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Magnesio-carbothermic reduction of Ag;WO.. DTA/TG study
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The influence of synthesis parameters
on calcium silicate species thermal crystallization
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Methylation of 1,2,4-triazolo[1,5-a]pyrimidines and methodology for determining
the regioselectivity of the reaction by the NOESY H NMR spectroscopy technique
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Synthesis and antibacterial activity of new hydrochlorides
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Synthesis of new derivatives of

3-allyl-spiro[benzo[h]quinazoline-5,1'-cycloheptane]
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Physico-chemical characteristics of new pyrrolidine-2,5-dione derivatives and
comparative evaluation of their anticonvulsant properties
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MAGNESIO-CARBOTHERMIC REDUCTION OF Ag2WOQOs,.
DTA/TG STUDY

M. K. ZAKARYAN!? A.S. ARZUMANYAN!? and S. L. KHARATYAN?!?

!A.B. Nalbandyan Institute of Chemical Physics NAS RA
5/2, P. Sevak Str., Yerevan, 0014, Armenia
2Yerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia
E-mail: zakaryan526219@gmail.com

In the paper the mechanism of reduction of silver tungstate with combined (Mg+C) reducer
under the conditions of linear heating with the rates of 5-30°C min'* was studied. It was shown that
for both the cases of using separate reducing agents and a combined reducer, the interaction begins
before reaching the melting point of magnesium, and increase in the heating rate shifts the value of
Tmax towards the high-temperature region. It was revealed that the magnesio-carbothermic reduction
of silver tungstate is started by carbon at 410°C, followed by simultaneous action of magnesium and
carbon at 640°C (V,=10°C min'!); wherein the reaction starts with the solid+solid and continues with
the solid+liquid mechanism. The effective values of activation energy (E,) for the magnesiothermic
reduction stages for the binary (Ag,W0QO,-Mg) and ternary (Ag,WO,-Mg-C) systems were determined.

Figs. 8, table 1, references 27.

1. Introduction

W-Ag composite materials are widely using for manufacturing of super-
powerful electrical contacts since they offer the advantages of both
refractory tungsten (welding and erosion resistance) and silver (high thermal
and electrical conductivities) [1-3]. Low coefficient of thermal expansion
makes it possible to obtain such substructures that can later be used in
semiconductor devices. These alloys could also be used in microwave ovens,
micro-electrical devices as heat dissipating materials and in electrical
contacts of powerful switches [4-8].
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It should be mentioned that the properties of W-Ag pseudo-alloys
depend not only on the composition, but also on the method of production.
This means that the size, shape, heat-resistant phase distribution,
homogeneity of particle and degree of porosity have a huge impact on the
mechanical, electrical and thermophysical features of the composite [9-11].

For the preparation of W-Ag pseudo-alloys several methods are used:
powder metallurgy [12], reduction of silver tungstate by hydrogen [13],
explosive pressing [14], reduction of silver tungstate (prepared by chemical
precipitation) and Ag+WOs mixture (prepared by solution combustion
method) by Mg+C combined reducer in combustion mode [15-16].

In the work [15] a-silver tungstate, Ag2WOQsg, is suggested to use as an
initial precursor due to the fact, that both the metals are in the same
crystalline structure, thus the formation of more homogeneous composite is
expected. For reduction of silver tungstate, a combined reducer (Mg+C) was
used that allows to control the reaction temperature in a wide range. This
approach is known as reactions’ thermo-kinetic coupling [17] when a low
exothermic or endothermic reaction is coupled with a high caloric one with
possible change of reaction pathway [18-20].

Because of the high rates of processes ongoing in the combustion wave
it is often difficult to control them and to reveal the reaction mechanism. One
of the approaches for clarifying the interaction mechanism in the combustion
wave is thermal analysis method or process modeling in temperature-
programmed heating conditions. In the Ag:WQO4-Mg-C ternary system at low
heating rates (V»=2.5-30°C min?) the experiments were carried out by
DTA/TG method. This gives an opportunity to reveal the sequential
character of interaction mechanism of the process, to explore intermediate
states and calculate kinetic parameters for each stage.

Note that according to the available literature data, the reduction
mechanism of Ag>WOs4 by magnesium, carbon and the combined Mg+C
reducer was not studied yet. In our previous studies in the NiO-Mg-C [21-
22], NiO-WO3-Mg-C [23], WO3-Mg-C [24], CuM004-Mg-C [25] 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. This study is motivated by the need to reveal the
interaction mechanism and Kkinetic features of the Ag.WOs-Mg and
Ag2WO4-C binary and Ag2WO4-Mg-C ternary systems at non-isothermal
conditions using the DTA/TG technique. The data obtained will serve as a
basis for optimizing the synthesis conditions of the Ag-W composite powder
in the combustion mode.
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2. Materials and methods

Sodium tungstate (Na,WO4-2H,0, chemically pure grade), silver nitrate
(AgNO3, 7761-88-8, Czechia), magnesium powder (MPF-3, Russia, pure
grade, particle size 0.15<u<0.3 mm), carbon (P-803, Russia, u<0.1 zm) were
used in experiments as raw materials.

Chemical precipitation route was utilized for the preparation of Ag>2WO4
nanopowders by reacting aqueous solutions of silver nitrate and sodium
tungstate:

2Ag(NO3)+Na,WO;- 2H20:A92WO4~L+2N6.N O3+2H0

These solutions were mixed slowly in 2:1 molar ratio with contineous
stirring at room temperature for 20 min, keeping the pH value at the constant
magnitude 7. The precipitate formed was centrifuged, filtered and washed by
ethanol and distilled water several times. Then it was dried at 70°C for 4 hrs.
A light yellow final product was obtained. The formation of single phase o-
Ag>WO4 was confirmed by XRD examination. Microstructural examinations
testify that the final product obtained by chemical precipitation represents
fine-grained rod-like particles with average size of 10-20 nm [16].

The reactive powder mixture in amounts of 50-100 mgs was used in the
differential thermal analysis (DTA) and thermogravimetric (TG) experi-
ments on the Q-1500 instrument (Derivatograph Q1500 MOM, Hungary).
As a reference material Al,Os powder was used. All measurements were
conducted in N2 flow (120 m/-min™). Heating rate was programmed to be
2.5, 5, 10, 15, 20, 30°C-min™.

Intermediate and final products were examined by the X-ray diffraction
(XRD) method with monochromatic CuKa radiation (diffractometer DRON-
3.0, Burevestnik, Russia) operated at 25 kV and 10 mA. To identify the
products from the XRD spectra, the data were processed using the JCPDS
database.

The isoconversion method suggested by Kissinger [26] was used to
calculate the effective activation energy values for the systems under study.
This method is based on the shift of temperature corresponding to the
maximum advance in the DTA curves depending on the heating rate kept
constant. The derived expression for determination of activation energy by
Kissinger has the following form:

\Y Ef 1

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

3. Results and discussion

To clarify the interaction mechanism in Ag.WOQO4-Mg-C ternary system,
first, the stability of silver tungstate synthesized by the chemical
precipitation method up to Tmex=1000°C was investigated. Then the behavior
of Ag:WOs-Mg and Ag>WOs-C binary systems in identical heating
conditions was studied.

Ag,WO, was heated at a rate of 20°C min under conditions of
continuous Nz flow. According to the results (Fig. 1), there is an
endothermic area on the DTA curve (Tmin=630°C) within temperature
interval 620-650°C, which corresponds to the melting point of Ag2WO, [27].
It should be mentioned, that in the investigated temperature interval the
sample’s weight (TG curve) remains constant.

12 Ag,WO, - 20 °C min™* 110
TG

- 100

_‘
< DTA r9 @
6,
0 3
f 80 @
| 630°C
3 L 70
0 T T T T T 60
200 300 400 500 600 700 800
T,°C

Fig. 1. DTA/TG curves of Ag,WO,, V4=20°C min.

3.1. Ag2WO4-Mg binary system

Figure 2 depicts DTA/TG curves of AgoWOs+4Mg binary mixture
under heating conditions at the rate of 20°C min™. As seen, there is no mass
change, because all the reactants and products are in condensed phase. An
exothermic interaction registered on the DTA curve in the wide temperature
interval 560-800°C (Tmax=674°C), which corresponds to the magnesiother-
mic reduction of the silver tungstate (Fig. 2). Endothermic effect at the
beginning of exothermic interaction corresponds to the melting of Ag2WOa.
It follows from the provided data that the magnesiothermic reduction starts
with a solid+solid mechanism and continues with a solid+liquid one. It
should be mentioned that the reduction reaction comes to end with a
liquid+liquid mechanism, because exothermic reduction range includes also
the melting point of the reducer, Mg (650°C).
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Fig. 2. DTA/TG curves of the Ag,WO4+4Mg mixture,Vy=20 °C min.

As seen in the Fig. 3, with increasing of the heating rate, magnesiother-
mic reduction of silver tungstate shifts to higher temperature area (see also
Table).

25 4

DTA

400 500 600 700 800
T, °C

Fig. 3. DTA curves of the Ag,WO,+4Mg mixture at various heating rates, V=5, 10, 15, 20,
30°C min™.

Therefore, in cases of all investigated heating rates (5, 10, 15, 20, 30°C
min?t) the interation starts with a solid+solid and continues with a
liquid+liquid mechanism (melting of Ag2WO; is expressed on the reduction
exothermic peaks for all the samples). Except the heating rate value of 5°C
min?, in all other cases the process comes to end with a liquid+liquid
mechanism because the reduction temperature interval includes also melting
point of magnesium.
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Table
T >**values of magnesiothermic and magnesio-carbothermic reduction
of Ag2WOs at various heating rates

T DTA OC
Vh, °C min* Ag;WO+4M
[ stagg T I S?stage Ag2WO4+2Mg+2C
30 612 671 689
20 600 655 666
15 591 648 660
10 583 622 641
5 569 600 617

3.2. Ag2WO4-C binary system

As can be seen from the Fig. 4, the carbothermic reduction of silver
tungstate proceed in two stages, which are distinctly expressed on TG, DTG
and DTA curves. According to the data obtained from TG and DTG curves,
the carbothermic reduction starts at 460°C. At that the first stage includes
temperature area up to 535°C followed by the second stage including mainly
temperature interval of 540-610°C.

85 TG | stage
Il stage
\ 9 r 100
80
i o
D 75 N -
3
«
70 A
DTG
65 \ \ \ 70
150 350 550 750 950

T, °C

Fig. 4. DTA/TG curves of the Ag;WO,4+3C mixture, Vy=20°C min.

In any case the decrease in the mass of the mixture continues up to the
studied maximum temperature (950°C). Change (loss) of the mass is 9 mg
(from 100 mg mixture), which corresponds to complete reduction of silver
and partial reduction of tungsten (Fig. 4). This fact was approved by the
results of XRD analyses.

The absence of endothermic peak of Ag2WO4 melting on the DTA curve
indicates that there is no silver tungstate in the mixture at that temperature,

because its carbothermic reduction starts earlier — at about 460°C.
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3.3. Ag2WO4-Mg-C ternary system

Fig. 5 demonstrates DTA/DTG curves of the Ag.WOs+2Mg+2C
mixture at the heating rate of 10°C min™. As may be seen from the figure, in
this case the endothermic peak of silver tungstate melting is also absent on
the DTA curve. This is explained by the fact that carbothermic reduction of
silver tungstate (410°C) starts before the melting point of the letter. For this
system magnesiothermic reduction at the heating rate of 10°C min™ starts at
640 and ends at 720°C: the melting point of the reducer Mg (650°C) is also
highlighted on the curve.

Thus, magnesio-carbothermic reduction of silver tungstate starts with
carbon at 410°C, which is lower by 50°C as compared with carbothermic
reduction, then it continues with Mg at 640°C: the reaction starts with
solid+solid and continues with solid+liquid mechanism.

20 116 /410 °C
‘ - 100
15
Mg F95
< melting o
= 10 - 3
(@]

Fig. 5. DTA/TG curves of the Ag;WO4+2Mg+2C mixture, Vy=10°C min™.

Based on the results of XRD analyses the reaction’s sequence during
magnesio-carbothermic reduction of silver tungstate may be presented as
follows:

Ag2WO4+C—Ag+WO3+CO/CO:21,
WO3z+Mg—>W+WO2+MgO.

Therefore, it can be concluded that the investigated temperature area
(Tmax=950-1000°C and heating rate up to 30°C min?) are not enough for
complete reduction of silver tungstate.
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Fig. 6. DTA curves of the Ag,WO,+2Mg+2C mixture at various heating rates. Vy=5, 10, 15, 20,
30°C-min,

Thus, in studied conditions: (a) magnesiothermic reduction of Ag.WQO4
proceeds by the formation of Ag, W and WOs, (b) carbothermic reduction —
by the formation of Ag, W and WOz7, and (c) magnesio-carbothermic
reduction — by the formation of Ag, W and WO..

As in the case of the above discussed system, at magnesio-carbothermic
reduction of silver tungstate with the increasing of heating rate the
exothermic peak corresponding to the magnesiothermic reduction stage,
shifts to higher temperature area (Fig. 6, Table 1).

Using the data for the temperatures of exothermic peak’s maximum
deviation at different heating rates, the values of the effective activation
energies for the magnesiothermic reduction stages were calculated by
Kissinger's method (Figs. 7 and 8), using equation (1).

17.5 1 Ag2WO4+4Mg;
I stage E, = 58 kJ mol™?
— -1
~16.5 - Il stage E; = 36 kJ mol
£
Ly
<155 -
=
[ =
=
''14.5 -
13-5 T T T 1
1.02 1.07 1.12 1.17 1.22]
UT,,-10°% K*

Fig. 7. Linear fitting of the -In(Vh(1/Tm)?) - 1/Ty.10° plots to extract effective activation energy of
the reaction AgoWO4+4Mg.
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Fig. 8. Linear fitting of the -In(Vh(1/Tm)?) - 1/Tm.10° plots to extract effective activation energy of
the reaction Ag.WO4+2Mg+2C.

According to the results obtained, activation energy for the first stage of
Ag,WO,+Mg magnesiothermic reduction is 58 kJ-mol™, and for the second
stage is 36 kJ-mol™. Activation energy for the AgzWO4+2Mg+2C magnesio-
carbothermic reduction is 39 kJ-mol?. When using the combined Mg+C
reducer, the E, value of the Ag2WO4 reduction reaction is almost identical to
the Ea value of the second stage of magnesiothermic reduction (after the
melting of Ag2WO,) and almost 1.5 times smaller than the E, value of the
first stage of magnesiothermic reduction reaction.

AgWOs-b UUGLEQPNFUE-GUMRNE-GLT LELTTT LS LU UL
NESUQNSNFE-3NFLL -0 U3PL STLUSUUWL MU3UUWLLELNFT

U. 4. QULUr3UYL, W. U. Ur2nrugL3uy b U. L hin-us3uy

DTA/TG dhfdngny niuenidiwufipdly b ong-pgnfdbpd wuydwiiibpnod Mg+C Quidwlg-
s bpulyputiqpsf hppundudp wpdwfFf fn$pudumfs fbpudpiigidul dbpuipgdp
s purgduts wpugn s 5-30°C pryh™? dpfuluypncd: nuyy L pfly, np fligugh
wnubifils fbpulutingfgbpf, wybgbe b Me+C Sudulgus fbpulugifish hfspndub
plivpnid sfinfumglignyncip uludnd £ Swfuputs dwghbgpnodf Suydlyp: Cig npnod,
s pugidurls wpgnFyuts pup&pugduiip quogpisftug DTA jnpf kigduip uidusgunmnu-
[rusieny sunnnflbyuigneyh QhpdunnnfiSuriifs wpdbpp Jhqyfned § phugp ufkip pupdp Qbpdumnf-
Sy fils wnfipnyfd: Pusguluypmdby &, np wpdufdf ofny$pudunnp dugibgpnodo-fuoppn-
[Fhpd fbpulpwligincdp uljufned b wdfumdting 410°C-nod, 640"(:'—[15 whuwd yuwpnihulpfned
b dwgibgfindn (Vir=10°C min) b wfuwdtny dfpmdwdwinuly: wmmmmdby £, np prpnp
iplgplipned dwghibghncdwfFhpd fbpuljubghdul dingp shofnod §oogflg tofiy, b jupne-
budpfncd wpfigtShgncly Shpubifupdmf: Plliup (Ag2WO4Mg) b bnguly (Ag2WO4-Mg-C)
Quiduluuprlipf Qundup npryfly By duwghibghncdnd Jbpuluighdul gl E@blpmfuf wl-
wnfofusgibusts Eikpfusyf (Ea) wpdbplbpp:
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MATHE3UO-KAPBOTEPMHUYECKOE BOCCTAHOBJIEHUE Ag:WOa..
ATA/TT UCCJIEJOBAHUE

M. K. 3AKAPSIH'?, A. C. AP3YMAHSIH? u C. JI. XAPATSH!?

MucTuryt xumuueckoit gpusuku um. A.B. Hanbannsana HAH Pecny6iauku ApMenus
Apwmenus, 0014, Epesan, ya. I1. CeBaxka, 5/2
2EpeBaHCKHI TOCYIapCTBEHHBIA YHUBEPCHTET
Apwmenns, 0025, Epesan, ya. A. ManyksHa, 1
E-mail: zakaryan526219@gmail.com

B pabote nccnenoBaH MeXaHU3M BOCCTAHOBIICHHsI BoJib(ppamaTa cepedpa KoMOu-
HUPOBaHHBIM BoccTaHoBuTedeM MQ+C B HEM30TEpPMHYECKHX YCIOBHUSIX METOIOM
JTA/TT B nuanasoHe ckopocTel uHeiiHoro Harpesa 5-30°C munt. TlokasaHo, 4To Kak
JUISL CIIy4aeB MCIOJIb30BaHUS OTIENbHBIX BOCCTAaHOBUTENEH, TaK U KOMOMHHUPOBAHHOTO
BOCCTaHOBHTENS B3aMMOJICUCTBHE HAYMHACTCS IO JOCTH)KEHHS TOYKH IUIABJICHHS Mar-
HUSI, @ YBEJIMUCHHE CKOPOCTH HarpeBa CABHMIAeT 3HAYCHHUE MaKCHMAJbHOM TeMIepary-
PBI, COOTBETCTBYIOIICH cMelieHHI0 KpuBoit DTA B CTOpOHY BBICOKOTEMIIEPATYPHOIT 00-
nacTd. BBIIBIEHO, 4TO MarHe3mo-kapOOTEpMHYECKOE BOCCTAHOBIEHHE BOJb(ppamara
cepeOpa HaumHaeTcs: yriepoaom npu 410°C ¢ mocienyrounuM OJXHOBPEMEHHBIM ydac-
THEeM MarHus u yriepoza npu 640°C (V,=10°C min™). Ycranoneno, uto Bo Bcex ciy-
Yasgx MarHHUeTepMHYecKas CTaJusl BOCCTAHOBJICHHS HAYMHAETCS 10 MEXaHH3MY TBEp-
Joe+TBepaoe, ¥ NpoJoIDKaeTCs 0 MeXaHu3My TBepaoe+xuakoe. Onpenenenst ¢ dek-
TUBHBIC 3HAUEHUS 3Hepruu axTupauuu (Ea) 1 cTaguil MarHueTepMHU4ecKoro BOCCTa-
HoBienus 1uis 6unapHoi (Ag2WO4-MQ) u tpoitnoit (Ag2WO4-Mg-C) cuctem.
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PHOTOCATALYTIC DECOMPOSITION OF METHYLENE BLUE
DYE IN AQUEOUS SOLUTION IN THE PRESENCE
OF WO3-DOPED TITANIUM DIOXIDE

L. A. MANUCHAROVA*, T. J. SARGSYAN and L. A. TAVADYAN

A.B.Nalbandyan Institute of the Chemical Physics NAS RA
5/2, P. Sevak Str. Yerevan, 0014, Armenia
E-mail: loriettam@yandex.ru

It has been investigated the photocatalytic decomposition of industrial dye Methylene blue
(MB) in the presence of the heterogeneous photocatalyst nano-titanium dioxide (TiO,), doped by
tungsten oxide (WOs3), TiO, /WO3, under UV-irradiation (A= 253.7 nm). The photocatalyst preparation
method by wet impregnation of titanium oxide nano-powder with ammonium paratungstate was
simplified by us in comparison with the known ones.

It has been shown, that doping of TiO, with WO; leads to considerably higher photocatalytic
activity of the WO3/TiO, composit as against to pure TiO, The mechanism of the removal of MB in
the presence of TiO,/WOj3; photocatalyst may be assumed to involve following two processes:
photocatalytic oxidative destruction and adsorption of the substrate on the surface of the catalyst.

Figs. 3, table 1, references 8.

Introduction

Currently, wide use of chlorinated derivatives of mono- and polycyclic
hydrocarbons in different areas, including chemical, agricultural and dye
industries, causes serious ecological and environmental problems.
Contaminated water bodies no longer cope with significant pollution through
the natural process of water self-purification, so water purification from
toxic halogen-containing organic contaminants is an actual health and
environmental task.

Currently, the most promising are photocatalytic water treatment
technologies, which have advantages due to their simplicity, profitability, the
possibility of using sunlight. The latter is especially important, since energy
saving technologies have an unconditional advantage. From this point of
view, heterogeneous photocatalysts based on photosensitive carriers were
widely used. Generally, transition metal oxides could be used as adsorbents
or catalysts to remove organic pollutants from water.
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The photocatalytic process using TiO> photocatalyst is very promising
for application in the water purification, because many organic compounds
can be decomposed and mineralized by the proceeding oxidation and
reduction processes on TiO; surface. The most commonly tested compounds
for decomposition through the photocatalysis are phenols, chlorophenols,
pesticides, herbicides, benzenes, alcohols, dyes, pharmaceutics, humic acids,
organic acids, and others [1-3]. TiO2 is the most commonly used
photocatalyst, because it is nontoxic, chemically stable, cheap, and very
efficient.

Earlier we investigated the photocatalytic oxidation of some chlorine-
containing organics in aqueous solution in the presence of catalyst based on
the photosensitive support TiO> [4.5.6].

Over the past years, coupled semiconductors, especially TiO>
composites, have been extensively studied for organics degradation and
catalytic applications due to their coupled effect. Incorporation and doping
of other species into TiO2 can improve the electronic or
photoelectrochemical characteristics of TiO».

In this work, as an example of potential application, the us-prepared
nano-TiO, doped by WOs (TiO2 /WQO3) was used as heterogeneous catalyst
in wastewater treatment. Methylene blue (MB), a common dye in the textile
industry, was chosen as a typical organic waste.

(CH;), S N(CHy);

Methylene blue

Experimental

TiO2/WO3 (nti:nw=4:1) catalyst was synthesized by impregnation of
semiconductor TiO, nanoparticles (Sigma-Aldrich, anatase, 50 m?/g, 21 nm)
with ammonium paratungstate solution followed by calcination (500°C).

The phase composition of TiO2 and TiO./ WOz catalyst was measured
by XRD in DRON-0.5 diffractometer with CuKa lamp (1000, 2000 imp/sec).
The morphology of the photocatalysts surface and content of WOs3 in TiO2/
WO; catalyst were evaluated by SEM (VEGA TS 5130MM) measurements
with EDS analysis. The size of WO3 particles were also calculated by the P.
Scherrer equation. BET surface area, pore volume, pore size were measured
in Gemini VII Version 3.03 Analyzer from Micromeritics.

Diffuse reflectance spectra of TiO2 and TiO2/ WO3 powders were taken
in UV-Vis spectrometer SPECORD-M-40-UV-VIS. SiO2/WO3 (nsi:nw = 4:1)

composite based on nonconductor SiO, (300 m%g) was prepared in the same
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way as TiO2 /WOs3. Experimental setup consisting of photochemical reactor
(quartz, 30 mL) with a magnetic stirrer and optical junction for UV-
irradiation (A = 253.7 nm), Hg-lamp (DRT-230, Russia), were used.

Reaction mixture was 10 mL of water solution of MB (1.25 mg/L),
containing 0.05g of the TiO2 /WQ3 catalyst. Consumption of MB in solution
was monitored by C®-46 and Agilent Technolodies Cary 60 UV-Vis

spectrophotometeres.

Results and discussion

The photocatalytic activity of the prepared catalyst was studied for a
model reaction of the well-known industrial dye Methylene blue
decomposition under irradiation with a UV lamp. This lamp emits the
radiation with a maximum at around 253.7 nm. MB aqueous solution was
exposed to UV-irradiation in air, in the presence of the prepared TiO2/WOQO3
catalyst, as well as pure TiO2 and without them, in different time intervals.
Experimental results of the consumption of MB are presented in Fig.1.
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Fig.1. Consumption of Methylene blue under UV-irradiation in the presence of (a) — TiO2/WOs,
(b) — TiOg, (c) — only UV- irradiation, without (a), (b).

Curve (a) in Fig.1 corresponds to TiO./WOs catalyst, the curve (b)
corresponds to the photochemical decomposition of MB on the surface of
“pure” TiO2 (without WO3z). The simple comparison of two curves indicates
a significant increase of the consumption of MB in the presence of the
mentioned catalyst (Fig.1.b). Under the same conditions, but in the absence
of the WOs3, the photooxidation of MB on “pure” TiO: is a relatively slow
process (Fig.1.b). The above facts indicate the catalytic character of the
overall process in the presence of the TiO2/WOs catalyst.

It is shown, that doping of TiO2 with WOs leads to considerably higher
catalytic activity of the TiO, /WOs catalyst as against to pure TiOa.
Particularly, during 2 min of exposition 91,3% of MB was removed and after
10 min it practically disappeared completely. Note, that photocatalytic

activity of WOjs itself in the mentioned reaction was shown to be negligible.
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With the purpose of additional confirmation the photocatalytic nature of
the reaction decomposition of MB in the presence of TiO2/WO3 catalyst, this
reaction was also studied in the presence of a composite based on a
nonconductor SiO.. Experimental results of the consumption of MB in the
presence of nonconductor SiO, and SiO./WQO3 composite are presented in
Table. The results obtained in the presence of SiO2 and SiO2/WO3, both with
and without irradiation, indicate that in the presence of a composite based on
a nonconductor, MB is consumed as a result of adsorption on a SiO surface.
The reaction of photocatalytic decomposition of MB does not proceed. Note,
the specific surface of SiO2 (300 m?/g) is 6 time more than of TiO (50 m?/g).

Table

Consumption of methylene blue (MB) under UV-irradiation
in the presence of SiO, and SiO,/WOs3

SiOz (in dark) SiOz/WO3 SiOzM/Os,
SiO2,UV-irradiation UV-irradiation
Irradiation time, min 0103060 10 10 10
D (optical density) | 0.654 0.207 0.202 0.203 | 0.083| 0.147 0.128
Consumption of 68.9 69.0 64.6 85.7 75.2 77.9
MB, %

The composition of the photocatalysts and the particle size were
determined using photographs of a VEGA TS 5130MM scanning electron
microscope (SEM) equipped with an INCA Energy 300SEM microanalytical
system. Images of the surface in secondary and reflected electrons with a
magnification of 50x + 20000x were obtained to determine the morphology
of the sample surface. Images in secondary electrons (SE) were used to
localize the areas of analysis. In Fig. 2 SEM photographs of nonmodified
TiO; (a) and TiO2/WO3 photocatalyst before (b) and after (c) the reaction are
presented.
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Fig.2. SEM photographs of nonmodified TiO, (a) and TiO, / WOj3; photocatalyst before (b) and
after (c).

Some agglomerates of primary TiO. particles are larger than TiO2 doped
with WO3 consisting of smaller particles. Apparently doping of TiO. with
tungsten oxide causes a decrease in the catalyst particle size, mainly due to a
decrease in the tendency of TiO, particles to form agglomerates. The effect
of a decrease in the particle size of TiO2/WQO3 composites in comparison
with TiO; obtained by the sol-gel method was also noted by other authors
[4]. From the EDS analysis, the measured Ti was 31.05 at%, O 68.95 at% for
TiOz and Ti 28,32 at%, W 4,85 at% and O 66,83 at% for TiO2/WOs. The
UV-visible spectra of the measured TiO2 and WO3-TiO. photocatalysts are
shown in Fig. 3. As can be seen from Fig. 2, modification of TiO, with WO3
causes an increase in the absorption of light in the visible range up to
520 nm.
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*
<

o
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Fig.3. UV-Vis diffuse reflectance spectra of TiO, / WO;3 catalyst and TiO.
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Conclusion

The method of wet impregnation, which is simplified in comparison
with the known ones, was used to prepare a photocatalyst based on nano-
titanium dioxide, doped with tungsten oxide. Doping WOz into TiO>
increased its absorption of light, adding to the visible range. Although it is
known that the formation of OH radicals on the surface of TiO2/WOs
photocatalysts is higher than on TiO; [8], this is not the main factor affecting
the rate of MB decomposition. It is obvious that the noticeable adsorption of
MB on the surface of the photocatalyst and its ability to absorb both UV and
visible light are responsible for the increasing of the photocatalytic
properties of the doped photocatalyst with the composition (nti: nw = 4: 1),
as a result of which the decomposition of MB in an aqueous solution was
achieved up to 99% in just 10 min. The doping of WO3 into TiO; also caused
a decrease of its particle size, which could also contribute to a greater
dispersion of TiO in water, thus increasing the surface available for MB
adsorption. The expansion of the light absorption limit of the photocatalyst
to the visible light region is of great importance for sensitized photocatalysis,
and the photocatalyst itself is effective in the process of removing MB from
aqueous solutions.

UGE-PLELU3PL YUNNF3S LEAYUL3NFE-P HDNSNTUSULPQU3PL
SUrrULAFONFT WOs-2-NMPLUESY RO ShSULPNFUP 60GOLUPYD
LEMYUSNFE-3UU R QLUSPL LOFONF3(-NDhU

L. W UuuarRurnduys, S. . UUrausuy b L. W £-Udu1-3U0L

Neunedunapyfly § dbffylts hungnegn (UY) wpiynempbpulut Sbplutyn # $ounn-
funnusyfauy it pusypusymdp puygfls predmyfFred” Shnbpnghls $munlmyfigumnnph wp-
l.ﬂl.l.liI[I iuuilnl?pllo‘gu[nl_‘ (TiOg) Cuu[l?llllu& (doped) l{ﬂllgllilulf[l qgu[nl_nll (WOg), (TiOQ/WO:,’)

Smnnlpunnuypquunnpp wunnpundul byubhp” nfebf bphopupuf butinfingfit
widnbfdf wppunfnyGpudunnm] [Fuy ubpdddudp, dbp fnqdpy wupgbgdby § Sodlodu-
wmd Susyubsfy dhfnqbbph Sbin: Sy § wpddby, np TiOzfr fpur WOs-Sunflynedp (gmuyfit-
4p) Suwbiqlghnid § TiO2/WO3 fnidungfunfy $runnljunnwyfunfly whusffne fFyuls qguyp puopd-
pusgdutp” fiwppbpncfyo dwpnep TiOz-p: Updby & bgpubugnefdyncs, np TiO2/WO3
prunnlpunnyfgunnnph wnlpyncfpul ghgpncd U-f Sbnmgdud dbfumlipgdp Shpunncd §
Slunlyyuy bplhne wypnghbulilpp” rnnlunnmypquyfi opufipuyple pusypuiynd b wigunppgpu
fpnnuyfrgunnnpfy dubplong B s :
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OOTOKATAIUTUYECKOE PA3JIOKEHUE KPACUTEJIA
METHJIEHOBOTI'O I'OJIYBOT'O B BOAJHOM PACTBOPE
B MPUCYTCTBUU JMOKCHUIA TUTAHA, JOIIMPOBAHHOI'O WOs3

JI. A. MAHYYAPOBA*, T. lsx. CAPKUCSH u JI. A. TABAJISAH

UncruryTr xumudeckoit ¢pusukn uM. A.b.Hanbannsna HAH Pecrry6mikn Apmenns
Apwmenns, 0014, Epesan, yn. [1.CeBaka, 5/2
E-mail: loriettam@yandex.ru

HccnenoBano (bOTOKaTaHI/ITI/I‘{eCKOG Pa3JI0KCHUC MMPOMBIIIJICHHOTO KpaCUTEIsA MC-

TraeHoBbId cuHuil (MC) B BOJHOM pacTBope, B IPUCYTCTBUH FETEPOreHHOr0 HoTOKaTA-
nu3aropa, Hanoauokeuaa Tutana (TiOy), momupoBaHHOro okcuiIoM Bojbhpama (WO3),
(TiO2/WOs3), mpu YD-06ayuenun (A = 253.7 wu). MeToa mpUroToBieHUs: GpoToKaTaM-
3aTOpa BJIAXKHOW MPOIMTKOM HAHOMOPOIIKA OKCHA THTaHA MapaBojb(paMaToM amMMo-
HHsL HAMU ObLI YIPOIEH 10 CPABHEHUIO C W3BECTHBIMH. [[0Ka3aHO, YTO JOMMPOBAHUE
JAMOKCHIA THUTaHa O0GECTeYnBacT 3HAYMTENBHO 0OJiee BBICOKYIO (POTOKATAIHTHYECKYIO
akTUBHOCTH KoMTI03uTy TiO02/WO3 mo cpaBrenuro ¢ uncthiM TiOz. ChenaHo 3akiroue-
HHE O TOM, YTO Mexanu3M yranenus MC B npucyrctBun porokatanuzatopa TiO/WOs3
BKIIFOUAET CJICAYIOIIME [Ba Iporecca: (pOTOKATATUTHYCCKYI0 OKHCIHTENBHYIO JECTPYK-
LU0 1 aJCOPOLIHIO CyOCcTpaTa Ha IIOBEPXHOCTH KaTaln3aTopa.

(1]
(2]
(3]
[4]

(5]

(6]
[7]
(8]

REFERENCES

Fujishima A., Hashimoto K., Watanabe T. TiO2 Photocatalysis: Fundaments and
Applications // BKC, Tokyo, Japan, 1999.

Sobczynski A., Dobosz A. // Polish Journal of Environmental Stuies, 2001, v. 10, Ne4, p. 195.
Malato S., Blanco J., Vidal A., Richter C. // Applied Catalysis B, 2002, v. 37, Nel, p. 1.
Bakhtchadjian R.H., Tsarukyan S.V., Manucharova L.A., Tavadyan L.A., Barrault J.,
Martinez F.O. // Kinetics and Catalysis, 2013, v. 54, Nel, p. 34.

Bakhtchadjian R., Manucharova L.A., Tavadyan L.A. Photocatalytic Selective
Oxidation of DDT (dichlorodiphenyltrichloroethane) to Dicofol. Chapter 3. p. 85. In:
DDT: Properties, Uses and Toxicity. Series: Environmental Remediation Technologies,
Regulations and Safety. Editor: Kathleen Sanders. Nova Science Publishers (USA), 2016.
ISBN: 978-1-53610-009-9.

Bakhtchadjian R., Manucharova L.A., Tavadyan L.A. // Catalysis Communications, 2015,
v. 69, p. 193.

Li X.Z., Li F.B., Yang C.L., Ge W.K. // Journal of Photochemistry and Photobiology A, 2001,
v. 141, Ne2-3, p. 209.

Tryba B., Piszcz M., Morawski A. // Hindawi Publishing Corporation International Journal of
Photoenergy, v. 2009, article ID 297319, 7 p.

317



{UsUUSULL LULMAUMNGSNMEF3UL GhSAMI3NFLLELH
12aU3hL UTuUAsURU
HALUMOHAJIBHASI AKAJJEMUS HAYK PECIIYBJIUKU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

{wjwuwmwbh phihwlwl hwinbu
XUMHUUYECKHU# )KypHAT APMCHUH 73, Ned, 2020 Chemical Journal of Armenia

HEOPI'AHNYECKASA XUMMUA

OXYFLUORIDE GLASSES AS A BASIS FOR OBTAINING MULTILAYER
CO-FIRED GLASS-CERAMIC MATERIALS

A. K. KOSTANYAN and N. B. KNYAZYAN

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
10, Argutyan Str., Yerevan, 0051, Armenia
Fax: (374 10) 231275, E-mail: ionx@sci.am

To expand the base of new technical glasses, glass-ceramics and composite materials based
on them, it is always important to study new glass-forming systems which combine two important
characteristics, such as relatively low fusibility and high dielectricity.

The purpose of this work is to study the glass formation and properties of the glasses in the
systems MeB,0,4-Al,03-(SiO,)-MeO / MeF, (Me — Mg, Ca, Sr, Ba), to identify the possibility of their
use both as a glass-crystalline material and as a binder in compositions “Glass+ceramics” for
obtaining low-temperature co-fired ceramic materials for electronics. The features of glass formation
and the regularities of changes of the physicochemical properties of glasses and glass-ceramic
materials have been studied. The materials are obtained by directional crystallization of glasses and
glass-ceramics compositions synthesized by sintering a mixture of glass and crystal. General issues
of the processes of wetting, adhesion and interaction of glass melts with crystalline fillers and their
influence on the electrical and thermophysical parameters of co-fired composites have been
considered. Based on the complex studies of the properties and structure of synthesized glass-
crystalline materials, new compositions have been developed, combining high mechanical and
dielectric characteristics, for low-temperature co-fired ceramics (Low Temperature Co-fired Ceramic,
LTCC).

Figs. 3, table 1, references 24.

The development of complex high-frequency miniaturized circuits for
electronics is related to the technology of obtaining substrates from low-
temperature co-fired ceramics (Low Temperature Co-fired Ceramic, LTCC).
Such small-scale integrated circuits combine many thin layers of ceramics
and conductors, as a result of which the multilayer LTCC modules are
usually used in the form of a three-dimensional circuit boards and composed
of a dielectric compositions with a low dielectric permittivity (usually & = 4-
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9). In addition, it allows making flexible combinations of passive microwave
components and makes it possible to design integer matrices, significantly
reducing the size of the contours. Since LTCC boards can be sintered at low
temperatures (<950°C), power lines can be made of highly conductive metals
such as silver or copper with low current loss and low electrical resistance at
high frequencies [1-3].

There are two approaches for obtaining ceramic compositions which are
sintered below 1000°C. The first approach is to obtain a glass-crystalline
material (sitall), which supposes almost complete crystallization of the initial
glass during sintering. The initial materials are glasses of practically
stoichiometric composition, such as cordierite, spodumene, eucryptite, etc.
[4, 5], which are condensed during firing and then crystallized. The glass-
ceramic (sitallic) way assumes in some cases the complete crystallization of
the pre-synthesized glass in the process of secondary heat treatment
(sintering). The physical properties of the obtaining material are largely due
to the degree of crystallinity, which can be increased by adding a small
amount of the crystalline phase, acting as a crystallization center. The
obtained glass-ceramic (sitall) materials are distinguished by minimal
porosity, high mechanical and electro-physical characteristics, and low
TCLE values. By using a catalyst, it is possible to change the crystallization
Kinetics, phase composition, and properties (relative dielectric permittivity
er, quality factor Q, TCLE and temperature coefficient of relative dielectric
permittivity te) of the synthesized material. In the second, the most common
approach (glass + ceramics), the initial fired mixture consists of glass and
crystalline material (a-Al2O3, 3Al,032S102, ZrSiOg, etc.) [6, 7]. Compaction
of the “glass + ceramic” composition is described by three stages: the
appearance of a liquid phase, partial dissolution of the filler in the liquid
phase and the excretion of new phases, and solid-phase sintering. Depending
on the type and amount of added glass, two sintering mechanisms are
possible [8, 9]: reactive and non-reactive liquid-phase sintering. The
compaction of the glass + ceramic composition can be classified as non-
reactive, partially reactive and fully reactive, depending on the reactivity
between glasses and ceramic.

The composition of glass has a great importance for sintering process,
since the softening of the glass plays a major role in the mechanism of
viscous flow and wetting of the developed surface of the crystalline particles
of filler, ensuring the compaction of the composition. The glasses which are
used for LTCC technology are mainly synthesized on the basis of oxide
systems (borate, borosilicate, boroaluminosilicate, etc.), containing alkaline
earth metal oxides, ZnO, PbO as modifiers and, in some cases, for adjusting
properties and control glass crystallization process — Li2O, La>Os, TiO, etc.

[3].
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The purpose of this study was to determine glass formation and study
the properties of glasses in boroaluminosilicate systems MeB20s-Al>Os-
(SiO2) -MeO / MeF, (Me- Mg, Ca, Sr, Ba), to identify the possibility of their
use in the form of a glass-crystalline materials, and as a binder in
compositions of “glasst+ceramics” for obtaining low-temperature co-fired
ceramic materials for electronics.

In this work some properties of glasses of fluorine containing
aluminoborate systems are presented, as well as the comparison with the
properties of known glasses which are used to obtain co-fired ceramics.

Experimental part

The synthesis of fluorine containing glasses was carried out in
corundum and platinum crucibles at 150-250°C above the liquidus
temperature with a duration of 40 min. (melt cooling rate ~10 K s%). In order
to reduce the volatility of boron and fluorine compounds, in the synthesis of
glasses were used metaborates and Al>Os, which in the glass-forming melt
contributed to the formation of relatively stable aluminate and borate
oxyfluoride complexes by reducing the loss of fluorine. Glass formation was
determined by tempering 15-20 g of the melt on a metal plate. The
measurement of the temperature coefficient of linear expansion (TCLE) of
glasses and glass-crystalline materials was carried out on a DKV-4 quartz
dilatometer at a heating rate of -5 K min™, Aa+3-107 K. The viscosity of
the glasses was determined in the range of 10'2-10* Pa-s by the method of
indentation of a cylindrical indenter. The measurement accuracy was
+0.061 gn. Specific volume resistance, dielectric losses and dielectric
permittivity of glasses and sitalls were determined on an EG6-13A
teraohmmeter and an E7-20 universal meter by using silver electrodes at a
frequency of 103-10° Hz. The measurement error was + 0.1l gp. The contact
angle of wetting was determined in an inert atmosphere using the resting
drop method.

Results and discussion

Elements which oxides form glasses at melt cooling rates of 10-10? Ks*
are characterized by average values of electronegativity and the nature of
bonds in oxide glasses is mixed — covalent-ionic, and their structures
represent a three-dimensional polymer framework. Consequently, oxide
glasses in a softened or molten state are characterized by high values of
viscosity, and the processes of spreading and wetting by the crystal melt
proceed with more significant energy barriers than occurs in ionic or
molecular liquids or melts. In oxide glasses, partial replacement of oxygen
by fluorine, which is characterized by low polarizability, makes it possible to
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synthesize glasses with a special course of changes in properties [10]. These
are fusibility, low viscosity and activation energy of viscous flow, high
chemical resistance to the action of fluorine-containing reagents, high values
of electrical characteristics, and the possibility of synthesizing glass-
crystalline materials with crystal sizes from 10 nm to 3-5 microns and from
30 to 85% or more degree of crystallinity.

Interest in the study of glass formation, three component glasses MeO-
Al;03-B.0O3 (Me-Mg, Ca, Sr, Ba, Zn, Cd, Pb) and more complex systems
containing oxides of these divalent metals is associated with their unique
electro-physical characteristics and the possibility to obtain glass-crystalline
materials with a wide range of properties.

CaB,0,
(11457)

(2048

Javay /\4

Flg. 1. Diagrams of glass formation of oxide and oxyfluoride systems.MeB;Os-Al;Os-
MeO/MeF, (Me-Mg,Ca,Sr,Ba) [11-14].

60 100 o] 20 40 . B0 80 100

M ALO,  MeF, mol % ALO,

Fig. 1 shows diagrams of glass formation of pseudo-ternary systems
MeB,04-Al,03-MeO / MeF; (Me-Mg, Ca, Sr, Ba) and the compositions of
the most studied glasses. Metaborate melts do not form glass upon air
cooling in a platinum crucible, and upon sharp cooling (quenching in water)
the content of the stelophase is from 5 to 15%. The formation of glasses is
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also not observed when an oxide of the same metal is introduced into the
initial metaborate. It can be seen from the diagrams that in fluorine-
containing systems the areas of glass formation are much wider than the
areas of glass formation for purely oxide systems. An increased glass-
forming ability of melts is due to the simultaneous presence of oxide and
fluoride structural groups of the same cations and the formation of terminal
fluorine  bonds, leading to increase the interionic distances.
Depolymerization of the glass structure, accompanied by an increase of free
volume, contributes to the optimal and energetically favorable distribution of
the oxide and oxyfluoride groups of modifier cations [15].

The wetting of crystals, ceramics of metals and their alloys with molten
or softened glass in the production of composite materials and coatings is of
paramount importance for the technology of soldering dissimilar materials,
regardless of whether it is an equilibrium or non-equilibrium process. The
wetting precedes by dissolution and diffusion, and manifests itself in the
form of droplets spreading over a solid. The driving force of spreading is
determined in accordance with the ideas of Young [16], by the equation: f =
osg-osl-clg cosd, where 6 is the contact angle. In real experimental
conditions, the droplet sizes are taken to be deliberately small so that the
effect of gravity on spreading to be insignificant in comparison with the
surface stress. The driving force coincides in order with the surface tension
of the melt. Depending on the chemical composition of the glass, the surface
tension varies from 0.16 to 0.47 N/m (20-80 Pa) [17]. The normal
component of the driving force of spreading o is related to the viscosity and
the velocity gradient by the equation [16] o = 3 n dv/dx, where n is the
dynamic viscosity, dv/dx is the gradient of the flow velocity in the direction
of the force action. Assuming that the normal component of the stress tensor
does not depend on the distance, then after integration we obtain — V = ¢ (x-
x0) / 3 m, which is permissible for estimating calculations. We have
performed estimated calculations for the time and rate of spreading of glass
melts at o = 50 Pa and conditional spreading (x-xo0) = 1 cm (Table).

Table
Time and rate of spreading of glass melts of different viscosity

n, Pa.s 10%° 108 10° 10 10°

V, cm/sec 1.7.10° | 1.7.107 | 1.710° | 1.7-10° | 1.7-10°

spreading time
5.9-108 5.9-10° | 59-.10* | 5.910° | 5.9:10

Sec

hour 16.4-10* | 16.4-107 16.4 0.164 0.0164
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The data in Table 1 shows that a drop in the high-viscosity state of the
melt spreads very slowly and the spreading time approaches to infinity.
Wetting is a required condition for adhesion and sticking of the melt to the
substrate. The studying of wetting ability of glass melts by the spreading
method has shown that with increasing temperature a decrease of the contact
angle is observed. If the adhesion between the melt and the substrate is
carried out by molecular forces (physical wetting), the temperature usually
has a little effect on the contact angles of wetting [18]. In chemical wetting,
the contact angles are very temperature dependent, and this is manifested by
the “wetting threshold” — the temperature, upon reaching which there is a
sharp change in the contact angle.
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Fig. 2. Dependence of the contact angle (I) and viscosity (1) of oxyfluoride (a, b, c) and oxide
(d) glasses on temperature, a) window glass+glass b) 22XC+glass, ¢) Mn-Zn ferrite+glass, d)
alloy X18H10T+silicate glass (SiO2-55 % ); (lll) dependence of the contact angle of wetting of
the original glass (1) and compositions (2,3,4,5) on temperature.

Fig. 2 shows changes of the contact angle and viscosity of fluorine-
containing (a, b, c,) and oxide (d) glasses from temperature. A sharp
decrease of the contact angle occurs in the temperature range when the
viscosity of the glasses changes in the range of 1.1-1.3-10* Pa<s. The values
of glass viscosities, taking into account the data in Table 1, indicate that the
equilibrated contact angles are achieved within 11-13 min, and these values
can be used in calculating the work of adhesion, and also characterize the
wetting ability of the glass melt. It can be seen from the temperature
dependence of the viscosity that the fluoride glasses are shorter, taking into
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account the steepness of the Ign-t line and the smaller temperature range of
changes in the same viscosities of oxide and oxyfluoride glasses. The
introduction of fluorine ions into purely oxide glass increases the oxidizing
ability of their melts, and consequently, the corrosiveness in relation to
crystalline and amorphous materials. The interaction of the glass melt and
the solid phase with the formation of a transition layer is manifested for
fluorine-containing glasses by a sharp change in the course of the wetting
curves (Fig. 2 a, b, ¢) in the low-temperature region of soldering. Alkaline
earth metal fluorides are comparatively less active than alkali metal
fluorides, and the activity of aluminoborate melts increases with the
interchange of fluorides in the following series MgF> < CaF, < SrF, <BaF-.
The cohesion force is related to the work of adhesion by the equation [16]
Wa =["x, f (x) dx (1), where f (x) is a function which determines the
decrease of the cohesion force with distance when the system is separated. It
is shown that in condensed systems, upon interaction of atoms or ions, the
interaction force decreases inversely proportional to the degree of the
distance between particles, by the exponent n =~ 4 [16]. Therefore, with the
minimum possible approach of the phases (Xo) f (x) = fa (xo/x) n, where fa
is the cohesion force between the phases at Xo. After integration of equation
(1), we obtain fa = Wa (n-1) / xo. The work of adhesion of glass melts to
ceramics and metals varies in the range of 0.2-0.5 J/m? [19] and in the case
of chemical interaction, the minimum interphase distance can be estimated to
be in order of ~ 4-10"1°m. The calculation of adhesion force, gives values in
order of (2.0-4.0) 10° Pa, which is close to the theoretical strength of
materials. The chemical interaction of two materials should be understood
not only as cases of the formation of new phases at the interface, but also the
formation of a chemical bond between the interacting phases without the
formation of new glassy or crystalline phases.

Studies of the fusibility and glass formation diagrams of aluminoborate
systems MeB20:-Al,03-MeO/MeF, (Me-Mg, Ca, Sr, Ba), phase
transformations during crystallization of glasses and the regularities of
changes in thermal expansion and electrical characteristics of glass crystals
from composition have shown that they are promising for obtaining sitalls
with low values of TCLE and dielectric properties [20]. It can be seen from
the presented curves (Fig. 3a) that the closer the composition of the glass of
the binary system to the composition of the ternary crystalline borate of the
composition MeAl;B>0O7 (where Me is Mg, Ca, Sr, Ba), the lower the TCLE
values of the sitalls (the content of MeF, and TiO; in initial glasses is 5%).
X-ray phase analysis of crystallization products of glasses of hypoeutectic
composition of the MgB204-Al>O3 system showed the presence of Mg.B20s
and MgB4O7. Aluminoborate by composition of MgAIBO. is released
simultaneously with the above mentioned borates when the content of Al.O3
is more than 25 mol.%. The ternary compound pB-CaAl:B.O7; (o =
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16.7-107 K1) in the crystallization products of glasses of the CaB204-Al.O3
system, along with a-CaB204 and CazB:0s, is formed with the introduction
of AlO3 more than 25 mol%. The release of SrAl;B,07 (a=5.5-10" K'%) and
BaAl:B,0; (0=14.3-107 K1) is recorded, the content of Al,Os is 35 and
40 mol.%, respectively [20].
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Fig. 3. Dependences of TCLE (in the range 20-300°C) (a) and resistivity

logp300 (b) of sitallized glasses of the system of MeB,04-Al,O; (Mg, Ca, Sr, B)

from composition. Influence of filler concentration on TCLE (c) and resistivity

logp (g) of compositions: 1-PbTiOs, 2-ZrSiOas, 3- LiAlISiO4; the duration of heat

treatment at 800°C is 30 min.

When the glass contains less than 40 mol.% Al>Os, crystals of
3Ba0-2Al,03-2B,03 and 5Ba0-2Al,03 are precipitated, the total TCLE of
them is higher than the TCLE of BaAl.B>0O7, which is released during
crystallization of glasses containing more than 40 mol.% Al,Os. The
closeness of the TCLE values of crystallized glasses of stoichiometric
compositions is due to the isostructurality of crystalline aluminoborates with
the general formula MeAl2B20-. In the crystal structure of aluminoborates,
the determining ones are chains of trigonal borate and tetragonal aluminate
groups, in which AlOs tetrahedrons are connected by vertices and each with
an isolated BOs triangle. According to [21], the low thermal expansion of

aluminum borates and sitalls based on them is associated with anomalous
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contraction of one of the crystal lattice axes and the simultaneous rotation of
BOs groups upon heating. In the structure of glass-crystalline material,
aluminoborate chains form columns connected by atoms of alkaline earth
elements. Thus, the significant asymmetry in the structure of the crystal
lattice of MeAl>B.O7 (where Me — Ca, Sr, Ba) and MgAIBO, causes low
values of thermal expansion of the synthesized sitalls in a wide temperature
range. Glasses and sitalls of aluminoborate systems containing only alkaline
earth oxides and fluorides are distinguished by unusually high electrical
resistance (Fig. 3 b), even at high temperatures (psoo = 10%°-10° Q-cm) with
anomalously low dielectric constant (3.5<& <5.4) [22]. By controlling the
crystallization  processes of alkaline-earth aluminoborate  glasses
(stoichiometric and non-stoichiometric compositions containing fluorides),
glass-crystalline materials with TCLE (5.0+48.0)-107 K were obtained.
Both groups of materials have high values of microhardness 6500-
7500 MH/m?, low dielectric characteristics (¢=5+7, tg = o =4.5+15.10%)
and low cooking temperature (1400-1500°C), differing from all known glass
ceramics with low values of thermal expansion [20].

Glass composite materials are a mixture of low-melting glass and
ceramic filler powders that together have undergone heat treatment and have
a low or negative TCLE. By changing the ratio of components, can vary the
value of thermal expansion; synthesis compositions with high electrical and
mechanical parameters.

The features of the behavior of the heterogeneous media were studied,
such as composite materials based on fluorine-containing aluminoborate
glasses and crystalline materials: refractory fillers zircon ZrSiOs, B-
eucryptite LioO.Al,03.2Si0, and lead titanate PbTiO3 were used. The filler
should practically not enter into chemical interaction with glass, but should
form a heterogeneous system with phase boundaries. In general, the
appearance of a new phase gives the system a number of valuable properties,
expanding the scope of both glasses and compositions based on them. When
choosing glasses that serve as matrices in compositions, the main attention is
paid to the resistance of glasses to crystallization: glasses of magnesium
aluminoborate system, containing up to 50% ZXAIlFs;, MgF,;, BaF, and
resistant to crystallization for 60-80 min. in a gradient temperature field,
were studied. The compositions were prepared by dry mixing of powders
(specific surface 1600x200 cm?/g) of glass and filler. Among the fillers used,
S Li:0.Al;0:.2Si0, has the highest absolute value of negative TCLE (-
130107 K1) compared to PbTiOs and ZrSiOs (-10 and -37107 K7,
respectively). The widespread use of PbTiOs in the production of glass
compositions with low TCLE is associated with the good dielectric
properties of PbTiOs. In the study of the wetting of the initial glass (Fig. 2, in
curve 1) and compositions (Fig. 2, in curves 2, 3, 4), almost linear decrease
of the contact angle (6) with increasing temperature was found, and the
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appearance of a “wetting threshold™ gives full reason to believe that the
mechanism of adhesion and wetting of glass and substrate (22XC) occurs
similarly to chemical interaction [23, 24]. It was revealed that an increase of
the content of MgO, MgF, and AlFs in the glass shifts the onset of wetting of
the composition to the high-temperature levels. The temperature dependence
of the wetting angle of the crystallizing compositions has a different
character. In the area of beginning of the exothermic effect of crystallization
of the composition (according to the DTA curves), the course of the
temperature curve changes sharply and stabilizes at a certain value of the
contact angle (Fig. 2, in curve 5), until the precipitated crystals melt. Fig. 3.c
presents the results of the effect of the concentration of fillers on the TCLE.
It is seen that the required TCLE value can be achieved at different
concentrations of the added fillers, and £ Li»O.Al;03.2Si02 has a more

significant effect on the thermal expansion of the composites. However, at
high filler concentrations, the spreading of the composition is significantly
reduced and, accordingly, the sintering temperature increases. Compositions
based on alkali-free glasses have both low-melting properties and high
dielectric properties. Analyzing the obtained values of electrical resistivity
from the type and concentration of the filler, the following can be noted:
with an increase of all types of fillers, the electrical resistance of the
composition decreases, while the compositions with ZrSiOs have lower
electrical conductivity values. The synthesized compositions are
distinguished by low melting point and relatively high microhardness values
of 5500-6000 H/m? low dielectric characteristics (&=12-16, tgd =18-
22.10%).

Thus, studies of the fusing and glass formation diagrams of fluorine-
containing aluminoborate systems, phase transformations during the
crystallization of glasses and the regularities of changes in thermal expansion
and electrical and mechanical characteristics of glass-crystalline materials
from the composition, have shown their promising prospects for obtaining
sitalls with low TCLE values and high mechanical and dielectric properties.
The possibility of using fluorine-containing aluminoborate fusible glasses in
the form of a glass-crystalline material and as a binder in the glass
compositions for obtaining low-temperature co-fired ceramic materials for
electronics is shown.
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OKCHDPTOPHUIHBIE CTEKJIA KAK OCHOBA JJIA ITIOJTYYEHUA
MHOTI'OCJOMHBIX COOBOKKEHHBIX CTEKJIOKEPAMUYECKHNX
MATEPHAJIOB

A. K. KOCTAHSH u H. B. KHA35IH

WucTtuTyT 001e u Heopranndeckoi xumun M .M.I". ManBensna HAH PecriyOnvkn Apmenust
Apwmenus, 0051, Epesan, yn. ApryTsHa, 2 nep., 1om 10
®axc: (374 10) 231275, E-mail: ionx@sci.am

Jlns pacumperust 6a3bl HOBBIX TEXHUYECKHUX CTEKOJ, CTEKIOKEPAMUYECKUX U KOM-
MO3UIIMOHHBIX MAaTEpHUAIOB HA MX OCHOBE, OCTAeTCs BCEI/la aKTyaJlbHO HCCIEIOBAHUE
HOBBIX CTEKJIO00Pa3yIOIINX CHCTEM, COYETAIOIIUX OTHOCHUTENBHYIO JIETKOIUIAaBKOCTh U
BBICOKHE TUDIEKTPUIECKHUE XapaKTEPUCTUKH.

Ienpto maHHONW PabOTHI SIBISETCS HCCIEAOBAHHE CTEKIO00Pa30BaHHUS U CBOMCTB
crekon B cucrteMax MeB,0s-Al;03-(Si02)-MeO/MeF; (Me- Mg, Ca, Sr, Ba), BoisiBie-
HHE BO3MOXHOCTH MX IIPUMEHEHHS KaK B BUJIE CTEKIOKPUCTAIIMYECKOT0 MaTepraia, u
KaK CBS3YIOIIEE B COCTaBaX KOMIO3UIMKA “CTEKJIO + KepaMuKka’ AJisl MOJTydeHHs] HU3KO-
TeMIepaTyPHBIX COOOKUTaeMBbIX KepaMHUECKHUX MaTepUasoB JJIs IeKTpoHUKH. Mccie-
JIOBaHBI OCOOCHHOCTH CTEKJI000pa30BaHUS M 3aKOHOMEPHOCTH M3MEHEHUS (HU3UKO-XU-
MHYECKHX CBOMCTB CTEKOJ M CTEKJIIOKEPAMHYECKUX MATEPHAJIOB, TOIYYEHHBIX HAIPaB-
JICHHOM KPUCTAJUIN3AIUEeH CTEKOI M CTEKIOKEPAMUIECKUX KOMITO3HUIINH, CHHTE3NPOBaH-
HBIX CIIEKaHHEM CMECH CTeKJa M KpHucTayia. PaccMOTpeHsI 001Iie BOIPOCH! IIPOILECCOB
CMaYMBaHU, aATE3WN M B3aMMOJCHCTBHS PACIIaBOB CTEKOJ C KPUCTAUTMYECKUMH Ha-
MIOJTHUTEISIMHA M UX BIMSHUE HA SJIEKTPUUECKUE U TEIUIO(MHU3UIECKHE MmapaMeTphl co00-
JKUTOBBIX KOMIIO3UTOB. Ha OCHOBE KOMIUIEKCAa HCCIEAOBAHUNH CBOWCTB M CTPYKTYpBI
CHHTE3MPOBAHHBIX CTCKIOKPHUCTAIUINIECKUX MaTepHalIOB CHHTE3MPOBAHBI HOBBIE KOM-
MTO3MIINH, COYETAIOMINE BRICOKHE MEXaHWYECKHE W JUIICKTPHUECKHE XapaKTePHCTHKH,
JUIST HU3KOTEMIIEpAaTypHOH COBMECTHO o0oxokéHHOW kepamuku (Low Temperature
Cofired Ceramic, LTCC).
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This paper is devoted to the investigation of the interaction between a silica hydrogel species
derived from a serpentine-group mineral (Mg(Fe))s[SisO10](OH)s and calcium hydroxide Ca(OH), in
aqueous medium in air at ambient pressure depending on stirring time and Ca(OH), concentration.
The aim of the research was to study the influence of stirring time and Ca(OH), concentration on the
yield and crystallinity of calcium silicate species, particularly, B-wollastonite produced by thermal
crystallization of amorphous calcium hydro- and hydroxosilicates, which had been previously
precipitated in the boiling aqueous suspension prepared from the mentioned reagents. The
experimental data have revealed the optimal parameters guaranteeing the highest portion of -
wollastonite in the final product and have suggested possible mechanisms of processes occurring
during the precipitation and thermal crystallization.

Figs. 6, references 29.

Owing to a series of remarkable properties, such as a low coefficient of
thermal expansion, low thermal conductivity, thermal stability, low dielectric
constant, low dielectric loss, shrinkage, as well as extreme whiteness, a
synthetic p-wollastonite (B-CaSiO3) has become an interesting material for
various domains of modern engineering. It is used in ceramic [1, 2], as an
insulator of high frequency [3], in medical materials for artificial bones and
dental roots [4-6], in paint and frictional materials, as a filler in resins and
plastics [7, 8].

One of the most popular routes to S-wollastonite synthesis consists of
two steps: (i) the precipitation of intermediate solid phase in aqueous
medium via the interaction of calcium hydroxide Ca(OH): or calcium salts
with a silica-containing reagent (quartz, diatomite or various silica-
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containing industrial wastes as well as tetraethoxysilane (TEOS)
Si(OC2Hs)s), and (i) calcination (900-1400°C) of the intermediate
synthesized in the first stage [9-12]. Commonly, the intermediate phase is
produced either by autoclave treatment [13-15] or sol-gel syntheses [11, 12,
16, 17] that are both energy-consuming.

Hydrothermal environments are required for the formation of infinite
silicate chains with a three-tetrahedron repeat, similar to chains in
wollastonite!, which are intrinsic in such calcium silicate hydrates as
tobermorite (CasSisO16(OH)2-4H20 or CasSis(O,0H)15-5H20) and xonotlite
(CasSis017(0OH)2), that can be easily transformed into S-wollastonite by
subsequent heating [18-20].

The sol-gel processing associated with wollastonite syntheses is a multi-
step procedure frequently combined with combustion techniques using
organic compounds as a fuel (sucrose Ci2H22011, glycine C2HsNO7) and a
precursor of SiO, (TEOS), and calcium nitrate Ca(NOs), as a source of
calcium cations [16, 17]. Naturally, subsequent gel evaporation and heat
treatment of the synthesized intermediates at 900°C and higher for many
hours (up to 12 hours) generate a large amount of gases as oxides of carbon
CO- and nitrogen NO that is undesirable [11, 16, 17].

Recent studies have shown that autoclave treatment and difficulties
associated with the complicated sol-gel syntheses for p-wollastonite
production can be avoided if a new species of silica xerogel produced from
serpentinites? is involved in the precipitation process as a raw material with
Ca(OH); in the presence of sodium hydroxide NaOH [21]. The latter
promotes the faster and deeper progress of the reaction between the SiO; and
Ca(OH). requiring less activation energy.

One of the main microscopic factors accounting for the small energy
input for p-wollastonite production from the above mentioned silica xerogel
is the chain-like silicate units bound up with each other by unsaturated
(weaker) bonds inherent in this species of silica [21-23]. While being stirred
with the silica xerogel and Ca(OH); in aqueous suspension, NaOH by
penetrating into the structure of the SiO: interacts with Si—-O-H silanol
groups and simultaneously breaks the relatively weak Si—O(Si) siloxane
bonds, thus reproducing silicate anions of different complexities [21]. The
silicate anions released are easily involved in the interaction with Ca(OH)s.
The amount of g-wollastonite synthesized from the intermediates by heat-

1 Wollastonite is a calcium metasilicate belonging to the group of pyroxenoids, i.e.
silicates with a chain structure of ilicon-oxygen anions.

2 Serpentinite is a rock largely composed of serpentine group minerals
(Mg(Fe))s[Sis010](OH)s belonging to phyllosilicate group, layer-type silicates or sheet
silicates in other words.
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treatment is determined by the number of chain-like silicate anions produced
during stirring [21].

The silica constitutes up to 6% of the silica hydrogel whence it is
separated by dehydration. In turn, this silica hydrogel is produced by the
polycondensation of silicic acids formed from ortho- [SiO4]*, di-[Si.07]°,
[Si3010]%, [Sis013]*° and other silicate anions less polymerized and having
oligomeric dimension which have been leached from the dehydrated
structure of serpentine minerals [24-26]. Hence, the structure of the silica
xerogel obtained from the silica hydrogel is made up of mono- [SiO4], one-,
two-dimensional and oligomeric silicate units that distinguishes it from all
other species of traditional silicon dioxide. Despite the fact that the Si—O(Si)
bonds arisen between the silicate anions during the polycondensation are less
saturated, i.e. weaker than the primary Si—O(Si) ones intrinsic in the silicate
oligomers formed in magma prior serpentinization, they must have been
marginally strengthened by the silica hydrogel dehydration, and NaOH
addition is therefore required for both the cutting of siloxane bonds slightly
strengthened and silicate anions releasing.

The knowledge about the structural particularities of the SiO»; and a
deeper insight into how NaOH affects the interaction mechanism of the SiO;
with Ca(OH). have suggested replacing the silica xerogel with the silica
hydrogel. This replacement has allowed excluding NaOH participation in the
S-wollastonite synthesis thus simplifying the procedure of the intermediate
phase precipitation at ambient pressure.

In order to find optimal parameters providing higher yields of f-
wollastonite in the final product, a number of intermediates have been
prepared by the interaction of the silica hydrogel derived from a serpentine
group mineral with Ca(OH). changing the molar ratio of the initial reagents
and stirring time. Thermal crystallization of the synthesized intermediates
into calcium silicate species has been studied by differential thermal analysis
(DTA), X-ray diffraction (XRD) analysis, Fourier transform infrared
spectroscopy (FT-IR) and scanning electronic microscopy (SEM).

Experimental

A serpentinite sample located in Shorja (Armenia) was used as a
precursor for the silica hydrogel production using the method described in
the work [24].

Reagent grade CaO 98% (248568 Sigma-Aldrich) previously annealed
at 1000°C for 30 min was used as a raw material for the Ca(OH). production.
A serpentinite sample located in Shorja (Armenia) was used as a precursor of
the silica hydrogel.

Four samples of suspension with liquid/solid ratio of 15 were
prepared from the primary mixtures of Ca(OH). and the silica hydrogel
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with SiO2 and CaO molar ratios (hereinafter referred to as S:C for short)
of 1:1.0, 1:1.4, 1:1.6, 1:2.0. The S:C of 1:1.0 is the stoichiometric ratio
required for wollastonite synthesis, the S:C of 1:1.4 used to be the
optimal ratio providing the highest yields of g-wollastonite in the case of
using the amorphous silica separated from the silica hydrogel, the S:C of
1:1.6 is the ratio allowing to study the effect of CaO excess on the
calcium silicate species formation on heating, the S:C of 1:2.0 is the ratio
which is supposed to lead to larnite Ca2SiO4 formation. When the silica
hydrogel was metered, SiO> content in the hydrosilicagel that is 5.8% was
taken into consideration in order to guaranty the appropriate molar ratio
of SiO; to CaO and liquid/solid ratio. Each of the prepared samples was
put into a vessel and heated up to the temperature of 95°C (boiling point).
The boiling samples were stirred with mechanical stirrer in air for 15 min
at ambient pressure. Then each of the slurries produced in the mixer was
filtered and a gel-like mass remained in the filter was dried at the
temperature of 60-80°C for 24 hours in a dryer type KBC G — 100/250
manufactured by Premed (Warszawa, Poland). As a result, a white
precipitate powder was produced. The second, third, fourth and fifth
series of experiments were repeated for all the four samples by increasing
the stirring time: 30, 60, 90 and 120 min.

All the precipitate samples were studied in air by DTA from room
temperature up to 1000°C. The mass of the test specimen was 300 mg.
DTA and thermogravimetry (TG) measurements were performed by
using a Derivatograph Q-1500D equipment (MOM company, Hungary)
in air at a heating rate of 10°C min. The samples of equal mass were
investigated in platinum crucibles. The mass of the test specimen was
250 mg.

All the precipitate samples and the samples produced after DTA were
studied in air by XRD analysis. Of the precipitate samples the four ones
produced by stirring for 15 min were chosen to be annealed at different
temperatures in the range from 700 up to 1000°C for 30 min and also
subjected to XRD analysis. The temperature values were set and
controlled by using High temperature muffle furnace type BR-14S-5
(China). The mass of the each test specimen was 220-240 mg. 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
20=8-80° at the room temperature in air. All the reflections were
identified and interpreted using the ICDD-JCPDS database of
crystallographic 2008. The average crystallite size (L) in the final sample
heated at 1000°C was automatically estimated by Match! software using
the Scherer formula:
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L =0.94 A/ cosb,

where A is the X-ray wavelength in A, P is the peak width of the diffraction
peak profile at half maximum height resulting from small crystallite size in
radians [27].

The final product demonstrating the highest yield of p-wollastonite was
studied by the FT-IR method. The FT-IR spectrum was recorded using
“Nexus” spectrometer of the Thermo Nicolet Corporation (USA) (ATR
method) in the range of 650-1600 cm™ with the resolution of 2 cm™.

SEM analysis was also used to characterize the morphology of the
synthesized product. It was conducted by scanning electronic microscope
Tesla BS 300 (CZ). A small amount of the investigated powder was added in
solvent such as ethanol and ultrasonicated for dispersion. A droplet of the
suspension was dropped onto the thoroughly cleaned substrate. To avoid
charge effect that will cause image distortion or drift, the sample was coated
by thin layer of silver.

Results and Discussion

Independently of the molar ratios and stirring time, the reflections
characteristic of calcium carbonate CaCO3z (Card Ne 84-0654) are recorded
for all the precipitate samples dried at 80°C (Fig. 1). There are no additional
peaks in the diffraction patterns of the intermediates prepared from the initial
reagents taken in the S:C of 1:1.0, 1:1.4 and 1:1.6. Besides CaCOs
reflections, the ones of Ca(OH). are traceable in the XRPD patterns of the
sample with the S:C of 1:2.0 (Fig. 1). The more the stirring time, the less
Ca(OH), reflections intensity becomes. Because of the XRPD patterns
identity for the intermediate samples with the S:C of 1:1; 1:1.4, 1:1.6 and
1:2.0 prepared by stirring for different time, the diffraction patterns of the
samples precipitated by the thirty-minute stirring are represented (Fig. 1).
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Fig. 1. XRPD patterns of the precipitate samples.

The XRPD patterns of all the precipitate samples produced after the
DTA reveal that the gradual heating up to 1000°C results in the
transformation of all the intermediates into calcium silicate species — largely,
monoclinic p-wollastonite (Card Ne84—-0654) and monoclinic larnite Ca>SiOs
(Card Ne 83-0460). The most intensive peaks of B-CaSiOs are fixed in the
diffraction patterns of the samples with the S:C of 1:1.0 and 1.4. Particularly,
S-wollastonite reflections of higher intensities are observable for the samples
treated for 15 and 120 min. As for the rest of the samples, their XRPD
patterns recorded after the DTA, demonstrate -CaSiOs peaks of lower
intensities along with the intensive reflections of monoclinic Ca,SiOs and
CaO. Moreover, additional diffraction peaks corresponding to another
calcium silicate species, namely, triclinic CasSiOs (Card Ne 31-0301),
appeared in the diffraction patterns of the sample with the S:C of 1:2.0.

Based on the fact that the diffraction line intensity is proportional to the
phase volume content, the relative concentration of each phase in the
synthesized mixtures was estimated from the diffraction peaks intensities by
the nonstandard method measuring the ratio of intensities of the different
phases. The calculations were graphically represented in Fig. 2. According to
the XRD analysis, there are some regularities between the stirring
time/calcium hydroxide amount and calcium silicate species phases
formation. Despite the comparatively big portion of g-wollastonite in the

products produced from the suspensions stirred for 15 min, the increasing of
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stirring time over 15 min leads to the reduction of p-wollastonite share in the
synthesized product, but the extension of the reaction time up to 120 min
promotes the increasing of S-wollastonite concentration in the final mixture
again (Fig. 2). In turn, the increasing of Ca(OH). amount in the initial
solution is not desirable. The experimental results indicate, the number of
CaO moles greater than 1.4 in the initial mixture (the S:C of 1:1.6 and 1:2.0)
causes the appearance of CaO reflections and the formation of another
species of calcium silicate abovementioned with the growth of larnite portion
thereby decreasing p-wollastonite percent in the final products (Fig. 2).
Thus, in the samples with the S:C of 1:1.6 and 1:2.0, Ca(OH). is not
completely involved in the reaction with the SiO, and therefore cannot
provide the higher yields of larnite, its unreacted part is decomposed into
CaO and H-0 on heating.

As B-CaSiOs peaks of higher intensity are observable for the samples
with the S:C of 1:1.0 and 1:1.4 stirred for 15 and 120 min, the DTA curves
of the samples produced after fifteen-minute stirring have been chosen for
the demonstration (Fig. 3).

Each of the DTA curves for the precipitate samples chosen displays a
number of endothermic events of different intensities and minima up to 800
°C and an intensive exothermic peak above 800°C (Fig. 3). The trend of the
TG curves shows that all the endothermic processes are accompanied by
mass loss whereas the exothermic ones occur without any mass change (Fig.
3). On the DTA curve of the sample with the S:C of 1:1.0 within the
temperature range of 490-510°C there is no endotherm which is observable
on the DTA curves of the samples with the S:C of 1:1.4, 1:1.6 and 2.0
(Fig. 3).

Both Ca(OH), and CaO reflections recorded in the diffraction patterns of
the precipitate sample with the S:C of 1:2.0 (Fig. 2) and the samples with the
S:C of 1:1.6 and 1:2.0 after the DTA (Fig. 2), respectively, imply that this
endotherm is referred to the decomposition of Ca(OH). unreacted with the
formation of H,O and CaO. Ca(OH). peaks absence in the diffraction
patterns of the precipitate samples with the S:C of 1:1.4 and 1:1.6 is
explained by its negligible amount formed which is detectable by the
exothermic effects with minima barely traceable at 490 and 488°C for these
samples, respectively (Fig. 3). The endotherm events set in the range of low
temperatures 100-200°C (Fig. 3) are caused by the removal of adsorbed and
crystalline water; the intensive endothermic peaks with minima at 783, 794,
800 and 788°C within the temperature range of 780-800°C on the DTA
curves of these samples (Fig. 3) are produced by the process of
dehydroxylation with the simultaneous formation of amorphous calcium
hydroxosilicate species, the phases of which cannot be discovered by the X-
ray analysis of the precipitates. These endotherms are immediately followed
by the upward trend of the noticeable exothermic peaks over 800°C with
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Fig. 2. Relative phase concentrations of the components in the products produced after the

DTA of the precipitate samples depending on stirring time.
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maxima at 821, 827, 831 and 835°C originated by the crystallization of the
amorphous precipitate samples with the C:S of 1:1.0, 1:1.4, 1:1.6 and 1:2.0,
respectively into calcium silicate species (Fig. 3).

In order to determine the feasibility of the fifteen-minute treatment for
providing higher yields of B-wollastonite, all the intermediate samples
synthesized by stirring for 15 min were examined at various heating rates.
The XRPD patterns of these samples heated at different temperatures exhibit
their crystalline state dependent on temperature and temperature-induced
phase transformations on heating up to 1000°C.

Since on heating up to 700°C no phase changes are fixed, only the
diffraction patterns of the chosen samples heated at 700°C and higher are
shown (Fig. 4).

CaCOs reflections the intensity of which remains unchangeable on
heating up to 600°C are not seen in the diffraction patterns of all the samples
heated at 700°C and higher (Fig. 4).

Both the reflections of S-wollastonite and larnite are barely traceable in
the diffraction patterns of the samples with the S:C of 1:1.0 and 1:1.4 heated
at 700°C (Fig. 4). Subsequent heating over 700°C leads to the abrupt growth
of p-wollastonite peaks at 800°C the intensity of which goes on increasing
gradually up to 1000°C whereas the temperature increase over 700°C does
not lead to any changes in the intensity of larnite reflections (Fig. 4). Only at
1000°C a slight increase in larnite peaks intensity is observed for the sample
with the S:C of 1:1.4 (Fig. 4).

Besides the reflections of g-wollastonite and larnite, the ones of CaO,
which is one of the products of the unreacted Ca(OH). decomposition, are
seen in the XRPD patterns of the intermediate samples with the S:C of 1:1.6
and 1:2.0 annealed at 700°C. Apart from these diffraction peaks, the ones
corresponding to triclinic CasSiOs (Card Ne31-0301) are recorded in the
diffraction patterns of the sample with the S:C of 1:2.0 at 700°C (Fig. 5). As
distinct from the previous samples, the more intensive reflections of larnite
together with B-wollastonite peaks of lower intensity are recorded in the
XRPD patterns of the sample with the S:C of 1:1.6 and 1:2.0 heated from
700 up to 1000°C (Fig. 4). As compared to the samples with the S:C of 1:1.0
and 1:1.4, the intensities of both larnite and g-wollastonite diffraction peaks
of the sample with the S:C of 1:1.6 are gradually and simultaneously
increasing from 800 up to 1000°C, whereas larnite reflections growth is
mainly traceable in the same temperature range for the sample with the S:C
of 1:2.0 (Fig. 4). CaO reflections disappear in the XRPD patterns of the
intermediate sample with the S:C of 1:1.6 annealed at 1000°C, but they are
observable in all the diffraction patterns of the sample with the S:C of 1:2.0
(Fig. 4).

As for calcium carbonate, its reflections disappear in the diffraction
patterns of all the samples annealed at the temperatures over 600°C and at
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higher temperatures no additional peaks are recorded but the ones of calcium
silicate species and CaO. It is quite logical to suggest that on heating over
600°C CaCOs reacts with the SiO. that remained in an amorphous state,
producing calcium silicate species and CO;. The exothermic event that
should be seen over 600°C and evidence calcium silicate species formation
is most likely overlapped by the endothermic process of CO- releasing. As a
result, no heat effects are detectable over 600°C on the DTA curves of all the
samples.

As follows from the data of X-ray analysis, the fifteen-minute stirring
turns out to be sufficient for guaranteeing higher yields of B-wollastonite.
The higher concentration of Ca(OH). in the initial mixture leads to the
increasing of larnite and the formation of other species of calcium silicate in
the final product on heating and therefore is not profitable for g-wollastonite
high yields. The excess of Ca(OH)2 remains unreacted.

CazSiO4 crystalline phase appearance in the diffraction patterns of the
intermediate samples heated at 700°C and higher suggests the formation of
amorphous calcium hydroxosilicate species largely made up of discrete
orthosilicate units in the structure of synthesized precipitates, along with
chain-like silicate units guaranteeing p-CaSiOs formation on heating.

According to the Scherer equation, the average particle size of B-CaSiOs
is variable from 80 up to 100 nm.

In spite of the fact that both Ca,SiO4 and B-CaSiOs crystals immediately
begin getting formed at about 700°C, in the samples with the S:C of 1:1.0
and 1:1.4, B-CaSiOs crystallinity is improved as the temperature is increased
up to 1000°C, whereas the crystallinity of Ca;SiOs crystals produced at
800°C remains almost unchangeable on subsequent heating. On the contrary,
in the samples with the S:C of 1:1.6 and 1:2.0 heated at 1000°C there is a
noticeable improvement in the crystallinity of Ca;SiO..

The experimental data have allowed concluding that the fifteen-minute
stirring of the boiling aqueous suspensions prepared from the silica hydrogel
and Ca(OH). taken in the S:C of 1-1+1.4 results in the formation of such
amorphous calcium hydroxosilicate species the dehydroxylation of which at
about 700°C is accompanied by their transformation into nano-sized p-
CaSiOs crystals achieving final crystallization by the thirty-minute annealing
at 1000°C.

According to IR spectroscopy data available in literature the three
absorption bands at 680, 642, 566 cm™ produced by the symmetric stretching
vibrations of three SiOSi bridges (vsSiOSi) and six absorption ones within
the 900-1100 cm™ range (at 1087, 1056, 1019, 964, 952, 904 cm™) belonging
to SiOSi, O"SiO™ asymmetric (vasSiOSi, vasO~SiO”) and O~SiO symmetric
(vsO'SIO") stretching vibrations are characteristic of s-wollastonite [28, 29].
In the FT-IR spectrum of the final product, which was produced from the
precipitate previously synthesized by fifteen-minute stirring of the sample
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with the C:S of 1:1.0, p-wollastonite is easily identified by the main six
absorption bands at 1065.7, 1026.2, 1010.5, 958.1, 931.65 and 891.3 cm™*
representing vasSiOSi, vaOSiO™ and vsOSiO™ and two ones at 682 and
650 cm™ corresponding to vsSiOSi (Fig. 5) [28, 29]. Hence, the FT-IR
spectroscopic analysis of the above mentioned final product has also shown
that the origins of all the absorption bands in the range of 650-1110 cm™! can
be definitely assigned to B-wollastonite.

0.10

0.08

0.06 -

0.04 -

Absorbance (a.u)

T T T T
750 1000 1250 1500
Wavenumber (cm™)

Fig. 5. FTIR spectrum of the final product. Fig. 6. SEM image of the final product.

The morphological features of the final product, which was synthesized
from the precipitate sample with the C:S of 1:1 formed via fifteen-minute
stirring have been studied by SEM. It is clearly seen that S-wollastonite
represents agglomerates made up of nano-sized particles and has a uniform
morphology (Fig.6).

The background information and previous findings allow to gain a
deeper insight into the processes occurring during gelation.

The higher yields of g-wollastonite synthesized from the intermediates,
which were prepared from the silica hydrogel and CaO with the S:C 1:1.0
and 1:1.4 without involving NaOH via the fifteen-minute stirring are
indicative of the fact that the Si—O(Si) bonds arisen inside the structure of
the silica during the polycondensation are really more weakened than the
same ones after the silica hydrogel dehydration; and the short-time stirring is
therefore enough to cut some of them without involving NaOH by releasing
chain-like silicate anions, which are easily involved in the reaction with
Ca(OH); resulting in p-wollastonite formation on heating. The extension of
the stirring time over 15 min leads to the breakage of more number of
siloxane bonds weakened and the separation of orthosilicate anions from the
siloxane bridges of the silica thereby yielding larnite in the final product.
Subsequent increase of the reaction time up to 120 min is most likely
accompanied by silicate anions bonding providing the formation of extended
silicate chains which is also promotive of g-wollastonite production. The
experimental results gained for the samples with the S:C of 1:1.6 and 1:2.0
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encourage to think that the higher concentrations of Ca(OH): in the initial
solutions also further the release of the more number of orthosilicate anions
and prevent silicate anions from conformation and bonding thereby
promoting the precipitation of a greater amount of amorphous calcium
hydro- and hydroxosilicate species largely made up of orthosilicate units
resulting in the growth of larnite portion and the formation of CasSiOs in the
final products. At the same time, the part of Ca(OH). which does not
participate in the reaction with the SiO in the solution remains unreacted.

Consequently, the reactions development during gelation and the yields
of calcium silicate species in the final products are determined by the
number of ortho- and chain-like silicate anions released and involved in the
reaction with Ca(OH). during stirring. The amount of chain-like silicate
anions dependent on the number of broken Si—O(Si) bonds can be controlled
by the stirring time and the Ca(OH). concentration.

Conclusion

The experimental data have confirmed the idea concerning the existence
of comparably weakened Si—O(Si) bonds bonding silicate units of different
complexities inside the structure of the amorphous silica constituting the
silica hydrogel in comparison with the same bonds inside the silica xerogel
separated from the silica hydrogel by dehydration. This type of siloxane
bonds is the reason for avoiding NaOH involvement in the procedure of the
intermediates preparation.

It has been revealed that the proportion between chain-like and ortho-
silicate anions released in the solution is the main factor playing a major role
in the development of the reactions of Ca(OH). with the SiO> constituting
the silica hydrogel resulting in the precipitation of various amorphous
calcium hydro- and hydroxo- silicate species composed of the different
number of meta- and orthosilicate units. The share of each calcium silicate
species in the final products, namely B-CaSiOsz, Ca;SiOs and CaxSiOs
crystallized from the intermediates on heating is conditioned by the
percentage of one or another compound variety synthesized in the
precipitates. On heating, dehydroxylation of the compounds largely made up
of chain-like silicate units is followed by their crystallization into f-CaSiO3
which starts at about 700°C and completes at 1000°C, whereas the ones are
comprised of orthosilicate units are either crystallized into Ca»SiOs4 or
CasSiOs. The amount of meta- and orthosilicate anions released and
involved in the reaction with Ca(OH). in the suspension by stirring depends
on both the number of broken Si—O(Si) bonds and the rate of the two
processes — silicate anions releasing and bonding which can be governed by
stirring time and Ca(OH). concentration.
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Proceeding from the experimental data, the higher yields of p-
wollastonite having nano-sized particle dimensions 80-100 nm are
expectable in the final products synthesized by the thirty-minute heat-
treatment at 1000°C of the intermediates, which were previously prepared by
the fifteen-minute stirring of the aqueous suspension prepared from the silica
hydrogel and Ca(OH). where the SiO, and Ca(OH)2 molar ratio is 1:1+1.4.

These investigations are of great interest and practical value because
they create all the prerequisites required for the further development of a
new cost-effective eco-technology for g-wollastonite production with the
involvement of the silica hydrogel derived from a serpentine-group mineral.
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BJIMSTHUE TAPAMETPOB CUHTE3A HA TEPMHUYECKYIO
KPUCTAJIJIM3ALNNIO CUJIMKATOB KAJIBIIUA
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CTaThs MOCBSIICHA MCCIICIOBAHUIO B3aUMOJCHUCTBHUS THAPOTENs KpEeMHe3eMa, BbI-
nenexnoro w3 ceprentrHoBOoro Munepana (Mg(Fe))s[SisO10](OH)s ¢ rumpoxcumom
kanbiust Ca(OH)2 B BogHOIM cpejie ipu aTMOC(HEPHOM JaBJIEHHH B 3aBUCHMOCTH OT JIJIH-
TenbHOCTH TiepementuBanust u KoHieHTpanuun Ca(OH),. Llenp maHHOTO HWCCIeTOBaHUS
3aKJIF0YAIach B W3YYCHWH BIMSHUS [UTUTEILHOCTH TEPEMEIINBAHKS U KOHICHTPAI[HH
Ca(OH); Ha BBIXOJ M CTENEHb KPHCTAJUIM3AIMH CHJIMKATOB KaJbIHs, B 4aCTHOCTH [3-
BOJUTACTOHUTA, TIOMYYaeMOT0 TEPMHUYECKONW KpHCTALIM3AIMEeH aMOpOHBIX THIPO- U
THAPOKCOCHITUKATOB KalbLHUsl, KOTOPbIC ObLINA MPEIBAPUTEIBEHO OCAXKICHBI B KHITALICH

341


mailto:Hayk_b@ysu.am

BOHHOﬁ CyClieH3uU, HpI/IFOTOBHeHHOﬁ 13 YIIOMSHYTBIX pEarcHTOB. 3KCH€pI/IM€HTaHLHLIC
JAaHHBIC TO3BOJIWJIM BbISIBUTH ONITUMAJIbHBIC TAPAMETPhI, rapaHTUPYIOLINUC HaI/I60J'II)HIy}0
JOJIO B-BOJ’IHaCTOHI/ITa B KOHCYHOM HNPOAYKTC, U MPECIJIOKUTL BO3MOKHBIC MEXaHU3MbI
IPpOLECCOB, MPOTCKAIOIINX BO BPEMS OCAKACHUA U TepMI/I‘{eCKOﬁ KpucTaJuIM3anuu.
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CTEKJIOOBPA30BAHUE, MATHUTHBIE 1 HEKOTOPBIE
OU3UKO-XUMHNUYECKHUE CBOMCTBA CTEKOJI B CUCTEME
NaF-Fe20s3-LiPOs3

A. A.3AHI'HHSAH

WuctutyT 0011eit u Heoprannveckoid xumun M. M.I'. Mansenssna HAH PecryGimku ApmeHust
Apwmenust, Epesan, 0051, yn. Apryrsaa, Il nep., 10
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XKenezoconeprkaliye cTekjia MHTEPEeCHbl CBOMMHM MAarHUTHBIMM U MarHu-
TOONTHYECKMMHU cBoMcTBaMU. Oco0oe 3HaueHHEe OHU NMPHOOPETAIOT B CBSI3U
C Pa3BUTHEM B IIOCJIEIHEE BPEMsl COBPEMEHHOH OO0JIAaCTU IEKTPOHUKH —
CIMHTPOHMKH (MAarHUTOJIEKTPOHUKH). DJIeMEHTapHasl CUCTEMAa CIIMHTPOHHU-
KU NpeJICTaBIIseT COOON TOHKME MAarHUTHBIE CJIOH, pa3/ie/IeHHbIE TPOBOIHU-
KOBBIM citoeM [1].

Crexoobpasyromast cucrema NaF-Fe;Oz-LiPOs moxeT crath mepcriek-
TUBHOHM 0a30il 171s pa3pabOTKM MaTepualloB HOBBIX HAINPABICHUN 3JIEKTPO-
HUKHU.

LiPO;

FeaO: 0 40 60 80 WNaF
MY

Puc.1. O6nactb cTteknoobpasoBaHusi B cucteme NaF-Fe,O3-LiPOs.

Crekioo0pa3oBaHue ONPENeNsIOCh Ha 00pas3iax, MOJyYeHHBIX MyTeM
pe3koi 3akanku paciiaBa B kommdectBe 10-15 2 wHa XomomHoi mertar-
amdeckoi rmTe. CTekna Ui ATOW el BapWiINCh B CTEKIOYTIIEPOIHBIX
tursx Mapku "CY-2000" B atmocdepe Bozmyxa mpu Temmepatype 1200°C.
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CuHTE3 CTeKON JUI U3y4eHHsT (PU3UKO-XUMUYECKHX CBOIMCTB MPOHM3BOIUICS
B TeX ke ycnoBusax. KommdectBo crekmna cocraBuio 30-50 e, U3 Hero otim-
BaJIUCh 00pa3Ibl U OTXKUTAIUCH B My(denbHoU neun npu temmeparypax 300-
350°C B 3aBHCHMOCTH OT COCTaBa.

Ha puc. 1 npencraBieHa o6macTh cTekiiooopasoBanus B cucteme NaF-
Fe>03-LiPO3. BenpiMu Kpy»KOUYKaMU M KBaJpaTHKaMH 0003HAYE€HBbI COCTABHI,
pacIuiaBel KOTOPBIX OCTHIBAIOT B BUIE cTeksia. COOTBETCTBEHHO YEPHBIMU
KBaJ[paTUKaMH — 3aKpPUCTAJUTM30BaHHbIe 00pa3ipbl. benbiMu KpyKKkamu oTMme-
YeHBI U3y4YCHHBIE COCTaBblI CTeKOJI. COCTaB, KOTOPBIA HAXOAUTCS Ha pa3pese
Fe.Os/NaF= 1/1 3a mpemenamu 00JNACTH CTEKIIOOOpA30BAHUSI, OTMEUYCHHBIH
0enbIM KPY)KKOM, Ha CaMOM Jeje KPUCTAJUTMYHBIM, HO €ro CBOMCTBa ObUIM
WHTEPECHBIMH, TMOATOMY OBUIM HM3MEpeHbl M ero mapamerpbl. Ha puc. 2
NPE/ICTABJICHbl M3MEHEHUSI MArHUTHOW IPOHHMIIAEMOCTH CTEKOJ CHUCTEMBI
Fe2O3-LiPO3 1 NaF—Fe2O3-LiPOs mo paspesy Fe>Os/NaF = 1/1 ot cocrasa,
OMpeZieJIEeHHOro 1o MeToay MarHuTHeiXx BecoB apaznes. B kauectBe
sTanoHHOro obpasua ciyxui (peppur 2000HM. Kak BumHO M3 pucyHKa, B
obeux cucremax ¢ BBeneHueM Fe,03 cTexiia MpOsBISIOT c1a0ble MarHUTHBIE
CBOMCTBA. DTO CBUJIETEIBCTBYET O TOM, UTO B CTPYKTYpe OJIM)KHEro mopsiaka
CTEKOJI UMEIOTCs ciadble 0OMEHHBIE B3aMMOJEHCTBUA. MaKCUMalbHON Mar-
HUTHOW MPOHMUIIAEMOCTBIO, TOpsAAKA 25 eIUHUL, 00JIaaeT CTEKIO CHUCTEMBI
NaF-Fe;03-LiPOs mo paspesy FeOs/NaF= 1/1= 40 mo1%. MarautHast mpo-
HHULIAEMOCTh CJIEIYIOIIEro COCTaBa 3TOro pas3pesa, paciuiaB KOTOPOro MpHU 3a-
KaJKe KPUCTAJUTU3YETCs, PE3KO YBEIMUMBACTCS, JTOCTHrasi 0 3HaueHus 196
C/IMHHII.

H Cucrema FeOuLiPOy u Cucrema NaFFeaO:-LiPO
Z,D Z'D'D
i 150
10 100
0.5 50
0 0
] 5 10 15 20 1] 10 20 10 40 50
Fex0:, mon% Fe:0:/NaF = 1/1, mon.%

Puc. 2. MarHuTHasa npoHuuaemocTb ctekon cuctembl NaF-Fe;Os-LiPOs.

Jnst BEISICHEHUs IpHYHH (eppoMarHeTH3Ma y JaHHBIX CTEKOJ MPOBEIU
aepuBarorpaduueckue u peHTreHodasoBble HcciaeqoBaHus. OHU TOKa3aiH,
YTO MOCJIC KPUCTAJUIU3ALUKM B PEHTTEHOrpaMMax 00paslioB, HapsAdy C KpHcC-
tayuamu LiPOs, LiFePO4, mprcyTCTBYIOT KpHCTAIITBI JIMTHEBOTO (PEepPOILTIH-
Henst — LiFesOg n marnetuta — FezOa.
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Puc. 3. PeHTreHoasoBbIi aHanmn3 3akpuctannmaoBaHHoro obpasua crekna LiPOs-70.0 mosn.%;
NaF-15.0 mon.%; Fe;0s3-15.0 mo.%.

Takum 00pazoM, MOKHO KOHCTaTHPOBaTh, YTO MCCJEIOBAHHBIE CTEKIA
MOTYT CIIy)XHTh OCHOBOM JUI pa3paboTKU MaTepHaIOB C MAarHUTOOTITHYECKH-
MU (CTeKia ¢ ManbiM coaepkanue Fe;Os m okucinamu peako3eMenbHbBIX dlie-
MEHTOB) U MAarHUTHBIMU CBOMCTBAaMH /Il MarHUTHBIX CHUCTEM 3JIEKTPOHHBIX
CXEM.

[TockonbKy MaTepualibl B QJIEKTPOHUKE HAMOOJIEE YaCTO MCTIONB3YIOTCS B
BUJI€ IUICHOK Ha Pa3IMYHBIX MOJIOKKAX, BaXKHOE 3HAUEHUE MPUOOPETAIOT U
TaKUe CBOMCTBA CTEKOJ, KaK TePMHUYECKUN KOI(PUIMEHT JTHHEHHOTO paciy-
penus (TKJIP), mioTHOCTB, XUMHUUECKast YCTOHUUBOCTb.

Ha puc. 4 u 5 npencrasnenst uamenenust TKJIP u Temnepatypsl Havana
nedopmarmu ctekod (tuy) B 3aBUCHMOCTH OT coctaBa. Kak Buano, TKJIP cte-
ko B cucreme Fe203-LiPO3 moutu nuHEHHO ymeHbliaercs, a tu, yBenuuu-
BaeTcs. DTO CBS3aHO C TEM, 4TO OoJiee JIerKoruiaBkuii KoMrmoHeHT — LiPO3
(Temmepatypa 1uiaBienus nopsaka 650°C), 3ameHsieTcsi 6oliee TYroruiaBKuM
komnoHeHToM — Fe;Os (temnepartypa mnasnenust 1560°C). ¥V crexon mo
pazpesy Fe.Oz/NaF= 1/1 TKJIP u t.; MeHst0TCS Heckonbko uHaue. /o 30

Mmon.% coBMECTHOrO IMPUCYTCTBUA F6203+ NaF onu moury He MEHSAIOTCSL.
@ gy 00° 107 "Pavn-_l
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Puc. 4. NameHeHne TKJTP ctekon cuctembl NaF-Fe;O3-LiPOs.
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Puc. 5. 'ameHeHue t,, ctekon cuctembl NaF-Fe,O3-LiPOs.

Bumumo, B 3T0# 007acTH COCTaBOB MoJIMMepu3yrolue cBoiictBa FeoOs
cOanancupyroTcs aenoiuMmepusyomumi Bo3aerictusivu NaF. Jlanee pesko
camkaetcs 3HadeHue TKJIP u moBwimaercs tu;, 3HAYUTENHHBIM CTAHOBHTCS
piausiHue FexOs.

Ha puc. 6 mpencraBiieHbl pe3ysibTaThl U3MEHEHUS IUIOTHOCTH, KOTOpast
JMHEeHHO yBenuuuBaeTcs ¢ BBeaeHueM Fe:Os u FeOs+NaF. Pacuer moneky-
JSIpHOTO 00BeMa (KOTOpasi TMHEHHO YMEHBIIACTCs) MOKa3bIBACT, YTO YBEIIHU-
YeHHWE IJIOTHOCTU CBS3aHO HE TOJBKO C MapIHAIbHBIM BKJIaJ0OM BBOJIHMBIX
KOMIIOHEHTOB, HO U 00Jiee TUIOTHOM YITaKOBKOM CTPYKTYPHBIX JIEMEHTOB.

3

d, riem

) 35
d, rrem?
3.0 3,0
25 = 2.5 4
:,U T T 2,0

0 5 10 15 20 0 10 20 30 40 50
Fer0s, mon Fe:0:/NaF = 11, mon%

Puc. 6. NameHeHne nnoTHocTu ctekon cnuctembl NaF-Fe,Os-LiPO3 B 3aBMCMMOCTM OT COCTaBa.

OO0 ynynoTHEHUM CTPYKTYpPbI CTEKOJI IIPU BBEACHUM B JMTHIIMeTadochat-
HYIO OCHOBY JK€JI€30COJEpPKALIUX KOMIIOHEHTOB CBUJIETEIbCTBYET U PE3KOE
YBEIMUEHUE XUMHUYECKOW YCTOMUMBOCTH, KOTOPYIO ONPEIENSIN IyTeM pac-
geTa MoTeph Beca 00pa3IoB MOCIIe KUIITYEHUS MOHOJIUTHBIX KYCKOB CTEKOJ B
JUCTUUTMPOBAHHOHN Boze. VI3MeHEHUs: XUMHUYECKOH yCTOMYMBOCTH IpPHUBEE-
HBI Ha puc. 7.
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GLASS FORMATION, MAGNETIC AND SOME PHYSICOCHEMICAL
PROPERTIES OF GLASSES IN NaF-Fez20s-LiPO3s SYSTEM

A. A. ZANGINYAN

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

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

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

Iron-containing glasses are interesting for their magnetic and magneto-optical
properties. They acquire particular importance in connection with the recent
development of the modern field of electronics — spintronics (magnetoelectronics). The
elementary system of spintronics is represented by thin magnetic layers separated by a
conductive layer.

The article describes glass formation and magnetic permeability data of NaF-Fe;Os-
LiPO; system. Glasses have weak magnetic properties. Ferromagnetism is related with
exchange interactions in the short-range order of the glass structure. Along with LiPO3 and
LiFePQsg, crystals of lithium ferrospinel — LiFesOg and magnetite — FesO4 are formed in the
crystallization products. The article also describes coefficient of thermal expansion,
deformation temperature, density and chemical resistance. Research data indicates
that glass structure is becoming denser as the amount of iron-containing component
increases.
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METHYLATION OF 1,2,4-TRIAZOLOI1,5-a]PYRIMIDINES
AND METHODOLOGY FOR DETERMINING
THE REGIOSELECTIVITY OF THE REACTION
BY THE NOESY 'H NMR SPECTROSCOPY TECHNIQUE

G. G. DANAGULYAN!?, A  P. BOYAKHCHYAN?, A. K. TUMANYAN?,
A. G. DANAGULYAN? and M. R. ARAQELYAN?

'Russian-Armenian (Slavonic) University
123, Hovsep Emin Str., Yerevan, 0051, Armenia
2The Scientific Technological Centre of Organic

and Pharmaceutical Chemistry NAS RA

26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: gdanag@email.com

The interaction of some 1,2,4-triazolo[1,5-a]pyrimidines with methyl iodide was investigated. It
has been proven that methylation occurs at the nitrogen atom of the triazole ring resulting in the
formation of quaternary salts of 3-methyl-1,2,4-triazolo[1,5-a]pyrimidinium. This differs from the
previously noted direction of methylation of pyrazolo[1,5-a]pyrimidines which occured at the nitrogen
atom of the pyrimidine ring. The basic deuterium exchange of protons of the synthesized systems
has been studied. Regiospecifically proceeding deuterium substitution of protons of methyl groups
located in the pyrimidine ring was noted. The efficiency of using the NOESY 'H NMR spectroscopy
technique in proving the structure of synthesized substances and determining the direction of the
reactions is shown.

Figs. 3, references 11.

Annelated heteroarenes containing azine and azole rings in the molecule
are compounds with an uneven (asymmetric) distribution of p-electron
density. Five-membered heteroarenes, especially those containing nitrogen
atoms exhibit pronounced n-redundancy, while six-membered azines are -
deficient systems. Such an uneven distribution of p-electron density should,
as expected, be reflected in regional orientation of reactions both with
electrophilic and nucleophilic reagents. Thus, the reactions of nucleophilic
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substitution and nucleophilic recyclization are known to proceed with an
attack on the electron-deficient azine ring [1-5].

Earlier, on a series of substituted pyrazolo[1,5-a]pyrimidines, it has been
shown that methylation with methyl iodide occurs at the nitrogen atom of the
pyrimidine ring, which leads to the formation of the corresponding N-4
methyl derivatives of pyrazolo[1,5-a]pyrimidinium salts [6, 7]. This
direction of the electrophilic attack, however, is theoretically not
uncontested, since the attack could proceed both at the nitrogen atom (N-4)
of the pyrimidine ring (which was recorded in the noted works, and which is
no less expected and more logical, taking into account the pronounced =-
redundancy of the five-membered azole ring), and at the five-membered
annelated ring (nitrogen atom N-1 of pyrazolo[1,5-a]pyrimidine). However,
the study of *H NMR spectra recorded by the NOESY method, in which the
interaction of the protons of the N-methyl group with the protons of the
neighboring groups is observed, definitely indicates the alkylation of the N-4
nitrogen atom of the pyrimidine, rather than the pyrazole ring.

In continuation of these studies, in this work, the reactions of 5,7-
dimethyl-1,2,4-triazolo [1,5-a]pyrimidine (1) and 7-methyl-6-
ethoxycarbonyl-1,2,4-triazolo[1,5-a]pyrimidine (2) with methyl iodide were
explored. The experiments, unexpectedly for us, showed that in both cases
the reaction proceeded not at the pyrimidine ring, as was noted in the case of
pyrazolo[1,5-a] pyrimidines, but at the N-3 nitrogen atom of the triazole
ring.

----------------------------------- CH
N >\®/CH3 f //_1\\I i /—N 1©
N 1\\1 I@ )\
v/ + CHjI i — »
H3C)\2\Y \ \ }
X : H3C
1,3. X=H,Y=CH; X 1,2 X 3,4

2,4. X=COOC,Hs, Y=H T

This conclusion was made based on the study of the NMR spectra. The
spectrum of both methylation products 3 and 4 showed signals of new
methyl groups in the range of 4.0-4.2 ppm (which is typical for the
quaternary nitrogen atom). The signals of aromatic protons were also
displaced in a weak field, which is explained by the appearance of a positive
charge in the molecule due to the quaternization of the nitrogen atom of the
ring. However, on the basis of *H NMR spectra, it was not possible to
unambiguously determine the position of N-methylation, i.e., the direction of
the attack. This was proved by studying the NMR spectra obtained by the
NOESY method. It turned out that the spectrum of compound 3 contained
cross peaks between the protons of the N-methyl group and the proton of the
triazole ring, and on the contrary, there was no interaction between the new
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methyl group N-CHs and any of the methyl groups of the pyrimidine ring,
which certainly indicates the occurrence of alkylation at one of the two
triazole nitrogen atoms. We did not exclude the possibility of methylation at
the triazole N-1 nitrogen atom. However, the absence of a cross-peak,
indicating the interaction of protons of two methyl groups (pyrimidine ring
and N-methyl triazole, which was expected during the formation of a
methylated adduct at N-1), indicates that the reaction proceeds at the N-3
position of the studied molecule, i.e. obtaining iodide of 3,5,7-trimethyl-
1,2,4-triazolo [1,5-a]pyrimidinium (3).
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Fig. 1. NOESY *H NMR spectrum of compound 3.

The fact that methylation at the triazole ring of the triazolo[1,5-
a]pyrimidine derivative is not accidental was also confirmed by the example
of the reaction of methyl iodide with 7-methyl-6-ethoxycarbonyl-1,2,4-
triazolo[1,5-a]pyrimidine (2). And in this case, it was proved that the
alkylation proceeded at the position N-3 of the bicyclic system. In particular,
as in the above example, the NMR spectrum, recorded by the NOESY
method, showed signals confirming the interaction between the protons H-2
of the triazole ring and N-CHzs. This is also evidenced by the absence of
cross-peaks between the protons of the newly formed N-methyl group with
any group or hydrogen atom in the pyrimidine ring.
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Fig. 2. NOESY *H NMR spectrum of compound 4.

Thus, it can be concluded that the introduction of one more nitrogen
atom into the azole ring (that is, the transition from pyrazolo[1,5-
a]pyrimidines to triazolo[1,5-a]pyrimidines) leads to a significant shift of the
electron density towards the five-membered ring, which becomes the reason
for the alkylation of the triazole nitrogen atom rather than the pyrimidine
fragment of the molecule.

Synthesis of the initial triazolopyrimidines 1 and 2 was carried out by
the interaction of 3-amino-1,2,4-triazole, respectively, with acetylacetone
and ethoxymethylidene acetoacetic ether (according to the methods
published earlier [6, 8]), and their structure was also unambiguously
confirmed using the NOESY technique. We considered it necessary and
important to prove the structure of the initial substances, taking into account
the possibility of the formation of isomers during the synthesis [2, 3, 6-8]. In
the case of compound 1, we excluded the possibility of the formation of the
isomeric triazolo[4,3-a]pyrimidine derivative due to the absence of cross-
peaks of the protons of the methyl groups of pyrimidine with the proton of
the triazole ring. The spectrum shows only the interaction of the H-6 proton
with the methyl groups of the pyrimidine ring.

0 NI_)IN\
|
N
HBC)\H\CHB ch)\H\CHs
\H/ H

[1,5-a] [4.3-2]

Spectral studies confirmed that compound 2 is also a derivative of 1,2,4-

triazolo[1,5-a] pyrimidine, but not of an isomeric compound with a [4,3-a]-
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junction. It is interesting that the reaction with ethyl ester of
ethoxymethylidene acetoacetic acid, can theoretically result in the formation
of 12 different isomers, and not only of two different isomeric systems —
triazolo[1,5-a] pyrimidine and triazolo[4,3-a] pyrimidine. This is explained
by the possibility of involving three different electrophilic groups of ethyl
ester of ethoxymethylidene acetoacetic acid (ester (COOC:Hs), acetyl
(CH3CO) and ethoxymethylidene (=CH-OC:Hs), respectively) in the
cyclocondensation process, as well as by two different directions of
cyclization in the triazole ring, (with involvement of nitrogen atoms N-1 or
N-4), as a result of which different reaction products should be obtained.
Formulae for 8 of these molecules are given below. Isomeric
triazolopyrimidines, in which condensation would have proceeded due to the
acetyl and ester groups, and not due to the more active ethoxymethylidene
group, are less probable. Therefore we did not show their formulae in the
Scheme.

7N N
N{ j\ 2-[1,5-a] N/{\ )\ 3-[1,5-a]
//\RJ 1-[1,5-a] NT N N~ ON JN 4-15-a]
N_ )\ « S | S~ | N_ )
N ll\l CHj~. .7 HO . N ll“
N . COOCHs . COCH; .-~
HC W00 N on
COOC,Hj; COCH;,
TN\ CH3—C—C—COOC;H
N @
CH3 \N NH, (o) CH’OC2H5 /\N N COCH3
\COOC,Hs .- H N
N - PO Tl N N OH
\N)\N/ “C00C,H I "
SN 2 NN\~ COCH; 4-[4,3-a]
1-143-a] N\ )\ 7 2-[4,3-a] N/ J\ 3-[4,3-a]
N >N “cH, NN ’

However, as our experiments have shown, the reaction is regiospecific
and only one bicyclic product was isolated, the structure of which was
determined on the basis of *H NMR spectra.

The spectrum of the obtained compound contains signals of the protons
of the ethyl (triplet /1.43 ppm/ and quartet /4.45 ppm/) and methyl groups
(singlet 3.27 ppm), as well as two single singlets of aromatic protons (8.48
and 9.32 ppm). On this basis, we concluded that the acetyl and
ethoxymethylidene groups participated in the condensation of the pyrimidine
ring, as a result of which the ester group remained in the synthesized
substance. It can be seen from the above Scheme, that 4 of the compounds
shown in the diagram — 1-[1,5-a], 2-[1,5-a], 1-[4,3-a] and 2-[4,3-a] can
correspond to such a spectrum. Since in the spectrum obtained by the NOE
method (nuclear Overhauser effect), apart from the long-range interaction
between the protons of the methyl and ethyl groups, as well as the 7-H
proton and the protons of the ethyl group, no other interactions were
observed (for example, two aromatic protons or a proton of the triazole ring
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and methyl group), the isolated compound was assigned the structure of the
isomer 1-[1,5-a] (compound 2). The choice between 2-[1,5-a] and 1-[1,5-a]
was made in favor of the latter model, since earlier [7] on the models of
pyrazolo[1,5-a]pyrimidines it was proved that cyclization began from the
attack of the amine group on the ethoxymethylidene group (=CH-OC:Hs),
which should lead to the production of compound 2.

This methodology for determining the direction of attack turned out to
be acceptable not only in the reaction with electrophilic, but also with
nucleophilic reagents: in particular, in reactions with deuterated methylate
ion, in the process of studying deuterium exchange of protons. Earlier, in a
number of examples, it was noted that in a solution of deuterated sodium
methoxide in deuterated methanol, isotopic exchange of protons of alkyl
groups directly bound to the pyrimidine ring occurs [7, 9]. Such deuterium
exchange can be carried out by attack of a nucleophilic particle at the alkyl
group, and not at the pyrimidine carbon atoms due to the high CH-acidity of
the alkyl groups. Similar transformations were noted in some heterocyclic
systems capable of undergoing both basic [10] and acidic [11] deuterium
exchange.

We have studied a similar interaction of the synthesized bicyclic
pyrimidinium salts with solutions of deuterated sodium methoxide in
deuterated methanol. In particular, the behavior of salts 3 and 4 with
CD3ONa in CDsOD was studied, in which selective isotopic exchange
(deuterium exchange) of C-alkyl groups was observed. *H NMR spectral
studies of the products of this interaction were carried out, which confirmed
such transformations.

Control experiments showed that in the *H NMR spectrum obtained in
deuterated methanol (CD3;OD) without the addition of deuterated sodium
methoxide, signals of all protons contained in the compound are observed.

However, in the NMR spectrum recorded after adding a small amount of
CD3ONa to the same ampoule, an easy, quantitative, and, most importantly,
selectively proceeding basic deuterium exchange of protons of the C-methyl
groups of the pyrimidinium salt was observed (within a few minutes, due to
the replacement of hydrogen atoms with deuterium atoms). The signals of C-
methyl groups disappeared completely at room temperature. With an
increase in the duration of exposure to the deuterated reagent, the
disappearance of the signal of one of the aromatic protons (apparently
located in the triazole ring, in the position adjacent to the quaternized
nitrogen atom) was noted.
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The scheme of the deuterium exchange reaction is apparently associated
with the attack of the methylate ion at the most electrophilic position in the
molecule, which leads to the elimination of a proton. The resulting carbanion
is stabilized by the addition of a proton (or, when the reaction is carried out
in a solution of deuterated methanol — of a deuterium atom).

It is important to note that in the spectrum of compound 4, the signal of
the protons of the 7" methyl group also rapidly disappeared completely,
while the signals of other protons were retained. As in the example described
above, with time (after 24 h), a deuterium exchange of one of the aromatic
protons occurred.

H @/CH3 D @/CH3
>/_‘§\ 19 J K\ 19
N CD;ON
N~ N et el N~ N
| CD;0D g \
H;C ~ H D;C H
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The disappearance of the signals of the protons of the C-methyl groups
of the pyrimidine ring in the *'H NMR spectra unconditionally indicates the
basic deuterium exchange of protons in the indicated groups.

The noted phenomenon of selective deuterium exchange, undoubtedly,
can become a tool for studying the structure of various azines, as well as for
the implementation of targeted isotopic exchange in heterocyclic systems, in
particular, in the pyrimidine ring, and for the introduction of not only
deuterium atoms into the molecule, but possibly tritium, which is especially
important when studying drug metabolism. It is also shown that a convenient
(and in some cases the only possible) method for determining the structure of
substances is the methodology of using NOESY *H NMR spectroscopy.

Experimental part

NMR spectra were obtained at the Molecule Structure Research Center
of the Scientific Technological Center of Organic and Pharmaceutical
Chemistry of NAS RA on a Varian Mercury 300 device with a resonance
frequency of 300.077 MHz for *H. TLC was performed on Silufol UV-254
plates, developed with iodine vapors and Ehrlich’s reagent. Elemental
analysis was performed on a Euro EA 3000 analyzer.

3,5,7-Trimethyl-1,2 4-triazolo[1,5-a]pyrimidinium iodide (3). A
mixture of 1.5 g (0.01 mol) of 5,7dimethyl-1,2,4-triazolo[1,5-a]pyrimidine
(1) [8] and 7.1 g (3 ml, 0.1 mol) of methyl iodide in a sealed ampoule placed
in a boiling water bath is heated for 8-10 h. The precipitate formed is filtered
off, washed with ether and dried. Yield 2.75 g (94.8%) of iodide 3, mp 240-
241°C. *H NMR spectrum &, ppm, Hz (DMSO-ds/CCls): 2.87 (3H, s, CHg);
2.95 (3H, d, J = 0.9, CHa); 4.07 (3H, s, N"CHa); 7.92 (1H, g, J = 0.9, 6-H),
9.73 (1H, s, 2-H). Found, %: C 33.41; H 3.75; N 19.24. CgH11INa.
Calculated, %: C 33.12; H 3.82; N 19.31.

3,7-Dimethyl-6-ethoxycarbonyl-1,2,4-triazolo[1,5-a]pyrimidinium
iodide (4). A mixture of 7.1 g (3 ml, 0.05 mol) of methyl iodide and 1.5 g
(0.005 mol) of 7-methyl-6-ethoxycarbonyl-1,2,4-triazolo[1,5-a] pyrimidine
(2) [6], placed in a sealed ampoule, is heated in a boiling water bath for 8-10
hours. The precipitate formed is filtered off, washed with ether and dried in
air. Yield 1.6 g (91.4%) of 3,7-dimethyl-6-ethoxycarbonyl-1,2,4-
triazolo[1,5-a]pyrimidinium iodide (4), mp 147-148°C. *H NMR spectrum §,
ppm, Hz): 1.50 (3H, t, J = 7.1, OCH.CHj3); 3.28 (3H, s, 7-CHj3); 4.17 (3H, s,
N*CHs); 4.53 (2H, g, J = 7.1, OCH,CHa); 9.58 (1H, s, = CH), 9.97 (1H, s, =
CH). Found, %: C 33.89; H 4.04; N 17.28. C10H13IN4O>. Calculated, %: C
34.09; H 3.78; N 17.04.

Dynamics of the change in *H NMR spectra of 3,5,7-trimethyl-1,2,4-
triazolo[1,5-a] pyrimidinium iodide (3) under the action of CD3ONa in a
CD30D solution. In an NMR ampoule, a solution of several mg of iodide 3
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in a CD3OD solution is prepared and a control 'H NMR spectrum is
recorded. Next, 2-3 drops of a solution of CD3sONa in CD30D prepared in
advance by the interaction of sodium with CD30D are added to the ampoule
and the spectrum is re-recorded. The registration of spectra is periodically
repeated, observing the dynamics of change in the spectra, which occurs as a
result of deuterium exchange, in time.

'H NMR spectrum, §, ppm, Hz of compound 3: 2.87 (3H, s, CHa); 2.95
(3H, d, J = 0.9, CHz3); 4.07 (3H, s, N"CHz3); 7.92 (1H, g, J = 0.9, 6-H), 9.73
(1H, s, 2-H).

'H NMR spectrum &, ppm, Hz of compound 3 (5 min after adding
CD3ONa): 4.07 (3H, s, N*CH3); 7.82 (1H, g, J = 0.9, 6-H).

'H NMR spectrum §, ppm, Hz of compound 3 (10 min after adding
CDsONa): 4.07 (3H, s, N"CHs); 7.75 (1H, q, J = 0.9, 6-H).

'H NMR spectrum &, ppm, Hz of compound 3 (2 h after adding more
CDsONa): 3.25 (3H, s, N"CHs); 6.92 (1H, q, J = 0.9, 6-H).

Dynamics of the change in *H NMR spectra of 3,7-dimethyl-6-
ethoxycarbonyl-1,2,4-triazolo [1,5-a]pyrimidinium iodide (4) under the
action of CD3ONa in a CD30D solution.

'H NMR spectrum &, ppm, Hz of compound 4: 1.50 (3H, t, J = 7.1,
OCH2CHjs); 3.28 (3H, s, 7-CHs); 4.17 (3H, s, N"CH3); 453 (2H, q, J = 7.1,
OCH2CHs3); 9.58 (1H, s, = CH), 9.97 (1H, s, = CH).

'H NMR spectrum &, ppm, Hz of compound 4 1 min after adding
CDsONa: 1.50 (3H, t, J = 7.1, OCH,CHa); 3.28 (3H, s, 7-CH3); 4.17 (3H, s,
N*CHs); 4.53 (2H, g, J = 7.1, OCH>CHs); 9.58 (1H, s, = CH), 9.97 (1H, s, =
CH).

'H NMR spectrum &, ppm, Hz of compound 4 10 min after adding
CDsONa: 1.50 (3H, t, J = 7.1, OCH2CHz3); 4.17 (3H, s, N"CHs); 4.53 (2H, q,
J=17.1, OCH>CHj3); 9.58 (1H, s, = CH), 9.97 (1H, s, = CH).

'H NMR spectrum &, ppm, Hz of compound 4 24 h after adding
CDsONa: 1.50 (3H, t, J = 7.1, OCH2CHz3); 4.17 (3H, s, N"CHs); 4.53 (2H, q,
J=7.1, OCH2CHa); 9.58 (0.5 H, s, = CH), 9.97 (1H, s, = CH).

'H NMR spectrum §, ppm, Hz of compound 4 48 h after adding a new
amount of CD3ONa: 1.50 (3H, t, J = 7.1, OCH2CHg); 4.17 (3H, s, N"CHj3);
453 (2H, q,J = 7.1, OCH2CHz); 9.58 (0.2 H, s, = CH), 9.97 (1H, s, = CH).

1,2,4-SCPUQNLA[1,5-a]NPLPU PP LLELP UBR-PLUSNFUT
U NBUUSPULGLD N69-PNUGLEUSPLNFR-3WL NPNSUTL
UGRNMNLAGHUL UUN: 'H UNGUSLAUYNNPUSH
NOESY UNEUSLLELh UhQNSN.

Q.X. MU LUGNFL3UY, U@, LN3ERBUL, Wh. GNFUTEL3UL.
W.Q. MELUGNFL3UL b U.0- UNULEL3UL
Phynbh $bn: Gupugnegdby &, np dbfFymgnedp phftuiined §inppugnjugfpl oquilp wgn-
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METHUJIMPOBAHMHE 1,2,4-TPUA30JI0[1,5-a]IIMPUMUJINHOB
N METOJ0JIOI'UsA ONNPEAEJEHUS PETHOCEJIEKTUBHOCTH
PEAKIIMHU IO COEKTPAM NOESY AMP 'H-COHEKTPOCKOIIUN

I. T. JAHATYJISIHY2 A. TI. BOSIXUSIH?, A. K. TYMAHSIH?,
A.T. JAHATYJISIH? u M. P. APAKEJISIH?

! Poccuiicko-ApMAHCKUN yHUBEPCHTET
Apwmenus, Epesan, 0051, yn. Ocena Dmuna, 123
2 Hay4HO-TEXHOJIOTMYECKUI EHTP OPraHUIECKON U (papMaleBTUIECKOM XUMUH
HAH Pecny6imku ApmeHust
Apwmenust, Epesan, 0014, np. AzatytsiH, 26
E-mail: gdanag@email.com

Hccnenosano B3auMojeiicTBHe HEKOTOPBIX 1,2,4-Tpuaszono[l,5-a]nupumuautos ¢
MeTmwiioauaoM. JlokasaHo, 4TO METHIMPOBAaHME MJET MO aTOMy a30Ta TPUA30JIbHOTO
KOJIbIIa, NPHUBOAS K TOJYYEHHUIO YETBEPTUUHBIX cojiei 3-metwi-1,2,4-tpuaszono[l,5-
almupuMEIMHEA. JTO OTIIHYAETCS OT paHee OTMEUYCHHOTO HAMPABJICHUS METHIHPOBa-
HUs mUpa3oo[1,5-a] mupUMHUIMHOB, TIPOTEKAOIIEMY [0 aTOMY a30Ta THPUMHIHHOBOTO
KonbLa. M3ydeH OCHOBHBIN AeHTepOOOMEH NPOTOHOB CHHTE3UPOBAaHHBIX cucteM. OT™e-
YEHO PEeTrHoCHenU(PUYHO MpOTEKaromee AeHTepo3aMelleHHe IPOTOHOB METHIBHBIX
TPy, HAXOJIIIUXCS B MUPUMHIMHOBOM KoJjble. [Toka3aHa 3(eKTUBHOCTb HCIIOJIb-
3oBanmsa Metoguku NOESY SIMP H cHexTpocKONHMH IIpH J0Ka3aTeldbCTBE CTPOEHHS
CHUHTE3MPOBAHHBIX BEIIECTB U ONPEJICIICHUN HalPaBIICHNS IPOTEKAHMS PEAKIHH.
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY
OF NEW HYDROCHLORIDES OF 2-DIALKYLAMINOALKYL
2-SUBSTITUTED QUINOLINE-4-CARBOXYLATES
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The Scientific Technological Center of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: anush.isakhanyan.51@mail.ru

This work presents studies of antibacterial activity of new hydrochlorides of 2-dialkyl-
aminoalkyl-4-[2-(4-substituted phenyl)quinolyl]benzoates. It has been shown that some compounds
in this series have the indicated activity against gram-positive and gram-negative bacteria. The
structure and biological activity regulations have been found.

Table 1, references 14.

Infectious diseases are widely controlled by antimicrobial agents, but
increasing the resistance of microorganisms to antimicrobial agents in the
last few years has become a serious public health problem, and this has led
to the need to develop some new, powerful and safe antimicrobial agents
against resistant strains of microbes. It has been established that quinolines
are becoming increasingly important due to their wide range of biological
and pharmacological activities [1]. A number of biological activities are
associated with quinoline-containing compounds, such as anti-malarial drugs
[2,3], especially those that contain chalcones [4], anti-inflammatory agent,
asthmatic, antibacterial [5,6], antihypertensive, anti-cancer [7], tyrosine
kinase inhibitors and antinuclear inhibitors of the immunodeficiency virus
[8]. In addition, quinoline derivatives were used to prepare nanostructures
and polymers that combine improved electronic, optoelectronic, or nonlinear
optical properties with excellent mechanical properties [9].

In the present work, the newly synthesized 2-dialkylaminoalkyl-4-[2-(4-
substituted phenyl) quinolyl]carboxylate hydrochlorides 1-10 were screened
for  antibacterial  activity against  gram-positive  staphylococci
(Staphylococcus aureus 209p, 1) and gram-negative rods (Sh. Fleaneri 6858,
E. Coli 0-55) [10].
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The experimental pharmacological part

The antibacterial activity of compounds 1-10 was studied according to
the procedure [11] with a bacterial load of 20 million microbial bodies per 1
ml of medium. Gram-positive staphylococci (Staphylococcus aureus 209p,
1) and gram-negative bacilli (Sh. Fleaneri 6858, E. Coli 0-55) were used in
the experiments. Compounds were tested at a dilution of 1-20 prepared in
DMSO. The molten agar media were poured in two layers into Petri dishes.
For the lower layer, an inoculated medium 10 ml was used, and for the upper
layer, agar medium 5 ml was previously seeded with the appropriate test
culture. The temperature of the molten medium for seeding was 48-50°C.
After solidification of the seeded agar on its surface, at a distance of about
28 mm from the center of the plate, 6 sterile stainless steel cylinders were
placed. All cylinders were of the same weight and size with a height of
10 mm and an inner diameter of 6 mm. At the same time, 0.1 ml was pipetted
into the cylinders of each cup (test compound solution).

Scheme

The cups were kept at room temperature for 2 hours, after which they
were incubated in a thermostat at a temperature of 37°C for 20-24 hours.
The results were taken into account by the diameter (d, mm) of zones of the
absence of growth of microorganisms at the site of application of the
compounds. The diameters of the zones were measured with great accuracy
using a ruler or an enlarger. The experiments were repeated at least 3 times.
Statistical processing was performed according to the Student-Fisher
method. As a positive control, the well-known drug furazolidone in tablets
was used, taking into account the pure substance.
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Results and their discussion

Studies of the antibacterial activity of compounds 1-10 showed (Table)
that some of them had antimicrobial properties. It turned out that compounds
2, 4, 7, 10 with 4-(3-methylbutoxy)] phenyl radical in position 2 of the
quinoline ring exhibited weak antibacterial activity, inhibiting the growth of
microorganisms used in the zone with a diameter of 10-13 mm. When the 4-
(3-methylbutoxy)]phenyl radical was replaced at the 2" position of the
quinoline ring by the 4-methoxyphenyl 1, 3, 6, the activity of the substances
increased significantly (d = 17-21 mm). The introduction of 4-
hydroxyphenyl radical led to a noticeable decrease in the activity of
compounds 5, 8. As can be seen from the Table, the aminoalkyl part of the
molecule strongly affected the activity of the compounds.

Table
Antibacterial activity of compounds (1-10)
Compounds Ne 209p 1 Sh.lexneri 6858 |E. coli 0-55209p
1 15.0+¢1.0 | 15.3+2.0 17.3+1.2 17.0+1.0
2 12.3+0.6 | 12.0+1.0 16.6+0.6 15.0+1.0
3 18.0+2.0 | 17.0+1.0 16.3+1.5 16.6+0.6
4 11.0+#1.0 | 12.3+0.6 11.0+0 10.0+0
5 12.3+0.6 10.0+0 10.0+0 10.0+0
6 11.0+0 11.6+0.6 12.3+0.6 12.0+1.0
7 10.0+0 10.3+0.6 12.0+1.0 11.3+0.6
8 17.6+1.3 | 16.3+0.6 21.0+2.0 21.3+1.5
9 11.0+1.0 12.3+0 10.0+0 10.0+0
10 11.0£1.0 | 12.0+1.0 10.0+0 10.0+0
Furazolidone | 25.0+2.0 4.0+1.0 4.6%1.0 24.3+0.6

So, in compounds 9, 10 there is no tertiary amine (-NR2) group,
antibacterial activity drops sharply, although other pharmacophore groups
(ester, 2-methoxyphenyl, quinoline) are present. This allows us to conclude
that the tertiary amine (-NR2) group plays an important role in the
appearance of activity. However, it should be noted that the studied
compounds are inferior in activity to the control drug furazolidone (d = 24-
25 mm).

Thus, the synthesis of new derivatives in the series of hydrochlorides of
2-dialkyl-aminoalkyl-4-[2-(4-substituted phenyl)quinolyl]carboxylates and
the search among them for compounds with antibacterial activity will
continue.
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The experimental chemical part

IR spectra were recorded on a NICOLET AVATAR 330 FT-IR
spectrometer. *H NMR spectra were recorded on a Mercury VX-300
spectrometer (300.08 MHz), in a DMSOd6-CF3COOD mixture, internal
standard — TMS. The melting point of the obtained substances was
determined on a Boetius instrument. The individuality of substances was
controlled by TLC on Silufol-254 plates in the butanol — ethanol — acetic
acid — water system (8-2—1-3) and the developer — iodine vapors.

2-Substituted quinoline-4-carboxylic acids were prepared according to
the method of [12], acid chlorides according to [13], aminoalky! esters of 2-
substituted quinoline-4-carboxylic acids and hydrochlorides 1-10 - by [14].

Compounds 1-10 are crystalline substances with a bright yellow color,
the structure of which is confirmed by *H NMR and IR spectrometry. In the
IR spectra of esters, strong absorption bands of stretching vibrations of the
carbonyl group at 1700-1725 cm™ are observed. C-O ether in the region of
1100-1110 cm?, vibration *NH hydrochloride in the region of 2400-2600
cm™. In the *H NMR spectra there is a wide singlet of hydrochloride protons
at 10.81, 11.40, 12.08 ppm, a set of signals of the quinoline, benzene rings.

Hydrochlorides of 2-dialkylamino(chloro)alkyl-2-substituted
quinoline-4-carboxylates (1-10). (General production method). To a
solution (0.046 mol) of the corresponding acid chloride in 35 ml of dry
benzene, while cooling, 0.061 mol of aminopropanol in 35 ml of dry benzene
was gradually added dropwise. The mixture was boiled in a water bath for 6-
7 hours, cooled, and 10 ml of a saturated solution of potassium carbonate
was slowly added dropwise. The benzene layer was separated, and the
aqueous was extracted with benzene (3x50 ml). The combined benzene
extracts were dried with anhydrous sodium sulfate. After distillation of
benzene, oily substances were obtained. To the ether solution 10 ml of a
saturated ether solution of HCI (to pH1) was added dropwise with cooling.
The precipitate was filtered off, recrystallized from absolute acetone.

2-({[2-(4-Metoxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-
dimethylpropan-1-aminium chloride (1). Yield 73%, mp 167-170°C, Rf
0.55. IR spectrum, v, cm™: 1715 (COO). *H NMR spectrum, ppm: 1.54 d
(3H, CHsCH, J 6.3 Hz); 2.88-2.89 both d (3H each, N (CH3) 2, J 3.0 Hz);
3.47 dd (1H, CH2, J1 14.0, J2 6.7, J3 2.3 Hz); 3.66 dd (1H, CH,, J1 14.0, J2
9.2,J3 3.5 Hz); 3.90 s (3H, OCH3); 5.72 m (1H, OCH); 7.03-7.039 and 8.45-
8.50 (2H, both m, CsH4sOCHj3); 7.63 dd (1H, CeHa, J1 8.5, J2 6.8, J3 1.4 Hz);
7.79 dd (1H, CeHa4, J1 8.6, J2 6.8, J3 1.5 Hz); 8.31 dd (1H, CeH4, J1 8.5, J2
1.4 Hz); 8.63 dd (1H, CeH4, J1 8.5, J2 1.5 Hz); 8.87 s (1H, H-3); 12.16 wide
(1H, HCI). Found, %: C 65.90; H 5.94; N 6.96; CI 8.84. C2 Hzs N2 Oz CI.
Calculated, %: C 65.91; H 5.99; N 6.99; CI 8.66.
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2-({[2-(4-(3-Methylbutoxy)phenyl)quinolin-4-yl]carbonyl}oxy)-N,N-
dimethylpropan-1-aminium chloride (2). Yield 71%, mp 163-165°C, Rf
0.55. IR spectrum, v, cm™: 1711 (COO). *H NMR spectrum, ppm: 1.00 d
(6H,(CHz3)2CHCH2CH:0, J 6.6 Hz); 1.16 d (3H, CH3) 2CHCH.CH-0, J 6.6
Hz); 2.81-2.84 both d (3H each, N(CHs)2, N (CHs) 2, J 4.9 Hz); 2.95 dd (1H,
N CHy, J1 13.0, J2 9.7, J3 3.9 Hz); 3.07 dd (1H, NCH>, J1 13.0, J2 6.3, J3
2.6 Hz); 4.09 t (2H, OCHg, J 6.6 Hz); 4.16 dcd (1H, OCH, J1 9.7, J2 6.3, J3
2.6 Hz); 7.00-7.05 and 8.25-8.30 both m (2H each, CsH4OCs Hi1); 7.62 dd
(1H, CeHa, J1 8.5, J2 6.8, J3 1.4 Hz); 7.79 dd (1H, Ce¢Ha4, J1 8.5, J2 6.8, J3
1.5 Hz); 8.39 dd (1H, CeHs, J1 8.4 Hz); 8.43 s (1H, H-3); 8.76 dd (1H, CeHa,
J1 8.5, J2 1.5 Hz); 10.81 wide (1H, HCI). Found, %: C 68.32; H 7.21; N
6.10; CI 7.75. C26H33N203Cl. Calculated, %: C 68.34; H 57.22; N 6.13; CI
7.77.
2-({[2-(4-Metoxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-Dipropyl-
propan-1l-aminium chloride (3). Yield 76%, mp 188-189°C, Rf 0.55. IR
spectrum, v, cm*: 1714 (COO0). *H NMR spectrum, ppm: 0.95 and 1.01 both
t (3H each, CH3CH2CHy), J 7.3 Hz); 1.55 d (3H CH3sCH, J 6.8 Hz); 1.82-
2.08 m (4H, N(CH2CH2CHz3),); 2.96-3.26 m (4H, N(CH.CH2CHz)2); 3.90 s
(3H, OCHz3); 4.02 m (1H, OCH); 4.77 dd (1H, CH2.CH, J1 12.6, J2 4.1 Hz);
4.87.d.d. (1H, CH2CH, J1 12.6 Hz, J2 5.3 Hz); 7.03-7.08 and 8.36-8.41 both
m (2H, CsH4sOCH3 each); 7.64 dd (1H, CsHa, J1 8.5, J2 6.9, J3 1.4 Hz); 7.81
dd (1H, CeHs4, J1 8.5, J2 6.8, J3 1.5 Hz); 8.34.dd (1H, CeHs, J1 8.5, J2 1.4
Hz); 8.65 s (1H, H-3); 8.66 dd (1H, Ce¢H4, J1 8.5, J2 1.5 Hz); 12.08 wide
(1H, HCI). Found, %: C 68.30; H 7.20; N 6.12; Cl 7.76. CosH33N203ClI.
Calculated, %: C 68.34; H 7.22; N 6.13; CI 7.77.
2-({[2-(4-(3-Methylbutoxy)phenyl)quinolin-4-yl]carbonyl}oxy)-N,N-
Dipropylpropan -1-aminium chloride (4). Yield 78%, mp 98-199°C, Rf
0.56. IR spectrum, v, cm™: 1713 (COO). *H NMR spectrum, ppm: 0.95 and
1.01 both t (In 3H, CH3CH.CH) 2, J 7.3 Hz); 1.00 d (6H, (CHs).CHCHa,
CH20, J 6.6 Hz); 1.16 d (3H, CH3CHO, J 6.3 Hz); 1.53 d (3H, CH3CH, J 6.3
Hz); 1.70 k (2H, (CHs),CHCH2CH:O, J 6.6 Hz); 1.78-1.91 m (4H,
N(CH2CH2CHs) 2); 1.88 n (1H, (CH3).CHCH.CH:0, J 6.6 Hz); 3. 01-3.19 m
(4H, N (CH2CH: CHa)2); 3.38-3.47 and 3.60-3.70 both m (1H, OCH: each);
562 m (1H, CHCHs); 7.00-7.05 and 8.25-8.30 both m (2H each,
CeH4OCsH11); 7.62 dd (1H, CeHs, J1 8.5, J2 6.8, J3 1.4 Hz); 7.79.ddd (1H,
CeH4, J1 8.5, J2 6.8, J3 1.5 Hz); 8.39 dd (1H, CesHa, J1 8.4 Hz); 8.43 s (1H,
H-3); 8.76.dd (1H, CeH4, J1 8.5, J2 1.5 Hz); 10.81 wide (1H, HCI). Found,
%: C 70.21; H 8.00; N 5.44; CI 6.90. Cs0 H41N20O3Cl. Calculated, %: C
70.24; H 8.00; N 5.46; Cl 6.92.
1-({[6-Bromo-2-(4-hydroxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-
dipropylpropan-2-aminium chloride (5). Yield 64%, mp. 206-207°C, Rf
0.53. IR spectrum, v, cm™: 1713 (COO). *H NMR spectrum, ppm: 0.95 and
1.01 both t (3H each, CH3CH2CHz)2), J 7.3 Hz); 1.55 d (3H, CHsCH, J 6.8
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Hz); 1.82-208 m (4H, N(CH.CH:CHz)2); 2.963.26 m. (4H,
N(CH2CH2CHj3)2); 3.90 s (3H, OCHzs); 4.02 m (1H, OCH); 4.77 dd (1H,
CH,CH, J1 12.6, J2 4.1 Hz); 4.87 dd (1H, CH>CH, J1 12.6, J2 5.3 Hz Hz);
6.88-6.93 and 8.17-8.22 both m (2H, CsH4OH each); 7.84 dd (1H, CsHzBr,
J18.9,J2 2.28 Hz); 8.00 d (1H, Ce¢Hs Br, J1 8.9 Hz); 8.66 s (1H, H-3); 8.89 d
(1H, CeH3Br, J 2.2 Hz); 9.71 br (1H, OH); 11.40 wide (1H, HCI). Found, %:
C 57.50; H 5.73; N 5.33; Cl 6.79. C25H30BrN2OsCl. Calculated, %: C 57.52;
H 5.75; N 5.36; CI 6.80.
3-({[2-(4-Methoxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-dimethyl-
propan-1-aminium chloride (6). Yield 69%, mp 207-209°C, Rf 0.55. IR
spectrum, v, cm™: 1724 (COO0). *H NMR spectrum, ppm: 2.34-2.43 m (2H,
OCH2CH2CH); 2.81d (6H, N(CHa)2, J 4.9 Hz); 3.26-3.33 m (2H, NCH>),
3.90 s (3H, OCHz3); 4.58 t (2H, OCH>, J 6.1 Hz); 6.88-6.93 and 8.17-8.22
both m (2H, C¢H4OH each); 7.84 dd (1H, CeH3Br, J1 8.9, J2 2.28 Hz); 8.00
d (1H, CeHsBr, J1 8.9 Hz); 8.66 s (1H, H-3); 8.89 d (1H, CsH3Br, J 2.2 Hz);
9.71 br (1H, OH); 11.40 wide (1H, HCI). Found, %: C 55.80; H 4.85; N
3.10; CI 7.84. C21H22BrNOsCI. Calculated, %: C 55.81; H 4.87; N 3.10; CI
7.86.
3-({[2-(4-3-Methylbutoxy)phenyl)quinolin-4-yl]carbonyl}oxy)-N,N-
dimethylpropan-1-aminium chloride (7). Yield 70%, mp. 166-167°C, Rf
0.55. IR spectrum, v, cm™: 1713 (COO). *H NMR spectrum, ppm: 1.00 d
(6H, (CH3)2CHCH,CH0, J 6.6 Hz); 1.70 k (2H, (CH3) 2CHCH2CH-0, J 6.6
Hz); 1.82-1.96 m (3H, (CH3).CHCH2CH,O and OCH.CH.CH:N); 2.77 d
(6H, N(CHz3)2, J 4.6 Hz); 3.10-3.16 m (2H, OCH.CH>CH2N); 3.56 t (2H,
OCH2CH2CH:N, J 5.8 Hz); 4.6 t (2H, (CH3).CHCHCH:0, J 6.6 Hz); 6.97-
7.00 and 8.17-8.22 both m (2H each, CsHsOCsHa1); 7.53 dd (1H, CeHa, J1
8.5, J2 6.8, J3 1.5 Hz); 7.69.ddd (1H, CesHs, J1 8.5, J2 6.8, J3 1.5 Hz); 8.09
dd (1H, CeéHs, J1 8.5, J2 1.5 Hz); 8.39 s (1H, H-3); 8.78.dd (1H, CsHa, J1
8.5, J2 1.5 Hz); 11.34 wide (1H, HCI). Found, %: C 68.33; H 7.21; N 6.11,
Cl 7.76. C26H33N20sCl. Calculated, %: C 68.34; H 7.22; N 6.13; CI 7.77.
3-({[2-(4-Hydroxyphenyl)quinolin-4-yl]carbonyl}oxy)-N,N-
dimethylpropan-1-aminium chloride (8). Yield 69%, mp 207-209°C, Rf
0.55. IR spectrum, v, cm™: 1724 (COO). *H NMR spectrum, ppm: 2.34-2.43
m (2H, OCH.CH.CH); 2.81 d (6H, N(CHs)2, J 4.9 Hz); 3.263.33 m (2H,
NCH?>), 3.90 s (3H, OCH3); 4.58 t (2H, OCHy, J 6.1 Hz); 6.88-6.93 and 8.17-
8.22 both m (2H, C¢H4OH each); 7.84 dd (1H, CsH3Br, J1 8.9, J2 2.28 Hz);
8.00 d. (1H, CeHs Br, J1 8.9 Hz); 8.66 s (1H, H-3); 8.89 d. (1H, CsH3Br, J
2.2 Hz); 9.71 br (1H, OH); 11.40 wide (1H, HCI). Found, %: C 55.80; H
4.85; N 3.10; CI 7.84. C21H22BrNO3ClI. Calculated, %: C 55.81; H 4.87; N
3.10; CI1 7.86.
2-Chloroethyl-2-(4-methoxy)phenyl]quinoline-4-carboxylate (9).
Yield 91%, mp 167-169°C, Rf 0.55. IR spectrum, v, cm™: 1722 (CO0). 'H
NMR spectrum, ppm: 3.89 s (3H, OCHz3); 3.99 m (2H, OCH,CHCI); 4.71 m
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(2H, OCH2CHCI); 7.027.70 and 8.21-8.26 both m (2H each, C¢H4sOCHy);
7.61 dd (1H, CeH4, J1 8.6, J2 6.8, J3 1.4 Hz); 7.78 m (1H, CeHa); 8.24 dd
(1H, CeéHa, J1 8.6, J2 1.4 Hz); 8.44 s (1H, H-3); 8.66 dd (1H, C¢H4, J1 8.5, J2
1.5 Hz). Found, %: C 66.76; H 4.71; N 4.09; Cl 10.36. C19H16Cl NO3,
Calculated, %: C 66.77; H 4.72; N 4.10; CI 10.37.

2-Chloroethyl-2-[4-(3-methylbutoxy)phenyl]quinoline-4-carboxylate
(10). Yield 93%, mp 170-172°C, Rf 0.55. IR spectrum, v, cm™: 1723 (COO).
'H NMR spectrum, ppm: 1.00 d (6H, (CH3).CHCH.CH:0, J 6.6 Hz); 1.71 q
(2H, (CH3).CHCH.CH-0, J 6.6 Hz); 1.89 n (1H, (CH3).CHCHa, J 6.6 Hz);
3.98 m (2H, OCH.CHCI); 4.08 t (2H, OCH.CH.CH (CHs3)2, J 6.6 Hz); 4.71
m (2H, OCH.CH:CIl); 7.00-7.05 and 8.25-8.30 both m (2H each,
CeHsOCsH11); 7.62 dd (1H, CeHs, J1 8.45, J2 6.8, J3 1.5 Hz); 7.79 ddd (1H,
CeH4,J1 8.5, J2 6.8, J3 1.5 Hz); 8.30 dd (1H, CeH4, J1 8.5,J2 1.5 Hz); 8.44 s
(1H, H-3); 8.66 dd (1H, CeHas, J1 8.5, J2 1.5 Hz); Found, %: C 69.42; H
6.07; N 3.51; CI 8.90. C23H24CINO3. Calculated, %: C 69.43; H 6.08; N
3.52; C18.91.

VAL YPULGPLUU P LELRLAL YULUPL-4-[2-(4-SEULU G UL WD
HELPLLPLALPLYULLOLUPLUSULELP SPLALLALHY LELE URLEREQL
5L NUYUUULLEUUUL UWUShUNFR-3UL NFUNFULUURLAFER-3AFLLELL
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0. 4. MULALPE3UYL U W W SUNUSAFLP
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SYNTHESIS OF NEW DERIVATIVES
OF 3-ALLYL-SPIRO[BENZO[h]JQUINAZOLINE-5,1'-CYCLOHEPTANE]

A.S. AYVAZYAN
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26, Azatutyan Str., Yerevan, 0014, Armenia
Phone: +374 10 288 443 E-mail: ani.ayvazyanl7@mail.ru

As a result of condensation of 3-allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-4(6H)-one with 2-bromo-1-phenylethanone and 2-thioxobenzo[h]quinazolines of
various structures, 2-methylthio derivatives of spiro[benzo[h]quinazoline-5,1'-cycloheptane] were
synthesized. By the transformations of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cyc-
loheptan]-4(6H)-one, benzhydrazide, hydrazino-carbonothioylbenzamide, arylidenhydrazides, 4-allyl-
4H-spiro[benzo[h[1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one and 4-allyl-1-
mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cyclo-heptan]-5(7H)-one were
synthesized. The latter by alkylation with various halides was converted into 1-alkylthio derivatives.

References 25.

The number of publications in the field of benzo[h]quinazoline
derivatives synthesis has grown significantly in recent years [1-16].
However, there are limited number of publications on benzo[h]quinazolines
of spirocyclic structure, containing a cyclohexane spirocyclic fragment [17-
21]. This report describes the synthesis of new derivatives of 3-allyl-
spiro[benzo[h]quinazoline-5,1'-cycloheptane]. We studied the reaction of 3-
allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-
4(6H)-one (1) [22] with halogens of various structures, in the presence of
KOH. Using 2-bromo-1-phenylethanone, as a halide, 3-allyl-2-((2-oxo-2-
phenylethyl)thio)-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-
one (2) was synthesized. By condensation of 1 with 2-chloromethyl-5,5-
dimethyl-5,6-dihydrobenzo[h]quinazoline-4(3H)-one [23], 2-chloromethyl-
5-ethyl-5-methyl-5,6-dihydrobenzo[h] quinazoline-4(3H)-one [24] and 2-
chloromethyl-3H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one
[25], were synthesized 2-{[(3-allyl-4-0x0-4,6-dihydro-3H-spiro[benzo[h]-
quinazoline-5,1'-cycloheptan]-2-yl)thio]Jmethyl}-5,5-dimethyl-5,6-
dihydrobenzo[h]quinazoline-4(3H)-one (3), 2-{[(3-allyl-4-0x0-4,6-dihydro-
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3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-2-yl)thio]methyl}-5-ethyl-
5-methyl-5,6-dihydrobenzo[h]quinazoline-4(3H)-one (4) and 3-allyl-2-{[(4-
0x0-4,6-dihydro-3H-spiro [benzo[h]quinazoline-5,1'-cyclopentan]-2-
yl)methyl]thio}-3H-spiro[benzo[h]quinazoline-5,1'-cyclo-pentan]-4(6H)-one
(5), respectively (Scheme 1).

Scheme 1

By transformations of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazo-
line-5,1'-cycloheptan]-4(6H)-one (6) [22], N'-(3-allyl-4-ox0-4,6-dihydro-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-2-yl)benzohydrazide (7), N-(2-
(3-allyl-4-ox0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-
2-yhhydrazinecarbonothioyl)benzamide (8) and 9-13 arylidenhydrazines
were synthesized. The hydrazinoderivative 6 was reacted with
ethylorthoformate and carbon disulfide, resulting in 4-allyl-4H-spiro[ben-
zo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one (14) and
4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-
cycloheptan]-5(7H)-one (15), respectively. The latter by alkylation with
halides of various structures is converted to 4-allyl-1-(alkylthio)-4H-
spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one
(16-19) according to Scheme 2.
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Scheme 2

o} o}
7 CsHs)J\CI Cots™ NCS. / 8
H
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(0] k
CS, 9-13

1.KOH;2.RHal

16-19
R=CHs (16), CoHs (17), CH>CH=CHo, (18), CH2C¢Hs (19)

Experimental part

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-300VX” instrument from
solutions in DMSO-d6-CCls (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.

3-Allyl-2-((2-oxo-2-phenylethyl)thio)-3H-spiro[benzo[h]quinazoline-
5,1'-cycloheptan]-4(6H)-one (2). The reaction mixture of 1.76 g (5 mmol)
of 3-allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cyclohep-
tan]-4(6H)-one (1), 1.0 g (5 mmol) of 2-bromo-1-phenylethanone and 30 ml
of absolute acetone was placed into a single-necked round-bottom flask and
boiled for 10 hrs. Then reaction mixture was cooled and 10 ml water was
added. The precipitate was filtered off and recrystallized from acetone. Yield
1.10 g (47%) of 2, mp 159-161°C, Rs 0.67 (ethylacetate-benzene, 1:5). IR
spectrum, v, cm™t: 1594 (C=C arom); 1663 (C=0); 1697 (C=0). 'H NMR
spectrum (300 MHz, DMSO-d6/CCl; 1/3), 8, ppm: 1.29-1.41 (m, 2H,
cycloheptane), 1.45-1.70 (m, 6H, cycloheptane), 1.71-1.85 (m, 2H,
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cycloheptane), 2.21-2.33 (m, 2H, cycloheptane), 2.83 (s, 2H, C6H>), 4.70
(dt, 2H, J=7.0, 1.2, CH,-CH=CHy), 4.83 (s, 2H, S-CH), 5.28 (dq, 1H,
J=10.1, 1.2, CH>-CH=CH>), 5.33 (dg, 1H, J=17.0, 1.2, CH>-CH=CH>), 5.96
(ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CH?), 6.78-6.85 (m, 1H, Ar), 7.05-7.10
(m, 1H, Ar), 7.11-7.20 (m, 1H, Ar), 7.44-7.49 (m, 1H, Ar), 7.50-7.57 (m,
2H, Ar), 7.61-7.68 (m, 1H, Ar), 8.05-8.10 (m, 2H, Ar). *C NMR spectrum
(75 MHz, DMSO-d6/CCls 1/3), 8, ppm: 23.8 (2xCHa cycloheptane), 29.6
(2xCH: cycloheptane), 35.6 (2xCH> cycloheptane), 38.8 (C5), 39.6 (C6H>),
39.9 (CH.-CH=CH), 45.9 (S-CH), 118.1 (CH2-CH=CH.), 123.0 (C4.),
124.7 (CH Ar), 125.7 (CH Ar), 127.0 (CH Ar), 128.0 (2xCH Ar), 128.
(2xCH Ar), 129.3 (CH Ar), 130.5 (CH Ar), 1315 (C Ar), 132.7 (CH2-
CH=CH), 135.7 (C Ar), 136.1 (C Ar), 150.7 (C10p), 157.3 (C2), 159.6 (C4),
191.2 (C(0O)-Ph). Found, %: C 74.11; H 6.59; N 5.83; S 6.74. Co9H30N20:S.
Calculated, %: C 74.01; H 6.43; N 5.95; S 6.81.
2-{[(3-Allyl-4-o0x0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-

cycloheptan]-2-yl)thio]-methyl}-5,5-dimethyl-5,6-dihydrobenzo[h]quina-
zoline-4(3H)-one (3). A mixture of 1.76 g (5 mmol) of 3-allyl-2-thioxo-2,3-
dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (1), 0.3
g (9 mmol) of KOH and 30 ml of absolute ethanol was placed into a round-
bottom flask and boiled for 30 min. Then 1.37 g (5 mmol) of 2-chloromethyl-
5,5-dimethyl-5,6-dihydrobenzo[h]quinazolin-4(3H)-one was added and
boiling continued for 12 hrs. The reaction mixture was cooled, and 10 ml of
water was added. The precipitate was filtered off and recrystallized from
butanol. Yield 2.8 g (95%) of 3, mp 242-244 °C, R; 0.70 (ethyl acetate-
benzene, 1:2). IR spectrum, v, cm™: 1604 (C=C arom); 1653 (C=0); 1672
(C=0); 3150 (NH). 'H NMR spectrum (300 MHz, DMSO-d6/CCl, 1/3), §,
ppm: 1.31-1.43 (m, 2H, cycloheptane), 1.34 (s, 6H,C(CHs),), 1.44-1.69 (m,
6H, cycloheptane), 1.70-1.84 (m, 2H, cycloheptane), 2.22-2.34 (m, 2H,
cycloheptane), 2.72 (s, 2H, [C6]H>), 2.87 (s, 2H, C6H>), 4.50 (s, 2H, S-CH>),
4.69 (dt, 2H, J=7.0, 1.2, CH>-CH=CH,), 5.27 (dg, 1H, J=10.1, 1.2, CH>-
CH=CHy), 5.32 (dqg, 1H, J=17.0, 1.2, CH>-CH=CH>), 5.94 (ddt, 1H, J=17.0,
10.1, 7.0, CH>-CH=CHy), 7.07-7.15 (m, 2H, Ar), 7.16-7.31 (m, 4H, Ar),
8.04-8.09 (m, 1H, Ar), 8.13-8.18 (m, 1H, Ar), 12.41 (s, 1H, NH). *C NMR
spectrum (75 MHz, DMSO-d6/CCls 1/3), 6, ppm: 23.9 (2xCH:
cycloheptane), 25.4 (C(CHzs)2), 29.6 (2xCH: cycloheptane), 32.8 ([C5]), 34.1
([C6]H2), 35.6 (2xCH: cycloheptane), 39.7 (C5), 40.1 (C6H2), 44.0 (CH»-
CH=CHy), 45.7 (S-CH>), 118.1 (CH2-CH=CH>), 123.2 (C4.), 124.37 ([C4a]),
125. (2xCH Ar), 125.9 (CH Ar), 126.2 (CH Ar), 127.0 (C Ar),127.0 (CH
Ar), 129.3 (CH Ar), 129.5 (CH Ar), 130.6 (CH Ar), 131.8 (C Ar), 131.9
(CH2-CH=CHy), 136.0 (C Ar), 136.2 (C Ar), 151.0 (C10p), 152.8 ([C10p)),
154.3 ([C2]), 157.3 (C2), 159.7 (C4), 161.3 ([C4]). Found, %: C 73.38; H
6.59; N 9.56. S 5.33. CasH3sN4O-S. Calculated, %: C 73.19; H 6.48; N 9.48;
S5.43.

370



2-{[(3-Allyl-4-0x0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-2-yl)thio]-methyl}-5-ethyl-5-methyl-5,6-dihydroben-
zo[h]quinazoline-4(3H)-one (4). Similarly, from 1.76 g (5 mmol) of 3-
allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-
4(6H)-one (1), 0.3 g (9 mmol) of KOH and 144 g (5 mmol) of 2-
chloromethyl-5-ethyl-5-methyl-5,6-dihydro-benzo[h]-quinazoline-4(3H)-
one, 2.8 g (93%) of 4 was obtained: mp 244-246°C, R 0.73 (ethyl acetate-
benzene, 1:2). IR spectrum, v, cm*: 1604 (C=C arom); 1651 (C=0); 1670
(C=0); 3150 (NH). 'H NMR spectrum (300 MHz, DMSO-d6/CCl, 1/3), §,
ppm: 0.77 (t, 3H, J=7.4, CH>-CHa), 1.31-1.43 (m, 2H, cycloheptane), 1.32 (s,
3H, CHz3), 1.44-1.69 (m, 7H, 6xCH cycloheptane, 1xCH CH,-CHs), 1.70-
1.84 (m, 2H, cycloheptane), 2.00 (dg, 1H, J=14.8, 7.4, CH,-CH3), 2.21-2.34
(m, 2H, cycloheptane), 2.58 (d, 1H, J=15.7, [C6]H>), 2.87 (s, 2H, C6H>),
2.90 (d, 1H, J=15.7, [C6]H.), 4.48 (d, 1H, J=15.0, S-CHy), 4.54 (d, 1H,
J=15.0, S-CHy), 4.69 (dt, 2H, J=7.0, 1.2, CH,-CH=CHy), 5.27 (dq, 1H,
J=10.1, 1.2, CH>-CH=CH>), 5.32 (dq, 1H, J=17.0, 1.2, CH>-CH=CH>), 5.94
(ddt, 1H, J=17.0, 10.1, 7.0, CH>-CH=CH>), 7.06-7.31 (m, 6H, Ar), 8.05-8.10
(m, 1H, Ar), 8.11-8.16 (m, 1H, Ar), 12.40 (s, 1H, NH). *C NMR spectrum
(75 MHz, DMSO-d6/CCls 1/3), 8, ppm: 19.0 (CH2-CHs), 23.9 (2xCH>
cycloheptane), 24.0 (CHzs), 29.6 (2xCH2 cycloheptane), 30.0 (CH.-CHs),
34.1 ([C6]H2), 35.6 (CH: cycloheptane), 35.7 (CH. cycloheptane), 36.3
([C5]), 39.6 (C5), 39.9 (C6H>), 40.1 (CH»-CH=CHy,), 45.7 (S-CHy), 118.0
(CH2-CH=CHy), 123.2 (C4.), 123.5 ([C44)), 125.4. (CH Ar), 125.4 (CH Ar),
125.7 (CH Ar), 126.1 (CH Ar), 127.0 (CH Ar), 127.0 (C Ar), 129.4 (CH Ar),
129.5 (CH Ar), 130.6 (CH Ar), 131.8 (C Ar), 131.8 (CH2>-CH=CH>), 136.1
(C Ar), 136.3 (C Ar), 150.9 (C10p), 153.6 ([C10s]), 154.3 ([C2]), 157.3 (C2),
159.7 (C4), 161.4 ([C4]). Found, %: C 73.66; H 6.62; N 9.43. S 5.19.
Ca7H10N402S. Calculated, %: C 73.48;
H 6.67; N 9.26; S 5.30.

3-Allyl-2-{[(4-0x0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cyclopentan]-2-yl)methyl]-thio}-3H-spiro[benzo[h]quinazoline-5,1'-
cyclopentan]-4(6H)-one (5). Similarly, from 1.76 g
(5 mmol) of 3-allyl-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-4(6H)-one (1), 0.3 g (9 mmol) of KOH and 1.5 g (5 mmol) of
2-chloromethyl-3H-spiro[benzo[h]quinazoline-5,1'-cyclopentan]-4(6H)-one,
1.9 g (62%) of 4 was obtained: mp 243-246°C, R 0.73 (ethyl acetate-
benzene, 1:2). IR spectrum, v, cm™: 1604 (C=C arom); 1661 (C=0); 1675
(C=0); 3180 (NH). 'H NMR spectrum (300 MHz, DMSO-d6/CCl, 1/3), §,
ppm: 1.30-1.94 (m, 16H, 10xCH cycloheptane, 6xCH cyclopentane), 2.21-
2.35 (m, 4H, 2xCH cycloheptane, 2xCH cyclopentane), 2.76 (s, 2H,
[C6]H2), 2.87 (s, 2H, C6H,), 4.51 (s, 2H, S-CH>), 4.68 (dt, 2H, J=7.0, 1.2,
CH»>-CH=CH,), 5.27 (dg, 1H, J=10.1, 1.2, CH>-CH=CH>), 5.31 (dq, 1H,
J=17.0, 1.2, CH,-CH=CHy), 5.94 (ddt, 1H, J=17.0, 10.1, 7.0, CH>-CH=CH>),

371



7.05-7.31 (m, 6H, Ar), 8.04-8.10 (m, 1H, Ar), 8.14-8.20 (m, 1H, Ar), 12.43
(s, 1H, NH). C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), §, ppm:
23.9 (2xCH2 cycloheptane), 25.1 (2xCH2 cyclopentane), 29.6 (2xCH.
cycloheptane), 34.1 ([C6]Hz), 35.1 (2xCH cyclopentane), 35.6 (2xCH
cycloheptane), 39.7 (C5), 40.1 (C6H.), 41.6 (CH,-CH=CH>), 43.1 ([C5]),
45.7 (S-CH>), 118.1 (CH,-CH=CH>), 123.2 (C4.), 124.8 ([C4a]), 125.4 (CH
Ar), 125.5 (CH Ar), 125. (CH Ar), 126.2 (CH Ar), 127.0 (C Ar), 129.2 (CH
Ar), 129.5 (CH Ar), 130.6 (CH Ar), 131.9 (C Ar), 132.3 (CH2-CH=CH>),
136.1 (C Ar), 136.2 (C Ar), 151.0 (C10p), 153.1 ([C10s]), 154.0 ([C2)),
157.3 (C2), 159.7 (C4), 161.1 ([C4]). Found, %: C 74.16; H 6.69; N 9.22; S
5.35. C3sH10N403S. Calculated, %: C 73.99; H 6.54; N 9.08; S 5.20.

N'-(3-Allyl-4-ox0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-2-yl)benzo-hydrazide (7). The mixture of 2.1 g (6 mmol) of
3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-
one (6), 1.12 g (8 mmol) of benzoyl chloride and 25 ml of benzene was
boiled for 10 hrs in a reaction flask with a backflow condenser. After solvent
distillation, the precipitate was recrystallized from ethanol. Yield 2.5 g
(92%) of 7, mp 178-179°C, Rs 0.45 (ethylacetate-benzene, 3:1). IR spectrum,
v, cm Lt 1600 (C=C arom); 1645 (C=0); 1686 (C=0); 3347 (NH). 'H NMR
spectrum (300 MHz, DMSO-d6/CCl4 1/3), §, ppm: 1.31-1.44 (m, 2H, CH>
cycloheptane), 1.46-1.87 (m, 8H, 4xCH; cycloheptane), 2.25-2.37 (m, 2H,
CH: cycloheptane), 2.84(s, 2H, C6H»), 4.73 (dt, 2H, J=5.4, 1.5, CH,-
CH=CHy), 5.22 (dg, 1H, J=10.3, 1.5, CH>-CH=CH), 5.33 (dq, 1H, J=17.3,
1.5, CH>-CH=CH), 5.96 (ddt, 1H, J=17.3, 10.3, 5.4, CH>-CH=CHy), 7.03-
7.11 (m, 2H, 2xCH Ar), 7.15-7.23 (m, 1H, CH Ar), 7.44-7.59 (m, 3H, 3xCH
Ar), 7.79-7.85 (m, 1H, CH Ar), 7.96-8.03 (m, 2H, 2xCH Ar), 8.86 (s, 1H,
NH), 10.27 (s, 1H, NH). *H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3),
3, ppm: 23.9 (2xCH: cycloheptane), 29.7 (2xCH, cycloheptane), 36.1
(2xCH> cycloheptane), 39.4 (C5), 40.48 (C6H>),41.7 (CH>-CH=CH>), 116.8
(CH Ar), 118.4 (CH2-CH=CHy>), 124.8 (C4.), 125.6 (CH Ar), 126.9 (CH Ar),
127.3 (2xCH Ar), 127.7 (2xCH Ar), 128.9 (CH Ar), 130.9 (CH Ar), 1314
(CH2-CH=CHy), 132.7 (C Ar), 132.9 (C Ar), 136.4 (C Ar), 151.7 (C10y),
152.0 (C2), 160.3 (C4), 166.2 (C=0). Found, %: C 74.11; H 6.59; N 12.53.
C28H30N4O>. Calculated, %: C 73.98; H 6.65; N 12.33.

N-[2-(3-Allyl-4-0x0-4,6-dihydro-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-2-yl)-hydrazinecarbonothioyl]benzamide (8). The mixture
of 2.1 g (6 mmol) of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-4(6H)-one (6), 1.14 g (7 mmol) of benzoylisothiocyanate and
30 ml of methanol was boiled for 5 hrs with a backflow condenser. The
precipitate was filtered, washed with 70% ethanol and recrystallized from
butanol. Yield 1.0 g (58%) of 8, mp 209-210°C, R 0.62 (ethyl acetate-
benzene-hexane, 1:7:1). IR spectrum, v, cm®: 1600 (C=C arom); 1650
(C=0); 1669 (C=0); 3187 (NH). *H NMR spectrum (300 MHz, DMSO-
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d6/CCls 1/3), 8, ppm: 1.30-1.42 (m, 2H, cycloheptane), 1.44-1.71 (m, 6H,
cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.22-2.34 (m, 2H, cyclo-
heptane), 2.88 (s, 2H, C6H,), 4.72 (dt, 2H, J=7.0, 1.2, CH»-CH=CH>), 5.39
(dg, 1H, J=10.1, 1.2, CH,-CH=CH.), 5.51 (dg, 1H, J=17.0, 1.2, CH>-
CH=CHy), 5.97 (ddt, 1H, J=17.0, 10.1, 7.0, CH>-CH=CH), 7.10-7.17 (m,
1H, Ar), 7.24-7.34 (m, 2H, Ar), 7.45-7.54 (m, 2H, Ar), 7.56-7.64 (m, 1H,
Ar), 8.08-8.14 (m, 2H, Ar), 8.25-8.31 (m, 1H, Ar), 9.31 (s, 1H, NH), 11.63
(s, 1H, NH), 13.64 (brs, 1H, NH). 3C NMR spectrum (75 MHz, DMSO-
d6/CCls 1/3), 6, ppm: 24.0 (2xCH: cycloheptane), 29.7 (2xCH:
cycloheptane), 36.1 (2xCH2 cycloheptane), 39.5 (C5), 40.4 (C6H), 42.5
(CH2-CH=CHz), 118.8 (CH2-CH=CH>), 119.7 (C4a,), 125.38 (CH Ar), 126.1
(CH Ar), 126.9 (CH Ar), 127.7 (2xCH Ar), 128.5 (2xCH Ar), 129.4 (CH
Ar), 130.5 (CH Ar), 131.6 (C Ar), 132.0 (C Ar), 132.3 (CH,-CH=CH>),
136.3 (C Ar), 148.4 (C10p), 151.4 (C2), 159.7 (C4), 167.6 (C(O)-Ph), 172.8
(C=S) . Found, %: C 67.98; H 6.24; N 13.53. S 6.24.C29H31N50:S.
Calculated, %: C 67.81; H 6.08; N 13.63; S 6.24.

Synthesis of 2-(arylidenehydrazinyl)-3-allyl-3H-spiro[benzo[h]qui-
nazoline-5,1'-cycloheptan]-4(6H)-ones (9-13). (General method). The
mixture of 2.8 g (8 mmol) of 3-allyl-2-hydrazinyl-3H-spiro-[benzo[h]quina-
zoline-5,1'-cycloheptan]-4(6H)-one (6), 8 mmol of aromatic aldehyde and 30
ml of benzene was boiled under reflux for 10 hrs. It was cooled and 30 ml of
hexane was added to the reaction mixture. The precipitate was filtered,
washed with hexane and dried on air.

3-Allyl-2-(2-(4-methoxybenzylidene)hydrazinyl)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=4-
CH30CgH4) (9). Yield 3.0 g (80%) of 9, mp 184-185°C, R¢ 0.75 (ethyl ace-
tate-benzene, 1:5). IR spectrum, v, cm™: 1593 (C=C arom); 1615 (C=N);
1668 (C=0); 3367 (NH). *H NMR spectrum (300 MHz, DMSO-d6/CCls
1/3), 6, ppm: 1.30-1.42 (m, 2H, cycloheptane), 1.44-1.71 (m, 6H,
cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.22-2.34 (m, 2H, cyclo-
heptane), 2.89 (s, 2H, C6H>), 3.84 (s, 3H, O-CHj3), 4.60 (dt, 2H, J=7.0, 1.2,
CH>-CH=CH), 5.14 (dq, 1H, J=10.1, 1.2, CH>-CH=CH>), 5.27 (dq, 1H,
J=17.0, 1.2, CH,-CH=CHy), 5.93 (ddt, 1H, J=17.0, 10.1, 7.0, CH>-CH=CH>),
6.90-6.96 (m, 2H, Ar), 7.24-7.31 (m, 1H, Ar), 7.38-7.48 (m, 2H, Ar), 7.52-
7.59 (m, 1H, Ar), 7.64-7.71 (m, 2H, Ar), 8.27 (s, 1H, N=CH), 9.59 (s, 1H,
NH). ¥C NMR spectrum (75 MHz, DMSO-d6/CCls 1/3), §, ppm: 23.9
(2xCH2 cycloheptane), 29.5 (2xCH: cycloheptane), 36.1 (2xCH:
cycloheptane), 38.9 (C5), 40.5 (C6Hz), 41.5 (CH2-CH=CH.), 54.6 (OCHa),
113.6 (2xCH Ar), 113.8 (C4.), 116.8 (CH2>-CH=CH>), 20.9 (CH Ar), 126.3
(C Ar), 126.6 (CH Ar), 127.4 (C Ar), 128.2 (CH Ar), 128.2 (2xCH Ar),
130.3 (CH Ar), 132.1 (CH2-CH=CH), 136.8 (C Ar), 139.4 (C10,), 149.4
(C2), 151.3 (N=CH), 159.7 (C Ar), 160.2 (C4). Found, %: C 74.31; H 6.77;
N 11.73. Co9H32N40O-. Calculated, %: C 74.33; H 6.88; N 11.96.
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3-Allyl-2-(2-(4-chlorobenzylidene)hydrazinyl)-3H-spiro[ben-
zo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=4-CICsHs) (10). Yield
1.5 g (40%) of 9, mp 171-173°C, R 0.77 (ethyl acetate-benzene, 1:5). IR
spectrum, v, cmt: 1600 (C=C arom); 1614 (C=N); 1666 (C=0); 3371 (NH).
'H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), 8, ppm: 1.30-1.42 (m,
2H, cycloheptane), 1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H,
cycloheptane), 2.22-2.34 (m, 2H, cycloheptane), 2.89 (s, 2H, C6Hy), 4.62
(dt, 2H, J=7.0, 1.2, CH;-CH=CH), 5.15 (dgq, 1H, J=10.1, 1.2, CH:-
CH=CHy), 5.28 (dqg, 1H, J=17.0, 1.2, CH>-CH=CH>), 5.93 (ddt, 1H, J=17.0,
10.1, 7.0, CH2>-CH=CH), 7.24-7.31 (m, 1H, Ar), 7.36-7.46 (m, 4H, Ar),
7.53-7.60 (m, 1H, Ar), 7.72-7.79 (m, 2H, Ar), 8.31 (s, 1H, N=CH), 9.65 (s,
1H, NH). *C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), &, ppm: 23.9
(2xCH2 cycloheptane), 29.5 (2xCH: cycloheptane), 36.0 (2xCH:
cycloheptane), 38.9 (C5), 40.5 (C6Hz), 41.6 (CH2-CH=CH>), 114.3 (C4a),
116.9 (CH,-CH=CH>), 121.2 (CH Ar), 126.1 (C Ar), 126.6 (CH Ar), 128.1
(2xCH Ar), 128.2 (CH Ar), 128.2 (2xCH Ar), 130.4 (CH Ar), 131.9 (C Ar),
133.5 (CH.-CH=CH), 134.1 (C Ar), 136.8 (C Ar), 139.5 (C10p), 50.1
(N=CH), 150.2 (C2), 159.5 (C4). Found, %: C 71.21; H 6.36; Cl 7.69;
N11.56. C2sH29CIN4O. Calculated, %: C 71.10; H 6.18; Cl 7.50; N 11.84.

3-Allyl-2-(2-(3-hydroxy-4-methoxybenzylidene)hydrazinyl)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=3-OH-4-
CH30CgH3) (11). Yield 3.7 g (95%) of 11, mp 185-187°C, Rs 0.63 (ethyl
acetate-benzene, 1:5). IR spectrum, v, cm: 1023 (C-O-C); 1600 (C=C
arom); 1614 (C=N); 1673 (C=0); 3150-3250 (NH); 3352 (OH). 'H NMR
spectrum (300 MHz, DMSO-d6/CCls 1/3), 3, ppm: 1.30-1.42 (m, 2H,
cycloheptane), 1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, cyclo-
heptane), 2.22-2.34 (m, 2H, cycloheptane), 2.89 (s, 2H, C6H>), 3.87 (s, 3H,
O-CHs), 4.59 (dt, 2H, J=7.0, 1.2, CH,-CH=CHy), 5.14 (dq, 1H, J=10.1, 1.2,
CH2-CH=CH>), 5.27 (dq, 1H, J=17.0, 1.2, CH>-CH=CH), 5.93 (ddt, 1H,
J=17.0, 10.1, 7.0, CH>-CH=CH), 6.86 (d, 1H J=8.2, Ar), 7.04 (dd, 1H J=8.2,
1.8, Ar), 7.23-7.31 (m, 1H, Ar), 7.29 (d, 1H J=1.8, Ar), 7.39-7.50 (m, 2H,
Ar), 7.55-7.61 (m, 1H, Ar), 8.18 (s, 1H, N=CH), 8.73 (s, 1H, OH), 9.59 (s,
1H, NH). *C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), 8, ppm: 23.9
(2xCH2 cycloheptane), 29.6 (2xCH: cycloheptane), 36.2 (2xCH:
cycloheptane), 38.9 (C5), 40.6 (C6H>), 41.5 (CH2-CH=CHy>), 55.2 (OCHjs),
111.3 (CH Ar), 112.8 (CH Ar), 113.7 (C4a), 116.8 (CH.-CH=CHy), 119.5
(CH Ar), 120.9 (CH Ar), 126.3 (C Ar), 126.9 (CH Ar), 127.9 (C Ar), 128.2
(CH Ar), 130.4 (CH Ar), 132.1 (CH»-CH=CH), 136.8 (C Ar), 139.4 (C10p),
146.7 (C Ar), 149.1 (C Ar), 149.4 (C2), 151.7 (N=CH), 159.8 (C4). Found,
%: C 72.01; H 6.59; N 11.43. C29H32N40s. Calculated, %: C 71.88; H 6.66;
N 11.56.

3-Allyl-2-(2-(4-hydroxy-3-methoxybenzylidene)hydrazinyl)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=4-OH-3-
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CH30CgH3) (12). Yield 3.7 g (96 %) of 12, mp 173-175°C, R¢ 0.58 (ethyl
acetate-benzene, 1:5). IR spectrum, v, cm* 1000 (C-O-C); 1602 (C=C
arom); 1624 (C=N); 1669 (C=0); 3150-3326 (NH, OH). 'H NMR spectrum
(300 MHz, DMSO-d6/CCl4 1/3), 8, ppm: 1.30-1.42 (m, 2H, cycloheptane),
1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.22-2.34
(m, 2H, cycloheptane), 2.89 (s, 2H, C6Hz), 3.92 (s, 3H, O-CHa), 4.59 (dt,
2H, J=7.0, 1.2, CH,-CH=CH>), 5.14 (dq, 1H, J=10.1, 1.2, CH>-CH=CH>),
5.26 (dg, 1H, J=17.0, 1.2, CH2>-CH=CH?), 5.93 (ddt, 1H, J=17.0, 10.1, 7.0,
CH,-CH=CHy), 6.80 (d, 1H, J=8.2, Ar), 7.07 (dd, 1H, J=8.2, 1.8, Ar), 7.25-
7.30 (m, 1H, Ar), 7.35-7.45 (m, 2H, Ar), 7.39 (d, 1H, J=1.8, Ar), 7.57-7.62
(m, 1H, Ar), 8.20 (s, 1H, N=CH), 8.89 (s, 1H, OH), 9.71 (s, 1H, NH). *C
NMR spectrum (75 MHz, DMSO-d6/CCls 1/3), 6, ppm: 23.9 (2xCH2 cyc-
loheptane), 29.6 (2xCH: cycloheptane), 36.1 (2xCHz cycloheptane), 38.9
(C5), 40.6 (C6H2), 41.5 (CH,-CH=CHy), 54.9 (OCHs), 109.3 (CH Ar), 113.6
(C4s), 115.0 (CH Ar), 116.7 (CH2-CH=CH>), 120.9 (CH Ar), 121.4 (CH Ar),
126.2 (CH Ar), 126.3 (C Ar), 126.5 (C Ar), 128.2 (CH Ar), 130.3 (CH Ar),
132.1 (CH,-CH=CH), 136.9 (C Ar), 139.4 (C10y), 147.5 (C Ar), 1486 (C
Ar), 149.4 (C2), 151.6 (N=CH), 159.8 (C4). Found, %: C 71.96; H 6.59; N
11.73. Co9H32N40Os3. Calculated, %: C 71.88; H 6.66; N 11.56.
3-Allyl-2-(2-(3,4,5-trimethoxybenzylidene)hydrazinyl)-3H-
spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one (Ar=3,4,5-(4-
CH30)3CsH2) (13). Yield 3.4 g (80%) of 13, mp 179-181°C, R 0.61 (ethyl
acetate-benzene, 1:1:5). IR spectrum, v, cm™: 1001 (C-O-C); 1590 (C=C
arom); 1621 (C=N); 1665 (C=0); 3150-3360 (NH, OH). *H NMR spectrum
(300 MHz, DMSO-d6/CCl4 1/3), 8, ppm: 1.30-1.42 (m, 2H, cycloheptane),
1.44-1.71 (m, 6H, cycloheptane), 1.72-1.86 (m, 2H, cycloheptane), 2.23-2.35
(m, 2H, cycloheptane), 2.89 (s, 2H, C6H>), 3.77 (s, 3H, O-CHz), 3.90 (s, 6H,
2x(0-CHs3)), 4.61 (dt, 2H, J=7.0, 1.2, CH,-CH=CH>), 5.16 (dqg, 1H, J=10.1,
1.2, CH>-CH=CHy), 5.27 (dq, 1H, J=17.0, 1.2, CH,-CH=CH), 5.94 (ddt,
1H, J=17.0, 10.1, 7.0, CH>-CH=CH>), 7.04 (s, 2H, Ar), 7.26-7.31 (m, 1H,
Ar), 7.33-7.44 (m, 2H, Ar), 7.57-7.62 (m, 1H, Ar), 8.23 (s, 1H, N=CH), 9.79
(s, 1H, NH). C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), &, ppm:
23.9 (2xCH: cycloheptane), 29.5 (2xCH: cycloheptane), 36.1 (2xCH:
cycloheptane), 38.9 (C5), 40.5 (C6H>), 41.5 (CH,-CH=CHy), 55.2 (2x%(O-
CHz3)), 59.6 (OCHg), 104.1 (2xCH Ar), 113.9 (C4.), 116.8 (CH2>-CH=CH)>),
121.0 (CH Ar), 126.23 (C Ar), 126.4 (CH Ar), 128.2 (CH Ar), 130.1 (C Ar),
130.4 (CH Ar), 132.0 (CH.-CH=CH), 136.9 (C Ar), 139.1 (CH Ar), 139.5
(C10p), 150.1 (C2), 150.8 (N=CH), 152.8 (2xC Ar), 159.7(C4). Found, %:
C 70.61; H 6.69; N 10.53. C3:H3sN4Oa4. Calculated, %: C 70.43; H 6.86; N
10.60.
4-Allyl-4H-spiro[benzo[h][1,2,4]triazolo[4,3-a]quinazoline-6,1"-
cycloheptan]-5(7H)-one (14). The mixture of 2.1 g (6 mmol) of 3-allyl-2-
hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-cycloheptan]-4(6H)-one  (6),
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and 15 ml of ethylorthoformate was boiled for 15 hrs with a backflow
condenser. After distillation of ethylorthoformate excess, the precipitate was
recrystallized from butanol. Yield 1.0 g (46%) of 14, mp 148-150°C, R 0.65
(ethyl acetate-benzene, 1:1). IR spectrum, v, cm™: 1600 (C=C arom); 1624
(C=N); 1666 (C=0). *H NMR spectrum (300 MHz, DMSO-d6/CCl;4 1/3), §,
ppm: 1.24-1.36 (m, 2H, CH. cycloheptane), 1.44-1.88 (m, 8H, 4xCH;
cycloheptane), 2.22-2.34 (m, 2H, CH: cycloheptane), 2.92 (s, 2H, C7Hy),
4.77 (dt, 2H, J=5.4, 1.5, CH,-CH=CH), 5.25 (dqg, 1H, J=10.3, 1.5, CH>-
CH=CHy), 5.38 (dq, 1H, J=17.3, 1.5, CH>-CH=CH>), 6.01 (ddt, 1H, J=17.3,
10.3, 5.4, CH,-CH=CHy), 7.33-7.51 (m, 3H, 3xCH Ar), 7.82-7.87 (m, 1H,
CH Ar), 8.97 (s, 1H, C1H). 3C NMR spectrum (75 MHz, DMSO-d6/CCl,
1/3), 8, ppm: 24.0 (2xCH2 cycloheptane), 29.3 (2xCH. cycloheptane), 34.5
(2xCH2 cycloheptane), 40.2 (C6), 40.5 (C7H>), 44.3 (CH2-CH=CH,), 118.4
(CH2-CH=CHy), 124.2 (C5,), 124.4 (CH Ar), 125.3 (C Ar), 126.8 (CH Ar),
128.3 (CH Ar), 130.6 (CH2-CH=CH), 130.7 (CH Ar), 135.3 (C1H), 136.3
(C Ar), 136.7 (C1ly), 147.9 (C3a), 157.2 (C=0). Found, %: C 73.18;
H 6.59; N 15.73. C22H22N40O. Calculated, %: C 73.31; H 6.71; N 15.54.

4-Allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-
aJquinazoline-6,1'-cycloheptan]-5(7H)-one (15). The mixture of 2.1 g (6
mmol) of 3-allyl-2-hydrazinyl-3H-spiro[benzo[h]quinazoline-5,1'-
cycloheptan]-4(6H)-one (6), 15 ml of carbon disulfide and 15 ml of pyridine
was boiled for 20 hrs with a backflow condenser. Then the mixture was
cooled and acidified by 10% chlorohydric acid up to pH=3.0-3.5. The
precipitate was filtered and recrystallized from butanol. Yield 1.9 g (81%)
of 15, mp >250°C, R 0.60 (ethyl acetate-benzene, 1:5). IR spectrum, v, cm™:
1600 (C=C arom); 1632 (C=N); 1673 (C=0). 'H NMR spectrum (300 MHz,
DMSO-d6/CCls 1/3), 8, ppm: 1.20-2.00 (m, 10H, 5xCH. cycloheptane),
2.72-3.16 (m, 2H, CH> cycloheptane), 2.91 (s, 2H, C7H), 4.60 (dt, 2H,
J=5.4, 1.5, CH,-CH=CH), 5.23 (dq, 1H, J=10.3, 1.5, CH,-CH=CH), 5.34
(dg, 1H, J=17.3, 1.5, CH>-CH=CH), 5.94 (ddt, 1H, J=17.3, 10.3, 5.4, CH>-
CH=CH,), 7.14-7.23 (m, 2H, 2xCH Ar), 7.82-7.87 (m, 1H, CH Ar), 7.53-
7.58 (m, 1H, CH Ar), 13.81 (s, 1H, SH). *C NMR spectrum (75 MHz,
DMSO-d6/CCls 1/3), 8, ppm: 24.0 (2xCH2 cycloheptane), 28.9 (2xCH;
cycloheptane), 28.9 (2xCH: cycloheptane), 40.1 (C6), 41.3 (C7Hy), 43.8
(CH2-CH=CHy), 118.5 (CH2>-CH=CHpy), 123.7 (CH Ar), 124.0 (C5,), 126.5
(CH Ar), 129.0 (C Ar), 129.3 (CH Ar), 129.8 (CH Ar), 130.3 (CH2-
CH=CH,), 134.8 (C Ar), 139.2 (C1lp), 145.4 (C3y), 156.7 (Cl), 162.5
(C=0). Found, %: C 67.18; H 6.33; N 14.38. S 8.04. CxH2N.0S.
Calculated, %: C 67.32; H 6.16; N 14.27; S 8.17.

4-Allyl-1-(methylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-
aJquinazoline-6,1'-cycloheptan]-5(7H)-one (16). The mixture of 3.92 ¢
(30 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo-
[4,3-a]quinazoline-6,1'-cycloheptan]-5(7H)-one (15), 0.56 g (10 mmol) of
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KOH, 30 ml of absolute ethanol was boiled in round bottom flask with a
backflow condenser for 30 min. Then 1.7 g (12 mmol) of methyl iodide was
added and continued to boil for another 10 hrs. The reaction mixture was
cooled and 20 ml of water was added. The precipitate was filtered and
recrystallized from ethanol. Yield 3.6 g (89%) of 16, mp 180-182°C, R 0.60
(ethyl acetate-benzene, 1:1). IR spectrum, v, cm™: 1595 (C=C arom); 1612
(C=C); 1662 (C=0). *H NMR spectrum (300 MHz, DMSO-d6/CCl4 1/3), §,
ppm: 0.86-2.20 (brs, 11H, cycloheptane), 2.61 (s, 3H, CHzs), 2.64-3.24 (brs,
3H, 1xCH cycloheptane, C7H), 4.74 (dt, 2H, J=7.0, 1.2, CH,-CH=CH),),
5.25 (dg, 1H, J=10.1, 1.2, CH>-CH=CH_), 5.38 (dq, 1H, J=17.0, 1.2, CH>-
CH=CHy), 6.00 (ddt, 1H, J=17.0, 10.1, 7.0, CH>-CH=CH,), 7.28-7.37 (m,
2H, Ar), 7.38-7.46 (m, 2H, Ar). C NMR spectrum (75 MHz, DMSO-
d6/CCls 1/3), 8, ppm: 16.6 (CHs), 23.9 (2xCH> cycloheptane), 29.2 (brs,
2xCH> cycloheptane), 37.2 (brs, 2xCH, cycloheptane), 40.0 (C7Hy), 41.4
(C6), 44.1 (CH,-CH=CH), 118.5 (CH2-CH=CHy), 124.9 (C5a), 125.3 (C1),
125.3 (CH Ar), 126.6 (C Ar), 127.6 (CH Ar), 130.6 (2xCH Ar), 135.6 (CH»-
CH=CH), 137.1 (C Ar), 143.8 (C11y), 149.5 (C3a), 156.7 (C5). Found, %: C
68.11; H 6.63; N 13.63. S 8.04. C23H26N4OS. Calculated, %: C 67.95; H
6.45; N 13.78; S 7.89.
4-Allyl-1-(ethylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-
alJquinazoline-6,1'-cycloheptan]-5(7H)-one (17). Similarly, from 3.92 g
(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]tri-azolo[4,3-
aJquinazoline-6,1'-cycloheptan]-5(7H)-one (15) and 1.7 g (11 mmol) of
ethyl iodide, 2.9 g (69%) of 17 was obtained: mp 130-132°C, R; 0.66 (ethyl
acetate-benzene, 1:1). IR spectrum, v, cm™: 1600 (C=C arom); 1613 (C=C);
1660 (C=0). *H NMR spectrum (300 MHz, DMSO-d6/CCl, 1/3), §, ppm:
0.86-2.20 (brs, 11H, cycloheptane), 1.34 (t, 3H, J=7.3, CH,-CH3), 2.64-3.24
(brs, 3H, 1xCH cycloheptane, C7H>), 3.16 (q, 2H, J=7.3, CH,-CHj3), 4.74
(dt, 2H, J=7.0, 1.2, CH;-CH=CH), 5.25 (dgq, 1H, J=10.1, 1.2, CH>-
CH=CHy), 5.39 (dg, 1H, J=17.0, 1.2, CH>-CH=CH>), 6.00 (ddt, 1H, J=17.0,
10.1, 7.0, CH2-CH=CHy), 7.27-7.46 (m, 4H, Ar). 3C NMR spectrum (75
MHz, DMSO-d6/CCls 1/3), 3, ppm: 14.0 (CH2-CHs), 23.9 (2xCH;
cycloheptane), 28.5 (CH2-CHs), 29.3 (brs, 2xCH> cycloheptane), 37.2 (brs,
2XCH> cycloheptane), 40.1 (C7H>), 41.4 (C6), 44.2 (CH,-CH=CH), 118.5
(CH2-CH=CH), 125.0 (C5a.), 125.2 (C1), 125.3 (CH Ar), 126.7 (C Ar),
127.6 (CH Ar), 130.6 (2xCH Ar), 135.6 (CH>-CH=CH,), 137.2 (C Ar),
142.9 (C11p), 149.4 (C3a,), 156.7 (C5). Found, %: C 68.71; H 6.59; N 13.49;
S 7.77. C22H2sN4OS. Calculated, %: C 68.54; H 6.71; N 13.32; S 7.62.
4-Allyl-1-(allylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-
aJquinazoline-6,1'-cycloheptan]-5(7H)-one (18). Similarly, from 3.92 g
(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-
aJquinazoline-6,1'-cycloheptan]-5(7H)-one (15) and 1.21 g (10 mmol) of
allyl bromide, 2.5 g(58 %) of 18 was obtained: mp 129-131°C, R 0.67 (ethyl
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acetate-benzene, 1:1). IR spectrum, v, cm™: 1600 (C=C arom); 1615 (C=C);
1660 (C=0). *H NMR spectrum (300 MHz, DMSO-d6/CCl, 1/3), 8, ppm:
0.84-2.18 (brs, 11H, cycloheptane), 2.62-3.22 (brs, 3H, 1xCH cycloheptane,
CT7Hy), 3.77 (dt, 2H, J=7.0, 1.2, S-CH»-CH=CH>), 4.74 (dt, 2H, J=7.0, 1.2,
N-CH>-CH=CH>), 5.07 (dq, 1H, J=10.1, 1.2, S-CH>-CH=CH>), 5.20 (dq, 1H,
J=17.0, 1.2, S-CH»-CH=CH>), 5.25 (dq, 1H, J=10.1, 1.2, N-CH>-CH=CH)>),
5.38 (dq, 1H, J=17.0, 1.2, CH,-CH=CHy), 5.86 (ddt, 1H, J=17.0, 10.1, 7.0,
S-CH2-CH=CHy), 5.99 (ddt, 1H, J=17.0, 10.1, 7.0, CH>-CH=CH>), 7.28-7.47
(m, 4H, Ar). BC NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), &, ppm:
23.9 (2xCH2 cycloheptane), 28.6 (brs, 2xCH. cycloheptane), 37.1 (brs,
2xCH: cycloheptane), 37.1 (S-CH2-CH=CH>), 40.0 (C7H>), 41.3 (C6), 44.1
(N-CH2-CH=CH?), 118.4 (N-CH,-CH=CH>), 118.5 (S-CH2-CH=CH3), 125.0
(C5a), 125.2 (C1), 125.3 (CH Ar), 126.7 (C Ar), 127.6 (CH Ar), 130.5 (CH
Ar), 130.6 (CH Ar), 132.1 (S-CH2-CH=CH2), 135.6 (N-CH2-CH=CHy),
137.2 (C Ar), 142.4 (C11p), 149.4 (C3a,), 156.7 (C5). Found, %: C 69.60; H
6.71; N 13.13; S 7.58. CzsH2sN4OS. Calculated, %: C 69.41; H 6.52; N
12.95; S 7.41.
4-Allyl-1-(benzylthio)-4H-spiro[benzo[h][1,2,4]triazolo[4,3-

aJquinazoline-6,1'-cycloheptan]-5(7H)-one (19). Similarly, from 3.92 g
(10 mmol) of 4-allyl-1-mercapto-4H-spiro[benzo[h][1,2,4]triazolo[4,3-
aJquinazoline-6,1'-cycloheptan]-5(7H)-one (15) and 1.27 g (10 mmol) of
chloromethyl-benzene, 4.2 g (87%) of 19 was obtained: mp 165-166°C, R:
0.75 (ethyl acetate-benzene, 1:1). IR spectrum, v, cm™: 1595 (C=C arom);
1612 (C=C); 1660 (C=0). *H NMR spectrum (300 MHz, DMSO-d6/CCl,
1/3), 6, ppm: 0.80-2.14 (brs, 11H, cycloheptane), 2.54-3.14 (brs, 3H, 1xCH
cycloheptane, C7H2), 4.28 (brs, 2H, S-CH»), 4.73 (dt, 2H, J=7.0, 1.2, CH,-
CH=CH), 5.26 (dg, 1H, J=10.1, 1.2, CH,-CH=CH?), 5.38 (dq, 1H, J=17.0,
1.2, CH,-CH=CHy), 6.00 (ddt, 1H, J=17.0, 10.1, 7.0, CH2-CH=CHy), 7.12-
7.43 (m, 9H, Ar). °C NMR spectrum (75 MHz, DMSO-d6/CCl4 1/3), §,
ppm: 23.9 (2xCHa cycloheptane), 28.6 (brs, 2xCH. cycloheptane), 37.0 (brs,
2xCH: cycloheptane), 39.8 (C7Hz2), 41.2 (C6), 41.2 (S-CH>), 44.1 (CHy-
CH=CH), 118.4 (CH>-CH=CH>), 125.0 (C5z), 125.2 (C1), 125.2 (CH Ar),
126.6 (C Ar), 126.4 (CH Ar), 127.6 (CH Ar),127.8 (2xCH Ar), 128.5 (2xCH
Ar), 130.5 (CH Ar), 130.5 (CH Ar), 135.5 (CH2-CH=CH), 135.8 (C Ar),
137.1 (C Ar), 142.5 (C11y), 149.4 (C3a), 156.6 (C5). Found, %: C 72.11; H
6.13; N 11.50; S 6.46. Ca9H30N4OS. Calculated, %: C 72.17; H 6.27; N
11.61; S 6.64.
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B pesynprare KOHAEHCAIMH  3-aJuTHII-2-THOKCO-2,3-Iuruapo-1H-cimpo[Oen-
3o[h]xunazonuu-5,1"-uknorenrtan]-4(6H)-ona ¢ ¢enanmnbpomusoMm u 2-THOKCOOECH-
30[h]xMHA30IMHAMHU PA3TUYHOTO CTPOCHHS CHHTE3MPOBAHBI 2-METHITHOIPOHU3BOIHBIE
criupo[6enzo[h]xunazonun-5,1'-nuknorenrtanal. IlpeBpamenusMu 3-ammii-2-ruapasu-
HuI-3H-criupo[6enzo[ h]xunazonuu-5,1'-nuknorenrtan]-4(6H)-ona CHHTE3UPOBaHbI
OeH3ruapasuj, THAPa3HHOKapOOHOTHOWIOCH3aMHJl, ApWINMAEHTUAPA3UAbl CIHUPOOEH-
3o[h]xuHazonuHOBOTO psia, a takke 4-ammi-4H-crupo[6enso[h][1,2,4]rpuazono[4,3-
a]xuHazonuH-6,1'-umkmnorentan]-5(7H)-o8  u  4-anmun-1-mepkanto-4H-crimpo[OeH-
30[h][1,2,4]tpuazomno[4,3-a]xunazonun-6,1"-nuknorenran]-5(7H)-ou. [ocneanuit anku-
JUPOBAHUEM C PA3JIMYHBIMHU TaJIOTCHUAAMU TIEPEBEICH B 1 -aIKUITHONIPOU3BOTHBIC.
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Peakuuen amMHOKMCIIOT C ankunoBbIMU CNpTamu (MeTaHos, 3TaHor, NPOoMaHos) B NPUCYTCT-
BUW OUXIOPAMMETUNCUNAHA CUHTE3MPOBaHbl MAPOXNOPMAbLl  ankuoBbiX 3(PUPOB HEKOTOPbIX
NpUpPOAHbIX a- U B-aMUHOKUCIIOT, @ Takke PTanonnaMmmMHOKUCIIOT U 7-aMUHOBEH30MHON KWUCMOThI.
lMpouecc NMpoBOAUTCA MNPV KOMHAaTHOW TemnepaTtype Wnv Mnpu KUMAYEeHUW PeakuMOHHOW CMEeCcU K
NpuBOAMWT K BbICOKMM Bbixodam (75-99%) ueneBbix NpoaykToB. B cnyyae acnaparvHa v rmytaMmuHa
npoTekaeT napannenbHas peakuusi 3a cyeT OOKOBbIX amuaorpynmn C roslydyeHMeM OUMETUNOBbIX
3hMpoB acnaparMHoOBON W TMyTaMUHOBOW KWUCMOT. MccnepoBaHO BRMSIHWE MPOAOIKUTENBHOCTU
peakumnn 1 COOTHOLLEHNE peareHToB, a Takke KonMYecTBa CnnpTa Ha BbIXoA LieneBblX NPOAYKTOB.

Tabn. 2, 6ubn.ccbinok 13.

ANKWIOBBIE 3(PUPHl aMUHOKHCIOT HAIUIA IIUPOKOE IPHUMCHCHUE B
cuHTe3e nenTuaoB [ 1], pusronsornueckn akTUBHBIX coeMHEHM [2,3] u To-
mumepos [4,5]. B cunTese ankuioBbIX 3(UPOB aMUHOKUCIIOT NMPUMEHSIINCH
TaKHle MPOU3BOJIHBIE KPEMHUS, KaK TETPAXJIOPCUIaH [6] U TPUMETHIIXIJIOPCHU-
nan [7-10]. [Mocnennuii OB IPUMEHEH TaKXke B cuHTe3e 3¢upoB N-3ame-
IIEHHBIX aMHHOKHUCIIOT ¥ menTruaoB [11].

Hacrosiast pabota nocssiieHa ucciae10BaH|I0 BO3MOKHOCTH NTPUMEHE-
Hua guxnopauMerwicunana (JAXMC) mns cuHTE3a THAPOXIIOPUIOB
QIKWIOBBIX 2(UPOB KaK MPUPOTHBIX aMHHOKUCITOT (9-20,25,26), Tak u ux N-
3ameneHHbIX aHaaoros (30-36) u n-amuHOOCH30MHON KUCTOTHI (38).

CuHTe3 LIeJeBbIX COCUHEHUH OCYIIECTBIIEH MPU KOMHATHOW Temmepa-
Type B3anmonercteueM JAX/IMC 1 aMHHOKHUCIIOTHI B CIIMPTE.
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(CH;),SiCl,
H— Ak—OH > HCl * H—Ak—OR

1-8 ROH 9-20

Ak =Gly (1,9,10,11); DL-Ala (2,12,13); DL-Val (3,14); L-Ser (4,15);
DL-Phe (5,16); L-Tyr(6,17); L-Trp (7,18); beta-Ala (8,19,20).
R=CH; (9,12,14-19); C,H; (10,13); C3H; (11,20).

ITpu stom cootnomenue JIX/IMC Kk aMHHOKHCIOTE BapbUpPOBAIOCH B
npenenax 2:1 skBuBaneHTa. Kak NOKa3pIBalOT JaHHbBIC, INPHUBEICHHBIE B
tabu. 1, rugpoxsopun MetuiaoBoro 3¢gupa raununa (10) monydaercs ¢ Beico-
KUM BbIxojioM nipu cootHoteHuu JIXJIMC — amunokucnora 2:1 u 1.5:1 npu
MIPOBEJCHUM CHHTE3a B TeueHue 24 u. OnHako B ciaydyae COOTHOLICHHS
pearentoB 1:1 B TedeHue 24 u BbIXOA LeseBoro npoxaykra 10 cocrasiser
68%. Coenunenne 10 ¢ BeicOkMM BbIXoaoM (99%) momydaeTcsl Takxke Mpu
cootHomeHu JAXIMC/raumun 1.5:1 B Teuenue 3 u.

YcTaHOBNIEHO, YTO HA BBIXOJ ILIEJIEBOTO MPOAYKTA BIMSIET TAKXKE MOPS-
JIOK no00aBiieHust peareHToB. B cinydae poOasnenus X/ IMC kx rmnuny u
MIPUKAIBIBAHUS METaHOJIA MPOIYKT — METHIIOBBIH 3¢up 10, moxyden ¢ otHO-
CUTENIbHO 0oJiee BHICOKMM BbIX0/10M, yeM npu pobasiennn X/ IMC k cyc-
MIEH3UH TIUIMHA C METAaHOJIOM (CM. OmBIT 6 Tabm. 1).

Tabnuya 1

3aBHCHMOCTB BBIX0Aa FHAPOXJI0PHIA METHJIOBOIO0 3¢upa raunuHa (9)
OT YCJIOBHIi IPOBe/IeHUsI CHHTE3a

Ne CooTHo1IeHHE O0BeM Bpewms Brixon
onbita | amuHokucnota/IXJAMC, | pactBopurenst/ | peakuuu, | 3dupa
MOJIb TJTMIAH, y 1Ila, %
malmonw

1 1:2 10/0.01 24 99.2

2 1:2 5/0.01 24 90.3

3 1:15 10/0.01 24 98.8

4 1:15 5/0.01 24 96.4

5 1:15 5/0.01 3 99.0

6 1:1 10/0.01 24 68.0*

*I1pn n3MeHeHnH nopsiika 100aBIeHNs peareHToB Beixos 48.0%.
B cBs3u ¢ 3TMM ankuiioBble (METHUJIOBBIE, STHJIOBBIE M MPOMMIIOBHIC)

3¢UpHI psAaa aMUHOKHCIIOT MOJYy4YeHbI Ipu cooTHOmmeHuu 1:1.5 nim 1:2 npu
KOMHATHOU TeMIiepaTtype B TeueHue 3-24 y (tabmn.2).
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B cnyvae srepudukarmu romummariannyHa (21) B npucyreteun X IMC
IpY KOMHATHOW TeMIiepatype B TeueHne 24 u HaMU BBIJENICHa CMECh THAPO-
XJIOPUJOB METUIIOBOTO 3(pupa MUIITIMIuHa (22) u rnunuHa (9) B COOTHO-
menuu 4:1, coorBeTcTBeHHO (onpeneneH AMP cnekTpockonueii).

H—GlyGly—OH
21

(CH3),SiCl,

MeOH

» HCI » H—=GlyGly—OMe
22

+ HCl »H—Gly—OMe

9

Tabnuya 2

3aBUCHMOCTH BbIX0/1a THAPOXJIOPHUIOB METHJIOBBIX 3()MPOB
aMuHOKHUCJIOT (10-21) oT ycJI0BUil IPOBeIeHUS CHHTE3A

Coemn- | CoorHomIeHue [ponon- | Beixox T. ., °C
HeHHWe |amuHOKHCcHOTa/[l| >kuTemp- | adwupa, R¢
XIMC HOCTb % MOJIYYEHHBIH | B IUTEPAType
peakuu, ¥
9 1:15 24 98.8 0.50 174-175 175 /1/
10 1:15 3 79.1 0.57 141-142 144 /1/
10 1:15 24 79.9 - - -
11 1:2 24 89.9 0.76 79-81 -
12 1:2 24 96.4 0.67 154-157 | 158-158,5 /1/
13 1:15 24 97.0 0.77 83-85 86,5-87 /1/
14 1:2 24 71.4 0.90 118-120 120-122/1/
15 1:15 24 95.8 0.38 162-164 165-166/1/
16 1:15 3 97.6 0.77 152-154 158/1/
16 1:1.5 24 99.0 - - -
17 1:2 24 99.0 0.88 186-188 190/1/
18 1:1.5 24 96.2 0.81 212-214 214/1/
19 1:1.5 3 95.7 0.44 104-105 103-104/12/
19 1:1.5 24 90.3 - - -
20 1:1.5 24 91.7 0.65 70-72 -

OueBUAHO, UTO B ATOM ClIyyae MPOUCXOAUT YaCTUUHAS TPaHCHOpPMALIUI
NEeNTUAHON CcBs3H B 23¢upHyt0. [loxoxwuii pe3ynbraT 3a)MKCHPOBaH B cliy4yae
srepuUKaUU ITUM MeToaoM acmaparuha (23) u riayramuHa (24), mo-
JIy4eHbI TUMETUIOBbIE 3(HPBI acliaparnHOBOM (25) M MIyTaMUHOBOM KHCIIOT
(26). Tpanchopmanust aMUAHON WIM MMHIHOW TPYIH B CIOXHOI(PUPHYIO
10JT BO3/ICHCTBHEM XJIOPTPUMETHIICHIaHa HaO o nanack u panee [12,13].
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(CH;),SiCl,

H,N—CH——COOH » H,N—CH——COOMe
MeOH
(CH)n (CHz)n
CONH, COOMe
23,24 25,26

n=1(23,25); n=2 (24,26)

C 1esnbio BBISICHEHHS CTAaOMIBHOCTH (TaOMIbHON N-3amuTHON rpynmbl
B YCJIOBUAX Hpe,unaraeMoro METOAa CHHTE3a 3(1)I/IpOB AMHWHOKHCJIIOT HaMH
WCCIICIOBAaH CUHTE3 aJIKWIOBBIX 3(upoB psima ¢ramomnamuHokuciaor (30-

36).

e} (6]
(CHj;),SiCl,
N—(CH,)n—COOH ———————> N—(CH,)h—COOR
ROH
o)
27-29 30-36

n=1(27, 30,31);2 (28,32-34); 3(29, 35,36);
R= CHj (30,32,35); C,Hs(31,33); C;H, (34,36)

ITpu 3TOM yCTaHOBIEHO, YTO B pUcyTcTBUM 1.5 3kBUBanenra X/ IMC
pyY KOMHATHOW TeMIlepaType B TeueHHe 24 u BBIXOJ METHWIOBOro 3¢upa
¢ramurnmunuaa (30) cocraBisier 95%. Xoporme pe3yabTaThl MOMYYEHBI
Takxke B ciaydae ¢rammi-f-ananuHa (28) u Qranuia-y-aMHMHOMACIISIHOM KHC-
710ThI (29). BbIxoabl aakmioBbiX 3GupoB 3TuX aMHHOKUCIOT (30-36) kose0-
morcs B ipenenax 80-95%. Ha npumepe cunTeza meTmioBoro 3¢upa dra-
Jon-B-aaHuHa YCTAHOBJICHO, YTO (hTAJMIIbHAS TPYIIA COXPAHSIETCS Jake
B CJIyyae KUITYCHUs] PEaKIUOHHON CMeCH B TeYEeHHUe 3 .

AXJIMC HaMu HCIIONIB30BAaH TaKkKe Ui dTepU(PHUKAINH 71-aMUHOOCH-
30iHON kucaoTel (37). B 3TOM ciydae peaknuio IMPOBOIWIN TIPH
cootHomeHnn amuHOKHUCIOoTa — JAXJIMC, 1:2 u kuns4eHun peakimoOHHON
cpensl. [Ipu 3TOM 1€1eBOM METHIIOBBIM 3(hUp 7-aMUHOOEH30MHON KHUCIIOTHI
(38) mosryue ¢ Beixog0M 75.8%.

(CH,),SiCl,
H2N COOH —_— H2N COOMe
MeOH .
HCl
37 38

Takum oOpazoM, pa3paboTaH MPOCTOH U BBICOKOA(P(PEKTUBHBIA METO.
CUHTE3a aJKWJIOBBIX (PHUPOB KaK aMHHOKHCIOT, TaK U (PTaJOUIAMHHOKHC-
JIOT.

384



3KCHepI/IMeHTaﬂbHaﬂ 4acThb

Temmeparypa 1uiaBiacHus u3MepeHbl Ha npuodope "Boetus™ (I'epmanus).
UK-cnekTpsl CUHTE3UPOBaHHBIX COEAMHEHUN CHATHI B BAa3€JIMHOBOM Maciie
Ha crekTpomerpe "Specord M-80". Cmextper Cmextp SIMP H u 3C
pactBopoB 3Tux coemuHeHuit B JIMCO-Os CHATBI Ha CHEKTpOMETpE
"Mercury-300" (300 MIy). DneMeHTHBIN aHAIN3 BIMOJIHEH HA aHATH3aTOPE
"EuroEA3000 CHNS-O".

OO0masi MeToAMKA CHHTEe3a THAPOXJIOPHIOB AJKHJIOBBLIX I(UPOB
amuHokucaor (9-20). K 0.01 Mo cOOTBETCTBYIOMICH aMUHOKUCIOTHI 110
karsiM 106aBsstn 0.02 mons (0.015 wiu 0.01 mons) muxaopauMeTHICHIa-
Ha 1 50 mz (25 mn) cooTBeTCTBYIONIETO crMpTa. [Ipy 3TOM MOJy4aeTcst ro-
MOTEHHBIH pacTBOp. B cityuae rimipHa HaONIONACTCS BBINAJACHUE OCAJIKA.
UYepes 24 y (3 u) pacTBOpUTEINH yIAISIIM HA POTOPHOM HCIOPHUTENE, K OCTAT-
Ky A00aBIsUIH 25 M AUATHIOBOTO d(Hpa, IPOTUPATH, OCTABIISUIN MIPH KOM-
HaTHOHM Temnepatype | u, oTduapTpoBamu M cymwid Ha Bosxayxe. [lepe-
KPUCTAJLTU3ALMIO TPOBOIUIIN M3 CMECH dTAHOJI-d(HP.

I'mapoxJiopua MeTwiiosoro d¢upa raununa (9). Beixox 98.8%, 1.
175-177°C. R¢ 0.46. UK-cniektp, v, cvt: 1747 (CO-3¢ups.). Crexkrp IMP
H, 5, m.a.: 3.71 ¢ (2H, CH2), 3.99 ¢ (3H, OCHa), 8.78 urc. (3H, NH;z u
HCI). Crnextp IMP C, §, m.n.: 39.2 (CHy), 51.9 (OCHs), 167.3 (CO).
Haitneno, %: C 28.97; H 6.71; N 10.93. CsHsCINO;. Beruucneno, %: C
28.70; H 6.42; N 11.16.

T'uapoxiopua 3TuiioBoro 3¢gupa rummura (10). Beixon 67.1% (3 u),
79.9% (24 u), T.nn. 140-141°C. Rf 0.57. UK-cmektp, v, cm’': 1745 (CO-
s¢upn.). Cnekrp AMP *H, §, m.1., Iy: 1.30 T (3H, CH3, J=7.1), 3,69 ¢ (2H,
NCH>), 4.23 x (2H, OCH2, J=7.1), 8.71 ym.c. (3H, NH2 u HCI). Cnekrp
AMP BC, §, m.n.: 13,7 (CHs), 39.4 (NCH,), 61.0 (OCH,), 166.8 (CO).
Haiineno, %: C 34.06; H 7.59; N 9.81. C4sH10CINO>. Beruucneno, %: C
34.42; H 7.22; N 10.04.

I'uapoxiopua nponuwiosoro 3¢upa raunuua (11). Bexon 99.8%
(24 v), T.nn. 60-62°C. Rf 0.76. UK-cmextp, v, cu™: 1753 (CO->3¢ups.).
Cnextp AMP H, §, m.1a., I'y: 0.95 T (3H, CH3, J=7.4), 1,61-1.73 m (2H,
CH>CHzs), 3.70 ¢ (2H, NCHy), 4.12 T (2H, OCH>, J=6.7), 8.73 yurc (3H,
NH, u HCI). Criexrp SIMP 3C, §, m.zi.: 9.9 (CHs), 21.3 (CHy), 39.4 (NCH,),
66.5 (OCH,), 166.9 (CO). Haiineno, %: C 39.28; H 7.54; N 9.36.
CsH12CINO,. Beruucneno, %: C 39.09; H 7.88; N 9.12.

I'uapoxiaopua meruwioBoro 3¢pupa DL-ananmna (12). Brixog 94%
(3 u), T.mn. 154-157°C. Rt 0.85. MK-cmektp, v, cv™: 1746 (CO-3pupH.).
Cnextp SIMP 'H, §, m.1., I'y: 1,52 n (3H, CHs, J=7.2), 3,77 ¢ (3H, OCH3),
3,96 x (1H, CH, J=7.2), 8,82 ur.c (3H, NHz u HCI). Cnextp SIMP *3C, §,
m.a.: 15,4 (CHas), 47.7 (CH), 52,2 (OCHs), 169,8 (CO). Haiineno, %: C
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34.02; H 7.46; N 10.39. C4H10CINO. Brruucneno, %: C 34.42; H 7.22; N
10.04.

I'uapoxsiopua 3TwiioBoro 3¢upa DL-amanmna (13). Brixon 97.6%
(24 ), T.n. 83-85°C. Rf 0.78. MK-cmektp, v, cm’l: 1751 (CO->3¢up.).
Crektp SAMP H, §, m.a., I'y: 130 T (3H, CH3CH, J=7.1), 1.51 n (3H,
CH3CH, J=7.2), 3.91 k (1H, CH), 4.21 x (2H, CH, J=7.1), 8.83 ymr.c (3H,
NH. u HCI). Cniexktp AMP C, 8, m.1.: 13.7 (CHs), 15.4 (CH3), 47.7 (CH),
61.1 (CH.), 169.3 (CO); Haiineno, %: C 39.40; H7.56; N9.21. CsH12CINO:.
Brrancaeno, %: C 39.09; H 7.88; N 9.12.

I'uapoxsiopua meruinosoro 3¢upa DL-pammna (14). Beixon 71.4%
(24 u), T.n. 118-120°C. Rt 0.78. UK-cmextp, v, cv:1751 (CO-3¢upn.).
Cnextp AMP 'H, &, m.z., I'y: 0,99 n (3H, CHs, J=6.9), 1,05 1 (3H, CHs,
J=6.9), 2,29 cen. n (1H, CH, J=6.9, 4.8), 3,69 n (1H, CH, J=4.8), 3.76 ¢
(3H, OCHa), 8,89 ym.c (3H, NH2 u HCI). Cnextp SIMP 3C, §, m.1.: 17.4
(CHs), 18.5 (CHs), 29.0 (CH), 51.8 (OCHg), 57,2 (NCH), 168,5 (CO).
Haiineno, %: C 42.61; H 8.70; N 8.03. CsH14CINO,. Brruucneno, %: C
42.99; H 8.42; N 8.36.

I'mapoxJiopua MetuiaoBoro d¢upa L-cepuna (15). Boixox 94% (3 u),
1. 162-164°C. Rf 0.85. MK-cmextp, v, el 1750 (CO-3¢upn.); 3345
(OH). Cnextp AMP 'H, §, m.z1.: 3,80 ¢ (3H, OCH3), 3,85-399 T (3H, CH u
CH,), 5,45 m.c (1H, OH) 8,72 m.c (3H, NHz u HCI). Crextp IMP 3C, §,
m.a.: 52.1 (OCHa), 54.5 (OCH>), 59.3 (CH), 167.9 (CO). Haiineno, %: C
31.52; H 5.99; N 9.33. C4HyCINO3. Beruucieno, %: C 31.08; H 5.87; N
9.06.

I'uapoxnopua meruiaosoro 3¢upa DL-dennnananuna (16). Boixon
95.8% (24 v), T.nn. 152-154°C. Rf 0.38. UK-cmextp, v, cm':1745 (CO-
s¢upn.). Crextp SIMP 'H, §, m.x., I'y: 3.15 n.n (1H, CHp, J=13.9, 8,1), 3.34
a.a (1H, CHz, J=13.9, 5.2), 3.66 ¢ (3H, OCH), 4.10 a.1 (1H, OCH), 7.18-
7.35 M (5H, CsHs), 9.02 ym.c (3H, NHz u HCI). Cnextp AMP °C, §, m.x.:
35,7 (CH), 51.8 (OCHs), 53.2 (CH), 126.6 (CH), 128.0 (2CH), 129.1
(2CH), 134.6, 168.8 (CO). Haiineno, %: C 55.48; H 6.39; N 6.09.
C10H13CINO:>. Beruncneno, %: C 55.95; H 6.10; N 6.53.

I'uapoxaopua Meruiaosoro 3¢pupa L-tupozuna (17). Beixon 97.6%
(24 u), T.n. 186-188°C. Rt 0.77. UK-cmextp, v, cv*:1743 (CO-3¢upH.),
3470 (OH). Cnextp SIMP H, §, m.x., I'y: 3.08 .1 (1H, CHp, J=14.1, 7.1),
3.16 n.n (1H, CHz, J=14.1, 5.3), 3.71 ¢ (3H, OCHa), 4.02 n.x (1H, CH,
J=7.1,5.3), 6.67-6.72 m (2H, CsHa), 6.97-7.02 m (2H, CeH4), 8.83 ym.c (3H,
NH, u HCI), 9.08 ym.c (1H, OH). Cnextp IMP °C, §, m.a.: 34.8 (CHy),
51.8 (OCHg), 53.3 (CH), 115.2 (2CH), 123.8, 129.9 (2CH), 156.6, 168,9
(CO). Haiineno, %: C 51.57; H 6.42; N 6.43. C10H14CINO3. Brruncneno, %:
C 51.84; H 6.09; N 6.05.

I'napoxaopua metuaosoro 3¢upa L-tpuntodana (18). Berxox 100%
(24 4) 92% (3 u), .. 212-214°C. R 0.88. UK-cnexktp, v, cu™: 1736 (CO-
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a¢upn.). Crnextp AMP H, §, m.x., I'y: 3.42 1 (2H, CHz, J=6.0), 3.68 ¢ (3H,
OCHg), 4.12 T (1H, CH, J=6.0); 6.96 n.n.x (1H, CeHs, J=7.7, 7.1, 1.2), 7.03
n.a.xa (1H, CeHs, J=8.0, 7.1, 1,2), 7.30 x (1H, =CH, J=2.5), 7.36 yur.nx. (1H,
CeHas, J=8.0), 7.47 ymr.c. (3H, NH2 u HCI), 10.99 yur.n (1H, NH, J=2.5).
Crextp SIMP C, §, m.1.: 25.8 (CH2), 52.0 (OCHj3), 52.4 (CH), 105.8, 111,2,
117.5, 118.1, 120.5, 124.9, 126.7, 136,1, 169.2. Haiineno, %: C 60.09; H
6.51; N 5.60. C12H15CINO2. Beruaucneno, %: C 59.88; H 6.28; N 5.82.

I'uapoxyiopua MetwsioBoro >pupa p-amanumna (19). Beixog 96.2%
(24 ), T.n. 198-202°C. Ry 0.81. MK-cnektp, v, cv’t: 1739 (CO-3¢hupH.).
Cnextp SIMP H, §, m.1, I'y: 2.78 T (2H, J=7.3, CH2CO); 3.05 T (2H, J=7.3,
NCH>); 3,67 ¢ (3H, OCHs); 8.41 ymr.c (3H, NH2 u HCI). Criextp SIMP °C,
3, m.i1.: 31.0 (CH2); 34.4 (NCHy); 52.2 (OCHzs); 170.0 (CO). Haiineno, %: C
34.69; H 7.51; N 9.73. C4H10CINO>. Beruncneno, %: C 34.42; H 7.22; N
10.04.

I'mapoxnopua nponuiosoro 3¢upa B-amsanuna (20). Beixox 90.3%
(24 4) 95.7% (3 u), .. 77-80°C. Ry 0.41. UK-cnextp, v, cmt: 1733 (CO-
3¢upn.). Cniextp AMP H, 8, m.1. I'y: 0.96 T (3H, CHs, J=7.4), 1.59-1.2 m
(2H, CH2CHa), 2.76 T (2H, CH.CO, J=7.3), 3.04 T (2H, NCH2, J=7.3), 4.02
T (2H, OCH2, J=6.7), 8.40 ym.c (3H, NH2 u HCI). Crextp SIMP °C, §, m..:
9.9 (CHs), 21.3 (CH2), 31.0 (CH2CO), 34.3 (NCH), 65.4 (OCH2), 169.6
(CO).). Haiineno, %: C 43.36; H 7.61; N 8.23. CsH12CINO>. Beruucneno, %:
C 43.51; H 7.30; N 8.46.

CuHTe3 IMMETHI0BBIX 3(QUPOB aCHApATrHHOBON M TIIyTaAMHUHOBOI
KHCJIOT U3 acna-paruHa M riayrammia (25, 26). K cycnensuu 0.02 mons
acraparuHa (riayramuHa) B 22 i metaHona fnobasmsutn 7.7 2 (0.06 mons)
JAXJIMC, narpeBanu Ha BOAsIHOM OaHe 10 TOMOT€HU3ALUN U OCTABJISUIN TPU
KOMHATHOW TeMmnepaType Ha 24 u. PacTBopuTens ynansiaud Ha POTOPHOM
UCTIOpUTEIIe, K OCTAaTKy 100aBisin 50 M AMSTHIOBOTO 3(hupa, MPOTUPAIH,
OCTaBJISIIM TIPY KOMHATHOM Temreparype Ha 1 u, OTGUIbTpOBaIN U CYIIUIH
Ha Bozayxe. [lepexkpucTain3annio TpOBOAIN U3 CMECH ITaHONI-3(up.

JumerninoBblii 3¢pup DL-acnaparunoBoii kuciaotel (25). Brixon
71% (24 u), T.mn. 96-98°C. Ry 0.65. UK-cnextp, v, cu™*: 1747 (CO-s¢upHh.).
Cnextp SIMP 'H, 8, m.1., I'y: 3.08 1 (2H, CHy, J=5.6), 3.70 ¢ (3H,0CHy3),
3.79 ¢ (3H,0CHz3), 4.24 T (1H, CH, J=5.6), 9.04 orc (3H, NH2 u HCI).
Cnextp SIMP C, §, m.x.: 33.7 (CHy), 48.2 (CH), 51.5 (OCHs), 52.3
(OCHz3), 168.1 (CO), 169.0 (CO). Haiineno, %: C 53.21; H 8.75; N 8.01.
CeH14CINO2. Beruucneno, %: C 42.99; H 8.42; N 8.36.

JumernnoBblii 3¢gup L-rimyramuHoBoii kucaorsl (26). Beixon 75%
(24 w), T.mn. 99-102°C. R¢ 0.73. UK-cmektp, v, em': 1733, 1745 (CO-
s¢upn.). Cnexktp AIMP 'H, 8, m.x., Iy 2.13-2.21 m (2H, CH2), 2.44-2.67 m
(2H, COCHy), 3.65 ¢ (3H, OCHg), 3.79 ¢ (3H, OCHg), 3.98 T (1H, CH,
J=6.7), 8.96 yur.c (3H, NH; u HCI). Cniextp SIMP 3C, 5, m.1.: 24.9 (CHy),
28.8 (CH2), 50.9 (OCHs), 51.0 (OCHg), 52,1 (CH), 168.9 (CO), 171.5 (CO).
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Hatineno, %: C 36.53; H 6.39; N 7.23. C¢H13CINO4. Brruucneno, %: C
36.28; H 6.60; N 7.05.

CuHTe3 ankwioBbIX 3¢gupoB ¢ranownsamuuokucaor (30-35). K
cycnier3uu 0.01 mons dpranonniaMuHOKHCIOTH B 20 M1 MeTaHOa J0OABIISIITH
1.9 2 (0.015 monn) AXAMC, HarpeBaau 10 TMOJHOW TOMOTCHH3AIMU MU
OCTaBJISUTM [TPU KOMHATHOMW TeMriepaTtype Ha 24 y. PacTBOpUTENb yIasuid Ha
POTOPHOM HCHOpHTENe, K ocTaTKy nobamisut 40 wmr rekcaHa, POTUPATIH,
OCTaBJSIM TPU KOMHATHOHW Temreparype Ha 4 u, OT(QWIBTPOBBIBAIH U
CYIIMIH Ha Bo3ayxe. [lepexkpucramimnsannio NpoBOAUIN U3 TEKCaHa.

MetuioBblii 3¢up ¢pragoniaraumuna (30). Beixox 92.6% (24 ), 1.1,
108-110°C. R¢ 0.81. MK-cnektp, v, cml: 1730 (CO-3dupH.). Crexrp SIMP
'H, §, m.1.: 3.76 ¢ (3H, OCHs), 4.38 ¢ (2H, CHy), 7.79-7.92 m (4H, CeHa).
Crextp SIMP 3C, §, m.x1.: 38.1 (CH2), 51.8 (OCHs), 123.0 (2CH), 131 (2C),
133,8 (2CH), 166,2 (2CO), 166.8 (OCO). Haiineno, %: C 47.11; H 8.09; N
7.51. C7H14CINO:>. Brruucneno, %: C 46.80; H 7.85; N 7.80.

dtuaoBseiii 3¢pup ¢pramomnraununa (31). Beixon 95.2% (24 u), t.1u.
98-100°C. R 0.62. MK-ciextp, v, cym’*: (CO-3¢pupr.). Criexrp IMP H, §,
M., Ty *H: 1.30 T (3H, CHs, J=7.1), 4,21 k (2H, OCHy, J=7.1); 4.35 ¢ (2H,
NCH>), 7.80-7.92 M (4H, CsH4). Ciexp SIMP °C, §, m.x1.: 13.7 (CH3), 38.2
(NCHy), 60.8 (OCHy), 123.0 (2CH), 131.4 (2C), 133.8 (2CH), 166.2 (OCO),
166.3 (2CO). Haiigeno, %: C 59,89; H 4.36; N 6.03. C11HoNOa.
Brruncieno, %: C 60.27; H 4.14; N 6.39.

MetuioBblii 3¢up ¢ranona-p-ananuna (32). Beixox 92.9% (3 u),
T 68-72°C. Rf 0.79. UK-cmektp, v, cv™: 1734 (CO->3¢upn.). Crextp
SMP *H, §, m.a., Iy: *H: 2.67 T (2H, COCH,, J=7.3), 3.64 ¢ (3H, OCH),
3.88 T (2H, NCH, J=7.3), 7.75-7.86 m (4H, Ce¢H4). Haiineno, %: C 62.04; H
4.59; N 5.79. C12H11NO4. Beruucneno, %: C 61.80; H 4.75; N 6.01.

OTwioBblii 3¢up pranoni-f-aaanuna (33). Bexoq 45.1% (3 u), 1.
52-56°C. Ry 0.82. MK-cnextp v, cm™: 1730 (CO-s¢pupn.). Crextp SIMP 'H,
o, m.u., [y: 1.22 1 (3H, CH3, J=7.1), 2.65 T (2H, COCH>, J=7.2), 3.88 T (2H,
NCH,, J=7.2); 4.07 x (2H, OCH,, J=7.1), 7.75-7.87 m (4H, C¢H4). Criextp
SAMP BC, §, m.x.: 13.6 (CHs), 32.2 (CHy), 33.1 (CHy), 59.6 (OCHy), 122.6
(2CH), 131.5 (2C), 133.5 (2CH), 166.7 (OCO), 169.3 (2CO). Haiineno, %:
C 63.29; H 5.16; N 5.39. C13H13NO4. Beruncneno, %: C 63.15; H 5.30; N
5.67.

IMponunoselii 3¢up dranona-f-anannna (34). Beixox 86.9% (24 u),
1.1, 60-62°C. Ry 0.82. UK-cniextp v, cm™: 1724 (CO-s¢upn.). Criekrp SIMP
H, §, M1, I'y: 0.92 T (3H, CHs, J=7.4), 1.55-1.67 M (2H, CH,CHs), 2.66 T
(2H, COCHzy, J=7,3), 3.88 T (2H, NCHz, J=7.3), 3.98 T (2H, OCH>, J=6.7),
7.75-7.86 M (4H, CsHas). Criextp SIMP 3C, §, m.1.: 9.9 (CHs), 21.2 (CHy),
32.2 (CHz), 33.1 (CH.), 65.3 (OCH), 122.6 (2CH), 131.5 (2C), 1335
(2CH), 166.6 (OCO), 169.4 (2CO). Haiineno, %: C 64.02; H 6.05; N 5.13.
C14H15NOg. Beraucieno, %: C 64.36; H 5.79; N 5.36.
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MeTwioBblit 3¢up (Pragomi-y-aMHHOMACASAHOH KHCJIOTBI (35).
Brixox 94.6% (24 v), T.mn. 72-76°C. Rf 0.62. UK-criextp, v, cm™: 1729 (CO-
a¢upn.). Crexrp SIMP H, §, m.1., I'y: 1.94 T.1 (2H, CH,, J=7.3,6.8),2.34 T
(2H, COCHg, J=7.3), 3.59 ¢ (3H, OCHj3), 3.67 T (2H, NCH2, J=6.8), 7.74-
7.86 M (4H, CsHs). Crextp IMP *C, §, m.n.: 23.2 (CH>), 0.4 (CH>), 36.4
(NCHy), 50.6 (OCHzs), 122.5 (2CH), 131.5 (2C), 133.4 (2CH), 167.0 (2C0O),
1715 (OCO). Haiineno, %: C 62.95; H 551; N 5.89. CizHisNOa.
Brruncieno, %: C 63.15; H 5.30; N 5.67.

IponunoBbiii 3¢up ¢ragowia-y-aMUHOMACISIHON KHCJIOTHI (36).
Beixonx 75% (24 u), .. 43-45°C. Rf 0.86. UK-cmektp, v, emt: 1735 (CO-
a¢upn.). Crextp AMP H, §, m.1., I'y: 0.94 T (3H, CHs, J=7.4), 1.55-1.67 m
(2H, CH2CHg), 1.99 1.1 (2H, CH2, J=7.3, 6.8), 2.33 T (2H, COCHz, J=7.3),
3.67 T (2H, NCH2, J=6.8), 3.94 T (2H, OCH., J=6.7); 7.74-7.85 m (4H,
CeHs). Criexp SIMP C, §, m.1.: 9.9 (CHs), 21.3 (CH2), 23.2 (CH>), 30.6
(CHy), 36.4 (NCHy), 64.9 (OCH), 122.5 (2CH), 131.5 (2C), 133.4 (2CH),
167.0 (OCO), 171.1 (2CO). Haiineno, %: C 65.12; H6.43; Nb5.21.
C15H17NO4. Brruucieno, %: C 65.44; H 6.23; N 5.09.

I'mapoxsiopua MeTHI0BOro 3¢upa mn-aMHHOOEH30HHOM KHCJIOTHI
(38). Brixox 75.8%, t.m1. 137-140°C. R¢ 0.87. UK-cmektp, v, cv'l: 1726
(CO-3¢upn.). Crextp AMP H, §, m.x.: 3.85 ¢ (3H, OCHs), 7.31-7.36 m
(2H, Ce¢Ha4), 7.90-7.95 m (2H, CeHa), 9.57 yur.c (3H, NH2 u HCI). Cnexrp
SAMP BC, §, m.a.: 51.4 (OCHs), 121.0 (2CH), 126.2; 130.3(2CH), 139.8,
165,0 (CO). Haiimeno, %: C 50.89; H 5.44; N 7.11. CgH1oCINO:.
Breruncieno, %: C 51.21; H 5.37; N 7.47.

WUPLUE-E-NFLE P WLUPLU3PL EUB-BLLEND
MU 64, LUCL2C UM-3NFLEYES UPLEGQ

U U NAINULLhUBUL, W S. UUub23U,
€. 0. B-NPNFY3UL I L. W. SAUNULLRU3UL

Mol ppyrpubpf Yhphuyn Fyudp wdfbo@ e bbph b wgbfpogppabbpp (dbftu-
Ty, GfFusting, wpnuputing) drnfuugybyne fyudp wmogdby b plhut dp qupp O- b B-undf-
banfdfdritibipfy, GumuynpyudflnadfFmibpf b w-wdflmpbigrulul [Jfdh wylpy Sofbpib-
pp: FrpdpufFugp ppudputugyly & wblyphoypl Jhpdumnfp&utind fud nbulgfob foon-
plpl (75-99%): Nupefly b, np wuqupuglisfs b gynomwdfp qligpnod fnqdiuypls wbiqu-
lyppsuubipfe Swspeffrs pufFutincd L dpguguyf nbudygfu, app Qutiqlghmd § o gfr-
N e o L L D o e e L
nbwglinnbbpl Swpupbpulgnfpus b Ybpdumnp8ubf wqpbgmfJyacip Guagumlog il
dfpugn [Fynliibpf bypfr e
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SIMPLE AND HIGHLY EFFECTIVE SYNTHESIS
OF ALKYL ESTERS OF AMINO ACIDS

A. A. HOVHANNISYAN!, A. T. MAKICHYAN?*12,
V. 0. TOPUZYAN!2 and N. A. HOVHANNISYAN'!

1 The Scientific Technological Center of Organic and Pharmaceutical Chemistry NAS RA
26, Azatuyian Str., Yerevan, 0014, Armenia
2 Russian-Armenian University
123, Hovsep Emin Str., Yerevan, 0051, Armenia
* E-mail: ani.makichyan@rau.am

The reaction of amino acids with alkyl alcohols (methanol, ethanol, propanol) in
the presence of dichlorodimethylsilane synthesized hydrochlorides of alkyl esters of
certain natural o- and P-amino acids, as well as phthaloylamino acids and p-
aminobenzoic acid. The process is carried out at room temperature or by boiling the
reaction mixture leading to high yields (75-99%) of the target products. It was found that
in the case of asparagine and glutamine, a parallel reaction proceeds due to amide side
groups, affording dimethyl esters of aspartic and glutamic acids. The effect of the
reaction time and the ratio of reagents, as well as the amount of alcohol on the yield of
the target products was investigated.
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OJITHOPEAKTOPHbBIN TPEXKOMIIOHEHTHBIN METO/I CUHTE3A
BBICOKO®YHKIMOHAJIU3UPOBAHHBIX
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YCTaHOBMNEHO, 4YTO TPEXKOMMOHEHTHOE B3aMMOAEWCTBME apunamugo3dupoB MarioHOBOW
KUCNOTbI, apoMaTU4ecKMx anbAerngoB W OUHUTPUNA MarioHOBOW KWUCMOTbI MpOTeKaeT npu
KOMHaTHOW TemnepaTtype B MPUCYTCTBUM TpuUdTUNaMuMHa C¢ obpas3oBaHvem ankun 6-amuHo-1,4-
anapun-2-okco-5-umaHo-1,2,3,4-TeTparugponmpuanH-3-kapbokcunatos ¢ Bbixogamu  47-98%.
CornacHo gaHHbiM AAMP cnekTpocKonuu, ecnn B UCXOOHBLIX COeAVHEHUSIX apoMaTU4ecKoe KOomMbLOo
aMuaHOM YacTy MOMEKYNbl COOAEPXKUT OpMO-3aMeCTUTENb, TO MOMYYEHHbIE NPOAYKTbI CYLLECTBYHOT B
pacTBope B BUAe OBYX POTaMepoB.

Puc. 2, Tabn. 1, 61M6n. ccbinok 12.

W3BecTHO, YTO MPOU3BOAHBIE MUPUAMHA IIUPOKO PACHPOCTPAHEHBI B
NPUPOZE U TNPEJCTABIAIOT OONBIION MHTEpEC B KauecTBE (PM3MOJIOTHMUYECKU
aKTUBHBIX coeAuHeHHH. DyHKIMOHATM3UPOBAHHBIE MHUPUANHBI HPUTOIHBI
Juis nedeHus cebopeitHoro nepmartuta [1], Oonesnu Adgbureiimepa [2],
3abonesannii I[IHC [3] m Moryr mnposBisaTh aHTHOAaKTEpHATIbHYIO [4]
MIPOTHBOOITYXOJIEBYI0 aKTHBHOCTH [5]. Jlns cuHTE3a yKa3aHHBIX THIIOB
COEJMHEHUH MCCIEe0BATENIN YacTO MPUMEHSIOT PEaKLUH HYKIEO(UIBHOTO
npucoequHeHus: K anekrpodunsHoi aBoiHON (C=C) cBsa3u. B kauectBe
noreHnuanbHoro Hykieoduna (C-H kuciora), yame BCEro, HCIONB3YIOT
amMMJIbl pa3IMYHbIX KUCIOT. B 3TOM acnekre HeaBHO HaMU ObLIO MOKA3aHO,
9YTO MPU B3aUMOJCHCTBUHM apWIaAMUAOI(PHPOB MAJIOHOBOW KHUCIOTHI C
apUIMETHINACHMAIOHOAUHUTPWIIOM B TPUCYTCTBHU TPUITHIAMMHA WIH
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MUIEpUIMHA  00pa3yroTcss 3TWi  6-aMHHO-1,4-arapuii-2-0Kco-5-1iuaHo-
1,2,3,4-TerparuaponupuanH-3-KapOOKCHIIATHI [6].

C 1enpl0 pacmMpeHus: METOJOB CHHTE3a yKa3aHHBIX COCIUHEHHH B
JaHHOM paboTe HCClIeoBaHbl  OJHOPEAKTOPHBbIE TPEXKOMIOHEHTHBIE
B3aMMOJICHCTBHS C Y4aCTHEM apuiIaMua03(pupoB MaaoHOBOH KucioThl (1),
apoOMaTHYECKUX aJIbJETUIOB (2) U TUHUTPUIIA MaJOHOBOM KUCIOTHI (3). [lpu
TPEXKOMIIOHEHTHOM BapHaHTE B3aUMOJICHCTBUS IMPOMEKYTOUYHO MOTYT
oOpa3oBatbcst Ba AeKTpopuabHBIX anmkeHa 4, 5 (peakmus Kuesenarens),
KOTOpBIe, pearupys ¢ Hykieopwiamu 1 wim 3, MOryT AaBaTh JIMOO
coequnenue 9 [7] (myts B), nu6o coenunenue 10 [6] (myts A wnu b), wnn
xe coenuaenue 11 (myts I, cxema).

UccnegoBanust mnoka3anu, 4YTO TMPU KOMHATHOM TeMmIeparype B
MPUCYTCTBUM TPUITUIAMHHA B3aMMOJEHCTBHE MPOTEKAET ¢ 00pa3oBaHUEM
aNKWI 6-aMuHO-1,4-muapui-2-okco-5-nmano-1,2,3,4-teTparuiponupuanH-3-
kap6okcunaToB (10) ¢ Berxomamu 47-98%.

O o
R1G " ArCHO + CH,(CN),
7 NHR ) 3
‘ TOA TOA
Ar
o) l CN NG oN
Ar, OR! — —X—>
— AT son T CN CN
NHR 1 1

. d a 3
%B 3 0 Ar o Ar
CN

6 Ar o) (o] Ar
; CN
RHN OR' R'O |
0~ °N” o o 'I‘ NH,
|
R 9 R 10

10a. Ar=CgHs, R=4-CH3CgHy, R'=C,Hs;  106. Ar=CgHs, R=4-CH30CgH,, R'=C,Hs; 108.
Ar=CgHs, R=3,5-(CH5),CgH3, R'=C,Hs; 10r. Ar=CgHs, R=4-NO,-CgH,, R'=C,Hs; 108. Ar=CgHs,
R=4-CH3CgH,, R'=CHj; 10e. Ar=4-CICgH,, R=4-CH30CgH,, R'=C,Hs; 10%. Ar=4-CICgH,, R=4-
NO,-CgHs, R'=C,Hs; 103. Ar=CgHs, R=3,5-(CH3),CgH3, R'=CHg; 10M. Ar=4-CICgH,, R=2-
CH3CgHa, R'=CHg; 10k. Ar=CgHs, R=2-CH3CgH4, R'=C,Hs; 10n. Ar=CgHs, R=2-NO,CgH,,
R'=C,Hs; 10M. Ar=4-CICgH,, R=2,4-(CH3),CgH3, R'=CHg; 10H.  Ar=CgHs, R=2,4-(CHj),CgHs,
R'=C,Hs.
Ctpoenue Npou3BOJHBIX TeTparuaponupuanHa 10a-H npeaioxkeHo Ha
ocnopanuu gaHeX UK, AMP (*H, *C) cnexrpockonun, a taxxe PCA. TTo
naaaeiM IMP 'H coenunennii 10u-H, eciau B UCXOJHBIX COEAUHEHUSIX apo-
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MaTHUYECKOE KOJbLIO aMUJHOM YacTH MOJIEKYJbl COAEPKUT Opmo-3aMeCTH-
T€Jb, TO MOJYYECHHbIE MPOIYKTHI B PACTBOPE HAXOIATCS B BUJAE JBYX pOTa-
MEpOB, MPUOIU3UTEIBHO B PaBHBIX J0JAX [8] (B 3KCIIEpUMEHTAIbLHOM YacTu
CUTHAJIBI BTOPOTO poTamepa 0003HauyeHbI 3BE3/104Kkoi). To, 4To ykazaHHBIE
coequaeHust (104M-H) CylIeCTBYIOT B BHJIE JIBYX POTaMEPOB, CBUICTEIHCT-
ByeT U TOT (akT, YTO MpH Hanuyuu AByx 3amectuteneid (CHs) B opmo- u
napa-nonoxeHusx coeauHeHus (10M,H) XUMCIBUT POTOHOB NApPA-3aMECTH-
TEJsl HE MEHSEeTCsl.

TpEXKOMIIOHEHTHOE B3aMMOJAEHCTBUE MPOTEKAET MOCIEA0BATENBHO, O
TUIy JoMUHO: peakuus Kuépenarens — peakuus Muxasiis — HyKIeo(uib-
HOE TMPHUCOSIMHEHUE aMUJIHON TpYIIbl K KapOoHHTpHiIbHOHW. [1o Bceil Be-
POATHOCTH, Ha HayaJbHOM cTaguu B peakuuto KHEBeHarens BCTynaroT
coefuHeHUst 2 U 3 ¢ 0Opa3oBaHHMEM apWIMETHINIEHMAIOHOIMHUTPUIA O.
Bropas yacte B3aMMOAEMCTBUA — NMPUCOECAUHEHHME MO peakuuu Muxasis,
T.e. coeiuHeHNs 1 K HenpeaeabHOMY TUHUTPUILY 5, IPUBOAUT K aaqyKTy 7/,
KOTOPBIii Jajiee MmoJBepraeTcs BHYTPUMOIICKYIISIPHON HMKin3anuu (coen. 8).
BsaumoneiicTBue 3aBepiiaercss H3oMepu3aleil coeAnHeHns 8 B MpOU3BOI-
Hoe TerparuaponupuauHa 10. Hano orMeTuTh, 4TO HE UCKIIIOUEHA BO3MOXK-
HOCTb 00pa3oBaHus aJIyKTa / U 1o MyTH b, mockonbKy paHee ObLIO MOKa3a-
HO, YTO MPU B3aUMOJCHCTBUU aMUAOA(PHPOB MATIOHOBOM KUCIOTH 1 ¢ apo-
MaTHYECKUMHU ajbJeruaMu 2 o0pas3yloTcsl MPOM3BOJHBIE IiTyrapumpaa 9
(myts B) [7]. Hanuume B peakiuonHoii cpene 6onee cunbHOl C—H xucnoTs
3, ueM amuaodup 1, oOBSICHIET OTCYTCTBHE coeluHEeHHs 9 B MPOIyKTax
TPEXKOMIIOHEHTHOM peakuuu. B mpoaykrax peakuuu He 3a(UKCHPOBAHO
takxe coequaenue 11 (myts I'). Hy)xHO 3aMeTHTh, 4TO IpU TPEXKOMIIOHEHT-
HOM B3aWMOJCHCTBUU BBIXOJABI TeTparuaponupuanHoB 10 Gojee BBICOKH
(62-91%), yem B cityuae IBYXKOMIIOHEHTHBIX peakimii (65-80%) [6], yuu-
TBIBasl, YTO B TIOCJIEJIHEM CIIy4ae BBIXOJIbl BBICTYNAIOUINX B KAYECTBE NCXO/-
HBIX 271ekTpodmtaakeHoB 5 coctapisaior 60-80% [9].

JudpaxiponHbie n3MepeHus IPOBeIeHbl P KOMHATHOW TeMIepaType
Ha aBromudpakromerpe "Enraf-Nonius CAD-4" (rpaduroBsiii MOHOXpOMa-
Top, Mo-K, m3nyuenue, 0/20-ckanuposanue). I[lapameTpbl TPUKIHHHOMN 1€~
MEHTApHON SYEHKW OIpenesieHsl M YTOYHeHbl 1o 24 pedraekcam ¢
13.08<6<15.75. Crpykrypa pacmudppoBaHa NpsSIMBIMH METOJAMH, KOOPIH-
HaTbl aTOMOB BOIOPO/ia ObUIM ONPENENEHBI 110 TEOMETPUYECKUM pacueTaM U
YTOYHEHBI 10 MOJENH Hae3JHHKa CO CJEAYIOUIMMHU YCIOBUSAMHM: JUIMHA
cemseit  C-H=0.93+0.98A, Uiso(H)=1.2+1.5Ueq(C). CrtpykTypa yTOuHEHa
nosHomatpuuibiM MHK B anuzoTponHom mpubinxeHUH Jii HEBOJIOPO-
HBIX aTOMOB U U30TPOITHOM — JUIsI aTOMOB BoJIopojia. Bee cTpykrypHBbIe pac-
4eThl OBIIH IPOBEACHBI 110 KomIniekey nporpamm SHELXTL[10].

Kpucrannorpapuueckne nanusie B ¢opmare CIF nemonupoBaHbl B

KeMOpumkcKkoM LIEHTpe KpUCTAJUIOTpapUUecKUX AaHHBIX, HOMEp JIeNO3UTa
CCDC 2018177.
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OcHOBHBIE KpHUCTALIOrpaUUECKUE U DKCIICPHUMEHTAIbHBIC JIaHHBIC
MIPUBENICHBI B TAOJIHUIIE.

Tabnuya

OcHoBHBIE KpHUCTALIOTPadUYecKUe XapAKTEPHCTHKH H
IKCMEePUMEHTAJIbHBIE JaHHbIE

Kpucmannozpaguueckue xapaxmepucmuxu
COCIMHECHUE 10k
Opyrro-dopmyna C22H21N305
MOJICKYJISIDHBII Bec 375.42
CHHTOHUS MPUKTUHHAS
MIPOCTPaHCTBEHHAsI FPyMIa P-1
a, b, c[A] 7.9275(16), 8.6548(17), 14.846(3)
a, B, y [epao.] 86.47(3), 80.14(3), 86.43(3)
V [A] 1000.3(4)
Z 2
WI0THOCTB(BBI.) [2/cn®] 1.246
w(MoKy) [ mm? ] 0.084
F(000) 396
pasmep KpucTamna [mm] 0.12x0.20x0.26
OkcnepumenmanvHvle OaHHble
temmneparypa (K) 293
m3nyuenue [A] 0.71073
emin, Omax [2]7610.] 1,4, 30.0
00J1aCcTh CKAHUPOBAHUS 0<h<11; -12<k<12; -20<1<20
YHUCJIO U3MEPEHHBIX OTPAKECHUN 6181
YHCII0 HAOJII0JaeMbIX OTPAKEHHI C 2599
[1>2.0 (D]
Pacuemmnvie dannvle
Nref, Npar 5787, 347
R, wR2, S 0.0688, 0.1940, 1.01

Crpykrypa Monekynbl coequHenus 10k mpexacraBiena Ha puc. 1. B
CTPYKTYpE YYacTBYIOT JBa apOMaTHYECKHX KOJbIA: (DEHUIHHOE W TOIHIIb-
HOE, a TaK)Ke IUKJ TeTparuaponupuanHa. MakcuManbHOE OTKJIOHEHHUE aTo-
MOB OT IJIOCKOCTeH apoMaTHueckux koner He mpessimaer 0.0067(1)A. Ter-
ParuapONUPUINHOBOE KOJBII0 MMEEeT KOH(GOPMAIUI0 HCKaKEHHOTO MOITY-
Kpecia, OTKJIOHCHHS aTOMOB OT YCPETHEHHOW IUIOCKOCTH COCTAaBIISIOT
0.1315(3), 0.0825(3), -0.2904(3), 0.2860(3), -0.0825(3) u -0.1272(3) A nns
atomoB N1, C2, C3, C4, C5 u C6, coorBeTcTBeHHO. B Monekyne coenmnne-
HUs 10K UMEIOTCS XMpasIbHbIE IIEHTPbI HA acUMMeTpuaHbIX atomax C3 u C4,
HO B CBSI3U C TE€M, YTO COEAMHEHHUS KPHUCTANIM30BAIHUCH B LIEHTPOCUMMET-
PUYHOI TpOCTpaHCTBEHHOW Tpymme P-1, B kpucramie umeercs: paremMmuye-
ckas cmech (3R,4S) u (3S,4R) sranTnomepoB. B xoze pacmmppoBky aHamm3
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Puc. 1. Ctpoenune monekynbl 10K, annunconabl aHN30TPOMHbIX TENMOBbLIX KonebaHuii n3obpa-
XeHbl ¢ 30% BEpPOATHOCTLIO.

Puc. 2. Cxema mexxmonekynspHbIX BOAOPOAHbIX CBA3er, obpasytoLumx neHTouky saons [1 0 0].



AJUTUIICOMIOB TEIUIOBBIX KOJIEOaHHUH M pa3HOCTHBIX CUHTE30B Dypbe A5eKT-
POHHOH IUIOTHOCTH YKa3aJl Ha BO3MOYKHOCTb CTaTHCTUYECKOW HEYNOpso-
YEeHHOCTH aTOMOB TOJHJIbHOTO KoJiblia U atomoB Cl4, C15 stunaneratHoii
rpynnbl. OKOHYaTeIbHask MOJENb CTPYKTYphl ObUIa YTOYHEHA C YYETOM
pacIleIUIeHus MO3ULUN THUX aTOMOB, YTO YKa3blBaJO HAa CTaTUCTHUYECKOE
3acesnienue no3uuuii ¢ 40 u 60% BEpPOATHOCTEIO.

AHanu3 ynakoBKM MOJIEKYJ B KPUCTAJUIMYECKON pelieTKe MoKa3aj, YyTo
MOJIEKYJIBI CBSI3BIBAIOTCSI B JUMEPBHI C NOMOIIBIO MEXKMOJIEKYJSPHBIX BO-

nenTopHoii csa3u 3.015(4)A (puc. 2). JluMepsl B CBOIO OYepeb, CBA3BIBASACH
C TIOMOIIBIO MEXMOJIEKYIISIPHBIX BOJOPOAHBIX cBszeil N7-H7B-+012', mmm-
Ha JIOHOpHO-aKuenTopHoil cBsa3u 3.080(3)A, 06pasyroT GeCKOHEUHYIO JIeH-
touky B1oJib (1 0 0) (puc. 2). CBsi3u MeXIy JIEHTOYKaMHU OTMCHIBAIOTCS BaH-
JIepBAAIbCEBCKUMH B3aUMOJICHCTBUSMH.

OCTpyr0 TOKCUYHOCTh M IPOTHBOOIYXOJIEBYIO aKTUBHOCTh COEIMHEHUN
u3yyasid 1o oOuenpuHaTeiM mMeronam [11,12]. Tokcn4HOCTH BelIeCTB OII-
penensi Ha OenbIX Mblmax oboero mosa, Becom 19-21 2 nmpu ogHOKpaTHOM
BHYTPUOPIOIIMHHOM BBelleHUH. [t Kak10ro coeiuHeHus: ObUIH YCTaHOBIIE-
HBI abcomoTHO cMmepTenbHast (JI100) 1 MakcumanbHo mepeHocumast (MIT)
10361, M3ydeHne npoTHBOOITYX0JIEBOW aKTHBHOCTH TMPOBOAMIM HA MBIIIAX C
IIPUBUBACMOM OIYXOJIbIO — capkoMoi -180. B XxuMuorepaneBTHUECKUX OIIbI-
Tax COCIUHEHHS BBOJAWJIM BHYTPUOPIOIIMHHO, €KETHEBHO B TEUCHUE O THEM
B J03ax ~1/15 ot JId100.

[ToponbITHRIE ¥ KOHTPOJbHBIE TPYIIIBI COCTOSNIM U3 6-8 >KUBOTHBIX.
ITonmy4yenHsle pe3ynbTaThl HOJABEPraal CTATUCTUUECKOH 00paboTKe 1Mo MeTo-
ny Creropenra-Oumepa. [Ipu u3ydyeHun ocTpoil TOKCMYHOCTU COEIMHEHUM
10B,r,2K,J1 yCTAHOBJICHO, YTO WCHBITYyEMbIE BEIIECTBA OTHOCHUTEIHHO
MasoTokcuuHble. Mx abcomoTHas cmeprenbHast mo3a  (JI[100) BBIIE
2000 me/ke.

XUMHOTEpaneBTHUECKHUE OTBITHI MIOKA3aJi, YTO HCIIBITYEeMbIE BEIIECTBA
B n03ax 125-150 ma/ke mposIBIIAIOT NPOTUBOOIYXOJIEBYIO aKTHBHOCTh B OT-
Homiennu capkombl 180. IIpu 3ToM coequnenmne 10:k oka3bIBaeT BBIPAKEH-
HOE JeicTBHE, MOAaBIsisi pocT omyxoiu Ha 69% (P<0.01). OcranpHble Be-
IIeCTBa TPOSBISIIOT CIa0yl0 MPOTHBOOIYXOJEBYIO aKTUBHOCTH (TOPMOXKeE-
HUe pocTa omyxonu Ha 31-39%, P=0.05).

Takum o0pazom, HaMHU pa3pabOTaH OAHOPEAKTOPHBIM TPEXKOMITOHEHT-
HBI METOJ] CHMHTe3a ajuKwi 6-amMuHO-1,4-nmapui-2-okco-5-nmano-1,2,3,4-
TeTParuApONUPHINH-3-KapOOKCHIATOB MYTEM B3aUMOACHUCTBHSI apHIIaMHI0-
3(GUPOB MaJIOHOBOW KHCJIOTHI, apPOMATHYECKUX AIbJETUOB M TUHHUTPHUIIA
MaJIOHOBOW KUCIIOTHI. [lokazaHo, 9TO TP HAJTMYKUN B aPOMATHUYECKOM KOJIb-
e aMuIHOM yactu coeauneHnid 10 opmo-3amectureneii BEmecTBo B pacTBO-
pEe CYIIECTBYET B BHJIE IBYX POTaMEPOB IMPUMEPHO B PABHBIX JTOJISX.
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3KCHepI/IMeHTaﬂbHaﬂ qacThb

HK-criektpsl cHATHI Ha criekTpodorometpe “Nicolet Avatar 330 FT-IR”
B BaszexmmHoBoM Macie. Criexktpsl SIMP 'H u ¥C nonyuens: Ha mpu6ope
Varian “Mercury 300VX” ¢ pabounmu yactoramu 300.077 u 75 My, pact-
Boputens — JIMCO-ds-CCls (1:3), BHyTpennuii crangapt — TMC. Temmnepa-
TYpBI IUTaBJICHUSI OMPE/IeICHbI Ha cToNnke “Boetius”.

O0mas MeToAMKA MOJYYeHUsT AJIKHI 6-amMuHo-1,4-quapun-5-uuano-
2-0kco0-1,2,3,4-teTparuaponupuauH-3-kapookcunaroB (10a-u). Pacteop
SKBUMOJIbHBIX KonmuuecTB (1.5 mmona) coenunenuit 1-3 B aGComoTHOM 3Ta-
HOJIC B MPHUCYTCTBUHM TPUITUIIAMUHA OCTABJISIOT HA 3 JHS NMPU KOMHATHON
Temneparype. BrimaBmme KpucTamisl OTGHIBTPOBBIBAIOT, IPOMBIBAIOT a0-
COJIFOTHBIM 3(MPOM U MEPEKPUCTATUIN30BBIBAIOT M3 a0COFOTHOTO ATAHOJIA.

ITHI 6-aMUHO-5-1HaHO0-2-0KCc0-4-penmi-1-(4-mernndennn)-1,2,3,4-
TeTparuaponupuani-3-kapookcuiaar (10a). Beixox 0.42 2 (75%), T. .
174-175°C (atanon) [6].

OTHI  6-aMHHO-5-IIMaH0-2-0KC0-4-(peHn-1-(4-meTokcudennn)-1,2,
3,4-Terparuaponupuaut-3-kapookcuiar (106). Beixon 0.48 2 (82%), T.
m1. 164°C. UK-cmektp, v, cm'l: 3460, 3362 (NH,), 2185 (CN), 1750
(COOC), 1698 (CON), 1630 (C=C). Cnextp SIMP H, §, m. x., I'y: 1.28 T
(3H, J=7.1, CHa); 3.81 x (1H, J=5.6, CH); 3.85 ¢ (3H, OCHa); 4.18 1 (1H,
J=5.6, CHPh); 4.23 x ( 2H, J=7.1, OCH>); 5.58 yu1. (2H, NH2); 6.97-7.02 .
(2H, CgHa); 7.08-7.13 m (2H, Ce¢Ha); 7.25-7.46 m (5H, CeHs). Cniexrp SIMP
13C, 8, m. 1. 13.7 (CHg3); 39.7 (CH); 54.8 (CH); 55.6 (OCHs); 57.3 (CCN);
60.9 (OCHy); 114.4 (2CH); 119.4 (CN); 126.4; 126.7 (2CH); 127.0 (CH);
128.3 (2CH); 129.8 (2CH); 139.3; 153.8; 159.3; 164.6; 166.9. Haiineno, %:
C 67.12; H 5.64; N 10.98. C22H21N304. Beruncneno, %: C 67.51; H 5.41; N
10.74.

1Tl 6-aMUHO-5-nHaHo-1-(3.5-1umeTnadeHnI)-2-0Kkco-4-penmi-1,
2,3,4-TeTparua-ponupuaun-3-kapookcuiaar (10B). Beixon 0.47 2 (81%),
1. mn. 230°C. UK-cnextp, v, cv™: 3464, 3322 (NH), 2182 (CN), 1708
(COOC), 1643 (CON), 1586 (C=C). Cnextp SIMP 'H, &, m. 1., Iy: 1.30 T
(3H, J=7.1, CHz3); 2.38 ym. (6H, 2CHa); 3.81 1 (1H, J=5.5, CH); 4.18 x (1H,
J=5.5, CH); 4.20-4.28 m ( 2H, OCH>); 5.56 ym. (2H, NH2); 6.79 m (2H, 2.2'-
CH, CeHas); 7.07 ym. (1H, 4-CH, CeHz3); 7.26-7.43 m (5H, CeHs). Cnextp
SAMP BC, 8, m. a.: 13.7 (CHs); 20.6 (2CHs); 39.8 (CH); 55.5 (CH); 57.3
(CCN); 60.9 (OCHy>); 119.4 (CN); 126.2 (2CH); 126.7 (2CH); 127.0 (CH);
128.3 (2CH); 130.3 (CH); 134.0; 138.5 (2CH); 139.3; 153.5; 164.3; 166.8.
Haiineno, %: C 70.71; H 5.71; N 11.02. Cz3H23N303. Beruncneno, %: C
70.93; H 5.95; N 10.79.

Ituan  6-amuHO-5-Mano-1-(4-uuTpodenni)-2-okco-4-penna--1,2,3,
4-terparuaponupuanH-3-kapookcmiaar (10r). Beixox 0.4 2 (65%), 1. .
190°C. UK-crektp, v, cm™: 3445, 3325 (NH.), 2184 (CN), 1737 (COOC),

396



1655 (CON), 1590 (C=C). Cniextp AMP H, 8, m. x., I'y: 1.28 T (3H, J=7.1,
CHs); 3.91 n (1H, J=5.8, CH); 4.22 n (1H, J=5.8, CH); 4.24 x ( 2H, J=7.1,
OCHy); 6.02 ym. (2H, NHy); 7.25-7.43 m (5H, CeHs); 7.45-7.50 m (2H,
CeHa); 8.28-8.33 M (2H, CsHa4). Crextp SIMP 3C, §, m. n1.: 13.6 (CHs); 39.8
(CH); 55.5 (CH); 58.6 (CCN); 61.0 (OCH.); 119.1 (CN); 124.0 (2CH),
126.7 (2CH); 127.0 (CH); 128.3 (2CH); 130.3 (2CH); 138.9; 140.4; 147.2;
153.3; 164.6; 166.6. Haiineno, %: C 61.81; H 4.29; N 14.02. C21H18N4Os.
Brrunciteno, %: C 62.06; H 4.46; N 13.79.

MeTii 6-aMUHO-5-1IHaHO-2-0KCO-4-peHni-1-(4-meTnindenni)-1,2,3,
4-terparuaponupuanH-3-kapooxcmiaar (10x). Beixox 0.45 2 (83%), 1. .
206-208°C. UK-cmextp, v, cm™: 3433, 3331 (NH.), 2180 (CN), 1737
(COO0C), 1636 (CON), 1593 (C=C). Crmextp SIMP H, §, m. x., I'y: 2.43 ¢
(3H, CHg); 3.78 ¢ (3H, OCHj3); 3.86 n (1H, J=5.5, CH); 4.19 a1 (1H, J=5.5,
CH); 5.55 ym. (2H, NHy); 7.07-7.11 m (2H, CeHa); 7.26-7.42 m (7H, CeH,
CeHa ). Criextp SIMP 3C, §, M. 1.: 20.7 (CH3); 39.6 (CH); 52.1 (CH); 55.4
(OCHj3); 57.5 (CCN); 119.3 (CN); 126.7 (2CH); 127.0 (CH); 128.3 (2CH);
128.5 (2CH); 129.7 (2CH); 131.5; 138.2; 139.3; 153.5; 164.3; 167.4
Haitineno, %: C 69.43; H 5.12; N 11.98. C,1H19N3O3. Brruucaeno, %: C
69.79; H 5.30; N 11.63.

Ot 6-aMmuHO-4-(4-x10pdeHn)-5-unano-1-(4-meTokcndenun)-2-
okco-1,2,3 4-rerparuaponupuaun-3-kapooxkcuiaar (10e). Bexon 0.4 2
(62%), 1. wr. 175°C. UK-cmektp, v, cv’l: 3462, 3311 (NH,), 2195 (CN),
1739 (COOC), 1641 (CON), 1586 (C=C). Cnextp AMP H, &, m. 1., Iy
1.28 T (3H, J=7.1, CH3); 3.84 a1 (1H, J=5.9, CH); 3.85 ¢ (3H, OCHj3); 4.18 1
(1H, J=5.9, CHPh); 4.17-4.27 m (2H, OCHy); 5.64 ym. (2H, NH>); 6.97-7.02
M (2H, CsH4OMe); 7.08-7.13 m (2H, CeH4OMe ); 7.33-7.40 m (4H, CsH4CI).
Crextp SIMP 13C, §, m. 1.: 13.6 (CHs); 39.1 (CH); 54.8 (CH); 55.3 (OCHa);
56.9 (CCN); 61.0 (OCHy); 114.4 (2CH); 119.2 (CN); 126.3; 128.4 (2CH);
128.5 (2.CH); 129.8 (2.CH); 132.4; 138.0; 153.9; 159.3; 164.4; 166.7.
Haiineno, %: C 61.75; H 4.52; N 10.04. C2H20CIN304. Beruncneno, %: C
62.05; H 4.73; N 9.87.

Otun  6-amuHo-4-(4-xsopdennn)-5-unano-1-(4-aurpodennn)-2-ok-
co-1,2,3,4-terparuaponupuaun-3-kapookcuaar (10:x). Beixon 043 2
(65%), T. . 238-240°C. UK-crextp, v, cm't: 3442, 3327 (NH2), 2181 (CN),
1785 (COOC), 1643 (CON), 1587 (C=C). Cnextp IMP H, &, m. 1., Iy
1.28 T (3H, J=7.1, CH3); 3.94 n (1H, J=6.2, CH); 4.18-4.28 m (2H, OCH)>);
4.24 n (1H, J=6.2, CH); 6.07 ymr. (2H, NH2); 7.38 ¢ (4H, CsH4Cl); 7.46-7.51
M (2H, CeHa); 8.28-8.33 m (2H, CgH4NO,). Crextp SAMP °C, §, m. 1.: 13.7
(CH3); 39.2 (CH); 55.3 (CH); 58.2 (CCN); 61.1(OCHy); 119.0 (CN); 124.1
(2CH); 128.5 (2CH); 128.6 (2.CH); 130.4 (2CH); 132.5; 137.7; 140.4;
147.2; 153.4; 164.5; 166.5. Haiineno, %: C 56.86; H 3.61; N 13.09.
C21H17CIN4Os. Beraucneno, %: C 57.22; H 3.89; N 12.71.
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Metna  6-amuHO-5-umano-1-(3,5-1uMeTHiIdeHn)-2-0KCo-4-peHuI-
1,2,3,4-terparuaponmupuanH-3-kapooxcunar (103). Beixon 0.43 2 (77%),
1. mn. 241°C. UK-cnektp, v, cv’l: 3445, 3311 (NH,), 2183 (CN), 1750
(COOC), 1635 (CON), 1589 (C=C). Cnextp SIMP H, &, m. 1., I'y: 2.8 ¢
(6H, CHg); 3.78 ¢ (3H, OCHj3); 3.86 n (1H, J=5.5, CH); 4.19 1 (1H, J=5.5,
CHPh); 5.57 yu1. (2H, NH>); 6.80 ¢ (2H, CeHz3); 7.07 ¢ (1H, CeHa); 7.26-7.44
M (5H, CeHs). Crextp IMP °C, §, m. 1.: 20.6 (2CH3); 39.7 (CH); 52.1
(OCHz3); 55.4 (CH); 57.3 (CCN); 119.3 (CN); 126.3 (2CH); 126.7 (2CH);
127.0 (CH); 128.4 (2.CH); 130.3 (CH); 134.0; 138.6; 139.3; 153.5; 164.2;
167.4. Haiineno, %: C 70.05; H 5.38; N 11.48. C22H21N303. Brruncneno, %:
C 70.38; H 5.64; N 11.109.

Metua  6-amuno-4-(4-xa0pdenuin)-5-unano-2-okco-1-(2-merunide-
HWI)-1,2,3,4-TeT-parnaponupuaun-3-kapookcuiaar (10u). Boixox 0.58 2
(98%), T. w1 196°C. UK-cmektp, v, cm’’: 3460, 3349 (NH,), 2186 (CN),
1740 (COOC), 1640 (CON), 1591 (C=C). Cnektp IMP H, &, m. 1., Iy
2.02 ¢ (1.4H) u 2.22 ¢ (1.6H, CH3"); 3.77 ¢ (1.6H) u 3.79 ¢ (1.4H, OCHs");
3.95 1(0.55H,J=5.5)n4.02 1 (0.45H, J=5.9, CH*); 4.22 n (0.55H, J=5.5) n
4.25 1 (0.45H, J=5.9, CH*); 5.59 ym. (0.9H) u 5.69 ym. (1.1H, NH"); 6.98-
7.02 m (0.55H), 7.14-7.18 m u 7.25-7.42 m (7.45H, Ar); Haiineno, %: C
63.41; H 4.36; N 10.98. C21H13CIN3O3. Beruucneno, %: C 63.72; H 4.58; N
10.62.

ITHI 6-aMUHO-5-1IHaHO0-2-0KC0-4-penmi-1-(2-mernndennn)-1,2,3,4-
TeTparuaponupuani-3-kapookcuiaar (10x). Bexon 0.35 2 (63%), T. mu
190°C. UK-cmektp, v, cm™: 3419, 3310 (NH), 2193 (CN), 1720 (COOC),
1645 (CON), 1590 (C=C). Cmextp SAMP H, §, m. m., I'y: 1.28 1 (1.6H,
J=7.1) u 1.30 T (1.4H, J=7.1, CHs*); 1.97 ¢ (1.4H) u 2.25 ¢ (1.6H, CHs");
3.88 1 (0.55H, J=5.1) n 3.96 1 (0.45H, J=5.2, CH*); 4.19-4.30 m (3H, CH u
OCHy); 5.53 ym. (0.9H) u 5.63 ym. (1.1H, NH2"); 6.96 m (0.55H) u 7.15-
7.44 m (8.45H, Ar). Haiineno, %: C 70.15; H 5.41; N 11.61. C22H21N3Os.
Berauciieno, %: C 70.38; H 5.64; N 11.19.

ITHI 6-aMHHO-5-IHAHO-2-0KCc0-4-peHn-1-(2-uurpodennn)-1,2,3,4-
TeTparuaponupuani-3-kapookcuaar (101). Beixox 0.3 2 (49%), 1. mu
195°C. UK-cmektp, v, cm™: 3433, 3330 (NH.), 2185 (CN), 1737 (COOC),
1639 (CON), 1583 (C=C). Cmextp AMP H, §, m. m., I'y: 1.13 1 (1.5H,
J=7.1) u 1.24 T (1.5H, J=7.1, CH3*); 3.80 x (0.5H, J=9.3) u 3.93 n (0.5H,
J=6.3, CH*); 4.09 x (1H, J=7.1) u 4.18 x (1H, J=7.1, OCH.*); 4.23 n (0.5H,
J=6.3) u 4.24 1 (0.5H, J=9.3, CH*); 6.03 yur (1H) u 6.05 yur. (1H, NH");
7.25-7.42 m (5.5H), 7.50 nn (0.5H, J=7.8, 1.4), 7.65-7.87 m (2H); 8.14 nn
(0.5H, J=8.1, 1.6) u 8.20 ox (0.5H, J=8.1, 1.5, Ar). . Haiineno, %: C 61.81,;
H 4.19; N 14.08. C21H18N4Os. Boruncieno, %: C 62.06; H 4.46; N 13.79.

Metuna 6-amMmuHO-5-tMaHo-1-(2,4-mumeTnadenm)-2-okco-4-(4-
xjaopdennn)-1,2,3,4-rerparuaponupuaut-3-kapookcuaar (10m). Beixon
0.47 2 (77%), T. 1. 206-207°C. UK-criekTp, v, cm™: 3456, 3342 (NH>), 2187
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(CN), 1734 (COOC), 1635 (CON), 1592 (C=C). Cuextp IMP 'H, §, m. 1.,
Iy:1.97 ¢ (1.3H) m 2.17 ¢ (1.7H, 2-CH3*); 2.38 ¢ (3H, 4-CHj3); 376 ¢ (1.7H)
u 3.78 ¢ (1.3H, OCHzs*); 3.92 1 (0.57H, J=5.6, CH*) u 3.99 1 (0.43H, J=5.8,
CH*); 4.20 1 (0.57H, J=5.6, CH*) u 4.23 n (0.43H, J=5.8, CH*); 5.55 ym.
(0.86H) u 5.62 ym. (1.14H, NH."); 6.88 1 (0.57H, J=7.9) u 7.03 x (0.43H,
J=8.3, 6-H, CeH3); 7.02-7.15 m (2H) u 7.33-7.42 m (4H, Ar). Haiineno, %: C
64.05; H 4.69; N 10.56. C22H20CIN3O3. Beruncaeno, %: C 64.47; H 4.92; N
10.25.

T 6-aMHHO-5-1[HAH0-2-0KCO-4-peHni-1-(2,4-numeTniideHn)-1,
2,3, 4-terparuaponupuann-3-kapooxcuaat (10n). Breixon 0.27 2 (47%), T.
mr. 202°C. MK-cmektp, v, cml: 3424, 3312 (NH.), 2195 (CN), 1736
(COOC), 1644 (CON), 1594 (C=C). Cnextp SIMP 'H, &, m. 1., I'y: 1.28 T
(1.2H, J=7.1) u 1.30 T (1.8H, J=7.1, CH3CH,0%); 1.93 ¢ (1.8H) u 2.20 ¢
(1.2H, 2-CHs*); 2.38 ¢ (3H, 4-CHa); 3.86 n (0.4H, J=5.1) u 3.93 1 (0.6H,
J=5.1, CH*); 4.19-4.29 m (3H, OCH, u CH); 5.49 ym. (1.2H) u 5.58 ymu.
(0.8H, NH2"); 6.86 1 (0.4H, J=7.9), 7.02-7.15 m (2.6H) u 7.24-7.44 M (5H,
Ar). Haiineno, %: C 70.56; H 6.10; N 10.80. C23H23N303. Beruucneno, %: C
70.99; H 5.95; N 10.79.
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U Iu. KUQUS,3UL, U. . UTLAFU3UL, N . U dULAUSTYL b U. 6. U3LUQ3UL

dugrnbiwfdfFuffi qpifunppyp Enlnduynibion spofuugpbgnf@nbp piffwbnd Eoabbwlog b
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ONE-POT THREE-COMPONENT METHOD FOR THE SYNTHESIS
OF HIGHLY FUNCTIONALIZED 1,2,3,4-TETRAHYDROPYRIDINES

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

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

It is established that the three-component interaction of malonic acid
arylamidoesters, aromatic aldehydes and malonic acid dinitrile proceeds at room
temperature in the presence of triethylamine with the formation of alkyl 6-amino-1,4-
diaryl-2-oxo-5-cyano-1,2,3,4-tetrahydropyridine-3-carboxylates with yields of 47-98%.
According to NMR spectroscopy data, if the aromatic ring of the amide part contains an
ortho-substituent in these compounds, they exist in the solution as two rotamers.

The fact that these compounds (10 i-n) exist in the form of two rotamers is also
evidenced by the fact that in the presence of two substituents (CHs) in the ortho- and
para-positions of the compound (10 m, n), the chemical shift of the para-substituent
protons does not change.

The three-component interaction proceeds sequentially, according to the Domino
type: Knoevenagel reaction — Michael reaction — nucleophilic addition of an amide
group to a carbonitrile group.

Antitumor studies showed that one of the synthesized compounds showed
pronounced activity (69%), while the other showed weak activity (31-39%).
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PHYSICO-CHEMICAL CHARACTERISTICS
OF NEW PYRROLIDINE-2,5-DIONE DERIVATIVES
AND COMPARATIVE EVALUATION
OF THEIR ANTICONVULSANT PROPERTIES

S. L. KOCHAROVY, H. A. PANOSYAN?, S. J. CZUCZWAR? and J. J. LUSZCZKI?

1 The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
2 Medical University of Lublin, Poland
Tel. +37410284033 E-mail: serlevko@mail.ru

The series of pyrrolidine-2,5-dione derivatives, including N-aryl and N-arylaminomethyl
analogs, few of which have anticonvulsant properties, have been synthesized and their structure has
been confirmed with instrumental analytical methods. The data of analyses are presented in this
article.

References 16.

Introduction

A large number of publications on the search for new substances
possessing the anticonvulsant action confirm the fact that treatment of
epilepsy is still a topical problem and clinicians today do not dispose a
sufficient arsenal of highly effective drugs devoid of any substantial
undesired effects. This is why a need for newer antiepileptic drugs is
obvious. Several classes of structurally unrelated organic compounds are
used in therapy of this neurological disorder, but they all have certain
drawbacks [1]. Earlier a series of 3-(4-alkoxyphenyl)pyrrolidine-2,5-diones
were synthesized in Mnjoyan Institute of Fine Organic Chemistry (Yerevan,
Armenia) [2], and 4-isopropoxyphenyl analog was licensed in the former
USSR as an efficacious antiepileptic drug (Pufemid) [2,3]. Moreover, it has
been shown that this compound significantly enhanced the anticonvulsant
action of phenytoin and valproate in the mouse seizure model, hence it may
find potential application also in polytherapy of epilepsy [4].
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With the purpose of searching for the influence of additional aryl residue
on its anticonvulsant properties a series of N-aryl (2-14), N-hydroxymethyl
(15), N-morpholinomethyl (16), and N-arylaminomethyl (17-25) derivatives
were synthesized.

o) o) o)

R R R
N-R' N~ R2 N~ > NHR'
o) o) o)

1-14 15, 16 17 -25

R = 4-(CH3),CHO-CsHa; R = H (1), CeHs (2, 17), 4-CHsO-CeHa (3), 4-
CH3sC(0)-CsHa (4, 18), 4-(CH3)2N-CeHs (5), 3-Br-CeHs (6, 19), 3-HOOC-
CH=CH-CsHa (7, 20), 2-HOOC-CsHa (8, 21), 3-HOOC-CeHs (9, 22), 4-
HOOC-CeHa(10, 23), 4-CoHsOOC-CeHas (11, 24), 3-HOOC-4-HO-CsHs
(12), 2,4-NO,-CeH3-NH (13), 4-[2-F-CeHa-C(O)NH]-CeHs (14, 25); R? =
OH (15), N(CH2CH2)20 (16).

Results and Discussion

All the synthesized 3-(4'-iso-propoxyphenyl)pyrrolidine-2,5-dione N-
substituted derivatives were evaluated for their anticonvulsant properties in
vivo screening tests in rodents. The screening has demonstrated the
folowing: introduction of phenyl and substituted phenyl ring in position 1 of
precursor 1 results in the complete disappearance of tested activity except for
4. The replacement of hydrogen at N atom of imide ring by hydroxymethyl
group (15) preserves bioactivity. Seven derivatives, namely from the class of
Mannich bases (16, 17, 19, 21-24) were determined as having anticonvulsant
potency. Data of biotests have been represented in [5-12]. The studied
compounds with respect to their anticonvulsant potency in the maximal
electroshock-induced seizure threshold model in mice test can be arranged as
follows: 21 >15 >17 > 22 >16 > 1 >23 > 4 >19 >24 [12].

Thus obtained results confirm that research in the class of pyrrolidine-
2,5-diones with the aim of creating new compounds with anticonvulsant
properties remains relevant.

Experimental Section
Materials and methods

All chemicals used were of analytical or reagent grade. Melting points
were determined on a Boetius PHMK 76/0904 hot stage microscope (GDR)
and are uncorrected. Infrared spectra were obtained in Nujol on a
spectrometer. *H NMR spectra were recorded on a Varian Mercury-300
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spectrometer, operating at 300 MHz; chemical shifts are reported in J values
(ppm) relative to tetramethylsilane as internal standard. Coupling constants
(J values) are given in Hertz (Hz). The solvents mixture was DMSO-
de/CCls, 1:3; the signals are reported as follows: s (singlet), d (doublet), t
(triplet), q (quartet), dd (double doublet), p (pentet), m (multiplet), br
(broad). Analytical TLC was used to check the purity of products and
performed on Silasorb 600 silica gel (5 n) ( Czech Republic) glass-backed
plates developed in chloroform-hexane-ethanol, 2:2:0.1 (system A),
benzene-AcOH-H,0, 7:3:1 (upper layer) (system B). Compounds were
detected stained with 1> (iodine), spraying with a 5% solution of
phosphomolybdic acid in ethanol followed by heating at 80-90°C during
5 min; if there is a free carboxyl group in a molecule, Bromocresol Purple
indicator (as water solution spray) was also used.

Homogeneity of all final substances was checked by thin layer
chromatography (TLC), purity by elemental analysis, and their structure was
confirmed based on data of IR and *H NMR spectroscopy. Each sample
tested by TLC was detected on chromatograms as a single spot. The
analytical samples gave combustion values for carbon, hydrogen, nitrogen
and when needed halogen within +0.4% of the theoretical values. IR spectra
contained all characteristic absorption bands attributable to succinimide [13-
15] and benzene rings and other fragments. *H NMR spectra of all
compounds were consistent with the assigned structures.

All compounds were synthesized from isopropoxyphenylsuccinic acid
according to the scheme as shown in [12].

General procedure for the syntheses of compounds 3-14. The mixture
of 3-(4-isopropoxy-phenyl)-succinic acid (0.012 mol) and acetic anhydride
(10 ml) was heated for 6 h at 100°C and excess of acetic anhydride and
acetic acid formed was removed at a reduced pressure. To a residue primary
amine (0.012 mol) and glacial acetic acid (7 ml) were added and the mixture
was refluxed for 2-3 h. The product precipitated on cooling was filtered,
washed by a small volume of acetic acid, water, dried and recrystallized. If
no precipitate was on cooling of the reaction mixture, the latter was either
concentrated till solid appeared or evaporated to dryness in a rotary
evaporator under a reduced pressure. The residue was recrystallized with
addition of activated charcoal (Norit).

3-(4-1sopropoxyphenyl)pyrrolidine-2,5-dione monohydrate (1) was
prepared as described in [2].

3-(4-1sopropoxyphenyl)-1-phenylpyrrolidine-2,5-dione  (2)  was
synthesized from 3-(4-isopropoxyphenylsuccinic acid and 1,3-diphenylurea
according to [16]. Cream-coloured scaly crystals. Yield: 83%, mp. 129-130
°C (ethanol). Rf 0.90 (A). IR, v, cm™: 1784, 1707 (C=0), 1609, 1596, 1512,
1463 (C=C), 1377, 1365 (i-Pr). *H NMR: 1.33 [d, %J=6.0 Hz, 6H,
(CH3)2CH], 2.84 [dd, 2J=18.0 Hz, %)=5.2 Hz, 1H, C(0)-CH,-CH], 3.31 [dd,
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2)=18.0 Hz, 3J=9.6 Hz, 1H, C(0)-CHy-CH], 4.18 (dd, 3J=9.6 Hz, )=5.2 Hz,
1H, Ph-CH), 4.56 (sp, J=6.0 Hz, 1H, O-CH) 6.84, 7.23, 7.30-7.50 (m, m, m,
2H, 2H, 5H resp., arom.). Found, %: C 73.54; H 6.33; N 4.79. C19H19NOs.
Calculated, %: C 73.77; H 6.19; N 4.53.
3-(4-1sopropoxyphenyl)-1-(4-methoxyphenyl)pyrrolidine-2,5-dione
(3) was synthesized from anhydride and p-anisidine. White scaly crystals.
Yield: 75%, mp 171°C (gl. AcOH). Rf 0.84 (A). IR, v, cm™: 1775, 1702
(C=0), 1608, 1513, 1463 (C=C). 'H NMR: 1.32 [d, J=6.0, 6H, (CHs).CH],
2.81 (dd, 1J=18.0 Hz, 2J=5.2 Hz, 1H, CHa-CH), 3.28 (dd, 1J=18.0 Hz, 2J=9.6
Hz, CHy-CH), 3.83 (s, 3H, OCHj), 4.14 (dd, J=9.6 Hz, 2J=5.2 Hz, 1H, CH.-
CH), 4.55 (sp, J=6.0 Hz, 1H, O-CH), 6.83, 6.96 (m, m, 2H, 2H, O-C¢Ha),
7.20, 7.21 (m, m, 2H, 2H, N-CsHs-O). Found, %: C 71.05; H 6.02; N 4.44,
C20H21NOs. Calculated, %: C 70.78; H 6.24; N 4.13.
1-(4-Acetylphenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (4)
was synthesized from anhydride and 4'-aminoacetophenone. White bright
scaly crystals. Yield: 60%, mp 199-201°C (gl. AcOH). R 0.66 (A). IR, v,
cm®: 1777, 1707 (C=0 imide), 1691 (C=0 ketone), 1612, 1600, 1579, 1514,
1474 (C=C), 1377, 1352 (i-Pr). *H NMR: 1.32 [d, %)=6.0 Hz, 6H,
(CH3)2CH], 2.61 [s, 3H, CH3-C(0)], 2.87 [dd, 2J=18.0 Hz, %)=5.4 Hz, 1H,
C(0)-CHa4-CH], 3.33 [dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, C(0)-CHy-CH], 4.21
(dd, 3J=9.6 Hz, 3)=5.4 Hz, 1H, CH-CH,), 4.56 (sp, 3J=6.0 Hz, 1H, O-CH),
6.84, 7.24 (m, m, 2H, 2H, O-C¢Has), 7.49, 8.04 (m, m, 2H, 2H, N-C¢Ha).
Found, %: 71.61; H 6.40; N 4.12. C21H21NOs. Calculated, %: C 71.78; H
6.03; N 3.99.
1-(4-Dimethylaminophenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-
dione (5) was synthesized from anhydride and N,N-dimethyl-1,4-
phenylenediamine. Cream-coloured bright scaly crystals. Yield: 58%, mp
179-180°C (i-PrOH — dioxane, 3:1). R 0.83 (A). IR, v, cm™: 1786, 1704
(C=0), 1609, 1580, 1521, 1511, 1465 (C=C), 1377, 1348 (i-Pr). 'H NMR:
1.32 [d, 3J=6.0 Hz, 6H, (CHs),CH], 2.78 (dd, 2J=17.9 Hz, %J=5.1 Hz, 1H,
CHa-CH), 3.00 [s, 6H, N(CHz3)2], 3.26 [dd, 2J=17.9 Hz, 3J=9.6, 1H, CHy-
CH), 4.12 [dd, 3J=9.6 Hz, 3J=5.1 Hz, 1H, CH.-CH], 4.56 (sp, %J=6.0 Hz, 1H,
O-CH), 6.73, 6.83 (m, m, 2H, 2H, O-Cg¢H4), 7.07, 7.21 (m, m, 2H, 2H, N-
CsHa). Found, %: 71.44; H 6.54; N 7.71. C21H24N20s. Calculated, %: 71.57,
H 6.86; N 7.95.
1-(3-Bromophenyl)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (6)
was synthesized from anhydride and 3-bromoaniline. Light-yellow powdery
crystals. Yield: 55%, mp 124.5-125.5°C (ethanol). Rf 0.90 (A). IR, v, cm™:
1779, 1708 (C=0), 1610, 1573, 1512, 1463 (C=C), 1376, 1366 sh. (i-Pr). 'H
NMR: 1.32 [d, J=6.0 Hz, 6H, (CH3),CH], 2.84 (dd, 2J=18.0 Hz, 3]=5.4 Hz,
1H, CHa-CH), 3.30 (dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, CH,-CH), 45.18 (dd,
3)=9.6 Hz, 3J=5.4 Hz, 1H, CH,-CH), 4.55 (sp, 3J=6.0, 1H, O-CH), 6.83, 7.23
(m, m, 2H, 2H, O-CgHy), 7.32-7.43, 7.51-7.56 (m, m, 2H, 2H, N-CgHa).
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Found, %: C 58.49; H 5.00; N 3.70; Br 20.35. C19H1sBrNOs. Calculated, %:
C58.77; H4.67; N 3.61; Br 20.58.
(E)-3-{3-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-
pyrolyl]phenyl}propenoic acid (7) was synthesized from anhydride and 3-
amino cinnamic acid. White crystals. Yield: 73%, mp 211-212°C (i-PrOH).
Rr 0.74 (B). IR, v, cm®: 1777, 1703, 1683 (C=0 imide, carboxyl), 1632,
1584, 1512, 1464 (C=C), 1379, 1369 sh. (i-Pr). *H NMR: 1.32 [d, J=6.0 Hz,
6H, (CHs),CH], 2.85 (dd, J=18.0 Hz, 2J=5.3 Hz, 1H, CH,-CH), 3.32 (dd,
1)=18.0 Hz, 2J=9.6 Hz, 1H, CHy,-CH), 4.19 (dd, 1J=9.6 Hz, 2J=5.3 Hz, 1H,
CH,-CH), 4.56 (sp, J=6.0 Hz, 1H, O-CH), 6.44 (d, J=16.0 Hz, 1H, =CH),
6.84, 7.25 (m, m, 2H, 2H, O-C¢Ha), 7.34 (dt, 1J=8.0 Hz, 2J= 1.6 Hz, 1H, N-
CeHa), 7.50 (t, J=7.8 Hz, 1H, N-C¢Ha), 7.56-7.62 (m, 2H, N-C¢Ha), 7.59 (d,
J=16.0, 1H, =CH). Found, %: C 70.01; H 5.72; N 3.81. Cx»H21NOs.
Calculated, %: C 69.64; H 5.58; N 3.609.
2-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl]ben-
zoic acid (8) was synthesized from anhydride and anthranilic acid. After
reaction was complete, the reaction mixture was cooled, diluted with water.
The precipitated crude product was filtered, washed by water, dried. It was
resolved in boiling ethanol with addition of Norit and filtered. After
concentration of filtrate ether was added and Rf 0.71 (B). IR, v, cm™: 3194
(OH), 1766, 1740, 1691 (C=0O imide, carboxyl), 1609, 1604, 1583, 1513,
1465, 1457 (C=C), 1376, 1366 (i-Pr). *H NMR: 1.32 [d, 3J=6.0 Hz, 6H,
(CHs),CH], 2.77 (dd, %J=18.0 Hz, 3]=6.0 Hz, 1H, CH.-CH), 3.30 (dd,
2)=18.0 Hz, 3]=9.7 Hz, 1H, CH,-CH), 4.19 (dd, %J=9.7 Hz, 3J=6.0 Hz, 1H,
CH,-CH), 4.57 (sp, %J=6.0 Hz, 1H, O-CH), 6.84, 7.25-7.33, 7.55, 7.67 (m,
m, m, m, 2H, 3H, 1H, 1H, resp., arom.), 8.09 (d, %J=7.7 Hz, 1H, arom.),
12.89 (br, 1H, COOH). Found, %: C 67.79; H 5.55; N 3.73. CxoH19NOs.
Calculated, %: C 67.98; H 5.42; N 3.96.
3-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl]ben-
zoic acid (9) was synthesized from anhydride and m-aminobenzoic acid.
Cream-coloured crystals. Yield: 59%, mp 228-229°C (ethanol). Rf 0.61 (B).
IR, v, cm™: 1783, 1707, 1685 (C=0 imide, carboxyl), 1610, 1590, 1511,
1458 (C=C), 1377, 1365 sh. (i-Pr). 'H NMR: 1.31 [d, %J=6.0 Hz, 6H,
(CH3)2CH], 2.87 (dd, 2J=17.9 Hz, %)= 5.5 Hz, 1H, CH.-CH), 3.31 (dd,
2)=17.9 Hz, 3J=9.5 Hz, 1H, CH,-CH), 4.22 (dd, 3J=9.5 Hz, 3J=5.5 Hz, 1H,
CH,-CH), 4.57 (sp, %=6.0 Hz, 1H, O-CH), 6.85, 7.27 (m, m, 2H, 2H, O-
CeH.), 7.52-7.61, 7.94-8.01 (m, m, 2H, 2H, N-CgHa), 12.89 (br, 1H, COOH).
Found, %: C 67.67; H 5.28; N 4.01. CxH19NOs. Calculated, %: C 67.98; H
5.42; N 3.96.
4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylami-
no]benzoic acid (10) was synthesized from anhydride and p-aminobenzoic
acid. Yield: 64%, mp 242-244°C (ethanol). Rf 0.71 (B). IR, v, cm™: 1783,
1702, 1692 (C=0 imide, carboxyl), 1586, 1512, 1464 (C=C). 'H NMR: 1.31
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[d, 3J=6.0 Hz, 6H, (CH3),CH], 2.88 (dd, 2J=18.0 Hz, %]=5.4 Hz, 1H, CHa-
CH), 3.32 (dd, 2J=18.0 Hz, %J=9.5 Hz, 1H, CHy-CH), 4.22 (dd, 3J=9.5 Hz,
3)=5.4 Hz, 1H, CH,-CH), 4.57 (sp, %J=6.0 Hz, 1H, O-CH), 6.85, 7.26, 7.45,
8.06 (m, m, m, m, 2H, 2H, 2H, 2H 2C¢H,), 12.80 (br, 1H, COOH). Found,
%: C 68.09; H 5.64; N 3.69. C0H19sNOs. Calculated, %: C 67.98; H 5.42; N
3.96.

Ethyl 4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrro-
lyllbenzoate (11) was synthesized from anhydride and ethyl p-
aminobenzoate. White crystals. Yield: 85%, mp 173-175°C (ethanol). Rs 0.85
(B). IR, v, cm™: 3466 (NH), 1779, 1705, 1685 sh. (C=0 imide, ester), 1600,
1583, 1510, 1465 (C=C), 1396, 1379 (i-Pr). *H NMR: 1.32 [d, 3J=6.0 Hz,
6H, (CHs),CH], 1.40 (t, ®J=7.1 Hz, 3H, CHs-CH,), 2.87 (dd, 2J=18.0 Hz,
3)=5.4 Hz, 1H, CH,-CH), 3.32 (dd, 2J=18.0 Hz, 3J=9.6 Hz, 1H, CHy-CH),
4.20 (dd, 3J=9.6 Hz, 3J=5.4 Hz, 1H, CH»>-CH), 4.36 (q, %)=7.1 Hz, 2H, O-
CHy), 4.56 (sp, %J=6.0 Hz, 1H, O-CH), 6.8v4, 7.24 (m, m, 2H, 2H, O-CsHJ),
7.47, 8.08 (m, m, 2H, 2H, N-CgHa). Found, %: C 68.97; H 6.34; N 3.71.
C22H23NOs. Calculated, %: C 69.28; H 6.08; N 3.67.

1-(3-Carboxy-4-hydroxyphenyl)-3-(4-isopropoxyphenyl)pyrrolidine-
2,5-dione (12) was synthesized from anhydride and 5-aminosalicylic acid.
Cream-coloured crystals. Yield: 86%, mp 206°C (i-PrOH — H20, 1:1). R¢
0.58 (B). IR, v, cm™: 1786, 1703, 1669 (C=0 imide, carboxyl), 1610, 1587,
1513, 1462 (C=C), 1378, 1366 sh. (i-Pr). 'H NMR: 1.32 [d, J=6.0, 6H,
(CHs),CH], 2.82 (dd, %J=18.0 Hz, 2J=5.3 Hz, 1H, CH.-CH), 3.27 (dd,
1J=18.0 Hz, 2J=9.6 Hz, 1H, CHy,-CH), 4.15 (dd, 1J=9.6 Hz, 2J=5.3 Hz, 1H,
CH,-CH), 4.55 (sp, J=6.0 Hz, 1H, O-CH), 6.83, 7.23 (m, m, 2H, 2H, O-
CsHa), 6.98 (d, J=8.8 Hz, 1H, °CH CeHs), 7.38 (dd, 1J=8.8 Hz, %)=2.6 Hz,
1H, °CH, CgHs), 7.77 (d, J=2.6 Hz, 1H, 2CH CeHs), 11.42 (br, 1H, OH),
13.57 (br, 1H, COOH). Found, %: C 64.92; H 5.27; N 3.65. C20H19NOe.
Calculated, %: C 65.03; H 5.18; N 3.79.

1-(2,4-Dinitroanilino)-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione

(13) was synthesized from anhydride and 2,4-dinitrophenylhydrazine. Light-
yellow powdery crystals. Yield: 77%, mp 218-220.5°C (dioxane —water). Rs
0.75 (B). IR, v, cm™: 3341 (NH), 1786, 1732, 1721, (C=0 imide), 1548 (as.
NO>), 1343(s.NO>), 1623, 1613, 1602, 1514, 1507, 1464 (C=C), 1378, 1366
sh. (i-Pr), 1343, 1179 (C-N arom.). *H NMR: 1.33 [d, J=6.0 Hz, 6H,
(CH3)2CH], 2.78 (dd, J=18.0 Hz, 2J=5.4 Hz, CH.-CH), 3.37 (dd, 1J=18.0
Hz, 2J=9.4 Hz, 1H, CHp-CH), 4.25 (dd, 1J=9.4 Hz, 2J=5.4 Hz, 1H, CH,-CH),
4.57 (sp, J=6.0 Hz, 1H, O-CH), 6.84, 7.27 (m, m, 2H, 2H, O-CsHa), 7.34 (d,
J=9.4 Hz, 1H, °CH CsHs), 8.28 (dd, 1J=9.4 Hz, 2J=2.6Hz, 1H, 5CH CsHs),
9.00 (d, J=2.6 Hz, 1H, 3CH CeHs), 10.30 (br, 1H, NH). Found, %: C 54.85;
H 4.19; N 13.29. C19H18N4Oy7. Calculated, %: C 55.07; H 4.38; N 13.52.

N-{4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-
pyrrolyl]phenyl}-2-fluorobenz-amide (14) was synthesized from anhydride
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and 4-amino-N-(2-fluorophenyl)benzamide. Light-cream-coloured crystals.
Yield: 75%, mp 187-189°C (methyl cellosolve). Rs 0.65 (B). IR, v,
cm®: 3310 (NH), 1771, 1701, 1695 sh. (C=0 imide), 1667 (amide 1), 1613,
1603, 1519, 1462 (C=C), 1528 (amide Il), 1378, 1366 (i-Pr). '"H NMR: 1.33
[d, 3J=6.0 Hz, 6H, (CH3).CH], 2.84 (dd, 2J=17.9 Hz, %]=5.2 Hz, 1H, CHa-
CH), 3.31 (dd, 2J=17.9 Hz, %J=9.6 Hz, 1H, CHp-CH), 4.17 (dd, %J=9.6 Hz,
3)=5.2 Hz, 1H, CH.-CH), 4.56 (sp, %J=6.0 Hz, 1H, O-CH), 6.84 (m, 2H,
arom.), 7.18-7.31 (m, 6H, arom.), 7.51 (m, 1H, arom.), 7.70 (td, 3J=7.4 Hz,
4J=1.9 Hz, 1H, arom.), 7.87 (m, 2H, arom.), 10.21 (s, 1H, NH). Found, %: C
69.76; H 5.21; N 6.22; F 3.95. Cz6H23FN>O4. Calculation, %: C 69.94; H
5.19; N 6.27; F 4.26.

1-Hydroxymethyl-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione (15).
To a solution of 1 (0.1 mol) in 100 ml ethanol 37% formalin (0.33 mol) was
added. The mixture was refluxed for 50 min and allowed to stand at room
temperature overnight. The precipitated solid was filtered off, washed with
water, dried and recrystallized from benzene—ethanol, 1:2 v/v. On
concentrating the mother liquid, additional portion of product was isolated.
White crystals. Yield: 95%, mp 84-85°C. Rs 0.50 (B). IR, v, cm™’: 3514, 3269
(OH), 1773, 1693 (C=0 imide), 1610, 1510, 1472, 1464 (C=C). 'H NMR:
1.31 [d, *J=6.0 Hz, 6H, (CHs).CH], 2.64 (dd, 2J=18.1 Hz, *J=5.0 Hz, 1H,
CHa-CH), 3.16 (dd, 2J=18.1 Hz, %)=9.6 Hz, 1H, CH,-CH), 4.00 (dd, %J=9.6
Hz, 3J=5.0 Hz, 1H, CH,-CH), 4.0 (br., 1H, OH), 4.54 (sp, J=6.0 Hz, 1H, O-
CH), 4.82, 4.83 (d, d, 2J=10.3 Hz, 2J=10.3 Hz , 2H, N-CH), 6.80, 7.12 (m,
m, 2H, 2H, Ce¢Hs). Found, %: C 64.09; H 6.64; N 5.17. C14sH17NOa.
Calculated, %: C 63.86; H 6.51; N 5.32.

General procedures for the syntheses of compounds 16-25. A
mixture of equimolar amounts of 15 and appropriate amine (usually 0.015
mol of each) in ethanol (25-30 ml) was refluxed for 50-60 min. On cooling,
precipitated product was isolated and recrystallized.

3-(4-1sopropoxyphenyl)-1-morpholinomethylpyrrolidine-2,5-dione
(16) was synthesized from 15 and morpholine. White powdery crystals.
Yield: 87%, mp 93-94°C (ethanol). R; 0.59 (B). IR, v, cm™: 1771, 1700 (C=0
imide), 1611, 1580, 1513, 1462, 1455 (C=C). *H NMR: 1.31 [d, %J=6.0 Hz,
6H, (CH3)2CH], 2.51 (m, 4H, CH2-N-CH), 2.69 (dd, 2J=18.1 Hz, 3J=5.1 Hz,
1H, CHa-CH), 3.18 (dd, 2J=18.1 Hz, %)=9.6 Hz, 1H, CHy-CH), 3.55 (t,
3)=4.6 Hz, 4H, CH2-0-CH,), 4.04 (dd, 3J=9.6 Hz, 3J=5.1 Hz, 1H, CH»-CH),
4.33 (s, 2H, N-CH2-N), 4.54 (sp, %J=6.0 Hz, 1H, O-CH), 4.82, 4.83 (d,
2)J=10.3 Hz, 1H, d, 2J=10.3 Hz, 1H, N-CH), 6.81, 7.12 (m, m, 2H, 2H,
CeHa). Found, %: C 64.96; H 7.01; N 8.49. CisH24N204. Calculated, %: C
65.04; H 7.28; N 8.43.

1-Anilinomethyl-3-(4-isopropoxyphenyl)pyrrolidine-2,5-dione  (17)
was synthesized from 15 and aniline. White crystals. Yield: 95%, mp. 129-
130°C (ethanol). Rf 0.80 (B). IR, v, cm™: 3369 (NH), 1764, 1683, (C=0
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imide), 1605, 1520, 1509, 1500, 1458 (C=C), 1375, 1364 (i-Pr).
'H NMR: 1.29 [d, 3J=6.0 Hz, 6H, (CH3).CH], 2.56 (dd, 2=18.1 Hz, %J=4.8
Hz, 1H, CHa-CH), 3.13 (dd, 2J=18.1 Hz, 3]J=9.5 Hz, 1H, CH,-CH), 3.80 (br,
1H, NH), 3.96 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.50 (sp, J=6.0 Hz,
1H, O-CH), 6.60-6.78 (m, 5H, N-C¢Hs), 6.94, 7.07 (m, m, 2H, 2H, O-C¢Ha).
Found, %: C 71.11; H 6.39; N 7.99. CxH2.N:0s. Calculated, %: C 70.98;
H 6.55; N 8.28.

1-(4-Acetylanilinomethyl)-(4-isopropoxyphenyl)pyrrolidine-2,5-
dione (18) was synthesized from 15 and 4’-aminoacetophenone. White
crystals. Yield: 54%, mp 161-162°C (ethanol). R 0.57 (B). IR, v, cm™: 3341
(NH), 1764, 1691, 1661 (C=0 imide, ketone), 1601, 1540, 1509, 1462, 1453
(C=C), 1376, 1364 (i-Pr). 'H NMR: 1.29 [d, %J=6.0 Hz, 6H, (CH3),CH], 2.41
(s, 3H, CH3-C=0), 2.63 (dd, 2J=18.2Hz, 3J=5.0 Hz, 1H, CH,-CH), 3.17 (dd,
2)=18.2 Hz, 3J=9.5 Hz, 1H, CH,-CH), 4.01 (dd, 3J=9.5 Hz, 3J=5.0 Hz, 1H,
CH.-CH), 4.51 (sp, %J=6.0 Hz, 1H, O-CH), 4.91 (br, 2H, N-CH>-N), 6.73,
6.83, 7.02, 7.70 (m, m, m, m, 2H, 2H, 2H, 2H, arom.), 7.15 (br, 1H, NH).
Found, %: C 69.49; H 6.15; N 7.50. C2H224N204. Calculated, %: 69.45; H
6.36; N 7.36.

1-(3-Bromoanilinomethyl)-(4-isopropoxyphenyl)pyrrolidine-2,5-
dione (19) was synthesized from 15 and 3-bromoaniline. Light-yellow
needles. Yield: 91%, mp 106°C (ethanol). R 0.79 (B). IR, v, cm™: 3374
(NH), 1770, 1700, 1686, (C=0 imide), 1600, 1576, 1513, 1460, 1458 (C=C),
1377, 1367 sh. (i-Pr). *H NMR: 1.30 [d, J=6.0 Hz, 6H, (CH3),CH], 2.60 (dd,
2)=18.2 Hz, 3J=4.9 Hz, 1H, CH,-CH), 3.16 (dd, %)= 18.2 Hz, J=9.6 Hz, 1H,
CHy-CH), 3.99 (dd, 3J=9.6 Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.51 (sp, 3J=6.0
Hz, 1H, O-CH), 4.86 (d, %J=7.2 Hz, 2H, N-CH,-N), 6.56 (t, 3J=7.2 Hz, 1H,
NH), 6.71-6.78, 6.94-7.02 (m, m, 4H, 4H, arom.). Found, %: C 57.29;
H 5.28; N 6.66; Br 18.98. C2oH21BrN>Os. Calculated, %: C 57.56; H 5.07; N
6.71; Br 19.15.

(E)-3-{3-[3-(4-Isopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-
pyrolylmethylamino]phenyl}-propenoic acid (20) was synthesized from
15 and 3-amino cinnamic acid. White crystals. Yield: 90%, mp 195-197°C
(decomp.) (ethanol). Rs 0.75 (B). IR, v, cm™: 3353 (NH), 1766, 1754, 1700,
1684 (C=0 imide, acid), 1609, 1602, 1586, 1510, 1463, 1456 (C=C), 1376,
1369 sh. (i-Pr). 'H NMR: 1.28 [d, %)=6.0 Hz, 6H, (CHs).CH], 2.59 (dd,
2)=18.2 Hz, 3)=4.8 Hz, 1H, CH.-CH), 3.16 (dd, 2]J=18.2 Hz, 3J=9.5 Hz, 1H,
CHy-CH), 3.99 (dd, 3J=9.5 Hz, 3J=4.8 Hz, 1H, CH2-CH), 4.49 (sp, 3J=6.0
Hz, 1H, O-CH), 4.92 (s, 2H, N-CH-N), 6.28 (d, 3J=15.9 Hz, CH-COOH),
6.38 (br., 1H, NH), 6.70, 6.81-6.84 (m, m, 2H, 2H, O-CsHa), 6.97, 7.08, 7.10
(m, t, 9=1.9 Hz, t, 3J=7.9 Hz, resp., 2H, 1H, 1H, resp., N-CsH.), 7.41 (d,
3)=15.9 Hz, 1H, CsHs-CH=), 11.89 (br, 1H, COOH). Found, %: C 67.27; H
6.00; N 6.59. C23H24N20s. Calculated, %: C 67.63; H 5.92; N 6.86.
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2-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-
thylamino]benzoic acid (21) was synthesized from 15 and anthranilic acid.
Cream-coloured powdery crystals. Yield: 60%, mp 137.5-139°C (ethanol). R¢
0.72 (B). IR, v, cm™: 3371 (NH), 1771, 1719 sh., 1702, 1643 (C=0 imide,
carboxyl), 1610, 1588, 1520, 1512, 1463, 1456 sh. (C=C), 1378, 1367 (i-
Pr).'H NMR: 1.31 [d, 3J=6.0 Hz, 6H, (CH3).CH], 2.63 (dd, 2J=18.1 Hz,
3)=4.8 Hz, 1H, CH,-CH), 3.16 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHy-CH),
4.01 (dd, J=9.5 Hz, 3J=4.8 Hz, 1H, CH»-CH), 4.52 (sp, *J=6.0 Hz, 1H, O-
CH), 5.04 (d, 3J=7.2 Hz, 2H, N-CH-N), 6.64-6.75, 7.00, 7.10, 7.34 (m, m,
m, m, 3H, 2H, 1H, 1H, resp., arom.), 7.88 (dd, %J=7.9 Hz, “J=1.8 Hz, 1H,
CH=C-COOH), 8.68 (t, ®J=7.2 Hz, 1H, NH), 12.37 (br., 1H, COOH). Found,
%: C 65.70; H 5.85; N 7.19. C2:H22N20Os. Calculated, %: C 65.95; H 5.80; N
7.33.

3-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-
thylamino]benzoic acid (22) was synthesized from 15 and m-aminobenzoic
acid. Light-cream-coloured crystals. Yield: 90%, mp 156-157°C (ethanol). R¢
0.64 (B). IR, v, cm™: 3360 (NH), 1770, 1693, 1683 (C=0 imide, carboxyl),
1609, 1591, 1513, 1510, 1466, 1455 sh. (C=C), 1379, 1366 (i-Pr). *H NMR:
1.29 [d, 3J=6.0 Hz, 6H, (CHs),CH], 2.58 (dd, 2J=18.1 Hz, 3J=4.9 Hz, 1H,
CHa,-CH), 3.15 (dd, 2J=18.1 Hz, 3J=9.5 Hz, 1H, CHp-CH), 3.98 (dd, 3J=9.5
Hz, 3J=4.9 Hz, 1H, CH2-CH), 4.50 (sp, 3J=6.0 Hz, 1H, O-CH), 4.92 (br, 2H,
N-CHz-N), 6.43 (br., 1H, NH), 6.71, 6.97 (m, m, 2H, 2H, O-C¢Ha4), 7.00,
7.27,7.42 (m, m, m, 1H, 1H, 1H, N-C¢Ha), 7.16 (t, 3J=7.8 Hz, 1H, N-CgHa),
12.22 (br, 1H, COOH). Found, %: C 65.62; H 5.61; N 7.35. Co1H22N>0s.
Calculated, %: C 65.95; H 5.80; N 7.33.

4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolylme-
thylamino]benzoic acid (23) was synthesized from 15 and p-aminobenzoic
acid. White crystals. Yield: 78%, mp 196-198°C (ethanol). R{0.67 (B). IR v,
cm™: 3343 (NH), 1769, 1689 sh., 1683, 1671 sh. (C=0 imide, carboxyl),
1605, 1535, 1508, 1462 (C=C), 1378, 1367 (i-Pr). *H NMR: 1.29 [d, %J=6.0
Hz, 6H, (CH3)2CH], 2.62 (dd, 2J=18.2 Hz, 3]J=4.9 Hz, 1H, CH.-CH), 3.16
(dd, 2J=18.2 Hz, 3]=9.6 Hz, 1H, CHy-CH), 4.01 (dd, 3]=9.6 Hz, %J=4.9 Hz,
1H, CH2-CH), 4.51 (sp, %)=6.0 Hz, 1H, O-CH), 4.91 (d, ®J=6.8, 2H, N-CH,-
N), 6.73, 7.01 (m, m, 2H, 2H, O-C¢H.), 6.96 (t, %J=6.8 Hz, 1H, NH), 6.81,
7.71 (m, m, 2H, 2H, N-Ce¢Hs). Found, %: C 66.09; H 5.97; N 7.41.
C21H22N20s. Calculated, %: C 65.95; H 5.80; N 7.33.

Ethyl 4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrro-
lylmethylamino]benzoate (24) was synthesized from 15 and ethyl 4-
aminobenzoate. White needles. Yield: 64%, mp 139-141°C (ethanol). Rf 0.81
(B). IR, v, cm™: 3335 (NH), 1771, 1757, 1703, 1686 (C=0 imide ester),
1602, 1528, 1508, 1459 (C=C), 1378, 1367 (i-Pr). *H NMR: 1.29 [d, %J=6.0
Hz, 6H, (CH3)2CH], 1.35 (t, 3)=7.1 Hz, 3H, CH3-CH,), 2.62 (dd, 2J=18.2 Hz,
3)=4.9 Hz, 1H, CH,-CH), 3.16 (dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CHy-CH),
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4.00 (dd, 3J=9.6 Hz, %=4.9 Hz, 1H, CH,-CH), 4.23 (q, *J=7.1 Hz, 2H, O-
CH,), 4.50 (sp, 3J=6.0 Hz, 1H, O-CH), 4.91 (br., 2H, N-CH,-N), 6.73, 6.82,
7.01, 7.73 (m, m, m, m, 2H, 2H, 2H, 2H, arom.), 7.04 (br, 1H, NH). Found,
%: C 68.97; H 6.34; N 3.71. C23H26N2Os. Calculated, %: C 69.28; H 6.08; N
3.67.

N-{4-[3-(4-1sopropoxyphenyl)-2,5-dioxotetrahydro-1H-1-pyrrolyl-
methylamino]phenyl}-2-fluorobenzamide (25) was synthesized from 15
and 4-amino-N-(2-fluorophenyl)benzamide. White crystals. Yield: 88%, mp
136-138°C (ethanol). Rf 0.64 (B). IR, v, cm™: 3401, 3271 (NH amine,
amide), 1768, 1700, 1686, 1640 (C=0O imide, amide I), 1618, 1609, 1510,
1462, 1452 (C=C), 1529 (amide 11),1376, 1365 sh. (i-Pr) . *"H NMR: 1.28 [d,
3)=6.0 Hz, 6H, (CH3).CH], 2.56 (dd, 2J=18.2 Hz, 3J=4.7 Hz, 1H, CHa-CH),
3.15 (dd, 2J=18.2 Hz, 3J=9.6 Hz, 1H, CH,-CH), 3.97 (dd, %J=9.6 Hz, %)=4.7
Hz, 1H, CH,-CH), 4.51 (sp, J=6.0 Hz, 1H, O-CH), 4.90 (s, 2H, N-CH,-N),
5.98 (br, 1H, NH-CH,), 6.71-6.79, 6.93, 7.18, 7.25 (m, m, m, m, 4H, 2H,
1H, 1H, resp., O-CsHa, N-CgH4-N), 7.43-7.51, 7.71 (m, td, resp., 3J=7.5 Hz,
4J=1.9 Hz, 3H, 1H, resp., F-CsHa), 9.60 (d, °J=3.3 Hz, 1H, NH-C=0). Found,
%: C 68.43; H 5.47; N 9.00; F 4.12. C7H26FN304. Calculated, %: C 68.20;
H 5.51; N 8.84; F 4.00.

OUBUKO-XUMHNYECKHUE XAPAKTEPUCTHUKH HOBBIX TPOU3BO/JHBIX
MNUPPOJIMAUNH-2,5-TUOHOB U CPABHUTEJIbHASI OLIEHKA
UX MPOTUBOCYJOPOKHBIX CBOMCTB

C.JI. KOYAPOBY', T. A. MAHOCSIH?, C. E. YYUBAP?, u {1. TYIITYKW?

! HayuHo-TeXHOIOrMYECKHIi LIEHTP OpPraHMYecKoil ¥ (papMaleBTHYECKOH XUMHU
HAH Pecny6muku Apmenus
2 MeAMIUHCKHIT yHuBepcurer, JI1o0uH, [losnbia

CuHTE3UpOBaH psii HOBBIX MPOM3BOJIHBIX NHUPPOJIHMIMH-2,5-1MOHa, BKiIro4as N-
apwi- 1 N-apunamMuHOMeTHI3aMeIIEHHBIE aHaJIoru. B Hacrtosmed pabore mpeacTas-
JIEHBl PE3yJIbTaTbl UHCTPYMEHTAJIBHBIX METOAOB aHAJIN3a CHUHTE3UPOBAHHBIX COCIUHE-
HUI U IPOBEICHA CPaBHUTENIbHAs OLICHKA COCJUHEHMI C BBISBICHHOW IPOTUBOCYNO-
POXHOM aKTUBHOCTBIO.

MNpLOALPYDL-2,5-4PALLELD LA WoTRL33ULLELP
SPOPYU-LPUPIYUTL ALAFE-UGPLL GBI LATLS SUTUES LSNFUU3PL
NUSUNFE-3AFLLELP NUUBUESULUL ALAFE-US-LAFUL

U. L. £02Urnd, N . . ouLAU3UYL, U. 6. 20FJ U U 3w. LOAPEA4h

Upufdtgfly & wppmfofi-2,5-qpnbibibph unp dpugnfdynibbpp pupp, wyg [Foned N-
wpfy- e N-wppyjudflindbfd pynbqulpugfusd wulgguyblp: Chpluyugws b afbfthgdus
dfpuga[Fymlivbph wihiyfgh qrpdppuyfle dbfnqlibph wpgyncpbbpp b fppalubmgdws
411141115715"1_111111‘/[121 <wmllnLFJnLililb[1 Hnl_gwgl?[uu& lf[lluynL[;JnLililbp[l CWLﬂﬂfluuquiwfl
gl Qunnndp:
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In the work the causes of the stability violation of self-propagating heat waves in the process of
frontal polymerization (FP) are studied. FP is an autowave process of the propagation of
polymerization heat waves. One of the major factors for the practical implementation of FP is the
necessity to establish the causes and boundaries of the stability violation of propagating heat waves
in the process of FP. The paper clarifies one of the causes of stability violation during frontal
polymerization of complexes of acrylamide with transition metals. Taking into account the fact that
for the specified monomers the cause of stability violation and appearance of spin modes is
shrinkage of polymer, we have investigated nanoparticle additions to the polymerizing media. It is
shown that it is possible to regulate the stability violation during FP of the monomers depending on
the amount of nanoparticle additions.

1. Introduction

In relation to the synthesis of functional gradient materials (FGM),
which is one of the main advantages of frontal polymerization (FP) [1, 2], it
has become necessary to study the stability of FP heat waves for the
synthesis of high-temperature superconducting polymer composites with an
objective of developing a strong linkage between superconducting composite
and polymer according to a prescribed program. As it is known [3, 4],
superconducting composites were obtained on the basis of cobalt- and
nickel-complexes of acrylamide (AAm) using additions of superconducting
ceramic, and studied for superconducting properties, transitions and
electrical conductivity. However, in terms of the adhesion of these
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composites to the required polymers for the synthesis of FGM, we faced the
task of detailed investigation of the polymerization of metal-complexes of
AAm both with and without additions. In Ref. [5], FP of the monomers as
well as stability violation and appearance of spin modes were observed. It
was shown that the main cause of the above-mentioned phenomena was
shrinkage of polymer in the process of FP. To verify this, we specifically
carried out FP in strict adiabatic conditions and confirmed that there was no
heat loss from the walls of the reaction vessel [5]. A possible mass transfer
from a hot polymeric part to a cool monomeric was checked as well. To that
end, experiments were carried out where FP was initiated both from the top
down and from the bottom up. The data obtained were consistent and the
possibility of mass transfer was also excluded. Thus, in the work [5], the
main causes of stability loss as a result of shrinkage of polymer were
established.

Accordingly, the investigations with the additions of nanoparticles make
it possible to synthesize compatible components of FGM by the method of
FP.

2. Experimental Section

Reagents used: acrylamide (>99%) (AAm), cobalt nitrate hexahydrate
(99.5%) (Co(NO:s), - 6H20), nickel nitrate hexahydrate (99.5%) (Ni(NOs); -
6H,0), silicon dioxide nanoparticles (10 nm, 99.9%) (all purchased from
Sigma — Aldrich), bentonite of the local origin (63-80 um, 99.5%).

Synthesis of cobalt- and nickel-containing acrylamide complexes
(Co(AAM)4(NOs)2, Ni(AAmM)4(NO3)2) was carried out according to the
method described in [6].

The FP of the monomers was carried out in glass ampoules with a
diameter of 8mm. The mechanical mixtures of the monomer and
nanoparticles and bentonite were prepared by mixing the substances for a
long time to thoroughly distribute the nanoparticles in a monomeric medium.
The prepared mixtures were then loaded into the ampoules. To start the FP
reaction of the monomeric mixtures, an instant heat was locally applied on
the upper end of the ampoules.

The measurements were taken using thermocouples located in the recess
holes on the reaction ampoules.

The samples obtained were examined on microscope MB30.

3. Results & Discussion

The FP of the monomers was investigated using thermocouples. The
temperature profiles of the processes are given in Figures 1 and 2 (the
thermocouples were located at a distance of 3mm from each other).
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Figure 1. Temperature profiles of FP of Ni (curve 1) and Co (curve 2) complexes of AAm.

As can be seen from the Figures, the temperature of the waves reaches
the adiabatic heating temperature for the polymerizing monomer and, at a
certain moment, a part of the polymer formed during FP shrinks and gets
detached from the monomer. At this detachment zone the wave temperature
declines, which in turn decreases the polymerization rate. When sufficient
amount of heat, released from the exothermic polymerization, transfers to the
neighboring layer of the monomer on account of thermal conductivity, the
FP process is restored and the temperature again reaches the adiabatic
heating temperature.
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Figure 2. Temperature profiles of FP of Ni-complex of AAm in comparison with spin rings
formed on the samples as a result of polymer shrinkage.
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Figure 3 shows the temperature profiles of FP of Co(AAmM)4(NOs3), with
additions of different amounts of SiO> nanoparticles. As can be seen from
the Figure, FP of Co(AAmM)4(NOs). proceeds with formation of instabilities
and spin  modes (curve 1). The addition of wup to
5 wt% of SiO, nanoparticles leads to a decrease in the gap between the
polymer and monomer (curve 2), which, in turn, may be resulted by
intermolecular interactions of the nanoparticles with the polymer chains [6].
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Figure 3. Temperature profiles of FP of Co(AAm)4(NOs), with the additions of O (curve 1), 5
(curve 2), 10 (curve 3), 15 (curve 4), and 20 (curve 5) wt% of SiO, nanoparticles.

Next, the further increase (10-15 wt %) in the amount of the
nanoparticles leads to a uniform propagation of the FP heat waves (curve 3,
4) with a decrease in both the rate and maximal adiabatic heating of the
polymerization process. The behavior of the curves in relation to the
adiabatic heating of the FP of Co(AAmM)4(NOs) is shown in Figure 4.
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Figure 4. Dependence of the maximal adiabatic heating temperature of FP of Co(AAM)4(NO3)2
on the concentration of SiO, nanoparticles.
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Figure 5 shows the samples of nanocomposites obtained by FP of
Co(AAM)4(NOs3). with the additions of 0 (1), 5 (2), 10 (3), 15 (4), and 20 (5)
wit% of SiO; nanoparticles. It is clearly seen from the Figure that addition of
the nanoparticles up to 10 wt% gives the samples a homogeneous structure
(Figure 5-2, 5-3). The fact is that, as mentioned above, the nanoparticles
interacting with the polymer chains, attract them to each other and change
the structure of the resulting composite. Nevertheless, with a further increase
in the amount of nanoparticles, the structure of the obtained composites
becomes inhomogeneous with the formation of uneven ruptures of the
polymer matrix of the composite (Figure 5-3, 5-4).

1) 2) 3) 4)

Figure 5. Samples of hanocomposites obtained by FP of Co(AAm)4(NOs), with the additions of
0 (1), 5(2), 10 (3), 15 (4), and 20 (5) wt% of SiO, nanoparticles.

The samples of the obtained nanocomposites were also examined under
the microscope MB30. The microimages of the composites (Figure 6)
confirm the conclusions made. As can be seen from the microscope
photographs, indeed, with additions of nanoparticles more than 15 wt% the
structure of the nanocomposites becomes non-uniform and crumbly (Figure
6-3, 6-4).

Figure 6. Microscopic images of the samples of nanocomposites (at 100x magnification)
containing 5 (1), 10 (2), 15 (3), and 20 (4) wt% of SiO, nanoparticles.

FP of Co(AAmM)4(NO3), with the addition of 5, 10, 15, and 20 wt% of
bentonite as an inert filler was investigated as well. The results are
demonstrated in Figure 7.
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Figure 7. Temperature profiles of FP of Co(AAmM)4(NOs), with the addition of 5 (curve 1), 10
(curve 2), 15 (curve 3) and 20 (curve 4) wt% of bentonite.

As seen from the Figure, the shrinkage area decreases as the bentonite
concentration increases. This phenomenon is caused by the dilution of the
monomer with inert filler that reduces the front velocity, and consequently
the shrinkage of the resulting composite.

4. Conclusion

The work presents investigations of stability loss of self-propagating
heat waves in the process of FP. In the paper the effects of nanoparticles on
the stationarity of FP heat waves were studied. From the presented data it
can be concluded that the additions of nanoparticles diminish the effect of
polymer shrinkage, and therefore instabilities and spin modes. At the same
time denser filling disrupts the smoothness of the propagation of the heat
waves, which is due to the agglomeration of the nanoparticles as a result of
their very tight packing. From the presented data it can be concluded that by
adjusting the quantity and quality of nanoparticles, it is possible to regulate
the properties of the resulting composites. The results indicate that by means
of nanoparticles it is possible to regulate the kinetics of the FP process, and
therefore, obtain polymeric nanocomposites with prescribed properties and
synthesize compatible components of FGM by the method of FP.

Acknowledgement: This work was supported by Science Committee of
the Ministry of Education and Science of Armenia.
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[iptmmpudiny  Ybpiduyfhs wypplbph fuyncincfyabs fusfondwb aguenSwndlbpp:
bpninnwy  wmfulbpugnidp yypdbpogdut Yhpduyph aypplbph s dui
ufummugfpuypls gopdpifduy b dpniunuy wympdbpugdwl qapdiulul ppognpddut
ifrsifnp Yspugguydul § Quilqfuaiind gnpdpifdugf pifdugpnod wwpudng Yhpduyfl
wippibipfs pynihinfJyuls fnpunfs wpunnSwnhbph wpupgaodp b gpeig awdwlilpf
whppyudpgf gnduybpubbpf $priunwy  wnpdbpogdul phfdugpacd - pQuiym - bljud
wiltlpyne e ffyniiibpl spunnSunibiphy dklp: Qupfp wnlbyn, np Gyfms dulndbpibpp
Curdunp fayniacfyml fopromnp b aofboyll abdflubph mmamgdwl wennfan §
Cosbonpfuamilinid wympdbpf Gunbgdute bplogFp,  mancdbaappdlby B aqnyfullpogdng
dpQuiifuypred Sbindwaliplbpf Sunfbyndubph wqplgnfdynip gopdpbfFugh fugniin-
Pyuts Jpus: Bnegy § unpuflyy, np iy dnbindliphliph $puiunwy ynflbpugdut phfdugpned
Shwpunfnp b funufwply  qnpdpfFugh fuyncdinfJynp fwpufud nbulghob dpdu-
fuyprnd iwlendubiflibpfy Sudbynedubph putiolpy:

HCCIHEJOBAHUE IMPUYNH HAPYIIEHUA CTAIIMUOHAPHOCTH
PACITPOCTPAHSIOIIENCS TEIJIOBOM BOJIHBI B ITPOIIECCE
®POHTAJIbHOM MMOJTUMEPH3AIIAU

A. O. TOHOSH, A. A. MUHACHH, A. 3. BAPAEPECSH, A.T'. KETSAH u C. I1. JABTSIH

TlocynapcTBeHHBIN HHXEHEPHBIH yHIBEpcuTeT ApMennd ([lonuTexHuK)
Kadenpa oOrmeit XuMUM 1 XUMHYECKHX MTPOIIECCOB
Apwmenns, 0009, Epesan, yn. TepsHa, 105
E-mail: atonoyan@mail.ru

B pabote uccnenyroTcsi MpUYMHBI HapyLIEHUs] YCTOWYMBOCTH CaMOpaclpocTpa-
HSIOMIMXCSI TETUIOBBIX BOJIH B Tporiecce hpoHTanbHOH nomuMepuzanuu (DPII). I — sto
ABTOBOJIHOBBIN ITPOIIECC PAcIpOCTPAHEHHs! TEIUIOBBIX BOJH MojMepu3annu. OqHIM U3
Ba)XHEHIIMX (akTOpoB mpakTHieckod peammzanuu PII sBusiercss HeoOXoANMOCTH
YCTAQHOBJICHHS TNPUYMH WM TPAHMI] HAPYIICHUS YCTOHYMBOCTH PACIPOCTPAHSIOIINXCS
TEIUIOBBIX BOJIH B npouecce @II. B craThe BbISICHEHa OJHA U3 MPUYMH HapyLIEHUS yC-
TOWYHMBOCTH NIPH (PPOHTAIBHON TMOJIMMEPH3ALMH KOMILJIEKCOB aKpHJIaMHUAa C Iepexo-
HBIMU MeTajylaMH. YUYUTBIBas, 4TO JUI yKa3aHHbIX MOHOMEPOB NMPUUYMHON HApYLIEHUS
CTaOMIJIBHOCTH W TOSIBJIEHUS CIIMHOBBIX MOJ SIBJISIETCS ycajKa HoJMMepa, HaMH ObLIH
HCCIIeI0BaHbl J00AaBKM HAHOYACTHI] B IOJHMMepHU3ylomuecs cpeabl. [lokazaHo, 4To
MOYKHO PETyJIMpoBaTh HapylleHue cradbmibHOCTH pu PII MOHOMEPOB B 3aBUCHMOCTH
OT KOJIMYECTBA JJ00aBOK HAaHOYACTHII.
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BHumaHuio aemopoes/

Iloopobnyto ungopmayuro o «Xumuueckom dxicypuane Apmenuu», cooepiicanue
HOMepO8 JCYPHANLA 8 2paghuueckoli popme u aHHOmayuu cmamei, 20008bie A6MOPCKUE
VKazamenu, a maxdice pazeepHymle Npasuid O démopos MOJICHO NOIYUUMb & Cemu
Hnmepnem no aopecy: http://chemjournal.sci.am « www.flib.sci.am

IIPABUJIA 1JIS1 ABTOPOB

OO0mme nosoxeHus

K ny6nukanny B «Xumuueckom sncypnane Apmenuu» IpUHAMAIOTCS MaTepHAIIBI, COJeprKa-
Imye pe3yabTaThl OPUTHHAIBHBIX HCCIIEN0BaHUH, 0QOpPMIICHHEIE B BUAE MOJHBIX cTaTei, KpaT-
KHX cO00IeHUi 1 MHceM B peaKIHIo.

XKypnan mybnukyer paGoTHI 10 BceM HANPABJIEHHAM XHMUYeCKO HAyKH, B TOM YHCIIE [0
o01ielt 1 HeOpPraHUIECKOW XUMHH, (PU3NIECKON XUMHIH M XUMUYECKOH (PU3UKE, OPraHMIECKOH X1-
MHH, METaJUIOOPTaHUYECKOH M KOOPIMHAIMOHHOW XMMHH, XUMHUHU HOJUMEPOB, XHUMHH MIPUPOJ-
HBIX COCIMHEHUH, OMOOPTaHMYEeCKON XUMHUN M XUMUH MaTepHAaIOB.

Cratby, npeyiaraeMble K IMyOJIMKanuy B pasjielic OHOOPraHMYeCKOi XMMHH, TOJDKHBI OBITH
TIOCBSIICHB! MOJYYEHHIO HOBBIX IOTEHIMAJIBHO OMOJIOTMYECKH aKTHBHBIX COCIAMHEHHH, B TOM
YHCIIC U BBIICICHHBIX U3 IPUPOIHBIX 006eKTOB. IIpH onMcaHny HOBBIX BellecTB, 00.,1aJa0UX
3HAYUTEJILHOIi (B CPABHEHHH ¢ MPUMeEHsieMbIMHM B MeIUIIUHE JeKapCTBaMH) OMOI0rH4ecKOoii
AKTHBHOCTBIO, CTaThs MOXKET COAEPKATh PE3yIbTAThl OMOIOTMIECKUX UCCIEAOBAHHUMN, BKIFOUA0-
IIYe CCBUIKM HA UCIONB30BAHHBIE METOIBI U3yUEHHs OHOJIOTMYIECKOI aKTUBHOCTH, HH(OpMaIHIo
0 THIIE HUCIIOJIb30BAHHBIX ONO0OBEKTOB, AKTHBHOCTH U TOKCHYHOCTH CHHTE3MPOBAHHBIX IIpernapa-
TOB B CONOCTABJICHUH C COOTBETCTBYIOIIMMH MOKA3aTEJIIMU IPUMEHAEMBIX B METUIINHE JICKApPCTB.

B 3akioueHun cieqyeT NPUBECTH KPAaTKMH apryMEHTHPOBAHHBIA BBIBOJ O CBSI3H MEXIy
CTPYKTYpOH M OHOJIOTMYECKOH aKTHBHOCTBIO MCCIEOBAHHBIX coeanHeHHH. OmyOIMKoBaHHbIE
MaTepHaibl, a TAKXKE MaTepUabl, IPECTaBICHHbIE Ul IMyOIMKanuy B IPyTHX JKypHanax, K pac-
CMOTPEHHIO HE TIPHHAMAFOTCS.

ABTOpCKHE 0030pbI TOJDKHBI MIPECTABIATE cO00H 0000IIeHe 1 aHAIN3 PE3YIIbTaTOB LIUK-
71a paboT OHOTO MM HECKOJIBKHUX aBTOPOB 10 €IMHON TEMATHKE.

IMonnbIe cTaThH NPUHUMAIOTCS 00beMOM 10 12 cTpaHuI], 00bEM KPaTKOro COOOIIeHNsT —
He Ooyiee 5 cTpaHMI] MaIMHOIMCHOTO TekcTa. [lMchbMa B perakIuIo JOIKHBI COJEpIKaTh H3JI0-
JKEHHbIE B KpaTKoil (hopMe HayuHbIe pe3y/IbTaThl MPUHIUIIHAIBHO BAKHOTO XapakTepa, TpeOyro-
1ye cpoyuHOil mybnukanmu. Pegakiys octasiseT 3a co0oif MpaBo COKpalaTth CTaTb HE3aBUCHMO
0T uX o0BeMa.

Jnst my0JuKanuy cCTaThbH ABTOPaM He00X0AMMO NMPeACTABUTH B PeJaKLHUIO cleAylole
MaTepHUaJIbl ¥ JOKYMEHTBI:

1) HampaBieHUe OT opraHm3anuy (B 1 9K3.);

2) skcriepTHOE 3aKitodeHue (g rpaxaan PA) (B 1 3k3.);

3) noanucaHHBIl BceMH aBTOpaMU TEKCT CTAaTbU, BKIIOYas aHHOTALIUIO, TAOIMIIbl, PUCYHKH U
MOJIMTUCH K HUM (BCE B 2-X 9K3.);

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

Cratbs 0JDKHA OBITh HaIHCaHa CXKaTo, aKKypaTHO 0(OpMIIEHa U TIIATEIbHO OTPEIaKTHPO-
BaHa. He momyckaercst myGnmpoBaHue OJHHX M TeX K€ JaHHBIX B TaOIHIaX, B CXeMax M PHCYH-
Kax.

ABTOp HeECeT MOJHYI0O OTBETCTBEHHOCTb 3a JOCTOBEPHOCTH SKCIEPHMEHTAIBHBIX ITAHHBIX,
MIPUBOANMBIX B CTaThE.

Bce CTaTbH, HAIIPABJIAEMBIE B PEAAKIINIO, ITOABEPTAOTCA PEUCH3UPOBAHUIO U HAYYHOMY pe-
JAKTHPOBAHUIO.

Crartbsi, HalpaBJIeHHAs! aBTOPaM Ha J0paboTKy, AOJDKHA OBITh BO3BpAlICHa B HCIPABICHHOM
BHJIC BMeCTe C ee MePBOHAYAJIBLHBIM BADHAHTOM B MaKCUMAaIbHO KOpoTKue cpoku. K nepepado-
TAQHHOU PYKOITHCH HEOOXOIMUMO MPMIIOKHUTH MHCBMO OT AaBTOPOB, COJIEpIKalee OTBETH! Ha BCE 3a-
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MEYaHUs U KOMMEHTapHHU U MOSCHSIOIIEE BCe BHECCHHbIC M3MeHeHUs. CTaThd, 3aiepKaHHast HA
ucnpaBjieHHH §oJiee IBYX MecsilieB WM TPeQyIoIasi IOBTOPHOIi NMepepadoTKH, paccMaTpu-
BaeTCsl KAK BHOBb MOCTYIMBLIAS.

Penakiys ockuiaeT aBTopy Iepen HabopoM Ul IPOBEPKH OTPEAAKTHPOBAHHBII SK3EMILIAP
CTaTbU U KOPPEKTYPY.

Crpykrypa ny0aukanui

[Ty6nvkanmst 0630poB, MOJHBIX CTaTeld M KPATKHX COOOIIEHMIl HauMHAETCS C HMHAEKCA
VJK, 3aTeM cineyroT 3ariaBue CTaThbH, HHUIMANIB U (paMUINH aBTOPOB, Pa3BEPHYThIE Ha3BaHUS
HAYYHBIX YYPEXJICHHUH, MOJHBIE MTOYTOBBIE aJpeca ¢ MHAEKCAMHU IOYTOBBIX OTAENEHUH, HOMepa
(akcoB U angpeca 3IEKTPOHHOM mouThl. [lanmee mpuBoIUTCsA KpaTkas aHHOTanus (He Goiee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaTOB paOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B cratesx TeopeTrnyeckoro M GU3HKO-XHMHYECKOI0 XapaKTepa IPHBOJSITCS CKAaToOe BBe-
JICHHE B IIPO0OJIeMy U TIOCTAHOBKA 33/1a4H MCCIIEOBAHMS, SKCIIEPIMEHTAIbHAS WM METOMIecKast
4acTh, 00CY)XIEHHE IOJIydeHHBIX pe3yJIbTaTOB C 3aKJIIOUYEeHHEeM, a B CTAaThiX, NMOCBSIIEHHBIX
CHHTe3y, — 00Imas 4acTh (BBEACHHE U 3aa4a UCCIIE0BaHMs), 00CYXKICHUE TOITyIeHHbBIX PE3yiIb-
TaTOB C 3aKJIIOYEHHeM U SKCIIEpHUMEHTaIbHas 4acTb. PUCYHKHU ¢ OAPHCYHOUHBIMU MOIUCAMU U
TabnuIbl MOTYT OBITH BBEJICHBI B TEKCT. B mMHChbMax B peakIMI0 aHHOTAIMS HA PYCCKOM SI3BIKE
HE TMPHUBOAUTCS U pa3OMBKa Ha pa3zieisl He Tpedyercs; narorcs uHaekc YK, Ha3BaHHe CTaThH,
HMHHIMANGL ¥ (aMIIMU aBTOPOB, Ha3BaHHE HAYyYHBIX YUPEXKICHUH M HX ajpeca, pe3toMe Ha ap-
MSHCKOM M aHTJTIHICKOM SI3BIKaX.

I'padmueckuii pedepat npuaraercst Ha oTAeIbHON cTpanune (120x55 Mm) n npexncrasiser
c000if MHGOPMATHBHYI0O WLTIOCTPAanMI0 (KIIOYEBYIO CXEMY, CTPYKTYPY COCIMHEHUs, ypaBHe-
HHE pPeaKkiuy, rpaguK U T.I1.), OTPaXKAIOIIYIO CYTh CTaThH B rpadpmueckom Buze. Tekcr B rpadu-
4yecKkoM pedepare JOIycKaeTcs TOIbKO B Cllydae KpaiHeil HeOOXOMMMOCTH, TIPU 3TOM CIIElyeT H3-
Oerath TyOnMMpOBaHMS HA3BAHUS CTATbU M TEKCTA aHHOTAIIUH.

IIpu HecoO/I0IcHUH YKAa3aHHBIX BbIlIe MPABHJI CTAThS He NMPHHUMAaeTcd K MyO/anKa-
IHH.

Ipumep odopmiaeHust 3arJaBusi CTAThbH, CIUCKA ABTOPOB,
aIPecoB yUpeKAeHUIT, AHHOTAIIMM.

ACHUMMETPHUYECKHUI CUHTE3 -TETEPOLIMKJINYECKU
3AMEIIEHHBIX L-a-AMUHOKHUCJIOT

A. C. Carusn,? 0. H. Besokons® u K. ®umep *

2 EpeBaHCKM TOCYJapCTBEHHBIH YHUBEPCUTET
Apwmenns, 0025, Epesan, yn. A. ManyksiHa, 1

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

5 TuCTUTYT 31EMEHTOOPraHMYECKUX COEMHEHUH

uM. A. H. HecmesiHoBa Poccuiickoil akageMuu Hayk
Poccuiickas @enepanus, 119991, Mocksa, yi. BaBunosa, 28
dakc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
® MactutyT opranmdeckoro karanmmsa |IFOK Yausepcurera r. Poctok
I'epmanmst, Poctok, [I-180055, byxOunnep mtpacce, 5-6
daxc: E-mail:

Pa3paboTaH HOBbIN 3hHEKTUBHBIN METOL aCUMMETPUYECKOTO CUHTE3a [-reTepoLmMKIndecku
3aMelLeHHbIX L-a-aMUHOKUCIIOT NocpeAcTBOM NpucoeanHeHns 3-amunHo-1,2,4-tnaguasona n 5-mep-
KanTo-1,2,4-Tpna3onos, coAepXallux pasnuyHble 3amMecTuTenu B nonoxeHusix 3 n 4, k C=C csasu
Ni(Il) komnnekca ¢ ocHoBaHueM LLndpdpa pervgpoananuHa u (S)-2-N-(N’-6eH3nnnponun)ammHobeH-
30¢peHOHa.
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KuHeTHKa BBICOKOTEMIIEPATYPHOI0 2A30THPOBAHUS TAHTAJIA
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Odopmitenne cTateil B «XHMHYeCKOM KypHaJle ApMeHUN»

Tekcr cTathu neyataetcs yepe3 1.5 unrepBasa (6e3 MOMapoK U BCTaBOK) Ha Oemnoit Oymare
cTaHIapTHOTO pa3Mepa (popmat A4) ¢ OISIMU 3 CM ¢ JIEBOH CTOPOHEIL, 1.5 ¢M ¢ IpaBOW CTOPOHBI,
2.5 cM cBepxy, 2.5 cM cHH3Y, pa3mep mpudTa — 12,

Bce crpanmisl pykomucH, BKITIOYAsi CHHCOK JINTEPATypsl W rpadudeckuit pedepar, Hyme-
pytoTcsi.

VYpaBHeHus1, CXeMbl, TaONUIIbI, PUCYHKH U CCBUIKM Ha JIMTEPATYpy HYMEpYIOTCS B IOPSIIKe
HX YIIOMHHAHUS B TEKCTe.

Cnucok mUTHPYeMOii JUTEPATYPhI JJODKEH BKIIOYATh CCHUIKM Ha HanboJiee CYIIEeCTBEH-
HBIE PabOTHI MO TEMe CTaTh. B TeKcTe CTaThbM JOJDKHBI OBITH YIOMSHYTHI BCe CCHIJIKH, TPHBeE-
JICHHBIE B CIIUCKE JUTEPATYpPhL. B TekCTe CChIIKM Ha JITEpaTypy AAOTCS B KBaJPATHBIX CKOOKaxX
1 HyMepyIOTCSl CTPOTro B MOPsiike HX ynoMHHAaHUsA. CIIMCOK JIUTepaTyphl eJaTaeTcs Ha OTASTb-
HOH CTpaHWIE ¢ YKa3aHNEM WHHUIHATIOB 1 (haMUIHil BceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH ClIeTyIOMmNM 00pa3oM:

Knuzu: Byuauenxo A.JI., Baccepman A.M. Ctabunbabie paaukansl. M., Xumus, 1973, 58 c.

Cmambu ¢ cooprnukax: Ona /Joc., @apyx O., Ilpaxaw [orc. K.C. B KH: AKTUBaIUs U KaTalu-
THYecKue peakiuy ankanos / mox pen. K.M.Xwmna. M., Hayka, 1992, c. 39.

ITpn nMTHPOBaHMY MePEeBOIHBIX M3/IAHMIA [TOCIIE BHIXOAHBIX JaHHBIX PYCCKOSI3BIYHOM Bep-
CHH B KBaJPATHBIX CKOOKaX HEOOXOIMMO yKa3aTh BEIXOAHBIC JaHHBIC OPHTHHAIBHOTO H3JAHUSL.
Hampumep: Buympennee spawjenue monexyn./ nox pex. B.J1.Opsumn-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

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

IIpy NUTHPOBAHHM PYCCKOSI3BIYHOIO KYpPHAJIa, MepeBOANMOro 3a pyb6eskoM, HeoOX0au-
MO TPHBOJHUTEH CCBUIKY M Ha aHIIos3bIuHyro Bepcuo. Hanpumep: Jlaiikos [I. H., Ycreiaiox 1O.
A.// H36. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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Iamenmor: A.c. 9854 CCCP // b.1., 1978, 61. wnu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Kosane b.I'. ABToped. auce. «....» JOKTOpa XUM. HayK. [ opoa, HHCTHUTYT,
rox, cTp.

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

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

CcblUIKH Ha HeOl’[yﬁ.]'[l/lKOBal-lHlxle pe3yJabTaThbl U YaCTHBIC cooﬁmemm JAr0TCA UCKIIHOYH-
TEIbHO B BUJE CHOCOK, a B CIIUCKE JIUTEPATyphbl HE NIPUBOJATCS U HEe HyMmepytoTcs. [Ipu nurupo-
BaHHM HEONMYOJIMKOBAaHHBIX Pa0OT M YaCTHBIX COOOIIEHUIH HEOOXOUMO MPEACTABUTD pa3pelIcHue
OT JIMLa, HA Yb1 JAHHBIC IPUBOJUTCS CChIIKA.

MamsaTka nus aBTOpPOB

Jnst MaKCUMaJIBHOTO COKPAIIEHHsI CPOKOB MyOJIHKAIMH PENAKIMs IIPOCUT aBTOPOB obpa-
TUTH 0cO00E BHUMaHNE HA 0)OpMJIeHHe CTATHH.

Obuue nonosiceHus

Marepuansl, IpeACTaBIsIeMbIe B PEIAKIIHIO:

[ ¢hamMmtust, IMsI, OTYECTBO M KOOPJMHATHI JINNA, C KOTOPBIM PEAAKIMS AOJDKHA BECTH Iepe-
MUCKY (TIOYTOBBINA ajpec, HoMep TenedoHa, HoMep (akca, aipec IMEKTPOHHOM mouThl). PaMumms
aBTOpa, OTBETCTBEHHOT'O 32 TIEPENHNCKY, JODKHA ObITh OTMEUCHA 3BE3IOUKOM.

[] HampaBJieHHE OT OpraHU3aIuu

[] skcnepTHOE 3aKimodeHne (11 rpaxaal PA)

[J TeKCT cTaTbU, aHHOTALUM HAa PYCCKOM, aHIVIMMCKOM U apMSHCKOM SI3bIKaX Ha OTAEIbHBIX
cTpaHunax (JImbo B TEKCTE), PUCYHKH U Tabnuubl (Bce B 2 9K3.)

[ rpaduueckuii pedepar

[] moc/1e10BaTeJIbHOCTh PACIOJI0KEeH s YacTell cTaTb (KpOMe IHCEM B PEJAKIIUIO):

[J mamexc YK

L] Ha3BaHME CTATbU

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHUE HayYHOU OpraHu3aluu

[] mOYTOBBIH ajjpec ¢ UHAEKCOM

[ daxc

[l agpec 3MeKTPOHHON MOYTHI

[l aHHOTALMA

[J cOOCTBEHHO TEKCT CTATbH

L] BBEIEHNE

[] mocraHoBKa 3a1a4u

J1s cTaTeil GU3NKO-XMMHYeCKOH TeMATHKU:

[] sKCIIepUMeHTaJIbHAsl 4acTh

[] 00CyxJIeHHE NTOJIy4CHHBIX PE3YNIbTaTOB C 3aKII0UCHUEM

A5 cTaTeil, MOCBSIIEHHBIX CHHTe3Y:

[] o6cyx/IeHHe TIOJTyIeHHbBIX PEe3yIbTaToOB C 3aKITI0OUCHHEM

[] 3KCHepUMEHTATbHAsT 9aCTh

[J brmaromapHOCTH

[] criucok uTepaTypbl
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Tpebosanus Kk ogpopmaenuio u no0zomoexe pykonucu

(1B 3KcnepMMEHTAJIBbHONH YACTH JOJDKHBI OBITh IPEACTABIICHBI J0KA3ATENLCTBA CTPOECHUS
U YHCTOTHI BCEX HOBBIX COCMHEHMI!, HICTOYHUKH MCIIOJIb30BaHHBIX HETPUBHAJILHBIX PearecHToB
WM MeTOAMKH HMX MOJyYeHHsI, a Takke YCIOBHUS JONMOJHHTEJIbHON MOATOTOBKH PEareHTOB H
pacTBopuUTECH.

[ Ins BceX CHHTE3NPOBAHHBIX COCIWHEHWH ClIefyeT IaTh HA3BAHHUSI 10 HOMEHKJIaType
IUPAC. MertamioopraHi4yeckie KOMIUIEKCHI MOTYT ObITh Ha3BaHel mo cucreme Chemical
Abstracts.

[1Bce Tad/1Mubl, cXeMbl, PHCYHKH, COe/IMHEHHS H CCHIIIKH HA JIUTEPATypPy JODKHBI HyMe-
POBATHCS CTPOTO B MOPAAKE YIOMUHAHUS B TEKCTE.

[1Ha ocsx rpaduKOB JOJDKHBI OBITH YKa3aHbl HAMMEHOBAHUSA ¥ € JMHHIbI H3MEePeHHsl COOT-
BETCTBYIOIIMX BEJIMYHH.

[/PuCyHKH CHEKTPOB HE JOJDKHBI OBITH BBITOJIHEHEI OT PYKH.

[1Bce ncronp3yeMble aG0peBHATYPBI M COKPALIEHHsI JOJDKHBI COOTBETCTBOBATh IIPUBEICH-
HoMy B [IpaBuax s aBTOPOB CIMCKY MJIM pacIn(pOBEIBATECS PH [IEPBOM YIOMHHAHUH.

[1laHHBIE PEHTIEHOCTPYKTYPHOT'O HCCIEIOBAHUS CIIEAyeT INPEACTAaBISATh B BHUJIE PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAHHBIMH aTOMaMH) FJIH KPUCTAIIIMYECKOI YIIaKOBKU M TaOIIHIL,
coziepKalnX HeoOXouMble FeOMETPUYCCKUE XapaKTEePUCTHKU MOJIEKYJ (OCHOBHBIE JUIMHBI CBS-
3eif, BaJICHTHBIC 1 TOPCUOHHBIC YIJIBI).

[] JIyist OCHOBHOTO TEKCTA CTAThH 00s3aTENBHO UCTIONB30BaHue mpudra Unicode, skenarens-
Ho Times New Roman, miist rpedeckux 6ykB — mpudt Symbol.

[1CuMBOJIBI IIEPEMEHHBIX (M3WYECKUX BEJIMYUH (HAmpuMep, Temiieparypa — 1), eJUHHII
nx mmepenns (K), crepeoxumuueckue neckpunropsl (yuc, Z, R), noxantsl (N-metmi), GykBeH-
HBIe (HO He UU(POBBIC) CUMBOJIBI IPH 0003HAYECHHUH TPYIII CHMMETPUH JOJDKHBI OBITh Haleyara-
ubl kypcusom (C2v, Ho He C2V).

(1B cnucKe JIMTEPATYPbI JODKHBI HCIIOJIB30BAaThCS TOJBKO CTAHNAPTHBIE COKPAILECHHS Ha-
3BaHMH KYPHAJIOB.
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