT 00pa30BaHHIO
ocHoBanuii llludda, KoTropble 3areM NOABEPrarOTCS JAJbHEUIICH IUKIM3AIINY.
ITonoGHas cutyauust HaOMOgaeTCsl MPH WUCHONb30BaHMM IyTH H, rae, xak ykasbIBaroT
aBTOpHI [27], nefictBue TpuheHUAPOCHHHA C YETHIPEXXIOPUCTHIM YTIIIEPOJIOM HMPUBOIUT
K 00pa30BaHUI0O MMHUHA, KOTOPBIA 3aTeM TPaHCPOPMHUPYETCS B KOHEUHBIH MPOIYKT. B
JaHHOM CiTydae o0pa3oBaHHE UMHMHA TaKKe HE IIPOUCXOIUT.

N3BecTHO, 4TO 3aMBIKaHUE OKCA30JMHOBOTO LIMKJIA B aMHJIaX MOYKET IMIPOUCXOINUTh
MO JIBYyM MEXaHWU3MaMm: BHYTPHMOIEKYISHOMY Sn2-TIOZ0OHOMY MEXaHWU3MY, B POJH
YXOJISIIIEH BBICTYNAET THAPOKCUIIbHAS IPYIIIa, UMEET MECTO oOpalleHne KOHPUrypauu
aToMa yriiepoja INpH THAPOKCH-TPYMNIE; aKTUBUPOBAaHHAs THAPOKCH-TPYIMIA aTaKyeT
KapOOHMIIBHBIM aTOM YyTJIepoJa aMUIHON TPYIIIBI, YTO MPUBOANT K OTHIETNIEHUIO BOJIBI U
3aMBIKAHHIO OKCA30JIMHOBOTO IIUKJIA C COXpPAaHEHWEM KOH(PHUTYpaIuy aToMa YIiiepoia pH
runpokcu-rpymmne [29]. [ns BeIACHEHHS MeXaHM3Ma OOpa30BaHHs OKCA30JMHOB C
CyJb(OIaHOBBIM (parMEeHTOM, HaMH ObUI NMPOBEAEH BCTPEUHBIH CHHTE3 OKCa30JIMHOB
(11, 13) u3 yuc-N-anmnpHbIX npou3BoaHbIX (17, 18), monmydeHHBIX U3 yuc-aMUHOCTIHPTA
(16). Ongnako, Hu kunsgyenue amuaoB (17, 18) B xmopucToM THOHMIIE, HU OOJIydYeHHUE
MUKpOBOJHaMH (aueToHuTpui, 450 BT, 30 MuHyT) HE puBeIo K 00pa30BaHHIO LETIEBBIX
okcazonnHoB (11, 13). ITomoOHBIH pe3yabTaT MOXET ObITh OOBSICHEH CTEPHUUCCKUMHU
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3aTpyJHEHUSIMA TIPH 3aMBIKaHUM [HKJIA B ciaydae yuc-N-anuiabHBIX MTPOU3BOIHBIX
aMHHOCIIUPTOB, YTO MOXET HUMETh MECTO TOJBbKO TPU peanusanuu Sy2-Tog00HOro
MEXaHU3Ma.

@)
HO NH, HO HNJ\R
O CgHg -H,0 453 socl, O 0
s R-C B2 Za 50 Oy o )/s/\:[ »)—R - HC
>g \ rt S reflux 8 h o] N
16 2,4 17,18

R = 4-NO,Ph (17), Ph (18)

Takum o0Opa3om, Hambosaee 3(PPEKTHBHBIM METOIOM CHHTE3a OKCAa30JMHOB Ha
OCHOBE CyNb(OJAHCOACPKAIINX AMUHOCIHPTOB, SIBISIETCS LUKIW3aus UX mparc-N-
MOHOALMJIBHBIX ~ MPOM3BOAHBIX  MPH  KUISIYEHHMH B XJOPHCTOM  THOHHJIE.
[IpeamnonoXXuTenbHO, LUKIA3ALUS TMPOUCXOOUT IO BHYTPUMOJEKYJSIpHOMY  Sy2-
MOTIOOHOMY MEXaHU3MY.

JKCNepUMeHTAILHAN YaCTh

HK-cnexTpsl peructpupoBanu Ha ciekrpomerpax Spectrum One (Perkin Elmer) u
Nicolet iS10 B Tomkoit mnenke. Criektpsl SIMP 'H u3Mepsnn Ha pagroCneKTpoOMeTpax
Varian VXR u Bruker DRX ¢ paboueii yactoroit rerneparopa 300, 400 u 500 MI'iy mst
pacTBOpOB coelUHEHWH B jAedTepoauMeTHicyibdokcune. KoHTpomb mNpoTeKaHUs
pEaKkLMy U YUCTOThl CHUHTE3UPOBAHHBIX COENMHEHHH ocymecTBIsuM MerogoM TCX Ha
mwractuHax Silufol UV-254, snioeHT — HW30MpoOMaHoi, NPOSIBUTEIh — Mapbl HOAA.
DJeMeHTHBINH aHali3 BRIIONHSUIH Ha aHanu3aTope Carlo Erba.

Awmugpt (6-8, 17, 18) nmoxyuensl o obmieit meronuke [29]. K pactBopy 3 mmomnb
COOTBETCTBYIOIIETO 3-TUAPOKCH-4-amuHOCYIb(onana (1, 16) B 10 M1 BOABI MO Karusm
JI00ABJISUIA SKBUMOJILHOE KOJIMYECTBO XJIopaHruapuzaa (2-4), pacTBOPEHHOr0 B OCH30JI€.
IIpu nepemMeIMBaHNH pPEeaKMOHHON Macchl, 100aBIsIM 5% pacTBOp TMAPOKCHIA HATPUS
1o ciaboienouHo cpenpl. Ocagok oTHUIBTPOBBIBANM.

IMonyuenne mpanc-N-[4-ruapoxkcu-1,l-AuoKkcuagorerparuapo-3-
TueHua]ameramung (9):

Meromuka A. K pactBopy 6 MMmoibs mparc-4-amuHOTETparuapotuoden-3-on-1,1-
mrokeuaa (1) B aneToHe 00aBIISIOT SKBUMOJIBHOE KOJIMYECTBO YKCYCHOTO aHTHIPHIA.
IMepememmuBaror 1 yac npu 0°C, 3arem emie 2 yaca 0e3 MOAJACPKaHHS MOHWKCHHON
temrepatypsl. JlobaBisaror 3 M cMecu HachimeHHbIX pactBopoB NaCl u NaHCO; (1:1),
IKCTPArupyroT 3 X 5 miu cMmecu xinopodopm-uzomnponanon (9:1), cymar Hax cyiabdarom
Hatpus. Beixox 59.3%, T.mw1. 156-158°C. UK-cnektp, eml: 3416, 3327, 3028, 2968,
1642, 1571, 1306, 1231, 1165, 1108, 1031. Crmekrp SIMP 'H, &, m.x.: 1.88 ¢ (3H,
NHC(O)CHs), 3.09 m (1H, H®), 3.22 m (1H, H*), 3.27-3.32 (1H, H*), 3.44 m (1H, H*,
2322,26=10.0 T'ry, *J505=5.0 T'm), 4.42 yur.c (1H, H®), 4.49 m (1H, H*), 8.04 ym.c (1H, NH).
Haiineno, %: C 37.00; H 5.51; N 7.49. CgH;NO,S. Brrumcneno, %: C 37.30; H 5.74;
N 7.25.

Mertoauka b. K pactBopy 6 mmonb mpanc-4-amunoterparuapornoden-3-omn-1,1-
muokcrna (1) B aneTroHUTpHIEe B MPUCYTCTBHH 3KBHUBAJIEHTHOTO KOJHMYECTBa KapOoHarta
KaJusg JOO0aBISIOT SKBUMOJBHOE KOJIMYECTBO XJIOPHUCTOrO aneTuia (IepeMelInBaHue,
KOMHaTHast TeMiepatypa). OOpasyromuiicsi yepe3 HECKOIbKO YacoB OCalOK (DUIBTPYIOT.
Brixon 20,3%.
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mpanc-4-Hutpo-N-[4-ruagpokcu-1,l-tnokcugorerparuaapo-3-
TueHnJg|oenzamua (6). Boixox 83.4 %. T. mn. 213-216 °C. SAIMP 1H, 0, M.1.: 3.26-
3.45 (3H, H®, H* H™), 3.53 M (1H, H™), 4.56 m (1H, H%), 4.74 m (1H, H*), 6.00 1 (1H,
OH), 8.14 n1 (2H, H™, 3J,=8.5 '), 8.35 x (2H, H™), 8.92 1 (1H, NH). SIMP “*C, §,
M.IL: 51.1 (C?), 51.2 (C®), 60.4 (C?), 68.5 (C*), 123.5 (C™), 129.1 (C*), 139.4 (C™), 149.2
(CA'), 164.7 (C=0). Haiineno, %: C 44.10; H 4.31; N 9.01. C1;H1,N,04S. Boruucieno, %:
C 44.00; H 4.03; N 9.33.

mpanc-2-®rop-N-[4-rugpokcu-1,1-THOKCHIOTETPArHAPO-3-THEHMIT | GeH3aMHT
(7). Beixom 33.7%. T.mr. 178-180 °C. Haiimeno, %: C 48.06; H 4.33; N 5.29.
C11H1,FNO,S. Brruucneno, %: C 48.35; H 4.43; N 5.13.

mpanc-N-[4-Tuapokcn-1,1-nuoKkcnaoTeTparuapo-3-TueHna|6eH3aMu (28).
Bsixox 62.0%. T. . 130-132 °C(pasn). Crektp IMP 'H, §, m.1.: 3.22-3.42 (1H, H®),
3.50 m (2H, H®, H*®), 3.65 M (1H, H®), 4.56 m (1H, H®), 4.71 m (1H, H*), 5.95 1 (1H,
OH), 7.49, 7.56, 7.91 m (5H, H"), 8.49 x (1H, NH). Haiizeno, %: C 51.56; H 5.39; N
5.27. C11H13NO,S. Brruncieno, %: C 51.75; H 5.13; N 5.49.

4-(Anerniamuno)-1,1-nuokcuaorerparuapo-3-Tuenu anerar (15) momryden mo
metoauke [20]: 33 mmonb amurocnupra (1) kunstunu 40 yacoB B YKCYCHOM aHTHIIPHIIC
(1,3-xpaTHbIii U30BITOK) B TPHCYTCTBUH 42 MMOJIb MHUPUAMHA. PeakIHOHHYIO Maccy
yIapuBaiv, MAacllo PaCTHpald B JWITHIOBOM J(Hpe; 0O0pa3oBaBIIMNCI O0CATOK
orduasTpoBau. Berxoa 83.5%. T.r. 135-140 °C. Cunektp AMP 'H, 5, M. 1.84 ¢ (3H,
NHC(O)CHj), 2.09 ¢ (3H, OC(O)CHg), 3.06 m (1H, H®, Hs,5,=12.4 T'), 3.35-3.45
(1H, H?), 3.54 m (1H, H*, 35,,=7.2 T), 3.68 m (1H, H*, 25, 55=14.2 T'11, 3J525=5.0 I'm),
4.72 m (1H, H*), 5.43 ym.c (1H, H®), 8.24 1 (1H, NH). Haiineno, %: C 41.02; H 5.35; N
5.67. CgH3NOsS. Brraucieno, %: C 40.84; H 5.57; N 5.95.

yuc-4-Hutpo-N-[4-ruapoxcu-1,1-nuokcuaorerparnapo-3-TueHus|6eH3aMmu
(17). Beixom 92.2 %. T. . 165-170 °C (c pasin). Haiineno, %: C 44.35; H 3.91; N 9.03.
C11H1:N,06S. Brramciieno, %: C 44.00; H 4.03; N 9.33.

yuc-N-[4-Tuapokcu-1,1-nuokcumorerparuapo-3-tuennia|oensamua (18).
Boerxon 35.7%. T. . 155-160 °C. UK-cmekTp, em™: 3308, 3016, 1650, 1548, 1538, 1354,
1327, 1301, 1137, 1077.Cuextp SIMP 'H, &, m.x.: 3.11 M (1H, H®), 3.20 m (1H, H®,
Hsa55=12.0 'y, *J554=8.0 '), 3.62 M (1H, H*™), 3.69 M (1H, H*), 4.54 ym.c (2H, H°,
H4), 5.89 ymr.c (1H, OH), 7.50, 7.56, 7.87 m (5H, HAr), 8.64 ymi.c (1H, NH). Haiineno, %:
C51.99; H5.09; N 5.72. C1H13NO,S. Berancneno, %: C 51.75; H 5.13; N 5.49.

I'unpoxmnopuabl  okcazonmHoB (11-13) monyweHsl mo oOmed Meromuke [29]
KuarsyeHreM amunioB (6-9) B u30BITKE XJIOPHCTOTO THOHWIIA B TEYEHHE § 4YacoB.
XJIOpPHUCTBI THOHHMI YJASUIM B BaKyyMe, MPOMYKTHI TOJYYEHBbI C KOJIMYCCTBCHHBIM
BBIXOJOM.

T'uapoxaopun 2-(4-uurpodennn)-3a,4,6,6a-rerparuaporuenol3,4-
d][1,3]okca30a-5,5-nmokenaa (11). T.mr 177-180 °C. MK-cmektp, cm™: 3388,
1673, 1526, 1350, 1299, 1167, 1117, 717. Cuextp SIMP *H, &, m.x.: 3.29 m (1H, H*),
4.42 M (2H, H*, H*), 3.50 M (1H, H®, 2. 65=14.8 Ty, *Jgc6.=4.8 T'm), 4.59 m (1H, H™),
4.73 M (1H, H®), 8.14 1 (2H, H, 3),5=8.8 T'm), 8.32 n (2H, H"), 8.77 yur.c (1H, NH").
Haiineno, %: C 41.76; H 3.39; N 8.66. C1;H11CIN,OsS. Beruucineno, %: C 41.45; H 3.48;
N 8.79.

I'napoxnopun 2-(2-propdennn)3da,4,6,6a-terparnuaporueno|3,4-
d][1,3]okcaz0a-5,5-quokcuna (12). T.mn. 193-195 °C. UK-cnektp, em™: 3382, 3017,
2956, 1739, 1650, 1537, 1301, 1249, 1124, 1073, 756.Criextp SIMP 'H, &, Mm.1.: 3.43 M
(1H, H*), 3.65-3.78 (2H, H*, H*®), 3.87 m (1H, H®, Jg.e6=14.7 T, *Jgc62=4.5 I'ry), 5.06

28



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximisi», 2013. Bum. Ne 20

M (1H, H*), 5.90 ym.c (1H, H*), 7.25-7.76 (4H, H™), 8.86 1 (1H, NH"). Haiineno, %: C
45.56; H 3.49; N 4.66. C1;H;;CIFNO;S. Boruucneno, %: C 45.29; H 3.80; N 4.80.

I'uapoxnopua 2-¢penuni-3a,4,6,6a-rerparuaporueno|3,4-d][1,3]okcazon-5,5-
auokeuaa (13). T.mn. 252-256 °C. UK-crektp, eml: 3362, 3016, 2956, 1736, 1648,
1532, 1309, 1262, 1171, 1129, 1088, 710. Crextp SIMP 'H, 8, m.1.: 3.30-3-60 (1H, H*),
3.65 M (1H, H*), 3.74 m (1H, H*, 2404=13.0 T'), 3.88 M (1H, H®), 5.08 m (1H, H*),
5.85 ym.c (1H, H*®), 7.40-7.75, 8.06 m (5H, H™), 8.80 1 (1H, NH"). Haiineno, %: C
48.51; H 4.11; N 4.93. C1;H1,CINO;S. Boruucneno, %: C 48.26; H 4.42; N 5.12.

I'mapoxgopun 2-metnia-3a,4,6,6a-terparuaporueno|3,4-d][1,3Jokca3zoa-5,5-
muokennaa (14). T.wr. 153-155 °C. MK-cmektp, cv™: 3336, 3019, 2968, 1670, 1587,
1528, 1333, 1183, 1150, 1055, 868. Cnektp IMP 'H, &, m.1.: 1.07 ¢ (3H, CHs), 3.25 M
(1H, H*), 3.37 M (2H, H*, H*), 3.46 m (1H, H*), 4.49 m (1H, H*), 4.63 yur.c (1H, H®),
8.61 ymr.c (1H, NH"). Haiineno, %: C 34.31; H 4.51; N 6.83. C4H1oCINOsS. Brruncieno,
%: C 34.05; H 4.76; N 6.62.
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Oxca30J1iHM IIMPOKO BUKOPHCTOBYIOTHCH y SIKOCTI JIKIB Ta CHHTOHIB 11 iX OTPUMAHHA; AK
CTPYKTYPHI ()parMeHTH JJIs1 3aXUCTY PeaKUifiHUX LEeHTPiB, a TaKoxk y sikocTi Jiranais. Hamu Bnepme
HAOCTiUKEHO 3aTHICTL i30MepHMX yuc- Ta mpanc-3-TiApokcu-4-aminocyabgoaaHiB 10 yTBOpeHHS
okca3oJiniB. OKca3o/liHd YTBOPIOIOTHCH LLIAXOM HHMKJIi3aumii BiamoBinnux N-anmmiabHUX HOXiTHHX
mpanc-3-riipoxcu-4-aMiHoCy/Ib(oIaHy NPU KUI’ATIHHI Y XJOPUCTOMY TiOHimi; amiau yuc-izomepHoro
aMiHOAJIKOT0JII0 32 THX 7K€ YMOB NMPOBEIeHHS peakiii He YTBOPIOIOTh TOTOKHOI'0 NPOAYKTY. OTpuMaHi
Pe3yIbTaTH MiATBEPIKYIOTb, WI0 OKCA30JiHOBHH LMK/ YTBOPIOETbCS 4epe3 peasizaniro
BHYTPiIIHEOMOJIEKYJISIpHOTO S\ 2-M0Ai6HOr0 MexXaHi3My 3a yMOB BHKOPHCTAHHS XJOPHCTOIO TiOHITY y
SIKOCTI JeriIpyro4oro peareHrty; ajJbTepHATHBHMII MeXaHi3M (aTaka riipOKCUIBHOI IPyNH 10 KapOoHY
aMiqHOI rpyny) He peasti3y€Thes NPH 3aCTOCYBAHHI MiKPOXBH/ILOBOI'0 ONIPOMiHEHHs peakuiliHoi MacH.

Kniouosi  cnosa:  cymvdonan;  4-amiHoTterparizpotioden-3-on-1,1-miokcun;  amiHOCHHPT,
1,3-okcazomis; amiz,.

Oxazolines are widely used as synthons for medicines and their production, as protection for
structural fragments of reaction centers, as well as ligands. We for the first time examined the ability of
cis- and trans-3-hydroxy-4-aminosulfolanov to form oxazolines. Oxazolines are formed by cyclization of
the corresponding N-acyl derivatives of trans-3-hydroxy-4-aminosulfolan under reflux in thionyl
chloride; amides of cis-isomer aminoalcohol under the same conditions of the reaction do not formed
identically product. These results confirm that the oxazoline cycle formed by realization of
intramolecular Sy2- mechanism using thionyl chloride as dehydrating agent; alternative mechanism
(the attack of the hydroxyl group on carbon of amide group) can not be realized using the microwave
radiation reaction mass.

Keywords: sulfolane; aminotetragidrotiofen-4-3-ol-1,1-dioxide; the aminoalcohol; 1,3-oxazolin; amide.
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HYK/JIeO(PWILHOIl aTaKH N0 KapOOHUJIbHOW Ipymne, OKOHYATeJbHO 00pasysi P-Oensomnsbl. Ilytem
KPUCTAIH3 AT ObLI BbljeJIeH S-uzomep 2-ruapokcu-2-(4"’-xuoppenni)-1-(5°-N,N-
ANMeTHITHAPA3OHUIPYpPUII-2’)-3TaHOHA-1 " YCTAHOBJICHA ero CTPYKTypa MeTOo/10M
PEHTreHOCTPYKTYPHOI'0 aHA/IN3A.

Kniouesvie cnoea: GEH30MHBI; apUITINOKCAIH; H30MEPU3aIKs.

BBenenue. Panee Hamu moka3aHo, 9TO (EHUITIIMOKCAITb CEIEKTUBHO PEarupyeT C
2-R-dpypanamu (R = CH=NNMe,, Me) ¢ o6pa3oBaHreM HECUMMETPHUYHBIX 0-OCH30MHOB,
TakuX Kak 2-¢ypui-l-apunstad-l-onsr 1 [1-3]. Takoro Tuma CTPYKTYpbl HEBO3MOXKHO
MOTyYUTh KJIIACCHYECKHIMH METOoJaMHu oOpazoBaHus OeH30MHOB. CyIecTByeT ABa THIA
HECHMMETPHYHBIX OCH30MHOB — o-OeH30MHBI U [-OeH30uHBI. BykBO#l «0» mpHHATO
o0o3HayaTh MeHee CcTaOWNbHBIA U Oojee JieTKOIUIaBKUd m3omep. bBykBoit  «fB»
0003Hayar0T O0Jice CTAOMIBHBIN H30Mep ¢ OoJIee BHICOKOW TeMITepaTypoii rasneHus [1].
IIpyumHONW TOBBIMIEHHON CTAOMIBHOCTH [-OCH30WMHOB SBIISICTCS BO3HUKHOBCHHE
COTIPSDKEHHS MEXKIY 3JIETPOHO-TOHOPHBIMHU H AJIEKTPOHO-aKIENTOPHBIMU 3aMECTUTEIISIMU
U apoOMaTHYEeCKNM WIH TETepoapoOMaTHYecKUM KoiblloM. Hampumep, aHH30-OeH30WMH
ABIISIETCS 0-O€H30MHOM, a O€H3aHW30MH sABIsieTcs -OeH3omHoM [1] (puc. 1).

OMe
Ph Ph OMe
H
94 © OH
H H”
aHM30-0eH30UH 6eH3aHN30MH
Puc. 1

W3BectHO, 49TO 0-OCH30MHBI B TPHUCYTCTBHH OCHOBAHHMH CIIOCOOHBI K o—f
nzomepuzanuu [1] B Oonee craOuibHbIe J-O€H30MHBI, B KOTOPBIX MMEETCS! COTPSIKEHUE
MEXTY KapOOHUIILHOW TPYNION U apOMAaTHYECKHM KOJIBIIOM.

Hamu panee mokaszano, 4ro o-0eH3ouHBl 1 m3omMepusytorcs B 1-hypui-2-apuin-2-
THIPOKCUATAaHOHBI 2 (-OeH30uHBI) B IpUCYTCTBUM TpuaTHiIamMuHa [1-3]. OueBunHO, 3Ta
U30MepH3aLus IPOUCXOIUT Yepe3 00pa3oBaHUE MPOMEKYTOYHOTO aHHOHA A.

0 Ph
H 4 [/ \ . ]\
-0

1a, b
E@Nl-E@NH*

Ph
H

/\ Et,NH P T
0] o0 R «— X

2a,b A
Cxema 1. MexaHu3M 0eH30HHOBOI H30MePU3AIMH B YCJIOBHSX OCHOBHOT0 KaTaIn3a
R= CH=N-NMe,(a), Me (b)

Pesynbratel W ux oOcyxnenue. [Ipomomkas wu3yuyaTb B3aMMOJEHCTBUE
apuwirnuokcaiei ¢ 2-R-dpypanamu, Ml mokaszanu, uro 4-R’-pennnrmnokcanu (R’ = OMe,
Ph,) w 2-THEeHWITTHMOKCANh aHAJOTHYHBIM OOpa3oM pearupyroT MpH KOMHATHOU
temneparype ¢ N,N-mumermnrugpazonom  dypdypona u - 2-MeTHIAPYpaHOM C
o0Opa3oBaHHeM (.-OCH30MHOB, TaKUX Kak 2-Qypui-1l-apui-2-rugpoKCU3TaHOHBI 3—5.
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o
@\&N‘N’Me R
o \

Me

Cxema 2. O6pazoBanue 2-pypui-1l-apui-2-ruapoxcusranonos R’= OMe (4), Ph (5)

B To xe BpemMs HaMM T[OKa3aHO, 4TO 4-x5opheHINTINOKCallb U
4-6pomdpenunrimokcans pearupytor ¢ N,N-mumermnrumpasonom ¢ypdypoma wmm 2-
MeTmiypaHoM ¢ oOpa3oBaHmeM [-OCH30WHOB, TakuxX Kak |-Qypwir-2-apun-2-
THJIPOKCHATaHOHBI 6, 7. OOpa3oBaHue coenMHEHUI 6, 7 HaOMIOmaeTCS MPU POBEACHUN
peakuuu IpH KOMHATHOM TeMmmepaTrype B O€H30Je M XJIOPUCTOM MeTuieHe. Takxe
BO3MOXKHO oOpaszoBaHue 1,2-mukeroHoB 8. B Tex xe ycioBuax 4-X-(heHUITIMOKCAIN
(X=Cl, Br, F) pearupytor ¢ 2-meTuiadypaHoM ¢ oOpa3zoBaHUEM HCKIIOUUTEIHHO O-
0CH30MHOB, 2-(hypui-1-apun-1-ruapokcustanonos 9-11.

Me

—_— m

9-11

Cxema 3. O0pa3zoBanne NPOAYKTOB KOHACHCALMHU 1-3aMellleHbIX (DeHUITINOK caNell ¢ TPOU3BOAHBIMHA
dypana; R’= C1 (6, 9), Br (7, 10), F (11)
Crpoenune coemuHeHUs! 6 MONTBEPXKIEHO PEHTTEHOCTPYKTYPHBIM HCCIIEIOBAHUEM
(puc. 2).
Atom C7 wumeer S aOcomoTHyl0 KoHpurypauuto. DypaHOBBIA IHKI,
JTUMETHITHIPA30HHBIA 3aMECTHTEIh, KapOOHWIbHAS Trpynna U MeTHHOBBIH arom C7
JexaT B OJHOM IIOCKOCTH (CpeHeKBagpaTHYHOe oTKiIoHeHue atomoB 0.036 A). ITapa-
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XJIOp(QEHUIbHBI 3aMECTHTEb OPUCHTHUPOBAH TEPICHIUKYIAPHO OTOH IIOCKOCTH
(topcuonnsit yron C1-C7-C8-C9 = 89.7(4)°).

CL1

Puc. 2. Ctpoenue coequHeHus1 6 M0 TaHHBIM PEHTTeHOCTPYKTYPHOTO HccaenoBanus. TemioBbie
THIICONIBI HEBOIOPOIHBIX AaTOMOB IOKA3aHbI HA YPOBHE
50% BepoATHOCTH HAXOXKICHUS ATOMA

B kpucramie MOJeKynsl CBsI3aHbI B IIENOYKH BJIOJIb OCH D 3a cyeT 0Opa3zoBaHus
6udypKauroHHbIX Bonopoansix cszeit O1-H1...01' [ir 3/2-,-1/2+y,2-z] (H...0 2.33 A,
O-H...0 133°) u O1-HI...02' (H...O 2.14 A, O-H...O 150°). Takxe B KpucTaie
oOpasoBana o-meipounas cesasp Cl1...03" [ii: 3/2-x, -1/2+y, 1-z] (Cl...O 3.18, C4-
CI1...03 167°, C12-03...Cl11 101°).

HeoObrunoe  oOpazoBanme  P-Oem3omHoB 6, 7 w3  4-xymop- ©
4-6poMbeHIITIINOKCANIEH, OYEBUAHO, IODKHO IPOUCXOAUTH Yepe3 o0pa3oBaHUE O-
oenzonHoB 12, 13 Ha mepBoii cragun. Ha BTopoi ctagnu a-6en3ounsr 12, 13 cnoHTaHHO
M30MepHU3YIOTCS B 3-O€H30MHBI 6, 7 IPH KOMHATHOW TeMIIeparype.

O \ -20°C

6,7

Cxema 4. Cxema nosryyeHus ¥ u3omMepusanun 6enzonHos 12, 13
R’=Cl (6, 12), Br (7, 13)

JeiicTBuTenbHO, pU TeMiiepaTypax -22 + 2 °C 4-xiop- u 4-0poMpeHUITINOKCATN
cenektuBHO pearupytor ¢ N,N-mumermnruapazonom ¢ypdypona ¢ obOpasoBaHreM
HecTaOMNbHBIX 2-(ypuii-1-apun-1-ruapokcustanonos 12, 13, KkoTopble CIOCOOHBI
CaMONPOM3BOJIEHO M30MEPU30BaThCS B 1-hypuii-2-apuii-2-TuipoKCUITaHOHBI 6, 7 mpH
KOMHaTHOH Temmneparype. HecraOuibHble a-OcH30MHBI 12, 13 oxapakTepu30BaHbI ¢
nomomsio crektpos IMP 'H u MACC criekTpos.
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4-OTopdheHmnruinokcaas pearupyer mpu  temmeparype 20-40°C ¢ N,N-
TUMETHITHIPa30HOM Gypdypoia UCKIIOUYUTENBHO ¢ 00pa3oBanneM a-0enzonHa 14. [pu
noBbIIICHHON Temmeparype 40°C HaOmogaeTcs oOpa3oBaHHE NMPUMECHBIX KOJHUYECTB
1,2-nuxerona 15.

O
H O
/
N., .Me
I NN F ° 0" N
O \ o F O Me
Me 20°C 15
Me  20°C
b

16

Cxema 5. CxemMa nostyyeHus M u3oMepu3anuu den3ouna 14

Hecummerpuunsrit a-0er3onH 14 okazancs 6onee cTaOUIBHBIM, YeM 0-OCH30MHBI
12, 13 1 MOXeT COXpaHSThCA MPU KOMHATHOHN TeMIlepaTrype 10 AByX MecsieB. OmHako,
M0 MCTEUYCHUH 3TOr0 CPOKa 0-OeH30MH 14 CENIEKTHBHO M30MEPHU3YETCS B CBOH [-uzomep
16 kak B TBEpPAOM COCTOSHHMH, TaK U B pacTBope. Eciau xpaHuth o-0cH30MH 14 mpm
temrneparype 5—6°C, To on uzomepusyercs B f-Oen3zonH 16 B TeueHnn 4—5 mecsies.

B T0 ke BpeMms a-Oenzomnsl 1@, 3a, b, 4, 5 u 9-11 He U30MepHU3YIOTCS BO BpeMsI
xpanenus npu 5°C Ha MPOTSHKEHUH 6 JIeT.

Crpoenune coenuHennii 3—16 0OmHO3HAYHO yCTaHOBIEHO ¢ momorlsio SAMP H
cnektpoB u naHbX MACC cnekrpomerpun. Jlamubie crektpos SIMP 'H mns o-
oensounoB 3a, 4, 5, 12-14 u B-6en3ounos 6, 7, 16 npuseneHsl B Tadmuie 1.

Tabnuya 1
Jannbie cnektpoB SIMP 'H nas a-Genzounos 3a, 4, 5, 12-14 u xas p-0en3ounos 6, 7, 16
Coenunenne XUMHUYECKHUI CABHT, G, M.JI.
No X B Haoypan CeHy Me;N
B 4-X-CeHy H3:, H, H3® H?8 Tuennn-CH;
a-3a* 2-THeHMI 6.31 6.47 - - 2.83
a-3a** 2-THEeHWIT 6.39 6.49 - - 2.86
o-4 OMe 6.27 6.35 6.91 7.98 2.96
a-5 Ph 6.31 6.35 7.65 8.05 2.95
a-12** Cl 6.35 6.42 7.58 8.01 2.85
a-12 Cl 6.29 6.34 7.42 7.93 2.96
a-13 Br 6.29 6.34 7.58 7.84 2.96
a-14 F 6.28 6.33 7.15 8.01 2.94
B-6** Cl 6.56 7.68 7.39 7.49 3.00
p-7 Br 6.46 7.20 7.35 7.45 3.08
p-16 F 6.47 7.19 7.42 7.02 3.08

*) B (CD3),CO, **) B(CD3),SO
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XapakTepHO#l OTIMYHTENbHON 4eptoii crekrpos SIMP 'H B-6ensounos 6, 7, 16
SIBISICTCS PACCTOSIHIE MEXKLY CHTHAIAMH MPOTOHOB B monoxernnsx H* u H® dypanosoro
konbia. OHo coctasiser ot 0.72 1o 1.12 m.j.; 3TOT mapamerp A o-OeH30uHOB 38, 4, 5,
12-14 cocraBuser npumepHo 0.04—0.16 m.n. Takoe paznuuue B XMMHUYECKUX CIBUTAX
MPOTOHOB (hypaHOBOTO IUKIIA, OYSBHUJTHO, CBSI3aHO C BO3MOXKHOCTBIO conpshkeHus: Me,N-
Tpynmel C KapOOHWIBHOM rpynmoi B [-OeH3omHax. [lns o-O€H30MHOB Takas
BO3MOJKHOCTh ~ OTCYTCTBYET. JIOMOJHHUTENBHBIM JIOKAa3aTebCTBOM BOBJICUCHHUS B
comnpspkerne Me,;N-rpynmst st f-0eH30uHOB 6, 7, 16 siBisieTcs TO, 4TO CUTHAT MPOTOHOB
3TOM Tpymmbl JUIS HHUX HAXOJUTCS B Ooyiee c€naboM TMolie MO CPaBHEHUIO C
COOTBETCTBYIOIIMMH 0- U3oMepamu 3a, 4, 5, 12-14.

C npyroit CTOpOHBI, pa3inyue B XUMHYCCKUX CIBHIAaX IMPOTOHOB B IMOJOKEHHSIX
H2® 4 1% B napa-3aMeIieHoM OCH30JbHOM KOJbIle misi o-OeHzouHoB 4, 5, 12-14
Heckobko Oombine — 0.40—-1.07 m.a. (Tonbko st a-0en3onHa 13 — Bcero 0.26 m.x.), ueM
Juist B-0en3ouHoB 6, 7 T1e oHo coctapiseT 0.10 m.a. (3a uckitoueHueM P-O0eHzonHa 16 —
0.40 m.z1.). D10 sABIEHHME YKa3bIBa€T Ha BO3MOXKHOCTh COTPSDKEHHSI 3aMECTUTENS B napa-
TIOJIO’)KEHUH apOMaTHYECKOrO KOJbIla ¢ KapOOHWIBHOM Tpymnmoi B o-OeH3onmHax. B B-
OCH30MHAX TaKasi BO3MOKHOCTh OTCYTCTBYET.
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Cxema 6. Cxema pacnaja 6enzouna 14 (QHN)
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Cxema 7. Cxema pacnaga 6enzouna 12 (FAB)
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Cxema 8. Cxema pacnajaa 6ensouna 13 (FAB)
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Cxema 9. Cxema pacnaja 6enzouna 6 (AU)

Macc chekTpel TakKe MOTYT BBICTYNaThb KaK WH(QOPMATHBHBIA METOJ IS
OTHeceHUs1 OCH30MHOB K 0- WM B-psmy. Panee 310 ObLIO mokazaHo I o- u -
6enzonHoB 1a, b [1]. {151 0-O0€H30MHOB OCHOBHBIM HAIPABJICHUEM PAcIiaja CTAHOBUTCS
o0Opa3oBaHHEe apOMIILHOTO KaTHOHA M3 1apa-3aMeIeHHOTO KOJIbIIa U YacTHUIbl ¢ m/z 167
u3 ¢ypanoBoro ¢parmeHta. C 1pyroil cCTopoHbl, i B-OCH30MHOB TOMHUHHUPYIOLINM
HarpaBJIEHHEM pacmaja sBisieTcsi oopazoBanue QyporIbHOro KaTuoHa ¢ m/z 165.

Panee nmokaszan oauH npuMep OEH30MHOBON 0—[3 M30MepHU3aliK NPH HArPEeBaHUH
[5]. AHu30-0eH30MH M30Mepu3yeTcs B OCH3aHH30MH MPU HATPEBAHUH JI0 TEMIICPATyphI
riasneHus (89°C) wium npu neperoHke B Bakyyme [5]. OqHako caMonpou3BosibHas o— 3
OCH30MHOBAs N30MEPH3AIINs IIPH KOMHATHOW TeMIlepaType JI0 CUX Top Oblia HeM3BECTHA.
MOoHO NpennojaokXuTh, YTO 0—[3 OCH30MHOBAas W30MEPH3ALUS JUISI HECHMMETPHYHBIX
apui(¢dypui)0eH301MHOB MOKET OBITH 00yCIIOBJICHA ABYMs IPUUMHAMU: HAJIMYMEM aToMa
rajioreHa B napa-ToJIOKEHHH apOMaTHYecKoro Kousblia U npucyrctBuem Me,NN=CH-
3aMECTUTENsl B TIOJIOKEHUH 2-PpypaHoBoro kojbia. OueHb BAKHBIM (aKTOM SBIISIETCS TO,
YTO BO BCEX ONMCAaHHBIX HAMH Cclydasx o— [} OEH30MHOBast H30MEpPHU3ALMS IPOUCXOIUT B
orcyTcTBUM oOcHoBaHWH. Hammume Me,N-rpynmbl He MOXKET NpHIABaTh MOJEKYIe
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JIOCTaTOYHO OCHOBHBIX CBOMCTB JUIsl Karajii3a CaMOIPOU3BOJILHON allMJIOMHOBOU
neperynnupoBku. B cinywae o-OenzomnoB la, 3a, b, 4, 5 a—p auwronHoBO#
MePEerpyNIUPOBKU HE HAOIIOJACTCS.

MO’KHO TIPEAONIOKHUTD CIACIYIOIINNA MEXaHU3M 00— [3 OCH30MHOBOH U30MEpHU3alluu
0-OeH30MHOB. B HeM HeT cTamuu 00pa30BaHUS aHHOHA THITA «A:

O
H
A
I ) SOV,
S T AT

N~NMe, A 4914 N~NMe,
L o
Ar O \ -\
H OH N~NMe, *0= \
6,7,16 ar B N-NMe,

Cxema 10. IIpeanosaraemplii MexaHU3M TepMuYeckoil o—f OeH30MHOBOIT H30MepH3aUu
Ar = p-CI-CgHy,, p-Br-CgHy, p-F-C¢H,4

Bo3MokHO, #MeeT MeCTO BHYTPUMOJEKYJISIpHOE MPOTOHHUPOBAHHE aToMa
KHCJIOpOJa KapOOHWJIBHOM TIpyHIbl. OTO MNPUBOAUT K BO3PACTAHUIO BICKTPOHHON
IUIOTHOCTH Ha G*cy OopOMTain. ATOM BOJOPOAA CTAHOBUTCA BHYTPHMOJICKYJISIPHBIM
HYKJICO(UIBHBIM IICHTPOM, YTO, B CBOIO OUYEpeAb, CIYXHUT NPUYUHOU 1,2-THAPUIHOTO
CBMIa, KaK HYKJICO(QWIbHON aTaky MO KapOOHMJIBHOM TpyIIe, OKOHYATEIbHO 00pa3ys
B-6enzounsr 6, 7, 16.

Takum oOpa3om, HalieH HOBBIN BUJ 0—[3 OCH30MHOBOM NeperpynnupoBku. OHa
HE 3aBHCUT OT OCHOBHOT'O KaTajlu3aTopa M MPOHCXOIUT IPH MOBBIIIEHUH TeMIIepaTypbl
ot -20 °C 10 KOMHATHOM.

JKcnepUMeHTATbHAA YacTh

Crexrpsr SIMP 'H wmsmepsnn Ha crektpomerpe Varian VXR-300 ¢ paGoueit
4acTOTOU reHeparopa 300 MI'g TSt pacTBOpPOB COCTMHEHU B
nereponumetTwicynspokcuae win aendtepoxsiopodopme, ¢ ucroiabzoBanueM TMC B
KayecTBe BHYTPEHHETO cTaHJapTa. Macc CHeKTpbl pPEerucTpUpoBaIM Ha Macc-
cnekrpomerpe VG-70EQ 770 B pexxume FAB (Fast Arom Bombardment) u B pexume
OU  (onextpoHHas wuoHM3auus). KOHTponb MNpoOTeKaHHMs peakUud M YUCTOTHI
CUHTE3UPOBAHHBIX COeIUHEHMI ocyIecTBsuM MeTogoM TCX Ha miactunax Silufol UV-
254, am0eHT — cMech OeH3oia—u3omponaHoa (5:1), mposBuTeNb — mHapel Hoxa, yo-
nznyyenue. IlapameTpbl sneMeHTapHOW S4YeWKM W HMHTEHCHUBHOCTU 6445 oTpaxeHui
(3776 nezaBucuMmbIX, Rjyy = 0.038) m3MepeHb HAa aBTOMATHYECKOM HYETBIPEXKPYKHOM
nudpakromeTpe «Xcalibur 3» (MoKa, rpaduTtoBbiii Monoxpomarop, CCD nerekrop, w-
CKaHUpOoBaHUe, 20,.,,.= 58.36°).

CrpykTypa pacmudpoBaHa OpsSMBIM METOJIOM MO Komiuiekcy nporpamm SHELX-
97 [6]. TlomoxeHUsT aTOMOB BOJOPOJA PACCUYMTAHBI FCOMETPUYSCKH W YTOYHEHBI II0
Monenu Hae3mgHuka ¢ Uy, = NU,, Hecymero aroma (n = 1.5 mig THapOKCUIBHON U
METHJIBHBIX TPYII, N = 1.2 17151 OCTaJbHBIX aTOMOB BoZOpoaa). B kpucranie o6pa3oBaHb
KaHasel BIob HampasieHus (0 1 0), 3amomHeHHBIE pa3yIoOpSI09CHHBIM PACTBOPUTEIICM,
mpeanoaoxkuTensHo MoJekynamu JIM®A. Bxian pazynopsioueHHOTO pPacTBOPUTENS B
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JJIEKTPOHHYIO IUIOTHOCTH yuTeH mporenypoit SQUEEZE [7], peanm3oBaHHOW B
nporpamme PLATON [8]. CrpykTypa yTOYHEHa IO F? momnomarpmuneiv MHK B
AHU30TPOITHOM TPHUOIMKEHUH I HEBOJOPOIHBIX aToMoB 10 WR, = 0.171 mo 3101
orpakerussM (R; = 0.071 mo 1887 orpaxenusm ¢ F>46 (F), S = 1.07). AbconroTHas
KOH(DUrypaIisi KpECTasIa yCTaHOBJICHA Ha ocCHOBaHHHU mapamerpa dieka -0.10(13).

2-Tuapokcu-2-(2"'-N,N-gumeTuaruapa3ouuni-5""-pypua)-1-(2'-
THeHna)3TanoH-1 (3a). Pacteop N,N-mumerunruapazona ¢pypdypona (10.0 mmons, 1.38
r) B 6enzone (4 mur) gobasmiu K pactBopy 2-trenHmnrinokcais (10,0 mmons, 1.40 1) B
oenzone (14 wmur). Peakumonnyio macy Beigepxkamn npu 20°C B TedeHume 35 .,
MOJYYEeHHBI OCaloK OTQUIBTPOBANM M MPOMBUIM OeH3070M (4 M), BBICYHIMIH B
Bakyyme. [lomyueno 2.11 r (75.9 %) 2-ruppoxcu-2-(2"-N,N-aumernmiruapazonmi-5"-
dypun)-1-(2'-iennn)sranona-1 (3a), xentbie kpucTammbl, T. wi. 119—-120°C. SIMP 'H
(300 MI'w, (CD5),CO): 2.83 (c, 6H, NMe,), 4.98 (1, 1H, CHOH,%J = 6.6 T'r), 5.92 (n, 1H,
CHOH, *J = 6.6 T'ny), 6.31 (n, 1H, He,*, 33 = 3.3 '), 6.47 (n, 1H, He,*, 31 =3.3 '), 7.01
(¢, 1H, CH=N), 7.16 (1, 1H, Hy,", 3 = 5.1 T'm),7.90 (z, 1H, Hy>, 3 = 5.1 I'm), 7.91 (x,
1H, Hy?, % = 3.4 T'w). SIMP 'H (300 MI', (CD3),S0): 2.86 (c, 6H, NMe,), 5.90 (x, 1H,
CHOH,*J = 6.0 T'), 6.26 (1, 1H, CHOH, *J = 6.0 T'x), 6.39 (1, 1H,Hg,>, 3 = 3.0I'n), 6.49
(m, 1H, Hey*, 33 =3.0 Tw), 7.10 (¢, 1H, CH=N), 7.23 (, 1H, Hy,", 3] = 4.2 T'), 8.02 (x,
1H, Hy?, 33 = 3.0 T), 8.031 (m, 1H, Hy’, *J = 4.2 Tw). UK (v, cm™): 3430 (OH), 1690
(C=0), 1578 (C=N). MC (34, m/z, 1., %): 279 [M+H]" (0.58 ), 278, M", (5.76), 277
[M-H]" (3.8), 276 (22.2), 167 (21.7), 166 (13.6), 165 (100), 151 (51.6), 111 (94.1). MC
(FAB, M/z, 1., %): 279 [M+H]" (42), 278, M", (52), 261 [M+H-H,0]" (30), 167 (100),
111 (21). Haiineno (%): C 56.25, H 5.17, N 9.98. Pacu. ms Ci3H14N,05C (%): C 56.10,
H 5.07, N 10.06.

2-T'mapoxcn-2-(5"'-mernn-2""-¢pypui)-1-(2'-ruenmn)dranon-1 (3b). PactBop 2-
tuenmwirokcans (10.0 mmons, 1.40 r) u 2-merundypana (27.77 mmons, 2.28 T) B
oenzosie (9 mun) BeLAepkanu B 3anasHHOM ammyne npu 18—20°C B Teuenue 44 nuei,
nociie yero oOpaszoBaBiuuiics ocagok orduabTpoBaan u npombuin CH,Cl,. TlomydeHo
165r (74.0%) 2-ruppokcu-2-(5"-metmn-2"-pypun)-1-(2'-ruennn)srtanona-1  (3b),
GeciBeTHbIE KpUCTaIbl, T. 1. 141-142 °C. SIMP 'H (300 MI'u, CDCls): 2.24 (c, 3H,
Me), 4.26 (ym.c., IH, CHOH), 5.75 (c,1H, CHOH), 5.94 (1, 1H, Hg,*, °J = 3.3 T'n), 6.31
(z, 1H, He,®, 33 =3.3 '), 7.1 (1, 1H, Hy,*, 33 = 4.3 T'n), 7.67 (n, 1H, Hy', 3 = 4.3 '),
7.71 (n, 1H, Hyy?, 3J = 3.4 T'w). MC (FAB, m/z, .., %): 223 [M+H]" (6), 205 [M+H-
H,0]" (90), 111 (100). MC (FAB, Na*, m/z, 1., %): 245 [M+Na]" (100), 205 [M+H-
H20]+ (11), 111 (29) Haﬁ,ueHo (%) C 5952, H 4.41. Pacu. JUIA C11H1003C (%) C 5944,
H 4.53.

2-I'napoxcu-1-(4>’-merokcudennn)-2-(5’-N,N-gaumernarugpazonnapypui-
2’)-3ranon-1 (4). PactBop N,N-qumerunruapasona dpypdyposa (1.712 mmons, 0.236 1) B
Oen3oJie (2 M) IPWIKIK K pacTBopy 4-mertokcudenmrinokcais (1.8043 mmob, 0.2962
r) B 6en3one (3 mu) mpu -30°C. Peakmuonnyto cMeck Boiepxkanmu npu 20°C B Teuenne 11
IHEel, ociie yero otgunbTpoBanu. Ouiprpar ynapunu B Bakyyme 30 MM pt. ct. OcTaTok
MPOMBITH TeKcaHOM (5 MIT), BBICYHIIMUIM B Bakyyme 7 MM pT. cT. [lomyueno 0.444 r
(85.7%) 2-ruapokcu-1-(4’’-metokcudermn)-2-(5’-N,N-qumernnruapazonundypui-2°)-
sranoHa-1 (4), xentsie kpucTamsy, T. wi. 79-81°C. IMP 'H (300 MI'n, CDCly): 2.94 (c,
6H, Me,N), 3.886 (c, 3H, OMe), 5.98 (c, 1H, CH), 6.25 (n, 1H, He,>, 3 = 3.3 '), 6.33
(m, 1H, Hey*, 33 =3.3 T'w), 6.89 (1, 2H, Hegna>”, 2 =9.0 I'), 7.01 (¢ 1H, CH=N), 7.96 (z,
2H, Heena”®, 23 = 9.0 I'p). MC (FAB, m/z, 1,,,,., %): 302 M* (35), 285 [M+H-H,0]" (24),
167 (100), 135 (56). Haiineno (%): C 63.64, H 6.28, N 9.31. Pacu. mis CiH1gN,0, (%):
C 63.57, H6.00, N 9.27.
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2-Tuapoxkcu-1-(4’-gudpenna)-2-(5°-N,N-gumernaruapazouuiapypui-2’)-
stanoH-1 (5). CunresupoBaics aHamorudyno coeauuenuio 4. Beixom 90 %, xenrbie
kpucTamsy, T. wi. 108-109°C (PhH). IMP 'H (300 MI'n, CDCl3): 2.95 (c, 6H, NMey),
6.07 (c, 1H, CH), 6.31 (m, 1H, He,, *J = 3.3 '), 6.35 (1, 1H, He,*, 33 = 3.3 '), 7.03 (c,
1H, CH=N), 7.36 (c, 1H, OH), 7.43 (t, 1H, Hp,", 3J = 6.6 Tw), 7.47 (1, 2H, Hp," *, %) =
6.6 T'r), 7.60 (z, 2H, Hpn>*®', 33 = 6.6 T'w), 7.65 (1, 2H, Hegra™, 3 = 8.4 '), 8.05 (1, 2H,
Heera?®, 2J = 8.4 T'p). MC (FAB, H', m/z, loy,., %): 349 [M+H]" (36), 348 M* (40), 331
[M+H-H,0]" (29), 181 PhCsH,C(O)" (29), 167 (100). Haiineno (%): C 72.35, H 6.08, N
8.31. Pacu. nus C21H20N203 (%) C 7240, H 579, N 8.04.

2-T'uapoxcu-2-(4”’-xuopdennn)-1-(5’-N,N-numernaruapazonunadpypui-2’)-
tanon-1 (6). PactBop N,N-mumerunrumpazona ¢pypdypona (31.59 mmons, 4.365 1) B
Oenzone (5 M) mpwIWIH K pacTBopy 4-xiopdenmnrauokcans (38.53 mmons, 6.500 1) B
oenzomne (20 mur). Peaknnonnyto cmech Beyiepkanu mpu 20°C B Teuenue 4 qHeil. 3atem
MONTyYeHHBIH OCAaOK OT(QHIBTPOBAIH, MPOMBUTH OeH3070M (7 MII), W30HPOIHIOBBIM
criuproMm (15 mut), Beicymmid B Bakyyme 7 MM pr. cT. [lomyueno 5.90 r (60.9 %) 2-
ruapokcu-2-(4"’-xmopdenwn)-1-(5’-N,N-mumetmnruapazonmndypui-2°)-sranona-1 - (6),
KpacHble KpUcTawisl, T. mwi. 150-151°C (i-PrOH). SIMP 'H (300 MI'w, (CD;),SO): 3.00
(c, 6H, NMe,), 5.72 (1, 1H, CHOH, 3J = 5,1 '), 6.18 (n, 1H, CHOH, %] = 5.1 '), 6.56
(z, 1H, Hey*, 33 = 3.9 Tw), 7.10 (¢, 1H, CH=N), 7.39 (z, 2H, Heens>®, 2J = 8.4 '), 7.49
(m, 2H, Hegna?®, 33 = 8.4 T), 7.68 (n, 1H, He,*, %) = 3.9 T'm). UK (v, eM™): 3415 (OH);
1635 (C=0); 1555 (C=N). MC (3U, m/Z, 1., %): 308 M*(0,5); 306 M", [M-H,]" (4.9),
304 [M-H,]"(7.1), 166 (12.2), 165 (100), 143 (0.5), 141 (14.8), 139 (40.6), 113 (70.0),
111 (20.4), 109 (20.4). Haiineno (%): C 58.84, H 4.72, N 9.02. Pacuy. mis Ci5sH;5CIN,O;
(%): C58.73, H 4.93, N 9.13.

Kpucramier (6) monokmuuuble, CisHi7N,O3C1-0.25(C3H;NO), npu 298 K a =
26.4863(19) A, b =5.7593(5) A, ¢ = 11.2223(9) A, g = 103.999(8)°, V = 1661.0(2) A®,
M, = 325.01, Z = 4, npocrpanctBenHas rpymma C2, dy,., = 1.300 rlen’, w(MoK,) = 0.245
mm ™, F(000) = 680.

2-T'napoxcu-2-(4>’-6pompennin)-1-(5°-N,N-grumernaruapazonnadpypui-2°)-
stanoH-1 (7). PactBop N,N-mumerwnrumpazona ¢ypdypomna (2.70 mmonb, 0.373 1) B
Oensosie (2 Mi1) IpUWIKMIH K pacTBopy 4-OpoMpenunrivokcais (2.70 mmons, 0,580 r) B
oensone (20 mur). Peaknnonnyto cmech Boyiepkanu mpu 20°C B TeueHue 4 qHei. 3ateM
nosy4deHHbIi ocanok oTduistpoBanu. PactBopuiu B CH,Cly, npubaBunm rexcan (10mo).
Ocanok otdunsrpoBanu u Beicymmnn. [lomydeno 0.51 r (54.0 %) 2-rugpokcu-2-(4°’-
opomdennn)-1-(5’-N,N-mumerunruapazonamwidypun-2’)-sranona-1  (7), KOpHYHEBbIE
KpucTambl, T. 1. 127-129°C (¢ pasn.). AMP *H (300 I', CDCls): 3.08 (¢, 6H, NMe,),
5.79 (ym. C, 1H, CHOH), 6.92 (yur. ¢, 1H, CHOH,), 6.46 (1, 1H, H*,, 3] =3.9 '), 7.20
(m, 1H, H%,,, 33 =3.9 T'n), 7.32 (c, 1H, CH=N), 7.35 (1, 2H, H**conar, °J = 8,4 '), 7,45
(m, 2H, H*®cers,, 33 = 8.4 T'r). MC (DU, M/z, loyy,., %): 351 M*(28); 186 Br-C4H,C'H(OH)
(30); 165 Me,NN=CH-C,H,0-C*=0 (100). Haiineno (%): C 51.02, H 4.64, N 8.17. Pacu.
JJIA C15HlsBrN203 (%) C 5130, H 431, N 7.98.

Ounprpar ymapuiu u nomydmwmn 0.20 T (22.0 %) 2-(4°’-6pompennn)-1-(5°-N,N-
JUMeTHITHApa3zoHmndypu-2’)-sTanauona-1,2 (8), kpacHo-kopuunesas macca. IMP 'H
(300 MI'i, CDCly): 3.00 (c, 6H, NMe,), 6.60 (1. 1H, H%., *J = 3.6 '), 7.06 (c, 1H,
CH=N), 7.48 (n, 1H, B, 31 =3.6 T'n), 7.74 (1, 2H, H**cgs, °J = 8.7 T'w), 7.81 (, 2H,
H*®coma, 23 = 8.7 T'm). MC (FAB, H', M/Z, lyy.., %): 350 [M+H]" (7.8), 348 [M-H]" (8.3),
165 (100).
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2-T'uapoxcu-2-(5’-meTmwindypui-2°)-1-(4”’-xnoppennn)aranon-1 (9). Pacrtsop
4-xmopdennnranokcans (1.174 mmomp, 0.198 1) m 2-merundypana (4.215 mmons,
0.346 ) B CH,Cl; (9 M) B 3amasiHHOM ammyie Bbiaepkanu mnpu 20-23°C B TeMHOM
Mmecte B TeueHue 120 4., 3aTeM peakIMOHHYI0 CMeCh CKOHIEHTPHPOBAIN B Bakyyme 30
MM PT. ¢T. 10 1 M1 u mpummmm rekcad (5 mur). [locne Beinepxku pu 5°C B Teuenune 4
IHEl oO0pa3zoBaHHBIN ocasoK oThuinbTpoBanu u Beicynd. [lomyaeno 0.269 r (91.0 %)
2-ruapokcu-2-(5’-metundypun-2’)-1-(4’’-xnoppenmn)sranona-1  (9), keaTse
KpUcTasL, T. mwi. 86-88°C (rekcan). SIMP 'H (300 MI'n, CDCls): 2.22 (c, 3H, Me), 4.31
(m, 1H, CHOH, 3J = 6.0 T'my), 5.90 (x. u ym. ¢, 2H, He,* ang OH, %) = 3.0 I'n)), 6.21 (x,
1H, He®, 31 =3.0 T), 7.41 (1, 2H, Hegra™, 23 = 8.1 T'), 7.90 (z, 2H, Heena?®, 21 = 8.1
I'n). UK (v, em™): 3437 (OH), 1695 (C=0). MC (FAB, K*, m/z, l,,,,%): 291 [M+K]*
(20), 289 [M+K]" (49), 235 [M+H-H,O]" (45), 233 [M+H-H,O]" (100), 141
[CICsH,C(0)™] (14), 139 [CIC¢H4C(0)™] (38). Haitneno (%): C 62.10, H 4.55. Pacu. ais
C13H11CIO; (%): C 62.29, H 4.42.

2-Tuapokcu-2-(5’-merninpypun-2’)-1-(4>’-6pompenna)itanon-1 (10).
CuHTe3upoBaicsa aHaJIOTH4HO coequHeHuto 9. Beixon 63%, >xkenTble KpUCTAIUIBI, T. I
69—70°C (CH,Cl, - rexcan). SIMP ‘H (300 MI', CDCly): 2.22 (c, 3H, Me), 4.30 (ym. c,
1H, CHOH), 5.90 (ymur. ¢, 2H, He,* ang OH), 6.21 (1, 1H, He,*, 33 =3.0 '), 7.58 (1, 2H,
Hogra>®, %) = 8.7 T'), 7.82 (1, 2H, Hegua?®, %) = 8.7 T'w). UK (v, em™): 3440 (OH), 1700
(C=0). MC (FAB, H", m/z(lsy,,%): 297 [M+H]" (2), 295 [M+H]" (6), 293 [M-H]" (4),
279 [M+H-H,01" (84), 277 [M+H-H,0]" (82), 111 Me-C4H;0-CH*(OH) (100). MC
(FAB, K*, m/z(l4,,%): 335 [M+K]" (50), 333 [M+K]" (60), 279 [M+H-H,0]" (31), 277
[M+H-H,0]" (28), 111 Me-C,H;0-CH"(OH) (58), 39 K*(100). Haiineno (%): C 53.08, H
3.82. Pacu. {nst Ci3H131BrO;s (%): C 52.91, H 3.76. 2

I'mapokcu-2-(5°-meruadypun-2°)-1-(4”’-proppenna)stanon-1 (11).
CuHTe3MpOBajCs aHAIOTUYHO coenuHeHuio 9. Brixon 84%, xenTeie KPUCTAIUIBI, T. UL
90-92°C (CH,Cl, — rekcan). SIMP ‘H (300 MI't, CDCly): 2.22 (c, 3H, Me), 4.34 (yur. c,
1H, CHOH), 5.91 (yur. ¢, 2H, Hg,* ang OH), 6.21 (x, 1H, Hg,, %) = 3.0 I'n)), 7.11 (g,
2H, Hegra™®, % = 8.4 T, "I = 8.4 T'), 8.00 (mm, 2H, Hegna™®, %3 = 8.4 T, "7 = 8.4 T'm).
UK (v, cm™): 3440 (OH), 1698 (C=0). MC (DU, M/Z (lo.,%)): 123 [FCcH,C(O)*] (100).
MC (FAB, K', m/z(l,,,%): 273 [M+K]" (16), 217 [M+H-H,O]" (100), 123
[FCsH,C(O)'] (53). Haiineno (%): C 66.31, H 4.93. Calc ans Cy3H1;FO3 (%): C 66.66, H
4.73.

2-T'uapokcu-1-(4’-xuopdennn)-2-(5°-N,N-numeruaruapazonunadpypui-2’)-
stanoH-1 (12). N,N-qumernnruapason Gypdypoina (3.90 mmois, 0.539 r) npubaBuim K
oxnaxjaeHHoMmy 110 -20 °C pactBopy 4-xnopdenmirnnokcans (3.90 mmons, 0.650 r) B
Et;0 (20 mi). Peaknuonnyto cmech Beiaepkanu npu -20 °C B TeueHHe HEAEH, 3aTeM
yImapuin B Bakyyme 7 MM pT. cT. OCTaToK MPOMBLIA TeKCAHOM M BBICYIIHMIIH B BaKyyme
2mM pr. cr. Ilomyweno 0.74 r (62%) 2-ruppokcu-1-(4’’-xmopdenmn)-2-(5°-N,N-
qaMeTHITHApasonnndypmui-2’)-sranona-1 (12), xentoe Bsskoe macmo. SIMP 'H (300
MT1, (CDs3),SO): 2.85 (c, 6H, NMe,), 6.13 (ym. ¢, 2H, CHOH), 6.35 (z, 1H, Hg,>, °J =
3.3Tn), 6.42 (, 1H, He,*, 31 =3.3 '), 7.07 (¢, 1H, CH=N), 7.58 (1, 2H, Ha>°, %) = 8.1
I'm), 8.01 (1, 2H, Ha”®, %3 = 8.1 Tm). AMP 'H (300 MI', CDCl3): 2.96 (¢, 6H, NMe,),
6.01 (c, 1H, CH); 6.29 (1, 1H, He,®, °J =3.3 '), 6.34 (1, 1H, He,*, 2 =3.3 '), 7.01 (c,
1H, CH=N), 7.15 (ym. ¢, 1H, OH), 7.42 (1, 2H, Heegns’", 33 = 8.7 I'my), 7.93 (1, 2H,
Hesna™®, 2 = 8.7 T'm). MC (FAB, M/z, lyy,.., %): 309 [M+H]" (5), 307 [M+H]" (16), 291
[M+H-H,0]" (6), 289 [M+H-H,0]" (20), 167 Me,NN=CH-C,H,O-CH"(OH) (100), 141
ClI-CsH,-C™=0 (13), 139 CI-C¢H,4-C*'=0 (33). Haiineno (%): C 58.91, H 4.70, N 9.11.
Pacu. nis Ci5H15CIN,O3 (%): C 58.73, H 4.93, N 9.13.
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2-T'mapokcn-1-(4°’-opompenn)-2-(5’-N,N-gumeTnaruapazonuadypuii-2°)-
stanoH-1 (13). N,N-qumernnruapason pypdypona (2.30 mmonsb, 0.318 r) npubaBuimu K
pactBopy 4-Opomdenunrarokcans (2.30 mmons, 0.480 1) B Et;0 (20 mm) mpu -20°C,
pPEaKIMOHHYI0 cMech Bbiaepkanu npu -20°C B TeueHHe HEIENH, 3aTeM yNapuwih B
Bakyyme 1 mm pt. cT. ipu 10°C. OcTaToK MPOMBLTH TE€KCAHOM U BHICYIIMJIN B BakyyMme |
MM pr. cr. Ilomyueno 0.72 r (86%) 2-ruapokcu-1-(4>’-6pomdenun)-2-(5°-N,N-
JUMETHITHApa3oHmIpypui-2’)-sranona-1(13), TeMHOo-KOpuuHEBOE Bsi3koe Mmacio. SIMP
'H (300 MI'n, CDCly): 2.96 (c, 6H, NMe,), 6.00 (c, 1H, CH), 6.29 (x, 1H, HFUF, 33 3.3
I'm), 6.34 (n, 1H, He,*, % = 3.3 T'), 7.00 (c, 1H, CH=N), 7.58 (1, 2H, cena>", °J = 8.7
'), 7.84 (1, 2H, Hegns™®, 2 = 8.7 T'w). MC (FAB, m/z, |y, %): 353 [M+H]* (21), 352
M* (23), 351 [M+H]+ (28), 350 M" (24), 335 [M+H-H,0]" (23), 333 [M+H-H,0]" (23),
167 Me;NN=CH-C,H,0-CH"(OH) (100). 185 Ym-CsH,-C*=0 (30). 183 Br-C¢H,-C'=0
(30). Haiineno (%): C 52.01, H 4.55, N 7.82. Pacu. mns Cy5H;5BrN,O; (%): C 51.30, H
4.31, N 7.98.

2-T'uapoxcu-1-(4"’-propdenni)-2-(5°-N,N-gumernaruapazonniadypui-2’)-
stanon-1 (14).

1) PactBop N,N-mumermnrunpazona ¢ypoypona (1.404 mmonb, 0.194 1) u 4-
¢dropdenmnrmnokcans (1.615 mmonb, 0.245 r) B Oenzome (12 M) mom aproHOM B
3anasiHHOM ammyne Boiaepkanu npu 40°C B tedyenue 9 4. u npu 24°C ewe 80 4., 3aTeM
ymapuiaun B Bakyyme 10 3 mu u npubaBmim rekcad (10 mur). Beimenennoe macio
skctparupoBasin CCly (10 mi). DKcTpakT ynmapuinu B Bakyyme 2 MM pT. cT. [lomydeno
0.302 r (74.3%) 2-ruppokcu-1-(4’’-propdennn)-2-(5’-N,N-mumermnrunpazonundypui-
2’)-stanona-1 (14), xpacuas momytsepaas macca. IMP 'H (300 MI'u, CDCly): 2.94 (c,
6H, NMe,), 6.00 (c, 1H, CHOH), 6.28 (x, 1H, HFUE, 3J 3.6 I'), 6.33 (1, 1H, He,*, 3J =
3.6 I'm), 7, 00 (c 1H, CH=N), 7.15 (1, 2H, Heena™®, °J = 8.7 'y, J = 8.7 Fu) 8.01 (an,
2H, Heena™”, 23 = 8.7 T, 7M1 = 5.25 T'm;). MC (31/1 M/Z, 1o (%)): 290 M* (24) 167
Me;N-N+CH-C,H,0-C'"H(OH) (83), 123 FC¢H,C(0)" (100). MC (FAB, H', m/z,
low(%0)): 291 [M+H]" (39), 290 M*(38), 273 [M+H-H,0O]" (35), 167 MezN-N+CH-
C4H,0-C"H(OH) (100), 123 F-C¢H,-C™=0 (54). Haiineno (%): C 62.11, H 4.80, N 9.72.
Pacu. JUIA C15H15FN203 (%) C 6206, H 521, N 9.65.

W3 rexcaHoBO# (ha3el myTeM KpucTaum3anud O0wut0 BhIeaeHo 0.066 T (16.1%)
1-(5’-N,N-gumerunruapazonundypui-2°)-2-(4’-bropdennn)-srananona-1,2  (15) B
BHJIE TEMHO- KpaCHOH tBepaoii Maccer. IMP 'H (300 MI'u, CDCls): 3. 12 (C 6H, NMez)
6.63 (1, 1H, H'gr, 33 =3.9 I'), 7.03 (¢, 1H, CH=N), 7.18 (x, 2H, HC6H4 3 =87Tu, "~
H) =8.55 '), 7.40 (z, 1H, H%,, 3J=3.9 I'w), 8.12 (a1, 2H, Hegna?, 3 = 5.7 I'm, M=
5.55 Tn). MC (DU, m/z, 1., (%)): 288 M" (27); 165 Me,NN=CH- C4HZO C'=0 (100),
123 FC6H4C(O)+ (25) HaﬁﬂeHO (%) N 9.70. Pacu. JIA C15H13FN203 (%)N 9.72.

2) N,N-mumerunrumpazon ¢ypoypora (0.800 mmons, 0.110 1) mpubaBwin K
pactBopy 4-dprophenmnrmnokcans (0.800 mmoins, 0.121 r) B Et,O (20 M) mpu -20°C,
PEaKIMOHHYI0 cMeCh BhiAepxkanu npu -20°C B TeueHe 4 qHel. 3aTeM ynapwid B BaKyyMe
3 MM pr. cr. [omyweno 0.190 r (81,8%) 2-rumpokcu-1-(4”’-bropdennn)-2-(5°-N,N-
JUMETWITHApa3oHmIpypui-2’)-sTanona-1  (14), uAeHTHOUIUPOBAHOTO C MOMOIIBIO
SIMP 'H.

3) PactBop N,N-gumermnruapazona o¢ypdypona (1.615 wmmoms) u  4-
¢drophenmnrmmokcans (1.717 mmonp) B Oenzone (10 mur) Beigepkanu mpu 20°C B
3amasHHOM amiysie B TeueHHWe 7 JIHeH, 3aTeM ymapuid B Bakyyme. OCTaToOK NMPOMBLIH
reKcaHoM H BeIcymmid B Bakyyme. Ilomyueno 0.464 r (99%) 2-ruppoxcu-1-(4’’-
bropdenun)-2-(5’-N,N-numerunrugpazonundypun-2’)-sranona-1 (14),
UACHTU(QUIMPOBAHHOTO C TIOMOIIEIO criekTpa SIMP 'H.
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2-T'mapokcu-2-(4’-propdennn)-1-(5°-N,N-mumMeTnaraapasoHnadypuJi-
2°)-3TaHoH-1 (16). O6pasen 2-ruapokcu-1-(4>’-propdennn)-2-(5’-5’-N,N-
JUMETWITHAPa3oHmIpypun-2’-)-otanona-1 (14) Beigepkamu npu 10°C B TemHOTE B
TeueHue 4 mecsues. KonanmyecTBeHHas M30MepU3alys MPOU3ONLIA B 2-THUAPOKCH-2-(4-
dropbennn)-1-(5’-N,-mumerunruapazonmwidypun-2”)-sranon-1 (16), kpacHyro maccy, T.
1. 117-120°C (c pasn.). AMP 'H (300 MI'u, CDCls): 3.08 (¢, 6H, NMe,), 5.73 (c, 1H,
CH), 6.47 (1, 1H, He,*, 33 = 3.9 '), 6.93 (c, 1H, CH=N), 7.02 (mx, 2H, Ha2?, % = 8.7
Iy, J =28.7 ), 7.19 (z, 1H, Hey®, 33 = 3.9 T), 7.42 (am, 2H, Ha®, %0 =8.7 'y, 1 =
5.25 T'). UK (v, em™): 1640 (C=0), 1600 (C=N). MC (34, m/z, l,.,,(%)): 290 M* (10);
166 Me;NN=CH-C4H,0-CH=0" (81), 124 FC¢H,CH(=0)" (100). MC (FAB, H", m/z,
lor(%0)): 289 [M+H]" (58), 245 (38), 165 (76), 154 (100), 136 (80), 123 (53). Haiineno
(%): C 62.25, H 5.42. Pacu. ans Cy5H;15FN,O3 (%): C 62.06, H 5.21.

bubanorpaguyeckune ccbIKH

1. Apundypanunounnst / C. I1. Bonun, A. A. Aaumienko, A. B. Jlanannun u ap.
// Bicauk Juinponetp. yu-Ty. Cepist «Ximisty. — 2000. — Bum. 5 — C. 27-32.

2. Reaction of Arylglyoxales with Electron-Rich Benzenes and n-Excessive
Heterocycles. Facile synthesis of Heteroaryl a-Aciloins / S. P. Ivonin, A. V. Lapandin,
A. A. Anishchenko et al // Synth. Commun. — 2004 — Vol. 34. — P. 451-461

3. Mutual Influence of (Dimethylhydrazono)methyl group and a-Hydroxy Ketone
Molecules in Hetaryl Analogues of unsymmetric Benzoines / S. P. lvonin,
A. V. Lapandin, A. A. Anishchenko et al. // Eur. J. Org. Chem. — 2004. — P. 4688-4693.

4. Buck J. S. The Synthesis of Benzoins. Organic Reactions / J. S. Buck,
W. S. Ide. — New York: Wiley, 1949. — Vol. 4. — P. 269-304.

5. Julian P. L. The Thermal Interconversion of Mixed Benzoines / P. L. Julian,
W. Passler // J. Am. Chem. Soc. — 1932. — Vol. 54, Ne 12. — P. 4756.

6. Sheldrick G. A. Short history of SHELX / G. A. Sheldrick // Acta Cryst.,
Sect. A. —2008. - Vol. 64. - P. 112.

7. van der Sluis P. BYPASS: an effective method for the refinement of crystal
structures containing disordered solvent regions / P. van der Sluis, A. L. Spek // Acta
Cryst., Sect. A. —1990. — Vol. 46. — P. 194-201.

8. Spek A. L. Single-crystal structure validation with the program PLATON /
A. L. Spek //J. Appl. Cryst. — 2003. — Vol. 36. — P. 7-13.

Posrasaerses B3aEMOist cepii apuiraiokcanei 3 2-MeTuiihpypaHom Ta
N,N-gumeTuariapazonom ¢ypdyposay. I[lokazano, mo B pe3yasTaTi wHi€i B3aemoaii ceJeKTHBHO
YTBOPOIOThCH HecUMeTpHYHi OeH30iHM. Byjo BusBIeHO, 1[0 JefiKi 3 HUX 3a3HAIOTH CHOHTAHHOI
TepMiuHOi 0—f GeH30iHOBOI i30Mepu3alii B MOMEHT OTPUMAHHAX, L0 BiA0yBaeThcs 3a BigcyTHoOCTI
OCHOB, [0 BHKJHKAHO ABOMAa CTPYKTYPHHMH ¢(aKTopaMH: HasBHiCTH aToMa rajloreHy y napa-
NOJIOJKeHHI apwibHOi ckjamoBoi Ta HasBHicTb Me,NN=CH - 3amicHuka B 5-My mnoJoKeHHi
¢ypaHoBoro mukiay. 3anpomoHOBaHMIi MeXaHi3M TepMiYHOro TmeperpynmyBaHHs, II0 BKJIOYA€
BHYTPilTHLOMOJIEKYJISIpHE MPOTOHYBAHHSI NPOTOHOM TiIPOKCH-TPYNIH aTOMYy KHCHIO KapOoHiTbHOI
rpyInu, 10, B CBOK 4epry, cnpuyuHse 1,2-rigpuanuii 3cyB, sik HykJeodilbHy aTaky no KapOooOHIbHIl
rpymi, octaTo4Ho yTBopwwoun [-0enzoinu. Ilasxom kpucramizanii O0yB BugiteHuii S-izomep 2-
riapokcu-2-(4”’-xsopdenin)-1-(5’-N,N-mumernarinpasonuingypui-2’)-3TanoHa-1 Ta BcTaHoBJIeHA Horo
CTPYKTYPa MeTO/I0M PeHTreHOCTPYKTYPHOI0 aHAJI3Y.

Kouosi cnoga: 6eH30THH; apuIITIiOKCai; i30MepH3allis.

The article describes reactions of a series of arylglyoxals with 2-methylfuran and
furfural N,N-dimethylhydrazone. These interactions lead selectively to unsymmetrical benzoins. It was
found that some of the benzoins underwent spontaneous thermal a—f benzoin isomerization in situ.
The rearrangement took place in the absence of bases, which could be explained by two structural
factors: (a) the presence of a halogen atom in the para-position of the aryl moiety, and (b) the presence
of the Me,NN=CH-substituent in the 5-position of the furan ring. The proposed mechanism of the
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thermal rearrangement starts with an intramolecular protonation of the carbonyl oxygen by the
hydroxyl. This leads to the 1,2-hydride shift onto the carbonyl group, finally yielding B-benzoins. The
S-isomer of 2-hydroxy-2-(4’’-chlorophenyl)-1-(5’-N,N-dimethylhydrazonylfuryl-2°)-ethanone-1 was
isolated by crystallization, and its structure was confirmed by the X-ray crystallography.

Keywords: benzoins; arylglyoxals; isomerization.
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KBAHTOBO-XIMIYHE MOJAEJIIOBAHHA CTPYKTYPHU TA
CIIEKTPAJIBHUX XAPAKTEPUCTHUK MOJIEKYJIAPHUX
KOMIIJIEKCIB B CUCTEMI «IIEHTOH-TEPJIOH»
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KBAHTOBO-XUMHWYECKOE MOJAEJIUPOBAHUE CTPYKTYPbI
N CIIEKTPAJIBHBIX XAPAKTEPUCTHUK MOJIEKYJIAPHBIX
KOMIIVIEKCOB B CUCTEME «(I1IEHTOH-TEPJIOH»

C wucnoan3oBanuem ab initio Meron0B KBAHTOBOW XHMHH HCCJIEI0BAHBLI CTPYKTypa H
CIEKTPAIbLHBIE CBOWCTBA MOJEKYJISPHBIX KOMILIEKCOB, 06PA30BAHHBIX PACHIHPEHHBIM MOHOMEPHBIM
3BeHOM meHTamiIacra W N-peHMIGeH3aMUI0M, BOCCO3AAIOUIMMH OCOGEHHOCTH MEKMOJIEKYJISIPHOTO
B3aHMO/EIiCTBUSL B CHCTEME «IMEHTOH-Tepon». IIpeniiokeHHbIe TeOpeTHYECKHE MOIeTH aaeKBATHO
0TO0PAKAIOT CHIEKTPAJIbHbIE H YHEPreTHIeCKHe XaPAKTEPUCTHKH UCCIIEAYEMOl CHCTEMBI.

Kniouesvie cnosa: KoHHOPMAIMOHHBII aHATM3; MEKMOJIEKYISIPHOE B3aUMO/IEHCTBHE; KOeOaTebHbIE
CIIEKTPBL

BBenenue. Ilenramnact, 9acTo Ha3bIBa€MBIM Takke MEHTOHOM [l1], oTHOCHTCS K
paspsiiy MepCcrleKTUBHBIX BSHKYIIUX KOMIIOHEHTOB, KOTOPBIE MIUPOKO MCIOIB3YIOTCS IS
MOJY4YEHHUS] KOMIIO3UTHBIX MaTepHalIOB C LIEHHBIMU (PU3MKO-XMMHUYECKUMH CBOIICTBaMH U
TEXHUYECKUMH XapaKkTepucTUKaMu. Ero od4eBHIHBIMH MPEHMYIIECTBAMHU SABISIOTCS
JIOCTaTOYHO BBICOKAs TMPOYHOCTH W XWMHYECKas CTOHKOCTb, IO KOTOPBIM OH
NPEBOCXOJAUT HU3BECTHBIM MOJIMBUHWIXIOPHI, OCTABAsCh YCTOMUYMBBIM K JEHCTBHUIO
KOHIIEHTPUPOBAHHBIX MUHEPATBHBIX KUCIOT BILIOTH 10 100°C [2].

B mocnennee Bpems 3HAUUTEIBHYIO AKTYalbHOCTH MPHOOPETAIOT HCCIIEIOBAHUS
MHOTOUYHMCIIEHHBIX TOJUMEPHBIX CHCTEM, MOJy4YaeMbIX Ha OCHOBE IEHTAIlacTa, B TOM
YHUCIIE apMHUPOBAHHOTO pPa3IMYHBIMU 110 XapaKTepy BOJIOKHHUCTBIMH MaTepUaIaMH,
TaKUMH Kak nosnunapadenumnentepedraiamun (tepiaoH) [3]. Iloaromy nenpio JaHHOM
paloThl sBNSETCS AETAIBHOE TEOPETHYECKOe H3YYEHHE OCOOCHHOCTEH paBHOBECHOM
CTPYKTYPBI M KOJI€OATEIbHBIX CIIEKTPOB MOJEKYJSPHBIX KOMITJIEKCOB, PEAIN3YEMBIX B
CHCTEME IIEHTAIUIACT-TEPIIOHY, TIPH oMoIy ab initio MeTo10B KBAaHTOBON XHUMUH.

Pe3yabTaThl M X o0cy:kaeHHe. ['0BOps 0 CTPOEHUHM MaKpOMOJIEKYJIBI TIEHTOHA B
IEJIOM, CIIEYET OTMETHTD, YTO JAHHBIM TEPMOILIACT SBJSETCS MOMUMEpPHOH (hopmoii 3,3-

* Correspoding author: Tel.: +380677243352; fax: +380562455357; e-mail addres: atokar_2004@ukr.net
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Ouc(XJIOPMETIIT)OKCeTaHa [2] W BCICACTBHE OTOTO XapaKTEPHU3YeTCs CIemyromei
CTPYKTYpOii MOHOMEPHOTO 3BEHA!

[-OCH,C(CH,CI),CH,—],, (1.2)
KOTOpOE MMEET pelIaroiiee 3HaueHNe MpH 00CYKISHUH BO3MOKHBIX KOH(POPMAIIMOHHBIX
MPEBPAILICHHN, peaJu3yeMbIX B paMKax paccMaTpUBaeMoOl MakpoMmoJeKyisl. 1lpu sTom
3Ur3aroodpasHasi CTPYKTypa OCHOBHOW IENH MOJIMMEpa C MPOTHO3UPYEMBIM BaJICHTHBIM
yrmom COC, paBabiM 112°, He BBI3BIBACT COMHEHHWH, TOTAa Kak pPacCMOTPEHHE
B3aUMHOT0 pacnoiioxenus: xiopMmeTwibHbix rpymn (CH,Cl) apyr oTHocuTensHO apyra
MOJKET TIPEACTaBIATh 3HAYUTEIBHBIH MHTEpPEC C TOYKH 3pPEHUS TEOPETUUYECKOTrO
000CHOBaHUS THITHIHBIX KPUCTAITMICCKUX MOAM(UKAINN rTeHToHa [1].

B cBA3u ¢ 3TMM Ha HaydaJbHBIX JTalax HCCIEIOBAHHWA IpPHU TOMOILM METOjAa
MoekysspHor mexanuku MMX [4; 5], a mo3aHee u Teopur (PyHKIIMOHATA TUIOTHOCTH B
npubmmkennn  B3LYP/6-311++G(d,p) [6] Hamu ObulM H3ydYeHBI OCOOCHHOCTH
KOH(OPMAIIMOHHBIX TPEBPAIIEHN MOHOMEPHOTO 3B€HA IEHTAaIulacTa. TeopeTmyeckas
MOJENIb HapsAxy co CTpykTypoit (1.1) Bximrowanma Takke MOMOJHUTEIBHBIA aToM
KHCIIOPOJa, OTHOCSIIUICS K ONHM3IexkameMy 3BeHy, a TakKe KOHIIEBBIE METHIIHHBIC
Tpynmel € IeNbl0  ydera Hambollee  CYIIECTBEHHBIX  BHYTPHUMOJEKYJISPHBIX
B3auMojieicTBUi. i1 Bcex OOHapyKEHHBIX CTAl[MOHAPHBIX TOYEK OBLIM PaCCUMTAHBI
COOTBETCTBYIOIIMEC HAOOPHI KOJIeOATeAbHBIX YacTOT. [Ipy BRIYMCICHUM aKTUBAIIMOHHBIX
OapbepoB BO BHHMaHHWE NMPUHUMAINCH CIEIHAbHBIE MOMPAaBKH HAa SHEPTHIO HYJIEBBIX
koneOanmii [7; 8]. Pe3ynbraTsl pacueToB npecTaBieHs! Hke (puc. 1).

CpaBHUTENBHBIH aHAJINW3 TIOJYYEHHBIX 3HAYEHWH OTHOCHUTENBHBIX 3HEPruit
JIOKAJIM30BaHHBIX CTPYKTYpP TOKAa3all, YTO HauOoJee YCTOWYHBBIM SBISIETCS KOH(MOpMED
mpanc-mpanc-(A), XapaKTepH3YIOIIUICA MaKCUMaIbHO BO3MOXHOU MPOCTPAHCTBEHHOMN
YIaJeHHOCThI0 aTOMOB KHCJIOpPOJa W XJIOpa, HECYIIMX 3HAYUTENbHBbIE OTpUIATENIbHBIC
3apsabl. Bpamenue rpynn CH,Cl Bokpyr Onu3iiexaiinx yriepoJi-yriiepoaHbIX CBS3CH,
HANPOTHB, MPUBOJUT K MOTIAPHOMY COJFDKEHUIO 3TUX aTOMOB, BBI3BIBAsI CYIIIECTBEHHYIO
Jectabuar3auio KoHGopMaoHHsix Gopm mpanc-eou-(B) u cow-eow-(C), 4to BrioHe
COTJIaCy€eTCsd € paCCUMTAHHBIMU 3HAUCHHUAMH AKTUBAIMOHHBIX 6apbepOB HUX B3aHMMHBIX
nepexooB. [IpuHIMas BO BHUMaHHE 3HAYMTENBHBIN BKIIAJ] CHII 3JEKTPOCTATUIECKOTO
OTTaJKWBaHUS B (OPMHUPOBAHHUE CTPYKTYPHI MOHOMEPHOTO 3BE€HA MEHTAILIACTA, MOXKHO C
YBEPEHHOCTBHIO YTBEPKJIATh, YTO MaKPOMOJIEKYJIBI ATOTO MOJTUMepa OyIyT UMeTh hopMmy
CIIUpaJM, Iar KOTOPOH CYIIECTBEHHBIM OOpa3oM 3aBHCHUT OT HAIUYHUS CTPYKTYPHBIX
pa3BeTBJICHM, ONpEeNeNsis TeM CaMbIM THI  BO3MOXXHOW  KPHUCTaJUIMYECKOU
MO IU(UKALINH.

@ (-0.082) @ (-0.091) @\(—0.078)

c|:H2 (-0.606) r?\HZ (-0.592) 3'21“/ C\ (-0.593)
278 269
BONPENECN O Se OGO
3C c s C CHs 124 HsC CH;z 136 HsC c” \>c CH,
0.606)H, GH,Ha 0603)H2HZC H2/3199A (-0.593) HyH,C. H2/3_219A
(-0.070) (-0.078)
(-0.082)
mpanc-mpanc-(A) mpanc-zou-(B) 2ow-2ou-(C)
0.0 x/I:x/Mo0a1B 15.4 x/I:x/Mo01b 28.7 k/x/Moib

Puc. 1. CTpyKTypBI ycTOitUNBBIX KOH(pOPMepoB (A—C) pacIMPeHHOr0 MOHOMEPHOT0 3BeHAa IMEHTOHA, a
Tak:ke 0apbepbl AKTHBAIMH MX B3aHMHBIX NepexofoB (K/:k/Mo0.ib), oTHOcUTeIbHbIE 3Heprun u NBO-
3apsiibl HA aTomax [9], paccuntanubie B npudmmkennn B3LYP/6-311++G(d,p)

Hapsiny ¢ u3ydyeHHeM MOJEKYJSIPHOM CTPYKTYphl IIEHTOHA, B paMKax JaHHOIO
WCCIICIOBAaHUSl  3HAUMTENbHBI HMHTEpeC TPEACTAaBIseT YCTaHOBIEHHE HauboJjee
BEPOSITHOM KOH(UTYypallil MOHOMEPHOTO 3BE€Ha BOJOKHHCTOIO MaTepHuaja TepJoH,
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IPE/CTABIAIONIEr0  COOOM  M-3aMEIICHHBIC  OEH30JIbHBIC  KOJbLA, pa3/elCHHBIC
MOCTHKOBBIMH aMUTHBIMH TPYTIIIAMH:
[-NHCgH,NHCOCsH,CO-],. (1.2)
B kauecTBe TeopeTHUECKOW MOJENH, aJeKBaTHO OTpakalolleld CTPYKTypHBIE
0COOEHHOCTH TTOI0OHOTO POJIa CHCTEMBI, MOXET CIYXHUTh Moyiekyna N-hennnOeHzamuia,
JUIT KOTOPOM XapakTepHO OOpa3oBaHME MABYX HW30MEpPHBIX (HOpM, OTIMYAIOMINXCS
pacronioxXeHneM OCH30JNBHBIX KOJIEL ApYr OTHOCHTENbHO aApyra. Ilpm sTtom Obina
HOJHOCTHIO COXpaHEHa ONMCAaHHAs paHee METOAWKAa MPOBEIACHUS pacdyeToB, YTO
TTO3BOJIMJIO COMTOCTABUTH MOJTYYEHHBIE PE3yIbTaThl MEXIYy co00i (puc. 2).

Q (+0.390)
-
@

ia - - (-0.600)
(+0.677) (-0.632) ~———= (+0.669) C——
/ / 1 Ej@ //1 377 A
¢ 0'606) (x0.401) (-0.613)
cun-(A) anmu-(B)
16.9 x/I:x/Mo0JIb 0.0 x/I>x/Mo0u1b

Puc. 2. Ctpykrypsi cun-(A) u anmu-(B) popm N-pennndenzammnia kak MpoTOTHIIAa MOHOMEPHOT0 3BeHA
TEPJOHA, 2 TAKKE OTHOCUTECJIbHBIC JHEPTUU U NBO-32pH}II)I Ha aToMax [9], pacCUUTaHHbLIE B
npudaumxenun B3LYP/6-311++G(d,p)

Kaxk u cinenoBano oxxunath, Haubojee yCTOHYMBOM OKa3aiack cTpykrypa anmu-(B)
¢dopmbl. BeirosHOE NMPOCTPaHCTBEHHOE PACHOJIOKEHUE apHIBHBIX ()ParMEHTOB B 3TOM
ciry4ae crocoOcTByeT Oolee 3((EeKTHBHOMY COMPSIKEHHUIO COOCTBEHHOH HE MOACICHHOMN
AJIEKTPOHHOH Maphl aTOMa a30Ta C 7-OpOUTASIMH PACIIONIOKEHHOW B HETIOCPEACTBEHHOM
Onu3ocTy KapOOHMIIBHOW Ipynmbl. B monb3y 3TOro CBHIETEIHCTBYIOT PACCUUTAHHBIC B
pamkax NBO-Teopun 3Ha4eHus 3apsi10B Ha COOTBETCTBYIOIIUX aTOMaXx, 8 TAKKE HHICKCHI
Baiibepra csizeit C—N [10], koropsie aist cun-(A) u anmu-(B) dpopm cocrapmsitor 1.135 u
1.137 cooTBETCTBEHHO, OTpaskasi TEM CaMbIM MX YaCTHUYHO HEHACBHILCHHBIA XapaKTep.

Ha ocHOBaHMM TONYYEHHBIX PE3YNbTAaTOB, OINMKCHIBAIOIINX CTPYKTypHBIE
0COOEHHOCTH MOHOMEPHBIX 3BEHBEB KAKIOTO M3 PACCMATPUBAEMBIX TOJIMMEPOB, HAMHU
Obula MpelUIo’KeHa TEOpeTHYecKas MOJENb, BOCCO3JAIONIas WX HEMOCPEICTBEHHOE
B3auMmozeiictBue. OCHOBOHM Ul MOCTPOEHHS TAKOTO poJia CHCTEMBl MOTYT CIY>KUTb
JAaHHBIE OKCIEpUMEHTaNbHOTO0 wu3y4deHus WMK-creKTpoB KOMIIO3UTOB «II€HTAIUIacT-
TepsoH» [3], cOrylacCHO KOTOPBIM aBTOPHI MPUXOJAT K 3aKIIOUEHHIO O «XMMHUYECKOM»
B3aumozeiicteun rpynnsl CH,Cl ¢ aMmuaHo# rpynmnoi BonokHa. B peificTBurensHOCTH,
OCHOBOU i 00pa3oBaHHs MEKMOJCKYJISAPHOTO KOMIUIEKCa TaKoOTO THIA, Kak
MOKA3bIBAIOT PacueThl, CIyXaT ciadble CHIIbI 3JIEKTPOCTATHYECKOTO B3aUMOJECHCTBUS C
oOmelt sHeprueil crabunmzaumu, He mnpesblmatomed ~10.0 k/x/Mons ¢ yderom
COOTBETCTBYIOIIMX ITONIPABOK Ha OIIMOKY Cyneprno3unuu 06a3ucHbIX Habopos (puc. 3).

Omupasch Ha pPe3yabTaThl U3YUICHUS OCOOCHHOCTEH PaCTIpEeICHHsI ICKTPOHHOM
TUIOTHOCTH B paccMmarpuBaeMoi cucteme, B pamkax AlM-teopun beiinepa [11] namu
Obula  mpou3BeleHa  JIOTOJHUTENbHAS  OLIEHKAa  3HAUYMMOCTH  OOHApy>KEHHBIX
MEXXMOJIEKYISIPHBIX B3auMojeiicTBuil. COryIacHO TOJYYeHHBIM JaHHBIM (puc. 3),
HanOOJNbIINE BKJIAJbl B OOILIYI0 DHEPrHi0 CTAOWIM3al[MM BHOCSIT JIUCIIEPCUOHHBIC
B3aUMOJICHCTBUS aTOMa XJIOpa C aTOMaMH BOJIOpoJia OEH30JIbHBIX KOJIell, a HAMMEHBIINE
— C BOJOPOAOM aMHUIHOW rpynnsl. [losydeHHBIE pe3ynbTaThl BIIOJHE COTJIACYIOTCS C
OOIIETTPUHATHIMU TIPEICTABICHUSAMU O MOTEHIMAIBHONH HECIOCOOHOCTH aToMa XJIopa K
00pa30BaHMIO TUMMYHBIX BOAOPOAHBIX CBA3EH, YTO SBISETCS JIETKO OOBSICHUMBIM C TOUKH
3peHUs MOHM)KEHHOM MJIOTHOCTH 3aps/1a Ha €ro MOBEPXHOCTH.
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HsC

113.0“¢O
3,066 A

o Ga2%).- e 322A O

Cl-¢—c-C @ N O

3124/-\\ (25%)

HZC (<33%) @

113.1"@0

HsC

mpanc-mpanc-(A) + aumu-(B)
9.4 x/I:x/Mob

Puc. 3. FeomeTpuyecKue U IHEPreTHYECKUE IAPAMETPBI MOJIEKYISIPHOr0 KomIuiekca N-
¢dennabeH3aMua ¢ paclMpeHHbIM MOHOMEPHBIM 3BEHOM IEHTOHA, a TAKIKe 0011ast IHePrust
CTA0MIM3AIMH CHCTEMbI, PACCYHTAHHAS B npuOmskenun B3LYP/6-311++G(d,p)

B cBere mpeniiecTBYIOMIEr0 0OCYKIIEHUS 3HAYUTEIBHBI MHTEPEC MPEICTaBIISICT
TaKkKe TEOPETHYECKOe W3YyYeHHE KOJIeOaTeNbHBIX CIIEKTPOB PACCMOTPEHHBIX paHee
CTPYKTYp HW3OJIMPOBAaHHBIX IIOJIMMEPOB, a TakXKe MOJEKYISIPHOTO KOMILIEKCa,
MOJIyYEHHOTO0 Ha HMX OcCHOBe. Kak W3BeCTHO, MOJaBIIAIONICe OOJIBIIMHCTBO METOJOB
KBAaHTOBOW XMMHUU JArOT 3aBHIIICHHBIC 3HAUEHUS YacTOT HOPMANIbHBIX KojebOanuii [12].
Hnst Toro 9ro0bl y4ecTh CHUCTEMaTHYECKYIO OINMMOKY pacueTa, IMOJYYeHHBIE YacTOTHI
OOBIYHO YMHOXAIOT Ha COOTBETCTBYIOIIME HCIOJIL3YEeMOMY METONy W 0a3ucy
MacCIITa0UPYOIIUe MHOXKUTEIH. [lociieqHIe MOTydatoT MyTeM CPAaBHEHHUS PACCUYMTAHHBIX
TapMOHHYECKHAX YaCTOT C WX DKCIIEPHUMEHTAIBHBIMI 3HAYCHUSMU JUIA OOJNBIIOrO YUCIa
Moseky. B ciydae ucnonb3oBanHoro Hamu pacuetHoro DFT-npubmmkenus B3LYP/6-
311++G(d,p) wmacmTabupyromuii MHOXHTEIh OKa3bIBACTCS Hamboliee ONM3KMM K
enquHuue u cocrasimger 0.9986 [8]. DTo o3Hauaer, YTO OT MOJYYEHHBIX 3HAUYECHUU
KoJIe0aTeNbHBIX YacTOT CJEAyeT OXUIATh XOPOIIEH CXOIUMOCTH C HWMEIOIIUMUCS
9KCTICPUMEHTAIHLHBIMH TAHHBIMH.

[eticTBuTenpHO, HanboJiee MHTCHCUBHOW B PacuyeTHOM CIEKTPE MOJIEKYJSIPHOTO
KOMIIIEKCA OKa3anach moxoca B obmacté 1559 cm ', oTBeuaromias aepOpMAaIMOHHBIM
konebanusm rpymnmnel (NH), a Takke pacnojioKEHHBIX B HEIOCPEACTBEHHOH OJIM30CTH
apWIBHBIX (PparMeHTOB MoJieKyJ. CXOHbBIE 0 XapaKTepy, XOTsS U MEHEe MHTEHCHBHBIC
CUTHAJIBI HaxomdaTcs B oOmactu 715 m 768 cM *. BajeHTHbIE KOIeOaHHUS CBA3EH,
OTHOCSIIUXCSI K OCHOBHOM IIETIN TIEHTAIUIACTA, MTPOSBISIOTCS B BUAE TOJIOC TOTJIOMIEHUS
¢ BoJiHOBBIMHU umciaamu 1133 u 3024 CMfl, oTBevaronumu konebdbanusMm cssaseilt C—O u
amudaTHIecknx (ParMEHTOB COOTBETCTBEHHO. B oGmacti 680 cM = mexur ciadas
nosoca cBsizu C—Cl, xkoTopas B ciy4ae «M30JIMPOBAHHOI» XJIOPMETUIBHOW TPYIIIBI
pacIIMpEeHHOTO MOHOMEPHOTO 3BeHa TEHTOHAa cMemaeTcs K 685 cM ' AHanorndssie
CMEIIIEHHUS 0JI0C MOTJIOICHUS HA0II0AI0TCS M B ClIydae aMHIHOTO (pparMeHTa MOJICKYJI
N-dernnbensamuzia: ams KapOOHMWIBHOM rpymisl — ¢ 1724 10 1729 cM ', a q1st rpymsl
(NH) — ¢ 3609 110 3617 cM ' COOTBETCTBEHHO.

[lokazaHHbIe cMeIeHHUS Ul TIPUBEJCHHBIX HAOOpPOB BOJHOBBIX YHCEN V U V'
XOPOIIIO KOPPETUPYIOT MEXKIY COOOM:

v’ =(3.25+1.10) + (1.00+4.71-10"*)-v; r=1.000; 5,=0.99; n=3, (1.3)
YTO YKa3bIBACT HAa YCTOWMYHWBOCTH BOCIPOW3BEICHHS CIEKTPATBHBIX XapaKTePHUCTUK
UCCIIEyeMOM CHCTEMBI B paMKax BBIOPaHHOTO PACUETHOTO MPUOIMKeHHs [6].
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3 BukopucranHaM ab iNitio MeroxiB KBaHTOBOI XiMii AOCJIiKeHO CTPYKTYpPYy Ta CHeKTpajibHi
BJIACTHBOCTI  MOJIEKYJSIPHUX KOMILIEKCiB, YTBOPEHHX PpO3IIHPEHOI0 MOHOMEPHOI0 JIAHKOIO
neHtamiacty Ta N-denindenzamizom, mo BiITBOPIOIOTH 0COGJHBOCTI MiKMOJIEKYJIAPHOI B3aemopii y
CHCTeMi «IEHTOH-TepPJOH». 3amponmoHOBAHi TeopeTHYHi MojAesi aJeKBaTHO BigoOpaKawTh
CHEeKTPAIBLHI Ta eHepreTHYHi XapaKTePHCTHKH A0CIiKYBaHOI CHCTEMH.

Kurouosi crosa: xoHbOpMaLiitHUiA aHaIT3; MDKMOJIEKYJIIPHA B3a€MOIisl; KOJIMBANIbHI CIIEKTPH.

The structure and spectral properties for molecular complexes, which formed by added
monomer form of pentaplast as well as N-phenylbenzamide with some species of intermolecular
interaction in system «penton-terlon» have been investigated at ab initio level of theory. It is shown,
that the main contribution in total energy of molecules have included by dispersion forces, which
realized between Chlorine atom of CH,CIl-group and Hydrogen atoms of benzene rings with amide
fragment. The proposed theoretical models are validated in reflection of spectral and energetic
characteristics of investigating system. Finally, the results of calculations are in good agreement with
that data, which have been obtained for such type modeling previously.

Key words: conformational analysis; intermolecular interaction; vibrational spectra.

52



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximisi», 2013. Bum. Ne 20

References

1. Mulin, Yu. A,, Yartsev, |. K. Pentaplast, Leningrad: Himiya, 1975, 120 p.

2. Himiya. Bolshoy entsiklopedicheskiy slovar (by ed. I. L. Knunyants), Moscow:
Bolshaya Rossiyskaya entsiklopediya, 1998, p. 469.

3. Redchuk, A. S., Burya, A. |, Golovyatinskaya, V. V. IR spectra and X-ray
analysis of composites based on Pentaplast, fiber-filled terlon. Kompozitnyie materialyi,
2011, vol. 5, no. 2, p. 59-65.

4. Burkert, U., Ellindzher, N. Molecular mechanics, Moscow: Mir, 1986, 364 p.

5. Klark, T. Computational chemistry, Moscow: Mir, 1990, 384 p.

6. Becke, A. D. A new mixing of Hartree-Fock and local density-functional
theories. J. Chem. Phys., 1993, vol. 98, no. 2, p. 1372-1377.

7. Peng, C., Ayala, P. Y., Schlegel, H. B., Frisch, M. J. Using redundant internal
coordinates to optimize equilibrium geometries and transition states. J. Comput. Chem.,
1996, vol. 17, no. 1, p. 49-56.

8. Scott, A. P., Radom, L. Harmonic Vibrational Frequencies: An Evaluation of
Hartree-Fock, Moller-Plesset, Quadratic Configuration Interaction, Density Functional
Theory, and Semiempirical Scale Factors. J. Phys. Chem., 1996, vol. 100, no. 41, p.
16502-16513.

9. Shishkina, S. V., Shishkin, O. V., Desenko, S. M., Leszczynski, J. Conjugation
and Hyperconjugation in Conformational Analysis of Cyclohexene Derivatives
Containing an Exocyclic Double Bond. J. Phys. Chem. A., 2008, vol. 112, no. 30, p.
7080-7089.

10. Wiberg, K. B. Application of the Pople-Santry-Segal CNDO method to the
cyclopropylcarbinyl and cyclobutyl cation and to bicyclobutane. Tetrahedron, 1968, vol.
24, no. 3, p. 1083-1096.

11. Kolandaivel, P., Nirmala, V. Study of proper and improper hydrogen bonding
using Bader’s atoms in molecules (AIM) theory and NBO analysis. J. Mol. Struct., 2004,
vol. 694, no. 1-3, p. 33-38.

12. Butyirskaya, E.V. Kompyuternaya himiya: osnovyi teorii i rabota s
programmami Gaussian i GaussView, Moscow: Solon-Press, 2011, p. 126-131.

Haoitiuna 0o peokoneeii 28.05.13

53



ISSN 2306871 X. Bicuuk /[ninponerpoBcbkoro yHiBepcutery. Cepist «Ximist», 2013. Bum. Ne 20

V]IK 546.76

Lena A. Chernushenko®, Anastasiya V. Kislicina

Oles Honchar Dnipropetrovsk National University, 72, Gagarin Ave.,
Dnipropetrovsk 49010, Ukraine

THE STRUCTURES OF COMPLEXES OF CHROMIUM(I1) WITH
CYSTINE AND ETHYLGLYCINE

Enena A. Yepnywmenko, Anacracus B. Kucnunpna
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CTPOEHHME KOMIIJVIEKCOB XPOMA(III) C HUCTUHOM "
ITUJITJININHOM

Onena O. Yepnymienko, Anacracis B. Kucnuiuna

Jninponempogcoxuii nayionanvuuil ynigepcumem imeni Onecs I'onuapa, np. I'acapina, 72,
Lninponemposcox 49010, Ykpaina

BYJIOBA KOMIIJVIEKCIB XPOMYIII) 3 HUCTUHOM TA
ETHITIJIIOIUTHOM

Cunre3oBaHi kommiekcHi cnoayku xpomy(III) 3 OineHTATHO KOOPAMHOBAHMM IHCTHHOM
[Cr(Cys-Cys)s] (I) Ta moHOAeHTATHO KoOpAMHOBaHUM eTuiariinuom [Cr(HAbu);(H,0)3]Cl; « H,O (I1).
Koopaunauis amiHokucaor, 3a ganumu IY-cmekpiB, BigOyBaerbes 3a gomomoro OkcHureHny
KapGoKCHIbHOI rpymn: v(COO)-v,(CO0)=236 em™ mst emoamyku (I) Ta v(COO)-v,(CO0)=232 cm™!
s cnoayku (II). BuBueHi eJIeKTPOHHI cleKTpH KOMIUIeKCHUX cnoayk xpomy(I1l). ¥ Buaumiii o6macTi
CIOCTEePiralThest ABi CMYru mnepexoay: 4Tlg(—4Azg H 4ng(—4Azg, Ta B Y®-o0JacTi 4T19(P)(—4Azg.
HaBeseni pe3yabTaTH po3paxyHKy mapamerpiB Kpucragiunoro moasi: Dq = 1790 em™, B = 560.57 cm™
ta B =0.54 1 (I), Dq = 1786 em™, B =504.53 cm™ u B = 0.49 pas (ID).

OTpuUMAaHO KOMII’'I0TePHY MoJeJIb MPOCTOPOBOi OY10BU TPHC-HUCTHHATY Ta TPH-eTHATIIIUHATY
xpomy(III) 3 Bukopuctanuam mporpam Chemcraft u WinGAMESS. Po3paxoBaHo KyTH i 10B:KMHH
3B'f13KiB.

Kntouogi crosa: XpoM; KOMILIEKCHI CITOJTYKH; aMiHOKUCIIOTH

Beryn. MikpoenemenT XpoM Bigirpae BaJIMBY pOJIb y BYIJICBOAHOMY Ta
JKUPOBOMY OOMiHI opraHizMy. AMiHOKHCIOTHI kKoMmruiekcu xpomy(Ill) HOpMami3yroTh
TOJIGPAHTHICTh JI0 TJIIOKO3HM, 3HWXKYIOTh piBeHb XolsiecTepuHy KpoBi [1]. Cmomyku
xpomy(IIl) € HETOKCHYHUMH, TIOPIBHIHO 3 HeOpraHiuHUME aHajgoramu [2]. IlepeTBopeHHs
XpoMy B OpraHi3Mi TIOB’sI3aHO i3 B3a€MOJIIEI0 HOTO 3 TAKUMU OioJiraHgamu, sK MMEeNTHINA
Ta aMiHOKHCIIOTH.

Panime [3] moka3zaHo, 1m0 XpoM € OJHUM 13 HeOaraTbOX KaTiOHIB, JJI SKHUX
KOOpJMHAIIS 3 IBOMa OCHOBHMMH JOHOpHMMH LeHTpamu amiHokucior (NH,, COO)
MOJKJIMBA B HAHPI3HOMAaHITHIIINX CIIONYYCHHSX B 3QJIC)KHOCTI BiJl yMOB CHHTE3Y.

MeToro poOOTH € JOCHIHKCHHS OyIOBH BHUIUICHHWX B IHIMBIAyaJbHOMY CTaHI
KoMIIeKCHUX crnonyk xpomy(Ill) 3 nucTHHOM Ta eTWNrIinMHOM, SIKi OyJaM OTpUMaHi y
KHCJIOMY CE€PEIOBHILI.

MeTtoaunka exciepumenty. Komruiekcu xpomy(lll) 3 6ineHTaTHO KOOPANHOBAHUM
OUCTUHOM Ta MOHOAEHTATHO KOOPAMHOBAHMUM ETWIMJIILMHOM OTPUMAlM TMPSMOIO
B3aemoziero xjopuny xpoma(lll) 3  aMiHOKHCIIOTOIO, Y3STUX B  MOJSIPHOMY

* Correspoding author: Tel.: +380567768253; fax: +380563749841; e-mail addres: linechern@mail.ru

© Onmnena O. Yepnymenko, Anacracis B. Kucnuuna, 2013
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CHiBBiTHOMIEHH] MeTa:irany 1:3.

Koopaunamiitna ¢hopMyina BUAiIEHHX KOMIDIEKCIB Oyiia BUBe/ileHa Ha OCHOBI JJaHUX
IU—cnexrpockomii (Specord 75 IR, tabnerku KBr), enekrponnoi cnekrpockormii (CD-46,
BOJHI po3umnn koHuentpauii 107 — 10° Monb/1) i KOHIYKTOMETPHUYHHX BHUMIpIOBaHb
(MicTok P-58), BoxHi po3unny KoHIEHTpamiero 107 Moms/n y TepMOCTaTOBaHIi KOMIpIIi 3
IUIATHHOBUMH €JICKTPOIaMH ). BUIiIeHi CrioyiyKu aHami3yBaiyd Ha BMicT XpoMmy (Tads. 1).

Tabauys 1
Bmict XpoMy B KOMILIEKCaX Ta BEJIMYHMHH MOJISIPHOI €J1eKTPONPOBiTHOCTI
Cronyka Po3paxoBano, % 3HaiineHo, % 11,cM/OM-MOITB
[Cr(Cys-Cys)s] 6.89+0.14 6.74 32.50

PesyabTati Ta ix oOroBopenHs. OTpumaHi KOMIUIEKCHI CIIONYKH MAIOTh
okTaeApuuHy OyznoBy. B cnomykax xpomy(lll) y Buammiii oGnacTi croctepiratoTbesl IBi
CMYyTH, WIO BIAMOBIAAIOTH TEpexomam 4Tlg<—4Agg u 4ng<—4Azg, B Y® o0Omacrti
3HAXOJUTHCS IIe OJHA CMyTa 4Tlg(P)<—4A2g J1s KimbKiCHOT XapaKTEPUCTUKH CIIEKTPiB
Oynm po3paxoBaHi BENIWYMHHM TapaMeTpiB po3dervieHHs Dq, ta Bigmosimao B m f3, sxi
BUKOHAaHO 32 METOJIMKOI0, BUKIAJEeHOI B [4]. PesympTaTéi po3paxyHKy HaBeIEHO B
TabmI 2.

Tabnuys 2
IapameTpu KpucTajJiuyHOro moJisi kommiekcis xpomy(IIl) 3 amiHokuca0TAMHU

Kommexc [epexin v, emt Dq B B B°, %
*Pog—"T14(P) 35710

[Cr(HAbu)(H,0)s]* “Pog—"T14(F) 23260 1786 | 504.53 | 0.49 | 51.016
e P () 17860
Ao T1y(P) 38500

[Cr(Cys-Cys)s] 4A2g—>4Tlg(F) 23800 1790 560.57 0.54 45.576
Ao T4(F) 17900

3a ganumu [Y-criekTpa MUCTHH Ta €TWINIILMH Yy KOMIUIEKCaxX KOOPAMHOBAHI 3a
JIOTIOMOTOI0 ~ KapOOKCWIIbHOT Tpynu. JIOHOpHI TeHTpH JiraHay BCTaHOBJICHI 3a
HACTYITHUMH JaHHMH: BiJICYTHI CMYTH TOTJIMHAHHS BaJICHTHUX KOJMBaHb IMPOTOHOBAHOL

kapGokcuabHOi rpym V(COOH) = 1730 cM™; BigMiuaeTsest 3HAYHA PI3HHIS Vag(COO)-
vs(COQ), xapakTepHa Jiisl KOOPUHOBAHOTO KapOokcuity [5].

Tabnuys 3
BinHeceHHs1 JOHOPHMX LEeHTPIB Jgiranay 3a ganumu I'Y-cnexrpockomnii
[Cr(HADbu)3(H,0)5]Cl; -H,O [Cr(Cys-Cys)s] Bignecenns

540c. 540m. p(CO0O)
586¢p. 570cm. v(Cr-0O)

1116 1028 o(C-CN)

1380 1376 v¢(CO0O)

1486 1480 S(NH3")

1576, 1612, 1640 1572,1612, 1636 S(NH3")+v,5(COO")+5(H,0)

2800 - 3010 2900 - 3200 v(NHz"
3420 3420 v(0O-H)

3a nmomomororo mporpam Chemcraft i WINGAMESS oTpuMaHO KOMITIOTEpHY
MOJIENB TPOCcTOpoBoi OymoBH TpH-tucTuHaty Xpomy(IIl) [Cr(Cys-Cys)s] (puc. 1) Ta Tpu-
erwrainuaaty xpomy(Ill) (puc. 2). Ilpu po3paxyHKax BpaxOBYBAJIOCS, IO KOMIUIEKC
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[Cr(Cys-Cys)s] € BHYTPIIIHBOKOMILIEKCHOIO CIUTIO — 3apsiii BHYTPIMIHBOI chepu
mopiaioe 0, a mwrs [Cr(HAbu)s(H,0)s]*" 3apsn BHyTpimmboi chepn popiBHioe +3.
MynbTUTIETHICTS TOPIBHIOE 4.

Ilpu pocmimkenHi OyAoBM iHTepec NpEACTaBIsE, HacaMmmepen, HaiOiIbII
onTAManbHa KOH(OpMAIlS Ta B3a€EMHE PO3TAIIyBaHHS JITaHIiB y BHYTPIlIHIN cdepi
KOMIUIEKCY, MOKJIMBI KyTH, JOBKMHH 3B'SI3KiB, a TaKO)XK BOIHEBI 3B's3kH. Kputepiem
HAsSBHOCTI 200 BiJICYTHOCTI 3B'SI3KY € JIOBXKHHA 3B'SI3KY.

Pesynprat  KBaHTOBO-XIMIYHMX  pO3paxyHKIB  IOKaszajid, IO  TpPH-
ermnrminmaarTpraksaxpom(I1D)-iton [Cr(HAbU);(H,0)s]** Moxe icmysatn y Burmsiai muc
130Mepy.

75 68 10

/é; L4 5977
& 66 2 - 4& 34

7 58

36
3 7960 37 = 20

9
g1 7 52 q

| e
g 16 3 f 55}
7 24

10
17 o \r i
! 14 93 12
¢ % b N 57
230
Puc. 1. Tpu-uucrunat xpomy(I11) Puc. 2. Huc-rpuetwirainunat xpomy(11I)

[MpoananizyBaBIIM MOXJIMBI 130MEpH, BHXOJSYM 31 3HA4YEHb KYTIB 3B'SI3KY,
PO3paxyHKH MOKa3ald, L0 MIPU MOHOACHTaTHIH KoopauHauii eTniarmiuuHy OKCHIeHOM
KapOOKCHIIBHOT TPYITH, MEHIIIE BUKPUBJIICHHS Ma€ KOOPJIWHAILlIHHHUNA BY30Jl, III0 MICTHTh
MOJIEKYJIX BOJIU B TPAHC-TIOJIOKEHHI 10 aMiHOKUCIOTH (Tabi1. 4).

Tabauys 4
I'eoMeTpHYHi MapaMeTpH KOMILIEKCIB
Kyt 38’513y JloBxuHa 3B’ 13Ky, A
Xpomy(l11) 3 muctuaOM [Cr(Cys-Cys)s]
1 2 3 4

O (4)-Cr(1)-0(3) 76.0998

O (4)-Cr(1)-0(2) 125.3880

O (4)- Cr (1)- O (40) 36.4343

O (4)- Cr (1)- O (65) 104.7380

O (4)-Cr(1)- 0 (15) 115.7020 Cr (1)- O (65) 1.949

O (3)- Cr (1)- O (40) 44.0268 Cr (1)- O (15) 1.990

O (3)-Cr(1)- O (15) 129.7810 Cr(1)-0(2) 1.987

O (3)-Cr(1)-0(2) 55.3846 Cr(1)-0(3) 1.932

O (3)- Cr (1)- O (65) 150.3690 Cr (1)- O (40) 1.868

O (2)- Cr (1)- O (40) 88.9787 Cr(1)-0(4) 1.894

O (2)- Cr (1)- O (65) 106.2040

O (2)- Cr(1)- O (15) 114.3000

O (40)- Cr (1)- O (65) 122.3860

O (40)- Cr (1)- O (15) 145.2230
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IIpooosoicenns mabn. 4

Xpomy(I11) 3 ermrminmaom [Cr(HAbU)s(H,0)5]*

3 2
0(4)- Cr(1)- O(5) 101.1970

0(@3)- Cr(1)- O(4) 97.6904

0(2)- Cr(1)- O(6) 85.2527

0(6)- Cr(1)- O(5) 75.9585

0(2)- Cr(1)- O(4) 106.1390 88 gg; o
0(@3)- Cr(1)- 0(2) 89.2028 o) cre Lo
O(4)- Cr(1)- O(7) 81.7451 0(5)' c (1) 1979
o(7)- Cr(1)- O(2) 557773 o6 orth) o
0(6)- Cr(1)- O(7) 87.8710 08: C;&; o
0(5)- Cr(1)- 0(3) 70,9816 :
0(@3)- Cr(1)- O(6) 103.6380

O(4)- Cr(1)- O(6) 155.9930

02)- Cr(1)- O(5) 148.1260

TakuM YMHOM, KOOPIWHALS IHUCTIHY Ta €THIAMTINHUHY A0 XpOMYy y pPO3UMHAX B
c1ab0 KHUCIIOMY CEPeIOBMII BiIOYBA€ThCS 3a JONOMOTor0 OKCHUTeHY KapOOKCHIIBHOT
TPYIH IIPH BUTbHINA IPOTOHOBAHIM aMiHOTPYTIi 3 YTBOPEHHSIM OKTaCAPUIHUX KOMILIEKCIB.

OTtpuMaHi AaHi Mal0Th OUTBII TOBHE YsBIEHHS po PpyHKIiroHIOBaHH XpomMy (1) B
OilocucTeMax 1 MOKIIMBICTh YTBOPEHHS HUM 3B’SI3KiB 3 aMiHOKHCIIOTAMH Ta OiJTKaMH.
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CunTe3upoBaHbl KoMILIeKCHbIe coenuHenusi xpoma(lll) ¢ OuaeHTaTHO KOOPIAMHOBAHBIM
HUCTHHOM [Cr(Cys-Cys)s] (I) ¥  MOHOAEHTATHO  KOOPAMHHPOBAHHBLIM  JITHJITIUIHHOM
[Cr(HADbu)3(H,O)]Cl; » H,O (II). Tlo pannbiM  HK-cnekpoB KOOPIHHAUMS aMHHOKHCJIOT
OCYIECTBISIETCS  KUCIOPOIOM  KapOoKcHIbHoii  rpymmbl:  vo(COO)-v,(COO)=236 v’  mus
coexmuenns (I) 1 vy(COO)-v,(COO)=232 em™ aas coequuennsi (II). U3ydeHbI 21eKTPOHHDBIE CHEKTPBI
KOMILIeKCHBIX coefruHenmii xpoma(Ill). B Buaumoii ofnactu Had/ogar0TCsl ABe IO0JIOCHI epexona:
4Tlg(—4Azg " 4ng(—4Azg, u B Y®d-odaactu 4Tlg(P)(—4Azg IlpuBeneHbl pacyersl NapamMeTpoB
KpucTanInyeckoro moas: Dq = 1790 em™, B = 560.57 cm™ u B = 0.54 gas (I), Dq = 1786 cm™,
B=504.53 cm m B =0.49 nas (ID).

IToryyeHa KoMNbIOTepHasi MOJeJIb NMPOCTPAHCTBEHHOT0 CTPOEHMs] TPHC-UUCTHHATA W TPH-
syruaraununara xpoma(lll) ¢ ucnonn3oBanuem nporpamm Chemcraft 1 WinGAMESS. Paccuutansi
YIJIBI ¥ JJIMHBI CBsI3€ii.

Kniouesvie crosa: Xpom; KOMIUIEKCHBIE COCMHEHHUS; aMUHOKHCIIOTEL.

The reaction of chromium chloride(111) with the amino acids cystine and ethylglycine in a molar
ratio of metal to ligand as 1:3 was implemented. Bidentate coordinated cystine [Cr(Cys-Cys)s] (1) and
monodentate coordinated ethylglycine [Cr(HAbu);(H,0)s]Cl; « H,O (11) were synthesized.
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IR spectroscopy method was used. It was found that the amino acids were coordinated by
oxygen of carboxyl group: v{(COO")-v,(COO") = 236 cm™ for compound (I) and v{(COO)-v,(COO") =
232 cm* for compound (I1).

It has been investigated the electronic spectra of complex compounds of chromium(lll) with
amino acids as bidentate coordinated in compound (I) and as monodentate coordinated in compound
(11 in solution. Three-ethyl glycinate and three-cystinate have the octahedral structure. Two bands of
transition were observed in the visible part of the spectrum “T;g«"A,, and “T,e¢"Ayg, one band of
transition was observed in UV- spectrum, 4Tlg(P)<—“Azg. It was submitted the results of calculations of
crystal field parameters: Dq = 1790 cm™, B = 560.57 cm™ and B = 0.54 for compound (l), Dq =
1786 cm, B = 504.53sm™ and B = 0.49 for compound (11).

The computer three-dimensional models of structure of such chromium(l11) complexes as three-
cystinate chromium (I11) and three-chromium glycinate were created. Quantum-chemical modeling
programs Chemcraft and WinGAMESS were used. Angles and bond lengths were calculated.

Key words: chrom; complex connections; aminoacides.
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CHEMICAL PROPERTIES OF 2,3-DIHYDRO-1H-1,5-
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XIMIYHI BJACTUBOCTI HOXIJITHUX 2,3-AUT'TAPO-1H-1,5-
BEH3OIA3SEIIIHOHY-2 — OI'JISIA JIITEPATYPU
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XUMHYECKHUE CBOMCTBA MPOU3BOJIHBIX 2,3-TUTAJIPO-1H-1,5-
BEH30UA3EIIMHOHA-2 — OB30P JIUTEPATYPbI

IIpencraBuTe i KOHAEHCHPOBAHHBIX TeTEPONMKIMYECKHX CHCTEM, COAeprKallue ABa aToMa
a30Ta B CEMHWICHHOM KOJbLe — 0eH30/Ha3eNMHbl U MX NPOU3BOJHBIC, SIBJISIOTCH MHTEPECHBIMH M
BAXKHBIMH 00bEKTAMH KAaK B TeOpPeTHYeCKOM, TAK H B NPUKJIAAHOM acnekTax. OHM NPHBJIEKAIOT
NMpUCTATbHOEe BHHUMAaHHE HCCJIeoBaTeleii B CBA3M € BBICOKOH M Pa3HOOOpa3HOW OMOJI0TrHYECKOM
AKTHBHOCTBIO, NPHCYIIell MpeACTABUTENsAM 3Toro kiaacca. Cpeau HHUX HaiileHbl TPAHKBHJIM3ATOPBI,
BellleCTBA, obagaonmme ceJaTHBHBIM, aHAJIbTeTHYECKHM, AaHTHKOHBYJIHCHBHBIM,
NPOTHBOBOCHATNTEIHLHBIM H MPOTHBOONYX0JI€BbIM JIEHiCTBHEM.

Hannyue B Mmougekynax 1,5-0eH30AHa3eNIMHOB HECKOJbKHX PEAKIUOHHBIX IEHTPOB
npeaonpenessieT pasHoodpa3ue HampabJIeHHil peakuuil ¢ 3JIeKTPOPUIBHBIME U HYKJI€0(PUILHBIMH
peareHTaMH Pa3IMYHbIX THIOB.

B 0030pe paccMOTpeHbI peaklUu JIeKTPOPUILHOI0 3aMelleHHus] MPOU3BOAHBIX 2,3-AMTHIPO-
1H-1,5-0en3onna3enuHoHOB-2 (HUTPOBaHHE, TaJOreHUPOBAHUE, AJKWJIMPOBAHHE, ANMJIMPOBAHHeE,
¢opmuaupoBanue u apyrue). IlpuBeaeHHble JaHHbIe CBH/IETEJbLCTBYIOT, YTO HaNpaBJieHHe peakuMii
onpefeasieTcsi CTpoOeHHEM KakK cy0cTpara, Tak M 3JIeKTPOGHILHOIO areHTa, H TaKk:ke MOXKeT 3aBHCETh
OT YCJI0BHii MPOBeIeHNsI PeaKIii: TeMIepaTypsl, MPOX0LKATEILHOCTH, MPHPOALI PACTBOPHTES.

IlpoBenen anaan3 peaxknuii 1,5-0eH30QMa3eNMMHOHOB-2 ¢ HYKJEO(PUJIbHBIMH peareHTaMu
(TMAPa3HHTHAPATOM, GEH30UITHAPA3HHOM, THAPOKCHIAMHHOM, MPOM3BOAHBIME Munepa3uHa). Ocodoe
BHHMAaHHE YJeJCHO PeaKNMsAM PelUKJIM3ALMH CeMH3BEHHOro uukJa. PaccMOTpeHbI 0cO0eHHOCTH
peakuuii monydenust 1,5-0eH3011a3eNMUHOHOB C AHHETHPOBAHHBIMHU IIHKIAMHU.

Kniouesvie cnosa: 1,5-murunnpo0eH30Ma3eUHONHBI-2; OHOJOTHYECKass AaKTUBHOCTB, pPEaKIUN
SIEKTPOPUIFHOTO 3aMEIIeHNUS; PEaKIINH ¢ HyKIeO(pUIbHEIMI peareHTaMu.

Beenenue. bonbiioe BHMMaHue, yAeIsAeMOe XMMHHM — OCH30JIMA3CIHHOB,
00YCJIOBIIGHO BBICOKOW M Pa3zHOOOpa3HO OMOJOTHYECKON AKTHBHOCTHIO COCIWHEHWH
storo psnpa. Cpenu mocieqHux HaubOosee 00CTOATENbHO M3yUueHb! 1,4-0€H30/11a3eNrHbI,
MHOTHME W3 HHX HAlDIM IIUPOKOE NPHUMEHEHWEe B JiedyeOHON mpakTuke. MeHee
M3YYCHHBIMH B STOM IUIAHE SBIISIOTCS TUTHAPO-1,5-0€H301Ma3eTMHOHEI.

* Correspoding author: Tel.: +380567768223; fax: +380563749841; e-mail address: gaponov_aa@mail.ru
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[IpoBeneHHble paHee MUCCIEAOBAHUS MOKA3AIH, YTO MHOTHE TPEICTABUTENN ATOTO
KJlacca TPOSBISIIOT Pa3zHOOOpa3Hyr0 OMOJOTHYECKYI0 aKTHBHOCTH (aHaJIBI€THYECKYIO,
MPOTHBOBOCTIATUTEIBHYIO, JKapOTOHIDKAIOIIY0, MPOTHBOCYAOPOKHYIO U apyrue) [1-3].
Hanuune B Monekynax 1,5-0¢H30Ma3eMHOB HECKOJIBKUX PEAKIMOHHBIX IIEHTPOB
MpeonpeenseT pa3HooOpa3ue HampaBlIeHWH peaknuid C  JJIeKTPOPWIBHBIMH U
HYKJICO(UIBHBIMH peareHTaMH Pa3InIHBIX THUIIOB.

B macrosmiem 0030pe paccMmarpuBaroTcs  peakuuu  2,3-muruuppo-1H-1,5-
OCH30/IMa3EMTMHOHOB-2 ¢ 3JCKTPOMUIBHBIMU U HYKJICOPHUIBHBIMHA peareHTaMu. JlaHHas
pabora sBIsSETCA MPOROIDKEHHEM o0030pa [3], HOCBAIIEHHOIO METOAaM CHHTE3a U
W3YYCHUIO OWOJIOTUYECKONH aKTUBHOCTA MPOU3BOAHBIX -1,5-0eH3011Ma3enmMHOHOB-2.
0030p COIEPKUT 00CYXKCHHUE JOCTYIMHOM TUTepaTypsl 0 2012 T. BKIIOYUTEIHHO.

B3aumopneiictBue npousBoaHbix 2,3-muruapo-1H-1,5-0eH30ama3enuHoHOB-2 ¢
JIeKTPOPWILHBIMHA peareHTamMu. V3 peakiuii 31eKTpoQriIbHOTO 3aMEeIICHHS Hanboiee
IIOJIHO N3Yy4YCHBI peaKkuun HUTpPOBAaHUA, raJIOrCHUpPOBaHuA, AJIKUJIMPOBAHUAA,
arrpoBanust 1 popmunupoBanust. Tak, eme B 1974 r. Ilyomkionaiite u Tanaiikute [4]
YCTAaHOBWIM, YTO HuTpoBaHue 4-metui-1H-1,5-6en3onnasenunona-2 (1) cmechbio
A30THOKHMCJIOTO Kajlusi M CEPHOM KHCIOTHI TPUBOJUT K OOpa3oBaHHIO 7-

HHUTPOTPOM3BOAHOTO (2).
H O H O
N N
:? :/2
N= NO;~ /\: :N/
, CHs , ChHs

HutpoBanue  8-merokcu-4-metui-1,5-0eH3011a3enuHOHA-2 OPUBOJUT K
MOJY4YEHHIO, HapsAy C 7-HUTPOIIPOM3BOIHBIM 9-HUTpou3zomepa [5; 6]. DnexTpoduinbHoe
3aMelIeHUe B JaHHOM CIllyyae MOMYMHAETCS BIMSHUIO CHIBHOIO 3JIEKTPOHOAOHOPHOTO
3aMecTUTeNsl (METOKCUTPYNIBI). beH30aua3enuHonbl, WMEIONINe 3aMecTUTeIH B 7-
MOJIOKECHNUH, HUTPYIOTCS B 1, 8 W 9 NONOXEHUs, NPUYEM COOTHOLIEHHE MEXIY
NPOAYKTaMU PEaKUUM 3aBUCUT OT IPHUPOABI 3aMECTHTENs] B OCH3aHHENIHPOBAaHHOM MU
JIMa3eMHOBOM KOJIbIax [7].

B 10 e BpeMs HuTpoBanue 7-metui-4-pennn-1,5-0eH3011a3enMHOHA-2 IPUBOIUT
K 00pa3oBaHUIO 8 HUTPO- U 9-HUTPONPOMU3BOIAHBIX MOYTH B PaBHBIX KOJIMYECTBaX, a -
HUTPOM30MEp BbAEIEH He Obul. 3aMeHa (EHWIBHOIO paauMKalza Ha  1I-
METOKCU(CHWIBHBI eIlle CHJIbHEe W3MEHSET COOTHOIIEHHE M30MEpOB, M MpHU
HUTPOBAaHUM COEIMHEHUSI ObUI BBIAEIEH TOJBKO §-HUTPO-4-TI-METOKCU(EHUII-/-METHII-
1,5-0eH301na3zennHoH-2.

7-Xnop- u 7-6pom-4-metui-2,3-nuruapo-1H-1,5-6eH3011a3eNMMHOHBI-2 OKa3aJIHCh
WHEPTHBIMH K HUTPOBAaHUIO a30THOKUCIBIM KalWeM B KOHIICHTPUPOBAHHON CEpHOM
KHCJIOTE [5;8]. Ilpu  wuTtpoBanuum  7-xnop-4-penun-2,3-guruapo-1H-1,5-
OCH30/IMa3eNMMHOHA-2C HEe3HAYUTEILHBIM BBIXOIOM 00pa3yeTcs TOJIbKO 9-HUTpOU3oMep; B
TO XK€ BpeMsi BBEJCHHE B TOJOXKeHUE 4 M-METOKCU(EHWIHLHOTO pajHKajia MPHBEIO K
oOpa3oBaHui0 8-HUTpOM3oMepa [9].

B paborax [10-14] nokasano, 4yto ramoreHupoBanue 3-R-4-henun-2,3-muruapo-
1H-1,5-0eH3011a3€MMHOHOB-2 (3a-e) N-x;10p(6pOM)CYKITHHUMHIOM B
YETBIPEXXJIOPUCTOM yIriiepoe HW OpOMOM B YKCYCHOH KHCJIOTE TIPOTEKaeT IIo
METHJICHOBOM  rpymme ¢ oOpa3oBaHueM  3-xiop(OpoM)mpousBoaHbIX  (4a-€).
XnopupoBanue coequneHus (3a) neiictBreM 2 Mosib N-XJIOPCYKIIMHUMHEIA TTPUBOJINUT K
obpa3zoBanuio 3,3-auxsopnpou3Boauoro (5).
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H O
R N Hal
— @
N
3a-e

4a-e 5

R = H (a), CI (b), CHs (), CH3O (d), Br (e).  Hal = Cl, Br.

B3aumopeiictBieM auasenuHoHa (3a) ¢ AKBUMOJBHBIM KOJHMYECTBOM XJIOPHUCTOTO
cynbdypuia ObUTH MOMTYYCHBI 1BA MOHOXJIOpIpou3BoaHbIX (6, 7). B To e Bpems mpu
JCUCTBUU 2 MOJIb XJIOPUCTOTO Cyibdypuiaa Ha quazenuHoH (3a) ObuiM BbIAEICHBI 1,3-
auxinop-4-pennn-2,3-gurunpo-1H-1,5-6en3oanazenunon-2 (8) u 3-xnop-4-n-
xnoppennn-2,3-nuruapo-1H-1,5-6enzonnazenunon-2 ~ (9),  CTpykTypa  KOTOPBIX
HO,I[TBCp)KILeHa CHEKTPaIbHBIMHU TAHHBIMU U BCTpe‘IHLIM cuntesom [14; 15].

Qf@@f@ @% @%

9

PemoceneKTnBHo MpOTeKaeT  XJIOopupoBaHWe ©  OpommpoBanme  1,5-
0eH30/IMa3eMUHOHOB-2, COJEPXKAIINX B TMOJOXKEHHH 4 IHKJIONPONMIBHYIO TpPYHITy
(10a-c). Oo6pabotka OenzomuazenuuonoB-2 (10a-c) N-xmopcykruaumugom (NCS) B
KUISIIEM O€H30Jie MPHUBOIUT K MOJYYCHUIO COOTBETCTBYIOIIMX 3-XJIOPIPOU3BOIHBIX

=R, =H(a), Ry =R, =CHs (b), Ry =R, = Cl (¢

10a -C 11a-c
[Tpu 6pomupoBanmu 3tux coenuHeHnit N-Opomcykimanmuom (NBS) B kumnsimem
xynopodopme OpUH BBIJIETICHBI 4-(1-6pommpornenui)-2H-1,3-muruapo-1,5-
Oen3oarazenuHoHbI-2 (12a-C), oOpa3oBaHKUe KOTOPBIX, IO MHEHUIO aBTOPOB [16], MOKHO
00BSICHUTH TIEPBOHAYANBHON aTakoi aroMa OpoMa Ha aTOM YIJIepoJa LUKIONPONMIEHON
rpynnbel. OOpasyrolieecss Mpyd 3TOM MPOMEKYTOUHOE coeauHeHue (A) mpeTepreBaet

paclienyieHue MUKIONPOIIIBHOTO (hparMeHTa.
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12a-c
Psn pabGor mocBsimeH wusydeHuro ¢GopMuaupoBaHus 1,5-0eH301Ma3eNMHOHOB-2.
Tak, B3ammopeiicTBue coeaunenuit (3a-d) ¢ auMeTUIOPMAMHIOM B HPUCYTCTBHU
xjnopokucu  (dochopa (peakTnBoM Buibcmaiiepa) NOpUBOOUT K 00pa3oBaHHWIO 3-
JumeTHiIaMuHOMeTHInACH-8-R-4-hennn-2,3-nuruapo-1H-1,5-6eH3011a3enuHOHOB-2
(13a-d), mpu STOM  yBEJIMYCHHE KOJIMYECTBA (POPMIIIMPYIOLIETO AareHTa I03BOJISCT
3HAYUTENIBHO TIOBBICHTH BBIXO POAYKTOB peakuuu [17; 18].

s

13a-d 14a-d

I'maponu3 coenunenuii (13a, b) B ykcycHoit kucinore Bener K 06pa30BaHmo 3-
bopmun-4-denmn-2,3-muruapo-1H-1,5-6en3oanazenunonos-2 (1.57a, b, R = H, CHa, Cl,
CH;0). B caywae 8-mermn-4-denmn-1,5-6ensoauaszenunona-2 (3C), Hapsgy ¢
HOJIyYeHHEM  3-JMMETHIaMHHOMETHIHICHIpor3BoqHoro  (14C), ymamoch BBLIACITHUTH
HE3HAYUTEIbHOE KOJINYECTBO 1-dbopmun-8-metun-4-dpenun-2,3-nuruapo-1H-1,5-
6ensonnasenunona-2 (15) [19].

B pa6orax [20; 21] nokazano, 4to 1,5-0€H301Ma3eMHHOHBI-2, HE3aBUCHMO OT
XapakTepa 3aMECTUTENs B aHHEIMPOBAHHOM OEH30JIbHOM KOJIBIE, ATKUIUPYIOTCS IO
aMHIHOMY aToMy a3ota ¢ obOpasoBanumem N-agxuimmpowms3Bogubix (16). Ilpumenenue
YEeTBEPTHYHBIX aMMOHHEBBIX COJIEH B Ka4eCTBE KaTalM3aToOpOB Mexk(azHOro mepeHoca
Opy  anKWwidpoBanuu 4-metwin- u - 4-penunn-1,5-6enzomuazenunonos-2 (1, 3a-d)
MO3BOJIMJIIO  MOBBICHTH  BBIXOA  N-amkmnmpoussomueix  (16) 1m0 95%, oxpmako
UCIIOJIb30BAaHWE B  KAuecTBE AIKWIMPYIONIMX areHTOB  H3OMPONMWIOpOMHIA U
n300yTWIOpOMHU/Ia TPPUBEIO K 00pa3oBaHWIO, Hapsmay ¢ N-aJKWIpoW3BOIHBIMH,
He3HauuTe bHOro KomuectBa (10-25%) O-ankunnpoussoausix (17) [20].

0 OR
N N
R;X
1,3a-d — > |
N= N=
R R
16 17

R= CH3, C6H5_
Ry = CHj, C,Hs, i-C3Hy, n-C3Hy, i-C4Hg, n-C4Hg, CH,=CH-CH,, CH,CgHs.
AnxunupoBanue 4-pypous- U A-nUpUAMIOCH30IHA3CTUHOHOB-2 TaJIOUJIHBIMH
ATKWIAMH B YCIIOBUSX MEX(a3HOTO KaTalli3a TaKKe MPOTEKaeT M0 aMHUIHOMY aTOMy
retepolukia ¢ oopasoBanremM N-amKuIpou3BoIHbIX [22; 23].
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B paborax [24; 25] ommcana KoHmeHcamus OecH3oamazemuHoHOB-2 (1, 3a) ¢
TuOpoMaTKaHaMH B YCIIOBHUSX MexdaszHoro karaiusa. [Ipucoenmaenne nuxiopkapoena K
ouc-(4-R-2-okco-1,5-6en3onnazenun-1-mwn)-1,1-ankanam  (18) mpomcxomur mo obeum
cBs3siM C=N 1 mpUBOIUT K COOTBETCTBYIOLIMM TETPaxXJIOpCcoAepKaIuM aaaykram (19).

Cl

Cl

X S8

Br(CH,),Br z _CHCl; _ NN
L3 UL nHO) n(H,C)

TEBAC N O

: j : :N R

cl’ Cl
18 19

Peakuus apuinpoBaHusi qUTHAPOOEeH301Ha3emHHOHOB-2 (20) mpoTekaer 1mo aTomy
asora B mosioxkenue 1 ¢ obpazoBanueM coequnenuii (22) [26].

oty - ssol

R = CH;, CgHs; Ry = R, = H, CH3, Rs = H, NO,,
20 21 22

Kumnsiuenne nuasenmuonoB-2 (3a, 3¢, 3d) B M30BITKE YKCYCHOTO aHTHAPHUIA
npuBesao K oOpasoBanuio O-anmimpou3BoaHbIX (24-26). AUMIMPOBaHHE COCAMHCHUS
(23), comeprkaiero B aHHEIHPOBAHHOM OCH30JBHOM KOJIBIE 3JIEKTPOHOAKIIEITOPHYIO
HHUTPOTPYIIIY, 3aBEPIIAIOCH 00pa30BaHUEM JAUAIMIITPOU3BOIHOTO (27) [27].

H OAc
R N
— I
10 v
= = | Ac,0O 24.26 Cells
N N= H OAc
CgH
6'15 L /@[ \ Ac
3a, 3¢, 3d, 23

CeHs

Hcnonb3oBanne B KadyecTBe AalMJIMPYIONIMX areHTOB XJIOPUCTOTO alleTHIIa,
XJIOpUCTOTO O€H30mMiIa M TPUPTOPYKCYCHOTO aHTHUApPUIA TPHUBEIO K 00pa30BaHUIO
MIPOIYKTOB aIlWIMPOBaHus 110 aromy yriepoaa C3 (28, 29) u mpoayKkTa CHTMaTpOITHOM
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MEPErPYIIMPOBKH MCXOAHOTO AMazenuHa — l-peHmn-BuHmndensumugasonona-2 (30)
[27-29].

3-Anermi-1-peHnnBHHMIOCH3UMIAA30I0H-2 (31) ObUT BBIZCTICH TPH ALWIUPOBAHUU
OeH3oauazenuHoHa (3a) YKCYCHBIM aHTHIPUIOM B THpHAUHE. JlOMONHHUTENBHO B
PEaKIIMOHHOW CcMecH ObUTM OOHApYXKEHbI B HE3HAYMTEIILHOM KOJIMYECTBE TaKKe
OpoaAyKThl MOHO- (32) u quanuaupoBanus (33) — COOTBETCTBEHHO S-aneTui-4-(heHu-

oy

CgH
35 05
, |
AcCl| DMF (CF5C0),0 | DMF Bzcl| DMF
(toluene) (toluene)
H H o H O
N N 0 N 0
©[ >=O @: + 118 @[ /)
N N/ CF3 N CGH5
)/'\CsHs CeHs H CgHs
H,C
30 28 29

1H-1,5-6en3oanazennaon-2 u 1,5-muanernn-4-pennn-1H-1,5-6en30-mmnazermmuon-2. [pn
B3aMMOJICHCTBUN coeanHeHus (3a) ¢ YKCYCHBIM aHIMIAPUIOM B B YKCYCHOW KHCIIOTE B
NPUCYTCTBHH YKCYCHOKHCIIOIO HATpUS TPOMCXOAUT TEPMHUYECKas MeperpyrninupoBKa
HCXO/IHOTO BemiecTsa B 1-¢ennnBuumibensumuazonon-2 (30) [30].

H
N
3a > @N#O

H,C
30

\J l l
OYCH3 N—¢° HSC\(O o)
e L Qs
" o

H,C H3C/§O
33

31 32
B pa6orax [31; 32] 6wuto mokaszano, uro OenszommasermuoH (1) pearmpyer c
OCH3aJIbACTUIOM NPH UTUTEILHOM KUISTYCHHH B OCH30JIC B MPUCYTCTBHU MHUIICPHIMHA C
obpa3zoBanueM 4-ctupui-1,5-6en3zonuazennona-2 (34).
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H O
o N
EE—— C—Ar
e @ I s
CHs

HC= C Ar
Ar = CGH5, CGH4N02-p 06H4N02 m 34 35

[To3xe mosSBUIIUCH COOOILCHUS O TOM, YTO B3aUMOJIeiicTBHE OeH30ana3enuHoHa (1)
B KHUIISIIEM STaHOJIE MMPUBEJIO K 00pa3oBanuio 3-apumuaeHnponssoanoro (35) [33; 34].

Nzydeno  B3ammojeidicTBue  OeH3oamazenuHoHoB-2 (1, 3a) ¢ o-
HuTpodenmncynpdenmrxaopuaoM [35]. YcTaHOBIEHO, YTO TP KOMHATHOM TEMIIEpaType
B JIMOKCAHE PEaKLus MPOTEKaeT 10 KapOOHWIBHO rpymne ¢ oopasoBanueM 4-R-1H-2-o0-
HUTpodeHmncynbpenaro-1,5-0enzoauazenunos (36). Ilpu mpoBeneHUMM peakuu B
KHTISIIEM JTUOKCaHEe CyNb(CHUIMPOBAHME OCYIIECTBIsIeTCsl Mo aroMmy yriepoaa Cs ¢
O6pa3OBaHI/ICM COOTBGTCTBy}OHII/IX cynbbumnos (37).

H O~
S NO,
@ o, +— van — (1 @
@ R = CHj3, CgHs
36

[poussoannie 2,3-muruapo-1H-1,5-0eH3011Ma3eNMUHOHOB-2 B Ppeakmusix ¢
HYKJIeOpUIbHBIMH peareHTamMu. V3ydeHBl peaknuu TPOW3BOAHBIX 1,5-0eH30-
JIUa3eMHOHOB-2 C THAPA3HMHTHAPATOM M (OEHWITHAPA3UHOM. YCTaHOBJIEHO, YTO
B3auMozeiictBue coenaunenuii (1, 3a, b) ¢ nBykpaTHbIM H30BITKOM THApAa3HHTHApATA B
TWIOBOM CIIUPTE NPUBOJUT B pe3yJbTaTe PELUKIM3ALUM CEMU3BEHHOTO IMKIA K
00pa3oBaHMi0 3-3aMelIeHHbIX MUpa3ooHoB-5 (38, 39) u 4-R-o-benmnenanamMuHoOB

[36-38].

H 0

R1 O R1 NH2

NH,NH,-
| o>NH,+ H,0 Q?/<§%—R .
_ HN<

N NH,

R

H
1,3a,b 38, 39
B ciyuae rumpasunonmsza coenunenuit (40a, D), moiayueHHBIX TUHIMPOBAHHEM
6ensonnasenuuoB (3a, b), peakius 3akanuwmBaercst oopaszoBanueM 2-(3-heHmmmupaso-
5-unamuno)anwiuHoB (41a, b), a He 2-ruapasuHONpPOM3BOAHBIX (42a, b) wim
coenuHenuii (43a, b) BCeaCTBHE pENMKIM3AIMU TE€TEPOIMKIMYECKOro (parmenta [38;

39].

NHNH,
R N=
v @’ 1
H S N=
R N 42a,b Cols
NH _ NH;NH, o H,0 \Q "
2
NH, EtOH, 2.5-3 h N= /@[
41a,b 40a, b R NH
N\
= H (40a, 41a), CI (40b, 41b) N wap U iqph
a! 7
N
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Ha ocHOBaHWY pe3yNbTaTOB KBAHTOBO-XHUMHUYECKUX PACUETOB MPEIIOKEHBI CXEMBI
MEXaHU3MOB THApPa3UHONIN3a 2,3-auruapo-1,5-6eH3011na3emMHOHOB-2 U HX THOAHAJIOTOB
[40; 41].

Nzyuenuto B3auMopelcTBus 4-aneTuameruieH-1,5-6en3zonuasenunonos-2 (44) ¢
THJIPa3HHOM TOCBsIIeHa paboTta [42]. ABTOPBI MOKA3allk, YTO CTPOCHHUE O00Pa3yIOLTHXCSI
MPOJIYKTOB IJIABHBIM 00Pa30M 3aBUCHT OT KOJMYECTBA B3ATOTO B PEAKIIHIO TH/PA3UHA.

ABtopel  pabGotel  [43] wm3ywanu  B3aumopelictBue  1-R-4-¢penmi-1,5-
OenzoauazenuHoHOB-2 (47a-C) ¢ TUAPOKCHIAMHUHOM. B cilydae He3aMelieHHOro 4-
¢bennn-1,5-6en3oauazenunona-2 (47a) B KadecTBE €JMHCTBEHHOTO MPOIYKTa PEaKIIUH
obut0 BRIZCACHO coenuuenue (48). s N-amkunsamenieHusx 1,5-0eH3011a3eMMHOHOB-2
(47b, c) xapakrtepHo obOpazoBanue N-meTwin(3Thn)-o-peHmneHauamuna (49b, c) u 5-
bennn-uzokcazonona-3 (50).

NHNH, R NHZO
H o 1:1 CH,
R N Ry N —
! H N-NH
R 0 — 45
2 N
) \ CH R
1
44 3 NH2NH2 | \
1:4
N
R, A
: H
46 N™ CHs
o)
NH _OH
N
e H
N~ >Ph
R o
N 48
@ NH,OH
N/
Ph o) Q
47a- N \
c - + 0O + HN_
*NZ ~Ph o~ "Ph
NHR N
R =H (a), Me (b), Et (c) 49 b, c 50

Bzaumopeiicteue 4-metui-1,5-0en3onnasenunona-2 (1) ¢ GeH30MITHIPAa3UHOM B
NPUCYTCTBUU JTWJIATa HATPUS TPUBOAUT K Pa3MBIKAHUIO JMA3CNMHOBOIO LHMKIA MO
A30METHHOBOW  CBs3M C  oOpa3oBaHuWeM  OcH3owiITHApa3zoHa  2-aneToHui-1H-
Oensumuiasona [44].

B pabGore aBcrpammiickux yueHbIXx [45] cooOmaercs o CcHHTE3e U
(hapMakoIOruIeCKUX UCCICAOBAHUIX psiaa coequneHnit oomei Gopmyisr (51, X = CHy,
(CHy)2, (CHy)s, R = H, CH30), monyuennsix koupmeHcamnmeit 8-xmop-4-metmn-1,5-
0eH30/1Ma3eMMHOHA-2 C TPOU3BOJHBIMH MTUIEPa3HHa B TUMETOKCHITAHE.

66



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximisi», 2013. Bum. Ne 20

X
N O\ ¥

S
Cl N
T2 "
N=

CuHTe3 TPHIHMKJINYECKHUX cHcTeM ¢ 1,5-0eH30aua3enuHOBBIM (pparMeHTOM H
apyrue peaxkuuu. Cpenu 1,4-0eH301Ma3eTIMHOB C AHHEIMPOBAHHBIMH B Pa3IUIHBIX
MoJIOKEHUsX 1,4-0€H30IMa3eTMHOBOTO SApa NUKIaMH HaWJICHBI BEIIECTBA, 00JIaIar0IIue
BBICOKOH (papMaKoJIOTHYECKON aKTUBHOCTHIO [2]. B cBs3m ¢ 3TUM OO0bIIOE BHUMaHHE
yAETSETCS TaKKe CHHTE3Y U (DapMaKOIOTHIECKOMY H3yUSHHIO TPUIIUKINIECKUX CHCTEM,
cojepkaux 1,5-0eH30Ma3eMMHOBBIN (parMeHt.

[uknuzanueir 4-metmi-1,5-6enzonnazenunona-2 (1) ¢ audeHuwIruapasuHOM MpU
KAISTYCHUH B TETparuApopypaHe B MPUCYTCTBUH TPHUITHIAMUHA TONYYEeH 3a-METHII-5-
okco-1,3-mudennn-3a,4,5,6-rerparuapo-3H-[ 1,2,4]rpuazomno-[4,3-a][1,5]-6eH30anazenun
(52) [46].

R

Awnanornunsie  Tpuasono[1,5]0enzonuazenuusl  (53)  CHMHTE3MPOBAaHBI  IPH
B3aMMOJICHCTBUN  2-MeTUITHO-4-penunn-1,5-0en3oauazeniunoB (54) ¢ 3aMerieHHbIMU
opomruapazonamu (55) [47].

~CHj

S~CH Br N S
N 3 h
X Ry X 1@

+ NH — ~ N

N= <. N

o Y
R
R

54 55 53
R= H, CH3, Cl, NOz, R1 = COOEt, C6H4N02-p

R3\r/N\
N R = H, CHa;
R4 = H, CH3, N(Alk),;
| R R, = H, CHy, CH,CgHs;
N R3 = CH3, C6H5_
R,
Rz
56
4H-[1,2,4]Tpuazono[4,3][1,5]6en3omuazenunpt  (56)  BbigeneHbl  Kak  [pU

B3aUMOJICHCTBUYM THO- ¥ METHITHONPOn3BOAHBIX (40a, b, 54) ¢ amermaruapasuHoM u
oenzomnruapasuHoM [48-51], Tak u B pe3ynbTare TEPMUYECKOM IMKIU3anud 4-
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anuITHIpa3nHo-1,5-0eH301Ma3eTMHOB B KHUIIAIICM KCHJIOJE WIIH aOCOFOTHOM JSTaHOJIe
[52].

B pabGore wurambsHCKHMX yueHBIX [53] TmMOKa3aHO, YTO OJHOCTAJAUNHOC
1,3-aumonspHoe IUKJIONPUCOCTIUHEHHE OCH30HUTPWIOKCHAA K 1,5-0eH30/1Ma3emMHOHAM-
2 (1, 3a) npuBomuT K oOpasoBanuio 3a,4,5,6-rerparuapo-[1,2,4]okcaauazono[4,5-a][1,5]-
6enzoanasenuHos (57).

H O
N
2w
1,38, N 57 R =CHj, CgHs
\N/

B pesynbraTe B3aMMOJCHUCTBUS MPOU3BOAHBIX 2-METHIATHO-1,5-0€H301Ma3eTMHOB
(58) ¢  OCH3OHUTPWIOKCHIOM  OBUIM  BBIACICHBI  TaKXke  OKcaamasono-[4,5-
a][1,5]6enzonnazemnunsi (59) [54].

N> ~CHs N\S\CH3
| . 2
X X 1
/ / \N/

R = H, OCH3'p, OCH3-m, R1 = CH3, OCH3
58 59
B pabote [55] coolrmaeTcst 0 CHHTE3€ HOBBIX MPOU3BOIHBIX MMHUPAHO-, TPHUA30JIO-,
0KCa30J10- ¥ okcasuHo[ 1,5]-6enzonnazenunos (60-63).
1
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O6pabotka 7-HUTPO-4-MeTHII-1,5-0eH30qMazenmuHOHa-2 (2) XJIOPOKKCEHIO (Gochopa
B IAMeTHIhOpMaMHuIe TIPUBOJIHAT K 00pa30BaHMIO 3-TMMeTHIIaMHHO-
MeTuuaeHnponsBoanoro  (64),  manbHeiiniee  B3aMMOIEHUCTBHE  KOTOPOTO €
(EeHUITHAPA3HHOM C MOCIEAYONIEN IMKIH3aIeil PeHUIruapa3oHa B YKCYCHOM KHCIIOTE
n03BoaMI0  moiayuuth  1,10-guruapo-4-metui-7-uautpo-1-dhenmimnupasonol5,4-b][1,5]-
6ensonnasenuH (65) [56].

H O CH3 NH2
N CH3
DMF+POCI,
- =
o Q

64

BzanmopeiicTBue 9-auTpo-4-Metni-1,5-0enzoanazennHoHa-2 (66) c
AMIOMOTHJIPUJIOM ~ JIUTHS B KHIIAIIEM  TeTparuipodypaHe MPUBOAUT  Uepes
BoccTaHOBJIeHHEe N=C-CBs31, aMUIHOW M HUTPOTPYIIBI K 00pa3oBaHui0 TpramuHa (67),
00paboTKa KOTOPOTr0 PacTBOPOM CEPOYIIIEpoJia B CyXOM ATAHOJIC TO3BOJIMIIA BBIJICIHThH
npou3sBoaHoe uMuaa3o| 1,5]6ensoaunasenun-2-trona (68) [57].

S
NH, HN—4
N
66 L|A|H4 CSZ
H CH, H CH,
67 68

Bzaumoeiicteue 1,5-6en3oanazenuaonoB-2 (69) ¢ menracyasdumom dochopa B
KUIISIIEM THPHIMHE COMPOBOXIACTCS 3aMEIIECHHEM KHCIOpOoa KapOOHUIBLHOM TPYIIIbI
Ha aTOM Cephl ¢ 00pa30BaHMEM COOTBETCTBYIOIINX THOHMPOu3BoAHEX (70) [58-60].

H O H S
R, N R, N
TLS , e O
R R
Ry N= Ry N=

R =H, Cl, CHz, CH30; Ry =R, = H, CHj
69 70

Jost 2,3-guruapo-1,5-6eH301ma3emmHOHOB-2 XapakTepHa TepMHUYeCKas
MeperpyninupoBka OEH30/IMa3eMMHOBOrO IMKJIa B OCH3MMHUAA30JIbHBINA, MPOTEKAOIIAs
HE3aBHUCUMO OT TIPUPOJBI 3aMECTUTENS B TMOJOKECHUM 4 WIM B aHHCIUPOBAHHOM
oenszonpHOM Koublie [1; 28; 30; 61-64]. /lanHOE CyKE€HHUE LHUKJIA SBISETCA YHUKAIbHBIM
npuMepoM 1,3-CHTMaTpOIHOTO CIBUTA OT yIiepoaa K a30Ty, OCYIIECTBIEHUIO KOTOPOTO,
MO-BUIUMOMY, CIIOCOOCTBYET TMEPEKPhIBAHUE TM-OpOUTANM KapOOHMIBHOW TPYIIBI U T-
OpOUTAIN a30METUHOBOM IPYIIIHI.
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H
H O = N
= R— | »>=0
Rl ) —— U
N= . )\R
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IIpencTaBHNKH KOHIEHCOBAHMX TIeTePOUMKJIYHHUX CHCTEM, L0 MIiCTATH /JBa aTOMH a30Ty B
CeMUWIEHHIM Kibli — OeH3omiazeminum Ta iX moxigHi, € HikaBMMHM i Ba)KJIMBMMH 00'€éKTaMH SIK B
TEOPEeTHYHOMY, TaK i B MPUKJIAAHOMY acneKTax. Bonnm mpuBepTaoTh MHILHY YBary AOCJTIAHHMKIB Y
3B'I3Ky 3 BHCOKOI i Pi3HOMAHITHOI0 0i0JIOTiYHOI AKTUBHICTIO, BJIACTUBOI NPEICTABHUKAM LbOIO
kJacy. Cepel HHX 3HaiiieHi TPAaHKBUII3aTOPU, PeYOBUHM, 110 NPOSIBJIAIOTH CeJaTHBHY, AHAIbI€THYHY,
AHTHKOHBY./1bCHBHY, IPOTU3ANATbHY, IPOTUNYXTHHHY Jil0 .

HasiBuicte B Mosekyiaax 1,5-0enzopiaseniHiB KiIbKOX peakuiiiHUX LEHTPIB 3yMOBJIIOE
pi3HOMAaHITHiCTL HANpsIMIB peakuiii 3 ejJexkTpoiIbHUMH i HykJIeo}iTbHUMH peareHTaMM pi3HHX
THIB.

B orasiai posrasmyTo peakuii enekTpodinbHoro 3amimennsi moxignumx 2,3-purigpo -1H-1,5-
OeH3oniaseniHOHIB-2 (HITPYBaHHs, rajlOreHYBaHHs, ANKiITyBaHHS, alMJIIOBAHHSA, (POPMITIOBAHHA Ta
inmi). Haseneni nani cBigyaTh, 110 HANPAMOK peakuiii BUZHAYa€ThesA 0yI0BOIO SIK cy0cTparty, Tak i
eJ1eKTPodiTbHOro areHTa, i TakoXK MoO’Ke 3aje;KaTH Bil yMOB NMpoBedeHHs peakliii: Temmepartyp,
TPHUBAJIOCTI , TPHPOAU PO3UYHHHUKA.

[poBeneno aunami3 peakniii 1,5-0enzogiazeniHoHiB-2 3 HykJeoiTbHUMH peareHTaMH
(rizpasuHrinpaTom, GeH30iIrigpaZuHOM, rizpoxkcumiIaMinoM, moxXigHUMH ninepasuny). OcoduBy yBary
NpUAiTeH0 peaknisiM penuKIi3anii ceMUYWIEHHOro WUKJAY. Po3risiHyTo ocodauBocTi peakuiii
orpuMaHH# 1,5-0eH3oaiazeniHOHIB 3 aHeIbOBAHUMM LIMKJIAMH.

Knrouosi cnosa: 1,5-nurinpoben3oniazeniHoHu-2; 6i0J0TiYHA aKTHBHICTB; peakil eaekTpodinbHOro
3aMillleHHs]; peakuii 3 HyKi1eo(UIbHUMH peareHTaMH.

Condensed heterocyclic systems with two nitrogen atoms in the seven-membered ring —
benzodiazepines and their derivatives — are interesting and important objects from both theoretical
and applied point of view. They attract a lot of attention due to their potent and diverse biological
activities. These compounds include numerous tranquilizers, sedatives, analgesics, as well as
anticonvulsant, anti-inflammatory and anti-tumor agents.

The presence of several reactive centers in 1,5-benzodiazepines leads to a variety of reactions
with both electrophilic and nucleophilic agents.

The first part of this review covers electrophilic substitution of 2,3-dihydro-1H-1,5-
benzodiazepin-2-ones (nitration, halogenation, alkylation, acylation, formylation, etc.) The data shows
that the reaction outcome is determined by the nature of both the substrate and the electrophilic agent,
as well as by the reaction conditions: temperature, time, and solvent.

The second part of the review deals with the nucleophilic reactions of 1,5-benzodiazepin-2-one,
including reactions with hydrazine hydrate, benzoyl hydrazine, hydroxylamine, and piperazine
derivatives. Special attention has been paid to the processes involving recyclization of the seven-
membered ring. Formation of annulated 1,5-benzodiazepines has been also discussed.

Key words: 1,5-dihydrobenzodiazepinone-2; biological activity; reaction of electrophilic substitution;
reaction with nucleophilic reagents.
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SUBSTITUENT AND ENVIRONMENT INFLUENCE ON ANALYTICAL
PROPERTIES OF ASSOCIATES OF XANTHENE DYES WITH
POLYHEXAMETHYLENEGUANIDINE CHLORIDE

The interaction of 5 anionic xanthene dyes — 9-R-2,3,7-trihydroxy-6-fluorones (TOF) with
cationic polyelectrolyte (PE) — polyhexamethyleneguanidine chloride (PHMG) has been studied by the
optical spectroscopy in a concentration range where PHMG has a polyelectrolyte effect. Hammet o-
constants were calculated. The correlations between structure of TOF and shift of protolytic
equilibrium in aqueous-polyelectrolyte solutions were established. Influence of pH, concentration of the
ethanol, components ratio in the system PHMG-TOF on the character of the interaction of cationic PE
with TOF and value of the analytical signal were studied based on absorption spectra. The results were
compared to those obtained in water solutions.

Keywords: trioxyfluorone; spectrophotometry; polyhexamethyleneguanidine chloride;
polyelectrolyte; ionisation constant; aggregation.

Introduction. The application of dyes is frequently connected with the definition
of PE [1-7]. 9-R-2,3,7-Triohydroxy-6-fluorones are the most widely studied and used.
The degree of PE influence on ionic equilibriums in the dye solutions depends on
numerous factors involved in the process of PE-dye interaction. The effect is caused by
capability of PE to change property of the substances in solubilized condition that is
connected with the change of medium properties in a microenvironment [8; 9]. The
solubilized substance passes from aqueous to aqueous-polyelectrolyte microphase. Thus
the competitive interactions between polymeric molecules and dye, solvent and
components of the system are possible. The number of trapped ions of dye depends on the
number and conformation of PE molecules in the solution [10; 13]. The formation of
assosiates «PE-dye» is possible by means of a hydrogen bridging, electrostatic and
hydrophobic interactions and depends on the concentration ratio of the components. The
change of chemical-analytical properties of dyes in the presence of PE was described
earlier: phenylfluorone with a nonionic PE poly(vinylpirrolidone) [11], bromphenol red
and chlorphenol red with PHMG [8; 9]. The purpose of the present work is to study the
optical, protolytic properties, as well as specifics of associate formation between TOF
with various substituents in 9 position of xanthene core and cationic PE — PHMG
(M=1,0x10* and 6,4x10°) in aqueous and aqueous-alcoholic solutions.

Experimental

Materials and methods. Structural formulae of TOF (fig. 1) are shown in a table 1.

Starting solutions of PhF and SF C = 1x10" mol/L were prepared on the day of the
experiment by dissolving the sample in 25 ml of twice-distilled water with addition of
several drops of concentrated NaOH solution. Initial alcoholic solutions of o-NPhF,
DSPhF and NF were prepared according to recommendations [12]: 1 ml HCI (6 mol/L)
and 80-85 ml of 96% ethanol were added to the sample of dye and carefully heated until

* Correspoding author: Tel.: +380567765934; fax: +380563749841; e-mail address: analyticdnu@mail.ru
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dissolved, after that solution was poured to a measuring flask (100 ml) with 96% ethanol
added to marking. Working solutions were prepared by dilution of the initial alcoholic
solutions on the day of the experiment. Working concentration of TOF were 1x10°® mol/L
and 5x10°° mol/L.

H H
N__N

Cl "NH,

n = 36 and 56

Fig. 1. Structural formula Fig. 2. Formula of PHMG unit

of 9-R-2,3,7-trihydroxy-6-fluorone

Table 1
Formulas of trioxyfluorones

Trioxyfluorone Abbreviation Ry R, Rs

Phenylfluorone PhF H H

Salicylfluorone SF R OH H
o-Nitrophenylfluorone o-NPhF @Rz NO, H

2,4-Disulfophenylfluorone DSPhF SO; | SO5
Nonylfluorone NF —CgHyg

PHMG with apparent molecular weight M,~1x10* (n=56) and
M, =~ 6.4x10° (n = 36) was. It had been refined by reprecipitation from 50% water solution
to 25 % NaCl, since monomers and oligomers of PHMG with [n] < 0.02 dl/g are well
soluble in concentrated solution of NaCl. Weight loss during reprecipitation of a technical
product was 7%. An initial solution with concentration of 2.5x10"° mol/L was obtained by
dissolving PHMG sample in 100 ml twice-distilled water. More diluted solutions were
received by dilution of the initial solution directly before the use.

The concentration of PHMG in the measurement unit [base-mol/L] was calculated

using the formula: C=C,, -n, where C, — the molar concentration of PHMG, [mol/L];

n — the number of PE units.

Solutions of HCI, NaOH and acetate buffer solution were used to adjust pH. The
acetate buffer solutions were prepared from 0.1 mol/L CH;COOH and 0.1 mol/L
CH;COONa. All used reagents were analytically pure.

An aliquot of the TOF solution was added to a volumetric flask (V = 25 ml), the
necessary acidity was created by adding HCI and NaOH solutions or 1 ml acetate buffer
solution, then 15 ml twice-distilled water, aliquot of the PHMG solution. Water was
added to marking. The solution was stirred. In 2 hours values of pH were checked on
universal ionometer EV-74 with an glass indicator electrode and silver-chlorine half-cell;
optical density was measured on spectrophotometer Specord M-40 (Germany, +0,001)
and Spectro Flex 6100 (Germany, +0,001). A reference solution in all measurements was
twice-distilled water. lonisation constants of TOF and their associates with PHMG were
defined by a method of isobestic points [13].

Results and discussions

Absorption Spectra. TOF in the solutions can be in 5 forms depending on acidity of
a medium: protonated on carbonyl, molecular and three anionic forms. We used TOF
with two types of substituents in xanthene core: an alkyl radical -CqH;4 in case of NF and
a phenyl radical (PhF) with the substituted hydrogen atoms in 2 and 4 positions (SF,
DSPhF and o-NPhF). According to classification of substituents and heteroatoms in
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organic molecules [14] hydrocarbon substituents of TOF under investigation have
n-electronic system coinciding with n-systems of ethylene or benzol. Guanidine group of
PHMG has a lone-electron pair and supplies two =-electrons. Dissociation of
auxochromes of TOF in the presence of PHMG is accompanied by red shift of absorption
bands of a reagent that corresponds to formation of associates between TOF and PHMG.
The interactions «dye—polycation» are controlled by electrostatic forces. The influence of
pH on efficiency of association between PHMG and TOF was investigated. PHMG is
amphiphilic substance and at the same time it can exist in the cationic and neutral form
(pK, = 11). The increase in pH results in reduced number of protonated guanidine groups
of PHMG being capable to interact with anionic form of a dye. Therefore the maximal
red shift A of absorption bands is observed at pH = 4-6, when PHMG s in its cationic
form. There are three forms of dye observed in a spectrum: protonated, molecular and
monoanion (fig. 3). The change of polycation properties with the growth of pH can be
used in oder to interprit spectrophotometric characteristics of TOF in the absence and the
presence of PHMG (table 2). Spectral shift Ay is caused by the nature of substituent in
the benzene core [15]. For PhF and o-NPhF the greatest red shift L. is observed and
reaches as much as of 40 nm.

ex10°
5

8
5l I\
\ 5 N
5 X S AN
- "‘. ~ = -~
% ¢
N 23
- 9 \ N \‘\
T —T T 19
500 550 600 /..nm

Fig. 3. Absorption spectra of o-NPhF in the presence of PHMG. Cynpne=Cprmc=1x10° M.
pH:1-1.0;2-2.0;3-3.0;4-3.8;5-4.8;6-51;7-58

lonisation constants. The structure of reagent and external conditions (temperature,
ionic strength, nature and composition of solvent) influence ionisation constants of
reagents. At the concentration of 5x10° M PHMG has its maximal effect on a state of
TOF in solution. When the concentration is decreased, PHMG does not cause any
changes in absorption spectra and position of acid-base equilibriums of TOF in water
solutions. The effect is due to conformational and steric difficulties which appear in
collisions between PE and dye molecules. At concentration below 1x10° M PHMG
displays polyelectrolyte effect [16—18]. Numerical values of ionization constants pK, of
dyes and pK,*" (the apparent constant, it is showing the value of pH when deionization of
dye form occurs in half) are given in table 3. Equilibrium involving formation of
monoanion (H,R") and dianion (HR?*) forms of TOF in the presence of PHMG takes place
in the subacidic and subalkali environment. The bridging of ionisation steps is observed
for H;R® and H,R-forms. Definition of pK,* on the first stage was made by graphic
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method using extreme areas of acidity [13; 17].

Table 2

Spectrophotometric characteristics of TOF in aqueous and aqueous-polyelectrolyte solutions

}\'maXv nm (PH)
Dye | Form I Lt PHMIG With PHMG (n=56) | A\ | With PHMG (n=36) | Ak
H,R* 462 (<1.2) 462 (<1.0) - 457-458 (<1.0) 5
H;RY | 462, 490 (4.8-5.2) 462, 482 (1.5-3.0) -8 | 462;490 (2.0-5.7) 0
PhF | HR 514 (8.4-9.0) 547 (3.0-8.5) 33 530 (5.7-9.5) 16
HR?* | 532-538 (11.4-12.0) 564 (8.5-11.0) 26 547 (9.5-10.5) 15
R* 556-558 (>13.0) 580 (>11.0) 22 | 572-573 (>11.0) 16
H,R* 465 (<3.0) 460-465 (<2.5) - 460 (<2.5) -
H;RY | 462,492 (3.0-6.0) | 460, 490-495(3.0-55) | 3 | 462;491 (2.5-5.5) 3
o R 506 (6.0-7.5) 537 (5.0-7.0) 31 534 (5.5-7.0) 31
H,R™ | 512-514(7.5-10.0) 515-520 (7.0-9.5) 8 513 (7.0-10.0) 8
HRZ 523 (10.0-12.5) 550-553 (9.5-11.5) | 30 535 (10.0-12.0) 25
R 546 (>12.5) 560-565 (>11.5) 19 559 (>12.0) 19
H,R* 463 (<2.5) 463 (<1.5) - 463 (<2.0) 0
H;R® | 463, 491 (2.5-6.0) 463, 489 (1.5-5.0) -2 | 463; 490 (2.0-5.0) -2
o-NPhF| H,R 515 (6.0-10.5) 555 (5.0-8.0) 40 | 520-523 (5.0-9.0) 8
HRZ 530 (10.5-12.5) 565 (8.0-11.0) 35 | 558-560(9.0-11.0) | 30
R> 550 (>12.5) 577 (>11.0) 27 570 (>11.5) 20
H,R* 448 (<2.0) 448 (<1.0) - 448 (<15) 0
H,RY | 452, 475 (2.5-5.3) 452, 484 (2.5-5.0) 9 | 475-478 (2.5-5.5) -3
DSPhF* H,R 502 (5.3-11.5) 530 (5.5-9.0) 28 497 (5.5-10.0) 5
HRZ 523 (11.5-13.0) 545 (9.0-11.0) 22 535 (10.0-12.0) 12
R> 535 (>13.0) 558 (>11.0) 23 | 544-547 (>12.0) 12
H,R* 446-450 (<2.0) 450 (<2.5) - 447-448 (<3.0) 1
H3R? | 450, 478-480 (2.5-6.0) | 450, 480 (2.5-5.0) 2 | 450;477 (3.0-6.0) | 4;-3
NF* | H,R | 494-498 (6.0-11.0) 530 (5.0-9.5) 36 | 497-500 (6.0-10.0) 3
HR” | 510-516 (11.0-12.5) 545 (9.5-11.5) 40 521 (10.0-11.5) 11
R* 536 (>12.5) 556 (>11.5) 20 550 (>11.5) 14
* Crop=5%10"M. Cppmg, base-mol/L (M,): 2.8x107(10%) and 1.8x10 (6,4%10%).0.4% vol. ethanol
Table 3
The influence of PHMG on pK,**P of TOF
lonised forms |y ov , 1y RO HaR% H,R H,R— HR? HR? — R*
transferrin
PHMG The number of links, n
lonisattion - | n=36|n=56| - | n=36|n=56| - | n=36|n=56| - | n=36| n=56
nstant
Dye pKo| pK™( pKy K™ PK; pPK*™ ) pK; pK™
PhF 220 2.10| 2.05] 6.89| 5.80| 530 | 9.85| 9.65| 8.80 | 11.40| 10.05] 10.20
SF 3.56| 2.80| 2.88| 6.09| 5.85| 5.32 | 10.05| 9.70 | 9.08 | 11.10| 11.60| 10.10
o-NPhF* | 2.71] 290 2.18| 6.30| 5.00| 492 | 945 9.00 | 7.63 | 11.81| 10.75| 10.83
DSPhF* | 278 2.70| 2.65] 6.26 | 540 5.28 | 10.60| 10.10] 9.81 | 11.39] 12.10] 10.45
NF* 252| 3.30| 290| 6.40| 6.30 | 4.80 | 10.87| 10.00| 10.05| 12.20| 11.10] 11.21

* CTOFZSX 1 O-GM.

Cpuma, base-mol/L: 2.8x107 (n = 56) and 1.8x107* (n = 36). 0.4% vol. ethanol.

Specificity of interaction of PHMG with the TOF molecules is caused by
hydrophilicity of macromolecule. Change of substituent in xanthene core defines features
of effect only in the case of deprotonation of TOF at transferring forms: H,R*<—H;R’. In
the presence of PHMG (n = 56) the pK,*", for NF is shifted to alkaline region for 0.38
pH units; in the presence of PHMG (n = 36) — for 0.78 pH units. This is due to the
hydrophobic interaction of alkyl radical of NF with PHMG. pK,*" of protonated form in
polyelectrolyte medium is shifted to acidity region pK, in PHMG free solution.
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The influence of the substituent can be calculated using objective parameters such
as ionization constant. We calculated the Hammet o-constants for different stages of
ionisation to make correct correlation with the nature of substituent [19]. o-Constants
serve as a semiquantitative measure of electronic and other effects of substituents. o-
Constants connect the change of ionisation constants of TOF at association with PHMG
and constants of substituents defined using ionisation constants of substituted TOF:

I(R
or =1g K, :

where K — ionisation constant of PhF, Ky - ionisation constants of substituted TOF (SF,
0-NPhF, DSPhF).

The change of Hammet c-constants for different ionisation stages is observed for
TOF with various substituents in ortho-position of phenyl ring. Independent correlations
ApK*" — & were established. They are described by the general equation:

Ap KaappzApKaapp*+p><GR,

where ApK,™"* is the shift of apparent ionisation constant of PhF in aqueous-
polyelectrolyte environment; p — reaction constant, witch is typical for this series of TOF;
or— Hammet constant of substituent R.

The linear dependence (fig. 4) with a high correlation coefficient is observed for
the monoanion formation in the presence of PHMG:

PHMG (n = 36): ApK°2)=0.32+1.25%0r (R*=0.996)
ApK ™ 5=1.91+1.37x0r (R?=0.930)
PHMG (n = 56): ApK°1)=0.87+1.36x0r (R*=0.937)
;\pK,‘P’P

ApK,*P? 25 -
* pK0 = *+pKO N

=pKl :iﬁ 2.0 4

ipI\:l ‘l\loﬁ opK3 /
~ T 7 T - T 1 Og T 1
25 5 - 05 0,5 1.0 T#__

Fig. 4. The correlation of the shift of ApK,"" by ¢-constants for TOF-PHMG.
CpHme (n=35) =1.8x10* base-mol/L (A), Cprmc (n=s5) =2.8x10"* base-mol/L (B)

In the series of SF-DSPhF—0-NPhF with PHMG (n=36) present ApK,*";, values
for monoanion formation have respective values of 0.24-0.86-1.30.

Correlation curves of ApK,™ as a function of substituent s-constant in the
presence of PHMG are shown on fig. 4. It has to be noted that correlation deviates from
livear as concentration of PHMG increases.

Aggregation TOF in aqueous-polyelectrolyte and aqueous-alcoholic solutions.
Molecules of a dye in aqueous solution tend to aggregate that hinders their interaction
with PE. Dimeric dye ions exist even in the diluted aqueous solutions. Spectral
characteristics of aggregates and monomeric forms considerably different [20]. Dimer
formation for neutral and ionic forms of xanthene dyes is observed. It can be detected by
differential absorption spectroscopy. Van-der-Waals interactions of dye molecules appear
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in both aqueous and non-aqueous solutions. In aqueous solutions dimeric form is
predominant, whereas in organic solvents their fraction is negligible [21; 22].

Aggregation of the dye molecules increases with the growth of their concentration
on a polymeric chain with high charge density [16]. The maximum vyield of ionic
associates at concentration of PHMG and TOF less then 5x10° M is observed (fig. 5).
Aggregation efficiency depends on the concentration ratio of dye and PE.

The PE behavior in organic solvents and in aqueous solutions is essentially
different. The interactions of the analytical reagents with PE in mixed solvents are more
difficult compared to the processes occurring in individual solvents. Ability of the organic
dye to form an ionic associate with PE depends strongly on the balance between polymer-
dye, polymer-solvent and dye-solvent interactions. Besides, spectral characteristics of
dyes are defined by polarity of a medium [23]. It is important to consider the influence of
the composite constituents against each other and the contribution each of them to the
process of dissolved substance solvation [24].

The influence of aqueous-organic environment was investigated using PHMG-o-
NPhF system at pH 5.2. In aqueous-alcoholic solution with C,; = 0.4% vol. the dye was
present in dimeric form (fig. 6, curve 6) with an absorption maximum at 490 nm
(e = 1.8x10%. In a solution with Cq = 95.2% vol. molecular form of o-NPhF was
predominant with intense absorption at 520 nm (g = 4.3x10%) (fig. 6, curve 7).

A €x10*
09+ 54

0.8 4

0,74 44 5~

00 = T T —= 1 = 2
400 450 500 550 600 650 04 2 ? 75%' = '—5670 — 5250 ) scl)o A, om
A,AM J
Fig. 5. Absorption spectra of o-NPhF (1-5) and Fig. 6. Absorption spectra of 0o-NPhF-PHMG
system of o-NPhF-PHMG (6-10). (1-5), o-NPhF (6-7) in agueous-alcoholic
Conphe=Crumcx10°%, mol/L: 0.4 (1, 6); 0.8 (2, 7); solutions and differential spectrum of o-NPhF-
1.2(3,8);3(4,9); 5(5, 10). pH 5.2. =50 mm PHMG at 96 % vol. ethanol (8). Concentration

of ethanol, %vol.: 1.6 —0.4; 2-20.0; 3-40.0; 4-
60.0; 5,7 —95.2; 8 — 96.0. pH 5.2; Cppmc=1x10"°
MOI/L; Cynphe>x10° mol/L: 1x10°8(1-7), 1x10°5(8)
Influence of the substituent in xanthene core observes as deprotonation TOF in
aqueous-polyelectrolyte medium. For NF with alkyl substituent shift pK,**, in alkaline
area was 0.78 pH units at injection of PHMG (n = 36). For other TOF with aryl
substituents pK,* is displaced in acidic area on all ionisation steps. Maximum
displacement pK,*"q) was 1.59 for monoanion of PhF and pK,™s was 1.82 for
threeanion of 0-NPhF in the presence of PHMG. The results of research can be used in
development of PHMG detection techniques using association with trioxyfluorone dyes
in aqueous solutions, drugs and alcoholic surrogates.
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HNOTEHIIOMETPUYHUIN AHAJI3 XJIOPUTY
MOJITEKCAMETHJEHTYAHIJITMHIIO METO/IOM
pK-CIIEKTPOCKOIIII
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MNOTEHIIMOMETPUYECKH AHAJIN3 XJIOPUJIA
HOJMTI'EKCAMETWJIEHT'YAHUIUHUSA METOA1OM
pK-CIIEKTPOCKOIIUHA

Iposenen MaTeMaTH4eCKHUii aHaIM3 JAHHBIX THTPOBAHMS xJjaopuia
nonurekcametrwjaenryanuauaus  (IICMIY),  comepxkamiero  mepuojgM4ecKH  NMOBTOPSIIOLIYIOCS
(pYHKIMOHAJIBHYIO TPYNY, CHIOCOOHYIO K JeNPOTOHUPOBAHUIO. [JIsl XapaKTePHCTHKH Me:KYACTHYHBIX
B3aumozeiicTBuii B cucreme Boga — III'MIT mpeasoxeno ucmnosb3oBath Metoa pK-cnektpockonum,
BKJOYAKIIUNA HCNO0Jb30BAHHE JIMHEHHOr0 pPerpecCHOHHOr0 aHaIH3a ¢ OrPAHMYeHHSMH Ha
HEOTPHUATEJbLHOCTh pemleHuii. IlogydyeHa jKcnmepuMeHTANbHAA KpPUBash NOTEHIHMOMETPUYECKOI0
TutpoBanusa II'MIT, xoropasi mpeodpa3soBaHa B (QYHKIUIO pacnpeiejeHHs HOHOTEeHHBIX TpyIin
THTPyeMOro o0bexkTta mno BeanyuHam pK kuciaorHoii wuonmsanuu (pK-cmekrp). Merton pK-
CIHEeKTPOCKONUM  HCHOJb30BAH  JUIS1  MpeICKa3aHHsl  NPOCTPAHCTBEHHOr0  CTPOEHHUS M
KOH(OPMALMOHHBIX NEPeX0/10B MOJMKaTHOHA. M3ydyeHa B3aMMOCBA3b KOHCTAHT aucconuanuu [MI'MIT
U nepexo/a rio0yaa-kJay0ok B BOAHBIX pacTBopax. [IpoBeseHa npoBepka NpaBUJIbLHOCTH Pe3ybTATOB
IKCMepPHMeHTA.

Kniouesvie cnoga: TOMMANEKTPOINT, TOTEHIIMOMETPHS; pK-CIIEKTp; perpecCHOHHBII aHAIH3.

BBenenue. /[ ommcaHus MOBEACHUS MaKPOMOJIEKYJ ITOJHMAIEKTPOIUTOB — C
JUCCOLMUPYIOIIMMHU B PaCTBOPE MOHCOAEPKAIIMMHU TPyIIIaMH, UCTIONb3yeTcs MeToa pK-
cnekTpockonuy [1]. MeToj; O3BOJISIET TONYYIUTh MHMOPMAIMIO O KHCIOTHO-OCHOBHBIX
CBOWCTBaX OO0BEKTa M OCHOBaH Ha MPUMEHEHWH MaTEeMaTHYECKUX METOJIOB,
npeoOpa3yIoInX SKCIEPUMEHTAILHYIO KPUBYIO TUTPOBaHUS B (DYHKIIMIO paciipeelieHHs
MOHOTEHHBIX TPYII IPY TOTEHIIIOMETPUYIECKOM TUTPOBAHHH.

Merton pK-criekTpockonuu, BKIFOYAIONIUI JIMHENHBIA PErpECCUOHHBIN aHaIu3 C
OTpaHMUYEHUSIMM Ha HEOTPHUIATEIBHOCTh pPEIICHUH, WCHOJb30BaH i1 aHaiuu3a
¢bynsBokucoT [2]. CylliecTByeT MHEHHE, YTO JaHHBINA MOAX0]] HEIMPUMEHHUM [T aHAIH3a
¢ynbBokucnor [3; 4]. B pasButne MmeToma [5] NpedsioKeH AITOPUTM IPOBEPKH U
chopMyIHpOBaHbI KpUTEPHH NPAaBHIILHOCTH PE3yNIbTaToB pacueTta pK-cnekrpa.

* Correspoding author: Tel.: +380567765934; fax: +380563749841; e-mail address: analyticdnu@mail.ru
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Lenr Hacrosimedr pabOTbl — BBISICHEHHE BO3MOXKHOCTH TNPUMEHEHHUS ITaHHOTO
METOJa ISl BBIYMCIICHNS KOHCTAHT WOHH3AIMH TOJMAJIEKTPOIHUTA C TMOBTOPSIIOIIAMUCS
(GYHKUMOHAIBHBIMU TpyNNaMu (MX 4YHMCIO O0O3HAuMM Kak n) Ha mnpumepe [II'MIT
(oTHOCHTENBHAS MOJEKyIspHas Macca M,~10%, n=56). Jlas OaHHOro O06GBEKTa
BO3MOKHO B BOIHBIX pacTBopax oOpa3oBaHue BOIOpOAHBIX cBsizei ¢ III'MI-H,O m
TII'MI-III'MI', ompenensonux ero MpoCTPaHCTBEHHOE CTPOSHHE M KOH(POPMAIIHOHHBIC
MEPEXo/bl «BBITSHYTBIH CTEPKEHb-KIIyOOK-TI00yaa». s pemieHus MOCTaBICHHOM
3aa4yy, TPUMEHWIN YHCICHHBIE METOMbI, ITO3BOJLIIONINE TIPeoOpa3oBaTh KpPUBYIO
tutpoBanus [II'MI" B pyHKIHIO pactipeienieHus: ero HOHHOTEHHBIX TPYII 10 BETHMIWHAM
pK. B pabGore wm3ydeHa  BO3MOXXHOCTh  IOTEHIMOMETPUYECKOTO  aHalIM3a
MOJIMAJIEKTPOJIUTOB ~ TNMyTeM  HocTpoeHuss  pK-cmekrpa  MeTogoM — JIMHEHHOro
PETPECCHOHHOTO aHAN3a.

PesyabTratel ®W  ux  oOcyxnmenme. B3aumoneiictBue — MakpoOMOJIEKYJIbI
nonuanektrponuta (P) ¢ MeHbIeil MoeKynoi uiu HOHOM (A4) MOKET OBITh OMMCAHO MPH
TTOMOIIIA COOTBETCTBYIONINX KOHCTAHT AUCCONManuu K-

PaLk . PALE PR "
[PA,] Pa,, ] |PA
rae ckoOkamu 0003HA4YeHBl KOHIEHTpPAIlMM BEHIECTB, ¢ — OO0IIas KOHIICHTPaIHs

CBOOOIHBIX YacTHL A4; N — o0Ilee YUCIIO0 pearupyouIfx y4acTKOB B MaKpoMosekyne. Jis
II'MI (M, =~ 10*, n = 56).

VYpasuenre (1) mO3BONSET BHIPA3WTh CpPEAHEE UYHCIO HOHOB WM MOJEKYN A,
MOJYYMBLINXCS B PE3Y/bTaTe TUCCOLMALMM U3 MOJHOCTHIO HACHILEHHOH Gopmbl PA, ¢
o011eH KOHIIeHTpanuel CBOOOHBIX YaCTHIL:

K Je+ 2K K /s KK, LK e

n

” (2)

I+ K fe+ KK,/ + +KK, K _/c

Pacuer pK—crnekTpoB NpoBEAEH ¢ HCHOIB30BaHMEM alrOpPHUTMa, OMUCAHHOTO B

pabore [1], KOTOpBIN OCHOBAaH Ha YMCICHHOM PEIIEHHH OTHOCHTENBLHO ¢ (MOJBbHAS JIOJIS
IpYII ¢ KOHCTAHTOM AcCconHaiy Kj) cucrems! ypaBHeHuU# BUaa:

V. 0 ZL K[H—] (3)

rae Vo — HadaJbHBIH 00beM THTPYEMOTo paCTBopa, am>; V — 06beM THTpaHTa, M C; —
KOHIIEHTPAIs PACTBOPA THTPAHTA, MOJIB/IM; Co — HAYAIBHAS CyMMApHAs KOHIIEHTPALHS
OCHOBHBIX TIpymi, Momb/aM>; K, — HOHHOe mnpomsBeneHue Bomsl; i U K; —
COOTBETCTBEHHO, MOJIbHAS JIOJISl U pealIbHAs KOHCTaHTA JUCCOILMAIINH 1-TO KOMITOHEHTA.

Jis mpOTOJIMTHYECKONH CHCTEMBI C TPOU3BOJILHOW (YHKIWEH pacrpeelieHus
BennunHbl pK ypaBuenue (3) nepexozu/IT B CJIEYIOIIHE:

A K)- 1pK (4)
9 \0 f q(p —[—](P

Pemennem aHHOTO ypaBHEHHMS ABJSIETCS UCKOMAs (DYHKLMS paclpeeieHus q Io
pKa, T.e. pK-criekTp.

Jns yucneHHoro pemieHus ypaBHeHus (4) ¢ynkuuio q (pK) anmpokcuMupoBaiu
JTMCKpeTHbIM Habopowm 3HaveHuit q; = (PK;) (i = 1,...m), COOTBETCTBYIOIIMX M 3apaHee
3agaBaeMblx BenmunHam pKi, pKa,...pKy. Ilpu stom ypaBHenue (2) mepexoauTt B
CHUCTeMY JMHEWHBIX OTHOCHTENbHO (i ypaBHeHmi Buaa (3). Kaxmoe ypaBHeHHE 3TOM
cucTeMBI COOTBETCTBYeT mape sHadenuii Vi — [H']; (i=1...n) mnma xaxnoil u3 n
9KCIEPUMEHTANBHBIX TOUEK KpUBOH TUTpoBanus. [Ipy n > m u 3amaHHbIX Co, Vo, C, Vi H
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[H']i BenuuuHBI q; MOKHO HAWTH CTAHAAPTHLIMU METOJAMH JTUHEHHOTO PErPECCHOHHOTO
aHanm3a [6].

VYpaBuenue (2) sBasieTcs HWHTErpalbHBIM ypaBHeHHeM Opearonsma [ pona,
peleHne KOTOPOro, Kak M alllpOKCUMUPYIOIIEH ero CHCTeMbl TMHEHHBIX ypaBHEHHH (3),
IPE/CTaBIsIeT co00l HEKOPPEeKTHyI0 3amady. B pabore [7] cucrema ypaBHenuit (3)
peleHa ¢ y9eToM OTpaHHYeHUH Ha HEOTPUIIATENNbHOCTh 3HAYCHHUN

q; =0 (5)

Pemenue cuctembl ypaBHeHHH (3) MPOBEACHO MO aNrOPUTMY, MPHUBEACHHOMY B
pabore [2]. BXxomHpIMM NaHHBIMH CITy’KaT BETUYHUHBI Vo, C; mMapbl 3HaueHuil Vi, pHj,
3aJafolIie TOYKM KpUBOW TuUTpoBaHusi u Habop (Oasmc) 3Hauenumii pKi Pacuers
nposoxunuchk B npubmmkennn [H] = 10", T.e. B mpeHeOpexxennn BIMSHHEM HOHHOI
cunbl Ha kod(p¢uuuentsl aktuHoctd y(H'), a Takke nHa Benumuuny K. BbIXOmHBIME
MAHHBIMU SIBIISTIOTCSL BETMYMHBI Co, Ci WU (j, COOTBETCTBYIOIIME 3adaHHBIM pK;.
Ucnonp3oBanu 3HaueHUs: napamerpoB Vo= 20 ev®, ¢, =0.1 M. Pacuer BenuuuH pH
BBITIONHSUTH ¢ TOYHOCTHIO 710 (.01 ¢ 3amannbM marom mo V Ha npubope inoLab 740.

Hns ommcaHus WMOHW3AUK MOHO(DYHKIIMOHAIBHOTO mommanekTponuTta [II'MIT
BOCITOJIB30BAJIUCH YpaBHEHHUEM [5]:

) ulol)
K/ =pH —lg—% = pK, +0 4341/
I-o RT
rac
H ]k, /|o sV
T
c,V ¢,V

oo 0o

B ypaBHeHnu Vo — HaYaIbHBIH 00BEM THTPYEMOTo pacTBOpa, 1M, V — 06beM THTpaHTa,
aM>; ¢; — KOHIGHTPAIHS PACTBOPA THTPAHTA, MOJIB/IM’; Cop — HAYATbHAS CYMMApPHAS
KOHIIGHTPALMs OCHOBHBIX TPYIII, MONb/aM°; K, — MOHHOE HpOM3BeIEHHE BOJBI O —
CpeIHss CTENEHb MOHM3AUUHU MoyudieKTponuTa; pK' - Tak Ha3pIBaeMas «KaxKylIascs
BennunHa pK,, 3aBucsamas ot o; pKo — xapakrepucrtuyeckas BenuunHa pK,,
npezcTaistonas codoi npenensHoe 3HaueHne pK' npu a—0 u 06braHO O6mM3Kas K pK,
MOHOMEpa, Y(0) — 3IEKTPUUECKUH MOTEHINAJ, CO3AaBaeMbIii MMOJMMOHOM IPHU CTEICHH
JUCCOLMALINH .

JKcnepuMeHTaNIbHAs YacTh. Pacteop IITMI (1 r/nm®) roToBmIH pacTBOpeHHEM
0.1 r npenapara B 100 cM® [MCTHIIHPOBAHHOH BOIBL. PaGoume pacTBOPHI MOTydasTH
pa30aBICHUEM HCXOAHBIX HEMOCPEICTBEHHO IIepell HCIOJIb30BaHUEM. THUTpOBaHHE
NPOBOJMIIN € MOMOIIBI0 pacTBOpoB Tuapookucu HATpus (Cnaon = 1.0 u 0.1 momw/m),
npurotoBieHHbIX cornacHo JCTY 7258:2012, ¢ ucnons30BaHHEM BOJIBI, HE COIEpKaIIeh
yriaekucaoTy. TouHyio MOJSIpHYI0 KOHIEHTpanuio pactBopa NaOH paccuurtbBamm c
yueToM KodddunmenTa nonpasku (k), KOTOpIH ycTaHABIMBAIN TOTCHIIMOMETPHUECKH
no sutapHoit kuciore (k = 1.0054 mnst Caon= 1.0 monb/in; k =0.9998 mist Cnaon =
0.1 mons/m).

Hauanbubiii 06beM THTpyemoro pactsopa IIIMI (Cpryr = 1.0-107° moms/m)
cocrasmi 20 cm®, Tutpant NaOH, konnenrparuei 1,0 MoJib/J1, 100aBISIIHA MOPLUAMH 110
02 u 0.02cm’ Mureppanm Mexay A00ABICHMSAMH MOPLMIl THTPAHTA COXPAHSICS
MOCTOSIHHBIM M cocTaiisul ipu 0azuce 0.2 u 0.02 cOOTBETCTBEHHO 2 U 5 MHHYT.

JJ1 TOTEeHIMOMETPHUYECKOTO TUTPOBAHUSA NCIIOIB30BAIN N3MEPUTEIBHYIO CHCTEMY
InoLab 740 ¢ akTHBHBIMH MHOTO(QYHKIHOHAJBHBIMH OJIOKaMH (TOYHOCTH H3MEpPEHUS
+0.01 pH, I'epmanus). KoMOuHUpOBaHHBIH 37EKTPOL € Teb-anekTponutoM (SenTix 42)
nposepsuin 1o ramaraomy (pH 4.00) u Goparnomy (pH 9.22) OydepHbiM pacTBOpam.
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HWcnonp3oBanu aronunerky Eppendorf Research Family fix variable multi (10-100 mx,
TO4HOCTH M3Mepenus +3.0%, ['epmanus).

[Tonyudena kpuBas NOTEHUMOMETPUUYECKOTO TUTPOBaHUS BOJHOrO pactopa [II'MI
(puc. 1). V3 mNONy4eHHBIX NAHHBIX CJIEIYET, YTO KPUBBIC TUTPOBAHMS HE SBISIOTCS
KJIACCHYECKUMH, HaJU9He JKCTpeMalbHBIX To4ueK (A - E) (pmc. 1), MBI cBS3bIBaeM ¢
KOH(pOpPMAIIMOHHBIMA W3MeHeHusMH Monekyinsl [ITMIT B BogHOM pactBope [8]. Ilo-
BuguMmomy, III'MI" wumMeeT KOH(OPMAIMIO BBITSHYTOTO CTEPXKHS C BO3MOYKHBIM
BHYTPUMOJIEKYJISIPHBIM HITH MEKMOJIEKYJISIPHBIM B3aMMOJIEHICTBHEM BOJIOPOIHBIX CBS3EH
MeXTy IPOTOHUPOBAHHBIMU W HEMPOTOHHPOBAHHBIMUA UMHUIHBIMHU TPYIITIaMA. DTO OYEHBb
3atpynHseT oriemienue uonos H'. ITosromy pH MOMKET M3MEHAThCS HA HECKOIBKO
€JVHUI] B Ty WJIM MHYIO CTOPOHY, MPH 3TOM OCHOBHBIC TPYIIIBLI 3aMETHO HE TUTPYIOTCS
(tabm. 1). HaGmromaemple pe3kue HW3MEHEHHUS XapakTepHCTHK cucteMbl ApHy/AV ot
obbema NaOH MOXHO OOBSCHUTH BBIOPOCOM 3HAYHMTEIBHONW YaCTH HOHOB BOIOPOJIA
Monekyasl  III'MI, ¢ HU3MeHeHueM  IPOCTPAHCTBEHHOIO  CTPOEHMs,  T.€.
KOH(OPMAITMOHHOMY TIEPEXOY «BBITSIHYTHIN CTEPIKEHB-KITYOOK-TIIO0YIIay.

ApH?

AV
1.0

0.9
0.8
0.7
0.6 4 B
0.5
0.4 4
0.3
0.2
0.1 1 F

T T T o T

0 5 10 15 20 25 30 35 40 45 30
V(NaOH), Mra; C(NaOH)= 1,0054 MoJIB/T1

Puc. 1. KpuBasi noTeHIMoMeTpHM4eCKOro TUTPOBaHuUsI BOAHOro pacteopa III'MTI,
Crurmr = 1.0-107° Moan/n

Tabauya 1
3aBHCHMOCTH IKcTpeMaabHbIX Touek A-E (puc. 1) ot pH, Cpryvr = 1,0-10°° moutw/n,
Chiaon = 1,0 Moaib/a

DKcTpeMallbHbIe DKcTpeMalbHble

TOYKU Ha KPUBOH pH V (NaOH), Mk TOYKHU Ha KPUBOH pH V (NaOH), mMkn
A 6.98 0.7 D 9.98 12.9
B 8.95 2.9 E 10.17 20.9
C 9.48 4.9 F 10.20 28.9

Ipu moTenmoMerpraeckoM anamuse 1.0-10~° Moms/1 BogHOro pactsopa IIIMI
MeTOIoM pK-CIEKTPOCKOIINH € MCIIONIB30BAHUEM JIMHEHHON perpeccu, Oblia MolydeHa
3aBHCUMOCTb MOJIBHOM O MOHHOTEHHBIX y4yacTKoB oT pK,, T.e. momyden pK-crektp
(puc. 2, xpusas 1).

3HavyeHns: MaKCUMyMOB (Toukd B-E) aHanmoruvHel Mojgy4eHHBIM 3HAYEHHSIM MpPU
NOTEHIMOMETPUYECKOM THUTpoBaHuM W otBedaror pH = 8.85; 9.45; 995 u 10.25
cooTBeTcTBeHHO. Hanmmume MuHumMymoB Ha pK-cmekTpe, mo-BUAHMOMY, OOYCIOBIEHO
cBopauuBanueM Mouiekysbl [ITMI, 4rcio MOHHOTEHHBIX TPYIN yMeHbIiaeTcs (puc. 2,
KpuBas 1).

CormacHo  pabore [9], ecim  pacTBOPMMOCTb  BEIIECTBA  IO3BOJISIET,
OpearnouTuTeabHo TutpoBarh ero B 0.01 M KOHLEHTpauuu, MpU 3TOM HHUBEIHPYETCS
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addexr axktmBHOCTH. PazbaBimeHne pacTBOopa THUTPAHTOM BHOCHUT JIHIIL HEOONBIIYIO
OomuOKy, €CIM TUTPaHT, 0 MeHbInerd mepe, B 10 pa3 Gojee KOHIIEHTpHUpOBaHEe, YeEM
TUTPYEMBI pacTBOp. Bruin BBIOpaHBI cieaylonire KOHLEHTPAalWW BOJHOTO PacTBOpPa
III'MI" wu pactBopa menoun: Cpryr = 1.0-10°M, Cpaon=0.1 M. [Iposeneno
MOTEHIIMOMETPUUECKOE TUTPOBAHUE 1.0:10°M BoxHOrO pactBopa III'MI', mony4eHHbII
pK-crrektp (puc. 2, kpupas 4) UMeeT MPSIMOITUHEHHBIA BUI, MOJIbHAS JOJIST HOHHOTCHHBIX
ITPYyHII OCTaeTcsd IOCTOSHHOM, Makpomoiekyina III'MIT cBopauuBaercs, 3apsn
HEUTpanu3yeTcsi 3a CUeT COIPSDKEHUS W JIeNOKAIM3AIfH 3JIEKTPOHOB HETOAETICHHON
mappl Ha aroMe a30Ta CcO BTOPOM  HEMOJEJEHHOW TMapol  AJIEKTPOHOB,
BBICBOOOJKIAIONIEHCST TMPH TeTEPOIMTHYECKOM paspbiBe cBsisu N—H, mpoucxogur
KOHQOpMaMoHHbIN Tnepexos Makpomonekyiasl [II'MIT «rinobyna-KimyOoK-CTepKEHbY
(puc. 3).

1.0 4

0.9
0.8 1
0.7 1

0.6 1
0.5 4

0.4 4
0.3 1
0.2

0.1

0 T T T T T T T ]
6.0 7.0 8.0 9.0 10.0 11.0 12.0 130 140

pi

Puc. 2. pK-cniekrpsr: 1,2 - pactBop IITMT, Cypwr = 1.0-107° Moan/i, mar 6azmca 0.2 em® u 0.02 em®
cooTBeTcTBeHHO; 3 — pactBop I'P, Crp = 1.0-10 2 moan/n; 4 — pactBop I'MI', Cpryr = 1.0-102 monn/nt

pH
106 5

10.2 1

6.0 T

100.0 89.1 77.0 653 449 46.1 482 47.9 474 ., %

Puc. 3. 3aBucumocts pH pacTBopa ot 10,11 noHu3upoBaHHoii popmsl (6, %) III'MT,
Crrmr = 1.0-10° Moss/a
[Ans cpaBHeHuss mnporonuTHyeckux cBoWcTB III'MIT ¢ HU3KOMOJEKYJISPHBIM
aHAJIOTOM TPOBEJIEHO IMOTEHIIMOMETPHUYECKOE TUTpoBaHuWe TyaHuauHuiipomanuga (I'P)
(Vrp =20 CM3, Crp = 0.01 monw/n, Cngon = 0.1 Monb/m). Ha oCHOBaHUM IMOITyYE€HHBIX
JIaHHBIX mocTpomH pK-criekTpsl (puc. 2, kpuBas 3).
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IIpoBepka mnpaBUIBHOCTH pe3yJbTATOB JKcnepuMeHTa. J[[nsg mpoBepku
MIPAaBIIIFHOCTH TONy4eHHBIX pK-CIEKTPOB HaMU MCTIOIB30BAHBI MIPUHIIUIIBI U KPUTEPUU
onucanneie B paborax [1; 5; 10]. pK-kpuBble NOTEHIHOMETPUYECKOTO THTPOBAHMS
pactBopa [II'MI" o6paboTtaHnsl ¢ ucnoias3oBaHueM 6a3ucoB ¢ marom 0.02 u 0,2 eM’. [Ipu
mare 6asmca 0.2 cM® TONydeHHBIE pPK-CIIEKTP XOpPOIIO COTIACyeTcss ¢ NAHHBIME
IOTCHIIMOMETPHYECKOT0 THTpoBaHms. llpn mare OGasmca 0.02 cM® HaGiromaeTcs
WCKa)KEHHE pacCYMTaHHBIX pK-CIEKTpPOB, CBS3aHHBIE C YMEHBIIEHHEM YCTOWYMBOCTU
pelIeHH.

Husa pK-ciektpo B obmactu pK, or 6 no 11 Opun paccuWTaHbBl CIEmyIOIIHe
napaMmeTpbl: cpennee 3naueHue pK., = Xq; pKj; ctanzaptHoe oTkinoHenue s = [Xq; (PKj-
PK ) 1Y%: accumerpust p = [2q; (PKi-pKep)*]/s® (Ta6um. 2).

Tabauya 2
PesyabTaThl 00padoTku pK-cnektTpos pactsopos III'MI
[ar 6a3uca 0,2 Iar 6a3uca 0,02
pH | pK, | 0 | pKy S p pH | pK, 9 | pKy | S p

8.85 854 | 008 | 862 | 002 | -347 | 694 | 6.63 | 003 | 6.66 | 0.01 | -5.77
9.45 913 | 010 | 923 | 003 | -3.16 | 722 | 684 | 0.20 | 7.04 | 0.09 | -2.24
9.95 960 | 030 | 990 | 046 | -1.83 | 844 | 810 | 024 | 834 | 011 | -2.04
1025 | 9.79 | 062 | 1031 | 049 | -1.27 | 918 | 882 | 033 | 915 | 019 | -1.74
932 | 894 | 041 | 935 | 026 | -1.56

CornacHo pabore [9], mpoBemeH pacueT [IOJIM HOHU3UPOBAHHON (QOPMEI
(0<0<100%) monekynsl III'MI" mis pasznuusbix 3uaueHuid pH (puc. 4, Tadm. 3).
YcranosneHo, 4to npu crenenn nonusanuu [II'MI paBnoii = 72% u 78% nabmogaercs
aHomanbHOe cMmenienne pH B kuciayro o0macte, 4YTO, BEPOSTHO, OOYCIOBICHO
cBopaunBanueM MoJekynsl [II'MIT B koHdopmanuro rinodyna u cOpocy H30BITOYHOTO
komuyectBa H'. IIpu TakoM CTepUYECKOM pACHOJOKEHHH HMHUIHBIE TPYIITHPOBKH

pacroiaraloTcsi BHyTpU CBEPHYTOIO MOJIUMEPA.
Tabnuya 3
H3meHenne 101 HOHN3HPOBAHHOI dopMmbl (0, %) nis pacteopa II'MIT (CIII'MI = 1,0-1072

MOJIB/JT) B 3aBHcHMOcTH 0T pH
V(NaOH), Aoxs V(NaOH), Jlons

oM’ HOHmeOBa;OHOH o, pH oM’ MOHHM3UPOBaHHOU (opMmbL, %o pH

0 0.76 10.06 3.0 80.74 11.78
0.5 91.86 10.44 35 82.48 11.89
1.0 84.57 10.83 4.0 80.26 11.95
1.5 80.96 11.21 4.5 71.66 11.96
2.0 78.20 11.43 5.0 77.62 12.06
25 79.51 11.64

KoppekTHOoCcTh HCmONb30BaHUS ypaBHeHHS (6) OLEHEHA IIyTeM IIOCTPOEHHS
aHaMop()03 KpUBBIX THTPOBaHHS B KoopauHatax o—pK' (puc. 4). Iua 1.0 10°M
pactBopa III'MI', anamopdo3bl KPUBBIX TUTPOBAHUS HEIMHEWHBI, TOSTOMY IPOBEpKa
MPaBUIIBHOCTH MOKET HOCUTh JIMIITh KaUueCTBEHHBIH XapakTep.

3aBHCUMOCTb KPHUBBIX THUTPOBaHHs B KoopauHatax pK' or o wucnosib3oBanu
corjacHo pabore [5] It omMCaHUsT KUCIOTHO-OCHOBHBIX CBOMCTB ITOJIMAJIEKTPOJIHUTOB.
Bung 9THX KpHUBBIX OmpejessieTcss XapakTepoM 3aBUCHMOCTH OT o. Eciwm
MOJIMAIEKTPOJIMT B XOZ€ JUCCOLMAIMY HE peTepIeBaeT KOHPOPMAaLMOHHBIX U3MEHEHU,
3aBUCUMOCTH ¥ oT o u pK' OT o HMEIT BO3pacTalolMid XapakTep, BCIIEACTBHUE
anekTpocTatndeckoro  3ddekra [S5]. Ecnm B Xome HMOHM3AIMM  MOJIEKYyna
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MOJIMANIEKTPOJIMTA  TpeTepreBaeT  KOH(GOPMAIMOHHBIA  Tepexoj]l, YTO  MOXKHO
npennonokuTth B ciaydae [II'MI', Bo3MOKHO 0OJerdeHne JUCCOIHAIN TTOCTIeTyIOIINX
TPyNIl ¥ 3JEKTPOCTaTHYECKHMH W KOH(OpManMOHHBIA 3(PQEeKTh NeHCTBYIOT B
MPOTHBOIIOJIOKHBIX HallpaBieHUsX. YObBanne pK' Ha OTHENBHBIX y4YacTKax KpUBOM
THTpOBaHMs, corjacHo [10], TOBOPUT O peanw3alud B CHCTeME KOH()OPMAIMOHHBIX
nepexoaoB. Hamu paccunTaH 3J€KTpUYECKUM MOTEHIMAN Y, CO3/1aBa€Mblid MOJIMHUOHOM
oT creneHn woHm3anuu O (tabn. 4). Ha oTAenbHBIX y4yacTkax KpPHBOM THTPOBaHHUS
Bo3pactanue ¢yHkuui y 1 pK, oT O cTaHOBUTCS MeHEe BBIPaXEHHBIM, IMEIOTCS YIaCTKU
ee yobiBaHUSA. DPPEKT MBI CBSI3BIBAEM C KOH(POPMAMOHHBIMA W3MEHEHUSMHU MOJIEKYJIBI
I[II'MI" B pactBope. CornacHo pabote [11], B o6mactu pH 10,0-12,1 paccuurano umcio
MOHOB BOJIOpOJIa, 00pa30BaBIIUXCS MPH HOHU3AMH 0HON Mostekysl [ITMI (Tabm. 5).

pE

125
115 1
105 —<r‘\
9.5

8.5 '[

7.5 T T T
0 02 0.4 06 @«

Puc. 4. Auamopdo3pl kpuBbix TUTpoBaHusi pacrtBopa II'MI'. Cyyryvr, MOJIB/JT:
1.0-1072 (xpuras 1) u 1.0-107° (kpuBas 2); Cnaon = 0.1 MoaB/1

Tabauya 4
Pacyer 3J1eKTPHYECKOr0 MOTEHIIMAJIA CO31ABAEMOI0 NPH cTeneHn nonusanuu 0 (%)
pKa \} 0, % pKa v 0, %
11.90 16.44 0.08 12.07 16.62 0.19
11.74 16.28 0.15 12.19 16.74 0.18
11.79 16.33 0.19 12.27 16.82 0.20
11.79 16.34 0.22 12.32 16.87 0.28
11.94 16.48 0.20 12.36 16.91 0.22
Tabnuya 5
Pacyet uncia nonos H+, o6pasoBaBmnxcs Npu HOHU3ALUU OAHOI Mosekyabl ITMIT
pH K1 02 Crirmr, MOJIB/JT pH K 10%? Crirmr, MOJIB/IT
10.06 - 0.010 11.78 0.40 0.004
10.44 3.22 0.009 11.89 0.27 0.003
10.83 2.70 0.008 11.95 0.28 0.002
11.21 1.45 0.007 11.96 0.43 0.001
11.43 1.04 0.006 12.06 0.25 0
11.64 0.59 0.005
- 1jljg%3 = 0807

Omnpenenenune pK, s Monekys ¢ OOJBIIMM YUCIOM MOHU3UPYIOLINX TPYHIL, KaK
HanpuMmep III'MI', npexncraBisieT TpyJHOCTH Jake B TOM cllydae, KOrJa BCE TIPYIIIbI
BEI[eCTBA CTPYKTYpHO HICHTHYHBL. B nuteparype [4; 12; 13] ommcano mpumeHeHHe
MeTona pK-ciekTpockonuu it onpeaeneHus pK, aHMOHHBIX MoOIKAIEKTpoanuToB. Hamu
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[IOKa3aHa BO3MOXKHOCTh NPUMEHEHMs IAHHOTO IOJX0Jla, OCHOBAHHOI'O Ha JIMHEHHOM

PErPECCHOHHOM aHaJIM3€ C OrPAaHMYCHHUAMH Ha HEOTPHUIATEJBHOCTh PELICHUH, Ui

MOTEHIMOMETPUUYECKOT0 aHAJIM3a KAaTHOHHBIX TOJMAJIEKTPOJIUTOB, MPEICKA3aHUS HX

MPOCTPAHCTBEHHOTO CTPOSHHS U KOH(POPMAITUOHHBIX TIEPEXOJIOB.
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IIpoBeneno MmaTeMaTHYHMII aHAJTI3 JaHUX TUTPYBAHHS XJOPHIY MOJireKcaMeTHIEHIyaHiTHHiI0
(II'MT’), 110 MicTHTBH MePioAMYHO MOBTOPIOBAHY (PYHKUIOHATbHY IPyly, 31aTHY 10 1eNPOTOHYBAHHS.
1A XapakTepMCTHMKH MIiXKYaCTHHKOBUX B3aeMoliii y cucremi Boga-III'MIT 3anpomoHoBaHO
BUKOPHCTOBYBaTH MeTo] pK-cnekTpockomnii, 3aCHOBAaHOr0 Ha BHKOPHMCTAaHHI JiHiliHOro perpeciiinoro
aHalizy 3 oOMeKeHHSIMH Ha HeraTUBHi pimeHHsa. OTpuMaHa eKcIepUMEHTAJbHAa KpHUBa
noreHuiomerpuyHoro TutpyBanus III'MI, sika neperBopeHa B GyHKUiI0 po3nodily iOHOTeHHUX rpyn
II'MI 3a Beruuunamu pK kucaortHoi ionizamii (pK-cnektp). Metox pK-cnektpockonii BUKOpucTaHMIi
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AJs nepeadavyeHHs MNPOCTOPOoBOi OyaoBH i KOHpoOpMaUiiHMX IepexodiB moJikaTtiona. Bupdeno
B32€MO3B's130K KoHcTaHT aucounianii IICMIT Ta mepexoay rjo0yna-Kiay0oK y BOJAHHMX PO3YHHAX.
IIpoBenena nepeBipka NpaBMIILHOCTI pe3yJIbTaTIB €KCIIEPUMEHTY.

Kniouoei cnosa: monieaeKkTpoiT, MOTeHIIoMeTpist; pK-crekTp; perpeciiiHuii aHami3.

The mathematical analysis of data of titration of chloride polyhexamethyleneguanide (PGMG)
containing repeating functional group, capable to a deprotonation carried out. For the characteristic of
interparticle cooperation in system water - PGMG the method of pK-spectroscopy is offered for using.
The metod based on the use of linear regression analysis with restrictions on the non-negative solutions.
The experimental curve of electrometric titration of PGMG is received and transformed to function of
distribution of ionogenic groups of titration object on sizes pK acid ionization (pK-spectrum). The
method of pK-spectroscopy the possibility of using to predict the spatial structure and conformational
transitions of polycations. The interrelation of constants of dissociations of PGMG and transition a
globule-ball in water solutions is studied.

Keywords: polyelectrolyte; potentiometer method; pK-spectrum; regression analysis.
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EJIEKTPOXIMIA / ELECTROCHEMISTRY
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PROPERTIES OF COPPER MICROPOWDERS ELECTROPLATED
FROM SULFATE SOLUTIONS WITH ACRYLIC
ACID OR ACRYLAMIDE
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CBOMCTBA MEJHBIX MUKPOIIOPOIIIKOB,
SJIEKTPOOCAXIEHHbBIX U3 CYJIb®ATHBIX PACTBOPOB,
COJAEPKAIIUX AKPUJIOBYIO KHCJIOTY UJIN AKPHJIAMMU /]

Bikrop @. Bapranrok, Bonmogumup A. Iononcekuii, Onsra C. Crerp

Jninponempogcoxuii nayionanvuuii ynigepcumem imeni Onecs I'onuapa, np. I'acapina, 72,
Lninponemposcox 49010, Ykpaina

BJIACTHUBOCTI MIJTHUX MIKPOITIOPOUIKIB,
EJIEKTPOOCA/’KEHHUX I3 CYJIb®ATHUX PO3YUHIB, 1O
MICTATH AKPUJIOBY KUCJIOTY YU AKPUJTAMIJ

3a pesyabTaTamMu peHTreHo(}a3oBOro aHajidy BCTAHOBJIEHO, IO KATOAHUN MigHuii ocan,
oTpuMaHuii i3 cyJb()PATHOKHCIOrO eIeKTPOJITY B MPUCYTHOCTI aKPHJIOBOI KHCJI0TH a0 akpwiamiay,
CKJIAAA€ThCS 3 KPUCTATIB Mifli 3i 3HAYHOI0 KiIbKicTIO AedeKTiB Ta nedopmaniii kpucTanidyHOI IPaTKH.
BusiBjieHa cuMOaTHicTh 30iMbIIEHHs MIKpOHanmpyr Ta MHTOMOI KiJbKoOCTI JUcIOKalii B ocagax 3i
30lIbIICHHSIM KOHIeHTpauii opraHiuHoOro KoMmoHeHTy B po3uuHi. IIpu npomy cmocrepiraerbcs
3MeHIIeHHs PO3MipiB KPUCTANITIB Ta 30i/IbIIEHHS CTyNeHs CTPYKTYPOBaHOCTI ocaaiB. MakcumyMiB,
sAki BigmoBiganum 6 mosBi iHmoi ¢a3m, oxkpiMm MeraniuHoi Mmini, Ha peHTreHorpamax ocaiiB He
cnocrepiraerbesi. Buxoasiun 3 pe3yiabTaTiB nmomepeaHix AOCHiIAKeHb, 3TiTHO SIKHUX A0 CKJIAAY OcCagiB
BKJIIOYaIOThest 10 20% HeMeTaniyHOro KOMIOHEHTY — 7m-KoMIulekciB Kympymy 3 HeHacuyeHUMH
Opra”HiyHUMH JiraHaamMu, 3po0JeHo NPUNYLIEHHS, IO OCaJ CKJIANAEThCH 3 MIKpPOKpUCTATIB Mini,
PO3alJIECHHX HEeMeTAJiYHMM KOMIIOHEHTOM. 3aBASIKM 0CO0JMBHMM (Di3HKO-MeXaHiYHUM BJIACTHBOCTAM
ocajiB BHABHJIOCH MOKJIHMBHM IlepeBelleHHsl iX y BHCOKOAMCIEProBaHUI NOPOIIKONOAIOHMIA cTaH
IISIXOM MeXaHiqYHOro mojapioHeHHs. 3a 10MOMOIoK CeAUMEHTAIiHHOr0 Ta MiKpOCKOMIYHOr0 METOIiB
AOCJiIZKeHHS MOKA3aHO, 10 raIbBaHiYHi MiKpONOPOLIKH, OTPMMAaHI 3 PO34YHHIB, IO MiCTATH OPraHivyHi
KOMIIOHEHTH, OHOPiaHi 32 po3mipom Ta ¢opmoro. Tako:k BHUSIBJIEHO BHpPaKeHHIl GaKkTepuUUAHUI Ta
OakTepiocTaTnyHMii epeKT Aii raTbBaHIYHUX MiKPOMOPOUIKIB.

Kniouosi crnosa: MikpoauciepcHH raJbBaHITHIA 0CaJ]; Mi/lb, aKPHIIOBA KHCIIOTA; aKPHJIAMIJ.

Beryn. BaximBoro 3ajader0  CydaCHHMX —TEXHOJOTIH, sKi 0a3yloThes Ha
BUKOPUCTaHHI HAHOCHCTEM TIpM  po3poOIli Ta BHUPOOHUITBI  MEPCHEKTHBHUX
(GyHKLIOHANBHUX MaTepiajliB, € OTPUMaHHA Ta cTabii3aliss HAHOAMCIIEPCid MeTalleBOi
¢azu. IlepcrieKTMBHUM JUIsi BHUpIIIEHHS BKa3aHOI 3ajadi € BUKOPUCTAHHS B SIKOCTI
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cTabiTi3yI090ro CepeqOBHUINa OPraHiYHIX PEYOBHH, 3AaTHUX YTBOPIOBATH 3a PaxyHOK dn-
pT 3B’sA3yBaHHS 3 aTOMaMu d-MeTajiB XiMIYHO CTiKi CTPYKTYPH B IIMPOKOMY Jiara3oHi
CTYICHIB OKHCHEHHsSI LEHTpPaJbHOrO aroMa, Hacamiepe] — B HyJIbOBOMY CTYICHI
OKHCHEHHs. Bkazani pe4oBMHM 3/1aTHI BUCTYNATH SIK CTaOUIi3aTOpH HaHOPO3MipHHUX
eJIeMEHTIB MeTalleBoi (a3u, M0 € BAXKIUBUM IS IUIECIIPSIMOBAHOTO (OpPMyBaHHS
YIBTPaMiKPOAMCIIEPCii METaiB.

Axpunosa kucnora (AK) ta akpunamin (AA), Bigomi SK OpraHiuHi KOMIIOHEHTH
€JIEKTPOJIITIB MiTHEHHS, 3AaTHI YTBOPIOBATH T-KOMIUIEKCH 3 aromamu Kympymy B
HU3bKHX CTymeHsx okucHeHHs [1]. ITomepenHi MOCTIKEHHS MOKA3aid, IO 0 CKIALy
KaTOOHUX MIJHHUX OCaliB, OCA/PKEHHX 3 PO3YMHIB, IO MICTATh OPTaHi4yHi JIraHgu y
KUTBKOCTI, CHiBMIipHii KoHUeHTpauii karioniB kynpymy(ll), MoxyTb Bkmrouatucs sk
n-xomriekcu Kynpymy 3 AK a6o AA, Ttak i ix momimepHi ¢opmu. KinpkicTe Ta ckian
UX CHOJYK 3alie)kaTh BiJ BMICTYy OpraHiuHOi KOMIIOHEHTH B EJEKTPOJITI Ta YMOB
ocapkeHHs [2].

B pe3ynbpTari HaKONMMYEHHST HEMETAIIYHOTO KOMIIOHEHTY OCaIH CTal0Th KPUXKHMHU
Ta TIOTaHO 3YCIUVICHUMH 3 OCHOBOI. TakoX BCTAQHOBJIEHO, IO KOMIIO3UTHHI
METaJIOOpPTaHIYHUI Ocaj] XapaKTepPU3Y€EThCS PO3BUHEHOIO T4 CHEPTETUYHO HEOTHOP1THOIO
crpyktyporo [3].

Mertoro maHoi poOOTH OyJIO BCTAHOBJICHHS MPHUHIIUIIOBOT MOXUIMBOCTI OTPUMaHHSI
MIKPOAMCIIEPCHUX TOPOIIKIB 3 KaTOAHUX OCaiB, BUIINIEHMX B MPUCYTHOCTI BKa3aHUX
OpraHiYHUX PEYOBHH, a TAKOXK JOCIIKEHHS IX OKPEMUX BIaCTUBOCTEH.

Metoauxa mociaimxennsi. OcapkeHHS Mii MPOBOAWIN B TallbBaHOCTATUYHUX
YMOBax MHpH KaToxmHiif ryctumi ctpymy 2 MA/cm’. Jliis peHTreHO(a30BUX TOCIIHKEHD
ocagM OTPHMYBAIM HAa CKIi 3 CIEKTPONMpOBiZHEM mmapom SnO, (mroma 2 cm?). [l
OTPUMAaHHSI MIKPOIOPOIIKIB OCa/PKEHHS IPOBOIMIA Ha €IEKTPOAax 3 HeprKaBirouoi cTaii
Mapku 12X18H10T (ruioma 6 CMZ). JomomixkHi enextpoan — Migni. OTpuMaHi MigHi
oca Oynmd Hampy>KeHHMMHU Ta TIOTaHO 3YEIUICHUMH 3 OCHOBOIO. BoOHH Jerko
BiJIOKPEMJIIOBAIMCH BiJi OCHOBH Ta NMEPEBOJIMIMCH B IOPOIIKOIMOMIOHUI CTaH IHUIIXOM
pEeTeNBbHOr0 TepeTHpaHHs B araToBiii crymmi. Jlng 3amo0iraHHS — OKHMCHEHHIO
MiATOTOBJICHUH TaKMM YHHOM TMOPOMOK o0pobisiBess 0,5% CHUPTOBHM PO3YHHOM
Oenzorpuasoiny [4].

bazoBuit pobouwnii pozunn mictus 0.1 M CuSQO,4, 1 M H,SO,. [lo HROTO MOAaBamu
0.05-020M AK uu AA. BuxopucroyBaBcst CuSO, 5H,0, oummenuii 3a
Mmetoukoro [5]. THii peakTrBu Maiu KBamidikaiio «X.4.». Bci po3unHM roTyBagucs Ha
IB1Yl JUCTAIHLOBAHIN BOJI.

Penrtreno¢a3oBi IOCHIIKEHHS TPOBOIMINCH 3a JIOIOMOTOI0 PEHTTEHIBCHKOTO
mudpakromerpa JJPOH-2 B mMonoxpomarnzoBanomy Cuk, BumpomintoBaHHi. OOpoOka
nudpakrTorpaM MPOBOIUIACK 3TIAHO 3 METOMKAMH, BUKIaIcHUMH B [6].

CrpyKkTypa MIKpOIOpOILIKIB BH3HAa4Yajach Ha MeTajorpadiyHoMy MiKpOCKOIi
MUM-7 nipu ontrudHOMY 301bIeHHI y 500 pasis.

Po3mipn yacTMHOK TIOPOIIKY BH3HAYaJlWCh METOJOM  CEJAMMEHTAllii B
rpaBitaniiHomy noii. CemuMeHTaliro mopomkiB npoBomwin y 50% (Mac.) BogHOMY
po3umHi riinepuHy. /[lng TOpIBHSHHA BUKOPHCTOBYBABCS TNPOMHCIOBHN MiIHUIMA
nopomok ITMP-1 [7]. T'ycruna posunny riinepuny craHoBmma 1.125 r/cm®, a B s3KicTs —
6.032:10° ITa-c [8]. CenumenTamiiiny KpuBy JliHeapu3yBanu B KoopamHatax t/Q — t, ne
Q = (M/Mpa)-100% — wmaca wacTok, siKa OcCiJae 3a IEBHUH INPOMDKOK dacy. 3a
OTPUMAHOI0 TPSMOI0 BU3HAYAIM Macy MOPOIIKY, sika ocigae 3a Oe3kiHeuHuit 9ac (Qmax)
Ta TOJOBUHHMH dac ceaumenTanii (ty,). BukopucroByroun BKa3aHi mapameTpH,

99



ISSN 2306871 X. Bicuuk /[ninponerpoBcbkoro yHiBepcutery. Cepist «Ximist», 2013. Bum. Ne 20

po3paxoByBamu TU(EPEHIIHHY KPHUBY pPO3IMOATY 9acTOK, MiHIMaabHUH  (Imin),
MaKCUMAaIbHU# (Imax) T2 HAWO1IBIT iMOBIpHHIA () pamiyCH 4acToK:

Tnin = rn(oaleQm;m _1)1.-"2,

— 77
r,=1,/2.24,
rllli'IX = 31’0-1
K-H . .
ac rO = t— ; K — crana CCIUMCHTaAIIll, 110 3aJIC)KUTH B1J BJIACTUBOCTCU CCPEIOBUILA,
12

H — Bucora croBmus cycnensii.

PesyabraTtu Ta ix oOroBopeHHsi. Pesympraté peHTreHO(ha30BUX IOCTIIKEHb
MITHUX TOKPUTTIB, OTPHUMAaHHX 3 IOCTI/DKYBaHWX PO3YHHIB, CBiI4aTh MPO Te, IO
BBeIcHHS B poOounii pozunH AK un AA mpu3BOIUTH O YTBOPEHHS 3HAYHOI KIIBKOCTI
nedekTiB Ta aedopMalliii KpUCTaliyHOI IpaTku ocaniB. Takuii eeKT MiICHUITIOEThCS 31
30UTBIICHHSIM KOHIICHTPAIli OPTraHiYHUX KOMIIOHEHTIB Y pO3UYHHAX.

Ha 3axonomipre 30inbinenHs neekTiB B ocamax mpu 301IbIICHHI KOHIICHTpPALiH
OpraHiYHMX KOMIIOHCHTIB Yy pPO3YHMHAX Ui OCa/PKEHHS IUTIBOK BKa3ye 30iIbIICHHS
MIKpOHAIIPYT Ta THTOMOI KiBKOCTI Juciokarmiii B ocamax (puc. 1). Kpim Toro, mpu
eIeKTPOOCa/DKEHHI Mimi 3 posumHiB, mo wMictath AK um AA, cmocrepiraerbes
3MEHIICHHS PO3MipiB KPUCTAJITIB, 3 IKUX CKIAIA€Thes oca (puc. 2).

3.0+ —eo— AK
—o—AA

10

2,04

Aa/a -

C(L), moab/n

Puc. 1. Mikponanpyru (Aa/a) Ta nuToMa KiIbKIiCTh QHCI0KaLil (p) y KATOIHMX MiIHUX ocajaax,
OTPHMAHHUX NMPH KATOIHIH IrycTHHI cTpymy 2 MA/em? y 6a3oBomy po3unHi 3 pisHuM BmMicTom AK un AA
Takox 3aKOHOMIpHO 301UIBIIYETHCS CTYMiHb CTPYKTYPOBAHOCTI OCafiB, MpO IO
CBIAYUTH 30UIBLICHHS CHIBBIJIHOLICHHS BUCOT iHTep(epeHUiiHNX MaKCHUMYyMiB rpaHel
(111) Ta (200) (puc.2). Jlesike BiIXWJICHHS OCTAHHBOT'O TMapamMeTpy BiJ TaOIUYHOTO
3HaueHHs 1.16 crocTepiraerhcst HaBITh ISl 0CaTy, OTPUMAHOTO y 0a30BOMY po3uurHi 0e3
no0aBok, uist sikoro Hiji/Hoge = 1.6. OcrtanHilt dakT Moxke OyTH MOSCHEHUH BIUIMBOM
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Marepiary eNeKTpoay Ha YMOBH KpHCTamizamii Mmimi. B Toi ke wac IS ocaiB,
oTpuMaHuX y 6a3oBomy posunHi 3 momaBaHHAM AK um AA, cmiBBimHOmEHHS Hi11/Hono
csarae 5, 10 HE MOXKe OYTH TOSCHEHO BIUIMBOM JIMILE MaTepiaidy eiekTpoay. Ha Bci
nepepaxoBaHi mapaMeTpH CTPYKTYPU OCaJIiB aKpUIIOBA KHUCJIOTA BILIMBAE OUIBII CYTTEBO,
HIX akpmiamig. MakcuMyMiB, siKi BiAIOBiZamu O mosBi iHIIOI ¢a3n, OKpiM MeTaTigHOl
MiJli, Ha peHTreHorpaMax 0CaiB HE CIIOCTEPIraeThCsl.

- e- - & AK
- 0--0-AA S Hy My

L.A 500+
400
350
300
250

200

4
150 . ¢ . T v T .
0,00 0,05 0,10 0,15 0,20

C(L), mons/n

Puc. 2. Po3mipu kpucTtaditiB (—) Ta opieHTanis rpaHeii (---) y KaTOAHUX MiZHUX 0CaJaxX, OTPMMAHHUX
YIpH KaToHil rycTHHi crpymy 2 MA/cM’ y 6a3oBoMy po3umHi 3 pisuum BmicTom AK un AA

Crix Takox 3a3HaYUTH, IO IS BCIX OcCajiB, OTpUMaHHUX y 0a30BOMY pO3UMHI 3
nonaBanHsM  AK um  AA, cmocrepiraethCsi HE3HaYHEe 3MEHIICHHS TapaMeTpy
KpMCTaNiuHOi rpatku 10 3.613 A Ha BiaMmiHy Bij ifeanbHOi CTPYKTYypH Mifi, Mis SKoOi
a=3.615 A [9]. Jlna ocany, oTpumMaHOro 3 6a30BOT0 PO3YMHY, 3HAUECHHS MapaMeTpy
KPHUCTANIYHOT IPaTKH BiAMOBiIa€ TAOIMYHOMY 3HAUYEHHIO.

Bce 1ie cBimuuTh TIpo Te, MO i Yac eNEeKTPOIi3y 3 PO3UUHIB, ki MicTaTh AK un
AA, dopmyerbes 3mimranunii ocam Mini ta m-komrniekciB Kympymy. Ilpu mpomy He
BiIOyBa€ThCSI YTBOPEHHS OCTaHHIMH OKpemol ¢a3u, a Wae HaKONMMYeHHsS iX Y
MDKKPUCTTITHOMY MpOCTOpi. 31 30UIBIIEHHAM KUTBKOCTI KOMIUIEKCIB 3011bLIYETHCS
KUTBKICTh JIe(eKTiB KPUCTATIYHOI CTPYKTYpH Mimi. Ha Hamry mymKy, akpuioBa KHcioTa
BUSBJISIE CWIBHIIIMKM BIUIMB 3a PaxyHOK il CXMJIBHOCTI 1O momiMepusaiii. Y IboMy
BUTIAJIKY PA30M 3 T-KOMIUIEKCAMH Y MIXXKPHUCTAIIYHOMY MTPOCTOPI HAKOMTUYYIOTHCS TAKOXK
OJIiroMepHi Ta moJyiiMepHi (OpMHU OPraHiyHOrO KOMIOHEHTY. TakuM YHWHOM, KaTOJHHN
MigHUH ocan, oTpuMaHuid B mpucyTHocTi AK unm AA, cKIafaeTbes 3 MIKPOKPHCTAIIIB
M, PO3AIJICHMX HEMETATIYHUM KOMIIOHEHTOM.

30inbLIeHHST KIABKOCTI Je(eKTIB y KaTOOHOMY Ocaii HIpPU3BOIUTH [0
3aKOHOMIPHOT'O Ta Pi3KOr0 3HM)KEHHS TaKOro MaKpOINOKa3HWKA, SIK SIKICTh 3YEIUICHHS
MOKPUTTSA 3 OCHOBOIO, IIIO 1 CIIOCTEPIrajgocs Ul BCIX OTPUMAaHUX OcajiB. Takox BCi
OTpPHMaHi MOKPUTTS XapaKTePH3YIOThCS 3HAUHUMH MaKpOHAIPYTaMH, B pe3yJbTaTi 4oro
BOHH CaMOBLJIBHO PO3TPICKYIOTBCS Ta JIETKO BiIOKPEMITIOIOTECS BiJl MOBEPXHI ENEKTPOLY.
OcranHiil ¢akT, Ha Hally AYMKY, CBIAYMTH MPO T€, L0 KATOAHUN OcCal 10 CYTi SBISE
c00010 arperoBaHuii MiKpOHOPOIIOK.

CTpyKTypH MEXaHI4HO MEPEBEACHUX B MOPOLIKOMOAIOHMI cTaH KaTOAHUX OCaliB
Ta BHUKOPUCTAHOTO JJIsl MOPIBHAHHS IMPOMHCIOBOTO MiJHOTO IOPOILIKY HaBeleHI Ha
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puc. 3. MijHI MIKPOTIOPOIIIKH, OTPUMAaHi 3 PO3YHHIB, IO MICTATH OPTaHIYHI KOMITOHEHTH
(pnc 3 ¢boto 2 Ta 3), OUTBII oz[Hopm}n HIX HpOMI/ICJ'IOBI/II/I TOPOLIOK (pHc 3 CI)OTO l)

Puc. 3. YacTkn npoMucI0BOro Miqnoro nopoumky (1) Ta MiTHUX MiKpONOpPOUIKiB, OTPUMAHUX NPH
KaToaHiii rycTuni crpymy 2 MA/em? y 6azoBomy posumni B mpucytHocti 0.2M AK (2)
qu 0.2 M AA (3) x500

lanmpBaHIYHI MIKPOITOPOIIKH CKIIATAIOTHCS 3 YACTOK, ONM3BKUX 32 PO3MIPOM Ta (OPMOIO,
Ha BIAMiHY Bil TPOMKCIIOBOTO MOPOUIKY, SIKMH CKIaJa€ThCsl 3 OLTBIIMX 32 PO3MIPOM Ta
pi3HOMaHITHHX 32 ()OPMOIO YACTOK.

Cnim TakoX Big3HAUMTH, MO (I3UKO-MEXaHI4HI BJIACTMBOCTI IOPOIIKIB
JIO3BOJIAIOTH JIETKO MOJPiOHIOBATH OTPUMAaHIi rajbBaHiuyHI MiKpOIIOPOUIKH. 32 HAsSBHOCTI
CHenianbHOro 00IaJHaHHSI MOKIIMBO JIOCSATTH 3HAYHOTO CTYIIEHS iX TUCIIEPCHOCTI.

Pesynprati MIKpOCKOINIYHUX JOCHIKEHDb IiITBEPIKYIOTECS  BiANOBITHUMHU
pe3yabTaTaMM CeIMMEHTAlliiHOTO aHamizy. Sk BumHO 3 AudepeHIiHHUX KPUBHX
po3moAiny 4acTok 3a po3mipamu (puc. 4), MIKpOMOPOIIKHM, OTPHMaHi 3 PO3YHHIB, IO
MmicTaTe AK un AA, 6inbIn ogHOPiNHI, HIK IPOMHUCIOBHHA HOPOIIOK. [[s rajgpBaHigHUX
MiKpOIOPOIIKIB MAKCUMYMH KPHBHX PO3MOJLTY 3BYXKYIOTBHCS, a TAKOXK 3CYyBalOThCS B OiK
3MEHIIIEHHS pajiiyciB 4YacToK. Po3paxoBaHi po3Mipy YacTOK TajbBaHIYHHX TMOPOIIKIB
MEHII, HDX Yy TIPOMHCIIOBOIO IOPOIIKY, OJHAK PI3HMI B po3Mipax He3HauyHa — iX
3HA4YECHHS OAHOTO MOPSAKY (Tabd.).

dQ/dr T
PN — 1
'\.~_\_~
L] T ® T L T L 1] s T LS T ¥ T .T .-7’"‘_|
0 5 10 15 20 25 30 35 40 45
I, MKM

Puc. 4. Tudepenniiina Kpupa po3noaijay 4acToK MPOMHUCIOBOro MigHoOro nopomky (1) Ta
MiKpPONOPOLIKIiB Mili, OTPUMAHMX NPH KATOAHIN rycTuHi crpymy 2 MA/cm? y 6a30BOMY po34MHi B
npucyTtHocti 0.2M AK (2) yn 0.2M AA (3)
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IIpoBeaeHi HaMu TOAAIBII MIKPOOIOIOTIUHI JOCTIHKCHHS BKAa3aIl Ha BUPKCHHH
OakTepUIIUAHUKN Ta OakTepiocTaTHIHUN e(eKT mii MIKpOIOPOIIKiB Midi, OTpUMaHUX 3
po3unHiB, mo wMictath AK um AA. Busnawanmach Jis mnpoO CycneH3id MiHUX
MIKpPOIOPOIIIKIB 110 BiJIHOLICHHIO /10 KiIiHiYHOTO mtamy Staphylococcus aureus. Bka3ani
edekTH BHABWINCS OUTBII BHpPaXKEHI y METAJOOPTraHIYHWX OcCafiB, HIK A
MIPOMHUCIIOBOTO MIZHOTO TOPOIMKY. OCKUTBKM pPO3MIpH YacTOK BCIX JOCITIKEHHX
MIiKpOMOPOIIKiB Oyad OJHOTO TOPAAKY, TO, Ha Hamy AyMKy, MiKpoOionoriyaa
aKTHBHICTh METAJIOOPTaHIYHUX MIKPOITOPOIIKIB ITOB’s3aHa caMe 3 1X XIMIYHUM CKJIaIOM,
a He 3 OUTBIIIOI0 JUCTIEPCHICTIO.

Tabruys
Po3mipu yacTok Mikponopomkis miai
IMoporok Iminy MKM I, MKM Imaxy MKM
IIpomucnoBuit 2.6 8.0 53.7
Otpumanwii 3 po34uHy, mo mictuts AK 1.0 6.4 42.8
OTtpuMman¥ii 3 pO34HHY, IO MiCTHTh AA 2.3 6.4 43.2
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Jlenuurpan: Xumus, 1966. — C. 434,

IIo pe3yabTaTam peHTreHo(pa3oBOro aHajau3a yCTAHOBJIEHO, YTO KAaTOAHbIN MeAHBbIH 0CaI0K,
MOJy4YeHHBIH H3 CePHOKHCJIOTO 3JIeKTPOJUTA B MPUCYTCTBHH AKPUJIOBOH KHCJIOTHI HJIM aKPUIAMHU/A,
COCTOMT M3 KPHCTAJUIOB Me[H, COAEPKAIIMX 3HAYMTEIbHOE KOJHYecTBO JedekToB M AedopMaumii
KpUCTAIHYecKol pemerkd. OOHapy:keHa CHMOATHOCTL YBEJIHYEHHUS MHKDPOHANPSKEHHMH M
IUIOTHOCTH IMCJOKALMI B 0CaJKaX NPH YBeJMYEeHHM KOHLUEHTPALMH OPraHUYecKOro KOMIIOHEHTa B
pactBope. Ilpn 3ToM Ha0/ar01aeTcsi YMEHbIICHHE Pa3MepPOB KPHCTAINTOB OCAAKAa W yBeJHYeHHe
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CTENEHU ero CTPYKTYPUPOBAHHOCTH IPH YBEIHYCHUH KOHLIEHTPALUU OPraHUYECKOr0 KOMIIOHEHTA B
3jIeKTpoJuTe. MaKCHMYMOB, KOTOpble COOTBETCTBOBAJIM Obl NOSABJIEHHI0 Apyroii ¢asbl, Kpome
MeTaJJINYecKOoii Me/iM, Ha peHTTeHOrpaMMax 0cajJkoB He Habuoaaercs. Mcxoas u3 pe3yibTaToB 0osee
PaHHUX HCCIeJ0BAHUM, COIVIACHO KOTOPLIM B 0CajJ0K BHeApsiercs:i A0 20% HeMeTaLIMYeCKOro
KOMIIOHEHTA (T-KOMILIEKCOB Me/Jd ¢ OPraHH4YeCKHMH KOMIIOHEHTAMH), MbI IIPeIoJiaraeM, 4To 0CagoK
COCTOMT W3 MHKPOKPHCTAJJIOB MeIH, Pa3/ieJIeHHBbIX HeMeTA/UIMYeCKHMM KoMmmnoHeHToM. Buiarogaps
0co0bIM (U3MKO-MEXAHHYECKHM CBOIiCTBAM 0CaJKOB 0Ka3a/10Cb BO3MOKHBLIM IepeBeleHHe HX B
BBICOKOMCIIEPCHOE IOPOINKOOOPAa3HOEe COCTOSHUE NMyTeM MeXaHumdeckoro usmenabuyenus. Iloxasano,
YTO rajlbBAHHYECKHE MHKPONOPOUIKH OJHOPOAHBbIe MO pasmepy H (opme. Taxike BbIfABICH
BbIPa’KEHHBIIl 0aKTepUUMAHBIH M OakTepuocTaTHyeckuii 3¢@dekT aeilicTBHA raabBaHUYECKUX
MHKPOINOPOIIKOB.

Kniouesvie cnosa: MUKPOIMCIIEPCHBIM TalbBAaHUUECKUI OCamoOK, MeAb, AaKpHIOBas KHCIOTa;
aKpUIaMUJI.

Based on the results of X-ray diffraction analysis it has been ascertained that cathodic copper
deposit precipitated from sulfate electrolyte with acrylic acid or acrylamide consist of copper crystals
with considerable quantity of imperfections and crystal deformations. It has been revealed that
microstress and dislocation density in the deposits increase with enhancement of organic component
concentration in the solution according to symbasis dependences. Decreasing of crystallite size and
increasing of structuring degree for the deposits has been observed. Peaks of any phases except copper
have not been identified on X-ray diffraction pattern of the deposits. In earlier investigation it has been
shown that nonmetallic component (copper n-complexes) makes up 20% of the deposits. So based on
the results of X-ray diffraction investigations we can conclude that the deposit consist of copper micro
crystals separated by nonmetallic component.

Owing to special physical-mechanical properties of the deposits it became possible to transform
them to superfine powder by means of mechanical fragmentation. Using sedimentation and
microscopic analysis it has been shown that cathodic micro powders precipitated from solutions with
organic compounds are homogeneous by form and dimension. Significant bactericidal and
bacteriostatic effects of cathodic micro powders influence have been detected.

Key words: micro particulates cathodic deposit; copper; acrylic acid; acrylamide.
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OIEHKA MEXAHU3MA OBMEHA MOJIEKYJI BO/IbI B
AKBAKOMIIVIEKCAX 3D-KATHOHOB
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OIIHKA MEXAHI3MY OBMIHY MOJIEKYJI BOJU Y
AKBAKOMIUIEKCAX 3D-KATIOHIB

IBuakicTs 0o0MiHy JirangiB € KJIIOYOBHM eJeMEHTOM B KiHeTHHi peakuii 3 y4acrtio
KOMILJIEKCHUX CNOJYK. B po6GoTi po3risiHyTa MOKJIMBICTH 32CTOCYBAHHS KBAHTOBO-XiMiYHMX MeTOAIB
JUISl BU3HAYEHHSI THIY iHTepMeniaTy Ta MexaHi3my oOMiHy JiranaiB B akBakomiuiekcax 3d-meraJis
yepe3 KOpeJsililo BiToMUX 3HAYeHb MBUAKOCTI 00MiHY MOJIeKYJl BOIM Y BHYTPilIHii KoopauHauiiiHii
cepi B aKBaKoMILIEKCAaX 3 PO3PAXOBAHHMH €HEPrisMH YTBOpPeHHsl BiImoBigHuX iHTepMmeniaTiB.
IMoka3zano, mo AJasi OiABIIOCTI JBOXBAJEHTHMX AaKBaKOMILIEKCIB peasi3yeTbesi AMcOUiaTHBHMIA
MeXaHi3M 00MiHy MoJieKyJ BOAM, NPUYOMY WIBHAKiCTH OOMiHY JIiIraHaiB 3BOPOTHO MNpomnopuiiiHa
Jorapugmy eHeprii yTBopeHHsi m’sTwiirangHoro inrepmeaiary. Tinbku A aKBaKOMILIEKCIB Ti?t
MOKJIMBA peaji3anisi 000X MexaHi3MmiB, acoumiaTuBHoro i aucoumiaruBHoro. [lasi Tpbox3apsiaHuUX
akBakoMiuiekciB Tutany, Bananiro, Manrany ta ®epymy peasizyerbcsi acouiaTUBHUI MeXaHi3M, ToIi
K AJs BiamoBinHux cmoayk Xpomy Ta KoGansTy acouiatuBHuii MexaHi3m 3a0opoHeHmii i oOMiH
MOJIEKYJI BOIH peasli3yeThes Yepe3 CKIATHUMN ISl JaHUX KATiOHIB THCOUiaTUBHHIT MexaHi3M.

Kniouosi cnosa: axkBakomiuiekcw; 30-merand; IIBHAKICTH OOMiHY JIraHaiB;, KBaHTOBO-XiMiuHE
MOJIETIOBaHHSI.

Beryn. fx Bimomo, KOOpIWHAINHI CIIONYKH y PO3YMHAX MPUHAMAIOTh Y4acTb y
peakiisx oOMiHy JIraH[iB, K1 y 3aralbHOMY BUTJISIII OMTUCYIOTHCS CXEMOIO
ML, +L* «— ML L*+ L @
Ie#i mporiec Moke peali3oBYyBaTHUCh JBOMA IIIAXaMu: ab0 3a acoliaTHBHUM
MEXaHi3MOM

MeL, + L* «— MelL,L* «— MelL1L*+L 2
a00 3a AUCOLIaTUBHUM MEXAHI3MOM
ML, «—— ML,;+L, ML,;+L* «— ML,,1L* 3

VY BUMNAAKy aKBaKOMILUICKCIB METalliB, IO 3HAXOAATHCS Y BOJHOMY PO3YHHI,
peaxiiii (2) ta (3) aelo CrponyoThes

[Me**(H,0)6](H20)m «——> [Me* (H,0)7](H,0)m1 (@)

[Me**(H,0)6](H20)m «—— [Me* (H20)5](H20)m+1 (5)

* Correspoding author: Tel.: +380567768253; fax: +380563749841; e-mail address: vargaljuk@i.ua

© Bonogumup O. Cepentok, Biktop @. Bapramiok, 2013
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Jlns 3mificHEeHHS acoIliaTUBHOTO MEXaHi3My IIEHTPATbHOMY aTOMY KOMIUIEKCHOL
CIIONTYKH HEOOX1THO MaTH Taky eJeKTPOHYy KOH(Irypaliro BaleHTHOI 000IOHKH, sika Oymna
0 31aTHA yTPUMYBaTH 7 MOHOACHTATHUX JIITAHIB.

OueBuAHO, IO NPU HEMOXKJIMBOCTI YTBOPEHHSI TENTANITAHIHUX CTPYKTYpP MPOILEC
00MiHy JliraHgaMu nepediraTuMe BUKITIOYHO 34 AUCOIIaTHBHAM MEXaHI3MOM.

Y mpuHIMIm BipOTiAHICTH peaiizamii TOro 49u IHIIOTO MexaHi3my peaktmii (1)
3aJIeKUTh BiJ] CMiBBiTHOLICHHS eHepriit aktuBauii (AE,) cTaniii yrBopeHHs iHTepMeiaTiB
[Me**(H;0)7] a6o [Me**(H,O)s] 3 BuXigHMX TekcaakBakOMILIEKCiB. € yci TijcTaBu
BBakaTH, mo AE, npsMompomopmiiiHa pi3HUII eHeprid YTBOPEHHS OKTaeApUIHHX
AKBaKOMIUICKCIB 1 BiAMOBITHUX CTPYKTYp 3 OiibpmuM ab0 MEHIIUM KOOPIWHALIHHUM
grciioM, T00TO — BennuuHi AE peakiii (4) abo (5).

IIpencrasiena poboTa € cripoOOI0 BUKOPUCTATH KOPEISIIHHY 3aIeXKHICTh Mk AE
Ta EKCIIePUMEHTAJIbHUMH 3HAYCHHSMH KOHCTAHT IIBHAKOCTI JIraHAHOTO OOMIHY IS
ineHTHdIiKaIii MexaHi3My I[LOTO MPOLECY.

VY skocti 00’ekTa AOCTiKEHHS Oyau oOpaHi akBakoMIuiekcw 3d-meraiiB, ISt
SKHX € IIUPOKUI CHEKTP HaAIMHUX eKCIICPUMEHTAIIbHUX JaHUX.

Mertonuka podoru. Jlochmi/pKeHHST BHUKOHYBAJIOCH LUISXOM KOMIT FOTEPHOTO
MOJIETIOBaHHs 3 BUKOpUcTaHHAM nporpamu GAMESS [1]. Cuctema [Me” (H,0),](H20)m
PO3paxoByBasIach 3a JOMOMOTOK HEOOMEKEHOTO TI0 CIiHy MeToaa XapTpi-Doka.

LenTpanpauii atom Metany onucysanu 6azucom CRENBL ECP, aromu niranuis —
6azucom 6-311G. B po3paxyHKax Takok 3aCTOCOBYBAIH TEOPito (PyHKITIOHATA MIITFHOCTI
DFT 3 riopuganm metogom B3LYP. Brume po3unHHHKa BpaxOBYBald 3a JOMOMOTOIO
MOJENi  MOJSIPU3AIMHOTO KOHTHHYYMY. AJICKBaTHICTH OOpaHOro Merony Oyna
POJICMOHCTPOBaHa B poboTi [2].

PesynbTaTH excnepuMeHTIB Ta o00ropopenHsi. PesymbraTé po3paxyHKIiB
MPEJICTARJICHI y BUIJISII TAOJUII Ta BIAMOBIAHMX KOPENSMIMHUX 3ayiexHoCcTed (puc. 1 1
puc. 2).

Tabnuys
Enepreruunnii edgext peakuiii (4) i (5), k/lx/mMoub (Ipoyepk BignoBinae curyauii, kou criiika
cucTeMa He (iKcyeThes).

Ientpa PospaxoBani PospaxoBani
“ , peaKIisa , P€aKIsa KCIIEPHUMECHTAJIbH1 BCJIIMYUHMU 3 BCJIMYUHMU 3
nLHEI)/I AE, p i AE, p i E P i
atom 4) (5) Benmmunau K [3] KOpeIsSIiHHIX KOPeISIiHHIX
sanexxHocreit K, | 3amexnocreii Ky
Ti -20 121 1.8:10° 4-10* 4-107
Ti? 7 64 - 3102 7-10°
v 9 133 5.0-10? 5-10° 3-10°°
v - 71 87.0 - 9-10?
cr* - 174 2.410° - 8107
cr* - 9 - - 2:108
Fe¥* 14 124 1.6-10? 80 2:1072
Fe?* - 22 4.4-10° - 2:10°
Co®* - 118 - - 7-102
Co? - 30 3.2:10° - 4-10°
Mn®* 2 95 - 7-10° 7
Mn?* 23 33 2.1-107 14 2-10°
Ni%* - 46 3.2:10* - 1-10°
cu®* - 6 5.0-10° - 5-10°

Sk i MoxHa OyJI0 OYiKyBaTH, HE BCi HOHM MarOTh 37[aTHICTH aKIIENITYBaTH ChOMUMA
mirana. L BnacTuBICTh XapakTepHa JUIA 1’STH NPEACTaBHUKIB JOCHTIKEHOTO psiny — 1e
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iorn Ti¥, Ti%*, V¥, Fe*, Mn?". Ilpu 1poMy TepMOIMHAMIYHO BUTifHOW peaxiis (4) €
e y gBox ionis: Ti** i V¥,

JlucouiroBaTd MOXYTb YCi TeKCaKBaKOMIUICKCH, aje 3 pI3HHUM CHEPreTHYHUM
e(peKTOM, KOTpHii 3MiHIOETBCS Bif 6 KJ[K/MOib y fioniB Cu®* 1o 174 kJIk/Monb y HoHiB
Cr¥. 3MeHuIeHHs 3apsiAy HeHTPANTBHOro atoma 3 3+ 10 2+ MpUBOIUTE A0 3aKOHOMiPHOTO
3MEHIIEHHS eHeprii aucormiamii rexkcaakBakoMiuiekciB. IurencusHicTe 3minnm AE(D)
3a7IeXKUTh BiJ NPUPONM eIeMEeHTa-KOMILIeKcayTBoproBaua. Tak, y mapi Tio/Ti*
smenmmenns AE(5) ckmanae 67 xJ[x/Monb, a y mapi Cr¥'/Cr?* csrae 165 kJ[k/MOIb.

3 puc. 1 BuUAHO, IO 3AIEKHICT MDK JOTapH(PMOM KOHCTAHTH IIBHIKOCTI
niranaHoro oOMiHY 1 eHepreTmyHoro edexry peakuii (5) AificHO mpsiMolniHifiHA i Mae
Hermorani xapakrepuctuku (2 =9.2+0.5, b=-0.088+0.007, xoedimieHT Kopessii
0.9364), SKIIO BIJIYYWUTH 3 KOPEISAIiiHOI cepii Ti HOHM, SKi PI3KO BHITAJAIOTh: Ti**, V¥,
Fe’.

0 40 80 120 160
AE(S), kx/mone
Puc. 1. log k, AE(5) — kopeasiniiina 3a/1e;KHiCTh JJ151 akBakoMiuiekciB 3d-meraiis
R
=]

—

84 I\-Inﬂ
]

Ti*

0 ¥ T ¥ T ¥ T ¥ T
-20 -10 0 10 20

AE(4), /x/Moan

Puc. 2. log k, AE(4) — kopensiuiiina 3aj1e:kHicTh 1J1s1 akBakoMiiekciB 3d-MeTasiB, s sIKHX
MOKJIMBHI1 aconiaTUBHUI 00MiH MOJIeKYJI BOAH Yy BHYTpillIHiil KoopauHaniiiniii cdepi
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CuiscraBnenns Benudaud AE(4) 1 AE(S) y mux HOHIB BKazye Ha TEPMOIUHAMITHY
HEeBUTiAHICTh aucoriiatuBaoro mporecy (AE(5) > 100 x/Dx/Mosib) mpu HasBHIi
MOXJIMBOCTI ~ YTBOPIOBATHM  TENTAJITaHIHI  AKBAaKOMIUIEKCM 3  MiHIMaJbHUMU
enepreruunuMu 3atpatamu: AE(4) y Fe** cranoBuTs Bchoro 14 xJ[x/Monb, a y Houis Ti*
i V*" ne Bzarani Big’eMHa BenmuuHa. 3BiAcH CIiTy€e, IO 32 BUKIIOYEHHSIM HOHIB Ti3+,
V¥ Fe** B ycix iHIINX JOCTIUKEHNX CHCTEMAX PeaTi3yeThCsi AMCOI[aTHBHMI MEXaHi3M
JITaHTHOTO OOMIHY.

Ockinbku B axBakommiekcax Tio', V3, Fe® nirammuuii oO6MiH 3miliCHIOETBCS
aTbTEPHATHBHO 32 aCOI[IaTHBHUM MEXaHI3MOM, BOHHU 1 CKJIAJalOTh KOPENSIiiHY Cepiro
puc. 2. OOMeEXeHICTh KiNBKOCTI WIEHIB [aHOi TpPyNu MOTIpUIye KOpeNsLiiHi
xapaktepuctuku Ig K, AE(4) — 3amexxHOCTI, ane BCe-TaKH YiTKO BKa3ye Ha ii iCHyBaHHS.

Sk BUAHO 3 pHC. 2, JiraHaHMil 0OMiH B akBakoMmiUiekcax Mn?* mepebirae He 3a
acoliaTHBHUM MEXaHi3MOM, a 32 IUCOLIaTHBHUM i TOMY BiH NPUCYTHIH B KOpeNsLiiiHil
cepii puc. 1.

BucHoBkH. TakiuM 4HHOM, 3 HAIIIOT TOYKH 30py BUKOPHCTaHHs oTpumanux 10g K,
AE — xopensniiHuX 3ale)KHOCTEH O3BOIISE IiTKO 1IeHTH(IKYBATH MEXaHi3M JITaHIHOTO
00OMiHy, TpUHANMHI B JIOCIIPKEHUX HAMH CUCTEMaX.

OKpiM BOTO MOKHA TAKOX KiJTbKICHO OIIHWUTH MIBUIKICTH JIIFAHIHOTO OOMIHY 1y
IHIITUX aKBaKOMIUIEKCiB 30-KaTiOHIB, IS SKUX BiIOMOCTI MPO KOHCTAHTH IIBUIKOCTI B
JiTeparypi BiACyTHI.

Tak, y BUNaaKy TphOX3apsAHOTO KOMIUIEKCY MaHTaHy MOBHHEH pealli3oBYBaTHChH
30BHIMTHROC(HEPHMI aCOILIaTUBHUM MEXaHi3M 3 HHU3BKOIO EHEPTi€l0 TepeTBOPEHHS, 1
BiJIMIOBI/THO 31 3HAYHOIO IBUIKICTIO 0OMiHYy. TOMl SIK YIS HU3BKOCIIIHOBOTO KaTiOHY Co**
acoOILaTHBHHIT MEXaHi3M 3a00pOHEHH I [0 CXOXKil mpudmHi, mo i 11 kationy Crr*, Tomy
MOJKJIMBA peali3amisi TiTbKH [HCOIIaTHBHOTO MeXaHi3My. B Toll ke dwac eHepris
Tnepexoy y I’ SITHKOOPAMHAIINHNX cTaH y KaTiony C0°" BimuyTHO nermmii, BiamosimHo
TPHOX3aPSIHUI KaTiOH KOOAIBTY TIOBUHEH 3aMaTh CepellHE MOJIOKEHHS 110 MBUIKOCTI
06MiHy siramgis Mix Cr** Ta iHIIMME TPHOX3aPSIHAME KATiOHAM.

Cepen nBoX3apsATHUX KaTiOHIB OOMiH MOJEKYJ BOJM BiJIOyBa€ThCS B OCHOBHOMY
yepe3 AUCOIaTUBHUN MEXaHi3M, acOliaTUBHUN MEXaHi3M MOXE pealli3yeThCs TUIBKU Y
Kationy TuTany. Tak, y Ti’' po3paxoBaHa IO KOpessIiiiHili mpsMili KOHCTaHTa
IIBUIKOCTI OOMiHY MOJICKYJI BOJIM Yepe3 acolliaTUBHUN MexaHi3Mm jaopisHioe K(4) = 3-10° ,
X0ua I1€ 1 JIe1I0 HUKYe, HK Yepe3 qucoriaTuBHuid MexaHizm K(5) = 7- 103,

Jlnst kationy Cr** peamizyeTbcst TUIBKH AMCOLIATHBHHI MEXaHi3M, IPHUIOMY Yepes
edext Ana-Tennepa aucorianis MPOXOJIUTh 3 HEBEJIMKUMH CHEPreTUYHUMH BUTPATAMU
(9 x/x/monp). BiamosigHo, oOMIH JiraHmamMu y Cr* i Ti* nmosunen BimOyBaTuCs 3
BEJIMKOIO HIBHJIKICTIO, OCOOJIMBO Y KaTIOHY XpOMY, SIKHH OBUHEH HAOIMKATHCA 3a €0
XapaKTePUCTUKOIO 10 KaTIOHY Mi/Il.
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CxopocTs 00MeHa JIMTaHAOB SIBJSIETCSI KJIOYeBBIM 3J€MEHTOM B KHHETHKe peakuuii ¢
y4acTHeM KOMILUIEKCHBIX coequHeHUii. B padore paccMoTpeHa BO3MOXKHOCTH NMPUMeHEHHUS] KBAHTOBO-
XHMHYECKOro MeToAa oOImpedesieHHs] THIA MHTEPMeIMATOB M MeXaHH3Ma O0MeHa JIMTaHI0B 4epe3
KOPpPeJSIIMI0  PACCYMTAHHBIX JHepruii o0pa3oBaHHs COOTBETCTBYIOIIMX HHTEPMeAUATOB C
HM3BECTHBIMU 3HAYEHUSIMH CKOPOCTH 00MeHa MOJIeKY.]1 BO/Ibl BO BHYTPeHHeil KOOPIMHALMOHHOIi cdepe
B akBakoMmmiexkcax 3d-xkaruonos. Iloka3aHo, 4T0 /i OGOJBUIMHCTBA JBYXBAJEHTHBIX
AKBAKOMILIEKCOB  peaju3yeTcsi JHCCONMATUBHBIH MeXaHu3M O0O0OMeHa MOJIeKyJ BOAbl, NpUYeM
CKOPOCTh O0MEHAa JIMTAaHAOB OOpAaTHO MPONOPLMOHANILHA Jorapudmy 3sHepruu o0pa3oBaHusl
MSATHJIMTAHAHOTO MHTepMeauaTa. ToabKO /s aKBAKOMILIEKCOB Ti’* Bo3MOKHO peanu3zauusa o06oux
MEXaHU3MOB, AMCCOLMATHBHOIO M acCOMATHBHOrO. [l TpexBajeHTHBIX aKBaKoOMILIekcoB TutaHna,
Banagus, Mapranua u JKeje3a peanusyercsi acCOUMATHUBHBIX MeXaHM3M, TOrJa Kak s
cOOTBeTCTBYIOLIUX coeanHeHnii Xpoma u KoGanbTa accouMaTUBHBI MeXaHM3M 3ampelieH U 00MeH
BHYTpHChEPHBIX MOJEKYJ BOIbl peaju3yeTcsi 4Yepe3 CJIOXKHBIH 118 JAaHHBIX KATHOHOB
JMCCONMATHBHBIH MEeXaHU3M.

Knioueswvie cnosa: akBakoMILIeKChl; 3d-KaTHOHBI; CKOPOCTh 0OMEHA JINTaHI0B; KBAHTOBO-XUMUYECKOE
MOJIeJIMPOBaHHUE.

The ligand exchange rate is the significant part of complex compound kinetic. The mechanism
of this process may be different. In the article the ability to apply the quantum-chemical method for
determination of intermediates type and ligand exchange mechanism have been estimated. Our
calculations have shown that the dissociative mechanism of water molecules exchange dominates for
the majority of divalent 3d-cations aquacomplexes. It was found that rate of ligand exchange is
inversely proportional to the energy logarithm of five intermediate ligand formative as associative
mechanisms possible only for Ti?* aquacomplexes. The associative mechanism is to be place for
trivalent cations Ti*", V®*, Mn*" and Fe®" aquacomplexes. Associative compounds of Cré* and Co®" is
forbidden and exchange of inner water molecules implement through the complex for such cations
dissociative mechanism. This method allow to determine the ligand exchange rate in the complexes
which haven’t these values and to estimate the labilite of the short-lived intermediate complexes.

Keywords: aquacomplexes; 3d-cations; exchange rate of ligand; quantum-chemical calculation.
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MHOJYYEHUE CYJIb®ATA BAPUS U3 PACTBOPOB,
OBPA3YIOIIUXCA ITPU JECYJIbPATAIINN AKTUBHBIX MACC
JIOMA CBUHIOBBIX AKKYMVYJIATOPOB

B craTtbe NMpoBeleH aHAJIN3 MMEIOLIMXCS B JIMTEpaType CBeleHHWil 0 mpoueccax yTHJIN3ALUH
PacTBOPOB, oOpasylUMXcs NpH Aecyab(aTalud AKTHBHBIX MacC JIOMa CBHHIIOBO-KHCJIOTHBIX
AKKYMYJIATOPOB. JKCMEPHMEHTAIbHO NMOJ00paHbl ONTHMAJIbHBIE YCIOBHS [JIsI TOJYYeHHs] OcCagKa
cyiabdara Oapusi mpH B3aHMOJEICTBHU pacTBopa cyjdbdaTra aMMOHHS € XHMHYeCKH YHCTHIMH
Ba(OH),-8H,0 u BaCl,-2H,0. U3 cyabsdarconepskaumx pacTBOpoB, IBJISIIOIUXCH 0TX0AaMH Npoiecca
nepepadoTKN aKKyMYJSITOPHOTO JIOMa, B JIa0OpaTOPHBIX YCJIOBHSIX NOJY4YeH TOBAapHBIi cyibdara
OGapusi ¢ mNpHMeHeHWeM XJOpWAa M THApoKcuaa Oapus. PaccMoTpeHbI BO3MOXKHBIE 00JIACTH
TIPUMeHeHHsI TIOJTyYeHHOT 0 MIPOAYKTA.

Knrouegvie cnoea: akkyMyIsTOPHBIH JIOM; aKTUBHAs Macca; IecyibdaTarus; cynbhat 6apus; XI0pu
Oapuist; THOPOKCH Oapws.
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BBenenmne. 3a nocnenHee IeCATUIETHE MEPOBOE IMPOU3BOJICTBO PaQUHUPOBAHHOTO
CBUHIA HEYKIOHHO pocio u K 2012 roxgy mocturno 10.617 mumH. ToHH [1]. OcHOBHas
YacTh MIPOU3BOJUMOTO BO BCEM MHUPE CBHHIIA PACXOAYETCS! HA MPOU3BOJICTBO CBHHIIOBO-
KHACJIOTHBIX aKKyMYJSITOPHBIX OaTapeil, CpOK CIyKObl KOTOPBIX B 3aBUCHUMOCTH OT
HA3HAYEHHS COCTaBIsET 3-5 yeT. BBumy 4upe3BbuaifHOM TOKCHYHOCTH CBHHIIA U BCEX €0
COEIMHEHHH MTPeIyCMOTpeHa 00sI3aTeNbHAs YTHIIN3aNKsI aKKyMYJIITOPHOTO JIOMa.

CoBpeMEHHBIE  TEXHOJOTMYECKHE CXEMbl MO HW3BJICUCHHIO CBHUHIA W3
aKKyMyJIITOPHOTO JIOMa TpeAyCcMaTpUBalOT TPENBAPUTENBHYIO pa3nenky Oarapell Ha
OpPTaHUYECKYI0, CYyNb()aTHO-OKCHIHYIO B MeTaTn4eckyto ¢hpakiun [2]. [Ipu n3sneuennn
CBUHIA W3 CyJIb()aTHO-OKCUJHOH (pakuuu 1enecooOpa3HO MPOBOIUTH CTAAMIO
JecyibdaTanuu, To eCTh CTAAUIO MpeBpalleHus cyibdara ceunna B PbCO3, Pb(OH), nmn
(PbOH),CO; ruppoxumuaeckum crrocobom [3].

B xauecTBe mecynb(aTUpyOIUX peareHTOB BO3MOXKHO HCIIOJIB30BaHUE PACTBOPOB
NaOH, Ca(OH),, K,CO; Na,CO; wumm (NHy),CO; Tak Kak MpOHU3BEICHHE
pactBopumocTtu (IIP) rtumpokcuna u xapOonmara cumaHna (II) 3HaumTenpHO HIDKE
ITP(PbSOy,) [4; 5]. B pabote [6] mpoBeneH MoapoOHbIN aHAIN3 HUMEIONINXCS B JINTEPAType
CBEJICHMIA O Mpolecce aecyibdaTanuu (ecyabhypru3ayui) aKTUBHBIX Macc.

HccnemoBannsaM B 00NACTH YTWIIM3AlMA PACcTBOPOB, 00pa3ymIIUXCS IIOCIE
Jiecynb(aTauy aKTUBHBIX MAacC JIOMa CBHHIIOBBIX aKKyMYJISTOPOB, MTOCBSIIEH psix paboT
[7-11]. TIpu ucmonp30BaHUM B KadecTBe Jecyibbarupyromux pearentoB NaOH wiu
Na,CO; Bomnas (asza, moanexamias yTHIM3AIMHA, COACPKUT TOJBKO CyJb(haT HaTpus.
Atopamu pabor [8; 10] B mabopaTOpPHBIX YCIOBHSX MPEANPHHSTA ITOMBITKA
pereHepanyy THAPOKCHIA HATpHS IyTEM BBEICHUS B CIEIHAIbHO NPUTOTOBICHHBIH
pacTBOp cynbdaTa HATpUs TBEpAOTO TOHKO u3MenbueHHOro Ba(OH),-8H,0. Trepmsrii
OCTaTOK HE aHAM3UPOBAJICS, TAKKe HEe OBUIM MPOBEICHBI HCCIICAOBAHHS C PACTBOPAMH,
oOpazyromumucs  Tociie  Jecyib(daTallid  aKTHBHBIX ~MacC JioMa  CBHHIIOBBIX
akkyMynsaTopoB. B Ooinee mo3nmHelt pabore [9] mokazaHo, YTO PacTBOPHI, MOydYEeHHBIE
nocie Jecyib(araliid  CBUHEICOJEPXKAIMX MaTepHalloB THUAPOKCHUAOM  HATPHS,
NPUTOAHBI JUIS W3BIICYEHHS W3 HHUX Ccyinbdara HaTpHs, KOTOPHI MOXET OBITh
WCTIONIB30BaH IS TIPOU3BOJICTBA CHHTETHUECKUX MOKIIUX CpeicTB. B MoHorpadum [11]
TIpUBEJIEHBI JIaHHBIE TI0 TepepaboTKe pacTBOpPOB Ha 3aBoaax ¢upm Engitec m Nuova
SAMIM, noapoOHO OMUCAHBI XapaKTEPUCTHKH 1mosTydaeMoro Na,SOy.

B pabote [7] mpoBesieHa cepus SKCIIEPUMEHTOB 10 YTHIIN3allUN PacTBOPOB IIOCIE
JecyiabdaTalud aKTUBHBIX MAacC JIOMa CBUHIIOBBEIX aKKyMYJISTOPOB C TNPUMEHEHHEM
K,COs, Na,CO; u (NH,),COs. B pesynbrare moimydeHbl Cyiab(arsl Kalus, HATPHUS H
kaneius. [lo pesynbraram atoMHo-aacopOiumonHoro ananusa K,SO,; ymoBIeTBOPSIOT
tpeboBanmsiM ['OCT 4145-74 u TY 2184-093-43499406-01 [12; 13], TO ecTb MOXeT
NPUMEHSTHCS JJIsl TOMYYESHUS] PA3IUYHBIX COSJAMHEHHUI Kallvsl MU Kak JIo0aBKa B COCTaB
HIMXTHI TPH MPOU3BOJCcTBe crekna. [Tomyuenusii Na,SO, mo HOpMaMm Ha cojepikaHue
TSDKETIBIX MeTauioB cooTBeTcTByeT TpeboBanmsiM ['OCT 6318-77 u TY 21-249-
00204168-92 [14; 15], u B nampHeHIIEM MOXXET OBITh MCIIOJNIB30BAH IMPH TPOU3BOJICTBE
CTEKJIa, MOKOIIX CPEJICTB, & TAK)KE B KAYECTBE PA3IMYHBIX JOOABOK MPH MPOM3BOICTBE
CTPOUTENILHBIX MaTEepUaIOB. BBIJCNEHHBIH W3 PacTBOPOB 0E3BOJHBIN Cyib(aT KaabIus
N0 HOpMaM Ha COJEp)KaHHE »eJjie3a M CBHUHIA HE YJOBJIETBOPSET MAapKe «UHCTBIN»
(I'OCT 3210-77 u TY 6-09-706-76) [16; 17]. OnHako, 10 MHEHHIO aBTOPOB [7] maHHBIN
NPOJYKT MOXKET HAaWTH NPHUMEHEHHWE B O0NACTAX, I/ie TpeOOBaHHS Ha COJEp)KaHHE
npuMmecei B cysib(aTe KalbLus MEHEe KECTKHUE.
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B nanHo#t pabore Obula TpOBElEHA CEPHUS OKCIEPUMEHTOB IO MOIYYCHHUIO
cynetarta Oapusi U3 pacTBOPOB, OOPA3YIOMIMXCS TOCTE AecyiIb(aTalii aKTHUBHBIX Macc
JIOMa CBUHIIOBBIX aKKYMYJIITOPOB KapOOHATOM aMMOHHUSI.

JKCMepUMEHTAJIbHAS 4acTh. B MNpeABapUTEIILHOW CEPUM  OIBITOB  OBLTH
ompeJieNieHbl HanboJiee ONTHMANBHBIC YCIOBUS JUTS BBIZICTICHHS OCAIKOB CynbdaTa Gapusi.
Jis  3TOr0 W3 XUMHYECKH YHCTOTO cyib(haTa aMMOHHS TOTOBWJIM pacTBop C
conepxanneM (NH4),SO04, paBubiM 0.283 mons/am°. JJaHHBIH pacTBOP COOTBETCTBYET IO

KOHIeHTpalu uoHOB SO i’ (37.4r/mM%)  pactBOpaM, 0Opa3yIOIMMCS — MOCTIE

Jecynb(aTaluyd  AaKTHUBHBIX MAacC JIOMa CBHMHIIOBO-KHCJIOTHBIX aKKyMYJATOPOB C
IpUMEHEHHEM KapOoHaTa aMMOHHUS. B TOMy4YeHHBIH pacTBOp NpPH HENPEpPHIBHOM
NEepeMEIINBaH BHOCWJIM HaBecKy xumuuecku unctoro Ba(OH),'8H,O wnwm
BaCl,-2H,0. CrexuoMeTpuyeckoe COOTHOIICHHUE pEarcHTOB, HEOOXOAuMoe IS
nporekanusi peakuuid (1) u (2), BappupoBamu B mpexaenax ot 1:1 mo 1:2, Bpems
B3aUMOJICUCTBHS PEarcHTOB MEHsUIM B mpenenax 5+50 MUHYT, Temmeparypy pacTBopa
TaK)ke BapbUpoBaiH B npeaenax 20+50 °C.
Ba(OH), + (NH,),SO, = BaSO,| + 2NH,OH (1)
BaCl, + (NH,),SO, = BaSO,| + 2NH,CI 2
ITocne cmemmuBanus CUCTEMY OCTAaBJIAJIN BBICTAUBATLCA CYTKHU IJId CO3PCBAHHA
ocazka, 3areM TBepaylo a3y oTxensIM (QUIbTpalMed W MPOMBIBAIM TOpsUYeH
JUCTWUIAPOBAHHOM BOAOM 1O TEeX MOp, MOKAa B MOCIEAHEH MPOMBIBHOM BOJE HE

obHapyxuBaanch MoHbl NH, KadecTBeHHOH peakimeil ¢ peakrtmBom Hecciepa. [anee

0CaJIOK BBICYIIMBAIM B CYyHIMJIbHOM Ikady npu Temmeparype 120°C B Teuenue 4 4 u
MOJBEPrajk PEHTIEHOCTPYKTYPHOMY aHAIU3Y.

Bo Bcex mocrneayromux 3KCHEPUMEHTaX HCIOJIb30BAJIM MAaTOYHbIE PACTBOPHI C
KOHIICHTpaLueil Cynb(aT-HoHOB B mpeenax 37.2-37.4 r/aM°, KOTOpbIe GBUIM MOMyYCHBI
nocie Aecyiab(aralyu aKTHBHOW MacChl TUIACTHH aBTOMOOWIIBHBIX aKKYMYJISITOPOB C
pasmepoM yactun meHee 0.25 MM pacTBOpOM KapOOHaTa aMMOHHUS Tak, KaK OIMCAHO B
pabote [18]. McxonHas akTuBHas macca J0 Jaecyibdaranuu cojepxkana 52.6 % macc.
PbSO,, onpeneneHHo TypOHANMETPHUECKIM MeToI0M [19].

B nepsoii cepun ombitoB k 200 I MaTOYHOTO pacTBOpa ¢ KoHIeHTpanueid SO3-,
paBHOI 37.2 T/IM’, PH HENPEepPHIBHOM IePEMENIMBAHIY T00ABIAIN TaKOE KOIHUECTBO
BaCl,-2H,0 Mapku «X.4.», KoTopoe obecrednBano cootHourenne [Ba’]:[SO i_] =118
COOTBETCTBHHM CO CTeXHOMeTpHueil peakuuu (2). TemmepaTypy pacTBopa HOJAEPKUBATIU
paBHoi 25°C. Ilocne cmemmBaHus peareHTOB B TeueHHe 20 MHUH. MOJyYE€HHBIH OCalIoK
oTnesi  (GUIbTpanel M MPOMBIBANIU TOpSYed MUCTHIUTMPOBAHHOW Bomoil. Teepaplit
OCTaTOK BBHICYIIMBAJIM B CYHMIMJIBHOM mmkady npu temmeparype 120°C B TeueHue 4 4 u
MOJBEPTal  PEHTTEHOCTPYKTypHOMY (Ha mnpubope «JIPOH 6») u aromHo-
abcopounonnomy (Ha npudope AAC «KKBAHT-ZDOTA») ananuzy.

Bo BTOpo#i cepuu SKCIEPUMEHTOB K aJMKBOTHOW YacTH MaTOYHOTO pacTBOpa
Maccorr 200 T, comepxamei 37.4 r/mM® wono SO ‘21‘ , JOOABJAIIN OMpPEEIICHHOE

komumaectBo Ba(OH),'8H,O mapkm «x.4.» B Buae cyxoro BemiecTBa. COOTHOIICHHE
2+7. 2- .
[Ba™]:[SO; ] cocraBmsuio 1:1 B coorBercTBUM cO crexuomerpueii peakuun (1).

Temmnepatypa pactBopa 40°C. Cmechb HENpepbIBHO HHTEHCHBHO IE€pEMEIIUBAIN B
teuenue 20 muH. [lomyueHHBIH ocagok oTaessiM (QUIbTpPAaLUeld, TPOMBIBATIH TOpsYeH
JTUCTHJUTMPOBAHHOM BOAOH U ITOCIIE BBICYIIMBAHUS aHATTU3NPOBAIIH.
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B Tpetbeii cepun onbiToB K 200 T MaTOYHOTO pacTBOpa ¢ KOHUEHTpauuein SO f{,

paBHoit 37.4 r/aM°, mpu HempepsIBHOM mnepeMemmBanni 106asmsutn Ba(OH), 8H,0,
KOTOpHIi TIPeBapHTENBHO pacTBOpsiTH B 100 cM® ucTrimpoBanHoil Bomsl. OcTaabHbe
YCIIOBUS OCTaBAJIUCh TAKUMH Ke, KaK BO BTOPOU CEPHH DKCIICPUMEHTOB,

Oocy:xaenue pesyabtatoB. Ha puc. | mpencraBiena omgna n3 mudpaxTorpamm
00pa3IoB MpeBapUTENLHON CEPUU OMBITOB, MOJYYEHHBIX B YCIIOBHSX, ONPEIEICHHBIX
HAMHU Kak ontuMaibHbie. [IpuBeneHHas audpakTorpaMma SBISETCS TUITUYHON IS
JTAHHBIX SKCIIEPUMEHTOB M TOJITBEPXKAACT, UYTO SAMHCTBEHHBIM KOMIIOHEHTOM TBEPIOW
¢a3sr sBisercst BaSOy,.
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Puc. 1. ludpakrorpamma tBepaoii ¢pa3nl npu noayuyennu BaSO, u3 yucThIX BemecTs

AHanu3 JaHHBIX TPEIBAPUTEIBHON CEpPHH OIBITOB IO3BOJIMI 3aKJIIOYUThH, UTO
HaunboJiee ONTUMAaTILHBIMH YCIOBHUSIMH JIJIS TTONTy4deHus: ocaakoB BaSO, sBistoTes:

- COOTHOIIICHHE [BaCl,.2H,O  wmmu  Ba(OH), 8H,0]:[(NH,),SO4]=1:1 B
COOTBETCTBHH CO CTeXHOMeTpuel peakiuii (1) u (2);

- TeMIieparypa peakuuoHHoil cmecu 25 C, ecnu ucnons3yercs BaCly2H,0, n
40 C, ecnu npumensiercst Ba(OH),8H,0;

- BpeMsl cMeIInBaHus peareHToB 15-20 MuH.

Tunuunas nudpakrorpamMma TBep o (hasbl, MONTydeHHON Tpu Bhinenenun BaSO,
W3 MaTOYHOTO pacTBopa C TIOMOIIBIO CYXOTO JIBYXBOJHOIO XJopuia Oapwus,
MpeJICTaBIeHa Ha pucC. 2.

JlaHHBIE PEHTIeHOCTPYKTYPHOTO aHAIM3a IMOKa3ald, YTO KpoMe JIMHUH cyibdara
Oapus Ha gudpakrorpamme npucyrcTByrOT JuHuH BaCOs;. DTO CBUAETENBCTBYET O TOM,
YTO TBEPJIBIA OCTATOK COJAEPKHUT HEKOTOPOE KOMMYECTBO KapOboHaTa 6apusa. Obpa3zoBanme
BaCO;, mo-BuanMOMy, CBSI3aHO C HPUCYTCTBHEM B HCXOJHOM MAaTOYHOM pacTBOpE
HEKOTOPOr0 KOJIHMYEeCTBAa KapOOHATHBIX AaHUOHOB, KOTOPBIE BBOJATCS B M30BITKE B
CUCTEMY Ha CTaJIuM JiecylbhaTaluu Ui TPOTEKAHHUS PEaKIINH:

PbSO, + (NH,),CO3 = PbCO3] + (NH4),SO,,
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YcepeaneHnsle pe3yiabTaThl aTOMHO-a0COPOIMOHHOTO aHayim3a o0pas3noB BaSO,,
MOJYYEHHBIX B TIEPBOW CEPHH DKCIIEPUMEHTOB, PUBE/ICHEI B TabuIe 1.

Tunuyneie AudpakTOrpaMMbl, MOTYUEHHBIE IPH PEHTTCHOCTPYKTYPHOM aHAaJIM3e
TBEPIBIX OCTATKOB BTOPOM U TPEThEH CEPHH OTBITOB, OKA3aJIMCh UACHTHYHBIMHE (pHC. 3) U
CBUJCTENECTBYIOT O TPUCYTCTBHM B OCaJKe TONbKO cymnbdara Oapus. Cpennue
pe3yapTaThl aTOMHO-20CcOpOIIMOHHOTO aHanmn3a 00pa3noB BaSO,, moTydeHHBIX B CiIydae
NPUMEHEHUS THAPOKCUAA Oapusi, IPUBEICHHI B TabnuIe 2.

HMHTeHCIIBHOCT b, IIMILUC

el i B

1504

Vron gidpakuym

Puc. 2. Tludpaxrorpamma TBepaoii ¢pa3bl npu noaydyennu BaSO, ¢ ucnoanzosanuem BaCl, * 2H,0

Tabruya 1
Pe3yJabTaThl aTOMHO-20COPOIIMOHHOT0 AHAJIN3A CYXO0Tr0 0CTATKA CyJb(aTa 6apusi, MOJy4eHHOTO C
ucnoab3zopanuem BaCl, -2H,0O

Onpenenseniii Zn Cu Ni cd Fe Pb Ca
KOMIIOHEHT
C°§ep"‘a““e’ 0.000 0.001 0.00018 0.000 0.035 0.025 0.021
0 Macc.
Tabauya 2

Pe3yabTaThl aTOMHO0-20COPOIIMOHHOI0 AHAJIN3A CYXO0r0 0CTAaTKa cyJb()aTa 6apusi, HOJy4EHHOTO ¢
ucnoan3oBanueM Ba(OH), -8H,0

Onpenenseniii Zn Cu Ni cd Fe Pb Ca
KOMIIOHCHT
Conepxarne, 0.000 0.001 0.00019 0.000 0.025 0.026 0.017
% Macc.

IIpoBeneHHOE Uccaen0BaHNE TO3BOJIAET CAENATh CIEAYIOIUE BBIBOABI:

-ans  monmydyeHus cyinbara Oapusi M3 pacTBOPOB, MOJYYEHHBIX IOCHE
Jnecynb(daTaid aKTUBHBIX MacC JIOMa CBHHIIOBBIX aKKyMYJISITOPOB, MOXET OBITh
UCIIOJIb30BaH KaK JIBYXBOJHBIA XJIOPH] Oapus, Tak U BOCbMHBOJHBIA TUAPOKCU Oapusi.
Opnnako, npumenenne Ba(OH),-8H,O mnpeamouturensHee, MOCKOIbKY B 3TOM cllydae
BaSO, ne cogepxut npuMecu kapOoHata Gapus;
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- IpY MCTOJIb30BaHUM THApOKcHIa Oapust i BeiaeneHus BaSO, u3 MaTouHBIX
PacTBOPOB ILIEJIECOOOPA3HO €ro MpeaBapHTEIFHOE PACTBOPEHHE, TaK KaK B 3TOM CIIydae
npoliecc MpoTekaeT Oosee CTabMIILHO, ¢ 00pa3oBaHUEM OcajiKa C JIydlleld CTPYKTYpOW, a
TaKXe ¢ OOJBIIUM BBIXOJIOM TOIHOTO POIYKTa;

- cormacHo I'OCT 3158-75 [20] Gapwmii CepHOKHCIBINA TOJDKEH copepkaTh He Oojee
0,002 % macc. Fe u ne 6oxee 0,001 % Macc. TsDKEIBIX METaUIOB, B 4acTHOCTH Pb.
[Mony4enHslii HaMu Oe3BOAHBIN cynbhaT Oapus M0 HOpMaM Ha COIEpKaHUE KeJle3a He
YIOBJIETBOPSET MapKe «4» U, CIEAOBATEIFHO, INPUMEHCHHE JaHHOTO TOBAPHOTO
NPOIYKTa HEIOIyCTUMO B MEIWIMHE, B Ka4eCTBE HATIOJHHUTEINS UL PA3IMYHBIX BHIOB
Oymaru, TMHOJIEyMa U JIAKOKPACOYHBIX MaTEePHAJIOB;

- IONy4eHHBIH Hamu nponykT BaSO, ynosnerBopsier TpedoBanusm ['OCT 11380-
74 [21] m MoXeT HaWTH TpPUMEHEHHEe B aKKyMYJISTOPHOW IPOMBINIJICHHOCTH, B
NUPOTEXHUKE (B KayecTBE IIBETOBOIO KOMIIOHEHTa), B HedTenepepadaTbiBaomei
OTpaciy KaKk KOMIIOHEHT OYPOBBIX BOJ U B JIPYTUX 00JACTAX, B KOTOPHIX TPeOOBaHMS Ha
collepKaHue MpuMecel B CyibdaTe Oapus MEHee KECTKHE.

HIHTEeHCIIBHOCTE, TIMIT'C

Vrom gippaxum

Puc.3. Iudpakrorpamma tBepaoii ¢paspl npu nonyyenun BaSO, ¢ ucnonnzosanuem Ba(OH),-8H,O
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Y crarTi npoBeieHuii aHajdi3 HagsBHUX B JiTepaTypi Bizomocrteil mpo mpomecH yTWJizaumii
PO3YHMHIB, 110 YTBOPIIOTHCS MNpH Jecyjb(aranii aKTHBHMX Mac OpPyXTY CBHHIEBO — KHCJIOTHHX
akymyasaTopiB. ExcniepuMeHTAIbHO MiTi0paHo onTHMAJBLHI YMOBHM AJIsI OTPUMAHHSA ocaay cyiabdary
Gapiro npu B3aemoii po3unHy cyabdarty aMoHiro 3 Ximiuno ynctumu Ba(OH),*8H,0 Ta BaCl,*2H,0. 3
cy1b(aTHHX PO3YMHIB, IO € BigxogamMm mpomecy MnepepodKH AaKyMYJSITOPHOTO OpyxTty, Yy
JIa00paTOPHUX YMOBaX OTPMMAaHUi TOBapHUii cyb(aT 6apilo i3 3acToCyBaHHAM XJIOPHUAY i rigpokcuay
Oapiro. O0roBopeHo MoKIUBi 00J1aCTi 32CTOCYBAHHS OTPUMAHOTO MPOAYKTY.

Kniouoei cnosa: akyMyIsTOpHUIA JIOM; aKTHBHA Maca; ecynbgitamis; cyibdat Oapiro; xiopua 6apiro;

rigpokcua d6apiro.

Analyses of literature data about processes for solution utilization formed after desulfation of
the active mass of scrap lead-acid batteries is performed. Optimal conditions for obtaining of barium
sulfate sediment from ammonium sulfate solute and chemically pure Ba(OH),-8H,0 u BaCl,-2H,0
were found experimentally. In laboratory the commercial barium sulfate from sulfate solutions, that
are waste of recycling process of battery scrap, with application of chloride and barium hydroxide was
production. The possibility of using this product were discussed.

Key words: Battery scrap; active mass; desulfation; barium sulfate; barium chloride; barium
hydroxide.
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CTPYKTYPOOBPA3OBAHUE B CUCTEME JIATJIMIUAINIOBBIN
IOUP OJIUT'ONMUXJIOPTUAPUHA — ITUITEPA3ZUH

C uesapio moJiy4eHus NMJIEHOYHOT0 AHHOHOOOMEHHOI0 MaTepHaJia Ha OCHOBE MU ePa3ZHHA U
TJIMIHIUI0BOr0 3¢ Hpa 0JIMro3NHXJIOPrHIPHHA HCCIEI0BAHBI MOJIeJbHbIe CHCTEMBbI: JUXJIOPTHAPHH —
NUNEPHIUH, SNHXJIOPTUAPHH — NUINePAa3UuH, IIMIHANIOBLIH 3GHUP 01Mr03THIIEHIIMKOIS — NUNePa3HH.
Iloka3ana BO3MOXKXHOCTH peryJHpOBaHHs BKJAJa OCHOBHBIX peakuMii HAa HaYaJbHOW CTaguM
CTPYKTYpooOpa3oBaHus, a Takike CBOiicTB MaTepuana. C ydeToM HaliIeHHBIX 3aKOHOMEPHOCTel
MOJIy4eHbl 3JACTHYHbICe ILUIEHOYHbIE MAaTepuHasbl, Ha0yXxalliHe B MOJSAPHBIX PACTBOPUTEISAX H
o01aa0ue HOHOOOMEHHBIMH CBOICTBAMU.

Knrouesvle cnosa: eHOYHbI aHHOHOOOMEHHBIH MaTepUall; TUTITHIUIMIOBBII 2(up; THIepa3nH.

Beenenne. Cpeny CHUHTETHYECKHX MATEepPHAIOB 0CO00E MECTO 3aHHUMAIOT
MOHOTCHHBIC TMOJIUMEPbl — HOHMTHL. WHTepec K HHUM OOYCIIOBJICH pa3HOOOpasuemM
IMMPAKTHUYECKOTO IIPHUMCHCHUS. B nmocjeaHee BpeMA K TpaJullMOHHBLIM O6J'IaCTHM
HCIIOJIb30BaHUsI HOHHWTOB, TaKMM KaK BOJOIOArOTOBKA, ruapoMeramtyprus [1-2],
n00aBUIIaCh TaKk HasbIBaeMas «Majias SHEpreTHKay». biaromaps HATHYUIO Y HOHOT€HHBIX
MOJIMMEPOB Pa3JIMYHBIX (OPM TPOBOAMMOCTH OHU HCIONB3YIOTCS B MPOHU3BOJCTBE
KOMIAKTHBIX 3JIEKTPOXUMHUYECKUX yCTpOHUCTB. Cpenn NepCHeKTHUBHBIX IMOJMMEPHBIX
MaTepuagoB ISl 3TOW OOJACTH BBIICISIOT CIIUTHIE MHTEPIIOJUMEPHBIE aMMOHHEBBIE
KOMILJICKCBI, IMMOJIYUYCHHBIC Ha OCHOBC IMOJIMBUHUIINIMPUIWHA U TTOJTUIUXJIOPTUAPUHA [3],
Yy KOTOpPBIX YETBEPTUYHBIC MUPHIMHUEBBIC TPYIILI B y3JaX CIIUBKA OOYCIOBIMBAIOT
KOMIJICKC [IEHHBIX CBOMCTB.

Panee Obula mOKa3aHa BO3MOXKHOCTh CHHTE3a AQHAJOTHYHBIX TOJTMMEPHBIX
IMPOAYKTOB IIYTEM pC€aKIHU OJIMTOSNHUXJIOPIrUAPUHOBOIO JUBIIOKCHIAa U aMUHOIIMPUINHA
[4]. OnHako moMyYeHHBIH TaAKMM MyTEM MaTepHal MMEET CYNIECTBEHHBIN HEIOCTATOK —
XPYMNKOCTh, YTO OTPAHHUYMBACT BO3MOXKHBIC OOJACTH €ro MPUMCHEHUS, HampuMmep B
Ka4yeCTBE MeM6paH. 21.]'[51 BBIICHCHHUA BO3MOXHOCTHU U YCHOBI/Iﬁ MMOJIYYCHHUSA 3JIAaCTUYHBIX
CETYATBIX HWOHOI'CHHBIX MATCpHUAJIOB C YCTBECPTHUUYHBIMHU aMMOHHMEBBIMH TI'pyIIIaMH
HCCIIEIOBAH MPOIECC B3aUMOACHCTBHS TUTITHIMAUIOBOTO 3(Upa OJIUTO3MHUXIOPTUAPUHA
1 AITAIUKIINIECKOTO0 BTOPUYHOTO qUaMUHa — TTUIepa3uHa. M3Ha4aapHO TpeArnonaraioch,

* Correspoding author: Tel.: +380567608429; fax: +380563749841; e-mail address: Konstvarlan@rambler.ru
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YTO yKa3aHHbBIH mporecc OyAeT YCIOBHO COCTOATh M3 ABYX craauid. IlepBas cramus —
YAJIUHEHHE OJUTOMEPHOW ILENH ITyTEM DPACKPBITHS KOHIEBBIX OKCHPAHOBBIX IMKJIOB
BTOPUYHBIME aMUHOTPYIIIIAaMH MUIEpa3iHa, U 00pa30BaHUEM LEMHBIX MAaKPOMOJEKYIN C
Yepenyomeiicss TOCIeA0BaTeIbHOCTEI0 TPETHYHBIX aTOMOB a30Ta H  OOKOBBIX
XJIODMETWIBHBIX Ipyni. Bropas cramusi — oOpa3oBaHHE CETYATOH CTPYKTYphI 3a CUET
QIKWIMPOBAHUS TPETUYHBIX aTOMOB a30Ta B IIENH OOKOBBIMH XJIOPMETHJIBHBIMU
rpynnamu. [Ipu 3TOM mepBast cTagusi MOKET OCIOXKHATBHCS PEeaKUMel aJKWIMPOBAHUS
BTOPUYHBIX M TPETUYHBIX aMUHOTPYIII ¢ 00pa30BaHUEM Pa3BETBIIEHHBIX CTPYKTyp. s
KOJIMYECTBECHHON OIICHKHM BKJIaJa YKa3aHHBIX PEAaKIMH W BBIACHEHUS BO3MOXKHOCTH €T0
PETyJIMPOBaHUs PEBAPUTENBHO HCCIIEI0BAaHbI MOJEIBHBIE CUCTEMBI.

JKcnepuMeHTAJbHAsA YacTh. B KkauecTBe MOJENBHBIX CHCTEM HCIOJIB30BAINCH
STAHOJIBHBIE PACTBOPBl CMECEH: JMMXJIOPTUAPUH — NUNECPUIUH, DIUXIOPTHIPUH —
NUNepasud, TIUOUAWIOBBIA 3¢up onurostunenrnukons (I'O) — mnumepasuH u
CIUIUIAIOBEI 3¢up onurosnurxiopruapuna (I'XT) — munepasuH ¢ SKBUBaJICHTHBIM
COOTHOIIEHUEM BMOKCHIHBIX H aMUHOTPYTIIL.

Havanpnas koHIIeHTpanms peareHToB coctapisiia 0,14 sks/n. Peakiimonnsie cMecn
tepMmoctatupoBasiuch npu 22+ 0.1°C u 50+ 0.1°C. Tekyuias KOHICHTpALUs
SMOKCHAHBIX W  aMHUHOTPYNI B  YKa3aHHBIX  CHUCTEMax  KOHTPOIMPOBAIIACH
HOTEHIMOMETPHYECKHM METOJIOM B COOTBETCTBUH C [4].

W3menenune  comepaHus  307b-QpakiMd B OTBEPKIAEMOM  MaTepHuale
ONPENETSUIOCh  JKCTPAKIMe BOJAOW B CTAaTHYECKUX YCIOBHSIX. OKBUBAJICHTHBIC
KonuuecTBa nunepasuHa U I'XIT pacTBOpsUIMCH B COOTBETCTBYIOLIEM PACTBOPUTEIE U3
pacuera 1 r cmecu nunepasud — I'XI" Ha 1 mu pacTBoputens. Bszkuii pacTBop nmoiauBaiu
Ha TOPU3OHTAJILHYIO MOAJIOKKY TaKHM 00pa3oM, YTOOBI MOJIYYUTh OTBEPXKICHHBINA CIION
tomuaOoN 0.2+0.05 MM, n tepmocratupoBanu mpu 110°C. Kaxngsii gac orOumpanm
oOpasipl Maccoit 1 T, maMenpuanu, noMemaid B 50 M AUCTAIUTMPOBAHHOW BOJBI U
BBIIEP)KUBATIM TPM KOMHATHOM TeMIleparype B TedeHHE 3-X CYTOK, MEepPHOIHYECKU
BeTpsixuBasi mpoOy. Octatku obOpasna cymmiau npu 110°C 10 TOCTOSHHON Macchl.
OCHOBHOCTbH 30J1b-()PaKLUK ONPEAEISIN TOTEHIMOMETPUIECKUM TUTPOBAHUEM BOIHOTO
3KCTpaKTa.

IIneHounbple mMaTepuanbl MOMy4Yald MOJUBOM PAaCTBOPOB SKBHBAJIEHTHBIX CMeECEi
nunepasud — ['’XI' Ha MOJJIOKKY, BBIACPKKOU CIIOEB IIPU KOMHATHOM Temmeparype B
TEYEHHE CYTOK M TOCJIEOYIOLIEr0 TEPMOCTATHPOBAHUS 110 33JlaHHOMY TEMIIEpPAaTypHO-
BPEMEHHOMY PEXHMY.

s omnpeneneHrss paBHOBECHOTO HaOyXxaHMs IUIGHOYHBIH oOpasen B (opme
KBajgpara ¢ JUIMHON cTopoHbl 20 MM cymmnu npu 105°C 10 MHOCTOAHHOM Macchl,
MOMEIAJI B COOTBETCTBYIOIIMN PACTBOPUTEND M BBIAEPKUBAIN CYTKH MPU KOMHATHOM
temrneparype. [locne u3BnedeHust oopasiia U yJaleHusi OCTaTKOB BIIard (GUILTPOBAIHHOM
Oymaroii B3BeIIMBaHUE MOBTOPSUIM. 3a BEJIMYMHY PAaBHOBECHOTO HaOyXaHHS NMPUHUMAIN
OTHOCHUTENBHBIA MPUPOCT MACCHI, BEIPAYKEHHBIH B MPOIIEHTAX.

Hns ompeneneHus craTudeckoil OOMEHHOW €MKOCTH CIIa00OCHOBHBIX TPYII
(COE,;) aHanMTHYECKYyI0 HABECKY IpEIBApUTEIHFHO H3MEIBYEHHOTO M BBICYIIEHHOTO
obpasma B komuuectBe okojo 0.5 r momemanu B Touno 50 mu 0.1 N HCI, BeimepxuBanu
CYTKH B OOBIYHBIX ycioBHsiX, u THTpoBasn anukBoTy 0.1 N NaOH. Jlns onpenenenus
o0mieit crarnmueckoit ooMeHHON eMkocTH (COE.5) n3MenbueHHbI 1 HAOyXIINi B BOJIE
oOpa3zer] npeaBapuTeNIbHO 00pabaTeiBasin He MeHee 5 pa3 50 mir 6%-T0 BOJHOTO pacTBoOpa
NaOH mns mepeBoma ammonueBbix rpymn B OH-dopmy, mocie dero oTMBIBAIH
MACTAJUTAPOBAHHOW BOJION IO HEUTPaIBHOW Cpeabl. 3aTeM BBIMOIHSUIM BCE OTIEpallid B
co0TBeTCTBUM ¢ MeToAuKoM onpeaenenus COE,.
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ITpoynocTs mpu paspeiBe G, U OTHOCHTEIILHOE YUJIMHEHHWE IIPH Pa3pBIBE &£,
meHoK onpenensiiiun B coorBeTcTBuM ¢ ['OCT 14236-81 Ha MamuHe i UCTIBITAHUS
npouHocTH FP-10 npu ckopoctr paszasmwkenus 3akuMoB 100+10 mm/muH. OOpasis!
umenu Gopmy NpsSMOYTroIbHUKOB IIMHON 150 MM 1 mupuHo#t 15 MM.

Pesyabratel W uX o0cyxkaeHuHe. Pe3ynbraTbl  MOTEHIMOMETPUYECKUX
UCCIICIOBAHUN MPOIIECCOB B3aMMOJACHCTBHS SHMUXJIOPTHIPHHA C TMUIEPUANHOM U
NWUIIEPa3sMHOM YKa3blBaeT Ha mpeoOiamaHMe B OOOMX CIydasX BKIQAA pPEaKIHit
PACKPBITUS SMOKCUIHBIX LUKJIOB 110 CPABHEHMIO C PEAKIMAMH aJIKHIMPOBAHUS aMUHOB
XJIOPMETHJIBHBIME Tpynnamu (puc. 1).

BMmecre ¢ TemM, B pa3snMYHOM CTENEHH MPOLECCHI OCIOKHEHBI PEAKIMSIMHU
IKWINPOBAaHHUSA ¢ 00pa30BaHHEM TPETUYHBIX W YETBEPTHUHBIX aMMOHHEBBIX CTPYKTYP.
OCOOCHHO 3TO XapaKTEepHO AJSl CHCTEMBbl C MUNEPUIAWHOM, IJIsi KOTOPOH KOJIMYEeCTBa
aMUHO(DYHKYIIMH, HAXOAUMBIX OOpPAaTHBIM U NPSMBIM TUTPOBAHHUEM, OTIMYAIOTCS Oosee
yeM B aABa pa3a (coorBercTBeHHO 94 u 43 % OT HayaJIBHOIO KOJHMYECTBA
aMUHOQYHKyLWH). Pa3zHOCTh 3THMX 3HAa4YEHUH yKasbIBaeT, MO CYTH, Ha JOJII0 BTOPHYHBIX
aMHUHOTPYIIIL, IPEBPAIICHHBIX B TPETHYHBIE aMMOHHEBBIC B PE3YJIbTaTe B3aMMO/ICHCTBUS
C XJIOPMETHJIbHBIMH I'PYIITIIAMU SMHUXJIOPTHAPUHA. B KOHIIE SKCTIEpUMEHTa NX KOJIMIECTBO
CYIIECTBEHHO MPEBBINACT KOJMYECTBO HEPACKPBHITHIX OSIMOKCHUAHBIX IHMKIOB. JlaHHOE
00CTOSITENBCTBO TIO3BOJISIET TPEATNOIOKHUTh, YTO B HCCICAYEMOH CMECH KOHBEPCHS
SMIOKCHUAHBIX TPYNIl MPOUCXOJUT HE TOJNBKO IyTeM WX PACKPBITHS BTOPHYHBIMHU
aMHUHOTPYIIIaMH, HO M TI0 MEXaHH3My aHHOHHOW MNOJMMEpH3aLUH, KaTaIn3upyeMoi
aMMOHHMEBBIMH OCHOBAaHHUSIMH. B cMecH SMUXJIOPTUAPHH — THIEPa3HH BKJIAJ pEaKIiH
ANKUJIMPOBAHUS C yYacTHEM XJIOPMETWIBHBIX TPYMI CYNIECTBEHHO MEHBIIWH, YeM B
CHCTeME C THUIEPHUIMHOM: OCTATOYHOE KOJIMYECTBO AMHUHHBIX (YHKIMH B KOHIE
JKCIIEPUMEHTA M0 pe3yJbTaTaM 00paTHOTO U MPSIMOTO TUTPOBaHMA cocTaBisieT 87 u 74%
COOTBETCTBEHHO.

(_.1_.-'(_.01 0
0.8 -1
m-2
0.6 A-3
e
0.4 -5
x-6
0.2
0.0 L] L] L]
0 1 2 3
Bpemsa, u

Puc. 1. U3MmeHeHne KOHIEHTPAUMH (PYHKIMOHAJIBHBIX IPYNI B JKBUBAJTEHTHBIX CMecsIX
MMUXJIOPruApuH—nunepuaut (1, 4, 5) u aMUXJIOPprugpuH-nunepasut (2, 3, 6): anoxkcuaHbIx (5, 6);
AMHHOTPYIII 0 pe3yiabTatam npsiMoro (1, 2) u odparunoro (3, 4) TurpoBanus. Ci, CO — cCOOTBETCTBEHHO
TeKyllasi 1 HAYaJIbHasi KOHIeHTPALMH

CooTHonieHue Ha6J’IIO,Z[a€MBIX CTCICHEH npeBpanieHuss B PACCMOTPCHHBIX
CHCTEMAX CHMOATHO COOTHOIIEHHUIO 3HAYEHUN OCHOBHOCTH aMHHOB. [lo MOJIy4YCHHBIM
JaHHBIM, B YCJIOBHUAX OKCICPHMMCHTA II0Ka3aTCIn JuCCOoMalvi HWMCIOT 3HAUCHUA:
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nunepuanaa — pK, 9.25, nunepasuna — pK,; 4.85; pK,, 8.65. Ha KOHBEpCHIO 3MTOKCHIHBIX
IpyNIl B CMECH IHIIEPAa3HH — SMUXJIOPTUAPUH MOTYT TAK)KE OKa3bIBaTh KaTATUTHYECKOE
JeficTBUE TPETUYHBIC aMMOHMEBBIC, a TAaK)Ke YETBEPTUUHBICE aMMOHHEBBIC TPYIIEI, 00
00pa3oBaHUK KOTOPBIX MOYKHO CYJHUTbH MO OOLIEMY CHIDKCHHIO KOJIMYECTBA THUTPYEMBIX
aMUHO(pYHKYTIHH.

BnusiHue aMMOHHEBBIX TIpYyNI Ha PACKPBITHE SMOKCHIHBIX LHUKJIOB BHUIHO IIPH
COIIOCTaBJICHUH PE3yJIbTaTOB aHanu3a cmeceil munepasuna ¢ 'O u ['XI (tabm. 1).

Kak crnenyer w3 BbIIENPHUBENCHHBIX JaHHBIX, B peakuuu nunepasuHa ¢ ['XI
JocTUraercsi 6osee BbICOKasl CTENCHb KOHBEPCUH 3IOKCHIHBIX rpymil, yeM ¢ I'OI, npu
MPOYMX paBHBIX yciaoBusxX. C yBeTHMueHHEM HOJISIPHOCTH pacTBopuTes [4] HabironaeTcs
POCT CTeTeHel MpeBpaleHns AMOKCUIHBIX U aMUHOTPYIII, 8 TaKK€ COOTHOILLIECHHUS 3THUX
cTerneHel mnpespamieHus. llocieaHee 0OCTOSTENBCTBO YKa3blBa€T HAa BO3MOXHOCTh
peryarpoBaHusl OTACIBHBIX CTaIM Mpoliecca cTpyKTypooOpaszoBanus B cucteme ['XI™ —
MUIIEPa3HH MyTEM 000pa PaCTBOPUTEIISL.

O BIMAHWUU TPUPOABI PACTBOPUTENS Ha CTPYKTypooOpazoBanue B cmecu ['XI™ —
MUIEPa3sUH MOXKHO CYAWUTh O OTJIMYMSAM 3aBUCHUMOCTEH JONM M OCHOBHOCTH 30Jb-
¢dpakuum oT BpeMeHH (puc. 2).

Tabauya 1
W3meHeHue coepxKaHusi GYHKIHOHAJIBbHBIX TPYNI B PeaAKIHOHHBIX CMeCsIX
OcTaToYyHOE OTHOCUTENBHOE COIepKaHHe
0/ .
Omromep Cpena TeMne;paTypa, aHaIM3UpYyeMbIX Ipynn yepes 3 4, %:
C aMHHOTPYIIII
SIOKCHAHBIX
(TUTPYEMBIX)
ror 3TaHOI ég Zg 188
yraton 22 31 60
50 4 52
rxr OyTaHoI 2(2) 790 g;
Toxyon-0yraHoun 4:1 22 & 8
) 50 36 68
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= ]
Z 09 25 el
2 e
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2 0 = 2
= @
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Puc. 2. Usmenenue goiu (1; 2) u conep:xanus (3; 4) THUTpyeMbIX a30THBIX GyHKIMIA 30/1b-QpaKkuuu npu
CTPYKTypooGpa3oBanuu B cMecn nunepasu — I'XI™ B pacTBopuTessix: MeTuiioen3oi-oyranoa (15 3);
oyranoa (2; 4)
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B Oomee momsipHOM, MO CpaBHEHUIO C TOJYOJIOM, OyTaHOJIe HaOJFOmaeTcs
oTepexarolee CHIKEHNE TONN 30J1b-(hpaKIIui B HAYaIBHBIN mepuo; nporiecca. M3 atoro
CJIEIyeT, YTO MOJIIPHOCTh PACTBOPUTEINIS BIHUSICT HA CTPYKTYpPOOOpa3oBaHHE, B OCHOBE
KOTOPOTO JIGKUT OOpa30BaHKE Y3JIOB MPOCTPAHCTBEHHOW CETKU B BHJIE YCTBEPTHUYHBIX
aMMOHHEBBIX TPYMIL. DTO COTIIACYETCS C pe3yIbTaTaMH aHallN3a SKCTPAKTOB 00pa3IoB Ha
collepykaHue OCHOBHBIX Tpymil. J[ist cucteMsl ¢ OyTaHOIIOM HabIIoAaeTcs onepexaromiee
CHI)KCHUE KOHIIGHTPAIlUM OCHOBHBIX TPYII B 3KCTPaKTe, KOTOpas, (aKTHUECKH,
OTpakaeT JOJI0 HEKBAaTEPHMU30BaHBIX AMHHOTPYIIT B 30ib-(ppakumu oOpasma. Takum
o0pa3oM, MOAOOPOM pACTBOPHUTENEH MOXKHO pEryJIHpOBaTh COOTHOIIEHHE BKJIAIOB
peaknuii yIUIMHCHWsS [eM W CIOMBKH Ha CTagud CTPYKTypooOpa3oBaHHs B
PacCMOTpPEHHON cHCTEeME, a, CIEAOBATENbHO — PEryJupoBaTh CBOWCTBA KOHEYHOTO
Marepuraia.

Bo3MoKHOCTB perynMpoBaHHs CBONCTB MAaTepHAIOB Ha OCHOBE cucTeMbl ['XI' —
MUTIEPa3UH HW3MEHEHHEM TMOJSPHOCTH PACTBOPUTENSI TMOATBEPXKIAIOT  PE3YJIbTAThI
(hM3UKO-MEXaHNYECKUX HCIBITAHUN W WCCIENOBaHUsA HaOyXxaeMoCTH O0pasloB IUICHOK,
MOy4YeHHBIX W3 PACTBOPOB YKAa3aHHBIX WHTPEIUEHTOB B CMECH TONYON — OyTaHOI
(4:1 06.) u B 6yTanoine (Tabm. 2).

Tabauya 2
CBoiicTBAa IVIEHOYHBIX MATEPHAJIOB HA OCHOBE IIMIIUNJIOBOr0 3(pupa 0JUTr03MUXJIOPTHIPHHA H
nunepasuHa
PacTBopurens PaBHOBecHOe HaOyxaHue, % COE,, | COE., Gy, €,
B BOJIE B 3TaHOJIE B allETOHE MDKB/T MIKB/T | MIla %
Byranon 97 41 17 1.23 3.10 8.4 90
Tonyon-0yraHoun 56 53 28 1.45 3.08 22 105

Kak cnenyer u3 BeIIENpUBEACHHBIX JaHHBIX, cucTeMa nunepasuH — ['XI' nmeet
XOpOILIYI0 IUIEHKOOOpa3ytouyo crnocoOHocTh. llpuueM B pacTBopuTene ¢ MeEHbIIEH
MOJISIPHOCTBIO TIONyYEHBI OoJsiee 3J1acTHUHBIE M IpodHble o0Opasubl. Ilo-Bumumomy, 310
3aBUCHT OT COOTHOIIEHHS CKOPOCTEH peakIuil y/UIMHEHHs LEeNH U 00pa3oBaHHs Y3JIOB
IPOCTPAHCTBEHHOM CETKH, BIMSIOLIETO HA PETYISPHOCTh MIPOCTPAHCTBEHHON CTPYKTYpPBI
U TOJHOTY penakcaluuu BHyTpeHHUX HanpspkeHud. CoorHomenuwe 3HadyeHMd COE
corjacyercs C COOTHOIIEHHEM 3HAYeHHH paBHOBECHOTO HaOyXaHuUsS B BOJIE U
OpPTaHMYECKUX PACTBOPUTEIIAX.

BruiBoabl. TakuMm 00pazom, MOKa3aHo, YTO CTPYKTYPUPOBAHHE B CMECH ITUIIEPa3UH
— MIAIUIWIOBBIA 3(UP ONUTOAMUXIOPTHAPHHA MPOUCXOJUT B PE3YNbTaTe MPOTEKaHUS
peaknuil yIJIMHEHHS IeNd C PACKPhITHEM OIOKCHUAHBIX IMKJIOB M KBAaT€pHHU3ALUU
TPETUYHBIX a30TOB B LEMHM OOKOBBIMU XJIOPMETWJIbHBIMH Tpynnamu. Ilpomecc moxer
OCTIOXKHATBCSL  PEAKUMSIMH  aJKWIMPOBAaHMWA BTOPUYHBIX a30TOB IHIEpa3HHA C
o0pa3oBaHMEM pa3BETBICHHBIX CTPYKTyp. l3MeHeHMeM NONSIPHOCTH Cpensl MOYKHO
peryiaupoBaTh BKJAJA YKa3aHHBIX PEaKUUid Ha Ha4dalbHBIX CTAaAMAX (OPMHUPOBAHUS
MIPOCTPAaHCTBEHHON CTPYKTYpPBI, U TEM CaMbIM PETyJIHpOBaTh CBOWCTBA. PaccMoTpeHHas
cuctemMa 00JalaeT IUICHKOOOpa3yroMMH CBOMCTBaMU. [loJydeHHBIN IJICHOYHBIN
MaTepuan oOJjamaeT NPUEMIIEMOW MEXaHWYECKOW IPOYHOCTBI0O W 3JIAaCTHYHOCTHIO,
HaOyXaeMOCTbI0O B BOJE M OPraHMYECKMX PACTBOPUTENSNX, a TakKe HOHOOOMEHHBIMU
CBOICTBaMH, 9TO YKa3bIBAET HA BO3MOXKHOCTH €T0 MPAKTHUECKOTO IMPUMEHEHNS.
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3 MeTol0 ofep:kaHHs ILIIBKOBOrO0 aHiOHOOOMIHHOrO Martepialy Ha OCHOBI mnimepasuHy i
TIUARI0BOro edipy OJroemixJopriipuHy JOC/TIizkeHi MoOJeJbHI CHCTeMH: emiXJoprigpun -
ninepuinH, enixjaopriipuH — minepasuH, rIiNUAMIOBHN edip OJIr0eTHJICHIIIKOII0 — MinepasHH.
IToka3ana MOXKIMBICTH peryJlOBaHHS BHECKY OCHOBHMX peakniii Ha mnodarkoBiii craaii
CTPYKTYPOYTBOPEHHSl, a TaKOXX BJacTHBOcTeii Marepiamy. 3  ypaxyBaHHAM  3HaiileHHX
3aKOHOMipHOCTell OTpUMAaHi enacTH4yHi IUIBKOBI Marepiaju, sKki HaOpPSAKAWTL y MNOJSAPHUX
PO3YHHHHMKAX i MaIOTh iI0HOOOMiHHI BJIACTHBOCTI.

Kniouoei cnosa: mniBKOBHI aHIOHOOOMIHHHUI MaTepiar;, AUTTIUIMIOBAN edip; minepasux.

The possibility of acquiring film material from a mixture of oligoepichlorhydrin diglycidyl ether
and piperazyne discussed. The process involves elongation of the chain by means of reaction of the
oligomer terminal oxyran cycles with piperazine aminogrups, and the subsequent formation of
crosslinked by tertiary amine along the chains alkylation whis chlorometyl dand groups of
macromolecules. With this purpose, the model system investigated: epichlorohydrin—piperidine,
epichlorohydrin—piperazine, oligoetylenglikol glicidyl ether—piperazine. The possibility of regulating
the contributions of reactions of epoxy group and alkylation on crosslinking primary stage is disclosed,
as well as material properties. Taking into account the found regularities receive elastic film structured
materials with quaternary nitrogen atoms in the nodes. The ratio of tertiary and quaternary structure
of nitrogen depends on the process conditions. Films swell in polar solvents and has ion-exchange
properties.

Keywords: anionexchanged film material; diglycidyl ether; piperazine.
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