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Spectral studies of nitrogen oxides interaction with heme models

T. S. Kurtikyan
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A novel, simple and accurate high performance liquid chromatography-Uv
spectrometry method for the quantitation of colchicine in human plasma
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SPECTRAL STUDIES OF NITROGEN OXIDES INTERACTION
WITH HEME MODELS

T. S. KURTIKYAN

The Scientific Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA
Molecule Structure Research Centre

26, Azatutyan Str., Yerevan, 0014, Armenia
Fax (+37410) 282267 E-mail: kurto@netsys.am

Using FTIR and UV-vis spectroscopy comprehensive information was obtained regarding to
interaction of nitrogen oxides with metalloporphyrin (MP) complexes of biologically important
elements, such as, Fe, Co and Mn. Using differently labeled nitrogen oxides and DFT calculations
the mode of coordination and electronic structure were reliably determined for the nitrosyl, nitrite and
nitrate complexes of these MPs. Dependence of these parameters on the nature of metal has been
clarified. Transformations of nitrogen oxides in the coordination sphere of MPs and their mechanisms
were elucidated. The previously unknown 6-coordinate nitrosyl, nitrite and nitrate complexes of these
MPs with trans electron donor ligands were obtained and spectrally characterized.

Fig. 9, tables 6, references 72.

Introduction

The interaction of metalloporphyrins (MPs) with various nitrogen oxides is of
enormous physiological importance. Nitrosyl, nitrite and nitrate MP complexes are
involved in key processes in both the nitrogen cycle and mammalian physiology.
Examples of the latter include neurotransmission, vasodilation and prevention of
platelet aggregation. It is interesting that the ability of nitric oxide to induce
vasodilation and prevent blood clotting is also utilized by several species of insects
that feed upon the blood of the mammalian hosts.

Most of these processes proceed with the participation of heme-proteins. These
are enzymes, the prosthetic group of which contains an iron-porphyrin ring. This
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ring is usually immobilized by coordination with the electron donor atom of the
protein’s amino acid residue at the proximal site (see Figure 1 for myoglobin). The
6-th coordination distal site is usually occupied by a weak ligand, i.e. water, or
remains free. Namely at this site the various transformations of interacting
molecules occur.

Histidine

Fig. 1. Myoglobin structure.

Iron porphyrinato complexes are often used as models for heme proteins. In
order to elucidate the processes taking place in the coordination sphere of metal, it is
important to have physical methods to characterize effectively the nature of the
intermediates formed. Vibrational spectroscopy is one such tool, and Raman and
especially resonance Raman spectroscopy have provided valuable information
regarding the reactions of heme models and proteins. In contrast, the data obtained
by infrared spectroscopy, which is complementary, are often limited by the
interference with the solvent bands. This problem can be overcome by using
sublimed layers methodology elaborated in our laboratories.

It was shown that sublimed layers of MPs obtained by deposition on to low-
temperature substrate are both amorphous and microporous [1]. They provide
unimpeded diffusion of volatile reactants into the bulk of the layer and the species
thus formed can be examined by FTIR and optical spectroscopy without the masking
effects of the solvent. This methodology also provides an opportunity to investigate
various gas-solid interactions at low-temperature conditions for characterization of
unstable and intermediate species. By means of this methodology especially broad
information has been obtained regarding to the interaction of various nitrogen oxides
with the metallocomplexes of porphyrins containing biologically important metals,
with Fe, Co and Mn among them.

In studies of heme proteins the technique of replacement of the neutral iron
porphyrin prosthetic group with different MPs has been very useful [2] especially
with Co-porphyrins that possess dioxygen binding ability, but contrary to EPR silent
Fe'-porphyrins (d°) these can be studied by EPR due to single odd-electron
configuration (d’). The EPR studies of Co heme proteins provided many important
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insights for understanding the electronic and geometric structures which were not
possible for the diamagnetic deoxy and oxy iron heme proteins [2, 3]. Mn-
substituted heme proteins are also EPR-active (d°) and Mn prosthetic group were
inserted into different apoproteins and EPR spectra and reactivity of the Mn
components in the heme pocket were measured to evaluate the electronic structure
of Mn-complexes [2, 4].

In this review we summarized the results obtained by our research group for the
nitrogen oxides interaction with Fe-, Co- and Mn-porphyrins. Some of these results
devoted to the reactions of nitrogen oxides with ferrous- and ferric-porphyrins were
presented in the review published earlier [5]. For reactions with the nitrogen oxides,
the use of isotopically labeled nitric oxide and nitrogen dioxide is very helpful for
reliable assignments [5]. The earlier, detailed analysis of 5- and 6-coordinate
Fe(TPP) (TPP - meso-tetraphenylporphyrinato dianion) complexes by Nakamoto
and co-authors showed that the IR spectra display several bands indicative of the
spin and oxidation states [6]. These additional data are very useful for the detailed
information about the electronic structure of the species formed.

Nitrosyl complexes of metalloporphyrins. Nitric oxide (NO) has several well-
established roles in mammalian biology closely tied to its interactions with
metalloproteins, especially heme proteins [7]. A key example is the vasodilation
triggered by the interaction of NO with the ferroheme center of soluble-guanylate
cyclase leading to at least 200 fold increase in sGC activity [8]. This is due to NO
binding with iron accompanied with the disruption of the Fe-Histidine bond (Fig. 1)
and corresponding change of the enzyme conformation [9].

In the beginning of this century controversial data were published for the
reaction of NO with simple ferrous heme models [10-13]. Some authors claimed that
nitric oxide disproportionation reaction takes place leading to formation of the nitro-
nitrosyl complex [10, 11] while the others [12, 13] have rejected this reaction
pathway. This system was reexamined by using the sublimed layer technique and it
was shown that in the similar experimental conditions Ru-porphyrins promote NO
disproportionation while ferrous porphyrins do not [14]. It was shown later that in
contrast to iron-analog manganese(l1)-porphyrins promote NO disproportionation.

Low-temperature interaction of NO excess with sublimed layers of Mn(Por)
resulted eventually in the formation of Mn(Por)(n*-ONO) and evolution of nitrous
oxide N,O [15, 16]. Using different Mn-porphyrins and isotopically labeled NO the
mechanism of this reaction was clarified in details [16].

In the case of Fe-porphyrins the only intermediate detected at low temperatures
was dinitrosyl complex that loses one of the axial ligands upon warming to room
temperature (RT) resulting in the formation of the well-known mononitrosyl
complex (Scheme 1) [17]. According to the DFT calculations in the dinitrosyl
complex the nitrosyls are tilted in the same side [18], making the NO synphase
stretching IR active, as is seen in the FTIR spectrum (Fig. 2, dashed line, IR band at
about 1775 cm™). Recent studies showed [19] that for the activation of the soluble
guanylate cyclase two equivalents of nitric oxide is necessary. This led to the
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speculation that a proximal NO is responsible for histidine displacement, giving an
intermediate 6-coordinate NO-Fe-NO complex. Our observation of the di-nitrosyl
complex supports this point of view. An alternative hypothesis states that a second,
non-heme binding site accounts for the second NO dependent activation process to

give the fully active enzyme [20].
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Very interesting results were obtained in the course of the nitric oxide
interaction with amorphous layers of Mn-porphyrins [21] leading to the formation of
two isomeric nitrosyl complexes with the v(NO) disposed at 1739 and 1614 cm™
(Fig. 3) reversibly interconverting with changes in temperature. Cooling the layers
containing the nitrosyl complex(es) from 290 K was accompanied with a decrease in
intensity at 1614 cm™ and an increase at 1739 cm™ (Fig. 4). At 20 K, the spectrum is
dominated by the latter band. This process is reversible; repeated cooling and
warming of the sample gave identical results. From the temperature dependence of
these FTIR band ratios, the enthalpy difference between the two species was
calculated to be ~1 kcal/mol. DFT computations predict the existence of a linear
nitrosyl Mn(TPP)(NO) complex with a singlet ground electronic state (Scheme 2a)
and another state close in energy with a bent Mn-N-O geometry and a triplet
electronic state (Scheme 2b). The isomers are in dynamic equilibrium and as the
temperature is decreased, the second isomer almost completely passes to the linear
species. Recently an unprecedented bent geometry of NO-binding with Mn(ll) was
detected in Mn-substituted horse heart myoglobin [22]. The authors attributed this to
an H-bonding of N, atom of the distal His64 residue with the N-and O-atoms of
coordinated NO. It cannot be excluded that the ability of Mn-nitrosyl porphyrins to
be bent in the intermediate spin state additionally contributes to the realization of the
bent geometry. It would be of interest to know whether the distortion observed for
the horse heart myoglobin is accompanied by a spin state change. It should be also
stressed that this isomerism is inherent only to the amorphous samples.
Crystallization, accompanying with the closer packing of the molecules in the layer,
leads to the complete disappearance of the bent species.

Scheme 2
i 0
ph_ N ph_
Ph Ph
a b

Since most of the heme proteins contain an axial electron donor ligand in the
proximal site, the 6-coordinate nitrosyl complexes are of particular interest. Such
complexes containing N-donor ligands in the trans axial position were characterized
for iron and manganese porphyrins [23, 24]. For Co-porphyrins, however, the first 6-
coordinate nitrosyl complexes with trans amino ligands were obtained only by the
application of low-temperatures due to the thermal instability of such species [25].
Low-temperature interaction of nitrogen base ligands with layered Co(TTP)(NO)
(TTP = meso-tetra-p-tolylporphyrinato dianion) as well as its toluene solution leads
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to the formation of the first 6-coordinate species of the general formula
(B)Co(TTP)(NO) (where B - piperidine and pyridine). The v(NO) stretching bands
of these species appear at lower frequencies in comparison with the 5-coordinate
nitrosyl derivative and depend on the nature of the trans axial ligand (Table 1).
Fairly stable at low-temperature conditions in the solid state, they slowly dissociate
the nitrogen base ligands upon warming to restore the 5-coordinate nitrosyl complex
Co(TTP)(NO).
Six-coordinate nitrosyl complexes with trans sulfur-containing ligand were also
obtained and spectrally characterized [26]. The FTIR spectral changes observed for
Co(TTP)(NO) sublimed layer in the range of v(NO) stretching after introducing

tetrahydrothiophene (THT) into cryostat at T = 120 K and slow warming till 170 K
are presented in Fig. 5.
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Fig. 5. FTIR spectra at 170 K of sublimed
layers containing Co(TTP)(NO) (solid line),
Co(TTP)(THT)(NO) (dashed line) and
Co(TTP)(THT)(**NO) (dotted line) [27].

Fig. 6. UV-visible spectra at 170 K of
sublimed layers containing Co(TTP) (solid
line) Co(TTP)(NO) (dashed line) and
(DMS)Co(TTP)(NO) (dotted line) [27].

The UV-visible spectrum of the layered Co(TTP) also undergo noticeable
changes in the course of sequential interaction with NO and sulfur-containing
ligands. As seen in Fig. 6 the single band of Co(TTP) in the visible range at 533 nm
shifts to 542 nm and displays a shoulder at 578 nm upon the formation of the nitrosyl
complex Co(TTP)(NO). Upon low-temperature interaction with DMS this band
undergoes further high frequency shift to 548 nm (549 nm for THT) and a second
less intense band grows at 587 nm (589 nm for THT). The spectra were recorded
after the FTIR spectra of the same samples first demonstrated the formation of the
Co(TTP)(NO) (dashed line) then a species with the complete shifting of v(NO) to
the lower frequency range (dotted line).

The equilibrium constants and enthalpies of the formation of these new species
are determined and presented in Table 1.
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Table 1

FTIR, UV-Visible Data and Thermodynamic Parameters for 5- and 6-Coordinate
Nitrosyl Complexes of Co(TTP) with Trans N- and S-donor Ligands [25, 26]. In
parenthesis data for *°NO isotopomer are given.

Co(TTP) | (Pip)Co(TTP) | (Py)Co(TTP) | (DMS)Co(TTP) | (THT)Co(TTP)
(NO) (NO) (NO) (NO) (NO)
v(NO), cm™ | 1680 (1650) | 1650 (1621) | 1643 (1615) | 1661 (1633) 1658 (1629)
Av(NO) 30 (29) 37 (35) 19 (17) 22 (21)
Amax, M 542 545 546 427,546,585 | 429,545, 584
Kos, M 0,45 0,2 ~0.012 ~0.007
AH?®, kcal/mol -6+0,4 -5+0,4 - -472+04
AS°, cal moltK? 2242 20+2 - 230,23 £ 4
AG®, kcal/mol +0,56+0,5 | + 0,596+0,6 - +4,28+0,5

The data represented in Table 1 show that for 6-coordinate Co-porphyrin
nitrosyls both the values of v(NO) shifts and equilibrium constants are larger for the
N-donor trans ligands than for the S-donors. These complexes are very unstable and
can be observed only at low-temperatures both in the solid state and solutions. This
observation however implicates the potential ability of N- and S-donor-ligated
cobalt hemoglobin, cobalt myoglobin and cobalt cytochrome ¢ for momentary
binding of external NO.

Many heme proteins contain amino acid residues with sulfur and oxygen
electron donor atoms as a proximal ligand. Therefore it was of interest to investigate
whether 6-coordinate nitrosyl complexes of ferrous porphyrins with this type of
axial ligation can be formed. The interaction of the S- and O-donor ligands
tetrahydrothiophen (THT) and tetrahydrofuran (THF) with ferrous nitrosyl complex
Fe(TTP)(NO) was studied at various temperatures both in solid state and solution
using electronic and infrared absorption spectroscopy. Upon addition of these
ligands into a cryostat containing the sublimed layers of Fe(TTP)(NO), no complex
formation was detected at RT. However, upon decreasing the temperature, spectral
changes were observed that are consistent with ligand binding in axial position trans
to the NO (the proximal site) and formation of the six-coordinate adducts [27].
Analogous behavior was observed in solution. In both media, the 6-coordinate
adducts are stable only at low temperature and dissociate to the 5-coordinate nitrosyl
complexes upon warming. The NO stretching frequencies of the 6-coordinate
thioether and ether complexes were recorded and the binding constants for the weak
bonding of proximal THF and THT ligands were determined from the spectral
changes. These parameters are compared with those obtained for the N-donor ligand
pyrrolidine. The spectral and thermodynamic data of such complexes are presented
in Table 2.
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Table 2

Spectral data and thermodynamic parameters for the ferrous nitrosyl complex
Fe(TTP)(NO) and the corresponding 6-coordinate adducts [27].

In parenthesis data for **NO isotopomer are given.

Fe(TTP)(NO) | Fe(TTP)(THF)(NO) | Fe(TTP)(THT)(NO) | Fe(TTP)(Pyrr)(NO)

v(NO) (cm™?) | 1676 (1645) 1651(1626) 1648(1622) 1636(1605)

Av(NO) (cm™?) — 25(19) 28(23) 40(40)
Amax (NM) 409 425 427 427

Kags, (M) 0.014+0.001 0.038 = 0.002 38+0.2

AH® (kcal mol™) -22+02 -2.0+0.2 -9.3+0.7
AS® (cal mol*K™) -16+2 -13+2 -24+3

AGP (kcal mol™) +25+0,2 +1.9+0,2 -22+02

Although nitrosyl complexes with trans S- and O-donor ligands are thermally
unstable, the results of this study imply that such species may be formed in heme
proteins with proximal S- and O-containing ligands as intermediates. The data
presented in Table 2 show that both the values of the v(NO) shifts and the
equilibrium constants are larger for the N-donor trans ligands when compared to
those of the S-donors. The same pattern was observed for the 6-coordinate Co-
porphyrin nitrosyls (Table 1).

Nitrite complexes of metalloporphyrins. The roles of nitrogen dioxide (NO)
and of nitrite ion (NO;) in mammalian biology are hard to overestimate [28-32].
NO; is a strong oxidant and nitrating species that initiates destructive pathways in
living systems [28], and several disease states have been suggested to be connected
with exogenously and endogenously formed NO, [29, 30]. Likely endogenous
sources of NO; are the reactions of nitric oxide (NO) with oxyglobins and with
superoxide ion (O;) leading to coordinated and free peroxynitrite (ONOO"),
subsequent decay of which afford both nitrate ion and NO; [32]. Furthermore, there
is increasing evidence that NO, may also be formed via enzymatic pathways with
participation of heme peroxidases [28]. Nitrogen dioxide has also been shown to be
a product of the reaction of NO and nitrate as mediated by a heme center [33]. With
regard to nitrite, the NO, " ion is ubiquitous in mammalian tissues and fluids and the
largest reservoir of accessible NO equivalents in the cardiovascular system [31, 34].
Recent studies have suggested that NO,  itself is a vasodilator or forms the known
vasodilator NO via reaction with hemes [35-38] and has been proposed as a
therapeutic agent under hypoxic ischemia conditions [39, 40].

The ambidentate nitrite ion can coordinate to metals either at the oxygen to give
nitrito or at the nitrogen to give nitro complexes [41]. A third potential coordination
mode involving bidentate binding of both oxygens to the metal is unknown for MPs
and related metalloproteins.

By interaction of small increments of nitrogen dioxide with Fe-porphyrins
amorphous layers the first 5-coordinate nitrite complexes were obtained. The FTIR
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and optical spectral data indicate the coordination of nitrite through the oxygen atom
and the high-spin state of the metal [42] (Scheme3).

Scheme 3
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Such 5-coordinate O-nitrito complexes have repeatedly been postulated as
intermediates in iron-porphyrins reactions with NO species, but before the
publication of Kurtikyan and Ford [42] the elusive O-nitrito complex had never been
identified. In heme models and hemeproteins the nitrite group in 6-coordinate
complexes is usually bound via the nitrogen atom [23]. However from these data
and consequent DFT calculations [43] performed for the 5-coordinate complex in
different spin states it is seen that the O-bound isomer has lower energy (Table 3).

Table 3

Computed total energies for all spin states of the N-nitro Fe(P)(n'-NO,)
and O-nitrito Fe(P)(n'-ONO) isomers of the NO, adduct of the iron(I11)
porphinato complex [43]

Dipole

Complex EneTrg;"’}' | aEa | J/AmEch . H%\l\//lo Llé\l\;lo M(oDrrE]e)nt
2re"(P)(NO,) | -1316.99793 | 0.00029 0.8 -5.44 -2.95 2.99
*Fe"(P)(NO,) | -1316.99466 | 0.00356 9.3 -5.34 -2.44 4,03
°Fe"'(P)(NO,) | -1316.98632 [ 0.01190 322 -5.44 -2.49 3.72
’Fe"'(P)(ONO) | -1316.99236 | 0.00586 15.4 -5.49 -2.76 3.87
*Fe'(P)(ONO) | -1316.99822 | 0.00000 0.0 -5.45 2.9 5.22
°re"'(P)(ONO) | -1316.99584 | 0.00238 6.3 -5.48 -2.5 4.07

As it will be shown below the 5-coordinate nitrito complexes can serve as a
convenient entry for synthesis of the 6-coordinate species. For example, addition of
NO to nitrito complex at low temperatures leads to the formation of a nitrito-nitrosyl
complex that isomerizes to the known nitro-nitrosyl complex upon warming thus
demonstrating that NO binding to Fe(Por)(n'-ONO) leads to concomitant nitrito (n'-
ONO) to nitro (n'-NO,) isomerization (Scheme 4).
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Similarly the low temperature interaction of ammonia with the iron-porphyrin
nitrito species leads to the formation of nitrito-ammonia complex [44]. Upon
warming nitrito-nitro isomerization takes place as was in the case of the
aforementioned NO ligand. At room temperature, the latter is stable only in the
presence of excess NH3 (> 20 Torr). When instead this system was warmed up to
RT under intense high vacuum pumping, the Fe(TTP)(NH3)(NO,) underwent
complete transformation to the initial nitrito complex Fe(TTP)(n-ONO) (Fig. 7).
Hence, the loss of the trans ammine results in reverse linkage isomerization.

Absarbance

T —-T51

1500 14090 1300 1200 1100 10C0 900 800
Wavanumbers (cmi-1)

Fig. 7. FTIR spectra of ammine-nitro complex Fe(TTP)(NH3)(NO) (dashed line) after warming
from 240 K to 293 K upon intense pumping. The bands of coordinated nitro group at 1401 and
1312 cm™ disappear with concomitant growth of the bands at 1528, 901 and 751 cm™
belonging to coordinated O-nitrito group in the 5-coordinate nitrito species Fe(TTP)(n:-ONO)
[44].

The interaction of a weak electronodonor ligand tetrahydrofuran (THF) with the
nitrito complex led to an unexpected result. The FTIR and UV-vis spectra
demonstrate that tetrahydrofuran reacts with the 5-coordinate iron(ll1)-porphyrin
nitrito complex Fe(Por)(n*-ONO) in low temperature layered solids to give two 6-
coordinate THF complexes, O-nitrito and N-nitrito isomers Fe(Por)(THF)(n*-ONO)
and Fe(Por)(THF)(n'-NO,), respectively (Scheme 5). These products also differ in
their apparent spin states; the nitrito isomer being in high-spin while the nitro is in
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low-spin. Both are thermally unstable, and when the layers are warmed up in
vacuum the initial Fe(Por)(n'-ONO) is largely restored [45].

Scheme 5
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The reaction of the stronger and less volatile electronodonor ligands (Py, 1-
Melm) with 5-coordinate nitrito complexes leads to formation of the 6-coordinate
nitro complexes [44] that are stable at ambient conditions in solid state.

These data confirm that, for these ferriheme model complexes, the nitrite ligand
is preferably bound via the O-coordination in the absence of an axial ligand but
adopts the N-bonded configuration when the second axial site is occupied. Richter-
Addo and co-workers have determined the crystal structures of nitrite ion complexes
for human hemoglobin and horse heart myoglobin and found both to be nitrito
species [46, 47]. The authors attributed this to the H-bonding of the N, atom of the
distal His64 residue with the N-and O-atoms of the coordinated nitrite. Sustaining
this suggestion the H64V mutant of metMb, which has the distal histidine replaced
by a valine, binds NO," as a nitro complex [47]. These data confirm that the energy
difference between nitrito and nitro species is small and subtle environment changes
can give preference to one or the other coordination mode.

Low-temperature interaction of S-donor thioethers DMS and THT with 5-
coordinate iron porphyrin O-nitrito complexes Fe(Por)(n'-ONO) (Por - TPP and
TTP) leads to the formation of the 6-coordinate nitro species (R.S)Fe(Por)(NO)
[48]. Hence, the coordination of the proximal S-donor ligand leads to nitrito — nitro
isomerization of the nitrite ligand. In the presence of gas phase R,S donors these 6-
coordinate complexes can be observed even at RT. In contrast to high spin 5-
coordinate nitrito complexes, the 6-coordinate S-donor species are in the low spin
state. DFT calculations for these 6-coordinate species give minimal energies for the
low-spin doublet states for the nitro and nitrito isomers with the nitro isomer only 8
kd/mol more stable than nitrito one. There are several indications of oxo-transfer
reactivity of solid-state iron porphyrin nitrite system in the presence of gas phase
R,S: appearance of the iron-nitrosyl band in the layered solid and formation of the
corresponding sulfoxides demonstrating by the FTIR and mass spectrometric
measurements together with 20 isotope labeling experiments [48].

Via a room temperature reaction of small NO; increments with the layered Co-
porphyrins the 5-coordinate nitro complexes Co(Por)(NO,;) were obtained and
characterized by FTIR and optical spectroscopy [49]. These 5-coordinate nitro
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complexes reveal the oxygen atom transfer reaction from the coordinated nitro-
group to free nitric oxide leading to formation of Co-porphyrin nitrosyls [50]. Using
Co(Por)(NO,) species as a synthetic precursor to the 6-coordinate complexes,
(L)Co(Por)(NOy) species (where L is N-, S- and O-donor ligands) have been
obtained [51, 26, 52]. Complexes with N-donors are stable compounds both in the
solid state and solutions, while complexes with S- and O-donors are stable in the
solid state but partly decompose in non-coordinating solvent. The spectral
characteristics of these species are summarized in Table 4.

The FTIR data summarized in Table 4 for the 6-coordinate nitro Fe(lll)
complexes and for the Co(lll) analogs provide the basis for assigning vibrational
frequencies to the coordinated nitro group, and these assignments are sustained by
data for ®NO, labeled isotopomers. The Table 4 also suggests an interesting
correlation between the nature of the ligand trans to the nitro group and the
difference between the frequencies of asymmetric and symmetric stretches, Av =
va(NO2) — vs(NOy). Within each series Fe(Por)(B)(NO,) (Por = TTP or TPP) Av
follows the order for the respective trans ligand: 1-Melm < NH3 < Py < S-donors <
THF << NO, while the cobalt(l1l) series Co(Por)(B)(NO,) follows an analogous
order 1-Melm < NH3 < Py < S-donors < O-donors << empty coordination site (no
ligand). Electronic communication between the axial ligands, B and NO,, occurs
largely through the metal d,? and dxz,, dy; orbitals. In this context, we propose that Av
is reflective of the net charge transfer to or from the nitro group with the smaller Av
representing more charge transfer. Actually in nitrite anion NO,™ representing the
case with complete electron transfer the v,(NO;) and vs(NO,) are close to each other
with v,(NO;) even lower than vs(NO,) [54]. In all series, the order 1-Melm < NHj3 <
Py holds true for Av. This does not correlate with the Broensted base strengths of
these ligands, where 1-Melm is intermediate between Py and NHj; (the pK;'s of the
conjugate acids for Py, 1-Melm and NH; are equal to 5.25, 6.95 and 9.25
correspondingly [55]), however, the observed order may be rationalized by taking
into account the modest n-donor character of 1-Melm, while NH3 is a o-donor only
and Py is a m-acceptor [56]. In the Co(lll) series, the empty coordination site clearly
leads to a much larger value of Av as would be expected from the premise that this
reflects the relative electron donor strength (in this case, none) of the trans ligand. If
so, however, the position of NO in the Fe(Ill) series (largest Av) is especially
interesting, since it suggests that there is very little net electron transfer from NO to
the nitro ligand in the complex Fe(Por)(NO)(NO,). Such a conclusion draws some
confirmation in DFT calculations (both B3LYP/3-21g and B3LYP/6-31g) for
Fe(P)(NO)(NOy) (P = porphinato dianion) that found the coordinated NO to have a
slightly negative charge, hence having a net electron withdrawing effect. The data of
Table 4 reveal less charge transfer for Co-porphyrins in comparison with Fe-
porphyrins.
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Table 4

FTIR frequencies of the coordinated nitro group in the 6-coordinate complexes of
metalloporphyrins (data for *NO, isotopomer are given in parenthesis)

Va(NOlZ)1

VS(NOlZ)x

3(ONO),

Av=v,(NO,)-

Compound om’ om’ om’ v{(NO,) Reference
(NO)Fe(TTP)(NOy) 1455(1423) | 1295(1275) | 805 (800) | 160 (148) 43
(NO)Fe(TPP)(NO,) 1456(1424) | 1295(1274) | 803(797) | 161 (150) 43

1399 1310 810
(NH3)Fe(TTP)(NO,) (1367) (1291) (~804) 89 (76) 44
(NH3)Fe(TPP)(NO,) 1399(1373) | 1312(1291) | 812(~805) | 87 (82) 44
(Py)Fe(TTP)(NO,) 1405(1373) | 1306(1287) | 810(~804) | 99 (86) 44
1406 1307 810
1396 1312 813
(1-Melm)Fe(TTP)(NO,) (1363) (1291) (~805) 84 (72) 44
1395 1312 812
(1-Melm)Fe(TPP)(NO,) (1371) (1290) (~805) 83 (81) 44
1409 1310
(THF)Fe(TPP)(NOy) (1384) (1288) 812 (802) 99(96) 45
1411 1307
(THF)Fe(TTP)(NO,) (1386) (1286) 811(803) | 104(100) 45
1399 1302
(DMS)Fe(TPP)(NO,) (1373) (1283) 810 (802) 97(90) 48
(DMS)Fe(TTP)(NO,) 1401(1374) | 1300(1281) | 809(~805) | 101(93) 48
(THT)Fe(TPP)(NO,) 1407(1377) | 1303(1284) | 807(~802) |  104(93) 48
(THT)Fe(TTP)(NO,) 1405(1376) | 1302(1283) | 808(~802) |  103(93) 48
1468 1282 ~805
Co(TPP)(NO,) (~1440) (1264) (796) 186(176) 49
1431 1309
(NH3)Co(TPP)(NO,) (1400) (1289) 814 (805) | 122(111) 51
~1439 1310
(Py)Co(TPP)(NO,) (1404) (1288) 816 (806) | 129(116) 51
. ~1437 1308
(Pip)Co(TPP)(NOy) (1402) (1285) 808 (-) 129(117) 51
1420 1313
(1-Melm)Co(TPP)(NO,) (1394) (1292) 816 (809) | 107(102) 52
(DMS)Co(TTP)(NO,) 1444(1413) | 1298(1279) | 810(~802) | 146(134) 26
(THT)Co(TTP)(NO,) 1443(1413) | 1300(1282) | 810(~802) | 143(131) 26
1459 1300
(Acetone)Co(TPP)(NO,) (1429) (1281) 810 (802) | 159(147) 53
1458 1302
(2-butanone)(Co(TPP)(NO,) (1428) (1281) 811 (803) | 156(147) 53
1471 1297
(Acetophenone)Co(TPP)(NO,) (~1441) (1276) 807 (802) | 174(165) 53
1465 1303
(Benzaldehyde)Co(TPP)(NO,) (1433) (1282) 811 (803) | 162(151) 53
. . 1458 1301
(Epichlorohydrin)Co(TPP)(NO,) (1432) (1281) 806 (802) | 157(151) 53
1462 1300
(THF)Co(TPP)(NO,) (1430) (1279) 808 (800) | 162(151) 53
1463 1301
(Methanol)Co(TPP)(NOy) (1433) (1282) 809 (803) | 162(151) 53
1463 1298
(Ethanol)Co(TPP)(NO,) (1431) (1278) 804 (798) | 165(153) 53
. 1462 1301
(iso-propanol) Co(TPP)(NO,) (1428) (1281) 804 (798) | 161(147) 53
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A higher value of Av corresponds a larger ONO angle. Actually in NO;
molecule ONO angle is equal to 134° while in nitrite anion it is 115° and
intermediate values were obtained for the structurally characterized nitro-complexes
of the Co- and Fe-porphyrins. The Av values are systematically higher for the
Co(l11) complexes Co(TPP)(B)(NO;) than for the Fe(lll) analogs suggesting less
charge transfer in the former case. This is also consistent with the ONO angles
which are in the 120-124° range [57] for the Co(Ill) complexes compared to the
more acute angles (116-120°) seen for similar nitro complexes of Fe(I11) porphyrins
[58].

Similar to ferrous-porphyrins [42], the interaction of small NO, increments with
layered Mn(TPP) leads to the formation of the 5-coordinate nitrito complex
Mn(TPP)(n'-ONO) [59] that was previously chemically synthesized and structurally
characterized by Suslick and Watson [60]. In analogy to the Fe(Por)(n'-ONO)
species, nitrito coordination is characteristic of the 5-coordinate Mn'"'(TPP)(n-
ONO) complex [60]. Although crystal structure of the 6-coordinate manganese
substituted met-myoglobin Mn(l11)Mb(ONO) has been determined and also reveals
the O-bound nitrito coordination [61], the 6-coordinate nitrite complexes of other
Mn-porphyrin models have not been obtained and characterized. In this context, we
used sublimed porous layers of Mn(TPP)(n"-ONO) as a synthetic precursor to the 6-
coordinate complexes with various proximal ligands and used in situ spectroscopy to
determine effect on the coordination mode of the nitrite ligand [59].

Low-temperature interaction of Mn(TPP)(n'-ONO) with vapors of various
ligands L leads to the formation of 6-coordinate nitrito Mn"'(TPP)(L)(n*-ONO) (L =
O-, S- and N-donors) complexes (Scheme 6). Formation of the 6-coordinate nitrito
complexes is accompanied

Scheme 6
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by the shifts of the v(N=0) band to lower frequencies and of the v(N-O) band to
higher frequencies. The frequency difference between these bands Av = v(N=0) —
v(N-O) is a function of L and is smaller for the stronger bases (see Table 5). In this
Table data for not numerous examples of the 6-coordinate O-nitrito complexes of
Fe-porphyrins are also included.
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Table 5

Frequencies of stretching vibrations in cm™ for coordinated O-nitrito group in the
6-coordinated complexes of Mn- and Fe-porphyrins with the various electron donor
ligands. In parenthesis the data for *°*N-labeled nitrito group are given.

) Av =
v(N=0), cm -1
1 v(N-O), cm™ | v(N=0) —
Complex V(N-0), Q-bands, nm | Ref.
cm?

Mn(TPP)(1*-ONO) 1445(1421) |1040(~1020) | 405(401) | 587, 625 59
Mn(TPP)(DMS)(n:-ONO) | 1416(1394) |~1072(1052) | 344(342) | 581, 622 59
Mn(TPP)(THF)(n’-ONO) 1415(1391) | 1084(1055) | 331(336) 577, 616 59

Mn(TPP)(Py)(n*-ONO) 1398(1375) | 1105(1084) | 293(291) 576, 616 59
Mn(TPP)(NH;)(n-ONO) 1384(1357) | 1115(1094) | 269(263) — 59
Mn(TPP)(1-Melm)(n’-ONO) | 1382(1356) |1121(~1100) | 261(256) 581, 619 59

Fe(TPP)(nl-ONO) 1526(1499) 904(885) 622(614) Sgggsg;sg ! 42

Fe(TPP)(THF)(n*-ONO) 1481(1448) | 963(946) 518(502) 45
1 552, 595sh,

Fe(TPP)(NH3)(n'-ONO) 1475(1445) | 971(952) | 504(493) | groch, gossh | 44

Fe(TPP)(NO)(n'-ONO) 1496(1471) | 938(920) 558(551) 548, 574 43

The reaction of excess NH3 with Mn(TPP)(n"-ONO) leads to the formation of
Mn(TPP)(NH;)(n*-ONO) and cation [Mn(TPP)(NHs),]" plus ionic nitrite NO, ™ [59]
(Scheme 7). When the layer is warmed up to higher temperature, the intensity of the
va(NO;") band begins to decrease with the concomitant increase in the intensity of
the bands of 6-coordinate Mn(TPP)(NHs;)(n*-ONO) complex demonstrating reverse
binding of NO; after the release of one ammine ligand from the thermally unstable
diammine complex. However not all of the diammine complex is converted back to
the mixed 6-coordinate species, since under these experimental conditions, some of
the latter decomposes to restore the parent O-nitrito complex Mn(TPP)(n*-ONO).
These data indicate that complex equilibrium exists between three species
represented on the Scheme 7 depending on the pressure of NH3 and temperature.

Scheme 7
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None of the 6-coordinate nitrito complexes of Mn-porphyrins were thermally
stable at higher temperature, and each slowly decomposes by losing the L upon
warming to RT. More stable are the adducts with less volatile Py and 1-Melm
ligands. Pumping overnight leads to complete decomposition of the Py complex
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while about half of the 1-Melm complex still is present in the layer after this
procedure.

Comparison of the results obtained for the 6-coordinate nitrite complexes of Fe-
and Mn-porphyrins show that in the former the coordination of the electron donor
ligands trans to nitrite leads to the nitrito — nitro isomerization while in the latter
the nitrito mode of the coordinaton remains unchanged.

Nitrate complexes of metalloporphyrins. Nitrate complexes of MPs are
involved in key processes in nitrogen cycle and are transients formed as the result of
heme mediated nitric oxide dioxygenation (NOD) [62]. For the mononuclear
metallocomplexes two modes of coordination are known for nitrate ligand: the
bidentate form through 2 oxygen atoms that is realized in the complex with Fe(TPP)
and monodentate form realized for the iron-octaethylporphyrin complex Fe(OEP).
While the 5-coordinate nitrato complexes are synthesized and characterized by X-
ray analysis [23] the 6-coordinate nitrato complexes of MPs were not known and
became possible to characterize only by the use of the sublimed layers methodology.
It is worth noting that nitrato complexes of MPs cannot be sublimed without partial
decomposition. The following reaction observed in our studies helps to have nitrato
complexes of Fe- and Mn-porphyrins in sublimed layers. It was found that the
nitrogen dioxide reaction with amorphous layers of Fe- and Mn-porphyrins
eventually leads to the formation of the nitrato complexes [63, 64]. This reaction
proceeds through the two distinct steps. The nitrito complexes are initially formed
that transfers to the nitrato species upon supplying into the cryostat of new NO;
portions [43, 59]. These processes taking place for the Mn-derivative are
demonstrated on the Scheme 8.
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In contrast, Co-porphyrins reveal different reactivity; after the formation of 5-
coordinate nitro-complexes Co(TPP)(NO,) at low NO; pressures [65], introduction
of the new NO, increments results in oxidation of the porphyrin ring with the
formation of a m-cation radical [66].

Supplying small portions of electronodonor ligands into the cryostat containing
thin layers of 5-coordinate Fe-porphyrin nitrato-complex it was possible to
spectrally detect the formation of the 6-coordinate complexes. The coordination of
the 6th ligand is accompanied with monodentate-bidentate isomerization of the
coordinated nitrato ligand. Depending on the nature of the 6th ligand the
corresponding species can be low or high spin. In case of strong nitric oxide ligand
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the nitrato-nitrosyl complex (NO)Fe(Por)(n'-ONO,) is low-spin [67] whereas for the
weak THF ligand remains high-spin as the parent nitrato complex [68].

It was found that the interaction of nitric oxide with the nitrato complexes of
iron-porphyrins is not limited by the formation of nitrato-nitrosyl complex. In the
presence of excess NO the nitrato-complex Fe(TPP)(n’*-O,NO) undergoes a series of
transformations both in solid state and in non-coordinating solvent that results in the
formation of iron-porphyrin complexes ligated by the various nitrogen oxides [33,
5]. The final products of solid state reactions are the nitrosyl complex Fe(TPP)(NO),
the nitro-nitrosyl complex Fe(TPP)(NO,)(NO) and the nitrato complex Fe(TPP)(n*-
O,NO), the relative quantities of which are the function of NO partial pressure. The
formation of the nitro-nitrosyl complex (NO)Fe(Por)(NO,) is accompanied with a
concomitant formation of nitrogen dioxide NO,. Hence the nitrate can be activated
by heme-models to produce other highly reactive species that is strong oxidizing and
nitrating agent. By using differently labeled by nitrogen nitrate complex and nitric
oxide it was possible to suggest the mechanisms of these transformations [33].

6-coordinate nitrato complexes of Mn-porphyrins can also be obtained by the
low temperature interaction of electron donor ligands with the layered Mn(Por)(n L
ONO;) [59].

Scheme 9

R —phenyl; L- THF, DMS

Introduction of small increments of relatively weak O- and S-electronodonor
ligands (THF and DMS) vapors into the cryostat containing thin layers of
Mn(Por)(n'-ONO,) at liquid nitrogen temperature followed by slow warming
process leads to shifts of the IR bands of the coordinated nitrato group as it is shown
in Figure 8 for the (THF)Mn(TPP)(n'-"®ON*0,) derivative.
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Fig. 8. FTIR spectra of Mn(TPP)(n*-*®0ON*05) (solid line) and of Mn(TPP)(THF)(n*-**0ON*®0,)
(dashed line).

By analogy with other monodentate nitrato complexes [53] the two high-
frequency stretching bands of the nitrato group can be assigned to the v4(NO3) and
vs(NO,) vibrations of the uncoordinated NO, fragment. The third band which
belongs to the v(O-N) stretching of the coordinated oxygen is usually disposed in the
range of 1000 cm™ and in the spectra of natural abundance atoms in nitrato group is
masked by the intense porphyrin band in this range. This band is apparent at 959 cm’
Lin the spectrum of species containing the *20 labeled nitrato group (Table 6, Fig. 8,
solid line). From Figure 8 it is also clear that this band has low intensity and can
readily be obscured by the intense porphyrin band in this range. As can be seen in
Figure 8 upon coordination with a trans THF ligand the high-frequency v,(NO;)
band noticeably shifts to a lower frequency, while the low frequency vs(NO;) band
undergoes a minor higher frequency shift. . The low-intensity v(O-N) band also
undergoes a shift to higher frequency as can be seen in Fig. 8. The abovementioned
bands show the appropriate isotopic shifts when the *°N- or '20-labeled nitrato
complexes were used, confirming that they belong to the coordinated nitrato group
(Table 6). The data of Table 6 show that for the 6-coordinate nitrato complexes of
Mn-porphyrins the values of Av = v4(NOy) - vs(NO,) correlate well with the electron
donor strengths of the sixth ligand being smaller for the stronger base ligands.
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Table 6

IR frequencies in cm™ of differently labeled nitrato group in 6-coordinate
complexes of metalloporphyrins with various trans electron donor ligands.
In parenthesis the data for °N labeled nitrato group are given.

Adduct va(NO,) vs(NO,) v(O-N) Q bands, nm | Ref.
Mn(TPP)(n'-ONO,) 1470 1284 998 580, 615 59
Mn(TPP)(DMS)(n'-ONO,) | 1451(1407) | 1289(1263) 583, 618 59
Mn(TPP)(THF)(n'-ONO,) | 1446(1410) | 1290(1262) 575, 610 59
Mn(TPP)(THF)(n'-"ON™0,) 1419 1269 969 59
Mn(TPP)(Py)(n-ONO,) | 1427(1393) | 1393(1269) 578, 614 59
Mn(TPP)(1-Melm)(n'-ONO,) | 1418(1390) | 1293(1264) 59
Mn(TPP)(NH;)(n'-ONO,) | 1426(1403) | 1290(1260) 59
Fe(TPP)(NO)(n-ONO,) [ 1505(1472) | 1265(1246) | 969(954) | 547,582 67
Fe(TPP)(THF)(n-ONO,) | 1491(1457) | 1280(1258) | ~997(986) 68
Fe(TPP)(NH3)(n-ONO,) | 1499(1472) | 1268(1249) | 938(925) 68
Fe(TPP)(1-Melm)(n’-ONO,) | 1475(1434) | 1278(1257) 69
Co(TPP)(NH3)(n'-ONO,) | 1484(1459) | 1270(1248) | 983(970) | 558, 597 70
Co(TPP)(Py)(n'-ONO,) 1477(1449) | 1270(1247) | 985(979) 549 71

The THF adduct Mn(TPP)(THF)(n'-ONO,) can also be obtained at RT by the
exposure of Mn(TPP)(n*-ONO,) to THF vapor (a few tens of torr). It is stable at RT
when a few torr of THF are present in the cryostat, but it slowly loses the THF
ligand in the course of pumping to restore the spectrum of the initial nitrato complex
Mn(TPP)(n*-ONO,). The THF complex readily decays when it is dissolved in non-
coordinating solvent. Interaction of the S-donor ligand DMS with Mn(TPP)(n-
ONOy,) leads to the same spectral changes as in the case of THF manifesting the
formation of the 6-coordinate complex Mn(TPP)(DMS)(n*-ONO). In this case,
however, the complex is less stable and begins to decompose at temperatures higher
than —30°C.

The reactions of Mn(Por)(n'-ONO,) with N-donor ligands NH3, pyridine or 1-
methylimidazole are more complex. With these ligands, nitrato complexes
Mn"'(TPP)(L)(n'-ONO,) and cationic complexes [Mn(TPP)(L),]* coexist in the
layer, the latter formed as a result of NO3™ displacement when L is in excess. The
same pattern was observed earlier upon interaction of the iron-porphyrin nitrato
complexes with strong ammonia ligand demonstrating lability of the coordinated
nitrate [68]. Warming of the Mn(TPP)(n*-ONO,) + NH; system to room temperature
led to partial loss of [Mn(TPP)(NH,),]" cation accompanied by the reformations of
the 6-coordinate nitrato-complex Mn(TPP)(NH3)(n'-ONO,) and Mn(TPP)(n-
ONOy). Thus, it appears that there is equilibrium between three different species
represented in Scheme 10. The relative quantities of these complexes depend on the
temperature and NHj; pressure. Our attempts to find conditions where only the 6-
coordinate nitrato-complex was present in layered medium were unsuccessful. With
the less volatile Py ligand, however, it was possible to convert all the species present
in the layer to 6-coordinate (Py)Mn(TPP)(n'-ONO,) by vacuum pumping at RT

(Fig. 9).
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Scheme 10

it 0 '
NS N
R. O o R 0o~ o R NH,
R—> R ~
o . NO.
-NH, R -NH, R 3
R NH, R NH, 'R

R — phenyl

Absorbance

T T 1 i T T
1500 1450 1400 1350 1300 1250
1

Wavenumbers (cm )

Fig. 9. FTIR spectra of layered Mn(TPP)(n'-ONO,) (dashed line) after exposure under vapors
of Py (5 Torr) and short pumping (solid line) [59].

A ligand of special interest is 1-methyl-imidazole (1-Melm), which is a mimic
of histidine imidazole in hemeproteins. When layers of Mn(TPP)(n'-ONO,) in the
cryostat were treated with saturated vapors of 1-Melm, the IR bands of Mn(TPP)(n-
ONO,) disappeared with concomitant growth of bands characteristic to a 6-
coodinate species. However, a significant quantity of [Mn(TPP)(1-Melm);]"-NOs"
was also formed. The latter did not transform back to the 6-coordinate nitrato
complex Mn(TPP)(1-Melm)(n'-ONO,) upon high-vacuum pumping. Thus the
binding of two axial 1-Melm ligands in bis-ligated cationic complex is stronger than
for Py. The [Mn(TPP)(1-Melm),]" complex has really been isolated and structurally
characterized [72].

The following strategy was implemented to obtain the 6-coordinate nitrato
complex with an axial 1-Melm ligand. The 5-coordinate nitrito-complex
Mn(TPP)(n'-ONO) was first prepared as amorphous layers on the cryostat substrate.
The reaction of this species with 1-Melm vapors led to the formation of the 6-
coordinate nitrito species (1-Melm)Mn(TPP)(n'-ONO) without displacement of the
nitrite ion by excess of 1-Melm. Since Mn(TPP)(1-Melm)(n'-ONO) was relatively
stable to intense pumping, some of the 1-Melm excess could thus be removed. Then
the small portions of NO, gas were introduced to react with Mn(TPP)(1-Melm)(n'-
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ONO) upon which intense bands at 1418 and 1293 cm™ (1390 and 1264 cm™ for °N
labeled isotopomer) (Table 5) appeared manifesting the formation of the
Mn(TPP)(1-Melm)(n'-ONO,) complex according to Scheme 11 [59].

Scheme 11
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The same reaction sequence was earlier observed for iron-porphyrin nitrito
complex Fe(TPP)(n'-ONO) [69]. The 6-coordinate nitrato complexes of Mn-
porphyrins with trans Py and 1-Melm ligands are stable in the solid state at RT, but
dissolution in non-coordinating solvent leads to their decomposition.

Although nitrato complexes of Mn- and Fe-porphyrins reveal significant
similarity in their reactions with electronodonor ligands, they substantially differ in
their reactivity regarding to nitric oxide NO. Neither formation of the nitrato-nitrosyl
complexes nor further transformations of the nitrato ligand were observed in the
course of low-temperature interaction of Mn-porphyrins nitrato complexes with NO.

It was mentioned above that the nitrato complexes of Co-porphyrins, in contrast
to Fe- and Mn- analogs, cannot be obtained via interaction of gaseous NO, with their
sublimed layers [66]. However, it was recently shown, that they can be achieved as a
result of nitric oxide dioxygenation (NOD) reaction, in which NO interact with
specially constructed 6-coordinate dioxygen complexes of Co-porphyrins
(L)Co(Por)(0O,) at low-temperatures [70, 71]. The 6-coordinate nitrato complexes of
Co-porphyrins with trans ammonia and pyridine ligand have been obtained and
spectrally characterized at low-temperatures through this reaction. The IR
frequencies of nitrato group in these species are given in Table 6.

The fate of the 6-coordinate nitrato complexes (Py)Co(Por)(n'*-ONO,) upon
warming to room temperatures depends on the experimental conditions. When nitric
oxide was pumped out from the cryostat at 200 K and the layers were allowed to be
warmed to RT the spectral changes clearly indicated that the 6-coordinate nitrato-
complexes of Co-porphyrins decompose to nitrate-anion and amino-complexes of
Co(l11)-porphyrins. On the other hand if after the formation of the nitrato complexes
some excess of the electronodonor ligand was pumped out and a new higher portion
of NO was added into the cryostat the spectral changes indicate the formation of 6-
coordinate nitro complexes. These data indicate that the oxo-transfer reaction from
the coordinated nitrato group to nitric oxide takes place as is represented on Scheme
12. Using differently labeled NO in the stages of nitrato complex formation and its
reduction to nitro complex the mechanism of this transformation was determined.
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Scheme 12
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In summary the data presented in this review show that the sublimed layers
methodology together with in-situ FTIR and electron absorption spectroscopy
measurements and DFT computations give comprehensive information about the
interactions of nitrogen oxides with heme models that otherwise could not be
obtained.
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CHEKTPAJBHBIE UCCJIEJOBAHMS B3AUMOJIEVMCTBHUS OKCHUJIOB
A30TA CTEM-MOJEJISAMH

T. C. KYPTUKSH

Hay4yHO-TeXHOAOTHMYECKUN IIEHTP OPraHUYeCKOU U (hapMalleBTUYeCKOU XUMUU
HAH Pecnybauku ApMeHUS
LleHTp HCCAEAOBAHUS CTPOEHUST MOAEKYABL
Apwmenmns, 0014, EpeBan, np. A3aTyTsH, 26
®akc (+37410) 282267 E-mail: kurto@netsys.am

Oxkcupbl aszora (NO, NO,, NOy, NO3 u Ap.) UTparOT BaXHYIO POAb B
(PU3MOAOTUUECKUMX IIPOIeCcCax, MPOTEKAaIoIMUX B OpraHu3Max MAEKOIINTAalo-
WX, 9TO OOYCAOBAEHO, B TEPBYIO OUYEPEAb, UX B3aMMOAEMHCTBUEM C TeMO-
nporenHaMu. CHHTETHYECKHE MEeTAAMONOP(UPUHEL MOAEAUPYIOT aKTUBHBIN
IEeHTP TeMOIIPOTEMHOB, W BBIIBAEHHE XUMUYECKUX IIPOIECCOB, MMEOIIUX
MEeCTO B UX KOOPAMHALIMOHHOMU c(pepe B IIPUCYTCTBUM OKCHAOB a30Ta, 4pes3-
BBIYAMHO Ba’KHO AAS TIOHUMAHUS MEXaHM3MOB (DYHKITMOHWUPOBAHUS MHOTO-
YUCAEHHBIX (pepMeHTOB. B 00630pe IpeacTaBA€HBEI pabOTHI, OCYIIeCTBAEHHEIE
B AaOOpaTOPHUSIX aBTOpPA U IIOCBAIIEHHBIE MCCAEAOBAHUSM B3aMMOAEWCTBUS
OKCHUAOB a30Ta ¢ mopdupuHataMmu Omororudecku 3HauuMbix Fe, Co u Mn. C
TIOMOIIBIO AAEKTPOHHOU abcopoumonHon m Dypbe VK-cmekTpockonuu wus-
BAeUeHA Oorarast WHQPOPMAIUS OTHOCUTEABHO XapaKTepa TaKWX B3auMO-
AetictBuli. OKCHUABI a30Ta SIBAIIOTCS aMOUAEHTaTHLIMU AUTaHAAMU. M3Mmepe-
HUeM KOAeDaTeABHBIX CIIEKTPOB HM30TOIIO3aMellleHHBIX II0 a30Ty U/MAM KUC-
AOPOAY OKCHUAOB U IPUBAEYEHHEM PACCUYUTAHHBIX IO TEOPUU (DYHKIIMOHAAA
TAOTHOCTH AAQHHBIX OAHO3HAUHO OIPEAEA€HBl CIIOCOOBI KOOpAWHAIUU U
SAeKTPOHHOE CTPOEHHE 5- U 6-KOOPAWHAIIMOHHBIX HUTPO3UABHBIX, HUTPUT-
HBIX W HUTPATHBIX KOMIIAEKCOB HCCAEAOBAHHBIX METAAAOIOP(PUPUHOB.
BrigBA€HA 3aBUCHMMOCTD 3THX IIapaMeTpPOB OT IPUPOABI MeTaAra. VMccaepoBa-
HBI IIpeBpallleHUusI OKCHAOB a30Ta B KOOPAMHAIIMOHHOMN cdepe METAaAAOB U
BBIIBA€H UX MeXaHU3M. [IoayueHBI paHee He H3BECTHBIE 6-KOOPAMHAIMOH-
Hble HUTPO3UAbHBIE, HUTPUTHBIE U HUTPATHBIe KOMIIAEKCHI OTMEUYeHHBIX Me-
TaAOTIOPPUPUHOB ¢ mpauc-N-, S- 1 O-3AeKTPOHOAOHOPHBIMU AWUTAHAAMU, U
CAEAAHBl OAHO3HAQYHBIE OTHECEHUS IIOAOC IIOTAOIIEHUS KOOPAUHMPOBAHHBIX
OKCHAOB a30Ta B UX KOAeOaTeAbHBIX CIIeKTpax.
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KoHaykTOoMeTprn4yeckuM MeTodoM u3yyeHo BnusiHue aumeTtuncynbdokeuaa (AMCO) Ha 3ako-
HOMepHOCTU MuLiennoobpasoBaHNs B 3TaHOMNbHOM pacTBope neunTtuHa (Nle). MokasaHo, yTo C yBe-
nMyeHneM koHueHTpaummn IMCO yBennymBaeTcs aneKkTponpoBofaHocTb pactBopoB AMCO-ataHon u
neuntuH-ataHon-AMCO. CoOTBETCTBEHHO YMEHbLUAETCS KpUTUYECKash KOHLEeHTpaums mMuuennoob-
pasoBaHua neuntuHa. Metogom MK-cnekTpockonum nokasaHo, YTo dyHKUMoHanbHbele P=0 n C=0
rpynnbl MOnekysbl neuntnHa , a Takke S=0 rpynna monekynsl JMCO B cnupTe obpa3syioT Bogopoa-
Hyto cBsA3b. B cucteme neuntuH-cnupT-AMCO HabnogaeTcs UISMEHEHNE MEXMOMEKYNsApHbIX B3an-
MO[ECTBUI N0 CPAaBHEHUIO C CUCTEMOW NELUTUH-CNMPT.

Puc. 1, Tabn. 2, 6ubn. ccbinok 16.

W3BeCcTHO, 4TO AMAAKHACYAB(OKCHABI CIOCOOCTBYIOT CHHTE3Y KAETOK,
IIOBBIIIAIOT ITPOHUIIAEMOCTE MeMOpaHbl. Maable KOAMYECTBA CYAB(OKCHUAOB
He IIPEeACTaBASIIOT OMAaCHOCTU AASI OMoAormueckux cucrteMm [1,2]. Muieandap-
Hble CHUCTEMBI SIBASIIOTCSI IIPOCTEUIINMU MOAEAIMH OMOMeMOpaH, U U3ydeHHe
(PU3UKO-XUMHUYECKUX CBOMCTBA PAcTBOPOB pasHbIX [IAB B mnpucyrcrBumn
CYAB(OKCHAOB MOJKET CIIOCOOCTBOBATH NOHWMAHUIO CAOJKHBIX IIPOIIECCOB,
IIPOTEKAIOIINX B OMoOAOrHYecKux MeMmOpaHax. C 3TOM IIeABIO U3yUYEeHO BAMS-
HHUe AMAAKUACYAB(OKCHAOB Ha MPOIECC MUIEAAOOOpPa3oBaHUSA U OOBEMHEBIE
XapakKTepucTuKu pacTtBopoB [TAB. OOHapy>kKeH pOCT KPUTHYEeCKON KOHIIEHT-
paumuu mutiearoobpasosanus (KKM) B npucyrcTsum noHHBIX [TAB [3,4].

B wHacrogiett paboTe B KaudectBe [IAB wuCIOAB30BaAuM HTPUPOAHBIN
SMYABTaToOp (OCHATUAUAXOAUH (AenuTuH-Ae). VI3BeCTHO, 4YTO AeIUTHH
COCTaBASIET OCHOBY BCeX KAETOYHBIX MeMOpaH U SIBASIETCSI HETOKCUYHBIM
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IIBUTTEPUOHHBIM 3MYABraTopoM [5-8]. AelUTHH He pacTBOPSETCS B BOAE, OA-
HAKO IIpU AUCIEPrUpPOBAaHUU B BOAHOU ha3e oOpa3yeT BE3UKYABI U
AMIIOCOMBI, KOTOPBIE IIUPOKO MCIIOAB3YIOT AAS MOAEAMPOBAHUSA OUOAOTHYE-
CKUX MeMOpaH. B opraHndeckux pacTBopax AOOaBAEHHE BOABI CIIOCOOCTBYET
00pa30oBaHUIO TOM MAU UHOU (POpPMHBI arperaTtoB AenutuHa [9-10]. M3yuenue
COAIOOMAM3AIUNA aM(POTEPUIINH-B B AUCIEPCUU ACUTHH-BOAA U B MHKpPO-
3MYABCHUM BOAAQ-MAaCAO, CTAaOMAM3UPOBAHHOM AEIIMTHUHOM, IIOKA3ar0, 4TO CO-
AOOMAM3AIUSA A€KapCTBa B O0EMX CUCTEMaxX YBEAMYUBAETCSI C YBEAWYEHUEM
KOHIEHTPAlUM AELUTHHA, NpudeM B dMyAbcum ~B 40 pa3 OOAbIIe, 4eM B
BOAHOU aucriepcuu [11].

B npeacTaBAeHHOU paboTe U3ydeH MPOIecC MUIEAAOOOPAa30BaHUA AEIU-
THa B npucyrcrsuu AMCO, 94TO MOJKET UrpaTh ONPEAEAEHHYIO POAb B U3-
MEeHEHUM CBOMICTB CPEABl M MEKMOAEKYASIPHBIX B3aUMOAEUCTBUM, MPOUCXO-
MAIIUX B OTUX CHUCTEMax.

JKCNepUMEHTAIbHAA YaCTh

Hcnoap3zoBaru 10% 5TAaHOABHBINM PACTBOP AEIUTHHA B 3alIasTHHBIX aMITy-
AaX TTPOM3BOACTBA XapbKOBCKOTO 3aBOAA. PazbaBaeHMe PacTBOPOB ITPOBOAM-
AOCh 96% ataHoaoM, AMCO dupMmse! “Lachema N.P.(Brno). HenocpepacTBeH-
HOe Wu3MepeHme VAEeABHOU 3aeKkTponpoBopHocTH (k) mpoBoaMAOCH € TO-
Momipio Tpubopa “Jenwey 4330" mpu 22°C, OTHOCHTeABbHas omubka 5-107
cuMeHC (S). MeXXMOAEKYASIpHBIE B3aUMOAEMNCTBUS B CHUCTeMe AELUTUH —
CcnupT U AeruTuH — cuupT — AMCO usyuensl MetopoM MK-cnekTpockonuu c
noMoIbio mpudopa “Specord-75 IR". AAs 3TOM IleAUW U3 CIIUPTOBOTO PACTBO-
pa AelUTHHA YAQAHWAU CIHPT II0A BaKyyMoM U CHSAU VK-cIeKTphl 4mCTOro
AelUTUHA. PacTBOPHBI ACIUTUH-COUPT U AelUTUH-cupT-AMCO AAST peruct-
paiuu MK-crieKTpoB OBbIAM TPUTOTOBAEHBI aOCOAIOTHBIM CIHUPTOM.

O0cy:xneHue pe3yjbTaToB

Ha pucyHke npuBepeHBI KpUBBIE 3aBUCHUMOCTU 3AEKTPOIPOBOAHOCTHU
3TAHOABHOTO PACTBOpPA AE€LUTHHA B OTCYTCTBHE (Kp. 1) M B NPUCYTCTBUU
AMCO (xp. 2-4). VI3 puCcyHKa BHAHO, 4TO C YBeAWYeHHEM KOHIIeHTpaluu
AMCO 3AeKTpOoIpOBOAHOCTL pacTBOPOB AMCO-sTanoA u Ae-AMCO-3TaHOoA
YBEAMUMBAETCS, & KpPUTHYeCKas KOHIIeHTpAllusg MUIeAA00OpPa30BaHUSA
(KKM), onipepeneHHass TOUKOM Iepernda KpUBOM, YMeHBIIaeTCs.
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Puc. 3aBucmmocTtb ANEKTPOonpoBOAHOCTU pacTBOPOB OT KOHUEHTpauun neunTtnHa B NpUCYTCT-
sum IMCO, mons/m: 1 — [AMCO]=0; 2 — [AMCO]=0.66; 3 — [AMCO]=1.27; 4 — [AMCO]=2.5.

B Taba. 1 npuBepeHbl 3HaueHuss KKM B 3aBUCUMOCTH OT KOHIIEHTPAIUU
AMCO. Ha mporiecc MUITEAAOOOpPA30BaHUSA OKAa3bIBAIOT BAUSHUE KakK HU3Me-
HEHUSI CBOWCTB CPEABI, TaK ¥ Pa3AMYHBIE MEKMOAEKYASIPHBIE (THAPO(UABL-
Hble U TMAPO(OOHEIE) B3aMMOAEMNCTBUS, NPOUCXOAAIINE B ITUX CHUCTEMaX.
HNccaepoBanue cucrteMbl AMCO-BOAa pa3aAUdYHBIMU METOAAMU TTOKa3aA0, 4TO
B BOAHBIX pacTBopax AMCO BOAOPOAHAS CBSI3b MeXAY Moaekyramu AMCO-
BOAQ@ CHABHee, UeM MeXKAY OAMHAKOBBIMU MoAeKyraMu AMCO u BOAEL, T.€.
MorekyAbl AMCO B Bope moasipu3oBaHEl [12,13]. 3HaueHUe AUdAEeKTpUUe-
CKOM TIPOHUITaeMOCTHU (€) 96% 3TaHOABLHOTO pacTBOpPa HaXOAUTCS B IIpepeAax
24-29 [14]. ChAepOBaTeABHO, B 3TAHOABHOM pacTBope MoaekyAabl AMCO mno-
ASIPU30BAHEBI B MEHLIIIEH CTEMEHU, YeM B BOAE (E50pa = 80, eanico =46.4). VBe-
AMYeHNe 3AEKTPOIPOBOAHOCTU pacTBOpPoB AMCO-3TaHOA U AEUTHH-3Ta-
HOA-AMCO c yBeamuyenuneM KoHIeHTpanuu AMCO o0OyCAOBAEHO yBeAmnue-
HUEeM TOASIPHOCTH PacTBOPOB (pHC.).

Tabnuua 1

3nauenuss KKM 3TaHoibHOro pacTBopa JenutuHa B npucyrersun IMCO

[AMCO], monv/n 102 KKM], monv/a
0 1.2
0.66 1.06
1.27 0.85
2.5 0.6

B mpucyTtcTBUM AelIUTHHA yBEAWYEHUE IMOASIPHOCTH CPEAbl IPUBOAUT K
VXYALIEHUIO B3aUMOAEWCTBUSI MEKAY MOAEKyAaMHU Ae-CpeAbl, BHITECHEHUIO
MOAEKYA AEIUTHHA U3 CPeABbl U OOAerdYeHHIO IIpollecca MHIleAr00Opa3oBa-
Hust. KKM AenmTHHA B TOAyOAe paBHa 2.5-1072 moav/n (Eronyor =2.4), T.€. Mu-
IeAr0oO0pa3oBaHUe B HEMOASIPHOM cpejpe NPOUCXOAUT TpyAHee[6]. He mc-
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KAIOYAeTCsI TakKyKe BO3MOJKHOCTH B3aWMOAEMCTBHUS MeXAY MOAeKyraMu Ae-
AMCO. AelnUTHH B CBOEM COCTaBe UMeeT IOAOKUTEABHBIN IEeHTP 3apspd y
aToMa a3zoTa U ABe PyHKIIMOHaABHEIe rpynnbl P=0O (P-O7) u C=0, KoTophble
UTPAIOT POABb aKIelTOpa IPOTOHA B CMEIIaHHBIX PacTBOPAX C IUKAWYECKU-
MU U aAuPaTUYIeCKUMU CIIMPTaMU, IIpUYeM OAaropapss BEICOKOU NMOAIPHOCTU
P=0O (P-O’) rpynmna Oonree YyBCTBUTEABHA K BAUSHUIO MEXMOAEKYASIPHBIX
B3anMopericTBull [15]. Metopom UMK-CIEeKTpOCKONIUM YCTAaHOBAEHO, YTO
B3aMMOAEUCTBUE MEKAY MOAEKYAAMU ACILUTHUH-IPrOCTEPUH B OE3BOAHOMU
cpepe CCly mpoucxopuT ¢ 0Opa3oBaHMEM BOAOPOAHOM CBSI3U, B OCHOBHOM C
ydacTUeM KHCAOPOAO-hocdaTHOM, a He KapOOHUABHOM rpymnbl [16]. Aas
BBISICHEHUST B3aMMOAEHCTBUM, ITPOUCXOAAIINX B CUCTEMAaX AEIUTUH-3TaHOA U
AeUTUH-3TaHOA-AMCO, ucnoab3oBaru MeTop MK-crieKTpocKonuu.

B TabA. 2 mpuBeAeHBI 3HAUEHMS BOAHOBBIX YHCEA (V) (PYHKIIMOHAABHBIX
rpynn MoAekyAbl AenutrHa U AMCO. AanHble MK-CIEeKTpOB NOKA3BIBAIOT,
yTO HpU pacTtBopeHmH Kak AMCO, Tak W YHUCTOTO AELUTHMHA B CIOUPTE
ITPOUCXOAUT YMEHBIIIEHWEe YaCTOTHI BAAEHTHOTO Koaebaumsa S=O rpymnmnsl
MOAEKYABI CYAB(DOKCHAQ K YACTOT BAAEHTHBIX KoaeOaHumU P=0O m C=O0O
TPy MOAEKYABI ACIIUTHHA. OTO YKa3bIBAeT Ha TO, YTO YMEHBIIIAeTCsl dHep-
TUSI CBSI3W OTUX TPYII, W T. K. CIUPTHE 0OAGAQIOT CA@OOKMCAOTHBIMU CBOMCT-
BaMH, TO, KaK M B paboTe [10], MOKHO IIPEAIIOAOKUTH, YTO U B HAIIIEM CAY-
yae MMeeT MeCTO 0Opa3oBaHHEe BOAOPOAHOU CBSA3U MOAEKYABI CIIUPTA C KUC-
AOPOAOM (PYHKIIMOHAABHBIX Ipynn AerutuHa u AMCO. Tlpu apobGaBreHUU
AMCO B CIUPTOBBIM PaCTBOP AEIIUTHHA HAOAIOAQETCS YBEAHWYEHUE Vp—o U
Vc=0 TPYHI MOAEKYABI AeIIUTHHA. MOJKHO moAaraTh, 4TO UMeeT MeCTO KOH-
KYPEeHTHOe B3aUMOAENCTBHE MOHU3UPOBAHHEBIX (BO3MOJKHO, TaK)Ke HEMOHU-
3UPOBaHHEBIX) MOAeKYyA AMCO ¢ PYHKIIMOHAABHBIMYU I'PYIIIAMUA U C ITOAOKHU-
TEABHO 3apsKeHHBIM aTOMOM a30Ta AelIUTHHA. OTO NPUBOAUT K YCHAEHUIO
WHTEHCUBHOCTHU MEKMOAEKYASIPHBIX B3aMMOAEMCTBUM 3TUX IPYHI B CUCTEME
AeruTuH-cnupT-AMCO.

Tabnuya 2
3HavyeHHe BOJHOBBIX unces (V) yHKIHOHAIBHBIX rpynn Jeuutuna u IMCO
T
@OYHKI[MOHAABHEBIE V max: M
IpyIIBL AEIUTHUH | AEIUTHUH-CIUPT AenuTHH-ciupT-AMCO
C=0 1740 | 1700-mHTEeHCHBHAA 1727
1730 y3Kas IIoAOCA 1713
P=0 1253 1233 1270-y3Kas moaoca co
1220 1190 cAab0M NMHTEHCUBHOCTBIO
1253-mmporasa mnoaoca
AMCO AMCO-coupT AenuTuH-cnupT-AMCO
S=0 1063 1053 1030

483



YMeHblIeHUE V=, B cuctreMax AMCO-ciupt u AMCO-AIUTUH-CIIUPT
O6YCAOBA€HO BEIIIIEITPUBEACHHBIMU B3aI/IMO,A,eI\/’ICTBI/I$IMI/I, BCAEACTBHE KOTO-
PBIX YMEHBIIIaeTCsl NAOTHOCTH 3apsAd MOAEKYA AEIUTHHA, OHU CTAHOBSTCS
Ooree TUAPODOOHBIMU. DTO IIPUBOAUT K YXYAIIIEHNUIO B3aUMOAENCTBUS A€lU-
THUH-CPEAQ, T.K. IIOAIPHOCTE PACTBOPOB AeNUTHUH-3TaHOA-AMCO Ooablle 1O-
ASIPHOCTHM PaCTBOPOB AEITUTUH-3TAHOA, BCAEACTBUE UeTO OOAerdaeTcs MUIleA-
A0OOpa3oBaHUeE.

Takum oOpa3oM, MHUIIEAAOOOPA30BaHUE ACLIUTHMHA B 3TAHOAE B IIPUCYTCT-
B AMCO 00yCAOBAEHO KaK M3MEHEHHEM CBOUCTB CPEABl, TaK U Me>KMOAe-
KYNIPHBIMU B3aHMOAefICTBHﬂMH, IIPOUCXOAAIITNMU B 9TUX CUCTEMAX.

LE3hSh LD EQ-ULALUSPL LNFONF3E-LELP DPQPUULPUPEYTL
NSUSUNFE-3AFL LGP NFUNFULUURLOFE-3OFLL
1hUGE-PLUNFLOOLUP-P LE GUSNFE-3UUR

. % ¢LPANr3UL, U. N UPN3UL,
d. L. 20AWL3UYL UL L. G- UELPL-ONTLAUL3UL

nlupnifpnndbanpply fpuluhny ncancdiuafpdby § o gpodbFfyung $opupiph wqyhgne-
Pyt bfFubingned jhghunfisp dfghjugnpugdu opfilugune [Fyniiibph fpu: Snyy &
wpilbips mp qfld b pyunopupnf frghinnpugfuyfr dbdwgmdp phpned § LfFuting-fulb[3f-
uncypopufiy b bgfunfru—bfduting-qfdbfFfiyuny$opufuy Susdulupaf byblypmpuQugnpqulju-
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STUDY OF PHYSICO-CHEMICAL PROPERTIES OF THE ETHANOL
SOLUTION OF LECITHIN IN THE PRESENCE OF DIMETHYLSULFOXIDE

J. D. GRIGORYAN, S. A. APOYAN,
J. N. CHOBANYAN and L. G. MELIK-OGANJANYAN

Yerevan State University
1, A Manoukyan Str., Yerevan, 0025, Armenia
E-mail: svapoyan@ysu.am

The subject of the study is micelle formation in the ethanolic solution of lecithin in
the absence and presence of dimethylsulfoxide (DMSO). It is shown that in the presence
of DMSO the critical concentration of micellization decreases and the conductivity of
solutions ethanol-DMSO and Le-ethanol-DMSO increases. The results are explained by
increased polarity of DMSO-ethanol system and the micelle formation is facilitated. By
IR spectroscopy it is shown that the P=0 and C=0 groups of lecithin, and S=0O group of
DMSO in alcohol form a hydrogen bond with an alcohol molecule. In the system
lecithin-alcohol-DMSO the change of intermolecular interactions is observed compared
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with the system Le-alcohol. These interactions may affect of the processes of micelle
formation.
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Ha npumepe mMoaenbHOM peakummn UHULMMPOBAHHOTO OKUCIIEHUS KyMona KMHETUYECKUM MeTo-
[OM UCCrnefoBaHbl aHTUOKCUAAHTHbIE CBOWCTBA dTMNALETaTHbIX 3KCTPAKTOB JIUCTbEB W MIOLOB
OAMHHaZUATW pasnunyHblX pacTeHnin. OnpegeneHbl cogepXaHne aHTUOKCUAAHTHBIX BELLECTB B UC-
CnefoBaHHbIX 3KCTPAKTax M UX aHTUOKCUAAHTHAsA aKTWBHOCTb. YCTaHOBMEHO, YTO M3 UCCrenoBaH-
HbIX 3KCTPaKTOB Haunbonbluee KONMYECTBO aHTUOKCUAAHTOB COAEPXUTCH B SKCTPaKTax U3 NMUCTbeB
nyba uyepeluyatoro (0.96'10'4 MOJIb//T B OOHOM M2-€) U ropeyaBku NepekpecTHONMUCTHON (0.97‘10'4
Morib/im). HanbonbLuylo aHTMOKCMAAHTHYIO aKTUBHOCTb NPOSABASIOT 3KCTPAKThl U3 MUCTbEB ropeyvaBku
NepeKPECTHONMCTHOI (1.72510° Mosb/ic), MepuHrM GokoLBeTkoBow (1.331'10° Mosb/7c) 1 ronos-
YaTKkv anbrnMncKon (1.223'105 monb/irc). MNokasaHo, YTO aHTUOKCUMAAHTHYI aKTUBHOCTb MPOSIBMSIOT
TaKkxe NpoAyKTbl okucneHus (QH) NCXOAHbIX aHTUOKCUAAHTOB, HAaXOAALWMXCS B 9kcTpakTax. O6Hapy-
XeHa NHenHas KoppensLuMoHHas 3aBUCUMOCTb MeXAy 3Ha4YeHNAMN npeaaKcnoEeHToa (IgA) 1 aHep-

el aktueaumm (E) [ANs  KOHCTaHT ckopocTeit peakum RO, + InH —'_>RUDH-|-IH' "

K-,
RO; + QH — @ + ROOUH. YcraHoBneHo, YTo Ans KOHCTaHT K7 IgA;=(4.940.25)+(0.6420.032)E;,
agna k71 |gA71: (26i013) +(064i'0032)E71

Puc. 5, Tabn. 1, 6ubn. ccbinok 15.

B mocaepnue ApecATHAETHS B CBSI3U C YXYAIIEHHMEM OKOAOTMYECKOU
00OCTaHOBKU CpeABl BCe OOAbIIe BHUMaHUS YAEASIeTCS NPO(UAAKTUKE MHO-
ImX 3a00AEBaHUM, pa3BUTHE KOTOPBIX B TOM WAW MHOW CTENEHM CBSI3@HO C
BPEAHBIM AEWCTBHEM CBOOOAHEBEIX PaAMKaroB. B 3ToM maaHe ocoboe MecTo
3aHUMAIOT IIPHUPOAHBIE QHTHOKCHAAHTHEL (AO) PacTUTEABHOTO ITPOMCXOIKAE-
HUS, KOTOPbIe OTAMYAIOTCS MaArO¥ TOKCUYHOCTBIO, A€TKO AOOBIBaeMBl U 00Aa-
MAIOT TOAMMYHKIIMOHAABHOU aKTHUBHOCTBHIO [1-3]. CAepoBaTeAbHO, MOUCK M
HUCCAEAOBaHUE JKCTPAKTOB PacTeHUY, 00AaAQIONINX HAWOOABIIEH aHTUPaAU-
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KAAbHOM M AHTHUOKCUAAHTHOM aKTUBHOCTBHIO (AOA), aBAseTCs aKTyaAbHOM
3apaue.

E>KeropHO B Hay4HOU AUTEparype NyOAUKYIOTCS MHOTOYMCAEHHBIE pabo-
THI, TIocBsAeHHbBIe AOA 3KCTpakTOB pacTeHutt [4-7]. B atux paborax AOA
IIPUBOASITCSI B €AUHUIIAX M2 %, Me/Ma AMOO me/e, 4TO XapakrepusyeT He AOA,
a copepxanve AO B HUCCAEAOBAHHBIX JKCTPAaKTaX. M3 KAaCCUYECKOU AUTEpa-
Typel [8] m3BectHo, uto AOA mpepcTaBAsieT COOOM KOHCTaHTy CKOPOCTHU
peaknuu AMHEWHOro OOpBIBA II€NM B PAAUKAABHBIX PeaKIUsIX Ha WHTHOUTO-
pax (InH), B mpomeccax >Xe OKHCA€HMSI — KOHCTAHTy CKOPOCTH peaKInuu

(k7):
k-
I. ROy + InH S ROOH + In,

KOTOpasi 3aBUCHT OT NMpHUpoAbl InH, crapenuss R0; papukaros u, ecrecTBen-
HO, He 3aBUCUT OT KOAUUYECTBEHHOTO copepskaHusa InH.

AHTHOKCUAQHTHOE AEMCTBHE KaK MHAUBUAYAABHBIX WHTUOWTOPOB, TaK U
9KCTPAKTOB PaCTEHWUM XapaKTepHU3YeTCs TpeMs IapaMeTpaMu.

1. CopepkaHueM — €eCTeCTBEeHHO, ueM OoAbliie copepkanue AO B uc-
CAEAyEeMOM 3KCTPaKTe, TeM OOABIIIe BpeMs TOPMOKEHUS AQHHOTO CBOOOAHO-
PaAMKAABHOTO ITPOIlecca.

2. EMKOCTBIO — IIOKa3bLIBA€T UYMCAO PAAMKAAOB, 3aXBATHIBAIOIITUXCS OA-
HOM Moaekyaor AO. OTtoT mapaMeTp prd AO B 3KCTpakTax He OIpeAeAdeT-
€4, IIOCKOABKY 3KCTPAKThI, KaK IIPABHUAO, COAEPIKAT 110 XMMHUUYECKOMY COCTa-
BY ABa u 6onree AO BellecTB, KOTOpPbIe MOI'YT IIPUBECTH KaK K CHHEPIu3My,
TaK U K aHTAarOHU3MY.

3. AKTUBHOCTBEIO — KaK OBIAO YKa3aHO BHIIIE, aKTUBHOCTh aHTUOKCHUAAH-
Ta XapaKTepHU3yeTcsd KOHCTAHTOM CKOPOCTH peaknuu I, ecam perictBue AO
oIlpepeAsdeTcsl ydacTueM B OOpEbIBe el CBOOOAHOPAAUKAABHOM peakKIUu.
Anst orcTpakToB AOA, ecTecTBEHHO, SIBASIETCS 3(PPEeKTUBHOU BEAMUYMHOM,
IIOCKOABKY B pPeaKIuM | y4acTByeT He OAHO COeAMHeHUe MHTHOWUTOpa, a ABa
u 6oaee.

B panmoii paboTe IpHUBEAEHBI PE3YABTATHl ONPEACAEHHUS CYyMMapHOTO
copepkanusa AO B BKCTpaKTaX U3 OAMHHAAIIATU pacTeHud u ux AOA.

JKCNePUMEHTAJNBLHAA YaCTh

B xauecTBe MOAEABLHOM peakIuu OBIAO BHIOPaHO MHTMOUPOBAHHOE OKHC-
AeHHe KyMoAa. OIBITHI II0 OKHCA€HUIO IIPOBOAVMAM Ha MaHOMETPUYECKOU
YCTQHOBKE C aBTOMaTHMUYECKUM PEeryAupOBaHUEM AaBAeHUS. VICIIOAB3OBaHHBIE
peakTUBEl — KyMOA, xaopbOeH3on, AVIBH v sTuaareraT, O4MINAAU IO METO-
AUKe, ONMCAHHOW B [9]. DKCTpPaKThl HMCIOAB30BAHHBEIX PACTEHUM IIOAYYAAU
CAEAYIOUINM 00pa3oM: IIOCAe cOopa CHIPBSI X BLICYIIMBAAU B CYIIUABHOM
mkady mpu 40°C, cyxoe ChHIpbe W3MEeAbYaAr B KEPaMUYECKOM CTYIIKe AO TO-

pomkooOpa3Horo cocrossHusg (<1 mu), Ha MOAYUYEHHBIM IIOPOIIOK IIPU KOM-
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HATHOM TeMIlepaType AOOaBASIAU NIepEeTHAHHBIU 3THUAaLeTaT (Ha 1 e mopollka
20 mn), pAaBaAU OTCTOSITBCS CYTKHM, Aaree OT(MHUABTPOBHIBAAU OyMa>kKHBIM
dursTpoM. OUABTPAT UCHAPSIAM AO IIOCTOSHHOTO Beca IPU KOMHATHOM TeM-
nepatype (~22+4°C).

HMcTOuHMKOM CBOOOAHBIX PAAUKAAOB SIBASIACS a30-AMHU300YTUPOHUTPHUA
(AVIBH), pacTBOpHUTEAeM CAYKHA XAOPOEH30A. MeTopA OCHOBAH Ha HEIOC-
PEACTBEHHOM PErucTpaliui MOTAOIIEHHOTO KHMCAOPOAA B pe3yAbTaTe OKHCAe-
HUS KyMOAQ U NO3BOASET II0 OOHAPY’KEHHBIM II€PUOAAM MHAYKIUM (T) peak-
UM OIPEAEAUTH cyMMapHoe copepskaHue AO B HMCCAEAOBAHHBIX 3KCTpakK-

Tax.
fr[inH]
T="—— (1)
Vi
TAE VE-— cKopocTh uHHIMMpoBauwus; f — emkocts AO — cTexuomerpuye-
CKuU Ko3(hdunueHT MHrnomposaHusd, [InH], — cyMMapHas KOHIlEHTpAlUs

AO B uccaepyeMoM 3KcTpakTe. [ToCKOABKY mapamerphl f HamMu He u3Meps-
AUCH, 38 cyMMapHoe copepkanme AO mpuruMaam npousBeperue f -[InH],.

AOA mncchepAOBaHHBIX 3KCTPAKTOB OIPEAEASIAM, CIPSIMASS SKCIepHUMeH-
TaAbHBIE AQHHBIE B KOOpAMHATax ypaBHeHus 2 [10]:

&[D:]=—::—:[RH] 1n(1—§), 2

rAe A[Oy] — KOAWYECTBO IIOTAOLIEHHOIO KHCAOpoAa 3a Bpemda t< 1; kg —
KOHCTQHTa CKOPOCTHU PEeaKIIUM MIPOAOAKEHUS IIeIr

K,
II. RO, + RH — ROOH +R’;

[RH] — xoHIeHTpalus OKUCASIOUIErOCS YTAEBOAOPOAQA — KyMoaa. Bo Bcex
OIIBITaX KOHI[EHTpAaIUsd KyMOAA COCTaBASIAG 2.87 moab/a.

Pe3yabTarsl M HX 00Cy:KIeHHE

OMBITHL IIOKa3aAHd, YTO IIPU OKUCAEHHUHM KyMOAa B IIPHUCYTCTBHUM BCEX HC-
IIOAB30BaHHBIX JKCTPAKTOB KUHETHYECKUe KPHBBLIE IIOTAOILIEHUSI KHCAOPOAA
IIPOXOAAT C YETKO BBEIPaKEHHBIMH II€PHOAAMU UHAYKLIMH, 9TO CBUAETEALCT-
ByeT 0 Haamuuu B sKcTpakrax AO BemectB. Ha puc. 1 mpepcTaBAeHBI TH-
IUYHble KNHEeTUYEeCKNe KPUBble OKUCACHHUS KyMOAa B OTCYTCTBUe (up. 1) u B
IIPUCYTCTBUU 3KCTPAKTOB KOJKYPHI IOAOKA MaraWCKOro (Kp. 2), AUCTBEB Me-
puHTUKU OOKOIBETKOBOM (3) M AUCTbeB Ay0Oa depelrrdaroro (4). CymMMapHoe
copepxkanne AO (f[InH]g) ompeaeasiau, cipsMAsis SKCTIepUMEHTAAbHBIE AQH-
HEBIe (pHUC. 2) B KOOPAMHATaX ypaBHeHHUS 1.
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Puc. 1. KuHetuyeckue kpusble nornowieHnss Puc. 2. 3aBUCMMOCTb NEPUOAOB MHAYKUUN

KMCMOpOAa NpU OKUCIIEHUW Kymomna B OTCYT-  MOrMNOLLEHNs KUCMOPOAa MpU OKUCNEHUN  Ky-

cteue (1) n B NpucyTCTBUM 4 M2 KOXypbl 16- Mona: a) OT CoAepXaHWs  SKCTPaKToB

noka Mananckoro (2), MMCTbes MepuHrum 6o- (V. = 1.25- 1077 mosb/i -¢) U3 nucTbes ay6a

KOL|BETKOBOVA (3), nucTbes Ay6a Yepeluyatoro  yepetudatoro (1) n actpel cTenHon (2); 6) ot

(4). V, = 1.25- 1077 _monw/n -c, T=348K obpaTHOM BEMUYMHBLI CKOPOCTW WHULIMMPOBA-
HUS (175 2'; Mayerp=3.9 me). T=348K.

W3 pe3yAbTaTOB, IPUBEACHHBIX B TaOAUIlE, CAEAYET, UTO U3 MCCAEAOBaH-
HBIX 3KCTPAKTOB B HambOoOAbIIeM KoamdecTBe AQO BeIIeCTB COAEPIKUTCS B
OKCTPAKTe M3 TOPEYABKHU MEePeKPeCTHOAUCTHOM (0.97:10°* momw/1) u pAyGa ue-
peurdaroro (0.96:104 monv/z).

C pensto onpepereHnsga AOA 3KCIIepUMEHTaAbHO H3MepeHHble KOHIIEHT-
pallyy TOTAOIIEHHOTO KMCAOPOAA 3a BpeMs t< T CIpPSIMASIAM B KOOPAWHATaX
ypaBHeHus 2. Hanpumep, Kak BUAHO U3 pUC. 3, HAOAIOAQETCS YeTKask AUHeN-
Hasl KOPPEAdIIUsI MeKAY KOAMYECTBOM IIOTAOILIEHHOTO KMCAOPOAA U IlapaMerT-
poMm In(1-t/1). TaHreHCH YTAOB IOAYYEHHBIX IIPSIMBIX COOTBETCTBYIOT OTHO-
meHuto Ko/K7, W, yYWTBIBas, YTO AASL KyMOAd Ko=4.67710%xp(-9800/RT)
a/monve [11], AAST MCCAEAOBAHHBIX 3KCTPAKTOB OBIAM OTIPEAEAEHBI YMCAEHHEBIE
3HaueHus1 ky, xapakrepusyromue ux AOA. Pe3yabTaThl 3THX pacyeToB
IIPEACTaBAEHEL B TabAHWIle, U3 KOTOPOM BHAHO, YTO IPU OKHCAEHUU KyMOAa
W3 MCCAEAOBAHHEBIX JKCTPAKTOB HAMOOABITYI0O AOA HIPOABASIOT 3KCTPaKTHI
AMICTBEB T'OPedYaBKHU IMepPeKPecTHOAUCTHOM (1.725:10° monv/rc), MepuHTUn 60-
KonseTKoBoM (1.331:10° momw/1¢) W TOAOBYATKM aAbOMMcKoM (1.223-10°
monv/rc). TlonydeHHBIEe AQHHBIE CBHUAETEABCTBYIOT O TOM, YTO YyKa3aHHEIE
3KCTPaKTH 10 AOA He YCTYNalOT CUHTETHYECKUM KAACCUYECKUM aHTUOKCHU-
paHTtaM. Tak, HanmpuMep, KOHCTaHTa CKOPOCTH peaknuu k; ¢ KyMHAIIEpPOK-
CHUAHBIMM PaAMKAaAaMU AAs o-HadToaa npu 333K paBHa 1.6:10°, pAAd THAPOXU-
HoHa — 1.2:10°, and moHOAA — 2104 2/monv'c u T.p. [12]
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Puc. 3. 3aBMCMMOCTb KOHLEHTpauuu norno-
LeHHOro kucrnopoga oT napametpa In(1-t/t)
3a BpeMsi nepnoga MHAYKLMU NPU OKUCTEHNN
Kymona B MPUCYTCTBMM IKCTPAKTOB M3 Nn-
cTbeB Ayba yepelwyartoro (1), ropeyaBku ne-
peKkpecTHoNMCTHON (3) U TpaBbl acTpbl cTen-
HOM (2). V, = 1.25- 1077 mosb/n ¢, T=348K.

Puc. 4. 3aBNCMMOCTb CKOPOCTU OKUCHEHUS
Kymona nocrie BbIxoAa 13 nepumoga MHAyKuum
OT KOHLEHTPaLuM aHTUOKCUAAHTOB, codepxa-
LMXCA B 9KCTpaKTax M3 NNUCTbEB MEPUHIUNU
6okouBeTkoBon (1) M yucTeua LIEPLUNCTOro
(2), n nx cnpamnenne (1°,2') B koopanHaTax
yp.3. V; = 1,25 1077 monw/n-c, T=348K.

ComnocTaBasis IpUBEAEHHBIE B TaOAUIlE pe3yABTATH IO copepkaHuio AO
emiecTs (f [INHg]) 1 mo AOA (k7) MCCAEAOBAHHBIX 9KCTPAKTOB, KAK U CAEAO-
BaAO OXKUAATH, He OOHapY)KUAACh CBS3b MEXAY 3THUMU llapaMeTpaMu. ODTOT
daKT elfe pa3 MOATBEPKAAET MBICAL, YTO AOA He 3aBUCUT OT KOHIIEHTpa-
MU MHTUOUTOpPa, T.e. OT copepkaHuss AO B peakimoHHOM cMmecu. AOA,
ckopee Bcero, 3aBUcHT oT cTpoerus AO u RO; paapukanos, a Takke OT cpe-
ABl peakKIIMoOHHOU cMecu [13].

OUBITEl IIOKA3aAW, YTO B IIPUCYTCTBUU HCCAEAOBAHHBIX JKCTPAKTOB (3a
HCKAIOUEHMEM 3KCTPAKTOB M3 ANCTHEB MapOAHM) IIOCA€ BBIXOAA M3 HHAYK-
IIMOHHBIX TTIEPUOAOB KMHETUYECKNEe KPUBLIE MOTAOIIEHUsS KUCAOPOAA IO CKO-
POCTSIM He CTPeMSATCS K HeMHI'MONPOBaHHOMY OKMCAEHHUIO KyMOAA (CPaBHUTH
TAHT€HCHl YIAOB IIPSIMBIX Ha pHUC.l). AHAAOTUYHBIE SIBAGHUS HaMH OBIAU O0-
Hapy’KeHBl U B paborax [13, 14]. OToT (paKT 0oOBICHAETCS AaHTUOKCHUAAQHT-
HBIM CBOMCTBOM IIPOAYKTOB okmcAaeHU (QH) ncxopublx AO, HaXOAAIIUXCSA B
skcTpakTax. [TpoaykTer QH 00pa3yroTca o peaKIuu

1. RO; + I —S:rQH + MOAeK. NPOAYKTEL
[Mpuuem mpoaykThl QH oTAMYaroTcst OoT HUCXOAHBIX AO TeM, YTO B UX
NPUCYTCTBUM Ha KMHETWYECKUX KPUBBIX He OGHAPYKMBAIOTCS HHAYKITHOH-
HBIe TIepHOABI, T.e. OHHU, TI0 CPAaBHEHMIO C UCXOAHBIMU AQO, SIBASIOTCS CAAGHI-
MM MHTHOUTOPAMHU U B UX TPUCYTCTBUU OGDBLIB I OCYIIECTBASIETCS Kak
KBAAPATUIHO

e
IV. RO; + RO;~ MOAeK. NPOAYKTHL,
TaK ¥ AMHEWHO
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Ko
V. RO; + (H — (" + MOAEK. NPOAYKTEI,
kB’_
VI. RO; + @' — MOAEK. NPOAYKTHL
B aTHX yCAOBUSIX CKOPOCTb OKHCAEHUSI KyMOAA IIOCAe BBIXOAQ M3 HHAYK-
IIMOHHOTO IIeproAa ONMCHIBaeTcsl ypaBHeHUueM 3 [13].

— ko, [Q] [ ke )1;2 _ i|
V = k,[RH] . [ 1+ Z.10F 1 (3)
YuurteiBasg, 4To B oTCyTCTBHEe AO CKOPOCTH OKUCAEHUSA KymoAaa (V,) paBHa
V, = 2= [RH]V,, 4)
Ve
TO, IpeoOpa3ys ypaBHeHUeE (3), HOAYIUM
F= o _ ¥V _ koal0] (5)

vV, JiW

rae kg m ky; — KoHCTaHTBI ckopocTu peakiuu (IV) u (V); V; — ckopocTb
WHUIIUMPOBaHUA. 3Aech ky; xapakTepudyeT AOA npoaykToB QH.

Kak BupAHO M3 puc. 4, 3KCIepUMEHTaAbHBIE AQHHBIE CIPSIMASIOTCS B
KOOpAWHATax ypaBHeHHud 5. [Ipeamnonaras, uto KoHieHTpanua QH pasra uc-
xopHOU KoHIeHTparuu AO B paHHOM 3kcTpakTe, T.e. [QH]=f[InH]o,, u3 Tan-
reHca yraoB mpsMbix (1') u (2') BEIYMCAMAM 3HaueHUe K;; (B 3TUX pacyerax
YUUTBIBAAOCH, UTO AAST KyMoOAd Kg=4,74:10%exp(-1800/RT) [11]). PesyabraTs!
IPUBEAEHBI B TaOAUIIE.

W3 paHHBEIX TAaOAUIBI CAEAYET, UTO M3 IIPOAYKTOB OKHCAEHUS HCCAEAO-
BAHHBIX 3KCTPAKTOB HAauOOABITYI0 AOA HOCAe Iepruopa MHAYKIUU PeaKIun
IPOSBASIOT 3KCTPAKTEI M3 AMCTBEB UHCTela IiepmucToro (Kn =6.41-102
7/monb'c) U PeAbKH ToAeBoi (Kyy=5.44-102 a/uonvc).

B muTepBanre 328-348 K ompepeneHEBl TeMIlepaTypHBIE 3aBUCHUMOCTH AAS
nmapamMeTpoB K; u K;; B appeHMYCOBBIX KOOpAMHATax (TabA.). BrruncheHnHbie
3HaUeHUs1 SHeprum akruBanuum (E) um HOpepdSKCIOHEHTH! (A) CyIeCTBEHHO
[IPEBBIIAIOT 3TU XK€ 3HAUEHUS AAT KAACCUYECKUX WHTHUOUTOPOB OKUCAEHUS
B HEMOAIPHEBIX cpepax [12].

AHOMaABHO BBICOKHEe 3HaueHUsT E U A MOKHO OOBSACHUTL TeOopuewn
9AEKTPOCTAaTUUEeCKUX MopeAel [15], corrnacHO KOTOpPOH,

E=E+(s—1)/(2s+1), (6)

A= (RT/Nh)exp(AST/R), (7)

AS* = AST +o(e—1)/(2: 4+ 1), (8)

rae E — OKCIIEPUMEHTAABHO H3MEepEHHBbIe BEAMYNHBI SHEePruyr aKTHUBAIIUH,

e x
AS™ — osurtpormsa akrtuBanuu; E, u AS; — Te ke BeAMUMHEI B CAydae Ipo-
TEeKaHWsI PeaKIU¥ B HEMOJSIPHON Cpepe; A U G — TapaMeTphbl, XapaKTepu-
3YIOIIME COOTBETCTBEHHO SHEPTeTHUYECKYIO0 W SHTPOMUUHYIO COCTABASIIOIITAE
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CyMMapnoe Colep:KaHuC AaHTUOKCUAAHTOB B 3THJIAETATHBLIX JKCTPAKTaX

HEKOTOPLIX paCTeHI/lﬁ U UX QaHTHOKCHUJIAHTHAsA AKTHBHOCTBL™

Tabnuya

Bpems f[InH]-104 | ky104 2/mons-c Ey xan/ k71-102 Eqy

N Pacrenme Cripse cbopa MONb/ 348K 1gA7 MOb a/monv-c 348K l9A7 Kaa/ Mo

g | THCTCH MEPIIHCTHIH AHCTBS 10.07 0.33 8.61 8.52 5710 6.41 8.34 | 8760
stachys byzantina

o |QfiBa OObIKHOBeHHAS AucTBA | 25.07 0.83 14.78 12.63 | 11870 1.96 6.13 | 6100
cydonia oblonga

3 |AYO depeurarsii AMCTBS 10.08 0.96 6.21 14.10 | 14890 1.71 18.86 | 26480
quercus robur

4 |TOPEHaBKa HEPEKPecTHO- AHCTBS 10.07 0.97 17.25 10.69 | 8690 2.18 7.34 | 7960
AHCTHas gentiana cruciata L

5 |PeAbKa noaesas J— 10.09 0.46 7.12 6.63 2830 5.44 8.08 8510
raphanus raphanistrum 10.03 0.88 478 10.12 | 8665 3.07 7.63 | 8190

g |acTpba crenHad TpaBa 21.07 0.76 8.47 11.27 | 10100 2.75 821 | 9190
Aster amellus

7 | TOAOBUATRA AAbIMHCKAA amctps | 01.08 0.67 12.23 11.48 | 10180 3.15 7.66 | 8220
cephalaria alpina

g |MepuHrua Goxouserkopag | L o | 007 0.49 13.31 7.14 3210 3.70 9.27 | 10670
moehringia lateriflora

g |Kpaccynd racKaAbHai TpaBa 10.07 0.30 11.52 8.49 5460 3.47 11.79| 14730
crassula rupestris

jo |#0A0KO ManaficKoe KOXKypa - 0.24 5.00 10.81 | 9730 2.27 466 | 3670
syzygium malaccense

11 |NATYK HOCEBHOM AHCTBS 15.04 0.78 5.00 11.41 | 10460 - - -
lactuca sativa

* — MOUHOCMb UBMEPEHUs IKCNEPUMEHMANbHBIX OaHHbIX 5%,



CBOOOAHOM DSHEPrMU aKTHBallMU; € — AWIAEKTpHUYecKas IPOHUIAeMOCTh
PEaKUOHHOU CPEABL.

[MTpeob6pa3yst ypaBHeHUs 6, 7 U 8, IOAYUYUM KOPPEASIIUN MEKAY IIPeA-
SKCIIOHEHTOM U JHEepruey aKTHUBallUu:

IgA = oF + 3, 9)

AST &

23R 23R

me a = oR3R  p=lg(T)+
B =12.86 + 0.22A5] — 0.222E,

E, wm mpm 348K,

18 1
3 -
= /'/./'
12 - ./' _/- 2
10 ./ /-/
. — .
8 o ./. -/
6_'/./ /./
g
_—
2
o ] T T T T T T T T 1

T
[o] 2 4 6 8 10 1

2 -%4 16 18 20
E107, karlmons

Puc. 5. 3aBucumocTb IgA OT 3HEeprum akTuBauMn KOHCTaHT ckopocT peakuum k(1) n kz1 (2)
AnNst UccneaoBaHHbIX SKCTPAKTOB.

W3 puc. 5 BUAHO, UTO AAST KOHCTAHT CKOPOCTU peakiuu ky u kz; srcie-
PYMEHTAABHO M3MEpPEHHbIe 3HAUYEHUS IPEeAIKCIIOHEHTOB M JHEPIuy aKTHBa-
IMH CHPSIMASIOTCS B KOOpAMHATax ypaBHeHHd 9. OTCiopa MeTOAOM HauMeHb-
IITUX KBAApPaTOB IIOAYYEHO AAS KOHCTAHTHL Ky

gA; = (4.940.25) +(0.6440.03)E, (10)
a anst kg

gAs; = (2.640.13) +(0.6440.032)Ey, (11)

TakuM 06pa3oM, IPU M3BECTHOM CKOPOCTH aKTHBAIIMKM OOHAPY’KEHHBIE

KOPPEeASIIHOHHEIe ypaBHeHHss 10 u 11 TIO3BOASIOT BBLIYMCAHTL MPEAIKCIIO-

HEHTHI M C IOMOINbio ypaBHeHHsT K = Aexp(-E/RT) ompepeAuTh YuCAeHHBIE
3HaUeHUsI KOHCTAHT CKOpocTel peaknuii | u V npu Aro6o# Temmneparype.

nrns YWHBOUULNF3UGLP B-NFAUELL N0AMNEU NUTHOLUDPYPLED
L. 0 LU HIL3UL

Ynidmp opufipugidusts duglypuypl nkulgfugp opfilp fpu ffuknpl byuibln] G-
lnl.llllnlnl{bl £ Lnluuiufb[l mwpgbp lzm.Jub[rﬁ llill‘lﬂLllillTF[l ne mbpll_ilbpﬁ égumluullilbp[: <lulllu'
o@”["l‘[’é wl[m[u[nL[n?Jm.ilE: zbuuuqnl.m{l.ué [;gumpl.ullmilbpnl_lf "["72’[[7[ 127 [lilzuibll 4Lul[l.qu-
u[nl_[ré fJJm_[B‘bp[r gwfnul[nl.[t?mj;ﬂ, w./ilulbu 4‘[ ll_[uuflg Cwllluo‘gu[n}[rz wl[m[u[m_[f)‘lnl_f;g: zwu—
mwuu[bl £, npa Cbmuulnun{w& égumluul[mflbpﬁg wnw:{blwq_nLJfJ 19u1fuul[m.[3Jw:f[1 4wl[wqg-
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upppgbp wpupnlpfnod By fugine (1 dg-nod 0.96:107 dng/) v prgne (0.97-107 dny/)
wbpliibpp  Epunpulpniibpp:  Udbinndbs  Sulpopufmps wihnfofnfms b gpolnpnd
progne (1.725:10° dey/psfply), dtop i g pusduglyuyfisfy (1.331-10° doy/psfply) 1 sffuss
syl i (1.223-10° doy/poply) snbiplebobpp Gpunpuslpniibips: nagy & wnpufus, np
Sutlpso pufipfrg walpmfefmifoymits s gneguplipned Gl bpunpulpniliped wnfon bysypls -
Yusopufmpfrshlipls opufrpugdiss wpryuufplibpp (OH): Uljunmfly & RO, + InH % ROOH + In
m RO; + QH i @ + ROOH. nbwlgfuuibpf SQudwp wlpmnpufmgdwh Eabpgfuaibpf (E) oo
Busfussbpurislibuntiliph (1g4) dpfh qéuypl fhnpbyughnt fufufwdnfFync: ummmly §,
np k7 Qummunnnciify Suduwp 1gA7; = (4.910.25) +(0.6430.032)E7, fuly kzi—p Suidwp 1gA7,
= (2.6+0.13) +(0.64+0.032)E,:

EXTRACTS OF SOME HERBS AS ANTIOXIDANTS

L. R. VARDANYAN

Goris State University
4, Avantgarde Str., Goris, 3205, Armenia
Fax: (374 284) 23603, E-mail: luisemari@rambler.ru

On the example of the model reaction of cumene initiated oxidation the antioxidant
properties of the ethyl acetate extracts of leaves and fruits of eleven different plants are
investigated by kinetic method.

Both the content of the antioxidant substances in the studied extracts, and their
antioxidant activity are defined. It is established that of the studied extracts the highest
amount of antioxidants are contained in extracts of oak leaves (0.96:10™* mol/l in one mg-
e) and gentian (0.97 - 10 mol/l). The highest antioxidant activity extracts from the leaves
of show gentian (1.72510° mol /I's), blunt leaven sandwort (1.331:10° mol /I's), and
Cephalaria (1.22310°). It is shown that oxidation products (QH) of original antioxidants
in the extracts also possess antioxidant activities. The correlation between the pre-
exponential factor (IgA) u energy activation (E) for the constant rate reaction

ks Koo
RO, + InH -ROOH +In and RO; + Q@H — @ + ROOH was found. It is
established that for constant k7 IgA; = (4.940.25) +(0.6420.032)E; , and for k7; IgA7; =
(2.620.13) +(0.640.032)E7;.
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A NOVEL, SIMPLE AND ACCURATE HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY-UV SPECTROMETRY METHOD FOR THE
QUANTITATION OF COLCHICINE IN HUMAN PLASMA

L. R. GHOCHIKYAN

E.Gabrielyan Scientific centre of drug and medical technology expertise
49/4, Komitas Str., Yerevan, 0051, Armenia
Fax: (+374-10)232118 E-mail:admin@pharm.am

The present work describes development and validation of a new, simple and
accurate method of colchicine determination in human plasma by liquid
chromatography with photodiode array detection. Isocratic reserved-phase
separation was carried out on a C18 column (Nucleosil, Macherey-Nagel,
250%4.6 mm, 3um) employing acetonitrile-water (40:60 v/v) with flow rate 1 ml/min
as a mobile phase. Detection was performed at 300 nm. Colchicine and proposed
new internal standard alprazolam were extracted from the matrix using pH=8.0
phosphate buffer and dichloromethane. Retention times were 5 min and 13 min for
colchicine and alprazolam, respectively. Calibration curves were linear in
concentration range 0.1-10 uxg/ml. The lower limit of quantification for colchicine
was found to be 0.1 ug/ml. Recovery was estimated to be reasonable with the result
equal to 91.88%. Method revealed satisfactory results concerning selectivity, as
absence of interference was observed with endogenous components of plasma.
Precision (as relative standard deviation, RSD %) and accuracy (as relative error, RE
%) were in range of 1.23-4.99% and 1.7-4.92%, respectively. Colchicine was found
to be stable after three freeze-thaw cycles in the dark, as the final concentrations of
colchicine in the stability samples were 94.7-98.9% of the initial value.

Developed method was successfully applied in colchicine assay in plasma of
healthy volunteers, as well as in target cells such as mononuclear and
polymorphonuclear leucocytes of the blood.

Familial Mediterranean fever is a genetically inherited disorder which is
common among populations living around Southern and Eastern costs of
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Mediterranean Sea: Armenians, Jews, Turks and Arabs. Amyloidosis is the main
complication of disease. Eventually, it leads to chronic renal failure and renal
transplant.

Since 1972, the drug of choice for prophylaxis of amyloidosis and FMF attacks
is colchicine [1]. Despite the fact that colchicine is the only drug for treatment FMF,
15% of the patients do not respond to the colchicine therapy [2], and there is no
other effective drug for FMF treatment yet. Taking into consideration actuality and
seriousness of problem for population of Armenia, it is necessary to explore this
phenomenon and find out the reason of colchicine resistance.

The aim of this study is to develop and validate a novel, simple and accurate
method of identification and assay colchicine in human plasma and blood cells.
There are several methods of colchicine quantification in human fluids, including
Liquid chromatography with tandem mass spectrometry (LC-MS/MS) [3], Liquid
chromatography with ion spray ionization tandem mass spectrometry [4, 5], Liquid
chromatography coupled with Diode array detector (DAD) [6] or UV [7] detector ,
Gas chromatography with mass spectrometric detection [8]. Each of mentioned
methods has its drawbacks. Low reproducibility is the main drawback of GC
method. MS methods are expensive and require highly qualified experts to work
with the instrument. Therefore, it’s advisable to use HPLC-UV or HPLC-DAD
method to quantify colchicine in human plasma.

Chemicals and Reagents

Colchicine (95% HPLC, Fig.1) was supplied by Sigma Aldrich, USA,
Alprazolam (100%, European pharmacopoeia reference standard, Fig.2) used as
internal standard was supplied by European Directorate for the Quality of
Medicines. Organic  solvents acetonitrile  (AppliChem, Germany) and
dichloromethane (Carl Roth, Germany) were HPLC grade. All solutions were
prepared using highly purified water (Milli-Q water purification system, Millipore,
France). Di-ammonium hydrogen phosphate (Carl Roth, Germany) was analytical
grade. Donated blood and plasma stabilized with sodium citrate were kindly
provided by medical centre “Arabkir”’, Armenia.

/CH3 /CHS /CH3

Hj /N

o | N
\/O\ h
cl /
/ C\ :
o/ CHs
Fig. 1. Chemical structure of colchicine. Fig. 2. Chemical structure of alprazolam.
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Instruments and chromatographic conditions

An HPLC PLATIN Blue system (Knauer, Germany) with PDA detector set at
300 nm was used for quantitative determination of colchicine and alprazolam in all
samples. The analytical column employed was Nucleosil C18, 250x4.6, 3 um
(Macherey-Nagel, Germany), which was thermostated at 30°C. Elution was
performed isocratically, with the flow rate 1 ml/min. The mobile phase consisted of
acetonitrile and water (40:60 v/v) was filtered through Porafil MV 0.45 um
membrane (Macherey-Nagel, Germany).

Preparation of standard solutions

Stock standard solutions of colchicine (1000 wg/ml) and internal standard
alprazolam (100 ug/ml) were prepared by dissolving corresponding amounts of both
compounds in mobile phase and stored at 4°C. Taking into consideration light
sensibility of colchicine all working standard solutions were prepared before use in
amber glass volumetric flasks at concentrations 1-100 ug/mi. Working standard
solution of the internal standard was prepared by dilution of stock standard solution
of alprazolam to 10 ug/ml using mobile phase as a solvent.

Preparation of sample solutions

In order to prepare sample solutions for every validation criteria appropriate
amounts of colchicine standard solutions and constant 100 w/ of standard solution of
alprazolam (10 ug/ml) were added to 1 ml of plasma. After addition of 1.5 ml of
phosphate buffer pH=8.0 obtained liquids were mixed 1 min. by vortex mixer. So as
to extract colchicine and internal standard from the matrix 45 ml of
dichloromethane was added, then mixtures were shaken vigorously in horizontal
direction during 10 min.. After centrifugation for 10 min. at 3500 rpm, the clear
organic layer was removed to 10 ml tubes and evaporated to dryness under the
vacuum. Dry residue was reconstituted using 200 x/ of mobile phase, mixed by
vortex mixer for 5 min., centrifuged at 3500 rpm for 5 min. and filtered by syringe
nylon membrane filter 0.22 um (Macherey-Nagel). 20 u! of this filtrate was injected
into the column.

Method validation

Proposed method of colchicine assay in human plasma was validated by
estimation of fundamental criteria of bioanalytical method validation such as
selectivity, accuracy, precision, recovery, calibration curve and stability of analyte in
spiked samples [9, 10]. Representative chromatograms of standard solutions of
colchicine and alprazolam are shown in Fig 3. (A, B). Representative chromatogram
of spiked sample solution is shown in Fig. 4.
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Fig 3A. Chromatogram of colchicine standard solution.

mAU
mAU

Fig. 3B. Chromatogram of alprazolam standard solution.
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Fig. 4. Chromatogram of spiked sample solution.

Selectivity of the method was explored by comparison of the chromatograms
obtained from plasma blank samples and plasma samples spiked with the colchicine.
For reaching this goal 6 samples with the concentration of colchicine equal to
0.1 ug/ml in 6 different plasmas and their blank samples were prepared.

Recovery or limit of extraction of colchicine from the plasma was assessed at
low (0.2 ug/ml), medium (1 ug/ml) and high (10 ug/ml) concentration of the analyte.
In order to calculate extraction limit of colchicines ratio of pure standard solution of
it were prepared with the same concentrations. Areas of sample and standard
solutions were compared.

Samples for calibration curve were constructed using 6 concentration levels in
the range 0.1-10 ug/m! by plotting colchicine peak areas versus its concentrations.
The lowest concentration level of calibration curve is lower limit of quantification
(LLOQ) which is defined as the lowest concentration of analyte that can be
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determined with acceptable precision of RSD= +20% and accuracy RE= +20%. 6
samples with concentration 0.1 ug/mi were prepared to establish LLOQ value.

Accuracy and precision of were assessed at low 0.2 ug/ml, medium 1 ug/ml and
high 10 ug/ml concentration levels. For that purpose 5 series of each concentration
were prepared.

Stability of analyte in biological matrix at intended storage temperatures is
established by carrying out freeze-thaw cycles at low 0.2 pg/ml and high 10 ug/m!
concentration levels. 5 series of plasma samples spiked with colchicine were frozen
at -20°C, then leave to thaw at room temperature. This cycle was repeated 2 more
times. After the last cycle samples were assayed.

Method application

Developed method was applied in colchicine assay in plasma of healthy
volunteers, as well as in colchicine’s target cells mononuclear and
polymorphonuclear leucocytes of the blood. So as to carry out this experiment blood
samples of male and female healthy volunteers were spiked with the colchicine to
obtain concentration equal to 10 ug/mi. Then samples were kept in thermostat for
15, 30, 45 minutes, then centrifuged to separate plasma and fractions of leucocytes.
Obtained samples were treated as described in sample solution preparation and
assayed afterwards.

Results and discussion

Selectivity

Selectivity is the ability of a bioanalytical method to differentiate and quantify
the analyte in the presence of other components in the sample.In this study potential
interfering substances are endogenous plasma components. On the chromatograms
of the selectivity samples no any interference was found with other substances
peaks. Colchicine and internal standard were properly resolved. This indicates high
selectivity of the method and its correspondence to acceptance criteria of
bioanalytical method selectivity parameter. Chromatograms of plasma blank sample
and plasma spiked sample are shown in Fig. 5 (A, B).

0.50 0.50
0.25 025
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2 o000 / 0.00
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Fig. 5A. Chromatogram of plasma blank sample.
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Fig. 5B. Chromatogram of spiked plasma sample.

Recovery

Recovery of an analyte is its limit of extraction from the matrix. Recovery at
low, medium and high concentrations was examined using five series of spiked
samples with corresponding concentrations. Mean recoveries at three concentrations
were 89.09 % (0.2ug/ml), 92.32 % (1 ug/ml) and 94.24 % (10 ug/ml) samples.
Average result of recovery at these three concentrations is 91.88%. So, extraction of
colchicine from the matrix was estimate to be satisfactory.

Linearity and lower limit of quantification

Calibration curve is the relationship between instrument response and known
concentration of the analyte. It should be linear in the range of working
concentrations. Calibration curve was linear over the range 0.1-10 ug/ml with a
regression coefficient of 0.9998. Calibration curve is shown in Fig. 6.

Peak: Colchicine — ESTD — 1: 300 nm, 4 nm

Amount( )

o 50000 100000 150000 200000 250000 300000 350000
Area

Fig.6. Calibration curve for Colchicine quantitation.

The lowest concentration level of the calibration curve is 0.1 ug/ml. It was
established as the lower limit of quantification. Colchicine peak at this concentration
was identifiable, discrete and reproducible.Concentrations of colchicine in 6 LLOQ
plasma samples were determined with acceptable accuracy (RE=-5.67%) and
precision (RSD=4.0 %). Results are shown in Table 1.
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Lower limit of quantification

Table 1

Sample Peak area Determined concentration, RE, +
Blank of LLOQ ug/ml 20%
plasma 0.1 ug/ml
LLOQ 1 0 3451 0.095 -5
LLOQ 2 0 3601 0.099 -1
LLOQ 3 0 3561 0.098 -2
LLOQ 4 0 3340 0.092 -8
LLOQ5 0 3232 0.089 -11
LLOQ 6 0 3391 0.093 -7
Mean 0 3429.333 0.094333 -5.67
SD 138.3223 0.003777 -
RSD,
£20% 4.033505 4.004019 -

each other for the same concentration level.

Accuracy and precision
Criterion of accuracy is defined as closeness of obtained concentration of the
analyte using proposed method to the true value. Calibration curve was used to
appraise concentration of colchicine in quality control samples of accuracy. Results
of accuracy were evaluated by calculating RE for each concentration level.

Precision of the method describes degree of closeness of obtained results to

between obtained concentrations.
Proposed method revealed satisfactory results concerning criteria accuracy and
precision. 5 series of samples at low (0.2 ug/ml), medium (1 ug/ml) and high (10
ug/ml) concentration level were assayed for assessing this criteria. Result of
accuracy and precision are shown in the Table 2. Method precision (as RSD %) and
accuracy (as RE %) were in range 1.23-4.99% and 1.7-4.92%, respectively.

It is assessed by determining RSD

Table 2

Accuracy and Precision
QC sample Recovery, pg/ml

0.2 ug/ml 1 ug/ml 10 pg/ml
1 0.204 1.069 11.026
2 0.204 1.003 9.996
3 0.207 1.070 10.484
4 0.201 1.087 11.008
5 0.201 1.003 9.947
N 5 5 5
Mean 0.2034 1.0464 10.4922
SD 0.00251 0.040259 0.523096
RSD, £ 15% 1.234012 3.847397 4.985568
RE, + 15% 1.7 4.64 492
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Stability

Stability research is performed to prove that storage conditions of the samples
do not change concentration of the analyte in biological matrix. The aim of this
study was to develop a method to quantify concentration of colchicine in human
plasma. Usually, plasma samples are stored in deeply frozen condition. Therefore,
it's rational to test stability by performing freeze/thaw cycles of spiked plasma
samples. In order to reach this goal 5 series of spiked plasma samples with
colchicine at low and high concentration levels were undergone 3 cycles of
freeze/thaw as described above. The results of the stability study are presented in
Table 3. Colchicine was found to be stable after three freeze-thaw cycles in the dark,
as the final concentrations of colchicine in the stability samples were 94.7-98.9% of
the initial value.

Table 3
Data of stability study
Area of the peak
QC L 0.2 ug/ml QC H 10 ug/ml
Sample C Reference C
sa(r?nple sample sa?nple Refez(e?n((::fer:%mple
(QC) (QC-ref) (QC)
1 6349 6775 339565 351821
2 6401 6717 345187 350133
Stability 3 6373 6693 347213 349905
4 6383 6771 346554 351139
5 6359 6695 354201 348995
N 5 5 5 5
Mean 6373 6730 346544 350399
SD 20.347 40.214 5235.103 1101.8
RSD, % 0.319 0.598 1.51 0.314
QC/QCe 100% 94.7 98.9

Application of the method

Validated method was consecutively applied to assay colchicine in the plasma
and leucocytes of healthy volunteers. Obtained plasma concentrations of colchicine
were in the range 4,7-13,582 ug/ml. Content of colchicine in mononuclear and
polymorphonuclear leucocytes of the blood was in the ranges 1,52-120,4 ng/10° cells
and 0,63-32,29 ng/10° cells, respectively. Obviously, concentration of colchicine in
mononuclear leucocytes is higher than in polymorphonuclear leucocytes. Obtained
results of this in vitro experiment coincide with literature data [9]. Literature data
are obtained from experiments using blood of patients with FMF, who are taking
tablets of colchicine. Plasma concentration of colchicine in that case is in nanogram
level. Table 4 represents comparison of the data of in vitro and in vivo experiments
[2], [9]. Motioned data show that concentration of colchicine in all studied fractions
of the blood is higher 1000 times in in vitro experiment, but tendency of distribution
of colchicine is the same. This result prove that in vitro experiment accurately
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represents in vivo processes and it can be used to model distribution of colchicine in
the blood in easily handled in vitro experiments.

Table 4
Data of in vivo and in vitro experiments results
Obtained and literature data Plasma Polymorphonuclears | Mononuclears
Obtained date of application 4,7-1358 0,63-32,29 1.52-120,4
OT the meth_od pg/ml ng/10%cells ng/10° cells
In vitro experiment
Chappey O. and co-authors 0,13-1,75 9 11,4-57,6
In vivo experiment [2] ng/ml 4-64 ng/10" cells ng/10° cells
Lidar M. and co-authors 0,33-1,71 25,9-253,1 ng/10° 65-403
In vivo experiment [11] ng/ml cells ng/10° cells
Conclusion

A novel and simple method of quantitative determination of colchicine in
human plasma was developed, which used alprazolam as internal standard for the
first time. The method was validated according to all requirements of method
validation international guidelines. Validation revealed high degree of selectivity,
linearity, accuracy, precision and stability and was successfully applied to in vitro
assay of colchicine in plasma of healthy volunteers, as well as in target cells such as
mononuclear and polymorphonuclear leucocytes of the blood. Data obtained from
this method application proved that it can be used to model distribution of colchicine
in the blood in easily handled in vitro experiments. Due to the usage of easily
handled HPLC instrument and simple extraction procedure the method is rather
practical and can be used in pharmacokinetic studies of colchicine, or in
determination of colchicine in other biological specimens such urine, saliva and milk
after making appropriate adjustments.
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[rnnbpdlipbligpu: Bygpunfynibp (npugbu Sopupbpulpul smwbgpe kynod, %) b
Sy [Fymitopy (mpughi Qupraplpuluts afusy, 76) fuigdoed b QwdugumfoSpog
bpsyritoncfOynck bphp wmnbignud-Cughgnid ghlyhphy Shnn, foygnihinBpnk Iolacyblpred
Yryfupgispy fbpinnlypuls Gniighinnpugpubibpp hugdby by 94.7-98.9% byt wpdbpibpf
4uuflnhuu1.‘

Vyuilpfusd dlefFrgp SusdrgnefFyusdp hfspusnsfly § wnng fududnplbpp upuqduyned, fig-
wpli Tnule [Ffipusfunsy it pYpQubp Suslifumgmy wpyul oy bwp b agngfodopatncly bup
Lbylyrglribiprd lynyfupgfisfs pustoudyulputs nprydts Qusdup :

HOBBII, TPOCTOM U TOYHBIN BIKX-Y® METO/]
KOJMYECTBEHHOI'O OIPEJIEJIEHUS KOJIXULIUHA B IIJIABME
YEJIOBEKA

JI. P. KOYUKSAH

Hay4HBIN IIEHTDp 3KCIEePTU3BI AeKAPCTB U MEAUIIMHCKUX TEXHOAOTHU
um. O.C.I'abpuensgHa
Apwmenus, Epesan, 0051, yin. Komuraca 49/4
E-mail: lilitghochikyan@gmail.com

Hacrosimmasgs paboTa ONUCHIBAET pPa3pabOTKy M BAAUMAAIIMIO HOBOTO,
IIPOCTOTO ¥ TOYHOT'O MEeTOAA OIPEAEACHUS KOAXUIIMHA B UYEAOBEUECKOU IINAa3-
Me C IIOMOIIBI0 BHICOKOA(HEKTUBHOM KUAKOCTHOM XpoMaToTrpauu C AUOA-
HO-MaTPUUYHBIM AeTeKTUpPOBaHueM. V30KpaTudHOoe obpallleHHO-(ha30Boe pas-
AeAeHUe TPOBOAUAOCE Ha KoaoHKe C18 (Nucleosil, Macherey-Nagel, 250x4,6
MM, 3 MKM) C HCIOAB30BaHMEM CMeCU alleTOHUTpUA-Bopa (40:60 06/06) co
CKOPOCTBIO IIOTOKa 1 ma/mun B KadeCTBe INOABIMDKHOM (hasbl. OOHapyskeHHe
npoBopuAaock nIpu 300 wm. KOAXUIIMH U IIpepraraeMblli HOBBIM BHYTPEHHUM
CTAaHAAPT aAbIIpa30AaM OBIAM HM3BA€UEHBI U3 MaTPHUIBl, UCHOAB3Yyd pH 8,0
docdaTHbI Oydep U AUXAOPMeTaH. BpeMs yaepkuBaHud — 5 U 13 mun. ppg
KOAXUIIMHA U aAblIpa3doAaMa, COOTBETCTBEHHO. KaaAnOpOBOUHOE KpUBOE OBIAO
AWHEWHBIM B wHTepBare KoHIeHTpauu# 0,1-10 wmke/mn. Konmenrtparus 1
mre/ma OBIAG YCTAHOBAEHA KaK HIDKHHUU IIPeAeA KOAMYECTBEHHOI'O OIIpeAeAe-
HUS KOAXUIIMHA. Bo3BpaT OBIA OlleHEeH pPa3yMHBIM C Pe3yAbBTaTOM, PaBHBIM
91.88%. MeTop mIOKa3zan yAOBAETBOPUTEABHBIE PE3YABTATHl B OTHOIIIEHUU Cce-
AEKTUBHOCTH, T. K. He HaOAIOAAAOCH UHTEpP(MEPEeHIINU C 3HAOTEHHBIMU KOM-
TIOHEHTaMU IIAa3Mbl. TOYHOCTH (KaK OTHOCHUTEABHOE CTaHAAPTHOE OTKAOHe-
Hue, RSD %) u mpaBHUABHOCTBH (KakK OTHOCUTEeABbHasd ounbka, % RE) Obiau B
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puamnazone 1.23-4.99 u 1.7-4.92%, cOOTBETCTBEHHO. BLIAO YCTAHOBAEHO, YTO
KOAXUIIVH B IIA@3Me OCTAACsI CTaOUABHBEIM IIOCA€ TPeX ITUKAOB 3aMOpa’kKUBa-
HUA-OTTaMBAHUWS B TEeMHOTE, T. K. KOHE€YHBbI€ KOHIEHTpPAIIMM KOAXWIIMHA B
obpasIiax CTabMABHOCTH OBIAU paBHbI 94.7-98.9 % OT MCXOAHOTO 3HAUEHUS.

Pa3paboTranHas MeTOAMKA ObIAA YCIIEIIHO NPUMEHEHa B aHAAU3€e KOAXU-
IIMHA B TIAa3Me 3A0POBBIX AOOPOBOABIEB, @ TaKKe B KAETKaX-MHIIEHIX, Ta-
KX, KaK OAHOSIAE€PHBIE U IIOAUMOP(MHOSIAEPHBIE AeHKOIMTHEL KPOBU.
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OPTAHUYECKASA U BUOOPI'TAHUNYECKASA XUMUSA
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CHHTE3 HEKOTOPBIX YETBEPTHYHBIX AMMOHHUEBEIX COJIEI
HA BA3E 4a,8- TUMETWJI-3H 5H-BUC-CIIUPO[IMKJIOT EKCAH-4a,5-
JUTUJPOU30BEH30®YPOI[5,6-c|]®YPAH]-1,7-(3H,4H)-TUOHA
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WHCTUTYT TOHKOM OopraHmdeckon xumuu uM. A./A\.MHAKO0sHa
Apwmenns, 0014, EpeBaH, np. A3aryTaH, 26

[Moctynmao 29 VI 2015

PaspaboTaHbl onTumanbHble ycnoBus Ans cuHTesa 4a,8-gumeTun-3H,5H-6uc-cnmpoluukno-
rekcaH-4a,5-gurugponsobeHsodypol5,6-c]dypaH]-1,7-(3H,4H)-amoHa, Ha Gase KOTOpOro no peak-
umn KnHra cuHTE3upoBaH psj YeTBEPTUYHBIX aMMOHMWEBBIX COMEN M U3yYeHa UX aHTUXONMHACTepas-
Has 1 aHTMbaKkTepuanbHas akTUBHOCTb. YCTaHOBIEHO, YTO BCE UCMbITYEMble COEAMHEHUS MPOsiB-
NAOT MHIMOMpYIOLLME CBOMCTBA Kak MO OTHOLUEHMIO K aLeTUnXonuHacTepase, Tak U By TMpUNXonuH-

acTepase, a Takke obnagalT aHTubakTepuanbHoON akTUBHOCTbIO.

Tabn. 2, 61Mbn. ccblnok 8.

Panee HamMu OBIAO ITOKA3aHO, YTO 3-aIlleTUA-4-METUA-5,5-TIeHTaMeTUAeH-
dypan-2(5H)-ou (1) B BopHOM pactBope KOH npu KOMHATHOM TeMIleparype
B TeueHUe 48 u, BONPEeKM AUTEPATyPHBIM AQHHEIM [1], oOpa3yeT HOBYIO TpHU-
IIMKAWYECKYI0 KOHAEHCHUPOBAHHYIO TeTepPOIMKANYECKYyIO0 cucreMy — 4a,8-
AUMeTuA-3H,5H-61c-ciupo[IIUKAOreKcaH-4a,5-Auruapon3o6eH3odypo[S,6-
c|dypaul-1,7-(3H,4H)-pmoH (2) [2].
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B mpeacTaBaeHHOM paboOTe M3yYEHO BAMSHHE IIPUPOABI OCHOBAHUA M
TeMIIepaTyphl IPOBEACHUT peakKlMU Ha BBIXOA OOpPa3yIOIIerocss coepANHEeHUs
2. B KauecTBe OCHOBAHUYU HUCIIOAB30BAHBI TMAPOKCHUA HATPHUS, ITOTAIIl, arjeTaT
HATpUd, a TeMIlepaTypa IIPOBEAEHUsI peaklMi BapbHUpPOBAaAacCh B IPEAEAAX OT
40 po 100°C (Taba.l1).

Tabnuya 1

BausiHue pPUPOabI OCHOBAHUS M TEMIIEPATYPHI MPOBEIEHUsT PeaAKIUI
Ha BbIX0] 4a,8-mumerni-3H,5H-onc-cnimpo[ maksiorekcan-4a,5-
auruapou3odensodypo[5,6-c]pypanl-1,7-(3H,4H)-nuona

OcHoBaHnue T, °C | Bexop, % OcHoBaHue T,°C Brxop, %
KOH 20 45 KOH 40 45.8
NaOH 20 61 KOH 60 58.4
K,COg3 20 5.6 KOH 80 46.1

CH3COONa 20 0 KOH 100 42.7

— — — NaOH 60 67.7

AaHHBIe TaOA. 1 MOKA3BIBAIOT, YTO HAWAYYIIIME PE3YABTATHl HAOAIOAQIOT-
Cs1 TIPU HUCIIOAB30BaHUM B KaueCTBe OCHOBAHUSI TMAPOKCHAA HATPHUS IIPU TEM-
nepaType npoBepeHUs peaknum 60°C.

HaMu m3ydeHO Tak>XKe BAUSHUE AAUTEABHOCTH IIPOBEAEHUS PeaKIUU Ha
BBIXOA CoepAnHeHUsT 2. BpeMst mpoBeAeHUsT peaKIIni BapbUPOBAAOCH B ITpeAe-
Aax oT 1 po 10 u. 3a xopoM peakumu crepuau Meropom TCX. MccaepoBaHus
ITOKa3aAu, 4To oOpa3oBaHWEe COEAWHEHUST 2 HAaYMHAeTCs IIOCAe 3-9acOBOTO
HarpeBaHMd, a ero BBIXOA AOCTHTaeT CBOEro MaKCUMAABLHOTO 3HAUEHUSI —
67.7%, mocae 9-yacoBoro HarpeBaHusA. CAepyeT OTMETUTh, YTO IIPHU Harpesa-
HUW PEeaKIMOHHOU cMecu B TeueHme 10 u BBIXOA COeAMHEHUs 2 TTOHMKaeTCs.

TakuM oOpa3oM, HaMH HaWAEHBI ONTHMAaAbHBIE YCAOBUSI AASI CHUHTEe3a
COeAVHEHUsT 2 — 3TO IpUMEeHeHWe B KaueCTBe OCHOBAHUS TMAPOKCHAA HAT-
pHUs U HarpeBaHUe peaKIMOHHON cMecu npu 60°C B TeueHue 9 u.

W3BecTHO, uTO HabAIOAAEMBIN TTpU OOAe3HU AAbLTeliMepa AePUITUT alle-
TUAXOAWHA CBS3aH C BBICOKOUW aKTUBHOCTBIO XOAMHACTepas [3]. [Ipumense-
MBIe TIpU 3TOM OOAe3HHU IpemnapaThbl B OCHOBHOM SBASIIOTCS WHTHOUTOpaMU
aIleTUAXOAMHACTEPa3bl (AX3). Mexay TeMm, OyTupuAaxoAnHscTepasa (byX3),
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IIOMHUMO BBICOKOMW aKTHBHOCTU, TaK’Ke CIIOCOOCTBYeT HaKOIIAeHHIO [-aMu-
AOMAHOTO 6eAKa B OpraHu3Me, UTO XapaKTepHO AAT O0oAe3HU AAbITreidMepa.
Hcxopss U3 CKa3aHHOI'O OUYEBHAHO, UTO CO3AaHME CEeAeKTUBHBIX BbyX3 mHru-
OUTOPOB SIBASIETCS Ba’KHOU 3apavyel.

M3BecTHO TakyKe, UTO AAKTOHCOAEP Kallue COeAMHEeHUs 0OAaAQIOT aHTH-
XOAWHACTEPA3HOM aKTHUBHOCTBHIO [4]. C ApPyroM CTOPOHBI, IpUMEHsSeMble B
MeAWIIMHEe HEeKOTOphle aHTUXOAMHICTEepasHble mperapaThl — 3TO IMUPUAWH-
copeprkaliye 4YeTBepTUYHbIe aMMOHHEBBIE COAHM, B YACTHOCTH, IIpUMEHse-
MBI B MEAUIIMHE IIpPenapaT MUPUAOCTUTMUH — HMOAMETHAAQT 1-MeTUA-3-(Au-
MEeTUAKapOaMOUAOKCH ) TUPUAMHA [5].

Hcxopst U3 BBIIIECKA3aHHOTO U C IIEABI0 COYETaHMS ABYX OMOAOTHMYECKU
AKTHUBHBIX CTPYKTYPHBIX €AMHUI] (AaKTOHHOG 1 IIMPUAWHOBOE KOABH&) HaMH
3a CYET aAAMABHBIX BOAOPOAOB B IIOAOKEHUU 8 COEAMHEHUS 2 OCYIIeCTBAEHA
peaknusa KuHra [6] ¢ HEKOTOPBIMHM a30TCOAEPFKAIUMU TeTePOIIUKAAMU (IIU-
puAuH, 2,3-AYyTHUAWH, XMHOAMH). Peakiiusa IpoOBOAMAACH B YCAOBUAX KHIITYe-
HUA COepAVMHEHUA 2c AECATUKPATHBIM N30BLITKOM COOTBETCTBYIOIIIEIrO aMKWHA
1 MOAOM B aOCOAIOTHOM 3TaHOAe B TeueHme 14 u. [To pAaHHBIM (PU3UKO-XUMU-
YEeCKUX MCCAEAOBAHUU YCTAHOBAEHO, UTO B PE3yABTaTe peaknumu oO6pasyioTcs
COOTBETCTBYIOIINE YeTBEPTUYHbBIE daMMOHHUEBBIE COAU 3a-B.

CH,N'R; T
o]

+ L

NR; = N \> 3a, N \l> 36, NN s
HsC CH,

CTpoeHHe IOAYYEHHBIX COAEU 3a-B TIOATBEP)KAEHO AaHHBIMH K- n
SAMP 'H cnekTpoB, uncToTra nposepeHa MeroaoM TCX, cocTaB — 3AEMeHT-
HBIM @HAAU30M.

V3ydyeHa aHTUXOAMHICTEPA3HAsd M aHTHOAKTepUaAbHAsl aKTUBHOCTBL COe-
MAUHEeHUU 3a-B. AHTUXOAMHACTEpPa3Has aKTMBHOCTH M3ydeHa 10 OTHOIIEeHUIO
K AX3D u BYXD, BBIAGAEHHBIX M OUMIIEHHBIX U3 3PUTPOLUTOB U IAA3MBI
KPOBU UeAOBeKa. AKTMBHOCTb XOAWHA3CTepa3 M3MepeHa II0 MeToAy OAbMaHa
[#]. KoandecTBeHHasl olleHKa aKTMBHOCTHU IIPOBEAE€HA C IIOMOIIbIO 3HAUYEeHUH
IC50 (KOHIIEeHTpAIMS UCCAEAYEMOIO COEAMHEHMs, NPU KOTOPOM IIPOUCXOAUT
50% TopMOIKeHUe CKOPOCTU XOAWHACTEPA3HOI'O THAPOAM3A).
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AnTnbakTeprarbHasi aKTUBHOCTDH M3ydeHa II0 OTHOUIEHHUIO K TPaMIIOAO-
SKUTEABHBIM CTa(PUAOKOKKAM M I'PaMOTPHUIIATEABHBIM IIarodykaM. MccaepoBa-
HHS IIPOBOAUAUCEH 110 MeToAUKe [8]. YueT pe3yAbTaToB IIPOBEAEH IIO AMaMeT-
Py (d, mm) 30HBI OTCYTCTBHSI POCTa MUKPOOOB Ha MeCTe HaHEeCEHUS BEIlleCTB.
B kauecTBe TOAOKUTEABHOI'O KOHTPOASI MCIOAB30BAaH AEKAPCTBEHHBIM IIpe-
napar (ypasorupOH.

Pe3yabTaThl MCCAEAOBaHUS OHMOAOTUYECKOM aKTUBHOCTU COEANMHEHUHU
3a-B IpUBEAEHEL B TaOA. 2.

Tabnuya 2

AHTHXOJMHICTEPA3HASI U AHTHOAKTEPUAJILHAS AKTUBHOCTD COe/IuHeHuil 3a-B

JAaHHBIEe UCCAEAOBAHUS JaHHbIe NCCAeAOBAHUS
AQHTUXOAWH3CTEPA3HOU aKTUBHOCTU QHTUOAKTEPUAABHOM aKTUBHOCTU
AMaMeTp 30HBI YTHETeHHS POCTa MUKPO-
ICsy, ICs0, 60B, mm (d)
coe- MM ByX9 A/B | Stafylococcus aureus Sh. .
. | E. Coli
AvHeHne | AXO (B) 200 p 1 Flexneri 0-55
(A) 6858
3a 0.036 0.041 0.87 25 24 24 22
36 0.031 0.047 0.66 16 13 15 16
3B 0.037 0.012 3.08 16 13 14 13
(ypaso- | _ —~ —~ 25 24 24 23
AUAOH

Kax BUAHO U3 AQHHBIX TaOA. 2, BCe UCIBITyeMble COEAUHEHUS IIPOSIB-
AGIOT WHTHOMPYIOIINE CBOMCTBA Kak IO OTHolIeHHio K AX3, Tak u ByXDO.
[Mpu 3TOM, ecAu M3MeHeHHe B MOAEKYA€ UCIBITYyeMOI'O COeAVHEHUS YeTBep-
TUYHON aMMOHUEBOM CTPYKTYPHOM €AWHUIIBI He BAMSET Ha aKTHUBHOCTH IIO
oTHOIIeHUI0 K AXD, TO Iepexop OT NMUPUAMHUEBHIX corelr 3a,0 K XUHOAU-
HHUEBOU COAM 3B COIIPOBOYKAQETCS YBeANMUYeHHeM aKTUBHOCTU IO OTHOIIEHUIO
K ByX3. Kpome Toro, u3 BeAWYMHBI COOTHOIIeHUsI A/B, cCBUAETEABCTBYIOIIE-
ro O CHenu(UYHOCTU II0 OTHOIIEHUIO K XOAMHACTepas3aM, CAEAYeT, YTO eCAU
NUPUAUHUEBBIE COAM 22,0 CHeIllu(PUUHEI II0 OTHOIIEeHNIO K AX3, TO XUHOAU-
HueBas coab 3B — K BbyXO. CaepyeT OTMETHTh, UTO aKTUBHOCTb COEAMHEHUS
38 B 10 pa3 mpeBOCXOAUT aKTUBHOCTb ITPUMEHSIEMOTO B MEAUITUHE Ipelapa-
Ta mupupocTurMuHa, 1Gso kKoTroporo no otHomenuto K byX3 pasza 0.1uM [5].

AaHHble aHTUOAKTEepPHUaAbHBIX HCCAEAOBAHUMN cOoepuMHeHUl 3a-B, IIpuUBe-
AeHHEBIe B TaOA. 2, CBUAETEALCTBYIOT O TOM, UTO BCe OHM OOAAAAIOT aHTUOaK-
TEepUaABHLIMU CBOMCTBaMU. [Ipu 3TOM, B OTAMYME OT aHTUXOAWHACTEPA3HOMU
aKTMBHOCTH, CaMyIO BBICOKYIO aHTHOaKTepUaAbHYIO aKTMBHOCTh, PaBHYIO aK-
TUBHOCTH IIOAOKUTEABHOTO KOHTPOABHOTO IIpemnapara (ypa3OAMAOHAQ,
MIPOSIBASIET TTUPUAWHUEBAST COAB 3a.
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3KCI’[epI/IMeHTaJ'[LHaﬂ qacTb

HK-creKTpbl 3aperucTpupoBaHbl Ha crekTpoMeTrpe “Nicollet Avatar 330
— FI-IR" B BazeanHoBOM MacAe. Crektpol SIMP 'H moaydeHbI Ha CIIEKTpPO-
MeTpe "“Varian Mercury-300" c¢ pabouen wacrorou 300 MIy B DMSO-dg.
KOHTpOAB 3a XOAOM peakIuy U YUCTOTOU IOAYYEHHBIX COEAMHEHUHN IIPOBe-
AeH Ha maactmHkax “Silufol UV-254", satoeHT — sTaHOA-OeH30A (1:2), aTa-
HOA-TeKcaH (2:1), anleToH-O0eH30A (1:4), IpoOsIBA€HHME — ITapaMu UOAQ.

4a,8-Inmetnin-3H,5H-6uc-cnupo[ MUKI0reKcaH-4a,5-muruapon3ooen3ody-
po[5,6-c]dypau]-1,7-(3H,4H)-muon (2). K pactBopy 0.02 mors NaOH B 15 mx BO-
ABL (1.45M) npu nepeMmemmBanuu npudaBAgioT 0.02 mona 3-aneTuA-4-MeTHUA-
5,5-tenramernneHdypaH-2(5H)-oHa (1). PeaknuoHHyIO CcMech KUIATAT 9 u
npu 60°C. OcapOK OT(MUABTPOBBIBAIOT, IIPOMBIBAIOT BOAOMW, AWITHUAOBBIM
3UpPOM U TEPEKPUCTAAAUIOBBIBAIOT M3 CMEeCU alleToH-Bopa (1:4). Brixop
67.7%, T. mA. 207-208°C. R 0.75 (amjeTon-0eH30A = 1:4).

OOumii MeToa cuaTe3a HoauaoB 4a-meruia-8-ammonunitmerun-3H,5H-ouc-cnm-
po[uuknorekcan-4a,5-quruapousodenzodypo[5,6-clpypanl-1,7-(3H,4H)-nnona
(3a-B). Cmech 0.0014 mons viopa, 0.0014 mons 4a,8-pammerun-3H,5H-6uc-cru-
po[umrAOrekcaH-4a,5-Auruppou3o6en3odypol[d,6-cldypan]-1,7-(3H,4H)-amo-
Ha (2) 1 0.014 mons coorBercTByIOmero ammua B 20 Mz aBCOAIOTHOTO 3TaHOAA
KUNATAT Ha BOASAHOM OaHe 14 u. loche OTTOHKU PaCTBOPUTEAST U U3OBITOU-
HOTO aMHWHAa OCTATOK IPOMBIBAIOT OEH30A0M, AUATHUAOBHIM 3(pUpOM m mepe-
KPUCTAAAM30BBLIBAIOT M3 3TAHOAAQ.

Homun  4a-merun-8-nupumunniiverna-3H,5H-6uc-cnupo[ nukIorexcan-4a,5-
auruapousodenszodypo[s,6-clpypanl-1,7-(3H,4H)-nuona (3a). Brixop 82%, T.mA.
218-221°C. Re 0.77 (sranon-rekcan = 2:1). MK-crektp, v, ev’’: 1400 ((CHy)s-C-
O-), 1612 (C=C nakT.), 1620 (C=C-CH,), 1750 (C=0 ad.), 2640-2720 (C-
NT). Cnekrp AMP 'H (DMSO-dg), §, m.a.: 1.30 ¢ (3 H, CHj3), 1.43-1.80 m (20
H, 2xCe¢Huw), 1.94 a (1 H, CH,), 2.19 a (1 H, CH,), 2.0 c (2 H, CH;,N), 8.22-
9.06 M (5 Hpyupuaun). Haidipewmo, %: 1 22.75. Co7HzpO4NI. Borumcaeno, %: 1
22.60.

Momun 4a-meTna-8-(2,3-aumerua)nupuauaunitmerus-3H,5H-6uc-cnupo[ HuKJI10-
rekcan-4a,5-quruapousoéensodypo[5,6-c|dypanl]-1,7-(3H,4H)-quona (36). Brixop,
89.7%, T.mA. 188-190°C. R¢0.16 (aranon-6enson = 1:2). IK-cnexktp, v, ent: 1420
((CH,)5-C-0O-), 1610 (C=C naaxkr.), 1620 (C=C-CH,), 1755 (C=0 ad.), 2600-
2750 (C-N71). Cnektp IMP 'H (DMSO-dg), §, m.a.: 1.31 ¢ (3 H, CH3), 1.44-
1.82 m (20 H, 2 x GsH1o), 1.96 a (1 H, CH,), 2.12 ¢ (2H, CH,-N) 2.20 a (1 H,
CHy), 2,34 ¢ (3 H, B-CH3 ryrup ) 291 ¢ B3 H, -CH3 ryrup): 7.97-8.95 M (3H,y.
). Havipaeno, % : I 21.65. CogH3zsO4NI. Berurcaeno, %: I 21.53.

Momun 4a-metn-8-xunoaunuiimeTwii-3H,5H-ouc-cniupo[ uukiorekcan-4a,5-um-
ruaponsodensodypo[5,6-c]pypan]-1,7-(3H,4H)-nuona (3B). Berxop, 86%, T.mA. 258-
260°C. R; 0.19 (sraHOA-Genzon = 1:2). MK-cmekTp, v, cm™: 1415 ((CHy)s-C-
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0O-), 1615 (C=C naaxrt.), 1625 (C=C-CH,), 1750 (C=0 ad.), 2620-2770 (C-
NT). Cnekrp AMP 'H (DMSO-dg), §, m.a.: 1.32 ¢ (3 H, CHj3), 1.43-1.84 M (20
H, 2xCsH1o), 1.92 A (1 H, CHy), 2.18 A (1 H, CH,), 2.20 ¢ (2H, CH,-N), 8.10-
9.12 M (FHxuuon.). Hatineno, %: I 20.97. C3H3,0O4NI. Brraricaeno, %: I 20.75.

4a,8-%hUGE-PL-3H,5H-AhU-UNPL O [ShULNNGLUUT L-4a,5-
HPNPELOP2NLELANDAFLA[S,6-c]DAFMTL]-1,7-3H,4H)-HPALP ATQUSP
arac 20eeNMI3EL TUALPAFUTUESPEL TGP UPLEEAL BULLATLS
YELUEATLULTL WUSPIOAFE3AFLL

L. Iu. - ULUS3U, 4. U. TLEShU3UL, Q. 1. NULBA3UL U UL O. 3-NPNFI3UL

Upulpfley b5 42,8-nfpullefFpy-3H, 5 H-pru-uppn| gflyn S bpumt-42,5-q il frpprfagnpblsgn-
Prepn[5,6-c]Prpuii]-1,7-(3H,4H)-ppnbf ufiufdhgf oupmfufuy wpuydubiibp b Sy po-
quiyfy fpus Yftsnfs nbulygpuym] upif@lgfly b dfy pupp gnppapguyfl wdabpndugfb wghp:
Neuncdlsppofly & fbpdpbibilppu Sulyusfonypsbufdlpoquypl wlpnfufncfdyncy Lppapngp-
wuyfts: Wlb-p b wypwgiduyfps: Raclob-fp Quibiphoy: Qo &gy wmusgefusd wspymliplilipf,
uplfFlqifumd paypnp dpugacfdymibpp googupbpnod by wpgbpolfy Qamlnddpncibby flig-
wib Ulil-p, syl by Rrclib-fp Sl : Newncdbusfipnfby § Sl afbyf@hgmd wbph
Surlpspulynbipfusy wlpnpfmfFyncip b wpupgly 5 np bpubp prynpl odunfmd i Qusljuspul-
wnbipfusy wilpnfufnfdyudp flgubu qpudipulul ompfyelplibpp, wbsbe b qpodpago-
ul.u[ll.ufl Zmuuﬁlb[l[l fll[uluufuuflz.'

SYNTHESIS AND BIOLOGICAL ACTIVITY OF SOME QUATERNARY
AMMONIUM SALTS ON THE BASIS OF 4a,8-DIMETHY L-3H,5H-BIS-
SPIRO[CYCLOHEXANE-4a,5-DIHY DROISOBENZOFURO|5,6-cJFURAN]-
1,7-(3H,4H)-DIONE

L. Kh. GALSTYAN? K. S. AVETISYAN? Z. G. HALEBYAN® and V. O. TOPUZYAN"

a Yerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia
E-mail: galstyan_ l@ysu.am
b The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
A.L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia

The optimal conditions were worked out for the synthesis of 4a,8-dimethyl-3H,5H-
bis-spiro[cyclohexane-4a,5-dihydroisobenzofuro[5,6-c]furan]-1,7-(3H,4H)-dione, on the
basis of wich some quaternary ammonium salts were synthesized by King's reaction.

The anticholinesterase activity of the synthesized salts in relation to erythrocytic
acetylcholinesterase (AChE) and plasmic butyrylcholinesterase (BuChg) was studied.
According to the obtained data, all of the synthesized compounds show inhibitory
properties in relation to both AChE and BuChE.

The antibacterial activity of the synthesized salts was also studied and it was found
that all of them showed antibacterial activity in relation to both gram positive
staphylococci and gram negative strains.
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CHHTE3 NPOU3BOIHBIX 5-([1,3,5]-TPUASUHUJITHOATKII)-
[1,3,4]-OKCAJIMA30JI-3H-2-THOHOB

3. H. AMBAPILYMSIHY, A. C. BOPCKAHSIHY, A. A. TPUTOPSIH? ut A. 1. EH['OSIH'?

IHanuroHaAbHBINM arpapHBIN YHUBEPCUTET ApMEHUN
Apwmenusg, 0009, EpeBan, yr. Tepsana, 74
2rOVY BIIO Poccuiicko-ApmsiHcKuii (CAaBSHCKUN) YHUBEPCUTET
Apwmenunsg, 0051, EpeBas, ya. O.OMuHa, 123
E-mail: ayengoyan(@)mail.ru

INoctynmuao 30 VI 2015

Bsanmopgeinctevem rugpasvgoB  4,6-ankun(guankun)amuHo-[1,3,5]-TpuasnH-2-un-tmoarnkaH-
KapBOHOBBIX KUCINOT C CEpoyrnepoaoM B NPUCYTCTBUM €A4KOro Kanu cuHTesmpoBaHbl 5-(((4,6-an-
kun(guankun)amuHo-[1,3,5]-TpuasuH-2-un)tmo)ankun)-[1,3,4]-okcagmason-3H-2-TuoHsl.  [MocnegHune
[OeNCTBMEM eKOro Kanu nepeBefeHbl B COOTBETCTBYIOLME CONU TUOMOB, obpa3syloLune ¢ ankunra-
noreHngamMm CooTBETCTBYOLME 2-S-ankunnpoussogHble. BaaumoaencTanem Tex xe TMOHOB C 2,4-
OMXNOp-6-MeTUNMUPUMUANHOM MOMYyYeHbl HEKOHOAEHCUPOBaHHbIE TPULMKNINYeckne 2-(2-xrnop-6-me-
TUNNUPUMUANH-4-UN)TUONPON3BOAHbIE. Peakumen e UCXogHbIX rTMApasuaoB ¢ MOHOXITOPYKCYCHOW
KUCMOTOM MonyyeHbl 2-((xnopmeTun)Ttno)-5-(((4,6-anankunamuyo-[1,3,5]-TpnasuH-2-un)Tmo)meTun)-
[1,3,4]-okcagnasonsl.

Bn6n. cebinok 12.

3aMemieHHble [1,3,5]-Tpra3uHbl NPUMEHSIOTCSI B CEABCKOM XO3SNUCTBE
TA@BHBEIM 00pa3oM B KauecTBe repOUIUAOB. [Ipon3BoaHBIEe MITHUYAEHHBIX Te-
TEPOIUKANYECKUX COEAVHEHHUU (OKCapMasoAa, THapHual3oaa M Ap.) 6onee ak-
TUBHBI II0 OTHOILIEHUIO K PACTEHUIM, YeM K HaCEKOMBIM U KAelllaM, BCAEACT-
BHU€ Yero OHM HCIIOAB3VIOTCSI B KaueCTBe IepOHIMAOB, (DYHTUIIMAOB U PETy-
ASTOPOB pocTa pacTeHui [1,2]. ApceHan IpUMeHSEMBIX B CEABCKOM XO-
3491CTBEe XUMUYECKUX CPEACTB 3alllUThl pacTeHul Ha ocHoBe [1,3,4]-oKcapna-
30Aa AOBOABHO OIpaHMuYeH. V3 KX 4YuchAa MOJKHO BBIAGAUTH CEAEKTHUBHBIN
repOUIUAHBIN TpemnapaT (3,4-AuxAopdeHuA)-4-MeTuA-[1,3,4]-0Kca30AuANH-
2,5-AVI0H (MeTa30A-2), repOUIUABI AMMedYPOH, OKCAaAMapruA, OKCaAMa30H M
WHCEKTULIMA MeTOKCapras3oH [2]. MeXAy TeM, 3HaUUTEABHBINM WHTepeC MOLYT
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MIPEACTaBASTh NMPAaKTUUECKU He MCCAEAOBAHHBIE T'e€TEPOIMKAMYECKHE CHUCTe-
MBI C coyeTaHUeM B MoAekyAaax [1,3,4]-okcapuazoabHoro u [1,3,5]-TprasnHo-
BOTO ITUKAOB, II0 OTHOIIEHUIO K KOTOPBIM CO CTOPOHBI BpeAUTEAeU U OOoAes-
Hel pacTeHUH ellle He BO3HUKAA PE3UCTEHTHOCTS.

I/ICXOAFI N3 CKA3aHHOI'O B IIOMCKAX HOBBIX (bH3HOAOI‘H‘IeCKH AKTUBHBIX
COeAVHEHUM HaMU OCYIIIECTBAEHO B3aWMOAEUCTBHE paHee MOAYYEHHBIX THA-
pPasupoB 4,6-0MC-aAKUA(AMAAKUA)aMUHO-[1,3,5]-Tpuasuf-2-uATnoarKaHKapoo-
HOBBEIX KHUCAOT (1) [3] ¢ cepoyraepopOM B IIeAOYHOM cpepe. B amTepartype
OIUCAHBI PEAKITUU TUAPA3UAOB PA3AMYHBIX KaPOOHOBBIX KUCAOT C CEPOYTAE-
POAOM B II[EAOUYHOM CpeAe, NIPHUBOASIINE K 0Opa30BaHUIO MepKaIlTOOKCaANa-
30A0B [4-9].

MHOroOYMCA€HHBIMU OIBITAMU HaMU IIOKA3aHO, YTO PeaKIUU YKAa3dHHBbIX
THAPA3HUAOB C CEPOYTAEPOAOM IIPOTEKAIOT HAWAYYITMM 00pa3oM B cpepe ab-
COAIOTHOTO 3TaHOAA B TPUCYTCTBUU EAKOTO KAaAW B YCAOBUSAX KUITSTYEHUS
pearenToB B cooTHomeHuu 1:1:2 (rmppaszup:KOH:CS,) B TeueHme 5-6 u p0
npekpaileHus BweipereHuda H)S. Tlpu sTtom mnoayuarotca S-(((4,6-Omc-an-
KHUA(AMAAKMA)aMUHO-[1,3,5]-Tpua3uH-2-un)Tio)arkua)-[1,3,4]-okcapmnason-3H-
2-TUOHHI (2).

R R R
NHNH N N
S)ﬁr 2 S)\r/ \NH , S)\(/ ‘N
A0 S ro8 A o~ R A 0~
I\]l N CZHSOH ﬂ\ll\ jI\ S j\Il\ j\l\ SR3
RIJ\N/)\RZ RITNT OR2 RITNTOR?
1 2 3a-m

R =H, CH;; Ry =N(CHy),, i-C4HoNH, mopdommi; R, = N(CH3),, Mopdomui;
R; = CH;, CH,CONH,, CH,COOCH;

CoepvHeHUSI 2 MOI'YT CyLeCTBOBATh B THOHHOM HAM THOABHOM TayTo-
MepHBIX dopmax. B psae Hamux paHHUX pPadbOT OBIAO TTOKA3aHo, YTO 3THU
COeAUHEHHS TaK JKe, KaK U cooTBeTcTBylomue 1,3,4-Thapra3oAbHBIE IIPOU3-
BOAHBIE, UMEIOT THOHHYIO CTPYKTYypy [10-12]. B cnekrpax AMP 'H coeaune-
HUM 2 XUMWYECKUU CABUT TIOABUKHOTO IPOTOHA OKCAAMA30ABHOTO ITUKAA
HabAIOAQeTCSI B CAAOOIIOABHOM oOaactm 12.75-14.25 M.A., 4TO MOYKET COOT-
BETCTBOBaTb TOABKO IIpoToHYy NH rpynns.

C 11eABI0 pacIIUpeHUsi aCCOPTUMEHTa HOBBIX 3(P(PeKTUBHBLIX MPernapaToB
B PsIAY OKCAAMAa30ABHBIX ITPOM3BOAHBIX HaMM U3 TPHA3WHUAOKCAAMA30A-2-
THOHOB B IIIEAOYHOU CpeAe IOAYUEHBI COOTBETCTBYIOIINE COAM, 0Opa3yloIue
C Pa3AWYHBIMU aAKUAVPYIOIIMMH areHTaMH S-aAKHAIIPOM3BOAHBIE OKCaAua-
30n0B 3a-m. OO0 3TOM CBUAETEALCTBYIOT XUMHYECKHE CABUIHM CUTHAaAOB BBO-
AMMBIX aAKUABHBIX TPYIIIL.

C [eAbl0 BBEAGHUSI B MOAEKYAY (PapMaKO(OPHOTO a3MHOBOTO IIMKAA
OCYIIIECTBAEHA PEaKIUs COAeH COEANMHEHUH 2 C 2,4-AUXAOP-6-MEeTUAIIUPUMU-
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AUHOM, TIPHUBOASAIIAS K COOTBETCTBYIOUIUM 2-(2-XA0pP-6-MeTUAIMPUMUANH-4-
UA)TUOIIPOM3BOAHBIM (3N,0).

R o R
e) NJ:N )\ro
i | =S A, j\ | )—s
N SN VTNH _— NSy NN MCH3
lel\ N/)\ R? lel\ Nél\ R? >’

OcyIIecTBAEHO Tak’kKe B3aUMOAEMCTBUE MCXOAHBIX TMAPa3upoB (1) ¢ mo-
HOXAOPYKCYCHOM Kucaoto¥ B npucyrctsum POCI;, nmpusoadinee K 2-((Xaop-
METHUA)THO)-5-(((4,6-0MC-aAKUA (AMaAKUA)aMUHO-[ 1,3,5]-TpuasmuH-2-un)Tuo) Me-
™A)-[1,3,4]-0okcapmazonam (4a,b).

NHNH, N
NN o) CICH,COOH N O\&
LA XL, e

POCl4
1 4a,b

[MTpu npeaBapUTEABHBIX AaOOPaTOPHO-BEreTallMOHHBIX UCIBITAHUSIX CHH-
Te3UPOBAHHbBIE COEAUHEHUS 2-4 MPOSBUAM SIPKO BBIpAKEHHOE CTUMYAUPYIO-
1mee AeNCTBUEe Ha POCT pacTeHur. M3 Hux Hanboree 3PpPEeKTUBHLIMUA OKa3a-
Auch coepmnenus 2b, 2c, 2f, 3f, 39, 3i u 3n, aKTUBHOCTH KOTOPBIX KoAebarach
B nHTepBanre 82-98% Mo CpaBHEHUIO C IIUPOKO NPUMEHSEMBIM reTepOayKCH-
HOM.

IKCIepUMEHTAIbHAA YaCTh

Cnektpsl SIMP 'H cusitel Ha nputGope “Mercury 300 MIy" B pacTBope
AMCO-dg + CCly (1:3). Macc-creKTpsl 3aperucTpUpOBaHbEl Ha CIIEKTPOMET-
pe "Agilent LC-MS G1946B". TCX mpoBeapeHa Ha maactmHkax Silufol UV-
254", »osa10eHT —  aneroH-rekcaH (1:2), mpogButear — cMech 2%
AgNO3+0.4% 6poMdperHoroBoro cuHero + 4% AUMOHOM KHUCAOTEHL.

Cunre3 coequnenuii 2. K 0.001 mona ruppasmpoB 4,6-aAKUA (AMAAKUA)aMU-
HO-[1,3,5]-Tpua3uH-2-uA-THOAAKAaHKapOOHOBBEIX KHUCAOT B 5 .z abc. 3TaHOAA
npubasagioT 0.001 moras KOH, pactBopenHoro B 3-4 mz abC. 3TaHOAAQ, 3aTeM
0.13 mn (0.002 mons) cepoyTaepopa U CMeCh KMIATAT B TeueHUe 5 y A0 IpeK-
pammenus BeipereHUsT H)S. YaansgioT 2/3 4acTH pacTBOPUTEAS, OCTATOK pacT-
BOPSIOT B 5-7 ma BopBI U NoAKUCASII0T CH3COOH. TloayueHHBIE KPHUCTAAABI

OKCAAMa30A0B 2 (PUABTPYIOT, IIPOMBIBAIOT BOAOM U CYIIIAT Ha BO3AYXE.
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5-(((4,6-6uc-Aumernnamuno-[1,3,5]-rpuazun-2-nn)ruo)merni)-[1,3,4]-okca-
aua3zoia-3H-2-tuon (2a). Boixop 87%, T.mA. 203-204°C. Hatiaeno, %: N 31.70; S
19.9. CgH5N;0S,. Beruucaeno, %: N 31.28; S 20.46. Cunexrp AMP H, §,
M.A.c 3,10 [c, 12H, N(CHg3)yl; 4,27 (c, 2H, SCHy); 13,0 (ur.c., 1H, NH-okcapua-
30A). MS: 314 (M +1).

5-(((4,6-omc-U3onpomunamuno-[1,3,5]-tpuasun-2-uia)tuo)merui)-[1,3,4]-okca-
auazon-3H-2-tuon (2b). Beixop, 88%, T.ma. 150-152°C. Hatipeno, %: N 28.91; S
18.32. CyoH19N;OS,. Breruncaeno, %: N 28.71; S 18.78. Cuektp SIAMP !H,
om.a.: 1,10-1,24 [m, 12H, (CHj)y-i-Pr]; 4,12 (M, 2H, CH-i-Pr): 4,27 (c, 2H,
SCHy); 12,75 (m1.c, 1H, NH-okcaapuazon).

5-(((4-Mopd osinno-6-uzody tunamuno-[1,3,5]-rpuazun-2-mwi) Tuo)MeTHII)-
[1,3,4]-oxcamuazon-3H-2-tuon (2¢). Beixop 90%, T.ma. 168-69°C. Cnektp AMP
'H, §, m.A., Ty: 0,9 [p J=6.9, 3H, (CHj3)o-i-Bu]; 1.87 (M, 1H, CH-i-Bu); 3.08
(M, 2H, NCH,-i-Bu); 3.55-3.80 (M, 8H, mopdoauna); 4.30 (¢, 2H, SCH»); 6.90 u
7.28 (1, J=15,8, 1H, NH-i-Bu); 14.12 (ym.c, 1H, NH-okcapnazoa). HariaeHo,%:
N 25.7#; S 16.30. C4H9N7O,S,. Beraucaeno, %: N 25.57; S 16.72.

5-(((4-Mopdoauno-6-numeruiamuno-[1,3,5]-Tpua3nH-2-uia) THo)MeTHI)-
[1,3,4]-oxcaguazon-3H-2-tuon (2d). Beixop, 95%, T.mA. 173-74°C. Hatiaeno, %: N
27.25; S 17.65. C19H3N704S,. Beruucaeno, %: N 27.60; S 18.02. Cnektp AMP
1H, §, m.a.: 3.08 [c, 6H, N(CHj3),]; 3.57-3.80 (M, 8H, mopdoaun); 4.28 (c, 2H,
SCH,); 14.15 (ymrc, 1H, NH).

5-(((4,6-6uc-Mopdoauno-[1,3,5]-rpuazun-2-un)ruo)merui)-[1,3,4]-okcagna-
301-3H-2-THoH (2¢). Bwrxop 78%, T.ma. 225-227°C. Hatipeno, %: N 24.28; S
16.93. C;4H;9N705S,. Boruucaeno, %: N 24.68; S 16.40. Cnekrp SIMP 'H, §,
M.A: 3.57-3.80 (M, 16H, mopdoaun); 4.29 (c, 2H, SCHy); 14,10 (yurc. 1H,
NH).

5-(1-((4,6-omc-Aumernmamuno-[1,3,5]-Tpuasun-2-uia)tio)stun)-[1,3,4]-okca-
aua3on-3H-2-tuon (2f). Berxop 80%, T.ma. 199-200°C. Hatwipeno, %: N 29.61; S
19.09. C;;H7N>0S,. Beruncaeno, %: N 29.94; S 19.59. Cnekrp SIMP H, §,
M.A., Ty 1.73 (a, J=6.8, CH3CHS); 3.10 [c, 12H, N(CHj)y4]; 5.18 (x, J=6,8,
SCH); 14.05 (ym.c, 1H, NH). MS: 328 (M +1).

5-(1-((4-9Ttnmamuno-6-uzonponuiamuto-[1,3,5]-TpuasuH-2-H1) THO)I THIT)-
[1,3,4]-okcaguazoa-3H-2-tuon (29). Beixoa 73%, T.mA. 159-160°C. Hatipeno, %:
N 28.42; S 18.54. C,HgN;0S,. Brrumcaeno, %: N 28.77; S 18.76. CuekTp
AMP H, §, m.a., Iy: 1.10-1.25 [M, 9H, (CHj),-i-Pr u NCH,CHs]; 1.75 (a,
J=6.8, CH3CHS); 4.05-4.20 (M, 2H, CH-i-Pr); 5,20 (M, 1H, SCH); 6.55-6.97
[2H, (NH),]; 12.45 (m.c, 1H, NH).

5-(1-((4,6-omc-U3onponuaamuno-[1,3,5]-rpuazun-2-ua)tuo)atui)-[1,3,4]-okca-
aua3on-3H-2-tuon (2h). Brixop 90%, T.mAa. 115-117°C. Hawmiaeno, %: N 27.83; S
17.79. C;3H,;N;0S,. Beruncaeno, %: N 27.59; S 18.02. Cunekrp SAMP H, §
M.A., Ty 1,10-1,22 [m, 12H, [CHj3)4-i-Pr]; 1.73 (A, J=6.8, CH3CHS); 4.10 (M,
2H, CH-i-Pr); 5,08 u 523 (M, 1H, SCH); 6.43, 6.52, 6.80 u 6.84 [a, J=6,8,
(NH)o-i-Pr]; 14.10 (ur.c, 1H NH).
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5-(1-((4-MeTunamuno-6-mopdoauno-[1,3,5]-rpuazun-2-wn)ruo)rrun)-[1,3,4]-
okcaguazoia-3H-2-tuon (2i). Brixop 85%, T.ma. 206-208°C. Hatipeno, %: N
27.25; S 18.65. C19H17N704S,. Brruucaeno, %: N 27.60; S 18.02. Cnektp AMP
H, § m.a., Iy: 1.75 (o, J=6.8, 3H, CH3CHS); 3.20 (A, J=5.7, 3H, NCHj);
3.60-3.80 (M, 8H, mopdoann); 523 (x, J=6.8, 1H, SCH); 7.22 u 7.38 (K,
J=5.7, 1H, NHCH3); 14.12 (ym.c, 1H, NH).

5-(1-((4,6-omc-Mopdoanno-[1,3,5]-Tpuazun-2-uwi)tno)dytnaa)-[1,3,4]-okcanua-
301-3H-2-tuon (2j ). Brixoa 89%, T.ma. 193-94°C. Hatipeno, %: N 23.55; S
15.57. Cy5H9N;O3S,. Beruucaeno, %: N 23.84; S 15.57. Cunekrtp SIMP 'H, §
m.A., Ty 1.73 (a, J=6.8, CH3CHS); 3.60-3.80 (M, 16H, mopdoaua); 5.26 (k,
J=6.8, 1H, SCH); 13.70 (ymr.c, 1H, NH).

Cunres coemnHennii 3a-e. K cycnensuu 0.38 2 (0.0055 mons) m3ameabdyeHHO-
ro epkoro kKaam B 10 mn cyxoro aneroHa npuOasBagioT 0.0055 mona coepnHe-
HUS 2 ¥ CMeCh IlepeMeNInBaloT MpHU KOMHATHOM TeMmrepaTrype 1-2 u. K moay-
YEeHHOM COAU TPU OXAAKAECHHU XOAOAHOU BoAOU mpubaBagioT 0.7 2 (0.0055
MOnA) AMMETHUACYABb(AaTa M cMecCh HarpeBaroT npu 45-50°C 6-7 u. YpaadioT
PacTBOPUTEAB, OCTAaTOK IIPOTUPAIOT BOAOM, IIOAYYEHHBIE KPHCTAAABI OT-
(PUABTPOBBIBAIOT U IIPOMBIBAIOT pa3d0aBAeHHBIM pacTBopoM KOH. I'TpoaAyKTEL
3a-e IepPEeKPUCTAAMU30BEIBAIOT U3 CMeCH alleToH-TekcaH (1:2).

2-(((4,6-6uc-Aumernaamuno-[1,3,5]-Tpuasun-2-mi) Tuo)MeTu)-5-(MeTHITHO)-
[1,3,4]-oxcamuazoa (3a). Beixop 80%, T.mmA. 120-122°C. Hatiaeno, %: N 29.62; S
18.95. C11H7N;0S,. Beruncaeno, %: N 29.94; S 19.59. Cnekrp SIMP H, §,
M.A.: 2.69 (¢, 3H, SCHj3); 3.10 [c, 12H, N(CHas)y4]; 4.42 (c, 3H, SCH,).

2-(((4-Mopdoauno-6-uzo0yruaamuno-[1,3,5]-tpua3zun-2-ua)Tuo)Mmerni)-5-
(metmaTuo)-[1,3,4]-oxcaanazon (3b). Buixoa 55%, T.mA. 102-104°C. Hatipero, %:
N 24.92; S 15.83. Cy5H3N70O,S,. Brrumcaeno, %: N 24.68; S 16.12. CmekTp
AMP H, §, m.a., Ty: 0.92 [a, J=6.9, 6H, (CH3),-i-Bu]; 1.87 (M, 1H, CH-i-Bu);
2.70 (c, 3H, SCHy); 3.12 (M, 2H, NCHy-i-Bu), 3.57-3.75 (M, 8H, Mopdoaua);
4.28 (c, 2H, SCHy); 6.80 u 7.18 (T, J=5.9, NH).
2-(((4,6-6uc-Mopgoauno-[1,3,5]-Tpuasun-2-ui) THo)MeTHIT)-5-(MeTHITHO)-
[1,3,4]-oxcaguazoa (3¢). Buixoa 60%, T.mA. 160-161°C. Hatiaeno, %: N 23.54; S
15.22. C;5H,N7O3S,. Beruncaeno, %: N 23.84; S 15.57. Cuektp AMP H, §,
M.A.: 2.72 (c, 3H, SCHj3); 3.60-3.76 (M, 16H, mopdoann); 4.25 (¢, 2H, SCH,).
2-(1-((4,6-omc-Tumerniamuno-[1,3,5]- TpuasuH-2-11) THO)ITHI)-5-(METHIITHO)-
[1,3,4]-oxcaguazon (3d). Beixoa 73%, T.ma. 105-107°C. Hatipeno, %: N 28.43; S
18.16. CoH;9N;OS,. Breruucaeno, %: N 28.73; S 18.78. Cunektp SIMP !H, §,
M.A., Ty: 1.76 (o, J=7.0, 3H, CH3CHS); 2.70 (¢, 3H, SCHj3); 3.10 [c, 12H,
N(CHjs)y]; 5.18 (x, J=7.0, SCH).
2-(1-((4,6-omc-Mopdoauno-[1,3,5]-TpuasnH-2-ua) THO)ITHI)-5-(METHITHO)-
[1,3,4]-oxcagnazon (3e). Beixop 85%, T.mA. 167-169°C. Hatipero, %: N 22.75; S
14.65. CgH23N703S,. Beruncaeno,%: N 23.05, S 15.05. Crnekrp SIMP !H, §,
m.A., Ty 1.75 (a, J=7.4, 3H, CHj3); 2.70 (c, 3H, SCHs); 3.57-3.78 (M, 16H,
Mopdoaua); 5.06 (x, J=7.4, 1H, CH). MS: 426 (M +1).
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Cunre3 coequnenuii 3f-m. K cycnensun 0.35 2 (0.0055 monst) u3aMeAbUeHHO-
ro eprkoro Kaau B 10 mz cyxoro areroHa npubasasioT 0.0055 mons coepune-
HHUS 2 ¥ CMech IlepeMelInBaloT IpH KOMHATHOM TeMiepaType 1-2 u. K moay-
YeHHOM COAM TIPU OXAAKAEHUU XOAOAHOM BoAOM mpubasBasitor 0.0055 mons
XAOpalleTaMUuA@ (MeTUAXAOpalleTaTa UAM 4-xaopOeH3uaxaropupa), 1 2 (0.0055
mons) Nal-2H,O u cMech HarpeBaroT npu 55-60°C B TeueHue 6-7 u. YAQASAIOT
PacTBOPUTEAB, OCTQTOK IIPOTUPAIOT BOAOM, IIOAYUYEHHBIE KPHCTAAABL OT-
(PUABTPOBBIBAIOT, MPOMBIBAIOT pa30aBAeHHBIM pacTBopoM KOH. Tlocae BBI-
CYIIHMBAaHUS IIEPEKPUCTAAAN3OBEIBAIOT U3 CMECH aleToH-rekcaH (1:2).

2-((5-(((4,6-omc-Aumernnamuno-[1,3,5]-Tpuazun-2-wi)tuo)merni)-[1,3,4]-ok-
caguazoi-2-wi)tuo)aneramua (3f). Boixop 71%, T.a. 165-167°C. HatipeHo, %:
N 30.72; S 17.85. C;oHgNgO,S,. Brruucaeno, %: N 30.27; S 17.29. Cnektp
SAMP H, §, m.a.: 3.10 [c, 12H, N(CHj3)4]; 3.97 (c, 2H, SCH,CO); 4.42 (c, 2H,
SCHy); 7.43 n 7.58 (ym1.c, 2H, NH,).

2-((5-(((4-A300yTHIAMHUHO-6-MOp douHo-[1,3,5]-TpHasuH-2-ni1) THO)METHII)-
[1,3,4]-oxcaguazon-2-ua)tuo)aueramua (3g). Beixop 55%, T.ma. 179-180°C. Hati-
AeHO, %: N 24.85; S 15.07. CgH94NgO3S,. Beruricaeno, %: N 25.45; S 14.54.
Cnekrp AMP 'H, 8§ wm.a., Iy 092 [ap J=6.9, 6H, (CHj).-i-Bu]; 1.87 (m,
1H,CH-i-Bu); 3.12 (M, 2H, NCHy-i-Bu); 3.57-3.75 (M, 8H, mopdoaun); 3.97 (c,
2H, SCH,CO); 4.28 (c, 2H, SCH,); 6.80 u 7.18 (T, J=5.9, 1H, NH); 743 u
7.58 (ymr.c, 2H, NH,).

2-((5-(((4- TumeTunamuno-6-mop poauno-[1,3,5]-TpuazuH-2-uia) THo)MeTHI)-
[1,3,4]-oxcanuazoa-2-ua)tuo)aueramun (3h). Boixoa 57%, T.ma. 168-170°C. Haii-
AeHOo, %: N 27.43; S 15.06. Cy4Hy9NgO3S,. Beiuucaeno, %: N 27.18; S 15.53.
Crnekrp AMP 'H, §, m.a.: 3.09 [c, 6H, N(CHj),]; 3.54-3.78 (M, 8H, MopdoAmA);
3.97 (c, 2H, SCH,CO); 4.25 (c, 2H, SCHy); 7.09 u 7.55 (ymr.c, 2H, NHy).

2-((5-(1-((4,6-6uc-Aumernaamuno-[1,3,5]-Tpuazun-2-un)ruo)3tui)-[1,3,4]-ok-
cagua3ona-2-uia)tuo)aueramusn (3i). Berxop 65%, T.ma. 158-159°C. Hatipeno, %: N
28.87; S 16.08. C;3Hy0NgO,S,. Boeruucaeno, %: N 29.16; S 16.66. Cnexktp AMP
'H, 8, m.A., Iy 1.75 (o, J=7.4, 3H, CHj); 3.10 [c, 12H, N(CHg),]; 3.97 (c, 2H,
SCH,CO); 5.06 (x, J=7.4, 1H, CH); 7.35 u 7.60 (y.ur.c. 2H, NH,).

2-((5-(1-((4,6-6uc-Mopdonuno-[1,3,5]-Tpuazun-2-ua)tuo)atui)-[1,3,4]-oxca-
auazon-2-un)ruo)aneramun (3j). Boixop 65%, T.mA. 187-188°C. Hatipeno, %: N
30.11; S 17.85. C173H94NgO4S,. Breruucaeno, %: N 30.43; S 17.39. Cnektp AMP
H, 8, m.a., Ty: 1.75 (A, J=7.3, 3H, CHjy); 3.57-3.78 (M, 16H, Mmopdoaua); 3.98
(c, 2H, SCH,CO); 5.07 (x, J=7.3, 1H, CH), 7.09 u 7.55 (yur.c, 2H, NH,).

Meruan  2-((5-(((4,6-6uc-numerniaamuno-[1,3,5]-tpuazun-2-wi)ruo)merna)-[ 1,3,
4]-oxcaguazon-2-uia)tuo)aunerat (3K). Berxopa 70%, T.mA. 87-88°C. Haiiaeno, %:
N 25.75; S 16.12. C3HgN7O3S,. Brruucaeno, %: N 24.45; S 16.61. Cnektp
AMP 'H, § m.a. 3.10 [c, 12H, N(CHj3)4]; 3.73 (¢, 3H, OCHjy); 4.08 (¢, 2H,
SCH,CO); 4.25 (c, 2H, SCH,).

Merua 2-((5-(((4,6-6uc-mumernnamuno-[1,3,5[-Tpuazun-2-wi)tuo)arun)-[1,3,4]-
oxcaanasoa-2-ua)ruo)anerat (31). Borxop 85%, T.ma. 109-110°C. Hatiaerno, %: N
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24.25; S 15.71. C14H51N303S,. Brruucaeno, %: N 24.56; S 16.04. Cnektp AMP
H, §, m.a., Ty 1.77 (A, J=7.3, 3H, CHg); 3.09 [c, 12H, N(CHa),]; 3.73 (¢, 3H,
OCHg3); 4.08 (¢, 2H, SCHy); 5.15 (x, J=7.3, 1H, CH).
2-((4-Xnop6en3nn)Tuo)-5-(((4,6-6uc-mmmernsiamuno-[1,3,5]-Tpuasun-2-

wi)tuo)metuia)-[1,3,4]-okcanquazona (3m). Beixop 64%, T.mmA. 140-142°C. Hatipe-
HO, %: N 2275, S 14.12. C3Hy9N7;OS,. Bwruucaeno, %: N 22.4; S 14.62.
Coektp IMP !H, §, m.a.: 3.09 [c, 12H, N(CHs)4]; 4.05 (c, 2H, SCH,); 4.25 (c,
2H, SCH;,Bz ); 7.18-7.32 (M, 5H, CgHy).

Cunre3 coemmrennii 3n,0. K 0.002 mons KaameBOM COAM COepAMHEHUs 2 (Io-
ayugenHoro u3 0.002 mons coepunenusi 2 u 0.002 mors KOH B 3-4 mn BOABI C
TIOCAEAYIOIIVM BBICYIIMBAaHMEM Ha BOASHOM 6aHe) B 5-6 mir AM®DA mpubas-
Aq1oT 0.0025 mons 2,6-AuXAOpP-4-MeTUA-1,3-TMPUMUAUHA U CMeCh HarpeBaroT
npu 60-65°C B TeueHUue 6-7 u. YAAASIOT PaCTBOPUTEAB, OCTATOK OOpabaThI-
BAlOT BOAOM, OT(UABTPOBBEIBAIOT, IIPOMBIBAIOT pPa30aBAEHHBEIM pPaCTBOPOM
KOH wu nocae BeICyIIWBaHUSA 00pPaOATHIBAIOT F€KCAHOM.

2-((2-Xnop-6-meTmimupumuanHa-4-ui)tuo)-5-(((4,6-ouc-mumMeTHIIaMUHO-
[1,3,5]-Tpuasun-2-uia)tuo)merni)-[1,3,4]-okcaguazon (3n). Beixop 68%, T.mA. 152-
153°C. Hatipeno, %: N 28.27, S 14.19. C;5H;gCINgOS,. Brruucaeno, %: N
28.65; S 14.56. Cnekrp AMP 'H, §, m.a.: 2.43 (¢, 3H, CHj-nupumuams); 3.09
[c, 12H, N(CHsj)y]; 4.55 (c, 2H, SCH,); 7.32 (c, 1H, CH-nupumupus). MS:
440 m 442 M +1).

2-((2-Xnop-6-merminmupumuanH-4-un)ruo)-5-(((4,6-ouc-mopdoauno-[1,3,5]-
TpuazuH-2-uin)ruo)mermi)-[1,3,4]-oxcaauason (30). Beixop 60%, T.mA. 179-180°C.
Hatipeno, %: N 24.39; S 11.79. C1gH2,CINgO3S,. Brruucaeno, %: N 24.06; S
12.22. Cnekrp SIMP 'H, §, m.a.: 2.42 (¢, 3H, CHj); 3.58-3.75 (M, 16H, Mmopdo-
amn); 4,55 (¢, 2H, SCHy); 7,32 (¢, 1H, CH-nupumMupus).

Cunres coequnennii 4a,b. Cmecn 0.005 mona coepaurenua 1 u 0.0053 Moas
MOHOXAODPYKCYCHOM KUCAOTHI B 2.5 M1 POCl3 Harpesator npu 40-50°C, 3aTem
npu 70-80°C B TedeHme 5-6 u. CMech HAAWBAIOT HA Ae), HEUTPAAUIYIOT
NapCO3 1 moAydeHHBIe KPUCTAAABI OT(UABTPOBBIBAIOT.

2-((Xaopmerna)Tuo)-5-(((4,6-ouc-aumerniamuno-[1,3,5]-Tpuasuu-2-
wi)tuo)Merua)-[1,3,4]-okcaguaszon (4a). Boixoa 73%, T.ma. 110-112°C. HatiaeHo,
%: N 29.35; Cl 10.28. C;;H{zCIN;OS. Brrumcaeno, %: N 29.74; Cl 10.77.
CnekTp SAMP 14, §, m.a: 3.10 [c, 12H, N(CHj)y4]; 4.48 (c, 2H, SCH,); 4.82 (c,
2H, CICH,).

2-((Xaopmernn)tuo)-5-(((4-mopdoauno-6-rumernaamuno-[1,3,5]-rpuasun-2-
ua)tuo)metnn)-[1,3,4]-okcaguazon (4b). Berxop 60%, T.mA. 230-231°C. Hatipeno,
%: N 26.77#; Cl 9.03. C;3H;g CIN;O,S. Brruucaeno, %: N 26.37; Cl 9.55.
Cnektp AMP 14, §, m.a.: 3.14 [c, 6H, N(CH3),]; 3.60-3.75 (M, 8H, Mopdoana);
4.45 (c, 2H, SCH,), 4.80 (c, 2H, CICH,).
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5-([1,3,5]-ShUQP LPLA-PAULUPL)-[1,3,4]-0LUUNPUQNL-3H-2-B3-PN L LELD
UWoULS3ULLELP UPLEEL

E. L NUURLUL20FU 3T, W U L ALUETL3TL,
U W 9 PEAL3WL b W @. 5LEHN3UWL

o fpugforedlfy Sbiplyuugroe [ yasddps 4,6-usyyfoy (pfrusylyfy) seiiftonss=[ 1,3, 5] - pusgfrts=2- fy 3 -
wplpuibilpppelnadfdnhibph Spppugfybbpf b 33dpudfundifs shnfumgylgnfdyudp upli(dhg-
by b5 ((4,6-uglyfy (g fusplyfsy) wadifions=[1,3,5] -smpfrusq - 2~fy) [B o) sy lyfy)-[ 1,3, 4] -0 pusssnyfr-
wgny-SH-2-[Fpniitihpp: L bpdplilsbpp  wyluypibph S wnwughnod - by [@hnglbph
Surdusgunnuspusts wnbpp, npabp nbuhgbym] wylfyQupnqbifnbbpf Shin grpughned B 2-
S-uduligpuyblip: Uyl [Fnliliph b 2,4-whpynp-6-dbfdfyufippdpfif shnfusgpbyn: e
upbfligly by Swdumumufut ghnlgbludud bnghlyfpl 2-(2-pinp-6-dbpyuypppfghi-
&) P lrsdutigyulbpp: Gpusyfs Sfoppugfybbpp nbuhgpwh doinppnppwgufuns@fdf ko
St loglomdd & 2-((pyrpbefofy) o frm)-5-(((4,6-ryfrssglefsyas dfionss [ 1,3, 5] -am sy -2 o) [3 o) T~
Ph)-[1,34]-opumppusgnyulip uinufusgdustyp:

SYNTHESIS OF 5-([1,3,5] TRIAZINYLTHIOALKYL)-[1,3,4]-OXADIAZOLE-3H-
2-THIONES DERIVATIVES

E. N. HAMBARDZUMYAN! A. S. VORSKANYAN?,
A. A. GRIGORYAN? and A. P. YENGOYAN?*?

INational Agrarian University of Armenia
74, Teryan Str., Yerevan, 0009, Armenia
2Russia-Armenian (Slavonic) University
123, H.Emin Str., Yerevan, 0051, Armenia
Fax: + 37410 567079; E-mail: ayengoyan@mail.ru

By the interaction of (4,6-alkyl(dialkyl)amino-[1,3,5]triazin-2-yl)-thioalkan-
carboxylic acids hydrazides with carbon disulfide in the presence of potassium
hydroxide 5-(((4,6-alkyl(dialkyl)amino-[1,3,5]triazin-2-yl)thio)alkyl)-[1,3,4]oxadiazol-
3H-2-thiones were synthesized. The latter with caustic base form the corresponding
thiols salts, which when reacted with alkyl halides afford 2-S-alkyl derivatives. The
reaction of the same thiones with 2,4-dichloro-6-methylpyrimidine leads to
corresponding unfused tricyclic 2-(2-chloro-6-methylpyrimidin-4-yl)thio derivatives.
The starting hydrazides with monochloroacetic acid form 2-((chloromethyl)thio)-5-
(((4,6-dialkylamino-[1,3,5]triazin-2-yl)thio)methyl)-[1,3,4]oxadiazoles.
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CHUHTE3, IIPEBPAIIIEHUS 4'-AMHWHO-1"H-CIIUPO[LHIUKJIOI'EKCAH-
1,2"-HA®TAJIMH]-3'-KAPBOKCAMUJIA U U3YUYEHUE
BHOJIOTMYECKHAX CBOMCTB CUHTE3UPOBAHHBIX COEJAHEHUI

H.II. TPUT'OPSH, A. C. TPUT'OPSAH, P. I'. TAPOHUKSH u P. C. CYKACSAH

HayuHO-TeXHOAOrMUECKUM IIeHTP OPraHu4YeCKOU U (hapMalleBTUYeCKOU XUMUN
HAH Pecnrybanku ApMeHUst
WHCTUTYT TOHKOM OpraHm4YecKou xuMuu uM. A. A. MHEAKOsSHA
Apwmenus, 0014, EpeBan, np. AzaryTas, 26
E-mail: nver-55@ mail.ru

IMoctynmao 1 X 2015

B3anmopgencTeveM LnaHaleTammaa ¢ LUKIOreKkCaHOHOM NonyyYeH 2-LuaH-2-LMKrnorekCunuaeH-
aueTtamu, pearvpyloLlmii ganee ¢ 6eH3nnNMarHuixnopuaom ¢ obpasoBaHMEM C BbICOKMM BbIXOA0M
2-(1-6eHaunuuknorekcun)-2-umMaHaletamuaa. YCTaHOBIEHO, YTO MOCNEAHUA noa AeicTBMeM cep-
HOW KMCNOTbl LMKNM3yetcss B 4 -amuHo-1'H-cnupo[umknorekcaH-1,2 -HadpTtanvH]-3 -kapbokcamug,
pearvipyloLwmii ¢ xrnopaHrugpugamu 6onblioro psga kapboHoBbIX KMCNOT ¢ obpasoBaHWeM CooT-
BeTCTBYIOLWMX cnnpobeHsolh]xmHasonuHoB. WenoyHbiM rugponusom 4°-(3-6eH3onnTtnoypeno)-1'H-
cnupo[uuknorekcaH-1,2 -HadptanmH]-3 -kapbokcammaa nonyyeH 1'H-cnupo[umknorekcan-1,2"-HadTa-
nnH]-4"(3'H)-oH. N3yyeHa NnpoTMBOCYAOPOXHAs U aHTUAENPECCUMBHAS aKTUBHOCTb CUHTE3UPOBaHHbIX
COeUHEHNI.

Bu6n. cebinok 10.

W3 AmTepaTypHBIX AQHHBIX HM3BECTHO, YTO IIPOM3BOAHLIE OEH30XMHA30-
AMHOB OOAQAQIOT INPOTHUBOONYXOAEBBIMH [1-5] M NCHXOTpPONHBIMHU [6,7]
CBOMCTBaMH. B IIpopo/AsKeHMe MCCAEAOBAHUM IO CO3AQHUIO HOBBIX OMOAOIH-
YeCKU aKTUBHBLIX CcIUpPoOeH30[h]XMHa30ANHOB HaMU OCYILECTBA€H CHUHTE3
AWUTUAPOHA(MTAAMHA, COAEPIKaIlero BO BTOPOM IIOAOKEHUU KapOOKCaMUAHYIO
Ipyuny. B KauecTBe MCXOAHBIX BeEIECTB CAYKUAU ITHMaHalleTaMUA M IIUKAO-
rekcaHoH. B ycroBusax peaknuu KHeBeHareas HaMU IOAYYEH C BBICOKUM BBI-
XOAOM 2-TIMaH-2-IIMKAOTeKCUAMAeHalleTaMuA, (1), B3auMOAEHCTBIEM KOTOPOTO
C OEeH3UAMarHUUXAOPHAOM obpasyeTcs 2-(1-O0eH3UAIIMKAOIeKCHUA)-2-I1aH-
aneramup, (2), 3aI[MKAM30BAHHBIN Aaree B NMPUCYTCTBUM CEPHOM KUCAOTHEL B
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4’-amuno- 1 'H-criupo [1ukaorekcaH- 1,2 -HadTaruH]-3-kap6okcamup, (3). Ycra-
HOBAEHO, YTO PeaKIMs IIOCAEAHEr0 C XAOPAHTUAPUAAMHU KapOOHOBBIX KUCAOT
(YKCycHas, IpOIMOHOBAsl, MacAdHas, OeH30MHasd M (DEHUAYKCYCHAas) COIIPO-
BOJKAQETCSI ITUKAM3aNel o6pa3younuxcs IPOMeKyTOUHBIX COEAUHEeHn! B 2-
aAkuA(apua)3amenienabie 6en3o[h]xuHazoannbl (4a-f). CTPyKTYpBI MOCAeA-
HUX II0 CBOUM CI)I/IBI/IKO-XI/IMI/I‘-IGCKI/IM IIOKa3aTeAdM HUACHTUYHBI CTPYKTypaM
COeAVHEHUM, TIOAYUEeHHBIX paHee B Hallel aabopaTopuu [8].

TakuM o6pa3oM, HCXOAS U3 IMaHAalleTaMHAA U ITUKAOTeKCAHOHa HaMU
pa3paboTaH Oonee YAOOHBIM METOA CHHTe3a BHINIEYKA3aHHBIX CIUPOOEH-

3o[h]xuHazoaunOB (4a-f),

CH.CH MgCI
O +CN-CH,-CONH, —

CONH,

4da—f

R=CH, (4a); R=C,H; (4b); R=C3H; (4c); R=CgHjs (4d); R=CH,CgH; (4e);
R=CH,CI (4f).

Aanee Ha 6a3ze 2-(xaropmetnn)-3H-crupo[6ensolh]xunazoann-5,1 -1iurA0-
rexkcat]-4(6H)-ona (4f) HaMu mnoAydyeHBl 2-(aMHHOMeTHA3aMelleHHEIe)-3H-
criupo [6eH3o[h]xuHaszormH-5, 1 -1mkAorekcaH|-4(6H)-ounr (5a-f).

cH,N (RIR?)

NH

4f 5a-f
R!=R2=C,H; (5a); R'=H, R2=@enun (5b); R1=H, R2=4-xropdenun (5¢c);
R!=H, R2=.25-puxropdennnr (5d); R1—H, RZ=nmknrorekcun (5€);
R!=R2=(CH,CH,),0 (5f).

BzaumoaelictBueM amMmHOaMuAa 3 ¢ (pOpMaMUAOM HaMmu noaydeH 3H-
criupo [6eH3o[h]xuraszoarnn-5,1-murarorekcan|-4(6H)-ou (6), a ¢ 6GeH30MAM30-
THonmaHaToM — 4'-(3-6eH30uATHOYpPerAO)-1"H-cimpo [1Kkaorekcan- 1,2 -Had-
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TaAuH]-3'-Kap6orcaMua, (7), IEAOUYHOU THUAPOAN3 KOTOPOTO B 3TAHOAE IIPHUBEA
K 1'H-cimpo[umkaorekcaH-1,2-Hacdpraruu]-4'(3'H)-ony (8).

HCONH, N\W
NH
o)
C,H,CONCS ] .
3 22—

8

M3yueHa MPOTUBOCYAOPOJKHAsT aKTUBHOCTL coepmHennt 1-3, 4a-f, ba-f u
6-8 1m0 TecTy KOpPa3oAOBBIX KAOHMYECKUX CYAOPOT (KOPa3OA BBOAWAM B AO3€
90 wme/ke TIOAKOKHO), KOTOPBIE SBASIFOTCS MOAEABIO abCaHCOB MW MaABIX
NIPUCTYIIOB 3nuAencruu. M3ydeHO Tak’Ke MUOPEAAKCAHTHOe IMOOOYHOEe AEMUCT-
BHE 3TUX COEAWHEHWH IO TeCTy ,Bpalaroiierocs crepxasa'. B poze 25 me/ke
(BHYTPUOPIOMINHHO) Ha OeAbIX 0eCHOPOAHBIX MEIIIaX Maccoln 18-24 2 B Bupe
CycCIleH3uHU C TBUH-80 Ha3BaHHBIE COEAMHEHUS II0 aHTarOHU3MY C KOPa30AOM
IPOSABASAIOT cAaOyro oT 20 A0 40% 3 PeKTUBHOCTS.

B ombITax in vitro mccaepoBaHoO BAMSHIE coepnHeHuii 1-3 u 4a-C Ha ak-
TUBHOCTb MOHOAMUHOKCHAA3El (MAQO) Mo3ra KpbIc. B KauecTBe cyOcTpaTa
HCIIOAB30BaAu cepoTOHUH (5-OT). Bce coepnHeHMs M3ydeHBI B KOHIIEHTpA-
umu 1 mxmoas/mn podsl. AKTuBHOCTE MAO ompepensiau B 50% romoreHaTax
Mo3ra [9]. [ToayueHHBIE pe3yABTaTEl OOpPaOOTaHEl cTaTUCTUYecKu [10].

YcTaHOBAEHO, YTO CPEAM MCCAEAOBAHHBIX BEIeCTB TOABKO 2 U 3 AOCTO-
BEPHO yTHeTaroT akTuBHOCTL MAO Ha 53 u 56%, COOTBETCTBEHHO.

JKCNePUMEHTAJNBLHAA YaCTh

UK-cnekTpsl cHATH Ha crnekTpoMmeTrpe “UR-20" (B Ba3eAMHOBOM MacAae),
cuektpel SIMP 'H - ma mputGope “Mercury 300", Varian (300, 077 MIy) B
(AMCO-dg), BayTperHuii cranpapt — TMC. ToHKOCAOMHaA Xxpomarorpadus
nmpoBepeHa Ha maacTuHKax “Silufol UV-254" B cucTeMe XAOPOGOPM-3TaHOA,
1:1, mposiBUTEeAb — Taphl Mopad. TemIepaTyphl NAABAEHUS OINpeAeAeHBl Ha
npubope “Boetius”.

2-Inannukiaorekcuauaenaneramua (1). B AUTPOBYIO KPYTAOAOHHYIO KOAOY
nomertatoT 9.8 2 (100 mmoneri) mkAOTeKcaHoOHa, 8.4 2 (100 mmonei) raHare-
TaMupa, S 2 (80 mmoneri) YKCycHOM KUCAOTHIL, 10 M TMADOKCHAA aMMOHUS U
100 mn 6enH3ora. CopepsKUMOe KOADOBI KUIATAT ¢ HacapAko¥ AuHa-CTapkra A0
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IIPEKpallleHUsA BBIAGAEHUSI BOABL (~4 u). AEKaHTUPYIOT OT YKCYCHOKUCAOI'O
aMMOHUS, OTTOHSIOT PaCTBOPUTEAb, OCTATOK TIIATEABHO MPOMBIBAIOT BOAOM
U TepeKPUCTAAAU30BBLIBAIOT M3 abc. 3TaHoAa. Beixop 14.26 2 (87%), T.IA.
110°C. Rf 0.56. MIK-cmekTp, v, cm’’s 1620 (C=C), 1659 (C=0, amua.). 2220
(C=N). Cnekrp IMP 'H (AMCO-dg), 8, M. a.: 1.60-1.80 (v, 6H, (CHy)3); 2.49-
2.55 (2H, M, =CCHy); 2.60-2.65 (2H, m, =CCHy); 7.30 (ym. ¢, 1H) u 7.40
(yur. c. 1H, NHy). 13C, 25.1 (CHy); 27.1 (CHy); 27.5 (CHy); 31.00 (CH,); 34.6
(CHy); 95.5 (CHy), 104.9 (=C); 115.7 (C=N); 162.6 (=C); 167.9 (CO). Hatipe-
HO, %: C 65.60; H 7.88; N 17.00. CgH{,N,O. Brruucaeno, %: C 65.83; H 7.37
N 17.06.

2-(1-Bem3mimukiorekcmin)-2-unananeramuy  (2). K acpupHOMYy pacTBOpYy
peareHTa 'puHBApa, ToAydeHHOTO U3 2.4 2 (100 mmoneu) maraug m 12.65 2 (100
mmonert) OeH3UAXAOPHAA B 120 ma abCOAIOTHOrO 3pupa, IpU cAadOM Kulle-
HUU NPUOABASIOT 1O KamnAagaMm pactBop 16.40 ¢ (100 mmonei) 1maHaleTaMu-
pa 1 B 120 mz abc. adupa, MOCAe Yero Impu IepeMerTnBaHuM HarpeBaroT B Te-
yeHUe 2 y npu TeMneparype 42-45°C. PeakIJMOHHYIO CMeCh OXAAXAQIOT Ae-
ASTHOUW BOAOM, MPUOABASIOT TIO0 KamnagaMm 74 man 20% cepHOM KUCAOTHI U Tiepe-
MENIMBAIOT TPW KOMHATHOM TeMIlepaType AO IMOAHOTO Pa3AOKEeHUST KOMII-
Aekca. OpraHm4ecKUM CAOM  OTAEAdIOT, BOAHBIN 3KCTPArupyroT 3(upom,
IIPUCOEAUHSIOT K OCHOBHOMY CAOIO, ABa’KABI ITPOMBIBAIOT BOAOM U CyIlaT
Hap cyAabarom MarHug. [locre OTrOHKM PAcTBOPUTEASI OCTaTOK Ilepe-
KPUCTAaAAM30BBIBAIOT M3 abc. 3TaHoAa. Bwixop 20.48 2 (80%), T. ma. 195°C. Rg¢
0.58. IK-cmiektp, v, em”: 1610 (C=C, apom.), 1750 (C=0). 2260 (C=N).
Cnektp SIMP 'H (AMCO-dg), 8, wm.a, [Iy): 1.28-1.68 (M, 9H) wu 1.76-
1.86 (M, 1H, CgHyp); 2.70 (a, J= 13.7, CHy); 3.24 (a, J= 13.7, CHy); 3,59 (c,
1H, CH); 7.15 (1H, yum.c, NHj); 7.15-7.29 (M, 5H, CgHj3); 7#.51 (1H, ym.c,
NH,). Hatiaeno, %: C 74.60; H 7.88; N 11.00. C{gHy,N,O. Brruucaeno, %: C
74.97;, H 7.86; N 10.93.

4’-Amuno-1H’-cnupo[uukaorekcan-1,2"-nadpranun]-3 -kapooxkcamun (3). B
PEaKIIMOHHYIO KOAOYy moMematoT 25.60 2 (100 mmoneii) 2-(1-0eH3UAITMKAOTEK-
CUA)-2-I[MaHalleTaMUAQ 2 U IIpU IIepeMeIINBaHuN M3 KalleAbHOM BOPOHKU
IpUbaBAIIOT 52 M1 KOHIIEHTPUPOBAHHON CEePHOU KUCAOTHL (IPU OXAAKAECHUU
BOAOM IIOAAEPIKUBAIOT TeMIIepaTypy pPeakIMOHHOM CMecH B HHTepBanre 25-
30°C). Ilo okoHUaHUM NPUKAIBLIBAaHUS CMeCh IlepeMeIInBaloT NpU KOMHAT-
HOM TeMIlepaType B TeueHHe 3 u, IIOCAe Yero PeaKIIMOHHYIO CMeCh BBIAU-
BaroT Ha 600 2 AbAa. BrimaBmive KpUCTAAABI OT(PUABTPOBBIBAIOT, TPOMBIBAIOT
BOAOH, 3aTeM mpubaBAgioT 60 mz Boabl U 30 Mz BOAHOTO aMMMaKa, SKCTparu-
pyioT acdupoMm. [Tocae OTTOHKK PACTBOPUTEAS] OCTATOK IIEPEKPUCTAAAU3OBHI-
BAlOT U3 CMeCH 3TaHOA-BopAa, 2:1. Bmeixop 1.84 2 (72%), T. ma. 185°C. UK-
cekTp, v, cu-: 1615 (C=C, apom), 1620 (C=C), 3000-3200 (NH). CnexTp
IMP 'H (AMCO-dg), 8, M. a.: 1.20-1.80 (M, 10H, CgHyg); 2.51 (2H, ¢, CHy);
7.32 (yur ¢, 2H, CONH,); 7.16 (M, 1H); 7.22-7. 28 (M, 1H); 7.22-7. 28 (M, 1H).
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Hatiaerno, %: C 74.68; H 7.80; N 10.86. CgHN,O. Brraucaeno, %: C 74.97,
H 7.86; N 10.93.
2-Anxuia(apuin)-3H-cnupo[6enso[h]xunazonun-5,1"-unknorexcan]-4(6H)-oHbl
(4a-f) (o0dmas meromuka). Cmech 2.56 2 (10 mmonei) coeputenus 3 u 10 mmonei
COOTBETCTBYIOILIEr0 XAOpPaHrupapuaa B 30 mr abc. OeH30Aa KUIATAT C 0Opart-
HBIM XOAOAUABHUKOM 4 u. [lochre OTrOHKHM pPacCTBOPUTEAS OCTAaTOK TMepek-
PHUCTAaAAM3OBBIBAIOT M3 3TAHOAA.
2-Merui-3H-cniupo[6enzo[h]xunazomun-5,1"-uukiiorexcan]-4(6H)-on (4a). Broi-
xop 2.29 2 (82%), T. ma. 195°C. UK-cmektp, v, et 1560 (C=C apom);
1639(C=C); 1750 (C=0 ammp); 3220 (NH). Cnekrp IMP 'H (AMCO-dg), 8,
M. A 1.33-2.72 (¢, 10H, CgH;g); 2.37 (¢, 3H, CHj); 3.12 (¢, CHy); 7.10-7.21 (M,
1H); 7.23-7.30 (M, 2H); 7.39-7.50 (M, 3H) u 8.16-8.22 (M, 3H, H-Ap.); 12.40
(mr.c, NH). Hamipeno, %: C 77.30; H 7.26; N 10.00. CgHoN,O. Brerumcaeno,
%: C 77.11; H 7.19; N 9.99.
2-9tui-3H-cnupo|[6enso[h]xunazoaun-5,1"-uuxiorexcan]-4(6H)-on (4b). Boi-
xop, 2.35 2 (80%), T. ma. 210°C. MK-coekTtp, v, em”: 1540 (C=C, apom),
1640(C=C); 1760 (C=0 amwmp); 3230 (NH). Cmexrp AMP 'H (AMCO-ds),
oM. a.: 1.21 (M, 3H, CHj); 1.33-1.45 (M, 3H); 1.52-1.65 (M, 4H); 2.69 (M, 2H,
CH,CHs); 3.21 (¢, CHy); 1.71-1.80 (M, 1H) u 2.60-2.72 (M, 2H, CgHyg); 3.12 (c,
CHy); 7.15-7.19 (M, 1H); 7.25-7.33 (M, 2H); 7.44-7.53 (M, 3H) un 8,19-8.13 (m,
3H, H-Ap.); 12.40 (w.c, NH). Hatipeno, %: C 7#7.60; H 7.48; N 10.00.
C19H292N5O. Brruucaeno, %: C 77.52; H 7.53; N 9.52.
2-ITponua-3H-cnupo[6enzo[h]xunazonuu-5,1"-unknorexcan|-4(6H)-on  (4c).
Beixop 2.15 2 (70%), T. ma. 235°C. HMK-cmekTp, v, cu’ s 1530 (C=C, apom);
1630 (C=C); 1750 (C=0 amma); 3220 (NH). Cnektp SAMP 'H (AMCO-dg), 5,
M. A 0.90 (M, 3H, CHj); 1.33-1.35 (M, 3H); 1.44 (M, 2H, CH,CH,CHj); 1.52-
1.65 (M, 4H); 1.53 (M, 2H, CH,CH,CH3); 3.11 (¢, CHy); 1.71-1.80 (m,1H) m
2.60-2.72 (M, 2H, CgHyg); #.15-7.19 (M, 1H); 7.25-7.33 (M, 2H); 7.44-7.53 (M,
3H) u 8.19-8.131 (M, 3H, H-Ap.); 12.44 (um.c, NH). Hatipeno, %: C 77.60; H
7.88; N 8.98. CygHy4N,O. Breruncaeno, %: C 77.89; H 7.84; N 9.08.
2-®enmn-3H-cnupo[6enso[h]xunazoaun-5,1"-uuknorexcan]-4(6H)-on (4d). Bor-
X0pA 2.56 2 (75%), T. mA. 275-277°C. UK-cnekTp, v, em’: 1540 (C=C apom);
1610(C=C); 1750 (C=0 amwmp), 3230 (NH). Cnekrp AMP 'H (AMCO-dg), 8,
M. A 1.33-1.45 (M, 3H); 1.52-1.65 (M, 4H); 1.71-1.80 (M, 1H) u 2.60-2.72 (M,
2H, CgHyg); 3.02 (c, CHy); 7.15-72.19 (M, 1H); 7,25-7.33 (M, 2H); 7.44-7.53 (M,
3H) u 8.19-8.31 (M, 3H, H-Ap.); 12.42 (m.c, NH). Hatipeno, %: C 74.60; H
7.88; N 11.00. Cy3H9oN5O. Brruucaeno, %: C 80.67; H 6.48; N 8.18.
2-Bensun-3H-cnupo[6enso[h]xunasoann-5,1"-uuknorexcan]-4(6H)-on (4¢). Boi-
xop 2.84 2 (80%), 1. mA. 270°C. UK-cmekTp, v, em’s 1530 (C=C apom):
1620(C=C): 1760 (C=0 ammup): 3220 (NH). Crnekrp AMP 'H (AMCO-dg), §,
M. A 1.33-1.45 (M, 3H); 1.52-1.65 (M, 4H); 1.71-1.80 (M, 1H) u 2.60-2.72 (M,
2H, CgHjg); 3.02 (c, CHy); 3.58 (¢, CHyCgHs); 7.15-7.19 (M, 1H); 7.25-7.33 (4,
2H); 7.44-7.53 (M, 3H) u 8.19-8.31 (M, 3H, H-Ap.); 12.42 (m1.c, NH). Hatipeno,
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%: C 80.69; H 7.00; N 7.70. C54H54N>O. Brriuncaeno, %: C 80.87; H 6.97; N
7.86.

2-(Xaopmernn)-3H-cnupo[6enzo[h]xunazonun-5,1"-uukiorexcan]-4(6H)-ou
(4f). Beixop, 2.51 2 (70%), T. nia. 260°C. UK-cmekTp, v, cm s 1520 (C=C apowm);
1610(C=C); 1750 (C=0 amup); 3230 (NH). Cnektp SIMP 'H (AMCO-dg), §,
M. A., Ty 1.26-1.43 (M, 3H); 1.48-1.65 (M, 4H); 1.68-1.78 (M, 1H) u 2.52-2.64
(M, 2H, CgHyg); 2.99 (¢, 2H, CHy); 4.40 (¢, 2H,CH, Cl), 7.12-7.17 (M, 1H);
7.21-7.31 (M, 2H) u 8.06 (ap, J=6.9, J=2.1, 1H, CgHy); 12.47 (1H, u1.c, NH).
Hatiaeno, %: C 68.60; H 6.28; N 9.00. CgH9CIN,O. Boeruucaeno, %: C 68.67;
H 6.08; N 8.90.

2-AmunomernizamenieHublie-3H-cnmpo[0enso[h]|xunazonun-5,1"-uukiaorexcan|-
4(6H)-onb1 (5a-f). Cmecy 3.14 2 (10 mmonetr) 2-(xropmetua)-3H-crmpo|Gen-
3o[h]xuHazoauH-5, 1'-1iuRAOreKcaH]-4(6H)-oHa (9), 50 M7 aBGCOAIOTHOTO 3TaHO-
Aa u 80 mmoneii COOTBETCTBYIOIIETO aMHWHA CAA0O HArpeBalOT B TedeHUE O
MuH W OCTaBASIOT IIPW KOMHATHOM TeMnepaTrype Ha 48 u. CMech pa30aBAdIOT
100 mn BOABI, BBIIABIINM OCAAOK OT(HUABTPOBBIBAIOT U NEPEKPUCTAAANZOBEI-
BAIOT U3 abC. 3TaHOAA.

2-(dmytuaamuno)merit)-3H-cniupo[6en3o[h] xunazonun-5,1"-nukinorexcan]-
4(6H)-on (5a). Beixop, 2.28 2 (65%), T. ma. 170°C. R; 0.60. MIK-cnekTp, v, cm'”:
1585 (C=C apom); 1620 (C=N); 1636 (C=C-C=0); 3140 (NH). CmekTp
SAMP 'H (AMCO-dg), 8, M. a, ['y: 1.02 [T, 6H, N(CH,_CHjy)y, J=7.1]; 1.26-1.42
(m, 3H); 1.48-1.78 (M, 5H) u 2.51-2.64 (M, 2H, CgHyg); 2.69 (x, 4H, N(CH,),,
J=7.1]; 2.98 (c, 2H, NCH,); 7.14-7.18 (M, 1H); 7.21-7.31 (M, 2H) u 8.06 (pa,
1H, J=06.9, J=2.1, 1H, CgHy); 12.42 (1H, m.c, NH). Hatipeno, %: C 75.20; H
8.28; N 11.70. CypoHygN3O.Briuricaeno, %: C 75.18; H 8.32; N 11.96.

2-(®ennnamuno)metu)-3H-cnupo|6enso[h] xunazonuu-5,1"-uuknorexcau]-
4(6H)-on (5b). Beixop 3.15 2 (85%), T. mA. 265°C. R; 0.65. MK-cmekTp, v, em'™”:
1580 (C=C apom); 1610 (C=N); 1640 (C=C-C=0); 3160 (NH). CmekTp
AMP 'H (AMCO-dg), 8, M. a.: 1.33-1.42 (M, 3H); 1.43-1.64 (M, 4H); 1.72-1.80
(v, 1H) u 2.62-2.74 (M, 2H, CgHjp); 3.08 (c, 2H, CHy); 3.38 (¢, 2H, NH-CH,);
4.00 (c, 1H, NH); 7.18-72.19 (M, 1H); 7.24-7.33 (M, 2H); 7.43-7.53 (M, 3H) u
8.20-8.32 (M, 3H, H-Ar.); 12.47 (1H, m.c, NH). Haiipeno, %: C 7#7.20; H 6.28;
N 11.50. Cy4H55N30. Beruucaeno, %: C 77.60; H 6.78; N 11.31.

2-((4-Xnopdpennmamuno)mern)-3H-cnupo[6enszo[h] xunazoauu-5,1"-uukiio-
rekcan]-4(6H)-on (5¢). Berxop, 3.24 2 (80%), T. ma. 260°C. R; 0.60. MK-cmekTp, v,
em 1570 (C=C apom); 1620 (C=N); 1630 (C=C-C=0); 3180 (NH).
Cmekrp AMP 'H (AMCO-dg), 8, M. a.: 1.23-1.33 (M, 3H); 1.49-1.63 (M, 3H);
1.70-1.82 (M, 1H) u 2.55-2.70 (m, 2H, CgHjp); 3.06 (c, 2H, CHy); 3.38 (c, 2H,
NH-CH,); 4.00 (c, 1H, NH); 7.24-7.30 (M, 2H); 7.44-7.54 (v, 3H) u 8.20-8.31
(M, 3H, H-Ar.); 12.42 (1H, m.c, NH). Haiiaeno, %: C 71.20; H 6.00; C1 8.56; N
10.50. C94H44CIN3O. Boruucaeno, %: C 71.01; H 5.96; C1 8.73; N 10.35.

2-((2,5-Iuxaopdpennaamuno)mernn)-3H-cnupo[6enso[h]|xunazonun-5,1"-uukiio-
rexcan]-4(6H)-ou (5d). Berxop, 3.07 2 (70%), T. . 270°C. R; 0.68. VIK-cniekTp, v,
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em s 1560 (C=C apom), 1610 (C=N); 1620 (C=C-C=0); 3190 (NH).
Cnekrp IMP 'H (AMCO-dg), 8, M. A 1.33 -1.44 (v, 3H); 1.50-1.63 (M, 4H);
1.70-1.79 (M, 1H) u 2.58-2.70 (M, 2H, CgHyg); 3.02 (c, 2H, CHy); 3.38 (c, 2H,
NH-CHy); 4.00 (c, 1H, NH); 7.15-7.18 (M, 1H); 7.15-7.18 (m, 1H); 7.25-7.30 (M,
2H) n 8.19-8.30 (M, 2H, H-Ar.); 12.47 (1H, m.c, NH). Hatipaeno, %: C 65.20; H
5.40; CI 16.40; N 10.00. Cy4H»3CI,N3O. Breruucaeno, %: C 65.46; H 5.26; Cl
16.10; N 9.54.
2-((Muxnorexcuiamuno)merun)-3H-cnupo[oenso[h]xunazonun-5,1"-quKiaorex-
cau]-4(6H)-on (5€). Beixoa, 2.19 2 (67%), T. ma. 185°C. Ry 0.60. MK-cmekTp, v,
em s 1550 (C=C apom); 1620 (C=N); 1610 (C=C-C=0); 3180 (NH).
Coekrp IMP 'H (AMCO-dg), §, M. a,, Ty: 1.11-1.21 (M, 4H); 1.26-1.65 (nm,
7H); 1.35-1.60 (M, 4H); 1.47-1.49 (M, 2H); 2.57 (m, 1H, CH); 2.00 (c, 2H,
NHCH,); 2.98(c, 2H, CH,); 3.02 (c, 2H, CHy); 7.18-7.31 (M, 3H) u 8.08 (an,
1H, J=6.9, J=2.1, CgHy); 12.42 (1H, m.c, NH). Hatiaeno, %: C 76.20; H 8.40;
N 11.50. C94H3N30. Berumcaeno, %: C 76.35; H 8.28; N 11.13.
2-(Mopdonmnomerui)-3H-cnupo|6enzo[h]xunazonuu-5,1"-uukiiorekcau]-
4(6H)-on (5f). Berxop, 1.47 2 (67%), T. nia. 250°C. R; 0.68. MIK-cmekTp, v, cu'™”:
1540 (C=C, apom), 1610 (C=N); 1620 (C=C-C=0); 3160 (NH). CmekTtp
SAMP 'H (AMCO-dg), 8, M. a., Ty: 1.32-1.46 (M, 3H); 1.52-1.80 (v, 5H) u 2.62-
2.74 (M, 2H, CgHyg); 2.99(c, 2H, CHy); 2.59 [(T, 4H, N(CHy),, J=4.7]; 3.43 (c,
2H, NCHy); 3.65[(t, 4H, O(CHy),, J=4]; 7.24-7.44 (M, 3H) u 8.08 (an, 1H,
J=6.9, J=2.1, CgHy); 12.47 (1H, m.c, NH). CypHy;N30,. Hatipeno, %: C
72.20; H 7.64; N 11.64. Co4H»3N30. Beiuucaeno, %: C 72.30; H 7.45; N 11.50.
3H-Cnupo|6en3o[h]xunazonuu-5,1"-unknorexcan]-4(6H)-ou (6). Cmecn 2.56 2
(10 mmonetr) coepmtenus 3 u 30 mr hopMaMUAa KUISTIT C OOPATHLIM XOAO-
AMABHUKOM 6 u. [Toche oxna>kpeHMd OOpa3oBaBIINECSd KPUCTAAABL OT(PUABT-
POBBIBAIOT, ITPOMBIBAIOT BOAOM, 3TAHOAOM U IIE€PEKPUCTAAAN30BBIBAIOT U3
AM®A. Brrxop 2.00 2 (77%), T. ma. 190°C. R 0.55. UIK-cmekTp, v, cm’”: 1580
(C=C, apom); 1650 (C=0); 3170 (NH). Cuektp SIMP 'H (AMCO-dg), §,
M. A., Ty: 1.47-1.49 (M, 2H); 1.43-1.53 (M, 4H) u 1.53-1.78 (M, 4H, CgH;g); 3.02
(c, 2H, CHy); 7.24-7.44 (m, 3H) u 8.00 (ap, 1H, J=6.9, J=2.1, CgHy); 8.08
(1H, c, NH); 12.42 (1H, ¢, CH). C7HgN,O. Haiaeno, %: C 76.40; H 6.44; N
10.74. C17HgN,O. Brruncaeno, %: C 76.66; H 6.81; N 10.52.
4’-(3-BensouaTuoypeuno)-1'H-criupo[uuknorexcan-1,2 -nadpranuu]-3 "-kap-
6oxcamup (7). Cmecn 2.56 2 (10 mmoneit) coepmuenns 3 u 1.63 2 (10 mmoneir)
OeH3ouamsoTuonuanata B 50 mz abc. 3TaHOAA KUMATAT C OOpPATHBIM XOAO-
MIABHUKOM 18 u. TTocae oxnarkpeHUST 06pa30BaBIINECsS KPUCTAAABI OT(PUABT-
POBBIBAIOT M IE€PEKPUCTAAAU3OBBIBAIOT M3 CMECH 3TaHOA-BOAQ, 2:1. Berxop,
3.22 2 (¥#%), T. ma. 195°C. Ry 0.55. UK-cnekTp, v, cu’”: 1580 (C=C, apom);
1650 (C=0); 3170 (NH). Cnekrp SIMP 'H (AMCO-dg), §, m. a., Ty: 1.43-1.53
(M, 4H, CgHyg); 1.70-1.78 (M, 4H, CgHyg); 2.80 (2H, ym. ¢, CHy); 7.33 (o, 1H,
J=7.8, CgHy); 7.63 (a, 1H, J=7.8, CgHy); 7.70-8.03 (M, 5H, CgHs); 13.43 (ymu.
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¢, 1H, NH). Hatiperno, %: C 68.58; H 6.18; N 10.24; S 7.44. Cy4H95N30,S. BbI-
yucaeHno, %: C 68.71; H 6.01; N 10.02; S 7.64.

1'H-Cnupo|[uukiaorekcan-1,2"-madpramun]-4 (3 'H)-on (8). Cmecyr 9.01 2 (20
mmorneit)  4'-(3-6eH3zomaTroypenpo)-1'H-coupo [iuknrorekcas- 1,2 -HadpTarnH] -
3’-kapOokcamupa (3), 2.24 2 (40 mmoneti) TUAPOKCUAA Kaauss B 30 w1 BOABI U
30 mn 3TaHOAA KHUIIATAT C OOPATHBIM XOAOAUABHUKOM 0 y, TOCAe 4ero A0DaB-
ASIOT BOAY, BBINIABIINE KPUCTAAABI TTEPEKPHUCTAAAM30BBIBAIOT K3 3TAaHOAQ.
Beixop 2.73 2 (64%), T. ia. 65°C. MK-cnekTp, v, ex’”: 1605 (C=C apom); 1675
(C=0). Cunekrp AMP 'H (AMCO-dg), §, M. a.; 1.35-1.57 (M, 10H, CgH;p);
2.47 (yur. ¢, 2H, CHy); 2.73 (ymr. ¢, 2H, CHy); 7.20-7.25 (M, 2H); 7.40-7.44 (M,
1H); 7.81-7. 83 (M, 1H). AMP 13C cmextp, 19.2 (CHj3); 21.0 (2.CH,); 22.4
(CHj3); 25.6 (CHy); 34.5, 36.0 (2.CHy); 38.7 (CHy); 50.5 (CHy), 129.0 (=CH);
130.2, 133.2 (=CH); 133.3, 137.0, 140.2, 198.3 (CO). Hatipeno, %: C 84.20; H
8.64. C5HgO. Breruucaeno, %: C 84.07; H 8.47.

4-UUPLA-I'H-UNPLA[3PULNASNLUTL-1,2- LU RULNL]-3'-
YULLANLUUU DY UPLREQL , PARELUNFULELE UL USUSLUD
UBUSNFR-3NFLLELP NLPNS UELUELATLUYTEL NESUNFR-B3AFLLELD
NFUNFULUUPLORUL

L. M. &LPA-NL3UL, W U SLPEAL3UTL, O & MUCALPE3UT U - U. UNFYUU3UWL

wnwuigply & 2-(1-plbugpygplynSbpupy)-2-gputnmgbumadpy: Snyy & wpfbynp of bpfifu
fufrn SSidpuilyutts [@FEp wonbyn iy phpky b 4-wdfin-1H-umppn]gplynhpuwi-1,2"
oaasfFuasp o] -3~ luuspprpusssiifogfr, mpp bl bymf dp uspp GusppotunfF@ncibpf pynpuid -
[;[IHHLFE[HZ_H)'I /H-uulﬁpn(gﬁl[ln4n\guwil-1 ,2/'ilullﬁﬁllll[lil)'3/'llllll1[1”#llllllf[lll_[1 4[11’71!—1{/[’&
Cﬁll.pnllnlﬂ 1117[117[ 4‘ 1/H-uzllﬁpn(gﬁIHHCIiguwil-I,2/-ilun$[3ull[lil)-4/ (3/]—1)—n71[1.‘ ”Luuﬁuuu[lp—
by by ufafFligywd dfpugngfdgmibbpp Gl Sanljn @ncibbpp :

THE SYNTHESIS AND TRANSFORMATIONS OF
4’-AMINO-1"H-SPIRO[CYCLOHEXANE-1,2"-NAPHTALENE]-3"-
CARBOXAMIDES, STUDY OF SOME BIOLOGICAL PROPERTIES
OF THE SYNTHESIZED COMPOUNDS

N. P. GRIGORYAN, A. S. GRIGORYAN, R. G. PARONIKYAN and R. S. SUKASYAN

The Scientific Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA
A.L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: never-55@mail.ru

Cyanacetamide reacting with cyclohexanone gives 2-cyano-2-cyclohexylidene-
acetamide- reacting further with benzylmagnesium chloride to form 2-(1-
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benzylcyclohexyl)-2-cyanacetamide in high yield. It is found that the latter under the
action of sulfuric acid is cyclized to 4'-amino-1'H-spiro[cyclohexane-1,2'-naphthalene]-
3'-carboxamide, wich reacts with chlorides of a large number of carboxylic acids to form
the corresponding spirobenzo[h]quinazolines. Alkaline hydrolysis 4’'-(3-benzoyl-
thioureido)-1'H-spiro[cyclohexane-1,2'-naphthalene]-3'-carboxamide, afforded 1'H-spiro
[cyclohexane-1,2"-naphthalen]-4'(3'H)-one. Anticonvulsive and antidepressant activities
of the synthesized compounds are studied.
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TEXHOJIOI'NMYECKHE OCOBEHHOCTH BBIAEJEHUSA
N OYUCTKHU PA3JIIMYHBIX KJIACCOB BUOJIOT'HYECKHN AKTUBHBIX
BEHIECTB N3 PEPMEHTAITMOHHBIX PACTBOPOB
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HayusO-IpOM3BOACTBEHHBIN LIEHTP "ApPMOMOTEXHOAOTHS"
HAH Pecnrybanku ApMeHUst
Apmenusg, 0056, EpeBan, ya. 'toppxaHa, 14
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IMocTymmno 15 VII 2015

MccnepgoBaHbl NpoUecchl BblAENEHUss U OYUCTKM pasnuyHbix knaccoB BAB n3 ®©P, BbigBneHbl
3aKOHOMEPHOCTU 3TUX NPOLLECCoB, pa3paboTaHbl TEXHONOrMYECKNe napameTpbl NPOLLECCOB U co3Aa-
Hbl 3 PEKTUBHbBIE TEXHONOTNM UX BblAENEHUSA N O4UCTKM 13 OP.

PaspaboTtaH GeccopOUMOHHLIN npouecc BblaeneHnsa L-sanuHa ns ®P. OnpepeneHbl ontu-
ManbHble TEXHONOTMYEeckMe napameTpbl KpUCTannu3auumnm TEXHUYECKUX KPWUCTanrmoB BanuvHa w3
pacTBopa COMsHOW KMCINOTbl U anekTpomeMbpaHHoro cnocoba nepesofa BanvHa U3 ruapoxnopua-
HOW hOPMbI B LiBUTTEPUOHHYIO.

WccnepnosaH npouecc TpHeopMaumm uutpata HaTpust B MMMOHHYIO KUCTNoTY U3 nepmeata ©P
METOOM 3neKkTpoaManvaa 1 nokasaHo, YTO TeXHONOrMYECKU NpeanoYTUTENbHO NPOBOAUTL TPaHC-
dopmauuo o 90-95%, a TpaHcopMaumMio OCTaTOMHOrO UuTpaTta nocne anektTpoauanusa u obec-
CONnMBaHWUsA pacTBopa OCYLLECTBMSATL C MOMOLLbIO MOHHOTO O6MeHa.

WccnepnoBaH npouecc BblAeneHnss MUKPOGHOro MenaHvHa M3 HaTUBHOMO pacTBopa C UCMOoMb-
30BaHMEM WMOHOOOMEHHBIX CMON U OnpeaerneHbl onTuManbHble TEXHOMOrMYeckue napamerpbl npo-
Lecca copbumm n anouuu.

M3yyeHbl r3nKo-XxMMmU4eckne CBOMCTBA BblAENEHHOr0 MUKPOBHOro MenaHnHa v BbisiBNEH psia
CTPYKTYPHbIX 0COBEHHOCTEN.

PaspaboTtaHa acheKTMBHAsA TEXHONOMMS BblAENEHUS U OYUCTKN BUONHIMBUpYIOLLLEro BeLLecT-
Ba 13 KXK, koTopast no3BonsieT nony4nTb OYULLIEHHbIA OT COMYTCTBYIOLUMX NPUMECEN NPOAYKT, UMeEto-

LM cunbHoe BUonHrMbupyroLlee AecTBYE Ha NaTOreHHble MUKPOOPraHN3Mbl.

Puc. 5, Tabn.1, 6ubn. ccoinok 47.
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Ocoboe MecTo B OMOTEXHOAOTUUYECKOM IIPOU3BOACTBE OMOAOTHMYECKU aK-
TUBHBIX BelllecTB (BAB) 3aHMMaeT BbIpeA€HUE U OUYMCTKA IIEA€BOTO MPOAYKTa
u3 pepMeHTaIlMOHHBIX PacTBOpoB (DP).

B mporecce Beipererus u ounuctku BAB mu3 OP uyacTo mMpUXOAWTCS HC-
IIOAB30BAThL CAOJKHBIE U, KaK IIPaBHUAO, HeCTaHAAPTHBIE WHAYBUAYAAbHBIE
TEXHOAOTMYECKHE IIOAXOABI, ITO3BOASIIOIINE IIOAYYHUTH IIeA€BBIE ITPOAYKTEHI
BBICOKOM CTEIeHU YUCTOTHI.

OpHOI 13 Hauboaee TPYAOEMKHX CTaAUM NpU BbIAeAeHUM BAB, B yact-
HOCTH aMUHOKUCAOT 13 OP, sBasieTcsi o6eccoAmMBaHMe IIeHTPUMYTraTOB MAU
nepMeaToB COPOIMOHHBIM MeTOAOM. Ha 3Toi cTapum oOpasyeTcs 3HAaUYUTEAD-
HO€ KOAMYECTBO COPOIMOHHBIX M PEreHeparioOHHBIX CTOKOB W PaCXOAYIOTCS
OoAbIe 0O0BEMBI @MMUAYHBIX PACTBOPOB, KOTOPHIE IPUXOAUTCS YTUAU3ZUPO-
BaTh.

CoraacHO OIleHKaM 3JKOHOMHCTOB, cebecTomMOoCTh BAB mpumepHO Ha
60% ompepeAasieTcsT 3aTpaTaMUd Ha CTAAMSX BBIAeAeHUsT M ouucTku uz OP,
o3TOMYy pa3paboTka 3(HEeKTUBHBIX METOAOB BHIAEA€HUSI U O4UCTKH BAB,
MTPEACTABASIIONTUX KOMMEPYECKUM WHTEPEC, SIBASIETCS aKTyaAbHOU 3apadyer
[1].

Leabio mpepraraeMod pabOTHI SIBASIAOCH MCCAEAOBaHUE IPOIECCOB BhI-
AEAEeHUS U OYUCTKM PA3AMUYHBIX KhaccoB BAB (aMUHOKHCAOTEHL, OKCUKHCAO-
TBl, MUKPOOHOI'O MeAaHVHa U OMouHruoupyolero npoaykra) u3z OP u pas-
paboTKa 3(HEeKTUBHBIX TEXHOAOTUU BBIAEACHUS U OUMCTKU BBIIIEYKA3aHHBIX
kraccoB BAB 13 OP MukpobHOTO CHMHTE3a.

Brineaenue u ouncrka L-sanuna n3z OP

OP BarmHa, IOMUMO IIEAE€BOTO IIPOAYKTA, COAEPIKUT TaKyKe COIIyTCTBYIO-
Ie aMUHOKMCAOTHI, OKpallleHHble KOMIIOHEHTEl, MUHEPAAbHBIE COAU U T.A.
[2]. Ecan ouncTKa BaaMHA OT OKpAIIeHHBIX KOMIIOHEHTOB, MUHEPAABHEIX CO-
A€Ml M HEeKOTODPBIX CONYTCTBYIOIIMX AMUHOKHUCAOT He IMPEACTaBASIET CAOXK-
HOCTH, TO OUKUCTKA OT AE€WIWHA, KOTOPBIM MO (PU3UKO-XUMUYECKUM IIOKa3a-
TEASIM CXOJK C BAAWHOM, CBSI3@aHa C OOABIINMHU TPYAHOCTIMH. B maTeHTHOM
AWTepaType U3BecTeH cIoco0 BLIAGAEHMS U ouMcTKU BaauHa us OP [3].
CyTb crocoba 3aKAOYaeTCsl B OTAeA€HHU OMOMAacChl IeHTPU(YTUPOBaHUEM,
nopkucaeHue ¢yrara Ao pH 1.5-2.0 u copbnuell BaAnHa Ha KaTuoHuUTe KY-
2x8 B HT-dpopMe u ero saronmm m3 asbl CMOALI aMMHAYHOM BOAOH. Aanree
5AI0AT IIOABEPralOT BaKyyM-BhIIIAapPUBAHUIO, 00eCIBeYUBAHUIO, KOHIIEHTPUPO-
BAaHUIO U BBIAEASIOT TeXHWYeCKHe KPUCTaAMBI L-BaamHa. [lepekpucrasrnsa-
1M TeXHUYECKUX KPUCTAAAOB B ropsgdyei COASTHOW KHCAOTEe IIO3BOASET IIOAY-
YUTh IIEA€BOM IIPOAYKT C COAEp’KaHUeM OCHOBHOro BemecTBa 99.2-99.4%.
HepocraTkoM criocoba sSIBASIETCSI MHOTOCTAaAMMHOCTD, YTO IPHUBOAUT K HU3KO-
MY BBIXOAY LIEA€BOTO IIPOAYKTA Ha CTAAMU BBIAEACHUS U OUYMCTKM. Tak, Hal-
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puMep, IprMeHeHHe HOHOOOMEHHOI'0 MeToAa M3BA€UeHUsI BaAWHA U3 dyraTa
TIPUBOAUT K TOMY, UTO B TEXHOAOTMU HCIIOAB3YIOTCSI HECKOABKO TPYAOEMKUX
CTapuu (copOnus, AecopOIimus, OTTOHKA aMMHAaKa, YTUAM3AlUsa COPOIMOHHBIX
U pereHepalioHHBIX CTOKOB M T.A.) CyIeCTBEHHBIM HEAOCTAaTKOM MeTOoAa
SIBASFETCA U TO, YTO HEIIPAaBUABHO BbIGdeI:I TEXHOAOI'MYeCKHe IIapaMeTpPhL
COASTHOKMCAOHN IIePEeKPUCTAMU3AIUNM U ero TpaHchopMaluu U3 COAEBOH
(POPMEL B IIBUTTEPUOHHYIO.

Ans BoipeneHUs BaauHa u3 OP B paboTe [4] mpeararaeTcs UCIIOAB30BaTh
9KCTPAKIIMOHHLIM METOA C HCIOAB30BAHUEM JKUAKOIO CYAB(OKATUOHUTA
(pacTBOP AMHOHUAHA(MPTAAMHCYAB(POKUCAOTEL B TENITAHE).

B03MO>KHOCTH MCIIOAB30BaHUS KUAKUX CYABMOKATUOHUTOB AAS BBIAEAE-
HUS aMHUHOKMCAOT M3 BOAHBIX CP€eA IIpUBeAeHa TakKe B pabore [5]. Heobxo-
AUMO OTMETHUTH, YTO PabOTHI IO M3BAEUEHHMIO BaamHa m3 mepmeatoB OP c
HUCIIOAB30BAHMEM JKHAKOTO CYAB(POKATHOHUTA, KaK ITPOBEACHHBIE HaMM, TakK
U APYTHMHU aBTOpaMu padoT [0], TOKa3aAn HEBO3MOKHOCTb OTAEAEHUSA BAAU-
Ha OT COIYTCTBYIOIIUX aMHUHOKHUCAOT (AEMIIMH, aA@HUH) Ha CTapAUU 3KCTPakK-
HI/H/I.EC]\I/I IIPUHATE BO BHUMAHHE, YTO IIPU MCIIOAB30BAHUHHW JXUAKUX KATHO-
HUTOB BO3HMKAeT HEOOXOAMMOCTH pereHepanyy OPraHmdecKoro pacTBOPUTE-
A U AAST PEIKCTPAKIIMUA aMMHOKMCAOT C KAQTUOHUTA TTPUXOAUTCS MCIIOAB30-
BaTh BOAHBIM pPaCTBOP aMMHUaKa BBICOKOU KOHIeHTpanuu (8-10%) To mpeano-
SKeHHBIM METOA, II0 HEKOTOPBIM ITOKa3aTeAdIM YCTyIaeT CIIOCO0Y, YKa3aHHOMY
B pabore [3].

JKCNepUMEHTAIbHAA YaCTh

OKCIepuMeHTHl TI0 PacTBOPUMOCTU L-BaauHa u L-AelliiHa B pacTBOpe
COASTHOM KUCAOTHI IIPOBOAVAM BHIAEPIKMBAHUEM B TEPMOCTATe C IIEPUOAU-
YeCcKUM OTOOPOM >KHAKOM (pas3bl AN aHAAM3a Ha COAEp’KaHMe aMUHOKUCAO-
Tel. K 100 M2 pacTBOpa COASSHOUM KUCAOTBI COOTBETCTBYIOIIEN KOHIIEeHTPAIlUU
AODOABASINOCH TaKOe KOAWYECTBO KPHUCTAAAOB L-BaamHa u L-aeliiuHa, 4YTOOBI
IIOCA€ YCTAHOBAEHUSI PAaBHOBECHUSI OCTaBaAUCh HEpPacCTBOPEHHBIE KPUCTAAABI
(~0.5 2), KOTOpBIEe OT pacTBOpa OTAEAdAU (UAbTpalnmen. Bo uzbeskanHue
KPUCTaAA000pa3oBaHms IpU (PUABTPAIIUU BOPOHKY M IIPUEMHUK TepMOCTa-
THUPOBAAU.

CopeprkaHme aMUHOKHUCAOT B PACTBOPE OMPEAEASIAM C ITOMOIIBI0 aMUHO-
KHCAOTHOTO aHaamsaTopa "AAA-881" (HCCP) u cuekTpodoToOMeTpHUUECKH.

N30ruapruecKyo KPpUCTAAMU3AIUIO0 TEXHUYECKUX KPHUCTAAAOB BaAWHa B
pacTBope COASTHOM KMCAOTHI IPOBOAUAU IIPM M3MEHEHUU TeMIlepaTyphl pacT-
BOpa IIyTeM OTOOpa IIpob ¢ TeMIlepaTypHBIM HHTepBaroM 5°C.

OKCIepUMEeHTHI 10 TpaHC(OpPMAaIUU TUAPOXAOPHAA BaAWHA B IIBUTTEP-
HOHHYIO (popMy M 0OECCOAMBAHHE PacTBOpa IIPOBOAWAM B INPSIMOTOYHOM
OWPKYASIITMOHHOM  UYeThIpeXKaMepHOM  amnmapaTre ¢ MeXMeMOpaHHBIM
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paccrogHueM 3 mm. KaMepbl 3AeKTPOAMAAn3aTopa OBIAU Pa3sjpeAeHBl KaTHO-
HOOOMeHHBIMU MeMOpaHamu MK-40 (Poccusi).

IlepmeaTsl L-BaamHaA U L-n30nedlMHA IIOAYYAAU OCAKAEHUEM KAETOYHO-
ro maTtepuanra OP GeamenrHOU (pepMeHTAIUN IIeHTPU(PYTUPOBAHUEM B Tede-
Hue 20 mun npu 4200 g, IOCAe Yero IOAYYEHHBIE CYIIEPHATAHTHI IIOABEPTaAUd
YABTPAPUABTPAUN C MCIIOAB30BAHUEM allapara IePUOANYECKOIO AeNCTBUS
¢ noaelMu BOAOKHaMu AP-02 (Poccus). VI3 IOAy4YeHHBIX NepMeaToOB TEXHU-
YeCKHe KPUCTAAABI BaAWMHA U I/IBOAGI\/'IHI/IHa BBIACASIAM BAKYYM-BbIIIapUBAHUEM
AO COTBETCTBYIOIETO 3HadeHMs cyxux BemecTB (CB) B pacTBOope M BOAHOU
KpPUCTaAAM3aIUen.

Pe3y.]'[])TaT])I H UX 06cy;1<)1elme

HccaepoBanust mokasanm, uyTto u3 gyratoB mau nepmeatroB OP mano- (L-
AEUIIUH) U CpepHepacTBopuMble (L-BaAMH) HeWUTpasbHBIE AMHHOKHUCAOTHI
MOJKHO BBIAEASITH B (pOpMe TEeXHWYEeCKWX KPUCTAaAAOB. BBuAy TOTO, dTO
KPUCTAaAABl BaAMHA U AeWIIMHA HMEIOT IIAACTHHYATYI0 POPMYy U OOAAAQIOT
OOABIIION TTOBEPXHOCTHOM aKTUBHOCTBIO, TO C MOMOIIBI0O KPUCTAAAU3AIINU B
BOAHOM CpeAe HEeBO3MOJKHO OCYIIIECTBAATE UX paspereHue [2,3].

ApropamMu pabor [3,7] IIOKa3aHO, 4YTO €CAU KPUCTAAAM3AINAIO BAAWHA
OCYIIECTBASITH B COASHOKHCAOU CpeAe, TO 3a CuUeT H3MeHeHHus (OPMBI
KPUCTAMOB OTAEA€HHE BAAWHA OT A€UIWHA W APYTHMX CONYTCTBYIOIIMX aMH-
HOKHUCAOT CTAHOBUTCS BO3MOJKHBIM.

B pabore [8] m3ydeH mpolliecC BBHIAGACHUS U OYHUCTKU BaauHa uz OP u
OIIpeAeAeHBl HEKOTOPBIE NTapaMeTpHhl IIpoliecca.

B COASTHOKHCAOI Cpepe OCYIIECTBAECHO TaK)Ke paspeA€HHe THAPOXAOPHU-
2a D,L-BaanHa Ha omTmdyeckue m3oMeps! [9].

B BhIIIeIpUBEAEHHBIX PAabOTaX HEAOCTATOYHO OTPA’KeHBI TEXHOAOTHYe-
CKHMe IapaMeTphl IIpollecca KPUCTAAMU3AIUU (TeMIepaTypa, BpeMs, KOH-
IIEHTPAaIisl COASTHOM KHUCAOTEI, COOTHOIIIEHUE TBEPAOU M KUAKOM ha3, yCAo-
BUS IIEPEBOAA THAPOXAOPUAA @MHUHOKHUCAOT B IIBUTTEPHOHHYIO (hOpMY M T.A.)
HeUTPaABHBIX @MUHOKMCAOT (BaAWUH, AEUITUH, U30AeUINH, (DeHUAAAaHUH, THU-
PO3HUH HU.T.), KPUCTAAABI KOTOPBIX UMEIOT MAACTUHYATYIO (hOpMY.

Wsydyenue pacTtBopuMOCTH L-BaanHa M L-AelIliHA B COASTHOM KHCAOTE
IIOKA3aA0, YTO IIPU NEPEKPUCTAAU3ANUN TEXHUUYECKUX KPUCTAAAOB BaAMHA
OIITMAaAbHAsl KOHIIEHTPAIUsI KUCAOTEL, HeOOXOAUMAs AAST OTAEA€HUsS BaAWHA
OT AeHIIMHa cocTaBAaseT 12.5-17.5%. YcTaHOBAEHO, UYTO BBLICOKMM BBIXOA BaAU-
Ha Ha CTAAUM NEePEKPUCTAAU3AINU IIOAYYAaeTCsl IIPU COOTHOIIEHUHN TBEPAOH
das3el K XKUAKOM, paBHOM 1.2-1.35. I'lpu 3TOM OAHOMY MOAIO BaAWHA COOT-
BeTcTByeT 1.6-1.9 rpamM-noHa xaopa [10].

V3ydyeHre BAUSHUS TeMIIepaTyphbl Ha KOHIJEHTPAIMIO THAPOXAOPUAA Ba-
AUHA B PacTBOpe B XOA€ M30TUAPUYECKOM KPUCTAAAU3AIUM IIOKA3an0, 4YTO
dopMHUpPOBaHNE U POCT KPUCTAANOB I]eA€COOOPa3HO OCYIECTBASTH IIPU TEM-
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nepaType MaccoBOM KpucTammsanuu (49-40°C) c BripepKUBaHUEM PacTBO-
pa B M30TEePMHYECKUX YCAOBUSIX B TedeHUe IIephopa KPHUCTAaAM000pa3oBaHUs
[8].

[Mocae 3aBeplleHUsT KPHUCTAAAM3AIIUN OT(MUABTPOBAHHBLIE U OT)KaThle Ha
(PUABTPE KPUCTAABI THUAPOXAOPUAA BaAWMHA IIPOMBIBAAU OXAAKAEHHBIM AO
10°C 17% pacTBOPOM COASTHOU KHUCAOTHI.

HccaepoBaHusl TOKa3aAM, 4YTO II€PeBOA BaAMHA U3 THUAPOXAOPUAHOM
OpPMBEI B IBUTTEPHUOHHYIO IIPEAOUYTHUTEABHO OCYIIECTBASITHL C IIOMOIIBIO
3AeKTpoMeMOpaHHOTO MeToaa [10].

YcTaHOBAEHO, UTO Tpollecc TpaHcdopmanuum 3PEPEeKTUBHO TPOTEKaeT B
yeThIpEeXKaMepHOM allllapaTe, WMEIOIIEeM CAEAVIOIYI0 ITOCAEAOBATEABHOCTH
HNOHOOOMEHHEBIX MeMOpaH (puc 1).

Hcnoabp3oBaHME 3A€KTPOMEMOPAHHOrO criocoba TpaHcdopManuu MMo3Bo-
ASleT OAHOBPEMEHHO PEereHepupoBaTh CBSI3@HHYIO C BAAMHOM OCHOBHYIO
YaCTh COASTHOM KMCAOTBHI, KOTOPYIO MOJKHO WMCIIOAB30BaTh Ha CTAAUM COASTHO-
KHUCAOU KPUCTANUBAIUN UAU B APYTUX TEXHOAOTHYECKUX IMUKAAX.

T MK T MA MA T

—

= @ «;@ @ Puc. 1. Cxema pacrornoxe-
@_ I HUS  MeM6paH W NOTOK
pacTBOpPOB B 4eTblpexka-
MEpHOM 3neKkTpoananuaa-
Tope. MA n MK- coot-
BeTcTBeHHO MA-40 n MK-

40 TMnbl MeMbpaH.

14 no4 w4 w4

! ! l I

01N H,0 Val.HCI 0N
H,S0, NaOH

YcTaHOBAEHO, 4YTO MNpolecc TpaHcdopMmanuu 3(P@PEKTUBHO NPOTEKAEeT
[IPU TIPEACABHOM MAOTHOCTH TOKa (i= 43 mA/cm?) ¥ KOHIEHTpAIUKU TUAPO-
XAOPHAQ BaAMHA B UCXOAHOM pacTsBope, paBHOU 0.5 M. I'lpormecc TpaHcdop-
MaIluu IIpoTeKaeT O0e3 IoTepUu BaAUHA.

[MTocre sreKTpopMaAM3a PACTBOP BaAMHA YIAPHUBAAU AO COAEPIKaHUSA
CB=48-50% u c TOMOIIbIO BOAHON KPHCTAAAU3AIIUU B ABYXCTYIIEHUYATOM
IIMKAE BBIAGASIAU KPHUCTaAABl L-BaamHa. [loayueHHBIE KPUCTAAABL OOBEAUHS-
AU ¥ BOAHOM IIepeKpHUCTaAAM3anyel, BKAIOUYAIONled pacTBOpeHUe KpPUCTaA-
AOB, oOOecliBeuMBaHHe, YABTPAUABTPAIIUIO, YyIapHBaHUe B BaKyyMe,
KPUCTAAU3ALMIO U CYIIKY, IOAYYaAu YUCThle KPUCTAAABI L-BaanHa.

BBuAY TOrOo, UTO COASTHOKHMCAOTHAS IEPEKPUCTAAU3AIUSI UCIOAB3YeTCS
Tak>Ke IIPU paspereHur (peHmAaraHmHA oT TUpos3mHa [11,12] u AeliiiHa OT

536



U30AEUIINHA, IIOAYUYEHHBIE 3aKOHOMEPHOCTH IO KPUCTAAAM3AIUU M TPAHC-
dopManui aMUHOKHUCAOTHI U3 TUAPOXAOPHUAHOM (POPMEI B IIBUTTEPUOHHYVIO,
IIO-BUAUMOMY, MOJKHO IIPUMEHSTH U B TEXHOAOTMU IIOAYYEHUS ITUX aMUHO-
KHCAOT.

BrijesieHne U oUUCTKA JUMOHHON KUCJIOTEHI 3 OP

AUMOHHas KUCAOTa U €e COAU OTHOCSTCS K YHCAYy HauboAee Ba’KHBIX
IIPOAYKTOB, IIPOMU3BOAUMBIX OMOTEXHOAOTHYECKUM CIOCOOOM B IIUPOKUX
MacirTabax. TPaAUIIMOHHBIA CITOCOO BBIAGAEHUS AUMOHHOMW KHCAOTHI 13 OP
BKAIOYAET OTAEAeHHe OMOMacChl M ee OCa’kKAeHWe W3 HaTUBHOTO pacTBOpa
M3BECTKOBBIM MOAOKOM C IIOCAEAVIOIIUM PACTBOPEHUEM IIUTPaTa KaAbIUS
CEepHOM KHUCAOTOU. Aaree BBIAGAEHHE AWMOHHOW KHUCAOTHEI U3 (PUABTpPATa
OCYIIECTBASETCI IIyTeM oOOecCIiBeuMBaHUsA, OOECCOAVWBAHUY, BBINAPKY,
Kpucrtammsanuu u cymku [13]. Ilpu 3TOM B IPOM3BOACTBE OOpasyeTcs
OOABIIIOE KOAMYECTBO JKUAKUX CTOKOB U TBEPABIX OTXOAOB, B PEe3yAbTAaTe de-
TO TEXHOAOTUS CTAHOBUTCSA I'POMO3AKON U TPYAOEMKOM.

W3BeCcTHEBI CITIOCOOBI BHIAGAEHUST AMMOHHOM KHUCAOTHI M3 HATUBHOTO PacT-
BOpa JKCTPAKIMEeN OPTraHWYeCKMMM PaCTBOPUTEASIMHU, COAEPIKAIIUMH Tpe-
TUYHBIU aMUH [14], UAM OKTAHOM, COAEPSKAIIUM THUPAOAEIUAANYPUAAMUH [15].
ITpu 3TOM HEOOXOAUMO HCIOAB30BaHUE BBICOKOOUMIIIEHHBIX PACTBOPUTEAEH,
YTO AEAAET CIOCOO CAOJKHBIM B PEAAM3AIUN U AOPOTHM.

B mochepHee BpeMs 3HAUUTEABHOE BHUMAHUE YAEAIAOCH COPOIIMOHHOMY
CcIoco0y BBIAGAEHHUSI KaK AMMOHHOM KHMCAOTHI, TaK W nurpaTtoB [16,17]. He-
AOCTATKOM CIIOCO0A SIBASIETCS UCIIOAB30BaHHE OOABIIIOTO OOBEMA CMOABI, YTO
IIPUBOAUT K PAcXopy OOABIIOrO KOAMYECTBa KHUCAOTHI, OCHOBAHUSA U AeMUHe-
PaAM30BaHHOM BOABI A pereHepallid CMOA M OOPa30BAHUIO 3HAUYUTEABHBIX
00BEMOB pereHePAllMOHHBIX U COPOIIMOHHBIX CTOKOB.

B paGoTax [18,19] onmcaH 3AeKTPOAMAAMSZHBIN METOA IIOAYUYEHUS AUMOH-
HOU KHUCAOTBI U3 €€ HaTPUEBOU COAU M3 MOAEABHOTO PAacTBOPA.

OCHOBHBIM HEAOCTAaTKOM 3A€KTPOAMAAM3HOIO CIOCO0a IIOAYUYEHHS AU-
MOHHOM KHUCAOTEI SIBASIETCS TO, UTO IIPU 3TOM HATUBHBIM PACTBOP OYMIIAETCS
AUIIb OT KQTHOHOB.

JKCNePUMEHTAJIBHAA YaCTh

KJK AMMOHHOM KHMCAOTBHI ITOAYYEHA KYABTUBUPOBAHHEM IIITaMMa-IIPOAY-
menTa Yarrowia Lipolytica BKM VY-2820 A B muTaTeAbHOM cpepe. B Komie
(hepmenTanyu AMMOHHAas KucAota B KOK HakamauBaercsi B (popMe IIuTpara
HATpUS.

DAEKTPOMEMOPAHHYIO TPaHCHOPMANUIO IUTPaTa HATPUS B AMUMOHHYIO
KHUCAOTY TPOBOAMAM B 3AEKTPOAMAAM3ATOpPE C MeKMeMOpaHHBIM PpacCTosi-
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HueMm 3 mm. B aHopHOM Kamepe nupkyauposan 0.1 # pactsop HpSOy, a B Ka-
TopHOM — 0.1 H pactBop NaOH.

KoHnenTpanus uTpaTa HaTpUs B pacTBOpe COCTaBAsiAa 74 2/i1. Beamuu-
Ha IIPEAeAbHOM IIAOTHOCTHM TOKa B MCCAEAYEMOM CHCTeMe COCTaBASIAA
26.4 MA/cr” [20].

KoHIleHTpauu AMMOHHOU KHUCAOTHL I €€ COAEM OIIPEAEASIAU MEPEBOAOM
UX B IIeHTAaOpOManeTOH U 3KCTPAKIUer XAOPOPOPMOM C IIOCAEAVIOUIUM OII-
peAereHreM ONTUYECKOM MAOTHOCTU IKCTPAKTa NPU AAUHE BOAHBI 245 Hu.

OOGeccoanBaHue U 00eCIIBeUMBAHHWE PACTBOPA AMMOHHOW KHCAOTBHI IIOC-
A€ DAEKTPOAMAAM3a OCYIIECTBASIAWM IMPONyCKaHWeM pacTBopa IO HallpaBAe-
HUIO CHU3Y BBEPX Yepe3 TPU IIOCAEAOBATEABHO COEAMHEHHBIE MOHOOOMEH-
HBIE KOAOHKHM, 3allOAHEHHEBIE CyAbdokatuouuroM KVY-2x8 B HT-dopme,
aHmonuToM OA3-10 IT B nutpaTtHOU hopmMe U moHocopdeHToM MA-1p B CI'-
dopme. KOAMYeCTBO CMOABI, 3arpy’KaeMOU B Ka’KAYIO KOAOHKY, OIIPEAEATIAU
UCXOASL M3 OOIero KOAWYeCTBa KaTMOHOB, @aHMOHOB M OKPAIIEHHBIX KOMIIO-
HEHTOB B IIUTPATHOM pacTBope [21].

Pe3yabTaThl U HX 00Cy:KIeHHE

OKCIIepUMeHTaABHBIE PEe3yABbTAaTHl MO TpaHCpOpMaluu IIMTpaTa B AU-
MOHHYIO KHMCAOTY B 3aBUCHUMOCTHU OT IIPOAOAKUTEABHOCTU ONBITA NPUBEAEHEI

Ha puc. 2.
100 100
_%0{ 9% g
Z 8] & 2 Puc. 2. KuneTuka TpaHcgopma-
g 701770 9 UMM LMTPaTa B FIMMOHHYIO KiC-
Z 601 E 60 noty B AByx- (1), Tpex- (2) n ve-
250550 ThipexkaMepHoM (3) anekTpo-
2401540 ananusartope: 4,5,6 — nsmeHe-
%5l s 2 HUE HanpsKeHNs B Lenu YeThl-
D il = pex-, Tpex- W ABYXKaMepHbIX
5 3NEeKTPOAMannu3aTopos,  COOT-
*p 5 BETCTBEHHO.
ol o . . . . . :
0 1 2 3 4 5 6

Bpewms, u

Kak BuaHO u3 puc. 1, TpaHcdopmarus 3KBUMOASIPHOM CMeCU OAHO- U
ABY3aMeIlleHHBIX COAeM ITUTpaTa HAaTpPUS B AWMOHHYIO KHCAOTY B ABYX- U
TPEeXKaMepHBIX JAEKTPOAMAAM3aTOpaxX B 3aBUCUMOCTH OT BPEMEHU uMeeT
BHUA S-00pa3HOM KPUBOM.

W3 AQHHBIX, IOAYYEHHBIX B ABYX- U TPeXKaMepHEIX 3AeKTPOAUAAU3AaTO-
pax, CAepyeT, UTO eCAM TpaHchopMmanms nurpara, paBHas 90%, NpoTeKaeT B
TeyeHue 2.7-3.0 u, To AAST YBEeAWMUYEHUSI 3TOTO ITOKazaTeAd A0 98-99.0% HeoO-
XOAUMO TIPOAAUTE OIBIT elie Ha 3.0 u.

U3 puc. 1 BHAHO, uTO TpaHchoOpManus OUTpaTa B KUCAOTY B ABYX- U
TpPeXKaMepHBIX 3AEKTPOAMAAU3aTOpPaX MPOTeKaeT OBICTpee, YeM B YeThIpeX-
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kaMepHOM. [Ipomecc TpaHchopManuu LUTparTa B AMMOHHYIO KUCAOTY B
ABYX- M TpeXKaMepHBIX JAEKTPOAMAAW3aTOpPax IPOTEeKaeT CO 3HAUYUTEABHO
MEHBIIUM PpacXoAOM BsHeprum (puc.l, kKp. 5,6), 4eM B ueTbIpexXKaMepHOM
(puc. 1, kp. 4). EcAn yYUTBIBaTh, YTO B IIPOILIECCE IAEKTPOAMAAM3A B aHOAHOU
KaMepe ABYXKaMEPHOTO SAEKTPOAMAAU3aTOpa IIPOUCXOAUT YacTH4YHOe (~5-
7%) OKUCAEHUE AMMOHHOM KHUCAOTHL C 0Opa30BaHUEM 0-KETOTAYTAPOBOU KUC-
AOTBI, TO IIpoIecc TPaHCHOPMAIIUU MIPEATIOYTUTEABHO IIPOBOAUTL B TpPeXKa-
MEPHOM 3AeKTpopuasm3saTope. Tak Kak IIOAHAd TpaHCopManug nuTpaTa B
AUMOHHYIO KHUCAOTY IIPUBOAUT K OOABIIOMY PacxXoAy SHEPrUu U IpU 3TOM He
YAQEeTCs OCBOOOAUTHECSI OT HEOPraHMYeCKUX aHWOHOB, TpaHC(OpMaIuio IIUT-
para myTeM 3AEKTPOAMAAM3a IIPOBOAUAM A0 YpOBHA 85-90%, a moaHyro
TpaHCcOPMAIUIO ITUTPaTa U3 PaCTBOPA MOCAE IAEKTPOAMAAM3a U €ero OYHUCT-
KM OT @HMOHOB OCYIIECTBASIAU C IIOMOIIBIO MOHHOTO OOMeHa [22].

MoHOOOMEHHYIO A€MUHEPAAU3ANUI0 PACTBOPA AMMOHHOM KHUCAOTHI IIPO-
BOAUVAM ITyTEM IIPOITYCKAHUSI €TO Yepe3 ABe IMOCAEAOBATEABHO COEAMHEHHBIE
KOAOHKHM, 3allOAHEHHBIe KaTHOHUTOM KVY-2x8 B HT-dopme, u amuoHuTOoM
3A2-10IT B nmrpaTtHOU (popMe. [Ipy 3TOM IPOUCXOAUT KaK IIOAHAsS TPaHC-
dopMarus nuTpaTa B AUMOHHYIO KMCAOTY, TaK M 00eCCOAVMBAHWE PacTBOPA.
PesyapTaThl cOpOnumM NIpUBEAEHEI HA PUC. 3.

1,4 1

1,2 1
o 14 Pwuc. 3. BeixogHble kpuBble copbuumn noHoB
O 0.8 Na' (1), CI'(2) 1 SO,* (3) npu obecconusa-

HUWM pacTBOpa NMMOHHON KUCMOTbI MOCHe
0,6 - ’ anektpoananuaa: C, — KOHLeHTpauus uo-
HOB B pacTBOpE, MOCTYNaloLLEM B KOMOHKY;
C — KOHLieHTpauusa NOHOB B pacTBope, Bbl-
0,2 - XOOALLEM U3 KOTOHKU.

04 -

0 T T T T |
0 10 20 30 40 50

Vpactsop/Vemona

HccrepoBanmss mokazaau (puc. 3), U4TO AAS IIOAHOUW TpaHchopManmu
LIUTPaTa dyepe3 OAUH OObeM KATHOHUTA MOJKHO IIPOIYCKAaTh A0 22 00BEMOB
pacTBOpa AMMOHHOM KHUCAOTHEL. AASd OCBOOOKAEHUSI OT COIIyTCTBYIOIIUX
HeOpraHWYEeCKUX aHWOHOB 4epe3 OAMH 00beM aHHOHUTA MOJKHO NPOITyCKAaTh
2O 34 o0BeMOB pacTBOpa. Aaree AAS OUKMCTKU PacTBOPa OT OCTATOUYHBIX OK-
pallleHHBIX IIMTMEHTOB U B3Becel COOpaHHBIM O00OECCOAEHHBIM PacTBOP AH-
MOHHOM KMCAOTBHI ITIOABEPTAAU OOeCLBEUMBAHHUIO C IIOMOINBIO aKTUBHUPOBAH-
HOTO YTAS, IIOCAe Yero 00ecCOAeHHBINM U o0ecliBeueHHBIM pacTBOP NOABeEpra-
AU BaKyyM-yIIapUBAHUIO A0 COAep>KaHMsA Cyxux BelllecTB (CB) 72-74% u BHI-
MEASIAML KPUCTAAABI AUMOHHOU KMCAOTHI N30TUAPHUYECKON KPUCTaAAU3AIUEN.

PazpaboTaHHBIN CIIOCOO MOJKHO MCIIOAB30BAaTh TaKKe Ha CTapAUU BBIAE-

AEHUS APYTUX MUIIEBBIX OKCUKUCAOT (MOAOUHOM, 16A09HOM) u3 OP.
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IIpenmyliecTBO IIPEAAOKEHHOIO CIIoco0a TpaHchOopMaluu U 00eCcCOAU-
BaHUSA pacTBOPa AMMOHHOM KUCAOTHI 3aKAIOYAETCSI B TOM, UTO Ha CTAaAWUM BHI-
AEAEHUsI B pe3yAbTraTe KOMOMHHPOBAHUSI 3AEKTPOAMAAM3HOIO U COPOITUOH-
HOTO METOAOB 3HAUUTEALHO yMEeHBIIaeTCss KOAMYeCTBO MCIOAB3YEeMbBIX NOHU-
TOB (A0 12 pa3 mo CpaBHEHUIO TOABKO C COPOIMOHHBIM METOAOM) U XUMUKA-
TOB, @ TaK)Ke CHMIKAIOTCSI 3HEpPro3aTpaThl (A0 2 pa3 IO CPaBHEHUIO C JAEK-
TPOAUAAU3HBIM CIIOCOO0M), Kpome TOro, B HECKOABKO pa3 CHUYKAETCSA 00beM
00pa3yIonuXxcsi B IPOU3BOACTBE COPOITMOHHBIX M PereHepaiuoOHHbBIX CTOKOB.

Ilpu OmocuHTE3e AMMOHHOM KHMCAOTBI C UCIIOAB30BAHUEM BHIIIEYKa3aH-
HOTO IIITaMMa-IPOAYIeHTa B (hepMeHTAIMOHHOM pacTBOpe HaKaIlAUBaeTCs
TaK)Ke M30AMMOHHASA KUCAOTA A0 ~10% oT ob6Imero KOAMYeCcTBa AMMOHHOM
KHMCAOTHI. TaK Kak M30AMMOHHAS KMCAOTa HEe KPUCTAAAU3YeTCs, OHa B OCHOB-
HOM HAKalIAUBAeTCSI B MaTOUYHUKE, U3 KOTOPOTrO ee MOJKHO BBHIAEASITH B (hop-
Me MOHOKAaAWeBOU coam [16,22]. BelpereHME COAM M30AMMOHHOM KHCAOTBI
3HAYUTEABHO CHM>KaeT ce6eCTOMMOCTh AMMOHHOM KUCAOTHI, T.K. M30AMMOH-
Hasg KUCAOTa IpuMepHO B 15-20 pa3 AopokKe AMMOHHOMU.

BbinesieHue U 0YUCTKA MUKPOOHOr0 MeiaHnHa u3 ©@P
U M3y4eHHe ero pUu3snKo-XUMHYECKUX CBOICTB

MenaaHUHBI — TeMHOOKpallleHHbIe BBEICOKOMOAEKYASIPHBEIE HEPEeryaAsdp-
Hble IIOAVMePH], 06pa3yloluecss B opraHusMax Ipu epMeHTaTUBHOM OKMUC-
A€HUM a30TCOAEp KaluX M 0e3a30TUCTHIX MOAMGeHOAOB [23,24]. OHu obha-
AAIOT PaAHUOIPOTEKTOPHBIM M AHTHOKCHUAAHTHBIMU CBOMCTBaAMH, SIBASIOTCSA
COPOEHTOM PAAUOHYKAUAOB U TSJKEABIX METAAAOB U CIIOCOOHBI 3(pPEeKTUBHO
3alUIIaTh JKUBBIE OPraHU3Mbl OT YABTPA(UOAETOBOIO HM3AyYeHHUSI. MeraHu-
HBI UCIIOAB3YIOTCS B MeAUNMHE, (papMaKOAOIHY, CEABCKOM XO3SIMCTBE U APY-
rux obaactax [25].

AN TIOAYYEHMST MEAQHUHOB UCIOAB3YIOT CAEAYIOLINe TeXHOAOTUU: XU-
MUYECKUM CHHTe3, IIPeAyCMaTPHUBAIOIINY OKMCAEHNe TUPO3UHA U ero Ipou3-
BOAHBIX [26], 9KCTpaKLusa U3 KUBOTHOTO MaTepHard U PaCTUTEABHOI'O ChIPhS
[27,28], MmukpoOHBIY cunTe3 [29,30].

BcaepcTBUE GOABIIOrO XMMHYECKOIO pa3HOOOpasus GMOAOTHUECKUX Ma-
TEPHAAOB, SIBASIOIIUXCS CBHIPbEM AAS TOAYUEHHS MeAaHUHa, €AMHOIO CTaH-
AAQPTHOTO METOAA BEIAGAEHUSI U OUUCTKU He cylecTByeT [31].

3KCHepI/IMeHTaJILHaﬂ 4acTb

OP MenaHnHa OLIA TOAYYEH IPU KYABTUBUPOBAHUM IITaMMa-IPOAYIIEH-
ta Bacillus thurigiensis K1 #a mutateabHol cpepe [30]. KoHreHTpalus Meaa-
HuHa B OP cocraBasina 4-8 /1.
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Copb1uyio MeraHMHA B AMHAMHYECKUX YCAOBUSX IIPOBOAMAN Ha KOAOHKE
(6x70 cm) Ipy AMHEMHOM CKOPOCTU MOTOKA CyIllepHaTaHTa IO HalpaBAEHUIO
CcHU3Y BBepX, paBHOU 0.034 cm/c.

OAIOLIMIO MEA@HMHA CO CMOABI poBopuAu 3.0% aMMUAuHBIM PacTBOPOM
IIPpU CKOPOCTU IIOTOKA 3JAIOEHTAa 4Yepe3 KOAOHKY II0 HAIPaBAEHUIO CBEpXy
BHU3, paBHOU 0.015 cm/c. KOHTPOAB 3a XOAOM IIpoIiecca OCYIIECTBASIAM H3-
MepeHueM onTtudeckou naoTHoctu (OIT) pactBopa mpu 315 wm U cpaBHe-
HHUEeM IIOAYy4eHHOU BeAMYnHBl cO 3HaueHumeM OIl cTaHA@pPTHOIO pacTBopa
CUHTETUYEeCKOTO MeraHnHa pupMel “Sigma”.

HVK-cneTpel IIOAy4aAW C HUCIOAB30BAaHMEM CIeKTpoMeTpa Tuna "Nexus
Nicolet FI-IR" (CIIA) B Tabaetkax KBr. CrnekTtpnl 3IIP perucrpupoBarmn
npu Temmeparype 20°C Ha cnektpoMmerpe Tumna "SE/X-2543 "Radiopan”
(I'Moabma) ¢ BeICOKOWAcCTOTHOU MopyAadanuen 100 x/y Ha wacrote 9.4 [Ty.
CnekTpaAbHblE U3MeEpPeHUs TPOBOAUAM Ha crnekTtpoMeTpe “Perkin-Elmer
550SUV-VIS" (CLLA).

Pe3yabTaThl U HX 00Cy:KIeHHE

Tak Kak KOHIIEHTpanus MeraHWHa B nmoaydeHHoM OP uuskas, Hanboaee
3 PEKTUBHBIM SIBASIETCSI TIPUMEHEHWe COPOIIMOHHOTO CIoco0a BBIASAEHUS
NIUTMeHTa U3 CyNepHaTaHTa. liccaepoBaHMe Iporecca COpOIMKM MeAaHHWHA
U3 CyIEepHATaHTa B CTATUYECKUX YCAOBUIX IIOKA3aA0, YTO PABHOBECHOE
COCTOSIHHE B HM3YUYEHHOW CHCTEMe YCTaHABAMBAAOCH depe3 2-4 y B 3aBUCHU-
MOCTM OT THUIIa IPUMEHSIEMOro copOeHTa (TabAuIa).

W3 mpuBeAeHHBIX AQHHBIX CAEAYET, UTO M3 BCEX MCCAEAyEMBIX COpPOeH-
TOB HAUOOABIIIEN €MKOCTBIO II0 MEAAGHUHY OOAAAQIOT aHMOHUTHL U IIOPOII-
KOOOpAa3HBIM aKTUBUPOBAHHEBIN YyTOAbL Mapku OY-B. EMKOCTbE rpaHyAHMpOBaH-
HOTO aKTHUBUpPOBaHHOro yrasg AI'C-4 mana, 4TO, IO-BUAUMOMY, CBS3aHO C
MEHBIIIEN YASABHOM ITOBEPXHOCTBIO 3TOM MAapKU yTAd [32].

Kak BHAHO M3 AQHHBEIX TAOAUIIBI, KOAMUECTBO COPOUPOBAHHOTO MEAQHU-
Ha CYILIECTBEHHO 3aBHCUT OT T'PAaHYAOMETPHUYECKOrO COCTaBa AHHWOHUTOB
(omerTEl 8,9). TlosTOMYy AAS Ayulllelt COpPOIMM NMUTMEHTa KPYIHBIE T'PAHYABI
HOHOCOPOEHTa pa3MaAbIlBaAW U UCIOAB30BaAU dpakiuu (-0.63 — +0.2 awm).

Copbnua MeraHHHa Ha cMoae HMA-1p, mo-BHAUMOMY, OOyCAOBAEHA ce-
AEKTHUBHBIM B3aMMOAEMNCTBHEM MeXXKAy CcOpOaTOM M MaTpHUIleM CMOABI, oOpa-
30BAHHON B pe3yAbTaTe IIOAUKOHAEHCAIIUM (POopMarbAerrpa, M-(peHUAeHAU-
aMuHa U pe3opiuHa [32].

Hcxopss M3 IOAYUYEHHBIX AQHHBIX B AMHAMUYECKUX YCAOBUSIX Ha CMOAE
HA-1p npoBOAUAU BHIAEA€HHE MeAraHMHA U3 cynepHaTtaHTta. CHadara pH cy-
IlepHaTaHTa CHIXXaAM OT 8.9 Ao 3.5, 3aTeM pacTBOp IPOINYCKAAW depe3 UOo-
HOOOMEHHYIO KOAOHKY, 3amnoaHeHHyI0 cMmonror HA-1p B Cl'dopme. Aaree
CMOAY IIPOMBIBAaAM OOECCOAEHHOM BOAOM, IIOCA€ UYero MEeAaHMH 3AI0UPOBAaAU
aMMUAuHBIM pacTBOpoM. COOpaHHBIM aMMHauHBIM 3AI0QT IIOABEpPraAM Ba-
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KYyMHOMY yIIAPMBAHUIO A0 KOHIeHTpanuu MearaHuHa 200-250 e/7 um pacTBop
BBICYIIIMBAAM B CYIIMABHOM IIKady C MPOAYBKOM ropsiuero Bospyxa (50-
55°C). B pesyabTaTe BBICYIIUBAHUS IIOAyYaeTCS YepPHO-KOpPUYHEBas aMopd-
Has Macca C MeTaAaanmdeckum Oaeckom [30].

Tabnuya

Pe3yabTaTsl cOpOLMN MeJIaHHHA U3 CYNIEPHATAHTA B 3aBHCHMOCTH
OT THINA MPUMEHSIEMOT0 COPOeHTa HJIM CMOJIBI, BetmunHbl pH pacTBopa
W Pa3MepoB rPaHyJI CMOJIBI

= 5,
: DolEs| 285|288 |82
: 5 | 85| 55g|588.] 3225
3 HauMmeHOBaHHe cOpOeHTa = £8 = g % = E ; 21223
s R EREE R
o, ) o © E' m % En g E : 8 =
GE) Ev E‘vg 5 ) E E E = = 5 E
[e] © [SINS) =) g & o) 8 g E
= T | TS| EEE| EZE °g
FlCZ>| Sk 3 €5
o o x g 8} M S & & 3
HA-1p CI- dopma
! -0.63++0.2 40 | 43| 310 0.75 79.0
HA-1p CI" hopma
§ -0.63++0.2 mm 50 | 51 3.30 1.03 75.8
HA-1p CI- dopma
? -0.63++0.2 mm 62 | 69 3.20 1.59 53.8
HA-1p CI" dopma
‘ -0.63++0.2 75 | 7.3 | 320 1.76 48.0
HA-1p CI" dopma
> -0.63++0.2 89 | 84 | 320 2.10 37.6
HA-1p CI" dopma
6 063402 1uu 12.4 | 11.8 | 3.10 2.70 11.6
AB-17 CI" ¢opma
! -0.75+4+0.5 54 | 58 | 320 2.52 22.6
Dowex Cl- dopma
8 100-200 Merr. 54 | 62 ] 320 1.13 69.2
APA-8P CI- popma
’ -0.75:40.5 Mm 50 | 55 | 330 2.25 35.0
APA-8P CI- ¢popma
10 -0.25:40.1 aum 50 | 55 | 330 1.85 483
OA3-10IT Cl- popma
" -0.75:40.5 54 | 58 | 320 1.85 45.0
12 VYroab akTuB. Mmapka OY-B 50 | 6.6 3.30 1.00 76.6
13 Yroab akTuB. Mapka Al'l]-4 5.4 6.2 3.20 2.90 3.3
KY-2x8 H* dhopma
4 -0.75++0.5 o4 | 1.6 320 2.25 28.3
KY-2x8 NH,* dopma
' -0.75++0.5 mm 54 | 6.1 4.10 3.98 4.0
16 TToancop6 1 50 | 5.7 3.30 3.26 1.4
17 KM nearronoza KM-32 5.0 5.7 3.30 3.25 1.7
Cunukareab 1I-251],
18 5/40 mx/m 5.0 2.6 420 4.12 2.7
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AAST YCTAaHOBAEGHUST IIPUHAANEKHOCTH TTOAYYEHHOI'O IIUTMEeHTa K MEeAaHU-
HaM MCIOAB30BAAM KauyeCTBEHHBbIE PEeaKIUM C OKUCAUTEASIMH. YCTAaHOBAEHO,
YTO BOAHBIM pacTBOp nurMeHTa obecrBeuuBaetrca H,O, m HNO3 B mpu-
CYTCTBUU HeOOABIIOro KoamdectBa FeCl; u3 pacTBopa HuUrMeHTa BBIIaAaeT
KOPUYHEBBIM XAONBEBUAHBIM OCAAOK, KOTOPBIM MCYE3aeT IIPU YBEAMYEHUU
KOAMYECTBA AOOABAEHHOW COAW. Pe3yAbTaThl YKa3aHHBIX PEAKIUM OKa3aAUu
IIPUCYTCTBHE B IIOAYYEHHOM IIUTMEHTE XMHOMAHBIX U (DEHOABLHBIX CTPYKTYD,
YTO IIOATBEP)KAAET €r0 MEAQHMHOBYIO IIPUPOAY [23, 24].

B psine paboT aAst ollpepeAeHusT IPUHAAAEKHOCTH MUTMEHTOB K dyMeAa-
HUHAM UAM peoMeAaHUHaM IIPeAAaraeTcsl MCIOAB30BaTh OTHOIIEHNE UHTEH-
cuBHOCTel noraoienusa npu 650 u 500 wu. Tak, y CHHTETHUYECKUX JyMeAa-
HUHOB oTHOIIeHme D 650/500 xoaebanrock B pmanazone 0,25-0,33, a y cunTe-
TUYeCKUX (peoMeraHUMHOB — B pmanasoHe 0.1-0.14 [33,34]. IIpoBepeHHBIE Ha-
MU 3KCIIEPUMEHTHI TTOKa3aAl, YTO OTHOIIEHNEe MHTEHCUBHOCTEN TOTAOIEHUS
MHUKPOOHOTO M CHHTETHYECKOTO MenraHuwHa npu 650 m 500 wm cOCTaBASIAO
0.328 u 0.315, COOTBETCTBEHHO, U3 YEro CAEAYeT, YTO 00a MeAaHMHA NPUHAA-
A€JKaT K 9yMeAaHWHaM.

B HK-crekTpe BOAOPACTBOPHUMOIO MUKPOOHOTO MeAaHWHA (puc 4) npu-
CYTCTBOBAAM IOAOCH], XapaKTepHble AAd MeAaHMHOB [35, 36]. I'lpu comocTas-
AeHnn MK-CIIeKTPOB BUHOTPAAHBIX MUTMEHTOB, MUTMEHTOB, BHLIAGAEHHBIX U3
NIPUPOAHON U KYABTUBHPOBAHHOM Yarx, CUHTETUYECKOTO U MOAYYEHHOI'O Ha-
MU MUKPOOHOTO MeAaHWHA OOHAPy’KHUBAETCSI UX CXOACTBO B OTHOIIEHUM OC-
HOBHBIX IIOAOC IIOTAOIIEHUS.

Puc. 4. NK-cnekTpbl Muk-
pobHoro (1) — pa3baBneH-
Horo 1:200 u cuHTeTWYe-
ckoro (2) — pa3baBneHHoro
1:460 menaHVHOB.

% Transmittance

Wavenumbers (cm™')

Oco6eHHOCTBI0O MEAAHUWHOB KaK IIPUPOAHBIX ITOAMMEPOB, COAEPIKAIIUX
pPa3BUTbIE CUCTEMEI COIPSDKEHHEBIX CBS3€M, SBASIETCS HaAWdue HecllapeHHBIX
9AeKTPOHOB. Bce MeaaHuHBI 6e3 HCKAOUeHHs uMeroT OlIP-moraomieHue B
BUAE CAerka acUMMETPUYHOTO CHHTAETHOTO CHTHara 0e3 CBEpPXTOHKOU
CTPYKTYPHI C BEAMYMHOMN (-(haKToOpa, Bapbupyolell B mpeperax 2.003-2.004
[31].

[MTapamargeTu3M MPUPOAHBEIX MEAAHMHOB OKAa3bIBaeT CYIeCTBEHHOE
BAUSIHME Ha MHOIWEe Ba’KHBIEe CBOMCTBA: 3AEKTPOIPOBOAHOCTH, OOMEHHYIO
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€MKOCTb, XUMUYECKYIO PEaKIJMOHHOCIIOCOOHOCTh, aHTUOKCUAGHTHBIE CBOUCT-
Ba, OMOAOTMYECKYIO aKTUBHOCTD U T.A,.

Ha puc. 5 npuBepenbl OITP-crieKTpbl MUKPOOHOTO U CHHTETUUYECKOTO
MEAQHUHOB.

Puc. 5. Cnektpbl Q3P
MEenaHWHOB  MUKPOBHO-
ro(1) » cuHTeTM4ecKoro
(2) nponcxoxaeHus.

3300 3350 3400
Ho(Gs)

CrnekTp MHUKPOOHOTO MeAaHUWHa ITPEACTaBASIA COOOM CAeTrKa acuMMeT-
PUYHBIN CHUHTAET 0Oe3 CBEePXTOHKOM CTPYKTYPHl C IIUPUHOW AWMHUMN MEXAY
TOYKAMH MaKCHMMAaABHOU KPYTH3HBEI OKOAO 7 eaycc W 3HaueHHEM (g-(PakTopa,
paBHBIM 2.003. ABOMHOEe WHTErpHUpPOBAHHE 3TOrO CHEKTpa IMIOKAa3aAo, 4TO B
HeM copepxkutcsa 0.21x10'8 cnun/2 napamarHuTHBIX TeHTPOB. CIIEKTp CHHTe-
TUYECKOTO MeAaHMHA OBIA TaK)Ke CHHTAETHBIM, HO AWHHSA IIOTAOIIEHUSA
NIPEeACTaBASIAA YJKe AOpeHIeByIO (opMmy ¢ g-daxrtopoM, paBHBIM 2.004, u
HMIMPUHON OKOAO 8 2aycc. UMCAO HeCHapeHHBIX 3AeKTPOHOB B HeM 0.37x10'8
cnun/e.

HccaepOBaHUS IIOKA3aAM, UYTO B CTPYKType MHUKPOOHOTO MeAQHWHA HUMe-
AWCH ABa THIIa NapaMarHUTHBIX II€HTPOB, OAMH U3 KOTOPBIX SBASIACSH AAOUAB-
HBIM, @ APYTOU — CTaOUABHBIM [36].

V3ydeHO TakkKe BAUSHHE TeMIIePAaTypPHOIO BO3AEUCTBHUSI Ha CBOMCTBO
MHUKpPOOHOTro MeAraHuHa [37]. YCTaHOBAEHO, YTO aMOP(MHBIN 0Cap0K MeAaHU-
Ha ycroruus npu 120°C. I'lpu noBBIIIEHUN TeMIepaTypsl cpeabl (a0 200°C),
II0-BUAUMOMY, HQUMHAAACh AeTPajpalis MEeAaHMHQ, YTO IIPUBOAUAO K YaCTHUU-
HOMY HapYILIEHHUIO €r0 CTPYKTYpHl. B pe3yabpTaTe 3TOrO0 MeAaHWH TEPSA CIO-
COOHOCTH PacTBOPATHCA B BOAe. [Ipu KUNITUeHUU B IIEAOYHOM Cpepe MeAa-
HUH, [I0-BUAUMOMY, BOCCTAHABAUBAA II€PBOHAYAABHYIO CTPYKTYPy M PacTBO-
psaca B Boae. Ilpu Temneparype Bhillle 350°C MeAaHUH MOABEPTAACS Pas3py-
IIEeHWIO U II03TOMY TePSA CIOCOOHOCTh PACTBOPSATHCA KAK B IIEAOYHOM, Tak
U KUCAOU Cpepax.

Ncxopss M3 AQHHBIX TeAb-XpoMaTorpaduu (MOAEKYASIpHas Macca MHUK-
poOHOro MeraHMHA COCTaBAsIAA 4 k/[a) M BDA€MEeHTHOrO aHaAu3a, BOAOPACTBO-
PUMBIM MeAraHUH U3 KyAbTyphI Bcecillus thuringiensis serovar K1 umeer caeayto-
myto sMnupudeckyio hopMyay: Cigs Hosz Ogo NyoS.
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IlpenapaTel MeraHWHA OBIAM YCIIEIIHO MCIIOAB30BAHBI B CEABCKOM XO-
34UCTBE B KaueCTBe OMOCTUMYAITOPA POCTa PACTEHUM U B MEAUKO-OMOAOIHU-
YeCKUX UCCAEAOBAHUSX.

BroigesieHne n 0UMCTKA OMOMHTHOMPYIONIET0 MPOAYKTA
U3 KYJbTYPAJIbHBIX KUAKOCTEH

BronHrnoupyromue BellecTBa B OCHOBHOM NIPEACTABASIIOT COOOM CHUHTe-
3upyeMble OakTepusMU (OaKTEePUOLIMHBI) UAU APOKIKAMH (MHKOIIUHBI) IIPO-
AVKTBI, KOTOPBIE APYT OT APyTa OTAMYAIOTCSI IO MOAEKYASIPHOMY BeCy, XUMHU-
YeCKOMY COCTaBYy M CIIEKTPYy BAuAHUA [38].

3a IIOCAEAHHE ABA AECATUAETHS NOAYYEHHE HOBBIX OMOMHIMOMPYIOMIUX
TIPOAYKTOB IPUOOPEAO OOAee aKTYaABHBIM XapakTep, T. K. YBEAUUYHAOCH YUC-
AO DOaKTepul, YCTOMUMBBIX K BAUSHUIO aHTUOMOTUKOB, YTO IIPUBOAUT K yBe-
AWYEHUIO PacIpOCTpaHeHMsI OOAe3HeN CpeAr KaK HaCeAeHUs, TaK M JKUBOT-
HbBIX [39].

BruonHrnbupyomue BellecTBa UMEIOT PasAngyHyto npupoay [40].

B AuTepaType OnmyOAMKOBAHO MHOTO paboT, MOCBAIIEHHBIX KAACCUPUKA-
oy OaKTepuoIWHOB [38-42], a TakKe OWMOCHMHTE3y U BBIAEACHUIO HUX U3
KYABTYPaABHBIX >kupocTel (KJK) B AaOOpaTOpHBIX YCAOBUAX. B HEKOTOpPBIX
paboTax BbIAeAeHUe OakTepuonmHa n3 KJK oOCylecTBASIOT IeHTPUPYTUPO-
BaHUEM, IIOCAe 4ero (pyraT MOABEPTaloT yAbTpaduabTpanum [40-43]. Aanree
U3 IepMeaTta OAKTEPUOIIUH OCA’KAQIOT BBICAAMBAHUEM CyAb(ATOM aMMOHNS,
BBEIAGAUMBIINNCI OCAAOK PACTBOPAIOT B PACTBOpe LUTpaTa HATPUI U AWAAU-
3yIOT. AMaAu3aT IIOABEPraioT reAb-puAbTpanuu. CoOpaHHbBIe PpaKIul 00be-
MAAHSIOT U AMO(UABHO BBICYIINBAIOT. CyXyH0 MacCy PacTBOPSIOT B BOAE U
IIPOITyCKAIOT Yepe3 KOAOHKY, 3alIOAHEHHYIO KapOOKCHUMETHAIIEANIOA0301. Co
CMOABI IIeA€BOM IIPOAYKT SAIOHUPYIOT PAacTBOPOM XAopuAa@ Harpus. CoOpan-
Hble aKTUBHBIE (PPAKIUM CMEIINBAIOT, IIOABEPralOT AUAAN3Y U (DPAKIIUOHU-
pytor ¢ nomoupio BOJKX. AKTUBHBIe (DpakOUM CMEIINBAIOT, AMOMUABHO
BBICYIINBAIOT U IIOCA€ PACTBOPEHHS B BOAE INPOBEPSIOT OAKTEPHUOIUAHBIE
CBOMCTBaA.

[TpepnrosKeHHBIE TIOAXOABI BBIAGA€HHS U OUYMCTKH OHOMHTMOWPYIOIIUX
IpoAyKTOB 13 KJK B OCHOBHOM HMEIOT UCCAEAOBATEABCKUM XapaKTep U sB-
ASIOTCSI HETEXHOAOTUYHBLIMU.

Lleab nMccaepOBaHUS 3aKAIOYAAACh B pa3paboTke 3(P(PEeKTUBHOTO TEXHO-
AOTHMUYECKOT0 CIIOCO0a BBIAGAEHHUS M OUHMCTKU OMOMHTUOUPYIOUIEro IIPOAYKTA
n3 KK MOAOYHOKHUCABIX OaKTepuil, UMEIOIIero BBEICOKOe OaKTepUOIMAHOEe
AeMcTBHE.
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3KCI’[epI/IMeHTaJ'[LHaﬂ qacTb

KK OHOMHIUOMPYIOIIUX BEIIeCTB YCAOBHO aHA’pOOHBIX IITaMOB
(Lactobacillus acidophilus 1991 BKIIM 6257 u Lactobacillus thamnosus 2012
MHMUJA 9614), moAy4YeHHYIO IIOCAe BBIpaluBaHusg B cpepe MRS mpu TeMm-
neparype 37°C B TeueHue 48 u, mopBepraru LeHTPUYIMPOBAHUIO B Teue-
Hue 20 mun npu 2900g. CynepHATaHT IIOABEPTaAd YABTPA(UABTPALIMU IIyTEM
IIPONYCKAHUS €r0 Yyepe3 PAa3spAEAUTEABHBIM YABTPA(UABTPALMOHHBIN annaparT
C TIOABIMM BOAOKHaMM AP-02 NepuoArdYecKOoro AEUCTBUSA. Aaree IiepMear
TOABEPTAAM YIApUBAHUIO B BaKyyMe A0 pocTwkeHuda CB B mepmeare 27-
30%. Ans oca’kpeHMS IeAeBOTrO NpOoAyKTa K 30 mr ymapeHHOIro IepMeara
IpU NepeMelInBaHUMN AOOABASIAM CYAB(PAT aMMOHHUS AO AOCTUKEHUS CTelle-
HU HaceleHusa pacteopa 30-80%. pH ymapeHHOTO pacTBopa COCTaBASA 3.5 U
6.5. [Tocre 20-MUHYTHOTO IIepeMeIInBaHUSA MAcCy BBIAep>KHBaAu npu 4°C B
TeueHue 20 u. OOpa30BaBIINNUCI OCAAOK OTAEAIAM OT pacTBopa HeHTPUQY-
rupoBaHueM B TeueHue 15 mun npu 5400g.

CoOpOLMOHHBINM IIPOLEeCC BBHIAEAEHUS OMOMHTIMOUPYIOIIETO BeIecTBa U3
cynepHatadta KJK ocCyIecTBASIAM TPOIyCKaHWEM pacTBOpa dYepe3 ABe IIO-
CAEAOBATEABHO COeAMHEeHHBbIE NOHOOOMEeHHBIe KOAOHKU. [lepBasi KOAOHKA 3a-
[IOAHEHAa KaTUOHHUTOM KVY-2x8, a BrOpass — ammoHuToM OAD-10I1 B HT u
OH" ¢opmax, COOTBeTCTBEHHO. /AWHENHas CKOPOCTb IOTOKA CYyIepHATaHTa
110 HATPaBAEHMIO CHM3Y BBepX cocTaBasira 0.034 cm/c. CopObmpoBaHHBIN Iie-
A€BOM IIPOAYKT CO CMOABI JAIOMPOBaAM aMMHAuHBIM pacTBopoM. Dpakiuy,
oOraparomyie OMOMHTUOUPYIOIIUM CBOMCTBOM, OOBEAWHSAU U TIOABEPraAm
BaKyyM-ymnapusaHuio A0 CB pactBopa 50-52%, u mocae pa3baBAeHHUS Olpe-
AEASIAM OMOMHTUOMPYIOUIYIO aKTUBHOCTD IIOAYUYEHHOI'O IIPOAYKTA.

OKCTPaKIUIO OMOMHTHUOMPYIOUIEro MPOAYKTA K3 3AI0ATA OCYIEeCTBASIAU
po0aBAeHHeM K 20 mz 3Ar0aTa OINPEAEAEHHOTO KOAMYECTBA OPraHWYeCKOTO
PacTBOPUTEAS COOTBETCTBYIOILIErO THIIA U NMOCAe 10-MHUHYTHOTO 3KCTParmupo-
BaHUS MACCy OCTaBASIAM HA PACCAOEHUE, ITOCAE Yero OPraHM4eCKUM CAOU OT-
AEASIAM OT BOAHOTO. BakyyM-yllapuBaHHeM 3KCTpakTa OpraHUYeCKUM pacTBO-
PUTEAB OTAEASIAM OT BOAHOIO CAOS M OIPEAEASIAN OMOMHTUOUPYIOUIYIO aK-
THUBHOCTh YIIAPEHHBIX PACTBOPOB. YNApPEHHBIM BOAHBIM PACTBOP IPUCOEAU-
HSIAU K HICXOAHOMY CYIIEPHATAHTY AAS MOHOOOMEHHOM OYMCTKMU.

CopeprkaHue OMOMHTHUOMPYIONIEro IIPOAYKTAa B PAa3AMYHBIX OOpaslax
OIIPEAEAIAM MeTOAOM OOpa3oBaHUS WHIHMOUPYIOIIelN 30HBI HAa TECT-KYABTY-
pax.

B pabore ycrOBHOM epvHUIIEN aHTHOAKTEePUAABHON aKTUBHOCTH (Au/mn)
CUMTAAACh BeAWUMHA pa30aBAeHUs, NIPU KOTOPOM oOpasel IPOSIBAIA MUHU-
MAaABHYIO 30HY (2 mm) IOAQBAEHHUSI POCTA TECT-KYABTYP.
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B KadecTBe HCCAEAYEMBIX TeCT-KYABTYP HCIIOAB30BAAU YCAOBHO-IIATO-
renHble OakTepuu popoB Esherichia col K-12, Salmonella typhimurium I'-38
u Bacillus Subtilis I'-17-89.

Pe3yJIbTaTbI H UX oﬁcy)w]elme

HccaepoBaHUs IOKa3aAM, 9TO C IIOMOIIBIO BBICAAMBAHUS CYAB(ATOM aM-
MOHUSI TPU Pa3AUYHBLIX 3HaueHUsSX pH pacTBopa IeAeBOro IPOAYKTa He
YAQETCSI KOAUUYECTBEHHO IIPOBECTU OCa’KAEHME OUOMHTUOWPYIOUIEro MPOAYK-
Ta U3 yIIapeHHOTO IlepMeaTa He3aBUCHMO OT CTelleHM HAaCBIIeHUsl pacTBopa
oT 35 po 80%, cooTBeTcTBeHHO. [10-BHAMMOMY, NIPUUYMHA HEBBITAACHUSA OCaA-
Ka CBfI3aHa C ero HeOOABIIMM MOAEKYAIPHBIM BecoM (700-1100 D) [44], HU3-
KUM copepkaHueM B KJK, a Tak’Ke BBICOKON PACTBOPUMOCTEHIO.

YauThIBas BBINIECKA3aHHOE, AAS BBIAGAECHUS IIEeA€BOTO INPOAYKTa M3 Cy-
TepHaTaHTa NPHUMEHEH MeTOA MOHOOOMEHHOM XpoMaTorpaduy IIpoIycKa-
HUEM pacTBOpa OMOMHTUOWPYIOUIErO TPOAYKTa Yepe3 CyAb(POKAaTUOHUT U
CPEAHEOCHOBHOM QHUOHUT, COOTBETCTBEHHO [45-46]. OOMeHHas €eMKOCTb
aHUOHUTA K IIEA€BOMY IPOAYKTY cocTaBasira 1280 ed/mu.

HWccaepoBaHMS TTOKAa3aAM, YTO Ha CTAaAUMM HMOHHOTO oOMeHa ~77% OT 00-
mero KoamdectBa CB mcxopHOro cynmepHaTaHTa Kak MPUMECH OYMIIAeTCs OT
IIeAeBOT0 IIPOAYKTa. B mpomnecce copbuuu 79% OMOMHTHOUPYIOLIEro IPOAYK-
Ta COPOUpPYeTCs Ha CMOAE.

Opaknuu sAi0aTa, UMerolue OHMOMHTHOUpYIOollee CBOMCTBO, IIOABEpra-
AUCH BaKyyM-ymapke A0 coapepkaHuss CB B pactBope 52%. AKTHBHOCTH
OHMOUHIMOUPYIOIEro MPoAyKTa B ylnapeHHOM pacTBope 5800 ed/ma. Beixop,
IIEA€BOTO MPOAYKTA Ha CTAAUM MOHHOTO oOMeHa ~67%.

[TokazaHo, 4TO IpU MOHOOOMEHHOM METOAE BBIAEAEHUS OHMOMHTHOUPYIO-
II[er0 IIPOAYKTA M3 CyNepHATaHTa TOABKO YACTUYHO YAQETCS OUHUCTUTH IleAe-
BOU IIPOAYKT OT COIIYTCTBYIOIIUX NpHUMecer. AAS AOOUMCTKH IIOAYYEHHOTO
9Al0aTa OT MpUMecer HaMU NPUMEHSIACS 3KCTPaKIMOHHBLIM ciiocob. B ka-
JyecTBe JKCTpareHTa MCIIOAB30BaAU OpraHWYecKue PacTBOPUTEAU Pa3AUdHO-
ro xapakTepa.

W3 npuMeHseMBIX OpraHUYeCKUX PacTBOPUTEAel CPaBHUTEABHO 3 dekK-
TUBHBIM OKAa3aAUCh AUMETHA- U AUITUAKETOHBI M alleTOHUTPUA. Bricokasa
S3KCTparupyoiass CIOoCOOHOCTh BBIIIEYKA3aHHBIX COEAUMHEHMU, II0-BUAUMO-
MY, CBSI3@Ha C OOABIION BEAWYUMHOMN UX AWUIIOABHBIX MOMEHTOB.

MUKpOOHMOAOTUYECKUM AHAAM30M YCTAHOBAEHO, YTO IIOAYYEHHBIM yIa-
PEHHBI 3JKCTPAKT IIOAABASIET pOCT YcAaoBHO-matorenHwix (E. Coli, S.
typhimurium u B. Subtilis) n matorenusrx (Staphylococcus aureus-21G, Pseudomonas
aeruginossa-12, Klebsiella sp., Proteus mirabilis 597) kyabTyp B 200-KpaTHOM pas-
OaBAEHUM ITOAYUYEHHBIX 00pas3IoB.

HccrepoBaHmss TOKa3zaAM, 4YTO OPU IKCTpaKIuu ~62-65% OHOMHTUOU-
pyIollero IPOAYKTa M3 DAI0aTa IIEPEeXOAUT B oOpraHudeckyio ¢azy. Ecam
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y4ecThb, YTO OCTaBIIMeCs B BOAHOM pacTBope ~38-35% OUOMHTUOMPYIOUIero
IIPOAYKTA IIOCA€ OTTOHKM JKCTpareHTa BO3BPAalllalOTCS Ha CTAAUI0 MOHHOOO-
MEHHOM OYMCTKY, TO BBEIXOA IIEA€BOTO IIPOAYKTA HA CTAAUM 3KCTPAKIIUU
MOJKHO AOBeCTH A0 97%. BBIXop IleAeBOro IpoAyKTa U3 CylepHaTaHTa C yde-
TOM BO3BpaTa PacTBOPOB B TEXHOAOTMYECKUU IIMKA COCTaBASET ~64%.

ABTOpPHBI paboThl [47], UCCAeAyIOlINe MPOAYKTH MeTaboAn3Ma, MOAYYEH-
HBIEe B IIpollecce KYAbTUBUPOBAHMS aHAAOTMYHBIX IIITAMMOB MOAOYHOKUCABIX
OaKTepuy, MOKa3aAW, YTO AHTUMHUKPOOHOE CBOMCTBO KOHEYHOIO IIPOAYKTA
CBSI3aHO C HAAWYMEM B HeM HU3KOMOAEKYASIpHOro mnentupa. C IIOMOIIbIO
macc-crnektpomerpa (MALDI-TOF/TOF) onpeaereH MOAEKYASIDHBIM Bec
nentupa (1.1 K/ja), a ceKBEeHUPOBAHUEM YCTAaHOBAEHO, UTO OH COCTOUT U3 11
AMMHOKHCAOTHBIX OCTAaTKOB CAepyromero cocraBa: Asn-Val-Gly-Val-Leu-X-
Pro-Pro-X-Leu-Val.

INpeumyiiecTBo pa3zpabOTaHHOTO KOMOMHUPOBAHHOTO CIIOCO0A BEIAEAE-
HUS W OYUCTKU OMOWHTHOUPYIOUIEr0 MPOAYKTA 3aKAIOUAETCSI B TOM, YTO C
TIOMOIITBI0 MOHOOOMEeHHOU XpoMaTtorpaduu n3 KK BBIAEASIETCS YaCTAYHO
OUMIIEeHHBIN yIIapPEHHBIM PACTBOP OMOMHIHOUTOPA, U3 KOTOPOTO IIyTEM 3KC-
TPAKIUU MaAbIM OOBEMOM OPraHWYECKOTO PACTBOPHUTEAST TOAYYAETCS OYHU-
IIEHHBIM OT HEOPraHWYECKUX W OPraHMYecKUX IMpUMeced MPOAYKT, UMelO-
VM CUABHOE OMOMHIMOMpPYIOIlee AeMCTBUE Ha NMaTOTeHHble MUKPOOPraHW3-
MBI

I[TpoBepeHHBIE HCCAEAOBAHUUSA ITO3BOAMAM C HCIIOAB30OBaHUEM Pa3And-
HBIX TEXHOAOTMYECKUX IIOAXOAOB pa3padboTaTh 3(P(PeKTUBHBIE TEXHOAOTUU
BBIAGAEHUSI U OYMCTKHU Pa3AWMYHBIX KaaccoB BAB m3 @OP, kotopnie 3amaTen-
TOBaQHBI B A€BATH NaTEHTaX.

SELUELSUSPNL NELAFTLELPS SULLE HTRUGLP GELUTLTLALEL
WGShd UL3NFE-GLP WLRAUSU UL U UULMrUTTL SEluLALNG-PUGTL
UNULALUNUSUNFE-3AFLLENL

W b UQUuL3UL, 4 & NMINULLPU3UL, . b. 51.3U0L L W U. UU13UL

[Pugp: pnyby b wqufdfdfpy duypish mbpbflpolut ppocplbybbpp fbpepgnepbgugdob
Shpmpynpfy &y giffrmnkppabp sofuspldub Spunfnpndyncy :

Ln[T anl.uiluq)nplfl.ugluufl qﬁmpﬂbwﬁ[}l{[l nr HI‘ILJH 4_ lﬂpl{bl, I‘Il1 lﬂb[llilﬂll‘lq_[lwuibll illl.l[llaillﬂpb'
1 & v fofuplnedy BRp fpuluiogiby dfigh 90-95%, fpul duugnpiugfb gfunpunp
llTn[lllllpanLrE l[ﬁmpnflw[}[}l[ﬁ nr ll‘lLé’l‘lLJ[J[l llllllllqpllnLlrE [lpmql.l.lilu.lgilbl [Inilll.ll[1l1[lllll'
Toarlpuasyfrls bguasSoosslyon :
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TECHNOLOGICAL FEATURES IN ISOLATION AND PURIFICATION
OF VARIOUS CLASSES OF BAS FROM FERMENTATION SOLUTIONS

A. E. AGHAJANYAN, G. J. HOVHANNISYAN, K. I. YEGHIYAN and A. S. SAGHYAN

Scientific and Production Center «Armbiotechnology” NAS RA
14, Gyurjyan Str., Yerevan, 0056, Armenia
Fax: (37410)654183
E-mail: armbiotech@gmail.com

The processes of isolation and purification of various classes of biologically active
substances (amino acid, citric acid, microbial melanin and bioinhibiting substances) from
fermentation solutions (FS) of microbial synthesis were studied, the regularities of these
processes revealed, their technological parameters worked out and efficient technologies
for isolation and purification of the afore-mentioned compounds from FS created.

The sorption-free process for L-valine isolation from the FS was developed.
Optimal technological parameters for crystallization of valine technical crystals from
hydrochloric acid solution and those for electromembrane method for valine transfer
from hydrochloride form to zwitterion form were determined.

The process of sodium citrate transformation to citric acid from the FS permeate by
electrodialysis was investigated and for the first time it has been shown that it is
technologically preferable to carry out transformation up to 90-95%, and to conduct the
transformation of the residual citrate after electodialysis and solution desalting by the
ion-exchange procedure.

The process of microbial melanin isolation from native solution with ion-exchange
resins depending on the nature and structure of resins and physico-chemical
characteristics of sorbate and sorbent was explored.

The optimal technological parameters of sorption and elution were established.

Physico-chemical properties of the isolated microbial melanin were studied and a
number of structural peculiarities revealed.

The technologically available efficient method for isolation of the bioinhibiting
substance from FS has been elaborated. Its essence is that a partially purified evaporated
solution of bioinhibitor is isolated from the native solution by ion-exchange
chromatography. From the latter by extraction with a small amount of organic solvent, a
product purified from inorganic and organic impurities is obtained, which has a strong
bioinhibiting action on pathogenic microorganisms.

The performed investigations allowed to develop efficient technologies for isolation
and purification of various classes of BAS from FS using different technological
approaches.

549



JIMTEPATYPA

[1] Simg S.P, Verma I.N. // Biotechnol. Dull., 1987, v.5, Ne2, p. 5.

[2] Kapabexos B.I1., Mypaosn A.I., Xauamypsan P.M., Manewun B.B., Aeadocanan A.E. Pazo-
BBIM TEXHOAOTUYECKHUHM perraMeHT Ha IIPOU3BOACTBO BEICOKOOUMIIIEHHOTO L-Baau-
Ha, Ne01-85, Eperan, HITO" ApmOuotexuoaorus’, 1987, 248 c.

[3] A. c. CCCP N 1426041, MKU C12P 13/08, 1985.

[4] Conoamos B.C., Kysaesa 3.1, bviuxkosa B.A., Booonwvanosa JLA. // JKDX,1999, T. 73,
Ne6, c. 935.

[5] TTaTrenT CILIIA N 4661606, MK C07D209/20, 1987.

[6] Kyeaesa 3.U., Conoamos B.C., Pvickan B.A. ONLITHO-IIPOMBIIIAEHHBIY peraaMeHT Ha
TTPOU3BOACTBO L-Barmia, Tpunoabckui 6moxmMudeckuii 3asoa, 1988, 69 c.

[7] Upunntwghp N 98001 22, UUY C07 C99/12, 1999.

[8] Aeaoocanan A.E., Ocanecan I'IK, Aeadocanan E.A. // Xum. k. Apmenuu, 2002, T. 55,
Ne4, c. 121.

[9] @enonep B.A., lleiiua /{3.4, Buxcna A.D. // V13B. AH Aats. CCP, 1988, Ne2,c.216.

[10] Aeaoxcanan A.E., Bapoansn A.A., Cacuan A.C. // Buorexuonaorusi, 2007, Ne4, c.41.

[11] Kapabexos b.I1., Xauamypan P.M., Manewun B.B. OUBITHO-IPOMBIIIAEHHBIY perAa-
MEeHT Ha IPOU3BOACTBO L-hbeHmAraraHWHA KPUCTAAAMYECKOIO M KOPMOBOT'O KOH-
neHTparta Ne64-1761-08-88. EpeBan, HITO "ApmOuorexunonrorusa”, 1988, 325 c.

[12] A. c. CCCP Ne715572, 1980.

[13] Cmupnos B.A. TTuinieBble KUCAOTHL. M., TTuiieBas IpOMBIIIAeHHOCTD, 1983, 425 c.

[14] TTatenT EP Ne0460854, C07C51/42,1987.

[15] MMaTenT CLIIA Ne5426220, CO7C 51/41, 1996.

[16] ITaternT Poccuu Ne2090611, C12P7/48; BO1A15/04,1997.

[17] TTarenT MTaauu Ne1256043, C12K, 1995.

[18] Jlemba A.K., Kpamsaxa U.P., Kapxnun P.A. // V13B. AH Aat. CCCP, 1988, Ne2, c. 77.

[19] Novalic S., Okwor J., Ruble K. // Desalination, 1996, v. 105, Ne3, p. 277.

[20] Hamypan A.O. // Xum. x. Apmenun, 2013, T. 66, Nel, c. 140.

[21] Aeaoxcanan A.E. // Xum. x. Apmernun, 2005, T. 58, Ne4, c. 122,

[22] ITatenT Poccuu N2191828, C12P7/48; B01D15/04, 2002.

[23] JIax C.II. MuKpOOHBIA MeAraHOTreHe3 U ero dyHknusa. M., Hayka, 1981, 274 c.

[24] Prota G. Melanins and Melanogenesis. N.-Y.: Acad. Press, 1992, 290 p.

[25] bapwesckas M.H., Bacunvesa C.M. // Bomnpocbl MepuMIIMHCKOM xummy, 1999, Nel,
c. 3.

[26] [TatenT CIIIA Ne5618519, C12P17/14, 1997.

[27] [TaTtenT Poccum Ne2083214, A61K 35/36, 1997.

[28] USA Patent Application Ne20020041905, A1A61K035/78, 2002.

[29] MaTtenT Poccuu Ne2186105, C2 C12N1/14,2002.

[30] [MaTtenT Apmenmuu Nel1385, A2 C12P 17/00, 2003.

[31] Maxapoeii @.B., Beneep JI.A., Cuocapenxo JL.H., bapba U.H. // V3B. By30B. Xumusa u
XuMHuuecKasi TexHoaorus, 1994, Ne4-6, c. 3.

[32] A2aooicansn A.E. // Buorexuonorusi, 2006, Nel, c. 36.

[33] Ozeki H., Ito S., Wakamatsu K., Thody AJ. // Pigment Cell Res., 1996, v. 9, p. 265.

[34] Wakamatsu K., Ito S. // Pigment Cell Res., 2002, v. 15, p. 174.

[35] Kykynsinckan T.A., Kypuenxko H.B., babuykas B.H. // TIpuKA. GMOXMMUS M MUKpPO-
ouonorms, 2002, Nel, c. 68.

[36] Aghajanyan A.E., Hambardzumyan A.A., Hovsepyan A.S., Asaturian A.A., Vardanyan A.A,
Saghiyan A.S. // Pigment Cell Res., 2005, v. 18, p. 130.

550



[37] Aghajanyan A.E., Asaturian A.A., Hambardzumyan A.A., Sargsyan L.B., Hovsepyan A.S.,
Vardanyan A.A., Saghiyan A.S. // Applied Biochemistry and Microbiology, 2011,
v. 47, Ne5, p. 500.

[38] Juan C., Oscariz G., Pisabarro // Int. Microbiol, 2001, Ne4, p. 13.

[39] Yoneyama H., Katsumata R. // Biosci Biotechnol. Biochtm, 2006, v. 70, Ne5, p. 1060.

[40] Kozak W., Dardoeski J. // Lactocin-a bacteriocin produced by Streptoccocus Lactis
// Bull. Acad. Pol. Sci, 1977, v. 25, p. 217

[41] Chung-Hoi Kim, Geun-Eog Ji, Cheol Ahn // Food Sci. Biotechnol., 2000, v. 9, Ne4,
p. 270.

[42] Todorow S., Onno B., Sorokin O. // International Journal of Food Microbiology,
1999, v. 48, p. 167.

[43] Lu R., Fasano S., Madayiputhiya N., Morin N., Nataro J., Fasano A. // J. Pediater
Gastroenterol Nutr., 2009, v. 49, p. 23.

[44] Tkhruni F.N., K.J. Karapetyan, S.C. Chailyan. // Russian Journal of Infection and
Immunity, 2014, September, special issue, p. 57.

[45] ITatenT Apmenun Nel723A2, C12P 1/04, 2006.

[46] TTaTenT Apmenuu Ne2925A, C12P 1/04, 2015.

[47]Mkrtchyan H, Gibbons S., Heidelberger S., Zloh M. // International Journal of
Antimicrobial Agents, 2010, v. 35, p. 255.

551



NE3UUSULPh SULLPUNGSNAFE-3UL GhSOAFE-3NFLLELD
UQ4-U3hL UYU6UDPU
HALIMOHAJIBHASI AKAJAEMUSI HAYK PECIIYBJIMKH APMEHUS
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

Nwywuyubh phdhwljub hwinbu
Xumuyeckuii )kypHar Apmerun 68, Ne4, 2015  Chemical Journal of Armenia

IINCBbMA B PEJAKLIMIO

YAK 661.887.27:536.717

HCCJIEJOBAHUE BOT'ATOM TEO, OBJIACTH JIMATPAMMBI
COCTOSIHUSI BUHAPHOM CUCTEMBI Bi,0;-TeO;

HccaepoBanme OmHapHOU cucTteMbl BiyO3-TeO, npepcTaBasieT NpakTH-
YEeCKHUU WHTEPeC AAST CO3AQHMST HOBBIX CTEKAOOOPA3HBIX U CTEKAOKPUCTAAAU-
YEeCKUX MaTepUanOB, COYETAIONIMX AETKOMAABKOCTb ¥ IIUPOKUN HWHTEPBaA
usMeHeHus TKAP. OpHaKoO CcBepeHHS O AMArpaMMe COCTOSHHS CHUCTEMBI
BiyO3-TeO, BecbMa orpaHUUYEHHB], & AQHHBIE IIPOTUBOPEYMBHL. Tak, aBTOpaMu
[1] u [2] TDoCcTpoeHBI AMarpaMMBI COCTOSTHUS AQHHOUW CUCTEMBI, B KOTOPBIX
BBISIBAEHBI TATH OMHAPHBIX coepmHeHm: BijgTeqO1g, BijgTesO034, BigTeOs-
Bi;TeyOy, BiyTeyOq;. B 6oraToit TeO, obaactu coctaBoB 78-92 MoA.% TeO,
He COBCEM IIOHATEH, Ha HAlll B3TAd), XapaKTep NAABACHUSI COEAVMHEHUS
BiyTe Oq; B, UCXOAS U3 3TOTO, IIOCTPOEHHBIE AQHHBIE YYaCTKU AUAarpaMm. B
OAHOM CAyYae, IO AQHHBIM [1], OHO HMMeeT KOHTPY3HTHOE INAABAEHUE IIPHU
662°C M HaAXOAUTCA MeKAYy ABYMS 3BTEKTUKAMHU, B ADYIOM CAydae — OHO
“MeeT WHKOHTPY3HTHBIN XapaKTep IAABA€HUSA C T. IA. 645°C [2]. B cBssu ¢
5TUM HaMU ObIAA IIPEANPHUHATA NMONBITKA PeBU3NU KaK BCeM AMarpaMMBl, Tak
U, B YaCTHOCTHU, OOAaCTH, copeprkalier 75-100 mona.% TeO,. AAd mccaepOBa-
HUM OBIAM HUCIIOAB30BaHEI «0C.4.» TeO, u BiyOs.

Baaropapsi MCIOAB30BaHUIO METOAA CBEPXOBICTPOTIO OXAAKACHUS pacil-
AdBa HAMU BIIEPBBblE YAAAOCH BBIIBUTH OOAACTh CTEKAOOOpA30BaHHSA B Oora-
Toli TeO, obOaacTu cocTaBOB OmMHapHOU cucTeMbl BiyO3—TeO,. PacnaaBbl
AAHHOM OOAACTH COCTAaBOB OOA@AQIOT IIOBBIINIEHHON KPUCTAAAU3AIMOHHOMN
CIIOCOOHOCTBIO, ITO3TOMY He 00pasyloT CTEeKOA IIPU TPAAUIIMOHHBIX METOAAX
CTEKAOOOpa30BaHUA. AAT YBEAUWUEHHS CKOPOCTH OXAAXAEHUS PACIAABOB,
KPUCTAAUIYIOMIUXCS IIPU MEAAEHHOM OXAA’KA€HMH, PACIA@Bbl CTEKOA 3aKa-
ASIAUCH MEXKAY ABYMsI OBICTPO BPAIIQIOUIMMUCT MeTAaAANYECKHMM BaAbllaMU
C TOAy4YeHHeM IIPO3PAYHBIX CTEKAOBUAHBIX MNAEHOK [3,4]. CoraacHo [4],
CBEpPXOBICTPOE OXAAKAEHUE pacliraBa HPOUCXOAUT UCKAIOUMTEABHO 3a CueT
TETIAOIIPOBOAHOCTH U Pe3KOM, MTHOBEHHOM 3aKaAKHM PacIAaBOB OT TeMIlepa-
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TYpPBL BapKU A0 KOMHATHOU. TakuM 00Opa3oM, peryaAupys B KaXKAOM KOHKPET-
HOM CAy4Yae TeMIIepaTypy BapK{, CKOPOCTb BpallleHUs BAABIIOB M 3a30p
MeJ)KAy HHMU, HAlllel IPyIIe YAAAOCh BIIEpPBBIE CHUHTE3HMPOBATH CTEKAA BO
MHOTUX "“3K30THYECKUX" THUTAHATHBIX, BUCMYTATHBLIX Ap. cHcTeMax [5-7]. Ha
CKOHCTPYMPOBAHHON HaMU YCTAHOBKE AOCTHIAETCSI CKOPOCTb OXAAKAECHUS
pacmaaBos ot 102 po 104 K/C 1 popMUPYIOTCS CTEKAOOOPA3HbIEe TIAEHKH TOA-
muHOM oT 30 mrm. Macca BaAbIIOB pacCuMTaHa TaKMM O00pa3oM, YTOOBI UC-
KAIOUMTBh UX HarpesB npu (GOPMOBAHUU IAEHKU CTekra u3 50 2 pacmnasa C
TeMmueparypolt 1600°C. Bapku CTEKOA IPOBOAUAUCE B TUTASIX U3 KBapleBOI'O
creraa npu 800-1000°C B saeKTpHUYECKHUX Iledax, B arMocdepe Bo3pyxa. OO0-
pasImbl AAST MICCAEAOBAHUMN OBIAM TIOAYYEHBI TaKKe TBEpPAO(A3HBIM CHHTE30M
U3 HUCXOAHBIX OKCHAOB. VIAEHTH(UKAIIUIO IPOAYKTOB, OOPa3yIOMIMXCS TpHU
KPUCTAAM3AIA U B pe3yAbTaTe TBepPAO(dA3HOIO CHMHTE3a CTEKOA, ITPOBOAM-
A AuddepeHITUaAbHO-TepMUYecKuM (AepuBaTorpad “Q-1500", ckopocThb
"arpeBa 10°C/mun) u pentreHodasossiM ("APOH-4", Cu -aHOpA) aHaAM3aMU.
Ha ocnoBe paanbix ATA m POA Oblna TTOCTpOeHa HOBAasi BEPCHUST y4acTKa
AVarpaMMBbl COCTOSTHUSI OuHapHOM cucrteMmbl BiyO3-TeO,, copepskalien 75-
100 mon.% TeO, (puc.1).
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Bi,Je.0,
BiisTesOy
Bi,TeO,
Bi,Te,O,
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Bi,O, Mol% TeO,
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Puc. 1. KoppekTpoBaHHas Bepcusi y4acTka gmarpaMmmMbl COCTOSIHUS GMHapHON cuctembl TeO;
n Bi,O3, cogepxatuen 75-100 mon. % TeO..

Hamu moapTBep>XA€eHBI AQHHBIE aBTOPOB [1,2] 0 CyllleCTBOBAaHWM 3BTEKTHU-
ku E; (87 Moa.% TeO,) mexpy BiyTe,O11 u TeO, ¢ TemnepaTypol MAaBAe-
Huga 580=+5°C (puc. 1). AAd AaABHEHIIero MOCTPOeHMsI AMarpaMMbl HaMU OBIA
HCCAEAOBAH XapakTep IAaBAeHUs coepmHenusa BiyTe Opp. Ha xpusoit ATA
crekna cocrasa 80 Mon. % TeO, — 20 MoA.% BipOs, coOOTBETCTBYIOLIETO CO€-
auHeHUto BiyTe Oqq, HAOAIOAQIOTCS UETKO BBIPa’KEHHBIN 5K303(PeKT ¢ MaK-
cumyMmoM 1ipu 420°C u ABa 3HAO3(hdeKTa ¢ MEUHUMyMaMu Ipu 635 u 720°C
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(puc.2A). TI'lpoaykToMm KpucTammsanuu npu 420°C CTeKAOIOPOIIKa COCTaBa
BiyTe Oy, siBAeTcst coepuHenue BiyTe, O ¢ mapamerpamu: d(A)/I (3.29/100,
3.17/3%, 3.13/4%) PDF kapta 01-081-1330 [8], maaBstieecsa nipu 635+5°C, uto
COBIIapaeT ¢ AaHHBIMU [1,2]. Bropol suHpoTepMuueckui apdeKT Ha KPUBOM
ATA B unTepBanre 680-765°C ¢ TeMnepaTypHbBIM MUHUMyMOM Iipu 720°C cB4-
3@aH C pacTBOpeHHEeM B pacnraBe TeO,, BBIASASIONIETOCS BO BpeMs MHKOHT-
pysHTHOro mnaaBaeHus BisTe O (puc. 2A). VMHKOHIPYSHTHBIM XapakTep
IIAA@BAEHUS CIIOCOOCTByeT 0Opa3oBaHUIO NepurekTuku Py (81 moa.% TeO,) ¢
T.IA. 635+5°C mexpy BiyTe Oy u aBrekTukon E; (87 Moa.% TeO,) (puc. 1).
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Puc. 2. Kpueble [ TA nopolkoB coeanHeHnsi Bi;Te,O11, NonyveHHblx B Buae crekna (A) n
TBepaoda3oBbiM cuHTE3oM (B).

W3sBecTHO, uTO KpucTamrndeckuu BipyTeyOjy cyllecTByeT B ABYX MOAHU-
puranugax: MOHOKAMHHOU U Kybmdeckou [2]. Ha kpusoit ATA coepnHeHUSA
BiyTe, O, moaydeHHOTO TBepAOdAa3HBIM CHHTe30M (puc. 2B), HabAroparoTCa
Tpu 3HAOTepMUuYecKux sadderra mpu 560 , 635 u 720°C. ITocrepHme ABa 3¢h-
deKTa COBIIAAAIOT C TAaKOBBIMU Ha KpuBoiM ATA cTekArooOpa3HOro obpasiia
(puc. 2A) u cBg3aHBI C UHKOHIPYSHTHBIM XapaKTepoM IAaBAeHUs BipTe Oq;.
A supotepmudeckuti agdekTt npu 560°C cBsizaH ¢ Pa3oOBBIM IIEPEXOAOM MO-
HOKAMHHOUN Mopudukanuu BiyTey O11 B KyOuueckyro (puc. 2B).
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STUDY OF THE TELLURITE-RICH COMPOSITION RANGE
IN THE Bi,03-TeO, SYSTEM

A. A. GHAZARYAN

Institute of Electronic Materials
119, Arshakunyats Str., Yerevan, 0007, Armenia
Tel: (374-10)445417, E-mail: alxas88@mail.com
Institute of General and Inorganic Chemistry of NAS RA
10, Argutyan Str., District 2, Yerevan, 0051, Armenia

The TeO, and Bi,O; based glasses and glass ceramics are widely used for various
technical needs. However, information about the phase diagram of the Bi,0;-TeO,
system is limited, and the existing data are inconsistent. According to Demina L.A. with
co-authors the Bi,Te;O;; compound has a congruent melting at 662°C and forms two
eutectics with neighbors. In another case, according to the Schmidt P. with co-authors, it
melts incongruently at 645°C without indication of Liquidus temperature. It was the
motivation for the Bi,Te;O1; melting behavior investigation and the binary Bi,Os-TeO,
system phase diagram correction in the TeO, rich area of compositions.
As initial materials the glass and solid state sintered samples were used for these
purposes. The differential thermal and X-ray analyses were used for glassy and
crystallized products identification. The exothermic effect with maximum at 420°C and
two endothermal effects with minimum at 635°C and 720°C are clearly observed on the
DTA curve of the 80 TeO,-20 Bi,O; (mol.%) glass composition corresponding to the
Bi,Te401; compound. The product of Bi,Te,O,; glass powder crystallization at 420°C is
the Bi,Te,O1; compound with melting point of 635 + 5°C. The second endothermic
effect on the DTA curve in the range of temperature 680-765°C with minimum at 720°C,
is associated with dissolution of TeO, in the melt, formed as result of the Bi,Te,O;
incongruent melting. The existence of eutectic E;(87 mol.% TeO,) between Bi,Te;Oy;
and TeO, with a melting point of 580 +5°C has been confirmed. Incongruent melting
promotes the peritectic P; (81 mol.% TeO,) formation between Bi,Te;O; and eutectic
E;(87 mol.% TeO,) with a melting point of 635+5°C. Three endothermic effects at 560
°C, 635 °C and 720°C have heen observed on the DTA curve of Bi,Te4O;; compound,
obtained by solid state synthesis. Last two endoeffects are the same as on DTA curve of
glass sample, and associated with incongruent melting of Bi,Te;O1;. An endothermic
effect at 560 °C is connected with phase transition from monoclinic modification of
Bi,Te,044 to the cubic.
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Buumanuro asmopos!

Tloopobnyio ungopmayuro o «Xumuueckom xicypHane Apmenuw», cooepoiicanue
HOMePO8 JICYPHANA 6 epaguyecKkoll popme u aHHOMayuu cmamet, 20008ble AGMOPCKUE
VKA3amenu, a maxdice pasgepHymule npaguia Oisi A8Mopo8 MOJICHO HOMYHUNb @ Cemu
Humepnem no adpecy: http://chemjournal.sci.am u www.flib.sci.am

IIPABWJIA JJIs1 ABTOPOB

OO0ume noJoxeHust

K my6nuxarym B «Xumuueckom scypnane Apmenuu» IPAHAMAIOTCS MaTepUabl, ColepiKa-
ye pe3yiabTaThl OPUTHHAIBHBIX MCCIIeI0BaHMi, 0o()OpMIICHHBIE B BH/E NMOJHBIX CTaTel, KpaT-
KHMX COOOLIIEHUI U MHCeM B PeJaKIHIO.

XKypHan myOimKkyeT paboTHI MO BCeM HANPABJIEHUSIM XHUMHYeCKOil HAYKH, B TOM YHCIIE 0
001Iei 1 HeopraHMYEeCKOH XMMUH, (PI3UIECKOH XUMHN 1 XHMHIECKOH (PU3HKe, OpraHMIECKOH XH-
MHH, METAUIOOPTaHHIECKON M KOOPANHAIIMOHHOH XUMHH, XHMHH TTOJIMMEPOB, XUMHUH TIPHPOIHBIX
COeIMHEHHUH, OMOOPTaHNYECKOH XUMHHU U XMMHH MaTepPHAJIOB.

Crarpy, npejyiaraeMple K MyOJMKaluK B paszieie OMOOpraHMYecKoN XMMHH, JODKHBI OBITH
TIOCBSAIICHBI MOJYYEHHIO HOBBIX INOTEHIHMAILHO OHMONOTMUECKd aKTHBHBIX COSJIMHEHHH, B TOM
YHCIIe W BBIACICHHBIX U3 IPUPOIHBIX 00beKkTOB. IIpn onmcaHuN HOBBIX BelleCTB, 00,12 1aI0IIHX
3HAYNTEIBHOI (B CPAaBHEHHH C IPUMeHsIeMbIMHM B Me/THIIMHE JIeKAPCTBaMH) GHOJI0TrMYecKoi
AKTHMBHOCTBIO, CTaThsl MOXET COJCPXKAaTb pE3yNbTaThl OHOJOTHYECKUX HCCIIEIOBaHHH,
BKJIIOYAIOLINE CCBUIKM Ha HCIOJIb30BAHHBIE METOIbl H3Y4EHHS OMOJIOTMYECKOH aKTUBHOCTH,
MHOPMAILMIO O THUME HCIONB30BAaHHBIX OHOOOBEKTOB, AaKTHMBHOCTH M  TOKCHYHOCTH
CHHTE3UPOBAaHHBIX MPENapaToB B CONOCTaBICHMM C COOTBETCTBYIOIIMMH I10OKa3aTeIsIMU
MPUMEHSEMbIX B MEIULIMHE JICKAPCTB.

B 3akioueHun ciemyeT NPHBECTH KPAaTKUil apryMEHTHUPOBAHHBIH BBIBOA O CBSI3M MEXIY
CTPYKTYpO# M GHOIOrMYECKON aKTHBHOCTBIO UCCIIEJOBAHHBIX COeAMHEHUN. OnyOIMKOBaHHbIE Ma-
TEpHalIbl, a TAKXKE MaTepuasbl, MPEJCTABICHHbIC Ul IyOJIMKalUM B JIPYTUX XKypHajax, K pac-
CMOTPEHHIO HE PUHUMAIOTCHL.

ABTOpCKHE 0030pBI JI0JDKHBI IPEICTABISTH cO00IT 0000IICHNE U aHaIU3 PE3y/IbTaTOB [HKIIa
paboT OTHOrO MJIM HECKOJIBKUX aBTOPOB IO €IMHOH TeMAaTHKE.

IMonHbIe cTaThbM IPHHUMAIOTCS 00BEMOM JI0 12 cTpaHHL, 00beM KPATKOI0 COOOIIeHUsT —
He 0ojee 5 CTpaHHULl MalIMHOIUCHOrO TekcTa. IlMchbMa B peIaKIMIO IOJDKHBI COZEPKaTh U3I0-
XKEHHBbIC B KpaTKol (opMe HaydHble Pe3yJabTaThl IPUHIMITMAIBHO BaYKHOTO XapakTepa, Tpeoyro-
LM CPOYHOI MyOJIMKALMK; 00bEM MUChbMa B pelaKLUI0 — He Oonee 3 CTpaHHULl MAlIMHOMHUCHOTO
Tekcra. Pemakuust octaiisieT 3a co0oit MpaBo COKpAIIaTh CTaThbU HE3aBUCHMO OT UX 00beMa.

Jist my0JMKaNUy CTATBU aBTOPAM Heo0X0MMO NPeACTABUTH B PEIAKIMIO CJIeAYIoLIHe
MAaTepHaJibl 1 IOKYMEHTbI:

1) HampaBieHue ot opranu3auuu (B 1 3K3.);

2) skcrepTHoe 3akitodenue (s rpaxaad PA) (B 1 9x3.);

3) moamMCcaHHBIA BCEMU aBTOPaMH TEKCT CTaThU, BKJIIOYAs aHHOTAILMIO, TAOIUIIbI, PUCYHKU U
MOJIIIMCH K HUM (BCE B 2-X 9K3.);

4) rpapuueckuii pedepar (B 2-X 3K3.);

CraTbsl OJDKHA OBITH HAITMCAHA CXKATO, aKKypaTHO oQOpMIICHA U TIIATENIBHO OTPEJAKTHPO-
BaHa. He momyckaercs 1y0nupoBaHne OJHUX U TeX XK€ AaHHBIX B TaOJMIAX, HA CXeMax M PUCYH-
Kax.

ABTOp HeceT HOJHYI OTBETCTBEHHOCTb 3a JOCTOBEPHOCTh SKCIIEPHMMEHTANIBHBIX JAHHBIX,
MIPUBOJIMMBIX B CTAThe.

Bce crarby, HanpaBisieMble B PEAAKLHIO, MOIBEPraroTCs PELEH3UPOBAHUIO U HAYYHOMY pe-
JAKTHPOBAHHUIO.

CraTbsi, HalpaBJICHHAs aBTOpaM Ha JI0pabOTKY, JOJKHA OBITh BO3BPAILICHA B HCIIPABICHHOM
BHUJIC BMECTE € ee MEePBOHAYAIBLHBIM BApHAHTOM B MaKCHMaJIbHO KOPOTKUE cpokH. K nepepabo-
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TaHHOH PYKONMCH HEOOXOIMMO MPUIIOKUTH MUCHMO OT aBTOPOB, COJIEprKalliee OTBETHI Ha BCE 3a-
MEUYaHUsI © KOMMEHTapHHU U MOSCHSIONIee Bce BHECEHHbBIE M3MeHeHUs. CTaThs, 3aep:KaHHAas Ha
ucnpaBieHun 0oJiee IBYX MecsilieB WM TpeQyloliasi MOBTOPHOIi NmepepadoTKH, paccMaTpH-
BaeTcsl KAK BHOBb NOCTYNMHBILAS.

Penmakmus noceutaet aBTopy nepen HabOpOM ISt IPOBEPKH OTPEAAKTHPOBAHHBIA SK3EMIUIIP
CTaThH, KOPPEKTYPY, a TAKKE BEPCTKY.

CrpykTypa mydaukanuii

[Tybnukaryss 0030poB, MOIHBIX CTaTeli W KPAaTKUX COOOIIEHMIl HAauMHACTCS C MHJEKCa
VK, 3aTeM crenyroT 3ariaBue CTaThbH, HHHUIHMAIBI ¥ (aMIINN aBTOPOB, pa3BepHYTHIE Ha3BaHMS
Hay4YHBIX YUPEKICHHUH, MOITHBIE MOYTOBBIE aJipeca ¢ MHIEKCAaM{ MOUYTOBBIX OTIEJICHHH, HOMepa
(akcoB W aapeca dIEKTPOHHON TOYTHL Jlanmee mpuBomWTCS KpaTkas aHHOTanus (He Oonee 20
CTPOK) C YKa3aHHEM KOHKPETHBIX Pe3yJIbTaTOB pabOTHI M BHITEKAIOIINX U3 HAX BBIBOIOB.

B cratesax TeopeTnyeckoro n Gpu3HKO-XHMHYECKOT0 XapaKTepa IPHBOIATCS CKAaTOE BBE-
JICHUE B IPOOJIeMy M MTOCTaHOBKA 3a/1auyl MCCIIEIOBAHNUS, SKCIIEPUMEHTAIbHAS YT METOINYEecKast
4acTh, OOCYXJICHHE IMOITYUSHHBIX PE3yNbTaToOB C 3aKJIIOYeHHEM, & B CTaTbsX, MOCBSIIEHHBIX
CHHTe3y, — 00I1ast yacTh (BBEJICHUE U 3a/1ada UCCIIEI0BaHMs), 00CYXKICHNE ITOTYIECHHBIX Pe3yb-
TaTOB C 3aKJII0YEHHEM U DKCIIepUMEHTAIbHAsl 9acTh. PHCYHKH C MOAPHCYHOUYHBIMHU MTOATIHCAMHA 1
TaOJMIBI MOTYT OBITH BBEICHBI B TEKCT. B mMuchbMax B pelaKkINI0 aHHOTAMSI Ha PYCCKOM SI3bIKE
He TIPUBOAMTCS M pa30MBKa Ha pasneisl He TpeOyeTcs; matorcs wHaekc Y /JIK, Ha3BaHme crathby,
WHHAIMANE M (aMIINM aBTOPOB, Ha3BaHWE HAYUYHBIX YUPEKASHHH W HMX ajpeca, pe3loMe Ha
apMSHCKOM W aHTJIMHCKOM SI3BIKAX.

I'paduaeckuii peepar nprnaraetcs Ha oTaeibHON crpanune (120%55 MM) U HpeacTaBiseT
co060ii HHGOPMATHBHYIO WLTIOCTPAINIO (KITIOUEBYIO CXEMY, CTPYKTYPY COeAMHEHHS, ypaBHEHHE
peakiyu, rpad¥K U T.I.), OTPAXKAIONIYIO CYTh CTaThH B rpadguyeckoM Buae. Tekcr B rpadude-
CKOM pedepaTe IOIyCcKaeTcst TOIBKO B ClTydae KpaiftHel HeoOXOANMOCTH, IIPU STOM ClieayeT n3be-
rathb IyOJIMpOBaHMS HA3BAHWUS CTAThH M TEKCTA aHHOTAIUH.

IIpn HecoOmrogeHNH yKa3aHHBIX BbIIIC NPABHJI CTAThbSl He NMPHHUMAaeTcs K MyOanKa-
MM,

IIpumep odopmiieHNs 3ar/IaBUs CTAThH, CIIICKA aBTOPOB,
a/IpecoB Y4pesk/IeHHil, AaHHOTAllMH.

ACUMMETPAYECKHWI CUHTE3 B-TETEPOIIMKJIMYECKHA
3AMEIIEHHBIX L-o-AMUHOKHNCJIOT

A. C. Carusn,” 10. H. Bejoxonn® u K. ®mmep

* EpeBaHCKU rocy1apCTBEHHBIN YHUBEPCHTET
Apwmenus, 0025, EpeBan, yn. A. Manyksiza, 1

daxc: (374-10)559355 E-mail:sagysu@netsys.am

S MHCTHTYT 2/1eMEHTOOPraHHYECKHX COCIHHEHHUIT

uM. A. H. HecmestnoBa Poccuiickoit akanemun Hayk
Poccuiickas @enepanus, 119991, Mocksa, yi. BaBunosa, 28
dakc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
® Uucrutyt oprannyeckoro karamusa IFOK Yuausepcutera r. Poctok
T'epmanust, Pocrok, /I-180055, Byx6unzep mrpacce, 5-6
daxc: E-mail:

Pa3paboTaH HOBbIN 3h(EKTUBHBIA METOA aCUMMETPUYECKOrO CUHTE3a B-reTepouuKinyYeckn
3aMeLleHHbIX L-o-aMUHOKMCNOT NOCPEACTBOM NpucoeamHenns 3-amuHo-1,2,4-tnagnasona n 5-mep-
KanTo-1,2,4-TpMasosnos, CoAep>KalluMX pasfmMyHble 3amecTuTenu B nonoxenusx 3 n 4, k C=C cessu
Ni(Il) komnnekca ¢ ocHoBaHueM LUndda aerngpoananHuHa u (S)-2-N-(N’-6eHannnponun)ammHobeH-
30(beHOHa.
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Odopmitenne crareii B «XHMHYECKOM KypHaJle ApMeHHN»

Texkcr cratbu nevaraercs yepe3 1,5 unrepBana (0e3 moMapok U BCTaBOK) Ha Oeinoil Oymare
crangapTHoro pasmepa (popmart A4) c monsiMu 3 cM € JI€BOI CTOPOHBI, 1,5 ¢M ¢ MpaBol CTOPOHEI,
2,5 cM cBepxy, 2,5 cM cHuU3y, pa3mep mpugra — 12.

Bce crpaHuLBl pyKOIMCH, BKIJIIOYas CHMCOK JIMTEPATyphl W rpaduueckuil pedepar, Hyme-
pyroTcs.

YpaBHeHHUS, CXeMbl, TaONULbI, PUCYHKH U CCBUIKU HA JIMTEPATypy HYMEpPYIOTCS B MOPsIKe
UX YIIOMMHAHHSA B TEKCTe.

CnMcoK IMTHPYEMOIi JIUTePaTypPhI JIOJDKEH BKIFOYATh CCHUIKM HA Hanbosiee CyleCTBeHHbIE
paboThI IO TeMe CTaThH. B TekcTe craThy AOKHBI ObITH YIOMSHYTHI BCE CCHLIKH, NPHBEICHHbIC
B CIIUCKE JIUTEPATYpbl. B TeKCcTe CChIJIKM Ha JIUTEPATypy JAI0TCA B KBAJAPATHBIX CKOOKAX U HyMe-
pYIOTCS CTPOro B mopsiike X ynoMuHaHusi. CIHCOK JIMTEpaTyphl MEYaTacTCsl Ha OTACIbHON
CTpaHHUIIE C YKa3aHWEM MHULMAIOB U GaMINi BCeX aBTOPOB (HE JOIYCKAIOTCS 3alucu u op., et
al.).

CIMCOK JIMTepaTypbl 10DKEH ObITh 0OQOPMIIEH CIIEAYIOIIMM 00pa3oM:

Knuzu: Kyuauenxo A.JL, Baccepman A.M. Crabunbnbie pagukaibsl. M., Xumus, 1973, 58 c.

Cmamuwu 6 coopnukax: Ona /[c., @apyx O., [lpaxaw [oc. K.C. B KH: AKTUBaIMA U KaTalu-
THYeCKHe peakinu ankaHoB / mox pen. KM.Xwumna. M., Hayka, 1992, c. 39.

IIpyn nuTHpOBaHNYU NMepeBOAHbIX U3IAHUI MOCTIE BBIXOAHBIX JAHHBIX PYCCKOS3BIYHON Bep-
CHM B KBAaJIpaTHBIX CKOOKaX HEOOXOAMMO YKa3aTh BBIXOAHBIE JAaHHBIE OPUTMHAIBHOTO WM3JAHUSL.
Hanpumep: Buympennee spawenue monexyn./ non pen. B.J1.Opsuwi-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

JKypuanwt: Gal pern E.G., Stankevich 1.V., Chistyakov A.L., Chernozatonskii L.A. // Chem.
Phys. Lett., 1997, v.269, p. 85.

IIpyu nUTHPOBAHMM PYCCKOSI3BIYHOIO 5KYPHAJIa, IepeBOUMOr0 3a pyde:KoM, HeoOXoaH-
MO IPHBOJNTH CCHUIKY M Ha aHITIOS3BIYHYIO Bepcuto. Hanmpumep: Jlatikos [I. H., Ycrsiiok 1O.
A/l Hze. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].

570



ITamenmur: A.c. 9854 CCCP // 5.4., 1978, 61. wmm: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JAuccepmayuu: Kosanes B.I'. Asroped. mucc. «....» ToKTopa XuM. HayK. ['opon, HHCTHTYT,
TOf, CTP.

Ipozpammur: Sheldrick G. M., SHELXL93, Program for the Refinement of Crystal
Structure, Géttingen University, Gottingen (Germany), 1993.

Banxu oannvix: Cambridge Structural Database System, Version 5.17, 1999.

CchblUIKH HA HEONMYOIMKOBAHHBIE Pe3yJbTATHI H YACTHBIE COOOIEHHsT AIOTCS MCKITIOUH-
TEJBHO B BUJIE CHOCOK, a B CITMCKE JINTEPATypHl He IPUBOASATCS M He HyMepyroTcs. [Ipu nuTipoBa-
HUH HEOITyOJIMKOBAHHBIX pabOT M YaCTHBIX COOOIIEHNH HEOOXOANMO IIPEACTaBUTh pa3perieHne OT
JIUIA, Ha Y JAHHBIE TIPHBOJUTCS CCHUIKA.

ITamsaTKa 17151 AaBTOPOB

[t MakCUMaIbHOTO COKPALeHUsI CPOKOB MyOJNKAIMM PEIAKIHS IIPOCHT aBTOPOB o0pa-
TUTH 0c000€ BHUMaHKE HA 0opMJIeHHe CTATHH.

Obuue nonoxceHusn

Marepuaisl, IpeCTaBIIEeMbIE B PEIAKIINIO:

[J ammms, UMs1, OTYECTBO U KOOPANHATHI JINIIA, C KOTOPBIM PEIAKIHs JODKHA BECTH Iepe-
IMHCKY (TTOYTOBBIN ajpec, HoMep TenedoHa, HoMep (akca, ajgpec dJMeKTPOHHON 1ouTh). Oamums
aBTOpa, OTBETCTBEHHOT'O 32 MEPENUCKY, JIOJDKHA OBITH OTMEUeHa 3BE3T0YKOM.

[] HampaBiieHUE OT OpraHu3aLuu

[] aKcTIepTHOE 3aKiIro4YeHue (Uit rpakaan PA)

[J TEKCT CTaThH, aHHOTALMHM Ha PYCCKOM, aHTJIMHCKOM M apMSHCKOM SI3bIKax Ha OTAENBHBIX
cTpaHuIax (Jubo B TEKCTE), PUCYHKH M TaOIHIIBI (BCE B 2 9K3.)

[J rpaduueckuii pepepar

[J TOJBKO ISl KPATKUX COOOIIEHMIT U MHCEM B PelaKkmmIo: 00beM PYKOIHCH He JOJDKEH
NPEBBIIATh 5 U 3 CTPaHHI MALIMHOIIHMCHOTO TEKCTA, COOTBETCTBEHHO

[J moc/1en0BaTeIbHOCTh PACHOJI0KEHHS YacTell cTaThbu (KpOMe IHCEM B PEAKIINIO):

[ manexc YK

[] Ha3BaHME CTaTbU

[] aBTOp(BI)

[J pa3BepHyTOE Ha3BaHME HAYYHOH OpraHu3aluu

[J MoYTOBBIH aApec ¢ MHAEKCOM

[ ¢axc

[] agpec 3JIeKTPOHHOM MOYTHI

L] anHOTaLIMA

[ cO0CTBEHHO TEKCT CTAThH

LI BBEZICHUE

L] mocTaHoBKa 3a1a4u

7151 cTaTedl QU3NKO-XHMHYECKOH TeMaTHKH:

[l 3KcriepuMeHTaNIbHAast 4acTh

[J oOcyxieHue MONTyYEHHbBIX PE3YIbTaTOB C 3aKIIOUEHUEM

IS cTaTel, MOCBSIEHHbIX CHHTe3Y:

[J oOcyxieHue MONTyYEHHBIX PE3YIbTATOB C 3aKIIOUEHUEM

L] aKcIiepuMeHTaIbHAs YacTh

[] GmaroapHOCTH

L] CIIMCOK JIMTEpaTyphl

Tpebosanusa K ogpopmaenuro u n0020moeKe pyKonucu
[/B 3KCIIepUMEHTAILHOI YaCTH JIOJDKHBI OBITh IPEJICTABICHB] 10KA3aTeJIbCTBA CTPOEHUS
M YMCTOTbI BCEX HOBBIX COCJIMHEHHMI, HCTOYHHKHU HCIIONb30BAaHHBIX HETPHBUAJIbHBIX PeareHToB

WIX METOAMKHM HX MOJY4YeHMsl, a TakoKe YCIOBHUS JONMOJIHHTENbHON MOATOTOBKH PEareHTOB U
pacTBopuTEne.
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[JJIns BceX CHHTE3HMPOBAHHBIX COSAMHEHHH ClIeAyeT AaTh HA3BaHUS MO HOMeHKJIaType
IUPAC. Merammooprannieckue KOMIUIEKCHI MOTYT ObiTh HasBamsl mo cucreme Chemical
Abstracts.

[/Bce Ta0auLbl, CXeMbl, PUCYHKH, COEIMHEHHS U CCHIKH HA JINTEPATYPY JA0DKHBI HyMe-
POBATECS CTPOTO B TOPSIIKE YIOMHHAHUS B TEKCTE.

[JHa ocsix rpadMKOB TOJKHBI ObITh YKa3aHbI HANMEHOBAHUS U €IMHULBI M3MEPEHHUsI COOT-
BETCTBYIOIMX BEJIHYMH.

[JPHCYHKH CHEKTPOB HE JOJKHBI ObITh BBINOIHEHBI OT PYKH.

[JBce ucnone3yempie a60peBHATYPBI U COKPALIEHHSI JOJDKHBI COOTBETCTBOBATh IPHBEICH-
HoMy B [IpaBmiax ayist aBTOPOB CIHUCKY HIIM PAaCUIM(POBHIBATHCS PH IIEPBOM YIOMHHAHWH.

[J/laHHBIE PEHTI€HOCTPYKTYPHOTO HCCIIENOBAaHMS CIEIyeT IPEACTaBISATh B BHAE PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAHHBIMU aTOMaMH) WM KPUCTAJUINYECKON YITaKOBKU ¥ TaOJIHII,
coZieprKalnuX Heo0XOoAMMbIe TEOMETPHUYECKIE XapaKTePUCTHKU MOJIEKYI (OCHOBHBIE JUTHHBI CBSI-
3el, BaJICHTHBIE ¥ TOPCHOHHEIE YTJIbI).

[] Jlist OCHOBHOIO TeKCTa CTaThd o00s3aTeNbHO Hcnoib3oBanue mpudra Unicode,
xenaresipHo Times New Roman, st rpedeckux 6yks — mipudt Symbol.

[JTekcr craTtby medaraercs yepe3 1,5 narepBana (6e3 moMapok u BCTaBOK) Ha Geroi Oyma-
re cTanmapTHOro pasMepa (popmar A4) ¢ moisiMu 3 cM c JIeBOi CTOPOHEL, 1,5 cM ¢ mpaBoit cTopo-
HHI, 2,5 CM CBEpXY, 2,5 cM CHH3Y, pa3Mep mpupra — 12.

[JCuMBOIBI TIEpEMEHHBIX (PM3HUYECKUX BEJIMYMH (HampHMep, Temreparypa — 1), eIHHHIBI
nx mmepenus (K), crepeoxummdeckue neckpunrtopsl (yuc, Z, R), nokantsl (N-metwi), OykBeH-
HbIe (HO He IU(POBBIE) CHMBOJIBI PH 0003HAYEHUH T'PYIIT CHMMETPHH JOJDKHBI OBITH HaledaTa-
Hbl kypcusom (C2v, Ho He C2V).

[JB Tekcre cTaThu JOKHEI OBITH YITOMSHYTHI BC€ CCHIJIKH, IPUBE/ICHHBIE B CITUCKE JINTEPa-
Typbl. CCBIIKH B TEKCTE JIAFOTCS B KBAJPATHBIX CKOOKAX CTPOro B MOPSI/IKe MX YIOMHUHAHUS.

[JB crmcke JUTEPATYPHI JIOIDKHBI UCIIONB30BATHCS TOJIBKO CTAaHJAPTHBIE COKpAIICHHs Ha-
3BaHMH KYpHAJIOB.
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