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AcuMMeTpHYecKHii CHHTE3 HOBBIX IeTepOolUKINYEeCKU 3aMellleHHbIX AHAJIOT0B
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NANOSIZE MOLYBDENUM CARBIDE PREPARATION BY SOL-GEL
COMBUSTION SYNTHESIS WITH SUBSEQUENT FAST HEATING

H. V. KIRAKOSYAN'? Kh . T. NAZARETYAN?!, Kh. Gh. KIRAKOSYAN"?,
M. E. TUMANYANY2 S. V. AYDINYAN"? and S. L. KHARATYAN!?

1 A.B. Nalbandyan Institute of Chemical Physics NAS RA
5/2, P. Sevak Str., Yerevan, 0014, Armenia
2 Yerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia
E-mail: sofiya.aydinyan25@gmail.com

A novel approach for the preparation of molybdenum carbide by solution combustion synthesis
(SCS) or sol-gel combustion synthesis combined by the subsequent fast heating of SCS products
was suggested. Ammonium heptamolybdate (AHM) and organic reducers (glycine, alanine, glucose,
etc.) were used as starting materials. To provide sufficient exothermicity and self-propagation of
interaction in the AHM-organic fuel systems, ammonium nitrate was utilized as an auxiliary oxidant
and reaction was performed at a regulated flow of gaseous oxygen. SCS temperature and products
composition were managed by the AHM-organic fuel ratio, the flow rate of gaseous oxygen and
quantity of ammonium nitrate. Solution combustion synthesis method allows to directly produce
molybdenum carbide only from the AHM-glycine system. In the other systems studied carburization
process was stimulated by adding certain amount of carbon to the SCS product and fast heating
(100°/min) up to 1200°C with retention time 140 s.

Figs. 4, Table 1, references 26.

Nanomaterials have attracted worldwide interest for more than 20 years in
many practical applications, such as magnetic data storage materials, energy
conversion and storage technologies, in heterogeneous catalysis due to their unusual
chemical, magnetic, electronic and optical properties. There are many methods to
prepare nanomaterials, e.g. high-energy milling, hydrothermal and sol-gel synthesis
approaches. The major problems associated with these techniques are either the
process duration or the difficulties in achieving the desired product phase
composition [1-3].
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Exothermic reactions, especially solution combustion synthesis (SCS) or sol-gel
combustion synthesis serve as a promising route for rapid and direct synthesis of
nanomaterials [4-13]. SCS involves self-sustained reactions in a solution of metal
containing oxidizers (typically metal nitrates) and a fuel, e.g., water-soluble organic
amines, acids, amino-acids, etc. SCS begins from an aqueous solution, which
guarantees a molecular-level mixing of reactants and high specific surface area of
products as a consequence of the large amount of gases produced during the
synthesis process [7-9].

In SCS, the phase composition, morphology, particle size and specific surface
area of products can be controlled by adjusting the fuel/oxidizer ratio.

This form of sol-gel combustion offers various unique features for material
synthesis. The reaction is completed within a short time (on the order of seconds)
with maximum temperatures ~1500 °C that facilitate formation of crystalline
material. This approach has been used for synthesis of a large number of binary and
complex oxides, some transition metals (Ni, Cu, Fe) and alloys [14-16].

Moreover, the synthesis of non-oxide compounds (carbides, nitrides, borides,
etc.) nanopowders by SCS method has not been studied yet.

In this work, we aim to study SCS of Mo,C using available Mo(VI) salt,
namely ammonium heptamolybdate (NH4)¢Mo0;0,4-4H,0), and organic fuel (e.g.,
glycine, alanine, urea, melamine, urotropin, citric acid, glucose) that would satisfy to
the main conditions of SCS - sufficient exothermicity and self-propagation of
interaction. Note that nanostructured molybdenum carbide (Mo,C) has been
investigated intensively due to the exceptional catalytic activity and selectivity in a
number of reactions, such as hydrogen transfer reactions of alkanes, cycloalkanes
and long-chain alkadiens, methane reforming, ammonia synthesis, water-gas shift
reaction, etc. [17-20]. Especially catalytic properties of molybdenum carbide are
usually preferable as compared to the noble metal catalysts in selectivity, stability
and resistance to poison [20,21]. It is worthy to note that according to literature data,
Mo(VI) forms chelates (complexes) with a number of aminoacids, amides and
caboxylic acids increasing salt’s solubility which is substantial for the preparation of
saturated solutions for SCS [22-24]. Moreover, as a result of chelates formation, the
oxidizer and reducer become chemically bonded, which will promote the formation
of highly homogeneous nanostructure of final product.

Experimental

The salt of molybdenum precursor together with organic fuel was dissolved in
appropriate amount of deionized water to obtain saturated solution. pH of solution
was regulated by adding certain amount of ammonia. For the increasing of reaction
enthalpy NH4NO; was utilized as an auxiliary oxidant, which in addition to
significant influence on temperature regime, essentially enlarge the area of Mo,C
formation. In some cases solution combustion reaction was performed in the
regulated flow of gaseous oxygen to increase the exothermicity of interaction.
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Precursor’s homogenous mixture is filled into the quartz glass, and heated on an
electrical heater. After much of the water has been evaporated, a viscous liquid
forms (sol, then gel) which is autoignited at >200°C (so called volume combustion)
accompanied by release of gas and smoke. To follow the reaction in different
thermal modes the temperature-time measurements were made by chromel-alumel
thermocouple. The initial reagents and obtained nanopowders were characterized by
modern analytical techniques: XRD analysis (DRON-3.0 diffractometer), absorption
analysis (Micromeritics Gemini V1), optical (Jenavert) and scanning electron (BS-
300) microscopes and thermal analysis setup (high speed temperature scanner
(HSTS-1, IChPh NAS RA) [25]. The latter allows to perform non isothermal studies
at heating rates (V) from 20 to 10000°/min, T,.=1300°C, thus providing wide
possibilities to explore the reactions’ mechanism at high heating rates.

In this work HSTS-1 setup was used to heat SC products by a given 100°/min
rate up to 1200°C and kept at this temperature for 2-3 minutes to promote
carburization of the SCS products.

Results and discussion

Thermodynamic consideration

For the thermodynamic analysis of sol-gel combustion processes ISMAN-
THERMO software package was used, which allows to calculate both the adiabatic
combustion  temperature and  equilibrium  products composition  [26].
Thermodynamic calculations were performed in the AHM-fuel (glycine, alanine,
glucose, urotropin, urea, melamine, citric acid) systems at the presence and absence
of ammonium nitrate and/or oxygen. Calculations ascertain the possibility of
molybdenum carbide formation by the sol-gel combustion synthesis from the
carefully selected initial mixtures. Moreover, at chosen certain conditions Mo,C is
the only condensed product and its formation is accompanied with large amount of
gas release (about 100-200 liters per 1 g Mo,C).

Thermodynamic calculations also showed that in addition to the three main
gaseous products (CO,, N,, H,0), the formation of which is usually considered in
the literature at SCS of various nanomaterials [8], significant amounts of other gases
(CO, CHy4, H,) also are formed. Taking into account these circumstances, two
tunable parameters (o1, @) were introduced to describe such type of mixtures and
reaction stoichiometry. As an example below the reaction in AHM+glucose system
is presented:

(NH4)§M070,4-4H,0 + ¢1CeH1,06 + 920,(NH4NOz)—
—>M02C + CO/C02 + CH4+ H2 + HZO + N2

According to thermodynamic consideration in the AHM-@;CgH1,04-92NH;NO3
system (where ¢; and ¢, are the moles of fuel and oxidizer per one mole of AHM) at
certain narrow range of parameters (p;=45-58 and ¢,=90-100) the reaction may
yield Mo,C powder within the temperature interval 590-620°C (Fig. 1a). The yield
of only condensed product — molybdenum carbide accounts for 1-2%, and the
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remaining all substances are gases. Outside the area of Mo,C formation, the reaction
condensed products are multiphase and contain mainly MoO, & MoOs3, as well as a
mixture of MoO, & Mo,C. When using oxygen as supplementary oxidizing agent, it
becomes possible to expand the range of molybdenum carbide formation by the
temperature (700-850°C) and initial mixture composition (;=20-50 I ©,=30-93
(Fig. 1b)).
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Fig. 1. Thermodynamic calculations in the (NH4)sM07024'4H,0-¢1CsH1206-92NH4NO3(a) and
(NH4)6M07024'4H20-(p1C6H1206-(p202(b) Systems.

According to thermodynamic consideration in the next system (AHM-glycine),
at certain range of parameters (p;=40-50 and ¢,=30-45) the reaction may yield
molybdenum carbide, Mo,C, at 600-800°C temperature interval. At that, the Mo,C is
the sole condensed product. In this case also, outside the area of Mo,C formation,
the condensed products of interaction are multiphase and contain mainly MoO, &
MoOQ3, as well as a mixture of MoO, & Mo,C.

SCS experiments in the AHM-organic fuel systems

Based on preliminary thermodynamic calculations experiments were performed
in a variety of systems. The table 1 below represents the SCS temperature and
product composition at the presence and absence of ammonium nitrate and oxygen
flow in the AHM-glucose, glycine, alanine, and melamine systems. SCS products
composition after heating by HSTS setup (Vy=100°/min, Tnx=1200°C) in the
presence and absence of carbon was also shown.
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Table 1

SCS product SCS product after
programmed
after >
Composition of programmed heating in the
LA T, °C SCS product . presence of
initial mixture heating,
PP carbon,
V,=100°/min, —100°/mi
T ~1200°C V,=100° /min,
max Tmax=1200°C
AHM+15C;HgNg+ No MoO B B
30NH,NO; combustion 3
AHM+24C3HgNg+
A0NH,NO4+O, 800 MoO, MoO, Mo,C, Mo
AHM+24C;HgNg+ Incomplete MoO,,
40NH;NO3+C+0O, | combustion MoO;
AHM+30C;H;NO,+ No . _ _
40NH;NO; combustion
AHM+30C;H;NO,+
40NH,NOs+O, 1220 MoO, MoO, Mo,C
No
AHM#+5CeH1Na | o mbustion
AHM+60CO(NH,), No
+100NH4NO; combustion
AHM+44CgHgO.+ No
70NH4NO; combustion
AHM+60 C,H;NO, No
+100NH4NO, combustion
AHM+60C,H;NO,+ MoO,, Mo,
100NH,NO4+0, 800 Mo,C - Mo,C
No
AHM=*4.5 CeH1206 | o mbustion
AHM+60C5H1205+
80NH,NO;+0, 780 MoO, Mo,C

AHM-glucose system

In the AHM-CgH1,04 system after much of the water has been evaporated, a
viscous liquid forms which is autoignited in the presence of ammonium nitrate in the
mixture and/or due to regulated flow of oxygen, leading to the formation of
molybdenum (IV) oxide, molybdenum and small amount of molybdenum carbide.
Then, appropriate amount of carbon has been added to the product, heated by HSTS-
1 setup at V=100°/min up to 1200°C and held for 140 seconds. As a result, it is
completely converted to molybdenum carbide. Specific surface area of molybdenum
carbide measured by adsorption analysis method was about 10 m?/g. According to
microstructural examinations, combustion product contains particles with submicron
sizes (~ 300 nm) (Fig. 2).
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Fig. 2. Microstructure of AHM+60CgH1,06+
80NHsNO3+O, product obtained at
programmed heating in the presence of
carbon, V=100°/min, Tmax =1200°C

AHM-glycine system

Experiments performed in the AHM-glycine system showed the possibility of
combustion only in the simultaneous presence of ammonium nitrate and oxygen
flow and in the case of their certain ratios (Fig. 3a). The interaction in the AHM-
glycine system leads to the formation of molybdenum oxide, MoO,, molybdenum
and molybdenum carbide (Fig. 3b). It should be noted that without oxygen flow (low
temperatures) molybdenum (V1) is reduced only to MoO,. Hereby, for the complete
conversion of molybdenum carbide, carbon was added to the SCS products and
heated by a given 100°/min rate up to 1200°C and kept at this temperature for 140 s
(Fig. 3c).

T.°C (a) 3 1-MoO,
800 2-Mo
600 - g 33 3-Mo,C
NG 3 3
o 3 s
c
] g 2
200 < (b) 31 1 E 11 2
0 T T T T T 1 T T T T T T 1
0 200 400 ts 600 | 10 20 30 40 50 60 70,480

Fig. 3. SCS thermogram of the AHM - 60C,HsNO; - 100NH4NO3 -O, mixture (a), XRD patterns
of SCS product (b) and Mo,C obtained at programmed heating in the presence of carbon (c).

AHM-alanine system

In the AHM-alanine system the interaction was held under combustion mode
also in the simultaneous presence of ammonium nitrate and oxygen flow. Moreover,
compared with the use of other reducers, in this case the reaction occurs more
rapidly (T.=1230°C). The product of combustion represents molybdenum dioxide,
which by adding carbon and at the fast heating conditions (V;=100°/min,
Tmax=1200°C, retention time 140 s) transforms to molybdenum carbide.

16



AHM-melamine system

When melamine is used as organic reducer the solution combustion temperature
is about 800°C (Fig. 4a), and XRD pattern of the quenched sample contains only
characteristic peaks of MoO, (Fig. 4b). At the next step certain amount of carbon
was added to the SCS product and heated by the rate 100°/min up to 1200°C,
holding at this temperature for 140 s. The reaction yields molybdenum carbide and
molybdenum in small (trace) amounts (Fig. 4c). Specific surface area of
molybdenum carbide measured by adsorption analysis method was about 4 m%/g.

T, °C (@) 3 1-MoO;,
800 " 2-Mo
=]
600 - <
=
400 - g
I
200 A B 1
(b) 1y
0 T T T T T 1 T T L T L"I‘ T 1
0 300 600 ts 900 | 10 20 30 40 50 60 70,,80

Fig. 4. SCS thermogram of the AHM- 24C3H¢Ngs - 40NH4NO3 - O, mixture (a), XRD patterns of
SCS product (b) and Mo,C obtained at programmed heating in the presence of carbon (c).

Thus, in the investigated AHM-glycine (alanine, melamine, glucose) systems
interaction can be implemented in the SCS mode by means of additional insertion of
an oxidizing agent, e.g., ammonium nitrate. Moreover, the process should be carried
out under conditions ensuring the flow of gaseous oxygen to govern thermal
conditions of the process. Solutions combustion synthesis method allows to produce
molybdenum carbide at the first stage only from the AHM-glycine system. In the
other studied systems carburization process is stimulated by the subsequent
programmed heating of the SCS product up to 1200°C with V;=100°/min and at
retention time 140 s in the presence of certain amount of carbon.

Solution combustion synthesis combined with the subsequent fast heating of
SCS products generate a novel approach of preparation of molybdenum carbide,
using ammonium heptamolybdate and organic reducers (glycine, alanine, glucose,
etc.) as starting materials. It has been shown that SCS temperature and composition
of the products can be governed by changing the AHM-organic fuel ratio, the type of
organic reducer, the rate of gaseous oxygen flow and quantity of ammonium nitrate.
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ITpeproskeH HOBBIM IOAXOA AAS IIOAYYEeHUS HaHOIIOPOIIKOB KapOupa Mo-
AUOAEHA IIyTeM CHUHTe3a ropeHueM pacTtBopoB (CI'P) B codeTaHuMu C mocCAe-
AVIOUIMM OBICTPBIM IIPOTPAaMMMPOBAHHBIM HarpeBOM NPOAYKTOB ropeHus. B
KayecTBe HCXOAHBIX MaTePHaAOB OBIAM UCIOAB30BaHBI TelITaMOAMOAAT aMMO-
Husa (I'MA) u opraHmuecKue BOCCTAQHOBUTEAU (TAMIUH, aAd@HUH, TAIOKO3a U
T.A.). AAS TOTO, YTOOBI 0OECHeYuTh AOCTATOUHYIO 3K30TEPMUYHOCTH M CaMo-
THOAAEPKMBAIOIIUN XapaKTep B3aMMOAEUCTBUA B cucreMax ['MA-opraHuue-
CKOe TOIIAMBO, B KaueCTBe BCIIOMOTATEABHOTO OKHUCAUTEAS MCIOAB30BaAU
HUTPAT aMMOHUS, a TaK’Ke PeaKIIUIo IPOBOAUAU IIPU PEryAHPYeMOM IIOTOKe
razoob6pasHoro Kucropopa. CuHTe3 ropeHueM pacTBOPOB IIPUBOAUT K IIOAY-
JYeHUI0 KapOupa MoAMOAeHa HemocpeAcTBeHHO Bo Bpemsi CI'P cmecu 'MA-
TAMIIMH. B APYTHX M3y4eHHBIX CHCTeMaX IIpollecCc KapOWAM3aIuu CTUMYAU-
poBaacs OvlcTpBIM HarpeBoM IpoAyKTa CI'P po 1200°C co cKOpoOCThIO Harpe-
Ba 100°/mun 1 ipu BpeMeHU yaep>kuBaHUS 140 ¢, B IPUCYTCTBUU OIPEAEAEH-
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HOrO KOAMYECTBa yraepoaa. TeMmepaTypy u cocraB IpoAyKToB CI'P peryanm-
poBaau, u3dMeHda cooTHoumeHue 'MA-opraHndyeckoe TOIAUBO, CKOPOCTH IIO-
TOKAa ra3000pa3HOro KMCAOPOAA U KOAUMYECTBO HUTPATA aMMOHUS.
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IMocTtynuao 27 I1I 2017

PaCCMOTpeHbI BO3MOXHOCTU NOBbILLEHUA BbIXOoAa nponunieHa nytemM COnpsXeHHOro okucne-
HNA Nerknx yrneesogopoaos. YCTaHOBMNEHO, YTO BBEAEHWNE 3TUMNEHa B NCXOAHYK nponaH-Kucropoa-
HYI0 U MEeTaH-KUCNMOPOAHY CMeCb CyLLleCTBEHHO NOBbIWAET BbIXO4 nponuneHa. |-|pVI 3TOM B onpe-
AOeneHHbIX yCnoBuax BBOOUMbBIN B CUCTEMY 3TUNEH He pacxoayeTcd U urpaeTt porb Katanudatopa
06paBOBaHMﬂ nponuneHa. lMoka3saHa npuHUMnuanbHasa BO3MOXHOCTb HeKaTanuTu4eckoro nosnyde-
HUA 3TUNeHa 1 nponuneHa HenocpeacTBeHHoO U3 MeTaHa npu ero nogaye B NpoayKThbl 6oraToro me-
TaHOBOIo niameHu.

Puc. 8, 61bn. ccbinok 24.

Aerkrue oAePUHBI OTHOCSTCA K HanboAaee KPYIHOTOHHA)KHBIM ITPOAVK-
TaM He(dTexuMmuy, CyMMapHOe MHPOBO€ IIPOM3BOACTBO KOTOPBIX ViKe
AOCTUTAO mouTu 250 man. m/200, B TOM uucAe 6oaee 175 man. m/200 3TuAeHaA
u Gonee 75 man. m/200 TPOTUAEHA. BBICTPBIN POCT MOTPEOHOCTH B 3TUX ITIPO-
AYKTaX OIIPEAEASeTCs IIOCTOSSHHBIM POCTOM IIOTPeOAEHUS MOAMITHAEHA U
TOAMIIPONIMAEHA M pacHIiMpeHueM c@epbl UX TeXHOAOTHUYECKOTO IpHMeHe-
Hud. [ToaToMy HeOOXOAMMBI HaAeXHble MCTOYHMKU CHIPbS M 3(P(PeKTUBHBIE
TEXHOAOTMH X IIOAy4YeHHUs. B IepByI0 ouepepab 3TO KacaeTcs IIPOIHAEHa,
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OoTpeOHOCTh B KOTOPOM PacTeT OYeHb OBICTPO, & UCTOYHUKYU CHIPbSI OI'PaHU-
yeHBl. EcAM IIOTPeOHOCTH B 3TUAEHE BCe B OOABIINEN CTENEHU YAOBAETBO-
pseTcsd 3a CUeT NMPOAU3a 3TaHa, B OOABIINX 0OBbeMaX BBEIAEAIEMOIO U3 IIPU-
POAHOTO ¥, OCOOEHHO, CAQHIEBOTO Ta3a, TO OCHOBHBLIM ITPOIECCOM IOAyYe-
HUS IIPONMAEHA B HACTOSIIEe BPeMs SIBASIETCS IHUPOAU3 KUAKOTO YTAEBOAO-
poaHOTO CBIpba (HadThl). OpHAKO NPeoOAAAQIOMWIMN IIPOAYKT 3TOTrO IIpOoliec-
ca— oruaeH. [Ipy TepMHMUeCcKOM OHPOAU3E Ad’Ke ITaH-IPOIAHOBOM CMeCH
IpA CyMMapHOM BBIXOAE OAe(PHHOB A0 66% BBIXOA NPONHAEHA COCTABASET
Bcero 14-22% [1].

Kpome TOro, moAydeHue 3THA€HA B IPUHIUIIE BO3MOJKHO HEIIOCPEACT-
BEHHO M3 MeTaHa IIyTeM KaTaAUTUYECKOM OKMCAUTEABLHOM KOHAEHCAIuU Me-
ta"Ha (OKM) B aTan u sTuAeH [2-4]. [Tocare Ooaee yeM TPHUAIATUAETHUX YCHU-
AU OOABIIOTO YMCAA HCCAEAOBATEAEM W3 MHOIMX CTPaH MHpa KOMIAaHUeH
SiluriaTechnologies HepaBHO OBIAO @HOHCHPOBAHO HAYAAO OIBITHO-IIPOMBIIII-
AeHHOM peaamsanuu npoiiecca OKM [5]. TosTomy npobaeMa yAOBAETBOpPe-
HUS pacCTyIlIero CIopoca Ha IPONMAEH obocTpsieTcsi. [IporHo3upyeTrcs: pake
BO3MOKHOCTh BO3HMKHOBEHHS B OAMJKAWIIME TOABI CEpPLe3HOIo pa3phiBa
Me>KAY PeaAbHBIM NPOM3BOACTBOM IIPONMAEHA M NMOTPEOHOCTHIO B 3TOM IIPO-
AVKTe.

Cemyac AOCTHUTHYTHI OIIPEAEAEHHBIE YCIEXUW B PEarm3alliid CAOKHBIX
MHOTOCTQAUMHBIX ITPOIECCOB KOHBEPCUU IIPUPOAHOIO ra3a B METAaHOA C IIO-
CAEAYIOIIUM IIPEBPAIleHreM ITOCAEAHETO Ha IeOAUTaX B OAeUHBI (IIporecc
MTO xkomnanuu UOP) uam nponmaeH (npoiiecc MTP kommanum Lurgi) [6],
KOTOpBle YK€ peaAr30BaHbl B IPOMBIIIAEHHBIX MacIITabax U aKTUBHO BHEA-
pstorcst B Kutae. Bo3aMoskeH 1 APyTo¥ BapHMaHT MHOTOCTAAMMHOTO ITpoliecca
Ha OCHOBE IIPEeBpAIeHUsI IPUPOAHOTO Ta3a B CUHTE3-Ta3 W AdAee B IIPOAYK-
TEl cuHTe3a Ouiepa-TpoIllia C IOCAEAYIOUINM IOAyYeHHeM OoAeUHOB IU-
poauzom 6eH3uHOBOM (ppakuuu [7]. OAHAKO CAOKHOCTb 3TUX MHOTOCTaAUM-
HBIX IIPOIIECCOB M OYEHb BLICOKME KaIUTaAbHBIE 3aTPaThl CTUMYAMPYIOT
IOUCK OOAee MPOCTHIX U 3P (PEKTUBHBIX PELIEHUN.

B paHHOM paboTe MCCAEAOBAHBI aAbTEPHATUBHBIE BO3MOJKHOCTHU IOAYYe-
HUS WAU TIOBBIIIEHUST BBIXOAA IPOTHMAEHA 3a CUET IIepexopad K OKHUCAUTEAb-
HOMY IINPOAM3Y UAU COIPSI>KEHHOMY OKHCAEHHUIO YTA€BOAOPOAOB, B TOM YNC-
A€ DTHAEHA U MeTaHa WAUM 3TUAEHA U IpomaHa (puc. 1). Kpome Toro, mokasa-
Ha TPUHIUIHNAAbHAS BO3MOXXHOCTH ITOAYYEHUSI 3THUAEHA M IPOMMAEHA IIPU
BBEAEHHM MeTaHa B IIPOAYKTHEI 6OraTOro MeTaHOBOTO IAaMeHU. Boaee moa-
POOHO 3TH BO3MO’KHOCTH PacCMOTpPeHbI HaMU B paboTe [8].
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Puc. 1. Bo3amoxHble MeToabl nony4yeHna nnn noBbILLIEeHNA BbiXo4a nponuneHa.

3KC1’[epI/IMeHTa.TIBHaﬂ 4acTb

Ilpu npoBepAeHNU AQHHBIX MCCAEAOBAHUU HUCIIOAB30BAAU B OCHOBHOM ABE
S5KCIIepUMEeHTaAbHBIE METOAWKM: METOA ABYXCEKIIMOHHOT'O IIPOTOYHOT'O peak-
Topa, pa3paboraHubii B IX® HAH PA [9], u MeTOAUKY Ha OCHOBE B3auMO-
MEVCTBUSA YTAEBOAOPOAOB C IPOAYKTAMH OOraToro IIAOCKOIO IIAAMEHH, pas-
pabortanuyo B 1XO PAH.

B ocHOBe MeTOAMKH ABYXCEKIIMOHHOTO peaKTopa [9] aeXUT mpest pusu-
YeCKOI'0O Pa3speAeHHUs U PAa3AEABHOTO OCYIUIECTBACHHUS PA3AWYHBIX CTAAUM XU-
MHu4yecKoro Impoiiecca. IIpn 3ToM Kakpasi CTapus IIpOTeKaeT NPU ONTHMaAb-
HBIX AT He€ YCAOBUSIX. B NepBOM CeKIMM MPOUCXOAST IIPOIeCcChl IIpeABapu-
TEeABHOU XMMHUYECKOMN MOATOTOBKM PEaKIIMOHHOM CMeCH, MO3BOASIOIINe 3Ha-
YUTEABHO COKPATUThL NEPUOA UHAYKIIUM U TeMIlepaTypy NIPOllecCOB BO BTO-
poM ceKuu. ITOT MeTOA ycnenrHo npuMeHsaca B XD HAH PA aaa usyude-
HUS PSIAQ CAOKHBIX IIPOIECCOB OKMCAUTEABHON KOHBEPCHUM YTAEBOAOPOAOB
[9-11]. OkcnepuMeHTH IPOBOAVAY B IPOTOYHBIX ABYXCEKIIMOHHBIX pPeaKkTo-
pax, HM3TOTOBA€HHBIX M3 KBaplla HAU HepykKaBelollled cTaAd. PeaKTOph
NPEeACTaBAIAUM  COOOM ABa HE3aBUCHMO HAarpeBaeMbIX ITHUAMHAPHYECKUX
0OBMa, OTAEAEHHBIX APYT OT ApPyTa II€PEropoOAKOM, IIPEACTaBASIONIEN COOOM
IakeT KBapLeBBIX TPYOOK C BHYTpeHHUM AuaMeTpoM 0.3 cu u pavHOU 4 cm.

PeaKTophl UMeAU TOpIIEBBIE BBOABI AASI TepMOIIap, IIOMeIeHHBIX B IIPEA-
BApPUTEABHO IIaCCUBHPOBAHHBIE OOPHOM KUCAOTOW KBApIIEBble UYEXABI, AASL
oIpeAeAeHUs] TeMIlepaTyphl Hapy’>KHOM IOBEPXHOCTHM U ra3a Ha OCHU PeaKkTo-
pa. Hepe3 5TH >Ke OTBOABI 0Oe3 HapyIleHUs TepMeTHYHOCTH peaKTopa OTOu-
paru OpoOBI AA XpOMaTOrpaUuecKoro aHaAM3a MPOAYKTOB peaknuu. Aas-
AeHUe BO BCeX JKCIIePUMEeHTaxX IIOAAEP’KUBAAM PABHBIM aTMOCHEPHOMY AAB-
AeHmio B I. EpeBane (650-660 Topp). Boaee mOApOOHO MeTOAVKA ABYXCEK-
IIMOHHOTO PeaKTopa U ee NpUMeHeHUe AAS U3YyYeHHUS CONPSKeHHBIX OKHC-
AUTEABHBIX IIPOIleCCOB omucaHu B [8, 10-11].

22



OxucauTebHbII MUPOJIU3 MPONAHA

B HacTosIee BpeMs OCHOBHBIM MCTOYHUKOM IIPONIMAEHA U OOAee TsKe-
ABIX OAe(PUHOB S4BASETCA NUPOAU3 >KHUAKOTO CEIPba (HadThl). KoamdecTBo
NIPONUAEHA CHUABHO 3aBHCUT OT THIIA CBIPbS, OAHAKO BO BCEX CAyYasX €ro
BBIXOA He IpeBbImaeT 14-16 macc.%. [IpeodrapalomIM TPOAYKTOM SIBASIETCS
Oonaee CTaOMABHBIM 3TUAEH, O3TOMY IIpOOAeMa IMOBBIIIEHUS BBEIXOAA IIPOIIHU-
A€Ha KpallHe aKTyaAabHa. XOTSA celuac aKTUBHO Pa3pabaTHIBAIOTCS TaKHe Me-
TOABI IIEA€BOTO MOAYYEHHUS NPONUAEHA, KaK KAaTaAMTUYECKUU IIHUPOAU3, TAY-
OOKMU KAaTAaAMTHYECKHW KPEKHHT, ACTMAPHMPOBAHUE IIPOIaHa, METATe3UC M
psaa apyrux [12], ux poaa K 2016 r. mIporHo3mMpoBarach Ha ypPOBHE BCEro
20%.

ITepexop K OKHCAUTEABHOMY IIUPOAM3Y IIpOINlaHa NPEACTABAIETCS Hau-
Gonee TTPOCTHIM M AOTHMYHBIM METOAOM IIOBHINIEHWS BBEIXOAA IponumaeHa. [a-
30(pa3HBIM OKCHUIIMPOAU3 AETKUX AaAKAHOB aKTUBHO HCCAEAOBAAU B IIOCAEA-
HUe ToABI [13, 14]. VMeromuecsa AaHHBIE OAHO3HAUYHO YKAa3bIBAIOT Ha BO3-
MO>KHOCTB ITOBBIIIIEHUST BEIXOAA ITPOIIMAEHA 3a CUET BBEACHUS B ITY CUCTEMY
KUcAOPOAA. [ToaTOMy B ABYXCEKIIMOHHOM peaKTope U3 HepryKaBelolllel CTaAu
Mapku 12X17 ¢ amameTpoM o0Oeux ceKnuu 1.4 cu U AAMHOM CeKIUM 22 u
20 ¢cm OBIAM TIPOBEAEHBI OKCIEPUMEHTHI 110 M3YYEeHUIO BAUSHUS TeMIlepaTy-
pel [10] ¥ KOHIEHTpAIUU MOAEKYASIPHOTO KucAopopa [11] Ha OKUCAUTEAL-
HBIU IUPOAU3 IIpONaHa. Bpemsa npeOBIBaHUA CMeCH BO BTOPOM CEKIIMU Peak-
TOpPa BO BCEX 3KCIIEPUMEHTAX COCTABASAO 2 c.

TemmnepaTypa B IIepBOM CEKIMU peaKToOpa BO BCeX ONIBITaX IOAAEP’KUBA-
Aack pasHoit 2800C, a Bo BTOpPOIl CeKI[UM BapbUPOBAAACh B AuamasoHe 530-
8200C. DOKcIepuMeHTEl IPOBOAUAU C IPONAH-KUCAOPOAHBIMM CMECSIMU pas3-
HOTO COCTaBa, BKAIOYAs U OECKUCAOPOAHBIM KpeKHuHr IiponaHa. OO0pa3osa-
HHe KHUCAOPOACOAEPIKAIIUX HIPOAYKTOB (METAHOAQ, alleTaAbAETMAQd, OKCHAAQ
3THUAE€HA) BO BCeX JKCIEpHMeHTax OBIAO IIpeHeOpeXMMO MaAO IO CpaBHe-
HUIO C 3TUAEHOM U IPOIHUAEHOM.

Kak mokasaau pesyAbTaThl, C yBeAWYEHHEM TeMIlepaTypbl KOHBEpPCHUI
nponaHa OBICTPO yBEAMYHBAaeTCd. BBIX0p 3THMAeHa MOHOTOHHO pacTeT C TeM-
1epaTypoy, a BBIXOA MPOIIMAEHA IIPOXOAUT depe3 MaKCUMyM IPUMEPHO IIpHU
650°C u 3aTeM pe3KOo MIapaeT (puc. 2). OTo IPUBOAUT K HEKOTOPOMY CHIKe-
HUIO TIPU BBICOKUX TeMIIepaTypax M CyMMapHOTO BBIXOAA OAE(UHOB.

YBeanuenue oTHouleHus: C3Hg:O) HECKOABKO IMOBHIIIAET BBIXOA IIPOIM-
A€HQa, CHUJKasg IIPU 3TOM BBIXOA 3THAEHA. BLICTpoe yBeAnMueHUE C POCTOM
TeMIIepaTyphl BKAAAA Ta30(pa3HBIX ITPOIECCOB MPUBOAUT K CHUKEHUIO BBIXO-
Aa COy, KOTOPBIM 00pa3yeTcs NPEUMYIIECTBEHHO B reTePOTeHHBIX PEeaKIUIxX
Ha IOBepXHOCTU peakTopa [14]. [TocTogHHOe NOBHILIEHNE C TeMIepaTypoHu
BLIXOAQ MeTaHa M CHUKeHHe Bbixopa CO mpu TemmepaTypax Beime 7500C
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YKAa3bIBaeT Ha yBeAWYeHNe BKAAAA B KOHBEPCHUIO IIPOIIaHa peaKL[I/Iﬁ TepMu-
YeCKOI'0O KpeKHuHTa.

BBIX0IbI IPOIYKTOB,
50 | MoB/100 MO.Th KOHBEPTHPOBANNOTG NPOTAIS

70 © oCHs

“ &> oCaHs Puc. 2. 3aBMcnMOCTb MOSBHO-
sa = Ha (x2) ro Bbixoga (mosb/100 mornb
a ® @ CsHe(x2) KOHBEPTMPOBAHHOIO MnponaHa)
s aco MeTaHa, 3TaHa, 3TurneHa, npo-

nuneHa (x2), Bogopoda (x2),
MOHOOKCKAA yrrepoaa v AWOK-

10 OCaHs cuga yrnepoga oT Temnepary-

0 a aCO pbl peakTtopa. P = 650 Topp,
550 600 650 700 750 800 850 CiHg:0,=4:1,7=2¢
T.°C ' ’

BBepeHme KHCAOPOAQ, TIOBHIIIAS CKOPOCTH IIPOIIecca, B TO JKe BpeMs yBe-
AWYMBaeT Pacxop IpollaHa Ha oOpa3oBaHUe OKCHUAOB yraepopa. Ho aag Bcex
UCCAEAOBAHHBIX COCTABOB PEAreHTOB C YBEAWUYEHUEM TeMIIEPaTypPhI IIPOUCXO-
AUT OpIcTpoe yBeamdenue orHomeHus ([CoHyl+[C3Hgl/[CO]+[CO,]). ITpu-
yeM, 4eM MeHbllle KOHIIeHTpalus KUCAOPOAA B HMCXOAHOU CMeCH, TeM CHAb-
Hee pOCT 3TOr0 OTHOIIEHWS C IOBBIIEHMEM TeMIiepaTyphl. Hamboaee pes-
KOe yBeAMdYeHHe 3TOTO OTHOIIeHUS HaOAoAaroch and cMecu CiHgiOy =
10:1.

[MpuHnMIHaAbHOE 3HAUYeHWe IIpM KOHBEPCHUM IMpomlaHa B OAeUHBI
UMeeT OTHOIIeHWEe KOHIEHTPAIUuM MPOIUAEHa U 3TUAEHA B IIPOAYKTaX peak-
nuu. Ha puc.3 npepcTaBAeHa 3aBUCHMMOCTD 3TOTO COOTHOIIEHUS OT TeMIlepa-
TYPBl AAS Pa3HBIX MCXOAHBIX COCTaBOB pearupylomer cmecu. AAs BcexX
cocrtaBoB oTtHotmenue [C3Hgl/[CoHy] mpoxoauT uepe3 MakCUMyM, KOTOPBIN
AN KHCAOPOACOAEPIKAIUX CMeCcer AOCTUTAeTCs IIPU 620-660°C, a npu 1nu-
poamnse mponana — npu 720-7500C. TIpu 3TOM TpU OKUCAUTEABHOM TTMPOAM-
3e cootHomenne [CsHg]/[CoHy] 3aMeTHO BRIl U Ad’Ke MIPEBBINNIAET 3Have-
HUe 1, 9YTO SBASIETCS CAEACTBHEM YBEAUUEHHUS CKOPOCTH OKMCAUTEABHOTO Ae-
TUAPUPOBAHUS TIPOIlaHa II0 CPaBHEHUIO CO CKOPOCTBIO €ro TepMHYECKOTO
KpekuHra c pas3peiBoM C-C cBsizu. [lpuueM 3TO MaKCHMMaAbHOe 3HaYeHUe
MOCTHUTAeTCs IIPU 3HAUMTEABHO O0oAee HU3KUX TeMIlepaTypax.

ITpu Temneparypax Boime 750°C TemmepaTypHas 3aBUCHMOCTH OTHOIIE-
Hua [C3Hg]/[CoHy] ArS Bcex KOHIIEHTpanuM KHUCAOPOAQ, BKAIOYAs MUPOAU3
IIPU OTCYTCTBUH KUCAOPOAQ, IPAKTUYECKH OAMHAKOBA, YTO CBUAETEABCTBYET
0 TpeoOAaAaHUY TIPU 3TUX TEMIIepaTypax TePMUUYECKOTo MHUPOAW3a. MaKCu-
ManbHOTO 3HaueHwst coorHomnenue [C3Hg]/[CoHy] aAocTuraeTr mpm KOHIIEHT-
panum Kucaopoaa -11%, coorsercrByromen cmecu C3Hg:Oy = 8:1.
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[C3HHIC:H,]

1.2 4

08
Puc. 3. 3aBUCUMMOCTb OTHOLUEHMS

BblXO[4a NponureHa u aTuneHa ot
TemnepaTypbl peaktopa Ans cme-
cenn C3Hg:O2= 10:1(0), 8:1 (+), 6:1
(0), 4:1 (A) v nuponusa nponaHa
(8). P=650 Topp, T=2c.

06

04

0.2

520 570 620 670 720 770 820 870
T.C

Takum o6Gpa3oM, B AuamasoHe Temieparyp 530-690°C mpucyrcTBre Mo-
AEKYASIPHOTO KHCAOPOAA B MICXOAHOM PEaKIMOHHOW CMECH 3aMEeTHO YBEeAU-
YUBaeT OTHOCUTEABHLIM BBIXOA IIPOMMAEHA [0 CPABHEHUIO C BBIXOAOM OJTUAE-
Ha. Hmwke mpeacTaBAeHa cxeMa OCHOBHBIX NMPOTEKAIOIIUX IIPU 3TOM IIpoIiec-
COB. YBeAWYeHVE OTHOCHTEABHOI'O BBIXOAA IPOIMAEHA, CKOpee BCEro, SB-
ASIETCSI CAEACTBUEM YBEAWMYEHUSI CKOPOCTH OOpa30BaHUS ITPOIUABHOTO PaAU-
Kana o0 peaknuu (5) U yBeAMYEHUS BKAAAQ B KOHBEPCUIO IIPOIUABHOTO pa-
AVKanAa pPeaKIM{ ero OKUCAUTEABHOTO AETHAPUPOBaHUsA (6) IO CPaBHEHUIO C
peaknusaMHu ero TepMHYeCKOTO KpeKuHra ¢ paspeiBom C-C (4) u C-H(3) cBa-

3eu.
C3Hg— CHj + CoHs (E, ~ 383 /orclmons) (1)
C3Hg—> C3H; + H (E, ~ 408 /Jorclmons) 2)
C3H; — C3Hg + H (E, ~ 155x/orclmony) (3)
C3H; — CoHy + CH, (E, ~ 130korclmonn) (4)
C3Hg + Oy C3H; 4+ HO, (Ey ~213 k/Drclmons) (5)
C3H; + Oy — C3Hg + HO,, (E, ~ 21x/oncImonn) (6)

YBeAnUeHHe CKOPOCTH IIpoliecca B NMPUCYTCTBUM KuUcAopopa npu 530-
6900C cBs3aHO ¢ GoAee ASTKUM IIPOTEKaHUEM PeaKIIUU 3apO’KACHUS Iemeit
(5) mo cpaBHEHUIO C MHUPOAM3OM B OTCYTCTBHE KUCAOPOAA IIO peaknuam (1)
u (2).

Tak Kak Opu OKCUIUPOAU3E C TOBBINIEHWEM KOHIIEHTPAIIUU KUCAOPOAA
u3-3a 00pa30BaHMUsA OKCHUAOB yTA€POAA CEAEKTHUBHOCTH OOpa3oBaHUs OAedU-
HOB Hemn30e)XKHO CHUM)KaeTCs, BHIOOP ONTMMAABLHOM KOHIIEHTPAIIUH KUCAOPO-
Ma OueHb Ba)keH. Ha puc. 4 mpepcTaBAeHA 3aBUCHUMOCTH MOABHBIX OTHOIIIE-
HUM TPOAYKTOB OKHCAUTEABHOM KOHBEPCUHM OT KOHIIEHTPAIIUM KHCAOPOAA B
UCXOAHOM cMecH. XOTSI YBeAWUEHHEe KOHIIEHTPAIMU KHUCAOPOAA B MCXOAHOM!
CMeCH TOBBIIIIaeT KOHBEPCUIO MPOTaHa, IIPHU 3TOM MOHOTOHHO PACTET BBIXOA
OKCHAOB YTAEPOAQ, T.e. CHUJKAETCS CeAeKTUBHOCTH OOpa30BaHUS OAe(UHOB.
MakcuManrHOe 3HaueHme cooTHomrenme (C3Hg)/(CoHy) aocturaer mpu Ha-
YaABHOM KOHIEHTpPAUM KUCAOpPOAa IpuMepHO 11% 06., KOTOPYIO MOJKHO
paccMaTpHUBaTh Kak ONTHMaABHYIO.
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1.2~ MonpHbIe OTHOIMEHHS
L] (C3Hg)/(CzHy)
1O (CO+COy)
(CH~C3Hg) Puc. 4. 3aBMcMMOCTb MOMb-
0.8 HbIX OTHOLUEHWA NPOAYKTOB
CO2 OKUCNUTENBHON  KOHBEPCUU
0'6. (C2H4+C3Hs) OT KOHLIEHTpaLWUn KUCMOpo-
0.4+ [a B UCXOOHOW CMecH.
. co 1 — (C3Hg)/(C2H,),
02F m 2 —(CO+C02)/(C2H4+C3H6),
3-(COL)/(CoH4)+(C3He),
1 l 4-(CO)/(C2H4)+(CsHe).
0 5 10 15 20 25 P = 650 Topp, T = 650°C,
[0z]. 06. % t=2c.

Takum oOpa3oM, mepexop K OKUCAUTEABHOMY IIMPOAU3Y IIPOIaHa II03BO-
AsleT He TOABKO IOBBICUTH €rO0 KOHBEPCUIO U CHU3UTh TeMIlepaTypy IIpoliec-
Cca, HO W 3aMeTHO, TIOYTH AO 3HaueHWs 1.2 MOBBICUTH OTHOIIEHHME BBIXOAA
IpONMAEHA K 3THAEHY, KOTOpOe AOCTHTaeT Makcumyma npu T~620-660°C u
KOHIIeHTpaluu Kucaopoaa ~11% 06. AarbHelIllee MOBBIIIeHNEe TeMIepaTyphl
nporecca IPUBOAUT K Ooaee OBICTPOMY CHUJKEHUIO BBIXOAQ MPONMAEHA IO
CPaBHEHMIO C BBEIXOAOM 3THAEHA. [TIoAydyeHHBIE pPe3yAbTAThl IO3BOASIOT pac-
CMaTpuBaTh ra3odas3HbIi OKUCAUTEABHBIM MHPOAM3 IIpollaHa KaK IepCIiekK-
THUBHOE HAITPaBACHYVE IOBBIIIEHUS BEIXOAA IIPOIIUAEHA.

COl'lpfl)KeHHOG OKHCJ/ICHHE MTPOIMaHAa M 3THJICHA

[NoBBINlIeHNE BBIXOAA NMPONMAEHA NPU OKUCAUTEABHOM NHPOAHM3e IIpolla-
Ha BO3MOXXHO U IIPU €r0 COBMECTHOM (CONPSA’KEHHOM) OKHCAEHHH C TaKuM
OTHOCHUTEABHO AOCTYIIHBIM M A€IIeBLIM IIPOAYKTOM, KaK 3THAeH. BooOmie
CONIpSIKEHHOE OKHCAEHUE AETKHUX YIA€BOAOPOAOB MOJKHO paccMaTpUBaTh
KaK OYeHb IIepPCIEeKTHUBHOE, XOTSA 3TO IIOKAa MaAOU3yYeHHOe HallpaBAeHUe
pa3BuUTHA ra30XUMHUM. [ AaBHag mpodOAeMa B TOM, UTO AO CHX IIOpP He MMEIOT-
Csl AOCTATOYHO HaAe’KHble KMHeTHUeCKue MopeAm okKucaeHuga Ci-Cy4 yraeso-
AOPOAOB, KOTOpBIE TIO3BOASAM OBl TOYHO IIPOTHO3MPOBATH TaKHe ITPOIECCHI.
[TosTOMy OCHOBHBEIM MCTOYHMKaAM HH(OPMAIIUM IIOKA OCTAlOTCS 3KCIepH-
MeHTaAbHBbIE MCCAEAOBaHUA.

Conupsa>keHHOe OKHCAeHMe NpOolaHa U 3TUAeHA UCCAEAOBAAU B ABYXCEK-
IIUOHHOM KBapIIeBOM peakTope AuaMeTpoMm 4.5 cum ¢ AAMHOM ceKiuul 16 cm n
17 cm 1 BpeMeHeM NTpeOBLIBaHUS CMECH BO BTOPOM CeKIMM peakTopa 4.5 ¢
[15]. TemnepaTypa B IepBOM CEKIIUM peaKTopa IOAAEP’KUBAAACH TOCTOSTHHON
u paBHOU 250°C, a BO BTOpPOM BapbHpoOBaAach B mpepenax 485-780°C. Pabo-
TaAl C ABYMd HaOOpaMH peareHTOB. B mepBoil rpylme 3KCIepHUMEHTOB U3Y-
YaAW OKHMCAEHHe IIpollaHa B IPUCYTCTBUHU a3oTa (cMecu cocTaBa Ny:C3Hg:O,
= 3:5:1 u 4.5:8:1), a BO BTOpOU IpylIle — OKHUCAEHHE IIPOIaHa IIPU 3aMelle-
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HUU a30Ta TAaKUM >Xe KOAMYEeCTBOM dTHAeHaA (cMecu coctaBa CoHy : C3Hg :
O, = 3:5:1 u 4.5:8:1).

C noBblllIeHHEM TeMIepaTyphbl 3aKOHOMEPHO YBEAWUUBAETCS KOHBEPCUS
KaK IIPpOIlaHa, TaK WU ITHUAEHA. IIpUCYyTCTBHME JTHAEHA HECKOABKO CHUJKAET
KOHBEPCHIO IIPOIaHa, HO O0oAee CyIIeCTBEHHO BAMSET Ha COOTHOIIEHUE yTAe-
POACOAEPIKAIIMX IIPOAYKTOB €rO OKHCAEHUS: IIPU ero AOOABAEHHUM B HCXOA-
HYI0O CMeCh YBEeAWYMBAETCs KOHIEHTPAIWs IIPONUAeHa, OyTaHa, OyTEeHOB U
okcupa 3TureHa. CaepyeT OTMETUTh, UTO KaK B IPUCYTCTBUHU, TaK U IIPU OT-
CYTCTBUHU 3THAE€HA B UCXOAHOM CMeCH KOHIIEHTPAllU KUCAOPOACOAEPIKAIIUX
NIPOAYKTOB (METHAOBOTO CIHMPTa, YKCYCHOTO AABAETHAQ, (DOPMAABAETHUAQ)
IpeHeOpeKUMO MaAbI.

[ToCKOABKY NIpUM OKMCAEHUM IIpOIlaHa B NPUCYTCTBUM 3THUAEHA 3THUAEH
IBASIETCA KaK HCXOAHBIM PeareHTOM, TaK M OAHUM M3 IIPOAYKTOB PeaKIuy,
NIPEACTABASIAOCE MHTEPECHBIM IIOAOOPATh TaKHe YCAOBUS U TAKOM COCTaB
cMecH, IpH KOTOPOM B XOAe IIpollecca pacxXop 3THAeHa Ha oOpa3oBaHUe
NIPOAYKTOB OKUCAE€HHS KOMIIEHCHUPOBAACSI OBl €ro oOpa3OoBAHWEM IIPU KOH-
BEPCHUU IIpONaHa. B 3TOM cAydyae IpHU IUKAWYECKOM OPTraHMU3aluU IIpoliecca
C NIPOME’XYTOUHBIM BBIAEAEHHEM INIPOAYKTOB (3@ MCKAIOUEHHEM 3THUAeHA) He
OBIAO OBl HEOOXOAUMOCTU AOIOAHUTEABHO BBOAUTH 3THUAEH B MCXOAHYIO
CMeCh, IIOCKOABKY €ro IOCTOSHHOe IIPHUCYTCTBHE OO0OeCIedMBarOCh OBl 3a
CueT OKUCAEHUs OOAee AEIIeBOTO IMpoIlaHa. BBEIAO YCTAaHOBAEHO, YTO BHIIIIe-
YKa3aHHOE YCAOBHE O0eCIIeUMBAETCS INPU OKUCAEHUM CMECH C MOABHBIM OT-
HouleHueM peareHToB CoHy,:C3HgiO9=4.5:8:1, T.e. mpu BBEIOPAHHBIX YCAO-
BUSIX IIPM OKHCAEHUM TaKOM cMecH KOHIIeHTpallMKU 3THAe€HA A0 U IIOCAe
PeaKIUU IPAKTUYECKH OAUHAKOBEL.

TeMmnepaTypHas 3aBUCUMOCTb KOHIIEHTPAIIUN NPOAYKTOB OKUCAUTEABHO-
ro nupoamsa cMecu cocraBa CoHy:C3Hg:O9=4.5:8:1 npepcTaBAeHa Ha pUcC. d.

C, monb % 0,8[ C, monb % ACaHe
20 © 0CH, 0,7
0,6
15
oCaHa 0,5 oCaHs
aHz 0,4
10
0,3
3 0C3Hs z,i 4 nCaH1o
. o —a o0 r =}
—F ) a #C:H.0
0
450 300 350 600 630 700 730 SOOT.'C 450 500 350 600 630 700 730 BO00gae

Puc. 5. TemnepaTypHasa 3aBMCMMOCTb KOHLEHTpauui NpoayKTOB OKUCIUTENbHOrMO Nuponuaa
cmecu coctaBa CoH,:C3Hg:0,=4.5:8:1. P = 660 Topp, T=4.5c.

CpaBHHUTeABHAsI TeMIlepaTypHas 3aBUCHMOCTL KOHBEPCHU IIpPOIaHa U
CEeAeKTHUBHOCTM OOpa30BaHUs IMPOIUAEHA MPU OKMCAEHWM CMeced CocCTaBa
N,:C3Hg:05=4.5:8:1 u CoH;:C3Hg:0O,=4.5:8:1 npeacTaBAeHa Ha puc. 6.
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s0 | Puc. 6. TemnepatypHas 3aBucu-
MOCTb KOHBEpPCUM nponaHa Xc,Hy)
wr o Cr-S(CiHe).% M CeneKTUBHOCTU 0Bpa3oBaHus
| nponmneHa' S(ciHy NPV okucne-
o HUM cmecen coctaBa Ny:C3Hs:O;
20 } 0 N>-8(C3He),% = 4581 un CyH4sCsHgO, =
4.5:8:1. P =660 Topp, t=4,5c.
10 " i i M " A J T,“C
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XOTs NPUCYTCTBUE 3TUAEHA HEMHOI'O CHU)KaeT KOHBEPCUIO NIPOIIaHa, ce-
AEKTUBHOCTHL 0Opa30BaHUs IIPONMAEHAa IIPU 3TOM 3aMeTHO BOo3pacTaeT (pHuc.
6). 3aKOHOMEPHOCTH HAKOMNAEHUS IPOAYKTOB B IIDUCYTCTBUU U B OTCYTCTBUE
STUAE€HA B CMeCH IIPaKTHYeCKH OAMHAKOBBI, HO 3aMeTHO, 4TO IIOUYTU B ABA
pasa IOBHIIIAeTCSI KOHIIEHTPAUMs TaKUX I[eHHBIX IIPOAYKTOB, KaK OYTHUAEHEI
U OKCHA 3THUAEHA.

Haubonee UHTepeCHBIN pe3yAbTAT 3aKAIOYAeTCS B TOM, YTO IIPU OIIPEAe-
AEHHEIX YCAOBHSAX KOHIEHTPAIUS dTUAEHA AO U IIOCAE PeaKIIUW MOJKET OBLITh
NIPaKTUYeCKU OAMHAKOBOM, T.e. (DAKTUYECKU B IIPOIlecce OKUCAEHMS Pacxo-
AYETCSI TOABKO OOAee AOCTYIIHBIM M AellleBEIM IpollaH. Ho mpu aTom 3a cuet
NPUCYTCTBUS OTHAEHA, KOTOPBIM B AQHHOM CAydae MOJKHO pPaccMaTpUBaTh
KakK KaTaAW3aToOp, AOCTUTraeTcsl 60Aee BBICOKAs KOHIIeHTpalus NPOIHAEHA U
TaKUX II€HHBIX IIPOAYKTOB, KaK OYTHAEHBI M OKCHA 3TUAeHa. TakuM obpa-
30M, OKMCAWUTEABHBIM IIUPOAW3 NPOIlaHa B NPUCYTCTBUU ISTHUAEHQ, IIPAKTH-
YeCKM He PAacXOAyeMOIO B 3TOM peakKIUM 3THAE€Ha, MOXXHO pacCMaTpHUBaTh
Kak IIepCIeKTUBHOe HallpaBA€HUE CO3AAHUS OOAee CEAeKTUBHOM TEXHOAO-
YU IIOAYYEeHUS IIPONHAEeHa HEellOCPEACTBEHHO U3 IIpolaHa. Kpome Toro, mpu
COBMECTHOM IIOAyYEHUU IIPOIHUAEHA M 3THUAEHA (& 3TO MMeeT MeCTO B OOAb-
LIIMHCTBE COBPEMEHHBIX IIPOILECCOB) YACTHYHAS PEIUPKYASIINS 3TUA€HA MO-
JKeT OBITh HCIIOAB30BaHAa AAS KOPPEKTUPOBKU COOTHOIIEHUS ITOAYYaeMBIX
ore(pMHOB U MOBBIIIEHUS OTHOCUTEABHOTO BBIXOAA IIPONUAEHA.

COl'lpﬂ)KeHHOG OKHCJICHHE ME€TAaHA U 3TUJICHA
KaK UHCTOYHHUK MPOIUJICHA

Emre opAHMM HCTOUYHHKOM IIOAYYEHMSI IIPOIMAEHQ, IIpudyeM U3 Ooaee Ae-
IIIEBOTO U AOCTYIIHOTO YTA€BOAOPOAHOTO CEIPBS, MOJKET CTATh COIPSI’KeHHBIN
npollecC TNapIUaAbHOTO OKHUCAEHUS CMecel MeTaHa C 3TUAeHOM. IlpmHIu-
NuaAbHAsE BO3MOJKHOCTL IIOBBIIIEHMS BBIXOAA IPOIHAEHA IPU OKMCAEHUU
IIpoIlaHAa U €ro COBMECTHOM OKHUCAEHUM C MeTaHOM OblAd IOKa3aHa B CBOE
Bpems B cepuu pabor UX®D HAH PA [16-18]. [IpoBepeHHBIE HEAGBHO HCCAE-
AOBAHHUS COBMECTHOTO ra3oa3HOro OKUCAEHUS MeTaHa U 3THAeHa B ABYX-

CEeKIIJMOHHOM KBapIleBOM peaKTope ITO3BOAUAN 6onee HOApO6HO U3y4uTh
28



3TOT IIPOIIeCC U IIPOBECTH CPaBHEHHE IIPOIIECCOB OKUCAEHUS 3THA€HA B IIPU-
CYTCTBUU a30Ta U IIPU 3aMelleHUH a30Ta MeTaHoM (puc.?) [19, 20].

P. Topp
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Puc. 7. TeMI‘IepaTypHaFl 3aBMCMMOCTb OCTaTOYHOro napuumanbHOro gaBneHua peareHToB U
napuvanbHOro AaBneHusl NpoayKTOB OKMUCINEHUs ra3oBbix cMmecen coctaBa a) Na: CoHi:0, =
4:2:1 1 6)CH4:CoH4:0,=4:2:1 ([O,]x10™Y).

I[Ipm KaueCTBEHHO OAMHAKOBOM COCTaBe MPOAYKTOB OKHUCAEHHS O0enx
cMeceM UX KOAMYECTBEHHBIM COCTaB CYIIeCTBEHHO OTAMYAACS. B IpoAyKTax
OKHCAEHUS 3THAE€Ha B IPUCYTCTBUU a30Ta IIpeobAaAaeT MOHOOKCHA YTAEpO-
A4, a mapliuarbHOe AaBAeHUEe OCTAABHBIX NMPOAYKTOB, TAKHUX, KaK MeTaH, IIpo-
NIMAEH, 3TaH U YKCYCHBIM aAbAeTHA, 3HAUHWTEAbLHO HIUKe. KOHBepcHsl KHCAO-
poAa pacTeT C IOBBIINIEHWEM TeMIlepaTyphbl, U IPU AQHHOM BpPeMeHU peak-
num npu 530°C pocturaer npaktudecku 100%. [ToBwIlIeHUe TeMIepaTyphl
poie 5309C He oka3bIBaeT 3aMETHOTO BAMSTHUS Ha KOHBEPCHUIO 3TUAEHQ, a
TaK’Ke Ha IapliiarbHOE AaBAeHHE 00pa3yIoIUXCcs MPOAYKTOB — IIPOIIUAEHA,
3TaHa W MOHOOKCHAA YTAEpPOAd. IDTO, CKOpee BCero, OOYyCAOBAEHO HM3KOU
CKOPOCTbIO KOHBEPCHUM 3TUX COEAUWHEHUHN B OTCYTCTBHE y>Ke BbIpaboTaBllle-
rocsa kucaopopad. OpHaKO HapliaArbHOe AaBA€HUe MeTaHa NIpH IIOBBIIIEHUHN
TeMIlepaTypbl MOHOTOHHO PAaCTeT, BEPOSITHO, BCAEACTBHE NHMPOAM3a ITHUAEHA
U TIPOME’KYTOUHBIX COepAUHeHUM. [laplmarbHOe A@BA€HMe alleTaAbAerupa U
OKCHAA OJTHUAEHA C YBEAWYEHHeM TeMIlepaTyphbl, HAIPOTHUB, CHUKAETCS
BCAEACTBUE UX CPaBHUTEABHO BBICOKOM PEeaKIIMOHHOMN CIIOCOOHOCTH.

Ilpu 3aMeHe a3oTa Ha MeTaH HNpPU TeMIepaTrypax okKoao 530°C ocraTou-
Hasl KOHIIEHTPAIlUus peareHTOB HEeCKOABKO BEIIIE (pUC. 70), U3 4ero MO>KHO
CAEAATh BBIBOA, UTO 3aMeHa a30Ta MeTaHOM IIPUBOAUT K HEKOTOPOMY TOPMO-
JKEeHUIO OKHCAeHUd. Takoe MHrHOUpYyIolllee AeUCTBHE METaHa Ha OKUCAEHUE
GOAee TIKEABIX YTACBOAODPOAOB IIpH TeMmeparypax Huxke 600°C oTMewanroch
U B Apyrux paborax [21]. OpHAKO NPUCYTCTBHE MeTaHAa 3aMETHO IOBBIIIAET
napryasrbHOE A@BAEHHE BCeX IIPOAYKTOB OKHCAEHUsS 3TUAeHa, Kpome CO.
IMapunuanrsHoe paBaeHMe CO B cMeCH C METAHOM (puUC. 70) NPUOAU3UTEABHO
B 1.5 paza HUKe, 4eM B CMecHU C a30oToM (puc. 7a). KoHIleHTpallusl ponuAe-
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Ha B HCCACAOBAHHOM TeMIIepATYPHOM AWAIIa30HE pPAcCTeT C IIOBBIIIEeHUEeM
TeMnepaTyphbl, B TO BpeMsi KaK KOHIIEHTPAIlNs OKCHAA I3TUACHA 6I:>ICTpO I1a-
paer. TakuM o0Opa3oM, W3MeHSST YCAOBHUS, MOXXKHO ONTHMH3UPOBATH BBIXOA
TOTO AW WHOTO IIPOAYKTA.

[Mo-BuAMMOMY, OCHOBHAsI POAb METaHa B 9TOM IIpOIjecCce COCTOUT B TOM,
YTO OH SIBASIETCSI AOIOAHUTEABHBIM WCTOYHUKOM METUABHBIX PAAUKAAOB,
TIPUBOAAIINX K YBEAWUYEHUIO NAaPIUAaAbHOTO AABAEHUS OOABIITMHCTBA ITPOAYK-
ToB peaknuu. OOpaszoBaHWe IPOIUAEHA IIPOUCXOAUT, CKOpee BCero, IIo
peakiuu (7) Ipu IPUCOEAMHEHUUW METHABHOTO pajpMKara K 3TUAEHY ¢ obpa-
30BaHMEM ITPOTUABHOTO PAAWKAAd, M3 KOTOPOTO 3aTeM IO MPUBEAEHHBIM BBI-
e peaknuaM (3) u (6) oOpa3yeTcsa IPOIUAEH.

CH3° + C2H4 > C3H7., (7)

TakuMm 06pa3oM, POAL MeTaHa NMPU OKUCAEHUU MEeTaH-3THUAEHOBBIX CMe-
Ccell CBOAMTCS, TA@BHBIM 006pa3oM, K AOIIOAHUTEABLHOM TeHepamuu CBOOOAHBIX
papukaroB CHj', paabHeRINe peakIMi KOTOPHIX IPUBOASAT K OOPa3sOBaHUIO
MPOTMABHBIX papukaroB C3H;' U Aaaee TTPOTHMAEHA, T. €. IIOAYYEHUIO oAedu-
Ha C OOABIIMM YMCAOM aTOMOB YTAEPOAQ, 9YEM B MCXOAHOM yTAeBopopope. C
STOM TOYKM 3PEHUST AQHHBIM MPOIIECC BBITOAHO OTAMYAETCS OT TPAAUIIMOH-
HBIX, TaKUX, KaK AeTHAPHUPOBaHNE M KPEKHUHT IIPEAEALHBIX YTAEBOAOPOAOB, B
KOTOPBIX IIOAYYAIOT OA€(UHBLI C YMCAOM aTOMOB YIAEPOAQ, PABHBIM HAU
MEHBIIINM, YeM B MCXOAHOM YTAEBOAOPOAE.

BO3MOXHOCTh YaCTUYHOTO MpEeBpallleHus 3TUAE€HA C TOMOIIBI0 TaKUX
HEAOPOTHX COPeareHTOB, KaK MeTaH U KUCAOPOA, B 6onee BOCTpeOOBaHHBIN
U Ae(PUITUTHBIN MTPOMUAEH IMO3BOAUT KOPPEKTHUPOBATH COOTHOIIEHUE 3TUX
6a30BBIX KPYITHOTOHHAKHBLIX IIPOAYKTOB IIPH UX COBMECTHOM ITPOM3BOACTBE.
B ToMm ke caydae, ecam OyAeT OCBOEHA NMMPOMBIIIAEHHAS TEXHOAOTUSI OKUCAU-
TEeABHOM KOHAEHCAIIUM MeTaHa B 3TUAEH [5], 3TOT MIpOIecc MOJKEeT CTaThb
0COGEHHO HWHTEPECHBIM U BOCTPEOOBAHHBLIM, IIOCKOABKY IIOSIBUTCSI BO3MOXK-
HOCTH C UCIIOAB30BAHMEM TOTO K€ MeTaHa KOHBEPTHPOBATH YaCTh ITOAYYEH-
HOTO M3 MeTaHa 3TUAEHA B MPOTIHUAEH.

AKTHBAUMS PAAUKAIBHOI0 OKMCJIEHUS JerKuX yriieBo/10poioB
NPOAYKTAMM 00raToro mjiaMeHu MeTaHa

Hauboaee OpHUBAEKATEABHOU IIeABIO Ta30XMMUU OCTAeTCsS pa3paboTKa
IIPOIIeCCOB, KOTOPhIe ITO3BOASIAU OBl IIOAYYATh BCe OCHOBHBIE Ta30- U HedTe-
XUMHYECKHe MPOAYKTHEl HEIIOCPEACTBEHHO M3 Hamboaee AOCTYIIHOTO, Aellle-
BOTO U OOMABHOTO CHIpbS — MeTaHa. OAMH M3 TaKUX IIPOIECCOB — OKHUCAU-
TeAbHAas KOHAEHCAIIUS MeTaHa B 3TaH U 3THUAEH [2-5], B KOTOpPOM MeTaH SB-
ASIETCSI MCTOUHHUKOM METHUABHBLIX PAAUKAAOB, IIOAYYaeMBIX IIPU ero KaTaAWuTH-
YeCKOM aKTHBaIuu. B TO >Ke BpeMd WHTEHCUBHBIM HCTOUHUKOM METUABHBIX
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PaAMKAAOB SBASIETCS METaHOBOE IIAaMs, OCOOEHHO IIPU FOPEHUU B YCAOBUSIX
HEAOCTaTKa KHUCAOPOAA (OoraThle IAAMEHA).

B Hacrosmee BpeMs pa3paboTaHbl METOABI IIOAYUYeHHUSI OOraThIX IIAAMeH
MeTaHa, CTaOMAM3UPOBAHHBEIX IMOBEPXHOCTBIO INPOHUIIAEMON MaTpUIBl [22,
23], KOTOpBIE MOTYT CAYKUTH 3(D(PEKTUBHBIM UCTOYHUKOM METUABHBIX PAAHU-
KanroB. Ha ocHoBe 3TOro Hamu OblAa pa3paboTaHa MeTOAUKA OKMCAUTEABHOM
KOHBEPCHUM YTAEBOAOPOAOB, MHUIIMMPOBAHHOU OOTaThHIMU IIAaMeHaMu [24]. B
KaueCcTBe NCTOYHUKA METHABHBIX PAAMKAAOB HCIIOAB30BaAU IAOCKOe OoraToe
IIAAMsI MeTaHa, BBOA PA3AWUYHBIX YTAEBOAOPOAOB B KOTOPOe MOJKET IIPUBECTH
K 0Opa3oBaHMIO 3THUAEHA, IIPONMAEHA M APYIHX I€HHBIX IIPOAYKTOB. Takas
OpraHu3anus Mpollecca MOJKET CTaTh PEaAbHLIM IIPOTOTHUIIOM IIPOMBIIIAEH-
HOM TEXHOAOTHM IIOAyYeHUsI OAe(dUHOB, OCHOBAHHOM Ha B3aUMMOAENCTBUU
YTA€BOAOPOAOB C METHUABLHBLIMU PaAVMKaAaMU.

ANST CCAEAOBaAHWM HCIIOAB30BaAM Aa0OpPATOPHYIO YCTAHOBKY C MaTpHWU-
HOI TOPEAKOM IAOCKOTO IIAaMeHH, OoAee IMOAPOOHO onucaHHYyIO B [8]. Peak-
TOP IPEACTaBASIA COOOM KBApIIEBBLIM ITMAMHAD, 3aKPBITHIM METaAAHIEeCKUMHU
draHIIaMY, CTIHYTBIMM HAPY’KHBIMH IIIHUABKaMU. BHYTpM peakTopa pacro-
AOJKeHBI MaTpUYHas ropeAka IIAOCKOTO IIAAMEeHHM C CHCTeMOM II0AQYM MeTaHa
U BO3AYXa, M3TOTOBAEHHOE M3 KBapIia YCTPOUCTBO AAS IIOAQYU MICCAEAYEMBIX
ra3oB Ha MaTpHIy, HOABMI)XHas TepMollapa W KBaplleBBIM IPOOOOTOOPHUK.
H3MeHeHHeM pacxopa U COOTHOIIEHMS IIOAABA€MBbIX Ia30B MOJKHO BapbHpPO-
BaTh TENAOBBIAGAEHHE Ha IIOBEPXHOCTM MAaTPUIIBl U BpeMsi MPeOLIBaHUS Ta-
30BOM CMecCH B peakTope. KOHBepTHpPyeMBIM ra3 (B AQHHOM CAydYae — Me-
TaH) MOAABAACS B PEAKTOP 4Yepe3 KBAPILEBBIM BBOA CIIEIUAABHOU KOHCTPYK-
nuu. BepxHSST YacTb KBapIeBOTO BBOAA BBIIIOAHEHA B BHUAE CIHUPAAW, YTO
TIO3BOASIET IIOAOTPETH ITOAABAEMBIM Ta3 OTXOASNIMM TOPSTYUM ITOTOKOM pea-
TeHTOB W TaKUM 00pa3oM CHU3UTH 3(P(PeKT oxXra>kpAeHUs MOBEPXHOCTH MaT-
pHUIBI TOA@BaeMBIM ra3oM. OT CIMpPaAMW ra3oBBIM IMOTOK IIOAAETCSI IO ABYM
TIapaAAeAbHBIM KBapIeBLIM TPYOKaM K HUJKHEMY KBaplleBOMY KOABITY, B KO-
TOPOM IIO OKPY’KHOCTM C WHTEPBAAOM INPHUMEPHO B 1 cwu BBIIIOAHEHBI OT-
BepcTusi pmamerpoM ~0.5 mm, HalpaBAEHHBIE MTOA YTAOM 45° K ITOBEPXHOCTHU
MaTpuibl. OTOOP MPOAYKTOB AAS XPOMATOrpadHUUecKOTo aHaAn3a OCYIeCTB-
AdeTCd depe3 IepeMelllaeMbI KBApLEBBIM KAIUAAID, PACIOAOKEHHBIM Ha
OCH peaKkTopa.

l'opearouHoe yCTPOMCTBO C NMPOHUIlaeMOM IAOCKOM MaTpulled CcTabHUAU-
3upyeT (PPOHT MAaMeHU Hap ee IIOBEPXHOCTBHIO. baaropaps MHTEHCUBHOMY
KOHBEKTHUBHOMY M PAAMAIIMOHHOMY TENAOOOMeHy (PPOHTa IAAMEHM C IIO-
BEPXHOCTBIO MATPHUITHI OHa pa3orpeBaeTcs mpuMmepHo A0 600-800°C. TTpoxo-
AAIasi CKBO3b Hee ra30BO3AYIITHAS CMeCh pa3orpeBaeTcsl IPUMEPHO A0 3TOU
>Ke TeMIIepaTyphl, YTO TPUBOAUT K PACIHIMPEHUIO ITPEAEAOB TOpeHwus1, obec-
TeuynBas yCTOMUYMBOE ropeHHe OOraThIXx CMecel C BBICOKOU KOHIIeHTpaluewn
PaAMKaAOB.
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TemmnepaTypa Ha NOBEPXHOCTH MaTPUIIBI, M3TOTOBAEHHOMN U3 II€HOHUX-
poMa, nopAep>RKuUBarachk B uHTepBase oT 792 po 807°C. Tlpu sToM TeMuepa-
Typa ra30BOTO IOTOKa Haj MaTpulleidl Oblaa B AuMamnazoHe oT 596 ao 610°C.
CHm>XKeHHe TeMIepaTyphl CBSI3aHO B OCHOBHOM C IIOA@YEM CBepXy Ha MaTpH-
Iy AOTIIOAHUTEABHOTO ra30BOTO IIOTOKa C OOAee HH3KOM, HECMOTPSA Ha IIPEA-
BapUTEAbLHEBIM IIOAOTPEB IIPOAYKTaMHM IIAaMeHH, TeMIepaTypoi. AaBAeHUe
OBIAO aTMOC(EpPHBIM. B ropeAodHOe YCTPOUCTBO MOAABAAU IIOTOKM MeTaHa U
BO3AYyXa € pacxopoM 12 m 76 ma/c, COOTBETCTBEHHO. Pacxoa AOIOAHUTEABLHO-
ro IIOTOKAa MeTaHa, I0AABAeMOTO B IIPOAYKTHI FOPeHMsd Hap IAOCKOM MaTpH-
ey, BappupoBaAu B pAnanaszone oT 0.36 po 2.52 ma/c.

BBIAM TIDOBEAEHBI ABe CEpUM 3KCIEPUMEHTOB. B IlepBOM cepum npu
IIOCTOSTHHOM PacxXojAe MeTaHa M BO3AyXa uepe3 MaTPUUHYIO TOPEAKY M COOT-
BETCTBEHHO IIOCTOSSHHON TeMIIlepaType IMOBEPXHOCTH MATPHUIIB, B IIOTOK IIPO-
AYKTOB TOPEHUS NMOAABAAU AOIOAHUTEABHBINM IIOTOK METaHa B KOAWYECTBE OT
3 A0 21% OTHOCHTEABHO IIOTOKA MeTaHa, I0AaBaeMoOro B ropeAKy. Bo BTopoi
CepuM AAd CPaBHEHHS BMECTO AONOAHUTEABHOTO IIOTOKa MeTaHa II0AABaAU
TaKOM >Ke IIOTOK a30Ta. B KauecTBe OCHOBHOTO IlapaMeTpa OIPEAEASIAU Ce-
AEKTHUBHOCTb OOPa30BaHUS NMIPOAYKTOB IIO YTAEPOAY, KOTOPYIO PaCCUUTHIBAAU
KaK OTHOIIIEHHE COAeP’KaHUSA YTAEPOAA B AQHHOM IIPOAYKTE KO BCEMY IIOAA-
BAeMOMY YTAEPOAY, T.e. CyMMe YyTAepOA@ B MeTaHe, IOCTyNalolleM B rope-
AOYHOE YCTPOUCTBO M AOIIOAHUTEABHO Ha IIOBEPXHOCTH MATPUIHL.

ITo Mepe yBeAndeHUS AOIIOAHUTEABHOI'O IIOTOKA MeTaHa Ha MATPHILy ce-
AEKTHUBHOCTH OOpa30BaHUS 3THAEHA B IPOAYKTAX PeakIMU yBEeANYMBAAaCh
OYTH B TpU pasa. TakKe OBICTPO pPOCAA CEAEKTUBHOCTbL OOpPa30BaHUS IIPO-
NHAEHa, KoTopasg 0e3 AOIOAHMTEABHOTO BBEAEHMS MeTaHa B IIPOAYKTax ro-
peHUsa He HaOAloparack (puc. 8). KpoMe TOro, B IPOAYKTaxX peakIlUU IIOSB-
ASIOTCS CAeAbl OyTuAaeHa. C yBeAMdyeHHEM KOAMYEeCTBa MeTaHa, II0AABAeMOro
Ha) MaTpullel, ero IMOAHAs KOHBEPCUA (C yU4ETOM IMIOAABAEMOI'O B TOPEAOU-
HOe YCTPOMCTBO) CHM>XAAach, HO KOHBEPCHUS KHCAOPOAA IIPH 3TOM BCeETAQ
OCTaBaAaCh IIOAHOMU.

Ce/IeKTHBHOCTD, Y%

2C,

C:H; Pwuc. 8. 3aBuMCMMOCTb Cernek-
TMBHOCTM obpa3soBaHus CyHa,
CsHe, a Takke cymmbl C; n Cs
yrneBoaopodoB OT KonM4yecTBa
BBOAMMOIO Haj maTtpuuen me-
2Cs TaHa (B npoueHTax OT MNoToka

T A_r.:_f‘:@ﬁ::f:‘ﬁ C;H; MeTaHa, noaBaeMoro B ropers-

KY).
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INo namemy MHeHNIO, 3HQUUTEABHOE IOBHIIIIEHIE CEAeKTUBHOCTHU 3THAE-
HQ, a Takke oOpa3oBaHHWe IPONHAEeHA U APYTUX IIPOAYKTOB IIPH BBEAEHUU
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AOTIONHUTEABHOTO MeTaHa Hap MOBEPXHOCTHIO MATPUIILI MPOUCXOAIT B pe-
3yAbTaTe B3aUMOAEMUCTBHSI 00Opa3yIOIIUXCS B IIAAMEHHM METHABHBIX papuKa-
roB CH3' ¢ AOGaBASIEMBIM METAaHOM M IIOCAEAYIOIUX peakiuii. UToOHI yGe-
AUTBHCS, 9TO oOpa3oBaHMe HAOAIOAGEMBIX IIPOAYKTOB CBSI3aHO MMEHHO C AO-
HOAHUTEABHBIM TOTOKOM MeTaHa Hap MaTpuliel, Oblaa IIpOBepeHa cepud
SKCIEePUMEHTOB, B KOTOPOM MPU COXPaHEHUN OCTAABHBLIX IIapaMeTpPOB IIPO-
mecca AOOaBASIEeMEBIM MeTaH 3aMeHSACS a30TOM. KoAMYecTBO IIOAABAEMOTO
a30Ta, KaK ¥ MeTaHa B NPEALIAYINEH Cepuu 3KCIEPUMEHTOB, YBEAMYHUBAAU
oT 3 A0 21% OT OCHOBHOTO TIOTOKA METaHa, I0AABAeMOI'0 B TOPEAOYHOE YCT-
POYICTBO. OTM 3KCIIEPUMEHTHI TOKa3aAW, YTO BBeAEHMEe a30Ta B IAaMs He
TIPUBOAVT K U3MEHEHUIO CEeAeKTUBHOCTH 00pa30BaHUs IPOAYKTOB TOPEHUS.

TakuMm 00Opa3oM, IPOBEAECHHBIE MCCAEAOBAHUS ITOKA3aAW ITPUHITUITHAAD-
HYIO BO3MOJKHOCTb IIOAYYEHUSI ITUACHA W OOAee TS’KEABIX OAe(PUHOB BBEAE-
HUEeM MeTaHa B IIPOAYKTHI OOraToro MeTaHOBOTO IAAMeHM. MOJKHO paccyu-
TBIBATh, UYTO IIPM BBEACHUU B 3TO JKe IIAaMs dTUAeHA U OoAee CAOJKHEBIX YT-
AEBOAOPOAOB OyaeT HaOAIOAQTBCSA OOpa3oBaHUe OOAee BBEICOKOM KOHIEHTPA-
UM TPOTHUAEHA, @ BO3MOJKHO, U OOoAee TSIKEABIX OAe(PUHOB. DTO OTKPHIBAET
MOTEHIIMAALHYIO BO3MOJKHOCTDL IIOAYUEHHUS 3THA€HA U OoAee TSIKEALIX OAe-
(PVHOB B HEKATAAUTUUYECKOM Trazoda3HOM IIpoIlecce HEIMOCPEACTBEHHO Wu3
MeTaHa — OCHOBHOTO KOMIIOHEHTAa MPUPOAHBIX T'a30B.

B 3arAtoueHUe cAepyeT OTMETHTL CAeayioliee. [IpoBepeHHEBIE HMCCAEAO-
BaHUS TTOKa3aAl BO3MOKHOCTD TTOBBIIIIEHMS BHIXOAA ITPOMHMAEHA B IIPOIfeccax
TTUPOAM3a Ta30BOTO CHIPbS W CO3AAHUSA OOAee CEeAeKTUBHBIX HeKaTaAUTH-
YeCKUX IIPOIeCCOB ero IOAYYeHHsS. BEIAO paccMOTpPeHO HECKOABKO BO3MOJK-
HOCTeH. Y’Ke Iepexop OT TPAAUIIMOHHO TEePMUYECKOTO K OKUCAUTEABHOMY
NMPOAW3Y TPONaHa 3HAYUTEABHO IIOBBIIIAET CEAeKTUBHOCTH OOpPAa30BaHUSA
MIPOTIUAEHA.

Boaee mHTEpecHYIO BO3MOKHOCTb OTKPBHIBAET COBMECTHOE (COIPSI’KEH-
HOe) OKHCAeHWe TpolaHa U 3TUAEeHA. [Ipollecc MOXKeT OBITH OPTaHM30BaH
TaKUM 00pa3oM, UTO 3THAEH B HEM IIPaKTUYECKH He PacXOAyeTcs, T.e. hak-
THYECKN BBICTYyIIa€T B POAM KaTaaW3aTopa OOpa30BaHUS IPOIHAEHA. ITO
TO3BOASIET PACCUYUTHIBATH HAa BO3MOJKHOCTL CO3AAHUS BBICOKOCEAEKTUBHOM
TEXHOAOTMH IIOAYYEHHS IIPONIMAE€HA HEIOCPEACTBEHHO M3 IIPOIaHA, SBASIO-
IIerocss OTHOCUTEABHO AEIIEBBIM M AOCTYITHBIM CHIPBEM, @ TaKKe KOPPEKTHU-
POBaTh COOTHOIIIEHNE 3TUAEHA U IIPOIMHMAEHA B IIPOIECCaX MX COBMECTHOTO
MIOAYYEHUS.

ITokazaHa BO3MOKHOCTHL 3HAYUTEALHOT'O IIOBBIIIEHUS KOHIIEHTPAIIUN
MpONUAEeHa MPU COBMECTHOM (COMPSI’KEHHOM) OKUCAEHUU 3THUAEHA U MeTaHa.
OTOT MPOIECC TaK)Ke MO3BOASET KOPPEKTHUPOBATH COOTHOIIEHUWE 3THUAEHA U
MIPOTIMAEHA TIPU WX COBMECTHOM TOAydeHUH. OCOOEHHO WHTEepPEeCcHBIM U
BOCTPeOOBAHHBIM TaKOM IIPOIECC MOJKET CTaTh B TOM CAydYae, eCAU OYAET OcC-
BOEHA TPOMBIIIAEHHAST TEXHOAOTUS OKWCAUTEABHONU KOHAEHCAIUM MeTaHa B
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3TUAEH, IOCKOABKY, UCIIOAB3YS TO K€ UCXOAHOE ChIpbe — MeTaH, MOJKHO 0y-
AeT KOHBEPTUPOBATh YaCThb 3TUAEHA B IIPOIIUAEH.

HakoHen, nmokasaHa IPUHIUNHAABHAS BO3MOJKHOCTL IIOAYUEHUS 3THAE-
Ha U Oonee TSJKEABIX OAe(dUHOB BBEAECHHEM MeTaHa B IIPOAYKTHI 60TaToro
METQHOBOTO IMAAMEHH. OTOT IIPOIECC OTKPHIBAET IOTEHIIMAABHYIO BO3MOJK-
HOCThL IIPSMOTO IIOAYYEHUS O3THAEHQ, IIPOIUAEHa, a BO3MOXKHO, M OoAaee TH-
SKeABIX OAe(PUHOB HEINOCPEACTBEHHO M3 MeTaHa — OCHOBHOIO KOMIIOHEHTa
TIPUPOAHBIX Ta30B.

[MoaydueHHEBIe pe3yABTAThl MOI'YT CTaTh HAyYHOM OCHOBOM AAS pa3palboT-
KU aAbTEePHATUBHBIX METOAOB IIOAYYEHUsI MPOIMAEeHa Ha 0a3e IPHUPOAHOTO
rasa, BKAIOYAs €r0 OCHOBHOM KOMIIOHEHT — MeTaH.

MLONPLELD GLLP NLULTLAL AUCLLUSOFUL 0-66-6U
WohRMrIohLLELE 20FANMHL T O-LUPTHUISU UL FUUT TR LU

L. UL MN0AU3UL, UL 2. MN1AU3UL, O. d. SUNALULALY, L. L. USLEUNLY,
€. U NUCNFE-3AFLAY. I L. U f-UdUE2E3UL
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HﬂLlfu U‘nlﬂbyﬂlepr Zl‘lpllil bil llipﬂlliulilﬁ O@”[”‘[[’[’"[/"lﬂ’ 4‘[3[1[[711[1 lL llllinllll.l.lilﬁ anll_nplZ_‘
PHLID.'
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ON THE POSSIBILITY OF INCREASING THE YIELD OF PROPYLENE
AT CONJUGATED OXIDATION OF LIGHT HYDROCARBONS
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V.S. ARUTYUNOV® and L. A. TAVADYAN?

a8 A.B. Nalbandyan Institute of Chemical Physics NAS RA
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In the present work several approaches directed to the improvement of process of
the propylene production, mainly based on the conjugated oxidation of light
hydrocarbons were examined. Four different methods were considered, namely the
oxidative pyrolysis of propane, conjugated oxidation of propane and ethylene,
conjugated oxidation of ethylene and methane, and the interaction of methane with the
products of methane-rich flame (technological combustion).

It was shown that oxidative pyrolysis of propane allowed to significantly decrease
the reaction temperature in comparison to thermal pyrolysis and increase the
[C3Hg]/[C,H,] ratio in the reaction products above the value of 1 thus making propylene
the main reaction product.

The oxidation of propane in the presence of ethylene (conjugated oxidation) has
demonstrated a significant increase in the propylene yield. Moreover, under appropriate
conditions ethylene is not consumed acting only as a catalyst of propylene formation.
Under these conditions, only less expensive and more available propane is consumed. It
was also shown that the addition of methane during the oxidation of ethylene noticeably
increased the yield of propylene. Therefore, these processes can be used to adjust the
ratio between the olefins at their combined production so as to enhance the relative yield
of propylene.

The principal possibility of non-catalytic production of propylene directly from
methane at its feed to the products of methane-rich flame was shown, thus demonstrating
the principal possibility to produce olefins in non-catalytic gas-phase processes from
light gaseous hydrocarbons, including methane.
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M3mepeHbl KOMMMEKCHble AW3NEKTPUYEecKMe MNpoHULaeMocTn OuHapHOW cucTeMbl Cynbdo-
naH/aMmMeTUncynbMOKCHA B LUMPOKOM KOHLIEHTPALUMOHHOM WHTepBare B 4YacTOoTHOW obnactu ot
100 Mly po 50 Iy npu 298, 308 n 318 K. PasnunyHble penakcaunoHHble yHKUUM Obinn NCnonb3o-
BaHbl Ans 00paboTKM 4aCTOTHO-3aBUCUMOW [OUINEKTPUYECKOW NpOoHMLaemMocTu. [loka3aHo, 4To
cnekTpanbHasa dyHkumsa Koyna-[leBngcoHa, kotopas npeanonaraetT HECUMMETPUYHOE pacnpeene-
HMe BpPEMeHM penakcauuu, Hambornee TOYHO OMUCLIBAET CMEKTPbl U3y4YeHHoW cucTembl. OTpuua-
TenbHOEe OTKMNOHEHUE M3BbITOYHOro 06paTHOro BpEMEHM penakcauuu ykasblBaeT Ha 3aMeasieHHoe
BpaLLeHWe aunonew n3-3a Hanu4usi QUnonb-AunornbHbIX B3aUMOLENCTBUIA B CUCTEME.

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

Cyabporan (CO) mam TerpameTuaeHCYAb(POH (CHy)pSO, — muramge-
CKHUU CYAB(OH, KOTOPBII OAAropapst BBICOKOU AMIAEKTPUYECKOU IIPOHUIIae-
MOCTH U TEePMHUUYECKOM CTaOMABHOCTM HAXOAUT IINPOKOe NpUMeHeHHe B Ka-
YyecTBe MOAIPHOTO PACTBOPUTEAS B AUTHUEBBIX XUMHYECKMX HUCTOUHMKAX TOKa
[1-3]. B mocaepHME TOABI BO3POC MHTEPEC K U3YUYEHUIO (DU3UKO-XMMUYECKUX
CBOMCTB GMHAPHBIX cucTeM, copepxanmux CP, ¢ 1meabio BHIIBACHUS XapaKTe-
pa Me>XXKMOAEKYAIPHBIX B3auMoAeHcTBUM [4-12]. OpHUM U3 3P (PeKTUBHBIX
CIIEKTPAAbHBIX METOAOB AASI H3YUYEHMHSI CTPYKTYPHBIX U AMHAMHUYECKUX
CBOUCTB PACTBOPOB, @ TAK’Ke IIPUPOABI MEKMOAEKYAIPHBIX B3aUMOAEUCTBUN
SIBASIETCSI CIIEKTPOCKOIUS AU3AeKTpudeckol peaakcanuu (CAP) [13]. Ha oc-
HOBE aHaAM3a AWIAEKTPUYECKON IIPOHUIIAEMOCTH pa30aBAEHHOTO pacTBoOpa
cyab(onranHa B OeHsone npu 9.885 [Ty OBIAO IIOKA3aHO, YTO B AQHHOU CHUCTe-
Me IIpeoOrapaeT MOHOMepHas CTPYKTypa cyAabdoaaHa [4, 5]. B paborax [7,
9] aHaru3 OOBEMHBIX U AUIAEKTPUUYECKUX CBOMCTB BOAHBIX PACTBOPOB CYAb-
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donraHa BBIIBUA HaAWYMEe BOAOPOAHO-CBSI3@HHEBEIX CTPYKTYP B 3TUX CHUCTEMaXx.
AusnreKTpuYecKasi TPOHUIaeMOCTh OMHAPHBEIX PacTBOPOB CyAbdoran/N-me-
TUAAMITAHOAAMUH ObIAa IIpepcTaBAeHa B pabore [10]. Kpome Toro, caepyert
OTMETUTB, 4YTO AUMETUACYABGOKCHA (AMCO) — DOAIpPHBIM ANPOTOHHBIN
pacCTBOPUTEAB, TakK’Xe VAOBAETBODPSIET TPEeOOBAHUSAM, IPEABSIBAIEMBIM K
PacTBOPUTEAIM B AUTHEBBIX UCTOYHHMKAX TokKa [2]. IToaToMy u3ydeHHe AUS-
AeKTpUYeckux ocobenHocTelt OuHapHou cuctemMbl CO/AMCO sgBasieTcs ak-
TYaAbHBIM. LleAbio AQHHOUW pabOTHI SIBASIETCS MCCAEAOBAHUE AUIAEKTPHUUE-
ckux cBorcTB 6mHapHOU cucteMbl CO/AMCO B IIMPOKOM KOHIIE€HTPAIMOH-
HOM MHTEPBaAe.

IJKCNepUMEHTAIbHAA YaCTh

Cyabdorar (Sigma-Aldrich, 99%) u aumMeTuAcyabdOKcHp (Sigma-
Aldrich, 99.9%) wucnoap3oBaruchk 0Oe3 parbHeMNIIeN OYHCTKU. Vi3MepeHusa
KOMIIAEKCHOU AMDAEKTPUYECKOM ITPOHUIIAEMOCTH BO BCEM KOHIIEHTPAIMOH-
HOM pmanaszoHe (0 <Xc¢e<l, TAe Xcp — MOABHAA AOAI CyAb(OAAHA) IPOBOAU-
AMCBH B IIMPOKOM oOAacTu yactoT oT 100 MI'y po 50 [Ty npu pa3HBIX TeMIie-
paTypax oT 298 po 318 K ¢ MCIOAB30BaHMEM MUKPOBOAHOBOTO aHaAM3aToOpa
(@ microwave PNA-L network analyzer, Agilent Technologies). KaanOpoBka
MIPOBOAMAACH Ha BCEX YaCTOTaX C HCIOAB30BAHWEM TPEeX CTaHAApPTOB. AAs
Ka’XA0TO o0paslja PeruCTpUpPOBAANCh HECKOABKO CIIEKTPOB, KOTOPEHIE YCPeA-
HSIAUCH. AHAAW3 YaCTOTHOM 3aBUCHUMOCTH KOMIIAEKCHOW AMIAEKTPUYECKOU
TIPOHUITAEMOCTH ITPOBOAUACS MaTeMaTHuecKoN mporpammoi “TableCurve" c
HUCIIOAB30BaHUEM COOTBETCTBYIOIIUX QllIPOKCUMUPYIOMNX MYHKIIUH.

PesyabTaTsl 1 HX 00CyKIeHHE

Ha puc. 1 mpeacTaBAeHBI YaCTOTHBIE 3aBUCUMOCTH peaAbHOM g'(V) u
MHUMOM €"(V) YacTed KOMIAEKCHOM AUSAEKTPUUYECKONW TTPOHUIIAEMOCTH
e*(v)=¢'(v)—ie"(v) cuctremsr CO/AMCO mpu 308 K. Tak Kak AUIAEKTPUUECKUE
CIIEeKTPhI BKAIOYAIOT HMINPOKUM AMAIla30H 4acTOT, 3aBUCHMOCTU Ijeaecoodpas-
HO 1300pa3uTh Ha Aorapudmuueckon pAuarpamme. Kak BuapHO U3 puc. 16, ¢
YBEAMYEHMEM KOHIIEHTPAIIMU CyAb(OAAHA HAOAIOAQETCS CABUT TTOAOIKEHUS
MaKCHMMyMa MHHMMOM 4YacTU KOMIIAEKCHOM ITPOHMII@eMOCTU B CTOPOHY HU3-
KHMX YaCTOT, YTO yKa3bIBaeT Ha YBEAWYEHVE BpPEeMEeHU peAaKCalluM B CUCTe-
Me. Ha pwuc. 2 mpeaCTaBAEHBI CIEKTPHI AUBAEKTPUYECKOM IIPOHUIIAEMOCTH
€'(V) 1 AMIAEKTPUYECKHUX IOTeph &”(v) 6uHapHo# cuctembl CO/AMCO mpu
MOABHOM AOAU cyAbdoraHa Xcep=0.7 U IIpU pa3HBIX TeMIlepaTypax oT 298 Ao
318 K. CABUT CIeKTpa MOTAOIeHus €' (V) U clieKTpa Aucnepcuu £”(v) B CTOPO-
HY BBICOKMX YaCTOT C IIOBBIIIEHHEM TeMIepaTyphl YKa3blBaeT Ha yMeHbIIIe-
HUe BpeMeHU PeAaKCalluy.
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Puc. 1. CnekTpbl AN3aneKkTpnyeckon nNpoHULAeMocTH, g'(v) (a) n QuanekTpuyecknx notepb
g”(v) (6) 6uHapHoit cucTembl CO/AMCO npu 308 K B KOHLEHTPALMOHHOM ananasoHe
0< Xy <1.
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Puc. 2. CnekTpbl OUaneKTpu4eckor MpOHMULL@eEMOCTH, g’(v) (a) n puanekTpuyecknx noTepb

£"(v) (6) GunapHoii cuctemsl CO/AMCO (Xco=0.7) Npy pa3HbIx Temneparypax.

Pe3yabTaThl U3MepeHUsI AUSAEKTPUYECKON IIPOHUIIAEMOCTH & U IOTepb
€" MHOTHUX JKHAKOCTEM IIOKa3bIBAIOT, UYTO 3KCIIePHMMEHTaAbHBIE TOYKHM XOPO-
110 AOJKATCS Ha AYTY MOAYOKPY’KHOCTH, OIIKCHIBAIOIEeN 3aBUCHUMOCTSH €' OT &'
(Amarpamma Koyaa-Koyaa). OKcnepuMeHTaAbHBIE PE3YABTATHI, IIOAYYEHHBIE
IpU HCCAepOBaHUM OuHapHOM cucteMbl CO/IIMCO, mokasanru, YTO 3aBHUCHU-
MOCTbB €" OT €' He SBASIeTCSI CUMMETPHUYHOM, @& COOTBETCTBYET CKOIIIEHHOM AY-
re (puc. 3), 94TO CBHUAETEABCTBYEeT OO0 aCMMMETPUYHOM PaCIpPEAEACHUU Bpe-
MeHU PeAaKCallud B AQHHOM CHUCTeMe.

B o0mem caydyae 4acTOTHas 3aBUCHUMOCTH KOMIIAEKCHOU AMDAEKTpHUUE-
CKOU IIPOHUIIAEMOCTH 8*(V) IIpeACTaBAdeT cobor cyMmy (pyHKIuM 'aBpu-

Amnaka-Heramu:
n Ag.

8*(V):gw+;[l+(i27rvjfj)a]ﬂ ' !

rae Ag — AMIIANUTYAQ peAaKCalluy, T — BpeMd peAdKCallul, €, — AUIANEKTPU-

YeCKas IIOCTOdHHAd IIPU CBEPXBBICOKHX YACTOTAX, O U B — J3MIIMpHU4YeCcKue
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napametpsl (€[0,1]), peryaupyromyue mupuHy u (HPOPMY PeraKCalMOHHOTO
pacupeaeaenud [13].

50

o 298K
&" o 308K
40 - A 318K

30

20

MMM
TR \\\\\\\\\\\\\\\\?{ )

R
TR

104

50

Puc. 3. Onarpamma Koyna-Koyna 6unapHoi cuctembl CO/OMCO (Xco=0.7) npu pasHbIX Tem-
nepaTypax.

MaTreMaTUYeCKUN aHaAW3 MO3BOASET ONMUCATH AUIAEKTPUYECKUE CIIEKT-
pel OuHapHOM! cucTeMbl CO/AMCO c nomompio ypaBHeHHS Koyaa-AeBua-
coHa (CD), rae a mapameTp paseHn 0:

Ag
gcp *(v) = - (2)

+
(@+i27zveey)
[Mapamerp f3 (O <p< 1) OTIMCHIBAET aCUMMETPUYHOE pacClpeAeAeHUe pe-
AAQKCAIMOHHOU (QYHKIUM AAS 4acTOT @) >]/ Tep . TAe ® — IUKAMYECKas
yacrtora, Tcp — BpeMs penakcanuum Koyna-Aesuacona. ITlpu (=1

ypaBHeHUe NIepeXOoAUT B MyHKIUI0 Aebad.

AAd aIIIPpOKCUMAIUK 4YaCTOTHBIX 3aBHUCUMOCTEN PEaAbHOM W MHUMOU
4acTed KOMIIAEKCHOM AMSAEKTPUUYECKOM IIPOHUIAeMOCTH OBIAW MCIIOAB30Ba-
HBI CAepyionue yHKIIMU Koyaa-AeBUACOHA:

&'(w)=¢, +(&, —¢, (cosp)” cos By, (3)
" (w)= (83 —-£, )(COSqo)ﬂ sin By, (4)
rae o = 2nv, Q=arCtgwt u & — craTMyeckas AUdIAEKTpUYECKAs

TPOHMIIAEMOCTb.

PaccuMTaHHblEe AMDAEKTPUYECKHE IapaMeTpbl OWHAPHOW CHUCTEMBI
CO/AMCO, Takme, Kak CTaTHIECKask AUIAEKTPUYECKasT IIPOHUIAEMOCTS (&),
cuAa peprakcainum (Ag), BpeMs perakcaruu (1), SMIUPUYECKUM TMapaMmeTp
Koyaa-AeBupcoHa (B) u cpepHee BpeMsl peAaKCallMM IO PACIPEASASHUIO
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Koyaa-AeBupcona <rcp> (<7cp> = f1ep [14]), Ipm pasHBIX TeMIlepaTypax
00001IeHEl B TaOAUIIE.

Tabnuya
Penakcanuonnbsie napamMerpel OnHapHoii cucrembr CO/IMCO

B Konuentpauuonnom muanasone 0 < X ., <1 npu remneparypax

298, 308 u 318 K
Xco s ‘ Ae ‘ Tegp, ne ‘ B ‘ (tep)=1+p

T=298 K

0 46.60 41.61 22.74 0.812 18.46

0.1 46.45 40.71 24.89 0.797 19.84

0.3 46.09 40.33 29.62 0.777 23.01

0.5 45.57 39.75 34.24 0.771 26.40

0.7 44.95 38.98 38.73 0.778 30.13

0.8 44.77 39.30 38.14 0.834 31.81

0.9 44.28 39.29 39.02 0.876 34.18

1 44.00 37.48 39.89 0.899 35.86
T=308 K

0 46.42 41.43 19.11 0.830 15.86

0.1 46.23 40.56 21.06 0.821 17.29

0.3 45.76 40.06 24.27 0.810 19.66

0.5 45.08 39.09 27.90 0.808 22.54

0.7 44.56 38.57 31.85 0.823 26.21

0.8 44.28 38.29 34.30 0.824 28.26

0.9 44.09 38.09 35.23 0.825 29.06

1 42.46 35.84 35.19 0.861 30.30
T=318 K

0 44.02 40.30 17.23 0.812 13.99

0.1 44.05 40.17 18.84 0.804 15.15

0.3 43.51 38.62 22.19 0.789 17.51

0.5 42.94 37.95 25.55 0.790 20.18

0.7 42.31 37.31 28.39 0.800 22.71

0.8 42.14 37.14 30.43 0.790 24.04

0.9 41.94 36.95 33.13 0.770 25.51

1 41.16 34.41 30.82 0.859 26.47

Kak BuAHO M3 TaOAWIIBI, IPU BCeX TeMIepaTypax C yBeAWdyeHUeM KOH-
IeHTpanuu CyAboAaHa HaOAIOAQIOTCI MOHOTOHHOE CHMJ)KEHHE CTaTHYeCKOU
AVDAEKTPUUECKON MPOHUIIAEMOCTH M OAHOBPEeMeHHOe yBeAndeHHe BpeMeHU
AUSAEKTPUYECKON peAaKcalluM, SMIUPHUYECKUN IapaMeTp 3 B 3aBUCHUMOCTHU
OT cocTaBa KoAaebaeTcst B mpeperax 0.77-0.9.

XapakTep MeXKMOAEKYAIPHBIX B3aUMOAENCTBUM, MPOTEKAIOIINX B pacT-
BOpax, OTpa’kaeTcs B BeAMYMHAX M30BITOYHBIX AWIAEKTPUUECKUX IlapaMeT-
POB, TaKHX, KaK M30EITOYHOe oOpaTHOe BpeMsi peaakcanuu (1/1)F, Kotopoe
oIpepeAsieTcs II0 YPaBHEHUIO:

W) =@/z), ~[W/) X+ 7)s X, ], 5)
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rae X — MOABHAsI AOAS KOMIIOHEHTQ; dyepe3 MHAEKCH m, A u B 0603HaueHbI
rnapaMeTpsl CMEeCH, YUCTHIX KOMIIOHEHTOB A (CyAb(oraH) U B (AUMETHACYAB-
(okcup), coorBeTcTBeHHO. M36BITOUHOE OOpaTHOEe BpeMs peaakcanuu (1/t)E
IpeACTaBAsieT COO0OM cpepHee paclIMpeHne AUIAEKTPUUECKOTO cIiekTpa [15].
M30bITOYHBIE BEAMUNHBI AQIOT KQUYECTBEHHYIO MH(OPMALUIO O IPUPOAE
MEe>KMOAEKYASIPHEBIX B3aUMOAENCTBUM B CUCTEME:
ecau (1/7)E = 0: HeT U3MeHeHUH B AUHAMUKE JKUAKOCTel A u B;
(1/T)E < 0: B3ammopelicTBre MeXAy A U B reHepupyer IOAe, TIPUBOAS-
Ilee K 3aMeAAeHHIO BpallleHUs 3(p(PeKTUBHOTO AUTIOALHOTO MOMEHTa;
(1/T)E > 0: B3ammopeiicTBre MekAy A U B reHepupyer IOAe, TIPUBOAS-
1lee K YCKOPEeHUIO BpaujeHusa 3(p(eKTUBHOrO AUTIOABHOIO MOMEHTQ, T.€.

II0AE CHOCO6CTBY€T BpalieHnIo AUTIOAEH.
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Puc. 5. 3aBucrMocTb 136bITOYHOro 06pPaTHOrO BPEMEHU penakcauum oT MOSbHOW AONKW Cyrb-
c¢onaHa B cucteme CO/OMCO npu pasHbIx TemnepaTypax.
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KoHIleHTpalluOHHbIE 3aBUCUMOCTH CpPEAHEro BpEeMeHU peAaKcalluu
<7cp> U U3GBITOYHOrO OGPATHOTO BpeMeHH perakcaruu (1/1)F mpeacTaBAeHED
Ha puc. 4 u 5. Kak BUAHO U3 pUC. 5, 3aBUCUMOCTb U3OBLITOYHOTO OOPATHOTO
BPEeMEeHH peAaKCallid OT MOABHOM AOAM cyabdoraHa B cucreme CO/AMCO
UMeeT OTpUIlaTeAbHOEe 3Ha4YeHUe, YTO CBUAETEABCTBYET O 3aMEANEeHUM Bpa-
meHus Aunoaeit. Beanunna (1/1)F B pecarh pa3 MeHbIIe H3GLITOYHOTO OGpPAT-
HOTO BpPEMEHM PeAaKCallui BOAHOTO pacTBopa cyabdoaaHa [9]. Ecau B BOaA-
HOM pacTBOpe CyAb(pOAaHa 3aMejpNeHUe BpallleHus AUIOAEM CBSA3aHO C 00-
pa3oBaHUEM BOAOPOAHO-CBS3aHHBIX CTPYKTyp, To B cucreme CO/AMCO
MAHHBIN PE3YABTAT SIBASIETCS CAEACTBUEM AWIIOAL-AUIIOALHBIX B3aMMOAEHCT-
Bull Mexpy Moaekyramu CO u AMCO.

TakuM 00pa3oM, METOAOM CIEKTPOCKOIUU AMIAEKTPUUECKOU penrakca-
OUYW PACCUYUTAHBl CTPYKTYpHBIE W AWHAMHYECKVe IlapaMeTpbl OWMHapHOM!
cucrtemel CO/AMCO, Takue, KaK AUBAEKTPUUYECKasl ITPOHUITAEMOCThL, CHUAA
perakcaly U BpeMsl perakcanuu. [loayueHHEBIe pe3yAbTaThl MOTYT OLITH IIO-
AE3HBIMHU AAST AGABHEMIIINX WCCAEAOBAHUU HMCIIOAB30BAHUS OWMHAPHOM CUCTe-
Mbl CO/AMCO B AMTHEBBIX UCTOUYHUKAX TOKA.

Aemopul gvipadicarom uckpenuioio oaazooaprocme npogeccopy I. Baiineepmuepy
3a npedocmasienue MUKPOBOIHO80U nabopamopuu Hucmumyma usuyeckoi xumuu
Pypcroeo ynusepcumema Boxyma (I'epmanus) 011 npogedenus usmepeHuil.

Paboma evinonnena npu gunarncoeoii noodepaicke I ocydapcmeenno2o Komumema
no nayke MOH PA & pamkax nayunozo npoexma Ne 15T-1D005.

UNFLHALT L/ UBE-PLUNFLDOLUPY: AP LU NUUUGUN G-D
YHhELEUSChY AGLELUUSPUISP NFUNFULUUPLAFE-3OFLL

L. U. QULLPEL3UL L &. W UUra-ur3uy

Neundasuppfly & wnyprputs/qfullifbfyunyopupy  plip  Swduljmpgp fnduybpu
libylilpnpply [PusputgbypncfFyncip jugh jrbgbiunpugfeb dupgeed 100 Ulg-py dfigl 50
9Ly Submpuncfuts mppnyfFacd 298, 308 Ie 318 Y Yhpdunnnplutiibpnid: Npkyblnppl
Punpusighypon Tyl Serbwfun Fynifg husfududn Tyt dinpdhumluds afpuybibph dyulydub
Sundup ommugnpdifly b mwpphp nbjmpumghnt rcilgpubibp: Snyy & npfby, np Ynny-
ol fprpunsp prctilygfuts, npp Bhphupugncd §onbpopumgpugh dudululp g apdboppl
punfunidp, wdblnSoqpfants § Wpmpmgpecd ncamdimopping Sadulpapal ghbyllnpf
ugblpnplibpp : Qunflbypuy Sulpugupd nbpmpuugpuyp dudwhmhf puguulut wpdbpubpp
sy bl Quidulympgned gfoygngbph wpnngnp quidigay pafdugph dwwfl gfegng-
gy dfpnfugybgncfdynciilph inplff :
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THE STUDY OF DIELECTRIC RELAXATION
OF SULFOLANE/DIMETHYLSULFOXIDE BINARY MIXTURES

L.S. GABRIELYAN and S. A. MARKARIAN*

Yerevan State University
1, A. Manoukian, 0025, Yerevan, Armenia
E-mail: shmarkar@ysu.am

The complex permittivity of sulfolane/dimethylsulfoxide binary mixtures in the
whole concentration range has been measured as a function of frequency between
100 MHz and 50 GHz at 298, 308 and 318 K. Different relaxation spectral functions
have been fitted to the measured frequency-dependent permittivity data. It was shown
that the Cole-Davidson spectral function, which presumes an asymmetric relaxation time
distribution, most accurately describes the spectra of the system studied. The negative
sign of excess inverse relaxation time indicates slower rotation of the dipoles due to the
dipole—dipole type of interaction taking place in the system.
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IMocTtynuao 15 11 2017

MpoBeaeHbl MONEKyNsSpPHO-MeXaHU4eckue 1 NonyaMnmpuyeckme KBaHTOXMMUYEeCcKMe 1ccneno-
BaHWS KOMMNEKCO0BPa3oBaHmsi B cucteme Co>" — HUKOTMHOBAS KNCIOTa — NOBEPXHOCTHO-aKTUBHOE
BellecTBO (meHTapeumncynbgoHaT Hatpus). YCTaHOBMNEHO, YTO 3HepreTnyeckn Gonee BbirogHa
koopanHaLma Co” ¢ aTOMOM a3oTa MOreKyrbl HUKOTUHOBO KACTOTHI. BLISIBNIEHO, YTO B NPUCYTCT-
BUW NeHTafeuuncynbdoHaTa HaTpus yMeHbLIaeTCs YCTOWYMBOCTbL KOMMMEKca, YTO cornacyeTcsi ¢
3KCrnepyMeHTanbHbIMU AaHHbIMU.

Puc. 3, Tabn. 4, 616n. ccbinok 21.

ITpoGAeMBl MOAEKYASIPHBIX B3aUMOAEHUCTBUN M KOMIIAEKCOOOPAa30BaHUS
B PacTBOpax 3aHUMAIOT 3HAUYMMOE MECTO B XMMWHU U OMOAOTHHU. B coBpemeH-
HOM TEOpWH pPacTBOPOB IPU PACCMOTPEHUU Pa3AMYHBIX BOIPOCOB YacCTO
MIPUMEHSIOTCST KBAHTOXUMUYECKUE METOABI. Pe3yAbTaThl KBAHTOXUMUYECKOTO
MOAEAHMPOBAHUS AQIOT LEHHYIO0 MH(OPMAaNHIO, KOTOPYIO HEBO3MOKHO, Kpal-
He TPYAHO WAU CAMIIKOM AOPOTO IOAYYUTH dKCIEepUMeHTaAbHO. K ToMy ke,
KBAaHTOXUMHUYECKHE PACUETHI MO3BOASIOT MPOBECTH CPAaBHUTEABHBIN aHaAW3
3 HEKTUBHOCTH AEMCTBUS peareHTOB. [IprMeHeHNe KBAHTOXUMUYECKUX Me-
TOAOB AASL H3YUYEHUS IIPOIIECCOB, IPOTEKAMOIINX B MHOTOKOMIIOHEHTHBIX
CHCTeMaX, KaKUMH SIBASIOTCS IIPOIIECCH KOMIIAEKCOOOPa30BaHUs, AQeT BO3-
MOJKHOCTB BBISIBUTH MeXaHM3M 0Opa30BaHMs XUMHUYECKUX CBI3EH.
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Lleanbio paboOTEI SIBASIETCS OCYIIECTBAEHUE C IIPUMEHEHHEM COOTBETCT-
BYIOIIUX TIPOIPAaMM MOAEKYASIPHO-MEXaHUUYEeCKUX U IIOAYIMIIHUPUIECKUX
KBaHTOXMMHUYECKHAX MCCACAOBAHUM KOMIIAEKCOOOpa3oBaHus B cucreme Co2t
— HHUKOTHHOBAsAg KUCAOTA — IIEHTAAELMACYAB(OHAT HATPUSA AAS BBIICHEHUSI
MexXaHu3Ma OOpa3oBaHMA KOMIIAEKCOB. PaHee KOMIIAeKCOOOpa3oBaHUE B
cucteme Co?t — HMKOTHMHOBAs KHUCAOTAa — IEHTAACHUACYAB(DOHAT HATPHUS
HaMU OBIAO M3YYEHO 3KCIEPUMEHTAABHO [1,2], U pe3yAbTaThl IPEACTABAECH-
HOU PabOTEI MO3BOASIOT COIIOCTABUTH IOAYYEHHBIE TEOPETUYEeCKHUEe AQHHBIE C
9KCIepHUMEeHTaAbHBIMU. BEIOOpP CUCTEMBI OOYCAOBAEH TeM, 4YTO KOMIIAEKC
Co2* — HMKOTMHOBas KHCAOTA SBASETCS OMOAOTMYECKH AKTUBHOW CHCTe-
MOM W IpHUMeHseTcd B MepuluHe [3], a NEeHTAACIIUACYAB(MOHAT HATPHUSA
(TTIACH), wumeronu¥i aHUOHHBLIM XapakTep, IpUHUMaeT 3PPeKTUBHOE
ydJacTHe B IIpoljecce KOMIIAeKcooOpa3oBaHu4 [1,2].

OCHOBHBIMH 3apa4aMU H3y4eHUs MIpoliecca KOMIAEKCOOOPa30BaHUA 4B-
ASIOTCSI BBISIBA€HHE COCTaBa KOMIIAEKCAQ, BBISICHEHHe MexaHu3Ma oOpa3oBa-
HUS XUMUYECKHUX CBSA3eM MEeXAY AMTaHAOM M IIeHTPAABHBIM aTOMOM M OIIpe-
AEAeHNe YCTOMYMBOCTH TOAYYEHHOTO KOMIIAEKCA.

KoMmmaekcoobpazosanue Co2?t ¢ mukoruHoBoil kucroroi (HK) aocta-
TOYHO XOPOIIO M3Y4YeHO, OAHAKO MHEHUS HCCAeAOBaTeAell O MeXaHu3Me 00-
pasoBanus cBsizedi Mexay Co?t m HK pacxopsarcst [4-6]. B moaekyae HK
UMEIOTCS 4YeThIpe BEepOATHBHIX IeHTpa KOOPAWHAIMU C MEeTaAA-UOHOM AAS
KoMIIAeKcooOpa3oBaHudg (puc. 1). CaepoBAaTEABHO, TPYAHO OAHO3HAYHO OII-
PEAEAUTH, C KAKUM M3 BEPOATHBIX IIEHTPOB NPOUCXOAUT KOOPAUHAIIUA.

o’ 0
= ” = “ .
N OH X o}
N 2 N 4
1 Puc. 1. LleHTpbl koopanHauun B monekyne HK.

BeIgBAEeHNE MeXaHM3Ma KOMIAEKCOOOPAa30BaHUS HAMHOTO YCAOJKHSIETCH,
KOrpa IIpollecc IIpoTeKaeT B IIPUCYTCTBUU IIOBEPXHOCTHO-aKTUBHOIO Be-
mectBa ([TAB), B paHHOM cayuae B nmpucyrctBuu [TACH. OT™MeTuM, 4To uU3y-
yeHne AelicTBuA [TAB Ha peaknuu KOMIIA€KCOOOPA30BAaHUS MMeeT U Hayu-
HOe, U IIPUKAAAHOe 3HaueHue [7-13].

BKCHepI/IMeHTaJIbHaﬂ 4acTb

PesyabTarel u ux odcy:xkaenne. C nmomoupio nporpaMmmbel HyperChem 8.0
OBIAM TIPOBEAEHBl KBAHTOXUMHUUYECKHE pPacyeThl KOMIIAEKCOOOPa30BaHUS
Co2%* ¢ HK B orcyrctBue u B npucyrctsuu [TACH, paccuuTanbl 3HepreTu-
yecKhe U CTPYKTYPHBIE XapaKTEePUCTHUKU KOMIIAEKCOB, OIIpeAEeAeHBI Ilapa-
MeTpHl, XapaKTepHU3yIollle TeoOMeTpUUeCKOe CTPOeHHEe MOAEKYA, a TaKXKe C
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IIOMOIIBIO TIOAYIMIIMPUYECKOTO MEeTOAA OBIAa IIPOM3BEAeHa ONTHMU3alus
reoOMeTPUUYECKUX CTPYKTYP PacCMaTpUBaeMBIX KOMIIAEKCOB. AAS ONTHMU3a-
IIMA TeOMeTPHUYECKUX CTPYKTYP KOMIIAEKCOB OBIA MCIIOAB30BAH AATOPUTM
IMoaak-Pubepa ¢ TounocTwio rpapuenTa saeprun 0.01 kxkan/mono.

Komnaekcoobpa3zoBaHue OBIAO U3YUYEHO IOAYIMIWPUYECKUM KBAHTOXHU-
MHUYECKUM MEeTOAOM (MeTOA XIOKKeAsI) B YCAOBUSX BAKyyMa, C IIpEMeHeHUueM
noast ZINDO/1. CunoBoe nore ZINDO/1 saBAIETCS pa3HOBHUAHOCTBIO METOAA
INDO, KOTOpBIN UCIOAB3YETCS A pacdeTa SHEPruil U OCHOBHEIX IIapaMeT-
POB, XapaKTePU3VIOUINX MOAEKYABI, COAep’Kalllie aTOMBI IIePeXOAHBIX 3SAe-
MeHTOB [14-17].

PacueTsl mokaszaaw, uto B cucreme Co2t —HK (B orcyrctBue TTACH)
00pa3yroTcs KOMIAEKCH], KOTOPbIE PA3AMYAIOTCS 10 CTPYKTYpe U CTOMKOCTH.
3HaueHMsI dHEPTeTUYEeCKUX ITapaMeTpPOB JTUX KOMIIAEKCOB (00Iasi 3Heprus
00pa30BaHMsA KOMIAEKCA Egy, SHEPrus CBA3BIBAHMA IIPH KOMIIAEKCOOOPa3o-
BaHUM E g, SHEPTUS B3aUMOACUCTBUS TIPU KOMIIAEKCOOOPa3oBanuu E gy,
o0u1ast SHTAABIINSA KOMIAEKCOOOpasoBauus AHqgy, SHTAABINS B3aMMOAEHUCT-
BUSI IIPU KOMIIAeKcooOpasoBauuu AH 5. [15,18]) mpeacTaBAeHBI B TabA. 1,
U3 AQHHBIX KOTOPOU cAeayeT, uTo koopauHanus Co?t Goaee BHITOAHA C aTo-
moM azota HK (menTp Nel, puc. 1) u cpaBHUTEABHO MeHee BBITOAHA C MOHOM
KHCAOPOAA KapOOKCUABHOU Tpynnbl MoAeKyAbl HK (merTp Ne4, puc. 1).

Tabnuya 1

3HaYeHNd HepreTHYeCKUX NMAPpaMeTPOB ONTHMHU3HPOBAHHBIX CTPYKTYP
2+
kommiekcoB Co“ -HK B orcyrcrBue I1/ICH, paccunTaHHble B YCI0BUSIX BAaKyyMa
¢ npumMeHennem nmoJst ZINDO/1

Ne| Kommnekcsr Eoomy Ecpas, AHosmy | AH'psaume | E'ssauw RMS
xorc/monv | kllic/mone | kloe/monw | kllwc/mone | kllowc/mone | GRAD

KOOpA. CBa3b | -174160.32 | -10616.27 | -6822.88 -4512.74 | -89639.66 | 0.09
Co2*-HK 3a
cueT KUCAOPO-
A@ ABOMHOM
CBS3U

KOOpA. CBa3b | -173770.29 | -10828.58 | -7139.40 -4671.39 | -89249.62 | 0.06
Co?2+-HK 3a
cuét O~
KapOOKCUABHOM
TPYIIIBI

KOOpA. CBSI3b | -174472.8 | -10928.69 | -7135.31 -4667.30 | -89952.13 | 0.09
Co2*-HK 3a
cuet OH rpyn-
IIBI

KOOPA,. CBSI3b -174653.79 | -11109.74 -7316.36 -4848.35 -90133.12 0.05
Co2*-HK 3a
cYeT aroMa

E.BSaI/IM. = E(KOMHAeKc)omu. 'E(C02+)06m. - E(HK)O6H_L_ E(HZO)Oﬁlﬂ,.
AH"pgap, = AH (ROMIIACKC) o5, -AH(C02F) o511, -AH (HK) o515, -AH (H20) 5,
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Pe3yabTaThl KBAHTOXMMWUYECKHX pPacyeTOB KOMIIAEKCOOOpPa30BaHUS
Co2* —HK B npucyrcreun [TACH npuseaeHbl B TabA. 2. PacueTsl mpoBoau-
AVICh AASI TPEX KOMIAEKCHBIX CUCTEM Co2t —HK (koMmAekchl Nel, Ne3, Ne4,
cM. TabA. 1), AAS KOTOPBIX CPABHUTEABHO BBITOAHO KOMIIA€KCOOOpAa3OBaHUeE,
a Takxe Ansi cucreMel Co2t —TIACH, T. k. katuon Co?t ¢ anmonom ITACH

(IIC") moxeT 06pa3oBaTh COEAMHEHHE Co(Hﬂ C )2. AHaAu3 AQHHBIX TaOA.

2 TIOKa3bIBAET, YTO, BO-NEPBBIX, NUCXOAS U3 3HAUEHUM 3HEPTUU B3aMMOAEUCT-
Busa B npucyrcreuu ITACH nccaepyeMble cCHCTEMBI IO U3MEHEHUIO YCTONYNU-
BOCTH MOJKHO PACIOAOKUTH B PAAY: Ned>Ne3>Nel. DTu paHHBIE CBUAETEABCT-
BYIOT O ToM, uTo B npucyrctBun [TIACH koopamuanus Co2t ¢ aromom asora
HK sHepretuuecku Ooaee BBITOAHA, Kak U B orTcyrcrBue ITACH (Taba. 1).
Bo-BToprix, B npucyrcteuu [TACH mnpoliecc KoMnaekKcooO6pa3oBaHUsL CTaHO-
BUTCSI 3HAOTEPMUUECKUM, YKa3blBasg Ha IIepeXOp CUCTEMbl B CPAaBHUTEABHO
HEeYCTOMYHUBOE COCTOSHUE.

Tabauya 2

3HauyeHus IHEPreTUYECKUX MapaMeTPOB ONITUMHU3HPOBAHHBIX CTPYKTYP Co**-HK-
IJICH, paccunTaHHble B YCJI0BHUSIX BaKyyma ¢ npumenenuem nousi ZINDO/1

Ne | Kommaekcsl | Eqgpy Ecpaa, AHosm, | AH'psapvs | E'ssann RMS
x/lic/monw | kKowe/ monw | klloic/mons | kllc/monw | Ko/ monv | GRAD

1 KOMIIAEKC
Nel + -287986.06 | -24300.90 | -16083.93 | +3824.04 | +23103.93 | 0.09
TTACH

3 KOMIIAEKC
Ne3 +TIACH
4 KOMIIAEKC
No4 + -288550.03 | -24746.36 | -16503.54 | +3488.43 | +22768.34 | 0.05
MMACH
5 C02+_
TTACH

* HOMepa KOMIIAEKCOB CM. B Taba. 1

-287461.94 | -24260.60 | -16121.98 | +3669.48 | +22949.33 | 0.05

-245481.42 | -26061.23 | -1711.65 | -9401.49 | -12366.00 | 0.05

OnTuMarbHble CTPYKTYPBEl KOMIAEKCOB OBIAM PAaCCMOTPEHBI TakXe B yC-
AOBHUSIX DAEKTPOCTATUYECKOTrO IMOAS B OTCyTcTBHMe U B mpucyrcrsuu [TACH.
Ha pwuc. 2 npuBepeHB pe3yAbTATHl OINTUMM3AIUU CTPYKTYP KOMIIAEKCOB
Co%* —HK B orcyrctBue TTACH, KOTOpBIE TOATBEPIKAAIOT, YTO KOODAMHA-
nus 4yepe3 atoM a3ora HK Ooaee BrIropHa. OTO OOBICHSETCS TeM, UYTO B
KOMIIAeKce Ned AOMMHUPYIOT 3A€KTPOCTATUUYECKHE CUABI B3aUMOAEUCTBHUS 110
CPaBHEHHUIO C ApPyruMu KommnaekcaMu. B mpucyrcrBum ITACH sTtoT KOMII-
AEKC CTAHOBUTCSI MeHee CTAaOUABHBIM (puc. 3). Ilo-BUAMMOMY, BBEAEHHE
ITACH B cucteMy criocoOCTByeT ee AeCTabUAM3aluu. Tako¥ BBIBOA OBIA CAe-
A@H M HAa OCHOBAHUM JKCIEPUMEHTAABHBIX UCCAeAOBaHUM [1,2]. BEIAO BBISAB-
A€HO, YTO KOHCTAHTa yCTOWYMBOCTH Kommaekca Co2t-HK Ned B orcyrcTBHe
ITACH papna 5.01-10°%, a B mpucyrcteumn ITACH — 7.90-104 (t=220C). Ycra-
HOBAEHO Takke, uro B npucyrcrsum [TACH yBeanmumBaeTcs 4UCAO MOAEKYA
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HK Bo BHYyTpeHHel cdepe Kommnaekca. Hampumep, B orcyrcrBue TIACH
coornomenue Co2T:HK B kommaekce Ned paBHO 1:2, @ B NPHUCYTCTBHH
INMACH — 1:4. Bo3MO>XXHO TakyXe, YTO MEeTaAA-UOHBI, HallpuMep Co?t, MOT'yT

c aamonom ITACH (I[/[C™) obpasoBarh coeprHeHHe CO(H,ZZC)Z, KOTOopoe

C KOMIINEKCAaMM MOJKeT 00pa30BaTh acCOLUATHL. Bce 3TO BAMAET Ha yCTOMYU-
BOCTb KOMIIAEKCQ, IIPUBOAS K ero pAecrabuamsanuu. OTMeTHM, YTO MOAOGHas
3aKOHOMEPHOCTb YCTaHOBA€HA U AASI ADYTUX MEeTaAA-UOHOB M AMTAHAOB [1,2].

I +0.77

Puc. 2. 3D ONTUMM3MPOBAHHBIE CTPYKTYPLI koMrnekcor Co®'-HK B anekTpocTaTyeckom rone
B otcytcTBue MAOCH: A) komnnekc, cBA3b B KOTOPOM oOpa3oBanachk 3a c4eT aToma kucropoga
aBoviHon cBsasun HK; B) komnnekc, cBa3b B KOTOPOM obpasoBanack 3a c4eT O kapboKCcubHOM
rpynnbl HK; B) komnnekc, cBsi3b B koTopom obpasoBanack 3a cyet OH-rpynnbl HK; ') komn-
nekc, cBsA3b B KOTOPOM obpa3oBanachk 3a cyeT atoma asoTa HK.
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+ 0.662

Puc. 3. 3D unsobpaxeHne onTuMmnsun-
pOBaHHOWM CTPYKTYypbl komnnekca (r)
(cm. puc. 2) B npucytcteum MACH B
3MeKTpocTaT4eckom none.

IToaydueHHBIE pe3yAbTAaTHI UMEIOT NPUKAAAHOEe 3HadeHUe. Bo-iepBHIX, B
npucyrcTBuu [TAB MOKHO IleaeHAlpaBAEHHO YBEAWYMWTH YHUCAO OHOAOTHUe-
CKM aKTHUBHBIX AWTA@HAOB BO BHYTpPeHHeM cdepe KOMIIAeKcCa. Bo-BTOpPEHIX,
npucyrcTBrie [TAB B KOMIIAEKCOOOPA3YIOIMIUX CUCTEMAaX IIPUBOAUT K YMeHb-
IIEHHUIO YCTOMUYMBOCTU KOMIIAEKCOB, YTO IIPEACTABASIET OIIPEAEACHHBIN MHTe-
pec Kak AN OMOAOTHMYECKUX CUCTEM, TakK U AAd papMaruu [3].

OHeprum MOAEKYASIpHBIX opOuTarert (MO) B IOAyIMIOUPUUECKOM METO-
A€ HEIIOCPEACTBEHHO PACCYUTHIBAIOTCI KaK COOCTBEHHBIE 3HAUEHUT OAHO-
SAeKTPOHHBIX ollepaTopoB Doka. Hauboabmnil nHTEepec IPeACTaBASIIOT BBIC-
mue 3anoarHeHHBle (EB.3.) u Hu3mme cBobopHsble (En.c.) MO, T. K. MHOTHE
CBOMCTBA MOAEKYA 3aBUCAT OT BHAA 3THUX opOuTared. B wacTHOCTH, puMe-
HAA TeopeMmy Kymmaca, mo 3HaueHusaM 3Hepruu EB.3. m EH.c. MOXXHO oIe-
HUTH INEepBBIM NoTeHNUan uoHu3anuu (In=-EB.3.), CPOACTBO K 3AEKTPOHY
(A=EH.c) m sHeprermueckyio Imjeab (AE=-EH.c.-EB.3.), KOTOpble ompepe-
ASIIOT AOHOPHO-aKI[eIITOPHbIe M OKUCAUTEABHO-BOCCTAHOBUTEABHBIE CBOMCTBA
MOAeKyA. Bup npeapearHONM MO AaeT BO3MOKHOCTB CYAUTH O MeXaHU3Me Op-
raHu4ecKOM peakKIuH, T. K. IAeKTPOPUAbHAsA aTaka B OCHOBHOM IIPOHMCXOAUT
IpY BBICOKMX 3HaueHUsAX EB.3., a HyKAeO(UABHAs — IIPU MaKCHUMaABHBIX
3HaueHuax EH.c. KpoMe TOro, ABe MOAEKYABI IIPEANOUYUTAIOT B3aMMOAEUCT-
BOBAaTh NP MaKCUMaALHBIX 3HAUEHUIX ITepeKphITHug opouTtasei [19,20].

Brepsrie aas kommaekcoB Co?t —HK B OTCyTCTBHME W B NPUCYTCTBUM
IMACH ObiAM TpoOBepeHBbl KBAaHTOXMMUYECKHE pacueThbl 0a30BBIX ITOKas3aTe-

Aert EB.3. m EH.c., aDCOAIOTHOM >KECTKOCTHU (77), aOCOAIOTHOM MSTKOCTU (S),
3HAUYEHUM BOAEKTPOOTPUILIATEABHOCTHU ( }()c HCIIOAB30BaHNEM YpaBHEHUU

IMupcona u INappu [20,21]:
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(1) —ﬂ(z)S—i
p T e E

3)

B Taba. 3 u 4 mpuBeAeHB AaHHBIE KBAHTOXUMUYECKUX pPacueToB
IlapaMeTpPOB PeakIMOHHOM crocobHocTH KoMmnaekcos Co?t —HK B orcyrcr-
Bue u B npucyrcrsun [TACH. AHaAn3Upyst MOAyYEeHHEBIE AQHHBIE, MOJKHO OT-
MeTHUTh, 4To KoMmAekchl Co?t —HK B orcyrcrBre ITACH XapakTepusyroTcst
MaAbBIMM 3HAaUEeHUSIMHU abCOAIOTHOM >KECTKOCTH (IpPeAeAbHO BBICOKOE 3Haue-
HUe abCOAIOTHOM >KECTKOCTHU AOAKHO OBITH He MeHee 8 IB). [TopoOHEIE HU3-
KUe 3HaueHUs PeakKIIMOHHOMN CIOCOOHOCTH UCCAEAYEMBIX KOMIIAEKCOB T'OBO-
PAT O BBICOKOM XUMUYECKOM aKTHUBHOCTH U IIPEAPACIOAOKEHHOCTU K HYK-
AeO(pUABHBIM CBOMCTBaM. /3 AQHHBIX, IPUBEACHHBLIX B TaOA. 3, TakKKe CAe-
AyeT, 4To KOMIAeKCHl Nel m Ne4d XapaKTepusyrOTCs HU3KUMU 3HAYEeHUSAMU
abcoatotHoM Markoctu (0.16 OB u 0.224 OB, CcOOTBETCTBEHHO), BBICOKUMU
3HaueHusMU EB.3. u abcoatoTHOM >kecTtKocTu () (-11.27 OB u -5.42 OB, 6.215
OB u 4.45 9B, cooTBeTCTBeHHO). COTAACHO 3TUM AQHHBLIM, H3yUYeHHBIE CHUCTe-
MBI MOJKHO OTHECTH K «JKeCTKOMY» KAACCy COeAUMHEeHUMN, KOTOpbkle MOTyT a(-
(PeKTHUBHO B3aUMOAEUCTBOBATL C «JKECTKUMU» CyOCTpaTaMH.

Tabauya 3

KBanToxumMmnuyeckue napamMerpbl peakKliHOHHOM CIIOCOOHOCTH KOMILIEKCOB
Co**~HK B orcyrcreue IIJICH

Komnnaekc |Eg, 9B | Eye 9B | Epaeu, | L OB A, DB |x, 2B |n 3B| S 2B-1
(cm. OB
Taba.1.)
Ne 1 -11.27 | +1.16 | 1243 | 11.27 -1.16 5.06 | 6.22 0.16
Ne 2 -5.29 +3.34 | 8.63 5.29 -3.34 0.98 | 4.32 0.23
Ne 3 -4.75 +4.09 | 884 4.75 -4.09 0.33 | 4.42 0.23
Ne 4 -5.42 +3.67 | 9.09 5.42 -3.67 0.88 | 4.45 0.22
Tabauya 4

KBanToxummnuyeckue napamMerpbl peakKIiMOHHOH CIIOCOOHOCTH KOMILIEKCOB

Co**~HK B npucyrcreun IIJICH

Kommnerc | By 9B | Eyo OB | Epaeq 9B |1, 9B | A OB | x, 9B |n, OB| S, 9B
lﬂ[‘x C+H 584 | +252 | 836 |584| -252 | 1.66 | 418 | 0.24
gchrH 449 | +265 | 714 |449| -265 | 092 | 357 | 028
;[VZLCJFH 327 | +208| 535 |327|-208 | 060 | 268 | 037

W3 paHHBIX, IPDUBEAEHHEBIX B TaOA. 4, CA€AYET, UTO BBEIIBAEHHBIE 3aKOHO-

MepHOCTH B oTcyrcTBUe IIACH coXpaHAIOTCA M B ee NPUCYTCTBAM (HAIPHU-
Mep, B PsIAY KOMIAeKCcOB Ne 1+4 7) yMeHbIIaeTcs, @ S — pacTer).

51



Takum o00Opa3oM, TeOopeTHUeCcKOoe H3yYeHHe KOMIIAEKCOOOpa3OBaHUS B
cucreme Co?* —HK B mpucyrcrsuu [TACH AOTIOAHSET M MOATBEPKAAET pa-
Hee CAEAaHHBle IIPEANIONO’KEHHUS Ha OCHOBE 3KCIEePHUMEeHTAABHBIX HCCAEAO-
BaHUU O MeXaHU3Me KOMIIAeKCOOOpPa30BaHMs B M3YUEHHOMN CHUCTEME.

Co”-LhuNShLUR-E-NF SUUTYELSNFU GNUNLELUEAGN3USUT UL
LYULSUUTE T LPEUGTL UATSLELACAFU L UUEBLEULNFE-USPL
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Y UNUQU L
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Q. G- AUUL3UL U 0- U. NULOFE-3AFL3UTL
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QUANTUM-CHEMICAL SIMULATION OF COMPLEX FORMATION
IN THE SYSTEM Co*-NICOTINIC ACID IN THE PRESENCE
OF SURFACTANT BY SEMI-EMPIRICAL METHODS

A. K. DOVLATYAN! A. H. GHAZARYAN? L. R. HARUTYUNYAN?,
G. G. BADALYAN!and R. S. HARUTYUNYAN!

1 Yerevan State University

1, A. Manoukyan Str., 0025, Yerevan, Armenia
2 Vanadzor State University

36, Tigran Mets Str., 2001, Vanadzor, Armenia
E-mail: lusinehar@ysu.am

Molecular-mechanical and semi-empirical quantum-chemical studies for the
complex formation in system Co?*-nicotinic acid—surfactant (sodium pentadecylsulfo-
nate) were carried out. It is established that energetically more favorable is coordination
of Co** with nitrogen atom of nicotinic acid molecule. It is shown that in the presence of
sodium pentadecylsulfonate the stability of the complex decreases which is in good
agreement with experimental data.
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o-Amino acids are fundamental life units responsible for the numerous
biological functions in the body. They are basic units of peptides and various
biomolecules. Tailor-made o-amino acids are unlimitedly used for producing
synthetic hormones, enzymes and immunostimulants [1]. Non-protein amino acids
occupy a special place since they are widely used in pharmaceutical, chemical,
cosmetic, food and agricultural branches [2,3]. Thus, for example, B-amino acids are
the main building block in many natural and synthetic drugs, such as taxol and
cispentacin, that are used due to their antitumor and antifungal activities,
correspondingly [4,5]. Peptides containing synthetic amino acids commonly show
higher resistance to peptidazes than their natural analogs [6]. Among non-protein
amino acids unsaturated amino acids occupy a special place.

Unsaturated amino acids can serve as building blocks because alkenyl- and
alkyl groups due to their unusual structure have a wide spectrum of possible
transformations. In particular, unsaturated o-amino acids can participate in cross-
coupling and cross-metathesis reactions, as well as in cyclization reactions [7].

The structure of non-protein amino acids includes unsaturated amino acids that
are of great interest in the synthetic chemistry as they are a cornerstone for
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fundamental modifications of molecules. As examples can serve click reactions,
metathesis reactions, Heck, Glaser and Sonogashira reactions. Besides, unsaturated
a-amino acids play a significant role in peptide synthesis [8].

Acetylene-containing amino acids are used as selective inhibitors of
Endothelin-converting enzymes and thrombin, inactivators of pyridoxal phosphate-
dependent y-cystathionase, growth inhibitors of B. SubtillisB-50 and so on. Thus, for
example  (S)-propargylglycine, isolated from fungi  Streptomyces and
Amanitapseudoporphyria inhibits the action of pyridoxal phosphate-dependent
y-cystathionase and L-methionine S-adenosyltransferase [9]. Or, for example, non-
protein amino acid vinylglycine has a wide range of biological properties. Both (S)-
and (R)-forms of vinylglycine are inhibitors of several transaminases, inactivator of
peptide hydroxylating enzyme. It is interesting that vinylglycine served as a model
sample in the development of Vigabatrin® drug intended for the treatment of
epileptic fits [10]. Or, for example, allylglycin - a synthetic antibiotic, which at the
same time inhibits growth of Escherichiacoli and Saccharomyces cereviciae. The
research has shown that allylglycine is inhibitor of glutamatdecarboxylase and an
antagonist of a-amino butyric acid. This feature is used in veterinary for provoking
convulsions in experimental animals. Allylglycine also inhibits protein synthesis in
the brain and nerve endings [9]

Thus, synthetic amino acids are one of the pillars in all spheres of human life.
The presence of chiral center in a molecule of non-protein amino acids plays an
important role in the compound’s display of biological activity (negative or
positive). Enantiomers (or diastereomers) of the chiral molecule sometimes show
opposite biological activity. So, for example, one enantiomer is physiologically
active (inhibitor, activator, etc.), and the other one — is physiologically inactive and
shows high toxicity. Therefore, the interest towards the synthesis of optically pure
compounds notably grows. Taking into account the significance of chiral unnatural
amino acids, the efficient synthesis of these compounds in optically pure forms is
one of the most important problems of the past several decades. Nevertheless, as
distinct from natural amino acids that are usually obtained by enzymatic and
microbial syntheses [11], non-protein amino acids are mainly synthesized by
chemical, biocatalytic, catalytic, stoichiometric methods [12,14].

Out of the mentioned methods, one of the prospective and accessible is
synthesis of non-protein amino acids with the use of square-planar complexes of
nickel ion.

For the past 5 years one of the trends of our research became synthesis of
unsaturated enantiomerically enriched amino acids. Ni'-complexes of Schiff base of
(S)-allylglycine or (propargylglycine) with chiral auxiliary (S)-2-N-[N’-
(benzylprolyl)amino]benzophenone (BPB) (Fig. 1) [Ni"-(S)-BPB-(S)-AllylGly (1)
and Ni"-(S)-BPB-(S)-PropargylGly] were chosen as starting synthons.
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Fig. 1

[>N---Ni---N 5 [l\N Ni---N
J o
Ni''-(8)-BPB-(S)-AllylGly (1) Nill-(5)-BPB-(S)-PropargylGly (2)

These complexes were obtained according to the earlier developed methods
[15,16].

Fig. 2
o/
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NaOH, DMF Y ; NaOH, CH3CN yd N/ \
0

Ni''-(S)-BPB-(S)-AllylGly (1) Nl“»(S)-BPB»Gly o Ni'.(S)-BPB-(S)-PropargylGly (2)

The research with the use of complexes 1 and 2 were carried out in four
directions (Scheme 1):
= use of CH-acidity of allylglycine and propargylglycine moieties of these
complexes to study the reaction of C-alkylation,
= use of the acetylene bond for the Sonogashira reaction,
= use of the acetylene bond for the Glaser reaction,
= use of the ethylene bond for the Heck reaction.

Scheme 1
) solvent, base, r.t. or 60-70°C,
H
0 atmosphere or Ar
[ (s) Pd], Base,
[>N----Ni---N @ [ %(]leent - Heck reaction
(S) / \ )
Ni'l-(§)-BPB-(S)-AllylGly (1) C-alkylation
Glaser reaction
C‘\)&\\\we‘\
0
.3.3,616
O [Pd], Cu(D), » | Sonogashira reaction
o §@ Base, solvent
[ ASwH solvent, base, r.t. or 60-70°C,

atmosphere or Ar

Ni']-(S)-BPB—('S)-PropargylGly (2)
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Reaction of C-alkylation of allylglycine and propargylglycine
moieties of complexes 1 and 2

a) The reaction of C-alkylation of allylglycine moiety of complex 1 (Scheme 2).

o RX
07y H —_— Jé, i
N == DMFINaOH; = _' i

II
FN N| iii o
X=Cl, Br 0 d\Q (S)- BPBxHC| 4Y ~OH
' Z NH,

i.2N HCI / CH,0H, T=50°C
3(a-c) ii. Ky2x8 H* / 5%NH,OH 4 (ac)
iii. CyHOH / H,0 (1/1)

2-Br-CgH,CH,-
4-Br-CgH,CH,- éb;

34-Cly-CgH3CH,-(c)
To determine optimal reaction conditions for C-alkylation of complex 1 on the
example of adding the alkylating agent 4-bromobenzylbromide, various conditions
(solvent and base) CH3CN/KOH, CH3;CN/K,COs;, CH3CN/NaOH, DMF/K,CO3,
DMF/KOH, DMF/NaOH were studied. The reaction was carried out at both room
temperature and upon heating up to 60°C. The alkylation reaction was monitored by
TLC [SiO2, CH3COOC,Hs/CH3COCH»3=5/1] following the disappearance of traces
of the initial complex 1 and formation of the diastereomeric mixture of complexes 3
(a-c). The results are given in Table 1.

Table 1
Alkylation of complex 1 by 4-bromobenzylbromide (4-BrBnBr)
No. | 4-BrBnBr, | Solvent Base (equiv.) Reaction T°,C Chemical
(equiv.) time, min yield %*
1 1 CH5CN K,CO5(3) 120 60 <20
2 1.1 CH3CN K,CO3(5) 120 20 <20
3 1 CH3CN KOH(3) 60 60 30
4 1.2 CH4CN KOH(5) 120 20 35
5 1.2 CH5CN NaOH(5) 45 20 25
6 1.2 CH5CN NaOH(3) 45 65 25
7 1.5 DMF KOH(3) 45 20 40
8 1.2 DMF NaOH(3) 45 20 50
9 1.2 DMF NaOH(5) 60 20 75
10 1.2 DMF NaOH(5) 60 60 63
11 1.2 DMF NaOH(5) 45 60 40
12 1.2 DMF NaOH(10) 30 20 35
13 1.2 DMF K,CO3 100 65 <20

As follows from the data of Table 1, the best results by the degree of conversion
of the starting complex 1 were fixed in the DMF medium at room temperature and at
5-fold excess of base NaOH. Adding of other alkylating agents to complex 1 was
carried out under the same conditions.

Alkylation of complex 1 is a Kkinetically monitored process and its
stereoselectivity is determined by relative rates of si- and re-attack of the alkylating
agent on the intermediate prochiral sp?-carbanion. The ratio of (S,S)- and (S,R)-
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diastereomers of alkylated complexes 3(a-c) was determined by the 'H NMR
analysis of a mixture of diastereomers (before chromatography) by the ratio of the
signal integrals of methylene protons of N-benzyl group in the range of 3.60-3.75
and 4.20-4.45 ppm (Table 2).

Table 2
No. RX Alkylated complex Target amino acid
Major de, Chem. | Amino | ee,%" Chem.
Diastereomer %P yield, acids yield,
(S,9) %° (S) %°
1 2-Br- 3a 94.5/5.5 78 4a 94.86 69
C6H4CH2 Br
2 4-Br- 3b 94.2/5.8 74 4b 96.24 71
C6H4CH2 Br
3 3.4- Cl,- 3c 95.6/4.4 68 4c 95.46 80
C¢H3CH,CI

A small portion (1g) of the reaction mixture was chromatographed [20x30cm,
Si0,, CHCI3/CH3COCH3=3/1], major (S,S)-diastereomers of complexes 3(a-c) were
isolated and characterized by modern methods of physicochemical analyses.

Isolation and purification of the target amino acids 4(a-c) from the reaction
mixture of alkylated complexes 3(a-c) were carried out by the standard procedure
[17,18]. Enantiomeric excess (ee) of the isolated amino acids according to the chiral
HPLC exceeded 95%.

As a result of the performed investigations the efficient method for the
asymmetric synthesis of new enantiomerically enriched analogs of (S)-a-allyl-B-
phenylalanine containing halogen atoms in different positions of the phenyl group
has been elaborated.

Thus, using this approach we managed to obtain 4 novel, earlier not described
in the literature, non-protein unsaturated a-amino acids of (S)-configuration and in
95% asymmetric yield, as well as their intermediate complexes, correspondingly.

b) The reaction of C-alkylation of amino acid moiety of complex 2 was
conducted in DMF/NaOH.

When the reaction of alkylation was carried out in DMF in the presence of
NaOH, substitution of a-H-amino acid moiety with the formation of complexes of a-
alkyl substituted (S)-propargyl glycines (5a-j) was observed for all halogenides.

The major fractions of synthesized complexes (5a-j) were chromatographed.

Isolation of the target enantiomerically enriched amino acids (6(a-j)) from the
major diastereomeric complexes (5a-j) was conducted according to a general
procedure [17,18].
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The ratio of (S,S)- and (S,R)-diastereomers of alkylation products was evaluated

by 'H NMR analysis of the mixture of diastereomeric complexes (before
chromatography) by the ratio of the signal integrals of methylene protons of N-
benzylproline moiety in the range of 2.55-4.40 ppm. Besides, the ratio of
diastereomeric complexes was additionally verified by chiral HPLC analysis of the
mixture of amino acids isomers obtained after acidic decomposition of the mixture

of diastereomeric complexes

demineralization.

The results are given in Table 3.

(before chromatography) and

ion-exchange

Table 3

The results of asymmetric C-alkylation of Ni'-(S)-BPB-(S)-PGly*

No. RX
Alkylated complex Target amino acid

Major de, Chem. Amino | ee,%% | Chem.

diastereom %P yield, %° acids yield,
er %°
1 C¢HsCH,Br 5a 72 55 6a 97.5 60
2 2-F-C¢H,CH, Br 5b 70 52 6b 95.5 64
3 3-F-C¢H,CH, Br 5¢c 68 62 6C 96.5 71
4 4-F-CgH,CH, Br 5d 76 67 6d 95.0 64
5 2-Cl-C¢H,CH, Br 5e 73 58 6e 96.4 64
6 | 2.4-Cl,-C4H;CH,CI 5f 69 68 6f 97.8 64
7 | 3.4-Cl,-CgH;CH,CI 59 71 60 69 95.3 64
8 CH,=CH-CH,-Br 5h 75 55 6h 96.4 59
9 2-Br-C¢H,CH, Br 5i 90 60 6i 96.4 57
10 CH;sl 5j 84 45 6j 95 62

2 _ reaction conditions: DMF/NaOH, 70°C.
®_ de-determined by NMR

¢~ chemical yield of diastereomeric complexes at the stage of alkylation

¢ _ determined by the method of chiral HPLC of the amino acid obtained after
decomposition of the mixture of diastereomeric complexes and ion-exchange
demineralization
¢ _ chemical yield of the isolated amino acid ( calculated based on complex 5(a-j)).
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The target a-alkyl substituted propargylglycines 6(a-j) were isolated from the
diastereomeric mixtures of alkylated complexes according to the standard procedure
and crystallized from aqueous alcoholic solutions. The structures and absolute
configuration of synthesized amino acids were established by physicochemical
methods.

The absolute configuration of a-carbon atom of the amino acid moiety of the
afore-mentioned complexes was determined by the method of polarimetric
measuring as it was done earlier for the similarly constructed complexes of other
amino acids [17,18]. The positive sign of the optical rotation of major diastereomers
of complexes 3(a-c) and 5(a-j) with larger values of Rf on silica gel at the wave
length of 589 nm prove (S)-absolute configuration of a-carbon atom of their amino
acid moieties ((S,S)-diastereomers).

The structure and absolute configuration of the synthesized new amino acids
were identified by modern methods of physicochemical analysis [19,20].

Thus, using this approach we managed to obtain 10 novel, earlier not described
in the literature, non-protein unsaturated a-amino acids of (S)-configuration and in
96% asymmetric yield, as well as their intermediate complexes, correspondingly.

¢) Synthesis of achiral a,a-disubstituted glycine analogs

This direction was of interest to us because the presence of acetylene, allyl and
aromatic groups in the side-chain radical of the synthesized compounds allows to
use them as the starting synthons in the Suzuki, Heck, Sonogashira reactions for
producing more complex unsaturated amino acids.

This section is devoted to the synthesis of complexes containing in a-position
propargyl, allyl, 2-bromobenzyl, 2-fluorobenzyl and 3-fluorobenzyl groups via bis-
alkylation of the glycine moiety in the Ni" complex of its Schiff base with chiral
auxiliary (S)-BPB (Scheme 4). To obtain achiral bis-alkylated glycine derivatives,
the reactions of both stepwise monoalkylation of amino acid moiety of complexes 1
and 7(a-e) (path A), and direct bis-alkylation of glycine moiety of complex | (path
B) were studied.
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Scheme 4

H
¢ :f&H @ (e
I\N-"-/Nl--«N\ H o [TN--;\-I/NI-"-N
N X = Br, CI ﬁﬂ/ @
ﬁ’( @?@ e l®
Ni'-(S)-BPB-Gly (1) 7(ae)
RX Q ) RX
' P/&R '
N i
s
0

8 (a-e) i. DMF, NaOH, 25-300C; Ar

(S)-BPB x HCI ii. 2N HCI / CH40H, T=50°C
iii. Ky2x8 H* / 5%NH ,OH
i iiii. C,H;OH/ H,0

iii
o D R= -CH,-C=CH (3), -CHyCH=CH, (o),

/—Q(@ /—Q(d) /—Q ©
9 (a-e)

Complexes 8(a-e) were obtained from complex | according to the previously
developed method [14]. As alkylating agents propargylbromide (@), allybromide (b),
2-bromobenzyl- bromide (c), 2-fluorobenzylchloride (d) and 3-fluorobenzylbromide
(e) were used.

Alkylation reactions were tested in DMF/KOH, DMF/NaOH, CH,Cl,/NaOH,
THF/NaOH and CH3;CN/NaOH media at both room temperature and upon heating
up to 55°C. To determine optimal conditions for alkylation, on the example of the
condensation reaction of propargylbromide (a) to complex I, various stoichiometric
ratios of substrate, alkylating reagent and base were investigated. Studies have
shown that the optimum conditions for the alkylation reaction of complex | are the
following: DMF as a medium, NaOH as a base, room temperature, the ratio of
complex I/base/ alkylating agent =1/3/1.5.

The  alkylation  reaction was  monitored by  TLC [SiO,,
CH3;COOC,Hs/CH3COCH3=3/1]. For quantitative evaluation of the alkylation
reaction TLC data were used. The highest chemical yields, shown by some of
compounds, were determined by the number of alkylated complexes isolated after
crystallization from methanol.

Quantitative characteristics of C-alkylation reaction of the amino acid moiety of
complexes | and 7(a-€) are presented in Table 4.
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Table 4

Results of complexes alkylation by various alkylhalogenides in DMF
in the presence of NaOH at room temperature*

No. Alkylhalogenide Chem. yield of bis-alkylated complexes (%)
Bis-alkylated complexes Path A ** Path B
1 HC==C——CHBr (5) 8a 83 (92) 45
2 H,C==CH——CH,Br b 8b 80 (89) 48
3 8c 73(82) 44
CH,Br
Br (C)
4 8d 68 (76) 46
QW
F (d)
5 8e 72 (84) 48
QCHQBr
F (€)
*chemical yield of bis-alkylated complexes based on the starting number of glycine
complex (1);

**in brackets — chemical yield of bis-alkylated complexes 8(a-€) after crystallization
based on the number of complexes 7(a-e) (path 4, stage 2).

Both stepwise alkylation of the amino acid moiety of complexes | and 7(a-e)
(path A), and direct bis-alkylation of complex | (path B) were carried out under
specially selected optimal conditions for alkylation reactions, however, in case of
direct bis-alkylation of glycine complex the alkylating agent and base were taken in
relatively double excess.

Practically for all alkylating agents bis-alkylation of glycine complex |
proceeds more quantitatively with the use of a method of two-stage stepwise
alkylation (path A) than with immediate bis-alkylation of glycine complex (path B).
In case of using a method of direct bis-alkylation of the glycine moiety of complex
I, about 30% of less mobile on the SiO, sideline fraction is formed with not typical
for these complexes dark color (oxidation products). The similar was also observed
earlier while studying the reaction of bis- alkylation of complex | by methyl iodide
[22]. The main o,a-dialkyl substituted complexes 8(a-e) were isolated from the
reaction mixture by crystallization from methanol. With the purpose to isolate target
a,a-bis-alkylated glycine analogs, preparative experiments using the method of two-
stage stepwise alkylation (path A) were carried out and samples of complexes 8(a-€)
were obtained. Decomposition of complexes 8(a-e) and isolation of target a,o-
dialkyl substituted glycine derivatives 9(a-e) were conducted by the standard
procedure [17,18].
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The structures of synthesized new achiral complexes as well as of achiral
glycine analogs were determined by modern methods of physicochemical analysis
[23].

Sonogashira reaction

In case of the Sonogashira, Heck and Glaser reactions, the objective of the
research was use of the unsaturated bond with its directed modification to obtain
non-protein amino acids of a new generation, containing substituents added
immediately to the unsaturated bond.

We have also studied arylation of acetylene group of propargylglycine moiety of
complex 2 using the Sonogashira reaction (Scheme 5). Bromobenzene was used as an
arylating agent, and various phosphorus Pd-complexes were tested as catalysts. The
arylation reaction was studied in different media. The results are given in Table 5.

Table 5
Optimization of conditions of the Sonogashira reaction
No. Catalyst Co-catalyst Solvent Base T°,C Chem.

yield,

%ea

1 PdCI,(PPhs), Cul 1.4-Dioxane DIPA 90 46
5 mol% 10 mol%

2 Pd(PPhs), Cul DMF DIPA 90 64
5 mol% 10 mol%

3 Pd(PPhs), Cul THF DIPA 60 58
5 mol% 10 mol%

4 Pd(PPhy), Cul 1.4-Dioxane | DIPA 90 70
5 mol% 10 mol%

5 Pd(PPhs), Cul CH4;CN DIPA 90 59
5 mol% 10 mol%

6 Pd(PPhs), Cul 1.4-Dioxane Et;N 90 45
5 mol% 10 mol%

7 Pd(PPhs), Cul 1.4-Dioxane DIPA 90 40
2.5 mol% 5 mol%

8 Pd(PPhs), Cul 1.4-Dioxane DIPA 90 57
5 mol% 5 mol%

Conditions: i: 1 (0.25 mmol), Pd(PPhs)4(5 mol%), Cul(10 mol%), PhBr (0.21
mmol), DIPA (0.5 mL), 1,4-Dioxane (1 mL), 90°C, 6 h.
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As follows from the Table, maximum 70% chemical yield was registered in the

case of catalysts 5 mol% Pd(PPhz),and 10 mol% Cul base DIPA (diisopropylamide)
in 1.4-dioxan (exp. 4). The reaction was carried out in the argon stream at 90°C.

The target arylated (S)-2-amino-5-phenylpent-4-ynoic amino acid 13 was

isolated from the reaction mixture by the general procedure. It was obtained in 85%
chemical and 97% enantiomeric yields and its physicochemical parameters were in
full agreement with the literature data.

Sonogashira reaction (Scheme 6, Table 6):

Based on the obtained data, a number of aryl bromides were tested in the

Table 6

No. Product-complex Chem.

Ar The reaction duration, h yield,
%
1 12a 4-C¢H,CH3 3.0 67
2 12b 3-CgH4CH; 3.0 71
3 12¢ 2-C¢H4CH; 3.0 46
4 12d napht-1-yl 45 68
5 12e thiophen-2-yl 3.5 78
6 12f 4- CgH F 3.0 71
7 129 4- CgH,Cl 3.0 72
8 12h 4- C¢H4CF; 3.0 76
9 12i 3- C¢H4OCH; 3.5 67
10 12j 4- CgH,NO, 3.0 7

HNiPr; (1 ml/0.25 mmol), 1,4-dioxane (1 ml/0.25 mmol).
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Scheme 6
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Thus, using this approach we succeeded to produce 10 novel, earlier not
described in the literature non-protein unsaturated a-amino acids of (S)-
configuration, as well as their intermediate complexes in quantitative chemical
yields [24].

Heck reaction

This section is devoted to the synthesis of unsaturated amino acids based on the
Heck reaction (Scheme 7).

Scheme 7
J&/H B 0 7
N Br & O&/H e
>N N1 >-~»N = PN NN
22 TS
0 @ J
1 13 (a-g) (S)-BPB x HCI
\
i. 2N HCI / CH;0H, T=50°C
HO{@( ii. Ky2x8 H' / 5%NH,OH
HoN 14(a-g) iii. C,H;OH/ H,0
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Table 7

;

No. | Complex-product Chemical Yield, % Amino Acid Chemical yield, %
1 13a 82 o} l4a 65
HO 7
NH,
2 13b §_® 27 ] ) 14b 92
HO)X\(\/\Q
NH,
3 13c C o 29 W\Q\ l4c 83
/
\ HO 0
NH,
4 13d F 85 o P F 14d 97
HO)\(\/\@
NH,
5 13e 45 O Yy 14e 98
NH, F
F
(e}
6 13f FF 69 Yy i 14f 88
HO E
F NH, E
7 13 75 (0] 14 91
g ) g
HO
NH,

Condition: 1 (1.0 eq.), ArBr (1.2 eq.), Pd(PPhs), (5 mol%), HNiPr, (1 ml/0.25 mmol 1), 1,4-dioxane (1 ml/0.25 mmol 1), reaction duration 48 h




The reaction was carried out in the argon stream at 90° C with 5 mol% of
Pd(PPhg),4 in 1,4-dioxane. The duration of reaction was 48 h.

Thus, using this approach we succeeded to produce 7 novel, earlier not
described in the literature non-protein unsaturated a-amino acids of (S)-
configuration, as well as their intermediate complexes in quantitative chemical
yields.

Glaser reaction

In this section we outline study of the Glaser reaction. Initially, the reaction of
hetero-coupling of complex 2 with allylbromide was investigated. The reaction was
tested at room temperature in DMF/NaOH, CH3;CN/NaOH and CH3;CN/K,CO;
media. The best results were obtained with CH3CN/K,CO; (Table 8, Scheme 8).

Table 8

Testing of the Glaser hetero-coupling reaction of complex 2 and allylbromide
at room temperature

Ne Solvent/ base Time, min de, %*° Chem. yield, %°
1 DMF/NaOH 300 — 20
2 CH;CN/NaOH 140 62.32 55
3 CH;CN/K2C03 45 74.30 74

a — determined by the method of HPLC analysis of the amino acid produced
after decomposition of a mixture of diastereomeric complexes and ion-exchange
demineralization;

b-the total chemical yield of diastereomeric complexes at the stage of
hetero-coupling.

After decomposition of a diastereomeric mixture of product 15 by 2N HCI
solution, the target amino acid was isolated from hydrolisate by the standard
procedure [17-18] using ion-exchange resin Ku-2x8 and crystallization from water-
alcoholic solutions. A new enantiomerically enriched non-protein amino acid - (S)-
2-aminoocta-7-en-4-yneic acid (17) was obtained in >71% chemical vyield
(calculated based on the mixture of addition products) and optical purity 98.5%
(according to HPLC analysis data).
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Scheme 8
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Oxidative demineralization of Ni"-(S)-BPB-(S)-PGly 2 complex was carried out
in CH3CN/K,CO3; medium in the presence of CuCl catalyst (Scheme 8). The
diastereomeric excess (de) of the obtained complex 16 determined by NMR was
98% [25].

Thus, our team has succeeded in synthesis of more than 30 novel, previously
not described in the literature, unsaturated non-protein amino acids and their
intermediate complexes, correspondingly. Among the new synthetic amino acids
inhibitors of some enzymes including inhibitors of serine proteases and
metalloproteases were also revealed.

Thus, using this approach we managed to produce 4 novel earlier not described
in the literature non-protein unsaturated a-amino acids of (S)-configuration in 95%
asymmetric yield as well as their intermediate complexes, correspondingly. The
significance of this approach is enhanced by the fact that the replacement of the
initial synthon of (S)-configuration by the (R)-configuration makes it possible to
produce the same unsaturated a-amino acids but already of (R)-configuration.
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A. C. CATHSIH™®, 10. H. BEJIOKOHB", I1. IAHTEP",
A. ®. MKPTYSIH™® u 3. 3. MAPJIUSIH®

aHay4yHO-IIPOM3BOACTBEHHEBIN LIeHTP “ApmoOuorexnoaorus” HAH PA

Apmenus, Epean, 0056, ya. I'rtoppxana, 14

®akc: (+37410) 654180, E-mail: saghyan@netsys.am

SEpeBaHCKHIT TOCYAAPCTBEHHBIN YHUBEpCHTET, HCTATYT (hapManum

Apwmenusg, Epean, 0025, ya. A. ManyksaHa, 1

B THCTUTYT 3AeMeHTOOpraHndecknx coepuHeHnu uM. A.H. Hecmesanosa PAH
Poccuiickas @epepanms, 119991, Mocksa, ya. BaBunrosa, 28
I Yausepcurer PocTtoka, MHCTATYT XuMun
l'epmanug, 18059, PocTok, ya. A.OUHIITENHa, 3a

B mocaepHUe TIATH AT OAHHUM K3 HAlpaBA€HUM HAIINX MCCAEAOBAHUU
CTaA CHHTe3 HEHACHIIeHHBIX 3HAaHTMOMEPHO OOOTallleHHBIX aMWHOKHCAOT.
JAaHHasg CTaThd MOCBAIEHa CUHTE3Y BBIIIE OTMEeYeHHBIX 0-AMHHOKUCAOT, OC-
HOBAHHOMY Ha HMcroAb3oBaHun Nill-kommnaekcos ocunoBanus Iudda amuHo-
KHCAOT C XUPAABHBIM BCIIOMOTATEABHBIM peareHToM (S)-2-N-(N'-6eH3uATpo-
amna)amuHoOeH30eHOHOM (BPB) B pa3AWYHBIX MMEHHBIX peaknusax. B ka-
YecTBe MCXOAHOTO CHHTOHA ObIAM BhIOpaHbl Nill-koMmaekchl ocHOBaHWMS
Indda (S)-aAAMATAMIIMHA WA (IPOTAPTUATAMIIMHA) U XUPAABHOTO BCIIOMO-
rateabHOTO peareHTa (S)-2-N-[N'-(6eH3urnpornr)amMuHo]b6en3oderoHa (BPB)
[Nill-(S)-BPB-(S)-AllylGly u Nill-(S)-BPB-(S)-PropargylGly].

VccaepOBaHusl ¢ UCTIIOAB30BaHueM Kommaekcos Nill-(S)-BPB-(S)-AllylGly
n Nill-(S)-BPB-(S)-PropargylGly IpOBOAMAKUCE IO YeThIpeM HallpaBACHUSIM ]

- ucnoab3zoBaHugd CH-KHMCAOTHOCTM AAAUATAUIIMHOBOTO M NIPONAPIHUA-
TAUIIMHOBOI'O (DpParMeHTOB 3THUX KOMIIAEKCOB AAS MCCAEAOBAHUS peak-
nun C-aAKMAWPOBaHN,

- HCIOAB30BaHUE alleTUAEHOBOU CBS3M AAS peakiuu COHOTAIIUPHI,

- HCIOAB30BAHUE AlleTUACHOBOU CBS3M A peakiuu ['Aasepa,
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- HCHOAB30BaHUE 3TUAEHOBOMU CBA3U AN peaknuu Heck-a.
Takum 0Opa3oM, UCIOAB3YSI AQHHBIM IIOAXOA, HAM YAAAOCH IIOAYYHUTE 0O-

Aee 20 HOBBIX, paHee He ONMCAHHBIX B AUTEpaType HEHACHIIEeHHBLIX (-aMU-
HOKUCAOT (S)-KOH(UTYpaU C BBICOKUM aCUMMETPHUYECKUM BBIXOAOM.
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Pa3pabotaH MeToA acvMMeTPUYECKOro CuHTe3a dHaHTUOMEepHO oboralleHHbIX B-reTepoLyk-
TNINYECKM 3aMeLLEeHHbIX Npou3BoaHbIX (2S, 3S)-allo-a-ammHOMacnsiHOM KUCMOThI, codepXawmnx 5-
TMOKCO-1,2,4-TprasorbHble rpynmbl C pas3fnMyHbIMK 3aMecTUTENAMU B MONOXeHNAX 3 1 4 nyTem npu-
COeOUHEHUs1 COOTBETCTBYIOLLMX HYyKNeodunoB TpuasonbHoro psga k C=C cesasu (E)- n (2)-perva-
poamMUHOMacrsiHoi kucrnoThl B Ni'-komnnekcax Ux ocHoBaHus LLindda ¢ xvpanbHbIM BCoMoraTers-
HblM peareHToM (S)-2-[N-(N'-6eH3nnnponun)amMmmHo]6eH30eHOHOM, C NocneayLWUM pasfnoxeHnem
CMecu AnacTepeoMepHbIX KOMMIIEKCOB U BblAeNeHNeM LieneBbiX aMUHOKUCNOT. QHAaHTUOMEPHBI 13-
ObITOK (ee) BblAENEHHbIX reTEPOLMKIMYECKM 3aMeLLeHHbIX aHanoroB (2S, 3S)-allo-a-amvHomacns-

HOM KcnoTbl npesbiwaeT 97%.

Puc. 2, Tabn. 1, 6u6n. ccbinok 18.

INporpecc B dapMaleBTUYeCKON NPOMBIIIAEHHOCTH XapaKTepu3yeTcs
HeNpephIBHBIM ITOMCKOM M CO3AAHMEM HOBBIX XMMHYECKHX MOAEKYA C 3d-
(PEKTUBHBIMU U OOAee COBEPINEHHLIMU OMOAMHAMWUYECKUMHU CBOUCTBaAMU. 3a
TIOCAeAHUEe TOABI, IIOCA€ YCTAHOBAEHUS SHAHTHOCIEIM(MUUHOTO XapakTepa
B3aMMOAENCTBUSL MEKAY PeLenNTOpoOM M AeKapCTBOM, 3HAUHUTEABHO BO3POC
UHTepecC K XUPaAbHBIM AeKapCTBEHHBIM cpeAcTBaM. K unmcAy mOAOOHBIX coe-
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AUHEHUN OTHOCSATCSI TakK’Ke SHAHTHOMEPHO YHCThIE O-aMUHOKHCAOTHI, MOAe-
KyABI KOTOPBIX OMOCOBMECTHMBI C HAaTypPaAbHBIMU AWTAHAAMU U IIOSIBAEHUE
IIMTOTOKCUYHOCTHU IIPU UX NIPUMEeHeHUMN MeHee BepOSITHO [1].

C ApyTro#l CTOPOHBI, B PAAY OMOAOTHMYECKH AKTUBHBIX COEAMHEHUMN OCO-
OBIIl HMHTepeC IPEACTaBASIOT IIpenapaTbl Ha OcHOBe 1,2,4-Trpuma3onroB. B
HacToslllee BpeMs CYIeCTBYeT PsSA U3BECTHBIX IIpelapaToB, COAeP’KallluX B
CTPYKType TpHUa30AbHBIE (PparMeHTH, B YaCTHOCTH, aHACTPO30A, PHU3ATPHII-
TaH, HePa30A0H, BOPO30A, puOaBUPHH, (PAYKOHA30A, AETPO30A, YHUKOHA30A
u Ap. [2]. HecomHeHHO, MHTepeCHYI0 OHOAOTHMYECKYIO aKTHUBHOCTH MOTYT
NIPOSBASTH IIPOM3BOAHBIE (-AMUHOMACASIHOM KHCAOTHI C COAEPIKaHHeEM B 0o-
KOBOM pajpUKaAe TPUA30ABHBIX 3aMECTUTEAEl, KOTOphle MOTYT 00AaAaTh (hu-
3UMOAOTUYECKON aKTUBHOCTBIO 3a CUET KaK I'eTePOIUKAQ, TaK U aMUHOKHUCAO-
TeI [3]. lHTepec K IOAOOHBIM COEAUMHEHHUSIM OOYCAOBAEH TaK)Ke HAaAU4YUEM B
WX CTPYKTYpe BTOPOI'O XMPAABHOI'O IIEHTPA, YTO AAAeT BO3MOJKHBIM IIOAyYe-
HUEe CTepeon30MepOB C HOBBIMU (DU3NOAOTHUUECKUMU CBOMCTBAMU.

Panee 6b1AM pa3paboOTaHBI METOABI aCUMMETPUYECKOTO CHMHTe3a [B-rere-
POIIMKAMYECKM 3aMeI[eHHBIX aHaAOTroB (S)-araHWHA, COAepKamux B OOKO-
BOM papUuKare pasAudHBle aAM@aTUUYeCKH W apoOMaTUYeCKM 3aMellleHHBIe -
THOKCO-1,2,4-Tpua3oAbHble Tpynnsl [4-8]. BelAu cuHTEe3upoBaHHL Takxke 1,2,4-
TPUA30ACOAEPIKAIIE TEeTEPOIMKAMYECKU 3aMellleHHbIe ITPOU3BOAHEIE (2S,
3S)-allo-a-aMrHHOMACASTHOM KHCAOTEI, COAEpsKalllie B IIOAOKeHUIx 3 u 4
TPHUA30ABHOTO IIUKAA AAAMABHYIO U (DEHUABHYIO I'pynnsl [9-11].

ITo panee pazpaboTaHHOU METOAVKE B HacTosIIel paboTe OBIAM CHUHTEe-
3UPOBAaHbLI HOBHIE [(-TeTepOIIMKAMYECKU 3aMellleHHble aHaAOTM o-aMUHOMac-
ASTHOM KMCAOTHI C COAEp’RaHMeM B TOAOKeHUusX 3 u 4 1,2,4-Tpua3oAbHOTO
UKAA THO(EH-2-UA-, IPONHUA-, (PypaH-2-UAMETUA- U OYTUABHBIE 3aMeCTUTe-
AH.

AASL 3TOTO OCYIIECTBUAU aCMMMETpHUeCKoe NMPHUCOeANHeHHe 10 Mmuxas-
AIO COOTBETCTBYIOIIUX AM3aMelleHHBIX 5-THOKCO-1,2,4-TpUa30A0B K 3AEKTPO-
drrbHOU C=C CBfI3M OCTAaTKa AETMAPOAMUHOKHCAOTHI B MAOCKOKBAAPATHBIX
Nill-kommaekcax nx ocroBanms [udda ACTHAPOAMHUHOMACASTHOM KUCAOTHI C
XUPAABHBIM BCIIOMOTATEABHBIM peareHToM (S)-2-[N-(N'-6eH3mATTpoArA)aMu-
nol6ensodenonom — Nill-(S)-BPB-(E)-A-Aba (1) u Nill-(S)-BPB-(Z)-A-Aba (2).
Komnaekcrl 1 1 2 6BIAM CUHTE3UPOBAHBL COrAacHO [12].

IMpucoeautenne 3aMeleHHbIX Tpra30A0B a-d Kk C=C CBSI3U AETUAPO-
aMUHOKHUCAOTHOTO OCTQTKa KOMIIAEKCOB 1 1 2 yCIHellHO IIpoTeKaeT B Cpepe
CH3CN u 6esBopnoro Ko,COj3 mpu Ttemneparype 50-60°C (cm. cxemy). Peak-
TSI TPUCOEAVMHEHUST MCCAEAOBAAACh Takke B cpepax AMO®DA, TTO, B mpu-
cyrctBuu NaOH, KOH u NayCO3 B KauecTBe OocHOBaHUd. OAHAKO HAWAYyU-
e pe3yAbTaThl KaK [0 CTEPEOCEAeKTHBHOCTH, TaK M IO CTeeHU KOHBEp-
CHUU MCXOAHOTO KOAMUYECTBA AETMAPOAMHUHOMACAIHOW KMCAOTHI HaOAIOAAANCH
B cpepe CH3CN/KoCOj3 (6€3BOAHBIMN).
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3a XOAOM peakIui HYKACO(UABHOTO IIPUCOEAVMHEHUS CAEAUAU METOAOM
TCX na SiO; B cucteme pactBoputereti CHCI3;:CH3COCHj3 (3:1) mo ucues-
HOBEHMIO CAEAOB UCXOAHBIX KOMIIAeKCOB 1 1 2. OCHOBHBIE AaCcTepeou3oMe-
PBI IPOAYKTOB HYKACO(UABHOTO TPUCOEAVMHEHMS C MEHBIIUM 3HadeHueM Ry
Ha SiO, (kommaekchl 3a-d) Geiam xpomaTorpadgupoBaHbl [SiO,, 30x40 cm,
CHCl5:CH3COCHj3 (3:1)], ux cTpoeHUs: U abCOAIOTHBIe KOH(UTYypaIlUuu yCTa-
HOBAEHBI COBPEMEHHBIMU METOAaMHU CIIEKTPAABHOTO aHaAW3a (CM. SKCIIepU-
MEHTAABHYIO 4acCTh).

AOGcoAOTHasE KOH(UTypanus O-yTA€POAHOTO aTOMa aMHUHOKUCAOTHOTO
OCTaTKa KOMIIAEKCOB OIIPEAEASIAACH TI0 3HAKYy ONTHYECKOTO BpAIeHUs IIPU
MAVIHE BOAHBI 589 nuM, Kak 3TO OBINO CAEAAHO paHee AAS APYTHX aHaAOTUYHO
IOCTPOEHHBIX KOMIAEKCOB aMHUHOKUCAOT [13]. TloroKuTeabHOe 3HaueHUe
OTIITUYECKOTO BpAIleHWS OCHOBHBIX AWACTEPEOMEPHBIX KOMIAEKCOB 3a-d B
3TOM OOAACTU CBUAETEABCTBYET 00 (S)-aOCOAIOTHOM KOHQUTYpPAIUM o-yTAe-
POAHOTO aTOMa WX aMUHOKHUCAOTHBIX OCTaTKOB |[(S,S,S)-anacTtepeomepti].

AOGCOAIOTHYIO KOH(UTypaIuio [3-yraepopHOro aToma (pparMeHTa o-aMu-
HOMACASTHOM KMCAOTHI KOMIIAGKCOB olpepeasian MmetopoMm AMP H mo smaue-
HUSIM XMMHYECKUX CABHUTOB CUTHAAOB UX [(-METHUABHBIX NIPOTOHOB. Kak OBIAO
IIOKa3aHO paHee Ha NIpPUMepe aHAAOTUYHO ITOCTPOEHHBIX KOMIIAEKCOB APYTHUX
B-3aMerneHHBIX MPOMU3BOAHBIX (-AMUHOMACASHOM KHUCAOTHI (O-METHUATPEOHHU-
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Ha, O-3TuATpeoHUHA U T.A.) [14], B caydae (2S,3S)-allo-aGcorroTHON KOHU-
Typanyuy aMUHOKHCAOTHOTO OCTaTKa XUMUYECKUU CABUT CHUTHAAOB IIPOTOHOB
CHj rpynnnl pacmoAaraeTcsd B OTHOCUTEABHO CUABHBIX IIOAIX, & B CAydYae
(2S,3R)-threo-kondurypanum — B CAAOBIX MOASX. AHAAOTHYHOE PACIIOAOKE-
HUE XVMWUYECKUX CABUIOB CHUTHAAOB [-METHUABHBIX IIPOTOHOB aMUHOKHCAOT-
HOTO OCTaTKa OBIAO OOHAPY’KeHO Takke B crekrpax SIMP 'H cuHTesnposan-
HBIX AMACTEPEOMEPHBIX KOMIAEKCOB 3a-d, OTKyAa CAeAyeT, uTo (hparMeHT o-
aMUHOMACASTHOY KHCAOTBHI OCHOBHBIX AMACTEPEOM30MEPOB ITPOAYKTOB IIPH-
coeprHeHUs (KOMIAEKCH 3a-d) copepXuT (S)-B-yTA€pPOAHBIN aTOM U HMeeT
(25,3S)-allo-aGcoaroTHyro KOHUrypamnuimo. Takoe pazanure B XUMUYECKUX
CABUTAX [-METHUABHBIX IPOTOHOB AMACTEPEOM30MEPOB OOBSICHSIETCS IMPOCT-
paHCTBeHHBIM pacnoaokeHueM CHj Ipynnbl aMMHOMACASIHOTO OCTaTKa B
KOOPAMHAIIMOHHOM cpepe IeHTpaAbHOTO MOHAa MeTanra. CABHT CHUTHAAOB
METUABHBIX TPOTOHOB B CTOPOHY CAAOBIX TOAEH B crekrpax SIMP 1H, mo-Bu-
AUMOMY, SIBASIETCSI CAEACTBHEM BAUSHHS MArHUTHOM aHM3O0TPOINM HOHA
Ni2*, pacrmoroskeHHOro HemocpeACTBeHHO Hap CHj TPYIIION aMHMHOKHCAOT-
HOTO OCTaTKa B caydae ero (2S,3R)-threo-aGcoaroTHO¥M KoHUrypaiuu (puc.
1).

(@] H'/////// “‘ll‘ll;:N\>\®

S N Me S N\: S
HyCH,CH,C—N_ N H,CH,CHg
ol
S (2S,3R)-threo (2S,39)-allo

Puc. 1. TMpocTpaHCcTBEHHOE pacrnonoXeHne 6GOKOBOM rpynnbl aMUHOKUCIIOTHOTO ocTaTka
[AMacTepeon3oMepoB KoMnnekca 3a.

AracTepeoceAeKTUBHOCTD PeakIluy MPUCOeANHEeHUsT HyKAeopuAoB a-d K
KoMIAeKcaM 1 u 2 6blra omeHeHa MeTopamu TCX u SIMP 'H (mo coorHome-
HUIO UHTETPAAOB CUTHAAOB METUAEHOBBIX MPOTOHOB N-OeH3UABHOTO OCTaTKa
AVlacTepeoMepHBIX KOMIIAEKCOB B mHTepBaAe 3.55-3.70 u 4.35-4.44 p.p.m.).

AAsS peaknuu NPUCOeAMHEHUs HyKAeodmra b kK kommaekcy 1 yaanock
OTIPEAEAUTh TaK)Xe SHAHTHOMEPHBIN M30LITOK IIeAeBOM aMUHOKUCAOTHI 4b
MeTopOM xupaabHOro BOJKX aHaAmM3a BHIAEAEHHOU CMecHU (A0 KPUCTAAAM3a-
nun). Pe3yAbTaTel IPUBEAEHBI B TAOAUIIE.
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Tabruya

Pe3yabTarTsl HyK/JI€0()HILHOTO NPUCOSTHHEHUS 3aMeleHHbIX
Tpuazoos (a-d) k xupanasHoMy Komiuiekey 1 B epene CH;CN/K,CO; mpu 50-60°C

CooTHouieHue, % ** Bpewmst, | XuMudecKu

Ne Hyraeodun
¥y ® y BBIXOA, %"

(S,S,S) | (SR.S) | (S,SR)

3-(TuodeHn-2-uA)-4-IpONUA-5-

THOKCO-1,2,4-Tprasoa (a) 9.4 26 2.0 8 %

3-OyTtun-4-(dypas-1-ur-me- 95.2 1.9 29

2 | Tua)-5-Tuokco-1,2,4-rpruaszon 04.18) | (2.37) | (3.45) 7 97

(b)*
3 3-0yTHA-4-IIPOIIUA-5-THOKCO- 94.2 24 3.4 7.5 97
1,2,4-Tpuazon (c)
4 3-OyTHA-4-(2-MeTUA-aAAUA)-5- 9.5 1.8 1.7 7.5 95

THOKCO-1,2,4-Tpuazona (d)

*

— B CKOOKax COOTHOIIIEHWE AWAcTepeoMepOB Ha OCHOBAHUU AQHHBIX XU-
paarbHOro BOJKX aHaAm3a aMHHOKMCAOTHI, IIOAYYEHHOM IOCAE Pa3A0OKeHHUS
CMeCHU AVacTepeoOMEepPHBLIX KOMIIAEKCOB M MOHOOOMEHHOMW AeMUHepaAu3alluu

*

aMMHOKHUCAOTEL;, ** — COOTHOIIEeHHEe ABMAcTepeOoMepPOB Ha OCHOBAHUHU AQAHHBIX
SMP H; *** — XuMMHUuYecKHUl BBIXOA CMeCH AMAacCTepeOMEPHBLIX KOMIIAEKCOB
Ha CTapAuU HYKA€O(PUABHOT'O IIPUCOeAVHEHUA 10 AAHHEIM TCX.

OAHOBpeMEHHO OBIAA MCCAEAOBAHA PEaKIMOHHAS CIIOCOOHOCTH OTAEAb-
HBIX KOMTAEKCOB (E)- u (Z)-AeruapoaMUHOMACASTHON KUCAOTHI (1 1 2) B peak-
IUIX HYKA€O(PUABHOTO NPUCOEAVHEHHUS C UCIOAB30BaHUEM B KadeCTBe HYK-
reodmaa b. [ToaydueHHBIE AQ@HHBIE CBHAETEABCTBYIOT O TOM, UTO IIPHCOEAWHEe-
HHEe KOAMYECTBEHHO IIPOHMCXOAUT TOABKO B CAyYae MCIIOAB30BAHUSA KOMIIAEK-
ca (E)-peruppoamMuHOMacCATHON KUCAOTHL (1). IIpu mcnoAb30BaHUM KOMIIAEK-
ca (Z)-peruppoaMHHOMACASHOM KUCAOTHI (2) IpHUcOoepUHeHHe HyKaeodUAa
TIPOUCXOAUT OYeHb MepAeHHO (~10% B TeueHue 30 pHel). DTO OOYCAOBAEHO
cTepuueckuMu gakTopamMu. Kak OBIAO ITOKa3aHO paHee [15,16], B TOAOOHBIX
CHCTeMaxX IPUCOeAMHEHHe K aMHHOKHUCAOTHOMY OCTaTKy IIPEAIOUYTHUTEABHO
TPOUCXOAUT CO Si CTOPOHBI TMAOCKOCTH ocHoBauus udda, T. K. ee re cro-
POHa 3KpaHUpOBaHa (DEHUABHOU Irpynnon N-OeH3UAIIPOAMHOBOTO OCTaTKa. B
CAy4Yae IIpUCOeAUHeHUs 3,4-Au3aMelleHHBIX Tpua3oA0B K C=C cBI3M KOMII-
AeKca (Z)-AeTHAPOAaMUHOMACASTHOM KHUCAOTHI (2) Si CTOpOHA MAOCKOCTH OCHO-
Bauusa IlMudda AOIONHUTEABHO 3KPAHUPOBAHA METUABHOU I'DYIIIONU AETHA-
pPOaMHHOMAaCASIHOTO (parMeHTa (pUC. 26); TaKoe 3KpaHUPOBaHHE OTCYTCT-
ByeT B CAyYae NMPUCOEANHEHUS HYKAeoPUAOB K KoMmrekcy (E)-peruppoamu-
HOMAaCASTHOM KUCAOTHI (1) (puc. 2a).
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(a) ©)

Puc. 2. MpocTpaHCTBEHHOE 3aTpyAHEHWE NPU MPUCOEOMHEHUM HYKNEOMUIOB K KOMMNekcam
1(a) v 2(6).

BreipeneHre 1eAeBBIX aMUHOKUCAOT W3 CMECH AMaCTePEOMEpPHBIX KOMII-
AEKCOB IIPOBOAUAOCEH IO CTAaHAAPTHOM MeTopuKe [17]. AAd 3TOTO peaKIVOH-
Hasg CMeCh HEINOCPEACTBEHHO ObIAa pas3aokeHa ooOpaborkoum 2N HCl npu
Temnepatype 45-50°C (cxema). M3 THAPOAM3aTOB IleA€Bble aMHUHOKHCAOTEI
OBIAM ACMMHEPAAM3UPOBAHLI C UCIOAb30BaHMEM KaTuoHuTa Ky-2x8 B HT-
dopme (aar0eHT 5% NH,OH) u mepeKpucTarAU3UuPOBaHBI U3 BOAHBIX PaCT-
BOPOB 3TaHOAA. B UMCTOM KpPUCTAAAMYECKOM BHAE YAAAOCH IMOAYUYUTH TOABKO
aMUHOKHUCAOTHL 4a-C. AMUHOKHMCAOTHAs CMeCh, BBIAGAEHHAs 13 THAPOAM3aTa
KHUCAOTHOTO Pa3AOKeHUs KOMIAeKca 3d, MOAyYHAaCh MacAOOOpa3HOTO BUAQ,
U3 KOTOPOTO BBHIAGAUTH WHAWBUAYAABHO UYHCTYIO KPUCTAAAWYECKYIO aMHHO-
KUCAOTY 4d He yAAAOCE.

[MToAyyeHBI HOBBIE ONTHYECKHW AKTUBHBIE TETEPOIMKAMYECKU 3aMelleH-
HBbIe TTPOU3BOAHBIE (S)-aMUHOMACASTHON KUCAOTHI — (2S, 3S)-B-[3-(THOden-2-
wi)-4-nponmin)-5-tuokco-1,2,4-rpuazon-1-un]-o-amuHomacisinas  kuciaora (4a),
(2S, 3S)-B-[3-6yTna-4-(dpypan-2-naMeTni)-5-Tuokco-1,2,4-rpua3zon-1-uij-o-aMuHo-
MacasiHas kuciaora (4b) u (2S, 3S)-B-[3-0yTua-4-nponuia)-5-tuokco-1,2,4-rpua3on-
1-na]-o-amuHOMacHsiHAs KHCJI0TA (4C), ¢ XUMHUYECKUMH Bbixopamu 31.85, 45 u
35%, cOOTBeTCTBEHHO (B pacueTe Ha MCXOAHOE KOAMUYECTBO KOMIIAeKca 1).
DHAHTUOMEpHAs YUCTOTa (ee) aMUHOKHMCAOTHI 4b, O AQHHBIM XHUPAABHOTO
B3JKX anaamsa, cocraBasgeT 98%. [Ipyn 53TOM MCXOAHBIM XUPAABHBINM BCIIOMO-
raTeAbHBIM peareHT (S)-BPB pereHepupyercs ¢ KOAMYECTBEHHBIM XHMUYe-
CKHM BBIXOAOM M IIOAHBIM COXPaHEHWEM HWCXOAHOW ONTHUYECKOM YUCTOTHI,
YTO IMO3BOASIET €70 HUCIIOAB30BaTh ITOBTOPHO B PEAKIIMAX aCUMMETPUUYECKOTO
CHHTEe3a aMHUHOKMCAOT.

BKCHepI/IMeHTaJIbHaﬂ 4acTb

B pabote ucnoan3oBaruch aMuHOKUCAOTA “"Reanal” (ByaamemiT), cuamuka-
reab L-40/100p "Chemapol Praha" (Ilpara), monoob6menHass cmona Ky-2x8,
Na,CO3, NaOH, KOH K,CO3; AM®A, TT®, CH30H, CHCI; (CHj),CO,
C,H5;0H, CH3CN, HC], NH4OH «Peaxum». AuzamMeleHHbIe 5-TUOKCO-1,2,4-
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TpUa3oAbl (a-0) OLIAM CHHTE3MpOBAHBEI Ha Kadeppe OpraHUYeCKOM XUMUU
EI'Y. Bce ucnoab30BaHHBIE PACTBOPUTEAHN OYHUIAAM COTAACHO [18]. CrnekTpshl
AMP 'H u AMP !13C cuumaru Ha npuGope “Mercury-300 Varian" (300 MTy),
ontudeckoe BpaleHue [a]p2? msMmepsam Ha noaspumerpe “Perkin Elmer-
341". Xupaabubii BOJKX aHaAu3 aMUHOKUCAOT OPOBOAUWAM Ha IIpubope
"Waters separations module 2690" c¢ xoaonkou “Auacgep-110-Chirasel-E"
(6,0 mxm, 4.0x250 mm), C UCIOAB30BaHMEM TPAAVEHTHOTO METOAQ, B TeueHUe
40 mun, TPUMEHSIAM TOABIKHYIO a3y MeTaHOA U Bopy ¢ pH 3.0 (xropnas
KHMCAOTA), Ucrioab3oBaru Y D-aperekTop npu 254 um.

IpucoennHenue HykjaeopuaoB a-d K ABoiTHOI cBs3M kKomiuiekca 1. K pacTso-
py 2.62 2 (0,005 mona) wommaekca 1 B 20 mz CH3CN pobaBagau 1.38 2
(0.01 monsa) KoCO3 u 0.0075 mors wyraeodura (1.6875 2 a, 1.777 2 b, 1.4925 2
c uam 1.5825 2 d, cooTBeTcTBeHHO). CMeCh NMepeMeInBaAU IIPU TeMIepaType
50-60°C. 3a xX0AOM peakImu NMPUCOeAVMHEHUsT cAepAuAr MeTopAoM TCX [SiO,,
CHCI3:CH3COCHj3 (3:1)] mo ncue3HOBEHHMIO CAEAOB MCXOAHOTO KoMIirekca 1
U YCTAHOBAEHUIO TEPMOAMHAMHYECKOI'O PAaBHOBECHUS MeXAY AUACTepPeou30-
MepaMHu IMPOAYKTOB TPHUCOEAMHEHUS (KOMIAeKcoB 3a-d). 3areM peakIiiuoH-
HYIO CMeCh OT(HUABTPOBAAM, OCAAOK IIPOMBIBAAW AIleTOHUTPUAOM M (DHUABLT-
paT yInapuAu AOCyXa IoA BakyyMoM. HebGoasmryio yacte cMecu (~0.05 2) xpo-
MaTorpacduposarn Ha SiOy [20x30 cu, CHCl3:CH3COCHj3 (3:1)], moayuuau
AMaCTEpPeOMEpPHO YUCThIE KOMIAEKCHI 3a-d ¥ MCCAeAOBaAM UX CTPYKTYPYy U
abCOAIOTHYIO KOHMUTypanuio (QU3UKO-XUMHUYECKVMH METOAAMM aHaAMu3a.
OCHOBHYIO YaCcTh AHMAacCTepPeOMEpHOM cMecu KOMIIAeKCOB 3a-d IopBeprasu
KHUCAOTHOMY Pa3A0KEHUIO C IIeAbI0 BBIAEAEHUS IIeA€BBIX aMHHOKUCAOT (CM.
HUXKeE).

Komnnexe 3a: T.ma. = 247-250°C. [a] § = +878.0° (c 0.11, MeOH). Crekrp
AMP 'H (CDCIl3/CCly), §, m.a., Iy: 1.05 (3H, T, J=7.4, CHj); 1.36 (3H, a,
J=7.1, CH3CH); 1.55-1.67 (1H, M) u 1.83-2.07 (3H, m); 2.24-2.39 (1H, M) u
2.49-2.65 (2H, m); 3.33 (1H, aa, J=9.9, 6.0, a-H Pro); 3.30-3.39 (1H, m); 3.56
(1H, ao, J= 12,6, CHyPh); 4.18 (1H, aaa, M, J=13.8, 10.6, 5.5); 4.21 (1H, p,
J=3.7, CH); 4.39 (1H, a, J=12.6, CH,Ph); 4.44 (1H, app, J=13.8, 10.6, 5.8);
5.46 (1H, xp, J=7.1, 3.7, CHCHj;); 6.63-6.74 (2H, M, H-3,4 CgHy); 7.12-7.20
(3H, M, Ar); 7.25-7.34 (3H, ™, Ar); 7.51-72.57 (4H, M, Ar); 7.59 dd (1H, J=3.7,
1.0, 3-CH Tph); 7.65-7.70 (1H, ™M, Ar); 7.91-7.96 (2H, m, H-2.2' Ph); 8.45 (1H,
aA, J=8.7, 10, H-6, CgHy).

Cmnektp SIMP 13C (CDCly): 11.2 (CH3CH,CH,); 16.9 (CH3CH); 22.0
(CH,CH3); 23.4 (y-CH; Pro); 31.0 (B-CH; Pro); 47.6 (NCH,CH,CHjs); 56.9 (8-
CH, Pro); 573 (CH _CHj); 63.1(CH, Ph); 70.4 (a-CH Pro); 72.9 (NCHCH);
120.5 (C(4) CgHy); 123.3 (C(6) CgHy); 126.1, 127.0, 127.3 (CH); 128.0 (CH);
128.8 (3.3'-CH Ph); 128.9 (CH); 129.0 (CH); 129.1 (CH); 129.1 (CH); 129.2
(CH); 129.9 (CH); 131.7 (2.2'-CH Ph); 132.7 (C(3) CgHy); 133.2, 134.0 (C(9)
CgHy); 134.5; 143.4; 145.7% 169.8; 173.2; 175.6; 180.2.

Komnnexe 3b: Tua. = 160-165°C. [a]3 = +1046.0° (¢ 0.12, MeOH).
Crnextp AMP H (CDCly), 8, m.A., Ty: 0.94 (3H, T, J=73, CH3Bu); 1.22 (3H,
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A J=7,1, CH;CH); 1.37-1.49 (2H, M, CH,CHg); 1.65-1.76 (3H, M, CH,C,Hs u
y-CH Pro); 1.89-1.99 (1H, m); 2.19-2.33 (1H, m); 2.47-2.59 (1H, m); 2.67-2.78
(1H, m); 2.77-2.82 (2H, M, CH,C3Hy); 3.27-3.35 (1H, M); 3.31 (1H, apa, J=10.2,
6.3, a-H Pro); 3.59 (1H, A, J=12.7, CH,Ph); 4.16 (1H, A, J=3.6, NHC=O0);
4.41 (1H, a, J=12.7, CH,Ph); 5.26 (1H, A, J=15.6) u 5.39 (1H, A, J=15.6,
CH,fur); 5.43 (1H, xa, J=%.1, 3.6, CHCH3); 6.35 (1H, aa, J=3.2, 1.8, 4-
CHfur); 6.54 (1H, aA, J=3.2, 3-CHfur); 6.63-6.73 (2H, M, 3,4-CH CgHy); 7.13-
7.21 (2H, M, Ar); 7.23-7.37 (4H, M, Ar); 7.46-7.61 (4H, M, Ar); 7.89-7.94 (2H, M,
Ar); 8.44 (1H, yur, J=8.7, 6-CH CgH,).

Cnektp SIMP 13C (CDCl;): 13.8; 17.0; 22.3; 23.1; 25.5; 28.1; 30.6; 41.1;
56.5; 57.5; 62.8; 70.2; 73.1; 110.7;, 111.3; 120.5; 123.4; 126.2; 127.3; 128.8;
128.9; 129.0; 129.1; 131.7; 132.7; 133.0; 133.9; 134.5; 142.6; 143.4; 148.0; 151.5;
169.4; 172.8; 175.7; 180.2.

Komnnexe 3c: Ta. = 110-115°C. [a]f = +1729.0° (c 0.1, MeOH).
Crnektp SIMP H (DMSO-dg/CCl4:1/3), 8§, m.a., Iy: 095 (3H, T, J =73,
CH3C3Hy7 ); 1.01 (3H, T, J=74, CH; C,Hs); 1.24 (3H, a, J=7.1, CH3CH);
1.36-1.49 (2H, M, CH,); 1.65-2.06 (7H, m); 2.33-2.49 (1H, M, B-CH,Pro ); 2.59-
2. 77 (3H, m, CH; u B-CH,Pro); 2.84-3.00 (1H, m); 3.37 (1H, aa, J=10.3, 6.5,
a-CHPro); 3.33-3.42 (1H, m, 6-CHj; Pro); 3.60 (1H, A, J =12.7, CH,Ph); 3.81-
3.95 (1H, M, NCH,); 4.10-4.20 (1H, m, NCH,); 4.17 (1H, a, J=4.0, NCH); 4.42
(1H, a, J=12.7, CH,yPh); 5.53 (1H, xa, J=7.1, 4.0 CHCHS3); 6.63-6.73 (2H, M,
3.4-CH CgHy); 7.12-7.21 (2H, M, Ar); 7.25-7.35 (m); 7.50-7.59 (4H, ™M, Ar); 7.92-
7.96 (2H, M, Ar); 8.43 (1H ap, J=8.7, 1.1, 6-CH CgHy).

Cmektp SIMP 13C (CDCly): 11.4 (CH3C,Hs); 13.8(CH3C3Hy); 17.0
(CH3CH); 21.9 (CH,); 224 (y-CHyPro); 23.5(CH,); 25.5(CH, CzHy); 28.4
(CH,); 30.7 (B-CH,Pro); 46.4 (NCH,CoHs): 56.6 (8-CH,Pro); 57.2 (CHCHsy);
62.9 (CH,Ph); 70.3 (a-CHPro); 73.1 (NCHCHCHS3;); 120.5 (4-CHCgH,); 123.4
(6-CH CgHy); 126.1; 127.4 (CH); 128.8 (3.3'- CHPh); 128.9 (CH); 129.0 (CH);
129.1(CH); 129.1(CH); 129.8 (CH); 131.7 (2.2-CHPh); 132.6 (5-CHCgH,);
133.1; 133.9 (3-CH CgHy); 134.6; 143.4; 151.1; 168.9; 172.7; 175.7; 180.1:

Komnnexe 3d: T.un. = 135-140°C. [a] i = +1488.0° (c 0.2, MeOH). CrekTp
SMP H (CDCly), §, m.a., I'y: 0.92 (3H, T, J=7.3, CH3Bu); 1.24 (3H, a, J=7.1,
CH3CH); 1.33-1.45 (2H, M, CH,CHg); 1.64-1.75 (2H, M, CH,C,Hj); 1.78 (3H,
yim., =CCHs); 1.89-2.00 (2H, m); 2.35-2.50 (1H, m, p-HaPro); 2.56-2.63 (2H,
M, CH,C3Hy); 2.65-2.77 (1H, m, B-HyPro); 3.05-3.16 (1H, m, y -Hg Pro); 3.39
(1H, ap, J=10.4, 6.4, a-HPro); 3.43-3.51 (1H, M, 6-Hg Pro); 3.56 (1H, a,
J=12.7, CH,Ph); 4.19 (1H, A J=5.0, NCHC=O0); 4.42 (1H, a J=127
CH,Ph); 4.50 (1H, a, J=16.1, NCH,C=CH,); 4.63 (1H, ym., =CH,); 4.85
(1H, a, J=16.1, NCH,C =CHy,); 4.94 (1H, ym., =CH,); 5.74 (1H, ka, J=7.1,
5.0, CHCHs3); 6.66 (1H, apa, J=8.3, 6.5, 1.1, 4-CHCgHy); 6.70 (1H, apn, J=8.3,
2.1, 3-CHCgH,); 7.15 (1H, aap, J=8.7, 6.5, 2.1, 5-CHCgH,); 7.17 (1H, T,
J=7.2, 1.2, para-CHPh); 7.26-7.34 (3H, M, Ar); 7.48-7.58 (4H, M, Ar); 7.95-8.00
(2H, M, orto-CHPh); 8.39 (1H, aa, J=8.7, 1.1, 6-CHCgH,).
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Cnektp SIMP 13C (CDCl;): 13.8; 17.1; 20.4; 22.3; 23.7; 25.4; 28.0; 30.8;
49.6; 57.0; 57.6; 63.1; 70.5; 73.0; 105.6; 112.8; 120.5; 123.4; 126.2; 127.6; 127.8
(2CH); 128.9; 129.0; 129.1; 129.3; 129.9; 131.7 (2CH); 132.7; 133.3; 134.0;
134.5; 138.8; 143.3; 151.7; 169.2; 172.6; 175.6 u 180.3.

Paznoxenne kommiekcoB 3a-d W BblaelieHHe HeJeBbIX aMHHOKHCIOT 4a-d.
LleneBble aMUHOKUCAOTHI 4a-C OBIAU BBIAGAEHBI U3 PEAKIIMOHHOM CMecCH II0
CAeAyIONIel CTaHAAPTHOM MeTopuKe. CyxoM OCTaTOK KOMIIAEKCOB 3a-C pacT-
Bopsiau B 50 mr CH3OH u meppreHHO A00aBAsIAM K 50 M HarpeToro ao 50°C
pactBopa 2N HCI. Tlochre wucue3HOBEHUSI XapaKTEPHOM AAST KOMIIAEKCOB
KPacHON OKPACKU PacTBOP KOHIIEHTPUPOBAAU MOA BaKyyMoOM, AoOaBadAau 50
M1 BOABI U PUABTPOBaAM MCxXOAHBIM (S)-BPBxHCI. M3 BoaAHOTO CAOS aMHHO-
KUCAOTY AEMHHEpaAn30BaAu NIPOIyCKaHHEeM pacTBopa uYepe3 HMOHOOOMEeH-
HYIO KOAOHKY C KaTHOHUTOM Ky-2x8 B HT-opMe, aMUHOKUCAOTY SAIOUPO-
Baau 5% pactBopoM NH,4OH. SAr0aT KOHIEHTPUPOBAAU IIOA BaKyyMOM, aMU-
HOKUCAOTY KPUCTAAAU30BAAU M3 BOAHO-CIIMPTOBOrO pactsopa (1/1).

[Moayueno 0.43 2 (0.0013 mmons) (2S, 3S)-B-[3-(TrodeH-2-1A)-4-IpONIHA)-5-
THUOKCO-1,2,4-Tpua3oa-1-ua]-a-aMrUHOMAaCASTHOM KUCAOTHL (4a), 1.5 & (0.044
mmons) (2S, 3S)-B-[3-6yTun-4-(dypaH-2-UAMETHA)-5-TUOKCO-1,2,4-Tpra3on-1-
UA]-0-aMUIHOMAaCASHON KUCAOTHL (4b) 1 0.525 ¢ (2S, 35)-B-[3-6yTun-4-ponua)-
5-THoKCO-1,2,4-Tpra3on-1-uA]-0-aMUHOMACASTHONM  KUCAOTEI (4C), 4YTO COOT-
BeTCcTByeT 31.85, 45 u 35% XUMHUYECKHM BBIXOAAM, COOTBETCTBEHHO, PaCcCUu-
TAaHHBIM Ha KOAMYECTBO MCXOAHOTO KOMIIAeKca 1.

AMuHOKHCAOTY 4d He ypanOCh KPUCTAAAM30BaTh M3 MacA000pas3HOH
CcMecH, IIOAYUYeHHOU IIOCAe BBITAapUBAHUS aMMHAUHOI'O 3AI0ATa, U €e CTPYK-
Typa He ObIA@ MAEHTU(UIIMPOBAHA.

AmuHokucia0ta 4a: T.A = 204-205°C. [o]p20= +10.232° (c 0.43, 2N HCI).
Cnektp SIMP 'H (DMSO/CCly 1/3), 8, m.a.: 0.98 (3H, T, J=7.4, CH3); 1.46
(BH, a, J=7.0, CH3CH); 1.72-1.86 (2H, m, CH,CHjy); 3.86 (1H, a, J=4.0,
CHNH,); 4.05-4.22 (2H, m, NCH,); 5.41 (1H, xa, J=7.0, 4.0, NCHCHjy); 7.21
(1H, ap, J=5.1, 3.7, 4-CH Tph); 7.60 (1H, ap, J=3.7, 1.1, 3-CH Tph); 7.69 ap
(1H, J=25.1, 1.1, 5-CH Tph); NHy u COOH vym.

Cnektp IMP 13C (DMSO/CCly, 1/3): 10.6 (CHj3); 12.6 (CHj3); 21.0 (CHy);
46.1 (NCH,); 54.1 (CH); 56 (CH); 125.9; 127.4 (CH); 128.9 (CH); 129.2 (CH);
144.5; 165.9; 168.5.

Amunokuciaora 4b: .. = 197-199°C. [a]p?® = -30.36° (c 0.43, 2N HCI).
Cnektp SIMP 'H (DMSO/CCly 1/3), 8, m.a.: 0.95 (3H, T, J=7.3, CH3); 1.39
(BH, a J=6.8, CH3CH); 1.36-1.48 (2H, M, CH,CHj); 1.61-1.72 (2H, M,
CH,CyHs); 2.71 (2H, T, J=7.6, CHyC3H5); 3.77 (1H, A, J=3.7, CHNH>2) 5.21
(1H, a, J=15.9, NCH,); 5.28 (1H, a, J=15.9, NCH,); 5.27-5.36 (1H, M,
NCHCHj); 6.35 (1H, ap, J=3.3, 1.8, 4-H Fur); 6.43 (1H, ym., J=3.3, 3-H
Fur); 7.44 (1H, ap, J=1.8, 0.8, 5-H Fur).

Cnexktp SIMP 13C (DMSO/CCly 1/3): 12.8 (CHg); 13.3 (CHj); 21.5 (CHy);
24.3 (CH,); 27.1 (CHy); 40.4(NCH,); 53.8 (CH); 56.3 (CH); 109.1 (4-CH Fur);
110.2 (3-CH Fur); 142.0; 147.9; 150.8; 165.4 u 168.8.
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AmuBoOKkHca0Ta 4C T.A. = 204.5°C. [0]p2?® = -10.67° (c 0.3, Hy0).
Crexrp SIMP 'H (DMSO/CCl, 1/3), 8, Mm.a.: 0.62 (3H, T, J=7.4, CHz); 0.63
(3H, T, J=7.4, CHy); 1.05-1.14 (2H, M, CH,); 1.32 (3H, p, J=7.1, CH;CH);
1.36-1.50 (4H, M, 2-CH,): 2.47 (2H, aa, J=8.1, 7.1, CH,); 3.68 (2H, M, NCH,);
421 (1H, o, J=5.0, CHCOOH); 5.31 (1H, xa, J=%.1, 5.0, CHCH>).

Crexrp SIMP 13C (DMSO/CCI, 1/3): 10.1 (CHa): 12.8 (CHs); 14.5 (CHa);
21.0 (CHy); 21.3 (CHy); 24.2 (CHy); 27.7 (CHy); 46.2 (NCHy); 52.5 (CH); 55.6
(CH); 154.3: 164.7; 168.6.

YN1LU3PL UMD GULAFT SEALUGULIL U0 SMPU2NLUSPL U LG
MUCLAFLUEEN, - TUPLUGE TG-UE-E-LD LAL, NESELNShUL Y
SEALUGULI WD ULULNG-LELP WUPUGS,PY UPLE-GQ

U. U. U300, L. 3n.. UUNUU3UWL, N, U. UPUNL3UWL, U. 1. NESLNU3NL,
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ASYMMETRIC SYNTHESIS OF NEW HETEROCYCLE SUBSTITUTED
ANALOGS OF a-AMINOBUTYRIC ACID CONTAINING SUBSTITUTED
TRIAZOLE GROUPS IN THE SIDE CHAIN RADICAL

A.S.SAGHYAN?® L. Yu. SAHAKYAN??, H. M. SIMONYAN?" S. Gh, PETROSYAN?®®,
A. F. MKRTCHYAN??, M. A. SAMVELYAN?, T. V. GHOCHIKYAN? and P. LANGER®
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1, A. Manoukyan Str., Yerevan, 0025, Armenia
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Asymmetric synthesis method for enantiomerically enriched pB-heterocycle
substituted derivatives of (2S, 3S)-allo-a-aminobutyric acid containing 5-thioxol,2,4-
triazole groups with different radicals in 3 and 4 positions via addition of relevant
triazole-nucleophiles to C=C bond of (E)- and (Z)-dehydroaminobutyric acid moiety of
Ni" complex of its Shiff's base with chiral auxiliary S)-2-N-(N'-benzylprolyl)amino-
benzophenone was developed and through further decomposition of diastereomeric
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complexes a mixture of the target amino acids was isolated. Enantiomeric excess (ee) of
isolated heterocyclic substituted aminoacids is over 97%.
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PaspaboTtaH BbICOKOCENEKTUBHbI METOA, aCMMMETPUYECKOrO CUHTE3a HOBbIX reTepoLyKnmye-
CKW 3aMeLLieHHbIX aHarnoroe anaHuHa — (S)-f-(3-usobytun-4-annun-5-tmokco-1,2,4-tpuason-1-un)-a-
anaHuHa u  (S)-B-[3-u30byTun-4-(2°-metannun)-5-tnokco-1,2,4-tpuason-1-un)l-o-anaHvHa,  ny-
TeM,HyKneounbHOro NPMCoeaMHEHNs COOTBETCTBYIOLWMX 3,4-3aMeLLeHHbIX 5-Tuokco-1,2,4-Tpraso-
nos k C=C cBsian aerugpoanaHnHa B Ni'-komnnekcax ero ocHosaHus LLinddba ¢ xupanbHbIM BCo-
MoratenbHblM peareHToMm,(S)-2-N-(N'-6eH3unnnponun)ammHobeH3odeHoHom (BPB) vnu ero mogu-
duumpoBaHHbiM - aHanoroM, (S)-2-N-(N'-2-xnopbeHsunnponun)ammHobeHsodeHoHom (2-CBPB).
lMocne KMCNOTHOrO pasroXeHWs CMeCcU AMacTepeoMepHbIX KOMIMIIEKCOB NPOAYKTOB NPUCOeAVNHEHNS
N WOHOOOMEHHON [AeMMHepanu3auuMn BbIAEMEHHbIX aMWHOKUCIOT Obinu MOmy4YeHbl ONTUYECcKU
YUCTble reTepPOLMKIMYECKN 3aMelleHHble NPOoM3BOAHbIE (S)-o-anaHnHa C BbICOKOW SHaHTUOMEPHOW
ynucToTol (ee > 99%).

Tabn. 1, 6ubn. ccoinok 14.

BoBaeueHVE HENMPUPOAHBIX a@MUHOKHMCAOT B KPYT OMOAOTHMYECKUX U Me-
AMATTUHCKUX UCCAEAOBAHUM NMPUBEAO K OTKPBITHUIO PSIAQ HOBBIX aKTUBHBIX Ae-
KapCTBEHHBLIX IIpPernapaToB, HHINEBHIX AO0OaBOK, arpOXUMHUKATOB U APYTUX
BAB [1]. ITpuMeHeHNe HeOEAKOBBIX O-aMMHOKUCAOT B CHUHTe3e HOBBIX dap-
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MaKOAOTHMYECKH AKTUBHBIX COEAVHEHHM IIPUBEAO K IIOAYUYEHHIO HOBBIX Ae-
KapCTBEHHBIX IIpeIapaToB, OOAQAQIOUINX CUABHBIM, QHTHUTHIIEPTEH3UBHEBIM,
QHTHUCENITUYECKUM, IPOTUBOOMYXOAEBBIM U PAAUONIPOTEKTOPHBIM, U APYTUMU
CBOMCTBAMM [2], YTO IO3BOAMAO PEUIUTh PsA aKTyaAbHBIX IIPOOAEM COBpe-
MeHHOU (papMaKOTepaluu.

W3BecTHO, YTO psip, OMOAOTHYECKUX U (PU3UOAOTMUECKUX CBOMCTB MHO-
TUX IIperapaToB OOyCAOBAEH HaAWYMEM B HX CTPYKTYPe arAMABHBIX (par-
MEHTOB TIPYHIBl (aAAMAMETaHTUOCYAB(AHT, AUAAUA AUCYAB(DHUA, AHANUA
TPUCYAB(DHA, AAAUAMETHUA TPUCYABDPUA, S-aAAMAMEpPKANTOLUCTeNH U T.A.) [3].

C ApyTro# CTOPOHBI, B IIOCA€AHEE BPeMs OCOOBINM MHTEPEC MPEACTABASIIOT
ONITMYECKN aKTUBHLIE HEOEAKOBLIE O-aMWHOKHCAOTHI, COAEpsKalllre pa3And-
Hble TeTepPOIUKAWYECKHe 3aMeCTUTeANM B OOKOBOM paAuKanre [4], KOTopele
SIBASIIOTCSI 9Y>KE€POAHBIMHU AAS OPTaHM3Ma Kak II0 CTPYKType, TakK W IO IpHU-
poae reTepoaToMOB.

CAepOBaTEABHO, NMOAYyYEHHUEe TeTePOIUKANYECKHM 3aMellleHHBIX o-aMHUHO-
KHCAOT C COAEp’KAHHEM AAAUABHBIX 3aMeCTHUTEAeM B reTepPOIMKANYECKOM
dparMeHTEe OTKPOET IyTh K HOBHIM MHTEPECHBIM (PapPMaKOAOTMYECKU aKTUB-
HBIM MOAEKYAaM.

Panee ObiAm pa3zpaboTaHbl METOABI aCUMMETPHYECKOTO CHHTEe3a pIAa
3aMeIeHHBIX 10 PAAMKAAy o-aA@HMHOB ITyTeM IIPHCOEAMHEHUS HYyKAeo(U-
AOB (aMHHOB, TUOAOB, @AKOTOASIT-MOHOB U T.p) K ABoMHOM C=C cBI3U Ae-
IMAPOAAAHMHA B IAOCKOKBaApaTHoM Nill-kommaekce ero ocnosanmii Lludda
C XWPAAbHBIM KapOOHUABLHBIM peareHToM, (S)-2-N-(N'-6eH3UATIPOANA)aMIHO-
OenzodenonoMm (BPB) [5-9]. AaHHBIM HOAXOA OBIA HMCIOAB30BaH TaK’Ke AAS
TIOAYYEHHUSI HEKOTOPHIX JHAHTHOMEPHO OOOTAIleHHBIX ITPOM3BOAHEBIX (S)-o-
AAaHMHA, COAEPSKAIlUX 3aMellleHHble 5-THUOKCO-1,2,4-Tpra30oAbHBEIE IPYIIEL B
OokoBOM paprKaare [10-12].

C 1UeAbl0 TOBBLIMIEHWS SHAHTUOCEAEKTHUBHBIX 3(P(PEKTOB XMpPaAbHBIE
kommaekcel nora Nill Ha ocroBe BPB GBIAM MOAEGPHHU3WPOBAHEI BHEAPEHHEM
S5AEeKTPOHOAKIIEIITOPHOT'O aToMa XAOpa B IIOAOJKEHHM 2 apoMaTUYeCKOTO
KOAbIla N-O€H3UATIPOAMHOBOTO OCTAaTKa XUPAABHOTO BCIIOMOTAQTEABHOTO pea-
rerTa (2-CBPB). C npumMeHeHHEM MOAUMUIIMPOBAHHBEIX KOMIIAEKCOB aMUHO-
KHCAOT Ha ocHOBe 2-CBPB yapanoCch OCyILIECTBUTH CBEPXCEAEKTUBHEIN (€€ >
96%) acMMMEeTPUYEeCKUN CHHTE3 Pa3AMYHBIX O- W [3-3aMeIleHHBIX (S)-aMuHO-
KHCAOT.

B nHacrogmenn paboTre cooOiaercss 00 aCUMMETPUYECKOM CHHTe3e HO-
BBIX 5-THMOKCO-1,2,4-TpHa30ACOAEPIKAIIUX TETEPOIMKANYECKUA 3aMeleHHBIX
IIPOU3BOAHBIX (S)-araHMHA, COAEPIKAUINX AAAMABHBIE TPYNIBEI B ITOAOKEHUU
3 TPHA30ABHOTO OCTaTKa. AASI 3TOTO B KadeCTBEe HMCXOAHOIO AETHMAPOaMHHO-
KHCAOTHOTO TPEAIIeCTBeHHUKA OBIAM MCITOAB30BaHbI KOMIIAeKchl noHa Nill ¢
ocHoBanmeMm llludda aervppoaraHWHa U XUPAABHOTO BCIOMOTATEABLHOTO
pearenTta (S)-BPB uAu ero MopuduIMpoBaHHOrO aHaiora (S)-2-CBPB [Nill-
(S)-BPB-A-Ala (1) u Nill-(S)-2-CBPB-A-Ala (2)].
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Kommaekcel 1 m 2 CHUHTe3MPOBAAMCH COTAACHO paHee pa3paboTaHHOU
MeTopuKe [5,13], a 3,4-pu3amelieHHBIe 4-aANUA-3-U300yTUA-4,5-pAUTUAPO-1H-
1,2,4-tpuazona-5-tuonr (3) u 3-u300yTUA-4-(2-MeTHUAAAAUA)-4,5-pAuTUAPO-1H-
1,2,4-Tpma3on-5-Tuoa (4) 6bIAM MOAYYEHBI Ha KadeApe OpTaHWUYeCKOM XUMUHN
ETY.

[Npucoepunenne HykreopuroB 3 U 4 K KoMnArekcaM 1 u 2 mpoTeKkaeT B
YCAOBHSIX OCHOBHOI'O KAaTaAW3a U SIBASIETCSI TEPMOAWHAMWUYECKH KOHTPOAU-
PYEeMBIM, IIPOIIECCOM. 3@ XOAOM,pEeakKIIuM IMPHCOEAUHEHUS CAEAVAU METO-
AoM, TCX Ha SiO, B cucreme pactBoputerert CHCl3;—CH3COCH3; (3:1) 1o
WCUYEe3HOBEHUIO IISITHA MCXOAHBIX KOMIIAEKCOB (1,2) M yCTaHOBAEHHIO PaBHO-
Becust MexAy (S,5)- u (S,R)-aAmacTepeon3oMepHBIMU KOMIIAEKCAMHU ITPOAYKTOB
NIPHCOeAVHEeHUs (cxeMa).

CxeMma

CH,CN /K,CO;

T=40-50°C

X=H, Ni'l - (5)-BPB-A-Ala (1)
X=Cl, Ni''-(§)-2-CBPB-A-Ala (2)

(S.5)-5-8 (S.R)

X=H, R =CH,=CH-CH, (5), R = CH,=C(CH;)-CH, (7)
X= Cl, R = CH,=CH-CH, (6), R = CH,=C(CH;)-CH, (8)

N—N -
/ on 6N HCI Hji
NS NH 40-50°C o M o
]lz 2 C,H;0H/ H,0 (1/1) & >
-
(5)- 9,10 @
R = CH,=CH-CH, (9) (S)-BPB x HCI
R = CH,=C(CHj;)-CH, (10) (S)-2-CBPB x HCI

AOCOAIOTHAS KOH(MUIypalus O-yTA€POAHOIO aToOMa AaMHWHOKHUCAOTHOIO
OoCTaTKa AMacTepeou30MepoB KOMIIAEKCOB 5-8 onpepeadrach 1O 3HaKy OITH-
YEeCKOTO BpallleHUs IIPU AAMHE BOAHBI 589 nm, (IO aHAAOTHMH C aHAAOTHMYHO
IIOCTPOEHHBIMU KOMIIA€KCAaMU APYIUX aAudaTHdeCKd U TeTePOIMKANYECKU
3aMeleHHBIX (-aMUHOKUCAOT [5]). [ToroKUTEeAbHOE 3HAUYEHMEe YAEABHOTO OII-
THUYECKOTO BPAIeHUsI OCHOBHBIX AMACTEPEOMEPHBIX KOMIAEKCOB C MEHBIITNM
3HaueHueM Rf xHa SiO, (5-8) cBupaeTeabcTByeT 006 (S)-abCOAIOTHOM KOHMUTY-
paluu o-yTAEPOAHOTO aTOMa UX aMUHOKHUCAOTHBIX OCTATKOB.

CootHomenue (S,5)- u (S,R)-AnacTepeoMepoB KOMIAEKCOB 5-8 ompepens-
Aock MetopoM, SIMP 'H mocae 3aBeplieHust peakiuu W yCTAaHOBACHUS TEp-
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MOAMHaMHUYECKOTO PABHOBECHUSI MEKAY AMAcCTepeomu3oMepaMH (A0 XpOoMaTo-
rpadmMpoBaHUs) IO COOTHOIIEHUIO WHTErPAAOB AYOAETHBIX CUTHAAOB METH-
AEHOBBIX TPOTOHOB N-O0EH3UANPOAMHOBOTO ocTaTka npu 3.45-3.86 u 4.37-
4.80 M.A,.

CoOTHOIIIEHVE AMaCTEePEeOMEepPOB M XMMHUYECKUEe BLIXOABI Ha CTAaAMU HYK-
AeO(UABHOTO NIPHUCOEAVHEHNS IIPEACTaBAEHEl B TaOAMIIE.

Tabruya

Pe3yabTaTnl NpHCOEAMHEHHUS 3aMeIeHHbIX TPHa30Ji0B 3,4 K XUPAJIbHBLIM
xommiexcam 1,2 B cpene CH;CN/K,CO3 npu 50°C

KoMmaekcer AMHUHOKHCAOTBI

Q

X S

< w =
X = T|zg|® (S,5)/(S.R) (%)* Xum., | Ne | ee (%) | Xu
- 2 Z | & Er BBIXOA, BBI-

. M X o

s 8 (%) XOA

S a (%)
1. 1 3 120 5 89.95/10.05 68 9 98.9 47
2. 2 3 150 6 90.05/9.95 70 9 99.4 46
3. 1 4 150 7 94.15/5.85 66 10 98.8 51
4, 2 4 180 8 96.81/3.19 75 10 99.1 49

*

— coorHomenue (S,S)- u (S,R)-aAmacrepeomMepoB Ha OCHOBAHUU AAHHBIX
7 ' — XUMUYECKHUU BBIXOA HA CTAAUM HYKA WABHOTO TTPUCOEAUHE-
AMP 1H; * ec Op Ha CTa, €o oro coe, e

**

HUS; " — DHAHTHUOMEePHBIM U3OBITOK (ee) BHIAEACHHOM aMHUHOKMCAOTHI (IIO
AQHHBIM XupaArbHOro BOJKX); *** — XMMHWYECKHU BBIXOA BBIAGACHHOW aMU-
HOKHCAOTHI (B pacueTe Ha UCXOAHOE KOAUYECTBO KOMIIAEKCOB 1 u 2).

Kak BUAHO W3 AQHHBIX TAOAMIIB, B PeakIUIX IIPHCOEAMHEHUS HYKAeO-
dunroB 3,4 Kk C=C cBsI3u KOMIAEKCOB 1,2 HaOAIOAQETCSI CPaBHUTEABLHOE yBe-
AWYeHUEe KaK IIPOAOAKUTEABHOCTH, TaK U CTEPEOCEAEKTUBHOCTH peakIuu
IIPY IIepexope OT HeMOAW(UIMPOBAHHOTO KOMIIAEKCA 1 K MOAMMUIIUPOBaH-
HOMY KOMIIAEKCY 2.

3aMepreHUe peaKIUM IIPUCOeAWHEHHS B CAydae MOAUMUIIMPOBAHHOIO
KOMIIAEKCa 2, MO-BHAMMOMY, CBSI3aHO C YBEAWYEHHEM IIPOCTPAHCTBEHHBIX
3aTPyAHEHUM NPUOAMIKEHHS OOBEMUCTOTO TPUa30ABHOTO (parMeHTa K Ae-
TUAPOAMUHOKUCAOTHOMY OCTaTKy KOMIIA€KCA. A OTHOCHUTEABHOE yBeAudeHUe
CTEPEOCEAeKTUBHOCTH PeakIWU IIPHU IIePeXOAe OT HEeMOAU(UIIMPOBAHHOI'O
KoMIIAeKca 1 K MOAHMDUIMPOBAHHOMY KOMIIAEKCY 2, IIO-BUAUMOMY, OOyCAOB-
AeHO ele OOAbIIEN aecrabuamizanmedn (S,R)-amacTrepeoMepoB TPOAYKTOB
NIPUCOEAVHEHUS M3-3a YBEAUUYEHUS] CTEPUUYECKHM HEeCBS3BIBAIOIIEro B3amMO-
AEVICTBUSI MEXKAY OOBEMUCTHLIM TPUA30ABHBIM PAAMKAAOM aMHUHOKUCAOTHEI U
aTOMOM XAOpa B IOAOKeHMU 2 N-OeH3UMABHOrO ocTaTka B caydae (R)-abco-
AIOTHOU KOH(UTYPAIUH X-yTAEPOAQ aMUHOKHUCAOTHOTO OCTAaTKa.
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He3HaunTeArbHas 4acTb CMECU AMACTEPEOMEPHBIX KOMIIAEKCOB (~1 2) ObI-
Aa xpomarorpadguposana Ha SiO; (30x20 cu, CHCl3:(CH3),CO (3:1)), ocHOB-
Hble AMacTepeoMepHble KOMIIAEKCHI (S,5)-abCoAIOTHOM KOHQUTypalluu IIpo-
AYKTOB IIpucoepnHeHus (5-8) OBIAM 0XapaKTepH30BaHB! CIIEKTPAABHBIMU Me-
TOAAMU aHaAW3a (CM. DKCII. YacCTh).

BripereHnte 1eaeBBIX aMUHOKUCAOT 9 u 10 13 AmacTepeoMepHBIX cMecel
KOMIIAEKCOB 5-8 IIPOBOAMAOCE IO CTAHAAPTHOU MeToAuKe [14].

TakuM 00pa3zoM, CUHTE3UPOBAHBLI YHAHTUOMEPHO YUCTHIE (ee>98%) HO-
Bble TETEPOIIUKAMUYECKHN 3aMellleHHble aHaaoru (S)-aranmua (9,10) ¢ coaep-
>KaHUeM 3aMeIleHHBIX 5-TUOKCO-1,2,4-TpUa30AbHBIX OCTAaTKOB B OOKOBOM pa-
AvKane. [lpy 3TOM MCXOAHBIE BCIIOMOT@TEeAbHBIE XWpAaAbHBIE peareHTHl (S)-
BPB uau (S)-2-CBPB pereHepupyioTcsi B BUAE TUAPOXAOPHUAOB C BBICOKMMU
XUMHUYECKUMH BBIXOAGMH U IIOAHBIM COXPaHEHWEM HCXOAHOUW ONTHYECKOM!
aKTUBHOCTH, YTO IIO3BOASIET WX MHOTOKPATHO WCIIOAB30BaTh B PEAKIIUSAX
aCMMMEeTPUYEeCKOTO CUHTEe3a aMUHOKMCAOT.

HacTrosimmee nccaepoBaHne YaCTUYHO BBIITOAHEHO IIPU (DMHAHCOBOM IIOA-
pepxke 'KH MOH PA B pamkax Hay4Horo npoekTta Nel6AA-07.

3KC1’[epl/IMeHTa.TILHaﬂ 4acTb

Crnektper SIMP 'H cmumarm ma mnpubGope “Mercury-300 Varian"
(300 MIy), onTudeckoe BpameHue [a]p2 uamepsian Ha moasspuMeTpe “Perkin
Elmer-341", TemnepaTyphl IAGBACHUS U3MepSAAU Ha Ipubope "Melting point
Stuart SMP30".

OO6mas MeTooqUKa MpHcoeTnHeHUsI HykJIeopmwioB 3,4 k kommiekcam 1,2, Tlo
0.01 mona rommaekcos Nill-(S)-BPB-A-Ala (5.01 2) u Nill-(S)-2-CBPB- A -Ala
(5.44 2) pactBopsru B 15 mr CH3CN, apob6aBasau mo 0.02 mors KoCO3 m
0.015 monn myrAeodura 3 (2.96 ) u 4 (3.17 ). PeaknmoHHYyI0 CMecCh IlepeMe-
IIWBAAM IIPY KOMHATHOM TeMIlepaType AO MCUYE3HOBEHUSI CAEAOB MCXOAHOTO
Kommiaekca 1 (mam 2) Ha maactmHkKe TCX [SiO,, CHCI3-CH3COCH;3 (3:1)].
ITochre oKOHUAHMSA peaKIUM CMeCh (PUABTPOBAAM, OCAAOK IPOMBIBAAM alleTo-
HUTPUAOM, Y (PUABTPAT YHAPUBAAU AOCYXa IIOA BaKyyMOM, C I[E€ABIO BEIAEAE-
HUS OCHOBHBIX AMACTEPEOM30MEPOB TIPOAYKTOB MpucoepeHeHus: 5-8. He-
OOABIIIYIO 4YaCThb peakKUHMOHHOM cMecHu (1 mr) xpomarorpacduposBaru [SiO,,
20x30 cm, CHCIl3-CH3COCHj3 (3:1)] 1 muccaepOBaAU UX CTPYKTYpPH U abco-
AIOTHBIE KOH(UTYPAIUY CIEKTPAALHBIMU METOAAMMU.

Kommnuzeke 5: A, — 117-119°C. [o] 2 = +1338.23° (C=0.034, MeOH).

Hatiaeno, %: C 62.70; H 5.60; N 11.71. C33H49NgNiO3S. Breruucaeno, %: C
62.83; H 5.66; N 11.88: (CDClIj3, 8, p.p-m, Iy) 0.93 (3H, p, J=6.6, CHj3); 0.94
(3H, a, J=6.6, CHj3); 2,02 (1H, m,CH iso-C4Hy); Crnexrpsl IMP 'H: 2,08 (1H,
M,0-H, Pro); 2.20 (1H, m,y-H, Pro); 2,34 (1H, aa, J1=15.5, J,=6.7, CH; iso-
Bu); 2.37 (1H, ap, J1=15.5, J,=7.3, CH, iso-Bu); 2.53 (1H, M, B-H, Pro); 2.83
(1H, ™, B-Hy Pro); 3.42 (1H, aa, J;=10.8, J,=6.0, a-H Pro); 3.58 (1H, a,
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J=12.7, CH, Ph); 3.61 (1H, M, 8-Hy Pro); 3.76 (1H, M, y-Hy Pro); 4.37-4.49
(2H, m, NCH,CH); 4.45 (1H, a, J=12.7, CH, Ph); 4.58 (2H, ar, J;=5.2,
Jo=1.5, CH, All); 5.11 (1H, aa, J1=12.4, J,=7.4, NCH,); 5.13 (1H. ak,
J1=17.2, J,=1.5, =CHy); 5.22 (1H, ak, J;=10.3, J,=1.5, =CH,); 5.83 (1H,
AAT, J1=17.2, J,=10.3, J3=5.2, =CH All); 6.62 (1H, M, H(3) CgHy); 6.64 (1H,
M, H(4) CgHy); 7.05 (1H, yurp, J=7.6, H(2) Ce¢Hg); 7.14 (1H, daa, J1=8.%,
Jy=6.1, J3=2.5, H (5) CgHy); 7.19 (1H, m,H(4) Ph); 7.29-7.38 (3H, m); 7.43
(1H, m); 7.49-7.59 (2H, m,H-arom); 8.02 (2H, m,H(2,6) Ph); 8.22 (1H, aa,
J;=8.7,J9=1.0, H(6) CgH,): Cnekrprr IMP 13C (CDCl3): 22.7 (CHj3); 24.2 (y-
C Pro); 26.4 (CH, iso-Bu); 31.1 (B-C Pro); 34.3 (CH, iso-Bu); 46.8 (CH, All);
51.4 (NCH,); 57.5 (8-C Pro); 63.2 (CHy Ph); 67.7 (CHCH,); 70.6 (y-C Pro);
118.4 (=CHy); 120.7 (C(4) CgHy); 124.1 (C(6) CgHy); 126.4 (C); 127.7 (CH);
128.1 (CH); 129.0 (C(3,5) Ph); 129.1 (CH); 129.2 (CH); 129.3 (CH); 130.0
(CH); 130.7 (=CH All); 131.8 (C(2,6) Ph); 132.6 (C(5) CgHy); 133.5 (C(3)
CeHy); 133.6 (C); 133.7 (C); 143.3 (C); 150.4 (C); 168.5 (C); 172.0 (C); 175.7
(C); 180.3 (C):

Kommieke 6: T.mmA. = 260-2600C. Hatiaeno, %: C 59.96; H 5.30; N 11.42.
C37H39NgNiClO5S: Berumcaeno, %: C 59.90; H 5.26; N 11.33: [a]p=
+2069.20 (C= 0,25; CH30H). Cnekrput AMP 'H (CDCI3, §, m.a., Ty): 0.92
(3H, a) m 0.93 (3H, A, J=6.6, CH3); 1.99 (1H, m,CH Me2); 2,07 (1H, M, 8-H,
Pro); 2.16-2.27 (1H, ™, y-H, Pro); 2,34 (1H, ap, 2J=15.5, 3J=6.7, CH,CH
Me,); 2.37 (1H, aa, 2J=15.5, 2J_7.3, CH,CH Mey); 2.56-2.71 (1H, M, B-H,
Pro); 2.97-3.09 (1H, M, B-Hy Pro); 3.47-3.54 (1H, ™M, 8-Hy, Pro); 3.52 (1H, aa,
3J=10.7, 3J=6.5, a-H Pro) 3.67-3.81 (1H, M, y-Hy, Pro); 3.84 (1H, a, 2J=12.8,
CH,CgH4Cl); 4.43 (1H, a, 2J=12.8, CH,yCgH,Cl); 4.42-4.55 (2H, wM,
NCHCH,N); 4.58 (2H, ar, 3J=5.2, 47=1.7, CH, All); 5.01 (1H, ap, 3J=13.1,
3J=7.6, NCH,CHN); 5.13 (1H. aks, 3J=17.2, 4J=1.7, =CH,); 5.22 (1H, axs,
3J=10.4, 4U=1.7, =CH,); 5.83 (1H, aar, 3J=17.2, 3J=10.4, 3J=5.2, =CH
All); 6.63-6.70 (2H, m, H-3,4, CgHy); 7.04 (1H, ym.a, H-2 CgHs); 7.11-7.19
(2H, ™, Ar); 7.25-7.35 (3H, M, Ar); 7.40-7.45 (1H, M, Ar); 7.48-7.58 (2H, M, Ar);
8.08 (1H, ym.a, 3J=8.7, H-6, CgHy); 8.22 (1H, aa, 3J=7.6, =18, H-3
CegH,Cl): Cnektpnr IMP 13C (CDCly): 22.5 ((CH3)CH); 24.0 (y-C Pro); 26.2
(CH(CHsj),); 30.8 (B-C Pro); 34.2 (CH,CHMe,); 46.8 (CH, All); 514
(NCH,CHN); 57.6 (3-C Pro); 59.8 (CH,CgH4Cl); 67.7 (NCHCH;,N); 71.1 (a-C
Pro); 118.5 (=CHy); 120.7 (C-4, CgHy); 123.9 (C-6, CgHy); 126.7, 127.2 (CH);
127.6 (CH); 128.1 (CH); 129.1 (CH); 129.1 (CH); 129.2 (CH); 130.0 (CH);
130.5 (=CH All); 130.5 (CH); 130.6 (CH); 131.4, 132.6 (C-5 CgHy); 133.6,
133.7 (C-3 CgHy); 134.2 (C-3 CgH4CI); 135.5, 142.9, 150.4, 168.3, 172.1 175.9,
179.5:

Kommieke 7: T.mA. = 118-1200C. Hatiaeno, %: C 63.56; H 5.69; N 11.39.
C13gH4oNgNiO3S. Brerurcaeno, %: 63.27 H 5.83; N 11.66: [a]p20 = + 1449.6°
(C=0,25; CH;0H): Cnekrpsl AMP 'H (DMSO/CCly 1/3, §, m.a., Ty): 0.90 u
0.90 (3H, a, J=6.6, (CH3),CH); 1.72 (3H, ym. ¢, =CCHj); 1.94 (1H, M,
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CH(CHs),); 2.06-2.25 (2H, m,y, §-H, Pro); 2.32 (1H, aa, 2J=1509, 3J=6.7,
CH,CHMey); 2.36 (1H, ap, 2J=15.9, 3J=7.2, CH,CHMey); 2.51 (1H, m,B-H,
Pro); 2.66 (1H, m,B-Hy Pro); 3.46 (1H, m,8-Hy Pro), 3.47 (1H, ap, 3J=10.2,
3J=6.0, a-H Pro); 3.58 (1H, a, 2J= 12.5, CH,Ph); 3.68 (1H, m,y-H,, Pro); 4.16
(1H, aa, 3J=8.0, 3J=6.4, NCH,CHN); 4.19 (1H, a, 2J=12.5, CH,Ph); 4.42-
4.60 (3H, m,=CCH);N u NCH,CHN); 4.54 (1H, ym. c) u 4.83 (1H, br.s,
=CHy); 5.00 (1H, aa, 2J=13.4, 3J=8.0, NCH,CHN); 6.54-6.64 (2H, m, H-3.4
CeHy); 7.01-7.08 (2H, M, Hp,); 7.14 (1H, ™, H-4 Ph); 7.30-7.37 (2H, m,H-3.3'
Ph); 7.40-7.62 (4H, m,Hp,); 8.09 (1H, br. o, J=8.6, H-6 CgHy); 8.19-8.24 (2H,
M, H-2.2" Ph):

Kommieke 8: T.mA. = 100-110°C. Hatiaeno, %: C 60.58; H 5.23; N 11.32.
C3gH41CINgNiO3S. Berumcaeno, %: C 60.38; H 543; N 11.12: [a]p? =
+19209 (C=0,25; CH30H): Cnekrpel IMP 'H (DMSO/CCly 1/3, 8, mM.A.,
Iy): 0.93 m 0.93 (3H u 3H, a, J=6.6, Mey); 1.73 (3H, ym. ¢, CHj); 1.99 (1H,
M, CHMe,), 2.09 (1H, M, 6-H, Pro); 2.23 (1H, M, y-H, Pro); 2.33 (2H, a,
J=7.0, CH, i-Bu); 2.64 u 3.03 (1H n 1H, M, B-H, H, Pro); 3.53 (1H, aa,
J;1=10.%, J,=6.5, a-H Pro); 3.55 (1H, M, 8-Hy Pro); 3.81 (1H, m,y-H,, Pro);
3.84 (1H, A, J=129, CH)Ar); 4.35-4.48 (2H, m, NCH,CH); 4.45 (1H, a,
J=12.9, CH»Ar); 4.50 (2H, ym. ¢, NCH,C=); 4.61 u 4.89 (1H u 1H, ym. c,
=CHy); 5.14 (1H, pp, J;=12.6, J,=8.1, NCH,CH); 6.66-6.71 (2H, M, H-3.4
CgHy); 7.06 (1H, yur. a, J=7.3, H-2 CgHg); 7.11-7.20 (2H, M, Hy,); 7.25-7.36
(BH, M, Hpy); 7.43-7.59 (3H, M, Hyy); 8.08 (1H, A, J=8.6, H-6 CgHy), 8.25 (1H,
AA J1=7.6, J,=1.6, H-

Pa3noxkeHHe KOMILIEKCOB M BbIIeJIeHHE IIeJeBBIX AMHHOKHCIOT. LleneBhie
aMUHOKUCAOTE! 9 1 10 BHIAEASIAMICH M3 PEAKIIMOHHOM CMeCH KOMIIAEKCOB 5-8
mo caepytommer Metoprke. CyxoM OCTAaTOK KOMIIAEKCOB 5-8 pacTtBopsiam B
100 ma CH30OH u meprerHHO po06aBasgau K 100 mz Harpetoro Ao 500C 2N
pactBopa HCI. TTocae nMcue3HOBEHUS XapaKTEPHOM AAST KOMIAEKCOB OKpac-
KM THAPOAM3AaT KOHIIEHTPUPOBAAUM IOA BakKyyMoM, A0OaBAgAm 100 mz BOABI U
OT(UABTPOBLIBAAY HMCXOAHBIE XUpPaAbHBIE peareHTH! (S)-BPB uau (S)-2-CBPB
B BUAE THAPOXAOPHAOB. BOAHEIM pacTBOpP MPOIyCKaAM uepe3 MOHOOOMEH-
HYIO0 KOAOHKY CO CMOAOH Ky-2x8 B HT-dopMe, aMUHOKMCAOTY SAIOMPOBAAU
5% BopHBIM pactBopoM NH,OH. AMMHAUHBIN 5AI0QT KOHIIEHTPUPOBAAU TIOA
BaKyyMOM M KPHUCTAAAM30BaAu aMUHOKUCAOTH 9 u 10 M3 BOAHO-CIIMPTOBOTO
pactBopa (1:1).

(S)-B-(3-U306yTHI-4-ammin-5-THOKCO-1,2,4-TpHa3oa-1-na)-a-ananun (9). T.mA.
=246-2480C. Haiipeno, %: C 50.70; H 7.04; N 19.71. C;,H,N,O,S. Brruncae-
HO, %: C 50.83; H 7.16; N 19.84: [a] ZDO =-8.950 (C=0.335, 6N HCI). CnekTpsI
AMP 'H (DMSO, §, m.a., Ty): 0.95 (6H, o, J =6.6, CHj); 2.06 (1H, M, CH i-
Bu); 2.43 (2H, a, J=7.1, CH, i-Bu); 4.34 (1H, ap, J1 =74, J,=5.7, CHNH,);
4.46 (1H, an, J1=14.2, Jp,=7.4, NCHy); 459 (2H, A, 1, J1=5.3, Jy=17
CH,AII); 4.66 (1H, ap, J=5.7, NCH,); 5.09 (1H, pp, J1 =172, Jo=1.7, =CH,);

88



518 (1H, a, A J;=10.4, J,=1.7, =CH,); 581 (1H, pa, T, J;=17.2, Jo= 10.4,
J3=5.3, =CH):

(S)-B-[3-U300yTHA-4-(2 -MeTamami)-5-THOKCO- 1,2, 4-TpHa3e-1-wi)]|-o-ananun
(10): T.ma. =212-2140C. Haiipeno, %: Cq3H,oN,4O,S. Berunucaeno, %: C 52.35;
H 7.38; N 18.8: [a]p2 = -4.40 (C=0.5; 6N HCl): Criekrpsr IMP 'H (DMSO-
dg/CCly:1/3 4+ CF3COOA, 8, Ma., Ty): 0.97 (6H, a J=6.6, CH; i-Bu); 1.75
(3H, ym. ¢, =CCHy); 2.10 (1H, m,CH i-Bu); 2.43 (2H, A, J=7.1, CH, i-Bu);
437 (1H, apn, J;=7.5, J,=6.0, CH); 4.49 (1H, apn, J;=14.0, J,=7.5,
NCH,CH); 4.54 (2H, yur. ¢, NCHy); 4.57 u 4.86 (o6e 1H, ym. ¢, =CHy); 4.69
(1H, aa, J;=14.0, J,=6.0, NCH,CH). Cnextp SIMP 13C: 19.8 (CH;C=); 22.1
(CHj i-Bu); 25.5 u 33.4 (CH u CH, i-Bu); 47.2, 48.8 u 50.1 (NCH, u NCH);
111.7 (=CH,); 138.5 (=CCHj); 150.9 (N=CN); 1675 u 167.9 (C=S u
C=0):

YN1LU3PL N-UHPYULAFT 3,4-6LGSELUYULIUD 5-@-PO-LUN-1,2,4-
SHU2NLLEL MULAFLEENA, (S)-a-ULU LD LD LAL NESELNShULhY
LUTLUG LGP WUPUBSPY UPLEGGQ

N UL UhUNL3ul, W U UU3UL, L 3n. UINUEUE3UW L, L. L. AUG-3UTL,
U. 0. AU4UL3UL, d. L. UULPAEU3UL, U W URUMEL3UL b S. €. 1.02pu3UL

Uyuslysflyy § Sbunbprgplyfly wbiuljuyud wpuipbfy (S)-B-(3-pgnpncusfy-2-uypy-5-Fp-
opun-1,2 d-unpfuugny-1-fy)-B-uwpuisfts L (S)-B-[3-pgnpninfy-2-(2 -dbfduyfy)-5-[Ffropun-
1,2 4-wnppusgry-1-f)]-B-wypuilifets, Ginp wuilogpuibpp pupdpupggmofln apdboppy
uplufFlgh dbfFuy Ni'p Shun qhi&fpypmupubifip b pppugugpl odubiquly nbugbinaiibpl (S)-
2-N-(N"Z-pynppblgfymprpy) wiplmpblgn@bunip L (S)-2-N-(N"phlgfjuypongfy) wdfio-
plign$liunbf, Chph Spulph wnuwugpums hoduybpubibiph qphlpypnupubpih diugnpgh
byblpnpndly C=C fuuyfils Qundusmpunnufunts 3, d-mbquiljusyfud 5-[Ffropun-1,2,4-mpfrusgn-
bbph wopudbnpfly dpugdudp: Cocylngly dfgdub wpguefpe Swlighusgng qfwonk-
plnpgridbp fnduybpubibpf pumnhinepyf Shnugu wqufd[dfughle pusypusydundp b Tugquim-
bhuypts wasdfilonfofFnlilipfy polimspnfunidpughl dwppdundp ulbunndly b pupdp oupnflym-
fuits dusppreffyusdp (ee>99%) oupnpljmuybu wlunfe] Sbwbpngflypl wbqulupws (S)-o-
l.l.lll.l.lil[lil[l lllé'lllilg‘lllllilb[l.'
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ASYMMETRIC SYNTHESIS OF NEW HETEROCYCLIC ANALOGS OF (S)-a-
ALANINE CONTAINING 3,4-SUBSTITUTED 5-THIOXO-1,2,4-TRIAZOLES
IN THE SIDE-CHAIN RADICAL

H. M. SIMONYAN?®" A.S. SAGHYAN?", L. Yu. SAHAKYAN?*", N. N. BAGYAN’,
A. O. VOSKANYANS, Zh. N. SARIBEKYANS,
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1, A.Manoukyan Str, Yerevan, 0025, Armenia
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bScientific and Production Center “Armbiotechnology” NAS RA
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CArtsakh Scientific Center"” SNPO
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Efficient high-selective method for the asymmetric synthesis of new heterocyclic
substituted derivatives of a-alanine, (S)-p-[3-isobutyl-4-allyl-5-thioxo-1,2,4-triazol-1-
yl]-a-alanine  and  (S)-B-[3-isobutyl-4-(2'-methallyl)-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine, through the nucleophilic addition of the substituted triazoles to the C=C bond of
dehydroalanine moiety in Ni"' complexes of Shiff’s base with chiral auxiliaries (S)-2-N-
(N'-benzylprolyl)aminobenzophenone and  (S)-2-N-(N'-2-chlorobenzylprolyl)amino-
benzophenone was elaborated. Heterocyclic substituted derivatives of (S)-a-alanine were
isolated with high optical purity (ee>99%) after decomposition of the mixture of the
diastereomeric complexes and ion-exchange purification of the target amino acids.
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CHUHTE3 JU- U TPUIIENITUIOB, COAEPKAIIUX (S)-2-AMUHO-3-[4-
AJUIAJI-(3-TIUPUAUH-4 - U (S)-2-AMHUHO-3-[4-AJJIWJI-(3-TIMPUIUH-3 -
NJ)-5-TUOKCO-1,2,4-TPUA30JI-1-UJI|-ITPOITMOHOBBIE KUCJOTbI
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CuHTesmpoBaHbl HoBble N-dopmun-(S)- n N-dopmun-(R)-meTroHMNNenTnabl, cogepxaiime
(S)-2-amuHo-3-[4-anmun-(3-nupuauH-4'- 1 (S)-2-amunHo-3-[4-annun-3-nnpnamH-3°-un)-5-Tokco-
1,2,4-Tpunaszon-1-unj-nponnoHoBble KUCNOTbI. [oka3aHo, YTO peakuus B cryvyae AMNenTMOOB NpoTe-
KaeT C YaCTMuHOW palemu3aumein. BapbupoBaHuem ycrnoBuin peakuuMu yAanoch MOMyuYnTb CMecu
AnactepeoMepoB, B KOTOPbIX COAepXaHue npodykToB pauemusaumn N-cbopmun-(R)-meTronun-(S)-
B-[4-annun-3-(nupnanHun-4"-un)-5-tnokco-1,2,4-tpnason-1-unj-a-ananvHa un N-dpopmun-(R)-meTno-
HWUn-(S)-B-[4-annun-3-(MpnanHun-3°-un)-5-tnokco-1,2,4-tpuason-1-unj-a-anaHnHa cocTaBnsano Me-
Hee 10% B nepBoM criydae u MmeHee 7% — BO BTOPOM. [1n TpMnenTuaos, cogepkallmx ruLmH, npo-

AYKT pauemMusaumum He 6bin oBHapyeH.

Puc. 1, 6ubn. ccbinok 4.

PaHee coo0miaroch O CHHTe3e KOPOTKHX IIENTHAOB, COAEpP’KAIlUX TeTe-
POLMKAMYECKU 3aMellleHHble IIPOU3BOAHEIE (S)-a-araHmHa [1]. B mpoponsxke-
HUe paboT IO CHHTEe3y IOTeHIMAaAbHO OMOAOTHMYECKM AKTUBHBIX IIENTHAOB,
BKAIOYAIOIINX B ce0a (hparMeHTHl HeOEAKOBBIX aMUHOKHUCAOT, OBIAA MCCAEAO-
BaHA BO3MOJKHOCTH IOAYUYEHUS AW- M TPUIENTUAOB, COAeprKamux (S)-2-amu-

92



HO-3-[4-aArun-(3-tupupnH-4'- u (S)-2-aMUHO-3-[4-aAUA-3-TIUPUANH-3 -HUA)-5-
THOKCO-1,2,4-Tpua3oa-1-UA]-IPONUOHOBEIE KUCAOTEL [2].

B kauecTBe N-3aMellleHHBIX @MUHOKNCAOT OBIAU B3SITHI N-QOpMUA-(S)-
N-dopmua-(R)-MmeTrnonnHEl. CHUHTE3 IIENTHUAOB OCYIIECTBASIAU METOAOM aKTHU-
BUPOBAHHBIX 3(PUPOB, A IIOAYYEHUS KOTOPBIX OBIA MCIIOAB30BAH TMAPOKCH-
cyriuHUMUA [3,4] (cxeMma 1).

Ha mepsoil cTapum ¢ IIOMOIIBIO AMIUMKAOTeKCHAKapOopummupa mu3 N-
dopmua-(S)- u N-popmun-(R)-metmonmHoB (1,2) OBIAM ITOAYYEHBI CYKIIUHU-
MUAHBIe 3upH (3,4), IepeBeAeHHBIE Aaree KOHAeHcaluel ¢ HeOeAKOBBIMU
aMHHOKHUCAOTAMHU B IIEAOYHOU BOAHO-OPraHUUYECKOW CpeAe B COOTBETCTBYIO-
mue AunenTyAb (7-10) (cxema 2).

CxemMma 1
/ °
\/j/i O _» /
-N-For-(S)-Met o
2-N-For-(R)-Met 3-N-F0r-(S)-Met-OSu

4-N-For-(R)-Met-OSu

CxemMa 2

| |
o }/LR . ‘}—l

o N ~ N
N o)
* o + H,N OH
0
HN OH o

| 3,4 5,6 | 7,8,9,10
o

r4

\

o

pZ LLL. (j/
6,9,10
R= Q/ (5,7,8) ( )

7n9-S.S;
8uld-R,S.

CoraacHo paHHBIM AMP cnekTpockonuu 1 BOJKX, mpu cuHTe3e AUTIen-
THUAOB HAOAIOAAAOCH OOpa3oBaHUE BTOPOTO IIPEANOAOKUTEABHO palleMuye-
cKoro npoaykTa peakrnuu. CoorHorenue (S,S) u (R,S) AmacrepeoMepoB B CAy-
Yyae MCIOAB30BaHUS (S)-2-aMUHO-3-[4-aAAUA-3-TTUPUAVH-4 -UA)-5-THOKCO-1,2,4-
TPHUA30A-1-HA]-TTPOITMOHOBON KUCAOTHL (5) cocTaBasiao 74: 26, a B caydae (S)-
2-aMuHO-3-[4-aAAUA-3-TUPUANH-3 -UA)-5-TUOKCO- 1,2,4-Tpraszoa-1-ua]-mponuo-
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HOBOM KHCAOTEL (6) — 85:15. Ham He ypanoch AOOUTBCS paspeAeHUs AUacTe-
peoMepoOB METOAOM KOAOHOYHOM Xpomarorpaduu, U Ard Ooree yOeAUTEAB-
HOTO AOKa3aTeAbCTBA HAIIUX IIPEATIOAOSKEHHH MBI OCYIIECTBUAM CHHTE3
(POPMUABHBIX AMIIENTHAOB C HCIOAB30BaHWEM (R)-MeTHOHWHA (BCTPEUYHBIN
cuHTe3). B pe3yabTaTe HaMu OBIAM IIOAYYEHBI CMECHU AMIIENTHAOB C 3€PKaAb-
HO NIPOTHUBOIIOAOKHBIM COOTHOIIIEHUEM AMACTEPEOMEPOB.

B cnekrpax AMP 3TuX IeNTHAOB XapaKTEPHBIM UAM AMArHOCTUYECKUM
SIBUACSI CHUTHAA OT IIPOTOHA (POPMHMABHOM T'PYIIBI, KOTOPHIM B caydae (R,S)
AAaCTepeoMepOB NIPOSIBASIACS B OoAaee cAaOOM MAarHUTHOM IIOAe. AyOAeTHBIN
CHUTHAA MPOTOHA aAbAETHMAHOM rpynmbel Ard S,S u R,S pAnactrepeoMepoB mposiB-
astercst ipu 8§ 7.92 m § 7.96 M.A., COOTBETCTBEHHO. PacyeT MHTETrparOB 3TOTO
CHUTHaAQ MO3BOASIA OIPEAEASITH COOTHOIIEHUE ANACTEPEeOMEpPOB, UYTO, B CBOIO
o4yepepb, COBIIAAAAO C pedyabTaTaMu BOIKX.

Aaree MBI IIPEAIPUHSAAU IIONBITKY HNOAYYUTH WHAUBUAYAABHBEIE AUACTeE-
peoMephl, U3MEHUB YCAOBUS UX CHHTe3a. OKa3aroCh, UYTO NOHU)KEHHE TeM-
neparypbl peakiuu Ha 109C ¥ yMeHbIIeHWe BpeMEeHM KOHACHCAIUU CYKIIH-
HUMUAHOTO 3(upa ¢ HeOEAKOBOM aMHUHOKUCAOTOM A0 15 mun mpuUBeAO K 3Ha-
YUTEABHOMY YMEHBIIEHHWIO palleMH3alluid — AAS aMHHOKMCAOTHL 5 A0 10% u
MAST @MUHOKHUCAOTHL 6 A0 7%, COOTBETCTBEHHO.

CuHTe3 TPUNENTUAOB OBIA IPOBEAEH aHAAOTUYHO CHUHTE3Y AUIENITHUAOB.
HNcxopHBIME aKTUBUPOBAHHBIMU 3(UPAMU CAYKUAU N-dopMua-(S)-Met-Gly-
OSu. B pe3yapTaTe OBIAM CMHTE3WPOBAHEBI CACAVIOIINE TPUIENTHUABL (PUC.).

vﬁﬁ(%\w

S \\/
N
Puc. N-®opmun-(S)-mMeTMoHArmMuunTpmunenTuabi.

ChepyeT OTMETHTh, YTO MCIOAB30BaHME TAUIIMHA B KauyecTBe BTOPOM
AMUWHOKUCAOTBI AOAJKHO OBIAO MCKAIOUMTH BO3MOKHOCTH OOpa3oBaHUsI CMECH
AMaCTepeOMepoB IIPM IIOAYUYEeHHU (POPMUABHBIX TPHUIENTHAOB, UYTO OBIAO
THOATBEP>KAEHO ¢ nomolnbsio IMP crnekTpockonuu.
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JKCIepUMEHTAIbHAA YaCTh

Cnektpel SIMP 'H perucrpuposasuck Ha npubope “Varian Mercury
300VX" ¢ pabouett yactorou 300.08 My B pactBope AMCO-A6/CCl4 1/3 ¢
HUCIIOAB30BAHUMEM MeETOAA ABOWHOro pes3oHaHca. TCX 1IpoBOAMAUM Ha
nmaactuHkax  “Silufol UV-254" B cmecu xXA0podopM-ITHAAIIETAT-METaHOA
(4:4:1), TPOIBUTEAD — XAOPTOAYHUAMH.

OAEMEeHTHBIM aHaAu3 HPOBOAUAM Ha 3daeMeHTHOM CNS-O anaamzaTope
«Euro EA3000».

BOJKX aHaAu3 NenTUAOB HPOBOAWAM HA >KMAKOCTHOM XpomaTorpade
"Waters 2695 SeparationsModule” (CIHA) ¢ yApTpad®HUOAETOBBIM AETEKTO-
poMm “Waters 2487" ¢ ncnoAb3oBaHMEM cTallmoHapHoOU (aswl “AltimaC 18", 5
mrm, 250x4.6 mm; 3AIOMPOBaHNE NHPOBOAUAM B M30KPATHYECKOM pPeXUME, B
KaueCcTBe MOABMIKHOU (pa3nl mcnoab3oBaru A: 0.15% TFA+H,O, B: 0.13%
TFA + MeCN. CkropocTh HOTOKa cocTaBAdAa 1 i/mum, AeTeKTUpOBaHUeE
TIPOBOAUAU IIPU AAMHE BOAHEBI 210 nu, TeMnepaTypa KOAOHKH — 25°C, o6beM
nabeknuu — 10 pl. VICMOAB30BaAMCh XMMHUYECKHE PEaKTUBLI U IAIOEHTHI
dupmbl "Sigma-Aldrich” co crenensio uuctoThl > 99.9% (gradientgrade, for
HPLC).

OnTudecky YuCThble HeOEAKOBBIE aMUHOKHUCAOTHI IIPEAOCTaBAEHBI MCCAe-
AOBaTeAsIMHU AabOpPaTOPUU aCUMMETPUUEKOTO CUHTe3a [2].

Bszaumooeiicmeue N-popmun-(S)-memuonuna (1) ¢ (S)-2-amuno-3-[4-anmmn-(3-
napuauH-4" - u  (S)-2-amuHo-3-[4-ammmir-3-mupuann-3"-mwi)-5-Taokco-1,2, 4-Tpua-
30.1-1-mi1]-nponnonoBeIMU KHca0TamMu (5) u (6). B AOCKOAOHHYIO KOAGY C Mar-
HUTHOU MeraArkolu momerasru 0.17 2 (0.55 mmons) aMUHOKUCAOTHI 5 mam 6,
1.0 mz 0.5 M pactBopa epkoro Hatpa U 0.03 2 (0.33 mmons) TMUITEBOU COABIL.
ITpu KoMHaTHOU TeMmmeparype pAo0aBAsan (0,6 Mmora) CYKIIMHUMUAHOIO du-
pa N-copmuna-(S)-MeTronna B 3 M1 AMOKCaHa, IIePEMENINBAAY PEaKITMOHHYIO
CMeCh B TeUeHHE 2 y ¥ OCTaBASIAM Ha HOYL B XOAOAMABHHWKE IIPU TEeMIIepaTy-
pe 5°C. Ha caepyromuil A€Hb B COAEPIKAMOE KOAOBL AOOABASIAML 4 M7 OTHA-
anieraTta, 2 m1 10% AuMoHHOM KUCAOTHL U 0.2 2 xaopucToro HaTpus. [Tocae
WHTEHCHUBHOTO ITepeMelTnBaHus B TedeHne 15 mun OpraHmdecKui CAOU OTAe-
ASAM M PACTBOPHUTEAB YIApUBaAM B BaKyyMe pocyxa npu 50°C. Takum oGpa-
30M IIOAYYaAU CBETAO-’KEATBble UAM OeAble KPUCTaAABl. B caydyae aMHMHOKHC-
AOTHI 5, coraracHO pAaHBIM JAMP crekrpockomuu u BOJKX, cooTtHomenue S,S
u RS pmacrepeomepoB 7 u 8 coctaBasino 74:26, a B CAydyae aMHHOKHUCAOTHL 6
cooTHoteHne auacrtepeomepoB 9 u 10 cocraBasiro 85:15.

CesiekTuBHBIIi cuHTe3 auacrepeomepoB 7-10. B TAOCKOAOHHYIO KOAGY C
MarHUTHOM Memarko# momerraan 0.17 2 (0.55 mmons) aMUHOKMCAOTHL 5 MAU
6, 1.0 mz 0.5 M pactBopa eproro Hatpa u 0.03 2 (0.33 mmors) MUITEBOM COABI.
3ateMm npu Temiepatype 10°C pobaBasam (0.6 mmona) CYKIIMHUMUAHOIO 3(H-
pa 3 nau 4 B 3 M1 AMIOKCAHA U IIepeMellnBarll PeaKIMOHHYI0 CMeCh B Teue-
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"Hue 15 mun. Naree B copepKUMOe KOAOBL AOOABASIAML 4 ma dTUAALIETATa, 2 M7
10% amMoOHHOU KHUCAOTEI 1 0.2 2 xpopucTtoro Harpusd. [Tocre MHTEHCHUBHOTO
IepeMeNnIuBaHus B TedeHUe 15 mun OpraHUdYecKUU CAOM OTAEAIAU M PacTBO-
PUTeAb YIIAPUBAAM B BaKyyMe pocyxa npu 50°C.

N-®opmui-(S)-mernonu-(S)-B-[4-anmmn-3-(mapuaInHUA-4 " -1i1)-5-THOKCO-
1,2, 4-tpuason-1-un|-a-ananun (7). Beixop 55%, AmacTepeoMepHas YHUCTOTa
80%, T.mA. 170-172°C. Hawmipeno, %: C 49.04; H 5.42; N 18.06. C;gH55NgO0,4S,.
Brruucaeno, %: C 49.21; H 5.51; N 18.18. Cnekrp SIMP 'H (DMSO, §, M. A.,
Iy): 1.8 u 1.91 (1H u 1H, m, S_CH,CH, CH); 2.01 (3H, ¢, SCHjy); 2.42 (2H,
M, SCH,); 4.45 (1H, ™, SCH,CH,CH); 4.47(1H, aa, J1=13.7, J,=8.5,
NHCHCH,); 4.72 (1H, apa, J1=13.7%, J,=5.0, NHCHCH,); 4.80 (2H, M, CH,4
all); 4.86 (1H, app, J1=8.5, J,=8.0, J3=5.0, NHCHCH,); 5.02 (1H, ax,
J1=17.3, Jp~J3=1.5, =CH,); 5.20 (1H, ak J;=10.5, Jo~J3=1.5, =CH,); 5.89
(1H, par, J1=17.3, J,=10.5, J3=4.8, =CH); 7.65 (2H, m, H — 2, 6 Pyr); 7.92
(1H, A, J=1.6, CHO); 8.04 (1H, A, J=8,4, NHCHO); 8.24 (1H, A, J=8.0,
NHCHCOOH); 8.70 (2H, m, H — 3,5 Pyr.); 12.6(1H, mt COOH).

N-®opmui-(R)-meruonmi-(S)-B-[4-annmn-3-(mupuaaHUI-4 " -11)-5-THOKCO-
1,2,4-tpuason-1l-ual-a-ananun (8). Breixop 60%, AmacTepeomMepHas YHMCTOTa
80%, T.mA. 172-175°C. Hampeno, %: C 49.04; H 5.42; N 18.06. C;gH55NgO04S,.
Berancaeno, %: C 49.25; H 5.53; N 18.20. Cunekrp SIMP 'H (DMSO, §, m. a.,
Iy): 1.98(3H, ¢, CHjy); 1.60-1.72 (1H, M, CHy); 1.84-1.97 (1H, M, CH>); 2.32-
2.39 (2H, M, SCHy); 4.47 (1H, appp, J1=8.6, J,=8.3, J3= 4.7, CH); 4.51 (1H,
AN, J1=13.7, J,=8.3, CHy); 4.72 (1H, ap, J1=13.7, Jo= 4.7, CH,); 4.78-4.83
(2H, M, NCH, all); 4.90 (1H, aaa, J1=8.3, J,=8.0, J3=4.7, CH); 5.06 (1H, AK,
J1=17.2, J,=1.5, =CHy); 5.22 (1H, ax J;=10.6, J,=1.5, =CH,); 5.92 (1H,
AAT, J1 =172, J,=10.6, J3=4.7, =CH); 7.65-7.68 (2H, m, H — 2, 2 Pyr.); 7.97
(1H, a, J=1.5, CHO); 8.07 (1H, A, J=8.6, NH); 8.26 (1H, a, J=8.0, NH);
8.70-8.73 (2H, M, H-3,3 Pyr.).

N-®opmui-(S)-mernonui-(S)-B-[4-anmmn-3-(mapuInHAA-3 - 1iT)-5-THOKCO-
1,2,A-rpuason-1l-ual-a-ananun (9). Beixop 60%, AmactepeoMepHasi 4YHCTOTa
86%, T.mA. 155-158°C. Hawipeno, %: C 49.04; H 5.42; N 18.06. C;gHy5NgO,4S,.
Beruncaeno, %: C 49.12; H 5.58; N 18.21. Cnekrp IMP 'H: (DMSO, §, M. a.,
TIy): 1.79 (1H, m ) m 1.91 (1H, m CHy); 2.01 (3H, ¢, SCH3); 2.42 (2H, m, CHjy);
4.44 (1H, app, J1=8.5, J,=8.0, J3=5.3 CH); 4.49 (1H, aa J;=13.7, J,=8.5,
CH,CH); 471 (1H, pa J1=13.7, J,=5.0, CH,CH); 4.75 (2H, m, NCH, all);
4.88 (1H, app, J1=8.2, J,=8.0, J3=5.0,_CHCO,H); 5.01 (1H, ak, J;=1%.2,
Jo~J=1.05, =CH, all); 5.20 (1H, ax J;=10.3, J,~J3=1.0, =CH, all); 5.88 (1H,
AAT, J1=17.2, J,=10.3, J3=4.8, =CH all); 7.50 (1H, aap, J1=7.9, J,=4.8,
J3=0.8); 7.92 (1H, a, J=1.3, CHO); 8.05 (1H, ap, J;=8,5, J,=1.3, NHCHO);
8.07 (1H, aap, J;=7.9, J,=2.0, J3=1.3); 8.23 d (1H, a, J=8.0, NHCHCO,);
8.70 (1H, aa, J1=4.8, J,=1.3, H-4 Pyr); 8.83 (1H, a, J=2.0, H-5 Pyr); 12.78
(1H, m, COOH).
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N-®opmui-(R)-mernonui-(S)-B-[4-anani-3-(mupuaun-3’-ui)-5-Tuokco-1,2,4-
Tpuason-l-ua]-a-anannna (10). Brixop 62%, amacrepeoMepHas uucrtora 86%,
T.A. 160-162°C. Hatipeno, %: C 49.04; H 5.42; N 18.06. C;9Hy5Ng04S,. BbI-
yncaeHo, %: C 49.15; H 5.59; N 18.27. Cuexrp AMP 'H (DMSO, §, M. A, Iy):
1.67 (1H, m, S_.CH,CH,CH); 1.90 (1H, M, SCH,CH,CH); 1.97 (3H, ¢, SCHj3);
2.35 (2H, m,SCH,); 4.48 (1H, m, CHNHCHO); 4.51 (1H, aa, J1=13.7, J,=8.1,
CHyNH); 4.70 (1H, aa, J1=13.7, J,=4.8, CHyNH); 4.75 (2H, M, CH; all); 4.91
(1H, Ta, J;=8.1, J,=4.7 CHCOOH); 5.03 (1H, a, J=17.3, =CH,); 5.21 (1H,
A, J=10.5, =CHy); 5.90 (1H, aaT, J1 =173, J,=10.5 u J3=4.9, =CH); 7.50
(1H, ap, J1=7.6 Jo= 4.8, H- 5, Pyr.); 7.96 (1H, A, J=1.4; CHO); 8.06 (2H, M,
H-6, Pyr w NHCHO); 8.26 (1H, a, J=8.1, NHCHCOOH); 8.70 (1H, aa,
J;=48,J,=14 H — 4 Pyr); 884 (1H, o, J=19, H —2 Pyr.).

Mony4yenue N-dopmui-(S)-mernoHuarauuui-(S)-B-[4-annni-3-(nupuanHuI-
4" -mi1)-5-THoKco-1,2, 4-Tpuazon-1-mi]-a-ananuna (11). B mA0CKOAOHHYIO KOAGY C
MarHUTHOM Mermnarkon momertrator 0.185 2 (0.55 mmons) (S)-B-[4-arrun-3-(niu-
puauHUA-4 -uA)-5-TOKCO-1,2,4-Tpraszoa-1-un]-a-aranuna, 1.0 mz 0.5 M pact-
Bopa epkoro Hatpa u 0.03 2 (0.33 mmonn) muiieBom copbl. [Ipu KOMHaATHOM
TeMInepaType AobGaBasitoT 0.195 2 (0.6 mmons) cyKumHuUMHAHOTO 3cupa N-
dopmMua-(S)-METUOHUATAUITAHA B 3 M1 AMOKCAHA, IepeMeNnInBaloT PeaKInoH-
HYIO CMeCh B TeYeHHEe 2 y M OCTABASIIOT Ha HOYb B XOAOAMABHUKE IIPU TEM-
nepatype 5°C. Ha caepyroliuil A€Hb B COAEPIKUMOE KOAOBI AODABASIIOT 2 w7
10% AMMOHHOIM KMCAOTHI U TIOCA€ MHTEHCUBHOIO MepeMelluBaHus B TeueHue
15 mun ynapuBalOT peaKIMOHHYIO CMecCh AOCyXa B BakyyMe npu 50°C. Tpu-
MEeNTUA BBIAEASIOT KPUCTAAAM3AIUed U3 CMECH 3THUAAIeTaT-MeTaHOA. BBIXop
58%, T. mA. 190-191°C. Hatipeno, %: C 48.27; H 5.4; N 18.76. Co1HygN7O5S.
Beruncaeno, %: C 48.35; H 5.48; N 18.82. Cuekrp IMP 'H (DMSO, §, M. A.,
I'y): 1.80 (1H, m,CH,CH,S); 1.94 (1H, m, CH,CH,S); 2.05 (3H, ¢, SCHj3); 2.38-
2.49 (2H, m, CH,CH,S); 3.69(1H, aa, J;=16.9, J,=5.8, NHCH,); u 3.76 (1H,
A Jp=16.9, J3=5.8, NHCH),); 4.44 (1H, m, CHCH,CH,CS); 4.44 (1H, ap,
J1=13.%, J,=8.3, NHCHCH,); 4.70 (1H, ap, J;=13.7, J,=5.2, NHCHCH,);
4.80 (2H, m, CH, all); 4.90 (1H, apa, J;=8.3, J,=38.0, J3=5.2, NHCHCH),);
5.03 (1H, ak, J;=173, Jo~J3=1.5, =CH, all); 5.21 (1H, ax, J;=10.5,
Jy J3=1.5, =CH, all); 5.89 (1H, aatJ;=1%3, J,=10.5, J3=4.8, =CH all);
7.67 (2H, m, H — 2, 6 Pyr.); 7.98-8.17 (4H, m, NH, NH, NH u CHO); 8.72
(2H, m, H — 3,5 Pyr.); 12.50 (1H, 11, COOH).

Honyuenue N-popmun-(S)-memuonunznuyun-(S)-B-[4-anrun-3-(nupuounun-3 -
un)-5-muoxco-1,2 4-mpuazon-1-unj-a-ananuna (12). Cunrtes mpPOBOAUAY aHAAO-
TUYHO IIpeABIAyIeMy. Beixop 62%, T.mAa. 182-184°C. Hatipeno, %: C 48.27; H
5.4; N 18.76. C9;H9gN7O5S. Briuucaeno, %: C 48.31; H 5.41; N 18.87. Cnektp
SMP 'H (DMSO, &, M. a., Ty): 1.80 u 1.94 (2H, m, CH,CH,S); 2.05 (3H, c,
SCHj); 2.39-2.49 (2H, m, CH,CH,S); 3.68 u 3.77 (IH u 1H, aa, J;=16.9,
Jy=5.7, NHCH,); 4.43 (1H, m, CHONHCH); 4.45 (1H, apa, J,=13.6, J3=8.1,
NHCHCHo,); 4.69 (1H, aa, J,=13.7, J3=5.2, NHCHCH,); 4.76 (2H, m, CH,
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all); 4.90 (1H, aaa, J;=8.1, J,=8.1, J3=35.3, NHCHCH,); 5.01 (1H, Ak,
J1=1%7.3,Jp~J3=1.5, =CH,all); 5.20 (1H, ak, J;=10.4, J,~J3=1.5, =CH,; all);
5.88 (1H, aat, J1=1%73, J,=10.4, J3=4.9, =CH all); 7.52 (1H, aaa, J1 =79,
Jp,=4.38, J3=0.8, H — 5 Pyr.); 8.00-8.16 (5H, M, H-6 Pyr.,, NH u CHO); 8.71
(1H, ap, J3=4.8, J4,=1.6, H-4 Pyr.); 8.84 (1H, pp, J1=1.5, J,=0.8, H—2 Pyr.);
12.10 (1H, m, COOH).

WccaepoBaHMe BBHIIOAHEHO npu (huHaHcoBoM nopaepkke 'KH MOH PA
B paMKax HayuHoro mpoekta NeSCS 15T-21215.

(S)-2-UUFULA-3-[4-ULPL-G-NP PP U-4 - Y, (S)-2-UU B LN-3-[4-ULPL-(3-
MpLRYPL-3'-PL)-5-@-POLUN-1,2,4-SLPUQNL-1-BL]-
MPAMPALEER-RNFULEL MULNFLEUN, 4b- B, SCENENSHLELD
UPLEELL

3n. U +ULA3UWYL, S.N. UUrqQ-U3U, €. S. +U'L13U0L, U. U. QUuUa-Ur3uu,
E. W @-30FLOAFU3UL, \. U. 2ULAU3UL, W. N\. OUSAFM3UL L W U. UU13UL

Upuflgyly by unp N-$npdfy-(S)- ke N-$opdfy-(R)-dbfFpnbfyyubupmfybbp, npnbp
wpupilnd B (S)-2-uwidfilon-3-[4-uyfy-(3-ugpppofi-4 -l (S)-2-wdfibin-3-[4-wyfy-(3-
wippfpt-3 - py)-5-[fopun-1,2,4-unppusgny-1-py | -wqprug b Fdncibp: Sniyy & wpdfby, np
whehpnfiibph opbPhap dwdwhml) nbulgheb pheined § dustelp neghdogdodp:
Mawhgpuyp wpuydwiisbpfy sponfunc gt wpgynbpned Shupunfnp gupdun] upif@hgly
pugbupnfigbibpl pownbincpy, npnky nogbdugdul wpggacpcd’ wnwugmd N-Gnpdfy-
(R)-ddtfdfrrtafry-(S)-B-[-wsyoy-3-(wyprpopopy-4 ~fy) -5~ fropun-1,2 -snpfrusgy-1-f -
wpuibifiafs b N-$npidfy-(R)-dbfFfntsfy-(S)-B-[ 4y foy-3-(upfrpfongfrisfoy-3"~fy) -5 propun-1,2,4-
wnpfrusgny-1-fy[-wpwbflp puwblibpp  Sudwmumufpubupop jugdbgf 10 L 7%:
Spbugbupmpybbipf uplfFbyf duduiml, fugubo b awpedned bp, nogldugdul bplog (@
$ilyunirif by :

SYNTHESIS OF DI- AND TRIPEPTIDES CONTAINING (S)-2-AMINO-3-[4-
ALLYL-(3-PYRIDIN-4’-AND (S)-2-AMINO-3-[4-ALLYL-(3-PYRIDIN-3’-YL)-5-
THIOXO-1,2,4-TRIAZOL-1-YL]-PROPIONIC ACIDS

Yu. M. DANGHYAN?, T. H. SARGSYAN?®, V. T. DANGHYAN? S. M. JAMGARYAN?,
E. A. GYULUMYAN? H. A. PANOSYAN, A. H. TSATURYAN®*” and A. S. SAGHYAN?"

aScientific and Production Center " Armbiotechnology” NAS RA
14, Gyurjian Str., Yerevan, 0056, Armenia
E-mail: tatev-sargsyan-1984@mail.ru
b Yerevan State University
1, A. Manoukyan Str., 0025, Yerevan, Armenia

New N-formyl-(S)- and N-formyl-(R)-methionylpeptides containing (S)-2-amino-3-
[4-allyl-(3-pyridin-4>-  and  (S)-2-amino-3-[4-allyl-(3-pyridin-3’-yl)-5-thioxo-1,2,4-
triazol-1-yl]-propionic acids have been synthesized. It has been shown that in the case of
dipeptides the reaction proceeds with partial racemization. By the variation of reaction
conditions it was possible to obtain mixtures of diastereomers in which the content of
racemization products N-formyl-(R)-methionyl-(S)-p-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-
1,2,4-triazol-1-yl]-o-alanine and N-formyl-(R)-methionyl-(S)-B-[4-allyl-3-(pyridin-3’-

98


mailto:tatev-sargsyan-1984@mail.ru

yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine was less than 10% for the first case and less
than 7% for the second one. The racemization product for tripeptides containing glycine

was not detected as expected.
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IMoctynmao 2 II 2017

PaccMOTpeHbl CUHTETMYECKUE BO3MOXHOCTW peakuuii apunamMuoB aueTOyKCYyCHOW U apwui-
aMna03MpPOB ManoHOBOW KUCMOT C 3MeKTPOUIbHBIMU STOKCUANKeHaMu, cofepXKallMmu auunb-
Hble 1 KapBaToKCUnbHbIe rpynnUpoBkM. OBCYXAeHbl HEKOTOPbIe acnekTbl BO3MOXHOCTEN MpoTeka-
HUA peTpopeakumm Muxaans (obpaTtHas peakuust Muxaans) B apayktax, obGpasyolmxcs npu yka-
3aHHbIX B3aMMOJENCTBHUSX.

Bubn. ccbinok 15.

K mmpoKko pacnpocTpaHeHHBIM BuAaM 1,2-OTIIenAeHNs OTHOCATCI peak-
nuu (pparMeHTaluy, OTAWYAlolIyecs OT OOBIYHBIX peakiuiul 1,2-oTienAeHus
TeM, 4YTO YXOAAIIUM [(-3aMeCTUTeAb SBASeTCS He aHHMOHOM TreTepoaTroMa, a
KapbannoHoM. [Ipumepom Takol dparMeHTAlUU SIBASeTCS oOpaTHad peak-
nusgs Muwuxasaa [1,2]. CoepnHeHHs, KOTOpBIe MOTYT IIOABEPraTbCs TaKOU
dparMeHTanuy, 4acTO IOAYYAIOTCA HYKACOMUABHBIM 1,4-IpHUCOEAUHEHUEM
C-H KuCAOT K BUHHUAOTAM KapOOHUABHBIX UAM AVKAPOOHUABHBEIX COeANHEe-
HUU (XaAKOHaM), B YaCTHOCTH, II0 peakKnuu Mwuxasasa (cxema 1).
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Coepunenust obiern popMyABl 3 (@AAYKTHI), ITIOAYYEHHBIE IIO0 PEaKIuy
Muxasas (myTe A mAM ) MAM ADYTHMM IIyTeM, B NPUCYTCTBUU OCHOBAHHUSA
UAM TIPM HarpeBaHWM MOTYT IIOABEPTATLCS (PparMeHTanuu (PeTpopearIius
Muxasadg) aABogko, o nytu b nau I Opun u3 Hux (b uau I') npuBopuT K 00-
pa3oBaHUIO UCXOAHBIX coepuHenuit 1 u 2 (uaum 4,5), a Bropo#t (b uau I') — K
ob6pa3oBanuto HOBOM C-H KucAoThH 4 (MAM 1) 1 HOBOTO 3AEKTPOMUABHOTO aA-
keHa 5 (uam 2). [Tocrepuuts (5 uau 2) B CBOIO OYe€peAb MOXKET pPearupoBaTh C
HYKA€O(UABHBIM peareHToM 1 (MAu 4) ¢ oOpa3oBaHMeM HOBOI'O apAyKTa 6
(uAm 67).
ChepyeT OTMETUTBh, UYTO TyOAMKAIUM, IOCBSIIEHHBIE ITPEeBPAIeHUsIM,
nporekarwomuMm 1o nyraMm A—-b—B nan A—I'—E, B AuTepaType Maro U3BeCT-
HEHI [3,4].

B3aumoaeiicTBMe aMUI0B ALETOYKCYCHOM M aMHI03()MPOB MAJIOHOBOM
KHMCJIOT € 3TOKCHXAJIKOHAMH

Hamu nMccaep0OBaHO B3aUMOAEUCTBHE aMHUAOB alleTOYKCYCHOM M aMHAO-
3(pUPOB MAaAOHOBOU KUCAOT C COEAMHEHUSMHU, COAEPIKAIIUMU IAEKTPOPUAD-
HYIO YTAEPOA-YTAEPOAHYIO CBs3b, B YaCTHOCTH, M3YYE€HO B3aMMOAEMCTBUE
apHUAAMHAOB alleTOYKCYCHOM KHCAOTBEI / C 3TOKCHUMETHAeHAlleTUAAIleTOHOM
(aTorCcuxarkoH 8). ITokazaHo, YTO peakIus MPOTeKaeT IMPU KOMHATHOM TeM-
rnepaType B MPUCYTCTBUM TPUITUAAMUHA, IPUBOASA K 06pa30BaHUIO, IO AAQH-
ueiM SIMP 'H cniektpoB, AByx Tunoe 2-mupupoHoB — 10 (50-67%) u 11 (po
37%), cooTBeTCTBEHHO (cxema 2) [9].
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CxemMma 2

o O OEt O

)J\/U\ a ToA
+ — —_—
NHAr

20°C k=0

8 Ar 9

-EtOH

= NHAr yZ

o o N

I
Ar Ar

11B-X 10a-x
Ar=2-CH3Ph (a), 3-CH3Ph (6), 4-CH3Ph (B), Ph (r), 4-CH3OPh (1), 4-NO,Ph
(e), 2,4-(CH3)oPh (3Kk).

OobpazoBanue coeprHeHui 11 TeopeTMyecKd MOXKET HPOUCXOAUTDH CAe-
AVIOIIUM 00pa3oM: IIPOMEKYTOUYHBLIN apAYKT 9, KpoMe a3aluKAW3aluHd, MO-
>KeT TIOABEPTHYTHCS peTpopeaknuu Muxasasi ¢ oOpa3oBaHUEM HOBOTO 3TOK-
CUXaAKOHAa 12, KOTOPBIM, pearupys C UCXOAHBIM aMHAOM 7, IIpeBpaljaeTcs B
apAYKT 13 m panee, aHAAOTHUYHO IIPUBEACHHOM CcXeMe, IIpeBpalllaeTcsi B coe-
AauHeHue 11 (cxema 3).

CxeMma 3
O OEt O
o OEt 4
Q T9A O AN
ArHN 7 “—~
H 0 0 o — O \ =<0
o o AN NHAr 0 /NH
Ar
9 12
NHAr
O OEt O
o] N 0
| ~— | AN
N o -H,0 HO
| -EtOH N =0
Ar |

B moAB3y BO3MOJKHOCTH OOpa3oBaHUs 2-MUPUAOHOB 11 mo nmpuBepeHHOM
cxXeMe, B YaCTHOCTH, CBHAETEABCTBYET TOT (PAKT, UTO YBEAWUEHUE KOAMYECT-
Ba aMuAAd [/ B PEaKIMOHHON CMeCH IIPHUBOAUT K IOBBIIIEHHIO KOAWYECTBA
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YKa3aHHOTO 2-IIMPUAOHAQ, & IPU YMEHBIIEHUM KOAWYECTBa aMHuAa / HabAlo-
paeTcsa oOpaTHas KapTuHA. boaee BeCKHMM AOKA3aTeABCTBOM AAd O0Opa3oBa-
HHUS NHUPUAOHOB 11 IO IpuUBeAEHHOM cXeMe MOTAO OBl OBITH IOAyUYeHHe OT-
AEABHBIM OITBITOM IIPOMEFKYTOYHOTO 3TOKCHUXAAKOHa 12 1 BBIICHEHME ero IIo-
BEAEHUS TIPU B3aUMOAEUCTBUU C aMUAOM 7. C 3TOM IeABbI0 OBIAO IIPOBEAEHO
B3alIMOAEMCTBHE aMUAOB alleTOYKCYCHOM KHMCAOTHI 7/ C OPTO(OpPMHATOM,
IpUBEALIee, BOIIPEKU OXKUAAHUAM, K 00Pa30BaHUIO 3-OKCO-N-apua-2-(apuna-
aMUHOMETHUAEH)OyTaHaMuA0B 14 (cxema 4).

Cxewma 4
NHAr
NHAr 1. HC(OEt)3, Ac,0
o 125-130°C =
2. HC(OEt);, A —
-EtOH O OEt
O
12
7 NHAr
\ OEt °©
o —
+ ArNH, O NHAr
(@]

14

CaepyeT OTMETUTBH, UYTO QHAAOTMUYHYIO PeakIUIO BIepBble HAOAIOAAAU
Celipen U COTp. IPU M3YYEHUU B3aMMOAEUCTBUS 2-alleTOaleTUAAMUHOIUPU-
AVHA ¢ opTOOPMHUATOM B IIPUCYTCTBUH XAOPHUCTOTO IIMHKA [6].

B nmpopoaKeHUe UCCAeAOBAHUM B OOAACTHU CHHTe3a (PYHKIIMOHAABHO 3a-
MEeIIleHHBIX 2-NMMPUAOHOB HaMM OBIAO M3y4YEeHO IOBEAEHUWE aMHAOB alleTOyK-
CYCHOU KHCAOTHI 7/ TIPM B3aUMOAEUCTBUHU C ITOKCHUMETHUAEHAIETOYKCYCHBIM
acpupom (3TOKCUxarKoH 15). IIpeacTaBASIAO ONpPeAEAeHHBINM UHTepec BBIAC-
HUTB, BO-TIEPBHIX, OYAET AU MOABEPIaThCs peTpopeaknuu Muxasas IepBOHa-
YaAbHO OOpAa3yIOIIUMNCS ITPOMEKYTOUHBIM AAAYKT PeakIWUd M, BO-BTOPBHIX,
NIpU BHYTPUMOAEKYASIPHON IUKAW3AIUU 3TOTO ’Ke aAAyKTa KaKas U3 TPy
(ameTUABHAA MAU 3TOKCUKApOOHUABHAd) OyAEeT BHICTYIIATh B KadeCTBE DAEK-
Tpocuna. [TpoBepeHHBIE OMBITHI TTOKA3aAM, YTO YKa3aHHOE B3aMMOAEUCTBUE
NIPOTEeKAaeT TakyXe B IPUCYTCTBUM TPUITHAAMHHA IIPU KOMHATHOM TeMIlepa-
Type, IpuBoAs, 1o AaHHBEIM AMP 'H, 13C u AEPT cnekTpoB, K 06pa3oBaHUIO
IIPOU3BOAHBIX 2-TTUPUAOHOB 16 (52-87%) u 11 (A0 37%), COOTBETCTBEHHO (CXe-
Ma 9) [7].
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Cxema 5

NHAr (0] (0] (0] (6]
__TOA20°C = OEt = NHAr
EtO__~ - EtOH -H,O +
O ITI O ITI
Ar Ar
16a-x 2 11a-x
NHAr NHAr
fe) OEt e} o
B ——
O O —
O H (0] - OEt
EtO )I\/U\ OEt
17 12

Ar=2-CH3Ph (a), 3-CH3Ph (), 4-CH3Ph (8), Ph (r), 4-CH30Ph (1), 4-NO,Ph
(), 2,4-(CHs),Ph ().

O6pazoBaHue 3aMelleHHBIX 2-ITUPUAOHOB 16 CBHAETEABCTBYET O TOM,
4TO B apAYKTe 17, B KOTOPOM BO3MOJKHBI HECKOABKO BHYTPUMOAEKYASIPHBIX
IUKAU3AIMM (a3a- UM KapOOIUKAM3alus), MPOUCXOAUT a3alluKAM3AIUug C
y4JacTHeM aMUAHOM M almAbHOM rpymnn. OOpa3oBaHue Xe 2-MUPUAOHOB 11
CBHUAETEABCTBYET O TOM, UTO IIpPOTEKaHHe peTpopeaknuu Muxasada c
yuactreM apAyKToB 9 m 17 He 3aBUCUT OT (pparMeHTa, KOTOPLIA IPUCYTCT-
ByeT B 3TOKcHXarKoHe (8 mam 15). C 1eAbio MOATBEPIKAEHUS TAKOTI'O IIPEATO-
AOJKeHUsI HaMM OBIAO MCCAEAOBAHO B3aMMOAEUCTBHUE aMHAOB alleTOYKCYCHOU
KHCAOTHI 7 C 3TOKCUMETHAEHITUAMAAOHATaMU (3TOKCUXaAKoH 18). BriscHu-
AOCBh, YTO yKa3aHHOe B3aUMOAEMCTBHE, KaK M B IPEABIAVIIIUX CAyYasdx, HIpo-
TeKaeT NIPU KOMHATHOM TeMIlepaType B NPUCYTCTBUU TPUSITHUAAMMHA, IIPUBO-
A9 K 0Opa30oBaHUIO NPOAYKTOB peTpopeakumu Muxasrga — 11 (55-84%). Oa-
HOBPEMEHHO, B 3aBUCUMOCTM OT MOABHOTO COOTHOIIIEHUS HCXOAHBIX COEAU-
HEHUU U DSAEKTPOHHOU INPUPOABL 3aMeCTUTeAsT Ar, oOpa3yroTcs TakKe TpHU-
3TUAAMMOHUM  5-alleThA-1-apua-3-aAKOKCUKapOOHUA-6-0KCO-1,6-AUTHUADPOTIN-
puauH-2-oAaTH (19, 10-28%, cxema 6) [8].
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CxeMa 6

0 0
@ 90 © _TOA20°C_
M + _ + = NHAr
NHAr OEt . EOH °0® I
7 DEL N” TONHEt, o7 N
18 r 19a-x Ar o 11a-x
l 7
-EtOH
NHAr EtQ NHAr
o) OEt o)
B ——
(0] H o - 0
20

Ar=2-CH3Ph (a), 3-CH3Ph(6), 4-CHsPh (8), Ph (), 4-CH3OPh (x), 4-NO,Ph
(e)v 214'(CH3)2Ph ()K)

Kak BUAHO M3 IIOAYUYEHHBIX PE3yYABTATOB, B OTAMYME OT AQHHBIX, IIOAY-
YEeHHBIX [IPU B3aMMOAEUCTBUM aMUAd / C 3TOKCHMeTHUAeHAreTmAareHoM (8)
UAU 3TOKCHUMETHAEHAIleTOYKCYCHBIM 3¢pupoM (15), Korpa B OCHOBHOM IIOAY-
YalOTCs NPOAYKTHl BHYTPUMOAEKYASIPHOM a3allMKAM3AIlUU COOTBETCTBYIOIINX
aAAYKTOB, B AQHHOM CAyYae AOMHUHUPYIOIIUM HAIllPaBA€HMEM B3aMMOAEHCT-
BHS CTAHOBUTCSI 0Opa3oBaHMe NMPOAYKTOB peTpopeakuuu Mmuxasas. HeTpya-
HO 3aMeTHuTh, UTO B AQHHOM CAyYae, B OTAMYMe OT apAyKToB 9 m 17, Hampas-
AeHVe BHYTPUMOAEKYASIDHOU a3allMKAM3AINN He SBASIETCS AOMUHUPYIOIIUAM,
IIOCKOABKY 3TOKCHUKApPOOHUABHASA IPYIIIA SBAIETCS OOAee CAAOBIM JAEKTPO-
duroM, ueM alleTHuAbHAs TpyIa.

VMesa B BUAY TOT (DakT, UTO IPU B3aUMOAEMCTBUU aMHAOB alleTOyKCYC-
HOM KHCAOTHI C 3TOKcHUXarkoHamu 8, 15 u 18 mpoayKTHI peTpopeaknuu Mu-
XasAsl BcerAa O0pas3yloTcCs, He3aBHCHUMO OT IIPUPOABI IPUCYTCTBYIOUIUX B
9TMX XaAKOHAaX TPYII, MHTEPEeCHO OBIAO M3MEHUTH aMUAHYIO YacThb IIpOMe-
JKYTOYHOTO apAyKTa. C 3TOM LeAbI0 OBIAO M3YYEHO B3aUMOAEUCTBUE aMUAO-
3(HUPOB MAaAOHOBOU KHUCAOTHI 21 ¢ aTOKcuxarkoHamu 8, 15 u 18. Caepyer oT-
METHUTb, 9TO UCCAEAOBAHUE B3aUMOAEUCTBUS aMUA03(PUPOB 21 ¢ 3TOKCHXaA-
KOHOM 8 MOTAO OBI MPOSICHUTH IIOBEAEHHE IIOCAEAHETO B YCAOBHUSIX HYKAEO-
(PUABHOTO IIPUCOEAMHEHNS, T. €. IBASIIOTCS A OJKHA@eMble 2-IIMPUAOHBL IIPO-
AYKTaMHu peaknum Muxasad (myTh A) uau ke KHéBeHareas (nyTh B). [Tpose-
AEHHBbIE OIBITHI ITOKA3aAM, YTO yKa3aHHOE B3aMMOAEMNCTBHE HMeeT MeCTO B
IPUCYTCTBUM TpudTHAaMuHa Tipu 20°C u, coraacHo aauHBIM SIMP 'H, 13C
cnekTpoB 1 PCA, mpuBOAUT K oOpa3oBaHuio coepmHenuit 23 (33-55%, cxema
7) [9,10].
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CxeMma 7

OEt
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NHAr
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Ar 24 Ar g f 23a-x

Ar=2-CH3Ph (a), 4-NO,Ph (6), 4-CHsPh (8), Ph (r), 4-CH;OPh (x), 3-CHsPh
(e)v 2v4'(CH3)2Ph ()K)

I
o

NHAr
22

EtO

CAepyeT OTMETHUTH, UTO B CAyYae MOHOaMuAa 21, B OTAMYME OT aMUAOB 7,
o0Opa3oBaHMe KOHEUYHBLIX MPOAYKTOB 25, KOTOpBEIE MOTAM OBI 0Opa3oBaThCS
peTpopeakiue Muxasaa (IyTh B), He HabGArOAQETCS.

TakuM o06pa3oM, IpU CpPaBHEHUM AQHHBIX, IIOAYUYEHHBIX IIPU B3auMO-
AEVICTBUY aMHAOB alleTOYKCYCHOM KHMCAOTHI / C 3TOKcuXankoHamu 8, 15, 18,
C AQHHBIMH, IIOAYUYEHHBIMU IIPU peaKIMHi aMHUA03(UPOB MAAOHOBONW KUCAOTHI
21 c 3TOKCHUXAAKOHOM 8, CTAaHOBUTCS SICHO, UYTO PErvoXMMUS IIpeBpallleHus
IIPOMESKYTOUYHBIX aAAYKTOB, ITOAYYAIOIIUXCS IIPU OTUX B3aUMOAEHUCTBUSX, 3a-
BUCUT OT IIPUPOABI @MUAHOT'O (PparMeHTa B 3TUX apAYKTax (cxema 8).

CxemMma 8
R OEt
o) OEt o) fe) OEt o)
(0] H 0] 0] H O
NHAr R’ NHATr

R=R'=CHj (9); R=CH3, R'=OEt(17); R=R'=0O Et (20).

/N A

peTpopeaKiius UKAM3AINSA peTpopeaknysa I VKAU3AI U

C 1eAbl0 TOATBEPKAEHHUS 3TOM 3aBHCHMOCTH, @ TaK’Ke AAS CO3AAHUSA
HOBOTO AOCTYIIHOI'O METOAA CHHTe3a paHee He HM3BECTHBIX 3aMeIlleHHBIX 2-
MHUPUAOHOB, HaMM HCCAEAOBAHO B3aMMOAEUCTBUE apHUAaMHA03(upoB 21 ¢
5TOKCUXAaAKOHOM 15 B IPHCYTCTBUM TpU3THMAAMUHA. [IpoBepeHHBIE OIBITHI
IIOKAa3aAd, YTO YKa3aHHOE B3aMMOAEMCTBUE NPOTeKaeT ¢ 00pa3oBaHUEeM, IO
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apaHHBIM WK, IMP 'H, u 13C cnekTpoB, TOABKO NPOAYKTOB a3allMKAU3AIAN
apAyKTa Muxasagd — AMITUA-G-METHUA-2-OKCO-1-apua-1,2-AUTrMAPONIUPUANH-
3,5-pAuKapbokcuaaToB (27, 17-65%, cxema 9) [11].

Cxema 9
NHAr B OEt EtQ ] o o

o) OEt o

T9A . EtO = OEt
T9A 20°C
——
Et o H O |0 EtOH O N
Ar

15 NHAr

L 26 _ 27a-a

Ar=4-NO,Ph (a), 2-NO,,4-CIPh (6), 2-NO,Ph (B), 3-NO,Ph (r), 4-NOy,2-
CH3Ph (1), C3H,NS (tmasoann) (e), 4-CH3OPh (s), 4-CHzPh (3), 2-CHjPh
(1), 2,4-(CHj3),Ph (k), Ph (a).

Taro# X0pA B3aMMOAEUCTBUS CBHUAETEABCTBYET O TOM, YTO, BO-TIEPBHIX,
PEeruoxXuMust AAABHEHIIeTO IIpeBpaleHust apAyKTa Muxasas 26 AeHCTBUTEAD-
HO 3aBHUCHUT OT IIPUPOABI aMUAHOTO (hparMeHTa, 1, BO-BTOPHIX, IPKU OAWHAKO-
BBIX YCAOBHUSIX TIOHVJKEHHWE 3AEKTPOHOAKIIEITOPHOCTA apoMaTHYeCKOTO
KOABIIa TPUBOAWUT K CHUJKEHUIO BBIXOAOB IIPOAYKTOB IMKAM3anuu 27a-ia. Ta-
KOM pe3yAbTaT OKa3aACsl HEOKUMAAHHBIM C TOUKM 3pEeHUs AOHOPHO-aKIlell-
TOPHOTO B3aUMOAEUCTBHUS MEXKAY aMHUAHOM U allUABLHOM T'PYIIIaMH, ITOCKOAL-
Ky B YKa3aHHOM PSIAY 3aMeCcTHUTeAel Ar (cM. cxeMy 9) AOHOPHOCTb HYKA€O-
dura yBeamunBaeTcs. Ecanu >Xe NOAydeHHBIE AQHHBIE PACCMOTPETh C TOYKH
3peHus. KUCAOTHO-OCHOBHOTO B3aWMOAEMCTBUS, TO, UMeSI B BHUAY, UTO KWC-
AOTHOCTB COTIPSIKEHHOM KUCAOTHL EtsNTH (pKa =11, [12]) HaMHOTO GOABIIIE,
uyeM amupHoM NH rpynnel (pKa =17, [13]), yKa3aHHas peaklus He AOAKHA
uMeTh MecTo. Ha HaIm B3TASIA, TOAYUYEHHBIE AQHHBIE MOJKHO OOBSICHUTDH, €CAU
MIPEATIONOJKUTE, UTO IIPU IUKAW3AINNA AUMUTHUPYIOMIEH CTaAMel SIBASIETCS He
HYKA€O(UABHOE IIPUCOEAVHEHNEe K allMABHOM Irpymnme (26—28), a OTpeIB IIpo-
TOHA OT TIOAOJKUTEABHO 3apsi>KeHHOW aMUAHOM rpymnnbl (28—29), u B 3TOM
CAyd4ae yBeAWUYeHUe aKIENTOPHOCTH apoMaTHYeCcKOTOo KOABIla OYAEeT CIio-
CcOoOCTBOBATH YCKOPEHUIO IIporiecca (cxema 10).
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CxemMma 10

(@) S
o @ o
HN O /N\
| A’ H
28

Ar 26
@
EtsN | Et,NH
o} OEt O
EtO = | OEt «—— |EtO o OEt

o

l¢] ITI o] ITI

Ar Ar
27a-A 29

C 5TOl TOUKM 3peHHsI UHTepPeCHO OBLIAO BBISICHUTH BAUSHME Ha HaIpaB-
AeHUe B3aUMOAEMCTBUS, €CAM B apAyKTe 26 alMABHYIO IPYHIy 3aMeHUTh
3TOKCUKAPOOHUABHOU TIPYIINOMN, T. €. MOIPOOOBaTh IOAABUTH HAIlpaBAEHUE
BHYTPUMOAEKYAIPHOM a3allUKAU3AIMK U TeM CaMbIM CIIOCOOCTBOBAThH IIPOTe-
KaHMIO peTpopeakumu Mwuxasas. C 3TON LeAbI0 UCCAEAOBAHO B3alMOAEMCT-
BUe aMuA03(pUpoB 21 ¢ s3ToKCcmXarkoHOM 18. [TpoBeapeHHBIE OMBITHI ITOKa3a-
AW, UTO yKa3aHHOe B3aUMOAEMCTBUE IIPOTeKaeT B INPUCYTCTBUU TOA U Ipu-
BOAUT K 00pa30BaHUIO TOABKO IIPOAYKTOB a3allMKAW3AIUU IPOMEKYTOUHOTO
apaykra 30 — TpMITHMAAMMOHUM  3,5-AH-(3TOKCHMKApPOOHUA)-1-aprA-6-0KCo-
1,6-purupponuprupuH-2-oraToB (31, 31-56%, cxema 11) [14]. [ToarydyeHHBIE CO-
Au 31 (mHOTAQ 6€e3 BHIAAEHUS) TPU IMOAKUCAEHUU IIpeBpallleHbl B COOTBETCT-
BYIOIIHE 2-TIMPUAOHBI 32.

Cxema 11
0 EtO OEt EtO
EtO o o) EtO o
+ TDA, 20°C
— —_—
EtO OEt 0 o H o}
e} ArHN OEt  ArHN
18 21 30 f
%)-EtOH
o} 0 o} 0
e
EtO = OEt =—— FEtO = | OFEt
0@
o ITI OH o l?l ONHEt;
Ar Ar
32a-xx 31a-x

Ar=4-NO,Ph (a), 2-NO,-4-CIPh (6), 2-CH3Ph (8), 2-NO,Ph (r), 3-NO,Ph (),
2-CH3-4-NO,Ph (e), 4-CH3Ph ().
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Takum oO6pa3oM, HaMU pa3pabOoTaH elle OAUMH HOBBINM AOCTYIIHBII METOA
CHHTe3a paHee He M3BECTHBHIX (PYHKIIMOHAABHO 3aMeIeHHBIX 2-TIIMPUAOHOB.
Yrto KacaeTcsd IMPOTEKaHUS peTpopeakiuu Muxasasi, TO MPU B3aUMOAEHUCT-
BHUM aMuA03pUpoB 21 ¢ sTokcmxarkoHam# 8, 15 m 18, B oTAmume OoT aMHAOB
aIeTOYKCYCHOM KUCAOTHI /, HE3aBHCHMO OT JAEKTPOHHOM IIPUPOABI (PYHK-
IMOHAABHBIX TPYII B 3TOKCHUXaAKOHAaX, OHa He HPOUMCXOAUT. Takoe pa3Au-
yre B IOBEACHUH aMUAOB 7 M 21 IpHM peakIUsAX C 3TOKCUXAAKOHaAMH, I10-BU-
AUMOMY, CBSI3aHO C PA3HOCTHIO KMCAOTHOCTEHN ITOABVIKHBIX @TOMOB BOAOPOAA
B IIPOME’KYTOUHBIX apAyKTaxX. CAepyeT OTMETUTh, UTO B apAYKTax 33, Kak OT-
MeUeHO BBIIE, CYIIECTBYIOT ABa BapHWaHTa IIPOTEKAHMs peTpopeaknuu Mu-
xasag. OAVH U3 HUX MOYKET IPOTEKAaTh C OTIIEeIIAeHMeM aToMa BoaopoAa Hy,
IIPUBOAS K 00pa30BaHUIO MCXOAHBIX coepamHeHutt 34 u 35. B mpuHIiiume 3TOT
IpOoIecC He AOAJKEH BAUSTH Ha MPOTEKaHMe BTOPOM PEeTPOPeakIIuu C OTIIel-
AeHUeM aToMa BoAOpopa Hg, mpuBOaAIelt K HOBOMY 3TOKCUXAAKOHY 36

(cxema 12).
Cxema 12
R R2 R Ot
0 OFt o o:v/</\ >:
J— + ,/_m Ha - ) /—\
0 o —~ O:( H >:0
R! 1
34 ArHN s R 33 ArHN NHAr

ITpoTekaHue peTpopeakImu C OTIIEIIAeHWEeM aToMa Bopopopa Hg, B oc-
HOBHOM, AOAJKHO 3aBHCETH OT €ro KMCAOTHOCTU U OCHOBHOCTM IIPUMEHSIeMO-
TO KaTaAu3aTopa. XOTS MBI He pacloAaraeM KOHKPETHBIMU AQHHBIMHM O KHC-
aotHOCTH Hg B appykTax 9, 17, 20, opHaKO cunTaeM BO3MOKHBIM CPaBHUBATH
KHUCAOTHOCTH apUAAMHAOB alleTOYKCYyCHOM KHUCAOTHI (pK,=10.5 [15]) u co-
OPSI>)KEHHOM KUCAOTHI TpuaTuAamuHa (pK,=11, cxema 13). M3 3TOorO CpaBHe-
HUS BUAHO, 9TO, ITIOCKOABKY 3TH BEAWYWHBI TPUOAM3UTEABHO PaBHBI, TO YKa-
3aHHBbIE aAAYKTHI, HapSAY C IIMKAM3AIUel IIOABEPraloTCsl Takyke peTpopeak-
nuu Mwuxasas, npudeM, T. K. B apaykTe 20 aAeKTPO(pUABHOCTE 3TOKCUKApPOO-
HUABLHOU TPYIIBEI HUJKE IO CPABHEHUWIO C allMABHOM TPYHIIOH, TO B 3TOM CAY-
Jae AOMUHUPYIOIIVMM HallpaBAeHNEeM CTaHOBUTCS peTpopeaknus Muxasad.

Cxema 13
OEt OEt
(¢} OEt O o) OFEt (0] O OEt (0] ®
H, Hg H, Hg H, Hy, EtNH
0 H o o H o o] H o 110
ArHN ArHN OFt ArHN
9 17 20
~10.5 ~10.5 ~10.5

AHanOTMYHOE CpaBHEHUE KHCAOTHOCTEN aToMa BOAOpoAa Hg B apayKTax
22, 26, 30, mOAyYEeHHBIX NIPU B3aMMOAEUCTBUU aMuA03(hupoB 21 (pKy=12.5%),
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n COHpﬂ)KeHHOfI KUCAOTBI TPUITUAAMUHA IIOKA3bIBAET, YTO IIOCKOABKY KHUC-

AOTHOCTH Hg aTromMa BopOpPOAa B YKa3aHHBIX aAAYKTaX CPaBHUTEABHO MEHb-
1Ie, TO peTpopeakius Muxasas B mpucyTcTBuu TOA He IPOUCXOAUT.

Cxema 14
OEt EtO
(¢} OFEt o
H, Hg
0 H 0
ArHN ArHN
~9.0 22 ~12.5% ~11.0 26 ~12.5

OFEt EtO
0 OFt 0 ®
H, H,  ENH
o H 0 11.0
OEt ArHN
30
~13.0 ~12.5

*3nauemne pK, amugoadpupa 21 B /mTeparype He W3BECTHO M OHO paccumraHo mcxomd u3 pK,
MasoHoBoro 5¢upa (13.0) 1 pasHOCTH KHCJIOTHOCTEN aneToykcyHoro apupa (11.0) u ero amamm
(10.5), xoropag cocraBager 0.5 (13.0-05=12.5).

V3 BBIIIEU3AOKEHHOIO CAEAYeT, YTO, €CAU IIPUBEAEHHBIE OOBSICHEHUS
COOTBETCTBYIOT AEHCTBUTEABHOCTH, TO IIPW IPUMEHEeHuUu 60Aee CHABHOTO OC-
HOBaHUA, 4eM TOA, apAYKTBI AOAKHBI IIOABEPraThbCs PETPOPeakIuu C OT-
1enAeHreM atoMa Bopopopa Hg. C 3TOM IleAblo M3y4YeHO B3aUMOAEMCTBHE
apuAaMuA09(UPOB 21 ¢ ITOKCMXAAKOHOM 18 B MPHCYTCTBHUM 3THAATa HATPHUS
(pK;=18). IIpoBepeHHEIE ONBITEI IIOKA3aAW, UYTO, ACMCTBUTEABHO, B PE3YAb-
TaTe IIPOBEAEHHOTO B3aUMOAEMCTBUS, HAPSIAY C HAaTpui 3,5-AU(3TOKCHKapOO-
HUA)-1-apun-6-okco-1,6-auruaponupupnH-2-onaTaMu (37, 25-55%) obpasyrot-
Cs Tak’Xe IIPOAYKTHI peTpopeakimu Mmuxasagd — HaATpUM 5-(3TOKcuKapOo-
HUA)-1-apuA-6-0Kco-3-(apuArKapObaMouA)-1,6-AUTUAPOTTUPUANH-2-0AaTaM (38,
26-40%, cxema 15) [14].

CxeMma 15
o)
Et
o . o )ifk
o °®
EtO OEt s
+O 18 EtONa, 20°C 37a-r Ar 32a-r
EtHO
° EtOH o o o o
o EtO = | NHAr @ Eto =z NHAr
| 0w — |
ArHN — N o PN o
21
Ar 38ar Ar 39ar

Ar=4-NO,Ph (a), 3-NO,Ph (6), 4-CH3Ph (B), 2,4-(CH3),Ph (r).

Chaepyer orMeTuTh, uTo B 2010 r. OBIA@ OIyOAMKOBAHA CTaThd [4] mop
Ha3BaHUeM 'Peakimu AUITUA 2-(3TOKCUMETHUAEH)MaAOHATa C 2-IMaHoalleTa-
HUAAMUAAMU: HEOKMAAHHBIM ITEPEHOC 3TOKCUMETUAEHOBOW TI'PYHIBI', B KO-
TOpOM (haKTHUUYECKHU BIIepPBble 3KCIIEPUMEHTAABHO BBIAEAEHBI IIPOAYKTHI peT-
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popeaknun Muxasasd C ydacTHeM JTOKCHXaAKOHOB (42, cxema 16), mpyiue
no nytu A—b—B (cMm. cxema 1).

Cxema 16
O O, 0 7
EtO NHAr  EtoNa NC ~ OEt NC = NHAr
—— + —_— | |
EtOH +
EtO OEt o o] ITJ OH O 'T‘ NH,
18 © 40 Ar Ar
41 42

O606111as1 UMeIIMecs AaHHBIE TI0 PETPOPeakIIuy apAAYKTOB MUXasasd C
oOpa3oBaHWEM HOBOI'O 3A€KTPO(MHUABHOTO aAKeHa, MOJKHO 3aKAIOUHTh, UTO
BO3MOYKHOCTU MOAYYEHUS IIPOAYKTOB €Tr0 AAABHEHIIEeTO IIpeBpallleHus! 3aBU-
CST KaK OT KHMCAOTHOCTH aToMa BOAOPOAQ, HAXOASIIEroCs B aMHUAHOM 4YacCTH
aAAYKTa, TakK ¥ OT OCHOBHOCTH IIPUMEHSIEMOI'0 KaTarn3aTopa.

L5-YhulreN LPLUESPL UPUSAFE-3NFLLELOFU UbuU3EGLP
NESLNNBUGESPUSP LLEWLULAF NLUCTLACOFE-3NP L LELD
UUQUhL: HOFLESPALUL SEAUGULIUO
2-NpPENLLELP UDPLE-GQ

U. U. UULQU3UL, U. U. SU3NS3U, U N. SUULURBUL, U lu. vEUS,3UL,
U E LUAUUSUL, U U UULQU3UL U U. O uNLUNdU

Humuplypfly b wglnnpuguwfufdf wpppudpgbbpp, dwnio@ddf wpfpudfipng-
Phlpubpp b wglupy- ne fpmppbfdopufifudpufnprduby wupncinalng bylilnpndfy Lfdopuf-
4Lu[151711.'

THE POSSIBILITIES OF THE FLOW OF MICHAEL RETRO REACTIONS
IN THE 1,5-DICARBONYL COMPOUNDS. THE SYNTHESIS
OF FUNCTIONALLY SUBSTITUTED 2-PYRIDONES

M. S. SARGSYAN*, S. S. HAYOTSYAN, A. A. HASRATYAN, A. Kh. KHACHATRYAN,
A. E. BADASYAN, A. A. SARGSYAN and S. G. KONKOVA

The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
Institute of Organic Chemistry
26, Azatutyan Ave., Yerevan, 0014, Armenia
E-mail: mushegh.sargsyan@yahoo.com
Tel.: +37493284843

The possibilities of interaction of arylamides of acetoacetic- and arylamidoesters of
malonic acids with electrophilic ethoxyalkenes containing acylic- and carbethoxy groups
were investigated. The possibilities of Michael retro reactions are discussed redarding
the stated reactions.
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SYNTHESIS OF NEW PYRIDINES AND PYRAZOLOI1,5-a]PYRIMIDINES
CONTAINING BIOGENIC AND PHARMACOPHORE FRAGMENTS
BY RECYCLIZATION OF THE PYRIMIDINE RING

G. G. DANAGULYAN 12
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The review is devoted to two rearrangements of iodoalkylates of pyrimidinylacetic acid
derivatives proceeding under the action of biogenic and pharmacophore-containing primary amines
and carboxylic acid hydrazides. The reactions result in almost inaccessible by other ways nicotinic
acid and pyrazolo[1,5-a]pyrimidine derivatives.

Figs. 3, references 76.

Introduction

Pyridine and pyrimidine derivatives are known to form the basis of many
medications. Therefore, obtaining new derivatives of these heterocycles to a great
extent is a guarantee for revealing biological activity in synthesized compounds. The
probability of biological activity manifestation significantly increases upon
introduction of pharmacophore groups or fragments of natural biogenic compounds
into a molecule of a compound being synthesized.

It is known that the reactions used in medical chemistry, as a rule, are based on
well-proven and simple transformations, such as the reactions of substitution,
condensation, cyclization.

The presented review is devoted to novel, original methods of introducing
pharmacophore and biogenic groups into molecules of nicotinic acid derivatives and
those of condensed system of a series of pyrazolo[1,5-a]pyrimidine. Elaboration of
these methods is connected with study and revealing in our laboratory novel
nucleophilic recyclizations of 1,4,6-trimethyl-2-(ethoxycarbonyl)methylpyrimi-
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dinium iodides proceeding under the action of such nucleophiles as various amines
and hydrazine derivatives. The suggested presentation focuses on rearrangements of
pyrimidinium iodide under the influence of different nitrogen-containing
nucleophilic reagents proceeding through heterocycle recyclization. The described
transformations result in derivatives of pyridine, 1,2,4-triazole and fused systems
containing biogenic and pharmacophore fragments of the initial amine reagent.

1.1.The background of work

Within the last several years the Laboratory of Nitrogenous Heterocycles of the
Institute of Organic Chemistry of the Scientific Technological Centre of Organic and
Pharmaceutical Chemistry NAS RA together with the Laboratory of Biologically
Active Heterocycles of the Russian-Armenian University have been involved in the
research of nucleophilic rearrangements of pyrimidine systems. The research is
aimed at study of isomerizational recyclizations, in particular, of the so-called
“enamine rearrangements” [1-8] or “Kost-Sagitullin rearrangements”. These studies
continue and develop the investigations started in the seventies, when was
discovered the rearrangement of 1,4,6-trimethyl-2(ethoxycarbonyl)methylpyrimidi-
nium iodide into 2-aminonicotinic acid derivatives proceeding under the action of
amines, as well as recyclization of condensed pyrimidines into condensed pyridines
[9-11].

Formally the recyclization proceeds with substitution of endocyclic nitrogen
atom by exocyclic carbon atom. That is why to mark such recyclizations we have
introduced the term N-C-rearrangement [12-14].

By analogy with the known Dimroth rearrangements in a series of
pyrimidinium salts [15-19], where the initial nucleophilic attack is at position 6, we
have proposed the scheme of the given transformation [2, 9] with the attack at
position 6.

+
Me Me  NH,Me
Z
Me -
/(L il — /f/ /<l\ivl .
X, xR +
Me A . _R Me NO

Me {NH,Me
+ Me Mme N \ 7 R
Z N7 MeNH (_|
| I 2 Me Me ~ "
N M

R
Me N NN ~ R
’ )\/R |
7 >z
R=Ph - 34% R=COOEt - 69 % Me N M¢é

N NHMe

-MeNH,

It has been shown in our laboratory that similar rearrangement of 1,2-
dialkylpyrimidinium salts could also proceed under the action of various amines
containing a radical other than that at a quaternized nitrogen atom of the
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pyrimidinium salt [20-23]. This leads to recyclization of the pyrimidine derivative
into pyridine derivative with simultaneous incorporation of the alkyl amine group of
the amine reagent into the molecule of the reaction product. As a result almost
inaccessible 2-alkylaminopyridines are formed that contain a fragment of the amine
introduced into the reaction.

Me Me

x RNH, Jl\/\/[coom
Me” “X7 “—COOEt ~ Me” >N” NHR

-

Me 1

lodomethylates of pyrimidinylacetic amides and nitriles also enter into similar
rearrangements [14, 24].

Me Me
X
| NN NH,R? N
)\/ X Z
Mé N R'=Me, Et. Me °N 2

| NHR
R! X =CN, CONHR; R?=Me, Et, Bn.

Experimental prove of the possibility of nucleophilic attack on the 2™ position
was obtained in the process of the reaction (in cold) of pyrimidinium salt 1 with an
alcoholic solution of potassium hydroxide. Intermediate product 2 was isolated, the
structure of which was proved by the methods of NMR- and IR-spectroscopy and
mass-spectrometry [25].

We have shown in subsequent studies that brief heating of pseudo base 2a in
chloroform leads to anhydro base 3a in quantitative yield, while the complete accord
of the mass spectrum of 3a with the mass spectrum previously recorded in the study
of 2a (discrepancies only in the peak intensities) supports our previous proposal [25]
of the loss of water upon electron impact during the recording of the mass spectrum
of 2a.

The similar attack of the hydroxide ion at C-2 in the pyrimidine ring was also
noted in the reaction of 2-(ethoxycarbonyl)methyl-1-ethyl-4,6-
dimethylpyrimidinium iodide (1b) with KOH, leading to pseudo base 2b, which also
lost a water molecule upon heating in chloroform.

We noted that the elimination of water from pseudo base 2b upon heating in
chloroform proceeded very rapidly. Thus, only anhydro base 3b was recorded in the
mass spectrum and also in the 'H NMR spectrum in CDCl3. Products 2b and 3b
differed in their physicochemical characteristics and IR spectral data, which caused
to establish the structure of pseudo base 2b [26].

Heating 2-(carbamoyl)methyl-1,4,6-trimethylpyrimidinium iodide (1c) with an
equivalent of KOH in absolute ethanol for 1 min led to anhydro base 3c, probably
also through the intermediate formation of pseudo base 2c. Anhydro base 3c was
isolated by chloroform extraction. By analogy with the previous examples, this
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transformation also involved water elimination. The chloroform extraction was
carried out to avoid side reactions occurring when using polar solvents since the
intermediates of the transformation of iodide 1c do not dissolve in nonpolar solvents.

Pseudo base 2a rearranged upon heating in absolute ethanol as well as in the
presence of primary amines 4a-c to give mainly pyridone 5, which was also formed
in the rearrangement of 1a by the action of primary amines in an agueous medium.
The product of the normal rearrangement, 2-methylamino derivative 6a, and in the
reaction with amines 4b and 4c the "product of the rearrangement with
transamination” 6b and 6c¢ were formed in small amounts. Partial demethylation also
occurred, leading to pyrimidines.

e Ve Me
KOH SN CHCI, | SN
N e
| N — |l OH.. "H,0 s cox
I"\'I/J\/COX Kl Me N © Me ’l\l
|
1" R R HH X R 2
la-c 2a-C a-c

to, EtOH
RINH, (4a-C)
Me Me
IICOOEt N COOEt
P

Me H O Me” "N~ "NHR!
5 6a-c

1,2,3:aX=0Et,R=Me; bX=O0Et, R=Et; ¢X=NH, R=Me.
The assumed Scheme of the rearrangement is given below.

Me Me

Me
+ Me Me
SN RNH Me RNHz N
N7 - RNH N
J\l/ ( (NHR
N X
Mé -H )\/ Mé \N/K/X

N

\ Me
Z NHMe
CNR
Me e@HMe METN X
P MeNH2 J|\/
Me N NH N NHR N NHR
}’1

It was also shown that with recyclization of pyrimidinium salts under the action
of different amines, the direction of transformation could vary depending on the
presence of moisture. Thus, by interaction of salt 1 with different amines in the
presence of even small amounts of water, in addition to the recyclization product
with transamination substituted pyridone was also isolated [22, 27].

116



Me Me

| SN RNH, N X
Aox —
¢ Me N O
.o H,0 H
la-c 5 a-c

X =COOEt, CONH, , CONHR .

The assumed Scheme of the rearrangement is given below.

NHMe

Me
Me
Me RNH,
. /TVR /l\\COOEt
Et COOEt
)\/ COOEt COOEt M¢

NHM
/8/ ¢ Me /‘HMe COOE¢ COOEt
/
COOEt MeNH2

1.2. Pyrimidinium salts rearrangements under the action of biogenic amines

We have assumed that similar rearrangement with substitution of the amine
moiety could also proceed by the action of various biogenic amines on the
pyrimidinium salt. Such the amine moieties exchange should make this reaction
suitable for the synthesis of novel biologically active pyridines. In particular, it was
expected that by selection of the appropriate amines, including also biologically
active ones, pharmacophore groups could be incorporated into the pyridine ring. In
this case it could be possible to form easily, in one stage, almost inaccessible by
other ways derivatives of biogenic nicotinic acid that also contained another
biogenic moiety in the molecule, namely, moiety of the amine used in the reaction

[28].
CH,
Pharmacophore )—NH,
)
H,C Nf‘v Nf Pharmacophore

R I_

To verify this assumption, we have studied reactions of iodomethylates of some
pyrimidinyl-2-acetic acid derivatives with amines containing various pharmacophore
groups. In particular, we studied reactions with amino alcohols (aminoethanol, 3-
aminopropanol and isomeric to it 1-amino-2-propanol). As a result 2-hydroxyethyl
derivatives of substituted nicotinic ester 7 and isomeric hydroxypropyl derivatives of
the same ester were obtained [29, 30].
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The  reactions with  amines  (ethylamine,  benzylamine, para-
isopropoxybenzylamine and cyclohexylamine) as well as with aminoether —
ethoxyethylamine were carried out. As a result of the proceeding rearrangements,
accompanied with amine exchange, different novel nicotinic acid derivatives were
synthesized. In position 2 of the pyridine ring they contained fragments (moieties) of
the amine reagent brought into the reaction [20, 21, 31, 32].

Of attention is the fact that, as a rule, the reaction of iodides 1 with amines
proceeds in two directions resulting in affording the product of normal recyclization
(8) and the product of “rearrangement with incorporation” into the molecule of
amine reagent fragment (9). Noteworthy is also the fact that the yield of the product
of “rearrangement with exchange amination” 9, as a rule, is much more than the
yield of the product of normal rearrangement 8.

Me
COX
15-25%
Me
N NHMe
X
‘ N Me 8
@)vcox
Me™ >N \-COX
| 1© 1 ‘ 40-70%
Me _
Me N NHR
X = OEt; NH, 9

R= CZHS’ CH2Ph, CH2C6H4-p-OCH(CH3)2, CH2CH20C2H5

The steric factor is likely to be significant in this reaction, as indicated by the
high yield and formation of only the rearrangement-transamination product in the
reaction of salt 10 containing an ethyl group with methylamine. In contrast, when
the substituting group is bulkier than the leaving group, both possible enamine
rearrangement products are formed. Furthermore, in a number of cases, the steric
factor may completely prevent formation of the rearrangement-transamination
product. Thus, the results of the reaction of salt 1a with diethylamine and that of
iodoethylate 10 with tert-butylamine, in which rearrangement—dealkylation products
are formed without rearrangement—transamination products, may be attributed to
steric factors [22].
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As reagents in the rearrangement were also used various derivatives of
ethylamine, containing fragments of morpholine, piperidine, pyrrolidine and of other
bioactive groups that are active moieties of many medications [32-34]. The
rearrangement of iodide 1a under the action of indicated amines proceeded in two
alternative reaction paths. This led to formation of the product of normal
rearrangement 8 and the product of “rearrangement with exchange amination” 12-
18. On the example of pyrrolidine, morpholine, and piperidine derivatives it was
proved that, when carrying out the rearrangement of iodide 1a without a solvent at
90 °C in the excess of these primary amines, the yield of the product of
“rearrangement with exchange amination” (12-14) increased, and the yield of the
product of normal rearrangement 8 decreased [35].

Me
- CO:Et
Me NHMe
RNH,
® /k CO,Et
CHZCOZEt
12-18
R =-CH,CH NQ (12) (13); -CH,CH5 N 0 (14)
=-CH,CH3~ ; -CH,CH,—N 5 -CHCHE H
2 2 \ /
-CH,CH,-OEt (15); -CH,CH,-OMe (16); -CH,CH,NHCOCH; (17) O 18)

Such increase in the yield of products of rearrangement-exchange amination
was also noted upon interaction of iodide 1a with monoacetylethylenediamine and
cyclohexylamine in ethanol and without a solvent [35]. Thus, if in ethanol the yield
of compounds 17 and 18 made up 31% and 24%, carrying out the same reactions
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without a solvent in the excess of amine afforded products of exchange amination in
the increased yield of 66% and 55%, correspondingly.

The reaction of pyrimidinium salts with such diamines as hydrazine and
amidine derivatives leads to formation of pyrazole, triazole, or pyrimidine
derivatives [36, 37]. We studied the reactions of 2-(ethoxycarbonyl)methyl-1,4,6-
trimethylpyrimidinium iodide (1a) with hexamethylenediamine 19 and ornithine 20,
which are compounds containing two primary amino groups. In both experiments, in
addition to the rearrangements that are typical of these reactions (pyridine 8 and
pyridine 5a, and also pyrimidine 11), compounds were isolated (21 and 22
respectively) for which the *H and *C NMR spectra and the elemental analysis data
suggested participation of both amine groups in a ‘"rearrangement with
transamination.” [38]. The latter was observed for the first time not only in Kost—
Sagitullin rearrangements but also in the better studied Dimroth rearrangement.

(0] Me
/\/\/\’ 1 =
21 E N Me
e COOEt COOEt
O L
¥ )\/COOEt

NHMe

Me ITJ o S5a
Me |
1a 20 o) Me
1% e
| ®
J\7\ N” “Me
COOH
22

It is notable that, as it was mentioned above, in the reaction of pyrimidinium
salt with monoacetylethylenediamine the recyclization proceeded at the expense of
only the single nonacylated amine group (17). This can be explained by the reduced
nucleophilicity of the atom of amide nitrogen.

An interesting example of “rearrangement with exchange amination™ is the
observed transformation under the action of benzylamidine when the amidine
moiety of the molecule is incorporated into the molecule of the nicotinic acid
derivative and compound 23 is formed.

Me
R
COOEt Xy, COOEL
~N | NH
)\/ -
COOEt  Me” N “N—<
NHMe H  “cHph
1a 23
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It is shown that similar “rearrangement with exchange amination” also
proceeded with participation and by the action of various biogenic amines, namely,
triptamine, octopamine (structural analog of noradrenaline), 3-phenylpropylamine.
As a result were synthesized new derivatives of nicotinic acid 24-26 containing two
active biogenic fragments in a molecule — fragment of the corresponding amine and
fragment of nicotinic acid derivative [34, 39].

R
T
=
Me R /;1 N~ N 7
\_COOEt H
| SN R 24 N
= +
ME NT ONHCHY PR SN X\ N OH
| -
26 Me | ‘ =
R~ N ON
R=H, Me H
_ OH
X=CONH,, COOELt. 25

Such amphoteric amines, as aminoacids (B-alanine, y-aminobutyric acid, and ®-
aminocaproic acids) and their esters turned out to be able to undergo the reactions of
“rearrangement with exchange amination” with iodide la. This allowed to obtain
new compounds 27-29 — N-substituted amino acid derivatives containing two
biogenic fragments in a molecule — fragment of the corresponding amino acid and
fragment of the nicotinic acid derivative [40]. It should be mentioned that besides
the nicotinic acid derivative, which contained amino acid moiety, pyridine 8 and
pyridone 5a were also formed.

Me
AN COOEt
Me 27
=
ﬁcoom H,N(CH,),COOH Mé N H(CH,),COOH
’ =
Me N Me
8 COOEt
B 28
Me P
N” NH(CH,);COOH
X
| Me
e E COOEt
X
S5a n=2,3,5. ’ 29

=
Mé "N~ NH(CH,)sCOOH

It is interesting that with glycine and its ester we failed to carry out
rearrangement with exchange amination and the product of normal rearrangement 8
was isolated (in case of carrying out the reaction in ethanol or isobutanol), and when
the reaction was carried out in water, pyridone 5a was formed in 55% yield [40].
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Upon interaction of salt la with tri(hydroxymethyl)aminomethane the
volumetric substituent of the latter, connected with the amine group, created
hindrances for the amine attack on the pyrimidine ring. Therefore the amine attack
was delivered on the esterial group, which resulted in affording amide 30. The latter
readily rearranged when reacted with benzylamine having a less volumetric
substituent. This resulted in obtaining pyridine 31 [26].

Me Me
(_\‘ Me  NoEsy
NN Nt NH,C(CH,0H);
| H AL OH
* )\/ /K/ N o
Mé N COOEt COOEt | «
| -
Me I Me 1? H OH
Me H HO
30

CONHC(CHZOV
PhCH,NH,

NHCH,Ph

Rearrangement of iodomethylates of some pyrimidinyl-2-acetic acid derivatives
under the action of amines containing biologically active heterocycles — pyrazole
and 1,2,4-triazole ring was also studied [41, 42]. The direction of the reaction was
revealed to depend on the duration of heating and reaction conditions. Thus, 3-hour
boiling of iodide 1 with 2-(3",5 -dimethylpyrazolyl-1°)ethylamine vyielded the
product of “rearrangement with exchange amination” — derivative of nicotinic acid
32. But on longer boiling together with rearrangement, elimination of the esterial
group also occurred and pyridine substituted derivative 33 was formed.

The yield of the product of “rearrangement with exchange amination” was also
found to increase when the reaction was carried at room temperature, i.e. without
heating.
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The interaction between iodide la and l-aminopiperidine, which may be
considered as 1,1-disubstituted hydrazine derivative, resulted in products of normal
rearrangement 8 and of “rearrangement with exchange amination” 34. Actually such
a hydrazine derivative reacted as a primary amine. Similarly to other amines, the
reaction between salt 1a and 1-aminopiperidine without a solvent, in the excess of 1-
aminopiperidine led to the yield increase of the product of “rearrangement with
exchange amination” — pyridine 34 up to 67% [35].

In continuation of this work, the possibility of rearrangement of 1,4,6-trimethyl-
2-(ethoxycarbonyl)methylpyrimidinium ethyl ester iodide (31) into pyridine
derivatives under the action of other 1,1-disubstituted hydrazines was studied. It
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turned out that salt 31 with 1-methyl-1-phenyl and 1,1-diphenylhydrazines
transformed into 4,6-dimethylnicotinic ethyl esters (compounds 34 and 35,
correspondingly) containing the appropriate hydrazine fragments in position 2 of
pyridine. Ethyl esters of 2-methylamino-4,6-dimethylnicotinic acid (8) and (4,6-
dimethylpyrimidin-2-yl)acetic acid (11) were also isolated from the reaction
mixtures. That is, besides recyclization, which proceeded with the inclusion of the
nucleophilic moiety into the reaction product, concurrently proceeded
isomerizational recyclization without inclusion of the reagent (pyridine 8) [43].

Me

COOEt
+ 8 + 11
)Vcooa

ve R = Me, Ph. 35: 36

The rearrangement with the inclusion of the reagent into the final reaction
product was observed when salt la reacted with 1-(3-aminopropyl)imidazole. It
resulted in isolation of 2-[3-(1H-imidazol-1-yl)propylamino]-4,6-dimethylnicotinic
ethyl ester (37) as well as of derivatives of pyridine 8 and pyridone 5a formed in the
process of recyclization and hydrolysis of the amine group. Under the influence of
2-hydrazino-4,5-dihydroimidazole the transformation proceeded in the direction of
recyclization of the classical enamine rearrangement, and under the influence of
dimethylaminoacetic acid hydrazides — pyridone 5a, pyridine 8 and pyrimidine 11
[43].
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| | 0% || 15%
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Summarizing, it can be concluded that when interacting salts of
pydimidinylacetic acid derivatives with various primary amines the rearrangements
can proceed in three directions:

o with the attack of the nucleophilic particle at position 6 (path A) affording

the product of classical rearrangement (compound 8);

o with the attack at position 2 of the pyrimidine ring (path B) affording the

product of rearrangement with inclusion of the amine reagent into the

forming pyridine (path B;) or, affording pyridone 5 in case of the presence
of water in the solution (path B,).
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Thus, a novel, non-conventional approach to obtaining potentially biologically
active derivatives of nicotinic acid and of nicotinamide that contain in position 2 of
the pyridine ring biogenic and pharmacophore groups has been developed. It has
been proved that by selection of the appropriate amine it is possible to incorporate
into the pyridine various groups including also pharmacophore ones, i.e. to model
compounds with a pre-set biological activity. It is necessary to underline that it is
difficult to obtain similar polysubstituted pyridine derivatives by other routes.
Therefore the reaction under investigation may become a tool in obtaining novel,
potentially biologically active compounds.

I1. 1. Rearrangements of pyrimidinium salts under the action
of carboxylic acids hydrazides

The other direction of our work in the last years became study of the effect of
carboxylic acid hydrazides on pyrimidinium salt 1. Pyrimidines and N-alkyl
derivatives — pyrimidinium salts are known to readily react with hydrazine and its
substituted derivatives forming, as a rule, azoles derivatives - pyrazole and 1,2,4-
triazole [44-48].

We showed above that in the reaction with 1-aminopiperidine, iodide la
unusually rearranged into pyridine derivative 34. This is explained by the fact that
the second — disubstituted nitrogen atom is unable to participate in the process of the
azole ring formation.

In the reaction of iodide 1la with acetone hydrazone we did not exclude similar
obtaining of the compound with hydrazone fragment incorporation into the product
of the Kost-Sagitullin rearrangement. However, the product of one more
recyclization was isolated — 2-hydroxy-5,7-dimethylpyrazolo[1,5-a]pyrimidine (38)
[30]. The structure of compound 38 has been confirmed by mass- and NMR spectra,
as well as by comparison with samples obtained by an independent route.
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The like recyclization to 2-hydroxy-5,7-dimethylpyrazolo[1,5-a]pyrimidine (38)
was also observed when hydrazine hydrate reacted with iodide 1a [39]. The possible
Scheme of the transformation is given below:
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38 N \i/ COOEt
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Until recently, two synthetic strategies for the preparation of pyrazolo[1,5-
a]pyrimidines, as well as other azolopyrimidines, had been known: starting either
from the pyrimidine ring or from the five-membered ring, and constructing the other
heterocycle [49, 50]. Thus, syntheses of similar fused systems from 5-
aminopyrazoles and  other  o-aminoazoles,  where  reactions  with
B-dicarbonyl compounds and their derivatives were used [49, 50], have been
described. For example, synthesis of azolopyrimidines from a pyrimidine derivative
was achieved by reacting 2-hydrazinopyrimidines with orthoformate and some other
carboxylic acid derivatives [51, 52].

Compounds containing condensed pyrimidine systems and a bridged nitrogen
atom are known to present interest as potential analgetics, antitumor drugs,
broncholiths and breathing stimulants [53-57]. In patents and articles there are many
indications on possibility of their practical application. Antituberculous [58],
antiviral [59, 60], psychotropic [61, 62], antimicrobic [63, 64], anticonvulsive
effects of compounds close by the structure have been reported. They form the
composition of some drugs [65, 66]. Therefore, study of a new reaction, which gives
an opportunity in one stage to obtain novel, potentially biologically active
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condensed pyrimidines, containing a bridged nitrogen atom, could not be ignored by
us.

During study of recyclization reactions between pyrimidine derivatives and
nitrogen-containing nucleophilic agents, we identified an unusual transformation of
2-(ethoxycarbonyl)methyl-1,4,6-trimethylpyrimidinium iodide (1a) in the presence
of certain acyl hydrazides [67, 68]. We discovered that in the reaction of this salt
with carboxylic acids hydrazides one more unusual and earlier not described
rearrangement took place. As a result of such transformation pyrazolo
[1,5-a]pyrimidine derivatives that contained a fragment of carboxylic acid hydrazide
were also formed.

Me Me
X
N
7z |N RCONHNH, |
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Me \K‘)\/ Me N\ AN
I -
Me | N=

R

This previously unknown transformation was performed in a single step by
substituting the N(1)-CH3 fragment in the starting salt with the terminal nitrogen
atom of hydrazide group, with subsequent intramolecular cyclization, leading to the
formation of pyrazole ring condensed with a pyrimidine ring.

When alcoholic iodide 1a reacted with acetic, cyanoacetic, phenylacetic acids
hydrazides, the corresponding 2-substituted-3-ethoxycarbonyl-5,7-
dimethylpyrazolo[1,5-a]pyrimidines 39-41 containing in position 2 carboxylic acid
radical (R = CH3, CH,CN, CH,CsHs) [67, 69] were obtained. When carboxylic acids
hydrazides, containing in the hydrocarbonaceous radical heterocyclic rings
(pyrimidine, pyrazole and triazole), were incorporated into the reaction with
pyrimidinium salts, we succeeded in obtaining pyrazolo[1,5-a]pyrimidine
derivatives. The latter contained in position 2 biologically active (pharmacophore)
heterocyclic groups [50, 70-74].
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Heterocyclic acids hydrazides, in which a hydrazide fragment is immediately
connected with a heterocyclic ring, also undergo a similar reaction. Thus by the
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reactions of salt 1 with isonicotinic acid hydrazide (isoniazid) and pyrazol-3-
carboxylic acid hydrazide we managed to obtain pyrazolo[1,5-a]pyrimidine
derivatives 42 and 43 that contained in position 2 pyridine and pyrazole rings [67,
70].
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We should note that, along with pyrazolopyrimidines 44-53, another
recyclization product, 2-hydroxy-5,7-dimethylpyrazolo[1,5-a]pyrimidine (38), was
isolated from the reaction mixtures in all cases. In some experiments, the starting
salt 1a gave small amounts of enamine rearrangement product, ethyl 4,6-dimethyl-2-
methylaminopyridine-3-carboxylate (8), and demethylation product, ethyl 4,6-
dimethyl-pyrimidinyl-2-acetate (11), which were typically formed also in other
nucleophilic recyclization reactions of pyrimidines by interaction of salt 1a with
primary amines (Kost-Sagitullin enamine rearrangement and recyclization to 1,2,4-
triazole derivatives) [2, 42, 48, 67].
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45. R=R'=H,X=CH,n=2, — _  * Ns3 f\>/ ¢
46. R=Me,R' =H,X=CH,n=2; Me
47. R=H,R'=Me,X=CH,n=2; 50. R=R'=Me, X=CBr,n=2;
48. R=R'=Me,X=CH,n=2; 51. R=Me, R!'=H,X=CClL,n=2;
49. R=Me,R'=H,X=CBr,n=2; 52. R=R'=H,X=N,n=1.

Close to the mentioned reactions is an example of iodide 1 recyclization under
the action of aminoguanidine. In this case a hydrazine fragment also participates in
the process of rearrangement affording 2-amino-3-ethoxycarbonyl-5,7-
dimethylpyrazolo[1,5-a] pyrimidine (54) [67].
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The composition of compounds was proved by X-ray structural investigation as
well as mass- and NMR spectra.

C10

Fig. 1. Molecular structure of compound 51 Fig. 2. Infinite molecular chain in the structure
according to X-ray structural analysis with of compound 51 along the [100] direction.
atoms represented by thermal vibration

ellipsoids of 50% probability.

The three-dimensional molecular packing in the crystal 51 featured an unusual
C(8)-H(8)-*O(13) hydrogen bond (the interatomic distances were the following: C—
H 1.013) A, H-O 2.46(33) A, C+0O 3.4093) A, while the C-H-O angle was
157(2)°). This hydrogen bond between pyrimidine H-5 proton of one molecule and
carbonyl group oxygen of another molecule linked the molecules of this compound
in an infinite chain in the [1 0 0] direction.

The rearrangements leading to pyrazolo[1,5-a]pyrimidine derivatives 44-53 can
be apparently interpreted as involving an intermediate adduct, compound 55, with a
mechanism consisting of attack by terminal nitrogen atom of hydrazide at position 2
of the salt 1a, opening of pyrimidine ring at the N(1)-C(2) bond, followed by a
cyclization that includes hydrazine nitrogen atom into the pyrimidine ring. The last
stage of recyclization, namely, the reaction of intermediate 55 leading to closure of
five-membered ring, can occur in two different directions (I and Il), leading to either
compounds 43-53 or 38 (Scheme).

The Scheme of rearrangement includes opening of the pyrimidine ring followed
by cyclization with involvement of the hydrazine nitrogen atom into the forming
pyrimidine ring and cyclization of one more pyrazole ring annealed with a
pyrimidine one.
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The reaction of salt 1a with isoniazid — isonicotinic acid hydrazide, affords
pyrazolopyrimidine derivative 42. However, when into the reaction with isonicotinic
acid hydrazide was incorporated not the salt itself, but anhydrobase 3a, obtained
from the pyrimidinium salt 1a, the reaction proceeded in a different direction. This
led to formation of the nicotinic acid derivative containing a nucleophilic agent
fragment — isonicotinic acid hydrazide [75]. That is, in this case recyclization
proceeded affording the product of “rearrangement with exchange amination” .

In a paper devoted to study of the reaction of 2-(ethoxycarbonylmethyl)-1,4,6-
trimethyl-pyrimidinium iodide (1a) with carboxylic acid hydrazides, we reported on
the synthesis of derivatives of 1,2,4-triazolo[4,3-a]pyridine [75]. In particular, in that
paper we discussed the hypothesis that when salt 1 was treated with isonicotinic acid
hydrazide (56) (isoniazide), cyclization to form triazolopyridine 58 occurred through
a step involving formation of the intermediate 2-hydrazidopyridine 57 (the product
of a Kost—Sagitullin rearrangement). However, as shown by later X-ray diffraction
studies, during the reaction we did not obtain triazolo[4,3-a]pyridines 58 but rather
their isomers: derivatives of pyrazolo[1,5-a]pyrimidine 42 [48].

Fig. 3. Molecular structure of compound 42
according to X-ray structural analysis.

130



Me

COOEt Me
X
Me —\ /KI ﬁcooa
Me” SNTSN

fN NQCONHNHZ e H  \n Me” "N”SN

+ | coet =g 57
Me _ ,I\l/)\/
I CH,

10 )—_ II\I
56 R R
1a \ Me 58

fiN
Me '.\l X COOEt 57,58, 42: R =4-Py
N 42

R

In studying the reaction of recyclization intermediates 2a and 3a with isoniazide
56, we obtained a compound with a structure matching that of the initially proposed
structure for the intermediate product of "rearrangement with transamination™
(compound 57) [76].

Probably during the reaction, the pseudobase 2a, by eliminating a water
molecule, was converted to the anhydro base 3a, which also underwent the indicated
transformation.

For compound 57 the presence of NH-group signals in the area of 9.27 and
10.64 ppm in the *H-NMR spectrum is characteristic and together with other spectra
data of *H- and **C-NMR and mass-spectroscopy confirm our proposed structure.
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Thus for the first time we have observed a Kost-Sagitullin rearrangement with
insertion of a carboxylic acid hydrazide moiety into the molecule of the reaction
product.

Thus, we succeeded in elaboration of two novel original routes for the synthesis
of biologically active compounds based on pyrimidinium salts. Schematically it may
be presented in the following way:
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0O030p NOCBSIIIEH ABYM PEIUKIN3AIMAM HOJAIKWIATOB IPON3BOJHBIX ITHPUMHUIIH-
HUJTYKCYCHBIX KHCIJIOT I0J] AefiCTBHEM OMOTEHHBIX U (papMakodopcoaepskamix nepBud-
HBIX aMHHOB U THIPA3HUIOB KapOOHOBBIX KUCIOT. Peakuy MpuBOASAT K MPAKTHIECKH He-
JOCTYIHBIM JPYTHUMHU ITyTSMH IPOW3BOJHBIM HUKOTHHOBOW KHCIIOTHI M mupazoio[l,5-
a]nupuMHIMHA.

Peakmmeii conell MPOM3BOAHBIX MUPUMHIMHIIIYKCYCHONH KHCJIOTHI C Pa3NdHBIMU
MIEPBUYHBIMYA aMHUHAMH YAA€TCS MOy4aTh MPOU3BOJHbIC TUPUANHA, COACPIKAIIHUE B 110-
JIOKEHHUH 2 pparMeHT aMuHHOTO pearenTa. [TokaszaHo, 4To Girarogapst 3ToMy MOXKHO, HC-
X0/ U3 OJJHOTO WJIM HECKOJIBKUX NPOM3BOJHBIX MUPUMHANHA, BAPHUPOBAaHUEM aMHUHOB
(BKiIOYast TakkKe OMOTCHHBIE M OMOAKTHUBHBIE) IOJIy4aTh CEPHH HOBBIX IPOW3BOJHBIX
HUKOTHHOBOM KHCIOTHI. [lyTeM BblAeNeHUS MHTEPMEINATOB PEaKIUi U MOCIEAYIOIETO
UX BBEJICHMS B PEAKIMH C aMMHHBIMH peareHTaMM OIPEIeNICHbI CXEMBI IIePerpynnmupo-
BOK 1 HaIpaBJICHHUE NIEPBUYHON aTaky peareHTa.

Bropast yacth 0030pa NOCBsIIIEHA H3YUESHHUIO TPAHKIl OTKPBITOH B TabopaTtopuu HO-
BOW MEpEerpyNIUpOBKH COJeH MUPHUMUANHUSA MOJ JEHCTBHEM THAPa3HI0B KapOOHOBBIX
KHCJIOT. DTa peaknusi MPUBOAUT K MOJYUYEHHIO MOJIM3aMEIICHHBIX MIPOU3BOAHBIX ITHpa-
30710[ 1,5-alnupumuirba, coaepxKalux B TUPa30JbHON YaCTH MOJIEKYJIbl OCTaTOK paju-
Kajia TUIpa3na.

Ota He onuMcaHHas paHee TpaHc(HOpMAaIsT OCYIIECTBISIETCS] OJHOCTaINITHO 3a CUeT
samernienus: pparmenta N(1)-CH3 ncxomHo# coim KOHLEBHIM aTOMOM a30Ta THAPA3UJI-
HOH TPYIIBI, C TOCIeNyonell BHYTPUMOJIEKYJSIPHOHM IIMKIIM3anuel, NpUBOsIIel K 00-
Pa30BaHUIO KOHJIEHCUPOBAHHOIO C MUPUMUAUHOBBIM NMUPA30IbHOTO LUKJIA.

00630p 00001IaeT pe3yabTATHl HCCIICAOBAHUM, OIYYEHHBIX aBTOPOM H €r0 COTPYII-
HHUKaMH 10 N3yYEHUIO HyKJICODMIBHBIX NEPEerpyNIHPOBOK TUPHUMHUANHUEBBIX COJIEH.
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O6cyxaatoTcst MeToAbl CUHTE3a M @aHTUXONMHACTEPa3Hble CBOVCTBA AWanknnamMmnHoankuioBbix
3hMpoB, TMO3PNPOB M aMNAOB Kak a-, Tak U a,B-AernapoammnHokmcnoT u nentugos. Ocoboe BHUMA-
HWe yAeneHo cneumduYHOCTN CUHTE3NPOBAHHBIX BELLECTB MO OTHOLLEHUIO K DyTupunxonuHectepa-
3e. lNpuBoasaTca AaHHble 06 MHAEKCax CTPYKTYPHbIX u3mMeHeHun ksaTtepHusaummn (MCWUkB.) un 3a-
mectutenen (ICU3am.), koTopble obneryalT NPOLECC BbIABNEHNSA CBA3UN CTPYKTypa-akTUBHOCTb. U3
pPSO0B KaK ai-aMUHOKUCIIOT, Tak U o, B-AerMapoaMmMHOKUCIIOT BblaeneHsl Hanbonee akTBHbIE U Cre-
UMdUYHbIE NO OTHOLLEHUIO K ByTupunxonuHacTepase coeauHeHus. MNpuBeaeHsl Takke pesynbTaThbl
OOKUHI-UCCNEeAoBaHNA HEKOTOPbIX MHIMOWTOPOB C XONIMHICTepa3amu.

Puc. 7, Tabn. 26, 6ubn. ccbinok 45.

OpHUM M3 TOAXOAOB XUMHM (PU3NOAOTUYECKU AKTHBHBIX BeIleCTB 4B-
ASIETCSI CUHTe3 aHAAOI'OB OMOAKTUBHBIX COEAWHEHUM, UTPAIOIINX CYIIeCTBEeH-
HYIO POAB B )KUBOM opraHusme. OAHOM M3 TAKUX MOAEKYA SIBASIETCS alleTHA-
XOAUH (AX) — MepAMaTOpP XOAMHEPrHYeCKOM CHCTeMBl MAeKonmuTaroimx. Oc-
HOBHBIMU MUIlIeHAIMU AX B OpraHu3Me SIBASIOTCS ABa XOAMHopenenropa (H-
U M-XOAWHOPEIENTOPHL), @ TAKKEe ABE XOAMHICTEpA3kbl (alleTUA- U OyTHUPUA-
XOAMHICTEPA3HI).

@ S
HsC~ “OCH,CH,N(CH3); + OH
AX
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MHorue 3a00AeBaHMS XapAKTEPU3YIOTCS HapylleHHeM (OYHKINU XOAH-
HOPEAaKTUBHLIX CTPYKTYp OpraHu3Ma. B 4acTHOCTH, pPa3HOBUAHOCTHL CTapue-
CKOTO cAaboyMusl, TaK Ha3blBaeMas CEHMABHAs AeMeHIUs AABIrelMepOBC-
KOTO THIIQ, CONPOBOJKAAETCSH CHH)KEHHEM YPOBHSA KAIOUEBOI'O J3H3UMA AAA
CHHTEe3a alleTUAXOAWHA U XapaKTePHBIMU MOP(OAOTUYECKUMU U3MEeHEHUSIMU
— TOSIBA€HUEM CKOINAeHUHN 0eAkoB — [-amunronpa m taybeaka [1]. Ycramos-
A€HO, 4TO OyTHPUAXOAMHACTepa3a (ByX3) urpaer Ba’XHYIO POAB IIpU 0Opa-
30BaHMM U arperanmu f-amuaonpa [2-3]. B cBs3m ¢ 9TUM OBIAM CKOHCTPYH-
POBaHBL IPOKU3BOAHBIE AX HAa OCHOBE aMMHOKHCAOT U IENTHAOB. BnepBele o
BO3MOJKHOCTH NIPUMEHEHHUSI XOAUMHOBBIX 2(pnpoB N-3aMeleHHBIX aMUHOKHC-
AOT B KaueCcTBe MHIuOUTOpoB ByX3O OBIAO yCcTaHOBAEHO B pabote [4]. B paH-
HOM 0030pe OOCY>KAQIOTCS MeTOABl CHHTe3a U aHTHUXOAMHICTEpPa3Hble
CBOMCTBA AMAAKMAAMUHOAAKHUAOBBIX a(UPOB, TUO3(UPOB M aMHAOB KaK o-,
TaK M o, [-AeTHAPOAaMUHOKHUCAOT M TenTupoB. Ocoboe BHUMaHUE YAEAEHO
CIeU(PUUHOCTU CHUHTE3UPOBAHHEIX BEIeCTB 10 OTHOLIEHUIO K byXO.

OTMeTuM, YTO THOCAEAHSSI O030pHAasd CTaThd, MOCBAIleHHAd CHUHTE3y U
CBOMCTBaM 2-(AMMETHMAAMUHO)3THUAOBBIX 3(DUPOB aMUHOKMUCAOT U IIEITHAOB,
Oblna omyOAmMKoBaHa B 1981 1. [5].

CuHTe3 INATKNIAMHHOAIKHUIOBBIX 3(pupoB,
THO3(UOB M aMuA0B N-3aMeleHHbIX X-AMHHOKHUCJIOT

Eme B 1983 r. 6BIA0 TOKA3aHO ITPEBOCXOACTBO METOAA aKTUBUPOBAHHBIX
3(UPOB AAST CHHTE3a AMAANKUAAMUHOSTHUAOBBEIX 3(UpOB N-3aMemeHHBIX o-
aMHHOKHUCAOT [06]. AAS CHHTe3a IIeAeBBEIX IIPOAYKTOB OBIAU IIPUMEHEHHI n-
HUTpOodeHMAOBLIe [6-8], meHTadTOpdeHMNOBEIE [7,8] 1 1-O0KcHOEeH30TpUa30-
AOBBIe 3UpHl N-3aMelleHHBIX a-aMHHOKUCAOT [9-11]. TTocaeprne ObIAM TO-
Ay4YeHBl C HOpuMeHeHHeM 1-(o-HUTPOMEeHUACYABGHOHUAOKCH)OEH30TpHa3oAa
(1), koTOpBIYT paHee OBLIA MCIOAB30BaH IIPU CHUHTEe3e KaK aMHAOB KapOOHO-
BBIX KUCAOT, TaK U MEeNTUAOB [12].

o
NO, 2
NEt; )k /NQN
R OH + |
/N <N . R O—N
S0,0-N -2-0,NC¢H,SO;- HNEty
1 2

IMpu cuHTe3e AMAAKUAAMHHOAAKUAOBBEIX 3pupoB (6-17), ammpoB (18-32)
u Tro3dupoB (33-37) N-3aMellleHHLIX aMUHOKHUCAOT aKTUBUPOBAHHBIN 3pUp
5 OBIA TTOAyUYeH in situ [8-10,13-18].
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o) R' R R n R?
33-37 NH(CHZ)mN”
n N,
o R1 R

18-32
R=CgHs, 4-CH;0C¢Hs, 2-OCCeH,CO, C¢HsCH,0CO
Rl= H, CHs CH(CHs)y CH,CH(CHs)y C4Hg CHyCoHs,
X=0, NH, Sn=23; n=1235 R2=CHs C,Hs (CHys (CHy)s
(CH2)20(CHy)o.

ApTropamMu paboTel [19] AOCKOHaABHO HM3ydeHa peakius O-aluAnpoBa-
HUA 2-(AMMEeTHUAAMUHO)-1-3TaHOAA KH-HUTPOEHUAOBBIMU 3(QUpPaAMU Pa3ANY-
HBIX KapOOHOBBEIX KUCAOT, B TOM 4HCAe N-3aMeIleHHBIX aMUHOKHUCAOT (38).

(0]
// (0]
\O NO, + HOCH,CH,N(CH;) R C//
+ _— -
2 2 Y2 _HOC H,NO,p
38 O_CH2CH2N(CH3)2

R= Bz-NHCH,, Cbz-NHCH,, Cbz-NHCHCH,, Cbz-NHCHCH,CH,, Cbz-NHCHCH,C Hs,
CICH,, CH,,

OmnpepeneHBl KOHCTAHTBI CKOPOCTH DPeaKIUH IICEeBAOIEPBOro IMOPAAKA,
YCTAaHOBAEHO BAUSHHE AMIAEKTPUYECKOM IIPOHUIIAEMOCTH pPeaKIHOHHOU
CpeABl Ha CKOPOCTB IIPOIlecca W MOKAa3aHO HaAudMe AMHENMHOU KOpPPeAsdlnun
Me>XAY BeamunHaMu lg k m3ydeHHBIX 3bUpoB U pKa COOTBETCTBYIOIIUX KUC-
AoT. Ha oCHOBaHMU pe3yAbTAaTOB KMHETUYECKUX M3MEPEeHUNM U AAHHBIX HEKO-
TOPBIX MOAEABHBIX CHCTEM BBICKA3aHO IIPEANIOAOJKeHHe, 4To npu O-anuau-
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poBaHUMU 2-(AUMEeTHUAAMUHO)-1-3TaHoAa 3cdupamu 38 pearnsdyercs oOIIUM OC-
HOBHOM KaTaAU3.

B pabGote [8] aA cuUHTe3a AUMETHAAMHMHOSTUAOBEIX 3¢upoB N-3aMe-
IEHHBIX -AMUHOKUCAOT OBIAA MCIOAB30BaHa cucteMa Boc,O-tmupuaua (39).
OTMedeHO, YTO peakIusl IPoTeKara depe3 oOpa3oBaHUE CMEIIaHHOTO aHTHA-
puaa (40), B3dauMOAEMUCTBHE KOTOPOTO C 2-(AUMETHUAAMMHO)-1-3TaHOAOM IIPU-

BOAUT K IIeA€BBIM aMHMHO3(UpaM C YAOBAECTBOPUTEABHEIMU (59-60%) BBIXOAA-
MHU.

o) C|3H3 o CHy
R I H3C—C|3—O Py R ﬁ O—C|)—CH3
NH(CH,),C-OH + CH; NH(CHz)nC"O< CHj
o] o]
2
39 40
o]
R = C4H5CH,0, Me;CO; n = 1, 2. R

NH(CH,)nC~OCH,CH,NMe,

Mo mHenuto aBTOpOB [8], HpuMeHeHHEIY peareHT (Boc,O-nupuauH) He
TOABKO He YCTyIIaeT OCTAAbHBIM peareHTaM, IIPUMEHSIeMBIM B CHHTE3aX Me-
TOAOM CMEIIaHHBIX @HTUAPHWAOB, HO U BBITOAHO OTAWYAETCSI TeM, YTO KOH-
A€HCallus C ero IOMOIIbIO IPOTEKAeT B CPABHUTEABHO MSATKUX YCAOBUSX.

[MoAryueHHBIE AMAAKUAAGMUHOAAKHUAOBBIE 3(MUPHI, THOI(MUPHI U aMHUABI
IpeBpalleHbl B YeTBePTUYHBEIE aMMOHUEBEIEe COAU (41-75).

o] o ,
H R
R N JR? CH,J R N @/ ]
T XCHIN ~— ————— T X(CHmN—CHs - J
O R n R? O

RY/n R2
41-75
R=CgHs, 4-CH;0CeHs, 2-OCCgH,CO, CoHsCH,0CO
Rl= H, CHj, CH(CHs)y, CH,CH(CHs)y, C4Ho CH,CeHs,
X=0, NH, S; n=1-5. m= 23 R2=CHj CyHs; (CHy)y (CHy)s
(CH2)20(CHg)o;

PeHTreHOCTPpYKTypHBIE MCCAEAOBAHUSA UOAMETHAATA 2-(AUMETHAAMHU-
Ho)aTuAaMuAa N-6enzonn-DL-Baanna (56) (puc. 1) mokazaam [17], 94To B MoO-
AEKyAe MMeeTCsI BOAOPOAHAasA CB43b MeXAy aromMamMu N16...H16...J1 ¢ aanHOM
AOHOPHO-aKIeNTOPHOM cBa3u 3.560(4) A. YcTaHOBAEHO TaksKe, UTO B IPOCT-
PaHCTBe KpPHCTasAd MOAEKYABI OOpPa3ylOT MeXMOAEKYASIPHYIO BOAOPOAHYIO

CcB43b MexkAy aromamu N2-H2...015 ¢ AAMHOM AOHOPHO-aKIeNTOPHOU CBA3HU
2.904(5) A.
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Puc. 1. AtomapHas cTpykTypa
coeauHeHus 56.

AHTHXO0JIMHICTEPa3HbIe CBOIICTBA AMMHOAJIKMIOBBIX 3(pupoB,
THOI()HUPOB 1 aMuI0B N-3aMeleHHBIX Q-AaMHHOKHCJIOT

AAST CUHTE3WPOBAHHBIX AMAAKUAAMUHOAAKUAOBBIX 3(PUPOB U aMHAOB N-
3aMellleHHBIX 0-aMUHOKHCAOT, @ TaKKe WX YETBEPTHUYHBIX aMMOHHMEBBIX CO-
Ael II0 MeTOAY OAMaHa OBIAM OIpeAeAeHBl 3HaueHUs I1Csgy (KOHIeHTpanus,
UHTUOUPYIOWad aKTUBHOCTE (pepMeHTa Ha 50%) AAG 3PUTPOIUTAPHOMN alje-
TUAXOAMHACTepPa3bl (AX3) U AAT NAA3MEHHOM OYTHUPUAXOAWHICTepaswl (by-
X3) ueroBeka. PaccunTaHbl TakKe AaHHBIe MHAEKCOB crernupuanoctu (UC)
o OTHOWIEHUIO K ByX3D M MHAEKCOB CTPYKTYPHBIX MU3MeHEHUM IIPU KBaTep-
nuzanuu (MCUKks.). TTocaepHNM MHAEKC BBEAEH HaMU BIEepPBbIe U pacCUUTaH

no opMmyae:
NCHypar. = IC50% (-N=) / ICSO% (=N+=)

IToaydueHHBIE AQHHBIE IPUBEAEHBI B TaOA. 1 U 2, U3 KOTOPBEIX BUAHO, 4TO
BCe MCIIBITAHHBIE BeIeCTBA SBAGIOTCSI MHruoOuTopamMm Kak AXD, Tak u By-
X3. OpHOBpEeMEHHO BCe OHH, KpoMe 3(pupoB u amMupoB N-(pTrarorraMuHoO-
KUCAOT (coep. 48,53,54,68-70), mMpOSBASIIOT CIENM(PUIHOCTD IO OTHOIIEHUIO K
ByX3. B Taba. 1 u 2 3Ta cnenuduyHocTb o6o3HaveHa MIC (A/B), the Au b
aBAdioTca 3HaueHuaMmu [Csy paHHOTO BelllecTBa ard AXD m ByXDO, coot-
BETCTBEHHO.

CoraacHO A@HHBIM, IIDUBEACHHBIM B TaOA. 2, B caydae AXDO CpaBHUTEAb-
HO aKTHUBHBIe HHTHUOMPYIOIIWE CBOMCTBA INPOABASIET XOAMHOBHIU 3dup N-
draroma-y-aMIHOMACASTHON KUCAOTEL (54, IC509 = 0.0023). B caygae xe By-
X3 Takasg aKTUBHOCTB IPOABASIETCSA Y XOAMHOBOro 3dupa N-Oenzonna-DL-Ba-
AmHa (43 ICs500, = 0.00003 mM) u ero cooTseTcTByIOIero aMuaa (56 ICsgy =
0,000036 mM).
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Tabauya 1

AHTHXO0JHUHICTEPA3HAN AKTHBHOCTD JTHAJKHIAMHUHOAJIKHIOBBIX 3(PUPOB U aMH/I0B
N-zamemennbix a-amunokuciaor RCO-Aa-NH(CH,),N RY,

Coepu- R Aa | n NR!, IC500, mM nuc
HeHune AXD ByX5 (A/B)
(A) (B)
18 CeHs Val | 2 | N(CHs), | 024 | 000029 | 828
19 CeHs Val | 2 | N(CyHy), | 051 | 0.00076 | 671

20 CeHs Val | 2
0.86 | 0.000063 | 13651

N@
21 CeHs Val | 2
N 0.20 0.0004 500

22 CgHs Val | 2
N o | 09 0.021 46
23 CeH4(CO), Val | 2 | N(CHj), — — —
24 CgH5CH,0 Val | 2 | N(CHj), — —~ -
25 CgHs Leu | 2 | N(CHjy), 0.56 0.00028 | 2000
26 CgHs Phe | 2 | N(CHj), 0.50 0.0019 263
27 2-MeOCgH, Phe | 2 | N(CHjy), 0.30 0.013 23
28 2-MeOCgH, Phe | 2 | N(C,Hj), — — —
29 CgHs Val | 3| N(CHj), 0.64 0.0009 711
30 CeHa(CO) B- 12| NCHs)a | 58 0.017 1.65
Ala
31 CeH(CO) - | 2| N(CHs)a | 60g1 0.032 0.25
Abu
32 CeHa(CO) Agl;a 2| N(CHsl | 60050 | 0.033 0.15

ChepyeT OTMETUTb, UYTO IIOCA€AHHE COEAUMHEHUS IIPOSIBASIIOT OYeHb
BBICOKYIO CHeIU(MUUYHOCTL IO OTHOIIeHHI0 K ByX3® — coep. 43, MIC =
32000; coep. 56, IC = 39000. [Tpu paccMOTPeHUM BAUSHUS aMUHOKHCAOT-
HOI'0 OCTaTKa Ha aHTUXOAWHICTEpPa3Hble CBOMCTBA MOAMETUAATOB 2-AMMETHUA-
AaMHUHOJTHUAOBBIX 3(UPOB N-O€H30UA-Q-aMHUHOKUCAOT (TaOa. 2) Aerko yoOe-
MUTBHCS, UTO B cAydae AXD MHruOMpYyOIINe CBOWCTBA COEAMHEHWU yMeHb-
maloTcs B psAAY 1, a B cAydae aMHAOB IIOCA€AOBATEABHOCTD B PSIAY MeEHSIETCS
(psiA 2).

Ala > Phe > Gly > Nle > Val > Leu (1)
Phe>.....Leu>Val (2)

MupiMu caroBaMu, B CAy4dYae KaK XOAMHOBBIX C-)q)I/IpOB, TaK 1 UX aMHUAHBIX
AHAAOTOB CPABHUTEABHO BBICOKME AHTHALETHUAXOAMHICTEePAa3HbIe CBOMCTBa
IIPOABAAIOT aMUHOKHUCAOTHBIE OCTATKM C dpPOMATUYECKHUM KOABIIOM B 60KO-
BOM 3aMeCTHTEAe. HpOTI/IBOHOAO)KHLIe AdHHBIE€ TIOAYYAIOTCA IIPW CpaBHEHUUN
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3HAQYEHNM aKTUBHOCTHU TeX K€ COeAMHEHHMU II0 OTHOLIeHHIO K ByXD3. B sTtom
CAy4Yae aKTUBHOCTB MAAAeT MO PSAAY 3 AAST XOAMHOBBIX 3(PUPOB U IO PaAy 4
MASI COOTBETCTBYIOIIUX aMHUAOB.

Val > Leu > Nle > Phe > Ala > Gly (3)
Val>Leu>.......Phe. (4)

W3 pAaHHBIX, IPUBEAEHBIX B TaOA. 2, BUAHO, UYTO YAAMHEHNE aAKUABHOU
IIeTIOYKU aMMHOAAKMAOBOI'O ocTaTKa OT 2 A0 3 B caydae AXD, B OCHOBHOM,
Mano AEUCTBYeT Ha aHTUALETUAXOAMHOICTEPA3HYI0 aKTHBHOCTH, B TO BpEMs
Kak B caydae ByX3O aad peHMAaAaHMHCOAEPIKAIINUX HTPOU3BOAHBIX CYIIECT-
BEHHBIX U3MeHeHUU He HabAtopaeTcs, TO AT 3pupoB N-6eH3oua-DL-BaruHa
(coep. 43 m 51) c yBeAMUEeHUEM AAMHBI METUACHOBOM I[€IIW YMEHBIIAIOTCS aH-
TUOYTUPUAXOANHICTEePa3Hble CBOUCTBA B 4 pa3a. Takas ke KapTUHA HaOAlo-
AaeTcsl MO 3HAUeHUdM CHelU@MUUYHOCTH BeleCcTB II0 OTHOIIeHuio K ByXD3.
OAHAKO B 3TOM CAyYae CIelu(PUUYHOCTh yMeHbIaeTcd B 50 pas.

Ha mpumepe AMarKMAAMMHOAAKMAAMUAOB N-OeH30MABAAMHA M UX MOA-
MeTHAQTOB (TabA. 1 U 2) MOJKHO UCCAEAOBATh BAMSHUE CTPYKTYPhl aMHUHHOM
YacTH aMMHOAAKHMAOBOTO OCTaTKa Ha aHTUXOAMHOICTEpPasHble cBoMcTBa. Kak
BHUAHO M3 AQHHBIX TabOA. 2, B caydae AXD BO BCeX CAyYasx KBaTepHM3alUs
aToMa a30Ta NPUBOAUT K YMEHBIIEHUIO aHTUAIleTUAXOAMH3CTEePa3HBIX
cBorictB (MCHKB. <1). UTo KacaeTcs AQHHBIX 110 MHIMOWpoBaHHIO ByXD3, To
B 3TOM CAy4Yae CBSI3b CTPYKTYPa-aKTMBHOCTBH C TPYAOM IIPOCAEKMBAETCS, OA-
HAaKO WHTHOUpYIOIllee CBOMCTBO IIPM KBaTepHM3allUM 3HAUUTEABHO BO3-
pacraeT B cAydae MOP(GOAMHOBOTO OocTaTKa (coep.60 MCHkB.= 191).

B TpermuHbIXx ammHOoaMupax (18-22) HabAlopaeTcs  yMeHbIIeHUE
QHTHAIETUAXOAMHACTEPA3HON aKTUBHOCTH B papAy N(-CHgz)o>N(CoHs)o>
NC Hg. Oanako 3aMeHa nNuppoAupuHOBOTO ocTatka (NC4Hg) Ha nmunepupu-
HOBEINM (NCs5H () IpuBOAUT K BO3PACTaHUIO aKTUBHOCTU AO 3HaueHUs 2-(pu-
METHAAMUHO)3TUAAMUAHOTO aHaAoTa. BBepeHNe B HUIEPUAMHOBOE KOABIIO
kucaopopHoro atoma (NC4HgO — MOPQOAMHOBBIM OCTAaTOK) OTPUIIATEABHO
BAMSIET Ha MCKOMYIO aKTHUBHOCTBb. VI3 cpaBHeHUS aHTUOYTUPUAXOAWHICTE-
Pa3HBIX CBOWCTB TPETUYHBIX aMHHOAMUAOB (18-22) BHAHO, YTO CpaBHUTEABHO
OOABIIIeN aKTUBHOCTBIO O0OAAAAeT 2-(IUPPOAUAVH-1-mA)3TUAAMEA N-O€H30UA-
DL-BaamHa (20). OtmeTruM, uTOo coepuHeHue (20) mo aHTUOYTHMAXOAMHICTE-
PasHBIM CBOMCTBAM MaAO YCTyNaeT MOAMETHAATY 2-(AUMETHUAAMUHO)3THUAA-
mupa N-6enzoumn-DL-BaanHa (56), KOTOPBIN SIBASIETCSI OAHUM W3 CaMbIX akK-
TUBHBIX COEAMHEHUN CPeAV CMHTEe3UPOBAHHBIX HaMU BellecTB. CoepMHEHUe
(56), HaApsipy € HOAMETHUAATOM 2-(AMMETHMAAMMHO)3THAOBOTO 3cupa N-6eH-
3oun-DL-BarmHa (43), IBASIETCST BBICOKOCHEIM(PUIECKUM HWHTUOUTOPOM IO
oTHOLIeHUIO K byXO3.
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AHTHXO0JMHICTEPa3HAasl AKTUBHOCTh HOAMETHJIATOB JHAJKHUJIAMHMHOAIKWIOBBIX 3(pHpPOB, THO3(UPOB U AMH/I0B

N-3amemeHHbIX a-amuHokucaoTr RCO-Aa-X(CH,).N'R>,Me " I’

Tabnuya 2

Coepu- R Aa X n NR'y IC 509, MM nc N CUHKs.
HeHe AX3 (A) ByX3 (b) A/B AXD BbyX9
41 CeHjs Gly O 2 N(CHz3), 0.78 0.005 156.0 - -
42 CgHs Ala O 2 N(CH3), 0.432 0.0017 254.1 — -
43 CeHjs Val O 2 N(CHz3), 0.96 0.00003 32000 - -
44 CgHs Leu O 2 N(CH3), 1.3 0.000064 20312 — -
45 CeHjs NLe O 2 N(CHz3), 0.9 0.00024 3750 — -
46 CgHs Phe O 2 N(CHg)o 0.77 0.00086 895 — -
47 4-MeOCgH, Phe O 2 N(CHz3), 0.49 0.009 54.4 - -
48 CeH4(CO), Gly O 2 N(CHg)o 0.059 0.125 0.47 — -
49 CgHy(CO), Val O 2 N(CHz3), 0.25 0.0061 40.98 - -
50 CegH5CH,0 Val O 2 N(CHg)o 0.648 0.006 108 — -
51 CgHjs Val O 3 N(CHz3), 0.76 0.00012 6333 - -
52 4-MeOCgH, Phe O 3 N(CHg)o 0.56 0.004 140 — -
53 CgH4CO-2 B-Ala O 2 N(CHz3), 0.026 0.13 0.20 - -
54 CgH,CO-2 y-Abu O 2 N(CHj), 0.0023 0.008 0.29 - -
55 CgH4CO-2 g-Aka O 2 N(CHz3), 0.025 0.002 12.5 — -
56 CeHjs Val NH 2 N(CHj), 1.42 0.000036 39444 0.17 8.06
57 CgHs Val NH 2 N(CoHs)o 1.04 0.0011 945 0.49 0.69
58 CeHjs Val NH 2 O 0.89 0.00016 5563 0.97 0.39

N




Ipooondcenue mabauyvr 2

59 CoHs Val NH 0.84 0.00036 2333 0.24 .11
60 CeHs Val NH 1.28 0.00011 11636 0.75 191
61 CeH,4(CO), Val NH 2 0.33 0.00031 1065 - -
62 CeHsCH,O Val NH 2 3.33 0.021 159 - -
63 CeHs Leu NH 2 1.17 0.000072 16250 0.48 | 3.89
64 CeHss Phe NH 2 0.12 0.0001 1200 417 19
65 4-MeOCgH, Phe NH 2 0.86 0.029 30 035 | 0.45
66 4-MeOCgH, Phe NH 2 0.33 0.0058 57 - -
67 CeHs Val NH 3 1.40 0.00019 7368 046 | 4.74
68 CsH4(CO), B-Ala | NH 2 0.011 0.1 0.11 028 | 0.15
69 CsH4(CO), v-Abu | NH 2 0.011 0.05 0.22 016 | 0.14
70 CeH4(CO), e-Aka | NH 2 0.0058 0.055 0.1 0.86 | 0.60
71 CeHs Gly S 2 - - - - -
72 CeH,(CO), Gly S 2 - - - - -
73 CeHs Val S 2 - - - - -
74 CeH,(CO), Val S 2 0.53 0.011 48 - -
75 4-MeOCgH, Phe S 2 - - - - -




3HaueHUsT MHAEKCOB CHeNUMUUHOCTH AT coepuHeHuM (43) u (56) cocrtas-
AstroT 32000 u 39444, coOOTBETCTBEHHO.

W3yuen cnoutaHHbl (pH 7.6) 1 pepMeHTAaTUBHBIN THAPOAU3 HOAMETH-
AQTOB 2-(AMMETHUAAMHUHO)THOITHUAOBEIX 3pupoB 71-75 [17]. VI3 A@HHBIX 3TUX
HCCAEAOBAHUMU (TabA. 3) CAeAyeT, 4TO BCe THO3(MUPHI NOABEPralOTCS CIIOH-
TAHHOMY THAPOAU3Y B docdaTHOM Oydepe U II0 CKOPOCTU TMAPOAM3A B OC-
HOBHOM IIPEBOCXOAAT alleTUATUOXOAUH (ATX).

Tabauya 3

JlaHHBIe CIOHTAHHOIO U (hepPMEHTATHBHOIO T'MAPOJIM3a HOAMETHIIATOB
THOXOJMHOBBIX 3¢upos 71-75 npu 25°C

CKOpOCTB CropocTh hepMeHTaTUBHOI'O
THAPOAM3aA ruppoausa mpu pH 7.6
e e " 107 womte
107 monw/c AXD ByXD
71 0.034 0.087 0.017
72 0.034 0.087 0.034
73 0.27 0.087 0.017
74 0.017 0 0.8
75 0.261 0 0
ATX* 0.015 0.847 1.17
*AIIe TUATHOXOAUH

OpHaKO CKOPOCTb TMAPOAM3a THO3(MUPOB IIOA AevicTBHeM AXD u ByXO
ycrynaeT ckopocTu ruppoansa ATX. OTmeTuM, 4TO B CAy4ae THOXOAUHOBOTO
scupa N-dprarour-DL-BarmHa (74) CIOHTAHHBIM TMAPOAU3 IO CKOPOCTH pa-
BeH ckopocTu ruapoamnsa ATX, a AXD coBceM He BAUGET Ha CKOPOCTH THA-
poAmn3a.

Hcxopst U3 BBIIIECKA3aHHOTO CTAAO BO3MOJKHBIM HMCCAEAOBAHHE aHTUXO-
AMH3CTEpPa3HBIX CBOMCTB THO3dupa 74. IIpu 3TOM yCTaHOBAEHO, YTO 3Haue-
Husa ICsg coepuenus 74 B cayyae AXD — 0.526 M u 0.011 uMM B cayuae
ByX3 (co cnenuduunocteio A/b = 47.8). [loanyueHHBIE AQHHBIE TTO3BOASIIOT
OIIEHUTH BAMSHHE TeTepoaToMa Ha WHTHMOUWPYIOIHWE CBOMCTBA NMPOM3BOAHBIX
N-dTarour-DL-BarnHa (TaOA. 4).
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Puc. 2. MonekynspHoe mMoaenvpoBaHue WH-
rmbuTtopa 43 (B 3eneHOM), CTbIKOBaHHOIO B
“kapmaHe” akTMBHOro ueHTpa AXQJ. KaTtanu-
Tndeckas Tpuaga (Ser203, His447, Glu334 B
XenTom), nepudepunyeckasi aHMOHHast YacTb
(Asp74, Trp 286) B po30BOM.

PHE295

j TRP286
L

Puc. 4. MonekynapHoe MopenupoBaHue WH-
rmbuTtopa 56 (B 3eneHOM), CTbIKOBaHHOTO B
“kapmaHe” akTMBHOro ueHTpa AXQJ. KaTtanu-
Tuuyeckas Tpmaga (Ser203, His447, Glu334) B
XenToM, nepudpepryeckas aHUOHHasi YacTb
(Asp74, Trp 286) B po30BOM.

Puc. 3. MonekynsipHoe MoAenupoBaHve WH-
rmbutopa 43 (B 3eneHOM), CTbIKOBAHHOIO B
“kapmaHe” akTMBHOro ueHtpa byX3. Katanu-
Tnyeckasa Tpuaga (Serl98, His438, Glu325) B
XentoMm, nepudepuyeckasl aHUOHHasi 4acTb
(Asp70, Tyr332) B po30BOM.

Puc. 5. MonekynspHoe wmoaenupoBaHue
WHrMbunTopa 56 (B 3e1eHOM), CTbIKOBaHHOMO
B “kapmaHe” akTuBHoOro ueHtpa byX3. Ka-
Tanutuyeckass Tpuaga (Serl98, His438,
Glu325) B xenTtoMm, nepudepuyeckasi
aHWoHHas 4acTtb (Asp70, Tyr332) B poso-
BOM.



Bxopg, B «ywenbe»

MNetna Q
Aumnn

cBA3bIBaOLAN
yacTb

.
Glu32 H,E'?KaTaﬂMTMHECKaH Tpuaga

Puc. 6. MNMpocTtpaHcTBeHHOE M3obpaxeHne ByX3 — nHrnbuTop 193 Komnnekca B «yLlense» ak-
TUBHOTO LieHTpa ByX3u, cooTBeTCTBYIOLLIEE MUHUMATBHON SHEPTMMI KOMMIIEKCOOOPa3oBaHuS.



Serl98

B

Puc. 7. NpocTpaHCTBEHHOE CTpOeHne epMeHT-nMraHgHbIx komnnekcos AX3 (a, 6) n ByX3 (B, 1) ¢
amMmuHoaupoM N-3amelleHHoro o,B-germgponentnga 216. MNMokasaHbl NPOCTPaHCTBEHHOE pacnoso-
KEeHWe nuraHza BHYTPU «yLLEmNbsi» akTUBHOMO LIEeHTpa (hepMeHTa (a, B) 1 TO e camoe pacnornoxe-
HWe rmocne «ydarneHus» nonunentTugHow obonoykn epmeHTa, 3a UCKIIYEHUEM aMUHOKUCTOTHbIX
ocTaTKoB Ser, BXOASLLEro B COCTaB katanuTuieckon Tpuaabl U Trp — aMUHOKUCIIOThI, OTBETCTBEH-
HOW 3a CBSI3blBaHWE aMMOHWUIAHON KaTUOHHOW ronosku nuradaa (6, r).



Tabnuya 4

Bunsinue reTepoaToMa Ha aHTHXOJHMHICTEPa3HbIe CBOHCTBA HOAMETUIATOB
2-MTMMeTHIAMHHOITHI0BOrO0 3¢upa, THodhpupa n amuaa N-pramua-DL-Banuna

o)
[o]
/ Nieg, 1
N X/\/N(CHs)s |
o]

Depyent 3unavenus 1Csq mM
X =0 X =S X = NH
AXD3 (A) 0.25 0.526 0.33
ByX3 (B) 0.0061 0.011 0.00031
A/B 40.98 47.8 1051.6

[MTo paHHBIM TabA. 4, MHTHOMPYIOIIAss aKTUBHOCTL COepAmHeHUH 47, 56 u
74 o orHomeHUuIO K AXD mapaeT B papy O = NH>S. B cayuae ByX3 psaa
npuodpeTtaeT APyryto Kaptuny — N>O>S. C TouKu 3peHus CIelluPUIHOCTH
no oTHomeHUu0 K byX3 HaOAropaerca psap N>S>O. Mcxopsd U3 3TOTO MOXK-
HO 3aKAIOUMTDH, YTO XapaKTep reTepoaToMa OKa3bIBaeT CYIECTBEHHOE BAWS-
HUe KaK Ha MHTUOUPYIOUIMe CBOMCTBA, TaK U Ha CHeNU(PUYHOCTb COeAWHe-
HUS.

MouJiekyasipHOe MOJeJIMPOBAHUE KOMILIEKCO00pa30oBaHusl aMUHodGupa
u amuaa N-6ensonnBaanna ¢ AX9I u byX9

C 11eAblo BBISICHEHUSI HabOAIOA@eMOM OOABIION pazHulibl (Ao 39000 pa3s)
QHTArOHUCTUYECKUX CBOMCTB IO OoTHomeHUIO K AXDO u ByX3 MoameTunraTa
2-(AuMeTHUAAMUHO)3TUAAMUAA N-OeH3oma-DL-BaauHa (56) OBIA OCYIIEeCTBAEH
AOKMHT ¢ AXD u ByX3 [17]. [Ipu AOKUHTOBBIX UCCAEAOBAHUAX OBIAU yUTe-
HBI PACIOAOSKEHUS AUTAHAA IIO OTHOIIEHHWIO K TpPeM Ba’KHEHIIMM — XOAMH-
CBS3BIBAIOIIEHN, AIIUACBS3BIBAIONIEN M 3CTEPAa3HOU, YaCTIM aKTHUBHBIX IJ€HT-
poB AX3 u ByX3. Pe3yAbTaTEl MOAEKYASIDHOTO MOAEAMPOBAHUSI KOMIIAEKCOB
YeTBEePTUYHBIX aMMOHUEBHIX coaelr 43 u 56 ¢ AXDO u ByXD mnpuBepeHBI Ha
puc. 1-4.

Kak BupHO m3 puc. 1, xoanHOBHIHM 3dup 43 B akKTUBHOM IHeHTpe AXD
pacroaaraeTcsd AAAeKO OT KaTaAUTHUYeCKOW TpHaAbl, M KOMIIAEKC AMTaHA-
depMeHT CTaOMAU3MPOBAH 3@ CYET B3aMMOAEUCTBUS allMABHOM uacTu (Val)
AUT@HAA C allMACB43bIBaIOIIel dacThio (Phe295) akTuBHOTO IleHTpa pepMeH-
Ta. B cAydae XKe CTBLIKOBKM AMTAHAA 43 ¢ aKTMBHBIM IleHTpoM byX3 (puc. 2)
HabArOpaeTCcss 0OOpa3oBaHUE BOAOPOAHBIX CBSI3€M MeXXAY KUCAOPOAHBIM aTo-
MOM GeH30MABHOTO OCTaTKa AMraHpa 43 m BopopoaHbIMEH aromamu OH-rpym-
nel Ser198, a takke NH-rpynner Glyl16. Mcxoapa M3 CKa3aHHOTO CAEAyeT
NIPEAIIOAOJKUTE, YTO CPABHUTEABHO OOABIIVIO WHTHOUPYIOUIYIO aKTUBHOCTH
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Auragpa 43 mo oTHomeHHI0 K byX3O MOKHO OOBSICHUTH OAM3KUM PaCIOAO-
JKEeHUEeM AUTAHAQ K KaTaAUTHYEeCKOU Tpuape (pepmeHTa. BrIicKaszaHHOe mpea-
IIOAOJKEHHE TOATBEPIKAAQETCS NPU CONOCTABAEHUU PE3YABTATOB MOAEKYASID-
HOTO MOAEAMPOBAHMA KOMIAeKcooOpazoBaHua ¢ AX3D um byXD ammpHOro
anHanora 56 (puc. 3 u 4). Kak BupHO m3 puc. 4, auraHp 56 B KoMIAeKce C
AX3D C=O-rpynmno#i 0€H30UABHOTO OCTaTKa AOBOABHO OAmM3KO (2.213 A) pac-
noarokeH K Phe295 (anmuacBgaswiBaromiel dactu "kKapMaHa') u C-KOHIIEBOHU
NH-rpynno# k Tyr341 aktuBHOro nenrpa. OAHAKO B 3TOM CAy4Yae TOXKE AU-
ra"p 56 B "kapMmaHe" AXD pacmoaaraeTcss B YAAAeHUU OT KaTaAUTHUYECKOM
TPUAABl aKTUBHOI'O IIeHTpa (epMeHTa. B caydae >)Ke MOAEAMPOBAHHUS KOM-
mAeKcooOpa3oBaHus AWTaHAA 56 m ByXO (pmc. 5) AmraHp pacroaaraeTcs B
"kKapMmaHe" ¢epMeHTa TaKUM OOpPa30M, YTO €ro YeTBepTHUUYHass aMMOHMeBas
Irpylna HAaXOAUTCA BOAM3M ABYX AMWHOKHUCAOTHBIX OCTAaTKOB (Serl98 wu
His438) kaTaauTudeckou TpHUaAbl. 1o Bcell BEpOATHOCTH, 3TUM OOyCAOBAEHA
CPaBHUTEABHO BBEICOKAas 3(p(eKTUBHOCTL AUTAaHAA 56 II0 CPaBHEHMIO C AUTaH-
AoM 43.

CuHTe3 INATKNIAMHHOAJIKMIOBBIX 3(MpPOB U aMHUI0B
N-3ameleHHBIX ,3-1eruIpoaMUHOKUCIOT

XoamHOBBEIE (PUpPHl N-3aMelleHHBIX o, 3-AeTUAPOaMUHOKNCAOT, B OTAUYHE
OT WX HACBLIIIEHHBIX aHAAOTOB — Q-aMHHOKMUCAOT, A0 1983 r. He ObIAuM omu-
caHBl B AMTepaType [5]. AMarKMAaMUHOAAKUAOBBEIE 3(UpEl N-3aMenieHHBIX
a,B-aermppoaMuHOKUCAOT (76-106) m mx amumpnbie (107-141) amanrorm ObiAm
CUHTE3UPOBAHBI a3AaKTOHHBIM METOAOM — B3aMMOAEWCTBUEM AMAAKMUAAMU-
HOAAKUAOBBIX CIIUPTOB UAU AMAAKUAAMUHOAAKUAAMUHOB C HEHACHIIIEHHBIMU
5(4H)-okcazoroHaMU B OpTaHUYECKUX pacTBopuTeAsax [20-28].
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R= CGH5, 2-C|CeH4, 2-BI"C6H4, 3—BrC6H4, 4—BrCeH4, 2-MeC6H4,
2-MeOCgHj, 4-MeOCgH,, CgHsCH=CH, C4H3O.

R1 = CH3, CGH5, 2-C|C6H4, 4-C|CGH4, 4-BI'C6H4, 4-MeOCGH4,
4-i-C3H,0CgHy, 3,4-CH,0,CqH4,C4H30.

R2=H, CHj.

N(R3), = N(CH3), N(CoHs) N@ N 0N
2 3/2» 21'15)2

W3BecTHO, 4TO HeHacHIleHHBIe 5(4H)-0KCa30A0OHBI MHEPTHBHI IO OTHO-
meHHUto K cunupTtaMm [29]. OapHaKo, MO AAHHBIM paboThl [20], KungyeHHe B
xnropoopMme cmecu 2-peHUA-4-O€H3UAUAEH-5-OKCAa30A0HA U 2-AUMETUAAMU-
HO-1-3TaHOAA TPUBOAUT K 0Opa3oBaHMI0 aMnHO3(MUpa N-6eH30UA-Q, B-AeTHA-
podeHNAAAAHUHA. ODTUM >Ke CIIOCOOOM OBIAM CHHTE3UPOBAHBI 2-(AMMETHA-
aMWHO)3TUAOBBIE 3(PUPHI pa3AMYHBIX N-3aMellleHHBIX «,3-AerMAPOaMUHOKMC-
AoT [21,22]. PeakIIMOHHOCIOCOOHOCTh HEHACHIIIeHHBIX 5(4H)-okcazonoHOB
OTHOCUTEABHO aMHUHOCIHUPTOB MOJKHO OOBSICHUTH HAAWYHWEM TPETUYHOM aMU-
HOTPYHIIBI B IIOCAEAHUX. AAST TIOATBEP>KAEHUS BBIIIECKA3aHHOI'O IIPEAIIOAO-
JKeHHUsI MCCAeAOBaHa peaknus O-allUAMPOBAHUS 2-AUMETHUAAMHHO-1-3TaHOAA
¢ 2-peHMA-4-0€H3UAUAEH-5-OKCA30A0HOM. BBIICHEHO BAUSHUE PACTBOPUTEAS
[30], a Tak)Ke HEKOTOPBIX HYKAEO(PUABHBIX A0OaBOK [31] Ha peaknuio. Ha
OCHOBAHUHU IIOAYUYEHHBEIX AQHHBIX YCT@HOBAEHO, YTO MCCAeAyeMas peaKIusd
poTeKaeT dyepe3 OOIUNM OCHOBHOM KaTaaus [30], a TakKe OBIA pa3paboTaH
penapaTUBHBEIM METOA CHHTe3a aMUHO3(UPOB N-3aMellleHHBIX «o,[-AeTHuA-
POAMHUHOKHCAOT C y4aCTHeM KATAAUTUUYECKUX KOAMYecTB (1-3%) arkoroasra
aMuHOCHUPTa [32], IO3BOAJIOMIMM OCYIECTBASITH CHUHTE3 OpU KOMHATHOU
TeMIlepaType.
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Kartarms peaknmn O-anUANPOBAHUS ANAAKUAAMUHOAAKUAOBBIX CIIMPTOB
HEHACHIIIeHHBIMA OKCAa30A0HaAMHU B IIPUCYTCTBUU AAKOTOASTa COOTBETCTBYIO-
IIIero CIIMpPTa OOLICHSIETCS HUXKelpuBepeHHOM cxeMol [30]:

R Ry
|
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R4 Ry
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HN
LS N + A
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PeHTreHOCTPYKTYpHBIE HCCAEAOBAHUSA INOKazaam [33], 4TO CHHTE3UpO-
BAHHBIM BBIINIEYKa3aHHBIM METOAOM 2-(AMMETHMAAMUHO)3TUAOBBIN 3dpup N-Oe-
30UA-0, 3-AeTHAPOEeHNAANAHMHA UMeeT Z-KOH(UTyparmuio.

CuHTe3 AMAAKMAAMHUHOAAKMAAMHUAOB N-3aMeIeHHBIX o, 3-AeruApoaMu-
HOKUCAOT OBIA OCYIIECTBAEH B3aUMOAEMCTBHEM COOTBETCTBYIOUIMX HEHACHI-
1meHHbBIX 5(4H)-0KCa30A0HOB C AMaAKMAA@MUHOAAKUAAMUHAMU B CPEAE AUDTU-
AOBOTO 3hUpa, AUMeTUADOPMaMHUAA UAM 3TaHOAA IIPM KOMHATHOU TeMIlepa-
Type B TeueHue 1, 0.5 u 2 y, coorBeTcTBeHHO [34-36]. [lpn npuMeHeHUHU
3(upa B KaueCTBe PeaKIMOHHOM CpeAbl HabOAIOpAaeTCs oOpa3oBaHMEe OcapKa
IIeA€BOTO MPOAYKTA, YTO VIPOIIAeT BBEIAEACHHE M OYUCTKY KOHEUYHEeTro IIpOo-
AyKTa [36]. BBEIXOABI NMOAYYEHHBIX YKa3aHHBIM CIIOCOOOM aMHMHOAMHAOB KO-
AebasaTcs B mipeperax 90-98%.

Coraacno paHHEIM AMP 'H CIeKTpoB, CHHTACTHEIM CHTHAA MPOTOHA B [3-
TIOAOSKEHUN AETHAPOAMMHOKHCAOTHOTO OCTaTKa AMAAKMAAMUHOAAKUAAMUAOB
N-zameleHHBIX -, 3-AeTUAPOAMUHOKUCAOT ITPOSIBASIETCS B IIpepeaax 7.16-7.25
M.A., YTO CBUAETEABCTBYET 00 Z-KOH(MUTYpAIlUU 3TUX COeAUHeHuU [34].

M3yyaruch KOHCTAHTBI CKOPOCTEM PACKPBITUS HEHACHIIEHHBIX 4-OeH3u-
AMAEH- U 4-(n-MeTOKCUOeH3UAUAEH-5(4H)-0KCa30A0HOB TPU  OAMHAKOBBIX
KOHIIeHTPAIUAX AMMETHUAAMUHOITUA- M AUMETHMAAMUHONPONUAAMUHOB [35].
HatipeHHBIE KOHCTAQTHTHI IICEBAOIIEPBOIO IOPSIAKA IIPUBEAEHEI B TaOA. 5. V3
MAHHBIX TaOA. 5 BHAHO, YTO YAAMHEHNE METHAEHOBOM IeIIOYKU MEeJKAY Iep-
BUYHBLIM U TPETUYHBIM aMUHOTPYIIIaMU B aMUHHOM KOMITOHEHTE TTPUBOAUT K
BO3PAaCTaHUIO CKOPOCTH PeaKIUU PAaCKPBITUS OKCAa30A0HOBOTO IIMKAA B CAY-
yae o6oux okcazoronos 208, 209.
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Tabnuya 5

KoHCTaHTBI MCEBI0NEPBOro NOPSIAKA PeAKIHil PACKPBHITUS IUKJIA
2-¢penui-4-apuaunen-5(4H)-oxcazosionos (208 u 209)
AMMeTHIAMHHOANKHIaMuaamu (210 u 211) B aranose npu 25°C.

Ar \ 2
CHs P < CHa
Ne O * H2N(CH2)nN\—>Ph4/< NH(CHz)nN
210211 OB HN CHa
Ph ’ N\
208,209 Ar
107, 109, 115,117,
n=23.

Ar= C6H5, 4-MCOC6H4.

5(4H)-Oxcazoron Amun K, c!
208 210 1.44x10-3
208 211 9.36x10°3
209 210 3.22x104
209 211 3.41x103

OpAHAKO BBEAEHUE METOKCUTPYIIEI B IMOAOKeHUe 4 6E€H30ABHOTO KOABIA
OKCa30AOHa IIPUBOAUT K YMEHBIIEHUIO CKOPOCTU HCCAEAYEMOMN PpPeaKIIuU.
WVHBIME CAOBaMHU, 3AEKTPOHOAOHOPHAS TPyIIla YBEAWUYMUBAET IAEKTPOHHYIO
TIIAOTHOCTh Ha PEeaKIMOHHHOM IleHTpe (yraepop C5 OKCa30A0OHOBOTO ITUKAQ),
TeM CaMBIM YMEHBIIasi CKOPOCTh PACKPHITUSL OKCA30A0HOBOT'O ITUKAQ.

Bce cuHTe3wpoBaHHBIE aMUHO3(UPHI H aMUHOAMUABLI IIpEeBpAIlleHbl B
YyeTBEepPTUYHBIE aMMOHUEBEIe coam 142-207.

CuHTe3 AHATKWIAMHHOAJIOBBIX 3()HPOB U AMHU/I0B
N-3aMenieHHBIX 0,B-IeruaponenTHI0B

B cuHTese 2-AMMETUAAMUHOATUAOBOTO 3dupa N-alleTUA-n-aMUHOOEH-
30uA-0, B-AeTupapodennraratrHa 209 U 2-AUMETUAAMUHOSTUA- U TTPOITMUAAMU-
2OB N-areTua-n-aMuHOOEH30UA-a, B-Aeruppo-O-meTtuatuposnta 210, 211 opu-
MEHSIACS 2-alleTaMUAODEHUA-4-0eH3UAMAEH-5-0Kca30r0H 208 [37-39]. Peak-
s asznrakToHa 208 ¢ 2-AUMETHMAAMHHOSTAHOAOM OBIAA IIpOBEAEeHa B
MPUCYTCTBUM 3% AAKOTOAITA aMUHOCIHMPTA B O€H30A€ IIPU KOMHATHOU TeM-
nepatype. CHUHTE3 YeTBEPTUYHBIX aMMOHUEBBIX coAer 212-214 ocyinecTBAeH

B CpeAe alleToHa.
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ApPyToH pgp aMUHO3(UPOB AUIENITUAOB, COAEP KAIINX OCTATKU n-aMUHO-
OeH30MHOM KUCAOTHI (216-223), omucan B padborax [37,39]. CuHTE3 3TUX Ccoe-
AUHEHUN OCYIeCTBAEH COTAACHO HUXKEIIPUBEAEHHOM! cxeMe:

R 0
r\/{ (0] /Csz 00 H 0 /C2H5
iy S e L Yy S
Y 0 CoHs HN—( 0
R 215 )
R

\
CoHs

. CHal

L3
HN4§\ o/ CHs
I-
R1 216-223

Peak1ius HeHACHIIIIEHHOTO OKCA30A0HAa M HOBOKaWHa OocHOBaHuA 215, mo-
Ay4YeHHOro in situ, ObIAQ IIPOBEAEHA B CMECH 3THUAALlETAT-yKCYCHass KUCAOTA
(3:1) npu kungyeHuu B TeueHHUe 0-10 u. Aaree Bce MOAYUeHHBIE aMUHO3(U-
pBl IIpeBpallleHbl B COOTBETCTBYIOUIME YeTBEepPTUYHLIE aMMOHNEBBHIE COAU
216-223.

B pabotax [40,41] cuHTe3 aMmHOAMUAOB N-O0eH30MA-q,3-AeTUAPOAUTIETI-

TUAOB 224-232, 241-244 n ux tiopmetrmraToB 233-240, 245-248 ocyiiecTBASIACS
COTAACHO CXeMe:
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CuHTe3 AMAAKUAAMHUHOAAKUAAMUAOB N-0eH30UA-a, 3-AETHAPOIIENITHAOB,
copepXXamux octaTku DL-BaamnHa (251, 252), TPOBOAUACS METOAOM aKTHUBU-
POBaHHBLIX 3(UPOB. AKTHBAIMS KapOOKCHMABHOM TI'pPyHIEl IIenTupa 249 Onina
OCYIIeCTBAE€HA C IOMOIIBIO 1-(0-HUTPOPEHUACYABPOHUAOKCH)OEH30TPHA30-
A2 B Cpepe alleTOHUTPHAA [IPUM KOMHATHOM TeMIlepaType B TedeHue 24 y
[41].
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H;C CHj H;C' CHj
Cg¢Hs CeHs
253,254 251, 252

n = 2, 3.
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OxcubeH30Tpra3on0BLIM 3up nentupa 250 6e3 BHIAGAEHHS W3 peak-
IIMOHHOM CpPEABbl BBOAUACS B PEaKIUIo C AUMETUAAMUHOAAKUAAMUHAMHU, TTPU-
BOAS K AMAAKHAAMUHOAAKHMAAMHMAAM C XOPOIIUMU BbIXopaMU (68-69%) 251 u
252, ROTophble paAee TIpeBpalieHbl B HopMeTUuAaThl 253 u 254,

AHTHX0JIMHACTepa3Hble cBOlicTBAa N-3aMeleHHBIX
o, B-1ernIpoaMUHOKHCIOT U MENTHI0B

AASl BceX CHUHTE3UPOBAHHBIX AMAAKMAAMHHOAAKMAOBBEIX 3(PUPOB U aMu-
AOB N-3aMeIeHHBIX «,[3-AeTUAPOAMUHOKHUCAOT U MENTUAOB, a TaKyKe UX 4YeT-
BEPTUYHBIX aMMOHHUEBEIX COAEU IO METOAY OAMaHa OBIAM ONIPEAEAeHEl 3Ha-
wenns ICsp AA OPUTPOLUTAPHOM ALETUAXOAMHOCTEPA3bl (AXD) m AAd
IIAa3MeHHOM OyTHUPUAXOAUHACTepasbl (ByX3) uenoBeka. PaccunTaHbl Takxke
AaHHBIe HHAeKcOoB crnenuduyHoctu (MC) nmo oTtHomeHuio K byX3 u uHpAek-
COB CTPYKTYPHBIX H3MeHeHUN KakK KBaTepHuzanum (MCUyg,:), Tak U 3a-
Mmectuteasa (MCHsam.). ITocaepHUIT paccuuTaH 0 (OPMYAE:

NCHzam. = IC5p9 H / IC5p93aMecTuTEND

[MoAyueHHBIE AQHHEBIE NIPUBEAEHEBL B TaOA. 6-24. CoranacHO 3THUM AQHHBIM,
BCe MCCAEAOBAHHBIE aMUHO3(UPHI U aMUHOAMUABI N-3aMeIllleHHBIX o,f3-pe-
THAPOAMUHOKHUCAOT IBASIOTCS WMHruoOUTOopaMu Kak AXO, Ttak m byXO9 (UC >
1).

V3 paHHBIX, IPUBEAEHHBIX B TaOA. 6, cAepyeT, UTO B caydae AXD caMbIM
CAAOBIM MHTUOUTOPOM CPEAM TPETHYHBIX aMUHOD(MUPOB SIBASIETCS COEAWHEe-
HUe, copepykalllee ocTaTOK N-OeH30MA-q,[-pAermpapodenmraranmaa 76 1C50
= 1.3 mM). Haubonree CUABLHBIMM OPEACTaBUTEAIMM TPETUUYHBIX aHAaAOTOB
TIPEeACTaBAEHHOTO psipa SABASIOTCSA coepmHenHus 79 (IC50 = 0.11 mM) u 81
(IC50 = 0.23 mM). BBeapeHMEe SAEKTPOHOAOHOPHBIX M IAEKTPOHOAKIIEIITOP-
HBIX TPYHOI B KauyeCTBe 3aMecCTHUTeAelr OeH30ABHOrO KOAbIla N-3allUTHOU
TPYINBl B Pa3HOU CTENeHM OKa3bIBaeT IIOAOKUTEABHOE BAMSHUE Ha MHTUOU-
pytomue cporctBa BemjecTB (MCHMszam. = 1.88-11 ana Cl u Br, 1.8-5 ana
MeO). N3 2-AUMeTUAaMUHOI3THUAOBBIX 3(PUPOB (Taba. 6) IO CBOUM HHTUOU-
pYIOIIMM CBOMCTBaAM IIO0 OTHOIMeHMIO K BbyXDO BripeaseTcs coepmHenme 81
(IC50 = 0,00062 mM). B aToM caydae IOAOKUTEAbHOE BAMSHHE 3aMeCTUTe-
A€l B OEH30ABHOM KOABIle N-3alllUTHOM I'PYyIIBl CPABHUTEABHO MEHBIIE U
KoaeOneTcsa B mpeperax MCU 3am. = 0.07-2.55. CaepyeT OTMETUTH, YTO B
3TOM pSIAY CPaBHUTEABHO BBICOKYIO CIEIM(UYHOCTL IO OTHOIIEHWIO K By-
X3 mposasaser ammHO3pUp N-2-6poMbeH30UA-a,-peTUAPOdEeHUAANAHTHA
(78 UIC = 591).

B psiAy rekcaMeTMAaMHMHOAITUAOBBLIX 3UpoB N-3aMelleHHBIX «,B-AeTruA-
POaMHUHOKHCAOT (TabA. 7) CpPaBHUTEABLHO BBICOKOE aHTHAIETUAXOAMHICTEPA3-
HOe CBOMCTBO MPOABASeT 3pup N-2-MeTOKCUOEH30HUA-Q,-AeTUAPO-4-XA0D-
denuraranmna 103 IC5p4 = 0.00081 mM). TTocrepnmit 0 aHTUOYTHUPUAXO-
AMHICTEPa3HBIM CBOMCTBAM IIOYTH He ycTymnaeT coepuHeHuio 99 (ICsp, =
0.00012 mM). B oTAnume OT IpPEABIAYIIErO psiAd B CAydYae 2-TeKcaMeTHUAaMU-
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HOSTUAOBBIX 3(PUPOB 3JAEKTPOHOAOHOpPHaA MeO-rpynma HUMeeT AOBOABHO
3HAYMMBIM MHAEKC CTPYKTYPHBIX u3MeHeHHMU (Aast AXD coea. 99 MICU 3am
= 20 u coep. 93 MUICH 3am = 120). Tako¥l pe3yAbTaT, OUYEBUAHO, MOKHO
OOBACHUTHL TEM, YTO METOKCHUIPYINA B IIOAOKEHUM 2 OeH30ABHOI'O KOABIIA
N-3aMellleHHON TPYHNIBl UIpaeT CYyLIEeCTBEHHYIO POAb NPHU 0OOpa3oBaHUM
KOMIIAEKCA AUTAHA-(DEPMEHT.

Tabnuya 6

AHTHUXOJIHHICTEPA3HAS AKTHBHOCTH 2-(THMETHJIAMHUHO)3TUJIOBBIX 3()UPOB
N-3aMeleHHBIX O, 3-1eruAPOAMHHOKHCIOT

O O
R—/< OCH,CH,NMe,
HN \
R2
R1
Coepn- R R! RZ IC 509, MM nc VCHzam.
HeHUe AXD ByX3 | (A/B) | AX3 | ByXD
(A) (B)
76 CoHs CeHs | H | 1.26 | 0.0028 | 450 - -
77 2-CICgH, | CgHs | H | 069 | 00041 | 168 | 1.88 | 0.68
78 2-BrCqH, | CoHs | H | 065 | 00011 | 591 | 2.0 | 2.55
79 3-BrCqH, | CgHs | H | 0.1 | 0.0025 | 44 | 11.82 | 1.12
80 4BrCqH, | CeHs | H | 053 | 0014 | 38 | 245 | 02
81 | 2-MeOCgH, | CeHs | H | 0.23 |0.00062| 371 | 565 | 4.52
82 | 4MeOCgH, | CgHs | H | 071 | 0040 | 18 | 1.83 | 0.07
83 C,H;0° | C,H;O0" | H | 229 | 0013 | 176 - -
“pypun

Tabauya 7
AHTHXO0JIMHICTEPA3HAA AKTUBHOCTD 2-(reKcaMeTHJIeHAMMHO)3TUJI0BbIX 3(UPOB
N-3aMemeHHBIX O, 3-1eruApOAMHHOKHCIOT

0 Q
R% OCH,CH,N

HN
\ H
R1
Coepu- R R! IC 505, MM nuc VICH3zam.
HeHue AX3 (A) | ByXD (B) |(A/B)| AXD | ByXD
96 CgHjs CgHjs 0.10 0.00047 | 213 — -
97 2-BrCgH, CgH, 0.071 0.00033 | 215 | 1.41 | 1.42
98 4-BrCgH, CgHs 0.078 0.0014 56 | 1.28 | 0.34
99 2-MeOCgH, CgHjs 0.005 0.00012 | 42 | 20.0 | 3.92
100 CgHs, 4-i-C3H;0CgH, | 0.047 0.00084 | 56 | 2.13 | 0.56
101 4-BrCgH, 4-C1CgH, 0.023 0.0019 12 | 435 | 0.25
102 2-MeCgH, 4-MeOCgH, 0.052 0.00075 | 69 | 1.92 | 0.63
103 | 2-MeOCgH, 2-CICgH, 0.00081 | 0.00013 6 |[123.46| 3.62
104 | 2-MeOCgH, 4-BrCgH, 0.0092 0.00015 | 61 | 10.87 | 3.13
105 | CgHsCH=CH| 4-MeOCgH, 0.012 0.0047 26 | 833 | 0.10
106 C,4H;0" C,4H;0" 0.13 0.00037 | 351 | 0.77 | 1.27

*gypun
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Tabnuya 8

AHTHXOJHHICTEPA3HASI AKTUBHOCTb 2-(IMMETUIAMMHO)ITHJIAMH/I0B
N-3aMeleHHBIX O, 3-1eruAPOAMHHOKHCIOT

O O
R—{ NHCH,CH,NMe,
HN
\ r,
R4
Coe R R1 R2 ICSOOO, mM ncC NCHzam.
AU- AXD | ByX3 |(A/B) | AXD | ByXD
He- @) | (B
HUE
107 CgHj CgHs H | 25 | 00045 | 556 | - -
108 CgHjs 4-Br-CgH, H | 0.30 | 0.000086 | 3488 | 8.33 52.3
109 CgHs 4-MeOCgH, | H [ 0.63 | 0.00026 | 2423 | 3.97 | 17.31
110 CeHs CH,4 CHs| 122 [ 00016 | 762 | - -
111 2-BrCgH, CHj CHj3| 2.70 | 0.0035 771 0.45 0.46
112 3-BrCgH, CHj CHj3| 0.64 | 0.0063 102 1.91 0.25
113 4-BrCgH, CH, CH,| 0.74 | 0.050 15 | 1.65 | 0.032
114 | 4-(CH3)3CCgHy CHjy CHs| 1.0 | 0.067 15 | 1.22 | 0.024
Tabauya 9
AHTHXO0JHHICTEPa3Hasi AKTUBHOCTH 3-(AMMETHIAMHHO)IPONMJIAMUIOB
N-3aMemeHHBIX O, 3-1eruApOAMHHOKHCIOT
O 0O
R NHCH,CH,CHoNMe;
HN
\_r,
R4
Coepunenne R Ry Ry IC509,, MM nc HNCH3am.
AXD | ByXD | (A/B) [ AXD [ByXD
(A) (B)
115 CeHs CeHs | H | 20 | 00083 | 241 — —
116 CgHs 4-Br- | H [ 043000082 | o0 | , s | 1019
117 CgHs 4-MeO- | H [ 040 [ 00042 | oo | .o | ;o8
118 CgHjs CHj CHj3| 2.04 | 0.0042 486 — —
119 2-BrCgH, CH; |CHs4| 357 | 0.01 357 | 0.57 | 0.42
120 3-BrCgH, CH; |CHs| 032 ] 0.0029 | 110 | 6.38 | 1.45
121 4-BrCgH, CH; |CHs| 074 | 0033 | 22 | 276 | 0.13
122 4- CHj CHj| 0.75 | 0.0075 100 272 | 0.56
(CH3)3CCgHy
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Tabauya 10

AHTHXOJHHICTEPA3HASI AKTUBHOCTH 2-(IMITHJIIAMHUHO)ITHIAMUI0B
N-3aMeleHHBIX O, 3-1eruAPOAMHHOKHCIOT

O O
NHCH,CH,NEt,
HN
\
R
Coepu- R R! R2 IC509, MM nc NCHU3zam
HeHUe AX3 | ByXD | (A/B) | AX3 |ByX3
(A) (B)
123 CgHs CgHs H | 0.48 [ 0.00062 | 774 | — —
124 CgHj 4-Br-CgH, | H | 0.2 | 0.00033 | 606 2.4 1.88
125 CeHs 4-MeO- H | 0.50 | 0.00099 | 505 0.96 | 0.63
CeHy
126 CgHj CH; CHj| 2.48 | 0.0048 517 — —
127 2-BrCgH, CHj CHgj| 1.83 | 0.0027 678 1.36 | 1.78
128 3-BrCgH, CH; CHj3| 0.46 | 0.0037 124 539 | 1.29
129 4-BrCgHy CH; CHj| 0.60 | 0.0063 95 4.13 | 0.76
130 4-(CHj3)3CCgHy CHj CHgs| 0.46 | 0.0038 121 5.39 | 0.79
Tabnuya 11

AHTHXOJHHICTEPA3HASI AKTUBHOCTH 2-(reKcaMeTUJ1eHaMUHO)ITHIAMUI0B
N-3aMeleHHBIX O, 3-1eruAPOAMHHOKHCIOT

0 Q
R—{ NHCH,CH,N
HN \
H
R1

Coepn- R R! 1C509, MM nuc

HeHHe AXD3 (A) | ByX3 (B) | (A/B)
131 CeHs CeHs 0.054 0.00017 318
132 2-BrCgHy CgHs 0.047 0.00006 783
133 2-MeOCgH, CegHs 0.0088 0.00005 176
134 CeHs 4-i-C3H;0CgHy 0.062 0.00037 167
135 4-BrCgH, 4-CICgH, 0.0055 0.0012 5
136 2-MeOCgH, 4-CICgH4 0.0013 0.00006 22
137 2-MeOCgH, 4-BrCgHy 0.0023 0.00009 26
138 2-MeCgH, 4-CICgH, 0.024 0.0005 48
139 2-MeOCgH, 3,4-CH30CgH, 0.0079 0.00013 61

B cayuae AMaAKMAAMHHOAAKHMAAMUAOB N-3aMeleHHBIX «,f-AeTHApOaMu-

HOKHUCAOT (Taba. 8-10) HaOAIOAQETCS CPaBHUTEABHO BBICOKAS aHTUXOAUHICTE-

Pa3Hasd aKTUBHOCTDb COQAI/IHQHI/Ifl, copepKallluX OCTAaTOK (X,B-Ael"PIApO-4-6pOM-

dennnraranmna (coepmnenus 108, 116, 124).

ot COeAVHEeHUs TaKXXe IIPOSBASIIOT CPABHUTEABHO BBICOKYIO CIIeIN-

duuHOCTL IO oTHoIIeHMIO K BbyX3. MHag kapThHa HaOAIOAQeTCS B CAydae
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reKCaMeTUAEHAMUHOJTUAAMUAOB (Taba. 11). B 3TOM caydae CpaBHUTEABHO
BBICOKYIO QHTHUALIETUAXOAVWHOBYIO aKTUBHOCTb IPOSBASeT N-2-MeTOKCcuOeH-
30UA-Q, B-pAeruppo-4-xropdenuraranus (136 IC5p, = 0.0013 mM), B TO Bpems
KaK WHTMOMpOBaHWEM II0 OTHOIeHUuI0 K ByX3 BripeaseTcs coepnHenne 133
(IC509, = 0.00005 mM), Takxe copepxkamee MeO-rpynny B IOAOKECHUH 2
OeH30AbLHOTO KOABIIa N-zamecTuTeas. CAepyeT OTMETUTH, UTO B 3TOM PSAY
BBICOKYIO CIIeIM(IUYHOCTh IO OTHOIIEHUIO K byX3 NposdBAseT coepmHEHUeE
132 (MUC = 783 pa3a).

Tabnuya 12

AHTHXO0JIMHICTEPA3HAS AKTUBHOCTD 2-(IMAJKUJIAMHHO)ITWIAMHI0B
N-6en3onia-a, 3-aeruapodeHuIaIaHIHOB

oQ
CBH54§N4\§; N_\—x

Coepu- X ICSOOn ,mM ncC
HeHUe AXD (A) ByX3 (B) (A/B)
140
N 0.769 0.00104 739
141 / \
N O 0.83 0.05 17
N/

Ha nprmepe 2-(rekCaMeTUAEHAMUHO)3THUAOBBIX 3(UPOB (TabA. 7, coep.
96,97,100,101,104) u 2-(rekcaMeTHUAEHAMUWHO)3TUAAMUAOB (Taba. 11, coep. 131-
137) anerko yOepUTbHCS, UTO 3aMeHa 3(OUPHOM I'PYNIBEl Ha aMUAHYIO IIPUBOAUT
K BO3PACTaHUIO aHTUOYTUPUAXOAUHICTEPA3HBIX CBOUCTB COepAUMHeHUN. Takoe
>Ke TIOAOKeHUe HAOAIOAQeTCS TPU COIOCTABACHUM AAHHBIX UETBEPTUYHBIX
aMMOHMEBBIX COAeM 2-AMMETHMAAMUHOITUAOBHIX 3dupoB (142, 161) u ux
aMUAHBIX aHaaoros (173, 176). OpHAKO B OCTaABHBIX CAyYasx (Cp. AaHHBIE
TabA. 6 1 8, 14 u 18) mHrHOUpyOIHe CBOMCTBA COEAWHEHHUM KaK IO OTHO-
meHnto K AX3, Tak u ByX3O He mopaeskaT TaKOM 3aKOHOMEDHOCTH.

AHaAu3 YeTBEPTUYHBIX aMMOHUEBEIX COAEM aMMHO3(UPOB U aMUAOB He-
HACBIIEHHBIX aMUHOKHUCAOT TTOKa3hIBAET, UYTO NP MEPEXOAE OT TPETUIHOU K
yeTBepPTUYHOU popMe B caydae AXDO MHruOMpyrolas CUAa BelleCcTBa He3Ha-
YNUTEABHO BAMsieT Ha 3HaueHus 1Csgy (cM. pannble ICHIKB.). B 3TOM psipy 1o
3TOMYy TlapaMeTpy BeIpeAseTcss N-Qypoua-a,f-Aeruapo-B-pypus-a-araHuH
(149 NCHxkB. =13). B cayuae xe ByX3 cpaBHUTEABHO OOABIION 3P deKT Ha
YAyUIlIeHMEe WHTHUOUPYIOIIUX CBOMCTB IIPW KBATEPHU3AIMU HAOAIOAQETCA B
caydae  2-(MopdoamHO)ITHAAMUAA  N-OeH30mA-q,3-AerupApodeHmAaNaHMHA
(coea. 207, UCHkB. = 69).
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Tabnuya 13
AHTHXOJHHACTEPa3HAs AKTUBHOCTH HOAMeTHIAaTa 2-(IHI THIAMIHO)3THIaMHUI0B N-3aMelIeHHbIX o, 3-1ernIpoaMUHOKHCIOT

0 O ® o
R OCH,CH;NMeg « J
HN
\
R1

No R R! R2 IC509, mM nuc NCUlkB HCH3zam.

AX3 (A) | BYyX3 (B) | (A/B) AXD ByX3 AXD BbyX9
142 CgHs CgH; H 0.37 0.0031 119 3.51 0.90 — -
143 2-C1CgHy CeHs H 0.095 0.0013 73 7.26 3.15 3.89 2.38
144 2-BrCegH,y CgH; H 0.14 0.00087 161 4.64 1.26 2.64 3.56
145 3-BrCegH,y CgH; H 0.92 0.0017 541 0.12 1.47 0.40 1.82
146 4-BrCegH,y CgHs H 0.39 0.015 26 1.36 0.93 0.95 0.21
147 2-MeOCgH, CgHs H 0.037 0.00015 | 247 6.22 4.13 10 20.67
148 4-MeOCgH, CeHs H 0.39 0.032 12 1.82 1.25 0.95 0.10
149 C,H30" C,H30" H 0.17 0.0092 18 13.47 1.41 - —
150 CeHs CgH4-O-i-C3H3-4 H 0.20 0.0023 87 - - 1.85 1.35
151 4-BrCgH, Fur H 0.41 0.0090 46 - - 0.95 1.67
152 4-BrCgHy CgHj3-3,4-O,CH, H 0.14 0.035 4 - - 2.79 0.45
153 CegHy CgH4-OCH3-4 H 0.16 0.0010 160 - - - —
154 4-BrCegH, CgH,-O-i-C3H4-4 H 0.15 0.0041 37 — — 2.60 3.66
155 4-BrCegH, 4-Cl-CgH,y H 0.094 0.0064 15 — — 4.15 2.34
156 4-BCgH, 4-MeO-CgH, H 0.12 0.014 9 — — 3.25 1.07
157 4-n-C,HoOCgH,y Fur H 0.19 0.0049 39 — — 2.16 1.84
158 4-n-C,HoOCgHy CgH4-O-i-C3H3-4 H 0.044 0.0084 5 - - 3.41 0.49
159 2-MeOCgHy 4-MeOCgHy H 0.027 0.00022 123 - - 4.44 63.64
160 2-MeOCgH, CgH4-O-i-C3H3-4 H 0.030 0.00021 143 - - 5.0 19.52
161 CeHs CHj3 CHj3 1.90 0.00055 | 3454 — — — —

*ypun



AHTHXOJHHICTEPa3HAs AKTUBHOCTH HOAMETUIATOB 2-(TeKcaMeTHIeHAMIHO)

ITWIOBBIX 3(pupoB N-3aMelIeHHBIX o, 3-1ernIpoaMUHOKHCIIOT

0 0
® o
—{ OCH,CH,N oJ
HN |

Tabauya 14

\ Me
H
R1
Coepun R R, IC509, MM nc NCVikB NCH3zawm.
eHue AX3 (A)| ByX3 (B) (A/B) AXD ByX3 AX3 ByX3
162 CgHs CgHj 0.15 0.00038 395 0.67 1.24 - -
163 2-BrCgHy CgHj 0.16 0.00036 444 0.44 0.92 0.93 1.06
164 4-BrCgHy CgHj 0.080 0.0020 40 0.98 0.67 1.88 0.19
165 2-MeOCgH,4 CgHs 0.036 0.00040 90 0.14 0.30 4.17 0.95
166 CgHs 4-i-C3H;0CgH4 0.041 0.00099 41 1.15 0.85 3.66 0.38
167 4-BrCgHy 4-CICgHy 0.011 0.00061 18 2.10 3.11 — —
168 2-MeCgH,y 4-MeOCgH, 0.12 0.0018 67 0.43 0.42 — —
169 2-MeOCgH, 2-CICgHy 0.0047 0.00002 235 0.17 6.5 7.65 20.0
170 2-MeOCgH, 4-BrCgHy 0.019 0.00021 94 0.48 0.71 1.89 1.90
171 CgHsCH=CH 4-MeOCgH,4 0.042 0.0030 14 0.29 1.57 — —
172 C4H30* C,H30* 0.35 0.00080 438 0.37 0.46 — —

*gypun



CoraacHoO paHHBIM TaOA. 13, B pAY XOAUMHOBEIX 3(hUpOB N-3aMelleHHBIX
a,B-AeTUAPOAMHHOKUCAOT CPaBHUTEABHO BBICOKYIO aHTHAIETHAXOAWHICTE-
Pa3HyIO aKTUBHOCTh IposBaseT 3dup (159) (ICs04= 0.027 mM). B cayuae
ByX3 BhICOKasg MHTUOHpylOllasg aKTUBHOCTHL BBIIBAEHA y coepuHeHHsa 147
(IC5094= 0.00015 mM), copep>kallero MeTOKCUTPYIILY B IIOAOKEHUU 2 OeH-
30ABHOTO KOABIIa N-3aMecTUTeAsd aMHuHO3(pUupa. AMMHOAMUAB aHAaAOTHUYHOM
CTPYKTYPHI (coep. 165 u 199) TakyKe IIPOSIBASIIOT CPAaBHUTEABHO BBICOKYIO aH-
TUOYTUPUAXOANHICTEPA3HYIO aKTUBHOCTE (TabA. 14 m 18). Heobxopumo oT-
MeTUTh, UTO CHeIN(PUIHOCTL COEANHEHUM IO OTHOIINeHMHIO0 K ByXDO (paHHEBIe
HC) pe3ko Bo3pacTaeT IpHU IIepexope OT 3(PUPOB UAM aMHUAOB N-OeH30UA-
o,B-pernppodennnraranutos 142, 173, 181 u 189 k N-6en3oun-o,-AeruppoBa-
amHaMm 161, 176, 184 u 192. OpHako Ha mpuMepe aMUHOaMMAOB U UX YeTBep-
THUYHBIX aMMOHHUEBBEIX COAEH CPeAM PAa3AMYHBIX aMUHOKHUCAOTHBIX OCTAQTKOB,
Kak 1o AQHHBIMU ICj5ge, TaK U IO CHEeNU@PUUHOCTH, CPABHUTEABHO BBICOKYIO
aKTUBHOCTL IIPOSBASIIOT COEAMHEHUS C o,f-Aeruppo-4-6poMdpeHmAaraHUHO-
BBIM octaTkoMm 108, 116, 124, 174, 182, 190.

AaHHBIE, TPUBEAEHHBIE B TaOA. 15-17, TO3BOASIOT OIEHUTH BAUSHUE IIO-
AOXKeHHUs aToMa OpoMa B OEH30ABHOM KOABbIle N-3aMeCcTUTeAs B aMUHOaMU-
pax o,B-paeruppoBarrHa. COTAGCHO 3TUM AQHHBIM, TP BapbUPOBAHUU MECTO-
TIOAOJKeHUA aToMa OpoMa B N-OeH30MABHOM OCTaTKe OT IOAOJKeHUusd 2 A0 4
npu MoAMeTHAATaX AUAAKUAAMMHOAAKMAAMUAOB N-3aMelleHHBIX o,[-AeTHuA-
POBaAAMHOB CPABHUTEABHO BBICOKME aHTUXOAMHICTEpa3Hble CBOMCTBA IPOSIB-
AIOTCA ¥ 3-OpOMOEH30UABHBEIX aHAAOTOB. AHAAOTUYHBIM Pe3yAbTAT HaOAO-
AdeTcsl npu cpaBHeHUM AAHHBIX MClH3aM. 4eTBEPTUYHBIX aMMOHUEBBIX CO-
Aett N-3aMeIeHHBIX o,-AeTUAPOBAAMHOB (Taba. 15, coep. 177-179, Taba. 16,
coep. 185-187 u TtabA. 17, coep,. 193-195).

IMpu paccMOTpeHMU BAUSHUS CTPOEHUS aMUHOTPYINBEI B aMUHOaAMHUAAX
N-6eHn3oun-a,-peruppodeHrraraHUHA MOKHO TMOCTPOUTL PSIABI aKTUBHOCTHU
o OoTHOIIeHuio K AX3:

—N > —NEt, > — O > —N 0 > —NMe,

u K byX3:

—N > —NEt, > — O > —NMe, > —N 0

161



AHTHUXOJHHICTEPa3HAS AKTUBHOCTH HOIMETHIATOB 2-(TMMETHIAMUHO)
THIaMuI0B N-3aMelleHHBIX o, 3-1eruApoaMMHOKHCIOT

Tabnuya 15

o Q ® -
NHCH,CH,NMe; « J
HN
\
R1

CoepuHe- R R! R2 IC500, MM Wc. VCUHKs. NCH3zam.
Hrre AXD (A)| ByxD (B) (A/B) | AXD | ByxD | AXD | ByXd
173 CoHs CoHs H 0.71 0.0018 304 | 352 | 250 - -
174 CgHs 4-BrCgH,y H 0.18 0.000018 10000 1.67 4.78 3.94 100
175 CgHs 4-MeOCgHy H 0.70 0.000076 9211 0.90 3.42 1.01 23.68
176 CeHs CH; CH; 1.41 0.00024 5875 | 087 | 6.67 - -
177 2-BrCgH, CH; CHj 2.56 0.00046 5565 | 105 | 761 | 055 | 052
178 3-BrCgH,y CHj; CHj; 0.15 0.00017 882 4.27 37.06 9.4 1.41
179 4-BrCgH, CHs, CHs, 1.64 0.040 41 045 | 125 | 0.85 | 0.006
180 4-(CHj3)3CCgHy CHj CHjy 1.11 0.02 56 0.90 3.35 1.27 0.012




Tabauya 16

AHTI/IXOJII/IH:)CTepa3H3H AKTHUBHOCTb ﬁOHMeTHJ’IaTOB 2'()II(IMCT]/IJIaMHHO)IIpOHI/lJIaMI/lIIOB N-3aM€IIIeHHbIX a,B-HeFHHpoaMHHOKHCHOT

O O

D o
R NHCH,CH,CH,NMe; * J
HN
\
R1

CoeprHEHME R R! R2 IC 509, 1C VICUKB MCU3zam.
AXD (A) | ByXD (B) | (A/B) | AXD | ByXD | AXD | ByXD

181 CoHs CoH: H 167 0.0015 1113 | 1.19 | 553 - -
182 CgH;5 4-Br-CgH,y H 0.62 0.00019 3263 0.69 4.32 2.69 7.89
183 CgH5 4-MeO-CgH,4 H 1.43 0.00096 1490 0.28 4.38 1.17 1.56

184 CgHj5 CHjy CHj 0.88 0.00031 2839 2.32 13.55 - -
185 2-BrCgHy CHj CHj 2.12 0.0011 1927 1.68 9.09 0.42 0.28
186 3-BrCgHy CHj CHj 0.10 0.00046 217 3.20 6.30 8.80 0.67
187 4-BrCgHy CHj CHj 1.67 0.0053 315 0.44 6.23 0.53 0.06
188 4-(CH;3)3CCgHy CHjy CHj 0.76 0.0083 92 0.99 0.90 1.16 0.04




Tabnuya 17

AHTHXOJIMHICTEPA3HAsl AKTUBHOCTD HOIMETHJIATOB 2-(IMATHJIIAMUHO)ITHIAMUI0B N-3aMelleHHbIX o, 3-1eruipoaMHHOKHUCIOT

0 Q °

R NHGCH,CH,NEt, « J

HN \ Ve
R2
R1
Ne R R! R2 1C 509 ncC M CUKSE. NCHWszam.
AXD (A) |ByXD (B)| (A/B) | AXD | ByxD | AXD | ByXd

189 CoHs CoHs H 111 | 0.00078 | 1423 | 0.43 0.79 - -
190 CgH5 4-Br-CgHy H 0.47 0.00011 4273 0.43 3.0 2.36 7.10
191 CgHj5 4-MeO-CgH,4 H 0.59 0.00014 4214 0.85 7.07 1.88 5.57
192 CgH5 CHj CHj 3.45 0.00084 4107 0.72 5.71 — —
193 2-BrCgHy CHj CHj 1.72 0.0020 860 1.06 1.35 2.0 0.42
194 3-BrCgH, CHj CHj 0.61 0.00078 782 0.75 4.74 5.66 1.08
195 4-BrCgHy CHj CHj 1.85 0.0055 336 0.32 1.15 1.86 0.15
196 4-(CHz)3CCeH, CHs CH; | 067 | 00025 | 268 0.68 1.52 5.15 0.34




Tabauya 18

AHTI/IXOJII/IHSCTepa3HaSI AKTHBHOCTDb ﬁOlIMeTPIJIaTOB 2-(reKcaMeTl/IJleHaMl/IHO)Z)TI/IJIaMI/IIIOB N-3aM€lHeHHbIX (X,B-lIeFHHpoaMHHOKHCJIOT

0 Q @
R% NHCH,CH,N L °
HN \ ,\,{e
H
R1

No R R! IC 509 nC M CUKBE. NCHWsam.
AXD (A) | ByXD (B) | (A/B) AXD | ByXD | AXD | ByXo
197 CoHs CoHs 0.24 0.0055 44 023 | 003 - -
198 2-BrCgHy CgH5 0.18 0.00075 240 0.26 0.08 1.33 7.33
199 2-MeOCgHy CgH;5 0.0036 0.00026 14 2.44 0.19 66.67 21.15
200 CeHs 4-i-PrOCgH, 0.077 0.0019 41 0.81 0.19 3.12 2.89
201 4-BrCgHy 4-CICgH,4 0.037 0.0076 5 0.15 0.16 — —
202 2-MeOCgHy 4-CICgH,4 0.0066 0.00045 15 0.19 0.13 5.61 16.89
203 2-MeOCgHy 4-BrCgHy 0.017 0.00026 65 0.14 0.35 0.21 1.00
204 2-MeCgHy4 4-CICgH,4 0.15 0.0011 136 0.16 0.45 0.25 6.91
205 2-MeOCgHy 3,4-(MeQ),CgHy 0.037 0.00064 58 0.21 0.20 1.0 11.88




Tabauya 19

AHTHUXO0JIHUHICTEPa3HasA AKTHBHOCTH HOAMETHIATOB 2-(IUAJIKUIAMUHO)
sTuwiiamuioB N-0en3oui-a,B-neruapodeHniajiannHa

O O H
C6H5—/< N
HN \ _\—X
CeHs
No X IC509, MM Hcn Vks
AX3 (A) | ByX3 (B) (A/B) AXD ByX9
206 i 0.71 0.00038 1868 1.08 2.74
)
Me
207 + / \ 1.43 0.00072 1986 0.58 69.44
/N O

ITocae KBaTepHU3AUU PIABI UMEIOT CAeAYIOU_[I/Iﬁ BUA AT AXD:

@ / \
—/N > NMe3 = — O > NEtzMe > — /\ O

Me
A ByXO:

@ @®
—NMe; > —NEtzMe > > 0 —/N
Me

W3 npuBepeHHBIX B TabOA. 20-24 pe3yAbTaTOB BUAHO, YTO CTPYKTYpPHBIE
BapHaluy Ha OCHOBe N-3aMeIleHHBIX o,f3-AeTHAPONENTHUAOB TaK’Ke IIPUBO-
AT K 3HAQUUTEABHBIM M3MeHEHUSIM UHTHUOUPYIOUIeM CUABI CoepAMHeHUM. Pe-
3IOMUPYs NOAYYEeHHBIe AQHHBIE, MOJKHO 3aKAIOUUTh, YTO Hauboaee CAAOBIM
uHrnourTopoM AX3 cpepd aMUHO3(UPOB AETHUAPOIIENITUAOB SIBASIETCS COEAU-
nenue 212 (ICs50 390 MM), a caMbIM 3(D(HEKTUBHLIM UHTUOUTOPOM — COEAH-
HeHue 244 (IC5pq 0.099 mM). IMo oTHOWEeHUIO K ByX3O CpaBHUTEABHO HU3KUM
IIOKa3aTeAb oTMedaeTcs y coepuHenus 222 (ICs0, 8000 mM), B To BpeMs Kak
BBICOKasl aHTUOYTUPUAXOAMHAICTEPa3Hasd aKTUBHOCTH HAOAIOAQETCSI y COeAU-
HeHu# 243 (ICs09 0.00055 mM) m 247 (ICs509, 0.0006 mM). ITocrepHHE TIPOSB-
AFIOT Tak’Xe CPaBHUTEABHO BBICOKYIO chnenuduunocts (MC = 400 u 317,
COOTBETCTBEHHO) II0 OTHOIIIEHUIO K BbyXD3.

W3 paHHBIX TabOA. 20 1 21 BHUAHO, 4YTO AMSTUAAMUHOITUAOBEIE 3(PUPHL U
aMUABl AWIENTHUAOB, COAEp’Kalue OCTAaTOK n-aMUHOOEH30UMHOU KUCAOTHI
(coep. 211, 214, 216-223), TPOSIBASIIOT CIIENMU(PUIHOCTD IO OTHOIIEHUIO K AX3,
TOTAQ KaK aMMHOAAKHMAOBEIEe 3pup 212 u ammpanl 210,213,224-254 AumienTUAOB
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cnenquUUYHLI IO OTHOIIeHHIO K ByX3. C Apyroll CTOPOHEI, aMHHOAMUAEBL,
CoAeprKalllie OCTaTOK o,B-pAerMApoBarmHa B N-KOHIle Aunentupa 225-
227,230,241,242, v ux 4eTBepTHUUHBIe aMMOHUeBble coAu 233-236,245,246 1o
QHTUXOAUHOICTEPA3HLIM CBONCTBAM IIPEBOCXOAAT aMMHOAMHUABLI N-O€H30HA-
o,B-peruppoBasmaa 110,118,126 u wmx mopmermaaTer 176, 184,192, Tlpm co-
TMOCTaBAEHUN AQHHBIX KaK aMUHOaAMMAOB, TakK U uX coaeil N-6enHzoun-DL-Ba-
amHa 18,29 u 56,67 ¢ aMMHOAMUAHBLIMHU TTPOU3BOAHBIMH AWUTIEIITUAOB, COAEP-
xammx B C-koHIe octaTok BaamHa 251,253 m 253,254, mabaropaercss obpar-
Hasl KapTUHa.

ComocTtaBAeHUEM AHTUXOAWHICTEPA3HBIX CBOMCTB aMHUHOAMHUAOB M WX
nopmMeTuraToB N-OeH30UA-A, B-AETUAPOBAAUA-O, B-AETHADPO-4-OpoMPeHMAAHU-
Ha 225,226,241 u 233,234,243 c TeMu >Xe CBOMCTBAMM aHAAOTHMUYHBIX TPOU3BOA-
HEIX N-0eH30UA-o,-AeTUAPOPEeHUAAHUA-A, B-AeTHAPO-4-6poMdpeHNAaNaHUHA
(229, 230,243 u 237,238,247) OBIAO YCTAHOBAEHO, YTO IIOCAEAHUM PsSIA COEAWHEe-
HUN IPOSIBASIET CPABHUTEABHO OOAee BHICOKYIO MHTMOMPYIOIIYIO aKTUBHOCTD
Kak no otHomeHuto K AX3, Tak u byX3. CaepyeT OTMETUTH, UTO CPeAU He-
HACHIMEHHBIX AUTIENTHAOB 3-(AUMETUAAMUHO)IponuAaMup, N-OeH30UA-a,3-
AervApodeHNAaHUA-A, B-AeTUAPO-4-0poMpennrannHa (243) u ero MopMeTH-
AaT 247 00AapaloT CPAaBHUTEABHO BBICOKOM CIeIU(MUYHOCTHIO K ByXO.

Tabauya 20

AHTHXO0JHHICTEPa3HAsl AKTUBHOCTb HOAMETHJIATOB 2-(AUATKMIAMMHO)3THI0BBIX
3¢pupoB N-3aMemieHHBIX Q,3-AernIPOIUNENTHIOB, COAEPKALIAX
OCTATKH H-aMHHOO0EH30MHOI KHCJI0ThI

0 0
CHSCOHN@—{ X Y
HN ~/

\

R
Coepu- R X Y 1C59, MM nc NCUks.
HeHUe AX3 | ByX3 | A/B | AXD | ByX9D
@ | @
210 OCHj; N NMe, 0.37 0.22 1.68 - -
211 OCHj4 N NEt, 0.13 0.24 0.54 - -
212 H O NMej I 390 30 13 - -
213 OCHj; N NMej I 0.65 0.24 2.71 | 0.57 0.92
214 OCHj4 N NEt,;Me; I | 0.37 0.55 0.67 | 0.35 0.44
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Tabnuya 21

AHTHXOJHHACTEPa3HAs AKTUBHOCTH HOAMETUIATOB 2-(THITHIAMHHO)ITHIOBBIX
3¢upoB N-3aMelIeHHBIX &, 3-1eruApOAUIENTHIOB, COAEPKAUIUX OCTATKH
n-aMHHOOEH30HOI KHCIOTHI

N@—‘{ il)(C Hs),CH I@
R < 2M5)2CH3
HN \ OJ_

W

No R R IC55, MM 1C

AXD (A) | ByXD (B) | A/B
216 CgHs H 24.5 38 0.64
217 CgHs 4-Cl 15.80 84 0.19
218 3-0,NCgH, H 5.80 36 0.16
219 | 2,4-Cl,CqH, H 4.60 44 0.11
220 2-BrCgH, 3-0,N 2.60 21.5 0.12
221 3-BrCgH, 4-Cl 1.96 85 0.023
222 4-BuOCgH, 4-Cl 160 8000" 0.02
223 C,H,0" 4-Br 16.75 45 0.37
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AHTHXOJHHICTEPa3HAs AKTHBHOCTH 2-(THATKHIAMHHO)ITHIAMHIOB
N-3aMelneHHbIX ,3-1eruIPOIUNENTHIOB U HX HOIMETHIIATOB RCO-Aal-AaZ-NH(CHZ) oY

Tabauya 22

Coe- R Aal Aa? Y IC 509, MM 1C VCUKE.
AUHe- AXD BbyX3 (B) (A/B) AXD BbyX3
HUe (A)
224 CeHs A-Val A-Phe NMe, 1.61 0.0077 209 - -
225 CgHj A-Val 4-Br-A-Phe NMe, 0.29 0.0048 60 — —
226 CeHs A-Val 4-Br-A-Phe NEt, 0.33 0.01 33 - -
227 CgHj A-Val 3-O9N-A-Phe NMe, 0.19 0.007 27 — —
228 CeHs A-Val 3-O,N-A-Phe NEt, 0.43 0.0056 77 - -
229 CgHj A-Phe 4-Br-A-Phe NMe, 0.20 0.00079 253 — —
230 CgHj5 A-Phe 4-Br-A-Phe NEt, 0.13 0.00081 160 - -
231 CgHj A-Phe 3-Oy9N-A-Phe NMe, 0.14 0.011 13 — —
232 CgH;5 OMe-A-Tyr 3-O;N-A-Phe NMe, 0.14 0.017 8 - -
233 CgHj A-Val 4-Br-A-Phe N+Mej I’ 0.34 0.0021 162 0.85 2.29
234 CgHj5 A-Val 4-Br-A-Phe N+Et,Me I 0.21 0.0095 22 1.57 1.05
235 CgHs A-Val 3-OyN-A-Phe N+Mej I 0.37 0.0058 64 0.51 1.21
236 CgHj5 A-Val 3-O;N-A-Phe N+Et,Me I 0.37 0.0073 51 1.16 0.77
237 CgHs A-Phe 4-Br-A-Phe N+Mej I 0.18 0.0019 162 0.59 0.38
238 CgHj5 A-Phe 4-Br-A-Phe N+Et,Me I 0.12 0.0011 109 1.08 0.74
239 CgHs A-Phe 3-OyN-A-Phe N+Mej I 0.22 0.0046 48 0.64 2.39
240 CgH5 OMe-A-Tyr 3-O;N-A-Phe N+Me; I 0.13 0.0059 22 1.08 2.88




Tabnuya 23

AHTHUXOJIUHICTEPa3HasA AKTHBHOCTH 2-(IMMeTHIAMUHO)IPONNIAMUIOB
N-3aMelIeHHBIX 0,3-AeruIPOIUNeNnTHIOB U UX HOAMETHIATOB
CeHsCO-Aa'-Aa®-NH(CH,) ;Y

Coe- Aal Aa? Y IC 500, MM ncC NCUKS.

AWHEe- AXD ByX3 (A/B) AXD BbyX3
HUe
241 A-Val 4-Br-A-Phe NMe, 0.42 0.01 42 — —
242 A-Val 3-O4N-A-Phe NMe, 0.39 0.0052 75 - -
243 A-Phe 4-Br-A-Phe NMe, 0.22 0.00055 400 - -
244 A-Phe 3-O,N-A-Phe NMe, 0.099 0.0016 62 - -
245 A-Val 4-Br-A-Phe N+Mej I 0.78 0.0067 116 0.54 1.49
246 A-Val 3-O,N-A-Phe N*+Me; I 0.44 0.017 26 0.89 0.31
247 A-Phe 4-Br-A-Phe N+Mej I 0.19 0.00060 317 1.16 0.92
248 A-Phe 3-O,N-A-Phe N*+Me; I 0.14 0.0037 38 0.71 0.43




Tabauya 24

AHTHXOJHHACTEPa3HAsd AKTUBHOCTH 2-(TMMEeTHIAMHHO)AJKHIAMHII0OB
N-3aMeneHHbIX Q,B-1eruAPOIUNENTHIOB U UX HOAMETHIATOB
CgHsCO-A-Phe-Val-NH(CHy) Y

Coe n Y I1C500,, MM A/B Hxs.

AU- AXD BbyX5 AXD ByX5
He-

HUe

251 2 NMe, 9.09 0.05 182 - -
252 3 NMe, 1.39 0.02 70 - -
253 2 N+Mej; I 2.0 0.014 143 4.55 3.57
254 3 N+Mej; I 3.3 0.017 194 0.42 1.18

MounekyJisipHOe MOICIMPOBAHHE B3aNMOdeHCTBUS
HEKOTOPBIX MPOU3BOAHBIX O, 3-1erHAPOAMHHOKHCIIOT
u nentuaos ¢ gepmenramu AXD u byX9J

Ansi Gonee TAYOOKOTO IIOHMMAaHMS IIpollecca WHIMOMPOBAHUS XOAWH-
3CTepa3 Pa3HBIMM aBTOPAMMU OCYIIECTBAEHBI AOKMHT-UCCAEAOBAHUS HEKOTO-
PBIX aMHUHOAAKUAOBBIX MPOU3BOAHEBIX O, [-AETUAPOAMUHOKUCAOT U TIETITUAOB
Kak ¢ AX3, tak u byX3 [42,43]. [Ipu 3TOoM B KadecTBe MoAeAel BHIOpPAHEI
Te KOMIIAEKCHI, B KOTOPHIX KOH(OPMAIIUS AWTAHAA obOeclieynBaeT CpPaBHU-
TEeABHO HU3KOe 3HaueHUe J3HEepPTHuU KOMIAEKCOOOpa3oBaHUSA C (PEepMeHTOM.
ITpu AOKMHT-UCCAEAOBaHUSX, B OCHOBHOM, VUUTBEIBAAOCH PACIOAOKEHHUEe AU-
rafgAa Mo OTHOIIEHWIO K TPeM Ba’KHBIM ydJaCTKaM aKTHUBHOTO IleHTpa dep-
MEHTOB — XOAMHCBSI3LIBAIOIIEMY, AIIMACBS3BIBAIONIEMY W KaTaAUTHYECKOU
Tpruape Kak AXDO, Tak u BbyX3. [loanydeHHBIE pe3yAbTATHI IPUBEAEHEBL B TAOA.
25 u 26. CoraacHO NOAYUYEHHBIM AQHHBIM, HUCCAEAYEMBIE COEAWHEHUd C Tpe-
TUYHON WAU UYETBEePTUYHON aMMOHHEBOU TIPYINON, B OCHOBHOM, IPUOAU-
JKAIOTCA K aMUHOKUCAOTHOMY ocTaTkKy Trp82 (byX3) mam Trp86 (AXD3) xo-
AMHCBS3BIBAIOIUX YYaCTKOB (pepMeHTOB. DTO paccTosgHUe Npu AXD KOAeO-
AeTCsT B TIpeaerax 3-4.4 A, a mpu ByX32 — 3.6-4.4 A. B cayuae xe AXD wuc-
KAIOUEHMEe COCTaBASIOT coepmHeHUs 176 m 233, aMMoHUeBasg MAU TpPeTUUIHAasA
aMMHOTPYINELI KOTOPHIX NPUOAMYKEHBI K aMUHOKHUCAOTHOMY OcTaTKy Phe295
alTUACBSI3bIBAIOIEN YacTu pepMeHTa. AHAAOTUYHOE SIBA€HUE HaOAIOAAEeTCS B
caydae coepmHenudt 110,176 u 178 B cayuae ByX3. B sTomM caydae Takke
TPeTHYHAs WAM 4YeTBEepPTHYHAsi aMHHOTPYIIa OPWEeHTHpPOBaHa B CTOPOHY
allUACBSI3bIBaIOIEN YacTu aKTUBHOTO MeHTpa (Leu 286 u Val 288).
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Tabauya 25

Pe3yJIbT3TbI AOKHMHI-UCCIECA0BAHUS HEKOTOPLIX JIMT'AH/10B € AXD

Coe- KaTtuonnas KaTarntuueckas AtabHasA
AUHEe- YacCTb 4acCTb qacCThb Apyﬂfe

Hze Trp 86 His 447 | Ser 203 Phe 295 PIAMMOACHCTBI

110 4.031 A 7.74 A 3.08 A 8.23 A _
(NMey) (CO-1) (CO-1) (CeHs)

112 4.429 A 4.96 A 6.11 A 4.28A _
(NMe,) (CO-2) (CO-2) (CgH,4Br)

176 9.021 A 6.03 A 6.45 A 3.265A Ser203 u NMjy
(NMej) (CO-1) (CO-1) (NCHjy) 2.96 A

178 4.03 A 597 A 4.79 A 11.09A _
(NMej) (CO-1) (CO-1) CHs A-Val

- 3.31 A 2.52 A 2.75 A 2.31A Gly121 CO u NH-
(NMey) (CO-2) (CO-2) CHs A-Val 11.48 A

297 3.07 A 1.92 A 3.82 A 2.51A _
(NMe,) (CO-3) (CO-3) (PhCH=C)

233 10.94 A 1.89 A 2.74 A 2.78A Glu202 u NH-2
(NMejy) (CO-2) (CO-2) (NCHj) 1.48 A

235 4.43 A 2.39 A 434 A 2.37A Gly121 u NH-1
(NMej) (CO-1) (CO-1) (CeH4NO,) 1.42 A

“(CO-1) — xap6onuabHas rpynmna C-koHng; (CO-2) — mnenTtupHas KapOo-

HUABHAg rpynng; CO-3 — KapOoHHABHa4 rpymnna N-KOHIA.

Pe3yAbTaThl AOKUHT-MCCAEAOBAHMUMN IIOKA3aAM, YTO HCIBITAHHBIE COEAU-
HEHUS B aKTUBHBEIX IIeHTpPax o0OuX (PepMEeHTOB HAXOAATCS BOAU3U KaTaAW-
TUYEeKUX TpHap. B caydae AXD paccTogHHe MeXXAy aToOMOM KHCAOPOAA
aMMAHOM Tpynnbel oT ocTaTKoB Ser203 mam His447 KaTaAUTHYECKOM TPHAABI
coctaBasier 1.9-7.7 A, B To Bpems Kak B caydae ByXD yAaAeHHOCTH TOTO Ke
aToMa KHUCAOPOAA OT aMUHOKHCAOTHBIX OCTATKOB KaTaAUTHMYECKON TPHAAbBI
Ser198 uau His438 korebaeTcsi B npeaperax 1,8-6,8 A, OueBUAHO, UTO IPOSB-
AeHVe aHTAarOHUCTUYECKUX CBOMCTB CHHTE3WPOBAHHBIX COEAMHEHMU IO OT-
HOIIIEHHUIO K XOAMH3CTepa3aM MOJKHO OOBSICHUTH MX OAM3KUM pacIOAOIKe-
HUeM K KaTaAUTUYeCKOW TpUaAe€ B AKTUBHBIX IleHTpax epMeHTOB. Takoe
pacIoAOKeHMe aHTaroHNUCTa B aKTHUBHOM IleHTpe (epMeHTa MOJKeT IIpe-
IATCTBOBATh NPUOAMIKEHHIO CyOCcTpaTa (alleTUAXOAMHA) K TPHUaAe U, TeM ca-
MBIM, IIPENSTCTBOBATb €ro THAPOAN3Yy. HyskKHO oTMeTHUTh, 4TO OGAOKUPOBKA
KaTaAUTHYeCKOM TpHaAbl aMHHOAMUAOB «,B-A€THMAPOIENTHAOB IIPOUCXOAUT
KaK 3a cyYeT AMaAKHMAAMUHOaAKuAaMuAHON (CONH-1) wmaum nenTuapHOM
(CONH-2), tak u N-xkouneso# (CONH-3) aMupHBIX rpynin. B HeKOTOpBIX
CAydYasx, IIOMMMO TpeX YKa3aHHBIX Y4aCTKOB, HaOAIOAQIOTCS TakK’kKe OAU3KUE
pacnorokeHusa auragpa K Gly 121, Glu 202 npu AX3D u Glyl197, Tyrl28,
Trp231 npu ByX3.
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Tabnuya 26

Pe3yabTaThl JOKHHI-HCCIEI0BAHUS HEKOTOPBIX JIMTaHI0B ¢ ByXD

Karuonnast KataamTuueckas 4acThb AtabHas 4acThb Apyrue
CoepnHeHUE 4acThb anMoZeﬁCTBHH
Trp 82 His 438 Ser 198 Leu286 Val288
110 10.21 3.51 A 5.55 A 491 A 6.42 A Gly197 CO u NH2 2.12 A (CHj)
(NMe») (CO-1) (CO-1) (NMe») (NMe») 2.74 A (Ser198) NMe,
112 3.79 A 4.67 A 294 A 517 A 5.04 A _
(NMe») (CO-2) (CO-2) (BrCgHy) (BrCgHy)
176 10.08 2.88 A 501 A 534 A 581 A 3.08 A (Ser198)
(NMej) (CO-1) (CO-1) (NMes) (NMej) (NMej)
178 8.80 A 5.69 A 4.06 A 5.88 A 7.25 A Gly197 CO u NH2 1.78 A
(NMejs) (CO-2) (CO-2) (NMejs) (NMejs) 3.08 A (Ser198) NMe;
295 372 A 476 A 523 A 441 A 2.38 A -
(NMey) (CO-2) (CO-2) (CeHs) (CgHs)
297 438 A 6.78 A 6.67 A 6.23 A 6.13 A 3.26 A
(NMe») (CO-1) (CO-1) (CegHsCH=C) | (CgHsCH=) His438 - NMe,
3.61 A 2.67 A 3.69 A 3.87 A 3.48 A
233 (NMes) (CO-1) (CO-1) (BrCqH,) (BrCqH,) (Tyr128) OH u CO-2 2.18 A
412 A 6.05 A 5.54 A 2.69 A 6.95 A
235 (NMes) (CO-2) (CO-2) (0,NCgH,) (O,NCgH,) (Tyr128) OH u CO-2 1.84 A
147 4.00 A _ 3.89 A - - 4.54 A
(CgH5CH=) (CO-0) Trp231 — N*
165 420 A 455 A - - 430 A
(2-MeOPh) (CO-0) Trp231 —CgH;CH=
199 3.96 A 5.95 A - - 4.54 A
(2-MeOPh) (CO-N) Trp231 —CgH;CH=

“(CO-1) — xap6onmabHag rpynna C-koHilg; (CO-2) — menTupHas KapOOHMABHAS IpyIa.



[MoAryueHHBIE AQHHBIE CBUAETEALCTBYIOT TaK)Ke O TOM, YTO aIfUACBS3EBI-
Balolje y4aCTKU AKTHUBHBIX LIEHTPOB 000MX (DEPMEHTOB He BCerpa OAOKU-
POBAHBI HCCAEAYEMBIMU MHTUOUTOPAMMU.

Pe3yabTaThl AOKUHT-aHaAM3a Ha ImpuMepe cucteM AXDO — 216 u ByXO
— 216 TpPOMAAIOCTPUPOBAHEI Ha puc. 6 (a, 6, B, ). VI3 npuBeAeHHBIX PHUCYH-
KOB BHAHO, YTO IIPOCTPAHCTBEHHOE PACIOAOJKEHNE AWTaHAA BHYTPHU
«ymieAbeB» oboux (pepMeHTOB B OOIIMX YepTax IIoxXoKee. B oboux caydasx
AMUHOCIIUPTOBBIM (pparMeHT AUTaHAAQ HAIlpAaBA€H BHU3 KO AHY «VIIEAbs», B
HaIlpaBACHUM KATAAMTHUYECKOM TpHaABL. B oTamume oT KoMmmaekca ¢ AXD3,
Oaaropapst 60aee KPYIIHBIM pa3MepaM BHYTPEHHErO IPOCTPAHCTBA (YIIIEABSI»
ByX3 — 500 A3 (y AXD — 300 A3) [44], MOAEKYA@ AMTAaHAQ IIOAHOCTBIO «TO-
HeT» B «ylIeAbe» ByXO.

CoraracHO MHEHHUIO aBTOPOB [45], AASI MPOTEKaHUS THUAPOAM3A AMTaHAA
HEOOXOAUMOE pACCTOSTHUE MEJKAY YIAEPOAHBIM aTOMOM CAOKHOI(DUPHOU
TPpyINOBl AWUT@HAA M KHUCAOPOAHBIM aTOMOM CIUPTOBOM TI'PYHIUPOBKU
Ser203(198), npuHapaesKalield KaTaAUTUYECKOM TpUajpe, COCTaBASeT MOPSAKA
2.16 A. OpHako B 060MX (DEpMEHT-AUTAHAHBEIX KOMIIAEKCAX 3TO PAcCTOSHHE
B 3—4 pasa (5.26 u 6.71 A, cooTBercTBeHHO AN AXD U ByX3) 6oasble, 4TO
PEe3KO CHUIKaeT BEpOSTHOCH THAPOAW3a coepnHeHus: 216 mop AelcTBreM
AX3 u byX3.

Tun odpaTtuMoro nHrudupoBanus X NPONU3BOJIHBIX
N-3aMelIeHHBIX o, 3-1eruAPOAMHHOKHCIIOT

ANl oTpepAeneHUsT MHTUOMTOPHBIX CBOUCTB MCCAEAOBAHHBIX COEAVMHEHUU
HUCIIOAB30BAAMCH ABA THIIA CyOCTPATOB — alleTUATUOXOAUH (ATX) m a-Had-
tuAarerar (o-HA) [43].

B xope ompepeneHms Tula MHTUOMpPOBaHUA AXD u BbyXD3 mccaepyeMbl-
MU AMTQHAAMU IIPU UCIIOAB30BAHUMM B KadecTBe cyOcTpara ATX IIOKasaHO,
YTO YMCTO KOHKYPEHTHBIE COOTHOIIEHUSA HaOAIOAQIOTCI AAG cucTeM AXDO-AU-
raup-ATX. Anag cucteMm Ke ByXO-auraHp-ATX HOpakTHUUYeCKH BO BCeX CAY-
yasix HaOAIOAQIOTCS OTKAOHEHUS OT KOHKYPEHTHBIX COOTHOIIIEHUH.

WN3yueno noBepenue cucrteMbl a-HA — ByX3 B ux mpucyrcrsuu. Ilpu
3TOM YCTA@HOBAEHO, YTO TIPM MCHOAB30BaHmU a-HA, B otamune ot ATX, Hab-
AIOAQETCS TOABKO KOHKYPEHTHBIM TUII MHTHOMPOBAHUS. 3HAUeHUsS KOHCTAHT
WHTUOMPOBAHUS TI0 KOHKYPEHTHOMY THUITY, ONpPEAEAEHHBIe B IPUCYTCTBUU
ABYX Pa3HBIX CyOCTpPaTOB, B HEKOTOPHIX CAydYasax oueHb Oam3km (150, 159), a
B APYTHUX CAydYasxX 3HQUMTeAbHO oTAmyarorcs (133,161, 169).

CyOcTpaTHBIE CBOHCTBA NPONU3BOAHBIX XOJUHOBBIX 3(PMPOB U AMHI0B
N-3amMeleHHBIX AMMHOKHCJIOT N0 oTHOIIEeHH0 kK AXD u byX9

B cBa3u ¢ TeM, 4TO OOCy’KAQeMble COEAWHEHUS SBASIOTCS CAOKHBIMU
3duUpaMu U aMUAAMU aMUHOKHUCAOT, COAep’Kalllie XOAMHOBBIM OCTATOK, TO
HUCXOAS U3 UX XUMUYECKOM CTPYKTYPBl U KQTAAUTHUECKON OCOOEHHOCTH XO-
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AMHICTEPa3 MOJKHO IIPEAIIOAOKUTH, YTO OHHU MOIYT OBITH cyOcTpatamMm AX3
u ByX3. B paboTte [4] yCTaHOBAEHO, YTO XOAMHOBEIE 3(PUPHI N-3aMelleHHBIX
Q-aMUHOKHUCAOT AEMCTBUTEABHO IIOABEPraioTcs (hepMeHTaTUBHOMY THAPOAU-
3y mop BospercTtBueM ByXO. IIpu 3TOM yCTaHOBAEHO BAUSTHHE THAPOQOO-
HOCTH U pKa KHCAOTHOTrO OCTaTKa Ha PEaKIMOHHYIO CIIOCOOHOCTb IIPU THA-
poamse mop AetictBueM ByX3.

ITo paHHBEIM AuccepTanuu [43], UHKyOanusgd HEKOTOPBIX aMUHO3(UPOB U
aMrUHOAMHUAOB N-3aMeIeHHBIX «,[3-AeTrMAPOaMUHOKHUCAOT (Bcero 34 coepnHe-
HHS) C XOAMHACTepa3aMU B TeueHUe CYTOK He OTpa3mAach Ha MX MHTUOUTOP-
Hyto cuAy (ICsoy) B caywae AXD, a mop BosapercrBHeM BbyX3 wacTmuHOMY
TUAPOAV3Y IIOABEPraloTcsl AWML aMuHo3(hupsl 150, 158 u 159. Ilpu sToM cKo-
pocTh (hepMeHTATUBHOTO THAPOAM3a 3TUX COEAMHEHUMN COCTaBAdIeT MeHbIle
0.1% ot ckopoctu rupapoamsa ATX. MccaepoBaHHBIEe aMUABI N-3aMellleHHBIX
a,B-AeTUAPOAMMHOKHUCAOT TIOA Bo3percTBueM ByXDO m Tem Goaee AXD He
TIOABEPTAAUCH THAPOAN3Y. OlleHKa CKOPOCTel CIIOHTAHHOTO TMAPOAM3a Hau-
OOAee aKTUBHEIX COEAMHEHUMN B OTCYTCTBHe ()epMeHTa IMIOKa3aAa, YTO CTa-
OUABHOCTH CHHTE3MPOBAHHBIX CAOKHBEIX 3(PUPOB B Oy(epHBIX pacTBOpax He
ycrynaer ATX. Ilpu 3TOM aMHABI OTAMYAIOTCSI OOAee BBICOKOM CTaOMAB-
HOCTBIO.

W3 BBINIECKA3aHHOT'O OYEBUAHO, YTO AUAAKUAAMHUHOAAKUAOBEIE 3(DUPHL U
aMHUABI @MUHOKHMCAOT U IENTHAOB, @ TakKKe UX YeTBepPTUUHBIE aMMOHUEBEIE
COAM MOJXKHO OTHECTH K II€PCIeKTUBHOMY PSAY OPraHUYECKHUX COEeAMHEHUH,
MIPOSBASIONINX AaHTUXOAMHACTePa3Hble CBOMCTBA. B CBA3M C 3TUM C IIEABIO
CO3AQHUSL AEKApCTB AN AeUeHUS AeMeHIUu AAbIreliMepa CHUHTE3 HOBBIX
QHAAOTOB 3TOTO PIAA M IOMCK Ha UX OCHOBE BBICOKOCHENM(MUYECKUX aHTHU-
OYTHUPUAXOAMHICTEPA3HBIX COEAMHEHUN SBASETCSA aKTYaAbHOM 3ajadei.

USGShPLIvNLP LD WU LURE-LUSL 6L MENSPY-U3PL WoUL33ULLEL:
UhULEEQ GBI NUYUALP LEUE-GLUQUSDPL NUSUNFE-3AFLLEL

€. 0. -NPNF23U, L. u. GULUS3UL U 1. U. 1H2N3UL

Riluplyfned bl O-wdflofFFniibpfy b OLB-qblfuppmudfloufdfFniibpls i ubujuf-
hpfr fplyfpyrsdfiomy iy bufdlphbpf, hobufdlphbpf b wlfuphibpl uflfdhgp byubul- Dby
e Suilpsfuryfiabufthpuguy il Qunnhnfymibpp: Unwbi & Suunncl ey fFyncds §
pupdifmd prcnppfyfunypibufdbpugh Sutiphy ufifhgums  dfpgndyndibbpf plunpeg-
Ypostancfyuitsp: Rlipifmd bl fpunngdfuwd p-wilpnffne Fynch Qugp puguygimddubip Gugumning
wifyuplilip gnppopuybgduds boabquljoyfighibph funngdwdpuyfl dindofuncfdynciibph
[unbputbpl fbpuwpbpyuy: Phguby  O-wlfbufdfFatbpp, wypupbu L OLB-gblpypnunf-
luufd[Faitibpl pupphpfpy wnwbdimgdly By wnmfly wlpepd b pocsfpfy oyl bpag
Whunndundp. pupdp plunprquluingFudp wgpl pilfpng dpugncfdyniibpp: Rhpdus b
ble df putifs wpgqbyulpsubpf o fumyfilufdbpuguiibph dpph golfiig Sbunuqmmncfdyub
gy nLiI@iIlip ;
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AMINO ACID AND PEPTIDE DERIVATIVES OF ACETILCHOLINE.
SYNTHESIS AND ANTICHOLINESTERASE PROPERTIES
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The methods of synthesis and anticholinesterase properties of dialkylaminoalkyl
esters, thioesters and amides as well as a-amino acids as a,-dehydroamino acides and
peptides have been discussed.

Particular attention has been given to specifity of the synthesized compounds
toward butyrylcholin- esterase. Has been given the data of structural change indexes of
quaternization and substituents, which facilitated the process of structure-active
relationship. Selected the most active and specific toward butyrylcholinesterase
compounds from a-amino acid and o,-dehydroamino acide deri-vatives was selected.
Also here are docking investigation ligand-enzime complexes for some inhibitors.
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O606LLeHbl N CUCTEMaTU3NPOBaHbl NMUTEPaTYpPHbIE AaHHbIE O MeToAax CUHTEe3a NPOV3BOAHbIX
THeHo[2,3-b]NMpranHOB 1 UX KOHAEHCMPOBaHHbIX aHanoros — 5,6,7,8-teTparnapo[1]6eH3oTneHo[2,3-
blnupuanHos, nupaHo(nnpuao)[4',3':4,5]tmeHol2,3-blnupnanHos, 5,6,7,8-teTparngpotueHo|2,3-blxu-
HONMHOB, nNUpaHo(TuonupaHo)[4,3-bjtneHo[3,2-elnupuagunHos, 5,6,7,8-TeTparngpoTmeHo[2,3-b]-1,6-
HadTMpMAMHOB, umMknoneHTalb]tueHo[3,2-elnupuavHos, 6,7,8,9-TeTparnapoTtneHol2,3-clusoxvHonu-
HOB, MupaHo(TnonupaHo)[4,3-d]TneHo([2,3-b]nupnaunHos, 6,7,8,9-TeTparngpoTuneHo[2,3-c]-2,7-HadTu-
puanHoB, uvknoneHTa[d]TueHo[2,3-blnupuanHos.

Bubn. cebinok 137.

IMupuaMH M ero NpoH3BOAHBIE IIPEACTABASIOT OOABIION HHTepeC B Ka-
YyecTBe CTPYKTYPHBIX EAUHUI[ AAI CHHTe3a HOBBIX TeTepPOIIMKANYECKUX
CHCTeM, MOTYIIVX IIPEACTaBUTh WHTEpeC B KadeCTBEe HOBBIX OMOAOTUYECKH
aKTUBHBIX coepnHeHUN. KOHAeHCHpPOBaHHBIE NHUPUAUHCOAEepsKallue CHUCTe-
MBI C TOUKH 3PeHHS OMOAOTMUECKON aKTHMBHOCTM 3@4acTyIO ITPEACTaBASIIOT
3HQUUTEABLHO OOABIIWN WHTEpPeC, YeM COCTaBASIOIINE WX COOTBETCTBYIOIIVE
MOHOIITMKAWYECKUe COepAuHeHHs. Pemlaroniyio poAb IPU 3TOM UrpaeT BO3HUK-
HOBeHUe KauyeCTBEHHO HOBBIX CBOMCTB aHHEAUPOBAHHOM MOAEKYABI, PaCIIu-
peHMe BO3MOJXHOCTH IPUMeHeHHs (apMaKO(OPMHBIX I'PYHI B Pa3AMYHBIX
TIOAOJKEHUAX. B psAAY reTepolMKAMYEeCKHX CHCTeM 0CO00Oe MeCTO 3aHMMAaloT
cepocopepskalliie KOHAeHCHUPOBaHHbIe MUPHUAWHBI, B YaCTHOCTH, TUEHOINPU-
AMHBEL [lochepHre OOAQAQIOT HIMPOKHUM CHEKTPOM OHMOAOTMUYECKOM aKTHB-
HocTHu [1-8], a mpenapaThel TUKAONIUAWH, THHOPUAUH U T-14097 HamiAu npaxk-
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THYECKOoe NpUMeHeHHe B MeAUIIMHe B KadeCTBe IIpernapaToB aHTHUTPOMOU-
YeCKOro, IPOTHBOBOCIIAAMTEABHOI'O, @HAABIeTHYeCKOIO M aHTHOaKTepHaAb-
Horo AerictBuga [9-11]. C Apyroi CTOPOHBI, THEHONUPUAUHBI NPEACTaBASIOT
TEOPETUYECKUN MHTEepeC M3-3a HAaAWUUS B MOAEKYAEe OAHOBPEMEHHO m-Aedu-
IUTHOTO IHUPUAWHOBOTO U T-M30BITOYHOTO THO(EHOBOTO KOAEIl, YTO II03BO-
AseT U3ydaThb B3aMMHOE BAMSHUE TeTePOIIMKAOB Ha PEaKIJMOHHYIO CIOCOO6-
HOCTB, & TaK)Ke Ha OMOAOTHYECKYIO aKTUBHOCTEL CHCTEMHI.

B umeromuxcs B anmTeparype o63opax [8, 12-15] ocBellleHa XUMUS THe-
HOIIUPUAVHOB B IleAOM. B HacTosimiell paboTe HamMu OOOOINEHBI AQHHBIE IIO
OCHOBHBEIM METOAAM CHHTe3a TueHO[2, 3-b]mupmamHOB M X KOHAEHCUPOBAH-
HBIX C HACBIIIEHHLIMU ITUKAAMU aHAAOTOB A0 2016 T'. BKAIOUHUTEABHO.

B mpupoae mpom3BOAHBIE THEHO[2,3-D|IMPUAMHOB BHISBA€HBI B KOMIIO-
HeHTaX CcAaHleBo# HedTu [16]. VMiccaepoBaHUS MO CUHTE3y THUeHO|2,3-b]mu-
PUAUHOB NPOBOAUAUCE ¢ 1913 r. [17], 0OAHAKO cHUCTeMaTH4YeCKHe HCCAeAOBa-
HUS B 3TOM 00OAACTH Pa3BEPHYAUCH B IIOCAEAHME AECSTHUAETUS, YTO BBI3BAHO
OOABIIIONM IIPAKTUYECKOM 3HAUUMOCTBIO MHOTUX IIPOM3BOAHEIX THEHO[2,3-
D]mupUAMHOB M MX KOHAEHCHPOBAHHBIX aHAAOTOB. CIEKTP OMOAOTHYECKOTO
AEVCTBUS 3TUX COEAWHEHUM BKAIOYAaeT B ceOs NMPOTHMBOBOCIAAUTEABHBIN [18,
19], anTupenpeccaHTHBIN [20], TPOTUBOMUKPOOHEIN [21-23], IPOTUBOOITYXO-
A€BBIN [7, 24, 25], IPOTUBOCYAOPOSKHBINM W HEMPOTPONIHBIN [26-29] BUABI aK-
TUBHOCTH. B pa3zBuTum xumum TUeHO[2,3-D|TUPUANHOB ¥ ero aHaAOTOB GOAb-
IIIYIO POAB CHITPAAO HaAMYHe PsSIAd YAOOHBEIX METOAOB MX CHMHTe3a. B amrTepa-
Type TPUBOASITCS AQHHBIE O ABYX TYyTSIX CHHTe3a THUeHO[2,3-b|mupupvHoB —
U3 IIPOU3BOAHBLIX THO(EHa 3aMblKaHMEeM IHUPHAWHOBOTO IIMKAA M Ha OCHOBE
MIPOM3BOAHBIX MUPUAVHA C TIOCTPOEHUEM THO(EHOBOTO KOABIIA.

A. CuHTe3bl, 0CHOBaHHbIE HA 00Pa30BaHNHN MUPHINHOBOIO Koabna. OAMH 13
pacIpoCTpaHEeHHBIX METOAOB CHHTe3a THeHO[2 3-h|nupmaAMHOB OCHOBAH Ha
peaknum Ckpayna [30, 31], cyTh KOTOPOTO 3aKAIOYaeTCd BO B3aUMOAEUCTBUU
2-aMuHOTHOQEHOB 1 ¢ KapOOHUABLHBIMU COEAVHEeHuSMH. [Ipu cuHTese Tue-
HO[2,3-b]nupuarHOB 2 B KayecTBe KaTaAM3aTopa PeakIUU UCIOAb30BaHO
IIECTUXAOPHUCTOE OAOBO.

Rl Me Rl
Me
1 / \ " O=<  » | A AN R!
R S NH, R2 —
R N7 S
1 2

Rl = H, Et; R”Z = CH=CH,, CH,Ac; R® = H, Me.

APyruMm aBTOpaM{ B KadecTBe KaTaAM3aTOpa C yCIIEXOM IPUMEHSIANUCH
KaK CepHasg KMCAOTQ, TaK U pa3AnMuYHble KMCAOTHI Abtouca [32, 33].

VHTepecHBIM NIPUMEPOM aHHEANMPOBAHUS NUPUAUHOBOTO KOABIJA OKa3aA-
Csl MeTOA, IIPeAAOKeHHBINM BoaouHIOKOM U Ap. [34], coraacHO KoTopoMmy, 2-
ammaoTuodensl 1 u 4,4,4-tpudrop-1,3-AmKapOOHUALHEIE COEAWHEHUS IIPU
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HarpeBaHUM IIOABEPralOTCS PETHOCEAEKTUBHOM ITMKAOKOHAEHCAIMMU € obpa-
30BaHUEM 4-TpH(bTopMeTHATI/IeHo[2,3-b]HI/IpHAHHOB 3.

CF,
Rl
., e A
A 2-4y —
R3 "N” S
1 3 (63-84%)

Rl = COOMe, COOEt; R2 = Ph, 2-tuenua, CF3, OEt; R = Ph, 2-tuenua,
CF3, OH.

PsiAOM aBTOPOB B3aMMOAEHCTBUEM ITHA(ITOKCUMETHUAEH)IIMaHOAIeTaTa C
reKCaXAOPCTAHHATOM buc-(2-THEeHUAAMMOHUS) 4 B NMUPUAUHE C BLIAGACHHEM
MIPOMEKYTOYHOTO MPOAYKTA C BBICOKMM BBIXOAOM IIOAYYEH 4-THAPOKCHUTHE-
HO[2,3-b]nupuanun-5-kap6ouutpua 5 [35, 36].

CN
+ EtO  CO,Et 500
E\>~NH3 SnCl> . _ €O, 1) mapuan, 40-50°C, 24~ I
S

0,
) CN 2) HJayrepwm, 250 °C, 40 mun

4 5

w
z

C meApl0 CHHTe3a APYTHMX aHaAoroB THeHO[2,3-b]JumpuaunoB Xaarac,
KaeM U Ap. PeakIMOHHYIO CMeCh 0OpabaTBIBaAM MAAOHOBBIM AHUAABAETHAOM
TeTpaMeTHAalleTaAs B mpucyrctsuu ZnCl, [37, 38].

VIHTepecHBIM pellleHueM AAd IIOAYYeHUsS THEHOIWPHUAWHOB SIBASETCS
npsiMasi ABOMHasi KOHAEHcCalus 2-HUTpoTuodeHa 6 ¢ 3aMeleHHBIMU aAAMA-
apuacyAbdoHaMU. Peaknus mpoTekKaeT B IPUCYTCTBUMU KpPeMHUHOpraHude-
cKkux coepmHeHud, 1,8-amazabunukrnro[S5.4.0]yHpen-7-ena (DBU) wmam mop
AEVCTBHEM KHCAOT Abiouca B rekcametruadocdopamupe (HMPA), AMOA
UAM alleTOHUTPUAE C YMEPEHHBIMHM BBIXOAAMU KOHEUHBLIX NPOAYKTOB. B Ka-
YecTBe MpUMepa MOJKHO IIPUBECTH CXeMy CHHTe3a 4-TOo3uATHeHO[2,3-b]uupn-
avHa 7 [39].

Ts
Q
Me;Si—C=C—SiMe, S
@\ TR A MgCl,, DBU, HMPA » >
S N02 (0) g 25 5 N S
6 7

R = H, Ar = 4-MeCgH,.

ApPyro¥ MeTop HOAYYeHHST THueHO[2,3-b]JnupranrHOB mpepmnoraraeT oGpa-
30BaHUE IUPUAMHOBOTO ITUKAA B pe3yAbTaTe B3aUMOAEUCTBUS 3-3aMelleH-
HBIX-2-aMUHOTHOMEHOB M KOMIIOHEHTOB, COAEPIKAIUX ABa YTAEPOAHBIX aTO-
Ma. B poam mocaepHero BEICTYHIAIOT, KakK IIPABUAO, IPOM3BOAHBIE MaAOHO-
BOM, IIMAHYKCYCHOU M alleTOYKCYCHOM KHCAOT. 3aMECTUTEASIMHU B IIOAOJKe-
HUU 3 THO(EHOBOTO KOABIIa 06LIYHO siBAsttoTcs rpynnbl CN uan COOEL.
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BakHBIM (haKTOPOM, CTUMYAUPYIOIIUM Pa3BUTHE MCCAEAOBAHUU IIO U3Y-
yeHUuIo TUeHO|[2,3-b|nupuauHOB, siBAsIeTCS BBICOKUM (PapMaKOAOTUUYECKUN TO-
TEHIIMaA CHHTE3WPOBAHHBIX COeAMHeHUM. B wacTHOCTHM, B paborax [40-42]
ONMCaH pPsA NPHUMEPOB CHHTE3a AHTArOHWCTOB TOPMOHA TOHAAOTPOIMHA
(GnRH). Oapnu m3 Takux npenapatoB — 4-okcotueno[2,3-bjuupuaun 9, cus-
Te3UpOBaH IIMKAOKOHAeHcanued aMuHoa(pupa THodeHOoro psapa 8 ¢ a,f-Hen-
PEAEABHBIMU KEeTOHAMU C ITOCAEAYIOIIUM N-aAKI/IAI/IpOBaHI/IeM

Me COOEt COOEt Rl N
M " /\ : : i &/& \ Ph
Ph S NH,

8

(a) TsOH, PhMe, 20 °C, 2,5 u, 92.4 %; (b) Ph,O, A, 4 4, 80.6 %:; (c) R3Br,
AM®A, K,COs, 20 °C, 4 u, 97.1 %; Rl = uso-Pr; R2 = MeO; R3 = 2,6-
F,CgH3CH,.

B KadecTBe HUCXOAHBIX 2-aMHUHOTHOMEHOB B PSIAE CAydYaeB MCIIOAB3YIOTCS
NIPOU3BOAHBIE 2-aMHHOTHO(MeH-3-KapOOHOBBIX KHCAOT 8, KOTOpEIE IOABED-
TraroTCsI ACKAapOOKCHMAMPOBAHUIO U HOHKAM3anuu o l'oyapy-AsxkekoOcy [41-
45]. Hanpumep, IpPOAYKT peakKlMd aMHHa U 3dupa — eHaMuHOoadpup 10,
OMBIAFETCSI €eAKUM KaAu B aMHHOKHUCAOTY 11, 3aTeM HarpeBaHHeM NOCAEAHEN

B AayTepMe A mMMeeT MeCTO ITUKAM3AaIUsA C OOpa3oBaHUEM THEHOIUPUAWHA
12 [45].

o
COOEt COOE¢ COOH EtOOC
b,c d A\ R
TR TV S T S R W
R™Ng7NH,  R-Ng~N RN NSO N
. H  COOEt H COOEt o H 12
10 1
HOOC ef
| )-r
N S
|
Et

(a) NH,CH=CH(COOELt),,140-160 °C, 2 u; (b) 10% KOH, EtOH, 30 mum; (c)
HCI, H,O; (d) Aayrepm A, 250 °C, 30 mun; (e) TsOEt, K,CO3, AM®A, 75-80
°C, 4 y; (f) NaOH, H,0, 1 v; R = 4-upupuA.

PaszpaboraH HOBEIM CcHOCOG NIOAyYeHHsI TuUeHO|2,3-b]Jumpuann-5-Kap6o-
HUTPUAOB B3aMMOAEUCTBUEM CAOKHBIX 3(PUPOB 2-aMUHOTHO(DEH-3-KapOoHO-
BOU KHCAOTHI 8 c aAuMeTuAarieTareM auMeTuadopmamupa (AMODA-AMA).
KaroueBol cTapuelr CHUHTe3a SIBASETCS TepMHuueckKas oOpaboTKa MOAYYEHHO-
ro apAykTa 13, croco6eTByIONIas SANMUHUPOBAHUIO, AeKapOOKCUAUPOBAHUIO
U HYKACO(UABHOM ITUKAW3ALNMY, B pe3yAbTaTe 4ero Inoaydaiorcs 4-okco-4,7-
auruapotrero|2,3-b]nupuaun-5-kapbouurpuns 14 [46, 47].
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el e e T

H CO,7Bu

(@) IM®DA-JIMA, 100 °C; (b) t-Bu-timanoarerar, -BuOH; (¢) PhOPh, 180 °C; (d) PhOPh, 255 °C, 2 u
R1=H, Me, Et, Ph, Bn: R2= H, Me, uzo-Pr, 4-FCgH,, 4-CICgH,, 4-BrCgH,, 4-
MeOCgH,, 2-bypunr; R3=H, Me, Et.

Astopamu [48] onmcaH cnoco0 CHUHTe3a aMHUHOIPOU3BOAHOTO THEHOIIU-
puAvHaA 16 C BBICOKMM BBIXOAOM HarpeBaHHEM 2-aMHUHO-3-IImaHo-4,5-pnme-
TUATHOEHa 15 ¢ ameToOyKCYCHBIM 3(UpOM B NPUCYTCTBUM KaTaaM3aTopa
TeTPaxXAOpPUAA OAOBA.

M CN M Me NH,
€ e
O  SnCl,, PhMe ) - COOEt
/3 v _SnClPMe - 7T
S ~
MeT s N COOEt N7 Me
15 16

UHTEepecHoO OTMETUTH, YTO IPOMOTHpPYyeMas TeTPaXAOPUAOM OAOBa peak-
must 2-aMUHOTUOPEeH-3-KapOOHUTPUAOB 15 ¢ AMITHUAOBBIM 3(UPOM alleTOH-
AUKAapOOHOBOM KUCAOTHI 3aBepliaeTrcss oO6pa3oBaHUEM IMKAMYECKOTO IIPO-
AyKTa 18, TorAa KaK B YCAOBUSAX KaTaAW3a A-TOAYOACYAL(POKUCAOTOHM IIPO-
IIecC OCTaHABAMBAETCS Ha CTapAuM OOpa30BaHUS AWHEWHBLIX IIPOAYKTOB 17.
LlukAam3anuga NOCAEAHUX B THEHONHUPHUAMHEI OCYIECTBASIETCS OOpPabOTKOM!
SnCl,; mam EtONa [49].

Et NH,
a COOEt
Me— |
COOEt S — COOEt
E
t CN 18
/ \ + (0] — a WM ¢
Me NH
S 2 COOE# Et cN COOEt
15
b
—— /\ .
Me S
H COOEt
17

(@) 1)SnCly, 2) Na,COjz, H,O, 60-63%; (b) n-TsOH, CHCIj;, 52-63 %; (c)
EtONa, EtOH, A, 20 %.

6-XA0pPMETUATPOU3BOAHEIE THEHO|2,3-b]nupuannos 20, BHICTyIaOIMe B
POAU MHTEPMEANATOB IIPU IIOAYUYEHUHM PSIAA IPOTHBOBOCIIAAMTEABHBIX IIpella-
paToB, TOAYYEHBI ITMKAOKOHAEHCalmel 2-aMuHO-3-apouATmodeHoB 19 ¢ a-
XAOPKapOOHUABHBIMU COEAMHEHUSIMHU IIPU HarpeBaHWUM B IPUCYTCTBUU KHUC-
AOTHBIX KaTaausaTtopoB (H,SOy4, TSOH, AICI3, HCI) [50-55].
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a . Kfo

CH,CI

19

R = Rl = Me uam R + Rl = (CH,),XCHy; R? = CI uau CO,AlLk; X =S,
NAIK, NBn, NCbz, NC(O)Ar.

YAOOHBIMU CHUHTOHAMHM B peakIUsIX NUKAM3anuu aMuHoTtmodgeHon 8,15
3apEeKOMEHAOBAAU Ce0S AUITUAMAAOHAT, TMAHOTHUOAIIETaAMUA, MAAOHOHUTPUA
U 3TUAITMAHOAIeTaT [24, 56-59]. BaprupoBanueM MX KOMIIOHEHTOB, C OAHOM
CTOPOHBI, ¥ MCXOAHBIX aMHUHOTHO(MEHOB — C APYTOM, MOJXHO IOAYYUTH THE-
HO[2,3-bJuupuaunbr 21,22 ¢ pa3AMYHBLIMU (PYHKIMOHAABHBIMU 3aMECTUTEAS-
MU B MUPUAUHOBOM KOAbIle. KaTaauzaTopaMu ITUKAOKOHAEHCAIIUU SIBASIOTCS
TiCly, EtONa-EtOH, Et3N-EtOH. Peakiius uHOrapa mpoTeKaeT HIPU IIPOCTOM
CIIA@BAEHUM WCXOAHBIX PEAreHTOB B IIPUCYTCTBUU CAEAOB TPHUITHUAAMMHA
[58]. B 1eaoM mpoliecc MOKHO HIPEACTaBUTH IO CXeMe:

R3
R2? X
NCCH,COOEt l_S\ NCCH,C(S)NH,
B p—merr—— —_—
O~ CH,(COOEt 7\ CH,(CN
N n el S, 2(CN), .
8,15

Rl = H, COOEt; R? = 1-nupasoaur, COOEt; R3, X = CN, COOEt,
Y=NH,, OH.

AHaAAOTHUYHBIM CIIOCOOOM ®3 4-aMUHO-2-(peHUAaMUHO-3,5-ANITHaHOTHO-
deHa 22, TMaHYKCYCHOTO M MAAOHOBOTO 3(DUPOB ITOAYYEHBI aHHEAWPOBAH-
HBle THeHoa3uHbl 23-26. HecMoTpss Ha TO, UTO peakKUUU MNPOTEKalOT B AO-
BOABHO JKECTKUX YCAOBUSIX, BHIXOABI KOHEUHBIX ITPOAYKTOB BBLICOKHE, ITOJTO-
My BBIIIEONIMCAHHBIE PeakKIUM IPEACTABASIOT HECOMHEHHYIO IIeHHOCTh B
KavecTBe IpenapaTuBHBIX MeTOoAO0B [60].
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PhHN S CN

NH
NC 2 HN/\ b, &4 00?»‘ 22 NCo e
= Q“i llz(’o
Or,

o N
Ph phuc’
25

(a) NH,OAc-AcOH, 200 °C, cinasnenue, 2 u; (b) HCONH,, A | 2 u; (¢) PhCHO, nunepuus,
EtOH, A, 2 u;(d) HC(OEt);, Ac,0; (e) N,H, H,O; (f) NaNO,, HC1, AcOH.

MHorue aKTHUBHBIE 3A€KTPOUABl, B TOM UYHCAE apUAMETHUAEHMAaAOHO-
HUTPHUABI, AeTKO pearupyloT ¢ aMuHoTHodeHaMu 15 ¢ oOpa3oBaHueM 6-apua-
treHo|2,3-bJuupuaunos 27. Takme peakIUM KaTAAU3UPYIOTCS OCHOBAHUSIMU
MEeTaAAMYEeCKUM HaTpHeM B AMOKCaHe [58], munepupuHoM [61] MAM TPUITHA-
aMuHOM [59]. MexaHNU3M AQHHOIO NpeBpallleHUs BKAIOUAeT CTaAUM HYKAeOo-
(PUABHOTO NIPHUCOEAVMHEHMS, IIUKAU3aNUu o Topny M apoMaTHU3aluu C 3AU-
muHupoBanueM HCN [61].

R3

Rl CN nNC. R R!  CN R!
CN B
) Pan ey SRy
R*"N\g~ NH, Ar R27Ng 1}\1{ r R?
15

S

Rl = Ph, NHy; R2 = Ac, CN: R® = CN, COOEt; Ar = 2-ypuAa, 2-THEHUA,
Ph, 2-CICgH,4, 4-CICgH,, 4-MeOCgHy; B — ocHoBaHue.

HccaepoBaHa BO3MOXKHOCTH TPUMEHEHUST XAOPAHTUAPUAOB psina KapOo-
HOBBIX KHCAOT B KayeCTBe KOMIIOHEHTOB AASI CHHTE3a 3aMeIll[eHHBLIX THe-
HO[2,3-bJnupuaunor 29. OGpasyoluecs TPU B3aUMOAEHUCTBUUM XAOPAHTUA-
puAOB C 2-amuHOTHO(MeHamMu 8 a-3amereHHble N-(2-TreHuMA)aleTaMuAb 28
TIOABEPraloTCsI BHYTPUMOAEKYAIPHOU KOHAEHCAIMU B CUABHOOCHOBHOM Cpe-
Ae [62-64].

HO RZ
R COOMe R  COOMe . R
R,CH,C(0)Cl KN(SiMes), =
AN ’] 7\ Tr®-PhMe, 70 °C..20°C  // \ o
R S NH, R S NH R S INI
8 »8 0)\\ 29
RZ

R = H, Me; Rl = H, CI, Me, Et, Br; R2 = Ar, Het.

BHyTpuUMOAEeKYAIpHas IMKAM3aus 2-amMuHoTrodeHos 30, copeprKaminx
B IIOAOKEHHU 3 3aMeCTUTEeAb C 3AeKTPOMUABHBIM Y-YTAE€POAHBEIM aTOMOM,
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IIPOTEKAaeT NIPU HAarpeBaHUM B OTCYTCTBHE KaTaaMsaTopa [65] uau npu Kund-
yenuu B pactBopax NaOH [66, 67] mau EtONa [68]. B pe3yapTare peakiuu
MTOAYYEHBI 6-0KCO(UMUHO)-6,7-pAurnppoTreno[2,3-b]nupuannsl 31 ¢ Xopomu-
MU BbIXOpaMu (55-80%). B obmiem Buae MOAOOHOE TpeBpallleHrue MOKHO
MIPEACTaBUTH CAEAYIOITUM oOpasoM [65-68].

H,N CN R NH,
R — a, b CN
R!'"\g~ ~NHPh S 171 Y
30 31 Ph

(@) NaOH mmu EtONa, EtOH, A\, 2 u; () HCI, H,O, pH 6.
R = Ph, OH: Rl = OH, NH,, C(O)CH,C(O)NHPh: X = CN, COOEt, Y =
NH, O.

Peaknumu 2-amuno-1,1,3-Tpurnuadonpomnesa ¢ 4-6poM-3-okco-N-peHuAby-
TaHAMUAOM U (PEeHHAM3OTHOIIMAHATOM B OAHY CTAaAUIO IIPUBOAUT K COOT-
BercTByIomeMy N-deHma-6-uMruHOTHEHOTMPUAMHY 32 [65, 66]. B psiae cay-
yaeB OAHOCTaAWMHOe oOpa3oBaHue TueHO|[2,3-b|mupupmHoBoit cucTteMbl Hab-
AIOp@eTcsd B Xope peakiuu ['eBaabpa [69]. OueBUAHO, UTO MHTepMeAUaTaMU B
MAHHBIX IIPEBPAIEeHUsIX SBASIIOTCS COOTBETCTBYIOINWE 2-aMUHOTHO(MEHH!,
CIIOCOOHBIE K BHYTPUMOAEKYASIPHOM IIUKAM3anUU. [TOATBEpKAEHUEM 3TOMY
MOJKET MOCAY’RKHUTBH TOT (PaKT, YTO AUMEP MAAOHOHUTPHAA B3aUMOAEUCTBYET C
areTUAAIeTOHOM U cepol ¢ obpasoBanueM 4,6-pnamuHoTHueHo[2,3-b]uupuan-
Ha 33 [69].

NH
o 2 OHO
NH,; e NC M NC /
NC N Ac,CH, NC_ ) BrH,C HNPh, PhNCS I S—ch, =0
| JATTS )T KOH, DMFA, 20 °C HNZ N7 S PhHN
H,NT N NC  NH, b
32

33

He MeHee unHTepecHBI pa3pabOTaHHBIE METOABI TIOAYUYEHNS KOHAEHCUPO-
BaHHBIX THUEHO[2,3-b]mIMpPUAMHOB Ha OCHOBE KOHAEHCHPOBAHHBIX THOMEHOB,
CoAepKallluX BO 2-OM IOAOYKEHHUM THO(MEHOBOTO KOAbIla aMHHOIPYINY, a B
3-eM MTOAOKEHUM — HUTPUALHYIO M CAOKHOI(UPHYIO rpymnmbl. Tak, B3auMO-
AeNCTBUEM aMUHOHUTPUAOB 34 C COEAMHEHMSMU C aKTUBUPOBAHHBIMU MeTH-
A€HOBBIMHU TPYHIIaMM — alleTOYKCYCHBIM U IIMaHYKCYCHBIM 3(UpaMu, Maro-
HOHUTPUAOM, ITMAHAIIETAMUAOM, a TaKKe ITUAOBBIM 3(pUpPOM [3-aMUHOKPOTO-
HOBOM KHCAOTHI, IIOAYYEeHBI KOHAEHCUPOBaHHBLIE THeHO[2,3-b]nupuanabr 35,
copepiKalliye B MUPUAUHOBOM KOABIIE Pa3AUYHBIE 3aMecTuTeAn [70-74].
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CN
R ="
S

34

X = CH,, O, N-Me; R = H, Me; Rl = OH, NH,; R? = CN, COOEt; R3 =
Me, OH, NH,.

LurAnuzanyet aMUHOI(UPOB KOHAEHCHUPOBAHHBIX THOQeHOB 36 C
alleTOYKCYCHBIM M IIMaHYKCYCHBIM 3(dUpaMU CUHTe3UpOBaHLI THUeHO[2,3-
blmupuaunnr 37, KOHAEHCUPOBAHHBIE C ITMKAOTE€KCAHOBBIM, MHPAHOBBIM U
NUIIEPUAUHOBEIM IUKAaMu [71,72,75,76].

R COOEt

R | A\ — >

X NH,
S

36

X = CH,, O, N-Meg; R = H; Rl = CN, COOEt; R2 = OH, Me.

b. Cunre3nl, 0CHOBaHHbIe Ha 00pa3oBaHUU THO(eHOBOro KojbuHa. OAVH U3
pacIpoCTpaHeHHBIX METOAOB IIOCTPOEHHS THO(EHOBOI'O KOABIIA OCHOBAH Ha
peakiuu Topma — BHYTPHMOAEKYASIDHOTO B3aMMOAEWCTBUS HUTPUABHOU
TPyINOBl B 2-aAKUATHO-3-ITHaHONUPUANHAX 39 ¢ Thorpynunoi. K npeuMmyuiect-
BaM 3TOT'O IIOAXOAQ CAEAYET OTHECTU AOCTYIHOCTb MCXOAHBIX 3-I[MaHOIIHPH-
AnH-2(1H)-TroHOB 38, BO3MOXHOCTH TpUMeHeHus "0ne-pot" mpoileaAypsl U BhI-
COKHe BEIXOABI IIPOAYKTOB peaknuu. MexXaHu3M AQHHOTO IIpeBpalleHus Ipu-
BepeH B paborax [77, 78].

Rl
R? N CN
| HalCH,Z
Il3 E S B Rl
CN
|3 B
~
R! N Cl
RE_A_CN B 40

—
R3” "N” “SCH,Z
39

Z — 3neKTpOoHoaKLenTopHas rpynna; B — ocHosaHue.

Pemtarorium (pakTOPOM, BAUSIIOIIUM Ha CKOPOCTH ITUKAU3AINU, SIBASETCS
SAEKTPOHOAKIIENITOPHEIN 3(deKT 3aMecTuTers Z. Ha ocHOBaHUM 3KCIIEpU-
MEHTAABHBIX AQHHBIX YCTA@HOBAEHO, YTO aKTHUBHOCTH aKIIENTOPHBIX 3aMeCTH-
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Teaett Z ymensbinaercsi B psiay NO, > ArC(O) > CN > COOR > C(O)NH, >
H [78].

LlukAn3anus mpoTeKaeT B OCHOBHOM CpeAe, peske IPUMEHSIeTCS KUCAOT-
HBIM KaTaAu3. B KadecTBe OCHOBaHMSA OOBIYHO UCHOAB3yeTcH 10% BOAHBINU
KOH/AM®A [5 7, 79], a Ttakke Ky,CO3/AM®A, K,CO3/EtOH [18],
EtONa/EtOH [80, 81] © KOH/EtOH [19]. Kak mpaBWAO, CUHTE3 TUEHOMUPH-
AUHOB 41 NerKo OCYIIECTBASIETCS y’Ke IIPU KOMHATHOU TeMIIepaType, XOTs B
HEKOTOPBIX CAYYasTX PEaKIMIO BEAYT NPU HAarpeBaHWU. DTUM METOAOM IIOAY-
yeHbl pa3sAWYHBbIE IPOU3BOAHLIE THeHO[2,3-b]jnupuaunos 41 [5, 17-19, 79, 81-
96]. B AuTepaType IPUBOAUTCS MUX CHUHTE3 TaKKe U3 2-XA0P-3-IMaHOINPUAN-
HOB 40 1 IPOM3BOAHBIX THOTAMKOAEBOM KVCAOTHI, IIPU 3TOM II€PBOHAYAABHO
IIPOUCXOAUT HYKACO(UALHOE 3aMellleHre, a 3aTeM 3aMblKaHue THO(EeHOBOTO
IIMKAA B YCAOBHUSX OCHOBHOIO KaTaamsa [26, 88, 97-106]. AnarorndHast peak-
nug onucaHa B pabore [105], opAHAKO BMeECTO aTOMa XAOpa BBICTYIIAET XAO-
pup nupupmuusg. OGpa3oBaHMe HUTPO3aMelleHHOro TueHo[2,3-b]jnupuanna
42 mpoTeKaeT B YCAOBUIX peaknuu Topma.

NH,
O,N CN O,N CN O,N
X X ~
U - - U — N—COOEt
~ + =
N N N7 8" COOEt NT TS
al 42

OnpepereHHBINM MHTepec OPeACTaBAsIeT CHHTEe3 YaCTUYHO TMAPUPOBAH-
HBEIX THEHOTIUPUAWHOB C HCIIOAB30BaHMEM MeToAa Topma. McxopHBIMU pea-
TeHTaMU CAYy>KaT TeTParuppo- HAU 1,4-AUTHADPOIUPUAUH-2-TUOAATHI, COOT-
BETCTBYIOIIVe NMUPHUAUHTHOHBEI UAM UX S-aAKMAIIPOU3BOAHBIE. B caydae TeT-
ParuApoOIPOU3BOAHBIX MMOCAEAHUX peakIiusd MPOTeKaeT C COXpaHeHUueM mep-
BOHAQYAABHOM CTPYKTYpPBI, @ KOHEYHBIMU IHIPOAYKTAMM SBASIOTCS AAKTaMBbl
[91, 96].

B psiae paboT, B KOTOPBIX MPUBOAITCS MpPeBpalleHus 2-aAKUATIO-1,4-an-
TUAPONMPUAMHOB 45 B YCAOBUSX M30Mepu3aluu o Topny, IPOAYKTHL A€TKO
00pa3yloTcs B pe3yAbTaTe aAKMAMPOBAHUS NUPUAUHTHOHOB 43 HAU COOT-
BETCTBYIOIIUX THOAATOB 44 1 paree MOTYT OBITH BOBAE€YEHHI B peaKkIuio Oe3
UX TPEeABAPUTEABLHOTO BHIAeAeHUd. B KauecTBe eAWHCTBEHHBIX KOHEUYHBIX
MPOAYKTOB IMKAM3AUWN TIOAYYEeHBl 4,7-AUTApOTHeHO|2,3-b]numpupnnabr 46
[95, 107] u ux apomaTtuuyeckue anaroru 41 [19, 92, 108-111].

188



46

. [ ]
2

- N R2” N7 “SCH,Z R NH,
| 45 \ R

R?” °N” S | -z
H R2 N7 TS
43 41

R = Me, Ar, Het; Rl = H, COOMe, COOEt, COO(CH,),0OPr, Ac,
C(O)NHAr, CN; RZ = H, Me, NH,, 6enszodyprr-2-ur; Z = CN, COOMe,
COOEt, CONH,, C(NCN)NH,, C(O)Ar, C(O)NHAr.

2-Xa0p-1,3-AuKapOOHUABHBIE COEAMHEHHST AOCTATOYHO YacCTO UCIIOAb-
3yI0TCsl B cUHTe3e THeHo[2,3-bjnupuanHoBeix cucteM. Tak, aAKHAMPOBaHUEM
nupupArH-2(1H)-TroHOB 38 a-XA0paIeTOYKCYCHBIM 3(pUPOM HAU 3-XAOPIEH-
TaH-2,4-AIOHOM IIOAYYEHBI COOTBETCTBYIOIME CYABDUAL 47. Llmramzarus
nocaepHux nop AerictBueM KOH, MeTuaaTta HaTpus [112] uan kungmied yk-
CYCHOM KHCAOTHI [113] cOmpoBOXXA@EeTCS Ae3alleTUAMPOBAHUEM M IIPUBOAUT
K obpasoBauuio trueHo[2,3-bJuupuauna 41 [93, 94, 112].

1 i R! i CN N N
1
R N CN l X 'Ac R X N
L AL —— ] J )z
R2” N SH R N S Z RN S
38 47 41

R = Ar, Het; Rl= H, COOEt, COMe; RZ = Me, Ph, CH = CHPh; Z=
COOEt, Ac.

Psip, IpUMEpPOB TOAYYEHUST 3-TUAPOKCUTUEHO|2,3-D|IUPUAUHOB, MUCXOAS
U3 TTPOU3BOAHBIX 2-(aAKUATHO)HUKOTHHOBBEIX KHCAOT 48, ommcan B paboTax
[114-116]. B uwacTHOCTH, IPOMOTHUPYeMasi CUABHBEIM OCHOBAaHHWEM BHYTPHMO-
AEKYAIpHas IIMKAOKOHAEHCAITWS IIPOM3BOAHBIX HUKOTWUHOBOM KHUCAOTHI IIPU-
BOAUT K 00pa30BaHUIO THEHO|2,3-b]nupuannos 49.

o OH
R
—
RI7ONT >NsR3 RIVONT S
48 49

R = H, Me, 4-mupupur; R = H, Me; R2Z=0H, OMe, NH,, N(Me),,
NMePh; R3=COOMe, COOuso-Pr, C(O)Ph, CONH, Ph, u-OMeCgHy;
Alk=Me, Et.
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BzaumopetrictBueM 2-xnop-3-dopMuannprpnHa 50 ¢ METUATHOTAMKOAS-
TOM TOAYYEH HOBBIN psip 3-HesaMelleHHBIX TueHo[2,3-b|mnupuann-2-meTna-
KapbokcuaaTtoB 51. VMicmoab3oBanue DBU B kauecTBe ocHOBaHUSI obecrieuu-
BaeT IIPOCTOTY IPOIEAYPHI BHIAGAEHUSI KOHEUYHOTO MPOAYKTA, XOPOIIHUM BEHI-
XOA U MATKHE yCAOBUS peakuuu [117]. BzamMmopericTBueM OeH3UATHOTAUKO-
ASITA U XAOPIIPOM3BOAHOIO AWTHApPONHPHAVHA S50 CHMHTe3MpOBaHHBI 3-He3aMe-
HnieHHbIe THUeHO[2,3-b]nupupnuer 52. Peakiusi, mo-BUAUMOMY, NPOTEKAaeT de-
pe3 IepBOHAYaAbHOE HYKACO(UABHOE 3aMellleHHe aTOMa XAOpPa C IIOCAEAYIO-
Iell BHYTPUMOAEKYASIPHOM KOHAeHcanuen [118].

o R3 . R O HS _/R

|\/ N\ OﬁeHSCHzCOOMe, DBU fYLH \ 7 an \_7 R
S THF RSN~ KORT00°C, 2w Sy g
51 50 52

Rl = H, Me, CO,Me; R2= H, Me, Pr, Ph, CO,Me, 4-MeCgH,; R3= H, Ph,
3-NO,CgHg, 4-FCgH,.

OcoOBIN UHTEpeC NMPEACTABAIIOT METOABI ITIOAYYEeHUS TPOU3BOAHBIX THe-
Ho[2,3-bJnupuantos 54,55 B3aUMOAEUCTBUEM 2-XAOPIHPUAWHOB 53 ¢ cepoyr-
AEPOAOM M (PEHUAM3OTHOIIMAHATOM. PeakIuy mpoTeKaloT 4epe3 CTaAuIo 06-
pa3oBaHUS COOTBETCTBYIOIIWUX AMAHWOHOB C IIOCAEAYIOIMIEH ITUKAU3AIen
BHYTPUMOAEKYAIPHBIM HYKA€O(UABHBIM 3aMellleHHWeM aToMa XAopa [25,
119].

X ~ X
PhNCS, N,, NaH _ N X P e NN\
> ] _ — || NHPh
JIMCO, 100 °C _ S g
N~ >l N
| R X L 54
N >al i X X
53 S A
CS,, N,, NaH .~ Ead Mel | ) N__SMe
MCO, 100 °C S
AMCO, N >al NS
i 55

X = CN, COOEt.

B 1995 r. ObBIA ONyOAMKOBAH OPUIMHAABHBIM METOA MOAYYEHUS IIPOU3-
BOAHBIX HOBOM Te€TEPOIIMKAMYECKOM cucTreMbl — TueHo[2,3-h][1,6]uacdTupu-
AuHa 57. OOpasoBaHHe 3TOM TPUIMKAWUYECKOM CTPYKTYPHl IPOTEKAaeT OA-
HOCTAAUMHO 4Yepe3 aHHMOHOTPOIIHYIO NeperpynnupoBKy CMalaca Ha OCHOBE
2-[(3-11MaHOMPONUA) THO | HUKOTUHOHUTPUAA 56. TTPEeAAOIKEH CAEAYIONIUH Me-
XaHU3M A@HHOTO mpeBpatienus [120]:
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X CN t-BuOK
| _ auoxcan, 20 °C, 30 mun
NT>8 "N

56

N S N S
YT N | t-BuOH
- <
AN
57 NH, NH

IMo cmocoGy B B AuTepaType OmMMCaHBI METOABI CHHTe3a TueHo|[2,3-b]mu-
PUAVHOB, KOHAEGHCUPOBAHHEBEIX C ITMKAOAAKaHaMM{, IUPAHOM, THONMPAHOM U
NUIEPUAMHOM. B 3aBHCHMMOCTH OT MecTa COYAEHEHUS HEHACHIIeHHOTO ITHK-
Ad CHHTE3UPOBAHBI NIPOAYKTHI C PA3AMYHBIM THUIIOM aHHEAMPOBaHUSA. Tak,
IPU aAKUAMPOBAHUM KOHACHCHPOBAHHBIX 3-IaHonupuAuH-2(1H)-TroHoB 58
C AAKHUATAAOTEHHWAAMH, COAEPIKAIMHU aKTHMBHLIE METHUACHOBEBIE TPYIIIHI, IIO-
AY4YeHEl IIPOU3BOAHLBIE THeHO[2,3-b|nupuapunos 59 AnHEWHOro CTpoeHUA
[98,121-124].

R! R!
CN
R X N HaCHR? g X7
| —t )
R PR NS R OUh N
H

58
X = CH,, O, N-Me; n = O, 1; R = H, Me; Rl = H, Alk, Ar, Het; R?
= CN, COEt, CONH,, CONHAr, COPh, COMe.

CorpypHUKaAMU AabOpaToOpuM CHUHTEe3a IICUXOTPOIHBIX COEAVHEHUU
WNHcTuTyTa TOHKOM OopraHmdYecKoM xuMmu UM. A. A. MHAKOSIHA U APYTHMU
aBTOpPaMM B KayeCTBe HCXOAHBIX COEAVHEHUM AASI aHAAOTUUHBIX peakIui
HUCIOAB30BaHbBI S5-1[MaHO-6-THOKCcOoTMpaHo (Tronupato)[3,4-c]nupuaunsl 60, 4-
1TMaHO-3-TUOKCOITMKAOTEHTA [C][mupUAMHBL 61, 4-TTMaHO-3-TMOKCUU30XUHOAU-
HBI 62, 5-11MaHO-6-THOKCO-2,7-HaTUPUAUHEI 63. B pe3yabTaTe CHHTe3MpOBa-
HBl KOHAEHCUPOBaHHEBEIE 3-aMUHOTHEHO[2,3-b|nupuavHbl 66 aHTyASpPHOrO
CTPOEHUd, CopeprKallliie BO 2-OM IIOAOKEHUU THO(EHOBOTO KOABIIA Pa3AWd-
HBIe TPYIIUPOBKY [27-29,125-136].
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R n S
R 7

X ~. _NH Yo, R R

Qeke CN X
60-63 R R_ Qo SCH,R? )" NH,
R |
Q} X >N —_— | \ R2
CN O
R cl C\X'LCO R! R! N S
65
X >~ _N
64 R

X = 0, CHy, S, N-Alk; n = 0, 1; R = H, Alk; Rl = MopdoAuA, TUPPOAUA,
nunepupua, Alk, Ar, Het, R2=Ar, COOAIk, COAr, CONH,, CONHAr, CN.

B cuHTe3e KOHAEGHCHUPOBAHHBIX THEHO[2,3-b]mupuamHoB B KauecTBe uc-
XOAHBIX COEAVHEHHM CAYKUAU TaK’Ke 6-XAOPIPOM3BOAHBIE NMUPUAMHOB 64.
[ToarydyeHHEBIE IPOMEKYTOUHBIE THOAAKUABbHBIE IIPOM3BOAHBIE 65 IIMKAM30Ba-
HBEI B COOTBETCTBYIOIME THeHO|2,3-b|mupuaunn 66 [106, 137].

TakuM ob6pasoM, o6oOIas AUTepaTypHble AAHHBIE, MOJKHO 3aKAIOUUTH,
YTO METOABI CHHTe3a THeHO[2,3-h|nIupuaArHOB U UX KOHACHCHPOBAHHBLIX aHa-
AOTOB Pa3HOOOPAa3HBl ¥ MOI'YT BBI3BATh 3HAUUTEABHBIM MHTEpPEC K 3THUM TeTe-
POLIMKANYECKUM cucTeMaM. VcXopd M3 CKa3aHOro AAAbHENIINe HCCAeAOBa-
HUS II0 IOUCKY OMOAOTHYECKM aKTHBHBIX COEAWHEHHM B UX PsAAAX BecbMa

IIepCIIeKTUBHBI.

EhELNR2,3-b]NPLPYEPLLELD TOULS3ULLELD B LLUTLS
YN LEELULED LU LUYLELE UPLEEQP UBOE-NYLELL

6. & MUrNLhE30L, W. U NULOFE-3AFL3UWL U &. &. HUS3UL

Ppbisn[2,3-b | wpppyfitibpp Shpluguginod b mbualut buwppppn g opguriw-
harts pfdfayls mbamllyniify, pubf op hphly Janngfubdpnid dfpadudmunly spapnie
hpd b Twualppunpruyple whppyploghl b Twfbpgnug il [Fo$ bl oquiliibp:
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METHODS FOR THE SYNTHESIS OF THIENO[2,3-b]PYRIDINE
DERIVATIVES AND THEIR CONDENSED ANALOGS

E. G. PARONIKYAN, A. S. HARUTYUNYAN and Sh. Sh. DASHYAN

The Scientific Technological Center of Organic
and Pharmaceutical Chemistry NAS RA
A.L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: ervand.paronikyan@mail.ru

Thienopyridines are of great theoretical interest from the point of view of organic
chemistry, because they contain in their structure both =n-deficiency pyridine and =-
excessive thiophene rings. On the other hand, derivatives of thienopyridines and their
condensed analogs are biologically active compounds.

In the present work the literature data on methods for the synthesis of thieno[2,3-
b]pyridines and their condensed analogs are generalized and systematized.
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TpaguuMoHHBIMM MeTodamMK, a Takke nog Aencrsmem mukposonHosoro (MB) obnyyeHus ocy-
LLIECTBINEH CUHTE3 HOBbIX BMONOrMYECKM aKTUBHBIX MPOM3BOAHBIX HEKOHAEHCUPOBAHHbIX U KOHAEHCU-
POBaHHbIX 6U- N TPULIMKITMYECKNX reTEPOCUCTEM Ha OCHOBE rMapasvaoB M auetornapasvaos Nupu-
AasvHa 1 nupasonunnupuaasuHa. NpoBegeH CpaBHUTENbHBIA aHanM3 aTUX ABYX METOAMK U oLeHe-
Ha adheKkTMBHOCTL MeToaa MB 06nyyeHns B 3aBUCUMOCTM OT YCMOBUIA NPOTEKaHWS peakLuii.

Tabn. 1, 6ubn. ccbinok 60.

CoepuHEHUS, CUHTE3UPOBAHHBIE HAa OCHOBE INHPUAA3WHOBOIO U INHMpa-
30ABHOTO TE€TEPOIIUKAOB, OOAAAQIOT HMINPOKUM CIEKTPOM OMOAOTMYECKOM aK-
TUBHOCTH U IIPUMEHSIIOTCS He TOABKO B MEAUIMHCKOW IIpaKTHKe, HO U B
CEABCKOM XO34HCTBe B KadeCTBe XMMHUYECKUX CPEACTB 3alllUTBEl PACTeHUN
[1]. TTUpUAA3UHOBBEIM IUKA BXOAUT B COCTaB CyAb(haHUAAMUAHBIX IIpelapa-
TOB (Cana3oOAVH, CYyAb(DANIMPUAA3MH), aHTUTUIIEPTEH3UBHBIX CPEACTB (THApaA-
AQ3UH, AUTHApara3uH). Cpepd HUX BBIABAEHBI COEAMHEHUS AT MPOMUAAKTU-
KU BUpycHoro renatuta C [2], UHT'MOUTOPHI Pa3AUYHBIX KUHA3 [3-5], KpayH-
3(bUpEl TUPUAA3UHAE, IPOIBASIONINE aHTUMYTAareHHYyI0 aKTUBHOCTB [6]. K ps-
Ay THUPA30AOB OTHOCATCS QHTUIUPUH, NHUPAMHUAOH, QHAABTUH, OyTaAUOH,
nponudeHa3oH.

B psaAy IIpOM3BOAHBIX ITHPA30Ad U3BECTHBI 3((MEKTUBHBIE MHCEKTUIIUABI
(ameTompoA, XAOPAHTPAHUAUIIPOA, ITMAHTPAHUAUIPOA, AUMETHAAH, 3TUIIPOA,
(PUNIPOHUA, U30AAH, TUPAKAODOC, TUPAMAYIIPOA, TUPHUIPOA, IUPOAAH, pU3a-
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307, TeOy(eHNUpap, TOAQEHINPaa, BAHUAUIIPOA) U PYHTUIUABL (OuKcadeH,
dernmpasaMut, (aykcanupokcap, (pypamernup, maonmpasam, HeHPAyDeH,
IIeHTUONINPaA, NUPAKAOCTPOOUH, IMUPaMeTOCTPOOUH, IMUPAOKCUCTPOOUH, pa-
OeH3a30A, cepakcaH). ApceHaa MHEeCTHUIIMAOB Ha OCHOBE IUPUAA3MHA BKAIO-
yaeT B ce0s, B OCHOBHOM, TepOMIUABLI (KpepasuH, DUPUAAdOA, NHUPHUAAQT,
OpoMINpa30H, XAOPUAA30H, AUMUAA30H, (PAYPeHIUup, MeTPAypaszoH, HOpd-
AYypa30OH, OKCANUpPa3oH, NHUAAHOH). [Ipom3BopHEBEIE 3,06-AHMOKCHUNNPUAA3WHA
NIPUMEHSIOTCS AAS NPEAOTBPAIleHUs NPOPACTaHUSA OBOIIEU B OBOIIEXPaHU-
AUINAax. B ¢BsA3u ¢ GOABIIIMM HMHTEPECOM K IIPOU3BOAHBIM 3THX I'eTEPOIIUKAOB
B IIOCAEAHHME ABA ACCATHUAETUS MPOAOAKAIOTCS MCCAEAOBAHUA B PSAAY COEAU-
HEHUU IIPa30oAd U NUPUAA3WHAE, CPEAU KOTOPHIX BBIIBACHBI HOBBIE COEAVHE-
HUS ¢ (QYHTUIIUAHOU [7-14], repbunuatoi [15-22] u uncertuiuazoi [10,20]
AKTUBHOCTEIO.

IMupa3oAuAIMpUAQ3UHEl, CUHTEe3UpyeMble TeTepOoIUKAU3anue 3-ruppa-
3UHONMPUAA3UHOB, NPOSBASIOT TUIOTEH3UBHYIO, IIPOTHUBOBOCIAAUTEABHYIO,
QHTHOAKTEepPHUAABHYIO M @HTUOKCUAAHTHYIO aKTUBHOCTE [23-26]. BmecTe ¢ TeMm
B AUTepaType IPAaKTUYEeCKH OTCYTCTBYIOT AQHHBIE O IIECTUIIUMAHOW M POCTO-
peryaupyloniel akTUBHOCTH INPOM3BOAHBIX 3THX HEKOHAEHCHUPOBAHHBIX OU-
reTePOIIUKANYECKUX CUCTEM.

TpapuMOHHBEIE METOABI CHHTE3a BBINIEYKAa3aHHBEIX TEeTEPOIJUKAOB BO
MHOTHUX CAyYasiX OCYIUIECTBASIIOTCSI B YCAOBHUSX IPOAOAKUTEABHOTO Harpesa-
HUS, YTO CBA3@HO C IIOTepeM BpeMeHHU U 3HEepruu. B mocaepHUe TOABI B Ka-
yecTBe 3((PEeKTUBHOTO MeTOAA CHHTe3a OMOAOTHYECKH AaKTUBHBIX TeTepo-
OUKANYECKUX COEAVHEHUU MPUMEHSeTCS SKOAOTUYEeCKU Oe3BPEAHBIUM METOA
MHUKPOBOAHOBOTO (MB) obayuenus [27-31]. CunTe3 mop AetictBueM MB 006-
Ay4YeHHsd UMeeT ps) NPEeUMYIIecTB, TaKWX, KaK IIPOCTOTa 3KCIEPUMEHT],
He3HauUTeAbHBle 3aTpaThl BAEKTPOIHEPTHH, MaAas I[IPOAOAKUTEABHOCTH
peaknuy, BBICOKASd YHUCTOTA MOAyYaeMBIX NIPOAYKTOB, CEA€KTHUBHOCTB. B TO
>Ke caMoe BpeMs BO3HHUKAeT HeOOXOAWMOCTBH OIeHKH 3(P(PEeKTUBHOCTH 3TOH
METOAWKM IIPU Pa3AUYHBIX CUHTE3aX.

OpHUM 13 HAlIPaBAEHUM MCCAEAOBAHMU NPOOAeMHOU AaOOpaTOPUU CHUH-
Te3a IeCTUIVAOB HallmoOHAABHOTO arpapHOro YHUBEPCHUTETa APMEHHU 4B-
AsIeTcsl pa3paboTKa 3KOAOTMUYEeCKH Oe3BpPepHBIX MEeTOAOB CHHTEe3a OpraHu-
YEeCKUX COEAWHEHUWHN B COOTBETCTBUU C TPeOOBaHUSIMM '3eAeHOU xumum'. B
CB43M C 3TUM IleAb HACTOSIIETO MCCAEAOBAHUSA 3aKAIOUYAAaCh B CPABHUTEADb-
HOM aHaAM3€e TPAAUIIMOHHBIX M MB CHHTE30B HOBBIX OMOAOTMYECKH AKTUB-
HBIX NIPOU3BOAHBIX OH- M TPUTETEPOIMKAMYECKMX CHUCTeM Ha OCHOBe IHPHU-
Aa3UHa U NUPa30AUANINPUAA3HHA.

B KauecTBe HCXOAHOTO COEAWMHEHHS HAMHU UCIOAB30BAH 3-XA0P-6-(3,5-
AUMETHUATINPAa30A-1-uA)nupupasuH (1), KOTOpBIN ¢ TMAPa3UHTUAPATOM O0pa-
3yeT (6-(3,5-AuMeTUATINPa30oA-1-UA)-TUPHUAA3UH-3-UA)TUAPa3uH (2). Peaknuen
IIOCAEAHETO C IIeHTaH-2,4-AMOHOM IIpM KOMHATHOU TeMIIepaType B CPeAe YK-
CYCHOU KMCAOTHI U B mpucyrcTBuu 1-2 kaneab AM®DA ImpOUCXOAUT reTepo-
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[UKAM3AINs, TPUBOAAIas K 3,6-6uc(3,5-paumeTtnn- 1 H-tupason-1-ua)mmupurpa-
3uHy (3). B orAamume oT 3TOro, Ipu B3aWMOAEUCTBUM THAPA3UAQ 2 C 3THAO-
BBIM 3(pupoM 3-0KCOOYTAaHOBOM KUCAOTHI B 3TaHOAE 00Opa3yeTcsl alluKAUYec-
KUU TPOAYKT (4), KOTOPBIY IIPU AAABHEWINIEM KUIISTYEHUH! B IIEAOYHOU Cpepe
nurAmusyercss B 3-(3,5- aAuMerna-1H-impasona-1-ua)-6-(5-MeTuA-3-THAPOKCH-
2H-timpa3oA-2-uA)nupupasuH (5).

HiC_N  N-N HiC _N N-N oo HCN N-N o)
NXL)C Nk R0 N=CY=NHNH, AN  N= H—NH
= _— = —_— = N= OC,Hs
CHy 1 CH; 2 CH; 4 CHg

o O

AN
—_—

KOH

H«C._N N-N  N.-CHs
el
CH; 3 HsC CHz; 5 HO

B mocaepHMe ropbl BO3POC MHTEPEC UCCAeAOBaTeAel K KOHAEHCUPOBaH-
HBIM [1,2,4]Tpuasonol4,3-b]nupupasunam [32-42], cpepu KOTOPBIX OOHapy-
>KeHBI IIPOM3BOAHBIE C IIPOTUBOIPUOKOBOM [36], aHTHUrHIepTeH3UBHOMU [37],
TIPOTUBOCYAOPOSKHOM [38] ¥ aHKCHOAUTHYECKOU [39] aKTUBHOCTBIO, @ TaK’Ke
nurnomropel PDE4 [40], ceneKTUBHBIE aTOHUCTHL AAS 02- M 3-COAEPIKAINX
penentopoB TAMK, [41,42].

C meAbl0 CHMHTE3a YKa3aHHBIX KOHAEHCUPOBAHHBIX IeT€POCHCTEM HaMU
OblAa OCYIIECTBAEHA PeaKI[Usd IMAPa3upd 2 ¢ YKCYCHOM KHUCAOTOM, NIPHUBEA-
mass K IlereBoMYy 6-(3,5-pauMeTun-1H-nupasoa-1-ua)-3-meTtua-[1,2,4]rpuaso-
A0[4,3-b]nupupasuny (6). BamMopenCTBHEM TOTO >Ke THAPA3WA@ C YeTHI-
PEXXAOPUCTLIM YTAEPOAOM M THAPOKCHUAOM KaAus B aOCOAIOTHOM 3TaHOAE
ToAy4eH 6-(3,5-puMeTna-1H-nupason-1-ua)-[1,2,4]rpuasonro(4,3-b]nupupasus-
3(2H)-tuon (7), KaAmeBasi COAb KOTOPOTO AErkKo ankmampyercss B AM®A c
00pa30BaHMEM COOTBETCTBYIOIINX aAKUATHOIPOU3BOAHEIX (8).

HaC s Rls
HaC N N-N N

g N CS,, KOH MO NN QIH OO N \l\'lN
= CHyCOOH : = RIHal )=
| A

C,HsOH
CH; 6 CH; 7 CH; g

R! = a) CHjg, b) CH,CONH,, ¢) CH,COOMe, d) CH,CH,0CgHs, &) CH(COCHj),

B Hammx paHHUX HCCAEAOBAHUAX CPEAV THOIUPUAA3MHOB OBIAM BHIIB-
A€HBI NIPOU3BOAHBIE C BBICOKOM POCTOCTUMYAUDPYIOIIEU AKTHUBHOCTBIO [43-
45]. C 5TOU TOUYKU 3PEHUS NPEACTABASIA MHTEpEeC MOUCK OUOAOTHMYECKHU aK-
TUBHBIX COEAUHEHUM B PSAAY HEKOHACHCUPOBAHHBIX ITHPA30AUATHONNPHAA-
3uHOB. C 3TOM LEeABIO II0 pa3pabOTaHHOMY HaMM METOAY [46] peakmuen coe-
AUHeHUs 1 ¢ THOMOUYEeBMHOM CHMHTEe3MpOBaHa IPOMe’KyTOYHasi THOYPOHUEBas
conb (9), KoTOpasi mepeBepeHa B COOTBETCTBYIONIUN 6-(3,5-pmMeTnn- 1 H-iupa-
30A-1-mn)mupupasui-3(2H)-tuon (10). YcTaHOBAEHO, UYTO KaAueBas COABb IIOC-
AEAHETO NAErKO B3aMMOAEWCTBYET C AAKHMATAAOTEHHMAAMH C OOpa3oBaHUEM
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COOTBETCTBYIOMUX 3-(3,5-pauMeTnA-1H-upa3on-1-mn)-6-(aAKHUATHO) THPUAA3HU-

HOB (11).
s HN_ - HCI
HC _N  N-N i [TONEN NN P-NHp [ NaoH  HCLN N-NH
N/ N 2 7 N—
L<N o = L(N‘Kz)‘s Hol_ L(N‘KJS
CHy 1 CH; 9 CH; 10
z‘:
I o
o 4
R = a) CHs, b) CH,COOH, ¢) CH,CONH,, HC N NN
- 7\
d) CH,COOMe, e) CH,COOEY, f) CH(COCHs), _ NUSR
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Coepunenus 7 u 10 MOTYyT HaXOAUTBECS B ABYX TayTOMEPHBIX (hopMax —
THOABLHOM W THOHHOM. B cnekrpax SIMP !13C HaGAI0pQIOTCS CHTHAABI aToMa
yraepoaa aorHOM cBsizu C=S mpm 161.81 (7) u 177.78 m.p. (10), cooTBeTcT-
BeHHO. B cnekrpax SIMP 'H noraoujeHns HOABUKHOTO IIPOTOHA IPOSIBASIOT-
ca npu 14.6 m 14.41 M.A., 9TO COOTBETCTBYET aTOMy Bopopopa NH rpynmnsl
OTU AQHHBIE COTAQCYIOTCS C THOHHOW TayTOMEPHOM cTpyKTypou. Ilpm moc-
AeAyIOIeM aAKUAUPOBAaHMU coeprHeHUM 7 U 10 yKasaHHBIe CHTHAABl B
CIIEKTPax MCYe3aloT U IMOABASIIOTCS HOBBIE IIOTAOIIEHMS, OTHOCANINEeCS K S-
AAKUABHBIM TPyHIIaM. OTU A@HHBIE CBUAETEALCTBYIOT O TOM, UTO IOAYYEHBI
MIPOAYKTHI S-aAKUAupoBaHuga (11).

CunTe3 coepMHEHUM 3-8 OCYIEeCTBASACS HaMU Ha 0a3ze COeAMHEHUH, B
KOTOPBIX TMAPA3WHOBAs TPYIIHUPOBKA HEIIOCPEACTBEHHO CBSI3aHa C IIUPHAA-
3UHOBBIM IUKAOM. C IJeAbIO pacIIHpeHHs Kpyra MCCAeAOBAHMN B KadyecTBe
MCXOAHBIX COEAMHEHUHN OBIAM HMCIIOAB30BaHBI IPOM3BOAHBIE C AlleTOTUAPA3U-
HOBOM TPYIION, CBA3aHHON C 3TUM IIMKAOM Yepe3 THUO- UAU OKCHAAKHUABHYIO
TPYINNPOBKY, UAM C @TOMOM a30Ta IUPUAA3HHA.

Peaxkiue#t 3pupoB C TUAPA3MHTHAPATOM B CPEAe 3TaHOAA WAM HU30IIPO-
TMaHOAA OBIAM TIOAYYEHBI arleToTUAPa3uAbl (12-19). AaabHeHIe CUHTE3El OBI-
AU OCYIECTBAEHEI C ILIEABIO BBEAEHUS B CTPYKTYpPy MOAeKyA 1,3,4-okcapua-
30ABHOTO IIMKAQ, T. K. B IOCAEAHHE TOABI CPEeAU ITPOM3BOAHBIX 3TOTO IeTepo-
IIUKAA OBIAUM OOHapy’KeHbl HOBble OMOAOTHYECKU aKTHUBHBIE COeAUHEHUd He
TOABKO C IIPOTUBOBOCHAAUTEABHBIMU [47-49], aHTUMUKPOOHBIMU [49-52],
TIPOTUBOIPUOKOBEIMHU [53] U IIPOTHMBOCYAOPOSKHBIMU [54] cBoMcCTBaMM, HO U
C repOUIVAHOM [55,560] 1 QYHTUIIMAHON [57] aKTUBHOCTHIO.
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14) R = H; Ar = CgHg;

15) R = H, Ar = 4-CI-CgH5CH;

16) R = CH3 Ar=CgHs
N

T”

H, NHN\n/;t\J/

17) R'= C,HsNH, R? = 4- Mopcpomm
18) R'= C,HgNH, R? = 4-mopdoana;
19) R'= R? = i-C3H,NH

leTepolukAM3aIe amneToTuApasupoB 12-19 mop aAelicTBUeM YeThIpex-

XAOPHUCTOTO YIAEPOAA U THAPOKCHUAA KaAUs IMOAYYEHBI COOTBETCTBYIOIIHUE OK-
CaAMa30AUABHEBIE TTPOM3BOAHEBIE (20-27). AakmAampoBanmeM coepvHeHun 20-24

CUHTE3MPOBAHEl COOTBETCTBYIOUIME aAKMA3aMeIlleHHbIe IIPOAYKTHEL (28-31).

T
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X 28,29
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cs =S | D>—sRr3
2 | 14-16 )\)/ \('\ R3Hal Ar\jl:\lj/o o)
KOH KOH R
PN

22-24

17-19 N
HN N )\)/ \f

Rl

Ry = a) CHg, b) CH,COOC,Hs, ¢) CH,COOCH3, d) CH,CONH,, &) CsHsO(CH,),

Tuonuoe crpoenue 1,3,4-0KCaAMA30ABHOIO IUKAA U 3aMelleHue MO aTo-

My CEpBI Tak’Xe OBIAW AOKA3aHBl HaAW4MeM Ipu 177 M.A. CUTHara ABOMHOU
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cesisu C=S B crnekrpax SIMP 13C tayromepa m ero mcuesHoBeHHMEM B COOT-
BETCTBYIOIIUX CIIEKTPAX AAKHAIIPOU3BOAHBIX. AHAAOTMYHBEIE AQHHBIE O Tay-
TOMepHOM cTpoeHuu 1,3,4-0KCcapria3oA-2-TUOHOB U WX THOAHAAOTOB OBIAU
MOAYYEHBI HAMM B HAIIUX PAaHHUX MCCAeAOBaHUAX [58-60].

CuHTe3 pspa OIMMCAHHBIX COEAMHEHUU OBIA OCYIEeCTBAEH Tak’kKe C IIPHU-
MeHeHneM MB o0OAyYeHUS AASI CPaBHUTEABHOTO aHaamu3a 3(PQeKTUBHOCTHU
3TOTO METOAA II0 CPAaBHEHUIO C TPAAUIIMOHHBIMU CIIOCOOAMHM.

Tabauya
CpaBHeHHe TPAAULHOHHBIX CIIOCO00B CHHTE3a ¢ MeToAnKOoii MB o01yuyenus
TpapuLIIOHHBIE METOABI MB ob6aydeHne
Ne TeMIleparypa, BpeMsa | BBIXOA, %, pacT- | BBIX0A, (%), pact- BpeMH,
BOPUTEAD BOPHUTEAD MUH
1 78-800C, (5 u) 84, (C,H50OH) 92, (C,H50OH) 10
2 110-1159C, (10 u) 82, (Amokcamn) 88, (AmoKcaH) 30
3 259C, (1 peHb) 85, 85, (CH3COOH) 10
(CH3COOH)
4 250C, (1 penn) 96, * *
(CH3COOH)

5 90-959C, (3 u) 60, (H,0) 60, (CH3;COOH) 30
6 115-1189C, (8 u) 59, 90, (CH3COOH) 30
(CH3COOH)

7 75-800C, (10 u) 81, (CS,, * *
C,H;OH)
8a 50-559C, (4-5 4) 77, (AM®DA) 84, (AM®DA) 15
8b 55-600C, (6-8 u) 63, (AM®DA) 67, (AM®DA) 10
8c 55-600C, (6-8 u) 50, (AM®DA) 67, (AM®DA) 15
8d 40-459C, (3-5 4) 58, (AM®DA) 81, (AM®DA) 15
8e 40-459C, (3-5 4) 62, (AM®DA) * *
9 55-600C, (3-5 u) 92, (ameTton) * *
10 250C, (1 u) 80, (H,0) 76, (H,0) 10
1la 250C, (1 penn) 87, (H,0O) 95, (H,0) 15
11b 78-800C, (2 u) 77, (CoHsOH) 77, (CoHsOH) 30
11c 50-559C, (3 u) 70, (AM®DA) 88, (AM®DA) 10
11d 50-550C, (3 u) 70, (AM®A) 74, (AM®DA) 10
1le 50-559C, (3 u) 86, (AM®DA) 35, (AM®DA) 10
11f 250C, (2 ans) 80, (AM®A) * *
14 250C, (3u +10 ) 73, (i-PrOH) 84, (C,H5OH) 6
16 250C, (3u + 10 ) 83, (i-PrOH) 77, (CoH5OH) 12
30a 0°C, (3 u) 79, (H,0O) * *
30c 0°C, (3 u) 44, (AM®DA) * *
30d 55-600C, (4-6 u) 43, (AM®A) 75, (AMDA) 17
31c 0°C, (3 u) 95, (AM®DA) * *
31d 55-60°C, (4-6 u) 54, (AM®A) 60, (AM®DA) 10

* OcMoOAeHUe IIPOAYKTA peaKIiuu

B Tabaune NIpUBEAEHBI YCAOBUSI U IIPOAOAKHUTEABHOCTH peaknuud. 3
MAHHBIX TAOAMIIBI CAEAYET, YTO MPAKTHYeCKHU BO BCEX CAyYasx IIpU IpUMeHe-
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HUM MB 00AyueHUS BpeMs NPOTEKAHUS PEakKlUM, Kak IIPAaBUAO, PE3KO CO-
kpamaercs (6-30 mun), @ BBIXOABI KOHEUHBIX IPOAYKTOB IOBBIIAIOTCA. B ps-
A€ CAyYaeB PpeakIus COIMPOBOXKAAAACh CMoAooGpa3zoBaunmeMm (3,8e,9,11f,
30a,30c u 31c), 94TO, IO-BUAMMOMY, CBSI3@HO C BBICOKOM CKOPOCTBIO PeaKIIUH.
HawmBpicmasg 3PeKTUBHOCTh, IPU NPUMEHeHUNM MB MeTOAUKM AOCTUTaeTCs
B TeX CAyYasaX, KOTAQ COOTBETCTBYIOUIVE TPAAWUIIMOHHLIE CIIOCOOBI CHHTe3a
OCYIIIECTBASIIOTCSI IIPM BBICOKUX TeMIIepaTypax B TeYeHWe AOCTATOYHO AAU-
TEABHOT'O IIPOME’KyTKa BPEMEeHH.

HeobxoAUMO OTMETUTH, YTO B ABYX CAyYasdX YAAAOChH OCYIIECTBUTH CUH-
Te3 MPOAYKTOB B HauOOAee 3KOAOTHYECKU Oe3BPEeAHOM BOAHOUI cpepe. 3apa-
Ya AQABHEUIIINX MCCAEAOBAHUU 3aKAIOUAEeTCsI B ITpoBepeHum MB cuHTE30B B
TBEpPAOY (a3e Oe3 NMpUMeHEeHUsI KaKOTO-A00 PacTBOPUTEAS.

ITpepBapuTeAbHBIE AAOOPATOPHO-BEreTAITMOHHBIE MCIBLITAHUS TTOKa3aAH,
YTO CUHTE3WPOBAHHBIE COEAWHEHUS He IMPOSBASIIOT 3aMETHBIX TepOUITMAHBIX
UAU (PYHTHULIUAHBIX CBOMCTB, OAHAKO MHOTHE IIPOH3BOAHBIE 0OA3AAIOT BBHIPA-
SKEHHOW POCTOCTHUMYAUPYIOIEeN aKTUBHOCTBIO. V3 mx umchaa mpemapatsr (3,
8b, 8¢, 8d, 8e, 11b, 11f, 12, 14, 15, 16, 19, 22, 23, 26, 29b, 29¢, 31d), mposiBAsSIOIHIE
HAUBBICIIYIO aKTUBHOCTHL (BhIIle 70% IO CPaBHEHHIO C TeTepPOayKCHUHOM),
OTOOpPAHEI AAT OOAee TAYOOKMX HCCAEAOBAHUN U AAABHEMIINX IOAEBBIX HC-
OBITaHUU.

3KC1’[epl/IMeHTa.TILHaﬂ 4acTb

Cnektpel IMP 'H (300 MI'y) u 13C (75 MIy) 3aperncTpupoBaHBI IpU
309C ma cmekrpomerpe "Mercury-300" (Varian) B cMecu pacTBOpUTeAei
AMCO-dg u CCly (1:3). CTaHAAPTOM CAY>XUT TeTpaMeTHUACHAaH. Aasi MB
9KCIIEPUMEHTOB MCIIOAB30BaraCh MUKPOBOAHOBas medysb Gorenje Model No.
MO 17 L" (2450 MI'y, BeixopHast motrHoCTh 800 W). TIpuMeHsIAACh MeTOAUKA
o0OayuyeHusa MomHOCTBEIO 160 W ¢ mpeprniBanuem depe3 Kaxpble 30 c. Xop
peaknuM M YUCTOTAa IIPOAYKTOB IIpoBepsiraachk MeTopoM TCX Ha maacTUHaX
"Silufol UV-254", B KauecTBe 3AI0€HTA HCIIOAB30BaAdach CMeCh alleTOH/TeK-
can (2:1).

CuHTe3bI HA OCHOBE TPaAUIIUOHHBIX ME€TO10B

3-Xuop-6-(3,5-aumernii-1H-mupazon-1-un)nupunazun (1) cuHTE3WpPOBaH TIO
MeTOoAy, npuBepeHHOMY B [18]. Cnektp AMP H, §, m.A,, Ty: 2.25 (¢, 3H, 3-
CHj); 2.72 (¢, 3H, 5-CHj); 5.92 (¢, 1H, CH-nmpas.); 778 u 8.17 (an, 2H,
J=9.3, CH=CH). Cnekrp AMP 13C, §, m.a.: 13.06, 14.44, 109.88, 122.13,
129.99, 141.43, 150.31, 152.75, 155.51. Hampeno, %: Cl 16.72; N 26.63.
CgHgCINy. Brruucaeno, %: Cl 16.99; N 26.85.

3-(3,5-Aumerun-1H-mupa3zon-1-un)-6-ruapasuauanupugasun  (2). K cvecu
coepmenus 1 (0.01 mons) B 3 mr pAmoKcaHa npuAUBaiOT 4 ma 70% THUApPa3UH-
ruppata. CMech IlepeMelInBalOT Ha MacAsiHOM OaHe 10 y mpu TeMmIeparype
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110-115 °C. Tlocae oxaakpeHUs ONPUAUBAIOT 20 M1 XOAOAHOM BOABI, OCaAOK
(PUABTPYIOT M BBICYIIMBAIOT. Beixop 1.67 2 (82%), T.ma. 142-145 °C. Cnekrtp
SAMP 'H, §, m.a., Ty: 2.21 (¢, 3H, 3-CHj), 2.56 (c, 3H, 5-CHj), 4.10 (yur.c, 2H,
NH,), 5.92 (c, 1H, CH-niupas.), 7.15 u 7.67 (aa, J=9.4, 2H, CH=CH), 7.80
(yur.c, 1H, NH). Cnektp AMP 13C, §, m.a.: 13.07, 13.49, 107.71, 115.83,
122.00, 139.73, 148.03, 150.07, 159.74. Hatipeno, %: N 41.38. CqH9Ng. Bri-
uncaeHo, %: N 41.15.

Cunres coeIMHeHHi 3,4

K cmecu coepnnenust 2 (0.01 mons) m 10 mr YKCYCHOM KHUCAOTBHI A0OaB-
asgtoT 3 kamam AM®A, zatem 0.01 mons meHTaH-2,4-AMO0Ha (MAM 3TUAOBOTO
acupa 3-0KCOOYTaHOBOM KUCAOTBHI) U CMeCh OCTaBASIOT HAa HOUL IIPU KOM-
HaTHOM TeMmueparype. [IpuamBaroT 20-30 M7 XOAOAHOM BOABI, OCAAOK OT-
(PUABTPOBBIBAIOT U CYIIAT.

3,6-buc(3,5-numernia-1H-mupazoa-1-um)nupuaasun (3). Brixop 2.3 2 (85%),
T.IA. 170-172°C. CroekTp SIMP 'H, §, m.A.: 2.25 (c, 6H, 2x3-CHj), 2.77 (c, 6H,
2x5-CHj3), 6.05 (c, 2H, CH-nmpas.), 8.22 (¢, 2H, CH=CH). Hatipeno, %: N
31.55. C14H6Ng. Boruucaeno, %: N 31.32.

At 3-(2-(6-(3,5-Aumerni-1H-nupazoia-1-wi)nupuaasun-3-ui)ruapa3oHo)oy-
tanat (4). Beixop 2.3 2 (96%), T.mA. 118-120°C. Cnektp AMP H, §, ma., Ty
1.29 (t, J=7.1, 3H, OCH,CHj3), 2.06 (c, 3H, N=CCHj), 2.23 (c, 3H, 3-CHj),
2.60 (c, 3H, 5-CH3), 3.30 (¢, 2H, N=CCH,), 4.14 (x, J=7.1, 2H, OCH,CHy3),
5.95 (¢, 1H, CH-nmpas.), 7.55 u 7.83 (an, J=9.6, 2H, CH=CH), 10.06 (ymu1.c,
1H, NH). Hatipeno, %: N 26.38. C;5H(NgO4. Beruucaeno, %: N 26.56.

1-(6-(3,5-Aumeruii-1H-nupazon-1-un)nupugazun-3-ui)-3-merui-1H-nupazod-
5-0a (5). K pactBopy coepunenHug 4 (0.01 mons) B 20 mn BOABI IPUOABAFIOT
0.01 mona rupporcupa Kanausg. CMech IIpU IlepeMeNIVWBaHUU KUMATAT 3 u.
ITocare oxnakpeHUss npuAuBaioT 10 M1 XOAOAHOU BOABI M PACTBOP IIOAKMC-
AFIOT COAGHOM KHCAOTOM A0 pH~4. Ocap0K (PUABTPYIOT U OYHUINAIOT IIepe-
Kpuctasamnzanment uz AM®DA. Breixop 1.6 2 (60%), T.mA. 248-250°C. CmekTp
AMP H, §, m.a., Ty: 2.24 (c, 6H, 3-CH;3 u 3'-CHj), 2.68 (¢, 3H, 5-CHj), 5.00
(¢, 1H, CH-ttupas.), 6.02 (c, 1H, CH-ntupas.), 8.12 u 8.92 (apn, J=9.4, 2H,
CH=CH), 12.36 (yur.c, 1H, OH). Hatipeno, %: N 31.48. C3H4NgO. Brruuc-
AeHo, %: N 31.09.

6-(3,5-Aumerni-1H-nupazona-1-un)-3-merni-[1,2,4| tpuazono[4,3-b]nupugazun
(6). Cmech coepmuenus 2 (0.01 mons) u 15 mn yKCyCHOM KUCAOTBI KUIATAT 8 u
IpU TOCTOSSHHOM IlepeMellInBaHUU. [locae oxhraskpeHUSA TpubaBAgioT 15-20
Ml XONOAHOM BOABI ¥ PACTBOP IOAIIEAAUYUBAIOT PACTBOPOM amMmMmaka. Ocapok
OT(UABTPOBLIBAIOT, CYIIIAT U OYUIIAIOT IIepeKpPUCTaAAM3alliel M3 TeKcaHa.
Beixop, 1.3 2 (59%), T.A. 165-167°C. Cuektp SAMP 14, §, m.A,, Ty: 2.27 (c, 3H,
3-CHj), 2.71 u 2.72 (cc, 6H, 5-CH3 u 3-CH3), 6.10 (c, 1H, CH-ttupa3s.), 7.96 u
8.25 (an, J=9.9, 2H, CH=CH). Haiipeno, %: N 36.69. C;;H,Ng. Beruucaeno,
%: N 36.82.
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6-(3,5-Aumernia-1H-nupazoa-1-un)-[1,2,4]rpuazoo[4,3-bjnupuaazun-3(2H)-
THoH (7). K coepunenuio 2 (0.01 mons) mpumbasasior 10 mr 3TaHOAa U
0.015 moana cepoyraepopa. CMmech HarpeBaioT A0 50°C u IpUKaNBIBAIOT 3Ta-
HOABHBIM pacTBOp ruppokrcmpa Kaausa (0.02 mona). PeakmuoHHYIO CcMeCh Iie-
pememuBaroT 10 v mpu 75-80°C, pacTBOpPUTEAb BBIIIAPUBAIOT, OCTATOK PacCT-
BOPAIOT B 25-30 Mz BOABI U MOAKUCASIIOT COAIHOU KHUCAOTOU A0 pH 4. Brixop
2.0 2 (81%), T.mA. 265-267°C. Cnektp SIMP H, §, m.a., I'y: 2.23 (c, 3H, 3-
CHj), 2.80 (c, 3H, 5-CHj3), 6.10 (¢, 1H, CH-nupas.), 8.03 u 8.08 (ap, J=9.9,
2H, CH=CH), 14.60 (c, 1H, NH). Cnekrp SIMP 13C, §, m.a.: 13.08, 14.61,
110.31, 118.91, 126.00, 140.14, 142.14,149.54, 150.35, 161.81. Hatipeno, %: N
33.84; S 13.24. CoH(NgS. Brruucaeno, %: N 34.12; S 13.02.

6-(3,5-Aumeruni-1H-nupa3on-1-un)-3-(meruiaruno)-[1,2,4] rpua3zosio[4,3-b|nupu-
na3uH (8a). Cmech KarueBou coam coepmaenus 7 (0.01 mons), 15 mn AMODA u
0.11 mona AMC mepeMemmBalOT 6 y IpKH KOMHATHOM TeMIlepaType, 3aTeM
OCTaBASIOT Ha HOUb. PeakIIMOHHYIO cMechb HarpesaioT 4-5 u mpu 50-55°C apo
pH 7, pacTBOpUTeAb yIIapUBAIOT, OCTATOK 0OpabdaThIBaIOT BOAOU, OTMUALTPO-
BEIBAIOT M cymar. Bexop, 2.0 2 (77%), T.a. 173-175 °C. Cnektp SIMP 1H, §,
M.A., Ty 2.26 (c, 3H, 3-CHj3), 2.72 (p, J=0.9, 3H, 5-CHj3), 2.81 (¢, 3H, S-CHy),
6.11 (c, 1H, CH-niupas.), 7.98 u 8.27 (ap, J=9.9, 2H, CH=CH). CnekTtp AMP
13C, §, m.a.c 13.03, 13.18, 14.22, 110.45, 115.59, 118.87, 125.82, 141.45, 145.76,
149.59, 150.46. Hatipeno, %: N 32.41; S 12.51. C{1H2NgS. Beruucaeno, %: N
32.28; S 12.32.

Cunres coequuennii 8b,c

K ranmeBott coam coepunenus 7 (0.01 morsz) B 15 mn AMDA A0GaBASIOT
0.01 mona Nal, 0.011 mona 2-xropaueramupa uau 0.011 wmors meTHAOBOTO
3(hupa XAOPYKCYCHOM KUCAOTHL. CMecCh NpPU IIOCTOSIHHOM IlepeMellUuBaHUuUn
HarpeBaloT 6-8 y mpu 55-60°C. PacTBOpUTEAb yIapUBAIOT, OCTAaTOK oOpabda-
THIBAIOT pazbaBAeHHBIM pacTBopoM KOH u NajyS,03, OTHUABTPOBBLIBAIOT,
IIPOMBIBAIOT BOAOM U CYIIAT.

2-((6-(3,5-AumeTnia-1H-mupazoa-1-uin)-[1,2,4] rpuazono[4,3-b|nupuaazuu-3-
mi)tuo)aneramus (8b). Brrxoa 1.9 2 (63%), T.mA. 212-214 9C, Cnexrp SIMP 'H,
6, m.a., Ty 2.26 (¢, 3H, 3-CHjy), 2.75 (c, 3H, 5-CH3), 4.00 (c, 2H, S-CH3y), 6.12
(c, 1H, CH-ntupas.), 7.00 u 7.52 (ym.c, 2H, NHy), 7.98 u 8.28 (ap, J=9.9, 2H,
CH=CH). Hamaeno, %: N 32.41; S 10.38. C;oH3N;0S. Brruucaeno, %: N
32.22; S 10.57.

Merun 2-((3,5-ammerni-1H-mupazon-1-ua)-[1,2,4| rpuaszono[4,3-bjnupnaazun-
3-mm)tno)anerar (8c). Brrxop 1.6 2 (50%), T.mA. 192-195°C. Cuektp AMP 1Y, §,
M.A., Ty 2.26 (¢, 3H, 3-CHjy), 2.73 (¢, 3H, 5-CHjy), 3.73 (¢, 3H, OCHjy), 4.18 (c,
2H, S-CHj), 6.13 (c, 1H, CH-nimpas.), 8.01 u 8.32 (ap, J=9.9, 2H, CH=CH).
Macc-cnekTtp: (M +H) 319. Hatipero, %: N 26.25; S 10.24. C3H4,NgO,S. Bri-
yucaeHo, %: N 26.40; S 10.07.

207



Cunres coequnennii 8d,e

K cmecu 0.01 moas epkoro xaau B 15 mr AM®A npu 0°C mpubGasasitor
0.01 mona coepyaenus 7. CMech IepeMeNInBalOT IPU KOMHATHOM TeMIlepaTy-
pe OokoAo 1 y A0 MOAHOTO OOpa3oBaHusa COAM, 3aTeM IpubaBAsaioT 0.011 mona
2-O0poMATOKCUOEH30Aa MAU 3-XAOPIIEHTaH-2,4-AMO0HAa, OCTaBASIIOT Ha HOYb
IIp¥ KOMHATHOM TeMIepaType, 3aTeM HarpeBaroT 3-5 u mpu 40-45°C. PacTBo-
PHUTEAb YaCTUYHO yIIAPUBAIOT, OCTATOK 0OPabaTHIBAIOT BOAOM, OT(OUABTPOBEI-
BAIOT U CYIIaT.

6-(3,5-Aumerna-1H-mupa3zon-1-un)-3-((2-penoxcudTin)Tio)-[1,2,4] Tpua3so-
n10[4,3-b]-nupunazun (8d). Bexop 2.1 2 (58%), T.ma. 124-1269C. Cnekrtp SIMP
'H, §, m.a., Ty: 2.24 (c, 3H, 3-CHj3), 2.73 (c, 3H, 5-CHj3), 3.52 (1, J=6.5, 2H,
SCHy), 4.37 (1, J=6.5, 2H, OCHy), 6.12 (c, 1H, CH-nimpas.), 6.83-7.24 (m, 5H,
CgHs), 8.00 u 8.31 (ap, J=9.9, 2H, CH=CH). Hatipeno, %: N 23.14; S 8.89.
C1gHgNgOS. Brruucaeno, %: N 22.93; S 8.75.

3-((6-(3,5-AumeTnia-1H-nupazon-1-ui)-[1,2,4]rpuasono[4,3-bjnupunazuu-3-
na)Tno)-nentan-2,4-nuon (8e). Berxop 2.1 2 (62%), T.a. 156-158°C. Cmekrp
AMP H, §, m.a., Ty: 2.26 (c, 3H, 3-CH3), 2.45 (c, 6H, 2xCHj3), 2.75 (c, 3H, 5-
CHj3), 6.14 (¢, 1H, CH-niupas.), 8.01 u 8.34 (ap, 2H, J=9.9, CH=CH). Hai-
AeHO, %: N 24.61; S 9.14. C5H5NgO,S. Beiunicaeno, %: N 24.40; S 9.31.

6-(3,5-Aumernn-1H-mupa3zon-1-un)nupunasun-3(2H)-tmon  (10). K cmecu
tuoMoueBUHEL (0.01 wmona), 10 mr cyxoro ametoHa M 1 ma COASTHOM KMCAOTHI
pobaBasitor 0.01 mons coepuHenuss 1 m Opu NepeMelIUBAaHUU HarpeBaioT
5-6 v mpu 60-65°C. CMech OXA@’KAQIOT, OCAAOK OT(MHUABTPOBLIBAIOT, MPOMBI-
BAIOT alleTOHOM, BBICYIIIUBAIOT, ITIOAYUYeHHOEe coeprHeHHe 9 pacTBOpsoT B 30
Mmn BOABI, A00aBAgrOT 0.02 mona TMAPOKCHUAQ KaAusl U PAacTBOP OCTOPOSKHO
TOAKHUCASIIOT COASTHOM KUCAOTOM A0 pH 4. Uepes wac ocapOK OTOUABTPOBHI-
BAlOT, MPOMBIBAIOT BOAOM M Cymar. Beixop 1.6 2 (80%), T.ma. 208-2100C.
Cnektp AMP H, §, m.a., Ty: 2.21 (¢, 3H, 3-CHj3), 2.54 (c, 3H, 5-CH3), 5.98 (c,
1H, CH-niupas.), 7.61 u 7.78 (aan, J=9.5, 2H, CH=CH), 14.41 (c, 1H, NH).
Cnektp AMP 13C, §, m.a.: 13.02, 13.70, 109.31, 120.59, 140.47, 142.34, 147.43,
149.49, 177.78. Haiipeno, %: N 27.03; S 15.67. CoHoN4S. Buruucaeno, %: N
27.16; S 15.55

3-(3,5-Aumerna-1H-nupa3zon-1-un)-6-(MeTuaruo)mupuaasun (11a). K cmecnu
ruppokcupa Kaaus (0.01 mona) u coepmuenus 10 (0.01 monsz) B 25-30 mn BOABI
IpY KOMHATHOM TeMIlepaType IpPU IMOCTOSTHHOM TepeMelIMBaHUM ITPUKAIThI-
BatoT 0.011 wmona AMC. PeakIIMOHHYIO CMeCh OCT@BASIIOT Ha HOYb, 3aTeM
IIPUAMBAIOT XOAOAHVIO BOAY (10-15 mzn), oOpa3oBaBIIMUCSA OCAAOK OT(MUAB-
TPOBBLIBAIOT U Cymiar. Berxop 1.9 2 (87%), T.ma. 96-989C. Cnekrp AMP !H, §,
Mm.A., Ty 2.24 (c, 3H, 3-CH3), 2.70 u 2.71 (cc, 6H, S-CH3 u 5-CHj), 6.00 (c,
1H, CH-tiupas.), 7.52 u 7.93 (ap, J=9.3, 2H, CH=CH). Haiipeno, %: N
25.2%; S 14.38. C1gH9N,S. Brranicaeno, %: N 25.43; S 14.55.

2-((6-(3,5-Aumeruii-1H-nupazon-1-un)nupuaa3uH-3-uia)THO)YKCYyCHAs KHCJI0-
ta (11b). K raaueBoit coau coepmuenuss 10 (0.01 mona) B 10-15 ma sTaHoAd
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npubaBaaroT 0.01 mors XAOPYKCYCHOM KMCAOTHL CMeCh KHUIIATAT Ha BOASTHOU
OaHe IIpU NOCTOSHHOM IlepeMellInBaHUM 2 y. DTAHOA BBIIIAPUBAIOT, OCAAOK
NIPOMBIBAIOT BOAOM (15-20 ma), OTPUABTPOBHIBAIOT U BBICYIIMBAIOT. BBIXOA
2.03 2 (77%), T.mA. 128-1309C. Cmektp SIMP 'H, §, m.a., Ty 2.23 (¢, 3H, 3-
CH3), 2.69 (c, 3H, 5-CHj3), 4.06 (c, 2H, SCH,), 6.01 (¢, 1H, CH-niupas.), 7.63
u 796 (pp, J=93, 2H, CH=CH), 12.10 (yurc, 1H, OH). Hampeno, %: N
21.34; S 12.21. C{;H{,N4O5S. Beruucaeno, %: N 21.20; S 12.13.

Cunres coequnenui 11c-e

K cmecu coepunenusi 10 (0.01 mons), rupporcupa kKaaust (0.01 mons) B
30 mn AM®A mnpubaBastor 0.01 monz Nal m 0.011 mons arKMATAAOTEHUAQ.
CMech KUNATAT 3 ¥ IPU IOCTOSIHHOM IepeMelnnBanuu mpu 50-55°C. PacTso-
PUTEAB YIIapUBAIOT, OCTATOK 06pabaThEIBAIOT BOAOM, OT(PUABTPOBLIBAIOT U CY-
maT. A ypareHus octaToyHbIX Nal po6aBasioT NajsSoO3 u o6pabaThiBaioT
paszbaBaeHHBIM pacTBopoM KOH.

2-((6-(3,5-AumeTnia-1H-nupa3zon-1-win)nupuaasun-3-uia)ruo)aunramun  (11c).
Boixop 1.8 2(70%), T.ma. 128-130°C. Cnektp AMP !H, §, m.a., Iy: 2.23 (c, 3H,
3-CHjy), 2.68 (¢, 3H, 5-CHj), 3.96 (c, 2H, SCH,), 6.01 (¢, 1H, CH-nupa3s.),
6.94 u 7.37 (yurc, 2H, NH,), 7.66 u 7.96 (aa, J=9.3, 2H, CH=CH). Cnekrp
AMP 13C, 8, m.a.: 13.07, 14.25, 109.19, 119.47, 127.57, 140.73, 149.53, 154.10,
158.40, 168.44. Haripeno, %: N 26.78; S 12.01. C;1H3N50S. Buruucaeno, %:
N 26.60; S 12.18.

Metua 2-((6-(3,5-aumeTui-1H-nupazon-1-un)nupuaa3ue-3-uia)THO)aAETAT
(11d). Bexop, 1.9 2 (70%), T.mA. 139-1400C. Cnektp AMP 'H, §, m.a., Ty 2.22
(c, 3H, 3-CHjy), 2.70 (c, 3H, 5-CH3), 3.74 (¢, 3H, OCHj3y), 4.15 (c, 2H, SCHy),
6.01 (c, 1H, CH-ttmpas.), 7.63 u 7.98 (aa, J=9.3, 2H, CH=CH). Hatiaeuno, %:
N 20.36; S 11.31. C19H4N4O5S. Beruncaeno, %: N 20.13; S 11.52.

THa 2-((6-(3,5-aumerna-1H-nupazon-1-un)nupuaa3un-3-uia)THO)ALETAT
(11e). Bexop, 2.5 2 (86%), T.mA. 115-117°C. Cnektp AMP H, §, m.a., Ty 1.28
(r, J=7.1, 3H, OCH,CH3), 2.23 (c, 3H, 3-CHj3), 2.69 (ap, J=0.8, 3H, 5-CHjy),
4.11 (c, 2H, SCH,), 4.17 (x, J="7.1, 2H, OCH,CH3;), 6.01 (x, J=0.8, 1H, CH-
nupas.), 7.64 u 7.98 (ap, J=9.2, 2H, CH=CH). Cnektp AMP 13C, 6, M.
13.07, 13.70, 14.29, 60.57, 109.26, 119.44, 127.37, 140.84, 149.58, 154.20,
156.87, 167.38. Hatipeno, %: N 19.28; S 11.12. C3HgN4O,S. Beruucaeno, %:
N 19.16; S 10.97.

3-((6-(3,5-AumeTnii-1H-nupason-1-un)nupuaa3suH-3-ui)THO)NEHTAH-2,4-THOH
(11f). K xaameBoit coau coepmuenuss 10 (0.01 mons) B 10-15 mn AMODA tnpu
0°C mpubaBasior 0.11 mona 3-xaopueHTaH-2,4-pAr0Ha. CMech epeMelInBaloT
IpY KOMHATHOM TeMIlepaType B TeUeHWe AHS, PaCTBOPUTEAb BHIIIAPUBAIOT,
OCTaTOK 0OpabaThIBAIOT BOAOM, OT(MHABTPOBEIBAIOT U CymiaT. Beixop 2.4 2
(80%), T.mA. 119-120°C. Cmekrp IMP 'H, §, m.a., I'y: 2.24 (c, 3H, 3-CHj), 2.33
(c, 6H, 2xCHj3) 2.72 (¢, 3H, 5-CHj), 6.02 (x, J=0.8, 1H, CH-niupas.), 7.58 u
7.98 (an, J=9.2, 2H, CH=CH), 174 (c, 0.8H, OH-enoa). Haiipaeno, %: N
18.34; S 10.47. C14H5IN4O5S. Berurcaeno, %: N 18.41; S 10.53.
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Cunres coexnaenni 12-19

K cMecu MeTHAOBEIX MAU 3TUAOBBIX 3(DUPOB (CM. CXeMy) U 5 M1 U30IIPO-
ImaHoAa MAM 3TaHoAa mpu 0°C mpu IOCTOSTHHOM TepeMellMBaHUN MeAAEHHO
npubasastior 0.01 mons TUApas3sWHTHUApaTa. PeakIMOHHYIO CMeCh IIepeMelu-
BAlOT 3 y IPX KOMHATHOU TeMIIepaType M OCTaBASIOT Ha HOub. CMechk OOpa-
OaTeBatoT 10-15 Mz BOABL, OCAAOK OT(PUABTPOBBIBAIOT U CYyIIAT.

2-((6-Irokcunupunasuu-3-ua)ruo)aneroruapasua (12). Beixop 1.7 2 (75%),
T.IA. 114-115°C. Croektp SIMP 'H, §, m.a., Iy: 1.43 (1, 3H, J=7.3, OCH,CH,),
3.84 (c, 2H, SCH,), 4.20 (ym.c, 2H, NH,), 4.56 (x, 2H, J=7.3, OCH,CHyjy),
6.85 u 7.43 (ap, 4H, CgHy), 9.1 (yur.c, 1H, NH). Haiipeno, %: N 24.28; S
14.44. CgH{9N4SO,. Brruncaeno, %: N 24.54; S 14.04.

2-((6-(3,5-AumeTuni-1H-nupa3oi-1-wi)nupuaa3sun-3-ui)THO)ANETOr HAPA3HT
(13). Beixop, 2.54 2 (91%), T.mA. 175-1760C. Cnektp AMP H, §, m.a., Ty: 2.24
(c, 3H, 3-CHj), 2.68 (a, 3H, J=0.8, 5-CHj), 3.96 (c, 2H, SCH,), 3.95 (ymur.c,
2H, NH,), 6.01 (c, 1H, CH), 7.68 u 7.96 (apa, 2H, J=9.3, CH=CH), 9.20
(yur.c, 1H, NH). Hatipeno, %: N 30.02; S 11.68. C;1H4NgSO. BrruncaeHo, %:
N 30.19; S 11.52.

2-((6-Oxco-1-¢penuna-1,6-quruaponupuaazut-3-mwin)okcu)aneroruapazuy  (14).
Boixop 1.9 2 (73%), T.ma. 232-233°C. Cnektp AMP 'H, §, m.a., Ty: 3.97 (ymLc,
2H, NH,), 4.50 (c, 2H, OCH,), 4.60 (c, 2H, OCH,), 7.0 u 7.30 (apa, 2H, J=9.4,
CH=CH), 7.30-7.65 (M, 5H, CgH;), 9.20 (ym.c, 1H, NH). Hatiaeno, %: N
21.75. CoH,N4O3. Beruucaeso, %: N 21.53.

2-((1-(4-Xaop6en3un)-6-okco-1,6-TMruAPONUPUAAZHH-3-UJT)OKCH ) ALETOrHAPA-
3ug (15). Bexop, 1.73 2 (56%), T.mA. 160-1629C. Cnektp AMP !H, 8, m.a., Ty
4.02 (ymc, 2H, NH,), 4.53 (¢, 2H, SCH,), 5.02 (¢, 2H, NCH,), 6.86 u 7.14
(A, 2H, J=9.8, CH=CH), 7.27-7.38 (M, 4H, CgHy), 9.23 (ymrc, 1H, NH).
Hatipaeno, %: N 18.25; Cl 11.30. Cy3H3N4O3Cl. Beruucaeno, %: N 18.15; Cl
11.48.

2-((6-Oxco-1-¢penn-1,6-quruaponupuaazut-3-min)okcu)nponanruapasua (16).
Brixop, 2.27 2 (83%), T.nA. 165-1679C. Cnextp AMP H, §, m.a., Ty: 1.48 (a,
3H, J=6.8, CHj), 4.03 (yur.c, 2H, NH,y), 5.03 (x, 1H, J=6.8, CH), 6.97 u 7.23
(A, 2H, J=9.4, CH=CH), 7.28-7.65 (M, 5H, CgHs), 9.23 (ym.c, 1H, NH).
Haripeno, %: N 20.22. C3H4N4O3. Beruncaesno, %: N 20.43.

2-(3-((4-(3Tuanamuno)-6-mopdonmuno-1,3,5-TpuaznH-2-na)okcn)-6-okconupu-
nasun-1(6H)-ylanerormapasua (17). Berxop 2.44 2 (62.5%), T.ma. 240-2410C.
Cnekrp SIMP !'H, §, m.a., Iy: 1.14 (t, 3H, J=7.0, NCH,CH,), 3.27 (x, 2H,
J=7.0, NCH,CHyj3), 3.56-3.80 (M, 8H, mopdon.), 4.18 (ymur.c, 2H, NH,), 4.55 (c,
2H, NCH,), 6.96 u 7.30 (ap, 2H, J=9.5, CH=CH), 7.12 u 7.50 (1, 1H, J=5.3,
NHCH,), 9.20 (ymr.c, 1H, NH). Hatipero, %: N 32.44. Cy5H,;NgO,. Brruncae-
HO, %: N 32.21.

2-(3-((4-(byruaamuno)-6-mopdoanno-1,3,5-TpuasuH-2-uia)okcu)-6-okconupu-
aasun-1(6H)-ylaueroruapasua (18). Beixop 3.3 2 (78%), T.ma. 201-202°C.
Cnektp IMP !'H, §, m.a., Ty: 0.95 (1, 3H, J=7.0, NCH,CH,CH,CH;), 1.35 u
1.48 (mm, 4H, NCH,CH,CH,CHj), 3.22 u 3.15 (M, 2H, NHCH,), 3.58-3.80 (M,
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8H, mopdon.), 4.55 (c, 2H, NCH,), 6.95 u 7.27 (ap, 2H, J=9.5, CH=CH),
7.10 m 7.51 (t, 1H, J=5.3, NHCH,), 9.20 (ym.c, 1H, NH). Ha#ipeno, %: N
29.81. C17H95NgOy. Brruucaeno, %: N 30.05.
2-(3-((4,6-Buc(uzonponuiamuuo)-1,3,5-rpuasun-2-uia)okcu)-6-okconupuaa-

3un-1(6H)-yl)aneroruapasua (19). Bexop 2.8 2 (70%), T.mA. 245-2469C. CnexTp
AMP H, &, m.a., Iy 1.12 (p, 12H, J=6.9, 4xCHj3-uzonpomn.), 4.08 u 4.20 (M,
2H, 2xCH- wusompomn.), 4.55 (c, 2H, NCH,), 6.95 u 730 (apn, 2H, J=9.4,
CH=CH), 6.70 u 7.10 (aa, 2H, J=5.0, 2xNHCH), 9.20 (ym.c, 1H, NH). Hai-
AeHO, %: N 33.52. C5H23NgO3. Beruucaeno, %: N 33.40.

Cunres coequaenui 20-27

Cwmechb coepmaenntt 12-19 (0.01 mons), tupporcupa xasus (0.01 mons), ab-
COAIOTHOTO 3TaHOAA (10 mn) u cepoyraepoaa (0.02 mona) nmepemeninBaroT 8-
10 v mpu 75-80°C. PacTBOp BBLIIAaPUBAIOT, OCTATOK 06PabaTHIBAIOT BOAOH (20-
30 M), TOAKUCASIIOT COASTHOM KHUCAOTOU 1 OT(PUALTPOBLIBAIOT.

5-(((6-9roxcunupunazun-3-un)ruo)mermi)-1,3,4-okcaauazon-2(3H)-ruon (20).
Brixop 1.62 2 (60%), T.mA. 160-162 9C. Cmekrp SIMP 'H, §, m.a., Ty 1.44 (T,
3H, J=%7.2, OCH,CHjy), 4.50 (x, 2H, J=7.2, OCH,CHzg), 4.59 (c, 2H, SCH,),
6.95 u 7.46 (pa, 2H, J=9.3, CH=CH), 14.15 (ym.c, 1H, NH). Cnekrp AMP
13C, § m.a.: 14.05, 23.15, 62.32, 117.59, 128.77, 152.30, 159.95, 162.21, 177.84
(C=S). Hampeno, %: N 20.85; S 23.51. CgH;(N4S,0O,. Buriuucaeno, %: N
20.74; S 23.70.

5-(((6-(3,5-Aumernia-1H-nupa3zoun-1-ua)nupuaasuu-3-mn)ruo)mernin)-1,3,4-ok-
caauazon-2(3H)-tuon (21). Brixop 2.4 2 (75%), T.A. 208-209°C. Cmektp SIMP
H, 8, m.a., Ty: 2.24 (c, 3H, 3-CHjy), 2.70 (A, 3H, J=0.8, 5-CHj3), 4.69 (c, 2H,
SCH,), 6.02 (¢, 1H, CH), 7.1 u 8.03 (aa, 2H, J=9.3, CH=CH), 14.18 (ym.c,
1H, NH). Hatipeno, %: N 26.02; S 20.81. C;9H9Ng S9O. Brerumcaeno, %: N
26.25; S 20.71.

2-®enni-6-((5-tuokco-4,5-nuruapo-1,3,4-okcaquazoni-2-uia)MeToOKCH ) TUPHUIA-
3un-3(2H)-on (22). Beixop 2.47 2 (82%), T.mA. 210-2129C. Cnekrp SIMP !H, §,
M.A., Ty 5.25 (¢, 2H, OCH,), 7.01 u 7.25 (apn, 2H, J=9.3, CH=CH), 7.30-7.68
(M, 5H, CgHs), 14.20 (ym.c, 1H, NH). Hatipeno, %: N 18.64; S 10.82.
C13HgN4SO3. Breruucaeno, %: N 18.53; S 10.61.

2-®enn-6-((5-tuokco-4,5-quruapo-1,3,4-okcaanazon-2-wi)ITOKCH) U pUIa-
3un-3(2H)-on (23). Beixop 2.2 2 (70%), T.mA. 208-210°C. Cnekrp SIMP H, §,
m.A., Ty 1.75 (a, 3H, J=6.8, CHj3), 592 (x, 1H, J=6.8, CH), 7.00 u 7.21 (pA,
2H, J=9.4, CH=CH), 7.28-7.65 (M, 5H, CgH;), 14.17 (ymc, 1H, NH).
Cnektp IMP 13C, § m.a.: 17.19, 64.75, 124.17, 126.11, 126.68, 127.85, 134.43,
140.86, 149.95, 157.19, 160.94, 177.77 (C=S). Hatipeno, %: N 17.52. S 10.24.
C14H9N4SO3. Breruncaeno, %: N 17.71; S 10.13.

2-(4-Xnopoeus3nin)-6-((5-tuokco-4,5-muruapo-1,3,4-okcaauazoi-2-ua)MeToK-
cn)nupuaazun-3(2H)-on (24). Berxop, 2.8 2 (80%), T.ma. 202-2049C. Cniektp AMP
H, 8§ m.a., T'y: 5.02 (c, 2H, NCH,), 5.23 (¢, 2H, OCH,), 6.83 u 7.18 (ap, 2H,
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J=9.8, CH=CH), 7.27-7.38 (M, 4H, CgHy). Hatipeno, %: N 20.11; S 9.27;, Cl
10.00. C4H;;N,SO;CL. Beraucaero, %: N 19.57; S 9.13; C1 10.11.

6-((4-(9Tuaamuno)-6-Mopdouno-1,3,5-rpuazun-2-uia)oken)-2-((5-rmokco-4,5-
auruapo-1,3,4-okcaguason-2-wi)merua) nupuaasui-3(2H)-ou (25). Beixop, 3.77 2
(87%), T.mA. 239-2400C. Cmextp SIMP H, §, ma., Iy 1.12 (r, 3H, J=7.0,
NCH,CHjy), 3.25 u 3.30 (M, 2H, NCH,CH3), 3.55-3.80 (M, 8H, mopdoa.), 5.22
(c, 2H, NCH,), 6.98 u 7.40 (ap, 2H, J=9.4, CH=CH), 7.16 u 7.43 (1, 1H,
J=53, NHCH,), 14.25 (ym.c, 1H, NH). Haiiaeno, %: N 20.16; S 7.52.
C16H19NgSOy4. Brruncaeno, %: N 29.08; S 7.40.

6-((4-(byTuiaamuno)-6-mopponuno-1,3,5-rpuazun-2-ua)oxcn)-2-((5-ruokco-
4.5-nuruapo-1,3,4-oxcaauazon-2-un)merua)nupuaasuu-3(2H)-oun (26). Beixop, 3.13
2 (68%), T.mA. 180-1820C. Cmektp SIMP H, §, m.a., Iy: 0.95 (T, 3H, J=7.0,
NCH,CH,CH,CHs), 1.35 u 1.46 (mm, 4H, NCH,CH,CH,CHj3), 3.22 (v, 2H,
NHCH,), 3.52-3.78 (M, 8H, mopdoa.), 5.23 (¢, 2H, NCH,), 7.0 u 7.37 (ap, 2H,
J=9.5, CH=CH), 7.52 (ymc, 1H, NHCHy), 9.20 (yum.c, 1H, NH). Hatiaeno,
%: N 27.42; S 6.71. CgH3NgSOy,. Brruucaeno, %: N 27.32; S 6.95.

6-((4,6-buc(uzonponunnamuno)-1,3,5-rpuazun-2-uin)okcu)-2-((5-ruoxco-4,5-1u-
ruapo-1,3,4-oxcaguazon-2-wimerwin)nupuaasun-3(2H)-on  (27). Beixop 2.1 2
(50%), T.mA. 211-2120C. Cnektp AMP 'H, §, m.a., Ty 1.11 (p, 12H, J=6.9,
4xCHgj-u3omnporn.), 3.95-4.20 (M, 2H, 2xCH-uzonpom.), 5.23 (¢, 2H, NCH,),
7.02 u 7.40 (pp, 2H, J=9.8, CH=CH), 7.32 u 7.63 (aa, 2H, J=5.0, 2xNHCH),
14.38 (ym.c, 1H, NH). Haipeno, %: N 30.22; S 7.85. C5H21NgO3S. Brruncae-
HOo, %: N 30.05; S 7.64.

Cunres coequnennii 29d,29¢e,30d,31d

K pactBopy KOH (0.01 moas) B 10 Mz BOABI IPUOABASIIOT coepAnHeHUs 21-
23 (0.01 mona), 10 mn AMDA m COOTBeTCTBYIONIUM arKuAraroreHup (0.011
monza). CMech IepeMelnBaloT 1 ¥ Ipu KOMHATHOM TeMIlepaType, 3aTteM 4-6 u
npu 55-60°C. PacTBOp BBINTaPUBAIOT, OCAAOK IIPOMBIBAIOT BOAOM, OT(OUABTPO-
BBIBAIOT U CyIIaT.

2-((5-(((6-(3,5-Anmerna-1H-nupa3zon-1-yl) nupunasun-3-ua)rno)mermni)-1,3,4-
okcaanasoa-2-wi)ruo)ameramua (29d). Beixop 2.94 2 (78%), T.mAa. 176-177°C.
Cnektp AMP !H, §, m.a., Ty: 2.24 (¢, 3H, 3-CHj), 2.70 (a, 3H, J=0.9, 5-CHj),
3.96 (c, 2H, SCH,CO), 4.81 (c, 2H, SCH,), 6.03 (x, 1H, J=0.9, CH), 7.06 u
7.54 (yur.c, 2H, NH,), 7.72 u 8.03 (aa, 2H, J=9.3, CH=CH). Haiipeno, %: N
26.02; S 17.17. C14H5N72S,04. Beiuucaeno, %: N 25.98; S 16.99.

2-(((6-(3,5-Anmerna-1H-nupa3zon-1-yl)mupuaazun-3-mn)Tuo)mernin)-5-((2-ge-
HOKCHITHWI)THO)-1,3,4-0kcaauazon (29e). Brixop 3.0 2 (70%), T.mAa. 102-104°C.
Cnektp AMP 'H, §, m.a., Iy: 2.24 (¢, 3H, 3-CHj3), 2.70 (a, 3H, J=0.8, 5-CHjy),
3.59 (t, 2H, J=6.1, SCH,), 4.30 (1, 2H, J=6.1, OCH,), 4.81 (c, 2H, SCH,),
6.02 (x, 1H, J=0.9, CH), 6.82-7.25 (M, 5H, CgHjs), 7.70 u 8.02 (ap, 2H, J=9.3,
CH=CH). Hampeno, %: N 19.26; S 14.73. CyyHyoNgS,0,. Beruucaeno, %: N
19.08; S 14.55.
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2-((5-(((6-Oxco-1-dpennn-1,6-quruaponupuaasuH-3-ui)okcu)mMeTua)-1,3,4-ok-
caguazon-2-un)ruo)aneramun (30d). Brixop 1.5 2 (43%), T.a. 180-182°C.
Cnextp AMP 'H, §, m.a., Iy: 4.00 (¢, 2H, SCH,), 5.42 (c, 2H, OCH,), 7.03 u
7.25 (an, 2H, J=9.7, CH=CH), 7.29-7.66 (M, 5H, CgzHs), 7.12 m 7.58 (ym.c,
2H, NH,). Haiipeno, %: N 19.33; S 9.02. C{5H3N5S0,4. Boruucaeno, %: N
19.49; S 8.92.

2-((5-(1-((6-Oxco-1-penna-1,6-nurnaponupuaa3suH-3-ui)okcn)ITua)-1,3,4- ok-
caamason-2-ua)ruo)aueramua (31d). Brixop 2.0 2 (54%), T.ma. 133-135°C.
Cnektp IMP H, §, ma., I'y: 1.77 (p, 3H, J=6.7, CHs), 3.99 (c, 2H, SCH,),
6.06 (x, 1H, J=6.7, CH), 7.02 u 7.19 (ap, 2H, J=9.8, CH=CH), 7.28-7.60 (M,
5H, CgHs), 710 u 7.56 (yurc, 2H, NH,). Cnekrp SIMP 13C, § m.a.: 17.81,
35.84, 64.87, 124.18, 126.17, 126.72, 127.87, 134.36, 140.88, 150.04, 157.22,
164.14, 165.34 167.09. Hatipeno, %: N 18.55; S 8.66. CgH5N5SO,. Brruucae-
HO, %: N 18.76; S 8.59.

Cunre3 coeamnenuii 28b,29b,30a,30c,31c. K pactBopy KOH (0.01 wmozrs) B
10 M2 BOABI TIPU TIOCTOSIHHOM IepeMelTuBaHuU MpubaBAsSioT coeputenus 20-
23 (0.01 mons) A0 TOAHOTO OOpa30BaHUSI COAM, 3areM IpubaBAsitor 10 wmz
AMO®A n npu noctosHHOM IepementuBanum npu 0°C MepAreHHO AOOaBASIOT
0.011 mons arkumATaroTeHUAA. [lepemMenuBaHUe IIPOAOAXKAIOT elle 30 mun
npu 0°C, 3aTeM 3 v Ipy KOMHATHON TeMIlepaType. PacTBop ymapuBaloT, oca-
AOK IIDOMBIBAIOT BOAOY, OT(UALTPOBHIBAIOT U CYIIAT.

THa 2-((5-(((6-3Tokcunmupuaazuu-3-un)ruo)merni)-1,3,4-oxcaaunazon-2-
mwi)tuo)anerar (28b). Buixoa 2.5 2 (70%), T.mA. 92-93°C. Cnektp AMP !H, §,
m.A., Ty 1.27 (1, 3H, J=7.1, COOCH,CH;), 1.44 (t, 3H, J=7.0, OCH,CH3),
4.05 (c, 2H, SCH,CO), 4.18 (x, 2H, J=7.1, COOCH,CHjy), 4.48 (x, 2H,
J=7.0, OCH,CH3), 4.71 (c, 2H, SCHy), 6.94 u 7.45 (pp, 2H, J=9.2, CH=CH).
Cnekrp AMP 13C, 8§ m.a.: 13.62, 14.01, 22.82, 33.45, 61.08, 62.25, 117.49,
128.67, 152.40, 162.68, 162.92, 164.32, 166.42. Hatiperno, %: N 15.89; S 18.16.
C13H16N4S90O4. Beruucaeno, %: N 15.72; S 17.96.

Orua 2-((5-(((6-(3,5-mumerna-1H-nupazon-1-uin)nupuaa3un-3-uia)THO)METHI)-
1,3,4-oxkcaamnazon-2-uia)tuo)auerar (29b). Beixop 2.9 2 (71%), T.mmA. 95-96°C.
Cnektp SIMP !H, §, m.a., Ty: 1.26 (1, 3H, J=7.1, COOCH,CHs), 2.24 (c, 3H,
3-CHj3), 2.71 (a, 3H, J=0.9, 5-CHj), 4.06 (c, 2H, SCH,CO), 4.16 (x, 2H,
J=7.1, COOCH,CHj), 4.82 (c, 2H, SCH,), 6.03 (x, 1H, J=0.9, CH), 772 n
8.03 (pa, 2H, J=9.3, CH=CH). Cnektp IMP 13C, § m.a.: 13.07, 13.61, 14.32,
22.61, 33.45, 61.07, 109.39, 119.74, 12773, 140.95, 149.75, 154.50, 155.86,
164.12, 166.39. Hatipeno, %: N 20.86; S 15.98. C5HgNgS203. Buruncaeno, %:
N 20.68; S 15.77.

6-((5-(Mernnruo)-1,3,4-okcaanaszo-2-mi)MeToKcH)-2-(peHUI MU PUAAZHH-
3(2H)-on (30a). Buixop 2.5 2 (79%), T.mA. 93-95°C. Cnektp SIMP H, §, m.a., Ty
2.75 (¢, 3H, SCHj), 5.42 (c, 2H, OCH,), 702 u 7.23 (aa, 2H, J=9.7
CH=CH), 7.28-7.68 (M, 5H, CgHj5). Hatipeno, %: N 17.52; S 10.29. C,H Ny
SO3. Beluucaeno, %: N 17.71; S 10.13.
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Merua  2-((5-(((6-oxco-1-penna-1,6-qurnaponupuaasuH-3-uia)oKCH)MeTHI)-
1,3,4-oxcamuazon-2-ua)ruo)anerar (30c). Beixop 1.6 2 (44%), T.mA. 75-760C.,
Cnextp AMP H, &, m.a., Ty: 3.75 (¢, 3H, OCHjs), 4.15 (¢, 2H, SCH,), 5.42 (c,
2H, OCH,), 7.04 u 7.24 (an, 2H, J=9.7, CH=CH), 7.29-7.65 (M, 5H, CgHs),
7.12 u 7.58 (yurc, 2H, NH,). Haiiaeno, %: N 20.07; S 8.78. CigH4N4SOs.
Breruuicaeno, %: N 19.97; S 8.56.

Metuna 2-((5-(((6-oxco-1-dpenni-1,6-quruaponupuaasuH-3-ui)0KCH)ITHII)-
1,3,4-oxcaauazon-2-ua)ruo)anerar (31c). Beixop 3.7 2 (95%), T.mA. 119-1200C.
Cnextp SIMP 'H, 8, m.a., Ty: 1.78 (a, 3H, J=6.7, CHs), 3.77 (c, 3H, OCHjy),
4.12 (c, 2H, SCH,), 6.05 (x, 1H, J=6.7, CH), 7.03 u 7.24 (ap, 2H, J=9.7,
CH=CH), 7.29-7.65 (M, 5H, CgH;s). Hatipeno, %: N 14.52; S 8.42.
C17H16N4SOs5. Brruucaeno, %: N 14.43; S 8.25.

MbLh-UQP LD UELUELTLALEL WGSHY. LAL TWoWLS3ULLE P
UhULEEAD TLULAUGTUL AULUELELD NUUBUUSOFE-3OFLL
UbuAULPLU3PL SUNUGU3E-UTL UGE-NYD NES

U . 51L3N3UL, S. W ¢NUE33U0L, W €. YULrUEMES3UL U [k U. sUPLAYUT
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COMPARISON OF THE CONVENTIONAL METHODS WITH THE
PROCEDURE OF MW-IRRADIATION IN THE SYNTHESIS OF NEW
BIOLOGICALLY ACTIVE PYRIDAZINE DERIVATIVES

A.P. YENGOYAN'? T. A. GOMKTSYAN?,
A.V. KARAPETYAN! and R. S. SHAINOVA!?

INational Agrarian University of Armenia
74, Teryan Str., Yerevan, 0009, Armenia
2Armenian-Russian Slavonic University
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The conventional synthesis of novel biologically active derivatives of fused and
unfused bicyclic and tricyclic heterosystems based on pyridazine and pyrazolyl-
pyridazine hydrazides and acetohydrazides were carried out. The heterocyclization of
obtained hydrazides and acetohydrazides afforded a series of nonfused bi- and
triheterocyclic  systems derivatives and their alkylated products, containing
simultaneously pyrazole, pyridazine, 1,3,4-oxadiazole and triazine rings in the same
molecule. The synthesis of the same compounds were also realized using eco-friendly
MW-assisted procedure to determine the usefulness and the range of application of MW
method. A comparative analysis of these two methods and the evaluation of the
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effectiveness of MW irradiation method, depending on the reaction conditions were
carried out. The synthesized compounds have shown the pronounced plant growth
stimulating properties and can be of interest for the search of new plant growth
stimulators. From these, eighteen compounds, which activity was higher than 70%
compared to indoleacetic acid (IAA), were selected for deeper study and further field
trials.
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IMocTtymmao 31 X 2016

B araboparopuu Nel UTOX HAH PA Ha IpoTA’)KeHUU MHOTHX AeT BEAYT-
Csl CUCTeMaTHu4eCKHe HCCAEAOBAHHSI B OOAACTH (PYHKIMOHAABHO 3aMeleH-
HBIX TPOM3BOAHBIX a30T- U KHUCAOPOACOAEPSKAIIUX TeTePOIMKAOB, TaKUX,
KaK TeTParupApoOM30XMHOAWH, 1,4-O€H30AMOKCAH, W30XpOMaH ¥ apUATeTpa-
ruAponmMpaH. AM3aliH M CMHTE3 HOBBIX COEAWHEHUH, COYeTalolux B cebe Ha-
PSAY C YKa3aHHBIMU T'eTEepPOIMKAWYECKUMMU CHCTeMaMH pa3AndHble (hapMa-
KodopHBIE (pparMeHTH, OCHOBBIBAACS Ha BCECTOPOHHEM W TAYOOKOM aHaAU-
3€ BBISIBAEHHBIX IIPU 3TOM OIIPEAEAEHHBIX 3aKOHOMEPHOCTEN CBA3U "CTPYK-
Typa-aKTUBHOCTB".

HHTepec K BEBIMIEYKa3aHHBIM COEAMHEHUSIM OOYCAOBAEH UX BBICOKOH M
pa3sHooOpa3HoN (papMaKOAOTMYECKOM aKTUBHOCTHIO. Cpepr HUX OOHapysKe-
HBI BeIllecTBa CEPAEUYHO-COCYAHUCTOTO AEMCTBUS, CIIa3MOAUTHKM ([IallaBepuH,
HO-TIITIA), @HAAENTHKH, aHTUKOATYASHTHI, a TakKKe aHTUapUTMUYeCcKHe, aH-
TUTAUKEMHWYECKUe, aHTUTUIOKCUYECKHNe, ITPOTUBOCYAOPOKHBIE ¥ IIPOTHBO-
BOCHAAUTEeAbHBIE CpeAcTBa [1-8]. C 1eAblo BBIIBA€HUS HOBBIX OoAee 3(hdek-
TUBHBIX OMOAOTHMYECKU aKTHWBHBIX BEIIECTB B 3TOM PSIAY HAaMU OCYIIIECTBAE-
HBI MCCAEAOBAHMSA TI0 CHHTE3y Pa3HOOOPA3HBIX COEAMHEHUH, COAEpIKalluX
aMUHOAMUAHBIe, AMaMHUAHBIE, CYAb(AHUAAMHUAHBIE U APyTHe (PYHKIIMOHAAB-
HBIE TPYIIIHL.

CuHTe3 3aMelleHHBIX aMHHOAMHUAHBIX ITPOM3BOAHBIX TETPAruAPOUN30XU-

HOAMHA OCYIIECTBAEH Ha OCHOBe 1-KapOoKcaMHAO0-06,7-AMMEeTOKCH-4-CIUpOo-
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OUKAOIIEHTaH-1,2,3,4-TeTparuApON30XUHOAUHOB  [9], KOTOpBIE IIOAYYEHEI
B3aMMOAEUCTBUEM 3,4-AUMETOKCUPEHUAITUKAOIIEHTUAMETUAAMUHA C AUDTHUA-
OKCaAaToOM, IIOCAeAYIOLler MUuKAu3anuen no bumaepy-Hanuparbckomy, amu-
AUPOBAHMEM CAOKHO3(HUPHOU IPYINHLI M U30UPATEABHBIM BOCCTAHOBACHUEM
AUTUAPOU30XUHOAUHOBBIX COEAMHEHUM AO COOTBETCTBYIOIIUX TETPArupApOIl-
POM3BOAHBIX TIO CAEAVIOIIEN cxeMe:

HsCO 0 HaCO
HsCO (COOEt), ' POCl;  ° NH,R
bt OEt —= —%
NH, NH _N
H3CO H3CO 5 H3CO
COOEt
HsCO
HyCO NaBH,
- N - NH
HsCO HsCO
CONHR CONHR

R = H, CH;, CH(CHs),

B3auMopelCTBHEM TIOCAEAHUX C XAOPAHTHAPUAAMU XAOPYKCYCHOM U
anb(a-OpOMIPOINOHOBOM KHUCAOT IOAYUYEHBI TaAOTeHaMUABI, KOTOPhIEe AeMCT-
BUEM pPa3HOOOPa3HBIX BTOPUYHBIX aMWHOB II€pPEBEAEHBI B IleA€Bble aMHHO-
aMuABL. Peakiiuell Tex >Ke raArOTeHaMUAOB C HEKOTOPBIMHU TeTepPUATHMOAAMU
BBIAEAEHBI TeTepUACYAb(aHNA3aMellleHHbIe IPONU3BOAHBIE TeTParuApoOnu30Xu-
HoAauHa [10,11].

o
cl Hal
HsCO JE HsCO o & HsCO 0w
_ > I —_
N—C—C—Hal N—C—C—Am
HyCO NH HaCO fi HaCO H

CONHR CONHR CONHR

R =R'= H, CHj; Hal = Cl, Br; Am = (C,Hs),,

N(] N N ©O. -N NCHs,—N  NC,H
H,CO - T T [ 3,7 2M5 ,
B 0 Ff1 / / R —;
N—C—C—S—R? /\ /\
HsCO H —N  NCHCeHs» —N  NCHyCeHs4-F, -N_ |
CONHR — — 4
CHj

/E—N NI X
r2= A
oo caHs . Ay CHs

AHaANOTUYHO Ha OCHOBE KUCAOPOACOAEPIKAIIUX eTePUAAAKUAAMUHOB —
1,4-6eH30AUOKCAH-2-MeTUA-, 1-(1,4-0eH30AMOKCAH-2-UA)3TUA- U U30XPOMaH-
1-UAMETHMAGMHUHOB, CHMHTE3MPOBAHBI TaAOT€HAMUABI, IIepeBepeHHBbIe B COOT-
BETCTBYIOIUE IleAeBble aMUHOAMUARI [12-15].
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)\ - A Ha PN A
Het” NH, Het” "N A = Het N m

o R =H,CHg; Hal=Cl Br
Het=©]/ o TN TN _/_\_Bn
o Am:-N(csz)szij' N )N O, oN - N-CHg =N N

[MToAyueHHBEIe aMUHOAMHUAHBIE COEAMHEHUS OOAaAaAM YMepPeHHOW aHTH-
ApUTMUYECKON aKTUBHOCTBIO, IIDU 3TOM HEKOTOPBhIe KHCAOPOACOAepKalllue
IIPOM3BOAHEBIE IIPOSIBASIAML BBIPA’KEHHBIE CHUMIIATOAUTHYECKUE, aHTUTUIIOKCHU-
YecKHe M aApeHOMHMeTHUYeCKUe (C 3aMelleHHLIM NHUIIepasWuHUABHBEIM (par-
MEHTOM) CBOMCTBA.

C 1eABl0 CpaBHeHHS OMOAOTMYECKMX CBOMCTB OCYIIECTBACH CHUHTE3
aMUHOAMUAHEBIX IIPOM3BOAHBIX, B KOTOPBIX aTOMBI a30Ta HECKOABKO YAAAEHEI
ApPyT oT aApyra. CoeprHeHUsI OBIAU IIOAYYEHBI ABYMs IYTSIMU: KOHAeHcaluen
reTepPUAAAKHMAAMUHOB C XAOPAHTHAPUAOM XAOPIPOIMOHOBOM KHCAOTHL C
AAQABHEHUIINM B3aUMOAENUCTBHEM IIOAYYEHHBIX XAOPaMUAOB C IIEPBUUYHBIMHU U
BTOPUYHLIMM aMUHaMHY, & TakyKe peakIfed TeX K€ aMUHOB C XAOPaHTUAPU-
AOM aKPHUAOBOM KHCAOTHI C IIOCAEAVIOIIUM IIPUCOEAUHEHUEM reTePUAAAKUA-
aMUHOB II0 ABOWHOM CBSI3W CHHTE3UPOBAHHEIX aKPUAAMHUAOB [16].

i M)\NJ\/\ ANJKA

Het” NH
2 H H
jCHfCHCOCI
R
R O R O R
I s AL
Het” "N = — Het” "N N~ Het
H H H

Het—(:[]/(:(; R =H, CH;
/\:|,-N )N ©O,-N_ N-CHz,~N_ N-Bn

Am= ArAlk, “N(Czhs)2 ,

W3 1-N-MeTuArKapOOKCaMUA0-6,7-AUMETOKCU-4-CIUPOIMKAOIIEHTaH-
1,2,3,4-TeTparupApoN30XUHOAMHA TaK)Xe IMOAyYeH aKpHAaMMA, B3aUMOAEUCT-
BUEM KOTOPOTO C apUA-, apUAAAKUA-, TeTEPUAAAKUA- U TeTepuAaMHUHaMU
CUHTE3UPOBaH PsAA aMUHOaMUAOB. CoepAUHEHMe 3TOTO psipd C KapO3TOKCUAB-
HOY TPYUIIOHN, BBIAEAEHHOE B pe3yAbTaTe peaKIUM akKpHAaMHAA C aHeCcTe3U-
HOM, Aaree THAPOAM30BAHO AO COOTBETCTBYIOIIEN aMHUAOKUCAOTHI.
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H3CO CI JL H3CO o P AmH H3CO o
N N /\K/\Am
H3CO H3CO H3CO
CONHCH3 CONHCH3; CONHCH;g

1. HaN—~)-COOEt

2. NaOH

/N
Am = NH- O NT~"NH-
) —l
H,CO o
N)K/\N COOH
CONHCHs @:J}), C[o]/ _ HsCO N-
CHs
HN

B pesyapTaTe hapMaKOAOTMYECKUX HMCCAEAOBAHUM YCTAHOBAEHO, 4TO 3a-
MelIlleHHble aMUHOIIPOIIMOHAMHUABI TaKKe IIPOSIBUAU YMEPEHHYIO aKTUBHOCTH
B OTHOIIIEHUH K CHUMIIaTO-aAPEHAAOBOU CHUCTEMHEI.

ITpoporkag MCCAEAOBaHUSA, MBI OOPATUAMCH K APYroMy, OAM3KOMY IO
CTPOEHUIO, KAACCY OPTAaHUYECKUX COEeAMHEHUN, @ UMEHHO, K CUMMETPUYHBIM
U HECUMMETPUYHBIM AMaMHUAAM AUKApPOOHOBBEIX KHCAOT, KOTOpBIE, KaK W3-
BECTHO, TaK)Ke O0AQAQIOT IIMPOKMM CIEKTPOM (PapMaKOAOTHYECKOTO AEMCT-
BUA [17]. B 4acTHOCTH, HAMU CUHTE3MPOBAHBI AMAMUABI IIJaBEA€BON U SHTAp-
HOM KUCAOT. B mepBoM cAaydae (A) B3aUMOAEUCTBHUEM reTePUAAAKHUAAMUHOB
C AUITHUAOKCAAATOM MOAYYEHBI aMUAO03(MUPHL, KOTOPHIE PeaKluel ¢ pa3Hoo0-
Pa3sHBEIMH aMMWHAMU IIepeBEAEHBl B IleAeBble AMAMUABI IIJaBEAE€BOM KUCAOTHI.
Ilpu cunTe3e (B) AMaMUAOB SHTAPHOU KUCAOTHL T€ JK€ IeTePUAAAKUAAMUHBI
BBOAUAUCH B PEAKIUIO C SHTAPHBIM aHTHAPUAOM. CIIAaBA€HHEM NMOAYUYEHHBIX
B pe3yAbTaTe aMHAOKHUCAOT C aMUHAMU OBIAU BBIAEAEHBI IIeA€BBhle AMaMUABI
SIHTAapHOM KHUCAOTHI [18-21].

A. (COOEt),

H
R 2 N
B. (CH2CO),0 )K R'NH, (CHz)y” “NHR?
)\NH )\ \”

Het <0H2> . 0

/ \
C[:j/k Hk(CH»nJ\ NHR? ©:; /U\ )J\N“Rz

(CHz)q

n = 02, R = H,CH3, Rl = H, OCH3, R2 = CH(CH3)2, CHch(CHS)Z,
CH(CH3)CH,CH3, CH,CH,OH, CH,C¢Hs;, CH,CH,CgHs;, CH(CHj3)CH,CH,CgHs,
1,4-6eH30AMOKCaH-2-MeTHUA, 1-(1,4-0eH30AMOKCAH-2-UA) 3TUA, U30XPOMaH-1-MeTHA, 3a-
MellleHHbIe apUABI, aPUAIIMKAOAAKAHMETUA, MOP(MOAUA, TUTIIEPUAUA, TTUPPOAUHUA.
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AnaMUAHBIE IPOU3BOAHBIE CUHTE3MPOBAHBI TAKKE B PSIAY TETPArupApoO-
U30XUHOAMHA. B3auMopelcTBHEM KapOOKCAaMHUAOTETPArMAPONU30XMHOAMHA C
SIHTAPHBIM aHTHAPHUAOM IIOAyUYeHa 3aMellleHHasl aMHAOSHTapHas KUCAOTa, HO
TIOCKOABKY PeakIus CIIAABACHUS MOCAEAHEUN C Pa3AMYHBIMM aMUHAaMH COIIPO-
BOJKAQAACh Pa3sAO’KeHUEM, IeAeBhle AMAMUABI SHTAPHOM KUCAOTHI ITIOAYYEHEI
Jyepes3 ee 3TUAOBBIU 3PUP.

000
H3CO 7 HsCO Q CoHsOH, H*
)K/\ —_—
NH N COOH
H3CO H;CO

CONHCH3 CONHCHs
H3CO o RNH, HsCO o]
> )K/\ )J\/\
N COOEt N CONHR
HsCO HaCO
CONHCH3 CONHCH3

R = aakua

V3yueHue (papMaKOAOTMYECKUX CBOMCTB IIOKA3aA0, UYTO IIOYTU BCe AU-
aMUABL 00AAAAAM @HTUTUIIOKCUYECKUMH CBOMCTBAMHU, He yCTyINas II0 aKTHUB-
HOCTU H3BECTHBIM AE€KapCTBEHHBIM CPEACTBAM (HOOTPOIMA, KaBUHTOH, AU-
azenam). CoepmHeHUd, coyeTawole 0eH30ANOKCAHOBBIU OCTATOK C M30XPO-
MAHUABHBIM U TOAYUABHBIM PapAUKaAaMM, IIPOSBUAU BhIPa’KeHHYIO aHTHAapUT-
MHUUYECKYIO aKTUBHOCTD.

Kpyr 1lereHanIpaBA€HHO CHHTE3UPYEMBIX AUAMUAHBIX IIPOM3BOAHBIX 1,4-
OeH30AMOKCaHa, U30XpOMaHa U apUATeTparupAponupaHa ObIA HaMU HECKOAb-
KO pacmmpeH. B yacTHOCTH, MeXAY ABYMS aTOMaMHM a30Ta BMECTO aAKHUAb-
HOro (bparMeHTa OBIA BBEACH AaPUABHBIN, IIPA 3TOM HAAWYHE B MOAEKYAE IIO
cyTz (papMako@OpPHOIro OCTAaTKa H-aMUHOOEH30MHOU KUCAOTHL (PABA) He
MOTAO He IOBAUATHL Ha OMOAOTHMUYECKHEe CBOMCTBA coepMHeHHN. KoHaeHca-
1yel BBIIIEIIPUBEACHHBIX IeTEPUAAAKMAAMUHOB C XAOPAHTUAPHUAAMU 4-aIluA-
aMUHOOEH30MHBIX KUCAOT, KOTOPBIE B CBOIO O4epeAb OBIAM NOAYYEHBI B3aWU-
MOAEMNCTBUEM n-aMUHOOEH30MHOU KUCAOTHI C Pa3AWYHBIMU XAOPAHTUAPHAA-
MM 3aMellleHHBIX OEeH30MHBIX KUCAOT, CHHTE3MPOBAHBI COOTBETCTBYIOIINE
AMaMuABI [22, 23].
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o
NH,
o
R’ 0
R-CIJ-NH@-COCI /L
o Het~~ NH
NH-C-R
NH I
2 o)
o}
_/X
R'=H, CHy; R?=H, OCHz; R=7\ 7
NH,

R2
AMaMUABl @aHAAOTUYHOTI'O CTPOEHMS NMOAYYEHBI TaK)Ke Ha OCHOBe 1,4-0eH-
30AMOKCaH-2-, U30XPOMaH-1- U 4-apuUATeTparupAponupaH-4-KapOOHOBEIX KHC-
AOT IIO CAEAYIOIIel cxeMe: CHadaAd OBIAU IOAYYEHBI UX XAOPAHTHAPUABL, 3a-
TeM B NIPUCYTCTBUU IIUPUAWHA NPOBeA€HA KOHAEHCAIMS C n-aMUHOOEH3O0MU-
HOU KHUCAOTOM, B pe3yAbTaTe KOTOPOM BBIAEAEHBI aMUAOKHCAOTHL. B cayuae
4-apUATETParuApPoOINpaH-4-KapOOHOBOM KUCAOTBI 3Ta pPeakIUs COIPOBOXK-
MaeTcsd CMOAOOOPA30BaHMEM, IIO3TOMY OBIA pa3paboTaH APYroyd NIyTh Iepe-
X0AQ K @aMHUAOKHUCAOTE depes ee 3TUAOBEIM 3up. BiamMopelicTBueM XAOpaH-
TUAPUAOB IIOAYUEHHBIX aMUAOKHUCAOT C PA3AMYHBIMM aMUHaMU CHUHTEe3UpOBa-
HBI IJeAeBble HECUMMETPUUYHbIE AaMUABI [23, 24].

O
O /©)L
COOH
1.80Cl. (0]
2PABA o /@ a H
Het-COOH )k
Het H o

1.80Cl a
2 NH,CoH4COOEL y \
(0]
12
a 0 /©)l NR'R
(0]
H
N COOEt
o (0]
R (0]

HWNR1R2 a. 1.50Cl, ; 2. HNR'R?

R{Ry= ankuA-, apuA-, apUAAAKUA-, TETEPUA-, TE€TEPUAAANKHA-

NR'R?

o
R

AnsL cpaBHeHHUsI (PAapPMAKOAOTMUYECKUX CBOUCTB OBIA OCYIIECTBAEH IIepe-
XOA K COEAMHEHUSM, COAEPIKAIUM CyAb(OTPYIIE Y @PUABHOTO PAAUKAA], B
YaCTHOCTY, CUHTE3UPOBAH PsA CYAb(DAHUAAMHUAHBIX ITPOM3BOAHBIX TETPAaruA-
POM30XWHOAWHA HO peaknuu [-KapOOKCaMUAO-0,7-AUMETOKCU-4-CIIUPOLVK-
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AOIeHTaH-1,2,3,4-TeTparuApON30XMHOAVHA C 3aMelleHHBIMUA apUACYABGO-

XAOPUAAMU.
X
H3CO =
3 ArSO,CI HaCO E \ |
—_—
NH N/ \Y
H3CO H3CO O
CONHR CONHR

Hamu OBIA TpPepAlIpUHAT TaKXKe CUHTEe3 PAa3AWYHBIX PSIAOB AMAMHUAOB,
BKAIOYAIOIINUX B CBOIO CTPYKTYpPY, HapsAy C 1,4-0eH30AMOKCAHOBBIM U apUA-
TEeTParuApPONMPAHOBEIM FAPOM, (apMako@oOpHBEIe (pParMeHThl HN3BECTHBIX
NIPOTUBOBOCIAAUTEABHBIX CPEACTB — CTPENTOIIUAQ, HOPCYAb(as3ona, CyAb-
daprMesnHa, cyabganura. B3auMopeNcTBHUEM XAOPAHTUAPHUAOB 1,4-OeH30-
AVOKCaH-2-TIPpONMMOHOBOY, 1,4-0eH30AMOKCaH-2- U 4-PeHUATETParupApOnrupaH-
KapOOHOBBIX KUCAOT, a Takke N-(4-kapbokcudennn)-1,4-6eH30AM0KCaH-2-
KapOokcaMupa ¢ N-3aMellleHHBIMM 4-aMUHO- WAM 4-aMHHO3TUAGEH30ACYAb-
damMupaMu IIOAY4YeHBI HOBBIE CyAb(DaHUAAMUAHBIE IIPOU3BOAHEIE [25, 20].

0]
SO,NHR
o coa 0 N/<CH2>n< > 2
(CH)NH % 5 H

0._cocl o
@[o]/ o /(CHz)n@SozNHR
SO,NHR C[ N
H
o)
0 o)
o
@ggcom C[ ])LHOCOCI
o
o)
o ~(CHa), @SOZNHR
oA N
o sep
o)
NH—@SOZNHR

o)
n = 0.2; R = H, 4,6-AUMETUATIUDUMUANH-2-UA, TUA30A-2-UA, IUPUANH-2-UA,

areTun, OeH30HA.

H3yueHne aHTHOAKTEPUAABHOM AKTUBHOCTU CHUHTE3UPOBAHHBIX CYyAb(a-
HUAAMUAHBIX ITIPOU3BOAHBIX ITOKA3aA0, YTO BCE COEAMHEHUS IMPOSBASIOT yMe-
PEeHHYIO aHTHOAKTePHAABHYIO AKTHUBHOCTH, M30MpPATEAbHO IIOAABASS POCT
TOABKO I'DAaMOTPHUIIATEABHBIX MUKPOOOB.

IToCcKOABKY M3BECTHO, YTO IIPOM3BOAHBIE THOMOYEBHHEBI C paszHoobOpas-
HBIMU 3aMEeCTUTEASIMU ¥ aTOMOB a30Ta 00AAAQIOT aHTUBUPYCHBIMH, IIPOTHBO-
OITYXOAEBBIMHU, TUIOTAMKEMUYECKUMH, aHTUTYOEpPKYAE3HBIMU M AP. CBOMCT-
Bamu [27, 28], HAMHU OCYIIEeCTBAEH IleAeHallpaBAeHHBIM CUHTe3 OOABIIOTO Ps-
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Ad HOBBIX AM3aMeIeHHBIX POM3BOAHBIX THOMOYEBHUHBI, BKAIOUYaromux 1,4-
OEH30AVOKCAHOBBIM, M30XPOMAHOBBIM W APUATETPArvAPONHUpPAHOBBIE dpar-
MeHTH! [29]. AAg 3Toro (peHUA-, 6eH3UA- U OeH30UAU30THOIIHMAaHATE BBEAEHEI
BO B3aumMoOAeNcTBUe C 1,4-0€eH30AMOKCAH-2-aAKUA-, 1-M30XPOMaHUA- U apUA-
TETParuAPOINPAHUAMETUAAMIHAMH.

B momckax OGHUOAOTMYECKM aKTUBHBIX BEIECTB CHUHTE3UPOBAHBI TaKKe
COeAVHEHUsI, B KOTOPBhIX OAMH M3 aTOMOB a30Ta THOMOUYEBUHOBOTO hparMeH-
Ta SIBASIETCSI T€TePOaTOMOM TETPAaruApPON30XMHOAMHOBOI'O KOABII@, UTO obec-
TIeYnBaeT OIPEAEACHHYIO JKEeCTKOCTh KOH(UIypanmuu MOAeKyABl [29]. Yka-
3aHHbIe COEAVHEHUs IIOAY4YeHBI Ha OCHOBe 0,7-pAuMeTOKcHU-1-MeTHA-1,2,3,4-
TeTParuAPOU30XUHOANHA AeHUCTBUEM 3aMeIleHHBIX U30THOIaHaTOB.

H3CO H5CO
RNCS
NH = N-C-NHR
HsCO H5CO I
CHg CH; S

DapMaKOAOTUUECKHME HCCAEAOBAHUS IIOKa3aAW, UYTO AUIIL HEeKOTOpbIe
NIPOU3BOAHBIE HECHUMMETPUUYHBIX AW3aMelleHHBIX THOMOYEBHUH IIPOSBUAU
cAabyio M306MpaTEeAbHYIO AKTUBHOCTH B OTHOIIEHHH I'PAMIIOAOKUTEABHBIX
CTaPUAOKOKKOB.

O000m1as, caepyeT OTMETUTh, YTO B XOA€ HCCAEAOBAHUM HaMH OBIAU
pa3paboTaHbl ONTUMAAbHBIE METOABI CMHTE3a IIeAOT0 PSA@ HOBBIX, Pa3HOOO-
Pa3HBLIX IPOU3BOAHBIX B PSIAY TETPArMAPOM30XMHOAMHA U KHUCAOPOACOAEP-
JKAIIAX TeTepPOLUKAOB — 1,4-0€H30AMOKCAaHA, U30XPOMaHa M apPUATETPATHUA-
ponupaHa. M3yueHue cBfA3U "CTPYKTypa-aKTUBHOCTH' IIOKA3aA0, YTO IIOAY-
YeHHBble COEAMHEHMS MOTYT IPEACTaBUThH MHTepeC B KauecTBe IIOTEHIHMaAb-
HBIX OMOAOTUYECKM aKTHUBHBIX BEIECTB.
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DESIGN AND SYNTHESIS OF FUNCTIONALLY SUBSTITUTED
DERIVATIVES OF SOME NITROGEN- AND OXYGEN-CONTAINING
HETEROCYCLES

A. A. AGHEKYAN, Zh. S. ARUSTAMYAN, A.S. AVAGYAN, S. O. VARDANYAN,
G. G. MKRYAN, A. B. SARGSYAN and R. E. MARKARYAN

The Scienctific Technological Centre
of Organic and Pharmaceutical Chemistry NAS RA
A. L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutian Ave., Yerevan, 0014, Armenia
E-mail: aaghekyan@mail.ru

The present work reports on investigations in the field of functionally substituted
derivatives of some of N- and O-containing heterocycles such as tetrahydroisoquinoline,
1,4-benzodioxane, isochromane and aryltetrahydropyrane carried out for many years in
the Nel laboratory of the Institute of Fine Organic Chemistry.

It is known that the compounds with the above-mentioned heterocycles possess a
broad range of biological actions, depending on the nature of substituents. In this work
we describe various roads for the synthesis of a series of different substituted derivatives
of N- and O-containing heterocycles.

By interaction of 1-carboxamido-6,7-dimethoxy-4-spirocyclopentane-1,2,3,4-
tetrahydroisoquinolines, 1,4-benzodioxan-2-methyl-, 1-(1,4-benzodioxan-2-yl)ethyl-,
isochromane-1-methyl- and 4-aryltetrahydropyran-4-methylamines with the chloro-
acetic- and 2-bromopropionic chlorides the chloramides have been synthesized. The
latters on action of different amines (diethylamine, pyrrolidine, piperidine, morpholine,
N-alkyl- and N-benzylpiperazines) were converted into various aminoamides.
Analogously, from titles heterylalkylamines and 3-chloropropionic chloride the 3-
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chloropropionamides were obtained. Then these compounds were subjected to
condensation with secondary amines and a new series of aminopropionamides were
separated. By interaction of N- and O-containing hetercyclic aminoderivatives with
acrylchloride the corresponding acrylamides were synthesized. The latter by addition
reaction with heteryl-, arylalkyl- and heterylalkylamines afforded the aminopropion-
amides. Reaction of halogenamides with heterocyclic thiols afforded the appropriate
heterylsulfanylacetyl derivatives.

On the basis of the above-mentioned amines and diethyloxalate and succinic
anhydride amido ethers and amido acids were synthesized. From them a series of new
symmetric and asymmetric oxalyl- and succin diamides were isolated.

From some O-containing heterylalkylamines (1-(1,4-benzodioxan-2-yl)ethyl-, 1,4-
benzodioxan-2-, isochromane-1- and 4-aryltetrahydropyran-4-methylamines) and 4-
acylaminobenzoic chloride the amido acids with p-aminobenzoic acid fragment were
synthesized. Interaction of their chlorides with various amines gave corresponding
bisamides. Analogous bisamides were also obtained from some O-containing heterylcar-
boxylic acids.

By interaction of substituted 4-amino- and 4-aminoethylbenzolsulfamides with
chlorides of N-(4-carboxyphenyl)-1,4-benzodioxan-2-carboxamide, 1,4-benzodioxan-2-
propionic, 1,4-benzodioxan-2- and 4-aryltetrahydropyran-4-carboxylic acids appropriate
new sulfanylamide derivatives were obtained. The reaction of some of the indicated
heterylalkylamines with substituted isothiocianates were investigated. As a result new
disubstituted derivatives of thiourea were isolated.

The structures of all synthesized compounds have been established by IR and ‘H
NMR methods.

The antiarhythmic, sympato- and adrenolitic, antihypoxic, antibacterial properties
of the obtained compounds have been researched.
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CUHTE3 U U3YUEHUE AHTUAPUTMHUUYECKON AKTUBHOCTH PSIJIA
HOBBIX AMUJ0OB HA OCHOBE
4-(3,4-TUMETOKCUOPEHUDTETPATUAPONINPAH-4-METUJIAMAHA
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KonpeHcaumnen 4-apun-6-6pom-xpomaH-2-oHoB ¢ 4-(3,4-gumMeTokcudeHunn)TeTparngponmpan-
4-MeTMnaMmMHOM CUHTE3NpoBaHbl 3aMmelléHHble anapun-N-[(4-(3,4-agumeTokcndeHun)TeTparngponu-
paH-4-un)meTuninponaHamuael, a peakuyei ammHa ¢ xnopaHrugpuaamm 6eHsodypaHkapboHOBOM 1
3aMeLLEHHbIX BEH30MHbIX KMCNOT nonyyeHsl cooTBeTcTBYOWMe N-[(4-(3,4-aMmeTokcndeHun)TeTpa-
rmpponupaH-4-un)meTun]samelLlieHHble kapbokcamnabl.

B3aumopgencteuem 4-(3,4-gumeTokcudeHun)TeTparnaponnpaH-4-meTunaMmmHa ¢ SHTapHbIM
aHrmapuaoM CUHTE3NpPOBaH MOHOAMUA AHTAPHOW KUCMOTbI, KOHAEHCALUs KOTOPOro € 3aMeLLeHHbIMN
apunuuknoankunMeTunaMmmHamm, a takke ¢ 4-(3,4-gumeTokcudbeHnn)TeTparngponupan-4-meTun-
aMVHOM MpuBena K COOTBETCTBYIOLLMM CUMMETPUYHBIM U HECUMMETPUYHBLIM AnamMmaam SHTapHOW
KMUCNOThI.

M3yyeHa aHTrapuTMmnyeckas akTMBHOCTb CUHTE3MPOBAHHbBIX COEANHEHWI.

Bubn. ccbinok 14.

Cpepn OMOAOTHYECKU aKTHUBHEBIX BeIeCTB HeMaAOe MeCTO ITPHUHAANEIKUT
reTEPOIUKAUYECKUM M apPOMATUYECKUM COEAWHEHUSM, COAep’KallluM B
CBOeU CTPYKType aMUAHBIM (parMeHT B COYeTaHUM C APYTUMHU (PYHKIHO-
HaAbHBEIMU rpynnamu [1-5]. MI3BeCTHO Tak’ke, 4TO aMUABI U AMAMUABI KapOo-
HOBBIX KHUCAOT NPOSBASIIOT BEICOKYIO (DapMaKOAOTHUUYECKYI0 aKTUBHOCTD [6].

Panee HaMu OBIAM CHMHTE3VWPOBAHBl aMUABL, AMAMHUABI M aMUHOAMUABH,
aMUHHAs 4aCThb KOTOPHLIX IIpeACTaBA€HA TaKUMM aMuHaMmu, Kak 1-(3,4-pume-
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TOKCU(EHUA)IITUKAOAAKAH- | -MeTuAaMUHEL [7,8] u 4-QeHUuATeTparupAponupaH-
4-meTuraMuH [9].

B npopoaKeHHe MPeABIAYIIIUX MCCAEAOBAHMN HAcToOslas paboTa IOCBS-
IleHa CUHTEe3y PAa3AWYHBIX aMUAOB Ha OCHOBe 4-(3,4-AUMEeTOKCU(EHUA)TET-
parupponupaHn-4-metuaamuHa (1) [10]. IIpm 3TOM aMHALI TOAYYEHBI KakK
peakiel aMrHa 1 ¢ XAOPAHTHUAPUAAMU KHUCAOT, TaK U PACKPBITUEM ILIHMKAOB
XPOMAHOHOB U SHTAPHOT'O @HTHUAPHUAQA.

Tak, peaknuest ammHa 1 ¢ 3aMellleHHBEIMHA 4-apUA-6-OpoM-XpoMaH-2-0OHa-
Mu (2-4) [11-13] cunTe3supoBaHbl Auapua-N-[(4-(3,4-AMeTOKCHU(EHNA)TeTpa-
TUAPONMPAaH-4-UA)METUA|TPOIIaHAMUABL (5-7), B KOTOPBIX, HApSIAy C aToMOM
OpoMa M TMAPOKCHABHOW TPYIIION B OAHOM K3 apOMaTHYeCKHUX KOAell, 3a-
MECTUTEeAIMU SBASIIOTCS TaKKe aTOMBEI OpoMa, (dTOpa UAU MeTOKCHUABHAsS
TpyIIla BO BTOPOM KOABIIE.

KonspeHcanuell amMmuHa 1 ¢ XAOpaHTUAPUAAMHU OeH30PypaHKapOOHOBOM U
3aMeIlleHHBIX OeH30MHBIX KHCAOT IIOAydYeHBl N-[(4-(3,4-pAuMeToKCcude-
HUA)TEeTParupponupaH-4-ua)MeTUA|3aMelreHHble KapbokcaMuab! (8-11) ¢ BEI-
xopamu nopspka 70-90%.

o}

R
» 0
HO Br
CH,0 NH O . CHO 0 CH;0
Br 0”~0 /[k
o~ ~R'
24 N
<« CHpO
1

CH,O o H, —= CHpO NH\"/R
5-7 8-11 0
R=Br(2,5); R=F (3,6); R=O0CH,(4,7),
NO, QCH, cl
R1=/[/_© 8); R'= -@-OCHs (9); RI= —@—oom (10); R1= —@ (11).
]

AA mepexopa K AMAMHUAAM  SHTAPHOM  KUCAOTBL  OCYILECTBAEHO
B3aMMOAEMNCTBUE SHTAapHOTO aHTHMAPUAA C aMHUHOM 1, mpuseplee K 4-N-[(4-
(3,4-AMeTOKCHU(PEeHNA) TeTPAaTuAPOTINPAaH-4-1A) METUAAMHUAQC |THTAaPHON KHUCAO-
Te (12), KoTOpass MO’XeT OBITh HCIIOAB30BaHA AAS IIOAYYEHUS KaK CUMMET-
PUYHBIX, TaK U CMeIIaHHBIX AMaMUAOB AMKapOOHOBBEIX KHUCAOT. PazpaboTaHbI
ONITUMAaAbHBIE YCAOBMSI IIOAYUEHMS IIeA€BBIX AMAMHAOB 15-17 crnaaBaeHmeM
KUCAOTHL 12 ¢ amuuamu 1,13,14 ipu Temmepartype 140-1600C.
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e CH,0 NH—C c—oH 1,13,14
CH,0 NH, * o

12
o)
X
CH,0 OCH,
— [
CH,0 NH—i|3 |<|:—NH OCH,
1517 © ©
X =(CH,CH,),0(1,15); X=(CH,), (13,16); X =(CH,); (14,17).

CTpoeHme TIOAYYEHHBIX COEAVMHEHUUW W WX HWHAMBUAYAABHOCTL IIOA-
TBepXAeHB AAHHBIMU MK- u IMP 'H- cnekTpos, uncToTa mpoBepeHa TOH-
KocAomHOMU xpomaTorpacdueit (TCX).

H3ydueHO aHTMapUTMHUUYECKOEe AEHCTBUE IIOAYYEHHBIX COEAVMHEHMU Ha
XAOPHUAKAABIIUEBON MOAEAW apPUTMHUU Y HAPKOTU3MPOBAHHBIX OEABIX HEAU-
HeMHBIX KpbIC oOoero moaa Maccod 220-250 2 [14]. AHTHapuUTMHUYeCcKoe
AEVICTBHE BeIeCTB OIeHWBAAM II0 WX CIIOCOOHOCTM BOCCTA@HABAWBATHL HOP-
MaABHBIM CHHYCOBBIM PHUTM, IIPEAYIIPEKAATH TMOEAD KMBOTHBIX ITPU MCIOAB-
30BaHUU apUTMOreHa (KaabIus xaopup, 200 me/ke BHYTPUBEHHO). DKCIEpHU-
MEHTHI TTIOKa3aAH, 9YTO UCCAeAyeMble COEAMHEHUs He IPOSBASIOT AOCTAaTOYHO
BBIPa’KEHHOTO @HTHAPUTMHUYECKOTI'O ACUCTBUS HAa AQHHOW MOAEAW apUTMUU.
Toabko y AByX GeH3aMupoB (9,11) HabAroparach crabasi aHTHMApPUTMUUYeCKast
aKTUBHOCTB: B AO3€e 5 Me/ke OHU TPEAYIIPERAAAN TMOEAb ITOAONBITHBIX KPBIC
B 25 1 50% OIBITOB, COOTBETCTBEHHO, BOCCTAHABAUBAYI HOPMAABHBIN CHHYCO-
BEIM pUTM uYepe3 3-4 mun MOCAe IPUMEHEHUS apUTMOreHa. B KOHTPOABHBIX
omnbITax HabAaroparach 90-100% rubenb >KUBOTHBIX.

BKCIIepI/IMeHTaJIBHaﬂ 4acTb

UK-cnekTpol cHATH Ha crnekTpoMeTpe “Nicolet Avatar 330 FT-IR" B Ba-
3@AMHOBOM Macae, crekTpsl IMP 'H — ma “Varian Mercury-300" 8 DMSO-
de, BHYTpeHHUU cTaHAApT — TMC. TeMmepaTypbl IAGBAEHUS ONPEAEAEHEI
Ha MUKpOHarpeBaTeAbHOM cToAMKe "Bosnmyc”. TCX npoBepeHa Ha NMAACTUH-
kax "Silufol UV-254" B cucteme 6eH30A — areToH, 3:1. [IpogButerr — ma-
PHI H0AQ.

4-(3,4-NumeToxkcudennn)rerparnaponupan-4-meruaamud (1) moAyueH 1o
[10].

4-Apunn-6-6pomM-xpomaH-2-oHblI (2-4) moaydeHHI 110 [11-13].

1-(3,4-IumeTokcudenua)uuKiaoankan-1-merunamunnl (13,14) moayueHsl 1o
[7.8].

O0masi MeToAMKA TMOJYYeHUS] 3aMelleHHBIX JAMAPWINPONAHAMHIOB 5-7.
CMmecs 1.00 2 (0.004 mons) amuza 1 m 0.004 mons COOTBETCTBYIOIIEr0 XpoMa-

Houa 2-4 B 80 ma abc. 6ens3ora KAIATIT 12 y. OCTaTOK HOCAE OTTOHKU OEH30-
231



A& KPUCTAAAU3YIOT M3 3(upa 1 IepeKpPUCTaAM30BLIBAIOT U3 CMecHu GeH30A-
acup (1:1).
3-(5-Bpom-2-runpoxcudenmi)-3-(4-opompenni)-N-[(4-(3,4-mumeToxcude-
HIW)TeTparuaponupad-4-mn)merwi|nponanamun (5). Breixop 73%, T.oa. 171-
1720C, R; 0.42. Hamipeno, %: C 54.83; H 4.78; Br 25.03; N 2.07.
Cqy9H3BryNOs. Brruucaeno, %: C 54.98; H 4.90; Br 25.28; N 2.21. CnekTp
AMP!H, §, m.a., Ty: 1.47-1.63 (M, 2H, CH,) u 1.67-1.80 (M, 2H, CH,, CsHgO);
270 (aa, 1H, 3y = 143, 3, = 7.6) u 275 (pa, 1H, J; = 143, J, = 8.5,
CH,CH); 3.17 (aa, 1H, J; = 13.5, ), = 6.2) m 3.22 (ap, 1H, J; = 13.5, ), =
6.5, NCH,); 3.30-3.42 (M, 2H, OCH,) u 3.53-3.67 (M, 2H, OCH,, C5HgO); 3.80
(c, 6H, 20CH3); 4.68 (apn, 1H, J; = 8.5, J, = 7.6, CH,CH); 6.60 (an, 1H, J; =
8.5, J, = 2.3, =CH); 6.71 (ap, 1H, J = 8.6, =CH); 6.75 (o, 1H, J = 2.3,
=CH); 6.82 (p, 1H, J = 8.5, =CH); 6.92 (aa, 1H, J; = 6.5, J, = 6.2, NH);
7.05 (pp, 1H, J; = 8.6, J, = 2.5, =CH); 7.12 (a, 1H, J = 2.5, =CH); 7.18-7.22
(M, 2H, =CH); 7.30-7.38 (M, 2H, =CH); 9.55 (ur.c, 1H, OH).
3-(5-Bpom-2-ruapoxcudenuni)-3-(4-propdennn)-N-[(4-(3,4-1umeroxcude-
HUJI)TeTparuaponupan-4-wi)merwi|nponanamua (6). Broixop 75%, T.mA. 166-
1679C, R; 0.43. Haiipeno, %: C 60.67% H 5.28; Br 13.71; N 2.35.
CogH31BrFNOs. Brerumcaeno, %: C 60.84; H 5.46; Br 13.96; N 2.45. UK-
crekTp, v, em’: 3342 (NH); 1630 (C=0); 1590 (C=C apom.).Crexrp IMP!H,
5, m.A., Ty: 1.49-1.62 (M, 2H, CH,) u 1.66-1.79 (M, 2H, CH,, C5HgO); 2.71 (aA,
IH, J; = 142, Jp = 7.6) u 277 (pa, 1H, J; = 14.2, J, = 8.4, CH,CH); 3.18
(aa, 1H, J; = 134,35 = 6.1) m 3.23 (pp, 1H, J; = 13,4, J, = 6.3, NCH,); 3.31-
3.41 (M, 2H, OCH,) u 3.54-3.64 (M, 2H, OCH,, C5HgO); 3.80 (c, 6H, 20CHjy);
4.73 (pn, 1H, J; = 8.4, J, = 7.6, CH,CH); 6.62 (pa, 1H, J; = 84, J, = 2.2,
=CH); 6.70 (p, 1H,J = 8.5, =CH); 6.73 (a, 1H,J = 2.2, =CH); 6.81 (p, 1H,
J = 8.4, =CH); 6.88-6.98 (M, 3H, =CH u NH); 7.04 (ap, 1H, J; = 8.5, J, =
2.5, =CH); 7.16 (p, 1H, J = 2.5, =CH); 7.19-7.26 (M, 2H, =CH); 9.52 (m.c,
1H, OH).
3-(5-Bpom-2-ruapoxcudenuni)-3-(4-meroxcupenuit)-N-[(4-(3,4-numerokcude-
HUJI)Terparuaponupan-4-mwnmernialnponanamua (7). Beixop 71%, T.mA. 192-
1939C, R; 0.49. Haiipeno, %: C 61.37; H 5.68; Br 13.57; N 2.31. C3oH34BrNOg.
Beruucaeno, %: C 61.54; H 5.82; Br 13.71; N 2.40. Cuoektp AMP!H, §, m.a.,
I'y: 1.48-1.60 (v, 2H, CHy) u 1.64-1.77 (M, 2H, CH,, C5HgO); 2.69 (an, 1H, J;
= 14.5,Jp = 7.7) u 2.74 (pa, 1H, J; = 14,5, J, = 8.4, CH,CH); 3.16 (aa, 1H,
Ji = 13.4,J, = 6.3) u 3.24 (ap, 1H, J; = 13.4, J, = 6.4, NCH,); 3.30-3.40 (M,
2H, OCH,) u 3.53-3.63 (M, 2H, OCH,, C5HgO); 3.74 (c, 3H, OCHjy); 3.80 (c,
6H, 20CH3); 4.69 (an, 1H, J; = 8.4, J, = 7.7, CH,CH); 6.59-6.83 (M, 6H,
=CH); 6.89 (aa, 1H, J; = 6.4, J, = 6.3, NH); 7.03 (aa, 1H, J; = 8.4, J, = 2.5,
=CH); 7.09-7.15 (m, 3H, =CH); 9.32 (ur.c, 1H, OH).
Oo0mas Meroauka moaydenuss amunos 8-11. K pactBopy 1.0 2 (0.004 mona)
ammaa 1 u 0.32 2 (0.004 mona) 6e3BopHoro nupupmHa B 80 mz abc. 6eH30AA
IpUKanbIBalOT Opu HepeMemuBaHuu pacTBop 0.004 mona XAopaHTUAPHIAA
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COOTBETCTBYIOLIEN KUCAOTHL B 60 mn abc. OeH30Aa. KUNATAT Ipu ITepeMenn-
BaHuu 6 u. Ilocre oOXnAakKAEHUS K PEaKIUMOHHOM CMeCH NOpUOABAIIOT 5%
PacTBOpP COASTHOM KHUCAOTHI A0 pPH 2. OTaeAdioT caou, G€H30ABHBIM CAOM
npoMbIBatoT 50 mr BOABL, 3aTeM S5 % pactBopoM NaOH u cHOBa BOAOM AO
HeUTpaAbHOM peakuuu. OTTOHAIOT OE€H30A, OCTATOK KPUCTAAAU3YIOT U3 IeK-
CaHa M IIepeKPHUCTAAAM30BBIBAIOT U3 3dupa.
N-[(4-(3,4-IumeToKcupeHUT)TETPArHAPONUPAH-4-Ua)MeTHIT|6eH30pypan-2-
kap6okcamuj (8). Beixop 73%, T.mA. 138-1390C, Ry 0.50. Haitpeno, %: C 69.71;
H 6.09; N 3.22. C93H95NOs5. Beruucaeno, %: C 69.87; H 6.33; N 3.54. CnekTp
SIMP'H, §, m.A., Ty: 1.85-1.95 (v, 2H, CHj) u 2.00-2.09 (M, 2H, CH, CsHgO);
3.43-3.52 (M, 2H, OCH,, C5HgO); 3.49 (a, 2H, J = 6.6, NCHy); 3.70-3.79 (M,
2H, OCH,, C5HgO); 3.80 (c, 3H, OCHjy); 3.81 (¢, 3H, OCHy3y); 6.85-6.89 (M,
3H, CgHy); 7.22-7.28 (M, 1H, =CH); 7.34-7.40 (M, 2H, =CH); 7.41 (urc, 1H,
NH); 7.47-7.51 (m, 1H, =CH); 7.64-7.68 (m, 1H, =CH).
N-[(4-(3,4-AumeToKcUpeHUT)TETPArHIPONUPaH-4-HiI)MeTHI1]-4-MeToKCH-3-
Hutpodenzamua (9). Boixop 84%, T.nA. 131-1320C, R; 0.48. Hatipeno, %: C
61.26; H 5.93; N 6.27. CyoHysN,O5. Beruucaeno, %: C 61.40; H 6.05; N 6.51.
Crnextp IMP!H, §, m.a., Ty: 1.83-1.94 (M, 2H, CH,) u 1.97-2.07 (M, 2H, CH,,
CsHgO); 3.42-3.49 (m, 2H, OCH,, C5HgO); 3.43 (a, 2H, J = 6.4, NCH,); 3.69-
3.78 (m, 2H, OCH,, CsHgO); 3.78 (¢, 3H, OCHz3); 3.79 (¢, 3H, OCH3y); 4.01 (c,
3H, OCHzy); 6.81-6.86 (M, 3H, CgHa); 7.28 (a, 1H, J = 8.9, H(3)), 8.03 (aa, 1H,
Jy = 8.9, J, = 2.3, H(2)) u 8.27 (a, 1H, J = 2.3, H(6), CeH3CO); 7.92 (ymrT,
1H, J = 6.4, NH).
N-[(Terparuapo-4-(3,4-numeroxcudenni)-2H-nupan-4-un)merui|-2,4-1ume-
tokenbenzamua (10). Boxop 88%, T.ma. 118-1200C, Ry 0.42. Hatipeno, %: C
66.43; H 6.77; N 3.09. Cp3HygNOg. Briunicaeno, %: C 66.55; H 6.98; N 3.37.
UK-cnekTp, v, em™ 3330 (NH); 1645 (C=0); 1600 (C=C apom.). Coekrtp
SAMP'H, §, m.a., I'y: 1.87-1.98 (v, 2H, CHj) u 2.03-2.12 (M, 2H, CH, CsHgO);
3.41-3.48 (M, 2H, OCH,, C5HgO); 3.43 (a, 2H, J = 6.6, NCHy); 3.65-3.76 (M,
2H, OCH,, CsHgO); 3.79 (¢, 3H, OCHyj); 3.80 (c, 3H, OCHzy); 4.00 (c, 3H,
OCHj3); 4.03 (¢, 3H, OCHgy); 6.85-6.92 (M, 3H, CgHjy); 7.32-7.40 (M, 2H) u 7.73
(A 1H,J = 8.6, CcgH3CO); 7.94 (yurT, 1H, J = 6.6, NH).
N-[(Terparuapo-4-(3,4-numeroxcudenn)-2H-nupau-4-un)merni]-2-
xaopoensamun (11). Brixop 76%, T.TA. 129-130°C, Rs 0.53. Haiipeno, %: C
64.45; H 5.92; C1 9.01; N 3.43. C9H94CINO,. Beiunicaeno, %: C 64.70; H 6.11;
Cl 9.11; N 3.59. Cnextp AMP!H, §, m.a., Iy: 1.85-1.95 (M, 2H, CHy) u 1.98-
2.08 (M, 2H, CH,, CsHgO); 3.42-3.49 (M, 2H, OCHy, CsHgO); 3.47 (a, 2H, J =
6.5, NCH,); 3.65-3.77 (M, 2H, OCH,, C5HgO); 3.79 (c, 3H, OCHjs); 3.80 (c,
3H, OCHjy); 6.87-6.93 (M, 3H, CgHj); 7.25-7.32 (M, 1H, =CH); 72.37-7.43 (M,
1H, =CH); 7.47 (ym.t, 1H, J = 6.5, NH); 7.51-7.55 (m, 1H, =CH); 7.65-7.68
(m, 1H, =CH).
4-N-[(4-(3,4-AumeToxcudeHuI)TeTparuAponupan-4-ui)MeTUIaMuI0 | sHTap-
Has kuciota (12). K pactBopy 7.5 2 (0.03 mozs) amuna 1 B 10 mz sTHAAIIETaTa
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npubasagroT npu BerpaxuBaHuu 3.0 2 (0.03 monq) AHTAPHOTO AHTHUAPUAQ.
PeaknyonHas cmechb pa3orpeBaeTcss M Macca CTAHOBUTCHA romoreHHou. Iloc-
Ae HarpeBaHusi B Teuenue 30 mun npu 40-609C K peakIIMOHHOI Macce IMpHU-
anBaroT 100 mn rekcaHa, pacTUparoT U (PUABTPYIOT. OcapOK Ha (PUABTPe
IIPOMBIBAIOT T'€KCAHOM, CYIIAT U IePEeKPHUCTAAAM30BEIBAIOT U3 ddupa. Brixop
68%, T.mA. 143-1459C, R; 0.43. Haiipeno, %: C 61.29; H 3.72; N 6.93.
C1gH5NOg. Beruucaeno, %: C 61.54; H 3.99; N 7.12. UK-cmektp, v, cu’: 3351
(NH); 2710-2730 (COOH); 1729 (C=0); 1623 (C=0); 1600 (C=C apom.).
Cnextp AMP!H, §, m.a., Ty: 1.74-1.85 (M, 2H, CH,) u 1.83-1.98 (M, 2H, CH,,
CsHgO); 2.22-2.29 (M, 2H, COCH,); 2.38-2.44 (M, 2H, COCH,); 3.26 (a, 2H, J
= 6.3, NCHy); 3.40-3.49 (M, 2H, OCH,) u 3.65-3.73 (M, 2H, OCH,, C5HgO);
3.79 (¢, 3H, OCHjy); 3.81 (c, 3H, OCHy); 6.73-6.82 (M, 4H, CgHz u NH); 11.70
(um;, 1H, COOH).

O6mas Mmeroamka mnoaydenusi 1,4-muamMuioB siHTapHOH Kucjaorbl 15-17.
Cwmechb 0.7 2 (0.002 mons) amupokucAoTEl 12 1 0.002 mons COOTBETCTBYIOIETO
amuHa HarpesatoT 1 u mpu 140-160°C A0 06pa3oBaHus TOMOTEHHON MacCHI
3ateM npuAuBaroT 50 mr 6eH30Aa M OEH3O0ABHEIM PAcTBOP NpOMBIBAIOT 10%
pactBopom NaOH (30 mz), 3aTeM BOAOW A0 HeUTparbHOU peakimu. OTTO-
HAIOT GEH30A, OCTATOK KPHUCTAAAU3YIOT K3 3PUpa M NEePEeKPUCTAAAU3OBBI-
BAIOT U3 ATAHOAQ.

Nl,N4-Bnc[(TeTparm[po-4-(3,4-21nMeT01ccnq)eHnJ1)-2H-nnpan-4-nﬂ)MeTu.ﬂ]cyK-
munamug (15). Bexoa 65%, T.ma. 134-1350C, R; 0.45. Hatipeno, %: C 65.69; H
7.48; N 4.58. C3oH44N»Og. Beruucaeno, %: C 65.73; H 7.59; N 4.79. CnexkTp
SIMP'H, §, m.a., I'y: 1.70-1.78 (M, 4H, 2CH,) u 1.89-2.05 (v, 4H, 2CH,
C5HgO); 2.24 (c, 4H, COCH,CH,CO); 3.21 (a, 2H, J = 6.2, NCH,); 3.25 (a,
2H, J = 6.2, NCH,); 3.43-3.49 (M, 4H, 20CH,) u 3.68-3.73 (M, 4H, 20CH,,
C5HgO); 3.7 (c, 6H, 20CHjy); 3.81 (¢, 6H, 20CH3); 6.71-6.76 (M, 4H) u 6.80-
6.91 (v, 2H, 2CgHy); 6.98 (ym.t, 1H, J = 6.2, NH); 7.12 (yur.T, 1H, J = 6.2,
NH).

N'-[(Terparuapo-4-(3,4-mumeroxcudenni)-2H-mupan-4-na)merna]-N*-[(1-
(3,4-aumeTokcupenmn) qukaoneHTua)Meruwi|cykuunamuy (16). Borxop 64%, T.mA.
118-120°C, R; 0.43. Haiipeno, %: C 67.38; H 7.61; N 4.75. C3yH4N,O7. BrI-
yncaeHo, %: C 67.61; H 7.75; N 4.93. Cnekrp SIMP!H, §, m.a., Ty: 1.62-2.02
(M, 12H, 6CH,, CsHg u C5HgO); 2.20 (c, 4H, COCH,CH,CO); 3.21 (a, 2H, J
= 6.4, NCHy); 3.28 (A, 2H, J = 6.8, NCH,); 3.40 (app, 2H, J; = 11.4, Jy =
9.1, J3 = 2.6, OCHy) u 3.68 (apa, 2H, J; = 114, J, = 5.2, J3 = 3.7, OCH,,
C5HgO); 3.78 (c, 6H, 20CHjy); 3.81 (¢, 6H, 20CH3); 6.69-6.80 (M, 4H) u 6.82-
6.90 (M, 2H, 2CgHy); 6.98 (ym.t, 1H, J = 6.4, NH); 7.06 (yurT, 1H, J = 6.8,
NH).

N'-[(Terparuapo-4-(3,4-nmumeroxcudennn)-2H-mupan-4-mr)mermi]-N*-[(1-
(3,4-aumeTokcupenmn) quKIoreKcua)Merwi|cykuunamua (17). Borxoa 78%, T.IA.
98-1000C, R; 0.44. HaitpeHno, %: C 67.92; H 7.69; N 4.65. C33HsN2O7. Boruuc-
AeHO, %: C 68.04; H 7.90; N 4.81. Cnekrp AMPH, §, m.a., Ty 1.24-1.38 (M,
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3H), 1.46-1.62 (M, 5H), u 2.00-2.11 (M, 2H, CgH;q); 1.82 (apa, 2H, J; = 13.6,
Jy = 9.0, J3 = 3.5, CHy) u 199 (m, 2H, CH, CsHgO); 2.19 (c, 4H,
COCH,CH,CO); 3.12 (o, 2H, J = 6.3, NCHy); 3.23 (a, 2H, J = 6.3, NCH,);
3.40 (m, 2H, OCHy) u 3.70 (M, 2H, OCH,, C5;HgO); 3.80 (c, 6H, 20CH3); 3.82
(c, 6H, 20CH3); 6.73-6.79 (M, 4H) u 6.84-6.98 (M, 2H, 2CgHj3); 7.04 (yur.T, 1H,
J = 6.3, NH); 7.13 (yurt, 1H, J = 6.3, NH).

4-3,4-+PUGER-0OLUPDELPL)SESLUNPYELONP LU L-4-UBE-PLUU P LD
NShUUL U UD SULL LA WP LELP UPLEEGQL GBI LATLS
NUauuN-prE-UPY WGShINFE-3U0L NFUNFULUWUPLAFER-3AFLEL

d. U. UN-NFUSUU 30y, 0- k. UUreUrs3gy, U W U6u3ty, 0- 6. UnHu3u,
S. 0. QUusS,r3uL L L. U. UPLUU3TL

4-(3,4- Wil fFopupplitsfyy) g ppuwts-d-dbfyudffy difusgy by Fyundp
druspfpy-6-ppod-ppodute-2-ntiibpf S upbflqdud by wmbywhupfus gpwppy-N-[(4-(3,4-
frllefFopuprplisfy) inbrun sl friprmugfrppusto-d-fy) Slefo oy yprguibiwdpobibp, - fuly Yol wdfip
nbulyghuym] plhqnnepuiluppalif@@fp b byl fus pbhgmulul [FFndbph piop-
wibefppfpplebiph Sbn wnungud by Swdupunuufots N-[(4-(3,4-nfulbfdopuplisfy) k-
S prgpmsgpprsto-d-py) dbfHpy | wbiiuslpugfws Quppopuundfuyibp :

LbipnSfryguy willify spofumgybyn Fpudp uuf@uf@fp whlfpppgfh Shn opi@lhgfus §
wwfFufFfFiffy dalimudfy, apf frimblsagndp obpulugfod wplygfdyoogify db @2 fy wedpiib-
by Bugmbu Bl 4-(3,4-npudbfdopupy$libsfy) mbinpul pypryppub-4-dbpyudpip S ph-
prod § wnfdusfd[Fifs updbnpply b ng afpllnpfly qfudpgbbph:

Neuncilimfipsfind § upisftliqiud ynfthipp Sulumnfpfddply wlffncfdyng:

SYNTHESIS AND STUDY OF ANTIARHYTHMIC ACTIVITY
OF A NUMBER OF NEW AMIDES OF THE 4-(3.4-
DIMETOXYPHENYL)TETRAHYDROPYRAH-4- METYLAMINE

Zh. S. ARUSTAMYAN! R. E. MARKARYAN?, A. A. AGHEKYAN?,
R. E. MURADYAN?, T. H. ASATRYAN! and N. S. MINASYAN?

The Scientific Technological Centre
of Organic and Pharmaceutical Chemistry NAS RA
IA. L. Mnjoyan Institute of Fine Organic Chemistry
2 Molecule Structure Research Centre
26, Azatutyan Ave., Yerevan, 0014, Armenia
E-mail: nanraifoc54@mail.ru
2 Molecule Structure Research Center NAS RA

By condensation of 4-(3.4-dimetoxyphenyl)tetrahydropyran-4-methylamine with 4-
aryl-6-bromochroman-2-ones the corresponding diaryl-N-[(4-(3.4-dimetoxyphenyl)
tetrahydropyran-4-yl)Jmethylpropanamides are synthesized, and by reaction of the
above-mentioned amine with benzofurane carboxylic and substituted benzoic acid
chlorides in benzene in the presence of anhydrous pyridine the N-[(4-(3.4-
dimetoxyphenyl) tetrahydropyran-4-yl)]methylsubstituted carboxamides are synthesized.

By interaction of 4-(3.4-dimetoxyphenyl)tetrahydropyran-4-methylamine with
succinic acid anhydride the monoamide of succinic acid has been obtained. By
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condensation of the synthesized monoamide with substituted arylcycloalkylmethyl-
amines and with the 4-(3.4-dimetoxyphenyl)tetrahydropyran-4-methylamine the
symmetric and asymmetric diamides of succinic acid have been resulted.

The antiarhythmic activity of the synthesized compounds has been researched.
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IMocTtynuao 15 11 2017

PaspaboTaHbl cnocobbl nonyyYeHns retepounkrosamMmeLleHHbIx-1,2,4-Tpa3onos Ha OCHOBE Me-
TUnoBbIX acpupos B-(1,2,4-Tprazonumn)npornmMoHOBbLIX KUCMOT. YCTaHOBMEHO, YTO rmapasuibl Bbille-
yKa3aHHbIX KUCIOT MpV B3anMMOAENCTBUM C CEpOYrnepoaoM U aueTunaueToHoM obpasyloT HoBble,
paHee He onucaHHbIe B NuTepaType bureTepoumknnyeckme coegnHenns — 1,3,4-okcagmasono- n nu-
pa3orno-1,2,4-Tpuasonbl, COOTBETCTBEHHO. Ha OCHOBE TeX ke rMapasnaoB OBYXCTaOUMHbLIM CUHTE-
30M nonyyesb! 1,2,4-TpnasonoTpuasornsl.

YCTaHOBMNEHO TakxXe, YTO CUMHTE3MPOBaHHble GuUreTepouuknMyeckue coeguHeHus obnagatT
YMEepeHHbIM aHTubakTepuarnbHbIM U cnabbiM aHTUMUKPOOHBIM CBOMCTBAMM.

Bubn. ccbinok 15.

B XxuMuu reTepOIUKANYECKUX COEAMHEHUMN OIpeAeAeHHOe MeCTO 3aHU-
MaloT TPUA30Abl, Pa3AWYHBIE IIPOM3BOAHBIE KOTOPBIX NPOSBASIOT BBICOKYIO
(PU3UOAOTHYECKYIO AKTHUBHOCTB. [I3BEeCTHBI MHOTOYHUCAEHHBIE IIpeIaparkl,
AKTUBHBIMH ArAMKOHAMHU KOTOPBIX SBASIOTCS MOHO3aMellleHHBIe 1,2,4-Tpu-
a30ABI, Takue, Kak yHrunuabsl Difenolonazole u Epoxiconazole, mpoTuso-
rpubKoBhie TipemnapaThl Fluconazole, Itraconazole, Voriconazole u T.A., Tipu-
MEeHSIOUIVeCsS B MEAUIIMHCKOM npakTuke. IIIMpokuM clieKTpoM OHOAOTrHYe-
CKUX CBOMCTB IIPOU3BOAHBIX 1,2,4-TpHMa30A0B IPOAUKTOBAHA HEOOXOAUMOCTH
MAABHEMININX HCCAEAOBAHHM KaK II0 IOMCKY HOBBIX IIyTeM CHUHTe3a IIPOU3-
BOAHBIX 1,2,4-TPHa30A0B, COBMEIEHHBIX C Pa3AMYHBIMM IeTepPOIMKANYECKHU-
MU CUCTEMaMH, TaK U IO BBIIBACHHUIO HOBBIX IIOAE€3HBIX CBOUCTB B UX PSAY.

B mocaepnme ropbl pa3paboTaHbBl HOBBIE METOABI CHHTEe3a KOHAEHCHUPO-
BaHHBIX C 1,2,4-TPHa30AOM pa3AMYHBIX TeTepOlUKANYecKux cucrem[1-3],
BBIIBAEHBI HOBBIE IIOA€3HBIE CBOMCTBA B PIAY COBMEIIEHHBIX C reTepPOIVKAA-
mu 1,2, 4-Tpra3oroB. B WacTHOCTH, M3BECTHO, UTO MHAOAUA-, TUAAUA30A0- U
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(DPTara3UHOTPUA30ABL IIPOSIBASIIOT IIPOTUBOIPUOKOBYIO [4-6], TpHaszoaoTpua-

30ABl — AQHTHMOAKTEPHAABHYIO U AaHTUMHUKPOOHYIO aKTHUBHOCTE [7,8], Tmapma-
30A0-1,2,4-TpUa30Abl SBASIOTCS XOPOIIUMM aHTHOKCHAAHTaMHU [9], oKcapua-
30A0-1,2,4-Tpuazonsl — uHruouropamu [10], TeTpa3oAOTPHA30ABl — HHCEK-

tunupamu [11] u t.A. Hapsgay co ckaszaHHBIM U3BECTHO, 4TO 4,5-pu3aMellleH-
Hble-4H-1,2,4-Tprua30AmnA-3-THOABI YCHIENIHO WCIOAB3YIOTCS B TOHKOM OpTa-
HUdeckKoM cuHTe3e [13,14]. M3 cKka3aHHOTIO CAEAYeT, YTO UCCAEAOBAHUSA B 00-
AACTH TPHA30A0B I[eAeCOOOPa3Hbl U aKTYaAbHBI.

Panee OpIAO ycTaHOBAEHO, uTO 4,5-pm3ameneHHble-4H-1,2,4-Tpuazoann-
3-THOABI BCTYIIAIOT B peakIUM KOHAEHCAIWH C 3upaMu (HUTPUAAMHU) ,f3-
HEHAaCHIIIeHHBIX KHUCAOT C OOpa30BaHUEM MCKAIOUHTEABHO N-3aMelleHHBIX
IIPOM3BOAHLIX [14], sIBASIOMIMXCST YAOOHBIMU CHHTOHAMU AASL IIOAYUEHUs HO-
BBIX reTepuAszamelnieHHBIX 1,2,4-Tpua3oroB [15]. C LeAblO0 paclIMpeHus: ac-
COPTHMMEHTA MPOM3BOAHBIX TPHUA30A0B, CO3AAHUSI HOBBIX IeTE€POITUKANIECKUX
CHUCTEeM, & TaK’ke BBEIIBAEHUS HX HOBEBIX IIOAE3HEBEIX CBOMCTB HaMH OCYIECT-
BAEHBI CHHTE3El II0 HUKEIIPUBEACHHON cXeMe.

N
R AN N }\I\N N\NN C\;j/
\ _
P;N(\QSMO)\SH R—</ /k

}‘1 S
R= 0-CH;3-CgH, (13) Ph  R=0-CH;-C4H, (10)
R=p-CH3-CgH, (14) R=p-CH;-CgH, (11)
R=CgHs;OCH, (15) R=C¢H;OCH, (12)
COOMe

/E_NH PN N e CONHNH,

COOMe / _</

—_— —>» R
R ]l\‘ks R/QNKS \ /‘KS
Ph b p

R= 0-CH;-CeH, (7)
R=p-CH;-CeH, (8)
R= C4Hs;OCH, (9)

R= 0-CH;-CgH, (4)
R=p-CH;-CgH, (5)
R= C4H;OCH, (6)

R N N—N
N—N s=< > \g N/\/qlﬁ»\SH

M s M= P % R

R N
by, R=0-CH;-CgHy; R' = CgHs (16) R=0-CH;-C4Hy; R' = C4Hs (19)
R= 0-CH;-CgHy; R' = allyl (17) R= 0-CH;-CeHy; R' = allyl (20)
R= p-CH,-C¢H,; R' = allyl (18) R=p-CH;-C4H,; R' =allyl (21)

Kak BHUAHO M3 CXeMbl, OCHOBHBIMM CHHTOHAMM HOBBIX TeTepOIMKANYe-
CKHUX CHCTeM SIBASIIOTCSI METHMAOBBIE 3(PUPHI -TpHa3oA03aMeleHHBIX araHU-
HOB(4-6), a, KaK M3BeCTHO, -araHMH U N-areTUAaAaHUH OTAWYAIOTCS MaAOH!
TOKCUYHOCTBIO U BBICOKON OMOAOTMUYECKON aKTHUBHOCTBIO, YeM OOYCAOBAEHO
UX LUIUPOKOe IIpuMeHeHUe B KaduecTBe BAA. B cBg3u ¢ 3TUM HaMu OBIAO HC-
CAEAOBAHO IIOBeAeHHEe COeAVHEeHUM 7-9 B HEKOTOPHIX peakIusax. B uact-
HOCTH, YCTAaHOBAEHO, YTO B3aUMOAEUCTBUEM 7-9 C aleTHAAIleTOHOM B 3TaHO-
Ae B npucyrctBumr HCI ¢ xopommMu BeIxopaMu oOpa3sytoTcs 1-(3,5-AuMeTHA-
1H-tmpazoa-1-un)-3,4-pn3amentienasie-4,5-auruapo- 1H-1,2,4-tpuaszon- 1-
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ua)uponaf-1-ouHer (10-12). Peakiuio 1jeaecooOpas3HO NMPOBOAUTH IIPU TeMIle-
parype 80-85°C B TeueHue 6 y. YCTQHOBAEHO TAaK’)Ke, YTO IIPU B3aMMOAEUCT-
BUM BBINIEYKa3aHHBIX THAPA3HUAOB C CEPOYTAEPOAOM B CpeAe 3TaHoAa B pe-
3yAbTaTe IPUCOEAUMHEHUS U AAAbHeHIeM TeTepPOIIUKAM3AalluM C BBICOKMMU
BBIXOpAAMU oOpasyrorcsa  1-(2-(5-MepkanTo-1,3,4-0Kcaprason-2-mua)3Tua)-3,4-
AuzamerneHnuble-1H-1,2 4-tpua3on-5-(4H)tmonsr  (13-15). Coepmnenmsa 10-15
SIBASIIOTCSI IIPEACTaBUTEASIMH HOBOM TeTEpPOIIUKAMUYECKON CHCTeMEBI, paHee He
ONMCAHHOMN B AMTEpaType.

C 1eAblO BBISIBA€HHS HOBBIX OMOAOTHYECKUW AKTHUBHBIX COEAWHEHUH B
PSIAY TPHA30A0TPHUA30A0B II0 U3BECTHOM METOAMKE Ha OCHOBE T'MAPA3UAOB /-
9 HaMU CUHTe3UpPOBaHbLI HOBBIE IIPEACTAaBUTEAU MHOCAepAHUX — 1-(2-(4-3ame-
IeHHble-5-MepKanTo-4-H-1,2,4-Tpua3on-3-ua)3TuA)-3,4-Au3amelieHunie- 1 H-
1,2,4-trpuazon-5(4H)truonsr(19-21).

CkpunmHroM coepwHeHnl 10-21 ycTaHOBAEHO, YTO BCe MCCAEAOBAHHBIE
COeAMHEHUs 10 aKTUBHOCTM YCTYNAIOT KOHTPOABHBIM, OAHAKO y HUX HaOAIO-
paeTcsi crabas aHTUMUKpoOHas (10-12) m ymepeHHas aHTHOaKTepHasbHas
(13-15, 19-21) akKTHUBHOCTE. V3 CKa3aHHOI'O CAEAYET, UTO IONCK Goaee adpdpexk-
THUBHBIX COEAMHEHWN B PSAY QHAAOTOB CHHTE3MPOBAHHBIX BEIIECTB IIPEA-
CTaBAsIETCSI aKTyaAbHBIM.

IKCNEePUMEHTAJIBHAA YaCTh

Cnekrpsl IMP 'H u 13C pactBopos Bemects B DMSO:CCl, 1/3 moayue-
uHEI npu 30°C Ha cnekTpoMetpe “Varian Merkuri-300" (300(1H) 75 (13C) M@y
uau "Bruker AVANCE 400 MHz" (400('H), 101(13C) MIy), BHyTpeHHWMIt CTaH-
papT — T'MAC. Aasg TCX npumensan naactuHbl “Silufol UV-254". TIposBae-
HUe — TmapaMu Hopa. TeMmepaTyphl TAABAEHUS ONPEAEASIAM Ha MUKPOHAr-
peBaTeAbHOM CTOAMKe Mapku “Boetius".

MeToprka cuHTe3a coepArHeHUM 4-9 ommcaHa B pabore [19].

MeruiaoBblit  3¢pup  3-(4-penni-5-ruokco-3-o-roaui-4,5-quruapo-1H-1,2 4-
Tpua3oJj-l-ua)nponuoHoBoii kuecaorbi(4). Brixop 79%, T.aoA. 104-105°C
(H,O:EtOH — 1:4), R; 0.51 (EtOH:PhH — 1:2). Cnektp AMP 'H (400 MIy,
CDCly), §, m.a., I'y: 6 2.18 ¢ (3H, CH3); 3.03 T (2H,J = 7.3, NCH,CH)); 3.72
c (3H, OCHg); 4.66 T (2H, J = 7.3, NCHyCHy); 7.06-7.11 M (2Hzpou); 7.17 A
(1Hapow 3 = 7.6); 7.19-7.24 M (2Hgpom)i 7.27 TT (1Hgpon, J = 8.4, 4.0), 7.31 —
7.40 M (3Hgpoy). Crerrp SAMP 13C (101 MIy, CDCly), 8, m.a.: 19.5; 32.0; 44.7%;
51.6; 124.6; 125.4; 127.3; 128.7; 128.9; 130.0; 130.2; 130.3; 133.9; 137.6; 149.4;
167.0; 170.6. Hatipeno, %: C 64.52; H 5.45; N 11.95; S 9.02. C;9H;9N30,S.
Brruucaeno, %: C 64.57; H 5.42; N 11.89; S 9.07.

MetunoBbtii  3¢pup  3-(4-penuia-5-ruokco-3-n-roaua-4,5-nuruapo-1H-1,2,4-
TpHua30Ji-1-n1) nponuoHoBoi kucaoThI(5). Brixoa 88%, T.ma. 137-139°C (EtOH),
R; 0.49 (EtOH:PhH — 1:2). Cmekrp SIMP 'H (400 MIy, CDCls3), 8, m.a., Ty:
2.31 ¢ (3H, CHjy); 3.03 T (2H, J = 7.4, NCH,CH,); 3.74 c (3H, OCHgy); 4.64 T
(2H, J = 7.4, NCH,CHy); 7.07 A (2Hgposs 4 = 8.1); 7.17 A (2Hapom J = 8.1);
7.25-7.34 M (2Hapon)i 7.42-7.95 M (3Hgpom). Cuoextp SAMP 13C (101 M,
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CDCl3) 6, m.a.: 21.0; 32.0; 44.7; 51.6; 122.0; 127.7;, 127.9; 128.9; 129.2; 129.3;
134.7; 140.6; 149.3; 167.8; 170.7. Hatipeno, %: C 64.51; H 5.47; N 12.00; S
9.00.C1gH9N30,S. Beiuricaeno, %: C 64.57; H 5.42; N 11.89; S 9.07.

MetunoBblii 3¢up 3-(3-(peHokcumernin)-4-peHna-5-ruokco-4,5-muruapo-1H-
1,2,4-Tpna3on-1-ua)nponnoHoBoit KUCIOThI(6). Bbixop 78%, BSI3Kas >KMAKOCTD,
Rf 0.55 (EtOH:PhH — 1:2). Cnekrp IMP 'H (300 My, DMSO/CCl; — 1:3),
8, MmA., Ty: 284 T (2H, J = 7.5, NCH,CH,); 3.78 ¢ (3H, OCHjs); 4.41 T (2H, J
= 7.5, NCH)CHy); 4.92 c (2H, OCHy); 6.75-6.81 M (2Hgpon): 6.94-6.87 M
(1Hapom)i 7.23-7.16 M (2Hgpom)i 7.95-7.42 M (SHgpoy). Cuektp SAMP 13C (75
Mly, DMSO/CCly — 1:3), §, m.a.: 31.8; 44.4; 51.8; 59.6; 121.2; 127.6; 128.6;
128.7; 128.9; 129.0; 133.5; 146.1; 156.9; 167.6; 171.1. Haiipeno, %: C 61.72; H
5.22; N 12.01; S 8.75. C1gH9N30O3S. Brruucaeno, %: C 61.77; H 5.18; N 11.37%
S 8.68.

Tuapazun  3-(4-penuii-5-Tuokco-3-o-ronmnn-4,5-nuruapo-1H-1,2,4-rpuason-1-
WI)NPONMUOHOBO# KucaoThi(7). Brixop 94%, T.aoa. 95-96°C (PhH), Ry 0.52
(EtOH:PhH — 1:1). Cnektp AMP 'H (300 MI'y, DMSO/CCl, — 1:3), §, M.A.
2.21 ¢ (3H, CHy); 2.62-2.72 m (2H, NCH,CH,); 3.98 ym1.c. (2H, NH,); 4.37 —
4.60 m (2H, NCH>CHy); 7.10 M (1Hgpom)i 7.15-7.21 M (2Hgpoy): 7.21-7.32 M
(3Hapow): 7.41-.32 M (3Hapoy); 9.06 yurc. (1H, NH). Cmexrp AMP 13C (75
MTly, CDCly), 8§, m.a 19.3; 31.7; 45.1; 125.0; 125.1; 127.6; 128.3; 128.4; 129.8;
129.9; 130.2; 134.1; 137.4; 148.6; 166.6; 168.5. Hatipeno, %: C 61.20; H 5.45; N
19.90; S 9.02. C1gHgN50S. Boiuucaeno, %: C 61.17; H 5.42; N 19.81; S 9.07.

Tuapasux  3-(4-penna-5-ruoxco-3-n-ronun-4,5-quruapo-1H-1,2, 4-rpuazoa-1-
WI)IIPONUOHOBOH KUca0ThI(8). Berxop 89%, T.mia. 194-197°C (H,O:EtOH — 1:1),
R; 0.50 (EtOH:PhH — 1:1). Cnekrp AMP 'H (400 MI'y, CDCl3) §, m.A., Ty:
2.25 ¢ (3H, CHjy); 2.68 T (2H,J = 7.5, NCH,CH,); 4.28 ym.c. (2H, NHy); 4.43
T (2H, J = 7.5, NCHyCHy); 7.15 aa (4Hgpows 3 = 19.0, 8.1); 7.28-7.38 m
(2Hapom)i 7.42-7.53 M (BHgpou); 9.20 ymrc. (1Hgpoy). Coexkrp SIMP 13C (101
MIy, CDCl3) 6, m.a.: 20.9; 31.9; 45.3; 122.5; 128.3; 128.7; 129.2; 129.4; 129.6;
135.0; 140.5; 149.3; 167.4; 168.6. Hatipeno, %: C 61.22; H 5.37; N 19.88; S
9.13. C1gHgN;50S. Brrunicaeno, %: C 61.17; H 5.42; N 19.81; S 9.07.

I'mapaszun 3-(3-(penoxcumernia)-4-penui-5-ruokco-4,5-quruapo-1H-1,2,4-
TpUAa30J-1-uw1) nponuoHoBoii kucjaoThi(9). Boixoa 94%, T.oiA. 149°C (H,O:EtOH
— 4:1), Ry 0.54 (EtOH:PhH — 2:5). Cnektp IMP 'H (300 MIy, DMSO/CCly
— 1:3), 6, m.p., Ty 264 T (2H, J = 7.5, NCH,CH,); 4.05 yur.c. (2H, NHy);
439 v (2H, J = 7.5, NCHyCH,); 4.92 ¢ (2H, OCHy); 6.75-6.81 M (2Hgpowm);
6.87-6.94 M (1Hapon); 7.16-7.23 M (2Hapou)i 7.42-7.95 M (SHgpom)i 9.25 ymr.c.
(1Hapow). Cuekrp SIMP 13C (75 MIy, DMSO/CCl, — 1:3), §, m.a.: 31.8; 44.4;
59.6; 121.2; 127.6; 128.6; 128.7; 128.9; 129.0; 133.5; 146.1; 156.9; 167.6; 170.1.
Hatipeno, %: C 58.57; H 5.25; N 19.00; S 8.72. CgH9N505S. Brruucaeno, %:
C 58.52; H 5.18; N 18.96; S 8.68.

Oo0mas meroguka noaydenus 1-(3,5-aumerunn-1H-nupazon-1-ui)-3-(3,4-qu3a-
MelleHHbIX-5-THOKC0-4,5-quruapo-1H-1,2 4-Tpuazon-1-nn)nponan-1-onos. B Koa-
o0y nomematoT 0.002 mors COOTBETCTBYIOIIETO THApPa3upa 7-9, 2 mi 3TaHOAQ,
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0.0022 mona ameTmMAaIleTOHA U OAHY KAIIAKO KOHIL. COASTHOM KHCAOTHL CMechb
nepememuBaloT 0.5 v IpM KOMHAQTHOU TeMIeparype W 6 y IpU KUIEHUU
pactBopuTeas. [locae OXAa’RKAEHUS BBINIABIIME KPUCTAAABL OT(PUABTPOBBI-
BAIOT U ITPOMBIBAIOT MAaAbIM KOAMYECTBOM 3TaHOAAQ.

1-(3,5-Aumerni-1H-nupazon-1-ui)-3-(4-penn-5-rnoxco-3-o-roann-4,5-qu-
ruapo-1H-1,2 A-tpuazon-1-mm)npoman-1-ou(10). Brexop 59%, T.aia.  70-72°C
(EtOH:H,O — 1: 2), R; 0.46 (EtOH:PhH — 2:1). Cnekrp SIMP 'H (300 MTIy,
DMSO/CCly — 1:3), §, m.a., Ty 2.21 ¢ (3H, CHj); 2.32 ¢ (3H, CHs); 2.56 ¢
(3H, CHjy); 3.72 T (2H, J = 7.5, NCH,CH,); 4.63 T (2H, J = 7.5, NCH,CH,);
6.02 ¢ (1H, CH B nupasoae); 7.12 M (1Hgpon); 7.14-7.19 M (2Hgpon); 7.20-7.33
M (3Hapow)i 7.33-7.40 M (8H,poy). Crrexrp AMP 13C (75 MI'y, DMSO/CCly —
1:3), §, m.a. 13.8; 20.4; 33.0; 44.1; 110. 9; 126.1; 127.7; 128.6; 128.8; 129.2;
129.3; 131.1; 133.2; 133.6; 136.6; 140.8; 150.8; 154.9; 167.6; 170.0. Hatipeno, %:
C 66.22; H 5.45; N 16.83; S 7.65. Cy3H93N50S. Bouucaeno, %: C 66.16; H
5.55; N 16.77; S 7.68.

1-(3,5-Aumerna-1H-nupazon-1-ui)-3-(4-penna-5-ruoxco-3-n-ronun-4,5-qu-
ruapo-1H-1,2 4-rpuazoa-1-nn)nponan-1-ou(11). Bexop 61%, T.mA. 166-168°C
(EtOH:H,O — 1: 2), R; 0.44 (EtOH:PhH — 2:1). Cnekrp SIMP 'H (300 MIy,
DMSO/CCly — 1:3), §, m.a., Ty: 2.20 ¢ (3H, CHj3); 2.33 ¢ (3H, CHj); 2.54 A
(3H, J = 0.9, CHy); 3.71 T (2H, J = 7.4, NCH,CH,); 4.62 T (2H, J = 7.4,
NCH,CHy); 6.01 ¢ (1H, CH B ntmpazoae); 7.09-7.04 M (2Hpoy); 7.11 — 7.16 M
(2Hapom)i 7.26-7.32 M (2Hgpom): 7.47-7.52 M (BHgpom). Cuektp SAMP 13C (75
MIy, DMSO/CCly — 1:3), §, m.a.: 13.2; 13.7; 20.7 33.1; 44.0; 110. 5; 122.2;
127.6; 128.0; 128.5; 128.7; 134.7; 139.7; 142.9; 148.5; 150.8; 167.6; 170.0. Haii-
AeHO, %: C 66.21; H 5.47;, N 16.82; S 7.73. Cy3H93N50S. Boruuicaeno, %: C
66.16; H 5.55; N 16.77; S 7.68.

1-(3,5-Aumerni-1H-nupazon-1-ui)-3-(3-penokcumerusi)-4-hpeHn-5-Tuoxco-
4,5-murugpo-1H-1,2 4-tpnazoa-1-un)mpoman-1-ou(12). Brixop 62%, T.oA. 114-
115°C (EtOH:H,O — 1: 2), R; 0.49 (EtOH:PhH — 5:2). ). Cnekrp IMP 'H
(300 MI'y, DMSO/CCly — 1:3), 8, mA., [Ty 2.64 T (2H, J = 7.5, NCH,CH,);
439 T (2H, J = 7.5, NCH,CHy); 4.92 ¢ (2H, OCHy); 6.75-6.81 M (2Hgpou);
6.87-6.94 M (1Hupom); 7.16 — 7.23 M (2Hgpom)i 742 — 7.55 M (SHgpow):
9.25ym.c. (1Hapon). Hamipeno, %: C 63.68; H 545 N 16.28; S 7.45.
Co3H93N;50S. Beruucaeno, %: C 63.72; H 5.35; N 16.15; S 7.40.

Oo0mas meroquka moaydenuss 1-(2-(5-mepkanTto-1,3,4-0xcaanazonmni-2-ui)-
3,4-mu3amenienubix-1H-1,2 4-rpuazon-5(4H)Tuonos. B KOADYy  HIOMeIaroT
0.01 mons coorBeTcTByIOIEro ruapasuaa /-9, 20 mn aTaHoAq, 6 M1 cepoyTae-
poaa, 1.36 2 (0.012 monsn) eproro Kaau, nepemeniuBatoT 30 mun TIPU KOMHAT-
HOU TeMIlepaType U 8 u IpU KUIEHUM PEeaKIMOHHOM cMecHu. ITop MmOHM>KeH-
HBIM AQBACHUU YAAASAIOT PACTBOPUTEAB, OXAAKAAIOT, AOOABAAIOT 200 M1 BOAEL
u mopuusamMu A00aBAsIOT 10% pacTBOpP COASHOM KUCAOTHI A0 pH 1-2. Brninas-
e KPUCTAAABI OT(PUABTPOBBLIBAIOT, ITPOMBLIBAIOT BOAOM M TIEPEKPUCTAAAU-
30BBIBAIOT.
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1-(2-(5-MepkanTo-1,3,4-0kcagna3on-2-ui)3Tun)-4-gpenmna-3-o-rommn-1H-1,2 4-
Tpuaszon-5(4H)ruon (13). Beixop 71 %, T.ma. 204-207°C (EtOH:H,O — 2 : 1), R¢
0.53 (EtOH:PhH — 3:2). Cnektp AMP 'H (300 MI'y, DMSO/CCl, — 1:3), §,
M.A., Ty 221 ¢ (3H, CHj); 3.36 T (2H, J = 6.6, NCH,CH,); 466 T (2H, J =
6.6, NCH)CHy); 7.06-7.15 ™M (1Hgpow)i 7.15-7.22 M (2Hgpou)i 7.23-7.32 ™
(BHapow)i 7.33-7.41 M (BHgapow); 14.14 ymrc. (1H, SH). Cnekrp SMP 3C (75
MIy, DMSO/CCl, — 1:3), 8, m.a.: 19.3; 23.9; 44.9; 124.7; 125.0; 127.6; 128.3;
128.5; 129.9; 130.2; 133.9; 137.4; 149.0; 160.1; 167.3; 177.8. Hamipeno, %: C
57.72; H 4.37; N 17.82; S 16.18. C1gH7IN50S,. Brruucaeno, %: C 57.70; H
4.33; N 17.71; S 16.21.

1-(2-(5-MepxkanTo-1,3,4-okcaana3on-2-uia)3ruin)-4-peana-3-n-rommi-1H-1,2 4-
Tpuaszon-5(4H)ruon (14). Beixop 80%, T.mA. 185-187°C (EtOH:H,O — 2 : 1), Ry
0.50 (EtOH:PhH — 3:2). Cmekrp AMP 'H (300 MI'y, DMSO/CCl,; — 1:3), §,
M.A., Ty 2.33 ¢ (3H, CHjy); 3.35 T (2H, J = 6.9, NCH,CH,); 463 T (2H, J =
6.9, NCH)CHy); 7.03 — 7.20 M (4Hgpom)i 7.26-7.35 M (2Hpon); 7.42 — 7.90 M
(BHapow)i 14.08 ymr.c. (1H, SH). Cmnekrp SIMP 13C (75 MIy, DMSO/CCl, —
1:3), §, m.a. 20.8; 23.8; 44.8; 122.0; 127.7; 128.1; 128.6; 128.8; 128.9; 134.6;
139.9; 149.0; 160.1; 168.1; 177.8. Hatipeno, %: C 57.65; H 4.41; N 17.85; S
16.17. C19H3N50S,. Berunicaeno, %: C 57.70; H 4.33; N 17.71; S 16.21.

1-(2-(5-MepkanTo-1,3,4-0kcaana3o-2-ui)3Tuin)-3-peHoKkcumMe THII-4- heH I
1H-1,2,4-tpuazoa-5(4H)ruon (15). Beixop, 76%, T.ma. 189-202°C (EtOH:H,O —
2 : 1), R; 0.51 (EtOH:PhH — 2:1). Cunexrtp SIMP 'H (300 MI'y, DMSO/CCly
— 1:3), 6, ma., Ty 3251 (2H, J = 7.5, NCHyCH,); 445 1 (2H, J = 7.5,
NCH,CHy); 4.95 ¢ (3H, OCHy); 6.79-6.85 M (2Hgpow); 6.88-6.96 M (1Hpowm);
7.17-7.25 M (2Hgpon)i 7.43-7.56 M (SHgpoy); 14.11 ymrc. (1H, SH). Cnektp
SAMP 13C (75 MI'y, DMSO/CCl, — 1:3), §, m.a.: 20.8; 47.4; 59.3; 115.7; 121.5;
128.6; 129.4; 129.5; 129.7; 135.7; 143.4; 158.9; 159.2; 164.3; 178.6. Hatiperno, %:
C 55.52; H 4.25; N 17.15; S 15.48. C1gH7N50,S,. Beruucaeno, %: C 55.46; H
4.16; N 17.02; S 15.58.

MeToarKa cuHTe3a coeprHeHmi 16-21 ommcana B padore [13].
N-®enuna-2-(3-(4-penunst-5-Tuokco-3-o-ronmia-4,5-quruapo-1H-rpuaszo.-1-
winponasonwn)ruapasuHokapooauamua(16). Breixop 93%, T.aoia. 121-125°C
(EtOH:H,O — 1:1), R; 0.44 (EtOH:PhH — 5:1). Cmekrp SIMP 'H (300 MIy,
DMSO/CCly — 1:3), §, m.a., Iy 2.18 ¢ (3H, CHgy); 289 T (2H, J = 7.2,
NCH,CH,); 4.58 T (2H, J = 7.2, NCH,CHy); 7.03-7.16 M (3Hgpom): 7.16 —
7.29 M (6Hapow)i 7.31-7.39 M (3Hgpon)i 7.40-7.59 M (SHqp0y)i 9.16-9.73 M (2H,
NH); 9.73-10.20 m (1H, NH). Cnekrp AMP 13C (75 MIy, DMSO/CCl, — 1:3),
S, m.a. 19.3; 31.9; 44.8; 124.9, 125.1; 127.4; 127.6; 128.3; 128.4; 129.8; 129.9;
130.3; 134.0; 137.3; 138.8; 148.8; 166.6; 180.5. Hatiaeno, %: C 61.52; H 4.85; N
17.25; S 13.20. C95H94NgOS,. Brrumcaeno, %: C 61.45; H 4.95; N 17.20; S

13.12.

N-Anana-2-(3-(4-penna-5-rnokco-3-o0-roamia-4,5-nuruapo-1H-1,2 4-rpua3zo-
1-un)nponanona)ruapasuHokapoomnamua(17). Brixop 91%, T.ma. 163-170°C
(EtOH:H,O — 1:1), R; 0.49 (EtOH:PhH — 5:1). Cuexrp AMP 'H (300 MTIy,
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DMSO/CCl, — 1:3), 6, ma., Ty 218 ¢ (3H, CHj3); 282 T (2H, J = 7.1,
NCH,CHy); 395 v (2H, J = 5.0, NCH,CH=CHy); 456 T (2H, J = 7.1,
NCH,CHy); 5.04 ppp (2H, J = 137, 11.7, 1.5, NCH,CH=CH,); 5.64 — 593
M (1H, NCH,CH=CHy); 7.08 — 7.20 M (2Hqapoy)i 7.20-7.32 M (4Hgpon); 7.32
— 7.43 M (BHgpom): 774 T (1H, J = 5.6, NHAII), 9.03-9.18 m (1H, NH); 9.33
— 9.94 M (1H, NH). Cnektp AMP 13C (75 MI'y, DMSO/CCl, — 1:3), §, Mm.A.:
19.3; 32.0; 44.8; 45.5; 114.7; 124.9; 125.1; 127.6; 128.3; 128.4; 129.9; 130.0;
130.3; 134.0; 134.3; 137.4; 148.9; 166.6; 168.6; 181.8. Hatipeno, %: C 58.42; H
5.45; N 18.68; S 14.02. CypHy4NgOS,. Brrumcaeno, %: C 58.38; H 5.34; N
18.57; S 14.17.

N-Adaana-2-(3-(4-penna-5-rnokco-3-n-ronmn-4,5-muruapo-1H-1,2, 4-rpuason-
1-un)nponanona)ruapazuHokapoomuamua(18). Brixop 90%, T.ma. 179-180°C
(EtOH), R; 0.48 (EtOH:PhH — 5:1). Cnektp SIMP !'H (300 MI'y, DMSO/CCl,
— 1:3), §, m.a., Iy 2.33 ¢ (3H, CHj); 2.84 T (2H, J = 7.5, NCH,CH,); 4.07 T
(2H, J = 5.5, NCH,CH=CHy); 452 T (2H, J = 7.5, NCH,CHy); 5.08 app
(2H, J = 13.7, 11.8, 1.5, NCH,CH=CH,); 5.81 aar(1H, J = 17.2, 10.4, 5.2,
NCH,CH = CHy); 7.09 A (2Hapom: J = 8.3); 7.17 A (2Hapows J = 8.3); 7.26-7.35
M (BHapow)i 7.42-7.54 M (BHgapoy)i 7.83 T (1H, J = 6.0, NHAII); 9.02-9.21 m
(1H, NH); 9.31-9.89 m (1H, NH). Cnekrp IMP 13C (75 MI'y, DMSO/CCl, —
1:3), 6, m.a.: 20.1; 32.1; 44.7;, 45.5; 114.7; 124.9; 125.1; 127.6; 128.4; 129.9;
130.0; 134.0; 134.3; 137.4; 148.8; 166.7; 168.4; 181.7. Hamipeno, %: C 58.45; H
5.45; N 18.65; S 14.15. CypoHyuNgOS,y. Briumcaeno, %: C 58.38; H 5.34; N
18.57; S 14.17.

1-(2-(5-MepkanTo-4-pennn-4H-1,2 4-rpuazos-3-mn)3rui)-4-peHua-3-o-Toamni-
1H-1,2,4-tpuazoa-5(4H)ruon (19). Beixop 91%, T.mma. 225-230 °C (EtOH), Ry 0.48
(EtOH:PhH — 5:1). Cnektp SIMP 'H (400 MIy, CDCls), §, m.a., Ty: 2.25 c
(3H, CHy); 3.17 T (2H, J = 7.1, NCH,CH,); 4.63 T (2H, J = 7.1, NCH,CH,);
6.90-7.14 M (2Hapon)i 7.14-7.45 M (4Hypon)i 7.45-7.62 M (SHgpon)i 7.64-7.51 M
(BHapow)i 12.16 ¢ (1H, SH). Cnekrp SIMP 13C (101 MI'y, CDCls), §, m.A.: 20.9;
24.2; 45.4; 124.6; 124.9; 127.7 127.8; 128.1; 128.6; 129.2; 129.3; 129.6; 129.8;
131.1; 132.7; 134.5; 138.3; 149.2; 149.7; 168.3. Hatipaeno, %: C 63.72; H 4.65; N
17.95; S 13.69. Cy5H99NgSo. Brrumcaeno, %: C 63. 80; H 4.71; N 17.86; S
13.63.

1-(2-(4-Anaua-5-mepkanto-4H-1,2, 4-Tpua3o-3-ui)3Tui)-4-heHui-3-0-ToJ -
1H-1,2,4-tpua3oa-5(4H)ruon (20). Brixop 96%, T.ma. 85-88°C (EtOH), Ry 0.53
(EtOH:PhH — 5:1). Cnexktp AMP 'H (400 MIy, CDCl3), §, m.a., Ty: 8. 2.19 ¢
(3H, CHj); 3.30 T (2H, J = 7.1, NCH,CH,); 4.70 T (2H, J = 7.1, NCH,CH,);
477 p (2H, J = 5.0, NCH,CH=CH,); 525 ap (2H, J = 255, 137
NCH,CH=CH,); 592 aat (1H, J = 15.8, 10.4, 5.3, NCH,CH=CHy); 7.11-
7.21 M (2Hapon)i 7.21-7.33 M (4Hpon)i 7.33-7.44 M (3Hgpon); 12.25 ¢ (1H, SH).
Cnektp AMP 13C (101 MIy, CDCl3), 8, m.a.: 21.0; 23.7; 45.6; 45.7; 118.5;
121.7; 127.7;, 127.9; 128.3; 129.0; 129.3; 129.4; 130.0; 130.3; 134.5; 140.8; 149.1;
149.7; 167.0; 168.0. Hatiaeno, %: C 60.72; H 5.15; N 19.45; S 14.85.
CooH99NgS,. Beruncaeno, %: C 60. 80; H 5.10; N 19.34; S 14.76.
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1-(2-(4-Anaua-5-mepkanto-4H-1,2, 4-rpua3ost-3-uia)ITiin)-4-gpennn-3-n-Toau-
1H-1,2,4-tpua3oa-5(4H)ruon (21). Berxoa 86%, T.mAa. 184-186°C (EtOH), R; 0.50
(EtOH:PhH — 5:1). Cnektp SIMP 'H (400 MIy, CDCls), 8§, m.a., Ty 2.30 c
(3H, CHy); 3.34 T (2H, J = 7.5, NCH,CH,); 4.72 T (2H, J = 7.5, NCH,CH,);
47 p (2H, J = 49, NCH,CH=CH,); 524 ap (2H, J = 255, 1358,
NCH,CH=CH,); 5.91 aatr (1H, J = 15.8, 10.4, 5.3, NCH,CH=CH,); 7.07 a
(2Hapows J = 8.0); 7.16 A (2Hapows J = 8.0); 7.24-7.34 M (2Hpon); 7.42-7.55 M
(3Hapow): 12.22 ¢ (1H, SH). Crexrp AMP 13C (101 MI'y, CDCly), 8, m.a.: 21.0;
23.7, 45.6; 45.7;, 118.5; 121.7; 127.7% 127.9; 129.0; 129.3; 129.4; 130.0; 134.5;
140.8; 149.1; 149.7; 167.0; 168.0. Hatipeno, %: C 60.72; H 5.15; N 19.44; S
14.82. C9oH99NgS,. Briuucaeno, %: C 60. 80; H 5.10; N 19.34; S 14.76.
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SYNTHESIS AND CHARACTERIZATION
OF NEW BIHETEROCYCLIC SYSTEMS

A.S. GALSTYAN, V. R. FRANGYAN and T. V. GHOCHIKYAN

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

The methods for preparation heterocyclo-substituted-1,2,4-triazoles, based on
methyl esters of B-(1,2,4-triazolyl)propionic acid have been developed. It was
established that the reaction between hydrazides of the above mentioned acids, carbon
disulfide and acetylacetone gave the biheterocyclic compounds — 1,3,4-oxadiazolo- and
pyrazolo-1,2,4-triazoles previously notdescribed in the literature. On the basis of the
same hydrazides by the two-step synthesis the new 1,2,4-triazolo-triazoles were
obtained.

It was also found that the synthesized biheterocyclic compounds had moderate
antibacterial and weak antimicrobial properties.
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CUHTE3 U U3YUYEHUE MPOTUBOCYIOPOKHOW AKTUBHOCTH
HEKOTOPBIX CIIMPOITPOU3BO/IHBIX 1,3-TUAZAAJAMAHTAHOB

K. A.TEBOPKSIH, A. I. APYTIOHSIH, M. B. TAJICTSIH, . M. HA3APSIH,
H. A. JOKATALITAHSIH, A. I'. AKOIISIH u I'. A. TAHOCSIH

HayuHo-TexHOAOTHYECKUN LeHTP
opraHu4ecKot U (papMalleBTUUYEeCKON XUMUU
HAH Pecniybauku ApMeHUsI
WHCTUTYT TOHKOM OpraHWYecKOM XxuMum uM. A. A. MHAKOsTHa
Apmenus, 0014 EpeBan, np. A3aryTaH, 26
E-mail: galstyan.mariam91@mail.ru

IMocTtynuno 24 X 2016

KoHpeHcaumen 1,5-gumetun-, 1,5-gnankun-9-rugpokcu-, 1,5-andenHun-9-rmgpoken- un 1,5-
anankun-9-okco-3,7-ana3zabuumkno/3.3.1/HOHaHOB C reTepoLMKIMYECKUMN KETOHaMU — 2,2-aume-
TUn-4-nupaHoHoM, 1-meTtun-, 1-6eH3un- u 2,2,6,6-TeTpameTun-4-nunepuaoHaMmm, CUHTE3UPOBaHbI 2-
CMMpOnpou3BOaHble AMaszaagamaHTaHa. CornacHo AaHHbIM BUONMOrMYecKkMx UCCresoBaHUA NpoTu-
BOCYAOPOXHOW aKTUBHOCTW, NocrnegHue obnagatT crnabbiM aHTUKOPa3onoBbIM AENCTBUEM U B U3Y-
YaeMmblx [03ax He NPMBOASAT K MUOpenakcauum 1 HapyLleHuo koopavHauum. ViccnegoBaHust Takke
nokasanu, YTo CUHTE3MPOBaHHbIE CMIMPOCOEANHEHUS N PaHEE U3YYEHHbIE 2-3aMeLLeHHble NPON3BOa-
Hble 1,3-Ona3aagamaHTaHOB NPOSBSIOT OONHAKOBYIO aKTUBHOCTb.

Bubn. ccbinok 10.

OpHOM U3 aKTyaAbHBIX 3aAa4 Ha CETOAHAIINU AeHBb IBASETCS CHUHTe3 HO-
BBIX HEMPOIIPOTEKTOPHBIX COEAUMHEHUM, KOTOPBIE MOIYT HAaUTU IPUMEHEHUE
B MEAUITMHCKOMN INPakTUKe B KaueCTBEe AeKapCTBEHHBIX CpeACTB. HekoToprlie
TIPOU3BOAHBIE aAaMaHTaHa (MeMaHTUH, aMaHTaAUuH, peMaHTaAWH) HAIIAU IIIU-
POKOe IIpUMeHeHUe IIpU AedyeHUU Oone3Hel AnblireiiMepa u IlapkuHcOHa
[1,2]. Onucanbl Tak>Xe IPOTUBOCYAOPOSKHAA U CeAATHMBHAad aKTUBHOCTDH yV He-
KOTOPBIX IPOMU3BOAHBIX apaMaHTaHa [3,4].

Haamune AByX aTOMOB a3oTa B KapKace ajaMaHTaHa MOTAO OBbI IIpHU-
BECTH K YCHUAEHUIO BHIIIEYKA3aHHBIX WAU BBIIBACHUIO HOBBIX OMOAOTHYE-
CKUX CBOMCTB. PaHee OBIAO OOHapy’>KeHO, UTO CUHTE3WPOBaHHBIE HAMU HEKO-
TOpble IIPOM3BOAHLIE 2-3aMelleHHbIX 1,3-AuMa3aapaMaHTaHOB, a Takxke 1,3-
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AMa3abunknao/3.3.1/HO0HaH 00AAAQIOT HEHPOTPOIHBIMU CBOMCTBAMHU [5].
Lleabro HacToAIIeNM PAOOTHL ABASIOTCS CUHTE3 M U3y4eHHe IIPOTUBOCYAOPOIK-
HOM aKTHUBHOCTU HEKOTOPHIX CIUPONPOU3BOAHLIX 1,3-AMla3aapaMaHTaHa.

AAsT cuHTe3a OBIAM UCIIOAB30OBaHHBI 1,5-AM3aMeIieHHble OUITMKAOHOHAHBI
C AAKUABHBIMU [0] U apOMAaTUUYECKUMU 3aMECTUTEASIMU [7], @ B KauecTBe re-
TEePOIUKANYECKUX KeTOHOB — 1-MeTuA-, 1-0eH3uA- u 2,2,6,6-TeTpaMeTuA-4-
NUNEPUAOHEL U 2,2-pAuMeTHA-4-THpaHOH [8]. CIUpOCOEpAMHEHU CHUHTE3UPO-
BaAM KUIIFYeHHEM CIHPTOBBIX PACTBOPOB OUIIMKAOHOHAHOB C KETOHAMU.
Peakiuyga npoTeKaeT AOCTAaTOYHO AETKO U KOHEUHbIe IPOAYKTHI IIOAYYAIOTCS C
BBICOKUMHU BBIXOAAMU.

RZ
o NH o= nN—FR?
X X
- 1 >
R NH

2

R R N
N NH N
o)
14-19
0" “cH, N—R
X = CH,, Rt=R?=CH, (14) ; )
X=C=0; RI=R!=C,Hy(15); R
X=C=0; R!=CHj,; R2=C,H, (16); R®= CH,C4H;5 (1-9) ;
X = CHOH; Ri= R?= CH L(17); X =CH,; Rt=R2=CH, (1) ;
X =CHOH; R!=R2=C,H,(18); R: N X=C=0;RI=R2=CH, (2) ;
X = CHOH; R!=CH,; R2= C,H, (19) ; N 20-23 X=C=0;RI=R2=C,H;(3) ;
X=C=0;RI=R2=C,H,(4);
X =C=0; Rl=CHj; R?= C,H, (5);
X =C=0;Rl=R2=C,H, (6) ;
o X = CHOH; Rl—RZ—CH (VR
X =C=0; Rt=CHjy; R?= C,Hg (20) ; X = CHOH; Rl‘RZ-CH ®)
X = CHOH; Rl= CH,; R2= C,H, (21) ; X=CHOH; Rt=R?= C¢H; (9) ;
X=CHOH;R1:CH3;R2:C3H7(22); R3= CH, (10-13) ;
X = CHOH; R1= R2= C,H, (23) . X =C=0; Rl=R?= CH,(10) ;
X=C=0; Rl—RZ—CH (1;
X=C=0; R1:R2:C3H7(12);
X =C=0; Rl=CH,; R?= C,H, (13) ;

CTpoeHHe CHHTE3MPOBAHHBIX COEAMHEHUU IIOATBEPKAEHO AAHHBIMU
3AeMeHTHOro aHaam3a, MK u IMP 'H cmexTpos.

V3ydyeHre HOPOTUBOCYAOPOKHOM AaKTUBHOCTU IPOM3BOAHBIX AMa3aaja-
MaHTAHOB IIPOBOAUAOCH Ha 80 Oeablx MbIlIax Maccou 18-24 2 oGoero noaa (B
KakKAOU TpyIle IO 5 JKUBOTHHIX). MccaepoBaaM BAWSHUE COEAWHEHUM Ha
KOPA30AOBBIE CYAODPOTH, BBI3BIBA€MEBIE MOAKOKHBIM BBeAeHHEeM Kopasoaa (90
me/ke) MplmaM. O MPOTUBOCYAOPOKHON aKTUBHOCTU CYAUAM IIO OCAAOAEHUIO
UAM HCUYE3HOBEHUIO CYAOpPOT. LleHTparbHBINM MHOpPEeAaKCAHTHBIM 3ddeKT
OIleHMBAAU IIO IIPOSIBA€HHMIO MHOpPeAaKCalli¥, HapyIIeHHWIO KOOPAWHAIUM B
TecTe Bpaljarollerocs crepXxHa y Mblmen [9,10]. IlpenapaToM cpaBHeHUSA
CAY>KMA QHKCHOAMTHMK — AMasenaM, B po3e 1 wme/ke. Vicnmoab3yeMble AO3EHI
coepmHeHut 50 m 25 me/ke. VI3yueHHBIE COEAMHEHUS U AMa3ellaM BBOAWAM
BHYTPHUOPIOIINHHO B BUAE CyclleH3uu ¢ TBUH-80 3a 45 mun AO Hadana TeCTHU-
poBanus. Onpepersdanuchk 3pdekTuBHag Ao3a (DAs50) IO MTPOTHUBOCYAOPOKHO-
My 3(ddeKkTy, cpepHas apudMeTHdecKasd U AOBEPUTEABHBIE WHTEPBAABI AAT
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HUCHBITYEMBIX IIPEIlapaToB, a Tak’Ke BBEIYHMCASIAUCH YPOBHH BEPOSTHOCTH P =
0.05 [9,10].

INMpu aHaAm3e AQHHBIX IIPOTHUBOCYAOPO’KHOM AKTUBHOCTU YCTAHOBAEHO,
YTO BCe M3ydyaeMble coepmHeHUs, Kpome 11-13,22 u 23, B TOM MAM MHOU CTe-
IIEHU IPEeAYIPEeRAAI0OT KOPa30AOBBIE CYAOPOTH IIOUTH Y BCEX UCIBITYEMBIX
Mmeirel. Coepnnenus 2,3,5,9 B po3e 50 me/ke Ipu BHYTPUOPIONIMHHOM BBeAe-
HUU BBI3BIBAIOT r'nbenb y 80% MOAONBITHBIX >KUBOTHBIX. CpeAr M3y4eHHBIX
COepAMHEHNY Hanboaee aKTUBHBLIMU OKAa3aAMCh COepmHeHus 13 (5-MeTua-7-
MIPOIUA-2-CIIUPO-(1'-MeTUA-4'-TTUTIePUAUA)-6-0KCO-1,3-Aa3aapaMaHTal) u 7
(6-rIAPOKCH-5, F-AUMETHUA-2-cTIupO- (1'-0eH3uA-4'-tunepuauA) - 1, 3-Anazaapa-
MaHTaH), ¥ KOTOPBIX /50 coctaBunro 35 u 40 me/ke, COOTBETCTBEHHO. B m3y-
yaeMBIX A03aX coepMHeHUd 13, 7 He NPUBOAAT K MHOpPeAaKCalluu U Hapyllle-
HUIO KOOPAWHAIINM.

CornacHO AQHHBIM MCCAEAOBAHMN IIPOTHUBOCYAOPOJKHBEIX CBOWCTB CHUHTE-
3UPOBAHHBIX COEAWHEHUM, 2-CIIUPONPOU3BOAHBIE AMAa3aapaMaHTAHOB IO aK-
TUBHOCTH HE OTAWYAIOTCS OT paHee W3yYEHHBIX 2-3aMeIeHHBIX ITPOM3BOA-
HbIX 1,3-AMa3aapAMaHTaHOB [5].

3KC1’[epl/IMeHTa.TILHaﬂ 4acTb

UK-cnekTphl CHSITHI B Ba3eAMHOBOM MacCAe Ha CIeKTpogdoToMeTpe
“Nicolet Avatar 330 FT-IR", cmektper IMP 'H — mna npu6ope "Varian
Mercury-300" (300 M/y) 8 AMCO-dg / CCly 1/3, BHyTPpeHHUM CTaHAAPT —
TMC. Xop peaknum M 9UCTOTY BelleCTB KOHTPOAUPOBAAU ¢ noMoibio TCX
Ha nmaactuHKax “Silufol UV-254" B cucreMax nponaHoA —BoAa, 7:3 (A), Oyra-
HoAa—Hachl. NHj (B). TemnepaTyphsl IAaBAeHUSA ONpeAeAeHBl Ha Ipudope
"Boetius".

OO0mas MeTonMKa MOJy4YeHHus: 5,7-muajkuwi- u 5,7-mudeHns-2-cnupo-1,3-aqu-
azaagamantanoB (1-23). K cniupToBOMY pacTBOpPYy 5 mMmoneli COOTBETCTBYIONTUX
1,5-pnarkun- wuam  1,5-aundenun-3,7-Anazabuninkao/3.3.1/HoHanoB mpubas-
AIOT 5 MMmonel COOTBETCTBYIOIEro reTEePOIIUKANYECKOIO KeToHa. PeaknoH-
HYIO CMeCh KUIIATAT A0 OKOHYaHUA peakKuuu 6-10 v. KOHTPOABL IIPOBOAAT IO
TCX. Tlocae ypaneHHSI CHHUPTAa OCTaBIEECS MAaCAO pPACTUPAIOT BOAOU
4x25 mn, 0Opa3oBaBIINECd KPUCTAABI (DUABTPYIOT, CYIIAT U II€PEKPUCTAAAU-
30BBIBAIOT U3 COOTBETCTBYIOIIETO PAaCTBOPUTEAS.

5,7-Tumernia-2-cnupo-(1'-oen3uin-4'-nmunepuann)-1,3-nuazaagamanran ).
Brixop 72.7%, R 0.28 (A), T.ma. 101-102°C (rekcan). Hatipeno, %: C 77.80; H
5.72; N 12.70. C9H3N3. Brerumcaeno, %: C 77.58; H 5.53; N 12.92. VK-
criekTp, v, e’ 1609 (apom). Cmektp IMP !'H, 8, m.a., I'y: 0.60 ¢ (6H, CHy);
1.36 ¢ (2H, CH,); 1.91 m (4H, CHy); 2.37-2.40 m (8H, NCH, Ad); 3.19 a (4H, J
= 13.2, NCH, Ad); 3.44 ¢ (2H, CH, H-apowm); 7.12-7.28 M (5H, H-apom).

5,7-Tumernia-2-cnupo-(1'-0en3nia-4"-nmunepuani)-6-oxco-1,3-1uazaagamanran
(2). Berxop, 77.4%, Rs 0.31 (A), T.ma. 103-104°C (rekcasn). Haiiaeno, %: C 74.55;
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H 8.72; N 12.25. C9;H99N30O. Brruucaeno, %: C 74.34; H 8.55; N 12.38. VK-
CIIEKTD, V, et 1610 (apom); 1704 (C=0); Cuekrp AMP 1H, §, m.A,, Ty: 0.81
c (6H, 2xCHj); 2.00-2.20 m (4H, 2xCHy); 2.36-2.48 m (4H, N(CHj),); 2.63
yurp (4H, J = 13.2, 2xCH,); 3.47 ¢ (2H, CH, H-apowm); 3.57 ym.a (4H, J =
13.2, 2xCHy); 7.13-7.31 M (5H, H-apowm).
5,7-AmTmii-2-cnupo-(1'-6en3uin-4'-nunepuamnn)-6-oxco-1,3-1uazaagamanran
(3). Berxoa, 66.7%, R 0.66 (A), T.ma. 120-21°C (rekcan). Hatipero, %: C 75.40;
H 9.30; N 11.28. C93H33N30. Beraucaeno, %: C 75.20; H 9.20; N 11.44. VK-
crekTp, v, M 1595 (apom); 1704 (C=0); Cuekrp SIMP 'H, §, m.A., I'y: 0.85
T (6H, J = 7.5, 2xCH3); 1.33 ¥ (4H, J = 7.5, CH, CHjy); 2.08 m (4H, CHy);
2.44 m (4H, N(CHy),); 2.63 a (4H, J = 13.3, NCH,; Ad); 3.47 c¢ (2H,
CH,CgHj5); 3.57 A (4H, J = 13.3, NCH, Ad); 7.14-7.29 M (5H, H-apowm).
5,7-Junponui-2-cniupo-(1'-6en3un-4'-nunepuaui)-6-oxco-1,3-nuazaagaman-
Tan (4). Beixop, 77.8%, Rf 0.33 (A), T.mA. 103-104°C (rekcan). Hatipeno, %: C
75.72; H 9.60; N 10.82. Cy5H33;N30. Brruncaeno, %: C 75.90; H 9.36; N 10.63.
VK-cmexTp, v, ex’™: 1600 (apom); 1710 (C=0); Cnektp AMP 'H, §, m.a., Ty
092 T (6H, J = 6.3, 2xCHgy); 1.19-1.29 m (8H, 2xCH,CH, CHj3); 2.07 m (4H,
2xCHy); 2.43 M (4H, 2xNCH,); 2.62 a (4H, J = 13.1, 2xNCH, Ad); 3.47 c
(2H, CH,CgHs); 3.57 A (4H, J = 13.1, 2xNCH, Ad); 7.14-7.29 m (5H, H-
apoM).
5-Metui-7-0yrui-2-cinupo-(1'-6ensmin-4'-nunepuamni)-6-okco-1,3-1uazaana-
manTtaH (5). Beixop 75.7%, Ry 0.34 (A), T.ma. 88-89°C (rekcan). Hatipeno, %: C
75.81; H 9.23; N 11.13. C94H35N30. Beruucaeno, %: C 75.62; H 9.02; N 11.01.
UK-cnekTp, v, en’t: 1609 (apom); 1704 (C=0); Cuekrp AMP 14, §, m.a. 0.79
c (3H, CHj); 092 T (3H, CHj); 1.16-1.36 m (6H, CH, CH3 u 2xCH,); 2.01-
2.16 M (4H, 2xCHy); 2.39-2.48 m (4H, N(CH,),); 2.58-2.66 a (4H, 2xCH,); 3.47
¢ (2H, CH,CgHg); 3.51-3.62 m (4H, 2xCHy); 7.14-7.29 m (5H, H-apom).
5,7-AudyTui-2-cnupo-(1'-6en3ui-4'-nunepuaunii)-6-oxco-1,3-1uazaanamanran
(6). Beixop, 79.2%, Rf 0.34 (A), T.miA. 88-89°C (rekcan). Hatipeno, %: C 76.05;
H 10.20; N 10.01. C9H4N3O. Brruncaeno, %: C 75.91; H 9.98; N 10.21. VK-
CIIEKTP, V, et 1620 (apom); 1710 (C=0); Cmekrp AMP H, §, m.a., Ty: 0.93
T (6H, J = 6.3, 2xCHjy); 1.20-1.35 m (12H, 2xCH,CH, CH,CHj); 2.08-2.21 ™
(4H, 2xCHy); 2.38-2.41 M (4H, N(CHy)4); 2.62 a (4H, J = 13.2, 2xNCH, Ad);
3.47 ¢ (2H, CH,CgHs5); 3.57 A (4H, J = 13.2, 2xNCH, Ad); 7.15-7.32 M (5H,
H-apom).
6-T'uapokcu-5,7-mumernii-2-cnupo-(1'-6en3un-4'-nunepuani)-1,3-ruazaana-
mantan (7). Beixoa 75.6%, Rs 0.3 (A), T.mA. 157-158°C (rekcan). Hatipeno, %: C
74.11; H 9.21; N 12.17. C91H3;N3O. Beruncaeno, %: C 73.90; H 9.09; N 12.31.
UK-cnekTp, v, et 1600 (apom); 3100 (OH); Coektp AMP 14, §, Mm.A., Ty:
0.61 c (6H, 2xCHg3y); 1.91 m (4H, 2xCHy); 2.32-2.40 m (6H, 3x NCH,); 2.83 M
(4H, 2xNCH,); 3.00 p (1H, J = 4.9, OH); 3.18 A (2H,J = 13.1, NCH,); 3.43 ¢
(2H, CH,CgHs); 4.41 A (1H,J = 4.9, OCH); 7.12-7.27 m (5H, H-apowm).
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6-I'uapokcu-5,7-xmdTIir-2-ciupo-(1'-6ensuin-4' -nunepuami)-1,3-1uazaagaMman-
TaH (8). Beixop, 71.5%, Ry 0.63 (A), T.mA. 141-142°C (rekcan). Haripeno, %: C
74.98; H 9.65; N 11.22. Cy3H35N30. Beruucaeno, %: C 74.80; H 9.49; N 11.38.
HUK-cnekTp, v, em™ 1598 (apom); 3150 (OH); Cmektp SAMP H, §, m.a., Ty
0.78 T (6H, J = 7.5, 2xCHy); 1.34 k (4H, J = 7.5, 2xCH,CH3); 1.98-2.14 ™
(6H, 3xCHy); 2.32-2.40 m (4H, N(CH,),); 2.81-3.0 m (4H, 2xCH,); 3.15-3.21 ¢
(2H, CH,CgHg); 3.3 ¢ (1H, OH); 3.41 ymr.a (2H, J = 13.1, CHy); 3.98-4.25 m
(1H, OCH); 7.13-7.28 m (5H, H-apowm).

6-T'uapoxcu-5,7-mudennn-2-cnupo-(1'-oen3nn-4"-nunepuann)-1,3-quazaana-
maHTaH (9). Beixop 80.5%, R 0.46 (A), T.ma. 211-212°C (stanoa). Hatiaero, %:
C 80.19; H 7.65; N 9.30. C3;H35N30. Beruncaeno, %: C 80.00; H 7.52; N 9.08.
UK-cmexTp, v, em™ 1610 (apom); 3150 (OH); Cmektp SIMP 'H, &, m.A., [y
1.92 m (4H, 2xCH,); 2.31-2.42 m (6H, 3xNCH5); 2.81 m (4H, 2xNCH,); 3.02 a,
(1H, J = 5.2, OH); 3.20 a (2H,J = 12.8, NCH,); 3.42 ¢ (2H, CH,CgHs); 4.43
A (1H,J = 4.8, OCH); 7.15-7.35 M (15H, H-apowm).

5,7-Iumernia-2-cnupo-(1'-mernin-4'-nunepuamni)-6-okco-1,3-1uazaagamanran
(10). Beixop, 73.5%, Rf 0.42 (B), T.ma. 128-130°C (rekcan). Hatipeno, %: C
68.63; H 9.67; N 15.81. Cy5H,5N30. Boiuncaeno, %: C 68.44; H 9.50; N 15.96.
VK-cmekTp, v, ex’: 1710 (C=0). Cnekrp SIMP 'H, §, m.a., [y 0.81 ¢ (6H,
2xCHj); 2.00-2.18 m (4H, 2xCHjy); 2.19 ¢ (3H, NCHj); 2.31-2.41 m (4H,
N(CHy),); 2.62 ymr.p (4H, J = 13.2), 3.57 ymr.p (4H, J = 13.2, 4xCH,).

5,7-JmdTnii-2-cnupo-(1'-merui-4'-nunepuaui)-6-okco-1,3-1mazaanamanran
(11). Breixop 69.8%, R; 0.38 (B), T.mA. 115-116°C (rekcan). Hatipero, %: C
70.28; H 10.14; N 14.25. Ci3H99N30. Buruucaeno, %: C 70.10; H 9.96; N
14.43. UK-cmektp, v, em™: 1715 (C=0). Cnekrp IMP H, 8, M., I'y: 0.86 T
(6H, J = 7.5, 2xCH3CHy); 1.33 k (4H, J = 7.5, 2xCH,CH3); 1.97-2.14 M (4H,
2xCHy); 2.19 ¢ (3H, NCHj); 2.32-2.40 m (4H, N(CHjy)9); 2.62 yurp (4H, J =
13.2, 2xCHy), 3.57 yurp (4H, J = 13.2, 2xCH,).

5,7-Tunponui-2-cniupo-(1'-merni-4'-nunepuanin)-6-okco-1,3-1uazaagamanran
(12). Beixop, 71.5%, Rf 0.25 (B), T.ma. 105-106°C (rekcan). Hatipeno, %: C
71.61; H 10.59; N 13.35. C;gH33N30. Buruucaeno, %: C 71.47; H 10.34; N
13.16. UK-cmekTp, v, em’™: 1709 (C=0). Cnekrp IMP H, §, M., Iy: 0.92 T
(6H, J = 6.4, 2xCHj); 1.19-1.33 m (8H, 2xCH, CH,CHj); 1.96-2.14 m (4H,
2xCHy); 2.20 ¢ (3H, NCHj); 2.30-2.40 m (4H, N(CHy),); 2.61 yurp (4H, J =
13.3) u 3.57 yur.p (4H, J = 13.3, 2xCH,).

5-MetuJ-7-nponui-2-ciupo-(1'-meruna-4'-nmunepuani)-6-oxkco-1,3-quazaana-
maHTaH (13). Beixop 72.4%, R 0.51 (B), T.mA. 123-124°C (rekcan). HatipeHo, %:
C 70.52; H 9.78; N 14.29. C;7Ho9N30. Buruucaeno, %: C 70.34; H 9.65; N
14.48. UK-criektp, v, em™ 1710 (C=0). Cnektp IMP 'H, §, m.a., Iy: 0.80 ¢
(B3H, CHj); 092 T (3H, J = 6.4, CH3Pr); 1.20-1.33 m (4H, CH, CH,CHjy);
1.98-2.15 M (4H, 2xCH,); 2.19 ¢ (3H, NCHy); 2.32-2.39 m (4H, N(CHy),); 2.57-
2.67 M (4H) u 3.52-3.62 m (4H, 4xCH,).
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5,7-Iumernia-2-cnupo-(2',2',6',6'-rerpamerna-4'-munepuamni)-1,3-quazaana-
manTtan (14). Beixop, 60.5%, Ry 0.35 (B), T.ma. 110-112°C (atmranerat). Hatipe-
HO, %: C 74.35; H 11.60; N 14.24. C gH33N3. Bwruucaeno, %: C 74.23; H
11.38; N 14.40. UK-cnekTp, V, e 3400 (NH). Cnextp IMP 'H, §, m.a., Ty
0.59 m.c (1H, NH); 0.62 c (6H, 2xCHjy); 1.16 ¢ (12H, 4xCHj); 1.35 m (2H,
CHa); 1.71 ¢ (4H, 2xCHy); 2.39 yur.a (4H, J = 13.2) u 3.31 yur.p (4H, J
13.2, 4xCHy).
5,7-Tu3Tuii-2-cnupo-(2',2',6',6'-rerpamernin-4'-munepuani)-6-oxco-1,3-1u-
azaagamanTan (15). Boixopa 70.5%, Rf 0.40 (B), T.mA. 121-122°C (3TUAAIETAT).
Hatipeno, %: C 72.30; H 10.72; N 12.42. CyoH35N30. Beruucaeno, %: C 72.17
H 10.51; N 12.6. K-cmekTp, v, cx’ 1700 (C=0); 3400 (NH). Crekrp SIMP
'H, 8, mA., Iy: 0.70 urc (1H, NH); 0.87 T (6H, J = 7.5, 2xCH3CH,); 1.20 ¢
(12H, 4xCHj); 1.34 k (4H, J = 7.5, 2xCH,CHs3); 1.88 ¢ (4H, 2xCH,); 2.62-
2.70 m (4H) u 3.62-3.70 m (4H, 4xCH,).
5-MetuJ-7-3Tmi-2-cnupo-(2',2',6',6'-rerpamernn-4'-nunepuamni)-6-oxco-1,3-
nuazaanamanrtad (16). Beixop 68.5%, Ry 0.40 (B), T.iA. 143-144°C (aTuaanerar).
Hatipeno, %: C 71.70; H 10.55; N 12.96. C{gH33N30. Buruucaeno, %: C 71.47%;
H 10.34; N 13.16. UK-cmekTp, v, e’ 1694 (C=0); 3400 (NH). Criektp SIMP
H, §, m.a., Ty: 0.65 m.c (1H, NH); 0.81 ¢ (3H, CHj3); 0.87 T (3H, J = 7.5,
CH3CH,y); 1.20 ¢ (12H, 4xCHgj); 1.35 x (2H, J = 7.5, CH,CHjy); 1.88 ¢ (2H,
CH,); 1.89 ¢ (2H, CHjy); 2.60-270 m (4H, 2xNCHy); 3.62-3.70 M (4H,
2xNCH,).
6-I'mapokcu-5,7-mumernia-2-cnupo-(2',2',6',6'-rerpamerni-4'-nunepuamni)-1,3-
nuazaagamanTaH (17). Beixop 62%, Ry 0.46 (B), T.ma. 150-151°C (3THAALeTAT).
Hatipeno, %: C 70.51; H 10.52; N 13.52. CgH33N30. Beruucaeno, %: C 70.35;
H 10.75; N 13.68. UK-cmekTp, v, e’ 3150 (OH); 3410 (NH). Cnektp IMP
'H, 8, m.a., Ty: 0.62 ¢ (6H, 2xCHg); 1.15 ¢ (6H) u 1.16 ¢ (6H, 4xCHg); 1.73 ¢
(4H, 2xCH,); 2.34-2.42 M (2H, CHy); 2.76 m.c (2H, NH u OH); 2.84-3.02 m
(4H, 2xCH,); 3.31 ymr.p (2H,J = 13.2, CH,); 4.14 yurp (1H,J = 4.5, OCH).
6-T'uapokcu-5,7-mmaTmii-2-cnupo-(2',2',6',6'-rerpamernii-4'-nunepuamii)-1,3-
nuazaanamanrtad (18). Beixop 67.6%, Ry 0.52 (B), T.iA. 141-142°C (aTuaaneTar).
Hatipeno, %: C 71.82; H 11.24; N 12.38. CyoH33zN30. Beruucaeno, %: C 71.64;
H 11.04; N 12.53. UK-cmekTp, v, ex™ 3157 (OH); 3450 (NH). Crektp SIMP
'H, 3§, m.A., ITy: 0.58 mr.c (1H, NH); 0.78 t (6H, J = 7.5, 2xCH3CH,); 0.93-1.06
M (2H) u 1.16-1.29 M (2H, CH,CHg); 1.15 ¢ (12H, 4xCHj3); 1.68 (2H) u 1.72 a
(2H, J = 13.7, 2xCHy); 2.41-2.48 m (2H); 2.77-2.99 m (4H) u 3.25-3.31 m (2H,
4xCH,); 3.32 A (1H,J = 5.2, OH); 4.18 o (1H,J = 5.2, OCH).
6-I'uapoxkcu-5-merui-7-3rmi-2-cnupo-(2°,2°,6',6'-rerpamernn-4'-nunepuami)-
1,3-mmazaagamanran (19). Beixop 62.5%, Rf 0.52 (B), T.A. 150-151°C (3THAALE-
tat). Hatipeno, %: C 71.20; H 10.78; N 13.21. C;gH35N30. Brruucaeno, %: C
71.02; H 10.90; N 13.08. UK-cmekTp, v, en™: 3160 (OH): 3455 (NH). Crekrp
SMP H, 8§, m.a., Ty: 0.62 ¢ (3H, CH3); 0.78 T (3H, J = 7.5, CH,CHj3); 1.10-
1.16 m (2H, CH,CHgy); 1.2-1.4 m (12H, 4xCHj3); 1.71 a (1H,J = 5.8, CHOH);
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2.98-3.00 m (10H, 5xCHpy); 3.18 ym.c (1H, NH); 3.21-3.35 m (2H, CH,); 4.3
yurp (1H,J = 4.5, CHOH).
5-MeTtuii-7-3THI-2-cnupo-(2',2" - nuMeTHaTeTparuapo-4' -nupanmi)-6-oxco-1,3-
nuazaaxamanTal (20). Berxop 65.5%, Ry 0.71 (A), Taoa. 112-113°C (rekcan).
Hatipeno, %: C 70.05; H 9.72; N 9.38. C{3HygN,O,. Bruucaeno, %: C 69.86;
H 9.58; N 9.58. UK-cmekTp, v, ex™ 1096 (C-O-C); 1710 (C=0). Cuekrtp
AMP H, §, m.a., I'y: crepeousomepsl 50/50%. 0.79 ¢ (1.5H) u 0.81 ¢ (1.5H,
CHj); 0.86 T (1.5H,J = 7.5) u 0.86 T (1.5H,J = 7.5, CH3CHy); 1.24 c (6H,
2xCHg); 1.33 k (1H,J = 7.5) u 1.35 k (1H,J = 7.5, CH,CHg); 1.95 ym.c (1H)
u 1.98 ym.c (1H, CHy); 1.99-2.06 » (2H, CH,CH,0); 2.61-2.72 m (4H) u 3.55-
3.65 M (4H, 2x N(CHy),); 3.55-3.65 m (2H, OCH)y).
6-I'mapokcu-5-MeTHiI-7-3Tua-2-cnupo-(2',2' - numMeTuarerparuapo-4'-nupa-
HoJ1)-1,3-1uazaanamanran (21). Beixop 62.4%, Ry 0.78 (A), T.mmA. 122-123°C (rek-
can). Hatipeno, %: C 69.55; H 10.38; N 9.35. C;7H39N;0O,. Boiuuicaeno, %: C
69.38; H 10.20; N 10.52. HMK-cmekTp, Vv, ety 1095 (C-0O-C); 3157 (OH).
Crmexkrp AMP 'H, §, m.a., Ty: crepeousomepsr 50/50%. 0.60 ¢ (1.5H) u 0.63 c
(1.5H, CH3); 0.75 T (1.5H,J = 7.5) u 0.76 T (1.5H, J = 7.5, CH3CH,); 0.91-
1.03 M (1H) u 1.14-1.28 m (1H, CHyCHj3); 1.20 ¢ (6H, 2xCH3); 1.77 yur.c (1H)
u 1.79 ym.c (1H, CHy); 1.82-1.89 m (2H, CH,CH,0); 2.34-2.41 m (1H), 2.46-
2.54 M (1H), 2.77-2.96 m (4H), 3.14-3.26 m (3H, 4xCH,; u OCH); 3.55-3.59 m
(2H, OCHy); 4.12 yurp, (1H; J = 5.0, OH).
6-I'napokcu-5-meTuii-7nponui-2-cnupo-(2',2'-aumeTuiarerparuapo-4'-nupa-
Hou)-1,3-1uazaanamantan (22). Beixop 67.2%, Ri 0.57 (A), T.ma. 130-131°C (rek-
can). Haripeno, %: C 70.31; H 9.25; N 9.27. C1gH3,N2O9. Beruricaeno, %: C
70.12; H 9.09; N 9.09. MIK-cmekTp, v, cm’: 1085 (C-O-C); 3150 (OH). CrekTp
SAMP 'H, §, m.a., Ty: crepeonsomepsl 72/28%. 0.60 ¢ (0.85H) u 0.62 ¢ (2.15H,
CHj); 0.87 T (2.15H,J = 7.0) u 0.88 T (0.85H, J = 6.8, CH3Pr); 0.84-0.92 m
(1H) u 1.10-1.35 m (3H, CH,CH,CHj); 1.19 ¢ (3H) u 1.20 ¢ (3H, 2xCHzy); 1.76
yur.c (0.5H) n 1.78 ym.c (1.55H, CHy); 1.81-1.87 m (2H, CH,CH,0O);. 2.32-2.39
M (1H), 2.45-2.53 M (1H), 2.77-2.94 m (4H), 3.12-3.27 M (3H, 4xCH,; u OCH);
3.53-3.58 m (2H, OCH,); 4.31 a (1H; J = 5.0, OH).
6-I'uapokcu-5,7-munponui-2-cnupo-(2',2'-uMeTHiITeTparuipo-4'-nupanon)-
1,3-nmazaagamanran (23). Beixop 62.5%, R 0.68 (A), T.ma. 107-108°C (rekcaHn).
Hatipeno, %: C 71.58; H 10.88; N 8.20. CyoH3sN2O9. Brruucaeno, %: C 71.42;
H 10.71; N 8.33. UK-cnekTp, v, et 1095 (C-O-C); 3560 (OH). CnekTp AMP
H, §, m.A., Iy: 0.85-0.90 m (6H, 2xCHs); 0.89-0.93 M (2H); 1.08-1.18 M (4H) u
1.25-1.36 m (2H, 2xCH,CH,); 1.19 ¢ (6H, CHj3.Pyr); 1.76 ¢ (2H, CHy-Pyr);
1.83 ym.t (2H, CH,-Pyr); 2.41-2.49 M (2H), 2.79-2.91 M (4H), 3.18-3.30 m (3H),
(NCHy, CH); 3.55 yui.T (2H, J = 5.2, OCH,); 4.26 p (1H; J = 5.2, OH).

252



1,3-+hEQUITUUWLSTULLELP ALNAS UNPLN TOULS3UL LB D
UhULEEAL GBI LLULS NSUHES LSAFUU3PL NUSUNFE-3OFLLELD
AFUNFULUUPLAFER-SOFLL

£. U 95UNre3UWL, U % SULNFR-3NFL3TL, U €. QULUS3U,
b. U. LUQUL3UL, b. U. QUAUSNTL3UYL, N. G- SUUNL3WL U . W. oULAU3UL
1,5-Mudbifofy-, 1,5-ppuglyfy-9-Sfrpopufi-, 1,5-fplsfy-9-Lfgpopun- b 1,5-gfuusylyfy-9-

opun-3,7-plumguppgfilyn/3.3.1/antimiubpp oo {kmbpngplyply hbmaibbpfe 2,2-gfufbfdfy-4-

wpputinisfy, 1-dbf@py-, 1-phigpy- e 2,2,6,6-mbunpudbf@py-d-wpubppgaiibpp Goigbiofudg

[JJ”LiIiIb[lﬁ 4mqui’y”Ll}‘mJ[12l 4wmanﬁJ”Lililb[1[1 nLMnLlIiILUll[I[I”L[JJ”LiIE y”LJy é L”I{lil, ”[1
gn[}:fl.u‘[;l[iwil Eb[ﬂmggnLJ fl[uuf(g Zbil Fbpm_lf Lf[mn_blullluwgﬁuqﬁ ne l[nnplz_[lilwg[uqﬁ
wifudwl?

SYNTHESIS AND STUDY OF ANTICONVULSIVE ACTIVITY
OF 2-SPIRO-1,3-DIAZAADAMANTANES

K. A. GEVORKYAN, A. D. HARUTYUNYAN, M. V. GALSTYAN, I. M. NAZARYAN,
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By condensation of 1,5-dimethyl-, 1,5-dialkyl-9-oxo-, 1,5-dialkyl-9-hydroxy-, 1,5-
diphenyl-9-hydroxy-3,7-diazabicyclo/3.3.1/nonanes with heterocycle ketons: 1-methyl-,
1-benzyl-4-pyperidone, 2,2,6,6-tetramethyl-4-piperidone and 2,2-dimethyl-4-pyranones
a series of new 2-spiro substituted 1,3-diazaadamantanes were synthesized.
Condensation was carried out in boiling ethanol. Some final compounds with different
substituents in the 5th and 7th positions of diazaadamantanes ring are diasterecisomers.
Study of anticonvulsive activity of synthesized compounds showed that some of them
exhibited a moderate anticorozole activity.
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CHARGE-CARRYING SUPERCONDUCTING POLYMER-CERAMIC
NANOCOMPOSITES
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With the use of yttrium and bismuth ceramics' powders (Y;Ba,CuzOs.97 and Bi,Sr,Ca,Cu,Og),
on the basis of super-high molecular polyethylene binder, charge-carrying polymer-ceramic
nanocomposites are obtained. It is shown that the implementation of the proximity effect between the
ceramics' grains leads to produce superconducting polymer-ceramic nanocomposites with a
transport current. Additives of silver and aluminum nano-scale powders cause a significant increase
of current density, and the application of acoustic fields during the formation of samples allows to
further increase this density up to ~ 4-10°A-cm™. Physical and mechanical properties of these
charge-carrying nanocomposites have been investigated and it is shown that nano-sized aluminum
additives increase the breaking strength and the elasticity modulus of the samples. Furthermore, the
morphological features of the interphase layer of charge-carrying polymer-ceramic nano-composites
have been studied on the basis of various binders (polymethylmethacrylate, polystyrene, super-high
molecular polyethylene and isotactic polypropylene).

Figs. 8, tables 3, references 26.

Introduction

In order to obtain high-temperature superconductive products with a transport
current, various metals have been used as binders [1-10], particularly silver [1-3,10]
and metals of transitive row, Mo, Zn, Sr [8], and others.

For polymer-ceramic composites there are descriptions in the literature about
using as binders both thermoplastics [11,12] and reacto-plastics [12]. In Ref. [11],
polymer additives were chosen to protect high-temperature superconductors from
moisture, whereas in [13-21], for obtaining polymer-ceramic samples of different
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geometries (rods, tubes, rings, etc.), both the method of hot pressing
[13,15,16,18,19] and of polymerization filling [14-15,17,20,21] were applied. In the
publications [14,15,17,18,20,21] superconducting, physical-mechanical, thermo-
chemical, and thermo-physical properties of polymer-ceramic nanocomposites were
studied. It was shown [14-21] that for high temperature superconductive (SC)
nanocomposites, the critical temperature of transition to the superconducting state is
2-30 times higher than that of the original ceramics.

It becomes obvious that the burning of organic parts of polymer-ceramic
nanocomposites, their sintering and recovering at any particular thermal regime in
analogy with [11], give rise, as a rule, to a transport current. However, polymer-
ceramic nanocomposites with a superconducting (SC) transport current can be
obtained without the stages of burning and sintering. This is achievable via the so-
called nearing effect, thus effectively shielding dielectrization of near-to-surface
layers of the ceramic's grains.

In summary, this study is based on yttrium and bismuth ceramics, fine dispersed
powder of super-high molecular polyethylene as a binder and nano-sized additives
of aluminum and silver, to obtain polymer-ceramic nanocomposites with a transport
current.

Experimental

In this work synthesized yttrium and bismuth oxide ceramics (Y;1Ba,CuzOg.97
and Bi,Sr,Ca,Cu,0g) were used as a high temperature ceramic powder, with a
dispersion (via molecular sieves) of less than 50 um and a critical transition
temperature to the superconducting state of 93 K and 109 K, respectively. As
polymer binders in the form of fine dispersed powders served super-high molecular
(HMPE) (brand US506-000) and branched (BPE) polyethylene with melting
temperature T, = 128-135°C and 105-108°C, respectively, isotactic polypropylene
(IPP) with T, = 167-171°C, polymethylmethacrylate (PMMA) with temperature of
vitrification point T, = 110-115°C and polystyrene (PS) with T,=98-102 °C [22].

For finding out the influence of nano-sized powders of aluminum and silver on
the transport current of received composites, experiments were conducted, where in
one case the powders of polymers (HMPE, BPE, IPP, PMMA, polyanilin) and
superconducting ceramics (Y1Ba,Cus0g.97, BioSr,Ca,Cu,0g) were pre-mixed in an
agate mill, while in other cases nano-sized powders of aluminum (40 nm) and silver
(30 nm) were added to this mix. From the homogeneous mixtures obtained by the
method of hot pressing HMPE (~ 150 °C under a pressure of 100 MPa) tablets with
a diameter of 10 mm and a thickness of 2 mm were molded. The golden contacts by
the thermo compression method were deposited on the tablets. The resistance of the
samples was determined by the conventional 4-lead method. In some cases forming
the samples was carried out under the influence of acoustic fields, which causes
deagglomeration of the agglomerated nano-particles (sonofication at 500W was kept
on for the entire process of the samples' formation). The start of the superconducting
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transition (Ty) and its width were determined by measuring the magnetic
susceptibility at the frequency 1 kHz (kilohertz) with an amplitude of the magnetic
field of 10 Oe. Physical-mechanical properties and the heat of sample fusion of SC
polymer-ceramic nanocomposites were measured on the following instruments:
Differential scanning analyzer (DSA) and differential scanning calorimeter (DSC)
[both from Perkin-Elmer].

Results and Discussion
Regulation of the current density in superconducting polymer-ceramics

The characteristic change of resistance of the samples with temperature for
polymer-ceramic nanocomposites of Y;Ba,CusOg97 : HMPE: Al = 80 : 10: 10 (%
mass) is shown in Fig. 1 (curve 1).

3 Fig. 1. Change of resistance of the Y1Ba;Cu3Og.97 +
HMPE nanocomposites with the additives of nano-

2 sized aluminium powder as a function of
| temperature.

Curve 1 — critical temperature of superconducting
transition for the initial sample;

Curves 2, 3 — critical temperature of
superconducting transition for the thermo processed
sample (obtained during repeated thermal cycling);
Curve 4 — after four thermal cycles.
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Up to the critical temperature of superconducting transition, the course of the
resistance curve (curve 1) has a semi-conducting character. Further, at the SC
transition temperature 96 K, a decrease in resistance is noticed, and at 78 K, the
transition ends and the sample resistance turns to zero.

Unexpected results are obtained during repeated thermal cycling of the very
samples. The behavior of the samples’ resistance up to the critical transition
temperature to the superconducting state again remains semi-conductive (Fig. 1,
curves 2, 3). However, the level of residual resistance increases with every following
cycle, and after the transition to the superconducting state, no zero resistance is
achieved. Here, there is a plateau, up to 8-5 K. Moreover, after four thermo-cycles
the SC transition disappears altogether (Fig. 1, curve 4).

These results can be explained either by the accumulation of residual strains on
the binder-ceramic phase boundary, as a result of micro-crack formation while
thermo-cycling, or by the poor contacting which tends to deteriorate as the cycling
progresses. The developing current creates its own magnetic field, which eventually
destroys the SC temperature transitions.

Similar results were obtained for the composites consisting of bismuth ceramic-

polyaniline-HMPE with addition of nano-sized silver powder. Consequently, it is to
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be stated that here, in the temperature range 109-115 K, the "SC-step" is observed,
as well (Fig. 2) without reaching the resistive zero.

By contrast, in nano-composites with bismuth ceramics, a repeated thermal
cycling (5-6 cycles) does not affect the dependence of resistance on temperature. We
note that in this case up to the transition temperature for the superconducting state,
the course of the resistance depending on temperature is semi-conductive.

"
' “

Fig. 2. The ~change in resistance of
nanocomposites with bismuth ceramics with
aniline, with HMPE binder and with the addition of
nano-sized silver powder.

109-115 LK

It is obvious that the increase in current density can be achieved by the
implementation of the proximity effect, i. e., decrease of the binder quantity in the
composite SC polymer-ceramic nanocomposites. For this purpose, by the hot
pressing method a number of polymer-ceramic nanocomposites were formed, in
which nanopowders were not added, and the proportion HMPE ranged from 1 to 5
wt. %. The dependence of current density on the amount of binder is shown in Fig. 3
(curvel).

10% A sm?
4—
3—
3

2—

2
1—

;5\0\‘_‘
] T ] ] ]
2 4 6 8 10

HMPE (mass%)
Fig. 3. Dependence of current density on the amount of polymer binder.

Indeed, as seen from the figure, the implementation of the proximity effect
leads to a substantial increase in current density. In this case, with the increase of the
share of binder the current density decreases monotonically and becomes zero at 5%
of the content of HMPE. Additives in the same nanocomposite of nano aluminum
powder in the proportions HMPE: nano-additives = 1:1 (wt%) increases the current
density else more (Fig. 3, curve 2).
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As indicated by curve 2 in Fig. 3, increasing the quantity of HMPE also reduces
the current density from -1.5-10° 4-cm™ to ~ 150 Acm™ (1% mass content of
binder), and already at 10% content of HMPE it becomes equal to ~ 150 A- cm™.

The critical transition temperature into the superconducting state is 96 K and its
width is 6°. A probably relatively low current density in the nanocomposites is
determined by the agglomerated state of aluminium nanoparticles.

Therefore, the further shaping of superconducting nanocomposites was carried
out under the influence of acoustic fields. Indeed, as recognized from curve 3 in Fig.
3 the application of acoustic fields in the pressing process leads to a rather sharp
increase in current density, which is associated with deagglomeration of aggregated
particles and their uniform distribution over the volume of the samples. Curve 3 in
fig. 3 shows that at 1% binder content of HMPE the current density reaches 4-10°

2
A-cm™”.

Physical-mechanical properties of polymer-ceramic nanocomposites
with transport current

Samples with low content of HMPE are quite fragile. In connection with this
difficulties arise when applying contacts by thermo-compressing. For example,
superconducting polymer-ceramic nanocomposites with 5% HMPE have the
following physical and mechanical properties: ultimate tensile strength of -0.7 MPa,
modulus of elasticity of -1.4 MPa, and elongation -3%.

Interestingly the addition of nano-sized aluminum powder in superconducting
polymer-ceramic nano-composite with nearly constant critical transition temperature
into the superconducting state (Meissner effect) and of the current density leads to a
significant improvement in the physical-mechanical properties (Table 1).

Table 1

Impact of the initial composition of polymer-ceramic nanocomposites
on physical - mechanical and superconducting properties.

Weight ratio HMPE:
nanoadditive o, MPa E, MPa g, % Tc, K Tk, K
ceramics, mass. %
1:1:98 0.27 0.4 2.0 95 88
2:2:96 0.33 0.56 3.5 95 88
3:3:94 0.68 1.2 5.0 96 88
4:4:92 1.00 2.0 7.0 96 88
5:5:95 1.50 5.0 9.0 95 88
10: 10: 80 3.80 9.0 11.0 96 88

The increase of the critical transition temperature into the superconducting state
is evidently associated with the processes of intercalation of binder macromolecule
fragments into the layered structures of ceramic grains [19-21]. Regarding a
noticeable improvement in physical-mechanical properties of SC polymer-ceramic
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nanocomposites, it is possible that such a fact is associated with the introduction of
nano aluminum particles into the polymer matrix HMPE, as well as their uniform
distribution in the volume of binder and the formation of a rigid amorphous fraction
of the polymer on the surface of nano-particles [23-26].

Thus, on the basis of these results we can conclude that the simultaneous
implementation of the proximity effect, additives of nano-sized powders of
aluminum and their uniform distribution over the sample volume under the influence
of acoustic fields provide a charge-carrying SC polymer-ceramic nanocomposite
with current density up to ~ 4-10° A-cm-?> with simultaneous improvement of
physical and mechanical properties.

Morphologic peculiarities of current-carrying
SC polymer-ceramic hanocomposites

To study the morphological features of charge-carrying polymer-ceramic
nanocomposites the melting temperature (Tm) and the enthalpy (AHm) of
nanocomposites containing 5% nano-sized aluminum (mass relative to HMPE) are
defined by differential scanning calorimetry. A wide range of the nanocomposites
composition (the ratio of HMPE with an oxide ceramic Y;Ba,Cus0g.97) Was studied.
The results are shown in Table 2.

It is seen that with increasing of the filling degree in nano-composites the
enthalpy of melting is increasing.

Table 2

Impact of filling degree on temperature and enthalpy of melting of binder in
nanocomposites HMPE + YBa,Cu30g.g7

Weight ratio HMPE: Tm start AHm, per gramm Degree of
YBa,Cu;0g.97 HMPE crystallinity, %
100:0 140 115.0 39.1
80:15 151 121.5 41.4
45:50 140 128.5 43.7
10:85 138 130.0 44.2

The observed increase in enthalpy value is associated either with the degree of
crystallization (Table 2 and 3) or with a change in morphology of the binder in the
surface layers of the phase.

However, on the basis of the obtained results it is impossible to establish
unambiguously the decisive role of any of these factors. For clarification of the
mentioned factors we studied by DSC methods in the regime of the scanning
temperature the influence of oxide ceramic quantities Y;Ba,Cuz0s.97 On the heat of
melting and carried out electron-microscopic investigations of samples of polymer-
ceramic nanocomposites with transport current properties.

259



The dependence of the samples melting heats on temperature for the SC
polymer-ceramic nanocomposites, obtained by varying the initial temperature of
samples’ molding, and its content with a binder of BPE is shown in Fig. 4.

18} J/g°K

Fig. 4. Impact of temperature on the
variation of the melting heats for SC
polymer-ceramic nanocomposites
obtained at different initial temperatures
(TO) and initial ratios of BPE with
ceramics: TO, 0OC 130 (1), 140 (2), 160
(3) Y18&2CU305.97: BPE = 90:10 (1-3),
97:3 (4), 99:1 (5). The quantity of nano-
sized aluminium: 5% of the weight of
YlBa2CU3OG.97.

i A "

40 5 60 7

0 6‘0 90 I;)OHO 12‘00
Sample temperature °C

According to Fig. 4 the maximum values of the melting heats (curves 1-4, Fig.
4) SC polymer-ceramic products are practically independent of the initial forming
temperature (curve 1,2.3, Fig. 4), whereas they depend quite strongly on the amount
of ceramics in the composite (curves 4 5, Fig. 4). Temperature of melting and
enthalpy determined from the data in Fig. 4 are presented in Table 3.

Table 3
Impact of filling on the temperature of melting and enthalpy
in the nanocomposites BPE + Y1Ba,Cu30s.g7

Weight ratio of BPE: Tm start AHm, per gramm The degree of
YBa,Cu;0g.97 BPE crystalline, %

90:10 107 84 29

97:3 107 97 33

99:1 105 133 45

Thus, in the case of a binder of BPE with the increase of the filler amount the
enthalpy and the degree of crystallinity are increasing. Therefore, based on the
measured data we can suppose that a fairly strong increase of the value of AHm
(calculated per gram HMPE and BPE) could be due to two reasons:

» the increase of the amount of SC ceramics leads to an increase in the degree of
crystallinity;

« intercalation of fragments or individual elements of macromolecular binding
into the interlayer spaces of the ceramic grains alters the morphology of super-high-
molecular or branched polyethylene on the boundary of a phase section of the
ceramic binder - which is more likely [18-21].

Indeed, the study of the structural features of the charge-carrying SC polymer-
ceramic nanocomposites by scanning electronic microscopy when using both
amorphous and crystalline polymers, with complete and uniform enveloping of
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ceramic grains by polymer binders (Fig. 5a, b), indicates that there is a quite strong
interaction on the boundary of the ceramic-polymer phase.

Fig. 5. EM microphotography of nanocomposite SC samples with binders of the PMMA (a) and
PS (b). Ratio of binder : ceramics = 15 : 85.

The interaction of macromolecular binder of PMMA and PS with the surface of
the ceramic grains Y;Ba,CusOs.9; may contribute to the formation of a rigid
amorphous fraction (RAF) of polymer binder.

In charge-carrying SC nanocomposites with binders HMPE, PP, regardless of
the amount of SC-ceramics, by analogy with [23-26], there are formations of fiber
structures. For example, in Fig. 6 electron a microphotograph of a sample with the
HMPE binder is presented. The figure depicts how the formation of fiber structures,
not typical for polyethylene, takes place.

Fig. 6. EM microphotograph of polymer-ceramic
nanocomposite with HMPE binder. Ratio of binder :
ceramics : nano aluminium —5:90 : 5.

As already noted in [18-21], fiber formations are the result of intercalation of
macromolecular fragments of HMPE in the layered structure of ceramic grains. Such
a binding of macromolecules affects the mobility of macro-chains of super-high
molecular polyethylene and reduces their flexibility. Consequently, the
crystallization of macromolecules, associated in this way, takes place via
cooperative interaction between them.

It should be specially noted that in case of charge-carrying polymer-ceramic
nanocomposites with a binder of IPP, the above mentioned phenomena are more
emphasized. Indeed, as it is seen from the change of the dependences of heat
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capacity on temperature (Fig. 7), a splitting of peaks into two components is
observed.

JIg*K

sl 9 1
2

80 2
70
a6 Fig. 7. Temperature impact on the varying
’ character of melting heats for the SC polymer-
50 ceramic nanocomposites obtained at different
g initial ratios of PP with ceramics. Y1Ba,Cu3zOe.g7:
D S T TR TN R PP =85:15 (1) 70:30 (2), 50:50 (3).

Sample temperature °C

Possibly, the splitting is a result of the presence of two various structures in
polymer-ceramic nanocomposites with IPP binder.

As a proof of such an assertion can be the electron-microscopic investigations.
Indeed, as it is seen from the microphotographs of samples with IPP binder (Fig. 8),
here the number of fibers formations is much larger than in HMPE binder.

A large number of formed fibers structures are probably to be the cause of
splitting (Fig. 8) peaks of melting temperatures in SC polymer-ceramic nano-
composites with a binder of isotactic propylene.

Fig. 8. EM microphotography of polymer-ceramic
nanocomposite with IPP binder.
Ratio of binder: ceramics: nano aluminium = 15: 80 : 5.

Concluding remarks

In the presented work we have followed the goal to create polymeric
superconducting nanocomposites with transport current properties. For the solution
of the given problem superconducting additives of yttrium and bismuth ceramics
powders (Y1Ba,CusOg.97 and Bi,Sr,Ca,Cu,Og), as well as nanopowders of
aluminum and silver were used. On the basis of super-high molecular polyethylene
binder, charge-carrying polymer-ceramic hanocomposites were obtained.

Thus, our results permit to conclude that the introduction of nano-sized
aluminum powders allows to produce SC polymer-ceramic nanocomposites, with a
transport current having a current density up to ~ 4-10° 4-cm™. A natural question
arises regarding the possibility of increasing the current density. The answer is
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positive: the increase is possible by using other binders and nano-fillers of a
different nature with varying average size of nano-particles.
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NSAUTLLUYRL G EANELNNMDY NALPU -GG EUPEEGETL
LeLNENUNNQPSLEL

U. M. 2LE-3U, W 0. SALA3UL, W. - UhLUSEL3UWL 1L USEHU'L USAFLLEL

Puppuyp b ffdncnugpl (Y BayCuzOg.g7 ke BizaSr;CazCuzOg) hbpmdfilyulym®s sfinyfr-
Whpp b qlppupdpdngklynggup s pbFfylp ogqinugnpddudp, wnugdlky ki Lylilmpmugnp-
g wymppilbp-libpudflpuluts yubnlndyngfunibp: Snyg §ipfby, np oquugnpdhym flipu-
dflppyp Swnnfliibpf donfdyncffyut §pblpnp fupbyfe b wnwluy Snuwbpudifp ugngfodlp-
Yl plyslyuss yulanlyndugmg funtibp :

Updusfdfs b wyymeddfibsfy SousbsnQuuafliyjuspbalipfy sl lipmgnudp phpned § Snuniipfs e fFyuta
ypuh dabumgduiiop, fuly Sufncgibph dleafnpdul dwdwhnly wlnonply quymbpl o qunegop-
6‘n1_JE lﬂn}wgflnl_lf 4‘ Cnuwil#ﬁ [uLnnl_[JJanlE lfﬁilzh_ '\4—103 U'ulfz.' 4lﬂ.nl.uqnu11{lil Eir tule
Snuniipulyfo wgnppdbp-lilpusdfplpuluts Jubinlyndingfunibpf $fogflyudbputplulppt Q-
e fyniiitibipp b gregg & anpfby, np wyyncdflifs shogme Saflypupbilpp dbdughned b Gidney-
b wmwppbp  Gugulgnybpnd - (qmpdb@pydbFulpppum,  snponfpny,  gbppapdpdnb-
fregpusp ympplfofybits b pgmumlpnfly qmpoypogfybh) wogdus Snuwbpwlpp anpdbp-
bhbpudplylpasts hutinlndungfunhppy JhYGusguypil wmppnyPh dappopngfunlpads mnabdinr-
Sunnlyme Gyl :

TOKOHECYIIMUE CBEPXITPOBOJAIIMUE NOJIUMEP-KEPAMUYECKHUE
HAHOKOMIO3UTHBI

C.II. JABTSIH, A. O. TOHOSIH, A. P. MUKAEJISIH u CTE®AH MIOJIJIEP

C HCHOAB30BAaHMEM IMOPOIIKOB HUTTPUEBOM U BUCMYTOBOM KepaMUK
(Y1BayCu304 97 u BisaSroCay,CuyOg) Ha OCHOBe CBEPXBBICOKOMOAEKYASIPHOI'O
TIOAM3TUAEHOBOTO IIOAYUYEHBI TOKOIIPOBOASAIIVE IIOAUMep-KepaMHuuecKue Ha-
HOKOMIIO3UTHL. [ToKa3daHo, uTo pearusanusa dddekra OAM30CTU MEXAY 3€ep-
HaMU KePaMHKHU IPUBOAUT K IIOAYUEHMIO CBEPXIPOBOAAIIUX ITOAMMeEp-Kepa-
MHYeCKUX HAHOKOMIIO3UTOB C TPAHCIOPTHBIM TOKOM. AOOABKM IIOPOIUIKOB
HaHOYaCTHUI] cepeOpa U AAIOMHHUS BBI3BIBAIOT 3HAUUTEABHOE YBeANMUYeHUe
IIAOTHOCTU TOKa, @ NpHUMeHeHUe aKyCTHYeCKHX IOAeM IIpu (POpMHPOBaHUU
06pasIoB TI03BOASIET ellle OGOABIIe YBeAMYHMTb MAOTHOCTH A0~4-103 A-cm2.
Beiam uccaepoBaHBl (PU3UKO-MEXaHUYECKME CBOMCTBA TOKOIIPOBOAAIIUX IIO-
AUMep-KepaMHYeCKUX HAHOKOMIIO3WTOB, U IIOKa3aHO, YTO HaHOpa3MepHBIe
AOOABKU AAIOMUHUS YBEAWUMBAIOT IIPOYHOCTH Ha pPas3pblB U MOAYABL VIIPY-
roctu o0pasnoB. M3yueHsl MOp@OAOrHYECKHEe OCOOEHHOCTH MexK(a3HOoro
CAOSI TOKOIIPOBOASAIIINX IIOAMMEpP-KepaMUUeCKUX HaHOKOMIIO3UTOB Ha OCHOBE
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Pa3AMYHBIX CBA3YIOMUX (IOAMMETHUAMETAKPUAATa, TIOANCTUPOAA, CBEPXBLICO-
KOMOAEKYASIPHOTO ITOAUITUAEHA M M30TAKTUYECKOTO IIOAUITPOIIUAECHA).
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[Moctymmao 10 XI 2016

MccnepoBaHo BMMSIHME KONMUYECTB OOHOCTEHHbIX YrNepoaHblX HAHOTPYOOK Ha 0CoBEeHHOCTU
pOHTarnbHOW CcomnonuMepu3auum akpunamMmumaa ¢ MeTunMeTakpunatom. lNokasaHa BO3MOXHOCTb
BO3HUKHOBEHWS HENMUHEWHBIX SIBNEHWUIA B BUAE NEPUOANYECKUX, CIIMHOBBIX M XaOTUYECKUX PEXUMOB.
MpeanoxeH MexaHU3M perynupoBaHusi MpoLecca B pexume pOoHTarnbHOW NonMmepusaumm n co-
XpaHEeHUs NMMHENHOCTUN pacnpoCTPaHEeHWs TENTOBOWM BOMHbI (OpOHTa C hOPMUPOBaAHNEM CTauMOHap-
HbIX PEXMMOB. M3ydeHbl (hr3nKo-MexaHndeckne, OMHaMUYECKME-MEXaHNYECKUe U TePMOXMMUYe-
CKMe CBOWCTBA MOJSTy4YEHHbIX NONIMMEPHBLIX HAHOKOMMO3WUTOB B 3aBUCUMOCTU OT KONMMYECTB HAMOJSHU-
Tensi U TENMOBbLIX PEXNMOB hPOHTamNbHON nonnMepusauum. MNokasaHo, YTO CUHTE3 HAHOKOMMO3MTOB
B pexvme (poHTanbHOM NonMmepusaummn nog BIUSIHAEM TEMMOBbIX BOMH MNPUBOAWUT K MHTepKans-
LM NONMMEPHbBIX MaKpOMOIeKyn B 06beM HaHOTPYOKK.

Puc. 6, Tabn. 1, 6u6n. ccbinok 23.

IThoxass COBMECTHMOCTb YTAEPOAHBIX HAHOTPYOOK CO MHOTHMM IIOAH-
MEpPHBIMM CBS3VIOUIMMU, OPTraHUYEeCKUMU U BOAHBIMU pPAacTBOpPAMU CYIECT-
BEHHO OTPaHMYMBAET UX IIpMMeHeHNe B KaueCTBe HaHOHAIIOAHUTeAel. B au-
TepaType AOCTaTOYHO PaboT (cM., Hanpumep, [1-3] U TUTUPOBAHHYIO TaM AU-
TepaTypy), NOCBSIIEHHBIX KMCCAEAOBAHHUIO BO3MOJKHOCTEM CYIIeCTBEHHOTO
YBEAUUYEHUS B3aUMOAEMNCTBUS NMOBEPXHOCTH OAHOCTeHHBIX (OCYHT) u MHO-
rocteHHBIX (MCYHT) yrAepOAHBIX HaHOTPYOOK C ITOAMMEPHBIMU MaKpOMO-
AEKYAAMU.

Bricokre (Qu3UKO-MexaHMUeCKHe IIOKa3aTeAu (pa3pblBHAs HOPOYHOCTH
~100 ITla, mopyab yupyroctu ~1000 [7la u yarnHeHUue A0 ~0.4%) IO3BOAGIOT
HUCIIOAB30BaTh YTAEPOAHBIE HAHOTPYOKU B KadeCTBe AODOABOK B IIOAUMEPHYIO
MATpHUILy, YTO SBASIETCS XOPOIIeM IIPEAIOCHIAKON AASl PEeTryAMpOBaHUS
CBOMCTB CaMMX HAHOKOMIIO3UTOB IIOAMMED/yTAepPOAHBIe HAHOTPYOKU. OpHA-
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KO, KaK OTMeueHO B pabore [4], ¥ Kak mokaswiBaeT aHaaus pabor [5-11],
MAHHBIE TI0 (PU3UKO-MEXaHWYECKUM CBOMCTBAM HAHOKOMIIO3UTOB Ha OCHOBE
YTA€POAHBIX HAHOTPYOOK SBASIIOTCS IIPOTHUBOPEUYUBHIMU. [lo Bcell BepodT-
HOCTH, NOAOOHOE IIOAOJKEHHE AeA, B MEPBYIO OUEpPEeAb, CBI3aHO C HEOAHO-
POAHEIM pacIpepereHHeM HAaHOTPYOOK B oO0beMe moauMepa. HemMaroBasKHBI-
MM (paKTOpaMU SBASIOTCS TaKKe CIOCOOBI IOAYyYeHUSI HaHOKOMIIO3UTOB
[4,11], BAmsiomme Ha MOPQPOAOTUIO MAKPOMOAEKYA CBSI3YION[Ero Hermoc-
PEACTBEHHO Ha MOBEPXHOCTH paspeira a3 HaAHOTPYOKa-NIOAMMEpPHasg MaTpH-
1a. AOCTOBEpHOE BOCIPHUATHE PEe3YALTATOB MHOTUX PAbOT OCAOJKHSIETCS ellle
U TeM, 9TO B HUX 4YaCTO He IIPUBOASITCS AAHHBIE IO TEIIAOBBIM U TeMIlepa-
TYPHBIM pe’XuMaM CHHTe3a HaHOKOMIIO3UTOB. CAepOBaTEALHO, Pa3BUTHE HO-
BBIX METOAOB CHHTe3a IIOAUMEpPHBIX HAHOKOMIIO3WUTOB, OO0eCHIeYnBAaIONUINX
PaBHOMEPHOE paclpepereHre YITAEPOAHBIX HAHOTPYOOK IO 0OBEMY CBA3YIO-
Iero, a Tak’ke IIOBBIIIEHWE HaAEKHOCTH W BOCIIPOM3BOAVWMOCTHU IIpPOIlecca
UX IOAYUYEHUS], SIBAIETCS aKTyYaAbHOM 3apauel AASL IOAyUYeHUs HaHoMaTepua-
AOB TIOAMMEDP/yTAEPOAHBIE HAHOTPYOKU.

Leab pAaHHOM pabOTHI — METOAOM (PPOHTAABHOM COIOAMMEpU3aluu aK-
puraMupa (AAM) ¢ metuamMertakpuaratroM (MMA) B npucyrcrBuu OCYHT
CHHTE3WPOBATh HAHOKOMIIO3UTHI C UX PABHOMEPHBIM PacIIPeAEAeHMEeM B II0-
AUMEpHOM MaTpuIle, HCCAEAOBATH WX (PUBNKO-MeXaHWYeCKHe, AWHaMude-
CKHe-MeXaHU4YeCKue, TeIAOXUMUYeCKHe U JAEKTPOIPOBOALIIINE CBOMCTBA, a
TaK)Ke C YUIETOM IIPSIMOU 3aBUCHUMOCTU CBOMCTB ITOAYYEHHBIX HaHOKOMIIO3U-
TOB OT BO3MOYKHOCTH YCTAHOBAEHHSI CTallMOHAPHOTO PACIIPOCTPaHEHUs Tell-
AOBOU BOAHBI (DPOHTAABHOTO IIpPOIleCCa ONIPEAEAUTb TI'PDAHUIIBl YCTOMYUBBIX
(PpPOHTAABHBEIX PEXKMMOB B 3aBUCUMOCTH OT CTEIIeHW HAIlIOAHEHUSI HaHOTPYO-
KamMu. VHTepecHO Tak’ke BBIICHUTH reoMeTpruueckue (OpMBI M CTpPOEHHEe
HeAWHeHHBIX CTPYKTYp, OOpa3yIIIUXCd B pe3yAbTaTe HeCTallMOHApHOTO
pacIpocTpaHeHud TIOANMEPHU3AIIMOHHOIO (PPOHTA.

BKCIIepI/IMeHTaJIBHaﬂ 4acTb

B kauecTBe cOMOHOMepOB wucnoAb3oBaru AAM, MMA dupMel Sigma
Aldrich.

MMA ounmanu o Metopuke [10]. AAM ounmarm ABYXKPATHOU Iepe-
KpHCTaAAM3aliyell U3 HaCHIIIeHHBIX PACTBOPOB 3TUAOBOTO CIUPTA.

VHUaTop CONOAUMMEPH3AlUUd — AUIUKAOTEKCUATIEPOKCUAUKAPOOHAT
(ALIITK), ncnoAB30BaAM NMOCAE ABYXKPATHOM NEPEKPUCTAAMUBAINNA U3 3TUAO-
BOTO CIIMPTa M CYIIKM B BaKyyMHOM IIKady Ipu KOMHATHOMN TeMIlepaType
AO TIOCTOSIHHOTO Beca.

B kauecTBe HaHOHAIIOAHUTEAEN IIPOIlecca COMOANMEPH3allHd HUCIIOAB30-
Baau OCVYHT (cdupma Sigma Aldrich) ¥ HaHONOPOUIOK aAIOMHHHUS C pasMe-
pamu vactut 40 nu (pupma Sigma Aldrich).
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Anst dpoHTarpHOU conoamMepusanuu AAM c¢ MMA B mpucyrcTBUH
OCVYHT ucxopHBIE CMECH TOTOBUAM CAEAYIOIIUM cHocoOoM. BHavane mo-
pomkoo6pa3Heli AAM TIIaTeABHO IIepeMeIINBAaAu C HeOOXOAUMBIM KOAU-
YeCTBOM HAHOTPYOOK, Aaree K HM3TOTOBAEHHOM cMecu pobaBagam 20% (ot
maccel AAM) MMA c ununuatopoMm. Konnenrpanusa ALITIK Bo BceX OmbITax
COCTaBASIAA 2 MAcC.% OT KOAMYECTB COMOHOMePOB. TIIaTeAbHO IlepeMellrBa-
AH, 3aTe€M HCXOAHYIO CMeCh MAABIMU MOPHUSMHU IIOMEIIaAd B peaKIIUMOHHBIE
CTEKAIHHBIE aMIyAbl M paBHOMepPHO yHAOTHAAM [10]. Aaree mpoBoAWAUM
dpoHTarbHYIO comoAmMepuzanuio AAM ¢ MMA ¢ apob0aBKaMu COOTBETCT-
BYIOIIUX KOAWYECTB HAHOTPYOOK IIO METOAWKE, OIMCAaHHOM Hamu B [10].
Peaknuio mpoBOAMAM B BEPTHUKAABHO YCTAHOBAEHHBIX CTEKASHHBIX aMITyAax
ArameTpoM S mm, pAAMHOU 100 mm. DPOHT MOAMMEpH3AIUN WHUIIMUPOBAAU C
BepXHeN 4YacTU PeaKIMOHHBEIX aMIIyA IIPUAOKeHUeM ropsded (~200°C) me-
TAAAMYECKOM MOBEPXHOCTH K TOPIIEBOM YaCTM peaKIUOHHBIX ammya [11,12].
TemnepaTypHble TPOMUAN (PPOHTAABHOM COIIOAMMEPU3AIUY OIPEAEASIAU IO
TIOKa3aHUAM MeAb-KOHCTAHTAHOBEIX TepMomnap. Cnaum TepMmoIlap paclioAara-
AUCH B CEPEAMHHOMN 4YaCTH aMIIyA. A CKOPOCTBb pacIpoCTpaHeHud (QpoHTa
OIpPeAEASIAU BU3YaAbHO IO 3aBUCHUMOCTH KOOPAUHATH! (PpOHTA OT BpeMeHH.

Ou3nKo-MeXaHNYeCKUe (B YCAOBUSX PACTSIKEeHUs) M AWHAaMUUYEeCKHUe-Me-
XaHUYeCKHe CBOMCTBA OOPa3loB HAHOKOMIIO3UTOB ONPEAEASIAM Ha Ipubope
“"Diamond DSA" ¢upmbl Perkin-Elmer.

TepMOOKUCAUTEABHYIO AECTPYKIIUIO IIOAUMEPHBIX CBA3YIOUINX HCCAEAO-
BaAM AepuBaTorpauyeckuM MeTOAOM Ha npubope dupmsl MOM npu cko-
pocTtu Harpesa 3.2 2/mumn.

OAEKTPONPOBOALIIINE CBOMCTBA HAaHOKOMIIO3UTHBIX OOpa3IOB (cedeHUe
0.2 cm?, pamHa 1 cM) ONpEAeAsAM MMIEAAHHBIMH H3MEpPeHHUsIMH (4acToTa
1000 /'y, amnautypa 5 mB) Ha mpubope "Electrochemical workstation CHI
660D".

Bausinne konudyectea OCYHT Ha ocoOenHocTH PpOHTATBHOM COMOIUMepU3a-
muu. Ha puc. 1| npeactaBaeHBI paHHBIE 1O BAWSHUIO KoauwdecTB OCYHT Ha
TeMIlepaTypHble NPo@UAU (pHUC. 1 a) ¥ CKOPOCTh pacHpocTpaHeHud (puc. 10)
conoAuMepu3sannuoHHoro gporta AAM ¢ MMA.

0 u, cM MuH"'
4,04 6

T.°C
a 223
2004 202 TR

180 3 | | Puc.1. Bnuanne konunyects OCYHT
160 180 ' [ Ha XxapakTep W3MeHeHus Temnepa-
— [ TYPHbIX Npodpuneii (a) M Ha CKopoCTb

120 O I
LY dpoHTa (6). CoOoTHOLLIEHNE COMOHO-
80 el mepos AAM:MMA= 80:20, konuuecT-
40 ' ‘|I: Bo OCYHT (% oT maccel coMoHOMe-

]

'

240+

N

?

poB): 1-5,2-10,3-15un4 - 20.

T T T T I I | 1 1 8 T
5 10 15 20 25 30 5 10 15 20 25
Bpems (cek) HanoTtpy6ku (macc%)

267



CpaBHeHUe AAQHHBIX puUc. 1 a, 6 C aHAAOTUYHBIMHU PEe3yAbTATaAMU, IIOAY-
YeHHBIMU B paboTe [12], mOKa3bIBaeT MX AOCTATOYHO CHABHOE OTAMuHe. B
AAHHOM CAydae IpejpeAbHas TeMIlepaTypa (pHUc. la) TENAOBEIX BOAH M CKO-
POCTB CONOAMMEPHU3AUOHHOr0O (hpoHTa (puc. 10) yMEHBIIAIOTCS IIpaKTHYe-
CKH CUHXPOHHO C A0OaBKaMU HAHOTPYyOOK. [Ipu 3TOM, Kak BUAHO U3 pHC. la,
CTPYKTYypa TeMIIepaTypHBIX NPO(QUAEH TaKKe MeHSEeTCS.

HabaropaeMble M3MeHEHUSI XapaKTEePHBIX BEAWUYNH (DPOHTAABHOM COIO-
anMepusanun AAM ¢ MMA moryTt OBITH OOBICHEHBI ABYMS (pakTtopamu. C
OAHOU CTOPOHBI, 3TO COBMECTHO€ AEMCTBHE KOAMYECTB HAHOHAIIOAHUTEAS U
WHTEHCHUBHOCTU TEIAONOTEPDh M3 30HBI PEaKIMM B OKPYJKAIOIIYIO CpeAy Ha
TEIIAOBEIE PEXUMBI (DPOHTAABHOM CONOAMMEpH3aluu. A C APyroul — OT-
CYTCTBHE XUMHUYECKOTO B3aMMOAEMNCTBUSI MaKPOMOAEKYA CBS3VIOLIEro C
BHeITHeN U BHyTpeHHel noBepxHocTaMu OCYHT. B noab3y nepBoro akTo-
pa CBUAETEABCTBYET KaK AOCTATOYHO CHUABHOE YMEHBIIEeHHWE IIPEeAEABHBIX
TeMIepaTyp (puUc. la) TENAOBBIX BOAH, TaK U AQHHBIE IIO BAHSHHUIO KOAHU-
YecTB HAHOTPYOOK Ha CTAIMOHAPHOE COCTOSTHWE (DPOHTAABHBIX PEKUMOB U
UX yCTOMYHUBOCTB. AeMCTBUTEABHO, KaK BUAHO U3 AQHHBIX puc. 10, B 3aBUCHU-
MOCTU OT KoaumdecTB A06aBokK OCYHT mHabAiopaloTCs TpU OOAACTH pa3HoOXa-
PaKTEepPHOTO M3MEeHEHHS CKOPOCTH COIOAMMEpHU3alMoHHOIO @poHTa. OO6-
Aacte | (KoamyecTBO HaHOA00ABOK A0 20%) COOTBETCTBYET CTAaljMOHAPHBEIM
YCTOMUYUBBEIM COCTOSIHHUSIM TENAOBBIX COIOAUMEPH3AIIMOHHBIX BOAH. B 06-
Aactu Il (KoamdecTBO HAHOTPYOOK OT 20 A0 25%) € yBeAMUYeHUEM KOAUYECTB
OCYHT ckopocTh PpPOHTa AOCTATOYHO PE3KO MaAAeT, MPOUCXOAUT TOTeps
YCTOUYMUBOCTUA (PPOHTAABHBEIX peXuUMOB. A B oOaactu IIl mpm KoamuecTBax
HaHOTPYOOK BEIIIEe ~25-26% pe>XUMBI (PPOHTAABHOUW COIIOAMMEpU3alluu He
CyIIecTBYIOT. PaccMOTpuM OoAee TOAPOOHO HEYCTONUYMBBEIE (PPOHTAABHEBIE
pe>xuMbl B obAactu 11

W3BectHO [13-15], 4TO mOTeps yCTONUMBOCTU (DPOHTAABHBIX PEKUMOB,
KaK IIPaBHAO, COIPOBOXKAAETCA IOSIBAEHHEM KOAeOaTeAbHBIX, MNepHOoAuYe-
CKMX, OAHO-, ABYX-, TP€X- ¥ MHOTI'O3aXOAHBIX CIIMHOBBIX pe>XuMOB. [Ipu 3TOM
Ha IIOBEPXHOCTAX 3allOAMMEPH30BaHHBIX 0O0pasnoB [16-18] oOHapy’>KeHE
CIIMPAAeBUAHBIE YTAYOAEHUS], XapaKTepHBLIE AAS HEYCTOWUYUBEIX PEKUMOB
(PPOHTAABHOU IIOAMMEPU3ALUN.

B AaHHOM cAydae, Kak 3TO BUAHO M3 AQHHBIX puc. 16 u puc. 2 (oOpasisl
1-6), mpu pobGaBKax HAHOTPYOOK B KoamdecTBe 20% U BEHIIIe HaOAIOAQETCH
OoTepss YCTOUYUBOCTU COIIOAMMEPU3ALVOHHBIX TEMAOBBEIX BOAH. AEUCTBHU-
TEeABHO, TPV HATOAHEHUM ITOAUMEPHU3YIOUIeNCcs CpeAbl HaHOTPyOKaMu
BIAOTE A0 19% (pOHTaAbHBIE PEXKMMBI IBASIOTCS YCTOMYMBBIMU, & 0Opa3Ilbl
MMEIOT TAQAKYIO YEePHYIO IIOBEPXHOCTh. Ha puc. 2 aag npumepa (oOpaser, 1)
pepcTaBAeHa poTorpadus OAHOTO M3 00pa3IloB HAHOKOMIIO3UTOB C¢ 15% Ha-
TIOAHEHUEM.
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Puc. 2. Obpasubl cononmmepHbIx
HaHOKOMMO3WNTOB, MOJSTyYEHHbIX B
YyCnoBusaX (pPOHTanbLHON Cononu-
mepuzauum AAM ¢ MMA. CteneHb
HanonHeHus (maccoBbIX % OT KO-
nnyecte AAM n MMA) 15-1, 20-2,
22-3, 23-4, 24-5, 25-6. Crauuo-
HapHbIA ycTONYMBLIM 1 U HeycTon-
UMBbIE PEXUMbI: NEPUOANYECKUA —
2, 0HO3axoAHbI — 3, OBYX3axoa-
HbIn — 4, Tpex3axogHeln — 5, cnu-
HOBbIN, XaoTU4eCKn — 6.

1 2 3 4 5 6

INToTepss ycTOMYMBOCTU (PHC. 2) CONPOBOXAAETCI (POPMUPOBAHUEM IIe-
proandeckux (obpaser 2), opHO- (oOpa3zern 3), AByX- (oOpaszel 4), Tpex3aXoA-
HBIX CIMHOBBIX (0Opa3zer] 5) M XaoTHWueckux (odpaser 6) pexumon. Oopmu-
poBaHMWe YKa3aHHBIX HEAWHEWHBIX SBACHUUN IMPOSIBASIETCS B BUAE OEABIX OK-
pacok Ha ()oHe TAaAKMX IIOBEPXHOCTEN NMOAYUEeHHBIX 00pa3IioB.

ANST BBIIBAEHUSI TIOCAEAOBATEABHOCTH IIOSIBAEHUSI HEYCTOWUUBBIX DPEKU-
MOB Ipu HanoaHeHUsAX 20% u 6oaee KoarmdecTBO pA0oOaBoK OCYHT yBeanun-
BaAW MaABIMHU MOPIUAMHY, T.e. IO 1% oT oO1Iel Macchl COMOHOMEPOB.

AAd polleccoB PPOHTAABHOM comoAmMepusanuu AAM ¢ MMA B npu-
cyrctBuu OCYHT noTeps yCTOMYMBOCTH CTAIIMOHAPHBIX TENAOBBEIX BOAH Ha-
4YYHaeTCs C IOIBA€HUEM IIePHOAWYECKUX Pe’KUMOB (puc. 2, oop.2). Ilepuo-
AUYEeCKVe PeKUMBI (PPOHTAABHOUW COIIOAMMEPH3aluU XapaKTepHU3YIOTCS KO-
AebanueM [17-19] ckopocTu (ppOHTa OKOAO CBOETO CTAallMOHAPHOTO 3HAYEHUS
(puc. 3).

u,cm MuH"

Puc. 3. KonebatenbHblin pexum poHTanb-
HOI cononMmMepusauumn.

1,0 2,0 3,0
t, MUH

[MpeapcTaBAsieT MHTepeC HCCAeAOBAHUE MeXaHU3Ma (POPMHPOBAHUSA IIe-
PHUOAWYECKUX PEXKUMOB U reoMeTpudeckou GpopMbel ppoHTa. C 3TOU LEABIO
MIOAUMEPHU3alNI0 OCTAHABAUBAAU 3aMOPA’KUBAHUEM PEAKIJUOHHBIX aMIIyA
SKMAKHUM a30TOM depe3 Hallepep 3apaHHBIe MHTepBaAbl BpeMeHHU (TOYKH, yKa-
3aHHBIe Ha puc. 3 nudpamu 1, 2, 3 U 4), COOTBETCTBYIOIINE IIOAOBHUHE IIe-
pHOAa KOAeDAHUSI CKOPOCTH (PpOHTA.
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3areM, IOCAE CaMOCTOSTEABHOIO pPa3orpeBa PEaKIMOHHBIX aMIyA AO
KOMHATHBIX TeMIIepaTyp, 0e3 IIOBpeXAEHUs 00pasloB YAAASIAU CTEKASTHHBIU
KOPIIyC U MOAYYEeHHBIe 00pa3iibl (poTorpadupoBaru (puc. 4).

Puc. 4. WV3meHeHue reomeTpmnyeckon
dopmMbl ppoHTa OT BpeMeHu. Bpems: ¢
(Havano oTcuyeTa COOTBETCTBYET TOYkKe 1
Hapuc.3)0-1,20-2,40—-3n50-4.

1 2 3 B

W3 puc. 4, 1 BupHO, uTo B Touke 1 (puc. 3) popma ¢dpoHTa SIBASIETCS
TIAOCKOM, 3aTeM IIPOMCXOAUT €ro HCKPUBAEHHE (puc. 4, 2) ¢ IOIBA€HUEM
«g3pIKa» (Touka 2 Ha puc. 3). B parbHelmem (puc. 4, 3) oOpa3oBaHHBIN
«3BIK» YAAMHSIETCS (Touka 3 Ha puc. 3), a B Touke 4 (puc. 3) dopMa dppoHTa
CHOBa CTAHOBUTCS NMAOCKOU (puc. 4, 4). [lpepcTaBAeHHasg Ha puc. 4 AMHaMU-
Ka U3MeHeHUs reoMeTpudecKor (HopMBl (DPOHTA CBA3aHA C TENAOIOTEPSIMU
U3 30HBI pPeaKIlMMd B OKPY’KaloUIyIO CPeAy U C AeHCTBUeM A00aBOK HHEpPT-
BHeIx OCYHT Ha pa3orpeB peakIMOHHOM cMecu (puc. la). 3pech, IO BceH
BEPOSITHOCTH, B MOMEHT MaKCHUMAAbHOTO WCKPUBAEHUS Te€OMETPUIECKOM
dopMbl (DpOHTA (YTO COOTBETCTBYEeT MHWHUMAABHOM TeMIlepaType B 30He
peaknum) BO3HMKAaeT oyar, KOTOPHIM 3aMbIKaeTcd Ha cebe. Vau Xe, 1o aHa-
AOTHUM C pe3yabTaTaMu pabor [20,21], TemaoBasg BOAHA PACIPOCTPaHIETCS He
TOABKO B OCEBOM, HO U B PaAUMAAbHOM HaIPAaBAEHUSX PEAKIJMOHHBIX aMITVA.
O6a pacCMOTpPEHHBIX MeXaHM3Ma MOTYT IIPUBECTU K BEIPABHUBAHUIO (DOPMBEI
poHTa M COOTBETCTBEHHO K IIOBHIIIEHUWIO TEMIEPATYpPHl B 30HE PEaKIINU.
[TosToMy Kak TeMIlepaTypa, TaK U CKOPOCTH TEIAOBBIX COIIOAWMEPU3aIlMOH-
HBIX BOAH (puC. 3) UMeIOT MaKCHMaAbHBle 3HAUEHHUSI AAGD IIAOCKUX (puc. 4, 1
u 4, 4) u, Ha0O00POT, MUHUMAaAbHEIE (puC. 3) AAd HauboOAee MCKPUBAEHHBIX
(puc. 4, 3) dopmMm (ppoHTa.

JAanrbHelIllee yBeAndeHHe KOAWYECTB HAHOTPYOOK BHadanre IIPUBOAUT K
(bOPMUPOBAHUIO OAHO3AaXOAHBIX (puc. 2; 2,3), 3aTeM ABYX3aXOAHBIX (pucC. 2,
4), MHOTO3aXOAHBIX (PHC. 2, 5) CHMHOBBIX U B CaMOM KOHI€ XaOTHYECKUX
(puc. 2, 6) pe>xxumos [22,23].

ChepyeT OTMETHTh, YTO IpU AOOaBKax HaHOTPYOOK BEIIIe 26% HaOAO-
AAETCSI BBIPOJKAECHUE COIOAMMEPU3AlMOHHBIX (DPOHTAABHBEIX peXuMoB AAM
¢ MMA (puc. 1 6, obaacTs III).

OTMeTHM, YTO B YCAOBHIX (PPOHTaAABHOM moAuMepusanuu MMA [12]
UAM Ipu PPOHTAABHOM comoauMepusanuu AAM c¢ MMA [18] (B mpucyrct-
BUM cepuueckux HaHovacTtul, SiO, u TiOy) moTepss yCTOMNUYMBOCTU CTAIUO-
HApHBIX (PPOHTAABHBIX PEXMMOB HAOAIOAQETCS IIPU CTENeHSIX HAIlOAHEHUS
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25-30%. [Topo6HOE siBAeHUE [17] OOBSICHEHO HAaAWYMEM B PEaKIIMOHHOU Cpe-
A€ AOIIOAHHUTEABLHOTO MCTOYHMKA TEIAOBBIAEGACHHS 3a CUeT dK30TepPMHIECKO-
IO B3aMMOAEMCTBUSI MaKPOMOAEKYA CBSI3YIOIIEro C IMOBEPXHOCTBIO HAHO-
YaCTHII,.

Du3nKo-MeXaHMYecKHe, JHHAMHYeCKHe-MeXaHnYecKue H TepMOXUMHYecKHe
CBOiicTBa COMOJIMMEPHBIX HAHOKOMIIO3UTOB. BAMAHNe CTelleHUM HAIOAHEHHUS Ha
PaspheIBHYIO IIPOYHOCTE (0), MOAyAB yupyroctu (E) m yaruHeHHE (g)
NIPeACTaBAEHHl B TaOAulle. [ToBBINIeHNe B HAHOKOMIIO3UTAaX KOAMYECTB A0Da-
BoK OCYHT mpHBOAUT K YBEAWUYEHUIO BeAMUYUHH! o, E U yMeHbIIeHUIO Ae-
dopmupyemoctu o6pasnos. Ilpu srom 20% HanoOAHEHHE HNPUBOAUT K BO3-
PacTaHUIO IPEAEABHON pa3pbIBHOU INPOYHOCTHU Ha ~30%, MOAYAS YIPYTOCTH
~20%, a pedopMUPYyeMOCTh yMeHbIaeTcsa Ha ~50%.

Tabauya
Biausinue koiandectBa 100aBok OCYHT Ha Beauunnbl 6, En g

OCYHT, % oT Macchl o, Mlla, E, Mlla, o
CBSI3YIOIIETO Kkec/ mm? Kkec/ mm? & %

0 84+5 136 + 7 40

5 93+5 140 + 7 36

10 105+ 5 150 + 8 25

20 111 +£5 170+ 8 20

XapakTep U3MeHeHus AMHaMuueckoro MopyAsa (E') u TaHreHca yraa me-
XaHUYeCKUX IOoTephb (tgd) AASI COIOAMMEDPHBIX HaHOKOMIIO3UTOB, COAEpP’Ka-
mux pazHoe koandyectBo OCYHT, npuBeaeH Ha puc. 5 a u 0.

E' 10°MPa tgo

1087 Puc. 5. ameHeHne anHammye-

CKOro Mofyns (a) v TaHreHca yr-
na mexaHuyeckux notepb (0) ot
TemnepaTypbl MpWU  PasnU4HbIX
cTeneHsx HanonHeHusi. Cre-
NeHb HarofiHEHUss COOTBETCT-
BYET AaHHbIM puc. 1.

8,0
6,0
4,04
2,04

] ] 1
100 200 300
T.°¢

Kak u caepoBano okmpaTh (puUC. S5 a), 3HaUeHUs BeAWumHHI E' mpu opm-
HAKOBBIX CTeIleHIX HAIOAHEHUS OCTAIOTCSd IIOCTOSHHBIMM U AMIIb IPHU
AOCTH>KeHUHU TeMmIiepaTryp ~220°C IpOuCXOAUT UX YMEHBIIEHUE.

OueBUAHO, YTO OAOOHOE M3MeHeHNe AMHAMUYEeCKOTO MOAYAS CBSI3@HO C
BO3pACTaHUEM IIOABUKHOCTU MAaKPOMOAEKYA HAU OTAEABHBEIX (DparMeHTOB
COIIOAMMEPHOTO CBA3YIOIUIEro IIpM TeMIepaTypax paccrekaoBaHusg. C yBeAu-
YeHHEeM KOAWYECTB HAaHOTPYOOK HAOAIOAQETCS BO3paCTaHWEe 3HAYEHUM BEAU-
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apuHbl E' (kp. 1-4, puc. 5 a). Habatopaemoe Bo3pacTanne BeAWYHHE! E' OT Ko-
AWYECTB HAHOTPYOOK, IO BCEHM BEPOSITHOCTH, SIBASIETCSI CAEACTBHEM HHTEpKa-
ASIIUM COIIOAMMEPHBIX MaKpPOMOAEKYA AU UX (PpParMeHTOB BO BHYTPEHHIOIO
IIOBEPXHOCTH HAHOTPYOOK.

XapakTep HM3MeHEHHs TaHIeHCa yrAa MeXaHWYeCKUX IoTepb (Kp. 1-4,
puc. 56) OT KOAWYECTB HAHOTPYOOK MMeeT HeCKOABKO HeOOBIYHYIO (hOopMYy.
3peck B obaactu Temineparyp Bhille 200°C, cOOTBETCTBYIOIIUX PAaCCTEKAOBA-
HUIO 00pa3oB HAHOKOMIIO3UTHBIX COIIOAMMEPOB, HAOAIOAQIOTCS ABa IepeXo-
Aa. BHauare HAOAIOAQIOTCS AOCTATOYHO MHTEHCHUBHBIU II€PBUUYHBIN (pacCTeK-
AOBaHMeE), a 3aTeM BTOPHUYHEIM NepeXxoabl. [IpM 3TOM MHTEHCHUBHOCTBH BTO-
PUYHOIO IIepexoAa BO3pacTaeT (puc. 50, Kp. 2 -4) ¢ yBeAUdYeHHEM KOAUYECTB
OCYHT. 3ToT akKT, T.e. Bo3pacTaHue MHTEHCUBHOCTHA BTOPUYHOTO IIepexo-
Aa C yBeAWYEeHHEeM KOAWYECTB HAHOTPYOOK, MOATBEDPIKAAET IPEAIIOAOKEHUE
O TOM, YTO MUMeEeT MEeCTO HHTEePKAAANUS OTAEABHBEIX JA€MEHTOB HMAUW MaKpo-
MOAEKYA CBSI3YIOIEeTO BO BHYTPEHHIOIO IIOBEPXHOCTh HAHOTPYOOK.

KpuBbsle moTepu Maccel B 3aBUCHUMOCTH OT TeMIIlepaTyphl IIPHU pa3And-
Hbix KoamdectBax OCYHT mpeacTaBAeHBI Ha pPHUC. 6, M3 KOTOPOTO BHUAHO,
YTO IIOTePsI MacChl AASL UMCTOTO comoauMepa AAM ¢ MMA HauyuHaeTcs IpHU
TeMmnepatrype ~ 300°C (xp. 1). AobaBrerne OCYHT npuBoAUT K HEKOTOPOMY
YMeHBIIEHUI0 HAaYaAbHOU TeMIIepaTyphl TEPMOOKMCAUTEABHON AECTPYKIUU U
AOCTATOYHO OILIYTUMOMY M3MeHEeHUIO XapaKTepa KPUBBIX IIOTEPU MAaCCHI.

Macca (%)

Puc. 6. MNoTepsa maccbl Y4CTOro cononumepa Ha OCHO-
Be AAM ¢ MMA 1 cononumepHbIX HAHOKOMMO3WUTOB
npu pasnuyHbIX Konmyectsax HaHoTpybok (% macco-
BbIX OT 06LLero konmyecTsa comoHomepos): 1-0, 2-10,
3-20.

0 ' 200 400  600_
T,°C

AEUCTBUTEABHO, KaK BUAHO U3 Kp. 2 U 3 pucC. 6, B 00AaCTU TeMIepaTyp
~450-500°C mosiBAseTCS HeOOABIIIOe MAATO (Kp. 2), U AUIIB MOCAe 3TOTO Ha-
YUHAEeTCs BTOpPas CTyleHb IIOTepUu MaccHl. [Ipm 3TOM C yBeAndeHUEeM KOAU-
yectB OCYHT BeAnuynHa NAATO PacTeT (Kp. 2, 3).

HabatopaeMBIN ABYXCTyIIEHUYATHIM XapaKTep KPUBBIX IIOTePHU MacChl Ha-
HOKOMIIO3UTOB, IO BCeU BEPOSITHOCTH, CBA3aH C HMHTepKaAdIllMel MaKpOMO-
AeKyA conmoamMepoB AAM ¢ MMA Bo BHyTpeHHIOIO noBepxHOCTH OCVYHT,
YTO U B HEKOTOPOM CTENeHM 3aTOPMa’kKUBAET IIPOIeCC TEPMOOKUCAUTEABHOMN
AECTPYKIUU. 3AeCh OCTAETCSI HENOHATHBIM TOT (PAKT, YTO yBeAUUYEeHHe KOAU-
yects OCYHT npuBOAUT K HEKOTOPOMY YMEHBIIIEHHUIO Hadand TeMIlepaTyphl
TEPMOOKUCAUTEABHON AeCTPYKIMHU HAHOKOMIIO3UTOB.
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OOpa3znbl COMOAMMEPHBIX HAHOKOMIIO3UTOB, copeprKalux oT 15 Ao 25%
OCVYHT, uMerT IpakTUYeCKU HYAEBYIO 3AEKTPOIPOBOAHOCTB. AAI IIOAyYe-
HHUS SAEeKTPOIPOBOAAIINX HAHOKOMIIO3UTOB B HCXOAHYIO PEaKIIMOHHYIO
cMech AO0aBASAM 5% (OT MacChl COMOHOMEPOB) HAHONOPOIIOK AAIOMUHUSA.
OKa3zanoch, 4TO COIOAMMEpPHBIE HAaHOKOMIIO3UTHL (copepykamiue 18-19% oa-
HOCTeHHBIX HAHOTPYOOK U 5% aAIOMMHHEBBIX HAHOYACTHUII), CUHTE3UPOBaH-
HBle (DPOHTAABHOU conoauMepusanue AAM ¢ MMA, uMeloT He3HAaUUTEAb-
HYIO 3AEKTPOIPOBOAHOCTE ~95.000 Cu-mt (Si-m1).

TakuM oOpa3oM, NMOAy4YeHHBEIE B AQHHOM paboTe pe3yAbTAThl ITOKA3bl-
BAlOT, YTO B IIpollecce (PPOHTAABHOU comoAuMepuzanuu AAM c¢ MMA B
MIPUCYTCTBUM OAHOCTEHHBIX HAQHOTPYOOK MMeeT MeCTO MHTepKaadnus dpar-
MEHTOB HMAU MaKpPOMOAEKYA CBSI3YIOIIETO BO BHYTPEHHIOIO IIOBEPXHOCTH Ha-
HOTPYOOK, UTO NPHUBOAUT K MOBBIIIEHUIO IIpeAeAd IIPOUYHOCTH, MOAYAS VIIPY-
TOCTH U CHIJKEHHIO Ae(POPMUPYEMOCTH HAHOKOMIIO3UTHEIX 0OpasioB. [Ipu
3TOM (DpOHTaAbHas comnmoauMepusanus AAM c¢ MMA B npucyrcrsuu ~18%
DOOABOK OAHOCTEHHBIX HAHOTPYOOK U 5% HAHOUYACTHUI aAIOMUHUSA (IO OO0IIen
Macce COMOHOMEPOB) IIPUBOAUT K IIOAYYEHHIO HAHOKOMIIO3UTOB C He3HAuu-
TEABHBIMM TOKOHECYIIMMM CBOMCTBAMH.

WuPLUUDYD 6U UBR-PLUGSWUPLUESD HLNLSUL
NUUrtnALpUs ESNFU L WohUo LU3SPE L LELNANILAITEYLE D
WNGU3NFE-3UU L

W N sNun3uy, W N UbLU3GL3WL b U. M. HULE-83UL
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Bnuyy b npofby ng gduyfls bplnyFubiph wnwugnedp whppnghly b avyflogfb nbdpulubpp
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FRONTAL COPOLYMERIZATION OF ACRYLAMIDE WITH METHYL
METHACRYLATE IN THE PRESENCE OF CARBON NANOTUBES

A. O. TONOYAN, A. R. MICHAELYAN and S. P. DAVTYAN

National Polytechnic University of Armenia
105, Teryan Str., Yerevan, 0009, Armenia
E-mail: atonoyan@mail.ru

The influence of various quantities of one-wall carbon nanotubes on the features of
frontal copolymerization of acrylamide with methyl methacrylate was investigated. It is
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shown that nanotubes lead to losses of copolymerization thermal wave’s stability which
are accompanied by occurrence of periodic spin and chaotic modes.

The mechanism of regulation of frontal polymerization process and preservation of
the frontal thermal wave’s linearity distribution with formation of stationary regimes is
offered.

Physicomechanical, dynamicmechanical and thermochemical properties of the
obtained polymeric nanocomposites depending on quantities of the nanotubes and
thermal modes of frontal polymerization are studied.

It was shown that nanocomposites obtainment in frontal regime with thermal waves
influence leads to intercalation of polymer chains into the nanotubes.
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IMocTtymmao 20 X 2016

B npegnaraemont pabote Hamu pacCcMOTpPeH cuHTe3 mMoHornapata N-metunMopdonuH-N-ok-
cuga (NMMO) 1 npepanoxeHa TexHOMorust ero cuHtesa. lMpepnaraemas TexHonornyeckasi cxema no
cuHTedy NMMO BHegpeHa B MHcTUTyTe npuknagHomn xumun Apmenun (APUAK).

Puc. 1, 6ubn. ccbinok 9.

Panee [1] obcy>kpancga mpoljecc CUHTE3a OCHOBHOTO MCXOAHOTO ITPOAYK-
Ta N-MeTuAMOpdOANHA 1 ¢ IeAbl0 MOAy4YeHMud U3 Hero N-MeTUAMOP(OAMH-
N-okcupa (NMMO) 2. B kauecTBe BIOAHE pearbHOUW aAbTE€pPHATHUBBI BUCKO3-
HOMY IIPOU3BOACTBY OBIA NPH3HAH TEeXHOAOTWYECKHM IIPOoIlecc, BKAIOYAlo-
1M B cebsg pacTBOpPeHHE APEBECHOMU IIEAAIOAO3BI B CUABHO IIOAIPHOM Opra-
HUYECKOM pacTBoOpUTrere AoHOpHOro tuna — NMMO [2, 3]. Vicnoab3oBaHMe
TIOCAE€AHEro B KadecTBe KaK PacTBOPUTEAS], TaK U peareHTa HaXOAUT Bce 06o-
Aee NIMPOKOe IIpUMeHeHHe B TOHKOM OpraHndeckoM cuHTese [4-7]. Ucxopa
M3 BBIIIEYKA3aHHOIO pa3paboTKa TexHoaoruu cuHTeda NMMO (MoHOruppa-
Ta) ABASETCI aKTyaAbHOM 3apadel B XMMHUYECKOW IIPOMBIIIA€HHOCTH.
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PesyabTarsl U HX 00CyKIeHHe

[MepBas cTapus mporiecca, 3aKAIOYAIOMasicsl B OKMCAeHUU N-MeTUAMOP-
doAMHA TTepeKUChIo BOAOPOAA IIpu TeMIlepaType 70°C B TeueHue 2-6 u, B AU-
TepaType XOpOIIO u3BecTHa [8, 9].

O (@]
H,0,
() [ Jwo
N A N,
| / o
1 2

Bropasi ctapmsa mporjecca — 00€3BOKMBAHHME IIPOAYKTa 2, OIMCAHHAs
AsxkonnakoM U KocBUKOBOM [8] ¢ MCIOAB30BaHMEM B KaudeCTBe a3eoTpona
OeH30Ma, HecCOBepIlleHHa M He oOecleudBaeT IIOAYUYEHMS KPUCTAAANYECKOM
dopmel NMMO, T.e. NMMO (MOHOTHApPAT) He UMeeT TOBAPHOTO BHAAQ.

Bropoil >ke MeTOpA, IIPEAAOKEHHBIM bBpapckuM, BKAIOUaeT B cebda
kpuctasnzanmio NMMO B BLICOKOKUIAIEM AuMeTHAGoOpMamMuae [9].

Hamm >xke 06e3BOXKHBaHUE KOHEYHOI'O ITPOAYKTA OCYIIECTBASIETCSI OTTOH-
KOM BOABI oA BakyyMoM (30 mm pm cm) npu Temuepatype 85-90°C. Tlocae
NIpeKpallleHuss OTTOHKU BOABI ropsiuuii mpoAyKT NMMO u3 HuKHeM 4acTu
peakTopa CAMBAeTCd B alleTOH, M IIoAy4aeTcsd Oenrass KpUCTasrndeckas Gop-
Ma NMMO (MOHOTHMAPAT), KOTOPYIO HAIIPABASIOT Ha (PUABTPAIIUIO U CYIIKY.

Brixoa moHormapaTta 2 coctaBageT 70-80% (T.ma. 74-76) [8,9]. CmekTtp
AMP H, §, m.a.: 2,22 (c, 3H, CHj3), 2,33 [m, 4H, N-(CHy),], 3,63 [m, 4H, O-
(CH9)9], 4,2 (umic., 2H, OH). OOpaTHBIN alleTOH MOCAe pereHeparud MO>KHO
CHOBA UCIIOAB30BATh B IIpolecce BbipereHuss NMMO.

BKCIIepI/IMeHTaJIBHaﬂ 4acTb

Onucanne TexHojgorn4eckoi cxemol. B peaktop Nel m3 MepHmka Ne2 mo-
aaetcs 21 a2 (d-0.92 2/CM3) 4-meTuamopdoauHa. [Tocae mopauu MopdoanHa 1
peakTop HarpeparoT mapoMm. Koraa Temmneparypa B peakTope pocturaet 70°C,
Harpes IIPEKpalaloT W HAaYMHAIOT II0AAYy M3 MepHuKa Ne3 16.5 7 mepexkucu
BOAOPOAA (34%, d-1.13 2/cm®) ¢ Takoit CKOPOCTBHIO, UTOGHI TeMIlepaTypa peak-
IIMOHHOW cMecHu He npeBhiliara 73°C. TeMIepaTypy B peakKTOpe MOJKHO TakK-
>Ke peryAupoBaTh, OAHOBPEMEHHO II0AABas B PyOAalllIKy peakTopa XOAOAHYIO
Boay. [locae mopaum pacCUMTAHHOTO KOAMYECTBA ITEPEKUCU BOAOPOAA B Te-
yeHHe 2-3 y MPOAOAJKAIOT IlepeMelInBaTh Npu TeMmneparype 70°C eme 3-4 u.
OxXAakpQIo0T, IPOBEPSIOT IIOAHOTY IIpeBpalenus HyO, (mpoba ¢ KI), mpoMel-
BaloT areToHoM 2 pasa (15-20 x). MacaooOpa3HBIM TPOAYKT U3 HUKHEN
4acTU peakrTopa Nel OTAeAdIOT U HAPABASIOT Ha KOAOHKY NeS AAg OTTOHKM
BOABI TI0A BakyyMmoM. [locae mpekpallleHus IIeperoHK:d BOABI MacAaoobpas-
HBIY IPOAYKT IIpu TeMIlepaType 80-90°C BBIAMBAIOT B HO3UIlMi0 NeG, HAIOA-
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HeHHYI0 20 7 anjeroHa. OOpa3oBaBmmuecs Oeable KpucTammbl NMMO Hanpas-
AFIOT Ha (DUABTPALAIO M CYLIKY IIOA BaKyyMoM. Temmeparypa cymku 50°C.
IMoayuatoTr 19.3 ke (70-80%) N-meTnAMopdoanH-N-oKcHAa 2 ¢ TeMIepaTypoH
nraBaeHUs 74-76°C. OOpaTHBIA aleTOH U BOAY IIOCAE peTreHepaliy MOJKHO
CHOBA MCIIOAB30BaTh B IIPOIlecce.

TexnoAOTHYeCKasd cxeMa NOoAydeHUs N-MeTUAMOPPOAMH-N-OKcHpa (MoO-
HOTHAPATa) 2 MpHUBeAeHa Ha PUCYHKe.

.._r:[ LG l
~+—Paccon

\i\/Ha PuneTpaymio

Puc. TexHonornyeckasi cxema npouecca cuHTesa N-metunmopdonuH-N-okcnaga (MoHorngpa-
Ta): 1 — peakTop; 2 — MepHUK MopdonuHa; 3 — mepHUuk H,Oz; 4 — MEPHUK aLeToHa; 5 — pekTu-
dukaLmoHHas konoHka; 6 — ocagutensNMMO; 7, 8, 9 — koHaeHcaTopbl, 10 — NPOMEXYTOYHbIN
cocya.

IlpepraraeMass TexHOAOTHYECKAA cxeMa II0 cuHTe3y NMMO (MmoHOrHMApa-
Ta) BHeppeHa B VMIHCTUTyTe NpuUKAapHON xuMuu ApmeHuu (APUAK).

Pabora BBIMOAHeHa IIpu (PUHAHCOBOM IIOAAEP’KKe ['0CypapCTBEHHOTO
KOMHUTeTa [0 Hayke MwuHHCTepcTBa OOpa3oBaHUsA U HayKud PecnyOAauku
Apmenuda (mpoekt NeSCS 15T-1D348).

N-UGR-PLUNLDALPL-N-O-LUPYD (UGN LANPELESH) USUSU WL
TLEUPNL SELALNGPUESE USUUNFUL

U N, SUULURSUL, 6. U ATALUUUENSUETL, U 9. UUrUNU3Yy,
U. U. SU3N83UL U N, U. UR-R-Ur3UL
Neunciliwfipsfby & N-dbefafysdnpryfi-N-opufupfs uflsf@lyp o dyuilysfly § fbpdfibsfu upti-
[lgf wihfusfnls wnbifulinynigfuljuls grpdplfdugp :
N-Ubfdfysinp fryfits=N-opufupfr hfsprusmidudts fusplonpungneyh Syuslsuslyme fFyncbips Jossyusbined §
bpuitincd, ap wyl pglbugpuluds jnsps § Quifuuined glyngnguyf Qudup: N-Ubffydnp-
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DEVELOPING WASTELESS TECHNOLOGY FOR
N-METHYLMORPHOLINE-N-OXIDE (MONOHYDRATE) SYNTHESIS

A. H. HASRATYAN?, G. A. BAGHDASARYAN®, A. J. MARKOSYANDP,
S.S.HAYOTSYANPand H. S. ATTARYANP

anstitute of Applied Chemistry "ARIAC", Republic of Armenia
5/2, Artashat Ave., Yerevan, 0053, Armenia
bThe ScientificTechnological Center of Organic
and Pharmaceutical Chemistry NAS RA
Institute of Organic Chemistry
26, Azatutyan Ave., Yerevan, 0014, Armenia
E-mail: baghdasaryangayane@rambler.ru

As an alternative to the viscose production, some amount of the cellulose fibers are
produced by the lyocell process by dissolution of cellulose in a polar organic solvent —
N-oxide of N-methylmorpholine (NMMO) which has strong donor properties, forming
hydrogen bonds with cellulose molecules, leading to swelling and dissolution. The area
of usage of NMMO involves also its usage as a co-oxidizing agent in fine organic
synthesis as well. Thus the development of the technological process for the synthesis of
NMMO is an actual issue for the chemical industry.

The first stage of the process — oxidation of N-methylmorpholine by the hydrogen
peroxide at the temperature of 70°C for 2-6 hours is well known in the literature.

The second stage is the crystallization of the product — NMMO monohydrate from
the obtained aqueous solution. The procedure described in the literature, with the
application of azeotropic distillation of water with benzene is not applicable for the large
scale production as the final product is not sufficiently pure and does not have a
marketable condition i.e. the NMMO monohydrate is not obtained as crystals. Other
method suggests the usage of high boiling DMF for the crystallization.

For the crystallization of NMMO we suggested the alternative way, by simple
pouring of the reaction mixture from the bottom valve of the distillation apparatus into
acetone, the white crystalline form of NMMO monohydrate is obtained. The regenerated
acetone can be further used for the precipitation of NMMO.

The presented technological scheme of the synthesis and precipitation of NMMO is
implemented in the Armenian Institute of Applied Chemistry (ARIAC).
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= Readan Excerpt

B 2016 roapy umspareabctBo John Wiley & Sons omyOAMKOBaAO KHUTY
"ACUMMETPUYECKUHN CUHTE3 HEOEAKOBBIX aMUHOKUCAOT', aBTOpaMU KOTOPOU
aBAsatoTca akapeMuk HAH Pecnyoaunku Apmenusa CarusaH A.C. u npodeccop
Yuusepcuteta Poctoka (I'epmanmsa) I1. Aanrep. ABTOPBI AAaHHOUW pPaOOTHI
NIpU3HAHBI KCIepPTaMU MEeKAYHAPOAHOTO Kaacca B OOAACTH acMMMeTpuue-
CKOTO CHHTe3a HeOEAKOBBIX aMHHOKUCAOT. OTa KHUTA SBASETCS AOTHUYECKUM
IPOAOAKeHHeM MoHorpaduu akapeMumka HAH Pecnybauku Apmenus Ca-
rusgHa A.C. 1mop Ha3zBaHHEM "OHAHTUOMEPHO YHCThble HeOeAKOBble aMHHO-
KUCAOTHEL. CriocoOrl nmoaydeHusa', uspanHod B 2010 r. B uspaTeabcTBe “Hay-
ka" (Mockga).

KHmura mocBsimeHa MeTOAAM IIOAYYEHUSI HEeOEeAKOBBIX aMHUHOKUCAOT B
9HAHTUOMEPHO YHCTON (POpMe C TOAPOOHBIM PACCMOTPEHWEM OMOMHMETH-
YeCKHUX IIOAXOAOB. B Hell AeTaAbHO aHAAU3UPYIOTCS UCCAEAOBAHUS IIOCAEA-
HUX AeT B 0OOAQCTH KATAaAUTHYECKOTO U CTEXMOMETPUYECKOTO acCMMMeTpuye-
CKOTO CHUHTe3a aMHUHOKHCAOT, IIPUBOASTCSI OCHOBHBIE PE3YALTAThI MCCAEAO-
BaHUM HM3BECTHBIX yUYeHBIX, 00O00IIAI0TCd COOCTBEHHBIE MaTepHaABl. ABTOD
BBIAEASIET HECKOABKO Pa3AWYHBIX KaTAAUTHYECKUX M CTeXHOMETPUYEeCKUX
aCUMMeTPUYECKUX METOAOB UX CHHTE3a.

MoHorpadus cOCTOUT U3 ABYX YacTel: IPUPOAHBIN CHHTE3 HeDEAKOBBIX
aMUHOKUCAOT, MEXaHU3MBl U MOAEAMPOBaHUe; aCUMMeTPUUYEeCKUN CHHTe3 He-
OEAKOBBIX (-aMHUHOKMCAOT.

KHura peKoMeHAyeTCsI AT HayYHBIX PaOOTHUKOB, aCIUPAHTOB U AOKTO-
paHTOB, PaboOTAIOINX B OOAACTH aCUMMETPUYECKOTO CHHTE3a aMUHOKUCAOT,
CHHTe3a NEeNTUAOB, CTEPEOXVMUYN, MEAUTTMHCKOW XUMHUH, OMOXUMUY, OMOTEX-
HOAOTHH.
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Buumanuro asmopos!

Hoopobuyro ungopmayuro o «Xumuueckom dcypuane Apmenuw», cooepiicanue
HOMepO8 JHCYPHALA 6 paduuecKoll popme u aHHOmayuu cmameil, 20008ble AGMOPCKUE
yKazamenu, a mMaxdce pasgepHynivie npaguid Ois Aemopos MONXCHO NOIYHUNb 8 Cemu
Hnmepnem no aopecy: http://chemjournal.sci.am « www.flib.sci.am

IIPABUJIA J1JIS1 ABTOPOB

OO0mme nonoxxeHNs

K my6muxaryu B «Xumuueckom sicypuane Apmenuuy IpUHIMAIOTCS MaTEPUAIIB, COJAeprKa-
mye pe3ylbTaThl OPUTHHAIBHBIX HCCIEJOBaHUH, O()OPMICHHBIC B BHIE MOJHBIX CTaTeil, KpaT-
KHX cO00IIeHHU 1 m1ceM B peaKIHIo.

Kypnan mybmukyer paboTsl 10 BCceM HANPABJeHUSAM XHMHYeCKOH HAYKH, B TOM YHCIIE TI0
oO1ielt 1 HeOPraHUYECKOM XUMUH, HU3NIECKON XUMHUH U XUMHUYECKOH (pH3HKe, OpraHnIecKo Xu-
MHH, METAIJIOOPraHMYEeCKON M KOOPAUHAIIMOHHON XHUMHH, XHMHH TTOJIMMEPOB, XMMHUH IIPHPOIHBIX
COeIMHEHNH, OMOOPTraHNIECKOH XUMUH U XMMHH MaTEePHaJIOB.

Cratby, npeularaeMble K MyOJIHKalMy B pasjeiie OMOOPTaHWYECKOH XUMHH, TOJDKHBI OBITH
TIOCBSIIICHB! MOJYYSHUIO HOBBIX IMOTCHIHMAIFHO OHMOJOTHYECKH aKTHBHBIX COCAWHEHHH, B TOM
YHCIIC U BBIICIICHHBIX U3 IPUPOAHBIX 00beKTOB. IIpH onncaHnu HOBBIX BelecTB, 00/1a1aI0IHMX
3HAYUTEJILHOI (B CPaBHEHUHM C MPHUMeHsIeMbIMH B MeULIMHE JIEKAPCTBAMHU) GHOJIOTr HYeCKOH
AKTHBHOCTbIO, CTaThi MOXET COJCPXKaTh pe3ylbTaThl OWOJIOTHUECKUX HCCIIEIOBaHHUIA,
BKJTIOYAIOIINE CCHIIKM HA HCIIOJB30BAHHBIE METOJBI H3y4YEHUS OMOJIOTHUECKOH AaKTHBHOCTH,
nHpopManMI0O O THIE HCIOJB30BAaHHBIX OHOOOBEKTOB, AKTHBHOCTH M  TOKCHYHOCTH
CHHTE3MPOBAHHBIX MPENapaToB B CONOCTAaBIEHHHM C COOTBETCTBYIOLIMMH IOKa3aTeNsIMU
MIPUMEHSEMBIX B MEMIHHE JEKapCTB.

B 3akiroueHun ciienyeT NPHUBECTH KPaTKUi apryMEHTHPOBAHHBIH BBIBOJ| O CBSI3H MEXAY
CTPYKTYpOH M OHOTOTHYECKOH aKTUBHOCTBIO MICCIIEIOBAHHBIX COeMHEHNH. OmmyOIMKOBaHHBIE Ma-
TepHuaibl, a TAKkke MaTepHaibl, MPEACTABICHHbIE IS MyONMKalWu B APYTHX JKypHaIax, K pac-
CMOTPEHHIO HE TIPHHAMAFOTCSL.

ABTOpCKHE 0030PbI TOJDKHBI TIPEICTABIATE CO00H 0000IIEHHE U aHAJIH3 PE3YIbTATOB UK
paboT 0JTHOTO MJIM HECKOJIBKUX aBTOPOB MO €AWHOI TeMaTHKe.

IMonHBIE cTAaTBH PUHUMAIOTCSI 00BEMOM 10 12 cTpaHuil, 00beM KPaTKOT0 COO0IIeHnsT —
He Oosiee S5 CTpaHMIl MalIMHOMUCHOTO TekcTa. [IuchbMa B pegaKmuIo TOJDKHBI COAEPKATh U3JI0-
JKEHHbIE B KpaTKol (opMe HaydHbIe pe3yNbTaThl MPUHINIHAILHO Ba)KHOTO XapakTepa, Tpedyro-
mye CpovHOH myOnuKkanuy. Pemakuust ocTaBiseT 3a cOO0H MpaBoO COKPAIIaTh CTaThH HE3aBUCHMO
0T uX o0BeMa.

J1st myGJuKanMK CTATBH aBTOPaM Heo0X0AMMO NMpPeACTABUThL B PEJAKIHIO cleaylolue
MaTepUaJIbl i JOKYMEHTBI:

1) HampaBJIeHUe OT opraHuzanuu (B 1 3k3.);

2) skcneptHoe 3akimodenne (it rpaxaad PA) (B 1 9k3.);

3) noanucaHHBIN BCEMU aBTOPaMH TEKCT CTaThbU, BKJIIOYAsl aHHOTAILMIO, TAOIHUIIbI, PUCYHKH U
HOJMHUCH K HUM (Bce B 2-X 3K3.);

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

Cratps JODKHA OBITH HaNMCaHa CKaTo, aKKypaTHO O(OpPMIICHA M TIIATEIBHO OTPENAKTHPO-
BaHa. He nomyckaercst my0impoBaHue OHHUX U TEX XKe JaHHBIX B TaOJUIIaX, B CXeMaX M PUCYHKaX.

ABTOp HeceT MOJNHYI0 OTBETCTBEHHOCTH 3a JOCTOBEPHOCTH SKCIIEPHMEHTAIBHBIX JaHHBIX,
MIPUBOANMBIX B CTaThE.

Bce CTaTby, HANIPABIISIEMBIC B PEAAKIINIO, MTOABEPTAOTCSA PEHECH3UPOBAHUIO U HAYYHOMY pe-
JAKTHPOBAHUIO.

Crartbsi, HalpaBJeHHasi aBTOpaM Ha JA0pabOTKy, TODKHA OBITH BO3BpAIleHA B UCIIPABICHHOM
BHUJIE BMeCTe ¢ ee epPBOHAYAILHBIM BADHAHTOM B MaKCUMaJIbHO KOpoTKHe cpokH. K mepepado-
TAQHHOU PYKOIIUCH HEOOXOANMO IIPHIIOKUTH MUCHMO OT aBTOPOB, COJIeprKalee OTBETH! Ha BCE 3a-
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MEYaHHS ¥ KOMMEHTApUH U MOACHAIOLIee Bce BHECEHHbIC H3MeHEeHUs. CTaThsl, 3a/lep:KaHHAs Ha
HcnpaBJieHHN §oJiee IBYX MecsilieB WJIM TPeOYIOIasi IIOBTOPHOIi nepepadoTKH, paccMaTpH-
BaeTcsl KAK BHOBb MOCTYNHBLIAS.

Penakims nockuiaer aBTopy nepes HabopoM Ul NPOBEPKU OTPEAAKTHPOBAHHBIN SK3EMILLIP
CTaTbU U KOPPEKTYPY.

CrpykTrypa nyoaukanui

[Tybnukarnyst 0030poB, MOJHBIX CTaTeii M KPATKHX COOOIIEHMIl HAUMHACTCS C HHJICKCa
VJK, 3aTeM cremyroT 3arjiaBue CTaTbu, HHUIMAIBI U (paMHUIMU aBTOPOB, Pa3BEPHYTHIE Ha3BaHMS
HAYYHBIX yUYPEXKICHUH, MONHBIE MOYTOBBIE aJpeca C MHIEKCAMHU IMOYTOBBIX OTIENEHHH, HOMepa
(akcoB U azapeca HIEKTPOHHOW MoYThHL. [lanmee mpuBOIUTCS KpaTkas aHHOTauus (He Gomee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaToOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B cratesax TeopeTHyeckoro u Gpu3NKO-XHMHYECKOI0 XapaKTepa MPUBOAATCS CXKaTOE BBeE-
JICHHE B IIpoOJIeMy M ITOCTAaHOBKA 33/1a9H MCCIISIOBAHMS, SKCIIEPUMEHTANbHAsT WM METOANIECKast
4acTh, 00CYXKJICHHE IOJTYYCHHBIX PE3yJIbTaTOB C 3aKJIOYeHHeM, a B CTaThsiX, MOCBSIIIEHHBIX
CHHTe3y, — 00IIast 4acTh (BBEICHUE U 3a/[ada UCCIE0BaHN), 00CY)KIEHHE ITOIyIeHHBIX Pe3yiIb-
TaTOB C 3aKJIIOYEHUEM U HKCIIEPUMEHTANIbHASI 4acTh. PUCYHKU ¢ IOJAPUCYHOUHBIMH NOAIUCAMU 1
TabNUIBl MOTYT OBITH BBEJICHBI B TEKCT. B MHCbMax B peaKIUI0 aHHOTALUS HAa PYCCKOM S3bIKE
HE MPUBOAMTCS W pa3OUBKa Ha pas3zensl He Tpedyercs; matotcs unaekc Y /K, Ha3BaHue crarthby,
WHHAIMANEl ¥ (aMIIAE aBTOPOB, HAa3BaHHE HAYYHBIX YUIPEKACHHI M HMX ajgpeca, pe3loMe Ha
apMSHCKOM U aHTJIMICKOM SI3BIKaX.

I'paduueckuii peepar npunaraeTcs Ha oTAenbHON crpanuie (120x55 MM) U mpeacraBiser
c000if HH(POPMATHBHYIO HILTIOCTPAHIO (KIIOUEBYIO CXEMY, CTPYKTYPY COCANHEHHS, ypaBHEHHE
peakuu, TpaguK U T.I.), OTPAXKAIOIIYIO CYThb CTaTbu B rpaduyeckoM Buae. Tekct B rpaduue-
CKOM pedyepare JOIyCKaeTcs TONBKO B Cllydae KpaiiHell HeoOXOAUMOCTH, IPH 3TOM clieqyeT u3be-
rath TyOnnupoBaHMs HAa3BaHUS CTaTbU M TEKCTA AaHHOTAIUN.

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

Ipumep odopmiIeHHst 3arJIaBUSI CTATHH, CIIUCKA ABTOPOB,
aIPecoB yUpPeKIeHMIl, AHHOTAIMM.

ACHUMMETPAYECKHUI CUHTE3 -TETEPOLUMKJINYECKU
3AMEIIEHHBIX L-a-AMUHOKHUCJIOT

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

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

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

S MHCTUTYT 3/eMEHTOOPraHMYECKHX COeIHHEHHUIT

uM. A. H. HecmesiHoBa Poccuiickoil akageMuu Hayk
Poccwuiickas @eneparys, 119991, Mocksa, yi. Basunosa, 28
dakc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
® Uucruryt oprannueckoro karaiausa IFOK Yuausepcurera r. Poctok
I'epmanus, Poctok, [I-180055, byx6unnep mrpacce, 5-6
daxc: E-mail:

PaspaboTtaH HOBbI 3PEeKTUBHBLIA METOL acMMMETPUYECKOTO CUHTE3a [-reTepoLMKInyYecku
3aMelLLeHHbIX L-0-aMWHOKMCNOT NoCpeacTBOM NpucoeavHenns 3-amuHo-1,2,4-tnagmasona n 5-mep-
KanTo-1,2,4-Tpna3onos, coaepXallumx pasfnuyHbie 3amecTutenn B nonoxerHusx 3 n 4, k C=C cBsian
Ni(Il) komnnekca ¢ ocHoBaHuem LUndda aermgpoananunHa u (S)-2-N-(N’-6eH3unnponun)ammHobeH-
30¢peHoHa.
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IIpumeps! opopmirenus rpadpuyeckux pedeparon

O B3aumopeiicrBuu N-aJKHJIIMMHHOB € alETOYKCYCHBIM 3 HpOM

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

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

KuneTHKa BBICOKOTEMIIEPATYPHOI0 230THPOBAHUS TAHTAJIA B H30TePMHYECKHUX

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

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

Odopmienne crateil B «XHMHYeCKOM KypHaJie ApMeHUN»

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

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

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

Cnucok NUTHPYEMOIi JINTePaTyPhI J0JDKEH BKIIIOYATh CChIIKM Ha HauOoJjee CyNIeCTBEHHbIE
paboThI 10 TeMe CTaThbH. B TeKCTe CTaTbu JOJDKHBI OBITh YHOMSHYTHI BCE CCHIIIKH, IPUBEICHHbIC
B CITHCKE JIMTEPATyphl. B TEKCTe CCHIIKM Ha JIMTEPATypy JAalOTCs B KBaJPaTHBIX CKOOKaxX M HyMe-
PYIOTCS CTPOro B MOpsiAKe MX ynoMuHaHusi. CHMCOK JUTEpaTyphl Meyaraercst Ha OTACIbHOM
CTpaHHUIIE C YKa3aHUEM HHUIUAIOB U (GaMUIIHI BCceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

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

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

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

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

IIpy HUTHPOBAHNM PYCCKOSI3LIYHOTO KYPHAJIa, MepeBOIUMOro 3a pyoexom, HE0OX0u-
MO HPHBOJHUTH CCHIIKY M Ha aHINIOA3bIYHY0 Bepcuio. Hampumep: Jlaiikos JI. H., Ycreiniok HO.
A.// H36. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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Iamenmor: A.c. 9854 CCCP // F./., 1978, 61. unu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Kosanes b.I'. ABroped. amcc. «....» JOKTopa XUM. Hayk. ['opox, HHCTHTYT,
rof, CTp.

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

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

CchIIIKH Ha HeoNmyO0JIMKOBAHHBIE Pe3yIbTATHI H YaCTHBIE COOOLIEHHsI TAIOTCS HCKITIOH-
TEJILHO B BUJIE CHOCOK, @ B CITUCKE JINTEPATyphl HE IPUBOJATCS U He HyMepytoTcs. [Ipu iutuposa-
HUH HEOMyOJIIMKOBaHHBIX pa0OT U YAaCTHBIX COOOLICHUI HEOOXOJMMO MPEICTaBUTh PAa3peIICHUE OT
JIMLA, HAa YbH JaHHbIE IPUBOJUTCS CCHUIKA.

MMamsaTka s aBTOpPOB

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

Obuiue nonosceHus

Marepuainsl, IpeICTaBIsIEMbIE B PEIAKIIHIO:

[J ¢aMumsi, ©Ms1, OTIECTBO U KOOPAMHATHI JINLA, C KOTOPBIM pelaKIus T0JDKHA BECTH Tepe-
MUCKY (IIOYTOBBIN agpec, HOMep TenedoHa, HoMep (akca, aapec dMEKTPOHHON NoUTh). DaMuust
aBTOpa, OTBETCTBEHHOTO 32 MEPENHCKY, JOIDKHA OBITh OTMEUYCHA 3BE3A0YKOM.

[] HampaBJIeHHE OT OpraHU3aIUU

[] skcnepTHOE 3aKiIodyeHue (11 rpaxaal PA)

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

[ rpaduyeckuii pedepar

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

[J magexc YK

[] HazBaHMe cTaThu

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHE HayYHOUH OpraHU3aluu

[ moYTOBBIH azpec ¢ UHAEKCOM

[ dpaxc

[l agpec 3MeKTPOHHON MOYTHI

[] arHOTanNA

[] coOOCTBEHHO TEKCT CTATbH

[] BBeIeHME

[] mocraHoOBKa 3a7a4n

JJIs1 cTaTel (PU3MKO-XUMHYECKOI TEMATHKU:

[] sKCIIepUMEHTaNbHasl YacTh

[] 00CyXIeHHE TTOJIyYSHHBIX PE3Y/IbTAaTOB C 3aKII0OUEHUEM

JJIS cTaTeil, MOCBSIIEHHBIX CHHTE3Y:

[J o0CyXIeHHE TTOTyYeHHBIX PE3YJIBTATOB C 3aKITIOYCHUEM

[J BKCTIepUMEHTANbHAs YacTh

[J brmaromapHOCTH

[] cnMcoK JuTepaTypsl
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Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

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

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

[1Bce Tadau1pbl, cXeMbl, PUCYHKH, COEIMHEHUS] M CCbIJIKH HA JIUTEPATYPY AODKHBI HyMe-
POBATHCS CTPOTO B MOPAAKE YIOMUHAHHUS B TEKCTE.

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

[/PucyHKH CHEKTPOB HE JOJDKHBI OBITH BHIITOIHEHEI OT PYKH.

[/Bce ucrone3yemble a06peBHATYPHI U COKPALIEHHs! JOIDKHBI COOTBETCTBOBATH IIPHBE/ICH-
HoMy B [IpaBminax U1 aBTOPOB CIMCKY WM paciIi(pOBEIBATHCS NP MIEPBOM YIIOMHHAHUH.

[]laHHBIE PEHTI€HOCTPYKTYpPHOTO HCCIIEJOBAaHMS CIEIyeT IPEACTaBISATh B BUAE PUCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAaHHBIMH aTOMaMH) HJIM KPUCTALTMYECKON YIaKOBKH U TaOHI,
coZiep)KalnX Heo0XO0AMMble FeOMETPUYECKHIE XapaKTEPUCTHKU MOJIEKYJ (OCHOBHBIE JTMHBI CBS-
3¢if, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

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

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

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