< U3UUSULh
£hupuyidlv <UVRGU

-

XMMHECKVM HKYPHAJI APMEHWA

o

CHEﬂleL JOURNAL OF ARMENIA




Gjuwrnp Judpwghp’ Uwnyui WU,

G (Juunp udpugph funphppunnt’ Uwipwjui W.N.

G Juurdnp udpwgph nbnuljuabp' Towpunpyui U.L.
Nnjwljhdjwi U.d-

Nunnwufuwtwnnt pupnninup’ Uwhwljjwui U.U.

ULAUGLUEYTL UALESQDPU

Upulittnt U (uwunufuw@wnn  judpughp), Gwtwgmput @S (uuoonwujuwdunnn
ludpwighp), vwswnpuwy <G, Anghlywy S.d., Snunyuwt U, (unwujuwiwnn udpwghp),
Owunyuwu .U, Aliind &N, (HY}), Funpgyuu L. (BWUTL), Fnpnd JLU. ((HY)), Swpnieyniunyg
d.U. (Y), Uil J.b. ((¥Y), LBhEjwh 6. (buwghu):

['maBHBIA pegakTop Carsan A.C.
KoHcynpTaHT r1aBHOTO peakTopa ManTamsia A.A.
3aMeCTUTEIH [NIABHOTO pelakTopa OBakumsn M.K.
Xapatan C.JI.
OTBETCTBEHHBIH CEKpeTaphb Caaxksn C.C.

PEJAKINUOHHASA KOJJEI' U

ApcenTtrseB C.A. (OTBeTCTBEHHBIN pepaKTop), AaHaryasH [.I'. (OTBeTCTBeHHBIN pepak-
Top), Kounkan T.B., [Nanocau I''A., ToHosH A.O. (OTBETCTBEHHBIN pepaKTOp), XadaT-
psaH AL, ApytionoB B.C. (Poccus), beaos I''Il. (Poccus), I'eoprsu B.H. (CLLA), Ay-
poB B.A. (Poccus), Keresan E. (Utaaus), Manrees B.M. (Poccus).

Editor-in-chief Saghyan A.S.
Editor-in-chief Consultant ~ Mantashyan A.A.
Deputy Editors Kharatyan S.L.
Hovakimyan M.Zh.
Responsible Secretary Sahakyan S.S.

EDITORIAL BOARD

Arsentev S.D. (executive editor), Ghochikyan T.V., Danagulyan G.G. (executive editor),
Khachatryan H.G., Panosyan H.A, Tonoyan A.H. (executive editor), Belov G.P. (Russia),
Gevorgyan V.N. (USA), Durov V.A. (Russia), Harutyunov V.S. (Russia), Keheyan Ye. (ltaly),
Maleev V.I. (Russia).

“Xumuueckuti ncypnan Apmenuu” pecghepupyemcs
6 “Chemical Abstracts” (CIIIA) u P>KXum (Poccus).

http://chemjournal.sci.am

www.flib.sci.am



AWMACTAHU KUMHUAKAH AHJEC

“XumMuuyecKuu KypHaa ApmeHuu’ siBasiercsas opranom Ha-
HUOHAJbHON AKanemMuu Hayk ApmeHnu. B HeM nmyOGamkyorcs
pe3yabTaThl TEOPETHYECKUX M IKCIEPUMEHTAJTbHBIX HMCCJENO0-
BaHWUW, TMPOBOJAUMBIX B HayYHO-HCCJIEIOBATEJIbCKHX HHCTH-
TyTaX, By3ax W JJabopaToOpUsX MPOMBIIIJIEHHBIX MPeINPUITUN
ApMeHNH W ApPyrux pecmyOoJuK B obJjacTH oOmeu, ¢pusmue-
CKOW, HeOpPraHMYeCKOW, AHAJUTHUYECKOW, OPraHUYeCKOd U
OMOOpPraHMYECKONW XWMHUHU, XUMHUECKOH (PU3MKHM U XHUMHU-

YeCKOHM TE€XHOJIOTHH.

Berxoput 4 pasa B roa.

PepakunoHHas KOMNEerus  XXypHana NPOCUT  HanpaeAsTb  CTaTbM
no agpecy: Pecnybnuka Apmenus, 0019, Epesan, np. Mapwana Barpamsna, 24r,
Ten: 56-08-31.

Address: Chemical Journal of Armenia

249, Marshal Baghramyan Ave., 0019, Yerevan, Republic of Armenia
Phone: (374 10) 56-08-31

E-mail: chemjournal@sci.am

Website: www.flib.sci.am

KommnblorepHast Bepctka AHauT AKomsiH

E-mail: anulyamour@rambler.ru

Anpec pepakuuu
0019, EpeBaH, np. Mapwana barpamsiHa, 24—r, Il atax, 2 k., Ten. 56-08-31

CpnaHo B Habop 10.08.2019. MopgnucaHo k neuatn 10.09.2019.
Bymara dupmeHHas. Habop komnbioTepHbIi.

MNeu. nuctoe 10,5. Tupax 150. 3aka3 Ne78.
Uspatenbcteo HaumoHanbHoi Akanemun Hayk Pecnybauku Apmenus
0019, Epesan, np. Mapwana barpamsiHa, 24—r.

LleHa porosopHas.


mailto:chemjournal@sci.am

IT'PAOUYECKHUE PE®EPATHI

Reaction pathway in the WO;-NiO-Mg-C system. DTA/TG study.
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REACTION PATHWAY IN THE WO;-NiO-Mg-C SYSTEM.
DTA/TG STUDY

M. K. ZAKARYANY?, O. M. NIAZYAN?, S. V. AYDINYAN*® and S. L. KHARATYAN??
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The reaction pathway for the joint reduction of nickel and tungsten oxides with the use of Mg/C
combined reducer was studied by DTA/TG technique. It was revealed that reduction of the metal
oxides is initiated with double-stage magnesiothermal reduction (reducing the nickel oxide, firstly,
and tungsten oxide, secondly) at temperatures near the melting point of magnesium. The
carbothermal reduction process started later. Then at 900 °C MgWO, salt formation occurs by the
interaction of unreduced tungsten oxide with the formed magnesium oxide. According to the data
obtained, the heating rate essentially affects stepwise nature of the process. With decreasing the
heating rate the magnesiothermal reduction stages were completely splitted.

Figs. 8, references 23.

1. Introduction

Tungsten is an ideal choice in space vehicles and fourth generation
nuclear reactor applications [1,2]. However, tungsten applications are limited
due to high ductile-brittle transition temperature. Nickel addition modifies
the core of dislocation which results in reduction of Peierls stress and
enhances the ductility. Moreover, Ni addition facilitates liquid phase
sintering to improve densification owing to lower melting point [3-6].
Thanks to that, W-Ni alloys have been adopted for many engineering
applications due to their excellent physicochemical properties. High
mechanical strength, high Young's modulus, low thermal expansion, good
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ductility, excellent resistance to corrosion and radiation, as well as good
formability and non-radiation pollution render their performance as mass
balance, radiation shielding, corrosion and wear-resistant materials and
attractive candidates for using as kinetic energy penetrators to replace the
depleted uranium alloys [7,8]. W-Ni alloys are usually fabricated by
conventional powder metallurgy (PM), however it consumes too much
sintering time and energy and mechanical properties are low due to the
coarse grain microstructure of tungsten [9]. Therefore, recent reports
illustrate the need of new synthesis technologies to reduce grain size and
refine microstructure to improve mechanical properties [10-13]. Energy-
saving self-propagating high-temperature synthesis (SHS) or combustion
synthesis (CS) provides a technological advance for the synthesis of metal
powders, alloys and nanocomposites of high purity in a controllable thermal
regime. Due to the application of reactions coupling approach the reduction
of metal oxides can be performed at relatively low temperature mode using
Mg+C combined reducers [14-16].

However, considering that combustion processes are characterized by
high temperatures and high self-heating rates of substances in the
combustion front, considerable difficulties arise for exploring the interaction
mechanism of the combustion process and optimizing synthesis conditions.
Thermal analysis is a very powerful method ranging from exploring
interaction mechanism to optimizing synthesis conditions and testing
materials properties.

According to the available literature data, the mechanism and kinetics of
reduction of separate oxides of tungsten and nickel was recently explored
[17,18]. It was revealed that the reduction of nickel (Il) oxide with
simultaneous utilization of Mg and C is initiated by Mg, followed by
simultaneous action of magnesium and carbon, and at the end of the
magnesiothermal process the second stage of the carbothermal reduction
started leading to the formation of nickel powder. It was established that
utilization of Mg/C combined reducer allows to mitigate the reduction
temperature of NiO and to decrease the activation energy values compared to
the separate carbothermal and magnesiothermal reduction reactions due to
the synergistic effect of combined reducers. In the WO3-Mg-C ternary
system [18] the reduction starts with solid Mg, then continues with stepwise
carbothermal reduction of tungsten oxides, and the reduction temperature is
shifted to higher temperature range compared to separate magnesiothermal
reduction process. However in all cases the reduction completes before
temperature reaches melting point of Mg.

The combined reduction of two metals is also of considerable practical
interest, since it is precisely the joint reduction of Ni and W that allows to
obtain Ni-W composites/alloys with a more uniform microstructure. Thus,
co-reduction of WO3 and NiO oxides with the help of the combined reducing
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agent Mg/C is the main task considered in this study. XRD analysis of the
quenched products together with the kinetic data of the reduction processes
at various stages were used to elucidate the reduction mechanism under non-
isothermal conditions by the DTA/TG method.

2. Materials and methods

The experiments were carried out by differential thermal (DTA) and
thermogravimetric (TG) analysis methods using Q-1500 instrument
(Derivatograph Q1500 MOM, Hungary). The reactive powder mixture (80-
200 mg) was placed into one of two crucibles. In the second crucible the
Al,O; powder was placed, which is used as a reference material. All
measurements were conducted in nitrogen flow (100-120 ml-min™). Heating
rate was programmed to be 2.5, 5, 10, 20°C-min.

As raw materials nickel (I1) oxide (reagent grade, Russia, TU 6-09-
4125-80), tungsten (VI) oxide (Pobedit Company, Russia, pure, high grade,
u<40  um), magnesium (MPF-3, Russia, pure, particle size
0.15 mm<u<0.3 mm) and carbon (P-803, Russia, u<0.1 gm) were used in
experiments.

3. Results and discussion

For better understanding of the reaction mechanism in the NiO-WO;3-
Mg-C quaternary system, firstly ternary systems ((NiO-WO3z-Mg), (NiO-
WOs-C)) were explored in the same conditions taking into account the
results obtained earlier for the binary (NiO-Mg, NiO-C, WO;-Mg, WO3-C)
and ternary (NiO-Mg-C, WO;-Mg-C) systems [17,18].

3.1. NiO-WO;-Mg ternary system

Figure 1 depicts DTA curve for the NiO+WO3+4Mg stoichiometric
mixture. As it can be seen, there are two peaks on the DTA curve (Tmax =
595, 645°C), which correspond to the exothermic reductions of the two
oxides (Fig. 1).

o]
DTA 645°C
65 -

55

45 -

595 °C
DTA ™~ L

35 4

25

T T T T ITPC
200 300 400 500 600 700

Fig. 1. DTA curve of the NiO+WO3+4Mg mixture, Vi, = 10 °C:min, m, = 80 mg.
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The first, weak peak appeared before Mg melting, illustrates the
reduction of oxide with a solid + solid mechanism. Unlike the latter, the
second reduction stage includes the reducer’s melting range.

In order to explore the interaction mechanism and particularly, find out
which oxide interacts with magnesium firstly, the heating was interrupted
and XRD examinations were performed respectively. The sample cooled
down from temperature 605°C besides initial reagents contains small amount
of reduced nickel (Fig. 2). XRD pattern of the sample cooled down from
690°C, contain also characteristic peaks of reduced tungsten. At higher
temperatures (910°C), the NiO and WO; are absent, however apart from the
target metals and magnesium oxide, magnesium tungstate, MgWO, was also
registered (Fig. 2). Thus, according to the data obtained, sequential reduction
of oxides occurs: at the first stage the magnesiothermal reduction of nickel
oxide takes place, followed by the joint reduction of both oxides. At higher
temperatures the MgWO, formation occurs by the interaction of unreduced
tungsten oxide with the formed magnesium oxide.

a-605°C, 1-Ni 4-MgWO,
b - 690 °C 2-Ni0O 5-MgO
c-910°C 3-WO; 6-W
6
4
4
S| a4 4 &ﬂl 6 4, 6
[ 4
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£ 3 3 5 3 6 3 3 H
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= 333 3 5
wwwwww RN 3_2 m_/%ﬂ\_’i\ﬁ}kf (. _}\,\__j'&ﬂjf \_W,‘\_‘mj\,;\,\__é
3
3 3 3
3 5213 3 3 E]
) ﬁ,ﬂwﬂiam AN A
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T T

20

15 25 35 45 55 65 75

Fig. 2. XRD patterns of the NiO+WO3;+4Mg reaction products cooled down from different
characteristic temperatures.

Comparing the obtained data with those for magnesiothermal reduction
of individual oxides, it becomes clear that in the case of joint reduction of
oxides, the sequence of reduction processes changes. Thus, according to
[17,18] the magnesiothermal reduction of tungsten oxide took place at a
lower temperature (581°C) compared with the reduction of nickel oxide
(664°C) by 80-85°C.

3.2. NiO-WO,-C ternary system

In the figure 3 the DTG curves for NiO+WO3+4C and 3NiO+WO3;+4C
mixture are shown. These attempts allowed to record two adjacent stages of
reduction processes on DTG curves. It was expected that the increase in the
NiO amount in the initial mixture will be expressed with more defined signal
on the DTG curve. Indeed, the increase of the amount of nickel oxide allows
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comprehending that the first stage is the carbothermal reduction of nickel
oxide, followed by the reduction of tungsten oxide. The conclusion is based
on the fact that when increasing the amount of NiO, spreading of the DTG
minimum within 825-920°C temperature range increases (Fig. 3) which
corresponds to the nickel oxide reduction area. The latter was followed by
the tungsten oxide reduction process (at 925°C).

DTG

93 1 NiO+WO5+4C

88 A
3NiO+WO3+4C

83 A w/
78 A
T T T T70C

73 T
100 300 500 700 900

Fig. 3. DTG curves of the NiO+WO;+4C, 3NiO+WO3+4C mixtures, Vi, = 20 °C-min™, m, = 200
mg.

Thus, by the introduction of tungsten oxide into NiO-C system, the
reduction of nickel oxide shifts to the higher temperature area (Fig. 4) as
registered in [18]. However, unlike magnesiothermal reduction of two
oxides, exchange of positions of reduction processes (in terms of sequence)
does not occur [17,18].

100 13nj0+wWO4+4C
DTG
= w
80 -
WO4+3C \
70 1
60 . . . .
500 600 700 800 900  TC°C

Fig. 4. DTG curves of the NiO+WO3+4C, NiO+C, WO3+3C mixtures, Vi, = 20°C-min?, m, =
200 mg.
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According to XRD analysis results obtained for the products of the
NiO+WO3z+4C mixture quenched at 960°C, nickel and tungsten oxides
interact at high temperatures with formation of nickel tungstate, NiWQO,,
(Fig. 5). Thus, instead of full carbothermal reduction, the formation of nickel
tungstate took place. It means that the reaction of salt formation proceeds
earlier/faster than carbothermal reduction, therefore nickel tungstate
reduction would take place at higher temperatures.
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Fig. 5. XRD pattern of the NiO+WOs+4C reaction product, T = 960°C, V}, = 20°C-min™.

3.3. NiO-WO;-Mg-C quaternary system

The kinetics and mechanism of combined reduction process of metal
oxides have been investigated from different points of view. It was found
that the reduction process of metal oxide mixtures is mainly characterized by
a stepwise course of reaction. As wusual, the initial reduction of
thermodynamically less stable metal oxides facilitates the reduction of the
others [19-21]. As an example, according to the [19] in the WO3/CuO system
the formation of metallic copper clearly accelerates the reduction of WO3.

As can be seen from the DTA/TG/DTG curves for the
NiO+WO3;+Mg+2C quaternary mixture (Fig. 6) the process was initiated
with double-stage magnesiothermal reduction (with T at 615 and 660°C).
The endothermic stage observed on the DTA curve at 645-650°C
corresponds to the magnesium melting. It can be concluded from the
behavior of TG/DTG curves (Fig. 6), that the decrease in the mixture’s mass
started after the magnesiothermal reduction (DTG, = 927°C).
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Fig. 6. DTA/TG/DTG curves of the NiO+WO3+Mg+2C mixture, Vi, = 5 ®min™, m, = 80 mg.

To find out the priority of reactions, the process has been interrupted at
630 and 700°C (after two magnesiothermal stages). The samples cooled
down from different temperatures were exposed to XRD examinations.
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Fig. 7. XRD patterns of the NiO+WO3+Mg+2C reaction products cooled down from different
temperatures.

According to the results obtained, the sample cooled down from 630°C
contains tungsten oxide, nickel oxide, magnesium oxide and reduced nickel.
In the sample cooled down from 700°C reduced tungsten was also observed.
When the temperature reaches 970°C, the MgWO, formation process begins
(Fig.7). Besides, presumably based on the TG/DTG curves (Fig. 6), carbon
began to participate in the reduction process. It can be concluded, that the
reduction process starts by magnesium reduction of the nickel oxide, firstly,
and tungsten oxide, secondly. Later, the reduction process was continued by
carbon that reacts with the rest oxides. At much higher temperatures the
MgWO, salt formation took place.
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The examinations for the NiO+WO3;+Mg+2C mixture were performed at
various heating rates for exploring influence of the heating rate on the
reaction pathway. As can be seen (Fig. 8) the heating rate essentially affects
the expression of the stepwise nature of the process. With decreasing of the
heating rate the exothermic magnesiothermal reduction stages were splitted
completely. In the case of 20%min™ heating rate, the stages are completely
overlapped (Fig. 8).
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Fig. 8. DTA curves of the NiO+WO3;+Mg+2C mixture at various heating rates.

3.4. NiWO,-Mg-C system

The series of experiments were carried out for the NiWO4-Mg-C system
too, for clarifying the difference between the mechanisms of the oxides and
salt reduction processes. Some outcomes could be enumerated from the
examinations: (i) magnesiothermal reduction of the initial salt NiWO, starts
before magnesium melting, (ii) addition of carbon leads to the shift of
magnesiothermal reduction to higher temperatures and the reduction starts
by molten magnesium, (iii) carbothermal reduction process doesn’t proceed
in the given temperature range and in the presence of carbon further
reduction process is inhibited. It is worthy to note that magnesio-
carbothermal reduction process for this system is completely different from
those for the CuMoO, and CuWQ, [22-23]. Unlike those, in this case the
potential temperature domain of the used device is not enough for complete
reduction of both metals from the initial NiWO,.
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HUccnenoBan Mexanu3m BoccTaHoBieHust okcuoB NiO 1 WO3 KOMOHHHPOBaHHBIM
BoccranoButeseM MQ/C B ycrnoBHSX JTHHEHHOTO HAarpeBa. Y CTAHOBICHO, YTO IMPOIECC
HAYMHAETCS JBYXCTAIMWHBIM MAarHe3MOTEPMUYECKHM BOCCTAHOBJICHHEM METAIJIOB
(cHayama OKCHAa HUKEJS, 3aTeM OKcuaa Boib(pama). KapboTepmuueckoe BocCcTaHOBIIE-
HHE MPOTeaKeT IpH OoJiee BBICOKUX TeMmIeparypax. [Ipu aTom Habmogaercs Takxke 00-
paszoBanue conu MgWO,. CornacHo NOJIy4eHHBIM JaHHBIM, CKOPOCTh HarpeBa CyLIecT-
BEHHO BJIMSI€T Ha MpPOSIBJIEHUE CTYNEHYAaTOM MPUPOABI Mpolecca BOCCTaHOBIEHUS. B
YaCTHOCTH, C YMCHBIICHUEM CKOPOCTU HArpeBa 5K30TEPMUUCCKUE CTAAUN MAIrHE3UOTEP-
MHUYECKOT0 BOCCTAHOBJICHHUSI TTOJTHOCTBIO Pa3estOTCsl.
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KBaHTOBO-XMMMUYECKUMW pacyeTamn C Ucnonb3oBaHuem rmbpuaHbix metogos B3LYP n M06-
2X Teopun dyHKuMoHana nnotHocTn (DFT) onpeaeneHbl CTPyKTypa ONTUMAaIbHOW KOHMOopMaLuum
OnMeBON KNCNOTbI, 3HTaNbNMM 06pa3oBaHVA pagvkanos Npu OTpbiIBE aToMa BOAOPOAa OT MAPOK-
CWNMBbHOM M @aMUHHBIX FPYMn Morekynbl oNMeBON KUCNOThl. Ha ocHoBe npoBegeHHbIX pacyeToB Gbi-
N BbISIBNIEHbI PEaKLMOHHbIE LIeHTPb! (hONMEBOW KUCMOTbI, OTBETCTBEHHLIE 3a €€ aHTUpaauKanbHble
CBOWCTBa B peakuusix nepeHoca aToMa Bogopoaa.

Puc. 2, Tabn. 4, 6ubn. ccbinok 28.

B HacTosimmee BpeMsi 01HON M3 BaXXHEUIINX MPOOJIEM SBISIETCS] HETAaTHUB-
HOE BO3/ICHCTBUE HA XHBBIE OPTaHU3MBbI BPETHBIX (PAKTOPOB OKpYIKArOIIEH
cpeabl. 3HAYUTENFHYIO POJIb B 9TUX IMPOIECCaX UTPAIOT CBOOOIHBIC pajiuKa-
JIbI, KOTOPbIE MOTYT W3MEHATh CBOWCTBA OMOJIOTMYECKHX MeMOpaH, aTako-
BaTh JPYrHe XM3HEHHO Ba)KHbIE MHUIIEHU KJIETOK M TEM CaMbIM BJIHSTH Ha
(YHKLIMOHAIBHOE COCTOSIHUE KJIETOK.

B cBs131 ¢ 3TUM CTAaHOBHTCS TOHSATEH MOBBIIIICHHBIN HHTEpEC K paboTam
[0 CHUHTE3Y U HUCIBITAHUIO PA3IMYHBIX COCAMHEHUH, 00JalaioluX aHTHpa-
JIMKaJIbHBIMU U @HTUOKCHIAHTHBIMU CBOMCTBAMU.

C 9Toi TOUKH 3peHHUS UCCIIEIOBAHNE AaHTUPATUKAIILHONW CIIOCOOHOCTH (ho-
nueBoit kucnotel (FA) siBisiercs: akTyanbHOU 3anadeit [1, 2]. domueBast Kuc-
nota  (N-[4-(2-amuno-1,4-nuruapo-4-okco-6-nTepuIMHUIME TUIAMUHO )OCH-
3omn]-L-rimoTaMuHOBas KHCIIOTA WM NTEPOMI TIIIOTAMHUHOBAs KHCIIOTa) —
3TO BOJIOPACTBOPHUMBIN BUTaMuH rpymimbl B (Butamun Byg) [3].

donueBas KUCI0TA MHUPOKO MPUMEHSETCS C LIEIbI0 00OralleHus nuuie-
BBIX MTPOAYKTOB M OMOJIOTHUECKU aKTUBHBIX 100aBOK. B oprannsme uyenose-
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Ka ¢onueBas KHCIOTa MPEBPALIACTCs B CBOIO aKTHBHYIO (pOpMY MOCpPEICT-
BOM (epmenTa muruapodonatpeaykrassl [4]. OHa uMeeT OoJbIloe 3HAUE-
HUE I 00IIIero 3J0POBbs YeJI0BEeKa, 0COOCHHO B MEPHOIBI OBICTPOTO JIeie-
HHS U pocTa KIETOK [5, 6]. B opranmsme (in vivo) domueBas KucaoTa ydact-
ByeT B Ipoleccax Mepenayd OAHOYTJIEPOIHBIX Ipymn (METWI-, METHJIEH-,
(OPMUMHHO-) U HX MPEBPALICHUI B HYKJICOTH/IBI, B METa00IM3ME MOHOAMHU-
HOB U OEJIKOB, B PEryJIUPOBAHUM KCIIPECCHH T'€HOB, B OMOCUHTE3€ OENIKOB,
MOHOaMHUHOB, HEMPOTPAHCTIOPTEPOB, a TAK)KE MOXKET BHICTYNATh B Ka4eCTBE
Ko(epMeHTa B BaKHEHIITUX OMOXUMHUECKHUX Tporieccax [7-9].

AHTHOKCH/IaHTHAsI aKTUBHOCTH (DOJIMEBOM KHUCIIOTHI OCYILECTBISIETCS
pa3HBIMM XMMUYECKUMH MEXaHW3MaMU — HaYMHAsg C aHTUPAJAMKAIBbHOM aK-
TUBHOCTH 110 J€3aKTHBALUHN (DEPMEHTOB, TEHEPUPYIOIIUX CBOOOIHBIC PAIH-
kanbl. PonmeBas KuciaoTa 001agaeT BBICOKOM CIOCOOHOCTBIO NMPENOTBpA-
IaTh OKUCIUTEIBHYIO ACCTPYKIMIO KpoBu uenoBeka [10, 11]. Ona sBnsietcs
3¢ PEKTHBHBIM XEJIaTOPOM — CBS3BIBAET HOHBI IEPEXOAHBIX METAJUIOB, UHTU-
oupys peakiuro @eHToHa (KaTAIUTUYECKUI pactaj MepoKCHaa BOJIOPOaa C
oOpa3oBaHHEeM CBOOOJHBIX PAJAMKAIOB) U COOTBETCTBEHHO "OKHUCIUTEIbHBIN
ctpecc" B opranusme [12, 13].

[To nccnenoBaHUsIM aBTOPOB, aHTHPAAUKAIbHAS CIOCOOHOCTH (POTMEBOM
KHCJIOTBI 00YCIJIOBJIEHA MPUCYTCTBUEM TUApOKcHiIbHOM OH rpynnsl B nrepu-
JTMHOBOM KOJIbIIe MOJIEKYJIBI (puc. 1). B TO jxe BpeMmst IMeeTCsl UL OrpaHH-
YeHHas uHpopMmaims 00 aHTUPaAUKAIBHBIX PEAKIIMOHHBIX IIEHTPaX U KOJH-
YECTBEHHBIX XapaKTEPUCTHUKAX AHTHUOKCHUIAHTHON CHOCOOHOCTH (HOITUEBOMA
kucnotsl [10, 14, 15].

Kpome OH rpynmbl, B kKadyecTBe aHTUPAAUKAIBLHBIX M AHTHOKCHIAHTHBIX
PEaKIMOHHBIX IIEHTPOB MOTYT BBICTYNATh TAK)K€ aMUHHAS TPYIINA MITEPHIU-
HOBoTO Konblla, NH rpynma napa-amunoben3oitHoi kuciotsl (puc. 1). B
CBSI3U C 9THM aKTyaJbHOMH 3a/1aueil sIBJISETCS KOJIMYECTBEHHOE HCCIIeJOBaHUE
AHTHPAIUKATBHON M aHTHOKCHIAHTHOW aKTHBHOCTH (DOJIMEBON KHCIIOTHI,
BBISIBIICHHE AHTHUPAIUKAIBHBIX PEaKIIMOHHBIX IIEHTPOB HA MOJICKYJISIPHOM
YpOBHE.

Teopernueckre pacyeTsl C HENbI0 YCTAHOBIICHHUS B3AaUMOCBSI3U CTPYKTY-
pBI (ONATOB € X AHTHOKCUAAHTHON aKTUBHOCTBIO HA MpUMeEpe 4-TUAPOKCH-
mupumuauHa (4-HP) npoBoawmuce B [16]. beuto ycraHoBiI€HO, 9TO aHTHOK-
CUIaHTHAsi aKTUBHOCTH 4-HP ¥ ero mpom3BOTHBIX XOPOIIO KOPPEITUPYET C
paccUMTaHHBIMU 3HAYEHUSIMU SHEPTU TUCCOLMALMU U NOTEHLUAIOB UOHU-
3aIuH.

B Hactosiee BpeMsi B JMTEpaType OTCYTCTBYIOT JIE€TAlbHBIC JaHHBIE 1O
HCCIIEIOBAaHUIO AaHTUPAAUKAIBHBIX PEAKIIMOHHBIX LIEHTPOB (POJIMEBOI KUCIIOTHI.

Llenpro mpencTaBiIeHHON PaOOTHI SBISIIOCH BBISBICHUE aHTUPATUKAIH-
HBIX PEAKIIMOHHBIX IIEHTPOB (hOJIMEBOM KUCIOTHI HA OCHOBE pacueTa dHTalb-
nuil 00pa3oBaHUs paJMKaliOB MPHU OTPBIBE aTOMa BOAOPOJA OT €€ T'MIPOK-
CHJIBHBIX M aMUHHBIX rpynil. [loyueHHbIe pe3yabTaThl AAIOT MOJE3HYIO WH-
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(bopMaumo JJIA L[anLHeﬁmero pa3sBUTUA I/ICCJ'IG,Z[OB&HI/Iﬁ B 00JaCTH HCIHOJIb-
30BaHUsA (I)OHHGBOﬁ KHCJIOTBI B XHMHOHpO(bI/IHaKTI/IKe " TCpalunu.

PacueTHble METOABI

Pacuerts! npoBoaunucs rubpugasiMu Metonamu B3LYP u M06-2X teo-
pun pynkiponana mwiotHoctd (DFT). B psie ciydaeB UCMoIb30BaIMCh TaK-
xe meroast AML1 [17], PM3 u PM6 [18, 19].

[IpenBaputenbHas ONTUMH3ALUS CTPYKTYPHBIX MapaMeTpoB (HOIUEBOM
KHCJIOTHI IPOBOIMIIACH MOy IMIUprdeckumMu Metogamu AM1, PM3 u PMG6.
OTH mapamMeTpsl B JalbHEWIIEM HCIIOIb30BAIUCh B KAUECTBE HAYAIbHBIX
IpH pacyeTax Merogamu Oosiee BBICOKOro ypoBus — B3LYP/6-31G(d,p) u
MO06-2X/6-31G(d,p), ast cuctem, MoaydaeMbIX MPH OTPBIBE aTOMa BOAOPO-
J1a OT MOJIEKYJIbI (DOTHEBOM KUCIIOTHI.

Meron B3LYP (Beck3-Lee-Yang-Parr) sisistercst Hanbosiee pacmpocT-
PaHEHHBIM U MCIIOJIb3yeMbIM THOpuIHbIM MeTogoM DFT [20, 21]. On xopo-
10 OMHUCHIBAET MPOLIECCHI, CBSI3aHHBIE ¢ OOJILIITMHCTBOM KIJIACCOB COEIUHE-
HUH, 1 HauboJee YacTo U yCIEUTHO MPUMEHSETCS B pacyeTax CUCTEM C OTK-
PBITBIMH 3JICKTPOHHBIMU 000JI0uKaMu [22].

O/HaKoO ATOT METOJl HE YYHMTHIBACT JUCICPCHOHHBIC B3aHMMOJCHCTBHS,
BCJICJICTBHE YEr0 MPU pacdyeTax MOXET BBISBISATHCS HEIOOLICHKA BEIMYUH
0apbepoB peaxiyii, YHEPTeTUUYECKUX MapaMeTPOB PEaKUUil H30MepHU3aluu
YTII€BOIOPOIOB, HETOYHOE ONHCAHUE TMPOIIECCOB, B KOTOPHIX CYIIECTBEHHYIO
poJib UrparoT 3PQPEeKTh, CBI3aHHBIE C BaHIEPBAATLCOBCKUM B3aWMOJICHUCT-
BueM [23]. B cBsi3u ¢ 3TUM HaMU MPOBOJUIIUCH TAKXKE PACUETHI C UCTIONB30-
BaHueM rudpuaHoro ¢pynkiuonana M06-2X 6oree BEICOKOTO YpOBHS, KOTO-
pBIii pa3paboTaH JJisi pacyeTOB TEPMOXUMHUYECKON KHHETUKH, HEBAJICHTHBIX
B3aMMOJICHCTBUI M BO30Y)KICHHBIX COCTOsHMIA [24, 25].

Kak m3BectHO, Hamboee pacrnpoCTpaHEHHBI CIOCOO ONMUCAHUS aTOM-
HbeIX opOuTaneit (AO) COCTOMT B MUCTIOIB30BAaHUH aTOMHBIX (YHKIMI rayc-
COBa THIA. B HaIIMX MCCIeI0BaHUAX PACUEThl OCYIIECTBISUIUCH C UCTIONB30-
BaHHeM HabOpoB OasucHbIx GyHKIwiA 6-31G(d,p). Beibop Habopa Ga3uCHBIX
¢yukuuit 6-31G(d,p) o3HavaeT, yTO TpeOyeTCs MCIOIB30BaTh 6 rayCCOBBIX
¢bysakmit 1 onucanus AO BHYTPEHHHUX 3JIEKTpOHOB. B OazucHbI Habop
BKJIFOYCHBI TaKke QyHKIUKM O-THMA IS TSKEIBIX aTOMOB U P-TUMA IS BO-
JI0pO/Ia, TI03BOJISONIKE onucaTh nojsipusaiuio AO [26].

B Hacrosimem ucciaeOBaHUM UCTIOJB30BAIKUCH MPOTPAMMHBIC TTaKEThI
Gaussian 98 [27] u Gaussian 09 [28].

Bce pacuersl mpoBOAWIHCH ISl MaBieHHS | amm W TeMIepaTypbl
298.15 K.
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Pe3yabTarsl u 00Cy:KIeHHE

Ha puc. 1 npexacraBiena cTpykTypHas (opmyia (HOJHEBONH KHCIOTHI
(FA). C menpio ympoIieHus: U3JI0KEeHUs Pe3yJIbTaTOB pacyeTa Ha 3TOM pH-
CYHKE YKa3aHbI TaK)kKe HOMEpa aTOMOB.

nTepnanHoBOE Konbuo napa-aMMHoﬁeHaoﬁHaﬂ Knucnorta rMoTaMUHOBAsA KUCoTa

Puc. 1. CtpyktypHasa dopmyna ¢onmeBon KUCNOTbl, €e aHTMpaguKanbHble peakuUOHHbIe
LEHTPbI (OTMEYEHbI KPY)XO4KaMmn) U HyMepauusi aTOMOB.

C uenpio onpeneneHus CTPYKTyphl (ponreBoi KUCIOTHI OBUTH MTPOU3BE-
JICHbI pacyeThbl ¢ ONTUMU3ALMEH €€ TEOMETPUYECKUX NapaMeTpOB IO MUHU-
MyMy 3Hepruu. CTpyKTypa ONTHMalibHOW KOHpopMannu (GoIHeBOil KUCIO-
THI TIOKa3aHa Ha puc. 2. B 1abn. 1 npuBeneHsl IUIMHBI CBSA3EH B CTPYKTYype
MoJieKynbl FA, moiydyeHHble B pe3ysibTaTe €€ ONTHUMM3AlMU, NPOBEIECHHON
Pa3INYHBIMUA METO/IaMHU.

Puc. 2. CTpykTypa onTumarnbHOn KoHdopMaLmm ponneBon KUCNOoTbl, paccyuTaHHast MeTOA0M
MO06-2X/6-31G(d,p).
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Tabnuya 1

Jliuubl cBsazeii (A) B cTpyKType MoJieKy.1bl oIHeBoii KHCJIO0ThI,

OHTHMH3Hp0BaHHOﬁ Pa3/IMYHBIMHA ME€TOAaMHU

Meron pacuera
CBs13b B3LYP MO06-2X
6-31G(d,p) | 6-31G(dyp) AM1 PM3 PM6

R(1,8) 1.373 1.3719 1.4089 1.3983 1.4077
R(1,9) 1.3265 1.3191 1.3732 1.3583 1.3787
R(1,12) 1.3567 1.3522 1.3843 1.3948 1.3696
R(2,3) 1.426 1.415 1.454 1.4192 1.4478
R(2,9) 1.3511 1.3495 1.3721 1.3769 1.3673
R(2,10) 1.3627 1.3606 1.403 1.3971 1.4054
R(3,4) 1.4368 1.4362 1.4541 1.4382 1.4433
R(3,11) 1.3471 1.3449 1.3715 1.3826 1.3769
R(4,8) 1.3089 1.3017 1.334 1.3435 1.3481
R(4,15) 1.3368 1.3289 1.3646 1.3412 1.343
R(5,6) 1.4214 1.4219 1.451 1.4385 1.4559
R(5,11) 1.3231 1.3144 1.3283 1.3301 1.3271
R(5,17) 1.5224 1.5183 1.5152 1.5041 1.5138
R(6,7) 1.0906 1.0907 1.1064 1.098 1.103
R(6,10) 1.3177 1.3103 1.3162 1.3213 1.3217
R(12,13) 1.006 1.005 0.9905 0.9931 1.0079
R(12,14) 1.0068 1.0059 0.9917 0.9935 1.0108
R(15,16) 0.972 0.9691 0.9749 0.9532 1.0147
R(17,18) 1.097 1.0954 1.1314 1.1096 1.122
R(17,19) 1.0934 1.0948 1.1266 1.1152 1.1161
R(17,20) 1.4517 1.4444 1.4369 1.4766 1.478
R(20,21) 1.012 1.0118 1.0031 0.9979 1.022
R(20,22) 1.3915 1.3912 1.4041 1.4339 1.4061
R(22,23) 1.4085 1.4031 1.4142 1.4025 1.4145
R(22,24) 1.4106 1.4051 1.4192 1.4041 1.4191
R(23,25) 1.3888 1.3872 1.3887 1.3868 1.39
R(23,26) 1.084 1.0843 1.0996 1.1009 1.0877
R(24,27) 1.3861 1.3828 1.3874 1.3871 1.3883
R(24,28) 1.087 1.0863 1.1012 1.0972 1.0873
R(25,29) 1.4005 1.3938 1.3996 1.3953 1.4054
R(25,30) 1.0847 1.0852 1.103 1.0962 1.0945
R(27,29) 1.4049 1.3994 1.3987 1.3962 1.4051
R(27,31) 1.0866 1.0866 1.1018 1.097 1.0928
R(29,33) 1.4927 1.4921 1.4848 1.4883 1.4841
R(32,33) 1.233 1.2247 1.2473 1.2205 1.2196
R(33,34) 1.3695 1.3639 1.3896 1.4316 1.4089
R(34,35) 1.0093 1.0093 0.9932 0.999 1.0175
R(34,36) 1.4484 1.4424 1.4372 1.485 1.4714
R(36,37) 1.0953 1.0959 1.1357 1.1213 1.1352
R(36,38) 1521 1515 1.5278 1.5281 1.5319
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R(36,42) 1.5545 1.5443 1.5422 1.5381 1.5424
R(38,39) 1.2133 1.2068 1.2333 1.2185 1.2059
R(38,40) 1.3498 1.3414 1.3603 1.3503 1.3703
R(40,41) 0.973 0.9703 0.9722 0.9526 0.9975
R(42,43) 1.0943 1.0945 1.1219 1.1093 1.1126
R(42,44) 1.0931 1.0934 1.1221 1.11 1.1118
R(42,45) 1.5375 1.5302 1.5139 1.5207 1.5301
R(45,46) 1.0957 1.0951 1.1258 1.1099 1.1188
R(45,47) 1.0925 1.0922 1.1232 1.11 1.114
R(45,48) 1.513 1.5082 1.4942 1.5061 1.5014
R(48,49) 1.3594 1.3502 1.3641 1.3553 1.3779
R(48,51) 1.2102 1.204 1.2337 1.2177 1.2075
R(49,50) 0.9722 0.9694 0.9716 0.9522 0.9956

B 0603Hauennu cBs3eil B CkoOKax yka3aHbl HOMEpa aTOMOB, MEXY KO-
TOPBIMH 00pa3yeTcs XUMHUYECKas CBSI3b.

Ananu3 naHHBIX TaOu. | MOKa3bIBaeT, YTO MAKCUMAIbHOE PACXOKACHHE
pacueTHbIX 3HAUYEHUH JUIMH CBsA3el B MoJieKylie FA, Moyd4eHHbIX UCIIOIb30-
BaHHBIMU METOZaMH, He npeBbliaet 2.7%.

Jlnst moy4eHus CTPYKTYPHBIX MapaMeTpOB PaJUKaIoB, 00pa3yrOLIUXCs
npu aucconuanuu (onueBoit kucnotsl 1o ces3siM O-H u N-H, B kagectse
HayaJIbHbIX 3a/1aBaJIiCh ITapaMeTphl CTPYKTYphl FA, paccuTaHHbIE METOJJOM
MO06-2X/6-31G(d,p). Paccuntanubie ATHHBI CBSI3€H B aMHHO- U THAPOKCHIIb-
HBIX rpymnmnax (osneBoi KUCIOTHI IPUBEACHBI B TA0. 2.

Tabnuya 2

Jliuubl cBsazeii (A) B aMHHO- M THAPOKCHIBLHBIX IPynnax poaueBoii
KHCJIOTBI H PA/INKAJIOB, NOJY4YeHHBIX IPH OTPbIBE OT Hee aATOMa
BO/I0pPO/Ia, paccuuTanHbie MeTogom MO06-2X/6-31G(d,p)

Coennnenue

Chasb FA R1 R2 R3 R4 R5 R6

R(12,13) | 1.005 | 1.0049 | 1.0064 | 1.0257 1.005 1.0049

R(12,14) | 1.0059 | 1.0058 | 1.0057 1.0255 | 1.0059 | 1.0058

R(15,16) | 0.9691 | 0.969 - 0.9699 | 0.9694 | 0.9691 | 0.9692

R(20,21) | 1.0118 — 1.0124 | 1.0116 | 1.0116 1.0122 | 1.0116

R(36,38) | 1515 | 15158 | 15151 | 15152 | 15152 | 3.0261 | 1.5155

R(40,41) | 0.9703 | 0.9703 | 0.9703 | 0.9703 | 0.9703 — 0.9703
R(49,50) | 0.9694 | 0.9694 | 0.9694 | 0.9694 | 0.9695 | 0.9693 -

R1, R2, R3, R4, R5 u R6 — paaukainbl, 00pa3yronmecss COOTBETCTBEHHO MPH OTPHIBE
aromoB Bojopoaa H21, H16, H13, H14, H41 u H50 ot monekynsr FA (cMm. puc. 1).

[IpakTuyecku Bo Bcex cilydasix U3MEHEHHE JUTHH CBsi3ell B MoJiekyne FA
nocie auccornuaryn mo cBs3siv O-H u N-H we mpessimaer 2%. Hckimode-
HHUEM sBIIsieTcs panukan RS, oOpasyromuiicst mpu OTphIBE aTOMa BOIOPOJIA
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H41 or atoma kuciopoma O40 B kapOOHHIBHOHN TpyIIE TIIIOTAMHHOBOU
kuciaoTel. Jmuna cBsasu R(36,38) cocrapnser 3.0261 A, uto nmoutu B 2 pasa
Oospie ucxoaHoro 3HadeHus. [Ipu atom ornanusmmiics pparment O=C=0
no juinHe cBsizeid C=0 u TUHEHHOMY CTPOSHHIO MOXET ObITh MIECHTU(DUIIH-
POBaH Kak MOJIEKYJa YIISKUCIOro ra3a. B 1o e Bpems cuctema HaxoJIuTCs
B TOTEHIMANIBHOW $MEe W yHaleHue 5Toro (parmenra TpeOyer orpe-
JICJICHHOM DHEPIUH, YTO MO3BOJISET MPEANON0KUTh 00pa30BaHNEe KOMILIEKC-
HOT'O COETMHEHUSI.

Kak Obw10 mokasano B [16], aHTHOKCUAaHTHAs aKTUBHOCTH 4-HP u ero
MIPOU3BOJHBIX XOPOIIO KOPPEIUPYET C PACCUYUTAHHBIMHU 3HAUCHUSMU SHEP-
TUi JTUCCOIMAIlMM, YTO, OYEBMJIHO, CBS3aHO C peaKIMed aHTUOKCHIAHTa
(RyH) ¢ pamukamom (r) mo MexaHHM3My IEpeHOCa aToMa BOAOPOJA COOT-

BETCTBCHHO YPABHCHHIO
r+R.H >R, +rH.

HpOHGCC Jucconanmn CBs3el PCAKIMOHHBIX I'PYIII MPCACTABIISICTCA B

BUJC YPAaBHCHUA
R.H > Ry +H.

B cBsi3u ¢ 3TMM Hamu OBUTM ONPEEIICHBI YHEPTeTUYCCKUE TTapaMeTphl
(M3MEHEeHHEe TIOJTHOW PHEPTMU M SHTAJIBINK) PAJMKAIIOB, MOJYYaeMbIX NpU
muccounanuu csizeit N-H u O-H B monexyse ¢onueBoit KUCIOTHI.

DHEeprus AUCCOIUAIMH PACCUUTHIBATIACH 110 (opMYyJIe

AH = Hg, + Hy — Hron,
rae AH — sHTanenus aucconyanui XuMHIecKou cBs3u; Hry — HTanbmms pa-
JMKaia, 00pa30BaBIErocs MPU OTPHIBE aTOMa BOJIOPOaa OT (OJIMEBOM KHC-
not1el; Hy — sHTaNmenms aroma Bogopoaa; Hroy — SHTANBNUS QOIMEBON KHUC-
70Thl. Pe3ynbraTel npeacTaBieHsl B Ta0I. 3.
Tabnuya 3
HN3MeHeHMe TOJTHOM SJHEPTUM U SJHTAJIBIINH CUCTEM,

noJy4aeMbIX npu gucconuanun csaseid N-H u O-H
B (hostHeBOIi KHCI0TE, paccuuTanHble MeToxamu B3LYP u M06-2X

B3LYP/6-31g(d,p) M06-2X/6-31g(d,p)
Peakuus AE, AH, AE, kxanlmons | AH, xkxanlmono
kxanlvons|  kxanlmons
FA —-RI1+H| 8579 86.38 90.50 91.09
FA —-R2+H| 95.03 95.62 101.85 102.44
FA —-R3+H| 101.25 101.84 105.80 106.39
FA >R4+H| 102.28 102.87 106.90 107.49
FA —->R5+H/| 7858 79.17 87.27 87.86
FA —-R6+H| 101.23 101.82 111.28 111.87
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Kak BuaHo w3 Tabin. 3, auccoumanus mMoJiekynsl FA Bo Bcex paccMoT-
PEHHBIX CIIy4asX sIBIISIETCS dHAOTEPMUYECKUM TiporieccoM. [Ipu 3Ttom Hab-
mojiaeTca cuctematuieckoe pacxoxaenue Bennund AH u AE, paccuuran-
HbIX MeTogamu B3LYP u M06-2X (ta6mn. 4).

Tabauya 4
Ilepeonenka u3MeHEeHN MOJTHOM SHEPTUHU U HTAJIBLIINH,
paccuntanabix MeToaoM MO06-2X no cpaBaenuto ¢ meroaom B3LYP

[Ipesbrienne AH u AE, paccuuTaHHBIX METOIOM
Cucrema MO06-2X 1o cpapHeHHI0 ¢ MeTogoM B3LYP
AH (%) AE (%)
R1+H 5.2 5.2
R2+H 6.7 6.7
R3+H 4.3 4.3
R4+H 4.3 4.3
R5+ H 9.9 9.9
R6+ H 9.0 9.0

Kak BumHO, HauOoNbIINE PACXOXKICHUS HAOIIONAIOTCA IS pa3pbiBa
ceszeit O40-H41 u 049-H50.

Haunbosee BBITOJHOM ¢ SHEPreTHYECKON TOUKU 3PEHHMS SBIISETCS TUCCO-
uays mo cBsA3u aroma Bogopoaa H41 ¢ atomom kucinopoma O40 B xapOo-
HWIBHOMU TPYyIIE MNIF0TAMHUHOBOW KHUCIIOTHI ¢ 00pa3oBaHueM pasaukana RS.

Takum 00pa3oM, KBAaHTOBO-XMMHUYECKUMH METOJIaMU PACCYMTAaHA OITHU-
MU3UpPOBaHHAs IPOCTPAHCTBEHHAS CTPYKTYpa (HOJIMEBON KUCIOTHI U PAHKU-
PpOBaHbl PCAKIMOHHBIC AHTUPAJUKAIBHBIC ICHTPHI COIVIACHO 3HAYCHUIAM
sneprun auccormanuu OH u NH rpymnm. IlosmydeHHbIe pacyeTHbIEe 1aHHBIC
MOITBEPKIAI0T AaHTUPAIUKAIBHBIE CBOMCTBA (DOTHEBON KHUCIOTHI.

HALUE-E-LP NUTUA-UHPYULUSPL AEUESPAL GELSLALLELL:
LYULSELPUPIYUTL NUSCLUMrY

2.\. UULNrE3uy, W N, 2ULE-3U0, U. 2 UrUELSEU L L. U -0 U230y

bnncfdpuss Sriilgpaiigp wbuncfdwl (DFT) B3LYP L MO6-2X {fipppupuyfiy -
bulbpf oqunugnpddundp pifulinmpfulpudypmts Suyifuplbpm npnyfly § $npufdfdiff owy-
snfudusy &lewsprpuncfFyuis fmnnegwdpp, fgubu Sl fbpdfifu dngblngf $pugpo pufyusyfi
b widdfrisnssyfils furdphippy Ypusdtup wnnndf wynldudp nugfljuybbpf mnmuigduts 53 oy uyfro-
bbpp wpdbphbipp: Yumwpfws Suyfwplbph Sfulub fpw opufdfdfh Sundup puguSuyn-
by B Ppeudlfy winmdfy wibigduts nbulygfusbibpnod Sudypngfljusguyg il wlpfufcfyul -
dusp qunnuufuuimmnne nbuljghot §Einpalibbpp:
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ANTIRADICAL REACTION CENTERS OF FOLIC ACID.
QUANTUM- CHEMICAL CALCULATION

Z. H. MANUKYAN, A. H. DAVTYAN, S. D. ARSENTEV and L. A. TAVADYAN

A.B. Nalbandyan Institute of Chemical Physics NAS RA
5/2, P. Sevak Str., Yerevan, 0014, Armenia
E-mail: tavadyan@ichph.sci.am

Currently, one of the most important scientific problems is the study of the negative
effect of harmful environmental factors on living organisms. A significant role in these
processes is played by free radicals. In this regard, the study of the antiradical ability of
folic acid (FA) is an urgent task. In the presented work, the structure of the optimal
conformation of folic acid was determined by quantum chemical calculations using the
hybrid methods B3LYP and M06-2X of the density functional theory (DFT). To obtain
the structural parameters of the radicals formed during the dissociation of folic acid
through the O—H and N-H bonds, the parameters of the folic acid structure were set as
the initial ones. The enthalpies of formation of radicals formed in the reaction of
hydrogen atom abstraction from the hydroxyl and amine groups of the folic acid
molecule were calculated. Based on the calculations carried out, the reaction centers of
folic acid responsible for its antiradical properties in hydrogen atom transfer reactions
were identified. From the energetic point of view, the most favorable is the dissociation
of a bond between hydrogen atom and oxygen atom in the carbonyl group of a part of
glutamic acid with the formation of a radical. The obtained calculated data confirm the
antiradical properties of folic acid.
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DETERMINATION OF 5-AMINOLEVULINIC ACID IN LIQUID
CULTURES OF PURPLE NON-SULFUR PHOTOSYNTHESIZING
BACTERIA BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
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A method of high-performance liquid chromatography (HPLC) was used for determination of
producers of 5-aminolevulinic acid (ALA) in liquid cultures of purple non-sulfur photosynthesizing
bacteria. ALA is derivatized with formaldehyde in which acetyl acetone in the presence of the amine
group of ALA forms the fluorescent product 3,5-diacetyl-1,4-dihydro lutidine. The elaboration of the
method was carried out on a liquid chromatograph “Waters Separations module 2695” (USA) with
fluorescence detection. As a stationary phase, a chromatographic column Armsfer Si Cy5 was used.
The chromatography of ALA was performed in an isocratic mode of elution.

Figs. 2, references 11.

Introduction

5-Aminolevulinic acid (5-aminolevulinic acid or ALA), an endogenous
non-proteinogenic amino acid, is the first compound in the porphyrin
synthesis pathway, which leads to heme [1] in mammals and chlorophyll [2]
in plants.

ALA has recently drawn increasing attention as a photodynamic
chemical, which has been widely applied in medical and agricultural fields.
This chemical not only has potential applications in tumor-localizing and
photodynamic therapy in the case of various cancers, but it also can be used
as a favorable biodegradable herbicide and insecticide which is harmless to
crops, humans, and animals. Research efforts supporting the microbial
production of ALA have received increasing interest due to its dominant
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advantages over chemical synthesis, including higher yields, lesser pollutant
emissions, and a lesser monetary cost.

ALA synthesis using photosynthetic bacteria (PSB) is a promising
approach in various microbial synthesis methods [3-6]. In addition, ALA
could increase plants’ tolerance to low temperature and high salt
concentration, and it might also be utilized as an efficient promoting factor
for several crop yields even at low concentrations [7, 8]. ALA was mainly
synthesized through chemical methods, and six potent synthetic methods
have been proposed [7].

Nowadays, 5-ALA is mostly produced using microbial fermentation,
namely by photosynthetic bacteria because chemical synthesis of 5-ALA has
lower yields and is more complicated in comparison to microbial production
[9]. Production of 5-ALA has been reported using both wild strains of
bacteria and their mutants. Application of mutant strains is far more
appropriate for 5-ALA production. So far many different strains of
photosynthetic bacteria together with their mutants have been tested for their
5-ALA production capacities [10].

This paper is devoted to determination of 5-ALA in several wild strains
of photosynthetic non-sulfur purple Rhodobacter (Rba.) capsulatus, Rba.
sphaeroides, Rhodopseudomonas (Rps.) palustris using HPLC methodology.

Materials and methods

Chromatography

Waters 2695 Separations Module (USA) liquid chromatograph with a
Waters 2475 fluorescence detector was used. As a stationary phase, a
chromatographic column Armsfer Si Cig 5-8u, 250x4 mm (PLIVA -
Lachema a. s., Brno, Czech) was used. The determination of ALA was
performed in an isocratic mode of elution. As a mobile phase CH3CN (0.1%
TFA) and water (0.1% TFA) (v/v 30/70) was used, flow rate was 1 ml/min,
detection was carried out at a wavelength of A¢=350, Aem=450, column
temperature was 30°C, injection volume — 10 ul. Chemical reagents and
eluents from Sigma-Aldrich with a purity of > 99.9% (gradient grade, for
HPLC) were used.

HPLC ALA assay

A fluorescent derivative of ALA was prepared based on the Hantzsch
reaction of formaldehyde in which acetyl acetone in the presence of the
amine group of ALA forms the fluorescent product 3,5-diacetyl-1,4-
dihydrolutidine [11]. 50 ul of the culture supernatant was reacted with 3.5 ml
of acetyl acetone reagent, acetyl acetone: ethanol: water (15:10:75 by vol.)
containing 0.4% NaCl, and 0.45 ml formaldehyde solution (8.5% v/v). This
mixture was heated for 30 min at 100°C and then cooled in an ice bath. It
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was left to stand in the dark until HPLC analysis with a fluorescence detector
(Waters USA). 10 u!/ of the reaction mixture was injected into the Armsfer Si
Cyg column.

Results and discussion

In this research, we studied representatives of photosynthetic non-sulfur
purple bacteria of species Rba. capsulatus MDC 6508, Rba. sphaeroides
MDC 6509, Rba. sphaeroides MDC 6511 and Rps. palustris MDC 6506,
previously isolated from various sources of mineral waters of Armenia and
maintained in the Laboratory of Energy Alternative Sources.

HPLC analysis showed that the yield of 5-ALA on chromatograms
averaged 310 seconds. (Fig. 1). The test substance is well detected, which
makes it possible to use this method both for the purpose of identification
and quantitative assessment of the content of 5-ALA in the metabolic
products of the investigated cultures of purple bacteria.
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Fig.1. HPLC chromatogram of a standard sample of 5-ALA hydrochloride.

At the same time, after the corresponding pretreatment, metabolic
products (culture liquid) of selected crops — potential producers of 5-ALA
Rba. capsulatus MDC 6508, Rba. sphaeroides MDC 6509, Rba. sphaeroides
MDC 6511 and Rps. palustris MDC 6506, were prepared for analysis.
Figure 2 presents HPLC analyses of the metabolites of these strains, from
which it can be seen that the objects of research contain 5-ALA similarly to
the standard.
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Fig. 2. HPLC chromatogram of culture fluids of photosynthetic non-sulfur purple bacteria: A -
Rba.sphaeroides MDC 6509, B — Rps. palustris MDC 6506.

Using the data obtained (Fig. 2), the values of the concentrations of 5-
aminolevulinic acid were calculated.

The concentration of 5-ALA in the culture fluids was calculated by an
external standard method. The accuracy of this method is 2—3%. To perform
this method, standard solutions of known concentrations of the compound of
interest are prepared with one standard that is similar in concentration to the
unknown. A fixed amount of sample is injected.

The concentration of the unknown is then determined according to the
following formula:

Caonc.,

_ ‘qreaunknown
unkown

) = (onc. .
4 known
Tea’known

Thus, it was established that the studied strains of photosynthetic non-
sulfur purple bacteria, cultivated on Ormerod liquid medium, under standard
growth conditions, synthesize ALA. The best producers according to the
results of the analysis, were cultures of Rba. sphaeroides MDC 6509 and
Rps. palustris MDC 6506, synthesizing 13 and 13.3 mg of 5-ALA per liter,
respectively.
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MertomoM  BBICOKOA((EKTHBHOW JKHIKOCTHOM Xpomarorpauu OIpeeseHO
coJiep)kaHne S-aMHHOJIEeBYTMHOBOM KUCIOTH (AJIK) B KynbTypaibHBIX )KHUAKOCTSIX (O-
TOCHHTE3UPYIOUINX HECEPHBIX ITypITypHBIX Oakrepuii. PazpaboTka MeTona ocymiecTsis-
Jach Ha XKHIKOCTHOM Xpomarorpade “Waters Separations module 2695 (CLIA) ¢ no-
MOIIBIO (DITyOPECIEHTHOTO AETeKTHpOBaHus. B kadecTBe XupaibHOM (ha3bl HCIONIB30Ba-
1 xpomarorpaduyeckyro kosnonky Armsfer Si Cig 5-8 mrm, 250x4 mm (PLIVA —
Lachema a. S., bBpuo, Yexust). Xpomarorpaduto AJIK BBINOIHAIN B H30KPATHYECKOM
pexume amroupoBaHus. B kadectBe moaBrkHON (assl ucnons3oBann CH3CN (0,1%
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TFA) u Bogy (0,1% TFA) (06./06. 30/70), npu ckopocTtr motoka — 1 ma / mun. Jletextu-
POBaHHE MTPOBOIUIIN IIPH IJTHHE BOJHBI Agy = 350 1 Agm = 450.
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COMPARATIVE CHARACTERISTICS OF GREEN MICROALGAE
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The comparative evaluation of green unicellular microalgae Parachlorella kessleri and
Chlorella vulgaris biomass as an additional protein and essential amino acids source has been
performed.

The total protein amount determined by the modified Kjeldahl method showed up to 43.3% and
55% protein content for the P. kessleri and C. vulgaris biomass, respectively.

Qualitative and quantitative analyses of the P. kessleri and C. vulgaris biomass amino acids
were carried out by the amino acid analyzer. 7 and 15 different amino acids were detected,
respectively.

Figs. 4, references 13.

Introduction

Some microalgae such as Nostoc, Arthrospira (Spirulina) and
Aphanizomenon have been used in the human diet as a protein-rich
supplement since thousands of years [1]. The Spanish described the
consumption of blue-green cake made from Arthrospira by the Aztecs [2].
Although in the early 1940s there was some progress in microalgae research,
only in 1952 at the Algae Mass-Culture Symposium the microalgae were
suggested as a food and source for technological production. The first
facilities for commercial production of Chlorella were established in Japan.
Mexico was the first country of Arthrospira cultivation in the 1970s [1]. The
number of microalgae species in nature is estimated between 200,000 and
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800,000, but only a small percent of this amount can be used for human
nutrition [3].

Currently, the use of microalgae as food supplements becomes more and
more popular because of their high nutritional value. The human protein
demand is increasing [4] and nowadays, more than one billion people suffer
protein deficiency. Furthermore, scientists consider that conventional
sources of protein may be insufficient in the nearest future [5]. The existence
of a significantly increasing protein demand was reported years ago [4]. The
amount of currently produced protein must at least be doubled to reach the
needs of the expected population of around 9.8 billion people in 2050 [6].
Plant-based proteins account for the majority of protein intake worldwide
used for food and feed. In the EU, animal-based proteins are consumed in a
greater quantity than plant-based proteins, however, concerns about health
and environmental issues as well as animal welfare could give a boost to
plant-based sources.

Microalgae can be a promising sustainable alternative protein source. By
the middle of 21 century, algae protein may constitute around 18% of the
global protein market. However, aspects related to food safety of algae are
still not well investigated, especially the presence of contaminants, allergens,
or hazardous substances [7].

It is well-known that some species of Chlorella and Arthrospira
accumulate high-quality proteins. They have well-balanced amino acid
profiles according to the WHO/FAO/UNU recommendations regarding
human requirements for essential amino acids. The amino acid profiles of
both species are similar to other conventional protein sources such as eggs
and soybean [4].

Materials and Methods

For this study the green microalgae strain P. kessleri (isolated from the
Armenian river waters) and C. vulgaris (maintained in the Algae Culture
Collection of the Laboratory of Energy Alternative Sources) have been
investigated.

Both strains were cultivated in modificated Tamiya’s nutrient medium
[9, 10]. Cultivation was carried out in the photobioreactor under the
following conditions: 24-26°C, 2000 lux constant illumination. Illumination
was provided by Phillips LED 19W/865 lightbulbs, the Netherlands).
Culture mixing of was performed by the pressed air (108 L4 L.

The presence of the Kjeldahl nitrogen in the microalgae biomass was
determined by a modified Kjeldahl method [11], using 400 mg of freeze-
dried microalgae biomass. Protein content was calculated by multiplying
Kjeldahl nitrogen content by the conversion factor of 5.95 [12].
400 mg of sample and 50 mL of digestion reagent (per liter: 134 g K,SO, +
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650 mL H,O + 200 mL H,SO,4 + 2 g HgO/25 mL H,SO,4 6N) were added in a
Kjeldahl tube. The mixture was digested in a Buchi Digestor Unit K-424 for
4-45 h. After cooling, it was diluted with 100 mL of distilled water and
distilled in the distillation unit for 6 min with 50 mL of sodium hydroxide-
sodium thiosulfate (per liter: 500 g NaOH + 25 g Na,S,03:5H,0). The
distillate was collected in an Erlenmeyer flask containing 50 mL of boric
acid indicator solution and was titrated with a stock solution of 0.02N
H,SO,.

The hydrolysis of proteins to amino acids was performed by
hydrochloric acid: 5 ml 6.6 M hydrochloric acid was added to 0.5 g dry
biomass. The mixture was put to the digestion for 20 hours with reverse
refrigerator at the temperature of 100°C. The solution was filtered, the ash
was washed with distilled water.

The extraction of free amino acids was performed by ethyl alcohol. 50
ml of 30% ethyl alcohol was added to 0.5 g of a dry biomass sample. The
mixture was put on a water bath for 30 min, then again 50 ml of 30% ethyl
alcohol was added and left for 30 min in the bath.

In both solutions obtained the presence of amino acids was first
determined by thin layer chromatography. The chromatographic plate with
the samples was put in acetone : ethyl alcohol : butyl alcohol : ammonia :
water system (40:20:30:30:10 v/v). Visualization was performed by the 0.5%
ninhydrin solution.

The amino acid composition of hydrolyzed and extracted samples was
analyzed by amino acid analyzer “Shimadzu Nexera X2” (Japan). For
separation of amino acids Novo-Pak C 18, 4 um, 3.9-150 mm
chromatographic column was used. Amino acid separations were carried out
in a gradient elution mode. The following reagents were used as the mobile
phase: A) acetonitrile:methanol:water (45:40:15 -v/v); B) phosphate buffer
pH = 7.0; flow rate was 0.5 ml/min, detection was carried out at a
wavelength of ex350-em450 nm, column temperature — 30°C, injection
volume 10 u/; chemicals and eluents: MeCN, MeOH, Na,HPO,, NaH,POy,,
HCI, ortho-phthaldialdehyde reagent CAS: 643-79-8 (Sigma-Aldrich with
purity> 99.9%).

The Results and Discussion

The Kjeldahl nitrogen analysis of P. keslerii and C. vulgaris microalgae
biomass showed up to 43.3% and 55% protein content, respectively.

The Kjeldahl method is a method for the quantitative determination of
nitrogen contained in organic substances plus the nitrogen contained in the
inorganic compounds ammonia and ammonium (NHs/NH,"). Without
modification, other forms of inorganic nitrogen, for instance, nitrate are not
included in this measurement. The conversion factor 5.95, the rate obtained
for the microalgae biomass, is considered to be the total ammonium/amino

251



acids. This method gives an idea on all protein/amino acids content, but it
does not give any information about the amino acid composition of these
proteins, specifically, what amounts of these amino acids are included in the
protein composition and what amounts are free amino acids.

It is well-known that microalgae contain all protein amino acids [8].
From this point of view nowadays the inclusion of microalgae in the
vegetarian diet has become very important. A large amount of protein
content allows to use micoalgae biomass as a food suplement for the
additional source of proteins. Thus, it is very important to know the range of
amino acids, which are present in these microalgae biomass.

Visualization of the thin layer chromatogram with ninhydrin solution
has shown the presence of amino acids for both microalgae. The thin layer
chromatography is just quality analysis and does not give any specific
information about the amino acid profile and quantity.

To obtain more accurate results, the amino acid composition was
analyzed by amino acid analyzer. For the biomass of P. kessleri microalgae
hydrolysate (a) and alcohol extract (b) the following results were obtained

(Fig. 1):

<Chromatogram> <Chromatogram>

m Em-450nm & Fluorascance Ex:350nm Em-450nm

i s | 5 r | s
4 T A el w{ B [3 2 2
S peardirs | n |

M
Il \ LI
R 0L 0 S N | AU .

o ) o 10 20 ) P 0 50
min

a) HCI hydrolysate b) alcohol extract

Fig. 1. Chromatograms: P. kessleri.

For the biomass of C. vulgaris microalgae hydrolysate (a) and alcohol
extract (b) the following results were obtained (Fig. 2):
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Fig. 2. Chromatograms: C. vulgaris.

7 amino acids: L-Aspartic acid, L-Glutamic acid, L-Serine, Glycine, L-
Arginine, L-Alanine, L-Lysine were detected in P. kessleri biomass by
amino acid analyzer. The analyses of chromatograms of the HCI hydrolysate
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and alcohol extract of the first sample have shown that 57.59% of total
amino acids of P. kessleri biomass are bound amino acids, which means that
they are included in different proteins composition. Summarizing the results
of these experiments and those of Kjeldahl nitrogen determination (protein
content is 43.3%), the following picture of amino acid composition of P.
kessleri biomass was observed. The amount of each amino acid (g in 100 g
dry biomass) of P. kesleri biomass is presented in Fig.3.
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Fig. 3. Amino acid composition of P. kessleri biomass, %.

The analyses of the chromatograms of the HCI hydrolysate and alcohol
extract of the C. vulgaris biomass were carried out similarly. 15 Amino
acids: L-Aspartic acid, L-Glutamic acid, L-Serine, L-Histidine, Glycine, L-
Threonine, L-Arginine, L-Alanine, L-Tyrosine, L-Valine, L-Methionine, L-
Phenylalanine, L-Isoleucine, L-Leucine, L-Lysine were detected. The results
have shown that 88.18% of amino acids of the C. vulgaris are protein bound.
Therefore, they are included in different protein compositions. The amino
acid amounts (g in 100 g dry biomass) of C. vulgaris biomass are presented
in Fig.4:
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Fig. 4. Amino acid composition of C. vulgaris biomass, %.
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Conclusion

These amino acids have a wide application in medicine, pharmacy,
agriculture, food production, etc. Besides, they play a vital role in the human
body where they synthesize some essential biopolymers, like enzymes,
vitamins, hormones, and immunoglobulin. Thus, it is very important to
include them in a diet [13], especially of the vegans who exclude any animal
origin food and have a big deficiency in proteins/amino acids. From this
point of view, the microalgae are excellent food additives due to high protein
content of non-animal origin. The studied microalgae contain significant
amounts of protein/amino acids, which means that they can be excellent food
additives for obtaining daily requirement of amino acids.
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pn:{.’ zu.ufwuiwmwu[uwilwgwp 4w'/u17uu[1bln{bl Euw 715 uuu[r[zb[r uuf[riuu[z?[z?nl_flbp:
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CPABHUTEJIbHASL XAPAKTEPUCTHKA 3EJIEHBIX
MHUKPOBOJOPOCJIEM PARACHLORELLA KESSLERI
N CHLORELLA VULGARIS B KAYECTBE BEJIKOBBIX JOBABOK

H. K. KAJIAHTAPSH, JI. A. CTEIIAHSH, A. C. JAJASIH,
9. B. MUHACSH u B. 5. TO'MHAH

[IpoBeneHa CpaBHUTENbHASL OIICHKA 3CJICHBIX OJHOKJIECTOYHBIX MHKPOBOJOPOCICH
Parachlorella kessleri u Chlorella vulgaris B kauecTBe HOMOTHUTENBHBIX HCTOYHHKOB
Oelika 1 AMHHOKHUCIIOT, B TOM YHCIIC HE3aMEHHMBIX.

OO1iee conepkanue Oenka onpeeseHo MoAU(UIMPOBAaHHEIM MeToZ0oM Kbenbaa-
751, KOTOpoe cocTaBuio okono 43.3 u 55% mns 6uomaccer P. kessleri u C. vulgaris,
COOTBETCTBCHHO.

KauecTBeHHBIN U KOJIMYCCTBEHHbIH aHATM3bI aMUHOKHUCIIOT B Gromacce P. kessleri
u C. vulgaris BBITIONHEHBI ¢ TOMOIIBI0 AMUHOKHCIOTHOTO aHanu3aTopa. MaeHTudum-
POBaHO COOTBETCTBEHHO 7 M 15 aMHHOKHUCIIOT y UCCIICAOBAaHHBIX KYJIbTYD.
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SYNTHESIS OF 2-[(E)-2-ARYL-1-ETHENYL]-6-10DO-3-PHENYLETHYL-
3,4-DIHYDRO-4-QUINAZOLINONES

A. A. HARUTYUNYAN? G. T. GHUKASYAN!, K. A. GEVORKYAN?,
A.D. HARUTYUNYAN? and G. G. DANAGULYAN*?
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It is known that substituted quinazolines are considered as an important
class of heterocycles for finding new promising substances for biomedical
and technical applications [1-3]. In this report, we describe the synthesis of
2-[(E)-2-aryl-1-ethenyl]-3-phenethyl derivatives of little-known 6-iodo-3,4-
dihydro-4-quinazolinone obtained in “green” conditions with simultaneous
heating of the reagents without solvents and catalysts [4]. The presence of an
iodine atom in the aromatic ring, in addition to the value for biological
activity, creates additional possibilities for the functionalization of the
quinazoline derivative due to cross-coupling reactions catalyzed by transition
metals, by means of which alkyl, aryl and heteryl groups can be introduced
into the quinazoline ring. The combination of a fragment of a m-deficient
quinazoline ring in one molecule with t-donor substituents linked through a
spacer creates a long chain of m-conjugation underlying the functioning of
photoactive materials.

For realization of the syntheses, 6-iodo-2-methyl-4H-3,1-benzoxazin-4-
one (1) [5] was used as the starting material, which by reaction with (2-
phenylethyl)amine in polyphosphoric acid (PPA) was converted to 6-iodo-2-
methyl-3-phenethyl-3,4-dihydro-4-quinazolinone (2). The methyl group of
the latter smoothly condenses when heated together with aromatic aldehydes
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with the formation of substituted 2-[(E)-2-aryl-1-ethenyl]quinazolines 3a-e,
according to the Scheme:

'\©\)\o PhCH,CH,NH, ! N ArCHO K@\)\N
N N

N/)\ /)\/\R
1 2 3a-e

3a-f: R :4-i-PrCGH4 (a), 4-NM6206H4 (b), 4-C|C6H4 (C), 4‘N02C6H4 (d),
2,4-C|2C6H3 (e)

Experimental part

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

6-1odo-2-methyl-3-phenethyl-3,4-dihydro-4-quinazolinone (2). A
mixture of 2.87 g (0.01 mole) 6-iodo-2-methyl-4H-3,1-benzoxazin-4-one (1)
[5] and 1.21 g (0.01 mol) (2-phenyl)ethylamine in 10 g PPA are heated for
5 hr. The residue is treated with a 10% solution of NH,OH, filtered and
dried. Yield 48.3%, mp. 122-123°C, R; 0.5. IR spectrum, v, cm™: 1655 (CO),
1595 (C=C-C=N). 'H NMR (DMSO-dg), 5, ppm, Hz: 2.45 s (3H, CHz); 2.94-
3.00 m (2H, CHy); 4.19-4.25 m (2H, NCHy); 7.21-7.34 m (5H, CgHs); 7.37 d
(1H, J = 8.6, C¢Hs); 8.06 dd (1H, J = 8.6, 2.1, C¢H3); 8.39 d (1H, J = 2.1,
CeHs3). Found: C, 52.23; H 3.74; N 7.12. C;7H15IN,O. Calculated, %: C
52.33; H3.87;132.52; N 7.18.

A general method for preparing 2-(2-aryl-1-ethenyl) derivatives of
3a-e. A mixture of 0.01 mole of 2-methylquinazoline 2 and 0.01 mole of
aromatic aldehyde is heated at 170-180°C in a Wood bath for 1 hour. After
cooling, the residue is triturated with alcohol, filtered, dried and
recrystallized from DMF.

6-lodo-2-[(E)-2-(4-isopropylphenyl)-1-ethenyl]-3-phenylethyl-3,4-
dihydro-4-quinazolinone (3a). Yield 45.3%, mp. 158-160°C, Rf 0.62. IR
spectrum, v, cm™: 1672, 1632 (CO), 1607 (C=C-C=N). *H NMR spectrum
(DMSO-ds), 6, ppm, Hz: 1.30 d (2H, J = 6.9, 2-CH3); 2.95 s (1H, J = 6.9,
CH); 2.99-3.06 m (2H, CH,C¢Hs); 4.43-4.50 m (2H, NCH,); 7.02d (1H, J =
15.2, = CH); 7.15-7.29 m (7H, Ar); 7.39 dd (1H, J = 8.6, 0.3, = CH); 7.50-
7.54 m (2H, Ce¢Hy); 7.83d (1H,J=15.2, = CH); 797 dd (1H,J =86, 2.1, =
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CH); 8.45 dd (1H, J = 2.1, 0.6, = CH). Found: C, 62.23; H 4.64; N 5.22.
Co7H25IN,0. Calculated, %: C 62.31; H 4.84; 1 24.39; N 5.38.
2-[(E)-2-(4-Dimethylaminophenyl)-1-ethenyl]-6-iodo-3-phenylethyl-
3,4-dihydro-4-quinazolinone (3b). Yield 46.5%, mp. 214-215°C, R; 0.49.
IR, v, cm™: 1671, 1601 (CO), 1607 (C=C-C=N). 'H NMR (DMSO-dg), 3,
ppm, Hz: 3.00-3.05 m (2H, CH,); c (6H, NMe,); 4.41-4.47 m (2H, NCHy);
6.66-6.72 m (2H, C¢H,); 6.80 d (1H, J = 15.0, = CH); 7.16-7.30 m (5H,
Ce¢Hs); 7.36 d (1H, J = 8.6, C¢Hg3); 7.43-7.48 m (2H, C¢Hy); 7.85d (1H, J =
15.0, = CH); 7.93 dd (1H, J = 8.6, 2.2, CgH3); 8.42 d (1H, J = 2.2, CgHj3).
Found: C, 59.83; H 4.54; N 7.92. CxH2IN3O. Calculated, %: C 59.89; H
4.64;124.34; N 8.06.
2-[(E)-2-(4-Chlorophenyl)-1-ethenyl]-6-iodo-3-phenylethyl-3,4-
dihydro-4-quinazolinone (3c). Yield 55.2%, mp. 202-203°C, R¢ 0.59. IR
spectrum, v, cm™: 1669 (CO), 1600 (C=C-C=N). *H NMR (DMSO-ds), 3,
ppm, Hz: 2.96-3.02 m (2H, CH,); 4.47-4.53 m (2H, NCH); 7.10d (1H, J =
15.2, = CH); 7.12-7.27 m (5H, CgHs); 7.38 d (1H, J = 8.6, C¢Hg3); 7.36-7.41
m (2H, C¢Hy); 7.59-7.64 m (2H, C¢Hy); 7.76 d (1H, J = 15.2, = CH); 7.97 dd
(1H,J =8.6, 2.1, CgH3); 8.46 d (1H, J = 2.1, CgH3). Found: C, 56.13; H 3.44;
Cl 6.80; N 5.32. C»4H15CIIN,O. Calculated, %: C 56.22; H 3.54; Cl 6.91; |
24.75; N 5.46.
6-lodo-2-[(E)-2-(4-nitrophenyl)-1-ethenyl]-3-phenylethyl-3,4-
dihydro-4-quinazolinone (3d). Yield 56.1%, mp. 238-240°C, Rf 0.55. IR
spectra, v, cm™ 1671 (CO), 1593 (C=C-C=N). 'H NMR (DMSO-ds), 3,
ppm, Hz: 3.02 t (2H, J = 7.3, CH,CgHs); 4.54 t (2H, J = 7.3, NCHy); 7.09-
7.15 m (1H); 7.18-7.25 m (4H, CgHs); 7.33 d (1H, J = 15.2, CH = CH); 7.41
d (1H, J = 8.6, C¢Hg3); 7.81 d (1H, J = 15.2, CH = CH); 7.86-7.91 m (2H,
CeH,); 8.00 dd (1H, J = 8.6, 2.1, CgH3); 8.23-8.28 m (2H, C¢H,); 8.49 (1H,J
=21, C5H3). Found: C, 54.96; H 3.38; N 7.88. Co4H15IN3O3. Calculated, %:
C 55.08; H 3.47; 1 24.25; N 8.03.
2-[(E)-2-(2,4-Dichlorophenyl)-1-ethenyl]-6-iodo--3-phenylethyl-3,4-
dihydro-4-quinazolinone (3e). Yield 53.8%, mp. 168-170°C, R¢ 0.52. IR
spectrum, v, cm™: 1688 (CO), 1627 (C=C-C=N). 'H NMR (DMSO-ds), 5,
ppm, Hz: 2.98-3.94 m (2H, CHy); 4.47-5.53 m (2H, NCHy); 7.14 d (1H, J =
15.2, = CH); 7.12-7.23 m (5H, Cg¢Hs); 7.37 ddd (1H, J = 8.5, 2.2, 0.5,
CeHsCly); 7.44 dd (1H, J = 8.6, 0.4, CgHsl); 7.47 d (1H, J = 2.2, CsH3ClLy);
7.86 d (1H, J = 8.5, C¢H3Cly); 7.99 dd (1H, J = 8.6, 2.1, CgHg3l); 8.04 pm d
(1H,J=15.2, = CH); 8.48 dd (1H, J = 2.1, 0.4, CgHgsl). Found: C, 52.58; H
3.04; C1 12.80; N 5.02. C»4H;17CLLIN,0. Calculated, %: C 52.68; H 3.13; CI
12.96; 1 23.19; N 5.12.
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2-[(E)-2-ULPL-1-EQ-6 LPL]-6-3N1-3-D 6 LER-HL-3,4- 1PN h LN -4-
P LUQNLPLLELD UPLEBEQ

U. W NULNFE-30FL3TY, 9- 8. LNFEEU3TL, L. W. 46401939,
U. % SULOFE-83AFL3UL L G- N, HWLUGNFL3UL

6-8Bn-2-dbfdfy-4H-3,1-plhigopumgfiuf b (2-$khfy) EfFpyudfiuf shnfumgpbgn[@inify
e prspouyuts FFp gt gl § 6-gor-2-0ufThy-3-B T34
Lpppn-d-fupinugnyfink

Yhpdft dfpgnfdputs db9 2-dbfdfy puncdpp {hyn hrighiumgfnd b wpndwmfply wygh-
Pugubynf 6-yng-2-[(E)-2-wpfy-1-Efdlufy [-3- S bk fdfy-3,4-gp S fuppn-4- fuffbumgnfiniibp :

CHUHTE3 2-[(E)-2-APUI-1-DTEHU]-6-MO1-3-®EHUJII TUI-3 4- TUT U IPO-
4-XUHA30JIMHOHOB

A. A. APYTIOHSIH'?, I'. T. TYKACSIHY, K. A. TEBOPKSIH?,
A.JI. APYTIOHSIH? u I. T. JAHATYJISIH*?
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Apwmenns, 0014, Epean, mip. AzatyTsH, 26
E-mail: harutyunyan.arthur@yahoo.com

BzaumopeticteueM 6-iioa-2-metmin-4H-3,1-06eH30Kca3nna ¢ (2-QeHWT)ITHIAMIHOM
B moIr(OCHOpPHON KHUCIOTE CHHTE3MPOBaH 6-HOI-2-MeTwil-3-(eHeTni-3,4-muruapo-4-
XUHA30JIMHOH.

2-MertunbHas TpyIIa B MOCISIHEM COSIUHEHHH TTIaIKO KOHICHCUPYETCS C apoMa-
TUYECKHMH allbJIETUIaMU B YCJIOBHSX COBMECTHOTO HATPEBAHHUS B OTCYTCTBHE PAaCT-
Bopureneii ¢ obpazoBanueMm 6-uon-2-[(E)-2-apun-1l-arenun]-3-penmnatun-3,4-1urua-
PO-4-XMHA30JIMHOHOB.
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Moctynuno 19 VII 2019

O06001IeHbI TaHHBIE TPEUMYIIECTBEHHO MocieaHux 10 JIeT mo MoJeKy-
JSIPHO-OMOIOTHYECKMM OCHOBAM MPOTHUBOOITYXOJICBOIO JCHCTBHUs Mpenapa-
TOB, COJICPXKALINX B CTPYKType mUppost, THoheH U GypaH i X KOHACHCHUPO-
BaHHbIC CHCTEMbI. KpaTko yKka3aHbl MOJNIEKYJISIPHBIC MUIICHN JCHCTBUS Tpe-
[apaToB, HHTUOUPYEMbIE PEEnTOPbl H (EPMEHTHI U, B OTACIBHBIX CIydasX,
JaHHBIC TI0 OMOJOTMYECKUM HCCIIEI0BaHUIM iN Vitro u in Vivo u mpumeHe-
HHIO B KJIMHUKE XUMHOTEPAIHHU OITyXOJICi.

1. BBenenune

HecmoTps Ha BrieyaTiIsIonfe yCreXu MOJIEKYIIPHOM OMOJIOTUU M OHKO-
JIOTMH, W3bICKAHHWE HOBBIX NpernaparoB Ui 3(P()EKTUBHON XMMHOTEpaNnuu
3JI0KaYeCTBEHHBIX HOBOOOPA30BaHMI MPOJOIDKAET OCTaBaThCs BaKHEHINEH
3ajaueil MeINIIMHCKON XUMUH, (hapMaKOJIOTHH, SKCIIEPUMEHTAIBHON U KIIH-
HU4ecKoM oHkosoruu. KpaeyrospHas npobiema XMMUOTEPANUKM OIyXoJied
3aKIII0YAETCs B JOCTH)KEHUH MAaKCUMAaJIbHON M30UpaTeNbHOCTH IEHCTBUSA JIe-
KapCTBEHHOI'O IIpernapaTa B OTHOLIEHUM OIyXOJH O€3 MOBPEXIECHUs HOp-
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MaJbHBIX TKaHEW, T. €. mpobiieMa IeJIEHAPaBIEHHOIO HUTOTOKCUYECKOTO
JEHCTBUSL.

HccnenoBanus MocieaHNX ACCATHIICTHI B 00JacTH OMOXUMUU, TEHETH-
KH U CMEXHBIX JUCIUIUIMH MPOJIMIN CBET HA MEXaHU3MbI YIIPABJICHUS KIle-
TOYHBIMH (YHKIUSMH W OTACIbHBIMU METAa0OJMYECKUMHU IpOLIeCCaMu B
KJIETKE, OCHOBAaHHbIE Ha B3aHMMOCHCTBHU SKCTPAKIETOYHOTO CTUMYJIA (TIep-
BUYHOT'O MECCEH][)KEpa) C PELENTOPOM Ha MOBEPXHOCTU KIETKH U MEpeIadn
CUTHAJIOB BHYTPb KJIETKH MPEUMYIIECTBEHHO MyTeM (ocHOopuInpoBaHus
OeJKOB IpOoTeMHKUHa3amu [1].

Onucannbiii Onoxummueckuii kackaz (signal transduction pathway) sie-
nsieTcst 0a30BbIM MEXaHU3MOM, KOHTPOJIHPYIOIIEM POCT KJIETOK, posudepa-
LU0, METa00IM3M, MEKKIETOUHYI0O KOMMYHHUKALIUIO U MHOXKECTBO JPYTHX
KU3HEHHO BAKHBIX IPOLIECCOB, B CBS3M C UYEM HApYIIEHUS B MEXaHU3Max
BHYTPUKJIETOYHON CUTHAJIM3AIMH IPUBOIAT K BOSHUKHOBEHUIO psizia 3a0oJie-
BaHWH, B YaCTHOCTH, paka, 1uabera u Apyrux [2].

B cBs3u ¢ atum cemeiictBa (hepMEHTOB U PELENTOPOB, B YAaCTHOCTH,
MPOTEUHKUHA3BI M UX PELENTOPHI, YIaCTBYIOIINE B MEXaHU3MAaX BHYTPHUKJIE-
TOYHOW CHTHAJM3AIMU M JUCPETYIISIHS KOTOPBIX UTPAET PEIAIOUIYIO POJIb B
MaJIMTHU3ALUHU U IPOTPECCUPOBAHUM OITYXOJIH, SIBISAIOTCS MOTEHIIMATbHBIMU
MUIICHAMH U1 XUMHOTepanuu. [[eficTBUTeNbHO, B TIOCIEAHNE IBA IECATH-
netrsi HaOJroaeTcsl OTYETNIMBAs TEHICHLUS K PAalMOHAIBHON pa3paboTke
HOBBIX MPOTUBOOITYXOJIEBBIX MPENapaToB CEICKTUBHOIO JEUCTBUS (TapreT-
HBIX IIPENapaToB), OCHOBaHHAs HAa W30MpaTEeIbHOM MHIMOMPOBAHUH KIIOYE-
BbIX (EPMEHTOB, PEIENTOPOB U OMOXMMHUYECKUX MPOIECCOB BHYTPHUKIIE-
TOYHOW CUTHAJIN3AIIMH B 3JI0KAYECTBEHHOHN OITyXOJIH.

C ydyeToM paHee OMyOJIMKOBAaHHBIX paOOT MO MPOTHBOOITYXOJIEBOM aK-
TUBHOCTU MPOU3BOJIHBIX MMHAa30Ma [3,4] B HacTosEeM 0030pe 0000IIEHBI
JAaHHBIE TIOCTIHUX JIET MO MPOTHBOPAKOBOW aKTHBHOCTH COCIWHEHHIA, CO-
JIepKAIIUX B MOJIEKYJIE TISITHWICHHBIE TETEPOIMKIIBI C OJTHUM TeTepOaToOMOM
— nppout, ¢pypaH, THO(PEH U X KOHACHCUPOBAHHBIE IPOU3BOIHBIC, C yKa3a-
HUEM B OTICNIBHBIX CIy4yasX HMCIOJIb30BAHHBIX OMOJOTMYECKUX OOBEKTOB,
TECT-CUCTEM W MHTHOUPYEMBIX (DEPMEHTOB M PElENTOPOB, BKIIOYAs TaHHBIC
M0 KJINHUYECKOMY NMPUMEHEHUIO Mpenapara.

2. CoequHeHus, coepxamiue siApo MuppoJia

[IpoussonHoe muppona 1 (ynukceprunu6, VRT-752271, BVD-523) sB-
JSETCS CUJIBHBIM W OOpPAaTHUMBIM HMHTHOWTOPOM CEpPUH/TPEOHHH KHHA3
ERK1/ERK?2 curnansroro mytu MAPK (mitogen-activated protein kinase) ¢
ICs0 < 0.3 uM nna kunazel ERK2. B kietkax memanomsl A375, Hecymux
mytaruio b-RAFV600E, ynukcepTuHHO MOHMKAET YpoBeHb (hocdopuirpo-
Banus ERK2 (pERK) kunHaszwl u dochopumupoBanue downstream-kuHasbi
(pRSK) ¢ 1Cs 4.1/0.14 1M, cOOTBETCTBEHHO, TOPMO3HT UX MPOIHdEpaIHio
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in vitro (1Cso = 180 M) [5] u in Vivo Ha Momenu KceHOTrpadTOB JIMHUU KJie-
TOK MesaHoMbI A375 uenoBeka [6].
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1 (Ulixertinib, VRT-752271, BVD-523) 2 (Atrasentan)

ATpaceHTaH 2 MpPUMEHSETCS B Tepalli HEMEJIKOKIETOYHOTO paka Jier-
Koro [7], paka mpocTaTsl Ha MO3/IHUX CTaausaX 3abosneBanus 8], B TOM uucie
B KOMOMHALIMHK C JOLIETaKCeIoM [9].

[Mupponunmumugazon 3 u3OupareabHO MHrHOUpYeT (apHe3mnTpaHche-
pasy, OJ10Kupys ¢dapuesmwupoBanue OenkoB H-Ras, N-Ras un K-
Ras4B (ICsp = 0.8, 1.2 1 2.0 M, COOTBETCTBEHHO), U MOIABJISIET AHTHOT'CHE3
in vivo u in vitro (ICsp = 75 uM) [10,11]; aHaIOTHYHYIO aKTHBHOCTH B OTHO-

nieHun (papHe3unTpaHcepasbl MPOSBIIET TAKKE CXOJHOE IO CTPOCHUIO
coenunenue 4 (LB-42908) [12].

3 (LB-42708) 4 (LB-42908)

[Mupazonmunmuppon 5 obnagaeT HHrHOUPYIOLIEH CIIOCOOHOCTBIO B OTHO-
mennn kuHasbl (ERK) curnamsaoro mytu (MAPK/ERK) u otHOcuTEnbHO
HEBBICOKON ITUTOTOKCUYHOCTHIO Ha MOJENU MPOJU(Epaluu KyJIbTypbl Kie-
tok Co0l0205 (ICsp = 0.54 uM), B TO BpeMmsi Kak MPOU3BOJHOE 2-aMUHOTHPH-
MUMHA 6, TIOTYYeHHOE B pe3yJIbTaTe ONTUMHU3AINHN TPEIBITYIIEr0 COSTUHE-
HUSl Hapsay ¢ CUiIbHBIM MHruOupoBaHueMm kuHasbl (ERK) oOnapyxuBaer
TaK)Ke BBIPAKECHHYIO IIMTOTOKCUYHOCTh B OTHOHIeHUH kieTok HT29 (I1Csy

=29 M) [13].
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[MpousBogHoe muppoauauHa 7 (AZD-3409) siBiseTcst JBOWHBIM HHIH-
outopom kuHa3: (hapuesmnTpanchepasbl (FTase) u, B MeHbIIICH CTETICHH, Te-
panmnrepanmitpancdepasbl 1 (GGTase-1) u TOPMO3HT POCT TpeX KIIETOU-
HBIX JIMHUH: MBIOTMHBIX dMOPHUOTEHHBIX (UOp00IacTOB, TpaHCHHUIIMPOBAH-
HbIx oHkoreHoM H-RAS V12 (MEF), kierox A549 (c myrarmeii Ki4B-Ras) u
kietok MCF-7 (6e3 Ras myrarum), CylecTBeHHO YCTyIasi B 3TOM OTHOIIIe-
HUM npenaparty joHadapuuoy [14-16].

7 (AZD-3409) 8 (DPC-333)

3amenieHHbli mupponuanH-2-on 8 (DPC-333) siBnsieTcsi aHTAarOHUCTOM
¢dakropa Hekposa omyxonu o (TNF-a), narnbupys TNF-o-npeBpamarommii
¢depment (TACE) n Hapymias naToreHHyl BHYTPUKJIETOUHYIO CHTHAJIN3a-
LU0 B OMYXOJISIX, OIOCPEIOBAHHYIO PELENTOPOM dMUAEPMAIBHOTO (hakTopa
pocra (EGFR) [17].

[pemapar Ha ocHoBe xuHaszonuHa 9 (cemupanub, AZD-2171) unrubu-
pyeT KHHa3HyI0 akTHBHOCTH perenropa VEGFR, B skcniepumenTax in vitro
MHTUOUpYeT npoaudepanuio KIeTOK YHI0TeNNs YMOWINKAIbHON BEHBI de-
noeka, crumynuposannyo VEGFR u ¢pocdopunmuposanue penentopa KDR
(VEGFR-2) (ICs0 = 0.4 u 0.5 uM, cootBercTBeHHO). Cemupann®d Ha MOJEIIAX
OITyXOJIEBBIX KCEHOrpa()TOB YEJIOBEKAa y OE3THMYCHBIX MBbIIIEH (OMyXOoau
MPSIMON KHIIKH, JIETKUX, MOJIOYHOM M IIPEACTATENIbHON XKeJle3 U SMYHUKOB) B
no3ax 1.5 me/ke/0env cymecTBEHHO TOPMO3UT uX pocT [18]. M3yuens! dap-
makosorust AZD-2171 xak B Tepanuu OMyXoJel pa3IYHBIX JIOKATU3aIHH,
TaK M B KOMOMHAIMU C JAPYTMMH HPOTHBOOITYXOJIEBBIMH IpemnapaTaMu

[19,20].
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9 (AZD-2171) H 10 (SD-282)

[TpousBoanoe ungona 10 (mpenapar SD-282) cenekTUBHO MHTHOUPYET
MHUTOTEH-aKTHBHPYEMYIO CEpHUH-TPEOHMHOBYIO TpoTenHKuHa3zy (MAPK) u
3aMeJIsIeT IPOrpecCUpoBaHre 3a00JIeBaHUs Y OOJIbHBIX XPOHUYCCKUM MHUE-
JIOUAHBIM Jieiiko3oM [21].

[TpousBogHoe mwmppona u 2,3-muokcumamgona 11 (CynutuHu6, SU-
11248) nnrubupyer cpa3y HECKOJIBKO PELENTOPOB THPO3MHKHHA3, B 4acT-
Hoctu, PDGF-Rs, VEGFRs, CD117 (c-KIT), urparoiux pemaroiyo poib B
npoiudepalui 1 aHTHOTeHe3e, a Takxke perieniropoB RET, CD114, CD135.

Otn 3¢ (deKThl JeKaT B OCHOBE IMPOTUBOOIYXOJEBOTO M AHTHAHTHO-
TeHHOTO JEHCTBHs yKa3aHHOTO Inpenapara. B HacTosiee Bpems u3ydaercs
3G PEKTUBHOCTh CYHHUTHHHOA JUIS JICYCHUS MEHHHTHOMBI, HEHPOIHIOKPHH-
HBIX OMyXOJIEHN MOIKENyA0YHOM KeJe3bl, MOYEeUHO-KJIETOUHON KaplUHOMBI,
HelipopuOpomarosa, paka JIETKUX U MOJIOYHOHM IKele3bl, OCTEOCapKOMBI,
neiikemuii [22-24].

Iz
e}

Y

11 (Sunitinib, SU-11248) 12 (Nintedanib, BIBF-1120)

IIpoussoanoe 2,3-nuokcounmona 12 (Hunremanu6, BIBF-1120) — un-
THOUTOP THUPO3MHKHHA3BI, ACHCTBHE KOTOPOTO HAINPABIECHO HA PELENTOPHI
(bakTOpoB pocTa: COCyIHCTOro 3HaoTenuaibHoro ¢akropa pocra (VEGF),
¢dakropa pocra Gubdpobnacro (FGF) u TpombouuTapaoro akropa pocta —
(PDGF). Ilpenapar ucnonb3yercs B XUMHOTEPANUU HEKOTOPBIX THUIIOB HE-
MEJIKOKJIETOUYHOTO paKa JIETKUX, & B COUYETAHNH C JOIETAKCEIOM — B XUMHO-
Tepanuyu BTOPON JMHUU y OOJBHBIX C MPOrPECCUPYIOIEH WIM MeTacTaTu-
YECKHUil aJIeCHOKAPIIUHOMOI jterkux [25,26].

Ocumeptunu6 13 (Tagrisso, AZD-9291), comeprkamuii OCTaTKH MUPH-
MUJMHA M WHAONA, — MHTMOUTOpP NMPOTEUHKHHA3bl TPETHErO MOKOJIECHHUS,
HeoOpaTUMO B3aWMOJEHUCTBYIONIMMA ¢ MPOTEMHAMH peLenTopa 3MuaepMab-
Horo (akropa pocra (EGFR) [27]. [Ipenapar sddexTHBeH NnpH JIeYeHUU
MPOTrPECCUPYIOIIET0 WM METAaCTaTUYECKOr0 HEMEIKOKJIETOYHOIO paka Jier-
KHX TPU PE3UCTEHTHOCTHU K APYTUM Ipernaparam 3Toro pozaa [28].
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PN
13 (Osimertinib, AZD-9291) 14 (AZD-3463)

CXOIIHBII TIO CTPOSHUIO C TPEIBIIYIIUM coearnHeHneM npenapat AZD-
3463 (14) — cuabHBI MHMHOMTOP ABYX KHHA3: KUHA3bl aHAMIACTHYCCKOM
mumbombl (ALK) 1 kiMHa3bI perentopa HHCYIMHOMOI00HOTO haKkTopa pocTa
(comatomenun C, IGF-1R). Ilpemapat TOpMO3HT pOCT HEWPOOIACTOMBI,
YCTOMYMBOM K KpU30THHUOY, M MHIyLMpYeET anonto3 [29,30].

[Mano6unocrar 15 (Farydak, LBH-589) — npoussoaHoe ungomna, coaep-
KHT B CTPpYKTYpe N-ruapokcuakpuiaaMui], TPUMEHSETCS MPH JICYeHUH MHO-
KECTBEHHOI MMEJIOMBI, HEKOTOPBIX (POPM XPOHUYECKOH JeiikeMun (B KOM-
OuHanuu ¢ 00pTE30MUOOM M JIeKCaMETa30HOM), TUMGPOMBI XO/KKHHA, paKe
MOJIOYHOH jKeJie3bl, paKe IMPOCTaThl, MHEIOAMCIUIACTHYECKOTO CHHAPOMA

[31-33].
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15 (Panobinostat, Farydak, LBH-589) 16 (Motesanib, AMG-706)

Jpyroe mpousBoaHoe uHaoda — npernapat 16 (Morecanu6, AMG-706),
ABJISIETCSI MYJIbTUKMHA3HBIM MHTHOUTOPOM, OCHOBHBIMH MUIIEHSIMH KOTOPO-
IO SIBJIAIOTCS PELENTOpPbl COCYAMCTOrO 3HIOTENHANBHOro (hakropa pocra
(VEGFP-1, VEGFP-2, VEGFP-3), c-KIT, peuentopsl TpoMOOLIUTApPHOTO
¢axropa pocra (PDGF) u RET B xonnentparmsix (ICsp = 2, 3, 6, 8, 84 u 59
HM, cooTBeTcTBeHHO). [Ipemapar Taxxe HHrHOUpyeT Hpoaudeparuo 4eno-
BEYECKHUX SHAOTETHAIBHBIX KIETOK, HHIYLHMPOBAaHHYIO (AKTOpOM pocTa
VEGF, Ho He dakTopom pocta pudbpodiacros (FGF). Bmecte ¢ Tem, mocie
KIMHWYecKnX ucnbiTanuit (dasa 1, 1) mpu pa3nuunbIx noKanu3anusax omy-
xoneit (omyxonu XKKT, muToBuaHOM *Kee3bl, paka JETKUX M MOJIOUHOM Ke-
Je3bl) KaKk B BUJE MOHOTEpanuy, Tak U B KOMOMHALMK C MaKIMTaKceI-Kap-
6ormatnHOM [34-37] mpenapaT He TMOKa3ajl NPEUMYIIECTB U OBII CHSAT C
NAJIbHEUIINX UCIIEITAHUN.

Hwxe npencraBieHsl IpenapaTsl U3 TPYIIbl U30MHI0NA — CTPYKTypHbIE
aHaJIOTW U3BECTHOTO Mpenapara Tanuaomuaa 18a: 18b-e, nenamumomu 19 u
nomanmuaomua (aktumun, CC-4047) 20. Yepe3 HEKOTOpoe BpeMs IMOCIe
U3BATUS TAIUIOMHIA KaK CHOTBOPHOTO M3 MEIUIMHCKOH NMPaKTUKH BBUAY
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WCKJIIOYUTEIbHBIX MyTareHHbIX U TEePAaTOTEHHBIX CBOMCTB, ObUIM OOHaApYyXke-
Hbl BBIpaKEHHBIE aHTWJICTIPO3HbIE CBOMCTBA IpemapaTa, B YaCTHOCTH, d(-
(EeKTUBHOCTH TIPU JICUCHUH JICTIPO3HON y31oBoi sputeMbl (ENL), a B moc-
JIeIHUE TOAbl AKTUBHO H3YYalOTCSI UMMYHOMOJYJISITOPHBIE, aHTHAHTUOTEH-
HblE U MPOTHUBOONYXOJEBBIE cBoiicTBa Tanuuomuaa [38]. B pakypce 3Tux
WCCIIEIOBAaHUN CHHTE3WPOBAHBI pazIMyHbIe aHAJIoru Tanuaomuna 18a (coe-
nunenunst 18b-e), B koTopeix (akTudecku coxpaHeH GparMeHT riIyTapuMuIa

[39]:

0] O O 0]
Z&uml//o
R O R=: N— N— N— N— “, N\
NH il
0o (e} e} @) (0] (e}

18a-e a) b) c) d) e)

N3ounponel aeHamwiomua 19 n momammmomun 20 SIBISIFOTCS TIpeacTa-
BUTEJISIMH HOBOTO KJIacCa MPOTHBOOITYXOJIEBHIX HIMMYHOMOAYJISITOPOB C aH-
TUAHTHOTEHHBIM JIECTBUEM M MPUMEHSIOTCS TPU JICYCHUH MHOKECTBEHHOM
MHEIIOMBI U MHeJIoucIIacTuaeckoro cuaapoma (MDS) [38].

NH, NHy o
O O
NH NH
O O O O
19 (Lenalidomid) 20 (Pomalidomid, Actimid, CC-4047)

B nocnennue rosxpl CUHTE3UPOBaHBI U U3yUEHBI HOBBIE NEPCIIEKTUBHBIC
COCUHECHHMS B psAy muppojonupuantoB 21, 22. Bemypadenud 21— unru-
o6urop BRAF-kuna3, pa3paboTaHHbII Ui JIeYeHUS MO3AHUX CTaauil Melna-
HOMBI, BBI3BIBAET alloONTO3 B KJIETOYHOW JTMHUU MEJIAHOMBI, OJTHAKO TOJIBKO Y
MAIMCHTOB, y KOTOpBIX 3a0ojieBaHWe ObuTO BbI3BaHO MyTtammend V600E
BRAF u mytanueit V600K B Tom ke rene. IHTepecHO, 4TO KJIETKH MEIaHO-
MBI 0€3 3TUX MyTauuil He MHTUOMpYIOTCS BeMypadeHubom; Ooiee TOro, B
TaKOM Clly4yae mpenapar napagoKCalbHO CTUMYJIHPYeT HopMmaibHbIii B-Raf
OEIIOK ¥ MOXKET CIIOCOOCTBOBATH pOCTy ormyxoun [40].

Cl

21 Vemurafenib (PLX-4032) 22 (GSK-1070916)
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[IpousBonnoe 7-azamnpona 22 (mpenmapat GSK1070916) sBusiercs
AT®-KOHKYpPEHTHBIM UHTHOUTOPOM peLenTopoB kuHas (Aurora B u Aurora
C), B akcriepuMeHTax in VIitro Ha maHes M KJICTOYHBIX JIMHUH OMyXO0Jel 4eso-
BeKa OOHapYXUJI CUIbHOE MHrHOUpoBaHue GpochHopuaInpoBaHus OCTaTKa ce-
puna-10 ructona H3 u mpoTuBoOITyX0JieBOE JeCTBHE HAa MOJEIN YellOBe-
geckoii Jielikemun HL-60 0e3TUMYCHBIX MBIIIEH TP MOIKOKHOM BBEICHHU
npenapra [41].

[MpousBoaHoe Genzo[b]kapOazona 23 (AnekTHHHO) OJOKHPYET aKTHB-
HOCTh KMHAa3bl aHaruiacTiyeckor mumdomsl (ALK) u nmpumensiercs mnpu Jjie-

YEHUUM HEMETKOKJIETOUYHOI0 paka Jerkux [42].
C=N
\

23 Alectinib 24 Ruxolitinib

[Mupposnonupumuaut 24 (PykcoauTHHHUO) SBISETCSI HHTHOMTOPOM STHYC-
kuHa3 JAKI u JAK2 u npemioxeH s JIedeHUs] MUEITOTposindepaTHBHBIX
3a00JIeBaHuii, B YaCTHOCTH MOJMIUTEMUH (dpuTpemun) [43,44].

I[pousBoanoe mupposionupumuanaa 25 (GSK1838705A) xoporio npo-
HUKAaeT 4epe3 KIETOYHYI MeMOpaHy W 00JalaeT MpOTHBOOITYXOJEBOM aK-
TUBHOCTBIO, MHTUOMPYs PELENTOpbl HMHCYIMHONOAO0OHOro (hakropa pocra
(IGF-IR), penerrropst uncynuHa (IR) u kuHa3y aHAIIACTHYIECKOM TUM(POMBI
(ALK). Kpome aToro, mpemnapat TOPMO3UT HPOJUQEPAIMIO pa3IHIHbIX CO-
JUHBIX U TeMATOJOTHYEeCKUX (OPM paka M 3aMeUIIeT POCT OIyXOJEBBIX
kceHorpados vesoseka [45].

o— HN NH,
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l 25 (GSK-1838705A) 26 (NVP AEW-541)

[poussoanoe nuppoionupumuanHa NVP-AEW541 (26) [46] unruou-
pyer umHCynuHOBBIE penentopbl IGF-IR, 4To mpuBOAUT K TOPMOKECHHIO
pocta IGF-IR-3aBucuMoii (puOpocapkoMbl, MOBHIMAET YYBCTBHTEIBHOCTH
kierok HL60 k nmrapaOuHy M 3TOMO3MIY, aKTHBEH IN VItr0 B OTHOLICHUH
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KJIETOK HEeWpoOIacTOMBI M B dKCHeprMeHTax in Vivo. [Ipemapar taxxke u3y-
YeH B KOMOMHAIMSIX C APYTUMH MPOTUBOPAKOBBIMHU IMPETapaTaMu: TAMOKCH-
(dbeHoMm, TpacTy3ymMadoM, JOKCOPYOUIIMHOM HITU TaKiIuTaKkcenem [47].

Cpenu Ipyrux mpou3BOIHBIX MUPPOIOMUPUMHUINHA CIETYET YIOMSHYTh
npemnapat 27 (GSK-2606414), KOTOpBI SBISETCS CEIEKTUBHBIM HHTHOHMTO-
POM MIPOTEMHKHHA3HI SHI0IIa3MaTHaeckoro perukyinyma (PERK), nverome-
ro HEMOCPEACTBEHHOE OTHOIICHHE K Mpoiudepanuu kieTok [48], u npemna-
pat 28 (AEE-788), sBnsromuiicss 1BONCTBEHHBIM HHIMOUTOPOM PELIENITOPOB
snmaepManbHoro ¢akrtopa pocra ErbB2 u penenropa sHAOTETHATHLHOTO
¢dakropa pocra EGFR u paccmatpuBaemslii B kauecTBe 3 (PEKTUBHOTO Tpe-
napara Juis Tepanuu Menysuioonactomsl [49]. s coenunenuss AEE788 mo-
Ka3aH cuHepruyeckuii 3((exT Ha armonTo3 OMYXOJIEBbIX KJIETOK HOCOTIIOTKU
(xnetku CNE1), unayuupyemsix pakropom pocrta omyxosneit TGF-B [50].

F

b Y
)

27 (GSK-2606414) 28 (AEE-788)

CeeKTUBHBIMH MHTHOUTOpPAMM PELENTOPOB PA3IUYHBIX TUPO3UHKHUHA3
SBJSIFOTCS TIpposioTprazud 29 (BMS-690514), nHruOupyommii peuenTopbt
snuaepmanbHoro ¢akropa pocta HER/EGFR u penentop dakropa pocra
sunorenus cocynoB VEGFR, akTHBHBII B OTHOIIEHUH NPOTPECCUPYIOLINX U
METacTaTHYECKUX COMUAHBIX omyxouei [51], mpemapar 30 (BMS-599626) —
s¢dextuBHbIi nHrHOUTOP penentopoB HER1 n HER2 u pagnocencnbunu-
3arop knerok HN-5, skcnpeccupyromux dakropsr pocta EGFR u HER2, a
Takke uHruoupyrommii penapamuio JJHK [52,53]. Ipyrue nupponorpuasu-
HBI C IPOTUBOOIYXOJIEBBIM JIEHCTBHEM BKJIIOYAIOT npenapat 31, sBisronuii-
Csl CHJIBHBIM M OOpaTUMBIM MHTHOMTOPOM PELEeNnTOpa MHCYIMHOIOAOOHOTO
¢axTopa pocra IGFR u nposBastonuii akTHBHOCTh MPU KOMOMHUPOBAHHOM
JISYEHUU TOPMOH3aBUCUMOIO paKa MOJOYHOMU jkene3bl [54] U HemelKokIe-
TOYHOT'O paka JIETKUX B Ka4eCTBE MOHOTEPANINK U B KOMOMHAIINY C ITperapa-
TamMH TIaTUHBI (kietouHass yuaus AS549) [55], u npemapar 32 (BMS-
582664, 6puBann6b) — nBoiicTBeHHBIN MHrHOMTOp penentopoB VEGFR u
FGFR, Topmo3smuii pocT OmyxoJeBbIX KCeHOrpadoB MBIIIEH, MOTyUYEeHHbBIX
oT OonbHBIX (KIeTouHble yuHUKM 2-1318 u 26-1004) [56]. BpuBanu6c 32
MIPEJUIO’KEH B KadecTBE Mpernapara BTOPOH JTMHUU TPU TEPANUH T'elaTone-
JOJISIPHOM KapIIMHOMBI B COYETaHHUHU ¢ copadeHnoom [57].
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31 (BMS-754807) 32 (BMS-582664, Brivanib alaninate)

Hanyceptn6 (PHA-739358) (33) — mpou3BomHOE TETparuapomuppo-
10[3,4-C]nupasomna, sBisercs uarubutopom kunas Aurora A, B, C u tupo-
suakuHa3 RET, NTRK1, FGFR1 u ABL1, ocranaBiamuBaeT KJIETOYHBIA ITHKII
u uHaynupyet anonto3 [58]. TlockonbKy Ha MOJENSX OIMyXOJeH I'PHI3YHOB
Pa3IMYHBIX JIOKAIM3aUUi (IpsMas KUIIKA, SIMUHUKH, MOJIOYHAs Keye3a) U
MUEJIOUIHON JICHKEMUH TMOKa3ajd OOHAeKMBAIOIINE PE3yJbTaThl, TaHycep-
n6 npouren ¢asel | u |l mpu Tepanun COMUAHBIX U TEMATOJIOTUYECKHUX OITy-
xoneit [59]. [lpenapar akTHBEH Takk e B OTHOLUIEHUM ABYX JMHHUHA racTpOdIH-
TeponaHkpearndyeckux HelposHaokpuHHbIX (GEP-NET) omyxoneii uenose-
ka (BON1 u QGP) in vitro u in vivo [60].

33 (Danusertib, PHA-739358) 34 (Ricaparib) 35 Midostaurine

Pukanapu6 (AG 014699) (34) siBnsiercs uarudutopom nomu(AJD-pu-
6o3a)nonumepa3 PARP (PARP-1 u PARP-2) — dpepmenTa, yuacTByroIIero B
penapauuu pa3pbiBoB JIHK, 3HauuTEIbHO TOPMO3UT NpONH(Epaio U MUT-
pamuio, 1 WHAYIUPYET aronTo3 KIETOK TeNaTOLEUTIONIPHON KapIMHOMBI
HepG2 in vitro [61]. [Ipemapat 0coO€HHO aKTHBEH B OTHOIIEHHH KIIETOK pa-
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Ka npencrarenbHoi xkenedbl C4-2, nedektrrix no penapauuu JHK, sBnser-
Csl CWJIBHBIM PaJMOCEHCHOMIM3ATOPOM KJIETOUYHBIX JIMHHMHA paka mIpeacTa-
tenpHOI kene3bl (LNCaP, C4-2, PC3, DU145, MDaPc2B, CWR22rv1, and
VCaP) u ycauiuBaeT IpOTHBOOIYX0JIEBOE IeHCTBHE pyKamapuba [62].

Mupocraypun 35 — unruburtop peuentopa tuma |l Tupo3uHkuHA3BI
FLT3 u npyrux peunentopHbIX THpO3WHKHHA3, BKiodas PDGFR, VEGFR,
IMKJIMH3aBUCUMOM kuHa3wl 1. Ha ctamuu mpeakInHUYeCKUX UCCIIeI0BaHUM,
mpenapaT MpOSIBUII IMIMPOKUH CIEKTP MPOTHUBOOMYXOJEBOM aKTHBHOCTH HA
Pa3IMYHBIX MOJAETSIX OMYXOJIEBBIX KCEHOTPa(TOB U Ha MOIEIH MHUEIIOIUCTI-
nactuueckoro cunapoma (MDS), unaynupoBanHoro y meimei iuauu FLT3-
ITD (fms-like tyrosine kinase — internal tandem duplication) [63].

3HAYUTENIBHOE YHCIIO BBICOKOAKTHBHBIX IIUTOTOKCHYECKUX COCIUHEHHH,
cozepKalluxX MUPPOII, BBIAEIEHO U3 MOPCKUX OPraHu3MOB [64].

Tak, u3 mMopckux acuumuii cemeiictea Didemnidae BeizesneHsl mpous-
BOJIHBIE MHPpOJa — HUHrainuHbl A-D, nposiBisioniye BoIpa)KeHHYI0 [IUTOTOK-
CHUYHOCTh B OTHOILIEHUH PSAJa OMYyXOJIEBBIX KJIETOUHBIX JIHHUHN, a U3 aCIUAUN
cemeiicta Polycitor sp. — momunuTons! A u B u nomuuutpun A; ocieaHue
COEAMHEHHSI TOPMO3AT POCT TPaHCPOPMHUPOBAHHBIX (HUOPOOIACTOB B KOH-
uenrparmu menee 10 mxelm.
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Polycitone A Polycitone B Polycitrin A
JlaMemnapuHbl — TpPyNNa CEMH IOJHMIMKIMYECKHX apOMATHYECKHX

COC/IMHEHUIA, BBIICTICHHBIX M3 MepenHekadepHbIx MoiutrockoB Lamellaria
SP., pa3IUYaIOIUECS MO MPUCYTCTBUIO B MOJIEKYJIE JE€rHIPOJONaMUHOBOIO

¢parmenTa (tun 1) u ero orcyrcruto (Tt II).
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Lamellarins | Lamellarins |l

CxopHbIe IO CTPOSHHIO PA3JIMYHbIE TPOU3BOIHBIE JTAMEIIAPUHOB MIPOsI-
BWJIN IIMPOKHH CHEKTP OMOJIOTHYecKOW aKTHBHOCTH, BKIIFOYAs [UTOTOKCH-
YECKYyI0, IMPOTHUBOOITYXOJIEBYIO, aHTUMHUTOTHYeCKyt0o n MDR-o6paTumyto
(multi drug resistance reversal) akTHBHOCTb U sl APYTHUX.

K oOcyxIaeMbIM COEAMHEHUSM TECHO NPUMBIKAIOT BBIICICHHBIE U3
rpuba Dictyodendrilla verongiformis npousBoasbie mupposio[2,3-Clkapba3o-
na puktnoaeHapunsl A-E XY ¢ paznuuHbIMU (QYHKIIMOHAJIBHBIMU TPYyIIIa-
mu B pparmenTtax a u b. ['pynna ykasaHHbIX coequHeHuit B 103e 50 mrelmn
ABJISIETCS BbIPQ)KEHHBIMU MHTMOUTOpPaMU ()epMEHTa TeIoMepas3bl, IPHCOEIH-
Hstommel TemoMeps! (rmoBrop HykieotunoB TTAGGG) k 3'-koHIy Xpomo-
coM. C y4eToMm TOro, 4To HaJIu4yue TejaoMepasbl XapakTepHo g 90% omy-
XOJIEBBIX KJIETOK M CYIIECTBEHHO HU)KE€ B HOPMAJbHBIX, IUKTHOIEHIPUHbI
MOT'YT paccMaTpuBaThCsl KaK MEePCIEKTHBHBIE TPenapaThl Ul TAPTeTHOW XHU-
MHOTEpAITNH paka.

OSO3Na R OH

Dictiodendrin A-E,X,Y  Lukianol A (R=H), Lukianol B (R =I). 36 Halitulin

Brigenennsie U3 MOpCKOro 6ecro3BoHOYHOTO nupposio[2,1-C][1,4]okca-
3MHBI TYKHAaHOT A U JIyKHaHoJ B TOpMO3ST poCT KIETOYHOM TMHUN YeTIOBE-
YEeCKOH SMUICPMOUIHON KapIUHOMBI, IPUYEM aKTUBHOCTh HE3aMEIIEHHOTO
MPOM3BOTHOTO JyKHaHoJia A 3HauuTeabHO BhIie (1 mxe/mir) O cpaBHEHUIO
¢ onnpousBoaHbM (100 mkelmn). IHTepecHO, YTO CHHTETHYECKUE MPOU3-
BOJIHBIC YKAa3aHHOTO IPOU3BOJHOTO JaXke C OJHON (PEHWIBHON Trpymmoi
MIPOSIBJISIIOT BBIPAKEHHBIC IMTOTOKCHYCCKHE CBOWCTBA.

U3 skerpakra ry6ok Haliclona tulearensis (cemeiicto Chalinidae) Boi-
JIeJICHO BBICOKOIMTOTOKCHYHOE mpom3Boanoe 36 (Halitulin) B otHOmICHMH
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psiia KIeTOuHbIX JuHuH iN Vitro B korunentpanusix (1Csp): 25 mxe/mn (kaetku
MbIuHON uMdombr P-388), 12 mxelmn (knetku A-549 dyenoBeueckoi Kap-
UHOMBI JIeTKuX), 12 mxelmn (knetku HT-29 denoBedeckoil KomopeKTaib-
HOM KapuuHOMBbI), 25 mxe/mn (kinetku MEL-28 menanoMmbl denoBeka).

3. CoenuHenus, coaep:xamme siApo TuodpeHa

Tuodenkapookcamuy 37 (Adypeceptnd, GSK-2110183) sBusercs
MOIIHBIM WHTHOUTOPOM CEMEICTBAa CEPUH/TPEOHMHOBBIX MPOTEHHKMHA3 B:
(AKT, PKB, PKB/AKT) - kito4eBbIX (hepMEHTOB, 00ECIICUMBAIOIINX BEIKHU-
BaHUE KJIETOK MTyTeM MHruOupoBaHus arnonto3a. [Ipenapar cuiabHO, 0OpaTH-
MO W CEJIEKTUBHO TOPMO3UT akTUBHOCTh AKT-kuHa3 1,2,3 B MUKOMOJIAPHBIX
koHuentparusax (3Hauenus Ki 0.08, 2.0 u 2.6 nM, COOTBETCTBEHHO) U MPO-
nudepanno pakoBbIX KJIETOK YEIOBEKa, B TOM YHCIE, FeMaTOJIOTHYECKUX
¢dopm [65, 66].
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37 (Afuresertib, GSK-2110183) 38 (Batimastat, BB-94)

batumacrar 38 — mpousBogHOE THO(EH-2-THOIA, SBJISETCS KOHKYpPEHT-
HBIM WHTUOMTOPOM psijia IUHK3aBUCHMBIX MATPUKCHBIX METAIIONPOTEHHA3
(MMP) B wactHOCTH, HHTEpPCTUIHATLHON KosutareHassl (MMP-1), ctpome-
mmsuHa-1 (MMP-3), xenatunazer A (MMP-2), xenatunassr B (MMP-9),
MatpunuzuHa (MMP-7) u npoxenartunaszsl A (MMP-14), urparomux Bax-
HYI0O pOJIb B aHTHOTEHe3e, amomnTose, nponudepannu, nupdepeHmanum
KJeToK. Ha skcrieprMeHTanbHBIX MBIIIMHBIX MOJETISAX OIyXoJiei 6aTtnumactar
MHTUOMPYET MHBA3UIO OIYXOJIM M aHTHOT€HE3 OITyXOJeH JIETKHX, MOJIOYHON
’KeJe3bl, KOJIOHOPEKTAIFHOTO paKa M paka Mo/ KeITyI09HOH xkelnes3bl [67-69].

H

T,
N N_. s P

o

39 (AZD-7762) 40 Raltitrexed (Tomudex, ZD-1694)
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3amenieHnbii THOGeHKapOokcamun AZD-7762 (39), sBasisICh CHIIbHBIM
unrudutopom yeknornt-kuHaz CHK1 u CHK2 - cepun/Tpeonnnkunas, mo-
BBIIIAET YYBCTBUTEIBHOCTDH omyxonu K JJHK-moBpexnatonmm npenaparam,
B YaCTHOCTH, OCHIAMYyCTUHY, MendaiaHy, JOKCOPYOHIIMHY, U TPOSBISET
MIPOTUBOITYXOJIEBYI0O AKTUBHOCTh B OTHOIIEHUHU OMYXOJIEH SMYHUKOB, MO-
JIOYHOM JKeJie3bl M KIIETOK MUEIOMBI ueaoBeka (imann KMS-12-BM, KMS-
12-PE, RPMI-8226 u U266B1) [70-71].

Panturpexcen (Tomyznexc) 40 siBisercs npemnapaToM, H30UpaTeIbHO MO-
JABISIIONIMM aKTUBHOCTh TUMUAWIAT cuHTeTasbl (TC) mo mexaHu3Mmy mpsi-
MOT'0, HEKOHKYPEHTHOTO MHI'MOUpOBaHUs (hepMeHTa.

B kietke mpenapat mpoXOAUT CTAIUIO MOJUTIIOTAMU3ALUH, KaTaJlu3H-
pyemyto dommmonurtyramarcuaTetaszoit (PIII'C), B pesynbrare yero odpa-
30BaHHBIM KOMIUIEKC DPATUTPEKCEA-TIONHUIITyTaMaT MOJABISET aKTUBHOCTD
TC B 100 pa3 Gonee 3¢pdekTnBHO, YeM HEINIIOTAMU3HPOBAHHBIN Ipenapar.
Pantutpekcen a3 pexTHBEH NpH JeUeHUH OOJBHBIX C METACTATUYECKUM KO-
JIOPEKTaIbHBIM PaKOM B COYETAHUH C Teparueit S-¢propyparmiom [72].

[MpousBomHoe TueHo[2,3-Clmupuauna 41 (Abbott C41) mogasnsier obpa-
30BaHue pakropa Hekposa omyxoinei (TNF), urayImpoBaHHOE JTHITONIOUCA-
xapugoM (LPS) B kynbType uenoBeueckux kierok 188, a Ha MOJETH MBIIIH-
HBIX KJIeTOK 187, o6paboranusix LPS, mogasnser dhocdopuinpoBanue BHe-
KJICTOYHOM cHrHajperyiaupyemoii nporennknHasbl (ERK), otHocsmelics k
OJIHOMY U3 KJIFOUYEBBIX cUTHAIBHBIX yTeit MAPK (mitogen-activated protein
kinase) [73].

H
SN / N
S
/
(Abbott C-41) 42 (AMG-900)

[IponsBomHoe 2-amuHOMMpuUMHIWHA coenuHeHne 42 (AMG-900)
AT®-xkoHKYpeHTHbIN uHrubuTop kuHa3z Aurora. B xierkax Hela nmpemnapat
uHrnbupyet ayrodochopunupoanue Aurora-A u Aurora-B m ocraTka ce-
puHa B ructone H3 — cyberpare kunassl Aurora B. B konuentparym 2-3 nM
AMG-900 Topmo3ut mponupepanuro 26-u pa3IuUHbIX JUHUA OMYXOJIEBbIX
KJIETOK iN Vitro, BKiIrOYast TMHUH, PE3UCTEHTHBIE K IPYTHM HHTHOUTOpaM KH-
Ha3 Aurora win naknmurakceny. [Ipemapatr AMG-900 paccmaTtpuBaeTcst Kak
HNEPCHIEKTUBHOE JIEKAPCTBEHHOE CPEJICTBO B TEpAIMM JIMIOCAPKOMBI [74] u
OCTpOTO Muesofenko3a [75].
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bauskue no cTpykType npousBojubie TueHonupumuauna — 43 (I[ukru-
mucu6, GDC-0941) u 44 (Anurtonucud, GDC-0980), sBasiFOTCS MHIHOUTO-
pamu pochorno3uTHa-3-KMHA3. B akcnepumentax in vitro npemnapar GDC-
0941 Topmosut poct kiaetok HCT116, DLD1 u HT29 B koHueHTparusax
Glso 1081, 1070 u 157 uM, cooTBeTcTBeHHO, W Tpomen Il craauro kmuHU-
YeCKUX UCTbITaHui [76,77]. Anutonmucud 44 — CWIBHBI WHTHOUTOP IyTH
BHYTpHKIIeTOYHOM mepenaun curHaina PISK/AKT/MTOR, perymupyroimero
KJICTOYHBIN LIUKJI, OCOOCHHO aKTHBEH B OTHOIICHUH KJICTOYHBIX JIMHUI pakKa
JIETKUX, MPEICTATeIBHON Y MOJIOYHOH Keje3, HECKOJIIbKO MeHee — MeJlaHo-
MBI U OINYXOJHM MMOKEeTyd049HOM »kene3bl [78]. Ilpemapar B moze 30 me
MPOSIBJISIET HEOOJBINYIO, HO IOCTOBEPHYIO MPOTHBOOITYXOJIEBYIO aKTUBHOCTh
y OOJIBHBIX C TUIEBPAIBHOM Me30TeTHoMOoi [79].

\
0=5=0

N

OO

N

(o)

v O

43 (Pictilisib, GDC-0941) 44 (Apitolisib, GDC-0980) 45 (NU-7441)

[TpousBogHoe xpomeH-4-oHa 45 (NU-7441) — BBICOKOAKTHBHBIH H Ce-
NeKTUBHbIM mHruourop ¢epmenra J|HK-3aBucumas nporenHknHasza (kaTa-
nutndeckoi cyonreaunuia DNA-PKCS), oTHOCserocs k cemeictBy docda-
TUAMTUHO3UTON-3-KuHa3. Kak pe3ynbraT nHrnOupoBanus ¢pepMeHTa mnpemna-
paT CEeHCHOWIM3HPYET KIETKM paka MOJOYHOW Keje3bl K MOHU3UPYIOIIEH
paauaiuu u nokcopyoununy [80].

4. CoennHenns, coaep:xammue aapo pypana

3amenieHHbIN 4-aHmMHOXUHA30IMH 46 (AdaTHHNO) OTHOCHUTCS K TPYII-
e TpernapaToB — MHTHOMTOPOB THUPO3SMHKMWHA3KI, OJTHOBPEMEHHO HEOOpaTH-
MO MHTHOWPYET KMHA3bl PEIETITOPOB YEIOBEYECKOTO AMHISPMAIBLHOTO (hak-
Topa pocra Her2 u EGFR. Adarunub npeanoxeH aJisi JISYCHUS] HEMEIKOK-

JIETOYHOTO paKa JIETKUX U METacTa3upyIOIIero paka MOJIOYHOM xemne3bl [81,
82].
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46 (Afatinib, BIBW-2992) 47 (Lapatinib)

Jlanmatuan® 47, WMeEIOUMH OIpeJesIeHHOe CTPYKTYpHOE CXOJCTBO C
Adartuandom 46, sBISETCS ABOWHBIM MHTHOWTOPOM THUPO3WHKHHA3BI, Ipe-
pBIBasi CUTHAJIBHBIC MTyTH, ONIOCPEOBAHHBIE PELICIITOPAMHU SUACPMATHLHOTO
¢daktopa pocra (HER2/neu) u (EGFR) [83]. Ilpemapar mnpemioxeH B
KOMOWHAIIMY C KaleUTa0OMHOM IIPH Tepaliy paka MOJIOYHOH JKeJe3bl mocie
NpeABapUTENHHON TEpanuy aHTPALMKINHAMYU, TAKCAHOM M TPacTy3ymMaOom
[84].

Eme oqun npencraBuTeNb psijia 3aMEIIeHHBIX 4-aHUITMHOXUHA30JIMHOB ~
npenapar 48 (ARRY-380 analog, CAS Ne 937265-83-3), siBisieTCst CHIIBHBIM
W CCIICKTUBHBIM MHTHOMTOpOM THpo3uHKMHa3bkl HER2, kpome TOroO, yrae-
TaeT peuentop snuaepmansHoro dgakropa pocra (EGFR) u mposisier mpo-
THUBOOITYXOJIEBYIO aKTHBHOCTHh Ha Mojensix HER2-3aBucumbIx omyxoneBbix
KkceHorpadTos [85].

Ipo3Boanoe pypana 49 (Ynpoceprud, GSK-2141795) — ceneKTUBHBIH,
AT®-KOHKYPEHTHBI HHIMOUTOP CEpUH/TPEeOHHH npoTenHKnHa3bl Akt (ripo-
TeWH KuHa3a B) curHaneHOro mytu GpocdorHO3UTHI-3-KUHA3A-IPOTCHHKH-
nasza B/Akt (PI3K-PKB/Akt). AxtuBaiys yKa3aHHOTO CHTHAJIBHOTO IYyTH
CBSI3BIBAETCSI C TYMOPOT'€HE30M H, KPOME TOr0, BHOCHUT CYIIECTBEHHBIN
BKJIQ/I B BO3HUKHOBEHHE PE3MUCTEHTHOCTH OMYXOJIM K IIEJIOMY PSAY MPOTH-
BOOITYXOJIEBBIX MpENnapaToB. YTNPOCEpTHO HHTHOUPYET aKTUBHOCTH IIPO-
tenHknHa3bl AKt,TeM campiM Hapymas curHanusanuio mo nyta PI3K-
PKB/AKt, uro, B KOHEUHOM CYeTEe, TOPMO3UT MPOTH(EPALUIo U HHIYIHPYET
aronTo3 OMyXoJIeBbIX KiIeToK. [IpenapaT nmocne ¢assl |l knmuHUYecKuX ucmbl-
TaHUH TIPEIJIOKEH B KadyecTBE Ipemnapara Ui JICYCHUS SHIOMETPHAIBbHON
KapLUUHOMBI 1 MHOKECTBEHHOU Muenomsl [86,87].
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48 (ARRY-380 analog) 49 (Uprosertib, GSK-2141795)

Takum oOpa3oM, B MUHU-0030pe 00001IEHbI JaHHBIE PEUMYIIECTBEHHO
nociaenHux 10 JeT mo MPOTHBOOIYXOJIEBBIM IIpenapaTraM, COAEpKalluM
(dbparmenTsl TUppona, ThodeHa U GpypaHa U UX KOHJESHCHPOBAHHBIX CHUCTEM
Y MEXaHuU3MaM HX JeicTBus. [IprBeeHHbIC JaHHBIC IO CTPOCHUIO U MOJIe-
KYJIIPHO-OMOJIOTMYECKOMY JIEHCTBHIO COBPEMEHHBIX MPOTHBOOITYXOJIEBBIX
MpernapaToB MOTYT OBITh MOJIE3HBIMU HIMPOKOMY KPYTY HCCIICAOBATEICH B
o0yacTh OpraHMYecKor, OMOOPraHMYECKON, MEIUIIMHCKON XUMUU U CMEX-
HBIX oOJacTei, 3aHUMArOIIUXCA Pa3pabOTKON HOBBIX 3((EKTUBHBIX Je-
KapCTBEHHBIX CPECTB ISl XHMHUTEPAIIUH paKa.

NPLGUTLRHRUUWLE NESELNSPULEM NP LALL, DAFLTLLE, G-PODELL,
U/NMTY LAMTAN3USNFE-3NFLLELE U3FU3UWL
LhUPNE-GLUNPUSAFT (PNLL TELUNY)

U. W P U23TL, L. u. PAER3UTL L UL W NULOFE-3OFL3UTL

Lhgluibipuugdfnd b Sflilputinid fbppts 10 muppibph puyibipp, npeip o bpo-
plpnd b fnncgudpacd wfpny, wfprgbl b $acpuls wupncalng b bpuing fnbgbluog-
b Quiduilpuapghpl Sulpuninncgpuyfis wyybgnfFyul pdolyulbinmpuriiluts Spdncphb-
b Yups Gpmd by yppnnpumnncfyliph dngllynggup @Fhpupiidipp, fudppugdng nbyboy-
snnphbpp Lo $hipdlinntikpp, wnwhdph qhyphprod GnpugnyugnFyniiibpl ppolfin@hpo-
Lli[lLLIJHLLr in vitro I in vivo uiLuJLfLuilillianlf l[l?flul.u[zluiuul[wfl CIFlﬂLuqnan[JJﬂLiIiIbF[I L 1111-
[l f bpuplipyuy :

FIVE-MEMBERED HETEROCYCLES - PYRROL, THIOPHENE,
FURAN IN MODERN CHEMOTHERAPY OF MALIGNANT NEOPLASMS
(MINI-REVIEW)

M. A. IRADYAN? N. S. IRADYAN®and A. A. HARUTYUNYAN?®?

& The Scientific Technological Center of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: harutyunyan.arthur@yahoo.com
b Armenian-Russian University, Yerevan, Armenia

The data on the molecular-biological fundamentals of the antitumor action of drugs

containing pyrrole, thiophene and furan and their condensed systems are summarized
predominantly over the past 10 years. Molecular targets of drug action, inhibited
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receptors and enzymes and, in some cases, data on in vitro and in vivo biological studies
and clinical use of tumor chemotherapy are briefly indicated

The introduction briefly discusses the molecular biological aspects of the creation
of selectively acting targeted drugs.

Chapter 2 summarizes the available data on a relatively large class of drugs of
synthetic and natural origin, in particular, isolated from marine organisms containing
substituted pyrrole and its condensed systems, in particular indoles, pyrrolopyrazoles,
pyrrolopyridines,  pyrrolopyrimidines, pyrrolotriazines, pyrrolo[2,-c][1,4]oxazine.
Among the derivatives of natural origin, data on ningalines, polycytrins, polycytones,
lamellarin, dicitodendrins, lukianols, halitulin are given.

Chapter 3 discusses preparations containing a residue of thiophene and condensed
thiophenes: thieno[2,3-c]pyridines, thieno[3,2-d]pyrimidines, dibenzo[b,d]thiophenes.

Chapter 4 presents the structural formulas and biological properties of preparations
containing a furan ring.

The review can be useful to a wide range of researchers in the field of organic,
bioorganic, medical chemistry and related fields involved in the development of new
effective drugs for cancer chemotherapy.
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Iocrymumo 2 V 2019

YcTaHoBMNEHO, YTO Npu B3avMoAencTBun aTun 6-apun-5-(apunkapbamoun)-2-rmapokeu-2-me-
TUN-4-0KCOLMKIOrekCaHkapboKkcnnaToB € rMAPOXIOPUAOM  TMAPOKCMIIaMMHA B MPUCYTCTBUM
nMpuanHa B 3TaHOME NPU KUMSYEHMU, KPOME OXMOAEMbIX COOTBETCTBYHOLLMX OKCUMOB, B HEKOTOPbIX
cnyyasx Habniopganocb obpasoBaHue 3TN 4-rMapOKCU-4-MeTun-6-okco-2-apunnunepuanH-3-
kapbokcunatoB. OTAenbHbIM OMNbITOM ObINO MOKa3aHo, YTO MocnedHue SIBMSTCA NpodyKTaMu
OanbHenwWwero npeBpaLleHns (3KCTPY3un) ykasaHHbIX OKCUMOB.

Bubn.ccbinok 5.

OkcuMbI KapOOHWIIBHBIX COSTMHEHUH NPECTABISIOT HHTEPEC B CBA3H C
WCIIOJIb30BAHUEM HMX B KaueCTBE NPOMEKYTOUYHBIX IMPOJIYKTOB OpraHHUYe-
ckoro cuHtesa [1,2], a Takke B KauecTBE MOTCHITMAIBHBIX JIeKapcTB [3].

HenaBHo Hamu pa3paboTaH HOBBIM JOCTYIHBIH METOJ CHHTE3a (PYHK-
[MOHAIBHO 3aMEIICHHBIX ITUKJIOTeKCAHOHOB [4], KOTOpble 00manamT cnado-
BBIPQXKCHHOW aHTHUMHUKPOOHOW aKTUBHOCTHIO. C IIEJIbI0 TIONYYEHUS HOBBIX
MIPOM3BOIHBIX YKAa3aHHBIX IUKIIOTEKCAHOHOB, KOTOPHIE MOTJIH OBI MPOSIBIISATH
0oJiee BHICOKYIO aHTUMUKPOOHYIO aKTHBHOCTH, U3yY€HO UX OKCHMUPOBAHUE.

HccnenoBanusi mokaszaigd, 4TO MPH B3aUMOJCUCTBHUH ATHII 6-apui-5-
(apunkapOamon )-2-TUAPOKCH-2-METHI-4-OKCOITUKIOTeKCaHKaPOOKCUIIATOB
(1) ¢ ruaApPOXIOPUIOM THAPOKCHIAMUHA B MPUCYTCTBHH MUPUANHA TPH KH-
MYCHUH B ATAHOJIC, KPOME OXKHUIACMbBIX COOTBETCTBYIOIIUX OKCHMOB 2, B
HEKOTOPBIX CIIydasx (4TO HE MOAYUHSICTCS KaKUM-THOO OYEBUIHBIM 3aKOHO-
MEpPHOCTSIM) HaOII0JaIOCh O0pa3oBaHWE COCIWHEHWN, KOTOPhIE B CBOEH
CTPYKTYpE HE CoJiepKalli aMHJIHOTO ()parMenTa, a, corjiacHo AaHHbIM SAMP
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(*H, C) u UK- crekTpockonuu, SBISIOTCS STHI 4-THAPOKCH-4-MeTHII-6-
OKCO-2-apuimunepuIuH-3-kapookcunatamu (3, cxemal).

Cxema 1
(0] Ar O (e} Ar O Ar O
RHN OEt  NH,OH-HCI RHN OEt H\N OEt
_— +
CH 0 CH
o o 3 1%, Py, BtOH /N i o 3 o oﬁHS
HO
1an 2 a-u 3%, 3

R, Ar=4-Me-CgH,, 4-NO,-CgH, (a); 2-Me-CgHy, 4-NO,-CgH, (6); 4-MeO-CgH,, CHs(B); 4-MeO-CgHa,
4-N02-C6H4 (r), 4-N02-CGH4, 4-N02-CGH4 (Fl), 3-N02-C6H4, 4-MeO-C6H4 (e), 2-Me-C6H4, C6H4 ()K), CGH5,

4-Cl-CgH, (3); CgHs, CgHs (1).

CrpykTypa coeauHeHHH 3 MO/ACKa3bIBaeT, YTO OHM MOITHU Obl 00pa3o-
BaTbCs U3 UCXOJHOTO LMKJIOrekcaHoHa 1 B kucioit cpeme. OnHako npose-
JICHHBIE OTBITHI MIOKA3aJIM, YTO MPU HArpeBaHUHM KETOHOB 4a-B B IPHUCYTCT-
BUU COJISIHOM WM napa-ToilyocyabPOKUCIOTh, o AaHHeIM [IMP criekrpo-
CKOIIMH, OHY TO/IBEPratoTCs TOJIBKO JeTUApaTaliy ¢ 00pa3oBaHUEM 3TUI 2-
MeTHI-4-0KCc0-6-apmin-5-(apuikap6aMomn1 ) IIUKIOTeKC-2-eHKapOOKCUIIaTOB
(5a-B, cxema 2).

Cxema 2
(@] Ar O (@] Ar (@]
RHN OEt H*, tO, EtOH RHN OEt
CHy ————>
o) oH -H,0 o) CH,
4a-B 5a-8

R:4-Me-CGH4, Ar=n—C|—C6H4 (a), R:Ar:CGH5 (6), R:2-MeC6H4; Ar:4-NO2-CGH4(B).

[IpuBeneHHbIC TaHHBIE CBHICTEILCTBYIOT, YTO COCIMHEHUE 3, MO BCEH
BEPOATHOCTHU, ABIACTCA NPOAYKTOM HaﬂbHeﬁmeFO IpeBpaliCHusA OKCMMOB 2.
W neticTBuTensHO, IPU HArpEBaHUU OKCHMa 23K B MPHUCYTCTBHM THIPOXIO-
pua TUAPOKCUIIaMUHA OH TpeBpamiaercs B coeauHeHne 3:k. OTMETHM, YTO
B IaHHOM CJIy4ac, HaM HE€ YIaJIOChb BBISICHHUTBL, BO UTO IMPEBpaAlIa€TCd aMUI -
Has 4acTh MOJICKYJIbI OKCHMa 2 B PE3YJIbTaTe SKCTPY3HUHU, YTO HE MO3BOJIAET
NPeJICTaBUTh MpeAroaraeMyro cxemy odpasoBanus coenunenus 3. [Tocnen-
Hee 00CTOSTENhCTBO, B CBOIO OUYepellb, 3aTPYAHSET OOBSICHEHUE OTCYTCTBHS
OOIIHOCTH HA0JIF01aeMOTO MpoIiecca.

HccnenoBana anTnOakTepraibHasi akTHBHOCTh CHHTE3UPOBAHHBIX OKCH-
MOB 2 0,5k MeronoMm "muddysum B arape" mpu OakTepuambHONW Harpys3ke
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20 man MUKpPOOHBIX TeNl Ha 1 Mz cpelpl Ha TPaMIOIOKUTENbHBIE CTaduIo-
kokku (Staphylococcus aureus 209p, 1) u rpaMoTpHIaTeNbHbIE MATOYKH
(Sh.flexnezi; 6858, E. Coli 0-55) [5]. UccnenoBanus mokasaid, 9YTO COCIH-
HEHUS 20 U 23K aKTUBHOCTH HE TIPOSIBIISIOT.

IJKCIepUMEHTAJIbHAA YACTh

HK-cniextpsl cusatel Ha criekrpodoromerpe “Nicolet Avatar 330 FT-IR”
B Ba3zequHOBOM Macie. Crnektpol SIMP 'H u BC MOJIy4eHBI Ha TMpudope
Varian “Mercury 300V X” ¢ pabounmu yactoramu 300.077 u 75 MIy, pact-
Bopurens — JIMCO-d-CCly (1:3), Bayrpennunii crangapt — TMC. Temmnepa-
TYpBI IIABJICHUSI OMPEIeICHbI Ha cTosnke “Boétius”.

O0mas mMeToauKa NpPoBeJeHUs] B3aMMOAEHCTBUS ITHI 6-apui-5-
(apukap6aMon1)-2-ruApOKCH-2-MeTHI-4-0KCOUMKJII0TeKCAHKAPOOKCH-
JaToB 1 ¢ rMAPOKCHIAMHMH ITMAPOXJIOPHAOM. DTaHOJIBHBIN PacTBOpP 3KBU-
MOJIBHBIX KOJHYECTB THIPOKCHUIAMUH THAPOXJIOpHUAA, coeauHeHnid 1 u nu-
pUIMHA KHUIATAT [0 IOJHOIO pacTBOPEHUs peakuuoHHOM cmecu (10-
40 mun). PeakiMOHHYIO CMECh OCTaBJIAIOT NPU KOMHATHOM Temreparype H
Ha CIIEAYIOMUHI JeHb OT(OUIBTPOBBIBAIOT, KPUCTAIUIB IPOMBIBAIOT CHAayasa
BOJIOM, 3aT€M 3TAHOJIOM, a IOTOM 3(UPOM M NEPEKPUCTAIUIU30BBIBAIOT M3
alleTOHUTpUIIA.

ITIa 2-rHAPOKCH-4-(THAPOKCHMMHUHO)-2-MeTHJI-6-m-ToJ1mI-5-(n-
HUTPO(pEeHNIKAPOaMOMIT) IUKIOreKcaHKapOokewiIaT (2a). M3 095 ¢
(2 mmons) 1a u 0.14 2 (2 Mmoss1) THAPOKCHITAMHUH THIPOXJIOPUIA B MIPUCYT-
crBun 0.16 2 (2 mmons) nupuauHa noayuero 0.56 2 (60%) 2a, 1. . 265-
266°C. UK-cmextp, v, em™: 3460 (N-OH), 3378 (OH), 3300 (NH), 1697
(COOC), 1674(CON). Cnexrp SIMP 'H, §, m. 1., I'y: 0.93 T (3H, J=7.1,
CH3CH,0); 1.31 ¢ (3H, CH3COH); 1.96 x (1H, J=14.5, CHy); 2.22 ¢ (3H,
CHsAr); 3.08 n ( 1H, J=12.2, CH); 3.48 n (1H, J=14.5, CH,); 3.58 n (1H,
J=12.0, CH); 3.75-3.90 m (2H, OCHy); 4.05 an (1H, J=12.2, 12.0, CH-Ar);
4.22 m (1H, OH); 6.89-6.94 m (2H) u 7.28-7.33 m (2H,CsHsMe); 7.54-7.59 m
(2H) u 8.05-8.10 m (2H, CsHsNOy); 9.52 ¢ (1H, NH); 10.72 ¢ (1H, NOH).
Crnextp SIMP C, §, m.x: 13.5 (CHsCH;O); 20.2 (CHs-Ar); 28.4
(CH3COH); 37.0 (CHy); 43.1 (CH); 54.1 (CH); 56.4 (CH); 59.2 (OCHy);
69.9 (COH); 118.5 (2.CH); 122.3 (2.CH); 128.2 (2.CH); 129.5 (2.CH);
131.0; 136.5; 146.1; 148.8; 152.7; 166.3; 170.8. Haiineno, %: C 61.12; H
5.45; N 8.71. Cy4H»7N30;. Brrunciieno, %: C 61.40; H 5.80; N 8.95.

ITHa  2-TUAPOKCH-4-(THAPOKCMUMMHO)-2-MeTHJI-6-TI-HUTPO e HUJI-
5-(o-TosmkapoamMomws)IMKIOreKcankapookenaar  (26). Mz 125 2
(2.6 mmons) 16 u 0.19 2 (2.6 Mmonst) THAPOKCUITAMHIH THAPOXJIOPHIA B TIPH-
cyrctBun 0.21 2 (2.6 mmonst) mupuauna nonydeno 0.66 2 (51%) 26, T. .
227-228°C. UIK-cmextp, v, cv™: 3515 (N-OH), 3390 (OH), 3279 (NH), 1712
(COOC), 1668 (CON). Cmektp SIMP *H, &, m. 1., ['y: 0.94 T (3H, J=7.1,
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CH3;CH,0); 1.32 ¢ (3H, CH3COH); 1.82 ¢ (3H, CH3-Ar); 1.96 ym. n (1H,
J=14.5, CHy); 3.05 1 ( 1H, J=12.2, CH); 3.50 n (1H, J=14.5, CH,); 3.71 ymu.
a (1H, J=12.0, CH); 3.78-3.89 m (2H, OCHy); 4.03 an (1H, J=12.2, 12.0,
CH-Ar); 4.25 ¢ (1H, OH); 6.87-7.02 m (3H) u 7.16-7.20 m (1H, CgHsMe);
7.55-7.61 M (2H) u 8.08-8.13 m (2H, CsHasNOy); 8.91 ym. (1H, NH); 10.60 ¢
(1H, NOH). Crextp SIMP C, &, m. 1.: 13.5 (CH3CH,0); 17.3 (CHs-Ar);
28.4 (CH3COH); 37.0 (CHy); 43.4 (CH); 53.4 (CH); 56.6 (CH); 59.2
(OCHy); 69.9 (COH); 122.3 (2.CH); 124.2 (CH); 124.4 (CH); 125.0 (CH);
129.5 (CH); 129.7 (2.CH); 130.9; 136.0; 146.1; 148.9; 152.8; 166.6; 170.9.
Haitineno, %: C 61.70; H 6.01; N 8.61. Cy3H»7N30O7. Breraucneno, %: C
61.40; H 5.80; N 8.95.

Ot 2-THAPOKCH-4-(THAPOKCHUMMHO)-2-MeTHII-6-peHna-5-(n-me-
TokcueHNIKapOaMONI)INKIOTeKcaHKapOokenaaTr (2B). U3z 043 ¢
(1 mmonw) 1B 1 0.07 2 (1 MmOnb) THAPOKCUIAMUH THAPOXIOPHIA B TIPUCYT-
crBun 0.08 2 (1 mmonw) mupuauna noaydeno 0.24 2 (55 %) 2B, 1. . 221°C.
UK-criextp, v, cv™': 3450 (N-OH), 3354 (OH), 3222 (NH), 1698 (COOQC),
1674 (CON). Crextp SIMP 'H, 8, m. 1., I'y: 0.85 1 (3H, J=7.1, CH3CH,0);
1.29 ¢ (3H, CH3COH); 1.89 ym. 1 (1H, J=14.6, CHy); 2.93 1 (1H, J=12.2,
CHCOOE); 3.49 n ( 1H, J=14.6, CHy); 3.51 n (1H, J=12.0, CHCON); 3.69 ¢
(3H, OCHj3); 3.79 k (2H, J=7.1 OCH,); 3.86 axn (1H, J=12.2, 12.0, CHPh);
4.05 1 (1H, J=1.0, OH); 6.64-6.69 m (2H, C¢Hy); 7.07-7.14 M (1H, n-Ph-H);
7.16-7.23 m (2H, m-Ph-H); 7.25-7.30 m (2H, 0-Ph-H); 7.31-7.36 m (2H,
CsHa); 9.39 ymr. (1H, NH); 10.66 ¢ (1H, NOH). Cnextp SIMP *C, §, m. 1.:
13.3 (CH3CH,0); 28.5 (CH3COH); 36.7 (CHy); 43.3 (CH); 54.3 (CH30);
54.5 (CH); 57.0 (CH); 59.0 (CH,0); 69.8 (CH3COH); 112.9 (2.CH); 119.9
(2.CH); 126.1 (p-Ph); 127.2 (2.CH); 128.2 (2.CH); 132.5; 140.4; 153.0;
154.5; 166.4; 171.8. Haiigeno, %: C 65.76; H 6.62; N 6.64. Cy4H35N>0g.
Brruncneno, %: C 65.44; H 6.41; N 6.36.

ITHA  2-TUAPOKCH-4-(THAPOKCMUMMHO)-2-MeTHJI-6-TI-HUTPO e HUJI-
5-(n-meTokcudeHUIKaApOAMONI ) IIUKIIOTeKCaHKapookeuaatr  (2r). s
0.56 2 (1.2 mmons) 1r u 0.08 2 (1.2 Mmonst) THAPOKCHIAMUH THIPOXJIOPU/IA B
npucyrcteun 0.09 2 (1.2 mmons) mupuanua nomyuero 0.33 2 (59 %) 2r, T.
. 265-266°C. VK-cniextp, v, cm: 3460 (N-OH), 3372 (OH), 3220 (NH),
1698 (COOC), 1672 (CON). Cmextp SIMP 'H, &, m. 1., I'y: 0.93 T (3H,
J=7.1, CH3CH,0); 1.32 ¢ (3H, CH3COH); 1.96 1 (1H, J=14.5, CH>); 3.08 1
(1H, J=12.2, CH); 3.49 n (1H, J=14.5, CH,); 3.56 x (1H, J=12.0, CH); 3.68 ¢
(3H, CH30); 3.75-3.90 m (2H, CH;0); 3.80 m (1H, OH); 4.05 mn (1H,
J=12.2, 12.0 CH-Ar); 6.63-6.69 M (2H) u 7.32-7.37 m (2H, CsH,OMe); 7.54-
7.59 M (2H) u 8.05-8.10 M (2H, CsHsNO5); 9.48 ¢ (1H, NH); 10.72 yu. (1H,
NOH). Criextp SIMP °C, §, m. 1.: 13.5 (CH3CH,0); 28.4 (CH3COH); 37.0
(CHy); 43.1 (CH); 54.0 (CH); 54.5 (CH30); 56.4 (CH); 59.2 (CH,0); 69.9
(COH); 112.9 (2.CH); 119.8 (2.CH); 122.3 (2.CH); 129.5 (2.CH); 132.3;
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146.1; 148.8; 152.6; 154.6; 166.0; 170.9. Haiineno, %: C 59.66; H 5.32; N
8.39. Cy4H27N30g. Beruncaeno, %: C 59.37; H 5.61; N 8.66.

T 2-THAPOKCH-4-(TUAPOKCUMMHHO)-2-MeTHJI-0-TT-HUTPOPeHNJI-
5-(n-auTpodeHnakapoaMont)IHKIOreKcankapookcniaar (2x). 13 0.77 2
(1.5 mmons) 1x u 0.1 2 (1.5 mmons) THAPOKCHIIAMHH THIPOXJIOPUIA B TPH-
cyrcrBun 0.12 2 (1.5 mmons) nupuauna nonydeno 0.37 2 (47%) 2a, T. .
251-255°C. MIK-cmiextp, v, cv™: 3444 (N-OH), 3384 (OH), 2350 (NH), 1693
(COOC), 1620 (CON). Crekrp SIMP 'H, 8, m. ., Iy: 0.94 T (3H, J=7.1,
CH3CH,0); 1.32 ¢ (3H, CH3COH); 1.99 n (1H, J=14.4, CH,); 3.14 n (1H,
J=12.1, CH); 3.51 n (1H, J=14.4, CH,); 3.68 1 (1H, J=12.0, CH); 3.75-3.91
M (2H, OCHy); 4.08 an (1H, J=12.1, 12.0, CH-Ar); 4.27 m (1H, OH); 7.55-
7.60 m (2H); 7.68-7.73 m (2H); 8.01-8.06 m (2H) u 8.06-8.11 m (2H,
2.CgHg); 10.31 ym. (1H, NH); 10.79 ¢ (1H, N-OH). Criextp SIMP °C, 5, m.
a.: 13.5 (CH3CH,0); 28.3 (CH3COH); 37.1 (CH,); 43.1 (CH); 54.4 (CH);
56.4 (CH); 59.3 (OCHy); 70.0 (COH); 118.1 (2.CH); 122.5 (2.CH); 124.0
(2.CH); 129.5 (2.CH); 141.8; 144.9; 146.2; 148.5; 152.8; 167.8; 170.8.
Haiineno, %: C 55.48; H 5.00; N 11.54. Cy3H2N4sOg. Brruncneno, %: C
55.20; H 4.83; N 11.20.

ITHI 2-ruApoKcH-4-(ruAPOKCHMMHUHO)-2-MeTHJI-6-n-MeTOKcH (e-
HWI-5-(M-HUTPOdeHnIKAPGAMONT)IHKIIOTeKcaHKapookenaaT (2e). 13
0.21 2 (0.5 mmons) 1e u 0.03 2 (0.5 mmons) rUAPOKCHIIAMUH THIPOXJIOPH/IA B
npucyrcteun 0.04 2 (0.5 mmons) nupuauna nomydeno 0.09 2 (39%) 2e, .
. 234-235°C. UK-criextp, v, cm'': 3471 (N-OH), 3376 (OH), 3213 (NH),
1700 (COOQC), 1672 (CON). Cnextp SIMP 'H, &, m. 1., I'y: 0.91 T (3H,
J=7.1, CH3CH;0); 1.28 ¢ (3H, CH3COH); 1.87 a (1H, J=14.6, CH,); 2.26 ¢
(3H, CHs-Ar); 2.88 1 (1H, J=12.2, CH); 3.48 n (1H, J=14.6, CH,); 3.49 n
(1H, J=12.0, CH); 3.71 ¢ (3H, OCHg); 3.86 o (1H, J=12.2, 12.0, CH-Ar);
3.82 x (2H, J=7.1, OCH,); 4.00 m. (1H, OH); 6.69 ym. x (1H, J=7.5,
CsHiMe); 6.70-6.75 m (2H, CgH,OMe); 7.00 nx (1H, J=8.1, 7.5, CsHsMe);
7.15-7.20 m (2H, C¢H,OMe); 7.24 ym. n (1H, J=8.1, C¢HsMe); 7.32 ym.
(1H, C¢HsMe); 9.43 ym. (1H, NH); 10.63 ¢ (1H, N-OH). Criexp SIMP **C,
3, M. 11.: 13.4 (CH3CH,0); 21.0 (CH3-Ar); 28.5 (CH3COH); 36.7 (CH,); 42.4
(CH); 54.2 (CH); 54.7 (OCH3); 57.3 (CH); 59.0 (OCHy); 69.8 (COH); 112.7
(2.CH); 115.7 (CH); 119.0 (CH); 122.6 (CH); 127.6 (CH); 129.0 (2.CH);
132.1; 136.9; 139.2; 153.1; 157.6; 167.0; 171.9. Haiineno, %: C 65.85; H
6.42; N 6.40. CosH3N,Og. Brrunciieno, %: C 66.06; H 6.65; N 6.16.

ITHI  2-THAPOKCH-4-(THAPOKCHUMHUHO)-2-MeTHJI-6-peHna-5-(o-To-
JIMJIKapOaMomwI) UKJIoreKcankapookenaar (2:x). 13 1.72 2 (4.2 mmons)
1)k u 0.29 2 (4.2 mmonst) TUAPOKCUIIAMHH THUAPOXJIOPUIA B TPHCYTCTBUU
0.33 2 (4.2 mmons) nupuauna noaydero 0.68 e (38%) 2:x, 1. tur. 225-226°C.
UK-cnextp, v, cv™: 3488 (N-OH), 3398 (OH), 3300 (NH), 1698 (COOC),
1676 (CON). Cnektp SIMP H, §, M. 1., I'y: 0.85 1 (3H, J=7.1, CH3CH,0);
1.29 ¢ (3H, CH3COH); 1.80 ¢ (3H, CH3-Ar); 1.89 ym. 1 (1H, J=14.6, CHy);
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291 o (1H, J=12.0, CH); 3.50 x (1H, J=14.6, CH,); 3.65 a1 (1H, J=12.0, CH);
3.79 x (2H, J=7.1, OCHy); 3.83 1 (1H, J=12.0, CH-Ph); 4.05 n (1H, J=1.2,
OH); 6.87-7.01 m (3H) u 7.10-7.31 m (6H, Ar); 8.83 ym. (1H, NH); 10.54 ¢
(1H, N-OH): Crextp SIMP °C, 8, m. 1.: 13.3 (CH3CH,0); 17.3 (CHz-Ar);
28.5 (CH3;COH); 36.6 (CHy); 43.6 (CH); 53.7 (CH); 57.1 (CH); 59.0
(OCHy); 69.8 (COH); 124.0 (CH); 124.5 (CH); 124.9 (CH); 126.1 (CH);
127.2 (2.CH); 128.4 (2.CH); 129.4 (CH); 131.2; 136.2; 140.3; 153.1; 166.9;
171.9. Haiineno, %: C 67.62; H 6.25; N 6.41. C,,H2sN,0s. Beruucneno, %:
C 67.91; H 6.65; N 6.60.

B3aumoneiictBue  2-ruapokcu-6-¢peHua-5-(o-Tommnkapoamon)-2-
MeTHJI-4-0KConMKIIorekcankapookcniaaTa (1:k) ¢ ruaApoOXJOPUIOM THI-
poxcuiaaMuHa (MPOJAO/EKHTENBLHOCTH peakmuu 2 u). Cmecy 0.37 ¢
(0.9 mmons) 1k, 0.06 2 (0.9 mmons) runpoxcunamus rugpoxiopuaa u 0.07 2
(0.9 mmons) nupuarHa KUIATAT B 3TaHoje 2 u. [Tocie oxnaxkaeHus g00aB-
JSIOT BOJY M OCTAaBIIAIOT IPU KOMHATHOM Temneparype. Yepes 1 v oTpuibT-
POBBIBAIOT OCANIOK, MPOMBIBAIOT BOJOM, a 3areM 3TaHosioM. [locie cymiku
nonyygatoT 0.08 2 (17%) okcuma 2:k, T. 1. 226-227°C. U3 dunsTpata yaa-
JISIFOT PAaCTBOPUTEIN, K OCTATKY J00ABISIIOT 3()UpP U BBINABIIMKA OCATOK OT-
(GHUIBTPOBBIBAIOT, IIPOMBIBAIOT BO/IOH, Tocie cymky noiy4art 0.06 2 (24%)
TUI 4-runpokcu-4-meTuii-6-okco-2-peHmmnunepuinH-3-kapookcuiaTa
(3x), T. 1. 161-162°C. UK-crektp, v, cm': 3374 (OH), 3096 (NH), 1731
(COOC), 1711 (CON). Crekrp SIMP H, 8, m. 1., Iy: 1.03 T (3H, J=7.1,
CH3CH,0); 1.31 ¢ (3H, CH3); 2.52 n (1H, J=17.0, CHy); 2.57 n (1H, J=10.5,
CH); 2.70 ox (1H, J=17.0, 1.8, CH>); 3.96 k (2H, J=7.1, OCH); 3.97 ym. 1
(1H, J=10.5, CHPh); 4.40 ym. ¢ (1H, OH); 7.09-7.31 m (5H, CgHs); 11.58 m.
¢ (IH, NH). Crektp SIMP C, §, m. 1.: 13.6 (CH3CH,0); 27.6 (CH3CO);
36.0 (CHy); 38.0 (CHCO,E); 58.6 (CHPh); 59.2 (OCHy,); 69.3 (CH3;COH);
126.0 (p-Ph); 127.5 u 127.7 (0, Me-Ph); 140.1 (C ipso); 162.7 (NC=0);
171.5 (OC=0). Haiineno, %: C 64.62; H 6.65; N 5.36. CisH1gNO,.
Brrancneno, %: C 64.97; H 6.91; N 5.05.

B3aumoneiictBue oxkcuMa 2:K ¢ THAPOKCWJIAMHH THAPOXJIOPHIOM.
Cwmech 0.63 2 (1.5 mmons) oxcuma 2k, 0.1 2 (1.5 mmons) rumpoxcuaaMuH
ruapoxiopuaa u 0.12 2 (1.5 mmons) nupuanHa B dTaHONE KHIATIT 4 u.
[Tocne wero ymansioT OCHOBHYIO YacTh PACTBOPHUTENS, OCTATOK OXJIAXIAIOT,
n00aBnA0T 3¢(up, BRINABIIME KPUCTAIUIBI OT(QHIBTPOBHIBAIOT, MPOMBIBAIOT
BoJoM, cymat u nony4aroT 0.17 2 (41 %) coequHeHus, KOTOPOE, MO TaHHBIM
SIMP cnexTtpa, cooTBeTcTBYeT 3K, T. 11. 162-164°C.

ITHA  2-THAPOKCH-4-(THAPOKCUUMMHO)-2-MeTHI-6-1-X10pde HuI-5-
(o-pennaxapéaMounn)uuKIOrekcankapookenaar (23). UMz 034 ¢
(0.8 mmons) 13 u 0.06 2 (0.8 mmoss) THAPOKCUIIAMIH THAPOXJIOPHIA B TIPH-
cyrctBun 0.06 2 (0.8 mmonst) mupuauna mosyuero 0.18 2 (50 %) 23, 1. .
229-230°C. MK-cmextp, v, cv™: 3488 (N-OH), 3363 (OH), 3203 (NH), 1701
(COOC), 1674 (CON). Cnekrp SIMP 'H, 8, m. 1., Iy: 0.92 T (3H, J=7.1,
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CH3CH;0); 1.29 ¢ (3H, CH3COH); 1.90 ym. x (1H, J=14.5, CHy); 2.95 1
(1H, J=12.2, CHCO,Et); 3.48 a (1H, J=14.5, CHy); 3.52 a (1H, J=12.2,
CHCON); 3.83 x (2H, J=7.1, OCHy); 3.88 T (1H, J=12.2, CH-Ar); 4.09 1. c
(1H, OH); 6.88 Tt (1H, J=7.4, 1.1, 4-CHPh); 7.10-7.16 m (2H, 3,3'- CHPh);
7.17-722 m (2H) u 7.26-7.31 m (2H, CgH,CI); 7.44-7.48 m (2H, 2,2'-
CH,Ph); 9.56 ¢ (1H, NH); 10.68 ¢ (1H, NOH). Haiigeno, %: C 62.38; H
5.51; Cl 7.62; N 6.61. Cz3H25CIN2Os. Beruucneno, %: C 62.09; H 5.66; ClI
7.97; N 6.30.

B3aumoneiictBue  2-ruapokcu-6-m-xjaoppenunsa-S-(pennakapoamo-
WI)-2-MeTHI-4-0KconuKJIorekcankapookcuiaara (13) ¢ ruaApoKCHIaAMUH
TUIPOXJIOPHAOM (MPOJOJLKHTENbHOCTh peakmuu 2 u). Cmech 0.35 2
(0.8 mmons) 13, 0.06 2 (0.8 mmonst) ruapokcuaamus ruapoxsiaopuaa u 0.06 2
(0.8 mmons) nmupuarHa KUIATAT B 3TaHoje 2 u. [Tocie oxnaxkaeHus 100aB-
JISIOT BOJY M OCTaBIIAIOT ITPU KOMHATHOM Temnepatype. Yepes 1 u oTpuibT-
POBBIBAIOT OCAIOK, POMBIBAIOT BOJIOH, a MOTOM 3TaHosioM. [Tocie BeICyIIH-
Banus nonyvaroT 0.07 2 (20%) oxcuma 23, 1. . 228-229°C. U3 ¢punbrpara
YIQJIAI0T pacTBOPUTENH, K OCTaTKy J00aBIISAIOT 3(GHp U BBINABIINM OCal0K
OT(UIBTPOBBIBAIOT, MPOMBIBAIOT BOJOH, MOCIE BBICYIIMBAHUS IOTyYarOT
0.09 2 (36%) atun 2-(4-xnopdenn)-4-ruapoKcu-4-MeThII-6-0KCOmHIepu-
mmH-3-kapbokemnara (33), T. mr. 143°C. MK-cmextp, v, em™ 3370 (NH),
3110 (OH), 1730 (COOC), 1705 (CON). Crextp SIMP *H, &, m. 1., I'y: 1.08
T (3H, J=7.1, CH3CH;0); 1.31 ¢ (3H, CH3COH); 2.50 ym. n (1H, J=17.0,
CHy); 2.57 n (1H, J=10.7, CHCOO); 2.72 an (1H, J=17.0, 1.8, CHy); 3.99 n
(1H, J=10.7, CH-Ar); 3.90-4.06 m (2H, OCH,); 4.50 ymu. ¢ (1H, OH); 7.10-
7.15 m (2H, CgHy); 7.20-7.25 m (2H, CgHy); 11.67 yur. ¢ (1H, NH). Cnextp
AMP BC, 8, m. 1. 13.7 (CH3CH,0); 27.6 (CHs); 36.1 (CH,); 37.3 (CH);
58.3 (CH-Ar); 59.3 (OCH,); 69.3 (COH); 127.5 (2.CH); 129.4 (2.CH);
131.3; 138.9; 162.7 (CO); 171.1 (CO). Haiineno, %: C 57.51; H 5.52; Cl
11.02; N 4.71. C45H15CINO,. Boruucieno, %: C 57.79; H 5.82; C1 11.37; N
4.49.

ITHA 2-THAPOKCH-4-(THAPOKCMMMMHO)-2-MeTHJI-6-(heHn1-5-(penn-
KapoaMomwn)HuKJIorekcankapookcunar (2u). 13 0.51 2 (1.3 mmons) 1u u
0.09 2 (1.3 mmonsn) rumpokcunaMuH ruapoxsiopuna B mpucyrcreud 0.1 2
(1.3 mmons) mupuauna nonydeHo 0.14 2 (26.4 %) 2u, 1. 1. 226-227°C. UK-
cnextp, v, et 3471 (N-OH), 3367 (OH), 3275 (NH), 1698 (COOC), 1682
(CON). Crextp SIMP *H, 8, M. 1., I'y: 0.86 T (3H, J=7.1, CH3CH;0); 1.30 ¢
(3H, CH3); 1.91 o (1H, J=14.6, CHy); 2.94 n (1H, J=12.2, CHCOO); 3.50 1
(1H, J=14.6, CH,); 3.57 1 (1H, J=12.0, CHCON); 3.79 k (2H, J=7.1, OCH,);
3.88 an (1H, J=12.2, 12.0, CHPh); 4.05 mw. (1H, OH); 6.88 T (1H, J=7.3,
CeHs); 7.08-7.30 m (7H, CgHs); 7.43-7.48 m (2H, C¢Hs) 9.55 ¢ (1H, N-H);
10.67 ¢ (1H, NOH). Criextp SIMP *C, §, m. 1.: 13.4 (CH3CHy); 28.5 (CHs);
36.7 (CH,); 43.3 (CH); 54.4 (CH); 57.1 (CH); 59.1 (OCHy,); 69.9 (CH3CO);
118.5 (2.CH); 122.0 (CH); 126.1 (CH); 127.3 (2.CH); 127.8 (2.CH); 128.2
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(2.CH); 139.3; 140.4; 153.1; 167.0; 171.8. Haiineno, %: C 67.01; H 6.11; N
6.50. Cy3H26N»Os5. Berancaeno, %: C 67.30; H 6.38; N 6.82.

B3aumoneiictBue 2-ruapokcu-6-¢peHuns-5-(penunnkapdoamon)-2-me-
TII-4-0KcOIUKIIOTeKcaHKapOookcuiaaTa (14) ¢ THAPOKCHUIAMUH THAPO-
XJIopuaoM (MPOIOJEKHTENHLHOCTh peakmun 2 u). Cmech 2.16 2 (5.5
mmoneit) 1u, 0.38 2 (5.5 mmoneir) ruapokcunamun ruapoxsiopuaa u 0.43 2
(5.5 mmonei) nmupuavHAa KUOATAT B 3TaHode 2 u. Ilocie 4ero ymansror
OCHOBHYIO YaCTh 3TaHOJIA, OCTATOK OXJAKIAIOT, K HEMY J00aBISIOT 3up,
BBINABIINE KPUCTAIBI OT(UIBTPOBBIBAIOT, MPOMBIBAIOT BOJOW, CyIIaT U
nony4aroT 0.59 2 (39 %) 3k, 1. 1. 161-162°C.

B3aumoneiictBue 2-ruipoKcu-2-mMeTHII-6-n-xJaopgenni-5-(n-ronmni-
Kap0aMoW1)-4-0KCOIUKIOreKCAHKaApOoKcuaTa (4a) ¢ COJNSTHONH KHCI0-
toii. Cmech 0.2 2 (0.45 mmons) 4a u 0.1 mn (29%) cONAHON KHUCIIOTHI B
ATAHOJIE KUIATAT 2 Y, 3aTeM yJAJISIOT OCHOBHYIO 4acTh 3TAaHOJA, K OCTATKY
N00aBISAIOT BOAY. BpimaBmme KpHcTawibl OT(UIBTPOBBIBAIOT, HECKOJIBKO
pa3 MpOMBIBAIOT BOJOW | mociie cymku nonydatr 0.17 2 (90%) stun 2-
MeTu-6-(n-xmopden )-4-okco-5-(m-ToamIkapOaMOnIT ) [IUKIOreKe-2-
enkapbokcmmata (5a), T. w1 231-232°C. UK-crmektp, v, en™: 3281 (NH),
1731 (COOC), 1675 (CO), 1655 (CON). Criexrp SIMP *H, &, m. 1., I'y: 1.06
T (3H, J=7.1, CH3CH;0); 1.99 ax (3H, J=1.3, 1.0, =CCHg); 2.25 ¢ (3H, CHj3-
Ph); 3.78 o (1H, J=13.0, CHCON); 3.80 nuk (1H, J=11.0, 2.4, 1.0, CHCOO);
3.94 nn (1H, J=13.0, 11.0, CH-Ar); 3.99 x (2H, J=7.1, OCH,); 6.03 ax (1H,
J=2.4, 1.3, =CH); 6.93-6.98 m (2H, C¢H,); 7.20-7.33 M (6H, CgH,); 9.55 ¢
(1H, NH). Crextp SIMP 2C, §, m. 1.: 13.5 (CH3); 20.2 (CHs); 21.2 (CHy);
45.2 (CH-Ar); 53.3 (CHCOO); 58.6 (CHCON); 60.1 (OCHy,); 119.1 (2.CH);
126.9 (=CH); 127.7 (2.CH); 128.3 (2.CH); 129.4 (2.CH); 131.6; 132.0;
135.8; 137.5; 155.7; 165.1; 169.9; 192.4. Haiineno, %: C 67.34; H 5.29; Cl
7.92; N 3.69. CyH,4CINO,. Boruucneno, %: C 67.68; H 5.68; Cl 8.82; N
3.29.

ITHA 2-MeTHI-4-0KC0-6-peHmn-5-(pennakapoaMouI) IUKIOTeKCe-2-
enkapookcuiaat (56). AuanormunsiM obpasom u3 0.26 2 (0.7 mmons)
coenuuenust 46 B npucyrcTBum 0.1 mr (29%) CONSTHON KUCIOTHI MOTy4YaroT
0.23 2 (92%) 56, T. mn. 224-225°C. UK-cnextp, v, cv™: 3314 (NH), 1729
(COOC), 1676 (CO), 1658 (CON). Crekrp IMP 'H, 8, m. 1., I'y: 1.01 T
(3H, J=7.1, CH3CH,0); 2.00 T (3H, J=1.3, =CCH3); 3.78 aux (1H, J=11.0,
2.5, 1.3, CH); 3.84 1 (1H, J=12.8, CH); 3.96 k (2H, J=7.1, OCH2); 3.971n
(1H, J=12.8, 11.0, CHPh); 6.04 nx (1H, J=2.5, 1.3, =CH); 6.90-6.95 m (1H);
7.12-7.19 m (3H); 7.21-7.32 m (4H) u 7.35-7.40 m (2H, 2.CgHs); 9.64 ymi. ¢
(1H, NH ). Cnextp IMP °C, &, m. 1.: 13.4 (CH3CH,); 21.2 (CH3); 45.9
(CH); 53.6 (CH); 58.8 (CH); 59.9 (OCHy,); 119.0 (2.CH); 122.5 (CH); 126.7;
126.9 (CH); 127.6 (2.CH); 127.7 (2.CH); 127.8 (2.CH); 138.4; 138.7; 155.9;
165.5; 170.0; 192.7. Haiineno, %: C 74.38; H 6.37; N 3.52. Cy3H3NO,.
Brruncieno, %: C 73.19; H 6.14; N 3.71.
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B3aumopneiictBue  2-ruipokcu-2-mMeTuJ-6-(4-uurpodenuit)-5-(o-To-
JHJIKap0aMou1)-4-0KCOUMKIIOTeKCaHKapOokcuiaaTa (4B) ¢ n-TOJIyo0.-
cyabpokuciaoroir. Cmech 0.13 2 (0.28 mmons) 4B U KaTaJIUTHIECCKOTO
KOJIMYECTBA 7-TOJNYOJICYJIbGOOKUCIOTEI B JTAHOJE KHILITAT 2 Y, 3aTeM
YIAISIOT OCHOBHYIO YacTh 3TaHOJA, K OCTAaTKy No0aBisitoT Boxy. OceBiiue
KPHUCTAJUIBl OT(GWIBTPOBBIBAIOT, MPOMBIBAIOT BOJOW M MOCJE CYIIKH TOTY-
vaoT 0.3 2 (83%) atun 2-metun-6-(4-uurpodennn)-4-okco-5-(o-Tomunkap-
O6amown)uukiorekc-2-enkapookcmnara (5B), 1. mi. 219-220°C. UK-cnextp,
v, em™: 3215 (NH), 1737 (COOC), 1681 (CO), 1646 (CON). Crextp SIMP
'H, 8, m. 1., Iy: 1.07 T (3H, J=7.1, CH3CH,0); 1.86 ¢ (3H, CHsz-Ar); 2.01 ax
(3H, J=1.4, 1.0, =CCHg3); 4.00 k (2H, J=7.1, OCHy); 3.92-4.05 m (2H, 2.CH);
4.10 nx (1H, J=12.9, 10.5, CH-Ar); 6.08 a1k (1H, J=2.4, 1.4, =CH); 6.93-7.08
M (4H, C¢HsMe); 7.60-7.65 m (2H, CsH4NO,); 8.13-8.18 m (2H, CsH4NO,);
9.16 ¢ (1H, NH). Criekrp SIMP 3C, 8, m. a.: 13.5 (CHg); 17.2 (CHs); 21.2
(CHs); 45.7 (CH-Ar); 52.8 (CHCOO); 57.6 (CHCON); 60.3(OCHy); 122.7
(2.CH); 124.8 (CH); 125.0 (CH); 125.1 (CH); 127.0 (CH); 129.4 (2.CH);
129.5 (2.CH); 131.6; 135.4; 146.6; 155.5; 165.3; 169.7; 192.0. Haiineno, %:
C 62.28; H 5.21; N 6.30. Cy4H4N,0g. Brrunciteno, %: C 62.04; H 5.54; N
6.42.

SOFLESPALUL SELUGULI YO ShULANGLUTLALLE D
UATL2LUINUSUNFE-3AFLLELL OLUPUTESU WL AHERGSPULELOFT

U. 0. UUreusuy, U. U.3u3n33uy, U v, biusr3uy, W k. AT-RU3UTL,
N W ouLAU3uy, b U U ue-3UuL, U. 6 uNLYNI U L U. U. UUrqe-u3uy

Bneyy & wnpifby, np EfFpy O-uspfy-5-(upfylyusppusdnfy)-2-Sfupopup-2-dbdfy-4-opungf-
(S bpumitilppopufyunntibpf sprfumgybgnfyudp Sfpapopupypundplify Sfuppnpynphgf $bin
wnufuls opufulubpf b Spgpopufyundffs Spapnpynpfuf Sbnuqus hnfuugylygn @y
‘”["l;/’"—i'@"
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FEATURES OF OXIMATION REACTIONS OF FUNCTIONALLY
SUBSTITUTED CYCLOHEXANONES

A. A. SARGSYAN, S. S. HAYOTSYAN, A. Kh. KHACHATRYAN, A. E. BADASYAN,
H. A. PANOSYAN, K. A. AVAGYAN, S. G. KONKOVA and M. S. SARGSYAN

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

It was established that the interaction of ethyl 6-aryl-5-(arylcarbamoyl)-2-hydroxy-
2-methyl-4-oxocyclohexanecarboxylates with hydroxylamine hydrochloride in the
presence of pyridine at boiling in ethanol, besides the expected corresponding oximes
(38-60%) in some cases resulted in the formation of compounds, which did not contain
an amide fragment in their structure. According to the NMR (*H, *C) and IR
spectroscopy, they turned out to be ethyl 4-hydroxy-4-methyl-6-0xo-2-arylpiperidine-3-
carboxylates (24-41%). Separate experiments have shown that when the initial
cyclohexanes  are heated in  the presence of  hydrochloric  or
p-toluenesulfonic acids, they are only dehydrated to form ethyl 2-methyl-4-oxo-6-aryl-
5-(arylcarbamoyl)cyclohex-2-encarboxylates. This means, that the latter are the products
of further conversion (extrusion) of mentioned oximes.
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Toctymuio 18 V12019

Moka3aHo, 4TO peakuusi CNOXHbIX 3UPOB o-TMAPOKCUKMCIOT ¢ 3-6pomnpon-1-eHoM B npu-
cyTcTBUM okcupaa cepebpa (1), Hapsgy ¢ oxugaembim O-annunupoBaHWEM, COMPOBOXAAETCS
yacTnyHoM nepeatepudukaumen. B cnyyae atunmaHgenara npovcxogut Takke C-annunupoBaHue,
npuBogsiLiee K NonMyHKUMOHaNbHbIM COEAMHEHNAM C YETBEPTUYHBIM aTOMOM YriepoAa B c-Nomno-
XeHun. PacluvpeHbl npegenbl NpUNoXMMOCTU peakuuii B3aMMOAEWCTBUSE S-MOMOYHON KUCIOTbI C
n3omacnsiHbIM anbaervaom ¢ obpazoBaHMeEM OMOKCONAHOHOB U UX NMPOU3BOHbIX.

Bubn.cceinok 14.

OpnHOM W3 TIaBHBIX 337a4 COBPEMEHHOIO OPraHMYECKOTrO CHHTE3a SIB-
JA€TCA TMONYYEHUE COCIWHEHHH C BBICOKOM ONTHYECKOW YHUCTOTOM U3
JOCTYIIHBIX PeareHToB. TaKOBBIMM, HAIPUMED, SIBIIIOTCA XUPAJIbHBIE OL-TU-
POKCHUKHUCIIOTHI, IPEACTABIIAONINE COOON NCXOIHBIN MaTepHal Al IUPOKO-
IO CIEKTpa HHAHTHUOCEJEKTUBHBIX NpeBpameHuil [1]. XupanbHble HEHTpEI
9TUX MPOCTBHIX COEIMHEHUI MOYXHO MCIIOJIB30BATH JUIsl KOHTPOJISA 3a BBEZE-
HUEM JONOJHUTENIBHBIX CTEPEOTrCHHBIX LIEHTPOB M IUIAHUPOBAHUS CHHTE3a
HPUPOTHBIX HU3KOMOJIEKYIISIPHBIX OMOPETyisaTopoB [2-7].

B nponomkenune pabor B 3TOH 00i1acTh HaMHu ObLIa TOCTABIICHA IIETh
pa3paboTaTb MeTO/bl CHHTEe3a O-auTMINPOBAaHHBIX IPOU3BOJHBIX MOJIOUHOM
U MUHJQJIBHON KucyoT. OHUM U3 Hanbosee UCIOJIb3YeMbIX METOJO0B CHH-
T€3a CJIOKHBIX 3(PUPOB SABJIAETCS PEaKIHsl aJIKOTOJISATOB CIOKHBIX 3(DUPOB O
OKCHKHCJIOT C aJKWITaJoreHuaaMu. /i noimyd4eHus alKoKCHI0B B Ka4eCTBE
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OCHOBaHMS OOBIYHO MCHOJB3YIOTCS IIEJIOYHbIE METAJUIbI, MU WA THIPH]L
HaTpUs. AJKOKCHU/BI SBJSIOTCS CHJIBHBIMH OCHOBAHMSMH, MOITOMY ¢ 0Opa-
30BaHHEM I(HPOB YACTO KOHKYPHUPYET BBI3bIBAEMasl MIETOUYBIO PAlleMU3ALIUS
[8]. Bo u3bexxaHue KeCTKUX HIETOYHBIX YCIOBUH O-alKWIUPOBAHUA B PAIC
pabot ucnonb3oBaics okcua cepedpa (1) [8,9]. Omnako npu momneITKe Npu-
MEHHTB TOT METOJ JJIsi CUHTEe3a 3TUI (S)-2-0KCHUIIPOI-2'-eHIIIIPOIIaHoaTa
(2) u3 atun (S)-2-oxcunponanoara (1) u 1-6pom-2-mporeHa Mbl CTOJKHY-
JIUCh C HEOOBIYHOM peakuuelt nepesrepudukanuu. Tak, Mo THMUYHON HKCIIe-
puMeHTaNbHOM MeToauke 1 n 3-Opomnpon-1-eH B MPUCYTCTBUH OKCHIA Ce-
pebpa (1) npu komHaTHOM TemnepaType B numetmidopmamuse (JMDA) me-
pememmmBanu 20 . Hapsigy ¢ oxugaeMbiM IPOAyKTOM — 3T (S)-2-0KCHII-
por-2'-eHunnponaHoaTom (2), oOHapyxuin mpon-2'-eHui (S)-2-0KCUmpor-
2'-ermnpornianoar (3) B coorHomeruu 2:1 (mo I'KX).

Junarnoctuueckum curHaiom B SIMP 'H ns coenuuenust 3 sBisieTcs
nyoneT npu 4.63 M.JI., OTHOCSIIUICS K aJUTMIIBHBIM IPOTOHAM CII0KHO3(UP-
HOW TpyMIbl. AJUTWIBHBIE TPOTOHBI MPH APYrOM aTOME KUCIOpOa B MpO-
nykrax 2 u 3 mposBisitores npu 3.94 u 4.12 m.a. B Buge ayousier ny6user
TpuIieToB. B peakumonHoil cmecu B koauuectse 10% no KX oOnapyken
Tarke nporn-2'-enun (S)-2-okcunponanoar (4), KOTOPBIH HIACHTUPHUITUPOBAH
KaK M3BECTHBII 00pasel, MoJly4aeMblii U3 HaTpueBoil com (S)-2-okcumporna-
HOBO# kucoTh (5) u 3-6pommporn-1-eHa B IMDA.

o 0 o} 0
\')ko/\ . A~ Br AgO \)‘\0/\ +\)‘\O/V/+ \)‘\O/\/
O\/Q\ O\/Q\

O JIM®A OH
1 2 3 4

0 0
BT
ONa + #&

{

—_— o)
OH JIMDA

5

Kapruna eme 6onee ocnoxusiercs: mpu 3amene 1 Ha atuin (S)-2-denmn-
2-okcuatanoar (6). Kpome ostun (S)-2-hennn-2-npon-2'-eHOKCHITAHOATA
(7), mpon-2'-eaun (S)-2-¢enun-2-npon-2'-eHokcudtanoara (8) u mpomn-2'-
eann (S)-2-pennn-2-okcudtanoara (9), ABISIOMIMXCS AHAIOTAMH COC/IHMHE-
HUI 2-4, uneHTH(QUIUPOBAHBI TAKXKE ATUN 2-QEeHUI-2-MPON-2'-eHOKCH-4-
nerrenoar (10), npomn-2'-eani 2-peHuni-2-nmpon-2'-eHokcu-4-neareHoat (11)
u npon-2"-eamnbensoar (12) B coorHomerun 7:8:9:10:11:12 81:6:3:6:1:3
(mo I'XXX). HecmoTps Ha To, 4TO peakuusi NPOTEKAET ¢ SKBUMOJISIPHBIM KO-
JIMYECTBOM CyOCTpaTa M peareHTa, Ui TOCTHKCHHUS MOJTHONH KOHBEPCUH HC-
MOJIb30BAITH JIBOMHO# n30bITOK 3-Opommpor-1-eHa u okcuna cepedpa (1).
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O6pa3zoBanue NpoayKToB C-aTHIMPOBAHUS MOKET OBITh MPENTOI0KH-
TeJabHO 00BsicHeHo Ha ocHoBe mpuHuuna XXKMKO [10,11]. ITo Bceli BeposT-
HOCTH, oKcuz cepedpa (1), BRICTymasi B poji OCHOBaHUS, KOOPAHMHUPYETCS C
0.-BOJIOpOIOM, reHepupyst Ha C2-yTiepoje 4acTUYHBIA OTPULATEIbHBIN 3a-
psa. @eHunbHas Ipymnna, B OTIMYUE OT METHILHOH (B Cilyyae IPOU3BOJHBIX
MOJIOYHOM KHUCIJIOTBI), JOMOJHUTEIBHO MAENOKANU3UPYET 3apsl, MOHMXKas
JIEKTPOHHYIO IJIOTHOCTh Ha C2-yriepoiHOM aToMme, Aejias, TEM CaMbIM,
€HOJIAT-UOH OoJyiee MATKUM OocHOBaHMeM JIptouca. C apyroil CTOpOHBI, HOH
cepebpa (1) obpasyet ¢ 3-Opomnpon-1-eHOM T-KOMIUIEKC (MATKYIO KHUCIIOTY
JIpronca), KOTOphIH 3aTeM 3(PPEKTUBHO ANKHIUPYET eHoyAT-uoH. Cienyer
OTMETHTBH, YTO B CIIy4ae aJKWITAIOTeHHU OB, SBIISIOMIMXCS O0Jiee KECTKUMU
kucnotamu Jlptonca, C-ankuiMpoBaHHE EHOJSAT-aHHMOHA He HaOofaeTcs
[12]. OOHapyskeHHEe MHHOPHBIX KOJIH4YEeCTB 12 MOXHO OOBSCHHTH BTOPHUY-
HBIM OKHCIICHHEM M JEeKapOOKCHIMPOBAHWEM COeAMHEHHWH 7 wiu 8 moj
neictBreM okcuna cepedpa (1).

O-anmmminpoBaHHbIE POIYKTHI MOTYT OBITh UCIIOJIB30BAaHBI B paiuKaib-
HBIX peaKIusIX, MHUIMUPYyeMbIX coeauHeHusimu mapranma (III) [13], a pa3-
pabGotanHast Meroanka C-aUTMIIMPOBaHMS TMO3BOJISIET CHUHTE3UPOBATH TPY/-
HOJIOCTYITHBIE TOMU(YHKIIMOHATIBHBIE COEIMHEHNS C YETBEPTUUHBIM aTOMOM
yriaepona.

Jpyrum HampaBieHHEM JaHHOM palboThl ObUIO paclIMpeHHe IpeeioB
MPUIOKUMOCTH PEaKIUi ¢ y4acTHEM S-MOJIOYHOM KHCIIOTHI ¢ 00pa30BaHUEM
COEAMHEHUH C ABYMS XMpaJbHBIMU LIEHTpamMH. Tak, MCCIEIOBAaHO B3aUMO-
JeicTBUEe S-MOJIOUHOM KUCIO0THI (13) ¢ M30MACISIHBIM abJICTHIOM B YCIIO-
BHSAX KHCJIIOTHOTO Karanms3a napa-tonyoncynbpokucioroi (ITTCK). Ilepe-
TOHKOM peaKkIMOHHOM cMecH Oblila MOITy4eHa CMECh 2-U30TPOIIUI-D-MEeTHII-
1,3-guokcomnan-4-ouos 14 (2S, 5S) u 15 (2R, 5S) B cootHomenuu 2.5:1 no
AMP H. CrnenyeT OTMETUTh, YTO MPU MpEnapaTuBHOM Xpomarorpadupona-
HUM CBIPOM PEaKIMOHHOW cMecH (0e3 MEeperoHKw) Ha OKCHUJE aTFOMHHUS
Mapku L 5/40 naGmrogaercs M3MEHEHHE COOTHOILIEHUS AMACTEPEOMEPHBIX
IUOKCONIaHOHOB (1:1), mo-BuaMMOMY, BCIEACTBUE BIUSHHUSA HNPUPOABI COP-
OeHTa.
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Cwmech 14 u 15 6pomupoBain N-OpomcykunanmugoM (NBS) B kumsiimem
CCly m monmyuwmmu cMech 5-6poM-2-u30mponui-5-meTwi-1,3-1nokconan-4-
onoB 16 (2R, 5R) u 17 (2S, 5R), xoTopyro aeruaporajioreHupoBaiId Kumsde-
HHEM B OCH30JIBHOM PacTBOpE TPHATHIAMHUHA C JTOOABICHUEM KaTalUTHYe-
CKHMX KOJHMYECTB JTUHUTpHUNIA a30-Ouc-u3omacisaor kuciotsl (JJAK). ITocne
npenapaTUBHOrO XpoMaTtorpapupoBanus Beiaessiin cMech (S) u (R)-2-u3o-
ponwi-5-mMetuien-1,3-mmokconan-4-onos 18 u 19.
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Kak cmech 18 u 19, Tak U OTHeNbHBIE €€ COCTABISIONINE NPU HHIUBH-
JyaJbHOM TOJXYYSHHUHU SIBJISIFOTCSI TIEPCIIEKTUBHBIMU MOTEHIUATBHBIMU JHe-
HOQMIaMHU U MOTYT OBITH WCIIOJIb30BaHBI B CHHTE3€ HH3KOMOJEKYJISPHBIX
OHMOpEryJATOpOB, B TOM YHCIE U (PpOHTAIIMHA — arperamuoHHOTO (HepomMo-

Ha JKyKOB-KOpOe€/0B, Takux, kak Dendroctonus brevicomis u D. Frontalis
[14].

3KCHepl/lMeHTaJH)Haﬂ 4acTb

Crextpsl SIMP 'H n BC custer Ha cnekrpomerpe “Mercury-300”
(Varian, 300 MIy], UK-ciektpsl cHATHI Ha crektpomerpe “UR-207. KX
aHaM3 OCyIleCcTBJIEeH Ha npubope “Chrom-5” ¢ miaMeHHO-HOHM3AIUOHHBIM
JETEKTOPOM; CTSKJISTHHAsI KanmuJuIsipHas KoyioHka 25 m x 0.2 mm ¢ SE-30; ras-
HOCHUTENNb — a30T; ckopocth raza — 30 mu/mun. st KOJTOHOYHON Xpoma-
torpaduu npumeneH cunukarens mapku L 40/100. TCX ocymectBiena Ha
wiactuHax “Silufol UV-254”, oGnapyxenne — Y®-o0imydeHunem, mapamu
rona u pacrBopom KMm(,. IlpenapatuBHoe xpomarorpadupoBaHue OCy-
HIECTBICHO Ha OKcHe amoMunus Mapku L 5/40 u cunukarene mapku L 5/40
s xpomarorpaduu. Mcrnosib30BaHbl ONTHYECKA aKTHBHBIE KOMMEPYECKUE
CIIOXHBIE YPUPBI MOJIOYHOW M MHHJIAIBHOW KUCIIOT, a Takxke (S)-MonouHast
KHCIIO0Ta, Mpou3BoanMbIie kommanueit Aldrich.

Aamuuposanue 3T (S)-2-oxkcunponanoara (1). K pactsopy 7.85
(0.075 mona) 1 u 18.15 2 (0.15 mons) 3-6pommpon-1-ena B 150 mz MDA B
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teuerne 30 mun nobasisum mo mopuwmsam 34.70 2 (0.15 monst) cBexenpuro-
TOBJICHHOTO OKcuia cepedpa. [lepememmBanu 20 v mpu 25°C, moOaBisn
a¢up, ocaiok GUIbTpoBaIH, TPpoMbIBaIIN d3hupoM. PunbTpaT 0OpabdbaTeiBaIN
BOJIOM, pa3baBieHHbIM pacTBopoM HCI, comoit u cymmmm MQgS0,. ITocne
ynajgeHust 3gupa BN 7.53 2 ChIporo MpoayKTa, KOTOPBIA OUMINAINA Ha
KOJIOHKE C CHJIMKaresjeM (3JIF0CHT — MeTPOJICHHBIN 3(Up-TudTHIOBBINA PP
ot 19:1 no 4:1). Beinensum: | ¢hpaxyus — 1.44 2 npon-2'-enunn (S)-2-okcu-
nporn-2'-enmnmnpomnanoara (3). Beixoa 19.3%, KoTophIil BKIIIOYAET TAKIKE KO-
JIUYECTBO CIIOKHOTO 3upa 3, coaepxkaierocs B cmecu 2 u 3. UK-cnexp, v,
em: 1050, 1080, 1180, 1642, 1750. Crextp SIMP *H, &, m. a1, I'y: 1.36 1
(3H, H?, J=7.50); 3.94 nur (1H, CHOCHjy, J=11.10; 6.05; 1.34); 4.05 m (1H,
H?); 412 1 1 v (1H, CHOCH,, J=11.10; 6.05; 1.34); 4.63 ym.x (2H,
COOCH_,, J=6.00); 5.12 o 1 (1H, CH,=CH npwu ruapoxcuie, J=10.40; 1.34);
521 n n (1H, CH,=CH npu kapbokcune, J=10.40; 1.34); 5.27 o n (1H,
CH,=CH npwu runpoxcuine, J=15.80, 1.34); 5.33 o a1 (1H, CH,=CH npu kap-
ookcuite, J=15.8; 1.34); 5.82-6.03 m (2H, CH,=CH, nipu ruapokcuie u Kap-
o6okcune). |l ¢ppaxyus — 4.08 2 cmecu 2 u 3 B cootHomeHnu 3:1. Brixon
25.8%. Crextp SIMP *H, &, m. 1., I'y: 1.23 T (3H, CH3CHy, J=7.00); 1.29 1
(3H, H?, J=7.5); 3.91 m (1H, H?; 3.97 mar (1H, CHOCH,, J=11.00; 6.00;
1.30); 4.05 aar (1H, CHOCHj,, J=11.00; 6.00; 1.30); 4.18 m (2H, COOCHy);
5.12 nn (1H, CH=CH,, J=10.1; 1.3); 5,28 nn (1H, CH=CHj, J=15.8, 1.34);
5.82-5.98 m (1H, CH=CHy). Il ¢paxyus — 1.87 2 npon-2'-euun (S)-2-okcu-
npomnanoara (4), CeKTpaabHbIe JaHHBIC KOTOPOTO COBMAIAIOT C JaHHBIMH,
MOJIy4eHHBIMHU IIyTEM BCTPEYHOTO cuHTe3a coequHenus 4. Boixox 19.2%.

Ipon-2'-enna (S)-2-okcunponanoar (4). Cmecs 5.6 2 (0.05 mons) Hat-
pueBoii comu (S)-2-okcunpomnanoBoii kuciotsl (5) u 6.05 2 (0.05 mons) 3-
opommpon-1-ena B 125 mz JJM®PA nepememuBanu npu 25°C 4 u. K peak-
OUOHHOU cMecH 100aBisu 50 a BOABI U SKCTparupoBaiu 3dupom. Ipup-
HBI€ BBITSDKKM NPOMBIBANIM cHadana pa3zdoasnennoit HC1, a 3atem Bomoi, cy-
i MgSO,. Tlocne ymanenust apupa ocratok xpomartorpadupoBanu Ha
KOJIOHKE C CHJIMKAreseM (AJIIOCHT — MeTPOJICHHBIN dPHP - TUITUIIOBBINA dPHP
15:1). Boigensuin 2.1 2 mpon-2'-enun (S)-2-oxcunponanoara (8). Beixon
32.0%, np? 1.4369. UK-criextp, v, ey 1640, 1720, 3600. Criextp SIMP *H,
8, M. 1., Iy: 1.35 1 (3H, CHs, J=7.00); 4.18 ¢ (1H, OH); 4.26 m (1H, H);
4.61 oo (2H, OCHy, J =7.00; 1.34); 5.21 nn (1H, CH= CH, J=10.40; 1.34);
5.33 nn (1H, CH=CH,, J=15.80; 1.34); 5.88-6.02 m (1H, CH = CH,). Haiine-
Ho, %: C 55.83; H 7.94. C¢H1¢0s. Brruncieno, %: C 55.37; H 7.74.

AnnunupoBanne 3T (S)-2-peHmii-2-okcudTanoara (6). Ananoruy-
Ho mpeasiayiemy u3 23.20 2 (0,1 monst) okcuna cepedpa, 9.00 2 (0.05 mossn)
6 u 12.12 (0.1 mons) 3-6pommporn-1-eHa nonyuusu 9.5 2 CbIpOro MpoayKra.
Ounmianu xpomarorpagupoBaHUEeM Ha KOJOHKE, HAMOJIHEHHOW CHIIMKare-
nem (amroeHT — rekcan-3¢up ot 50:1 no 4:1). Beigensmm: [ ¢ppaxyus — 0.22 2
npon-2'-eann Genzoara (12). Bexox 3.0%. UK-ciiektp, v, cv™: 1600, 1648,
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1720. Crextp SIMP *H, 8, m. 1., I'y: 4.84 ar (2H, OCH,, J=7.00; 1.30); 5.30
a 1o (1H, CH=CHjy, J=10.40; 1.30); 5.43 an (1H, CH=CH,, J=15.80; 1.35);
5.98-6.12 m (1H, CH=CHy); 7.44 t (2H, Ph, J=8.00); 7.57 T (1H, Ph,
J=8.00); 8.05 1 (2H, Ph, J=7.00). Il ¢paxyus — 0.682 2 cmecu 10 u 11 ¢
cootHolienuem 4:1. B cnekrpe SIMP H, Hapsily C CUTHajIaMu 3Tui 2-ge-
HUI-2-Tiporn-2'-eHoKcu-4-nientenoara (10), oOHapy>KeHBbI TaKKe CHTHAJIbI
npon-2'-enun 2-heHus-2-npomn-2'-eHokcu-4-nenrenoara (11): 4.64 n (2H,
COCHpy, J=7.00); 5.2-5.4 m (2H, CH=CHy,); 5.80-5.90 m (1H, CH=CH,). BoI-
xon 15 1.0%. Wl ¢paxyus — 0.384 2 stun 2-peHmn-2-npon-2'-eHoKcH-4-
nentenoara (14). Beixon 11.4%. MK-cnektp, v, en™: 1595, 1638, 1720.
Crektp SIMP H, o, m. 1., I'y: 1.23 v (3H, CHgz, J=7.00); 3.00 nx (1H, He
J=10.00; 1.30); 3.05 xn (1H, H? J=11.10; 1.34); 3.86 mn (1H, COCH,,
J=10.00; 1.34); 4.04 nn (1H, COCH, J=10.00; 1.34), 4.20 xB (2H, CH,CHj3,
J=7.00); 5.05 nn (1H, CH=CH; npu ruapokcuine, J=10.20; 1.34); 5.11 an
(1H, CH=CH, npu ruapokcuie, J=15.80; 1.34); 5.18 o a (1H, H°, J=10.2;
1.34); 5.36 o 1 (1H, H® J=15.80; 1.30); 5.62-5.78 m (1H, H*); 5.90-6.04 m
(1H, CH=CH, npu ruapokcune); 7.30-7.39 m (3H, Ph); 7.50 a1 (2H, Ph,
J=8,00). Crmextp SIMP '*C, §, m. .. 14.17 (CHs), 40.34 (C3), 61.26
(OCH,CH=CHy), 65.60 (CH,CHs), 83.94 (C?), 116.23, 118.39 (C°, CH,=C),
126.21, 127.79, 128.15 (CgHs), 132.24(C%), 134.59 (OCH,CH), 172.04 (CH).
IV ¢paxyus — 6,82 2 cmecu 7 u 8 B cootHonenun 92:8. Berxoans! 7 u 8 pas-
Hbl 57.0 u 4.7%, coorBercTtBeHHO. UK-cniektp, v, et 1600, 1642, 1750.
Crextp SIMP 'H, &, m. 1., I'y: 7: 1.23 1 (3H, CHs, J=7.00); 4.06 1 (2H,
CHOCHS,, J=7.00); 4.20 k8 (2H, CH,CHj; J=7.00); 4.93 ¢ (1H, H?); 5.22 an
(IH, CH=CH,, J=10.20; 1.34); 5.33 an (1H, CH-CH, J=15.80; 1.34); 5.95-
6.04 m (1H, CH=CHy); 7.32-7.41 m (3H, Ph); 7.48 n (2H, Ph, J=8.00). Haps-
Iy C BBILICYOMSIHYTBIMU CUTHAJIAMH OOHAPY)KEHBI TAKIKE CUTHAIIBI, OTHOCS-
muecs K npon-2'-eHun (S)-2-dennn-2-npon-2'-eHokcudtanoary (8): Criektp
AMP *H, 5, m. 1.: 8. 4.64 m (COOCH,), 5.18-5.40 M (CH=CH,) u 5.80 m
(CH=CHy,). V ¢paryus — 0.215 2 npon-2'-enun (S)-2-dpenns-2-okcudTaHoa-
ta (9). Beixox 2.2%. UK-ciektp, v, cyv™: 1595, 1640, 1740, 3500. Crextp
SAMP *H, §, m. 1., I'y: 2.00 yur ¢ (1H, OH), 4.64 1 (2H, COOCHj, J = 6.00);
5.12 o (1H, CH = CH,, J=10.40; 1.34); 5.18 ¢ (1H, H?); 5.25 nn (1H,
CH=CHp, J=15.80; 1.34); 5.95-6.05 m (1H, CH=CH,); 7.30-7.45 m (5H, Ph).
IMoayuyenune cMecu 2-u30MpoONMWI-5-meTnia-1,3-1uokconan-4-onos 14

u 15. Cmemanu 7.4 2 (0.082 monsa) (S)-momounoi kucnotsl (13), 13 mx
(0.16 monsn) w3omacnsuoro ampaeruaa, 0.16 e IITCK, 70 mz OGensona u
0.3 Mz cepHoOil kucnoThl. YcraHoBwIM anmapar Juna-Ctapka M KUISTHIN
pEaKkUMOHHYIO CMeCh B TeueHue 3 u. CMech IPOMBLIN BOJIOM, HEUTpAIN30Ba-
JIM COJI0H, AKCTparupoBaiu 3¢upom 3 paza no 30 mz, cymmmm MgSO,, oto-
rHaiu 3¢up, neperoHkoil B Bakyyme Boiaensim 8.38 ¢ (71%) cmecu nuacrte-
peonsoMepoB 2-usompornii-5-merin-1,3-guokconan-4-onos 14 (25,55) n
15 (2R,5S). Criextp SIMP *H, 8, m. 1., Iy: 1.05(S,S) u 1.15(R,S) 1 (6H, CHs,
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J=7.00); 1.45(S, S) u 1.56(R, S) n (3H, CHgs, J=7.00); 2.05 m (6H, CH);,
4.35(S, S) u 4.45(R, S) x8 (1H, CH, J=7.00); 5.27(S, S) u 5.38(R, S) n (1H,
CH, J=7.00). Hatineno, %: C 58.92; H 8.01. C;H1,03. Brruncineno, %: C
58.32; H 8.39.

IMoayuyenne cMecu 2-M30MPONWI-5-MeTH/IeH-1,3-1H0KCOTAH-4-0HOB
18 m 19. K 4.75 2 (0.033 monst) cmecu 2-u3onpomnui-5-meTui-1,3-1mokco-
nan-4-ouoB 14 u 15 no6asumm 5.88 2 (0.033 mons) NBS u 50 mz CCly u ku-
MATHIIN Ha BOJAHOHN OaHe B TeueHue 4 y. OTOrHaIM pacTBOPHUTEINb, K CMECH
OopomanokconaHoHoB 16 u 17 moGasisum 0.025 moss TpUdTHIAMUHA, KaTa-
mutndeckux konudectB JIAK, 50 mz 6enzona u kunsatunu 3 v. Orduibtpo-
BaJi COJIb, MPOMBUIH OEH30JI0M, YAQJIUIN pacTBOpHUTENb. Boigenumu 2.5 2
ceipoii cmecu 18 u 19, 0.255 2 xoTOpOH NeNUIN MpenapaTuBHO (IITHOIHT —
CClg-3dup, 5:1), u Beigensimu 0.175 2 (68%) cmecu 2-u30mponui-5-meru-
nen-1,3-auokconan-4-onoB 18 u 19. Cnextp SIMP H, 8, m. 1., ITy: 1.05u
1.15x (6H, CHs, J=7.00), 2.15 m (6H, CH); 4.7 u 4.751 (1H, =CH, J=1.8);
5.14 u 5.16x (1H, =CH, J=1.8); 5.6 n (1H, CH, J=7.0). Haiineno, %: C
57.94; H 6.99; | 70.24. C;H1003. Beruucneno, %: C 57.14; H 7.09.

o-NhM-LOLUPE-ER-OFLELE AF HLULS ToWLS3ULLELD SEAUUULU UL
U EUEGGLUSU UL A5WGESPULELP ALNS
WU L2LUNUSUNFERB3AFLLER

L. . NOLAUSUL, N, W L ULPL3UTL, G- UL UUHUL3UL,
L. @.NUuNe3UL U N, £. UULr9-U3UL

ON SOME FEATURES OF THE SUBSTITUTION AND ESTERIFICATION
REACTIONS OF a-HYDROXY ACIDS AND THEIR DERIVATIVES

N. G. HOBOSYAN?®?, H. A. GHARIBYAN? G. M. MAKARYAN?,
L. K. HAKOBYAN? and H. B. SARGSYAN?

The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Ave., Yerevan, 0014, Armenia
b KKh. Abovyan Armenian State Pedagogical University
17, Tigran Mets Str., Yerevan, 0010, Armenia
E-mail: ninahobosyan@mail.ru

It has been shown that the reaction of a-hydroxy acid esters with 3-bromoprop-1-
ene in the presence of silver (I) oxide, along with the expected O-allylation, is
accompanied by partial trans-esterification. When treated with I-bromo-2-propene, ethyl
(S)-lactate affords ethyl 2-oxyprop-2'-enylpropionate, a target molecule, along with
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partial trans-esterification products, prop-2'-enyl-2-oxyprop-2'-enylpropionate and prop-
2'-enyl-2-oxypropionate. In the case of mandelic ester, the new reaction pathway, C-
allylation upon o-carbon atom, has been discovered. Thus, silver (I)
oxide mediated process gives products 7:8:9:10:11:12 in a ratio of 81:6:3:6:1:3 (by
GLC). The products are isolated by means of column chromatography and are fully
characterized (*H, **C NMR, IR), O-allylated products will serve as a starting material in
manganese(l11)-mediated radical reactions, while C-allylation process provides an entry
to polyfunctional compounds with quaternary carbon atom, otherwise hardly accessible.
The interaction of (S)-lactic acid with isobutyraldehyde under conditions of acid
catalysis with PTSA was studied. A mixture of 2-isopropyl-5-methyl-1,3-dioxolan-4-
ones 14 and 15 in a ratio of 2.5:1 was obtained according to the "H NMR. A mixture of
14 and 15 was brominated with NBS in boiling CCl, to obtain a mixture of
bromodioxolanones 16 and 17, which was dehydrohalogenated by boiling in a benzene
solution of triethylamine with the addition of catalytic amounts of DAA. After
preparative chromatography, a mixture of (S)- and (R)-2-isopropyl-5-methylene-1,3-
dioxolan-4-ones 18 and 19 was isolated. Compounds 18 and 19 are promising potential
dienophiles and can be used in the synthesis of low-molecular-weight bioregulators.

JMTEPATYPA

[1] Coppola G.M, Schuster H.F. o-Hydroxy Acids in Enantioselective Syntheses. Weinheim:
Wiley-VCH; 1997, 494 p.
[2] Yoshida M., Terumine T., Masaki E., Hara Sh. // J. Org. Chem., 2013, v.78, p.10853.
[3] Steward K.M, Corbett M.T., Goodman C.G., Johnson J.S. // J. Am. Chem. Soc., 2012, v.134,
p.20197.
[4] Howard B.E., Woerpel K. A. // Org.Lett., 2007, v.9, p.4651.
[5] Winneroski L.L., Yanping Xu. // J. Org. Chem., 2004, v.69, p.4948.
[6] Heravi M.M, Mohammadkhani L. // J. Organometal. Chem., 2018, v. 869, p.106.
[7] Watanabe K, Andou Y, Shirai Y, Nishida H. // Chemistry Letters, 2013, v.42, p.159.
[8] Takai K., Heathcock C.H. // J. Org. Chem., 1985, v.50, p.3247.
[9] O' Brien R.E., Schaefer H. // J. Am. Chem. Soc., 1962, v.84, p.1021.
[10] Iupcon P.[owc. // Yenexu xumun, 1971, 1. 40, ¢.1259.
[11] Tse-Lok Ho. // Tetrahedron, 1985, v, 41, p.1.
[12] Confalone P.N., Ko S.S. // Tetrahedron Lett., 1984, v. 25, p.947.
[13] (a) Melikyan G.G. // Organic Reactions, 1997,v.49 (3), p.427. (b) Melikyan G.G. // Synthesis,
1993, p. 833.
[14] Mori K. // Determination of Structure including Absolute Configuration of Bioactive Natural
Products in Comprehensive Natural Products 11, 2010, v. 9, p. 147.

299


https://www.sciencedirect.com/science/article/pii/B9780080453828006729#!
https://www.sciencedirect.com/science/referenceworks/9780080453828

NE3UUSULPh NULAUNGSOAFE-3UL 9PSOFE-3AFLLELD
T24-U3rL UHYU1EULY
HAINIMOHAJIBHASI AKAJJEMUSA HAYK PECITYBJIUKU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

Nwywuypuith phipwlwi hwinbu
XUMHYECKHUi KypHal ApMEHHN 72, Ne3, 2019 Chemical Journal of Armenia

VIIK 547.36+547.32

MN3YYEHUE PEAKIIUU 'NIPOJIN3A 1,3-JUXJIOPBYT-2-EHA
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MokasaHo, uto rmgponua 1,3-guxnopbyT-2-eHa (E/Z) B cucteme N-metunmopdonuH N-okemg —
BOAa B NPUCYTCTBUM MMAPOKCMAA HAaTpWsl He OCTaHaBNMBAaETCA Ha MpoLecce rMaponvaa, a peakums
COMpOBOXAAETCS C ankuMIMpOBaHWEM in Situ MonyYyeHHoro xmnop-2-6yTeH-2-oH-4 ¢ ucxogHbim 1,3-
anxnopobyT-2-eHoM.

Bubn. ccbinok 6.

[Tponmomxast uccienoBaHMsl peakUil aIKWINPOBAHUS U JAETHIPOXIIOPH-
pOBaHUsI OPraHUYECKUX COeAMHEHHH B cucteme N-metuiamopdonuH N-ok-
cun — Bona (NMO/H;0) [1-4], MBI IpoBeNr B YKa3aHHOW CHCTEME HMCCIIE0-
Banue ruaponusa (E/Z)-1,3-nuxmopbyr-2-ena (1,3-1Xb-2) (1). Beibop 1,3-
JIXb-2 Obu1 060CHOBAH T€M, YTO OH B OOJBIIUX KOJUYECTBAX 0Opaszyercs B
BUJIE OTXO0Jla IPU MPOU3BOACTBE XJOPOIPEHOBOIO KayuyyKa U €CTb OIpese-
JIeHHasl NOTPEOHOCTh B U3y4YE€HUH 00J1acTeil BO3MOKHOTO MTPUMEHEHHS ITOTO
BELIECTBA KaK C TOYKU 3PEHUS DKOJOIMH, TaK M C Y4E€TOM TOro, 4TO Ce-
6ecroumocTts 1,3-/1Xb-2 upe3Bblyaitno HU3Ka [5].

OmnprTel o ruapomusy 1,3-J1XB-2 B cucreme NMO/H,0 B npucyrctBun
THJIPOKCH/Ia HATpUs MOKAa3alld, YTO PeaKkiysi He OrpaHUYMBAETCS MMPOLIECCOM
rugponnsa. ['maponaus ConpoBOXKIACTCA ANKHJIMPOBAHUEM IOJY4YEHHOI'O
crmpta (2) ucxonusim 1,3-J1Xb-2 ¢ obpa3oBanuemM TPyIHOAOCTYITHOTO /-
xnopOyTenubHOro ¢upa (3) [6].
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B pesynbraTe peakuuu oOpaszyercss CMeCh T€OMETPHUYECKHX H30MEPOB
coeauHenus 3. MccnenoBanust coctaBa cMecH IpoBoawinch meronamu MK
CIIEKTPOCKOMUH, crekTpockonuu AMP 'H u Bc, MAaccC-CIEKTPOMETPUH U
3JIEMEHTHOT'O aHaJIM3a.

HK-cniexkTp coeanHeHus 3 XapaKTepHU3yeTcCsl BaJCHTHBIMH M BHETIOC-
KOCTHBIMH KOJNEeOAHHSAMHU ABOMHOM cBsisu mpu 1667 u 815-890 cu™, coort-
BETCTBEHHO. B cmekTpe oTMmeueHbl Takke Konebanusi B mHTepBaie 1059-
1089 ¢, oTHOCSIHECS K 5QHUPHOI rpymITe.

[To nanabiM criekTpockonuu AMP 'H, 8 pe3yabTaTe peakiuu oopasyer-
cs cmech (E,E) u (E,Z) uzomepoB nuxnopOyreruiabHoro 3dupa (3) B cooT-
HomeHuu 5:1, a mannbie o oOpazoBanuio 3 (Z,Z) uzomepa B criekrpe AMP
'H OTCYTCTBYIOT.

3KCHepl/lMeHTaJH)Haﬂ 4acTb

3-(Xaop-1-[(3-xa0poyT-2-en-1-uajokcn)oyr-2-en (3). K cmecu 8 o
(0.2 monst) NaOH u 50 mn 50% Boauoro pactBopa NMO mpu temmepartype
50°C no kamsm B Teuerue 2 u gobasistor 12.5 2 (0.1 monn) 1,3-muximop-
OyT-2-eHa M MPOJOJDKAIOT MEPEMEIINBATh B TE€UCHUE 3 u MPU TeMIIepaType
50°C. PeaknmoHHYIO CMECh IKCTparupyroT xiopodopmom. ITocre ynanenwus
pPacTBOPUTENISt OCTATOK TMEPETOHSIOT MPH MOHMKEHHOM JIaBJIeHUH. Boixon 6 2
(61%) coequnenus 3 ¢ T.xui. 55-57°C (1 mm pm cm), n,2° 1.4700. Haiizero,
%: C 49.35; H 6.13; O 8.22. CgH1,Cl,0. Brruucneno, %: C 49.25; H 6.20; O
8.20. UK-criextp, v, cm’™': 815, 980, 1667 (C=C), 1059-1084 (COC). Criektp
AMP 'H, 8, m. 1., Iy (E,E)-m3omep: 2.14 k (6H, =CCHs, J=1.3); 4.04 n.x
(4H, OCHy, J=59 u 1.3); 5.64 t.x (2H, =CH, J=5.9 u 1.3). Cuektp SAMP
B3¢, 8, m. 1.: (E,E)-m3omep: 25.5; 95.2; 128.1; 131.4. Ciextp SIMP 'H, 8, m.
n., T'y: (E,Z2)-uzomep: 2.10 n.x (6H, =CCHs, J=1.1 u 0.7); 3.93 n.x (4H,
OCHjy, J=7.1 u 0.7); 5.70 1.k (2H, =CH, J=7.1 u 1.1). Cnextp SIMP *C, 3,
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M. 1.: (E,Z)-u3omep: 25.4; 85.2; 127.9; 131.4. Macc-cuektp, m/z (lotH, %):
195 [M]" (100), 159 [CgH1,CIO] (23).

HK-criekTpbl cHATHI Ha criekTpodoTomeTpe “Termo Nicoletion Nexus” B
BazenuHOBOM Macie. Criextpsl IMP *H u **C nonydenst na npuGope Varian
“Mercury 300V X” ¢ pabounmu yacroramu 300.077 u 75 My npu Temnepa-
type 300 K B pactBope JIMCO-de-CCl, (1:3), BHyTpeHHMII CTaHIapT —
TMC. Xpomaro-macc-criektp (3Y, 70 2B) 3anucan Ha npubope “GC MS
Bruker EM 640 S”. DnemeHTHBI aHalIM3 BBIIOJHEH Ha mpudope
“Eurovector EA 3000”. B uccienoBanusx ucmosibzoBad NMO npou3BoaCT-
Ba pupmsl “APUAK” (Apmenus).

HccnenoBanve BBITTONHEHO TIpH (prHaHCOBOW moauepxkke I ocymapct-
BeHHOro komurera mo Hayke MOH PA B pamkax nayuHoro mpoekta 18T-
2E151.

1,3-+hLLALAAFS-2-5LD NPYLOALPQP -ERGSPUSP NESUQNSNFUL
N-UGE-PLUNLDHNALPL N-OLUP—20F SUUUTGULS-NFU LUSCPOFU D
NShALO-LURYD LELUUESNAFE-3UU R

U N SUULURSUL, U. Q. YNLUNWLE, U. U. SU3N33UL, Q- €L QULUM3UL,
W Q. UULuNU3EL, 0. U. SUUNL3UL U N. U. UR-RUL3TL

5nLJ5 L‘ Ln[u[bl, npa 1,3—Tﬁ#lonan—2-bZ (E/Z)—ﬁ <[llH1nu‘ulE N—Lfbﬁ[tllfnpq)n[ﬁil N-
0#”["1-'2”'—[’ Cl.mfwlll.ulul_nl_lf fu.u:.n[rﬁnl_tfﬁ 4[11}[10@11[111_[1 ilbpllmJnLﬁJLuJF 2[1 uu[l.ulu:u[nl_d'
1 ,3-11.[1@1 onan-Z-liilnll.'

STUDY OF THE REACTION OF HYDROLYSIS
OF 1,3-DICHLOROBUT-2-ENE IN THE N-METHYLMORPHOLINE
N-OXIDE-WATER SYSTEM IN THE PRESENCE OF SODIUM HYDROXIDE

A. H. HASRATYAN, S. G. KONKOVA, S. S. HAYOTSYAN, G. V. ZAKARYAN,
A.J. MARKOSYAN, R. M. AKOPYAN and H. S. ATTARYAN

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

It has been shown that hydrolysis of 1,3-dichlorobut-2-ene (E/Z) in the N-
methylmorpholine N-oxide-water system in the presence of sodium hydroxide does not
stop during the hydrolysis process, the reaction proceeds accompanied by alkylation of
in situ obtained chloro-2-buten-2-one-4 with the initial 1,3-dichlorobut-2-ene.

As a result of the reaction, a mixture of geometric isomers of compound 3 was
formed. The composition of the mixture was studied by IR, 'H, **C NMR, mass
spectrometry and elemental analysis.

The IR spectrum of compound 3 is characterized by valence and out-of-plane
vibrations of the double bond at 1667 and 815-890 cm*, respectively. Oscillations in the
range of 1059-1089 cm %, belonging to the ether group, are also noted in the spectrum.
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According to *H NMR spectroscopy data, the reaction mixture of (E, E) and (E, 2)
isomers of dichlorobutenyl ether (3) was formed in a ratio of 5:1. Data on the formation
of 3 (Z, Z) isomers in the *H NMR spectrum were absent.
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YcTaHOBMNEHO, YTO B3aMMOAEWCTBUE apunMeTUnUaEeHManoHoHUTpuna ¢ apunammaoadmpamm
MarioHOBOW KUCIOTbl NPOTEKaEeT B MPUCYTCTBUM TPUITUINIAMUHA Kak Npu KOMHaTHOW Temneparype,
TaK 1 Npu HarpeBaHun. YkasaHHOe B3aMMOAEWCTBME NpOoTeKaeT Takke 1 B MPUCYTCTBUM NUNepuan-
Ha npu koMHaTHou Temnepatype. CornacHo gaHHbIM AMP cnekTpockonuu n PCA, B 06omx cny4vasx
obpasyoTcs atun 6-amuHo-1,4-gnapun-2-okco-5-unaHo-1,2,3,4-teTparnaponupuamnH-3-kapbokcuna-
Tbl C BbIxogamu 65-80%.

Puc. 2, Tabn. 1, 616n. ccbinok 13.

[Ipon3BoaHble MUPUAMHA IIMPOKO MPEACTABIEHbI B IPUPOJE, UTO 00yC-
JIOBJIMBAET MOCTOSIHHBIM MHTEpPEC HCClieoBaTeNe K JAHHOW IeTepOLMKIH-
yeckoil cucreMe. OYHKIIMOHAIM3UPOBAHHBIE MUPUIMHBI PUMEHSIOTCS IS
nedeHus: ceboperinoro aepmarura [1], 6one3nn Anbureitmepa [2], 3a0oseBa-
uuit [THC [3] u MoryT nposIBIIATh aHTHOAKTEPHATIBHYIO aKTUBHOCTH [4]. On-
HUM M3 METOJOB CHHTE3a MPOU3BOJHBIX JIW- U TETPAruIpPONUPHUINHOB SB-
JIsieTCsl BHYTPUMOJIEKYJIIpHAs LIMKIIN3alKs aJIyKTa peakiuu Muxasis, eciau
WCXOJHBIE JIOHOPHI W aKIENTOPHI CONEP’KaT COOTBETCTBYIOINE (PYHKIINO-
HasbHbIe Tpynisl [5]. C 3Toii ToukH 3peHus B kauecTBe goHopa (C-H kucno-
Ta) ObUIM UCMOJIb30BaHbl aMU/IbI PA3IUYHBIX KUCIOT. B 3TOM psiny MeHblIe
BCETo OBLIN HCIIOB30BaHbl aMUI09(UPBI MaJIOHOBOW KHCIOTHI [6-11].

Hcxons u3 cka3aHHOTO B JaHHOM paboTe ucciae10BaHbl B3aUMOACHCTBUS
apunMmeTuiuaeHManononuTpuia (1) ¢ apmiamugospupamu MaIoHOBOM KHC-
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70ThI (2). MccnenoBanus 1MoKasaid, 9YTO peakiys MOXKET OCYIICCTBIATHCS B
Pa3HBIX YCJIOBHSIX: TIPH KOMHATHON TeMreparype, Mpu HarpeBaHWH B TPHU-
CYTCTBUHW TPUATHIIAMUHA WU THIICPUIANHA, TIPUBOIS, IO TAHHBIM CIIEKTPO-
ckonuu SIMP u PCA, k o6pazoBanuto 3tun 6-amuHo-1,4-nuapui-2-okco-5-
nuano-1,2,3,4-rerparuiponupuInH-3-KapOOKCHIIaTOB 5 ¢ BBIXOAAMH 65-
80% (cxema).

Cxema
CN
A /:< Ar (0] Ar (0] Ar
r CN
NC NC NC.
12,6 B OEt OEt | OFEt
o >
¥ EtOH N o HNZ SN 0 HNT SN O
o o \ ) |
JJ\/U\ R R R
RHN OEt 3 4

2a-r 5a-x

1a. Ar=CgHs; 16. Ar=4-CICgH,; 2a. R=4-CH3CgH, 26. R=CH,CgHs , 28. R= 4-NO,-CgHj, 2r. R=3,5-(CH3),CeHs ;
5a. Ar=CgHs, R=4-CH3CgHy ; 56. Ar=CgHs, R=CH,CgHs; 58. Ar=4-CICgH4, R=CH,CgHs; 5r. Ar=4-CICgH,,
R=4-CH3CgHy; 5A. Ar=4-CICgH,, R= 4-NO,CgHy; 56. Ar=4-CICqH,, R=3,5-(CHs),CgHa; 5X. Ar=CgHs,

R=4-NO,-CgH,. B=Et3N, (CH)sNH

Kak BMIHO M3 CXE€Mbl, BCIEJICTBHE BHYTPHUMOJEKYJSPHOM LUKIN3ALMN
MPOMEKYTOYHOI'0 /I TyKTa 3 00pa3yrolyecss UMHUHOIPOU3BOAHbIE 4 TpaHC(hOp-
MHPYIOTCS B TEPMOIMHAMUYECKH O0siee CTaOMIbHBINH TayTOMep €HaMHUHa O.

JudpakionHble H3MEpEeHUs IPOBEACHBI P KOMHATHOW TeMIlepaType
Ha aBrogudpakromerpe “Enraf-Nonius CAD-4” (Mo-Ka u3nyuenue, rpadu-
TOBBI MOHOXpoMaTop, 0/260-ckanupoBanue). [TapameTpbl TPUKIHHHOM di1e-
MEHTApHOH sueliku ompenesieHbl W yYTOYHeHbl 1o 24 pediekcam ¢
12.1<6<13.9. CrpykTypa pacumdpoBana npsmbiM MeTonoM. KoopauHatel
aTOMOB BOJIOPOJa OIPEAEIECHbI U3 Pa3HOCTHBIX CUHTe30B Dypre U yTouHe-
HbI cBOOOAHO. CTpykTypa yrouHeHa nosHomarpudabiv MHK B annzorporn-
HOM TPHOIMKEHUHU JJIi HEBOJIOPOIHBIX aTOMOB U HM30TPOITHOM — JJISL TO-
MOB BOJI0poza. Bee cTpyKTypHBIE pacyeTsl IPOBEAECHBI 10 KOMILIEKCY IpOr-
pamm SHELXTL [12].

Kpucramnorpapuueckue nanueie B ¢opmare CIF nemonupoBansl B
KeMOpumkckoM LEHTpe KpUCTAJUIOrpapUUECKUX AaHHBIX, HOMEp JENOo3UTa
CCDC 1920923.

OcHOBHBIE KpHCTaIOrpaUUecKue U HKCIEPHUMEHTAIbHbIC IaHHBIC
NIPUBE/ICHBI B TaOIMLIE.
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Tabnuya

OcHoBHBIE KPUCTAJLIOTPadHYecKHe XapAKTEePHCTHKH
M JKCNIEPUMEHTAIbHbIE TaHHbIE

Kpucmannoepaguueckue xapaxmepucmuxu
Coennnenne 50
prTTO-(bOpMyJIa C22H21N303
MonexyJsipHbIil BeC 375.42
CunHronus Tpuxnunnas
[TpocTpaHcTBEeHHAs TpyIa P-1
a, b, c[A] 8.4910(17), 9.6317(19), 13.732(3)
a, B, v [rpax.] 108.75(3), 92.95(3), 111.01(3)
V [A%] 974.9(5)
Z 2
IInotHOCTH(BBIY.) [1/cM’] 1.279
u(MoK,) [mm™] 0.087
F(000) 396
Pa3smep kpucramia [Mm] 0.24x0.18x0.16
Oxcnepumenmanvivie Oanmbie
Temmnepatypa (K) 293
Uznyuenue [A] 0.71073
Omin, Omax [Tpaz.] 1.6; 30.0
O0nacTh CKAaHUPOBAHUS 0<h<l11; -13<k<12; -19<I<19
Uucio u3MEpEeHHBIX OTPAKEHUI 6020
Yucno Habm0gaeMbIX OTPaXKEHUH ¢ 2788
[1>2.0 6(D)]
Pacuemnvie oannvie
Nref, Npar 5665, 337
R,wR2, S 0.0537, 0.1415, 1.00

CrpyKTypa MOJEKyJIbl coeiMHEHUs S0 npencrasieHa Ha puc. 1. Pe3yib-
tatel PCA mnokasanu, 4To B CTpYKType MOJIEKYJIbl COEIUHEHUS 56 UMEITCs
nBa (peHWIBHBIX KOJBIA M OAWH MK AurHaponupuanHa. O6a ¢peHubHbIe
KOJIbLIa MMEIOT TIOYTH MCABbHYIO IUIAHAPHYI0 KOH(POPMALMIO: MAKCHMAaIIb-
HOE OTKJIOHEHHME aTOMOB OT IUIOCKOCTH Kojell He mpesbimaer 0.0123(3)A.
JAMruIpOnMpUANHOBOE KOJIBLIO MMEET KOH(POPMAIMIO MCKAKEHHOU «IIOIy-
BaHHBI», OTKJIOHEHHUS aTOMOB OT YCPEIHEHHOW IUIOCKOCTH COCTaBISIOT
-0.1409(3), -0.0609(3), 0.2854(3), -0.3070(3), 0.1131(3) u 0.1103(3) A nnsa
atomoB N1, C2, C3, C4, C5 u C6, coorBercTBeHHO. B Monekyne coennne-
HUS 50 UMEIOTCS XMpalbHbIE HEHTPH Ha acuMMeTpuuHbIX atomax C3 u C4,
HO B CBf3U C TE€M, YTO COEJUHEHUS KPUCTAUIN30BAIach B LIEHTPOCUMMET-
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PUYHON MPOCTPAaHCTBEHHOW rpynme P-1, B kpucramie umeercs paremMude-
ckas cmech (3R,4S) u (3S,4R) sHanTHOMEPOB.

B TpexmepHO# ymakoBKe MOJEKYJIBI COeIUHEHUS 56 00pa3yroT 3uria-
roo0pa3Hyr 6€CKOHEUHYIO 1ernmo4Ky BAoJb [1 0 0] ¢ moMOoIIbI0 TBOWHBIX BO-
noponubix cBsizeit N7-H7A.....0251 u N7i -H7AI .....025 (anuHa 1OHOPHO-
akuenTopHoii casasu 2.966(3)A) u N7-H7B.....N10ii u N7ii -H7Bii .....N10
(WTHHA TOHOPHO-AKIENTOPHOM cBsa3u 2.997(4)A). IIpu 5ToM MONeKyIbl XH-
pansHOCTEH (3R,4S) u (3S,4R) uepenyrorcs apyr 3a apyrom (puc. 2). CBs3b

MEXJy LIeTIOYKaMH B OCHOBHOM OMHCHIBACTCSl BaHEPBAIbCEBCKUMH B3aU-
MOJIEHCTBUIMMU.

Puc. 1. CtpoeHne monekynbl 56, annun-
couabl aHU3O0TPOMHbIX TEMMOBbLIX koneba-
HWUA n3obpaxeHbl Ha ypoBHe 50% Be-
POATHOCTMW.

(3S, 4R)

Puc. 2. Lienoyka Bgonk [1 0 0] obpa-
30BaHa C MOMOLLIbI0 MEXMOSIEKYnsap-
HbIX BOJOPOLHbIX CBA3EN, KOO CUM-
meTpum (i= -X; 1-y; -z, ii= 1-x; 1-y; -z,
iii= 1+X; y; z). BogopogHble cBsiaun
nokasaHbl MyHKTUpaMu, a Takke no-
Ka3aHbl XMpanbHOCTW MOMEKYI.

H7B

H7A™  HTA

(3R, 4S)

HccnenoBana anTHOaKTepHalibHAS aKTUBHOCTH CHHTE3MPOBAHHBIX COE-
JOUHEeHui Sa, 0, B, 1 MeTooM "nuddy3uu B arape" npu 6akTepraabHON Har-
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py3ke 20 man MUKPOOHBIX TeN Ha 1 M Cpebl Ha TPaMIIOJIOKUTEIbHBIE CTa-
dunokokku (Staphylococcus aureus 209p, 1) u rpaMoTpHLIATEIbHBIC MAIOY-
ku (Sh.flexnezi; 6858, E. Coli 0-55) [13]. MccnenoBaHus mokasaiu, 4To COe-
JTUHEHUs 5a, 0, B, I IPOSBIISAIOT CIA0YI0 aKTUBHOCTb.

Takum oOpa3oM, HaMH HalIeH HOBBIH () (PEeKTUBHBINA METOJ] CUHTE3a pa-
Hee HE M3BECTHBIX 3TWJI 6-aMuHO-1,4-nmuapui-2-okco-5-nmaHo-1,2,3,4-tet-
paruiponupuaArH-3-KapOOKCUIATOB TYyTEM B3aMMOJCHCTBUS apHIMETHII-
UICHMAJIIOHOHUTPHIIA C apuiIaMHI03pUpaMU MAJIOHOBOW KHUCIIOTHI B IIPH-
CYTCTBUY TPUATHIIAMUHA WJIU TIHIICPUINHA.

IJKCNepUMEHTAIbHAA YaCTh

WK-criektpsl cHATHI Ha criektpodorometpe “Nicolet Avatar 330 FT-IR”
B BazesnMHOBOM Macie. Crnektpsl SAMP H u BC MoJTy4eHbl Ha mpudope
Varian “Mercury 300V X” ¢ pabounmu gacroramu 300.077 u 75 My, pact-
Boputens — JIMCO-d-CCl, (1:3), Bauyrpennuii cranaapt — TMC. Temmnepa-
TYpBI IJIaBJICHHS OTIPEeIICHbI Ha cTonnke “Bogtius”.

OO0mas MeToAUKa MOJYYeHHs 3T 6-aMuHo-1,4-Anapui-S-umaHo-
2-0kc0-1,2,3,4-TeTparuAponupuaIuH-3-KapooKkcHaIaToB (S5a-:k). AOCOIIOT-
HBIA 3TaHOJIBHBIM PAacTBOP SKBUMOJBHBIX KOJIUYECTB coeluHeHuidl 1 u 2 B
MPUCYTCTBUH KaTAIUTHYECKOTO KOJIMYECTBA TPUATHIAMHHA WU MUTICPUIH-
Ha OCTaBJSIIOT Ha 3 JHA B KOMHATHBIX YCIIOBHSAX B ClIydyae TPHUITHIAMHHA
WIN KUTSTST. BhINaBiime KpucTawibl OTUIBTPOBBIBAIOT, POMBIBAIOT a0CO-
JIIOTHBIM 3()UPOM U NEPEKPUCTAIITUOBBIBAIOT M3 A0COIIOTHOTO 3TaHOJIA WIH
alleTOHUTPUIIA.

AT 6-aMHHO-5-1IMaHO0-2-0KkC0-4-(puHnia-1-p-Tosma-1,2,3,4-Terpa-
rugponupuanH-3-kapookcuiaar (5a). a. U3 0.46 2 (3 mmonsn) 1a u 0.66 2
(3 mmons) 2a B nmpucyrcTBUM TpudTHIamMuHa noiy4atoT 0.79 2 (65%) Sa, T.
. 173-174°C (sranon). UK-criektp, v, cn™: 3421, 3341 (NH,), 2186 (CN),
1729, 1699 (COOC), 1636 (CON), 1597 (C=C). Cnextp SIMP 'H, 5, m. 1.,
I'y: 1.28 v (3H, J=7.1, CH3CH,0); 2.43 ¢ (3H, CH3-Ar); 3.82 n (1H, J=5.5,
CH); 4.18 ymr.a (1H, J=5.5, CH); 4.18-4.28 m ( 2H, OCHy); 5.56 ym. (2H,
NH,); 7.06-7.11 M (2H, CgHa); 7.25-7.44 m (7H, Ar); Criextp SIMP C, 8, m.
a.: 13.7 (CHj3); 20.7 (CHs); 39.8 (CH); 55.6 (CH); 57.5 (CCN); 61.0 (OCHy);
119.4 (CN); 126.7 (2CH); 127.0 (CH); 128.4 (2CH); 128.5 (2CH); 129.8
(2CH); 131.6; 138.3; 139.3; 153.7; 164.5; 166.9. Haiineno, %: C 70.02; H
5.29; N 11.32. C,,H,1N303. Beraucieno, %: C 70.38; H 5.64; N 11.19.

0. Cmechb 0.23 2 (1.5 mmonsn) 1a, 0.33 2 (1.5 mmons) 2a B IpuCyTCTBUU
TPUATUIAMHMHA KUIATAT B abc.aTanone 12 y. Ilocrie oObpraHOI 006paboTKH
peakumoHHo# cmecu nonyyatot 0.38 2 (68%), uto, no nanubIM IMP cnekTt-
POCKOITNH, COOTBETCTBYET COeIMHEHUIO Sa, T. tur. 173-174°C.

Otua  6-aMuHO-1-0eH3MI-5-11HaH0-2-0KCc0-4-punni-1,2,3,4-TeTpa-
ruaponupuaun-3-kapooxkcuaar (56). 13 0.23 2 (1.4 mmona) la u 0.3 2
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(1.4 mmons) 26 B npucyTcTBUM TpUITHIaMUHA noxy4daroT 0.35 2 (68%) 56, T.
mr. 168°C (stanon). UK-crektp, v, cx’: 3439, 3328, 3219 (NH,), 2186
(CN), 1723, 1696 (COOC), 1661 (CON), 1586 (C=C). Cnextp SIMP 'H, 3,
M. 1., Ty: 1.25 T (3H, J=7.1, CH3); 3.81 x (1H, J=5.4, CH); 4.04 yura (1H,
J=5.4, CH); 4.20 x ( 2H, J=7.1, OCHy); 4.96 n (1H) u 5.11 n ( 1H, J=16.0,
NCHo); 6.37 ¢ (2H, NH,); 7.11-7.29 m (10H, 2'Ph); Cniektp SIMP C, §, m.
n.: 13.6 (CHs); 39.3 (CH); 43.4 (NCH,); 55.3 (CH); 57.4 (CCN); 60.8
(OCHy); 119.7 (CN); 126.7 (CH); 126.8 (2CH); 127.2 (2CH); 127.7 (2CH);
128.0 (2CH); 136.1; 139.0; 153.9; 164.8; 166.9. Haiineno, %: C 70.12; H
5.31; N 11.32. C»H21N303. Beruucneno, %: C 70.38; H 5.64; N 11.19.

Ot 6-aMuHO-1-0eH3miI-4-(4-xaopdeHnin)-5-uuano-2-oxkco-1,2,3,4-
TeTparuaponupuanH-3-kapooxkcuiaar (5B). 13 0.26 2 (1.4 mmons) 16 u 0.3
2 (1.4 mmons) 26 B mpucyTCTBUH TpUITHIaMHUHA mony4daroT 0.36 2 (63%) 5B,
7. 1. 190°C (stanon). UK-crektp, v, en™: 3463, 3313, 3208 (NH,), 2197
(CN), 1739, 1694 (COOC), 1647 (CON), 1592 (C=C). Cnextp SIMP H, 3,
M. 1., [y 1.26 T (3H, J=7.1, CH3); 3.82 n (1H, J=5.6, CH); 4.04 n (1H,
J=5.6, CH); 4.20 x (2H, J=7.1, OCH,); 4.95 n (1H, J=16.0, NCH,); 5.11 n
(1H, J=16.0, NCHy); 6.45 c (2H, NH,); 7.08-7.13 m (2H, Ph); 7.15-7.30 m
(7H, Ar). Crextp SIMP C, &, m. 1.: 13.7 (CHs); 38.7 (CH); 43.4 (NCHy);
55.2 (CH); 58.1 (CCN); 60.9 (OCH,); 119.5 (CN); 126.8 (CH); 127.4
(2CH); 127.7 (2CH); 128.1 (2CH); 128.5 (2CH); 132.2; 136.1; 137.7,
154.0; 164.6; 166.8. Haiineno, %: C 64.19; H 4.68; N 10.51, Cl 8.31.
C2H20CIN3O3. Beruucneno, %: C 64.47; H 4.91; N 10.25; CI 8.65.

I 6-aMmuHo-4-(4-xJ0pdenuin)-5-uuano-2-oxkco-1-n-roama-1,2,3,4-
TeTparuaponupuann-3-kapookcunar (5r). U3 0.28 2 (1.5 mmonsn) 16 u
0.33 2 (1.5 mmons) 2a B mpuCyTCTBMM TpuUdTWIaMUHA moiyvaor 0.41 2
(67%) 5r, T. mn. 185°C (sramon). UK-cnektp, v, cm™': 3470, 3431, 3345
(NHy), 2182 (CN), 1732, 1693 (COOC), 1638 (CON), 1590 (C=C). Cuextp
SAMP *H, §, m. 1., I'y: 1.28 T (3H, J=7.1, CH3CH,0); 2.43 ¢ (3H, CH3); 3.84
a (1H, J=5.8, CH); 4.18 n ( 1H, J=5.8, CH); 4.17-4.27 m (2H, OCHy); 5.61
yir. ( 2H, NHy); 7.05-7.10 m (2H, CgHy); 7.27-7.32 m (2H, CgH,); 7.33-7.40
M (4H, CsH4Cl). Crextp SIMP °C, 8, m. 1.: 13.7 (CHs); 20.7 (CHs); 39.1
(CH); 55.3 (CH); 57.1 (CCN); 61.0 (OCH,); 119.2 (CN); 128.4 (2CH);
128.5 (2CH); 128.5 (2CH); 129.7 (2CH); 131.4; 132.4; 138.0; 138.3; 153.7;
164.3; 166.7. Haiineno, %: C 64.12; H 4.71; N 10.46, Cl 8.28.
C,,H2CIN3O3. Brruuciaeno, %: C 64.47; H 4.92; N 10.25; CI 8.65.

Otua  6-amuno-4-(4-xmoppennn)-5-unano-1-(4-uurpodeHus)-2-ok-
co-1,2,3,4-terparuaponupuann-3-kapookcuaar (5x). a. M3 0.28 o
(1.5 mmons) 16 u 0.37 2 (1.5 mmons) 2B B IPUCYTCTBHH TPUITHIAMHUHA T10-
nygaior 0.53 2 (80%) 5a, 1. . 215°C (aueronurpun). MK-criektp, v, ™
3444, 3328, 3245 (NH,), 2180 (CN), 1734, 1709 (COOC), 1655, 1644
(CON), 1588 (C=C). Criextp IMP *H, &, m. 1., I'y: 1.28 T (3H, J=7.1, CHy);
3.94n (1H, J=6.2, CH); 4.18-4.28 m ( 2H, OCHy); 4.23 1 (1H, J=6.2, CH);
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6.08 ymr. ( 2H, NHy); 7.38 ¢ (4H, C¢H,Cl); 7.46-7.51 m u 8.28-8.33 m (2H,
CsHsNO,). Crextp IMP *C, 8, m. 1.: 13.7 (CH3); 39.2 (CH); 55.3 (CH);
58.1 (CCN); 61.1 (OCH,); 119.0 (CN); 124.0 (2CH); 128.5 (2CH); 128.6
(2CH); 130.4 (2CH); 132.4; 137.7; 140.4; 147.2; 153.4; 164.5; 166.5. Haii-
neno, %: C 56.91; H 3.68; N 12.98, CI 7.80. C;;H;7CIN4Os. Beruncieno, %:
C57.22; H 3.89; N 12.71; CI 8.04.

6. 13 0.28 2 (1.5 mmons) 16 u 0.37 2 (1.5 mmons) 2B B IPUCYTCTBUH ITH-
nepuanHa nonydarot 0.47 2 (71%), uro, o nanueM SIMP cniekTpockonuu,
COOTBETCTBYET COSAMHEHUIO 51, T. 1. 215°C.

Ot 6-amuHo-4-(4-xsopdennn)-5-uuano-1-(3,5-numernngenni)-2-
okco0-1,2,3,4-terparuaponupuaud-3-kapookcnaar (Se). M3 028 ¢
(1.5 mmons) 16 u 0.35 2 (1.5 mmonsn) 2r B NPUCYTCTBUM TPUITHIAMHHA T10-
nyuator 0.42 2 (66%) Se, T. 1. 215°C (3tanon). UK-criektp, v, ey’ 3460,
3324 (NHy), 2196 (CN), 1750, 1710 (COOC), 1645 (CON), 1595 (C=C).
Crektp SIMP H, 8, m. ., T'y: 1.29 T (3H, J=7.1, CHj3); 2.38 ¢ (6H, 2CHy);
3.83 1 (1H, J=5.8, CH); 4.18 x (1H, J=5.8, CH); 4.18-4.28 m (2H, OCHy);
5.62 ym. ( 2H, NH,);6.79 ym. (2H, 2,2'-HC¢H3); 7.07 ym. (1H, 4-HCgH3);
7.33-7.41 M (4H, CgHy). Crmextp SAMP C, §, m. m.: 13.7 (CHa); 20.6
(2CHs); 39.2 (CH); 55.3 (CH); 56.9 (CCN); 61.0 (OCH,); 119.2 (CN);
126.2 (2,2'-CHCgH3); 128.4 (2CH); 128.5 (2CH); 130.3 (4-CHCgH3); 132.4;
133.9; 138.0; 138.6 (3.3'-CC¢H3); 153.7; 164.2; 166.7. Haiineno, %: C
64.87; H 5.02; N 9.75, CI 8.05. C,3H,,CIN3O3. Borumcieno, %: C 65.17; H
5.23; N 9.91; CI 8.36.

ITHI 6-aMHHO-5-IMaHO-2-0KCc0-4-peHna-1-(4-aurpodennn)-1,2,3,4-
TeTparuaponupuann-3-kapooxcunar (5:x). U3 0.23 2 (1.5 mmons) 1a u
0.38 2 (1.5 mmons) 2B B mpUCYTCTBUM TpHITHIaMUHA mony4aor 0.47 2
(78%) 5k, T. wi. 190-191°C (sramon). MK-cnektp, v, cm™': 3440, 3325
(NHy), 2175 (CN), 1738, 1705 (COOC), 1650 (CON), 1590 (C=C). Cuextp
AMP *H, §, m. 1., I'y: 1.28 T (3H, J=7.1, CH3); 3.92 1 (1H, J=5.9, CH); 4.23
a ( 1H, J=5.9, CH); 4.24 x (2H, J=7.1, OCHy,); 6.03 ym. (2H, NH,); 7.26-
7.43 m (5H, CgHs); 7.46-7.51 m u 8.28-8.33 m (2H, CsH4NO,). Criextp SIMP
13C, 8, m. 1. 13.7 (CHs); 39.8 (CH); 55.5 (CH); 58.6 (CCN); 61.1 (OCH,);
119.2 (CN); 124.1 (2CH); 126.8 (2CH); 127.1 (CH); 128.4 (2CH); 130.4
(2CH); 138.9; 140.5; 147.2; 153.3; 164.6; 166.7. Haiineno, %: C 61.72; H
4.31; N 14.05. Cy;H18N4Os. Beraucieno, %: C 62.06; H 4.46; N 13.79.
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UULOLUE-E P UCPLUUPHAEUR-ELULELP NES: AUQU UDNFLUSPALUL
SEUYULILUD 1,2,3,4-SESLUNPY-LANPLP YR LLELD URLEEQ

U. U. UULQU3UL, 4. U UL U93UL, U U. UULQU3TL, U. k. AULUUSUT,
U u. bUQUS,3UL, U. Q- U3 UQ3UL, U. U. LUL3UL,
U. Q- uNLUNLU UL U. U.SU3N33UWL
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Qudwduyls UUTK b (FQU. ugblpnpnolynfugf myuybbpp, wnmuiined b EfFfy 6-mdfiiin-
1 4-npfruupfoy-2-opun-5-gfuuti-1,2,3, d-bnpusl poppruppfupht-3-fuppopupjunntbp: - Gpbpp
Sprebpllef plplnmduligpuyp, npp nbuhghugf gquyduibbpnod finfoobpefood §
Ehnd oo &lufrs:

[;JﬂLilileE HHLHWFIFFHLJ liil [;ﬂLJl lllqlﬂ[ll[ﬂLﬁJﬂLil:

INTERACTION OF ARYLMETHYLIDENMALONONITRIL
WITH ALYLAMIDOESTERS MALONIC ASID. SYNTHESIS
OF POLYFUNCTIONALLY SUBSTITUTED 1,2,3,4-TETRAGIDROPYRIDINES

M. S. SARGSYAN, K. A. AVAGYAN, A. A. SARGSYAN, A. E. BADASYAN,
A. Kh. KHACHATRYAN, A. G. AYVAZYAN, A. A. BALYAN,
S. G. KONKOVA and S.S. HAYOTSYAN

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

In order to synthesize new substituted 1,2,3,4-tetrahydropyridines containing amino
and cyanogroups, as well as to study their antibacterial activity, the interaction of
arylmethylidene malonononitrile with aryl amino-esters of malonic acid was studied.

It is shown that this interaction proceeds in absolute ethanol in the presence of a
catalytic amount of triethylamine or piperidine, at room temperature. According to the
NMR and XRD spectroscopy, ethyl 6-amino-1,4-diaryl-2-oxo-5-cyano-1,2,3,4-
tetrahydropyridine-3-carboxylates are formed with yields of 65-80%. The specified
interaction in the presence of triethylamine in boiling ethanol proceeds similarly.
According to the data obtained, the intermediate adduct formed as a result of the
Michael reaction undergoes intramolecular cyclization with the formation of the imine
derivative tetrahydropyridine, which under the reaction conditions turns into enamine
tautomer.

Antibacterial studies have shown that the synthesized compounds 5 exhibit weak
activity.
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CUHTE3 U AHTUXOJIMH3CTEPA3HBIE CBOMICTBA
AMHUHOAJKNJIAMUMIOB (Z2)-4-APUJIUAEH-5-OKCO-2-®EHNJI-4,5-
JAUT'NAPO-1H-UMHNIA30JI-1-UJIKAPBOHOBBIX KUCJIOT

B. 0. TONY35IHY, B. M. KA3OSIH!, A. A. OTAHECSIH! u JI. X. TAJICTSIH?

! Hayumo-TexHOIOrHuecKHii LIEHTpP OPraHHYecKOi H (apMAIEBTHISCKOH XMMHK
HAH Pecny6muku Apmenus
Apwmenus, 0014, Epesan, np. A3zarytsas, 26
E-mail: vtop@web.am
2 EpeBanckuii rocy1apCcTBEHHBIN YHUBEPCUTET

Moctymuuo 21 1 2019

MeTogom aKkTuBMpOBaHHBLIX 3NPOB C NpUMEHeHEM 1-(0-HUTPOEHNCY b OHMIT)-OKCUOEH-
30TpMasona CMHTE3VNpPOBaHbl AnankunaMmuHoankunamuabl (Z)-(4-apynuaeH-5-okco-2-pennn-4,5-gu-
mapo-1H-nmuaason-1-un)kapboHoBbix kucnot. MocnegHve nony4yeHsl ¢ 33-70% Bbixogamu. CuHTe-
3MpOBaHHblE aMUHOaMUAbI peakument ¢ MeTUNMOAMAOM MpeBpalleHbl B YETBEPTUYHbIE aMMOHMe-
Bble COeAMHeHus. ViccnenoBaHbl aHTUXOMNMHACTEPa3Hble CBOWCTBA CUHTE3NPOBAHHBIX BELLECTB MO
OTHOLLEHNIO K aueTunxonuHacTepase u bytupunxonuHactepase. OnpeaeneHbl NPOLEHTbI MHIMbK-
poBaHus XonuHacTepa3 B npucyTcTeum 80uM nccnegyembix coeanHeHuin. CornacHo nosyyYeHHbIM
AaHHbIM, CUHTE3VPOBaHHbIE aMWHOAMWUALI U UX NOAMETUNATbl, B OCHOBHOM, MPOSIBMSAIOT CPaBHU-
TENbHO BbICOKYIO aHTMBYTUPUNXONUHACTEPA3HYI0 aKTUBHOCTb. YCTaHOBINEHO, YTO U3 CUHTE3NPOBaH-
HbIX COEAVHEHWI CPaBHWUTENbHO BbICOKYIO aHTUALETUIXONMHACTEPa3Hy0 aKkTUBHOCTb MpOsABNSeT
(2)-N-(2-pnatunamuHo)aTtnn)-2-(4-(4-meTokcnbeHsnnmaeH)-5-okco-2-dpennn-4,5-aurnapo-1H-nmn-
nason-1-unjauetamug (43%), a no oTHoweHuio kK ByX® cpaBHUTENBHO BbiCOKas MHIMOMpYoLas
crnocobHocTb HabnpaeTces y (Z)-2-(4-6eH3unuaeH-5-okco-2-penun-4,5-gurnapo-1H-umn-gason-1-
un)-N-(2-(ammeTunamuHo)atun)auetamuaa (58%).

Tabn. 1, 6ubn. ccbinok 6.

CoenuHenus, MPOSIBISIONINE aHTUXOIHMHAICTEPA3HYIO0 aKTUBHOCTD, HAX0-
JST MPUMEHEHHE TIPU CO3JaHUM JIEKAPCTB /IS JICUCHUS] TAKUX JIeT€HEePaTUB-
HbIX 3a007eBanuii, kak 6one3nu Anbireiimepa [1] u [lapkuncona [2]. Panee
HaMU OBIJIO YCTaHOBIIEHO, YTO HEKOTOpble 2,4-nmu3ameniennsie [3] u 1,2,4-
Tpu3ameteHubie 5S(4H)-umunazononsr [4] mpoOSBISIOT aHTUXOJIHHICTEPA3-
HBIE CBOMCTBA.
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Hacrosimas pabota mocBsilieHa CUHTE3Y U M3YYCHHUIO aHTUXOJIUHICTE-
pa3HbIX CBOWCTB AHATKHIAMHHOAIKHUIAMUAOB (Z)-(4-apumumeH-5-okco-2-
¢benmn-4,5-murunpo-1H-umunazon-1-mn)kapooHoBbix  kucior (5-9) m mx
YEeTBEPTHYHBIX aMMOHHEBBIX aHanoros (10-14).

CunTte3 aMuIoB 5-9 OCyIIECTBIIGH METOJIOM aKTMBUPOBAHHBIX 3(HUPOB.
OxcnOeH30TpHa30I0BbIC AIPUPHI HIMHIA30JIMIKAPOOHOBEIX KHCIIOT 4 mmoJryde-
HBI B QIICTOHUTPWJIC NIPU KOMHATHON TeMIepaType, C MPUMEHEHHEM Teped-
Tepuduupyromero peareHra — 1-(o-HuTpodeHUICYIHOHUITOKCH)OCH30T-
puazoia (3). Dbupsl 4 6e3 BbIICICHHS U3 PEAKIIMOHHON Cpe/ibl ObLIN BBE/IC-
HBI B PEAKIHIO C 2-(IUATKWIAMUHO )aKWIAMUHAMA. BBIXObI MOTYyYSHHBIX
TakuM 00pa3oM aMHUHOaMUI0B 5-9 konebmoresa B npenenax 67-71%. Coor-
BETCTBYIOIIME YETBEPTUYHBbIE aMMOHHMEBble coiu 10-14 cuHTE3MpOBaHBI
B3aUMOJICHCTBUEM aMUHOAMUJIOB 5-9 ¢ HOJIUCTHIM METHIIOM B alleTOHE.

R@_\>P(o NO,
N\ NEt
oy
3

N\(NCHZCOOH +
Ph

9

) ;
NN | HNCHY,NR!
N\( NCH,COON L,
Ph

- 4

R@_\\ ﬁ[ " :ﬁ/{’ -

@]
NCH,CONH(CH,),NR"

S]
I

N NCH,CONH(CH,),NR' CH;l S

Ph Ph

59 10-14
1,5,10 R= H, R'=N(CHs),, n=2; 6,11 R=H, R*=N(C,Hs),, n=2; 7,12 R= H,
R'=N(CHs),, n=3; 2,8,13 R= CH30, R*=N(CHa),, n=2; 9,14 R= CHj30,
R=N(CHs),, n=2:

HccnenoBanbl aHTUXOJIMHICTEPA3HBIE CBOMCTBA aMUHOAMHUIOB 5-9 1 Bx
YEeTBEPTUYHBIX aMMOHHEBBIX cosieil 10-14 mo OTHOIIEHHIO KaK K alleTHUIIXO-
muHacTepasze (AXD), Tak u k Oytupunxonunacrepasze (byX?9). [onyuennsie
JTaHHBIE TIPUBEICHBI B TAOJIMIE, COTTIACHO JaHHBIM KOTOPOW, U3 CHHTE3HPO-
BAaHHBIX COEJIMHEHUH CPABHUTEIHHO BBICOKYIO aHTHALECTHIXOJIMHICTEPA3-
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HYIO aKTHBHOCTb mposiBiisieT (Z)-N-(2-audtunamuno)atun)-2-(4-(4-metokcu-
OCH3WINICH )-5-0KCc0-2-peHni-4,5-quruapo-1H-umunazon-1-m)amneramu
(9), a mo oTHOmEHNIO K ByXD cpaBHHUTEIFHO BBICOKAs HHTHOMPYIOIIAs CIIO-
cobHOCTh Habmomaercs y (Z)-2-(4-6ensunuaen-5-okco-2-penunn-4,5-quru-
po-1H-umunazon-1-un)-N-(2-(aumernnamuno)atun)aneramua (5).

ComnocTaBneHreM JaHHBIX TAOIUIBI MOKHO 3aKJIIOYUTh, YTO CHHTE3HPO-
BaHHBIE COCIMHEHHS], B OCHOBHOM, Oosiee 3((eKTUBHBI B OTHOIICHUHU K By-
X3, yem k AXD. KBarepHuzauus TpeTHUHON aMHUHOTPYIIIbI aMUHOAMUHO-
ro ocratka npu AXD MOYTH HE BIUSET HA aKTMBHOCTh COEAMHEHH, TOTIa
kak npu byXD Habnrogaercs yMeHbIIEHHE HHTHOUPYIOLIEH aKTUBHOCTH.

Takum 00pa3oM, OCYIIECTBICH CHHTE3 TUATKUIAMUHOAIKUIMUIOB (Z)-
(4-apununeH-5-okco-2-pennn-4,5- nuruapo-1H-umunazon- 1-wn)kapooHo-
BBIX KHCJIOT U OIPEJIeICHbI HX aHTUXOJIUHACTEpa3HbIe CBOMCTRA.

Tabnuya

JlaHHbIE AaHTUXOJIHHICTEPA3HBIX CBOMCTB IHAJKHIAMAHOATKUIAMHU/IOB
(2)-(4-apuaunen-5-okco-2-penuii-4,5-nuruapo-1H-umuaazon-1-ui)
KapOOHOBBIX KHCJIOT B KOHIEHTPaluu 8x 10°M

o}
A AN
NCH,CONH(CH,),R’

b

Ph

Coenunenune R n R Nurubupo- | Nurubu-

BaHHE poBaHue

AXD, % byX93, %
5 H 2 N(CHz3), 16.9 58.2
6 H 2 N(C,Hs), 4.3 50.0
7 H 3 N(CHz3), 9.4 44.9
8 CH30 2 N(CHs), 16.9 28.4
9 CH30 2 N(CzHs), 43.0 46.0
10 H 2 N*(CHz)s«l" 7.5 36.7
11 H 2 | N*(CyHs),CHasI 6.5 30.0
12 H 3 N*(CHz)s«l" 14.8 13.9
13 CH30 2 N*(CH3)s«l" 17.0 26.9
14 CH30 2 | N"(CyHs),CHgxl 39.5 4.8
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IJKCNepUMEHTAIbHAA YaCTh

UK cnexTpsl CcoelWHEHHWH 3aperuCTPUPOBAaHbI Ha CIEKTPOMETpE
“Nicolet Avatar 330” B BasenuHOBOM Macie. Crekrpsl SIMP 'H nomyuens:
Ha npubdope Varian “Mercury 300” ¢ paboueii gactoroit 300 My B pacTBO-
pe IMCO-ds BayTpennuii ctanaapT — TMC. KoHTpoJib 3a X0JI0M peakiiii u
OTpe/IeTICHHE YHUCTOTHI MOJIYYEHHBIX COCIUHEHUI OCYIIECTBIECHBI METOJAO0M
TCX (na mmactunkax “AlugramXtraSILG/UV”™) B cucteme pactBopureneit
npomnaHoi—Bojaa, 7:3. BemectBa oOHapyxkenbl Y ®D-o0mydenueM. Temrepa-
Typbl IUIABJICHUSI OMpEeJeNeHbl Ha MUKpocTonuke “Boetius”. KapboHoBbie
kucnotsl 1 u 2 nony4enst o [4]. 1-(o-HurpodenuncynbPpoHUI0OKCH)0eH30T-
pHYa3on CHHTE3UpOBaH 1o [5].

JuankujiaMuHoaaKuaaMuabl (Z)-(4-apuanaen-5-oxkco-2-penni-4,5-
auruapo-1H-umuaazon-1-min)kapoonoBsix kuciaor (5-9). K pacreopy 3.3
MMOJIA KACHOTHL U 3.3 mmonsa TpudTUiaaMuHa B 20 M alleTOHUTpUIIA 100aB-
msuta 3.3 mmons 1-(o-uutpodeHnCynb(HOHUITOKCH)OEH30TPHA30Ia U OCTaB-
JSUIM TIpY KOMHATHOM Temmepatype Ha 1.5 u. Ilocne storo nob6asmsum 3.3
MMOS TAATKAIAMUHOAIKHIAMUHA U PEaKIHOHHYI0 CMECh OCTaBIISUIN IIPH
TOM k€ Temneparype Ha 24 y. ANETOHUTPUI yIaJsUId HA POTOPHOM HCIIapu-
Tene, K octarky gobasmsin 20 mz 3% pacTBopa KapOOHAaTa Kajius U CMECh
akcTparupoBaiu 50 vz atunanerara (3 paza). O0ObeAMHEHHBIC OPraHUYECKHE
BBITSDKKH TIPOMBIBAIIM BOJON U cymwm cyinbdarom Hatpus. [locne ynmane-
HUSI paCTBOPUTEINS TP MOHMKEHHOM JABIIEHUU OCTATOK MEPEKPUCTAILTU30-
BBIBAJIM U3 CMECH ATHUJIAIIETAT-TeKCaH.

(2)-2-(4-Bensnaunen-5-oxkco-2-penna-4,5-ruruapo-1H-umuaazoun-1-
wi)-N-(2-(numeTuaamuno)dtuan)aueramun (5). Bexon 64.4%, 1. 1w
151°C, R;0.40. MK-criektp, v, cm™: 1659 (C=0 amuan.), 1720 (C=0 uukn.),
3305 (NH). Crextp IMP 'H, &, m. 1., I'y: 2.19 ¢ (6H, CHs), 2.29 T (2H,
J=6.5, CH,), 3.19 tn (2H, J=6.5, 5.5, CH,), 4.28 ¢ (2H, CH,), 7.11 ¢ (1H,
C=CH), 7.33-7.45 m (3H, C¢Hs), 7.48-7.59 m (3H, CgHs), 7.84- 7.88 m (2H,
C¢Hs), 7.96 yur. 1 (1H, J=5.5, NH), 8.23-8.27 m (2H, CgHs). Haiineno, %: C
70.42; H 6.14; N 15.02. C»H24N4O, Brerancneno, %: C 70.19; H 6.43; N
14.8.

(2)-2-(4-Bem3naunen-5-okco-2-penna-4,5-muruapo-1H-umunazoan-1-
wi1)-N-(2-(amdyTrnamuno)itui)aneramua (6). Boixog 64.1%, T. mn. 141-
143°C, R{0.45. UK-criektp, v, cm™: 1661 (C=0 amuan.), 1722 (C=0 uuki.),
3287 (NH). Cniextp SIMP *H, 8, m. 11, I'y: 0.98 T (6H, J=7.1, CHy), 2.40 T
(2H, J=6.9, CHy), 2.49 k (4H, J=7.71, CH,), 3.15 T 1 (2H, J=6.9, 5.6, CH,),
4.26 ¢ (2H, CHy), 7.11 ¢ (1H, C=CH), 7.33-7.45 m (3H, CgHs), 7.48-7.59 m
(3H, CgHs), 7.83-7.88 m (2H, CgHs), 7.88 ymr. T (1H, J=5.6, NH), 8.23-8.27
M (2H, CgHs). Hatineno, %: C 70.91; H 7.09; N 13.47. Cy4H»sN4O,. Beruuc-
neno, %: C 71.26; H 6.98; N 13.85.
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(2)-2-(4-BensuauaeH-5-okco-2-penni-4,5-nuruapo-1H-umuaazon-1-
wi1)-N-(3-(mumernnamuno)nponuia)aneramun (7). Beixon 33.4%, 1. m.
160-163°C, R; 0.39. UK-cmektp, v, cu’: 1661 (C=0 amuan.), 1721 (C=0
ki), 3296 (NH). Croextp SIMP 'H, 8, m. 1., I'y: 1.53 keu (2H, J=6.9,
CH,), 2.12 ¢ (6H, CHj3), 2.20 T (2H, J=6.9, CH,), 3.13 t 1 (2H, J=6.9, 5.6,
CH,), 4.26 ¢ (2H, CHy), 7.12 ¢ (1H, C=CH), 7.34-7.45 m (3H, C¢Hs), 7.49-
7.60 m (3H, CgHs), 7.82-7.87 m (2H, CgHs), 8.09 ymr. 1 (1H, J=5.6, NH),
8.23-8.27 m (2H, CgHs). Haiimeno, %: C 70.53; H 6.99; N 14.03.
Ca3H26N4O;, Beruncneno, %: C 70.74; H 6.71; N 14.34.

(2)-N-(2-AumeTnaamuno)3Tia)-2-(4-(4-meTokcnéeH3NIUIEH)-5-0K-
co-2-pennn-4,5-nuruapo-1H-umugazon-1-na)aneramung  (8). Brixon
49.2%, 1. m1. 187-190°C, R{0.37. MK-crextp, v, cm™’: 1661 (C=0 amumn.),
1714 (C=0 muxi.), 3300 (NH). Crextp IMP 'H, 8, m. 1., I'y: 2.19 ¢ (6H,
CHs), 2.28 T (2H, CH,, J=6.5), 3.19 1. 1 (2H, J= 6.5, 5.5, CH,), 3.86 ¢ (3H,
OCHpg), 4.26 ¢ (2H, CHy), 6.92-6.97 m (2H, CgH,), 7.08 ¢ (1H, C=CH), 7.47-
7.57 m (3H, CgHs), 7.82-7.86 m (2H, CgHs), 7.95 ymr. 1 (1H, J=5.5, NH),
8.20-8.25 M (2H, CgH,). Haiineno, %: C 68.07; H 6.59; N 13.56.
C23H26N403. BBI‘II/ICJIGHO, %: C 6796, H 645, N 13.78.

(2)-N-(2-AudTnamMuH0)ITHI)-2-(4-(4-MeTOKCHOEH3MIIN/IEH)-5-0KCO-
2-pennn-4,5-nuruapo-1H-umuaason-1-ua)aneramua (9). Bexox 70.6%,
1. wr. 190-192°C, R; 0.35. UK-crextp, v, v’ 1661 (C=0 amman.), 1716
(C=0 nuwukn.), 3297 (NH). Coexrp SIMP H, 8, . 1., Ty: 0.98 T (6H, J=7.1,
CHs), 2.41 T (2H, J=6.8, CH,), 2.49 x (4H, J=7.1, CH,CHj3), 3.15 1. 1 (2H,
J=6.8, 5.6, CH,), 3.86 ¢ (3H, OCHj3), 4.25 ¢ (2H, CH,), 6.93-6.98 m (2H,
CeHy), 7.08 ¢ (1H, C=CH), 7.47-7.57 m (3H, C¢Hs), 7.82-7.87 m (2H, CgHs),
7.87 ym. 1 (1H, J=5.6, NH), 8.20-8.25 m (2H, CgH,). Haiineno, %: C 69.33,;
H 7.12; N 12.58. Cy5H39N4+O3 Breruuciieno, %: C 69.10; H 6.96; N 12.89.

MoaMeTnaaTsl AHAJIKHIAMHHOAIKHIAMUI0B (Z)-(4-apuinien-5-ok-
co-2-penni-4,5-quruapo-1H-nmunazon-1l-un)kapoonoBbix  kucaor (10-
14). K pactBopy 1 mmons nuankuaamuHoankuiamuaa B 10 yz abCOMOTHOTO
arierona mo6asisua 0.2 2 (0.09 az, 1.5 mmons) MeTrmiioquma ¥ OCTABIISUIN
Ip1 KOMHaTHOH Temnepatype Ha 24 u. 3arem n06asisiau 20 mr AUSTUIIOBO-
ro 3¢upa 1 OCTaBISUIM IPU KOMATHOM Temnepatype Ha 3 y. OOpazoBaBLIMii-
Csl OCTATOK OT(HIBTPOBBIBAIIN M CYIIUIIN HA BO3/IyXE.

Hoamermiaar (2)-2-(4-6en3nauaeH-5-okco-2-penna-4,5-1uruapo-
1H-umuaazoa-1-wi)-N-(2-(mumeTnaamuno )it )aneramuiaa (10). Beixon
98.2%, 1. . 154-157°C, R¢0.82. UK-cnektp, v, en't: 1688 (C=0 amunn.),
1706 (C=0 muxi.), 3233 (NH). Crextp SIMP 'H, &, m. ., I'y: 3.19 ¢ (9H,
NMejs), 3.47-3.52 m (2H, CHy), 3.55-3.62 m (2H, CH,), 4.40 ym. ¢ (2H,
CH,), 7.13 ¢ (1H, C=CH), 7.35-7.45 m (3H, Ar), 7.53-7.62 m (3H, Ar), 7.82-
7.87 m (2H, Ar), 8.23-8.28 m (2H, Ar), 8.64 ym. T (1H, J=5.4, NH), Haiine-
Ho, %: | 24.71. Cy3H,7N4O,1 Breruucaeno, %: | 24.48.
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Hoamermiaar (Z2)-2-(4-6en3mauaeH-5-o0kco-2-pennia-4,5-1uruapo-
1H-umuaazoa-1-wi)-N-(2-(mmrunamuno)dtuin)aneramuaa (11). Brixon
90.9%, T. 1. 130-133°C, R;0.76. UK-criextp, v, cm™ 1667 (C=0 amuzm.),
1716 (C=0 mux.), 3350 (NH). Crextp IMP *H, 8, m. 1., I'y: 1.28 T (6H,
J=7.1, CHj3), 3.02 ¢ (3H, CHs), 3.30 T (2H, J=6.8, CH,), 3.40 x (2H, J=7.7,
CH,), 3.52 v 1 (2H, J=6.9, 5.6, CH,), 4,20 ¢ (2H, CH,), 7,12 ¢ (1H, CH=C),
7.38-7.44 m (3H, C¢Hs), 7.50-7.60 m (3H, CgHs), 7.80-7.88 m (2H, CgHs),
8.22-8.30 m (2H, CgHs), 8.62 ymr. 1 (1H, J=5.6, NH). Haiineno, %: | 23.59.
C25H31N402|. BLILII/ICJ'IGHO, %:123.22.

Hoamernnar  (Z)-2-(4-6emsnamnaen-5-okco-2-ennn-4,5-auruapo-
1H-umumazoa-1-m1)-N-(3-(1TMMe THIIAMHHO ) TPONKJI)alle TAMH/IA (12).
Boixox 47.0%, . mr. 240-243°C, R{0.80. UK-cnektp, v, cm': 1683 (C=0
amuzd.), 1712 (C=0 uuki.), 3204 (NH). Crexkrp IMP *H, &, m. 1., I'y: 1.90
kBH (2H, J=6.9, CH,), 3.12 ¢ (9H, NMej3), 3.20 1 (2H, J=6.9, CH,), 3,40 11
(2H, J=6.9, 5.6, CH,), 4.38 ¢ (2H, CH,), 7.12 ¢ (1H, CH=C), 7.36-7.4 m (3H,
Ce¢Hs), 7.52-7.60 m (3H, CgHs), 7.84-7.86 m (2H, CgHs), 8.14-8.30 M (2H,
CsHs), 8.40 ym. T (1H, J=5.6, NH). Haiineno, %: | 24.18. C3HsN4O;l. Boi-
yucieHo, %: |1 23.83.

Hoamernaar  (Z)-N-(2-(anmerniaMuHo0)3THI)-2-(4-(4-MeToKCHOeH-
3UJIH/IEH)-5-0Kc0-2-pennn-4,5-nuruapo-1H-umunazon-1-ui)aneramuaa
(13). Beixox 91.2%, 1. mn. 135-138°C, R{0.82. UK-cnektp, Vv, emt: 1640
(C=0 amuzn.), 1703 (C=0 muxi.), 3400 (NH). Crextp SIMP 'H, 8, m. 1.,
I'y: 3.20 ¢ (9H, NMe3), 3.50 T (2H, J=6.5, 5.5, CH,), 3.85 ¢ (3H, OMe), 4.35
¢ (2H, CHy), 6.92-7.00 1 (2H, CgH,), 7.10 ¢ (1H, CH=C), 7.47-7.57 m (3H,
Ce¢Hs), 7.82-7.86 m (2H, C¢Hs), 8.20-8.25 a1 (2H, CeHy), 8.63 T (1H, NH).
Haiineno, %: | 23.61. Cy4HygN4O3l Brrunciteno, %: | 23.14.

Hoamernaar (Z)-N-(2-(am3Taamuno)stni)-2-(4-(4-mMeTokcnéensn-
JINJIeH)-5-0kco-2-(penna-4,5-quruapo-1H-umuaazon-1-uwi)aneramuaa
(14). Beixox 79.9%, 1. mn. 140-143°C, R{0.25. UK-cnektp, v, et 1673
(C=0 amuzn.), 1707 (C=0 muxi.), 3282 (NH). Cnextp SIMP 'H, 8, m. 1.,
I'y: 1.30 T (6H, J=7.1, CH3), 3.03 ¢ (3H, NCHs), 3.28 T (2H, J=6.6, CH,),
3.43 x (4H, J=7.1, CHy), 3.53 1 (2H, J=6.6, 5.5, CH,), 3.85 ¢ (3H, OCHjy),
4.38 ¢ (2H, CHy), 6.93-6.98 m (2H, CgH,), 7.10 ¢ (1H, C=CH), 7.52-7.61 m
(3H, CgHs), 7.80-7.85 m (2H, Cg¢Hs), 8.21-8.26 m (2H, CgH,), 8.58 ymr. T
(1H, J=5.5, NH). Haiineno, %: | 22.39. CyxH33N4Osl. Beruucneno, %: |
22.01.

OmnpeniejieHde aHTHXOJHHICTEPA3HBIX CBOICTB coexmHeHuii (5-14).
AHTHXOJMHICTEPa3HbIE CBOMCTBA CHHTE3UPOBAHHBIX COCAMHEHHH Ompere-
JISUTM TI0 METO/Y, OMCaHHOMY B pabote [6]. B ucciaenoBanusx npuMeHsIu
sputpouuTapuyo AXD u mazMenHyto by XD uenoseka. M3mepenus npoBo-
JWITUCh B TEPMOCTATUPyeMOil siueiike crekrpodoromerpa “Specord UV-
Vis” nipu 412 nm. B ombiTax peakinmoHHas cpeaa B 2.5 Mz KOHEYHOTO 00be-
Ma co/iepKalia peareHThl B CICIYIOIUX KOHLEHTPAIMSX: TUCTUILTUPOBAH-
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Has Bona — 1.25 mz, docdarnsiii 6ydep 0.1M — Lur, pH 7.6+£0.1; 5,5'-qutno-
ouc-(2-autpobensoitnas kucnora) (JTHB) 0.005M — 0.02 mz, aneTuntuoxo-
auH (ATX) 0.005M — 0.005 ma, coorBercTByrommii pepment — 0.01 mz u
uccienyemoe BemectBo 0.01M (B IMCO) — 0.02 mz. s KOHTPOIBHBIX
OTBITOB pacTBOp, coaepxamuii pepment, u ATHD unkybuposanu 10 mun
npu 25°C, u3MepsuI NoTrJoIIeH e, mocie yero gobasisuim ATX u moBTOPHO
M3MEpSIIH TOTJIONIEHHE PacTBOpa MOCie MHKYOHpoBaHus B TeueHue 20 mun
npu 25°C. TecToBble OMBITH MPOBOIMIN AHAJOIMYHO W3HAYAIBHO B IPH-
CYTCTBUHU HUCCIIEIyeMOro coenuHeHus. MHrubupyromnas akTHBHOCTb COEIU-
HEHUI Onpeesiiach ClIeAyomel (GopMyIToi:

KOHT — TECT
uHrHOMpoBanue, % = ——— x 100,

KOHT

TAC KOHTPOJIb — pasHULla MOTJIOIICHU M ABYX HSMepeHI/Iﬁ KOHTPOJIbHOTO OIIbI-
Ta; TECT — pasHUlla HOFJIOHIGHI/Iﬁ ABYX H3MepeHHﬁ TECTOBOTI'O OIIBITA.

(2)-4-ULPLPYEL-5-0LUN-2-DE LPL-4,5-YPNh )L N-1H-PUPAEQNL-1-PL
JULLNLURE-NFLELD WUPLATYUPYLELP URLSEQL
NFNUGUNALPLEUE-ELEQUSPL NUSUNFE-3AFLLENL

€. O. -NPNFI3UL, 1. U, 1. U2N3UL, W. . NAUNULLPU3UL U L. lu. Q-ULUS3UL

Upnf] - Sufbpatiph  dbfnm]  1-(o-bfunpnpblspyuncy Gnbify) opupplivqmnppugmfp 4f-
prsndunlp ufiuf@lqdly b (2)-(4-wppypybl-5-opun-2-plisfy-4,5-n i fuppn-1H-fulfrpsusggry-1-
[ ypupprtionfEnbpl qfuylppudplnuppudpyibpp: Lepdfuibpy wnugws b 33-70%
byplbpmf: Upnftliqiud wilfbinudpoblbpp, dbfpyngpnp Shn pnpusgybng, fbpuddk b
Sanlumgunnnfundds gnppnppypl slabipnobugfl wqbph: Dancfappdby B ofifligfus
dfpagr fFymiialiph SulpusfunyplbufFbpuguy s Sunnlncfdynbilibpp flugubu wglupy-, wybgl
by prenfopfyfunyfiobufdlpumah Dunndundp: Qupdims b Shummgrudng dfgnyuts S0 (M
frigbunpugpuyp wnlpuyncffyudp - poypibufFbpugibph 8hydut mnlpebbpp: Uinwgfus
wipugymiplibiph Susdusd sy, ufisfFhaqymd wdfnudfubpp b gty gnqdb@fyumibpp, S
bljuionid, gregusphpmed B Sudbdunmapp pupdp Sulpaspnonpfyfengiibafbpugug it
uilpnpufnc [yt Envyy b npfwd, np wglnpyponyfibufdlpuogh Suligby Sudbdunupugp
puapdp wlnffnffynts & gneguplpod (2)-N-(2-qfullfBfyudfin) §afy)-2-(4-db[Fo pufypbi-
abfrlets)-5-0pun-2-plpy-2,5-wgh S puypr-1 H-fplfrpasgryg=1-fy) wg . (43%), puly pooe-
wnpppyfuryfibuf@bpugh Quiighy Sudbdunmopup pupdp wpghpulfs Sunlndym i
odunfmd k (Z)-2-(4-pkugfypuphi-5-opun-2-Skfy-4,5-qpi&fppn-1H-fif frpugng-1-fiy)-N-(2-
(fril e pyasdlfplon) [y g limasilfon s (58%) :
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SYNTHESIS AND ANTICHOLINESTERASE PROPERTIES
OF AMINOALKYLAMIDES OF (Z)-4-ARYLIDENE-5-OX0O-2-PHENYL-4,5-
DIHYDRO-1H-IMIDAZOL-1-YL CARBOXYLIC ACIDS

V. 0. TOPUZYAN!, V. M. GHAZOYAN?,
A. A. HOVHANNISYAN? and L. Kh. GALSTYAN?

! The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: vtop@web.am
ZYerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia

By the method of activated esters with the use of 1-(o-nitrophenylsul-
ponyl)oxybenzotriazole there were synthesized dialkylaminoalkylamides of (Z)-(4-
aryliden-5-oxo-2-phenyl-4,5-dihydro-1H-imidazol-1-yl)carboxylic acids. The latter
were obtained with the yields of 33-70%. The synthesized compounds by the reaction
with methyl iodide were converted into quaternary ammonium compounds. The
anticholinesterase properties of the synthesized substances were investigated in relation
to acetylcholinesterase and butyrylcholinesterase. Percentages of cholinesterase
inhibition were determined in the presence of 80uM of the studied compounds.
According to the results, the synthesized aminoamides and their iodomethylates,
basically, show relatively high antibutyrylcholinesterase activity. It was established that
from the synthesized compounds, (Z)-N-(2-diethylamino)ethyl)-2-(4-(4-methoxyben-
zylidene)-5-oxo0-2-phenyl-4,5-dihydro-1H-imidazol-1-yl)acetamide showed relatively
high antiacetylcholinesterase activity (43%), and with respect to BUChE, relatively high
inhibitory capacity was observed with (Z)-2-(4-benzylidene-5-oxo-2-phenyl-4,5-
dihydro-1H-imidazol-1-yl)-N-(2-(dimethylamino)ethyl acetamide (58%).
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MokasaHo, YTO ankUNMpoBaHWe peHomna rarnoreHankaHaMmy MOXHO MPOBOAWUTL B BOOHO-LUE-
NoYHoM cpefie B NpucyTcTBuM N-meTunmopdonut N-okcuga. Takash MeToavka ankunmpoBaHus de-
Hona B cpaBHeHWn ¢ MOK no3sonsieT cenekTUBHO NpoBecTu O-ankunmpoBaHue. AHanu3 KoHgopma-
LI NpoAyKTOB peakuuu ¢ E/Z 1,3-anxnopByT-2-eHamu nokasar, 4to obpa3syeTcsi Tofnbko E-usomep.

Tabn. 1, 6ubn. ccoinok 11.

N3BecTHO, 4TO (peHonm oOpa3yeT /Ba aMOMIEHTHBIX aHMOHA M B PEak-
LUSAX AJIKWIMPOBAaHUS raJoreHajJKaHaMu MOXKeT 00pa3oBaTh HMPOAYKTHI Kak
O-, tak u C-ankunuposanus [1-7].

CornacHO JIMTEPaTypHBIM JaHHBIM, B 3aBHCUMOCTH OT XapaKTepa aJKu-
mupytoniero areHra mMexdasupii katammsz (M®K) sBiusercs npobiemarnd-
HBIM C TOYKH 3pEHUS MOJYUYSHHs] MHIUBUAYAIbHBIX IPOU3BOHBIX MPHU AJIKH-
nmupoBaHuu ¢enomna [8, 9].

[Ipennoxennas cucrema N-metmnmopdonna N-oxcug (NMO) — H,O
MMEET OIpEEIICHHbIE MPEUMYIIECTBA B cpaBHEeHUU ¢ mMetogoM MOK. Hc-
MOJIb30BaHUE AJKWITAJIOTCHHUIOB B KadeCTBE AJKIIMPYIONUX areHTOB B
cucreme NMO/H,0 1no3Bosinio aBTopaM NpOBECTH CEIEKTUBHOE MOHOAIKH-
JUpPOBaHUE MOHOATAaHOJAMUHa 10 aTromy azota [10].

Lenpro HacTosIICH PaOOTHI ABIISETCS U3YUCHUE ANKIIIMPOBaHUs (heHoIIa
(1) ¢ ranorenankanamu B cucteMe NMO/H,O B mpuCyTCTBHM THIPOKCHIA
HaTpUs U CPaBHEHHUE Pe3yJIbTaTOB C pPe3yibTaTaMH, MOJYYEHHBIMH 10 METO-
ny MOK.
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[Ipu B3aumoneiicteuu enona ¢ E/Z 1,3-auxnopoyr-2-erom (1,3-1Xb-
2) B ycaoBusax M®K B npucyTcTBUM THIPOKCHIA HATPHUSL 00pa3yrOTCs Mpo-
OyKThI 3amerenust 2, 3 u 4 ¢ oomum BoixonoM 83%. Xots B ycnoBusx MOK
O-ankunupoBanue QeHosa npeodnamgaet (60%), OJHAKO MPOTEKAET TaKKe
O,C-ankunupoBanue (eHosa ¢ 00pa3oBaHUEM Opmo- U NaApa-3aMeIIeHHBIX
¢denonoB 3 u 4 ¢ o6mum BeIxogoM 23% (cxema 1).

Cxema 1

Me
—
¢ cl 2 g
OH kae o Me
Elz _ Zcl
MK
1 Me 3
—
Me
Aol 4

AHanm3 IpoayKTOB peakiyu 2, 3 U 4 mokasall, 4yTo B pe3y/bTaTe peak-
mun penona ¢ E/Z 1,3-/1XB-2 obpasyrores Toabko E-u30mepsl, a cooTHoIIE-
Hue m30MepoB 3:4, 1o rauHbIM crekTpos SIMP 'H, cocrasuser 4:1.

UccnenoBanne ankunupoBanus ¢enona ¢ E/Z 1,3-guxmnopOyr-2-eHom
(1,3-AXB-2) B cucteme NMO/H,0 B npucCyTCTBUH THAPOKCHUIA HATPHS T10-
Ka3aJo, 4TO B BBIOPAHHOMN CHCTEME IPOTEKAET XeMOCENEeKTUBHOE O-alKuiIn-
poBanue (eHouna, a npoaykTsl C- min O,C-ankunupoBaHus GeHona He oOHa-
pyXeHsl (cxema 2).

Cxema 2

o/\/\m

OH //\ _Me
+N{ .
Cl Cl /Yo

NaOH, H,O
7 Me a 2

1 E/Z 2

Crpoenue coeauHenuii 2, 3 u 4 10Ka3aHO HA OCHOBAHHMH JAHHBIX CIIEKT-
pockonuu SAMP H.

Kak u cieoBano 0xumarte, Ipy amKWINPOBaHUH (EeHOTa BO3ICHCTBUEM
ammiopomuaa (cxema 3) wiaM npomnapruidopomuna (cxema 4) B yCIOBHSIX
MO®K Ttaxxe oOpa3yercs cMech BEUIECTB — MPOAYKTOB O-alKUIMPOBaHUS U
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O,C-ayikuimupoBaHusi, MPUYEM B cliydyae NpONapruiiopoMuaa MpoayKT 9
HMEET TOJIBKO opmo-KoHpUTyparuio (cxema 4).

Cxema 3

//\ _Me
SNy
- Z + HO
NaoH, o BT @1

OH O/\/
© B N7 ©/\/
MoK -
1 6 o/\/

\

7 1

Io mauubM crekTpockomuu IMP *H, cootHomenue opto (6) : mapa (7)
M30MepOoB cocTaBisieT 3:1.

Amnanu3s npoaykToB peakuuu genona B cucreme NMO/H,0 ¢ amuunGpo-
MUJIOM WM TPONAPTHIOPOMHUIIOM TOKA3al, YTO B Pe3yJIbTaTe PEaKIUu, KaKk
u B cinyuue 1,3-J1Xb-2, o6pasyrorcst Tonbko O-alKUIUPOBAHHBIE COEIUHE-
Hue 5 (cxema 3) wiu coequHenue 8 (cxema 4).

Cxema 4
/\/
o Z //\ _Me
o +N] .
— © ~# + HO
—— B
o NaOH, H,0 B NZ
Br/\/
MoK
1

oNZ
— ©/\%
9

[To panubIM cniekTpockonuu SAMP 1H, XUMHUYECKHUE CIABUTH KOJbIIEBBIX
MPOTOHOB COeAMHEHHs 8 HaxomsATcs B Oonee cnabom mone 6.76-7.28 m.a. u
HUMEIOT BUJI MYJIbTUILIETOB, CIBUTH OCTaJbHBIX MIPOTOHOB UMEIOT BHJI TPHUI-
JeTa W IyIMJieTa, a WHTETpaIbHbie MHTEHCUBHOCTH TOJHOCTHIO COOTBETCT-
BYIOT CTPYKTYpPE COCAMHEHHUS 8.

B UK-cnekrpe coenqunenus 8 monoca noriomeHust 0eH30JIbHOTO KOJIbIIa
nposiBnsercss B obmactu 1540 cu™, a nornomenne 2100 cu™ BBI3BaHO Ba-

neHTHbIMU Kosebanusimu (C=C) rpynmnsl. B criekTpe oTMedeHbl Takxke KoJie-
Oanus B uaTepBane 1060-1085 em™, oTHOCSIIHECS K a(upHOi rpymre.
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[IpeumymectBom cuctemsl NMO/H,0, xak nokazano B pabdote [11], B
cpaBHeHHU ¢ MetogoM M®DK, siBisieTcss BO3MOXXKHOCTh MHOTOKPATHOTO HC-
nonb3oBanus (pazer NMO/H,O mocne BbIIENeHHs KOHEYHBIX IMPOIYKTOB
PEaKIH.

Ha npumepe ankuiaupoBaHus ¢eHoJa auTMIOpPOMHIOM B CHCTEME
NMO/H,0 npu noroprom ucronb3oBaann NMO/H,0O Hamu oOHapyXeHO,
4TO0, KpoMe MpoaykTa O-aIKUIMPOBaHUS 5, peaklusi MPOTeKaeT TaKkKe ¢ 00-
pazoBanuem O,C-aKWIMPOBAHHBIX MPOAYKTOB 6, 7, IPOITYKTOB OKHCIICHUS
C-ankmmpoBanueM ¢enona 10, 11, a Taxke C-alKWIMPOBaHHBIX IPOAYKTOB
12, 13 (cxema 5).

CxeMma 5

O/\/

& 11%\@/©:V/ :,H
e

[Tpy aHanoOru4HeIX ycnoBusX ankuinposanue (enona E/Z 1,3-muxmop-
oyt-2-en (1,3-/1Xb-2) unu nponaprundpomunom B cucteme NMO/H,0 npo-
TekaeT 0e3 00pa30BaHMs BBIIIEYKAa3aHHbBIX TOOOYHBIX MPOAYKTOB.

Crpoenune coenuuenuit 6, 7, 10-13 nokazaHo Ha OCHOBaHHMM JTAaHHBIX
cnexrpockomiu SIMP 'H 1ociie MX IpenapaTHBHOTO XpoMaTorpadupoBaHus
U3 CMECH.

Taxum o0pa3oM, peakiys alKWIUpOBaHUs (EHOIA raJoreHaJKaHaMu B
cucreme NMO/H,0 He ycrynaet no Beixogam peakuuu npu M®K, u B To
K€ BpeMs PEaKLHsi XeMOCEJIEKTHBHA M0 OTHOIIEHHIO K O-aJKWINPOBAHUIO
¢denoma.

BKCHepI/IMeHTaJIbHaﬂ 4acTb

HK-cnekTpsl 3apeructpupoBansl Ha cnekrpomerpe “Termo Nicoletion
Nexus” B BasennHoBoM Macie. Criektpst IMP *H u 3C sammcansr Ha criek-
tpometpe Varian “Mercury-300VX” (300 u 75 My, COOTBETCTBEHHO) MpH
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temneparype 300 K B pactBope IMCO-d4-CCly, 1:3, BHYTpeHHHIA cTaHAAPT
— TMC. DnemeHTHBIN aHanM3 BBINOJIHEH Ha mpubope “Eurovector EA
3000”. KoHTponb 32 XOJI0OM peakiiii U YUCTOTOW MOJYUSHHBIX COCTUHEHUN
OCYILIECTBJIEH METOJOM TOHKOCIOMHON xpomaTorpaduu (TCX) Ha miactu-
nax “Silufol UV-254” B cucreme rexcan-Me,CO, 4:1, nposiBjeHue — mnapa-
Mu #oma. B wuccienoBanmsax wucronb3oBan NMO mpowmsBoncTBa (GUpMBI
«APUAK» (Apmenus).

AnxunupoBanne ¢penona (1) rajsoreHaakanamm B ycaosusax MOK
(o6mas meroauka). K pacrsopy 25 mz Boabl, 3 2 (0.075 monsz) NaOH u
0.05 2 TOBAX nobasmstor 4.7 2 (0.05 monsn) denoma m HarpeBaroT 10
45-50°C B Teuenue 30 mun. 3atem o kamwism (0.5 «) gobasastot 0.075 mons
COOTBETCTBYIOIIETO AJKWINPYIOIIETO peareHTa, MoAep:KuBasi TEMIeparypy
He Bbime 50°C, u nepeMennBaioT B TeueHue 3 u. PeakimoHHYI0 cMech dKC-
TParupyroT auxjiaopMmeranoM. [lociie ynaneHus: pacTBOPUTENST OCTATOK Iepe-
TOHSIOT NP MOHUYKEHHOM JIaBJICHUU.

(E)-[(3-Xu1op6yT-2-eH-1-wn)okcu]oenson (2). Beixox 5.5 2 (60%),
T.kui. 70-76°C (1 mm pm cm), no’® 1.5250. UK-criektp, v, em = 1530 (Ph),
1060-1080 (C-O-C), 1640 (C=C). HaiineHo, %: C 65.61; H 5.95. C;oH;;OCI.
Breruncieno, %: C 65.75; H 6.02.

Crnextp SIMP 'H (JIMCO-dg:CCl,-1/3), 8, m.xi., Iy 2.19 k (3H, CHj, J=1.3),
4.53 1k (0.2H, CHy, J=1.3 1 0.8), 4.63 1k (1.8H, CH,, J=5.8 u 1.3), 5.81 Tk (0.9H,
=CH, J=5.8 u 1.3), 5.88 & (0.1H, =CH, J=6.9 u 1.3), 6.80-6.91 m (3H, CgHs), 7.18-
7.26 M (2H, CgHs).

1-[(E)-3-X0poyT-2-en-1-ui]-2-[((E)-3-x;10p0yT-2-eH-1-1J1) 0K-
culoenzon (3) u 1-[(E)-3-xn0p0yT-2-en-1-ui|-4-[((E)-3-x10p0yT-2-€H-1-
uia)oxcu]oensod (4). Berxon 3.1 2 (23%), T.xkum. 150—-170°C (1 mm pm cm),
N’ 1.5250. MK-cmextp, v, cm~ 1540 (Ph), 1650 (C=C). [IpenapaTuBHoii
xpomarorpadueil U3 cMecu U30MepoB 3, 4 ynanoch BBIIEIUTh U OXapaKTe-
pu30oBaTh MHAMBHIYyalnbHBIE u3oMepbl. Haitneno, %: C 62.00; H 5.49.
C14H150Cl,. Beruucaeno, %: C 62.22; H 5.55.

Crextp SIMP H (IMCO-dg:CCls-1/3), &, m.a., Iy (3): 2.12 x (3H, CHs,
J=1.2), 2.20 k (3H, CHj, J=1.2), 3.38 yurxa. (0.4H, CH;, J=6.9) u 3.42 yuna. (1.6H,
CH,, J=7.0), 4.56 ym1. (0.4H, OCH,, J=6.9) 1 4.66 1x (1.6H, OCH,, J=5.7 u 1.3),
5.64 tx (1H, =CH, J=7.0 u 1.2), 5.70 T« (0.2H, =CH, J=6.9 u 1.2), 5.83 T« (0.8H,
=CH, J=5.7 u 1.2), 6.60 M (0.2H, CgH,), 6.72-6.75 m (0.2H, C¢Ha), 6.78-6.86 m
(1.6H, CgHa), 6.89-6.99 M (0.4H, CgH.,), 7.05-7.14 m (1.6H, CgHa).

Crekrp SIMP H (IMCO-ds:CCly-1/3), 6, m.n., I'y (4): 4.65 nr (2H, OCHp,
J=5.2u 1.6), 5.29 nx (1H, CH,=CH, J=10.5 u 1.6), 5.42 nx (1H, CH,=CH, J=17.2 n
1.6), 6.04 aur (1H, CH,=CH, J=17.2, 10.5 u 5.2), 7.07-7.06 M (2H, C¢Hs), 7.78-
7.83 M (2H, CgHs), 9.83 ¢ (1H, CHO).

Aammnokcuden3on (5). Beixon 3.6 2 (55%), T.kum. 55-60°C (1 mm pm
cm), nu® 1.5185. UK-criektp, v, ey *: 1530 (Ph), 1640 (C=C), 1100 (C-O-C).
Haiineno, %: C 80.95; H 6.71. CgHgO. Brruncneno, %: C 81.20; H 6.76.
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Crnekrp SAMP H (IMCO-dg:CClg-1/3), 6, m.n., Ty: 4.52 nr (2H, OCH,, J=5.1
u 1.6), 5.24 nx (1H, =CH,, J=10.5 u 1.2), 5.39 nx (1H, =CH,, J=17.2 u 1.6), 6.03
mr (1H, =CH, J=17.2, 10.5 u 5.1), 6.83-6.90 m (3H, CeHs), 7.18-7.25 m (2H,
CeHs).

1-Annnn-2-(annuinokcu)oenszon (6) m 1-Amnun-4-(anniuinokcu)oeH-
304 (7). Beixox 1.6 2 (18.5%), T.kum. 95-105°C (1 mm pm cm), no’° 1.5250.
UK-criektp, v, eyt 1540 (Ph), 1645 (C=C). [TpemapaTuBHOi XpoMaTorpa-
(uelt yaanoch BbIICINUTh U 0XapaKTepPH30BaTh HHANBUAYaJIbHbIE H30MEPHI 6,
7. Haiineno, %: C 82.71; H 7.98. C1,H140. Beruucaeno, %: C 82.75; H 8.04.

Crnextp SIMP 'H (JIMCO-ds:CCl,-1/3), 8, M., Ty (6): 3.39 ar (2H, CH,, J=6.6
u 1.5), 4.59 nr (2H, OCH,, J=5.0 u 1.6), 5.05-5.10 m (2H, CH,CH=CH,), 5.20 nx
(1H, OCH,CH=CH,, J=10.5 u 1.6), 5.45 nx (1H, OCH,CH=CH,, J=17.2 u 1.6),
5.90-6.05 M (2H, =CH), 6.75-6.83 M (2H, CsHa), 7.22-7.53 m (2H, CsHa).

Crnextp SIMP 'H (JIMCO-ds:CCly-1/3), 8, m.ii., Ty (7): 3.29 ar (2H, CH,, J=6.6
u 1.5), 4.49 xr (2H, OCHy, J=5.0 u 1.6), 4.98-5.05 M (2H, CH,CH=CH)), 5.23 nx
(1H, OCH,CH=CH,, J=10.5 u 1.6), 5.37 ax (1H, CH,CH=CH,, J=17.2 u 1.6), 5.83-
6.07 M (2H, =CH), 6.74-6.80 M (2H, CgH4), 6.99-7.04 M (2H, CeHa).

(ITpon-2-uH-1-unoxkcun)densou (8). Bexox 5 2 (76%), T.xum. 68—70°C
(1 2w pm cm), ny® 1.5300. UK-criextp, v, cm = 1540 (Ph), 2100 (C=C).
Haiineno, %: C 81.75; H 6.01. CoHgO. Brruncaeno, %: C 81.81; H 6.06.

Cuextp SIMP 'H (IMCO-dg:CCly-1/3), 8, m.x., I'y: 2.50 T (1H, =CH, J=2.3),
4.70 1 (2H, OCH,, J=2.3), 6.96-7.04 m (3H, CgHs), 7.28-7.33 m (2H, CsHs).

1-(ITpon-2-un-1-un)-2-(npon-2-un-1l-nnoxcu)denszon (9). Boixon 0,3 2
(3%), T.kum. 118-120°C (1 mm pm cm), n,2° 1,5355. VK-crektp, v, cv
1550 (Ph), 2100 (C=C). Haiineno, %: C 84.11; H 5.93, C;,H;00. Beruucie-
Ho, %: C 84.70; H 5.88.

Crextp SIMP 'H (JIMCO-dg:CCl-1/3), 8, .., T'y: 2.18 T (1H, =CH, J=2.3),
2.56 T (1H, =CH, J=2.3), 4,60-4,75 M (4H, 2CH,), 6.80-6.95 M (2H, C¢Hs), 7,25-
7,35 M (2H, CeHs).

AaxuinupoBanue ¢enona (1) rajoreHajJkaHaMM B CHCTeMe
NMO/H,O (o6mas meroauka). Cmecy 4.7 2 (0.05 mons) denona, 3 2
(0.075 monst) NaOH u 25 mn 50% Bomnoro pactBopa NMO HarpeBaroT 110
45-50°C B Teuenue 30 ymun. 3arem no kammm (0.5 v) nobassror 0.075 mons
COOTBETCTBYIOIIECTO aKWIMPYIOIIETO pearcHTa, MoyIepKuBasi TeMIeparypy
He Bbime 50°C, u nepeMennBaioT B TeueHne 3 u. PeakimoHHYI0 CMech dKC-
TparupyoT nuxjaopmeraHoM. [locie ynaneHus pacTBOPUTENST OCTATOK Iepe-
TOHAIOT IIPU MOHWKCHHOM IaBJICHUU.

(E)-[(3-Xu10p0yT-2-en-1-mm)okcu]6enszon (2). Beixon 6.8 o (75%),
1.xu11. 70-80°C (1 ym pm cm), N’ 1.5240.

Aammnokcuden3on (5). Beixon 4.6 2 (70%), T.xkum. 58—60°C (1 mm pm
em), n,?° 1.5180.

(ITpon-2-uH-1-nnokcn)oensod (8). Beixox 5.2 2 (80%), T.xurm. 69-71°C
(1 mm pm cm), no® 1.5300.
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CriexTpajibHbIe JaHHBIE COeNMHEHUH 2, 5 1 8 COOTBETCTBYIOT COCTUHE-
HUAM, [IOJIY4YEHHBIM MeTo oM MODK.

AakuaupoBanue ¢enoJa (1) anmmadopomuaom B cucteme NMO/H,0
npu nosTopuom ucnoabdoBanud NMO/H,0. Cmecs 9.4 2 (0.1 mona) de-
nona, 6 2 (0.15 monz) NaOH u 50 mz 50% Boxuoro pacrBopa NMO (mc-
nonk3oBanHas Gaza NMO/H,0O mocie BbiieneHus TPOIYKTOB PEaKIMK) Ha-
rpesaroT 10 45-50°C B teuenne 30 mun. 3arem mo xarmmsaMm (0.5 u) mo6aB-
asroT 18.0 2 (0.15 monn) ammunbpomuga. PeakIiMOHHYIO CMECh DKCTpard-
pytoT auxiopmeraHoM. llocie ymaneHHs pacTBOPUTENS OCTATOK II€PETro-
HSIOT TpU MTOHWXeHHOM aaBiiennd. [lomyuaror 3.5 2 (53%) anmnmnokcubeH-
3oia (5) ¢ T.kum. 58-65°C (1 mm pm cm).

Ky0oBbIit octatok (mpuOmmsutensHo 2.5 2) meperonsercs npu 120-
180°C (1 mm pm cm) u umeet N 1.5350. KyGoBbIit 0CTATOK HEHTPaTH3yIOT
pacTBOPOM €JIKOTO HATpa, IMOCIIe Yero IKCTParupyT xiopopopmom. Ilocie
OTrOHKM pacTBopuTens U npoBeneHus TCX BeIIensA0T coequHeHus 6, 7, a
Ttakke 2-(amumokcn)oenzanpaerun 10 u 4-(ammmoxcu)oenzanpaernn 11.
BogHblii ocTaTok Ha ATOT pa3 HEUTpatu3ytT BoAHbIM pacTBopoM HCI u u3
BOJIHOTO pacTBOpa 3(GHPOM HU3BJEKAaOT coeauHeHus 12 (2-ammwideHon) u
13 (4-ammundenon).

Crnextp SIMP 'H (JIMCO-ds:CCly-1/3), 8, M., Iy (10): 4.70 xr (2H, OCHo,
J=5.1u 1.6), 5.31 ax (1H, CH,=CH, J=10.6 u 1.6), 5.46 ax (1H, CH,=CH, J=17.2 u
1.6), 6.08 oot (1H, CH,=CH, J=17.2, 10.6 u 5.1), 6.99-7.04 m (1H, CgH,), 7.08
yiua. (1H, CgHy, J=8.4), 7.54 nun (1H, CgHy, J=8.4, 7.4 u 1.8), 7.72 an (1H, CgHa,
J=7.6 u 1.8), 10.45 n (1H, CHO, J=0.7).

Cnektp SIMP °C(CD3OD 755 &, M. Iy 68.1 (CHp), 111.4 (2C), 117.2
(=CH,), 129.5, 131.1 (2C), 132.2 (=CH), 162.7, 189.1 (CHO).

Crnextp SIMP 'H (JIMCO-dg:CCl,-1/3), 8, M., Iy (11): 4.65 ar (2H, OCHo,
J=5.2 1 1.6), 5.29 ax (1H, CH,=CH, J=10.5 u 1.6), 5.42 nx (1H, CH,=CH, J=17.2 n
1.6), 6.04 nar (1H, CH,=CH, J=17.2, 10.5 u 5.2), 7.01-7.06 M (2H, C¢Ha), 7.78-
7.83 M (2H, CeH,), 9.83 ¢ (1H, CHO).

Crnektp SIMP 'H (JIMCO-dg:CCl4-1/3), 8, M., Iy (12): 3.28 ar (2H, CH,
J=6.6 u 1.5), 4.93-5.0 M (2H, =CH,), 5.91 aar (1H, =CH, J=16.9, 10.1 1 6.6), 6.61-
6.67 M (1H, CgHa), 6.73 yurn. (1H, CeHa, J=7.9), 6.86-6.97 m (2H, CeH,), 8.84 ¢
(1H, OH).

Crnextp SIMP 'H (JIMCO-ds:CCls-1/3), 8, m.xx., Iy (13): 3.24 ar (2H, CHo,
J=6.6 u 1.5), 4.95-5.03 M (2H, =CH,), 5.89 mar (1H, =CH, J=16.8, 10.1 u 6.6),
6.60-6.65 M (1H, CeHa), 6.86-6.91 M (2H, CeHy), 8.71 ymr.c (1H, OH).

HccnenoBanne BBINONHEHO TpH (huHAHCOBOW moanepxke ['ocymapct-
BeHHOro komurera no Hayke MOH PA B pamkax npoexra 18T-2E151.
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ALKYLATION OF PHENOL WITH HALOALKANES UNDER IPC
CONDITIONS AND IN THE NMO/H,0 SYSTEM

A. H. HASRATYAN

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

It has been shown that the alkylation of phenol with haloalkanes can be carried out
in an aqueous-alkaline medium in the presence of N-methylmorpholine N-oxide. This
method of phenol alkylation in comparison with the interphase catalysis (IPC) allows to
selectively conduct O-alkylation.

Thus, the interaction of phenol with E/Z 1,3-dichlorobut-2-ene (1,3-DCB-2) under
interphase catalysis conditions leads to the formation of O and C alkylation products,
while N-methylmorpholine-N-oxide has selective O-alkylation. The *H NMR spectral
method has shown that the alkylated products have the E configuration.

Subsequently, alkylation of phenol with allyl bromide and propargyl bromide both
in interphase catalysis and in N-methylmorpholine N-oxide was studied. As expected,
the N-methylmorpholine N-oxide system has selective O-alkylation.
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Unlike 1,3-dichlorobut-2-yne and allyl bromide, alkylation of phenol with
propargyl bromide under interphase catalysis conditions leads to the O, C alkylation and
only ortho-substituted isomer was obtained.

Thus, the alkylation reaction of phenol with haloalkanes in the NMO/H,0 system is
not inferior in terms of the reaction yields to the conditions of interphase catalysis.
Therewith, we possess O-alkylation in the NMO/water system.
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CHUHTE3 U U3YYEHUE AHTUAPUTMUYECKOMN AKTUBHOCTH
PSJIA AMUJIOB, AMUHOAMM/IOB U JUAMH10B HA OCHOBE
4-(3,4-TUMETOKCU®EHUJI) TETPAT UPO-2H-IIUPAH-
4-KAPBOHOBOM KHUCJIOTBI

K. C. APYCTAMISIH, P. O. MAPKAPSH, A. A. ATEKSH, P. E. MYPAISIH,
I'.C. MKPTUYSIH u H. C. MUHACSIH

Hay4HO-TeXHOJIOTHYeCKHH LIEHTp OpraHNYecKol 1 (hapMareBTHIECKOH XUMHU
HAH Pecny6muku Apmenus
Apwmenus, 0014, EpeBan, nip. A3atyTsiH, 26
Daxc: (374-10)28-83-37 E-mail: nanraifoc54@mail.ru

Moctymuo 6 V 2019

B3aumopeiictBuem xnopanrugpuga 4-(3,4-aumeTtokcudeHnn)teTparnapo-2H-nupaH-4-kapbo-
HOBOW KMCMOTbI C reTepOLMKINYECKUMU, reTepunankun-, apun- n apunankunammHamm CUHTE3npo-
BaH psg amnaos, a peakuyen ¢ N,N-gumeTun- u retepunnponunammHamm — ammHoamuabl. KoHaex-
cauwmei TOro e XopaHrMapyaa ¢ 3TUNoBbIM 3UPOM M-aMUHOBEH30MHOW KUCIOTbI CUHTE3MPOBaH
aTunoebin admp 4-[4-(3,4-gumeTokcudenHun)TeTparnapo-2H-nupaH-4-kapboHnnammHo )|6eH30MHO
KMCNOTbI, NepeBeféHHbIN LLEeNOYHbIM MMAPOIM30M B COOTBETCTBYIOLLYIO aMWUAOKWUCNOTY. Baavmo-
OeicTBMEeM XNopaHrapuaa nocrnedHen ¢ psAoM aMUHOB NONyYeHbl LeneBble Anamuabl. M3yyeHa
aHTHapuTMmn4yeckas akTUBHOCTb MOMYYEHHbIX COeANHEHWIA.

Bubn. ccbinok 14.

Bonpmioe uncno mpenaparoB, BOMIEAIINX B MEAMIIMHCKYIO MPAKTHKY,
coepkuT (papMakopOpHYIO aMUIHYIO TPYINY B COYETAHWUU C apoMaTHye-
CKUMHU W TeTepouuKIndeckumu cuctemamu [1-3]. Panee Hamm OblT1 OCy-
IIECTBIICH CHHTE3 M M3y4YeHa OMOJIOTUYECKash aKTHBHOCThH OOJIBIIIOTO Kilacca
Pa3NUYHBIX aMUJOB B PALY a30T- U KUCIOPOJCOAECPKAIMMNX I'€TEPOLIUKIOB U,
B YaCTHOCTH, CPEIH TMPOU3BOJHBIX C TETPArHAPONHPAHOBHIM (PparMeHTOM
[4-6].

IIpencraBnennas paboTa, SBISONIASCS MTPOJOJDKEHHWEM paHee Mpo-
BEIEHHBIX HCclie/IoBaHuM [7-9], mocBsIeHa CUHTE3Y psijia aMUI0B, aMHHO-
aMHJIOB M JUaMHUJIOB Ha ocHoOBe 4-(3,4-mumerokcudenun)rerparuapo-2H-
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nupan-4-kapOOHOBOM KHCIOTHI C LIETIbI0 U3yUeHHUsl UX (PapMaKoIOTUYecKou
AKTUBHOCTH.

B kauecTBe KIIOYEBOTO COCAMHEHMS B CHHTE3€ HAMEUEHHBIX CTPYKTYP
ucronbp3oBan xjopanruapun  4-(3,4-numerokcudenu)rerparuapo-2H-mnu-
pan-4-kapoonoBoit kuciotel (1) [10]. B3aumopeiicTBueM MOCIEAHETO C
ApWIIANIKWII-, TETEPHII- U TeTePHIAIKMIAMUHAMHE, a TaKXKe C 3aMeIIEHHBIMU
AQHUJIMHAMHU CHHTE3UPOBAaHbI LesieBbie 4-(3,4-TMMeTOKCU(EHNUIT)TeTParuipo-
2H-nupaun-4-kapbokcamunsl (2-12) ¢ Beixogamu 70-85%, a peakipeii Toro
K€ XJIOPAHTHAPUAA ¢ HEKOTOPbIMHM JuamMuHaMu ¢ 70-78% BbIXOAaMH HOJTY-
YEeHbl COOTBETCTBYIOIIME aMHUHOAMUbI, OXapaKTEPHU30BAHHBIE B BHUJE TU-
poxiopuaos (13-15).

o

o]

z
C\u

(o]

2-12

Am=Nj ) N:o (3)(15); N/_\N_CHa (4); NH—<:> (5) NH—CHzﬂ (6); NH_CHZ_Q ()

CF, NO, Cl
NH—CH—CH;— CH; 8); _C}—c 10); NH 11); NHQ (12);
o X ) ® n (@) NH_)F (10) —@( )

CH, OCH,

CH,), (13); N:> (14).

W3BecTHO, 4TO parMeHT 7-aMHUHOOEH30MHOW KHUCIIOTHI B CTPYKTYpE Jie-
KapCTBEHHBIX CPEJICTB YaCTO SBISAETCS aKTUBHBIM HAYAJIOM U OIpEeIsieT UX
(apmakomorndeckyro akTuBHOCTG [5, 11-13]. C menbio cuHTE3a HOBBIX OHO-
JIOTHYECKU aKTHUBHBIX COCIMHEHMH, a TaKXKe JJISl BBISBICHHUS CBSI3U MEXIY
UX CTPOEHHEM U OHMOJIOrMYEeCKON aKTUBHOCTBHIO OCYIIECTBIEH CHHTE3 IH-
aMHIOB, BKJIFOUAIONINX, Hapsay ¢ 4-(3,4-numerokcudennn)rerparuapo-2H-
MUPAHOBBIM (H)ParMeHTOM, OCTATOK 7-aMUHOOCH30WHOW KHUCIoThl. KoHaeH-
carmei xyopanruapuaa 1 ¢ STUIoBsIM 3(pupoM n-aMHUHOOCH30HHONW KHCIIO-
THl (aHECTE3MHOM) TOJydYeH OTHIOBBIH >dup 4-[4-(3,4-numerokcude-
HIT)TeTparuapo-2 H-nupan-4-kapoonunamMuHo |oeH3oiiHoi - kuciaotel  (16).
[lenoyHBIM THAPOIN30M MOCIEAHETO B BOJIHO-CIIMPTOBOM CpeJie C BHIXOAOM
nopsinka 87% cuHTe3upoBaHa amuaokuciota 17, B IMP-cniektpe koTopoit
OTCYTCTBYIOT CHUTHaJIbl NPOTOHOB CIIOKHO3(UpPHOHM rpynmnbl. Peakuueit c
XJIOPHUCTBIM THOHWJIOM aMUIOKHCIoTa 17 mepeBeneHa B xyopaHruapun 18,
B3aUMOJICHICTBHEM KOTOPOTO C MUPPOIUANHOM, HUKIOreKcHi- U pypdypui-
aMMHaMH, a Takke ¢ N-OeH3MInunepa3suHOM CHHTE3MPOBAHBI LIEJIEBbIE IU-
amunsl 19-21 ¢ Berixogamu 70-75%.

c— NHZ "N Am
Cl

13-15
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(0]
1+ NH 0 CH,0 o A° 1.NaOH
+ — —NH—
; C\OC2H5 |<|3 . Noc, 2HCI

(o] (o}

o sOC, cn H-Am
R0 C—NH SO ﬁ_NH_O_ﬁ_Cl —
O g 0

CH,0
- I(|3—NH Cc—Am

I
CH,0 ] o
19-21

Am=Nj (19); NH—D (20), NH—CHZQ (21); N:N-CHZ—Q (22).

CtpoeHue MONYyYEHHBIX COEAMHEHUH M WX HMHIWBUAYAIHHOCTH IOA-
TBepkaeHbl AaHHbiMU UK- u SAMP lH—CHeKTpOB, YUCTOTa IPOBEPEHA TOH-
KocioiHoi Xxpomarorpadueit (TCX).

N3yueHo aHTHaApUTMHYECKOE NCWCTBHE TOJYYCHHBIX COCIWHECHUN Ha
XJIOPUIKAJIBIIMEBONH MOJETH apUTMUU Y HAPKOTU3UPOBAHHBIX OEJBIX HEJH-
HEHHBIX KpbIC 00oero mosia maccor 220-250 e [14]. AHTHAPUTMHYECKOE
JICHCTBHE BEIICCTB OLICHUBAIM TI0 MX CIIOCOOHOCTH BOCCTaHABJIMBATH HOP-
MaJbHBIH CHHYCOBBIH PHUTM, MPENYNpPEeXaaTh TMOENbh XUBOTHBIX NpPU WC-
MOJIb30BAHUH apuUTMOreHa (Kanbiust xinopua, 200 yme/ke BHyTPUBEHHO). JKC-
MIEPUMEHTHI TIOKA3aJi, YTO UCCIIEAyEeMbIe COCTMHECHMSI HE TIPOSIBIISIIOT JOCTa-
TOYHO BBIPAKEHHOTO AHTHAPUTMUYECKOTO JCWCTBUS HA JTaHHOW MOJEIH
aputMuu. Toabko y nByx OenzamunoB 9 m 11 HabOmonanack ciabas aHTH-
apUTMUYECKash aKTHMBHOCTB: B JI03€ 5 Me/ke OHW TMPEeAynpekiald Tuoeib
MOAOIBITHBIX KpbIC B 25 1 50% OMNBITOB, COOTBETCTBEHHO, BOCCTAHABIUBAS
HOPMAaJIbHBI CUHYCOBBIA pUTM uepe3 3-4 ymun mociie TPUMEHEHUS! apUTMO-
reHa. B koHTposbHBIX ombITax HaOmoaanack 90-100% rudess >KUBOTHBIX.

BKCHepI/IMeHTaJIbHaﬂ 4acTb

UK-cnextpsl cusatsl Ha ciektpometpe “Nicolet Avatar 330 FT-IR” B Ba-
3eIMHOBOM Macie, criektpsl SIMP 'H — ma Varian “Mercury-300” 8 DMSO-
ds, BHyTpennuii cranmapt — TMC. TemrmepaTypsl MJIaBICHUS OMPEICICHBI
Ha MHKpoHarpeBaTenbHoM croinuke ~bosumyc”. TCX mnpoBeneHa Ha
rtactuakax “Silufol UV-254”, nposButens — napsl ona.

Xnopauruapua 4-(3,4-mumerokcudeHua)rerparuapo-2H-nmupan-4-
Kap00HOBOI KuCJ0THI 1 monyden o [10].

Oo6mas Meroauka nojydyenusi amuaoB 2-12. K pacteopy 0.005 moza
cootBerctBytomiero amuua u 0.39 2 (0.005 mozs) Ge3BOAHOTO MUPUAKHA B
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100 mz aGc. GeH30a MPUOABIISIOT MO KAIUISIM MPH IEPEMEIIMBAaHUH PACTBOP
1.42 2 (0.005 mons) xnopauruapuaa 1 B 80 mz adbc. 6enszona. Kunsarar npu
nepememuBanuy 7 u. [To oXiakaeHUM pPEeakIMOHHYI0 CMECh HMOIKUCISIOT
pa3baBiieHHOI coisiHOM KucioToi 10 PH 2. Ciou oTaensitor, OEH30JIbHBIHI
MIPOMBIBAIOT BOJIOM, 3aTeM 5% pactBopom NaOH u cHoBa Booii. benson ot-
TOHSIOT, OCTaTOK KPUCTAJUIM3YIOT U3 3(pUpa U MEePeKPUCTAIUIN30BBIBAIOT U3
oenzoma. TCX npoBeneHa B cucteMe OEH30J1 — areToH, 3:1.
[Terparuapo-4-(3,4-numeroxcudennn)-2H-nupan-4-ui| (muppoin-
aun-1-wa)meranon (2). Beixon 76.3%, T, 128-130°C, R 0.53. Haiineno,
%: C 67.59; H 7.63; N 4.22. C1gH5NO,. Boruncneno, %: C 67.71; H 7.84; N
4.39. Criextp AIMP'H, 8, .., I'y: 1.55-1.76 (M, 4H, 2NCH,CH,); 1.80-1.93
(M, 2H, CHy) u 2.17-2.25 (M, 2H, CH;, CsHgO); 3.21-3.55 (m, 4H, 2NCHy);
3.58-3.67 (m, 2H, OCHy) u 3.70-3.85 (M, 2H, OCH,, CsHgO); 3.77 (c, 3H,
OCHy); 3.78 (¢, 3H, OCH3); 6.67 (1, 1H, J = 2.0), 6.73 (nn, 1H, J; = 8.3, J,
=2.0)u 6.80 (1, 1H, J = 8.3, CgHy).
[Terparuapo-4-(3,4-numeroxcudennn)-2H-nupan-4-ui](Mopdoiu-
no)meranon (3). Beixon 79.5%, 1.1, 146-148°C, R¢ 0.52. Haiineno, %: C
64.32; H 7.28; N 4.03. C1gH»5NOs. Beruncneno, %: C 64.48; H 7.46; N 4.18.
Crektp SMPH, §, m.x., Ty: 1.86-1.98 (M, 2H, CH) u 2.10-2.16 (M, 2H,
CH,, CsHgO); 3.20-3.37 (m, 8H, C4HgNO); 3.59-3.68 (m, 2H, OCHy) u 3.71-
3.75 (M, 2H, OCH,, CsHgO); 3.79 (c, 3H, OCHs); 3.80 (¢, 3H, OCH3); 6.68
(m, 1H, J =2.1), 6.75 (un, 1H, J; = 8.4, J; = 2.1) u 6.82 (un, 1H, J = 84,
CeHy).
[Terparuapo-4-(3,4-numerokcudennn)-2H-nupan-4-uwi|(4-meTn-
nunepasun-1-winmeranon (4). Beixox 67.8%, t.un. 141-142°C, R 0.45.
Haitineno, %: C 65.29; H 7.83; N 7.89. Ci9H2N>O,4. Brramcneno, %: C
65.52; H 8.05; N 8.05. Cnektp SIMP?H, o, .., Ty: 1.89 (M, 2H, CHy) u
2.12 (m, 2H, CH,, CsHgO); 2.01 (tr.c, 4H) u 3.27 (ur.c, 4H, 4NCHy); 2.09 (c,
3H, NCH3); 3.60 (M, 2H, OCHy) u 3.74 (M, 2H, OCH,, CsHgO); 3.78 (c, 3H,
OCHs); 3.79 (c, 3H, OCHjs); 6.65 (1, 1H, J =2.2), 6.73 (an, 1H, J; = 8.3, J,
=22)u6.81 (1, 1H, J=8.3, CgHy).
N-Iuxjorexkcuiarerparuapo-4-(3,4-numeroxcudenui)-2H-nupan-4-
kapookcamua (5). Beixon 91.5%, t.mur. 123-124°C, R¢0.49. Haiineno, %: C
69.0; H 8.25; N 3.96. CyH29NO,. Beraucneno, %: C 69.16; H 8.38; N 4.03.
Crextp IMP'H, &, m.a., I'y: 1.02-1.16 (m, 3H), 1.21-1.38 (m, 2H) u 1.55-
1.71 (M, SH, C¢Hyy); 1.78-1.89 (m, 2H, CH,) u 2.23-2.29 (m, 2H, CHy,
CsHgO); 3.58 (M, 1H, CH); 3.61-3.68 (m, 2H, OCH;) u 3.71-3.76 (m, 2H,
OCH,, CsHgO); 3.80 (c, 3H, OCHy); 3.81 (c, 3H, OCHj3); 6.68 (1, 1H, J =
8.0, NH); 6.73 (n, 1H, J = 2.2), 6.78 (an, 1H, J1 = 8.4, J, = 2.2) u 6.83 (7,
1H, J = 8.4, C¢H3).
N-(®ypaHn-2-uia-MeTHI)-TeTparuapo-4-(3,4-numeroxkcudennn)-2H-
nupan-4-kap6okcamua (6). Beixon 74.5%, t.ur 109-110°C, Ry 0.43.
Haiineno, %: C 65.91; H 6.49; N 3.85. C19H23NOs. Brruncneno, %: C 66.09;
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H 6.67; N 4.07. Criektp SIMP'H, &, m.1., I'y: 1.80 (nm, 1H, J; = 13.4, J, =
4.0, CHQ), 1.85 (JII[, lH, \]1 = 134, Jz = 40, CH2) u 242 (M, 2H, CH2,
CsHgO); 3.48 (M, 2H, OCHy) u 3.71 (ar, 2H, J; = 11.5, J; = 3.7, OCH,,
CsHgO); 3.76 (c, 3H, OCHj3); 3.77 (¢, 3H, OCHs); 4.24 (1, 2H, J = 5.8,
NCH,); 5.91 (an, 1H, J1=3.2, 3,=0.9, H (3) Fur.); 6.23 (ax, 1H, J; =3.2, J;
=1.8, H (4) Fur.); 6.80 (M, 1H), 6.82 (M, 1H) 1 6.85 (m, 1H, CsH3); 7.31 (ax,
1H,J,=1.8,3,=0.9, H (5) Fur.); 7.73 (1, IH, J = 5.8, NH).
N-(2-Xnop6en3un)-Terparuapo-4-(3,4-numeroxcudennin)-2H-
nupan-4-kap6okcamun (7). Boixon 76.8%, t.wi 132-133°C, Rf 0.48.
Haiineno, %: C 64.56; H 5.92; ClI 8.93; N 3.38. C,;H,4CINO,. Briuucneso,
%: C 64.70; H 6.16; Cl 9.11; N 3.59. UK-criektp, v, cm™: 3354 (NH); 1675
(C=0); 1580 (C=C apom.). Crrektp IMP*H, &, m.1., I'y: 1.95-2.03 (v, 2H,
CHy) u 2.09-2.28 (M, 2H, CH; CsHgO); 3.48 (1, 2H, J = 6.5, NCHy); 3.51-
3.60 (M, 2H, OCH_) u 3.68-3.78 (M, 2H, OCH,, CsHgO); 3.80 (¢, 3H, OCHz);
3.81 (c, 3H, OCHs;); 6.89-6.95 (M, 3H, C¢Hs3); 7.27-7.34 (m, 1H), 7.38-7.45
(M, 1H), 7.54-7.58 (m, 1H) u 7.69-7.74 (m, 1H, CgHy); 7.50 (ymrt, 1H, J =
6.5, NH).
N-(4-®enunndyTan-2-ui)-rerparuapo-4-(3,4-numeroxcudennn)-2H-
nupan-4-kap6oxcamun (8). Berxon 63.2%, t.mn. 96-97°C, R¢ 0.43. Haiine-
HO, %: C 72.22; H 7.65; N 3.43. C»4H3;NO,. Beruucneno, %: C 72.54; H
7.81; N 3.53. Crnektp SIMPH, §, m.1., I'y: 1.03 (a, 3H, J = 6.6, CHCHjy);
1.62 (m, 2H, CHCH,); 1.82 (M, 2H, CHy) u 2.45 (M, 2H, CH,, CsHgO); 2.35
(t, 2H, J = 8.0, ArCHy); 3.53 (M, 2H, OCH,) u 3.74 (m, 2H, OCH,, CsHgO);
3.76 (c, 3H, OCHs); 3.77 (c, 3H, OCHj3); 3.88 (M, 1H, CHCHj3); 6.80 (M,
1H), 6.85-6.92 (m, 3H), 6.98 (M, 2H), 7.07 (M, 1H) u 7.17 (m, 2H, Aru NH).
N-(3,4-Anxaoppennn)-rerparuapo-4-(3,4-numeroxcudpennn)-2H-
nupan-4-kap6okcamun (9). Beixon 88.2%, t.mi. 155-157°C, Rf0.47. Haii-
neno, %: C 58.37; H 5.11; Cl 17.03; N 3.28. C5oH2,CI;NO,. Beruucneno, %:
C 58.55; H 5.16; Cl 17.28; N 3.41. Cnektp SIMPH, o, m.a., [y 1.83-1.94
(m, 2H, CHp) u 1.97-2.07 (m, 2H, CH;, CsHgO); 3.42-3.49 (m, 2H, OCH3) n
3.69-3.78 (m, 2H, OCH,, CsHgO); 3.79 (¢, 3H, OCH3); 3.81 (¢, 3H, OCHjy);
6.83 (n, 1H,J=2.2), 6.98 (nn, 1H, J; = 8.2, J,=2.2) u 7.04 (n, 1H, J = 8.2,
CeH3C); 7.15-7.21 (m, 3H, CgH3N); 8.12 (ymr.c, 1H, NH).
N-(4-®Topdenni)-rerparnapo-4-(3,4-numeroxcudpenni)-2H-nupan-
4-kapooxcamun (10). Beixon 82.5%, .. 149-150°C, R 0.52. Haiineno,
%: C 66.73; H 6.02; F 4.85; N 3.82. CyH»FNO,. Beruucaeno, %: C 66.85;
H 6.13; F 5.02; N 3.90. UK-criextp, v, cm’': 3354 (NH);1685 (C=0); 1595
(C=C apom.). Criekrp IMP*H, &, .1, Iy: 1.91 (un, 1H, J; = 11.1, J, = 4.0,
CHy), 1.96 (an, 1H, J; = 11.1, J, = 4.0, CHy) u 2.56 (M, 2H, CH;, CsHgO);
3.57 (M, 2H, OCHy) u 3.79 (M, 2H, OCH,, CsHgO); 3.78 (¢, 3H, OCH3); 3.81
(c, 3H, OCHj3); 6.83 (m, 1H, J = 8.3), 6.89-6.98 (m, 4H) u 7.53-7.60 (M, 2H,
Ar); 8.97 (c, 1H, NH).
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N-[3-(Tpudropmerni)dpenni|-rerparugpo-4-(3,4-numeroxcude-
umn)-2H-nupan-4-kap6okcamun (11). Beixox 85.2%, 1., 148-149°C, R¢
0.51. Haiineno, %: C 61.48; H 5.23; F 13.81; N 3.37. Cy1H2F3NO,. Borunc-
nero, %: C 61.61; H 5.42; F 13.92; N 3.42. Cnekrp SIMP'H, &, m.1., I'y:
1.82-1.93 (m, 2H, CHy) u 2.37-2.45 (m, 2H, CH,, CsHgO); 3.52 (m, 2H,
OCHy) u 3.73 (M, 2H, OCH,, CsHgO); 3.79 (c, 3H, OCHs); 3.81 (c, 3H,
OCHjs); 6.85 (1, 1H, J = 8.5), 6.93-7.05 (m, 4H), 7.58 (M, 1H) u 7.69 (m, 1H,
Ar); 8.92 (c, 1H, NH).

N-(2-MeTokcu-4-autpodeHunn)-TeTparuapo-4-(3,4-numeroxcude-
uui)-2H-nupan-4-kapookcamun (12). Beixon 87.3%, T.au1. 154-156°C, Ry
0.42. Haiineno, %: C 60.39; H 5.51; N 6.56. C,;H24N>O5. Beruucieno, %: C
60.58; H 5.77; N 6.73. UK-ciiextp, v, cv™: 3420 (NH); 1680 (C=0); 1600
(C=C apom.). Criextp IMP'H, &, m.1., I'y: 2.04-2.14 (m, 2H, CH,) u 2.41-
2.51 (m, 2H, CHy, CsHgO); 3.67-3.74 (m, 4H, 20CH,, CsHgO); 3.82 (c, 3H,
OCHyz); 3.83 (c, 3H, OCHz); 3.90 (c, 3H, OCHz); 6.88-6.98 (m, 3H, CgH3C);
7.07 (g, 1H,J=9.1), 7.94 (ax, 1H, J1 = 9.1, J, =2.8) n 8.90 (g, 1H, J = 2.8,
CeH3N); 8.04 (yur.c, 1H, NH).

O06mas MeToIMKA MOJIy4eHUs THAPOXJI0PUI0B aMmuHoamuaoB 13-15.
K pactBopy 0.005 monsa coorBerctByrouiero amuna u 0.39 2 (0.005 mons)
6e3Boanoro nupuauHa B 100 mz cyxoro xipopodopma npuOaBisAiOT 10 Karl-
JsM nipu niepemMeriBanuu pacteop 1.42 2 (0.005 mons) xnopanruapuia 1 B
80 .z cyxoro xmopodopma. Kunsarar npu nepememmBanuu 7 y. [1o oxmax-
JICHUH K PEaKIMOHHON cMmecu mpwiuBaroT 5% pactBop NaOH, cimon otne-
JSIOT U OPraHUYeCKUH CJIOM MPOMBIBAIOT BOAOH. OcTaTOK MOCie OTroHa
xyiopodopma pacTBopsitoT B abc. aupe u aeiictBueM >PHUPHOTO pacTBOpa
HCI mosy4aroT rugpoxiopui, KOTOPbIi MepeKPUCTAUTH30BBIBAIOT M3 ITAHO-
na. TCX nposenena B cucreme 6eH3on — auerod (1:1), B nmpucyrcTBuun na-
POB aMMHaKa.

I'mapoxaopun N-[3-(mumeTHIaMUHO) PO | -TeTparuapo-4-(3,4-
auMeToxkcudennn)-2H-nupan-4-kapooxcamua (13). Boixog 78.5%, T.mi.
184-185°C, R¢ 0.51. Haiimeno, %: C 58.75; H 7.93; Cl 8.21;N 7.09.
C19H3:CIN,O4. Boruucneno, %: C 58.98; H 8.06; Cl 9.16; N 7.24. Cnekrp
AMP 'H, 5, m.a., Ty 1.74-1.92 (m, 4H, CH,, CsHgO u CCH,C); 2.51 (c, 6H,
2NCHg); 2.53-2.61 (M, 4H, CH,, CsHgO u NCH,); 3.17 (xB, 2H, J = 6.1,
NHCHy); 3.44-3.54 (m, 2H, OCH_) u 3.69-3.76 (m, 2H, OCH,, CsHgO); 3.77
(c, 3H, OCHjs); 3.85 (¢, 3H, OCH3); 6.83 (1, 1H, J =8.5), 6.89 (an, 1H, J; =
85,3, =21)u 6.99 (1, 1H, J = 2.1, CgH3); 7.88 (1, 1H, J = 6.1, NH); 11.19
(ur.c, 1H, HCI).

I'uapoxaopun Terparuapo-4-(3, 4-numeroxcudenni)-N-[3-(munepn-
auH-1l-um)nponuil-2H-nupaun-4-kapooxcamua (14). Beixox 73.4%, 1.1
105-106°C, Rf 0.48. Haiimeno, %: C 61.73; H 8.48; Cl 8.05;N 6.47.
C2H35CIN,O4. Boruucneno, %: C 61.88; H 8.57; Cl 8.26; N 6.56. Crektp
SIMP H, 8§, m.n., Ty: 1.68-1.87 (M, 8H, CH,) u 2.45-2.52 (m, 2H, CHj,
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CsHgO u B, B, y-CHy, CsHigN); 1.95-2.14 (M, 2H, CCH,C); 2.58-2.67 (m,
4H, o, o’-CH,, CsHjoN); 3.10 (xB, 2H, J = 5.9, NHCHy); 3.18-3.27 (m, 2H,
NCHy,); 3.45-3.56 (M, 2H, OCHy) u 3.72-3.76 (M, 2H, OCH,, CsHgO); 3.79
(c, 3H, OCHj3); 3.81 (¢, 3H, OCHj3); 6.80 (m, 1H, J=8.3), 6.86 (an, 1H, J; =
8.3,J,=21)u 695 (n, 1H, J = 2.1, CgH3); 7.87 (1, 1H, J = 5.9, NH), 11.20
(m.c, 1H, HCI).

Tuapoxiiopua  Terparuapo-4-(3,4-numeroxcudenni)-N-(3-mopdoan-
Honporwi)-2H-mupau-4-kapéokcamun (15). Beixox 70.3%, t.mn. 112-
113°C, R¢ 0.46. Haiineno, %: C 58.68; H 7.61; Cl 7.98;N 6.48.
C21H330|N205. Brruncaeno, %: C 58.80; H 7.75; Cl 8.27; N 6.53. CHCKTp
AMP'H, &, m.x., I'y: 1.55-1.64 (M, 2H, CH,, CCH,C); 1.82-1.93 (m, 2H,
CHy) n 1.97-2.08 (M, 2H, CH;, CsHgO); 2.32-2.40 (m, 6H, 3NCH>); 3.15 (xB,
2H, J = 6.5, NHCHy); 3.42-3.53 (M, 2H, OCH,, CsHgO); 3.56-3.62 (M, 4H,
N(CH,CH,),0), 3.71-3.77 (m, 2H, OCH,, CsHgO); 3.80 (c, 3H, OCHj3); 3.81
(c, 3H, OCHy); 6.78 (1, 1H, J = 8.5), 6.85 (axm, 1H, J; = 8.5, J, = 2.2) u 6.96
(m, 1H, J = 2.2, CgH3); 7.65 (ymrt, 1H, J= 6.5, NH); 11.19 ym.c (1H, HCI).

I1na-4-[4-(3,4-numerokcudenni)rerparuapo-2H-nupan-4-kapoo-
HuwiamuHo]6ensoar (16). K pacrsopy 12.4 2 (0.075 monsn) anectesuna u
7.12 (0.07 mons) tpusTriamuna B 100 amz abc. OeH3o0ma MPUOABISAIOT MO
kartsm ripu nepemeriuBanuu 20.0 2 (0.07 mons) xnopauruapuga 1 8 100 mx
abc¢. O6enzona. Kumarsar 6 v u mo oxiax1eH!H K peakMOHHON CMeCH TPUIIH-
BaroT 50 mz Boabl. beH30ibHBIN c10i TpoMbIBaOT 15% pacTBOpOM COISTHOU
KHUCJIOTBI, BOJIOM, 3aTeM 10% pacTBOpoM €IKOro HaTpa U CHOBa BOJOM.
Ocratok mocne OTroHa OeH30JIa KPUCTALTH3YIOT U3 3(upa U nepexpucTa-
JM30BBIBAIOT U3 OeH3ona. Beixox 27.15 2 (93.5 %), T, 152-153°C, R¢0.58
(6ensou — aneroH, 4:1). Haiineno, %: C 66.75; H 6.27; N 3.28. Cy3H»7NOsg.
Beruncneno, %: C 66.83; H 6.54; N 3.39. Cnektp SIMP!H, o, m.o., Ty 1.37
(t, 3H, J="7.1, OCH,CH3); 1.97-2.02 (m, 2H, CHy) u 2.52-2.62 (m, 2H, CHp,
CsHgO); 3.53-3.63 (m, 2H, OCHy) u 3.74-3.81 (m, 2H, OCH,, CsHgO); 3.77
(c, 3H, OCHj3); 3.81 (¢, 3H, OCHj3); 4.29 (kB, 2H, J = 7.1, OCH,CH3); 6.81-
6.85 (M, 1H) u 6.90-6.94 (M, 2H, CgH3); 7.70-7.74 (m, 2H) u 7.82-7.87 (m,
2H, C¢Hy); 9.13 (yur.c, 1H, NH).

4-[4-(3,4-TumeTokcudeHUI)TeTparuapo-2H-mupan-4-kapoonni-
amuHo|0en3oitnas kucaora (17). Cmech u3 27.0 2 (0.065 monst) amunoadu-
pa 16, 22 mn 20% BogHOTO pacTBOpa €IKOTO HATpa U 5 M ATAHOIA KUTISTAT
NpY MIEPEMEIIMBAaHUH JI0 TIPO3PAYHOCTH pacTBopa (~2 u). [To oxnaxaeHnn K
peaknmoHHON cMmecHu 00aBistoT S0 mr OeH3071a, TIEPEMENUBAOT U OTIIe-
JA0T ciiou. Boauslil citoil noakuciaoT 15% pacTBOpOM COJITHOM KHCIIOTHI
710 KUCJION peakuuu, puibTpyroT, MPOMBIBasi 0Ca 0K Ha GuibTpe Bogou. Cy-
IaT U NepeKpPUCTAILIM30BBIBAIOT U3 3TaHoia. Bexon 22.0 2 (87.5%), T.mu.
165-167°C, R;0.41 (6en3omn — aneTon, 1:5). Haiineno, %: C 65.38; H 5.93; N
3.41. Cy;H3NOg. Beruncneno, %: C 65.44; H 6.05; N 3.63. Cnektp SIMP!H,
o, m.x., [y 1.90-2.03 (m, 2H, CHy) u 2.53-2.63 (M, 2H, CH;, CsHgO); 3.53-
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3.63 (M, 2H, OCHy) u 3.74-3.84 (M, 2H, OCH,, CsHgO); 3.77 (¢, 3H, OCH3);
3.81 (¢, 3H, OCHj); 6.83 (1, 1H, J = 8.2) u 6.90-6.95 (m, 2H, CgHs); 7.67-
7.72 (M, 2H) u 7.81-7.86 (M, 2H, CgH4); 9.13 (ymr.c, 1H, NH); 12.21 (m.c,
1H, COOH).

4-[4-(3,4-IumeTokcudennna)rerparuapo-2H-nupan-4-kapooHuIamMu-
Ho]6enzomuxaopun (18). K 9.7 2 (0.025 mons) amunokucinotst 17 B 100 mx
cyxoro xiopodopma npubasistor npu Berpsxuanuu 5.0 2 (0.03 monsn)
SOCl; B 30 mx cyxoro xsopodopMa U OCTaBISAIOT Ha HOYb. Kumsatsar 6 u, ot-
TOHSIOT PACTBOPUTENh W OCTATOK KPUCTALIM3YIOT M3 3¢upa. Bexon 9.0 2
(90.0%), 1.1, 102-103°C.

Oo0mas Meroauka moaydeHust fuammaos 19-22. K pactsopy 0.004
mons cootBetcTByromero amuHa u 0.004 mons cyxoro nupuauna B 80
cyxoro xiopopopma npubasistoT npu Berpsixuanuu 1.62 2 (0.004 mons)
xyopanrunapuaa 18 B 50 mr cyxoro xmopodopma u xkunsatat 6 u. K peak-
roHHOM cMecu npuiBatoT 10 mr 15% pactBopa HCI, BerpsixuBaroT u o1-
nensoT cnou. OpraHnyeckuil ciod npomslBalOT BoaoH, 10% pactBopoM
NaOH u cHoBa Bomoit. OcTaTrok mocie 0TroHa XJaopodopMa KpUCTAILTU3YIOT
u3 3dupa U MepeKpUcTaUIN30BBIBAIOT U3 aneToHa. TCX mpoBeneHa B cucre-
Me OeH30i1 — areroH, 1:3.

N-[4-((ITuppoamauH-1-nia)kapoamonit)penni]-rerparuapo-4-(3,4-
auMeTokcugennn)-2H-nupan-4-kapooxcamua (19). Boixon 76.2%, T.m.
183-185°C, R¢0.53. Hatineno, %: C 68.32; H 6.77; N 6.21. C;7H34N,0s. Bri-
gucneno, %: C 68.47; H 6.90; N 6.39. Cnektp SIMP*H, 8, m.n., Iy: 1.84-
2.01 (M, 6H, CH,, CsHgO u 2NCH,CHy); 2.54-2.63 (m, 2H, CH,, CsHgO);
3.43-3.52 (m, 4H, 2NCHy); 3.53-3.63 (M, 2H, OCH,) u 3.75-3.83 (M, 2H,
OCH,, CsHg0O); 3.78 (c, 3H, OCHj3); 3.82 (¢, 3H, OCHs); 6.83 (n, 1H, J =
8.2) n 6.91-6.96 (m, 2H, CgH3); 7.36-7.40 (M, 2H) u 7.62-7.67 (M, 2H, CeH,);
9.04 (ym.c, 1H, NH).

N-[4-(I{uxJorekcuixkapoamon)pennia]-Terparuapo-4-(3,4-nume-
Tokcupenn)-2H-nupan-4-kapooxcamun (20). Boixon 75.8%, T.m. 181-
182°C, R¢0.72. Haiineno, %: C 69.38; H 7.23; N 5.93. C;7H34N,0s. Boruuc-
nero, %: C 69.50; H 7.35; N 6.00. Crextp SIMP'H, &, m.xt., I'y: 1.12-1.43
(M, 5H) n 1.58-1.78 (m, 5H, CgHa1); 1.80-1.90 (m, 2H, CH>) u 2.28-2.34 (M,
2H, CH,, CsHgO); 3.51-3.68 (m, 2H, OCH,) u 3.72-3.76 (m, 2H, OCH,,
CsHgO); 3.56 (m, 1H, CH); 3.80 (¢, 3H, OCH3); 3.81 (¢, 3H, OCHs); 6.82 (x,
1H, J = 8.8) u 6.93-6.97 (M, 2H, Cg¢Hs); 7.52-7.58 (M, 2H) u 7.68-7.76 (M,
2H, CgHy); 8.48 (ymr.c, 1H, NH); 9.02 (ymr.c, 1H, NH).

N-[4-((®ypan-2-ua-merna)kapoamon)pennia]-Terparuapo-4-(3,4-
auMeTokcugennn)-2H-nupan-4-kapookcamuna (21). Boixog 74.5%, T.m.
156-1570C, Rf065 Haﬁ)leHO, %: C 6711, H 593, N 5.98. C26H28N206. Br1-
uncneno, %: C 67.23; H 6.08; N 6.03. Crextp SIMP'H, &, m.n., I'y: 1.90-
2.02 (M, 2H, CHy) u 2.53-2.63 (M, 2H, CHy, CsHgO); 3.53-3.63 (M, 2H,
OCHy) n 3.75-3.83 (M, 2H, OCH,, CsHgO); 3.78 (c, 3H, OCH3); 3.81 (c, 3H,
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OCHy); 4.45 (n, 2H, J= 5.7, NHCHy,); 6.20 (nn, 1H, J; = 3.2, J,= 0.8, H (3)
Fur.); 6.30 (ax, 1H, J; = 3.2, J, = 1.8, H (4) Fur.); 6.83 (1, IH, J=8.9) u
6.90-6.96 (m, 2H, CgH3); 7.38 (ax, 1H, J; = 1.8, J, = 0.8, H (5) Fur.); 7.60-
7.66 (m, 2H) u 7.75-7.80 (M, 2H, CgHy); 8.53 (ymrt, 1H, J = 5.7, NH); 9.07
(ymr.c, 1H, NH).
N-[4-((N-Ben3uanunepa3uH-1-ui)kapoamMonsi)peHn|-rerparuapo-

4-(3,4-numeTokcupennn)-2H-nupan-4-kapookcamua (22). Beixox 72.3%,
rau. 177-178°C, Ry 0.47. Haiineno, %: C 70.45; H 6.72; N 7.65.
C3H37N30s. Berauciieno, %: C 70.69; H 6.86; N 7.73. Cnektp SIMPH, 8,
M.1., Ty: 1.95 (v, 2H, CHy) u 2.58 (v, 2H, CH,, CsHgO); 2.38 (v, 4H) u
3.46-3.55 (m, 6H, 5SNCHy); 3.58 (m, 2H, OCH;) u 3.77 (M, 2H, OCH,,
CsHgO); 3.79 (¢, 3H, OCHj3); 3.81 (¢, 3H, OCHy); 6.78 (1o, 1H, J= 8.6) u
6.88-6.98 (m, 2H, CgH3); 7.18-7.32 (M, SH, CeHs); 7.42 (m, 2H) u 7.68 (M,
2H, CgHy); 9.08 (ymr.c, 1H, NH).

4-(3, 4-+PUGE-0-LUPDE LPL)SES L UNPYLN-2H-NP LT L-
4-GULLALUEE-E-LDP NPUTL LMTE UP SUCLL WUPYULELD,
UWUhPLAUUPYELEND U 2P UUPYLELD UPLEEQL GLLLTLS
NS UChE-UPY UWGShNAFE-3UL NFUNFU LEUPLOFE-3OFLL

d. U. UNNFUSUU UL, 0- E. UULQGUL3TL, U U UNGU3UL, 0- 6. UNFLPUEL3TL,
Q. U. Uurs$23UL L L. U. UPLUUSUL

4-(3,4-" Wil o pup Dbpy) mlsnpusl fppn-2H-upfspruste-d-luppriowf@fs pynputilfoppgh
sprfumglignefymdp Shumbpngflyfly, Sknbpppuyglpy-, wppy- bowppyoghpypeedpibibpp Sha
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SYNTHESIS AND STUDY OF ANTIARHYTHMIC ACTIVITY OF ANUMBER
OF AMIDES, AMINOAMIDES AND DIAMIDES ON THE BASIS OF 4-(3,4-
DIMETOXYPHENYL)TETRAHYDRO-2H-PYRAN-4-CARBOXYLIC ACID

Zh. S. ARUSTAMYAN, R. E. MARKARYAN, A. A. AGHEKYAN, R. E. MURADYAN,
G.S. MKRTCHYAN and N. S. MINASYAN

The Scientific Technological Centre
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Interest in derivatives of pharmacophoramides with aromathic and heterocyclic
systems is determined by their high and diverse pharmacological activity. With a view
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to reveal effective biologically active substances in this series, in the present study the
synthesis of new amides has been described.

As acid-component 4-(3,4-dimethoxyphenyl)tetrahydro-2H-pyran-4-carboxylic
acid and 4-[4-(3,4-dimethoxyphenyl)tetrahydro-2H-pyran-4-carbonylamino)]benzoic
acid were used. By interaction of 4-(3,4-dimethoxyphenyl)tetrahydro-2H-pyran-4-
carboxylic acid chloride with heterocyclic-, heterylalkyl-, aryl- and arylalkylamines a
series of different new amides were obtained. By reaction of the above-mentioned
chloride with the N, N-dimethyl- and heterylpropylamines corresponding aminoamides
were synthesized.

In order to investigate the structure-activity relationship, new aminoamides with the
fragment of p-aminobenzoic acid were synthesized. The reaction of 4-(3,4-dimethoxy-
phenyl)tetrahydro-2H-pyran-4-carboxylic acid chloride with p-aminobenzoic ethyl ester
afforded the  corresponding  4-[4-(3,4-dimethoxyphenyl)tetrahydro-2H-pyran-4-
carbonylamino)]benzoic ethyl ester. The latter was transformed to the corresponding
amidoacid by alkaline hydrolysis. By condensation of amidoacid chloride with a number
of amines corresponding diamides were synthesized. The antiarhythmic activity of
synthesized compounds has been researched.

The structure and purity of the synthesized compounds were confirmed by
physicochemical methods and thin-layer chromatography.
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KoHpeHcaumen 9-rugpokecu- u 9-okco-1,5-guankun-3,7-anasabuumkno/3.3.1/HoHaHoB ¢ 1- nnm
5-MOHO3aMeLLeHHbIMK, a Takke 1,5-aAM3amelleHHbIMY M3aTUHAMWM CUHTEe3UMPOBaH HOBbLIN pAad chu-
pOMNpou3BOAHbIX Ana3aagaMaHTaHoB M MUccledoBaHa Ux aHTMbakTepuanbHas akTuBHocTb. Cornac-
HO pesynbTaTam MpoBeAeHHbIX GUOMOrMYeckux UCNbITaHUA, HEKOTOpbIE NMPOM3BOAHbIE 3TOMO psaa
obnapaT GakTepnocTaTUYEeCcKo akTUBHOCTbIO B OTHOLLEHUM FPaMMONOXKUTENbHLIX U FpaMoTpuLia-

TelbHbIX MUKPOOPraHU3mMoB.

Bubn. ccbinok 8.

OnHMM U3 MOAXOJI0B CO3AaHUS HOBBIX JIEKAPCTBEHHBIX CPEICTB SBISET-
Csl CUHTE3 TMOPHUIHBIX MOJIEKYJI, COEPKALIUX CTPYKTYPHBIE DJIEMEHTBI W3-
BECTHBIX (papMaKkO(pOPHBIX TPy M OHOJOTMYECKH AKTUBHBIX COCIMHEHUH.
[Tpou3sBoaHbIE N3aTHHA JABHO UCCIEAYIOTCS B KaUeCTBE MPOJIEKApCTB, 0bec-
NEYUBAIOIIUX TPAHCIOPT Yepe3 KIETOUHYI0 MeMOpaHy MPOTUBOMUKPOOHBIX
U MPOTHUBOOMYXOJEBBIX IpemnapaToB [1]. HekoTopsle mpon3BoaHbBIE 3TOroO
psaa, B 4aCTHOCTH, THOCeMUKapOa3oH N-MeTu uzaTtuHa, NposiBISIOT aKTHB-
HOCTh B OTHOIICHHH 30JOTHCTOro craduiokokka u rpuda “Candida”, u B
HEKOTOPBIX CIy4asX NPEBOCXOIAT aHTHOAKTepHalbHBIN Ipemapar OeH-
SUJINEHULMIUIMH [2].

B panee onyOnnkoBaHHON HaMu paboTe ONMUCAH CUHTE3 psAAa CIUPOCOe-
IWHEHUH B3anMoneictueM 1,5-guankmi-9-okco-3,7-auazadurukiio-/3.3.1/
HOHAHOB ¢ rereporukindeckuMu ketoHamu (N-6enswi, N-MeTunnunupuio-
HBI), Y KOTOpbIX OOHapyXeHa MPOTUBOCYIOPOKHAsI aKTHUBHOCTH [3].

340



[IpencraBisiioch UHTEPECHBIM CHHTE3UPOBATH CHHPOCOSAUHEHUS METOJOM
KOHJICHCALMU /1Ma3a0MIUKIOHOHAHOB C (PYHKIIMOHAJIBHO 3aMEIIeHHBIMH
MIPOM3BOJHBIMU U3aTHHA U UCCIICIOBATh UX OMOJIOTHIECKYIO aKTHBHOCTD.

VYuuteiBasi To 00CTOSITENBCTBO, YTO M3aTHH, B 3aBUCUMOCTH OT YCJIOBUU
MIPOBEJCHHS PEaKIUH, pearupyeTr ¢ OMIMKIOHOHAHAMU MO-pa3HOMY, oOpa-
3ys CIIUPO- WM MOHO3aMEIlleHHbIE MMPOAYKTHI [4], peakiuu HaMH MIPOBOJIU-
JIUCh B ATAHOJIE MPHU KUTISTYCHUH, UCKITI0Yasi BO3MOXHOCTD MOJyYEHUSI MOHO-
MIPOJYKTOB.

Takum 00pa3oMm, HCIIOJIB30BaB B KAYECTBE MCXOMHBIX COCIUHEHHH 1,5-
TUANKWAI-9-THApOKCH- U 9-0Kkc0-3,7-1razadunykio/3.3.1/HoHaHbl, a B Ka-
YeCTBE KETOHOB — 3aMEIIEHHbIE U3aTUHBI [5,6], CHHTE3UPOBaH PsIi COOTBET-
CTBYIOIIUX CIIHUPOCOEAMHEHUH 3-25 M mccienoBaHa WX aHTHOAKTepUalbHAS
AKTUBHOCTb.

RZ"‘\ Evehe 5h

NH
3-25

l
R?

X=0,R=R= C2H5, R?=R®=CHs (3); R = R'= R? = C,Hs, R® = CH; (4);
R = R'=CyHs, R = C3H7, R® = CH3 (5); R=CH3, R' = C,Hs, R* = R®=H
(6); R = CH3, R* = C3Hs, R* = CH3, R* = H (7); R = CH3, R* = C,Hs, R?=R®
=CH;(8); R=CH;, R*! =R?*= CZHS, R®= H(9) R= CH3,R = C,Hs, R* =
CH3, R®=Br (10) R = CH3, R' = C;Hs, R? = C3H7, R® = Br (11) R = CHs,
R! = C,Hs, R? = CH205H5, R®=H (12); R = CH3, R = C3H;, R? —H, R®=
CHs (13); R = CH3, R* = C3Hy, R? = CHs, R3—H(14) R = CHs, R' = C3Hy,
R?=R®= CH3 (15); R = CH3, R' = C3H, R? —C2H5, R3—H(16) R = CHj,
R'=C;3H, R®= CH3, R®=Br (17); R = CHs, R* = C3H;, R? = C,Hs, R®* = Br
(18); R = CH3, R = C3H7, R = C;Hs, R® = CH3 (19); R = CH3, R' = R?* =
CsH7, R® —H(20), R= CH3, R'=C3H;, R? = CH2C6H5,R —H(21), R= Rl
= C3H7, R? = CH,C¢Hs, R® —H(22) R = CHs, R' = C3H;, R* = CyHs, R® =
CH; (23); R CH3, R' = R% = C3Hy, R® = CH3 (24); X =OH, R = CH3, R =
C,Hs, R* = R® = H (25).

AHTHOAKTepUAIbHYI0 AaKTHBHOCTh COCIUHEHHWHA H3ydald II0 METOIY
“muddy3un B arape” [7] npu 6akTepuanbHoi Harpy3ke 20 yaH MUKPOOHBIX
Ten Ha 1 mn cpenpl. B ombITax MCMONB30BaIM TPaMITONIOKUTENBHBIE MUKPO-
ob1 — Staphylococcus aureus 209 p, B. Subtiles, u rpamoTtpuniatenbHbie mna-
nouku — Shigella flexneri 6858, E-coli 0-55. PacTBOpbI coeMHEHHI TOTOBH-
m B /IMCO B passenenun 1:20. Ha gamkax Ilerpu ¢ noceBamu BbllIeyKa-
3aHHBIX IITAMMOB HAaHOCHJIN PacTBOpHI BemecTB B o0beme 0.1 aur. Yuer pe-
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3yJAbTAaTOB MPOBOAWIN MO auaMeTpy (0, mm) 30H OTCYTCTBHS pOCTa MHK-
POOPraHU3MOB IOCJIE CYTOYHOTO BBIPAIIUBAHUS TECT-KYJIBTYP B TEPMOCTaTE
npu 37°C. B kadecTBe MOJOKHUTEIBHOIO KOHTPOJS HCIOJB30BAIH JIeKap-
CTBEHHBIU npenapat ¢pypagonuH [8].

HccnenoBanus mokasaiu, 4YTO BCE UCIIBITYEMbIE BEILIECTBA, 3a UCKIIIOYe-
HUEM coeArHeHnH 13, 22, mposBISIIOT cabyro aHTHOAKTEPHAILHYIO aKTHB-
HOCTb, MOJIABJISISt POCT MUKPOOPraHU3MOB B 30He AuameTrpom 10-15 mm. Tlpu
STOM IO JEUCTBUIO HA TPAMIIOJIOKHUTEIIbHbIE U TPaMOTpPUIATENIbHbIE MHK-
POOpPraHU3Mbl OHU OTIMYAIOTCS MEX Iy coboit. Tak, coemunenus 3-6, 15, 17,
19, 23 yrueTaroT pocT BCeX HCIOJIb30BAHHBIX MUKPOOPTaHU3MOB, COCIHHE-
Hug 9-11, 21 monaBisoT POCT TOJIBKO T'PAMIIOJIOKHUTEIBLHBIX MUKPOOOB, a
coeanHeHne 24 MpOosBIAET aKTUBHOCTh B OTHOIICHUHM IPaMOTPHIATEIBHBIX
mramMMoB. OTHaKO U3y4eHHBIC BEIIECTBA 110 AKTUBHOCTH 3HAYUTEIHHO YCTY-
HalT KOHTPOJIbHOMY nipenapaty dypanonuny (d = 23-26 ). JIuiub MOKHO
OTMETHTH, YTO COCJIMHEHUS, B CTPYKTYPE KOTOPBHIX B MOJIOKEHUU 5 U3aTUHO-
BOTO (pparMeHTa METWJIbHAs TpyIIa, aKTUBHBI B OTHOILIEHUH I'paMOTpHIla-
TEJNBbHBIX, a BCIydae aromMa OpoMa — B OTHOIICHHWU TPAMIIOJIOKUTEIHHBIX
MHUKPOOPTaHH3MOB.

IKCNEePUMEHTAJIBHAA YaCTh

NK-criekTpbl CHSTBI B Ba3eJIMHOBOM Macje Ha CIHEKTpOo(dOTOMETpe
“Nicolet Avatar 330 FT-IR”, cmextper SIMP 'H — ma npu6ope Varian
“Mercury-300” (300 MI'y) B8 IMCO-dg/CCly,, 1/3, BHyTpeHHU# CTaHAAPT —
TMC. Xop peakiuu 1 YUCTOTY BEIIECTB KOHTPOJIUPOBaIH ¢ oMoIsio TCX
Ha wiactuakax “Silufol UV-254” B cucremax mpomanosi—Bona, 7:3 (A), Oy-
taHon—Haceim. NH3 (B). TemnepaTyps! maBienus onpezeneHsl Ha mpudope
“Boetius”.

OO0mas MeToaMKA MOJYy4YeHUs] 6-THAPOKCH-, 6-0KC0-5,7-THATKII-2-
cnupo-1,3-muazaagamantanoB (3-25). K cmproBomy pactBopy 5 mmoet
COOTBETCTBYIOMUX 1,5-muankui-3,7-nqua3zadunukiio/3.3.1/HonanoB npubaB-
JSIOT 5 MMozeli COOTBETCTBYIOIErO U3aTHHA. PEakIMOHHYIO CMECh KUIIATST
1o okoH4aHus peakun 6-10 v. Kontpons mposomsat mo TCX. Iocne ynane-
HUSl CIIUpTa 00pa30BaBIIMECS KPUCTAILIBI (DHUIBTPYIOT, MPOMBIBAIOT BOJIOM,
CymaT M MEPEeKPUCTAIITU3OBBIBAIOT U3 COOTBETCTBYIOIIETO PACTBOPHUTEIIS.

2-Cnupo-(1',5"-numeTnn-2'-oxco-3'-uH10JMH)-5, 7- T THII-6-0KCO-
1,3-quazaagamantan (3). Beixon 2.7 2 (76%), Ry 0.58 (A), 1.t 210-211°C
(IM®A). UK-criektp, v, cm’™': 1605 (apom); 1692 (C=0). Cniextp IMP 'H,
o, m.a., Iy: 0.88-1.08 m (6H, 2xCH,CHj3); 1.41-1.60 m (4H, 2xCH,CHj3);
2.42 ¢ (3H, N-CHy); 2.62 ym.x (2H, J = 12.9, NCH,); 2.81 ym.x (2H, J =
12.9, NCHy); 3.22 ¢ (3H, CHa); 4.18 nn (2H, J = 2.4, 1.4, NCH,); 4.76 nn
(2H, J = 2.4, 1.4, NCHy); 6.85 n (1H, J = 5.8, H-apom); 7.2 n (1H, J = 5.8,
H-apom); 7.61 ¢ (1H, H-apom). Crektp IMP C, §, m.x.: 6.9, 7.0, 21.0,
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23.0, 23.4, 25.5, 39.9, 40.0, 46.1, 46.4, 55.6, 57.4, 77.4, 108.1, 127.0, 128.8,
129.3, 129.7, 140.7, 169.8, 209.3. Haiineno, %: C 71.45; H 7.73; N 11.75.
C21H27N302. BBI‘II/ICJ'IGHO, %: C 7138, H 764, N 11.89.
2-Crnpo-(1'-3Tiin-2"-okco-5"-MeTHii-3'-uHAOINH)-5, 7- AN THII-6-0K-
co-1,3-1mazaagamanran (4). Beixon 2.6 2 (73.6%), R 0.61 (A), t.mur. 174-
175°C (IM®A). UK-cniektp, v, cv™: 1605 (apom); 1705 (C=0). Crmextp
SMP 'H, &, m.zx., I'y: 0.94 T (3H, J = 7.5, CH3); 1.05 T (3H, J = 7.5, CHy);
1.25 v (3H, J = 7.5, CH3); 1.4-1.58 m (4H, 2xCH,CH3;); 2.40 ¢ (3H,
NCH,CHg); 2.61 ymr.x (2H, J = 12.9, NCH,CHj3); 2.78 ym.n (2H, J = 12.9,
NCH,); 3.78 nn (2H, J = 7.5, 1.2, NCHy); 4.18 nn (2H, J = 2.4, 1.4, NCHy);
4.74 nn (2H, J = 2.4, 1.4, NCHy); 6.85 n (1H, J = 5.9, H-apom); 7.10 n (1H,
J = 5.9, H-apom); 7.62 ¢ (1H, H-apom). Criextp SIMP C, §, m.1.: 6.9, 7.2,
11.7, 20.9, 23.0, 23.4, 33.7, 40.1, 46.1, 46.4, 55.7, 57.4, 77.2, 95.4, 108.1,
127.3, 129.0, 129.3, 129.5, 139.7, 169.7, 209.3. Haiineno, %: C 72.03; H
8.01; N 11.3. CHy9N30,. Brruncieno, %: C 71.93; H 7.90; N 11.44.
2-Cnupo-(1"-nponmnia-2'-oxkco-5"-MeTna-3"-uHI0JHH)-5, 7-THITHI-6-
okco-1,3-quaszaaxamantan (5). Beixox 2.8 2 (74.5%), R 0.56 (A), T.mi.
139-140°C (IM®A). HK-cmektp, v, cw™ 1610 (apom); 1705 (C=O0).
Crnekrp SIMP 'H, 8, m.i1., I'y: 0.86-1.05 M (9H, 3xCH3); 1.41-1.58 m (4H, 2x
CH,CHj3); 1.68 k (2H, J = 7.5, CH,CH,CHj3); 2.41 ¢ (3H, CHg); 2.61 ymrn
(2H, J = 12.9, NCHy); 2.78 ymr.a (2H, J = 12.8, CH,CH,CHs); 3.68 an (2H,
J=2.4,14,NCHy); 4.18 nn (2H, J = 2.4, 1.4, NCHy); 4.74 nn (2H, J = 2.4,
1.2, NCHy); 6.85 n (1H, J = 5.9, H-apom); 7.18 o (1H, J = 5.8, H-apom); 7.62
¢ (1H, H-apom). Criektp SIMP °C, §, m.1.: 6.9, 7.2, 10.8, 19.8, 20.9, 23.0,
23.4, 38.9, 404, 46.1, 46.4, 55.7, 57.4, 77.2, 95.4, 108.2, 127.1, 128.9,
129.2, 129.4, 140.1, 169.9, 209.3. Haiineno, %: C 72.53; H 8.22; N 10.90.
C3H31N3O,. Beraucaeno, %: C 72.44; H 8.13; N 11.02.
2-Criupo-(2'-0kco-3"-uHI011H)-5-MeTHJI-6-0Kc0- 7-3TIII-1,3- 1HAa3aa-
aamanTan (6). Beixon 2.5 2 (67.5%), Ry 0.48 (B), T.mu1. 130-131°C (sranon).
UK-cniektp, v, cv™: 1620 (apom); 1710 (C=0). Cniexrp IMP 'H, &, m.x., ['y:
0.88-0.98 m (6H, 2xCHs); 1.42-1.60 m (2H, CH,CHj3); 2.56-2.61 m (2H,
NCH,); 2.75 1 (2H, J = 12.8, NCH,); 4.15 yur.n (2H, J = 12.8, NCH,); 4.68-
4.80 m (2H, NCH,); 6.88 mun (1H, J = 8.0, 7.0, 1.1, H-apom); 7.01 mux (1H,
J =8.0, 7.0, 1.2, H-apom); 7.28 an (1H, J = 5.8, 5.9, H-apom), 7.78 ym.n
(1H, J = 12.8, H-apom) ; 10.78 ym.a (1H, J = 12.9, NH). Haiineno, %: C
69.54; H 6.88; N 13.35. C13H,1N30,. Brmaucieno, %: C 69.4; H 6.75; N
13.50.
2-Cnupo-(1'-meTnia-2'-okco-3'-UHI0JIMH)-5-Me THJI-6-0KCO-7-3THI-
1,3-nua3zaagamanran (7). Beixog 2.4 2 (73.8%), Rf 0.51 (A), T.mn. 225-
226°C (IM®DA). UK-criektp, v, em™ 1620 (apom); 1710 (C=0). Crektp
SMP 'H, §, m.1., T'y: 0.88-1.05 m (6H, 2 x CH3); 1.41-1.59 m (2H, CH,CHy);
2.62 n (2H, J = 8.1, 3.4, NCHy); 2.76 ym.x (2H, J = 12.5, NCH,); 3.25 ¢
(3H, N-CH3); 4.18 ymr.n (2H, J = 12.9, NCHy); 4.65 nnx (2H, J = 12.9, 12.8,
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1.2, NCHy); 7.02-7.12 m (2H, H-apom); 7.4 t (1H, J = 7.8, H-apom); 7.82 1
(1H, J = 7.8, H-apom). Haiineno, %: C 70.28; H 7.19; N 12.80. C19H23N30,.
Brramcneno, %: C 7.07; H 6.75; N 12.92.
2-Crmpo-(1",5"-numeTnin-2'-okco-3'-uHI0IUH)-5-Me THII-6-0KCO-7-
atii-1,3-1uazaagamantan (8). Beixon 2.5 2 (70.8%), R 0.72 (A), T.uL
212-213°C (JIM®A). UK-crextp, v, e 1605 (apom); 1692 (C=0).
Cnextp SAMP H, §, M., T'y: 0.95-1.05 m (6H, 2xCHj3); 1.47-1.58 m (2H,
CH,CHj3); 2.41 ¢ (3H, CHj3); 2.62 nn (2H, J = 12.8, 3.4 NCHy); 2.82 ym.g
(2H, J = 145, NCH,); 3.2 ¢ (3H, CH3); 4.17 nx (2H, J = 14.5, 3.4, NCH,);
4.72 nn (2H, J = 13.8, 3.4, NCH,); 6.82 n (1H, J = 7.8, H-apom); 7.2 n (1H,
J = 8.0, H-apom); 7.63 a1 (1H, J = 7.6, H-apom). Haiineno, %: C 70.82; H
7.75; N 12.28. CxH25N30,. Beruucieno, %: C 70.69; H 7.66; N 12.39.
2-Crupo-(1'-3Tin-2"-okco-3"-uHa011uH)-5-MeTHII- 7-3THI-6-0KCc0-1,3-
auazaagamantal (9). Beixon 2.4 2 (70.8%), Rs 0.75 (A), t.ur. 178-179°C
(IM®A). UK-criektp, v, cm’™': 1610 (apom); 1692 (C=0). Criextp SIMP *H,
3, m.a., Iy: 0.98-1.08 m (6H, 2xCHj3); 1.22-1.31 m (3H, CHg); 1.42-1.60 m
(2H, CH,CHg3); 2.62 nn (2H, J = 12.8, 3.4, NCHy); 2.84 1 (2H, J = 145,
NCHy); 3.78 an (2H, J =7.8, 8.2, NCH,); 4.18 nn (2H, J = 14.5, 3.4, NCH,);
4.74 non (2H, J = 8.1, 7.8, 3.4, NCHy); 7.18 T (2H, J = 7.8, 8.2, H-apom);
7.38 nn (1H, J = 7.8, 3.4, H-apom); 7.84 n (1H, J = 7.8, H-apom). Cnextp
AMP 2BC, §, w12 6.9, 7.3, 11.6, 15.6, 23.0 u 23.3, 33.7, 43.8 u 44.1, 46.0 u
46.3,55.6,57.5u57.7,59.2,76.9, 108.4, 120.8, 120.9, 127.1, 127.2, 128.0 u
129.1, 142.0, 169.6, 209.1, 209.2. Haiineno, %: C 70.91; H 7.18; N 12.25.
CyoH25N»03. Beraucaeno, %: C 70.79; H 7.07; N 12.38.
2-Cnupo-(1'-mernin-2'-okco-5'-Br-3'-uHg0un)-5-meTnia-7-3rui-6-
okco-1,3-quaszaaxamantan (10). Beixox 2.7 2 (67.1%), Rt 0.75 (A), T.m.
245-246°C (IM®A). HK-cmextp, v, e’ 1610 (apom); 1590 (C=0).
Cnextp AMP H, 3, m.1., I'y: 0.82-1.08 m (6H, 2xCHj3); 1.40-1.61 m (2H,
CH,CHj3); 2.61 oo (2H, J = 5.9, 1.4, NCH,); 2.85 nn (2H, J = 12.8, 1.2,
NCH,); 3.21 ¢ (3H, N-CHg); 4.08 nnn (2H, J = 5.8, 5.9, 8.1, NCHy); 4.76
ann (2H, J = 12.9, 12.8, 2.4, NCHy); 6.98 n (1H, J = 5.9, H-apom); 7.58 n
(1H, J = 5.8, H-apom); 7.88 1 (1H, J = 12.8, H-apom). Criekrp SIMP B, 8,
M.a.: 6.9 u 7.0, 15.5 u 15.8, 22.9, 23.4, 25.6, 40.1, 43.7 u 43.8, 43.9, 46.1,
55.5,57.51 592,772 u 77.3, 110.3, 113.1, 126.6 u 126.7, 130.5 u 130.6,
132.0 m 132.1, 142.2 u 142.3, 169.4, 208.7 u 208.8. Haiineno, %: C 76.62; H
5.60; N 10.40. C19H2,BrN3O,. Beruncneno, %: C 76.52; H 5.48; N 10.49.
2-Crinpo-(1'-nmponui-2'-okco-5'-Br-3'-unaoaun)-5-meTnin-7-3tua-6-
okco-1,3-quazaagamanran (11). Beixon 3.1 2 (71.6%), Ry 0.75 (A), T.m.
230-232°C (JIM®A). UK-cmextp, v, cm™ 1613 (apom); 1701 (C=0).
Crexktp IMP 'H, §, m.a., I'y: 0.86-1.12 m (9H, 3xCHs); 1.41-1.78 M (4H,
CH,); 2.62 nn (2H, J = 7.8, 1.4, NCHy); 2.78 nn (2H, J = 12.8, 3.4, NCHy,);
3.68 oo (2H, J = 12.9, 1.4, NCH,); 4.16 nx (2H, J = 12.9, 1.4, NCHy,); 4.76
an (2H, J =12.8, 2.4, NCHy); 6.98 1 (1H, J = 5.9, H-apom); 7.58 n (1H, J =
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5.8, H-apom); 7.91 yur.n (1H, J = 14.5, H-apom). Cnektp SIMP B¢, 8, mo.:
69u7.1,10.7,155u 159, 19.7, 22.9 u 23.4, 40.5, 43.8 u 43.9, 46.0, 46.3,
55.6, 57.2, 57.5, 59.3, 77.1, 110.4, 112.9, 128.9, 130.8, 131.9, 132.0, 141.7,
169.5, 208.8. Haitneno, %: C 58.30; H 6.32; N 9.58. C2;H26BrN3;O,. Borunc-
neno, %: C 58.19; H 6.23; N 9.69.
2-Cnupo-(1'-6eH3mia-2'-okco-3'-HHI0IMH)-5-MeTHII-6-0KCO- 7-3THI-
1,3-muazaagamanran (12). Beixox 2.8 2 (69.8%), Rf 0.51 (A), t.ur. 213-
214°C (IM®A). UK-crektp, v, em™ 1609 (apom); 1701 (C=0). Crektp
SAMP 'H, §, m.1., T'y: 0.95-1.05 m (6H, 2 x CH3); 1.42-1.61 m (2H, CH,CHj);
2.66 1 (2H, J = 13.8, NCH,); 2.84 1 (2H, J = 12.5, NCHy); 4.20 yur.x (2H, J
= 14.5, NCHy); 4.78 nn (2H, J = 13.8, 13.4, NCH,); 4.98 ¢ (2H, CH,C¢Hs);
6.85 o (1H, J = 5.9, H-apom); 7.08 tn (1H, J = 7.8, H-apom); 7.20-7.38 m
(6H, H-apom); 7.86 ymra (1H, J = 7.8, H-apom). Haiineno, %: C 74.9; H
6.81; N 10.38. CxsH27N30,. Beruucieno, %: C 74.81; H 6.73; N 10.47.
2-Cnupo-(2'-0kco-5"-MeTHII-3"-HHI0JIM H)-5-Me THJI-6-0KCOo-7-1po-
nui-1,3-quazaagamantan (13). Beixox 2.3 2 (73.7%), Rt 0.56 (B), T.m.
189-190°C (JIM®A). UK-criektp, v, cu™: 1613 (apom); 1698,1705 (C=0).
Crektp SIMP H, 5, w1, I'y: 0.96-1.18 m (6H, 2xCHj3); 1.36-1.40 m (4H,
CH,CH,CHg); 2.41 ¢ (3H, CHa3); 2.76 nnn (2H, J = 7.1, 7.0, 1.2, NCHy);
2.88 nua (2H, J = 8.0, 7.0, 1.2, NCHy); 4.25 non (2H, J = 12.9, 12.8, 3.4,
NCH,); 4.85 non (2H, J = 12.9, 12.8, 3.4, NCH,); 6.78 n (1H, J = 8.1, H-
apom); 7.10 1 (1H, J = 8.0, H-apom); 7.61 ym.a (1H, J = 13.9, H-apom); 8.31
yur.c (1H, NH). Haiineno, %: C 70.92; H 7.50; N 12.21. CyoH2sN30,. Bbi-
yucneno, %: C 70.79; H 7.37; N 12.34.
2-Cnupo-(1'-meTni-2'-o0kco-3'-uH10JIMH)-5-MeTHI-6-0KCo-7-TIpo-
nui-1,3-quazaagamantan (14). Beixon 2.3 2 (67.8%), Rs 0.52 (A), T.m.
183-184°C (IM®A). UK-criextp, v, cm™: 1610 (apom); 1698, 1705 (C=0).
Cnextp AMP H, 3, m.1., T'y: 0.98-1.05 m (6H, 2xCHj3); 1.21-1.38 M (4H,
CH,CH,CHg); 2.78 nn (2H, J = 8.1, 7.1, NCHy); 2.96 nn (2H, J = 8.0, 7.1,
NCH,); 3.15 ¢ (3H, N-CHg); 4.25 nnn (2H, J = 7.9, 7.0, 1.2, NCHy); 4.85
ann (2H, J = 7.8, 6.8, 1.2, NCHy); 6.78 1 (1H, J = 7.8, H-apom); 7.10 T
(1H, J = 12.9, 1.2, H-apom); 7.41 an (1H, J = 8.5, 1.2, H-apom); 7.81 nn
(1H, J = 8.0, 1.1, H-apom). Haiineno, %: C 70.90; H 7.52; N 12.22.
C20H25N302. BBI‘{I/ICJ'IeHO, %: C 7079, H 737, N 12.37.
2-Crmpo-(1',5"-numeTnin-2'-okco-3'-uHAOINH)-5-MeTHII-6-0KCO-7-
nponui-1,3-nuazaagamanran (15). Beixon 2.4 2 (70.8%), R¢ 0.52 (A), T.m1.
216-217°C (IM®A). UK-criektp, v, cv™: 1613(apom); 1698,1705 (C=0).
Crextp IMP 'H, §, m.a., I'y: 0.98-1.05 m (6H, 2xCHs); 1.38-1.56 M (4H,
CH,CH,CHy); 2.40 ¢ (3H, CH3); 2.66 nn (2H, J = 5.9, 1.4, NCH,); 2.86 an
(2H, J = 12.8, 3.4, NCHy); 3.21 ¢ (3H, CHg3); 4.38 ann (2H, J = 12.8, 8.1,
5.9, NCH,); 4.88 nnn (2H, J = 12.8, 8.1, 5.9, NCH,); 6.81 1 (1H, J = 5.9, H-
apom); 7.24 n (1H, J = 5.9, H-apom); 7.64 ym.n (1H, J = 13.9, H-apom).
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Haiineno, %: C 71.92; H 7.83; N 11.85. Cy;H»7;N3O,. Brruncneno, %: C
71.79; H 7.69; N 11.96.
2-Cnupo-(1'-3Tii-2'-o0kco-3'-uHIA0UH)-5-MeTHII-6-0KCOo- 7-IIPONMUJI-
1,3-muazaagamanran (16). Beixox 2.4 2 (67.9%), Rf 0.57 (A), t.ur. 151-
152°C (AM®A). UK-cniektp, v, cm’™: 1610 (apom); 1705 (C=0). Crmextp
SAMP 'H, §, m.a., Ty: 0.92-1.04 M (6H, 2xCH3); 1.11-1.38 M (3H, CHy);
1.38-1.60 m (4H, CH,CH,CHy); 2.75 yur.x (2H, J = 13.8, NCHy); 2.92 nn
(2H, J =13.8, 4.5, NCHy); 3.82 nn (2H, J = 5.9, 5.8, NCHy); 4.26 nun (2H, J
=5.8,5.9, 4.5 NCH,); 4.82 non (2H, J = 8.0, 7.1, 4.5, NCH>); 6.87 n (1H, J
= 7.8, H-apom); 7.05 nan (1H, J = 7.9, 7.0 ,1.2, H-apom); 7.41 ar (1H, J =
7.8, 1.0, H-apom); 7.86 ar (1H, J =7.9, 1.0, H-apom). Haiineno, %: C 71.50;
H 7.72; N 11.80. C»1H»7N30,. Brrunciteno, %: C 71.38; H 7.61; N 11.89.
2-Cnupo-(1'-meTni-2'-okco-5"-Br-3"-ungoauHn)-5-meTni-6-oxco-7-
npomuwi-1,3-nuazaagamanran (17). Beixox 2.8 2 (67.1%), Rf 0.38, (A),
T 239-240°C (JIM®A). UK-crektp, v, cm’: 1607 (apom); 1687,1701
(C=0). Criextp SIMP 'H, 8, m.x1., Iy: 0.96-1.04 m (6H, 2xCHj); 1.36-1.42 M
(4H, CH,CH,CHa); 2.66 an (2H, J = 7.8, 1.2, NCHy); 2.84 nn (2H, J = 8.9,
1.4, NCHy); 3.21 ¢ (3H, CHs); 4.18 oo (2H, J = 8.1, 7.1, 3.4, NCHy); 4.82
ann (2H, J =8.1, 7.0, 3.4, NCHy); 6.87 1 (1H, J = 5.9, H-apom); 7.58 1 (1H,
J =5.9, H-apom); 7.88 ym.x (1H, J = 12.8, H-apom). Haiineno, %: C 57.71;
H 5.88; N 9.96. CyoH24BrNsO,. Brraucieno, %: C 57.55; H 5.75; N 10.07.
2-Cnupo-(1'-3Tui-2'-okco-5"-Br-3'-ungoann)-5-meTni-6-oxco-7-
npomuwi-1,3-nuazaagamanran (18). Bexog 2.9 2 (69.9%), Rt 0.42, (b),
1.1, 235-236°C (IM®A). UK-criextp, v, e 1607 (apom); 1687,1705
(C=0). Cniextp SIMP 'H, &, m.x1., I'y: 0.89-1.05 m (6H, 2xCHj3); 1.26 1 (4H,
J =5.8, 5.9, CH,CH,CHj3); 1.40-1.52 m (3H, CH,CHj3); 2.76 nn (2H, J =
12.8, 3.4, NCHy); 2.86 nn (2H, J = 14.5, 3.4, NCHy); 3.82 nn (2H, J = 12.9,
3.4, CH,CH3); 4.17 nnn (2H, J = 14.5, 5.8, 3.4, NCH,); 4.86 nnn (2H, J =
145, 5.8, 3.4, NCHy); 6.82 1 (1H, J = 5.9, H-apom); 7.58 a1 (1H, J = 5.9, H-
apom); 7.85 ¢ (0.5H) u 8.01 ¢ (0.5H, H-apom). Haiineno, %: C 58.32; H
6.12; N 9.57. C1H26BrN3O,. Beruucneno, %: C 58.20; H 6.00; N 9.69.
2-Cnupo-(1'-3Tui-2'-okco-5"-meTnii-3'-uHI011H)-5-MeTHII-6-0KCO-7-
nponui-1,3-nuazaagamanran (19). Beixon 2.6 2 (70.8%), Rt 0.62, (A),
1.1, 142-143°C (3ranon). MK-cnektp, v, em': 1610 (apom); 1687,1705
(C=0). Cniextp SIMP 'H, &, m.x1., I'y: 0.94-1.05 m (6H, 2xCH3); 1.42-1.60 m
(4H, CH,CH,CHg); 2.40 ¢ (3H, CHg3); 2.72 o (2H, J = 12.8, CHy); 2.92 nn
(2H, J = 12.9, 3.4, NCH,); 3.22 ¢ (3H, CHj3); 3.82 an (2H, J = 13.8, 3.4,
NCH,); 4.24 nun (2H, J = 5.8, 5.9, 2.4, NCH,); 4.82 max (2H, J = 7.0, 8.1,
4.5, NCHy); 6.81 n (1H, J = 5.9, H-apom); 7.26 1 (1H, J = 5.9, H-apom); 7.66
yur.g (1H, J = 13.9, H-apom). Haiineno, %: C 72.07; H 6.68; N 11.31.
C22H29N302. BBI‘{I/ICJ'IeHO, %: C 7193, H 653, N 11.44.
2-Crpo-(1'-nponmmi-2'-0kco-3"-UHI0JINH)-5-MeTHII-6-0Kc0- 7-1Tpo-
mui-1,3-auazaagamantad (20). Beixox 2.4 2 (65.4%), Ry 0.66 (A), T.m.
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150-151°C (sranon). UK-coektp, v, cu’’: 1608 (apom); 1687,1705 (C=0).
Cnektp SAMP H, §, m.a., Iy: 0.92-1.05 M (9H, 3xCHg); 1.42-1.56 m (4H,
CH,CH,CHpg); 1.68-1.76 m (2H, CH,); 2.66 ymr.a (2H, J = 13.1, CH,); 2.86 1
(2H, J = 12.8, NCHy); 3.70 1 (2H, J = 12.9, NCH,); 4.30 nx (2H, J = 13.5,
3.4, NCH,); 4.88 n (2H, J = 5.8, 5.9, NCH,); 6.92 1 (1H, J = 7.8, H-apom);
7.10 o (1H, J =7.8, 1.2, H-apom); 7.40 n (1H, J =7.9, 1.2, H-apom); 7.86 1
(1H, J = 7.8, 1.0, H-apom). Haiineno, %: C 72.08; H 7.78; N 11.33.
CoH29N30,. Beruncaeno, %: C 71.90; H 7.91; N 11.45.
2-Cnupo-(1'-6eH3mia-2"-okco-3"-uHI0IMH)-5-MeTHII-6-0KCco-7-TTpo-
nuwi-1,3-quazaagamantan (21). Beixoxg 2.6 2 (65.1%), Rt 0.66 (A), T.mI.
150-151°C (3tanomn). UK-crextp, v, cm™: 1609 (apom); 1701 (C=0). Criektp
AMP 'H, §, m.x., Iy 0.98-1.15 m (6H, 2xCHs); 1.38-1.58 m (4H,
CH,CH,CHg); 2.78 nn (2H, J = 8.1, 7.1, NCHy); 2.96 nn (2H, J = 8.0, 7.1,
NCH,); 4.31 anx (2H, J = 8.1, 7.0, NCHy); 4.82-5.01 m (4H, NCH;
,CH,CgH5); 6.86 nm (1H, J = 7.8, H-apom); 7.05 T (1H, J = 7.8, 1.2, H-apom);
7.21-7.38 m (6H, H-apom); 7.86 T (1H, J = 7.8, 1.2, H-apom). Haiineno, %:
C 75.18; H 6.91; N 10.21. C%H29N30,. Beruucneno, %: C 75.30; H 7.12; N
10.08.
2-Crinpo-(1'-6en3uii-2'-okco-3"-uHa0uH)-5, 7-nunponui-6-oxco-1,3-
aua3zaagamanrtan (22). Beixon 3.1 2 (69.9%), R 0.66 (A), .. 171-172°C
(IM®A). UK-criextp, v, cv™: 1590,1609 (apom); 1696,1701 (C=0). Criextp
SAMP 'H, 8, m.x., ITy: 0.95-1.05 m (6H, 2xCHs); 1.36-1.41 m (4H) u 1.42-
1.47 m (4H, CH,CHy); 2.66 a1 (2H, J = 13.8, NCH,); 2.84 n (2H, J = 14.5,
NCH,); 4.17 nn (2H, J = 145, 3.4, NCH,); 4.77 an (2H, J = 13.8, 3.4,
NCHy); 4.96 ¢ (2H, CH,CeHs); 6.87 nn (1H, J = 7.8, 1.2, H-apom); 7.05 11
(1H, J = 7.8, 1.2, H-apom); 7.19-7.33 m (6H, H-apom); 7.86 yur.x (1H, J =
7.8, H-apom). Haiineno, %: C 76.01; H 7.55; N 9.58. CgH33N30,. Beruuciie-
HoO, %: C 75.86; H 7.41; N 9.70.
2-Crnpo-(1'-3Tia-2"-okco-5"-mMeTuii-3'-uHA0MMH)-5, 7- nunponuJi-6-
okco-1,3-qua3zaaxamantan (23). Beixox 2.8 2 (70.9%), Rt 0.55 (A), T.m.
172-174°C (IM®A). UK-cniextp, v, e’ 1613 (apom); 1696,1705 (C=0).
Cnextp AMP H, 3, m.1., I'y: 0.95-1.05 m (6H, 2xCHj3); 1.21-1.28 m (3H,
CHj3); 1.32-1.47 m (8H, 4 x CHy); 2.40 ¢ (3H, CH3); 2.58 a1 (2H, J = 12.8,
CHy); 2.76 n (2H, J = 12.9, NCHy); 3.72 nx (2H, J = 5.9, 5.8, NCH); 4.18
an (2H,J =12.9, 1.4, NCH,); 4.72 an (2H, J = 12.5, 1.4, NCH,); 6.86 1 (1H,
J =5.9, H-apom); 7.19 n (1H, J = 5.9, NCH,); 7.61 ¢ (1H, H-apom); CrniekTp
AMP 2C, &, m.x: 11.7, 14.7, 15.6, 15.7, 21.1, 32.8, 33.3, 33.8, 39.2, 39.5,
39.8, 46.5, 46.6, 56.1, 57.8, 77.3, 108.1, 127.3, 129.1, 129.3, 129.5, 139.7,
169.5, 209.3. Haiineno, %: C 73.09; H 8.48; N 10.51. Cy4H33N30,. Brerumc-
sero, %: C 72.96; H 8.36; N 10.62.
2-Crinpo-(1'-nmponui-2'-okco-5'-MeTu1-3'-uH10HH)-5, 7-Tunponui-
6-okco-1,3-nuazaagamanrtan (24). Beixox 2.9 2 (71.2%), R¢ 0.61 (A), T.m.
123-124°C (IM®A). UK-criektp, v, ey’ 1613 (apom); 1698,1705 (C=0).
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Cnextp SAMP 'H, 8, m.1., I'y: 0.91-1.12 M (9H, 3xCHj3); 1.28-1.45 m (8H, 4 x
CHy); 1.71 x (2H, J =12.8, CH,); 2.41 ¢ (3H, CHj3); 2.60 ymr.a (2H, J = 12.8,
NCHy); 2.78 n (2H, J = 12.9, NCH,); 3.68 o1 (2H, J = 8.0, 7.1, NCH,); 4.18
an (2H, J=7.8, 1.2, NCH,); 4.77 nn (2H, J = 13.9, 3.4, NCH); 6.86 1 (1H,
J = 7.8, H-apom); 7.18 n (1H, J = 7.8, H-apom); 7.62 ¢ (1H, H-apom).
Crnextp AMP C, §, m.1.: 10.8, 14.6, 15.5, 15.9, 19.7, 21.0, 32.8, 33.3, 39.2,
39.5, 39.7, 40.6, 46.3, 46.6, 56.0, 57.7, 77.2, 108.2, 127.2, 128.9, 129.2,
129.4, 140.1, 169.9, 209.2. Haiineno, %: C 73.98; H 8.70; N 10.15.
C25H35N302. BBI‘II/ICJ'IGHO, %: C 7387, H 859, N 10.28.
2-Cnupo-(2'-okco-3'-uHI0uH)-5-MeTHI-6-ruaApoKcH-7-3TIi-1,3-

naua3zaaxamantan (25). Beixon 2.4 2 (76.2 %), Rt 0.67 (B), T.rut. 230-231°C
(stanom: IM®A, 2:1). UK-criextp, v, cm™: 1608 (apom); 1698,1710 (C=0);
1553 (OH). Criextp SIMP *H, 8, m.xx., I'y: 0.66-0.98 M (6H, 2xCH3); 1.1-1.41
M (2H, CH,CHg); 2.88 m.c (4H, 2xNCHy); 3.32 nn (1H, J = 13.1, 1.2,
NCHy); 3.42 yur.a (2H, J = 13.0, NCH,); 3.81 ymr.a (1H, J = 14.5, NCH,);
4.0 yurg (1H, J = 12.9, NCHy); 4.32 ym.n (1H, J = 12.8, OCH); 4.42 n (1H,
J=5.9, CHOH); 6.85 an (1H, J = 8.1, 7.1, H-apom); 7.18 1 (1H, J = 8.1, H-
apom); 7.62 n (1H, J = 8.1, H-apom); 10.41 ymr.c (1H, NH). Haiineno, %: C
69.01; H 7.34; N 13.41. C1gH23N30,. Beruuciaeno, %: C 69.12; H 7.45; N
13.53.

1L3-+-PUQUUEAHUUULSUL LGP PQUSPLUSPL HLUAUELS
MULNFLEENY. UNPLATOTRLS3ULLELP UPLEGAL BU LATLS
NSUHUU W LLEESEL NUSUNFE-3AFLLELE NFUNFU LUUPLOFE-3OFLL

£ U 4610r9-300, U 2% NULOFE-83AFL3TL, U €. GULUS3UL,
Q. U. T LUuhU3UL, G- U. USEPUL3UL, (1 6. UNPLUER3UL L U. N, GUUNUL3TL

9-Lfmpropul-s 9-opun-1,5-nfusglifoy-3,7-fuusiuspfgplyn/3.3.1/imtilebipfs le bl -
fmd pogunnfiiubph heigbidwdp ufbf@lgdby B dp qwpp Snp 2-usyfpn-1,3-fuguiigodo-
Ttk Usgwd dfpgng [Fym Gkl Sulpundubpbogpl Sunnln Fynbpp mmdfo-
ufpprcfdynihp gogg § by, np bpalghy apeibpp wlof] b qpasdypedd, dpseeblpp
gpudpugulyuts dfpypropgutifydubiph Wynundudp, puyy oy b wnwtipapap $ocpn-
Il.ﬂiI[IiI[T Cllll.ﬂnflum.'
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF 2-SPIRO-1,3-
DIAZAADAMANTANES CONTAINING AN IZATIN FRAGMENT

K. A. GEVORKYAN, A. D. HARUTYUNYAN, M. V. GALSTYAN,
J. A. AVAKIMYAN, G. M. STEPANYAN, R. E. MURADYAN and S. P. GASPARYAN

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

By condensation of 1,5-dialkyl-9-hydroxy-, 1,5-dialkyl-9-0x0-3,7-diazabicyclo
/3.3.1/nonanes with 1,5-substituted isatins a series of new 2-spiro substituted 1,3-
diazaadamantans were synthesized. Condensation was carried out in boiling ethanol for
10-12 hours. 25 compounds were synthesized in good yields, using as N-alkyl-5-methyl,
1,5-dimethyl and N-alkyl-5-Br-isatins. Some isatin derivatives have long been used in
medicine as antibacterials. These compounds were tested for antibacterial activity. Study
of antibacterial activity of the synthesized compounds was carried out by the method of
“diffusion in agar” at a microbial load of 20 million microbial bodies per 1 ml of
environment. As test objects, gram-positive staphylococci (Staph. Aureus 209p.1) and
gram-negative rods (Sh. Dysenteriae Flexieri 6858, E. Coli 1-55) were used. Most of
studied compounds showed weak or moderate activity against gram-positive and gram-
negative microorganisms in 10-16 mm diameter zone.
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CHUHTE3 HOBBIX
CIINPO[MHAOJINH-3,4'-TINPAHO[3.2-h| XHHOJINHOB]
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Hay4no-TexHONMOrN4YecKuii HEHTp OPraHNYECKON U (hapMaleBTHYECKON XUMUH
HAH Pecny6iuku Apmenus
Apwmenus, 0014,EpeBan, np. A3aTyTsH, 26
E-mail: safar.pogosjan@gmal.com

Tloctynumo 14 111 2018

CuHTEe3MpoBaHbl HOBblE 3aMeLLeHHble CnPo[MHAONMH-3,4'-nnpaHo[3,2-h]xMHoNMHbI]. YcTaHoB-
TNIEHO, YTO U3aTWHbI PA3NMYHOIO CTPOEHUSI PErMOCENEKTUBHO pearupyoT OAHOBPEMEHHO C OBYMSI
cybcTpaTamu: C COeAMHEHUSMU, COAEpPXalUMMM aKTUBHYKD METUIIEHOBYK pynny (LUaHyKCYyCHbIN
adup), U ¢ 8-0KCUXUHOMNMHOM MO MPUHLMMY KackagHOW Luknusauum, ¢ obpasoBaHMeEM HOBbIX CIMPO-
KOHAEHCMPOBaHHbIX OKCOMHAONMUHOB. VccnegoBaHbl Ux Guonoruyeckne ceoncTea.

Bubn. ccbinok 11.

OpnHoil u3 HauboJiee akTyaJIbHBIX 33Jad4 COBPEMEHHOM OpraHMYecKou
XUMHH SIBJISIETCSI CHHTE3 IFeTePOOPraHUYEeCKUX COEAMHEHUN MYJIbTHKOMIIO-
HEHTHBIMU PEAKIUSIMU ¢ MUHHUMAJIBHBIM YHCJIOM CTAIUil U MaKCHUMAaJbHOU
IKOHOMUYECKOH 3 (HeKTUBHOCTHIO [1].

[Tpon3BoHBIE OKCOMHOIMHOB 00JIaAI0T IIMPOKUM CHEKTpoM (apma-
KOJIOTHYECKON aKTUBHOCTH W SIBJISIFOTCSI BaKHEHIIMMH WHTEpMEINATaAMU B
CUHTE3€ MHOTUX MHJOJBHBIX M JIPYIMX TE€TEePOLMKIMYECKUX COEAMHEHUUN
[2,3]. Ha ux ocHOBE IOJIyYEHBI JIEKAPCTBEHHBIEC MpEnapaThbl, CTUMYJISATOPbI
pocTa pacTeHH, aHATUTHYECKUE peareHTsl u Ap. [3]. B nurepatype onucan
ACUMMETPUYECKHI CHUHTE3 HOBBIX SHAHTHOMEPHBIX CIHUPOLUKINYECKUX OK-
coMHI0IMHOB nuKIu3anei [E]-a, B-aenpenensabix 2-ranoanunuaos [4,5].

Peaknuy NIMKIMYECKUX U TETEPOLMKINYECKUX KeToHOB ¢ C-H kucnor-
HBIMU COEIMHEHUSIMH MPHUBOAAT K 2-amuHO-4H-crimponupanam [6,7]. [Ipu-
MEpbl UX CHHT€3a HEMHOTOUYMCJIEHHBI TI0 CPAaBHEHUIO C 4-apHUiI3aMelleHHbI-
Mu. OHAKO OHH, KaK MPaBUJIO, MPOSIBIAIOT BBICOKYIO OMOJOTHMUYECKYIO aK-
THBHOCTb. bronornueckue cBOWCTBA CIUPOOKCOMHOINHOB C IS THUICHHBIM
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UUKIaMH (TUPPOIIUH, MUPOIUANH, MUPPOIU3UANH) IIUPOKO U3y4deHsl [7, 8],
HO C IIECTUWICHHBIMH IUKJIaMHU ( TUpaH, TUPUINH, XPOMEH) U3Y4YEeHbI OTHO-
CUTENIbHO Mayo. M3BecTHbIE B HACTOSIIEE BPEMs METOAbI HE IO3BOJISIOT
CHUHTE3UPOBATh BBILICYKa3aHHbIE CIUPOTETEPOLUKIIBI H3-3a TPYIHOpEAIH-
3yEeMBIX CITOCOOOB, MOATOMY pa3pabOTKa HOBBIX MyTEeH CHHTE3a ATUX COCIIU-
HEHUH SABIISETCS aKTyaJIbHOW 3aJja4ell COBPEMEHHON OpraHNYeCKON XUMUHU.

Panee Hamu ObUT MOJTyYEeH PSS COUPOTETEPOCOCTUHEHHIA, COIEPKAIIIIX
OKCOMHJONMMHOBBIN (Pparment [9,10]. UHTepec k 3TUM coeaMHEHUSIM 00Y-
CJIOBJIEH BO3MOYKHOCTBIO Pa3BUTHS M PACIIMPEHUS UX CUHTETUYECKOrO IO-
TeHuuana. B nponomkenne 3TUX UCCIeI0BaHUI HAMU CHUHTE3UPOBAHBI CIU-
pocoeMHeHus KUIsTueHueM cmecH u3aTiuHoB ¢ C-H kucimoramu B mpucyTer-
BHUHU KaTaJIUTUYECKUX KOIMYECTB OCHOBaHMs. I onpeaeneHus rpaHuLl IpH-
MEHUMOCTH HOBOTO TMPENapaTUBHOTO METOJIa B KAUYECTBE MCXOTHBIX KOMIIO-
HEHTOB OBUIM HCIIOJIb30BaHbI, C OJJHOW CTOPOHBI, pa3IuyHble U3aTuHbl 1-7, ¢
Ipyroi — uanykcycHblil 3¢up 9 u 8-oxcuxunonud 8. Cienyer OTMETHTH,
YTO TPEXKOMIIOHEHTHAsi KOHACHCALMSI U3aTHHOB C IBYMS JAPYTHMHU KOMIIO-
HEHTaMH, COACPKAIIMMHU aKTUBHYIO METHJICHOBYIO TPYIIY U HYKJI€O(UIb-
HBI peareHT, NPOMCXOAUT M0 MPUHIIMITY KaCKaJHON LUKIIN3aLUHU, PEruoce-
JIEKTUBHO, MPHUBOJSA K 00pa30BaHUIO CIHPOKOHIICHCUPOBAHHBIX OKCOMHJIO-
JIUHOB.

R OH
0 N
+ X
Q_gjo C@ + CN-CH,COOC,H,
=
l?l
Iy

1-7 8 9

= R'=H (1); R=Br, R'=H(2); R=H, R'=CH; (3); R=H, R'=C,Hs (4); R=H,
=C3H; (5); R=H, R'=C,Hs (6); R=H, R'=CH,CsHs (7); R=R'=H (10) . R=Br,
=H (11); R=H, R'=CH; (12); R=H, R'=C,Hs (13); R=H, R'=C3H; (14);
=H, R'=C4H, (15); R=H, R'=CH,C¢Hs (16).

R
R
R
R

PernocenextuBHOCTh B 0Opa3oBanuu coenuHenuii 10-16 oObsicHsieTCs
y4acTHEeM BTOPUYHOW OpOuTamu B3auMoneicTBus mo mexanusmy (SOI),
NpeUIOKEHHOMY B cxeme. Peakiust uaer yepe3 oOpa3oBaHUE MMPOMEXKYTOU-
HOTO coeluHeHus1 2, 00pa30BaBUIETOCs MOCPEACTBOM KOHJCHCAIMH H3aTH-
HOB C IIMAHOYKCYCHBIM 3¢upom 9. Jlumonsipodun 2 peruocenekTuBHO pea-
THPYET ¢ 8-OKCMXWHOJIWHOM 8 B 3TaHOJIE, IPUBOMAS K LIEIEBBIM MPOIYKTaM
10-16. DT0 MOXHO OOBSCHUTH TEM, YTO COOTBETCTBYIOIICE MEPEXOIHOE
coCTOsIHHE 00pa30oBaHMs MPOMEXKYTOYHOTO COCTOSHHUS 20, KaK CIEAyeT W3
mutepatypsl [11], moTpebyeT Oonbiie CBOOOIHON SHEPTUU aKTUBAIUH, YEM
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coctosinue 2a. BeposiTHeIN MexaHn3M oOpa3oBanusi coequHenuii 10-16 ana-
JIOTHYEH MEXaHU3MY, PUBEJACHHOMY B padote [11].

C&
/ ~ a
- —OH _°
(@] N N
[}l AN
R =
2a 8
CO,CH,
N
/ AN H,N
~
~ b
0 \o\ ——%— H,C,00C
[}] ’
i»
1
2b Z

3KCHepl/IMeHTa.TIBHaﬂ 4acTb

HK-cniektpsl cHsaThl Ha crekTpometrpe "Nicolet Avatar 330 FT-IR" (B
BazenmHOBOM Macie), cnektpel SIMP 'H — wa mpuGope "Mercury 300",
Varian (300, 077 MI'y) B IMCO-dg, BuyTpennuii cranaapt — TMC. ToHko-
cioitHas xpomarorpadus mposeneHa Ha ruiactuHkax "Silufol UV-254" B
cucreMe OEH30JI—3TaHOd, 5:2, mposBUTENb — mapbl Homa. TemmepaTypbl
IUTABJICHHS OnpejiesieHsl Ha mpubope "Boetius”.

OOuasi MeToaMKa CHMHTe3a crnupo[uHaoauH-3,4'-nupano|3,2-h]xu-
HosmmHoB] (10-16). Cmech 20 mmoneil COOTBETCTBYIOLICro M3aTuHa 1-7,
2.9 2 (20 mmoneir) 8-oxcuxunonuna 8, 1 mr BogHoro pactBopa TMA (Tpu-
MeTHaamMuHa), 2.5 2 (20 mmonetr) unanykcycuoro sa¢upa 9 B 80 mz 3Tanona
MpU NiepeMeMBaHu KATSTAT 2 ¥. OTroustoT 40 M 3TaHONIa, CMECh OXJIakK-
JIar0T, 00pa30BOBABIINECS KPUCTALIBI OT()UIBTPOBBIBAIOT U MEPEKPUCTAI-
JIM30BBIBAIOT U3 ATAHOJIA.

ITH0BbIi 3¢up 2'-amMuHOo-2-okcocnupo[uHaoaun-3,4'-nmupano|3,2-
h]xunonun]-3-kapoonosoii kucaorsl (10).Beixon 4.6 2 (60%). T. mi. 288-
291°C. R 1 0.45. UK-cnextp, V, cn™: 1597 (C=C), 1626 (C=C), 1686 (C=0),
1724 (C=0), 3315, 3456 (NH,NH,). Criektp SIMP 'H, &, m.zx., [y: 0.84 T
(3H, J=7.1, OCH,CH3); 3.81 m (2H, OCHy); 6.80 T (1H, J=7.4, 0.9, CgH,);
6.82 1 (1H, J =8.7, = CH®); 6.87-6.92 m (2H, Ar); 7.10 T (1H, J=7.6, 1.3,
CeHa, ); 7.43 1 (1H, J =8.7, =CH®); 7.49 nx (1H, J=8.2, 4.2, =CH®); 8.01 m
(2H, NH,); 8.16 mn (1H, J=8.3, 1.7, =CH"); 8.91 nx (1H, J= 4.2, 1.7, =CH®);
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10.33 ¢ (1H, NH). Haiineno, %: C 68. 23; H 4.37; N 10.65. Cy; H17N30,.
Brrancieno, %: C 68.22; H 4.39; N 10.59.

ITujioBblii 3pup 2'-aMHHO-5-0poM-2-okcocninpo[uHa0MH-3,4"-TTH-
pano[3,2-h]|xunosun]-3-kapoonoBoii kucaornl (11).Boixox 4.2 2 (50%).
T. mr. 285-287°C. R; 0.42. UK-cmextp, V, cx’’: 1590 (C=C), 1636 (C=C),
1680 (C=0), 1734 (C=0), 3325, 3486 (NH,NH,). Cnektp SIMP 'H, §, m.x.,
I'y: 0.90 T (3H, J=7.1, OCH,CH3); 3.86 m (2H, OCHy); 6.81 x (1H, J=8.7,
=CH®); 6.84 1 (1H, J=8.2, = CH"); 7.00 x (1H, J=2, =CH*); 7.24ax (1H,
J=8.2, 2.0, =CH®); 7.47 n (1H, J =8.7, =CH®); 7.51 mn (1H, J=8.2, 4.2,
=CH®); 8.09 m (2H, NH,); 8.19 nx (1H, J=8.2, 1.6, =CH"); 8.92 un (1H, J=
4.2, 1.6, =CH?®); 10.50 ¢ (1H, NH). Haiizneno, %: C 62. 23; H 3.67; Br 18.86;
N 9.89. Cy HigBrN3Oa,. Brraucneno, %: C 62.26; H 3.77; Br 18.87; N 9.90.

ITHI0BBINA 3¢pup 2'-amuHo-1-MeTHI-2-0KCOCTINPO[UHA0IMH-3,4"-TTH-
pano[3,2-h]|xunonuH]-3-kapooHoBoii kucjaotTel (12).Beixon 4.2 2 (50%).
T. mr. 285-287°C. R; 0.42. UK-cmextp, Vv, cu™: 1590 (C=C), 1636 (C=C),
1680 (C=0), 1734 (C=0), 3325, 3486 (NH,NH,). Criextp SIMP 'H, 3, m.x.,
I'y: 0.79 T (3H, J=7.1, CH3); 3.29 ¢ (3H, NCH3); 3.72-3.82 m (2H, OCHy,);
6.66 1 (1H, J=8.2, = CH®); 6.88-7.00 m (3H, Ar); 7.23 tx (1H, J=7.6, 1.4,
CeHa); 7.411(1H, J=8.7, =CH®); 7.51 a1 (1H, J= 8.3, 4.2, =CH?®); 8.09 ym.c
(2H, NH,); 8.17 mn (1H, J=8.3, 1.6, =CH"); 8.92 an (1H, J=4.2, 1.6,
=CH9I).HafIﬂ6HO, %: C 68.82; H 4.74; N 10.48. Cy3 H1gN30O,4. Brrancieno,
%: C 68.83; H 4.74; N 10.48.

ITHa0BbIH 3pup 2'-amuHo-1-3THA-2-0KCOCTIMPO[UHAO0IMH-3,4"-TIH-
pano[3,2-h]|xunosun]-3-kapoonoBoii kuciaornl (13).Boixoq 4.9 2 (60%).
T. mn. 263-265°C. R; 0.45. UK-cnextp, Vv, cv™': 1597 (C=C), 1606 (C=C),
1670 (C=0), 1720 (C=0), 3355, 3456 (NH,NH,).Criextp SIMP 'H, &, m.1.,
I'y: 0.74 v (3H, J=7.1,0CH,CH3); 1.37 T (3H, J=7.1, CH3); 3.64-3.79 m (2H)
u 3.83-3.97 M (2H, OCH, u NH,); 6.65 x (1H, J=8.7,=CH°); 6.87-7.01m
(3H, J =8.7, = CgHy), 7.21tn (1H, J=7.6, 1.3, CgH,); 7.41 n (1H, J =8.7,
=CH®); 7.51an (1H, J=8.3, 4.2, =CH®); 8.09 ym.c (2H, NH,); 8.17ax (1H,
J=8.3,1.7, =CH"); 8.9311 (1H, J= 4.2, 1.7, =CH?®). Haiineno, %: C 69.30; H
5.07; N 10.15. Cy4 H21N3O4. Beruucneno, %: C 69.40; H 5.06; N 10.12.

OTuiaoBblii 3¢pup 2'-amMmuHO-1-mponua-2-okcocnupo[ungonanu-3,4'-
nupano[3,2-h|xunosnH|-3-kap6onoBoii kucaorel (14). Beixom 4.3 2
(50%). T. . 162-165°C. Ry 0.45. UK-cnektp, V, en™: 1597 (C=C), 1626
(C=C), 1686 (C=0), 1724 (C=0), 3315, 3456 (NH, NH,).Criextp SIMP 'H,
o, ma., Ify: 074 v (3H, J=7.1, OCH,CHj3); 1.08 Tt (3H, J=7.4,
NCH,;CH,CHjg); 1.75-1.88 m (2H, CH, CH,CH,CHs); 3.52-3.62 M (1H),
3.65-3.75 m (1H,) n 3.78-3.90 m (2H, OCH; u NCH,); 6.65 n (1H, J =8.7, =
CH®); 6.86-7.00 m (3H, Ar); 7.211x (1H, J=7.6, 1.4, C¢Ha, ); 7.40 1 (1H, J
=8.7, =CH®); 7.50mx (1H, J=8.3, 4.2, =CH?®); 8.08 yur.c (2H, NH,); 8.16 ax
(1H, J=8.3, 1.7 =CH"); 8.92xn (1H, J= 4.2, 1.7, =CH®). Haiizeno, %: C
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69.93; H 5.37; N 9.81. Cy5 Hx3sN3O,. Brraucieno, %: C 69.90; H 5.36; N
9.79.

ITIjoBbli d3Ppup 2'-amuno-1-6yTHi-2-okcocnupo[uHaoann-3,4'-nu-
pano[3,2-h]|xunonuH]-3-kap6oHoBoii kucaotTsl (15). Beixox 4.26 2 (60%).
T. . 230-234°C. Ry 0.74. K-cniektp, v, cm™: 1597 (C=C), 1626 (C=C),
1686 (C=0), 1724 (C=0), 3315, 3456 (NH, NH,). Ciexkrp SIMP 'H, &, m.x.,
I'y: 0.74 T (3H, J=7.1, OCH,CH3); 1.04 t (3H, J=7.3, CH,CH,CH,CHj3);
1.44-1.57 m (2H, CH,CHs); 1.71-1.81 m (2H, CH; CH,CHj3); 3.54-3.91 m
(4H, NCH; u OCH,); 6.63 n (1H, J=8.7,=CH°); 6.86-7.01 m (3H, Ar);
7.21tx (1H, J=7.6, 1.4, C¢Hs ); 7.40 n (1H, J =8.7, =CH®); 7.51ax (1H,
J=8.2, 4.2, =CH?®); 8.09 yur.c (2H, NH,); 8.16 mx (1H, J=8.3, 1.7, =CH");
8.93nn (1H, J=4.2, 1.7=CH%). Haiizeno, %: C 70.43; H 5.67; N 9.41.
C26H25N304. BBI‘II/ICJIGHO, %: C 7043, H 564, N 9.48.

IOTHaoBbIil  3¢up 2'-amMuHO-1-0eH3MI-2-0KcocIMpPo[uHA0IMH-3,4"-
nupano[3,2-h|xuHosmH|-3-kap6oHoBoii kucaorel (16). Beixom 6.2 2
(66%). T. mn. 255-257°C. R 1 0.45. UK-cnextp, v, e 1567 (C=C), 1606
(C=C), 1712 (C=0), 3315 (NH,).Crextp SIMP 'H, &, m.z1., I'y: 0.60 T (3H,
J=7.1, OCH,CHy); 3.54 nx (2H, J=10.7, 7.1, OCH,); 3.84 tn (1H, J=10.7,
7.1, OCHy); 4.74 n (1H, J =15.1, NCHy); 5.11x (1H, J=15.1, NH,); 6.591
(1H, J=8.7, =CH); 6.85-7.00 m (3H, CgH,); 7.15ta (1H, J=7.6, 1.4, CcHy);
7.26-7.31 m (1H, 4-H, C¢Hs); 7.33-7.39 m (2H, 3",3"-H, CgHs); 7.37 a (1H,
J=8.7, =CH); 7.47-7.51 a1 (1H, J=8.3, 1.7, =CH®); 8.11ymr.c (2H,NH,); 8.16
un (1H, J=8.3, 1.7, =CH"); 8.93nx (1H, J=4.2, 1.7, =CH®). Haiizeno, %:
C72.96; H 4.87; N 8.80. Cyg H»sN3O,. Beruncneno, %: C 72.97; H 4.82; N
8.81.

LAL UNPLARLANLPL-3,4'-Nh LT LA[3,2-h P LALPLLELP] URLE-GQL
U. <. MN1NUSEL L U €L MNA0USEL

Ussalylby & Somps gl oy -3, 4" uypsts[3,2- 1] fuflomg pibipsp] s usggu byl
[Phgp byuiisl: Snyy L wnpdwd, np bpwiy nbfuulyblpnfy snugdut; sl ggpph
bepuatinly & Quston i fgusinfiiibp b uslunfo] Syl famedp. spuspnc sy gt
pusgufussfF B bfapy buPlpl m Tmclybniply 8-opupfuflim s um punpunnibply dpusdundu-
fu.uluul [[niul,bilulugnLLfE:

SYNTHESIS OF NEW SPIRO[INDOLINE-3,4'-PYRANOI3,2-h]QUINOLINES

S. A. POGOSYAN and M. V. POGOSYAN

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

Earlier we obtained a series of spiroheterocyclic compounds containing an
oxoindoline fragment. The interest in these compounds is caused by the possibility of
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development and expansion of their synthetic potential. In continuation of these studies,
we synthesized spiro compounds by boiling a mixture of isatines with C-H acids in the
presence of catalytic amounts of a base. To determine the limits of applicability of the
new preparative method, as the starting components were used various isatins 1-7, on
the one hand, and cyanoacetic ester 9 and 8-oxyquinoline 8 that contained activated
methylene groups, on the other hand. It should be noted that the three-component
condensation of isatins with two other components, containing an active methylene
group and a nucleophilic reagent proceeds by the principle of cascade cyclization,
regioselectively resulting in the formation of desired spirocondensed oxoindolines 10-
16. The regioselectivity in the formation of compounds 10-16 is explained by the
participation of the secondary interaction orbital by the mechanism (SOI) proposed in
the scheme. The reaction begins with intermediate compound 2 formed by condensation
of isatins with cyanoacetic ester 9. Dipolarophile 2 regioselectively reacts with 8-
oxyquinoline 8 in ethanol leading to target products 10-16. This can be explained by the
fact that the corresponding transition state of formation of intermediate state 2b will
require more free activation energy than state 2a.
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MpeanoxeH HOBbIV MyTb NonyYeHus (Z)-okT-4-eH-unavetata — Cg-KOMMNOHEHTA B cuHTE3E (Z)-
fofel-8-eHunaveTaTa — NosioBoro hepoMoHa, ONacHoOro kKapaHTUHHOMO BPEeAUTENSt BOCTOYHOM Mio-
poxopku (Grapholitha molesta), ocywecTBneHHbIn Ha ocHoBe TeTparnapodypdypunxnopuga. Cy-
LLIeCTBEHHOW OCOBEHHOCTBI0 METOAA SIBMSETCS TO, YTO OAHA M3 KIYEBbLIX CTaaui cuHTe3a Cg-KOM-
NMOHeHTa — nonyyeHne okT-4-uH-1-ona, NnpoTekaeT B o4HYy cTaauo ¢ 73% BbIXOAOM, T.e. AeumnKnn3a-
LMsi-AervaporasnioreHMpoBaH1e U ankunmpoBaHune TeTparuapodypdypunxrnopuaa npoTekaoT of-
HOBPEMEHHO B OJHOW peaKLMOHHOI konbe.

Bubn. ccbinok 15.

Bocrounas miogoxopka (Grapholita molesta) — nacexkomoe, siBisiroree-
Csl OTIACHBIM KapaHTWHHBIM BpeauTeseM. [IporcxoxaeHne 3Toro BUIa CBS-
3aHo ¢ Boctounoii Azuelt (Kutaii, Kopes, Snonus), oTkyaa oHa pacupocT-
paHmIIach MO IPYTHM CTpaHaM U KOHTHHEHTaM. B HacTosiee BpeMs BOCTOY-
Has TUIOJIO’KOPKA UMEET IIMPOKOE paclpoCcTpaHeHue U oTMedeHa B 44 ctpa-
Hax mupa [1,2].

BocTounast mimomoskopka moBpekIaeT TUIOAbI U TIOOETH TIEPCHUKA, CITUBBI,
abpukoca, HEKTapuHa, sI0OJIOHU, TPYIIN, alBbI, BUIITHHU, YEPEIIIHH, JIABPOBHIII-
HH, MUHJAJsI, HO TPEeANOYUTaeT MepCUK, aiiBy u rpymy [1,2]. Yiepo ypo-
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kKasi TIEPCUKOB, HEKTAPUHOB, CJIMB, TPYII, aiBbl HMHOrAa gocturaer 90 —
100%, 6110k — oT 40 110 45%.

[TosmoBo¥ (epOMOH BOCTOYHOW TUTIOJOKOPKH BBIACICH W HIACHTH(HIIN-
poBaH Kak (Z)-noxen-8-enunarnerar (1) [3].

S e NN

1

Hcnonb3oBanue mosioBoro epoMoHa BOCTOUHOM IIIOJOKOPKH B CUCTE-
M€ 3aIIUTHI IUIOAOBBIX KYJIbTYp BecbMa 3((QEKTHBHO B MOJEBBIX YCIOBHAX
[4,5].

M3BecTHBI pa3aryHble TOAXOIbI K CHHTE3Y HCKOMOTO COeIMHEeHuUs [3, 6-
11].

Paeee coobmanock Takke 0 MPOCTOM U JOCTYITHOM METOJIe CHHTE3a I10-
J0BOro (pepoMOHa BOCTOYHOM IUION0KOPKH— (Z)-monen-8-ennnanerara (1),
Ha OCHOBE TeTparuapodypdy-punopomua mo cxeme Cg+Cy [12].

KiroueBoit craameit 3Toro MeToa sIBIsieTCsl npucoeuaenue (Z)-okr-4-
en-unarerara (2) (Cg komrnoHeHT) K peaktuBy ['punbsipa (C4; KOMIIOHEHT),
MoJy4eHHOro u3 4-xjop-l-terparuaponupanmiokcuOyrana. HyxHo oTme-
TUTh, YTO CHHTE3 aleraTa 2 OCYIIECTBJICH aBTOPaMH B HECKOJIBKO CTaIui.
ChHauana u3 terparuapodyppypHiIoro Crupra MoJydeH COOTBETCTBYIOIIUI
Opomua. Jlagee Ha OCHOBE TOCIIEAHErO B YCIOBUSX aMMHAYHOTO CHHTE3a
(NaNH2/NH3) nony4en mneHt-4-uH-1-011, mepeBeIcHHBI B COOTBETCTBYIO-
mee OTITI-nmpousBogHoe. Cnenyromias craaus — elie OAWH aMMHAYHbBIN
cunre3 ¢ npumenenuem Li NH,/NHs, nanee — custrie OTI TI-3amutsl 1 10-
nmydeHue okT-4-un-1-oma (3) ¢ obumm BeIxogom 16.1% B pacyere Ha TeTpa-
ruapodypdypundpomua. Ilocnequuii nepeBeieH B COOTBETCTBYIOIIMI atie-
TaT U Jajiee yuc-BOCCTAHOBICHUEM TPOMHOMU CBsi3U B (Z)-OKT-4-CH-HianeTar
(2) — Cg-xommonenT B cxeme Cgt+ Cy.

Hamu pa3spaboran ya0OHbIH ¥ KOPOTKHi MyTh mosryueHust (Z)-0KT-4-¢H-
nnarerara (2).

Cunte3 (Z)-okT-4-eHunarnerara (2) OCyIIECTBIICH 10 HIKETIPUBEICHHON
cxeMe Ha OCHOBe Terparuipodypdypuixiopuaa (4), moJTydeHHOTO MO U3-

BecTHOU MeToauke [13].
1.Li/ NHg
2.C3H,Br /\// OH

OAc

Cl
73%
0 ’ 79.2%] H, I NiP-2
4 3
W/\/\— <_ACZO W/\/\
OAcC 82% — OH
2 5
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CrnenyeT OTMETHUTb, YTO KIIFOUEBOM CTaaueil mpeasioKeHHON HaMu cxe-
MbI cuHTe3a Cg-KOMIIOHEHTA SBJISCTCS MoJaydeHHe okT-4-uH-1-oma (3). IIpo-
necc ObUI TIPOBEJCH C NMPUMEHEHHEM aMHJa JHUTHUS B KHIKOM aMMHaKe U
nponuwidpoMua. CymecTBEeHHOH O0COOEHHOCTBIO MPEAIOKEHHHOTO METOAa
SIBIIIETCSL TO, YTO OJTHOBPEMEHHO MPOUCXOIAT JACUMKIN3alUs-1eTHApOraio-
TCHHPOBAaHHE W AIKWIMpOBaHWEe TeTparuapodypdypunxiopuna (4), T.e.
BECh MPOLECC CHHTE3a MPOTEKAET OJAHOBPEMEHHO B OJIHON pEaKIMOHHOMN
koJioe. [IpuMeuaTenbHO, 4TO TaKUM 00pa30oM HaM YAQJIOCh HE TOJIBKO COKpa-
TUTH YMCIIO CTaJUI MOJTY4YEeHHUsS CIUPTa 3, HO ¥ CYIIECTBEHHO MOBBICHTH €TI0
BbIX01 10 73%.

BaxxHo Takxe OTMETUTH, YTO 3TOT METOJ MO3BOJMII MOYTH MOTHOCTHIO
UCKITIOUUTH 00pa3oBanue O-aJKWIMPOBAHHOTO MPOIYKTA.

CtpoeHue mory4eHHOro OKT-4-uH-1-oma (3) 10Ka3aHO ¢ MOMOIUIBIO JaH-
veix K-, IMP 'HucC® crekTpoB. Tak, B UK-ciekTpe umeroTcst nojaocsl
norsomierus nmpu 2220 u 3300-3500 CM'l, XapakTepHbIC TS TU3aMEICHHON
TPOWHOM CBSI3M M TUAPOKCWIBHON TPYIIBI, COOTBETCTBEHHO. B crmekrpe
SIMP 'H npoTOHBI METHICHOBBIX IPYII 10 COCEACTBY C TPOIHOM CBSA3BIO
nposiBisitorest ipu 2.10-2.19 M.z, B BUIE MyJIBTHILICTA.

Ha cnepyromeil cragyuy HaMu OCYIIECTBIIEHO MapLMaIbHOE THIPUPOBaA-
HUe crnupTa 3 MOJIEKYJIIPHBIM BOJOPOAOM. BoccTaHoBiIeHrEe TPOBOANIOCH B
NPUCYTCTBUM KaTanu3atopa oopuaa Hukens NiP-2 [14]. Ipouecc ruapupo-
BaHus KoHTposmpoBasics meromgoMm TCX. Iomyduen (Z)-okt-4-en-1-o1 (5) ¢
yuc-xoH(pUTypaet TBOWHON CBA3M C HEOOJBIIONW MPUMECHIO TIEPEBOCCTA-
HOBJICHHOTO TPOJYKTa. Peakuusi mpoTeKaeT C BBICOKOH CTEpeOCeIeKTHB-
HOCTBIO. OO0 9TOM CBHIETENBCTBYET CUTHAN B criektpe SIMP 'H mpu 5.30
m.a ¢ J 10.8 Iy, sBOsrOmUiicSs IUATHOCTUYECKUM ISl TPOTOHOB (Z)-
CH=CH rpynmsi, u orcyrctBue curnana (E)-CH=CH rpymmsr [15]. TTocne
OYHUCTKH C TIOMOIIBIO0 KOJIOHOYHOM Xpomarorpaduu Ha CHITMKArese mpoayKT
OBLI BBIJEJIEH C BBIX0IOM 79.0%.

B HK-cnekrpe (Z)-okt-4-eH-1-oma (5) UMEIOTCS MOJOCHI MOTJIONMICHHS
npu 710 u 1660 cxm™, xapaKkTepHbIe IS yuc-TBOHHOMN CBS3H.

IMocnennsist cragust cunte3a Cg KOMIIOHEHTA — 3TO anIMpoBanue (Z)-
okT-4-eH-1-oma (5), KoTopas mpuBeia K Moay4eHuro (Z)-okT-4-eHunanerara
(2) ¢ BeIXOTOM 82%.

BKCHepI/IMeHTaJIbHaﬂ 4acTb

Crextpsl IMP 'H u B3C crsrer Ha cnektpometpe Varian “Mercury-
300V X” ¢ paboueit yactoroit 300.088 M1y 8 DMSO/CCl,-1/3. Xumuueckue
CIBUTH TpuBeeHbl oTHOCcUTeNbHO TMC B KadecTBE BHYTPEHHOTO CTaHIap-
ta. UK-criexTpsl 3ammcanbl Ha npubope “Specord 75IR” B TOHKOM ciioe.
Xon peakiuu KoHTposmpoBaH MetogoM TCX Ha mactunax “Silufol UV-
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254” B cucreme rekcan—3dup, nposiska — pacteopoM KMnO,. [Tns kooHou-
HOM xpomaTorpaduu npumeneH cunukarens L 40/100.

Oxr-4-un-1-04 (3). K 1.0 2 sxunkoro ammuaka npu -70°C u nepemernu-
Banuu 100aBysIoT 0.2 2 Fe(NO3)3 4.2 2 (0.6 Mmo/s1) METANTHIECKOTO JTUTHS.
[Tocne momHOro pacTBOpEHUs MOCIEHETO MPH MEPEMEIINBAHUH TOOABISIOT
no kamwsm 24.1 2 (0.2 mons) terparuapodypdypuixinopuna (4). [epeme-
IIMBAaHHE PEAKIMOHHON CMECH MpomoinKarT npu -33+-38°C B Teuenue 2 u.
3arem mpu TOH Ke TeMIepaType U MepeMElIMBaHUU OOABISIOT TI0 KarlisiM
pactBop 24.6 2 (0.2 mons) npommndpomuctoro B 10 sz TI'®. Tlepemern-
BaroT emre B TeueHue 0.5-1 v ¥ OCTaBNIAIOT 10 MOTHOTO UCTIAPEHUS aMMHUaKa.
Ocrarok oxnmaxmaaoT 10 0°C u 00pabaTHIBAIOT HACHIIMICHHBIM PacTBOPOM
XJIOpUJIa aMMOHUSI. PEakIIMOHHYI0 CMECh IKCTPArupyroT d3PHUPOM. DKCTPAKT
BBICYIIMBAIOT CyibdaroMm HaTpus. [locie ynaneHus: pacTBOPUTENSI OCTATOK
neperonstor. [Tomyuaror 18.4 2 (73.0%) okr-4-un-1-ona (3), T.kum. 79-82°C
| 4 mm pm em. UK-criextp, v, ew™: 1045, 1140, 1200, 1420 (C-O-); 2220
(C=C); 3300-3500 (OH). Criextp SIMP *H (DMSO/CCl,-1/3), &, M. 1., Iy
0.80 (3H, T, C®-H, J =7.0); 1.44-1.60 (4H, m, C>-H, C’-H); 2.10-2.19 (4H, m,
C3-H, C°-H); 3.42 (2H, 1, C*-H, J =7.1); 3.82 (1H, ymr. ¢, OH). Criextp SIMP
13C (DMSOICCI,-1/3), 8, m. ., ['y: 13.0 (C?), 14.7 (C), 20.2 (C?), 21.8 (C®),
31.8 (C?), 59.4 (Ch), 79.1 (C°), 79.8 (C*).

(2)-OxT1-4-en-1-0a (5). B cocyn mns ruapupoBaHusi, MpeaBapUTEIbHO
OpOayTHIA  BOmOpoaOM, momemniaoT cycnersuto 474 me (1.9 mmons)
Ni(OAc);H,O B 17.0 mr abc.araHoNa, HOOABISIFOT MO KAIUISIM PacTBOP
72.9 me (1.9 mmons) NaBH; B 6.3 mn abc.oTaHosa W MEPEMEIIUBAIOT 10
IpeKpalleHus BblAeIeHHUs Bogopona. Jlanee K peaklMOHHONW cMecH m00aB-
nstroT 1o KarwisiM 0.19 wr stunenauamuna u 2.0 2 (0.158 monst) oxr-4-un-1-
ona (3) u mepemMenMBaOT B TeueHue 6.5-7 u. PeaknmoHHyI0 cMech (UIIBT-
pytoT, GuibTpaT pa3daBiAOT 3(HUPOM, MPOMBIBAIOT BOAOH. PacTBOp BBICY-
muBaoT cynbdarom HaTpus. [locne ymaneHus pacTBOPUTENS OCTATOK OYH-
IAI0T KOJIOHOYHOM XpoMmartorpadueil Ha cuimkarene (II0eHT — TeKCaH-
a¢up, 10:1). Beigensror 1.60 2 (79.0%) (Z)-okr-4-en-1-oma (5), Rf0.44 (rek-
car-3¢up, 4:1). UK-cniexrp, v, cx™’: 1020, 1100, 1420 (C-0O-); 720, 1636 (Z-
C=C); 3300-3500 (OH). Crextp SIMP 'H (DMSO/CCI,-1/3), &, m. ., I'y:
0.88 (3H, T, C%-H, J= 7.1); 1.32-1.46 (4H, m, C>-H, C’-H); 1.95-2.10 (4H,
M,C3-H, C8-H); 3.38 (2H, T, C-H, J= 7.2); 5.30 (2H, t, C*-H, C>H, J =
10.8). Criextp SIMP **C (DMSO/CCl4-1/3), 8, m. 1., I'y: 13.3 (C?), 22.2 (C"),
23.1 (C?), 28.5 (C°), 32.4 (C%), 60.2 (CY), 128.9 (C°), 129.3 (C*).

(2)-OxT1-4-ennaanerar (2). B peakiuoHHy0 K00y MOMEIIAIOT pacT-
Bop 1.28 2 (0.01 mons) (Z)-oxt-4-en-1-ona (5) B 20 mz abc 3dupa, oxiiax-
narot 110 -15°C u mo6asnsror 1.11 2 (0.011 mons) TpusTUIAMKHA, 3aTEM O~
6apmsitoT 1o karuisam 0.85 2 (0.011 mosns) xnopuctoro aneruia u 30 mz adc.
>¢upa. PeakoHHyI0 cMech nepeMemuBarot 1pu -13-+-15°C B Teuenue 2 v,
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3aTeM eule 2 y Mpu KOMHATHOM TeMrieparype. @PUIbTpyIOT 00pa30BaBIIYIOCS
COJIb TPCTUYHOI'0O aMHHA, HECKOJIBKO pa3 MpOMBIBAIOT 3(1)I/IpOM. I[anee JOKCT-
pPaKT MPOMBIBAIOT BOJOW, HACKHIIIEHHBIM PacTBOPOM XJIOPUAA HATPUS U CY-
mat cyiabpatom Hatpus. [lociie yaaneHus pacTBOpUTENs OCTaTOK OUUIIAIOT
KOJIOHOYHOM XpomaTorpadueil Ha cuiukarene (3JII0€HT — TeKcaH-3¢Qup,
20:1). Boigensiror 1.40 2 (82.0 %) (2)-okt-4-enmnanerata (2), Rf 0.58 (rek-
car-3¢up, 10:1). UK-crextp, v, e’ 1020, 1120 (C-O-); 710, 1660 (C=C);
1730 (C=0). Cnextp SIMP ‘H (DMSO/CCl4-1/3), &, m. a., I4:0.88 (3H, T,
C%-H, J =7.1); 1.44-1.60 (4H, m, C>-H, C’-H), 1.60-1.66 (2H, m, C®-H), 2.01
(3H, ¢, CH;C00), 2.05-2.13 (2H, m, C*-H), 3.97 (2H, T, C*-H,J = 6.5), 5.37
(2H, M, C*-H, C>-H).

ULGLEL3UWL MSALUYUGLD (Grapholita molesta) UGA-UGUTL SELAUT N (Z)-
21N0163-8-6LPLUSESUSh U LE-62h C-AUNLURLUU TRU
(Z)-04S-4-E LPLUSESUSP USUSUUL LAL STLUMUNN

10U rsw3UL, ¢-.U.Uueur3uy, N.LAUrpf3TL, UG- U2r23U0L,
NULELURUSUL U NL.UULGU3TL

Unuwuplpfly & fmubquifnp Qupubinpboygpl fbunnne wphbyob spoqulbpf
(Grapholitha molesta) ulin_l.ullwil q)bpnlfnfl (Z)—ll_nll_bg—g—bilﬁ[mgbmwm[r u[ril[r'lnl[r Cg—lzw-
rll.mHuulfl.uu Cwilll_[ruwgnll (Z)'Ol[lﬂ'4'bil[1[l.ugll‘lﬂwlﬂll ul.nl.uglfl.ufl ilnp ﬁl.ufu.uuiu-lpC‘ mlnn[uu-
Spippnprepnppippnpbb Spduts dpu: Ubfagf Guljul wnwb &S unln Fyncip fjuyu-
i § ipuitined, np Co-punpunpfish @byl Spduu-lut spnegbppy dhlp - olyn-4-fiu-1-nyf
wnmgnidp, wkyp b noikinod gkl oo b 73% kppmf, wyufiph mbnpwSpypn$nep$n-
clrernplwl whgllyned-nhlfoppnSuyngbimgndp b wylfyncdl pbfduino B dfusduduil
Skl hryppusgncd: ‘

Uytsm8lounle. Uplybyfr prpfingfs fusmusyfqgunnnpf NiP-2-f bplypyn fFgudp ppoluigfky §
olpun-d-pis-T-mp ghu-Sfrgprdp: Yimugifusd (Z)-oljun-d-libs=1-mifs wgpyusgnedm upisf@bagfly &
Co-puspunpps (Z)-oljn-d-kibsfyyusgbuusng

A NEW WAY FOR PREPARING (Z)-OCT-4-ENYL ACETATE - THE Cg—
COMPONENT IN THE SYNTHESIS OF (Z)-DODEC-8-ENYL ACETATE -
THE SEX PHEROMONE OF THE EASTERN MOTH (Grapholitha molesta)

D. A. MKRTCHYAN, G. M. MAKARYAN, H. A. GARIBYAN, M. G. AZIZYAN,
H. S. NERSISYAN and H. B. SARGSYAN

A new way is proposed for preparing (Z)-oct-4-enyl acetate — the Cg-component in
the synthesis of (Z)-dodec-8-enylacetate — the sex pheromone of the dangerous
quarantine plant pest of the Eastern Moth (Grapholitha molesta) based on
tetrahydrofurfuryl chloride. An essential feature of the method is that one of the key
stages of the Cg-component synthesis is the synthesis of oct-4-in-1-ol, which proceeds in
one stage with 73% vyield, i.e. decyclization-dehydrohalogenation and alkylation of
tetrahydrofurfuryl chloride take place simultaneously in one reaction vessel.

Next, the partial hydrogenation of oct-4-yn-1-ol was carried out in the presence of a
nickel boride catalyst NiP-2. By acylation of the obtained cis-oct-4-en-1-ol, cis-oct-4-
enyl acetate, a Cg-component, was synthesized.
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IINCBMA B PEJAKIIUIO

YK 547.39+547.327+547.318

BECKATAJIM3HAS PEAKIIUS MUXADJIA C YHACTHUEM
APWIMETUWINIEHIHNUAHYKCYCHOI'O D®UPA
U APWJIAMMJIOB ALIETOYKCYCHOM KACJIOTHI

Wutepec k peakunu Muxasns B 3HAYUTEIBHOH CTENEHH OOYCIOBJIECH
TE€M, YTO JTOW peakuueld MOXHO CHHTE3MPOBATh MHOTOYMCIICHHBIE IOJIU-
(YHKIMOHAIBHO 3aMEUIEHHBIE COSIMHEHUS KaK JIMHEHHOTro, TaK U Kapbo- U
TeTePOIMKINIECKOro crpoenus [1-4]. B aTom psagy ocoboe MecTo 3aHMMAIOT
peakiuu, B KOTOPhIX y4acTBYIOIIME IOHOPHI U aKIENTOPH B CBOCH MOJIEKY-
Jie coaepkar Takke (PyHKIMOHAIBHBIE TPYIIbI, YTO Ja€T BO3MOXKHOCThH 00-
pasyroniemycsi aaayKTy HNOJBEPIHYTHCS MOCIEAYIOIIEH BHYTPUMOJIEKYIISp-
HoW mmkm3armu. [locnenHee mo3BoJisieT HAOMIOJATh TaKKe HampaBICHHE
UKJIM3aLUHU TIPU HAJIMYKUU Pa3HbIX QYHKIMOHATBHBIX rpymil [5]. B peakuun
Muxasis Ba)KHOE 3HaU€HUE UMEET U MpUpojia MPUMEHIEMOr0 KaTtaiu3aTopa,
MMOCKOJIbKY B 3aBUCHMOCTH OT €r0 OCHOBHOCTH U KOJIMYECTBA MOXKET H3Me-
HSTHh HAlpaBlIeHHE KaK HYKJICO(PHIHLHOTO MPUCOCTMHEHUS, TaK U IUKJIN3a-
uuu [6]. Cpeau MHOTOYHMCIIEHHBIX HNPUMEPOB 3TOW pEeaklUu OIMUCAHBI OT-
JIeNbHbBIE, KOT1a B3aMMO/IEHCTBHE IPOUCXOAUT Oe3 Katanu3aropa [1].

Hamu ObIIO BBISBICHO, YTO B3aUMOJCHCTBUE APHIMETHIHICHIIMAHYK-
cycHoro 3¢upa 1 ¢ apunamMuaamMu aneToyKCyCHOM KUCIOTHI 2 B a0COTIOTHOM
ATaHOJIe IPOUCXOJUT NMPU KOMHATHON Temrieparype 0e3 katanmsaropa. Cor-
nacHo fganHbiM MK- u IMP-cnextpockonuu, obpasyromuiics aaaykT Mu-
Xad1st 3 B YKa3aHHBIX YCIIOBHSIX TIOJBEPraeTcs NaibHEeHIIel a3auKiIn3aluy,
MpUYeM B Ka4eCTBE JEKTPOo(driIa BRICTyNAeT, KaK HA CTPAHHO, CPABHUTEIh-
HO MEHEE PEeaKIMOHHOCIOCOOHAas LMAHOrpyImna ¢ oOpa3oBaHHEM 3TWUI S-
anetwi-1,4-quapun-2-uMruHO-6-0KconunepuInH-3-kapOookcunaroB (4) ¢ BbI-
xomamu 72-85% (cxema). Yka3aHHBIE B3aUMOJICUCTBUS aHAIOTUYHO TIPOMC-
XOJST U B IPUCYTCTBUM TPUITUIIAMUHA.
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Cxema

(o} Ar O o Ar O
RHN
Ar, CN
_ o HsC OEt HsC%OEt
+ —_— —_—
o 20°C, EtOH AN 07 N7 SNH
O NH N |

EtO | R

HaC R

1a,6 2a,8 3 4a-8

Ar=CgHs, R=2,4-(CH3),CgHj (a); Ar=4-CH30CgH,, R=2,4-(CH3),C¢H3 (6); Ar=CgHs, R=2-CH3CgH, (B).

TakuMm oOpa3oM, HaMH HalJIeH HOBBIH () (PEKTHUBHBIN METOJ] CHHTE3a, TI0
peakuuu Muxasiisi, MHOTO(yHKIIMOHAIBHO 3aMELICHHBIX MUIEPUI0HOB, IIPH
KOMHATHOM TeMIeparype 0e3 MPUMEHEHHs KaTain3aTopa.

3KCHepl/IMeHTa.TIBHaﬂ 4acTb

WK-criektpsl cHATHI Ha criektpodorometpe “Nicolet Avatar 330 FT-IR”
B BaszenuHOBOM Macne. Crextpsl SIMP 'H u *C nomyuensr ma npu6ope
Varian “Mercury 300V X” ¢ pabounmu gacroramu 300.077 u 75 My, pact-
Boputens — JIMCO-d-CCl, (1:3), Bauyrpennuii cranaapt — TMC. Temmepa-
TYpBI TUIABJICHUS ONpEe/Ie/icHbI Ha cTonke “Boétius”.

OO0masi MeToANKA NMPOBeeHUs] B3aMMOAEHCTBUSA APHJIMETHIN/IEH-
nuanykcycHoro 3gupa (1) ¢ apuinaMuaaMu aneTOYKCYCHOM KHCIOTbI
(2). AOGConrOTHBII 3TaHOJBHBIN PACTBOP IKBUMOIIBHBIX KOJIMYECTB COC/IHHE-
Huii 1 u 2 ocrasmsor npu 20-25°C Ha oauH jaeHb. BhimaBmme KpucTamibl
OT(UIBTPOBBIBAIOT, NMPOMBIBAIOT 3(PHUPOM U MEPEKPHCTAILIM3OBHIBAIOT M3
a0c. aTaHoNA.

Otua  5-anermi-1-(2,4-numerniageHunit)-2-uMHHO-6-0Kkco-4-peHn-
nunepuauH-3-kapookcuiaar (4a). 13 0.8 2 (4 mmonsn) 1a u 0.82 2 (4 mmo-
1) 2a monyuator 1.26 2 (77%) 4a, 1. 1. 164°C. UK-cnextp, v, cm™: 3267
(=NH), 1750 (COOC), 1715 (CO), 1647 (CON). Crextp SIMP 'H, §, m. 1.,
I'y: 1.10 T (3H, J=7.1, CH3CH0); 1.78 ¢ (3H, 0-CH3 Ar); 2.21 ¢ (3H, p-CHs
Ar); 2.38 ¢ (3H, COCHj3); 3.95-4.05 m (2H, OCHy); 4.04 nn (1H, J=11.6,
5.1, CHPh); 4.47 1 (1H, J=5.1, CHCOCHy); 4.68 1 (1H, J=11.6, CHCO,Et);
6.65 1 (1H, J=8.0, 6-H C¢Hs); 6.76 nn (1H, J=8.0, 2.0, 5-H C¢Hs); 6.82 1
(1H, J=2.0, 3-H C¢Hgy); 7.22-7.34 m (3H, C¢Hs); 7.36-7.41 m (2H, CgHs);
9.58 ¢ (1H, =NH). Crexrp SIMP *3C, §, m. 1.: 13.3 (CHs, Et); 17.2 (0-CHs-
Ar); 20.3 (p-CHgz Ar); 28.5 (COCHg); 41.1 (CHCO,Et); 42.6 (CH-Ph); 61.4
(OCHy); 62.3 (CH-Ac); 115.2; 124.7 (CH); 125.8(CH); 127.3 (CH); 127.6
(2.CH); 128.7 (2.CH); 130.2 (CH); 131.6, 132.5, 134.3, 135.8, 163.5 (CO),
164.1 (CO), 201.1 (CO). Haiineno, %: C 70.61; H 6.22; N 6.58. C4H2sN,0,.
Brrancieno, %: C 70.92; H 6.45; N 6.89.

Otua  S-anerna-1-(2,4-numernndeHnn)-2-uMuHo-4-(4-meTokcude-
HWI)-6-okconunepuaun-3-kapookcuiar (40). 13 0.35 2 (1.5 mmons) 16 u
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0.3 2 (1.5 mmona) 2a nonyuaror 0.47 2 (72%) 46, 1. . 135°C. UK-cniektp,
v, em’™: 3244 (=NH), 1737 (COOC), 1720 (CO), 1646 (CON). Criextp SIMP
'H, 8, m. 1., T'y: 1.14 1 (3H, J=7.1, CH3CH,0); 1.82 ¢ (3H, CHs); 2.22 ¢ (3H,
CH3 Ar); 2.37 ¢ (3H, COCHj3); 3.76 ¢ (3H, OCHj3); 4.00 nx (1H, J=11.6, 5.0,
CHAr); 4.02 x (2H, J=7.1, OCH,); 4.41 n (1H, J=5.0 , CH); 4.63 1 (1H,
J=11.6, CH); 6.72 n (1H, J=8.0, C¢Ha3); 6.76-6.84 m (4H, Ar); 7.27-7.32 m
(2H, C¢HsOMe); 9.56 ¢ (1H, =NH). Haiineno, %: C 68.51; H 6.21; N 6.30.
C25H28N205. BLI‘{I/ICJIGHO, %: C 6879, H 647, N 6.42.

IOTHI  S-aneTWwi-2-uMHHO-6-0Kc0-4-(peHn-1-o-ToauanunepuanH-3-
kapookcuiaar (4B). a. U3 0.3 2 (1.5 mmonsa) 1a u 0.29 2 (1.5 mmons) 2B 1o-
nyuaior 0.5 2 (85%) 4B, 1. . 119°C. UK-criextp, v, cn™: 3281 (=NH), 1745
(COOC), 1713 (CO), 1649 (CON). Crekrp IMP *H, 8, m. 1., Iy: 1.10 T
(3H, J=7.1, CH3CH;0); 1.86 ¢ (3H, CHz3); 2.40 ¢ (3H, CHa); 3,95-4.06 M
(2H, OCH,CHj3); 4.06 nx (1H, J=11.6, 5.2, CHPh); 4.47 n (1H, J=5.2, CH);
4.72 n (1H, J=11.6, CH); 6.80-6.85 M (1H, Ar); 6.94-7.03 m (3H, Ar); 7.24-
7.42 M (S5H, Ar); 9.65 ¢ (1H, =NH). Haiineno, %: C 70.05; H 6.22; N 7.36.
C25H24N204. BBI‘II/ICJIGHO, %: C 7039, H 616, N 7.14.

6. Cmechb 0.2 2 (1.0 mmonw) 1a u 0.19 2 (1.0 mmonv) 2B B IPUCYTCTBUN
Tpex Kamnenb TOA B abc. 3TaHOJIe OCTABIIAIOT HA OAMH AeHb. [locie 06paboT-
KM peakIMOHHOW cmecH nomy4aroT 0.25 2 (64%) coenuHeHusi, KOTOpoe, 1o
naunbM SIMP criextpa, cooTBeTcTBYET 4B, T. 1. 119-120°C.

UCPLUGE-PLPMELSPULLUSUVUGE-G-U P UG-G, L
USESNLUSUUE-R~Lh UMPLUUPYLELP URULUGSAFE-3UU R UATLS
YUSULPQUSACD LLEUSNN. UPLUGLD A-6UGShUY

U U UErQU3UL, U. U.NUE3NS3UL, U. lu. hEUSL3UL, U. k. AEALUSUT,
4. U ULUA3UL, N. U dULAUSUL, U. Q- 4NLUNUU U U. U. UEr9U3UWL

Bueyy & wpefby, np wppydbdfyfrpbligpuipugwpon@dp Gofbph (whgbuymnp) b wgh-
wnpugusfumfFftdfy wpppudfbpf (prinp) dfougylyn @y phfFuin § abbpolufb
Qbpdusmnfruiincd, wnuby sy fpgunnnpp, wnwugibynf Gpy 5-wgbupy-1,4-qfupfy-2-
[ilpn-6-opunuypuybippufiii-3-luppopupyunn pupdp byplpn: Uinugdud wyuwfufs wpgync-
er fhuyned & wyh dwupl, np mnwby humgfguennplh pifdabned §ong dfwyh Uppwkbyf
nbulyghute, wyy Yl sflbpfflifr Shinlobpf gojugms wpnclp Shpdngblnu i wqumgpl-
prodp: Llbmmpppfyp & Gipky, np Upwd wqncpnf wqughlydut; phfdugpncd §iklnpngpy
hbtunpnbfs qhpacd Sotughu § qupfu Smdbdunnmpup finpp Liblpnpn@fyncfynch adibgay
glwtpuncdpp: Bulpudlypn § ke Qunflyby, np hyfud whgbwmnpf b qniinph dfinfuug-
plgnefFyniip mppl[ofyudfisp bplpyncfJyudp nciblind gl pifdugpp
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MICHAEL'S NONCATALISM REACTION WITH PARTICIPATION
OF ARYLMETHYLIDENCYANOACETIC ESTER AND ARYLAMIDES
OF ACETHOACETIC ACID

A. A. SARGSYAN, S. S. HAYOTSYAN, A. Kh. KHACHATRYAN, A. E. BADASYAN,
K. A. AVAGYAN, H. A. PANOSYAN, S. G. KONKOVA and M. S. SARGSYAN

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

It has been shown that the interaction of arylmethylideancyanoacetic ester
(acceptor) and acetoacetic acid aryl amides (donor) takes place at room temperature
without a catalyst, forming ethyl 5-acetyl-1,4-diaryl-2-imino-6-oxopiperidine-3-
carboxylates in high yields. This result suggests, that without a catalyst, not only
Michael addition, but also intramolecular azacyclization of the intermediate adduct
resulting from this reaction occurs. It is interesting to note, that in the azacyclization of
this adduct, only the cyanic group acts as an electrophilic center. It is necessary to add,
that in the presence of triethylamine, the indicated interaction proceeds in a similar way.
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CHUHTE3 3AMEIIEHHBIX HOJAJIKUHOB B IIPUCYTCTBUU
AIIETATA KAJIMUS (11)

K HacTosileMy BpeMeHHU B JTUTEPAType N3BECTHO HEOOJIBIIOE KOJTHYECT-
BO paloOT MO CHHTE3Y M MPEBPAILECHUSM 3aMEIICHHBIX HOJAIKUHOB, SBIISIO-
LIMXCS NePCIEKTUBHBIMU peareHTaMu B OpraHndeckoM cuHTese. Mx nomyde-
HHUE OCHOBAHO Ha UCTIOJIb30BaHUH HOI0BOJOPOAHOM comu N-fiogmopdonnna
[1], xanueBbIX comei ankuHUITpUPTOpOOpaToB [2] u Hoamma xmopa [3].
OnucaHbl TaKKe MPUMEPHI MOJIYYEHUS 3aMELICHHBIX HOJAIKUHOB B YCJO-
BUSX B3aMMOJEHCTBUS TEPMUHAJIBHBIX aJTKUHOB C HOJAOM B PUCYTCTBUU CO-
JIell MeM ¢ MCIIOJIb30BaHWEM Mexda3zHoro katanusa [4]. M3BecTHO Takxke,
4T0 Tpu 00paboTKe ankeHoB iomoM U arerarom kaamus (ll) B ykcycHo#
KHCJIOTE M0 peakuuu ByaBopTa ¢ BBICOKMMH BbIXOJaMu 00pa3yroTcs o-io-
JaleTaThl — MPOAYKTHI MPUCOEAUHEHUS 10 IBOWHOMU cBsizH [S]. Cnemyer ot-
METHUTb, YTO MPOAYKTHI 3aMEIIECHHs TPOMHON CBSI3U MOJOM B IPUCYTCTBHU
arierata kagmus (I1) BbiiesIeHbI HE OBLIH.

Hamu pa3paboTtaH mpocToii METO ] CHHTE3a 3aMEIICHHBIX HOJTATKUHOB C
ucnons3oBanueM anerata kagmus (I1). Okazanoce, 9T0 mMpu B3aUMOJEHCT-
BUU TIporn-2-uH-1-oma (1a), mpon-2-un-1-un anerara (16) u 2-metunOyt-3-
uH-2-ona (1B) ¢ fiogom B npucyrcTBum aterara (1) kaqmus B sTanone nocne
00paboTKu THOCYIh(GATOM HATPUS U COIOU 00pa3yrOTCsS COOTBETCTBYIOIINE
aleTHJICHOBBIE HOINPON3BOAHBIE — 3-ioanpon-2-uH-1-o1 (2a), 3-ioamnpor-
2-un-1-wn anerar (20) u 4-tioa-2-metunOyTt-3-uH-2-01 (2B).

R, R,
R | C=C—H +1 CdOA), R—(lj—c=c—1 +HI
1_(|:_ =t 2 C,H;OH 1 | =
R, R;

rae a) R1:R2:H, R3:OH
0) R1=R,=H, R;=0Ac
B) R1:R2:CH3, R3:OH
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JnarsHocTUYecKuM TECTOM, MOATBEPKAAIOLUIUM CTPOEHHE COEAUHEHUIM
2(a-B) ABIAIOTCS CUTHAJBI B criekTpe SIMP 3C ankunosoro aroma yriepoza,
CBS3aHHOTO C MOJOM.

JKCIepUMEHTAJIbHAA YACTh

Oo6man MeToguKa nmoay4yeHus coeaunenuii 2 (a-B). B 20 yz stanomna
npu 25°C pactBopsuin 6.9 2 (0.03 mons) anerara kaamus (1) u mo karsm
nobasisu 0.03 mons ankunaa 1(a-B). PeaknnoHHy0 cMech mepeMentiBaIv
30 mun, mpubasisin 7.52 (0.03 mosst) KprCTAIIMYECKOTO HOaa U PO I0JIKa-
JIM TIepeMellliBaHue B TeueHue 6 u. Jlanee Kk peakMOHHOW CMECH MOCIe0-
BatenbHO no6aBmsin 10 mn 10% pactBopa tHOCynbdara Hatpust u 10 ma
20% pactBopa cozsl, nepememmanu 30 yun npu 25°C, BeigepxuBany 12 u
NpU TOW JK€ TeMIepaTrype, SKCTParupoBaiu 3(QUPOM, IKCTPAKTHI CYLIHIU
MgSQ,, pacTBopuTENH YAAISIIN HA POTOPHOM HcniapuTene. Boinemnsm:

1) 3.22 2 (59%) 3-ioanpon-2-un-1-ona (2a), T.xumn. 47°C (2 mm pm cm),
np?° 1.5293. Cnextp SIMP 'H, 3, m. 1.: 4.02 ¢ (2H, OCHy), 5,2 yur.c (1H,
OH). Criextp SIMP C, §, m. 1.: 22.9 (C=C-1), 72.9 (OCH,), 122.0 (CH,.
C=C-I). Haiineno, %: C 20.10; H 1.79; 1 70.24. C3H3lO. Boruncneno, %: C
19.80; H 1.66; 1 69.74.

2) 3.9 2 (58%) 3-Hiopnpon-2-un-1-un anerara (26), T.xum. 59°C (2 mm
pm cm), np?° 1.5318. Cnextp SIMP H,8, ™. 1.:2.09¢ (3H, CHs), 4.67 ¢ (2H,
OCHy). Criextp SIMP °C, §, m. a.: 12.2 (C=C-1), 20.0 (CH3), 52.5(0CHy),
85.5(CH,.C=C-I), 168.5(CO). Haiineno, %: C 26.95; H 2.32; | 55.95.
CsHsl10,. Brrunciteno, %: C 26.81; H 2.25; 1 56.65.

3) 3.6 2 (57%) 4-iton-2-metunOyT-3-uH-2-0a (2B) ¢ HU3UKO-XHUMHUYE-
CKMMH KOHCTAaHTaMH 1 jaHHbIME SIMP 'H, HaeHTHUYHBIMK JaHHBIM, IpHBe-
nernbiM B pabore [1]. T.kum. 47°C (1 mm pm cm), np?® 1.5410, Criexrp SIMP
'H, 8, m. 1.: 1.36 ¢ (3H, CH3), 5.01 ¢ (1H, OH). Criextp SIMP 3C, §, m. x.:
3.7 (C=C-1), 31.2 (2CHj3), 64.6(CCHj3), 99.4(C=C-). Haiineno, %: C 28.95;
H 3.41; 161.25. CsH/IO. Beruucaeno, %: C 28.60; H 3.36; 1 60.43.

Cnektpst AIMP 'H u C perucrpuposann ua crnexrpomerpe Varian
“Mercury-300 VX” ¢ pezonancuoii yacroroit 300.077 u 75.462 MIy, coort-
BETCTBEHHO. XHMMHUYECKHUE CJBUTH MpHBEICHBI Ui pactBopa DMSO-dg/
CCly: 1/3 otrocurensHo BauyrperHero TMC npu 303 K. Xox peakiiiu KOHT-
poiupoBann no TCX Ha mractuakax "Silufol UV-254", mposButenu —
KMnO,4 KX ananu3 nposenen Ha npudope “JIXM-80ML” (moxens 3).

367



SELUUULLUO 3NMHILUP L LG UPLEEQ GUYUPAFUD (IT) U3GSUSH
LVELUUSNFE-3UU L

L. & N0LAUBTL

un.lllzl.l.lplll[bl £ lnl?llullll.l.lll{ulé’ Jnll.wll[[ﬁlilbpﬁ u[ﬁl[l?lnlﬁ lfl.l.ll.nZlT[[l lnll.uiu.ull uu1nu[-2—[1fl—1-
nu‘1, u[[1l1u[—2'[lil'1—[1[ Luglnnulmﬁ e 2—Jb/47[1[1an-3-[1f1-2-nl[1 I Jnll,ﬁ %nﬁqubgnL[Jme
4[1Lfl.uil l[[”.ll N lluul_l.fﬁm_lfﬁ (II) wgbuuum[l ilbpl[ul'/nL[;Jullfll bﬁulilnlnuf:

SYNTHESIS OF SUBSTITUTED IODOALKYNES IN THE PRESENCE
OF CADMIUM (11) ACETATE

N. G. HOBOSYAN?P

8 The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Ave., Yerevan, 0014, Armenia
b Kh. Abovyan Armenian State Pedagogical University
17, Tigran Mets Str., Yerevan, 0010, Armenia
E-mail: ninahobosyan@mail.ru

A convenient and selective method for the preparation of substituted iodoalkynes
based on the interaction of prop-2-yn-1-ol, prop-2-yn-1-yl acetate and 2-methylbut-3-
yn-2-ol with iodine in the presence of readily available cadmium (1I) acetate in ethanol
has been developed by us. The procedure lasts for 5-30 min with stirring at 25°C. The
diagnostic test confirming the structure of substituted iodoalkynes are the signals in the
3C NMR spectrum of the alkyne carbon atom associated with iodine. The reaction was
monitored by TLC on Silufol UV-254 plates and after the completion of the reaction, the
products were extracted by ether (3x10 ml), the combined ethereal extracts were washed
with the solutions of 10% Na,S,03 and 20% NaHCO;, dried over anhydrous magnesium
sulfate and the ether was removed on a rotary evaporator.
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NE3UUSULPh NULAUNGSOAFE-3UL 9PSOFE-3AFLLELD
T24-U3PrL UYU1EULY
HAIIMOHAJIBHASI AKAJEMUSA HAYK PECITYBJIUKUN APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

Nwywuypuith phipwlwi hwinbu
XUMHYECKHUi KypHal ApMEHHN 72, Ne3, 2019 Chemical Journal of Armenia

HEKPOJIOI'
AKOII ATAPOHOBUY MATHHUIIIAH

8 smBaps 2019 roma mocne MpOAOJDKUTENBHOM TsKesNoM Oosie3HH Ha
78-om romy xu3Hu B bocrone (CILIA) ckoHuancs BUAHBIA apMSHCKUN
Y4€HBIH, JOKTOP XUMUYECKHX HayK Akon ArapoHOBUY MaTHMILISH .

[TonyuyuB Beiciiee oOpazoBanue B MocCkBe W HpopaboOTaB B BEAYILUX
Hayunblx uHcTUTyTax AH CCCP, B 1971 rony o nepeexan B Epesan,
9YTOOBI MPOJODKUTH HAYUHYIO JEATENIbHOCTh Ha poauHe. OCHOBHBIMU Hall-
paBJIEHUSIMU €TO HAyUHBIX HUCCIIEIOBAaHUN OBLIM CHHTE3, U3yUY€HHE CTPYKTY-
PBI U CBOMCTB MOJMMEPOB C CUCTEMOM COIPSDKEHHBIX CBA3€H, a TaK)Ke BbISB-
JICHHE MEXaHWU3MOB, NPUBOAIMX K 00pa30BaHUIO PETyJIIPHBIX MOJIMMEPOB
Y HOBBIX MAaTE€pUAJIOB JJISl CO3JIaHUSl OPraHUYECKHX METAJUIOB M IMOJYNpO-
BOJIHHKOB.

3alUTUB TOKTOPCKYIO AUCCEPTALUIO B 37 JIET, OH CTaJl OAHUM U3 CaMbIX
MOJIOZIBIX JOKTOpoB Hayk B Apmenuu. C 1987 rona A.A. MaTtHULISH 3aHU-
MaJicsi pa3pabOTKON HOBBIX SKOJIOTUYECKH YHCTHIX U YKOHOMHYECKH JIOCTYTI-
HBIX TEXHOJIOTMH MOJIydeHHs (yHKIIMOHAJIBHBIX ITOJIMMEPOB Ha OCHOBE alle-
THJICHA.

PesynabTarel MHOrosieTHux wucciaenoBaHuil A A.MartHumsiHa  ObUTH
odopmitensr B Buae 400 crateii, oOnyOJUKOBAaHHBIX B aBTOPUTCTHBIX OTE-
YEeCTBEHHBIX M 3apyOeXHbIX HaydHbIX XypHanax. OH Obu1 wienom Cosera
[0 BBICOKOMOJIEKYJISIPHBIM coeAuHeHUssM 1 CoBeTa MO  IMOJYIPOBOIHUKO-
BbIM MaTepuaniam AH CCCP, uieHoMm penakuumoHHON Kosueruu “Xumuye-
CKOro KypHajia ApmeHun’. YacTh U3 MOJIy4€HHBIX 65 MaTeHTOB UMena rpud
“Jlnst cayx’eOHOTO MOJB30BAHUS’, YTO SIBISIETCS KPACHOPEUMBBIM IPHU3HA-
HUEM MX BaKHOCTH.

[Tox ero HemocpeACTBEHHBIM PYKOBOJICTBOM ObLIM 3auiuiieHsl 10 kaH-
IUIaTCKUX auccepranuii. Kpome Toro, oH Obul KOHCYIBTaHTOM MSTH JOK-
TOPCKHUX ITHACCEpPTaUN.

Hayunoe coo0mecTBo ApMeHHH MTOHECIO TSDKEMyIo yTparyro. [lamsaTs o
HEM HaBCerJa OCTaHeTCs B cepluax Kosier u 6mm3kux A. A.MaTHUIIsSHA.

Peoaxyus “Xumuuecroeo socypnana Apmenuu”™
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Brumanuro asmopos!

Iloopobuyro ungopmayuro o «Xumuueckom dxicypuane Apmenuuy», cooepiicanue
HOMepO8 JCYPHANLA 8 epaghuueckoli popme u aHHOMayuu cmamei, 20008ble A6MOPCKUE
VKazamenu, a maxice pazeepHymole Npasuia Oiis demopos MOJICHO NOLYHUUMb & Cemu
Humepnem no adpecy: http://chemjournal.sci.am u www.flib.sci.am

IPABWJIA IJIsA ABTOPOB

Ofmue mo10KeHUs

K ny6nukanmu B «Xumuueckom sncypnane Apmenuu» IpUHAMAIOTCS MaTepHAIIB, COJIeprKa-
mye pe3yabTaThl OPUIHHAIBHBIX HCCIIEN0BaHHUM, 0popMIIeHHEIE B BHIE MOJHBIX cTaTel, KpaT-
KHX COOOLICHHUIT U NHCEM B PeAAKLHIO.

KypHan my6nukyer paboTHI 1O BceM HANPABJIEHHSIM XUMUY€CKOi HAYKH, B TOM YHCIIE 110
oO1ielt 1 HeOpraHUIECKOW XUMHH, (PU3NIECKON XUMHIH M XUMUYECKOH (PU3UKE, OPraHMIECKOH X1-
MHH, METAJUIOOPTaHWYECKOH W KOOPJMHAIMOHHOW XMMHH, XUMHHU MOJUMEPOB, XHUMHH MIPUPOJI-
HBIX COCJJUHEHUH, OHOOPTaHUYIECKOH XMUMHUU ¥ XUMUH MaTepHAIIOB.

CraTbH, mpeiaraeMble K MyONIMKauy B pazjene OHOOPraHMYeCKOH XMMUH, JOJDKHBI OBITh
TIOCBSILICHBI IOJyYCHHIO HOBBIX ITOTEHIUAJIBHO OMOJIOTMYECKH aKTHBHBIX COEIMHEHHH, B TOM
YHCIIE U BBIIEJICHHBIX M3 IPUPOIHBIX 00beKTOB. IIpn onmcanny HOBBIX BeleCTB, 00, 1aaI0IINX
3HAYNTEJILHOH (B CPABHEHUH ¢ MPUMEHsIeMBIMH B MeTUIMHE JIEKAPCTBAMHU) OMOI0rH4ecKoi
AKTHBHOCTBIO, CTaThsl MOXKET COAEPKATh PE3yJIbTAThl OMOJIOIMIECKUX UCCICAOBAHMM, BKIIFOYA0-
IIMe CCBUIKM HAa UCIIOIb30BAHHBIE METOIB! N3yUYeHHs OHOJIOTMYECKOI aKTHBHOCTH, HH()OPMALHIO
0 THIIE UCTIOIb30BAHHBIX ONO00OBEKTOB, AKTUBHOCTH U TOKCHYHOCTH CHHTE3HMPOBAHHBIX IIpenapa-
TOB B COITOCTABJICHHH C COOTBETCTBYIOIIIMH [TOKA3aTEJIIMU IPUMEHAEMBIX B MEAUIINHE JICKAPCTB.

B 3akmodeHnn ciegyeT MPUBECTH KPAaTKUH apTyMEHTHPOBAHHBIM BBIBOJ O CBSI3H MEXIY
CTPYKTYpOH M OHOJIOTHYECKOH aKTMBHOCTBIO HMCCIEJOBAaHHBIX coeanHeHHH. OmyOINMKoBaHHbBIE
MaTepuabl, a TAK)Ke MaTepHabl, MPe/CcTaBIeHHbIe Uil MyOIMKaluy B IPYTUX KypHanax, K pac-
CMOTPEHUIO HE TIPHHUMAFOTCSL.

ABTOpPCKHE 0030pbI JOIDKHBI MPEACTABISATE cO00 0000IIeHNe 1 aHaIIN3 Pe3y/IbTaTOB IIUK-
J1a paboT OZHOTO MJIM HECKOJIBKHX aBTOPOB I10 €IUHOW TeMaTHKe.

[oanble cTaTbU MPUHUMAIOTCS 00BEeMOM 110 12 cTpaHui, 00beM KPaTKOro cOO0LIeHUus —
He Oosiee 5 cTpaHMI] MAIIMHOIMCHOTO TekcTa. IlnchbMa B pelaKkIHUIo JOIDKHBI COJEPXKaTh H3JI0-
XKEHHBIE B KPaTKOi (hopMe HaydHBIE pe3yIbTaThl MIPUHINIHAIBHO BaKHOTO Xapakrepa, TpeOyro-
mye CpouHoil myOmuKarmy. Pegakiys ocTaBiseT 3a co0oif MpaBo COKpAIaTh CTaThH HE3aBHCHMO
oT ux o0bema.

Jaist ny0iMKanuy ¢TaTbu aBTOPaM He00XO0AUMO MPEICTABUTH B PeIaKIUIO CleyIoiue
MaTepuaJbl ¥ JOKYMEHTBI:

1) HampaBiIeHUe OT opraHu3anuu (B 1 9k3.);

2) akcriepTHOE 3aKitodeHue (g rpaxaad PA) (B 1 3x3.);

3) moanMcaHHbINH BCEMH aBTOPaMH TEKCT CTaThH, BKJIIOYAs aHHOTAIMIO, TaOJINIIEI, PUCYHKH H
MTOJINIHCH K HUM (BCE B 2-X 3K3.);

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

Cratbs 0JDKHA OBITH HAaIlMCaHa CXKATo, aKKypaTHO 0(OpMIIEHA U TIIATEIbHO OTPEIaKTHPO-
Bana. He momyckaercs ayOiupoBaHue OJHUX M TeX )K€ JaHHBIX B TaOJMI@AX, B CXeMaxX M PUCYH-
Kax.

ABTOp HECET IOJHYI OTBETCTBECHHOCTH 3a NOCTOBEPHOCTH JKCIIEPUMEHTAJIBHBIX JaHHBIX,
MIPUBOANMBIX B CTaThE.

Bce craTbm, HanpaBisieMble B peJaKIUIO, TTOBEPTalOTCS PEIEH3NPOBAHUIO 1 HAYIHOMY pe-
JAKTHPOBAHUIO.

Cratbs, HalpaBJIeHHAs aBTOPaM Ha JOpabOTKy, JOJDKHA OBITH BO3BpAIleHa B HCIIPABICHHOM
BHJIC BMeCTe C ee epBOHAYAIBLHBIM BADHAHTOM B MaKCHMAaIbHO KOpoTkue cpoku. K nmepepado-
TAHHOW PYKOITHCH HEOOXOIUMO MPUIIOKUTH MHCEMO OT aBTOPOB, COJIepIKalliee OTBETHI Ha BCe 3a-
MEUaHUsl 1 KOMMEHTapUH U MOSICHSIONIEe BCce BHECEHHBIE n3MeHEHUs. CTaThbs, 32 ep/KaHHAst HA
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HcnpaBJieHHN §oJiee IBYX MecsilieB WM TPeOyIolasi IOBTOPHOIi NMepepadoTKH, paccMaTpu-
BaeTcsl KAaK BHOBb MOCTYMHBLIAS.

Penakiys nmocsuiaeT aBTopy nepen HabopoM Ul IPOBEPKH OTPEIAaKTHPOBAHHBII SK3EMILIAP
CTaTbH ¥ KOPPEKTYPY.

Crpykrypa nyoaukanui

[Ty6nukarnyst 0630poB, MOJHBIX cTaTeld M KPATKHX COOOIIEHMIl HauMHACTCS C MHAEKCA
VJIK, 3atem cleyroT 3arjiaBue CTaThbH, MHUIMAIB X (PaMHIMH aBTOPOB, Pa3BEpPHYTHIC Ha3BaHHS
HAYYHBIX YYPEXJICHUH, MONIHbIE TOYTOBBIE agpeca ¢ MHAEKCAMH IOYTOBBIX OTIACICHUH, HOMepa
(akcoB U amgpeca 3IEKTPOHHOM mouThl. [lanmee mpuBOIUTCSA KpaTkas aHHOTanus (He Goiee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yIbTaTOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B crathsx TeopeTrnyeckoro 1 GU3MKO-XMMHYECKOr0 XapaKkTepa IPUBOJSITCS CXKAaTOE BBE-
JieHHEe B IPOOJIeMy U MOCTAHOBKA 3a/1a4d MCCIIEJOBAHUS, SKCIIEpUMEHTaIbHAS UM METOUYEcKas
9acTb, 0OCY)XJEHHE IIOJydeHHBIX Pe3yJIbTaTOB C 3aKJIIOUYEHHEM, a B CTATHIX, MOCBSIIEHHBIX
CHHTe3y, — 00I1as 4acTh (BBEJCHHE U 3a/1ada UCCIIEAOBaHMs), 00CYXKICHUE TOTyYSHHBIX Pe3yiIb-
TaTOB C 3aKJI0YeHHeM U SKCIIePUMEHTAIbHasl 9acTh. PUCYHKH ¢ IOAPHCYHOYHBIMU ITOJIIHACSIMU H
TaONUIBI MOTYT OBITH BBEJICHBI B TEKCT. B mMHChbMax B pelakiMio aHHOTAIMS HA PYCCKOM SI3BIKE
HE TMPHUBOAUTCS U pa3OMBKa Ha pa3zeisl He Tpedyercs; matoTca uHaekc YK, Ha3BaHHWe CTaThH,
MHHIMANGEL 1 (aMIJINU aBTOPOB, Ha3BaHHE HAyYHBIX YUPEXKACHUH U HX ajpeca, pe3toMe Ha ap-
MSHCKOM M aHTJIMHCKOM SI3BIKaX.

I'paduueckuii pedepar npmiaraercst Ha OTAENbHON cTpanuie (120X55 MM) U mpeacTaBiIsieT
c000if MHGOPMATHBHYI0 WLTIOCTPANMIO (KIIOYEBYIO CXEMY, CTPYKTYPY COCIMHEHUs, ypaBHe-
HHE peaKIyy, rpauK U T.IL.), OTPAXKAIOIIYIO CYTh CTaThH B rpadmyeckom Buzae. Tekcr B rpadu-
4yeckoM pedepare J0MyCcKaeTCs TOIbKO B Cllydae KpaliHell HeOOXOXMMOCTH, IIPU 3TOM ClIelyeT U3-
Oerartb nyONMMpPOBaHKS HA3BaHUS CTaThU M TEKCTA aHHOTALIHH.

IIpu HecoO/I0lcHUH YKAa3aHHBIX BbIlIe MPABHJI CTAThbs He MPHHUMAeTCA K My0/aHKa-
IHH.

Ipumep odopmiIeHHst 3arJaBUsI CTATHH, CIUCKA ABTOPOB,
AIPecoB yUpeKAeHMIl, AHHOTAIMM.

ACHUMMETPAYECKHUI CUHTE3 -TETEPOLMKJINYECKU
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 37eMEHTOOPraHNYECKHX COeIHHEHHUIT

uM. A. H. HecmesiHoBa Poccuiickoit akagemMuu Hayk
Poccuiickas @enepauus, 119991, Mocksa, yi. BaBunona, 28
Daxc: (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 HOBbIi 3hEKTUBHBIN METO4 aCMMMETPUYECKOrO CUHTE3a [B-reTepoumKIINYecKu
3aMelLLeHHbIX L-a-aMUMHOKMCINOT nocpeacTBOM NpucoeavHenns 3-amuHo-1,2,4-tnaguasona u 5-mep-
KanTo-1,2,4-Tpna3onos, coaepxallumx pasnuyHblie 3amecTuteny B nonoxerusix 3 u 4, k C=C cBsan
Ni(Il) komnnekca ¢ ocHoBaHueM LLndpda germgpoananvHa u (S)-2-N-(N’-6eH3unnponun)ammHobeH-
30¢peHoHa.
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IIpumepsl opopmiienns rpadpuyeckux pedeparos

O B3aumopeiicTBuu N-aJKHJIMMHHOB € alleTOYKCYCHBIM 3(hHpOM

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

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

Kunernka BBICOKOTEMIICPATYPHOI'0 a30TUPOBAHUSA TAHTAJIA B U30TCPMHUYECKHUX yCJI0-

BUSIX
II. A. Agamsu

E. H. Crenausu

A. A. Yatunsau

C. JI. XaparsH

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

Odopmienne crateil B «XHMHYeCKOM KypHaJie ApMeHUN»

Tekcr cTathu neuaTaeTcs vepe3 1.5 unTepBana (6e3 MOMapoK U BCTaBOK) Ha Oenoil Oymare
cTa"gapTHOTO pa3Mepa (popmar A4) ¢ moIsIMU 3 CM ¢ JIEBOH CTOPOHEIL, 1.5 ¢M ¢ IpaBOi CTOPOHEL,
2.5 cM cBepxy, 2.5 cM cHE3Y, pa3mep mpudTa — 12.

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

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

Cnucok mUTHPYeMoO# JUTEPATYPhbl JJODKEH BKIIOYATh CCHUIKM Ha HanboJiee CyIeCTBEH-
HBIE PabOTHI 10 TEME CTaThH. B TeKcTe CTaThbM NOKHBI OBITH YIOMSHYTHI BCe CCHIJIKH, IPHBeE-
JICHHBIE B CITHCKE JUTEPATyphl. B TEKCTE CCHUIKM Ha JUTEPATypy JAlOTCs B KBAaJPATHBIX CKOOKax
U HYMEPYIOTCSI CTPOro B MOPsiIKe UX ynoMuHaHus. CIIMCOK JIMTepaTyphl Nle4aTaeTcs Ha OTIeb-
HO#1 CTpaHuIe ¢ yKa3aHHeM HHHUILHAIOB U (aMHIIMil BCceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

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

Cmambu ¢ cooprnukax: Ona /Joc., @apyx O., Ilpaxaw [orc. K.C. B KH: AKTUBaLlUs U KaTaJIu-
THYeCKue peakiny ankanoB / nox pen. K.M.Xwmuia. M., Hayka, 1992, c. 39.

ITpn nMTHPOBaHNH MePEeBOIHBIX U3AHMI MOCIIE BHIXOJHBIX JaHHBIX PYCCKOS3BIYHOM Bep-
CHU B KBaJPaTHHIX CKOOKax HEOOXOAMMO yKa3aTh BBIXOJIHBIC JaHHBIC OPUTHHAJIBHOTO M3JAHHS.
Hamnpumep: Buympennee spawenue monexyn./ nox pex. B.J1.Opsrumn-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

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

IIpy NUTHPOBAHHM PYCCKOSI3BIYHOTO KYPHAJIa, MIepPeBOIUMOro 3a pyb6eskoM, He0OX0au-
MO TPHBOJHUTH CCBUIKY M Ha aHIIos3buHyr0 Bepcuto. Hanmpumep: Jlaiikos [I. H., Ycreiaiok 1O.
A.// H36. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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ITamenmur: A.c. 9854 CCCP // .M., 1978, 61. wnu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Koane b.I'. ABToped. auce. «....» JOKTOpa XUM. HayK. [ opon, HHCTHUTYT,
rox, cIp.

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.

CchlIIKH HA HeOMYOJHKOBAHHBIE Pe3yJbTAThI H YACTHBIE COODIIEHHSI TAI0TCsl UCKIFOUH-
TENBHO B BUJE CHOCOK, @ B CIIMCKE JIMTEPATyphl HE MPUBOIATCA U He HyMmepytoTcs. [Ipu mutupo-
BaHUH HEOMYOJIMKOBAaHHBIX PA0OT M YaCTHBIX COOOIIEHHH HEOOXOIUMO MPEACTABUTD pa3pelicHue
OT JIMIIA, HA YbU JJAHHBIC IPUBOAUTCS CCHUIKA.

MMamsaTka s aBTOpPOB

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

Obuiue nonosceHus

Marepuansl, IpeACTaBIAEMbIE B PEIAKIIHIO:

[ hamMunust, UM, OTYECTBO M KOOPAMHATHI JINIA, C KOTOPBIM PeAaKIMs A0JDKHA BECTH Iepe-
MUCKY (TIOYTOBBIN ajpec, HoMep TenedoHa, HoMep (akca, apec NEKTPOHHOM MouThl). DaMums
aBTOpa, OTBETCTBEHHOT'O 32 TIEPEMNHUCKY, JOJDKHA OBITh OTMEUCHA 3BE3OUKOM.

[] HanpaBJIeHHE OT OPraHU3aLUU

[] skcnepTHOE 3aKiIo4YeHue (s rpaxaal PA)

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

[J rpaduyeckuii pedepar

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

[J magexc YK

L] Ha3BaHME CTATbU

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHUE HayYHOUH OpraHU3aluu

[] moYTOBBIH azpec ¢ UHAEKCOM

[ daxc

[ agpec 3MeKTPOHHON MOYTHI

[l aHHOTaNMA

[J cOOCTBEHHO TEKCT CTATBH

L] BBEIEHUE

[] mocraHoOBKa 3a7a4n

J1s cTaTeil GU3NKO-XMMHYeCKOH TeMATHKHU:

[] sKCIIepUMEHTaNbHasl YacTh

[] o0CyXJIeHHE TTOJIyYeHHBIX PE3YIbTaTOB C 3aKII0OUEHUEM

A5 cTaTeil, MOCBAIEHHBIX CHHTe3Y:

[] o6cyx/IeHne TOTyYeHHbBIX Pe3yIbTAaTOB C 3aKIIOUYCHUEM

[} sKCIeprMeHTaIbHAs JacTh

[J brmaromapHOCTH

[] cnMcoK JuTepaTypsl
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Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

[1B 3KCNepMMEeHTAJIBbHONH YACTH JOJDKHBI OBITh IPEACTABIICHBI JOKA3ATe/ILCTBA CTPOCHUS
U YHCTOTHI BCEX HOBBIX COCJMHEHMIA, HICTOYHUKHU HUCIIOIb30BAHHBIX HETPUBHAILHBIX PeareHToB
WM MeTOAMKH MX NMOJIy4eHHsI, a TakKe YCJIOBHUS JOMOJHHTEJIbHON MOATOTOBKH PEareHTOB H
pacTBopurene.

[ Ins BceX CHHTE3MPOBAHHBIX COCIWHEHHWH ClIeAyeT IaTh HA3BAHHSI MO HOMEHKJaType
IUPAC. MerauioopraHi4eckie KOMIUIEKCHI MOTYT ObITh Has3BaHbl mo cucteme Chemical
Abstracts.

[1Bce Tad1Mubl, cCXeMbl, PUCYHKH, COeIHHEHHUS M CCHIJIKH HA JINTEPATYPY JODKHBI HyMe-
POBATHCS CTPOTO B MOPSAAKE YIOMUHAHHUS B TEKCTE.

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

[/PucyHKN CHEKTPOB HE JOJDKHBI OBITH BHITTOIHEHHI OT PYKH.

[/Bce ncrons3yeMble a00peBHATYPBI X COKPALEHHsT JOJDKHBI COOTBETCTBOBATh NIPUBEICH-
HoMy B [IpaBmiax s aBTOPOB CIMCKY MM paclIn(pOBEIBATHCS NP [IEPBOM YIOMHHAHUH.

[1laHHBIE PEHTIEHOCTPYKTYPHOT'O HCCIEIOBaHUS CIEAYeT INPEACTaBIATh B BUJC PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBaHHBIMH aTOMaMH) HJIH KPUCTAIIIMYECKON YIIaKOBKU U TaOIIHIL,
coziepKalnX HeoOX0AUMbIe TCOMETPHUCCKUE XapaKTEPUCTUKU MOJIEKYJT (OCHOBHBIE JUTHHBI CBS-
3eif, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

[] JIyist OCHOBHOTO TEKCTA CTAThH 00sI3aTeNBHO UCToNb30BaHue mpudra Unicode, skenarens-
Ho Times New Roman, miist rpedeckux 6ykB — mpudt Symbol.

[1CuMBOJIBI TIEPEMEHHBIX (M3WYECKUX BEJUYUH (HaIpHMep, Temieparypa — 1), CJUHHIBI
nx mmepenns (K), crepeoxumuueckue neckpuntopsl (yuc, Z, R), noxantsl (N-metmin), OykBeH-
HBIe (HO He HU(POBBIC) CUMBOJIBI IPH 0003HAUYECHHUH TPYIII CHMMETPUH JOJDKHBI OBITH Hareyara-
ubl kypcusom (C2v, Ho He C2V).

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