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Six-coordinate complexes of nitrosyl iron-porphyrins with trans-DMSO ligand
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Hydrides of transition metals and their alloys as condensed hydrogen carriers
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Advantages of the method of frontal polymerization in hlgh technologies
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Evaluation of the dehydrating properties of some sililating agents
in the synthesis of imidazole-5-one
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Syntheses and biological properties of benzo[4',5']limidazo[2",1": 6,1]pyrido[2,3-
d]pyrimidines: mini-review
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SIX-COORDINATE COMPLEXES OF NITROSYL IRON-PORPHYRINS
WITH TRANS DMSO LIGAND

A. A. HOVHANNISYAN? A.V. IRETSKII? and T. S. KURTIKYAN?

“Molecule Structure Research Centre (MSRC) of the Scientific Technological
Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan 0014, Armenia
Fax: (+37410) 282267 E-mail: ahovhan@gmail.com
bDepartment of Chemistry, Lake Superior State University
Sault Sainte Marie, M1 49783 USA

By consecutive low-temperature reaction of DMSO and NO with sublimed microporous layers
of Fe(Por) (Por - meso-tetraphenyl- and meso-tetra-p-tolyl-porphyrinato dianions) the mixed-ligand
Fe(Por)(DMSO)(NO) complexes were partly obtained as was demonstrated by FTIR spectroscopy
with supporting data provided by using ®NO and DMSO-ds isotopomers. Formation of the
Fe(Por)(DMSO)(NO) by the interaction of DMSO with Fe(Por)(NO) in low-temperature
dichloromethane solution is almost quantitative. From the temperature dependence of the equilibrium
constants thermodynamic parameters of complexation reaction were determined. FTIR data indicate
coordination of DMSO through a sulfur atom, while DFT calculations performed with porphine at
room temperature give some lower energy value for the O-bound species.

Figs. 5, tables 2, references 11.

The enormous physiological role of nitrogen oxide (NO) in many cases is
connected to its interaction with heme proteins [1] including those with the trans
methionine ligand. In the conditions of oxidative stress the oxidation of methionine
to corresponding sulfoxide is possible. Therefore, it was of a great interest to
examine whether the 6-coordinate nitrosyl complexes of Fe-porphyrins with trans
dimethylsulfoxide ligand can exist and, if so, with which atom, sulfur or oxygen, it
will be coordinated in these species [2]. In the complexes with transition metals both
types of complexes are known. Moreover, in the same complex with two or more
sulfoxides one of them may be bound through the sulfur atom while the other one
through the oxygen atom [2, 3].

Sulfoxide group contains sigma S- and O-donor atoms as well as n-electrons
that also can potentially enter into donor-acceptor interaction with transition metal.
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While 6-coordinate Fe(ll) porphyrin nitrosyl complexes with axial N-donors have
been extensively studied as a model for an axial histidine ligation of hemoglobin and
myoglobin [1], much less attention has been focused on the effect of axial S- and O-
donor ligands. Ferrous NO adduct of myoglobin H93G cavity mutant ligated by
thioether (THT) has been prepared by Dawson et al. [4], and studied by UV-vis and
magnetic CD spectroscopy. The interaction of nitrosyl(protoporphyrin IX dimethyl
esther)iron(ll) with various sulfur and oxygen donor ligands was studied at low
temperatures by Yoshimura using EPR spectroscopy [5]. The same technique was
used recently by Lehnert et al. in examination of thiophenolates and thioether
coordination to Fe(tetraphenylporphyrin)NO center [6]. The interaction of
nitrosyl(meso-tetraphenyl)- and nitrosyl(meso-tetra-p-tolyl)-porphyrinato iron(ll)
with various sulfur and oxygen donor ligands was studied by Martirosyan et al.
using low-temperature FTIR and optical absorption spectroscopy [7].

Experimental Section

The iron(l1) porphyrinates Fe(Por) (Por — meso-tetraphenyl- and meso-tetra-p-
tolyl- porphyrinato (TPP and TTP correspondingly) dianions) are very sensitive to
oxygen and are readily oxidized. For this reason the more stable hexa-coordinate
complexes Fe(Por)(B), with nitrogen bases (B is Py or piperidine) were used as the
precursors to prepare sublimed layers. The complexes Fe(Por)(B), were synthesized
according to published method [8].

Then, as done previously [7], the parent complexes were introduced into the
Knudsen cell of the high vacuum system and heated at 490 K for ~2 h until the
vacuum gauge indicated complete dissociation of the axial ligand. The resulting
Fe(Por) was sublimed from the Knudsen cell at ~520 K and deposited on a KBr of
the optical cryostat. NO (**NO) was purified by passing it through KOH pellets and
a cold trap (dry ice/acetone) to remove the higher nitrogen oxides and trace
guantities of water. The purity was checked by IR measurements of the layer
obtained by slow deposition of NO onto the cold substrate of the optical cryostat
(77 K). The IR spectrum did not show the presence of N,O, N,O3 or H,0. ®NO with
98.5% enrichment was purchased from the Institute of Isotopes, Republic of
Georgia, and was purified by the same procedure. Sublimed layers of Fe(Por) were
obtained on the cold (77 K) KBr support of an optical cryostat according to the
published procedure [7]. Then the layer was warmed till 200 K under dynamic
vacuum, DMSO was introduced into the cryostat and the layer was slowly warmed
to the room temperature. FTIR spectra demonstrated the complete shifts of some of
the porphyrin bands.

The interaction of DMSO with Fe(Por)(NO) in dichloromethane solution was
carried out in the optical cryostat provided with the 0.05 cm CaF, cell. A measured
quantity of Fe(Por)(NO) was fed into the airtight flask provided with septum.
Known quantities of previously degassed solutions of DMSO in dichloromethane
were transferred into this flask by vacuum techniques. The solutions thus prepared
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were transferred to an IR cell using an airtight Hamilton syringe. The cell was then
tightly closed and placed into the cryostat. The cell was then cooled using liquid
nitrogen vapors and the FTIR spectra were taken at temperatures controlled by a
thermocouple that was in close contact with the cell. By changing the flow rate of
the liquid nitrogen it was possible to maintain the temperature of solution at a given
temperature (£1 °C).

The FTIR spectra were acquired on a Nexus (Thermo Nicolet Corporation) in
the spectral range of 400-4000 cm™ with a resolution of 4 cm™. All density
functional theory (DFT) calculations were performed at unrestricted
TPSSTPSS/DGDZVP level of theory without symmetry constraints using Gaussian
09 package.

Results and discussion

In sublimed layers two types of experiments were carried out with the goal to
obtain the mixed nitrosyl complex with trans sulfoxide ligand. In the first type of
experiments the sulfoxide vapors were introduced into the cryostat containing the
nitrosyl complexes of Fe(Por)(NO) that were obtained by interaction of NO gas with
microporous layers of Fe(Por). Cooling of the layer does not lead to appearance of a
new v(NO) band that could be indicator of mixed complex formation. At low-
temperatures when such a complex could be stable the mobility of DMSO in the
layer is too low to provide the penetration of sulfoxide in the bulk of the layer.

In the second type of experiments the layers of iron-porphyrins were initially
introduced under the vapors of DMSO. According to the changes in the FTIR
spectra this procedure leads to the formation of iron-porphyrins 5- and 6-coordinate
complexes Fe(Por)(DMSO);,, in which 5-coordinate species are in the high-spin,
while 6-coordinate complexes are in the low-spin state. In Fig. 1 the FTIR spectrum
of Fe(TPP) is demonstrated before and after interaction with the very small
guantities of DMSO vapors. This procedure leads to the appearance of new bands
that are certainly associated with the presence of coordinated DMSO ligand. DMSO
is ambidentate ligand and can be coordinated with the metal both through the
oxygen and sulfur atom. IR spectroscopy is a powerful tool for distinguishing these
two possibilities. Coordination through the oxygen atom leads to decreased
frequency and coordination through the sulfur to the increased frequency of the
sulfoxide bond relative to v(S=0) of free ligand. As it is seen in Fig. 1 the new band
at 1109 cm™ appeared that is shifted to higher frequency in regard to the band of free
ligand at ~1060 cm™.
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Fig. 1. FTIR spectral changes upon interaction of DMSO vapors (0,1 torr) with sublimed layers
of Fe(TPP) (solid line) in temperature range 230-270 K.

The porphyrin vibrations provide additional insight into the electronic structure
of the new complexes [9]. A band in the vicinity of 1350 cm™ representing the
porphyrin core mode corresponding to v(C,-Cy) mixed with some v(Cp-phenyl) lies
at higher frequencies for low-spin complexes. Similarly, a low-energy porphyrin
core deformation mode occurs in the range of 450 cm™. For the low-spin iron-
porphyrin complexes it is located in the 460 cm™ range while for high-spin species it
shifts to 430 cm™. From Fig. 2 it is seen that the band at 1346 cm™ that is
characteristic for the intermediate state after interaction with more quantities of
DMSO splits into 2 bands at 1350 and 1336 cm™ (solid line). First one is observed in
the range characteristic for the low-spin complexes and belongs to
Fe(TTP)(DMSO),, while the second one at 1336 cm™ is characteristic for the high-
spin complex that should be the 5-coordinate Fe(TTP)(DMSO) complex.

Evacuation of the cryostat supports these assignments (Fig. 2, dashed and
dotted spectra). Together with diminishing of the bands of coordinated and free
DMSO, in the range of spin- sensitive bands the band at 1350 cm™ loses intensity
and undergoes some low-frequency shift while band at 1336 cm™ grows in intensity.
This is the evidence of Fe(TTP)(DMSO), decomposition to Fe(TTP)(DMSO) and
Fe(TTP).
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Fig. 2. FTIR spectral changes upon high-vacuum evacuation of DMSO for the layer containing
mostly Fe(TTP)(S-DMSO); (solid line) during 10 (dashed line) and 30 (dotted line) min.
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Addition of NO into the cryostat at 200 K leads to appearance of two new bands
in the range of nitrosyl stretching frequencies (Fig. 3) that are summarized in Table
1 together with data for *°NO species. The values of isotopic shifts certainly indicate
that they belong to nitrosyl stretching v(NO) of coordinated NO in iron-porphyrin
complexes. Band at 1674 cm™ belongs to 5-coordinate nitrosyl complex
Fe(Por)(NO) while the band at 1637 cm™ should be assigned to coordinated NO-
group in 6-coordinate species with trans sulfoxide ligand, as is demonstrated in
Scheme 2.

Table 1

v(NO) (v(**NO)) in 5-coordinate nitrosyl complexes of Fe(Por) and 6-coordinate
nitrosyl complex with trans dimethylsulfoxide ligand.

Complex v(NO) v(°NO)
Fe(TPP)(NO) 1674 1645
Fe(TTP)(NO) 1676 1646

Fe(TPP)(NO)(DMSO) 1636 1607
Fe(TTP)(NO)(DMSO) 1637 1608
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DFT computations for iron-porphine dimethylsulfoxide-nitrosyl complexes coordinated
through the S and O atoms in different spin-states

TPSSTPSS B3LYP
Complex 3D model
E, au AE, kcal/mol E, au AE,kcal/mol
‘.
Fe(P}{NO}S-DMSO)_doublet -2935,46974 2 -2935,19158 3 g
Fe(P}{NO}S-DMSQ)}_quartet -2935,43299 25 o ’
Fe(P)(NO}S-DMSO) sextet
(P)(NOX ! J?fj\.
‘..
Fe(P){NO){O DMSO}_doublet | -2935,47252 0 -2935,19646 0 -
i} JJ} d,
Fe(P}{NO)(O DMSO)_quartet -2935,43264 25 J&'ﬁ?s ¥
Fe(P}{NO){O-DMSOQ)_sextet *
) ¥ ]

Table 2
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Hence NO can substitute DMSO ligand from Fe(Por)(DMSOQO), to form
Fe(Por)(NO)(DMSO) and Fe(Por)(NO). The attempt to obtain only 6-coordinate
mixed ligand complex in the solid state was not successful. However, this complex
almost quantitatively was possible to obtain in the solution upon decreasing its
temperature (Fig. 4). In these experiments DMSO ligand was added to solution of
Fe(Por)(NO) in dichloromethane and the temperature of solution was gradually
decreased. This led to spectral changes represented in Fig. 4. At these conditions 5-
coordinate complex Fe(Por)(NO) almost completely was transferred to the 6-
coordinate mixed ligand complex Fe(Por)(NO)(DMSO). From these data the
thermodynamic parameters and equilibrium constant of the reaction

Fe(Por)(NO) + DMSO «» Fe(Por)(NO)(DMSO)

were estimated, that in the case of Fe(TTP) are equal to AH =-11.3+0.2 kJ-mole™,
AS=-66+2 J-mole™K™, AG=+8.620.2 kJ-mole™ and K45=3-10".
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Waveumters (cm

Fig. 4. Temperature dependence of the FTIR spectra in the u(NO) range of the Fe(TTP)(NO)
dissolved in the DMSO/CH.ClI; solution.

DMSO is ambidentate ligand. In the 5- and 6-coordinate sulfoxide complexes
of iron-porphyrins, as it was shown above, it is coordinated through the sulfur atom.
The same is taking place in the mixed ligand Fe(Por)(NO)(DMSO) complexes.
Since the rocking vibration of methyl group p(CHz) [2] in DMSO is disposed in the
range of 950 cm™ in which the v(S=0) of O-coordinated sulfoxide is expected to
occur, in order to be sure that there is no new band in this spectral range the
experiments were performed also with DMSO-dg. Rocking vibration of CD; groups
is observed at much lower frequency and this spectral range is empty.

Absorbance

1700 1600 1500 1400 1300 1200 1100 1000 900
Wavenumbers (cm’)

Fig. 5. FTIR spectra of the sublimed layer of Fe(TTP) (solid line), Fe(TTP)(DMSO-ds)(NO) +
Fe(TTP)(NO) (dashed line) and Fe(TTP)(DMSO)(NO) + Fe(TTP)(NO) (dotted line) at 205 K.
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The absence of a new band in this spectral range upon formation of the mixed
ligand Fe(Por)(NO)(DMSO) complexes (Fig. 5, dashed line) is an evidence that in
this complex also sulfoxide is coordinated through the sulfur atom. Hence oxidation
of methionine to sulfoxide both in complexes with sulfoxide and mixed ligand
complexes with NO will leave sulfur atom coordinated with Fe(ll). It means, that
upon oxidation of proximal methionine to sulfoxide heme environment would not be
subjected to significant changes.

It should be noted that computations give some lower energy for the O-
coordinated DMSO ligand in the mixed ligand Fe(Por)(NO)(DMSOQO) complexes, so
there is some discrepancy between experimental results and computations. However,
it is necessary to stress that the computations were performed in the gas phase at
room temperature. Calculation of both TPP and porphine (Table 2) 6-coordinate
complexes favor O-coordinated DMSO by ~2 kcal/mol. Unfortunately, these
compounds are not stable at room temperature and at this moment it seems rather
difficult to evaluate the coordination mode of DMSO at 298 K. However, one must
not rule out the possible isomerization following the increase in temperature.

In all cases warming of the layer to room temperature under high vacuum leads
to slow elimination of the DMSO ligand. In the case of 5- and 6-coordinate DMSO
complexes it results in the formation of the 4-coordinate Fe-porphyrin complexes,
while in the case of mixed ligand Fe(Por)(NO)(DMSQO) complexes it comes to the
end with the formation of thermodynamically very stable nitrosyl complex
Fe(Por)(NO).
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MECTUKOOPANHAIIMOHHBIE HUTPO3MNJIBbHBIE KOMIIJIEKChI
Fe-lTIOP®UPHUHOB C TPAHC JMMETIICYJb®OKCUIHBIM JIMI'AHIOM
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2 ['ocynapcTBeHHsIi yanBepenTeT Bepxuero Osepa, mratr Muuuras, CLIA

IocnenoBarenpHoe B3ammozeiicteue DMSO n NO ¢ MHKpOHOPHCTBIMH CIIOSIMH
Fe(Por) -oB (Por — meso-TeTpa-peHmi- 1 Me30-TeTpa-pP-TOMUI-TIOPPUPUHATO THAHHOHEI)
MPU HU3KHUX TEMIIEPATypax BeJeT K YaCTHIHOMY OOpa30BaHUIO CMEIIAHHOTO KOMILIeKCa
Fe(Por)(DMSO)(NO), kak 06 3ToM cBHmeTeNsCTBYIOT Dyphe-UK-criekTphl, TomKpern-
JIeHHBIe TaHHBIME ¢ m3oTomHbiME “NO 1 DMSO-ds. O6pasoBaHie Ipy HU3KHX TeMITe-
parypax Fe(Por)(DMSO)(NO) B3aumoaeiictBuem DMSO ¢ pacTBOpeHHBIM B AUXIOpME-
TaHe HUTPOo3ubHbIM KomiuiekcoM Fe(Por)(NO) HOCHT MOYTH KOIMYECTBEHHBIN Xapak-
Tep. M3 TemmepaTypHOH 3aBHCUMOCTH KOHCTAHTBI PABHOBECHS PEAKIUH KOMILIEKCO00-
pa30BaHMsl BBIYUCICHBI TEPMOJAMHAMHUUYECKHE MapaMeTpbl 3Toro mpoiecca. CormacHo
nauubiM Dypre-NK-criekTpockonuu B cMenranHoM komiuiekce DMSO koopauHupoBan
C JKeNle30M 4yepe3 aToM cepbl. B TO jxe BpeMs pacyeTrsl MO TeopuH (PyHKIMOHANA IUIOT-
HOCTH B ra3oBoii (pa3e u Mpu KOMHATHBIX TEMIIEPATYpax JAI0T HECKOIBKO Ooliee riry0o-
Kyt MUHEMYM Uit O-CBSI3aHHOTO H30Mepa.
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Kinetic parameters and reaction pathway for the reduction of nickel oxide with simultaneous
utilization of magnesium and carbon were established to assess the feasibility of using combined
reducers to produce powdered nickel from the NiO-Mg-C system. It was revealed that in this system
the reduction of the metal oxide was initiated by Mg, followed by simultaneous action of magnesium
and carbon, and at the end of the magnesiothermic process the second stage of the carbothermal
reduction started. It was shown that relatively higher heating rates have beneficial influence on the
reduction process of nickel oxide. The reduction of nickel oxide by the combined reducer (Mg+C)
proceeds at a lower temperature as compared to separate binary mixtures, which evidences of the
synergistic effect of combined reducers in the ternary mixture. The activation energy for the
NiO+Mg+C reaction (117 kJ-mol™) is lower than that of the binary NiO+C (291 kJ-mol™) and NiO+Mg
(178 kJ-mol™) reactions. Thus, the utilization of Mg/C combined reducer allows to mitigate the
reduction temperature of NiO, as well as the activation energy compared with the separate
carbothermal and magnesiothermic reduction reactions.

Figs. 12, tables 5, references 29.

1. Introduction

Preparation of Ni-based alloys with refractory metals, such as tungsten or
molybdenum, has been the subject of considerable interest during the past few years.
Among such materials, Ni-W alloys exhibit distinguishing mechanical and
tribological characteristics which provide enhanced performance for engineering
applications. Owing to their superior strength and thermal stability, valuable electric
and magnetic properties, high corrosion resistance Ni-W alloys have got increasing
consideration in several applications, including protecting and covering coatings,
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microelectromechanical systems, magnetic heads and powerful integral schemes.
Alloys of tungsten with the metals of iron group (particularly with nickel) are
considering as main substitute for hard chromium platings [1-3].

It is well known that alloys containing refractory metal (W, Mo) are inherently
difficult to prepare using conventional powder metallurgy due to the large
differences in melting points (1455°C and 3422°C for Ni and W, respectively) and
limited mutual solubility. Hence, self-propagating high-temperature synthesis (SHS)
or combustion synthesis (CS) has been suggested for the preparation of fine Ni-W
composite material from oxide precursors by Mg/C combined reducers [4-5] using
thermo-kinetic coupling approach [6-7]. However, it is highly challenging to
monitor the interaction process in the WO3-NiO-Mg-C system and to reveal the
mechanism of combustion reaction due to its high velocity. One of the approaches to
solve this issue is modeling the process under mild heating conditions (e.g., at low
heating rates and tuning the process in time) using the DTA/TG method. By varying
heating rates of reagents, it is possible to separate the main stages and analyze
intermediate quenched compounds for the efficient exploration of interaction
mechanism [8]. Moreover, performing the process with different heating rates
allows to use various Kinetic schemes developed for this purpose and to calculate
kinetic parameters for separate stages.

The implementation of this research enables to obtain Kinetic parameters and
reduction pathway for the reduction processes of nickel oxide with simultaneous
application of magnesium and carbon, with the aim of assessing the feasibility of
using combined reducers to produce powdered nickel from the NiO-Mg-C system.
Such approach will contribute to the preparation of Ni-W alloys from the NiO-WOs-
Mg-C system in the combustion mode.

Note that according to the available literature, the mechanism of NiO reduction
by the combined Mg/C reducer has not been studied yet. In [9] the reduction of WO;
was explored by means of combined reducers. The kinetics of nickel oxide reduction
into nickel has been studied by using non-metallic reducers due to its practical
importance as a catalyst in chemical industry [10-16]. Few kinetic studies have been
reported where metals (magnesium or aluminium) were employed directly for the
reduction of metal oxides. According to the literature data, high effective activation
energy values were obtained for these thermite reactions (CuO+Mg, Ea = 424 + 25
kJ-mol™* [17]; Cu,0+Al, Ea = 658 kJmol™ [18]; MoOs+Al, Ea = 209-373 kJ-mol*
[19]; Ea = 312 kJ-mol* for the Al-30%Mg+Fe,O5 reaction [20]).

In our previous studies in the CuO-Mg-C [21], WO3-Mg-C [9, 22], M0oO3z-Mg-
C [21, 23] systems at low and high heating rates the use of Mg+C reducing mixture
was found attractive, especially due to the crucial influence of carbon addition on a
reaction pathway with a lower effective activation energy.

This study is motivated by the need to investigate the interaction behavior and
kinetic features of the NiO-Mg, NiO-C and NiO-Mg-C systems in non-isothermal
conditions using DTA/TG method. Based on the data obtained interactions in the
NiO-Mg-C system and in more complicated NiO-WO3-Mg-C system can be
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controlled allowing to fabricate powdered nickel or Ni-W alloys using the advanced
combustion synthesis method.

2. Materials and methods

The experiments were carried out by differential thermal (DTA) and
thermogravimetric (TG) analysis methods using Q-1500 instrument (Derivatograph
Q1500 MOM, Hungary) which is linked to multichannel acquisition system, and
output signals are recorded by a computer. The reactive powder mixture (30-
200 mg) is placed into one of two crucibles. In the second crucible the Al,O3; powder
is placed, which is used as a reference material. All measurements were conducted
in nitrogen flow (100-120 mi-min™). Heating rate was programmed to be 2.5, 5, 10,
20°C-min™. In order to reveal the reaction mechanism, the process was terminated at
preset temperatures, and the samples were cooled down in inert gas flow. Phase
compositions of the intermediate and final products were analyzed by X-ray
diffraction (XRD; D5005, Bruker, USA) using CuKa.1 radiation (A = 1.5406 A) with
a step of 0.02° (20) and a count time of 0.4 s.

As raw materials nickel (1) oxide (reagent grade, Russia, TU 6-09-4125-80),
magnesium (MPF-3, Russia, pure, particle size 0.15 mm<u<0.3 mm), carbon (P-803,
Russia, u<0.1 pm) were used in experiments.

3. Results and discussion

To clarify the interaction mechanism in the complex ternary (NiO-Mg-C)
system, it was expedient firstly to explore the reaction pathways in the binary (NiO-
Mg, NiO-C) systems in the identical conditions of linear heating.

3.1. NiO-Mg binary system

Fig. 1 depicts DTA/TG curves of the NiO+Mg stoichiometric mixture. It is
clear that strong exothermic reduction starts before the melting point of magnesium
(650°C), when temperature exceeds 630°C (heating rate: V, = 10°C'min™, m, =
50 mg). A single stage process occurs and the maximum shift of the DTA curve
appears at Tma = 648.3°C. It must be emphasized that no mass change was
registered during the process. The latter is a clear fact that the reaction proceeds by
solid+solid scheme (NiO + Mg = Ni + MgO) and no evaporation of reagents takes
place (Fig. 1, TG curve).
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Fig. 1. DTA/TG curves of the
NiO+Mg mixture, Vi, = 10 °C-min’,
m, = 50 mg.

To reveal the influence of heating rate on the interaction mechanism, the
DTA/TG studies were performed at heating rates from 2.5 up to 20°C-min™. As it
can be seen from the figure 2, with the increasing of heating rate, exothermic peaks
of magnesiothermic reduction of nickel oxide shift to higher temperature area. In
parallel, the intensity of DTA peaks increases. Thus, in the case of V}, = 2.5°C-min™
it is weakly expressed, while peaks at V, = 5, 10, 20°C-min" demonstrate the
character of explosive reactions (Fig. 2; Table 1).
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Fig. 2. DTA curves of the NiO+Mg
mixture at various heating rates:
Vh = 2.5; 5; 10; 20°C-min™.

Table 1
Influence of heating rate on the temperature range and T ax
for the NiO+Mg system
Heating rate, °C -min’" Reduction temperature range, °C DTAma °C

20 635-715 663.7

10 630-670 648.3

5 615-652 631.7
2.5 570-610 593.3

In all cases, the main process predominately occurs before melting of Mg and
the interaction takes place with a solid + solid mechanism. To some extent, the
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reaction with relatively high heating rate (20°C-min™") deviates from this scheme
(Table 1). In this case, the interaction begins with participation of solid Mg but lasts
up to a temperature surpassing the melting point of Mg.

According to the results obtained at different heating rates, the latter
phenomenon strictly affects the reduction degree. Thus, with increasing the heating
rate, the intensity of Ni peaks in the XRD pattern (for the samples cooled down from
700°C) noticeably increases; in parallel, the intensity of NiO peaks decreases (Fig.
3). Therefore, relatively higher heating rates have beneficial influence on the
magnesiothermic reduction of nickel oxide.
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i i i NiO+Mg reaction products at
30 40 50 60 20 | various heating rates.

3.2. NiO-C binary system

Experiments in the NiO-C binary system reveal that at linear heating (Vy =
10°C-min™, m, = 200 mg) the stepwise carbothermal reduction is registered. Fig. 4
shows that there are no significant changes in the reactive mixture up to 750°C.
When the temperature exceeds 750°C an endothermic reduction is registered with
two sequential stages, which is simultaneously noticeable on DTA, TG and DTG
curves. At that, the second stage is more intensive (Fig. 4). Note that in [24-26] was
also reported that nickel oxide carbothermal reduction at high-temperature area
occurred by two macroscopic stages.

TG 16 | stage DTA,
mg / DTG
Il stage
175 - / t 100
| DTG | stage
135 / Ilstage >| o9
95 L 80
DTA
N~ Fig. 4. DTA/TG/DTG curves of the
55 . , . , 70 NiO+C mixture, Vi, = 10 °C-min*, m, =
500 700 900 Toc 200 mg.
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The mass change in the TG curve corresponds to the release of carbon dioxide
or/and carbon monoxide either during the first or second stage of the process:
NiO + C — Ni + CO/CO; 1
According to mass loss calculations, the carbothermal reduction degree
increases with the increase of the heating rate (Table 2). For example, according to
the results shown in Fig. 4, the mass loss makes about 31% (according to the above
reaction equation: 32.3%).

Table 2
Influence of heating rate on the initial mixtures’ mass loss
Heating rate, °C-min™ Mass loss by C, %
20 31.3
10 31.0
5 29.2
2.5 17.5

As can be seen from Fig. 5 (DTG curves), nickel oxide reduction by carbon
proceeds at different temperature ranges depending on the heating rate. With the
increase of the heating rate, the reduction process shifts to a higher temperature area
(Table 3).

DTG 1

20 °min?
95 -

85 -
10 °min*

Fig. 5. DTG curves of the NiO+C
mixture at various heating rates.

700 800 900 T,°C

Table 3
Influence of heating rate on the temperature range and T ax
for the NiO+C system
Heating rate, - 0 0
o Comin™ Reduction temperature range, °C (DTG min), C
| stage Il stage | stage | Il stage
20 780-900 905-985 843.4 948.1
10 750-890 900-970 829.5 943.3
5 730-930 935-990 808.6 966.2
2.5 715-860 - 782.6 -
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As it was mentioned above, carbothermal reduction degree increases with the
increase of the heating rate. This has been also proved by the results of XRD
analysis of the reduction products at the end of the process (Fig. 6): with the increase
of heating rate, the nickel oxide carbothermal reduction degree increases as it was in
the case of magnesiothermic reduction.
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. dmmmﬁ-w ol WWMMMW

Intensity, a.u
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N
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2
. . 4| Fig.6. XRD patterns of
, 25°min7l  the NiO+C reaction
products at various
heating rates.

30 40 50 60 20

3.3. NiO-Mg-C ternary system

Finally, thermal analysis in ternary NiO-Mg-C system was performed with the
2NiO+Mg+C stoichiometric mixture to distinguish carbon and magnesium reduction
processes during the external heating. The DTA/TG curves in Figure 7 illustrate that
first exothermic conversion proceeds at 590-740°C (Tmax = 673.5°C), which
corresponds to the NiO + Mg = Ni + MgO reaction (see Fig. 8). In the DTA curve,
the endothermic process of magnesium melting is also observed. TG and DTG
curves show the mass loss expressed in two different segments (Fig. 7) validating
that the carbothermic reduction of nickel oxide is a double-stage process [24-26].
The first decline in the TG curve starts at 625°C (DTG, is observed at 684°C),
slightly later than the magnesiothermic process starts (590°C). The second decline
starts at 740°C (DTG, is observed at 853.7°C), simultaneously with the end of the
magnesiothermic process. This indicates that in the NiO-Mg-C system the reduction
of the metal oxide is initiated by Mg (including magnesium melting zone), followed
by simultaneous action of magnesium and carbon, and at the end of the
magnesiothermic process, the second stage of the carbothermal reduction starts. The
latter is additionally proved by XRD patterns of the samples cooled down at
different temperatures (Fig. 8).
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The results obtained during examinations of NiO reduction by combined Mg/C
reducer are substantially different from the NiO reduction behavior by individual
reducers. Here we deal with a typical example of the reactions kinetic coupling.
According to the data obtained from individual reduction processes, the
magnesiothermic reduction of nickel oxide (at V, = 20°C-min™) proceeds at 635-
715°C temperature range with DTA . = 663.7°C. In the case of the same heating
rate the carbothermal reduction occurs at 780-900 °C; 905-985°C temperature ranges
(DTGnins are observed at 843.4 and 948°C, respectively). So, the magnesiothermic
reduction in the ternary system starts earlier by 50°C than in the NiO-Mg system,
and the carbothermal two-stage reduction process moves to a low temperature area
by 160 (I stage) and 60°C (Il stage). Thus, the reduction of nickel oxide by the
combined reducer (Mg+C) proceeds at lower temperatures as compared to separate
binary mixtures, which evidences of the particular synergistic effect in the ternary
mixture.

According to the mass loss calculations, the carbothermal reduction degree in
the ternary system increases with the increase of the heating rate. Thus, according to
the reaction equation (NiO + Mg + C — Ni + MgO + CO/CO;?), the maximum
value of mass loss conditioned by carbothermal reduction process is 15.2%. On the
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other hand, during the different heating rates in the reduction process the following
percentages of weight loss were observed: 1.02% at 2.5°C-min™, 5.32% at 5°C-min™,
7.92% at 10°C-min™ and 11.76% at 20°C-min™". These results suggest that despite the
degree of metal reduction increases with the increase of heating rate, carbon does
not provide complete reduction of nickel oxide at least up to a temperature of
950°C (Fig. 9).
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Fig. 9. XRD pattern of the
2NiO+Mg+C reaction
product, T = 950°C, Vi =

50 60 70 20 | 20°C-min®

As in the case of binary systems, in the ternary NiO-Mg-C system exothermic
peaks of nickel oxide magnesiothermic reduction also shift to the higher temperature
area (Table 4, Fig. 10)

Table 4

Influence of heating rate on the temperature range and T, for the

2NiO+Mg+C system

Heating rate, °C-min"" Reduction temperature range, °C (DTA 1), C
20 590-740 673.5
10 570-680 626.2
5 550-660 592.8
2.5 520-600 570.2
DTA
45 4
40 420 °min™

35
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110 °min*?
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600 700 heating rates.

Fig. 10. IDTA curves of the
2NiO+Mg+C mixture at various
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3.4. Calculation of activation energy

Based on the results obtained by DTA/DTG/TG investigations the effective
activation energy values were calculated for the reduction stages for all the studied
reactions. There are several approaches for calculation of the effective activation
energy in non-isothermal conditions. Among them are the well-known isoconversion
methods formulated by Kissinger [27] and Ozawa [28]. Both methods are based on
the shift of temperature corresponding to the maximum advance in the DTA
(Kissinger) and DTG (Ozawa) curves depending on the heating rate kept constant.
The methods are based on the Arrhenius equation corrected for the nonisothermicity
of the reaction in such a way, that the temperature is a function of time.

The derived expression for determination of activation energy by Kissinger has

the following form:
In Vihz :InA—E[ Ll’TAJ
(T2 R(TO

and by Ozawa method the following form:

In Vihz =|r]/A\—E %
(Tmo;e) R\ TET

where, A is a constant, E is the effective activation energy of the process, (kJ-mol™),
V4 is the heating rate (K-min™), Tmax is the reduction temperature corresponding to
the maximum advance in the DTA/DTG curve (K), R is the universal gas constant.

3.4.1. Magnesiothermic and magnesiocarbothermal reduction of NiO
(Kissinger method)

In Figure 11, experimental data for the reduction of nickel oxide by Mg (1) and
Mg+C (2) mixture in appropriate coordinates are summarized. Based on these plots
the values of effective activation energy are calculated. Thus, the activation energy
for NiO + Mg reaction is 178 kJ-mol* and for NiO + (Mg+C) reaction - 117 kJ-mol™
(refers to the magnesiothermic stage) (Fig. 11).

i * Z
NiO+Mg NiO+Mg+C | Ln(v*(UTn))
(I stage)
Vi, °mint T maxs °Cc Tnaxe °Cc
NiO+Mg (1);
20 664 674 16 A E, =178 kJ-mol™
10 648 626
NiO+Mg+C (2);
5 617 593 5] E, = 117 kJ-mol™
25 593; 596 570
14 ‘ T ‘ T ‘ T ‘ '

1 1.05 11 115 12 g1, *10°

Fig. 11. Determination of activation energy values for NiO+Mg (1) and NiO+Mg+C (2) reactions
by Kissinger method.
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In comparison, according to [9], the activation energy for (WOs;+Mg) reaction
is 153 kJ-mol" and for (WO3+Mg+C) is 177 kJ-mol* (refers to the magnesiothermic
reduction stage), while for (CuO+Mg) reaction is 424 kJ.mol™ [17] (Table 5).

3.4.2. Carbothermal reduction of NiO (Ozawa method)

In Figure 12 experimental data in appropriate coordinates for the reduction of
nickel oxide by carbon are summarized. According to Figure 12, the activation
energy for NiO reduction by carbon is 291 kJ-mol™*. In comparison, in [29] for nickel
oxide carbothermal reduction the activation energy value was determined to be
299 kJ:mol™ (Table 5).

NiOTC - Ln(V*(UTm)?)
Vi, °min? | Tha °C
20 847 17 4 NiO+C; i
Ea = 291 kJ-mol
10 830
5 804 16
25 783
15 -
14 . . . ; .
0.88 0.91 0.94 UT,*10°

Fig. 12. Determination of activation energy for NiO+C reaction by Ozawa method.

Table 5
Comparison of the values of activation energies with reference data
Reaction Activation energy, kJ-mol " Reference
WO3+ Mg 153 [8]
CuO + Mg 424 [16]
WOz + Mg + C (for WO; + Mg) 177 [8]
NiO + C 299 [28]
NiO + Mg 178 [this work]
NiO + Mg + C (for NiO+Mg) 117 [this work]
NiO+C 291 [this work]

Furthermore, the activation energy of nickel oxide reduction by carbon is
comparable with that of the same reaction determined from isothermal experiments
(315 kd-mol™) [25].

Thus, the activation energy for the NiO+Mg+C reaction (117 kJ-mol'™") is lower
than that of the binary NiO+C (291 kJmol™) and NiO+Mg (178 kJ-mol™) reactions.
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The application of Mg/C combined reducer allows to decrease the activation energy
of magnesiothermic reduction stage by about 1.5 times.

NiO-h LE/HUEULG-LUUWL MLASEUP AFUNFU LUURLOFER-3OFLL
Mg+C SUU UGS Uo L UTU LA Lh20J, 260 USN9-LUDPUGTTEL
L REAVILACTIRVE

U. 4. QULUr3UL, 0. U. LhUEQ3U, U. 4. U371h1L3UL L U. L. hUN-US3WL

I]nLJil uryfunnnwlipnid neuncdiwufipd by B Mg/C Quidwlgwé fhpulputighfisnd ufilihf
opufiph Jhpuwlwiigidwl Yfubnplpulut oppiwgufindjdyncitibpp qhipfifunnngpu-$fudjun
l?lllllillllllnl[ q_&w‘/ﬁil l.nu(gl.uglfulil LL[LUJLfLuiIilbanlf.' Rlllgul<ullu1!{bl 4‘, npa NiO-Mg-C §uifu-
fpwpgncd ufillyf opufinh Jhpulwiiginedls ulpudnd b dwglibgpinidn, ywpndimlfned £
dfuudwduwbimly dwghbghnidng b wdfumdiing, fulp dwgibgpndwdbpdugpl ypngbufi wifup-
wfile gregulhn uljufnod b wéfundhn fbpulpuigidwl bphpnpg thngp: Zwul.nl.u:.m{bl b, np
i pugduls wpmgnd[dpwls Shdwgnidp pupbluyumn wggbgnofdynds adifs Ufillih o opufipf
fbpulpuig il wunffwhf fpo: 5nLJ5 L onpdly, np ufllif opupipf fbpuljutigiingdp
Mg/C fhpulpuigifisn wnbgp b noibinod Qudbdunnmpup wfbyfe dhgd §hpdunnnf€ubig i
ull.u‘/lfl.uililbpm_lf‘ Quidbdunnws NiO+Mg b NiO+C F[lillllp thfwlll.ulnl_bpﬁ {bun, [liléﬂ
fhuynd b ufibpgbinflulwi E@blnf duufii: ”pnzl{bl b Shwnwgmindwd nhwljgphuibpf
4‘1?7[7[[111[11{ Lul[mﬁl{wglfl.ufl billilul_ﬁlujﬁ Lupo‘b#ilbpﬂ, npnil# NiO+Mg+C, NiO+C L NiO+Mg
nhuwlghuwbbpp §uwdup Qudwyunwufuwinpuwp ugdly B 11 7,291 L 178 II.QII.JH[I.'

ATA/TT HCCJIEJOBAHUE BOCCTAHOBJIEHUSA NiO
KOMBHUHHWPOBAHHBIM BOCCTAHOBUTEJIEM Mg+C

M. K. BAKAPSIH?, O. M. HUA3SIHY, C. B. AWJIUHSIH® u C. JI. XAPATSIH?

! YMueruryr xummeckoit ¢pisnkn um. A.b. HanGannsma HAH Pecry6mmkn ApMeHms
Apwmenns, 0014, Epesan, yi. [1. CeBaxka, 5/2
2 EpeBanckuii rocyjapcTBEHHBIN YHUBEPCUTET
Apwmenns, 0025, Epesan, yn. A. ManyksHa, 1
® TaITMHCKIH TEXHOTOTHICCKHi YHUBEPCUTET
Owraifate yn. 5, Tammuan, 19086, DcToHns
E-mail: zakaryan526219@gmail.com

B nanHoit pabore nepuBarorpadMyeckuM METOIOM MCCIIEOBaHbl KUHETHYECKUE
3aKOHOMEPHOCTH  BocCTaHOBNeHHs okcuma Hukens  (II)  kOMOWHHpPOBaHHBIM
BoccranoButesieM MQ/C B ycloBHSIX JIHHEHHOTO HarpeBa. YCTaHOBIEHO, YTO
BocctaHoBieHrue NiO HauMHAETCS MarHUeM, MPOJIOJDKAETCsl OJHOBPEMEHHO MarHueM U
YIJIEpOIOM, a B KOHIIE MAarHHETEPMHYECKOIro IIpollecca HACTyIaeT BTopas CTaaus
KapOOTEepMHYECKOTO BOCCTAHOBJICHHs. BBISBICHO, YTO YyBEIMUYEHHE CKOPOCTH HArpeBa
OKa3bIBaeT OJIArOTBOPHOE BIIMSIHAE HA CTENEHb BOCCTAHOBJICHUS OKHCH HHKEJS.
IMokazano, uto BoccraHoBieHne okcuma Hukens  (II)  xomMOuHHpOBaHHBIM
Boccta"oButrenaeM (Mg+C) mpoucxoguT mnipu Oojiee HHU3KHX TeMIleparypax Io
CpaBHEHHIO C OTAeNbHBIMH OuHapubiMu cmecsimu  NiO+Mg wu  NiO+C, wuro
CBUJICTENECTBYET O HAIMYUHM CHHepreTmdeckoro 3¢dexra. OmpeneneHsl 3HAYCHUS
¢ pexTHBHON PHEPTMHM aKTHBAIIMHM HWCCIICOBAHHBIX peakiuii: 117 klore-mon™ — s
peaxin NiO+Mg+C, 291 x/forc-mon™ — st NiO + C u 178 kl{owe-mon™ — ms NiO + Mg.
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PHOTOCATALYIC OXIDATION OF CHLORINATED PHENYLALKANES
WITH DIOXYGEN
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The photocatalytic oxidation of some chlorinated derivatives of the following mono- and
biphenyl-substituted alkanes - 1-chloro-4-ethylbenzene (CEB); 4,4'-ichlorodiphenylmethane (DDM);
1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) — with dioxygen in the presence of the
photocatalyst — heterogenizied dioxo-Mo organometallic complex (dioxo-molybdenum(VI)-
dichloro[4,4'-dicarboxylato-2,2'-bipyridine]) anchored on the photosensitive TiO, support under UV-
irradiation (A= 253.7 nm) has been investigated. The catalytic role of the anchored on Mo-metal-
organic complex in the selective activation of the benzylic C-H bonds of these compounds with the
formation of the corresponding oxygenated products in mild conditions has been shown.

The catalytic cycle consists of two successive stages, involving the oxidation of substrate by
the oxo-atom transfer from dioxo-Mo(VI)-complex under UV-irradiation and regeneration of the
reduced Mo(IV)-center by the oxidation with dioxygen in the dark. Experimentally, these two stages
are separated in time. It has been shown that under these conditions even such a persistent
pollutant as DDT can be selectively oxidized to dicofol, which is currently not available by other
ways. The possible mechanism suggested for this group of reactions is discussed. It has been
suggested that the formation of oxo-peroxo-Mo(VI) moieties, apparently, enhances the oxo-atom
transfer from the Mo-complex to the substrate.

Figs. 3, table 1, references 11.

Introduction

Chlorinated derivatives of mono- and biphenyl-substituted alkanes are used as
pesticides, dyestuffs; they are also used in various chemical syntheses [1]. The wide
use of them causes different environmental problems [2,3]. One of the ways to
neutralize these compounds is photocatalytic oxidation or oxidative destruction by
air or oxygen. The existing methods for the transformation of these compounds to
corresponding oxygenates in industrial scale are usually multistage complex
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processes. For example, the transformation of DDT to dicofol (2,2,2-trichloro-1,1-
bis-(4-chlorophenyl)ethanol) occurs as a four stages complex process [4].

Selective activation and functionalization of the benzylic C-H bonds of these
compounds [5] permits directly to synthesize a great number of different
halogenated derivatives of aromatic alcohols, ketones, carboxylic acids, etc.

In this work the oxidation of 1-chloro-4-ethylbenzene(chloroethylbezene
(CEB)- 1), 4,4'-dichlorodiphenylmethane(dichlorodiphenylethane (DDM)-2) and
1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (dichlorodiphenyltrichloroethane
(DDT)-3)

Cl1

LT o, O,

Cl
1

1- CEB; 2-DDM; 3-DDT.

with dioxygen was tested in the presence of the photocatalyst: dioxo-Mo(VI)-
dichloro[4,4'-dicarboxylato-2,2'-bipyridine] complex, anchored on TiO, (Fig. 1)
under UV-irradiation (A= 253.7 nm). The catalytic activity of dioxo-
molybdenum(V1) complexes in the presence of dioxygen was well known in
oxidation reactions of the organic compounds, such as alkylarens, olefins, alcohols,
phosphines, etc., in homogeneous conditions (in different solvents) [6,7]. The
applied catalyst is a heterogenizied modification of a dioxo-Mo(V1) organometallic
complex on the photosensitive material like TiO; [8].

0o O
N7/
Cl—Mo—Cl
/A
N N

N\ /4 N\ ¢
o >=0
0

[0)

I I
T f]ii’ofszF“H’H

Fig. 1. Complex 1. Dioxo-Mo(Vl)-dichloro[4,4'-dicarboxylato-2,2'-bipyridine] complex,
anchored on TiO2 surface.

Being a photosensitive material, TiO, promotes oxo-atom transfer reactions via
enhanced electronic flux from support onto the molybdenum coordination sphere
under UV or visible light irradiation [6-8].

The catalytic action of the anchored complex is based on the redox capacity of
the Mo-active centers, performing catalytic cycle (Mo"' = Mo') in the presence of
dioxygen.

In the above context, the aim of this work is examination of the possibility of
catalytic oxidation, or oxidative destruction of the mentioned chlorinated mono- and
biphenyl-substituted alkanes, directly with the cheapest oxidant, like dioxygen, in
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mild conditions, under UV-irradiation or visible light, using heterogenizied
transition metal complexes on the photosensitive support.

Experimental Section

The experimental studies of the photocatalytic oxidation and oxidative
destruction of 1-chloro-4-ethylbenzene (CEB); 4,4'-dichlorodiphenylmethane
(DDM); 1,1,1-trichloro-2,2-bis (p-chlorophenyl)ethane (DDT) with dioxygen were
performed in a reaction vessel (quartz, 30 mL) with a magnetic stirrer. The source of
UV-irradiation was high pressure Hg-lamp DRT- 230. A= 253.7 nm irradiation was
applied. The experimental setup was described in previous works [9].

The dioxo-molybdenum(V1)-dichloro-[4,4'-dicarboxylato-2,2"-bipyridine]
complex, anchored on the TiO, was synthesized by the transesterification of
trimethylsilylated titania with the carboxylic ligand, giving trimethylsilanol
(eliminated as hexamethyldisiloxane and water), then, the complexation was done
by treating the anchored complex with a tetrahydrofuran solution, containing the
calculated amount of MoO,Cl, [10]. The method for the synthesis, as well as
characterization of the obtained samples by a number of spectroscopic methods (**C
CAP NMR, FTIR and others) was also described in our previous works. The
chemical and thermogravimetric analyses were performed for determination of the
quantities of this complex on the surface of TiO,.

The typical experiment was carried out by the following sequence of stages.
The reaction mixture was exposed to UV-irradiation under stirring conditions and in
the absence of dioxygen for 6-7 h. It was a suspension of the mentioned chlorinated
alkanes (about Nx10™ mol) in acetonitrile, containing 10 mg of Complex 1. This
was the first stage (period) of the experimental cycle. The second stage (period) was
regeneration of the used catalyst in the presence of oxygen (2-2.5 h) in the dark.
Before the beginning of every new experimental cycle, dioxygen was removed from
the reaction medium and replaced by argon or helium. Identification and qualitative
analyses of the reaction products were mostly carried out by gas-liquid
chromatography and mass-spectrometry.

Results and Discussion

All observation tests of the consumption of substrates and formation of products
in interactions of the chosen compounds with dioxygen, in the absence of the
anchored complex, were negative in comparable experimental conditions. In the
presence of “pure” TiO, (without anchored complex), as well as under UV-
irradiation, the conversion of the initial substrates and detected products was
quantitatively about two or three orders lower than in experiments with the anchored
complex, with the exception of DDT. In the latter case, the conversion of DTT was
no more than 5-7% in the time intervals comparable with the experiments with
anchored complex.
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In experiments with 1-chloro-4-ethylbenzene (CEB), in the first period of the
first experimental cycle, the chromatographic and chemical analyses showed
formation of CI-C¢Hs, accompanied with small quantities of CI-CgH,-CH(-OH)-CH3
and CI-C¢H4-C(=0)-CHg, traces of CI-C¢H4-CH(O-OH)-CHs3 and other chlorinated
derivatives of the oxygen containing aromatic organic compounds, as well as CO5,
H,0. No Cl-ions were found in the reaction zone. The time evolution profiles of
some products in the first and consequent experimental cycles are presented in Fig.
2. The horizontal sections on the curve of the main reaction product, chlorobenzene,
corresponding to the second time-periods (“dark” reaction) of the experimental
cycles, the aim of which was re-oxidation of Mo(IV), formed in the first periods,
into Mo(VI) with dioxygen, indicate practically the absence of the accumulation of
the product. Contrarily, in the first periods of the second and consequent
experimental cycles the amounts of the product permanently increase under UV
irradiation in argon atmosphere.

The analyses showed that about 0.5 mol of CEB was transformed into products
per 1 mol of the Mo-complex at the first period (about 7 h of experiment) of the first
experimental cycle.

a, e

400

o=
1
=1
e

300

200

100 +

0 10 <0 30 Time, h

Fig. 2. Time evolution profiles of products: CI-CsHs (®), Cl-CsHa-C(O)-CHs(o), CI-CsHs-CH(OH)-
CHs (A) on oxidative decomposition of 1-chloro-4-ethylbenzene. 1; 3; 5; 7: periods under UV
irradiation and argon; 2; 4; 6: periods of O, flow, in the dark. a = ([final product] mmol/[dioxo-
Mo-complex] mmol)x100 (%).

The qualitative and quantitative analyses indicate the existence of the
stoichiometric relations between the products in the following reaction:

hv
p-Cl-CgH4-CH,CH3 + 30, — CI-C¢Hs + 2CO, + 2H,0

Thus, one of the main products of this reaction is chlorobenzene. Usually the

main products of the oxidation of the aromatic hydrocarbons in the presence of
Complex I correspond to alcohols or ketones [5-7,11].

Apparently, the formation of chlorobenzene is a result of the oxidative
destruction of other intermediates, such as 4'-chloroacetophenone and 1-(4-
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chlorophenyl)ethanol. This hypothesis has been verified by studying the
photocatalytic decomposition of the 1-(4-chlorophenyl)ethanol in the same
experimental conditions, under argon atmosphere, in the presence of Complex I. The
following reaction may be written on the basis of the obtained data:

hv, 4[0]

p-CI(CsH4)-C(0)-CH; — CI(CgHs) + 2CO, + H,0

where [O] is oxo-atom in Complex 1. On the other hand, in analogous conditions,
under visible light, ethylbenzene produces acetophenone, as a main product of the
reaction [10, 11].

The multiple increase of the turnover number (ratio of [substrate]
mmol/[anchored complex] mmol) in the second and consequent experimental cycles
indicates that Complex 1 plays the role of a catalyst in the presence of dioxygen in
oxidative destruction of CEB. Apparently, it occurs by the oxygen atom transfer to
benzylic carbon by the formation of the chlorinated phenyl alcohol and ketone,
which in their turn form all observed varieties of the decomposition products.

The oxidation of 44'-dichlorodiphenylmethane (DDM), in the same
experimental conditions, showed analogous behavior, nearly repeating the form of
the above presented time profile, obtained for CEB: the consumption of initial
substrate and formation of reaction products in the first periods of the experimental
cycles, and practically absence of the conversion of a substrate in the second
periods. Composition of the products was relatively more complex for this
compound than for CEB. The main reaction products were 4,4'-
dichlorodiphenylmethanol, 4,4'-dichlorobenzophenon, chlorobenzene, as well as the
products of complete oxidation, CO, and H,O. Taking into account the results of all
other experiments without anchored complex, on “pure” TiO,, under UV-irradiation
or in its absence, it may be concluded that the anchored complex plays the catalytic
role in oxidative decomposition of DDM.

The reaction of DDT with oxygen was investigated in more detail, proceeding
from its practical importance. The results obtained in 5 consecutive cycles are
presented in Fig. 3. The curve (b) corresponds to the photochemical oxidation of
DDT on the surface of “pure” TiO, (without anchored Complex 1), in the presence
of dioxygen. Note, the amount of the “pure” TiO, in the reaction mixture was twice
as much than that in experiments with Complex 1. The simple comparison of two
curves indicates a significant increase of the consumption of DDT in the presence of
the anchored complex (curve (a)), reaching 32% of the initial amount of the
substrate. The post-reaction mixture, in this case, contains not only chlorinated
products and Cl-ions, but also non-chlorinated organic compounds (C;-Cy4), CO,,
and H,0. As the results show, the sum of a dozen dechlorinated products was about
53-57%. Correspondingly, other products (43-47%) were non-dechlorinated and
partially dechlorinated compounds.
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Fig. 3. Time profiles of the consumption of DDT(Cx107 mol/L), under UV-irradiation: (a) - in the
presence of the anchored Complex (1); (b) - in the presence of the “pure” TiO, (in amounts 2
times more than Complex 1) with O,.

The main product of the reaction dicofol (2,2,2-trichloro-1,1-bis(4-
chlorophenyl)ethanol), (21 mol %), apparently, was also playing the role of an
intermediate for the formation of a number of other chlorinated and non-chlorinated
products. Note, under the same conditions, but in the absence of the anchored
complex (on the “pure” TiO,), the formation of dicofol was very slow, and the
reaction gave a more complex mixture of other oxidative/reductive decomposition
products, including the products of the complete degradation in small amounts.

The above results of the oxidation and oxidative destruction of CEB, DDM and
DDT permit to conclude that the primary reaction in the interaction of Complex 1
with substrate is the formation of the corresponding oxygenated products, such as
alcohols and often ketones, via photo-stimulated O-atom transfer from the anchored
complex to substrate (reactions 1).

hv

Cl-CgH4-CHR{R,+0=Mo(O)CLL/TiO—

(C1-CeHa),-C(OH)R;R,+Mo(0)Cl,L/TiO, )
where, R1=H, R,=CHj; for CEB; Ri=H, R2:C|C6H4 for DDM; R1:CC|3 R,= C|C5H4

for DDT; L is 4,4'-dicarboxylato-2,2"-bipyridine ligand of Complex 1. For
compounds R;=H, the formation of ketenes may take place (reaction 2)

hv
Cl-CgH4-CH; R+ 20=Mo(O)CLL/TIO; —
(CI-CgH4)x-C(O)R + 2Mo(O)CLL/TiO, + H,0 (2)
2Mo(O)CL,L/TiO, + O, — 20=Mo(O)CL,L/TiO, (3)
Correlation between the vyield of dicofol and turnover number
(A[DDT]/[anchored complex]) in experimental cycles, is presented in Table 1. The
turnover number in the second cycle increases more than two times after the re-

oxidation in the second period of the first cycle, becoming 2.13 from 0.63 (Table 1),
while it could be no more than 2, or no more than 1 for only one cycle, taken
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separately, in consideration that the reaction (1) is a predominant way of the
consumption of DDT. In other words, the consumption of DDT quantitatively
exceeds the initial stoichiometric quantities of the reaction (1), which proceeds
under UV-irradiation, after the “dark™ reaction, in the absence of dioxygen.

Table 1

Experimental data of the dependence of the turnover number
(A[DDT]mmol/[anchored complex]mmol) and the yield of dicofol on the number
of experimental cycles (the reaction time (h) is given in parentheses)

Number of the experimental cycles 1 2 3 4 5
Turnover number 0.63 (5) | 2.13(11) | 2.58(17) | 3.38(23) |3.68(32)
Yield of dicofol (mole %) 9.5 13.5 15.4 18.2 21.0

It is noteworthy that the yield of dicofol also increases (about 1.42 times) with
the increase of the consumed amount of DDT in the nearly the same reaction time
interval in the first period of the second cycle. In further experimental cycles,
apparently, the different reaction channels of oxidation and decomposition become
more significant than the selective formation of dicofol by the reactions (1)-(3).

Nearly analogous situation can be observed in experiments of the oxidative
destruction of CEB (Fig. 1). The accumulated amounts of the main product 4'-
chlorobenzene in the first period of the second experimental cycle were more than
possible stoichiometric amounts of the reactions (1)-(2).

These facts permitted to assume that in the second periods of the experimental
cycles, the re-oxidation with dioxygen of the reduced Mo(1V) into Mo(VI) occured
by the formation of the oxo-peroxo-Mo(VI) moiety in coordination sphere of the
anchored complex.

cl cl
| w | \-'I//’O
TiO, /I- Mo =0 + O, — TiO, /L-Mo __
S ” ; | o
cl cl

As a result, the capacity of Complex 1 in oxygen atom transfer reactions may be
either doubled or, at least, noticeably increased. In this regard, the primary reaction
in the first periods of the second and consecutive experimental cycles may be
represented as:

o o
(CICeH4)x-CH-R+ 0=Mo Cly L /TiO; —= (CI-C¢H,)x-C(OH)-R+ 0=Mo Cl L/TiO,

Although the main peculiarities of the photocatalytic oxidation or/and oxidative
destruction by the applied catalyst for the mentioned three compounds, in general,
are similar, the oxidation of DDT exhibits some important differences. For example,
the post-reaction mixture also contains products of the reductive decomposition,
such as DDE (1,1-dichloro-2,2-bis(p-chloro-phenyl)ethylene about 9%), DDD (1,1-
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dichloro-2,2-bis-(p-chlorophenyl)ethane), DDM (2,2-bis-(p-chloropheny)methane,
diphenylmethane), and others, summarily about 13-14%.

Conclusions

As it was shown on the given examples, in photocatalytic oxidation of the
mentioned compounds, the main primary reaction occurs by the selective activation
and functionalization with the anchored Complex 1 of the benzylic (or bibenzylic)
C-H bond, producing alcohols or ketones via oxo-atom from transition-metal to
substrates. Note that, in this case, the chlorophenyl fragments of the mentioned
compounds may rest untouched in the formation of the main products of primary
reaction.

In the aspects of the reaction mechanism, the observed acceleration of the
reaction in the first periods of the second and consequent experimental cycles may
be assigned to the formation of oxo-peroxo-Mo(VI) moieties in coordination sphere
of the complex in the second periods, which, apparently, are more active in oxo-
atom transfer reactions to benzylic carbon-atom.

LILAMTESIUTD WLGULLELP HDASNGUSULPQU3PL O-LUMUSAFUL
E-ELUoLA

L. W UULARUMLOYY, O W ATURUL U L. U AU U2:3TL

wdulsguylbph  1-pynp-d-tdfypligng; 44qfpinpyfpdlifydbftut; 1,1,1-bnpinp-2,2-ppu
(P-pyrppbipy) bfFwts prumnlumnuypguylls opuprpugnedp [3fFuding, Shnbpnybingdus
hopun-Mo-dlbmuopquibulwl hnduwybpu (nhopun-dnfpgbts(VD)-ghpinp[4, 4-qfhuppnp-
uppunnn-2,2"-ppufppght]) TiOz pnuuwqquynt fppsh dpu prunlyunnyfpqunnpp bbpho-
JnL[JJLuLfF, mu ()\4 = 253.7 iuf) lfl.urLLull_LuJ[Jlfluil mwll.' 8I1LJH & mlullil, npowgnp Lf[uugnl_-
Pymuilipf plgppuypls C-H qunyfy pinnpgulyuts wlpnffugdwts db foupufuduws Mo-ik-
snusipopupuitilyuds foduybpupy fpnwyfunply qlipp dbgd spydwibbpocd Sadugumn b
opufpibiph wnwugdudp: Riuluuplpfly b wyp folpp nbubgpubbph Siwpufnp dfuo-
il[ullﬁllipﬂ.' unmzwpqt{bl 4‘, L/d o\gun-ullipo\gun-Mo(VI) quil[lllillipﬁ &hw:{nﬂnuﬁl, [uun
bpleny[Ffi, fufduiincd § opun-unnndp shnfurulignedp Mo-lnduybpupy qlup uncpuinpun:

DPOTOKATAIMTHNYECKOE OKUCJIIEHUE XJIOPUPOBAHHBIX
OEHUJIAJIKAHOB KUCJIOPOIOM

JI. A. MAHYYAPOBA, P. A. BAXYAJIKAH u JI. A. TABAJISIH

HccnenoBaHo (OTOKATATUTHYECKOE OKHCIIEHHE HEKOTOPBIX XJOPHUPOBAHHBIX
IIPOM3BOJIHBIX MOHO- M JAW(PEHWI3AMEIICHHBIX alIkaHOB:1-Xiop-4-sTunbdensona; 4,4'-
auxiopandenmwimerana; 1,1,1-tpuxiop-2,2-ouc(p-xnopdennil)aTana, MONEKyIIpHBIM
KHCJIOPOZIOM B TIPUCYTCTBHHU (pOTOKaTanm3aropa: reTeporeHU3UpOBaHHOIO ANOKCO-Mo
OpraHOMETaJUTNYEeCKOro KoMmIuiekca (auokco-monubaeH(VI)-nuxnopo[4,4'-nukapOokcu-
nato-2,2'-OunupuaiH]), 3aKperuieHHslil Ha GoTouyBcTBUTENbHOM Hocutene Ti0,, npu
Y®-06nyuenun (A= 253.7 um). IlokazaHa kartanuTHyeckas pojib 3aKpEIUICHHOTO Ha
HocuTene Mo-MeTaJlIopraHMyeckoro KOMIUIEKCa B CEJIEKTUBHOM aKTHBAIL[MKM OCH3WIIb-
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HeIXx C-H cBsizeil 3TUX coenWHEHWH C 00pa30BaHHWEM COOTBETCTBYIOIIMX IPOJYKTOB
OKHCJIEHHS B MATKHX yCIOBHAX. KartannTudeckuil IUKI COCTOMT U3 OBYX HOCIEHO-
BaTEIbHBIX CTAIWH, BKIIOYAONINX OKHCIEHHE cyOcTpara MOCPEaACcTBOM IIEPEHOCa OKCO-
aroma ot auokco-Mo(lV)-komruiekca mpu UV-06myueHn , # pereHepanni BOCCTaHOB-
nearoro Mo(IV)-tieHTpa OKHCIICHHEM MOJICKYIIIPHBIM KHCJIOPOJOM B TeMHoTe. [loka-
3aHO, YTO B ATHX YCJOBHSX AaK€ TakoW ycTOW4MBBIA 3arpsi3HuTens Kak T moxer
OBITH CEJIEKTUBHO OKHCIIEH JI0 JUKO(OIa, 9TO B HACTOAIIEE BPEMsI APYTHMH IIyTSIMU HE-
BO3MOHO. [IpenokeH BOSMOKHBI MEXaHHU3M UL 3TOW TPYyNIBl peakiuit. OueBUIHO,
gyTo (opmupoBaHue okco-tmepokco-Mo(VI) gacTurl cmioco6CcTByeT mepexoay OKco-aToMa
oT Mo-KoMImiekca K cyocTpary.
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The review of the work of the Laboratory of High-Temperature Synthesis and Technology of
Inorganic Materials, ICP NAS of Armenia, is presented. For the first time, more than 200 binary and
multicomponent hydrides and deuterides of metals and alloys were synthesized by the method of
self-propagating high-temperature synthesis (SHS). These studies became the physico-chemical
basis of SHS processes in Me-H systems and led to the formulation of technological works having
huge industrial prospects. Hydrides of transition metals and alloys are of great value as condensed
hydrogen carriers. Further studies of hydrides synthesized in the SHS regime made it possible to
develop yet another fundamentally new method for the synthesis of alloys and intermetallides of
transition metals, which we called the "Hydride cycle-HC" method. The method is based on reactions
of interaction of two or more metal hydrides, for example, xMe'H. + (1-x)Me"H, — alloy MeMe(.x) +
H,1. It is shown that when a compacted mixture of two or more hydrides, as well as hydride and
metal powder (for example, TiH, and Al) is heated, the removal of hydrogen from the compacted
charge at temperatures slightly above the dissociation temperatures of the hydrides leads to the
formation of strong, nonporous, compact binary, ternary alloys of these metals. More than 100 alloys
and intermetallics in Ti-Zr systems were synthesized in the HC mode; Ti-Hf; Ti-Nb; Ti-V; Zr-Hf; Ti-Zr-
Hf; Ti-Ni; Zr-Co; Ti-Al; Nb-Al, etc. Some of the obtained compact alloys without preliminary grinding
interact with hydrogen in the SHS mode, forming hydrides with a high hydrogen content.

Figs. 18, tables 4, references 25.

1. Hydrides of transition metals

When the reserves of fossil fuels such as oil, natural gas and coal are depleted
and disappear, they will be replaced by water decomposed to hydrogen and oxygen.
Hydrogen is a fuel of the future. Although it was shown that hydrogen has a great
future, its accumulation, storage and usage is dangerous. Gaseous hydrogen is stored
in gas cylinders at a pressure of 150 atm with explosion hazard. Hydrogen is
liquefied at temperatures between -253— -259°C and stored in special containers —
tanks.
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It is worth noting that at present, the modern technology offers a more
advantageous way of hydrogen storage by incorporation it into a metal, storage
without loss for a long time at ambient temperature and pressure, and extraction at a
right time applying heating. The extracted hydrogen is of as high purity as 99.99%
because at the temperature of its extraction no other gases or impurities are released
from the metal. There is a huge literature devoted to metal-hydrogen compounds
named hydrides. Actually, the term “hydrides” combines a very broad class of
substances with cardinally different properties, chemical composition and type of
inter-atomic bonds.

Fig. 1 shows the elementary crystal lattice of titanium hydride, TiH,.

The hydrides of transition metals and alloys having "metallic bonds", the so-
called metal hydrides, are the subject of the present article. Hydrogen, embedded in
the metal can radically change the properties of the latter. The interaction of
transition metals with hydrogen results in formation of structures, in which the
hydrogen atoms are located in the interstices of the metal sublattice, for example, in
tetrapores.

Hydrides of transition metals are of wide interest as a large class of compounds
with unique physical and chemical characteristics. Table 1 presents some
characteristics of several hydrides of transition metals and hydrogen containing
materials.

Table 1

The most important characteristics of some transition
metal hydrides and hydrogen containing materials

Compound Atomic contz:zentration (3)f H,, |Content of Hy,| Dissociation
Npx10at. H/cm wt. % temperature, °C
ZrH, 7.34 2.01 800-1000
TiH, 9.5 4.02 600-800
MgH, 6.7 7.6
VH, 11.4 3.78
ZrVoH, 5 7.06 1.85 550-600
ZrNiH; 7.73 1.96 250-350
ZrCoH; 7.64 1.95 250-350
TiFeH, 5.5 1.5 80
LaNisH; 7.6 1.5 30-50
Mg,NiH, 5.9 3.8 200-250
Gaseous H, at 100 atm 0.65 - -
Liquid H, 4.2 - -
H,0 6.7 - -
Lithium borohydride, -
LiBH, y 7.6 18.5
Polystyrene, (CgHg), 5.4 1.05 -
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TiH,=Ti,H,
(0,0,0;0, 1/2,1/2; 1/2, 0,1/2;1/2,1/2, 0) +

= " Tid 0,00

H:8  1/41/4,1/4; 3/4,3/4,3/4.

Me,H,
Fig. 1. Elementary crystal lattice of TiH..

The data in Table 1 show that the hydrogen content in a unit volume of metal

hydride is much higher than in a unit volume of many hydrogen-containing
materials including liquid hydrogen and water. Consequently, hydrides of transition
metals and alloys are of great value as condensed hydrogen carriers.

The interest in hydrogen and metal hydrides is associated with two global

problems: protection of environment and depletion of fossil carbon and hydrocarbon
fuels. Metal hydrides are multifunctional materials. The range of application of
hydrides of metals and alloys is very wide.

1.

In hydrogen energy, the metal hydrides serve as hydrogen accumulators and are
promising as components of environmentally pure fuel. In this sense, the
hydrides with dissociation temperatures below 300°C are of particular interest
[1].

In nuclear power, the metal hydrides are used as biological protection against
ionizing radiation and fast neutron flux. The mass of hydrogen atom is closer to
the mass of neutron than the mass of any other element; therefore, upon
interaction with neutron, it exhibits a unique property: is the most effective
absorber of neutron energy. The content of hydrogen atoms in volume unit,
Npx10% at. H/cm®, is the most important characteristic determining the
effectiveness of any protective material in slowing down neutron flux. The data
in Table 1 show that this characteristic for metal hydrides is the best [2].

In powder metallurgy, the metal hydrides are used as most convenient
compounds for dispersing the refractory metals. It is known that the
introduction of hydrogen into the crystal lattice of a metal brings to its
embrittlement [3]. The hydrides of transition metals can be easily ground to
micron and submicron grain sizes, besides they consist of crystallites of
nanoscale sizes. In metallurgy, the term "hydrogen fragility" is known. In steel
and cast iron, this very undesirable phenomenon can appear due to the hydrogen
impurity even not exceeding 0.1wt.%.

Metal hydrides can serve as sources of the purest hydrogen, = 99.4444%.

Metal hydrides are successfully used as catalysts in the chemical industry.

Many other original and unexpected applications of metal hydrides have been

described in the literature.
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The current method of metal hydride producing consists in the heat treatment of
metal at high temperature (~ 1000°C) in inert atmosphere and stepwise cooling it in
the hydrogen atmosphere. The process lasts from 10 to 40 hours, depending on the
metal. For preparation of hydride of stoichiometric composition, multiple cycling,
deep purification of hydrogen, etc. are required. The obvious difficulty of producing
hydrogen rich, single-phase metal hydrides hinders their wide application in
industry, studying their physical and chemical properties for finding new areas and
expanding application fields [4].

The SHS method has appeared a perspective direction for the synthesis of metal
hydrides.

The essence of SHS method consists in the usage of heat of exothermic reaction
after local instantaneous initiation of combustion in a thin layer of non-heated
mixture of metal and solid metalloid (C, B, Si), or metal and gaseous metalloid (N,).
The heat of the initiated exothermic reaction creates a front of high temperature,
which propagates with a constant linear velocity through the mixture at the expense
of transferring the heat from layer to layer. The process proceeds exclusively at the
expense of heat of chemical reaction without input of external energy [5].

At the Institute of Chemical Physics of the AS of Armenian SSR in the
Laboratory of high-temperature synthesis, the SHS processes in Me-H systems were
predicted and implemented for the first time [6-9]. The study of metal combustion in
hydrogen in the SHS mode resulted in the synthesis of hydrides of transition metals.
Therefore, a promising SHS method for the synthesis of hydrides of transition
metals and alloys was elaborated. The interaction of a transition metal with
hydrogen occurs with release of significant heat. For example, Ti + H, <> TiH, + Q
(AH of TiH, formation is equal to 39 kcal/mol). The released heat ensures the
propagation of the combustion front along the unheated metal tablet with constant
linear velocity.

Fig. 2 shows the scheme of the exothermic reaction flow in the Ti-H, system.

Fig. 3 shows the photo of titanium hydride formed in SHS mode.

Fig. 4 shows the thermograms of combustion of zirconium, titanium and ZrCo
intermetallic in hydrogen atmosphere at P = 3 atm.

Before reaction Initiation of Combustion front The vield of
initiation reaction propagation reaction
@ @ @ @ o @ e
— [l ) () DNOOOOOTaga
wire for I
initiation of
reaction < ’
S H,,
2 2 |' THL
Ixlablel ' combustion The reaction
wave time <1 min

Fig. 2. Scheme of exothermic reaction in Ti-H» system.
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' TiH:

Fig. 3. Photo of non-crushed SHS-synthesized TiH, sample.
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Fig. 4. The thermograms of combustion of zirconium (1), titanium (2) and ZrCo intermetallic (3)
in hydrogen atmosphere at P = 3 atm.

Numerous hydrogen-containing systems, such as Me-H, Me-Me'-H, Me-

nonmetal (C, N) - H have been investigated, including:

1. 111, IV and V group and rare earth metals — hydrogen (or deuterium) [6];

2. 1V and V group metals — carbon — hydrogen [7];

3. IV and V group metals — nitrogen — hydrogen [8];

4. ZryNi, Zr,Co, ZrNi, ZrCo, Ti,Co and other intermetallics — hydrogen [9].

The implemented researches resulted in:

synthesis of more than 200 compounds: binary hydrides and deuterides of I11-V
group transition metals and lanthanoides (TiH,, ZrH,, HfH,, NbH; 3, PrH,,
etc.), as well as of carbohydrides, hydridonitrides, hydrides of intermetallics,
based on titanium, zirconium, nickel, cobalt, etc. [6, 9, 10];

elucidation of the scientific basis for SHS processes proceeding in hydrogen
atmosphere in various condensed systems [10];

clarification of the factors, controlling the characteristics of combustion wave,
velocity of its propagation, the temperature and completeness of combustion
and other conditions demanded for production of compounds of given chemical
and phase composition [11];

proof of a two-stage mechanism of combustion and formation of hydrides in
SHS: in the first stage, a solid solution of hydrogen in metal is formed in the
combustion front; this stage is followed by the second stage, when a
stoichiometric hydride is formed by saturation of sample with hydrogen (after-
hydrogenation) [6-11];

description ofthe physical and chemical characteristics of synthesized hydrides
(heat resistance, dissociation Kinetics, etc.) [6-11].

Fig. 5 shows the diffraction patterns of TiH,, NbH.;3 TiCos H;» and

Ti NO.ZlH 1.34 hydl’ides.

Fig. 6 shows the microstructure of synthesized in SHS mode niobium hydride.
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Fig. 5. X-ray patterns of SHS hydrides: a) TiH2, b) NbH3 3, ¢) TiCo.4H12, d) TiNg21H1 34.

500



Fig. 6. Microstructure of SHS-synthesized niobium hydride, NbH; 2s.

Tables 2 and 3 show some characteristics of SHS-synthesized binary hydrides,
deuterides, carbohydrides and hydridonitrides.

Table 2
Characteristics of SHS-synthesized binary hydrides and deuterides
Metal | Hz Dacontent, |~ o structure Lattice parameters, A Calculated
wt.% formula
S 4.25 FCC a=4.782 ScH,
3.01 FCC a=4.698 SCDO’73
v 3.255 HCP a=3.661; c= 6.630 YH,q
4.41 FCC a=5.197 YD,y
Ti 401 FCC a=4.460 Tin
703 FCC a :451 TlDlygz
7r 2.16 tetragonal a=3.527;c=4.476 ZrH,
4,16 tetragonal a= 3.520; c= 4.476 ZrD; g5
Hf 1.09 tetragonal a=4.911; c= 4.405 HfH,
2.11 tetragonal a=4.911; c= 4.405 HfDy.o3
\Y% 1.71 tetragonal a= 3.310; c= 3.339 VHgg
Nb 0.95 orthorhombic | a=4.451; b=4.878; ¢=3.453 NbH
Nd 1.78 FCC a=5.446 NdH,6
3.61 FCC a=5.364 NdD, 5
Sm 1.87 HCP a=3.771; c=6.782 SmH;
Ho 1.78 HCP a=3.653 HoH;
Gd 1.79 HCP a=3.373; ¢=6.71 GdH, gg
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Table 3
Characteristics of SHS-synthesized carbohydrides and hydridonitrides

Formula Content, wt.% Elrc{if:?lpztrr:r?]greer:}nlg teawlgsé?g'lﬁtrle(),gc
H, | C N,

TiCo4H12 2.2 | 8.45 — HCP, a=3.09; c=5.08 400-840

TiCo4sHos 0.95/10.08 | — FCC, a=4.296 380-840

ZrNgsHys; 152 — 3.81 | HCP, a=3.27; c=5.519 370-795

TiNggH1 33 22| — 7.6 | HCP, a=3.044; c=5.09 455-610
Tio7Vo.3Cose — (1442 - FCC, a=4.272 —
Tip7V03CosoNoso | — [12.65| 6.78 FCC, a=4.205 —
Tig7VosCo7Ho1s (0.28|14.57 | - FCC, a=4.249 —
Tip7Vo3No.soHo.2 - 11439 | 3.35 FCC, a=4.252 —
Tig7V03Co7Ng13Ho1 [0.17| 14.42 | 3.1 FCC, a=4.249 —
ZrosNbosCosoNoss | — | 5.17 | 4.34 FCC, a=4.57 —

The study of combustion in hydrogen of various condensed systems permitted
the elucidation of the physical and chemical basis of SHS process in metal-hydrogen
systems and led to the carrying out technological researches having enormous
industrial prospects. High-performance technological processes for the synthesis of
various hydrides have been developed, which have no analogues in the world. The
developed methods can provide production of large assortment of cheap high-quality
hydrides. At the experimental plant “ArmNIItsvetmet” (Yerevan) more than 20 tons
of titanium and zirconium hydrides were produced.

The SHS method for the synthesis of hydrides has several significant
advantages over traditional methods: high productivity, high quality of hydrides,
practically no energy consumption, ecological purity and safety of the process, etc.
The SHS synthesis of hydrides excludes a number of laborious operations demanded
in the traditional methods, such as preliminary activation of the metal, deep
purification of hydrogen, fine dispersion of metal powders, etc.

A special advantage of SHS is the possibility of metal sponge, chips and other
industrial waste utilization using them as raw material. It means that the SHS
hydrogenation can be applied in the high-efficiency recycling of the waste of
refractory metals (Ti, Zr, Hf, Nb, V, etc.) and alloys, formed in huge quantities
during their mechanical processing. This is a very cheap way of synthesis of
valuable hydrides of expensive metals.

2. Synthesis of alloys and intermetallics of transition metals by hydride cycle
method

Further study of SHS synthesized hydrides of transition metals brought to the
development of a fundamentally new, early unknown method for formation of the
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alloys and intermetallics of transition metals, which we called the "Hydride cycle"
(HC) method.

The hydrogen-rich metal hydrides are very plastic. It means that they can be
effectively pressed (compacted). Fig. 7 shows the microstructures of the initial
powder of titanium hydride and of the surface of the tablet compacted from TiH,.
The tablet has a very dense structure. The particles perfectly conform with one
another.

w3 X i 3
SEN MAG: 400 x DET. SE Detector SEM MAG 1.00 kx DE

W00k DATE: 042908 200 um Vega OTesca MV 200KV DATE: 022206 100 um Vega OTesca
Aoy Device: Vega TSS130MM REMA Group IEM RA: Newrasov Device: Viega TS5130MM RSMA Group IEM RA

a b

Fig.7.The initial surface of titanium hydride powder (A) and the microstructure of surface of the
pressed from it tablet (B).

We used the compatibility of hydrides for elaboration of method for the
synthesis of alloys. It was shown that upon heating a compacted mixture of powders
of two (for example, TiH, and ZrH,, TiH, and NbHy, TiH, and VHX, etc.) or more
hydrides, as well as powders of a hydride and metal (for example, TiH, and Al, TiH,
and Fe, TiH; and Re, ZrH, and Y, etc.), hydrogen was removed a little above the
hydride dissociation temperature (far below the melting points of the used metals).
This process brought to the formation of strong, nonporous, compact binary (or
ternary) alloy of taken metals. In HC mode, more than 100 alloys and intermetallics
were synthesized in Ti-Zr, Ti-Hf, Ti-Nb, Ti-V, Zr-Hf, Ti-Zr-Hf, Ti-Ni,Zr-Co and
other systems [12-16], among them — the alloys with structure of a-, B-, y- and ®-
phases.

The HC process is based on the reactions:

1. The interaction of hydrides of two metals [12-15]:

xMe'H; + (1-x)Me"H, —Me'\Me" 1.qalloy+ Ha 1

For example, TiH, + ZrH, <> TiZr + H,? or TiH, + NbHyx <> TiNb + Hy1 etc.
These reactions resulted in synthesis of TiyZrq.), TixHfay, ZrHfa), TixNDa-y),
TixV (1%, etc. binary alloys.
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2. The interaction of hydrides of three metals [16]:

xMe'H, + yMe"H; + zMe""H, — Me'\Me" Me"", alloy + H,?1

For example, TiH, + ZrH, + HfH,—>TiggeZro22Hfo 12+ H21 ternary alloys
formed

3. The interaction of hydride of any metal of III, IV, V groups with any metal of
11, VI, VII, VIII groups [17-19]:

xMe'H; + (1-x)Me"— Me'\Me"1.galloy + Hot (Me” can be: Al, Mn, Co, Ni,
Fe, Re).

For example, TiH, and Al, TiH, and Fe, TiH,and Re, ZrH, and Y, ZrH, and Co
(Ni), ZrH, and Al, etc. These reactions resulted in formation of ZrCo, ZrNi, TiFe,
TiAl, ZrAl, etc. intermetallics.

In [12-20], HC method is described and the experimental results of synthesis of
alloys of IV-V group metals are presented. The influence on the characteristics (the
crystal structure, density, adsorption properties, etc.) of the synthesized alloys and
intermetallics of various parameters: ratio of metal hydride and metal in the reaction
mixture; grain size in hydride powder (micro- and nanoscale); compaction pressure,
conditions of dehydrogenation and sintering (temperature and rate of heating) was
defined. Based on the experimental results, the following mechanism of HC-
formation of alloys and intermetallics was suggested. During heating of the
compacted mixture xMe'H, + (1-x)Me-H,, due to breaking of the Me-H bonds at
800-1100°C, the metals become strongly activated. Simultaneously, hydrogen
atmosphere reduced the oxide film, which usually exists on the surface of fine
powders. The "open bonds" and the cleaned surface of the powders ensure the solid-
phase diffusion of refractory metals at relatively low temperatures. For a more
precise description and confirmation of the mechanism of formation of alloys and
intermetallics in the HC, a differential thermal analysis (DTA) of the initial charge
was carried out under conditions close to the HC. The comparison of these two
processes clarified the nature of thermal effects at dissociation of hydrides and
formation of alloys.

As starting powders, the metals of high purity were used: zirconium (98.9%),
niobium (99.9%), titanium (98.9%), nickel (99.5%), cobalt (99.1%) and aluminum
(99.7%). The hydrides of titanium (TiH,, H, content 4.01 wt.%), zirconium (ZrH,,
H, content 2.0 wt.%) and niobium (NbH; 23, H, content 1.31 wt.%) were synthesized
and crushed down to <50 wm particles. In SHS hydrides of transition metals of Ill,
IV, V and RE groups, the hydrogen content is very high, between 2-4 wt.% (60
at.%). As it was mentioned above, due to introducing of hydrogen into the crystal
lattice, the metal becomes brittle, it can be easily crushed to micron, submicron grain
sizes, consisting of nanoscale crystallites [21]. The powders of one (or more)
hydride(s) of transition metals and the same with aluminum, nickel or cobalt were
carefully mixed and pressed in collet molds into cylindrical tablet with a diameter of
22-25 mm and a height of 8-10 mm by hydraulic press, using pressing force between
of 20000-45000 kgf.
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The alloys were produced in a specially designed hermetic unit consisting of a
quartz reactor, a furnace, and devices for monitoring the vacuum and temperature in
the reactor. A tablet sample was placed into the reactor, evacuated and heated. The
HC process was carried out at temperatures of 600-1100°C. The samples were
identified using the chemical, differential-thermal (Derivatograph Q-1500) and X-
ray diffraction (Diffractometer DRON-0.5) methods. DTA was carried out by
heating the samples up to 1000°C at a rate of 20°C per minute.

2.1. Synthesis of alloys in Ti-Nb system.

Synthesis of alloys in Ti-Nb system proceeds in accordance with the reaction:
XTng + (1'X)NbH2 — Tlbe (1.X)a”0y + HzT

Fig. 8a shows the thermograms of HC-formation of Tige¢Nbg4 alloy [13]. At
heating of 60%TiH, + 40%NbH; ,;3 charge up to 1000°C, no thermal effect was
registered on the HC thermogram. The sample was kept for about 30 min at this
temperature, and the heater was turned off. According to XRD data, the sample,
cooled down to the ambient temperature, represented a single-phase TiygNbg 4 alloy.
Obviously, during heating to 1000°C, the TiH, and NbH 3 hydrides dissociated, but
because of the high rate of heating, these processes were not reflected on the
thermogram in Fig. 8a.

At the heating of the same charge at thermal analysis (Fig. 8b), DTA curve 2
shows three endo-effects at 130, 470 and 580°C, reflecting dissociation of titanium
and niobium hydrides. No other thermal effects were registered at the temperature

increasing up to 1000°C (8b, curve 1).
T°C 0 6TiHA0 4NKH, o al'C

TigsNb oy 1000 -

0 800
1000°C

15 600
400 1

200 4

tmin 0 1000 2000 tsec 3000 4000

a b

Fig. 8. (a) thermograms of HC-formation of TiNb alloy from TiH, + NbH »3; (b) DTA curves at
heating of the same charge up to 1000°C.

Fig. 9 shows the diffraction patterns of TiH, + NbH; ,3 mixture, of two Ti-Nb
based alloys and their hydrides.

The superconductivity of HC synthesized Ti-Nb-based alloys was investigated.
Fig. 10 shows the dependences of reistance on the temperature of Tig4Nbgg and
TigsNbgs alloys with BCC crystal lattice. In excellent accordance with the literature
(Tc = 9.5-10.5K), the critical temperatures (transformation to overconductivity) of
the studied alloys were registered at Tc = 9.8 and 9.9K.
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TigsNbgs-based alloys without preliminary crushing interacted with hydrogen
in SHS mode and formed reversible hydrides. For example, TigsNbgs + H, <
TigsNbosHoge. Fig. 11 shows the thermogram of combustion in hydrogen of
Ti0.5Nbo.5a”0y.

(a)

TiH+NbH, ® NbH, FCC
= Till, FCC
© NbH, Orthorhombic

(e)
w

Nb,.Ti,. BCC Im3m
a=3.282A Ti,Nb, H, FCC Fm3m
a=4.524A

TTTTTT T T T TTTT TTTTTTTT T T TTTTTTT
30 40 50 60 70

(C]

Ti, Nb, H,, FCC Fm3m
a=4.524A

TTTTTT T T T TTTTT TTTT T T T T[T T TTTTT | B
30 40 50 60 70

28.deg. 20.deg.

Fig. 9. Diffraction patterns of TiH, + NbH; 23 mixture (a), two Ti-Nb based alloys (b, ¢), and the
hydrides of these alloys (d, €).
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. Fig. 11. Thermogram of combustion in hydrogen of TigsNbgs alloy.

Fig. 12 shows the pictures of TigsNbgsalloy and its hydride.

Similarly, the alloys were formed in the systems: xTiH; - (1-x)ZrH,; xTiH, - (1-
x)HfH,; xTiH,-(1-x)VHgg; xTiH,-yZrH,-zHfH, etc., where the HC alloy formation
takes place in solid phase mechanism, excluding melting [12-16]. Fig. 13 shows the
diffraction pattern of HC synthesized Tig,Zry 4Hfo 4 alloy.

Fig. 14 shows the microstructure of Ti,Zr alloy, taken on a thin section of flat
surface of a sample by scanning electron microscope.
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Fig. 13. Diffraction patterns of HC-synthesized alloys of Tig 2Zro 4Hfo 4.
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Fig. 14. Microstructure of Ti,Zr alloy: a — surface relief (surveyed in secondary electrons); b —
image of the surface in the phase contrast mode (surveyed in reflected electrons).

2.2. Investigation of HC processes in Ti-Al, Zr-Al and Nb-Al systems. Synthesis
of Ti, Zr and Nb based aluminides

A distinctive feature of aluminum containing systems is that the formation of
aluminides in HC proceeds via exothermic reactions. Fig. 15 shows the thermograms
of HC formation of aluminides of titanium, zirconium, hafnium (a, b, ¢) and the
DTA curves (d, e, f) registered upon heating up to 1000°C of three compositions: 75
at% TiH, + 25 at.% Al (TizAl); 75 at.%ZrH, + 25 at.% Al (Zr;Al) and 75
at.%NbH, 3 + 25 at %Al (NbsAl).

On the HC thermograms of all three compositions in Fig. 15 a, b, c, the exo-
effects are registered at the temperature interval of 670-940°C. The registration of
these exo-effects indicates that the reactions of aluminide formation are exothermic.
On the DTA curves (Fig. 15 d, e, f), in the temperature interval of 140-600°C, the
endo-effects are registered at temperatures corresponding to the dissociation of
titanium, zirconium and niobium hydrides. Only in the case of 3NbH;3; + 25%Al
system (Fig. 15f) on curve 2, the additional endo-effect is observed at 660°C due to
aluminum melting. Simultaneously, on the HC thermogram of the same composition
(Fig. 15c), no endo-effects, corresponding to the dissociation of the initial hydrides
and/or the aluminum melting were registered.

DTA curves 3 in Fig. 15 d, e, f manifest sharp loss of weight by all the samples
due to the dissociation of hydrides and liberation of hydrogen. On the HC
thermograms (Fig. 15 a, b, ¢) and DTA curves 2 (Fig. 15 d, e, f), the temperatures of
the exo-effects due to interaction of aluminum with titanium, zirconium and niobium
coincide for the same compositions (Fig.15aand d, b and e, ¢ and f).
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Fig. 15.The thermograms of HC-formation of aluminides (a, b, ¢) and DTA curves (d, e, f) upon
heating up to 1000°C of three compositions: (a, d) — 75at.%TiH, + 25at.%Al(TizAl), (b, €) —
75%ZrH, + 25%Al(Zr;Al) and (c, f) — 3NbH1 3 + 25%AI(NbsAl).

Each of the titanium, zirconium and niobium hydrides shows its own specific
feature of interaction with aluminum. The process of titanium aluminide formation
in HC (Fig. 15 a) upon heating the initial mixture can be described by:

75at.%TiH; + 25at. %Al — 75at.%Ti + 25at.%Al + H,1— TizAl

The dissociation of titanium hydride is reflected in the endo-effect at 600°C,
which smoothly turns to the exoeffect at 640°C (DTA curve 2 in Fig. 15d) [17].

The behavior of ZrH; is different (Fig. 15e) [18]. When the temperature of the
charge reaches 540°C (endoeffect on curve 2), the hydride partially decomposes to
ZrH;s. A phase transition occurs: the tetragonal crystal lattice transforms to FCC
lattice. The future temperature increase brings to the exo-effect at 630°C, indicating
the formation of zirconium alumo-hydride. The latter decomposes at 790°C
(reflected in the endo-effect), resulting in ZrzAl formation.
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3ZrH,(FCT)+Al 59°C_, 37rH, ((FCC)+Al + H,630°C
ZrsAlH, 5(FCC) —79°C 7, Al+H,1.

As it was noted above, only in the 3NbH; 3-25%Al system, beside the endo-
effect due to dissociation of NbH;,3, an endoeffect due to aluminum melting is
observed at 660°C (Fig. 15f). Then, on DTA curve 2, the exoeffect at 940°C
indicates the formation of NbzAl (proved by X-ray analyses) [19]. These results
from the differences in the conditions of the HC and DTA processes.

Judging by the HC thermograms (Fig. 15 a, b, c) and the DTA curves (Fig. 15
d, e, f), the formation of binary and ternary aluminides of titanium, zirconium and
niobium proceeds identical to the alloy formation in HC. At heating of
corresponding charge in the reactor, the initial hydrides dissociate. As a result, the
metals became activated and quickly interacted exothermically with aluminum in
solid-phase mechanism, without aluminum melting. At first, regardless of the
aluminum content, solid solution of aluminum in metal is formed. It is worth noting
that, according to the phase diagrams, the melting points of aluminum solid
solutions in titanium, zirconium and niobium are much higher, in the interval of
1680-2100°C. Hence, the temperatures registered as exo- endo-effects in the DTA
curves do not reflect the aluminum melting. This is evidenced by the external view
of the samples — no trace of melting is seen. An exception is 3NbH/ »3-Al system
(Fig.15 c), in which an endo-peak is observed on the DTA curve at 660°C due to
aluminum melting.

In the HC mode, more than 30 binary aluminides are synthesized: single-phase
titanium aluminides: ap-TizAl, y-TiAl and TiAl; [17]; solid solutions of aluminum in
zirconium of ZrzAl composition, accompanied by various zirconium aluminide
phases (Zr;Alz, ZrAl and Zr,Als); single-phase zirconium aluminides ZrAly; ZrAl;
[18]; single-phase niobium aluminides NbAl;, Nb,Al and NbsAl, containing about
10% Nb,Al [19]. Some of aluminides reacted with hydrogen in the SHS mode
forming reversible hydrides.

2.3. The HC-formation of ternary aluminides

The processes of HC-formation of ternary aluminides were studied in the
following systems: xTiH,+yAl+zNbH, ;3 — Ti,AlNb,+H,1 (where x+y+z=1) and
xTiH,+(1-x)ZrH,+Al (Al content between 25-75 at.%)

Depending on the TiH,/NbH; 3 and TiHy/ZrH; ratios, single or double phase
bimetallic aluminides formed with FCC (DO0,3) and (D0,,), orthorhombic O-phase,
BCC, B or B, structures. The experiments resulted in the synthesis of the following
aluminides:  TigssZrosAloos;  TigssZro2Alozs;  Tig1sZroaAlozs;  Tig1Zro1sAlg7s;
TiosAlo23NDg27; TioasAlo3aNbo3s; Tio125Alo75NDg 125, Tios2Alg1sNbo 33, TiAlgNb;
Tig25AlosNbg2s; TigasAlg2sNbgo7; etc. [20, 22]. Fig. 16 shows the diffraction
patterns of Tig1Zrg.15Alp.75 (2) and Tig 2Zro.0sAlp 75 () three-aluminides.
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Fig.16.Diffraction patterns of: a — Tig.1Zr0.15Alo.75; b — Tio.2Zro.05Alo.75.

Flg 17 shows the diffraction patterns of Ti0_5A|0_23Nb0.27, Ti0.333A|0_333Nb0_334
and Ti0_125A|0_75Nb0_125 aluminides.
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aluminides.
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It was shown that some aluminides reacted with hydrogen in the SHS mode at
Py = 5-10 atm (Tcomp.= 300-500°C), forming reversible hydrides, which dissociated
with one endo-effect at ~300-380°C.
Tig375Al0.25Z10 375 + Ha <> Tig 375Al0.25Z10 375H0.90.
TigsAlg 25NDg 25 + Ha <= Tig sAlp 25Nbg 25H0 89
Fig. 18 shows the pictures of TigsAlg25Nbg 25 alloy and its hydride.

2.4. Synthesis of Ti, Zr and Ni, Co based aluminides

The other example of HC-process is the reaction of a metal (titanium or
zirconium) hydride interaction with any metal of VII or VIII groups (Ni, Co, Mn)
[23-25]: TiH, + Ni — TiNi + H,1; ZrH, + Ni — ZrNi + H,1; TiH, + Co — TiCo +
Ho1; TiH, + ZrH, + Ni — Ti44_522r40_32Ni15 + HyT; TiH, + 1.2VH + 0.8Mn —
TiV12Mngg + H,1; etc. The synthesized compact intermetallics in the combustion
(SHS) mode (T¢mb.= 480-600°C) interacted without crushing with hydrogen at a
pressure of 10-30 atm. These interactions brought to the formation of reversible
hydrides of intermetallics with rather high hydrogen content (Table 2). For example:

TiNi+H, < TiNiHs; TiVllgMno_g + Hy,oTiVoMnggHs3 7

Table 4
Characteristics of intermetallics and their hydrides
Compound H,content, Crystal structure and lattice Dissociation
wt.% parameters, A temperature, °C
Ti,Co - Cubic,a=11.31 -
Ti,CoH3 1.7 Cubic, a=11.89 240 — 360
Zr,Co - Tetragonal, a=6.387, ¢=5.542 -
Zr,CoHs 2.02 Tetragonal; a=6.906, c=5.55 190 - 360
ZrCo - Cubic, a= 3.197 —
ZrCoH; 1.68 Orthorhombic, a= 3.37, b=10.57, 300
c=4.318
Zr,Ni - Tetragonal, a=6,54, ¢c=5.34 -
Zr,NiHg 2.08 Tetragonal, a=6,86, c=5.657 170-250
ZrNi Orthorhombic,
B a= 3.29, b=9.998, c= 4.080 B
ZrNiH; Orthorhombic,
1.96 a=3.53, b=10.62, c=4.328 220-260
Ti,Co - Cubic, a=11.31 -
Ti,CoHs 1.7 Cubic, a=11.89 220-260
Ti44_5ZZr40_32Ni16 210-2.15 C14 hexagonal Laves phase -
TI44_5ZZr40_32NI15 H3 ' ' - 170'260
TiV,Mngg - BCC, (HCP traces); a =3.039 (6) -
TiV1,2MnggH3 67 2.36 | BCT- monohydride, a = 3.069(6), 280; 330
c=3.510(5)

2.5. The applications of alloys and intermetallics

Interest in alloys is associated with their numerous and important practical
applications. They are used in the high-tech areas of nuclear and hydrogen power
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engineering, aerospace, shipbuilding, chemical, automotive, metalworking, machine
and machine tool industry, tool manufacturing, radio and electrical engineering,
electronics, as composite materials in nuclear power plants, as biocompatible
materials in medicine, etc. Particularly, the titanium- and zirconium-based alloys are
interesting for the production of construction materials that can work in various
chemically active environments (sea water, steam, gas turbines), at low temperatures
(for example, in liquid oxygen). The main advantages of titanium alloys are
lightness and corrosion resistance. Alloys of zirconium and hafnium are used in
nuclear reactors.

In modern materials science, the problem of development of new light, heat-
resistant alloys with operating temperatures higher than 550-600°C is acute. From
this point of view, transition metal alloys and intermetallics are very promising
construction materials. Their advantages are low density, high melting points, high
mechanical strength, high heat and electrical conductivity, superconductivity, heat
and corrosion resistance, etc. These characteristics condition their use in aerospace
and ground engine construction, in the defense industry, in many branches of
machine building, chemical and food industry, electronics, medicine, etc. Titanium
aluminides are used in the first wall of thermonuclear reactor (TNR) as constructive
materials. Aluminides of IV-V group metals are 3 times cheaper than such
competing materials as, for example, nickel alloys. The aluminides are known as
construction materials and can absorb high amounts of hydrogen and serve as
hydrogen storage materials.

The current methods for producing binary and multicomponent alloys and
intermetallics are based on melting (induction, electric arc, electron beam), powder
metallurgy and mechano-chemistry. Each of these methods bears considerable
laboriousness and instrumental complexity. The powder metallurgy methods are
characterized by long-duration processes: the interaction of metals in the initial
mixtures is mainly determined by the diffusion rates in the solid state. Specific
difficulties in obtaining high-quality alloys and intermetallics are associated with the
presence of a dense oxide film on the surface of refractory metal particles, which
hinders the process of mutual diffusion. In the mechano-chemical methods of
producing alloys and intermetallics, the initial components are mixed in drums for
10-40 hours or more, when the sticking of the reaction components to the drum wall
can occur changing their ratio; besides, the contamination of the reaction mixture by
the ball and drum materials can occur.

The differences in melting and evaporation temperatures, in densities of
titanium, niobium, zirconium and aluminum also complicate the current
technologies. Therefore, new effective methods for producing binary and
multicomponent alloys with given physical and technical properties are urgently
demanded in modern materials science. The described in the present work Hydride
Cycle method can be such a promising technique.

The significant advantages of "Hydride Cycle” method over the above
presented traditional methods are listed below.
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1. The alloys and intermetallics are formed in lower temperatures (600-1200°C
instead of 1800-2600°C) and with a shorter duration (1.5-2 hours instead of tens of
hours) processes. Because of alloy formation via solid-phase mechanism excluding
melting, the energy consumption is low.

2. The binary and multicomponent alloys and intermetallics of the defined
composition are produced in one technological stage.

3. The processes of formation of alloys and intermetallics are safe, wasteless
and highly effective.

4. Instead of the expensive fine-dispersed powders of refractory metals
demanded as starting materials, cheap SHS hydrides are used, formed in a highly
efficient, low-energy technological process, utilizing the wastes appeared during
machining of refractory metals.

5. More than 100 HC-synthesized alloys, intermetallics and their hydrides have
been produced. Among them — the alloys with structure of a-, B-, y- and w-phases.

6. The elaborated method for synthesis of alloys and intermetallics of transition
metals can be very attractive for industry and be of commercial interest. Hydrides of
synthesized alloys and intermetallics potentially can serve as hydrogen storage
materials.
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rmapuabl HEPEXOJHBIX METAJIJIOB U UX CIIJTABOB KAK HOCHUTEJIN
KOHAEHCHUPOBAHHOI'O BOJOPOJA

C.K. IOJIYXAHSH, A.T'. AIEKCAHSH, I'. H. MYPAISAH, A. I'. AKOIISIH,
H. H. ATAJI'KAHAH, H. JI. MHAIHAKAHSH u O. I1. TEP-TAJICTSH

Wncruryr xumudeckoit ¢pusukn uM. A.b. Han6annsana HAH PecnyOnukn Apmenus
Apwmenuns, 0014, Epesan, yn. I1. Ceaka, 5/2
E-mail: seda@ichph.sci.am

IIpencraBnen 0630p pabor Jlabopatopuu BBICOKOTEMIIEPATYPHOTO CHHTE3a H
TEXHOJIOTUM Heopranuuyeckux MarepuaioB XD HAH Apmenun. B nepBoil vacTu
CTaThH ONMCAHBI HCCIIEOBAHUS IIPOLIECCOB TOPEHHS EPEXOIHBIX METAIIIOB B BOJOPOJIE.
Brepsrre merogom CBC (camopacTipoCTpaHSIOMErocsi BBICOKOTEMIIEPATYPHOTO CHHTE-
3a) ObUTO cuHTe3upoBaHO Oosiee 200 OMHAPHBIX W MHOTOKOMIIOHEHTHBIX THIPUIOB U
JEHTEPHIOB METAJUIOB M CIUIaBaB. DTH HUCCIIEIOBaHMS CTAIN (PU3NKO-XHUMHUECKOH OCHO-
Boit CBC mponeccoB B cuctemax Me-H u nmpuBenu kK NOCTaHOBKE TEXHOJIOTHUECKUX pa-
00T, UMEIOIINX OTPOMHBIC NPOMBILIICHHBIE TTEPCHIEKTUBBL. Pa3paboTaHbl HE MMEIOLIHEe
aHAJIOTOB B MHUPE BBICOKONPOU3BOAUTENBHBIE TEXHOJIOTHUECKUE MPOIIECChl CUHTE3a pas3-
JIMYHBIX THIPUAOB, KOTOPBIE MOTYT 00ECIEYUTh CHHTE3 U MPOU3BOACTBO OOJBLIOTO ac-
COPTHMEHTa JELIeBBIX THUAPHAOB BBICOKOTO KadecTBa. Ha ombITHOM 3aBoje
ApmHUHnBer™er (r. EpeBan) Opmio m3rotomieHo Oomee 20 m THAPUIOB TUTaHA H
LIUPKOHUS. [WIpPUIBI NEpexXoMHBIX METANIOB W CIDIABOB IIPEJCTABISIOT OOJBIIYIO
LIEHHOCTh KaK KOH/ICHCHPOBAaHHBIE HOCHTENM Bojxopoxa. MHTepec Kk Bomopony u
METAIOTUAPHIAM CBS3aH C JIBYMS TJI00ANBHBIMH ITpoOJIeMaMH: OXpaHa OKpYXKaromen
Cpebl ¥ UCTOIIEHNE 3a1lacoB HCKOMIAEMOTO YIJIEPOIHOTO U YIJIEBOJOPOIHOTO TOILINBA.
CnexTp NpUMeHEeHHs THAPHUIOB METAJUIOB U CIUIABOB OYEHb IIHPOK.

JlanpHelmre ucciefnoBaHUS CHHTE3UpOBaHHBIX B pexume CBC  ruapumos
MTO3BOJIMJIM pa3paboTaTh elle OAWH, MPUHIUIHNAIGHO HOBBIH METOJ CHHTE3a CIUIABOB U
HHTEPMETAIUTUIOB MEPEXOAHBIX METAJIJIOB, HAa3BaHHBIH HaMU MeTOJOM «l MApPUIHOTO
ukina — ['». Bropas gacTe pabOThI MOCBSIICHA UCCICIOBAHUAM Mpoiiecca (HOpMUpOBa-
HUS CIUIaBOB U mHTepMeTauinIoB B ['1]. B ocHOBe MeToma nexar peaxyuu g3aumooeti-
cmeust 08yx u 6Gonee 2uopuoos memainos, Kak Hampumep, xMe'H, + (1-xX)Me"H, —
crnaB Me'\Me"” (1.4 + Hy1. IlokazaHo, 4To npu HarpeBe KOMIIAKTHPOBAHHOM CMECH JIBYX
u Oonee ruapumos, Hampumep TiH, u ZrH,, a taxxe ruapuma ¥ MeTATMYECKOTO
nopouika (Hampumep TiH, u Al) ynaneHue Bomopoa M3 KOMIIAKTHPOBAHHOM IIHXTHI
IIpU  TEMIIepaTypax 4dyTh BBIMIE TEMIIEPATyp MAWUCCOLAIMM THAPHIOB IPHBOIUT K
00pa3oBaHUIO TPOYHBIX, OECIIOPUCTBIX, KOMITAKTHBIX OHHApHBIX, TPOHHBIX CIUIABOB
yKa3aHHbIX MeTaiuioB. B pexxume 'Ll cunresupoBano 6oxee 100 cruraBoB U nHTEpMETAN-
munoB B cucremax Ti-Zr; Ti-Hf; Ti-Nb; Ti-V; Zr-Hf; Ti-Zr-Hf; Ti-Ni; Zr-Co; Ti-Al; Nb-
Al u 1p. HexoTtopsie moydeHHBIC KOMIAKTHBIE CIUIABBI 63 TPEABAPUTEIFHOTO H3MEITh-
YeHHs B3aUMOJEHCTBYIOT ¢ BoxopooM B pexnme CBC, obpa3ys ruapumsl ¢ BRICOKHM
COJlepyKaHWEeM BOJIOPOa. Y CTaHOBJICHO BIHSHUE MAPAMETPOB — COOTHOIICHHS THIPHIOB
METAJUIOB W IOPOIIKOB METaJUIOB B PEAaKIMOHHOW CMECH, pa3MepOB 3€pPeH IOPOIIKOB
THAPUIOB (MHKPO- M HAaHOPa3Mephl), JABJICHUS MPECCOBAHUS IIPH KOMIIAKTHPOBAHUU
THIPUJIOB, a TAK)KE PEKUMOB JIECTHAPUPOBAHMS M CHEKAaHUs (TeMIepaTypbl U CKOPOCTH
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HarpeBa) Ha XapaKTEPUCTHUKHU HOJyYCHHBIX CIUIAaBOB M MHTEPMETAJUINI0B — KPUCTAIILIHU-
YECKYyI0 CTPYKTYpY, INIOTHOCTD, a/ICOPOIIMOHHBIE CBOWCTBA M Ap. [IpeioxkeH MeXaHn3M
nx ¢opmupoBanus. IlepcnektuBer Merona [l mns cuHTe3a CIUTABOB W WHTEpPMETAN-
JIMJIOB MOTYT OBITh OYEHb NPHUBIECKATENbHBI I HHAYCTpHUU. PazpaboTaHHBIE TEXHOIIO-
ruu o meroxy 'Ll MOTYT HpencTaBisATh KOMMEPUYECKHI MHTEPEC, MOCKONBKY HMEIOT
OoJbIINE NIPENMYIIECTBA MIEPEN TPAJUINOHHBIMH.
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BARIUM SILICATES FORMATION USING SILICA HYDROGEL
PRODUCED FROM SERPENTINE MINERALS

A. M. TERZYAN? S. A. MELIKYAN?, H. A. BEGLARYAN!?,
A. R. ISAHAKYAN!and N. H. ZULUMYAN?*

Ynstitute of General and Inorganic Chemistry of NAS RA
10, Lane 2, Argutyan Str., Yerevan, 0051, Armenia
Fax: (374-10) 231275, E-mail: Isahakyananna@yahoo.com
2Yerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia
Fax: (374-10) 231275 E-mail: Hayk_b@ysu.am

In the paper the interaction between silica hydrogel recovered from serpentines
(Mg(Fe))s[Si4O10](OH)s, sodium hydroxide NaOH and barium chloride BaCl, in aqueous medium has
been investigated. It has been revealed that depending on the stirring time of the boiling aqueous
suspension prepared from the mentioned reagents in air at ambient pressure, species of either a
hydrated barium silicate like BaSiOs3H,O or BaH,SiO, can be precipitated Subsequent heat
treatment of each of the precipitated intermediates to a temperature of 800 °C results in their
crystallization into barium silicates, namely, barium meta- BaSiOz; and orthosilicate Ba,SiO,.

Figs. 3, references 12.

Because of a structural variety, high thermal and chemical stability, congruent
melting points, most barium silicate compounds are known by their wide use in the
manufacture of phosphors. Particularly, Ba,SiO,4, BaSiOs, Ba,SizOg, BasSigO,; and
BaSi,Os are good host candidates for the preparation of scintillators and Ba,SiO,,
BaSiO;, Ba,Sis0s, and BaSi,Os doped with rare earth ions demonstrate
luminescence under UV light and electron beams [1-9]. The rest of three barium
silicates BasSiOs, BasSisO13 and high-pressure BaSi,O,, pure phase of which cannot
be provided and which have incongruent melting points are not involved in
luminescent materials manufacture.

One of the most popular synthetic methods for different barium silicate-based
phosphors is high-temperature solid-phase synthesis (at 1200°C or higher) via
annealing barium carbonate BaCOs with silicon dioxide SiO, for many hours [1-6].
Two-step methods including sol-gel process, where an intermediate solid is first
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precipitated in a liquid medium via reacting an inorganic or organic barium salt
(Ba(NOs), or BaCl,, barium acetate Ba(CH3;COO),) with a silica-containing reagent
(silica gel, tetraethoxysilane, or sodium silicate Na,SiO3-9H,0) and then annealed
are also suggested [7-10]. Very often a hydrothermal treatment is applied for
intermediates preparartion [7, 8]. All these methods are either connected with
technological difficulties or energy-consuming.

A new species of silica hydrogel containing up to 6% of amorphous silica SiO,
has been produced from dehydrated serpentine minerals structure via a new
approach to the acid treatment of serpentinites'[11]. Unlike conventional silicon
dioxide, this SiO, species, has a high chemical activity caused by a low dissociation
energy of siloxane bonds in Si—O-Si bridges which is explained by the presence of
unsaturated Si—O(Si) bonds in its structure [12, 13].

Can any intermediates be precipitated in the first stage and which barium
silicate species can be produced from them via heat-treatment if this silica hydrogel
is used as an initial reagent? — are questions of great interest.

In the present work, X-ray diffraction (XRD) study and differential thermal
analysis (DTA) are involved to study the intermediates formed in the system SiO,—
NaOH-BaCl,-H,0 and their thermal transformation using the silica hydrogel
derived from serpentine minerals as a sourse of SiO,.

Experimental Part

A serpentinite sample located in Shorja (Armenia) was used as a precursor for
the silica hydrogel production using the method described in the work [11].

1.64 M sodium hydroxide solution was prepared by adding NaOH pellets (ACS
reagent procured from Sigma-Aldrich) to distilled water. The solution was stirred for
15 min.

Barium chloride BaCl,.(procured from Sigma-Aldrich) was used as a source of
barium cations.

For the sol-gel procedure four samples were prepared by adding BaCl, salt to
the sodium hydroxide solution with the SiO,:NaOH:BaO molar ratios of 1:4:2. Each
of the prepared samples was put into a vessel and stirred with a mechanical stirrer
for a certain time (15, 30, 60, 120 min) in air at ambient pressure while being heated
up to the temperature of 95°C (boiling point). Then each of the suspensions
produced in the mixer was filtered. A gel-like mass remained on the filter was
washed by distilled water and dried at the temperature of 100°C for 24 h in a dryer
type KBC G - 100/250 manufactured by Premed (Warszawa, Poland). As a result, a
white precipitate powder was produced.

Serpentinite is a rock largely composed of serpentine group minerals
(Mg(Fe))e[SisO10] (OH)g".
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Each of the four samples produced was studied in air by XRD analysis and two
of them were selected for DTA from room temperature up to 1000°C.

Then all the four precipitate samples were annealed at 800°C for 2 hours and
also subjected to XRD analysis.

X-ray powder diffraction (XRPD) measurements were made on a Dron-3
diffractometer (Russia) equipped with nickel filter, under the following conditions:
CuKa-radiation; power supply 25 kV/10 mA; angular range 26=8°-70° at room
temperature in air. The mass of each test specimen was 250 mg. All the reflections
were identified and interpreted using the ICDD-JCPDS database of crystallographic
2004.

DTA, thermogravimetric (TG) and DTG (differential thermogravimetric)
measurements were performed by using a Derivatograph Q-1500D equipment
manufactured by the MOM company (Hungary) in air at a heating rate of 10°C
min™*. The samples of equal mass were investigated in platinum crucibles.

Results and Discussion

The XRPD patterns of the precipitate samples produced from the suspension
with the SiO,:NaOH:BaO molar ratio of 1:4:2 reveal that either barium silicate
hydrate like BaSiO3"H20 or BaH,SiO, is precipitated depending on stirring time.
The fifteen-minute stirring leads to the formation of BaSiO3s'H,O that is evidenced
by the appearance of intensive diffraction peaks of BaSiO3'H,O (Card Ne34-0016)
(Fig. 1). The increase in stirring time up to 30 min provides the formation of
BaH,SiO, (Card Ne75-1429), lower intensity reflections of which are recorded in the
diffraction patterns of the corresponding sample. Both the 60- and 120-minute
treatment also result in BaH,SiO, formation (Fig. 1).

o0
@ )
| %o w’o Oow 120min
sl M Ao S
4
5
©
2z
g
- Fig. 1. XRPD patterns of the precipitate
samples separated from the suspensions
which were prepared from the silica hydrogel
® derived from serpentine minerals, NaOH and
o0 % o0 15mn  BaCl, with the SiO,:NaOH:BaCl, molar ratio of
20CuKa 1:4:2 by stirring for different time. @-—
T T T T T T 1 BaS|03H20, O- BaH,SiO,4
10 20 30 40 50 60 70

The DTA curves of the precipitate samples comprised of a-BaSiO3'H,0 and b-
BaH,SiO, prepared by stirring for 15 and 30 min, respectively, display a number of
endothermic events of different intensities and minimum up to 700°C and the only
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exothermic peak of a low intensity about the temperature of 700°C (Fig. 2). The
trend of the TG curve shows that the endothermic processes are accompanied by
mass loss whereas the exothermic process occurs without any mass change (Fig. 2).
On the DTA curves of both samples two endotherms are recorded in the range of
low temperatures 300-360°C, evidencing a stepwise release of bound water from the
intermediates (Fig. 2). An endothermic event at 337°C in the form of shoulder is
hardly traceable on the DTA curve of BaSiO3'H,O. Despite it, the intensive
endothermic peak with minimum at 354°C points to the fact that most part of
crystalline water is removed at this temperature. Also, the TG curve shows that this
process involves a considerable weight loss and continues up to 400°C (Fig. 2). It
should be noted that another exothermic event can be barely seen in the range of
600-650°C (Fig. 2). As for the BaH,SiO,4 precipitate sample, the two endotherms
are recorded on its DTA curve up to 400°C: the first one with minimum at 306°C C
and the second one with minimum at 349°C. They must be caused by the removal of
structural water and indicate that the water is driven off from the BaH,SiO, sample
in two stages (Fig. 2).

Taking into account the DTA data, all the four samples annealed at 800°C were
subjected to XRD study in order to determine what causes the only exothermic peak
on the DTA curve.

The XRPD patterns of the four samples comprised of either BaSiO5-H,O or
BaH,SiO4 exhibit that on heating up to 800°C both BaSiO3'H,O and BaH,SiO,
transform into barium silicate species, namely barium metasilicate BaSiO; and
orthosilicate Ba,SiO,. The intensive diffraction peaks of BaSiO; (Card Ne70-2112)
and Ba,SiO4 (Card Ne77-0150) can be seen in the diffraction patterns of all the
samples annealed at 800°C (Fig. 3). This is a good reason to think that the only
exothermic effect up to 800°C on the DTA curve must be produced by the formation
of BaSiO3 and Ba,SiO,.
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Fig. 2. Differential thermal curve for the precipitate sample comprised of a- BaSiO3'H.O and b-
BaH,SiO,. TG thermogravimetric or weight loss curve, DTA differential thermal analysis curve.
DTG differential thermal thermogravimetric curve. The vertical axis label applies to the DTA
curve.
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It is noticeable that the most intensive diffraction peaks of BaSiO; and Ba,SiO,
are fixed in the diffraction pattern of the sample comprised of BaSiOs H,0, which
was precipitated by fifteen-minute stirring. The XRPD patterns of the BaH,SiO,4
samples prepared by stirring for 30, 60 and 120 min demonstrate BaSiO; and
Ba,SiO, refelctions of similar intensities. Hence, the increase in stirring time by
more than 15 min does not essentially influence the yields of BaSiO3; and Ba,SiO,.

Conclusions

The data derived from the experiments have allowed to conclude that in spite of
the fact that the involvement of the silica hydrogel derived from serpentine minerals
in the system SiO,—~NaOH-BaCl,—H,0 as a source of silica is accompanied by either
the participation of BaH,SiO, or BaSiO3;'H,O depending on stirring time, the heat
treatment of each of the synthesized intermediates to a temperature of 80°C is
accompanied by their transformation into BaSiO; and Ba,SiO,,

This study is of great practical interest and futher research is needed to find
optimal parameters for the development of efficient techniques for the production of
BaSiO; and Ba,SiO, and phosphors based on them.
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ﬂLunuﬁuuuﬁ[u[bl b ubpuybinfuubphy ((Mg(Fe))ﬁ[Si4olg](OH)g) wnwPugmd Shypnufi-
11141110‘[:‘[[1, iuumpﬁnLlfﬁ 4[11}po‘gu[ll}[1 (NaOH) I FIHP[IHLJ[I ‘P["[’["l‘ﬁ (BaClQ l[I”[llwlll}bynL[J—
4[11Huuuuu51[ulé' llwp[lnuf[l ll[llﬁllulln BaSiOg H,0, llmlf ut.npnilgﬁnuf[l IZ_[14[11H1nu[1d1[lulu1
BaH3SiOy: UJu lf[lzlllillt/ull lf[".l.lgnLF‘/nLiliIbpb 4[71.[1”.“1_11.1 zblufuufzulllnufﬂ lf[lilzh_ 800°c
phpnud b puphncdf apypljunnp pyncplbqugdwt,  dwsiofnpoogbo, snpoighoodfe opfdn-
u[1u‘1[lluu1[l (SrgSiO4) I umpnflg[mufﬁ L”il.nulu[lu‘llll.um[l (SrSiOg) uln.l.uXLuglfulfl.’

OBPA30BAHUE CHJIIMKATOB BAPUS, IPUMEHSISI THAPOT'EJIb
KPEMHE3EMA, TOJYYEHHBIN W3 CEPIEHTHUHOBBIX MUHEPAJIOB

A.M. TEP35IH?, C. A. MEJIUKSIHY, A. A. BE[JIAPSIH!?,
A.P. UCAAKSIH ' u H. 0. 3YJYMSH*

! UnerutyT obmeit u Heopranudeckoid xumuu uM. M.I.Mansenssna HAH Pecriy6nikn Apmenust
Apwmenus, 0051, Epesan, yi. Apryrsasa 2-oi nep., 1. 10
®axkc: (374-10) 231275 E-mail: Hayk_b@ysu.am
EpeBanckuii rocyjapCTBEHHBIN YHUBEPCUTET
Apwmenus, Epesan, 0025, yn. A. ManyksiHa, 1

UccnenoBano B3auMoAEeHCTBUE B BOJHON Cpelieé MEXY TMIAPOreieM KpeMHe3eMma,
BoiieieHHBIM u3 ceprieHTuHOB (Mg(Fe))s[Si;O10](OH)s, ruapoxcunom uatpus NaOH u
xnopungom ©Gapust BaCl, VYcraHoBieHo, 4YTO B 3aBHCHMOCTH OT JUIUTELHOCTH
NepeMeIInBaHusl B YCIOBHSX aTMOC(EPHOrO JaBJCHUs KHIAIIEH BOJHOW CYCHEH3HH,
MIPUTOTOBJICHHOW M3 YKAa3aHHBIX PEareHTOB, MOTYT OCAXJAThCSI WIIM THUAPATHPOBAHHBIN
cunukar Oapus tuma BaSiOsH,O, wiu BaH,SiO, anbreiimas tepMoo6paboTKa
Ka)XJIOr0 OCKAEHHOTO HHTepMenuanrta o Ttemmneparypbl 800°C mnpuBOAMT K e€ro
KPUCTAIUTH3AlMM B CHJIMKATHl Oapwsi, a MMEHHO, B Meracuiukatr Oapusi BaSiO; u
oprocuiukaT Gapust Ba,SiO,,
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This paper is devoted to advantages and opportunities of frontal polymerization applied to
nanotechnologies with the aim to obtain polymeric nanocomposites with a uniform distribution of
nanoparticles in polymer matrix. It can also be used in the synthesis of high temperature
superconducting polymer ceramic intercalated composites and superconducting electrically
conductive polymer composites.

It has been shown that the frontal polymerization allows obtaining multifunctional, gradient
materials due to the specificity of the propagation process of heat wave polymerization.

The frontal polymerization has a significant contribution to the synthesis of pure super
absorbent hydrogels, in contrast to traditionally obtained, and many others.

Figs. 7, references 24.

Introduction

For a better assessment of the advantages of frontal polymerization, we would
like to present a small comparison of exothermic radical polymerization in
traditional technologies with frontal polymerization (FP), occurring in the mode of
auto-wave propagation of thermal polymerization.

In the traditional methods after initial mixture is loaded into the reactor, it is
heated to the temperature at which initiator decomposes to yield active radicals.
From this moment, exothermic polymerization takes place with the formation of
high-molecular polymer chains. A sufficiently large amount of heat is released. In
order to avoid thermal explosion in the industry, cooling systems are installed
around the reactor. To reduce the polymerization rate, respectively, to reduce the
rate of released heat, inert solvents are often added to the initial mixture. At the end
of the process, solvents are either released into the atmosphere polluting the
environment or cleaned and reused (which complicates the process and makes it
more expensive). It is one problem. From the point of view of non-isothermal
processes in traditional technologies, there is also a problem.
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The fact is that large-size products are generally produced with internal defects
- during the process of solidification into the sample defects are formed [1,2].
Therefore, we began to study the reasons and opportunities to avoid defects and
create a controlled production of these products. These studies led to the idea of FP.
This was in the seventies of the last century. At that time, only our laboratory in the
branch of the Moscow Institute of Physical Chemistry, in Chernogolovka, was
engaged in the FP method; and up to the 90s we were the only ones engaged in the
FP-monopoly [3-8].

Experiment and discussion

Fig. 1 shows a schematic polymerization in the conditions of FP [1]. The
reaction ampoule is loaded with the initial mixture; the heat is supplied not to the
entire reactive mass. In the FP method the process is carried out by local and short
warm-up of the local part of the reactor (for example, one end of the tubular reactor)
filled with the reacting mixture. The polymerization process is initiated at the site of
heating. The heat evolved is transferred to the neighboring layer of unreacted
reaction mixture. In this layer a new round of polymerization is initiated followed by
the corresponding release of heat to warm the neighboring layer, and thus the
polymerization process extends from one end of the reactor to another in the auto-
wave mode. This process fixes properties of the composite, which are determined by
the initial mixture.

T

Polymer ¢——

Front reaction <
zone

Monomer ¢———

Fig. 1. Schematic polymerization in the conditions of the FP method

Unlike the traditional methods of synthesis, here we are interested in preserving
this heat, so that it does not leave the walls of the reactor, but transfers to an adjacent
layer. In FP it is necessary to keep the released heat, which is the initiator of the
process and eliminates the need for heat removal, respectively, the use of solvents to
reduce heat generation. This is the basis for the high productivity of FP and its

525



environmental safety. Currently FP is the most researched subject in the world
Scientist Centers and Universities, because of its rationality [9-14].

Therefore, until recently the FP was considered as a high-performance
technological method, but with the development of high technologies, it became
clear that this method was indispensable in the synthesis of polymer
superconducting composites, moreover it has serious advantages in the synthesis of
polymeric nanocomposites with a uniform distribution of nanoparticles in the
polymer matrix [15-18].

It is known that to obtain polymeric nanocomposites filled with nanoparticles,
different methods of passivation (neutralization of high activity of nanoparticles) are
used. These include plasma polymerization, polymerization under conditions of
acoustic waves, the use of surface-active materials (SAMs) and others.

All these methods are designed to protect the nanoscale of the added
nanoparticles. The fact is that due to high activity, nanoparticles are attracted to each
other and stick together, losing their nano-scale properties.

Acoustic waves prevent the nanoparticles from sticking together in the melt or
solution of the polymerizable monomer. SAMs envelop a nanoparticle with the
formed micellar single-charged structures and thereby make the nanoparticles
passive, preventing them from sticking together. However, a serious problem arises
here. A strong surfactant reacts with a nanoparticle, neutralizing its activity and
attractiveness of nanoscale. Weak surfactants during the polymerization depart from
the surface of the particles and stick together.

We have performed a series of experiments with the addition of surfactant-
treated nanoparticles to the monomeric medium by the FP method. We did the same
without processing nanoparticles in different thermal regimes. Below are presented
the microscopic photographs of the samples obtained in the adiabatic, isothermal
and frontal regimes. You can see that by FP, the initial state is fixed; in this case the
uniform distribution of nanoparticles in the polymer matrix takes place. Two factors
work here: the effect of the auto-wave propagation of the polymerization, analogous
to acoustic waves and fast fixation of the initial state, which does not allow the
particles to agglqmt;ﬁate.

Fig. 2. (a) Initial reaction medium without surfactant, (b) in the presence of surfactant, and (c)
at 30X magnification of the microscope. Surfactant-treated, untreated surfactants.
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This Figure shows microscopic photographs of a solution of acrylamide
complex with nanoparticles additives.

Fig. 3. Effect of the thermal mode of polymerization on the structure of nanocomposites based
on PAAM: (a) adiabatic mode, (b) frontal stationary mode, and (c) frontal oscillating mode.

We note one more advantage of the FP for the synthesis of superconducting
nanocomposites [19-24].

With the use of superconducting yttrium and bismuth ceramics as additives in
the polymerizing system in order to obtain superconducting polymer composites, we
succeeded in synthesizing HTSC composites with the 95-97 K transition by the FP
method. As it turned out, this possibility was associated with the intercalation of
polymer molecules into nanoscale interlayer spaces of ceramics. As can be seen
from Fig. 4 due to the shock wave, high-molecular chains are introduced into nano-
sized ceramic layers (intercalation).
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Fig. 5. Temperature profiles of stationary FP (AAm, Na acrylate, potassium persulfate).

As it is shown, the mode of FP is a process taking place in non-isothermal
conditions of thermal propagation of the polymerization wave. It should be noted
that along with significant advantages, there is a problem in the implementation of
FP. Since every time with the change of the initial composition, the patterns on
establishing stationarity change dramatically, in each particular case modeling,
calculation of Kinetic regularities are necessary, otherwise the technology cannot be
implemented.

The propagation of the polymerization wave depending on the initial
conditions, the kinetics and macro Kinetics of the process must be stationary; as can
be noted, in Fig. 5 the wave is stable and stationary; at any point the amplitude of the
wave is stable. This is a linear, stable propagation of the polymerization wave. One
of the most important conditions for stability is to ensure the flow of the process
under conditions when there is no loss of heat to the environment.

Transition of the process from a linear stable state to an unstable (non-linear)
state can lead to both a decrease in the non-uniform flow of the process and a
decrease in the rate of proliferation, attenuation, and the formation of different spin
regimes. Naturally, the properties of the resulting products will not meet the
requirements, and the process may stop, or splash out of the reaction vessel.

Therefore, detailed study of kinetic and macro-kinetic models in the FP is
necessary. Otherwise, all the advantages of the FP will be leveled by the instability
of the process.

Having the appropriate data for the synthesis of various polymer and
nanopolymer composites, we have the possibility of obtaining gradient polymeric
samples. For example, if we have calculated methods for the synthesis of various
composites including superconducting, electrically conductive composites, we can
combine them in one sample and using the FP method obtain the corresponding
gradient material with the required properties.
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Fig. 6. A sample with gradient properties obtained by the FP method.

Fig.7. Schematic diagram of a film with (1) superconducting and (2) current-conducting
properties obtained with the (1) UHMWPE and (2) AAM—MMA copolymer binder.

Fig. 6 exemplifies gradient polymeric material obtained by FP with sequentially
arranged Co- and Ni-containing metal-complex monomers and AAM in which the
chemical composition varies along the sample length. Here in the center we have a
polymer composite with superconducting properties, obtained using the Cu
complexes of acrylamide monomer with additives of superconducting ceramics, the
next layer is complected with the Mn-acrylamide complexes with additives of
nanosilver, due to which the resulting polymer composite acquires current-carrying
properties.

When we interlace all these monomers, we require the desired gradient
properties in advance. Such a sample cannot be obtained by traditional methods,
since in the traditional process of polymerization the reagents are mixed in the
volume of the reaction vessel and it is impossible to obtain material with different
properties along the tube or radius.
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Fig. 6 and 7 show the appropriate starting alternating initial reagents in the
reaction ampoule, and the conditions for the polymerization process are set in
advance for the implementation of the stationary reaction front. Then the FP will
lead to the creation of a multifunctional gradient sample according to the form as
required along the length or along the radius of sample.

It is well known that functionally gradient materials (FGMs) with gradual
(polyfunctional) properties have a wide range of applications and are claimed in
various areas of national economy and techniques. Polymer nanocomposites with
gradient properties suggested by our research group possess a wide range of
sensitivity due to the combination of different properties in one particular pattern.
Such a gradient multifunctional sample is a microchip appropriate for all kinds of
devices, which need gradient properties in a one general pattern: chips for superfast
calorimeters, for medical and biological analyses and so on. In this way, we can
perform FGMs along the length and along the radius of the obtained polymeric
materials.

For obtaining gradient polymeric materials by a traditional technology (where
properties along the length of a tube or radius of a tube vary according to
requirements) it is necessary to obtain separately the materials with required
different properties, then to combine them in one sample with alternation of
properties either in a direction of a tube radius or in a direction of length of the tube.
Auto wave process of frontal polymerization fixes set gradient properties in one
sample according to in advance set distribution of an initial mix either along a tube
or along a radius.

Conclusion

The article shows the frontal method, which is due to its specificity widely
demanded in various fields of synthesis of polymers and polymer composites, as
well as in high technologies, such as the synthesis of polymer nanocomposites, high-
temperature superconducting interval composites, the gradient multifunctional
composites in one polymerization stage. Thus, FP proved to be a unique method.
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M3HaganpHO METON (PPOHTANBHOW MOJIMMEPH3AINH BOCHPHUHUMAJCS HAyIHOH 00-
IIECTBEHHOCTHIO B OCHOBHOM KaK BBICOKOIIPOM3BOAMTEIBHBIH M 3KOJOTHYECKH Oe30-
MIACHBIN METOJ] CHHTE3a MOJIMMEPOB 1 MOJIMMEPHBIX KOMIO31uTOB. OJHAKO 3a MOCIeJHIE
JECATHIETHS BBLSICHIIIOCH, YTO Oarogaps ee crienu(uKe UCHOoNb30BaHNue MeToaa (HpoH-
TAJIFHOHN MOJIMMEPU3alMy TPUBOAUT K CYIIECTBEHHBIM JOCTHXEHHUSIM B 00JIACTH BBICO-
KAX TEXHOJIOTHH: CHHTE3 IOJMMEPHBIX HAHOKOMIIO3UTOB, CHHTE3 BBICOKOTEMIIC-
paTypHBIX HHTEPKaJIMPOBAHHBIX MOJIMMEPHBIX CBEPXIPOBOIHUKOB, CHHTE3 MHOTO (DyHK-
IHMOHAJIBHBIX T'PaIMCHTHBIX ITOJMMEPHBIX MaTEPUalIoB U Jp.

B mpencraBneHHON 0030pHON CTAaThe aBTOPAMH OIMCHIBAIOTCS COOCTBEHHBIC pe-
3yJIBTaThl M MEKAYHAPOIHBIE JJAHHBIE [0 BBIICIIEPEUHCICHHBIM ITpo0IeMaM.
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF NEW DERIVATIVES
OF PYRANO[3-4-c][1,2,4] TRIAZOLO[4,3-a]PYRIDINES
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A new method for obtaining new heterocyclic systems — S-alkyl substituted pyrano[3-4-c]-
[1,2,4]triazolo[4,3-a]pyridines on the basis of 8-hydrazino derivatives of pyrano[3,4-c]pyridines has
been developed. Alkylation of 3-thioxopyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridines with different
alkylhalogenids resulted in the synthesis of S-alkylpyrano[3-4-c]-[1,2,4]triazolo[4,3-a]pyridine
derivatives. The antimicrobial and neurotropic activities of the synthesized compounds have been
investigated.

References 13.

Condensed pyridines have a broad spectrum of biological activity. In particular,
derivatives of pyranopyridines have shown antimicrobial, anti-inflammatory,
anticonvulsant activities [1-4].

At the same time, tricyclic triazolopyridines are little studied, there is only one
report in the literature on the synthesis of 1,2,4-triazolo[4,3-a]pyranol3,2-
e]pyridines, which have antihypertensive action [5].

In continuation of studies on the synthesis of condensed pyridines [6,7] and
with the purpose to study their biological activities we synthesized new S-alkyl
substituted derivatives of pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridines 3a-n, which
are the derivatives of new heterocyclic systems.

As the starting material we used the 8-hydrazinopyrano[3,4-c]pyridines 1a,b,
which have been synthesized by us in the work [8].

In this work we developed a new method for obtaining 3-thioxopyrano[3,4-
c][1,2,4]triazolo[4,3-a]pyridines 2a,b by the interaction of compounds 1a,b with CS,
in MeOH in the presence of KOH. A new method allowed to exclude pyridine from
the reaction medium and increase the rate of cyclizations in contrast to work [8].
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The obtained 3-thioxopyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridines  were
transformed to the S-alkyl substituted derivatives 3a-n under the action of different
alkyl halogenids (Scheme).

Scheme
CN CN CN
- NHAr | - NHAr ’ - NHAr
o | & cs, o N RHal o N .
KOH e D
NHNH, CH;0H N~NH N~N
1a,b 2a,b 3a-n

Ar = C¢Hs (1a, 2a, 3a-g); Ar = 4-CH;C¢H, (1b, 2b, 3h-n);
3: R = CH,CON(C,Hjs), (a,k); CH,-benzimidazol-2-yl (b); CH,CONHCH,C¢Hj; (c); CH,CONHCH,-4-CH;C¢H, (d);
CH,CONH-3-CIC¢H, (¢); CH,CONH-2-NO,C¢H, (f); CH,CONH-1,3-thiazol-2-yl (g); CH,C¢Hj (h); CH,COC¢Hj (i);
CH,CONH-3-CH;C¢Hy (j); CH,CONH-4-COCH;C¢H, (1); CH,CONH-2-naphthyl (m); CH,CONH, (n)

The IR spectrum of compounds 3a—n revealed the presence of absorption bands
at 3306-3408 cm ™’ assigned to NH group, and a strong absorption band at 2208—
2226 cm ™’ for C=N group.

'H NMR spectrum revealed the presence of signals at & 3.92-4.88 ppm for
SCH, protons. *C NMR spectra of compounds 3a,i,j,| showed signals at & 39.4-42.3
ppm corresponding to the SCH; group. The spectral data confirmed formation of S-
alkyl derivatives [9]. The regioselectivity of this reaction was explained by the
greater polarizability of the sulfur atom compared to the nitrogen atom [10].

The antimicrobial activity of compounds 3a—n was studied by the agar diffusion
assay [11]. Experiments were performed with Gram-positive staphylococci
(Staphylococcus aureus 209P, JC-1) and Gram-negative rods (Shigella dysenteriae
flexneri 6858, Escherichia coli 0-55). The studies showed that compounds
3a,b,f,g,j,k-n had weak activity against all tested microbial strains: the diameters (d)
of growth inhibition zones were 10-15 mm. The indicated compounds were
significantly less active than the reference drug furazolidone (d 24-25 mm) [12].

Neurotropic activity of the newly synthesized triazolopyridine derivatives 3a-n
was studied by indicators characterizing the anticonvulsant activity and side effects.
A study of 14 compounds 3a-n and a reference drug diazepam was carried out on
120 white mice weighing 18-24 g. Anticonvulsant activity of the compounds was
assessed by the prevention of the seizure clonic component induced by subcutaneous
injection of corazole (90 mg/kg) to mice [13]. Unwanted side effects in these
animals, namely the central myorelaxant effect and impaired motor coordination
were examined by the rotating rod method [13].

The compounds under investigation were injected in a dose range of 50 mg/kg
intraperitoneally 45 min before injection of corazole in the form of a suspension
with Tween 80 and ethosuximide — at a dose of 150 mg/kg.

The study of anticonvulsant action revealed that not all synthesized derivatives
had the same anticorazole activity. Thus, compounds 3a, ¢, i, j, | at a dose of 50
mg/kg prevented convulsions only in 20-40% of animals, while ethosuximide
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showed a 50% efficiency only at a dose of 150 mg/kg. Moreover, studies of these
compounds and ethosuximide at the mentioned doses did not reveal the muscle
relaxation phenomena.

Experimental Section

All chemicals, reagents, and solvents were of commercially high purity grade
purchased from Sigma-Aldrich. Melting points (mp) were determined on a
“Boetius™ microtable. They are expressed in degree centigrade (°C). "H NMR and
3C NMR spectra were recorded on a Varian “Mercury 300V X” 300 (*H) and 75.462
MHz (*3C) spectrometer. Chemical shifts were reported as & (parts per million)
relative to TMS (tetramethylsilane) as an internal standard. IR spectra were recorded
on “Nicolet Avatar 330 FT-IR” spectrophotometer and the reported wave numbers
are given in cm™. TLC analyses were performed on “Silufol UV-254" plates using
pyridine—ethyl acetate, 2:1 (2), butanol-acetic acid—water, 4:2:5 (3) as eluent; spots
were developed with iodine vapor.

General procedure for the synthesis of 3-thioxopyrano[3,4-c][1,2,4]-
triazolo[4,3-a]- pyridines 2a,b. Compounds 1a,b 4.5 mmol and 5ml of CS, were
added to a solution of 0.3 g (5.4 mmol) of KOH in 50 ml of methanol. The mixture
was refluxed for 5 h. After cooling, the obtained solution was acidified with 10%
HCI, the formed crystals were filtered and recrystallized from 1:1 mixture of EtOH-
CHCI;. The spectral data of compounds 2a,b corresponded to data in reference [8].

5-Anilino-8,8-dimethyl-3-thioxo-2,3,7,10-tetrahydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (2a). Yield 1.42 g (90%), mp 259-
260°C.

8,8-Dimethyl-5-(4-methylphenyl)amino-3-thioxo2,3,7,10-tetrahydro-8H-
pyrano[3,4-c]- [1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (2b). Yield 1.50 g
(91%), mp 238-239°C.

General procedure for alkylation of pyranotriazolothiones 3a-n. The
appropriate 2 mmol of compounds 2a,b was added to a solution of 112 mg (2 mmol)
of KOH in a mixture of 2 ml of H,O and 12 ml of EtOH. After complete dissolution,
the appropriate 2 mmol of alkyl halide was added with cooling, and the reaction
mixture was stirred for 6 h at room temperature. The obtained crystals were filtered
off, washed with H,O, dried, and recrystallized from a 2:1 mixture of EtOH-CHCl;.

2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N,N-diethylacetamide (3a). Yield
0.75 g (81%), mp 228-229°C, R; 0.60. IR spectrum, v, cm™: 1675 (C=0), 2226 (CN),
3306 (NH). "H NMR spectrum, 8, ppm, MHz: 1.08 t (3H, J = 7.1, CH3); 1.19 t (3H,
J=7.1, CH,); 1.35 s (6H, 2xCH3); 2.63 s (2H, 7-CH,); 3.34 q (2H, J = 7.1, NCH,);
3.39q (2H, J = 7.1, NCH,); 4.24 s (2H, SCH,); 4.86 s (2H, 10-CH,); 6.97-7.03 m
(3H, Hp,); 7.26-7.32 m (2H, Ha,); 10.05 s (1H, 5-NH). **C NMR spectrum, &, ppm,
MHz: 12.5 (CH3), 13.7 (CHs), 25.9 (2CHs3), 39.4 (CH,), 39.8 (CH,), 40.2 (CHy),
41.6 (SCH,), 57.8 (OCH,), 69.8, 90.6 (C-6), 113.1 (CN), 115.4, 117.9 (2CH), 122.0
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(CH), 128.6 (2CH), 132.0, 140.6, 141.5, 142.0, 148.3, 166.2 (CO). Found, %: C
62.13; H 6.03; N 18.23; S 6.78. Cy4H2sN¢O,S. Calculated, %: C 62.05; H 6.07; N
18.09; S 6.90.
5-Anilino-3-[(1H-benzimidazol-2-ylmethyl)thio]-8,8-dimethyl-7,10-
dihydro-8H-pyrano- [3,4-c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile  (3b).
Yield 0.76 g (79%), mp 204-206°C, R; 0.62. IR spectrum, v, cm™: 2210 (CN), 3325,
3408 (NH). 'H NMR spectrum, 8, ppm, MHz: 1.34 s (6H, 2xCHs); 2.62 t (2H, J =
1.8, 7-CHy); 4.65 s (2H, SCH,); 4.84 t (2H, J = 1.8, 10-CH,); 6.94-7.00 m (3H, Ha);
7.08-7.13 m (2H, Hap); 7.22-7.30 m (2H, Ha); 7.42-7.48 m (2H, Ha,); 10.34 brs
(1H, NH); 12.19 br.s (1H, 5-NH). Found, %: C 64.97; H 4.85; N 20.43; S 6.54.
Cy6H23N-;OS. Calculated, %: C 64.85; H 4.81; N 20.36; S 6.66.
2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]- pyridin-3-yD)thio]-N-benzylacetamide (3c). Yield 0.76 g
(76%), mp 209-210 °C, R; 0.62. IR spectrum, v, cm™: 1670 (CO), 2212 (CN), 3325,
3367 (NH), "H NMR spectrum, §, ppm, MHz: 1.36 s (6H, 2xCHa); 2.65 s (2H, 7-
CHy); 3.99 s (2H, SCH,); 4.29 d (2H, J = 5.8, NHCHy); 4.86 s (2H, 10-CHy); 6.97-
7.03 m (3H, Hap); 7.11-7.32 m (7H, Hy,); 8.66 t (1H, J = 5.8, NH); 9.76 s (1H, 5-
NH). Found, %: C 64.97; H 5.33; N 16.92; S 6.34. C,;H2sN¢O,S. Calculated, %: C
65.04; H 5.26; N 16.86; S 6.43.
2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-(4-methylphenyl)acetamide (3d).
Yield 0.82 g (82%), mp 231-232°C, R¢ 0.58. IR spectrum, v, cm™: 1666 (CO), 2208
(CN), 3327, 3372 (NH). 'H NMR spectrum, 5, ppm: 1.34 s (6H, 2xCHj); 2.29 s (3H,
CHj3); 2.61 s (2H, 7-CH,); 4.14 s (2H, SCHy); 4.84 s (2H, 10-CH,); 6.94-7.00 m
(2H, Hay); 7.00-7.05 m (3H, Hp); 7.24-7.31 m (2H, Hpay); 7.38-7.42 m (2H, Ha);
9.62 s (1H, NH); 10.07 s (1H, 5-NH). Found, %: C 64.97; H 5.33; N 16.92; S 6.34.
C,7H26N60,S. Calculated, %: C 65.04; H 5.26; N 16.86; S 6.43.
2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-(3-chlorophenyl)acetamide (3e).
Yield 0.80 g (77%), mp 217-218°C, R; 0.61. IR spectrum, v, cm™: 1668 (CO), 2208
(CN), 3325, 3372 (NH). *H NMR spectrum, &, ppm, MHz: 1.35 s (6H, 2xCHs); 2.63
t(2H,J=1.9, 7-CH,); 4.16 s (2H, SCH,); 4.84t (2H, J = 1.9, 10-CH,); 6.91-7.00 m
(4H, Ha); 7.21t (1H, J=8.2, Hpp); 7.23-7.30 m (2H, Hay); 7.42 dd (1H, J=8.2, 2.1,
Har); 7.69 t (1H, J = 2.1, Hap); 9.47 brs (1H, NH); 10.35 brs (1H, 5-NH). Found, %:
C 60.28; H 4.54; N 16.23; S 6.09. C»H,3CINgO,S. Calculated, %: C 60.17; H 4.47;
N 16.19; S 6.18.
2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]pyridin-3-yl)thio]-N-(2-nitrophenyl)acetamide (3f). Yield
0.81 g (76%), mp 245-247°C, R; 0.64. IR spectrum, v, em™: 1350, 1540 (NOy), 1665
(CO), 2210 (CN), 3328, 3367 (NH). "H NMR spectrum, 8, ppm, MHz: 1.35 s (6H,
2xCHa); 2.63 s (2H, 7-CH,); 4.22 s (2H, SCHy); 4.84 s (2H, 10-CH,); 6.88-6.99 m
(BH, Hap); 7.21-7.33 m (3H, Hp,); 7.63 t.d (1H, J =8.3, 1.4, Ha); 7.98 dd (1H, J =
8.3, 1.4, Hp); 8.05dd (1H, J = 8.3, 1.1, Hp); 9.37 brs (1H, NH); 10.67 brs (1H, 5-
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NH). Found, %: C 58.85; H 4.41; N 18.44; S 6.13. CxH23N;0,S. Calculated, %: C
58.97; H 4.38; N 18.51; S 6.06.
2-[(5-Anilino-6-cyano-8,8-dimethyl-7,10-dihydro-8H-pyrano[3,4-
c][1,2,4]triazolo[4,3-a]- pyridin-3-yl)thio]-N-1,3-thiazol-2-ylacetamide  (3Q).
Yield 0.78 g (79%), mp 262-263°C, R; 0.59. IR spectrum, v, cm™: 1672 (CO), 2210
(CN), 3329, 3377 (NH). *H NMR spectrum, &, ppm, MHz: 1.35 s (6H, 2xCH,); 2.63
t (2H, J = 1.8, 7-CH,); 4.21 s (2H, SCH,); 4.84t (2H, J = 1.8, 10-CH,); 6.90-6.97 m
(3H, Hap); 6.99 d (1H, J = 3.5, SCH); 7.22-7.29 m (2H, Hpy); 7.37 dd (1H, J = 3.5,
NCH); 9.37 brs (1H, NH); 12.29 brs (1H, 5-NH). Found, %: C 56.30; H 4.28; N
19.99; S 12.91. Cy3H,1N;0,S,. Calculated, %: C 56.19; H 4.31; N 19.94; S 13.05.
3-(Benzylthio)-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-
pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (3h). Yield 0.69 g
(76%), mp 219-220°C, R; 0.61.IR spectrum, v, cm™: 2210 (CN), 3327 (NH). 'H
NMR spectrum, 8, ppm, MHz: 1.34 s (6H, 2xCH3); 2.32 s (3H, CHj3); 2.60 t (2H, J =
1.7, 7-CH,); 4.40 s (2H, SCH,); 4.84 t (2H, J = 1.7, 10-CH,); 6.70-6.75 m (2H, Hp);
7.01-7.06 m (2H, Hay); 7.18-7.27 m (5H, Ha,); 8.98 brs (1H, 5-NH). Found, %: C
68.61; H 5.58; N 15.48; S 6.89. C,sHysNsOS. Calculated, %: C 68.55; H 5.53; N
15.37; S 7.04.
8,8-Dimethyl-5-[(4-methylphenyl)amino]-3-[(2-oxo-2-phenylethyl)thio]-
7,10-dihydro-8H-pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridine-6-carbonitrile (3i).
Yield 0.77 g (80%), mp 201-202°C, R; 0.66. IR spectrum, v, cm™: 1685 (CO), 2210
(CN), 3322 (NH). '"H NMR spectrum, &, ppm: 1.35 s (6H, 2xCHs); 2.32 s (3H,
CHjy); 2.62 s (2H, 7-CH,); 4.83 s (2H, 10-CHy); 4.88 s (2H, SCH,); 6.83-6.88 m
(2H, Hpp); 7.04-7.09 m (2H, Hap); 7.46-7.52 m (2H, Ha,); 7.57-7.64 m (1H, Hp);
7.98-8.03 m (2H, Hp); 9.30 s (1H, NH). **C NMR spectrum, 8, ppm: 20.3 (CHs),
25.9 (2CHj3), 36.4 (CH,), 42.3 (SCH,), 57.8 (OCH,), 69.8, 91.8 (C-6), 113.1(CN),
116.1, 117.9 (2CH), 128.0 (2CH), 128.1 (2CH), 129.3 (2CH), 131.0 (CH), 131.6,
133.0, 135.1, 138.9, 141.8, 142.2, 148.4, 192.6 (CO). Found, %: C 67.15; H 5.28; N
14.54; S 6.49. C»7H,5Ns0O,S. Calculated, %: C 67.06; H 5.21; N 14.48; S 6.63.
2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-
pyrano[3,4-c]-[1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)-N-(3-methylphenyl)acetamide
(3j). Yield 0.83 g (81%), mp 220-222°C, R 0.60. IR spectrum, v, cm™: 1666 (CO),
2209 (CN), 3325, 3371 (NH). 'H NMR spectrum, 8, ppm: 1.34 s (6H, 2xCHj); 2.32
s (3H, CHjy); 2.33 s (3H, CH3); 2.61 s (2H, 7-CHy); 4.14 s (2H, SCHy); 4.83 s (2H,
10-CHy); 6.78-6.83 m (1H, Hpy); 6.88-6.93 m (2H, Hay); 7.06-7.13 m (3H, Ha);
7.28-7.35 m (2H, Ha); 952 brs (1H, NH); 10.06 brs (1H, 5-NH).
B3C NMR spectrum, 8, ppm: 20.3 (CHs), 21.0 (CH3), 25.9 (2CH,), 36.4 (CH,), 39.8
(SCHy), 57.7 (OCHy), 69.8, 90.4 (C-6), 113.0 (CN), 115.2, 116.2 (CH), 118.4
(2CH), 119.5 (CH), 123.7 (CH), 127.8 (CH), 129.2 (2CH), 131.3, 132.1, 137.3,
138.1, 138.2, 141.9, 142.0, 148.4, 165.3 (CO). Found, %: C 65.43; H 5.47; N 16.51;
S 6.34. CygH2N0,S. Calculated, %: C 65.60; H 5.51; N 16.39; S 6.26.
2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-
pyrano[3,4-c]-[1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)-N,N-diethylacetamide (3k).
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Yield 0.75 g (78%), mp 208-209°C, R; 0.65. IR spectrum, v, cm™: 1675 (C=0), 2225
(CN), 3308 (NH). 'H NMR spectrum, 8, ppm, MHz: 1.08 t (3H, J = 7.1, CH,CHj);
1.19t (3H, J = 7.1, CH,CHjy); 1.34 s (6H, 2xCHj3); 2.35 s (3H, CH3); 2.61 s (2H, 7-
CH,); 3.34 q (2H, J = 7.1, NCH,); 3.38 q (2H, J = 7.1, NCH,); 4.23 s (2H, SCH));
4.83 s (2H, 10-CHy); 6.92-6.97 m (2H, Hpy); 7.08-7.13 m (2H, Ha,); 10.07 brs (1H,
5-NH). Found, %: C 62.83; H 6.25; N 17.71; S 6.59. C,5H3,NO,S. Calculated, %: C
62.74; H 6.32; N 17.56; S 6.70.
N-(4-Acetylphenyl)-2-({6-cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-
7,10-dihydro-8H-pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)acetamide
(31). Yield 0.83 g (77%), mp 207-208°C, R; 0.62. IR spectrum, v, cm™: 1665, 1710
(CO), 2208 (CN), 3325, 3373 (NH). 'H NMR spectrum, 8, ppm: 1.34 s (6H,
2xCHjz); 2.33 s (3H, CH3); 2.51 s (3H, COCHy); 2.60 s (2H, 7-CH,); 4.18 s (2H,
SCH,); 4.82 s (2H, 10-CH,); 6.85-6.91 m (2H, Hp,); 7.04-7.11 m (2H, Hp,); 7.64-
7.69 m (2H, Ha); 7.82-7.87 m (2H, Hy,); 9.42 brs (1H, NH); 10.50 brs (1H, 5-NH).
B3C NMR spectrum, 8, ppm: 20.3 (CH3), 25.7 (CH3), 25.9 (2CHs), 36.4 (CH,), 39.4
(SCHy), 57.7 (OCHy), 69.8, 91.2 (C-6), 113.0 (CN), 115.6, 118.1 (2CH), 118.2
(2CH), 128.8 (2CH), 129.2 (2CH), 131.2, 131.8, 131.9, 138.5, 141.8, 142.1, 1425,
148.4, 165.9, 194.6 (CO). Found, %: C 64.56; H 5.18; N 15.62; S 5.81.
Cy9HgNgO5S. Calculated, %: C 64.43; H 5.22; N 15.54; S 5.93.
2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-
pyrano[3,4-c][1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)-N-2-naphthylacetamide
(3m). Yield 0.82 g (75%), mp 249-250°C, R 0.65. IR spectrum, v, cm™: 1670 (CO),
2208 (CN), 3323, 3370 (NH). *H NMR spectrum, 8, ppm, MHz: 1.34 s (6H, 2xCHa);
2.32 s (3H, CHg); 2.60 brs (2H, 7-CHy); 4.31 s (2H, SCH,); 4.86 brs (2H, 10-CH,);
6.84-6.89 m (2H, Hp,); 7.03-7.08 m (2H, Hp,); 7.40-7.50 m (3H, Ha); 7.66 brd (1H,
J=8.1, Hp); 7.76 brd (1H, J = 7.5, Hp,); 7.79-7.85 m (1H, Hp,); 8.00-8.06 m (1H,
Har); 9.48 brs (1H, NH); 10.20 brs (1H, 5-NH). Found, %: C 67.95; H 5.19; N
15.21; S 5.92. C3;H»3sNgO,S. Calculated, %: C 67.86; H 5.14; N 15.32; S 5.84.
2-({6-Cyano-8,8-dimethyl-5-[(4-methylphenyl)amino]-7,10-dihydro-8H-
pyrano[3,4-c]- [1,2,4]triazolo[4,3-a]pyridin-3-yl}thio)acetamide (3n). Yield 0.69
g (82%), mp 250-252°C, R; 0.67. IR-spectrum, v, cm™: 1675 (CO), 2210 (CN), 3325
(NH), 3370, 3424 (NH,). "H NMR spectrum, 8, ppm, MHz: 1.34 s (6H, 2xCHa);
2.34's (3H, CHy); 2.60t (2H, J = 1.8, 7-CH,); 3.92 s (2H, SCH,); 4.83t (2H, J= 1.8,
10-CHy); 6.91-6.96 m (2H, Hay); 7.07-7.12 m (2H, Ha); 7.15 brs (1H, NH,); 7.61
brs (1H, NH); 9.87 brs (1H, 5-NH). Found, %: C 59.81; H 5.20;
N 19.97; S 7.50. C,;H,,NgO,S. Calculated, %: C 59.70; H 5.25; N 19.89; S 7.59.
This work was supported by the RA MES State Commitee of Science in the
frames of research project Ne18T-1D066
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Pa3paboTaH HOBBII METOI TIONYYEHHUS IPOU3BOIHBIX 3-THOKCOMUpaHO[3,4-
c][1,2,4]rpuazono[4,3-a]uupuMHOB B3auMOJeCTBUEM §-THApa3uHOnUpano|3,4-Clmu-
PUANHOB C CEPOYIIIEPOAOM B MPUCYTCTBHUH METAHOJIBHOTO PacTBOPa THAPOKCHIA KaTUs.
HoBpIil MeTO TO3BONHI HCKIIOYHTH U3 PEAKIHOHHOW CpeIbl MUPUAWH W yBEIHMYUTH
CKOPOCTh HUKJIM3aIMu. ANKuiupoBaHueM 3-trokconupano|3,4-c][1,2,4]rpuazomno[4,3-
a|IUPUINHOB C Pa3IMIHBIME AJKUITAJOTCHUIAMH CHHTE3UPOBAHBI IPOM3BOJHBIC S-all-
kunmmpano|3,4-c][1,2,4]tpuazono[4,3-a|mupunrHoB. M3ydeHa aHTUMUKpOOHas W HEH-
pOTpOIHAsl aKTUBHOCTb CUHTE3UPOBAHHBIX CcOoequHEHMH. MccnenoBanus moka3aiu, YTo
HEKOTOpbIE MPOU3BOJHBIE HOBOM IeTEPOLUKINYECKON CHCTEMBI OKa3bIBaIOT aHTUMUK-
poOHOE U HEHPOTPOITHOE EHCTBHE.
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A method for the synthesis of a-bis-alkyl substituted derivatives of glycine by means of C-
alkylation of the amino acid moiety of Ni"-complex of Schiff base of glycine with a chiral auxiliary
reagent (S)-2-N-[N’-(benzylprolyl)amino]benzophenone (BPB) by propargyl-, allyl-, 2-bromobenzyl-
and 4-fluorobenzyl bromides under conditions of base catalysis has been developed.

Tables 2, references 15.

a-Amino acids of non-protein origin, as irreversible inhibitors of enzymes with
high specificity and duration of action, are widely used in medicine, pharmaceutical
chemistry, microbiology and other fields of science and technology [1-4]. In a series
of non-proteinogenic amino acids, a-alkyl substituted a-amino acids that have strong
antihypertensive, antiseptic and antitumor activities [5-8] are of certain interest.
Among them halogen-containing aromatic ring derivatives of phenylalanine and its
a-alkylated analogs occupy a special place [9, 10]. Amino acids containing
unsaturated groups (acetylene, allyl, etc.) in the side radical [11, 12] can have
important pharmacological properties. There is a limited number of acetylenic amino
acids, mainly isolated from fungal cells, which have an inhibitory effect on many
enzymes [7]. For example, (S)-2-aminobut-3-ynic acid (propargylglycine) isolated
from the fungi Steroptpmyces catenula, inhibits the action of Saccharomyces
cerevisiae and Esherichia coli cells; it is an inhibitor of amylase synthesis, an
activator of pyridoxalphosphate-dependent enzymes [8] and is a component of
antibiotic FR 900130 [9].

Earlier, to obtain a-substituted a-amino acids, the unique properties of square-
planar Ni" complexes of Schiff base of amino acids and chiral auxiliary (S)-2-N-[N’-
(benzylprolyl)amino] benzophenone (BPB) were used. Due to high CH-acidity of

541


mailto:zmardiyan89@gmail.com

the a-carbon atom of the amino acid moiety of these complexes, its C-alkylation by
alkyl halides resulted in the asymmetric syntheses of a wide range of a-
monosubstituted a-amino acids (glycine, alanine, etc.) containing different alkyl
substituents in the side radical [13].

This paper reports on the synthesis of achiral a,a-disubsituted glycine analogs
with the propargyl, allyl, 2-bromobenzyl, 2-fluorobenzyl and 3-fluorobenzyl groups
in the a-position, by bis-alkylation of the glycine moiety of the Ni" complex of its
Schiff base with chiral auxiliary (S)-BPB (Scheme). To obtain achiral bis-alkylated
glycine derivatives, the reactions of both stepwise monoalkylation of the amino acid
moiety of complexes 1 and 2 (a-€) (path A), and direct bis-alkylation of the glycine
moiety of complex 1 (path B) were studied.

Scheme
S: ) O C
H @ mR
[>N-- N1 ~~~~~ | [>N- NN1
rr “ Ee froo
2 (a-e)

Ni'-(S)-BPB-Gly (1)
rx|(®) o A |rx
’ oS ’
=

3 (a-e) i. DMF, NaOH, 25-30°C; Ar

(S)-BPB x HCI  ii. 2N HCI/ CH3;0H, T=50°C
iii. Ky2x8 H' / 5%NH,OH

fi itii. C;HsOH / HyO

H
NH> i R = -CH,-C=CH (a), -CH,-CH=CH, (b),
R/&coou

k 0 A

4 (a-e)

Complexes 2(a-e) were obtained from complex 1 according to the previously
developed procedure [12,14]. Propargyl bromide (a), allyl bromide (b), 2-
bromobenzyl bromide (c), 2-fluorobenzyl chloride (d) and 3-fluorobenzyl bromide
(e) were used as alkylating agents.

The alkylation reactions were tested in DMF/KOH, DMF/NaOH,
CH,CI,/NaOH, THF/NaOH and CH;CN/NaOH at both room temperature and under
heating to 55°C. To define the optimal conditions for alkylation on the example of
propargyl bromide condensation (a) to complex 1, different stoichiometric ratios of
the substrate, alkylated reagent and base were studied. Investigations have shown
that the optimal conditions for the alkylation reaction of complex 1 are: DMF as a
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medium, NaOH
1/base/alkylating agent = 1/3/1.5 (see Table 1, exp. 9).

— as a base,

room temperature,

the

ratio of complex

Table 1
Results of alkylating complex 1 by propargyl bromide (a) under different
conditions*
No. Quantity Medium Base Reaction T | Chemical
Br-CH,- (equiv.) time °C yield
C=CH(equiv.) (min.) (%) **

1 1.2 CH3CN | NaOH (3) 120 60 <20

2 3 CH3;CN | NaOH (5) 120 20 <20

3 1.2 CH5CN KOH (3) 60 60 <20

4 1.2 CH5CN KOH (5) 60 20 <20

5 1.2 CH,CI, | NaOH (5) 120 20 25

6 1.2 CH,Cl, | NaOH (3) 45 40 25

7 15 DMF KOH (3) 70 20 42

8 1.2 DMF NaOH (3) 30 60 55

9 1.2 DMF NaOH (3) 60 20 92

10 1.2 DMF NaOH (5) 60 20 62
11 1.2 DMF KOH (3) 60 20 74
12 1.2 THF NaOH (3) 100 20 <20
13 1.2 THF NaOH (5) 60 60 <20
14 1.2 THF KOH (5) 70 60 <20

“The reactions were carried out in the argon atmosphere, ~"chemical yield is
based on the TLC data and the isolated quantity of the alkylated complex (after
crystallization from methanol)

The course of the alkylation reaction was monitored by TLC [SiO,,
C,HsCOOCH,/CH3COCH3(3/1)]. For quantitative assessment of the alkylation
reaction, the TLC data were used, and for more successful TLC-based reactions,
chemical yields were determined on the basis of the amount of isolated alkylated
complexes after crystallization from methanol (Table 1, exp. 7-11).

A quantitative characteristic of the C-alkylation reaction of the amino acid
moiety of complexes 1 and 2 (a-€) is shown in Table 2.

543



Table 2

The results of alkylation of complexes by different alkyl halides
in DMF in the presence of NaOH at room temperature*

No. Alkyl halide Chem. yield of bis-alkylated complexes (%)
Bis-alkylated Path A Path B
complexes *x
1 HC==C—CHBr (3 3a 83 (92) 45
)
2 H,C==CH—CH_Br ( 3b 80 (89) 48
b)
3 QCHZBF 3c 73 (82) 44
Br (C)
4 Q CHyBr 3d 68 (76) 46
F (d)
5 Qﬁ 3e 72 (84) 48
CH,Br
F (e
)

“Chemical yield of bis-alkylated complexes based on the initial amount of the glycine
complex (1), ** in parenthesis is the chemical yield of bis-alkylated complexes 3(a-e)
after crystallization based on the amount of complexes 2(a-e) (path A, stage 2).

Both the stepwise alkylation of the amino acid moiety of complexes 1 and 2 (a-
e) (path A) and the direct bis-alkylation of complex 1 (path B) were conducted
under specially selected optimal conditions for the alkylation reaction (See Table 1,
exp. 9). However, in the case of direct bis-alkylation of the glycine complex, the
alkylating agent and the base were taken in about double excess.

As follows from the data of Table 2, for almost all alkylating agents, bis-
alkylation of glycine complex 1 proceeds most quantitatively with the method of
two-step alkylation (path A) than in the case of the direct bis-alkylation of the
glycine complex (path B). In the case of using the method of direct bis-alkylation of
the glycine moiety of complex 1, up to 30% of a side fraction, less mobile on the
SiO,, is formed with an unusual for these complexes dark color (oxidation products).
Similar was also observed earlier in the study of the reaction of bis-alkylation of
complex 1 by methyl iodide [14].

The main o,a-dialkyl-substituted 3(a-e) complexes with a relatively large R¢
value on the SiO, were isolated from the reaction mixture by crystallization from
methanol and characterized by physicochemical analysis methods (see Experimental
Part).
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To isolate the target a,a—bis-alkylated glycine analogs, preparative experiments
using the two-step stepwise alkylation method (path A) were carried out and the
samples of 3(a-e) complexes were obtained. Decomposition of 3(a-€) complexes and
isolation of the target a,a—dialkyl-substituted glycine derivatives 4(a-e) were carried
out according to a standard procedure [15]. The structures of the synthesized new
achiral analogs of glycine were investigated and established by spectral analysis
methods (see Experimental Part).

Thus, an efficient method for obtaining achiral o,a-bis-alkylated analogs of
glycine by C-alkylation of glycine in the chiral Ni" complex of its Schiff base with
(S)-BPB by alkyl halides has been developed. For the first time the following
complexes were synthesized - o, a-dipropargyl glycine (4a), a.,o-diallylglycine (4b),
o, a-di-(2-bromobenzyl)glycine (4c),a,a-di-(2-fluorobenzyl)glycine (4d) and o,o-
di-(3-fluorobenzyl)glycine (4e). The presence of acetylene, allyl and aromatic
groups in the side radical of the synthesized amino acids allows makes it possible to
use them as initial synthons in the reactions of Suzuki, Heck, Sonogashira to obtain
more complex unsaturated amino acids.

The preliminary medicobiological screening of the obtained samples proves that
the synthesized amino acids can serve as potential enzyme inhibitors of the amylase
class.

Experimental Part

'H NMR and *C NMR spectra were recorded on a “Mercury-300 Varian” (300
MH?z), the melting point was measured on a “StuartSMP3” device. Amino acids and
other chemical reagents produced by “Aldrich” and “Reachim” were used in the
work.

Complex Ni"-(S)-BPB-Gly (1) was obtained according to [15], and
monoalkylated complexes 2(a-e) were synthesized according to [13].

General procedure of monoalkylation of complexes 2(a-e) (Path A). To 10 g
(0.018 mol) of complex 2a in 50 ml of DMF were added at room temperature 2.2 g
(0.055 mol) of NaOH and 1.9 ml (0.22 mol) of propargyl bromide (a). The reaction
mixture was stirred for 1-1.5 h at room under argon atmosphere. The course of the
reaction was monitored by TCL [SiO,, CH3;COOEt/CH3;COCH3(3/1)] following the
disappearance of the traces of initial complex 2. Upon completion of the reaction,
the mixture was neutralized with CH3;COOH, 100 ml of water was added and the
alkylated product was precipitated from water. The obtained complex 3a was
crystallized from methanol.

Bis-alkylation of complex 1 (Path B). The direct bis-alkylation of the glycine
moiety of complex 1 was carried out according to the afore-mentioned procedure for
monoalkylation of complexes 2(a-e) with the difference that the base and alkylating
agents were taken in a 5-6-fold excess with respect to complex 1, and the reaction
mixture was stirred for 2-3 h. The results are given in Table 2.
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Complex 3a. Yield 90%, mp 217-218 °C. 'H NMR (300 MHz, CDCly): & =
1.99-2.11 (m, 2 H, y-Ha Pro); 2.12 (dd, 1 H, J=17.2, J=2.7, CH,C=); 2.20 (dd, 1 H,
J=17.2, J=2.5, CH, C=); 2.38 (1,1 H, J=2.5, =CH); 2.46-2.65 (m, 2 H, B-CH,Pro);
2.61 (t, 1 H, J=2.7, =CH); 2.67 (dd, 1 H, J=17.0, J=2.7 CH, C=); 2.73 (dd, 1 H,
J=17.2, J=2.5 CH, C=); 3.40 (dd, 1 H, J=10.7, J=5.9 a-HPro); 3.50 (d, 1 H, J=
12.5, CH,Ph); 3.46-3.59 (m, 1 H, 8-HyPro); 3.71-3.78 (m, 3-CH,Pro); 4.47 (d, 1 H,
J=12.5, CH,Ph); 6.57-6.65 (m, 2 H, H-3,4, CsH,), 7.09 (ddd, 1 H, J=8.6, J=4.8,
J=3.7, H-5 CgHy); 7.17-7.26 (m, 2 H, H-Ar); 7.33-7.45 (m, 3 H, H-Ar); 7.48-7.55
(m, 2 H, H-Ar); 7.67-7.73 (m, 1 H, H-Ar); 7.90 (d, 1 H, J=8.6, H-Ar); 8.37-8.41 (m,
2 H, H-Ar); °C NMR (75 MHz, CDCls): & = 23.2 (y- CH,Pro); 29.2 (CH,); 30.9 (B-
CH_Pro); 31.9 (CHy); 58.3 (3-CHj, Pro); 64.5_(CH,Ph); 70.8 (a-CHPro); 77.1 (Cq);
79.1 (=CH), 79.7 (CH, C=); 120.7 (C-4 C¢H,); 124.3 (CH-6 CgHy); 127.5, 127.7,
128.1, 128.3, 128.8 (CH-Ar); 128.9 (3,3’-CHPh); 129.0, 130.0, 131.7 (CH-Ar);
131.8 (2,2-CHPh); 133.4, 134.4, 136.3, 142.1 (C); 172.8 (C=N-), 180.6, 180.8
(C=0).

Complex 3b Yield 87%, mp 203-204 °C. 'H NMR (300 MHz, CDCly): § =
1.96-2.12 (m, 2 H, y-Ha Pro); 2.19 (ddt, 1 H, J=14.5, J=6.6, J=1.2, CH, CH=CH,);
2.33-2.54 (m, 4 H, CH, CH=CH, i B-H,Pro); 2.62-2.73 (m, 1 H, p-H,Pro); 3.25-3.42
(m, 1 H, y-Hy,Pro); 3.40 (dd, 1 H, J=10.7, J=5.9 a-HPro); 3.58 (d, 1 H, J= 12.5,
CH,Ph); 3.65-3.72 (m, 1 H, 8-HyPro); 4.38 (d, 1 H, J=12.5, CH,Ph); 5.24(ddt, 1 H,
J=17.2, J=1.6, J=1.3, =CH,); 5.31 (ddt, 1 H, J=10.5, J=1.6, J=1.3, =CH,); 5.38 (ddt,
1 H,J=17.1, J=1.6, J=1.3, =CH,); 5.49 (ddt, 1 H, J=10.3, J=1.6, J=1.2, =CH,); 5.80
(ddt, 1 H, J=17.1, J=10.5, J=6.6, =CH); 6.62 (ddt, 1 H, J=17.2, J=10.3, J=6.6,
=CH); 6.57-6.63 (m, 2 H, H-3.4, CgHy), 7.05-7.09 (m, 1 H, H-Ar); 7.11 (ddd, 1 H,
J=8.7, J=5.5, J=3.0, CeHy); 7.22-7.28 (m, 1 H, H-Ar); 7.37-7.54 (m, 6 H, H-Ar);
7.95 (d, 1 H, J=8.7, H-Ar); 8.16-8.21 (m, 2 H, H-Ar); **C NMR (75 MHz, CDCl): &
= 23.3 (y- CH,Pro); 30.9 (B- CH,Pro); 42.5, 44.2 (CH, CH=CHy); 57.8 (8-CH, Pro);
64.2_(CH,Ph); 70.9 (a-CHPro); 81.7_(C-Alyl,), 119.0, 119.7 (=CH,); 120.7 (C-4
CeH.); 124.3 (CH-6 CgH,); 127.2, 127.9 128.0, 128.6, 128.7 (CH-Ar); 129.0 (3,3’-
CHPh); 129.1, 129.8, 131.6(CH-Ar); 131.7 (2,2°-CHPh); 132.4, 132.7, 133.2 (CH-
Ar); 134.3, 136.8, 141.9, (C); 172.8 (C=N-), 180.6, 180.8 (C=0).

Complex 3c. Yield 78%, mp 231-232 °C. *H NMR (300 MHz, CDCly): & =
1.68-1.79 (m, 1 H, y-Ha Pro); 2.01-2.13 (m, 1 H, 5-HPro); 2.25-2.46 (m, 3 H, y-Hs
u B-Ha, Pro); 2.44 (d, 1 H, J=18.0, CH, CsH4Br); 3.20 (d, 1 H, J=18.0, CH,
CeH.Br); 3.22-3.28 (m, 1 H, 8-HPro); 3.39 (d, 1 H, J=14.4, CH, C¢H,Br);3.41 (dd, 1
H, J=9.0, J=7.2, 0-CHPro); 3.49 (d, 1 H, J=12.6, CH,Ph); 3.72 (d, 1 H, J=14.4, CH,
CeH.Br); 4.39 (d, 1 H, J=12.6,CH,Ph); 6.33 (d, 1H, J=7.8, C¢Hs ); 6.43-6.55 (m, 2
H, H-3.4, CgHy), 7.04-7.18 (m, 3H, H-Ar); 7.20-7.29 (m, 3H, H-Ar); 7.33-7.51 (m, 6
H, H-Ar); 7.56-7.64 (m, 2 H, H-Ar); 7.70-7.76 (m, 2 H, H-Ar); 8.04-8.16 (m, 3 H,
H-Ar). *C NMR (75 MHz, CDCly): § = 23.4 (y- CH,Pro); 30.9 (B- CH.,Pro); 46.5
(CH, CgH,Br); 47.2 (CH, CgH,Br); 58.1 (8-CH,, Pro); 64.1 (CH,Ph); 70.5 (a-CPro);
80.9_(C-CH, CgH4Br), 120.5 (C-4 CgHy); 123.9 (CH-6 CgH,); 125.8, 126.5126.7,
127.3, 127.6 (CH-Ar); 127.8 (3,3’-CHPh); 127.9, 128.0, 128.2, 129.0, 129.6 (CH-
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Ar);131.6 (2,2’-CHPh); 131.9, 133.2, 133.6, 133.7, 133.8 (CH-Ar); 133.9, 136.3,
136.4, 137.4, 1425 (C); 172.6 (C=N-); 178.0, 180.3 (C=0).

Complex 3d. Yield 72%, mp 227-228 °C. 'H NMR (300 MHz, CDCl,): & =
1.57-1.72 (m, 1 H, y-Ha Pro); 2.01-2.32 (m, 4 H, 3-H, y-Hs u B-Ha, Pro); 2.53 (d, 1
H, J=17.7, CH, C¢H4F); 3.02 (d, 1 H, J=14.6, CH, CgH4F); 3.18 (d, 1 H, J=17.7,
CH; CgH4F); 3.19-3.28 (m, 1 H, 8-HPro); 3.33 (dd, 1 H, J=9.3, J=7.4, a-CHPro);
3.40 (d, 1 H, J=14.6, CH, C¢H,F); 3.43 (d, 1 H, J=12.6, CH,Ph);4.36 (d, 1 H,
J=12.6,CH,Ph); 6.50 (dd, 1 H, J=85J=21 C¢H, ); 653 (ddd, 1 H,
J=8.5,0=6.4,J=1.1 C¢H,); 6.64 (dt, 1 H, J=7.8,J=1.4 C¢H, ); 7.03-7.11 (m, 2 H, H-
3.4, H-Ar); 7.16-7.25 (m, 4 H, H-Ar); 7.28-7.53 (m, 8 H, H-Ar); 7.72-7.79 (m, 1 H,
H-Ar); 7.83 (td, 1 H, J=7.6, J=1.6 H-Ar); 7.99-8.06 (m, 3 H, H-Ar). *C NMR (75
MHz, CDCls): 8 = 23.1 (y- CH,Pro); 30.8 (B- CH,Pro); 39.5 (CH, C¢H4F); 40.6 (CH,
CeH4F); 58.0 (3-CH,, Pro); 63.9_(CH,Ph); 700 (a-CHPro); 79.8_(C-CH, CgH4F),
1152 (d, J=22.1C¢H.F); 115.9 (d, J=23.0C¢H.F); 120.4 (CHCgH,); 123.6
(CHCgH,); 124.0 (d, %J=15.8CsH,F); 124.1 (d, J=3.8CsH,F); 124.8 (d, J=3.2CcH.F);
125.1 (d, 2J=14.7CgH4F); 127.1 (d, J=6.3CsH4F); 127.4, 127.9 128.0, 128.2, 128.3
(CH-Ar); 129.0 (3,3’-CHPh); 129.3 (d, J=8.2C¢H,F); 129.6 (CH-Ar); 129.9 (d,
J=4.0CgH4F); 131.6 (2,2’-CHPh); 131.8, 133.2 (d, “J=4.5C¢H,F); 133.6, 133.9 (CH-
Ar); 136.7, 142.4 (C); 161.0 (d, *J=246.0CsH4F); 162.3 (d, J=246.4CF); 173.6
(C=N-), 179.3, 180.3 (C=0).

Complex 3e. Yield 81%, mp 205-206 °C. *H NMR (300 MHz, CDCly): & =
1.62-1.74 (m, 1H, y-HaPro); 1.96-2.36 (m, 4H, B-Ha,b, y-Hb, 8-HaPro); 2.74 (d, 1H,
J=16.9, CH,-Ar); 3.01 (d, 1H, J=14.4, CH,-Ar); 3.12 (d, 1H, J=14.4, CH,-Ar); 3.21
(dd, 1H, J=10.5,J=5.8,a-HPro); 3.25-3.33 (m, 1H, 3-HbPro); 3.29 (d, 1H, J=16.9,
CH»-Ar); 3.29 (d, 1H, J=12.5, CH,-Ph); 4.34 (d, 1H, J=12.5, CH,-Ph); 6.51 (dd, 1H,
J=8.4, 1.7, H-C¢H,); 6.56 (dd, 1H, J=8.4, J=6.8, J=1.1, H-CsH,); 6.96-7.21 (m, 8H,
Ar); 7.29-7.55 (m, 9H, Ar.); 7.84 (dd, 1H, J=8.7, J=1.1, H-C4H,); 8.04-8.08 (m, 2H,
H-Ph). *C NMR (75 MHz, CDCly): 8 = 23.0 (y-CH,Pro); 30.7 (B-CH,Pro); 45.1
(CH,-Ar); 46.0 (CH,-Ar); 58.5 (8-CH,Pro); 64.3 (CH,-Ph); 70.1 (a-CHPro); 80.5
(C-CH,-Ar.); 113.6 (d, Jcr=21.0, CgH4F); 114.5 (d, Jcr=20.9, CsH4F); 116.2 (d,
JeF=21.6, CH,F); 118.2 (d, Jo£=21.1, CgH4F); 120.6 (CH-CgHy); 124.2 (CH-CgH,);
125.2 (d, Jc=2.6, CeH4F); 126.7 (d ¢=2.8, CeH4F); 127.4 (CH); 127.6 (CH);
127.9; 128.2 (CH); 128.9 (CH); 129.0 (3,3’-CHPh); 130.0 (d, Jc=8.4, CgH4F);
130.3 (d, Jc£=8.4, CgH4F); 131.6 (2,2°-CHPh); h); 131.7 (CH); 131.9 (CH-CgH.,);
133.5 (CH-Cg¢Hy); 133.7; 136.8; 139.1 (d, Jc=7.3, CgH4F); 139.5 (d, Jce=7.3,
C6H4F), 1425, 163.1 (d, \]C,F=2464y C6H4F), 163.3 (d, \]C,F=24641 C6H4F), 172.7
(C=N-); 179.3; 180.5(C=0).

Isolation of the target amino acids 4(a-e). Decomposition of complexes 3(a-€)
and isolation of o, a-dialkylated analogs of glycine 4(a-e) were carried out according
to the standard procedure [15]. For this, the dry moiety of the complexes was
dissolved in 50 ml of CH3OH and the solution was slowly added to 50 ml of 2N HCI
solution heated to 60°C. After the disappearance of red color, typical for these
complexes, the solution was concentrated under vacuum, 50 ml of water was added
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and the initial chiral auxiliary reagent (S)-BPB was filtered off as hydrochloride.
From the aqueous filtrate, the amino acid was isolated by passing the solution
through an ion exchange column with 100 ml of Ku-2x8 resin in H*-form, and the
resin was washed with 5% NH;OH solution. The ammonia eluate was concentrated
in vacuum and the amino acid was crystallized from a water-alcohol (1/1) solution.
The structure of the obtained a,a-dialkyl-substituted glycine derivatives 4(a-e) was
studied by spectral analysis methods.

>C 2-Amino-2-(prop-2-yn-1-yl)pent-4-ynoic acid. 4a.
HOOC Yield 81%, mp 227-228 °C. *H NMR (300 MHz, DOD): § =

2.53 (t, 2 H, J=2.44, CH,-C=CH); 2.82 (dd, 4H, J=17.7,
J=2.5 CH,-C=CH): *C NMR (75 MHz, DOD): § = 25.5 (CH,-C=CH); 62.2 (C-

CH,-C=CH); 74.3 (CH,-C=CH); 76.8 (CH,-C=CH); 173.0 (C=0).
2-Allyl-2-aminopent-4-enoic acid. 4b.Yield 75%, mp

234-235°C. *H NMR (300 MHz, DOD): & = 2.46 (dd, 2 H,
J=145, J=8.5 CH,-CH=CH,); 2.67 (dd, 2 H, J=14.5, J=6.4
HOOC CH,-CH=CH,); 5.26 (d, 4 H, J=14.5, CH,-CH=CH}); 5.66-

5.78 (M, 2 H, CH,-CH=CH,). *C NMR (75 MHz, DOD): § =

40.1 (CH,-CH=CH,); 63.9 (C-CH,-CH=CH,); 121.5 (CH,-CH=CH,); 130.3 (CH.-
CH=CHy,); 174.8 (C=0).

2-Amino-2-(2-bromobenzyl)-3-(2-bromophenyl)

propanoic acid. 4c. Yield 78%, mp 181-182°C. 'H NMR
(300 MHz, DMSO/CCly): 6 = 3.50 (d, 2 H, J=14.6, CH,
C¢H4BI); 3.68 (d, 2 H, J=14.6, CH, CsH,Br); 7.16 (ddd, 2
HOOC H, J=8.0, J=7.4, J=1.6, CsH,); 7.30 (ddd, 2 H, J=7.7, J=7 4,

J=1.3, C¢H,); 7.54 (dd, 2 H, J=8.0, J=1.3, CgHy,); 7.65 (dd,
2 H, J=7.7, J=1.6, CgH,); 8.92 (m, 3H, NH;, and COOH).
B3C NMR (75 MHz, DMSO/CCly): & = 39.47 (CH, C¢H4Br); 62.6(C- CH, CsH4BI),
125.7 (C-Ar); 127.2,128.5, 132.4, 132.5 (CH-Ar); 133.5 (C-Ar); 170.2 (C=0).
2-Amino-2-(2-fluorobenzyl)-3-(2-fluorophenyl)
propanoic acid. 4d. Yield 70%, mp 228-229°C. 'H NMR
(300 MHz, DOD): 6 = 3.31 (d, 2 H, J=14.7, CH, CgH,F);
3.39 (d, 2 H, J=14.7, CH; CgH4F); 7.04-7.14 (m, 4 H,
C5H4F), 7.22-7.35 (m, 4 H, C6H4F)

2
HOOC

Q‘

2-Amino-2-(3-fluorobenzyl)-3-(3-fluorophenyl)

propanoic acid. 4e. Yield 62%, mp 231-232 °C. 'H NMR
(300 MHz, DOD): 6 = 3.18 (d, 2 H, J=14.6, CH, CgH4F);
3.29 (d, 2 H, J=14.6, CH; C¢H4F); 7.01-7.09 (m, 4 H,
CgH4F); 7.12-7.24 (m, 4 H, CgH4F).

HOOC oHaF) ( oHaF)
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QL P3P ULP a,a-APU-SEALUYULI U WLP UL LU T LUGLELP UPLEEQ
2. 2. UUMb30y, . U. UUA3UL b W &. Uurs23uL

Ugfummmutipred Slnnugmmfly § qypglbf O,0-bplnbyuluyfud wpfpuy bdubulibpp
quudlpuspasts Susboussgup ] : b Quudiap oyl bpugpl wdflinfF @ uyfh uplunnb oqu-
gopdfly & qipglf Nill-(S)-BPB-Gly (1) hnduybpup: Meundiumfipdly § wyy foduybpufs
wiilfiban[FF syl dimgnpf Siblmpnpy whqulupnedp gpopopgpyppedpge (@), wpeen-
dpppm] (b), 2-pprdpklgfyppndfupn (), 2-Gunppligpyppndfpgm] (R) e 3-Gunppbivgfyppn-
dfmgm (e), pugmbu Sunpypupmp dnbmunbygwluydudp wpgll ol Swpmip SbFngbbpn
(A), wyloglons by wiloddfpQuuslpusts (fpustoguunilfyg) bplyunbrguuslpusy dusts Sustowsqup S| (B) :

b[bl["’[’”‘?’[’[ lﬂbllllllilllll.rlllil nbml[g[uuil[i[ﬂl [7["”4‘”2""5‘117[ K DMF/NaOH 4Lulfl.ul[l.u[1—
qnid, wpgnip dfFungnpand, wbipelugpl JhpdwunpSwip wogpdubibpnd: Skyuljuydub
nhuwlghubbph pufugpph Swpdup § Shnkly COR dbfngn]” upyplugbyp [@Fp@lyblpf
i, CH3COOCH5/(CH3)2CO (3/1) nidpsibipfe Quufuljmpynid:

Pugwlu bplned § wpdulnagpfws wpgyniiplbppy, bopunuluSupdop § ufbf@hgh
frpusluitsngliby bl pustp (4) wylpydusts bywbwln, pwbgh dpwdudubulyw (B) bplk-
Surgifuaplyfss (1) hrduygbpups byusghts pusbiulne [Fputs
fsd wnuilipuipin Shfdngn :

Uyusyfruns], uptof@liggiflyy b qpoulypitoncfJyuts dbY sulpupugpdumd qifyfbf 0,0-ppu-ubipu-
fuafusd wnpppusy Ddwsbsslyiiby 2, 2-qfp(mprqupfy) qibgfi, 2,2-gh(wyfy) gifght, 2-wdp-
br-2-(wypriny-2-fii-1-foy )y bitsn-4-y frlsn [Ffdar. (4a), 2-wyfy-2-wdfunmbin-4-baufdfda (4b),
Z-wdfilsn-2-(2-ppmdphlogfy)-3-(2-ppnd $bupy) wypmqu-bufd o (4c), 2-unlfibin-2-(2-Gunp-
phbgfy)-3-(2-Gunp plbfy) ypryquinfFftne (4d) 2-wdplin-2-(3-Gunppbigfy)-3-(3-$unp-
Plitsfy) yprgutsfFfin. (4e).

CHUHTE3 HOBBIX AXUPAJIBHBIX FHC-AJTKUJINPOBAHHBIX
AHAJIOTI'OB I'NIMIIUHA

3.3. MAPJIUSIH *°, A, ®. MKPTUYSIH *° u A. C. CATMSIH

*HayuHO-pOM3BOICTBEHHbIN HIeHTp “ApmOuotexnonorus” HAH PA
Epesan 0056, yn. INopmksna, 14
®axc: (+37410) 654180, E-mail: zmardiyan89@gmail.com
6EpeBchmzu‘/'l rOCyJapCTBEHHBIN YHUBEPCUTET, MHCTUTYT PapManuu
Epesan 0025, yn. A. ManyksHa, 1

Pazpabotan MeToa cHHTE3a O-OucC-aKHI3aMEIICHHBIX TPOW3BOAHBIX TJIMIIMHA
IIyTeEM C-aHKI/IHI/IpOBaHI/Iﬂ AMHMHOKHCIIOTHOI'O OCTaTKa NiII-KOMHHeKca OCHOBAaHHUA
[udda runrHa ¥ XUpaILHOro BeroMoraTeabHoro pearenta (S)-2-N-[N’-(6ensunmpo-
suin)amuHo [0erzodeHona (BPB) mponaprui-, amtmi-, 2-0poMOeH3mI- U 4-GTOpOSH3MI-
OpoMHUIaMH B YCIIOBHSIX OCHOBHOTO KaTajn3a.
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EVALUATION OF THE DEHYDRATING PROPERTIES OF SOME
SILILATING AGENTS IN THE SYNTHESIS OF IMIDAZOLE-5-ONE

V. 0. TOPUZYAN, V. M. GHAZOYAN,
G. Sh. HOVHANNISYAN and A. A. HOVHANNISYAN

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

The effect of solvent, some additives and temperature on the dehydrating properties of
dimethyldichlorosilane (DMDCS), trimethylchlorosilane (TMCS) and 1,1,1,3,3-hexamethyldi- silazane
(HMDS) in the synthesis of 1-benzyl-2-phenyl-4-benzylidene-5-imidazolone from benzylamide N-
benzoyl-a,B-dehydrophenylalanine was investigated. It was found that in the case of using DMDCS
or TMHS as a reagent, the formation of a by-product - 2-phenyl-4-benzylidene-5-oxazolone was
observed. Formation of the latter was not detected in the presence of triethylamine when TMCS was
used as a silylating agent. The best results for the synthesis of imidazol-5-one (84%) were obtained
with boiling the reaction mixture of benzylamide and HMDS in DMF for 15 min. Replacing DMF with
dimethylacetamide, acetamide, formamide or pyridine, and lowering temperature of the reaction
mixture reduces the yield of the target product. On the basis of the data obtained, it has been
concluded that HMDS is an effective reagent for the synthesis of 1,2,4-tri-substituted imidazol-5-ones

by dehydrating the amides of N-acny,B-dehydroamino acids.

Table 1, references 13.

In the organic synthesis, silylating agents have found wide application. It is
known that trimethylchlorosilane (TMCS) is used in the synthesis of ethers [1] and
esters [2], and also promotes the reaction of Bedginelli [3]. 1,1,1,3,3,3-
Hexamethyldisilazane (HMDS) has found application in the synthesis of imides of
dicarboxylic acids [4] and phthalocyanines [5]. In recent years, TMCS [6], HMDS
[7-10] and N, O- bistrimethylsilylacetamide (BTMSA) [11 12] have been used in the
synthesis of 1,2-di- and 1,2,4-trisubstituted imidazol-5-ones.

The present work is devoted to the evaluation of dehydrating properties of some
silylating agents in the synthesis of imidazol-5-ones. As the silylating agents (SA)
TMCS, HMDS and dimethyldichlorosilane (DMDCS) were used. To assess the
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dehydrating properties of some SA as a model, they were reacted with bénzylamide
of N-benzoyl-o,B-dehydrophenylalanine (1), dehydration of which resulted in the
formation of 1 benzyl-Z-phenyl-4 benzylldemmldazole -5-one (2).

Phesy- O Ph—y O
ph_Jz _ZT—NHCHZPh ~ﬁ§>__4( -ﬂ>h_4(
+

N\(NCHZPh NYO
Ph e .
1 2 3

The influence of both the reaction conditions (reaction time, solvent,
temperature, reagent ratio) and some additives (pyridine, triethylamine, N-
methylmorpholine, imidazole) on the target product 2 was studied. The yield of
product 2 was determined spectrophotometrically at 370-375 nm (maximum
absorption of compound 2 in the UV spectrum). Amide 1 in this region did not show
absorption. As the standard, we chose the absorption intensity at 275 nm of pure
imidazolone 2 (Io). After the synthesis, the product, without purification, was
studied for both the UV and IR spectra. To estimate the yield of compound 2, the
intensity (Ie) of the absorption spectrum of the reaction mixture at 370-375 nm was
used. Calculations were carried out for compound 2 according to equation (1).

lex 100 :
(1)

The IR spectrum was used to determine the presence in the reaction mixture of
the parent substance 1 (3177-3271 c¢m’', NH-amide), the desired imidazole-4-one 2
(1710-1716 em’', CO imidazolone) and the by-product 2-phenyl-4-benzylidene-
5(4H)-oxazolone (3) (1791-1796 em’™t, CO of oxazolone). The obtained results are
given in the Table.

The results in the Table show that the use of DMDCS in DMF leads to the
formation of a mixture, IR spectrum of which contains the characteristic absorption
of both the starting material 1, the desired product 2 and the by-product 3 (table
entries1-3). A similar picture is also observed in the case of using TMCS both
separately (entries 4.5), and in the presence of pyridine (entries 8-10) or imidazole
(entry 6) as additives. However, when triethylamine (entries11-12) or N-methyl-
morpholine (entry 13) is used as an additive, by-product 3 is absent, but desired
product 2 is obtained in low yields (11.8-25.5%). The reaction involving TMCS in
DMF (entry 5), acetamide (entry 14) and dimethylacetamide (entry 15) proceeds
with the formation of by-product 3..In formamide (entries 17,18), we do not register
the formation of a by-product, howeye_r; desired product 2 is obtained in low yields
(6.69-8.85%). When compound 1 is reacted with TMCS in dioxane or acetonitrile,
the starting material is obtained unchanged back (entries 16,19).

% =
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Table

Influence of sililating agents (SA) - dimethyldichlorosilane (DMDCS), trimethylchlorosilane (TMCS), 1,1,1,3,3,3-hexamethyldisilazane
(HMDS), some additives (A) and the reaction conditions on the yield of imidazole-5-one 2, and IR spectrum of the obtained compounds

Entry SA Relation | Solvent* | (A)** | Relation | Conditions | Time, | Reaction Yield of IR spectrum,

Ne 1:SA SA:A min product prod.2, v, el
%

1 DMDCS 1:3 DMF - boiling 60 mixture = 1716 (C=02)

1,2,3 1792 (C=0 3)

3233 (NH 1)

2 DMDCS 1:3 DMF Py 1:1 boiling 60 mixture - 1714 (C=02)

' 123 1794:(C=0 3)

3245 (NH 1)

3 DMDCS 1:3 DMF NEt; 11 boiling 60 mixture = 1715 (C=02)

1,2,3 1794 (C=03)

3232 (NH.1)

4 TMCS 1:3 DMF = L boiling 30 mixture i 1713 (C=02)

1,2,3 1794 (C=03

3221 (NH 1)

5 TMCS 123 DMF - £ E boiling 60 mixture = 1715 (C=02)

1,23 1791 (C=03

3225 (NH1)

6 TMCS 1:3 DMF Im 1:1 boiling 60 mixture = 1710.(C=02)

1,2,3 1796 (C=0.3)

St 3235(NH 1)

7 TMCS 1:3 DMF Py 3:1 boiling 60 mixture 10.21 1716 (C=0 2)

1,2 3255(NH 1)

8 TMCS 1:3 DMF Py 1:1 boiling 60 mixture - 1712 (C=02)

1,2,3 1794 (C=0 3)




l

3238 (NH 1)

9 TMCS 1:3 DMF Py 3:10 boiling 60 mixture = 1712 (C=0 2)
1,23 1794 (C=0 3)

3234 (NH 1)
10 TMCS 1:3 DMF Py 3:20 boiling 90 mixture = 1710 (C=02)
1,2,3 1794 (C=02)

3262 (NH 1)
11 TMCS 1:3 DMF NEt; 1:1 boiling 60 mixture 24.41 1716 (C=02)
1,2 3215(NH1)
12 TMCS 1:3 DMF NEt3 3:10 boiling 60 mixture 25.49 1716 (C=0 2)
1,2 3242 (NH 1)

13 TMCS 1:3 DMF NMM 1:1 boiling 60 mixture 11.76 1715 (C=02)
1,2 3231 (NH 1)

14 TMCS 1:3 AA < < 120°C 60 mixture = 1715 (C=02)
1,2,3 1796 (C=0 3)

3258 (NH 1)

15 TMCS 1:3 DMAA g = 150°C 60 mixture = 1716(C=02)
1,2,3 1792 (C=0 3)

3271 (NH 1)

16 TMCS 1:3 AN &5 =8 boiling 60 1 0 3177 (NH 1)
17 TMCS 1:3 FA = == 150°C 30 mixture 6.69 1714 (C=02)
1,2 3242 (NH 1)

18 TMCS 1:3 FA e = 150°C 60 mixture 8.85 1714 (C=02)
1,2 3237(NH1)

19 TMCS 1:3 DO s 2. boiling 60 1 0 3226 (NH 1)
20 TMCS/HMDS 1:3 DMF 2= = boiling 60 1 0 3222 (NH 1)

1:1

21 HMDS 1:2 DMF = = boiling 60 mixture 52.13 1711 (C=02)




1,2 3243 (NH 1)
22 HMDS 1:3 DMF = = boiling 10 mixture 39.42 1711 (C=02)
1,2 ; 3223 (NH 1)
23 HMDS 1:3 DMF = = boiling 15 2 84.05 1716 (C=012)
24 HMDS 1:3 DMF = = boiling 20 2 75.25 1710 (C=02)
25 HMDS 1:3 DMF g = boiling 30 2 70.99 1716 (C=02)
26 HMDS 1:3 DMF = . boiling 60 2 67.88 1716 (C=02)
27 HMDS 1:3 DMF = = 100°C 60 mixture 9.26 1711 (C=02)
1,2 3208 (NH 1)
; 28 HMDS 1:3 DMF Z = 120°C 60 mixture 26.16 1713 (C=0-2)
1,2 3247 (NH 1)
29 HMDS 1:7 - -~ = 100°C 60 1 0 3213 1 3285
(NH 1)
30 HMDS 1:3 AN = = boiling 60 0 3243 (NH 1)
31 HMDS/ DMFA 1:3 AN = = boiling 60 0 3211 (NH 1)
1:2 .
32 HMDS 118 Py = o boiling 60 mixture 13.32 1716 (C=02)
1,2 3218 (NH 1)
33 HMDS 1:3 DO = = boiling 60 1 0 3227 (NH 1)
34 HMDS 1:8 FA == = 150°C 30 mixture 10.07 1713 (C=02)
1,2 3242 (NH 1)
35 HMDS 1:3 FA = = 150°C 60 mixture 12.78 1710 (C=02)
3 1,2 3247 (NH1)
36 HMDS 13 DMAA = s 150°C 60 1 0 3266 (NH 1)

*DMF — dimethylformamid, AA —acetamid, DMAA - dimethylacetamid, FA — formamide, AN — acetamide; DO — dioxin; ** Im — imidazole, Py —

pyridine, NMM — N-methylmorpholine.




The results in the Table also show that dioxane or acetonitrile do not allow the
reaction to proceed with HMDS (entries 30, 33), however, the reaction in
dimethylformamide has good results after 15 min (entry 23). Moreover, in the IR
spectrum of the obtained reaction product, in addition to absorption at 1716 cm-1, no
other absorption characteristic of compounds 1 and 3 is observed. It should be noted
that prolongation of the interaction time leads to a decrease in the yield of desired
product 2 (entries 24-26). In this case tar formation occurs. When the reaction is
carried out at relatively low temperatures (100 or 120°C, entries 27 and 28) no
satisfactory results are observed. A similar result is also obtained when compound 1
is reacted with HMDS in the solvent-free conditions or in pyridine, acetonitrile,
dioxane, acetamide, formamide or dimethylacetamide (entries 29-36). The use of a
mixture of TMCS-HMDS in DMF does not result in the formation of desired
product 2 (entry20).

Thus, from the investigated silylating agents for the synthesis of imidazol-5-
one, HMDS is the best one, which in DMF comparatively quickly (15 min) leads to
the formation of the desired product in high yield (84%). Also note that the proposed
[11] BDSA cyclization of amides of N-formyl-a,B-dehydroamino acids in imidazol-
5-ones is carried out in pyridine at 100°C for 12 4 with a yield of 52-98%. Based on
this, it can be concluded that HMDS exhibits high efficiency as a cyclocondensing
agent for the synthesis of imidazol-5-ones from the correspondmg amides of N-
substituted a,-dehydroamino acids. :

Experimental Section

The IR spectra were recorded on a spectrometer in vaseline oil, the 'H NMR
spectra were measured on a Varian “Mercury-300” spectrometer in DMSO-dg using
TMS as internal standard. The UV spectra were recorded on Thermo Electron
Corporation “Helios Y spectrometer. TLC was carried out on “Silica Gel” 60 Fasy
plates in the system benzene:methanol= 5:2, developer — iodine vapor. 4-
Benzylidene-5(4H)-oxazolone was synthesized according to [13]. ,

N-benzoyl-a,f-dehydrophenylalaninebenzylamide (1). To a solution of 2.5 g
(10 mmol) of 2-phenyl-4-benzylidene-5(4H)-oxazolone in 25 ml of ethylacetate was
added 1.18 g (1.2 ml, 11 mmol) of amine and allowed to stand at room temperature
for 24 h. The formed precipitate was filtered off, washed with 25 m/ of diethyl ether
and air-dried. Recrystallized from 50% ethanol. Yield 85.71%, mp 178-180°C, R
0.48. IR spectrum, v, em™: 1639 (C=0-amide), 3265 (NH). NMR spectrum, 'H
NMR, 6, ppm, Hg: 4.45 (2H, d, J 6,1, CH,), 7,16-7,38 (9H, m, Ar), 7.43-7.59 (5H,
m, Ar), 8.02-8.08 (2H, m, Ar), 8.45 (1H, t, J 6.1 NHCH,), 9.76 (lH S, NH) uv
spectrum, A, nm (Ig €): 276 (1.098).

1-Benzyl-2-phenyl-4-benzylidene-5-imidazolone (2). To a solution of 0.5 g
(1.4 mmol) of compound 1 in 5 m/ of DMF was added 0.68 g (0.89 ml, 4.2 mmol) of
1,1,1,3,3,3-hexamethyl- disilazane and the reaction mixture was refluxed for 30 min.
45 ml of water was added, acidified to pH 6. The formed precipitate was filtered off,
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washed with water and air-dried. The product was dissolved in 30 m/ of benzene, 1.0
g of activated carbon was added, the mixture was refluxed for 30 min, cooled to
room temperature and filtered. After removal of benzene on a rotary evaporator, the
résidue was 0.31 g (65.96%). Yield 65,.9:6 %, mp 147-149, R¢ 0.79. IR spectrum, v,
em™: 1715 (C=O-cycle). 'H NMR spectrum, 8, ppm: 4.95 (2H, s, CHy), 7.09-7.14
(2H, m, Ar), 7.19 (1H, s, =CH), 7.21-7.31 (3H, m, Ar), 7.35-7.56 (6H, m, Ar), 7.67-
7.72 (2H, m, Ar), 8.23-8.28 (2H, m, Ar). UV spectrum, A, nm (Ig €): 248.(0.949),
295 (0.620), 371 (1.479).

Preparation of samples for UV research. To a solution of 0.5 g (1.4 mmol) of
compound 1 in 5 m! of a solvent, 2.8-4.2 mmol of silylating reagent was added, and,
if necessary, an appropriate additive (Table), and the mixture was boiled for 10 to 90
min. 45 ml of water was added and left at room temperature for 3 /. The precipitate
formed was filtered off and thoroughly air dried to obtain a homogeneous mass. To
10 mg of the latter, 10 m{ of ethanol was added, the resulting solution was diluted
with ethanol 100 times, and the UV spectrum of the resulting solution was recorded.
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OIIEHKA JETHIPATHPYIOLINX CBONCTB HEKOTOPBIX
CIUIMJINPYIOIVX ATEHTOB IIPH CHHTE3E HMHJIA30.1-5-OHA

B. O. TOITY35IH, B. M. KA3OSH, I'. Ill. OTAHHHCSIH u A. A. OTAHECSIH

HccneoBaHO BIIMSHHE PacTBOPUTENS, HEKOTOPBIX H00aBOK M TEMIEPaTypel Ha
JerupaTHpyIoHe CBOMCTBA JUMETHIIIUXIIOpCHITaHa (IMIIXC), TpUMETHIIXJIOPCUTIaHA
(TMXC) u 1,1,1,3,3,3-rekca-metiwinucunasana (TMJIC) npu cunrese 1-6ensun-2-ge-
HH-4-6GeH3MIMIeH-5-IMuIa30oHa 13 Gensunamupa N-GeHsom-o,B-nerunpodeHu-
anaHuHa. Y CTAHOBJIEHO, YTO B Cllydae MpUMeHeHus B kadecTBe pearenta JIMJIXC umm
TMXC nab6mofgaercs obpa3oBaHue no6ouHoro rnponykra — 2-hennna-4-0eH3unuueH-35-

okcasonoHa. O6pa3oBaHue TOCIENHETO He 00HapyKEHO B TPHCYTCTBUM TPUITHIAMITHA
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IpU MPUMEHEHNH B KauecTBe CHIHIHpYIomero arenta TMXC. Hauny4mne pe3ynsTaThl
CHHTE3a MMMAa30Ji-5-0Ha (84%) mosyueHs! NpH KHMAYEHHH PEeaKLHOHHOM CMecH OeH-
sunamuaa, ITMJIC B IM®PA B Teuenue 15 mun. 3amena IM@DAna guMeTHnaueTaMus,
anetamuj, opMaMHA WIM TMHPUOMH, a TAKKe CHHKEHHETEMIIEPATyphl PEaKUHMOHHOM
CMECH NPHUBOAMT K yMEHBLIEHHIO BBIXOAA LIETIEBOr0 NpoaykTa. Ha ocHOBaHHH noJiy yeH-
HBIX JaHHBIX clenaHo 3akmoyenue, uto I'MJIC sBnsercs 3Q(eKTUBHEIM peareHToM IJis
cunTesa 1,2,4-Tpy3aMeleHHbIX MIMHIA30)1-5-0HOB Aeruaparanpeii amunor N-aumi-o,p-
JEerMapOaMHUHOKHCIIOT.
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SYNTHESIS OF FURFURYL DERIVATIVES OF 4-ALLYL-1-(4-
HYDROXY-3-NITROBENZYL)-3-[2-(4-ALKOXYPHENYL)QUINOLIN-4-
YL]-4,5-DIHYDRO-1H-1,2,4-TRIAZOL-5-THIONS AND THEIR
CYTOTOXIC ACTION ON HUMAN CANCER CELLS
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Furfuryl derivatives of 4-allyl-1-(4-hydroxy-3-nitrobenzyl)-3-[2-(4-alkoxyphenyl)quinolin-4- yl]-
4,5-dihydro-1H-1,2,4-triazol-5-thiones were synthesized in this study. The docking analysis revealed
the affinity of compounds for Epidermal Growth Factor Receptor (EGFR). New
compounds exhibit low cytotoxicity in non-small cell lung cancer and breast cancer cell lines.

In the series of furancarboxylic acids, it has been revealed that the cytotoxic effect is enhanced
with an increase of the alkoxy radical, while in the series of esters, an increase in the alkoxy radical
leads to a loss of activity. The data suggest that chemical invasion of compounds leads to protein
degradation in cancer cells.

Fig. 1, tables 2, references 16.

Targeting cancer with small chemical molecules is of great importance giving
new possibilities of modulating not only the catalytic activity of proteins, but also
functions leading to protein degradation. We have recently shown that furfuryl
derivatives of 4-allyl-5-[2-(4-alkoxyphenyl)- quinolin-4-yl]-4H-1,2,4-triazole-3-
thiols (compounds 1, 2) have a high affinity for the receptor tyro-sine kinase EGFR,
and appear to induce degradation of the receptor in cancer cells [1]. It has been
established that the pentyloxy derivative in the series of furancarboxylic acids
(compound 2, R* = CsHy,) is the most potent modulator of EGFR activity and
downstream signaling pathways in cancer cell lines. In addition, an antitumor
activity detected in murine 180 sarcoma treated with compounds 1 and 2 seems to

559


mailto:melkon.iradyan@mail.ru

correlate with the decrease in the level of DNA methylation in tumor tissue [2].
Structure of active anti-cancer compounds is given below.

R' = CH;3 — CsHu(1, 2); R = OCHjs (1), R%*= OH (2).

Continuing structure-designed strategy in this direction, new furfuryl
derivatives of 4-allyl-1-(4-hydroxy-3-nitrobenzyl)-3-[2-(4-alkoxyphenyl)quinolin-4-
yl]-4,5-dihydro-1H-1,2,4-triazol-5-thiones have been synthesized and their toxicity
studied in four cancer cell lines: non-small cell lung cancer (strains A549, NSCLC-
L6), breast cancer (MDA MB468) and tumor cells of the NCTC 2544 line,
representing human transformed keratinocytes.

Docking of compounds 9-16 was first carried out with the catalytic domain of
EGFR using the high-resolution structure of 3W32 [5]. The analysis showed that the
binding energy for compounds 9-16 was rather high and comparable to known
antitumor drugs cabozantinib [6], linsitinib [7] and zarnestra [8] (Table 1). These
drugs are blockers of tyrosine kinase receptors, contain quinoline in their structure
and have a high energy of interaction with the EGFR receptor. The results of the
docking analyses suggest that the catalytic domain of EGFR is a putative target for
compounds 9-16.

Furfuryl derivatives 9-13 were obtained by reaction of potassium salts 3-7 [3]
with 5-chloro-methylfuran-2-carboxylic acid methyl ether (8)[4] in DMFA at 95-
100°C. Ethers 9-13 were then hydrolyzed by potassium hydroxide in an aqueous
methanol medium to acids 14-16.

In '"H NMR spectra of compounds 9-16, the signal from NCHy-aryl is
manifested in the region of 5.55 ppm, which is characteristic of N-substituted 1,2,4-
triazol-5-thione derivatives. In IR spectra 9-16, the signal from the C=S group is
fixed at 1203 cm™, the signal from the C=0 groups — in the range of 1720-1727 cm™
for ethers and 1691-1705 cm™ for acids. The synthetic root of compounds 9-16 is
shown in Scheme 1.
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Scheme 1

14 -16
R' = CHs (3,9,14), C,H5 (4,10,15), CsH; (5,11,16), C4Hq (6,12), CsHy; (7,13).

Discussion of the results of Doking analyses

Models of newly synthesized compounds and antitumor drugs Cabozantinib,
Linsitinib and Zarnestra were created in the PDB format using the ChemBioDraw
Ultra 12.0 software package (http://software.informer.com/getfree-chembio3d-ultra-
12.0/). The MM2 program of the ChemBio-Draw Ultra 12.0 software package was
used to perform the minimization of the free energy of chemical compounds.
Modeling of the interaction of these compounds with a high-resolution 3D structure
3W32 of the cytoplasmic region of EGFR [5] was carried out using the AutoDock
Vina software package (http://vina.scripps.edu/index.html) [9]. The interaction
profiles were characterized by AutoDock Tools 1.5.6rc3. For each interaction, the 9
conformations with the highest free energies were calculated using the scoring
function of Vina.

To determine the mode of interaction with the receptor, the interaction energies
of compounds 9-16 with the catalytic domain of EGFR 3W32 were calculated using
the docking analysis. The same calculations were carried out for control antitumor
drugs. The results of the docking analysis are shown in Table 1.
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Table 1

Binding parameters of compounds 9-16 with the catalytic domain of EGFR
(human 3W32) cabozantinib, linsitinib, and zarnestra were used as reference
molecules for comparison.

Ligand AG,, kcal/mol Kp, uM
Cabozantinib (XL-184) -10.1 0.0395
Linsitinib (OSI-906) -11.1 0.0073
Zarnestra (R-115777) -11.1 0.0073
9 -10.3 0.0282

10 -10.8 0.0121

11 -10.6 0.0170

12 -9.6 0.0919

13 -10.4 0.0238

14 -10.1 0.0395

15 -10.5 0.0201

16 -10.7 0.0143

The spatial form of representative interactions of cabozantinib and compounds
11 and 16 is shown in Figure.

From presented data it can be seen that all compounds interact nearly in the
same site of studied receptor (left side pictures). However, from precise mode of
interactions (right side pictures) it can be seen that compounds 11 and 16 interact
with receptor in a somewhat different place when compared to cabozantinib.
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Figure. The binding of compounds 11 and 16 and cabozantinib (for comparison) to the catalytic
site of EGFR (3W32).

Discussion of the biological experiments and results

Cell lines. Non-Small-Cell-Lung-Cancer (NSCLC) A549 and NSCLC-L6 cell
lines originate from an adenocarcinoma and an epidermoid lung cancer,
respectively. NSCLC-L6 is a cell line derived from a NSCLC of a previously
untreated patient (moderately differentiated classified as T2NOMO) [10]. A triple
negative breast cancer MDA MB468 is characterized by overproduction of
epidermal growth factor receptor [11]. The cell line NCTC 2544 represents
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transformed human keratinocytes, and A549, NSCLC-L6 and NCTC cell lines were
grown in RPMI-1640 supplemented with 2 mM glutamine and 5% fetal bovine
serum in a humidified atmosphere of 5% CO, at 37°C. MDA MBA468 cell line was
grown in Dulbecco modified eagle medium supplemented with 10% serum.

Cell viability test. Cell lines were seeded at 2x10* cells per well in 96-well
microtitre plates and the viability of each cell line was assessed by incubation with
novel compounds in parallel assays. Each compound was serially diluted and added
in cell cultures followed by incubation for 72 h at 37°C. The detection of viable cells
was performed with a colorimetric method based on the conversion of tetrazolium
dye to blue formazan by live mitochondria [12]. The ICsy value of compounds was
determined by measuring colour intensity at 570 nm. Eight repeats were carried out
for each concentration of the compound to be tested.

Next, the evaluation of cell viability revealed that compounds of series 14-16
were more toxic in cell lines than compounds of series 9-13 (Table 2). The level of
cytotoxicity of compounds 14-16 was similar in four cell lines tested, with the
highest toxicity for compound 16 (ICsp 9,9 uM in MDA MB468). Among lower
toxic compounds, the most toxic compound 9 had 1Cs, values in the range from 41
UM to 46 uM in cell lines A549, MDA MB468 and NCTC whereas compounds 12
and 13 were inactive at the concentration of 60 uM in all cell lines in the conditions
used.

Noteworthy, the range of compound toxicity follows the increasing order of 16
> 15> 14 in all cell lines whereas the toxicity of less toxic compounds 9-13 appears
to have the increasing order of 9 > 10 > 11 > 12 > 13 (see Table 2). Comparison of
structures of compounds 1 and 2 suggests that the chemical composition of the side
chains R* and R? can affect the activity of compounds in cancer cells. Indeed, the
cytotoxicity of new compounds, which share the same core structure, clearly
depends on the length of a hydrophobic chain R*. The longer hydrophobic R* chain
gradually increases the cytotoxicity in acids 14-16. On the contrary, a longer
hydrophobic R* reduces the cytotoxicity in the series of the ethers 9-13.

Table 2

Cytotoxicity of novel compounds (ICsq in pM) in four cell lines.
The viability of cells was determined in parallel assays after incubation
with chemical compounds for 72 hours.

Compound A549 NSCLC-L6 MDA MB468 NCTC
9 414 +3.3 17.6 +£0.3 46.9 + 3.3 426 +4.3
10 52.4+9.3 > 60 51.4+4.38 446+29
11 > 60 > 60 453 +4.7 > 60
12 > 60 Inactive Inactive > 60
13 Inactive Inactive Inactive Inactive
14 19.4+0.8 248+1.9 22.3+25 21.1+0.6
15 16.3+0.3 17.0+0.2 129+0.3 14.8+0.3
16 12.3+0.2 12.0+0.6 9.9+0.1 143+0.2
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Since recently, the apoptotic death of cancer cells caused by chemical agents
that enhance protein degradation has attracted great attention in fighting cancer drug
resistance. In particular, EGFR inhibitors can induce degradation of the receptor [13]
caused by autophagy and explained as a result of cytoprotective response in cells
[14]. Low toxicity of the new compounds described in our study suggests that the
binding to EGFR could enhance endocytosis of the receptor leading to autophagic
protein degradation. Moreover, the presence of a nitro group in the structure of new
compounds suggests the possibility of generating reactive oxygen species that could
have an additional impact on the cytotoxicity, as shown by dissection of compounds
containing nitrobenzoxydiazole [15,16]. Further studies are required to elucidate the
anti-cancer effect of new compounds.

Experimental part

IR spectra were recorded on the spectrophotometer "Nexus™ (USA) in vaseline
oil. 'H NMR spectra and “3C registered on the device Varian "Mercury-300 VX" in
DMSO-ds / CCLy4, 1/3, internal standard — TMS. Melting point was defined on the
microheating table "Boetius" in °C. TLC was carried out on "Silufol UV-254" plates
for compounds 9-13 in the solvent system benzene-ethyl acetate, 5:1; 14-16 —
benzene-ethyl acetate, 1: 1. Revelation of plates was carried out with UV light.

General procedure for the synthesis of methyl 5-{4-allyl-3-[2-(4'-
alkoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-1-ylmethyl-
2-nitrophenoxymethyl}-2-furoates (9-13). 0.005 mol of the corresponding
potassium salt 3-7 [3] is dissolved in 10 ml of DMF, 0.87 g (0.005 mol) of methyl
ester of 5-chloromethylfuran-2-carboxylic acid (8) [4] is added to the solution and
heated at 95-100°C for 4-5 hours. Then, the greater part of the DMFA is distilled off
in vacuo and water is added to the residue. The precipitate formed is filtered off and
recrystallized from dimethyl sulfoxide (9,10,12,13), from methanol (11).

Methyl 5-{4-allyl-3-[2-(4'-methoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (9). Yield
69%, mp 154-155°C. R; 0.43. IR spectrum, v, cm™: 1723(C=0), 1623, 981,
933(CH=CH,), 1603, 1499, 833, 768 (CH=CH, aromatic), 1530 (NO,), 1203 (C=S).
'H NMR, &, ppm, Hz: 3.84 (s, 3H, OCHjs), 3.89 (s, 3H, OCH3), 4.65 (brd, 2H, J=5,6,
CH,CH=CH,), 4.83 (brd, 1H, J=17.3, CH,CH=CH,), 5.02 (brd, 1H, J=10.4,
CH,CH=CH,), 5.33 (s, 2H, OCH,), 5.55 (s, 2H, NCH,-aryl), 5.77 (ddt,1H, J,=17.3,
J,=10.4, J;=5.6, CH,CH=CH,), 6.72 (d, 1H, J=3.5, =CH, fur.), 6.99-7.05 (m, 2H,
CeHy), 7.16 (d, 1H, J=3.5, =CH, fur.), 7.48 (d,1H, J=8.7, C¢Hs), 7.51-7.58 (m, 1H,
CeHy), 7.73-7.81 (m, 2H, CgHy), 7.80 (dd, 1H, J;=8.7, J,=2.2, C¢Hs), 8.02 (d, 1H,
J=2.2, C¢H3), 8.10-8.14 (m, 1H, CgH,), 8.21-8.26 (m, 2H, CeHy), 8.27 (s, 1H, =CH,
pyr.). Found, %: N, 10.48; S, 4.62. CszsHyyNsO;S. Calculated, %: N, 10.55;
S, 4.83.
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Methyl 5-{4-allyl-3-[2-(4"-ethoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (10).
Yield 70%, mp 134-135°C. R; 0.47. IR spectrum, v, cm™: 1727(C=0), 1620, 982,
936 (CH=CHy,), 1602, 1499, 824, 768 (CH=CH, aromatic), 1530, 1330 (NO,), 1203
(C=S).'H NMR, &, ppm, Hz: 1.45 (t, 3H, J=7.0, CH,CHs), 3.84 (s, 3H, OCHj), 4.13
(9, 2H, J=7.0, CH,CHj3), 4.65 (brd, 2H, J=5.5, CH,CH=CH,), 4.82 (brd, 1H, J=17.1,
CH,CH=CH,), 5.02 (brd, 1H, J=10.3, CH,CH=CH,), 5.32 (s, 2H, OCHy), 5.55 (s,
2H, NCHg-aryl), 5.77 (ddt, 1H, J;=17.1, J,=10.3, J;=5.5, =CH), 6.72 (d, 1H, J=3.5,
=CH, fur.), 6.97-7.02 (m, 2H, C¢H,), 7.15 (d, 1H, J=3.5, =CH, fur.), 7.48 (d, 1H,
J=8.7, C¢H3), 7.51-7.57 (m, 1H, CgHy), 7.74-7.82 (m, 3H, C¢H,), 8.02 (d, 1H,
J=2.2, C¢H3), 8.09-8.14 (m, 1H, C¢Hy), 8.19-8.25 (m, 2H, CeHy), 8.25 (s, 1H, =CH,
pyr.). Found, %: N, 10.21; S, 4.59. C35H3;Ns0S. Calculated, %: N 10.33; S 4.73.

Methyl 5-{4-allyl-3-[2-(4'-propoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (12).
Yield 58%, mp 108-110°C. R; 0.54. IR spectrum, v, cm™: 1722 (C=0), 1623, 990,
920 (CH=CHy), 1603, 1502, 837, 769 (CH=CH, aromatic), 1530, 1340 (NO,), 1203
(C=S).'H NMR, &, ppm, Hz: 1.09 (t, 3H, J=7.4, CH3), 1.78-1.90 (m, 2H, CH,CHj),
3.84 (s, 3H, OCHjy), 4.02 (t, 2H, J=6.6, OCHy,), 4.65 (brd, 2H, J=5.6, CH,CH=CH,),
4.82 (brd, 1H, J=17.2, CH,CH=CHy), 5.02 (brd, 1H, J=10.3, CH,CH=CHy), 5.33 (s,
2H, OCHy), 5.55 (brs, 2H, NCH,-aryl), 5.76 (ddt, 1H, J;=17.2, J,=10.3, J:=5.6,
CH,CH=CH,), 6.72 (d, 1H, J=3.5, =CH, fyr.), 6.97-7.03 (m, 2H, CsH,), 7.16 (d, 1H,
J=3.5, =CH, fur.), 7.49 (d, 1H, J=8.7, CsH5), 7.54 (ddd, 1H, J;=8.3, J,=6.8, J;=1.1,
CeHy), 7.74-7.82 (m, 3H, CgHy), 8.02 (d, 1H, J=2.2, C¢H3), 8.11 (dd, 1H, J;=8.7,
J=1.1, CgHy), 8.20-8.25 (m, 2H, CeHy), 8.26 (s, 1H, =CH, pyr.). **C: 10.1(CHs),
21.9 (CHs), 47.4(NCH), 50.2(NCH;), 51.1(OCHgj), 63.1(OCH,), 68.7(OCHj3),
111.9(=CHy), 114.1(2C, C¢H,4), 115.5(CH), 118.0(CH), 118.1(CH), 119.3(CH),
123.7(C), 124.2 (CH), 124.8(CH), 126.5(CH), 128.3(2C, CgH4), 128.4(C),
129.4(CH), 129.7(CH), 129.8(C), 130.6 (C), 131.3(C), 133.9(CH), 139.5(C),
144.0(C), 147.0(C), 147.9(C), 150.2(C), 152.8 (C), 155.2(C), 157.5(C), 160.2(C),
167.1(C). Found, %: N, 10.39; S, 4.49. C3;H33Ns0-S. Calculated, %: N, 10.12; S,
4.63.

Methyl 5-{4-allyl-3-[2-(4"-butoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (12).
Yield 64%, mp 138-139°C. Ry 0.58. IR spectrum, v, cm™: 1720 (C=0), 1623, 990,
920 (CH=CHy,), 1603, 1501, 835, 772 (CH=CH, aromatic), 1531, 1340 (NO,), 1205
(C=S). 'H NMR, &, ppm, Hz: 1.02 (t, 3H, J=7.3, CH,CHs), 1.48-1.61 (m, 2H,
CH,CHg), 1.75-1.85 (m, 2H, CH,CH,CHy), 3.84 (s, 3H, OCHj3), 4.05 (t, 2H, J=6.4,
OCHy), 4.65 (dt, 2H, J;=5.6, J,=1.4, CH,CH=CHy), 4.83 (dq, 1H, J;=17.1, J,=1.4,
CHZCH=C_H2), 5.02 (dq, 1H, J;=10.3, J,=1.4, CH2CH=C_H2), 5.33 (S, 2H, OCHz),
5.55 (s, 2H, NCHy-aryl), 5.77 (ddt, 1H, J;=17.1, J,=10.3, J;=5.6, CH,CH=CH,),
6.72 (d, 1H, J=3.5, =CH, fur.), 6.97-7.02 (m, 2H, C¢Hy), 7.16 (d, 1H, J=3.5, =CH,
fur.), 7.48 (d, 1H, J=8.7, C¢Hs), 7.51-7.57 (m, 1H, CeH,), 7.74-7.80 (m, 2H, CgHy),
7.80 (dd, 1H, J;=8.7, J,=2.2, CsH3), 8.02 (d, 1H, J=2.2, C¢H3), 8.09-8.14 (m, 1H,
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CeH,), 8.19-8.25 (m, 2H, Cg¢H,), 8.26 (s, 1H, =CH, pyr.). *C: 13.3 (CHy),
18.6(CH), 30.6(CH,), 47.4 (NCH,), 50.3(OCHj;), 51.0(NCH,), 63.1(OCHy,),
66.9(0OCH,), 111.7(CHy), 111.8(CH), 114.1(2C, C¢H,), 115.5 (CH), 118.0(2CH),
119.3(C), 123.7(C), 124.2 (CH), 124.9(CH), 126.5(CH), 128.3(2C, C¢Hy), 128.3(C),
129.4(CH), 129.6(CH), 129.8(C), 130.6 (CH), 131.2(C), 133.9(CH), 139.5(C),
144.0(C), 147.0(C), 147.9(C), 150.1(C), 152.8(C), 154.9 (C), 160.7(C), 167.1(C).
Found, %: N, 9.83; S, 4.39. C33H35N50-S. Calculated, %: N, 9.92; S, 4.54.

Methyl 5-{4-allyl-3-[2-(4'-pentyloxyphenyl)quinolin-4-yl]-5-thioxo-4,5-
dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (13).
Yield 61%, mp 129-130°C. R; 0.64. IR spectrum, v, cm™: 1726 (C=0), 1622, 985,
936 (CH=CHy), 1602, 1499, 830, 768 (CH=CH, aromatic), 1530, 1340 (NO), 1203
(C=S). 'H NMR, &, ppm, Hz: 0.97 (t, 3H, J=7.0, CHj), 1.36-1.55 (m, 4H,
CH,CH,CHz3), 1.76-1.87 (m, 2H, CH,),3.84 (s, 3H, OCH,3), 4.04 (t, 2H, J=6.4,
OCHy,), 4.66 (brd, 2H, J=5.4, CH,CH=CH,), 4.83 (brd, 1H, J=17.1, CH,CH=CH,),
5.02 (brd, 1H, J=10.3, CH,CH=CH,), 5.33 (s, 2H, OCHy,), 5.55 (s, 2H, NCHy-aryl),
5.77 (ddt, 1H, J;=17.1, J,=10.3, J3=5.4, CH,CH=CH,), 6.72 (d, 1H, J=3.5, =CH,
fur.), 6.96-7.02 (m, 2H, C¢H40), 7.16 (d, 1H, J=3.5, =CH, fur), 7.48 (d, 1H, J=8.7,
C6H3), 7.51-7.57 (m, 1H, C5H4), 7.74-7.82 (1’1’1, 3H, CgHy and C6H3), 8.02 (d, 1H,
J=2.1, C¢Hs), 8.09-8.14 (m, 1H, CgHy), 8.18-8.25 (m, 2H, CsH40), 8.26 (s, 1H,
=CH, pyr). Found, %: N, 9.70; S, 4.61. C3H3;N50O-S. Calculated, %: N, 9.73; S,
4.45,

General procedure for the synthesis of 5-{4-allyl-3-[2-(4'-alkoxyphenyl)
quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-1-ylmethyl-2-nitrophe-
noxy}-2-furoate (14-16). A mixture of 0.001 mol of the corresponding ester 9-11,
0.11 g (0.002 mol) of potassium hydroxide and 16 ml of 50% methanol is boiled for
3-4 h, the solution is acidified with acetic acid, the precipitate is filtered off and
recrystallized from ethanol.

5-{4-Allyl-3-[2-(4'-methoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-
1,2,4-triazol-1- ylmethyl-2-nitrophenoxymethyl}-2-furoate (14). Yield 62%, mp
128-130°C. R; 0.44. IR spectrum, v, cm™ 3100-2500 (OH), 1691 (C=0), 1620,
(CH=CH,), 1603, 1500, 834, 765 (CH=CH, aromatic), 1529 (NO,), 1203 (C=S).'H
NMR, &, ppm, Hz: 3.89 (s, 3H, OCH3), 4.65 (dt, 2H, J;=5.6, J,=1.7, CH,CH=CHy),
4.82 (dg, 1H, J;=17.2, J,=1.7, CH,CH=CH,), 5.02 (dg, 1H, J;= 10.3, J,=1.7,
CH,CH=CH,), 5.31 (s, 2H, OCH,), 5.55 (s, 2H, NCH,-aryl), 5.76 (ddt, 1H, J;=17.2,
J,=10.3, J3=5.6, CH,CH=CH,), 6.68 (d, 1H, J=3.4, =CH, fur.), 7.00-7.05 (m, 2H,
CeH,0), 7.06 (d, 1H, J=3.4, =CH, fur.), 7.50 (d, 1H, J=8.7, C¢Hs), 7.54 (ddd, 1H,
J1=8.3, 1,=6.8, J;=1.2, C¢Hy), 7.74-7.82 (m, 3H, C¢H,4 and CgH3), 8.01 (d, 1H, J=2.2,
C¢Hs), 8.10-8.14 (m, 1H, CgH,), 8.21-8.26 (m, 2H, C¢H,0), 8.28 (s, 1H, =CH,
pyr). Found, %: N, 10.62; S, 4.80. CgzHx»NsO;S. Calculated, %:
N, 10.78; S, 4.93.

5-{4-Allyl-3-[2-(4'-ethoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-
1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (15). Yield 64%, mp
134-136°C. R; 0.46. IR spectrum, v, cm™: 3100-2500 (OH), 1705 (C=0), 1625
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(CH=CH,), 1604, 1503, 762 (CH=CH, aromatic), 1529 (NO,), 1203 (C=S). 'H
NMR, 8, ppm, Hz: 1.45 (t, 3H, J=6.9, CH3), 4.13 (q, 2H, J=6.9, CH,CHy), 4.65 (brd,
2H, J=5.1, CH,CH=CH,), 4.83 (d, 1H, J=17.3, CH,CH=CH,), 5.02 (d, 1H, J=10.3,
CH,CH=CH,), 5.31 (s, 2H, CH,), 5.55 (s, 2H, NCH,-aryl), 5.77 (ddt, 1H, J,=17.3,
J>=10.3, J3=5.1, CH,=CHCH,), 6.68 (d, 1H, J=3.4, =CH, fur.), 6.96-7.03 (m, 2H,
CeH40), 7.08 (d, 1H, J=3.4, =CH, fur.), 7,49 (d, 1H, J=8.7, C¢H3), 7.50-7.57 (m,
1H, C¢Hy), 7.71-7.82 (m, 3H, CgH,), 8.02 (d, 1H, J=2.1, C¢H3), 8.12 (brd, 1H,
J=8.5, C¢Hy), 8.19-8.25 (m, 2H, C¢H,0), 8.26 (s, 1H, =CH, pyr.), 12.06 (br, 1H,
COOH). Found, %: N, 10.47; S, 4.76. C3sH29NsO-S. Calculated, %: N, 10.55; S,
4.83.
5-{4-Allyl-3-[2-(4'-propoxyphenyl)quinolin-4-yl]-5-thioxo-4,5-dihydro-1H-

1,2,4-triazol-1-ylmethyl-2-nitrophenoxymethyl}-2-furoate (16). Yield 71%, mp
144-145°C. R; 0.47. IR spectrum, v, cm™ 3100-2500 (OH), 1717 (C=0), 1620
(CH=CHy,), 1602, 1500, 835, 768 (CH=CH, aromatic), 1529 (NO,), 1203 (C=S). 'H
NMR, 3, ppm, Hz: 1.09 (t, 3H, J=7.4, CH3), 1.78-1.91 (m, 2H, CH,CHj3), 4.02 (t,
2H, J=6.4, OCH,), 4.65 (brd, 2H, J=5.3, CH,CH=CH,), 4.82 (brd, 1H, J=17.2,
CH,CH=CH,), 5.02 (brd, 1H, J=10.3, CH,CH=CH,), 5.32 (s, 2H, OCHy), 5.55 (s,
2H, NCH,-aryl), 5.76 (ddt, 1H, J,=17.2, J,=10.3, J3=5.3, CH,CH=CHy), 6.68 (d, 1H,
J=3.4, =CH, fur.), 6.97-7.03 (m, 2H, C¢H3), 7.08 (d, 1H, J=3.4, =CH, fur.), 7.50 (d,
1H, J=8.8, CgHy3), 7.52-7.58 (m, 1H, CgHy), 7.74-7.82 (m, 3H, CgH, and CgHj3), 8.02
(d, 1H, J=2.1, Cg¢H3), 8.09-8.14 (m, 1H, CgHy), 8.19-8.25 (m, 2H, C¢H40), 8.27 (s,
1H, =CH, pyr.), 12.80 (br, 1H, COOH). Found, %: N, 10.48; S, 4.59. C35H3;N5s0-S.
Calculated, %: N, 10.33; S, 4.73.

4-ULBL-1-(4-NP L O-LUD-3-LhS N LG LODBL)-3-[2-(4-
ULGOLUPDHELPL)luh LALPL-4-PL]-4,5-%PNPYLN-1H-1,2,4-SCPUQNL-5-
EFhALLELh DAFCHAFCPL WoUWLS3ULLELD UPLEGAL 6 UUM-NF
LULSGYELUSPL AP LLP ULLT 2 UTLS 3hSNSNLURY
U163 NFE-3NFLL

U.W PA-U23UL, L.U. PO-UE3TL, LU NUUAUM20FU3UTL, L.U. URLUU3UT,
U. -NFUUUGPU b JLU. URLUL3UL

Uhplyuwyugifws wpfunnnubipnod plpdud § d-uyfy-1-(4-4 fuppopuf-3-upunpnpliigfy)-3-2-
(4-usylyopuprpbiisfy) fupomy iy |-4,5- p pipppn=TH-1,2 4 s fpusgg-5- [Fmbitslipfy - poreppre-
by wduhgpuyblbph upbfhgp b funocgdudpuwyph whuygpgp: Fopliy bl dpnge]
Sbwpunfnp wgpunulneguyple [Fpmfubibph Sk dagblymgugfl pofuogylynefJyub ncmd-
buppncfFynihip goegg kg, np EGFR-fy hunnuyfunply qrdllp Sk hnp GyncfFhpp Quisgdub
Lubipgpuds pupdp b b dwlpmppuhn] dmn § Quilbdunnncfyud Sundup oquugnpdifus
Sulpmpunglbryuyls  wypbuyuwpunnibpp (qupnguianfbpp,  poopmpipp b qunbbnp)
sprfugulignefFyuts Eubpgpubibppl: Manofiappdly § ynftpp ghmnmnpuply wgylgne-
Pymitop Slunlyuy pQfuypts qdbpp fpu. hpdpuglydh pughlq MDA MB468, [Fnpbpf ng
dwlip puyfis Pf‘"lﬂl[b’l NSCLC 4549 I NSCLC-L16, dwpgne inpubu$npdugfud hh-
punnflingfuniibp - NCTC 2544: 8nyy § wnpfby, np $repubiljmppn-tnfddnbipf quippned
glrmmnnpuply wilpnfufncfFynchip dbdubned £ wyhopup numpljuyfr dhdugduts Shn, fruly fu-
Phpubpp glhmpncd wilopuf nuplyuyf dhdwgmdp phpmd L wlpnfufncdyut wbdpdub:
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LJnLﬁbp[l gw&p mn\guﬁllm_ﬁlm_ﬁg liflﬁuul.pnuf £, np #ﬁJﬁWQWL [1iu[l.uzl[uuil Fli[mu.f £
EGFR'[I L‘inl_ng[unnl.lﬁ I n_lrgbulmnp[l I .g‘-’-”lﬂl[bll‘-’-’,/[’i' FXBHLII i Shin luul.ugl[l.ué’ uui[1u11.u-
[lnl_gilbp[l <bll1ulll_l.ll rl_bll_pmll_wglﬁuil.'

CHUHTE3 ®YPOYPWIbHBIX TPOU3BOAHBIX 4-AJINJI-1-(4-THUAPOKCH-
3-HUTPOBEH3MJI)-3-[2-(4-ATKOKCU®EHWJ)XUHOJHUH-4-NUJ]-4,5-
JUT'NAPO-1H-1,2,4-TPHA30JI-5-TUOHOB U UX HUTOTOKCUYECKOE
JIEUCTBUE HA PAKOBBIE KJIETKA YEJIOBEKA

M. A. UPAJISIHY, H. C. UPAJSIHY, A. A. AMBAPIIYMSIHZ I'. A. TAHOCSIHY,
C.PYCCAKHUC? u B. A. CAKAHSIH*

! Hay4mo-TeXHOIOrHueCK it LIeHTp OpTaHMIECKOR U (hapMALeBTHEECKOM XUMUN
HAH Pecny6mmuxu Apmenust
Apwmenus, 0014, EpeBan, np. AzarytsH, 26
2 HayuyHo-nipon3BoiCTBEHHBIN LEHTpP "ApMOHOTEXHOIOTHS"
HAH Pecny6muku Apmenust
Apwmenus, 0056, Epesan, yi. ['opmksna, 14
8 Vuusepcurer Hanra, 1ICiMed EA-1155, Hant, ®panuus
4 IIporHeteomuxc, Hant, ®pannus
E-mail: melkon.iradyan@mail.ru

B npezacrarneHHol paboTe MPOBEICH CUHTE3 U CTPYKTYPHBIN aHanu3 Gpyphypuiib-
HBIX TPOHM3- BOAHBIX 4-ammui-1-(4-ruapokcu-3-aurpobensui)]-3-[2-(4-ankokcude-
HUJI)XUHONMHUH-4-1i1]-4,5-murunpo-1H-1,2,4-tpua3on-5-tnonoB. M3ydeHune MonexyJsp-
HBIX B3aMMOJICHCTBUI C BOZMOKHBIMU OEJIKOBBIMU MUIIIEHSMH METOAOM JOKUHTa IOKa-
3aj1, YTO DHEPTHUS CBSI3BIBAHUS HOBBIX COCIMHCHHU C KaTtaauThueckum gomenom EGFR
BBICOKAs M HAXOAWTCA Ha YPOBHE, OJNM3KOM I IPOTHUBOOITYXOJIEBBIX IIPENapaToB
Kka003aHTUHMOA, TMHCUTHHNOA U 3apPHECTPHI, UCTIOJIB30BAaHHBIX A cpaBHeHHUd. Vccre-
JIOBAHO LIUTOTOKCHYECKOE NEUCTBHE COEAUHEHUN Ha KJIETOUHOM JIMHUM paKka MOJOYHOMN
xene3st MDA MB468, nunusix HemenkokietouHoro paka jierkux NSCLC A549 wu
NSCLC-L16, a Takke Ha JUHMM TpaHC(HOPMHPOBAHHBIX KEPATHHOLUTOB 4YeJOBEKa
NCTC 2544. BoisiBiieno, uto B psiy GypaHkapOOHOBBIX KUCIOT IUTOTOKCHYECKOE AeH-
CTBHE yCHUJIIMBAETCS C MOBBIIICHUEM aJKOKCHIBHOTO pajuKaia, a B PALy 3(pHUpoB MOBHI-
IIEHHE aJIKOKCHIIFHOTO pajifiKalia MPUBOJUT K MOTepe aKTUBHOCTH. Hu3Kas TOKCHYHOCTH
COEIMHEHUI Mpeoaraer, 4T0 XUMHUYecKasi HHBa3Us IPUBOJIUT K MOBBIIIEHHOMY 3HJIO-
uuto3y EGFR u nmocneayromeii aerpagaiuu perentopa u acColUMMPOBaHHBIX C HUM OeJ-
KOB B PaKOBBIX KIIETKAaX.
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TARGETED SYNTHESIS OF
9-FLUORENYLMETHYLOXYCARBONYLGLYCYL-(S)-p-[4-ALLYL-3-
PROPYL-5-THIOXO-1,2,4-TRIAZOL-1-YL]-a-ALANINE AND STUDY
OF ITS EFFECT ON COLLAGENASE ACTIVITY
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More than 15 new peptides have been constructed on the basis of (S)-p-[4-allyl-3-propyl-5-
thioxo-1,2,4-triazol-1-yl]-a-alanine non-protein amino acid by ChemOffice software. The study of their
possible interaction with collagenase enzyme was implemented by molecular docking program —
AutoDockVina software. Analyzing the obtained results, 9-fluorenylmethyloxycarbonylglycyl-(S)-p-[4-
allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide was identified by maximum values of
Gibbs free energy (AG=8.6 kcal/mol) and minimum values of dissociation constant (Kp=0.497 umol)
of ligand-macromolecular interaction.

The synthesis of a new undescribed in the literature 9-fluorenylmethyloxycarbonylglycyl-(S)-B-
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide has been carried out by the activated
ester method.

In vitro study of the synthesized dipeptide effect on the activity of collagenase enzyme by
various peptide concentrations has been carried out. The value of ICs was calculated. It was 0.892
umolll:

Figs. 2, table 1, 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
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mentioned that most of them contain non-proteinogenic amino acid moieties [3].
There are well-known medicinal preparations created 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, carcinoidsyndrome, 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) is 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 gelatinizes
(MMP-9 and MMP-2) in the process of metastases and angiogenesis formation
stimulated creation of synthetic gelatinize inhibitors able to stop the development of
tumors [6,7]. MMP-1 is also validated as a cancer target [8].

Unfortunately, clinical trials of gelatinize 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 did 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, we aimed at constructing a new
undescribed in the literature dipeptide on the basis of (S)-p-[4-allyl-3-propyl-5-
thioxo-1,2,4-triazol-1-yl]-a.-alanine non-protein amino acid, implementing software
research of the mentioned peptides, selecting possible active peptides to carry out
their target synthesis and study the biological effect of the synthesized peptides.

In 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
identification of substances capable of interacting with collagenase.

Amino acids and 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 was done by AutoGrid 4, AutoDock Vina software [12]. AutoDock used the
Lamarckian genetic algorithm by alternating local search with selection and
crossover [13]. The ligands were ranked using an energy-based scoring function and
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a grid-based protein—ligand interaction was used to speed up the score calculation.
Dissociation constant was calculated by using the following formula:

Ko = exp ((AG x 1000)/(RcalxTK))

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.

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

N-formyl-(S)-methionyl-(S)-B-[4-allyl- -5.8 56.05
3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine
(S)-methionyl-(S)-B-[4-allyl-3-propyl- -6.1 33.78
5-thioxo-1,2,4-triazol-1-yl]-a-alanine
9-Fluorenylmethyloxycarbonyl-(S)- -1.7 2.27
alanyl-(S)-p-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yl]-o.- alanine
(S)-alanyl-(S)-p-[4-allyl-3-propyl-5- -6.2 28.53
thioxo-1,2,4-triazol-1-yl]-a.-alanine
N-tretbutoxycarbonyl-(S)-alanyl-(S)-B- -6.7 12.27
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-
1-yl]-a- alanine
N-tretbutoxycarbonylalanylglycyl-(S)-B- -6.6 14.53
[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-
1-yl]-a-alanine
N-tretbutoxycarbonyl-(S)-B-phenyl- -6.9 8.75
alanyl-(S)-B-[4-allyl-3-propyl-5-thioxo-
1,2 ,4-triazol-1-yl]-a-alanine
(S)-B-phenyl-alanyl-(S)-p-[4-allyl-3- -7.2 5.28
propyl-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine
9-Fluorenylmethyloxycarbonylglycyl- -8.6 0.497
(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-
triazol-1-yl]-a- alanine
Glycyl-(S)-B-[4-allyl-3-propyl-5-thioxo- -6.1 33.78

1,2,4-triazol-1-yl]-a-alanine

The negative value of AG proves that the complex has been generated.
According to Table, the value of AG is negative for all compounds, which proves
that all dipeptides are interacting with the enzyme. Based on the results obtained, we
aimed to perform further research on a compound with a maximum value of the
Gibbs free energy, which turned out to be 9-fluorenylmethyloxycarbonylglycyl-(S)-
B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine.
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The docking data are presented in the Figure, where the fragments of ligand-
collagenase interaction are shown.

1

Fig. 1. The bond of Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine with
collagenase enzyme by software.

Taking into account the data of software modeling, Fmoc-glycyl-(S)-B-[4-allyl-
3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine dipeptide was selected from the
mentioned range for further research, that is for carrying out the peptide synthesis
followed by studying 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 makes it possible to
obtain final products in good yields and high purity [14].

At the first stage with the help of dicyclohexylcarbodiimide from 9-
fluorenylmethyloxycarbonyl-glycyl (1) was  obtained its  succinimide
ether (2), transformed by condensation with (S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine non-protein amino acid in alkaline aqueous-organic medium
in the corresponding dipeptide Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine (4) (Scheme).
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'H NMR spectra were recorded on a “Varian Mercury 300VX” device with an
operating frequency of 300.08 MHz in a solution of DMSO-D6/CCI4 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”.

Synthesis of N-9-fluorenylmethyloxycarbonylglycine succinimide ester (2).
0.218 g (1.06 mmol) of dicyclohexylcarbodiimide, preliminary dissolved in 3 ml of
dioxane was added at 0°C to 0.29 g (1.0 mmol) of N-9-fluorenylmethyloxycarbonyl-
glycine (2) and 0.127 g (1.1 mmol) of N-hydroxysuccinimide 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,, CHCly/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 (67.5%). Mp = 175 °C [14].
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Synthesis of N-9-fluorenylmethyloxycarbonylglycyl-(S)-g-(3-propyl-4-allyl-
5-thioxo-1,2,4-triazol-1-yl)-a-alanine (4). The resulting succinimide ether 2 was
used in the next stage of dipeptide synthesis. In a flat-bottomed flask with a
magnetic stirrer, 0.18 g (0.66 mmol) of (S)-p-(3-propyl-4-allyl-5-thioxo-1,2,4-
triazol-1-yl)-a-alanine, 1.25 ml (0.63 mmol) of 0.5M sodium hydroxide solution and
0.016 (0.19 mmol) of baking soda were placed. At room temperature, 0.24 ¢
(0.6 mmol) of N-9-fluorenylmethyloxycarbonylglycine succinimide ester (2) 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. Analysis by TLC [SiO,, CHCl/ethyl acetate/CHs;OH (4: 2: 1), the
developer — chloro-toluidine]. The product yield per succinimide ester 72.8%, Mp
99-100°C. Found, %: C, 61.25; H, 5.61; N, 12.71. CsH3;NsO0sS Calc., %: C, 61.19;
H, 5.68; N, 12.74. '"H NMR (DMSO, &, ppm) 0.9 (m, 3H, CH3-CH,); 1.44 (m, 2H,
CHs-CHy); 1.5 (m, 2H, CH3-CH,-CH,); 3.65 (m, 2H, NHCH,), 3.8 (dd, 1H,
J;=13.6,J,=8.2, NH-CH-CH,); 4.06 (dd, 1H, J;=13.6,J,=5.1, NH-CH-CH,); 4.46 (m,
1H, OCH,-CH); 4.7 (ddd, 1H, J;=8.2,J,=8.1, J;=5.1, NH-CH-CH,); 4.7 (m, 2H, O-
CH,-CH);5.19 (dq, 1H, J;=17.2, J,~J5=1.5, CH,-CH=CH,); 5.22 (dg, 1H, J;=10.4,
J~J;=1.5, CH,-CH=CH,); 5.87 (ddt, 1H, J;=17.2, J3=10.4, J3=4.9, CH,-
CH=CH,);7.28-7.87 (m, 8H, fluorenyl); 8.03 (t, 1H, J=8.1, NH-CH-CH,); 8.03 (m,
1H, NH-CH,);11 (br, 1H, COOH):

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 CaCl,). The concentration of
investigated compounds in the reaction mixture was 5mM. The aliquot (50 ul) was
taken and the remaining mixture was incubated at 37°C. Every 30 min the aliquot
was picked up and 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
(1.5 ml) and H,O (1.5 ml). A340 was recorded after 5 min incubation at RT.

Peptides have been tested in different concentrations in order to link the
concentration and effect. The dependence curve of the inhibition percentage
dependent on concentration is presented in Fig. 2.
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Fig. 2. The effect of various concentrations of Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-5-thioxo-
1,2,4-triazol-1-yl]-a-alanine on the activity of collagenase enzyme.

According to the data obtained, in case of Fmoc-glycyl-(S)-p-[4-allyl-3-propyl-
5-thioxo-1,2,4-triazol-1-yl]-a-alanine ICsg is 0.892 umolll:

9-HLNFNLELPLUGE-PLOLUPYU AN LPLALPSPL-(S)-p-[4-ULDL-3-
MNrONPL-5--PO-LUN-1,2,4-SCPUEQNL-1-PL]-0-ULTLPL b NENSh1-b
LNMUESUHUE3PL UPLEEAL BI UNLUAELUQ HELUELSH
TW4YShJNFE-3TL ULrUE UQAHE3NFE-3UWL N6SU2NSAFUL

301 U 2ULA3UYL, S.N. UULQUSUL, U. U QUUQUC3UL, U. U. UUrQ-U3uL, k. U
A.30FLAFU UYL, N. U dUWLAUSYL, U, U SOUSTLLhUSEL,
W U. SOUSULLhUSU, U S. DUSAFL3UL U U U. UEN3EL

(S)-B-[4-Uyfpy-3-wyprnsgpy-5-[3 o pun-1,2 d-inpfruusggry-1-foy | -Q-ruprusipls 1§ wanggfoursusslyre guusy s
u.llf[IiIlu[J[Jl{[I 4[721@[1 I{PUJ ChemOffice software 6luuLH1[r l[[1[uun_lf1.u1f11 llwn_nl_glllil Eu lulllil[l
pwl 15 np qpulpuiinc[Jyuit dbY suljupuigpdud qpuybupnfnylbp:

bpulputimgdby £ junngfwd  whopnfpybbph b gnpugbiiog $bpdbinnf Shmpunp
llrn[uuulll_bgnl_ﬂlwfl Lfnrl_liluu{n[rnuf AutoDockVina software CIulflulllu[ul_quJ[rfl 6[1uuH1[1 lilr-
[uun_lflulf[z.‘ R

Uinmgf s unfyupiabipf dbppmdncfdyul wpyynibpncd  plunpfby § 9-pnenphifydbfdfy-
opuplyuppnifygfrgfy-(S)-B-[4-uyfy-3-wpnuyfy-5-[Fpopun-1,2,4-wpfusgny-1-fy |- O iyl
npugbupnfugp, npp ncibgly b Sppof wquen Cibpgpuyf (AG=8.6 fljuy/tny) wnuwnfbyuqneh
I rl_[lunglfl.ufl 4l.uuu1ulu1nLil[1 (KD=0497 lflllfnl) ill[l.l.lql.l.ll}nLJil Lupo"lzgilbp.‘

Unp gpulpuwiing[fjuts k) shlpmpugpdms 9-$pninplifydbfdfyopuplyumppniifyqfyfy-(S)-
B-4-swyfy-3-wyprrigpy-5-[Fpopun-1,2 d-npuusgry-1-py [ -Omyuslifls  qpfgbupnfupfs  ufbsfFbygp
bpwlpiingdby £ wlpnfufwgdws Coffbpubpf dhfFagf §fpundudp:

Yunmuwpfly § uplfdhgmd gfbupnpgf wggbgnfdgub in vitro Shumugmund fnjugh-
by Phpdblunf wlpnpufncfFyuls Jpu wbupnfnf wwppbp §ovgblunpughoibpp -
dundp: Qusyuaplyllyy § 1C50~p wpdlipp, npp wnugdfby & 0.892 lyidny/):
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IEJEHAIIPABJIEHHBI CUHTE3
9-®JIYOPEHUWIMETHUJIIOKCUKAPBOHUJITJIMLWAJI-(S)-B-[4-AJIJIAJI-3-
HPOINJI-5-THOKCO-1,2,4-TPHA30JI-1-WJI]-a-ATAHUH TUNEINTHAA

N UCCIIEJOBAHME EI'O JEMCTBHUA HA AKTUBHOCTbD KOJIVIAT'EHA3BI

I0O. M. JAHI'SIH, T. O. CAPI'CSH, C. M. IXKAMI'APSIH, A. C. CAPT'CSIH,
9. A. TIOJDYMSIH, I'. A. TIAHOCSH, H. A. O'AHHUCSH,
A.M. OTAHHUCSH u A. C. CAT'SIH

C momorsto nporpammel ChemOffice software Gbute IOCTpOEHBI CTPYKTYpHI 15
HOBBIX HE ONMCAHHBIX B JINTEPAType AUIEHTUIOB, COAEPKAIIUX HEOCIKOBYIO aMHHO-
kucnoty (S)-B-[4-ammun-3-nponmn-5-trokco-1,2,4-tprazon-1-wmi]-o-asaHuH.

C wucnoms3oBanneM mporpammel  AutoDockVina software 6buTO  ITpOBEIEHO
MOJZCIUPOBAaHUE BEPOSTHOTO B3aMMOJCHCTBYS AUIICITHUIOB ¢ (hepMEHTOM KoJlareHas. Ha
OCHOBaHHHU TIOJYYCHHBIX MaHHBIX OBLT BBIOpaH 9-(IyopeHMIMETHIOKCHKApOOHUIITIIN-
ui-(S)-B-[4-ammmn-3-nponui-5-tuokco-1,2,4-tpuaszon-1-ui|-o-ajgaHuH, KOTOPbIA HMeEeT
HanbonplIyi0 cBobogHOoro suepruto (AG=8.6 kxan/mor) v MUHHMAaTbHOE 3HAYCHHE
koHcTauThl aucconammu (Kp=0.497 mxmon).

Cunre3 9-ayopeHHUIMETHIOKCUKAPOOHUATTUIII-(S)- B -[4-amnmn-3-nporin-5-Tu-
0Kco-1,2,4-Tprazon-1-ui|-o-araHiHA OCYIIECTBICH METOAOM aKTHBHPOBAHHEIX d(HPOB.

[poBexeno in Vitro uccienoBaHue BIMSHHSA CHHTE3UPOBAHOIO JMICNTHAA HA aK-
THUBHOCTH (pepMeHTa KOJIareHa3 MpH Pa3IMYHbIX KOHICHTpAUWSX Mentuaa. Paccumrano
sgauenue |1Csy -0.892 mrmonin.
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The known methods for the synthesis of benzo[4',5'limidazo[2',1": 6,1]pyrido[2,3-d]pyrimidine
heterocyclic derivatives based on heterocyclic reactions of substituted benzimidazoles and
alternative approaches using substituted pyrimidinyl-5-propanoic acids have been considered. It was
shown that the developed synthetic strategy based on the heterocyclization of substituted
pyrimidinyl-5-propanoic acids is a successful addition to the previously described methods, since it
allows to bypass the significant limitations associated with the use of substituted benzimidazoles and
introduce various types of functional substituents in the target heterocyclic system and at different
positions of the ring. The available data on the biological properties of synthesized compounds are
summarized.

Figs. 2, references 18.

1. Introduction

Polycyclic heteroaromatic compounds based on annelated azaheterocycles, the
most important structural feature of which is the planar structure, exhibit high
biological activity, including antitumor, antibacterial, antiviral and others [1,2]. The
biological activity of this class of compounds is due to their ability to interact with
DNA, being associated with small and large grooves or intercalation between
adjacent bases in a double helix, the interaction mechanism of the latter being
considered as the main one. In both cases, the secondary structure of DNA is
distorted and its functioning is disrupted, and therefore the connections with this
mechanism of action are considered as the most promising in developing new-
generation drugs for the treatment of tumor diseases and viral and bacterial
infections [3]. It should be noted that bi-and tricyclic compounds are best known as
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intercalating heterocycles, while tetra- and higher-annealed compounds are less well
studied, although the possibility of intercalation and the associated pharmacological
activity are shown for them [4].

Among the tetracyclic heteroaromatic compounds, we have drawn attention to
the syntheses and biological properties of the derivatives of the
benzo[4',5'limidazo[2',1": 6,1]pyrido[2,3-d]pyrimidine (1) condensed on the basis of
three nitrogen-containing heterocycles, and of which there are a limited number of
publications in the literature. Therefore, in view of the growing interest in the
synthesis and biological properties of polycyclic azaheterocycles and limited
information on benzo[4',5']imidazo-[2',1": 6,1]pyrido[2,3-d]pyrimidines, this review
summarizes all available works in this area, including own research, especially since
the latter constitute an essential part of the available data.

2. Synthesis of benzo[4',5'] imidazo[2',1': 6,1]pyrido[2,3-d]pyrimidine
derivatives

Before proceeding to the discussion of works in this area, it is appropriate to
dwell briefly on the name of the heterocyclic system 1, which can be compiled in
accordance with the nomenclature rules and recommendations of the ITUPAC and
CAS rules using computer programs based on the above nomenclature rules. Thus,
compound 1 can be named pyrimido[5',4": 5,6]pyrido[1,2-a]benzimidazole (ACD /
ChemsSketch package, version ACD / Labs 6.0) and benzo[4,5]imidazo[2 ‘1"
6,1]pyrido[2,3-d]pyrimidin (package ACD / Name, version 1.0), therefore, in the
further presentation of the work the names of the derivatives are given in author's
versions and are treated as synonyms.

In order to systematize the presentation, the known syntheses of the derivatives
of the heterocyclic system under discussion are conventionally divided into two
groups according to two alternative synthetic strategies that are based on the
annealating of functionalized benzimidazoles or on the heterocyclization of
substituted pyrimidinyl-5-propanoic acids.

2.1. Synthesis based on substituted benzimidazoles

For the first time, the pyrimido[5'4" 5,6]pyrido[1,2-a]benzimidazole
derivatives 2 were obtained in good yields by heating 5-carbaldehydebarbituric acid
or 2,4,6-trichloropyrimidinyl-5-carbaldehyde with 2-substituted benzimidazoles in
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N-methylpyrrolidone according to Scheme 1 and patented as photographic materials
and fluorescent dyes [5-7].

Scheme 1
N R3 R1
\>_/ 3
1 L SHe
CHO I
X —
X R
~
R [
|
2

2. R, R, R? = Hal, OH, N(Et),, NHPh; R® = benzimidazol-2-yl, benzoxazol-2-yl,
benzothiazol-2-yl, 4-NO,C¢H,4, CN, COOH.

According to the method proposed by the Polish authors, 1H-benzimidazole-2-
acetonitrile (3) is condensed with arylidene malononitriles under the Michael
reaction conditions, after which the adduct formed is boiled in MeCN in the
presence of piperidine in a six-membered cycle with simultaneous aromatization.
The thus formed 1-amino-3-arylpyrido[1,2-a]benzimidazole-2,4-dicarbonitriles 4 are
converted by boiling with formamide to the desired 5-aryl-4-methylpyrimido[5',4'":
5,6 Jpyrido[1,2-a]- benzimidazole-6-carbonitrile 5, according to Scheme 2 [8]:

Scheme 2

©: : / ©: (CH,)sNH / MeCN
MeCN
3

N CN
HCONH2 N \
_H2 Q\ N _ Ar

N
\ / NH2
\\N

4 5
45: Ar= Ph, 4'M€C6H4, 4-MeOC6H4, 4-C|C6H4, 3-N02C5H4, 4-N Me2C6H4.

Dicarbonitriles 4 were the starting compounds also in the synthesis of the 3-

amino-4-imino derivatives of the heterocyclic system under discussion according to
scheme 3 [9]:

581



Scheme 3

N
CH(OEt)3 , Me,NCH(OMe), N
>\ CN

NH,NH,
—_—

4

R
6

6.7: R = OEt, NMey; Ar = Ph, 4-MeCg¢H,, 4-MeOCg¢H,, 4-CICgH,.

The interaction of 1-amino-3-arylpyrido[1,2-a]benzimidazole-2,4-dicarbo-
nitriles 4 with triethyl orthoformate or dimethylformamidedimethylacetal gives
imines 6 which with hydrazine hydrate form 3-amino-5-aryl-4-iminopyrimido[5',4".
5,6]pyrido[1,2-a]benzimidazole-6-carbonitrile.

In the synthesis of spirocondensed pyrimido[5',4": 5,6]pyrido[1,2-a]benzimida-
zole derivatives, by reacting 2-methylbenzimidazole with 3-dicyanomethylidene-1-
ethyl-2-oxoindoline, cyano-3,4-dihydro-1'-ethylspiro {benzimidazo[1,2-a]pyridine-
3,3-indolin}-2"-one (8) were synthesized, which are cyclized by the action of
formamide or formic acid thus forming 4-amino-5,6-dihydro-1'-ethylspiro-
{benzimidazo[1',2". 1,6]pyrido[2,3-d]pyrimidine-5,3'-indoline}-2'-one (9a) and
3,5,6-trihydro-1'"-ethylspiro{benzimidazo[1',2": 1,6]pyrido [2,3-d]pyrimidine-5,3'-
indoline}-2',4-dione (9b). The latter was subsequently converted to 4-chloro- and 4-
hydrazino derivatives 10a, b by the subsequent chlorination with POCI; and
hydrazinolysis according to Scheme 4 [10]:

Scheme 4

N Et \ NH, HCOOH, HCONH,
- 2 -
@ i 7N
N MeCOOEt / NE, N

9a,b @ 10a,b @

9a, b: R = MH; (a), OH (b); 10a, b: R* = CI (a), NHNH; (b).
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2.2. Syntheses based on substituted pyrimidinyl-5-propanoic acids

As follows from the above syntheses, in all the developed approaches as one of
the initial synthons, 2-substituted benzimidazole necessarily appears and the
substituents in the resulting compounds are limited to benzazoles, nitrile- and amino
groups and aryl groups.

Interestingly, the number of synthesized pyrimido[5',4":5,6]pyrido[1,2-
aJbenzimidazole derivatives according to the indexes of Subject Index CAS and
RZhChimia was only 28 compounds and their biological activity data was absent.
The limitations of the described approaches are related to the fundamental
impossibility to introduce into the molecules, in particular, methylene and methyl
groups at different positions of the ring, aryl and sulfanyl groups into the pyrimidine
fragment. Meanwhile, the presence of methylene and methyl groups in w-deficient
heterocyclic systems can substantially increase the possibilities of obtaining new
types of derivatives by condensation of these groups with aromatic aldehydes to
produce heteroaromatic compounds with extended n-conjugation chains, as well as a
sulfanyl group possessing wide functionality.

In this regard, in recent years, a fundamentally new method for constructing the
heterocyclic system under discussion has been developed based on readily available
synthons - 2-substituted pyrimidinyl-5-propanoic acids, allowing methylene, methyl
and sulfanyl groups to be introduced into the molecule according to Scheme 5:

Scheme 5

NH, cl cl
8 oy oo
N
HNWOH N N\\rR o € _ NON_N__Ph
A R2 PPA | |
R7SNTOR _N

NH, R?

11a-g @NHz 12a-e R’ 14

l PPA / ZnCl, l Q\N
Q 4 N\>_ N
S N R
N [0] R =N s—¢

HS N N~
i ’
N

!
12f,g 13a,b

11a-g: R, RY, R? = Ph, Me, H (@), 4-MeCgHa, Me, H (b), Ph, Me, Me (c), Ph, OH, H
(d), Ph, OH, Me (e), SH, Me, H (f), SH, Me, Me (g); 12a-e: R, R', R = Ph, Me, H
(@), 4-MeCgH,, Me, H (b), Ph, Me, Me (c), Ph, OH, H (d), Ph, OH, Me (e); 12f,g: R
=H (f), Me (g).
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It was found that the reaction of the corresponding 2-aryl-6-methyl(hydroxy)-
3,4-dihydro-4-oxopyrimidine-5-ylpropanoic and 2-methylpropanoic acids 1la-e
with 1,2-diaminobenzene in polyphosphoric acid (PPA), of acids 11f, g - in a
mixture of PPA-ZnCl, proceeded by a cascade mechanism and led in a single step to
a 4-methyl-, 4,6-dimethyl-4-hydroxy-6-methyl derivative of 2-aryl-5,6-dihydro-
benzo[4',5limidazo[2',1": 6,1]pyrido[2,3-d]pyrimidines 12a-e and the corresponding
thiols 12f,g, and two disulfides 13a,b. Disulfides are formed in the form of an
impurity with a yield of about 15% directly as a result of condensation, and also in
the oxidation of 2-thioxoderivatives 12f,g with air oxygen. Oxidative aromatization
of 5,6-dihydropyrrolidene 12a with chloranyl was carried out to form a substituted
benzo[4',5imidazo[2',1": 6,1]pyrido[2,3d]pyrimidine 14 with a 16% electron circuit [
11-15].

The presence of the thiol group in the molecule substantially increased the
possibilities of chemical transformation of the starting compounds 12f,g into new
derivatives, as shown in Scheme 6:

Scheme 6
ArCH,CI NS <
12f,g _— ~_N N S
Y
N Al
Rj/\/\%ﬁ r
H,0,
15a-d
; § RNH S §
NS \ POCl, N 2 N
N |NYOH ~_N |NYC| > ~_N |NYNHR
16 17 18a-c

15a-d: R, Ar = H, 3-NO,-4-MeOC¢H; (2); H, 2-CIC¢H, (b); Me, 2-CICsH, (C); Me,
4-FCgH, (d); 18a-c: R = H (a), Me (b), Ph (c).

Alkylation of thiols 12f,g with substituted benzyl chlorides produced S-benzyl
derivatives 15a-d, by oxidation of H,0O, in an alkaline medium - 2-hydroxy
derivative 16. Chlorination of the latter yielded 2-chloro derivative 17, aminolysis of
which synthesized 2-amino derivatives 18a-c.

The spatial structure of the 2-chloro-4-methyl-5,6 dihydrobenzo[4',5']imidazo
[2',1" 6,1]pyrido[2,3-d]pyrimidine (17) and that of its tetramer are shown in Fig. 1
and 2 (the numbering of atoms is arbitrary).
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Fig. 1. Structures of symmetrically nonequivalent molecules of compound 17 with ordered
structure (a) and with disordered structure (b). Ellipsoids are depicted with 50% probability.

Fig. 2. A tetramer of the molecules of compound 17, formed by non-classical hydrogen bonds.

X-ray diffraction analysis of the tetracycle 17 crystal showed that the phenyl,
imidazole and pyrimidine rings had an almost flat conformation, the molecules
forming a tetramer (Fig. 2) by binding non-classical hydrogen bonds (C14-H14B ...
..N39 and C15H15B ... .. N3i).

Based on the new method for the synthesis of benzo[4',5imidazo[2',1": 6,1]
pyrido[2,3-d]pyrimidine derivatives, an additional possibility of functionalization of
the starting compounds by condensation of 4-methyl-, (RS)-4,6-dimethyl-2-phenyl-
5,6-dihydrobenzo[4',5Timidazo[2',1": 6,1]pyrido[2,3-d]pyrimi-dines 12a,c and 4-
methyl-5,6-dihydrobenzo[4',5imidazo[2',1": 6,1]pyrido[2,3-d]pyrimidin-2-o0l (16)
with aromatic and heterocyclic aldehydes under various experimental conditions was
realized, according to the following Scheme 7 [16]:
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Scheme 7

12a,c,16

P@‘??

Ar-CHO / ZnCl,

N

Cry s Oy s

\
O
wE

N | N | N | R
N™ N N7
| | |

Ph)\N/ Ph)\N/ A R R)\N/ A R1
19a-g 20a,b 21a-c

19a-g: R = Ph (a), 2-AcO-naphthalen-1-yl (b), 2,4-Cl,C¢Hs (c), 4-MeOCgH, (d), CH
= CHCgH, (e), thiophene-2-yl (f), 4-C¢HsCH,0C¢H, (g); 20a, b: R = 4-NO, (a), Cl
(b). 21a-c: R, R* = Ph, 4-NO,CgH, (a), OH, 4-NO,C¢H, (b), OH, 4-CICgH, (d).

It was shown that the reactive 4-methyl- and 6-methylene groups in the
substituted 5,6-dihydro-benzo[4',5"limidazo[2',1":6,1]pyrido[2,3-d]pyrimidines
reacted with aromatic aldehydes under various conditions: boiling in acetic
anhydride to form 6-aryl (heteryl)methyl-4-methyl derivatives 19a-g, and by co-
heating in the presence of ZnCl, - 4-substituted derivatives 20a,b and bis-derivatives
21a-c.

Thus, the available methods for the synthesis of substituted benzo[4'5"]
imidazo[2',1',6,1]pyrido-[2,3-d]pyrimidines provide efficient preparation of a variety
of heterocycle derivatives for subsequent biological and technical studies.

3. Biological properties of benzo[4,5] imidazo[2',1":6,1]pyrido[2,3-
d]pyrimidines derivatives

In the literature, only the antibacterial and antimonoaminoxidase properties of
benzo[4',5']imidazo[2',1":6,1]pyrido[2,3-d]pyrimidine derivatives are described,
exclusively in the works of domestic authors.

Antibacterial properties of some derivatives of benzo[4',5']imidazo[2',1";
6,1]pyrido[2,3-d]pyrimidi-nes have been studied for strains of gram-positive bacteria
(Staphylococcus aureus 209p and S. aureus 1) and gram-negative rods (Shigella
flexneri 6858, Escherichia coli 0-55) by the methods of "diffusion in agar" and
"two-fold serial dilutions”, the control drug is furazolidone. It has been shown that
benzo[4',5'limidazo[2',1": 6,1]pyrido[2,3-d]pyrimidines 12b,i, 13a, 15a, 16 show
weak antibacterial activity on all four strains, and the compounds 12a, 13b, 15b-d,
19a-f, 20a,b, 21a,c are completely devoid of activity.
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At the same time, as a result of the modification of completely inactive
heterocycle 12a, the derivatives 12d, 14 were obtained, exhibiting moderate
antimicrobial properties, somewhat higher for gram-positive bacteria [17].

The antimonoaminoxidase properties of compounds were studied by their effect
on the deamination of serotonin (5-OT) by the brain monoamine oxidase (MAOQ) in
vitro, the control - drug indopan. It has been found that tetracycles 19d, 20b, 21a
show pronounced anti-MAOQO activity, inhibiting enzyme activity by 60-63%, while
derivatives 123, c, e, 19b are much weaker [18].

AELAN[4’,5’ | PUPYLUQN[2%,1°:6,1]NPLPYN[2,3-d| NPLRU PR L LELD
UPLREQLELL B U LUELTLUYTL NESUNFR-3AFLLELL:
SUYbLS WU GNPUARL

U W NUIrOFE-30FL3TL

Munwplly by Enkpngflyply Suduljwpgp pkiga[4,5' [ pdpgugn(2',1' :6,1 ] wmpppogpn-
[2,3—d]u[[111[uf[ul_[li1[1 upiufdlhgf {uyginbfy SEf@ngubp, {ffifwd mbpuluyus phhghdppagnf
bw(dfFff hfpunduwi fpu: 8m_JH b npdly, np dywlpfind ufufdhnfly nwgduwfwpnd(dyncp
Spolufusd wnbinguilymsyfmd wyfipfrolfugfiiafyy-5-wyprupuinf@@ff - Shmbpngflyduts oo, Quidup-
l[ru 21’2‘”1'517[ L‘Ll.llll.l.lil ut.uleLuiuutﬁLullnl_lﬁllipE l[luu[l{l.ué‘ l.nlnllul[l.ull{l.ub Fbiul[ufﬁll_uulnlﬁ 11[1—
brnifghntiny inbquluypsibp mwpphp ghppbpnod: £illl.<l.l.lill1u.lglll?l i upiufdhgfwd dfiu-

CHHTE3bI 1 BUOJIOTMYECKHUE CBOMCTBA
BEH30[4',5'|[MMUJIA30[2’,1": 6,1]ITIAPUJIO[2,3-d]MTAPUMUIMHOB:
MWHU-OB30P

A. A. APYTIOHSIH'?

'Poccnitcko-Apmsnckuii (CraBsHCkuil) yauBepcutet, Epean
?Hay4HO-TEXHONIOTMUYECKHH LIEHTP OPraHUYECKOi i (JapMALeBTHUECKOM XHMUM
HAH Pecny6muku Apmenus
Apwmenus, Epesan, 0014, np. AzatytsiH, 26
E-mail: harutyunyan.arthur@yahoo.com

PaCCMOTpeHBI MU3BCCTHBIC METOAbI CHHTE3a HpOI/ISBO)IHBIX FeTepOHHKHquCKOﬁ
cuctembl  Oenso[4',5 lumuaaszo[2’,1":6,1 mupuno[2,3-d|mupumMuauHa, OCHOBaHHBIC Ha
peaKHI/IHX FeTepOHI/IKHI/ISaHI/II/I 3aMCIICHHBIX GCHSI/IMI/I}IaBOHOB nu aHBTepHaTI/IBHBIG moaxo-
bl C UCIIOJB30BAHHUEM 3aMCUICHHBIX HI/IpI/IMI/I)II/IHI/IJ'l-5-HpOHaHOBBIX KHCJIOT. HOKaSaHO,
qTo pa3pa60TaHHa;1 CUHTCTUYCCKAsS CTpaTCFHS[, OCHOBAHHas Ha FeTepOHI/IKHI/ISaHI/IﬂX 3a-
MCIICHHBIX HI/IpI/IMI/I)II/IHI/IJ'I-S-HpOHaHOBBIX KHCJIOT, SABJISICTCA y}laqHBIM JOIIOJIHEHUEM
paHee OIIMCAHHBIX METOO0B, HOCKOHBKy IIO3BOJISICT 06XO]II/ITB CyI_HCCTBCHHI)Ie orpaHI/me-
HHWA, CBA3AaHHBIC C HCIIOJIB30BAHUECM 3aMCIICHHBIX 6eH31/IMI/I}I8.30J'lOB U BBOAUTH B IICJIC-
ByIO FeTCpOHHKJ’[I/I‘[eCKyIO CI/ICTeMy paSJ’II/I‘IHBIe THIIbBI q)yHKHI/IOHaJ'IBHBIX SaMeCTHTeHeﬁ nu
110 Pa3IMIHBIM TIOJIOKEHUAM KoJbia. OOOOIICHB UMEIONINECS JTaHHbIE 110 OMOJIOTHYE-
CKUM CBOMCTBAaM CHHTE3UPOBAHHBIX COCIUHEHUMN.
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THE PECULIARITIES OF THE INTERACTION OF A SERIES
OF B,y-UNSATURATED PHOSPHONIUM SALTS AND
DEHYDROBROMINATION OF THE OBTAINED
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By bromination of but-, 3-phenylprop-, hex- and cyclohex-2-enyltriphenylphosphonium
bromides with molecular bromine in chloroform the corresponding 2,3-dibromo derivatives have been
obtained. It is established that 2,3-dibromo-butyl- and 3-phenylpropyl-triphenylphosphonium
bromides under the action of sodium carbonate are dehydrobrominated with participation of the
hydrogen atom in a-position of the side chain forming the corresponding a,B-unsaturated
phosphonium salts. As a result of the interaction of 2,3-dibromobutyltriphenylphosphonium bromide
with triethylamine, 3-bromobut-2-enyltriphenylphosphonium bromide was unexpectedly obtained The
formation of the latter apparently takes place due to the “reverse prototropic isomerization” of the
initially formed 3-bromobut-1-enyltriphenylphosphonium bromide.

References 8.

Recently, we have found that prop-2-enyltributyl- and triphenylphosphonium
bromides are easily brominated by the B,y-double bond with molecular bromine in
the cold (-3+-5°C) in a chloroform solution with formation of the corresponding
adducts with almost quantitative yields. It should also be noted that, according to X-
ray structural analysis, the triphenylphosphonium analogue is a mixture of R- and S-
conformers with a synclinic arrangement of bromine atoms [1].

In continuation of these studies we have synthesized but-2-enyl- (1) [2], 3-
phenylprop-2-enyl- (2) [3] and hex-2-enyltriphenylphosphonium (3) bromides, as
well as a cyclic analog of allylphosphonium salt — cyclohex-2-
enyltriphenylphosphonium bromide (4) [4] in high vyields by interaction of
triphenylphosphine with the appropriate allyl halogenides. It should be noted that
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phosphonium salt 1, according to the *H and *3C NMR spectral data, is the mixture
of two geometric isomers in the 67:33 ratio.

Our investigations have shown that all of the above p,y-unsaturated
phosphonium salts 1-4 are easily brominated with the molecular bromine in the cold
to form the corresponding 2,3-dibromo derivatives of phosphonium salts 5-8,
respectively, in high yields.

‘
Ph3P+—CH2—CH=CHCH3 > —» Ph;P—CH,CHBrCHBrCH;

Br 1 Br 5

+

Ph;P—CH,~CH=CHCgHs —> —> PhyP—CH,CHBrCHBrC4Hj

Br 2 Br, Br 6

>
+

Ph;P—CH,~CH=CHCzH, —> > PhyP—CH,CHBrCHBIC;H,

Br 3 Br 7
D . . Phs];@

Br '

4 8 Br Br

It should be noted that phosphonium salts 1 and 2 are also easily brominated
under the action of hv-irradiation in chloroform. In both cases, there is the formation
of a mixture of diastereomers with signals in 3P NMR spectra at 23.70, 24.25 (5)
and 23.69, 23.73 (6) ppm, respectively. From the obtained diastereomers mixture of
phosphonium salt 6 by adding acetonitrile, we have succeeded in isolating one
diastereomer in a pure form with a signal in *'P spectrum at 23.69 ppm.

In our previous report [1], it was found that triphenyl-2,3-
dibromopropylphosphonium bromide under the action of sodium carbonate in
chloroform  undergoes  dehydrobromination to  form  3-bromoprop-1-
enyltriphenylphosphonium bromide in ~75% yield. The data obtained indicate that
dehydrobromination proceeds with the participation of the most mobile a-hydrogen
atom of the side radical.

In this paper, it is shown that in a similar way, phosphonium salt 5 under the
action of the fourfold amount of sodium carbonate in chloroform at room
temperature is dehydrobrominated to form 3-bromobut-1-enyltriphenylphosphonium
bromide (9) in 71% yield.

When carrying out the same reaction using triethylamine as a
dehydrobrominating agent, 3-bromobut-2-enyltriphenylphosphonium bromide (10)
was unexpectedly isolated in 80% yield and identified.

N2,COy_ ph,p—CH=CH—CHBrCH,
R Br 9
Ph;P—CH,CHBrCHBrCH; ——

Br C,H.);N +
5 GHIT phyp—CH, CH=C—CH,

Br é

)
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In continuation of the studies, phosphonium salt 5 was involved in reactions
with ethylene glycol and ethylenediamine in the presence of a fourfold excess of
soda in order to realize the cyclization reaction in the side radical by means of
double nucleophilic substitution of vicinal bromine atoms. However, as a result of
the conducted reactions, only dehydrobromination products 9 and 10 were obtained.

HOC,H,OH Ph3p+—CH=CH—CHBrCH3
. Na,CO Br
PhyP—CH,CHBrCHBrCH; —2—3 ’
B s H,NCH,CH,NH, +
—————— Ph;P—CH,—CH=C—CHj

Br 10 Br
Comparing the obtained results on the behavior of phosphonium salt 5 in
relation to the used dehydrobrominating agents, it can be assumed that in all cases at
the first stage dehydrobromination of salt 5 with participation of the most mobile -
hydrogen atom takes place. Then the formed a,B-unsaturated phosphonium salt
under the action of nitrogenous bases - triethylamine and ethylenediamine is
subjected to the reverse prototropic isomerization according to the following
Scheme:
+ + N\
Ph;P—CH,CHBrCHBrCH; —» Ph3P—CH=CH1CBrCH3—>
Br Br 9 |
5 H

Br B
10 °F

By a specially set experiment it was actually established that 3-bromobut-1-
enyltriphenyl-phosphonium bromide (9) under the action of triethylamine underwent
the reverse prototropic isomerization to form phosphonium salt 10.

In the literature, there are examples of prototropic isomerization of pB,y-
unsaturated phosphonium salts to the a,B-unsaturated analogs [5-7], however,
examples of the reverse isomerization are not known to us.

Proceeding from the above-mentioned, it should be assumed that the action of
different bases, in our case, soda or triethylamine on phosphonium salt 6 would
make it possible to obtain phenyl analogues of salts 9 or 10, respectively.

However, if, in the case of using soda as a dehydrobrominating agent, an
analogue of salt 9 -3-bromo-3-phenylprop-1-enyltriphenylphosphonium bromide
(11) was actually obtained, then in the case of triethylamine the reaction product was
exclusively triphenylphosphine oxide, formed, most likely, according to the Scheme
below:
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PhyP—CH,CHBICHBrCeHs N9 ph,P—CH=CH—CHBIC4Hs

Br Br 11
l(C2H5)3N
. parafinic
— —-CH= 1
Ph]33l?r CH;~CH=CBrCeHs %» Ph;PO + unidentified products

In continuation of the research, we found that phosphonium salt 8 under the
action of the excess of triethylamine in chloroform at room temperature was
dehydrobrominated to form  3-bromocyclohex-1-enyltriphenylphosphonium
bromide, which, according to P NMR, was a mixture of two geometric isomers in

the 95:5 ratio.
+ +
Phﬁ_’—Q (C,Hs);N Phﬂf—Q
Br Br

Br Br Br
8 12

Experimental Section

1H, 3¢ and *'P spectra were recorded on a Varian Mercury in DMSO-dg:CCl,

(1:3) at 300 MHz and 121 MHz, using TMS and 85% H3PO, as an internal standard,
respectively.

2,3-Dibromobutyltriphenylphosphonium bromide (5).

1. Bromination of but-2-enyltriphenylphosphonium bromide (1). To a
solution of 2 g (5 mmol) of phosphonium salt (1) in 20 ml of chloroform 0.8 g
(5 mmol) of bromine was added at -3+-5°C. Then the solvent was evaporated and the
residue was washed with benzene, abs. ether and dried in vacuo, affording 2.8 g
(100%) of phosphonium salt 5 with mp 195-196°C. Found, %: Br~14.65.
CasHpsBrsP. Caled.,%: Br~ 14.37.'H NMR, §, ppm, Hz: 1.73 (d, CH3 J =7.0, 47%);
1.85 (d, CH3 J =7.0, 53%); 4.2-4.96 (m, 4H, CH,CHBr-CHBr); 7.7-8.05 (m, 15H,
PhaP™). *'P NMR, &, ppm: 23.70 (47%) (s) and 24.25 (53%) (s).

2. Bromination of but-2-enyltriphenylphosphonium bromide (1) under hv-
irradiation. To a vigorously stirred solution of 1 g (2.5 mmol) of phosphonium salt
1 in 15 ml of chloroform 0.4 g (2.5 mmol) of bromine was added during hv-
irradiation. The reaction mixture was refluxed for 5 h, then the solvent was
evaporated and the residue was washed with benzene, abs. ether and dried in vacuo,
affording 1.4 g (100%) of phosphonium salt 5.

2,3-Dibromo-3-phenylpropyltriphenylphosphonium bromide (6).

1. The experiment was carried out similarly to the described above. 3 g
(6.5 mmol) of 3-phenylprop-2-enyltriphenylphosphonium bromide (2) and 1 g
(6.5 mmol) of bromine yielded 3.2 g (80%) of phosphonium salt 6 with mp 108-
109°C. Found, %: Br~ 13.04. Cy;H,4BrsP. Calcd., %: Br~ 12.92. 'H NMR, &, ppm,
Hz: 4.2-5.39 (m, 3H, CH,CHBr); 5.95 (d, 1H, CHBrPh, J =7.5, 38%), 6.35 (d, 1H,
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CHBrPh, J =2.2, 62%); 7.19-7.39 (m, 5H, Ph, 62%); 7. 5-7.63 (m, 5H, Ph, 38%);
7.69-8.02 (m, 15H, PhsP*). P NMR, 5, ppm: 23.69 (38%) (s) and 23.73 (62%) (s).

2. The experiment was carried out similarly to the described above. 0.8 g
(1.7 mmol) of 3-phenyl-prop-2-enyltriphenylphosphonium bromide (2) and 0.28 g
(1.7 mmol) of bromine under hv-irradiation afforded 0.96 g (91.4%) of phosphonium
salt 6.

2,3-Dibromohexyl triphenylphosphonium bromide (7). The experiment was
carried out similarly to the described above. 0.14 g (0.33 mmol) of hex-2-
enyltriphenylphosphonium bromide (3) and 0.053 g (0.33 mmol) of bromine yielded
0.2 g (100%) of phosphonium salt 7 with mp 108-109°C. Found, %: Br~ 13.35.
Co4Ha6BrsP. Calcd., %: Br~ 13.68. '"H NMR, &, ppm, Hz: 0.93 (t, 3H, J =6.9); 1.28-
1.99 (m, 4H, CH,CH,); 4.28-4.8 (m 4H, CH,CHBr-CHBr); 7.67-8.03 (m, 15H,
PhsP™). *'P NMR, 8, ppm: 23.80 (s).

2,3-Dibromocyclohexyltriphenylphosphonium bromide (8). The experiment
was carried out similarly to the described above. 3 g (7.1 mmol) of cyclohex-2-
enyltriphenylphosphonium bromide (4) and 1.1 g (7.1 mmol) of bromine yielded 3.3
g (80.5%) of phosphonium salt 8 with mp 154-155°C. Found, %: Br~ 13.35.
C,4H26BrsP. Calcd., %: Br~ 13.68. 'H NMR, 3, ppm, Hz: 1.88-2.48 (m, 6H,
cyclohexyl); 4.45-4.56 (m, 1H, CHBr-cyclohexyl.); 4.84-4.94 (m, 2H, Ph;P*-CH-
CHBr-cyclohexyl); 7.74-7.99 (m, 15H, PhsP*). *C NMR, &, p.p.m, Hz: 20.17 (d, Jyc
=13.2); 22.79 (d, Joc =2.5); 34.85 (d, Joc =54.2); 49.43 (d, Jpc =3.1); 52.64 (d, Jyc
=10.5); 115.78 (d, J,c =84.7); 130.19 (d, Jpc =12.5); 134.05 (d, Jpc =9.7); 135.01 (d,
3. =3.0). P NMR, 5, ppm: 26.17 (s).

3-Bromobut-1- enyltriphenylphosphonium bromide (9). To a solution of 0.5
g (1 mmol) of phosphonium salt 5 in 10 ml of chloroform 0.38 g (3.6 mmol) of
sodium carbonate was added at room temperature, and the reaction mixture was
stirred for 12 h. The solvent was filtered and evaporated, then the residue was
washed with benzene, abs. ether and dried in vacuo to afford 0.43 g (92.3%) of
phosphonium salt 9 with mp 117-119°C. Found, %: Br~17.05. C,,H,.Br,P. Calcd.,
%: Br~ 16.81.'H NMR, &, ppm, Hz: 1.91 (d, 3H, J =7.0); 5.28-5.4 (m, 1H, -CHBr);
6.7 (ddd, 1H, CH=CH, J;=20.2, J,=16.4, J;=8.4); 7.71-7.79 (16H, CH=CH, PhsP").
BC NMR, 8, ppm, Hz: 23.41 (s); 45.66 (d, J,c =21.7); 109.53 (d, J, =83.4); 117.45
(d, Joc =90.4); 129.98 (d, Jpc =13.0); 133.64 (d, J,c =10.8); 134.83 (d, Jc =3.0);
159.27 (d, Jp: =3.6). *'P NMR, &, ppm: 19.34 (s).

3-Bromobut-2-enyltriphenylphosphonium bromide (10). To a solution of 0.5
g (0.89 mmol) of phosphonium salt 5 in 10 ml of acetonitrile 0.18 g (1.78 mmol) of
triethylamine was added at room temperature, and the reaction mixture was stirred
for 18 h. The reaction mixture was then washed with water and dried over anhydrous
magnesium sulfate. The solvent was evaporated, and the residue was washed with
benzene, abs. ether and dried in a vacuum, affording 0.4 g (95.2%) of phosphonium
salt 10 with mp 163-165°C. Found, %: Br=17.13. CyHxBr,P. Calc., %: 16.81. H
NMR, 8, ppm, Hz: 2.31 (dg, 3H, CHs, J;=6.4, J,=1.2); 4.65 (dd, 2H, CH,CH=,
3,=15.9, J,=7.5); 5.89-5.98 (m, 1H, CH,CH=); 7.62-7.97 (m, 15 H, PhsP"). ¥'p
NMR, 6, ppm: 22.07 (s).
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Interaction of phosphopnium salt 5 with ethylene glycol. To a solution of 0.1
g (1.4 mmol) of ethylene glycol in 10 ml of chloroform 0.6 g (5.6 mmol) of sodium
carbonate was added at room temperature and stirred for 30 min. Then to the
resulting solution 0.8 g (1.4 mmol) of phosphonium salt 5 was added dropwise, and
the reaction mixture was stirred for 12 h at the same temperature. The solution was
filtered, evaporated and the residue washed with benzene, abs. ether and dried in a
vacuum to yield 0.55 g (82.1%) of phosphonium salt 9.

Interaction of phosphopnium salt 5 with ethylenediamine. To a solution of 1
g (1.8 mmol) of phosphonium salt 5 in 20 ml of chloroform 0.11 g (1.8 mmol) of
ethylenediamine was added at room temperature and the reaction mixture was stirred
for 3 h. Then to the reaction mixture 0.76 g (7.2 mmol) of sodium carbonate was
added and stirred for 3 h at the same temperature. The solvent was filtered and
evaporated and the residue washed with benzene, abs. ether and dried in vacuo to
afford 0.66 g (76.7%) of phosphonium salt 10.

Interaction of phosphopnium salt 9 with triethylamine. To a solution of 1 g
(1.8 mmol) of phosphonium salt 9 in 15 ml of acetonitrile, 0.36 g (3.6 mmol) of
triehtylamine was added at room temperature, and the reaction mixture was stirred
for 6 h. The solvent was evaporated and the residue washed with abs. ether and dried
in vacuo to afford 0.95 g (95%) of phosphonium salt 10.

3-Bromo-3-phenylprop-1-enyltriphenylphosphonium bromide (11). To a
solution of 2 g (3.2 mmol) of phosphonium salt 6 in 25 ml of chloroform, 1.02 g
(9.7 mmol) of sodium carbonate was added at room temperature and the reaction
mixture was stirred for 18 h. The solution was filtered, evaporated and the residue
washed with benzene, abs. ether and dried in vacuo. By fractional recrystallization
of the residue, 0.88g (52%) of phosphonium salt 11 was obtained. Found, %:
Br~14.49 CyHBr,P. Br~ 14.87. 'H NMR, &, ppm, Hz: 6.55 (d, 1H, J=8.6, CHBYr);
7.02 (ddd, 1H, J;=20.3, J,=16.3, J3=8.5, CH=CH,); 7.44-7.62 (m, 6H,
CH=CHCgHs); 7.7-8.0 (m, 15H, PhsP*). 3P NMR, &, ppm: 19.0 (s).

Interaction of phosphopnium salt 6 with triethylamine. To a solution of 1 g
(1.6 mmol) of phosphonium salt 6 in 15 ml of chloroform 0.4 g (4 mmol) of
trientylamine was added at room temperature and the reaction mixture was stirred
for 3.5 h. The latter was then washed with water and dried over anhydrous
magnesium sulfate. The solvent was evaporated and the residue washed with abs.
ether and dried in vacuo to afford 0.38 g (86.4%) of triphenylphosphinoxide with mp
155-156°C.

3-Bromocyclohex-1-enyltriphenylphosphonium  bromide  (12). The
experiment was carried out similarly to the described above. 0.5 g (0.86 mmol) of
2,3-dibromocyclohexylptriphenylphosphonium bromide (8) and 0.13 g (1.3 mmol)
of triethylamine in 15 ml of chloroform yielded 0.4 g (93%) of phosphonium salt 12
with mp 146-148°C. Found, %: Br~14.02. C,sH24Br,P. Calcd.,%: 13.72. 'H NMR, §,
ppm, Hz: 1.91-2.53 (m, 6H, CH,-cyclohexyl); 5.08-5.14 (m, 1H, -CHBr-
cyclohexyl); 6.59-6.72 (m, 1H, =CH-cyclohexyl); 7.7-7.99 (m, 15H, PhsP*). *'P
NMR, 8, ppm: 23.85 (95%) (s) and 23.19 (5%) (S).
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UDP SULL By-NURESTWO HNUDNLPAFUUSPL ULELP UNLEUNFL3UL
LLOAUNY LLATTESUT UL U USUSUI U0 HPLALATTOUTLS3ULLELD
YENPMLOALLATEST UL AEUGESPULELD
UA-UL2LUNUSUNFE-3AFLLELL

U. & N\ UubhU 33U, G- 0. FUUNUL3UL, W U. APRU3UL L L. €. 1+6023UL

Prvin-, 3-plibfymypnuy-, Shpu- b gllyndhpu-2-bipy$nupnbpnduwyfbs ppndfyibpp ppo-
dusgdudp dngblnuyyup ppodny, piapngopdp J6Y wnugdly ki Sundugunnufunt 2,3-pf-
prrdwduligpubp: Snyy & nplky, op 2,3-ghpprdpnonpy- b -3-Ghupypypogfy-mpp by
HHLFJU.IJF rl_bClnz_pnllpnlfLuflnuf liil, uln_l.l.lzulgilblnl{ Cuufl.uuiuunulu[uulfl (X,B—ZCuul_lrglu& v.?nu-
prisfiduyfls wnlbp: 2,3-gfppndpnonfynph$bifyfoupabpncduyfpl ppdpgf b onpp-
bR fyuniilisfs sfprfusnglignefdyuts wpgyncpocd whspuubypophl wnwgdly § 3-ppodpan-2-
bsppnpfrplispy rupripmduwy s ppmdfy: LhipQfbifu wnmugnidp, wdbigh Sufub -
bnfyundp, wbaf § ohblincd whgpiuluds dincynd amwgfws 3-ppndpnen-1-Efynppgb-
Upypruprisfrmduy il ppodfugf, Shummpupd wypmnmnpny pgndbpfymgfugpl wpggncpocd:

OCOBEHHOCTH PEAI'MPOBAHMA PSJIA B,y-HENIPEIEJIBHBIX
O®OCPOHUEBBIX COJIEM C MOJIEKYJAPHBIM BPOMOM
N AETUAPOBPOMUPOBAHHUE ITOJYYEHHbBIX IUBPOMITPOU3BO/JHBIX

M. %K. OBAKHMSIH, T. I. TACTIAPSIH, A. C. BHYAXYSIH,
A. C.IIOTOCSIH u JI. B. IEPJ35TH

BpomupoBannem 0yT-, 3-peHUIIIPOn-, TeKC- U MUKIOTeKC-2-eHINTpUpeHIIPocho-
HUH OPOMHIOB MOJIEKYJSIPHBIM OpOMOM B XJIOpO()OpME IOJy4EeHBI COOTBETCTBYIOIIHE
2,3-1OpoMIIPOU3BOAHEIE. Y CTAaHOBICHO, 4TO 2,3-TUOPOMOYTHI- U -3-()CHIIIPOIIHI-
TpudenmihocPoHuit OpOMUIEI o] AeHcTBIEM KapOOHaTa HATPUS AETHIPOOPOMHUPYIOT-
Csl C y4acTHEM O-BOJOPOJHOTO aToMa OOKOBOM Ienu, o0pasyst COOTBETCTBYOLIME O, f3-
HeHacbllleHHble (pocdonuesbie conu. B pesynbrare ke B3aumopeiictBus 2,3-1u6pom-
oyruntpudpenmndochonunit 6poMuna ¢ TPUITHIAMHHOM HEOXKHIAHHBIM 00pa3oM Io-
nydeH 3-6pomOyT-2-eHmnTpudenmibochonnii Opomua. ObpaszoBaHue MOCICAHETO, MO-
BHJIUMOMY, IMEET MECTO B pe3ylibTaTe “‘00paTHOW MPOTOTPOITHOW M30OMepHU3auu’ Tep-
BOHa4YaJIbHO 00pa3oBasiierocs 3-0poMoyT-1-ennnrpudenmndocdonuit 6Gpomua.
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SYNTHESIS AND ANTITUMOR PROPERTIES
OF 3-(2,2-DIMETHYLTETRAHYDRO-2H-PYRAN-4-
YL)SPIRO[BENZO[h]QUINAZOLINE-5,1'-CYCLOHEPTAN]-4(6H)-ONES
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26, Azatutyan Ave., Yerevan, 0014, Armenia
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Regioselective addition of benzylmagnesium chloride to ethyl 2-cyano-2-cycloheptylidene-
acetate yielded 2-(1-benzylcycloheptyl)-2-cyanoacetate, cyclization of which was used to synthesize
ethyl-4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-carboxylate (aminoester). By reacting the
amino ester with 4-isothiocyanato-2,2-dimethyltetrahydro-2H-pyran the corresponding thioreido
derivative was obtained, which without isolation from the reaction medium, was subjected to
cyclization, leading to the synthesis of 3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-
1H-spiro[benzo[h]-quinazoline-5,1'-cycloheptan]-4(6H)-one. In the presence of bases, thioxoderi-
vative reacted with halides, leading to the formation of 2-sulfanyl-substituted 3-(2,2-dimethyl-
tetrahydro-2H-pyran-4-yl)-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-ones. The antitumor
and antibacterial activity of synthesized compounds was studed.

Figs. 2, tables 2, references 18.

Benzo[h]quinazoline compounds have antimicrobial [1-3], antitumor [4,5],
antidepressant [6], serotonin antagonist [7], antiphlogistic [8], antiviral [9],
antitubercular [10] properties. Our previous work on the synthesis of spirocondensed
benzo[h]quinazolines, containing cyclopentane cyclohexane or cycloheptan rings at
C5 position, has shown that they possess antimonoaminoxidaze, antitumor,
anticonvulsant properties [11-15]. There is a report on the synthesis of
benzo[h]quinazolines containing tetrahydropyranic substituents in the 3rd position
that act directly on muscarinic M1 receptors and can be used in the treatment of
schizophrenia, sleep disorders and Alzheimer's disease [16]. of schizophrenia and
sleep disorders

We set ourselves the goal of developing methods for the synthesis of 3-(2,2-
dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one, which will make it possible
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to obtain the corresponding 2-sulfanyl-substituted derivatives and to study some of
the biological properties of the synthesized compounds. To carry out the planned
work, it was necessary to develop a method for the synthesis of the corresponding -
aminoester of the dihydronaphthalene series and a method for the synthesis of the
isothiocyanate of the tetrahydropyran series.

Ethyl 2-cyano-2-cycloheptylideneacetate (1) was put into reaction with
benzylmagnesium chloride and, as a result of regioselective addition, ethyl 2-(1-
benzylcycloheptyl)-2-cyanoacetate (2) was obtained. The latter was cyclized in the
presence of sulfuric acid leading to ethyl 4'-amino-1'H-spiro[cycloheptane-1,2'-
naphthalene]-3'-carboxylate (3) (aminoester 3).

on CgH,CH,MgCl O‘ NH,
— —_—
, COOEt
COOEt CN .

EtOOC

2
3

In the IR spectrum of compound 3 there is characteristic absorption of the
aromatic ring, C=C double bond and aminogroup in the regions of 1600, 1632 and
3305 cm™. However, there is no absorption in the spectrum, characteristic of the
ester group at 1700-1750 cm™. An explanation of this phenomenon is given by the
X-ray structural analysis, according to which the molecules of compound 3 contain
both intramolecular and intermolecular hydrogen bonds. All diffraction
measurements were carried out at room temperature on an Enraf-Nonius Cad-4
automated diffractometer (graphite monochromator, Mo-Ka radiation, 6/26-scan).
The monoclinic unit cell parameters were measured and refined using the diffraction
angles of 24 reflections (14<0<16). The structure was determined by direct method
and refined using the software package SHELXTL [17]. All non-hydrogen atoms
were refined anisotropically by full-matrix least squares method. The coordinates of
all hydrogen atoms were determined from difference Fourier map and refined freely.
Crystallographic and experimental data are listed in Table 1. The full
crystallographic data in CIF format available free of charge via internet at:
http://www.ccdc.cam.ac.uk/products/csd/request/,  deposition number: CCDC
1860664.
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Table 1
Crystallographic and experimental data

Crystal Data

Formula C19H25NO,

Formula Weight 299.40

Crystal System monoclinic

Space group P2:/n

a, b, c[A] 15.060(3), 7.3505(15), 16.331(3)
a, B,y [deg.] 90, 114.79(3), 90

V [AY] 1641.2(7)

Z 4

D(calc) [g/cm?] 1.212

w(MoKa) [ mm™ 1, Triny Tmax 0.078

F(000) 648

Crystal Size [mm] 0.42x0.36x0.30
Data Collection

Temperature (K) 293

Radiation [A] MoKa 0.71073

Omin, Omax [Deg] 1.5, 30.0

Dataset 0<h <21; 0<k<10; -22<1<22
Tot., Unig. Data, R(int) 4937, 4772, 0.058
Observed data [1 > 2.0 o(I)] 2819

Refinement

Nref, Npar 4772, 299

R, wR2, S 0.0656, 0.2271, 1.03

The atomic structure of the molecule is shown in Fig. 1. The conformational
analysis of cyclic fragments has shown that the atoms of phenyl ring are in the plane
(maximum deviation does not exceed 0.0070 (2) A), the cyclohexene ring has a half-
chair conformation, the C7, C9, C15 and C17 atoms are in the plane while C6 and
the C16 atoms are deviated from the plane accordingly -0.4743 (2) A and -0.9142
(2) A, the cycloheptanone ring has twist-boat conformation C17, C18, C20 and C21
atoms are in the plane, and C16, C19 and C22 atoms are shifted from the plane on
1.06792)A A, -0.6535 (2) A and 1.1495 (2) A, respectively. There is an
intramolecular hydrogen bond between the N8-H8A ...... O5 atoms, the donor-
acceptor distance is 2.572 (4) A (Fig.1). Considering the 3D packing of molecules in
the crystal structure, it has been found that there is also an intermolecular hydrogen
bond between the N8-H8B ...... O5' atoms, the donor-acceptor distance is 2.959 (3)
A (Fig. 2). By contacting the molecules, this hydrogen bond generates an infinite
chain parallel to the [0 1 0] crystallographic direction (Fig. 2), and the interaction
between the chains may be mainly described by the Van der Waals forces.

598



Fig 1. Atomic structure of the molecule Ci9H2sNO,, the ellipsoids of thermal vibrations are
drawn on 50% probability level. The intramolecular hydrogen bond is shown by dashed line, for
the simplicity of the Figure, the hydrogen atoms not involved in bonding are not drawn.

Fig. 2. The infinite chain formed by molecules CigH2sNO, via hydrogen bonds, shown by
dashed lines.

Based on 2,2-dimethyltetrahydro-2H-pyran-4-amine (4), a method for the
synthesis of 4-isothiocyanato-2,2-dimethyltetrahydro-2H-pyran (5) has been
developed. By reacting the aminoester 3 with isothiocyanate 5 corresponding
thioreido derivative 6 was obtained, which, without isolation from the reaction
medium, was subjected to cyclization, leading to the synthesis of 3-(2,2-
dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quina-
zoline-5,1'-cyclo-heptan]-4(6H)-one (7). The latter in the presence of potassium
hydroxide reacted with halides of various structures resulting in 2-sulfanyl-
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substituted 3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-spiro[benzo[h]quina-
zoline-5,1'-cycloheptan]-4(6H)-ones (8-16).

0 om | B %_

1. KOH; 2.HCI

8-17
R=CH; (8), C,Hs (9), CsH7 (10), i-C3H; (11), CH,CH,CH(CHs) (12), CH,CH=CH,
(13), CH,C(CH)s=CH, (14),CH,CgHs (15), 2-CH3CsH.CH (16)

The antitumor properties of compounds on sarcoma 180 model were studied
[6]. In chemotherapeutic experiments compounds 7, 9, 11 showed average
therapeutic action against sarcoma 180 (inhibition of tumor growth by 40-56%).
Weak activity showed compounds 8, 12, 15, 16, which in a dose of 155-170 mg/kg
inhibited the growth of sarcoma 180 in the range of 32-38%. Compounds 13 and 14
did not exhibit extreme antitumor activity.

The antibacterial activity of synthesized compounds was studied according to
the method of diffusion in agar at microbial loading of 20 million Microbial cells per
1 mL of media. Gram-positive cocci (Staph. aureus 209P, and 1 and gram-negative
bacteria (Sh. dysenteriae 6858, and E. coli O55) were used as the test-objects and
Furazolidone was used as a control (Table 2).

Table 2
The antibacterial activity of synthesized compounds
Zone of microbial absence (d, mm)
Comp. Ne Staphylococeus Sh. Flexneri E.coli
aureus 6858 0-55
209p 1

8 0 0 10 0

9 10 10 10 10

10 11 10 10 10

11 10 10 10 10

12 10 10 11 15

13 10 10 13 11
Furazolidone 25 24 24 24,5
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Experimental Section

The IR spectra were recorded on a Thermo Nicolet Nexus FT-IR spectrometer
from samples dispersed in mineral oil. The *H and **C NMR spectra were recorded
on a Varian Mercury-300 instrument from solutions in DMSO-d6-CCl, (1 : 3); the
chemical shifts were measured relative to tetramethylsilane or hexamethyldisiloxane
as internal standard. Silufol plates were used for analytical TLC; spots were
visualized by treatment with iodine vapor.

Ethyl 2-(1-benzylcycloheptyl)-2-cyanoacetate (2). The solution of 41.4 g
(0.2 mol) of ethyl-2-cyano-2-cycloheptylideneacetate (1) in 100 ml of absolute ether
was added dropwise to the ethereal solution of the Grignard reagent, which had been
obtained from 7.6 g (0.3 mol) of magnesium shavings and 38 g (0.3 mol) of
benzylchloride in 500 ml of absolute diethyl ether. The reaction mixture was mixed
at room temperature for 5 h, then 125 ml of 18% HCI was added while maintaining
the temperature at 18-22°C and mixed at room temperature until the complex was
decomposed completely. The organic layer was separated, washed with water and
dried with sodium sulfate. After distilling off the solvent, the residue was distilled in
vacuo. Yield 50.2 g (83%) of 2, bp 205-206°C/5 mm, R 0.44 (benzene—hexane,
5:2). IR spectrum, v, cm *; 1580, 1602 (C=C arom); 1731 (C=0); 2241 (CN). 'H
NMR spectrum, &, ppm: 1.32 (t, 3H, J=7.12, O-CH,-CH3), 1.35-1.56 (m, 8H,
cycloheptane), 1.60-1.75 (m, 3H, cycloheptane), 1.85-1.96 (m, 1H, cycloheptane),
2.75 (d, 1H, J=13.57, CH,-Ph), 2.87 (d, 1H, J=13.57, CH,-Ph), 3.42 (s, 1H, CH-
C=N), 4.21 (q, 2H, J=7.12, O-CH,-CHj), 7.18-7.31 (m, 5H, Ph). *C NMR spectrum,
dc, ppm: 13.49 (O-CH,-CHjs), 22.38 (CH, cycloheptane), 22.43 (CH, cycloheptane),
29.94 (CH, cycloheptane), 29.96 (CH, cycloheptane), 35.04 (CH, cycloheptane),
35.28 (CH; cycloheptane), 43.81 (C cycloheptane), 43.88 (CH,-Ph), 45.84 (CH-
C=N), 61.44 (O-CH,-CHs), 115.54 (C=N), 126.18 (CH Ar), 127.57 (2xCH Ar),
130.08 (2xCH Ar), 135.88 (C Ar), 164.79 (C=0). Found, %: C 76.11; H 8.59; N
4.53.C19H,sNO,. Calculated, %: C 76.22; H 8.42; N 4.68.

Ethyl  4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'-carboxylate
(3). 30.2 g (0.1 mol) of ethyl 2-(1-benzylcycloheptyl)-2-cyanoacetate (2) was
inserted into the reaction flask and 60 ml of concentrated sulfuric acid was added by
mixing at 5-10 °C. The mixing at this temperature lasted for 7 h, then it was
neutralized by NH,OH and extracted by ether. The extract was washed with water
and dried with MgSO,. Then the solvent was removed and the residue was
recrystallized from 80% ethanol. Yield 19.3 g (64 %) of 3, mp 57-58°C. R¢ 0.67
(ethylacetate—benzene, 1771). IR spectrum, v, cm: 1600 (C=C arom); 1632 (C=C);
3305.8 (NH,). 'H NMR spectrum, &, ppm. 1.25-1.68 (m, 10H, cycloheptane), 1.33
(t, 3H, J=7.14, O-CH,-CHj3), 2.03-2.16 (m, 2H, cycloheptane), 2.74 (s, 2H, C1'Hy),
4.18 (q, 2H, J=7.14, O-CH,-CHs), 6.94 (br.s, 2H, NH,), 7.08-7.16 (m, 1H, CH Ar),
7.18-7.27 (m, 2H, 2xCH Ar), 7.52-7.60 (m, 1H, CH Ar). *C NMR spectrum, &,
ppm: 14.15 (O-CH,-CHj3), 24.20 (2xCH,, cycloheptane), 29.26 (2xCH,,
cycloheptane), 37.20 (2xCH,, cycloheptane), 39.00 (C, cycloheptane), 41.40
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(C1'H,), 57.77 (O-CH,-CHj), 104.14 (C3"), 122.49 (CH Ar), 125.69 (CH Ar),
127.07 (CH Ar), 128.46 (CH Ar),130.72 (C Ar), 136.39 (C Ar), 149.74 (C4"), 169.50
(C=0). Found, %: C 76.11; H 8.59; N 4.53. C1gH,sNO,. Calculated, %: C 76.22; H
8.42; N 4.68.

4-1sothiocyanato-2,2-dimethyltetrahydro-2H-pyran (5). A mixture of 12.9 g
(0.1 mol) of 2,2-dimethyltetrahydro-2H-pyran-4-amine, 10.1 g (0.1 mol) of Rt;N and
100 ml of CHCI; was placed into the reaction flask. At 10-15 °C, were added 7.6 g
(0.1 mol) of CS,, then successively 10.1 g (0.1 mol) of Rt;N and 7.85 g (0.1 mol) of
acetyl chloride. The reaction mixture was stirred at room temperature for 5 h,
washed with water and dried with Na,SO,. After distilling off the solvent, the
residue was distilled in vacuo.Yield 10.0 g (58%) of 5, bp 105-106 °C/5mm. IR
spectrum, v, cm : 1194 (C-O-C); 2094 (N=C=S). 'H NMR spectrum, &, ppm: 1.17
(s, 3H, C2-(CHs),), 1.21 (s, 3H, C2-(CHg)p), 1.50-1.72 (m, 2H, C3H,, C5H,), 1.91-
2.04 (m, 2H, C3H,, C5Hy), 3.56 (ddd, 1H, J=2.61, 11.27, 12.37, C6H,), 3.70 (ddd,
1H, J=2.87, 5.01, 1237, C6H,), 4.05 (i, 1H, J=4.22, 10.83, C4H).
B3C NMR spectrum, 8¢, ppm: 22.37 (C2-(CHs),), 29.89 (C2-(CHa),), 32.94 (C5Hp),
42.88 (C3H,), 50.42 (C4H), 58.34 (C6H,), 70.87 (C2), 130.86 (N=C=S). Found, %:
56.23; H 7.45; N 8.08; S 18.57. CgH13NOS. Calculated, %: C 56.11; H 7.65; N 8.18;
S 18.72.

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-thioxo-2,3-dihydro-1H-
spiro[benzo[h]- quinazoline-5,1'-cycloheptan]-4(6H)-one (7). A mixture of 15.0 g
(0.05 mol) of ethyl 4'-amino-1'H-spiro[cycloheptane-1,2'-naphthalene]-3'
carboxylate (3), 100 ml of ethanol, 8.51g (0.05 mol) of 4-isothiocyanato-2,2-
dimethyltetrahydro-2H-pyran was placed into a 250 ml round-bottomed flask. The
reaction mixture was refluxed for 20 h, a solution of 5.6 g (0.1 mol) of KOH in 50
ml of H,O was added and the mixture was boiled for an additional 3 h. After
cooling, the mixture was acidified with a solution of 10% hydrochloric acid. The
precipitated crystals were filtered, washed with water, hexane, and recrystallized
from ethanol. Yield 13.0 g (61%) of 7, mp 238-239°C, R; 0.60 (ethylacetate-
benzene—hexane, 115015). IR spectrum, v, cm : 1615 (C=C arom); 1673 (C=0);
3169 (NH). 'H NMR spectrum, &, ppm: 1.23 (s, 3H, C2'-(CHs)s), 1.23-1.32 (m, 2H,
CH,, cycloheptane), 1.32 (c, 3H, C2'-(CHga)p), 1.40-1.86 (m, 10H, 5xCHp,
cycloheptane), 2.14-2.32 (m, 2H, C3'H,, C5'H,), 2.51-2.60 (m, 1H, C3'Hy), 2.67-
2.84 (m, 1H, C5'Hy), 2.84 (s, 2H, CgH,), 3.63-3.81 (m, 2H, C6'H,), 6.05-6.18 (m,
1H, C4'H), 7.17-7.40 (m, 3H, 3xCH Ar), 7.90-7.96 (m, 1H, CH Ar), 11.88 (br, 1H,
NH). *C NMR spectrum, 8¢, ppm: 21.51 (C2'-(CHs),), 23.71 (CH,, cycloheptane),
23.77 (CH,, cycloheptane), 27.29 (C5'Hy), 29.20 (CH,, cycloheptane), 29.30 (CH,,
cycloheptane), 31.26 (C2'-(CH3)y), 34.95 (CH,, cycloheptane), 35.45 (CHp,
cycloheptane), 37.16 (C3'Hp), 39.56 (C5), 40.11 (CgH,), 55.58 (C4'H), 60.55
(C6'H,), 72.05 (C2'), 120.61 (C4.), 124.46 (CH Ar), 125.17 (C Ar), 126.04 (CH Ar),
127.63 (CH Ar), 130.35 (CH Ar), 136.38 (C Ar), 141.77 (C10,), 159.75 (C=0),
176.26 (C=S). Found, %: C 70.88; H 7.75; N 6.78; S 7.44. C,sH3zN,0,S.
Calculated, %: C 70.72; H 7.60; N 6.60; S 7.55.
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2-Alkylthio-3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-ones (8-16) (General
method). A mixture of 2.12 g (0.005 mol) of 7, 0.4 g (0.007 mol) of KOH and 30 ml
of absolute ethanol was placed into a single-necked round-bottomed flask and boiled
for 30 min. Then 0.07 mol of halogenide was added and boiling was continued for
12 h. The reaction mixture was cooled and 20 ml of water was added. The
precipitate was filtered off and recrystallized from ethanol.

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(methylthio)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (8), (R=CHj3): Yield 1.85
g (84%), mp 197-198°C, R 0.62 (ethylacetate-benzene—hexane, 1:5:7): IR spectrum,
v, cm L. 1600 (C=C arom); 1666 (C=0). ‘*H NMR spectrum, &, ppm. 1.26 (s, 3H,
C2'-(CHj3),), 1.30 (¢, 3H, C2'-(CHg)p), 1.31-1.41 (m, 2H, CH,, cycloheptane), 1.45-
1.87 (m, 10H, 5xCH,, cycloheptane), 2.18-2.40 (m, 2H, C3'H,, C5'H,), 2.67 (s, 3H,
S-CHj3), 2.68-2.79 (m, 1H, C3'Hy), 2.86 (s, 2H, C6H,), 2.87-3.02 (m, 1H, C5'Hy),
3.60-3.73 (m, 1H, C6'H,), 3.76-3.85 (m, 1H, C6'Hy), 4.44-4.66 (m, 1H, C4'H), 7.12-
7.17 (m, 1H, CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 7.98-8.04 (m, 1H, CH Ar). °C
NMR spectrum, &c, ppm:14.82 (S-CHj3), 21.23 (C2-(CHs),), 23.78 (CH,,
cycloheptane), 23.86 (CH,, cycloheptane), 27.57 (C5'H,), 29.38 (CH,
cycloheptane), 29.49 (CH,, cycloheptane), 31.06 (C2'-(CHj)y), 35.24 (CHg,
cycloheptane), 35.75 (CH,, cycloheptane), 37.56 (C3'H,), 39.79 (C5), 40.03 (C6H,),
54.82 (C4'H), 60.26 (C6'Hy), 71.73 (C2"), 124.08 (C Ar), 124.59 (CH Ar), 125.89
(CH Ar), 127.19 (CH Ar), 129.46 (CH Ar), 131.88 (C4,), 136.22 (C Ar), 149.77
(C10y), 157.92 (C2), 161.07 (C=0). Found, %: C 71.33; H 7.96; N 6.23; S 7.15.
C,6H34N,0,S. Calculated, %: C 71.19; H 7.81; N 6.39; S 7.31.

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(ethylthio)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (9), (R=C,Hs):Yield 1.8
g (79%), mp 164-165°C, Rs=0.63 (ethylacetate-benzene-hexane, 1:5:7):IR
spectrum, v, cm *. 1603 (C=C arom); 1661 (C=0). "H NMR spectrum, &, ppm: 1.26
(s, 3H, C2'-(CHs),), 1.30 (s, 3H, C2'-(CHg)p), 1.31-1.42 (m, 2H, CH,, cycloheptane),
1.45-1.88 (m, 10H, 5xCH,, cycloheptane), 1.49 (t, 3H, J=7.34, S-CH,-CHjs), 2.18-
2.40 (m, 2H, C3'H,, C5'H,), 2.68-2.80 (m, 1H, C3'Hy), 2.86 (s, 2H, C6H,), 2.87-3.02
(m, 1H, C5'Hy), 3.29 (q, 2H, J=7.34, S-CH,-CH3), 3.61-3.74 (m, 1H, C6'H,), 3.76-
3.85 (m, 1H, C6'Hy), 4.45-4.65 (m, 1H, C4'H), 7.12-7.17 (m, 1H, CH Ar), 7.20-7.32
(m, 2H, 2xCH Ar), 7.93-7.98 (m, 1H, CH Ar). *C NMR spectrum, ¢, ppm: 13.56
(S-CH,-CHj), 21.25 (C2-(CHg),), 23.77 (CH, cycloheptane), 23.86 (CH,,
cycloheptane), 26.25 (S-CH,-CHs), 27.53 (C5'Hy), 29.38 (CH,, cycloheptane), 29.49
(CH,, cycloheptane), 31.06 (C2'-(CHj3)p), 35.26 (CHp, cycloheptane), 35.76 (CHp,
cycloheptane), 37.53 (C3'Hp), 39.81 (C5), 40.06 (CgH,), 54.70 (C4'H), 60.24
(C6'H,), 71.73 (C2"), 124.16 (C Ar), 124.39 (CH Ar), 125.93 (CH Ar), 127.24 (CH
Ar), 129.45 (CH Ar), 131.91 (C4,), 136.25 (C Ar), 149.82 (C10,), 157.47 (C2),
161.13 (C=0). Found, %: C 71.79; H 8.19; N 6.03; S 7.23. C,7HzsN,O,S.
Calculated, %: C 71.64; H 8.02; N 6.19; S 7.08.
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3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(propylthio)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (10), (R=CsH,): Yield
1.9 g (81%), mp 144-145°C, Rs 0.66 (ethylacetate-benzene—hexane, 1:5:7): IR
spectrum, v, cm . 1603 (C=C arom); 1659 (C=0). ‘*H NMR spectrum, &, ppm. 1.12
(t, 3H, J=7.36, S-CH,-CH,-CHj3), 1.26 (s, 3H, C2'-(CHs),), 1.30 (s, 3H, C2'-(CHj3)y),
1.31-1.41 (m, 2H, CH,, cycloheptane), 1.45-1.87 (m, 10H, 5xCH,, cycloheptane),
1.79-1.93 (m, 2H, S-CH,-CH,-CH3), 2.18-2.40 (m, 2H, C3'H,, C5'H,), 2.68-2.80 (m,
1H, C3'Hy), 2.86 (s, 2H, C6Hy), 2.87-3.02 (m, 1H, C5'Hy), 3.17-3.34 (m, 2H, S-CH,-
CH,-CH,), 3.61-3.74 (m, 1H, C6'H,), 3.76-3.85 (m, 1H, C6'Hy), 4.45-4.65 (m, 1H,
C4'H), 7.12-7.17 (m, 1H, CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 7.91-7.97 (m, 1H,
CH Ar). °C NMR spectrum, 8¢, ppm: 13.07 (S-CH,-CH,-CHs),21.26 (C2'-(CH3),),
21.61 (S-CH,-CH,-CH3j), 23.77 (CH,, cycloheptane), 23.85(CH;, cycloheptane),
27.53 (C5'Hy), 29.37 (CH,, cycloheptane), 29.49 (CH,, cycloheptane), 31.06 (C2'-
(CHg3)p), 33.76 (S-CH,-CH,-CH3), 35.24 (CH,, cycloheptane), 35.75 (CH,,
cycloheptane), 37.53 (C3'Hyp), 39.80 (C5), 40.06 (CgH,), 54.69 (C4'H), 60.25
(C6'Hy), 71.73 (C2'), 124.13 (C Ar), 124.33 (CH Ar), 125.91 (CH Ar), 127.25 (CH
Ar), 129.43 (CH Ar), 131.91 (C4,), 136.26 (C Ar), 149.78 (C10y), 157.56 (C2),
161.15 (C=0). Found, %: C 71.88; H 8.37; N 6.18; S 6.72. CygH3sN,O,S.
Calculated, %: C 72.06; H 8.21; N 6.00; S 6.87.

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(isopropylthio)-3H-
spiro[benzo[h]quinazoline -5,1'-cycloheptan]-4(6H)-one (11), (R=i—-CsH-):Yield
1.7 g (73%), mp 181-182°C, R¢=0.65 (ethylacetate-benzene-hexane,1:7:7): IR
spectrum, v, cm *. 1600.7 (C=C arom); 1662 (C=0). 'H NMR spectrum, &, ppm.
1.25 (s, 3H, C2'-(CHs).), 1.30 (s, 3H, C2'-(CHs),), 1.31-1.42 (m, 2H, CH,,
cycloheptane), 1.45-1.87 (m, 10H, 5xCH,, cycloheptane), 1.52 (d, 6H, J=6.94, S-
CH-(CHj3),), 2.18-2.40 (m, 2H, C3'H,, C5'H,), 2.68-2.80 (m, 1H, C3'Hy), 2.86 (s,
2H, CgH,), 2.87-3.02 (m, 1H, C5'Hy,), 3.61-3.74 (m, 1H, C6'H,), 3.76-3.85 (m, 1H,
C6'Hyp), 4.12 (sp, 1H, J=6.94, S-CH-(CHs),), 4.40-4.63 (m, 1H, C4'H), 7.12-7.17 (m,
1H, CH Ar), 7.20-7.32 (m, 2H, 2xCH Ar), 7.90-7.96 (m, 1H, CH Ar). *C NMR
spectrum, d&¢c, ppm: 21.30 (C2'-(CHj),), 22.21 (S-CH-(CHs),), 23.76 (CH,,
cycloheptane), 23.85(CH,, cycloheptane), 27.48 (C5'H;), 29.37 (CH,, cycloheptane),
29.49 (CHjy, cycloheptane), 31.06 (C2'-(CHj3)p), 35.28 (CHy, cycloheptane), 35.75
(CH,, cycloheptane), 37.47 (S-CH-(CHs),), 37.53 (C3'H,), 39.81 (C5), 40.07
(C6H,), 54.69 (C4'H), 60.21 (C6'H,), 71.73 (C2"), 124.15 (C Ar), 124.32 (CH Ar),
125.95 (CH Ar), 127.26 (CH Ar), 129.43 (CH Ar), 131.92 (C4,), 136.26 (C Ar),
149.88 (C10y), 157.51 (C2), 161.11 (C=0). Found, %: C 71.88; H 8.37; N 6.18; S
6.72. CogH3gN,0,S. Calculated, %: C 72.06; H 8.21; N 6.00; S 6.87.

3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-(isopentylthio)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (12), (R=i-CsHyy): Yield
2.0 g (81%), mp 137-138°C, R; 0.61 (ethylacetate-benzene—hexane, 1:5:7):IR
spectrum, v, cm *. 1602.7 (C=C arom); 1665 (C=0). '"H NMR spectrum, &, ppm.
1.01 (d, 6H, J=6.40, S-CH,-CH»-CH-(CHj3),), 1.25 (s, 3H, C2'-(CHs),), 1.30 (s, 3H,
C2'-(CH3)p), 1.30-1.42 (m, 2H, CH,, cycloheptane), 1.45-1.88 (m, 13H, 5xCH,,
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cycloheptane), S-CH,-CH,-CH-(CHjs),, S-CH,-CH,-CH-(CHg),), 2.18-2.40 (m, 2H,
C3H,, C5'H,), 2.67-2.80 (m, 1H, C3'Hy), 2.86 (s, 2H, C¢H,), 2.87-3.02 (m, 1H,
C5'Hy), 3.22-3.33 (m, 2H, S-CH,-CH,-CH-(CHj3),), 3.58-3.72 (m, 1H, C6'H,), 3.75-
3.85 (m, 1H, C6'Hy), 4.45-4.65 (m, 1H, C4'H), 7.11-7.17 (m, 1H, CH Ar), 7.19-7.32
(m, 2H, 2xCH Ar), 7.92-7.99 (m, 1H, CH Ar). *C NMR spectrum, 8¢, ppm: 21.24
(C2'-(CHa3),), 21.86 (S-CHp-CH-CH-(CHs),), 23.76 (CH,, cycloheptane), 23.84
(CH,, cycloheptane), 27.20 (S-CH,-CH,-CH-(CHy)y), 27.51 (C5'Hy), 29.36 (CHp,
cycloheptane), 29.48 (CH,, cycloheptane), 29.99 (S-CH,-CH,-CH-(CHs),), 31.05
(C2'-(CHa)p), 35.24 (CHy, cycloheptane), 35.75 (CH,, cycloheptane), 37.19 (S-CH,-
CH,-CH-(CHj3),), 37.52 (C3'H,), 39.81 (C5), 40.03 (CeH,), 54.76 (C4'H), 60.24
(C6'H,), 71.73 (C2)), 124.12 (C Ar), 124.37 (CH Ar), 125.80 (CH Ar), 127.25 (CH
Ar), 129.44 (CH Ar), 131.87 (C4,), 136.25 (C Ar), 149.80 (C10y,), 157.54 (C2),
161.13 (C=0). Found, %: C 72.98; H 8.38; N 5.82; S 6.31. C3H4N,O,S.
Calculated, %: C 72.83; H 8.56; N 5.66; S 6.48.
2-(Allylthio)-3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (13), (R=CH,CH=CH,):
Yield 1.95 g (84%), mp 149-150°C, Rs 0.67 (ethylacetate-benzene—hexane, 1:7:7).
IR spectrum, v, cm . 1605 (C=C arom); 1664 (C=0). 'H NMR spectrum, &, ppm.
1.25 (s, 3H, C2'-(CHs3),), 1.30 (s, 3H, C2-(CHa3)p), 1.31-1.42 (m, 2H, CH,,
cycloheptane), 1.45-1.87 (m, 10H, 5xCHj,, cycloheptane), 2.18-2.40 (m, 2H, C3'H,,
C5'H,), 2.67-2.79 (m, 1H, C3'Hy), 2.85-3.02 (m, 1H, C5'Hy), 2.87 (s, 2H, C¢H,),
3.60-3.73 (m, 1H, C6'H,), 3.75-3.85 (m, 1H, C6'Hy), 3.96 (d, 2H, J=7.09, S-CH,-
CH=CH,), 4.43-4.65 (m, 1H, C4'H), 5.17-5.23 (m, 1H, S-CH,-CH=CH,), 5.33-5.43
(m, 1H, S-CH,-CH=CHy), 5.94-6.10 (m, 1H, S-CH,-CH=CH,), 7.12-7.18 (m, 1H,
CH Ar), 7.21-7.33 (m, 2H, 2xCH Ar), 7.94-8.00 (m, 1H, CH Ar). *C NMR
spectrum, 8¢, ppm: 21.23 (C2'-(CHs),), 23.76 (CH,, cycloheptane), 23.85(CHp,
cycloheptane), 27.55 (C5'Hy), 29.36 (CH,, cycloheptane), 29.48 (CH,,
cycloheptane), 31.05 (C2-(CHj)p), 34.62 (S-CH,-CH=CH;), 35.22 (CHy,
cycloheptane), 35.72 (CH,, cycloheptane), 37.57 (C3'H,), 39.82 (C5), 40.02 (C6H,),
55.03 (C4'H), 60.21 (C6'H,), 71.73 (C2'), 118.40 (S-CH,-CH=CHj), 124.26 (C Ar),
124.46 (CH Ar), 125.97 (CH Ar), 127.25 (CH Ar), 129.50 (CH Ar), 131.79 (C4,),
132.10 (S-CH,-CH=CH,), 136.24 (C Ar), 149.81 (C10,), 156.97 (C2), 161.07
(C=0). Found, %: C 72.21; H 7.65; N 6.22; S 6.72. C,3H3sN,0,S. Calculated, %: C
72.38; H 7.81; N 6.03; S 6.90.
3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-((2-methylallyl)thio)-3H-spiro
[benzo[h]-quinazoline-5,1'-cycloheptan]-4(6H)-one  (14), (R=CH,C(CH3)=CHy):
Yield 2.0 g (83%), mp 164-165°C, R 0.65 (ethylacetate-benzene—hexane, 1:7:7): IR
spectrum, v, cm . 1605 (C=C arom); 1654 (C=0). "H NMR spectrum, &, ppm. 1.26
(s, 3H, C2'-(CHs),), 1.31 (s, 3H, C2'-(CHg)p), 1.31-1.42 (m, 2H, CH,, cycloheptane),
1.45-1.87 (m, 10H, 5xCHy, cycloheptane), 1.90 (s, 3H, S-CH,-C(CH3)=CH,), 2.18-
2.40 (m, 2H, C3'H,, C5'H,), 2.68-2.81 (m, 1H, C3'Hy), 2.85-3.03 (m, 1H, C5'Hy),
2.87 (s, 2H, C¢Hy), 3.61-3.74 (m, 1H, C6'H,), 3.76-3.86 (m, 1H, C6'Hy), 3.98 (d, 1H,
J=13.19, S-CH,-C(CH3)=CHy,), 4.03 (d, 1H, J=13.19, S-CH ;, -C(CH3)=CH,), 4.48-
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4.68 (m, 1H, C4'H), 4.92-4.96 (m, 1H, S-CH,-C(CH3)=CH,), 5.08-5.12 (m, 1H, S-
CH,-C(CH3)=CHy), 7.12-7.18 (m, 1H, CH Ar), 7.21-7.33 (m, 2H, 2xCH Ar), 7.94-
8.00 (m, 1H, CH Ar). 3C NMR spectrum, 5, ppm: 21.06 (S-CH,-C(CHz)=CH,),
21.27 (C2'-(CHs),), 23.75 (CH,, cycloheptane), 23.83(CH,, cycloheptane), 27.54
(C5'Hy), 29.35 (CH,, cycloheptane), 29.47 (CH,, cycloheptane), 31.04 (C2'-(CHs)y),
35.19 (CH,, cycloheptane), 35.70 (CH,, cycloheptane), 37.57 (C3'H,), 38.78 (S-
CH,-C(CH3)=CHy), 39.81 (C5), 39.99 (CgHy), 55.11 (C4'H), 60.21 (C6'Hy), 71.73
(C2"), 114.87 (S-CH,-C(CH3)=CH,), 124.25 (C Ar), 124.46 (CH Ar), 125.91 (CH
Ar), 127.25 (CH Ar), 129.47 (CH Ar), 131.76 (C4,), 136.23 (C Ar), 138.89 (S-CH,-
C(CH3)=CH,), 149.70 (C10,), 157.17 (C2), 161.08 (C=0). Found, %: C 72.57; H
8.18; N 5.68; S 6.88. CgH3sN,0,S. Calculated, %: C 72.76; H 8.00; N 5.85; S 6.70.
2-(Benzylthio)-3-(2,2-dimethyltetrahydro-2H-pyran-4-yl)-3H-spiro
[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (15), (R=CH,CsHs):Yield 2.2
g (85%), mp 173-174°C, Rs 0.68 (ethylacetate-benzene—hexane, 1:7:7): IR spectrum,
v, cm L. 1605 (C=C arom); 1662 (C=0). '*H NMR spectrum, &, ppm. 1.24 (s, 3H,
C2'-(CHj3),), 1.27 (s, 3H, C2'-(CHj3)y), 1.32-1.44 (m, 2H, CH,, cycloheptane), 1.45-
1.88 (m, 10H, 5xCH,, cycloheptane), 2.20-2.39 (m, 2H, C3'H,, C5'H,), 2.66-2.79
(m, 1H, C3'Hy), 2.85-3.00 (m, 1H, C5'Hy), 2.87 (s, 2H, C¢H,), 3.58-3.70 (m, 1H,
C6'H,), 3.74-3.83 (m, 1H, C6'Hy), 4.43-4.62 (m, 1H, C4'H), 4.52 (d, 1H, J=13.02, S-
CH,), 4.59 (d, 1H, J=13.02, S-CH,), 7.13-7.18 (m, 1H, CH Ar), 7.20-7.35 (m, 5H,
5xCH Ar), 7.39-7.45 (m, 2H, 2xCH Ar), 7.98-8.03 (m, 1H, CH Ar). °C NMR
spectrum, ¢, ppm: 21.28 (C2'-(CHs),), 23.76 (CH,, cycloheptane), 23.84(CHa,
cycloheptane), 27.53 (C5'H,), 29.35 (CH, cycloheptane), 29.46 (CH, cycloheptane),
31.03 (C2'-(CHa)y), 35.22 (CH,, cycloheptane), 35.69 (CH,, cycloheptane), 36.51
(S-CHy), 37.53 (C3'Hy), 39.84 (C5), 40.00 (Cg¢H,), 54.93 (C4'H), 60.16 (C6'H,),
71.70 (C2'), 124.41 (C Ar), 124.59 (CH Ar), 125.95 (CH Ar), 127.04 (CH Ar),
127.25 (CH Ar), 128.06 (2xCH Ar), 128.67 (2xCH Ar), 129.51 (CH Ar), 131.76
(C4,), 135.21 (C Ar), 136.22 (C Ar), 149.81 (C10,), 157.34 (C2), 161.03 (C=0).
Found, %: C 74.50; H 7.62; N 5.27; S 6.39. C3,H33sN,0,S. Calculated, %: C 74.67;
H7.44; N 5.44; S 6.23.
3-(2,2-Dimethyltetrahydro-2H-pyran-4-yl)-2-((2-methylbenzyl)thio)-3H-

spiro[benzo[h]-quinazoline-5,1'-cycloheptan]-4(6H)-one (16), (R=2—CH3CsH,CH,):
Yield 2.1 g (79%), mp 182-183°C, Rs 0.64 (ethylacetate-benzene—hexane 1:7:7): IR
spectrum, v, cm . 1603 (C=C arom); 1661.7 (C=0). 'H NMR spectrum, 5, ppm. 24
(s, 3H, C2'-(CHs),), 1.25 (s, 3H, C2'-(CHa)p), 1.32-1.44 (m, 2H, CH,, cycloheptane),
1.46-1.89 (m, 10H, 5<CH,, cycloheptane), 2.22-2.40 (m, 2H, C3'H,, C5'H,), 2.45 (s,
3H, CH3-Ph), 2.68-2.80 (m, 1H, C3'Hy), 2.85-3.00 (m, 1H, C5'Hy), 2.88 (s, 2H,
Ce¢Hy), 3.57-3.69 (m, 1H, C6'H,), 3.73-3.83 (m, 1H, C6'Hy), 4.40-4.61 (m, 1H,
C4'H), 4.52 (d, 1H, J=12.87, S-CH,), 4.57 (d, 1H, J=12.87, S-CHy), 7.08-7.38 (m,
7H, 7xCH Ar), 7.99-8.05 (m, 1H, CH Ar). *C NMR spectrum, 8¢, ppm: 18.72
(CHs-Ph), 21.31 (C2-(CHj),), 23.77 (CH, cycloheptane), 23.86 (CH,,
cycloheptane), 27.53 (C5'H), 29.36 (CH,, cycloheptane), 29.47 (CH,,

cycloheptane), 31.03 (C2'-(CHj3)y), 35.22 (CHp, cycloheptane), 35.25 (S-CH,), 35.69
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(CH_, cycloheptane), 37.52 (C3'H,), 39.86 (C5), 40.02 (C¢H,), 54.70 (C4'H), 60.15
(C6'Hy), 71.69 (C2'), 124.38 (C Ar), 124.58 (CH Ar), 125.79 (CH Ar), 125.96 (CH
Ar), 127.26 (CH Ar), 127.55 (CH Ar), 129.53 (CH Ar), 129.84 (CH Ar), 129.97
(CH Ar), 131.82 (C4,), 132.25 (C Ar), 136.25 (C Ar), 136.39 (C Ar), 149.84 (C10y),
157.50 (C2), 161.03 (C=0). Found, %: C 74.81; H 7.82; N 5.48; S 6.24.
Ca3H4oN20,S. Calculated, %: C 74.96; H 7.63; N 5.30; S 6.06.

3-2,2-VPUGR-PLSES LUSPALN-2H-NP LU L-4-PL)UNB LN
[A6LON [P LUQNLPL-5,1'-8PYLASENSUL]-4 (6H)-N'LLELD UPLR-GQL
6U SUYUENFN-NF3LUSP L SUSUNFR-3NFLLELL

U b. UUrunuU3uy, . U. NEENL3UL, W U. U3IUEQ3UL, U.U.URU3UL,
W. Q- U31uQ3UL, 0 W. (-UUUE23UL, . \. UrUEL3UL b Q. U T UuhU3UL

Eftpy 2-gputin-2-ghlynSbupnfypypbngbuunnpl - phugpydugbbyfpnod ppnpfoh nbypok-
(blynpe] dpgnedp Sutigbyply § 2-(1-pbigfygflSbupmfy)-2-ghwbnugbmunf, app gplpnedy
oquugnpdily & Lfpy 4-wifn-"H-uppn]gflyn S ot 1,2 b fFuy ] -3 fuppnpuf-
punnfy (wilfunbuf@lip) ufbsfthgh Sudwp: Udfinbuf@bpf b 4-funfFfngfubmnn-2,2-q bt fy-
wnbanpulfppn-2H-whpubp  infumgybgndyncipy  omwgdws [Fhonephpynmd g,
winuilg nhuwlghnt dpunfuyphy whuunlyne, Bafuplfly § gplydwh, phgp plpby § 3-(2,2-
B oyl S fripprin-2 H-wgppruasts=dfy)-2-[FHpropun-2,3-ipfp& g1 H-gppon | plitaggn [ 1] fufr-
illllql‘llﬁil'5,1 "5[]4[[1417[1[”1”12[]'4(61‘1)'”&[] uﬁﬂﬁbqﬁbuﬁ‘ﬁopunw&wbglmlﬂ 4[11]‘#[1 ilbpqlll‘/nL'
[Pyusddp spnfusmsgyned § Suynqhipqhbpp Sk, npf wpgynchpncd wnugdned B 2-ung $uibify-
wlsipulpuspf s 3-(2,2-fpib byl puypn-2H-upfypuste-4-fy)-3H-wppn| plitign [ h] fufri-
qﬂlﬁil'5,1 "5[]4[[1417[1[”11.”2[]'4(61‘1)'nililbpu”LllnleLLlll[lpl{bl t Uﬁillabql{u.la' lfﬁwgﬂL[l;JﬂLiIiIb'
pl Swlppinnncgpuyfiile Suslpuspulynbpfusy wdpffm oy :

CHUHTE3 U IPOTUBOONYXOJIEBBIE CBOMCTBA
3-(2,2-IMMETUJITETPAT UJPO-2H-TUPAH-4-
WJI)CIUPO[BEH30[h]XUHA30JIMH-5,1"-IUKJIOTENTAH]-4 (6H)-OHOB

A. 1. MAPKOCSIH, X. C. AKOIISIH, A. C. AIBA3SIH, C. C. MAMSIH, A. I'. AIIBA3SIH,
P. A. TAMA3SIH, ®. I'. APCEHSIH u . A. ABAKUMSTH

HayuHo-TexHOJIOTHYeCKHUil IEHTP OpraHuYecKoi U GpapManeBTHIECKOH XUMUH
HAH Pecny6muku Apmenus
Apwmenus, 0014, Epesan, np. A3atytsiHa 26
Tenepon: +374 10 288 443
E-mail: ashot@markosyan.am

PernoceneKkTHBHOE TMPHUCOEAMHEHHUE OCH3WIMArHUHXJIOpUAA K JTUI-2-1[HaHO-2-
MUKJIOTCIITHINACHAIICTATY TPUBENIO K 2-1-0CH3MIIMKIOTSITHI)-2-1{HaHOALIETATY, ITHK-
JU3aIMst KOTOPOTO MCIOIB30BAH JJIsl CHHTE3a 3THiI-4'-amMmuHo- 1 'H-cimpo[ ukiorentan-
1,2"-nadramun]-3'-kapookcunara (amuHo3up). Peakuuneit amunosdupa ¢ 4-M30THOLHA-
HaTo0-2,2-AUMETUIITeTparuapo-2H-nupaHoM ObUIO MOJIYYEHO COOTBETCTBYIOIIEE THOPEH-
JOMIPOU3BOIHOE, KOTOpoe Oe3 BBINEICHUS W3 PEaKIMOHHOW Cpeabl IOJBEpraioch
[UKJIM3AIAA, 9TO TPHUBENO K cuHTedy 3-(2,2-mumerwmnrerparuapo-2H-mupan-4-m)-2-
THOKCO-2,3-muruapo- 1 H-ciupo[6enso h|xunazonun-5,1"-iuknorentan]-4(6H)-ona. B
MIPUCYTCTBUH OCHOBaHMH THOKCOIIPOM3BOAHOE PEArkpyeT C rajJoreHHaMH, YTO MPUBO-
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JMT K 00pa3oBaHuI0 2-Cyib(aHuI3aMeIleHHbIX 3-(2,2-aumeTnnrerparuapo-2H-mpan-
4-un)-3H-criupo[6enso[h]xunazonun-5,1"- 1uknorenran]-4(6H)-onos. M3ydensl mpo-
THUBOOITYXOJIeBas U aHTHOAKTepHAIbHASI aKTUBHOCTH CHHTE3UPOBAHHBIX COEINHEHHUH.
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The regiochemistry of the reaction of diethyl 2-(prop-2-yn-1-yl)malonate with various
nucleophiles in the presence of mercury(ll) acetate has been investigated. The derivative of
cyclopentadiene and unsaturated ketoesters were isolated depending on the nature of the dicarbonyl
compound and the conditions for the reduction of the organomercury intermediates.

References 6

Earlier, based on the reaction of solvomercuration-demercuration of the
terminal triple bond, methods for one-step functionalization were developed and the
reasons for obtaining both furan derivatives and the linear products of vinylation
were identified [1-4].

Extending the research in this area, diethyl 2-(prop-2-yn-1-yl)malonate 2
synthesized from malonic ester 1 with various CH- and NH-nucleophiles was
involved as the substrate in the mercuration-demerculation reaction. The substrate
optimally combined model terminal acetylene and dicarbonyl fragments that can
influence regiochemistry of the studied reaction.

It turned out that the interaction of diethyl 2-(prop-2-yn-1-yl)malonate 2 with
sodium acetylacetonate in the presence of mercury(ll) acetate in dioxane, followed
by demerculation of intermediates 3 and 4 with sodium borohydride, in contrast to
alkyl acetylenes, propargyl ethers and proparyl acetate, affords a mixture of diethyl-
3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6 and diethyl 2-(3-
acetyl-4-hydroxy-2-methylenepent-3-enyl)malonate 5.
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It should be noted that the formation of cyclopentadienyl derivative 6 is a
consequence of the prototropic migration of the exomethylene double bond, further
dehydration and cyclization according to the following Scheme:
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The mixture of linear 5 and cyclopentadienyl 6 derivatives was separated into
the individual components by column chromatography.

In this work, we attempted to alkylate diethyl 2-(prop-2-yn-1-yl)malonate 2
with an equilibrium system obtained by condensation of acetylacetone and aniline
[5] containing Schiff base 8 and its tautomeric form 9 in a 50: 50 ratio, as per *H
NMR. A characteristic test for the presence of the imine-enamine mixture of 8 and 9
was the ratio of hydrogen atoms of enol 8 (12.4 ppm) and aniline 9 (5.1 ppm).

Similar to the data obtained earlier in [3], after solvolysis with sodium
borohydride, products of N-alkylation of the terminal triple bond of diethyl 2-(prop-
2- yn-1-yl)malonate were not isolated. It is likely that the reaction proceeded
through the intermediate formation of unsaturated amines 10 and 11, which under
demercuration conditions were hydrolyzed to enol 12, stabilized to diethyl 2-(2-
oxopropyl)malonate 13.
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We failed to perform direct hydration (without the participation of amine) in the
presence of mercury(ll) acetate: only the initial substrate was present in the reaction
mixture.

In conclusion, the reactions of diethyl 2-(prop-2-yn-1-yl)malonate with
acetylacetone and its derivatives in the presence of mercury(ll) acetate have been
studied and derivatives of cyclopentadiene and ketoesters were formed.

Experimental Part

'H and **C NMR spectra (300.07 and 75.46 MHz respectively) of the solutions
in DMSO-d6-CCI4 (1:3) were recorded on a Varian “Mercury-300 VX”
spectrometer at 303 K relative to internal TMS. The reaction progress was
monitored by TLC using Silufol UV-254 plates, developing with KMnO, and iodine
vapor. GLC analysis was performed using a LHM-80MD instrument (model 3)
(1.5 m column, AW-NMDC sorbent soaked with 10% Carbovax-20M, rate of carrier
gas 40 mL/min, detector temperature 200°C, evaporator temperature 250°C).
Diethyl-2-(prop-2-ynyl)malonate was obtained by reacting sodium malonic ester
with propargyl bromide as described in [6].

Diethyl 2-(3-acetyl-4-hydroxy-2-methylenepent-3-enyl)malonate 5, diethyl
3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6. 32 g of
mercury(Il) acetate (0.01 mol) was dissolved in 50 ml of THF, 1.98 g (0,01 mol) of
diethyl 2-(prop-2-yn-1-yl)malonate 2 was added and the mixture was stirred for 1h
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at 25 °C. Separately, from 0.23 g (0.01 mol) of sodium and 1 ml of acetylacetone in
10 ml of THF, sodium salt of acetylacetone was obtained, the complex was added
and stirred for 12 h. Demercuration was carried out by adding 0.2 g (0.026 mol) of
powdered sodium borohydride, the mixture was stirred for another 2 h, then the
water-ether mixture was added in a 2: 1 ratio, the extracts were dried over
magnesium sulfate.

After removal of the solvent, 2.0 g of residue was obtained, which was purified
by chromatography on a column containing 70 g of silica gel (40-100 zm). Elution
with CCly/ether in a 3:1 ratio yielded 0.95 g of diethyl 2-(3-acetyl-4-hydroxy-2-
methylenepent-3-enyl)malonate 5 with R 0.65 (hexane/ether 1:1) and 0.86 g of
diethyl 3-acetyl-2,4-dimethylcyclopenta-2,4-diene-1,1-dicarboxylate 6 with R¢ 0.51
(hexane/ether 1:2).

'H NMR for 5, (300.07 MHz, DMSO-d6) &, Hz: 1.77 (t, 3H, CHz, J=7.1), 2.04
(s, 3H, COCHy), 2.71 (ddd, 2H, CH,, J=7.4, 1.5, 1.2Hz), 3.51 (t, 1H, CH, J=7,4),
4,15 (g, 2H, OCH,, J=7.1), 5.00 (dt, 2H, =CH,, J=1.5, 1.2), 5.3 (g, 2H, =CH,,
J=1.5). Found, %: C 60.79; H 7.39; Calc. for C15H»,04, %: C 60.39; H 7.43.

'H NMR for 6, (300.07 MHz, DMSO0-d6) &: 1.23 (t, 6H, CHs), 1.52 (s, 3H,
CHjy), 1.95 (s, 3H, CHjy), 2.28 (s, 3H, CH3), 4.13 (q, 4H, -CH,CH3), 5.05 (s, 1H, -
C=CH-). Found, %: C 64.71; H 7.2; Calc. for C15H»,0Os, %: C 64.27; H 7.19.

Reaction of acetylacetone with aniline. 19 g (0.2 mol) of aniline was
dissolved in 160 ml of ethanol and 22 ml of acetylacetone was added. The reaction
mixture was boiled with stirring for 15 h [5]. The ethanol was distilled in vacuo,
cooled, crystals were separated and washed with ice water, dried under vacuum,
heated in a water bath at 45°C. Distillation of the residue in vacuo gave 4 g of a
mixture of compounds 8 and 9 (the ratio by *H NMR 50:50).

'H NMR of mixtures 8 and 9, (400 MHz, DMSO-d6) &: 1.23 (t, 6H, CHj), 1.52
(s, 3H, CH3), 1.95 (s, 3H, CH3), 2.28 (s, 3H, CH3), 4.13 (q, 4H, -CH,CH3), 5.05 (s,
1H, -C=CH-).

Diethyl 2-(2-oxopropyl)malonate 13. 4.8 g (0.015 mol) of mercury(ll) acetate
was dissolved in 50 ml of THF, 3 g (0.015 mol) of diethyl 2-(prop-2-yn-1-
yl)malonate 2 was added and the mixture was stirred for 1 h at 25 °C. Separately,
from 0.345 g (0.015 mol) of sodium and 2.6 g (0.015 mol) of imine-enamine mixture
the corresponding salt was obtained, the complex was added and stirred for 15 h at
25°C. Demercuration was carried out by adding 0.3 g of powdered sodium
borohydride with stirring for another 2 h and the water/ether mixture in a 2:1 ratio
was added, the extracts were dried over magnesium sulfate. After removal of the
solvent, 2.5 g of the residue was obtained. 1 g of this residue was purified by
chromatography on a column containing 40 g of silica gel (40-100 xm). Elution with
hexane/ether in a 5:1 ratio yielded 0.8 g of diethyl 2-(2-oxopropyl)malonate 13. *H
NMR (300.07 MHz, DMSO-d6) &, Hz: 1.26 (t, 6H, CHa, J=7.1), 2.16 (s, 3H, CHy),
2.98 (d, 2H, CH,, J=7.2), 3.68 (t, 1H, CH, J=7.2), 4.14 (q, 4H, OCH,, J=7.1). ©°C
NMR 13 (75.46 MHz, DMSO-d6) &: 13.5 (CHs), 28.9(CHs), 41.1(CH,), 46.1(CH),
60.5 (OCH,), 167.6 (O-C0O), 203.2 (CO).
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L. - NALAUSUTL, L. 1.LUL3U, N. U LELUPUSUTL, L. UAULE23U,
U. L.NA4UYhU3U0L, N.LAUULGU3UL U 4 W 20LTL3UL

Lrmagmunfby & b3 fy-2- (wyprmg-2-rlfy) dwsgrisssnf spofugubgmefdyncbip mupuplng [
TclylinBpylbipl Sk uligplyfy (11) wglimnnfs SkpluynGyudp: Molpuppobppogpl dpuogn:e-
[yt b dpQustelyny dpragnefFyniiilpp fbpudpighdwl phig Gy Qupufwd omogdk; B
$lmnligumd flnniilibp b ghlynublunughbif wdubguhbp:

O PEATMPOBAHHNU ITPOITAPTHJIIMAJIOHATA C HYKJIEO®PNJITIAMHA
BIIPUCYTCTBUU ALETATA PTYTH (II)

H. ' OBOCsH, K. B. BAJISIH, P. C. HEPCUCSIH, JI. M. TAJIEYSIH,
C. A. OBAKHUMISIH, A. B. CAPI'CSIH u K. A. YHOBAHAH

HccnenoBana perMoXvuMusi B3aUMOJCHCTBUS JUATHI-2-(TIPOI-2-MHUI)MaIOHATa C
pasnuuHbIMEH HyKIeouiamu B mpucyrctBud anerara (I) pryru. B 3aBucumoctu ot
MPUPOJIBI TUKAPOOHWIILHOTO COEIMHEHUs M YCIOBUH BOCCTAHOBIICHHUS IPOMEXKYTOYHBIX
PTYTBOPraHUYECKUX COCIUHEHUI BBIIEICHBI HENPEICNBHBIC KETOHBI U IPOU3BOJHOE
LUKIIONICHTAJUCHA.
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Starting from the 7-chloro derivative of thieno[3,2-d]pyrimidine 1 a series of new amino
derivatives of cyclopenta[4',5')pyrido[3',2":4,5]thieno[3,2-d]pyrimidine 2 were synthesized. By
treatment of compound 3 with nitrous acid fused thieno[2,3-e]tetrazolo[1,5-c]pyrimidine 4 was
synthesized. The azide/tetrazole equilibrium in this system 4A/AT was observed and investigated.

References 15.

Fused thieno[3,2-d]pyrimidines are one of the ‘privileged medicinal scaffolds’,
which are used for the development of pharmaceutical agents, showing a wide range
of pharmacological activities [1]. In particular, the amino derivatives of
pyrido[3',2":4,5]- thieno[3,2-d]pyrimidine have been shown to interact with a
number of molecular targets including phosphodiesterase IV with potential use in
the treatment of asthma and chronic obstructive pulmonary disease [2] and release
control of tumor necrosis factor-o. (TNFo) [3]. They also showed beta2
adrenoreceptor agonist activity [4] and distinguished by the pronounced
antimicrobial activity [5].

On the other hand, the study of an azide-tetrazole equilibrium has attracted
large attention and new condensed systems containing the tetrazole ring have always
been investigated by both physico-chemical and computational methods [6-8].

In view of the above observations, the aim of this work is the synthesis and
study of the properties of compounds containing amino groups in the pyrimidine
ring, as well as compounds with a condensed tetrazolo[1,5-c]pyrimidine moiety.

The starting compound was 7-chloro-4-isobutyl-9-(methylthio)-2,3-dihydro-
1H-cyclopenta[4',5pyrido[3',2":4,5]thieno[3,2-d]pyrimidine (1) [9], which contains
an ‘activated’ chlorine atom that could easily be displaced by nucleophiles. Thus, 7-
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chlorothieno[3,2-d]- pyrimidine 1 was reacted with various amines to give a series
of 7-amino-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5]pyrido
[3',2":4,5]thieno[3,2-d]pyrimidines 2a—w in high yields (Scheme 1).

Scheme 1

NHR!R?
—_—

EtOH

-899
73-89% H,C

R' + R? = -(CHp)s- (a); R' + R® = -(CH,),0(CH,),- (b); R™+ R?
-(CH,),NMe(CH,),- (c); R+ R? = -(CH,),NEt(CH,),- (d); R' + R? =
-(CH,);N(CH,),0H(CH,)- (e); R* = H, R* = CH,CH,OH (f); R' = H, R? =
CH,CH,0OMe (g); R* = H, R? = CH,CH(OMe), (h); R* = H, R? = CH,CH(Me)OH
(i); R'=H, R*= CH2CH N(Me)g(j) R'=H,R?= CHZCHZN(Et)z(k) R'=H,R?=
2-morpholinoethyl (I); R' = H, R? = (CH,)sN(Me), (m); R* = H, R* = (CH,):0H (n);
R' = H, R? = (CH,);0CHj5 (0); R* = H, R? = 2-furylmethyl (p); Rl H, R? = Bn (q);
R'=H, R*=2- pyrldylmethyl (r); R' = H, R? = 3-pyridylmethyl (s); R' = H, R? =
CH,CH,Ph (t); R = R? = C;Hs (u); R* = CH3, R? = CH,CH,OH( v); R' = C,Hs, R? =
CH,CH,0H (w).

7-Chlorothieno[3,2-d]pyrimidine 1 was reacted with an excess of hydrazine
hydrate in ethanol at reflux affording the 7-hydrazino-4-isobutyl-9-(methylthio)-2,3-
dihydro-1H-cyclopenta[4',5Tpyrido[3',2":4,5]thieno[3,2-d]pyrimidine (3) [9]
(Scheme 2). Next, the 7-hydrazino derivative 3 was treated with sodium nitrite in
acetic acid at 0—5°C, giving the targeted 7-azidothieno[3,2-d]pyrimidine/thieno[2,3-
e]tetrazolo[1,5-c]pyrimidine 4A/T in excellent yield (Scheme 2).

It was observed that the azide/tetrazole equilibrium was present in newly
synthesized compound 4. In fact, its '"H NMR spectrum in DMSO-d¢/CCl, 1/3
showed the expected double set of signals. The ratio of the tautomers 4A:4T in the
solution of DMSO-dg/CCl, 1/3 was found to be 3:2. In the solution of CDClI; the
4AAT ratio was not essentially changed, while in the solution of DMSO-ds the
AA:AT ratio was 1:4.56. Moreover, all of the chemical shifts of the tetrazolo form, as
a rule, appeared in a weaker field than the corresponding ones of the azido form [6—
8, 10, 11].

The IR spectrum of compound 4 in the solution of CHCIl; showed the
characteristic bonds of azido group at v 2155 and 2138 cm*. Thus, based on
spectroscopic results it can be concluded that compound 4 in the solid state is
present exclusively in the tetrazolo tautomeric form, while in the solution it exists as
a mixture of two isomeric forms.
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H,C CH, 4A 3 H,C CH, g4t

It was also interesting to examine nucleophilic reactivity in compound 4. For
this purpose compound 4 was reacted with some amines (2-aminoethanol,
morpholine and pyrrolidine) under harsher experimental conditions: i.e., by
refluxing (5 h) in the absence of any solvent and using an excess of amine
(substrate:amine ratio = 1:5). Under these experimental conditions, the substitution
of an azide group took place only in the case of pyrrolidine. Moreover, the
nucleophilic substitution not only of an azide group, but also of the SCH; group
occurred with formation of the relevant 4-isobutyl-7,9-dipyrrolidin-1-yl-2,3-
dihydro-1H-cyclopenta[4',5pyrido[3',2":4,5]thieno[3,2-d]pyrimidine (5) (Scheme
3). The *H NMR spectra of compound 5 did not show the singlet signal of the SCH5
group at 2.65/2.94 ppm characteristic of initial compound 4, but showed the protons
of the pyrrolidino group twice. The structure of compound 5 was also supported by
the IR and *C NMR data.

In the case of 2-aminoethanol and morpholine under such experimental
conditions the decomposition of the azido group [12-15] with formation of 4-
isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5"]pyrido[3',2":4,5]thieno[3,2-
d]pyrimidin-7-amine (6) [9] took place (Scheme 3).

Further, with the aim to avoid decomposition of azido group and by lengthening
the reaction time (15 h) compound 4 was reacted with morpholine in ethanol. As a
result the desired 7-azido-4-isobutyl-9-morpholin-4-yl-2,3-dihydro-1H-
cyclopenta[4',5pyrido[3',2":4,5] -thieno[3,2-d]pyrimidine (7) was obtained (Scheme
3). Interestingly, the azide-tetrazole equilibrium in this compound 7 was not
observed. Thus, in the *H NMR spectra of compound 7 in the solution of DMSO-
de/CCl,4 1/3 the expected double set of signals was absent. Moreover, the signal of
the SCH; group at 2.65/2.94 ppm was also absent, while the presence of the
morpholino fragment was observed. The IR spectra of compound 7 in the
cyristalline state showed the characteristic bond of azido group atv 2131 cm ™.
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Scheme 3

(a) pyrrolidine, reflux 5 h; (b) morpholine or 2-aminoethanol, reflux 5 h; (c) morpholine, EtOH, reflux 15 h

In summary, the synthesis of new amino derivatives of cyclopenta[4',5]pyrido-
[3',2":4,5]thieno[3,2-d]pyrimidine 2 as well as of 7-azidothieno[3,2-
d]pyrimidine/thieno[2,3-e] -tetrazolo[1,5-c]pyrimidine 4A/T has been described
starting from the corresponding 7-chlorothieno[3,2-d]pyrimidine 1. The studies of
azide/tetrazole equilibrium revealed that the insertion of the SCH; group in the
pyrimidine ring in compound 4 shifted the azide-tetrazole equilibrium to the azido
side [8]. In addition, the replacement of SCH; as well as azido groups with amines
was carried out. It was interesting that the insertion of the amino fragment in the
pyrimidine ring (compound 7) significantly affected the azide/tetrazole equilibrium
and completely shifted the azide-tetrazole equilibrium to the azido form.

Experimental Section

'H and **C NMR spectra were recorded in DMSO-ds, DMSO/CCl,, 1/3 and
CDCl; solutions (300 MHz for *H and 75 MHz for *3C, respectively) on a Varian
“Mercury 300V X” spectrometer. Chemical shifts were reported as J (parts per
million) relative to TMS as an internal standard. IR spectra were recorded on
“Nicolet Avatar 330 FT-IR” spectrophotometer and the reported wave numbers were
given in cm™. The elemental analyses were obtained by the Korshun—Klimova (C,
H) and Dumas—Pregl methods (N). The melting points were determined with a
Boetius micro hot stage. Compounds 1, 6 and 3 [9] were already described.

General procedure for the synthesis of compounds 2a-w. A mixture of
compound 1 (1.82 g, 5 mmol) and of corresponding amine (11 mmol) in absolute
ethanol (50 mL) was refluxed for 5 h. The ethanol was distilled off to dryness, water
(25 mL) was added to the residue. The separated crystals were filtered off, washed
with water, dried, and recrystallized from ethanol.

4-1sobutyl-9-(methylthio)-7-piperidin-1-yl-2,3-dihydro-1H-cyclopental4',5']
pyrido-[3',2":4,5]thieno[3,2-d]pyrimidine (2a). Yield 85%; mp 122-124°C. Anal.
Calcd for CyHogN4S,: C 64.04; H 6.84; N 13.58 %. Found: C 64.34; H 7.02; N
13.82 %. 'H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),); 1.67-1.82 (m, 6H,
(CHy)3, CsHyoN); 2.15-2.33 (m, 3H, CH(CHa),, 2-CHy); 2.55 (s, 3H, SCH3); 2.71 (d,
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2H, J =7.2 Hz, CHCH,); 2.99 (t, 2H, J = 7.5, 3-CH,); 3.56 (t, 2H, J = 7.6, 1-CH,);
3.87-3.99 (m, 4H, N(CHy,),).
4-1sobutyl-9-(methylthio)-7-morpholin-4-yl-2,3-dihydro-1H-cyclopenta
[4',5pyri-do[3",2':4,5]thieno[3,2-d]pyrimidine (2b). Yield 89%; mp 159-161°C.
Anal. Calcd for C,;H»sN4OS,: C 60.84; H 6.32; N 13.51 %. Found: C 61.17; H 6.54;
N 13.76%. "H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),); 2.15-2.33 (m, 3H,
CH(CHj3),, 2-CH,); 2.56 (s, 3H, SCH3); 2.72 (d, 2H, J = 7.2, CHCHy); 3.00 (t, 2H, J
= 7.5, 3-CHy); 3.58 (t, 2H, J = 7.6, 1-CH,); 3.76-3.85 (m, 4H, N(CHy),); 3.90-3.98
(m, 4H, O(CHZ)Z)
4-1sobutyl-7-(4-methylpiperazin-1-yl)-9-(methylthio)-2,3-dihydro-1H-
cyclopenta-[4',5']-pyrido[3',2":4,5]thieno[3,2-d]pyrimidine (2c). Yield 74%; mp
132-134°C. Anal. Calcd for C,HxgNsS,: C 61.79; H 6.84: N 16.38%. Found: C
62.14; H 7.04; N 16.63 %. '"H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CH),);
2.15-2.33 (m, 3H, CH(CHj3),, 2-CH,); 2.29 (s, 3H, NCHjy); 2.48-2.53 (m, 4H,
CH3N(CH,),); 2.54 (s, 3H, SCH3); 2.70 (d, 2H, J = 7.2 Hz, CHCH,), 2.98 (t, 2H, J =
7.5, 3-CHy); 3.54 (t, 2H, J = 7.6, 1-CH,); 3.86-3.99 (m, 4H, N(CH,),).
7-(4-Ethylpiperazin-1-yl)-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-
cyclopenta-[4',5']-pyrido[3',2":4,5]thieno[3,2-d]pyrimidine (2d). Yield 77%; mp
157-159°C. Anal. Calcd for Cy3H3NsS,: C 62.55; H 7.07; N 15.86%. Found: C
62.87; H 7.25; N 16.10 %."H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),);
1.15 (t, J = 7.2 Hz 3H, NCH,CHj5), 2.16-2.33 (m, 3H, CH(CHj3),, 2-CH>); 2.45 (g, J
= 7.2 Hz 2H, NCH,CHjy); 2.54-2.60 (m, 4H, C,HsN(CHy)y); 2.55 (s, 3H, SCHy);
2.70 (d, 2H, J = 7.2 Hz, CHCH,); 3.00 (t, 2H, J = 7.5, 3-CHy); 3.58 (t, 2H, J = 7.6,
1-CHy); 3.96-4.07 (m, 4H, N(CH,),).
2-{4-[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4’,5 ] pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidin-7-yl]piperazin-1-yl}ethanol (2e). Yield 81%;
mp 166-168°C. Anal. Calcd for C,3H3,N5OS,: C 60.36; H 6.83; N 15.30%. Found: C
60.67; H 7.04; N 15.52 %. "H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CH),);
2.16-2.33 (m, 3H, CH(CHs),, 2-CH,), 2.56 (s, 3H, SCH3); 2.48-2.54 (m, 2H,
OHCH,); 2.71 (d, 2H, J = 7.2 Hz, CHCH,); 2.62-2.73 (m, 4H, CH,N(CH),); 3.00
(t, 2H, J = 7.5, 3-CHy); 3.57 (t, 2H, J = 7.6, 1-CH,); 3.53-3.61 (m, 2H,
OHCH,CH,); 3.82-3.96 (br, 1H, OHCH,CHy); 3.92-4.02 (m, 4H, N(CH)»).
2-{[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5"]pyrido
[3',2":4,5]-thieno-[3,2-d]pyrimidin-7-ylJamino}ethanol (2f). Yield 87%; mp 134-
136°C. Anal. Calcd for C19H,4N4OS,: C 62.14; H 6.78; N 14.49 %. Found: C 62.50;
H 6.97; N 14.73%. "H NMR &, ppm, Hz 0.99 (d, 6H, J = 6.7, CH(CH,),); 2.15-2.33
(m, 3H, CH(CHa),, 2-CH,); 2.55 (s, 3H, SCH3); 2.71 (d, 2H, J = 7.2 Hz, CHCH,);
3.00 (t, 2H, J = 7.5, 3-CH,); 3.57 (t, 2H, J = 7.6, 1-CHy); 3.61-3.72 (m, 4H,
NHCH,CH,0H); 3.66 (br, 1H, OH); 7.32 (br. t, 1H, J = 4.8, NH).
4-1sobutyl-N-(2-methoxyethyl)-9-(methylthio)-2,3-dihydro-1H-
yclopenta[4',5'|pyri-do[3',2':4,5]-thieno[3,2-d]pyrimidin-7-amine  (2g). Yield
77%; mp 148-150°C. Anal. Calcd for CyHN4OS,: C 59.67; H 6.51; N 13.92%.
Found: C 60.02; H 6.71; N 14.18 %."H NMR §, ppm, Hz 0.98 (d, 6H, J = 6.7,
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CH(CHs),); 2.15-2.33 (m, 3H, CH(CHa),, 2-CH,); 2.55 (s, 3H, SCHy); 2.70 (d, 2H,
J=7.2 Hz, CHCH,); 3.00 (t, 2H, J = 7.5, 3-CHy); 3.35 (s, 3H, OCHy); 3.56 (t, 2H, J
= 7.6, 1-CH,); 3.51-3.62 (m, 2H, NHCH,CH,OCHs); 3.66-3.76 (m, 2H,
HNCH,CHy); 7.51 (br. t, 1H, J = 5.5, NH).

N-(2,2-Dimethoxyethyl)-4-isobytyl-9-(methylthio)-2,3-dihydro-1H-
cyclopenta-[4',5"]pyrido[3,2":4,5]thieno[3,2-d]pyrimidin-7-amine  (2h). Yield
84%; mp 138-140°C. Anal. Calcd for Cy1H2sN40,S,: C 58.30; H 6.52; N 12.95%.
Found: C 58.64; H 6.73; N 13.18%.'"H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
CH(CHs),); 2.15-2.33 (m, 3H, CH(CHa),, 2-CH,); 2.56 (s, 3H, SCH3); 2.70 (d, 2H,
J=17.2 Hz, CHCH,); 3.00 (t, 2H, J = 7.5, 3-CH,); 3.36 (s, 6H, CH(OCHs3),); 3.56 (t,
2H, J = 7.6, 1-CH,); 3.58-3.65 (m, 2H, HNCH,); 4.64 (t, J = 5.7 Hz 1H,
HNCH,CH); 7.57 (br. t, 1H, J = 5.7, NH).

1-{[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5"]pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidin-7-ylJamino}propan-2-ol (2i). Yield 82%; mp
153-155°C. Anal. Calcd for CyoHN4OS,: C 59.67; H 6.51; N 13.92%. Found: C
59.97; H 6.69; N 14.17%. 'H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),);
1.17 (d, J = 6.3 Hz, 3H, CHCHy); 2.15-2.33 (m, 3H, CH(CH3);, 2-CHy); 2.56 (s, 3H,
SCHjy); 2.70 (d, 2H, J = 7.2, CHCH,); 3.00 (t, 2H, J = 7.5, 3-CH,); 3.35 (ddd, 1H, J
=13.4,7.4,5.0, NHCH,); 3.55 (t, 2H, J = 7.6, 1-CHy); 3.60 (br, 1H, OH); 3.63 (ddd,
1H, J = 134, 6.4, 4.4, NHCH,); 3.88-3.99 (m, 1H, CHCHj3); 7.21 (t, 1H, J = 5.7,
NH).

N'-[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4’,5 ] pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidin-7-yl]-N,N-dimethylethane-1,2-diamine  (2j).
Yield 89%; mp 112-114°C. Anal. Calcd for Cy;H,oNsS,: C 60.69; H 7.03; N 16.85
%. Found: C 61.01; H 7.25; N 17.09 %. "H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
CH(CHs3),); 2.15-2.31 (m, 3H, CH(CH3),, 2-CHy); 2.33 (s, 6H, N(CHj3),), 2-CHy);
2.56 (s, 3H, SCH3); 2.63 (t, J = 6.7, 2H, CH,N(CH3)); 2.70 (d, 2H, J = 7.2,
CHCH,); 3.00 (t, 2H, J = 7.5, 3-CH,); 3.57 (t, 2H, J = 7.6, 1-CH,); 3.67 (td, 2H, J =
6.5, 5.9, NHCH,); 7.20 (t, 1H, J = 5.5, NH).

N,N-diethyl-N'-[4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']
pyrido[3',2":4,5]thieno[3,2-d]pyrimidin-7-yl]ethane-1,2-diamine  (2k).  Yield
78%; mp 99-101°C. Anal. Calcd for Cy3H33NsS,: C 62.26; H 7.50; N 15.78 %.
Found: C 61.95; H 7.71; N 16.00 %. ‘H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
CH(CHs),); 1.06 (t, 6H, J = 7.0, (CH,CHs), ); 2.15-2.31 (m, 3H, CH(CHj3),, 2-CH,),
2.57 (s, 3H, SCHy); 2.54-2.64 (m, 4H, (CH,CHs), ); 2.60 (t, J = 7.0, 2H,
CHyN(CyHs),); 2.70 (d, 2H, J = 7.2, CHCHy); 2.98 (t, 2H, J = 7.5, 3-CH,); 3.50—
3.63 (m, 2H, NHCH,); 3.56 (t, 2H, J = 7.6, 1-CH,); 7.12 (br. t, 1H, J = 4.8, NH).

4-1sobutyl-9-(methylthio)-N-(2-morpholin-4-ylethyl)-2,3-dihydro-1H-
cyclopenta-[4',5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidin-7-amine  (2I).  Yield
84%; mp 125-127°C. Anal. Calcd for Cy3H3;NsOS,: C 60.36; H 6.83; N 15.30 %.
Found: C 59.99; H 6.63; N 15.06 %. ‘H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
CH(CHs),); 2.15-2.31 (m, 3H, CH(CHa),, 2-CH,); 2.56 (s, 3H, SCHj3); 2.48-2.58
(m, 4H, N(CHy),); 2.59 (t, J = 6.7, 2H, CH,N(CH,),); 2.71 (d, 2H, J = 7.2, CHCH,);
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3.00 (t, 2H, J = 7.5, 3-CH,); 3.57 (t, 2H, J = 7.6, 1-CH,); 3.56-3.62 (m, 4H,
O(CHy),); 3.70 (td, 2H, J = 6.5, 5.9, NHCH,); 7.29 (t, 1H, J = 5.6, NH).
N'-[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidin-7-yl]-N,N-dimethylpropane-1,3-diamine (2m).
Yield 84%; mp 129-131°C. Anal. Calcd for CyH3;NsS,: C 61.50; H 7.27; N 16.30
%. Found: C 61.85; H 7.46; N 16.55 %. "H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
2.30 (s, 6H, N(CH5),); 2.45 (br, 2H, CH,N(CHy3),); 2.55 (s, 3H, SCHy); 2.71 (d, 2H,
J=17.2, CHCH,); 3.00 (t, 2H, J = 7.5, 3-CH,); 3.56 (t, 2H, J = 7.6, 1-CH,); 3.61 (td,
2H, J=6.8,5.5, NHCH,); 7.73 (t, 1H, J = 5.5, NH).
3-{[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidin-7-ylJamino}propan-1-ol (2n). Yield 89%; mp
177-179°C. Anal. Calcd for CyHN4OS,: C 59.67; H 6.51; N 13.92 %. Found: C
59.98.; H 6.68; N 14.15 %."H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),);
1.77-1.87 (m, 2H, NHCH,CH,); 2.15-2.31 (m, 3H, CH(CHj3),, 2-CH); 2.56 (s, 3H,
SCHy); 2.70 (d, 2H, J = 7.2 Hz CHCH,); 2.99 (t, 2H, J = 7.5, 3-CHy); 3.55 (t, 2H, J
= 7.6, 1-CH,); 3.57-3.68 (m, 4H, OHCH,, NHCH,); 4.17 (br, 1H, OH); 7.42 (br t,
1H, J=5.5 NH).
4-1sobutyl-N-(3-methoxypropyl)-9-(methylthio)-2,3-dihydro-1H-cyclopenta
[4',5]-pyrido[3',2":4,5]thieno[3,2-d]pyrimidin-7-amine (20). Yield 83%; mp 142-
144°C. Anal. Calcd for C,1H,gN4OS,: C 60.54; H 6.77; N 13.45 %. Found: C 60.88;
H 6.98; N 13.70 %. 'H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHa),);
1.85-1.97 (m, 2H, NHCH,CH,); 2.15-2.33 (m, 3H, CH(CHya),, 2-CHy); 2.55 (s, 3H,
SCHg); 2.71 (d, 2H, J = 7.2, CHCHy); 3.00 (t, 2H, J = 7.5, 3-CHy); 3.31 (c, 3H,
OCHg); 3.45 (t, 2H, J = 7.6, 1-CH,); 3.51-3.64 (m, 4H, NHCH,CH,); 7.44 (br t, 1H,
J=5.5, NH).
N-(2-Furylmethyl)-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta
[4',5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidin-7-amine (2p). Yield 80%; mp 80-82
°C. Anal. Calcd for C,,H,4N40OS,: C 62.23; H 5.70; N 13.20 %. Found: C 62.59; H
5.89; N 13.43 %. 'H NMR 8, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHa),); 2.15-2.33
(m, 3H, CH(CHy),, 2-CH,), 2.55 (s, 3H, SCH3); 2.71 (d, 2H, J = 7.2, CHCH,); 2.98
(t, 2H, J = 7.5, 3-CH,); 3.56 (t, 2H, J = 7.6, 1-CHy); 4.74 (d, 2H, J = 5.6, NHCH));
6.25-6.32 (m, 2H, 3,4-CHy,.); 7.37 (dd, 1H, J = 1.7, 0.8, 5-CHy,); 7.98 (br t, 1H, J
=5.7, NH).
N-Benzyl-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5 pyrido
[3',2':4,5]thieno[3,2-d]pyrimidin-7-amine (2q). Yield 86%; mp 76-78°C. Anal.
Calcd for CysHN4S,: C 66.32; H 6.03; N 12.89 %. Found: C 66.64; H 6.21; N
13.13 %. 'H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),); 2.15-2.33 (m, 3H,
CH(CHy3),, 2-CHy); 2.52 (s, 3H, SCH3); 2.70 (d, 2H, J = 7.2, CHCH,); 3.00 (t, 2H, J
= 7.5, 3-CHy); 3.56 (t, 2H, J = 7.6, 1-CH,); 4.76 (d, 2H, J = 5.9 , NHCH,); 7.16—
7.41 (m, 5H, Ph); 8.08 (t, 1H, J = 5.7, NH).
4-1sobutyl-9-(methylthio)-N-(pyridin-2-ylmethyl)-2,3-dihydro-1H-
cyclopenta-[4',5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidin-7-amine  (2r). Yield
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73%; mp 181-183 °C. Anal. Calcd for Cy3HysNsS,: C 63.42; H 5.78; N 16.08%.
Found: C 63.77; H 5.98; N 16.31 %. 'H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
CH(CHs),); 2.15-2.33 (m, 3H, CH(CHa),, 2-CH,); 2.47 (s, 3H, SCH3); 2.72 (d, 2H,
J=7.2,CHCHy,); 3.01 (t, 2H, J = 7.5, 3-CHy); 3.56 (t, 2H, J = 7.6, 1-CH,); 4.86 (d,
2H, J =5.8, NHCHy,); 7.20 (ddd, 1H, J= 7.5, 4.7, 1.0, 5-CH-CsH,N); 7.38 (ddd, 1H,
J=176,1.1,0.9, 3-CH-CsH,N); 7.68 (ddd, 1H, J=7.9, 7.4, 1.8, 4-CH-CsH;N); 8.10
(t, 1H, J=5.8, NH); 8.51 (ddd, 1H, J= 4.8, 1.8, 0.9, 6-CH-CsH,N).

4-1sobutyl-9-(methylthio)-N-(pyridin-3-ylmethyl)-2,3-dihydro-1H-
cyclopenta-[4',5"]pyrido[3',2":4,5]thieno[3,2-d]pyrimidin-7-amine  (2s). Yield
77%; mp 109-111°C. Anal. Calcd for Cy3HzsNsS,: C 63.42; H 5.78; N 16.08%.
Found: C 63.72; H 5.97; N 16.33 %. 'H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7,
CH(CHs),); 2.15-2.33 (m, 3H, CH(CHa),, 2-CH,); 2.53 (c, 3H, SCH3); 2.71 (2H, d,
J=7.2,CHCHy,); 3.00 (t, 2H, J = 7.5, 3-CHy); 3.56 (t, 2H, J = 7.6, 1-CH,); 4.75 (d,
2H, J = 5.9, NHCH,); 7.23 (dd, 1H, J = 7.9, 4.9, 5-CH-CsH;N); 7.76 (dt, 1H, J =
7.8, 2.0, 6-CH-CsHy4N); 8.15 (t, 1H, J = 5.9, NH); 8.40 (dd, 1H, J = 4.8, 2.0, 4-CH-
CsHy4N); 8.60 (t, 1H, J = 2.0, 2-CH-C5Hy4N).).

4-1sobutyl-9-(methylthio)-N-(2-phenylethyl)-2,3-dihydro-1H-
cyclopental[4',5']-pyrido[3,2":4,5]thieno[3,2-d]pyrimidin-7-amine  (2t). Yield
85%; mp 83-85°C. Anal. Calcd for CysH,gN,S;: C 66.93; H 6.29; N 12.49 %. Found:
C 67.29; H 6.51; N 12.73 %. *H NMR &, ppm, Hz 0.99 (d, 6H, J = 6.7, CH(CHs),);
2.15-2.33 (m, 3H, CH(CHs),, 2-CH,); 2.58 (c, 3H, SCHg3); 2.70 (d, 2H, J = 7.2,
CHCHy); 2.99 (t, 2H, J = 7.2, CH,Ph); 3.03 (t, 2H, J = 7.5, 3-CHy); 3.56 (t, 2H, J =
7.6, 1-CH,); 3.69-3.81(m, 2H, NHCHy); 7.10-7.31 (m, 5H, Ph); 7.55 (t, 1H, J=5.7,
NH).

N,N-Diethyl-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4*,5']
pyrido-[3',2":4,5]-thieno[3,2-d]pyrimidin-7-amine (2u). Yield 81%; mp 121-
123°C. Anal. Calcd for CyHysN4S,: C 62.96; H 7.04; N 13.99 %. Found: C 63.28; H
7.24; N 14.21 %. "H NMR §, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs)); 1.35 (t, 6H,
J = 7.0, (CH,CHs3), ); 2.15-2.33 (m, 3H, CH(CHj3),, 2-CH,); 2.54 (s, 3H, SCHj3);
2.70 (d, 2H, J = 7.2, CHCH,); 2.99 (t, 2H, J = 7.5, 3-CHy); 3.57 (t, 2H, J = 7.6, 1-
CHy,); 3.80 (q, 4H, J = 7.0, N(CH,CHy)5).

2-[[4-1sobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5"]pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidin-7-yl](methyl)amino]ethanol (2v). Yield 88%;
mp 144-146°C. Anal. Calcd for C,oH2sN,OS,: C 59.67; H 6.51; N 13.92%. Found: C
60.02; H 6.70; N 14.18 %. "H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CH),);
2.15-2.33 (m, 3H, CH(CHa),, 2-CH,); 2.55 (s, 3H, SCH3); 2.71 (2H, d, J = 7.2,
CHCH,); 2.99 (t, 2H, J = 7.5, 3-CH,); 3.50 (s, 3H, NCHj3); 3.58 (t, 2H, J = 7.6, 1-
CHy); 3.71-3.78 (m, 2H, NHCH,CH,OH); 3.83-3.90 (m, 2H, NHCH,CH,0H); 4.56
(br, 1H, OH).

2-{Ethyl[4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5']pyrido-
[3',2":4,5]thieno[3,2-d]pyrimidin-7-ylJamino}ethanol (2w). Yield 79%; mp 137-
139°C. Anal. Calcd for C,;H,sN40S,: C 60.54; H 6.77; N 13.45 %. Found: C 60.85;
H 6.94; N 13.68 %. "H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.7, CH(CHs),); 1.30-1.41
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(m, 3H, CH,CHj3); 2.15-2.33 (m, 3H, CH(CHz),, 2-CHy); 2.55 (s, 3H, SCH3); 2.71
(d, 2H, 3 = 7.2, CHCH,); 3.00 (t, 2H, J = 7.5, 3-CHy); 3.58 (t, 2H, J = 7.6, 1-CH));
3.71-3.86 (m, 4H, CH,CH,0H); 3.91 (q, J = 7.0, 2H, CH,CHz); 4.51 (br, 1H, OH).

Procedure for the synthesis of compound 4. To an ice-cold solution of
compound 1 (2 mmol) in glacial acetic acid (35 mL), a solution of sodium nitrite
(276 mg, 4 mmol, dissolved in the least amount of water) was added dropwise under
stirring in an ice-bath at 5°C. The reaction mixture was maintained at room
temperature for 12 h, and then water (50 mL) was added. The resulting crystals were
filtered off, washed with water, dried, and recrystallized from a mixture of
ethanol/dichloromethane (1:3).

7-Azido-4-isobutyl-9-(methylthio)-2,3-dihydro-1H-cyclopenta[4',5"]pyrido-
[3',2":4,5]thieno[3,2-d]pyrimidine/10-isobutyl-5-(methylthio)-8,9-dihydro-7H-
cyclopenta-[4',5"]pyrido[3,2":4,5]thieno[2,3-e]tetrazolo[1,5-c]pyrimidine
(4AIT). Yield 88%; mp 148-149°C; IR vicm™ (CHCI,): 2155, 2138 (N3). Anal.
Calcd for Cq7H1gNgS,: C 55.11; H 4.90; N 22.68 %. Found: C 54.79; H 5.08; N
22.92 %. 'H NMR &, ppm, Hz 0.98 (d, 3.6H, J = 6.6, CH(CH3),);1.02 (d, 2.4H, J =
6.6, CH(CHjs),); 2.21-2.38 (m, 3H, 8-CH, and CH(CHs),); 2.65 (s, 1.8H, SCHj3);
2.94 (s, 1.2H, SCHy); 2.73 (d, 1.2H, J = 7.1, CHCH,); 2.77 (d, 0.8H, J = 7.1,
CHCHy); 3.03 (t, 1.2H, J = 7.5, 9-CH,); 3.08 (t, 0.8H, J = 7.5, 9-CH,); 3.56 (t, 1.2H,
J=7.6,7-CH,); 3.64 (t,0.8H, J= 7.6, 7-CH,).

Procedure for the synthesis of compound 5. A mixture of compound 4 (1
mmol) and pyrrolidine (5 mL) was refluxed for 5 h. The reaction mixture was
cooled, water (25 mL) was added, and the separated crystals were filtered off,
washed with water, dried, and recrystallized from ethanol.

4-1sobutyl-7,9-dipyrrolidin-1-yl-2,3-dihydro-1H-cyclopenta[4',5 ]pyrido
[3',2":4,5]-thieno[3,2-d]pyrimidine (5). Yield 73%; mp 218-220°C. ‘*H NMR (3,
ppm, Hz 0.98 (d, 6H, = 6.6, CH(CHs),); 1.95-2.00 (m, 4H, 2CH,, C4;HgN); 2.02-
2.07 (m, 4H, 2CH,, C4HgN); 2.14-2.30 (m, 3H, 2-CH,, CH(CHy),); 2.68 (d, 2H, J =
7.1, CHCHy); 2.96 (t, 2H, J = 7.5, 3-CH,); 3.56 (t, 2H, J = 7.6, 1-CH,); 3.56-3.62
(m, 4H, N(CH,),); 3.83-3.88 (m, 4H, N(CH,),). **C NMR (75 MHz, DMSO/CCl,,
1/3) &: 22.2 (2CHg); 24.2 (CHy); 24.7 ((CHy)); 25.0 ((CH,),); 27.7 (CH); 29.8
(CH,); 31.8 (CH,); 44.1 (CHy); 45.8 ((NCHy,),); 46.7 ((NCH,)); 101.41; 134.2;
150.2; 155.9; 157.0; 158.1.

Procedure for the synthesis of compound 6. A mixture of compound 4 (1
mmol) and 2-aminoethanol or morpholine (5 mL) was refluxed for 5 h. The reaction
mixture was cooled, water (50 mL) was added, and the separated crystals were
filtered off, washed with water, dried, and recrystallized from ethanol. Yield 71%.

The physico-chemical data of obtained compound 4 in all aspects were identical
with those of the same earlier synthesized compound and described in reference [9].

Procedure for the synthesis of compound 7. A mixture of compound 4 (370.5
mg, 1 mmol) and morpholine (2.2 mmol) in ethanol (10 mL) was refluxed for 15 h.
The reaction mixture was cooled, water (25 mL) was added, and the separated
crystals were filtered off, washed with water, dried, and recrystallized from ethanol.
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7-Azido-4-isobutyl-9-morpholin-4-yl-2,3-dihydro-1H-cyclopenta[4’,5°]

pyrido[3',2":4,5]thieno[3,2-d]pyrimidine (7). Yield 70%; mp 194-196 °C; IR
viem™: 2131 (N3). Anal. Calcd for CyH23N;OS: C 58.66; H 5.66; N 23.94 %.
Found: C 58.39; H 5.81; N 23.73 %. '*H NMR &, ppm, Hz 0.98 (d, 6H, J = 6.6,
CH(CHs3),); 2.19-2.33 (m, 3H, 2-CH,, CH(CHj3),); 2.70 (d, 2H, J = 7.1, CHCHy);
3.00 (t, 2H, J = 7.5, 3-CHy); 3.51 (t, 2H, J = 7.6, 1-CH,); 3.72-3.77 (m, 4H,
N(CH,),); 3.81-3.86 (m, 4H, O(CH,),). *C NMR (75 MHz, DMSO/CCl,, 1/3) &:
22.2 (2CHgy); 24.0 (CHy); 27.7 (CH); 29.7 (CHy); 31.7 (CHy); 40.0 (N(CHy)y,); 44.4
(CHy); 68.5 (O(CH,),); 106.8; 121.4; 135.0; 150.5; 155.5; 159.0; 159.3; 159.4;
160.7.

9-(UtE-PLE-PN)ER-PELA[3,2-D]NPLPU PR LD LAL
UUPLATDULS3ULLELP UPLEGAL U UQP-SESLUQNLUSHL
N uuurua s H-NFE-3NFLL

E. @ NuuNe3uvL

Uspounnutipned Ulympugpfus & ghlynuybbnnn| 4,5 wppfoyn]3',2':4,5] @plin] 3,2-
] pppdprpbp Ynp wlfbinmdubyuibpf opi@Fhgp Swdwsumufet 7-pynpe@filin3,2-
dfpppdprybip Spdwl dpu: Neoncdbwoppfws § wgpyg-ubmpognpopb mwncnndbpfuot
10-pynpneinpy-5-(bfdfy 3 n)-8,9-wh S =T H-glynugliinmm [ 4,5 [wfppyn[ 3',2':4,5]  [Bfb-
in| 2,3 mbnpuagnyn| 1,5-cJwfppdprppiineds Tupgdly § np btk dbfFpyf@pn fulpp Gbpdn:-
Snudp wyfipfrlf iyl onquily SusfusmupuilyrnnfFyniip Jhyned b ghugf wgpguyfi &b, ful
wilflowyfile: fudpfs Whpdneddule glgprd wyl wdpagPudfs inbpuyupddnd L qhugf wqf-
s &l :

CHUHTE3 HOBbBIX AMUHOIIPOU3BOJAHBIX 9-(METUJITHUO)TUEHO[3,2-d]
IMNMPUMHNINHA U ABU1O-TETPA30OJIBHOE PABHOBECHE

9. K. AKOIIsIH

B pabote omnucan cuHTE3 HOBBIX 7-aMHHOMPOW3BOIHBIX nuKiIoneHTa[4',5 lnupumo-
[3',2":4,5]treno[3,2-dnupuMuIiHA Ha OCHOBE COOTBETCTBYIOIIETO 7-XIOPTHEHO[3,2-
dJmupumununa. VcciaemoBaHa a3umo-TeTpa3oibHas TayTomepus B 10-u300yTmn-5-
(Metmitno)-8,9- nuruapo-7H-uukionenra[4',5' lmupumno[3',2":4,5] tueno[2,3-e]rerpaszo-
no[ 1,5-Clmupumuuse. BBIsSBIEHO, YTO, €CIIM BBEACHHUE METHITHOTPYIIB B MTUPUMUIN-
HOBBIW LIMKJI C/IBUTAET PABHOBECUE B CTOPOHY a3UJHOW (OPMBI, TO NMPH BBEJICHUS aMH-
HOTPYIIIIBI PABHOBECHE MOJHOCTHIO MEPEMEIAETCSI B CTOPOHY a3UIHOM (DOPMBI.
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ROUND-LEAVED WINTEGREEN (PYROLA ROTUNDIFOLIA)
AS A VALUABLE MEDICINAL PLANT RAW MATERIAL
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The phytochemical and mineral composition of BAS of round-leaved wintergreen (Pyrola
rotundifolia) growing in the Lori Region of Armenia has been studied. It is established that the plant
extracts are rich in a wide range of pharmacologically active and antioxidant (AO) substances, in
particular, arbutin, tannins, naphthoquinones, triterpenoids, organic acids, micro- and
macroelements, etc. The plant extracts were found to contain 10 amino acids and 20 vital micro-and
macroelements.

On the basis of the research carried out, extracts and broths of round-leaved wintergreen can
be recommended as a source of amino acids, as well as a preventive and corrective agent when
insufficiency or imbalance of macro- and microelements in tissue- and cellular structures in various
pathological processes of the body. Extracts of wintergreen can be used as an environmentally
friendly source of arbutin in urinary tract infections (UTI) and antioxidants against early aging.

Fig. 1, tables 3, references 18.

Phytotherapy is one of the most ancient sciences. Its history began more than
six thousand years ago [1]. Already at the earliest stages of mankind development,
herbs were not only a source of human nutrition, but also a remedy for the treatment
of diseases. The mildness of the action of most plant preparations and the absence of
toxic manifestations with their use (which is related to their naturalness, proximity to
the human body) allow us to assume their significant importance in the prevention of
various diseases. The undoubted merit of some species of medicinal plant raw
materials is also the variety of biologically active substances that are capable of
providing the polyvalence of pharmacological effects.

625


mailto:slavik_dadayan@yahoo.com

In modern life, it is impossible to avoid the development of various diseases
including urological, the share of which is 10-12% in the total structure of morbidity
of the world population [2]. Uncomplicated urinary tract infections are one of the
most frequent diseases in women of reproductive age. According to statistics,
annually 150 million cases of acute cystitis are registered in the world [3]. This high
incidence testifies to the urgency and necessity of searching for safe, effective, side-
effects free drugs to which phytotherapeutic means primarily belong.

In this regard, one of the promising plants is round-leaved wintergreen. The
traditional areas of this plant spread are forests in the temperate zones of the
Northern Hemisphere (from the Arctic to Mexico and the Himalayas). The plant
grows well in the Russian Federation (Altai Territory) and Transcaucasian republics;
specifically, as a wild plant it grows in the forest landscapes of the Lori Region. It is
a perennial herb of the Pyroleae family with a long branched creeping rhizome, from
the nodes of which additional roots and aboveground sprouts spread. Medicinal raw
materials are the leaves of the wintergreen, its flowers, stem that contain a large
amount of BAS (iridoids, tannin, phenol, naphthoquinone, triterpenoids, ericoline,
chymaphylin), organic acids, micro- and macroelements, resins, essential oils,
glycosides, etc.

It is known that the composition and properties of plant raw materials of the
same biological species can vary significantly depending on the place of their
growth, time of collection, methods of processing and other factors [4-7]. In this
regard, prior to the use of this raw material for medicinal purposes, or as a source of
AQ, it is necessary to study the properties of extracts of plant raw materials growing
in a given geographical area.

Hence, study of the qualitative and quantitative composition of biologically
active substances (BAS) of round-leaved wintergreen growing in the Lori Region of
Armenia is of great interest.

Purpose and objectives of the study. The purpose of the present study is
investigation of the phytochemical composition of BAS of round-leaved
wintergreen, which provides a wide range of pharmacological effects of the plant.

Experimental Part
Materials and methods

Collection and preparation of raw material. Raw material (leaves, stems and
flowers of wintergreen) was collected in June-August 2017 in the forest landscapes
in the vicinity of Vanadzor city, far from highways and settlements. The raw
material was dried to an air-dry state in a drying chamber at 313K, packed in paper
bags and stored at room temperature. To obtain the extract, the dried raw material
was ground in a ceramic mortar to a powdery state (particle size <1 mm) and passed
through a sieve with holes 1 mm in diameter.
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Determination of moisture, ash content, extra active substances in the analyzed
samples was carried out according to the standard procedures [8]. The results of
studies are presented in Table 1.

The amino acid, macro-, microelement composition of the plant was studied,
the amount of BAS of the phenolic origin (flavonoids, tannins arbutin, vitamin P,
vitamin C) displaying the highest physiological and therapeutic activities was
determined.

For quantitative determination of arbutin, 5 g (exact weight) of the crushed
leaves of wintergreen was placed in a 100 ml flask, 50 ml of water was poured and
the whole was boiled for 5 min. The extract was filtered into a 100 ml volumetric
flask [9]. 25 ml of water was poured into the flask with raw material and boiled for
20 min, after which the extract was filtered into the same flask; the raw material was
transferred to a filter and washed twice with 10 ml hot water, connecting the rinsing
water to the filtrate. Then 3 ml of a solution of basic lead acetate was added to the
extract, mixed and after cooling, was adjusted with water to a mark. The flask was
placed in a boiling water bath until the precipitate was completely coagulated. The
hot liquid was filtered into a dry flask. To remove the excess of the basic lead
acetate, 0.8 g of sodium sulfate was added. The solution was filtered (solution A).
0.08 g of sodium sulfacyl was dissolved in 10 ml of water, 10 ml of 0.1N
hydrochloric acid was added and the volume was adjusted to 100 ml (solution B).
2 ml of solution B, 2 ml of a 0.02% water solution of sodium nitrite were introduced
into a test tube, left for 3 min. Then 0.5 ml of solution A, 0.04 ml of a 10% water
solution of sodium hydroxide were added, the volume was adjusted to 6 ml with
water and kept in a warm water bath for 1 min. After 20 min, the optical density was
measured on a UV1800PC spectrophotometer at 490 nm wavelength.

The quantitative content of arbutin is calculated by the formula: X% = D x
0.938 x 6 x100/E x a x b, where D is the optical density of the test solution (D =
1.0501); 0.938 - conversion factor for anhydrous arbutin; 6 — total volume of the test
solution, ml; 100 — volume of a volumetric flask, ml; E — specific absorption index
of arbutin at a wavelength of 490 nm, equal to 221.5; a — weight of raw material (a =
0.5 g); b — extraction volume taken for analysis (b = 0.5 g).

The results are inserted in the formula:

X%=1.0501x0.938x6x100/22.5x0.5x0.5=10.67%

For the quantitative analysis of flavonoids, anthocyanins, carotenoids, rutin,
sugars, spectrophotometry methods were used [10-12]. The amount of vitamin C,
carboxylic acids and tannins was determined by a titrimetric method [8]. The results
are shown in Table 1.
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Table 1
The quantitative content of biologically

active substances in the extract of round-leaved wintergreen

-carotene, mg %

Moisture,% 7.2
Extractive substances, % 28.59
Arbutin, mg% 10.67
Flavonoids, % 1.23
Anthocyanins, % 0.085
Rutin, mg% 22.59
Vitamin C, mg% 235.72

Carboxylic acids, % 2.35
Tannins, in terms of tannin, % 19.55
Water-soluble polysaccharides 11.25
Carotenoids, in terms of 24.128

Determination of the elemental composition was carried out by atomic emission
spectrometry with inductively coupled plasma, using the IRISIntrepid spectrometer
(ThermoElectron, USA). The sample weights were preliminary held in a muffle
furnace at 450-500°C for 4 h. After cooling, the ash residue was treated twice with
5 ml of 6N HCL with slow evaporation in a water bath. The residue was dissolved
by heating in 0.1N HCI and filtered off [13]. The content of chemical elements in the
leaves of round-leaved wintergreen is shown in Table 2.

Table 2

The content of chemical elements in the samples of round-leaved wintergreen
growing in the Lori Region (in mg/kg of absolutely dry raw material)

Macro- Certain indicators Macro- Certain
microelements mg / kg microelements indicators
mg / kg
Fe 124.26 Mn 1.594
Cu 4.75 Co <0.0047
Zn 8.05 Se 1.389
Ca 8857.4 Cd 0.052
Mg 8324.74 \% 0.795
K 13158.3 Cr 0.596
Na 603.12 Ni 0.0413
Al 162.38 Pb <0.0046
P 398.25 As 0.723
S 352.38 Si 211.02

Qualitative and quantitative analysis of free amino acids (Table 3 and Figure)
was carried out using the amino acid analyzer Nexera X2 (Shimadzu, Japan).
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Table 3
The content of free amino acids in hydrolysate of round-leaved wintergreen

Amino acids |L-Asp|L-Glu| L-Ser | L-His | Gly |L-Thr|L-Arg|L-Ala|L-Leu|L-Lys

Content of
amino acids | 4.47 |4.768|2.384|1.788|7.505| 2.09 | 2.98 | 2.95 | 2.98 | 2.98
in terms of
dry raw
material mg/g

~Fluorescence Ex:350nm,Em:450nm
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Fig. Chromatogram of free amino acids in the aboveground part of wintergreen.

The device sensitivity is 0.1 wmol. The calculation was carried out by
comparing the peak areas of the samples under study with the peak areas of a
standard amino acid mixture (Sigma, USA). Preparation of the test samples for
amino acid analysis was performed as follows: a sample (5 g) of the herb dried at
60°C was placed in a 50 ml round-bottomed flask made of heat-resistant glass, 20 ml
of 6N HCI was added, the flask was closed with a stopper and fixed with a steel
clamp. Hydrolysis of the dry sample was carried out in a vacuum drying chamber at
110°C for 22 h. After hydrolysis, the contents of the ampoule were cooled, filtered,
evaporated and recrystallized from a solution of C,HsOH/H,O = 1/1. After repeated
filtration and drying, the amino acid mixture was dissolved in a citrate buffer pH 2.2
[14]. The content of free amino acids in the aboveground part of wintergreen is
given in Table 3 and Figure.

To determine the antioxidant activity of wintergreen, to 1 g (exact weight) of
the raw material 50 ml of 30% ethyl alcohol is poured and extracted with a reflux
condenser for 30 min. Then, the contents of the flask are filtered through a paper
filter, cooled and the volume of extraction is adjusted to 50 ml with 30% alcohol.
8 ml of freshly boiled and cooled distilled water, 1 ml of a 20% solution of sulfuric
acid, 1 ml of 0.05 N solution of potassium permanganate are introduced into a 50 ml
beaker. The whole is mixed and titrated with a 30% alcohol infusion of wintergreen
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from a microburette (volume 1 ml with a fission rate of 0.01 ml) until the pink color
disappears. For the control experiment, about 0.0500 g (exact weight) of quercetin
(FS 42-1290-79) is dissolved in 40 ml of ethanol, transferred to a 100 ml volumetric
flask, made up to the mark with alcohol and stirred. 8 ml of freshly boiled and
cooled distilled water, 1 ml of a 20% solution of sulfuric acid, 1 ml of a 0.05 N
solution of potassium permanganate are mixed into a 50 ml titration beaker. The
whole is mixed and titrated from a microburette (volume 1 ml with a division value
of 0.01 ml) with a quercetin solution until the disappearance of the pink color. 1 ml
of a 0.05 N solution of potassium permanganate corresponds to 0.25 mg of
quercetin.

The calculation of the indicator of the antioxidant activity (AOA, which
corresponds to concentration of BAS of a reducing nature in terms of quercetin (in
mg/qg), is carried out according to the formula: B=C,xV\xV/Vyxm, where B is the
concentation of BAS of the reducing nature of the object under study, used for
titration of 1 ml of 0.05 N potassium permanganate solution, mg/g; Cy — the
concentration of quercetin in the solution used for the titration of 1 ml of 0.05 N
potassium permanganate solution, mg/g (0.5 mg/ml); V\ — the volume of quercetin
solution, spent on titration of 1 ml of 0.05 N solution of potassium permanganate, ml
(1.4 ml); V, — the volume of the investigated solution, ml (50 ml); V- the volume
of the solution of the object under study, spent on the titration of 1 ml of 0.05 N
solution of potassium permanganate, ml (0.4 ml); m is the mass of the sample of the
object under study, g (19).

B = 0.5x1.4x50/0.4x1 = 87.5 mg/g

Thus, the total amount of BAS of a reducing nature in terms of quercetin in 1 ml
or 1 g of the drug was determined.

According to the results obtained, during the titration in the case of quercetin,
the consumption was more (1.4 ml) than with the extract of wintergreen (0.4 ml),
which indicates that the wintergreen extract can be treated as an effective preventive
means against antioxidant aging of the body [15].

Results and discussion

The research results of the elemental composition of the leaves of round-leaved
wintergreen show the availability of 20 elements. Round-leaved wintergreen
contains vital macroelements (Na, K, Ca, Mg), essential (Fe, Cu, Zn, Mn, Cr, Se,
Co) and conditionally essential microelements (As, Ni, Cd) that ensure proper
operation of the main systems of the body (muscle — participate in the process of
muscle contraction, digestive and cardio-vascular).

According to [16], the content of cadmium in plants collected in
environmentally friendly growing areas is 0.05-0.3, arsenic 1.0-5/0 mg/kg. The
excess content of mercury is considered to start from 1.0 mg/kg. On the whole, the
level of concentrations of the investigated elements in the researched extracts of
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round-leaved wintergreen is within the range of background values, which makes it
possible to classify this plant as ecologically pure [17,18].

As a result of the performed study, 10 free amino acids were found in the
hydrolysate (Table 2). The presence of such an amount of amino acids provides a
wide range of pharmacological effect of this phytopreparation.

From Table 2 it follows that the content of glycin, which has a positive effect
on the CNS, prevails in round-leaved wintergreen. The plant is also rich in glutamic
and aspartic acids. Among the numerous functions of these acids, the most
significant are the regenerating and immunomodulating with a simultaneous
beneficial effect on the hormonal status of the body. As follows from Table 3, the
leaves of wintergreen contain a lot of tannins, vitamin C, rutin that have a
bactericidal, anti-inflammatory, antioxidant effect. From a medical point of view,
arbutin is valuable. Arbutin has an antiseptic property; it is used in chronic kidney
diseases and purulent inflammation of the bladder and urinary tract, in inflammation
of the prostate gland, chronic pyelonephritis, cystitis, urolithiasis.

High antioxidant activity of wintergreen extracts can be explained by the fact
that the investigated extracts contain multifunctional BAS with the presence of
easily oxidizable functional groups (for example, -SH, (CH3),CH-), which bind free
radicals formed in living organisms relatively faster.

Thus, preliminary studies of round-leaved wintergreen (Pyrola rotundifolia)
growing in forest landscapes of the Lori Region have shown that it contains various
classes of biologically active substances ensuring a wide range of pharmacological
effect of the plant: immunomodulating, anti-inflammatory, wound healing,
antioxidant, etc.
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I'PYIIAHKA KPYTJIOJIMCTHAS B KAYECTBE IIEPCITIEKTUBHOT O
JEKAPCTBEHHOI'O CbhIPbA

C. A. JAJASIH™, JI. A. CTEIAHSIH?, A. C. JAJIASIH*®, M. B. TACOSTH?,
A.P.TIETPOCSIH®, A. C. IOTOCSIH® 1 A. O. IATYPSIH™®

W3ydens! GpUTOXMMHYCCKUA W MUHEPAIBHBIN cocTaBhbl SkcTpakToB (BAB, cBoOOI-
HBIC aMUHOKHCIIOTBI, MHHEPAJIbHBIE JIEMEHTHI U JIp.) TPYIIAaHKH KPYTJIOIHCTHOM, CO0-
panHoii B Jloputickom Map3e Peciyomukun ApMeHHS.

B kucnoTHOM THAponm3aTe 3KCTPAaKTOB OOHapyxeHbl 10 cBOOOXHBIX OENKOBBIX
aMHHOKHCIOT. C ITOMOIIBIO aTOMHO-3MHCCHOHHOH CIIEKTPO(OTOMETPHUHN YCTaHOBIICHO,
YTO B OPTaHaX HA/JA3EMHOI YacTH pacTeHUS MPUCYTCTBYIOT 20 MUHEPaIbHBIX 3JIEMCHTOB,
B TOM umcie Tsokenbie Metamisl (Co, Cd, Cr, V, Ni, Pb, As u 1p.), comepxaHie KOTOPbIX
COOTBETCTBYET TPEOOBAHUSIM, NMPEABABIAEMBIM K 3KOJOTHYECKH YUCTHIM PAacTCHHUSM,
WJIN HAaXOJUTCS B IIpeaeax (POHOBBIX 3HAYCHHH.

Wzyuena Takxke aHTHOKCHIAHTHAs aKTHBHOCTh HACTOEB M 3KCTPAKTOB T'PYIIaHKH
KPYTJIONUCTHON 1O CPAaBHEHHUIO C AHAJOTMYHBIMU 3HAYEHUSIMH HM3BECTHOTO aHTHOKCH-
JlaHTa — KBEPLETHHA. Y CTAHOBJIEHO, YTO AaHTHOKCHJIAaHTHAsI aKTHBHOCTH 00pa3nos ['PY-
IIaHKK KPYTJIOJIMCTHOH, OTOOpaHHBIX M3 JAHAMA(PTOB T'YCTOJHCTBEHHBIX JIECOB B
OKpecTHOCTAX T. Bananzop Jlopuiickoro mMap3a, MOYTH B TPU pa3a MPEBBILIAET TAKOBYIO
KBEpLETHHA.

Ha ocHoBaHMM TONY4YEHHBIX PpE3yJbTAaTOB HCCIEIOBAHWH Omomaccy TIpyIIaHKH
KPYTJIONINCTHOW MOXKHO PEKOMEH/IOBATh B KadeCTBE 3(PPEKTUBHOTO aHTHOKCHAAHTHOTO
CpeACTBa, NMpeIyNpeXIAIONIero MpexIeBpeMEeHHOe cTapeHre. Hactom M 3KCTpakThl
pacTeHus! TaK)Ke€ MOXKHO IPUMEHSTH JUI1 NPO(MIAKTUKY ¥ KOPPEKLINH HEeJOCTaTKa WIN
JaucOanaHca Makpo- M MHKDOIEMEHTOB B TKAaHEBBIX M KIICTOUHBIX CTPYKTypax IpH
Pa3IMYHBIX TaTOJIOTHYECKUX MIPOIECCAaX B OPraHU3ME UENIOBEKa.

B TOXe BpeMs MpHUCYTCTBHE B TpYIIAHKE KPYTJIOJMCTHOH OOJIBIIOrO KOJIWYECTBa
apOyTHHa TO3BOJISIET MCIIOJB30BaTh TAJICHOBBIC Ipenaparbl pacTeHUss B KauecTBe
IIPOTUBOBOCIIAJIUTEIEHOTO CPEJICTBA MTPH 3a00I€BaHHUIX MOYETIONIOBBIX OPTraHOB.
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NEW THREE-DIMENSIONAL HETEROCYCLIC CLUSTER.
BIS-BENZO[4,5'[IMIDAZO[2',1": 6,1]PYRIDO[2,3-d]JPYRIMIDINES,
SYMMETRICALLY LINKED BY A TRIARYLMETHANE LINKER

Modern methodology for finding new compounds for introduction into medical
and industrial chemistry implies, among other approaches, the synthesis of chemical
compounds of a fundamentally new design. In this report, we describe the synthesis
of substituted bis-benzo[[4',5']imidazo-[2’,1":6,1]pyrido[2,3-d]pyrimidines, in which
two tetracyclic skeletons are symmetrically linked by a triarylmethane linker.

The design of the synthesized large molecule has a unique three-dimensional
structure (Fig.1), which makes it interesting in terms of studying the affinity for
various biomolecules and photophysical, chelating properties, and can be used for
detection of nitro-containing explosives and ecotoxins, as well as fluorescent
biomarkers in biomedical investigations.

The synthesis was carried out according to the following Scheme:

Scheme
@

. <> CHO

CHO O O

. i

OH OH
o ZnCl, O Ac,0 /A
o\
2 +
-o”N“O
CHO

The initial dialdehyde of the triarylmethane series 1 was obtained by the
interaction of 4-nitrobenzaldehyde and vanillin in a ratio of 1/2 in the presence of
ZnCl, according to the method described in the literature [1]. However, in the cited
work, the author was unable to establish the exact structure of the isomer of the
synthesized compound, limiting himself only to the correct assignment of compound

634



1 to the triarylmethane derivative, in which aldehyde groups are present in the
vanillin moiety.

We have established that two molecules of 4-hydroxy-3-methoxybenzaldehyde
react on the carbonyl group of an electron-deficient 4-nitrobenzaldehyde
(electrophile) in the presence of ZnCl, to form a single isomer in which the
introduced group is in the meta-position to the formyl and ortho-position to the
hydroxyl groups of the vanillin moiety. This is in accord with the orientation rule for
substituents in the aromatic ring in the Friedel-Crafts reaction. Dialdehyde 1 is put
into the interaction with 4-methyl-2-phenyl-5,6-dihydrobenzo[4',5]imidazo[2',1',6,1]
pyrido-[2,3-d]pyrimidine (2) [2] in a molar ratio of 1/2 by boiling in acetic
anhydride according to the previously described method [3] with the formation of
bis-derivative 3. As in the case of condensation of tetracycle 2 with aromatic and
heterocyclic aldehydes in acetic anhydride [3] the reaction proceeds exclusively on
the methylene group 6 of the heterocycle, followed by a 1,3-prototropic shift and the
formation of 6-arylmethyl derivative 3.

The structure of the synthesized compounds 1,3 was proved by 'H NMR
spectroscopy.

Visualization in the form of a ball and stick model, optimization of the three-
dimensional structure and analysis of the geometry of the molecule (Figure) were
carried out in the Chem3D 16.0 program, the ChemOffice software.

€%

PN V.

Figure. Ball and stick model of compound 3 after optimization of the three-dimensional
structure.

The nearest contacts are presented only for hydrogen atoms: H(127)-Lp(152),
H(112)-Lp(149), H(127)-H(135), N(74)-H(135), N(76) -H(131), N(76)-H(128),
N(74)-H(127), N(50)-H(123), H(112)-H(119), N(52)-H(119), N(50)-H(117), N(52)-
H(112), C(12)-H(93), C(35)-H(92), C(29)-H(91), C(4)-H(90), O(33)-H(89), C(3)-
H(89), O(9)-H(86), O(8)-H(85).
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Experimental part

The IR spectra were recorded on a Nicolet Avatar 330 spectrometer from
samples dispersed in mineral oil. The '"H NMR spectra were measured on a
VarianMercury-300 spectrometer at 300 MHz using tetramethylsilan as internal
reference. Thin-layer chromatography was performed on Silufol UV-254 plates in
hexane — dichloroethane - ethanol / 1-1-1 system; spots were visualized by treatment
with iodine vapor. Elemental analysis was carried out on an automated EA
Eurovector elemental analyzer (ltaly).

[(4-Nitrophenyl)-di-(2-hydroxy-3-methoxy-5-formylphenyl)Jmethane  (1).
Prepared according to the described method [1]. Yield 48%, mp 275-276°C from
AcOH (lit. 276°C [1]), R¢0.60. IR spectrum, v, 3208 (OH), 1676 (CO), 1607, 1592
(C=C-C=N). 'H NMR spectrum (DMSO-ds / CCl,: 1/3), &, ppm, Hz: 3.94 s (6H,
OMe); 6.26 brs (1H, CH); 6.92 brd (2H, J = 1.8, H-6.6" C¢H3); 7.31-7.36 m (2H, H-
2.6 CgHy); 7.33d (2H, J = 1.8, H-2.2 ' C¢H3 ); 8.11-8.16 m (2H, H-3.5 CgHy); 9.63 s
(2H, CHO); 9.67 br (2H, OH).

{(4-Nitrophenyl)-bis-[2-acetoxy-5-[(4-methyl-2-phenylbenzo[4',5'|imidazo
[17,2':1,6]-pyrido-[2,3-d]pyrimidin-6-yl)]methyl-3-methoxy]phenyl}methane (3).
A solution of 1.18 g (0.005 mol) of dialdehyde 1 and 3.12 g (0.01 mol) of 4-methyl-
2-phenylbenzo[4',5'limidazo[2',1": 6,1]-pyrido[2,3-d] -pyrimidine (2) in 40 ml of
acetic anhydride was heated under reflux for 24 hours, evaporated to half the volume
and left overnight in the cold. The precipitated product was filtered and dried. Yield
64.8%, yellow-green crystals, mp 320-322°C (DMF), R 0.75. IR spectrum, v, cu™:
1770, 1675 (CO), 1594 (C=C-C=N). 'H NMR spectrum (DMSO-dg), &, ppm, Hz:
2.17 s (6H, 2 * Me); 2.24 brs (6H, 2 » Me); 3.54 brd (2H, J = 14.7 CH,%); 3.74 s (6H,
2+ Me); 4.02d (2H, J =14.7 Csz); 5.85 s (1H, CH); 6.95 brs (2H, H-5); 7.15-7.20
m (4H, 2+H?® CgH,); 7.25 ddd (2H, J = 8.2,7.3,1,1.0 C¢H,);7.37-7.43 m (6H, Ar);
7.47-7.54 m (4H, Ar); 7.85 brd (2H, J = 8.0 C¢H,); 8.04-8.08 m (4H, ortho-CgHs);
8.22-8.26 m (2H, CgH4;NO2); 8.31 brd (2H, J = 8.2 CgH,). Found %, C 72.62; H
4.48; N 11.52. C¢7Hs1NgOg. Calculated,%: C 72.49; H 4.63; N 11.35.
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& Upunprpliguynhlpaf & 4-Spgpopuf-3-thfFopupphliquyghlfnh il wp-
yribipnd ufioftlgws [(4-tfnpnlibsfy)-yh-(2-$fpapopuf-3-dbfFopufr-5-Gnplfy) | dhfdutp
spfusgubgne [Tyt db) & gl d-dbfafy-2-ufy-5,6-n b prpnpbign| 4,57 -pud prpugn
(216, 1] wpppyn(2,3-a]wpppdpgpip b b wmgdly £ (4-bfunpn by -ph-] 2-
wighinopufr-5-[ (A-dbfdfy-2-lisfyphivgn[ 4,5 [ pubfpusgn[1',2' :1,6]-ufipfrn [ 2,3-] uyfrpootfo-
g 5-6-fy) [ Bl [ fy-3- B o prafs] P by b bfusts: Upssflisgifuss dfpusgms [y Siiilipfs frsmmegifusdpp
4Luum1.uu11{bl 4‘ UUT 1H uullrll[uul bllllll[nl[.'

CHUHTE3 BUC-BEH30[4 ', 5JUMHIA30[2 ", 1': 6, 1]IIUPUJIO[2,3-
dJMIUPUMHUIUHA, CAMMETPUYHO MOJKJIIOYEHHOTO YEPE3
TPUAPUJIMETAHOBBI IMHKEP

A.A. APYTIOHSH, I'. A. TAHOCAH, I'. T. TYKACAH u I'. I'. JAHATI'YJISIH

Konpencanue#i 4-autpobeH3anpaernia ¢ 4-THAPOKCH-3-METOKCHOCH3aJbICTHIOM
cuHTe3npoBaH  4-HUTpOodeHmIMeTII-3,3’-0uc(4-THIPOKCH-5-MeTOKCHOCH3aIbACTH N ),
B3aHMOJEHCTBHEM KOTOpPOro C 4-MeTwmin-2-peHmn-5,6-murunapodenso[4',5 Tummnazo
[2',1',6,1nupuno[2,3-d]mupumuauaom mnonyuen Ouc-6enso[4’,5 lumunazo[2',1": 6,1]
mupuno[2,3-d|mupumunuH. CTpoeHHE CHHTE3HPOBAHHBIX COCAMHEHHHA MOITBEPKICHO
SMP 'H CIIEKTPOCKOIUEH.
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Buumanuio asmopos!

Hoopobuyro ungpopmayuro o «Xumuueckom dcypuane Apmenuu», cooepiicanue
HOMepO8 JHCYPHALA 6 paduuecKoll popme u aHHoOmayuu cmameil, 20008ble AGMOPCKUE
yKasamenu, a makdce pasgepHymoie npaguid O AemMopos MONICHO ROIYUUMb 6 cemiu
Humepnem no aodpecy: http://chemjournal.sci.am u www.flib.sci.am

NPABWJIA 1JIsI ABTOPOB

OO0mme nonoxxeHNs

K my6nmuxarym B «Xumuueckom sncypuane Apmenuuy IPUHAMAIOTCS MAaTePHAIIBI, COJeprKa-
mye pe3ysbTaThl OPUTHHAIBHBIX HCCIIEIOBaHUH, O()OPMIICHHBIC B BHJE MOJHBIX cTaTeil, KpaT-
KHX cO00IIeHHUi 1 m1ceM B peaKIHIo.

Kypnan mybmukyer paboTsl 0 BCceM HANPABJeHUSAM XHMHYeCKOH HAYKH, B TOM YHCIIE TI0
oO1ielt 1 HeOPraHUYECKOM XUMUH, (HU3NIECKON XUMHUH U XUMHUYECKOH (H3HKe, OpraHnIecKo Xu-
MHH, METAIIO0PTaHMIECKON ¥ KOOPAUHAIIMOHHON XUMHH, XHMHHU TTOJIMMEPOB, XMMHUH IIPHPOAHBIX
COeIMHEHNH, OMOOPTraHNIECKOH XUMUH U XMMHH MaTEePHUAJIOB.

Cratby, npeularaeMble K MyOJIHKalMy B pasjeiie OMOOPraHMYeCKOH XMMHH, JOJDKHBI OBITh
MIOCBSILICHB! MOJXYYCHUIO HOBBIX IMOTCHIHMAIFHO OHMOJOTHYECKH AaKTHBHBIX COCAWHEHHH, B TOM
YHCIIe ¥ BBIICIICHHBIX U3 NIPUPOIHBIX 00bekTOB. IIpn onmcannn HOBBIX BeleCTB, 00/1a/1aI0MIHX
3HAYHMTEJIbHOH (B CPABHEHHH ¢ IPHMEHsIeMbIMH B MeJHIHHe JeKapcTBaMu) OHO0JIOrHYeCKOoii
AKTHBHOCTBIO, CTaTbsi MOXET COJAEP)KaTh PE3ylbTaThl OMOJIOTHUECKUX HCCIECJOBAHUH, BKIIIO-
YaIOIHe CCHUIKM Ha HCIOJIb30BAaHHBIC METOJBI M3yYECHHUs] OMOIOTHUECKOW aKTHBHOCTH, HMHQOP-
MalH{I0 O THUIE HCHOJIB30BAaHHBIX OMOOOBEKTOB, AKTUBHOCTH M TOKCHYHOCTU CHHTE3MPOBAHHBIX
IIPernapaToB B CONOCTABJICHUHM C COOTBETCTBYIOIIMMH ITOKa3aTEIIMH IIPUMEHIEMBIX B MEAUIIMHE
JIEKapCTB.

B 3akiroueHun ciienyeT NMPHUBECTH KPaTKUH apryMEHTHPOBAaHHBIH BBIBOJ O CBSI3H MEXIY
CTPYKTYPOH M OHOJOTHYECKOW aKTUBHOCTBIO MICCIIEIOBAHHBIX COeMHEHNH. Omy0IMKOBaHHBIE Ma-
TepHaibl, a TAakke MaTepHaibl, MPEACTABICHHbIE IS MyONMKalWu B APYTHX JKypHaIax, K pac-
CMOTPEHHIO HE TIPHHIMAFOTCSL.

ABTOpCKHE 0030PbI TOJDKHBI IPEICTABIATE 000K 0000IIEHHE U aHAJIH3 PE3YNIbTATOB IIUKIIA
paboT OJJHOTO MM HECKOJBKUX aBTOPOB MO €AWHOM TEMaTHKe.

[oauble cTaTbu MPUHAMAIOTCS 00bEMOM 110 12 cTpaHuI, 00beM KPATKOr0 COOOIIEHHST —
He Oosiee S5 CTpaHMIl MalIMHOMUCHOTO TekcTa. [IuchbMa B pegaKmuIo TOJDKHBI COAEPKATh U3JI0-
JKEHHbIE B KpaTKol (opMe HaydHbIe pe3yNbTaThl MPUHINIHAILHO Ba)KHOTO XapakTepa, Tpedyro-
mye cpovHOi myOnukanuy. Penakuus octaBisier 3a co0o0i MpaBo COKpaIaTh CTaTbd HE3aBUCHMO
oT ux o0bema.

J1st myGJuKanMK CTATBH aBTOPaM Heo0XO0AMMO NMpPeJACTABUThL B PEJAKIHUIO cleaylolue
MaTepHUaJbl 1 JOKYMEHTBI:

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

2) skcriepTHOE 3aKiodeHue (g rpaxaad PA) (B 1 3x3.);

3) noanucaHHBINA BCEMU aBTOPaMH TEKCT CTaThbU, BKJIIOYAsl aHHOTALMIO, TAOIUIIBI, PUCYHKH U
HOJMHUCH K HUM (Bce B 2-X 3K3.);

4) rpaduyeckuii pedepat (B 2-X 3K3.);

Cratbsi JODKHA OBITH HaIMCaHa C)KATO, aKKypaTHO O(OpMIICHA M TIIATEIbHO OTPEAAKTHPO-
BaHa. He nomyckaercst my0impoBaHue OHHUX U TEX XKe JaHHBIX B TaOJUIIaX, B CXeMaX M PUCYHKaX.

ABTOp HeceT MOJNHYI0 OTBETCTBEHHOCTH 33 JOCTOBEPHOCTH SKCIIEPUMEHTAIBHBIX JTaHHBIX,
MIPUBOANMBIX B CTaThE.

Bce craTbn, HampaBisieMble B PEIAKIHIO, ITOJBEPTalOTCS PEIEH3UPOBAHUIO U HAYIHOMY pe-
JAKTHPOBAHUIO.

Crartbsi, HallpaBJIeHHasi aBTOpaM Ha JA0pabOTKy, TODKHA OBITH BO3BpAICHA B UCIIPABICHHOM
BHJIC BMeCTe C ee MepBOHAYAILHBIM BAPHAHTOM B MaKCUMaJbHO KOpoTKue cpoku. K mepepabo-
TAHHOW PYKOINUCH HEOOXOANMO MPHIIOKHUTH MUCHMO OT aBTOPOB, COJIepIKalliee OTBETHI Ha BCE 3a-
MeuaHUs] ¥ KOMMEHTapHHU U MOSCHSIONIee Bce BHECCHHBIE H3MeHeHns. CTaThs, 3a/iep:KaHHast Ha
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HcNpaBJieHHN §oJiee IBYX MecsilieB HJIM TPeOYIOIasi IIOBTOPHOIT nepepadoTKH, paccMaTpH-
BaeTcsl KAaK BHOBb MOCTYNHBLIAS.

Penakiys nockuiaer aBTopy nepes HabopoM Ul HPOBEPKU OTPEAAKTHPOBAHHBIN SK3EMILLIP
CTaTbH ¥ KOPPEKTYPY.

Crpykrypa ny0aukanui

[Ty6nukarnyst 0030poB, MOJHBIX CTaTeii M KPATKHX COOOIIEHMIl HAUMHACTCS C HHJICKCa
VK, 3aTeM cliexyIoT 3arjlaBue CTaTbu, HHUIHAIBI U (aMHIINN aBTOPOB, pa3BEepHYTHIE Ha3BaHMS
HAYYHBIX yYPEXKICHUH, MONHBIE MOYTOBBIE aJpeca ¢ MHIEKCAMHU IMOYTOBBIX OTIAENEHHH, HOMepa
(akcoB U azpeca HIEKTPOHHOW MoYThHL. [lanmee mpuBOIMTCS KpaTkas aHHOTauus (He Gomee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaToOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B cratesax TeopeTHyeckoro u Gpu3NKO-XHMHYECKOI0 XapaKTepa MPUBOAATCS CXKaTOE BBeE-
JIeHHe B MpoOJIeMy W MOCTaHOBKA 33/1a4 HCCIIEIOBAHMUS, SKCIIEPUMEHTANbHAs WM METOANYECKas
4acTh, 00CYXJICHHE IOJTYYCHHBIX PE3yJIbTaToOB C 3aKJIOYeHHeM, a B CTaThsiX, MOCBSIIIEHHBIX
CHHTe3y, — 00IIast 4acTh (BBEICHUE U 3a/[ada UCCIE0BaHN), 00CY)KIEHHE ITOIyIEHHBIX Pe3yiIb-
TaTOB C 3aKJII0YEHHEM H SKCIIEpUMEHTAIbHAs 9acTh. PUCYHKH C ITOJPUCYHOYHBIMH HOATUCIME 1
TaONUIBI MOTYT OBITH BBEJICHHI B TEKCT. B MHCbMax B peAaKIUI0 aHHOTALUS Ha PYCCKOM SI3bIKE
HE MPUBOAMTCS W pa3OUBKa Ha pas3zensl He Tpedyercs; matotcs uaaekc Y /K, Ha3BaHue crartby,
WHHIMANBl ¥ (aMIIAE aBTOPOB, HAa3BaHHE HAYYHBIX YUIPEKACHHI M HMX ajgpeca, pe3roMe Ha
apMSIHCKOM U aHTJIMICKOM SI3BIKaX.

I'paduueckuii peepar npuaraercs Ha oTAensHON crpanuiie (120x55 MM) U npecTaBiseT
c000if HH(POPMATHBHYIO HILTIOCTPAHIO (KIIOUEBYIO CXEMY, CTPYKTYPY COCANHEHHS, ypaBHEHHE
peakiuu, TpaguK U T.I.), OTPAXKAIOIIYIO CYTh CTaTbu B rpaduyeckoM Bujie. Tekct B rpaduue-
CKOM pedyepare JOIIycKaeTcs TONBKO B Cllydae KpaiiHell HeoOXOAUMOCTH, IPH 3TOM clieqyeT u3be-
rath IyONnMpoBaHMs Ha3BaHWUS CTaThbH M TEKCTa aHHOTAIUN.

IIpu HecoO.10eHMH YKA3aHHBIX BbIllie NPABHJ CTAThsl He NMPHHHMAeTCs K MyO0JHKa-
IHH.

Ipumep odopmiIeHHst 3arJaBUsI CTATHH, CIIHUCKA ABTOPOB,
aIPecoB yUpPeKAeHMIl, AHHOTAIMM.
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IIpumeps! opopmirenus rpadpuyeckux pedeparon

O B3aumopeiicrBuu N-aJKHJIIMMHHOB € alETOYKCYCHBIM 3 HpOM

1
M. C. Capresu ! o o] R 0] !
C. C. Avonsa ! “ R !
0O
A. X. XavatpsiH ! R/\N/ + OEt 20°C EtO OEt !
A. 3. bamacsu | aTaHon :
! HO NHR'
C.T. KonbkoBa ! 0 !

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

KuneTHKa BBICOKOTEMIIEPATYPHOI0 230THPOBAHUS TAHTAJIA B H30TePMHYECKHUX

yCJIOBHAX
II. A. Agamsa
E. H. Crenausu
A. A. Yatunsau
C. JI. XaparsH

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

Odopmienne crateil B «XHMHYeCKOM KypHaJie ApMeHUN»

Tekct cratbu mevataercst yepe3 1.5 naTepBasa (6e3 moMapoK W BCTABOK) Ha Oeoi Oymare
CcTaHIapTHOTO pasmepa (popmaTt A4) ¢ moIsIME 3 CM C JIEBOH CTOPOHEL, 1.5 cM ¢ mpaBoii CTOPOHHI,
2.5 cM cBepxy, 2.5 cM cHu3y, pa3mep mpudTa — 12.

Bce cTpaHHIBI PYKONUCH, BKIIOYas CHHMCOK JUTEPATyphl M rpaduueckuil pedepar, Hyme-
pyroTcs.

VYpaBHeHHs1, CXEMBI, TaOJIHIBI, PUCYHKH M CCBUIKM Ha JIUTEpaTypy HyMEpYIOTCs B MOPSIAKe
HX YIIOMHHAHHUSI B TEKCTe.

Cnucok NHTHPYEMOIi INTepPaTyPhl J0JDKEH BKIIIOYATh CChIIKM Ha HauOoJjee CylIeCTBEHHbIE
paboThI 10 TeMe CTaThbH. B TeKCTe CTaTbu JOJDKHBI OBITH YIOMSHYTHI BCe CCHIIKH, IPUBEICHHbIC
B CITHCKE JIMTEPATyphl. B TEKCTe CCHIIKM Ha JIMTEPATypy JAalOTCs B KBaJPaTHBIX CKOOKaxX M HyMe-
PYIOTCS CTPOro B MOpsiAKe MX ynoMuHaHusi. CHMCOK JUTEpaTyphl Meyaraercst Ha OTACIbHOM
CTpaHHUIIE C YKa3aHUEM HHUIUAIOB U (GaMUIIH BCceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

Knueu: Byuauenxo A.JI., Baccepman A.M. Ctabunbhble paaukaibl. M., Xumust, 1973, 58 c.

Cmambwu 6 coopnuxax: Ona [owc., @apyx O., Ilpaxaw [orc. K.C. B XH: AKTUBAIUA U KaTaIu-
THYeCcKue peakiuy ankanoB / nox pen. K.M.Xwmuia. M., Hayka, 1992, c. 39.

ITpy HNTHPOBAHUHU NEPEeBOAHBIX M3AAHUI MOCIE BHIXOAHBIX JAHHBIX PYCCKOS3BIYHOU Bep-
CHH B KBJIpaTHBIX CKOOKaX HEOOXOAMMO yKa3aTh BBIXOJHBIC JaHHBIC OPHUTHHAJIBLHOTO M3JaHMS.
Hampumep: Buympennee epawjenue monexyn./ nox pen. B.J1.Opsumt-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

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

IIpy HUTHPOBAHNM PYCCKOSI3LIYHOTO KYPHAJIa, MepeBOIUMOro 3a pyoexom, HE0OX0u-
MO HPHUBOJHUTH CCHIIKY M Ha aHINIOsA3bIYHYI0 Bepcuio. Hampumep: Jlaiikos JI. H., Yerbiniok HO.
A.// H36. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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Iamenmor: A.c. 9854 CCCP // F./., 1978, 61. unu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Kosanes b.I'. ABroped. amcc. «....» JOKTopa XUM. Hayk. ['opox, HHCTHTYT,
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 HeoNmyO0JIMKOBAHHBIE Pe3yIbTATHI H YaCTHBIE COOOLIEHHsI TAIOTCS HCKITIOH-
TEJILHO B BHJIE CHOCOK, @ B CITUCKE JINTEPATyphl HE IPUBOJATCS U HE HyMepytoTcs. [Ipu utuposa-
HUH HEOMyOJIIMKOBaHHBIX pa0OT U YAaCTHBIX COOOLICHUI HEOOXOJMMO MPEICTaBUTh PAa3peIICHUE OT
JIMLA, HAa YbH JaHHbIE IPUBOJUTCS CCHUIKA.

MMamsaTka s aBTOpPOB

JInsi MakCUManbHOTO COKPAaIeHHsI CPOKOB MYOJIMKAMH PENaKIHs IIPOCHT aBTOPOB oOpa-
TUTH 0c000€ BHUMaHHE HA 0)OpMJIeHHe CTATHH.

Obuiue nonosceHus

Marepuainsl, IpeICTaBIsIEMbIE B PEIAKIIHIO:

[J ¢aMunms, IMs1, OTIECTBO U KOOPAMHATHI JIULA, C KOTOPBIM pelaKys T0JDKHA BECTH Iepe-
MUCKY (IIOYTOBBIN agpec, HOMep TenedoHa, HoMep (akca, aapec dMEKTPOHHON NoUTh). DaMuust
aBTOpPa, OTBETCTBEHHOTO 32 MEPENHCKY, JOIDKHA OBITh OTMEUYCHA 3BE3T0YKOM.

[] HampaBJIeHHE OT OpraHU3aIUU

[] skcnepTHOE 3aKiIodyeHue (11 rpaxaal PA)

] TEKCT CTaThM, aHHOTAIIUU HA PYyCCKOM, aHIVIMICKOM U apMsSHCKOM SI3bIKaX Ha OTJEJIbHBIX
cTpanunax (Jiubo B TEKCTE), PUCYHKHU U Tabiuibl (Bce B 2 9K3.)

[ rpaduyeckuii pedepar

[J mocJieI0BaTeIbHOCTh PACHOJIOKEHHS YacTell cTaThu (KpOMe IHCEM B PEIAKIIUIO):

[J magexc YK

[] HazBaHMe cTaThu

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHE HayYHOUH OpraHU3aluu

[ mOYTOBBIH azpec ¢ UHAEKCOM

[ dpaxc

[l agpec 3MeKTPOHHON MOYTHI

[] arHOTanNA

[] coOOCTBEHHO TEKCT CTATbH

[] BBeIeHME

[] mocraHoOBKa 3a7a4n

JJIs1 cTaTel (PU3MKO-XUMHYECKOI TEMATHKU:

[] sKCIIepUMEHTaNbHasl YacTh

[] 00CyXIeHHE TTOJIyYSHHBIX PE3Y/IbTAaTOB C 3aKII0OUEHUEM

JJIS cTaTeil, MOCBSIIEHHBIX CHHTE3Y:

[J o0CyXIeHHE TTOTyYeHHBIX PE3YJIBTATOB C 3aKITIOUYCHUEM

[J BKCTIepUMEHTANbHAs YacTh

[J brmaromapHOCTH

[] cnMcoK JuTepaTypsl
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Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

[1B 3KCnepuMeHTAIbHOI YaCTH JODKHBI OBITh NPECTABICHBI I0KA3ATEJIbCTBA CTPOCHUS
U YMCTOTBI BCEX HOBBIX COCMHEHHUH, HICTOYHUKU HCIIOJIb30BAaHHBIX HETPHBUAJIBHBIX PeareHToB
WM METOAMKH UX MOJTYYeHHs, a TAKKEe YCJIOBHUS JOMOJHUTEILHON IOJTOTOBKH PEarcHTOB U
pacTBopurenei.

[Ins BceX CHHTE3MPOBAHHBIX COEAMHEHHWH CIIeAyeT JaTh HA3BaHUs MO HOMEHKJAType
IUPAC. MeramioopraHi4eckue KOMIUICKCHI MOTYT ObITh Has3BaHbl 1o cucreme Chemical
Abstracts.

[1Bce Tadau1pbl, cXeMbl, PUCYHKH, COE/IMHEHUS] M CCbIJIKH HA JIUTEPATYPy AODKHBI HyMe-
POBATHCS CTPOTO B MOPAAKE YIOMUHAHHUS B TEKCTE.

[1Ha ocsx rpaMKOB OJDKHBI ObITh YKa3aHbl HAMMEHOBAHUS Y eIUHUIIbI H3MEPEHHUs COOT-
BETCTBYIOIUX BEJIMYMH.

[/PuCyHKH CHEKTPOB HE JOJDKHBI OBITH BHIITOIHEHHI OT PYKH.

['Bce ucrone3yemble a06peBHATYPBI U COKPALIEHHs] JOIDKHBI COOTBETCTBOBATH IIPHBE/ICH-
HoMy B [IpaBminax U1 aBTOPOB CIMCKY WM paciIi(pOBEIBATHCS NP MIEPBOM YIIOMHHAHUH.

[][laHHBIE PEHTI€HOCTPYKTYpPHOTO HCCIIEJOBAaHMS CIEIyeT IPEACTaBISATh B BUJAE PUCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAaHHBIMH aTOMaMH) HJIM KPUCTALTMYECKON YIaKOBKH U TaOHI,
coZiep)KalnX HeoOXO0AMMble FeOMETPUYECKHIE XapaKTEPUCTHKU MOJIEKYJ (OCHOBHBIE JIMHBI CBS-
3¢if, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

[1 Jlnst OCHOBHOTO TEKCTa CTaThH 0O0s3aTeNsHO Hcmons3oBanue mipudpra Unicode,
xenarenapHo Times New Roman, miis rpedeckux 6yks — mpudt Symbol.

[JCuMBOJIBI IEPEMEHHBIX (U3MYECKUX BEIHYHMH (HaIpuMep, Temiepatypa — 1), €INHUIBI
nx m3mepenus (K), crepeoxnmudeckue aeckpuntopsl (yuc, Z, R), nokants! (N-metwi), OykBeH-
HBle (HO He IU(POBBIE) CUMBOJIBI IIPH 0003HAUYSHUH TPYII CHMMETPUH JOJDKHEI OBITH Hamevara-
ubl kypcusom (C2v, Ho He C2V).

(B crnMcKe JUTEPATYPhl JODKHBI MCIIONB30BaThCS TOJIBKO CTAHIAPTHBIC COKpAICHHS Ha-
3BaHMH KYPHAJIOB.
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