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alloys by SCS method
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The behavior of 1-propargyl-3-nitro-1H-1,2,4-triazole in alcoholic potassium
hydroxide and aqueous-alcoholic potash solutions
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PROCESSING OF COPPER (1) OXIDE WASTE INTO POWDERS
OF COPPER AND COPPER-NICKEL ALLOYS BY SCS METHOD
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The possibility of obtaining copper and copper-nickel alloys powders of various compositions
by the solution combustion synthesis (SCS) method using copper (I) oxide waste was studied. To
achieve complete reduction of metals, combustion laws in the Cu(NOj3),-C¢HsO;-NH4NO3; and
Cu(NO3),-Ni(NO3),-CsHgO7-NH4NO3 systems were investigated at various fuel-to-oxidizer ratio and
for different ratios of metal nitrates and ammonium nitrate in the initial mixture. It has been
established that powdered copper and copper-nickel alloys of various composition can be obtained
by solution combustion synthesis method with using copper (I) oxide waste. Optimum conditions for
obtaining powdered copper and copper-nickel alloys with 2/1 and 1/1 ratios have been determined.
Under optimal conditions, powders of copper, 2Cu-Ni and Cu-Ni alloys with particle size less than 20
microns were obtained.

Figs. 10, tables 2, references 18.

1. Introduction

In the wiring industry at production of copper wires and cables about
0.6-0.7 wt.% of copper is converted into the waste representing mainly
copper (1) oxide [1]. Therewith, on all stages of rolling for decreasing the
friction forces of moving details, as well as preventing deep oxidation of the
metal, hydrocarbon based mineral oils are used as lubricants. Utilization of
such wastes requires reliable methods for their reprocessing back into copper
[2,3]. One of the ways for utilization of the oily copper wastes is to remove
the oil with a suitable organic solvent and then reduce the oil-free waste to
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metallic copper and copper-based alloys. For this purpose, one can use both
the traditional furnace methods using carbon or hydrogen as a reducing agent
[4-6] and the method of self-propagating high-temperature synthesis (SHS)
[7,8] using a combined reducer, e.g. polystyrene [9-11].

In the work [12] copper (I) oxide waste reduction was studied after
preliminary removing the oil. It was shown that complete reduction of
copper from copper (I) oxide waste in the combustion mode is possible by
using the polystyrene (PS)+ammonium nitrate (Nt) mixture as a high caloric
additive. Recently complete reduction of copper from the oily copper waste
in the combustion mode was performed without preliminary cleaning stage,
adding only Nt to the initial mixture [13]. It was supposed that due to its
hydrocarbonic nature, the oil can serve as a combined reducer instead of
polystyrene for reduction of copper oxide [13].

Another way for utilization of the oil-free copper waste is to convert it to
copper nitrate and then reduce the copper nitrate to metallic copper by the
solution combustion synthesis (SCS) method [14]. The latter is a specific
variety of a more general SHS method [8] and employs exothermic self-
propagating reactions in reactive solutions or gels for the preparation of
nanoscale oxides, sulfides, nitrides, metals and alloys [14-17].

The reactants in these processes mainly are metal nitrates (oxidizers) and
organic compounds (fuels) [14]. The fuel should have a relatively low
decomposition temperature (<600K) and high solubility in water. Some fuels
can form complexes with metal ions, thus increasing the solubility of the
reactants in the solvent. The molecular-level mixing of the multiple metal
nitrates ensures the preparation of complex oxides and/or metal alloys with
high uniformity for the constituents.

Duration of the SCS process is in the order of minutes, and the
maximum temperature could be as high as 2000 K. Solid products of the
SCS reactions exhibit porous morphology due to the release of a large
volume of gases. The microstructure of the materials depends on the
characteristics of the solution before the reaction initiation [14]. In most
cases, the products consist of isotropic near-spherical, polyhedral, or
irregular-shaped nanoscale crystalline grains of 10-100 nm.

In this work the solution combustion synthesis method was applied for
the reduction of: a) copper from copper nitrate and b) joint reduction of
copper and nickel from corresponding nitrates to produce fine powders of
metallic copper and Cu-Ni alloys in a single step. For increasing the
exothermic effect of low caloric oxidizer + fuel reactions and performing
joint reduction of both the nitrates to metallic Cu and Ni in combustion mode
ammonium nitrate (a strong oxidizer) was applied as well. To achieve this
aim, combustion laws in the Cu(NO3),-pCsHgO7-XNH;NO3z and Cu(NO3),-
kNi(NO3),-pCsHgO7-xNH4NO3 systems were investigated at various fuel-to-
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oxidizer ratio (¢) and for different ratios of metal nitrates and ammonium
nitrate in the initial mixture.

Adiabatic combustion temperature (T,4) calculations often preceded
direct temperature measurements. These calculations were based on a priori
assumptions about the compositions of the products. The shortcoming of this
approach is that the equilibrium products for a specific system is unknown
and largely depend on the reaction temperatures.

Determination of optimal conditions of the process was based on the
results of preliminary thermodynamic calculations for the system under
study.

2. Materials and methods

Copper waste with 95% particle size less than 1.0 mm, nitric acid with
density of 1.35 g/cm®, nickel nitrate hexahydrate, Ni(NO3),-6H,O (Pure
grade, Russia), citric acid, CsHgO7-H,O (Pure grade, Russia), and granulated
porous ammonium nitrate with granule size less than 3 mm (mark B, high
grade, GOST 2-85, Russia) were used as the initial reagents.

In this work copper oily waste of wiring industry was used after
removing the oil, which according to the XRD analysis represents mainly
copper (1) oxide with small amount of metallic copper (Fig. 1). The content
of mineral oil (a mixture of various unsaturated and saturated aliphatic and
aromatic hydrocarbons, hereinafter C,Hy,) in the copper waste, determined
by the mass loss after diethyl ether treatment amounted to 5-10%.

2
1-Cun
2-Cn0
2 : 2,1
2 1 1 2
P s g
—
20 30 40 50 ]l 70 80
10, degree

Fig. 1. XRD pattern of the inital copper (I) oxide waste.
In combustion experiments solutions were prepared from the following

initial mixtures: Cu(NOg3), + (%@)C6H807 + XNH4NO;3;, 2Cu(NO3), +

Nl(NO3)2 + (]3_2(P)C6H807 + xNH4NO3; and ZCU(N03)2 + 2N|(N03)2 +
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(% 9)CsHsO7 + XNHsNOs. In the case of ¢ = 1 (stoichiometric ratio), the

metal nitrate supplies the oxygen required for complete combustion of the
fuel, whereas the <1 or ¢>1 represent fuel-lean or fuel-rich systems,
respectively. Main variables in the combustion experiments were x (moles,

) . . .10 30 40
ammonium nitrate), and moles, citric acid, —¢@, —o¢ and — o,
) ¢ ( 5% =° T

respectively, fuel or reducing agent) values. The saturated solution of copper
nitrate necessary for preparation of the general or joint solutions was
prepared by dissolving oil-free copper waste in nitric acid. In the first set of
experiments, the reactants with different ¢ ratios were dissolved in deionized
water and mixed using a magnetic stirrer. The solutions were then heated on
a hot plate to initiate and study the reactions in self-propagating or volume
combustion mode. The solutions were preheated to the boiling point of the
solvent. The evaporation of water takes a long time and produced a gel-type
substance. After evaporation of the solvent, combustion was initiated mainly
in the entire volume of the gel.

The maximal combustion temperature, T¢max), and temperature profiles
T(t) were measured by two C-type tungsten-rhenium thermocouples with 0.2
mm in diameter, covered with a thin layer of boron nitride. The
thermocouples were placed into the sample with depth of 5 mm from the
bottom, and 15-20 mm distance from each other. The standard error of
measurement for T, was £20°C. The output signals of thermocouples were
transformed by a multichannel acquisition system and recorded by a
computer with frequency up to 1 kHz. After cooling the reaction products
were extracted from the reactor and crushed into powder. Final products
were examined by XRD analysis with monochromatic CuK, radiation,
wavelength 1.54056 A (diffractometer DRON-3.0, Burevestnik, Russia)
operated at 25 kV and 10 mA. To identify the products from the XRD
spectra, the data were processed using the JCPDS database. The
microstructure of powders was examined and EDS analyses were performed
by the scanning electron microscope Prisma E.

2.1. Thermodynamic calculations

Calculations of adiabatic temperatures (T,4) and composition of the
equilibrium  products for the Cu(NO3),-yCsHgO;-XxNH4NO3z-nH,0,
2CU(NO3)2-Ni(NO3)2-YC5H807-XNH4NO3-nH20 and ZCU(N03)2-2N|(N03)2 -
yCeHgO7-XNH4NO3-nH,O systems, where y:Eq), @(p and 4—0(p were

15 15 15

performed by “ISMAN-THERMO” software [18]. To determine the
equilibrium state, this program searches for the minimum of the Gibbs free
energy accounting for the contributions of all initial, possible intermediate
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and final reactants. THERMO software contains a database that includes
heat capacities (and their temperature dependencies) for possible gaseous
and condensed phase products. For revealing the effect of ¢ ratio (changed
in the range from 0.25 to 7.5) at different values of the ammonium nitrate (x)
and water (n) the following reactions were considered:

CU(N03)2 + (%(P)C5H807 + XNHsNO3 + nH,0 —

60 80
Cu+ (1+x)N2+ (— @)CO, + (n+x/2+— ¢) H,0 (1)

15 30
ZCU(N03)2 + NI(N03)2 + (%@)C6H807 + XNH4sNO3 + nH,O —
2Cu + Ni + (2+X)N, + (%@)COZ ¥ (n+x/2+% ©)H,0 (2)
2CU(N03)2 + 2N|(NO3)2 + (% (p)C6H807 + XNH4N03 + nHzo —

2Cu + 2Ni + (4+x)N, + (% ¢)CO, + (n+x/2+%(p)H20 3)

The calculations were performed for constant ambient pressure (P=1
atm). The calculated T,q and molar quantities of major gases and condensed
products (Cu, Ni, Cu,0O, CuO, NiO and C) were plotted as a function of ¢ for
different values of parameters n and x (n=0+20 and x=0+4 moles,
respectively). The calculations did not exclude the formation of other
possible gaseous products, such as CO, NO, H,, O,, CH; and NH3;). The
calculation results include the optimal intervals of variation of the studied
parameters for the complete reduction of copper and nickel by the amount of
a reducing agent (fuel) and a strong oxidizer.

3. Results and discussion

3.1. SCS in the Cu(NO3),— (%¢)CGH807— XNH;NO3; — nH,0 system

3.1.1. Thermodynamic consideration
The results of thermodynamic calculations for the Cu(NOs3),-

(%@)CBH807'nH20 system demonstrate (Fig. 2) that with increasing the

parameter ¢ within the interval of 0.25<p<1.0 the adiabatic combustion
temperature increases from 760 up to 1915°C, and then in the range of
1.0<<3.15 decreases to 590°C at n=0. For n=4 the adiabatic combustion
temperature in the same intervals of the parameter ¢ increases from 80 up to
1310°C and then decreases to 510°C. Difference in values (Fig. 2) of Ty is
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due to the different phase composition of the both gaseous (CO, CH, and
NH;) and condensed (Cu,O and C) products. In both cases maximum T,q is
observed at @=1. At that complete reduction of copper for n = 0 is observed
at the same value of ¢ (p=1) and in the case of n = 4 at ¢ = 1.125. The
growth of T, is conditioned by increase of the share of the exothermic
reaction in the overall process. The amount of reducer (¢) affects also on the
phase composition of the products. It is expressed by a change in the
amounts and ratios of the formed individual substances in different states of
aggregation.

2000 4 Tai(n=0,x=0)
T.a s
1600

Toa(n=0, x=0.5)

1200

=00 1

400

Fig. 2. Calculated combustion temperature (Tag) Vs o ratio for the Cu(NO3)2 - 9CeHsgO7 - nH20 -
xNHsNO3 system depending on x and n values. The plot includes also experimental data for
maximum temperature (data points) for SCS, x=0.

The main condensed products are Cu, Cu,O, CuO and, in some cases,
carbon was also formed. Similar thermodynamic calculations were

performed for the Cu(NO3); - (%@)CGHSQ -XNH;NO3 - nH,0 system too.

Note that the introduction of a strong oxidizer into the initial mixture affects
both the adiabatic temperature and the phase composition of the products.
Based on the calculation results optimum areas from thermodynamic point of
view for the complete reduction of copper were obtained in the ranges of
variation of g=1+2.5 and x=0.5+1.0 mole, respectively.

3.1.2. Experimental results
The temperature-time profiles recorded during the experiments at

combustion of Cu(NO3), — (%@)C5H307 + XNH;NOj3 mixtures are shown in

fig. 3. These curves provide accurate information on both: the ignition and
maximum combustion temperature, as well as heating and cooling rates. The
14



shape of the temperature-time curves is typical for volume combustion
processes. After evaporation of the solvent, combustion was initiated in the
entire volume of gel, and temperature rapidly rises from the ignition point,
Tig, to the maximum value Tmax followed by the sharp cooling stage.

wel e R "
600 600 |
400 400
200 | ke 200 | T
0 . : . : . 0 . . : . .
o0 198 06 114, 332 230 30330 340, 3% %0 0

Fig. 3. Typical temperature—time curves at SCS of Cu(NOg3), + ¢CsHsO7 (a) and Cu(NO3), +
@CeHgO7 + XNH4NO3 (b) mixtures, ¢=1.35, x=0.5.

In fig. 4 the results of combustion experiments for the Cu(NOs), —

(%@)CGHBQ system are demonstrated. As may be seen, for ¢ > 1 (fuel-rich

mixtures) the maximum combustion temperature increases in the range from
¢ =1to ¢ = 1.65 (670-920°C) and then for ¢ > 1.65 T¢max decreases (down
to 640°C). As a result, for ¢ > 2.25, there is no ignition, only isolated point
flashes are observed. A similar picture is also observed at ¢ < 0.75 (fuel-lean
mixtures), which is associated with the partial reduction of copper.

According to XRD analysis results (Fig. 4b) a single-phase product
(copper powder) was obtained only in the narrow range of citric acid
content (¢ = 1.35-1.43). For the mixtures in which citric acid is taken in a
smaller (¢ < 1.35) or larger (¢ > 1.43) amount, partial reduction is observed:
the product contains also copper oxides: Cu,O and CuO. These results are in
disagreement with the results of thermodynamic calculations presented in
fig. 2. Such disagreement could be related to the fact that the combustion of
solutions containing citric acid proceeds vigorously, accompanied with
significant heat loss because of rapid removal of large amount of gaseous
products from the reaction zone, as a result of which they do not participate
in the establishment of equilibrium.
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Fig. 4. Maximum combustion temperature (T¢max) and mass 10SS (AMey,. and AMeor) VS. ¢ for
the Cu(NOs3), + pCsHgO7 mixtures (a) and XRD patterns of combustion products for SCS of the
Cu(NOs3), + pCsHgO7 mixtures at different values of the parameter o (b).

Further studies were carried out in the direction of expanding the range
of variation of the parameter ¢ for the complete reduction of copper.

The addition of different amounts of a strong oxidizer (Nt) to the initial
mixture influences on the values of T¢max) and Am, and phase composition of
final products. Thus, according to XRD analysis results, complete reduction
of copper at addition of x=0.5 moles Nt takes place in the range of 1.5 <
¢ <1.65. Note that with an increase of the parameter ¢ in the range from
1.125 to 2, the combustion temperature does not change significantly (810-
860°C). Introduction of a strong oxidizer for fuel-rich mixtures at ¢=1.72
does not ensure complete reduction of copper: the products contain CuO,
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Cu,0 and Cu with varying component ratios. However, with an increase in
the amount of a strong oxidizer, an expansion of the ignition region is also
observed: e.g. at x=4 moles the ignition region for the value of parameter ¢
ratio expands from 2.25 to 4.5.

Based on the results obtained, it can be concluded that the optimal range
by the parameter ¢ for the complete reduction of copper is 1.5 < ¢ < 1.65 at
x=0.5 mole of Nt. However, the use of citric acid as a fuel does not provide
the necessary conditions for obtaining nanoscale copper powder with
separated particles. During combustion, an increase in the particle size and
the formation of copper agglomerated powder with a particle size less than
20 um is observed.

3.2. SCS in the 2CU(N03)2—kNi(NO3)2—(pC5Hgo7—XNH4NO3—nHzo
system. Combustion of this system was studied in a wide range of changing
the parameters ¢ (0.5 < @<7.5) and X (0 <x < 1) at 2 various ratios of metal
nitrates (k = 1 & 2). The choice of these compositions is due to the need to
obtain Cu-Ni alloys with a ratio of metals: 2:1 and 1:1. For each case the
effect of the fuel (citric acid) content and strong oxidizer (Nt) on the
combustion laws, phase and chemical composition of the combustion
products were studied. Determination of optimal conditions of the process
was based on the results of preliminary thermodynamic analysis for the
above-mentioned systems.

3.2.1. SCS in the 2CU(NO3)2—Ni(N03)2—(%(p)CGH807—XNH4N03—
nH,O system. The temperature-time profiles recorded during the
experiments at combustion of 2Cu(NO3), + Ni(NO3), + (%Q)C6H807 +

XNH4NO3z; mixtures are shown in fig. 5. As can be seen, the shape of the
curves, as in the case of the previous system (Fig. 3), is typical for volume
combustion processes.
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Fig. 5. Typical temperature—time curves at SCS of 2Cu(NO3), + Ni(NO3), + pCsHsO7 (a) and
2Cu(NO3); + Ni(NO3); + pCsHgO7 + XNH4NO3 (b) mixtures, ¢=1.95, x=1.

The results of combustion experiments for the 2Cu(NOj3),-Ni(NO3),-
@CsHgO7 and 2Cu(NOg3),-Ni(NO3),-pCeHgO7-xNH;NO3  systems  are
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presented in table 1. Note that in the systems under study the lower
concentration limit of combustion is observed at ¢=0.75. The results of
Table 1 show that with increasing the parameter ¢ and introduction a strong
oxidizer into the initial mixture affects both the maximum combustion
temperature and phase composition of the products.

Table 1

Maximum combustion temperature (T¢max) and phase composition
of the combustion products for different values of parameters ¢ and x
for the 2Cu(NOg), + Ni(NO3), + CsHgO7 + XNH4NO3 mixtures

¢ (CeHgO7), | X (NH4NO3), | Temax), Phase composition of
mole mole °Cc combustion products
1.35 0 580 CuO, NiO, Cu, Cu,0
1.95 0 870 Cu-Ni, NiO
1.95 1 860 Cu, NiO, Cu,0, CuO, Ni
2.55 0 730 Cu-Ni, CuO, NiO
2.55 1 850 Cu-Ni

3 1 750 Cu-Ni, CuO, NiO, Cu,0, Cu

As can be seen from table 1, according to the XRD analysis results,
complete joint reduction of copper and nickel takes place only at ¢=1.95
(stoichiometric ratio, Temax=870°C) for x=0 (Fig. 6a) and ¢=2.55 (fuel-reach
mixture, Temax=870°C) for x=1 (Fig. 6b). In other cases, the product also
contains various amounts of metal

1-Cu, 2-Ni,3-N0O,4-C0,5-Cu0,6-Cu-N a

p=3 st Ny P
=158
I Y W |, A .
1.3.6
P=2.25 14,6
- R
[

=1.95 o
w Jq—————)L ) A _gu

20 30 40 S0 1] 70 a0
20, degree
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Fig. 6. XRD patterns of the combustion products for SCS of the 2Cu(NO3), + Ni(NOgs), +
¢CsHgO7 (a) and 2Cu(NOs3), + Ni(NO3),+ pCesHgO7 + XNH4NO;3 (b) mixtures for different values
of the parameter ¢, at x=1 oxides: Cu,O, CuO and NiO. In the case of smaller amounts of
citric acid (¢<1.95), the oxides are not completely reduced, and in the case of larger amounts
(p<1.95), the combustion temperature decreases.

Note that the use of citric acid as a fuel does not provide necessary
conditions for obtaining nanoscale copper-nickel alloy powder with molar
ratio of 2/1 (32 wt.% of Ni). During the combustion process, an increase in
particle size is observed and the formation of Cu-Ni alloy powder with a
particle size less than 20 um.

The chemical homogeneity of the 2Cu-Ni alloy was examined by EDS
analysis to determine the spatial distribution of metals in the sample. These
examinations demonstrate reasonable uniformity of metals along the sample.

3.2.2. SCS in the ZCU(Nog)Q'ZNi(Nog)Q'(@(P)C5H807'XNH4NO3'
15

nH,O system
3.2.2.1. Thermodynamic consideration
The results of thermodynamic calculations for the 2Cu(NOs), —

2Ni(NO3), — (% ¢)CsHgO7 system demonstrate (Fig. 7) that with increasing

the parameter ¢ within the interval of 0.5 < ¢ < 3.45 the adiabatic
combustion temperature increases from 30 up to 1895°C and then in the
range 3.45<@<7.5 decreases to 885°C at n=0. For n=10 the adiabatic
combustion temperature in the same intervals of the parameter ¢ increases
from 30 up to 1520°C and then decreases to 685°C. Difference in the values
(Fig. 7) of Ty is due to the different phase composition of the gaseous (CO,
CH, and NH3;) and condensed (Cu,0O, CuO and NiO) products. In two cases,
for n = 0 and n =10 moles, maximum values of T,4 and complete joint
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reduction of both metals are observed at the value of the parameter o:
¢=3.45 and @=4.25, respectively.

The introduction of a strong oxidizer into the initial mixture affects both
the adiabatic temperature and the phase composition of the products. Note
that maximum value of T, and complete co-reduction of metals are
observed at different values of the parameter ¢, namely at 4.5 < ¢ < 7.5 for
x=1.

2400
T,q °C 1
2000 1 Taa(m=0, x=0)

1600 Taa(n=10,x=0)
1200 4
800

400

Fig. 7. Calculated combustion temperature (Tag) VS ¢ ratio for the 2Cu(NOg3)2 - 2Ni(NO3); -
¢CeHsO7 - nH,0O system depending on n values. The plot includes also experimental data for
maximum temperature (data points) for SCS.

Based on the thermodynamic calculation results, it can be concluded that
the optimal ranges of variation by the parameter ¢ and x for the complete
joint reduction of both metals are ¢=4.25+7.5 and x=0 +1.0 mole,
respectively.

3.2.2.2. Experimental results

The results of temperature measurements demonstrate (Fig. 8) that
combustion temperature is significantly higher in the presence of ammonium
nitrate (Fig. 8b).
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Fig. 8. Typical temperature—time curves at SCS of the 2Cu(NOg3), + 2Ni(NO3), + ¢CeHsO7 (a)
and 2Cu(NOg)2 + 2Ni(NO3), + 9CeHsO7 + XNH4NO3 (b) mixtures, ¢=3, x=1.
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The measured values of the maximum combustion temperature (T ¢max))
and XRD analysis results of the combustion products are presented in Table
2 and fig. 9.
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Fig. 9. XRD patterns of the combustion products for SCS of the 2Cu(NQOg3), + 2Ni(NO3), +
@CeHgO7 (a) and 2Cu(NOg3)2 + 2Ni(NO3),+ @CeHsO7 + xNH4NO3 (b) mixtures for different
values of the parameter ¢. x=1.
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Table 2
The maximum combustion temperature (Tmax) and phase composition

of the combustion products for different values of the parameters ¢ and
x for the 2CU(N03)2 + 2N|(NO3)2 + (pC6H807 + XNH;NO; mixtures

D [XOHN0) [ e i
1.95 0 760 Cu, NiO, Cu,0, CuO
1.95 1 660 Cu, NiO, Cu,0, CuO

3 0 700 Cu-Ni

3 1 970 Cu-Ni
3.45 0 580 Cu-Ni, NiO
3.45 1 950 Cu-Ni, Cu, NiO

For the 2CU(NO3)2 — 2N|(N03)2 — (pC6H807 and ZCU(N03)2 — ZNI(N03)2
— @CsHgO7 — XxNH4NO; systems, the lower concentration limit of combustion
is observed at a higher value of the parameter ¢ than in the Cu(NO3), —
(pC5H807 — XNH4NO; and ZCU(N03)2 —NI(NOg)g - (pC6H807 — XNHsNO;
systems, at ¢ =1.35.

From the presented diffraction patterns (Fig. 9a, b) for these systems, it
can be seen that in both the cases: x=0 and x=1, a single-phase combustion
product is obtained for the same value of the parameter ¢: ¢ = 3 (the optimal
amount of fuel), representing a monophase Cu-Ni alloy with 48 wt.%
content of Ni.

Based on the results of EDS analyses for the Cu-Ni product (Fig. 10),
significantly high chemical homogeneity and uniform distribution of metals
in the Cu-Ni alloy powder were observed.

Thus, it has been established that powdered copper and copper-nickel
alloys of various compositions can be obtained by the solution combustion
synthesis method with using copper (I) oxide waste. It is shown that phase
composition of the combustion products can be controlled by changing the
amounts of citric acid and ammonium nitrate in the initial mixture. The
optimal conditions for obtaining powdered copper and copper-nickel alloys
with ratios 2/1 and 1/1 have been determined. Under optimal conditions,
powders of copper, 2Cu-Ni and Cu-Ni alloys with particle size less than 20
microns were obtained.
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MEPEPABOTKA OTXOJ0B OKCHUJIA MEJIM (I) B IOPOILLIKH MEJH
U MEJJHO-HUKEJIEBBIX CILIABOB METO/IOM CI'P

A. A. MATMYJIU'?, B. B. BAPJAIIETSH u JI. C. ABOBSIH?

! EpeBanckuii rocyjapCcTBEHHbIN YHUBEPCUTET
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HccrnenoBana BO3MOXHOCTh TMOJYYCHHS ITOPOINKOB MEOW W MEIHO-HHUKEIEBBIX
CIUTAaBOB PAa3JIMIHOTO COCTaBa METOJOM CHHTe3a ropeHmeM pactBopoB (CI'P) c
HCIOJIb30BaHUEM 0TX010B okcua Meau (1). i JOCTHKEHHS ITOJTHOTO BOCCTAHOBJICHHUS
METAJIOB KCCIIE0BaHbl 3akoHOMepHocTH ropeHuss B cuctemax CU(NO3),-CsHgO7-
NH4NO; u Cu(NO3),-Ni(NO3),-CeHgO;-NH4NO; nipu pa3inuuHbIX COOTHOIICHUSAX TOT-
JUBOOKUCIUTENh, HUTPATOB METAIDIOB M AMMOHHUS B UCXOJHOW CMeCH. YCTaHOBIICHO,
YTO TOPOIIKK MEIH W METHO-HHUKEIEBBIX CIDIABOB PA3IMYHOTO COCTaBa MOTYT OBITh
MOJYYCHBI METO/IOM CHHTE3a TOPCHHS PACTBOPOB C HCIIOJNIB30BAaHHEM OTXOIOB OKCHIA
Memu (I). OnpenenceHbl ONTHUMANBHBIE YCIOBUS MOMYYCHUS MTOPOIIKOB METU M MEIHO-
HUKEJEBBIX CIUIaBOB ¢ cooTHomeHueM 2/1 u 1/1 w3 HuTpatoB wMeramioB. B
ONTHMAJIBHBIX YCIOBHSAX OBUTH MOJydYeHbI moporiku meau, ciuiaBoB 2Cu-Ni u Cu-Ni
cocraBa ¢ pa3MepoM vacTuil Meree 20 mrm.
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CHUHTE3 BUOAKTUBHbBIX CTEKJIOKPUCTAJIVIMYECKHUX
MATEPHUAJIOB B CUCTEME CaMgSiO4-Al,03-SiO,
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HeopraHuyeckue cuHTETUYECKME MaTepumarbl, UCMOofb3yeMble B CTOMATONOMMN, OOMKHbI CO-
AepxaTb Tpebyemble XMMUYeckne anemMeHTbl, B pSAe CrydaeB, BOCMPOU3BECTU HYXHbIN XUMu4e-
CKMI 1 MMHepanormyeckuii coctas 3yboB, obnagaTe BbICOKUMU (PU3NKO-XUMNYECKMMU CBOMCTBAMM.
M3 GuoakTMBHbIX MaTepuanoB Haubonee nepcrnekTUBHBIMU SIBMSHOTCS CTEKIOKpUCTannyeckme
MaTtepuvansl (cutanmnbl), OTAMYaOLLMECS] BLICOKUMU (PU3MKO-XMMUYECKMU NapameTpamu. Ons pas-
paboTKM HOBbIX COCTaBOB WCXOAHbLIX CTEKON ANS CTEKMOKPUCTannMYeckux mMaTepuanoB usyveHa
obnacTb cTeknoobpasoBaHus cuctembl CaMgSiO,-Al,03-SiO, 1 guarpamma nnaBkoCcTM nceBnobu-
HapHoro paspesa CaMgSi,0s-Al,03, cogepxaltero o 30 mon. % Al,Oz. [Ans nHMUMMPOBaHMSA Npo-
Lecca HanpaBMneHHOW KpUCTannun3auum U CHUWKeHVA TemnepaTypbl Nnksuayca B CUCTEMY AOMOMHU-
TenbHO BBeAdeHbl dTopuabl MgF, u CaF,, npuaalowme Takke cuTannaM KkapuocrtaTmieckue n bak-
TepuumaHble CBONCTBA. BbisiBNeHo, 4TO B npolecce KpuUcTannusauum CTEKON yKa3aHHOro paspesa
obpasyoTcs cunukatbl: guoncug CaMgSi>Og, COCTOSALLMIA U3 HENPEePbIBHBIX Lenoyvek SiO, TeTpasa-
poB (moryT 3amewiatbca AlO4 Ao oTHoweHus 3:1) , dopcteput M@,SiO4 € n3onupoBaHHbIMK SiO4
rpynnamu (npu copepxanun Al,O; Ao 20 mon.%), a Takke aHopTuT CaAl,Si,Og, 0bpasytoLwmn Tpex-
MepHbIN Kapkac n3 SiO, n AlO, TeTpasgpoB. NMokasaHo, 4To Npu TepMuyeckor obpaboTke cTekna u
BblENEHUN MPEUMYLLECTBEHHO KPUCTANMOB C TPEXMEPHOW CTPYKTYPOM, OTIMYAIOLLMUXCS PasHbIMU
3HaYeHUSIMM NIOTHOCTU U TEPMUYECKOTO PaCLLUMPEHUS], MOXHO MOMy4uTb CUTanmnbl C TemnepaTyp-
HBIM KO3(hULIMEHTOM NIMHeNHOro paciumpeHus (TKIP), paBHbIM (84-86)-1071/°C. BbisieneHo, uTto
npu cooTHoweHun MeF,/Al,03~0.5 BO3MOXHO KOHTPONMpPOBaTb copepXaHuwe bTopa B CTeKNe U

nonyynMTb OTHOCUTENIbHO JerkonnaBkue CTeKNnoKpuctannnyeckme matepuanbl C MOBbILLUEHHbIMU
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3HAUYEHNSIMN MUKPOTBEPAOCTU (~700 K2/MM), MEHSAITL 3HAYEHWS! TEMMOBOrO PaCLUNPEHUS CUTaNMoB

6e3 U3MEHEHMUsI OCHOBHbIX KpUCTaNnmn4eckmx as.

Puc. 5, 6ubn. ccbinok 14.

Cpenu HEOpraHMYECKHX CHHTETHYECKUX OMOAKTHUBHBIX MaTEPUAIOB JIJIs
CTOMATOJIOTUM HauboJjee 3HAYUMBIMU U MEPCIEKTUBHBIMH SIBJISIOTCS CTEK-
JIOKPUCTAIUTMYECKHE MATEPHUAIIbl HA OCHOBE aJIFOMOCHIIMKATHBIX CUCTEM, UC-
MI0JIb3YEMBIE TAKXKE B CTOMATOJOIMHM B KAa4€CTBE aKTHUBHBIX HAIOJHUTENIEH
JUTst mosrydeHus ieMeHToB [1,2]. Crnenyer OTMETUTh TakKe BaKHOCTH IMPHU-
CYTCTBHUS dJeMeHTa (Topa B CTEKJEe, MOHBI KOTOPOTO OKa3bIBAIOT KapHO-
cratudeckuil A3QPeKT B Marepuanax, a TakKe CHHTE3 CTEKOJI ¢ KOHTPOJIH-
pyeMBbIM coziepkaHueM (Qropa Ui NPUMEHEHUH B pa3iIMyHbIX 00JIACTSIX 3y-
6a [3,4]. Beicokas 0JHOPOAHOCTH MUKPOCTPYKTYPBI, IPOYHOCTb U U3HOCO-
CTOMKOCTb, XUMUYECKasi U TepMUYECKasi CTOMKOCTb, BO3MOXHOCTb IOJTy4e-
HUS IOBEPXHOCTH M3/EJIHI BHICOKOTO KauyeCTBa BBIABUHYJIN OMOJIOTHUECKUE
CUTAJUIBI KaK HauOoJee MepCIeKTUBHBIE MaTepUalIbl Isi MeTUIHbI. Crek-
TpaJIbHbIE XapaKTEPUCTHKHU 3y0a (LIBET, NPO3pPavyHOCTb, OJIECK) 3aBHCAT OT
OKpAaCKHU U HEMPO3pPayHOCTH JCHTHHA M OT CIIOCOOHOCTH MU IMOTJIOIIATh,
MPETIOMIIATh U OTPaXKaTh JIy4d. B COOTBETCTBHM C ITHM, a TaKXe C y4ETOM
MEXaHUYECKUX M XMMHUYECKHUX CBOWCTB 3yOOB BBIOMPAIOTCS CHCTEMBI, Ha
OCHOBE KOTOPBIX BO3MOKHO CHHTE3HPOBATh JICHTUHHbIE (HEMPO3payHbIE) U
sMasieBble (po3payuHble) CTEKIOKpUCTaInueckue Matepuaisl [5]. Ha ocHo-
Be (pocaTHO-CHIIMKATHON CHUCTEMBI MOJTY4eHBbI OMOCHUTAIUIBI Uil XUPYPTH-
YECKOM CTOMATOJIOIMH, KOTOPBIE OTINYAIOTCS BHICOKOW MUKPOTBEPIOCTHIO U
HYJIEBOM MNOPUCTOCTHIO. OJHAKO TaKUE CUTAUIBI OTJIMYAIOTCS BBICOKMMHU
3HaueHussMu TKJIP u, kak crnencTBue, XapaKTepU3YIOTCS OTHOCHUTEIBHO
HU3KUMH 3HAYEHHUSIMH TEPMOCTOMKOCTH [6]. BO3MOXKHOCTB MoslydyeHus cu-
TAJUIOB ISl CTOMATOJIOTUM Ha OCHOBE CTEKOJI aJTFOMOCHIIMKATHBIX OKCHU(TO-
PUIHBIX CHUCTEM CBSI3bIBAETCS C UX MHUKPOJIMKBAIIMOHHOW CTPYKTYpOM, cro-
COOCTBYIOILIEH HE TOJBKO MOJIYYEHHIO MEJTKO3EPHUCTON CUTAIJIOBON CTPYK-
Typsl, HO U yperynupoBanuto 3HaueHuil TKJIP curamios [7,8]. [Ipenmye-
CTBEHHAsl 4YaCTh TEXHUYECKUX CHUTAJUIOB CHUHTE3UPYETCS Ha OCHOBE CTEKOJ
amoMocuiIrkatHeix cucteM Me,O(MeQ)-Al,03-Si0, (Me —inenounoi win
IIEJIOYHO-3EMEJIbHBI KAaTHOH), B COCTaB KOTOPBIX MOKHO BBECTH IpyTHe
KOMITOHEHTHI U1 MOJAU(UKALMU COCTaBa U ymnpaBieHHUs (a30BbIX MpeBpa-
LIeHUH, TOJy4YeHHUs] MaTepuajia HeoOXOAMMON CTPYKTYpbl M CBOMCTB. Jlist
yBeMUYEHUSI 00BEMHOW CKOPOCTH OOpa30BaHMS IICHTPOB KPUCTAJITH3AINH
HCCIIEIOBAHO CTEKJI000pa30BaHUE CHUCTEMBI, MPEIPacloNOkKEeHHON K MeTa-
cTabunbHOU nukBamu. [IpenkpucraminzaioHHOe MeTacTaOuiIbHOE (a3o-
BOE pa3jielieHHe CTeKJa ¢ 00pa3oBaHMEM TIpaHUIl pa3ziena (a3 MHUIMHpPYET
oOpa3oBaHue 3apojbliield. PaBHOMEpHOCTh pacnpeeneHusl 3apoableil, ux
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KOJIMYECTBO U Pa3Mephl B CTEKIIE 3aBUCIT OT CKOPOCTH OXJIAXKICHUS pacIuia-
Ba U CKOPOCTH JU((HY3UN HOHOB.

HccnenoBanbl 0051aCTh CTEKJIOOOpA30BaHUS M JUArpamMma COCTOSIHUS
ncesaorpoiinoi cucteMbl CaM@SiO4-Al;03-Si0,, xapakTep KpucTaLIn3a-
UK CTEKOJI OT COCTaBa W TeMiepaTypsl mo paspesy CaMgSi,Os-Al,03, co-
nepxkamux ot 2.5 no 20 mon.% ¢dropunos (MgF,, CaF,), u ux BiuusHUE Ha
CTPYKTYPY U CBOHCTBAa CHHTE3MPOBAHHBIX CUTAJIIOB.

Metons! nuceiegopanusi. CUHTE3 CTEKOJ IPOBOJUIICS B 3IEKTPUUECKOM
neuu B atmocepe Bo3ayxa rmpu temrneparypax 1400- 1450°C B kopyHmoBOM
TUTJIE C MPOIOJKUTENBHOCTRIO 50 Mmun. JInsl cMHTE3a CTEKOJ MPUMEHSUIUCH
XMMUYECKH YHCTBhIC BEIIECTBA, CKOPOCTh OXJIAKACHUS pacIliaBa COCTaBHIIA
~10 K¢, Tudpdepenrmansro-repmudeckuii ananu3 (JITA) mpoBoaHIICs mpH
HarpeBaHuM MOPOILIKOOOPa3HOro oOpaslia B IJIATHHOBOM THIJIE HA JIepHUBa-
torpade "Q-1500" (sramon-Al,O3), ckopocts Harpea — 15%mun™. TKIIP
m3MepsiIcs Ha mumaromerpe "JIKB-4" mpu ckopoctn Harpesa ~ 5°Couun’,
(Ao) + 3,0-107 °C™. MuKpOTBepIOCTh ONpeeNsIach METOIOM BIABIHBA-
HHS anMa3HoM nupamuasl Bukkepea (136°) B OIMPOBaHHYIO HOBEPXHOCTh
cutaa Ha npudope "TIMT-3".

B uccnenoBanHO# cucteme BbIsBIEHa 00J7acTh CTAOMJIBHON JHKBAaIMU
nByx pacmaasos (Beime ~1700°C), rae B paBHOBECHH ¢ KPUCTOOAIUTOM Ha-
XOMSTCS JIBa paciuiaBa ¢ pasHeiM cojaepkanreM MgO, CaO u SiO; [9]. Cuc-
TEeMa XapaKTepU3yeTcsl IIUPOKO 00IacThi0 CTeKinooOpa3oBanus (puc.l),
KOTOpasi HeMpepbIBHA M PACIIONOXKEHA MEKIY OMHAPHBIMU CUCTEMaMHU KOH-
LEHTPALMOHHOTO TpeyrojibHuka. B OunapHoit cucreme SiO, — CaMgSiO,
TOMOTEHHBIC CTEKJIa 00pa3yroTcsi B 00JIACTH COCTaBOB, conepikaniux 40-70
mon.% SiO,, Bxmoyarommas coeauaenne auoncua CaMgSioOg, KOHIPYIHTHO
massaierocst npu 1390°C. B BEICOKOKpEMHE3eMHOI 0071aCTH CHCTEMBI BBI-

SBJICHO OOpa3oBaHHE IBYX TPOMHBIX 3BTEKTHK, PACIIOJIOKEHHBIX B I0JIE
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W3 npencraBieHHON 3aBUCIMOCTH TeMIIepaTyphl TukBuayca (1) mnces-
nobuHapHo# cuctembl 1o paspesy CaMgSi,Og-Al,O3 (puc.2) BHIHO, YTO
IBTEKTUYECKHI cOCTaB oOpasyercs npu comepxanun 19.1 mon.% Al,Os, u
CHIDKEHHE TeMIeparypsl juksuayca cocrasisier ~100°C. Ilpexnme Bcero,
clieflyeT oOpaTuTh BHHMaHHE Ha TO, YTO JUarpaMMma COCTOSHHS CHUCTEMBI
OTJIMYACTCS OTPAHUYCHHBIM PSZAOM TBEPIBIX PACTBOPOB OT MCXOIHOTO JIH-
orcuaa 1o cocTapa, comeprxkariero 12.2 mon.% Al,O3. CrienoBatensHo, pac-
tBopuMocTh Al,03 B CaM(Si,Og ¢ 0Opa3oBaHneM TBEpIBIX PacTBOPOB Ha
octoBe ctpykTypbl CaMgSi,Og IpOKCXOAUT B ONMpEaEIeHHBIX mpeaenax. B
MPUPOTHBIX THPOKCEHAX, KOTOPBIE COCTOSAT M3 HENPepBIBHBIX ermouek SiOy,
Si 3amemaercst Al 1o otnomrenus Si:Al=3:1 [10].

B cucreme TpoliHbIe COEAMHEHHS TMPEICTABICHBI TAK)KE MOHTHYCIUIH-
tom CaM(SiO,, massummes nHKOHrpy>HTHO npr 1485°C ¢ 06pasoBannem
pacmnaBa 1 MgO. M3-3a HecTaOMIIBHOCTH COEAMHEHUS U BBIIEICHUS MIEPUK-
naza MgO u3 pacriaBa TemnepaTypa JUKBHIYCa CUCTEMBI MOBBIIIACTCS 0
1760°C, 4eM 1 0OBACHSAETCSA NPEKPAIIECHUE CTEKIO00Pa30BaHUS B YCIOBHAX
MIPUMEHEHHOTO cuHTe3a [9].

PentrenogazoBeiM ananuzom (PDA) npoaykToB KpUCTAUIM3AIMH CTe-
ko mo paspedy CaMgSi,Og-Al,0O3 cucTeMbl BBISIBICHO, YTO B OCHOBHOM
BBIJICIISICTCS. CHJIMKAT W3 TPymmbl nupokcenoB muoricun CaMgSi,Og, co-
CTOSAIINI M3 HempepbIBHBIX 1enovyek SiO, TepasapoB (MOTYT 3aMeIaThCs
AlO,), popcreputr Mg,SiO, ¢ uzonupoBanubiMu SiO, rpynmamMu (pH co-
nepxxarun AlyO3 10 20 mon.%), a Takxe anoptut CaAl,Si;Og, 006pasyromuii
TpexmepHbiit kapkac u3 SiO, u AlO4 Tetpasapos. Hauanbhas craaus mpo-
1ecca KpUCTALTU3AIMK CTEKJIa MPOSIBISIETCS B 00JaCTH 915-935°C unren-
CHBHBIM 3K30TepMUdeckuM 3¢ dextoM Ha kpuBoit JITA (puc.4) uro, no nas-
HeIM PDA, cBsi3ano ¢ Boiaenenuem CaMgSi,Og. 3HauMTEIBHBII 3K30TEpMHE-
qecknii 2heKT U MakcHManbHas Kpuctammsanms crexia mpu 1003°C co-
OTBETCTBYIOT BBIJICJICHUIO TBEPBIX PACTBOPOB JHMOICH/IA, & TaKke popcre-
put. TemneparypHsbIii HTHTEpBaI MEKy NEPBUYHON U OCHOBHOW KPHUCTAJIH-
ueckumu (hazamu cocrasisieT ~80-120°C, uTo yKa3bIBaeT B TMONIB3Y ABYXCTY-
MeHYaTON TepMOOOPaOOTKH CTEKOJ AJIS MOJYyYEHHS BBICOKOKAYECTBEHHOTO
cutaiia. CIIOHTAaHHON KPUCTAJUIM3alUKM CTEKOJ MPOTHBOACHUCTBYET BBEIE-
uue >12.0 mon.% Al,O3, KoTOpoe CHIKACT TaKkXkKe TeMIepaTypy JHUKBHIyCA
cuctembl. [Ipu yBenmuenuu cootHoureHus (MgO/MgF,+CaO/CaF,)/Al,O;
MaKCHMaJbHasi CKOPOCTh KPHCTAUTU3AIMN CTEKOJI CMEIIAeTcsi B HU3KOTEM-
MepaTypHy0 00JIaCTh U CIIOCOOCTBYET JUTUTEIILHOMY BPEMEHH HAXOXKICHUS
CTEKJIa B OMACHOM TEeMIepaTypHOU 30HE KpucTajum3anun. [Ipeakpucramim-
3alMOHHAsi TEPMOOOPAOOTKA YBETUUMBACT YHCIIO IIEHTPOB KPUCTAIUTM3ALUT
B CTEKJIC, 3HAUUTEIHHO CHIDKACT TEMIIEPATYPY BBIACICHHUS OCHOBHOW KpPH-
CTAJUIMYECKO# (ha3pl — TBEPIOTO PacTBOpa TUOICHIIA, U CHOCOOCTBYET IIO-
JIYYEHUIO TOHKOJUCIIEPCHON CTPYKTYpbl cutaia [11-13]. JAnurenbHas HU3-
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KoTeMmIeparypHas 00paboTka uHUIUUPYeT BhiaeneHne MgSiO; coBMecTHO ¢
TBepAbM pactBopoM CaMgSi,Og, yXymaromero Ka4ecTBO CHTaIIa BBUIY
obpasoBanus MUKpoTpemuH. [Ipy ananu3e BAMSHUS cOCTaBa CTEKJIA U KpH-
CTaJUIMYECKOH (a3bl Ha CBOWCTBA CUTaIa B OOJIBIIMHCTBE CIYy4aeB CUHMTA-
€TCsI, YTO 3HAUYCHUS CBOWCTB aITUTUBHBI U 3aBHUCAT OT CBOKMCTB (pa3, cocras-
JAIOMUX cuTaul. YTo Kacaercss TBEPAOCTH, TO CUMTAETCS, YTO B 00JacTu
HU3KUX TEMIIEPATyp CTEKJIa M CUTAJUIBI SBJISIOTCS XPYINKHMU MaTEpHUaIaMH,
JUIsL KOTOPBIX OTCYTCTBYET IUIACTHUYECKAs [eOpMaIisl B 30HE Pa3pyLICHHUS.
PaccmoTpenne MUKPOCTPYKTYpBI CTEKOJ MOKAa3bIBaeT, 4TO CTPYKTypa
CTEKOJI 3aBUCHUT OT TIOJIOKEHHSI COCTaBa Ha JHArpaMMe COCTOSIHUSI CUCTEMBI
U OT KOJMYECTBa BBOAMMOro (ropuna. McxomHoe CTEKIO, MOTYyYeHHOE OX-
JaKIEHUEM pacIuiaBa 0e3 JOMOJHUTEIBHON TepMooOpabOTKH, UIMEET OTHO-
CUTEJIbHO TOMOTEHHYIO CTPYKTYpY (puc.3). M3ydeHne MHUKPOCTPYKTYpPHI 3a-
kaseHHbIx crekol (( <10 K/C) B obnactu MeTacTaOMIBHON JTMKBAI[MK U aHa-
JIU3 Pa3IMYHBIX YYacTKOB O00OpPa3LlOB ¢ MOMOIIBIO 3JIEKTPOHHONW MHUKPOCTIEK-
TPOCKOIHHU TIOKA3aJIM, YTO KOHIICHTPAI[MH JJIEMEHTOB B Pa3JIMYHBIX TOYKAX
AByX(a3HOTo CTEKJIa 3HAYMTENILHO OTIH4aroTes: B at.% Si— 1.41; Al —1.03.
[Tpu HU3KOTEMIIEPATYPHOU TEPMUYECKOI 00pabOTKe CTEKOJI, COEpKAIUX 5
mon.% CaF, u MgF,, oOpasyeTcs TMKBallMOHHAs HEOJHOPOIHAS CTPYKTYpa,
XapaKTePU3yoMIascs MEPUOJUYHOCTHIO PACIIOJIOKEHHS yYacTKOB BTOPOM
CTeKII000pa3Hoii (ha3sl (BennurHa ydyacTkoB MUKpodas 10 80-120 mxm).
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MeractabunbHoe (ha30Boe pa3aeieHue COMPOBOXKAACTCS 00pa3oBaHUEM
COTO00pa3HON MPOCTPAHCTBEHHOW CTPYKTYpBl C IpaHHIaMu paszaena das
pasHoii BenwuuHBI OT 5 1m0 10 mxm (puc.3 6, B). Ha HEKOTOpBIX ydacTKax
TpaHuI] paslena IBYX CTEKI0oO0pasHbIX (a3 Halmomaercs oOpa3oBaHUE
MEJIKOKPUCTAITMUECKUX (a3, 0ObEIMHEHHBIX B BHJIE OTACIbHBIX YYaCTKOB,
¢ pazmepamu 2-5 mrkm. B cTpyKType CTEKIIOKPHCTAILIOB, cojepxkamux 10 20
mon.% ¢ropunos, HaOMIOZACTCS CKOIUIGHHWE KpHCTaLIoB a0 ~50 mxm
(puc.3, 1). [lepruognyHOCTH PACTIOJIOKEHHSI BTOPOH CTEKIO00pa3sHOH (hasbl
CIIOCOOCTBYET, PU CUTALIM3ALMH CTEKINIA, BBIACICHHIO 10 00bEMY PaBHO-
MEpHO paclpeAeIeHHbIX KPUCTAIMYECKUX 3apOoJbIIeil U MOIy4eHHIO OJI-
HOPOJHOW MENKOKPHCTALTNYECKON CTPYKTYPHI CUTAILIA.

Paznuume cTpyKTyphl CTEKIIOKPUCTAIUIMYECKUX MATEPUATIOB OTYCTIHBO
BBISIBIISICTCSI B XapaKTepe M3MEHEHHs UX CBOICTB B Pe3yJIbTaTe KPUCTAUIH-
3allMOHHON TepMOOOPaOOTKH CTEKOJ, T. K. OJU30CTh CTPYKTYPBI TBEPIBIX
pPacTBOPOB MpENONpeNeNsieT UIABHOE W3MEHEHHE CBOMCTB CTEKIOKPHCTA-
IrYecKux mMatepuanoB. Ha puc. 4 mpeacTaBiIeHsl TEpMOTpaMMBI 3aKpUCTAI-
JIM30BaHHBIX cTeKod 1o paspe3y CaMgSi,Os-AlLO, comepkarmux (GpTopuabl.
Kak BuAHO M3 TepMOrpaMM, HU3KOTEMIEPATypHbI MHTEHCUBHBIN DK30TEP-
mudeckuii 3¢ ekt npu HuzkoMm coxepkanun B ctekie Al,O3 (10%) u dro-
punoB (2.5-5%) npossnsercs B o6mnactu 915-935°C, a cnabblif — B ob6nactu
976-1003°C. C ysenuuenuem coaepxanus Al,Oz u Gpropumaos 3x303PPeKThI
KPUCTAIUIM3AllMM CMEMIAOTC B 00NAcTh HM3KHX Temmeparyp: 916-935°C
(A|203 20%, MgFg, CaF2_2-20%), 920-797°C (A|203 30%, MgFg, CaF, 5-
20%). OpnHOBpEMEHHO B CTOPOHY HHU3KHUX TEMIIEpaTyp CMELIAITCs
crabOBBIpaKCHHBIE BBICOKOTEMITEpAaTYpHBIE 9K303()(EKTHI, CBSI3aHHBIE C
BBIJICJICHUEM  TYTOIUIaBKOW  QopcreputoBoii  ¢asel.  Temmepatypy
crekinoBanusi Tg, ucxoms w3 ee (PU3MYECKOTO CMBICNA, CBA3BIBAIOT C
JIETKOIUTaBKOCTBIO, @ TaKXKE pPAacCMaTpUBAETCS KaK Mepa TEePMHYECKOMH
crabunpHOCTH crekna. CHmkenne Tg crekia mpu Beenenun %~ MeF, (Me-
Ca,Mg) ua 5 mon.% cocrasuno ~12-15° (ot 716 no 641°C ), uro yxassiBaer
Ha YyBEIWYEHHE “‘MATKUX’ HWOHHBIX CBSI3eH B CTPYKType CTEKOI U
CIIOCOOHOCTH KPHUCTAJUTU30BATHCS TIPH O0Jiee HU3KUX TEMIIepaTypax.

Cyns mo xapakrepy KpUCTaJUIM3aluKi CTEKOJ M U3MEHEHHUS! TeMIepaTy-
pbl CTEKJIOBaHHS MOXHO 3aKJIIOUYMTh, 4TO coBMecTHOe BBeneHue Al,Os,
MgF; u CaF; cnocoOGCcTByeT Mosy4eHnI0 OTHOCUTENIFHO JIETKOIIJIABKUX CTe-
KOJI ¥ BBIJICJICHUIO MPH KPUCTAILTM3AIMU TBEPJBIX PACTBOPOB TUOICHIOBOM
cTpykTypsl. M3omopdrOMY 3amemenuio katnonos AP+, Mg?* u Ca** B mu-
orcujie croco0CTByeT Takxke oopasoBanue okcupropuaubix Al(O,F), Terpa-
3/IpOB, JCHCTBYIOIIMX KaK CETKOOOpas3yloIlue TPYyMIbl B aJTIOMOCHIIHKATE.
CoBMecTHOE BBEJICHUE OKCH/IA AIFIOMUHUS U (PTOPHIOB MPAKTUUECKHU TIO3BO-
JISIET TIOJTy9aTh CTEKJIA C YIIPABISIEMBIM COJIEpKaHHeM (Topa M Ha UX OCHOBE
CTEKJIOKPUCTAJUINYECKAE MATEPUAIIBI C MOBHIIICHHBIMH MEXaHHUECKUMH Xa-
paKTepUCTUKAMHU.
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UccnenoBanuss TKJIP U MUKpOTBEpAOCTH OT COCTaBa CUTAJLJIOB, HOJY-
YEHHBIX IPH BBICOKOM TeMmmepatype Tepmoobpadotku (900°C) crekon moka-
3aiH, 4To ¢ yBenmueHuem coaepxkanus AlOz B cTekiie MPOUCXOIUT yBEIH-
yenue cootHomenus (CaAl,Si,Og+Mg,Si0,)/CaMgSi,O¢ B TBepmoM pac-
TBOpPE U, CIEA0BAaTEIbHO, B MUKPOCTPYKTYpe cuTaiyia. Takoi Xoa KpucTai-
JMU3alUU  yBEJIMYMBACT KOHLIEHTPALMIO TYTOIUIABKUX  COCTABIISIOIINX
(SiOy, Al,O3) B xprcTammueckoii (ha3e cuTauia, a OKpYy’)Karolas KpucTal-
JTUYECKyIo (a3y CTEKI000pa3Has MaTpuIila o0oramaeTcs MeI0YHO-3eMelTb-
HBIMU KaTHOHAMHU.
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TemnoBoe pacHiMpCHUC CTCKIOKPUCTATINIMYCCKOr0o MaTcpHalia (CI/ITaJ'I-
J'Ia), coacpiKallero HE MEHEC JIBYX IIPOCTPAHCTBCHHO YBA3aHHBIX (1)33, 3aBU-
31



cut ot TKJIP cocraBnsrommx a3, vX OTHOCUTEIHLHOTO MOJSPHOTO COJIEp-
*aHust U Kod(dduureHTa BCeCTOpOHHEro cxkatus. CleaoBaTeNbHO, YBEIH-
yerne o (TKJIP) curamna (puc.5) oOyclioBI€HO YBETUYEHHUEM MOJISPHOTO
o0beMa OCTaTOYHOM CTEKJIO0Opa3HOW MAaTPHUIbl U KOJIWYECTBA MEHEE MpOU-
HeIX cBs3eit SI-O—Me (Me-Mg, Ca) B crpyktype. bonee Hu3kas cTerneHb
CBSI3HOCTH CTEKJIOOOpa3HOM CeTKM M 00pa30BaHHE HEMOCTHUKOBBIX HOHOB
KHcIoposa U (Topa YaCTUYHO YMEHBLIAIOT MPOYHOCTH CBSI3EH B CTEKJIE U
NPUBOJIAT K MOHOTOHHOMY YMEHBIIEHHIO 3HAYEHUH MHKPOTBEPAOCTH CH-
TauioB. OTHOBPEMEHHO CJIeIyeT OTMETUTh, YTO 3HaYeHus: HV momydeHHbIX
CUTAQJUIOB 3aMETHO MPEBBIMIAIOT MHUKPOTBEPAOCTh IIEI0YHO-CHIIMKATHBIX
cutamoB (600-650 xe/mm®) M OTANYAIOTCS BHICOKAMH 3HAYCHHUSIMH MHKPO-
tBeproctd (10 700 xelmm®) [14]. Wccmenosamms emustams CaF, Ha
MHUKPOTBEPIOCTh CUTAJJIOB MOKA3aj, YTO BBEJACHUEM (PTOpHIIA BO3MOMKHO
peryaupoBaTh COOTHOILICHUS BBIACTUBINUXCA KpUCTAUIMYECKHX (a3 u
BEJTMUMHBI MHKPOTBEPIOCTH Ha 25-50 xec/mm?. B obnact conepxanus 20-
30 mon.% Al,O3 3HaueHust cBOMCTB o 1 HV mpakTHYecKn HE MEHSFOTCS, YTO
o0BsicHsIETCSI 00pa30BaHUEM €IMHOTO aTIOMOCHIMKATHOTO KapKaca cTeKiia u
BxoxaenueM terpaspoB Al(O,F), B mpocTpaHCTBEHHYIO CETKY CTEKIIa, yBe-
JMYUBAIOIIETO TYTOIUIABKOCTh U MHUKPOTBEPAOCTh CTEKIOKPHCTAILTHYECKUX
MaTEPUIIOB.

B 3akmrodyeHue ciemyer OTMETUTh, YTO MCCIEAOBAHUEM CTEKI000pa3o-
Banus cucteMbl MQCaSi,0g-Al,03-SiO; BBIABICHO 00pa3oBaHUE OIrpPaHH-
YEeHHOW 00JaCTH TBEP/bIX PAacTBOPOB U 3BTEKTHKH Tipu 19,1 m01.% Al,O3,
OOHapy»KeHO, YTO BBIJECIIEHUE TBEPIBIX PACTBOPOB IMPH KPUCTALTU3ALUU
CTEKOJI 00pa3yeTcst cOToOOpa3zHasi CTEKJIOKPHCTALUTMUECKash CTPYKTypa C
rpanunamu paszgena ¢as go 10 mxm. IlokazaHo, uyto 3HaueHus or U HV cu-
TAJJIOB 3aBUCAT Kak oT cooTHomrenus (CaAl,Si,0g+Mg,Si0,)/CaMgSi,Os B
TBEPJIOM PacTBOpE, TAK M OT CTPYKTYPHBIX OCOOEHHOCTEH OCTATOYHOM CTEK-
71000pa3Hoi MaTpuilsl. BeisgBiaeHo, uto mpu cootHornenun MeF,/Al,03~0.5
BO3MOYKHO KOHTPOJIMPOBATh CoJepkaHue (hropa B CTEKIE M MOIydYaTh CH-
TAJBl C TOBBINICHHBIMH 3HAYCHHSAMH MHKpoTBepaocTH (~700 xalmm®), me-
HaTh 3HadeHus: TKJIP cutannoB 6e3 M3MeHEHUS! OCHOBHBIX KpUCTAJUIMYE-
ckux (das.

CaMgSi0,-AL,03-Si0, NUUTGUMre-NFU APATGShI UNUUGER3NFMEIU3DL
UL3NFE-GLD UPLEGQ

U. - NAUNULLPUSUL b L. £ G L3U23UL

Uinnidunnnyngpuynud ompmugnpdiny whopguiuljuity ufilyfunpl byn [Hipp whnp § s
protlilhl whilpudbyn plulfulpwls wwppbp, npny qlgpbpmd fbpupmugpbl wowdibpf
Surdusp wibilpudliyu pplfulyuts b dfibipupuyfis Quigidp, nchilibud pupdp $fugfljpfolfu-
fpotts Sunnlpnefdynibibilip: Gklsmmmlpnfel TyncfFhphy snmfly Shnublpmpugpip wgulbpyne-
plequyfs Syme fFhpls b (upunuy), npolp wnwbdbwbnud b pupdp $pgflopffpuluts -
prsdtunphpny : Qupulpbpyneplguy s Yyn fHhipf Sudup Supululput wsguhfbpp np pugo-
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iu{uulbglfl.ufl <uu.full1 l[".l.lgnLg[lZ Cuufl.ulll.ulnl. 4‘ ilb[ufm_é'l{bl xgnnnp[nljlbp‘ MgF, I CakFy,
apnlp  dwdwdwimly  ufpnugbbphl Qugnpgacd By hwppooneanpl b dwlipbus b
Quunlyne [Fyn ik : ngmCWJun{bl b, np ncuncdbwufipdnd fpnpdwspf wupulifilibph
E/nl_pbrlulglfluil o‘uu.fluiuull uln_ulzl.uilnuf 127 uﬁlﬁllwmilb[f IZ.[IHM[LI["Z. CaMgSizOg, npp
pughugué £ SiOy punwbfunnbpf ywpniioljulwl yqfdulibpfy (lll.upml b sfnfunipfinfby
AlOy Lf[lilzll_ 3:1 <ul[1ulllbl1nLﬁ‘/ullfF), v.?nluunbp[un MgsSiOy lflillnl_ul.uglll.ub' SiOy [luf[zlipnl[
(<I.LILrl.l.Illl.LI[1ll_I1Ll.r dfiugle 20 lfnl% Al;O3 wpupniliulynd [dyui qu@nLLD L whnpinfun
CaAlySiyOg, npil SiOy4 I AlOy4 #Luru.uil[uunbpﬁg l.un.l.uzulgflnuf £ lrru.uZuu[l gulflg.' 8nLJ5 £
wpfwé,  ap  wupulne Yhpdwdywlpdwt b {pdwljputined Ernwgunfi  funncgdud pnyg
pyneplqlibph um_ulfl&fuuglfuﬁl dwdwinuly, npnlip wmwppbpdnd B pnncfdpeds e 9k pdug fils
pipup&umlydw® wmppkp wpdbphbpm|, Shwpunfnp b wmubiy (84-86)-10-71/°C géuyfi
pipup &uilydusts Yhpilunnp Sty s qnpdulyfgh wpdhphbipn ufpnuyilp: Ruguuymly §,
np MeF, /A1203=0.5 prw[sznLﬁJwil ll.blli'gnLlr Ciuupuu[np 4‘ llbmeullbl lllu[l.l.lllnL lsz
Punpp wpwpncimlngfdynip b wnwliy {wdbdwmwpwp qynepa Sy wywlbpgnepbqogph
Wynofdthp dfipnljupdpnd[dywi [1‘-”[7&[’ wpdbpubipn (~700 l[q_/lflfz), thnfuly ufpnugubpf
Qbpiluyfs  plpupdulppdls wpdbphbpp  wnuwby  Sfulhuhuts pyaoplquyplc $ughph
s s

SYNTHESIS OF BIOACTIVE GLASS CRYSTAL MATERIALS

M. R. HOVHANNISYAN! and N. B. KNYAZYAN?

L“ENI” Institute of Electronic Materials RA
66/2, Vilnius Str., Yerevan, 0059, Armenia
E-mail: h-mkhitar@mail.ru
2M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
10, Argutyan Str., 2 Lane, Yerevan, 0051, Armenia
E-mail: knigo51@mail.ru

Inorganic synthetic materials used in dentistry must contain the required chemical
elements, in some cases, reproduce the required chemical and mineralogical
composition of teeth, and have high physicochemical properties. The most promising of
the bioactive materials are glass-crystalline materials (glass-ceramics), which are
differing with their high physicochemical parameters. To develop new compositions of
the initial glasses for glass-crystalline materials, the region of glass formation of the
CaMgSi0,-Al,05-Si0O, system and the fusion diagram of the pseudo-binary section
CaMgSi,0g-Al,O3 containing up to 30 mol% Al,O3 were studied. To initiate the process
of directed crystallization and reduce the liquidus temperature, fluorides MgF, and CaF,
are additionally introduced into the system, which also impart cariostatic and
bactericidal properties to glass-ceramics. It was revealed that during the crystallization
of the glasses of this section, silicates were formed: diopside CaMgSi,Os, consisting of
continuous chains of SiO, tetrahedron (can be replaced by AlO, up to a ratio of 3:1),
forsterite Mg,SiO,4 with isolated SiO4 groups (with an Al,O5; content up to 20 mol%),
and also anorthite CaAl,Si,Og, which forms a three-dimensional framework of SiO, and
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AlQ, tetrahedrons. It is shown that during heat treatment of glass and separation of
mainly crystals with a three-dimensional structure, differing in different values of
density and thermal expansion, it is possible to obtain glass-ceramics with a temperature
coefficient of linear expansion (TCLE) equal to (84-86)-1071/°C. It was revealed that at
a MeF,/Al,05~0.5 ratio it is possible to control the fluorine content in glass and obtain
relatively low-melting glass-crystalline materials with increased micro-hardness values
(~700 kg/mm?), change the values of thermal expansion of glass-ceramics without
changing the main crystalline phases.
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JIMKBAIIMOHHBIE ITPOIIECCHI B CTEKJIAX CUCTEMBI LiPO;-B,0;

A. A. 3BAHI'MHSIH u M. A IOT'OCSIH
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O HEOTHOPOAHOM CTPOCHUM CTEKJa ObLJIO M3BECTHO €Il B Hadaye /Ba-
anatoro crojerus mo paboram Tepuepa [1] u I'pebenmrukosa [2]. Uccnemyst
HEKOTOpBIE CHIIMKATHBIE CTEKJIa, MU OBLJI CIIeNIaH BBIBOJI, YTO CTEKJIA COCTO-
AT U3 KPEMHEKHCIOPOIHOTO CKeJeTa, MPONUTAHHOTO CHJIMKATaMH INEeN0Y-
HBIX U IEJ0YHO-3€MENbHBIX METaIOB, KOTOPHIE MOTYT OBITH MOJBEPKEHEI
BBIIEJIAYMBAHUIO T10/1 BO3ACUCTBUEM KUCIOT. B nampHeiimem Obuio ycra-
HOBJICHO, YTO HEOJHOPOJHOE CTPOCHUE XapaKTEPHO HE TOJIBKO B CIIy4ae CH-
auKaTHBIX [3, 4], HO 1 GopaTHbBIX, GOCPATHBIX M CMELIAHHBIX COCTABOB CTE-
KOJI, 4TO YETKO MPOSIBIISICTCS HA DJIEKTPOHHO-MUKPOCKONNYECKUX CHUMKAX.
Bbu10 MOKa3aHo, YTO JTMKBAIIMOHHOE CTPOCHUE CTEKJIA MPOSBIISIETCS HA psizie
ero cBOMCTB. B wacTHOCTH, B paboTe [5] mokazaHo, 4TO OHO OOHAPYKHUBAET-
Csl HA TWJIATOMETPUYECKUX KPHUBBIX MPHU UCCICAOBAHUM TEMIIEpATyp Hadaia
nedpopmarn (T, ,.) 1 crexnoBanus (Tg).

B oxnoit u3 Hamux pabor [6] Ha mpumepe jxeie30-00paTHBIX CTEKOI
OBUIO TOKA3aHO, YTO JIUKBAIMS MOXKET MPOSIBUTH CeOs HE TOJIBKO Ha JWiIa-
TOMETPHUYECKHX, HO U Ha AEPUBATOTPAPHUUECKUX KPUBBIX.

B Hacroseit paboTe MbI HCCIIEIOBAIM CTEKJIOO0pa3oBaHUE U Pl QU-
3UKO-XMUMHUYECKHX CBOUCTB cTekou cucteMbl LiPO3 — B,03. J[lanHas cuctema
MHTEPECHA TEM, YTO CTEKJIa MMEIOT BBICOKME 3HAYCHUS] TEPMUYECKOTO KO-
s dunmenta munaeiiHoro pacumpenus (TKJIP), noctaToyHO JeTKOMIaBKH 1
XMMHUYECKH YCTOMYMBBI, UTO MO3BOJISIET pa3paboTaTh Ha UX OCHOBE JHAJIEK-
TPUYECKHE MOKPBITHS HA AIFOMMHHUM U €T0 CIUIaBax JUId HY)KI JIEKTPOHUKH.

CrekoobpaszoBanue onpezaeneHo mnpu temmeparype 1200 °C. Ono or-
panudeHo npu coaepxkanuu B,05; He 6omnee 60 mon.%. TKIIP crekon meHs-
ercst B mpeenax ot 170 go 105107 K. epusarorpaduueckue (ITA) nc-
CIIEZIOBAHMS 3TUX CTEKOJ ITOKa3alH, YTO B OOJACTH TeMIEepaTyp CTEKJIO-
BaHMs KpHBas MMeEET CTyNEeHYaThli XapakTep, YTO yKa3bIBaeT HAa HEOJHO-
pPOJHOE CTPOEHHE CTEKIIA.
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TKJIP u3mepsuics Ha BepTUKaJIbHOM KBapueBoM guiaromerpe "JIKBS-
A" mo cranaapTHoil Metoauke. JlumaToMeTp KaauOpoBaH C MOMOIIBIO 00-
Pa3LOBBIX MEp BTOPOTO pa3psa U3 MOHOKPHCTAIIMYECKOro KopyHza. W3-
MEPSUIACH OTOXKEHHBIE 00pa3Ibl pazmepamMu ~ 50x5x5 ym.

Temnepatypa Hadana aegopmarmu (1o COOCTBEHHON HArpy3Koi) cTe-
kon Ty, cooTBETCTBOBANIAa TeMIIEpaType, MPU KOTOPO HAUMHAJICA OOpaTHBI
XOJl HHIMKATOpa MUKPOMETpA.

JlepuBarorpaduyeckue uccie0BaHus IPOBOIMINCH Ha AepuBaTorpagde
mapku "Q-1500". HaBecka o6pa3iioB cocraBmia 700-1000 e, ckopocTh Ha-
rpesa -10-15 °C/mun mo Temmeparyp 800-850°C.

Hepuarorpadpudeckne (JITA) ucciemoBanus 3THX CTEKOJN IMOKa3aH,
YTO B 00JIACTH TEMIIEpaTyp CTEKJIOBAaHUs KpHUBas MMEET CTYNEHYaThId Xa-
pakTep, YTO yKa3bIBaeT Ha HEOJHOPOJHOE CTpoeHue cTekia. Kak BUIHO U3
puc. 1, cTyneHuaThlii XapakTep XOPOIIO MPOSBISAETCS Ui 00pa3LoB C CO-
nepxanuem B,03 — 40 u 50 mon. %. Takoit Bun kpuoit ITA BronHe oxwu-
J1aeM, TIOCKOJIbKY HCCIeJOBaHHAs HaMU CHCTEMa COTEPXKHUT JBa CTEKJI000-
pasoBarelns, CIelIOBaTelIbHO, B CTPYKTYpE MCCIIEJOBAHHBIX CTEKOJ MOTYT
OJTHOBPEMEHHO TMPHCYTCTBOBATH TPYAHO COBMECTHUMBIE TPYIIBI — TETPad/i-
poB [POy], [BO4] u Tpeyroabaukos [BOs].

B:03- 10 m0a.% ﬁ

440 B:0s3-15 M01.%

B:03-20 mo1.%
458

638 520
U] () TR T S N X S JE) ), P SO TR WY L

300 400 500 600 700 800 300 400 500 600 700 800
T,°C T,°C

REL)
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[ —» 3
Ixzopdext
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B203-40 m01.%

770 ,B203-50 mo1.%

-
Iunordpdexr
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Puc. 1. NepuBatorpammel ctekon cuctembl LiPO3-B,03.

Ha puc. 2 npezacraBieHbl KpUBBIE TEPMHUECKOTO PACHIMPEHUST HEKOTO-
PBIX COCTaBOB CTEKOJI B MHTepBasle Temmeparyp oT Tg¢ g0 T, Kak BugHO,
OHU MMEIT S-00pa3Hbiii Xapakrep u o Mepe 3amenbl LIPO; Ha B,0; ycu-
JIMBAETCS TPOSIBIICHHE S-00pa3HOCTH KPUBBIX.

CoryiacHO JaHHBIM aBTOPOB paboThl [3], O JMKBALIMOHHOM XapakTepe
HatpuiibopocunmkatHeix (HBC) cTekonm MOXHO CyaHTh TIO BEIMYUHE TEM-
neparypHoro uHrepBana (AT) MexIy XapakTepUCTUUECKHMHU TeMIlepa-
typamu Tg u Ty ,. ¥V ognodasueix HBC crekon Benuunna AT msmensercs,
Kak mpaBuio, B npeaenax ot 40 no 60°C. B ciyuae, korna nsmenenune AT
coctaBiser 80+100°C mnu Gosnee rpaaycoB, JaHHOE SIBIEHHE MOXHO pac-
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CMaTpHUBaTh KaK JOCTATOYHO HAJIEKHOE JI0KA3aTEIBCTBO ABYX(Da3HOM CTPYK-
TYpBI CTEKJIa MPH HAJIMYMH B HEM BBICOKOBSI3KOTO Kapkaca. Tako# moaxon
UCIIONIb30BaH Takxe B padote [7] npu uccienoBanuu (Gpa3zoBOro pasiaeicHus
crexou cucreMbl Na,O—B,05-SiO,—Fe,0s.

al/l 104 al1-10*
6 6
5 LiPO3- 90 m01.% 5 LiPO5 - 80 m01.%
4 B203 - 10 m0a.% 4 B:O; -20 s01.%
3 3
300 400 500 300 400 .. 500
a v'C 6 t'C
a1 104 al’t-104
6
5 5
4 LiPOy - 60 amoa.% 4 LiPO4 - 50 m0a.%
B203 -40 moa.% B»203 -50 m0a.%
3 3
2 2 !
300 400 ,_ 500 “300 400 500
B 'C r vc

Puc.2. Kpueble TepMuyeckoro paclumpenus crekon cuctemol LiPO; — B,O3 B AnanasoHe TeM-
nepartyp CTeknoBaHus 1 TeMnepaTtyp Havana gedopmaumu.

Kak BuIHO U3 pHC. 2, Ui N3yYEHHBIX HAMH CTEKOJ BennynHa AT u3me-
Hsetcd B npenenax 20-65°C. Paznuune ncciieoBaHHBIX U OOPOCUIMKATHBIX
CTEKOJI CBSI3aHO C WX 3HAYUTENILHOW JIErKOIUIABKOCTHIO IO CPAaBHEHMIO C
HBC creknamu. Crnenyer Takke oTMeTUTh, 4yTo u3mepenue TKIIP cuntesu-
POBaHHBIX CTEKOJ HPOBOAMIM Oe3 IpeaBapuUTeNbHOH TepMooOpaboTKH B
obyacTu TeMIepaTyp CTEeKJIOBaHUs. B uccinenoBaHHbIX cTeksiax Oosiee moka-
3aTesieH BUJ S-00pa3HOCTH KPUBBIX TEPMUUECKOTO PACIIMPEHUS] B HHTEPBa-
ne temnepatyp Tgu Ty ;.

s moaTBepkAeHUS (pakTa HEOJHOPOAHOTO CTPOEHUS UCCIIEOBAHHBIX
CTEKOJI Ha OCHOBE XapaKTepOB JCPUBATOTPAPHUYECKHX W JHIATOMETpUYE-
CKUX KPMBBIX OBLIM IPOBEIEHBI 3JIEKTPOHHO-MUKPOCKONUYECKHE HCCIEN0-
BaHUsI MUKPOCTPYKTYPBI TPEX COCTABOB CTEKOJI.

DJEeKTPOHHO-MUKPOCKONINYECKHE CHUMKM IIPEACTAaBICHbI Ha pHC. 3.
CHumku OblH caenanbl B IHCTUTYTE (U3MUECKUX HCCIEeIOBaHNN B AmITa-
pake C TMOMOIINBI CKAHUPYIOIIEro JJICKTPOHHOro Mukpockomna (SEM)
"VEGA TS 5130MM (Tescan)". YcioBus H3MEpeHH: YCKOpsIOlIee Ha-
npsokenne: 20 kB; TOK 31ekTporHOro 3oHaa: 10100 nd; Bakyym: 5x10°
Topp. O6pa3upl nepes NOMEHIEHUEM B MUKPOCKOI IPOTUPAIUCH CIIUPTOM,
Ha UX MOBEPXHOCTU HANBUIAJICS METasll, KOTOPBIM 3a3eMIIsICA JUIS CHATHUS
3apsi/I0B OT AJIEKTPOHHOTO 30HA.
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LiPO3 - 80 m01.% LiPO5 - 60 »01.% LiPO3 - 50 s01.%
B»03 -20 mo1.% B,03 - 40 mo1.% B>03 -50 m01.%
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Puc. 3. SJ'IGKTDOHHO-MI/IKpOCKOI'IM"IeCKI/Ie CHUMKM TpeX COCTaBOB CTEKOJST CUCTEMbI LiPO; —
B2Os.

Kak BuIHO M3 pucyHKa, mepBblii obOpaser] ¢ copepkanueMm B,Os;— 20
Mo11.% uMeeT 0oJiee OJJHOPOAHOE CTpoeHue. Pa3mepsl HEOTHOPOAHOCTEH He
npesblmatoT 1-2 MmukpoMerpa. Ha BTOpoM puCyHKe HEOAHOPOIHOCTH CTpOE-
HUs BhIpaXkeHa spue. KamneBunnas ¢asza co cpeHUMHU pa3MepaMu oT 2 110 5
mukpon (10 BCeil BEpOSTHOCTH, OOpaTHAasi COCTABIISIONIAs CTEKIa) pHOIIHU-
3UTEIBHO 3aHUMaeT 0K0J10 40% IUIoIa gy CHUMKA, YTO XOPOILIO COBIAIAET C
koHueHTpamueit B,O3;B crekne. Ha TperbeM cHUMKE, T€ COOTHOIICHHE
LiPO3 /B,03 B ctekne = 50/50, kameBuanas (asa pactekaeTcs U IPOUCXO-
IUT B3aMMONPOHUKHOBEHUE (ochaTHON M OOPATHON COCTABIAIONIINX CTEK-
na.

Taxum 00pa3om, MpOsIBICHUE B ACPUBATOTPAPUUECKUX U AUIATOMETPH-
YECKHX HCCIIECIOBAHUSAX CHHTE3UPOBAHHBIX CTEKOJN S-00pa3HOCTH (OPMBI
KPUBBIX B OOJIACTH Pa3MSTYCHUsSI CTEKOJI YKAa3bIBa€T O HAJIMYHH MPOIECCOB
JMKBAIMX B CTEKIIAX U3YYCHHOU CHCTEMBI.

LhdU3ShNL GLGULNF3E-LELL LiPOs-B,0; NUUTYUNG-h UNUGPLELOFU
U . QULAPL3UWL b U. W MN1NU3YL
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PHASE SEPARATION PROCESSES IN GLASSES OF LiPO;-B,0; SYSTEM

A. A. ZANGINYAN and M. A. POGHOSYAN

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
Bld.10, Lane 2, Argutyan Str., Yerevan, 0051, Armenia
E-mail: ashotzzz@mail.ru

The development of modern technology is closely connected with the synthesis of
new and the improvement of existing materials. It is impossible to imagine creating new
devices without materials with unique properties. In this sense, glasses are indispensable
due to the fact that it is possible to vary the chemical composition in a very wide range,
as well as in view of the very interesting features of the vitreous state.

The heterogeneous structure of glass was known at the beginning of the twentieth
century. The study of some silicate glasses showed that they consisted of a silicon-
oxygen skeleton, saturated with silicates of alkali- and alkaline earth metals, which can
be susceptible to acid leaching. Later it was found that the heterogeneous structure is
typical not only of silicate, but also of borate, phosphate and mixed compositions of
glasses, which is clearly shown in electron-microscopic images. It was shown that the
phase separation could be seen also in a number of its properties. In particular, it is found
on dilatometric curves, when studying the temperatures of deformation and glass
transition.

This work presents the studies of glass formation, differential thermal analysis
and thermal coefficient of linear expansion for several compositions of LiPO;-B,0;
system. The changes of these properties depending on the composition indicate the
presence of phase separation processes, which is also confirmed by electron microscopic
pictures.
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HCCJIEJOBAHUE CTEKJIOOBPA30OBAHMS U HEKOTOPBIX
CBOMCTB CTEKOJ CUCTEMBI LiPOs-NaF

A. A.3AHI'HHAH
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Pa3ButHe COBPEMEHHON TEXHHKM HEPAa3phIBHO CBA3aHO C CO3/IaHUEM
HOBBIX MaTeprainoB. llosiBiIeHrEe COBPEMEHHOM CIOKHENIIEN JIEKTPOHHON U
PaIuOTEXHUYECKOH almapaTyphbl CBsI3aHO C CO3/JaHUEM HOBBIX MaTepHUAJIOB C
YHUKaJIbHBIMU CBOMCTBaMH. B 3TOM cMbICIEe BaXKHYIO POJb UMEIOT CTEKIIA,
KOTOpBIe Oyaronapsi BO3MOKHOCTH IHPOKOI'O BAPBUPOBAHUS XMMHUYECKOIO
COCTaBa U OCOOEHHOCTEH CTEKI000pa3HOro, aMOp(HOro COCTOSHUS MOTYT
00y1ajaTh HOBBIMU IIEHHBIMU CBOWCTBAMH.

3HAYMUTENBHBIA WHTEPEC MPEACTABISIOT U IIeNouHbIe (TopdocdaTHbie,
crékna. Ha mux ocHoBe pa3palaThIBaroTCs ONTHYECKHE, TO03UMETPUUYECKHE
cT€kJia, CTEKIIa C BRICOKOW MOHHOW MPOBOAMMOCTHIO. Hanbonee nHTepecHoe
U Ba)XHOE NMPUMEHEHWE OHM MOTYT HAMTHU B JIa3epHOM TEXHUKE (CO3/1aHue
MaTEepHAJIOB C BBICOKOH JIy4eBON MPOYHOCTHIO), B OOJIACTH MOJIYUYEHUS CTe-
KOJI C IEPEMEHHBIM MT0Ka3aTeIeM MPEeTOMIICHUS U T. 1.

OHU ABJISIOTCS BECbMa MEPCIEKTUBHBIMU OCHOBaMHM ISl CO3/IaHUs Ma-
TEPHUAJIOB C COTJIACOBAHHBIMHU TEMIIEPATYPHBIMH KOX((UIIMEHTAMH JTHHEH-
Horo pacmupenus (TKJIP) ¢ Takumu Meraniamu, Kak Mejib, aTIOMAUHUA U
CIUIaBOB Ha UX OCHOBE. MeTallIn4ecKie MOI0KKH C IUIIEKTPUIECKUM T10-
KPBITUEM IIPUMEHSIOT B LIEJISX MOJYYEHHUSI BBICOKON TETIONPOBOJHOCTH, IS
CO3/1aHUSl MaJIOra0apUTHBIX HArpeBaTENbHbIX JIEMEHTOB M HAHECEHMs Ha
HUX TOHKOIJICHOYHBIX MHTErPajbHBIX MHUKPOCTPYKTYp. OJIEKTpHUYEcKas
3HEprus, MojlaBaemMasi B MUKPOCXEMY, YaCTUYHO HAKaIUIMBAe€TCsl B €MKOCT-
HBIX U MHIYKTHBHBIX 3JIEMEHTaX, a YaCTUYHO PAaCCEUBACTCS B BHJIE TEIUIA.
Ecnu Obl Temo He paccenBanoch B OKPYKaIOIIYIO Cpey, TeMIepaTypa TOH-
KOTUICHOYHBIX CTPYKTYp MOTJIa ObI BO3pacTaTh HEOTPAHUYCHHO U IPUBOIHTH
K TEPMUYECKOMY Pa3pyLICHHUIO COOTBETCTBYIOLIUX 3JIEMEHTOB MHUKPOCXEM.
Uro6bl n30exkaTh MOJOOHOM CUTYallMH MOJI0XKKAa MHUKPOCXEMBI JJOJDKHA 00-
J1a/1aTh BBICOKOM TETIJIONPOBOJHOCTHIO, YTO 00eCTIeUUT Y3 PEKTUBHBIN OTBOJ
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TeIUia OT CTPYKTYp MHUKpOCXeMbl. JIydIIuMU MaTepuasaMu B 3TOM CMBICIIE
MOTYT OBITh MeTajuibl. OAHAKO CIOXKHOCTh U3TOTOBJICHUS! TAKOM KOHCTPYK-
UM COCTOMT B TOM, YTO AOCTATOYHO TPYIHO MOJYYHTH H3OJSILIMOHHBIH
cioi, coueraromuiics no 3Hauenuto TKIIP nognoxku [1].

[enbto nanHOM pabOTHI SBISETCS MCCIEIOBAHUE CTEKJIOO00pa30BaHUs U
HEKOTOPBIX (PH3MKO-XUMHUUECKUX CBOWCTB cTekoi cuctembl LiIPO3-NaF mis
JaJIbHEUIIET0 UCTOIb30BaHUS MX B Kau€CTBE OCHOBBI JUIS Pa3pabOTKU IH-
ANEKTPUYECKUX TMOKPHITUI Ha MOJIOKKAX M3 aIOMHUHUS, MEIU M HepKa-
BEIOLIEH CTAJIN.

Ob6nacTh cTeK1I000pa3oBaHus B YKa3aHHOM cucTeMe Oblila MCCe0BaHa
npu Bapke ctekos B komuuectBe 25-30 e mpu temneparype 1200°C, ¢ Bbi-
JEP>KKOM MpH 3TOH TeMriepaType B TedeHue 15 mun. B xauecTBe BapouyHOTO
cocy/la UCIOJIb30BAIMCH CTEKIOYTIEPOIHbIE TUTIIU, MOJTYYEHHBIE PACIIaBbl
OTIMBAINCH HA XOJOIHYIO METAJUIMYECKYIO TUIUTY. OTKUT 00pa3IoB MPOBO-
IAId B My(QebpHOM meun npu temreparypax 250-350°C B 3aBHCHMOCTH OT
coCTaBa CTeKiia. B KauecTBe MCXOMHOrO peakTHBa ucmoib3oBamu LiPOgs,
CUHTE3UPOBAaHHBIA HAMH M3 COOTBETCTBYIOIIMX >KBHUMOJIEKYJISPHBIX KOJIH-
gyectB Li,CO3 kBamudukammm «oc.4.» U opTtohocHOpHOl KUCIOTHI MapKU
«A» o 'OCT 10678-76. CooTBETCTBHE CUHTE3UPOBAHHOI'O MaTepuaia co-
craBy LiPO; mpoBepsiioch METOIOM XUMUYECKOT0 aHajim3a. Mcnonp3oBaics
taxke NaF kBanudukamm «oc.q4.».

HccnenoBanus mokasaiy, 4To 00JacTh CTEKJIOOOpa3oBaHUS B YKa3aH-
HOW cucTeme orpaHuyuBaeTcs mnpu conxepxkanuu 60 mon. % NaF. Pacrnassr
¢ O6ompmmM conepkanneM NaF KpuCTammu3yroTCs MPU OTIUBKE HA XOJOJ-
HYI0 METaJNIMYECKYI0 IUIMTY. B TpOAyKTax KpHCTaUTM3alliu PacIlIaBOB
IPUCYTCTBYET B OCHOBHOM ¢Topus HaTpust NaF coBMecTHO ¢ He3HAUMUTEIb-
HBIM KoJruecTBOM KpuctamioB LiPO3. Panee B pabore [2] Hamu ompejere-
Ha 00JacTh CTEKI000pa3oBaHMs yKa3aHHOW cucTembl mpu Bapke 1000°C,
KoTopasi orpanudeHa npu conepxkannu 50 mon.% NaF. Ins cozmanus mo-
KPBITUII Ha pa3Hble MOJUIOKKH Ba)KHBIMU SIBIISIOTCS 3HAYCHUs BEIUYMH
TKIJIP. B pa6ote uccnenoBansl m3menenus TKJIP crekon B 3aBucuMocTu oT
coctaBa Ha aunaromerpe "JIKB5-A" nmo cranmaprHoit meronuke. Ha puc.1.
MokasaHa 3aBucuMmocTb BenumunHbl TKJIP w  pumatomerpuueckoit
TemrepaTypsl Hadana aedopmanuu (T, ) OT coaepkanus GTOpHIa HATPUSL.
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Puc. 1. ameHerne TKIIP n gunatomeTpuyeckon TemnepaTtypbl Havana gedopmMauum ctekon
cuctemsl LiPOs-NaF B 3aBUCHMOCTM OT cOcTaga.

Kak BumHo M3 rpaduxoB, mo Mepe yBenuueHUs KoHueHTpauuu NaF
TKJIP cTekoa moYTH JIMHEHHO YBEIMYMBACTCS 10 TPAHUIIBI 00JaCTH CTEKIIO-
obpazoBanus. Temneparypsl Hauana n1eopMaluy CTEKOIN, KaK U 0)KUAaIach
ucxons u3 xapakrepa uzmenenus TKJIP, 3akoHoMepHO ymeHbmarorces. Ta-
koii xapaktep m3MmeHeHus TKJIP m T, serko oOBsACHSAETCS HCXOAS W3
UMCIOLIMXCS B JIUTEPAType YCTAHOBICHHBIX mpenctaBieHuii [3,4] o ctpoe-
HUM I1EJI0YHBIX QocdaTHbIX U GTOpPOCHATHBIX CTEKOJ HA MPUMEpE CUCTe-
Mbl NaPOgs- NaF. ITokaszano, 4to BBeAcHHE (TOpPHUIA IIETOYHOTO METallia B
¢dochaTHyIO MaTpHIly IPUBOAUT K 00pa30BaHUIO KOHIEBBIX rpymil P-O-Na u
P-F, ¢ nenonumepuzanueit u ocnablieHueM CTPYKTYpPBI CTEKOJI, YTO U OTpa-
JKaeTcs Ha Xapaktepe uameHeHus 3nadeHuit TKIIP u Ty,

Ha puc. 2 nokazanbl U3MEHEHHs IJIOTHOCTH, OIPENEICHHbIE THAPOCTa-
TUYECKUM B3BEIIMBAHUEM B JUCTHWILTUPOBAHHOW BOJIE W MOJBHBIX 00HEMOB
CTEKOJ UCCIIEAOBAHHON CHUCTEMBI.
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Puc. 2. NameHeHne NNOTHOCTM U MonbHOro obbema ctekon cucteMbl LiPOs-NaF B 3aBucu-
MOCTM OT COCTaBa.
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Puc. 3. Xumnueckas yctonumsocTb ctekon cuctembl LiPOs-NaF.

VYBenu4yeHue MIOTHOCTH CTEKOJ, AEHCTBUTEIBHO, CBUAETEILCTBYET 00
ykopoueHuu anuHbl P-O-P neneit matpuunoro metadocdatHoro crexkia u o
0oJsiee TUIOTHOW yNaKOBKE KOPOTKHX ImeiaouHodocdaTHbIXx u dropdocdar-
HBIX 1eneil. Heoxxumaemoe noBbIlieHHe MIIOTHOCTH TpU BBeneHuH NaF cBs-
3aHO CO CTPYKTYPHBIMHM HW3MEHEHMSMH, CBSI3aHHbIMU OoJjiee IUIOTHOM yma-
KOBKOH CTPYKTYpHBIX rpymi. OO YIUIOTHEHHH CTPYKTYPBI CBUICTEIBCTBYET
U yMEHbIIIEHHE MOJIbHOTO 00beMa cTékoi. [Iporece ymnoTHeHUs CTPYKTYpPbI
HE NPUBOJUT K €€ YIPOUHEHUIO, O YEM CBHUIETENbCTBYIOT u3MeHenus TKIIP
u Ty, DTO MOATBEpKIaeTCS U KPUBOM XUMUYECKON ycToiunBocTu (puc. 3),
KOTOpasl OIpeaesisiach 10 BEJUYMHE MOTEPh BeCca MOHOJIUTHBIX 00pa3lioB
CTEKOJI IPU UX BBbIIEP)KKE B AUCTWIIMPOBAHHOW Boje B TeueHue 10 mum.
CpaBHUTENFHO HU3KAsl XUMUYECKasl YCTOMYMBOCTh 3TUX CTEKOJ HE MO3BOJIS-
€T UX HUCII0JIb30BaTh Ha MpakTuke. Hamu ycTaHOBIEHO, UTO HU3KAsg XUMUYeE-
CKasi YCTOHYMBOCTb CTEKOJI IPEIATCTBYET 0Ojiee TOYHOMY OIPEIETICHHIO
IUIOTHOCTH ITyTE€M THAPOCTATHYECKOTO B3BEIIMBAHHS B JAUCTHJUIMPOBAHHOMN
BOJIe. DTUM OOBACHSACTCA HEKOTOPOE OTJINYKE BEJIMUYMHBI ITNIOTHOCTH UCXOJI-
Horo LiPOj crekna, mpuBeaeHHOE B Halei panHei padore [2]. B aroii xe
paboTe MoKa3aHoO, YTO C UCIOJIB30BaHMEM HEOOJBIIUX J100aBOK OMpeaescH-
HBIX KOMIIOHEHTOB MOHO JOBECTH XHMHUYECKYI) YCTOWYHMBOCTH KOHKPET-
HBIX COCTaBOB MPAKTHYECKUX CTEKOJ 10 YPOBHS TPETHETO THAPOIUTUYECKO-
ro Kjacca.

Ha nepuBarorpadguueckux KpuBBIX CTEKOI (puc. 4.) UMEETCsI OJUH SIPKO
BBIPQKEHHBIN dK30TepMudecKuii addekt npu temmeparype 450°C st wc-
XOAHOTO JIUTHIMETaPOCHATHOTO CTEKIa, MAKCUMYM KOTOPOTO IOCTEIICHHO
nepemeniaeTcs B 00nacts Hu3Kkux temmneparyp (370°C) mo mepe yBelnueHusI
kouneHTtparun NaF B crekne. Takas kapTHHaA XOpOIIO COTIACYETCs C OC-
TaJbHBIMU CBOMCTBaMM CTEKOJ. [lOBbIIEHNE WX JIETKOIJIABKOCTH NpU BBE-
neann NaF cHmkaeT m TemmepaTypy KpUCTAITU3AIUN CTEKOJI W3-32 TIOBBI-
IICHHS TTOJIBIYKHOCTH CTPYKTYPHBIX €IMHUI] PU 00JIee HU3KUX TEMIIepaTy-
pax.
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LiPOs- 85, NaF-15.
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Puc. 5(B). PeHTreHorpamma 3akpucTannuioBaHHOro obpasua crtekon coctaBa (B mMos. %)
LiPO3-60, NaF-40.

[Tpu Temneparypax 3k303¢p(HEKTOB CTEKIa MOABEPIIUCH TEPMOOOPadOT-
K€, M TOJyYCHHbIC MPOAYKTHl KPHCTALIM3AIMU HCCIECI0BAINCh METOIAOM
peHTreHo(a30Boro aHaau3a. PEHTreHOTpaMMbl 3aKpPHCTAIIIM30BAaHHBIX CTe-
KOJI [TOKa3aJiy, YTO MO Mepe yBEIMUCHHs KOHIEHTpaluK (ropuaa HaTpuUs 10
15 mon.% (puc. 5(a)) B mpoayKTax KPUCTAJUIM3ALUK CTEKOJ OCHOBHOH (a-
30it siBisiercst LiPO3. Haumnast ¢ 20 mon.% (puc. 5(6)) NaF Ha penrtreno-
rpaMMax HA4YMHAIOT TOSIBIATHCSA THKH, COOTBETCTBYMOIHUE Mmetadochary
HaATpHUs, OJHOBPEMEHHO COXPAaHAIOTCA U MUKH MeTadocdara JUTUS, HO CO
3HAYUTEJIbHO MEHBIIMMU MHTEHCUBHOCTAMHU. C yBEJIMYEHHEM KOHIIEHTpa-
uu Gropuma Hatpus 10 40 mon.% Takoe cocTosiHUE coxpaHsieTcs. Ha pent-
reHorpaMmax HaOJIOJal0TCsl OYEHb Clla0ble HOBBIE MUKH, KOTOPHIE MOXKHO
npunucate Monodropdochary Harpus (Na,POsF, puc. 5(8)). Hemb3s uc-
KITIOYUTH TaKXKe BEPOATHOCTH oOpa3oBaHus opTodocdaTta HATpus, XOTA Ha
PEHTTeHOrpaMMax €ro HaJu4uue TPYIHO ONPEIEIIUTh.
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Takum 00pa3om, IPOBEICHHBIE UCCIICAOBAHHS TTOKA3bIBAIOT, YTO B CHC-
teme LiPOs-NaF ¢ BBenenuem NaF mpoucxoaut JenonuMepr3anus TUTHI-
MeTtadocaTHOI MPOCTPAaHCTBEHHOH IeTH Oyaromapsi 00pa3oBaHUIO KOHIIE-
BbiXx rpynn P-O-Na u P-F. D10 3HauuTenbHO OCnabiseT CTPYKTypy, 4TO
MPOSIBJIIETCS. HAa CBOMCTBaX CTEKOJ. AHAJOTHYHBIM SIBJISCTCS TOBEICHUEC
¢dTopuna u, mo maHHeM pabotr [3,4], B creknax cuctembl NaPOs-NaF u
NaPOjs-LiF. Astopsr pabort [5-8] yrBepxkaatoT 06 00pa3oBaHUU B CTPYKTYpE
CTEKOJ 3TUX CHCTEM KOMIUIEKCOB MeTadocdar-GTopua mesoqHoro Metania
tumna Me;[POsF]. BeposTHO, B CTpYKType CTEKOJ UCCIICIOBAHHON HAMH CHC-
TEME TaKXKe BO3MOXXHO OOpa3oBaHHE CTPYKTYPHBIX MOTHBOB THIIA
LiNa[PO3F], yuuTsiBast 61U30CTh UCCICTOBAHHBIX CHCTEM.

LiPO3-NaF NUUUGULG-NFU UNUGEG-N3U3U UL N6SU2NSNFR-3AFLL
64 UNUYhLELh A0AS NESENFE-3AFLLELD
NFUNFULUUPLOFE-3OFLEL

U. . 2ULA-PL3UL

[;LUFLUiIﬂL[;J”LiI”LLr [lpbilg J[1 ZLLI[T'g l/I‘IL[1l.l.lCI.I.ILI1I1L4 4lllll1[lI1L[JJI1LiIiIbl1[1 Zilﬂpcﬁl{, npnil#
Ukpp (pupdp SwnwquyFuluynbnGudp Yy @bpf mnbydnd), pogpdbnpolut gop-
Sppubpp, wyfg byblpnpnyfuniilpp by

Uofuummutiprdd ubplmpumgifms § LiPOyNaF Sunfuljmpynid npnyfwd unsyulyliqnjug-
duils snfppneyfdp: Neanclmppdly B wyqulfbbpl qouyfh plgspdsljduis Yhkpsdumnfibu-
luayfts: grpdulygly (FLI%), spfypunnnidlunpfly dusdlbgduts YhpduwunpSutfs, punne @yt
dnjusyfils Sunfuyp fufuifmdncfJyncip ppuby puqugpncfdyncipy : M bpbigguy Yhkpduyfb b
nblungbli$uguyfls whugpgbbpl oghm [fyunlp wupqly By wyulflbpf pyocpbqugdub
dbnm$rupunmuyfls Spulphl plpned L G nwpudululs gulgh qlynfulbpugdubp L
frurmegdfusdphs [Freyugdutp :
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GLASS FORMATION AND SOME PROPERTIES OF LiPOz-NaF SYSTEM

A. A. ZANGINYAN

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
Bld.10, Lane 2, Argutyan Str., Yerevan, 0051, Armenia
E-mail: ashotzzz@mail.ru

It is impossible to imagine the progress of modern technologies without the
synthesis of new and the improvement of existing materials. These materials must have
unique properties which could be controlled. In this sense, glasses are indispensable due
to the fact that it is possible to vary the chemical composition in a very wide range, as
well as in view of the very interesting features of the vitreous state.

Along with traditional silicate, borosilicate and other glasses, alkaline
fluorophosphate glasses are of great interest. These types of glasses are widely used in
various branches of science and technology, such as optics, electronics, laser
technologies (creation of materials with high radiation resistance), dosimetric
instruments, solid electrolytes, etc.

The article describes glass formation in LiPOz-NaF system, along with several
physicochemical properties, such as differential thermal analysis, thermal coefficient of
linear expansion, deformation temperature, chemical resistance, density and molar volume.
Differential thermal and X-ray structural analyses revealed compounds formed during
glass crystallization. The addition of NaF to the lithium metaphosphate base leads to its
depolymerization and weakening of the structure.
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To identify peptides bioactivity, 2 di- and 4 tripeptides containing a non-protein amino acid (S)-
a-allylglycine (2-aminopent-4-enovic acid) were synthesized. Microbiological studies have revealed
that N-tert-butyloxycarbonyl-(S)-alanyl-(S)-a-allylglycine, N-tert-butyloxycarbonyl-(S)-alanyl-(S)-a.-
allylglycylglycine, N-tert-butyloxycarbonyl-(S)-alanyl-(S)-a-allylglycyl-(S)-alanine peptides suppress
the growth of gram negative: E. coli, C. freundii, S. marcesens, S. typhimurinum, Erwinia sp., P.
putida and gram positive B. flavum, B. lactofermentum, B. subtilis strains.

The studied peptide N-tert-butyloxycarbonylglycyl-(S)-a-allylglycyl glycine is an inhibitor of the
branched-chain amino acid aminotransferases.

Tabl. 4, references 12.

Introduction. The detection and design of new physiologically active
compounds are based on the synthesis of low molecular weight compounds
and the study of their interaction with cellular macromolecules. The
expediency of using low molecular weight preparations depends on the low
probability of their adverse events (immune response, allergic reactions,
etc.). Peptides consisting of non-protein amino acids are low molecular
weight compounds that due to their structural properties have the potential to
interact with proteins and other cellular macromolecules. Physiologically
active peptides are successfully used in pharmaceuticals to develop new
drugs [1]. From this viewpoint, the synthesis and study of new non-protein
amino acids and peptides are considered an urgent task today [2, 3].
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Currently, there are around 60-70 approved peptide drugs in the global
market, with 100-200 more in clinical trials, 400-600 more in pre-clinical
studies and possibly hundreds to thousands more on the laboratory bench. It
should be mentioned that most of them contain non-proteinogenic amino
acid moieties [4]. There are well-known medicinal preparations obtained on
the basis of synthetic peptides that are used in the following diseases:
hypertension, type 2 diabetes, postmenopausal osteoporosis, paget’s disease,
hypercalcaemia, advanced prostate cancer, acromegaly, carcinoid syndrome,
central diabetes insipidus [5].

Another important issue is the selection of biological targets for the
study of the bioactivity of non-protein amino acids and peptides based
thereon. It is well-known that many pathological disorders are the result of
disturbances in the regulatory mechanisms of enzymes, which can be
considered targets for drugs [1].

Results and Discussion. Taking into account the above mentioned, we
have aimed at studying the effect of peptides consisting of a non-protein
amino acid (S)-a-allylGly on the growth of gram positive and gram negative
bacteria, as well as their interaction with such enzymes as aminotransferases
and serine proteases, which perform important functions in the cell. The
change in the activity of these enzymes often leads to various diseases, and
therefore they are targets for the development of drugs.

To complete the list, it is envisaged to select 5 peptides synthesized on
the basis of a non-protein amino acid (S)-a-allylGly and to implement the
synthesis of one more new undescribed in the literature N-t-BOC-Gly-(S)-a-
allylGly-Gly tripeptide.

The synthesis of peptides was carried out by the method of the activated
esters in a solution. The method is distinguished by its simplicity and allows
to obtain final products in good yields and with high purity [6].
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At the first stage, with the help of dicyclohexylcarbodiimide from N-
tert-butyloxycarbonylglycine (1) its succinimide ether (2) was obtained,
transformed by condensation with (S)-a-allylGly non-protein amino acid in
alkaline aqueous-organic medium into the corresponding dipeptide - N-t-
BOC-Gly-(S)-a-allylGly (4), then the dipeptide was converted into
succinimide ester (5), transformed by condensation with Gly in alkaline
aqueous-organic medium into the corresponding tripeptide - N-t-BOC-Gly-
(S)-a-allylGly-Gly (Scheme).

Using the above mentioned scheme, the quantitative syntheses of BOC-
(S)-alanyl-(S)-a-allylglycine, BOC-glycyl-(S)-a-allylglycine, BOC-glycyl-
(S)-a-allylglycyl-(S)-alanine, BOC-(S)-alanyl-(S)-a-allylglycyl-glycine,
BOC-(S)-alanyl-(S)-a-allylglycyl-(S)-alanine peptides were carried out [7].

The following strains were selected for the study of the microbiological
activity of the synthesized peptides:

Gram negative bacteria: E. coli, C. freundii, S. marcesens, S.
typhimurinum, Erwinia sp., P. Putida;

Gram positive bacteria: B. flavum, B. lactofermentum, B. Subtilis.

It should be noted that among the strains used were pathogenic cultures
(S. typhimirinum), bacteria causing plant rot (Erwinia sp.). The cultures of
different genotypes in the test cultures (strains of E. coli, Erwinia sp.,
Brevibacterium) allow to clarify the prospects for using the studied non-
protein amino acids and peptides as antimetabolites for obtaining new
industrial strains.

The spore-forming bacteria (B. subtilis) were used to determine the
sporicidal properties in the test substances. At the same time, the use of these
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and a number of other strains (S. marcescens, E. coli, P. putida) allows to
identify new substances for the fight against bacteria causing food rot.

Currently, the spread of antibiotic-resistant pathogens is a real threat,
which requires the search for new both natural and synthetic antibacterial
drugs. From this viewpoint, non-protein amino acids and peptides based
thereon are promising, because peptides with antimicrobial activity isolated
from the living organisms often contain non-protein amino acids. It is
obvious that the production of new non-protein amino acids and peptides and
the studies of their interactions with enzymes will help to determine the
mechanisms of their impact [8].

Enzymes. Enzymes such as aminotransferases (branched-chain amino
acid and aromatic amino acid aminotransferases), serine proteases (trypsin,
proteinase K) that play an important role in various cellular pathologies have
been selected for the study. Aminotransferases play a key role in the cellular
exchange of nitrogen. Many processes in the body, such as blood clotting,
immune response, inflammatory processes, as well as proteolysis of protein
chains proceed with the help of serine proteases. Besides, serine proteases
are a major factor in the formation of a number of viral capsids such as
hepatitis C, herpes and Dengue Vviruses.

Disturbances in the activity of these enzymes often lead to various
diseases that can be targets for the development of drugs [8].

Table 1
Effect of peptides on the growth of gram negative bacteria

S.
Test substances E.coli| marce
scens

S. typhi |Erwinia| C. P.
murium | sp. |freundii | putida

N-t-BOC-(S)-alanyl-(S)-o.- + + ¥ T " "
allylglycine

N-t -BOC-glycyl-(S)-a-allylglycine | - - - - - -

N-t -BOC-glycyl-(S)-a-allylglycyl - - - - - -
glycine

N-t-BOC-glycyl-(S)-a-allylglycyl- - - - - - -
(S)-alanine

N-t-BOC-(S)-alanyl-(S)-a-allylglycyl| + + + + + +
glycine

N-t-BOC-(S)-alanyl-(S)-o- + + ¥ T " "
allylglycyl-(S)-alanine

As it can be seen from the Table, BOC-(S)-alanine-containing peptides
inhibit the growth of the studied strains and BOC-glycine-containing
peptides do not affect the growth of bacteria. The study showed that further
increase in the peptide chain did not affect the inhibition, nor did it increase
the inhibition of the bacterial growth.
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Table 2
Effect of peptides on the growth of gram positive bacteria

Test substances B. lactofer-

B flavum B. Bacillus sp.
mentum - )
E531 HUTHA 88 subtillis | (thermophile)
N-t-BOC-(S)-alanyl-(S)-a-allylglycine + + + +

N-t-BOC-glycyl-(S)-a-allylglycine - - - -

N-t-BOC-glycyl-(S)-a-allylglycyl - - - -
glycine

N-t-BOC-glycyl-(S)-a-allylglycyl-(S)- - - - -
alanine

N-t-BOC-(S)-alanyl-(S)-a-allylglycyl + + + +
glycine

N-t-BOC-(S)-alanyl-(S)-a-allylglycyl- + + + +
(S)-alanine

The same pattern is observed for gram positive bacteria, where BOC-
(S)-alanine-containing peptides inhibit the growth of the studied strains and
BOC-glycine-containing peptides do not affect the growth of bacteria. As a
result of the study, it was found that further increase in the peptide chain did
not affect the growth inhibition, nor did it increase the inhibition of the
bacterial growth.

At the next stage, the effect of peptides on the activity of enzymes was
investigated. The branched-chain amino acid and aromatic amino acid
aminotransferases and serine proteases (trypsin and proteinase K) were
selected as enzymes. The data are presented in Tables 3 and 4.

Table 3
Effect of peptides on aminotransferases
Branched-chain Aromatic amino
Peptides containing non-protein amino amino acid acid
acids aminotransferases aminotransferases
(1 mmol/L) Inhibitio 1Cs Inhibitio ICs
n, % mmol/L n, % mmol/L
BOC-(S)-alanyl-(S)-a-allylglycine 25.8 >5 15.0 >5
BOC-glycyl-(S)-a-allylglycine 27.5 >5 13.0 >5
BOC-glycyl-(S)-a-allylglycyl glycine 475 15 17.7 3
BOC_:—egcyI—(S)—oc—aIIngchyI-(S)— 132 5 50 5
alanine
BOQ-(S)-aIanyI-(S)-a-aIIngchyI 06 B 118 B
glycine
BOC-(S)-alanyl-(S)-a-allylglycyl-(S)- 0 B 0
alanine B

It can be concluded from the analysis of Table 3 that both BOC-(S)-
alanyl-(S)-a-allylglycine and BOC-glycyl-(S)-a-allylglycine dipeptides
somehow inhibit the activity of aminotransferases. However, as a result of
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the determination of 1Cs it was found that 50% inhibition occurred with the
peptides concentration over 5 mmol/L.

In the case of tripeptides, the situation changes drastically. At a
concentration of 1 mmol/L BOC-glycyl-(S)-a-allylglycyl glycine inhibits the
activity of the branched-chain amino acid aminotransferases by 47.5%.
Further increase of the concentration up to 1.5 mmol/L leads to the inhibition
of the enzyme by 50%. At a concentration of 1 mmol/L the activity of the
aromatic amino acid aminotransferases is inhibited by 17.7%. 50%
Inhibition occurs at a concentration of 3 mmol/L.

Table 4
Effect of peptides on serine proteases
Trypsin Proteinase K
Peptides containing non-protein amino acids Inhibi- | 1Csy | Inhibi- 1Cs
tion, | mmol | tion, % | mmol
% /L /L
BOC-(S)-alanyl-(S)-a-allylglycine (3.3 mmol/L) 3 >5 12 >5
BOC-glycyl-(S)-a-allylglycine (3.3 mmol/L) 12 >5 15 >5
BOC-glycyl-(S)-a-allylglycyl glycine (3.3 10 5 5 5
mmol/L)
BOC-glycyl-(S)-a-allylglycyl-(S)-alanine (3.3 5 S5 10 5
mmol/L)
BOC-(S)-alanyl-(S)-a-alylglycyl glycine (3.3 0 a 0 3
mmol/L)
BOC-(S)-alanyl-(S)-a-alylglycyl-(S)-alanine (3.3 0 7 0 3
mmol/L)

It can be concluded from the analysis of the Table that among the
studied compounds BOC-glycine-containing peptides have a certain
inhibitory effect, but the value of ICsg in all studied substances exceeds the
value of 5 mmol/L. Subsequently, the studied peptides do not show high
activity in inhibiting serine proteases.

Thus, the study of the bioactivity of peptides containing a non-protein
amino acid (S)-a-allylglycine showed that N-t-BOC-(S)-alanyl-(S)-a-
allylglycine, BOC-(S)-alanyl-(S)-a-allylglycyl glycine, BOC-(S)-alanyl-(S)-
a-allylglycyl-(S)-alanine peptides inhibited the growth of gram positive and
gram negative bacteria. Tripeptide BOC-glycyl-(S)-a-allylglycyl glycine at a
concentration of 1.5 mol/L inhibits the growth of the branched-chain amino
acid aminotransferases and at a concentration of 3 mol/L — the growth of the
aromatic amino acid aminotransferases by 50%.

Experimental part - 'H NMR spectra were recorded on a “Varian
Mercury 300VX” device with an operating frequency of 300.08 MHz in a
solution of DMSO-Dg/CCl, 1/3 using the method of double resonance. TLC
was conducted on “Silufol UV-254" plates in a mixture of chloroform-ethyl
acetate-methanol (4:4:1), developer — chlorotoluidine.
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Synthesis of N-tert-butoxycarbonylglycine succinimide ester (3).
0.218 g (1.058 mmol) of dicyclohexylcarbodiimide, preliminary dissolved in
3 mmol of dioxane was added at 0°C to 0.175 g (1.0 mmol) of N-tert-
butyloxycarbonylglycine (1) and 0.127 g (1.104 mmol) of N-
hydroxysuccinimide (2) in a mixture of 6 mmol of dioxane and 3 mmol of
methylene chloride. The reaction mixture was stirred for ~ 2 h at 0°C and left
overnight in a refrigerator.

The analysis was performed by TLC [SiO,, CHCls/ethyl acetate/CH3;OH
(4:2:1), developer — chlorotoluidine]. The precipitate formed was filtered off,
the solvent distilled off on a rotary evaporator, and the precipitate
crystallized from a mixture of ethyl acetate hexane (1:2). Yield — 0.25 g
(75%).

N-tert-butoxycarbonylglycyl-(S)-a-allylglycine  (5). The resulted
succinimide ether 3 was used at the next stage of dipeptide synthesis. In a
flat-bottomed flask with a magnetic stirrer, 0.078 g (0.675 mmol) of (S)-a-
allyl-Gly (4), 1.25 mmol (0.63 mmol) of 0.5M sodium hydroxide solution
and 0.016 (0.19 mmol) of baking soda were placed. At room temperature, 0.2
g (0.735 mmol) of N-t-BOC-Gly-OSu (3) was added to 2 mmol of dioxane,
and the reaction mixture was stirred for 3 h. The next day, 5 mmol of ethyl
acetate and 1.45 mmol of 10% citric acid were added to the flask contents.
After vigorous stirring, the organic layer was separated, and the aqueous
layer was extracted twice with ethyl acetate (5 mmol each). The organic
layer was dried with anhydrous sodium sulfate, then the solvent was
evaporated to dryness.

The product was isolated by column chromatography using SiO; L-
40/100 silica gel. The analysis was performed by TLC [SiO,, CHCls/ethyl
acetate/CH3;OH (4: 2: 1), the developer was chlorotoluidine]. The product
yield per succinimide ester was 75%, Mp - 95-97°C.

Synthesis of N-tert-butoxycarbonylglycyl-(S)-a-allylglycyl glycine
tripeptide (7). To synthesize tripeptide, the activation of N-t-BOC-glycyl-
(S)-allylglycine (5) dipeptide was carried out in the same sequence at the
primary phase; the activation was carried out by the method of N-t-BOC-
glycyl-activated ester. Then the condensation reaction of N-tert-
butoxycarbonylglycyl-(S)-allylglycyl-succinimide ester with glycine (6) was
performed. The course of the reaction corresponded to the process of the
synthesis of dipeptide (Scheme 4).

The process of reactions was controlled by the method of thin-layer
chromatography, and as solvents chloroform:ethyl acetate:methanol were
used at the ratio of 4:2:1.

BOC-glycyl-(S)-allylglycyl glycine — T,,=96-97, 'H NMR spectrum.
(DMSO, 38, ppm. Hz.). 1.42 s (9H, CH3); 2.28-2.39 m (1H, CH,); 2.42-2.48
m (1H, CHs); 3.53 dd (1H, J1 = 16.6, J2 =5.6) ; 3.62 dd (1H, J; = 16.6, J, =
5.6, CH,); 3.73 dd (1H, J; = 17.5,J2 = 5.6, CHy); 3.77 dd (1H, J; = 17.5, J,
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5.8, CHy); 4.41 ddd (1H, J; = 8.3, J, = 7.6, J3 = 5.4, CH-AIl); 5.00 dk (1H, J;
= 10.1, J, = 1.5, =CH,); 5.06 dk (1H, J; = 17.1, J, = 1.5, =CHy); 5.74 ddt
(1H,J; =17.1,J,=10.1, J3 = 7.0, =CH); 6.55 brt (1H, J = 5.6, NH); 7.66 brd
(1H, J =8.3, NH); 8.07 brt (1H, J=5.7, NH).

The chemical purity of N-tert-butoxycarbonylglycyl-(S)-a-allylglycyl
glycine tripeptide according to HPLC analysis was 94%.

N-tert-butoxycarbonylglycyl-(S)-a-allylglycine — the chemical purity
according to HPLC analysis was 95%.

N-tert-butoxycarbonyl-(S)-alanyl-(S)-a-allylglycine — the chemical
purity according to HPLC analysis was 95%.

N-tert-butoxycarbonyl-(S)-alanyl-(S)-e-allylglycyl-(S)-alanyl - the
chemical purity according to HPLC analysis was 92%.
N-tert-butoxycarbonyl-(S)-alanyl-(S)-a-allylglycylglycine - the

chemical purity according to HPLC analysis was 96%.

N-tert-butoxycarbonylglycyl-(S)-allylglycyl-(S)-alanyl — the chemical
purity according to HPLC analysis was 96%.

The growth inhibition of microorganisms. The studied bacterial
cultures were grown in LA medium and M9 synthetic medium to generate
grass. 10 ul of 5 mmol/L test solution of a non-protein compound was added
to them, and the inhibition range was recorded at the appropriate temperature
one day after incubation. The study results of the effects of the synthesized
di- and tripeptides are presented in Tables 1 and 2.

Determination of the activity of the branched-chain amino acid
aminotransferases of Br. flavum. The activity of the branched-chain
aminotransferase was determined in the strain-free extracts of B. flavum
obtained by ultrasonic degradation (Ultrasonic Processor, Cole-Parmer)
according to the method of Hambardzumyan and Bezirjyan [9]. B. flavum
strain was grown in the following nutrient medium: 10% glucose, 2%
(N H4)2804, 0.1% KH2P04, 0.03% MgSO4, 2% CaC03, pH 7.0.

Determination of the activity of the aromatic aminotransferases. The
activity of the aromatic aminotransferases of C. freundii was determined by
the modified method of S. Sugimoto and co-authors [10].

The effect of non-protein amino acids and peptides on the activity of
trypsin and proteinase K.

Proteinase K isolated from T. album was dissolved in water at a
concentration of 1 mg/ml.

Bovine pancreatic trypsin was dissolved in 0.001 N HCl at a
concentration of 5 mg/ml.

The effect of the selected compounds on the activity of trypsin and
proteinase K was determined by measuring free amino groups according to
the o-phthalaldehyde (OPA) method [12].
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The reaction mixture for the determination of trypsin activity contains
0.05 M HEPES buffer, pH 7.2, 0.2% SDS, 10 mM CacCl,, 8 mg/ml bovine
serum albumin and 0.25 mg/ml enzyme.

The reaction mixture for the determination of proteinase K activity
contains 0.05 M HEPES buffer, pH 7.2, 0.2% SDS, 8 mg/ml bovine serum
albumin and 0.05 mg/ml enzyme.

The aliquot (50 ul) is taken and the remaining mixture is incubated at
37°C. Every 30 min aliquot is being taken. The reaction is stopped by adding
6 ul of 30% trichloroacetic acid. The concentration of free amino groups in
the reaction mixture is determined by OPA reagent containing 0.2 M borate
buffer, pH 9.7, 0.1667 mg/ml OPA and 1.25 mM mercaptoethanol. The
reaction mixture (50 ul) is added to OPA reagent (1.5 ml) and H,O (1.5 ml).
A340 is recorded after 5 min incubation at RT.

Based on the average values of the results obtained, the activity of
proteinase K and trypsin was calculated using the following formula:

A=AAz10™*V reaction medium/ (€*Mg enzyme in the reaction medium*At)
where ¢ is the extinction coefficient of the amino acid calculated compared
to a standard solution (0.033 mmol/L methionine)

Determination of 1Csy. To determine the values of 1Csy, the enzyme
activities were determined at different concentrations of test compounds. The
inhibitory concentrations of 50% of the test compounds were determined
graphically by computer processing.

This work was supported by the RA MoESCS Science Committee in the
frames of the research project No. 19YR-21018.

(S)-o-ULPLALPSPL N2 UNPSUWUNF3U3PL WUPLUG-@-IP NGELLD 1 U
UhLE-EQUUO NENSP)-LELP GELUURGSPUNFE-3TL NESUNSNFT

S.\. Jureusuy, W UL SAUdNULLRUSUTYL, UL U. UUrQ-U3ty b 6. d. Ual/sS23UL

Ukt fufnd [Fyuds puguuipmdwl Soppnulin ofbf@bgdl B (S)-0-allylglycine ng
ugpumlyneguy s wolfbufdne wpupncihng 2 qp- b 4 nppogbopopybbp: Ustpbupotos-
fppats SlamsgmnncfFymlivhph wpgynibpacd puiguupundby §, np N-upbopncnpyopufljuppn-
Bnfoy=(S)-mpustofoy-(S)-Cuypy sy frgpls,  N-wnplnpcanfyopupljusppnisfy-(S)-uyuitsfy-(S)-Ctuyy-
wtbgbiaibaly,  N-wplmpacnpyopuplimppnipy-(S)-uputpy-(S)-C-wyfygyfgpy-(S)-uyuif
uibuim[u}flbpﬂ ﬁflanLf Ia7] l.HuulfFLugLuuLu[lluil‘ E. coli, C. freundii, S. marcesens, S.
typhimurinum, Erwinia sp., P. Putida I zHuuLf:HuullLuil B. flavum, B. lactofermentum, B.
Subtilis dwhpbubpf wép:

Lbmugmunfud wbupnfup N-mplnpncnspyopupljuppebfygfgpy-(S)-C-wifyybafbrubslbve
Swibigfuibinid b 8ymquifnpwd yqfduyn wdfluadfdaiibpp wdfimmnpuie$bpugibpf b
wipndunnfly wdflw[FFnhbpf wdfiunpubbpugbpl vpgbpulhs -
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HNCCIHEJOBAHUE BUOAKTUBHOCTH NIENITUOB,
CUHTE3UPOBAHHBIX HA OCHOBE HEBEJIKOBOW AMUHOKHWCJIOTBI —
2-AMUHOIIEHTEH-2-OBOM KUCJOTBHI — (S)-a-AJUTAJITJIALIMHA
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st onpesienieHuss GMOAKTUBHOCTH OBUTH CUHTE3UPOBAHBI 2 NU- U 4 TPUMENTH/A,
cofiepKalie HeOeIKOBYI0 aMUHOKUCIIOTY (S)-0L-a TN JUTHIH.

MHUKPOOHOIOTUIECKUE UCCIIEIOBAHMS TOKA3ANIH, YTO MENTUABI N-TpeT-0y THIOKCH-
kapOoumi-(S)-ananui-(S)-o-ammuirauiua,  N-TpeT-OyTHiiokcukapOoHu-(S)-ananu-
(S)-o-ammunrnunmiraunud, N-TpeT-0ytunokcukapoonum-(S)-ananmi-(S)-o-amimiriu-
wui-(S)-anaHuH TOAABNISAIOT pocT rpamorpuuarensueix E. coli, C. freundii, S.
marcesens, S. typhimurinum, Erwinia sp., P. Putida u rpamnonoxurensusix B. flavum,
B. lactofermentum, B. Subtilis mrrammos.

Uccrnenyempiii mentig N-TpeT-0yTHIOKCHKAPOOHUITITAIIIN-(S)-0L-a AT THITIT-
TJIMIKH SBIISETCS WHIMOMTOPOM aMHHOTpaHc(epasbl aMHHOKHCIIOT C Pa3BETBICHHOM
ETTBIO.
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The 10 new peptides have been constructed on the basis of (S)-a-allyl-glycine (2-aminopent-4-
enovic acid) non-protein amino acid by ChemOffice software. To study their possible interaction
with collagenase enzyme, molecular docking program — AutoDockVina software was used.
Analyzing the obtained results, N-t-BOC-Gly-(S)-a-allylGly-(S)-Ala tripeptide was identified by
maximum values of Gibbs free energy (AG=-6.2 kcal/mol) and minimum values of dissociation
constant (Kp=0,28532umol) of ligand-macromolecular interaction.

The synthesis of a new undescribed in the literature N-t-BOC-Gly-(S)-a-allylGly-(S)-Ala
tripeptide has been carried out by the activated ester method.

In vitro study of the synthesized tripeptide effect on the activity of collagenase enzyme at
various peptide concentrations has been carried out, as a result of which it has been found out that
the inhibition of the enzyme is 41.06% at 0.8989 mmol/I concentration of the synthesized tripeptide.

Fig. 1, tables 2, references 15.

For more than 70 years the research in the field of synthesis and study of
peptides as well as the possibility of their introduction to the medical
practice has been carried out [1].

Currently, there are around 60-70 approved peptide drugs in the global
market, with 100-200 more in clinical trials, 400-600 more in pre-clinical
studies and possibly hundreds to thousands more on the laboratory bench [2].
It should be mentioned that most of them contain non-proteinogenic amino
acids moieties [3]. There are well-known medicinal preparations obtained on
the basis of synthetic peptides that are used in the following diseases:
hypertension, type 2 diabetes, postmenopausal osteoporosis, paget’s disease,
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hypercalcaemia, advanced prostate cancer, acromegaly, carcinoid syndrome,
central diabetes insipidus.

It is established that the moiety of non-protein amino acid extends the
process of enzyme-substrate recognition that in turn leads to retardation of
the peptide bond destruction. These and other properties of peptides,
containing a fragment of non-protein amino acid, enable to create on their
basis physiologically and pharmacologically active drugs [4].

Matrix metalloproteases (MMPs) are a major group of enzymes that
regulates cell-matrix composition. Matrix metalloproteases (MMPs) play an
important role in degradation of extracellular matrix in both norm and
various pathologies [5]. Metalloproteases are targets for a wide range of
medications, including antitumor and anti-inflammatory drugs [6, 7].
Matrix metalloproteases are responsible for many proteolytic processes that
lead to tumor development. Involvement of gelatinases (MMP-9 and MMP-
2) in the process of metastases and angiogenesis formation stimulated
creation of synthetic gelatinase inhibitors able to stop the development of
tumors [6, 7]. MMP-1 is also validated as a cancer target [8].

Unfortunately, clinical trials of gelatinase inhibitors on oncological
patients so far have not revealed therapeutic effect; moreover undesirable
side effects were registered. The majority of inhibitors are zinc-chelating
compounds of a wide spectrum of action that do not have a specific effect.
For example, calprotectin inhibits MMP by blocking zinc binding [9]. The
search for new highly specific compounds able to inhibit metalloproteases is
one of the directions in creation of drugs preventing spread of metastases
[10]. It has been shown that some low molecular weight compounds are able
to inhibit MMPs [11].

Taking into account the above mentioned, the research was aimed at
constructing a new undescribed in the literature dipeptide on the basis of (S)-
a-allylGly non-protein amino acid, implementing software study of the
mentioned peptides, selecting possible active peptides to carry out their
targeted synthesis and study the biological effect of the synthesized peptides.

At the first stage the structure-based drug design approach was used to
identify potential inhibitors of enzyme. For this aim docking analysis was
done for the identification of substances capable of interacting with
collagenase.

Peptides structures were built by ChemBioOffice 2010 (ChemBio3D
Ultral2.0). Ligand free energy was minimized using MM2 force field and
truncated Newton-Raphson method. Crystallographic structure of
collagenase was taken from http://www.rcsb.org website (PDB-1D: 1NQJ).
Docking of ligand to enzyme has been done by AutoGrid 4, AutoDock Vina
software [12]. AutoDock uses the Lamarckian genetic algorithm by
alternating local search with selection and crossover [13].
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The ligands are ranked using an energy-based scoring function and a
grid-based protein-ligand interaction is used to speed up the score
calculation. Dissociation constant was calculated by using the following
formula:

Kp = exp ((AG x 1000)/(Rcal x TK))

Rcal=1.98719 cal / (mol x K) (gas constant)

TK =298.15 K (room temperature by Kelvin)

The data of enzyme-peptide interaction are presented in Table 1.

Table 1
Data of molecular modeling
Experimental dipeptides Gibbs free energy Dissociation
(AG) kcal/mol constant (Kp) umol

N-t-BOC-Gly-(S)-a-allylGly- -6.2 0.28532
(S)-Ala

Gly-(S)-a-allylGly-(S)-Ala -6.0 0.24101

N-t-BOC-Gly-(S)-a-allylGly- -6.1 0.33778
Gly-Gly

Gly-(S)-a-allylGly-Gly-Gly -5.9 0.47341

N-t-BOC-(S)-Ala-(S)-a- -5.7 0.41258

allylGly -Gly

(S)-Ala-(S)-a-allylGly -Gly -5.6 0.45312

N-t-BOC-(S)-Ala-Gly-(S)-a- -5.0 0.87528
allylGly

(S)-Ala-Gly-(S)-a-allylGly -4.8 0.52835

N-t-BOC-(S)-Ala-(S)-Ala -(S)- -4.3 0.49756

a-allylGly

(S)-Ala-(S)-Ala -(S)-a- -3.9 0.33781

allylGly

The negative value of AG proves that the complex was generated.
According to Table 1, the value of AG is negative for all compounds, which
proves that all dipeptides are interacting with the enzyme. Based on the
results obtained, it was aimed at performing further research on a compound
with a maximum value of the Gibbs free energy, which is N-t-BOC-Gly-(S)-
a-allylGly-(S)-Ala.

The docking data are presented in Figure, where the fragments of ligand-
collagenase interaction are shown.

Taking into account the data of software modeling it was aimed at
selecting N-t-BOC-Gly-(S)-a-allylGly-(S)-Ala tripeptide from the mentioned
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range for further research, that is to carry out the peptide synthesis and study
the synthesized peptide effect on the activity of collagenase enzyme.

The synthesis of peptide was carried out by the method of activated
esters in a solution. The method is distinguished by its simplicity and allows
to obtain final products in good yields and high purity [14].

At the first stage with the help of dicyclohexylcarbodiimide from N-tert-
butyloxycarbonylglycine (1) its succinimide ether (2) was obtained,
transformed by condensation with (S)-a-allylGly non-protein amino acid in
alkaline aqueous-organic medium into the corresponding dipeptide — N-t-
BOC-Gly-(S)-a-allylGly (4), then from the dipeptidem its succinimide ester
(5) was obtained, transformed by condensation with Gly in alkaline aqueous-
organic medium into the corresponding tripeptide — N-t-BOC-Gly-(S)-a-
allylGly-(S)-Ala (Scheme).

Scheme

>LO )0]\ OH X HO/@ 1,4-dioxane Q \"/\ J<
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Experimental part

'H NMR spectra were recorded on a “Varian Mercury 300VX” device
with an operating frequency of 300.08 MHz in a solution of DMSO-Dg/CCl,
1/3 using the method of double resonance. TLC was conducted on “Silufol
UV-254” plates in a mixture of chloroform-ethyl acetate-methanol (4:4:1),
developer - chlorotoluidine. Elemental analysis was performed on elemental
analyzer CNS-O “Euro EA3000”.
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Synthesis of N-t-tertbutoxycarbonylglycine succinimide ester (3).
0.218 g (1.058 mmol) of dicyclohexylcarbodiimide, preliminary dissolved in
3 ml of dioxane was added at 0°C to 0.175 g (1.0 mmol) of N-tert-
butyloxycarbonylglycine (1) and 0.127 g (1.104 mmol) of N-
hydroxysuccinimide (2) in a mixture of 6 ml of dioxane and 3 ml of
methylene chloride. The reaction mixture was stirred for ~ 2 h at 0°C and left
overnight in a refrigerator.

The analysis was performed by TLC [SiO,, CHCls/ethyl acetate/CH3;OH
(4:2:1), developer — chlorotoluidine]. The precipitate formed was filtered off,
the solvent distilled off on a rotary evaporator, and the precipitate
crystallized from a mixture of ethyl acetate hexane (1:2). Yield: 0.25 g
(75%).

N-t- Tertbutoxycarbonylglycyl-(S)-a-allylglycine  (5). The resulting
succinimide ether 3 was used at the next stage of dipeptide synthesis. In a
flat-bottomed flask with a magnetic stirrer, 0.078 g (0.675 mmol) of (S)-a-
allyl-Gly (4), 1.25 ml (0.63 mmol) of 0.5 M sodium hydroxide solution and
0.016 (0.19 mmol) of baking soda were placed. At room temperature, 0.2 g
(0.735 mmol) of N-t-BOC-Gly-OSu (3) was added to 2 ml of dioxane, and
the reaction mixture was stirred for 3 h. The next day, 5 ml of ethyl acetate
and 1.45 ml of 10% citric acid were added to the flask contents. After
vigorous stirring, the organic layer was separated, and the aqueous layer was
extracted twice with ethyl acetate (5 ml each). The organic layer was dried
with anhydrous sodium sulfate, then the solvent was evaporated to dryness.

The product was isolated by column chromatography using SiO, L-
40/100 silica gel. The analysis was performed by TLC [SiO,, CHCls/ethyl
acetate/CH3;OH (4:2:1), the developer is chlorotoluidine]. The product yield
per succinimide ester was 75%, Mp — 95-97°C.

Synthesis of N-tertbutoxycarbonylglycyl-(S)-a-allylglycyl-(S)-alanine
tripeptide (7). To synthesize tripeptide, the activation of N-t-BOC-glycyl-
(S)-allylglycine (5) dipeptide was carried out in the same sequence at the
primary phase; the activation was carried out by the method of N-t-BOC-
glycyl-activated ester. Then the condensation reaction of N-
tertbutoxycarbonylglycyl-(S)-allylglycyl-succinimide ester with (S)-alanine
(6) was performed. The course of the reaction corresponds to the process of
the synthesis of dipeptide (Scheme 4).

The process of reactions was controlled by the method of thin-layer
chromatography, and as solvents chloroform: ethyl acetate:methanol were
used at the ratio of 4:2:1. The yield was 68%. Mp — 135-137°C. 'H NMR
(DMSO,s, ppm, Hz): 1.32 (3H, d, J=7.3, CH3); 1.41 (9H, s, C(CHys)3); 2.26-
2.37 (m, 1H) and 2.39-2.49 (m, 1H m, CH,AIl); 3.49-3.65 (2H m, NHCHy);
4.21 (1H, k, J=7.3, CHCHg,); 4.39 (1H, td, J=7.9, 5.4, CHCH,); 4.99 (1H,
ddt, J;=10.1, 2.0, 1.0, =CHy); 5.05 (1H, ddt, J;=17.1, 2.0, 1.4, =CH,) ; 5.72
(1H, ddt, J;=17.1, 10.1, 7.1 =CH); 6.00 (1H, brs, COOH), 6.52 (1H, brt,
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J=5.4, NHCH,); 7.59 (1H, brd, J=7.9, NHCH); 7.97 (1H, brd, J=7.3,
NHCH). Found, %: C 52.85; H 7.73; N 12.42 C15H25N30g; Calculated, %: C
52.47; H 7.34; N 12.24. The chemical purity of N-tertbutoxycarbonyl-
glycyl-(S)-a-allylglycyl-(S)-alanine tripeptide was 94% according to HPLC
analysis.

Collagenase activity. Collagenase activity was determined by measuring
free amino groups according to o-phthalaldehyde (OPA) method [15].

The reaction mixture contained 0.05 M HEPES buffer, pH 7.2, 10 mg/ml
gelatin and 0.025 mg/ml collagenase (activated by 0.36 M CacCl,).
Investigated compounds were added to the reaction mixture from 0.5 to
5 mM final concentration. The aliquot (50 ul) was taken and the remaining
mixture was incubated at 37°C. Every 30 min aliquot was taken. The reaction
was stopped by adding 10 ul of 30% trichloroacetic acid. The concentration
of free amino groups in the reaction mixture was determined by OPA reagent
containing 0.2 M borate buffer, pH 9.7, 0.1667 mg/ml OPA and 1.25 mM
mercaptoethanol. The reaction mixture (50 ul) was added to OPA reagent
(2.5 ml) and H,O (1.5 ml). A340 was recorded after 5 min incubation at RT.
Peptide was tested at different concentrations to make it possible to correlate
the concentration with the effect. The numerical data of the experiment are
presented in Table 2.

Table 2
Effect of N-tertbutoxycarbonylglycyl-(S)-allylglycyl-(S)-alanine
tripeptide on the activity of collagenase enzyme

Concentration, Enzyme activity, %
mmol/I| N-tertbutoxycarbonylglycyl-(S)-allylglycyl-(S)-alanine
Control 100
0.4494 67.63
0.8989 58.94
1.7978 59.74

As can be seen from the Table, N-tertbutoxycarbonylglycyl-(S)-
allylglycyl-(S)-alanine tripeptide inhibits the enzyme activity by 32.37% in
the case of 0.4494 mmol/l concentration, but with increasing concentration
the inhibition percentage does not proportionally increase. At concentrations
of 0.9 mmol/I and higher, the effect remains at the same level. The latter may
be due to saturation (maximum  possible inhibition  with
N-tertbutoxycarbonylglycyl-(S)-allylglycyl-(S)-alanine).

This work was supported by the RA MES Science Committee, in the
frames of the research project Ne 19YR-21018.
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N-SLESANFSPLOLUPYUL LN LPLALPSPL-(S)-a-ULPLA-LPSPL-(S)-ULULPL
SCPNENSh P LNUSTYUSPEL UPLE-GAL BU UNLUGELUQ HELUELSP
4 U U263 NFE-3UL NGSUQNSAFUL

S.\. Uureusuy, U. Ul QuUe-Ur3uy, k. WL a-30FLAFU3UL,
U. U. UUreusuy, N, b. SUGNL3UWL b 9. 9. UUMr-pb3UL

(S)-(X—Allyl-glycine ng uu[ﬁmwl[ﬂl.gulﬂ‘lfl uuf[lfu.uﬂﬁl[l‘l Cbb#ﬁ l[[".ll ChemOffice

AutoDockVina software Sudwlpmpgsuyfiti Spugpf hhpwndwdp fpwlouinogdby L -
nnvgiumd wplupnfuhibph b frpugbliog $hpdblunf Suwpufnp finfumggbgnef@yud dngbyu-
frnprud: Uinugfwd smfyuylobpp fbppnedndfFyuls wpyncpocd plunpdly £ N--BOC-Gly-
(S)-(X—allylGly-(S)—Ala mp[ulibuim[nlﬂ, npp nl_illigbl £ q-[1[1u11 wig éilblul,[lultlﬁ (AG:-62
Yl /dbny) by b qfmngdwh {ummmmncip (KD=0.28532 dlpdny) Snfuguignegh
ul[ldbeil[ip.’

Lnﬂ ll_[".l.lllllliInLFJuliI lsz Zilllulpl.ull.["{lu& N-t-BOC-Gly-(S)-(l-allylGly—(S)-Ala an[1-
uphupnfugfy ufbsfFhgp fpuluingby § wlufpfugfws Sufbphbpp db@agh bfpondudp: Q-
wwpilby b uplifdbgmd npfugbopnfl wggbgacfFpey in vitro Shumugmmncd” lynjugbig
plpdbinnp wlpnfufncfFyuis fpu’ lupnpyp wopphp oigBiunpagpobbpf bppondodp, oph
wipiymiprid pusguuyunfly b np uffftlgdwd wpfugbompep 0.8989 didn/| jntigblun -
ghuyb nbupned Pbpdbinnf wpgbpnodp jugdood § 41.06%:

LEJTEHAOPABJEHHBIII CUHTE3 TPUIIEOTHIA
N-TPETBYTUJIOKCUKAPBOHUWITJIMIWII-(S)-0-AJLTUJITIALMIII-(S)-
AJAHUHA M UCCJEJOBAHHUE EI'O JENICTBUS
HA AKTUBHOCTH KOJJIATEHA3BI

T. 0. CAPT'CAH, C. M. JXKAMI'APSIH, 3. A. TIOJIYMSIH, A. C. CAPI'CSIH,
E. 1. AKOIISH u 3. 3. MAPJIUSTH

* EpeBaHCKHii TOCYIapCTBEHHBIA YHUBEPCHTET
Apwmenns, Epean, 0025, yn. A. Manyksiaa 1
® HaywHo-Tpon3Bo/ICTBeHHBIH IeHTp "ApMOHoTexrHomorus” HAH PA
Apwmenns, Epesan, 0056, yn. ['opmxsa 14
E-mail: tatev-sargsyan-1984@mail.ru

C nmomomipto nporpammel ChemOffice software 6wt moctpoens! ctpykrypst 10
HOBBIX HE OIMCAHHBIX B JIUTEPATYypE TPHUICNTHIOB, COACPKAIIUX HEOCIKOBYIO aMHHO-
kuciory (S)-a-aumiruiuH. C ucrnonb3oBanueM mporpammbel AutoDockVina software
OBLIO TPOBEICHO MOJEIMPOBAHHE BEPOSTHOIO B3aUMOJCHUCTBHS TPHUICNTHIOB ¢ (ep-
MEHTOM KojiareHa3. Ha OCHOBaHHMM IOJIyYSHHBIX JAHHBIX ObUT BEIOpaH TpumenTug N-t-
BOC-Gly-(5)-a-allylGly-(S)-Ala, xoTOpEIil IMeeT HaHOOJIBIIYI0 CBOGOAHYIO HEPIHUIO
(AG=6.2 xxan/mon) v MUHHUMAIIbHOE 3HaYeHUE KOHCTAaHTHI auccouanuu (KD=0.28532
mxmon). Cunre3 N-t-BOC-Gly-(S5)-a-allylGly-(S)-Ala ocymecTBieH MeTogoM akTHBH-
poBanHbIX 3¢upoB. [IpoBeaeHo in Vitro wuccienoBanue BAUSHUAS CHHTE3UPOBAHOTO TPH-
MENTHIa Ha aKTUBHOCTh (DepMEHTa KOJIareHa3 MPH Pa3TMIHBIX KOHIICHTPAIHSAX MeTTH-
Ia.

B pesynbrare Gbuio 0OHapy)eHO, 4To mpu KoHueHtpauu 0.8989 mmonln cunre-
3MPOBAHHOTO TPUIENTHIA MHTHOUpoBaHue GpepmenTa cocrasisiio 41.06%.
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By aminomethylation of some p-substituted acetophenones and p-substituted ethanones with
paraformaldehyde and substituted phenylpiperazines, the synthesis of 1-(4-substituted phenyl)-3-{4-
[2(4)-substituted  phenyl]piperazin-1-yl}-2-H(phenyl)propan-1-ones was carried out. The
hydrochlorides of the latter were obtained for pharmacological tests. It has been revealed that $-
aminoketone hydrochlorides have mild to moderate anti-inflammatory activity.

Table 1, referenses 11.

It is known that aminoketone hydrochlorides and their derivatives have a
wide range of biological effects [1-6]. The aim of this study is to search for
pharmacologically active compounds in a series of new -amino Kketones,
and in particular, to study the anti-inflammatory activity of these
compounds. The starting compounds for the synthesis were
1-(4-substituted  phenyl)ethan-1-ones 1 and 1-(4-butoxyphenyl)-2-
phenylethan-1-one 2, obtained by the Friedel-Kraftz reaction from acetyl
chloride or phenylacetic acid chloride with substituted benzenes [2-4].
Aminomethylation of compounds 1 and 2 with paraform-aldehyde and
substituted phenylpiperazines in dioxane (pH 1-2) or ethanol (pH 8-9) gave
1-(4-substituted phenyl)-3-{4-[2(4)-substituted phenyl]piperazin-1-yl}-2-H
(phenyl)propan-1-ones; some of them 3-5 are stable crystalline substances,
and the other part of compounds are thick oily substances 6-16, the action of
which with an ethereal solution of hydrogen chloride afforded
hydrochlorides amino ketones 17-30.

Compounds 17-30 are crystalline substances, the structure of which was
confirmed by *H NMR spectroscopy and IR spectrometry data. In the IR
spectra of compounds 17-30, the absorption band of the carbonyl (C = O)
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1655-1680 cm™ and carbethoxy (COOEt) 1700-1720 cm™ groups is
observed.
Scheme
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Experimental pharmacological part

The anti-inflammatory and analgesic properties of the synthesized
compounds (17-19, 24, 25, 26, 27) were studied. Experiments were carried
out on white outbred rats of both sexes weighing 100-120 g in a model of
acute exudative inflammation caused by subplantar injection of 0.1 ml of 1%
carrageenin solution into the rat's hind paw [10]. The test substances at doses
of 5 and 25 mg/kg and the reference drug Voltaren at a dose of 10 mg/kg
were administered orally 1 hour before using carrageenan. After 3 hours, the
amount of paw edema and the pain threshold were determined. The anti-
inflammatory activity of the substances was assessed by the degree of
decrease in edema, the analgesic activity was assessed by the increase in the
pain sensitivity threshold (in % relative to the control). The study of the anti-
inflammatory effect of the compounds on chronic proliferative inflammation
was carried out using the “Pellet — granuloma” model [10]. The effect of the
compounds was determined by the effect on the mass of dry granulomas,
which develops within 8 days around the carton as a result of its
subcutaneous application. The test compounds and the known control drug
indomethacin at a dose of 3 mg/kg were administered in the last 4 days of the
experiment.
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Table

Anti-inflammatory and analgesic activity of compounds
(17-19, 24, 25, 26, 27) in the model of acute chronic inflammation in rats

Compound

Dose
mg/kg

Inflammation suppression,%

Pain
suppression,%

Acute(single
administration)

Chronic (single
administration)

Acute(single
administration)

17 25 49.1* 15.,5 235
MeO
N/\\
\\/N
uo Ph *HCI
o
- 38.7* 12.1 18.9
/\\
_ \\/
iPrO *HCI
o}
19 - 11.7 3.3
N\
\\/N\Q\
o}
- 49 3.3
& @
*HCI
- 5.0 4.6
O
*HCI
- 49 5.3
Nﬁ
\\/N
o}
27 - 18.5 4.8
NN
N
(O
MeO *HCI
o)
Voltaren 10 63.2* 65.3*
Indomethacin 3 60.8 60.8*
* P < 0.05 — in relation to control and P > 0.05 — to voltaren
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Results and discussion. All studied compounds at a dose of 5 mg/kg did
not have anti-inflammatory and analgesic effects in acute inflammation. The
results of studying the effect of compounds on acute and chronic
inflammation, as well as their analgesic effect at a dose of 25 mg/kg, shown
in Table 1, indicate that compounds (17-19, 24, 25, 26, 27) have different
activities. Moderate anti-inflammatory activity was revealed among 1-(4-
butoxyphenyl)-3-{4-[2(4)-substituted phenyl]piperazin-1-yl}-2-
phenylpropan-1-ones containing a 4-[2-methoxy (fluoro)phenyl]piperazine
fragment (17, 18).

Analyzing the results obtained, a definite relationship between the
chemical structure of compounds and their biological activity was revealed.
So, on the basis of experimental data obtained by 3 different methods, it can
be concluded that anti-inflammatory activity appears only in the series of 1-
(4-butoxyphenyl)-3-{4-[2 (4)-methoxy(fluoro)phenyl]piperazin-1-yl}-2-
phenylpropan-1-ones (17-19), that is, the presence of a phenyl fragment at
position two of the amino ketone molecule plays a decisive role in the
appearance of anti-inflammatory properties (17-19), which is confirmed by
our previously proposed model pharmacophore. The data obtained indicate
the expediency of searching for new, more highly effective compounds in
the series of f-amino ketones.

Experimental chemistry

IR spectra were recorded on a NICOLET AVATAR 330 FT-IR
spectrometer. *H NMR spectra were recorded on a Mercury VX-300
spectrometer with a resonance frequency of 300.08 MHz, in a DMSO +
CF3;COOD solution; internal standard — TMS. The melting point of the
obtained substances was determined on a Boetius device. The individuality
of the obtained compounds was confirmed by TLC on Silufol-254 plates in
the system butanol — ethanol — acetic acid — water (8:2:1:3), the developer
was iodine vapor, as well as by elemental analysis data.

1-(4-Substituted phenyl)ethan-1-ones (1) and 1-(4-butoxyphenyl)-2-
phenylethan-1-one (2) were obtained by the method [1-4].

Hydrochlorides of 1-(4-substituted phenyl)-3-{4-[2(4)-substituted
phenyl]piperazin-1-yl}propan-1-ones (17-30). (General production
method). A mixture of 0.1 mol of 1-(4-substituted phenyl)ethanone, 3.3 g
(0.11 mol) of paraformaldehyde, 0.11 mol of amine hydrochloride and 5-6
drops of hydrochloric acid (to pH 1) in dry dioxane was heated on water bath
for 8-10 hours at a temperature of 85-90°C. After distilling off dioxane, the
residue was dissolved in water and extracted with ether (3x100 ml) to
remove the unreacted ketone. To the aqueous layer 40% sodium hydroxide
solution was added to pH 8-9 and extracted with ether (3x100 ml). The ether
extracts were dried over dry Na,SO, and ether was distilled off. To the
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residue 3-16 a saturated solution of hydrogen chloride was slowly added
dropwise (to pH 1 using universal indicator paper). The precipitate 17-30
was filtered off, recrystallized from abs. acetone.
1-(4-Butoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-yl]-2-
phenylpropan-1-one hydrochloride (17). Yield 48%, mp 169-170°C, Rf
0.63. IR spectrum, v, cm™: 1680 (C = 0). *H NMR spectrum, &, ppm 0.97 (t,
3H, J 7.3 CH3); 1.48 (tp, 2H, J1 7.6, J2 7.4, CH2); 1.75 (tt, 2H, J 17.6, J2 6.4,
CH2); 2.81-3.54 (br, 9H, 4CH2 CH); 3.81 (s, 3H, CH3); 4.01 (t, 2H, J 6.4,
CH2), 4.01 (br, 1H, CH), 5.94 (br, 1H, CH); 6.79-6.96 (m, 6H, 6CH); 7.17-
7.44 (m, 5H, 5CH, Ph); 8.02 (br.d, 2H, J 8.7, 2CH, 1.80 (br, 1H, HCI).
C30H36 N2 O3 - HCl.
1-(4-Butoxyphenyl)-3-[4-(2-fluorophenyl)piperazin-1-yl]-2-phenyl-
propan-1-one hydrochloride (18). Yield 50%, mp 164-167°C, Rf 0.85. IR
spectrum, v, cm™: 1675 (C = O). *H NMR spectrum, 3, ppm 0.98 (t, 3H, J
7.4, CH3); 1.48 (m, 2H, CH2); 1.75 (m, 2H, CH2); 2.66 (br, 5H); 2.99 (4H);
3.40 (br, 1H); 4.00 (t, 2H, J 6.4, CH2), 4, 91 (br, 1H, CH),
6.81 (m, 6H, 6CH, Ar); 7.15 (m, 1H, CH); 7.25 (m, 2H, 2CH); 7.32 (m, 2H,
2CH); 7.25 (m, 2H, 2CH); 7.96 (d, 2H, J 8.8, 2CH), 1.82 (br, 1H, HCI).
C29H33FN2 02 - HCIL.
1-(4-Butoxyphenyl)-3-[4-(4-fluorophenyl)piperazin-1-yl]-2-
phenylpropan-1-one hydrochloride (19). Yield 51%, mp 177-178°C, Rf
0.65 IR spectrum, v, cm™: 1675 (C = 0) 'H NMR spectrum, &, ppm 0.97 (t,
3H, J 7.3, CHg); 1.47 (mt, 2H, J1 7.5, J2 7, 3, CH2); 1.74 (mt, 2H, J 17.5, ]
26.4, CH2); 2.70-3.65 (br, 9 H, 4CH2 CH), 4.00 (t, 2H, J 6.4, CH2); 4.00 (br,
1H, CH), 5.90 (br, 1H, CH); 6.87-6.97 (m, 6H, Ce H4, 2CH); 7.20 (br.t, 1H,
J 7.5, CH); 7.29 (br.t, 2H, J 7.5, 2CH) ; 7.40 (br.d, 2H, J 7.7, 2CH); 8.02 (d,
2H, J 8.7, 2CH), 1.81 (br, 1H, HCI). C29H33FN202 - HCI.
1-(4-Methoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-yl]propan-
1-one hydro chloride (20). Yield 55%, mp 181-183°C, Rf 0.56. IR
spectrum, v, cm™: 1675 (C = O). 'H NMR spectrum, &, ppm 3.34 (br, 2H,
CHy), 3.43-3.54 (m, 6H, 3CH,), 3.67 (br.d, 2H, J 11.5, CH,); 3.78 (t, 2H, J
7.5, CH,); 3.87 (s, 6H, 2CHj3); 4.99 (br, 1H, HCI). 6.86-7.00 (m, 4H, 4CH);
7.00 (d, 2H, J 8.8, 2CH); 7.99 (d, 2H, J 8.8, 2CH); 11.80 (br, 1H, HCI).
C21H26N2 O3HC1
3-[4-(2-Methoxyphenyl)piperazin-1-yl]-1-(4-propoxyphenyl)propan-
1-one hydro chloride (21). Yield 56%, mp 183-185°C, Rf 0.56. IR
spectrum, v, cm™: 1680 (C = O). *H NMR spectrum, d, ppm 1.05 (t, 3H, J
7.4, CH3); 1.81 (br.ss, 2H, J 7.0, CH,); 3.25 (br, 4H, N(CH,),); 3.49 (br, 4H,
N (CH2)2); 3.61 (br, 2H, CH2); 3.68 (br.t, 2H, J 7.5, CH2); 3.84 (s, 3H,
CHB3); 4.03 (t, 2H, J6.5); 6.86-7.00 (m, 4H, C6H4); 7.00 (d, 2H, J 8.8, 2CH);
7.99 (d, 2H, J 8.8, 2CH); 11.80 (br, 1H, HCI). C23H30N203-HCIl.
1-(4-1sopropoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-
yl]propan-1-one hydro chloride (22). Yield 52%, mp 186-188°C, Rf 0.54.
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IR spectrum, v, Cm_l: 1670 (C = 0). '"H NMR spectrum, 6, ppm 1.34 (d, 6H,
J 6.0, 2CHj3); 3.25 (br, 4H, 2CH2); 3.49 (br, 4H, 2CH2); 3.61 (br, 2H, 2CH2),
3.67 (brt, 2H, J 7.5, CH2); 3.84 (s, 3H, CH3); 4.75 (sp, 1H,
J 6.0, CH); 6.86-7.00 (m, 4H, 4CH); 7.00 d, 2H, J 8.8, CH); 8.00 (d, 2H, J
8.8, 2CH); 12.58 (br, H, HCI). C23H30N203 - HCL.
1-(4-1sobutoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-
yl]propan-1-one hydro chloride (23). Yield 49%, mp 192-193°C, Rf 0.54.
IR spectrum, v, cm™: 1680 (C = 0). *H NMR spectrum, &, ppm 1.05 (d, 6H,
J 6.0, 2CHj3); 3.25 (br, 2H, CH,); 3.34 (m, 2H, CHy); 3.43-3.54 (m, 6H,
3CHy); 3.67 (br.d, 2H, J 11.5, CHy); 3.78 (t, 2H, J 7.4, CH,); 3.87 (s, 3H,
CHj3); 4.75 (cn, H, CH); 6.86-6.94 (m, 2H, 2CH); 7.03 (ddd, 1H, J 18.5, J
27.1,J31.6, CH); 7.10 (dd, 1H, J 17.9, J 21.6, CH); 7.67 (d, 2H, J 8.5, 2CH);
7.98 (d, 2H, J 8.5, 2CH); 9.72 (br, 1H, HCI); 11.96 (br, 1H, HCI). CyHs3;
N203 : 2HC1
1-(4-Bromophenyl)-3-[4-(2-methoxyphenyl)piperazin-1-yl]propan-1-
one hydro chloride (24). Yield 40%, mp 193-195°C, Rf 0.54. IR spectrum,
v, cm™: 1680 (C = 0). *H NMR spectrum, d, ppm 3.34 (m, 2H, CHy); 3.43-
3.54 (m, 6H, 3CHy,); 3.67 (br.d, 2H, J 11.5, CHy); 3.78 (t, 2H, J 7.4, CHy);
3.87 (s, 3H, CHj3); 6.86-6.94 (m, 2H, 2CH), 7.03 (ddd, 1H, J 18.5, J 27.1, J
31.6, CH); 7.10 (dd, 1H, J 17.9, J 21.6, CH); 7.67 (d, 2H, J 8.5, 2CH); 7.98
(d, 2H, J 8.5, 2CH); 12.44 (br, 1H, HCI). CxH,3 BrN,O, - HCI.
3-[4-(2-Fluorophenyl)piperazin-1-yl]-1-(4-methoxyphenyl)propan-1-
one hydrochloride (25). Yield 58%, mp 202-205°C, Rf 0.55. IR spectrum,
v, cm?: 1660 (C = 0). *H NMR spectrum, d, ppm 3.25 (br, 4H, 2CH2), 3.49
(br, 4H, 2CH,), 3.62 (br, 2H, CH,), 3.69 (br.t, 2H, J 7.5, CH,); 3.84 (s, 3H,
CHj3); 6.98-7.03 (m, 4H, 4CH); 7.03 (d, 2H, J 8.8, 2CH); 8.00 (d, 2H, J 8.8,
2CH); 11, 80 (br, 1H, HCI). CxH23FN,0O, - HCI.
3-[4-(2-Fluorophenyl)piperazin-1-yl]-1-(4-
isopropoxyphenyl)propan-1-one hydro chloride (26). Yield 48%, mp 190-
191°C, Rf 0.55. IR spectrum, v, cm™: 1680 (C = O).
'H NMR spectrum, &, ppm 1.34 (d, 6H, J 6.0, 2CH3); 3.20-3.70 (m, 12H,
6CH,); 4.75 (sp, 1H, J 6.0, CH); 6.98 (d, 2H, J 8.9, 2CH); 6.95-7.15 (m, 4H,
CeHy); 7.98 (d, 2H, J 8.9, 2CH); 11.78 (br, 1H, HCI). C,;H27FN, O, - HCL.
3-[4-(4-Fluorophenyl)piperazin-1-yl]-1-(4-methoxyphenyl)propan-1-
one dihydro chloride (27). Yield 56%, mp 198-199°C, Rf 0.54. IR
spectrum, v, cm™:1670 (C = O). *H NMR spectrum, d, ppm 3.10-3.78 (br,
12H, 6 CH,); 3.84 (s, 3H, CHj3); 6.86-7.29 (m, 8H, 8CH); 8.00 (d, 2H, J 8.9,
2CH); 9.72 (br, 1H, HCI); 11.96 (br, 1H, HCI). C5H23FN,0O; - 2HCI.
3-[4-(4-Fluorophenyl)piperazin-1-yl]-1-(4-
isopropoxyphenyl)propan-1-one dihydro chloride (28). Yield 52%. mp
187-189°C. Rf 0.54. IR spectrum, v, cm™: 1670 (C=0). *H NMR spectrum;
d, ppm 1.34 (d, 6H, J 6.0, 2CHg), 3.10-3.78 (m, 12H, 6CHy), 6.86-7.29 (m,
8H, 8CH); 9.72 (br, 1H, HCI); 11.96 (br, 1H, HCI). C»,H,;FN,0, -2HCI.
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4-[3-0x0-3-(4-propoxyphenyl)propyl]piperazine-1-carboxylic  acid
ethyl ester dihydro chloride (29). Yield 42%, mp 185-187°C, Rf 0.54. IR
spectrum, v, cm™: 1660 (C = O), 1700 (CO0). *H NMR spectrum, d, ppm
1.05 (t, 3H, J 7.4, CH3); 1.26 (t, 3H, J 7.1, CHg); 1.81 (br. ss, 2H, J 7.0,
CHy); 3.41 (br.t, 2H, J 7.2, CHy); 3.50 (br, 4H, 2CH,); 3.63 (br.t, 2H,
J 7.2, CHy); 4.03 (t, 2H, J 6.5, CH,); 4.10 (g, 2H, J 7.1, CHy); 6.99 (d, 2H, J
8.8, 2CH); 7.97 (d, 2H, J 8.8, 2CH); 11.87 (br, 1H, HCI). C19H,3N,0, - HCI.

4-[3-(4-isopropoxyphenyl)-3-oxopropyl]piperazine-1-carboxylic acid
ethyl ester dihydrochloride (30). Yield 45%, mp 182-184°C, Rf 0.55. IR
spectrum, v, cm™: 1660 (C = O), 1700 (COO0). *H NMR spectrum, d, ppm
1.15 (t, 3H, J 7.4, CHj3); 1.34 (d, 6H, J 6.0, 2CH3); 3.41 (br.t, 2H, J 7.0,
CHy,); 3.50 (br.t, 4H, CH,); 3.63 (br.t, 2H, J 7.2, CHy); 4.03 (t, 2H, J 6.5,
CHy); 4.10 (g, 2H, J 7.1, CH,); 6.99 (d, 2H, J 8.8, 2CH); 7.97 (d, 2H, J 8.8,
2CH); 11.87 (br, 1H, HCI); 12.68 (br, 1H, HCI). C19H,3N,O4 - 2HCI.
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OCHOBAHUN MAHHUXA
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AMMHOMETHIMPOBaHNEM HEKOTOPBIX #-3aMELICHHBIX alleTO()hEeHOHOB U 71-3aMeIleH-
HBIX 9TAaHOHOB ITapa)OpPMaANIBAETHAOM H 3aMEIEHHBIMH (pEHMIIHUIIEpa3HHAMH OCYIIECT-
BiieH cuHTe3 1-(4-3amemennbix dennn)-3-{4-[2(4)-3amenienubix Genwu|mumnepasni-1-
un}-2-H(benmn)nponan-1-onoB. Jlns mnpoBeneHus (GhapMakOJOTHYSCKHX HCIBITAHUN
MOJTY4eHbI THPOXJIOPH/IBI TOCIESTHUX. BBISBICHO, YTO THIPOXJIOPHIBI B-aMHUHOKETOHOB
obnamaroT oT c1aboi 10 yMEpEeHHO-BBIPa)KEHHOH MPOTHBOBOCTIANUTEIFHOW aKTHBHOC-
TH.
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SYNTHESIS AND STUDY OF ANTIOXIDANT ACTIVITY
OF HYDROCHLORIDES OF SUBSTITUTED
PIPERAZINOPROPIOPHENONES
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We have prepared a series of new 1-(4-substituted phenyl)-3-[4-2(4)-substituted phenyl]-2-
H(phenyl)-propane-1-ones dihydrochlorides and examined their antioxidant activities. Ketones
reacted with paraformaldehyde and 4-[2(4)-substituted phenyl]—piperazin-1-yls in anhydrous ethanol
and dioxanes to produce 1-(4-substituted phenyl)-3-[4- 2(4)-substituted phenyl]-2-H(phenyl)-
propane-1-ones, which were isolated as thick oily substances and converted into the corresponding
hydrochlorides. With the help of the photochemiluminescent method of analysis the antioxidant
properties of the compounds obtained have been studied. It is established that some of the
synthesized compounds manifest antioxidant and anti-inflammatory activities from weak to slowly
expressed.

References 8.

It is well known that the development of most diseases such as stress,
neuroses, cardiovascular diseases, malignant neoplasms, inflammation of
various etiologies are accompanied by the activation of the process of free
radical lipid peroxidation. Diseases of the cardiovascular system are referred
to as "diseases of free radicals", since in these diseases the development of
oxidative stress is noted and oxidative reactions become the main
pathogenetic factor in the development of the disease. So, as a result of the
induction of lipid peroxidation in the endothelium and membranes of the
smooth muscle elements of the vessels, the permeability to calcium increases
and hypoxic damage to the myocardium occurs, which leads to its ischemia.
Protection of human tissues and organs from free radicals is provided by the
endogenous antioxidant system of the body. However, endogenous
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antioxidants by no means in all cases can protect a person from the
development of oxidative stress. For this reason, the interest of researchers in
the search for drugs with antioxidant properties for the prevention and
treatment of diseases accompanied by an increase in free-radical oxidation
reactions continues.

The aim of this study is to search for pharmacologically active
compounds in the series of new f-amino ketones, and in particular, to study
the  antioxidant  activity = of  hydrochlorides  of  substituted
piperazinopropiophenones — Mannich bases 1-14.
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Experimental pharmacological part

Antioxidant and antiradical activity (AOA and ARA) of substituted
piperazinopropiophenone hydrochlorides was studied in vitro model
systems. On the model of ascorbate-dependent Fe(ll)-stimulated
peroxidation, the AOA of the studied compounds was expressed as a
percentage of the extent to which they contributed to a decrease in the
formation of one of the end products of peroxidation, malondialdehyde
(MDA), compared with control samples that did not contain these
compounds. [5]. This method uses the ability to oxidize with atmospheric
oxygen in dilute aqueous solutions of oleic acid residues in Tween-80 in the
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presence of ferrous iron and ascorbic acid as peroxidation cofactors. To test
the AOA/ARA of the studied compounds according to 2 other methods, it
was necessary that the substances dissolve well in methanol, which
somewhat limited the number of compounds tested. One of these methods is
based on the principle of decolorization of alcohol solutions of a stable 2,2-
diphenyl-1-picrylhydrazyl (DPPH*) radical under the action of compounds
capable of neutralizing the DPPH* radical. ARA of substances is assessed by
the decrease in the optical density of the DPPH* solution (Ams = 516 nm)
when compounds are introduced into the reaction medium in increasing
concentrations and is calculated as 1/C50, where C50 is the amount of
substance in moles required to reduce the initial concentration of DPPH* by
50% [6]. For comparison, the ARA of butylhydroxytoluene (W218405,
ALDRICH), a synthetic analogue of vitamin E, was measured. The
photochemiluminescent method was also used to assess the antioxidant
capacity of hydrochlorides of substituted piperazinopropiophenones [7]. This
method combines very fast photochemical activation of radical formation
with highly sensitive luminometric detection: Free radicals are recorded by
their reaction with a chemiluminescent substance (luminol) by measuring the
emitted light. In the presence of compounds acting as "radical traps", the
intensity of photochemiluminescence is suppressed. Software data
processing is performed automatically immediately after the samples are
entered into the device and the "Measurement” mode is switched on.
Determination of the AOA of each sample was carried out at least three
times in order to ensure the constancy of the effect obtained. Statistical
processing of the obtained results was carried out based on the calculation of
the arithmetic mean and standard error.

Results and its discussion

According to the obtained data, all tested B-amino ketone 1-14
hydrochlorides exhibited weak or moderate AOA: relative to the control in
their presence, the formation of MDA was suppressed in the range from 6%
to 22%. The experimental results showed that the majority of B-amino
ketone dihydrochlorides tested by the DPPH* method did not have sufficient
activity to reduce the initial concentration of DPPH* in solution to 50%: they
reduced the concentration of DPPH* only to 70-80% of the initial, which did
not allow calculating the 1/C50 coefficient. However, 3 compounds were
identified, in the presence of which the DPPH* solution was intensely
discolored, although this required a long time. Based on this, i.e. taking into
account the slow Kinetics of antioxidant activity, these compounds can be
classified as slow antioxidants, according to the proposed classification [8].
The coefficient characterizing the APA of these compounds was 0.99-1.12,
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while the APA of butylhydroxytoluene was 2.0. These are the following
connections: 8. APA =0.99; 5. APA =1.19; 7. -—ARA = 1.12.

By the photochemiluminescent method, it was revealed that the
activity of the dihydrochlorides of substituted piperazinopropiophenones, as
well as the control preparation of butylhydroxytoluene, was within the
measurable range only in the presence of 10 nanomoles in the reaction
medium. The measurements showed that the studied compounds had a
weakly expressed activity: 10 nanomoles of most of the substituted
piperazinopropiophenone dihydrochlorides tested had the same effect as an
average of 0.69 nanomoles of trolox. For comparison: AOA of 10
nanomoles of butylhydroxytoluene was equivalent to the activity of 1.64 +
0.05 nanomoles of trolox. However, among the studied drugs, compounds
were identified the activity of which in suppressing photo-induced
chemiluminescence was rather high. These are 7 connections: AOA = 1.35
+0.06 c.u. and 2. AOA =2.04 +0.08 c.u.

Thus, analyzing the results obtained, a definite relationship was
revealed between the chemical structure of compounds and their biological
activity. Thus, on the basis of experimental data obtained by 3 different
methods, it can be concluded that some of the tested compounds have
antioxidant properties from weak to moderate severity; among the studied
compounds, compounds (7, 2) the activity of which in suppressing photo-
induced chemiluminescence was quite high. The activity of the compounds
under study depends on their structure. Thus, in the amine part of the
molecule of compounds (1-14), the replacement of 4-(4-substituted
phenyl)piperazine by 4-(2-substituted phenyl)piperazine (2, 5, 7, 8) leads to
the appearance of pronounced antioxidant properties.

Experimental chemistry

IR spectra were recorded on a NICOLET AVATAR 330 FT-IR
spectrometer. *H NMR spectra were recorded on a Mercury VX-300
spectrometer with a resonance frequency of 300.08 MHz, in a DMSO +
CF3;COOD solution; internal standard — TMS. The melting point of the
obtained substances was determined on a Boetius device. The individuality
of the obtained compounds was confirmed by TLC on Silufol-254 plates in
the system butanol — ethanol — acetic acid — water (8: 2: 1: 3), the
developer was iodine vapor, as well as by elemental analysis data.

1-(4-Substituted phenyl)ethan-1-ones (1) and 1-(4-butoxyphenyl)-2-
phenylethan-1-one (11) were obtained by the method [1-4].

Hydrochlorides of 1-(4-substituted phenyl)-3-{4-[2(4)-substituted
phenyl]piperazin-1-yl}propan-1-ones (1-14). (General production
method). A mixture of 0.1 mol of 1-(4-substituted phenyl)ethanone, 3.3 g
(0.11 mol) of paraformaldehyde, 0.11 mol of amine hydrochloride and 5-6
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drops of hydrochloric acid (to pH 1) in dry dioxane was heated on water bath
for 8-10 hours at a temperature of 85-90°C. After distilling off dioxane, the
residue was dissolved in water and extracted with ether (3x100 ml) to
remove the unreacted ketone. To the aqueous layer was added 40% sodium
hydroxide solution to pH 8-9 and extracted with ether (3x100 ml). The ether
extracts were dried over dry Na,SO, and ether was distilled off. To the
residue was slowly added dropwise a saturated solution of hydrogen chloride
(to pH 1 using universal indicator paper). The precipitate 1-14 was filtered
off, recrystallized from abs. acetone.
1-(4-Butoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-yl]-2-
phenylpropan-1-one hydrochloride (1). Yield 48%, mp 169-170°C, Rf
0.63. IR spectrum, v, cm™: 1680 (C = 0). *H NMR spectrum, &, ppm 0.97
(t, 3H, J 7.3 CHg3); 1.48 (tp, 2H, J1 7.6, J2 7.4, CH,); 1.75 (tt, 2H, J1 7.6, J2
6.4, CHy); 2.81-3.54 (br, 9H, 4CH, CH); 3.81 (s, 3H, CH3); 4.01 (t, 2H, J
6.4, CH,), 4.01 (br, 1H, CH), 5.94 (br, 1H, CH); 6.79-6.96 (m, 6H, 6CH);
7.17-7.44 (m, 5H, 5CHPh); 8.02 (br.d, 2H, J 8.7, 2CH, 1.80 (br, 1H, HCI).
C30 H37CIN2Os.
1-(4-Butoxyphenyl)-3-[4-(2-fluorophenyl)piperazin-1-yl]-2-phenyl-
propan-1-one hydrochloride (2). Yield 50%, mp 164-167°C, Rf 0.85. IR
spectrum, v, cm?: 1675 (C = 0). 'H NMR spectrum, 3, ppm 0.98 (t, 3H, J
7.4, CH3); 1.48 (m, 2H, CHy); 1.75 (m, 2H, CH,); 2.66 (br, 5H); 2.99 (4H);
3.40 (br, 1H); 4.00 (t, 2H, J 6.4, CHy), 4, 91 (br, 1H, CH), 6, 81 -,. 01 (m,
6H, 6CH, Ar); 7.15 (m, 1H, CH); 7.25 (m, 2H, 2CH); 7.32 (m, 2H, 2CH);
7.25 (m, 2H, 2CH); 7.96 (d, 2H, J 8.8, 2CH), 1.82 (br, 1H, HCI). Cy H3, ClI
FN20..
1-(4-Butoxyphenyl)-3-[4-(4-fluorophenyl)piperazin-1-yl]-2-
phenylpropan-1-one hydrochloride (3). Yield 51%, mp 177-178°C, Rf
0.65 IR spectrum, v, cm™ ;1675 (C = O). *H NMR spectrum, &, ppm 0.97 (t,
3H, J 7.3, CH3); 1.47 (mt, 2H, J, 7.5, J, 7.3, CH,); 1.74 (mt, 2H, J, 7.5, J, 6.4,
CHy); 2.70-3.65 ( br, 9 H, 4CH, CH), 4.00 (t, 2H, J 6.4, CH,); 4.00 (br, 1H,
CH), 5.90 (br, 1H, CH); 6.87-6.97 (m, 6H, C¢H,4, 2CH); 7.20 (br.t, 1H, J 7.5,
CH); 7.29 (br.t, 2H, J 7.5, 2CH); 7.40 (br.d, 2H, J 7.7, 2CH); 8.02 (d, 2H, J
8.7, 2CH), 1.81 (br, 1H, HCI). C9Hz4 Cl F N, O,. Cy9 H3, CI F N, Os.
1-(4-Methoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-yl]propan-
1-one hydro chloride (4). Yield 55%, mp 181-183°C, Rf 0.56. IR spectrum,
n,cm?: 1675 (C = O). *H NMR spectrum, &, ppm 3.34 (br, 2H, CHy), 3.43-
3.54 (m, 6H, 3CH,), 3.67 (d br., 2H, J 11.5, CHy); 3.78 (t, 2H, J 7.5, CHy);
3.87 (s, 6H, 2CHj3); 4.99 (br, 1H, HCI). 6.86-7.00 (m, 4H, 4CH); 7.00 (d, 2H,
J 8.8, 2CH); 7.99 (d, 2H, J 8.8, 2CH); 11.80 (br, 1H, HCI). C»H,;CIN; Os.
3-[4-(2-Methoxyphenyl)piperazin-1-yl]-1-(4-propoxyphenyl)propan-
1-one hydro chloride (5). Yield 56%, mp 183-185°C, Rf 0.56. IR spectrum,
v, cm™: 1680 (C = 0). *H NMR spectrum, d, ppm 1.05 (t, 3H, J 7.4, CHy);
1.81 (br.ss, 2H, J 7.0, CHy); 3.25 (br, 4H, N (CH,),); 3.49 (br, 4H, N
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(CH,),); 3.61 (br, 2H, CHy); 3.68 (br.t, 2H, J 7.5, CHy); 3.84 (s, 3H, CHy);
4.03 (t, 2H, J 6.5); 6.86-7.00 (m, 4H, Cs H,); 7.00 (d, 2H, J 8.8, 2CH); 7.99
(d, 2H, J 8.8, 2CH); 1, .80 (br, 1H, HCI). C23H3;CIN,O3,
1-(4-1sopropoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-
yl]propan-1-one hydro chloride (6). Yield 52%, mp 186-188°C, Rf 0.54.
IR spectrum, v, cm™: 1670 (C = O). *H NMR spectrum, &, ppm 1.34 (d, 6H,
J 6.0, 2CHy); 3.25 (br, 4H, 2CHy); 3.49 (br, 4H, 2CHy,); 3.61 (br, 2H, 2CH,),
3.67 (br.t, 2H, J 7.5, CHy); 3.84 (s, 3H, CHg); 4.75 (sp, 1H, J 6.0, CH); 6.86-
7.00 (m, 4H, 4CH); 7.00 d, 2H, J 8.8, CH); 8.00 (d, 2H, J 8.8, 2CH); 12.58
(br, H, HCl) Co3H31CIN,O4.
1-(4-1sobutoxyphenyl)-3-[4-(2-methoxyphenyl)piperazin-1-
yl]propan-1-one hydro chloride (7). Yield 49%, mp 192-193°C, Rf 0.54.
IR spectrum, v, cm™: 1680 (C=0). *H NMR spectrum, 8, ppm 1.05 (d, 6H,
J 6.0, 2CHj3); 3.25 (br, 2H, CH,); 3.34 (m, 2H, CHy); 3.43-3.54 (m, 6H,
3CHy); 3.67 (d br, 2H, J 11.5, CH,); 3.78 (t, 2H, J 7.4, CHy); 3.87 (s, 3H,
CHj3); 4.75 (cn, H, CH); 6.86-6.94 (m, 2H, 2CH); 7.03 (ddd, 1H, J1 8.5, J2
7.1,J3 1.6, CH); 7.10 (dd, 1H, J1 7.9, J2 1.6, CH); 7.67 (d, 2H, J 8.5, 2CH);
7.98 (d, 2H, J 8.5, 2CH); 9.72 (br, 1H, HCI); 11.96 (br, 1H, HCI).
C24H34C|2N203.
1-(4-Bromophenyl)-3-[4-(2-methoxyphenyl)piperazin-1-yl]propan-1-
one hydrochloride (8). Yield 40%, mp 193-195°C, Rf 0.54. IR spectrum, v,
cm™: 1680 (C = 0). *H NMR spectrum, 3, ppm 3.34 (m, 2H, CH,); 3.43-
3.54 (m, 6H, 3CHy,); 3.67 (br.d, 2H, J1 1.5, CHy); 3.78 (t, 2H, J 7.4, CHy);
3.87 (s, 3H, CHg); 6.86-6.94 (m, 2H, 2CH), 7.03 (ddd, 1H, J1 8.5, J2 7.1, J3
1.6, CH); 7.10 (dd, 1H, J1 7.9, J2 1.6, CH); 7.67 (d, 2H, J 8.5, 2CH); 7.98 (d,
2H, J 8.5, 2CH); 12.44 (br, 1H, HCI). C5 H,4 Cl BrN, O,
3-[4-(2-Fluorophenyl)piperazin-1-yl]-1-(4-methoxyphenyl)propan-1-
one hydrochloride (9). Yield 58%, mp 202-205°C, Rf 0.55. IR spectrum, v,
cm™: 1660 (C = 0). *H NMR spectrum, d, ppm 3.25 (br, 4H, 2CH,), 3.49
(br, 4H, 2CH,), 3.62 (br, 2H, CH,), 3.69 (br.t, 2H, J 7.5, CH,) ; 3.84 (s, 3H,
CHj3); 6.98-7.03 (m, 4H, 4CH); 7.03 (d, 2H, J 8.8, 2CH); 8.00 (d, 2H, J 8.8,
2CH); 11, 80 (br, 1H, HCI). Cx H,4 Cl FN, O,
3-[4-(2-Fluorophenyl)piperazin-1-yl]-1-(4-
isopropoxyphenyl)propan-1-one hydrochloride (10). Yield 48%, mp 190-
191°C, Rf 0.55. IR spectrum, v, cm™: 1680 (C = O). '"H NMR spectrum, 0,
ppm 1.34 (d, 6H, J 6.0, 2CH); 3.20-3.70 (m, 12H, 6CH,); 4.75 (sp, 1H, J 6.0,
CH); 6.98 (d, 2H, J 8.9, 2CH); 6.95-7.15 (m, 4H, Cs H,); 7.98 (d, 2H, J 8.9,
2CH); 11.78 (br, 1H, HCI). C5; Has Cl FN, O,
3-[4-(4-Fluorophenyl)piperazin-1-yl]-1-(4-methoxyphenyl)propan-1-
one dihydro chloride (11). Yield 56%, mp 198-199°C, Rf 0.54. IR
spectrum, v, cm™: 1670 (C = 0). *H NMR spectrum, d, ppm 3.10-3.78 (br,
12H, 6 CH,); 3.84 (s, 3H, CHj3); 6.86-7.29 (m, 8H, 8CH); 8.00 (d, 2H, J 8.9,
2CH); 9.72 (br, 1H, HCI); 11.96 (br, 1H, HCI). C50 Ha5 Cl; FN, Oy,
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3-[4-(4-Fluorophenyl)piperazin-1-yl]-1-(4-isopropoxyphenyl)pro-
pan-1-one dihydrochloride (12). The yield is 52%. mp 187-189°C. Rf 0.54.
IR spectrum, v, cm™: 1670 (C = 0). *H NMR spectrum; d, ppm 1.34 (d, 6H,
J 6.0, 2CH3), 3.10-3.78 (m, 12H, 6CHy,), 6.86-7.29 (m, 8H, 8CH); 9.72 (br,
1H, HCI); 11.96 (br, 1H, HCI). C5, Hy9 Cl FN, O,

4-[3-0x0-3-(4-propoxyphenyl)propyl]piperazine-1-carboxylic  acid
ethyl ester dihydrochloride (13). Yield 42%, mp 185-187°C, Rf 0.54. IR
spectrum, v, cm™: 1660 (C = O), 1700 (CO0). *H NMR spectrum, d, ppm
1.05 (t, 3H, J 7.4, CH3); 1.26 (t, 3H, J 7.1, CH3); 1.81 (br.ss, 2H, J 7.0, CHy);
341 (brt, 2H, J 7.2, CH,); 3.50 (br, 4H, 2CHj); 3.63 (br.t, 2H,
J 7.2, CHy); 4.03 (t, 2H, J 6.5, CH,); 4.10 (q, 2H, J 7.1, CHy); 6.99 (d, 2H, J
8.8, 2CH); 7.97 (d, 2H, J 8.8, 2CH); 11.87 (br, 1H, HCI). C19 Hz9 CI N, Oy.

4-[3-(4-isopropoxyphenyl)-3-oxopropyl]piperazine-1-carboxylic acid
ethyl ester dihydrochloride (14). Yield 45%, mp 182-184°C, Rf 0.55. IR
spectrum, v, cm™: 1660 (C=0), 1700 (COO). *H NMR spectrum, d, ppm
1.15 (t, 3H, J 7.4, CH3); 1.34 (d, 6H, J 6.0, 2CH3); 3.41 (br.t, 2H, J 7.0,
CHy); 3.50 (br.t, 4H, CH,); 3.63 (br.t, 2H, J 7.2, CHy); 4.03 (t, 2H, J 6.5,
CHy); 4.10 (g, 2H, J 7.1, CHy); 6.99 (d, 2H, J 8.8, 2CH); 7.97 (d, 2H, J 8.8,
2CH); 11.87 (br, 1H, HCI); 12.68 (br, 1H, HCI). C19H3o Cl; N, O,
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CUHTE3 U U3YYEHUE AHTUOKCUJAHTHOM AKTUBHOCTH
I'nAPOXJIOPNI0B 3AMEIEHHBIX ITMITEPASHHONTPOITMO®EHOHOB

A.Y.UCAXAHSH, JI. A. BAPJIEBAHSH, H. 3. AKOIISAH, 3. A. OBACSH,
P. II. MXUTAPAH u I'. A. TAHOCSH

Hay4HO-TeXHOIOrHYeCKHil LIEHTP OpPraHHYeCcKOl 1 (hapMaleBTHIECKOH XUMUI
HAH Pecny6imku Apmenust
Apwmenns, 0014, Epean, np. AzatyTsH, 26
E-mail: anush.isakhanyan.51@mail.ru
HayuHbIii IeHTp paAualiMOHHOW MeIUIMHEBL U 05k0oroB M3 PA

[IpencrapneH CcUHTE3 cepud HOBBIX |- (4-3amemeHHbIX (ernn)-3-[4-2(4)-3a-
MeneHHbIX (ermt| -2-H(denmn)nponan-1-oHoB 1 ux ruapoxiopunos. Mccnenosana ux
AHTHUOKCHJIAaHTHAasI aKTUBHOCTS. [Inmepa3nHONpouopeHOHbI OIY4YeHbl peaKkinei 3ame-
[ICHHBIX KETOHOB ¢ mapadopmansaerunom u 4-[2(4)-3ameineHHbIx HeHUT|munepasnHa-
MU B 0e3BogHOM 3TaHoje. Ilonydennbie 1-(4-3amerennnie ¢enun)-3-{4-[2(4)-3ame-
LIeHHbIe (heHu|nunepa3uH-1-mi} nponan-1-oHbl BbIJENCHBI B BUE XKUPHBIX MACISTHHIC-
TBIX BEILECTB M TPEBPAIICHBI B COOTBETCTBYIOILINE THIPOXJIOPHUIIBI, KOTOPBIC SIBISIFOTCS
OeNbIMU KpUCTALTMYECKUMH BellecTBaMHu. C MOMOILIbI0 (hOTOXEMUITIOMUHECIIEHTHOTO
METO/la aHaJIM3a U3y4YeHbl aHTHOKCHUAAHTHBIE CBOICTBA MOJYYEHHBIX COCIUHEHHH. YC-
TAHOBJICHO, YTO HEKOTOPHIE U3 CHHTE3MPOBAHHBIX COEIUHEHHH IMPOSBISIOT aHTHOKCH-
JAHTHYIO aKTHUBHOCTB CO cJaboil M yMEpeHHO BBIPaXCHHOM aKTHBHOCTBIO. BhIABIIEHO,
YTO NPOSBJICHHE aKTUBHOCTH 3aBHCHT OT U3MEHEHHUSI CTPYKTYPBI UCCIIEyEMOTO COCAU-
HEHUSI.
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The reaction of 1-propargyl-3-nitro-1,2,4-pyrazole in an aqueous methanol solution of potash is
accompanied by nucleophilic substitution of the nitro group with a methoxy group; simultaneously,
hydration of the triple bond occurs chemoselectively. The same reactions — nucleophilic exchange
and hydration of the triple bond occur in water-ethanol and water-n-propanol solutions of potash
using the example of 1-propargyl-3-nitro-1H-1,2,4-triazole. When carrying out a similar reaction in
isopropyl alcohol, only prototropic rearrangement of the propargyl substituent at the nitrogen atom of
the heterocycle was noted.

References 4.

In our recent report [1], it has been shown that 1-substituted-3-nitro-1H-
1,2,4-triazoles in alcoholic KOH solutions easily undergo nucleophilic
substitution of the nitro group for methoxy, ethoxy, and n-propoxy groups,
transforming into  the corresponding  3-alkoxy derivatives  of
1-substituted-1H-1,2,4-triazoles. Note that in the above mentioned examples,
the studied compounds, as well as the resulting reaction products, at the
nitrogen atom contained substituents that were stable in alcoholic KOH
solutions. Since the propargyl substituent at the nitrogen atom of the
heteroring in alcoholic solutions of KOH undergoes prototropic
rearrangement [2], which can complicate the process, in this communication
we have studied the behavior of 1-propargyl-3-nitro-1H-1,2,4-triazole (1) in
alcoholic solutions of potassium hydroxide.
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According to the *H NMR spectrum, it was found that in a methanol
solution of potassium hydroxide, in addition to the product of nucleophilic
substitution of the nitro group with a methoxy group (compound 2), a
mixture of three more products was also formed, namely, compounds 3, 4,
and 5 (Scheme 1).

Scheme 1

e
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Hydration of the triple bond leads to the formation of triazole 3, but, at
the same time, acetylene-allene rearrangement (triazole — 4) and migration of
the triple bond also occur to form triazole 5.

The structure of compounds 2, 3, 4 and 5 in the mixture was confirmed
by the data of IR and *H NMR spectra. The IR spectra revealed stretching
vibrations of the triple bond in the region of 2210 cm™ (triazoles 2 and 5), as
well as vibrations in the region of 1955 cm™, which characterize the allene
group (triazole 4). The IR spectrum also contains stretching vibrations of the
double bond in the region of 1650 cm™ and vibrations in the region of 3300-
3450 cm™, characteristic of the hydroxyl group (triazole 3).

'H NMR spectra of compound 1 and a mixture of compounds 2-5 were
recorded on a “Bruker Avance NEO 400” spectrometer in DMSO-dg.
Starting compound 1: &, ppm, Hz: 3.24 t (1H, J=2.6, = CH), 5.27 d (2H,
J=2.6, NCHy), 8.79 s (1H, =CH). For triazole 2: 3.27 t (1H, J=2.6, = CH),
4.18 d (2H, J=2.6, NCHy), 3.35 s (3H, OCHjs;), 8.15 s (1H, =CH). For
compound 3, protons of the vinyl group were found at 4.22 and 4.31 ppm.
(AB type system with J=2.8), and at 3.28 ppm the proton of the hydroxyl
group appears. Compound 4 exhibits characteristic signals from the protons
of the allene group: 5.75 d (1H, J=6.4, =CH) and 7.48 t (1H, J=6.4, =CH,).
For compound 5 in the *H NMR spectrum at 2.02 ppm, a singlet of protons
of the C=C—-CHjs group was found.

Since, pursuant to our experiments with triazole 1, nucleophilic
exchange in a methanol solution of potassium hydroxide is also accompanied
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by a number of other competitive processes leading to the formation of a
difficult-to-separate mixture of triazoles 3-5, we modified the reaction
conditions and studied the process of nucleophilic exchange in a water-
methanol potash solution.

The first experiments showed that not only nucleophilic exchange
proceeded successfully in a water-methanol potash solution, but it was also
chemoselectively accompanied by hydration of the triple bond [3]. The same
nucleophilic exchange and triple bond hydration of 1-propargyl-3-nitro-1H-
1,2,4-triazole (1) proceeded in water-ethanol and water-n-propanol potash
solutions (Scheme 2).

During the transition from n-propanol to isopropanol, no nucleophilic
exchange of the nitro group was observed, and the triple bond
chemoselectively underwent prototropic rearrangement with the formation of
triazole 8 (Scheme 2).

Scheme 2
NO, NO OR
N—( N—‘< N'“\<
L \ KaCOq & W % L U n
N >

N i-PrOH/H,0, N~ ROHM,0, 60-80°C, N~

k 4h, 80°C,65 % k 4h, 70-80 % k/
=

\.\ Y4 |
o 1 OH
3.6.7

3. R= Me (70%)
6. R=ET (80%)
7. R=n-Pr (72%)

Thus, we managed to develop conditions for the chemoselective
transformation of 1-propargyl-3-nitro-1H-1,2,4-triazole in an aqueous
alcohol solution of potash into various derivatives of 1,2,4-triazole, due to
the nucleophilic substitution of the nitro group by alkoxy group, with a
simultaneous transformation in the propargyl part of the molecule.

Experimental Part

3-(3-Methoxy-1H-1,2,4-triazol-1-yl)prop-1-en-2-ol (3). To a mixture
of 7.6 g (0.05 mol) of compound 1, 3.4 g (0.025 mol) of K,COgz, 0.9 ml of
water and 25 ml of MeOH are added and the mixture is heated at 60°C in a
flask with a reflux condenser for 4 h. The MeOH is removed under reduced
pressure, after which 5 ml of H,O is added and extracted with CH,Cl,. After
removal of CH,ClIy,, the residue is distilled under reduced pressure. Yield 5.4
g (70%), bp 98-100 °C (1 mm Hg), nD? 1.500. IR spectrum, v, cm™*: 1550
(cycle), (C=C), 3300-3450 (OH). *H NMR spectrum, &, ppm (J, Hz): 3.28
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(1H, br, OH); 3.55 (1H, s, O-CH3); 4.22 (1H, d, J = 2.8, =CH,); 4.31 (1H, d,
J =28, =CH,); 4.94 (2H, s, N-CH,); 8.66 (1H, s, H-5). **C NMR spectrum,
3, ppm: 53.2; 85.9; 104.5; 146.3; 155.4, 162.0. Found, %: C 46.32; H 5.71;
N 27.32. CgHgN3O,. Calculated, %: C 46.45; H 5.80; N 27.09.

3-(3-Ethoxy-1H-1,2,4-triazol-1-yl)prop-1-en-2-0l  (6) is obtained
similarly to the previous example with the difference that instead of MeOH
the reaction is carried out in EtOH at a temperature of 80°C. Yield 6.7 g
(80%), bp 102-105°C (I mm Hg), nD® 1.500. IR spectrum, v,
cm*: 1555 (cycle), 1645 (C=C), 3300-3400 (OH). *H NMR spectrum, §,
ppm (J, Hz): 1.25 (3H, t, J = 6.95, CH,CHj3); 3.15 (1H, br, OH); 3.76 (2H, q,
J =6.95, CH,CHj3); 4.16-4.29 (2H, m, =CH,); 4.91 (2H, s, NCH,); 8.65 (1H,
s, =CH). *C NMR spectrum, &, ppm: 13.7; 53.4; 62.9; 86.2; 104.56; 146.2,
154.4. Found, %: C 49.65; H 6.72; N 24.61. C;H;;N30,. Calculated, %: C
49.70; H 6.50; N 24.85.

3-(3-Propoxy-1H-1,2 4-triazol-1-yl)prop-1-en-2-ol  (7) is obtained
similarly to the previous example with the difference that instead of EtOH,
the reaction is carried out in n-PrOH at a temperature of 80°C. Yield 6.5 g
(72%), bp 106-110°C (1 mm Hg), nD? 1.5020. IR spectrum, v, cm™*: 1555
(cycle), 1650 (C=C), 3300-3400 (OH). *H NMR spectrum, &, ppm (J, Hz):
0.90 (3H, t, J = 7.4, CH,CHj3); 1.66 (2H, rt, J = 7.4 and 6.4, CH,CHj3); 3.25
(1H, br, OH); 3.67 (2H, t, J = 6.4, O-CH,); 4.19 (1H, d, J = 2.6, = CH); 4.28
(1H, d, J = 2.6, = CH); 4.93 (2H, s, N-CHy); 8.65 (1H, s, H-5). *C NMR
spectrum, &, ppm: 9.9; 21.3; 53.3; 68.7; 86.0; 110.0; 146.1, 154.4. Found, %:
C 52.61; H 7.32; N 22.72. CgH13N30,. Calculated, %: C 52.48; H 7.10; N
22.95.

3-Nitro-1-(allenyl)-1H-1,2,4-triazole (8) is obtained similarly to the
previous example with the difference that instead of n-PrOH the reaction is
carried out in iso-PrOH at a temperature of 90°C, the reaction time is 5 h
Yield 4.4 g (58%), mp 65-66°C (Me,CO). IR spectrum, v, cm™*: 1530
(cycle), 1590 (C=C-C=C). *H NMR spectrum, 3, ppm (J, Hz): 5.83 (2H, d, J
= 6.5, CH=C=CH,); 7.64 (1H, t, J = 6.5, CH=C=CH,); 8.76 (1H, s, H-5). °C
NMR spectrum, &, ppm: 89.1; 97.5; 144.9, 201.1. Found, %: C 39.68; H
2.31; N 36.58. CsH4N,05. Calculated, %: C 39.49; H 2.63; N 36.84.

IR spectra were recorded on the spectrum of "Thermo Nicolet Nexus" in
vaseline oil. The spectra *H, *C were recorded on a Varian "Mercury-300
VX" spectrometer (300 and 75 MHz, respectively, in a DMSO-ds-CCl,
solution, 1: 3, at a temperature of 298 K). Elemental analysis was performed
on a Euro Vector EA 300 instrument. Triazole 1 was obtained according to
the literature method [4].
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1-nCrOMUCGSPL-3-LhSCMN-1H-1,2,4-SCHUQALD JUMLL YULPAFUD
NShALOLURD Q0USPL LAFONF3E-OFU 6 MASUSH Q0W-UNPLSUSPL
LOFONF36-NFU
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MNOBEJEHHME 1-TTIPOITAPI'UJI-3-HUTPO-1H-1,2 4-TPUA30JIA
B CIIMPTOBOM PACTBOPE T'MIPOKCHUJIA KAJIUA U BOJJHO-
CIIMPTOBOM PACTBOPE IIOTAIIIA
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I.T. JAHATYJISIH!? 1 O. C. ATTAPSIH?
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Apwmenus, 0051, Epesan, yn. Ocena Omuna, 123
E-mail: hovelenatt@mail.ru
2 Hay4HO-TEXHOJIOTUYESCKUIL ICHTP OPraHMIecKOoi U papMareBTHUECKON XUMUH
HAH Pecny6imku ApmeHust
Apwmenns, 0014, Epean, nip. A3atyTsiH, 26
E-mail: ani_hasratyan@mail.ru
3 [leHTp MCCIETOBAHUS CTPOCHHS MOJIEKYII
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HAH Pecny6imku ApmeHust
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Peakmms 1-mpomaprun-3-autpo-1,2,4-nmpa3ona B BOAHO-METAHOJIEHOM PAacTBOpE
MoTalma CONPOBOXKAACTCS HYKJICOQMIBHBIM 3aMENIEHHEM HHUTPO TPYNIbl METOKCH
rpynmnoi. OZHOBPEMEHHO XEMOCENEKTUBHO MPOMCXOIUT THIPATAIs TPOHHOH CBSI3H.
Te xe peakuuu — HyKJIeo(pUIBHBIN OOMEH M THApATals TPOMHOM CBSI3HU, IPOTEKAIOT B
BO/IHO-9TAaHOJIFHOM M BOJHO-H-TIPONIAHOJIBHOM pAacTBOpax IoOTama Ha mpumepe 1-
nponaprui-3-autpo-1H-1,2,4-tpuazona. Ilpu npoBeleHUM aHaJIOTMYHOW pEakUUH B
U30-IPONWIOBOM  CIMPTE OTMEYEHAa JIMIIb I[POTOTPOIHAS  HEpEerpyniupoBKa
IIPONAPTUIBHOTO 3aMECTHTENS] y aTOMa a30Ta reTepoLUKIIa.
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CHUHTE3 U ITPEBPALIEHMS 3-(2,2-TUMETHJITETPATUJIPO-2H-
MUPAH-4-UT)-2-THOKCO-2,3- TUT UAPO-1H-
CIUPO[BEH30[h|XMHA3O0JIUH-5,1"-IIUKJIOMEHTAH]-4(6H)-OHA

A. 1. MAPKOCIHIH, C. A.TABPUEJIAH, C. C. MAMSIH,
X. C. AKOIISIH u P. C. CYKACSIH

Hay4no-TexHOTOTHYECKHIT IEHTP OPTaHUYECKON U (hapMaeBTHYECKON XUMUH
HAH Pecny6imku ApmeHust
Apwmenns, 0014, Epean, mip. AzatyTsH, 26
E-mail: ashot@markosyan.am

Bsanmoperictenem atun 4'-aMmuHo-1'H-cnupo[umknoneHTan-1,2"-HadtanuH]-3'-kapbokcunara ¢
4-n3oTroumaHaTo-2,2-gumeTunrteTparnapo-2H-nmpaHom paspabotaH metop cuHTesa 3-(2,2-gumve-
TunteTparnapo-2H-nupan-4-un)-2-Tmokco-2,3-aurnapo-1H-cnmpo[6eH3o[h]xmHazonuH-5, 1'-umnkro-
neHtaH]-4(6H)-oHa (TnokcobeHso[h]xuHazonuH). AnKMnNMpoBaHMEM MNOCnedHero ankuiranoreHu-
OaMu pasnuyHoOro CTPOEHUsI MOMydeHbl 2-ankuntuosamelléHHble 3-(2,2-gumeTunTteTparngpo-2H-
nupaH-4-un)-3H-cnupo[6eH3o[h]xmHa3onuH-5,1"-umknoneHTaHn]-4(6H)-oHbl.  TrokcobeH3o[h]xuHa3zo-
NVH nNepeBeféH B 2-rmapasuHun-3-(2,2-gumeTtunretparnapo-2H-nupax-4-un)-3H-cnvnpo[6enso[h]xu-
Ha3onuH-5,1"-umknoneHTaH]-4(6H)-oH, KOTOPLIV B MPUCYTCTBMM LLLENOYY NOABEPrCS rmapas3viHoOnuay,
obpasya 3-(2,2-aumeTunTteTparnapo-2H-nupax-4-un)-3H-cnmpo[6eH3o[h]xnHazonuH-5,1'-umknoneH-
TaH]-4(6H)-oH. Ucxoas 13 rmapasuHun 6eH3o[h]xmHa3onuHa cMHTE3npoBaHbl 4-(2,2-guMmeTnnTeTpa-
mapo-2H-nupat-4-un)-4H-cnupo[6eHso[h][1,2,4]Tpuasono[4,3-a]xnHa3onumH-6,1'-umknoneHTaH]-
5(7H)-0Hbl. M3y4eHa aHTMMOHOAMUHOKCUAA3HAs aKTUBHOCTb CUHTE3UPOBAaHHbBIX COEANHEHNIA.

Tabn. 1, 6ubn. ccbinok 23.

Nurepec k cunTe3y 6eH30[N]XMHA30IMHOBBIX COCANHEHUI B TIOCIICTHIE
rOJIbl 3HAUYUTENILHO BBIPOC, YTO O0YCIOBIIEHO UX HEHHBIMU OMOJIOTHYECKUMU
cBoiictBamu [1-9]. UccnenoBanusi, npoBei€HHbIE HAMU paHEE, MOJITBEPIK-
JIAFOT 1IEIeCO00Pa3HOCTh UX MPOJIODKEHHs B 00sacTu OeH30[ h|xuHa3onuHoB
cnuponukianyeckoro psaa [10-20]. B nHacTosmemM cooOleHun mpuBOIsSTCS
JaHHbIe O CUHTe3e OeH30[Nh]XuHA30IMHOB, CTUPOKOHICHCUPOBAHHBIX B Iisi-
TOM TIOJIO)KCHHU C IMKJIONCHTAHOBHIM IIMKIIOM WM COJEP)KAlINX B TPEThEM
MOJIO’KEHUU TEeTParuapoOnupaHoBeld 3amectutTenb. C 3Toi nenbo tun 4'-
amuHO-1'H-crimpo[uuknonentan-1,2'-nadranuu]-3'-kapookcmwiatr (1) [21]
BBEJIEH BO B3aUMOJICHCTBHE C 4-H30THOIMAHATO-2,2-THUMETHITETPAruapo-

87



2H-nuparom (2) u nonyuennsiii tun 4'-[3-(2,2-numerunrterparuapo-2H-
nupan-4-un)ruoypenio]-1'H-cnupo[uukionenran- 1,2 -nadranun]-3'-kap-
ookcuiiat (3) 6e3 BbIICICHHS U3 PEaKIIMOHHOM Cpeibl UKIM30BaH B 3-(2,2-
JUMETHATeTparuapo-2H-nmupan-4-nmn)-2-truokco-2,3-quruapo-1H-cou-
po[6en3o[h]xunazonun-5,1"-nuknonenran]-4(6H)-ou (4). [locnenuuii B npu-
CYTCTBHMHU THIPOKCH/IA KaJIHsI BBEIEH B PEAKIMIO C alIKWITAIIOTCHUIAMH pa3-
JMYHOTO CTPOCHUSI, YTO TMPHUBEIO K MOJYYCHHIO 2-THO3aMEIIEHHBIX 3-(2,2-
aumetunrerparuapo-2H-nupan-4-mn)-3H-cniupo[ 6en3o[ h]xunazonuu-5,1'-

mukionenrad]-4(6H)-onos (5-16).
COOEt Q COOEt

1. KOH 2; RX
O \(’2

4 5-16
R=CHz (5); CiHs (6); CsH; (7); CHCH=CH, (8); C4Hg (9);
4-BrCgHsCOCH, (14); CHsNHCOCH, (15); 4-CH3CeHsNHCOCHS (16).

1.KOH; 2.HC1

2-Tuokcobenso[h]xunazonun (4) B pacTBope rujapara ruapasuHa mnepe-
BenéH B 2-ruapasuHui-3-(2,2-numerwiterparuapo-2H-nupan-4-wn)-3H-
crupo[6en3o[h]xunazonun-5,1'-nuknonenran]-4(6H)-ou (17). Tocneauuii B
NPUCYTCTBUM IICJIOYH TOABEPTajics CIOHTAHHOMY pPACHICIUICHUIO (THapa-
3WHONN3), B pe3yybTare 4ero ObLT BbIAEeH3-(2,2-mumeTnnrerparuapo-2H-
nupaH-4-ui)-3H-ciimpo[6en3o[ h]xunazonuu-5,1'-nuknonenran-4(6H)-ou
(18). Konpaencarmeii 2-ruapasunodenso[h]xunazonuna 17 ¢ 3THI0BbIM 3¢u-
pPOM OpPTOMYpPaBbHUHOM KHCIOTHI M CEPOYIJIEPOJOM CHHTE3UpOBaHbI 4-(2,2-
auMeTtunterparuapo-2H-mupan-4-nn)-4H-criimpo[6enso[h][1,2,4]tpua3zo-
no[4,3-a]xunazonun-6,1"-uuknonenran]-5(7H)-on (19) u 4-(2,2-
auMeTtmiteTparuapo-2H-nupan-4-un)-1-mepkanto-4H-crimpo[ 6en-
30[h][1,2,4]rpuazono[4,3-a]xunazonun-6,1"-uknonenran]-5(7H)-on  (20),
COOTBETCTBEHHO.
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HC(OE),

—

KOH

18

20

VccnenoBaHo BIIMSHHE HEKOTOPBIX CHHTE3MPOBAHHBIX COEJUHEHUM Ha
aKTUBHOCTh MOHOaMHMHOKcHIa3bl (MAQO) B ombiTax in Vitro. Mctounukom
¢depmenTa ciyxun 50% romoreHaT Mo3ra KpbIC, IOJIy4€HHbIH TyTeM roMo-
TeHU3UPOBaHMUS MO3ra B CTEKJIIHHOM I'OMOTI'€HHU3aTOpE C PaBHBIM 00BEMOM
2.5% pactBOpa neteprenra «apkonam». AkTuBHOCTE MAO ompenensuin B
nonydyeHHoM 50% romoreHare mMo3ra B IMpOLEHTax K KOoHTpoiw. 3a 100%
IIPUHATA UHTEHCUBHOCTh Ae3aMuHUpoBaHus 5-OT B KOHTPOJIBHBIX Mpodax.
CpenHue 3HaueHUs M CTaHJAPTHbIE OIMOKH BbICUMTaHbI U3 3-4 onbITOB. Pe-
3ylbTaThl OMBITOB oOpaboranbl mo metonxy CrhiogeHTa-®Oumepa [22,23]

(Tabi.).
Tabruya
JlaHHBIE 0 AHTHMOHOAMHHOKCH/IA3HOH aKTHBHOCTH
HEKOTOPBbIX CHHTe3MPOBAHHBIX COEMHEHMUIH
Ha akTuBHOCTL MAQ B ycJoBusX in Vitro
Coennnenne 3amecTuTeNb Nurubupos. MAO, % | lo3a, mxmonv/mn
4 H 27+7 5
5 CH,3 3343 5
6 CyHs 34+4 5
7 CsHy 0 5
8 CH,CH=CH, 43+5 5
9 CsHg 62+6 5
10 CH,C(CH3)=CH, 40+3 5
11 CH,COOEt 60+5 5
12 CH3CgH4 50+6 5

89




3KCHepI/IMeHTaﬂbHaﬂ 4acThb

HK-cniextpsl cHATHI Ha cnekTpodoTomerpe «FT-IR NEXUS» B Bazenu-
HOBOM Macie, criektps SIMP *H u **C — na npu6ope «Varian Mercury-300»,
¢ yactoTtoil coorBeTcTBeHHO 300.8 U 75.46 MIYy, BHyTpeHHUN CTaHIApT —
TMC unmu I'MJIC, pactBopurens: DMSO/CCl, — 1/3. TCX npoBenena Ha
mnactunkax «Silufol®», mposuTens — maps foxa.

3-(2,2-IumeTuarerparuapo-2H-nupan-4-mn)-2-Tuokco-2,3-1urua-
po-1H-cnupo[6en3o[h]xunazonun-5,1"-uukiionenran]-4(6H)-on 4).
Cwmecp 2.71 2 (0.01 mons) stun 4'-amunHo-1'H-criupo[uukionenran-1,2'-
nadranun]-3'-kapookcunara (1), 1.73 2 (0.01 mons) 4-usorHonuanato-2,2-
aumetwiteTparuapo-2H-mupana [17] u 20 mz 3TaHONA KUIATIT ¢ 0OPATHBIM
XOJNOAWIbHUKOM B TeueHue 20 u. mobOaBistoT pactop 1.12 2 (0.02 mons)
ruapokcuna kaust B 10 mz BOABI U CMECh KUILITAT B TeYeHUE S5 y. OxXiax-
JAI0T U NpU nepeMenuBaiuu noakucisitor 10% consnoit kucinoroit 1o pH
3.0-3.5. OOpa3oBaBimecss KPUCTALIBI OTQHIBTPOBBIBAIOT, IIPOMBIBAIOT BO-
J0M ¥ MEepeKpPHUCTAUTU30BBIBAOT U3 dTaHona. [lomyuaror 1.75 2 (44%) 2-
tHOKcoOeH30[h|xunazomuua 4, 1. wr 194-196°C, R 0.78 (sTmnamerar-
HonaH, 2:1). MK-crextp, v, cn:1089 (C-O-C); 1600 (C=C apom); 1629
(C=C); 1666 (C=0); 3400 (NH). Cnextp SIMP *H, m.x., I'y: 1.22 (c, 3H,
CHgs trm), 1.31 (c, 3H, CH3 trm), 1.31-1.42 (M, 2H, muxnonenTan), 1.49-1.60
(M, 2H, trm), 1.61-1.75 (M, 2H, muknonentan), 1.78-1.94 (M, 2H, nukionex-
taH), 2.02-2.20 (M, 2H, nmknonenran), 2.55 (1, 1H, J=12.6, trm), 2.75 (c,
2H, C6H,), 2.76 (nar, 1H, J=18.3, 12.1, 6.1, trn), 3.69 (ar, 1H, J=12.1, 2.3,
trn), 3.76 (nan, 1H, J=12.1, 6.1, 1.7, tro), 6.14 (rt, 1H, J=12.6, 4.0, Trn),
7.14-7.19 (m, 1H, apom.), 7.24-7.38 (m, 2H, apom.), 7.92-7.97 (m, 1H,
apom.), 11.95 (¢, 1H, NH). Crextp SIMP 2C, 5, m.i1.: 21.6 (CHsyp), 25.4
(2XCH2uHKHOHeHTaH)l 274 (CHZTrn)a 314 (CH3TFH)! 349 (CHZL[HKnoneHTaH)v 352
(CHawsonerran)s 37-3 (CHa), 42.2 (C6Hy), 43.0 (C5), 55.7 (CH.y), 60.7
(CHam), 72.2 (Ci), 118.7 (C4.), 124.6 (CHapow), 125.5 (Cypon), 126.2
(CHapow), 127.8 (CHgpow), 130.4 (CHapow), 136.7 (Copon), 142.3 (C10p),
159.7 (C4), 176.5 (C2). Haiineno, %: C 69.82; H 7.20; N 6.94; S 8.15.
Ca3H2sN,0,S. Beruncneno, %: C 69.66; H 7.12; N 7.06; S 8.09.

2-Tnozamemennbie  3-(2,2-mumernarerparuapo-2H-nupan-4-ui)-
3H-ciupo|6en3o[h]xunazonun-5,1"-uukiaonenran]-4(6H)-on (5-16) (06-
1asi MeTOAMKA). B peakiimoHHy10 KoJI0y ¢ 0OpaTHBIM XOJIOIMIHBHUKOM TI0-
memnart cmech 1.98 2 (0.005 mons) 2-tnokcobenso[h]xunazonuna 4, 0.34 2
(0.005 moxns) rumpoxcuna kanus, 30 Mz aOCOFOTHOTO ATaHOA U KUIATAT 10
mun. 3ateM no6asisttot 0.005 mons ankuiaranoreHuaa U MpoJoDKAIOT KUTIS-
yeHue eule 12 y. PeakmoHHyI0 cMech OXJlaxkaaroT, pa3dasistor 20 mr Bo-
1l [TosrydeHHBIH 0caJ0K OT(GUIBTPOBBIBAIOT U MEPEKPUCTAIUIU30BBIBAIOT U3
3TaHOJA.
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3-(2,2-AumeTnarerparugpo-2H-nupan-4-ui)-2-merTuirno-3H-
cnupo[oen3o[h]xuHa3zoaun-5,1"-uukiaonenran]-4(6H)-on  (5). Brixox
192 (93%), 1. mn. 218-219°C, Rf 0.72 (stunaunerar-nonan, 2:1). K-
criektp, v, et 1085 (C-O-C); 1605 (C=C apom); 1654 (C=0). Cuekrp
SIMP H, m.1., Iy: 1.25 (c, 3H, CH3 tro), 1.30 (c, 3H, CH3 trm), 1.34-1.48
(M, 2H, muknonenTan), 1.49-1.61 (M, 2H, trm), 1.62-1.76 (M, 2H, mukmonen-
tan), 1.79-1.95 (M, 2H, muknonenran), 2.07-2.30 (M, 2H, nukimoneHTan),
2.68 (¢, 3H, S-CHy), 2.74 (1, 1H, J=12.6, Trn), 2.78 (c, 2H, C6H,), 2.94 (nar,
1H, J=18.3, 12.1, 6.1, Tro), 3.66 (ar, 1H, J=12.1, 2.3, tro), 3.81 (oun, 1H,
J=12.1, 6.1, 1.7, Trm), 4.56 (ur.c., 1H, 1rm),7.09-7.14 (m, 1H, apom.), 7.20-
731 (v, 2H, apom.), 8.01-8.06 (M, 1H, apom.). Crextp SIMP C, §, m.a.:
148 (S_CH3)1 212 (CH3TFH)5 253 (CHZLIHKnoneHTaH)x 254 (CHzLII/IKJ'IOHCHTaH)’ 275
(CH2TFH)1 31.0 (CH3TFH)1 35.1 (CHZHHKnoneHTaH)n 35.4 (CHZHHKnoneHTaH)v 37.5
(CHypy), 42.1 (C6Hy), 43.2 (C5), 54.8 (CHyy), 60.2 (CHapy), 71.7 (Cir),
122.0 (C4,), 1246 (CHayon), 1259 (CHgpon), 127.2 (CHgpow), 129.3
(CHapow.), 132.0 (Cypon), 136.4 (Cypon), 150.2 (C10y), 157.9 (C2), 160.8 (C4).
Haiineno, %: C 70.37; H 7.53; N 6.94; S 7.94. Cy4H3yN20,S. Beruucieno,
%: C 70.21;, H 7.36; N 6.82; S 7.81.

3-(2,2-Iumernarerparuapo-2H-nupan-4-un)-2-3runrno-3H-
cnupo|[6en3o[h]|xunazonaun-5,1"-unkiaonenran]-4(6H)-on  (6). Brixox
192 (89%), 1. mn. 157-158°C, Rf 0.75 (stunmanerar-nonan, 2:1). UK-
criextp, v, e 1090 (C-O-C); 1664 (C=0). Crextp SIMP *H, m.11., I'y: 1.25
(c, 3H, CH3 1rm), 1.30 (c, 3H, CH3 trm), 1.34-1.48 (M, 2H, muknonenTan),
1.49 (1, 3H, J=7.3, S-CH,-CHj3), 1.49-1.61 (m, 2H, trm), 1.62-1.76 (M, 2H,
nukionenrtan), 1.79-1.95 (m, 2H, nuknonenran), 2.07-2.30 (M, 2H, nuxmno-
neHran), 2.73 (r, 1H, J=12.6, Ttrmo), 2.78 (c, 2H, C6H,), 2.93 (aar, 1H,
J=18.3, 12.1, 6.1, tro), 3.31 (x, 2H, J=7.3, S-CH,-CHj3), 3.66 (at, 1H,
J=12.1, 2.3, trn), 3.80 (mun, 1H, J=12.1, 6.1, 1.7, trm), 4.54 (m.c., 1H,
trm),7.09-7.14 (m, 1H, apom.), 7.20-7.31 (m, 2H, apom.), 7.96-8.01 (M, 1H,
apom.). Criektp SIMP B¢, s, mor: 13.7 (S-CH2-CHs), 21.4 (CHsyyy), 25.5
(CHayugronerran)s 25.5 (CHawuxnonenran), 26.4 (S-CH,-CHg), 27.7 (CHaypy), 31.2
(CH3TFH)1 35.3 (CHZHI/IKIIOHCHTS.H)I 35.6 (CHZHHKnoneHTaH)l 31.7 (CH2TFH)7 42.3
(C6H,), 43.4 (C5), 54.9 (CH,), 60.4 (CHyuy), 71.9 (Cu), 122.3 (C4,),
124.6 (CHapon), 126.1 (CHapou), 127.4 (CHgpon), 129.5 (CHypon), 132.2
(Capon.), 136.6 (Cypon), 150.4 (C10p), 157.7 (C2), 161.1 (C4). Haiineno, %: C
70.55; H 7.76; N 6.51; S 7.36. CysH3,N,0,S. Brruncieno, %: C 70.72; H
7.60; N 6.60; S 7.55.

3-(2,2-AnmeTnarerparuapo-2H-nupan-4-ui)-2-nponuaruo-3H-
cnupo[oen3o[h]xuHa3zoaun-5,1"-uukiaonenran]-4(6H)-on (7). Brixox
212 (96%), T. . 147-148°C, Rf 0.73 (srtumanerar-sHonan, 2:1). UK-
criektp, v, et 1085 (C-O-C); 1600 (C=C apom); 1662 (C=0). Crektp
AMP *H, m.a., I'y: 1.12 (t, 3H, J=7.3, S-CH,-CH,-CH3), 1.25 (¢, 3H, CHs,
trm),1.30 (c, 3H, CH3 trm), 1.34-1.48 (M, 2H, mukionenTan), 1.49-1.61 (m,
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2H, trm), 1.62-1.76 (M, 2H, uukionenrtan), 1.78-1.95 (M, 4H, CHyuyuxonenrans
S-CH,-CH,-CHj3), 2.07-2.30 (M, 2H, muxnonenTan), 2.73 (t, 1H, J=12.6,
trn), 2.77 (¢, 2H, C6H,), 2.94 (mar, 1H, J=18.3, 12.1, 6.1, Ttrm), 3.27 (ar,
2H, J=7.1, 2.9, S-CH»-CH,-CHj3), 3.67 (ar, 1H, J=12.1, 2.3, Trmo), 3.81 (nax,
1H, J=12.1, 6.1, 1.7, tro), 4.57 (m.c., 1H, Trm), 7.09-7.14 (m, 1H, apom.),
7.20-7.31 (M, 2H, apom.), 7.94-7.99 (M, 1H, apom.). Crextp SIMP 3C, 3§,
m.a.: 13.0 (S-CH,-CHs), 21.2 (CHsyy), 21.6 (S-CHp-CH,-CH3), 25.3
(CH2HHKH0H6HTaH)l 25.3 (CHZHPIKJ'IOHeHTaH)l 27.5 (CHZTFH)l 31.0 (CH31‘rn)v 33.8 (S'
%Z'CHZ'CHZ%); 35.1 (CHZIII/IKJIOHCHTaH)! 354 (CHZHI/IKHOHCHTaH)! 37.5 (CHzTFH)v
42.1 (C6H,), 43.2 (C5), 54.8 (CHy), 60.2 (CHaqp), 71.7 (Cypn), 122.1 (C4,),
124.3 (CHgpon), 125.9 (CHypon), 127.2 (CHapow), 129.3 (CHypon), 132.0
(Capon.), 136.4 (Cypon), 150.2 (C10p), 157.6 (C2), 160.9 (C4). Haiineno, %: C
71.09; H 7.62; N 6.28; S 7.35. CysH34N20,S. Boruucneno, %: C 71.19; H
7.81; N 6.39; S 7.31.
2-Annniarno-3-(2,2-numerniarerparuapo-2H-nupan-4-uin)-3H-
cnupo[6en3o[h]|xunazonun-5,1"-unkiaonenran]-4(6H)-on  (8). Brixox
1.82 (82%), 1. mmn. 125-126°C, Rf 0.75 (stunauerar-aonan, 2:1). MK-
criexTp, v, et 1088 (C-O-C); 1605 (C=C apom); 1653 (C=0). Cnektp
SIMP H, m.1., TIy: 1.25 (c, 3H, CH3, trom), 1.30 (c, 3H, CH3 trm), 1.34-1.48
(M, 2H, muknonenran), 1.49-1.61 (M, 2H, trm), 1.62-1.76 (M, 2H, nukioneH-
taH), 1.79-1.95 (M, 2H, mukmonenran), 2.07-2.30 (M, 2H, nuxioneHran),
2.73 (1, 1H, J=12.6, tro), 2.78 (c, 2H, C6Hy), 2.93 (mar, 1H, J=18.3, 12.1,
6.1, Tro), 3.66 (ar, 1H, J=12.1, 2.3, Ttro), 3.80 (mmn, 1H, J=12.1, 6.1, 1.7,
tri), 3.97 (ar, 2H, J=7.0, 1.2, S-CH,-CH=CH,), 4.54 (uu.c., 1H, Trm), 5.20
(mk, 1H, J=10.1, 1.2, S-CH,-CH=CH,), 5.38 (uk, 1H, J=17.0, 1.2, S-CH,-
CH=CH,), 6.03 (aar, 1H, J=17.0, 10.1, 7.0, S-CH,-CH=CHy), 7.09-7.14 (m,
1H, apom.), 7.21-7.32 (M, 2H, apom.), 7.97-8.02 (M, 1H, apom.). Cnektp
SMP °C, 8, Mt 21.2 (CHam), 25.3 (CHaunonemran)s 25.3 (CHaumcnonenrar):
27.5 (CHZTFH)’ 31.0 (CH3TFH)1 34.6 (S-ﬁg'CH:CHz), 35.1 (CH2HI/IKII0H€HT8.H)1
35.34 (CHauuxsonenran)s 37-5 (CHayy), 42.1 (C6H,), 43.2 (C5), 54.8 (CH,py),
60.2 (CHym), 71.7 (Ciy), 118.4 (S-CH,-CH=CH,), 122.2 (C4,), 1245
(CHapon), 126.0 (CHapon), 127.2 (CHapow), 129.3 (CHapou), 131.9 (Capon),
132.1 (S-CH,-CH=CH,), 136.4 (C,pon), 150.2 (C10,), 157.0 (C2), 160.8
(C4). Haiineno, %: C 71.62; H 7.54; N 6.58; S 7.25. CxH3,N,0,S. C 71.52;
H 7.39; N 6.42; S 7.34.
2-Byruwirno-3-(2,2-numerniarerparuapo-2H-nupan-4-ni)-3H-

cnupo|[oen3o[h]xuna3zonun-5,1"-unkaonenran]-4(6H)-on  (9). Brixox
2.22 (973%), 1. mn. 125-126°C, Rf 0.76 (srunanerar-svonan, 2:1). UK-
criextp, v, et 1086 (C-O-C); 1600 (C=C apom); 1653 (C=0). Crnextp
AMP 'H, m.a., I'y: 1.01 (1, 3H, J=7.3, S-CH»-CH,-CH,-CHj3), 1.25 (c, 3H,
CHgs 1rm),1.30 (c, 3H, CH3 trm), 1.34-1.48 (M, 2H, muknonenran), 1.49-1.61
(M, 4H, CHyuyonenrans S-CH2-CH,-CH,-CH3), 1.62-1.76 (M, 2H, nmkio-
neHTan), 1.75-1.95 (M, 4H, CHayuronenran, S-CH2-CH,-CH,-CH3), 2.07-2.30
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(M, 2H, tukmonenTan), 2.73 (1, 1H, J=12.6, tro), 2.77 (¢, 2H, C6H,), 2.94
(mar, 1H, J=18.3, 12.1, 6.1, Trm), 3.28 (ar, 2H, J=7.1, 2.9, S-CH,-CH,-CH;-
CHs), 3.66 (ar, 1H, J=12.1, 2.3, Trn), 3.80 (nox, 1H, J=12.1, 6.1, 1.7, Tro),
4.57 (u.c., 1H, trm), 7.09-7.14 (M, 1H, apom.), 7.20-7.31 (M, 2H, apom.),
7.94-7.99 (M, 1H, apom.). Crextp SIMP °C, 8, m.x1.: 13.2 (S-CH,-CH,-CH,-
%3)1 212 (CH3TFH)1 215 (S'CHZ'CHz-%g‘CH:g), 25.3 (CHzLII/IKJ'IOHCHTaH)’ 253
(CHauugronerran)s 27.5 (CHay), 30.2 (S-CH,-CH,p-CH,-CHs), 31.0 (CHayy),
31.6 (S-CH,-CH»-CH,-CHs), 35.1 (CHawunonenran)s 35-4 (CHauuxnonenran), 37.5
(CHZTFH)’ 42.1 (C6H2)1 43.2 (C5), o4.7 (CHTFH)! 60.2 (CHZTrn)v 71.7 (CTFH)v
122.1 (C4,), 1243 (CHapon), 1259 (CHgpom), 127.2 (CHgpow), 129.3
(CHapow), 132.0 (Cypon.), 136.4 (Cypon), 150.2 (C10y), 157.6 (C2), 160.9 (C4).
Hatineno, %: C 71.48; H 8.19; N 6.34; S 7.24. C»;H3N,0,S. Beraucieno,
%: C 71.64; H 8.02; N 6.19; S 7.08.
3-(2,2-IumeTnarerparnapo-2H-nupan-4-ui)-2-MeTananaTuo-3H-

cnupo[oen3o[h]xuHa3zoiaun-5,1"-nukiaonenran]-4(6H)-on  (10). Brixox
2.02 (89%), 1. . 144-145°C, Rf 0.74 (stumanerar-sHonan, 2:1). UK-
criextp, v, emt: 1079 (C-O-C); 1600 (C=C apom); 1657 (C=0). Crextp
SAMP H, m.a., I'y: 1.25 (¢, 3H, CH3 trm), 1.31 (¢, 3H, CHs trm), 1.34-1.48
(M, 2H, muknonenran), 1.49-1.61 (M, 2H, trm), 1.62-1.76 (M, 2H, nukioneH-
taH), 1.79-1.95 (m, 2H, tukmonenTan), 1,.91 (1, 3H, J=1.3, CHj3), 2.07-2.30
(M, 2H, nukmonenTan), 2.74 (1, 1H, J=12.6, Tro), 2.78 (¢, 2H, C6H,), 2.94
(mar, 1H, J=18.3, 12.1, 6.1, trm), 3.67 (ar, 1H, J=12.1, 2.3, trn), 3.81 (amux,
1H, J=12.1, 6.1, 1.7, Trm), 4.00 (1, 1H, J=13.1, S-CHy), 4.05 (1, 1H, J=13.1,
S-CHy), 4.60 (m.c., 1H, Trm), 4.94 (1, 1H, J=1.3, =CHy), 5.10 (1, 1H, J=1.3,
=CHy,), 7.09-7.14 (m, 1H, apom.), 7.21-7.32 (m, 2H, apom.), 7.97-8.02 (m,
1H, apom.). Crmekrp SIMP °C, &, m.a.: 21.1 (CH3), 21.3 (CHsyy), 25.3
(CHZHHKHOHGHTaH)l 254 (CHZHI/IKJTOHeHTaH)! 276 (CHZTFH)l 311 (CH3TFH)135'1
(CHawnmonenran)s 354 (CHawncronenran)y  37.6 (CHamm), 38.8 (S-CHy), 42.1
(C6H,), 43.2 (C5), 54.8 (CH,v), 60.2 (CHu), 71.7 (Cuv), 114.9
(=CH,),122.2 (C4,), 124.5 (CHapon), 126.0 (CHapown), 127.3 (CHapon), 129.4
(CHapow), 131.9 (Cypon), 136.4 (Cypon), 138.9 (C=CHy), 150.1 (C10y), 157.2
(C2), 160.9 (C4). Haiineno, %: C 71.90; H 7.51; N 6.34; S 7.27.
C»7H34N»0,S. Beruncneno, %: C 71.96; H 7.60; N 6.22; S 7.12.

Otun 2-{[3-(2,2-numernarerparuapo-2H-nmupau-4-uwi)- 4-okco-4,6-
auruapo-3H-cimpo|[6enso[h]xunazonuu-5,1"-uuknonenran|-|-2-
wi|tuo}auerar (11). Beixon 2.1 2 (87%), 1. . 127-129°C, Rf 0.66 (3Tmi-
anerar-HonaH, 2:1). UK-cnektp, v, en™ 1090 (C-O-C); 1600 (C=C apom);
1654 (C=0); 1740 (C=0). Cnextp SIMP *H, m.x1., I'y: 1.26 (1, 3H, J=7.1, O-
CH,-CH3), 1.26 (c, 3H, CH3 trm), 1.33 (¢, 3H, CH3 trm), 1.34-1.48 (M, 2H,
nukionenrtan), 1.55-1.67 (m, 2H, trm), 1.62-1.76 (M, 2H, nuknoneHraH),
1.79-1.95 (m, 2H, nuknonenran), 2.06-2.30 (M, 2H, nukionenran), 2.73 (T,
1H, J=12.6, trm), 2.77 (¢, 2H, C6H,), 2.95 (maT, 1H, J=18.3, 12.1, 6.1, Trm),
3.70 (T, 1H, J=12.1, 2.3, trnn), 3.82 (ann, 1H, J=12.1, 6.1, 1.7, trm), 4.01 (c,
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2H, S-CHy), 4.14 (x, 2H, J=7.1, O-CH,-CHj3), 4.54 (w.c., 1H, Trm), 7.08-7.13
(M, 1H, apom.), 7.20-7.31 (M, 2H, apom.), 7.95-8.00 (m, 1H, apom.). Criextp
SIMP C, 8, m.n.: 13.7 (O-CHp-CH3), 21.2 (CHsy), 25.3 (CHawscronerras),
25.3 (CHayuyuconenran), 27.6 (CHappy), 31.0 (CHspy), 34.0 (S-CHyp), 35.1
(CHawnonerran)s 39-4 (CHownonenran)s 37.6 (CHa), 42.0 (C6Hy), 43.1 (C5),
55.2 (CHyy), 60.2 (CHaym), 60.7 (O-CHp-CHs), 71.7 (Cyy), 122.4 (C4,),
124.7 (CHapow), 125.9 (CHypom), 127.2 (CHapow), 129.4 (CHypon), 131.7
(Capom), 136.4 (Cypon), 150.2 (C10y), 156.6 (C2), 160.7 (C4), 167.0 (C=0).
Haiineno, %: C 67.32; H 7.21; N 5.94; S 6.51. C,7H3;N,0,4S. Brruucieno,
%: C 67.19; H 7.10; N 5.80; S 6.64.
2-Ben3natuo-3-(2,2-mumermwiirerparuapo-2H-mupan-4-ui)-3H-
cnupo[oen3o[h]xuHa3zoaun-5,1"-uukiaonenran]-4(6H)-on  (12). Beixon
242 (98%), t. . 161-163°C, Rf 0.80 (stmmanerar-Honan, 2:1). UK-
criextp, v, emt: 1085 (C-O-C); 1600 (C=C apom); 1661 (C=0). Crmextp
SAMP H, m.a., I'y: 1.24 (¢, 3H, CH3 Trm), 1.27 (¢, 3H, CHs trm), 1.35-1.49
(M, 2H, muknonenran), 1.49-1.61 (M, 2H, trm), 1.62-1.76 (M, 2H, nukioneH-
taH), 1.79-1.95 (M, 2H, nmknomnenran), 2.09-2.31 (M, 2H, nuknonenran),
2.74 (1, 1H, J=12.6, Trm), 2.79 (c, 2H, C6H,), 2.92 (ant, 1H, J=18.3, 12.1,
6.1, trn), 3.64 (ar, 1H, J=12.1, 2.3, tro), 3.78 (mun, 1H, J=12.1, 6.1, 1.7,
trn), 4.53(m.c., 1H, tro), 4.54 (0, 1H, J=13.1, S-CH,), 4.59 (1, 1H, J=13.1,
S-CHy), 7.10-7.15 (m, 1H, apom.), 7.20-7.35 (M, SH, apom.), 7.39-7.45 (m,
2H, apom.), 8.00-8.05 (m, IH, apom.). Cmexktp SIMP C, &, m.x.: 21.3
(CH3TFH)1 25.3 (CHZHI/IKHOHCHTaH)I 25.3 (CH2H14KJ10H6HT3H)I 27.5 (CH2Trn)v 31.0
(CH3TI‘H)1 351 (CHZHHKnoneHTaH)y 353 (CHZHHKHOHGHTaH)! 365 (S'CH2)1 375
(CHy:m), 42.1 (C6Hy), 43.2 (C5), 55.1 (CH,y), 60.2 (CHyyyy), 71.7 (Cirw),
122.4 (C4,), 124.6 (CHapon), 126.0 (CHapon), 127.0 (CHupow), 127.3
(CHapow), 128.0 (2xCHgpon), 128.7 (2XCHapou), 129.3 (CHgpon), 131.9
(Capow)s 135.2 (Capon), 136.4 (Cypon), 150.2 (C10y), 157.3 (C2), 160.8 (C4).
Haiineno, %: C 74.22; H 7.13; N 5.89; S 6.45. C3H34N,0,S. C 74.04; H
7.04; N 5.76; S 6.59.
3-(2,2-AumeTuarerparuapo-2H-nupan-4-ui)-2-[(4-xsiopoen-
3mi1)THo]-3H-cnupo[6en3o[h]|xunazonun-5,1"-unkaonenran]-4(6H)-on
(13). Beixox 2.1 2 (80%), . . 192-193°C, Rf 0.81 (srmnanerar-HoHaH,
2:1). MUK-cnextp, v, em™ 1082 (C-O-C); 1604 (C=C apom); 1663 (C=0).
Crextp IMP *H, m.i., I'y: 1.24 (¢, 3H, CHs Trm), 1.27 (¢, 3H, CHs, Trm),
1.35-1.49 (m, 2H, muknonenTan), 1.49-1.61 (M, 2H, Tro), 1.62-1.76 (m, 2H,
nuKionenrtan),1.79-1.95 (m, 2H, mukmonenTan), 2.08-2.30 (M, 2H, mukio-
nenran), 2.73 (r, 1H, J=12.6, trno), 2.79 (c, 2H, C6H,), 2.92 (aar, 1H,
J=18.3, 12.1, 6.1, trm), 3.64 (ar, 1H, J=12.1, 2.3, Tro), 3.79 (ann, 1H,
J=12.1,6.1,1.7, trn), 4.52 (1r.c., 1H, Trm), 4.54 (n, 1H, J=13.2, S-CH,), 4.59
(n, 1H, J=13.2, S-CHy), 7.11-7.16 (M, 1H, apom.), 7.21-7.33 (m, 4H, apom.),
7.40-7.46 (m, 2H, apom.), 7.98-8.03 (m, 1H, apom.). Cnektp SIMP °C, 3,
M.J.: 21.2 (CH3TFH)1 253 (CHZIII/IKJ'IOHCHTaH)’ 25.3 (CHZLIPIKJ'IOHCHTB.H)1 27.5 (CHZTrn);
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31.0 (CH3ym), 35.1 (CHamucronenran), 39-3 (CHawmconerran), 39.5 (S-CHy), 37.5
(CHyim), 42.0 (C6Hy), 43.2 (C5), 55.0 (CH,y), 60.2 (CHayy), 71.7 (Cor),
1225 (C4,), 1245 (CHuyoun), 126.0 (CHgpon), 127.3 (CHgpow), 128.1
(2%CHapow.), 129.4 (CHapow.), 130.2 (2XCHypon), 131.8 (Capon.), 132.6 (Capon),
134.4 (Cypom.), 136.4 (Cypon), 150.2 (C10y), 157.0 (C2), 160.7 (C4). Haiine-
Ho, %: C 69.02; H 6.54; N 5.44; S 6.26. C3yH33CIN,0,S. Beruncneno, %: C
69.14; H 6.38; N 5.38; S 6.15.

2-{[2-(4-Bpompenu.t)-2-0kcodITHI| THO}-3-(2,2-ANMETHITETPAT HIPO-
2H-nupan-4-un)-3H-ciimpo|[6en3o[h]xunazommu-5,1"-uukiaonenran|-
4(6H)-ou (14). Beixox 2.6 2 (88%), T. 1. 198-199°C, Rf 0.73 (stmnanerar-
HoHaH, 2:1). UK-crextp, v, cn’: 1086 (C-O-C); 1605 (C=C apom); 1659
(C=0); 1699 (C=0). Cnextp IMP *H, m.xt., I'y: 1.27 (¢, 3H, CH3, trm), 1.29-
1.43 (m, 2H, nuxnonentan), 1.35 (c, 3H, CHj trm), 1.57-1.74 (m, 4H,
CHaconenrans CH2orm)y 1.77-1.93 (M, 2H, nmknonenran), 2.03-2.26 (M, 2H,
nuKJIonenTan), 2.72 (c, 2H, C6H,), 2.75 (t, 1H, J=12.6, trm), 2.96 (aar, 1H,
J=18.3, 12.1, 6.1, trm), 3.72 (ar, 1H, J=12.1, 2.3, Trm), 3.83 (mmm, 1H,
J=12.1, 6.1, 1.7, tror), 4.65 (wr.c., 1H, trm), 4.77 (a, 1H, J=16.8, S-CHy), 4.83
(m, 1H, J=16.8, S-CHy), 6.77-6.85 (M, 1H, apom.), 7.01-7.06 (M, 1H, apom.),
7.12-7.20 (m, 1H, apom.), 7.35-7.40 (M, 1H, apom.), 7.66-7.71 (m, 2H,
apom.), 7.97-8.02 (M, 2H, apom.). Criekrp SIMP C, 8, m.1.: 21.3 (CHsqm),
253 (CH2LIHKJ'[OHCHTaH)l 253 (CH2HHKJ'[0HCHTaH)! 276 (CHZTITI)! 311 (CH3Tm)1 351
(CHZuMKnoneHTaH)a 35.3 (CHZLII/IKJ'IOHCHTaH)! 37.6 (CHzTFH)! 39.1 (S-CHg), 42.0
(C6H,), 43.2 (C5), 55.2 (CH,y), 60.2 (CHyyy), 71.8 (Cyw), 122.3 (C4,),
124.4 (CHapow), 125.6 (CHapow), 127.1 (CHapow), 127.5 (Cypon), 129.2
(CHapowm.)s 129.8 (2XCHapow.), 131.3 (2%CHapou.), 131.4 (Cypon), 134.7 (Capons),
136.2 (Capon), 150.1 (C10y), 156.7 (C2), 160.7 (C4), 190.6 (S-CH,-C(O)).
HaﬁI[CHO,%: C 6290; H 548; N 454; S 5.25. C31H338rN2038.
Brrancieno,%: C 62.73; H 5.60; N 4.72; S 5.40.

2-{[-(2,2-AumeTuarerparuapo-2H-nupan-4-ui)-4-oxco-4,6-
auruapo-3H-cimpo[6enso[h]xunazonuu-5,1"-uuknonenran]-2-ui]Tuo}-
N-¢pennmnaneramun (15). Bexog 2.1 2 (79%), 1. mr. 215-216°C, Rf 0.68
(stunauerar-tonan, 2:1). MK-cnektp, v, en™: 1077 (C-O-C); 1602 (C=C
apom); 1654 (C=0); 3251 (NH). Cnextp SIMP *H, m.x., I'y: 1.28 (c, 3H,
CHgs trm), 1.35 (c, 3H, CH3 Trm), 1.36-1.48 (M, 2H, muxnonenTan), 1.58-1.76
(M, 4H, CHouuconenrans CHaorn), 1.79-1.95 (M, 2H, nukmonenran), 2.08-2.29
(M, 2H, mukionenran), 2.75 (¢, 2H, C6H,), 2.76 (1, 1H, J=12.6, Trm), 2.96
(muor, 1H, J=18.3, 12.1, 6.1, trm), 3.72 (at, 1H, J=12.1, 2.3, trn), 3.83 (mun,
1H, J=12.1, 6.1, 1.7, tr1), 4.12 (a, 1H, J=15.3, S-CH;), 4.17 (a, 1H, J=15.3,
S-CHy), 4.64 (mw.c., 1H, tro), 6.97-7.11 (M, 3H, apom.), 7.18-7.29 (m, 3H,
apom.), 7.57-7.64 (m, 2H, apom.), 8.03-8.09 (M, 1H, apom.), 10.14 (c, 1H,
NH). Crextp SIMP 2°C, 8, m.a.: 21.3 (CHsm), 25.3 (CHawunonenran), 25.3
(CquHKJ'IOITeHTaH)l 276 (CHzTT‘l'l)! 311 (CH3TFH)| 351 (CH2unKnoneHTaH)1 353
(CHamucnonenran), 36.9 (S-CHy), 37.6 (CHyypy), 42.1 (C6Hy), 43.2 (C5), 55.3
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(CHym), 60.3 (CHapy), 71.8 (Cim), 118.9 (2XCHypon), 122.4 (C4,), 122.7
(CHappow), 1252 (CHgpow), 126.1 (CHgpow), 127.1 (CHgpon), 128.0
(2%CHypon)s 129.2 (CHupow), 1318 (Capon), 1362 (Capon)s 138.7 (Copons)
150.4 (C10y), 157.6 (C2), 160.7 (C4), 164.2 (S-CH,-C(0O)). Haiineno, %: C
70.38; H 6.63; N 7.84; S 6.22. C3;H35N303S. Boruucneno, %: C 70.29; H
6.66; N 7.93; S 6.05.
2-{[-(2,2-IumeTnarerparugpo-2H-nupan-4-ui)-4-oxco-4,6-
auruapo-3H-cimpo[6enso[h]xunazonuu-5,1"-uuKknonentan|-2-ui]Tuo}-
N-(m-tosmn)aneramua (16). Beixon 1.5 2 (55%), 1. ur. 198-199°C, Rf 0.70
(stunauerar-uonan, 2:1). UK-cnektp, v, e 1079 (C-O-C); 1604 (C=C
apom); 1664 (C=0); 3293 (NH). Crektp IMP *H, m.x., Iy: 1.27 (c, 3H,
CHg3 trm), 1.34 (c, 3H, CH3 Trm), 1.35-1.48 (M, 2H, muxnonenTan), 1.57-1.75
(M, 4H, CHoynonerrans CHorrn), 1.77-1.93 (M, 2H, mukmnonenran), 2.07-2.29
(M, 2H, uukmnonenran), 2.30 (c, 3H, CHs-Ph), 2.75 (c, 2H, C6Hy), 2.75 (T,
1H, J=12.6, Trm), 2.96 (axr, 1H, J=18.3, 12.1, 6.1, Trm), 3.71 (ar, 1H,
J=12.1, 2.3, trm), 3.82 (muu, 1H, J=12.1, 6.1, 1.7, trn), 4.08 (a1, 1H, J=15.3,
S-CHy), 4.14 (n, 1H, J=15.3, S-CH,), 4.62 (u.c., 1H, trm), 7.00-7.11 (M, 4H,
apom.), 7.18-7.26 (M, 1H, apom.), 7.43-7.49 (M, 2H, apom.), 8.03-8.09 (M,
1H, apom.), 10.03 (c, 1H, NH). Crextp SIMP °C, §, m.x.: 20.3 (CHs-Ph),
21.3 (CH3TFH)’ 253 (CHZUMKJloneHTaH)l 25.4 (CH2um<n0neuTaﬂ)n 27.6 (CHZTrn)v 311
(CH3TFH)1 351 (CH2L1m<noneHTaH)y 353 (CHZHHKHOHeHTaH)! 369 (S'CH2)1 376
(CHaypm), 42.1 (C6H,), 43.2 (C5), 55.2 (CHywy), 60.3 (CHau), 71.8 (Cirw),
118.9 (2xCHapon), 122.3 (C4,), 125.3 (CHupon), 126.1 (CHgpon), 127.1
(CHapow), 128.5 (2xCHgpoun.), 129.3 (CHapou), 131.6 (Capon.), 131.8 (Capon),
136.2 (Capon.), 136.2 (Capon), 150.4 (C10p), 157.6 (C2), 160.7 (C4), 164.0 (S-
CH,-C(0)). Haiineno,%: C 70.81; H 6.68; N 7.87; S 6.05. C3H37N303S.
Brrancieno,%: C 70.69; H 6.86; N 7.73; S 5.90.
2-T'uapazunnia-3-(2,2-numernarerparuapo-2H-nupau-4-um)-3H-
cnupo[6enso[h]|xunazonaun-5,1"-unkiaonenran]-4(6H)-on  (17). Cwmecs
2.0 2 (005 mons) 2-tnokcobenso[h]xunazonuua 4 u 100 mz ruapaTa ruapa-
3MHA KHISTAT C OOPAaTHBIM XOJIOMMJIBHUKOM 3 u. PeaklMOHHYI0 CMeCh OX-
JaXIA0T ¥ 100aBIsA0T K Hemy 80 mz nensHON Bozbl. BeinmaBmme kpucrai-
JIbI OTWIBTPOBBIBAIOT U TIEPEKPUCTAILTU30BBIBAIOT U3 OyTaHona. [Tomydator
1.42 2 (72%) runpasuna 17, 1. wi. 196-197°C, R¢ 0.38 (stmmanerar-6eH3om,
1:1). VK criextp: v, em™: 1081 (C-O-C); 1604 (C=C Ap); 1635 (C=N); 1659
(C=0); 3330 (NHNH,). Criextp SIMP *H, m.1.: 21 (¢, 3H, CH3 trm), 1.29 (c,
3H, CH3 trm), 1.30-1.43 (M, 3H, CHauynonesrans CHrrn), 1.48-1.75 (m, 3H,
CHacnonenrans CHrrn)y 1.76-1.93 (M, 2H, nuknonenran), 2.07-2.29 (M, 2H,
uukionentan), 2.73 (¢, 2H, CgHy), 2.73-2.85 (m, 2H, trm), 3.64-3.80 (M, 2H,
tri), 4.20-5.20 (m.c., 2H, NHy), 4.44 (M, 1H, 1rm),7.05-7.10 (M, 1H, apom.),
7.18-7.27 (m, 2H, apom.), 7.90-8.60 (mr.c., 1H, NH), 8.05-8.12 (M, 1H,
apom.). Criextp SIMP 13C, o, m.a.: 21.7 (CHsyry), 25.3 (CHowugnonenran), 25.4
(CHZLIHKJ'IOHCHTHH)i 276 (CHZTFH)I 313 (CH3TFH)’ 354 (CHZHHKHOHeHTaH)1 354
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(CHawxnonenran), 41.7 (CHayy), 42.0 (C6H,), 43.5 (C5), 47.3 (CH,y), 60.0
(CHam), 72.0 (Cym), 124.9 (CHypow), 125.3 (C4,), 126.0 (CHypow), 127.1
(CHapow), 129.3 (CHapon), 132.1 (Cupon), 136.1 (Cypon), 145.8 (C2), 151.8
(C10y), 158.7 (C4). Haiineno,%: C 69.89; H 7.83; N 14.38. Cy3H3N,O..
Brruncieno,%: C 70.02; H 7.66; N 14.20.
3-(2,2-IumeTuarerparuapo-2H-nupan-4-un)-3H-
cnupo[6en3o[h|xunazonun-5,1"-unkiaonenran]-4(6H)-on  (18). Cwmecs
1.97 2 (0.005 mons) rugpasuna 17, 0.1 2 (0.002 mons) enxoro xamu, u 30 mu
90% »Tanona KUMIATAT ¢ 0OpaTHEIM XonoawibHUKOM 10 u. Tlocne ynanenus
PacTBOPUTEIII OCTATOK MEPEKPUCTAIUIM30BBIBAIOT M3 OyraHoja. [loaydaroT
1.3 2 (71%) 18, . mn.155-157°C, Rf 0.80 (3tmnanerar-6ensoun, 1:1). UK
criektp: v, cm - 1076 (C-O-C); 1606 (C=C Ap); 1666 (C=0). Crextp SIMP
1H, m.a., [y: 1.26 (c, 3H, CH3 trm), 1.35 (¢, 3H, CH3 trm), 1.38-1.49 (M, 2H,
muktonentan), 1.63-2.05 (M, 8H, 2XCHayuonerrans 2XCHorm), 2.14-2.31 (M,
2H, muknonenran), 2.80 (¢, 2H, C6Hy), 3.79 (ar, 1H, J=12.1, 2.3, Trm), 3.85
(mom, 1H,J=12.1, 6.1, 1.7, trm), 5.03 (tT, 1H, J=12.6, 4.0, Trm), 7.09-7.14 (Mm,
1H, apom.), 7.21-7.31 (m, 2H, apom.), 8.01-8.06 (m, 1H, apom.), 8.31 (c, 1H,
C2H). Crextp SIMP °C, §, m.1.: 21.3 (CHap), 25.3 (CHawusnonenran), 25.4
(CHZunKnoneHTaH)a 31.0 (CH3TFH)I 311 (CH2TFH)I 35.2 (CHZunKnoneHTau)v 35.3
(CHauunonerrran)s 37.1 (CHaypy), 42.6 (C6Hy), 43.1 (C5), 49.6 (CH,y), 60.1
(CHarm), 71.7 (Ciw), 116.7 (C4,), 124.7 (CHapow), 125.6 (CHypon), 126.9
(CHapon), 128.7 (CHapow), 132.8 (Cypon), 136.5 (Cypon), 150.6 (C2), 154.2
(C10y), 161.7 (C4). Haiineno,%: C 75.68, H 7.90, N 7.52. C,3H2sN,0,. Bri-
gucneno,%: C 75.79; H 7.74; N 7.69.
4-(2,2-Iumernarerparuapo-2H-nupan-4-uin)-4H-cnupo[oen-
30[h][1,2,4] Tpna3o.o[4,3-a]xunazonuu-6,1"-uukiaonenran]-5(7H)-on
(19). Cmechb 1.97 2 (0.005 mons) rtuapasuna 17 u 25 ma stunoBoro 3dupa
OPTOMYPAaBbUHOW KHCIIOTBI KHIIATAT C 00OpAaTHBIM XOJIOAWIBHUKOM 15 u. ITo-
clie yIaJeHHUs PacTBOPHUTENS OCTATOK MEPEKPUCTAUIN30BLIBAIOT U3 OyTaHO-
na. IMomygaror 1.0 2 (50%) 19, T. mr. 220-2210°C, Rf 0.45 (3tmmanerar-
6enson, 1:1). MK cnextp: v, em™ 1080 (C-O-C); 1617 (C=C Ap); 1654
(C=0). Cnextp AMP H, m.1., I'y: 1.27 (¢, 3H, CH; trm), 1.37 (¢, 3H, CHs,
tri), 1.38-1.45 (M, 2H, nuknonenTan), 1.51-1.64 (m, 2H, trm), 1.65-1.78 (M,
2H, nwuknonentan), 1. 83-1.98 (M, 2H, nukmonentan), 2.07-2.20 (M, 2H,
muKJonenTan), 2.76 (tr, 1H, J=12.6, trm), 2.82 (¢, 2H, C7H,), 2.93 (aar, 1H,
J=18.3, 12.1, 6.1, trm), 3.78 (ar, 1H, J=12.1, 2.3, Tro), 3.85 (mmm, 1H,
J=12.1, 6.1, 1.7, trom), 5.41 (rt, 1H, J=12.6, 4.0, tro), 7.30-7.35 (M, 1H,
apom.), 7.39-7.50 (M, 2H, apom.), 7.83-7.88 (M, 1H, apom.), 8.98 (c, 1H,
C1H). Crextp SIMP C, 8, M. 21.5 (CHsry), 25.5 (2XCHauucsonenran)s 27.5
(CH2TI‘H)1 312 (CH3TFH)1 345 (CHZHHKHOHeHTaH)I 345 (CH2unKnoneHTaH)1 374
(CHy.m), 42.2 (C7H,), 43.8 (C6), 48.8 (CH,y), 60.1 (CHypy), 71.8 (Cir),
122.8 (C5,), 124.3 (CHapow), 125.5 (Capou.), 126.8 (CHapon), 128.4 (CHapon),
130.5 (CHgpou.), 134.8 (Cypon), 136.4 (C1), 136.9 (C11y), 147.6 (C3,), 157.5
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(C5). Haiineno,%: C 71.41; H 7.14; N 13.67. Cy4H,sN4O,. Beruncieno,%: C
71.26; H 6.98; N 13.85.

4-(2,2-IumeTuarerparuapo-2H-nupan-4-nn)-1-mepkanro-4H-
cnupo[6en3o[h][1,2,4]Tpna3oso|4,3-a]xuna3zonun-6,1"-mukaoneHran]-
5(7H)-on (20). Cmech 1.97 2 (0.005 mons) ruapasuna 17, 10 ma cepoyrie-
pona u 10 Mz MUpUAMHA KUISITAT ¢ OOPATHBIM XOJIOJUJIBHUKOM B TEYCHHE
15 u. paz6asnsor 30 mz Boxbl M noakUcisOT 10% coyisiHOM KUCIOTOM 10
KHCIION peakiuu (yHUBepcaidbHas WHAMKaTOpHas Oymara). BeimaBmmii oca-
JI0K OT()UIBTPOBBIBAIOT, MPOMBIBAIOT BOJOHM M MEPEKPUCTAIUIN30BBIBAIOT M3
oyranona. ITomyuaror 2.0 2 (92%) 20, 1. 1. >250°C, R 0.73 (stmnanerat-
6enson, 1:1. UK cmektp: v, e’ 1084 (C-O-C); 1600 (C=C Ap); 1633
(C=N); 1658 (C=0); 3458 (NH). Cnekrp SIMP 'H, m.x., I'y: 1.24 (c, 3H,
CHj, trm), 1.30-2.20 (M, 10H, 4XCHayuxnonesrrans CHarrm), 1.32 (¢, 3H, CHg,
tri), 2.51-3.02 (m, 4H, CHyy, C7Hy), 3.72 (ar, 1H, J=12.1, 2.3, trn), 3.81
(mmm, 1H, J=12.1, 6.1, 1.7, Trmn), 5.17 (tT, 1H, J=12.6, 4.0, Trm), 7.13-7.22 (™,
2H, apom.), 7.28-7.35 (m, 1H, apom.), 7.52-7.57 (m, 1H, apom.), 13.84 (c,
1H, SH). Crextp IMP 2C, §, m.1.: 21.4 (CHapr), 25.5 (2XCHommcronerran)
27.3 (CHZTFH)’ 31.2 (CH3Trr1)l 34.3 (CH2um<noneHTaH)l 34.3 (CHZunKnoneuTau)v 37.2
(CHaypy), 42.4 (C7H,), 44.7 (C6), 48.8 (CH,py), 60.1 (CHaur), 71.8 (Cirw),
123.7 (CHapow.), 124.5 (C5,), 126.6 (CHapon), 128.3 (Capon), 129.2 (CHapon),
129.6 (CHapow.), 134.9 (Cypou), 139.5 (C11y), 144.9 (C3,), 157.2 (C1), 161.8
(C5). Haiimeno,%: C 66.19; H 6.63; N 12.65; S 7.52. Cy4H2sN,0O,S.
Brramcneno, %: C 66.03; H 6.46; N 12.83; S 7.34.

3-(2,2-+pUGE-PLSESLUNDPYLN-2H-NP U L-4-PL)-2-@-PO-LUN-2,3-
2+pNPECN-TH-UNPLA[RAEL2A[h][ P LU2NLPL-5,1-3hULNNELSUL]-4(6H)-
Nuh UPLEEQL BU PNIVULUAFULELL

U b. UELYNUBUL, U. N. QULLPEL3UTYL, U. U. UTU3UL,
fu. U. SUUNL3UL L 0- U. UNFYUU3EL

Epy 4-undpiin-1"H-wgppn gplynuyblunute1,2 i fuyis] -3~ juppopufyunnp - finfuug-
ligrefFyuits JEY by 4-pynfdfimngfuimnnn-2,2-gflFhpnbnpudpppn-2H-wppabf - e
dyuslpfby & 3-(3-(2,2-ypudbofF pymtiinpuus S poypn-2H-uypppuasts-d-y)-2-[Fropun-2,3- i/ frryprm-1 H-
uLliﬁpn[Fliiuln[h][u[ﬂuulln[ﬁil-5,1’-5[1[[[null?iluuuil]-4(6l—1)-nil[1 u[ﬂl[}[nlﬁ JIF[JHIZ_.' ll‘lipzﬁilu
snwppbp Quinncgws ply wylfySuynglisfupinpn wyhfyughlyng wngyly B 2-uyphfyfdfomb-
quilpusgfws  3-(2,2-pfullef3 bl frppn-2H-uyppruste-4-fyy)-3H-uyfipn| plitign[h] fup g n-
10,1 -gplymy bt [-4(6H)-nihibp: 2-1fopunpkign[h] fupfugnfip spnfuwpldby £ 2-
S pglrtafoy=3-(3-(2,2-frl b fpymbrunpuns & fripgrin-2 H-pfyprusti-4-fy)-3H-wag oo [ plitsgn [ 1 fufr-
Ty is=-5,1"gfplynylitnusts]-4(6H)-nbafr, npp Spudpp Uhipluyne fFyudp bufuplby § &
abimypp’  wnwughbyn - 3-(2,2-qfulbdfynbnpud fugpn-2 H-wfpi-4-)-3H-usppn| phi-
gl 1] fufiousgryfri-5,1 g ply g bt ] -4(6H)-nt: bylbyny Sfrgpusgfrionpbivgn[h] fuffosgnyf-
ipy  ufbfFbgly b 4 (2, 2-gpid bt b puypn-2H-uppuie-d-py) -2 H-uughpn| phi-
Lln[h][l ,2,4]m[1[1w11n[n[4,3—a][u[1 —ilqul[lfl—ﬁ,l '-yﬁlunuiliiluuuil]-f)'(7H)-nf;f:li[r.' NMevncdiiw-
uppifby § wfifFhgus dpugnfFyniibikpl Suljpdnlimudfilio pufipuquyfils wilyfifnyncip:
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SYNTHESIS AND CONVERSIONS OF 3-(2,2-DIMETHYLTETRAHYDRO-2H-
PYRAN-4-YL)-2-THIOXO-2,3-DIHYDRO-1H-
SPIRO[BENZO[h]QUINAZOLINE-5,1'-CYCLOPENTANE]-4(6H)-ONE

A. 1. MARKOSYAN, S. H. GABRIELYAN, S. S. MAMYAN,
Kh. S. HAKOPYAN and R. S. SUKASYAN

The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: ashot@markosyan.am

Ethyl  4'-amino-1'H-spiro[cyclopentane-1,2'-naphthalene]-3'-carboxylate] ~ was
reacted with 4-isothiocyanato-2,2-dimethyltetrahydro-2H-pyran and the resulting ethyl
4'-[3-(2,2-dimethyltetra-hydro-2H-pyran-4-yl)thioureido]-1'H-spiro[cyclopentane-1,2'-
naphthalene]-3'-carboxylate without isolation from the reaction medium was cyclized in
3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]qui-
nazoline-5,1'-cyclopentan]-4(6H)-one. The latter, in the presence of potassium
hydroxide, was reacted with alkylhalides of various structures, which led to the
production of 2-thiosubstituted 3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-spiro[ben-
zo[h]quinazoline-5,1'-cyclopentane]-4(6H)-ones.  2-Thioxobenzo[h]quinazoline  in
hydrate hydrazine medium was converted to 2-hydrazinyl-3-(2,2-dimethyltetrahydro-
2H-pyran-4-yl)-3H-spiro[benzo[h]quina-zoline-5,1'-cyclopentane]-4(6H)-one. The
latter, in the presence of alkali, was exposed to spontaneous splitting (hydrazinolysis)
and formed 3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-spiro[benzo[h]quinazoline-
5,1'-cyclopentane]-4(6H)-one. By ccondensation of 2-hydrazinobenzo[h]- quinazoline
with ethyl orthoformic acid and carbon disulfide, 4-(2,2-dimethyltetrahydro-2H-pyran-
4-yl)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cyclopentane]-5(7H)-one
and 4-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-1-mercapto-4H-spiro[benzo[h][1,2,4]tri-
azolo[4,3-a]quinazoline-6,1'-cyclopentane]-5(7H)-one were synthesized respectively.
The effect of some compounds on the antimonoamine oxidase activity in vitro was
studied. Some compounds showed weak to moderate activity under experimental
conditions.
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CHUHTE3 5,7-JUAJIKNJI-2-AMUHO®EHNJI-1,3-TUA3AAJJAMAHTAHOB
N ASOMETHHOB HA UX OCHOBE
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HayuHo-TexHonornueckuii eHTp
opranuueckoit u ¢papmanestruyeckoii xumun HAH Pecry6nuku Apmenus
Apwmenns, 0014, EpeBan, mp. AzatyTsH, 26
E-mail: galstyan.mariam91@mail.ru

KoHaeHcaumen 9-rupgpokcu-, 9-okco-, 9-meTtuneH-1,5-anankun-3,7-guasabuumkno/3.3.1/HoHa-
HOB C O-, M-, M-HUTpobeH3anbaerMagammm, HUTPONPOU3BOAHBIMM aLeToEHOHA CUHTE3MPOBaHbI 2-
3aMeLlLeHHble HUTPOAMa3anpoM3BOAHbIE, KOTOPble BOCCTAHOBMEHMEM TMAPaTOM rvapasvHa npe-
BpalleHbl B COOTBETCTBYWOLIME amuHbl. BlaumogencrBmem nocnegHux € 3amMeLLEHHbIMU
OeHsanbgerngamu, anbgerngamm  XMHOMMHOBOTO psida U HUTPOdYpdyporioM CUHTE3MPOBaHbI

HOBbl€ a30MEeTUHbI.

Bubn. ccbinok 5.

AMUHONPOM3BOIHBIE aJJaMaHTaHa (aMaHTaJIuH, TIyJOHUH, MEMaHTUH U
Jp.) UIMPOKO TPHMEHSIIOTCS B MemurmHckod npaktuke [1]. 1,3-/Iuaza- u
1,3,5-TpuazaasamMaHTaHbl OTIMYAIOTCS OT aJaMaHTaHAa HAJIMYHMEM aTOMOB
a30Ta B KapKace MOJIEKYJIbI, YTO MOXKET 00yCIOBUTH MPOSBICHUE aHAJIOTHY-
HBIX WJIM HOBBIX ()apMaKOJIOTHUECKUX CBOWUCTB.

Panee namMu ObuM TONydYeHBI 6-aMWHOIMA3a-, /-aMUHOTpHMAa3a- U §-
aMHHOTOMOTpHa3aanamManTanbl[2]. M3 HUX B3auMoneiicTBHEM ¢ apoMaTHue-
CKHMH, T€TePOLMKINICCKIMH alIbJeTUIAMH M KETOHaMU OBUTH CHHTE3UPO-
BaHbl a3oMeTuHbl (ocHoBaHus lludda), npu nzydyenun OnosornyecKou ak-
TUBHOCTH KOTOPBIX BBbISIBJICHBI COCIMHEHUS, 00JIaJjatonIe BBHICOKOW aHTH-
OakTepHaIbHOI aKTUBHOCTHIO [3].

Ha »TOoM ocHOBaHuM ObUIO 1E€1€COO0PA3HO NPEANOJIOXKUTh, YTO
COWICHEHUEM aJaMaHTAHOBOI'O KOJbIA C PAa3IMYHBIMU (hapMako(pOpHBIMU
CTPYKTypaMH MOXKHO TIOJIyYUTh HOBBIE a30METHHBI C MOTEHIIMAIBHOMN
OMOaKTUBHOCTHIO. B KauecTBe Takux peareHTOB MOT'YT OBITh MCIIOJIb30BaHbI
HUTPOOCH3AIBACTU/IbI, HHUTPOALETOPEHOHbl W TMPOU3BOJHBIE XUHOJIUH-
anpreruna. s mpoBeneHUs yKa3aHHOTO CHHTE3a OBUIM TIpeIBapUTEIBHO
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MOJTyYeHbI HOBBIE aMUHOJMA3aaJaMaHTaHbl, COACpIKAIINe aMUHOTPYIIIY B
(EHUITLHOM 3aMECTUTENIE B TIOJOKECHUH 2 alaMaHaTaHOBOTO KOJIbLIA.

B kauectBe cyOCTpaTOB MCIOIB30BAHKI 1,5-AHaIKUI-9-THAPOKCH(OKCO-,
METHJICH-)-11a3a0uIKKI10/3,3, 1 /HOHaHBI, KOTOPBIE BBOAMIM BO B3aUMOJIEH-
CTBHUE C HUTPOOEH3AIbJETHIAMH W HHUTpoarieToPeHOHaMH C 00pa3oBaHUEM
2-(2', 3, 4'-autpodennn)-5,7-auankun-6-okco(ruapokcu)-1,3-1ua3aagaman-
TaHoB 00mei Gopmyisr (2) [4] u 2,5,7-tpumerun-2-(2', 3', 4'-uutpoanero-
(bennn)-6-okco(TuapoKCcH-, MeTHIeH-)-1,3-a1a3aagaMmanTanoB obieii dop-
myiel (12) [5] (cxema 1). Hutporpymma nocieaHux Oblla BOCCTaHOBJICHA
ruapatom ruzapasuna B npucyrctsun Ni/Re B abcomrotHOM criupTe ¢ 0Opa-
3oBanueM aMHHOB (3-11) u (13-16), COOTBETCTBEHHO.

Cxema 1
R R’
X X
NO ) /NOZ
Y oHC /NOz 0=C Ci /NOz CHy 7 ‘
\ / 2 \\I R ‘ X
AN \
R \ X
A S0
12\ \/N NH 1 \/
N H,
DA

__ /NHZ l
\_7/ ~0

R = R'= CH3, X = C=0, 3'-NH, (3): R = R' = CH3, X = C=0, 4-NH, (4); R =
R' = C,Hs, X = C=0, 4-NH, (5); R=CHj3, R' = C3Hy, X = C=0, 4-NH, (6); R
= CHs, R'=C4Hy, X =C =0, 4'-NH; (7); R= R'=C3H;, X = C=0, 4'-NH, (8);
R=R'= CH3, X = CH-OH, 2'-NH,(9); R = R" = C,Hs, X = CH-OH, 3'-NH,
(10); R = R' = C¢Hs, X = CH-OH, 3-NH, (11); R = R' = CHs, X = C=0, 4"
NH; (12); R = R' = CH3, X = C=0, 3-NH, (13); R = CH3, R' = C4Hq, X =
C=0, 4#-NH, (14); R = R'=CHs, X = CH,, 3-NH; (15); R = R'=CH3, X =
CH-OH, 3'-NH, (16).

I[aﬂee IMMOJIYUYCHHBIC aMHHbI ObLIH KOHACHCUPOBAHbI C pa3JINYHbIMU 3a-

MEIICHHBIMH O€H3MJI-, 3-XUHOMWI- U HUTPOQypUIanbIerujaMyu KUISTYCHHU-
€M B CyXOM TOJIyOJI€ B IPUCYTCTBHHU A-TOTYOJICYIb(MOKUCIOTHI (CXeMa 2).
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Cxewma 2

N " C=

NH, NH=CH—-R"
—
11

v
\ /

R=R'=CH3R"= . \
Cl,17 R=CH; R'=CiH,R"= ||
@ N OCH; ,21p

, N OCH
R=R'=C3H7,R"=‘QCI,18 R=CH;, R'=C3H;, R ‘m }
Z 2

a >y .

R=R'=CH,R"= _/
% \ N R=CH; R'=CHy,R" = S
o N/ ,23
OH, 19 H

R=R'=C,Hs, R" = N R=CH; R'=C4Hy,R" = m
(\N | N . I >\7 OCH;, 24
R=R'=C;H;,R" =ﬂ
NO,, 25

o
O

\

20
AN
R=CH; R'=C3H7,R" = | _
N OCHj , 21a

)

A30METHHBI, CHHTE3UPOBaHbIE B JaHHOW paboTe,0TIIMYAIOTCs OT paHee
MOJYYEHHBIX HaMHU TeM, YTO a30METHHHasi TPYNMUPOBKA HE CBs3aHa Ha-
MPSIMYIO C AMa33aJaMaHaTaHOBBIM KOJIBLIOM.

BonbmmHCTBO a30METHHOB OOBIYHO MPEACTABISIET COOOM cMecHu TPYy/-
HOPA3JENUMBIX cTepeonu3omMepoB. Jlumib B ciiydae a3oMeTHHA C 2-TIUIEPU-
JTVITXUHOJIMHOBBIM ()parMeHTOM YIAJIOCh M3BIICYh M3 CMECH MHIUBUAYaITh-
HBIN n3oMep 21a MHOroKpaTHOM nepekpucTannusamnueit u3 JJM®DA, nputom
He moaHocThI0. CormacHo o TCX u ganaeiMu SIMP, B ocTaTke €ro cOOTHO-
LIEHHE CO BTOPHIM n30MepoM 210 coctaBmiio 1:1.

CtpoeHue CHHTE3UPOBAHHBIX COCAWHEHWH TOATBEPXKACHO JaHHBIMH
3JIeMeHTHOro a"anusa, UK, 'Hu C smMP CIIEKTPOB.

CHHTE3UpPOBAHHBIE A30METHHBI HAXOMISATCS Ha CTaIuu OMOJOTHYECKHX
HCCIIEIOBaHUMH.
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IJKCHepUMEHTAJIbHAA YACTh

WK-criekTpbl CHATBHI B Ba3eJIMHOBOM Macie Ha cnekTpodoTtomerpe “Ni-
colet Avatar 330 FT-IR”, crektpsl *H u *C SIMP perucrpuposanu Ha npu-
6ope Varian “Mercury-300” (300 MI'y) B IMCO-dgs/CCly, 1/3, BHyTpeHHUi
craugapt — TMC. Xoja peakiy U YUCTOTY BEIIECTB KOHTPOJIUPOBAIU C
nomonibto TCX nHa mnactunkax “Silufol UV-254” B cucremax mpomnaHod-
Boja, 7:3. Temmnepatrypsl IUTaBICHHS ONIPeACIICHBI Ha mpubope “Boetius”.

Oo0masi MeToAMKA MNOJY4YeHHs] 2-aMHHO(EHUI-O-THAPOKCH-5,7-
AHAJKHI-6-0Kkco-1,3-1nazaagamanranos (3-11) u 2-amunodenma-5,7-
AHATKWI-6-(THIPOKCH-, OKCO-, METHJIEH-)-2-MeTHJI-1,3-1na3aaqaManTa-
HoB (13-17). Cwmecp 10 mmoner  5,7-muankui-2-HUTpodeHum-6-
okco(runpokcn)-1,3-muazaagamManatana, 25 umoneti 85% ruapaTta ruapaszu-
Ha B 50 mn abcomoTtHOrO 3TaHoa HarpeBanu npu 30-50°C u mpu nepeme-
mmBaHuK BHOcwiM HeOonbimmmu nopuusiva Ni/Re. KonTposns 3a xomom
BOCCTAHOBJICHUsI BelM Xpomarorpaduuecku. [lo 3aBeplicHHM peakiuu
cMech HarpeBaiu euie | u, OTQUILTPOBBIBAIN B TopsdeM coctostHuu. Oca-
JIOK, 00pa3yIOMIMKCS 10 OCTBIBAHUHM (PHIBTpATa, OTACISUIA U TEePEKPHUCTAI-
JIM30BBIBAJIM U3 a0COJIOTHOTO 3TaHoJa. B ciydae oTcyTcTBHSI Ocajaka pac-
TBOPUTEJIb OTTOHSUTM M OCTaTOK MEPEKPHUCTAIUTM30BBIBAIIN M3 a0COIOTHOTO
3TaHOIA.

2-(3'-Amunodennn)-5,7-mumeTna-6-okco-1,3-nmazaanamanran  (3).
Beixox 2.0 2 (74%), Rf 0.62, t.mn. 235-236°C (abc¢. stanon). UK-cmextp, v,
em™: 1630 (C=C), 1680 (C=0), 3241, 3356, 3562 (NH,). Cnextp IMP 'H,
3, M1, I'y: 0.65 ¢ (3H, CHa); 0.84 ¢ (3H, CH3); 2.68 1 (2H, J = 7.1, NCHy);
320 1 (2H,J=7.1, NCH,); 3.25 1 2H, J=7.1, NCH,); 3.48 n 2H,J =7.1,
NCH,); 4.48 ¢ (2H, NH,); 4.98 ¢ (1H, NCHN), 6.42 x (1H, J = 5.9, =CH);
6.78 n (1H, J = 5.9, =CH); 6.82 ¢ (1H, =CH); 6.91-7.05 m (1H, =CH).
Cnexrtp SIMP °C, 8, m.1.: 14.5, 14.7, 32.9, 33.2, 47.8, 64.9, 65.0, 78.1, 78.2,
113.8, 113.9, 124.9, 126.9, 146.7, 210.1. Haiineno, %: C 70.91; H 7.88; N
15.38. C1H21N30. Brruucieno, %: C 70.84; H 7.74; N 15.49.

2-(4'-Amunodennn)-5,7-mumeTni-6-okco-1,3-1mazaanamanran  (4).
Beixox 2.2 2 (81%), Rf 0.61, T.mn. 275-276°C (abc¢. stanon). UK-cmektp, v,
em™™: 1680 (C=C), 1710 (C=0). 3210, 3360, 3480 (NH,). Criexrp SIMP 'H,
3, m.a., Ty: 0.62 ¢ (3H, CHg); 0.86 ¢ (3H, CHg); 2.64 1 (2H,J = 7.1, NCHy);
3.18 1 (2H, J=7.1, NCH,); 3.32 1 (2H, J = 8.0, NCH,); 3.42 n (2H, J = 8.0,
NCH,); 4.48 ¢ (2H, NH,); 4.96 ¢ (1H, NCHN), 6.56 x (2H, J = 5.9, =CH);
7.21 1 (2H, J = 5.9, =CH). Cniextp SIMP 2 C, 5, m.1.: 14.6, 14.8, 32.8, 33.1,
47.3, 47.8, 64.9, 65.0, 78.1, 113.8, 124.9, 126.8, 126.9, 140.7, 210.1.
Haiineno, %: C 70.89; H 7.91; N 15.40. Ci;sH,1N3O. Brruucaeno, %: C
70.84; H 7.74; N 15.49.
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2-(4'-AmuHodeHnN)-5,7-1udTHI-6-0KCc0-1,3-1na3aanamantan (5).
Beixon 2.1 2 (74%), R 0.64, T.ru1. 151-152°C (abc¢. sranon). UK-cnektp, v,
et 1626 (C=CH), 1693 (C=0), 3218, 3328, 3371, 3465 (NH,). Crektp
AMP 'H, §, m.a., I'y: 0.78 an (3H, J = 7.4, CH,CHs); 0.98 T (3H, J = 7.1,
CHj3); 1,05-1,18 m (2H, NCHy); 2,64 ur.x (2H, J = 12.9, NCH,); 3.16 yur.x
(2H, J =12.5, NCHy); 3.24 yur.xn (2H, J = 12.9, NCH,); 3.41 yura (2H, J =
12.9, NCHy); 4.42 yur.c (2H, NHy); 4.98 ¢ (1H, NCHN), 6.60 x (2H, J =5.8,
=CH); 7.20 1 (2H, J = 5.9, =CH). Cniextp SIMP 2C, §, m.1.: 6.92, 7.24,23.1,
234, 47.1, 47.6, 56.7, 64.5, 78.2, 113.8, 113.9, 124.9, 125.1, 126.9, 127.2,
146.7, 146.8, 210.2. Haiineno, %: C 69.27; H 7.89; N 14.15. C;7H,3N30.
Brrumcneno, %: C 69.15; H 7.78; N 14.23.

2-(4'-Amunodennn)-5-meTni-6-okco-7-nponni-1,3-
aua3zaagamanrtan (6). Beixon 2.2 2 (75%), Ry 0.71, T.mw1. 146-147°C (abc.
stanon). MK-crextp, v, e’ 1606 (C=C), 1691 (C=0). 2538, 2652, 2854,
2923 (NH,). Criextp SIMP 'H, 8, m.x1., I'y: 0.62 ¢ (1.6H); 0.78-0.98 m (4.4H,
2 x CHs); 1.20-1.41 M (4H, CH,CHy); 2.66 1 (2H, J = 7.4, NCHy); 3.18 nn
(2H, J =13.8, 3.4, NCHy); 3.28 nn (2H, J = 13.9, 3.4, NCHy); 3.42 nn (2H, J
=13.9, 3.4, NCH,); 4.51 ym1. ¢ (2H, NH,); 4.96 ¢ (1H, NCHN), 6.56 mx (2H,
J =178, 1.2, =CH); 7.19 1 (2H, J = 7.8, 1.2, =CH). Crextp SIMP *C, 3,
m.a.. 14.3, 145, 14.7, 15.3, 15.6, 15.7, 32.9, 33.2, 47.7, 57.7, 66.7, 77.9,
111.6, 113.8, 124.9, 126.9, 146.7, 210.1. Haiineno, %: C 72.31; H 8.21; N
14.08. C1gH»5N30. Brruucneno, %: C 72.22; H 8.34; N 14.20.

2-(4'-AMuHOpeHIT)-5-0y THII-7-MeTIJI-6-0KC0-1,3-1na3aagamanTan

(7). Beixon 2.1 2 (67%), Rs 0.74, T.1ut. 212-213°C (abc¢. aranon). UK-crextp,
v, emt: 1626 (C=C), 1693 (C=0). 3318, 3328, 3370, 3465 (NH,). Crextp
SAMP H, 8, m.a., I'y: 0.56 ¢ (3H, CH3); 0.96 ax (3H, J = 12.5, 1.4, CHy);
1.19-1.38 m (6H, CH,CH,CH,); 2.61 n (2H, J = 7.8, NCHy); 3.16 1 (2H, J =
7.8, NCH,); 3.24 n (2H, J = 7.9, NCHy); 3.42 ymi. 1 (2H, J = 12.5, NCHy);
4.51 yur.c (2H, NHy); 4.98 ¢ (1H, NCHN), 6.58 1 (2H, J = 7.5, =CH); 7.2 1
(2H, J = 7.4, =CH). Cnextp SIMP *C, §, m.i1.: 135, 15.9, 23.1, 24.6, 30.3,
38.6, 47.1, 58.7, 64.9, 65.2, 77.9, 113.7, 113.8, 124.9, 126.9, 146.7, 210.1.
Haiineno, %: C 72.94; H 8.72; N 13.32. Ci9H,7N3O. Brruucaeno, %: C
72.81; H 8.62; N 13.41.

2-(4'-Amunodennn)-5,7-gunponui-6-okco-1,3-1nazaagamanran (8).
Beixox 2.2 2 (67%), Rf 0.72, .. 178-179°C (abc. atanon). UK-cmektp, v,
en™: 1620 (C=C), 1690 (C=0). 3030, 3205, 3370, 3480 (NH,). Crmextp
SMP 'H, 8, m.1., Iy 0.81 ax (3H, J = 12.5, 1.4, CH3); 0.98 mx (3H, J = 12.5,
1.4, CH3); 1.02-1.18 m (4H, CH,CHy); 1,3 ym. ¢ (4H, CH,CH,); 2.62 n (2H,
J =125, NCH,); 2.88 ym.c (2H, NCH,); 3.18 1 (2H, J = 12.5, NCH,); 3.38
ym 1 (2H, J = 12.5, NCH,); 4.50 ymr. ¢ (2H, NH,); 4.99 ¢ (1H, NCHN),
6.58 11 (2H, J = 7.5, =CH); 7.25 1 (2H, J = 7.5, =CH). Criextp SIMP °C, 3,
m.a.. 145, 14.7, 15.4, 15.7, 15.8, 32.9, 33.2, 47.3, 47.8, 57.1, 65.0, 78.1,
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78.2,113.8, 113.9, 124.9, 126.9, 127.1, 146.7, 210.1. Haiineno, %: C 73.48;
H 8.98; N 12.68. CoHx9N3O. Brruucaeno, %: C 73.39; H 8.86; N 12.84.
2-(2'-AmuHo¢eHnT)-6-THAPOKCH-5,7-TuMeTII-1,3-THa3aaIaMaHTaH
(9). Beixon 1.8 2 (63%), R¢ 0.56, t.mu1. > 350°C (JIM®A). UK-criektp, v, cm”
11622 (C=C),3082 (OH), 3220, 3334, 3421, 3460 (NH,). Criektp SIMP 'H,
3, m.a., I'y: 0.42 ¢ (3H, CHa); 0.68 ¢ (3H, CH3); 2.58 1 (1H, J = 5.9, NCHy);
2.78 1 (1H, J = 5.9, NCH,); 2.84-3.10 m (4H, NCH);3.18 1 (2H, J = 5.8,
NCH,); 3.26 nn (1H, J = 5.8,1.4, OH); 4.51 ¢ (1H, NCHN); 4.66 ¢ (1H,
CHOH), 5.60 mr.c (2H, NH,); 6.42 — 6.48 m (2H, =CH); 6.84 T (1H, J = 7.1,
=CH); 7.21 x (1H, J = 5.9, =CH). Haiineno, %: C 70.45; H 8.54; N 15.30.
C16H23N30. Brruncieno, %: C 70.32; H 8.46; N 15.38.
2-(3'-Amunodennn)-6-ruapokcu-5,7-qu3TIi-1,3-1uazaagaMmaHTan
(10). Beixox 1.8 2 (60%), R 0.67, t.mu1. 215-216°C (AM®DA). UK-criextp, Vv,
em™: 1620 (C=C), 3021 (OH), 3225, 3340, 3420, 3475 (NH,). Criextp SIMP
'H, 8, m.a., I'y: 0.76 nx (3H, J = 7.8,1.4, CH3); 0.94 nx (3H, J = 7.8,1.4,
CHj3); 1.06-1.9 m (2H, CHy); 1.38-1.45 m (2H,CHy); 1.65 m. x(2H,J = 12.8,
NCH,); 3.18 m. o (2H, J = 12.8, NCH,); 3.24m. a1 (2H, J = 12.5, NCH,);
3.38 mr. ;1 (2H,J = 12.5, NCHy); 3,46 ¢ (1H, OH);4.28 ¢ (2H, NCHN); 4.64 c
(1H, CHOH),5.61 mr.c (2H, NHy); 6.40 — 6.45 m (2H, =CH); 6.86 T (1H, J =
7.1, =CH); 7.22 n (1H, J = 5.9, =CH). Haiineno, %: C 71.88; H 8.71; N
13.86. C18H26N30. BI)I‘H/ICJ'ICHO, %: C 7176, H 863, N 13.95.
2-(3'-AmuHoGeHnT)-6-TuApOKCH-5,7-THdeHnT-1,3-Tna3aanaMaHTaH
(11). Beixox 2.5 2 (63%), R¢ 0.76, t.m1. 256-258°C (AM®A). UK-crekTp, Vv,
em™: 1620 (C=C), 3020 (OH), 3220, 3340, 3340, 3470 (NH,). Criextp SIMP
'H, §, m.x1., I'y: 3.10-3.26 M (2H), 3.27- 3.41 m (2H), 3.46-3.64 m (3H) u 4.04
an (1H, J = 12.4, 2.8, 4 x NCHy); 4.03 1 (1H, J = 5.6); 4.42 yura (1H, J =
5.6, CHOH); 4.43 yui.c (2H, NH,); 4.88 ¢ (1H, NCHN); 6.43 yur.x (1H, J =
7.7); 6.82 yur.x (1H, J = 7.7); 6.90 ¢ (1H, =CH); 6.98 T (1H, J = 7.7); 7.05-
7.12 m (1H);7.14-7.25 m (5H); 7.28- 7.35 m (2H) u 7.38- 7.43(2H, Apom.).
Haitineno, %: C 78.65; H 6.88; N 10.50. CysH27N3O. Brruncieno, %: C
78.58; H 6.80; N 10.57.
2-(4'-Amunogenun)-6-okco-2,5,7-rpumerni-1,3-1mazaagamanran
(12). Beixon 1.8 2 (63%), R¢ 0.63, .. 150-151°C (abe. sramon). K-
crekTp, v, em: 1610 (C=C), 1710 (C=0). 3210, 3360, 3480 (NH,). Criektp
SAMP 'H, &, m.1., I'y: 0.62 ¢ (3H, CHs); 0.84 ¢ (3H, CHs); 1.59 ¢ (3H, CHy);
2.61 o (2H, J = 7.8, NCHy); 2.82 n (2H, J = 7.8, NCH,);3.48 an (2H, J =
12.8, 1.4, NCH,); 4.01 nx (2H, J = 12.5, 1.4, NCHy,); 4.46 ymr.c (2H, NH,);
6.56 1 (2H, J = 5.9, =CH); 7.21 1 (2H, J = 5.9, =CH). Criextp SIMP C, 3,
m.a.: 15.5, 15.7, 28.7, 43.8, 43.9, 59.4, 59.5, 60.8, 60.9, 75.9, 113.7, 113.8,
125.9, 126.1, 132.3, 146.1, 209.6. Haiineno, %: C 71.64; H 8.14; N 14.67.
C17H23N30. Beruncneno, %: C 71.57; H 8.07; N 14.73.
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2-(3'-Amunogenu)-6-okco-2,5,7-rpumerni-1,3-1mazaagamanran
(13). Beixox 1.7 2 (60%), R¢ 0.60, .. 212-213°C (abe. sranon). UK-
criextp, v, cm: 1617 (C=C), 1690 (C=0). 3243, 3346, 3434 (NH,). Criextp
AMP H, &, m.1., I'y: 0.62 ¢ (3H, CHs); 0.86 ¢ (3H, CH3); 1.62 ¢ (3H, CHy);
2.65- 2.76 m (2H, NCHy,); 2.81-2.90 m (2H, NCH>);3.45-3.53 m (2H, NCHy);
3.76- 3.86 m (2H, NCH,); 4.42 ymi.c (2H, NH,); 6.41 1 (2H, J = 5.9, =CH);
6.80 1 (2H, J = 5.8, =CH); 6.85 ¢ (1H, =CH); 6.90 - 6.98 m (1H, =CH).
Crnekrp SIMP *C, §, m.1.: 15.5, 15.7, 26.5, 43.7, 43.9, 59.3, 59.4, 61.1, 61.2,
76.2, 113.3, 112.3, 113.7, 126.4,145.5, 147.8, 209.7. Haiineno, %: C 71.50;
H 8.15; N 14.66. C17H23N30. Beraucneno, %: C 71.57; H 8.07; N 14.73.

2-(4'-Amunodennn)-5-0yTui-2,7-guMeTnII-6-oxco-1,3-
nua3zaaxamanrtan (14). Beixox 2.1 2 (64%), Rf 0.65, .. 150-151°C (abe.
sranon). UK-ciiektp, v, cu™: 1616 (C=C), 1693 (C=0). 3240, 3435 (NH,).
Crextp SIMP 'H, 8, m.x., I'y: 0.62 ¢ (2,4H) u 0.86 ¢ (0.6H,CH3); 0.84 T
(0.6H, J =7.3) u 0.90-0.96 m (2.4H,CH,CH,CH,CH3); 1.04-1.09 m (0.6H) u
1.19-1.41 m (5.4H, CH,CH,CHy); 1.58 ¢ (2.4H) u 1.59 ¢ (0.6H, CH3); 2.65
yur.g (1.6H, J = 13.2)); u 2.70 yux (0.4H, J = 13.2, NH,); 2.84 ymr.x (0.4H,
J =13.2) u 2.86 yu.g (1.6H, J = 13.2, NCHy); 3.45- 3.53 m (2H, NCHy);
3.76-3.87 m (2H, NCHy); 4.45 ym.c (2H, NHy); 6.51- 6.56 m (2H) u 7.20-
7.25 M (2H, =CH). Cnektp IMP 2C, §, m.1.: 80% 13.5, 15.5, 23.1, 30.4,
43.9, 46.2, 57.6, 61.0, 76.0; 113.8, 126.1, 132.3.146.1, 209.5. 20% 13.4,
15.7, 22.9, 24.3, 44.0, 59.3, 59.4, 76.1, 113.8, 126.1, 132.3, 146.1, 209.5.
Haiineno, %: C 73.46; H 8.97; N 12.69. CyHyN3O. Brruncaeno, %: C
73.39; H 8.86; N 12.84.

2-(3'-AmuHodenuna)-2,5,7-tpumern-1,3-1uazaanamanran (15). Bei-
xon 1.8 2 (66%), Ry 0.78, T.m1. 181-182°C (rexcan). UK-ciektp, v, cm™
1605 (C=C), 1680 (C=0). 3240, 3430 (NH,). Cnextp SIMP 'H, &, m.x1., I'y:
0.42 ¢ (3H, CHg); 0.68 ¢ (3H, CHj3); 1.38 ¢ (2H, CH,); 1.42 ¢ (3H, CHy);
2.34-2.42 m (2H, NCHy); 2.58-2.62 m (2H, NCH,);3.16 nx (2H, J = 7.9, 3.4,
NCH,); 3.42 yurx (2H, J = 12.5, NCHy); 4.28 ¢ (2H, NH,); 6.36 1 (1H, J =
5.8, =CH); 6.78 n (1H, J = 5.9, =CH); 6.81 ¢ (1H, =CH); 6.88 ax (1H, J =
3.4, 1.2, =CH). Cnextp IMP °C, §, m.11.: 15.6, 15.7, 26.6, 43.6, 43.8, 59.3,
595, 61.1, 61.3, 76.2, 111.4, 112.3, 113.7, 126.4,145.6, 147.7, 209.8.
Haiineno, %: C 75.28; H 9.15; N 15.57. Cy17H25N3. Beramcieno, %: C 75.32;
H 9.09; N 15.49.

2-(3'-Amunodennn)-6-ruapoxcu-2,5,7-rpumern-1,3-
nauazaagamantal (16). Beixon 1.7 2 (60%), Rf 0.66, T.m1. 201-202°C (a6c¢.
sranon). UK-crextp, v, em’™': 1624 (C=C), 3209 (OH), 3339, 3477 (NH,).
Crextp IMP 'H, 8, m.a., I'y: 0.45 ¢ (3H, CH3); 0.69 ¢ (3H, CHa); 1.43 ¢
(3H, CHg3); 2.40 nr (1H, J = 13.2, 2.9, NCH,); 2.59 ax (1H, J = 13.9, 3.9,
NCH,); 2.76-2.88 m (2H, NCH,); 3.03-3.10 m (3H, NCH, CHOH); 3.13 ar
(1H, NCHy): 3.45 ar (1H, J = 13.7, 3.0, NCHy); 4.27-4.37 m (3H, OH u
NH,);6.34 — 6.39 m (1H, =CH); 6.76 ym.x (1H, J = 7.8, =CH); 6.83 ym.c
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(1H, =CH); 6.92 tx (1H, J = 7.8, 3.3 =CH). Haiineno, %: C 71.15; H 8.80; N
14.56. C17H25N30. Beruucneno, %: C 71.08; H 8.71; N 14.63.

Oomasi Meronuka moaydenusi (17-25). K pactBopy 5 mmonet 2-
aMuHO(pEeHMIT-5, 7-muankuin-6-okco(ruapokcn)-1,3-muazaanamanrada  (3-11)
B 150 m aGCOMIOTHOTO TOMYOJIa IPUOABIISIOT 5 MMO/Ieli COOTBETCTBYIOIIETO
anpneruna, 0.002 2 n-ToyoncynbQOKUCIOTH, CMECh KHUIIATAT B KOJIOE C BO-
JOOTAETUTENbHOM Hacaakod 1o okoHwyanus peakiuu (10-14 u, KOHTpOIb
TCX). B cnyuae oOpa3oBanusi ocagka ero oT(UiIbTPOBBIBAIOT, IPOMBIBAIOT
abc. TOyoJIOM U MEePEeKPUCTAIUTM30BBIBAIOT. [Ipy OTCYTCTBUH OCagka TOIYy-
OJ1 yAQJISIIOT IIPpU IHOHMXXCHHOM HOAaBJICHHHM, OCTATOK ICPCKPUCTALIIM30BbI-
BAIOT.

5,7-IumeTnin-6-okco-2-penna-4'-(4"-xaoppennameruanmMuHo)-1,3-
auazaagamantan (17). Bexom 2.2 2 (56%), R 0.7, T.ur 215-217°C
(IM®A). UK-criextp, v, cv™: 1586 (-N=CH), 1615 (C=Cypon), 1698 (C=0).
Cnektp IMP 'H, &, m.x1., I'y: 0.68 ymi.c (3H, CHs); 0.86 ¢ (3H, CHs); 2.76
yura (2H, J = 13.8, NCHy); 3.22 nn (4H, J = 12.8, 5.8, 2 x NCHy); 3.48
yurg (2H, J = 13.9, NCH);5.18 ymi.c (1H, NCHN); 7.21 n (2H, J = 5.9,
=CH); 7.45 n (2H, J = 12.8, =CH); 7.62 1 (2H, J = 13.9, =CH); 7.90  (2H, J
=13.9, =CH); 8.56 ¢ (1H, -N=CH). Haiigeno, %: C 70.22; H 6.18; N 10.58,
Cl9.11. Cy3H24N3CIO. Beruuciieno, %: C 70.14; H 6.10; N 10.67; Cl 9.02.

5,7-Innponui-6-okco-2-pennia-4'-(4"-xaoppeHnIMe THIUMHIHO) -
1,3-auazaagamantan (18). Beixox 2.4 2 (54%), R 0.73, t.mn. 223°C
(IM®A). UK-criextp, v, ey’ 1580 (-N=CH), 1620 (C=Cqpoy), 1696 (C=0).
Crektp SIMP 'H, §, m.x., I'y: 0.78-0.86 m (3H, CHs); 0.98 yur.c (3H, CHy);
1.12 yur.c (4H, CH,CHy); 1.32 ymr.x (4H, J = 13.5, CH,CH,); 2.76 n (2H, J
= 13.8, NCHy); 3.24 nn (4H, J =12.5,5.9, 2 x NCHy); 3.51 1 (2H, J = 12.5,
NCH,); 5.16 ¢ (NCHN); 7.18-7.26 m (2H, =CH); 7.46-7.62 m (4H, =CH);
7.88 nn (2H, J = 8.1, 1.4, =CH); 8.58 ¢ (1H, -N=CH). Haiineno, %: C 72.17;
H 7.18; N 9.38, CI 8.07. Co7H3,N3ClO. Beruncueno, %: C 72.08; H 7.11; N
9.30; ClI 7.15.
5,7-InmeTHii-6-okco-2-pennn-[4'-(8" -rugpoxcu)-4"" -XxuHOIMIM -

TiuMuHo |-1,3-muazaagamanran (19). Beixog 2.2 2 (56%), R 0.75, t.m.
270-271°C (IM®A). UK-cniektp, v, e’ 1615 (C=C), 1659 (-N=CH),1689
(C=0). Cnextp IMP 'H, &, m.x1., I'y: 0.69 ¢ (3H, CH3); 0.92 ¢ (3H, CHy);
2.76 yur.a (2H, NCHy); 3.19-3.31 m (4H, NCH,); 3.48-3.54 m (2H, NCHy,);
5.16 ¢ (1H, NCHN); 7.17 n (1H, J = 8.1, =CH); 7.24-7.29 m (2H, =CH);
7.60- 7.65 m (2H, =CH); 7.63 nn (2H, J = 8.7, 4.1, =CH); 7.94 n (1H, J =
8.1, =CH); 8.85 ¢ (1H, -N=CH); 8.89 nnx (1H, J = 4.1, 1.6, =CH); 9.98 nn
(1H, J = 8.7, 1.6, =CH). Curnan OH rpymnms! cuibHO ycimpeH. Crextp
SIMP °C, §, m.1.: 15.5, 15.9, 44.7, 45.2, 58.85, 66.6, 77.6, 77.7, 109.6,
120.5, 121.9, 1225, 126.7, 127.1, 127.2, 134.4, 134.5, 134.6, 134.7, 138.1,
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147.4, 151.1, 153.4, 155.8, 159.7, 209.9. Haiineno, %: C 73.31; H 6.17; N
13.20. CxH26N4O5. Brrumcneno, %: C 73.23; H 6.10; N 13.14.
5,7-AudTIia-6-0kco-2-pennia-4'-[(2"'-mopdosmn)-3''-
XHHOMUIAMeTHINMHIHO]-1,3-1nazaagamanran (20). Beixox 2.9 2 (56%), Ry
0.75, T.mr. 171-172°C (AIM®A). UK-criektp, v, cm'': 1586 (-N=CH), 1615
(C=C), 1689 (C=0). Crexrp SIMP 'H, 8, m.z1., Iy: 0.75 T (3H, J = 7.5, CH3);
094 1 (3H,J=7.5CH3); 1.20 k (2H, J =7.5, CH,CH3); 1.44 x (2H, J = 7.5,
CH,CHg); 2.80 ym.a (2H, J = 12.9, NCH,); 3.20-3.30 m (4H, 2xNCHy);
3.39-3.44 M (4H,(CH2)2u0pp.); 3.50 ymr.a (2H, J = 12.6, NCHy); 3.83-3.88 m
(4H, O(CHy),); 5.14 ¢ (1H, NCHN); 7.22-7.27 m (2H, =CH); 7.39 ann (1H, J
=8.7,6.9, 1.0, =CH); 7.64-7.69 m (2H, =CH); 7.79 yur.x (1H, J = 8.3, =CH);
7.86 nn (1H, J = 8.1, 1.6, =CH); 8.70 ¢ (1H, =CH); 8.77 ¢ (1H, -N=CH).
Crnextp SIMP ©°C, §, m.1: 6.7, 7.2, 8.7, 23.0, 23.4, 47.0, 47.6, 51.0, 57.0,
64.5, 65.8, 78.1, 120.5, 120.6, 121.9, 122.0, 124.1, 124.3, 124.5, 127.1,
127.2,127.4, 127.5, 127.9, 129.9, 135.7, 134.4, 147.3, , 150.2, 155.9, 159.1,
209.7. Haiineno, %: C 73.49; H 7.13; N 13.27. C3,H37N50,. Brruucieno, %:
C 73.40; H7.07; N 13.38.
5-MeTuii-6-okco-7-nponui-2-penunia-3'[3" (2" -nunepuania-6"'-
METOKCH)-XHHOJIWJIMEeTHIUMHUHO]- 1,3-1ua3aanamanran: (21a). Beixon
3.2 2 (58%), R 0.8, .. 240-241°C (IM®A). UK-criektp, v, eyt 1599
(C=C), 1614 (-N=CH), 1693 (C=0). Cnektp IMP 'H, &, m.1., Iy: 0.68 ¢
(1.5H) u 091 ¢ (1.5H, CHs;) 0.80-0.86 m (1.5H) u 0.95-1.00 m (1.5H,
CH,CH,CHj3); 1.07-1.21 m (2H) u 1.32-1.39 m (2H, CH,CH,CH3); 1.65-1.82
M (6H, 3 x CHommepnmm); 2.73-2.84 m (2H, NCH,); 3.18- 3.38 m (8H,
4xNCHy); 3.46-3.56 m (2H, NCH,); 3.94 ¢ (3H, OCH3);5.15 ¢ (0.5H) u 5.16
¢ (0.5H, NCHN); 6.97 nn (1H, J = 8.9, 2.5, =CH); 7.10- 7.14 m (2H, =CH);
7.4 1 (1H,J=7.9, =CH); 7.45-7.49 m (2H, =CH); 7.69x (1H, J = 8.9, =CH);
8.59 ¢ (1H, =CH); 8.66 ¢ (1H, -N=CH). Criextp SIMP C &, m.z1.: 14.7, 15.3,
155, 15.7, 24.1, 25.4, 32.8, 33.2, 44.8, 45.2, 47.1, 47.6, 51.8, 54.6, 57.4,
59.0, 64.8, 66.6, 77.9, 95.5, 105.9, 116.5, 119.1, 119.2, 119.6, 123.8, 128.6,
136.3, 149.4, 152.2, 156.8, 160.6, 161.1, 209.8. Haiineno, %: C 74.12; H
7.51; N 12.60. C34H41N50,. Beruncieno, %: C 74.04; H 7.44; N 12.70.
(216). Beixox 1.3 2 (30%), R¢ 0.8 u 0.75, t.m1. 185-186°C (JIMDA).
UK-criextp, v, cm™: 1598 (C=C), 1615 (-N=CH), 1698 (C=0). Cniextp SIMP
'H, §, m.1., I'y: 0.68 ¢ (3H, CH3); 0.95-1.00 m (3H, CH,CH,CHs); 1.31- 1.40
M (4H, CH,CH,CHg); 1.64-1.82 M (6H, 3XCHapunep); 2.76 yura (2H, J =
13.1, NCHy); 3.21-3.32 m (4H, 2 x NCHy); 3.33-3.38 ™ (4H, 2XCHanunep.);
3.52 ym.a (2H, J = 12.8, NCH,); 3.94 ¢ (3H, OCHj3); 5.15 ¢ (1H, NCHN);
6.97 nn (1H, J = 8.8, 2.5, =CH); 7.10- 7.14 m (2H, =CH); 7.40 v (1H, J =
7.8, =CH); 7.45-7.49 m (2H, =CH); 7.69 1 (1H, J = 8.8, =CH); 8.59 ¢ (1H,
=CH); 8.65 ¢ (1H, -N=CH). Criextp SIMP *C &, m.1.: 14.7, 15.7, 15.9,24.1,
25.4,32.8, 32.9, 45.2, 47.2, 51.8, 52.1, 54.7, 59.0, 64.9, 77.9, 105.9, 116.5,

119.2, 119.3, 119.6, 123.8, 128.7, 128.9, 136.8, 138.9, 149.4, 152.1,156.8,
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160.6, 161.1, 209.8. Haiineno, %: C 74.13; H 7.52; N 12.61. C34H4;N50,.
Brrunciaeno, %: C 74.04; H 7.44; N 12.70.

5-MeTuJ-6-oxco-7-nponui-2-pennn-3'[3" (2" -xaop-6""-meTokcn)-
XHHOJIUIMeTHINMEIHO]-1,3-1uazaagamanTtan (22). Beixon 2.7 2 (54%), Ry
0.80, T.m1. 239-240°C (IM®A). UK-cniextp, v, cm'': 1578 (C=C), 1623 (-
N=CH), 1691 (C=0). Cniextp SIMP 'H, 8, m.x1., ['y: 0.84 ym.t (3H, J = 6.6,
CHj3); 0.92 ym.c (3H, CHs); 1.06-1.21 m (4H, CH,CH,CHs); 2.80 yur.x (2H,
J = 12.8, NCHy); 3.17-3.31 m (4H, 2 x NCHy); 3.50 ym. 1 (2H, J = 12.5,
NCH,); 3.96 ¢ (3H, OCHj3); 7.27-7.32 m (2H, =CH); 7.41-7.46 m (2H,
=CH); 7.64-7.69 m (2H, =CH); 7.84-7.89 m (1H, =CH); 8.97 ¢ (1H, =CH);
9.01 ¢ (1H, -N=CH). Haiigeno, %: C 69.31; H 6.23; N 11.22, Cl 7.12.
Cy9H3:N4ClO,. Beruucneno, %: C 69.25; H 6.16; N 11.14;Cl 7.06.

5-MeTna-6-okco-7-nponui-2-penna-3'[3"(2"-okco)-
XHHOJIUIMETHINMHIHO]-1,3-mna3aagamanrtan (23). Beixon 2.5 2 (54%), Ry
0.75, Tt 270-271°C (IM®A). UK-cniektp, v, en’™: 1557 (C=C), 1659
(-N=CH), 1700 (C=0), 3150 (NH). Crextp SIMP 'H, &, m.x., Iy: 0.67 ¢
(2.2H) u 0.90 ¢ (0.8H, CHs;) 0.81-0.85 m (0.8H) u 0.95-1.00 m (2.2H,
CH,CH,CHj3); 1.06-1.19 m (1H) u 1.31- 1.39 m (3H, CH,CH,CHg); 2.74
yurg (1.5H, J = 12.8, NCHy) u 2.78 ym.x (0.5H, J = 12.8, NCH,); 3.17- 3.30
M (4H, 2xNCHy); 3.45-3.55 m (2H, NCHy); 5.13 ¢ (0.75H) u 5.14 ¢ (0.25H,
NCHN); 7.08- 7.19 m (2H, =CH); 7.23-7.28 m (2H, =CH); 7.37 yur.x (1H, J
= 8.2, =CH); 7.48 nnn (1H, J = 8.2, 7.1, 1.3, =CH); 7.59-7.64 m (2H, =CH);
7.70 nn (1H, J = 8.0, 1.2, =CH); 8.62 ¢ (1H, =CH); 8.86 ¢ (1H, -N=CH);
12.03 yur.c (1H, NH). Criexrp SIMP °C, 8, m.x.: 14.9, 15.7, 15.9, 32.8, 45.3,
47.1, 58.9, 64.6, 64.8, 66.6, 77.8, 115.2, 118.7, 120.6, 120.7, 121.5, 126.5,
127.2, 127.4, 128.6, 130.7, 135.5, 136.8, 139.8, 150.5, 154.6, 161.3, 209.1.
Haiineno, %: C 74.09; H 6.68; N 12.26. Cy3gH3N4O,. Boruucneno, %: C
74.00; H 6.60; N 12.33.

5-ByTuia-7-meTwii-6-okco-2-penna-3'[3" (2" -xqaop- 7" -MeToKCH)-
XHHOJIUJIMETHINMEHO|-1,3-n1nazaagamanrtan (24). Beixon 3.0 2 (58%), Ry
0.8, T.mr. 225-227°C (AIM®A). UK-cnextp, v, cv™: 1580 (C=C), 1617 (-
N=CH), 1703 (C=0). Cnektp SIMP 'H, §, m.1., I'y: 0.68 x (2.4H) u 0.91 ¢
(0.6H, CHs3); 0.86 T (0.6H, J = 7.1, CH,CH,CH3) u 0.94-0.99 m (2.4H,
CHs6ymua); 1.21-1.46 M (6H, CH,CH,CH,CHs); 2.75 ym.n (2H, J = 13.0,
NCH,); 3,18-3.29 m (4H, 2xNCHy,); 3.47-3.55 m (2H,NCH,); 4.00 ¢ (3H,
OCHj3); 5.14 ¢ (1H, NCHN); 7.25 an (1H, J = 8.9, 2.5, =CH); 7.24-7.29 m
(2H, =CH); 7.37 a1 (1H, J = 2.5, =CH); 7.63-7.68 m (2H, =CH); 7.96 x (1H,
J=8.9,=CH); 8.94 ¢ (1H, =CH); 8.99 ¢ (1H, -N=CH). Criextp SIMP *C, 3,
m.a.: 13.5, 15.9, 23.1, 24.6, 30.2, 45.3, 47.0, 64.9, 77.8, 106.1, 120.2, 120.6,
121.7, 124.4, 127.4, 129.6, 136.0, 136.6, 154.7, 162.2, 209.8. Haiineno, %:
C 69.80; H 6.49; N 10.91,Cl 7.12. C3oH33N,4CIO;. Beruucneno, %: C 69.70;
H 6.38; N 10.84; CI 7.06.
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5,7-Aunponui-6-oxco-2-peHnia-4'-(2'-pypnamernaIaMuHo-5'-

HUTPO)-1,3-1uazaagamantan (25). Beixox 2.6 2 (57%), Ry 0.73, T.m1. 223°C
(rexcan). UK-cnektp, v, em’t: 1565 (NO2gypun), 1620 (C=Cjpom), 1690 (C=0),
3165(dypan). Crextp SIMP *H, 8, m.x., Iy: 0.82 M (3H, CHs); 0.95-1.05 m
(3H, CHs); 1.08-1.21 m (4H, CH,CH,); 1.22-1.41 ym.c (4H, CH,CHy); 2.66
yur. 1 (2H, J = 13.5, NCHy); 3.18- 3.25 m (4H, 2xNCH); 3.51 yur.x (2H, J =
13.5, NCHy); 5.18 ¢ (1H, NCHN); 7.36 nn (3H, J = 7.8, 1.2, =CH); 7.62 nx
(3H,J=7.9, 1.2, =CH); 8.61 ¢ (1H, -N=CH). Criextp IMP *C §, m.1.: 14.4,
14.6, 15.3, 15.7, 32.8, 33.1, 47.2,47.3, 47.7,57.2, 64.6, 64.8, 77.1, 112.8,
115.5,121.0,121.1, 127.1, 127.4, 137.2, 146.2, 146.5, 148.5, 152.8, 209.6.
Haitineno, %: C 66.75; H 6.72; N 12.38. CysH3)N4+O,4. Brruncneno, %: C
66.66; H 6.66; N 12.44.

5,7-%“PULGPL-2-bGLPLUU P LA-1,3-H-PEQUUNUU U LSULLEL D
U NI UNUSUUUL U2NUGR-PLLELP UPLE-EAL

U. % NULNFE-83AFL3TL, L. W. 461N re-3U, UL 4. Q- ULUS3UL U U. L. 20urnd.

g-zﬁyo#uﬁ-, 9-opun-, g-d'b[;[llbil-l,b—-l}[lwl[l[ll-.g,7—:1_[lulllw11[lgﬁllln/3.3.1/f1n—fuuflfllip[:
upp: "1‘17112/11121[7[1” llbpl.ulil.uiuljlblnll 4[111_[1w11[1f14[111_[1wu1m{ Ni/Re—[1 fJITPIIWJnL[JJLuJF umwy-
thnfuwgnbgn[dpudp ufiu[dbgdly By bnp wondb[dpibbp (6[1:?)47[1 C[Mf#lr[:).'

SYNTHESIS OF 5,7-DIALKYL-2-AMINOPHENYL-1,3-
DIAZAADAMANTANES AND AZOMETHINES ON THEIR BASIS

A.D. HARUTYUNYAN, K. A. GEVORKYAN, M. V. GALSTYAN and S. L. KOCHAROV

The Scientific Technological Centre
of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: galstyan.mariam91@mail.ru

The series of 2-substituted 1,3-diazaadamantanes was synthesized by condensation
of 1,5-dialkyl-9-hydroxy, 1,5-dialkyl-9-oxo, 1,5-dialkyl-9-methylene-3,7-
diazabicyclo/3.3.1/nonanes with nitrobenzaldehydes and nitroacetophenones in good
yields.The obtained nitrodiazaadamantanes were then hydrogenated with hydrazine
hydrate in boiling absolute ethanol in the presence of Ni/Re. The synthesized amines
were further condensed with various benzaldehydes, nitrofurylaldehyde, substituted
quinolinaldehydes. As a result, new azomethines (Shiff’s bases) were obtained, in which
the azomethine fragment is not linked immediately with the diazaadamantane ring. All
these azomethines will be examined for bioscreening.
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CHUHTE3 3-ALIETHJI-7,7-TMMETHJI-1-APHJI-7,8-TAT U IPOXUHOJIMH-
2,5-(1H,6H)-TMOHOB

A. A. CAPTCSIHY, A. X. XAUATPSIH™, A. 3. I:)AI[ACHHa, K. A. ABATSIH?,
A.T.MAHYKSHY T'. A. IAHOCSIH?, A. I'. AUBA3SIH* u M. C. CAPT'CSIH*

"Hay4HO-TEXHOIIOTMYECKUH LIEHTP OPraHUYECKON U (papMaleBTHYECKOH XUMHUN
HAH Pecny6imku ApmeHust
Apwmenns, 0014, Epean, mip. AzatyTsH, 26
op OCyZapCTBeHHAs akafeMusi KpusucHoro ympasieHus, MUC PA
Apwmenns, 0040, Epean, yn. AdapsHa, 1
E-mail: mushegh.sargsyan@yahoo.com

C uenblo cuHTE3a psifa 3aMeLLEHHbIX 2-XMHOMWHOB UccnegoBaHo B3aumopenctsue N-
apunamMmaoB aueTOYKCYCHOM KUCMOTbl C 2-AMMeTUrnamuHoMeTunuaeH-5,5-qumeTnnumko-rekcaH-
1,3-guoHom.

YCTaHOBMNEHO, YTO yka3aHHOEe B3auMOAENCTBME NPOTEKAET MPU KUNSAYEHUN B M3ONPONUIIOBOM
CrMpTe B MPUCYTCTBUM KaTanuTUYECKOro komuuyecTtsa nunepuauHa. CornacHo ganHbiv WK, TIMP
cnekTpockonuu, a Takke PCA ogHoro M3 obpasuoB, obpasytoTcsa 3-auetun-7,7-aumeTun-1-apuwn-
7,8-AnrngpoxuHonmH-2,5-(1H,6H)-amoHsl ¢ Bbixogamu 33-78%.

Ha ocHoBaHun cnekTpoB AMP nokasaHo, YTO COeAMHEHUs, coaepXallume B apoMaTU4eCcKOM
KOMbLle aMUOHON 4acTu MOMEKysbl OpmMo-3aMecTUTeNb, B pacTBOpE CYyLLECTBYIOT B BUAE OBYX PO-
TamMepoB MPUMEPHO B PaBHbIX JOSSIX.

MccnenosaHa aHTubakTepmanbHasi akTUBHOCTb CMHTE3UPOBAHHbLIX CoeanHeHun. PesynbtaThl
nokasanu, YTo Bce oHM 06napatoT cnabbiM NPOTUBOMUKPOBHBIM CBOCTBOM.

Puc. 1, Tabn. 1, 61M6n. ccbinok 13.

W3BecTHO, 4TO MPUPOJHBIE U CUHTETUYECKUE COSAUHEHHUS, COAepKaIIne
2-nipuIoHOBBIA [1] wiau 2-xuHONMMHOBBIN [2-4] dparmeHTsl, o0namarOT
(dapMakoJIIOTHUeCKUMH CBOMCTBaMU. PaHee HaMu ObUIO MCCIIEOBAHO B3au-
MmojeiictBue N-apuaaMuioB aleTOyKCYCHOM KUCIIOTHI C PAa3IMYHBIMU 3JICK-
TPOOUIHHBIMU aJTKeHAMU (XaJKOHAMH) C LEJIbI0 pa3pabOTKU HOBBIX METO-
JIOB CHHTE3a (DYHKIIMOHAIBbHO 3aMEIIEHHBIX IIPOU3BOJHBIX 2-IIMPUIOHOB [5-
8], KOTOpBIE MOIIIU CIIy’KUTh CTPOUTEIBHBIMH OJOKaMH ISl IOCTPOEHUsI 00-
Jiee CIIOXKHBIX MOJIEKYJ, CoJepKaluX 2-MUpUIOHOBBINA (parment. Ilpen-
CTaBJlICHHasl paboTa, SABJIAOLIAsICA NPOJOKCHUEM PaHee NPOBEICHHBIX HC-
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CJICIOBaHMM, TIOCBSIICHA CHHTE3y PsAa 3aMEHICHHBIX 2-XHHOJWHOB Ha OC-
HoBe N-apuiaamMujoB aneToykCyCHOM KUCIOTh. HaMu nccienoBano B3aumo-
IefCTBUE OTMEYEHHBIX aMumoB 4 ¢ 2-auMeTWIaMUHOMETWINIEH-5,5-
auMeTuiukiorekcad-1,3-quonom (3). Ilocneannii ObUT TOJIYYEH MPU KOM-
HaTHON TeMmIlepaType B3auMojelcTBHeM aumenoHa (1) u aumerungopma-
mu numetwianetans (2 AM®DIMA) [3].

Cxema
N\~
HiG,_ ~ O-CHs Mo Me o o o W o
o N-CH PN
M HeC”  o-cH = NHAr
€ 2 3 4 Me
Me 20°C, 5MuH. Me o) i-ProH, t°, Pp Me O HN_ ©
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1 3 [#
/
o) o) A'\A/
N
(0] (0] = (o] N (0]
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OH - O)— Me O.. o) OH
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Me | 7 Ar Me
Ar Ar
0 (0] O / 6
8 ’\&e\/
Me N o
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Ar  9a3

Ar=2-CH3CgHj, (a); 2,4-(CH3),CgHj3 (6); 2-CH30CgH, (B); 2-CH3,4-NO,CgHj3 (r); 4-CH30CgH, (A);

CgHs (€); 4-NO,CgHy (k); 4-CH3CgHy4 (3).

HccnenoBanust mokaszaiu, 4YTo JaHHOE B3aMMOJICHCTBUE MPOTEKAET NPH
KHUIISTYEHUH B M30IPOITMIIOBOM CITUPTE B MPHUCYTCTBUH KATAIUTUIECKOTO KO-
nuyectBa nunepuauna. Cornacio manasiM UK, TIMP cnekprockonuu, a
takke PC anammsa, oOpasytorcs 3-anetwi-7,7-aumerni-1-apun-7,8-
auruapoxunoauH-2,5-(1H,6H)-uonsr ¢ Berxomamu 33-78%. D10 03Hauaer,
YTO MPOMEXKYTOUHBIN a[UTyKT Muxassst (COeMHEHHE D) WM MPOMEXyTOU-
HOE cOoeIMHEeHHE / (CXema) TMOJIBEPratoTCs BHYTPUMOJICKYISPHOM IUKIN3a-
LMY C YYacTHEM aMUAHOM, a He aueTuibHoi rpynmsl. [lo nanueim AMP H
COCIMHEHUN 9a-T, B KOTOPBHIX apOMAaTHYECKOE KOJBIO COAECPKHUT Opmo-
3aMECTHUTENb, TIOJyUYECHHbIE MPOAYKTHI B PACTBOPE CYIIECTBYIOT B BHJIC IBYX
poTaMepoB, IPUMEPHO B PaBHBIX M0JsIX [9,10] (B aKCIEpUMEHTAILHOM YacTH
CUTHAJIBI BTOPOTO poTamepa 0003Ha4YeHbI 3BE30UKOM). O TOM, 4TO yKa3aH-
HbIE coeMHEHUs (9a-T) CYIECTBYIOT B BUJE IBYX POTAMEPOB, CBHCTEIbCT-
BYET U TOT (DaKT, YTO MPH HATUYNHU ABYX METHIBHBIX 3aMECTHUTEIIEH B opmo-
U napa- MOJIOXKEHUAX CoeAUHEHUs] 90 XUMHUYECKUN CIIBUT NMPOTOHOB napa-
3aMECTUTEISI HE MEHSIETCS.
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JudpakioHHble U3MepeHusl coeMHeHus 90 npoBeaeHbl IpU KOMHAT-
HOHM Temneparype Ha aBromaudpakromerpe “Enraf-Nonius CAD-4” (rpadu-
TOBBI MOHOXpomatop, Mo-K, uznydenue, 0/20-ckanuposanue). [Tapamer-
pbl MOHOKJIMHHOM 3J€MEHTapHOM SUEMKHU OINpeNesieHbl U YTOYHEHBI 1o 24
pedaexcam ¢ 12.83<0<13.87. CtpykTypa pacimdppoBaHa NpIMbIM METOIOM.
KoopauHatsl aTOMOB BOIOpO/Ia YACTUYHO ONPEAEICHBI U3 PA3HOCTHBIX CHH-
Te30B Dypbe U YyTOUHEHBI He3aBUCcUMO. KoopIMHATEl aTOMOB BOJIOpOJA Me-
TUJIBHBIX TPYII OBUIH OMPEENICHbI M0 TEOMETPUUYECKUM pacyeTaM U yTOY-
HEHBI 110 MOJIENIN «HAE3IHUKA» CO CIEAYIOUIMMHU YCIOBUSMHU: JJIUHA CBSI3EH
C-H=0.96A, Uiss(H)=1.5U¢q(C). CTpykTypa yTOYHEHA MNONHOMATPUYHBIM
MHK B aHM30TpOIHOM MPHUOIMKEHUU ISl HEBOAOPOIHBIX aTOMOB U H30-
TPOITHOM — JJIs1 aTOMOB BOZI0poAa. Bee cTpyKTypHbIe pacdeTsl ObLIM MPOBe-
JeHbI TI0 KomIuiekey mporpamm SHELXTL [11].

Kpucramnorpapuueckue nanueie B ¢opmare CIF nenonupoBansl B
KeMOpumKcKkoM LEHTpe KpUCTAIUIOTpagHUUeCcKHX JaHHBIX, HOMEP JEMO3HTa
CCDC 2049259.

OcHOBHBIE KpUCTAJJIOTpaUYecCKue W SKCIEPUMEHTAJIbHbIE JTaHHbBIE
NIPUBECHBI B TaOnHIIE.

CrpyKTypa MOJIEKyJIbl coelnHEHUs 90 npezcTasiieHa Ha pucyHke. Kon-
(opMalMOHHBIA aHAIN3 LUKIMYECKUX (ParMEeHTOB MOKa3ajl, 4To (heHMIIb-
HBIE U MMUPUAMHOBBIE KOJIbIA UMEIOT IUIOCKYI0 KOH(opManuoo. Makcumanb-
HO€ OTKJIOHEHHE aTOMOB OT IUIOCKOCTEH apoMaTHUYECKUX KOJIel[ He NPEeBBI-
maet 0.0202(1)A. IluknorexceHoBoe KONBIO MMEET KOH(POPMALMIO MOMY-
kpecna, atombl C2, C3, C4 u C10 pacrnoioskeHbl B IIOCKOCTH (MaKCHMab-
Hoe otkionenue 0,0118(1)A), a atrombr C7 u C6 OTKIOHEHBI OT IIIOCKOCTH
nomykpecna coorsercTsenHo Ha 0,4318(1)A u -0,3162(1)A.

AHanm3 ynakoBKH MOJIEKYJ B KPHCTAITMYECKON peIIeTKe MoKas3al, YTo
CBSI3b MEXKIY MOJIEKYJIaMU B OCHOBHOM OITUCBIBAETCSI BaHICPBaaIbCEBCKUMU
B3aUMOCHCTBUSIMU.
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Tabnuya

OcHOBHbIE KpHCTAJIOTPaduUYecKre XapaKTepPUCTHKH
¥ JKCIIePUMEHTAJIbHbIE TaHHbIe

Kpucrannorpapudeckue xapakTepucTHKH

Coenunenue 96
BpyTTo-hopmyna C21H23NO3
MonekynspHbIil Bec 337.40
CuHroHus Monoxnunnas
[IpocTpaHcTBEeHHAS TpyIIa P2;/c

a,b, c[A] 9.4499(19), 15.878(3), 12.885(3)
a, B,y [epao.] 90, 110.66(3), 90
V [A%] 1809.0(7)
z 4
IInoTHOCTH(BBIW.) [2/ca’] 1.239
u(MoK,) [ mm™] 0.082
F(000) 720

Pa3mep kpucramia [mu]

0.30%0.24%0.18

Oxcnepumenmanvhvle OaHHble

Temneparypa (K) 293

Usnyuenne [A] 0.71073

Omin, Omax [Fpall-] 1,2, 30.0

O06nacTh CKAaHUPOBAHMS 0<h<13; 0<k<22; -18<I<16
Uucno n3MepeHHbIX OTPaXKEHUN 5544
Uucio HaOJII0IaeMBbIX OTPAKEHHH C 2964
[1>2.006(1)]
Pacuemnvie dannvie
Nref, Npar 5260, 263
R, wR2, S 0.0625, 0.1784, 1.01
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Puc. CtpoeHne monekynbl 96, annvnconabl aHM30TPOMHbIX TENSOBLIX KonebaHui nsobpaxe-
Hbl ¢ 50% BEpPOATHOCThLIO.

HccnenoBana aHTHOAKTEpHaIbHAs AKTUBHOCTh CHHTE3MPOBAHHBIX CO-
eauHeHuit 9a,0,r.71,e,%,3 MetonoM "nuddysuu B arape" [12] npu Gakrepu-
anbHOM Harpy3ke 20 i MUKPOOHBIX TeN Ha 1 M cpefpl Ha TPAMITOIOKH-
TenbHbIe cTaguinokokku (Staphylococcus aureus 209p, B. Subtiles 6633) u
rpamotpunarensibie nanodku (Shigella flexneri; 6858, E. Coli 0-55).
HccnemoBanns  mokasajiM, dYTO0 BCE OHM  00Nafgar0T  ClHa0BIM
NPOTHBOMHKPOOHBIM ~ CBOMCTBOM, TOJABIsii  POCT  HMCIOJIB30BAHHBIX
MHKpPOOpPTaHU3MOB B 30He juamerpoB 10-13  wmm. B kauectBe
MOJIOXKHUTEIBHOTO  KOHTPOJISI UCIIOJIb30BAJIM  JICKAPCTBEHHBIM Tpenapar
dbypazomumon [13].

BKCI[epI/IMeHTa.TIBHaH 4acTb

HUK- cnektpsl cusThl Ha ciekrpodoromerpe “Nicolet Avatar 330 FT-IR”
B BasermmHoBoM Maciie. Criektpsl SIMP 'H u B¢ MoJTy4eHbI Ha pubdope Var-
ian “Mercury 300VX” ¢ pabounmu gyactoramu 300.077 u 75 MIy, pactBo-
purens — JIMCO-d-CCl, (1:3), Bayrpennmii cranaapt — TMC. Temnepary-
PBI IDTaBJIICHUS OTIpeeNieHbl Ha cTonmke “Boetius”.

O0masi MeTOAMKA NOJy4YeHHs 3-auneTws-/,7-mumeTua-1l-apuia-7,8-
AuruapoxuHomH-2,5-(1H,6H)-1uonoB (9). DKBHUMOIBHOE KOJHUYECTBO
(1.5 mmonn) coenuuennii 1 n 2 mepemMenmMBaIOT MPH KOMHATHOW TeMIIepaTy-
pe 5 mun. Ilocae yero M00aBISIFOT CMECh M3OMPOINMIOBOTO crupra (6 i),
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coenunenust 4 (1.5 mmons) u KaTaTUTUIECKOE KOIUYECTBO munepuanHa. Pe-
aKLIMOHHYIO cMech KUIATAT 4 uy. Ecnu xpuctamisl Beinaiv, OTQUIBTPOBBI-
BafOT, MMPOMBIBAIOT abc. APUPOM, a €CIIM KPUCTAIUTBI OTCYTCTBYIOT, TO ya-
JISTIOT PacTBOPHUTEIb, OCTATOK MPOMBIBAIOT a0C. 3)UPOM U OT(HUILTPOBHIBA-
10T. B 00oux ciydasx kpuctamibl, coriacHo IMP criektpy, sBISIOTCS 4YHC-
THIMH COCTMHECHUSIMHU.
3-Auernia-7,7-gumMeTmi-1-0-Toans-7,8- AMruAPOXuHOINH-2,5-
(1H,6H)-amon (9a). Boixox 0.55 2 (47%), . mr. 143°C. UK-crextp, v, cm'™:
1681 (CO). Crextp SIMP *H, &, M. 1., I'y: 0.99 ¢ (3H, CH3) u 1.03 ¢ (3H,
CH3*); 2.05 nx (1H, J=18.0, 0.9, CH;) u 2.54 x (1H, J=18.0, CH,*); 2.07 ¢
(3H, CH3, COCHg3); 2.37 na ( 1H, J=16.3, 0.9, CHy) u 2.42 1 (1H, J=16.3,
CH,*); 2.53 ¢ (3H, CHg); 7.14-7.18 m (1H, CgHy ); 7.38-7.46 m (3H, C¢Hy);
8.55 ¢ (1H, =CH). Crektp SIMP °C, 3, m. n.: 16.6 (CHs); 26.7 (CHa);
28.3(CHs); 30.1 (CHs3); 32.0, 41.5 (CH); 49.1 (CHy); 112.3, 124.6, 127.1,
127.2 (CH); 129.0 (CH); 130.8 (CH); 134.1, 136.0, 139.1 (CH); 159.6,
160.2, 191.8, 194.5. Haiineno, %: C 73.91; H 6.32; N 4.52. CyH2;NO:s.
Brrancieno, %: C 74.28; H 6.55; N 4.33.
3-Aueruia-7,7-mumerni-1-(2',4'-numernigeHna)-7,8- THruIpOXuHO-
auH-2,5-(1H,6H)-quon (96). Beixox 0.18 2 (36%), . mn 213°C. UK-
criektp, v, cm’: 1678 (CO), 1660. Criextp SIMP *H, 8, m. 1., I'y: 0.99 ¢ (3H,
CHs) 1 1.03 ¢ (3H, CH3"); 2.01 ¢ (3H, CHa); 2.05 1 (1H, J=18.2, CH,) 1 2.52
n (1H, J=18.2, CHy*); 2.36 nn ( 1H, J=16.3, 0.8, CH,) u 2.411 (1H, J=16.3,
CH,*); 2.44 yu. ¢ (3H, CH3); 2.53 ¢ (3H, CHg); 7.00 g (1H, J=7.9, C¢H3);
7.19 yur. 1 (2H, J=7.9, CgHs3); 7.23 ymr. ¢ (2H, CgHs); 8.54 ¢ (1H, =CH).
Crnextp IMP C, §, m. 1.: 16.6 (CHs); 20.6 (CH3); 26.7 (CHs); 28.5 (CHy);
30.0 (CHs); 32.0 (CMe;); 41.6 (CHy); 49.1 (CH,); 112.2, 124.6 (CH); 126.9
(CH); 127.7, 131.4, 133.5, 133.7, 138.5, 139.0 (CH); 159.7 (CH); 160.1.
Haiineno, %: C 74.48; H 6.52; N 4.35. C»1H,3NOs. Beruncneno, %: C 74.75;
H 6.87; N 4.15.
3-Anerua-7,7-mumeTnii-1-(2'-meroxkcudenn)-7,8- TMruIpoxXunHo-
auH-2,5-(1H,6H)-mmon (98). Breixox 0.17 2 (33%), 1. mr 203°C. HUK-
criekTp, v, ey 1678 (CO)COC=C, 1660 (CO)NCOC=C. Cnextp SIMP 'H,
3, m. 1., I'y: 0.99 ¢ (3H, CH3) u 1.03 ¢ (3H, CH3*); 2.15 a1 (1H, J=17.8, CH,)
u 2.49 n (1H, J=17.8, CHy*); 2.35 ymr.a (1H, J=16.3, CH,) u 2.40 x1 ( 1H,
J=16.3, CH,*); 2.53 ¢ (3H, COCHy3); 3.84 ¢ (3H, OCHj3); 7.10-7.23 m (3H,
CeHs ); 7.52 man (1H, J=8.2, 7.0, 2.3, C¢H,); 8.54 ¢ (1H, =CH). Cnektp
AMP 2C, 5, M. 1.: 26.8 (CHs); 28.4 (CHs); 30.1 (CHs); 32.0 (CMey); 41.2
(CHy); 49.2 (CHy); 55.3 (OCHj3); 112.0, 112.1 (CH); 120.8 (CH); 124.6,
125.2, 128.5 (CH); 130.5 (CH); 139.1 (CH); 153.5, 160.2, 160.4, 191.8
(CO); 194.5 (CO). Haiineno, %: C 70.41; H 5.91; N 4.45. C,oH,;NO,. Bri-
yucaeno, %: C 70.78; H 6.24; N 4.13.
3-Auerun-7,7-numerni-1-(2'-metui,4'-uurpoderni)-7,8-nuruapo-
xuHomH-2,5-(1H, 6H)-auon (9r). Beixox 0.43 2 (78%), T. . 248°C. UK-
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crekTp, v, cm': 1682 (CO). Crextp SIMP *H, 8, m. 1., I'y: 0.99 ¢ (3H, CHs)
u 1.04 ¢ (3H, CH3*); 2.07 n (1H, J=18.0, CH;) u 2.57 n (1H, J=18.0, CH,*);
2.21 ¢ (3H, COCHg); 2.39 n ( 1H, J=16.3, CH) u 2.43 n (1H, J=16.3, CH,*);
2.54 ¢ (3H, CHy); 758 & (1H, J=8.6, H-6, CsH3 ); 8.28 nn (1H, J=8.6, 2.6, H-
5, CgHs); 8.35 1 (1H, J=8.6, 2.6, H-3, CgH3); 8.57 ¢ (1H, =CH). Cnektp
AMP BC, 3, m. 1.0 16.8 (CHs); 26.6 (CHs); 28.4 (CH3); 30.0 (CHs); 32.2
(CMey); 41.3 (CH,); 49.1 (CHy); 122.3 (CH); 124.7, 125.7 (CH); 129.3
(CH); 137.1, 139.5 (CH); 141.8, 147.7, 159.1, 159.9,191.8, 194.2. Haiineno,
%: C 64.89; H 5.61; N 7.91. CyHoN,0s. Beruncneno, %: C 65.21; H 5.47;
N 7.60.
3-Anernia-7,7-qumeTni-1-(4'-meroxkcudennn)-7,8- THruAPOXHHO-
auH-2,5-(1H,6H)-mmon (91). Beixox 0.71 2 (58%), t. mr 239°C. UK-
criexTp, v, eyt 1682 (CO)COC=C, 1660 (CO)NCOC=C. Cnextp SIMP *H,
3, M. 1.0 1.01 ¢ (6H, CH3); 2.37 ¢ (2H,_CH,); 2.41 ¢ (2H, CH,); 2.52 ¢ (3H,
CHj3); 3.90 ¢ (3H, OCHy3); 7.05-7.10 m (2H, C¢Hy); 7.13-7.18 m (2H, CgHy);
8.51 ¢ (1H, =CH). Crextp SIMP *3C, §, M. 1.: 27.6 (2.CH3); 30.0 (CH3); 32.1
(CMey); 42.1 (CHy); 49.1 (CH,); 54.8 (OCHg); 112.0, 114.5 (2CH); 124.6,
128.4 (2.CH); 129.3,138.8 (CH); 159.2, 160.3, 160.9, 191.9, 194.6.
Haiineno, %: C 71.12; H 6.01; N 4.50. C5oH»1NO,. Breruucneno, %: C 70.80;
H 6.24; N 4.13.
3-Auernna-7,7-qumetn-1-pennn-7,8-qmuruapoxuroaun-2,5-(1H,6H)-
muoH (9¢). Beixox 0.23 2 (50%), T. . 213-214°C. UK-criektp, v, cv™': 1677
(CO)COC=C, 1660 (CO)NCOC=C. Crnextp IMP *H, §, m. x.: 1.01 ¢ (6H,
CHj3); 2.38 ym. ¢ (4H, CH,); 2.53 ¢ (3H, CHg); 7.24-7.29 m (2H, CgHs);
7.51-7.63 m (3H, CgHs); 8.53 ¢ (1H, =CH). Criextp SIMP **C, §, m. 1.: 27.6
(2.CHs); 30.1 (CHa); 32.1 (CMey); 42.0 (CHy); 49.1 (CH,); 112.1, 124.7,
1275 (2CH); 128.7 (CH); 129.3 (2.CH); 137.0,138.9 (=CH); 159.7,
160.7(NCO); 1919 (CO). Haiineno, %: C 73.41; H 5.78; N 4.90.
C19H19NO3. Beraucneno, %: C 73.77; H 6.19; N 4.53.
3-Auernna-7,7-numetni-1-(4'-uurpodennn)-7,8- TUruAPOX HHOTUH-
2,5-(1H,6H)-auon (9:x). Beixon 0.22 2 (41%), 1. ma. 247°C. UK-cnektp, Vv,
em™: 1682 (CO). Cnektp SIMP 'H, §, m. 1.: 1.01 ¢ (6H, CHs); 2.39 ¢ (2H,
CHy,); 2.40 ¢ (2H, CHy); 2.53 ¢ (3H, CHsy); 7.64-7.69 m (2H, C¢Hy); 8.43-
8.48 M (2H, CgH,); 8.54 ¢ (1H, =CH). Cnektp SIMP C, §, m. a.: 27.6
(2CHj3); 30.0 (CHs); 32.3 (CMey); 41.8 (CHy); 49.2 (CHy); 112.4, 124.6
(2CH); 124.8, 129.6 (2CH); 139.2, 142.6, 147.5, 159.3, 160.6, 191.8, 194.3.
Haitineno, %: C 64.01; H 4.81; N 8.25. C1gHgN,Os. Brruucieno, %: C
64.40; H 5.12; N 7.91.
3-Anerwi-7,7-numeTua-1-n-Toaui-7,8-1uruApoOXuHoInH-2,5-
(1H,6H)-mmon (93). Beixox 0.25 2 (52%), . 1. 261°C. UK-criextp, v, cv’™:
1681 (CO)COC=C, 1663 (CO)NCOC=C. Cnextp IMP 'H, §, m. 1.: 1.01 ¢
(6H, CHg3); 2.37 ¢ (2H, CHy); 2.38 ¢ (2H, CHy); 2.49 ¢ (3H, CHgy); 2.52 ¢
(3H, COCHjy); 7.09-7.14 m (2H, CgHy); 7.35-7.40 m (2H, C¢H,); 8.52 ¢ (1H,
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=CH). Crmextp SIMP °C, 8, m. 1.: 20.7 (CH3); 27.6 (2CHs); 30.0 (CMey);
32.1 (CHs); 42.0 (CH,); 49.1 (CH,); 112.1, 124.6, 127.1 (2CH); 129.9
(2CH); 134.3, 138.3, 138.9 (CH); 159.9, 160.8, 191.9, 194.6. Haiineno, %: C
73.89; H 6.18; N 4.59. CyoH»:NOs. Beruncieno, %: C 74.28; H 6.55; N 4.33.

3-U36ShL-7,7-+bUGE-PL-1-ULPL-7,8-+-PNPYLOTUP LALPL-2,5-(1H,6H)-
2pALLELP UPLE-GQ

U W. UUrqeusuy, U . b2usrsuy, U E AEA-UUSUL, b U, T Ue-3U,
U . UULAFE3UL, - W oULAU3UY, W. . U344 UQ3UL b UL U. UUre-u3uy

Ui pragusfussfIfoffe -y e 2l py sy i35l
ghlyn{bpuwi-1,3-gpnif spnfumgpbgn ffyudp ppulwbwgdly b mbgulwpfns 2-pupbng -
ilbpﬁ u[lilﬁlﬂi.'

Quwumunfly k, np shnpumgybgncfdyncip phfdwiincd b oogfgbphg i humgfafl pofie-
L vhplhuynd[dyuwdp, pgnyprgfy sypponcd, bnwgdwl guydwibbpnd, wnwugibing 3-
wighnfy- 7, 7—11.[1Jb[47[1[—1-m11[tl- 7,8-11.[14[111.[1n[u[121nl[ﬂl-2,5-(1H,6H)-ll.[1nflflb[1 33-78% bypnif:

Quidwduyls UUTh uwyblpnpnuljnuypuyfe wyugibpf, iyms dpugnefdinciiibpfe wdfupugfii
Quumifwdfr wpndunnply oqulncd opfdn- wbguiljuypsubpp wnlpyn @yl ghypncd gpubp
(redngyfdnid qnlnfnid By bplne nnnwdbplibpf &l :

Quilpudwiipbuypl niancdunppnc[dniibpp gogy B by, np uff@bgud dpugne-
[Ayniuibphy npnyubpp gnoguwpbpnod b [Fooy wlpmpefncfdpnc :

SYNTHESIS OF 3-ACETYL-7,7-DIMETHYL-1-ARYL-7,8-
DIHYDROQUINOLINE-2,5-(1H,6H)-DIONES

A. A. SARGSYAN? A. Kh. KHACHATRYAN®", A. E. BADASYAN?,
K. A. AVAGYAN? A. G. MANUKYAN? H. A. PANOSYAN?,
A. G. AYVAZYAN? and M. S. SARGSYAN?

®The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
bCrisis Management State Academy
1 Building, Acharyan Str., (Avan adm. district), Yerevan, 0040, Armenia
E-mail: mushegh.sargsyan@yahoo.com

In order to synthesize a number of substituted 2-quinolines, the interaction of
acetoacetic acid N-arylamides with 2-dimethylaminomethylidene-5,5-
dimethylcyclohexane-1,3-dione was studied.

It was found that that interaction proceeded when boiling in isopropyl alcohol in
the presence of a catalytic amount of piperidine. According to IR, PMR spectroscopy, as
well as X-ray diffraction analysis of one of the samples, 3-acetyl-7,7-dimethyl-1-aryl-
7,8-dihydroquinoline-2,5-(1H,6H)-dions are formed in 33-78% vyields.

According to the NMR spectroscopy, it was shown that the compounds containing
the ortho-substituent in the aromatic ring of the amide part of the molecule, in the
solution existed in the form of two rotamers, approximately in equal proportions.

Antibacterial studies have shown that some of the synthesized compounds had poor
antimicrobial activity.
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CHUHTE3 U BUOJIOI'MYECKAA AKTUBHOCTD ITIPOAYKTOB
AIIMJINPOBAHUA U AVIKWJIMPOBAHUSA OTWI 2-AMUWHO-5,7-1TUN30-
MPONNJI-4,7-AUTNAPO-5H-TUEHO|2,3-cC|[ITIMPAH-3-KAPBOKCHJIATA

H. 3. AKOIISIH, H. C. APYTIOHSIH, 3. A. OBACSIH, I'. A. IAHOCSIH,
P. E. MYPAJSIH, A. E. TYMAJUKSAH u I'. A. TEBOPI'SIH

Hay4Ho-TexHONMOrHYeCKHii IIGHTP OPraHMYECKON U (hapMaleBTHIECKON XUMUH
HAH Pecnybnuiku ApmeHus
Apwmenns, 0014, EpeBan, ip. AzatytsH, 26
E-mail: nairazhakobyan65@mail.ru

KoHgeHcauuen 2,6-gumnsonponunreTparngpo-2H-4-nnpaHoHa ¢ Ccepor U 3TUMOBbIM 3MpPOM
LIMaHYKCYCHOWM KWUCMOTbI MOMNyYeH 3Tun 2-amuHo-5,7-gumsonponun-4,7-gurmapo-5H-tneHo[2,3-clnu-
paH-3-kapbokcunaT. AumMnupoBaHne NocneaHero XropaHrmapuaammn pasnunyHbiXx KapGoHOBBIX KuUC-
NIOT NPVBOAWT K COOTBETCTBYIOWMUM amuaam. ANKUNMpOBaHMEM OTMEYEHHOro amuvHa rMppoxIio-
pvaaMmn 3amelleHHbIX 3-AMaTUNaMMHONPOonaH-1-oHOB CUHTE3MPOBaHbl [B-aMUHOKETOHbI. M3yyeHa
npoT1BOBOCNaNUTENbHast akKTUBHOCTb CUHTE3MPOBAHHbBIX COeAMHeHu. HekoTopble amuabl Nposis-
nsaT cnabylo NPOTMBOBOCNANMTENbBHYIO aKTUBHOCTD.

Bubn. ccbinok 6

OcHOBBIBasACh Ha O0OraToM Martepualie M0 BBICOKOW OMOIOTHUECKON aK-
TUBHOCTH IPOU3BOJHBIX KOHJIECHCHUPOBAHHBIX TETEPOLMKINYECKUX CUCTEM
Ha OCHOBe THO(eHa (MPOTUBOBOCHAIUTEIBHON, TPOTUBOBOOITYXO0JICBOM, aH-
THOAKTepUATbHON, aHTUOKCHIAHTHOW H Ap.) [1-4], HAMH CHUHTE3UpPOBAHBI
aMuIpl 3TUI  2-aMHUHO-5,7-auun3onponui-4,7/-quruapo-5H-treno(2,3-Clnu-
pan-3-kapOokcuiaTa, a Takke P-aMUHOKETOHBI, COJEpIKAIIHe B MOJICKYJIE
(¢parMeHT OTMEYEHHOTO AMUHA.

B kauecTBe MCXOIHOTO COEIUHEHMSI OB UCIIOJIb30BAaH paHee MOTy4YeH-
HBI Hamu 2,6-numsonponuiarerparuapo-2H-4-nupanon (1) [5]. B3aumo-
JEMCTBUEM IIOCIIETHETO C CepOi M STHIOBBIM 3(UPOM LHAHYKCYCHOM KH-
CIOTHI  TONy4YeH  OJTWI  2-aMHHO-5,7-aum3onponun-4,7-quruapo-S5H-
tueno[2,3-C]mupan-3-kapookcunar (2). AMIMPOBAHHEM COSIAUHEHUs 2
XJIOPAHTHIIPUIAMHU PA3JIMYHBIX KapOOHOBBIX KUCIOT CHHTE3UPOBAHBI AMH/IBI
3-13. ANKWIMpOBaHUEM TOTO YK€ aMUHA 2 THIPOXJIOPUIAMH 3aMEIIEHHBIX 3-
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JAMATHIAMUHONIPONaH-1-0HOB 1o [6] cuHTe3upoBaHbl 3TUI 5,7-TUH30MPO-
mi-2-[3-(4-3amemnennbie  (heHm)-3-0KCOMpONnuIaMuHO |-4, 7- turuapo-5H-
tueHo[2,3-C]nupan-3-kapookcuiats (14-17).

COOEt

0
&\)k/\% N
s+ N&T o \ NH

S

2

COOEt COOEt

W‘RCOCI \\H

(0]
0 S R
H:} s
14-17 3-13

R = CeHs (3), 4-CHyCeH, (4), 4-OCH,CeH, (5), 4-i-OC,HsCeH. (),
2,4'C|2C6H3 (7), 4'C|C@H4CH2 (8), 3-FC6H4CH2 (9), 1-Ha(1)TI/IJ'I (10), C5H11 (11),
dbypan-2-un (12), tnoden-2-un (13); R’= OH (14), Cl (15), CH; (16), OC4H,
(17).

CtpoeHnue Moiay4eHHBIX COeIMHEHNI TOATBEPkAeHO aaHHbiMu SIMP H
n UK cnexrpockonuu. M3ydyeHue npoTHBOBOCHAIUTEIBHOIO U aHAIBIETH-
YECKOI'0 JEHCTBUS MOJYYEHHBIX COCIMHEHUN MPOBOJIUIN Ha CKPUHUHIOBOM
MOJIEJI OCTPOTO SKCCYJATUBHOTO BOCHAJICHHS Y KPBIC, BBI3BIBAEMOIO CyO-
manTapabiM BBegeHueM 0.1 mr 1% pactBopa kappareHuHa. BbIipaskeHHOCTh
BOCTIQJIMTEIbHON PeaKluy OLIEHUBAIU Yepe3 3 y Mocie WHAYKIMM BocIaie-
Husl. 3ydyeHne npoTUBOBOCHAIMTENBHOTO JEHCTBUS Npenapara npu XpoHU-
YEeCKOM BOCHAJICHUH MPOBOIMIN HAa MOJENH NpoiudepaTuBHOrO BocIae-
uus “Pellet-rpanynema”. [leiicTBue coemunHeHuii Ha mponuepaTHBHBIC
MIPOLECCHl OIpPENENsUIN 10 BIUSHUIO Ha Maccy CyXOil rpaHyJeMbl, pa3BHUB-
nieiicst B Te4eHUe 8 JHEH BOKPYT MOJKOKHO BBEJICHHOM B CIIMHKY »KMBOTHO-
ro kaprouku. OmbITE MPOBOAWIN HA Kpbicax auHuE Wistar, maccoit Tema
130-140 r. Kaxxaas rpymma cocrosuia U3 6 )KMBOTHBIX 000€ro mosia. AKTHUB-
HOCTh BEILECTB B OCTPBIX ONbITaX M3y4anu B mo3ax 10 u 25 melke, a B xpo-
HI4YeCKHuX — 25 melke npu BBeleHHH BHYTPh. BCero B ommbIiTax MUCIOIh30BAIH
258 kphIC.

HccnenoBanne MpOTHBOBOCTIAIUTEIFHON aKTUBHOCTH CcoeuHeHM 3-13
MoKa3aJio, YTo CoeauHeHus 7 U 8 B no3e 25 melke mposBIAIOT Clladyro ak-
TUBHOCTb Ha MOJIEJIM OCTPOTO IKCCyNaTUBHOro BocnaneHus (24 u 27%, co-
OTBETCTBEHHO). OCTaNmbHBIE COCJUHEHUS B MCIIOJIb30BAaHHBIX J103aX HE TIO-
JABJISTFOT BOCTIAJIMTENBHBIN OTEK W 0O0JIb TIPH KapareHMHOBOM BOCTIAJICHUU H
HE MPOSBISIOT CHOCOOHOCTH 33J€pXKHUBaTh pa3BUTHE (PUOPO3HO-TpaHyIIs-
[IMOHHON TKaHW MPU XPOHUYECKOM BOCIAJICHUU. B 3THX yCIOBHSIX BOJbTa-
PEeH U MHIOMETAIMH MPOSBIAIOT BBIPAXKEHHYIO aKTUBHOCTH (65.5 n 64.3%,
COOTBETCTBEHHO).
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3KCHepI/IMeHTaﬂbHaﬂ 4acThb

HK-cniektps! cusThl Ha ciektpodoromerpe “Nicolet Avatar 330 FT-IR”,
a ciextpsl SIMP *H u **C — na npu6ope “Mercury VX-300" (300, 0.8 MIy)
B pactBope JIMCO-de-CCly (1:3), Buyrpennuii cranmapr — TMC. Tem-
nepaTypbl IUIABJICHHUS TOJYYCHHBIX BEIIECTB OMNpEICICHBl Ha mpudope
“Boetius”.

2,6-Tunzonpomnnrerparuapo-2H-4-nupanon (1) momydeH mo MeToanke
[5]. Orun 2-amuno-5,7-muu3onponui-4,7-auruapo-5H-tueno[2,3-Cnupan-
3-xapookcunar (2). K cmecu 18.4 2 (0.1 monsa) 2,6-auu3onponuireTparui-
po-2H-4-tmmpanona (1), 3.2 2 (0.1 mons) noporikoobpasuoit cepel u 11.3 2
(0.1 mons) stunoBoro 3hupa MUaHYKCYCHON KHCIOTHI IPH KOMHATHOU TEM-
nepatrype M IepeMeIIuBaHuH TO0ABISIOT 110 KalUlsiM 6 M7 TUITUIIAMHHA B
teuenue 30 mun. 3aTeM Temmeparypy moBbImaT 10 58°C U mepeMeninBaT
JI0 TIOJIHOTO PacTBOPEHHUs cepbl. PeakinoHHy0 cMech BbUIMBAKOT B 200 Mz
XOJIOHOM BOZBI. BrImaBmimii 0caok XOpomio MPOMBIBAIOT BOJIOW, OTHMIBT-
POBBIBAIOT U MEPEKPUCTAILTM30BBIBAIOT U3 cMecu dTaHos—Boaa (1:1). Bexon
24.9 2 (80%), . . 71-72°C. UK-cniektp, v, e’z 3372 (NH,). Criextp SIMP
'H, 8, m. 1., I'y: 0.80 1 (3H, J = 6.8, CH3), 0.95 1 (3H, J = 6.8, CH3), 0.99 1
(3H, J = 6.7, CHg), 1.07 1 (3H, J = 6.8, CH3), 1.32 T (3H, J = 7.1,
OCH,CHj5), 1.69-1.85 m (2H, 2CH, i-Pr), 2.34 a. n. n (1H, J = 16.7, 11.0,
3.0, CHy), 273 n. n. n (1H, J = 16.7, 3.0, 2.5, CH,), 3.19 n. n. n (1H, J =
11.0, 6.7, 3.0, OCH), 4.10-4.25 m (2H, OCH,), 4.34 x (1H, J = 2.5, OCH),
7.08 ym. (2H, NHy). Haiineno, %: C 61.83; H 8.17; N 4.39. Ci5H25NO5S.
Brramcneno, %: C 61.71; H 8.09; N 4.50.

Amuabl 3-13. K pactopy 3 2 (0.0096 mons) amuna 2 B 10 mn cyxoro
JIMOKCaHa MPH KOMHATHOW TeMmIepaType W TEepeMEIIMBAHUN HEOOIBIINMU
nopimsMu 100aBistoT (0.0096 mosst) ximopaHruapuaa KapOOHOBOK KHUCIOTHI
B 5 M1 cyxoro auokcaHa. PeakIMOHHYIO CMeCh OCTaBISIOT HAa HOYb IpPHU
KOMHATHOU Temnepatype. J{006aBistoT BOy, BBIMABIINK 0CaI0K OTHUIBTPO-
BBIBAIOT, IPOMBIBAIOT BOJIOW M MEPEKPUCTAIIM30BBIBAIOT U3 ITAHOIIA.

Otun 5,7-nmuu3onponui-2-henmikapookcamuno-4, 7 -muruapo-SH-
treHo[2,3-Clnupan-3-kapookcmnat (3). Beixog 2.9 2 (72%), 1. mn. 123-
124°C. UK-cniektp, v, cu™: 3241 (NH), 1658, 1558 (CONH). Cniextp SIMP
'H, 8, m. 1., I'y: 0.84 1 (3H, J = 6.8, CH3), 0.99 1 (3H, J = 6.8, CH3), 1.04 1
(3H, J = 6.7, CH3), 1.15 n (3H, J = 6.8, CH3), 1.42 T (3H, J = 7.1,
OCH,CHj3), 1.74-1.89 m (1H, CH, i-Pr), 2.05 cn. 1 (1H, J = 6.8, 2.5, CH, i-
Pr), 250 a. n. n (1H, J = 16.7, 11.0, 2.7, CHy), 2.87 a. a. 1 (1H, J = 16.7,
3.2,2.3,CHy), 3.26 n. n. n (1H, J = 11.0, 6.6, 3.2, OCH), 4.29-4.44 m (2H,
OCH,CHj3), 4.55 k (1H, J = 2.5, OCH), 7.53-7.65 m (3H, Cg¢Hs), 7.93-7.98 m
(2H, CgHs), 12.18 ¢ (1H, NH). Crextp SIMP 2C, &, m. x.: 13.8, 14.9, 17.9,
18.1, 18.8, 29.5, 32.5, 33.6, 59.9, 78.0, 78.5, 110.9, 126.7 (2CH), 127.8,
128.4 (2CH), 129.9, 131.8, 131.9, 148.3, 161.8, 165.6. Haiineno, %: C
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66.34; H 7.15; N 3.29. Cy,3H,9NO,S. Brruncneno, %: C 66.48; H 7.03; N
3.37.

Ortun 5,7-nuuzonponui-2-(4-metwideHmikapookcaMuio)-4, 7- turuapo-
5H-tueno|2,3-c]nupan-3-kapookcunar (4). Beixon 2.4 2 (57%), 1. mn. 133-
134°C. UK-criektp, v, cn™: 3253 (NH), 1660, 1563 (CONH). Criextp SIMP
'H, 8, m. 1., I'y: 0.83 1 (3H, J = 6.8, CH3), 0.99 1 (3H, J = 6.8, CH3), 1.03 1
(3H, J = 6.7, CH3), 1.14 n (3H, J = 6.8, CH3), 1.42 t (3H, J = 7.1,
OCH,CH3), 1.81 cm. 1 (1H, J = 6.8, 6.7, CH, i-Pr), 2.05 cn. x (1H, J = 6.8,
2.5,CH,i-Pr), 251 n. n. n (1H, J = 16.7, 10.9, 2.7, CHy), 2.87 1. n. n (1H, J
=16.7,3.2,2.2,CHy), 3.25 1. 1. 1 (1H,J=9.9, 6.7, 3.2, OCH), 4.31-4.42 m
(2H, OCH,CHj3), 4.55 k (1H, J = 2.5, OCH), 7.32-7.37 m (2H, CgH,), 7.81—
7.86 M (2H, C¢H4), 12.12 ¢ (1H, NH). Haiineno, %: C 67.23; H7.16; N 3.32.
Cy4H3:NO,S. Berancaeno, %: C 67.10; H 7.27; N 3.26.

Otun 5,7-nuuzonponui-2-(4-metokcupeHunkapookcamuio)-4, 7-aurua-
po-5H-tueno[2,3-C]nupan-3-kapbokcuiar (5). Beixox 2.1 2 (50%), 1. .
166-168°C. MK-cmektp, v, cm™: 3238 (NH), 1651, 1563 (CONH). Criektp
SAMP H, 8, m. ., I'y: 0.83 1 (3H, J = 6.8, CH3), 0.99 1 (3H, J = 6.8, CH3),
1.03 n (3H, J = 6.7, CH3), 1.14 n (3H, J = 6.8, CH3), 1.42 v (3H,J = 7.1,
OCH,CHj5), 1.73-1.88 m (1H, CH, i-Pr), 2.04 cm. 1 (1H, J = 6.8, 2.5, CH, i-
Pr), 249 n. a. 1 (1H, J = 16.7, 10.9, 2.8, CH,), 2.86 n. a. n (1H, J = 16.7,
3.1,2.2,CH,), 3.25 1. n. n (1H, J =10.9, 6.6, 3.1, OCH), 3.89 ¢ (3H, OCH3),
4.28-4.44 m (2H, OCH,CHj3), 4.54 x (1H, J 2.5, OCH), 7.02-7.07 m (2H,
CeHy), 7.87-7.92 m (2H, CgH,), 12.08 ¢ (1H, NH). Haiineno, %: C 64.61; H
7.12; N 3.20. C54H3:NOsS. Beruncneno, %: C 64.70; H 7.01; N 3.14.

Otun 5,7-nuuzonponui-2-(4-u300yTokcudenmikapookcammuio)-4,7-
auruapo-5H-tueno[2,3-Clmupan-3-kapookcunar (6). Bexon 2.5 2 (53%), T.
mn. 113-114°C. UK-cmektp, v, cn™: 3259 (NH), 1657, 1564 (CONH).
Cnextp IMP 'H, §, m. 1., I'y: 0.83 1 (3H, J = 6.8, CH3), 0.99 1 (3H, J = 6.8,
CHj3), 1.03 1 (3H, J = 6.8, CHg), 1.06 1 (6H, J = 6.7, CHj3, i-Bu), 1.14 1 (3H,
J =6.8, CH3), 1.42 T (3H, OCH,CH3, J = 7.1), 1.73-1.88 m (1H, CH, i-Pr),
1.98-2.18 m (2H, CH, i-Pr u CH, i-Bu), 2.49 n. n. 1 (1H, J = 16.7, 11.0, 2.8,
CH,), 2.86 a. n. n (1H, J =16.7, 3.1, 2.2, CH,), 3.25 a. n. 1 (1H, J = 11.0,
6.6, 3.1, OCH), 3.82 n1 (2H, J 6.5, OCH; i-Bu), 4.31-4.41 m (2H, OCH,CHj3),
4.54 k (1H, J = 2.5, OCH), 6.99-7.04 m (2H, CgH,), 7.85-7.90 m (2H, CgH,),
12.06 ¢ (1H, NH). Crextp SIMP *3C, &, m. 1. 13.8, 14.9, 17.9, 18.1, 18.7
(2CHg), 18.8, 27.5, 29.5, 32.5, 33.6, 59.8, 73.8, 78.0, 78.5, 1104, 114.1
(2CH), 123.8, 127.5, 128.5 (2CH), 129.8, 148.8, 161.5, 162.0, 165.6. Haii-
nerHo, %: C 66.40; H7.42; N 2.80. C»;H3;NOsS. Beruncaeno, %: C 66.50; H
7.65; N 2.87.

Otun 5,7-nuu3onponui-2-(2,4-quxnopdenmikapookcamuio)-4,7-
aurunpo-5H-tueno[2,3-clnupan-3-kapookcmnar (7). Beixon 2.1 2 (45%), T.
mn. 138-139°C. MK-crmektp, v, cv™: 3221 (NH), 1640, 1522 (CONH).
Crextp IMP 'H, &, m. 1., I'y: 0.85 1 (3H, J = 6.8, CH3), 0.99 1 (3H, J = 6.8,
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CHj3), 1.03 1 (3H, J = 6.7, CH3), 1.15 1 (3H, J = 6.8, CH3), 1.38 T (3H, J =
7.1, OCH,CHj3), 1.73-1.87 m (1H, CH, i-Pr), 2.05 cn. 1 (1H, J = 6.7, 2.5,
CH, i-Pr), 250 n. n. n (1H, J = 16.7, 11.0, 2.8, CHy), 2.87 n. a. n (1H, J =
16.7, 3.1, 2.2, CH,), 3.25 1. a. 1 (1H, J = 10.9, 6.6, 3.1, OCH), 4.26-4.37 m
(2H, OCH,CHj3), 4.56 x (1H, J = 2.5, OCH), 7.50 n. n (1H, J = 8.4, 2.0, 5-H
C¢Hs), 7.58 1 (1H, J = 2.0, 3-H CgH3), 7.81 n (1H, J = 8.4, 6-H CgHs), 11.87
¢ (1H, NH). Haiineno, %: C 57.18; H5.48; N 3.00. Cy3H»7CI,NO,S. Brruic-
neHo, %: C 57.03; H5.62; N 2.89.

Ortun 5,7-nunsonponui-2-(4-x10poeH3uIKapOoKcaMuio)-4, 7- Turuapo-
5H-tueno|2,3-c]nupan-3-kapookcunar (8). Beixon 2.9 2 (65%), 1. mn. 100-
101°C. UK-criektp, v, cn™: 3262 (NH), 1665, 1525 (CONH). Criextp SIMP
'H, 8, m. 1., I'y: 0.79 1 (3H, J = 6.8, CH3), 0.96 1 (3H, J = 6.8, CH3), 1.01 1
(3H, J = 6.7, CH3), 1.11 n (3H, J = 6.8, CH3), 1.35 v (3H, J = 7.1,
OCH,CHj5), 1.70-1.86 m (1H, CH, i-Pr), 1.98 cm. 1 (1H, J = 6.8, 2.5, CH, i-
Pr), 243 n. n. n (1H, J = 16.7, 11.0, 2.8, CH,), 2.80 n. n. n (1H, J = 16.7,
3.2, 2.2, CHy), 3.20 n. n. n (1H, J = 11.0, 6.6, 3.2, OCH), 3.82 ¢ (2H,
CH,CgH,Cl), 4.18-4.34 m (2H, OCH,CHg), 4.49 x (1H, J = 2.5, OCH),
7.30-7.37 m (4H, C¢H,4ClI), 11.03 ¢ (1H, NH). Haiineno, %: C 62.25; H 6.40;
N 3.09. C24H3,CINO,S. Boruucieno, %: C 62.12; H 6.52; N 3.02.

Otun 5,7-aunsonporui-2-(3-propoeHsmikapookcamuio)-4, 7- Turuapo-
5H-tueno[2,3-C]nupan-3-kapookcunar (9). Beixon 2.8 2 (65%), T. ur. 107-
108°C. UK-crektp, v, cu™™: 3252 (NH), 1663, 1526(CONH). Crextp SIMP
'H, 8, m. 1., I'y: 0.79 1 (3H, J = 6.8, CH3), 0.96 1 (3H, J = 6.8, CH3), 1.01 1
(3H, J = 6.7, CH3), 1.11 n (3H, J = 6.8, CH3), 1.35 t (3H, J = 7.1,
OCH,CHj5), 1.70-1.85 m (1H, CH, i-Pr), 1.99 cm. 1 (1H, J = 6.8, 2.5, CH, i-
Pr), 243 n. a. 1 (1H, J = 16.7, 11.0, 2.7, CH,), 2.80 n. a. n (1H, J = 16.7,
3.2, 2.2, CHy), 3.20 n. n. n (1H, J = 11.0, 6.6, 3.2, OCH), 3.85 ¢ (2H,
CH,CgH4F), 4.18-4.33 m (2H, OCH,CHj3), 4.49 x (1H, J = 2.5, OCH), 6.97-
7.04 m (1H, CgH4F), 7.10-7.17 m (2H, CgH4F), 7.31-7.39 m (1H, CgH4F),
11.04 ¢ (1H, NH). IMP C, ., m. 1.: 13.7, 14.8, 17.9, 18.1, 18.8, 29.5, 32.4,
33.5,42.2, 59.6, 77.9, 78.5, 110.8, 113.5 (1, Jc 21.0), 116.0 (u, Jcr 21.5),
124.8 (1, JoF 2.8), 127.5, 129.7, 129.8 (1, Jcr 2.5), 136.1 (&, JcF 7.9), 147.3,
162.1 (n, Jcr 245.4), 164.5, 166.3. Haiineno, %: C 64.28; H 6.84; N 3.06.
C24H30FNO,S. Beraucneno, %: C 64.41; H 6.76; N 3.13.

Orun  5,7-nuusonponui-2-(1-madruikapdokcamuno)-4,7-nuruapo-5H-
tueno[2,3-c]nupan-3-kapookcunar (10). Beixon 2.1 2 (48%), 1. min. 125-
126°C. UK-criektp, v, cm': 3241 (NH), 1655, 1530 (CONH). Cnextp SIMP
'H, 8, m. 1., I'y: 0.89 1 (3H, CH3, J = 6.8), 1.00 1 (3H, CH3, J = 6.8), 1.05 1
(3H, CH3, J = 6.7), 1.18 n (3H, CH3, J = 6.8), 1.38 T (3H, OCH,CHs, J =
7.1), 1.75-1.90 m (1H, CH, i-Pr), 2.09 cm. x (1H, CH, i-Pr, J = 6.8, 2.4), 2.52
a. a1 (1H, CH,, J = 16.7, 10.9, 2.8), 2.89 a. n. n (1H, CH,, J = 16.7, 3.1,
2.1), 3.27 n. n. n (1H, OCH, J = 10.9, 6.6, 3.1), 4.26-4.36 m (2H, OCHy,),
4.59 x (1H, OCH, J = 2.4), 7.54-7.64 m (3H, Ar), 7.89 n. 1 (1H, Ar, J =7.2,
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1.1), 7.93-7.97 m (1H, Ar), 8.08 yur. 1 (1H, Ar, J = 8.2), 8.52-8.58 m (1H,
Ar), 11.85 ¢ (1H, NH). Haiineno, %: C 69.78; H 6.54; N 2.91. C,;H3;NO,S.
Brramcneno, %: C 69.65; H 6.71; N 3.01.

Otuin 5,7-nmU30TpONHII-2-TUKIIOTeKCHIIKapOokcaMu10-4, 7 - TUrupo-
5H-tueno|2,3-c]mupan-3-kapookcunar (11). Beixon 2.2 2 (54%), 1. ut. 104-
105°C. YIK-criextp, v, cm™’: 3241(NH), 1664, 1532 (CONH). Crextp SIMP
'H, 8, m. 1., I'y: 0.81 1 (3H, J = 6.8, CH3), 0.97 1 (3H, J = 6.8, CH3), 1.02 1
(3H,J=6.7, CH3), 1.12 1 (3H, J = 6.8, CHj3), 1.25-1.56 m (5H, CgHy;), 1.39
T (3H,J=7.1, OCH,CHs), 1.67-1.88 m (4H, CsH11 u CH, i-Pr), 1.94-2.05 m
(3H, C¢Hy1 u CH, i-Pr), 2.35-2.47 m (2H, CH(H) u CH, C¢H11), 2.82 1. 1. 1
(1H, J = 16.7, 3.1, 2.2, CHy), 3.21 a. . n (1H, J = 11.0, 6.6, 3.1, OCH),
4.23-4.38 m (2H, OCH,CHj3), 4.50 x (1H, J = 2.5, OCH), 11.21 ¢ (1H, NH).
Haitineno, %: C 65.68; H 8.24; N 3.39. Cy3H3sNO,S. Brruucieno, %: C
65.53; H 8.37; N 3.32.

Orun  5,7-nuusonponui-2-(2-pypounamuno)-4, 7-muruapo-5H-trueHo-
[2,3-c]mupan-3-kap6okcuiar (12). Beixox 2.2 2 (56%), 1. . 123-125°C.
UK-criektp, v, evn™: 3237 (NH), 1660, 1568 (CONH). Criextp SIMP *H, §, m.
n., I'y ( nBa crepeonsomepa, 68:32%): | uzomep: 0. 97 1 (3H, J = 6.8, CHs),
1.00 x (3H, J = 6.7, CH3), 1.05 n (3H, J = 6.7, CH3), 1.15 1 (3H, = J 6.7,
CH3), 1.42 v (3H, J = 7.1, OCH,CHj3), 1.69-1.84 m (1H, CH, i-Pr), 1.95-
2.11 m (1H, CH, i-Pr), 2.55 1. n. 1 (1H, J =17.0, 9.0, 1.7, CH,), 2.90 1. 1. 1
(1H,J=17.0,3.8,0.8,CH,), 3.49 n. n. 1 (1H, J=9.0, 7.3, 3.8, OCH), 4.36 x
(2H, J = 7.1, OCH,CHj3), 4.54 ym. x (1H, J = 2.4, OCH), 6.66 . 1 (1H, J =
3.5, 1.8, 4-Hgyyyp), 7.27 1. o (1H, J = 3.5, 0.8, 3-Hgyyp), 7.81 1. 1 (1H, J = 1.8,
0.8, 5-Hgyp), 11.98 ¢ (1H, NH). 1l m3omep: 0. 83 1 (3H, J = 6.8, CH3), 0.98 1
(3H,J=6.8,CHg3), 1.03 1 (3H, J =6.7, CH3), 1.14 1 (3H, J = 6.8, CH3), 1.42
T (3H, J = 7.1, OCH,CHj3), 1.69-1.84 m (1H, CH, i-Pr), 1.95-2.11 m (1H,
CH, i-Pr), 2.49 n. n. n (1H, J = 16.7, 10.9, 2.8, CH,), 2.87 n. n. n (1H, J =
16.7, 3.1, 2.1, CH,), 3.25 x. 1. 1 (1H, J = 10.9, 6.6, 3.1, OCH), 4.28-4.43 m
(2H, OCH,CHj3), 4.54 ym. k (1H, J = 2.4, OCH), 6.66 x. n (1H,J = 3.5, 1.8,
4-Hyyp), 7.27 1. 1 (1H, J = 3.5, 0.8, 3-Hgyyyp), 7.81 1. 1 (1H, J = 1.8, 0.8, 5-
Hgyp), 11.97 ¢ (1H, NH). Haiineno, %: C 62.31; H 6.64; N 3.52.
C»1H»7NOsS. Brruncneno, %: C 62.20; H 6.71; N 3.45.

Ortun  5,7-mumzonponui-2-[(2-tueHnikapOoHIT )aMiHO |-4, 7- TUruIpo-
5H-tueno[2,3-C]nupan-3-kapookcunar (13). Beixoz 2.0 2 (50%), 1. rur. 118—
120°C. UK-criektp, v, cu™: 3233 (NH), 1652, 1557 (CONH). Crextp SIMP
'H, 8, m. 1., I'y: 0. 83 1 (3H, J = 6.8, CH3), 0.99 1 (3H, J = 6.8, CH3), 1.03 1
(3H, J = 6.7, CH3), 1.14 n (3H, J = 6.8, CH3), 1.42 t (3H, J = 7.1,
OCH,CHj3), 1.73-1.90 m (1H, CH, i-Pr), 1.96-2.10 m (1H, CH, i-Pr), 2.49 n.
a a(1H,J=16.7,10.9, 2.5, CH,), 2.86 . n. n (1H, J=16.7, 3.2, 1.7, CH,),
3.25 1. 1. o (1H, J = 10.9, 6.6, 3.2, OCH), 4.28-4.43 m (2H, OCH,CHj3),
4.54 ym. x (1H, J =2.3, OCH), 7.21 n. n (1H, J = 5.0, 3.8, 4-Hy0p.), 7.72 1.
x(1H,J =38, 1.0, 3-H 1u0¢.), 7.78 1. 1 (1H, J = 5.0, 1.0, 5-H 109.), 12.00 ¢
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(1H, NH). Crextp SIMP 3C, &, m. 1.: 13.8 (CHs), 14.9 (CH3), 17.9 (CHa),
18.1 (CHs), 18.8 (CHj3), 29.5 (CH,), 32.4 (CH), 33.6 (CH), 59.9 (OCHy),
78.0 (OCH), 78.5 (OCH), 110.7, 127.6 (CH), 127.9, 128.7 (CH), 130.0,
132.0 (CH), 136.8, 147.9, 156.9, 165.5. Haiineno, %: C 59.72; H 6.51; N
3.27. Cy1Hy7NO4S,. Brruucneno, %: C 5983, H 6.46; N 3.32.

Ortun  5,7-nunsonponui-2-[3-(4-3amerieHHbie  GpeHMI)-3-0KCOMPOITHII-
amuHo |-4,7-nuruapo-5H-tueno[2,3-c]mupan-3-kapookcunarst 14-17. Cmech
BogHoro pactBopa 0.0016 wmozs rugpoxiopuaa 3aMEIIEHHOTO  3-
nuaTuiamuHonponad-1-ona u 0.5 2 (0.0016 monst) cnimproBoro pactsopa
aMyHa 2 KATATAT B Teuenue 1.5-2 y. BrimaBmmii ocagok MpOMBIBAIOT BOJIOH,
OT(UIBTPOBBIBAIOT U MEPEKPUCTAILITUZOBBIBAIOT U3 ATAHOJIA.

Orun  5,7-pumuzonponui-2-[3-(4-ruapokcudeHn)-3-0KComponmiaMm-
HO|-4,7-nuruapo-5H-tueno[2,3-c]mupan-3-kapookcunar (14). Beixon 0.4 2
(48%), . mn. 155-156°C. MK-cmextp, v, cv™: 3253 (NH), 1669 (CO).
Crextp SIMP 'H, &, m. 1., I'y: 0.94 1 (3H, J = 6.7, CH3), 0.97 1 (3H, J = 6.7,
CHj3), 1.02 1 (3H, J = 6.7, CH3), 1.08 1 (3H, J = 6.7, CH3), 1.32 v (3H, J =
7.1, OCH,CHg), 1.73 m (1H, CH, i-Pr), 1.92 m (1H, CH, i-Pr), 242 n. 0. 1
(1H,J=17.2,9.0, 1.6, CHCH>), 2.79 1. n (1H, J = 17.2, 3.8, CHCH>), 3.27
T (2H, J = 6.3, CH,CO), 3.43 m (1H, OCHCH,), 3.49-3.61 m (2H, NHCH,),
418 k (2H, J = 7.1, OCH,), 4.18 n (1H, J = 7.0, OCH), 6.77-6.82 m (2H,
CeHa), 7.78-7.83 M (3H, CgH, 1 NH), 9.94 ¢ (1H, OH). Criextp SIMP °C, &,
M. a.: 14.0, 18.0, 18.4, 18.7, 19.2, 29.8, 31.6, 33.1, 36.6, 42.2, 58.2, 73.8,
76.2,101.4, 114.8 (2C), 115.4, 127.6, 129.8 (2C), 131.6, 162.2, 164.4, 164.6,
194.9. Haiineno, %: C 65.39; H7.17; N 3.09. C,5H33NO5S. Beruuciaeno, %:
C 65.33; H 7.24; N 3.05.

Otun 5,7-aunsonporui-2-[3-(4-xaophern)-3-okconponuiamuno]-4,7-
auruapo-5H-treno[2,3-Cnupan-3-kapookcuiar (15). Beixox 0.5 2 (66%), T.
mn. 134-135°C. MK-cnektp, v, cv™: 3309 (NH), 1682 (CO). Cnekrp SIMP
'H, 8, M. 1., ['y: 0.94 1 (3H, J = 6.7, CH3), 0.97 1 (3H, J = 6.7, CHs), 1.02 1
(3H, J = 6.7, CH3), 1.08 1 (3H, J = 6.7, CH3), 1.32 T (3H, J = 7.1,
OCH,CH3), 1.73 m (1H, CHMe,), 1.92 m (1H, CHMe,), 2.43 ym. . 1 (1H, J
=17.0, 8.9, CHCH,), 2.79 ymr. a. x (1H, J =17.0, 3.4, CHCH,) 3.38 r (2H, J
= 6.4, CH,CO), 3.38 — 3.47 m (1H, OCHCHy), 3.52-3.64 m (2H, NHCH,),
4.18 x (2H, J = 7.1, OCH,CHj3), 4.18 yu. x (1H, J = 7.0, OCH), 7.44 —7.50
M (2H, C¢Hy), 7.83 ym. T (1H, J = 5.9, NH), 7.94 — 8.00 m (2H, CgH,).
Cuextp SIMP C, &, m. 1.: 14.0, 18.0, 18.4, 18.6, 19.2, 29.8, 31.6, 33.1,
37.3, 41.9, 58.2, 73.8, 76.1, 101.6, 115.5, 128.2 (2C), 129.3 (2C), 131.6,
134.5, 138.5, 164.3, 164.7, 195.8. Haiineno, %: C 62.88; H 6.83; N 2.98.
CosH3NO,S. Beruucneno, %: C 62.81; H 6.75; N 2.93.

Orun  5,7-nuuzonponui-2-[3-(4-romaun)-3-okconponuaaMuHo -4, 7-au-
ruapo-5H-tueno[2,3-CJnupan-3-kapookcmiat (16). Beixon 0.5 2 (72%), .
mn. 122-124 °C. UK-cnektp, v, e’ 3314 (NH), 1682 (CO). Crextp SIMP
'H, §, M. 1., ['y: 0.94 1 (3H, J = 6.7, CH3), 0.97 1 (3H, J = 6.7, CH3), 1.02 1
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(3H, J = 6.7, CHy), 1.08 1 (3H, J = 6.7, CH3), 1.32 T (3H, J = 7.1,
OCH,CHs), 1.73 M (1H, CH, i-Pr), 1.92 m (1H, CH, i-Pr), 2.42 ¢ (3H,
CH3CgHa), 2.43 1. 1. 1 (1H, J = 17.0, 9.1, 1.6, CHCH,), 2.79 yu. 1. 1 (1H, J
=17.0, 3.8, CHCH,), 3.34 T (2H, J = 6.4, CH,CO), 3.44 M (1H, OCHCH,),
3.52-3.64 M (2H, NCH,), 4.19 x (2H, J = 7.1, OCH,CHg), 4.19 1 (1H, J =
7.0, OCH), 7.24-7.29 m (2H, CgHy), 7.82 ym. T (1H, J = 5.9, NH), 7.83 —
7.88 M (2H, CgHs). Crrextp SIMP °C, &, M. 1.: 14.0, 17.0, 18.4, 18.6, 19.2,
21.0, 29.8, 31.6, 33.1, 37.1, 42.0, 58.2, 73.8, 76.1, 101.5, 115.4, 127.7 (2C),
128.6 (2C), 131.6, 133.7, 142.9, 164.3, 164.6, 196.2. Haiineno, %: C 68.31;
H7.67; N 3.10. CyH3sNO,4S. Beruncieno, %: C 68.24; H 7.71; N 3.06.

Otun 5,7-puuzonponui-2-[3-(4-0yrokcudennn)-3-0KCoOnpOnuIaMHHO |-
4,7-muruapo-5H-tueno[2,3-C|nupan-3-kapookcunar (17). Beixox 0.7 2 (88-
%), 1. 1. 108-110°C. UK-cmextp, v, cx’: 3308 (NH), 1687 (CO). Crektp
SIMP H, §, M. 1., I'y: 0.94 1 (3H, J = 6.7, CH3), 0.97 1 (3H, J = 6.7, CHy),
1.00 T (3H, J = 7.4, CH3-Bu), 1.02 1 (3H, J = 6.7, CHs), 1.08 1 (3H, J = 6.7,
CHs), 1.32 T (3H, J = 7.1, OCH,CHs), 1.45 — 1.57 m (2H, CH,CHj3), 1.67-.98
M (4H, 2CH,), 2.43 n. n. n (1H, J = 17.0, 8.9, 1.7, CHCH,), 2.79 n. 1. 1 (1H,
J=17.0, 3.8, 0.7, CHCH,), 3.30 T (2H, J = 6.4, CH,CO), 3.40 — 3.47 m (1H,
OCHCHj,), 3.52-3.61 m (2H, NCHy), 4.03 1 (2H, J = 6.4, OCH,CHy), 4.18
(2H, J = 7.1, OCH,CHy), 4.18 n (1H, J = 6.0, OCH), 6.89-6.94 m (2H,
CeHy), 7.82 ym. T (1H, J = 5.9, NH), 7.89 — 7.94 m (2H, Cg¢H,). Criextp
SIMP B¢, 8, m. 1.: 13.3, 14.0, 18.0, 18.4, 18.5, 18.6, 19.2, 29.8, 30.5, 31.6,
33.1, 36.8, 42.1, 58.2, 67.1, 73.8, 76.1, 101.5, 113.6 (2C), 115.4, 128.9,
129.7 (2C), 131.6, 162.5, 164.3, 164.6, 195.0. Haiineno, %: C 67.43; H7.97;
N 2.77. Cy9H4:NOsS. Beruncieno, %: C 67.54; H 8.01; N 2.72.

EE-bL 2-QWUDPLUE-5,7-42bhON N NNPL-4,7-%2PNP L O-5H-@-PELA
[2,3-c]NPLUL-3-GULLOLUPLUESP USPLUSU UL 6U. ULUPLUSU UL
UrQ-uUPLLE P UPLE-EQL GBI GG LUTLTLUGTUL UGSPINFE-3OFLL

L. 2. N0UNL3UL, LU NULOAFE-3AFL3TTL, Q. U NAUUU3UY, N, U. oULAU3UL,
0. 6. U030, N, 6. -NFUEQ3UL L G- W. 9-610ra9-3UL

2,6-"Hpfpgrugpryfpymtinpud pypn-2H = 4-wfputnisp, 3dph b ghubpugufusf@ddf Lk
bufdlipl yribluugnidfy wnugdby & Gdfy 2-wdfime5,7-qpfynypgfy-4,7-gh =S frppn-
SH-~[Bfplitan| 2,3~ [upfypusts-3-lppopupyunn : Lhipffbfpu wgpjugnedp npny fuppnifdfdn-
ihpf pynputsfopfpiibpn Subqbyply § Qudumpunmpoub abfygblbpp snwgduwbp: pp
bpifmd wndfilop uylyfryusgiby inbquidppypfud 3-qpbfdfy-wdpiungpoogui-1-nhbpf Sfogpnpgn-
plrpibprd wugly b B-udpbulbunbbbp: eodwoppdby § opbflqdws dfugn -
bhpp Sulupnppnpuyfl wlpnfufnfFyncp: pny wdfybbp googupbpned B Fogy Q-
prppeputyfis wlpnffncfFyn :
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF ACYLATION AND
ALKYLATION PRODUCTS OF ETHYL 2-AMINO-5,7-DIISOPROPYL-4,7-
DIHYDRO-5H-THIENO[2,3-c]PYRAN-3-CARBOXYLATE

N. Z. HAKOBYAN, N. S. ARUTYUNYAN, Z. A. HOVASYAN, H. A. PANOSYAN,
R. E. MURADYAN, H. ETUMAJYAN and G. A. GEVORGYAN

The Scientific Technological Centre
of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: nairazhakobyan65@mail.ru

The ethyl 2-amino-5,7-diisopropyl-4,7-dihydro-5H-thieno[2,3-c]pyran-3
carboxylate was obtained by condensation of 2,6-diisopropyltetrahydro-2H-4-pyranon
with sulfur and ethyl cyanoacetate. A series of new corresponding amides were
synthesized by acylation of the latter with different carboxylic acid chlorides. By
alkylation of ethyl 2-amino-5,7-diisopropyl-4,7-dihydro-5H-thieno[2,3-c]pyran-3-
carboxylate with hydrochlorides of substituted 3-diethylaminopropan-1-ones, p-
aminoketones were obtained. The structures of amides and B-aminoketones were
confirmed by IR and 'H NMR spectroscopic methods. The study of the anti-
inflammatory and analgesic action of the obtained compounds was carried out on a
screening model of acute exudative inflammation in rats caused by subplantar
administration of 0.1 ml of 1% carrageenan solution. The study of the anti-inflammatory
action of the drug in chronic inflammation was carried out on the model of proliferative
inflammation ‘Pellet-granuloma”. A study of the anti-inflammatory activity of the
obtained compounds showed that two compounds with 2,4-dichlorophenyl and 4-
chlorobenzyl radicals at a dose of 25 mg/kg exhibited weak activity in the model of
acute exudative inflammation (24 and 27%, respectively). The rest of the tested
compounds in the doses used did not suppress inflammatory edema and pain in
carrageenan inflammation and did not show the ability to delay the development of
fibrous-granulation tissue in chronic inflammation. Under these conditions, voltaren and
indomethacin exhibit pronounced activity (65.5 and 64.3%, respectively).
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CHUHTE3 HOBbIX NPOU3BOJHBIX B PAAY 1,3,5-TPUAZUHA

A.IL EHTOSIH?" | B. A. IMBA3SIH?, 3. A. KA3APSIH® u K. A. A3APSIH®

® HaumoHaIbHbIA arpapHblil YHUBEPCUTET APMEHHUH
Apwmenus, Epesan, 0009, Tepsina 74
®TOV BIIO PoccHiicko-ApMSHCKHiT YHHBEPCHTET
Apwmenus, Epesan, 0051, O.Omuna 123
*E-mail: ayengoyan@mail.ru

Ha 6a3e wmetun(4-xnop-6-(ammetunamuHo)-1,3,5-TpnasunH-2-un)rnmumHara, N-(4,6-gmxnop-
1,3,5-TpuasuH-2-un)-4-meTundeHuncynsgoHammuaa, 2-aMWHO-4-anMeTnnaMmHo-6-xmnop-1,3,5-
TpuasnHa u N'-(4,6-6uc(aumeTnnammHo)-1,3,5-TpruasnH-2-un)atax-1,2-amammHa ocyLLeCTBNeH Lie-
TieHanpaBreHHbI CUHTE3 HOBbIX Mpou3BoAHbIX 1,3,5-TpuasuHa. CUMHTE3MpOBaHHbIE COEAMHEHWS
NpeacTaBnAlT MHTEPEC KaK B MiaHe novcka HOBbIX MOTEHLManbHO B1MONorMyeckn akTUBHbIX coean-
HEHWI, TaK U B Ka4eCTBE NCXOAHbIX BELLECTB A1 CUHTE3a HOBbIX 3aMeLLeHHbIX MPon3BoaHbix 1,3,5-
TprasuHa.

Bubn. cebinok 70

['eTepounknnyeckre coelMHEHMs], B COCTaB KOTOPHIX BXOAMT CUMMET-
puuHsbIii 1,3,5-Tpra3suHOBBIN (cuM-TPUAZUHOBBIN) (GParMeHT, MPEICTABISIIOT
cO0Ol MHTEPECHBIN KJIaCC COEIMHEHUH, 00JalaloMUX MHUPOKUM CHEKTPOM
OMOJIOTUYECKON aKTUBHOCTH. B MeAMIMHCKOW MpakTHKE MPUMEHSETCS Iie-
T psiA MIPEnapaToB: PECHUPATOPHBIN CTUMYJIATOP AIMHUTPHH (JIyKCHII),
MIPOTHBOOITYXOJIEBBIE CPEICTBA AITPETAMUH (TeKCalleH), AMOKCAJeTUTPET-
amMHH, MHrHOUTOp (ocdoamdcTepazbl UPCOTIAINH, MHUEIOPENIAKCAaHT H30-
LUYPOHHYM OpOMUJ, TPUIIAHOILMIHBIE IPErapaThl MENApPCEH-OKCHUI M Me-
JIAPCOMHH, MPOTUBOMAIIIPUHHOE CPEJICTBO IUKIOTYyaHu [1].

B cenbckoMm X03sHiCTBE MIMPOKO MCIOJB3YHOTCA Hpou3BoaHbe 1,3,5-
TpUa3nHa, TJIaBHBIM 00pa3oM, st 60pbObI ¢ copHsikamu. K HUM oTHOCATCS
XJI0p-, PTOPAIKUII-, METOKCH- M METHITHO3aMEIICHHbIE TPUA3UHBI, a TAKKE
IpOM3BOJHbIE TpuazuHOHa. Oco0oe MEeCTO 3aHUMAIOT TrepOMLUAbI psja
TPUAZHHUICYIb(OHMIMOYEBHHBI, KOTOPBIE OTIMYAIOTCS BBICOKOW 3(dex-
TUBHOCTHIO, OUYCHb HU3KUMH JJ03aMHU NMPUMEHEHHS U HU3KOH TOKCHYHOCTBIO

[2].
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[IpousBoaHble cum-TpUa3uHa HAXOIAT TaKXKe MPUMEHEHHE B JIPYTHX
obnactax. Tak, 1,3,5-tpuaszun-2,4,6-TpuaMun (MeJaMHH) pearupyer ¢ Gop-
MaJbJeTHI0M, 00pa3ys O4eHb MPOYHYI0O TEPMOPEAKTUBHYIO cMOiy. benso-
ryaHamut (2,4-auamMmuno-6-¢enmn-1,3,5-Tpuazun) ucnonb3yercs i MOBbI-
HICHUST TEPMOPEAKTUBHBIX CBOMCTB AJIKHIBHBIX, aKPHJIOBBIX U (OpMaib-
JETUAHBIX cMOJ. TpHasuHBI TakKe IMOJE3HBI B KauecTBE XPOMO(OPHBIX
TPYyNIl B KPAaCUTEISX, a XJIOp, NPUCOEINHEHHBI B COSIUHEHUAX TpHUa3uHa,
XOpOLIO MPETEepreBaeT pPeakuu HYKJICO(PWIBHOTO 3aMEIIeHUss C THAPO-
KCWJIBHBIMU TPYIIIAMHU B IIEJUTIONIO3HBIX BOJIOKHAX.

HekoTopsie coequHeHHs ceMeiicTBa TPUA3MHOB MCIOJIB3YIOTCS B (ap-
MalEeBTUYECKON MPOMBIIIIEHHOCTH B KaYeCTBE CBSA3BIBAIOILIETO areHTa st
CHHTE3a TEeNTHa B TBEPIOU (a3ze, a TakKe B PaCTBOPE U B KauecTBe OOKO-
BOH 1enu aHTHOMOTUKOB. OHU MCIOJIB3YIOTCA B KayeCTBE KOHCEPBAHTOB B
He(TAHBIX MECTOPOXKICHHUSX KaK JAC3HMH(HUIUpPYIOIIee CPEACTBO, MPOMBIII-
JICHHBIA J€30J0paHT U OMOUWA NMpU OYHCTKE BOAbl. OHU MPUMEHSIOTCS Kak
0TOENMBAOIINE areHThl, 0EMOTPU3MHON U ATHITEKCHITPHA3UH — B KAUECTBE
nornorutesied Y@ usnydeHus, a LUHUKIOTPUMETHICHTPUHUTPAMUH U TpU-
HUTPOTPHUA3HH — B IIPOU3BOJCTBE B3PHIBUYATHIX BELICCTB.

1,3,5-Tpua3un ucnonp3yercs B KauyecTBE peareHTa B OPraHUYECKOM
CUHTE3€, CUMM-TPUA3HH TAK)KE HCIIOJIB3YETCSl KaK SKBUBAJICHT ITUAHHCTOTO
Bogopoaa (HCN), mockonbKy ¢ TpuasmHOM, Oyay4H TBEpIbIM BEIICCTBOM (B
otrnnuue ot raza HCN), game sierde paborats B 1abopaTOpHH.

VYuuTteiBas MIMPOTY CHEKTPa GU3NOIOTUIECKOTO JIEHCTBHS 3aMEIICHHBIX
1,3,5-Tpua3uHOB, MPOAOIDKAIOTCS IIeJICHANIPABICHHBIE CHHTE3bl M UCCIENO0-
BaHUs OMOJIOTUYECKOW aKTHMBHOCTH MX HOBBIX MPOW3BOIHBIX. B TOM psimy
BBISIBJICHBI HOBBIE COCIMHEHMSA, 00JIaJaroNine aHTHOAKTEPHaIbHOW M aHTH-
MHUKpPOOHO# [3-17], mpoTuBoTyOepKyne3Hoi [18-20], mpoTHBOBOCTIATUTENb-
Ho# [21,22], nmpoTuBOoBUpYyCHO [23-26], mpoTtuBorpudkoBoii [27-29], npo-
tHBOpakoBoit [30-42], antu-BUY [43,44], anTutpunanocomuoi [45,46], an-
TuManapuiinoit [47-50] u antuokcumantHol [51] aktuBHOCTSIMU. HekoTo-
pBI€ TIPOM3BOIHBIE UHTUONPYIOT hocdomudcrepasy [52] u MAO [53], sBus-
IOTCS MOJYJISITOpAMHU dCTPOTEHHBIX penenTopoB [54] m GiokaropamMu Heu-
POHHBIX HATPUEBBIX KaHAJIOB [55].

Tpuazun sBrsercs cnabbiM ocHoBaHueM. OH umeeT ropasno 6onee cia-
OyI0 DHEPTUIO0 pe30HaHCa, YeM OEH30JI, TOITOMY HyKJIeo(HuiIpHOE 3amere-
HUE TPEANOYTHTENIbHEE 3JIEKTPOGUIbHOrO. TpHAa3HHOBOE KOJBLO MOMXHO
WCIIONTb30BaTh KaK CTPOUTEIHHBINA OJIOK WM JIMHKEP ISl OMOJIOTUIECKH aK-
TUBHBIX MAaTEpUaJIOB, KpacUTENeH, YIJIEBOJOB, MOIU(UKATOPOB OEIKOB,
JICHIPUMEPOB, FTEHHOW Tepanuu U CUHTE3a MOJIMMEPOB.

Jns cuntes3a npomsBoaHbIX 1,3,5-TpuasuHa B KauecTBe OCHOBHOTO HC-
XOJTHOTO TPOJYKTa, Yalie Bcero, mpuMensiercs 2,4,6-rpuxiop-1,3,5-Tpua3zun
(uMaHypxJIOpUa), a TaKKe TMIPOKCH- U aMHUHO3aMEIICHHBbIE MPOIYKTHI —
[MaHypOBas KUCIIOTA U MEJIaMUH.
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nanypxnopun [uanypoBast kucnota Menamua

[Tpu xOHTpoOJIE TeMIepaTypbl BO3MOXKHBI PEaKIUH CEJIEKTUBHOTO HYK-
NeopUIBHOTO 3aMeIleHUs] aTOMOB XJiopa LHaHypxJyopuaa. [lepBeiii aTom
XJI0pa 3aMeIaeTcs Jerko yxe npu remmneparype 0-5°C, a BTOpoit aToM XJ10-
pa — mpu Gosiee BbICOKO# Temmeparype (35-45°C). 3amerneHue TpeThEro
aToMa XJIOpa MPOTEKAaeT HAMHOTO TPyJHEE, AJSl €ro OCYIIECTBICHUS HE0O0-
xoaumo Harpesanue 10 80-100°C.

I: 0-5°C
ﬂ RL__R?
\X/
Cl Hykneodun )Nl\)\N
N7 N RS AR
1 3545cc ML mm: 8o-100°C £ N Y
—= CI” "N~ Cl <= R® R*

X,Y,Z=N,0,S,C; R!-RO=ankun, ankeHun, apuin

Taxolf moaxon cuHTe3a NMpou3BOAHBIX 1,3,5-TpuasuHa mpUMEHseTCs B
OOJIBIIMHCTBE HcclieoBanuii. Bmecte ¢ Tem B pabote [56] st 3amenieHus
TPETHETO aToMa XJiopa npuMeHeH aApyroi Meroa. C nenbio 00aerdyeHus mnpo-
TEeKaHMS PeaKIUi 3aMEIeHHUs] B 3TOM IOJIOKCHUN CHayasla peakluen ¢ Tpu-
METHJIAMUHOM B cpejie dpupa MOITy4aloT TPUMETHIAMMOHHEBYIO COJb, KO-
TOpasi Ype3BbIUANHO JIETKO TMOJBEPTAeTCsl MMaHMETHIMPOBAHUIO WIIH AJIKH-
JUPOBAHUIO.

[Tomumo peakuuii 3aMerieHrss aTOMOB XJIOpa LIMAHYPXJIOpUAA MOMKHO
OTMETHUTH M JIPYTH€ MHTEPECHBIE U OPUTHHAIBLHBIE METOJBI CHUHTE3a TIPOU3-
BOJHBIX cumMm-Tpuasuna [57-67].

Bwmecre ¢ Tem, cyas mo IuTepaTypHbIM JAaHHBIM, MaJIO U3Y4Y€HbI COEIH-
HeHUs ¢ KomOmHanme# 1,3,5-Tpua3suHOBOrO KoOJIbLla ¢ JApyruMu (hapmako-
(OpHBIMH TE€TEPOLIMKIIAMH, B YaCTHOCTH, C azonamu (1,2,4-Tpuazonom, Tha-
30JI0M, UMHJIA30JI0M M U30KCA30JI0M), XOTsI Ha 0a3e MOCIeAHUX CUHTE3UPO-
BaH M IHUPOKO MPUMEHSETCS B METUIIMHE M CEIbCKOM XO3SHUCTBE LENbIN ap-
ceHan npenaparos [1,2].

Henbto nanHo#l paboThl Obla pa3paboTKa JOCTYMHBIX U 3(PPEKTUBHBIX
METOJIOB CHHTE3a HOBBIX MPOM3BOJHBIX 1,3,5-TpuaszuHa, a Takke CoelnHe-
HUW ¢ coueTaHueMm B moJekyne 1,3,5-tpuasuna c 1,2,4-TpuazonbHbIM, THA-
30JIbHBIM, UIMUJJA30JIbHBIM U M30KCA30JbHBIM IUKIAMH U U3y4YEHHE UX Ouo-
JIOTUYECKOW aKTUBHOCTH. [IpoBesieHHbIE MCcCe0BaHUsI MOTYT OBITh OIHCA-
HBI CIIeYIOIIEeH KpaTKoil 0000I11IeHHOM CXeMO:
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Peaknueit ucxomnoro 2,4-nuxinop-6-mumerninamuno-1,3,5-tpuasuna (1)
C TUAPOXJIOPUIOM METHIIOBOrO 3(hupa IHIUHA B Cpee alleTOHA CHHTE3U-
poBaH cooTBeTCTBYIOMIMIA 3up (2). s mocneayroniero 3aMemnieHus BTopo-
ro aToMa XJopa ObLI IIPUMEHEH METO/, pa3paboTaHHblii B pabore [56]. CHa-
qayia ObLIa MMOJIydeHa TpUMEeTHIaMMOHHeBas coib 1,3,5-tpuasuna (3) u na-
Jiee OCYILECTBIICHBI PEaKIMH C MPEIBAPUTEIHLHO MOTYyYCHHBIMU KaJIHEBbIMU
COJISIMM 5-S-3aMelleHHbIX NPU3BOAHBIX 1,2,4-Tpua3ona u 2-aMUHOTHA30I1a, B
pe3ysbTaTe KOTOPBIX CHUHTE3MPOBAHBI IENIEBbIE MPOIYKTHI — PsJ IPOU3BOJI-
HBIX HEKOH/ICHCUPOBAHHBIX OU- ¥ TPUTETEPOLUKIMUECKUX CUCTEM C COYeTa-
HHEM B MoJIeKyJax 1,3,5-Tpua3suHOBOro LKA M Pa3IMYHBIX a30J0B (4,5).
Panee Hamu ObUTO JJOKa3aHO, YTO B CIyyae COCIMHEHHH 4 3aMelieHue mpo-
TEKaeT MO0 aToMy a30Ta MEepBOro MOJIOKEHHsS 1,2,4-Tpua3oibHOTO IUKIIA

[68].

/—Ij\ R H,;C
e
)C\l )N\ s R = CH,Ph; CH,COOCH; CH,CH,0Ph; //1(1)1
NN NN H
e, A J e AL A oCH ©
NN 3 N7°N H 3
¢H ¢H
i  4aa O CH,
| g
)C\l j\l\’(CHB)BCI HI CER )
SN I\f SN I\{ SN
H,C. )\N)\N/\’I/OCH3 — H3C.N)\N/)\N/\"/OCH3 - H3C.I}I N/)\N/\“/ocm
e, MOl e, MO ¢y, Bl
3 5
cl cl
J% )\

N

|
C N N/\’I/NHNH2 — H3CN N7 N N /
CH3 CH3
7a,b

= H; OCH;

C nenplo CHHTE3a APWINAEHTUAPA3UAOB CHayajga B3aMMOJAEHCTBHEM
sdupa 2 ¢ 63% ruapazvuHOM CHHTE3UPOBAH COOTBETCTBYIOIINH TrUApasun b,
KOTOPBIH ¢ apuiianbIeTuaaMu o0pasyerT 1eJeBble POIYKTHI 7.

CuHTE31pOBaHHBIE COEUHEHHSI OYEHb UHTEPECHBI C TOUKU 3PEHMS MIPO-
TEKAIOIIUX B MX MOJIEKyJaX JMHAMHYECKUX IpoleccoB. Tak, B CIEKTpax
SAMP Bcex coemuuenwuii (1-7) it AMMETHIIAMUHHOTO U aMUHO3(HUpHOTO 3a-
MECTHUTEJIEH TPUA3MHOBOIO IIMKJIa HAOIIOJAIOTCS MO ABa HAOOpa pe30HaHC-
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HBIX MOTJIOMICHHH, YTO CBSI3aHO C 3aTOPMOXXEHHBIM BHYTPEHHUM BpallicHUEM
ATUX TPy BOKpyT cBsized N-reteporuki. loBwimienrne mopsaka yka3aH-
HBIX CBsI3el OOYCIIOBJIICHO B3aMMOJICHCTBHEM HETOACICHHBIX AJICKTPOHHBIX
rap 3K30IUKINIECKUX aTOMOB a30Ta C P-AJICKTPOHHBIMU OPOHUTAIIMU TpHa-
3MHOBOTO LIMKJIA. AHAJOTHYHBIE MPOLECCH KOHPOPMAIIMOHHONW U30MEpUU B
MoJieKynax 2,4-ankuii(ANaiKuiI)aMIHO3aMEeIeHHbIX TPOu3BOHbIX 1,3,5-
TpUa3WHa OMMCaHbI B padoTtax [5,69,70].

CH,
N N
NF ) H /l’\/\g\COOCZHS 8
; N
I\‘]SQN I\‘IEQN ;Nﬁf ~
H3C\N%KN)gN/CH2COOCH3 H3C\NQ\N4L§N/CH2COOCH3
CHy 4 H ¢Hy 5 H
cl cl
1\‘1 SN g H N)*N g Ar
H3C\NQKN/L§*NWN\N)\M = H3C\N$N/A§N NPy
¢H, H O 7E ¢H, H O 7z

CkopocTb KOH(POPMAITMOHHBIX MEPEX0/I0B, KAK U BCEX NUHAMUYECKHUX
0OMEHHBIX TPOIIECCOB, 3aBUCUT OT TeMmreparypsl. [Ipu HU3KUX TemmepaTy-
pax, Korja CKOpOCTh OOMEHa Maja 10 CPaBHEHHIO C BPEMEHHOH IIKanoi
SIMP, B crekTpax MNpOSBISIIOTCS PE30HAHCHBIC TOTJIOUICHUS OT KaKIOro
n3zomepa. [Ipu HarpeBaHMH CKOPOCTh IEpexo/ia MEXIy M30MepaMH pacTerT,
npu 3ToM B criektpax SIMP curnanbl, COOTBETCTBYIOIINE OTIEIBHBIM H30-
MepaM, YIIUPSIOTCS U MPHOIMKAIOTCS Ipyr K Apyry. [Ipu ganpHelneM mo-
BBIIICHUU TEMIEpaTyphl, KOTJa CKOPOCTh OOMEHa CTAaHOBUTCS HAMHOTO
OoJbIlle, 1O CpPaBHCHHMIO C BpeMeHHoW mkamoi SIMP, HaGmromaercs ux
CIIMSTHUE B OJIUH YCPEIHEHHBI CUTHAJ, KOTOPBIH NOCTENEHHO cyxkaercs. U3
TEMIEPAaTypHOU 3aBUCUMOCTH XMMHUYECKUX CABUTOB CHTHAJIOB METOJ JMHA-
Mudeckoit IMP-crieKTpocKonuu Mmo3BOJISIET OMPEAETUTh CKOPOCTh OOMEH-
HBIX TIPOLIECCOB M MX 3HepreTHueckue mapamerpsl (E,, AG*, AH* u AS")
[71].

B cnydae coemuHeHuil 7 K yKa3aHHBIM JUHAMHUYECKUM TPOIIECCaM J10-
OaBnsiercs takke Z,E-m3zomepus npu apoitHo#t ceszu C=N. B sTom ciyuae
npeo0ianaeT cTepuuecku 0oJee BHITOIHBIN E-n3oMep.

BBenenue B Mosekyny cuibHOW (apmakopopHOM rpymnmsl — cynbda-
MUHOTO (hparMeHTa, MOKET BIUATh Ha OMOJIOrMYeCKHe CBOMCTBA BEILIECTBA.
C 3TOi1 LeNbI0 OCYIIECTBIICH IEJICHANPABICHHBIN CHHTE3 HOBBIX MIPOM3BOJI-
HBIX Ha 0a3e 6-aMHHO3aMelIeHHX4-X10p-2-To3unamMu0-1,3,5-Tpuaszuna.

Peakuwueii 2,4,6-tpuxinop-1,3,5-rpuazuna ¢ napatoayoncyiabpoHaMHIOM
B auokcaHe cuHTesnpoBaH N-(4,6-muxmop-1,3,5-Tprazun-2-nn)-4-metride-
Hcynbhonamu (8), KOTOPHIH MpU B3aUMOJCUCTBUU C MUTICPUIAHOM HITH
MOpGhOTHHOM 00pa3yeT COOTBETCTBYIONINE 6-aMHHONPOU3BoaHbIe 9a,b. TTo-
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CIIeHUE C TUMETHICYIb(haToM mpeBpaiieHsl B N-MeTui3ameneHHbie mpo-
ayktel 10a,b. C nenpio cunTe3a 4-THO3aMEIIEHHBIX POU3BOIHBIX peaKIueit
coequHeHust 10a ¢ THOMOYEBHHOM MOTy4eHa MPOMEKYTOYHAs] THOYpPOHHUE-
Bas COJIb, KOTOpas Mo AeiicTBHeM Ieaoun rnepeseacHa B N-(4-mepkanto-6-
nunepuant-1-un-1,3,5-rpuazun-2-mn)-N,4- gumetunpeHmicyashoHaMu
(11a). IMocneanuii B JIMDA ¢ pa3nuyHBIME aJTKHITaJOreHUIaMH 00pasyer
COOTBETCTBYIOIIUE aJIKMI3aMelIeHHbIe MPOIyKThl 12a-14a.
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BsaumopneiictBueM 4-xmopnpousBognoro 10a ¢ rugpasuHOM CHHTE3U-
poBar  N-(4-runpasunun-6-(munepuand-1-wn)-1,3,5-rpuasun-2-un)-N,4-1u-
metundenwicynsponamun (15). Peakuueit mocnennero ¢ NaN3 B quokcane
MOJIy4eH COOTBEeTCTBYIONMH a3ua (16), a ¢ mpomnaH-2,4-TMOHOM — COOTBET-
cTByMomIee 4-mpaszonuimpon3BoHoe (17).

OcyIecTBI€HBl  HEKOTOpble TpeBpamieHuss Ha Oaze  2-xmop-4-
(METOKCHMETHIIAMHHO )-6-(tnmeTniaamMuno)-1,3,5-Tpuazuna. CHauana peak-
nuel 2-aMuHO-4-IMMeTHIIaMuHO-6-X710p-1,3,5-Tprasuna (18) ¢ ¢popmansme-
THJIOM CHHTE3MPOBAaH 2-XJIOP-4-(THIPOKCUMETHUIIAMHHO )-6-( TMMETHIaMUH-
HO)-1,3,5-Tpuasun (19), KoTopsIii TOJ NEHCTBHEM METaHoJa TEPEBEICH B
neneBord  2-xiop-4-(METOKCMMETHIIAMHUHO )-6-(mnmeTmiamuHo)-1,3,5-Tpua-
3uH (20). [Tocnenuuit ¢ THOMOYEBHUHOW 00pa3yeT MPOMEKYTOUHYIO THOYPO-
HHUEBYIO COJIb, KOTOpas MOJ ACHCTBHEM IMIPOKCHIA HATPUs IPeBpaliaeTcs B
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2-MepKanTo-4-(MEeTOKCUMETHIIAMHHO)-6-(TuMeTniIaMuHo)-1,3,5-Tpra3un
(21).

B3aumoneiictBuem coenunaenus 20 ¢ ruapa3sUHTAAPATOM CHHTE3HPOBAH
2-runpa3uHmI-4-(METOKCUMETUIIAMHHO )-6-(TumMeTriaaMuHo)-1,3,5-tpuasun
(22), KOTOpBIN C HUTPUTOM HATPHS U YKCYCHOW KHCIIOTOH 0Opasyer cooT-
BeTcTBYROmUHN azuy (23). [Ipu reTeponukim3aniy ruipasuHOBOro GpparMeH-
Ta coeAMHEHus 22 noa aelicTBueM OyTaH-2,4-1MOHA B Cpejie ITAHOJAa OTMe-
YeH WHTEPECHBIN (haKT OJJHOBpEMEHHOU NepedTepu(uKalud METOKCH TPYTI-
bl HA 3TOKCH TPYIITy, YTO MPUBOJUT K oOpazoBanuio 2-(3,5-mumerni-1H-
nupasoi-1-mi)-4-(3TokCuMe THIIaMUHO )-6-(1nMeTmiamMuno)-1,3,5-Tpuazuna
(24). Ecnu e peakuusi MPOBOJUTCS B CPElic METAHOJA, TO TaKas BO3MOXK-
HOCTB YK€ HCKJIIOYAeTCsl U MOJY4aeTcs IeJIeBO€ METOKCUMETHIAMUHOIIPO-
u3BoaHOE (25).

L X 1
j\II\ SN CH,O I\II SN CH,;0H jII\J\N
P
(HiC),N” N7 NH, (HiC),N” N (H;CO,N” N7 NHCH,0CH,
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N3 NaNO, - HCl
A - N
e -
(HO),N” "N NHCH,0CH;  (H30),N” N7 “NHCH,0CH NN
23 22 )I\ )\
(HsC),N” N7 NHCH,0CH;
g
<
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N SH
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N N
IS PN (HsC);N” N7 “NHCH,OCH;
(HO),N” N7 UNHCH,0GH;  (H;C),N” N NHCH,0CH; ’
24 25

MexaHu3Mm B3auMOJEHCTBUS rupasuaa 22 ¢ GypaH-2-kapOalibaeriuioM
TaK)Ke 3aBHCHUT OT yCJIOBHH peakinuu. Tak, Mpy MpUKaNbIBaHUU K peareHTaM
COJISHOW KHUCJIOTHI M AalibHelIeld 00paboTke BOJONW MPOUCXOIUT OJTHOBpE-
MEHHOE 3aMEIICHNEe METOKCH TPYMIbl HA THAPOKCWIBbHYIO rpymmy (26). Ec-
JIX K€ PEaKIUs MPOBOAUTCS C YKCYCHOM KHCJIOTOM B Cpelle AUOKCaHa, TO
oOpasyercs teneBoi—N-(4-(numMeTunamMuHoO)-6-((METOKCUMETHIT )JaMHHO )-
1,3,5-tpuasun-2-un)-N'-(gpypan-2-un) Gopmumuaamun (27).
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VYuuteiBas TOT (pakT, 4TO STaHAMAMHUHHAS TPYIIA BXOAUT B COCTAaB He-
KOTOPBIX JIEKAPCTBEHHBIX MNpenapaToB (CympacTuH, SyQWIIHH U paHUTHU-
JIMH), OCYILECTBJICH CHUHTE3 MPOU3BOAHBIX 2-3TaH-1,2-TUaMUHOB cumMM-
TpuasuHa. Peakmueidl wcxomHbIX —4,6-THMaMUHO3aMEIICHHBIX Nl-(1,3,5-
TpHa3uH-2-ui)3Tan-1,2-nuamMmuHOB (28) ¢ pogaHUIOM Kaylus U COJITHOM K-
CJIOTOM TMOJIy4€HbI COOTBETCTBYIOLINE POU3BOAHBIE THOMOYEBHHEI (29). 1x
TeTePOIMKIIN3AINS C ITHI 2-XJI0P-3-0KCOOYTaHOATOM M 3-XJIOpIeHTaH-2,4-
JTMOHOM TMPHUBOAMUT K obOpazoBanuio 3Tua 2-((2-((4,6-au3ameriennpiii-1,3,5-
TpHUa3uH-2-1J1)aMIHO )3THIT ) aMHHO )-4-MeTUITHA30J1-5-KapOokcminaroB (30) u
1-(2-((2-((4,6-nu3amerniennbiii- 1,3,5-Tpua3nH-2-11)aMUHO ) 3THIT )aMHHO )-4-
METHIITHA301-5-1i1)3TaH-1-0H0B (31), COOTBETCTBEHHO.
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C apyro# CTOPOHBI, TyTEM TETEPOIMKIN3ANNN HCXOJHOTO pearcHra
(28) cepoyriepo oM W TPUITHIAMUHOM OBUIH IOJYYCHBI COCJIMHEHHS C
koMOuHammen 1,3,5-Tpua3suHOBOTO W WMHUAA30JILHOTO IUKIOB B MOJIEKYIIE
(32). Peaknust mociaeaHUX C YKCYCHBIM aHTHIAPUIAOM M (PEHUITH30IHAHATOM
NpUBOIUT K obOpasoBanuto 1-(3-(4,6-musamenieHubiM-1,3,5-Tpuazun-2-mn)-
2-THOKCOMMUIAa30uanH-1-mn)3tan-1-onoB (33) u 3-(4,6-au3amereHHbIM-
1,3,5-tpuazun-2-min)-N-deHnn-2-TuokconmMu1a301uIuH- 1-kapOokcaMu1am
(34).
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B cnektpax SIMP Bcex coenuHeHwWi, Kak U B ciydae coeauHeHMA 1-7,
HaOI0AI0TCS JIBE TPYIIBI CUTHAJIOB TTPOTOHOB AJIKMJIBHBIX TPYITIT AMHUHHBIX
3aMeCTUTENIC B TOJOKEHUSIX 4 W 6, 94TO TakKe OOYCIOBIEHO MPOIECCOM
3aTOPMOXKCHHOTO BHYTPEHHETO BpaIllcHUS 3THX TPYII BOKPYr cBsizu N-—
rerepouukia. [Tomumo storo, B coenuHeHusx 33 U 34 aHAJIOTHYHBINA MPO-
1IecC 3aTOPMOKEHHOTO BPAIICHUS UMEET MECTO U BOKPYT aMUJIHOM CBSI3U, B
pe3yibTaTe 4ero HabmroarTes ABa Habopa curaanoB AMP nis MeTHIIbHON
TPYIIBl AMJIBHOTO 3aMECTUTENII W METUJICHOBBIX TPYMNI HUMHUJA30JIbHOTO
KOJIBIIA.

IJKCIepUMEHTAJIbHAA YACTh

Crextpst IMP *H u **C cusirsr npu 30°C na crektpomerpe IMP Varian
"Mercury-300" (300 u 75 MHz, cOOTBEeTCTBEHHO) B CMECH pacTBOPHUTENEH
JIMCO-ds+CCly (3:1) ¢ mpuMeHeHHEM CTaHAaPTHON UMITYJIBCHOU MOCIIEI0-
BaTEIIbHOCTH, B KayecTBE BHYTPEHHEro cTaHjapra ucrois3oBaics TMC.
JInsi CHHIJICTHBIX, YIIMPCHHBIX CHHIJICTHBIX, IyOJICTHBIX, TPUIUICTHBIX,
KBaJPYIUIETHBIX M MYJBTUIUIETHBIX curHanos SIMP wucnons3oBaiuce co-
KpalleHus: ¢, ywc, 0, m, K 1 M. XOJ PEaKIUi M YUCTOTA MOJYyYCHHBIX CO-
enuHeHuit mposepsutack MetogoM TCX Ha miactunax “SilufolUV-254”, B
KayecTBe II0EHTA UCIO0JIb30Bajach cMech aneTon/rekcan (2:1). Temnepary-
PBI TUIABJICHUS] ONPEACISUINCH KAMWUIIPHBIM METOJOM U HE KOPPEKTHPOBa-
HBI. DIIEeMEHTHbII aHanu3 npoBomwmics Ha npudope "RAPID N Elementar
Cube".

Metnua (4-xy0p-6-(muMeTnaaMuHo0)-1,3,5-TpUa3suH-2-WI)rIIMIUHAT
(2). K ecmecu 0.01 mons 2,4-muxnop-6-mumetrnamuno-1,3,5-rpuasuna (1) u
0.0lmons ruppoxnopuna MeTuinoBoro dupa raunuHa B 30 ar aieToHa npu
oxnaxaeHnu (-5—-0°C) nmpukansiBatoT BomaHbIA pacTBop 0.02 mons Na,COs,
Harpesator 2 y npu 50-55°C, npuiuBaroT XOJOJHYIO BOAY U (HIBTPYIOT.
Beixox 81%, 1.1, 173-175°C. Cnekrp SIMP 'H, §,m.1., Ty:3.07u3.11 (c,c,
6H, N(CHs),); 3.67 u 3.70 (c,c, 3H, OCHg3); 3.94 u 4.00 (m,1, J=6.1, 2H,
NCH,); 7.51 u 7.94 (t,1, J=6.1, 1H, NH). Cnektp IMP 3C, ¢, m.1.: 35.5,
35.7, 41.7, 42.0, 51.0, 164.3, 165.1, 168.0, 169.5. Haiineno, %: N 28.40.
CgH12CIN5O,. Beruncneno, %: N 28.51.

4-(JlumeTnaaMmuno)-6-((2-merokcu-2-okcorrua)amuno)-N,N,N-
TpuMeTWI-1,3,5-Tpuasunnaammonnym xuaopun (3). K pacrsopy 0.01 mozn
coequHeHust 2 u 10-15 amz Oenzonma mpu OXJIQXKIEHHUM NPUOABISAIOT
0.015 mons N(CHj3); B 6ensomne. Ocrasisitor npu 20°C Ha HOYb. Bhimasiuii
0CaZioK (PUIBTPYIOT, IPOMBIBAIOT A(PUPOM M XPAHAT B IKCHUKaTOpe. Bhixos
84%, 1.mn. 138-140°C. Cnextp SIMP H, §, m. 1., Ty: 3.10 u 3.15 (c,c, 6H,
N(CHjs)2); 3.41 (c, 9H, N(CHs)3); 3.68 u 3.72 (c,c, 3H, OCHj3); 3.96 u 4.03
(m,1, J=6.1, 2H, NCH,); 7.68 u 8.02 (1,t, J=6.1, 1H, NH). Haiineno, %: N
27.68. C11H»:CINgO,. Brruucaeno, %: N 27.57.
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Cunres coequnenuii 4a-d

Caauana B anerode u3 0.01 Mo COOTBETCTBYIOIIETO S-3aMEIICHHOTO
tpuaszona u 0.01 mora n3mensuennoro KOH mnoy4aroT ero kaaneByro collb,
3aTeM MpU OXJIKACHUU MO MOPLUSIM NpUOaBISIOT coequHenue 3. Ocrasiis-
10T Ha HOYb, MOCJIe Yero HarpesaioT mnpu 45-50°C 10 mogHOro BBIACIECHUS
TpuMeTHiIaMuHa. CMech ymapuBaioT, 00padaThIBAIOT BOAOW U (PMIBTPYIOT
MPOAYKT PEaKIIHH.

Metua (4-(5-(6en3maruo)-1H-1,2,4-Trpuazon-1-mn)-6-(TumMeTHIAMH-
H0)-1,3,5-Tpuasun-2-ua)rimuuuar (4a). Beixox 95%, T.awr 155-156°C.
Cnektp SIMP H, 5, m. 1., I'y:3.13,3.17,3.22 u 3.24 (c,c,c,c, 6H, N(CHj3),);
3.6913.70 (c,c, 3H, OCHj3); 4.00 u 4.12 (z,1, J=6.0, 2H, NCHy); 4.39 1 4.40
(c,c, 2H, SCHy); 7.18-7.45 (m, 5H, CgHs); 7.60 u 8.13 (1,T, J=6.0, 1H, NH);
9.06 u 9.12 (c,c, 1H, CH-tpuason). Crextp SIMP 3C, 8¢, M. 1. 34.99,
35.03, 35.05, 35.63, 42.0, 42.1, 51.0, 126.6, 126.7, 127.7, 127.8, 128.5,
128.6, 137.0, 144.40, 144.42, 159.2, 161.7, 164.7, 165.7, 169.6. Haiinexo,
%: N 27.79. C17HNgO,S. Breruucneno, %: N 27.98.

Metua 2-((1-(4-(mumeTnnaMuno)-6-((2-MeTOKH-2-0KCOITHII)AMHHO)-
1,3,5-tpuasun-2-ui)-1H-1,2 4-rpuazon-5-uia)tuo)anerar (4b). Brixon
79%, T.1u1. 138-139°C. Cnextp SIMP H, 8, m. 1., Iy:3.13,3.17,3.20u 3.22
(c,c,c,c, 6H, N(CHa)); 3.70 u 3.73 (c,c, 6H, 2xOCHj3); 4.00 u 4.10 (m,x,
J=6.1, 2H, NCH,); 4.03 (c, 2H, SCH,); 7.62 u 8.18 (1,1, J=6.0, 1H, NH);
9.06 u 9.13 (c,c, 1H, CH-tpuasomn). Criextp SIMP °C, 8¢, M. 1.: 22.0, 28.7,
29.0, 31.3, 32.65, 32.68, 35.54, 35.67, 35.78, 35.80, 42.1, 51.05, 51.20,
51.77, 51.85, 144.7, 159.2, 160.8, 164.7, 165.0, 165.7, 168.1, 169.6. Haiine-
Ho, %: N 29.47. C13H1sNgO,S. Brruucaeno, %: N 29.30.

Meruan  (4-(aumerniaamuuo)-6-(5-((2-penoxcndTii)TH0)-1H-1,2,4-
Tpua3zo-1-uwn)-1,3,5-rpuazun-2-win)rauuunar (4¢). Beixox 82%, t.um
135-137°C. Crnextp IMP 'H, &, m. n., I'y: 3.12, 3.18, 3.20 u 3.21 (c,c.CC,
6H, N(CHz)y); 3.52 (1, J=6.5, SCH);3.70 (c, 3H, OCH3); 4.00 u 4.10 (x,x,
J=6.0, 2H, NCH,); 4.30 (1, J=6.5, OCH,); 6.85-7.28 (M, 5H, CsHs); 7.60 u
8.18 (1,1, J=6.0, 1H, NH); 9.08 u 9.15 (c,c, 1H, CH-tpua3zomn). Cnekrp AMP
3¢, 8¢, M. 1.2 29.0, 29.6, 29.7, 35.5, 35.7, 35.8, 41.9, 42.1, 51.0, 51.1, 66.0,
66.1, 114.1, 114.2, 120.2, 120.3, 128.8, 128.9, 144.57, 144.59, 144.65,
157.8, 157.9, 159.3, 161.5, 164.7, 165.0, 165.7, 165.9, 169.62, 169.65,
169.97. Haiineno, %: N 26.19. C1gH,,NgOsS. Brruncneno, %: N 26.03.

Metna (4-(mumernnamuuo)-6-(5-((3,5-numeTHiIN30KCa301-4-
wi1)Tno)-1H-1,2, 4-rpuazon-1-um)-1,3,5-Tpuasun-2-uia)raunuHaT (4d).
Boixon 78%, T.mt. 213-215°C. Crextp SIMP 'H, §, m. 1., I'y: 2.23 u 2.24
(c,c, 3H, OCCHgz-m3okc.); 2.50 (¢, 3H, NCCH3z-u30kc.); 3.12, 3.15, 3.20 u
3.22 (c,c,c,c, 6H, N(CHs)2); 3.69 u 3.70 (c,c, 3H, OCHg); 3.98 u 4.08 (1,1,
J=6.0, 2H, NCHy); 7.62 u 8.23 (t,1, J=6.0, 1H, NH); 9.00 u 9.11 (c,c, 1H,
CH-tpuazon). Cnektp SAMP B¢, 8¢, M. 12 9.7, 11.1, 35.54, 35.61, 35.67,
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35.79,41.9,42.1,51.0, 51.2, 101.2, 144.8, 145.0, 159.2, 160.1, 161.2, 164.6,
165.7, 165.9, 169.6, 172.5. Haiineno, %: N 30.92. C15H19NgO3S. Brruncie-
Ho, %: N 31.09.

T 2-((4-(mumeTHIIAMUHO)-6-((2-MeTOKH-2-0KCOITHII)AMHHO)-
1,3,5-Tpua3sun-2-wi)aMuHo)-4-MeTHIATHA30J-5-kapookcuiaart (5). K cme-
cu 0.01 mona atun 2-amMmuHO-4-MeTHIITHA30IT-5-KapOokcmnaTa, 0.01 mons co-
enunenns 3 B 10 .z anerona npu oxnaxaeHun (-5-0°C) mo mopumsam 1o-
oasmsiror cyxoit KOH. Harpesator 3 v mpu temmeparype 40-45°C, duibt-
PYIOT, alleTOH yIapuBaloT, M00ABISIOT BOLY M BBIMABIIMNA 0CAIOK OT(IILT-
poBsiBaioT. Beixox 89%, T.mur. 270-273°C. Crektp SIMP H, §, m. 1., I Y.
1.27 u 1.28 (1,1, J=7.0, 3H, OCH,CHj3); 2.50 (c, 3H, CH3-Tma3.); 3.10, 3.13,
3.20 u 3.22 (c,c,c,c, 6H, N(CHs),); 3.63(c, 3H, OCHg); 3.96 u 4.10 (x,x,
J=6.0, 2H, NCH,); 4.22 (x, J=7.0, 2H, OCH,CHy); 7.56 (yuLk, 1H, NH);
11.39 (ymc, 1H, NH). Haiineno, %: N 24.68. C15H,:N;0,4S. Beraucneno, %:
N 24.80.

2-((4-Xsop-6-(numeTHiiamuno)-1,3,5-Tpra3suH-2-uj)aMHHO)aleTo-
ruapasuj (6). Cvecw 0.01 mona coequnenns 2 u 10 mrz 63% N,oH4 mepeme-
IIMBAIOT MPU KOMHATHOW Temnepartype nBa aHs. [JobGasnstor 10 mz Boabl u
duasTpyroT coenuuenue 6. Berxox 90%, T.mr. 185-187°C. Crextp SIMP 'H,
S, m. 1., T'y: 3.12 (c, 6H, N(CHa)y); 3.82 (1, J=6.0, 2H, NCH,); 4.18 (yuuc,
2H, NH,); 7.48 (yuic, 1H, NH); 8.80 (ymc, 1H, NH). Haiineno, %: N 39.81.
C,H1,CIN,O. Beruucneno, %: N 39.91.

Cunres coexuHenuii 7a,b

K cmecu 0.01 mona coenqurenns 6 u 10 vz BOJIBI IO KAIuIIM TpUOaBIIs-
10T 0.01 mons 20% HCI, 3atem 0.01 mosss COOTBETCTBYIOIIETO abICTH/IA.
ITepememmuBator npu 20°C 4 y u ocTaBIAIOT HA HOYb. BeImaBmmii ocanok
GUIBTPYIOT.

2-((4-Xnop-6-(numeTuiiamuno)-1,3,5-rpuazun-2-ui)amuno)-N'-
(0ensuauaen)aneroruapasun (7a). Beixox 95%, .t 225-227°C. Cnektp
'H IMP 8, m.x., I'y: 3.18 (¢, 6H, N(CHs),); 4.07, 4.19, 4.50 u 4.58 (1,1,1,1,
J=6.0, 2H, NCH,); 7.35-8.03 (m, 5H, CgHs); 8.03 u 8.24 (c,c, 1H, CH=N);
9.20 (mc, 1H, NH); 11.63 u 11.98 (ymc, 1H, NNH). Haiineno, %: N 29.29.
C14H16C|N7O. BBI‘H/ICJ'ICHO, %: N 29.38.

2-((4-Xnop-6-(numeTnaamuno)-1,3,5-rpuazun-2-uwin)amuno)-N'-(4-
MeToxkcubensmanaen)aneroruapasua (7b). Beixon 87%, t.mr. 211-212°C.
Criektp 'H IMP 8, m.x., I'y: 3.11 (c, 6H, N(CHs),); 3.78 u 3.80 (c,c, 3H,
OCHy); 4.08, 4.18, 4.50 u 4.55 (n,n,1,0, J=6.0, 2H, NCH,); 6.95-7.96 (M,
4H, CgH,); 8.02 u 8.22 (c,c, 1H, CH=N); 9.00 (uic, 1H, NH); 11.58 u 11.90
(yurc, 1H, NNH). Haiineno, %: N 26.88. C15H13CIN;O,. Beruucneno, %: N
26.95.
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N-(4,6-Aunxiaop-1,3,5-Tpuazun-2-ui)-4-MmeTniigeHUICY1bGoHAMUT

(8). K cmecu 0.01 monsn pazmensuenHoro KOH u 6e3BogHOrO AMOKCaHa MpH
nepememuBanuy 100aBisaoT 0.01 moza maparomyoncymnbdamuna (ITTCA),
NepeMelIuBaHie MpoI0JDKAIOT ene 1 ¥ 10 MOIHOro cojieoOpa3oBaHus, IMO-
cie 4ero mpu oxnaxaenuu (0—-5°C) mo mopuusm npubasisiror 0.01 mons
nuanypxiopuaa. [lepememmBarot emie 1 4, no6asmsiror 0.01 mons pazMens-
yeHHoro KOH u ocTaBisrOT npu KOMHATHON TemmepaType Ha 4 u. Y najsioT
2/3 wactu puokcana, npunuBaroT 20-30 mz BOABI A0 pacTBOPEHHUS OCajKa,
¢unpTpyroT, HeWTpanu3yoT 10% pacTBOPOM COJISTHON KHCIOTHI M 00pa3o-
BaBIuWiics ocamok ordumibTpoBbiBatOT. Bbeixox 78%, t.mi. 200-203 °C.
Crektp SAMP H, 5, m. 1.: 2.44 (c, 3H, CHs-tommn); 7.30-7.88 (M, 4H,
C6H4); 11.52 (yH_IC, lH, NH) Haﬁneﬂo, %: N 17.43. C10H80|2N4OZS. BrI-
yucieHo, %: N 17.55.

Cunre3 coenuHeHnii 9a,b

K cmecu 0.01 mons coenunenus 8 B QUOKCaHE NP OXJIAXKICHUU MPU-
6apnstor 0.01 mons nunepuauHa UM MOpPQOIHMHA, 3aTEM MO KarlisiM BOJ-
ubiii pactBop 0.02 monsn KOH. Harperaror 2 u npu temneparype 50-60°C,
¢bunbTpyroT, HeuTpanu3ytoT 10% pacTBOpOM COJSTHOW KUCIIOTHI ¥ BHOBb OT-
(GUIBTPOBBIBAIOT.

N-(4-Xnop-6-(nunepuanH-1-mn)-1,3,5-Tpuazun-2-ui)-4-meruide-
nuacyabdonamun (9a). Beixon 93%, .. 188-189°C. Crextp SIMP 'H, §,
M. 1.: 1.42-1.75 (m, 6H, (CHy)s-niuniep.); 2.43 (¢, 3H, CHs-Tomnun); 3.65-3.72
(M, 4H, N(CH,),); 7.25-7.88 (m, 4H, CgHy); 11.67 (ymic, 1H, NH). Crextp
AMP BC, 8¢, m. 1.2 20.9, 23.8, 25.0, 25.1, 44.0, 44.2, 127..5, 128.6, 137.1,
142.7, 162.3, 162.8, 168.9. Haiineno, %: N 19.19. C15H13CINsO,S. Bpruric-
seno, %: N 19.04.

N-(4-Xaop-6-(mop¢oaun-4-ui)-1,3,5-Tpuazun-2-ui)-4-
MeTwidenmwicyabdonamun (9b). Beixox 92%, t.mi. 242-245°C. Croekrtp
SIMP H, 8, m. n.: 2.43 (c, 3H, CH3-tommn); 3.53-3.73 (M, 8H, mopdonun);
7.27-7.87 (m, 4H, CgHy); 11.80 (mc, 1H, NH). Criexrp IMP °C, 8¢, m. x.:
20.9, 43.4, 43.6, 65.51, 65.54, 127.6, 128.7, 136.8, 142.9, 162.4, 163.2,
169.0. Hatineno, %: N 18.86. C14H1CINsOsS. Brruucneno, %: N 18.94.

Cunres coequnenuii 10a,b

K cmecu 0.01 mons pasmenvuenHoro KOH B JIM®DA npubaBistoT
0.01 mons coenuuenuns 9 U mepeMeNIMBarOT 2 ¥ J0 TOJHOTO cojicoOpa3oBa-
HUS, 3aTeM INpH oxjaxaeHnu npubdasnsior 0.01 mons numeruncynsparta u
OCTaBJIIOT Ha HOYh NMPU KOMHATHOW Temmeparype. CMech HarpeBarwT 9 y
npu temmeparype 70-80°C, ueitrpanusyior 1o pH 7, IM®A ynanstor, npu-
nuBaroT 30 Mz BOJBI U OTGHIBTPOBBIBAIOT.
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N-(4-Xuop-6-(munepuanu-1-ui)-1,3,5-Tpuasun-2-un)-N,4-1ume -
¢enniacyabponamun (10a). Bexox 92%, T.mwr. 105-108°C. Cunekrp SIMP
'H, 8, M. 1. 1.44-1.72 (M, 6H, (CH,)s-mtuniep.);2.44 (c, 3H, CHz-Tommn);3.55
(c, 3H, NCHg); 3.65-3.72 (m, 4H, N(CHy),); 7.30-7.83 (M, 4H, CgH,).
Crextp SIMP BC, 8¢, M. 1. 20.9, 23.8, 25.0, 25.1, 32.7, 44.0, 44.2, 127 4,
128.7, 136.8, 143.2, 162.5, 163.3, 168.4. Haiigeno, %: N 18.22.
C15H20C|N5028. BBI‘-II/ICJ'IGHO, %: N 18.34.

N-(4-Xnop-6-(Mmopdoaun-4-un)-1,3,5-rpuazun-2-mm)-N,4-
auMetwidenmwicynabponamun (10b). Beixon 70%, Tt 128-130°C.
Crextp SIMP H, 8, m. 1.: 2.44 (¢, 3H, CHs-tommn); 3.52-3.74 (v, 8H, mop-
domum); 3.56 (¢, 3H, NCH3); 7.26-7.85 (M, 4H, CgH,). Crextp SIMP 2C, ¢,
M. 1.:20.9, 32.7, 43.5, 43.7, 65.5, 65.6, 127.5, 128.6, 136.8, 143.0, 162.4,
163.2, 169.0. Haiineno, %: N 18.37. Ci5H15CINsO5S. Beruucieno, %: N
18.24.

N-(4-MepkanTo-6-(nunepuann-1-ui)-1,3,5-rpuasun-2-ui)-N,4-
aumeruadenmicyiabponamun (11a). K cmecu 0.01 mons coenunenus 10a,
0.015 mons TnomoueBuHBI U 20 M quokcaHa npubasisoT 3 kammd HCl u
IpH MepeMEeIINBaHIN HarpeBaroT 3 u npu Temrneparype 60-70°C. Cmech 0x-
naxaat, nodasisitor 0.02 mors NaOH, ¢unetpyrot, Helitpanusytor 10%
PacTBOPOM COJISHOM KHCJIOTBI M 00pa30BaBIIHMICS OCaJ0K OT(HHILTPOBHIBA-
10T. Beixoa 70%, T.mw1. 110-111°C. Crextp SIMP H, 8, M. 1.0 1.4-1.7 (M, 6H,
(CHy)s-ttumiep); 2.45 (c, 3H, CHjz tommn); 3.44-3.70 (M, 4H, N(CH,),-
nunep); 3.50 (¢, 3H, NCHg); 6.83 (yuic, 1H, SH); 7.25- 7.88 (M, 4H, CgHy).
Haiineno, %: N 18.32. C16H>1N50,S,. Berancneno, %: N 18.45.

Cunres coequnenuii 12a-14a

Cwmech 0.01 mons coemuuenus 11a, 0.01 mons pazmenbuennoro KOH u
10 mz JM®PA nepemMemuBarOT 10 MOJIHOTO COJICOOpa3OBaHM, 3aTeM IpPU
oxuytaxaeHnu npubdasinsiot 0.01 mona ankwiranorennaa. CMech HarpeBaroT 3
y nipu nipu Temnepatype 70-80°C, JIMDA 4yacTHYHO yIAJISIOT, PUIHBAIOT
50 mz BOJBI M GUIIBTPYIOT OCAJIOK.

N-(4-(MeTuatuo)-6-(munepuau-1-mn)-1,3,5-rpuazun-2-ui)-N,4-
numermwindenuicyabponamua (12a). Beixon 68%, t.mr 118-120°C.
Crextp IMP 'H, &, m. 1.0 1.41-1.72 (m, 6H, (CHp)s-mumep.); 2.37 (c, 3H,
SCH3); 2.44 (¢, 3H, CHz-tomun); 3.56 (¢, 3H, NCHy); 3.57-3.76 (M, 4H,
N(CH,),); 7.27-7.80 (m, 4H, CgH,). Criextp SIMP °C, 8¢, m. 1. 12.3, 20.9,
24.0, 25.0, 32.5, 43.6, 43.7, 126.9, 128.6, 137.6, 142.6, 161.2, 161.8, 179.7.
Haiineno, %: N 17.71. C17H23N50,S,. Brruncieno, %: N 17.80.

Metuna 2-((4-((N,4-maumernandenunn)cynbponamuno)-6-(munepuann-
1-ua)-1,3,5-Tpuasun-2-wia)ruo)aunerat (13a). Boixom 74%, t.aur. 120-
123°C. Criextp SIMP 'H, &, m. 1.: 1.41-1.70 (M, 6H, (CHy)s-mumep.); 2.44 (c,
3H, CHs-tomun); 3.54 (c, 3H, NCH3); 3.67 (c, 3H, OCHj3); 3.65-3.74 (M, 4H,
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N(CH,)2); 3.73 (¢, 2H, SCHs); 7.28-7.81 (m, 4H, CgHy). Crextp SIMP °C,
d¢, M. 1.0 20.9, 23.9, 24.9, 25.0, 31.7, 32.5, 43.6, 43.8, 51.6, 126.9, 128.7,
137.4, 142.8, 161.0, 161.9, 168.2, 178.1. Haiineno, %: N 15.42.
C19H25N504S,. Beruncneno, %: N 15.51.
N-(4-((2,4-AnokconeHTaH-3-ua)THO)-6-(Munepuaun-1-mi)-1,3,5-
Tpuasun-2-wi)-N,4-mumernadenmicyabponavua (14a). Beixon 70%,
1.1, 95-98°C. Crextp SIMP 'H, &, m. 1.: 1.43-1.71 (m, 6H, (CHy)s-mmmep. );
2.24 (c, 3H, COCHy3); 2.43 (c, 3H, CHs-tonun); 3.52 (¢, 3H, NCH3); 3.61-
3.69 (m, 4H, N(CH,),); 7.26-7.70 (m, 4H, C¢Hy), 17.33 (c, 0.85H, OH-eHomn).
Crextp SIMP BC, 8¢, m. m.: 209, 23.7, 23.9, 250, 25.1, 32.7, 43.6,
43.7,99.2,126.8,128.7, 137.3, 142.7, 161.5, 162.4, 178.5, 196.6. Haiinexo,
%: N 14.77. C21H27N504Sg. BBI‘-II/ICJ'I@HO, %: N 14.66.
N-(4-T'mapasunni-6-(munepuau-1-uwi)-1,3,5-rpuazun-2-ui)-N,4-
aumeTuiapenniacynbponamuy (15). Cmecy 0.01 mons coenunenus 10a,
Smn 68% ruapasuHa U S5 M IMOKCaHAa HArpeBaroT 5 u MpH TeMIeparype
80°C, nuokcaH ynansrot, npuiauBaroT 20 Mz BOABI M 0CAIOK OT(GUIBTPOBBI-
BaroT. [lepekpucramimsossiBatoT u3 60% BOIHOrO pacTBopa cnupTa. Beixon
90%, T.m1. 98-100°C. Crekrp SIMP 'H, 8, m. 1. (¢ mobaskoii CFsCOOD):
1.43-1.71(m, 6H, (CHy)s-tiumep.); 2.42 (¢, 3H, CHs-tommn); 3.52 (c, 3H,
NCHz); 3.60-3.78 (M, 4H, N(CH,),); 7.30-7.82 (M, 4H, CgH,). Cuiektp AMP
3C, 8¢, M. 1. (c nobaskoit CFsCOOD): 21.0, 24.2, 25.3, 32.8, 43.9, 127.5,
128.8, 1375, 1429, 162.7, 163.6, 165.1. Haiineno, %: N 25.82.
C16H23N702S. BI;I‘II/ICJICHO, %: N 25.98.
N-(4-A3uno-6-(munepuaun-1-mi)-1,3,5-Tpuasun-2-un)-N,4- 1ume-
Tuadenmiacyiabdonamua (16). Cmech 0.01 monsa coequnenus 15, 0.012 mo-
s NaN3 1 10 mz nuokcana Harpesarot 3 v npu temmneparype 100°C, nuok-
CaH YHANSIOT, NPWIMBAIOT BOAY U OT(QHIBTPOBBIBAIOT MPOAYKT PEAKIIWU.
Beoixon 78%, T.1mn. 75-77°C. UK-cniextp v, em'™: 2135 (N3). Criextp SIMP 'H,
3, m. 1., NCH3); 3.58-3.75 (M, 4H, N(CHy,),); 7.30-7.85 (M, 4H, C¢H,). Haii-
nero, %: N 28.69. C16H29NgO,S. Berancneno, %: N 28.85.
N-(4-(3,5-Aumerna-1H-mapa3zona-1-uwi)-6-(nunepuaun-1-mi)-1,3,5-
TpuazuH-2-ui)-N,4-numetwindenuniacynsdonamun (17). Beixon 78%, ryc-
toe macno. Criextp SIMP 'H, §, m. n.: 1.43-1.73 (M, 6H, (CHy)s-rumep.);
2.28 u 2.59 (c,c, 6H, (CHg),-mmupa3s); 2.42 (c, 3H, CHz-tonun); 3.62 (c, 3H,
NCH3); 3.65-3.80 (m, 4H, N(CHy)2); 5.97 (¢, 1H, CH-iupa3z); 7.25-8.01 (m,
4H, CgH,). Criextp SIMP C, 8¢, m. . 13.3, 15.3, 21.0, 24.0, 25.1, 25.2,
32.9, 44.1, 110.0, 127.8, 128.5, 137.1, 142.2, 142.8, 149.6, 162.0, 163.3,
164.3. Haiineno, %: N 22.09. C,1H,7N;O,S. Brruucneno, %: N 22.21.
2-X0p-4-(ruapoKcuMeTHIAMHHO)-6-(TuMeTnaIaMmuHo0)-1,3,5-
Tpuaszul (19). Cmech 0.01 mons 2-amuHO-4-XJ10p-6-TUMETUIAMUHO-CUMM-
TpuaszuHa, 1.6 2 popmanuna (40%) u 10 mz 5% Na,CO; Harpesatot 3 ¥ npu
70-75°C, ocamox GUIBTPYIOT M MPOMBIBAIOT BOMOM. Beixom 78%, T.Iw.
175°C. Cnextp SIMP 'H, 8, m. 11, I'y: 3.10 1 3.11 (c,c, 1.8H, N(CHa),); 3.12
144



u 3.16 (c,c, 4.2H, N(CHj3),); 4.72 u 4.73 (axa, J=6.9 u J =6.5, 0.6H u 1.4H,
CHy); 5.02 u 5.07 (1,1, 1H, OH); 7.63 u 7.90 (1,1, J=6.5, 1H, NH). Criektp
SIMP °C, 8¢, M. 1.: 35.7, 35.8, 64.00, 64.1, 164.5, 164.6, 165.0, 165.2,
168.1, 168.3. Haiineno, %: N 34.20. C¢H1oCINsO. Beruncieno, %: N 34.39.
2-XJ10p-4-(MeTOKCHUMETHJIAMHUHO)-6-(TuMeTHnIamMuno0)-1,3,5-rpuazun
(20). Cmech 0.01 mons coenuuenust 19, 15 mn metanona u 0.15 wr ceproi
kuciotsl HarpesaroT 0.5 v npu 60-70°C, 3aTeM npu KOMHATHOM TeMIIEpaTy-
pe emie 3 u. Hewtrpamusyror 10% pactBopom Na,COjz no pH # u3 staHona.
Beixox 70%, T.mw1. 165-166 °C. Criextp SIMP H, 8, m. 1., Iy:3.13u3.15 (c,
6H, N(CHjs),); 3.25 (c, 3H, OCHj3); 4.69 u 4.70 (axn, J=6.7, 2H, CH,); 7.94
u 8.27 (ywr, 1H, NH). Criexkrp SIMP *3C, 8¢, m. 1.: 35.65, 35.67, 54.8, 72.0,
165.5, 165.6, 165.8. Haiineno, %: N 32.30. C;H,CINsO. Beruncneno, %: N
32.18.
4-(MeToKCMMeTHIAMMHO)-6-(IMMeTHIaMUHO)-1,3,5-Tpra3un-2-Tuona
(21). Cmechb 0.01 monsa coenunenns 20, 0.015 mons THOMOYEBHHBI, 3 KaIlIH
HCI u 20 Mz nuokcana HarpeBaroT 3 u. JIHOKCaH OTTOHSIOT, J00ABISIOT BO-
ny, 3ateM 0.02 mons NaOH u HarpeBatoT 2 u. Conb pacTBOpSIETCS, paCTBOP
oThuIbTPOBBIBalOT OT MyTH, HelTpamuzyroT HCl 10 pH 7 u otduibTpoBsI-
BaroT. Beixox 60%, t.mut. 185-187 °C. Crextp SIMP H, §, m. 1., Ty:3.16m
3.17 (c,c, 6H, N(CHs),); 3.27 (¢, 3H, OCHg); 4.71 u 4.72 (nxa, J=6.7, 2H,
CHy); 7.88 u 8.25 (ymr, 1H, NH); 10. 22 (yuc, 1H, SH(NH)). Haiineno, %:
N 32.40. C;H13Ns0S. Brrancieno, %: N 32.53.
2-I'uapasuHnI-4-(MeTOKCHMETHIIAMIHO)-6-(TuMeTHIaMIHO)-1,3,5-
Tpuazun (22). Cmech 0.01 monsn coequuenus 20 u 15 mn 60% ruapasun-
rupaTa nepeMenIuBarT 6 ¥ IpU KOMHATHON TeMIepaType U OCTaBJISIOT Ha
HOub. JTo6asisiror 30 Mz Boasl v GHIBTPYIOT. Beixon 80%, T.mt. 130-132°C.
Cnextp SIMP *H, 8, m. 1., I'y: 3.08 (¢, 6H, N(CHa3)2); 3.12 (c, 3H, OCHy);
3.60-4.40 (omic, 2H, NH,); 4.73 (1, 2H, J=6.7, CHy); 6.90-7.55 (omic, 2H,
2xNH). Crextp SIMP C, 8¢, M. 1.: 35.4, 54.4, 72.1, 165.0, 165.4, 167.6.
Harineno, %: N 45.81. C;H5N;O. Berancieno, %: N 45.98.
2-A3u10-4-(MeTOKCUMETHIAMUHO)-6-(TuMeTHIaMuHO0)-1,3,5-
Tpuasul (23). K cmecu 0.01 mons coequnenus 22, 0.025 mors NaNO;, u 15
ma Bomsl mpu oxnaxkaeHuu (-5-0°C) npukamnsiBaror 0.025 mors ykCcycHOi
KHCJIOTBI, 3aT€M MEPEMEIINBAIOT TP KOMHATHON TeMneparype 3 u. Ounbt-
PYIOT U MPOMBIBalOT BOmOM. Beixox 82%, T.mu. 134-135°C. UK-cnektp, v,
em™ 2134 (N3). Crextp SIMP 'H, &, m. 1., I'y: 3.12 u 3.15 (c,c, 6H,
N(CHjs),); 3.12 (c, 3H, OCHgs); 4.70 n 4.71 (n,x, J=6.8, 2H, CHy); 7.68 n
7.93 (ymr, J=6.8, 1H, NH). Criextp SIMP 3C, 8¢, m. 1.: 35.45, 35.49, 35.52,
35.56, 54.7, 72.0, 165.1, 166.3, 167.7. Haiineno, %: N 49.82. C;H1,NgO.
Breruncireno, %: N 49.97.
2-(3,5-Tumerni-1H-nmupazo.-1-ui)-4-(3ToKCMMe THIAMMHO)-6- (11~
MeTujaamuHo)-1,3,5-tpuasun (24). Cmeco 0.01 mozna coemunenns 22, 10 ma
neHTananona B 20y 3TaHONA KUIATAT 5 . PacTBOPUTENh OTIOHSIOT, OCTa-
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TOK 00pabaThIBalOT BOAOH M (PUIBTPYIOT MPOAYKT peakiuu. [lepekpucrar-
JM30BBIBAIOT U3 Oensona. Beixon 74%, T.mr. 130°C. Crekrp SIMP H, 5, m.
n., Ty: 1.18 (1, J=7.1, 3H, CH3CH;0); 2.23 (c, 3H, 5-CHz-nupas.); 2.63 (c,
3H, 3-CHjz-miupas.); 3.22 (c, 6H, N(CHz)y); 3.53 (x, J=7.1,2H, CH3CH,0);
4.70 u 4.71 (m,nz, J=6.8, 2H, CHy); 5.94 (¢, 1H, CH-nupasz.); 7.60 u 8.23
(ymrr, 1H, NH).

2-(3,5-Iumerni-1H-nupazo-1-ui)-4-(MeTOKCHME THIIAMHHO)-6-(1H-
MeTHiaMuHo)-1,3,5-rpuaszun (25). [To ananoruu ¢ 24, 3aMeHsst 3TaHON Ha
metaHoi. Crektp SIMP H, 5, m. 1., T'y: 2.24 (c, 3H, 5-CH3z-timpas.); 2.65 (c,
3H, 3-CHj3-nimpas.); 3.22 u 3.23 (c,c, 6H, N(CHs),); 3.25 (¢, 3H, OCHs); 4.75
u 4.79 (n,m, J=6.7, 2H, CHy); 5.95 (c, 1H, CH-nupas.); 7.65 u 8.27 (ymr,
J=6.7, 1H, NH). Haiineno, %: N 35.50. C;H;,CINsO. Berumcieno, %: N
35.35.

N-(4-(IlumeTHIaMHHO)-6-(TrHAPOKCUMETHIAMIHO)-1,3,5-TpHa3un-2-
ni1)-N'-(¢pypan-2-uia)popmumuaamug (26). K 0.01 mons coenunenus 22 B
10 Mz BoAbI MpHOABISIOT SKBUMOIIsIpHOE KommuecTBO 36% HCI. IMomy4en-
HBI pacTBOp QUIBTPYIOT OT MyTH U mopuusM mnpukansiBaroT 0.01 mozrs
¢bypdypoina, OCTaBISAIOT MPU KOMHATHOW TeMIepaType Ha HOYb M OTPUIbT-
poBsiBaroT. Beixon 60%, T.pazn. 245°C. Crnextp IMP 1H, o, M. ., [y: 3.18
u 3.22 (c,c, 6H, N(CHj3),); 4.85 (1, 2H, J=6.2,CH,); 6.56 (n,1, J1=3.4, J,=1.7,
1H, CH-dypan); 7.48 (n,J1=3.4,CH-dypan); 7.67 (n,J,=1.7,CH-dypan); 8.22
(c, 1H, CH=N); 9.56 (1, J=6.2,NH); 12.00 (omc, 1H, OH); 12.59 (ymc, 1H,
NH). Crextp SIMP C, 8¢, M. 1.: 36.4, 36.5, 63.9, 112.1, 113.0, 137.2,
1445, 149.2, 153.2, 154.3, 161.5.

N-(4-(AumeTnaaMuH0)-6-(MeTOKCMMeTHIaAMUHO)-1,3,5-Tpua3uH-2-
ui)-N'-(¢pypan-2-uia)popmumuaamun (27). [lo anamorum ¢ 26 cuntes’
npoBoaat B 10 mn auokcana u 0.01 mons CH3COOH. Boeixon 98%, T.1ui.
134-135°C. Crextp SIMP 'H, 8, m. 1., I'y: 3.16 u 3.20 (c,c, 6H, N(CHa)y);
4.84 (n, 2H, J=6.2,CHy); 6.55 (m,1, J1=3.4, J,=1.7, 1H, CH-dypan); 7.48
(n,9:=3.4,CH-dypan); 7.65 (1,J,=1.7,CH-dypan); 8.24 (c, 1H, CH=N); 9.48
(t, J=6.2,NH); 12.44 (ymc, 1H, NH). Haiineno, %: N 33.51. C;H;,CINsO.
Breruncireno, %: N 33.66.

Cunres coequuenmii 28a-c

K 10 mn sran-1,2-muamunaa npu oxnaxaeanu (-5-0°C) mopuusimMu 11o0-
oasisiror 0.01 mona 2,4-6uc-nquamuHo3amenieHnoro 1,3,5-tpuasuna. CMech
nepememuBatoT npu 125°C B Tedenue 4 vy, 3arem 3TaH-1,2-1uaMHUH ynapu-
BalOT TpH HU3KOM aaBiieHHH. OcTaTok 00pabaThBalOT MUHUMAJIBHBIM KO-
JIMYECTBOM XOJIOJTHOUW BOJIbI M OT(UILTPOBBIBAIOT.

N1-(4,6-BI/IC(}:[l/IMeTI/IJ'IaMI/IHO)-l,3,5-TpI/Ia3I/IH-2-I/IJ'I)3TaH-1,2-]11/IaMI/IH
(28a). Beixox 65%, 1.m1. 136-140°C. Cnektp SIMP H, 8, ™. 1, [y: 2.82 1
3.26 (m,M, 4H, CH,CHy); 3.07 (yuuc, 12H, 2xN(CHz)2); 3.75 (ymic, 2H, NH,.
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); 6.35 (1, J=5.0, 1H, NH). Haiineno, %: N 43.71. CgH19N7. Berurcneno, %:
N 43.52.

N*-(4,6-Inmopdonno-1,3,5-Tpuasun-2-na)dran-1,2-1mamun(28b).
Beixox 72%, T.mur. 154-156°C. Cnektp SIMP H, 8, m. ., Ty 2.82 u 3.28
(m,M, 4H, CH,CHy); 3.60-3.85 (M, 16H, 2xMopdoi.); 3.73 (yurc, 2H, NH,);
6.42 (1, J=5.0, 1H, NH). Haiineno, %: N 31.85. Ci3H23N;O,. Brruucneno,
%: N 31.69.

Nl-(4,G-Hn(asenan-l-nn)-l,3,5-Tpna3nH-2-n.ﬂ)3TaH-1,2-)maMnH
(28c). Beixox 68%, 1.11.110-112°C. Criexrp SIMP 'H, 8, m. 1., ['y: 1.45-1.60
u 1.63-1.80 (m,m, 16H, N(CH,)g); 2.85 u 3.30 (m,m, 4H, CH,CH,); 3.57-3.70
(m, 10H, NH; u N(CH,)y); 6.35 (1, J=5.0, 1H, NH). Haiigeno, %: N 29.22.
C17H3:N7. Berancaeno, %: N 29.40.

Cunre3 coeqnHeHnii 29a-c

K pactBopy 0.015 mons pomanuaa xamus u 0.015 mons HCl B 15 ma
3TaHoJa Mpu HarpeBaHuu nopuusamu 106asisot 0.01 mona coequnenus 28,
3aTeM HarpeBaHue MpoaosnkaroT B TedeHue 2 u. Coiab OT(UIBTPOBBIBAIOT,
ATaHOJ YIapUBAalOT U3 (PUIbTpaTa, OCTATOK 00pabaThIBAIOT MUHHUMAIbHBIM
KOJIMYECTBOM BOJIbI U OTHIBTPOBBIBAIOT.

1-(2-((4,6-buc(aumeTniiaMmuuo)-1,3,5-Tpuasun-2-ui)amu-
HO)ITHII)THOMOYeBHHA (293). Brixon 74%, t.1u1. 160-162°C. Cuekrp SIMP
H, 5, m. ., Iy: 299 u 3.52 (1,1, J=5.7, NCH,CH;N); 3.07 (c, 12H,
2xN(CHa),); 6.44 u 7.77 (yw, J=5.7, 2xNH). Crextp SIMP *C, 8¢, M. 1.:
35.35, 37.75, 39.14, 164.79, 165.20. Haitneno, %: N 39.58. C1gH20NgS. Bri-
yucaeno, %: N 39.40.

1-(2-((4,6-Aumopdoauno-1,3,5-Tpua3sun-2-uja)aMHHO)I THI) THOMO-
ueBuHa (29b). Brixoa 77%, T.m1. 168-169°C. Crextp SIMP 'H, &, m. 1., I'y:
2.95 u 3.50 (1,1, J=5.7, NCH,CH;N); 3.60-3.85 (M, 16H, 2xMopdou.); 6.40
(r, J=5.0, 1H, NH); 7.80 (ymc, 3H, NH u NH,). Haiineno, %: N 30.59.
C14H24N3028. BBI‘II/ICJICHO, %: N 30.41.

1-(2-((4,6-Iu(azenan-1-um)-1,3,5-Tpua3uH-2-uja)aMUHO)ITHI) THOMO-
ueBHHa (29C). Boixon 89%, T 115-117°C. Crektp SIMP 'H, §, m. 1., I'y:
1.45-1.57 u 1.63-1.80 (m,m, 16H, N(CHy)g); 2.98 u 3.50 (m,Mm, 4H, CH,CHy);
3.63 (t, J=8.1, 8H, N(CH,),); 6.35 (1, J=5.0, 1H, NH); 7.80 (ymc, 3H,
NHuNH,). Crextp SIMP C, 8¢, m. a.: 26.40, 26.63, 27.38, 27.83, 37.92,
39.27, 45.83, 164.15, 165.55. Haiineno, %: N 28.71. C1gH24NgS. Boruuncie-
Ho, %: N 28.54.

Cunre3 coequnenui 30,31a-c

Cmece 0.01 wmona coemunenuss 29, 0.01 wmons stmn-2-xmop-3-
okcoOytanoara (winu 3-xjiopreHtan-2,4-quona), 0.01 mons KyCOsz u 20 ma
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sTa”ozia HarpeBatoT npu 70-80°C B Teuenue 5 y. DTaHO BBHIIAPUBAIOT, OCa-
JOK 00padaThiBalOT BOJOW M OTQWIBTPOBBIBaOT. OQUHIIAIOT NEPEKPHUCTAI-
nu3anuei u3 3taHona wim ero 50% BoJHOro pacTBopa.

T 2-((2-((4,6-6uc(numeTniaMmuno)-1,3,5-TpuazuH-2-uir)aMmu-
HO0)3THJI)aAMHHO)-4-MeTHITHA30./1-5-Kapookcuaar (30a). Beixonx 75%, T.mmn
173-175°C. Crextp SIMP 'H, 8, m. x., I'y: 1.30 (t, J=7.1, 3H, CH3;CH,0);
2.42 (s, 3H, CHs); 3.07 (ymc, 12H, 2xN(CHs),); 3.38 u 3.52 (m,M, J;=5.8,
J>=5.0, 4H, NCH,CH,N); 4.18 (x, J=7.1, 2H, CH3CH;0); 6.23 u 8.08 (1,T,
J=5.0, 2H, 2xNH). Criektp SIMP *C, 8¢, m. 1.: 14.08, 16.92, 35.32, 39.02,
44.79, 58.91, 159.04, 161.34, 164.95, 165.37, 169.71. Haiineno, %: N 28.23.
C16H26NgO,S. Brruncneno, %: N 28.40.

O 2-((2-((4,6-numopdoauno-1,3,5-TpuazsuH-2-na)aMHHO)ITHII)
aMHHO)-4-MeTHITHA30a-5-Kkapookcuiaar (30b). Brixox 70%, T,m1. 96-
98°C. Cnekrp SIMP H, 8, m. 1., T'y: 1.33 (1, J=7.1, 3H, CH3CH,0); 2.40 (c,
3H, CHs); 3.38 u 3.52 (m,m, J;=5.8, J,=5.0, 4H, NCH,CH;N); 3.60-3.86 (m,
16H, 2xmopdoir.); 4.20 (k, J=7.1, 2H, CH3CH,0); 7.40 u 8.20 (yur, J=5.0,
2H, 2xNH). Haiineno, %: N 23.60. Cy0H3zoNgO,4S. Berurcieno, %: N 23.41.

Otua 2-((2-((4,6-nu(azenan-1-uiul)-1,3,5-TpuazuH-2-nia)aMuHO)ITHII)
aMHHO0)-4-MeTHJITHA30a-5-Kapookcuaar (30c). Beixox 88%, mp 105-
107°C. Crextp SIMP 'H, 8, m. ., I'y: 1.30 (t, J=7.1, 3H, CH3CH,0); 1.50-
1.62 u 1.67-1.82 (m,m, 16H, (CH,)g-azem.); 2.40 (¢, 3H, CCHj3); 3.40-3.80
(M, 12H, CH,CH; 1 N(CH,),); 4.18 (x, J=7.1, 3H, CH3CH,0); 7.40 u 8.20
(yurr, 2H, 2xNH). Haiineno, %: N 22.18. Cy4H3sNgO,S. Berumcieno, %: N
22.29.

1-(2-((2-((4,6-buc(mumeTnaaMmuno)-1,3,5-Tpuasun-2-ujr)aMmu-
HO)3THJT)aMHUHO)-4-MeTHATHA30-5-y|)3Tan-1-on (31a). Beixox 78%, T.mi.
258-259°C. Cnektp SIMP 'H, §, m. 1.: 2.30 (c, 3H, COCHs); 2.44 (c, 3H,
CCHey); 3.07-3.22 (ymic, 12H, 2xN(CHg)y); 3.43-3.70 (M, 4H, NCH,CH;N);
8.33 (ymuc, 2H, 2xNH).Haiineno, %: N 30.59. C15H24NgOS. Beruucneno, %:
N 30.74.

1-(2-((2-((4,6-Aumoposmno-1,3,5-TpHa3suH-2-WI)aMHHO)I THII ) AMH-
HO)-4-MeTHaTHA30a-5-yl)3Tan-1-on (31b). Beixox 75%, T.m1. 200-202°C.
Cnextp SIMP 'H, 8, m. 1.: 2.25 (¢, 3H, COCHys); 2.42 (¢, 3H, CCHj); 3.40-
3.70 (m, 4H, NCH,CH;N); 3.60-3.85 (m, 16H, 2xmopdoin.); 7.70 u 8.15
(yurc, 2H, 2xNH). Haiineno, %: N 25.16. C19H2sNgO3S. Berurcaeno, %: N
24.98.

1-(2-((2-((4,6-An(azenan-1-nn)-1,3,5-Tpuasun-2-ui)amMmu-
HO)3THJI)aMHUHO)-4-MeTHATHA30J-5-Y|)3Tan-1-on (31¢). Beixox 91%, .1
78-79°C. Cnextp SIMP 'H, 8, m. a.: 1.50-1.62 n 1.64-1.85 (mm, 16H,
(CHy)g-azem.); 2.30 (¢, 3H, COCHy3); 2.40 (c, 3H, CCHj3); 3.40-3.80 (m, 12H,
CH,CH,uN(CH,),); 7.75 u 8.30 (yuic, 2H, 2xNH). Haiineno, %: N 23.88.
Cy3H3gNgOS. Brruncneno, %: N 23.71.
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Cunres coequuenmii 32a-c

K cycnensun 0.01 mons coenuuenus 28 B 10 mz GeH3oma npu nepeme-
muBaHuK 1o KarwisaMm nobasisitor 0.015 mons tpuwdTrinamuna, 3atem 0.015
mons CS,. CMech OCTAaBIJIAIOT HA HOYb IIPH KOMHATHOM TeMIleparype, 3aTeM
HarpeBatoT mpu 50-60°C B TeueHue 3 u, OTHUILTPOBBIBAIOT U OCAOK MPO-
MBIBAIOT BOJIOM.

1-(4,6-Buc(aumernaamMuno)-1,3,5-Tpuasun-2-uja)iMHIa30JIHTHH-2-
THOH (323). Beixox 75%, T.m1. 220-222°C. Crextp IMP 'H, 8, m. 1.: 3.10-
3.24 (ymc, 12H, 2xN(CHz3),); 3.50 u 4.22 (MM, 4H, NCH,CH;N); 8.85
(ymc, 1H, NH). Haiineno, %: N 36.80. C;19H17N;S. Berauncneno, %: N 36.67.

1-(4,6-Tumopdoanno-1,3,5-TpuasuH-2-u1)MMUAAA30IHTNH-2-THOH
(32b). Beixox 60%, T.1m1. 230-232°C. Cnextp SIMP 'H, 8, m. 1.: 3.52 n 4.20
(m,M, 4H, CH,CH,); 3.59-3.82 (M, 16H, 2xmopdoin.); 8.93 (c, 1H, NH).
Crextp SIMP BC, 8¢, m. m.: 40.32, 43.24, 47.44, 65.89, 162.86, 164.36,
179.64. Hatineno, %: N 27.74. C14H>1N70O,S. Beraucneno, %: N 27.90.

1-(4,6-Au(azenan-1-ui)-1,3,5-TpuasuH-2- 1) UMUAA30TUANH-2-THOH
(32c). Beixox 62%, 1.1 245-246°C. Crextp SIMP H, §, m. 1., Iy: 1.50-
1.58 u 1.70-1.80 (m,m, 16H, (CH,)s-azen.); 3.52 u 4.21 (1,1, J=8.8, 4H,
CH,CHy,); 3.67 u 3.73 (1,1, J=6.0, 8H, N(CH))s-azem.); 8.74 (¢, 1H, NH).
Crextp SIMP C, 8¢, m. 1.: 26.31, 26.49, 27.09, 27.60, 40.28, 46.03, 46.16,
47.60, 162.64, 164.17, 179.88. Haiineno, %: N 26.28. C1gH29N7S. Boerumcie-
Ho, %: N 26.11.

Cunres coequuenmii 33a-C

Cwmecs 0.01 mozs coequnenust 32 u 10 mz yKCYyCHOTO aHTHAPHIA HAarpe-
BatoT npu 140°C B TeyeHue 5 y. AHTUAPU YAAISIOT, & OCTATOK POMBIBAIOT
Bonoif. JloGasnstor Heckonbko kanenb NHsOH u ocanox ordunbTpoBbiBa-
IOT.

1-(3-(buc(numeTHIaMHHO)-1,3,5-TpHA3HH-2-1J1)-2-THOKCOMMH/IA30-
JuauH-1-nn)dtan-1-on (33a). Beixox 86%, T.mt. 140-142°C. Crektp IMP
'H, 8, m. m: 245 u 277 (c.c, 3H, COCHs); 3.13-3.14 (ymc, 12H,
2xNCHg)y); 3.71-4.16 (m, 4H, CH,CH,). Haiineno, %: N 31.80.
C12H19N7OS. BBI‘II/ICJICHO, %: N 31.69.

1-(3-(4,6-AumopdomHo-1,3,5-Tpua3un-2-ui)-2-THOKCOUMUTA30JTH-
auH-1-mn)dtan-1-0u(33b). Beixox 96%, T.mi1. 203-205°C. Cnekrp SIMP H,
S, M. a.: 2.40 u 2.75 (c,c, 3H, COCHy); 3.60-3.85 (m, 16H, 2xmopdor.);
3.70-4.20 (M, 4H, NCH,CH,N). Haiigeno, %: N 25.11. C1H23N70O3S. Boi-
yucieHo, %: N 24.92.

1-(3-(4,6-Au(azenan-1-na)-1,3,5-Tpuasun-2-mi)-2-THOKCOMMHUIA30-
muauH-1-mn)dtan-1-ou(33c¢). Beixox 87%, t.mn 134-136°C. Crextp SIMP
'H, 8, M. 1., T'y: 1.48-1.60 u 1.70-1.80 (MM, 16H, (CHy)s-aser.); 2.40 u 2.72
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(c,c, 3H, COCHy); 3.65 u 3.71 (1,1, J=6.0, 8H, N(CH,)s-azem.); 3.72-4.18 (M,
4H, NCH,CH;N). Haiineno, %: N 25.11. Ci6H23N703S. Berumcneno, %: N
24.92.

Cunres coenunenuii 34a-c

K cmecu coenunenus 32 (0.01 mons) B 10 mz Tomyosia Ipu OXJIaXICHAN
o KaruisiM 100aBisitoT cMech (permmmzonuanara (0.01 morq) u kataauTude-
CKOro KoyindecTBa nmupuauHa. CMech KUMATAT 2 u, 3aTeM OeH30J1 ynapuBa-
0T, OCaJIOK 00pabaThIBAIOT TEKCAHOM M OT(GHIBTPOBBIBAIOT. OUUIIAIOT ITe-
peKpucTauM3anuen u3 staHosia win ero 50% BoJHOro pacTBopa.

3-(4,6-buc(numerniamuno)-1,3,5-rpuazun-2-uwi)-N-peHna-2-Tnok-
conmuaa3oanauH-1-kapookcamun (34a). Beixon 80%, T.ur. 197-199°C.
Cnektp SAMP H, 5, m. 1. 3.16 (c, 12H, 2xNCHy)); 4.10-4.20 (M, 4H,
CH,CHy,); 7.03-7.55 (M, 5H, CgHs); 12.68 (¢, 1H, NH). Haiineno, %: N
29.12. C17H22N808. BI)I‘II/ICJ'IGHO, %: N 28.99.

3-(4,6-Aumopdoauno-1,3,5-tpuaszun-2-ui)-N-penni-2-
THOKCOUMMAA301uIHH-1-kapookcamun (34b). Beixon 84%, t.ur 213-
214°C. Crextp SIMP 'H, 8, m. 1.: 3.58-3.90 (M, 16H, 2xmopdon.); 4.18 (c,
4H, CH,CH,); 7.00-7.57 (m, 5H, CgHs); 12.62 (¢, 1H, NH). Cnekrp SIMP
BC, 8¢, M. 11 43.25, 43.29, 43.34, 43.40, 43.46, 44.07, 65.80, 119.05,
123.01, 128.27, 137.37, 149.43, 163.18, 164.25, 175.89. Haiineno, %: N
23.99. C21H26N803S. BI)I'-II/ICJ'ICHO, %: N 23.81.

3-(4,6-Ou(azenan-1-un)-1,3,5-Tpuazun-2-ui)-N-peHua-2-Tnokco-
umuaazoauaun-1-kapooxcamua (34c). Boixox 88%, T 172-173°C.
Cnekrp SIMP 'H, &, m. 1., I'y: 1.51-1.61 u 1.72-1.82 (M, 16H, (CHy)g-azer.);
3.70 u 3.73 (7,1, J=5.9, 8H, N(CH;)s-azem.); 4.12-4.20 (m, 4H, CH,CHy,);
7.03-7.55 (M, 5H, CgHs); 12.72 (¢, 1H, NH). Crextp SIMP C, §¢, m. n.:
26.28,26.33, 26.89, 27.56, 43.33, 44.13, 46.18, 119.05, 122.88, 128.22,
137.50, 149.60, 162.87, 164.09, 175.88. Haiineno, %: N 22.49. CysH34NgOS.
Boruucieno, %: N 22.65.

1,3,5-SChUQDP LD SULLAFT LA oW LS3ULLELP UPLE6Q
W @. 651L3EN3UL, €. U. M UQ3UL, k. W. LUQUr3UL b 4. W. UQULr3UL

Ukfafy  (4-pynp-6-(ihidbfopyuntpion)-1,3,5-uppusgfiie-2-fy) qyfrgpirussp, - N-(4,6-nfpynp-
1,3, 5-npfrusgfiie-2-fy)-4-itle By lspyuncy prtsusdfgh,  2-unifion-d-rpfrdbfdpyundfiion -6-pynp-
1,3,5-mppugfif b N1-(4,6-ppo(qpbfdfpudfiun)-1,3,5-mpfugfi-2-fy) Efui-1,2-gfudfif
Spolusts dfpuus fprpudyuibimsgdfby § 1,3,5-nppuqff inp wdubigguybbpp Sogunnljoy i ufbf@he:
Upfdlgfums dfpugnfynibibpp Sbnmppppncfynct bl blphupughnud b7 bnp yymnblgfhy
Yliumputinpl wlpnpe] dpugnc@ncibbph npridwl, b npogbe np abguehugpfes 1,3,5-

inpfrg oyl wuligguybpp @ egp bpuiyn @p:
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SYNTHESIS OF NEW DERIVATIVES IN THE SERIES OF 1,3,5-TRIAZINE

A.P. YENGOYAN®"* V. A PIVAZYAN? E. A. KAZARYAN? and Zh. A. AZARYAN"

®National Agrarian University of Armenia
74 Teryan Str., Yerevan, 0009, Armenia
PRussian-Armenian University
123, H. Emin Str., Yerevan, 0051, Armenia
*E-mail: ayengoyan@mail.ru

Based on methyl (4-chloro-6-(dimethylamino)-1,3,5-triazin-2-yl)glycinate, N-(4,6-
dichloro-1,3,5-triazin-2-yl)-4-methylphenylsulfonamide, = 2-amino-4-dimethylamino-6-
chloro-1,3,5-triazine and N'-(4,6-bis (dimethylamino)-1,3,5-triazin-2-yl)ethane-1,2-
diamine, a targeted synthesis of new 1,3,5-triazine derivatives was carried out. The
synthesized compounds are of interest both in terms of searching for new potentially
biologically active compounds and as starting materials for the synthesis of new
substituted 1,3,5-triazine derivatives.
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PEAKIIUIA (E)- (3-APIJI-3-OKCOIIPOII-1-EH-1-
W) TPUOEHWI®OCPOHUINBEPOMUIOB C IPOU3BOHBIMU
TUOMOYEBUHBI

P. Ix. XAUUKSH, 3. T. OBAKUMSIH, 3. O. KAPAMSH,
A A.BAJSIHuI'. A. TAHOCSIH

Hay4HO-TeXHOIOrHYeCKHil IEHTP OPraHuYeCcKO! U (hapMarleBTHIECKOH XUMHI
HAH Pecny6iiku Apmenust
Apwmenus 0014, Epean, np. A3zartytsH 26
E-mail: khachikyanraya@gmail.com

[MokasaHo, 4TO HesamelleHHas W 3aMeLleHHble TMOMOYEBMHbI C apUNKeTOBUHUNEOCHOHME-
BbIMW COMNSIMW B OAMHAKOBLIX YCIOBUSAX pearmpytoT Kak S-Hykneodusbl, B OTNNYME OT apuIkeToBu-
HUN-MMpUAMHUEBLIX aHanoros. [pednoxeHa anbTepHATVBHAA Cxema NpoTeKaloWmX peakuun,
BKItOMaOLLAs NepBOHaYarnbHyo ataky Hykrneodwnia no kKapboHWnNbHOM rpynne.

Bubn. ccbinok 11.

B nponomkenue ucciaenoBaHui peakiuil raJoreHu10B [-apouIBUHUII-
tpudenmndocdonust ¢ dunykneopuaamMu, a TakKe C IENbI0 CUHTE3a reTe-
POLIMKIMYECKHX COEIMHEHUI Ha X OCHOBE B NPEJCTaBIEHHON paboTe u3y-
YeHO B3auMoeicTBre B-apounBuHIITpUPEHUI-PocHOHNIOPOMHIOB C THO-
MOYEBHHAMU.

W3 nutepaTypHBIX JaHHBIX M3BECTHO, YTO B AlPOTOHHBIX MOJIIPHBIX U
HEMOJISIPHBIX pacTBopHTeNsX (tomyon, JJM®PA, aneToHUTpui) THOMOYECBU-
Ha, KaK IpPaBUJIO, B3aUMOJICHCTBYET C TaKUMHU HENPEEIbHBIMU COEIUHE-
Husmu Kak N-aykiaeodun [1-4].

JleiicTBUTENHHO, HEJABHO HAMU OBIJIO ITOKa3aHO, YTO THOMOYEBUHA U €€
N,N'-nudennn-npoussogsoe ¢ E—(3-apui-3-okcomnpor-1-eH-1-wn)nupuu-
HUMOpOMHUIaMH B pacTBOpE alleTOHUTPHUIIA, JTHOO TOIyOJda PearupyroT Kak
N-HyKII€0(h MBI, TPUBOIS, BCICACTBHAE NaNbHEWIEH TpaHchopManmu, cooT-
BETCTBEHHO K Z-4-apui-2-[(B-aponBuHm)CynbhaHmI]|-MMpUMHAIMHAM H 2-
apui-5-apow-1-pennnmmupunuauitbpomunam [5].

VYuuTeiBas HaJMM4YUe B CTPYKType coieid la-B Tpex aKTHUBHBIX pPeak-
LIMOHHBIX LIEHTPOB U MPHUBEACHHBIE BBIIIE JIUTEPATYPHbIE JaHHbIE HAMU pac-
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CMaTPHUBAJIKCH CIEYIONINE BEPOSITHBIC CXEMbl IPEBPALICHUN MO/ ACHCTBU-
€M THOMOYEBHUHBI. (cxema 1):

Cxema 1
R
R
PhsP
r T =
3 =
|
HN. NH O Y
P*Ph, Y SH
Br S A
o) o R
NH,SCNH, o e /©/ Ph3P\+—J©/
TS0 53\—\W [
AN r N\ N
N 5\\ HNYN \r
l1a-B Yo S 5 SH
R R
Ph3+PY\ Ph3+P /©/
- \ — B’m
Br HNYN r NYN
s B SH

1) HykneopunpHas araka aMHHHOM TPYNIbI THOMOYEBHHBI IO (—
MOJIOKEHUIO JIBOWHOM CBS3U UCXOJHBIX cojiei 1a-B ¢ mocnenytomei
UKJIM3aMel B pou3BoAHbIe (ocPopcoaepKalnuX THOTHIAHTOU-
HOB ( yTh A).

2) Artaka aMHHHOUM TPYIIbI THOMOYEBHHBI 110 KapOOHHIBHOMY aToMy
yIIepo/ia ¢ MOCIeAYIONMEeH TUKIN3aIe B IPON3BOHBIE THOTHIaH-
TouHa ¢ aToMoM (ochopa B 00KOBOH 11enH ( TyTh b).

3) Artaka aMUHHOI TPYIIbI THOMOYEBUHBI [0 0—PACIIOJIOKECHHOMY yT-
JEPOJAHOMY aToOMy C MOCIEAYIOUIeH KOHAEHcaluel 3a cu.T BTOpOo
aAMUHOTPYIIbI U 00pa30BaHUEM MPOU3BOIHBIX AUTUAPOTHONHPUMHU-
TuHOB ( IyTh B).

OpHako, KaKk OKa3aJloch, B3aMMOJICHCTBHE THOMOUYEBHHBI C (ochoHme-
BBIMH COJIIMH 1a-B TpoTeKaeT WHAa4Ye M TNPUBOIUT K 0Opa3oBaHUIO [2-
amMuHO-5-apunTtrason(1,3)-4-unmerun]|rpu-penundocponnitbpomuioB 2a-B
[6].

PaGoTsI psima aBTOPOB MOCBSIIEHB! N3YYEHUIO B3aUMOJICHCTBHS KETOBU-
HUI(POCHOHUEBBIX CONel C HYKICO(UIbHBIMU peareHTaMu. ABTOpamH pa-
6ot [7-9] OBUIO OTMEUYEHO, YTO aTaka HykKJIeoduiIa MPOMCXOAMT 1O [3-
yIJIEpOJIHOMY, MO OTHOIIEHHIO K (ochopy, aToMy B MPOTUBOMOIOKHOCTh
peakuusaM ¢ B-XJOPBUHUWIKETOHAMH U [(-allMJIBUHUIAMMOHHUEBBIMU COJISIMHU.
Takoe pa3nmuyme B TIOBEJACHHHM CXOJHO IIOCTPOCHHBIX COEAMHEHUH, II0
MHEHUIO aBTOPOB, CBSI3aHO C HalW4MeM y atoMa (ocdopa BakaHTHBIX d-
opbuTaneil, cTabMIN3UPYIOMUX NPOMEXYTOUHO 0Opasyrommecs WIUAbl 3a
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CYET CYUIECTBOBAHUS ME30MEPHOMN MICHOBOH (POPMBI. Y CTaHOBJIEHO TAKXKE,
YTO aHAJIOTHYHO, T. €. C J-aTakoii, B3aUMOJCHUCTBYIOT Tak’ke THOMOYCBUHA U
troaneramuyl. C Ipyroil CTOPOHBI H3BECTHO, YTO B KETOBUHMI(POCHOHHEBBIX
COJISIX THJIEHOBAs CBSI3b 3HAUUTENIBHO JI€3aKTHBHPOBaHA M3-3a CUIBHOTO —I
s dexra Tpudenm-hochoHneBol rPyNIMUPOBKY, U COIb 1 MPAKTHYESCKH HE
BCTYMAeT B PEAKIMH JJIEKTPO(PHILHOTO TPUCOCIUHEHHSI IO 3THICHOBOM
CBSI3M, B YACTHOCTH C TaJOr€HaMH, Jake€ B JIOCTATOYHO >KECTKUX YCIOBHUSAX
[10]. Ha ocHoBaHWHM NpUBEAEHHBIX AAHHBIX MbI HPHUIILIM K BBIBOLY, YTO
MpeA-TOJI0KEeHNEe aBTOPOB B MOJIb3Y BO3MOKHOCTH BCTYIUICHHSI B PEAKIIHIO
HyKJeoduiIa ¢ mepBoHAYAIBHONW aTakoH 1Mo B-yraepoJHOMy aTOMY JIBOWHOMN
CBSI3W OTMEUEHHBIX COJIeH, OOyCIIOBJIEHHOW HanmuuueMm y atoma (ocdopa
BaKaHTHbBIX O-opOWTaiel, He MOXET CIYXHTb €IMHCTBCHHBIM apryMEHTOM.
B kadecTBe BO3MOXHOW aibTepHATHBBI 00pa30BaHUS NPOAYKTOB 2a-B TEO-
pETHYECKH HE MCKIIIOUEHO MPOTEKaHWE PEaKIMU C TIepBOHAYaIbHON aTaKon
HyKJIeo(uIa 1Mo KapOOHUIPHOMY aTOMY YIJIepo/ia.

Cxema 2
NH2—|C—NH2
S
R / \ P*Ph;B ﬂ i a
N 3Br+ NH=C-NH, —— S—-< —

. \n/\/ éH H,

(o) l1a-B + -
R OH P"Ph3Br

R
> S\ﬁ‘?jH — \©\
-Hy S NH
g QR
HO P*Phs Phs"P. N

Br Br
R=CHj;(a), Br(6), CI(B).

Kak cnemyer u3 mpeuio>KEHHOH CXEMbl, MO-BUIAUMOMY, THOMOYEBHHA
M30MEPHU3YyeTCsl B U30THOMOYEBHHY C TIOCIIEAYIONICH aTakoi aTomMa Cephl 10
KapOOHMIIBHOMY YIJIEPOJHOMY aToMy. Jlanee ocyIiecTBiISeTCsl IpUCOeaU-
HeHue 1o KHeBeHaremo u BHYTPUMOJIEKYISIPHOE HyKIeo(pHIbHOE IpUcOoe-
JMHEHUE aMHHHOW TPYMIBI N0 [-YrIepoJHOMY aTOMy JIBOMHOW CBSI3HU, CO-
MIPOBOYXK/AAIOIIeecs MPOTOTPOIHON M30MepH3anueil u aeruaparanueit ¢ 0o-
pa3oBaHUEM COEMHEHUH 2a -B. (cxema 2)

B nponomkenne 3Tux MCCieOBaHUNA M3YYEHbI TAKKE PEaKLUu C 3ame-
IICHHBIMU THOMOYEBHHAMU. [lorydeHHBIE COeTMHEHUSI MOTYT TPEACTABIISATh
HE TOJIbKO CaMOCTOSITENIbHBIM MHTEpEC Al OMOJOTUYECKHX HCCIEIOBaHUM,
HO U CTaTh OPUTMHAJIBHBIMM MCXOJHBIMHM BEIIECTBAMHU ISl CTPYKTYPHBIX
Moau(HUKAIHiA, TPUBOASIINX K HOBEIM OMOAKTHBHBIM COCIH-HEHUSIM.

OcymiectBiensl  peaknuu  cosneir  la-B ¢ N,N'-mudenmn—, N-
AIMITHOMOYEBHHAMH, a TaK)Ke C S-O€H3MIN30THOMOYEBUHOM. [IpuBeieHHas
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BBIIIIE CXEMa B IMOJIHOM Mepe MOKET OTHOCUTHCS U K 3aMEIIEHHBIM THOMOYE-
BHUHaM (cxeMma 3).

Cxema 3
R
R
P*Ph,
— Br 4, P*Phs
o e, s ™
AN e, NS Br
0 200, 2 CO S._NPh
4, \§\
HN—L_ 5 %
NPh
4a-B = 3a,6
|z ’
I A
R HoN - NH
jas}
— Br
R=CHj,(a), Br(6), CI(B). N NH
53,6 s~ Ph

3KC1’[epI/IMeHTaJIbHaﬂ 4acTb

Cnextpst IMP *H, B°C, *'P cusrer npu 303 K ma npubope "Mercury-
300" Varian ¢ pabounmu wyactoramu 300.08,75.46 u 121.75 MIy, cooTBeT-
CTBEHHO. XMMHUYECKHE CJIBUTH NIPUBEACHBI OTHOCUTENbHO TMC (1H " 13C) u
HsPO, (31P).TeMHepaTprI IUIaBJICHUS] OMNpeAeisyId Ha HarpeBaTelIbHOM
cronuke "Boetius”. DiaeMeHTHBIM aHaaW3 BBIIOIHSIA METOAOM JlromMa—
[Tperns qnst N u TutpoBanuem s Br.

Coenunenus 1a—B nonyueHsl 1o metojauke [11].

OO0mas mMeToguKa MOJyYeHUs] coelMHEeHUil 2a-B, 3a,0, 4a-B. CMech
0.0015 mons coneii 1a-B 1 0.1 2, 0.18 2, 0.34 2 (0.0015 moss1) COOTBETCTBEH-
HO TMOMOYEBHHBI, TU(EHWITHOMOYEBUHBI M allMIITHOMOYEBUHBI KHUITATHIH
7-8 u B 10 M2 anETOHUTPUIIA WM TOJYyOJia. AIICTOHUTPHIBHBIN (TOIYOJIb-
HBIH) (UIBTPAT MepeocaKAadu AMITHIOBBIM 3dupoM. OOpa3oBaBIIMKCS
0CaJIOK OT(QUIBTPOBBIBAIN, TPOMBIBAIH Y(PUPOM U BHICYIIMBAJIN B BaKyyMe.
JInsi OYMCTKY MPOAYKT peakuuu oOpadaTbiBasv Oe3BOIHBIM aneToHOM. He
PacTBOPUBIIMIACSA B allETOHE 0CAZ0K OT(PHUIBTPOBBIBAJIN, POMBIBAIH ALETO-
HOM U BBICYIIIMBAIIA B BAKyyMe.

Oo6mas metoguka moaydenusi coenunennii Sa,B. Cmeco 0.0015 mons
cosneit 1a,B u 0.3 2 (0.0015 moss) S-6eH3UTU30THOMOYCBUHBI KUIISITAIN 7-8
y B 10 mn aneronutpmina. OOpa30-BaBHIMICSA OCaJ0K OT(UIBTPOBHIBAIIH,
MIPOMBIBAJIA TOPSIYMM allETOHUTPUIIOM U BBICYILIMBAJIN B BAKyyMe.

[2-AmuHo-5-n-TommaTHa3041(1,3)-4-unmerni | rpudennndochonuii-
opomua(2a). Berxox, 80.5 %, T.m. 230-231°C. Criexrp SIMP *H (IMCO-dg
| CCl4,1:3), 6,m.1., Ty: 2.26 (c, 3H,CH3), 5.12 (1, 2H, CH,, J=13.2), 6.90-
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6.95 (M, 2H, CgH,), 7.00-7.05 (m, 2H, CgHy), 7.23 (w1, 2H, NHy), 7.60-7.76
(M, 12H,PPhs), 7.86-7.93 (M, 3H, PPhs) . Crekrp SIMP 3P §m.1. 26.10.
Haiineno, %: N 5.18; Br 14.71. Cy9HBrN2PS. Beruncneno,%: N 5.14; Br
14.65.
[2-AmuHo-5-n-6pombenszninTnason(1,3)-4-uamerwi]|rpudenuniigoc-
douniiopomun(26). Beixox, 88.9%, t.mr 238-239°C. Crextp SIMP 'H
(AMCO-dg / CCly,1:3), 6,m.1., Ty: 5.18 (yur n, 2H, CH,, J=13.5), 7.00-7.05
(M, 2H, CgHy), 7.25 (m, 2H,NH,), 7.37-7.42 (m, 2H, C¢H,), 7.62-7.75 (m,
12H, PPhs), 7.85-7.92 (M,3H, PPhs) . Crextp SIMP *C (JIMCO-dg / CCly,
1:3), d,m.1. 22.0 (1, CHy, J=50), 104.0 (z, J= 10.8), 117.2 (n, 3C, J=84.9),
121.9, 130.2 (m, 6C, J=12.6), 130.3 (2C), 131.3 (2C), 133.8 (u, 6C, J=10.0),
135.2 (m, 3C, J=2.9), 167.4( n, Jpc=2.0). Crextp SIMP P §m.1. 26.09.
Haiineno, %: N 4.54; Br 13.13. CygH23BrN,PS. Beruncneno,%: N 4.59; Br
13.11.
[2-AMuHO-5-n-xa0poen3naTHa30.1(1,3)-4-uamerni] rpudenuniadoc-
donmiiépomun(2B). Boixox, 93%, t.amm 233-234°C. Cnexrp SIMP 'H
(AMCO-dg/CCly,1:3), 6, m.a., T'y: 5.48 (1, 2H, CH,, J=13.3), 7.18-7.27 (m,
4H, C¢Hy), 7.63-7.77 (m, 12H, PPhj), 7.81-7.89 (m, 3H, PPhg), 7.75 (1, 2H,
NH; ) . Cnextp SIMP C (IMCO-ds / CCls,1:3), d,m.1. 22.1 (1, CH,
\]p,c:49.0), 104.0 (I[, SQCHZ PPhg, \]pyczg.O), 116.9 ()1, 3C, CI Pphg,
Jpc=84.5), 128.2 (2CH, C¢H4CI), 129.7 (n, 6H, C° PPhs, Jpc=12.6), 129.8
(2H, CsH4CI), 133.6 (11, 6H, C™ PPhs, Jp.c =10.2), 134.7 (x, 3CH, CHP, PPh;,
Jp.c=3.0), 167.5(1, NCCsH4Cl Jpc=2.0), 167.5 (NCNH,) . Criextp SIMP *'P
O,M.I. 25.65. Haitneno, %: N 4.92; Br 14.17. Cy,sH,3BrCIN,PS. Brruncie-
H0,%: N 4.95; Br 14.14.
[2-Dennaumuno-3-pennn-5-n-roauaruazon(1,3)-4-uamerna] rpu-
denmnpochonniiopomun(3a). Boixox, 67%, T 215-216°C. Crextp
SAMP *H (IMCO-dg CCl41:3), 8, m.a., I'y: 2.25 (¢, 3H, CHs), 4.96 (1, 2H,
CHy, Jpry =13.2), 6.48-6.53 (m, 2H, Ar), 6.70-6.75 (M, 2H, Ar), 6.82-6.87 (m,
2H, Ar), 6.91-6.97 (m, 1H, Ar), 7.04-7.09 (m, 2H, Ar), 7.15-7.26 (M, 5H, Ar),
7.67-7.76 (m, 12H) u 7.84-7.91 (m, 3H, PPhy) . Crektp SIMP *'P & m..
20.87. Haiineno, %: N 3.98; Br 11.59. C41H34BrN,PS. Beruucneno, %: N
4.01; Br11.47.
[2-Dennaumuno-3-pennn-5-n-6pomoen3uaruaszoi(1,3)-4-uame-
Tun|rpudpennndocdonuiiopomun(36). Beixom, 56%, T 245-246°C.
Cnextp SIMP H (IMCO-dg / CCl,1:3), 8, m.io., I'y: 521 (1, 2H, CHy,
J=13.7), 6.77-6.82 (M, 2H, C¢H4Br), 7.00-7.20 (m, 5SH, Ar), 7.26-7.46 (m,7H,
Ar), 7.67-7.91 (M, 15H, PPhy) . Criextp SIMP P §,m.1. 25.34. Haiineno,%:
N 3.61; Br 10.54.C4oH31Br,N,PS. Beraucineno,%: N 3.67; Br 10.49.
[2-Aunnamuno-5-n-TomaTuazon(1,3)-4-unmerunia] rpudenunadocdo-
Huiiopomua(4a). Beixon, 62%, 1.1t 253-254°C. Cuextp AMP 'H (aMCO-
de/ CCl41:3), 8, m.a., Ty: 2.11 (¢, 3H, COCHj3), 2.33 (c, 3H, CH3), 5.48 (x,
2H, CH; Jp4=13.7), 7.02-7.11 (m, 4H, CgH,), 7.60-7.72 (m, 12H) u 7.80-7.89
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(M, 3H, PPh3), 12.18 (¢, 1H, NH). Crextp SIMP **C (IMCO-ds / CCly,1:3),
d,m.11. 20.6 (CHg3), 21.9 (CHg), 22.2 (1, CHa, Jpc=47.8), 108.9 (1, Jpc=10.4),
117.2 (m, 3-C, P-C, Jpc= 84.6), 127.8 (2-CH, CgH,), 128.6 (2-:CH, CgHa),
129.7 (n, 6:CH, C° PPhg, Jpc =12.6), 130.6 (1, Jpc= 2.8), 133.5 (1, 6-H, C™,
Jp.c=10.0 PPhy), 134.7 (1, 3-H, C, Jpc=3.0 PPhy), 136.7, 150.1 (1, Jpc=8.8),
156.7 (1, Jpc =2.5), 167.8 (CO) . Crextp SIMP *'P §.m.1. 22.00. . Haiineno,
%: N 4.07; Br 13.83. C3;H2sBrN,OPS. Beruucneno,%: N 4.77; Br 13.62.
[2-Ammnamuno-5-n-6pomoensuiarnason(1,3)-4-mimernia| rpudenn-
dochonniiopomun-(46). Bexox, 71.4%, t.m. 260-261°C. Crextp SIMP *H
(AMCO-dg/CCly1:3), 8, m.a., Iy: 2.10 (c, 3H, CH3), 5.60 (m, 2H, CH,
J=13.6), 7.18-7.40 (m, 4H, CgHy), 7.60-7.76 (M, 12H, PPh3) u 7.80-7.85 (M,
3H, PPhs), 12.20 (ym. ¢, 1H, NH). Crextp SIMP *'P §,m.1. 22.05. Haiineno,
%: N 4.34; Br 12.23. C3yH25Br,N,OPS. Beruncneno,%: N 4.29; Br 12.26.
[2-Aunaamuno-5-n-xsopoen3miaTna3oi(1,3)-4-nimerni| rpudenni-
dochonuiiopomun-(48). Boixon, 70.0%, .. 254-255°C. Crextp SIMP
H(IMCO-d¢/CCly1:3), &, m.a., I'y: 2.12 (c, 3H, CHs), 5.58 (1, 2H, CH,,
J=13.6), 7.16-7.34 (M, 4H, CgH,), 7.58-7.74 (m, 12 H) u 7.79-7.87 (m, 3H,
PPhs), 12.21 (ym. ¢, 1H, NH). Crextp SIMP **C (IMCO-dg / CCl,,1:3),
o,m.11. 21.8 (1, CHy, Jpc=48.2), 21.9 (CHa), 109.9 (1, Jpc=10.6),117.1 (a, 3C,
C' PPhg, Jpc=85.0), 128.0 (2CH, CsH,4Cl), 129.59 (2CH, C¢H4Cl),129.60 (x,
6CH,C° PPhz, Jpc =12.4), 132.1 (n, Jpc=2.7), 132.6, 148.6 (n, Jpc=
9.0),133.6 (1, 6CH, C™PPhs, Jpc=10.0), 134.7 (1, 3CH, C” PPhs, Jpc =2.8),
148.6(x1, Jpc=9.0), 167.9 (CO). Crextp SIMP *'P §,m.1. 22.28. Haiineno, %:
N 4.56; Br 13.10. C3yH25BrCIN,OPS. Brruncneno, %: N 4.60; Br 13.16.
[2-(Ben3un)cyiabpannn-5-n-roauaumuaazon(1,3)-4-uameru] rpu-
dennndocdonnii-6pomua(5a). Beixox, 52%, T.am 225-256°C. Crekrtp
AMP 'H (IMCO-ds/CCl,1:3), &, m.a., Ty: 2.30 (c, 3H, CHs), 4.53 (c, 2H,
SCHy), 5.27 (a, 2H, PCHy, Jp 4= 13.6), 6.97-7.11 (m, 4H, CgH,), 7.29-7.46
(M, 5H, CgHs), 7.62-7.75 (m, 12H) u 7.84-7.93 (m, 3H, PPh3), 9.28 (ymI.
¢,1H, NH). Crextp SIMP *'P §m.1. 21.20. Haiineno, %: N 4.40; Br 12.55.
C3sH32BrN,PS. Brrunc-neno,%: N 4.38; Br 12.59.
[2-(Ben3un)cyabpannn-5-n-xaopoensuauvunason(1,3)-4-niame-
| rpudennadoco-uniiopomna(5s). Boixom,48.5%, . .228-229°C.
Cnextp SIMP H (AMCO-dg/CCl4 1:3), 6, m.x., Ty: 4.49 (c, 2H, SCHy), 5.41
(n, 2H, PCHy, Jpy =13.6), 7.20-7.28 (m, 4H, CgH4Cl), 7.29-7.38 (M, 3H) u
7.40-7.45 (m, 2H, CgHs), 7.63-7.75 (m, 12H) u 7.83-7.90 (m, 3H, PPhs), 9.23
(yur. ¢, 1H, NH). Cnekrp SIMP 31p § m.1. 21.4. Haiineno, %: N 4.23; Br
12.28. Cg5H,9.BrCIN,PS. Beruucneno,%: N 4.27; Br 12.20.

159



E-PAUPQUL3NPE-P WoULS3ULLELD NES (E)- (3-ULPL-OLUNMN AM-1-
EU-1-bL) SCPHELPLHNUDNLPAFU LLAUPYLELD
PNUYESNFE-3NFLLELP NPUNPU LUUPLOFE-3OFLL

0. 9. WUPY3UL, Q. N. SILUUhU3UL, E. 0. LULTUBUL,
U U AUL3UL b N. U oULAUSYL

Ubp fngidpy wnwuplpfly § pfdugny spofuugybynyut wypbinpobpuyfb apbb,

STUDY OF THE REACTIONS OF (E)-(3-ARYL-3-OXOPROP-1-EN-1-
YL)TRIPHENYLPHOSPHONIUM BROMIDES WITH THIOUREA
DERIVATIVES

R.J. KHACHIKYAN, Z. G. HOVAKIMYAN, E. 0. KARAMYAN,
A. A.BALYAN and H. A. PANOSYAN

The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: khachikyanraya@gmail.com

It has been shown that unsubstituted and substituted thioureas with aryl ketovinyl
phosphonium salts under similar conditions react as S-nucleophiles as distinct from aryl
ketovinyl pyridinium analogs. An alternative scheme for the proceeding reactions is
proposed, including the initial nucleophilic attack on the carbonyl group.
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IINCBMA B PEJAKLIUIO

YK 547.841

CHUHTE3 HEKOTOPBIX HOBBIX 2,2-TU3AMEIHIEHHBIX
NPOU3BOAHBIX 1,4-BEH30JUOKCAHA

Coenunenuns psnga 1,4-6eH30MOKCaHa NPEACTABISIOT OOJBLIONW HHTE-
pec ¢ OJHOW CTOPOHBI B IIJIaHE BBISIBICHUS HOBBIX BHICOKOAKTHUBHBIX Iperna-
patoB [1], ¢ Apyroil — ¢ XUMUYECKON C TOUKHU 3PEHMs — JUIsl UCCIIEIOBAHUS
BO3MOYKHOCTEH CHHTE3a OOJIBILIOr0 Kpyra JIMHEHHBIX, OMIIUKINYECKUX, CIIH-
POLMKINYECKUX, MOIULMKINYECKUX, AHHEIMPOBAHHBIX U JPYTHX IPOU3-
BOJHBIX 3TOTrO pana [2,3].

Panee Obl1 CHHTE3MpPOBAH HM3BECTHBIA 02-aIPEHOOIOKATOP WAAa30KCaH,
conepxanuii 1,4-0eH30IMOKCAaHOBOE SI/IPO, CBSI3AHHOE BO BTOPOM IOJIOXKE-
HUU C UMUAA30IUHOBEIM IIMKIOM [4]. [To3aHee ObLIM OCYyIIECTBICHBI MHO-
TOYMCIICHHBIC MCCIIETOBAHUS 10 CUHTE3y MPOU3BOMHBIX 1,4-0eH301MOKCaHa,
COJIEp’KalllMX BO BTOPOM IOJIO)KEHUHU pa3Hbl€ T€TEPOLMKIbI, U BBIICHEHUIO
BIUSTHUS TIPUPOJIBI 3AMECTHTENICH M MX TOJOKEHHUS Ha (PapMaKOIOTHUECKYIO
aKTHUBHOCTb. BbUIO MOKa3aHO, YTO BBEJIEHHWE BO BTOpOE MosioxkeHue 1,4-
OEH30/IMOKCAHOBOT'O S/Ipa METOKCHIIBHOTO pajifKaia, Hapsay ¢ UMHIA30JIH1-
HOBBIM KOJIBLIOM, TTPUBOJUT K COCTUHEHHIO, TPEBOCXOIAIIEMY UAA30KCaH U
110 aKTUBHOCTH, U 110 CEJIEKTUBHOCTH JIEUCTBUA [5].

Panee Hamu Takke OBUIM CHHTE3MPOBAHBI OUTETEPOIMKINYECKUE CO-
€MHEHUs, B KOTOPBIX |,4-0€H30MOKCaHOBBINA UK CBsi3aH ¢ 1,3,4-okca- u
THAMA30JIbHBIMY, 1,2,4-TpHUa30JIbHBIM, THA30JIbHBIM U JAPYTUMH TSATHUICH-
HBIMHM LUKJIamMu [6-8]. [l monydeHus uX aHaJIOTOB C METOKCWIIBHBIM 3a-
MECTHUTEJIEM BO BTOPOM IOJIOKEHUH 1,4-0€H30IMOKCAaHOBOTO KOJbIAa B Ka-
YecTBE KJIFOUYEBOTO TMPOAYKTa HCIONB30BaH OTHIOBBIN 3dup 1,4-
OeH3onoKcaH-2-kapOoHoBoi kuciothl (1). [Ipu ero OpomupoBanuu 6pom-
CYKIIMHUMHUJIOM B TIPUCYTCTBUU KATAIUTUIECKUX KOJIMYECTB MEPEKUCH OCH-
30MJ1a M TIOCIIEAYIONINM BBIIEP)KMBAHUEM B METaHOJIE, HapsAIy C METOKCH-
JUPOBAaHUEM, POUCXOIUT NepesTeprudukanys ¢ 00pa3oBaHUEM METHIIOBOTO
adupa 2-MeTokcu-1,4-6eH301noKcaH-2-KapOOHOBOW KUCITIOTHI (2). JleficTBu-
eM THuapasuHruapara 3pup 2 mepeBe/ieH B COOTBETCTBYIOIMIUN THIpasu 3,
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LUKJIU3aIUeH KOTOPOTO B MPUCYTCTBUHM CEPOYTIIEpPOJa M €IKOTO Kajlu CHH-
Te3upoBaH 5-(2-meTokcu-1,4-6en3oanokcan-2-un)-1,3,4-o0kcaanason-2-THo
(4) c Beixomom 20-22%.

0._COOCHs g O.__COOC,Hs CHyOH O COOCH,
Oy | | = O
(6] (o) (6]

. 2
1 NH,C(SINH, NH,NH,' Ho0

o N
N | S—sH
o) >—NH2 O.__CONHNH, CS,, KOH (o) o
S OCH3 —— OCH,
0O O O
3

5

N-
4

C uenblo paclIMpeHHs] Kpyra HcCCleJOBaHUNW MPOMEXYTOUHBIA CBIPOM
MPOAYKT, COACpIKAIUKA 3TWIOBBIH 3¢up 2-OpoMm-1,4-GeH3oanokcan-2-Kap-
OOHOBOW KHCJIOTHI, KHIITYEHUEM C THOMOYEBHHOM B alleTOHE ObLI IepeBeIeH
B  CHMPOLUKIMYECKOE Hpou3BogHoe — 2'-amuHo-3H,4'H-criupo[6en-
30[b][1,4]auokcun-2,5'-tnazon]-4'-ou (5). I[ToNbITKM CHHTE3UPOBATH HOBBIC
aMUJIHbIE U CyJIb(OHAMHIHBIC MPOU3BOJIHBIE HA €r0 OCHOBE HE MPUBEIH K
yCIIeXy.

CrpoeHHe M YHCTOTa BCEX CHMHTE3MPOBAHHBIX COCAWHEHHU MOATBEPIK-
JeHbl PU3UKO-XUMUYECKUMHI METOIaMU U TOHKOCIIOMHON XpoMaTtorpadueii.

BKCI[epI/IMeHTa.TILHaH 4acTb

NK-cniekTpsl coenuHenuii cHsThl Ha criektpometpe “Nicolet Avatar 330
FT-IR” B BasenuHoBOM Macie, crektpsl SIMP 'H — ma mpuGope “Varian
Mercury -300 “B JIMCO- ds , BHyTpennuii crangapt — TMC. Temnepatypsl
IUTABJICHUSL ONpPECIIEHbl Ha MUKpPOHArpeBa-TEIbHOM CToJMKe "bosumyc.
TCX mnposemena nHa muiactuHax “Silufol UV-254”, (amoent — OeHsoun-
aneToH, 3:1, mposiBUTENHL — Maphl HOAQ).

Ituiosblii 3¢pup 1,4-06eH30au0KcaH-2-KapOOHOBOI KHCI0THI (1) TI0-
JIy4EeH Mo MeTouKe [9].

Metnia-2-meTokcu-1,4-6en3oquokcan-2-kapookenaar  (2). Cwmech
4.16 2 (0.02 mons) stunosoro 3¢upa 1,4-6eH30HMOKCaH-2-KapOOHOBOW KH-
ciotel (1), 3.56 2 (0.02 mons) Opomcykuumuaumuaa, 0.05 2 cBexenepexpu-
CTAJUIN30BaHHOM nepekucu 6eHzomna B 50 M1 4eThIPEXXJIOPUCTOrO yIriIepo-
na KAmATAT 7 u. OunbTpyroT 00pa3oBaBIIMiicsS CYKIMHUMU, U3 QUIbTpaTa
OTIOHSAIOT PACTBOPUTENb, OCTATOK BbAepkHUBatOT B 100 amz mMeTaHona npu
KoMHaTHOU Temneparype 10-12 nueit. PacTBopuTens OTTOHSIOT, K OCTaTKy
npuiauBatoT 10 vz MeTaHoa, OCTaBISAIOT B XOJIOAWIBHUKE HA HOYb. Bhinas-
M€ KPUCTAJLIBI OTGMIBTPOBBIBAIOT, IPOMBIBAIOT METAHOJIOM, CYIIAT U TIe-
PEKPHCTATIIN30BBIBAIOT M3 MeTaHona. Beixon 2.4 2 (53%), T.mn. 100-102°C,
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Rf 0.49. UK criextp, v, cn™™: 1747 ¢ (C=0 5¢.). Cniextp IMP 'H, &, m.x1., [y
3.38 ¢ (3H, OCHj3; ), 3.84 ¢ (3H, COOCHz), 4.08 n (1H, J=11.2) u 4.19 1
(1H,J=11.2, CHy), 6.81 — 6.90 m (3H) u 6.92 — 6.98 M (1H, CsH,). Cnextp
SMP 2C, §, m..: 51.1(CHg), 52.1 (CH3), 65.9(CH,), 94.2 (OCOMe), 116.4
(CH), 116.8 (CH), 121.3 (CH), 121.7 (CH), 139.8, 141.9, 165.3(CO). Haii-
neHo, %: C 59.15; H 5.61. C11H,0s5. Berancneno, %: C 58.93; H 5.39.

2-Metoxkcu-1,4-06en3oanokcan-2-kapooruapasua (3). Cvece 4.4 2
(0.02 mons) apupa 2 u 15.0 mn 30% pacTBOpa TUApPA3HHTHAPATA HATPEBAIOT
npu 65-70°C B Teuenue 4-5 u. JIoGaBIAIOT BOIY, 0OPA30BABIINECS KPUCTAI-
JBl TIPOMBIBAIOT (PHPOM U MEPEKPHCTAILIM30BBIBAIOT M3 3TaHOJA. BhIXon
2.8 2 (64%), t.m1. 170-173°C, R; 0.37. UK-crextp, v, cn'™: 3340, 3257 ¢
(NHNH,), 1677 ¢ (N-C=0). Cnextp SIMP 'H, 8, m.z1., I'y: 3.28 ¢ (3H, CHs),
3.88 1 (1H, CH,, J=11.1), 4.24 n (1H, CH,, J=11.1), 4.27 yu.(2H, NH,),
6.79-6.88 M (3H) u 6.96 — 7.01 m (1H, CgHy), 9.51 ymr. (1H, NH). Cnekrp
AMP ¥C, §, m.x.: 50.5(OCH;), 66.5(OCH,), 94.9 (COMe), 116.3 (CH),
117.3 (CH), 121.0 (CH), 121.6 (CH), 139.7, 142.3, 163.4. Haiineno, %: C
53.79; H 5.62; N 12.77. C10H12N,O4. Beruncneno, %: C 53.57; H 5.39; N
12.49.

5-(2-Metokcu-1,4-6en3oanoxkcan-2-mi)-1,3,4-okcaanaszoi-2-THoJ
(4). K pactopy 2.5 2 (0.011 mons) ruapasuna 3 B 50 mrz aGCOMOTHOTO 3Ta-
Hoja mobamistor 3.3 2 (0.044 mons) cepoyraepona u 0.7 2 (0.012 monn)
KOH B 10 mz abcomoTHOrO 3TaHONa U HarpesaroT B TedyeHue 18-20 y npu
70°C. OTroHSIOT pacTBOPHTENb, K OCTATKY IPHIMBAIOT 40 M7 BOMbI, IPO-
3payHblii BOMHBIN pacTBOp moakuciisitoT pa3d. HCI. Beimasime kpuctaiibl
OT(WIBTPOBBIBAIOT, MMPOMBIBAIOT BOJIOM, CYIIAT U MEPEKPUCTAILITU30BBIBAIOT
13 stanona. Bexox 0.6 2 (21%), T 112-113°C, Ry 0.58. Cnektp SIMP 'H,
o, m.a., [y: 3.28 ¢ (OCH3), 4.20 1 (1H, J =11.2, CHy), 4.28 n (1H, J =11.2,
CH,), 6.80-6.89 m (3H) u 7.00-7.05 m (1H, CgHy), 14.2 mr.(1H, SH). Criektp
AMP BC, §, m.x.: 51.1(0CH;), 66.3(OCH,), 92.2 (COMe), 116.7 (CH),
116.9 (CH), 121.7 (CH), 122.3 (CH), 139.2, 141.8, 178.0. Haiineno, %: C
49.89; H 4.03; N 10.85. C11H1oN,0O,4S. Brruucneno, %: C 49.62; H 3.79; N
10.52.

2'-Amuno-3H,4' H-cnupo(6en3o[b][1,4| xuokcun-2,5 -Tuazoi)-4'-on
(5). Cmecp 4.16 2 (0.02 monsn) stunooro »>¢upa 1,4-6eH30MOKCAH-2-
kapOoHoBoii kuciothl (1), 3.56 2 (0.02 mons) 6poMcykumuumuga, 0.05 2
CBEXKEMEPEKPHUCTAIIM30BaHHON nepekncu Oenzomna B 50 M1 4eThIPeXXIo-
pucroro yriepoaa KUmATAT 7 4. GunabTpyroT 00pa3oBaBIINICS CYKIIMHUMU,
u3 UIbTpaTa OTTOHSIOT PACTBOPUTEIb, OCTATOK PACTBOPSIOT B CYXOM alle-
Tone, nobasisitor 1.5 2 (0.02 mons1) THOMOYEBUHBI, OCTABJISIOT P KOMHAT-
HOU Temriepatype 2 u, 3aTeM KHIIATAT emie 3 u. PacTBOpUTENh OTTOHSIOT, K
ocratky npunuBaioT pactBop NH,OH no menounoit peaknmu. Breigenus-
IMecs: KPUCTAILIBl OT(PUIBTPOBBIBAIOT, MIPOMBIBAIOT BOJOMW, CYIIAT U Mepe-
KPUCTAJUTM30BBIBAIOT W3 3TaHona. Bexox 1.9 2 (45%), T.1um. 244-245°C, Rs
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0.30. MK crektp, v, cn™: 3220 (NHy), 1692(N-C=0). Cniextp SIMP H, 3,
M., Ty 4.35 0 (1H, J =11.3, CH,), 4.45 n (1H, J =11.3, CH,), 6.71-7.06 M
(4H, CgHy), 9.08 ym (1H, NH), 9.48 ur.(1H, NH). Crextp SIMP C, &, m.1.:
70.0(CHy), 94.3 (CO), 116.9 (CH), 117.2 (CH), 121.5 (CH), 122.1 (CH),
141.4, 141.9, 1785, 181.1. Haiimeno, %: C 51.12; H 3.68; N 12.05.
C10HgN,05S. Beruncieno, %: C 50.84; H 3.41; N 11.86.

1,4-AEL2NYPOLUULP QAT 2,2-6LESEALTYULIL T LAL
WoUL3S3ULLE P UPLEEQ

U. U. 11 ua-3U, U. 0. LU/r2-UL3Ul, W. £. UUreU3UWL b U U U16u3UL

Neuncdvuuppfly b 2,2-bplpnkyuluydud 1,4-plignppopuwtfs npny wdutigyuyblipf
upbsfFhgh nuqplibpp: Rpndwgdul nbulghugp b Qg dfdopufyugiduts dfyfngnd unug-
by & 2-dbfdopufr-1,d-phignyhopunti-2-huppriuf@difs dbfdpybuf@hbpp, npp, dimfugghpn]
ShrrusgpbSfrppunnp Sk, wnwugply § SQuidwyumufuuds [F@ff Spgpugfup, fbpdlif
glhypugdwts wpgynpnd ufifhgly & 5-(2-dbfFopufr-1,4-plignypopuwt-2-fy)-1,3,4-
opumipfugny-2-[dfny: Upfuitilyuy 2-pprdinbulyuyfud dfpugn [Tyt wupncilng fon-
bncpnhy [Fhndfguiyndfdp Shw bnuwgdul wuyduibibpd wnwgdby § inp ugfipaghlyofi
lf[uugnl.ﬁ/nljl‘ 2’-Lutf[riln-ﬁ’H,4’H-uui[1[1n(lzbfuln[b][1,4]11_[10#11[%1—2,5- ’lalluu:inl)—4 "l

SYNTHESIS OF SOME NEW 2,2-DISUBSTITUTED DERIVATIVES
OF 1,4-BENZODIOXANE

A.S. AVAGYAN, S. O. VARDANYAN, A. B. SARGSYAN and A. A. AGHEKYAN

The Scientific Technological Centre
of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: avagal@mail.ru

The methods for the synthesis of 2,2-disubstituted derivatives of 1,4-benzodioxane
— the analogous of ay-adrenoblocator idazoxan, involving 1,4-benzodioxane and 5-
membered heterocycle, have been investigated. By bromination and methoxylation
reactions the methyl ether of 2-methoxy-1,4-benzodioxan-2-carboxylic acid was
synthesized. By interaction with hydrazine hydrate followed by cyclization, the 5-(2-
methoxy-1,4-benzodioxan-2-yl)-1,3,4-oxadiazol-2-thiol was obtained. The intermediate
product containing Br-substituted compound by heating with thiourea in acetone was
converted to the spirocyclic compound - 2'-amino-3H,4'H-spiro[benzo[b][1,4]dioxine-
2,5'-thiazol]-4'-one. The structures of synthesized compounds were confirmed by
physicochemical methods and thin-layer chromatography.
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HEKPOJIOI'

AJIOJIb® AUPAIIETOBUY MAHTAIISTH

9 ampens ymien W3 XWU3HU BBIIAIONIMNACS YUCHBIN, 3aCITyKEHHBIN NEATENb
Hayku PA, akagemuk HarmonansHo# akagemun HayK PA, TOKTOp XMMHYECKHX
Hayk, ipodeccop Anonb( AlipaneroBnd MaHTaIIsH.

Anone¢d Manramsia poawicst B EpeBane 16 aBrycra 1932 roma. Ceoto Ha-
yUHyI0 Kapbepy Hauan B 1956 roay, xorga ¢ ominureM okoHuMa EpeBaHckuit
MOJMUTEXHUYECKUH MHCTUTYT W, KaK JIyYIIUH BBITYCKHUK, ObLT MpPUTJIAlICH pa-
0oTaTh Ha Kadeape TEXHOJIOTHH XUMAYECKUX TPOIECCOB U ammapaToB. B 1958
rojly €ro KOMaHaupoBaiu B MOCKBY, B acnupaHTypy MHCTUTyTa XMMHYECKOU
¢usukun AH CCCP, riae oH moj HEMOCPEICTBEHHBIM PYKOBOJICTBOM H3BECTHOTO
yueHoro Apama HanbanasHa 3aIiuTHII KAaHOIUIATCKYIO IUCCEPTALUIO.

Heonennmsr 3acnyru Anosibda MaHTanisiHa B CO31aHIH aKaJJeMUKOM Apa-
Mom HanGannsuom Jlabopartopun xummueckoit ¢pusukun AH Apmsiackoit CCP,
kotopas B 1975 romy Obuta peoprann3oBaHa B UHCTHTYT XUMUYECKOW (PU3UKH.
3/ech OH OCYIIECTBHII CBOM OCHOBHBIE (DyHJaMEHTalIbHbIE HAy4YHbIE PaOOTHl U
3aIIUTHII JOKTOPCKYIO UCCEPTALHUIO.

C 1973 rona no camoit koHUMHBI Anonb( ManTamsiH pykoBoawi JlaGopa-
TOpUEH OKHUCJICHUs yrieBojaoponoB MHcTuTyTa Xumuueckoi ¢usuku Hanmo-
HaJILHOHU akazieMuu Hayk PecrmyOnmku Apmenus, a B 1987-2006 romax 3aHuMan
JOJDKHOCTD IMPEKTOpa MHCTUTYTA. TOT meproa ObLI TPYAHBIM Kak JJIsl HAy4HO-
ro cooOIIecTBa, Tak U Jjisi ApPMEHHH B 1IeTIOM. B 3T0ii ci0kHO# cuTyanmu, Oma-
roiapsl yCWJIMSM KOJUIEKTHBa HHCTHTYTA, BO TJaBe ¢ AnonbhpoM MaHTalIstHOM,
YAAJI0Ch MIPOAOJDKUTE HAYYHYIO PaOOTy M COXPAaHUTh UMUK HHCTUTYTA.

B 2007-2011 romax Anonbd MantamisiH Bo3riaBisur OTaeNeHHEe XUMAA U
Hayk o 3emiie HanmonanbpHoM akajgeMun Hayk PecryOmuku ApMeHus.

Hayunas pabora Anonsga MaHrarisiHa Obl1a, B OCHOBHOM, COCPEAOTOUEHA
Ha KMHETHKE CIIOKHBIX, MHOTOCTaJMHHBIX XUMHUYECKUX PEaKIUil C ydacThem
CBOOO/HBIX PaaUKaIOB, XUMHUYECKHX MPOIECCAX TOPEHHS, JTa3epO-XUMHUECKUX
rpoueccax, OCHMUIALINAX U XOJOJHBIX IUIaMEHAaX B PEAKIUSAX OKHCICHUS yIJie-
BomopoAoB. OH fABNsETCS MPU3HAHHBIM aBTOPUTETOM B 00JacTH ra3oda3HbIX
peakiuii OKUCIUTEILHON KOHBEPCHH YIiIeBO0po10B. Ero paboThl ObuIH TIpe-
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CTaBIICHBI Ha MEXIYHapOJHBIX KoH(MepeHIusx B BenukoOpuranuu, Opanimy,
Poccun, CILIA, Actpun, Ilonemie, Pymbiann u Benrpun.

Jns yyenoro-xumuka Anonspa MaHTalIsiHa XapaKTepHO codeTaHue (QyH-
JTAMEHTAJIbHBIX HAyYHBIX MPOOIeM c mpakTHUeckuMu mpobiemamu. Cpenu ero
3HAYUTENHHBIX HAYYHBIX JOCTIKEHUI MOXKHO BBIICITUTH CIETYIONINE: COBMECT-
HO ¢ Apamom HanGanasiHom Ob11 pa3paboTaH HOBBIN 3 QEKTUBHBIN KMHETHYE-
CKHI METOJT 3aMOpaXKUBaHUS CBOOOJHBIX PATUKaAIOB (MaTpHYHAS W3OJIAIHS) B
COYETAaHWH CO CHEKTPOCKOMHEH 3JIEKTPOHHOTO MapaMarHWTHOTO PEe30HAaHCa.
BriepBple ¢ MOMOILBIO 3TOr0 MeToja ObUIM HIESHTU(GHUIMPOBAHBI CBOOOIHBIC
paAMKaIbl B EMHBIX Ta30(a3HbIX PEaKIUIX OKUCICHHS YTIIEBOIOPOIOB.

Brlna ycraHoBieHa pelaromas pojib HEIMHEHHBIX PEakUuid MEePOKCUIHBIX
panuKanoB B ra3odasHbIX peakluusX OKUCICHHUs YIIIeBOAOPOAOB. beil mpemio-
YKEH TIPAKTHYECKH HOBBIN MEXaHHU3M OKHCIEHHS YTIIEBOJOPOIOB, KOTOPBIN 103-
BOJISIET PacCMaTPHUBATh OKUCIICHUE MapadWHOBBIX U OJE(UHOBBIX YTIEBOIOPO-
JIOB C €IUHOM TOUKH 3peHusl. B pe3ynbraTe n3ydeHus NpoueccoB OKUCICHUS yT-
JIEBOJIOPOIOB OBLIH pa3paboTaHbl METO/IBI MPOU3BOICTBA MPAKTHUECKH BAXKHBIX
COEMHEHHH, TAKNX, KaK ATHJICH, TTPOIIICH U UX OKCHJIBL.

Oco6oro BHUMaHUsI 3aCTyKHBaeT HOBOC HAYYHOE HAIpaBIICHHE, CO3IAHHOE
Anonshom MaHTammssHOM — peBpaieHie TBepao(a3HbIX U razohazHeIX HEOP-
TAaHWYECKUX COCTMHEHHH MO ACHCTBHEM CBOOOTHOPAINKAIFHBIX IETTHBIX peak-
nui. Pa3paOoTaHHBIN MOAXO0M CO37a€T HOBBIC BO3MOXXHOCTH TpHU MepepadoTKe
METAITNYECKHUX PYJl, B COCTaB KOTOPBHIX BXOST CEPOCOJEPKAIINE COSTMHECHUS
u okcuabl. Ha 3Toit ocHOBe pazpaboTan 3¢hPeKTHBHBIN METO OYNCTKH TIEPIIUTA
1 KBapLUTA.

Bonpmoe BHManue Anonb¢d MaHTalIsiH ynemnsiyl 00ydeHU0 MOJOAexXH. B
1963-1976 ronax oH mpernoaaBan Ha Kadeape Teopernueckor xumuu EpeBaH-
CKOT'0 rocyJapcTBeHHOro yHuBepcurera. Okojo 15 et Ha OOIIEeCTBEHHBIX Ha-
yanax BO3MIABISUT Kadenpy oOmielt m HeopraHuveckoit xumun B EpeBaHckom
MOJIMTEXHUYECKOM WHCTHUTYTE.

B TedeHume MHOTMX JeT SBISUICS TJABHBIM DPEAAKTOPOM ''XUMHYECKOTO
KypHana ApMeHun' .

[TamsTh 00 U3BECTHOM YUYEHOM, IOCTOMHOM TpaKJIaHUHE, JOOPOM YeIOBEKe
HaBCET/1a OCTAHETCsI B CEpALaX ero OJM3KUX U KOJUIET.

Omoenenue xumuu u Hayk o 3emne Hayuonanvnou akaoemuu nayk PA
Hucmumym xumuueckou gpusuxu um. A.b. Harbanosna
Hayuonanvroii akademuu Hayk PA

Peoxonnecus "' Xumuueckoeo sicypnana Apmenuu'
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BHumaHuio agmopos!

Hoopobuyro ungopmayuro o «Xumuyeckom dxcypuaie ApmeHuu», cooepiscanue

HOMepOs JHCcypHana 8 epaghuueckoli popme u anHomayuu cmameti, 20008bie A6MOPCKUE
amenu, a MaKdxHce pa3gepHymvie NPAUIA Ol ABMOPO8 MOXCHO NOIYYUMD 8 Cemil
~prem no adpecy: http://chemjournal.sci.am » www.flib.sci.am

IIPABUJIA J1JIS1 ABTOPOB

OO0mme nonoxeHNs

K my6nukanmu B «Xumuueckom sucypuane Apmenuuy IPUHUMAIOTCS MaTepHaIb, COJIEpKa-
mye pe3yabTaThl OPUTHHAIBHBIX HCCIEN0BaHUM, 0popMIIeHHbBIE B BUIE MOJHBIX cTaTel, KpaT-
KHX CO00LIeHHIi M MuceM B PelaKIHIo.

XKypnan mybaukyeT paGoTHI 10 BceM HANPABJIEHUSIM XUMHYeCKOil HAyKH, B TOM YHCIIE IO
o011el 1 HeOPraHNYECKO XUMHH, (PH3UIECKOI XUMHU U XUMUYECKOH (DH3HKe, OPraHNIeCcKOH Xu-
MHH, METaJUIOOPTaHUYECKOH M KOOPIMHAIMOHHOW XMMHH, XUMHHU MOJUMEPOB, XHUMHH MPUPOJI-
HBIX COCJMHEHUH, OHOOPTaHMYEeCKON XHUMHUN M XUMUH MaTepHAJIOB.

Cratby, npeaiaraeMble K IIyOIuKanuy B pasjiesie OHOOpraHWYecKoil XUMHH, JOJDKHBI OBITH
TOCBSIIIEHB! OJNyYEHHIO HOBBIX ITOTEHIHATBHO OMOJIOTMYECKH aKTHBHBIX COEAMHEHHH, B TOM
YHCIIC U BBIICNICHHBIX U3 IPUPOIHBIX 005eKTOB. IIpH onMcaHny HOBBIX BelllecTB, 00.1aJa0LUX
3HAYUTEJILHOIi (B CPABHEHHH ¢ MPUMEHsSeMbIMHM B MeIHIIUHE JJeKapCTBAMH) 0HO0JIOrHYeCKOi
AKTHBHOCTBIO, CTaThs MOXKET COAEPKATh PE3yIbTAThl OMOIOTMIECKUX UCCICAOBAHUM, BKIIFOUA0-
IIKe CCHUIKH HAa UCIIOIb30BAHHBIE METOIBI U3yUCHHs OHOIOTMYIECKOI aKTUBHOCTH, HH()OPMAIIHIO
0 THIIE HUCIIOJIH30BaHHBIX ONO0OBEKTOB, AKTUBHOCTH U TOKCHYHOCTH CHHTE3MPOBAHHBIX IIpenapa-
TOB B COIIOCTABJICHHHU C COOTBETCTBYIOIIMMH [T0KA3aTEJISIMU IIPUMEHIEMBIX B MEIUIINHE JICKApPCTB.

B 3axmodeHnn cienyer NPUBECTH KPaTKUH apryMEHTHPOBAHHBIH BBIBOJ O CBSI3H MEXTY
CTPYKTYPOH M OHMOJIOTMYECKOH aKTMBHOCTBIO MCCIIEJOBAaHHBIX coeanHeHHH. OmyOIMKOBaHHbBIC
MaTepHaibl, a TAKXKe MaTepHabl, PeCcTaBIeHHbIe Ul ITyOIMKaluy B APyTUX KypHANax, K pac-
CMOTPEHHIO HE TIPHHAMAFOTCSL.

ABTOpCKHE 0030pbI TOJDKHBI MIPECTABIATE 000K 0000IIeHNe U aHAIN3 PE3YIIbTATOB [IUK-
71a paboT OHOTO MM HECKOJIBKHUX aBTOPOB 10 €IMHON TeMaTHKe.

IMonHbIe cTaTBH PUHUMAIOTCS 00beMOM 10 12 cTpaHull, 00beM KPaTKOro cOOOIIeHns —
He OoJyiee 5 cTpaHMI] MaIIMHOIMCHOTO TekcTa. [lnchbMa B peAaKkmuIo JOIKHBI COJIEpPIKaTh H3JI0-
JKEHHbIE B KpaTKO# ()opMe HaydHbIe pe3y/bTaThl MPUHIUIHAIBHO BAKHOTO XapakTepa, TpeOyro-
LIMe CPOUHOIl myOnuKanuy. Pexakiys ocTaBiseT 3a co0o0if MpaBo COKpaIaTh CTaTbH HE3aBHCHMO
0T uX o0BeMa.

Jnst my0IuKanuu cTaThbH aBTOPaM He00X0AMMO NMPeACTABUThL B PeJaKIHUIO cledyIolie
MaTepHUaJIbl 1 JOKYMEHTBI:

1) HampaBieHUe OT opranm3anud (B 1 9K3.);

2) skcnepTHoe 3akmodeHne (it rpaxaal PA) (B 1 3k3.);

3) moanMcaHHbIH BCEMH aBTOPaMH TEKCT CTaThH, BKJIIOYAsi aHHOTAIMIO, TaOJIUIIBI, PUCYHKH U
MOJIHUCH K HUM (BCE B 2-X 3K3.);

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

Cratbs IOJDKHA OBITH HAITHCAHA CXKATO, aKKYpPaTHO O(OPMIIEHA M TIIATEIEHO OTPEIAKTHPO-
BaHa. He momyckaercst myOnmpoBaHKe OJHHX M TeX )K€ JaHHBIX B TaONHMIAX, B CXeMax M PHCYH-
Kax.

ABTOp HeCeT IOJHYI0O OTBETCTBEHHOCTh 33 JIOCTOBEPHOCTH 3KCIEPHMEHTAIbHBIX TAHHBIX,
IMPUBOJUMBIX B CTAThHE.

Bce CTaTbH, HAIIPABJIAEMbBIE B PEAAKIUIO, MTOABEPTAOTCA PELUCH3UPOBAHUIO U HAYYHOMY pe-
JAKTHPOBAHUIO.

Crartbsi, HalpaBJIeHHas! aBTOPaM Ha J0pabOTKy, AOJDKHA OBITH BO3BpAlleHa B HCIIPABICHHOM
BHUJIe BMeCTe C ee MePBOHAYAIbHBIM BAPHAHTOM B MaKCHMaJbHO KOpOTKHe cpoku. K nepepabo-
TAHHOH PYKOITHCH HEOOXOIUMO MPIIIOKHUTE MUCBMO OT aBTOPOB, COJIepIKalee OTBETH Ha BCE 3a-
MedaHUs] 1 KOMMEHTapUH 1 MOSCHSIONIee Bce BHECCHHBIE n3MeHeHns. CTaThbi, 3aep:KaHHAs Ha
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HcnpaBJieHHH §oJiee IBYX MecsilieB WM TPeOyIolasi IOBTOPHOIi NMepepadoTKH, paccMaTpu-
BaeTcsl KAaK BHOBb MOCTYMHBLIAS.

Penakius nocsuiaeT aBTopy nepen HabOpoM Ul IPOBEPKH OTPENaKTHPOBAHHBII SK3EMILIAP
CTaTbH ¥ KOPPEKTYPY.

Crpykrypa nyoaukanui

[Ty6nukamyst 0630poB, MOJHBIX cTaTeld M KPATKHX COOOIIEHMil HAauMHACTCS C MHAEKCA
VJIK, 3atem cleyroT 3arjiaBue CTaThbH, MHUIMAIB X (PaMHIMH aBTOPOB, Pa3BEpPHYTHIC Ha3BaHHS
HAYYHBIX YYPEXJICHUH, MONHbIE TOYTOBBIE agpeca ¢ MHAEKCAMH IOYTOBBIX OTACNCHUH, HOMepa
(akcoB U amgpeca 3IEKTPOHHOM mouThl. [lanmee mpuBOIUTCSA KpaTkas aHHOTanus (He Goiee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaTOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B crathsx TeopeTrnyeckoro 1 GU3MKO-XMMHYECKOr0 XapaKkTepa IPHUBOJSITCS CXKAaTOE BBE-
JieHHEe B IPOOJIeMy U MOCTAHOBKA 3a/1aud MCCIIEJOBAHUS, SKCIIEpUMEHTaIbHAS UM METOAUYecKast
4acTh, 0OCY)XJEHHE IIOJydeHHBIX Pe3yJIbTaTOB C 3aKJIIOUYEHHEM, a B CTAThIX, MOCBSIIEHHBIX
CHHTe3y, — 00I1as 4acTh (BBEICHHE U 3a/1ada UCCIIEAOBaHMs), 00CYXKICHUE TOTyYSHHBIX Pe3yiIb-
TaTOB C 3aKJI0YeHHeM U SKCIIePUMEHTaIbHasl 4acTh. PUCYHKH ¢ IOAPHCYHOYHBIMU ITOJIIHACSIMU H
TaONUIBI MOTYT OBITH BBEJICHBI B TEKCT. B muchbMax B peakmuio aHHOTAIMS HA PYCCKOM SI3BIKE
HE TMPHUBOAUTCS U pa3OMBKa Ha pa3zeisl He Tpedyercs; matoTca uHaekc Y K, Ha3BaHHe CTaThH,
MHHIMANGL 1 (aMIJINU aBTOPOB, Ha3BaHHE HAyYHBIX YUPEXKACHUH M HX ajpeca, pe3toMe Ha ap-
MSHCKOM M aHTJIMHCKOM SI3BIKaX.

I'paduueckuii pedepar npmiaraercst Ha OTAENbHON cTpanuie (120X55 MM) U mpeacTaBiIsieT
c000if MHGOPMATHBHYI0 WLTIOCTPANMIO (KIIOYEBYIO CXEMY, CTPYKTYPY COCIMHEHUs, ypaBHe-
HHE pPeaKIyy, rpauK U T.IL.), OTPAXKAIOIIYIO CYTh CTaThH B rpadmyeckom Buzae. Tekcr B rpadu-
4yeckoM pedepare J0IMyCKaeTCs TOIbKO B Cllydae KpaliHell HeOOXOXMMOCTH, IIPU 3TOM ClIelyeT H3-
Oerartb nyONMMpPOBaHKS HA3BaHUS CTaThU M TEKCTA aHHOTALIHH.

IIpu HecoO/10lcHUH YKAa3aHHBIX BbIlIe MPABHJI CTAThs He MPHHUMAETCH K My0/aHKa-
IHH.

IIpumep odopmieHus 3ariaBus CTATbH, CIHCKA ABTOPOB,
aJpPecoB yUpesKACHHI, AHHOTALUH.

ACHUMMETPAYECKHUI CUHTE3 -TETEPOLMKJINYECKU
3AMEIIEHHBIX L-a-AMUHOKHUCJIOT

A. C. Carnsin,” 10. H. Beroxonn® u K. ®umep *

* EpeBaHCKHI rOCYIAPCTBEHHBIA YHUBEPCHTET
Apwmenns, 0025, Epesan, yn. A. Manyksna, 1

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

S MHCTUTYT 31eMEHTOOPraHMYECKHX COeIHHEHHUIT

uM. A. H. HecmesiHoBa Poccuiickoit akagemMuu Hayk
Poccuiickas @enepauus, 119991, Mocksa, yi. BaBunosa, 28
Daxc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
* Uucruryt oprannueckoro karanusa IFOK Yuausepcurera r. Poctok
I'epmanms, Poctok, /I-180055, byx6unnep mrpacce, 5-6
daxc: E-mail:

PaspaboTtaH HOBbIi 3hEKTUBHBIN METO4 aCMMMETPUYECKOro CUHTE3a [B-reTepoumKIINYecKu
3aMelLLeHHbIX L-a-aMUMHOKMCINOT nocpeacTBOM NpucoeavHenns 3-amuHo-1,2,4-tnaguasona v 5-mep-
KanTo-1,2,4-Tpna3onos, cogepxallumx pas3nuyHblie 3amecTuteny B nonoxerusix 3 u 4, k C=C cBsan
Ni(Il) komnnekca ¢ ocHoBaHueM LLndpda gervgpoananvHa u (S)-2-N-(N’-6eH3unnponun)ammHobeH-
30¢peHoHa.
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IIpumepsl opopmiienns rpadpuyeckux pedeparon

O B3aumopeiicTBuu N-aJKHJIMMHHOB € alleTOYKCYCHBIM 3()HpOM

1
M. C. Capresun ! o o] R (0] !
C. C. Avonsu ! “ R !
A. X. XavatpsiH : R/\N/ + OEt 20°C EtO OEt !
A.D. bapacsu I aTaHon !
| HO NHR' |
C. T'. KonskoBa ! 0 !

Xum. oc. Apmenuu, 2011, m. 64, Ne4, c. 511

KuneTHnKa BbICOKOTEMIIEPATYPHOI'0 A30THPOBAHUS TAHTAJIA
B H30TEPMHYECKHUX YCI0BUAX

A. AnamMsg
H. Cremansu

@)

Xum. oc. Apmenuu,
2011, m. 64, Ne3, c. 316

Odopmienne crateil B «XHMHYECKOM KypHaJie ApMeHUN»

Tekcrt cTathu neuaTacTcs vepe3 1.5 unTepBana (6e3 MOMapoK U BCTaBOK) Ha Oemnoil Oymare
cTa"gapTHOTO pa3Mepa (popmar A4) ¢ mOISIMU 3 CM ¢ JIEBOH CTOPOHEIL, 1.5 ¢M ¢ IpaBOH CTOPOHEL,
2.5 cM cBepxy, 2.5 cM cHE3Y, pa3mep mpudTa — 12,

Bce cTpaHHIBI PyKOIHCH, BKIIOYAs CIIMCOK JIMTEpaTyphl W rpaduueckuil pedepar, Hyme-
pyroTcs.

VYpaBHeHHs1, CXeMBbI, TaONUIIBI, PUCYHKH U CCBUIKM Ha JIMTEPaTypy HYMEpYIOTCS B TMOPSIAKe
HX YIIOMHHAHHUSI B TEKCTe.

Cnucok mUTHPYeMoO# JUTEPATYPhI JJODKEH BKIIOYATh CCHUIKM Ha HanboJiee CyIIeCTBeH-
HBIE Pa0OTHI 10 TEME CTaThH. B TeKcTe CTaThM JOJDKHBI OBITH YIOMSHYTHI BCe CCHIJIKH, IPHBeE-
JICHHBIE B CITHCKE JUTEPATyphl. B TEKCTE CCHUIKM Ha JUTEPATypy JAlOTCs B KBAaJPATHBIX CKOOKax
U HYMEPYIOTCSI CTPOro B MOPsiIKe UX ynoMuHaHus. CIIMCOK JIMTepaTyphl Nle4aTaeTcs Ha OTIeb-
HO#1 CTpaHHIe C yKa3aHHEM HHHUIHAIOB U (aMHUIIHil BCceX aBTOPOB.

Cnucok JUTepaTypbl JODKEH OBITH 0(hOpMIIEH CIIEIYIOMUM 00pa3oM:

Knuzu: Byuauenxo A.JI., Baccepman A.M. CtabunbHble paaukansl. M., Xumust, 1973, 58 c.

Cmamou 6 coopnukax: Ona /Joic., @apyk O., IIpaxaw [oc. K.C. B KH: AKTUBAIMsI U KaTaJlu-
THYeCKue peakiny ankaHoB / nox pen. K.M.Xwmuia. M., Hayka, 1992, c. 39.

ITpn nMTHPOBaHMY MePEeBOIHBIX U3IAHMI MOCIIE BHIXOHBIX JaHHBIX PYCCKOS3BIYHOM Bep-
CHU B KBaJPaTHHIX CKOOKax HEOOXOAMMO yKa3aTh BBIXOJHBIC JaHHBIC OPUTHHAJIBHOTO M3JAHHS.
Hamnpumep: Buympennee spawenue monexyn./ nox pex. B.J1.Opsrumin-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

Kypunanwt: Gal'pern E.G., Stankevich LV., Chistyakov A.L., Chernozatonskii L.A. Il Chem.
Phys. Lett., 1997, v.269, p.85.

IIpy NUTHPOBAHHM PYCCKOSI3BIYHOTO KYpPHAJIa, MIepPeBOIUMOro 3a pyb6e:koM, He0OX0au-
MO TPHBOJHUTH CCBUIKY M Ha aHIIos3buHyro Bepcuto. Hanmpumep: Jlaiikos [I. H., Ycreiaiox 1O.
A.// H36. AH, Cep. xum., 2005, c¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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ITamenmur: A.c. 9854 CCCP // b.1., 1978, 61. unu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

Juccepmayuu: Kosanes B.I'. Aproped. aucc. «...» TOKTOpa XuUM. HayK. ['OpoJi, HHCTHUTYT,
rof, CTp.

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

FBanxu oannwix: Cambridge Structural Database System, Version 5.17, 1999.

CchIIIKH HA HeOMYOJHKOBAHHBIE Pe3yJbTAThI H YACTHBIE COOOIIEHHSI TAI0TCsl UCKIFOUH-
TEeJIHO B BHJIE CHOCOK, a B CIIMCKE JINTEPATyphl He MIPUBOJATCA U He HyMepyrotcs. [Ipu mutupo-
BaHUH HEOMYOJIMKOBAaHHBIX PA0OT M YaCTHBIX COOOIIEHHH HEOOXOIUMO MPEACTABUTD pa3pelicHue
OT JINLIA, HAa YbH JJAHHbIE IPUBOJUTCS CCHLIKA.

MMamsaTka s aBTOpPOB

JIst MaKCUMAJIBHOTO COKPAIIEHHsI CPOKOB MyOJIHKAINMH PEJAKIMs IPOCUT aBTOPOB o0pa-
TUTH 0c000€ BHUMaHHE HA 0)OpMJIeHHe CTATHH.

Obuiue nonoxiceHus

Marepuansl, IpeACTaBIAEMbIE B PEIAKIIHIO:

[ hamMunust, UM, OTYECTBO M KOOPAMHATHI JINIA, C KOTOPBIM PeAaKIHs AOJDKHA BECTH Iepe-
MUCKY (TIOYTOBBIN ajpec, HoMep TenedoHa, HoMep (akca, aapec IMEKTPOHHOM MouThl). DaMums
aBTOpa, OTBETCTBEHHOT'O 32 TIEPEMHNCKY, JOJDKHA OBITh OTMEUCHA 3BE3OUKOM.

[] HanpaBJIeHHE OT OPraHU3aLUU

[] sxcnepTHOE 3aKiIodYeHue (11 rpaxaal PA)

[J TeKCT cTaTbu, aHHOTALUM Ha PYCCKOM, aHIVIMMCKOM U apMsSHCKOM sI3bIKaX Ha OTAENbHBIX
cTpaHunax (JImbo B TEKCTE), PUCYHKH U TabnuIbl (Bce B 2 9K3.)

[J rpaduyeckuii pedepar

[] moc/1e10BaTeJIbHOCTh PACIOJIOKeH s YacTell cTaTbH (KpOMe IHCEM B PEJaKIHUIO):

[J magexc YK

L] Ha3BaHME CTATbU

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHUE HayYHOU OpraHU3aluu

[] mo4ToBBIH azipec ¢ UHIEKCOM

[ daxc

[ agpec 3MeKTPOHHON MOYTHI

[l aHHOTaNMA

[J cOOCTBEHHO TEKCT CTATBH

L] BBEIEHUE

[] mocraHoBKa 3a7a4n

J1s cTaTeil GU3NKO-XMMHYeCKOH TeMATHKHU:

[] sKCIIepUMEHTaNbHasl YacTh

[] o0CyXJIeHHE TTOJIyYeHHBIX PE3Y/IbTaTOB C 3aKII0UEHUEM

A5 cTaTeil, MOCBAIEHHBIX CHHTe3Y:

[] o6cyx/IeHne TOTyYeHHBIX Pe3yIbTAaTOB C 3aKIIOUYCHUEM

[] 3KCHepHMEHTaIbHAS JaCTh

[J bmaromapHOCTH

[] CIMCOK JIUTEPaTyphl
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Tpebosanusa Kk oghpopmaenuio u no02omoeKe pykonucu

[1B 3KkCnepuMEeHTAJIBbHONH YACTH JOJDKHBI OBITh IPEACTABIICHBI JOKA3ATe/ILCTBA CTPOCHUS
U YHCTOTHI BCEX HOBBIX COCJMHEHMIA, NICTOYHUKHU HCIIOIb30BAHHBIX HETPUBHAILHBIX PeareHToB
WM MeTOAMKH MX NMOJIy4eHHsI, a TakKe YCIOBHUS JOMOJIHHTEJIbHON MOATOTOBKH PEareHTOB H
pacTBopurene.

[ Ins BceX CHHTE3MPOBAHHBIX COCIWHEHWH ClIeAyeT JaTh HA3BAHHS MO HOMEHKJaType
IUPAC. MerauioopraHideckie KOMIUIEKCHI MOTYT ObITh Has3BaHbl mo cucteme Chemical
Abstracts.

[1Bce Tad/IMubl, CXeMbl, PHCYHKH, COeIHHEHUS M CCHIJIKH HA JINTEPATyPy JODKHBI HyMe-
POBATHCS CTPOTO B MOPSAAKE YIOMUHAHHUS B TEKCTE.

[1Ha ocsix rpad)uKOB JOJDKHBI OBITH YKa3aHbl HAMMEHOBAHUS 1 eIMHUIIbI H3MEePEeHUsl COOT-
BETCTBYIOIUX BEJIMYMH.

[/PucyHKH CHEKTPOB HE JOJDKHBI OBITH BHIITOIHEHHI OT PYKH.

[/Bce ncrons3yeMble aG0peBHATYPBI X COKPALEHHST JOJDKHBI COOTBETCTBOBATh NIPUBEICH-
HoMy B [IpaBmiax U1 aBTOPOB CIMCKY MM paclIM(pOBEIBATHCS NP [IEPBOM YIIOMHHAHUH.

[ [laHHBIE PEHTIEHOCTPYKTYPHOT'O HCCIEIOBAaHUS CIEAYeT NPEACTAaBIATh B BUJIC PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAaHHBIMH aTOMaMH) FJIH KPUCTAIIMYECKON YIIaKOBKU U TaOIIHIL,
coziepKalinX HeoOX0qUMbIe TCOMETPHICCKUE XapaKTEPUCTUKU MOJIEKYJT (OCHOBHBIE JUTHHBI CBSI-
3eif, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

[] JIyist OCHOBHOTO TEKCTA CTAThH 00s3aTENBHO UCIoNb30Banue mpudra Unicode, skemarens-
Ho Times New Roman, miist rpedeckux 6ykB — mipudt Symbol.

[1CuMBOJIBI TIEPEMEHHBIX (M3NYECKUX BEJUYUH (HalpHMep, TeMmieparypa — 1), CJUHHIBI
nx mmepenns (K), crepeoxumuueckue neckpuntopsl (yuc, Z, R), noxantsl (N-metmin), OykBeH-
HBIe (HO He HU(POBBIC) CUMBOJIBI IPH 0003HAUYECHHUH TPYIII CHMMETPUH JOJDKHBI OBITH Hareyara-
ubl kypcusom (C2v, Ho He C2V).

(1B cnucKe JIMTEPATYpbl JODKHBI HCIIOJIB30BaThCs TOJBKO CTaHNAPTHBIE COKPAILCHHS Ha-
3BaHMM KYpHAJIOB.
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