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The study of n-heptane/AOT/water+dimethylsulfoxide reverse micelles using
acridine orange base as molecular probe
G.A. Shahinyan
S.A. Markarian
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Combustion synthesis of Mo-Cu composite powders from oxide precursors with
various proportions of metals

T.T. Minasyan
S.V. Aydinyan
S.L. Kharatyan
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Electrolyte-ferroelectric-insulator-semiconductor (EFIS) pH-sensor parameters
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On sensitivity of electrolyte-ferroelectric-insulator (EFIS) pH-sensors

V.V. Buniatyan
A.L. Manukyan
A.M. Khalili
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Biusinue ranieHoii U3BecTH Ha CTPYKTYPHPOBaHUe OEHTOHMTOBOM CyCIIeH3UM

JI. C. Aiipanersn
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New generations of optically active non-proteinogenic
a-amino acids, synthesis and study

A.S. Saghyan
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CuHTte3 n n3yvyeHue OHOJIOTNYECKOH AKTHBHOCTH pfaaa HOBbBIX aMU/A0B U TUAMUI0B
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CpaBHHUTeIbHBIN aHAIN3 AHTHPATUKAILHOI AKTHBHOCTH ()JIABOHOMIHBIX
KOMIIOHEHTOB COLBETHI OecCMepPTHHKA KPaCHOBATOrO,
TJIONOB PACTOPOIIIH IIATHACTON H MAKJIIOPBI OPAHKeBOI

I'.C. AnaHHKSIH
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CuHTe3 0JIMrOMepHBIX OMC-aKPHJIAMH/IOB M NMOJTy4YeHHe KOMNO3HIHOHHBIX
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KHHETHUKA BOCCTAHOBJIEHUS
TPEXOKHCH BOJIb®@PAMA METAHOM

JL. A. IYHAMAJISIH'? A.T. ABETUCSIH?, A. A. YATWJISIH! u C. JI. XAPATSIH?

IMucTuTyT XMMuuecko# dpusukn uM. A.B. HarbGauasaa HAH Pecry6auku ApMeHwust
Apwmenwns, 0014, Epesan, ya. IT. CeBaka, 5/2
2EpeBaHCKHUN TOCYAAPCTBEHHBIN YHUBEPCUTET
Apwmenns, 0025, EpeBan, yA. A. MaHykaHa, 1
E-mail: lil.dunik@mail.ru

IMocTtymmao 15 11 2016

OnekTpoTepmorpaunyeckum MeToaoM UCCneaoBaHbl KNHETUYECKME 3aKOHOMEPHOCTH BOCCTa-
HOBJIEHMS TPEXOKMCMU BOMbdpama MeTaHOM B TeMnepaTypHoM uHTepsarne 950-1150°C npu aasne-
HuM rasa P=10-300 Topp. PeHTreHodhas3oBbIM aHanM3oM YCTAHOBMEHO, YTO BOCCTaAHOBMEHWE
Bonbdpama 13 aHrapuaa npoTekaeT Yepea obpasoBaHne NMPOMEXYTOUHbIX OKCHAHBIX a3 (W1sOas,
WO,), a KOHEYHbIM NPOAYKTOM BOCCTaHOBMEHWA ABNseTca kapbug sonbdpama WC. ObpasoBaHus
MeTannuyeckon asbl Bonbdpama Ha NPOMEXYTOYHbIX CTaAusiX BOCCTAHOBMEHUS HE 3aMeyeHo.
Moka3aHo, Y4TO 3aBUCUMOCTL CTENEeHN NpeBpaLleHns OT BPEMEHW NpeacTaBnseT cobon S-o6pasHyto
KPUBYIO C XapakTepHbIM MHAYKUMOHHbIM neprogom. ObpaboTka nonyyYeHHbIX AaHHbIX Nokasana, YTo
OHW C [OCTaTOYHON TOYHOCTBIO OMUCHLIBAIOTCS MOAENbI0 TPEXMEPHOrO 3apofbllieobpa3oBaHus u
pocTta (ypaBHeHne Aspamu-EpodeeBa). OnpeaeneHbl 3HaYeHUst KWHETUYECKUX NapaMeTpoB.

Puc. 8, Tabn. 1, 61M6n. ccbinok 26.

BoccranoBaeHme okcupa BoAbdpaMa (VI) mpepcTaBAsieT GOABIIION Ipak-
TUYEeCKUU WHTEepeC AAG U3BAEUEHUS MeTaAAd U3 PYA, a TaKKe AAT pSAAd NIpH-
MeHeHu!, B yacTHOCTU B Kataause (W, Wo,C, WC). B paGotax [1-4] kuHeTH-
Ka BOCCTAHOBAEHHS TPEXOKHCH BOAb(pPaMa HUCCAEAOBaHa YTAEPOAOM, a B [J]
— MOHOKCHAOM yTAepopa. [TokaszaHo, UTO NpOIlecC BOCCTAHOBAEHUS HMeeT
MHOTOCTAAMWHEIM XapaKTep W NPOTEKaeT 4yepe3 oOpa3oBaHUE IIPOMEXKYTOY-
HBIX OKCHUAHBIX (a3 BoAbdpamMa. KOHeUHBIM IPOAYKTOM KapOOTepMUYEeCKOIo

13


mailto:lil.dunik@mail.ru

BOCCTA@HOBAEHUS SIBAIETCS METaAMUYeCKUU BOAbQpPaM, AUOO KapOup cocTasa
WC.

AAST BOCCTAaHOBAEHHS OKCHAA BOAb(pPaMa M IOAYYEeHUSI OTHOCUTEABHO
YUCTOTO MEeTaara B pspe padoT HUCIOAB30BAaACa BOAOPOA [6-10]. ITochrepnuit
YacTO IIOAYYAIOT M3 MeTaHa U OH SIBASIETCSI AOPOTMM BOCCTaHOBHTeAeM. B
ImocAepHee BpeMs OOABIIOe BHMMaHUWe KaK BOCCTAHOBUTEAbL IIPUBAEKaeT Me-
TaH. B AuTepaType uMeeTcsd pgp nyOoaukanu [11-19], B KOTOpBIX MeTaH OBIA
HUCIIOAB30BAH AAS IIPSIMOTO BOCCTAHOBAEHMS OKCHAOB Kenesa [12], xpoma
[13], kobaabTa [14], nunKa [15], HUKeAa [16,17], Boabdpama [18,19]. Ilpu
9TOM CAEAYEeT UMEeTh BBUAY, UTO COCTaB IIPOAYKTOB BOCCTAHOBAEHHUSI OKCHAOB
METAaAAOB METAHOM 3aBHCHUT OT TOro, oOpasdyeT AW AQHHBIM MeTaan KapOwup
UAM HeT. Tak, B BBHINIEIIEPEUNCACHHBIX CAyYasdX B pe3yAbTaTe B3auMMOAEUCT-
BUSI OKCHAOB METAAAOB C METAHOM KOHEYHBIMHM ITPOAYKTAMH SIBASIAICH Me-
TAaAAUYECKUM KOOaAbT, HHKeAb, IIMHK, KapOuawl >keaesza (Fe3C), xpoma
(Cr3Cy), BoabdpamMa (WoC mau WC). ITlpuMeHUTEABHO K BOCCTaHOBAEHUIO
WOg3 [18,19] HY>KHO OTMETUTh, YTO KHMHEeTHKAa IIpollecca HCCAeAOBaHA NIpU
OTHOCUTEABHO HHU3KHUX TeMmIeparypax (Ao 950°C) B y3KOM TeMIepaTypHOM
uHTepBare. Mexxay TeM, 3HaHUe KMHETHUUYeCKUX OCOOeHHOCTeN BOCCTAHOBAe-
HUS OKCHAA BOAB(PpaMa IpW OTHOCHUTEABLHO BBICOKMX TeMIIepaTypax HeobXo-
AUMO AASI CUHTE3a BOAB(PPAMCOAEPIKAIIUX MAaTepPHUaAOB METOAOM CaMoOpac-
NIPOCTPaHsIolerocs BEICOKOTeMIIepaTypHoro cuHTesa (CBC mponecc) [20].

B Hactosime#t paboTe 3aeKTpOoTEepMOTrpaUIecKUM METOAOM MCCAEAOBa-
HBI KWHETHYeCKHe 3aKOHOMEPHOCTM BOCCTaHOBAeHUsT WO3 MeTaHoM IIpHu
950-1150°C u Bapuanuu paBaeHus MetaHa oT 10 po 300 Topp.

MeToauka IKCIIepUMEHTa

HccrepoBaHNST KUHETUKY BOCCTAHOBAEHUSI TPEXOKMCHU BOAb(ppaMa MeTa-
HOM IIPOBOAMAUCEH 3AeKTpoTepMorpaduiyeckuM metopoM [21,22]. TToapoOHOE
ONMMCaHWEe METOAMKYU JKCIEPHUMEHTa, CIIocoba MPUTOTOBAEHUS MCXOAHBIX 00-
pas3loB M UX HUCCAEAOBaHUE PA3AMYHBIMU MeTOAAMU aHaAu3a NPUBEAEHBI B
[23].

B mHacrosiieit paboTe WHCIOAB30BaHBI BOAB(PPAMOBLIE HUTH MapKU
BA-I-A (pmametp 100 mxm, pabouas aavHa 8.5 cu), KOTOpBIE OBIAU IIPEABAPU-
TEeABHO OKHCAEHBI Ha Bo3Ayxe npu 950°C u BpeMeHU okucaeHus 14 c. Ilpu
3TOM TIPUPOCT Macchl oOpasna (4m,) coctaBua 0.24 me. PeHTreHoda3oBBIM
aHaausoM (pudpakromerp "APOH-3.0") OBIAO yCTAaHOBAEHO, YTO OOpPa30BaB-
ITUNCSI CAOU TPeACcTaBAsieT coboi okcup WOs3 (puc. 1), TOAIMHaA KOTOPOTO
COCTaBASAA 7-8 mxm.
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Puc. 1. Qndpakrorpammel nc-
xofHow (a) n okucrneHHon (6)
BOSMb(PaMOBbIX HUTEN.

[MoAydeHHEBIEe 3THM CIOCOOOM OOpaslbl B AaAbHeMNIIeM HarpeBaAWuCh B
cpejpe MeTaHa. BepxHss rpaHuna o TeMIepaType M HIJKHSS TIPaHHUIla II0
AABAEHUIO MeTaHa A IIPOBEAEHUSI KMHETHYeCKUX MCCAEAOBAHUM OIpepeAd-
AWICH IIPU YCAOBHUH, YTOOBI CKOpPOCTH uchapeHus WOj3 6blra He3HAUUTEAD-
HOM. OTO IPOBEPSAAOCH B3BelIMBaHMEM OOpasIoB AO U IIOCA€ HarpeBa B
UHEPTHOU cpepe. AAS OIpeAEA€HUs CTelleHM BOCCTAHOBAEHHS (o) Bce 00-
pasibl OBIAM B3BeIleHLI A0 K IIOCA€ OIBITOB Ha pa3HBIX 3TallaxX B3auMo-
AeMcTBud. I'paBUMeTpHUYecKUe U3MepeHUs IIPOBOAUAUCH C IIOMOIIBIO aHAAU-
TUYECKUX BecoB Mapku "BAP-20 r" ¢ TOYHOCTBIO B3BemmBaHus 10 2, mpu
Macce o06pasrioB ~1072 2. 3HaYeHME O ONPEAEASIAOCH C TIOMOIIBIO BhIpaske-

HUS:
(m —m)
Sl Il 2
m, —m
(m, —mg)
rA€ m; — Macca OKHCAEHHOM BOAb(ppaMoBOM HUTH, m(t) — Macca BOAbDpPa-

MOBOM HHUTH B MOMEHT t, my — Macca IIOAHOCTBIO BOCCTAHOBAEHHOW BOAB(D-
paMoBOM HUTH (mi-my = Am, = 0.24 me). AAI IpOBeAeHHS MeTaArorpadu-
YeCKUX UCCAEAOBAHMM H3TOTABAMBAAUCH IIOIIE€pEYHble MUKPOIIAU(MEI 00pas-
1oB. MccaepoBaHME TIONEPEUHOrO CeYeHUd U IOBEPXHOCTU PearupoOBaBIINX
00pasIoB NPOBOAUAMCH MUKPOCKOIMYECKMMHU METOAAMHU C IIOMOIILIO OITH-
yeckoro ("Jenavert”, Carl Zeiss Yena) M CKaHUPYIOLIETO 3AEKTPOHHOI'O
("“COM BS-300", Tesla) MmukpockonoB. TeMnepaTypa HarpeTtom BOAb(pPamo-
BOU HUTH ONPEAEAIAACh TEIAO(PU3NIECKUM METOAOM, TOAPOOHO ONHMCAHHBIM
B [23].

PesyabTarsl H HX 00CyKaeHHe

OAEKTPOHHO-MUKPOCKOIIMUYECKHEe MCCAEAOBAHMS IIOKa3aAW, dYTO IIpHU
OKHUCAEHUU BOAB(PaMa BOKPYT METAAMYECKON CEPAIIEBUHBI (DOPMHUPYETCS
CUMMETPUYHO PAaCIOAOKEHHBIM 1 AOCTATOYHO HOPUCTBHIM OKCHAHBIN CAOM
WOj3 (puc. 2). Ilopucrasg CTpyKTypa OKCHUAHOTO CAOSI IO3BOASET IIPEAIIOAO-
SKATB, YTO IIPOLIECC BOCCTAHOBAEHUSI MOJKET NMPOUCXOAUTH II0 BCEMYy OOBEMY
OKCHAHOI'O CAOS OAHOBPEMEHHO.
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Puc. 2. MwukpodoTtorpacmsi nonepeyHoro ceyeHus
BONbHPamMOBON MPOBOSOKN (pparMeHT), OKUCIIEHHOW
npu 950°C, t=14 c.

PenTreHo(a3oBBIM aHAAM30M OOpA3I0OB, IIOAYYEHHBIX HaA Pa3AMYHBIX
JTalax pPa3BUTHUS IIPOIECCd, YCTAHOBAEHO, UTO, KaK M B CAydae BOCCTAHOBAE-
HUS BOAOPOAOM [23], oOpa3zoBaHUe KOHEUHOTO IIPOAYKTA IPOTEKaeT udepes
dopMupoBaHue NPOMeXYTOUHBEIX a3z WigOyg, WO,. OpHAKO, B OTAUYHME OT
BOAOPOAHOTO BOCCTAHOBAEHUS, B A@HHOM CAyYae KOHEUYHBIM IIPOAYKTOM SIB-
AsteTcss Kapbuatast paza WC (puc. 3).

W18049

2

W18049

¢ Weow

WWJRMM

70 80

20

Puc. 3. Oudpakrtorpammbl 06pasLoB Ha pasnuyHbIX 3Tanax BoccTaHoBneHus: T=1150°C,
P=300 Topp, a—t=0; 6-12; B — 30; r— 60; g — 100 c.

Ha ocHOBe pe3yAbTaTOB pPeHTreHO(a30BOTO aHaAM3a BOCCTAHOBAEHUE
TPEXOKUCHU BOAb(PaMa METaHOM MOJKHO ITPEACTaBUTH CAEAYIOIIEH ABYXCTa-
AVUHHOU CXEeMOU:

WO3 + CH4 i W13049(W02) — WC.
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Ha puc. 4 npuBepeHBl SA€KTPOHHO-MUKPOCKOIINYECKE CHUMKU ITIOBEPX-
HOCTH O0pa3[oB Ha pa3HBIX 3TAllaX B3aUMOAENUCTBHA. BUAHO, 4uTO HOBepx-
HOCTh UCXOAHOM BOAB(PPAMOBOM IIPOBOAOKU AOCTATOUYHO TAaAKas (puc. 4 a).
C ¢opMupoBaHHEM OKCUAHOU IAEHKU HAOAIOAQETCS 3HAUMTEABHOE H3MeHe-
HUe MOP(OAOTUM MOBEPXHOCTU (pUC. 4 0): Ha IOBEPXHOCTU HUTU ITOSIBASIIOT-
csl TpelWHBI U HepoBHOCTU. OAHAKO, B OTAWUYMeE OT IIpolijecca BOCCTAHOBAE-
HUS BOAOPOAOM, IIPU KOTOPOM MOP(OAOTHS MOBEPXHOCTU OOpasila IIo Mepe
BOCCTAHOBAEHUS CTAHOBUTCS HMAEHTUYHOM HCXOAHOMN (BOAB(MPAMOBOIM) IMO-
BEPXHOCTH, B AQHHOM CAy4Yae MOP(OAOTHS NOBEPXHOCTU KapOUAHOU a3kl
(puc. 4 B,r) OOABIIE COOTBETCTBYET OKCUAHOU (haze.

Puc. 4. OneKTPOHHO-MUKPOCKOMNMYECKNE CHUMKU NOBEPXHOCTH BOMb(PaMOBOI NPOBOOKM: a —
ncxodHbI obpasey (W); 6 — okucneHHbli obpaseL; B, — BOCCTAHOBIEHHbIE 06pa3ubl npu
T=1150°C, P=300 Topp, B —t= 40, r — 100 c.

Ha puc. 5 m 6 npeacTaBAeHBI KUHETHYECKHE KPHUBBIE BOCCTAHOBAECHUSI
okcupa BoAab(ppama (VI) B KoopamHaTax o-t. Puc. 5 moka3niBaeT BAUSTHUE
TeMIIepaTyphl, @ PUC. 6 — BAUSHUE AABA€HUS Ha KUHeTHYeCKUe 3aKOHOMep-
HOCTH TIPOIlecca BOCCTAHOBAEHUS. [IyHKTUPHAsS AMHUS COOTBETCTBYET HM3Me-
HEHMIO MaccChl, KOTAQ OKCHAHasA a3a IIOAHOCTBIO IpeBpalllaeTcd B KapOwup
cocraBa WC; cIaoIIHAs AMHUS COOTBETCTBYeT M3MEHEHHIO MacChl oOpasla,
€CAM KOHEYHBIM IIPOAYKTOM BOCCTAHOBAEHUSI SBASETCS METaAAUYEeCKUH
BOABPaM.

Puc. 5. KuHetnyeckne kpuBble BoccTa-
HoBrneHus WO; metaHom npu P=300
Topp; BnusiHMe TemnepaTtypbl: 1 —
T=1150; 2 — 1100; 3 — 1050; 4 — 950°C.

YcTaHOBAEHO, 4TO, HE3ABUCHMO OT AQBAEHHUS rasa M TeMIepaTyphl IIpPo-
ecca, KpUBbIE 3aBUCUMOCTHU 0. OT BpEMEHU UMEIOT S-OOpasHBI BHA, YTO Xa-
PaKTEpPHO AASL TOIIOXMMHYECKUX peakKiui. [Tpu 3TOM Ha HavYaAabHOU CTAAUU
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nponecca (MHAYKIJMOHHBIM IIEPUOA), KOTAA IIPOMCXOAUT OOpa30oBaHUE 3apo-
ABIIIEeN HOBOM (hasbl, IPOTEKAET MEAAEHHAs peaKlus BOCCTAHOBAEHUS, KO-
TOopas dyepe3 ONpeAeAeHHOe BpeMs YCKOPSeTCS U B KOHEUYHBIX CTAAUSIX BEHI-
XOAUT Ha HACHIIIEHUE.

0.8 .
0.6 A
0.4 4
0.2 Puc. 6. KnHeTnyeckune kpusblie BoccTa-
tc HoBneHusa WO; metaHoM npu T=1150
0 T ' °C; BnusiHve pasnexus: 1 — P= 300; 2
° 400 500 1 _100; 3 - 50 Topp.

Kak BUAHO M3 IPUBEAEHHBIX AQHHBIX, YBEAWUYEHUE TEeMIIePAaTyphl U AaB-
AEHUS NPUBOAUT K COKPAIIeHUIO UHAYKIHOHHOTO IIEepPHOAA U CYIeCTBEHHO-
My YBEAUYEHUIO CKOPOCTU B3aUMOAEUCTBHUS.

M3BecTHO, 9YTO KMHETHKA MHOTHMX TBEepPAO(Aa3HBIX PEaKIIUHM OMUCHIBAETCS
MOAEASIMH 3apOABIIIIe00pa30BaHus, CPeAr KOTOPBLIX Hamboaee M3BECTHBI MO-
pean ABpamu-EpodeeBa [24-26]:

a :1—exp(— ktn)v

TA€ 0. — CTelleHb NTPEeBPAIeHus; N — WHAEKC PEeakIlu¥M WAM JKCIOHEHTa AB-
paMy; K — KOHCTaHTa CKOPOCTH peakIUu.

O0OpaboTKa IOAY4YeHHBIX B HAcTOdllel paboTe AQHHBIX IIOKAa3aAd, 4YTo
OHM C AOCTQTOUYHOM TOYHOCTBHIO OIMCHIBAIOTCS BBIIIEIIPUBEAECHHBIM ypaBHe-
HUeM. Ha puc. 7 skcriepuMeHTaAbHBIe A@HHBIE (TOYKU) COIIOCTABAEHBI C pac-
YeTHBIMM II0 ypaBHeHUIO ABpamu-EpodeeBa (cmaomrHag AmHUA). OTKAOHEe-
HUe 3KCIIEPUMEHTAABHBIX TOYeK OT pacueTHOM KPUBOM IIPU IMOAHOM BOCCTa-
HOBAEHUM OOYCAOBAEHO OOpa3oBaHMeM KapOmpa BoabdpaMa.

Puc. 7. ConocTtaBneHvne akcnepumeH-
TanbHbIX  (TOYKM) U pacYeTHbIX
(cnnowHas nMHUSI) OaHHbIX BOCCTa-
HoBneHns WO; meTtaHoMm. T=1150°C,
P=50 Topp.

O0paboTkoii MOAYUYEHHBIX AQHHBIX II0 MOAeAnm ABpamu-Epodeesa ompe-
AEAeHBl 3HaUeHMd NapaMeTpoB k m n. OTU AaHHBIe IPUBEAEHBI B TaOAHIIE.
BeIgBA€HO, 4YTO HauOOAee XOpolllee COBNaAeHHEe HAaOAIOAQETCS IIPU 3HAYEHUU
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n=3 (Tak Ha3elBaeMas Mopenrb AE3 — oOpa3oBaHmMe U TpeXMEpPHBIU POCT 3a-
poablieln [24]).

Ha puc. 8 npuBepeHBI TeMIlepaTypHBIE 3aBUCHUMOCTH KOHCTAHT CKO-
POCTH BOCCTAHOBAEHHUS B KOOPAWHATAX AppeHHUyca A ABYX 3HAUEHUM AaB-
AeHHusa MeTaHa. IToaydyeHHBIe AMHEMNHBIE 3aBUCHUMOCTH CBUAETEABCTBYIOT 00
5KCIIOHEHIIMAABHOM XapaKTepe TeMIIepaTypHOM 3aBUCHMMOCTH KOHCTAHT CKO-
pocTH.

AASL TeMIlepaTypHOM 3aBUCUMOCTU KOHCTAHTBI CKOPOCTU IOAYYEHBI CAe-
AVIOIIHe BBIPa’KeHUs:

P = 300 Topp k = 2,8.1018 exp(-144+10/RT), ¢33,
P = 100 Topp k = 3,7.10!7 exp(-151+10/RT), ¢’

TAe 3HaueHUe 3Hepruu aktuBanuu (E) BeIpakeHO B kxkain/mons.

OTH 3HaueHUs CylleCcTBEHHO (1.5-2 pasa) MpeBBIIIAIOT IIPUBEACHHEBIE B
AUTepaType 3HAYeHWs JSHEPTuM aKTHUBALlUM HHU3KOTEMIIEPATypPHOrO BOCCTa-
HOBAeHUST WO3 BOAOPOAOM U YTAEPOAOM.

59 Ink

-10

-15 4

_20 -
+ Puc. 8. TemnepaTypHble 3aBUCUMOCTMN
KOHCTaHT CKOpPOCTU BOCCTaHOBIEHUS
Tpexokucu Bonbdpama mMetaHom: 1 —
7 73 7.6 79 4 82 — .
10°T, K P=300; 2 — 100 Topp.

-25

Tabauya

3HaueHHs] KHHETHYECKNX MAaPaMeTPOB BOCCTAHOBJIEHMS
TPEXOKHCHU BOJb(paMa MeTAHOM

T, °C P, Topp n tyma, € k, c3
400 A5E-
950 100 3 3.45E-10
300 3 120 6.1E-08
100 3 100 1.1E-07
1050
300 3 17 1.7E-05
50 3 200 4.1E-09
1100 100 3 40 6.4E-07
300 3 10 7.8E-05
10 3 300 9.7E-11
60 ]
1150 50 3 3.65E-08
100 3 40 1.6E-06
300 3 3 2.14E-04
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Takum 00Opa3oM, YCTAHOBACHO, YTO KHMHETHUKA B3aUMOAENUCTBUS TPEXOK-
cupa BoAabdpama ¢ MetaHoMm Ipu T=950-1150°C u P=10-300 Topp omnmcel-
BaeTCsl XapaKTepPHOU AAS TOIIOXMMUYECKUX peakIMi S-o0pa3HOM KPUBOU U
npoTrekaeT 1o caepymouein cxeme: WO3 — WigOy9(WO,) - WC. TTokasaHo,
YTO JIKCIEePUMEHTAAbHbIE AQHHBIE C AOCTQTOUYHOM TOUYHOCTBIO ONMCHLIBAIOTCS
ypaBHeHueM ABpamu-EpodeeBa ¢ skcnoHeHToM ABpamu, paBHoM 3. CKo-
POCTB BOCCTAHOBAEHUS TPEXOKUCH BOAB(PpPaMa CHUABHO 3aBUCHUT KaK OT AaB-
A€HHMS MeTaHa, TaK U OT TeMIIepaTypEl, @ 3HEPTrusd aKTUBALMU MPOIlecca CAa-
00 3aBHUCUT OT A@BAEHUS MeTaHa.

LALDLUUD (VI) 0LUPD UBRULAY L UETLELUEL UhLEShUUL
L. . HOFLUUUL3UD, W. G- WILESPU3UL, N, W. 2QUSPL3UL L U. L. hUN-US3WL
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KINETICS OF TUNGSTEN (VI) TRIOXIDE REDUCTION BY METHANE

L. A. DUNAMALYAN? A. G. AVETISYAN?,
H. A. CHATILYAN! and S. L. KHARATYAN!?

1A.B. Nalbandyan Institute of Chemical Physics NAS Republic of Armenia
5/2, P. Sevak Str., Yerevan, 0014, Armenia
2Yerevan State University
1, A Manoukyan Str., Yerevan, 0025, Armenia
E-mail: lil.dunik@mail.ru

The kinetic features of tungsten (V1) trioxide reduction by methane are studied by
electrothermographic method in the temperature range 950-1150°C and methane
pressure 10-300 Torr. It was revealed that the reduction of tungsten (VI) trioxide
proceeded via formation of intermediate oxide phases, W04, WO,, and the end-
product of the reduction was the tungsten carbide, WC. It is shown that the degree of
reduction vs time represents the S-shaped curve with the characteristic induction period.
It is established that the reduction rate sharply depends on both temperature and methane
pressure. The Kinetic curves are quite accurately described by the Avrami-Erofeev
equation of the third order (model AE3) throughout the studied range of temperature and
methane pressure. The values of the reaction kinetic parameters (k, n, E) were
determined.
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CUHEPI'MYECKUME U AHTAI'OHUYECKHE 3O PEKTbDI
AHTUIIEPOKCHUPAJIUKAJIBHBIX CBOMCTB CMECEM
BUO®JIABOHOUIOB C TPOJIOKCOM B BOJJHOM CPEJIE

I'.I'. KOYAPSH, C.I'. MUHACSIH, 3. O. MAHYKSH u JI. A. TABAJSIH

WuctutyTr xumMudyeckor dpusuku uM. A.b. Harbaupgaua HAH PecniyOauku ApMeHUs
Apwmenwns, 0014, Epesan, ya. I1. CeBaka, 5/2
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[MocTtymmao 18 11 2016

MeTogamn onpegeneHvs MornoLatoLen eMKOCT MO OTHOLLEHUIO K KUCNOPOALEHTPUPOBaH-
HbIM pagvKanam v KBaapaTHO-BOITHOBOW BOMbTaMnepoMeTpun onpeaeneHbl aHTUnepoKcupaankanbs-
Hble eMKOCTM cmecel (hnaBoOHOMAOB — PYTWHA, KBEPLETUHA, HApMHIMHA U MOPUHA, C TPOMOKCOM B
BOAHOI cpefe (choccaTHbIn Bydep 0.1M, T = 37°C, pH = 7.4). Moka3aHo, YTO CMecK (hraBoHONIOB,
nMetoLx GOKOBON YrneBOAHbIV 3aMeCTUTENb, PYTUHA U HAPUHIMHA C TPONOKCOM, MOKa3blBaloT Cu-
Hepruyeckuii (NoBbILLEHNE aHTUOKCUAAHTHBIX XapakTePUCTUK B CMECU aHTUOKCUAAHTOB) adhdekT aH-
TUNEPOKCMPaAMKanbHON €MKOCTK, a cMecu (hraBoOHOMAOB, HE coaepXxallmx GOKOBOW yrneBOOHbIN
3amMecTuTenNb, KBEPLETUHA U MOPUHa C TPOJIOKCOM MPOSIBMSIOT aHTaroHudeckun addpekt. MNpeano-
XeH 6a30BbIl peakUMOHHBI MeXaHU3M HeaaaUTUBHBIX 3 MEKTOB y NCCNEeAOBaHHbLIX Nap aHTUOKCU-

[aHTOB.

Puc. 5, Tabn. 1, 61M6n. ccbinok 33.

B cayuae opAHOBpPEMEHHOTO IIPUCYTCTBHSI PAa3HBIX 3K30T€HHBIX U JHAO-
TeHHBIX QHTHUOKCHUAQHTOB B OKHUCAMTEABHBIX CHCTeMaX 4YacTO HAOAIOAQIOTCS
CHUHepruYecKue M aHTaroHWYecKue (MIOBBIIIEHWE M IMOHWYKeHHe aHTHOKCHU-
AQHTHBIX XapaKTepPUCTUK CMeCel aHTUOKCUAQHTOB, COOTBETCTBEHHO) 3¢ ek-
TEL [1-7]. OHHU OIpPEeAEeAsIAUCH KaK PasHUIla MeXAy 3KCIepPUMeHTAAbHBIMU U
TEOPETUUYECKUMHU (CyMMa XapaKTepPUCTUK WHAUBUAYAABHBIX @aHTHOKCUAAHTOB,
B3ATBIX B TeX >Ke KOHIIeHTPAIMsAX, YTO M B CMeCH) 3HAUEeHUSIMM aHTUOKCU-
MAQHTHBIX XapPaKTEPUCTUK. OTU SABAEHUS WUTPAIOT BA)XKHYIO POAb B IIpolleccax
NIPeAOTBPAIlleHNsT U PEeryAupOBaHUS IE€POKCUAHOTO OKUCAEHHS Pa3HBIX
CcyOCTpaToB OpraHMW3MOB, pacTeHuM u numu [7-13]. HeapputusHblEe 3hdek-
TBl — CHUHEepPru3M M aHTAaroHM3M, AaHTHOKCUAAHTHBIX CBOMNCTB HAOAIOAQIOTCS
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U B CHCTeMaX, COAepKalnux 0mopAaBOHOUARL [7,14-19]. ®AaBOHOUABL — 3TO
COEAWHEHUSI PACTUTEABHOTO IIPOMCXOKAEHUS, OOAQAQIONINEe AaHTHUOKCHAQHT-
HBIMM CBONCTBaMU M HMelolue OUOMeAUITMHCKOe 3HaueHme |[14,15,20-27].
ITosToMy wuccaepoBaHUEe AHTUOKCUAAHTHBIX CBOWMCTB 3THUX COEAVHEHHU B
TIPUCYTCTBUU APYTUX OMOAHTHOKCHAAHTOB B OPraHM3Me IIPEACTaBASIET OOAb-
III0¥M Hay4dHBIM HHTepec. OCOOEeHHO aKTyaAbHBIM SBASIETCSI MCCAEAOBAHUE CHU-
HEPTUYeCKUX M AHTAarOHUYEeCKUX 3(P(@PEKTOB, a TaKKe OIpeAeAeHUEe KOAU-
YEeCTBEHHBIX XapPaKTEePUCTUK QHTUOKCHUAAHTHBIX CBOWCTB Yy IIap (PAABOHOWA
— acKopOMHOBag KMCAOTQ, (praBOHOUA — TOKO(PEpoA U (PAABOHOUA — TPO-
AOKC.

Leabto pabOTHI SIBASIETCSI MCCACAOBAHHUE AHTUIEPOKCUPAAUKAABHBIX KO-
AMYECTBEHHBIX XapaKTepPUCTUK IMapHBIX cMecel (PAABOHOMAOB — PYTUHA,
HapUWHTWHA, KBepIeTUHA W MOPWHA C BOAOPACTBOPUMEIM aHAAOTOM (-TOKO-
(bepora — TPOAOKCOM, B BOAHOM cpepe (docdaruwiii 6ydep, T = 370C, pH
= 7.4) MeTOpaMU OIPEAEAEHMS IMOTAOIIAIOIel €eMKOCTU II0 OTHOIIEHHWIO K
KHCAOPOAIIEHTpUPOBaHHBIM papukaraM (ORAC) [28-32] u KBappaTHO-BOAHO-
BOM BOAbTaMIilepoMeTpuu (SWV), a TakKe oIpepereHre MeXaHN3Ma HeapAu-
TUBHBIX 3(D(PEeKTOB B UCCAEAYEMBIX CMeCIX aHTHOKCUAAHTOB.

IKCNePUMEHTAJIBHAA YaCTh

Pearentni: 2,2'-A30-61c(2-aMUAUHOIIPOIIaH)TUAPOXAOPUA (AAPH), 2-(3,4-
AUTUAPOKCUDEHUA)-5, 7-AUTUAPOKCH-3-[(2S,3R,45,55,6R)-3,4,5-TpuUrupporcu-6-
[[(2R,3R,4R,5R,6S)-3,4,5-TpUTUAPOKCHU-O-METUAOKCAH-2-UA] OKCUMETUA]OKCAH-
2-UA]OKCUXpOMeH-4-0H, TPUTHApPAT (PyTHUH), 2-(3,4-AUTHAPOKCUdEHUA)-3,5,7-
TPUTUAPOKCUXPOMEH-4-0H (KBepLeTuH), 2-(2,4-pAuruppokcudenua)-3,5,7-Tpu-
TUAPOKCUXPOMEH-4-0H (MopuH), (2S)-7-[(2S,3R,4S,5S,6R)-4,5-pAurupporcu-6-
(rupaporcuMeTnn)-3-[(2S,3R,4R,5R,6S)-3,4,5-TpUTrHAPOKCH-6-METUAOKCAH-2-
UA]OKCHOKCAH-2-UA|OKCHU-5-TUAPOKCHU-2-(4-TUAPOKCU(DEHMA) -2, 3-AUTHAPOXPO-
MeH-4-0H (HapuHTHUH), 0-THAPOKCH-2,5,7 8-TeTpaMeTHAXPOMaH-2-KapOOHOBas
KHUCAOTa (TPOAOKC), AMHATPHUEBAas COAb (pAayopecumernHa — 3',6'-AUTHADPOKCH-
cimpo[uzoben3odypan-1(3H),9'-[9H]kcauTen]-3-ona pmHaTpmeBast coab (Fl),
xnropup Kaausa (KCl); pactBopuTeAn — 3TaHOA, docdaTHBIN Oydep, Ipuod-
peTeHBl B XUMHUYeCKOM KommnaHum Sigma-Aldrich (CIIIA). 3TaHOA AONOAHHU-
TEeABHO OYHIIAACS COTAACHO MeTOANKe, onrcaHHoU B [33]. Belra ncnoab30Ba-
Ha AEMOHW3MPOBAaHHAS BOAA C IAEKTPUYECKUM CONpOTUBAeHUEM 16 Momxcu
npu 25°C (Hy Economy, LLC, Armenian — US VS) B KadecTBe pacTBOPHUTE-
Ast. MOAEKyASIpDHBIE CTPYKTYPBI MCCAEAOBAHHBIX (PAABOHOMAOB IIPEACTaBAE-
HBI Ha puc. 1.
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Puc. 1. MonekynsipHble CTPYKTYpbl UCMONb3yeMbIX aHTUOKCUAAHTOB: kBepueTuH (1), MOpUH
(2), pyTuH (3), HapuHruH (4) n Tponokc (5).

IIpobGonoaroroBka. OOpa3nbl aHTUOKCUAAHTOB OBIAM IIPUTOTOBAEHBI PACT-
BOpPeHMHEeM HUX B 3TaHOAe. KOHIleHTpanusa aHTUOKCUAQHTOB B MaTOUHOM pPacT-
BOpe cocTaBasra 4 x 107% M, aast mHEMIIMATOpa TIEpOKCUpaarkaroB AAPH wu
dayopecrienna — 1.53 x 10! M u 0.6 x 104 M, COOTBETCTBEHHO. AHTHOKCH-
AAQHTBI AOOABASIAMCH B PEAKIIMOHHYIO CMeCh OOBEMOM 3 M1 B CAEAYIOUIUX KO-
AMdecTBax: pyTuH — 38 wr (5 x 100 M), keepuerun — 38 wr (5 x 10° M),
MopuH — 38 w1 (5 x 10 M), mapuarun — 38 wn (5 x 10 M), Tporokc — 38
wn (5 x 10°% M). CMecu aHTHOKCHAQHTOB OBIAM IIPUTOTOBAEHBLI CMENIMBAHHEM
MHAUBUAYAALHEIX PAaCTBOPOB ABYX aHTHOKCHAAHTOB 1o 38 w1 (5 x 106 M).
Konnenrpanus AAPH B peakIMOHHOM cMecH cocTaBasAa 1.53 x 1072 M. Uc-
CAeAOBaHUS IIPOBOAUANCH B BOAHOM pacTBope (docdaruswiit 6ydep 0.1M, pH
= 7.4):

OnpeneneHue norJjouiamunieii eMKOCTH M0 OTHOLIEHHUIO K KHCJIOPOALEHTPHPO-
BaHHbIM pagukaiam (ORAC).

AHTHUNIEpOKCHPAAUKAABHEIE €MKOCTH (DAGBOHOUAOB B BOAHOM Cpepe B
NIPUCYTCTBUU M B OTCYTCTBHE TPOAOKCA OIPEAEASIAMCH KMHETHYEeCKUM CIeK-
TpocpoTomeTpuueckuMm MetopoM ORAC [28-32]. VizMmepeHUsI TPOBOAUAUCH
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npu TeMIepaType 3710.19C. B merope ORAC HCIOAB30BAACS daryopec-
meHTHBIM crnekTpoMmeTp ''Perkin-Elmer MPF-44B (USA)" ¢ KOMIBbIOTEPHOM
perucrpanuel KMHETUKU HU3MEHEHUS MHTEHCUBHOCTH (hayopecneHnum Fl B
pe3yAbTaTe peakIUM C IEePOKCHUABHBIMH papukaramu (ROO*®). AanHa BOAH
BO30YIKAQIOIIEro M SMMCCUOHHOTO CBeTa cocTaBAsira 450 1 515 um, COOTBETCT-
BeHHO. [lepOKCHUABHEIE pAAUKAaABl TEHEPUPOBAAUCH IIyTEM TEPMHYECKOIO pas-
AOJKEHUSI BOAOPAcTBOpUMOro azocoepnnenus — AAPH, coraacuo cxeme.

Cxema
I'enepupoBaHye NePOKCUIBHBIX PATHKAIOB MyTeM TEPMUYECKOr0 pPa3ioKeHus
BOJOpacTBOpUMOro azocoennHenusi (AAPH) B mpucyTcTBUE KHCJI0pPoOAa

CH, CH,4 CH;
H,N
HZN\ | | /;N h A, O, 7N\ .
C—C—N=N—C—C > _C—C—00
mN? | \m R HNT
2 CH, CH, 2 : CH;
AAPH ROO

KoAnuecTBeHHOe ONpepereHMe aHTUIIEePOKCUPAAUKAABHOM €MKOCTU HC-
CAEAYEMBIX COEAVHEHUM OCYIIECTBASAOCH IO IIAOINAASM, OIPAaHUYEHHBLIM
ABYMSI KMHETHYECKMMN KPHUBLIMH YMEHBIIEHUS WHTEHCHUBHOCTU (Ayopec-
nernnuu Fl B oTcyTcTBHe M ¢ AOOABA€HHMEM AHTHOKCUAAHTOB B YCAOBHUAX
noAHoro pacxopoBanHusd Fl [29]. B KauecTBe CTaHAAQPTHOTO aHTUOKCHAAHTA
WICTIOAB30BAACS TPOAOKC. 3HaueHUe aHTUMEPOKCUPAAMKAABHOU €MKOCTH —
faO: OIIPEAEASIAOCH COTAACHO CAEAYIOIIEMY YPaBHEHUIO!

f _ (SAO B SO)I\/Itrolox f 1
A0 — S S M trolox ' (1)
( trolox — O) AO
tAe Sp, SAO U Strolox — TIAOIIIAAM, OTpaHUUYEHHBIe KUHETHUYECKUMU KPUBBIMU

YMEHBIIeHUsI MHTEHCUBHOCTH (PAYOPECIIEHITUH B OTCYTCTBME U B IIPUCYTCT-
BUM MCCAEAYEMOTO aHTHMOKCHAAHTA M CTAHAAPTHOTO @HTMOKCHAAHTA — TPO-
AOKCa, cOOTBeTCTBeHHO (puc. 2 U 3); Mycoloxr MAo — MOASIpHBIE KOHIIEHTpA-
WY TPOAOKCA U MCCAEAYEMOTO aHTUOKCHAAHTA, COOTBETCTBEHHO; fag, firolox
— QHTHUIEPOKCUPAAMKAABHBIE E€MKOCTH WCCAEAYEMOTO AaHTHOKCHUAAHTA WU
TPOAOKCQ, YKAa3bIBAKOIIe Ha KOAMYECTBO PAAMKAAOB, 3aXBaTHIBAEMBIX MOAE-
KyAaMM aHTUOKCUAQHTOB.

AHTHUTIEPOKCUPAAUKAABHAS €MKOCTh OTHOCUTEABHO TPOAOKCOBOTO 3KBU-
BanenTa (forg 1) paBHa forg e = fao / fuolox:

HMHuTerprpoBaHme COOTBETCTBYIOMINX IIAOIIAAEH OCYIIIECTBASIAOCH IO Me-
TOAY Tpamleluy C TOMOIIBLI0 KOMIBLIOTEPHOW BBIYUCAUTEABHONW IPOrpPaMMBbI
Microcal Origin 8.0.
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DJIeKTPOXMMHYeCKHe H3MepeHusl. B peakIMOHHOM CMeCH, COAepIKalllel Ty
Xe KoHUeHTpauuto uHmnuaropa AAPH, uto B ombiTax ORAC, KuHeTuKa
PacxoAOBaHUS aHTUOKCUAAHTOB B PeaKIMOHHOM CMeCH, a TaKyKe IIOTeHIIHa-
ABI OKUCAEHUMS (PAAGBOHOMAOB U TPOAOKCA OBIAU OIPEAEAEHBI METOAOM KBaA-
PaTHO-BOAHOBOM BoAbTaMmiepoMeTpuu (SWV). Mcnoab3oBaAcsS BOABTaMIIEpPO-
METPUUYECKUM KOMIIAGKC C TpPEeXdAEeKTpopHOM cucremon (Bioanalytical
system, BAS-100B/W, USA). B kauecTBe pabodyero 3AeKTPOAa MCIOAB30BaA-
CS1 CTEKAOTPA(UTOBBLIN DAEKTPOA AUAMETPOM 3 MM, KOTOPBLIM MIepeap u3Mepe-
HHeM ouuiiarca nyapoi Al,Ogz, paszmepom vactul] 0.5 mxu. DAEKTPOA Cpas-
HeHMs1 — HacCBHIIeHHBIN xaopcepebpsanbill Ag/AgCl/KCl, BcrioMoraTeAbHbBIN
— IIAQTUHOBBIU S5AEKTPOA. BoabTaMIeporpaMMbl CHUMAAUCh B AUAlla3OHE
noternnuaroB 0-1600 Mg, npu dacToTe CKaHUpPOBaHUA 25 [y, UYBCTBUTEAL-
HOCTh 10 1A/B, KBaAPATHO-BOAHOBAS aMIAUTYAA — 25 mB.

Pe3yabTaThl 1 MX 00Cy KAeHUE

MetopoM ORAC Ha OCHOBaHMU KHUHETHUYECKUX AAHHBIX PACXOAOBaHMS
Fl B oTCcyTCTBME ¥ B IPUCYTCTBUU @HTUOKCUAAHTOB B PEAKIIUM C IIEPOKCHUAD-
HBIMU pajpvKaraMu, reHepupyeMbiMu AAPH (puc. 2 u 3), BEIYUCAEHBI BeAU-
YUHBI @HTUIIEPOKCUPAAUKAABHBIX €MKOCTeH WHAWBUAYAABHBIX @HTHOKCHAAQH-
TOB — (PAQBOHOHUAOB, U UX CMeCeM C TPOAOKCOM. B TabAuile mpuBeAEHBI Be-
AMYUHBI @HTUIIEPOKCUPAAUKAABHBIX €MKOCTeM B TPOAOKCOBOM 3KBUBAAEHTE.
Beanmunna HeappuTuBHOTrO AetictBuga (HAJ) OuMHapHOM cMecH aHTHOKCHAAH-
TOB PACCUUTHLIBAAACEH ITO (DOPMYAE:

HAJ = Mxmo%, (2)
fFIOH * A

rae foix, frion ¥ fo — aHTMIDEpokcuMpapMKaAbHEIE €MKOCTH CMECH aHTHOKCH-
MAHTOB, (PAGBOHOUAA U COAHTHOKCHUAAHTA (TPOAOKCA) U OTAEABHO B3STBHIX aH-
TUOKCHUAAQHTOB, COOTBETCTBEHHO. [IepBUYHBIMU PeaKIUSIMHU, OIPEeAEASIOININ-
MU aHTHOKCHAQHTHBIe cBoMcTBa Tpoaokca (TH) u daaBoroumpos (FIOH), as-
aqrotcg peaknum TH u FIOH ¢ nepOKCHUABHBIMU papuKaraMM (peaknum 1 u
2). B atmx peaknugax o0pa3yroTcs (PEHOKCUABHBIE PAAUKAABL TPOAOKCA U
draBoHOMAOB (pyTHUH(O ") HapuHrHH(O ")), KOTOPHIE, B CBOIO OYEpPEAb, pea-
TUPYIOT C NEePOKCUABHBIMU papuKaraMM, 00pasysdl HepapAUKaAbHBIE ITPOAYKTEI
(peaknuga 3 u 4).

TH + ROO* - T + ROOH (1)

FIOH +ROO" — FIO* + ROOH (2)
FIO®* +ROO*° — HepapUKaAbHBIE IPOAYKTEI (3)
T° +ROO* — HepapUKaAbHBIE IPOAYKTHI (4)
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35004
Puc. 2. KuHeTuyeckme KpuBble yMeHb-

LUEHUS] MHTEHCUBHOCTN (hrlyopecLeH-
uum FI npu 515 HmM B pesynbTate
peakumyn C NepoKCUNbHbIMK pajuka-
namu B otcyTtcTBue (1) 1 B NpucyTcT-
BMM a@HTWOKCUAAHTOB: TPOMOKC (2),
pyTuH (3), cMecb pyTUH- Tporokc (4)
npu Temnepartype 37°C. [AAPH], =
1.53 x 102 M (ckopocTb 3apoXxaeHusi
pagvkanos cocTaensieT R, = 2.6 x 10°
Mc™), KOHLEHTpauus aHTUOKCWAAH-
TOB paBHa 5 x 10 M, Kak B3SITbIX B
oTAenbHOCTH, Tak n B cmecsx. [Fl] =
0 E(Ill] 4[:() ﬁt‘lll Rl‘)El I{]lﬂ(l I'_’Il}(l \-ll(ll) ](\l()tl IKI(Il) 2{1‘(](} IZII)(J 106M PaCTBOpMTeJ‘Ib—,quOHVBMpO-
Bpewmsi, MuH. BaHHaA BoAa.
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TaTe peakuuu C NEepPOKCUIbHbIMU pa-
Avikanamu B otcytcteme (1) n B npu-
CYTCTBUM aHTUOKCUAAHTOB: TPOSOKC
(2), kBepueTuH (3), cmecb KBEPLETUH
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CpaBHeHUe KMHETHUYECKUX KPUBBIX PacXOAOBaHUA (DAyOpecIleMHa (puc.
2 u 3) U 3KCHEePUMEHTAABHO OIPEAEAEHHBIX 3HAaUeHUNW aHTUIIEPOKCHPAAU-
KAABHBIX €MKOCTeM aHTHOKCUAAHTOB forg Tp (TabAmIla) MOKa3EIBAET, YTO 3HA-
YeHUsd aHTUIIEPOKCUPAAUKAABHBIX €MKOCTel cMecell pyTWHa M HapWHIHMHA C
TPOAOKCOM fiy T TIpEBBIIAIOT pacyeTHble 3HAYEHUsS fnix(calc). Pacuernoe
3Ha49eHue frix(calc) OTIPEAGASIAOCH KaK CyMMa BEAMYMH AQHTUIEPOKCUPAAH-
KaABHBIX €MKOCTeM ABYX AaHTHOKCHAAHTOB — (PAABOHOMAA M TPOAOKCA
(fmix(calc) = frion,tE + fru,Te). TlpeacTaBrenHble B TabAune panHBIE fr;, MO-
Ka3bIBAIOT, YTO Y Iap aHTHOKCHAAHTOB PYTHH — TPOAOKC M HapPUHTHUH — TPO-
AOKC HaOAIOA@eTCS HEaAAUTHBHBIM POCT AHTUIEPOKCUPAAUKAABHBEIX €eM-
KOCTeH, T. €. cuHeprudeckul 3 deKT.

CoraacHO BOABTaAMIIEpOTpaMMaM, IIOAYYEHHBIM MeTopoM SWYV, 3Haue-
HUS OKHUCAUTEABHOTO (pOPMarbHOTO IIOTeHIIMaAra PyTWHa W HAapUHTHWHA pas-
HBI 230 u 680 mB, COOTBETCTBEHHO. OTU 3HAUEHUS IPEBBIIIAIOT BEAUYUHY
OKMCAUTEABHOTO (POPMAAbHOrO IMOTeHI[UaAa Tpoarokca — 124 uB. I'lo npuun-
He HU3KOTO OKMCAMTEABHOI'O IIOTEHI[Mara B PeaKIMOHHOM CMeCU TPOAOKC,
HapsgAy C peakliell C IIEPOKCUABHBIMM pajUKaraMu (peakiusg 1), TakxKe
pearupyeT ¢ (PEHOKCHABHBIMU PapWKaAaMM PYTHMHA W HapUHTMHA (peakijus
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5). B pesyabTare 3TUX peaknuil (PeHOKCUABHBIE PAAUKAABL PyTHHA M HApUH-
rMHa BOCCTA@HABAMBAIOTCI AO OoAee 3(P(PEeKTUBHOIO aHTUOKCUAAHTA C OOAB-
IIUM 3HaueHHEeM aHTUIIEPOKCHUPAAUKAABHOM €MKOCTU — (PAABOHOMAQ, & TPO-
AOKC PacXOAyeTCs:

FIO' + TH — T* + FIOH. (5)

TakuM o6pa3oM, B pPeaKUMOHHOMW CMeCH aHTHOKCUAQHT, MMeIoNIui 60-
Aee BBICOKOe 3HaueHHe aHTUIIePOKCUPAAUKAABHON eMKOCTH (TabAuIla), pere-
HepUpyeTcs (peaknud 5), a TPOAOKC, UMeIOIIUuN OOAree HU3KYIO aHTUIIEPOK-
CHPAAUKAABHYIO €MKOCTh, pacxopyeTcs ObicTpee. O6 3TOM CBUAETEALCTBYIOT
KUHeTHYeCKUe HU3MepeHUs PAaCcXOAOBAHUS TPOAOKCA W (PAABOHOUAOB, KOTO-
pBle PETUCTPUPYIOTCSI MeTOAOM SWV BoAbTaMIepOMETPUU (PUC. 4).

Tabnuya

3HaYeHUs AaHTUIEPOKCUPAAUKAIBHBIX eMKOCTell aHTHOKCHIAHTOB M X OMHAPHBIX
cMeceii B TPOJIOKCOBOM 9KBHBAJIEHTE, a TAK/Ke CTeNeHb HeaJAUTHBHbBIX
(cuHepruyeckoro, anraronndeckoro) 3¢pgexros (HAJ), onpenesieHHble MeTOAOM
ORAC. KoHueHTpanuu aHTHOKCHIAHTOB, B3SIThI€ B OT/IEJILHOCTH H B CMeECSIX,
paBub1 5 x 10° M. Temmepatypa 37°C. *B cko6Kkax npuBeeHa pacueTHasi cyMmma
frnix.TE (calc.) IS CMECH AHTHOKCHIAHTOB

AHTHOKCUAQHT | IfRIOH,TE Trnin TE ( fmixcaley )’ %HAA,
PyTHH 3.80 5.64 (>4.8) 18
KBEPIETUH 5.45 3.82 (<6.45) -40
MOPUH 3.19 3.56(<4.019) -15
HAPUHIUH 4.11 5.48 (>5.11) 7
TPOAOKC 1 — —

Puc. 4. KuneTnyeckne kpu-
Bble PacxofoBaHWUSA aHTUOK-
CMOaHTOB — pyTWHa, B OT-
CYTCTBME COaHTMOKCUAAHTA
(1), B NnpucyTCTBUM TPOIOKCa
(2), a Takke pacxogoBaHus
Tponokca B otcytcTeue (3) u
B MpucyTcTBuM (4) pyTvHa B
. peakuMoHHOW cpefde, Mony-
. YeHHble MmeTogoM  SWV.
e [AAPH], = 1.53 x 107 M,

T docdatHbIn Bydep 0.1 M,
Bpeasa, MHH pH=7.4.

KoHueHTpaLms x 105 M

SWYV BoabTaMIepoMeTpUYecKHe KUHeTHYeCKHe HMCCAEAOBAHMS ITOKa3bl-
BAIOT, YTO BpeMs IIOAHOTO PACXOAOBAHHS PYyTHHAa B CMeCH C TPOAOKCOM
pacter B 1.25 pa3. YMeHbIIeHHEe pPacXoAd aHTUOKCHUAAHTA, MMeIolIero Ooaee
BBICOKYIO aHTUPAAUKAABHYIO €MKOCTh (PYTHH, HAPUHTHMH), IIPUBOAUT K POCTY
3HQUEHUS CYMMapHOM aHTUIIEPOKCUPAAUKAABHOU eMKOCTH (fnhixTp) CMecein
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AQHTUOKCHAQHTOB TIO CPAaBHEHUIO C CyMMOU 3HaYeHWHU (fyix(caie) forteTE OT-
AEABHBIX @aHTHOKCHAQHTOB, T.€. K CHHEPruideckomy 3¢ dexTy.

CoraracHO BJKCIHEepPUMEHTAALHBIM AAHHBIM (TabAuia), 3HaueHUs: fixTE
CMecel MOPHHA U KBepIeTHHA C TPOAOKCOM OOAee HU3KHE II0 CPAaBHEHUIO C
PaCYEeTHBIMU 3HAYEHUAMU friy(calc). B CMeCAX 5TuX map aHTHOKCHAAHTOB Hal-
AIOAQETCS @aHTaroHM4YecKuu 3PdeKT.

Coraacno SWV BoAbTaMmOeporpaMmaM, 3HaueHHEe OKUCAUTEABHOTO (op-
MaAbHOTO @HOAHOTO ITOTeHIMana KBeplleTmHa (115 mV) Goaee HU3KOe, ueM
3HAUEHUSI OKUCAUTEABHO-(POPMAAbHBIX IIOTEHIIMAAOB TPOAOKCA. 3HaueHHe
NOTeHMaAd MOPHHA TAK)XXe HU3KOE, HO HECKOABKO IIPEBHIIIAET 3HaYeHUe
MOTEeHMaAd OKUCAEHUSA TPOAOKCA. BCaeaCTBHe HU3KHMX 3HAYEHUUW IIOTEHIIMA-
AOB OKHMCAEHUS 3THUX (PAAGBOHOUAOB B PeaKIIMOHHOM CMeCH Me>KAY pajuKaha-
Mu Tpoaokca (T°) u MoareKyraMU (PAQGBOHOMAOB IIPOMCXOAUT PeaKIus (peak-
nusa 6), B pe3yAbTaTe KOTOPOM papuKaabl T® BOCCTaHaBAMBAIOTCA AO TPOAOK-
ca (TH). TakuMm oOpa3oM, (HhAaBOHOUABI (KBEPIIETUH, MOPHUH), OOAaAaioliue
OOAee BBICOKMMHU 3HAUYEHUSAMU aHTUIIEPOKCUPAAUKAABHON €MKOCTH IO CPaB-
HEHHUIO C TPOAOKCOM, PACXOAVIOTCSI He TOABKO B peaKNUaX C pPapUKaraMu
ROO" (peakuus 2), HO U B pe3yAbTaTe IIapaAAEABHO NIPOTeKAIollel peakIiuu
C TOKOWEPOKCUABHBEIMU papuKaraMm T° (peakinusg 6). OTO U ABASETCI OC-
HOBHOM NPUYMHOM yMEHBIIEHHS aHTUIIEPOKCUPAAUKAABHOM €MKOCTH CMeCHU
AHTUOKCUAQHTOB (@aHTAroHU3M).

kBeplietuH (MopuH) + T° — TH + kBepuetun O° (Mopun O°). (6)

B peakIUOHHBIX CMecCsX KBepIlleTMHa U MOPHHA C TPOAOKCOM MOTYT
IpOTEeKaTh TaKXe peakIUuW MeXAY papukaramu Tpoaokca (T°) m deHOk-
CUABHBIMU papuKaraMu (raBoHoUpOB (F1O®) (peakunus 7). B pesyabrarte
3TUX pPeaKIIu¥ papuKaAbl TPOAOKCA BOCCTaHABAMBAIOTCS AO TpoAokca (TH). B
3TOM CAydYae TakyKe aKTHUBHBIE aHTUPaAUKaAbHble MHTepMeAUaThl (PAABOHOU-
AOB (KBepLeTHH, MOPHUH) — (DEHOKCUABHBIE PAAUKAABI, PACXOAYIOTCSI He
TOABKO B peaknugax c¢ papukaramMu ROO®, HO M B IapasreAbHO IIPOTEKaro-
el peaknuu C papuKaraMu T°, B pe3yAbTaTe KOTOPOU U OOpa3yroTCs XU-
HOHHBbIE MOAEKYASIPHBIE IIPOAYKTEHI, UMelolie 6oaree HU3KME BEAMYMHBI aH-
TUTIEPOKCUPAAUKAABHBIX eMKocTet (kBepieTuH(O), mopuH(O)) (peakiusg 7)
[21-23,26]. TIpoTekaHue peakuuu (7) Tak’Ke MOXKET OBITh IIPUYUHOU YMEHb-
IIeHusT 3HAaYEeHUN aHTUIIEPOKCUPAAUKAABHBEIX eMKocTel fiy Tg B cMecu daa-
BOHOHA — TPOAOKC.

kBepreruH O° (mopur O°) + T - TH + kBepuetur(O), (Mopur(O)). (7)

B peaknmoHHOM CMeCHU C TPOAOKCOM, B OTAMYME OT PYTUHA U HApUHTU-
Ha, (PAABOHOUABI, 0OAaAQIOIe OOAee BLICOKMM 3HAaUYeHMeM aHTUIEePOKCHpa-
AUKAABHOM €MKOCTH — KBEpIIeTUH U MOPUH (TabAMIla), PacXOAYIOTCS OBICT-
pee, 4eM B OTCYTCTBHE TPOAOKCA. DTO CAEAYeT U3 IPAMBIX KUHETHYECKUX
u3MepeHu pacxopa KBepileTuHa MeTopoM SWV (puc. 5).
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Puc. 5. KuHeTuuveckue kpusble
pacxoaoBaHus KBepLeTuHa B OT-
cytcteue (1) n B npucyTCTBUM
Tpornokca (2) B peakuUOHHOW
cpege, MONy4YeHHble MeToAOM
) SWV.[AAPH], = 1.53 x 102 M,
o docdatHbIn bydep pH = 7.4, T
30 o =37°C.

o

Kotuenpatms = 105 M
'

Bpema, MuH

B cMmecsx ¢ TPOAOKCOM BpeMsi IIOAHOTO pacxXxopa KBepIleTWHA yMeHb-
maeTcsa B 1.2 pa3a. B pesyabTaTe mpoTeKaHUd peaKLuil 6 m 7 Takke oOpa-
3yeTcs TpoAroKc (TH), B pe3yabTare 4ero zaMepAsieTCs Pacxop, Tpoaokca. OA-
HAKO TI0 CPaBHEHUIO C (PAABOHOUMAAMU 3HAUEHME aHTUIIEPOKCUPAANKANBHOM
€MKOCTH y TPOAOKCa Hu3Koe. [lo 3TOM mpuumHe pereHepanus TPOAOKCA He
KOMIIEHCHpPYeT yBeAWueHHe CKOPOCTH pacXoAd KBeplleTMHa M MOpPHHA B
peaknugax 6 u 7. B pe3yabTraTe B cMecH (PAABOHOHA-TPOAOKC HAaOAIOAAETCH
aHTaroHMYeckuu 3(pdexT.

CpaBHeHUe CTPYKTYpP (DAABOHOMAOB (pHC. 1) IOKa3bIBaeT, YTO CHUHEPIu-
geckuy dP@PEeKT aHTUIIEPOKCUPAAUKAABHON €MKOCTU B CMECSIX C TPOAOKCOM
HabAIOpAQeTCST y TeX (PA@BOHOMAOB, MOAEKYABI KOTOPBHIX COAEpP’KaT OGOKOBBIE
YTA€BOAHBIE 3aMeCTUTEAU, T.e. ¥ PyTHMHA M HapuHTMHA. MeKAy TeM, B CMe-
CSIX C TPOAOKCOM aHTaroHWYeCcKUM 3h(PeKT HabAoAaeTcsa y TeX (HDAaBOHOU-
AOB, KOTOPEIE HE COAEP’KAT B MOAEKYA@X OOKOBBLIE YTAEBOAHBIE 3aMECTUTEAU
B IIOAOXKEHMH 3, T.e. Y KBeplleTHHa U MOPUHA.

B 3akaloueHme caepyeT OTMETHTh, 9TO METOAAMHU OIPEAEAEHUS IIOTAO-
MAOMed eMKOCTU KUCAOPOAIIEHTPUPOBAHHBIX PAAWKAAOB C IIpUMEeHeHUeM
CIIeKTPO(PAYOPOMETPUN U KBAAPATHO-BOAHOBOM BOABTAMIIEPOMETPHUU IIOKA-
3a@HO, YTO B BOAHOM cpepe npu pH= 7.4 u TemnepaTrype cpeabl 37°C B nap-
HBIX cMecsX 6M0(AaBOHOUAOB C BOAOPACTBOPUMEBIM @HAAOTOM O-TOKO(gEepOoAa
— TPOAOKCOM, HAOAIOAQIOTCS CHHEPTUYeCKUU (PYyTUH, HAPUHIMH) U aHTaro-
HUYEeCKUMN (KBeplleTHH U MOPHH) 3(Pp(deKTH aHTUIePOKCHPAANKAABHON eM-
KOCTH, COOTBETCTBEHHO.

B 3KCIepmMeHTaAbHBIX YCAOBUSIX HMCCAEAOBAHMS CMeCH (PAABOHOUAOB,
COAEpPIKAIINX B MOAEKYAaX OOKOBBIE YTAEBOAHBIE 3aMECTHUTEAW M WMEOIINX
Gonee BBICOKOE 3HaUeHVE aHOAHOTO OKUCAUTEABHOTO (POPMAAbBHOTO ITOTEH-
1yara IO CPpaBHEHWIO C TPOAOKCOM — PyTHHA UM HAapUHTMHA C TPOAOKCOM,
HAOAIOAQETCSI CUHEPTUYECKUM 3PPEKT aHTUTIEPOKCUPAAUKAABHOM €MKOCTH.

Y cMecedl (HAaBOHOMAOB, HE COAEpPIKAIIUX B MOAEKyAaX OOKOBBIX 3a-
MeCTUTEeAeM M MMeIONINX HM3KHUN aHOAHLIM OKHCAUTEALHBIN IIOTeHIWaA, T.e.
KBepIleTUHA ¥ MOPMHA C TPOAOKCOM, HaOAIOAQETCSI aHTarOHMYeCKUH 3(PdeKT
QHTUNIEPOKCUPAAUKAABHON €MKOCTH.
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THE SYNERGESTIC AND ANTAGONISTIC EFFECTS
OF ANTIPEROXYRADICAL ACTIVITIES OF FLAVANOID AND TROLOX
MIXTURES IN WATER MEDIUM

G. H. KOCHARYAN, S. H. MINASYAN, Z. H. MANUKYAN and L. A. TAVADYAN

A.B. Nalbandyan Institute of Chemical Physics NAS RA
5/2, P.Sevak Str., Yerevan, 0014, Armenia
E-mail: kocharyangg@gmail.com

The antiperoxyradical activities of flavonoids - rutin, naringin, quercetin, morin and
their mixtures with trolox were determined in water environment (phosphate buffer,
pH=7.4) at 37°C using spectrofluorometric oxygen radical absorbance capacity and
square wave voltammetry methods. The experimental data show that the mixtures of
flavonoids that contain carbohydrate moiety in the structure, rutin and naringin with
trolox demonstrate synergy (increasing the antioxidant characteristics in a mixture of
antioxidants) effect of antiperoxyradical activity and the mixtures of flavonoids without
moiety in the structure, quercetin and morin with trolox demonstrate antagonistic effect.
The main reaction mechanism for non-additive changes of effective capacitance values
for pairs of antioxidants has been proposed.
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THE STUDY OF n-HEPTANE/AOT/WATER+DIMETHYLSULFOXIDE
REVERSE MICELLES USING ACRIDINE ORANGE BASE AS
MOLECULAR PROBE

G.A. SHAHINYAN and S.A. MARKARIAN*

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

Acridine orange base (AOB) was used as molecular probe to study the properties of n-
heptane/sodium bis (2-ethylhexyl) sulfosuccinate (AOT)/water+dimethylsulfoxide (DMSO) reverse
micelles using UV-vis absorption, steady-state fluorescence spectroscopy and fluorescence
anisotropy measurements at different polar phase contents. The obtained results were compared
with those of bulk aqueous and DMSO aqueous solutions to reveal the effect of confined media.
From the absorption spectra it was shown that even at high concentrations of DMSO the basic form
of acridine orange was not observed. In micellar solution both absorption and fluorescence emission
maxima were red shifted. However with the increase of polar phase content the shifts towards blue
side occur. Even at the highest obtained values of W (W=[polar phase]/[surfactant]) the absorption
and fluorescence emission maxima of protonated dye molecules have not achieved that in bulk
media. This indicates that the microenvironment around dye molecules in AOT reverse micelles is
significantly different from that in bulk water and water-DMSO solution. From the anisotropy
measurements it was found that the dye molecules exhibit a marked increase in the fluorescence
anisotropy with increasing DMSO content, implying that DMSO increases the overall motional
restriction experienced by the dye molecule due to the increase of rigidity of the interface of micelles.

Figs. 4, table 1, references 25.

Introduction

It is well known that acridine orange base (AOB) serves as a molecular probe to
characterize sodium bis(2-ethylhexyl) sulfosuccinate (AOT) reverse micelles [1,2].
To study the properties of AOB in n-heptane/AOT/water reverse micelles several
methods such as UV-vis absorption and fluorescence spectroscopy have been used
by other researchers [1]. Acridine orange is a type of cationic-basic dye. Its basic
form (AOB), as a proton acceptor, may penetrate into the membranes of some cells

accepting proton, while its cationic form (AOBH") has no similar properties. It
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remains within the cell and can cause a variation in the ion local concentration [1].
The property of a dye depends on whether it resides at the interface or in the bulk or
is partitioned between both. Depending on the place of location of the dye in
micelles it can show different behavior [3,4]. The spectroscopic and photophysical
data of these molecular systems in microheterogeneous media are very useful for a
better understanding of the biodistribution of these dyes inside the living cells.
Reverse micelles are nanopools of polar solvent surrounded by surfactant
monolayer and dispersed in continuous oil phase. Among different surfactants the
most common and widely used is Aerosol-OT because of its ability to solubilize a
large amount of water with value of W=40-60 (W =[pol.phase]/[AOT])

depending on temperature and the surrounding nonpolar solvent. In addition there
are numerous investigations with nonaqueous polar solvents such as ethylene glycol
(EG), glycerol (GY), formamide (FA), dimethylformamide (DMF),
dimethylsulfoxide (DMSO), which have high dielectric constant and very low
solubility in hydrocarbon solvents [5-7]. The dielectric constants at the interface of
aqueous organized media are lower than in water, therefore the use of nonagueous
solvents that increase the solubility and reactivity in microheterogeneous media such
as microemulsions, is in the focus of many researchers [8]. The mixed solvent
glycerol (GY)+N,N-dimethylformamide (DMF) was used as a polar phase in
AOT/n-heptane reverse micelles and it was shown that in microemulsion, unlike that
of bulk media, GY and DMF behave practically as noninteracting solvents [9].
There are several studies regarding DMSO+water mixtures encapsulated within
reverse micelles [7, 10,11]. The effect of DMSO on volumetric and rheological
behavior of AOT reverse micelles was revealed [11]. It was shown that DMSO
increases the apparent molar volume of polar phase. Moreover the presence of
DMSO in the system tends to the formation of micellar aggregates at lower
concentrations of AOT comparing with aqueous system. Using the DLS technique it
was shown that DMSO-+water mixture is effectively entrapped by the surfactant
layer forming reverse micelles [10]. Moreover using UV-vis spectroscopy it was
shown that in micellar system the enzymatic reaction was accomplished at that
amount of DMSO, which inhibited the enzymatic reaction in homogeneous media.
These results show how the confined microenvironment can impact solvent
properties.

The present study deals with the photophysical behavior of AOB in AOT
reverse micelles containing water+dimethylsulfoxide (DMSO) mixture as a polar
phase at increasing nanopool size (W). Recently the effect of DMSO on the acid-
base equilibrium of AOB in aqueous solution has been reported [12]. It is interesting
to reveal the effect of DMSO on the above mentioned equilibrium in organized
media such as reverse micelles. Here we report the results obtained in AOT
microemulsions. Unlike that of bulk DMSO-water mixtures in micellar system we
should take into account the influence of the confined microenvironment.

The photophysical properties of AOB in AOT reverse micelles have been
studied using absorption and steady state fluorescence spectroscopies as well as
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steady-state anisotropy measurements. Since AOT forms negatively charged reverse
micelles the interaction of the cationic probes with the surfactant head group is
expected to be remarkable. It will therefore be interesting to find out how the added
nonaqueous polar solvent (DMSO), droplet size and electrostatic interaction
influence the rotation of the solute in the AOT reverse micellar nanopools. An
organized molecular assembly is often known to impose restriction on the dynamics
and mobility of the probe trapped in it. Depolarization of the fluorescence of the
probe has been established to be the most sensitive and powerful technique to
elucidate the dynamical information about the fluorophore in the complex
microhetergeneous environments.

Experimental

Sodium bis (2-ethylhexyl) sulfosuccinate (AOT 98%) and acridine orange base
(AOB) were obtained from Sigma-Aldrich, USA and were used as received. DMSO
was purchased from Alfa Aesar (99.9%), Germany and n-heptane from Macrochem,
Holland. The double distilled water was used with conductance less than 2 xS-cm™
at 25°C.

The reverse micellar systems of AOT were prepared by dissolving calculated
amount of AOT in n-heptane keeping the molal concentration of AOT constant
(0.106 mol/kg). The ratio of concentrations of polar solvents (water, water+DMSO)
and AOT was changed using a calibrated microsyringe. The limited values of W for
each system were caused by the turbidity of solutions. The volume ratios of
components of polar solvents (DMSO to water) were 1/1, 3/1, 5/1, 7/1 and 9/1. AOB
was dissolved in n-heptane and the desired concentration of AOB was obtained by
dilution (about 4.23x10° M for UV-Vis measurements and 1.18x10° M for
fluorescence and anisotropy measurements).

The absorption spectra were recorded using Specord 50 Analytic Jena
equipment, for fluorescence measurements Varian Cary Eclipse fluorescence
spectrophotometer was used with excitation wavelength 425 nm for micellar
solutions and 417 nm in n-heptane. The fluorescence emission spectra were recorded
in the range of 470-700 nm with slit width of 5 nm for both the excitation and
emission monochromators. To measure steady-state anisotropy typical bandwidths
of 5 and 10 nm were used for excitation and emission spectra, respectively. The path
length used in absorption and emission experiments was 1 cm. All experiments were
carried out at 25 °C.

For the anisotropy measurements we used the same apparatus with Cary Eclipse
manual polarizer for excitation and emission analyzer. Steady-state fluorescence
anisotropy (r) was determined according to the expression:

I —Glyy,

r=—wW —w (1)
Iy, +2Gl,,
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where |y corresponds to the intensity obtained when the excitation and the emission
polarizers are oriented vertically. lyy is the intensity obtained for vertical excitation
polarizer and horizontal emission polarizer. The G factor was defined as

G=1l,/1,,. @)

Ihv and Iy refer to similar parameters as above for the horizontal positions of
the excitation polarizer [13].

Results and Discussion

The structural peculiarities of microemulsions rising from strong water-DMSO
interaction and on the other hand from the effect of organized media were revealed
on the basis of spectral behavior (UV-vis absorption, steady-state fluorescence and
fluorescence anisotropy) of AOB in n-heptane/AOT/water+DMSO reverse micelles.
The molecular structures of AOT, AOB and its protonated monomeric form AOBH*

are depicted in Scheme 1.
e
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Scheme 1. Molecular structures of anionic surfactant AOT, acridine orange base
(AOB) and protonated monomer (AOBH™).

Absorption spectra of AOB. Fig. 1 shows the normalized absorption and
steady-state fluorescence spectra of AOB in n-heptane. The absorption spectrum of
AOB in n-heptane shows one absorption band at 417 nm. The fluorescence emission
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spectrum is more structured showing two maxima at 474 and 498 nm. Similar results
were obtained previously [1]. The structured emission spectra were characteristic for
some dyes in nonpolar solvents due to emission from 'L, state [14].

Absorbance
Flourescence Intensity / a.u.

402

0.0

T T T T T 0.0
350 400 450 500 550 600

r/nm

Fig. 1. Normalized absorption (solid line) and fluorescence emission (dashed line) spectra of
AOB in n-heptane, [AOB]=4.23x10" M for absorption measurements and [AOB]=1.18x10° M
for fluorescence measurements.

AOB is cationic-basic type fluorescence dye, which is very sensitive to the
presence of protons within the system. At the presence of H* ions the protonation of
AOB takes place. After the protonation the dimerization of AOBH" ions occurs and
the whole process may be presented by three sequential steps:

AOB, < AOB, (3)
AOB, +H* <> AOBH* 4)
2A0BH * < (AOBH )% 5)

where AOB; and AOB, are AOB molecules in n-heptane (free state) and inside
micelle (bound state) respectively.

As it is known the absorption spectrum of AOB in water shows two maxima at
468 and 490 nm which can be assigned to the dimeric ((AOBH),*") and protonated
monomeric (AOBH") species respectively [12].

Fig. 2 describes the visible absorption spectra of AOB in n-heptane/AOT/water
and n-heptane/AOT/water+DMSO reverse micellar systems at different volume
ratios of DMSO and water and different values of W. With the increase of W the
absorption band of (AOBH),*" at 468 nm decreases and (AOBH)" band at 490 nm
increases (Fig. 2). For all the systems there is an isosbestic point at 470 nm which
indicates that there is equilibrium in reaction (5) and the equilibrium constant may
be calculated according to the equation (6)

[(roeH ;|

o= [aoBH T

(6)
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3DMSO (v/v) (B) and n-heptane/AOT/1water+9DMSO (v/v) (C) reverse micellar systems at
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It is known that the observed bands do not obey Lambert-Beer’s low, thus to
calculate [(AOBH),*"] and [(AOBH)'] we measure the absorbance (A) for
monomeric and dimeric species at each W and the values of concentrations may be
determined solving equations (7) and (8) [1]

Ay =eily [noBH [ . |(AoBH | @)
Ay =gl [AOBH [+ ez . |(AoBH )], ®)
[AOB],, =[AOBH * ]+ 2|(A0BH )|, ©)

where A, and A, are optical densities at 468 and 490 nm respectively, 5( AOBH ")

and &” are taken from the literature [15] assuming similar values as in water.

(AOBH)%*

Taking into account that in micellar solution absorption band at 417 nm is not
observed (figure not shown) it can be suggested that all the molecules of acridine
orange base are protonated and located within the polar phase.

After the determination of the concentrations of monomeric and dimeric species
the values of Kp were calculated at 298.15 K. From the Kp values the standard
Gibbs free energy change (AG®) was determined according to the standard
thermodynamic expression [16]:

AG° =-RT InK_ . (10)

Thermodynamic parameters for the formation of dimeric form of acridine
orange (AO) were summarized in Table.

Analysis of the table reveals that at each W the addition of DMSO to micellar
solution tends to the decrease of Kp. It can be suggested that DMSO prevents the
formation of dimeric species in micellar systems similar to that in bulk solvent [12].
However unlike that of bulk media, where Kp decreases about four times (from
4.04x10* M™ to 1x10* M), in micellar solution Ky decreases only two times (from
6.67x10" M™ to 3.90x10* M) at the same quantity of added DMSO. Moreover in
micellar system even at high concentrations of DMSO the basic form of AO was not
observed. It shows that in micelles DMSO can influence only the equilibrium (5). It
may be explained in terms of the interactions between molecules of AOT and AO.
Fig. 2 shows that in the absence of polar phase all AO is protonated and the dimeric
species of AO were formed due to residual water in AOT (W=0.3 [17]). The addition
of water decreases the amount of dimeric form and the concentration of protonated
monomeric form increases. Both dimeric and protonated monomeric forms were
charged positive and were bound with oppositely charged AOT head groups. It can
be suggested that DMSO cannot influence the (4) equilibrium as in bulk media due
to the strong electrostatic interactions between polar head groups of AOT and
AOBH". As a result the basic form of AO did not form.

Kp decreases rapidly with the increase of W values for all the compositions of
polar phase. Similar results were obtained for dimerization of AOBH® in n-
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heptane/AOT/water system [1]. It may be concluded that the addition of polar phase
changes the micellar size and leads to an easier access of water to the interface.
Therefore the increase of the amount and mobility of water favors the dissociation of
dimeric species.

Table

Thermodynamic parameters for the dimerization of AOB
in n-heptane/AOT/water+DMSO reverse micelles at different molar fractions
of DMSO and polar phase content, T=298.15 K

Xpomso W Kx10* M™ ()AG, kJ mol™

0 0 18.39 30.05
2 6.67 27.54

4 1.85 24.36

6 0.81 22.30

8 0.42 20.66

10 0.30 19.86

15 0.14 18.00

20 0.13 17.75

30 0.08 16.61

0.20 2 3.90 26.21
4 0.82 22.35

6 0.32 20.04

8 0.18 18.52

10 0.10 17.21

12 0.07 16.13

15 0.06 15.92

20 0.01 12.09

0.43 2 3.22 25.74
4 0.67 21.84

6 0.29 19.75

8 0.16 18.25

10 0.12 17.51

0.56 2 3.10 25.64
4 0.63 21.67

6 0.25 19.38

0.64 2 3.48 25.92
4 0.69 21.91

6 0.28 19.70

0.69 2 3.66 26.05
4 0.72 22.01

6 0.25 19.40
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The values of AG® reveal that the spontaneous dye aggregation process is
predominant at minimum contents of polar phase and in the absence of DMSO. With
addition of DMSO the AG® values increase.

It should be noted that at high concentrations of DMSO the isosbestic point is
not observed as clearly as at lower concentrations (Fig. 2C) due to self-association
of DMSO molecules [18,19].

Steady-state fluorescence measurements. Fig. 3 shows the fluorescence
spectra of AO in n-heptane/AOT/water and n-heptane/AOT/water+DMSO reverse
micelles at different water pool sizes. It should be mentioned that the only emitting
specie in AOT reverse micelles is AOBH", as from the absorption spectra it is
evident that all the basic form of AO is protonated. In addition for the detection of
fluorescence of dimeric form the initial concentration of AOB must be higher than
1x10° M [12].
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Fig. 3. Fluorescence emission spectra of AOB in n-heptane/AOT/water (A) and n-
heptane/AOT/1water+3DMSO (v/v) (B) reverse micelles at different W. Emission spectra were
recorded at 425 nm excitation wavelength, [AOB]=1.18x10° M.
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It follows from Fig. 3 that with the increase of nanopool size the fluorescence
intensity increases. Moreover fluorescence intensity increases with the addition of
DMSO at each W. These results confirm the data obtained from absorption
measurements. The increase of the concentration of DMSO leads to the
displacement of protonated monomer-dimer equilibrium (5) into left. It results the
decrease of the concentration of dimeric form and the concentration of protonated
monomeric form increases. The same equilibrium shifts into left with increasing the
nanopool size. Therefore the fluorescence intensity increases with increasing W.

The fluorescence maximum of AOBH" in water is at 529 nm [12], which shows
a large bathochromic shift in AOT reverse micelles. Upon increase in the nanopool
size the spectrum gets progressively blue shifted. It should be noted that the
absorption maxima of AOBH™ were also red shifted in AOT reverse micelles. With
the increase of W from 2 to 20 it is evident that the absorption maxima shift towards
blue. Even at the highest obtained values of W for each system the absorption and
fluorescence emission maxima of AOBH" have not achieved that in bulk media,
which indicates that the microenvironment around dye molecule in AOT reverse
micelles is significantly different from that in bulk water and water-DMSO solution.
The absorption maximum of AOBH" in AOT reverse micelles at the highest W value
is about 82 cm™ higher than that in W=2 AOT reverse micelles, and the fluorescence
emission maximum of AOBH" is about 448 cm™ higher than that of W=2 AOT
reverse micelles. This different variation value in the absorption and fluorescence
emission maxima between highest obtained W (6<W<30 at different contents of
DMSO) and W=2 reveals that the first electronic exited-state dipole moment of
AOBH" is slightly larger than its electronic ground-state dipole moment. It should
be mentioned that at the presence of DMSO the shifts in wavelength were the same.
Since the solubility of AOBH" in n-heptane is very low it is unlike that AOBH" will
be distributed in the nonpolar n-heptane phase of AOT reverse micelles. Thus, it is
expected that the dye molecules will mainly reside in the water pool or the
interfacial region of AOT reverse micelles. To better inspect the possible
localization of dye molecules the fluorescence anisotropy measurements were
carried out.

Steady-state  fluorescence anisotropy measurements.  Fluorescence
anisotropy provides important information about the micro-viscosity of the medium
around a fluorescent dye molecule. When a dye molecule binds to oppositely
charged micelle, the micro-viscosity of the dye-micelle interface gets significantly
changed [16]. AOB in n-heptane has an anisotropy value of 0.00034, which is in
agreement with the value reported earlier [2]. In water the anisotropy value of AO is
0.013. A mild increase in the anisotropy value was observed in DMSO solution
(0.013 in water and 0.016 in DMSO). The increase in fluorescence anisotropy of
AOB in DMSO was a direct consequence of viscosity enhancement of solvent.
Surfactants could significantly alter the anisotropy value of AOB.
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It is evident from Fig. 4 that throughout the range of W studied the value of
anisotropy is quite high compared to that in free aqueous and DMSO solutions. In
AOT/n-heptane/water system fluorescence anisotropy decreases with an increase in
W suggesting that the probe molecule experiences an increase in the rotational
freedom with an increase in the W value, i.e. with increasing size of nanopool. At the
highest W, the observed anisotropy is still higher than the anisotropy in pure solvent
(water and water-DMSO mixture) indicating that the dye molecules in the reverse
micelles experience reasonable restriction compared to the situation in bulk media.
This indicates that the microenvironment inside this bound water is quite different
from that of bulk water, due to which the observed anisotropy at considerably high
values of W is still much above the value observed in bulk media.

B water
® 1DMSO/1water (v/v)
0.16 A 3DMSO/1water (v/v)
v 5DMSO/1water (v/v)
& 7DMSO/1water (v/v)
<4 9DMSO/1water (v/v)
_. 0144 ®
=
[N
o
2
= 0.12 4
<
0.10
T T T T T T T T T

Fig. 4. Variation in fluorescence anisotropy (r) of AOB in n-heptane/AOT/polar phase reverse
micelles as a function of W. The line provides only a guide to the trend of the experimental
data points.

The addition of DMSO tends to the increase in fluorescence anisotropy, which
indicates that with increasing DMSO concentration the strong hydrogen binding
between molecules of water and DMSO makes the microenvironment of dye
molecules more rigid. Previously we have shown that the addition of DMSO tends
to the hindrance of percolation of conductance due to the increase of the rigidity of
micellar interface [20]. The absorption measurements show that the dye is mainly
located at the interface of reverse micelles. Moreover it was shown that with
addition of DMSO a less hydration of surfactant head groups occurs [21]. Therefore
it is reasonable to assume that DMSO promotes the binding of AOBH™ with
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surfactant head groups causing the more restriction of rotational freedom of dye
molecule.

For all the concentrations of DMSO there is a changeover point in the plots of
anisotropy against W at around W=6. In AOT reverse micelles it was reported that
one AOT molecule can be hydrated by as much as 12 water molecules [22]. The
counterion Na* in AOT can account for 6 water molecules in its solvation shell
[23,24]. Thus AOT head group could bind as much as 6 water molecules to get
complete hydration, i.e. W=6.

In the study reported previously [25] it has been shown that all the
photophysical parameters of dye molecules in AOT reverse micelles as a function of
W have a distinct changeover point at around W=8. Moreover it has been suggested
that molecular size and property of the probe do not affect the sudden change in the
property of the water confined in AOT reverse micelles. These reports are quite
consistent with our currently observed changeover point.

Conclusions

The properties of n-heptane/AOT/water+DMSO reverse micelles were studied
using AOB as molecular probe at different nanopool sizes (different W values) by
absorption, steady-state fluorescence spectroscopy and steady-state fluorescence
anisotropy measurements. The structural peculiarities of reverse micelles were
discussed on the basis of the photophysical behaviour of AOB. We obtained the
thermodynamic parameters for dimerization process such as dimerization constant,
standard Gibbs free energy change, as well as the photophysical parameters such as
absorption maxima, fluorescence emission maxima and fluorescence anisotropy of
acridine orange in AOT reverse micelles. The results were compared to that of bulk
media and the effect of confined media was discussed. The photophysical behaviour
of AOB is found to be significantly modified in the reverse micelles from those in
the bulk aqueous and DMSO aqueous phases. The study suggests the probable
location of the probe in the reverse micellar environment and the more appropriative
explanation of the effect of added DMSO on its location.
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HUCCIIEJOBAHHME OBPAIIEHHbBIX MULIEJLJI n-IT'ENITAH/AOT/BOJA+
JUMETWICYJIb®OKCHU/J C UCITIOJBb30BAHUEM AKPUINHOBOI'O
OPAHKEBOI'O B KAUECTBE MOJIEKYJISIPHOM ITPOBbI

I'. A. LIA'MHSAH u 1. A. MAPKAPSH

AKPUAVMHOBBIA OPAH’KEBBIM MCIIOAB30BAACS B KadeCTBE MOAEKYASIDPHOU
IPOOHI AASI MCCAEAOBAHUSI CBOMCTB OOpAIleHHBIX MUIIEAN H-TeIITaH/HaTpue-
Basg COAb OUC(2-3THUATEKCUA) CYAb(MOSHTAPHOM KUCAOTBHI/BOAA + AUMETHA-
cyabdoreup (AMCO) metopamu YD-BU3 TOTAOIEHUS, (PAYOPECIIeHTHOMN
CIIEKTPOCKONNU U (PAYOPECII€HTHONM aHW30TPONMU IIPU Pa3HBIX COAepsKa-
HUSAX TOASIPHOM a3bl. HTOOBI BBIIBUTH BAUSHNE OTPAHUYEHHOMN CPEABI, MO-
Ay4YeHHBIEe pPe3yAbTAaThbl CPAaBHUBAAMCH C TAKOBBIMH, IOAYYEHHBIMU AAG
O00BEMHOU BOABI U BOAHBIX pacTBOpoB AMCO. M3 cnekTpoB HOTAOLIEHUS
BUAHO, UTO A@’Ke MpU BBICOKOU KoHIleHTparuu AMCO ocHoOBHass opma ak-
PHUAMHOBOTO OpPAH>XeBOTO He HaOAIOAAeTCd. B MUIIeAAIPHOM pacTBOpe Hal-
AIOp@eTCd KpacHoe CMellleHHe MaKCUMYMOB IIOTAOILIeHUS U (PAyOpPeCIeHT-
HOM smuccuu. OAHAKO IIPU IIOBBILIEHUU COAEP KaHUS MOAIPHOM (pa3bl HAO-
AIOAQIOTCSI CUHUe cMellleHHsl. Aake NPHU IIOAYYEHHOM BBHICIIEM 3HaueHumu W
(W=[noaapHas da3za]/[[IAB]) MaKCEMyMBbI IIOTAOIeHUI U (DAYOPECIeHTHON
SMHCCUM MOAEKYA IIPOTOHMPOBAHHOTO KPAaCHUTEAsI He AOCTHUTAIOT CBOMX 3Ha-
YeHMUY, IOAYYEeHHBIX B 00BeMHOMN cpepe. OTO O3HAYaeT, YTO MHUKPOCPeAd MO-
AEKyA KpacuTeas B oOpamleHHBIX Munearax AOT 3HAQUUTEABHO OTAMYAETCS
OT MUKPOCPEABl B O0OBEMHOU BoAe M pacTBope Bopa—AMCO. Mamepenus
QHM30TPONNM ITOKA3aAH, YTO IIPU Bo3pacTaHuu copepkaHusga AMCO Moaeky-
ABl KpACUTEeASI TPOSBASIOT 3HAUUTEABHO IIOBBIIIEHHYIO (DAYOPECI€HTHYIO
aHM30TpoNnuio, moappasyMenasd, yro AMCO yBeanumBaeT oOIllee ABUTATEAb-
HOe OrpaHMYeHNe MOAEKYABl KPaCHUTeAS 3@ CUET IIOBBIIIEHUS TBEPAOCTH IIO-
BEPXHOCTU MHUIIEAA.
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COMBUSTION SYNTHESIS OF Mo-Cu COMPOSITE POWDERS FROM
OXIDE PRECURSORS WITH VARIOUS PROPORTIONS OF METALS
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Copper-molybdenum composite powders with various molar ratios of metals (Cu-2Mo and
3Cu-Mo) were synthesized in combustion mode. For this purpose co-reduction of copper and
molybdenum oxides by Mg+C combined reducers was carried out by applying reactions’ coupling
approach. Estimation of products composition, adiabatic temperature and optimum areas for the
complete reduction both of the metals were found out depending on reducer’s ratio and inert gas
pressure using thermodynamic analysis approach. Combustion peculiarities, as well as phase- and
microstructure formation laws for both the systems were explored by thermocouple technique
combined with XRD, SEM analyses. Optimum conditions for the preparation of Cu-2Mo and 3Cu-Mo
composite powders at mild temperature combustion mode were determined.

Figs. 8, references 35.

Composite materials which consist of two or more constituent metals with
distinctly different physical properties (such as Cu—Mo, Cu-W, etc.) are widely used
due to their multiple functionalities [1]. Among such type of materials Mo-Cu alloys
(with various content of Mo) have been attracted great interest. The increasing
scientific interest in Mo-Cu alloysis caused by the facts, that despite a) the
significant difference in lattice parameters of metals (a(Mo) = 0.314 nm, a(Cu) =
0.361 nm), and b) great difference in melting points of copper (T¢,=1083°C) and
molybdenum (Ty,=2625°C), as well as their insolubility in both the solid and liquid
states, they form a material with absolutely new structure [2,3]. The latter is
composed of distinct particles of one metal dispersed in a matrix of the other one,
and as a result, a pseudoalloy is formed. Depending on the Mo/Cu ratio, constituent
elements may be either matrix or dispersing component.
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The Mo-Cu materials combine the properties of both metals, even leading to the
optimization of alloy properties, such as high thermal and electrical conductivity,
low and alterable thermal expansion coefficient, low weight, nonmagnetic and well
high-temperature behavior [4-7]. In view of these features Mo-Cu alloys find their
main applications as heavy-duty electrical contacts, welding electrodes, in vacuum
technology, in military and aviation fields. They can substitute a number of
expensive elements and compounds (e.g. Au, Ag, SiC, GaAs) in many industrial
purposes [8,9].

There are a number of methods for manufacturing Mo-Cu composite materials,
such as mechanical alloying [10,11], Cu infiltration in Mo skeleton [12-14], liquid-
phase sintering of Mo-Cu powder mixtures [15-21], coreduction of oxygen
containing copper and molybdenum substances by hydrogen [22-24], etc.

In the present work for the manufacturing of Mo-Cu composite materials the
self-propagating high-temperature synthesis (SHS) or combustion synthesis (CS)
method [25-28] is applied. Recently we used this method for manufacturing Mo-Cu
equimolecular composite powder [29] by using thermo-kinetic coupling approach
[30-34]. Its essence consists in the coupling of low exothermic reduction reaction
(e.g. MeO+C) with a high caloric (MeO+Mg) one, which allows to control
combustion temperature, phase composition and microstructure of the final products.
Note, that magnesiothermal reduction of MoOs/CuO oxides is high caloric process
and proceeds in combustion mode very violently. In order to mitigate the reaction
conditions this process is coupled with metal oxides carbothermal reduction process,
a low exothermic one. Furthermore, using a (Mg+C) combined reducer will allow to
control the reaction temperature in a wide range at synthesis of Mo-Cu composite
powders.

The aim of the work is to study the possibility of in-situ preparation of Mo-Cu
composite powders with molar ratio of constituent metals Mo:Cu=2:1 and
Mo:Cu=1:3 from oxide precursors in combustion mode by applying reaction’s
coupling approach.

Experimental

For the synthesis of Mo-Cu alloys following initial materials: MoO; (High
grade, Pobedit Company, Russia, particle size less than 15 pm), CuO (High grade,
STANCHEM, Poland, particle size less than 40 um), magnesium powder (MPF-3,
Russia, 150-300 wm particle size) and carbon black (P-803, Russia, particle size less
than 1 wm) were used.

For realzing the reduction process, the green mixture of reactants was
homogenized in a ceramic mortar for ten minutes and cylindrical samples with 1-
1,5g/cm® relative density, height of 50-80 mm, 20 mm in diameter were prepared.
The prepared samples were placed in a reaction chamber CPR-3I. The reactor was
sealed, evacuated, purged with nitrogen (purity 99.97 %, oxygen content less than
0.02 %) and filled with N, to the desired pressure 0.3 MPa. The combustion process

48



was initiated with short heating of tungsten spiral (18 V, 2 s) from the upper surface
of the sample. Combustion temperature (T.) and combustion velocity (U.) were
measured by tungsten-rhenium thermocouples 200 xm in diameter (W-5Re/W-
20Re). The thermocouples were placed in the sample with depth of 10 mm and 15
mm distance from each other. The standard error of measurement for T.and U, were
+ 20 °C and 5%, respectively. The output signals of thermocouples were
transformed by a multichannel acquisition system and recorded by a computer with
up to 2 KHz frequency. Maximum combustion temperature (T,) for each sample was
calculated as average of maxima for two temperature profiles. The combustion
velocity was calculated by the following formula: U, = L/t, where L is the distance
between the thermocouples, t is time distance between the thermocouple’s signals.

Combustion product was treated by 10% hydrochloric acid at 60°C for
removing the byproduct magnesia. For separating the products grains from each
other and for providing their complete solution in the acid, the proper amount of acid
solution (20% in excess) was added to the product and the sample was subjected to
the ultrasonic treatment (about 20 minutes). Then it was kept in the water bath at 40-
60°C temperature up to 20 minutes for accelerating and intensifying the dissolution
process. After these it was washed with deionized water and dried in vacuum oven at
120°C.

Samples before and after acid leaching were studied by X-ray diffraction
(XRD) with monochromatic CuKo radiation (diffractometer DRON-3.0,
Burevestnik, Russia) operated at 25 kV and 10 mA. To identify the products from
the XRD spectra, the data were processed using the JCPDS database. BS-300 and
LEICA440i scanning electron microscopes (SEM) were used to study the
microstructure and composition of the obtained materials. The gaseous products
were analyzed by gas-chromatography (LKHM-72) method.

Results and discussion

Thermodynamic analysis of CuO-2MoO;-yMg-xC
and 3CuO-Mo0O;-yMg-xC systems

Before the experimental investigations thermodynamic calculations were
performed to reveal the possibility of combustion in the CuO-2Mo0O;-yMg-xC and
3CuO - MoOs; - yMg - xC systems, as well as to estimate the adiabatic temperature
and the equilibrium quantities of possible products, moreover to find the optimum
conditions (composition of initial mixtures, ambient gas pressure) for the synthesis
of target product by the software package ISMAN-THERMO which is based on the
minimization of thermodynamic potential [35]. Optimum areas for the complete
reduction of metals were found out according to reducer’s ratio and ambient gas
pressure for both the systems.

In figure 1 the formation areas for Cu-2Mo system are clearly distinguished
depending on carbon (changes from 2.5 up to 5) and magnesium (changes from 2 up
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to 4) amounts. Based on the results of calculations, it was shown that molybdenum-
copper bimetallic system (Cu:Mo=1:2) can be obtained in the range of variation of
carbon amount from 3 to 4.2 moles and magnesium amount from 2.1 to 3.4 moles,
which is dark-marked in the figure 1.
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Fig.1. Thermodynamic analysis results for the CuO-2Mo0O3-yMg-xC system.

In the case of 3CuO-Mo005;-yMg—xC system the 3Cu-Mo composite can be
obtained in the range of variation of carbon amount from 2.5-3.7 and the magnesium
amount from 1.5-3 moles. With increasing in magnesium amount, adiabatic
combustion temperature increases caused by high exothermic nature of the
magnesiothermic reduction of both oxides. At insufficient quantities of magnesium
in the initial mixture incomplete reduction of molybdenum oxide occurs (mainly
MoO; is formed), while increasing in carbon amount results in decrease of adiabatic
temperature and formation of an undesirable product Mo,C. In the whole calculated
interval the main gaseous compounds are carbon oxides (CO and COy), in some
cases also small amounts of gaseous MoOs, Mg and Cu are registered. Calculations
also show that with the increasing of temperature CO <> CO, balance shifts to the
side of CO formation and by increasing in pressure (>0.3 MPa) it is possible to
avoid the formation of gaseous MoOs, Mg and Cu.
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Fig. 2. The thermodynamic analyses results of the 3CuO-Mo0O3-yMg-xC system.

For complete reduction of oxides and obtaining a product with uniform
structure it is preferable to realize combustion process in mild conditions with slow
propagation rate. For this purpose it is necessary to choose relatively low amount of
magnesium and appropriate amount of carbon, and to provide high yield of target
material due to the thermo-kinetic coupling of two reactions.

Thus, considering above mentioned factors 2.2 and 1.7 mole amounts of
magnesium were chosen as optimal for the CuO-2Mo0O3;-xMg-yC and 3CuO-MoOs3-
XMg-yC systems, respectively, with complete reduction at comparatively low
temperature and at P=0.3 MPa conditions. The optimum composition of mixtures
was found by changing the amount of carbon in the initial mixture.

Combustion laws of the CuO-2Mo003-2.2Mg-xC and 3CuO-MoOs; -
1.7Mg-xC systems

The combustion peculiarities of the CuO-2M00;-2.2Mg-xC and 3CuO-Mo0Os-
1.7Mg-xC systems were investigated in the wide range of carbon amount from 0 to 4
(4.5) moles.

As can be seen from figs. 3 and 4, in the case of only magnesiothermal
reduction (without carbon) combustion wvelocity makes about 2.1 cm/s. The
introduction of carbon into the initial mixtures leads to different behavior of
combustion parameters (T, U;) for both the systems. Particularly, the addition of up
to 1 mole of carbon to the CuO-2M003-2.2Mg and 3CuO-Mo03-1.7Mg ternary
green mixtures, decreases the combustion velocity about 5 times, similar to the
Cu0O-Mo003-Mg-C system studied earlier[29]. In contrast to combustion velocity,
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combustion temperature remains virtually at the same level in the range of sharp
decrease of combustion velocity.
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Fig. 3.Combustion parameters vs. carbon amount for the CuO-2Mo00;-2.2Mg-xC system,
PN2:3 atm.
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Fig.4. Combustion parameters vs. carbon amount for the 3CuO-Mo0O3-1.7Mg-xC system,
PN2:3 atm.

This fact can not be explained by the low thermal effect of the reaction MeO+C
(thermal coupling), but most likely, it's caused by the change of reaction mechanism
with addition of carbon in the initial mixture (kinetic coupling). Thus, we can state
that specific behavior of carbon is conditioned by the multistage character of overall
reactions in the quaternary MoO;-CuO-Mg-C system and that carbothermic
reduction of oxides being first stage of interaction.

Further increase of carbon amount continues fluently to decrease the
combustion velocity, therewith significant decrease of combustion temperatures was
observed. The addition of carbon allows to regulate not only the reducers’ balance,
but also to perform combustion process in mild and controlled temperature
conditions, as well as at significantly low propagation rates of the combustion wave.
The latter makes opportunity for the complete conversion and phase and structure
formation of final products.
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According to XRD analysis results of condensed products (figs. 5,6), in the
whole range of variation of carbon amount multiphase products (such as Mo, Cu,
MgO, MoO,, Mo,C, MgO+Mo0,) for both the systems were obtained. In the case of
carbon's lack partly or non reduced oxides were formed (MoOs; MoO,), which can
lead to the formation of mixed oxide (MgO*MoOQ,), otherwise in the case of carbon's
large amounts molybdenum carbide forms.

Mo
x=4.5 Mo,C(Cu Cu MoMgO Mo, Cu
x=3.7 J\MEO
o " - Ay M
x=3 Mo O,*MgO R —

v SPRE VRPPUSINY U O - ‘

Intensity a.u.

10 20 30 40 50 60 70 2q 80

Fig. 5. XRD patterns of products obtained at combustion of the CuO+2MoO3+2.2Mg+xC
mixtures.

According to the XRD patterns, variation of carbon makes it possible to reduce
completeley both the oxides up to desired products: Mo and Cu. As a result,
CuO+2Mo003+2.2Mg+3.7C and 3CuO+Mo0;+1.7Mg+3.4C mixtures were chosen
as optimal. Note that these mixtures are found to be in the thermodynamically
predicted optimum areas drawn in the figs.1 and 2.
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Fig. 6. XRD patterns of products obtained at combustion of the 3CuO+MoO3;+1.7Mg+xC
mixtures.

According to the chromatographic analysis results, the main gaseous products
of combustion are carbon oxides: CO and CO,. It was revealed that CO/CO, ratio
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changes depending on the amount of carbon in the initial mixture. The following
carbon-lean (CuO+2Mo00;+2.2Mg+1.5C) and carbon-rich (CuO+2Mo0O;+2.2Mg+
3.8C) mixtures were studied in detail. Based on XRD and gas-chromatography
analyses results, the combustion reactions for abovementioned mixtures can be
presented as follows:
CuO+2M003+2.2Mg+3.8C—Cu+2Mo+2.2Mg0+2.8CO+1.0CO,, T,= 1400°C
CuO+2Mo00;+2.2Mg+1.5C—Cu+0.5Mo0+1.5M00,+2.2Mg0+1.20C0O+0.30COs,,
T.=1900°C

It was also shown that the increase of copper oxide amount turn the ratio
CO/CO, change in favor of CO,. Thus, for the CuO+2Mo03+2.2Mg+3.8C mixture,
CO/C0,=2.8, but in the CuO+M003-1.2Mg+2.15C mixture it makes 1.4.
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Fig. 7. XRD patterns of the leached powder obtained at combustion of CuO+2MoO3+ 2.2Mg+
3.7C(a) and 3CuO+M003+1.7Mg+3.4C (b) mixtures.

Combustion products obtained from the chosen CuO+2Mo0O3+2.2Mg+3.7C and
3CuO+M005+1.7Mg+3.4C optimum mixtures, contain Mo, Cu, MgO. After acid
treatment (10% HCI) and removing magnesia, the obtained products consist of
molybdenum and copper according to XRD examinations (fig. 7). Microstructural
analysis shows that target products contain flaky particles with submicron sizes (fig. 8).

Based on microstructure examinations it can be infered that the copper rich
alloys are more fine-grained. Thus, the avarage particle size of the combustion
product for the 3CuO+MoO3+1.7Mg+3.4C mixture is about 5 times smaller
compared to that for the CuO+2Mo003+2.2Mg+3.7C mixture.
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Fig.8. Microstructures of the leached powder obtained at combustion of CuO+2MoO3+2.2Mg+
3.7C (a) and 3CuO+Mo003+1.7Mg+3.4C (b) mixtures.
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Summarizing the results, it should be noted that initially thermodynamic
analysis was carried out to reveal the combustion possibility in the CuO-2Mo0Os-
XMg-yC and 3CuO-Mo0;-xMg-yC systems and optimum areas were chosen for
both Cu-2Mo and 3Cu-Mo composite materials preparation. Experimental
investigations revealed the combustion and phase formation peculiarities of mixtures
depending on reducers' amount in the initial mixtures. The increase of carbons
amount leads to decrease of combustion temperature and combustion velocity,
making controlled and desirable conditions for alloys synthesis with high reduction
degree. According to XRD & SEM examinations, as well as the revealed
combustion features optimum mixtures for both the studied systems
(CuO+2M003+2.2Mg+3.7C and 3CuO+MoO;+1.7Mg+3.4C) and gas pressure
(0.3 MPa) were chosen, which correspond to the areas found by thermodynamic
calculations. Afterwards, it was shown that copper's dominance makes Mo-Cu
composite materials more fine-grained with submicron particle size.
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CAMOPACHPOCTPAHSIOIIUNCS BBICOKOTEMIIEPATY PHBI
CHUHTE3 KOMITIO3UIIMOHHBIX ITOPOIIKOB Mo-Cu C PA3JINYHBIM
COOTHOHIEHUEM METAJIJIOB U3 OKCUJIHBIX IPEKYPCOPOB

T. T. MUHACSIH'?, C. B. AWJUHSAHY? u C. JI. XAPATSIH?

! MucruryT xumuueckoit pusuku uM. A.B. HarGaupsuna HAH PecryGauku ApMeHust
Apmenns, 0014, Epesan, ya. I1. CeBaka, 5/2
2 EpeBaHCKUN TOCYAAPCTBEHHBIN YHUBEPCUTET
Apwmenns, 0025, EpesaHn, yA. A. MaHyKsaHa, 1

MepHO-MOAUOAEHOBBIE KOMIIO3UIJMOHHBIE IIOPOIIKM C Pa3AMYHBIM MO-
AIPHBIM cooTHoleHueM MeTaaroB (Cu-2Mo u 3Cu-Mo) cUHTe3upOBaHBI B
peXXmuMe TOpeHUs, BOCCTAHOBAEHHEM OKCHAHBIX HPEKypPCOPOB CMeCHIO
Mg+ C, ¢ npuMeHeHUEM MEeTOAd TEPMOKHHETHUUECKOIO COIPSKEHUS peak-
nuii. OIleHKU cOoCTaBa NPOAYKTOB, apuabaTMdecKoM TeMIlepaTyphbl M OITH-
MaAbHBIX OOAAQCTEH AAS IIOAHOTO BOCCTAHOBAEHHUSI OOOUX METAAAOB B 3aBUCHU-
MOCTH OT COOTHOIIEHHSI BOCCTAHOBUTEAEN U AABAEHUS MHEPTHOIO ra3a ObIAU
TIPOBEAEHBI METOAOM TEPMOAMHAMHUUECKOI0 aHaAKu3a.

3aKOHOMEPHOCTH TOPEHUS, a TaKKe (DOPMUPOBAHUA (PA30BOTO COCTABA
U MHUKPOCTPYKTYPHI A O0eUX CHCTeM OBIAM MCCAEAOBAaHBI TepPMOIIaPHBIM
METOAOM B COUYETaHUM C METOAAMM PEHTTeHO(a30BOT0 U MUKPOCTPYKTyPHO-
ro aHaamzoB. OIpepeAeHBl OITHMMaAbHBIE YCAOBHSI TOAYUYEHUS KOMIIO3U-
OUOHHBIX NOpPOIIKOB Cu-2Mo u 3Cu-Mo B pekumMe MEeAAEHHOI'0 HU3KOTEM-
1epaTypHOTO TOpeHHs.
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Based on site-binding model of the oxide/aqueous electrolyte interface and experimental data,
parameters of membrane pH-capacitive field effect-based sensors (Ba,Sr)TiO; were evaluated and
calculated. Particularly, when the flat-band voltage shifts to 0.6 V with pH sensitivity of 54-59mV/pH,
pH.c changes in the range of 3.3-3.5, the calculated intrinsic buffer capacity is
ﬂint =0.5-10", and the total number of available active surface sites Ns per unit area is
N, =0.7810" group/ cm?.

Figs. 1, references 13.

Introduction

As it was indicated in our previous works [1-5] due to the presence of oxygen
vacancies and ionic conductance, perovskite oxides had a high catalytic activity
towards oxygen reduction and oxidation, and thus were suitable for a large variety of
sensor applications: magnetic sensors, pyroelectric detectors, optical memories and
electro-optic modulators, microwave capacitors, solid-oxide fuel cells (SOFC),
capacitively coupled electrolyte-conductivity contactless sensors. They were also
used as sensing material in oxygen, carbon monoxide, hydrocarbon, nitrite oxide,
humidity, ethanol, hydrogen peroxide, etc. Barium strontium titanate (BST) belongs
to the most popular ferroelectric materials exhibiting unique ferroelectric,
pyroelectric, piezoelectric, microwave and electro-optic properties. Recently, BST
films of various compositions have been used as pH-sensitive material in
semiconductor field-effect-based pH sensors [1-2]. During last decade many pH-
sensitive materials, such as, SiO,, SizN4, Al,O3z; Ta,0s5, WO;3;, SnO,, PbTiO;,
Li,xCaps.xTa0s, GdTixOy, AIN, etc. [6-9] have been investigated.

In spite of numerous studies on SiO,, Ta,0s, SisNy4, Al,O3 insulators, as well as
on physico-chemical and material sensing parameters and characteristics of EIS
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systems based thereon, there are no data on the BSTelectrolyte-based EIS sensors so
far.

In this work, based on site-binding model [10] and Gouy-Chapman-Stern
theory[11] describing the sensitivity in terms of the intrinsic buffer capacity and the
differential capacitance, as well as using the experimental data obtained in [1-5],
parameters of (Ba,Sr)TiO; sensing pH-capacitive membrane based on field effect
were evaluated and calculated. Particularly, the pHp,c and intrinsic buffer capacity,
as well as available surface site concentration for the (Bag 2sSro 75 TiO3) — insulator
(SiO,)-pSi field effect based capacitive pH- sensors were calculated for the first
time.

Calculation procedure

As it was indicated in [1-3], for the electrolyte-ferroelectric (Bag 25Sro.75TiO3)-
insulator (SiO,)-pSi field effect-based capacitive pH-sensors experimentally proved
that BST exhibited high sensitivity (48-59mV/pH, and even more, Fig.1) with
hysteresis less than 2 mV(or 0.035 pH) in the pH range from 3 to 11. That is
comparable with values reported for SisN4 (54 mV/pH), Al,O3 (49-57 mV/pH) and
Ta,05 (55-59 mV/pH[3,6]) films, which have often been utilized as pH-sensitive
transducer material in ion-sensitive field-effect transistors or capacitive field-effect
sensors. According to site-binding theory [10], the presence of ion-specific binding
sites at the surface of the insulator exposed to the electrolyte is responsible for the
ion-dependent charge distribution on the insulator layer which in turn leads to
change of surface potential and shift of flat-band voltage in insulator-semiconductor
system.

On the other hand, based on experimental measurement data obtained for MIS
and E(BST)IS structures, it was established that in comparison with bare p-Si-SiO,
structure, the C-V curves and flat-band voltage of p-Si-SiO,-BST structure shifted
AV - 0.6V to more negative gate voltage. This is the first indication of the presence
of additional positive charges (conditioned not only by Ba®*, Si** or Ti**, but oxygen
vacancies too) in the BST/SiO, and electrolyte-BST interfaces. Using the method for
determination of pH,,. developed in [12] and results obtained in [1-3] for the BST-
based E(BST)IS structure with sensitivity of (54-59) mV/pH one can estimate the
pHp;c according to this procedure. We used the equation AVeg(pH) = B-y(pH),
where B=g, — g™ 19+ y,, @ = ((pr,H + EH) is reference electrode potential

relative to vacuum, Ey is the normalized hydrogen electrode potential, ¢, is
reference electrode potential relative to the normalized hydrogen electrode,
w( pH) is the potential at the insulator-electrolyte interface, ¢" /q is the metal
work function, y, is the surface dipole potential on the solvent, AVgg is the
difference of flat-band voltages of E(BST)IS and MIS structures.
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Fig. Typical set of C-V curves (a) and calibration curve (b) calculated from the linear region of
the C-V curves at ~60% of the maximum capacitance of an EFIS sensor with a 100 nm thick
Bap 25Sr 075 Ti O3 layer measured in Titrisol buffer solutions with different pH values from pH 11
to pH 3[1-2].

According to experimental studies of the pH response of E(BST)IS structure,
the dependence of surface potential on the BST membrane is sufficiently linear. The
linear relationship between ¢ and pHy,. can be expressed as [12],

w =ApH xS,

where ApH=pH-pH,c and S is the pH sensitivity.

Using the values Ey=4.715+0.015V, ¢y =0.2+0.003V for Ag/AgCl reference
electrode at 25°C, y,=0.03V, and ®“/q=4.15V (for Al), we obtain B=
0.796+0.018V[12]. Based on these data for the sensitivity of S = (55+59 mv/pH) we
obtain pHpy@esn ~ 3.5+3.3.
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Assuming that pH,,. for BST is about 3.3, we can calculate the surface potential
via

w(pH)=S(pH,, — pH).

A change in the pH will change the oxide surface potential. At pH >pH,. the
oxide surface is charged negatively and at pH < pH,,. positively. The resulting pH-
dependent electrical surface charge of the gate insulator will lead to a modulation of
the capacitance of the E(BST)IS structure. For calculation of the intrinsic buffer
capacity ,Bim, aH+ and the total number of available surface sites N, as the key
parameters determining the pH-sensitivity, let’s assume that pHp,gsmy=3.3 and take
for k, and Kk, values for the BST as in Ta,Os, that is pk, =4, pk, =2, where k, and
k, are respectively, the intrinsic dissociation constants, for the surface

a
reactions[10,11,13].
_ v, _a.
MOH <> MO™ +H [ , =t

VMoH

a+
MOH <> MOH +HF | = v
2 S v
MOH;

a . L . B _qy .
where HE 1 surface activity of H " gnd a,. =a, exp( T | aHg is the

activity of H ™ in bulk solution, v; is the surface activity of species i (the number

of sites per unit area).
Taking into account that based on site-dissociation model and the Gouy-
Chapman-Stern theory, the general expression for the pH sensitivity S of the EIS

system, derived in [10,11,13] is:

oy kT . 1
g = 0 __ 232 4 with o = , )
5, Hg q (Z.BKT Cai )
e |+1
Q" Bin

where [, is the intrinsic buffer capacity which characterizes the ability of the
oxide surface to deliver or take up protons,

2 2
NSaH; +4k, a,. +k, kg

(kok, +koa,,. +a2. f

ﬂint = 2'3aHS* ) (2)
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a = Ko Cait '//"‘\/(kbcdif '//)2 +4kakb(q2N52 _Cdzifl//z)
Al Z(qNs K, _Cdif‘//) .

C,i is the differential double-layer capacitance, which is mainly determined

3)

by the ion concentration of the bulk solution via the corresponding Debye length, K

is the Boltzmann constant and T is the absolute temperature,
1 X 1

C,. ¢¢& " 2 242 0 \M2
dif 0 £&7°0° N cosh Zqp,
KT 2kT

where & is the permittivity of the free space, € is the relative permittivity, N is
concentration of each ion in the bulk, X is the diffusion layer distance from the

surface. @, is the potential at X, Z is the valency of ions, { is the elementary

charge.

This expression shows that the differential capacitance is made up of two
components. The former part of this expression describes the contribution of the
Stern layer the letter part describes the diffuse layer contribution. A high buffer
capacity can be achieved when the amount of surface sites is high, as follows
directly from expression of S, A lower number of surface sites or a higher value

for the Stern layer capacitance will reduce the sensitivity. Thus, it can be concluded
that the intrinsic buffer capacity is the major parameter influencing the sensitivity.
Maximum Nernstian sensitivity (59.2 mv/pH at 25°C) can be obtained only in the
case that o =>1. Condition o=1 is reached for oxides with a large value of the
surface-buffer capacity, Bin: (high density of surface-active sizes) and a low value of
the C,; (low electrolyte concentration).

Based on our previous experimental results obtained for E(BST)IS sensors with
the sensitivity of S~56mV/pH[1-3] and assuming that C = 0,8F/m” [10-11,13],

from the Eq.(1-2) we can evaluate & and S, .
$~55-10°V/pH=-59.3-10% &, @ ~0.944 and f3,,~0.5:10".

Then, having the value of the S, using the above obtained and assumed

parameters, for the case of y =~ 0.18V (which corresponds to pHg; =1 (0.1M
solution), from Eq.(2-3) for N one can obtain:

N, =0.7810" group/ cm” =0.7810" group/ cm? .

The higher the total number N of available surface sites per unit area, the
higher pH-sensitivity can be obtained.
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Conclusions

Using the measured values of the flat band voltages of MIS and EIS structures,
measured value of sensitivity as well as calculated material parameters B, based on
analytical expressions describing the sensitivity of field effect capacitive EIS pH-
sensors (based on the combination of the Gouy-Chapman-Stern theory with the site-
dissociation model) in terms of the intrinsic buffer capacity of the surface and the
differential capacitance, it is possible to determine and calculate the main important
parameters of E(BST)IS pH-sensors.

IMAPAMETPBI DJIEKTPOJIUT-CETHETOJJIEKTPUK-IUIJIEKTPUK-
NOJYIIPOBOAHUKOBOI'O (EFIS) PH-JATYUUKA

B. B. BYHUATSIH, A. J1. MAHYKSH, A. M. XAJIMWJIH u JI. A. CYKHACSH

[MapameTrpnsl MeMOpaHHBIX pH-eMKocTHBIX AaTumkoB (Ba,Sr)TiO3, ocHo-
BaHHBIE Ha 3(P(eKTe MOAS, OIeHUBAIOTCSI W PACCUUTHIBAIOTCSI Ha OCHOBE MO-
AEAV MECTHOM CBSI3U B IIPUIOBEPXHOCTHOM CAO€ OKCHA/IAEKTPOAUT U IKIIEe-
PUMEHTaAbHBIX AQHHBIX. B 4aCTHOCTH, IPU CMEIeHUN HAIPSIPKEHUS IMAOCKUX
30H OKOAO 0.6 V u pH uyBcTBUTEeABHOCTH 54-59mMV/pH moayueno, uro pHp,.
u3MeHsieTcsa B Auana3doHe 3.3-3.5, pacueTHas BHYTpeHHsIs OydepHas eMKOCTb

S =0.5:1015, a obmiee YHUCAO BO3MOKHBIX AKTUBHBIX TTOBEPXHOCTHBIX

cocrosiumit Ng Ha epunmIry maomaau coctaBaser N, =0.78 10* group/ cm?.

ELEUS/NLPS-UGA-LESNELGUS P Y- HPELEUS P U-Uh U TN TN )b
(EFIS) PH-UGLUNALP NULUTUGSLELL

€4 AOFLPUGE-BUTL, WL L UTLAFGE3UTL, W. UL loULPLP U L. U. UNFRPUU3UL

4luﬁulblnl[ qgu[n;/bﬂil[mpnu‘un Euffwdulbplingfduyps  yhpinncd inbguyfite Guybpf
lrnl}bl[l I l[ln[t&iuu[lluil lﬂl[/ullill?[l[l L[[uu, ttfuu4uuru[nL1f I CLUlel.u[tllllnLlf 127 (Ba, Sr)TiOg
dhdppwting quynuypl bpling [ fpw Shdifind pH-niimluyfie abiunpf wpopudbopbpp:
[zill}nLilblnl[ Quip[d gquunfpubpp bgdwl jpupnidp dnnwfnpunyg by 0.67, PH-gguylind [dynip
54-59 mV/pH, lll!llllgl[rlLlr £, np pH,_.,~p1 l{lnl[ni[lu[nLLf £ 33-35—[1 umCwalilbanlf,

* ~ 15

Quipfwplhuyfii Ubpphtt pnedbpuypl ndulnd[dyncip lBintN 0,510, [fulp Suwpufnp
sl Fuy s wrlynf] ffpSuslilpp pusinys ~ N = 0.7810™ group/ cm? -
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The possible adsorption mechanisms of H" (OH) in (Ba, Sr)TiOs-based field effect capacitive
EIS sensors are discussed. To explain pH-sensing mechanisms in these structures, it is suggested
to regard some new factors, namely: I) the fact of the presence of oxygen vacancies; Il) the
crystallographic orientation of sensing plane; ) the initial polarization of BST film.

Figs. 4, references 28.

Introduction

Measurement of analytes in aqueous solution is very important for
environmental and industrial monitoring, bio-agricultural and medical processes,
military applications, etc. One of the most informative parameter of the electrolyte
solutions is the pH. Exploring new materials with high sensitivity and efficiency for
the immobilization and detection of biosignals and conversion of biochemical signal
into quantifiable electronic signal is of importance in biosensor research. Among the
variety of proposed concepts and different types of biochemical sensors for
measuring pH of electrolyte solutions, the integration of chemically or biologically
active materials with semiconductor field-effect devices based on an EIS
(electrolyte-insulator-semiconductor) system is one of the most attractive
approaches [1,2]. The concept of EIS device is based on the theory of metal-
insulator-semiconductor field-effect capacitance where metal gate is substituted by
the electrolyte and a reference electrode. Change of pH in electrolyte leads to
corresponding change of surface potential and thus leads to change of flat-band
voltage (i.e. insulator-semiconductor interface depletion layer capacitance) of EIS
device. On the other hand, it is well known that due to the presence of oxygen
vacancies and ionic conductance, perovskite oxides have a high catalytic activity
towards oxygen reduction and oxidation, and thus suitable for a large variety of
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sensor applications: magnetic sensors, pyroelectric detectors, optical memories and
electro-optic modulators, microwave capacitors, solid-oxide fuel cells (SOFC), as a
sensing material in oxygen, carbon monoxide, hydrocarbon, nitrite oxide, humidity,
ethanol, hydrogen peroxide, and other sensors [1,2].

In recent years, various high-k dielectric materials (e.g. HfO,, ZrO,,Ta,Os, AIN,
Al,O3, SizNy PZT)[1,2] have been used as pH sensitive membranes in EIS devices
because of their good sensing performance. Particularly in [3-5], the barium-
strontium titanate (Ba,Sr;.xTi03) is used as pH sensitive membrane for the first time,
showing very high sensitivity 48...59mV/pH (even 60mV/pH for certain samples),
from which it can be concluded that BST films are promising alternative gate
material for capacitive field-effect pH sensor system.

While the BST ferroelectric, pyroelectric, piezoelectric, microwave and electro-
optic properties have been well studied [6-8], to our knowledge, very little is known
so far about the interaction of electrolyte solutions with ferroelectric oxide surfaces
and therefore about pH-sensing mechanisms of BST thin films.

In this context the aim of the present paper is to study the sensing mechanisms
and physico-chemical processes which take place in electrolyte-BST interface.

Theoretical model

There are two general approaches in colloid chemistry to describe the titration
data of oxides. The one is the porous gel model [9], according to which H*, OH" and
counter ions can penetrate into porous layers on the surface of the oxide. In this way
quite large amounts of charge could be developed, but there is no independent
evidence for porous layers on most oxide surfaces, except for silica.

The second approach describes the charging mechanism of oxides by surface
reactions which are based on the so-called site-binding (site-dissociation) model
together with the double-layer theory [10-13], which is widely used up to now. The
principal features of these theories are:

- Interactions take place at specific sites;

— Interactions can be described via mass law equations;

- Surface charge results from these interactions;

- The effect of surface charge on the interaction can be taken into account by

applying the double layer theory.

The theory, which describes the interaction between an inorganic insulator and
an adjacent electrolyte, is based on the assumption that the surface contains a
discrete number of surface sites which can dissociate. The surfaces of these oxides
contain hydroxyl groups, which act as discrete sites for chemical reactions of the
surface when it is brought into contact with an electrolyte solution. According to the
site-binding model, the surface of any metal oxide always contains only one type of
neutral amphoteric hydroxyl groups, MOH, where M represents metal ion. The
surface charging mechanism for oxides is the adsorption of proton or hydroxyl ions
by surface hydroxyl groups to form positive or negative sites respectively.
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Depending on the pH value of the solution, the neutral surface hydroxyl sites of
oxides are either able to bind (MOH,") or release (MO ) a proton according to the
following reactions [10-13]: in acidic medium

v a.,,
MOH <—>MO_+HJBF, k, =—=> "
V Mo
and in alkaline medium
Vion &
MOH;<—>MOH+HE k, = s 1)
! VMOH;

where v; is the surface activity of species i, k, k, are chemical equilibrium constants
and He* represents the protons in the bulk of the solution.
B

Returning to Ba,Sr,TiOs, we think that for understanding and explanation of
its pH-sensing mechanisms, a few features that BST films possess should be taken
into account. First, the chemistry of the transition metal oxides (TMO) can strongly
influence the adsorption mechanism. On the other hand, it is well known that the
properties of BST and its surface directly depend on the fabrication process and the
methods of surface treatment, which can change the total number sites of surface
and the ratio of positively/negatively charged sites. Based on the results obtained in
[14-15] where diluted NaCl is used as a typical univalent supporting electrolyte, it is
found that both types of surface sites (MOH," and MO ) are more sensitive towards
H" than to such ions as Na*, K*, CI, etc. Thus, the effect of ion-containing solutions
on the process of H" ion dissociation/association on the BST surface may be
neglected to a first approximation.

In the present paper, using the above mentioned and well-established site-
binding theory and results as a basic concept [10-13], we suggest that the following
factors can also affect sensing processes of BST. Particularly, for the BST to account
for the fact that both signs of charge were experimentally observed [3-5], the site
considered should be also amphoteric, which means it can act as a proton donor or
acceptor. This means that each surface site can be neutral, act as a proton donor
(acid reactions) or as a proton acceptor (alkaline reactions). We therefore assume
that the oxide surface contains sites in three possible forms: negative (MQO"), neutral
(MOH), and positive (MOH?*). This surface property is schematically represented in
Fig.1[1].

M | O pH>pszc
proton donor

M |+ OH pH=pH .. Fig. 1. Electrolyte-oxide interface.

neutral site Depending on the electrolyte pH, the

. surface groups can be neutral (MOH),

M - OH, pPH<pH,.. negative (MO’ or positive (MOH?* );

proton acceptor pHpzc: pH value at the point of zero
charge.

Si oxide | electrolyte solution
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Second, as BST has a cubic structure [6-8], these sites amount should also
depend on crystallographic (h, k, I) directions and surfaces (Fig.2).

[PE——

(0) Sr Sr St
(b) O—Ti—O0—Ti—0
(c) 0 o}

[110]

Sr Ti Sr

Fig. 2. Atomic arrangements for the <100>, <110> and <111> axial directions in SrTiO3.

The unit cells of cubic SrTiOj; lattice sectioned by three different planes, (100),
(110) and (111), are shown in Fig. 3a-c. For example, for any given planar direction
(h, k, 1) of a perovskite structure, there are always two distinct types of alternating
equally spaced atomic planes having different areal densities of three constituent
elements; in this case, Sr(Ba), Ti and O. For instance, the (100) SrTiO; surface can
exhibit two different types of atomic alternating planes. One is formed by a TiO,
plane and the other by a SrO plane (Fig.3.) [16]. The SrTiO3 primitive unit cell
contains five atoms which is also the case for other ABO; perovskites. Oxygen ions
in a cubic unit cell of SrTiO3; form a perfect octahedron, thus internal titanium ion in
its center is closer to O atoms (RTi—O=ay/2) than strontium ions outside oxygen
octahedron (RSr—O = a ¢/v2). Therefore, chemical bonding along Ti—O bonds could
be stronger than for Sr—O bonds.

Strontiurm

)
Fig. 3.The structural units of cubic SrTiO3 crystal cross-sectioned by three different planes:
a)the (100) surface containing O»- and Sr?* ions, b)the (110) surface containingTi**,0?- and
Sr®* ¢) the (001) surface containing Ti*" and O,- ions. ay is the lattice constant.
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Moreover, it is found that the SrO(BaO)-terminated perovskite oxide SrTiO;
favors dissociative adsorption, whereas on the TiO,-terminated surface molecular
adsorption is more stable [17].

Third, we assume that oxygen vacancies, which are inevitably presented in
perovskite oxides, can play two important roles in the pH sensing processes of
examined sensors. As it is well established [18] by the experimental studies on the
SrTiO; (100) surface that no evidence for water dissociation on clear surfaces is
found, there is strong suggestion that water molecules dissociate at defect sites. The
water generally preferentially dissociates on defect sites of oxide surfaces i.e. point
defects are the active sites for water dissociation [19-20]. In a wet atmosphere
(especially in electrolyte solutions) oxygen ion vacancies V," will be readily filled
with an oxygen ion and interstitial protons, H;* being introduced into the crystal. It
is expected to be as:

H,0+ V,"™ = 0, + 2 H*,

where O," is the oxygen ion at the oxygen site [21]. The initial physisorption of
molecular water is enhanced by a high oxygen vacancy surface concentration,
creating a more positively charged surface. The reaction of proton exchange depends
on the diffusion of hydrogen ions and hydroxyl groups through the insulator (BST).
At the same time the water can dissociate at an oxygen vacancy into two hydroxyl
species, which are about 0.4 to 0.5 eV lower in energy [22,23], that is,

H,O/BTO + V,"" = 20H /BTO + 0.5 eV.

Since H,0 prefers to dissociate at oxygen vacancy site, more vacancies result in
more OH and H" on the (STO) BTO surface.

It is also reasonable to assume that there are OH  species already present both
on the surface and in the film before water adsorption. Therefore, the film shows
evidence of hydroxyl uptake before the adsorption experiment. This agrees with the
observations of [22,23], where the difficulty in obtaining, for example, a pristine
TiO, surface without OH species, even under very clean UHV has been pointed
out.

The alkaline character of a hydroxyl group depends strongly on the covalence
of the O-H bonds and then on the oxygen coordination. Therefore, the hydroxyl
groups present on the oxide surface may be more or less alkaline depending on the
oxygen coordination. When water first adsorbs and thereafter decomposes on the
surface, OH-groups, produced from the water decomposition, will link to metal
cations of the surface (M= Ti, Ba, Sr) and oxygen vacancies (V, ') present on the
surface and the remaining H groups can link to O atoms, adjacent to the M cations of
the surface. In the bulk of BST each oxygen atom is coordinated to several ions: two
titanium ions and maximum 4 Ba(Sr) ions (may be less, when Ba®, Sr” ions or a
vacancy is present). The oxygen atoms present on the surface are less coordinated
than the ones present in the bulk but it can be assumed that they have more than one
link to the cations. Therefore, they have an alkaline nature. H groups can then link to
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these atoms. Thus, depending on the coordination of the oxygen atoms, different
hydroxyl groups can be formed on the oxide surface with different alkaline
character. For instance, the oxygen atoms of the hydroxyl groups linked to metal
cations (Ti, Ba, Sr) are di-coordinated (can show more alkaline character) and the O
atoms of the hydroxyl groups belonging to BST lattice are multi-coordinated (can
show less alkaline character).

So, we assume that the oxygen vacancies V,'* “showing” positively charged
donor properties [24] and having higher concentration on the surface than in the
interior, can act as binding sites for OH hydroxyl ions (Fig. 4). Moreover, as it has
been shown experimentally [25], the proton exists in the neighborhood of the
oxygen ion and appears preferentially in the site near the oxygen ion with a
relatively large trapping energy. It is found that water molecules are attracted more
strongly to the surfaces, where oxygen vacancies exist near the surfaces because the
energy for the proton on the surface is lower than that for the proton in the interior
[26], which means that proton prefers to remain on the surface rather than penetrate
into the inside near the clean surface. These results indicate that the presence of
surface vacancies is important for the proton absorption.

Thus, we prove that there are two dissociative adsorption sites, oxygen
vacancies and on-top surface Ti. The Ti on top site is the dominant site for OH"
chemisorptions.

Fig. 4. Schematic diagram of two adsorpion processes leading to chemoserbed OH™ at the
surface of TiO, — terminated BST (at a vacant lattice oxygen site or on top a surface Ti).

At last, as the BaTiO3 thin films have a P* polarization, the polar nature of
water means that it can interact strongly with the ferroelectric polarization changing
the electrical boundary conditions, i.e. the initial physisorption of molecular water is
enhanced by high oxygen vacancy surface concentration, creating a more positively
charged surface. In [26] it is shown that on the (001) surface of BaTiO; (BTO) with
in-plane polarization, there are competing molecular and dissociative adsorption
mechanisms. The static charge on the surface changes the depth of the physisorption
well [26,27], which determines the average residence time of the precursor on the
surface leading to a greater chance of finding a chemisorption defect site. Typical
molecular and dissociative adsorption energies are ~0.1 to 0.2 eV and ~1.0 eV,
respectively [28].
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Conclusions

Based on the above described theories and analyses, we can conclude that:

(i) for the accurate and precise evaluation of pH sensitivity mechanisms of the
BST thin films it is necessary to combine the structural, chemical and energetic
information;

(if) the hydrophilic character of the BST film and the existence of a negatively
charged surface can be ascribed to the presence of hydroxyl groups on the
oxide surface;

(iii) depending on crystallographic direction (plane) there can exist different
competing sites for dissociative adsorption (°**, on-top Ti and (Ba,Sr) lattice
atoms. For example, for (100) of SrTiOs3, the on-top surface Ti is the dominant
O™ chemisorption site; and the concentration of °** favors initial
physisorption;

(iv) the pH sensitivity is dependent on crystallographic and coordination condition
of BST surface components, mainly on coordination of oxygen atoms.
Sensitivity of some samples, which is higher than that of Nernstian, can be
explained by twofold roles of V,";

(V) the polarization effects of BTO surfaces should be taken into account.

To reveal the role of each of these factors regarding pH-sensitivity of BST
films, more additional quantitative and comparative measurements are required.

O YYBCTBUTEJBHOCTHU 3JIEKTPOJIUT- CETHETOJJIEKTPUK-
AUDJIEKTPUK(EFIS) PH-CEHCOPOB

B. B. BYHUATSIH, A. JI. MAHYKSH, A. M. XAJIWJIN n JI. A. CYKHACSIH

OG6cyskaar0Tcs BO3MOKHBIE MeXaHu3Mbl afacopounn H'(OHY) B (Ba,Sr)TiO; pH-em-
KocTHbIX EIS maTumkoB, ocHoBaHHbIe Ha d(dekre most. [ 0ObsICHEHHS MEXaHU3MOB
pH-4yBCTBUTENBHOCTH B 3THX CTPYKTypax MPEIJIaraeTcsi yUUThIBATh HECKOJIBKO HOBBIX
(akTOpoB, a WMEHHO, HaJWYHE KHCIOPOAHBIX BaKaHCHI, KpUCTALIOrpaduiecKyro
OPHMEHTAIMIO YyBCTBUTEIBHON IJIOCKOCTH, HaYaIbHYI0 nossipu3auio BST meHky.

ELEGSNLPS-UGA-LESNELGEUS P U-Y+PELEGS by (EFIS) PH-UGLUNCH
24-U3LAFE-3WL UUULL

€. d. AOFLPUER-B3UTL, W L UTLAFG3UL, U. U. vULPLD U L. U. UNFLPUU3UL

Pipuplpfnid £ H (OH-)-p fpwinfuts Smpunfnp dbpuwipgdibpp (Ba,Sr) TiOgfi fpus
Sfdfufisd nitwljuyfits EIS il isubipnd. u:uuzl.upliL[nLLf L, np pH-fi qguyniti dhifuwifigd-
ubph Ff”ﬂ""‘”['b["" Quidwp whlpuidbym L Quipdfy wnly dfi pubf inp gqrpdnlitibp, wfbyf
Quinwly  [FFfumdufy fwlpliufunbph wnluyndfdyncip, gguygndh [Fuguinfdh ppoopbqogfonw-
[llufl <wl1[3nL[3Julil qrﬂlljflﬂllﬂZ"Ll]E, BST [J[I[Jbll[l Lw[z:f:wéwfl FlLlin_luynLle.'
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[Moctymmao 15 X 2015

MeTopamu Typ6uaumeTpumn n Z-noTeHUMOMETPUN UCCIeA0BaHO BUSIHUE ralleHON N3BECTU Ha
npoLecchl CTPYKTYpUpPOBaHUSI CycneH3un GeHTOHUTOBOW rMuHbl. B kauecTBe o6bekTa uccnenoBaHus
Gbina ucnonb3oBaHa GeHTOHUTOBasi rMMHa CapuroXCKOro MeCcTOpoXAeHUsi TaByLICKOro pervoHa
(ApmeHus). BbisiBneHbl M3MeHeHWs Z-noTeHumana W pacnpeperieHue Yactuy no pasmepam
(PYP) 6eHTOHMTOBBIX YacTuL.

Puc. 3, Tabn. 3, 61bn. ccbinok 12.

W3 AuTepaTyphl U3BECTHO, YTO HAOYXaeMOCTh, SIAEKTPOKMHETHUYECKUe U
APYyTHe IIOBEPXHOCTHBIE CBOMCTBA T'AMHBI 3HAQUUTEABHO 3aBHUCAT OT AODOABOK.
OAEKTpOCTaTUYECKUEe B3aUMOAEUCTBUS MeXXAY YacTUILAMH B BOAHOU cpepe
CYIIECTBEHHO BAMSIOT Ha CBOUCTBA pacTBopa. CTaOUABHOCTB KOAAOMAHOU
CUCTEMBI MOXXET OIPEAEASTHCSI BEAWUMHOM Z-TIOTeHIMaAa. B AMCIIepCHBIX
CHUCTeMaX C BBICOKUMH 3HAYEeHUSIMHU Z-TIOTEHIIMaAd YaCTHIIBI OTTAaAKHBAIOTCS
APYT OT APYTa, B TO BpeMsl KaK MeHbIIINe 3HaueHUs Z-IOTeHIIMara TPUBOASAT
K araoMepauum vactut [1-6].

Ipu pobaBreHun Ca(OH), k Na-OeHTOHHUTOBOM CyCHeH3UU UMeeT MeCTO
n3MeHeHVe Z-TIoTeHIIUara U BSI3KOCTU. AoOaBAeHVE HEOOABIITUX KOAUYECTB
U3BeCTU (A0 2%) He BBI3BIBAET M3MEHEHUM B Z-NOTEHIMaAe, YTO OO'bSCHIET-
csi apcopbiueit Ca%t-uoHoB u peakiueit nonos OH, YBEAUUUBAIOIUX OT-
pUIlaTEeABHBIM 3apsip MOBEPXHOCTU. [Ipu 3TOM BSI3KOCTH MpeTepreBaeT He-
3HAUUTEAbHOE WM3MeHeHHe. YBeAnueHUe >Ke KOAMUYecTBa Hu3BecTu (A0 3%)
NIPUBOAUT K OBICTPOMY CHUJKEHMIO Z-IIOTEHIINAaAd, COIPOBOKAAIOIIEMYCS
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OLICTPBIM YBEAWYEHHEM BSI3KOCTH U M3MeHEeHHEeM BHEITHEerOo BHUAA XAOIILEB.
YBeAndeHHEe KOAMYECTBA U3BECTH (A0 4%) IPUBOAUT K OOAEE MEAAEHHOMY
YMEeHBIIeHNI0 Z-TMOTeHI[HaAd, HO BA3KOCTh CHUCTEMBI IIPOAOAYKAET OBLICTPO
YBEAWUUBATHCS C 00pa30oBaHMEM OTAEABHBIX KPYIHBIX XAONBLEB. YBEAMUeHUe
koanuectBa Ca(OH)y (A0 6%) BBI3BIBaeT HeOOABILIIOE H3MeHeHue Z-TOTeH-
nuana M HeOOABIIOe CHUJKeHHe BSI3KOCTU [7]. Z-IOTeHIIUaA UCIOAB3YETCS
AT KOAMUECTBEHHOTO OOBICHEHMS CBOMCTB AUCIEPCHY B BOAHOM pacTBOpe
U B3aMMOAEMCTBUA MeXXAY 3apsKeHHBIMU YacTUIlaMM B JXHMAKOM cpeape, a
TaK)Ke AdeT BaKHYI0 MH(MOPMAIMIO O MMOBEACHHWH YaCTHUI] B AWCIEPTUPYIO-
el cpepe U CTaOUABHOCTU Aucniepcun [8].

Z-notennuan Na-OeHTOHHUTA pe3KO yMeHblaeTcs ¢ 44.5 po 32 mB npu
pobaBrenun NaCl. CHu>keHUe CBSI3aHO, IO BCeM BEPOSTHOCTHU, CO CXKaTUeM
AU PysHOrO ABOMHOrO cAost moHOB Na™t mpu poGaBrenwu Nat. Z-moren-
nuan OeHToHUTA Ca-opMbBl yBeAnumBaeTca ¢ 17 Ao 27 B B TOM >Xe AMala-
30He KoHIeHTpanuii NaCl, BeposTHO, B pe3yAbTaTe MOHHOTO oOMeHa U pac-
MIMPEeHUsT ABOMHOTO cAod [9].

Z-nnotennman obpasia 3aBucur or pH. NaOH u (Ca(OH),) Obiaum uc-
TIOAB30BaHEBI AAST KOPpPeKTHupoBaHusl pH cycnensuu. 3HaueHne Z-moTeHIIHAAA
vactul, npu pH 8.23 paBHo -13.7 uB. TeM He MeHee, OTPUIIATEALHBIN 3apsiA,
YacTUl, MEHSeTCs M CTAHOBUTCS IOAOXKUTEABHBIM IIPM BBICOKMX 3HAUEHUIX
pH 11-12 nopu ucnoas3zoBanuu Ca(OH), ara peryaumposku pH cpeaprl. Kpome
Toro, KoHIeHTpanus nonos CaOH™ yBeamumBaercst ¢ moBwinenuem pH ot
10 po 12. C yBeAnMueHUEM KOHIIeHTpAlUU Ca?t u monoB CaOH™T B CyCIeH-
3UM 3HaueHUe Z-NOoTeHIMara CMellaeTcs B CTOPOHY OoAee IIOAOKUTEABHBIX
3HaueHUI M3-3a apcopoiuu uoHoB Ca?t u CaOH™T Ha HeraTMBHO 3apsyKeH-
HBIX y4YacCTKaX IMOBEPXHOCTH CYCIIEHAMPOBAHHBIX YacTHWIl. Kak IpaBmAO, IO-
AMBaAeHTHEIe MOHEI (HampuMep CO3%, Mg2t, Ca2*t) uMeroT TeHAEHIUIO K
M3MEeHEeHHNIO IOBEePXHOCTHOTO 3apsja 3a CUYeT apCoOpOIIUM Ha IIOBEPXHOCTHU
IIPOTHUBOIIOAOKHO 3apsI’KEHHBIX y4acTKOB. C ADPYTOM CTOPOHBI, Z-TIOTEHITUaA
CYCIIEHAVPOBAHHBIX YaCTUI] B IPUCYTCTBUM OAHOBAAEHTHBIX KaTWOHOB, Ta-
Kux, Kak Na™®, He uMeeT aHaAOTMYHON TeHACHIMH. YBEANYeHNe KOHI[eHTpa-
nun noHoB OH™ m pH Tak>ke yBeAMYMBaeT OTPHUIIATEABHBIN 3apsp, YacTUI,
CAEAOBATeABHO, 3HAUeHUs! Z-TOTEHI[Mana CMeIaloTcs B CTOPOHY Ooaee OT-
pUILIaTeABHBIX 3HaueHUY. [Ipr BBEAEHUM B CHUCTEMY TallleHOM M3BeCTU Z-To-
TeHIIMaA YaCTUIl M3MEeHSeTCs U IIPU BHICOKMX 3HaueHUsX pH ctaHoBuTCS m0-
AOJKUTEABHBEIM. OTO MOXXeT OBITh CBSI3@aHO CO CIenuduuecKou apcopOnuen
pacTBopeHHBIX noHOB Ca?t m (CaOH)* ma uwactuiax [10]. TTpemoaaraercs,
uyro Ca?t Moryr AeicTBOBAaThL KaK MOTEHIIMAAOIPEAEASIONIMe HOHBI, KOTO-
pble UMeIOT HanbOoAblllee BAUSHUE Ha Z-TIOTeHIIuaA cucreMsl [11, 12].

MeToauka IKCIIepUMEHTA

Omnpenenenne mytaoctu (FTU) Typouaumerpuyeckum meroaoM. TypOuau-
MeTpuYecKre U3MepeHus MPOBOAUAUCH Ha npubope ''Turbidimeter HI 93703
(HANNA)".
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Omnpenenenne Z-noTeHNHAIA H pacnpeejieHHe YacTHIl 0 pa3MepaM. AAd OII-
peAereHUsT pacIpeAeAeHUsT YacTHI] II0 pa3MepaM U Z-TIOTeHI[anra OBIA HC-
IIOAB30BaH HHCTPYMeHT cepum “Mavelrn Z — Sizer Nano" ¢ nmpuMeHeHHeM
SYeVKU M3 MOAUCTUPOAA pa3dMepoM 12 mm. BBEIAM HCIIOAB30BAHBI rallleHas
u3BeCTh ("4.p.a.") 1 OEHTOHUT (HAaTpUEeBOU POPMHEI).

IIpoBenenue guiokyasiuuu. Pe>XXuMBl (DAOKYAAIIUU — OBICTPOE NepeMelln-
Banue ot 60 po 80 06OPOTOB B MUHYTY B TeueHUEe O muu (CTAAUS CMeIINBa-
HHUd). 3aTeM CKOPOCTh yMeHbIaeTca A0 30 o60OpOTOB B MUHYTY B TeueHUe
5 mun. Aanee mMAET Mepuop OCakKAeHUST (PAOKOB B TedeHUe 5 mun. DAOKyAs-
U0 HOPOBOAUAU C HCHOAB30BaHMEeM @Arokyagropa “Jar-Test Flocculator
2000" (Kemira). DAOKYASITOP TpEACTaBASIET COOOM YCTPOWCTBO C IIIECTBHIO
BPAIIAIOIIUMUCS AONACTAMU M IIEeCThIO CTaKaHaMU. BBIAM IIPUTOTOBAEHEI
OEHTOHUWTOBLIE CYCIIEH3MU C coApep’kaHmeM OenrtoHmuTta 1, 3 m 5 2. Hame-
yeHHas A03a (PAOKYASHTA AOOABASETCS B Ka’kKABIM CTaKaH C IIOMOIIBIO ITH-
TIeTKHU.

O0cy:xaeHne pe3y1bTaToB

B Taba. 1 mpeapcTaBAEHBI 3HAUYEHUS Z-TIOTEHIMAAOB IIOBEPXHOCTH OEHTO-
HUTOBBIX YaCTUI] C PA3AMYHBIMU AO3aMHU H3BeCTH. M3 Taba. 1 u puc. 1 cae-
AyeT, 4TO OeHTOHHUTOBBIE YACTHUIIBI OOAQAQIOT OTPHIATEABHBIM IIOBEPXHOCT-
HBIM 3apsAOM, KOTOPEIM cocTaBageT -38.6. C yBeAMdeHMEM KOAMYECTBa BBO-
AVIMOM M3BECTU B COCTaB OEHTOHUTOBOM CYyCII€H3UM HAOAIOAQETCS YMEeHBIIe-
HUe 3TOro 3HaueHUs B aOCOAIOTHOU BEAHUYUHE.

Tabnuya 1

Z-noTEeHIMAJI MOBEPXHOCTH OEHTOHUTOBBIX YACTHUIl B 3aBUCMMOCTH OT MacCOBOI0
coOTHOIIeHUs u3BecTH K OeHToHHUTY (K)

Beuronwur, 2 lamenas K Z-TIOTeHITaA
M3BECTh, 2
Ucx. — 0 0 -38.6
1 1 0.2 0.2 -12.9
2 1 0.4 0.4 -13.4
3 1 1.0 1.0 -12.3
4 1 2.0 2.0 -7.0
5 3 0.2 0.067 -15.8
6 3 0.4 0.133 -12.0
7 3 1.0 0.33 -11.3
8 3 2.0 0.67 -10.8
9 5 0.2 0.04 -25.8
10 5 0.4 0.08 -22.0
11 5 1.0 0.20 -14.0
12 5 2.0 0.40 -13.0
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W3 TabAuIEL CAepyeT, 9TO € yBearmdeHHeM K HaOAIOAQeTCS yMEHBIIeHUe
Z-moTeHIIMaAa B aOCOAIOTHOM BeAanuuHe. IIpy 3TOM HAOAIOAQETCS YMeEHBbIIe-
HHe 3HaUeHUUW MYTHOCTHM CYCIEeH3UH. DTO MOXXHO OOBSCHUTHL MMEHHO H3Me-
HeHHeM IIOBEPXHOCTOIO 3apspa B CTOPOHY €ro HeWTpaAu3allud, 4TO CIIO-
COOCTBYeT COAMYKEHUIO OTAEABHBIX YACTHIl M OOPAa30BaHUIO arroMeparos. B
9TOM CAydae MeXaHU3M (PAOKYAIINM, MO-BUAUMOMY, SIBASIETCS PE3YABTATOM
HEeUTpaAU3allii IIOBEPXHOCTHOTO 3apsaa (CM. TakKe TaOA.2). Hauboaee pes-
KOe CHUJKeHWE 3HaUYeHHUs MYTHOCTH IIPU YBEAWYEHHUU AO3HWPOBKM TrallleHOU
u3BecTu HaOAtopaeTcs npu K 0-0.2. Ilpu 3ToM yMeHbllIeHUe Z-TIOTeHIInaAa (B
A0COAIOTHOM BeAWYHNHE) AOXOAUT A0 12-15. A MyTHOCTB CYCHEH3UU PEe3KO
ymenbiaercss or 3000 po 30 FTU. AanbHeliniee yMeHbIIeHHE TTOBEPXHOCTHO-
ro 3apsipa Habatopaercda npu K 0.2-1.5, 4To IPUBOAUT K YMEHBUIEHUIO Z-IIO-
TeHnuana (OT -12 A0 -7) U AMIIb K HE3HAUUTEABHOMY YMEHBIIEHUIO MYT-
Hoctu — ot 30 po 20 FTU.

Tabauya 2
Jlo3npoBaHne rameHol U3BeCTH
Ao3upoB-
Ka raiie- KonueHTpanus 6eHTOHUTOBOU CYCIIeH3UH, 2/
HOM U3-
BeCTHu
2 1.0 3.0 5.0
MyT- CaO/ MyT- CaO/ MyT- CaO/
HOCTD, OeHTO- HOCTb, OeHTO- HOCTD, OEHTOHUT
FTU HUT FTU HUT FTU
0 450 0 1540 0 3100 0
0.1 81 0.1 1180 0.033 2065 0.02
0.2 42.8 0.2 1100 0.067 1830 0.04
0.3 20.1 0.3 205 0.10 111 0.06
0.5 32.8 0.5 173 0.167 90.2 0.10
0.8 22.5 0.8 777 0.267 39.9 0.16
1.2 20 1.2 77.5 0.40 40.9 0.24

B Taba. 3 mpeaCTaBAeHBI 3HQUEHUS CPEAHUX pa3MepOB U CTAHAAPTHOIO
OTKAOHEHMS pa3MepoB YaCTHIl B 3aBUCHUMOCTH OT MaCCOBOTO COOTHOIIEHUS
u3BecTu K 0eHTOHUTY (K). VI3 AQHHBIX TaOAMIILI CAEAYET, UYTO C YBEeAWUYEHHUEM
K mpoucxopuT yMeHBIIIeHWEe CpeAHero pasMepa 4acTHIl U COOTBETCTBEHHO
3HaYeHUsI CTAHAAPTHOTO OTKAOHEHHUS pa3MepoB, T.e. II0 Mepe CTPYKTYPUPO-
BaHUA npoucxoput cyxeHue PYP (puc. 1-3). Tak, ecan y UcxopHOro obpas-
na 0eHTOHUTOBBIX yacTul, PUP HaxopuTcsa B obaactu ot 50 po 1500 um, nmpu-
yeM c TpuMoparbHBIM PUP, To mo mepe yBeanuenus K PUP cyxkaercs, Tpu-
MOAA@ABHOE CTPYKTYpPHpPOBaHUe IIePeXOAUT B OMMOAAABHOE M NIPU CPaBHU-
TeAbHO OOABIINX 3HaueHUsIX K PUP cTaHOBUTCS MOHOMOAAALHBIM.

YMeHbllIeHHe 3Ha4YeHUs MYTHOCTH MOJXHO OOBSICHUTH yMeHbIIIeHHeM
CTAHAQPTHOTO OTKAOHEHMS II0 XOAY YBEAWYEeHHUS AO3MPOBAHUS rallleHOW M3-
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BeCTH. OTOT (PAKTOP IPEBAAMPYET Hap (PAaKTOpOM yMEHBIIEHUS CPEAHEro
pa3Mepa dacTtul,. Ecan cTaHAapTHOE OTKAOHEHWE YMEeHBIIAeTCs B HECKOABKO
pas, To CpPeAHUM pa3Mep 4YacTul] yMeHbllaeTcs AUIlb Ha 20-30% oT obiero
3HaueHus (Taba. 3). B pesyabTraTe HaOAIOAQETCA YMEHBIIEHHE MYTHOCTH
CHCTEMEL.

Tabnuya 3

Cpennuii pa3mep 1 cpeiHee OTKJIOHEHHE Pa3MepPOB YACTHIl B 3aBHCUMOCTH
0T MAcCOBOI0 COOTHOIIEHNS U3BecTH K OeHToHHTY (K)

K CpepHuii pasmep CpepHee OTKAOHEHUE,

YaCTHUI], HM HM
Ucx. 0 1268 689.4
1 0.2 1386 509.0
2 0.4 1436 216.2
3 1.0 1038 109.0
4 2.0 761 55.86
5 0.067 925.5 370
6 0.133 332 33.46
0.332 547.7 182

7 0.33 397.3 41
8 0.04 343.9 37.24
9 0.08 533.4 57.92
10 0.20 424.8 53.27
11 0.40 737.9 72.05

3AeCch HEMaAOBa’kHOe 3HaueHUe HMMeeT M TOT (PaKkT, UTO B IIEePBYIO oue-
peAb OpU CTPYKTYypPUPOBAHUN OEHTOHUTOBOM CYCIEH3MM HCYe3aeT NepPBBIN
nuk PUP, KOTOpPEIN OTBeYaeT 3a YaCTUILI KOAOUAHOI'O pasMepa.

Pacnpegeneiie 4acTHL, Mo HHTEHCHBHOLCTH

MHTEHCHBHOCTE (%)

e P—— — el N

ol 1 1 100 1000 10000

Pasmep | d, Hm)

Puc. 1. PacnpeaeneHue 4Yactul no pasmepam 6€HTOHUTOBON MMWHbI.

Bxaap Takux 4yacTUI B MYTHOCTH OOIIel MaccChl OYeHb OOABIION, IIO3TO-
My IIOCA€ MEePBBIX MOPLUM NOAABAEMOMN M3BECTH HAOAIOAQETCS pe3KOe CHU-
>xeHue myTHOCTH (OoT 3000 po 30-40 FTU) (puc. 1 m Taba.l). M3 puc. 1 cae-
ayeT, uto PUP mcxopHOU OEHTOHUTOBOM CYCIIEH3UU AOBOABHO IINPOKOE M
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npocrupaerca oT 50 wm po 10-20 mxm, 9TO U €CTECTBEHHO, IIOCKOABKY O€HTO-
HUT — OCAAOYHAas IIOPOAQ, W SIBASIETCS PEe3yAbTaTOM BLIBETPHBAHUS Pa3AUU-
HBIX AAIOMOCHMAWKATHBIX IIOPOA U, IO BCeM BHUAMMOCTH, OOpa3oBaBIINECS
IIpA BBIBETPUBAHUU YaCTUIIBI OTAWYAIOTCA APYT OT APyra CBOEU AMCIEpPC-
HOCTBIO. PUP OGEHTOHUTOBEIX YAaCTHUI, MMeET SIpPKO BBIPA’KEHHBIE TPU IIMKA B
obaactax: 1)100-200; 2)800-1000 um u 3)15 mrm. YcpepHeHHbIe 3HaUEeHUS WH-
TEHCUBHOCTHU 3TUX MUKOB COCTaBASAIOT 12.4; 69.1 u 17.7%, COOTBETCTBEHHO.

PEIEI'IpE,.'J'E."IEHHE HE{THL, N0 HHTEHCHBHOLCTH

Puc. 2. Pacnpegenexue
Yyactuy 6eHToHMTa Mo pas-
mepam (0.2 2 Ca(OH), Ha
: " . o o 1 2 6eHToHMTa).

MHTreHoMBHOCTL %)

Pazmep | d, Hm)

[Mpu BBepeHHMUM B OEHTOHUTOBYIO CYCIIEH3WIO HM3BECTH B KOAMYECTBE
0.2 2 Ha 1.0 2 6enTonura (K - 0.2) MHTEHCUBHOCTL IIEPBOTO IIMKa IIO0 OTHOIIIE-
HUIO K OCHOBHOMY UKy PUP cocTaBaseT okoao 6% (puc. 2). Koraa B UCXOA-
HOU CYCII€H3WUM 3TO OTHOIIEHHE COCTaBAdeT OKOAO 20% (puc. 2), T.e. mocae
BBEAEHHsS B OEHTOHUTOBYIO CYCII€H3UIO M3BECTH MHTEHCUBHOCTH IIUKA MEA-
KHUX YaCTHI] YMEHBIaeTcsl B 3 pa3a. [Ipy yBeAmdeHUM KOAMYECTBa BBOAUMOM
B CyCII€H3UIO ranleHoy usBecTH B pacueTe 0.4 2 Ha 1 ¢ 6enTonura PUP cra-
HOBUTCS MOHOMOAAABHBIM M AOBOABHO Y3KUM (pHC. 3).

Pacnpegenetie 4acTHL MO HHTEHCHBHOCTH

MHTEHCMBHO CTE 1%

01 1 10 100 1000 10000
Pazmep [ d, Hm)

Puc. 3. PacnpegeneHue Yactuy 6eHToHuTa no pasmepam (0.4 e Ca(OH), Ha 1 e 6eHToHMTA).

INpu cpaBHenum PYP, mpeacTaBAeHHBIX Ha pucC. 1-3, 4eTKO IPOCAEXKHU-
BAETCsl, YTO NPU YBEAMYEHUM AO3BI U3BECTU (PAOKYAUPYIOT KPYIIHBIE U ca-
Mble MeAKHe yacTunbl. Pesko cyxxaercs PUP. Ecam y mcxopHOro oOpasma
PYP cocraBageT 50-20000 xm, TO mOCAe BBepeHUSA B cocTaB cycneHsuu 0.2 ¢

usBectu PYUP cyxaerca u cocraBasger 300-5000 wum. [Ipu yBeAmueHMU AO3EL
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uspectu A0 0.4 2 PUP craHOBUTCA OYeHb y3KuUM HU cocTraBasgeT 900-2000 um.
IMpuuem cpepnuyt pasmep vactun, — 1268, 1386 u 1436 wm, COOTBETCTBEHHO.

B 3akAlouYeHHe OTMETHM, YTO II0 Mepe YBeAWUYeHUsI AO3BI TallleHOW M3-
BeCTHM IpU CTPYKTYPUPOBAHUM OEHTOHUTOBOM CYCIEH3UM IIPOUCXOAUT
YMeHBIIEHWEe CPEeAHEero pa3Mepa W CTAaHAAPTHOIO OTKAOHEHHs DPa3MepoB
YacTHI], a TaKXe YMEeHBIIAeTCs ITOBEePXHOCTHHIM 3apsip OeHTOHUTOBBIX
4acTHl], 4YTo obecleuuBaeT CTPYKTypHUpOBaHHEe II0 MeXaHU3My HeHTpaAau3a-
YU ITOBEPXHOCTHOTO 3apspa. [TokazaHo, uto ¢ nmomoiubio Ca(OH)y MOKHO
YBEAWYUTh WHTEPBAA MUHUMAABHOTO AO3UPOBAHUS. ¥ CTAHOBACHO TaKyKe, YTO
npoucxoputr cy>xernue PUP, n Ha 3TOM (poHe HAOAIOAQETCS CHUJ)KEHUE 3Hade-
HUU MYTHOCTH.
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INFLUENCE OF SLAKED LIME ON THE BENTONITE
SUSPENSION STRUCTURING

L.S. HAYRAPETYAN

Yerevan State University
1, A. Manoukyan Str., Yerevan, 0025, Armenia
E-mail: lusinehayrapetyan@mail.ru

The influence of hydrated slaked lime on particle size distribution (PSD) in
structuring of bentonite clay suspension has been investigated by turbidimetry and Z-
potentiometry methods. Bentonite clay from Sarigyukh Tavush region (Armenia)
deposits was used for the investigation.

With increasing the doses of slaked lime in structuring the bentonite suspension, the
average size and standard deviation of the particle size, as well as the surface charge of
bentonite particles are reduced. It was shown that by using Ca(OH), the minimum
dosing interval could be increased. There is a narrowing of the particle size distribution
and based on that a decrease in turbidity values takes place.

Reducing the value of the turbidity can be explained by a decrease in the standard
deviation when increasing the dosage of slaked lime. This factor is prevalent in reducing
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the average particle size. If the standard deviation is reduced by several times, the
average particle size is reduced only by 20-30% of total values. As a result the decrease
in the turbidity of the system takes place. Here it is important to mention the fact that
first peak of PSD disappears when structuring bentonite suspension, which is caused by
particles of colloidal size. The contribution of such particles to the turbidity of the total
mass is very large, so a sharp decrease in turbidity (FTU from 3000 to 30-40 FTU) is
noticed after the first portions of slaked lime addition.
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The latest discoveries in medicinal chemistry increase day by day with the use
of unnatural a-amino acids. As irreversible enzyme inhibitors non-proteinogenic a-
amino acids are widely used in the synthesis of drugs and other bioactive molecules,
since the cleaving effect of proteases and other enzymes is notably weakened in the
case of substrates of unnatural origin. Thus, inclusion of non-proteinogenic amino
acids into the drugs structure results in essential prolongation of drugs effect [1].
Therefore, unnatural a-amino acids are used in the synthesis of drugs of different
action as important pharmacologically active aglycons. Thus, a strong antibiotic
Leucinostatin A, having antitumor activity is comprised of three moieties of (S)-a-
methylaminopropionic acid [2]; O-methyl-L-threonine is used for the synthesis of an
important physiologically active peptide 3-O-methylthreonine-oxytocin [3]; B-N-
amino substituted derivatives of amino acid are part of Tuberactinomycin [4],
Bleomycin [5], Edeine [6], Capreomycin [7], A-19003 [8] antibiotics, etc. B-
Hydroxy-a-amino acids of different structures are important components of
physiologically active cyclic peptides (Vancomycine), and enzyme inhibitors [9].
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Thus, for example, D-allo-threonine is included into the composition of Katanosins
[10] and Accurninaturn [11] antibiotics; (+)-Lactacystine [12], and Cyclosporin [13]
contain B-hydroxyleucine moiety. (S)-Substituted cysteine is used for the synthesis
of physiologically active cysteine-containing peptides [14]. Inclusion of D-allo-
isoleucine into the antibiotic Dactinomycin D imparts to the drug anticarcinogenic
activity [15]. Sympathomimetic drug N-carboxyphenylprolyllysine is part of the
antihypertensive drug Lysinoprile [16]; derivatives of L-lysine, L-oxyproline and D-
phenylalanine are parts of anticancer drugs Leuprolide [17], Octreotide [18], Tuftsin
[19]; (S)-2-methyl-3,4,5-trihydroxy-phenylalanine possesses antitumor activity [20],
(2S,4S)-4-fluoroglutamic acid is an important component of antitumor drug
Methotrexat [21], etc. (S)-substituted cysteines are used for the synthesis of cysteine-
containing physiologically active peptides [22]. Non-proteinogenic aliphatic D-
amino acids are applied as intermediates for the synthesis of many chiral drugs, for
example, of antidiabetic drugs Alogliptin, Linagliptin, Sitagliptin, Saxagliptin and
others [23].

Non-proteinogenic amino acids have also found their application in modern
organic chemistry. They can be employed as chiral material for the synthesis of
natural compounds and their biologically active analogs, as reagents or ligand-
catalysts. In particular, synthetic non-proteinogenic amino acids are of great
importance in peptide investigations, they are included into peptide structure to limit
conformational flexibility of molecules. This results in enhancement of the stability
to enzymes, improves pharmacodynamics and bioavailability [24]. The role of non-
proteinogenic amino acids in protein engineering is very high. They are introduced
into the structure of proteins to study the structure dependence of functional
peculiarity of proteins [25].

It should be noted that chiral unnatural amino acid is eligible for the use in the
afore-mentioned spheres only as one enantiomerically enriched isomer. Though the
microbiological methods for the synthesis and enzymatic cleavage of racemates are
effective for the production of natural chiral a-amino acids, they proved to be
unsuccessful in the synthesis of non-proteiogenic a-amino acids. Hence, the
asymmetric methods for production of chiral biologically active molecules, in
particular, of amino acids of non-proteinogenic origin are urgent and demanded
today.

There are four main strategies for the production of chiral a-amino acids [26].
The first strategy is selective addition of a carboxylic acid equivalent to the pro-
chiral o—carbon of an imine, as in the asymmetric Strecker reaction) (Scheme 1).

Scheme 1
NH,

0 NH,
)k . )\ T )\
R CN R

R H CO,H
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The next one is asymmetric addition of hydrogen to a-carbon of di-
dehydroamino acids as in the case of Knowles Monsanto synthesis (Scheme 2).

Scheme 2
R R
Ji H,, Rh (L)(cod) /(
—_— =
HO,C NH, - HO,C NH,
OH
L-DOPA; R =

The third is Corey-Link reaction, asymmetric addition of hydride to ketone:
precursor of amino acid. A large number of glycine derivatives are used as
precursors of electrophiles and nucleophiles followed by asymmetric addition of R-
group to a-carbon of the glycine moiety [27]. (Scheme 3).

Scheme 3
(0]
Nucleophilic
@ _—
R + © A
NR, H//
(enolate) R7—C02H
0 H,N
Electrophilic
R
S
R + @ A
NR,

(cation equivalent)

There are also many other approaches for the synthesis of chiral a-amino acids,
e.g. electrophilic amination of enolates, nucleophilic amination of a-substituted
amino acids, enzymatic synthesis including enzymatic cleavage of racemates, etc.
[28].

Despite a large number of efficient catalytic methods for the asymmetric
synthesis of amino acids, the practical application of the existing methods is limited
due to a number of important factors: the complexity of synthesis and expensive
catalysts, use of toxic initial products (e.g. HCN, acetone cyanohydrin or
trimethylsilylcyanide) in stoichiometric ratios limiting their applied usage in large-
scale productions [29]. Besides, direct hydrolysis of optically active a-aminonitriles
can lead to impairment of the optical purity of target products [30].
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Thus, elaboration of more practical and applicable for the technology
asymmetric methods for the synthesis of non-proteinogenic amino acids is still a
topical and demanded task.

The direction of the asymmetric synthesis is successfully developing in research
teams of the world-known scientists, such as M. Makoza [31], E. Carreira [32], K.
Maruoka [33], M. Shibasaki [34], D. Seebach [35], U. Schollkopf [36], Yu. Belokon
[37] and others who conduct the asymmetric synthesis of amino acids, amino
alcohols, low molecular weight peptides and other chiral biologically active
molecules using various chiral catalysts and auxiliaries.

In the present article we communicate the stoichiometric asymmetric synthesis
of non-proteinogenic a-amino acids with substituents of various origin in the side-
chain based on the use of Ni" complexes of the Schiff base of amino acids with
chiral auxiliary (S)-2-N-(N"-benzyl-prolyl)aminobenzophenone (BPB).

Since 1985 the biomimetic direction of the asymmetric synthesis has been
successfully developing in the SPC “Armbiotechnology” NAS RA and in the
Department of Pharmacy of Yerevan State University.

Various chiral complexes of transition metal ions containing Schiff bases of
amino acids and carbonyl compounds, studied in biomimetic transformation

reactions of amino acids, were synthesized [1].
{ O
—N‘cu’N— N/ o OmT q
s Yo SR ‘\@,& >l\©//

Fig. 1. Chiral complexes of transition metals.

The best results in both stereoselectivity and technological parameters were
recorded in case of using square-planar Ni" ion complexes with the Schiff base of
amino acids (dehydroamino acids) and chiral auxiliary BPB (D) (complexes of Yu.
Belokon) [38,39].

The first chiral auxiliaries — carbonyl derivatives of N-benzyl (S)-proline with
2-amino-benzaldenyde  (BPBA), 2-aminoacetophenone (BPA) and 2-
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aminobenzophenone (BPB) were obtained on the basis of the natural cyclic amino
acid (S)-proline and studied in the asymmetric reactions of amino acids synthesis.
The research has shown that in a series of Ni' complexes of the Schiff bases of
amino acids and these carbonyl derivatives, complexes based on BPB chiral
auxiliary have the highest enantioselectivity. Moreover, it was shown that in the
absence of benzyl substitution in the pyrrolidone fragment irrespective of the size of
the aldimine substituent (at the -C=N- bond) the enantioselectivity was equal to zero
in conversion reactions of the amino acid moiety. However, in the case of N-
benzylproline-containing chiral auxiliaries the stereoselectivity in synthesis of amino
acids increases with the increase of substituents sizes at the aldimine carbon atom of
complexes: ee is ~20% in case of 2-aminobenzaldehyde (BPBA), ~50% in case of 2-
aminoacetophenone (BPA) and ~90% in case of 2-aminobenzophenone (BPB)
ligands [1,40].

Complexes have a number of technological advantages:

¢ have the highest Ca-H acidity of amino acid moieties and electrophilicity of
the C=C bond of dehydroamino acid moieties providing quantitative
procedure of the C-alkylation reaction;

o well soluble in organic solvents and practically insoluble in water solutions,
thus facilitating the stages of isolation of the target and intermediate
complexes from the reaction medium;

o easily destroyed in a medium of weak acids (~0.5N HCI) significantly
simplifying isolation of the target amino acids from alkylated complexes;

e the main advantage of these complexes is high thermodynamic
enantioselectivity.

The difference between the energies of (S,5)- and (S,R)-diastereomers of these
complexes is more than kcal/mol that is sufficient to reach high stereoselectivity.
Thermodynamically less stable (S,R)-diastereomer gradually converts to a more
stable (S,S)-diastereomer and in about 1 hour after start of the reaction, the excess of
(S,S)-diastereomer exceeds 95% (Figure 2).

4 / ’ pry N &y
= QD -
,8) (S,R)
~95% ~5%
AG >1kcal/mol

Fig 2.Thermodynamic equilibrium between diastereomers.

Using these complexes the efficient asymmetric synthesis of (S)-a-amino acids
with various substituents in the side-chain radical was carried out. As initial amino
acid synthons, Ni" complexes of the Schiff base of amino acids (glycine and
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alanine) and dehydroamino acids (dehydroalanine and dehydroaminobutyric acid)
with chiral (S)-BPB auxiliary were used. Amino acid complexes were employed in
the reactions of electrophilic C-alkylation of the amino acid moiety with formation
of a-substituted a-amino acids and dehydroamino acid complexes — in the reactions
of nucleophilic Michael addition with formation of B-substituted a-amino acids (see
Scheme 4).

R
DMF /NaOH _
[\N \u
R COOH
R /I///NHZ
de~90 % ee>98%
CHR 2N HCl, 50°C/ Dowex-50Wx8/C,HsOH [—
[N~ N.
ﬁ”/ 5\© -
Nu(R)HC COOH

NH.

° H (S)-BPBXHCI H 2

/ . ee>98%

[>N--Ni——N ‘CH(R)Nu

NuH / N\
L - ©® N
R = H, CHj; R'= Alkyl, Aryl
MeCN / K,CO, d

de~92%

Various enantiomerically enriched o- and B-substituted (S)-a-amino acids
containing aliphatic and aromatic substituents of different structures have been
synthesized by this Scheme. A total of about 80 new non-proteinogenic a-amino
acids not described in the literature have been synthesized.

According to the average data, the stereoselectivity of synthesis of a- and -
substituted a-amino acids makes up 90%.

Chiral Ni" complexes of the Schiff bases of dehydroamino acids with BPB,
having an active electrophilic C=C bond, prove to be suitable synthons to include
heterocyclic groups into the side chain of amino acids. The asymmetric synthesis of
a wide range of enantiomerically enriched heterocyclic substituted non-
proteinogenic a-amino acids of (R)- and (S)-absolute configuration was carried out
through nucleophilic Michael addition of various heterocyclic amines and thiols to
the dehydroamino acid moiety of these complexes followed by decomposition of
diastereomeric mixtures of complexes of addition products and isolation of the target
amino acids (Scheme 5).
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Scheme 5
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It should be noted that heterocyclic a-amino acids are regarded as interesting
objects for pharmaceutical research since they are alien for the body in both
structure and nature of heteroatoms [41].

Under this universal Scheme we have succeeded to synthesize more than 50
new enantiomerically enriched non-proteinogenic amino acids containing various
heterocyclic substituents in the side-chain radical. Furthermore, the developed
strategy enables to include heterocyclic radicals of very different structures and
nature into the structure of amino acids [42].

Ni" complexes of the Schiff base of amino acids and BPB are suitable
precursors for setting up a small-scale production of optically active non-
proteinogenic amino acids since 90% stereoselectivity and 1-2 hour duration for the
asymmetric reactions are good technological parameters [43].

However, these factors are insufficient to use these complexes in producing
isotope-labeled amino acids that are employed in PET diagnostics as radiotracers.
The reason for this is the short half-life of isotopes. Thus, the time of half-life of
isotopes '®F and 'C most frequently used in the composition of PET-
radiopharmpreparations is 109 and 29 min, respectively, while the time of
asymmetric reactions for amino acids syntheses with use of Ni(Il) complexes with
chiral auxiliary BPB is about 1-2 hours.
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Hence, to obtain isotope-labeled amino acids, it is necessary to develop
transient and highly selective techniques for the asymmetric synthesis of amino
acids. To solve this problem, we modified complexes of Prof. Belokon by including
additional substitutents into the phenyl groups of N-benzylproline and
aminobenzophenone moieties. For this, different modified Ni(ll) complexes of
Schiff base of amino acids containing electron-donating and electron-withdrawing
substituents in these phenyl groups were synthesized (Figure 3) [1].

Cl CH,
0 o 0
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/ / ™ R
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R=H; CH; R=H; CH; CH;3 R=H; CH; e} R=H; CH;

Fig. 3 Structure of modified Ni' complexes.

All these complexes were tested in the reactions of asymmetric synthesis of
amino acids in both the reactions of electrophilic C-alkylation of amino acid
complexes and in the reactions of nucleophilic addition of dehydroamino acid
complexes. The best results in both stereoselectivity and duration of asymmetric
reactions were obtained in case of using modified Ni" complexes of Schiff base of
amino acids and dehydroamino acids containing chlorine or fluorine atom in
position 2 of the phenyl group of N-benzylproline moiety; the enantiomeric excess
of the main diastereomers of alkylated complexes made up 97% on average and the
time of asymmetric reactions — 3-30 min [44].

Using these modified complexes, transient methods for the asymmetric
synthesis of a-amino acids into which various aliphatic and aromatic substituents are
easily included have been later developed. This strategy is being successfully used in
the Institute of Human Brain of the Russian Academy of Sciences when
synthesizing *®F-labeled amino acids, particularly, (2-**F-fluoro-L-tyrosine (2-'°F-
FTYR), 3-F-fluoro-L-o-methyl-tyrosine (3-°F-FAMT), O-2-[**F]fluoroethyl-L-
tyrosine (**F-FET), 3,4-dihydroxy-6-[*®F]fluoro-L-phenyl-alanine (6-[**F]-L-DOPA)
[45] (Figure 4).
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Fig. 4. PET radiotracers based on a-amino acids.

In recent years unsaturated a-amino acids are of special interest in the
pharmaceutical industry.

Amino acids with unsaturated bonds in the side-chain radical are interesting
objects for the pharmaceutical research as they are active inhibitors of
metalloproteases, Endophelium-converting enzymes and other enzymes.
Specifically, acetylenic amino acids are in the spotlight of such well-known
Companies as Procter and Gamble Pharmaceuticals, Novartis Pharmaceuticals and
others.

It should be mentioned that the number of known unsaturated amino acids is
limited. There are few natural acetylenic amino acids, isolated mainly from fungi,
which have a capacity to inhibit enzymes. As to the synthetic analogs of unsaturated
amino acids — the literature describes only a few of such amino acids, moreover in
the form of inactive racemates [46].

In this connection, we set the task to use the unique capacities of chiral Ni(ll)
complexes of Schiff bases of amino acids and BPB to include unsaturated bonds into
the side group of the amino acid moiety. For this, the appropriate propargylglycine
and propargylalanine complexes were synthesized by C-alkylation of the amino acid
moiety from Ni(ll) complexes of the Schiff base of glycine and BPB (Scheme 7).
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Scheme 7
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Propargylglycine and propargylalanine complexes were investigated as the
starting amino acid synthon to study other unsaturated a-amino acids. Using
coupling Sonogashira, Heck and Glaser reactions, different unsaturated amino acids,
containing acetylene, allyl and other unsaturated groups in the side chain, were
synthesized from propargylglycine and propargylalanine complexes. Dimeric amino
acids containing acetylene groups as coupling links were also synthesized [47]. We
also succeeded in synthesis of heterocyclic substituted amino acids containing
acetylene bonds as a linking bridge (Scheme 8).
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Thus, using the unique properties and enantio capacities of square-planar Ni"
complexes of Schiff base of amino acids and chiral carbonyl derivative of (S)-
proline ((S)-BPB) more than 150 new enantiomerically pure non-proteinogenic (S)-
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a-amino acids containing alkyl, propyl and unsaturated groups of very different
structure in the side-chain radical have been synthesized.

Use of such amino acid complexes based on chiral derivative of (R)-proline
[(R)-BPB] will enable to conduct the asymmetric synthesis of similar non-
proteinogenic a-amino acids of (R)-absolute configuration.

Chemical structures, absolute configurations, the degree of chemical and
enantiomeric purity of the synthesized non-proteinogenic amino acids and their
intermediate complexes were investigated and established by modern
physicochemical methods of analysis (*H-NMR, *C-NMR, X-ray structural
analysis, elemental analysis, chiral HPLC and GLC, IR, polarimetric measurements,
etc.).

Specific data of synthesized compounds are not cited in this paper due to a large
volume, however all analyses data unequivocally confirm chemical structure and
absolute configuration, as well as high chemical and optical purity (ee>99%) of the
synthesized amino acids.

Based on the obtained data an efficient technology for production of optically
active non-proteinogenic a-amino acids has been developed. It has the following
technological advantages:

e The technology is universal and makes it possible to obtain different non-
proteinogenic amino acids on one production line using the same starting
complex.

e High stereoselectivity. De of the main diastereomer of the alkylation
product practically for all reactions is 90% and higher. This allows to
produce optically pure amino acid with more than 98-99% enantiomeric
purity by one crystallization.

e Regeneration of chiral auxiliary. After each synthesis, the initial chiral
auxiliary BPB regenerates with a quantitative chemical yield and complete
retention of the starting optical activity. This allows to use it many times in
the reactions of asymmetric synthesis of amino acids.

o Profitability of the technology. The technology enables to obtain
expensive and important non-proteinogenic amino acids from available and
cheap raw material - glycine and D,L-alanine that cost about 10 US dollars
per 1 kg of the substance. And the average cost of the products - synthesized
non-proteinogenic amino acids is 250 US dollars per 1 gram of the sample.
By this price we realize our amino acids in the European market.

Using the developed methods a small-scale production of optically active non-
proteinogenic a-amino acids has been set up in the Scientific and Production Center
“Armbiotechnology”.

The technological line on the example of production of a-amino acids with
unsaturated groups in the side-chain radical is presented in Figure 5.
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Fig. 5. Technological scheme for preparative production of optically active
a-amino acids.

On this technological line various enantiomerically pure non-proteinogenic -
amino acids realized in the European market — ACROS ORGANICS (Belgium),
IRIS BIOTECH (Germany), etc. are regularly produced.

At the same time medico-biological studies of the synthesized new amino acids
were conducted.

Screening of the synthesized amino acids and peptides based thereon identified
compounds with a whole set of biological properties. Among compounds having
antibacterial activity the following amino acids: (S)-p-[4-allyl-3-(furan-2-yl)-5-
thioxo-1,2,4-triazol-1-yl]-a-alanine, (S)-B-[4-allyl-3-(2’-chlorophenyl)-5-thioxo-
1,2,4-triazol-1-yl]-a-alanine  and  (S)-B-[4-allyl-3-(pyridin-3'-yl)-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine, as well as the following dipeptides: N-formyl-
methionylalanyl-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine  and
N-formyl-(S)-methionyl-(S)-p-[4-phenyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine can be mentioned. It is necessary to note that these compounds also inhibit
growth of antibiotic-resistant strains of E.coli [48].

In the study of mutagenic/antimutagenic properties of compounds it is shown
that tripeptides N-formyl-(S)-methionyl-glycyl-(S)-B-[4-phenyl-3-propyl-5-thioxo-
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1,2,4-triazol-1-yl]-a-alanine  and  (S)-B-[4-allyl-3-(pyridin-4'-yl)-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine and amino acid (S)-pB-[4-allyl-3-(pyridin-4'-yl)-5-thioxo-
1,2,4-triazol-1-yl]-o-alanine several times increase the frequency of spontaneous
and N-methyl-N-nitro-N-nitrozoguanidine-induced mutations [49]. A number of
compounds, such as (S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine,
(S)-B-[4-allyl-3-(3’-hydroxypropyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine, (S)-B-[4-
propyl-3-isobutyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and (S)-methoxy-5-
nitrophenyl-alanine have the ability to reduce the frequency of NG-induced
mutations, i.e. have antimutagenic properties [50].

Among new synthetic amino acids and peptides inhibitors of some enzymes
including inhibitors of serine proteases and metalloproteases were revealed. Out of
investigated compounds the strongest inhibitors of proteinase K proved to be R-, S-
stereisomers of allylglycine (ICsp= 5.36 mM, ICs= 6.02 mM), (2S,3R)-B-
hydroxyleucine (ICso= 3.21 mM) and (2R,3S)-B-hydroxyleucine (ICso= 3.43 mM),
allo-O-ethylthreonine (ICso= 3.86 mM), (R)-a-methyl-p-phenylalanine (ICso= 3.02
mM).

The strongest inhibiting effect on tripsin exhibited (2R,3S)-p-hydroxyleucine
(IC5=1.9 mM) and (2S,3R)-hydroxyleucine (ICsp=1.1 mM), as well as dipeptides N-
formylmethionyl-(2S,3R)-B-hydroxyleucine (IC5,=0.1 mM), N-formylmethionyl-
(2R,3S)-hydroxyleucine (IC5=0.2 mM) and N-formylmethionyl-(S)-allylglicine
(IC5=3 mM) [50]. Furthermore, both stereoisomers of B-hydroxyleucine and N-
formylmethionyl-(S)-allylglicine also have antibacterial properties.

Tripeptide alanylglycyl-(S)-p-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-
yl]-a-alanine is collagenase inhibitor (ICs,= 0.11 mM). Kinetic studies showed that
alanylglycyl-(S)-p-[4-allyl-3-pyridin-3°-yl)-5-thioxo-1,2,4-triazol-1-yl]  was a
competing inhibitor [51]. (S)-B-(N-enzylamino)alanine inhibits activity of bacterial
aminotransferases.

A part of this work was supported by the RA MES State Committee of Science
and Russian Foundation for Basic Research (RF) in the frames of the joint research
projects SCS 15RF-035 and RFBR 15-53-05014 accordingly.

This work was awarded the State Award 2015 of the Republic of Armenia in
the sphere of exact and natural sciences.

Experimental part

"H NMR spectra were recorded on a “Mercury-300 Varian” (300 MHz). Optical
rotations were measured on “Perkin Elmer-341” polarimeter. All the reagents used
were purchased from “Aldrich”. Enantiomeric purity of amino acids was determined
by HPLC on the chiral phase, Diaspher-110-Chirasel-E-PA 6.0 um 4.0x250 mm.

General procedure for the synthesis of Ni'' complexes of Schiff bases of
amino acids with chiral auxiliaries. A solution of 1 eq. BPB, 5 eq. of amino acid
and 2 eq. of Ni(NO3)2x6H20 in absolute MeOH was heated to 40 °C and a solution

of 4 eq. KOH in MeOH was added and the whole was stirred at 50-60°C for 2 h (in
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case of obtaining glycine complex the reaction time is no more than 1 h). The
reaction was monitored by TLC on SiO,, in the system CHCI3/(CH3)2CO (3:1)
following the disappearance of the spot of the initial BPB. Upon completion of the
reaction, the mixture was neutralized with AcOH in 45 ml of water to pH 5-6. The
precipitate was filtered off and the produced complex recrystallized from methanol.

General procedure for the asymmetric addition of nucleophiles to the double
C=C bond of the complex. 1 eq. of the complex was dissolved in CH;CN and in the
argon stream were added 2 eq. of K,COj3 and 1.2 eq. of nucleophile. The addition
reaction was monitored by TLC on SiO,, in the system of solvents CHCly—
CH3;COCH; (3:1). After establishment of a thermodynamic equilibrium between
diastereoisomes, the reaction mixture was filtered, the K,COj3 precipitate washed
with chloroform and chloroform filtrate evaporated to dryness.

General procedure for complex alkylation. To 1 eq. of Ni"-(S)-BPB-S-PGly
complex in DMF were added 3 eqg. of finely ground NaOH, 3 eq. of alkylhalogenide.
The reaction was monitored by TLC [SiO,, CH;COOEt/CH;COCH,/C/Hyg (1/1/1]
following the disappearance of traces of the initial complex. Upon completion of the
reaction, the mixture was precipitated from water, filtered, the alkylation product
crystallized from methanol.

Decomposition of the complex and isolation of the target amino acid. Dry
precipitate of the complex was dissolved in CH30H and slowly added to a solution
of 6N HCI heated to 60°C. After disappearance of the typical for complexes red
coloration, the solution was concentrated under vacuum, water added and the initial
(S)-BPBXHCI filtered. From water layer the amino acid was demineralized by
passing the solution through ion-exchange column with cationite Ku-2x8 in H+
form, the resin was washed with 5% NH,OH. Eluate was concentrated under
vacuum and the amino acid crystallized from aqua-alcohol solution.

General procedure for determining enantiomeric yield of non-proteinogenic
amino acid by HPLC analysis.

In our work we used liquid chromatograph “Waters 2695 Separations Module”
(USA) with ultraviolet detector “Waters 2487, separation column “Nautilus-E” 4.0
x 250 mm, 5 um for enantiomers of non-proteinogenic amino acids. Separation of
enantiomers of non-proteinogenic amino acids was carried out in isocratic elution
mode, with 0.1 M aqua solution of NaH,PO,x2H,0 and CH3;CN (80:20 rev./rev.) as
a mobile phase, 0.5 ml/min flow rate, detection was carried out with 200 nm
wavelength, column temperature -30°C, injection volume — 10 u/. Chemicals and
cluents of “Sigma-Aldrich” with gradient grade > 99.9% were used for HPLC.
1 mg of the tested sample was dissolved in 1 ml of methanol in special test tubes for
analysis, the sample was then inserted into a special section of chromatograph
designated for the tested samples and analysis was carried out according to the
developed procedure. The injection volume was 10 ml for each analysis. The results
of analysis were reflected on the computer screen as a chromatogram and software
enabled to automatically integrate the obtained peaks.
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(wppppugfr-4'-fy)-5-fpopun-1,2 d-inpfruagny-1-fy J-O-wpuibsfps  wdflowfdfdncts  dfy  pusbif
l.uiu.l_l.mf lﬂi&wgflnl_tf 127, ﬁE@LanL[:J L % (N—Jb[aﬁ[—N’—il[unpn—N-ilﬁmpnllnll_nl_l.uflﬁll_[tfl)
Quipnigfmd dnvmmgpuiibph Quwfumljubing [dyndiip :

U[rii[fr'lnn[rl[ np wdfiwfdFncbph b wybopnpgubph jwppncd Quipmbnuphpdly Bu bl
npny $hpdbinubpf fulhpfunnpibp, Yhpunguy uhppiugpl ypmobuogibpfp b dhowgusgpn-
mlil.uzlillipﬁ.'

UVhplpwymgwmd woppuapwmbpp wpdwbugky F 6oqphop b phanlpuh ghapni -
ynihbblph nynpypncd SNugwapuhh Nwbpwaylaopnigaui 201510, Mapwljuh

upguinulh:

HOBBIE ITOKOJIEHUSA OITTUHYECKHN AKTUBHBIX HEBEJIKOBBIX
o-AMHUHOKUNCJIOT, CHHTE3 U UCCJIIEJOBAHUE

A. C. CAT'USIH, A. ®. MKPTYsIH, A. M. CUMOHSIH, H. A. OTAHECSIH,
A. M. OTAHECHIH, I1. JAHT'EP u 10. H. BEJJOKOHb

AaHHasg CcTaTbs IOCBAIIEHA CTEXHUOMETPUUYECKOMY aCHMMEeTPUYEeCKOMY
CHUHTEe3y HeOEAKOBBIX (i-aMHUHOKUCAOT C PA3AMYHOM IIPUPOAOU 3aMeCTUTEAeN
B GOKOBOM IIelM, OCHOBAaHHOMY Ha mcnoAb3oBanuu Nill koMmaekcoB ocHoBa-
Hum llndda aMUHOKHUCAOT C XMPAABHBIM BCIIOMOTaTEABHBLIM peareHToM (S)-
2-N-(N'-6eHn3uAnipoarria)amMuHobeH30(pgeHOHOM (BPB).

Haunnas ¢ 1985 r. buoMuMeTH4eCKoe HallpaBAeHHEe aCUMMEeTPUYECKOTO
cuHTe3a ypauHo pasBuBaercsa B HIILl «Apm6uorexHonrorus» HAH PA u Ha
Kaeppe dapmanum EpeBaHCKOTO rocypapCTBEHHOTO yYHUBEPCUTETA. beiAu
TIOAYYEeHBI Pa3ANYHBIE XUPaAbHbIE KOMIIAEKCHI MOHOB II€PEXOAHBIX METAAAOB
c copepykanueM ocHoBaHu4 udda aMUHOKMCAOT U KAPpOOHUABHBIX COEAU-
HEeHUM, KOTOpPble MCCAEAOBAAMCH B ACUMMETPUYECKUX PeaKIUsaX IpeBpallle-
HUS aMHHOKHCAOT B KaueCTBe XWPAAbHBIX KaTaAM3aTOPOB HMAM BCIIOMOTaA-
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TEABHBIX peareHToB. OAHAKO HaWAyUIllFie Pe3yAbTaThl KaK II0 CTepeoCenekK-
THUBHOCTH, TaK U II0 TEXHOAOTMYECKHM IlapaMeTpaM OBLIAM 3a(UKCUPOBAHEI B
CAyYae MCIIOAB30BaHUs MMAOCKO-KBAAPATHBIX KommaekcoB uona Nill ¢ ocno-
BaHueM Iludda aMHHOKUCAOT HAM AETHAPOAMUHOKUCAOT U XHPAABHOI'O
BCIIOMOTAQTeABHOrOo peareHra BPB. KoMIIAeKCBI aMHHOKUCAOT (FAWMIIMHA U
anaHWHA) UCIIOAB30BAAUCH B PEaKIIUAX IAEKTPOPUABHOTO C-aAKUAMPOBAHUS
AMHUHOKHUCAOTHOT'O OCTaTKa C 0Opa3oBaHUEM 0-3aMeIl[eHHBIX (-aMUHOKUCAOT,
a KOMIIAEKCHl AeTUAPOAMMHOKMCAOT (AeTMApPOAAQHUHA U AeTHAPOaMHHOMAC-
ASHOU KHUCAOTEI) — B PeaKOusaX HYKACO(UABHOTO IIPUCOEAMHEHUS II0 Mu-
XadAl0 ¢ oOpa3oBaHUeEM [-3aMelleHHBIX 0-aMUHOKHUCAOT.

B pesyabTare mccaepOBaHUM yAAAOCH CHHTE3UPOBATH Pa3AWMYHEBIE O- U f3-
3aMellleHHble 0-aMHUHOKUCAOTBEI C COAEp’XKaHHEeM 3aMeCTHUTeAell B OOKOBOM
PajAUKaAe; CTEPeOCEeAEKTUBHOCTE CUHTEe3a IIPU 3TOM IpeBbmaeT 90%.

AHann3 AUTepaTypHBIX AQHHBIX ITOKA3bIBAET, YTO B IIOCAEAHEe BpeMd B
hapMUHAYCTPUM OCOOBIM HMHTepeC IIPEACTaBASIOT HeHacCHIIIeHHBIEe 0-aMHHO-
KHCAOTH], IIO3TOMY IIepep HaMHu OblAa ITIOCTaBAE€HA 3ajada UCIOAB30BATh YHU-
KaAbHBIE crocobHocTU xuparbHBIX Ni(Il) KommaekcoB ocHoBauus Lludda
aMUHOKUCAOT U BPB aAAg BHeppeHUS HeHACHIIIEHHBIX CBI3eM B OOKOBYIO
TPyINy aMIHOKUCAOTHOTO OCTaTKa. AAg 3Toro nyTeM C-aAKUAMPOBAHUS T'AU-
nmuHoBoro ocrtaTka Ni(Il) kommaekca ero ocHoBaHus llludda ¢ BPB 6biam
TIOAYY€EHBI COOTBETCTBYIOIINE KOMIIAEKCHl IIPOIAPIUATAMIMHA M IIPONApTHUA-
anaHUHA, KOTOPBIE MCIIOAB30BAAMCH B KaueCTBE MCXOAHOTO aMHHOKMCAOTHO-
T'O IIpeALIeCTBEHHUKA AN ITOAYUYEHUS HEHACHIIIeHHBIX (.-aMUHOKUCAOT.

C ucnoan3oBaHueM peakinuu CoHorammpa, Xeka u ['ralizepa U3 KOMII-
AEKCOB IIPOIAPTUATAMIIWHA U NPOIAprUAaAaHMHA CHUHTE3UPOBAAUCH IIPEA-
IIeCTBEHHUKN PAa3AWYHBIX HEHACHIIeHHBIX 0-aMHHOKHCAOT, COAepsKaljue
alleTUAEHOBBIe, AAAMABHBIE U ADYTHe HeHachlllleHHble IPYNIBEL B O0KOBOM Iie-
nu. BeIAM CUHTE3UpOBaHBI TaKKe OMC-aMHMHOKUCAOTHI, COAepiKalllle B Ka-
JecTBe CBS3BIBAIOINErO 3BeHa alleTUAEHOBYIO IPYIITY.

HToro, ¢ uCnoAb30BaHMEM YHHUKAABHBEIX CBOMCTB U 3HAHTUOCIOCOOHOCTU
nAocKo-KBaApaTHBIX Ni(Il) komnaekcoB ocHoBaHus ludrda aMUHOKUCAOT U
XUPAABHOTO KapOOHUABHOTO NPOM3BOAHOTO (S)-mipoamHa [(S)-BPB] 6wniro
CUHTEe3UpPOBaHO 60Aee 150 HOBBIX SHAHTHUOMEPHO UMCTHIX HEOEAKOBBIX (S)-0-
aMHUHOKUCAOT, COAEp KAIIUX arndaTHdecKue, apoMaTuiecKue U TeTepOIUK-
AWYecKUe IPyHIbl pa3HOM NPUPOABI B OOKOBOM PajUKaAe.

ChepyeT OTMETHUTBh, UYTO MCIIOAB30BaHHME TaKWUX JKe€ aMUHOKHUCAOTHBIX
KOMIIA€KCOB Ha OCHOBE XUPAAbHOTO NPOU3BOAHOTO (R)-mmpoamHa [(R)-BPB]
TIO3BOAUT OCYIIECTBUTH aCUMMETPUYECKUN CHHTe3 aHAAOTHUYHBIX HeOeAKo-
BBIX 0-@MUHOKHCAOT (R)-abCOAIOTHOM KOH(UTYPAILUN.

Ha ocHoBaHMU NHOAYUYEHHBIX AQHHBIX OBIAA pa3paboTaHa 3(pdeKTUBHaA
TEXHOAOTHSI IIPOM3BOACTBA OITUUYECKM AKTUBHBIX HEOEAKOBBIX O-aMHUHOKUC-
AOT.

PaszpaboTaHHas TeXHOAOIMS BHEADPEHA HA OIBITHO-IIUAOTHOM YCTAHOBKE
Hay4yHO-IIpOM3BOACTBEHHOTO IIeHTPa «APMOMOTEXHOAOTHSI» W OPTraHH30BaHO
MaAOTOHHA>XHO€ ITPOU3BOACTBO OITHYECKHU aKTUBHBIX HEOEAKOBHIX 0-aMHHO-
KUCAOT.

OpHOBpEMEHHO MPOBOAUAUCE MEAUKO-OMOAOTHMYECKHEe HCCAEAOBAHUSA
CUHTE3UPOBAHHBEIX HOBBIX coepWHeHUM. CKPUHUHT CHHTE3MPOBAHHBIX He-
OeAKOBBIX @MUHOKUCAOT U IIENTUAOB Ha UX OCHOBe BBIIBUA COEAUHEHUs, 00-
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AaApQIolIye IIeABIM PSIAOM OHMOAOTMYEeCKMX CBOUCTB. Cpeau COepAVHEHUN,
MIPOSIBASIIOIIVX CHUABHYIO AQHTHOAKTePHUAaAbHYIO aKTHUBHOCTH, MOJKHO BBIAE-
AUTh, HaOpuMep, aMHUHOKUCAOTHI (S)-B-[4-arrma-3-(dypaH-2-1A)-5-THOKCO-
1,2,4-Tpuason-1-un]-a-araHuH, (S)-B-[4-arrma-3-(2'-xr0poeHUA) -5-THOKCO-
1,2,4-rpuazon-1-un]-a-arauua u (S)-p-[4-arrun-3-(mupupnH-3'-MA)-5-THOKCO-
1,2,4-Tpua3on-1-un]-0-araHUH, a TakXe AUNENTHUABI N-dopMua-(S)-MeTHO-
HUA-(S)-B-[4-aAAnA-3-TIPONIUA-5-TUOKCO-1,2,4-Tpua3on-1-un]-a-anauud U N-
dopMUA-(S)-MeTHOHUA-(S)-B-[4-PeHUA-3-TPOIUA-5-TUOKCO-1,2,4-Tpra3oa-1-
HUA]-0-aAaHUH.

Ilpu uccaep0BaHUM MyTareHHBIX/aHTUMYTareHHBIX CBOMCTB COeAUHEeHUM
OLINO ITOKA3aHO, YTO TPUIENTHUABI N-(OPMUA-(S)-METHOHUATAUIUA-(S)-B-[4-
(peHUA-3-TIPONUA-5-TUOKCO-1,2,4-Tpua3oAn-1-ua]-o-araHUH, (S)-B-[4-arun-3-
(mupupuH-4'-UA)-5-THOKCO-1,2,4-Tpra3on-1-Un]-o-araHUH ¥ aMHHOKHCAOTA
(S)-B-[4-arun-3- (mupupmnH-4'-1A)-5-THOKCO-1,2,4-Tpra3on-1-UA]-o-araHUH TaK-
JKe TOBBIIIAIOT 4acToTy crnoHTaHHBIX u HI (N-umemun-N’-numpo-N-numposzozya-
HUOuH) WHAYIITUPOBAHHBIX MyTallli B HECKOABKO Pas.

Cpear HOBBIX CUHTETUYECKUX aMHUHOKUCAOT U IMENTHUAOB BLISBACHHI TaK-
>Ke MHTUOUTOPHI HEKOTOPHIX (PEPMEHTOB, BKAIOUAs WHTHUOUTOPHI CEPUHOBBIX
IpoTea3 U MEeTAAAOIIPOTeas.

Mannon pabome npucyycoena I'ocyoapcmeennas npemus Pecnybonuku Ap-
menusa 3a 2015 200 6 odnacmu mounbIX U eCIMECHEEHHBIX HAVK.
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IMocTtynuao 21 XII 2015

CuHTe3npoBaHbl 3aMeLleHHble 5-MMPUMUANHUIKapOOHOBbIE, YKCYCHbIE ¥ MPOMNaHoBblE KUCIO-
Thl, @ TaKke ankuncynbgaHMNaTUNNPON3BOAHbIE 6-MeTunypaumna u nupuao[1,2-ajnnpumumanHa.
YCTaHOBMNEHO, YTO 3aMelleHHble 2-nMponuncynbdanHnn-5-NMpUMUANHUINPONaHOBbIE KUCMOThI C 5-
MeTUN-2-NMMPUANHAMUHOM W fapa-TONyVAUHOM pearvpyloT no-pa3Homy, obpasys 3amelleHHble 5-
MeTun-2-nupuaunnponaHamuael M- 2-(4-TonynamHo)-5-nMpuMMaMHUINPONaHOBbLIE KUCIOTbI, COOT-

BETCTBEHHO.

Bubn. cebinok 10.

M3BeCcTHO, UTO XUMUYECKU MOAMQPUITUPOBAHHBIE TPUPOAHBIE OCHOBAHUSI
HYKAEMHOBBIX KUCAOT Y WX HYKACO3WABI IIPOSIBASIIOT CBOMCTBA aHTHUMeETabo-
AUTOB HYKAEMHOBOTO OOMeHa M OKa3bIBAIOT TOKCHYECKOe AeMCTBHE Ha KAeT-
KM ONyXOAeM, IPOCTeNIINX, OaKTepu, IpUOKOB, a allUKANYEeCKHe HYKAeO3U-
MBI M UX aHAAOTH IIHUPOKO MIPEACTaBAEHBI B KaueCTBe Hauboaee IepCIIeKTUB-
HBIX IpeINapaToB C NPOTUBOBUPYCHEIM AercrBueM [1,2]. ITocaepnume pac-
CMAaTPUBAIOTCS KaK aHTUMETaObOAUTHI BTOPOTO ITOKOAEHUs, B KOTOPBIX OCTaT-
KU TIPUPOAHBLIX (PYPaHO3 3aMellleHbl TMAPOKCHUAAKUABHBIMU, THAPOKCHUITOK-
CUMETHUABHBIMU M (POCOHOMETOKCUTPYIIIaMHY, KaK, HallpuMep, B TaKUX IIPO-
TUBOBUPYCHBIX IIpernaparax, KaK allMKAOBUD, TAHIIMKAOBUD, ITEHIUKAOBUP,
A0 OBUP U AP., CXeMaTUYHO MPEACTABAEHHBIX B BHUAE 001Ier (popMyAsr 1.
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IC]\/ ]\[a] HOJ\(CHZ)n o
R 1 2
1 2a:n=0,1-3 2b: R =H, CH3; R* =OH, NHR
1, 2a,b: B = nypuvHbl, NTUPUMNANHBI 9
1:[a] = O, CH,; [b] = O, CH,, CHOH, CHCH,OH; [c] = O, CH,, CHOH,C(CH,OH)OCH , P(OH),

o)
1]
R = H, CH,OH, CH, P(OH) ,

OueBUAHO, YTO AAKUABHBIE W 3(UPHBIE I'PYHNIBL B allUKANYECKHUX HYK-
Aeo3upaX 3MPEKTUBHO HMUTHUPYIOT OCTAaTOK PHUOOMYPAHO3 U OKA3BIBAIOT
IIPOTUBOBUPYCHBIM 3(PPeKT OyTeM OAOKUPOBKM peNAMKAallMd BUPYCOB, B
CBSI3U C YeM BBICKa3aHBI NIPEAIIOAOSKEHUS O CBA3U IIPOTUBOBUPYCHON aKTUB-
HOCTH Ha3BAHHBIX HYKAEO3UAOB C MEKATOMHBIMH PACCTOSTHUAMU MEKAY
TMADOKCUABHOM TDYIINON B aAKUABHOM IIE€MM WX aHAAOTOB W aromMamu N! m
N NUPUMUAWHOB ¥ TIypPUHOB, COOTBETCTBEHHO [3].

MO>KHO TPEAIIOAOKUTH, YTO 3aMellleHHble THPUMUANHUA-5-KapOOHOBEIE
KHUCAOTHL (B TOM YMCA€ C KapOOKCHABHOM I'PYNIION B GOKOBOM IIeNM) MOTYT
paccMaTpHUBaTLCSI KaK HOBBIM THI allUKAM4YeCcKHX C-HYKA€O3UAOB, B KOTO-
PBIX BMECTO aTOMOB KHCAOPOA@ B PA3AMYHBIX ITOAOKEHUAX AAKMABHOU IIeNH
UMeIOTCS KapOOHUABHBIE TPYIIIEL (CXeMaTudeckue (hOpMyABl 2a u 2b).

B KauecTBe aIMKAMYECKUX HYKAEO3WAOB MOTYT BBICTYyIIaTh TaKiKe
IPOU3BOAHBIE C THO3(MUPHBIMHU TPYINaM{, HEKOTOpPble U3 KOTOPHIX HaMHU
ObIAM onHMcaHbl paHee [4]. VIcXOAsS U3 BBIIIEM3AOKEHHOTO B KauyecTBe BO3-
MOXKHBIX aIlUKANYECKMX HYKAEO3WAOB HaMH OBIAM CHUHTE3UPOBAHBI 3aMe-
1IeHHble TUPUMUANHUA-5-KapOOHOBEIE KUCAOTHL ITO cxeMaM 1-3.

CxemMma 1

X
A

NHTSN
=
0 170-180 °C
R
0. 3a-d
OH
| poct
N SN Bus-NH, N =N H2N4©7
= = 7
cl N —_— o
10 H 1 170-180 °C
o o o
OH OH OH

3a-d: X = SH, R=H (a), X = SH, R= Me (b), X = Ph, R=H (c), X = Ph, R = Me (d)
4a,b; 6a,b: R'=H (a), Me (b)

102



AAKUAVMDOBAHUEM 3aMELIEHHBIX 2-THOKCO-5-TMPUMUAUHUAIIPOIIAHOBBIX
KHUCAOT 38, GPOMUCTHIM IPONHUAOM B IIIEAOYHOM CpPEAe MOAYUYEHBI 2-IIPOIUA-
CcyAbaHUATIPOU3BOAHEIE 43,D, KOoTOpEIe MpU HarpeBaHUM C S5-METUA-2-IUPH-
AMHAMUHOM 5 00pa3syroT IUPUAMA-2-NIPONaHaMUALL 63,0 , a ¢ napa-Torympu-
HOM (7) — 2-(4-TOAYHAMHO)TUPUMUAVHUA-S-IIPOMIAHOBYIO KUCAOTY 8. ONUCHI-
BaeMasl peaKIUs 3aCAY’KMBaeT HeCKOABKO OOAee TOAPOOHOTO PAacCMOTPEHUs,
IIOCKOABKY B MAEHTHUYHBIX 3KCIIEPUMEHTAABHBIX YCAOBUSX aMHUHBI 5 1 7 Be-
AYT ce0sl Mo-pa3sHoOMYy.

PaHee HaMu OBIAU IIOAYYEHBI aMHUABI 2-(heHUA3aMelleHHBIX ITHPUMUAU-
HUA-5-TIPOTIAHOBBIX KHUCAOT B3aMMOAEUCTBUEM coepvHeHuu 3c,d ¢ 2-mupupu-
HaMHUHOM U napa-TOAyUAWHOM B moaudocdopHoi kucarote ([TOK) [5]. Otme-
THUM, YTO B KUCAOTax 4a,b nMeroTcs: Tpu dAeKTPOMUABHEIX I[EHTPa, IO KOTO-
PBIM MOJKET UMEThb MeCTO aTaKa aMUHOTIPYIIIEL 110 ITOAOKEHUSAM 2 U 4 IHUpU-
MHUAUHOBOTO KOABIIA U KApOOKCUABHOM Tpylme. B3amMopelCcTBHE KHCAOT
4a,b ¢ 5-MeTUA-2-TUPUAVHAMUHOM 5 MPOTEeKaeT XeMOCEAEKTHUBHO 110 KapOoK-
CUABHOM TPYIIle, TPUBOAS K 0Opa3oBaHUIO aMUAOB 6a,b, B To BpeMs Kak C
napa-TOAYyUAWHOM O0pPa3yeTcs IPOAYKT HYKACO(HUABHOTO 3aMeIeHUsI IIpOo-
NUACYAB(PAaHUABHON I'PYIILI — COeAuHeHUe 8.

AMupupoBaHUe KapOOHOBBIX KHUCAOT 4a,b 5-MeTuA-2-mupupvHaMUHOM 5
IPEACTABASIETCS HaM IIPOTEKAIONIUM dYepe3 IIPOME’KyTOUYHEIe BHYTPEHHUE
coam ¢ 9a,b, 13 KOTOPBIX Aanee ITOAyUAIOTCS coepAMHEHUs 6a,b mo cxeme 2.

CxeMa 2

O 4 CO O_‘\ 0
N

H
. _
O-.
OH 4+ N H L N
HoN X X

4a,b 5

L 9a %

B caydae Ke napa-TOAYUAMHA peaAu3yeTcs APYroe HallpaBA€HHEe peak-
MY, O KOTOPOM YIIOMHWHAAOCH BHIIIE. B3amMopercTBUEM 4-XAOPIUPUMUAU-
HUA-5-TIponlaHOBOM KUCAOTHL 10 [6] ¢ M30BITKOM 6mop-OyTHMAAMUHA IIOAy4YeHa
TOABKO 3aMellleHHass 4-¢mop-OyTUAAMUHOIUPUMUAWHUA-S-IIPOIIAHOBAA KHC-
Aota 11.

Hamu cHHTe3MpOBaHBI Tak’ke HOBBIE IIPOU3BOAHBIE 3aMeIleHHBIX ITHPHU-
MUAUHUA-5-KapOOHOBOM U NMUPUMUAUHUA-S-YKCYCHBIX KUCAOT, IIPEACTABAECH-
HBIe Ha cxeMe 3.
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CxemMma 3

-
N HN
I A ©_</N_\ ) < >

13
R!

(CHz)n OH OH
)\ i | PrBr ( HoN [ Fin
"NaOH / 1,0 o}

12a-e j
s
Ho > ;?7
HCI

12a-e: R = Ph, R'= Cl, R?= H, R® = COOH, n = 0 (a), R= CH,Ph, R'= R? = OH, R® = COOH, n = 1 (b),
R = CH,Ph, R' = R? = OH, R® = COOBuU, n = 1 (c), R= SH, R*= OH, R?= Me, R® = COOH, n = 1 (d),
R=R!=0H, R*= Me, R®*=0OH, n=1 (e).

[MTokazaHo, 49TO 2-(heHUA-4-XA0P-S-TMPUMHUAMHKAPOOHOBas KHUCAOTa 12a
[7] mpu KUNSTYEHUU C napa-TOAYUAMHOM 7 B AMOKCaHe AeTKO obpasyeT 4-Me-
TUADEHUAAMUY, 2-(PeHUA-4-n-TOAYUAUHONIMPUMUANH-5-KapOOHOBON KHCAOTHI
13.

Hamu cuHTe3upoBaHBI 3aMellleHHas S-ITHPUMUAWHHUAYKCYCHas KUCAOTA
12b u ee GyTuAOBEIY 3up 12C, 2-IPONUACYAB(AHUA-S-THPUMUANHUAYKCYC-
Hasg KUcAoTa 14, 2-(2-rupApOKCU3TUAAMUHO)-5-TUPUMUAUNHUAYKCYCHAS KHUCAO-
Ta 15 u 3ameleHHBIN 5-(2-IPONUACYAB(DAHUAITOKCUMETUA)-6-MeTUATUPUMU-
AVH 16.

Ocy1iecTBAeH Tak’kKe CHMHTe3 HOBOTO IMPOM3BOAHOTO NUpHAO|1,2-ajnupu-
MHAVHA HUCXOAS U3 2-cyAb(aHUA-1-3TaHOAa 17, mpuyeM, BBUAY KpaiiHe He-
NIPUSTHOTO 3allaXa IPOME’XYTOYHBIX JKUAKUX IPOAYKTOB, CUHTE3 IIEAEBOTO
COeAVHEeHUS NPOBepAeH 0e3 UX BBIAEAEHUS U OUYMCTKU II0 cxeMe 4.

CxemMa 4
1)\1}& / NaOH Z
18 OO~ NQ
2) SOCI,/ CeHg o | N 5 oL
Hs” > 3) (COOE,)CH, / NaOEt / EtOH ) S NN h/&
17 S
[ @ B -

AnxuAMpoBaHHeM THoOAa 17 1-OpoMImKAOIeHTaHOM 18 moaydyeH 2-IIUK-
AOIIEHTUACYAB(MAHUA-1-3TaHOA, KOTOPBHIM IIOCA€ XAOPHUPOBaHHS BBEAEH BO
B3aMMOAENCTBUE C MAAOHOBBIM 3(PUPOM, IIOCAE Yero 3aMeIeHHBIM MaAOHO-
BBIM 3¢up 19 HarpeBaHueMm c 2-nupupuHamMuHoM 20 oOpa3yeT 3aMelleHHBIN
nupupo[1,2-ajuupumMuaun 21.

104



CoepVHEHHSI C aCUMMETPUYECKUM aTOMOM YTAEPOAA IIOAYYEHBI B BUAE
palieMaToB.

CocTtaB U CTpOEHHWE CHUHTE3UPOBAHHBIX COEAWHEHUHN TOATBEPIKAEHBI
AQHHEIMH DAeMeHTHOTro aHaausa, VK- u IMP!H-cnekrpockonuu.

3KCHepI/IMeHTaJIBHaﬂ 4acCTb

UK-cnekTprl cHaThl Ha npubope "“Nicolet Avatar 330" B BazeAMHOBOM
Macae, crnekTrpel IMP 'H — ma npu6ope “Varian Mercury-300" ¢ pa6Goueit
yactoron 300 My, BHyTpeHHuln craHpapt — TMC. TCX npoBepeHa Ha
naactuHax mapkmu “Silufol UV-254" B cucteMe staHon — apuxaopartad (1:10),
IPOSIBUTEAb — IIaphl M0AQ.

2-Tlponuiacyib(paHmIMUPUMUATHHILI-5-poniaHoBble KucaoThl 43,b. K pacr-
Bopy 0.01 mons 2-tmokcokucror 3a,b B pactBope 0.8 2 (0.02 monz) NaOH B
cmecu 30 mz BOABI M 3 mn AMOKcaHa AoOaBasitoT 1.35 2 (0.011 mons) Gpo-
MUCTOTO IIPOIIUAQ, CMECh KUIATIT 8 4 C OOPATHBIM XOAOAMABHUKOM M OCTaB-
ASIOT Ha HOYb. PacTBOp mopkucasaioT AcOH ao pH 6, ocTaBASIIOT Ha XOAOAE,
BBINIABIINH IIPOAYKT OT(MUABTPOBBIBAIOT, BBICYIIMBAIOT U II€PEKPUCTAAAU3O-
BEIBAIOT U3 60% AMOKcCaHa.

3-(4-MeTui-6-okco-2-nponuicyiab(panui-1,6- Turuipo-5-nupuMuIuHUI)IPO-
NaHOBas KHCJI0Ta (43) IIOAyUeHA B3aMMOAEWCTBUEM KHCAOTH! 3a. Broixop 2.0 e
(78.1%), T. mA. 164-166°C, Rf 0.56. Hatripeno, %: C 51.27; H 8.40; N 10.78; S
12.38. C;1HgN2O3S. Brruucaeno, %: C 51.55; H 8.29; N 10.93; S 12.51. VK-
cnekTp, v, cu’l: 1694 (CO), 1642 (C=C-C=N). Cnekrp IMP 'H (AMCO-
de), & M. A, Ty: 1.02 (1, 3H, J = 7.3, CH,CH3), 1.64-1.76 (M, 2H, CH,CHy3),
2.25 (c, 3H, 4-CHj), 2.30-2.37 (M, 2H, CH,, CH,CH,CO), 2.56-2.63 (M, 2H,
CH,, CH,CH,CO), 3.05 (1, 2H, J = 7.1, SCHy), 12.00 (2H, m, NH, OH).
Cnektp AMP 13C, §, m.a.: 13.0 (CH3), 21.0, 21.0, 22.1, 31.3, 31.9, 39.2, 39.5,
39.8, 66.2, 95.6, 117.6, 156.9, 158.8, 162.4, 173.5 (CO).

2-Metuii-3-(4-meTuii-6-okco-2-npomuicyabdanui-1,6-taruapo-5-nupumMuau-
HUJI)ponaHoBasi Kucjaora (4b) moayueHa B3amMOAEUCTBUEM KUCAOTHI 3D. Bri-
xop, 2.1 2 (76.6%), T. mA. 162-164°C, Rs 0.53. Hatipeno, %: C 53.55; H 6.84; N
10.52; S 11.70. CoHgN,O3S. Briuncaeno, %: C 53.71; H 6.71; N 10.36; S
11.86. MK-cmektp, v, cw'l: 1815, 1706 (CO), 1639 (C=C-C=N). Cuekrtp
SIMP 'H (AMCO-dg), 8, M. A, Iy: 1.03 (t, 3H, J = 7.3, CHyCHgy), 1.09 (a, 3H,
J = 6.6, CHCHj3), 1.64-1.77 (v, 2H, CH,CH3), 2.23 (c, 3H, 4-CHj), 2.37-2.47
(M, 1H, CHCHjy), 2.59-2.70 (M, 2H, CH,CH), 3.06 (t, 2H, J = 7.0, SCH,),
11.97 (m, 2H, NH, OH). Cnektp SIMP 13C, §, m.a.: 13.0 (CHj3), 16.5 (CHCHj),
21.2, 22.0, 29.2, 31.2, 37.3 (CH), 40.1, 116.8, 156.9, 159.3, 162.5, 176.7 (CO).

Ofmasi METOAMKA NOJyYeHHUs 2-MUPHANIAMHUIOB 63,0 U 2-ToymanHONpous-
BoaHoro 8. Cmech 0.01 mors 2-TPOMUACYAB(DAHUATTPOIIAHOBLIX KUCAOT 4a,b u
0.011 mona 5-meTuA-2-TUpUAMHAMUHA 5 UAU napa-TOAyUAWHA { HarpeBaloOT Ha
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OaHe Byaa 3 u npu 170-180°C, XOAOAHBIM ITAGB 0OpadaTBIBAIOT 3TAHOAOM, OT-
(PUABTPOBBIBAIOT OCAAOK U MEPEKPUCTAAUIOBBIBAIOT 13 AMODA.
N1-(5-Merui-2-nupuanin)-3-(4-meTui-6-okco-2-npomuicyibdanui-1,6-nu-
rUIPO-5-MUPUMHIHHII)IPonaHaMu (63) MOAYYEeH M3 2-IPOMUACYAb(DAHUAIIU-
pumuanHa 4a. Berxop 2.4 2 (68.6%), T. ma. 248-250°C (AM®A), R; 0.55. Haii-
AeHo, %: C 58.75; H 6.51; N 16.38; S 9.17. C;7H2,N,4O5S. Brruucaeno, %: C
58.94; H 6.40; N 16.17% S 9.25. UK-cmektp, v, cem'l: 3190 (NH), 1694 (CO),
1651 (C=C-C=N). Cnektp SIMP 'H (AMCO-dg), 6, m. A., Ty: 1.02 (T, 3H,
J =73, CH,CHjy), 1.64-1.77 (M, 2H, CH,CHj), 2.27 (¢, 3H, CHj3), 2.28 (c, 3H,
CHj), 2.48-2.54 (M, 2H, CHy), 2.65-2.71 (M, 2H, CHy), 3.06 (1, 2H, J = 7.2,
SCHy), 7.45 (an, 1H, J; = 8.4, J, = 2.4, H-4, CsH3N), 8.00-8.10 (M, 2H, H-
3,6, CsH3N), 10.17 (c, 1H, CH,CONH), 12.14 (1H, m.c, NH).
N1-(5-Merunia-2-nupuani)-2-MeTui-3-(4-meTuii-6-0kco-2-nponuiicyibhpanui-
1,6-auruapo-5-nupumMuauHuI)nponanamuy (6b) moaryueH m3 2-mpomuUACyAbda-
HuUATIMpUMUAWHA 4b. Beixop 2.6 2 (73.2%), T. ma. 230-232°C (AM®DA), Rs 0.61.
Hatipeno, %: C 16.05; H 6.55; N 15.30; S 8.70. C1gH94N,4O,S. Brruucaeno, %:
C 59.98; H 6.71; N 15.54; S 8.89. UK-cnektp, v, em’l: 3190, 3160 (NH), 1694
(CO), 1651 (C=C-C=N). Cuekrp AMP 'H (AMCO-dg), §, m. a., Ty: 1.01 (T,
3H, J = 7.3, CH,CH3), 1.16 (o, 3H, J = 6.8, CHCH3)1.69 (ck, 2H, J = 7.3,
CH,CH3y), 2.24 (c, 3H, CHj), 2.28 (c, 3H, CH3), 2.49 (aa, 1H, J 1= 133, J 5
= 6.5, CHy), 2.68 (an, 1H, J 1= 13.3, J o= 7.4, CHy), 2.85-3.00 (v, 1H, CH),
3.00-3.10 (M, 2H, SCH,), 7.45 (aa, 1H, H-4, CsH3N), 8.00-8.10 (M, 2H, H-3,6,
CsH3N), 10.03 (1H, ymur.c, CHCONH), 12.36 (1H, m1.c, NH).
2-Metuii-3-[4-meTnii-6-okco-2-(4-roayununo)-1,6-muruapo-5-nupumuam-
HWI|NpONaHoBas KucjaoTa (8) moaydeHa U3 2-IPONUACYABMAHUANMPHUMHUAVHA
4b u napa-toayupuna 7. Beixop 2.4 e (79.7%), T.mA. 248-250°C (AM®DA), R¢
0.35. Hatipeno, %: C 63.65; H 6.52; N 13.75. C15HgN303. Brruucaeno, %: C
63.77; H 6.35; N 13.94. UK-cnektp, v, em’l: 3312 (NH), 1735 ( CO), 1658
(C=C-C=N). Cnekrp AMP 'H (AMCO-dg/ CCly : 1/3), §, m. a., Ty: 1.09 (a,
3H, J = 6.5, CHCHj;), 2.21 (¢, 3H, CHj), 2.29 (c, 3H, CHj3), 2.44 (apn, 1H,
J;1=10.3, J, = 5.6, HCH-CH), 2.58-2.72 (m, 2H, HCH-CH), 6.99-7.04 (M, 2H)
u 7.44-7.49 (v, 2H, CgHy), 8.26 (ur, 1H, NH), 10.87 (m1, 2H, NH, OH).
3-[4-6mop-ByTunamuno)-6-meTHi-2-heHuI-5-MUPUMHANHIIT | IPONIAHOBASI
kucjaora (11). PactBop 1.0 2 (0.0036 mons) 4-xnropmpomsBopHoro 10 u 1.0 2
(0.014 mona) emop-OyTmraMuHa B 15 Mz 3TaHOAA HArpeBalOT B aBTOKAaBe 6 u
npu 160-170°C, copep’KUMOe yIIapuBaloT AocyxXa U oOpadareiBatoT 20 ma BO-
MBI, OCTQBAGIOT Ha XOAOAY 2 ¥ U OT(PUABTPOBBEIBAIOT IPOAYKT. Brixop 0.82 2
(72.5 %), T. mA. 290-292°C (bytunanerat), Ry 0.62. Haripeno, %: C 68.78; H
7.56; N 13.20. C1gHy3N30,. Brruncaeno, %: C 68.99; H 7.40; N 13.41. VK-
cmekTp, v, cv’l: 3293 (NH), 1652 (CO), 1644 (C=C-C=N). Cuekrp IMP 'H
(AMCO-dg/ CCly : 1/3), 8, M. a., Ty: 0.85 (T, 3H, J = 7.4, CHyCH3), 1.04 (a,
3H, J = 6.6, CHCHj), 1.31-1.47 (m, 2H, CH,CHj), 2.25 (1, 2H, J = 7.7
CHy), 2.37 (¢, 3H, CHjy), 2.70 (T, 2H, J = 7.7, CH,), 3.62-3.76 (M, 1H, CH),
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7.25 (o, 1H, J = 8.0, NH), 7.38-7.49 (M, 3H, CgHj), 8.10-8.20 (M, 2H, CgHj),
12.41 (m.c, 1H, OH).

2-(2-Ben3ni-4-rupokcu-6-okco-1,6- IMruapo-5-nupUMUINHAI)YKCYCHAS. KHC-
gora (12b). K pactBopy 0.69 ¢ (0.03 mons) MeTaarmdeckoro Hatpus B 70
a0COAIOTHOTO 3TaHOAAa A0OaBAgroT 1.74 2 (0.01 mona) ruppoxaopopa heHHA-
anieramupauHta, 2.46 ¢ (0.01 mons) TpustuaoBoro adupa 1,1,2-aTanTpukap60o-
HOBOM KUCAOTHI [8] ¥ cMeCh KUIATAT C OOPATHBIM XOAOAUABHHUKOM 8 u. YIa-
PHUBAIOT AOCyXa 3TAaHOA, K OCTaTKy npubaBAdioT 50 ma Boawl, 0.4 2 (0.01 mons)
NaOH, pacTBop KUISTAT 3 ¥ C 0OPAaTHLIM XOAOAUABHUKOM, TToAKUCAsiioT HCI
20 PH 5 1 oCTaBAfIOT IIpU KOMHATHOM TeMIlepaType. BhIaBmIui uepes 5-6
OHell 0OCAAOK OT(UABTPOBBLIBAIOT, IIPOMBIBAIOT BOAOM U BBLICYIIMBAIOT. BBHIXOA
1.1 2 (42.3%), T. A, 281-283°C (Auokcan — Boaa), Rf 0.23. Hatipeno, %: C
58.5; H 4.65; N 10.58. C;3H9N;0Oy4. Beruucaeno, %: C 60.0; H 4.65; N 10.76.
UK-crektp, v, e L: 2540 (OH), 1900, 1725 (CO), 1633 (C=C-C=N).

Byrun 2-(2-6en3mi-4-ruapokcu-6-okco-1,6-1uruapo-5-nupuMuInHuI)aneTaT
(12c). Cmech 1.3 2 (0.005 moas) kucaroThl 12b u 2 kameab HySOy B 40 mn OyTu-
AOBOTO CIIUPTA KUMATAT 8 ¥ C OOPATHBIM XOAOAUABHUKOM, OTTOHSIOT OGOAB-
IIIVIO 4acTh OyTaHOAQ, OCTAaTOK BBIAMBAIOT B PacTBOpP | e TpUTrHApaTa aleTraTa
HaTpus B 20 w7 BOABI, BBHIIABIINN OCAAOK OT(MHUABTPOBBEIBAIOT, ITPOMBIBAIOT
BOAOM U BEICYHIMBAIOT. Brixop 1.1 2 (69.6%), T. ma. 208-210°C (pAmOKCaH-BO-
2a), Rf 0.80. Hatipeno, %: C 65.72; H 6.50; N 8.65. C{3HyN,O4. Brrumcaeno,
%: C 64.54; H 6.37; N 8.86. UK-cnekrp, v, ew’l: 1900, 1734 (CO), 1630
(C=C-C=N). Cnekrp SIMP 'H (AMCO-dg), 6, M. a., Iy: 0.93 (c, 3H, J =
7.3, CHj), 1.31-1.43 (m, 2H, CH,CH3), 1.53-1.63 (M, 2H, OCH,CH,), 3.20 (c,
2H, CH,CO), 3.81 (c, 2H, CH,CgHs5), 3.99 (k, 2H, J = 6.6, OCH,), 7.17-7.37
(m, 5H, CgHg), 11.70 (mm.c, 2H, OH).

N5-(4-Merunindenni)-2-penmnii-4-(4-Toayuuno)-5-nupuMuIHHKApOOKCAMH T
(13). Cmechb 1.0 2 (0.0043 mons) 4-xpropniupumuania 12a u 1.36 2 (0.013 mons)
napa-TOAyuAVHA B 15 mi AMOKCaHa KUIATAT 8 ¥ M OCTaBASIOT Ha HOYb. OT-
(PUABTPOBAHHBIU OCAAOK IPOMBIBAIOT 20 M7 BOABI U BBICYIIMBAIOT. BBIXOA
IPOAYKTa B BUAE IIOPOIIKA XeATO-3eAeHoOro 1Beta 1.2 2 (71.4 %), T. ma. 252-
254 °C (AM®A), R¢ 0.57. Hatipeno, %: C 76.30; H 5.49; N 14.37. Cy5H,,N,O.
Boumncaeno, %: C 76.12; H 5.62; N 14.20. UK-crektp, v, cv’': 3298 (NH),
1675 ( CO), 1639 (C=C-C=N). Cnekrp AMP 'H (AMCO-dg/ CCly : 1/3), 5,
M. A.: 2.36 (¢, 3H, CHjy), 2.38 (c, 3H, CHj3), 7.09-7.14 (v, 2H, CgHy), 7.16-7.21
(M, 2H, CgHy), 7.42-7.50 (M, 3H, H-3,4,5 , 2-CgHg), 7.61-72.71 (M, 4H, CgHjs),
8.40-8.46 (m, H-2,6, 2-CgHs), 9.09 (c, 1H, H-6), 10.23 (¢, 1H, NH), 10.94 (c,
1H, NH).

2-(4-Metni-6-okco-2-nponuiacy ibpanui-1,6-1uruapo-5-nupuMuIHHII)yK-
cycHas kucjora (14). K pactsopy 2.0 2 (0.01 mona) 3aMelnieHHON 2-THOKCO-5-
MUPUMUAUHUAYKCYCHOM KucAoThl 12d [9] u 0.8 2 (0.02 mons) NaOH B 70 M
BOABL M 2 mn pMOKcaHa InpubaBasaioT 1.35 2 (0.011 wmons) 1-OpomMunponaHa u
cMech KHIATAT 12 u c OOpaTHBIM XOAOAMABHHKOM. Ilocae mopKucAeHUS
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AcOH po pH 6 u cTOgHUS Ha XOAOAE€ BBINABIIMU IIPOAYKT OT(PUABTPOBBI-
BAlOT, MPOMBIBAIOT BOAOM M BBICYIIMBAIOT. Beixop 1.9 2 (78.5%), T. ma. 229-
231°C (aAuokcaH-Bopa), Ry 0.36. Haiipeno, %: C 49.63; H 5.71; N 11.73; S
13.40. C1gH4N,O3S. Brramcaeno, %: C 49.57; H 5.82; N 11.56; S 13.23. UK-
crekTp, v, em'l: 1699 (CO), 1662 (C=C-C=N).
2-[2-(2-T'uapoxcudTHIAMUHO)-4-MeTHI-6-0KC0-1,6-1uruapo-5-nupumuam-
HUI|ykcycHasa kuciaora (15). Cmecws 1.0 2 (4.1 mmona) 2-mponunrcyabdaHUA-S-
NUPUMUAUHUAYKCYCHOM KUCAOTHL 14 u 0.28 2 (4.5 mmons) 2-aMuHO-1-3TaHOAA
HarpeBaloT Ha OaHe Byaa 6 u A0 IIOAyUeHUSI pacIAaBa, OCAe 4eTO MacA000-
Pa3HBIM OCTATOK TEMHO-3€A€HOTO I[BeTa PacTBOPSAIOT B 30 miz BOABI, OCBET-
ASIOT KHUIITYEHUEM C yTAeM U (DUABTPYIOT. BrIIAaBIINM B TedeHUe 2-3 OHell
0CaAOK OT(UABTPOBBIBAIOT, MPOMBIBAIOT 2 M7Z XOAOAHOM BOABI U BBICYIIH-
BaroT. Beixop 0.67 2 (72.0%), T. ma. 237-239 °C (amnokcan-Bopa), Ry 0.67. Haii-
AeHO, %: C 47.66; H 5.58; N 18.20. CgH3N30,4. Brruucaeno, %: C 47.58; H
5.77; N 18.49. UK-cuekTp, v, cm’l: 3400, 3260 (OH, NH), 1900, 1675, 1643
(CO, C=C-C=N). Cuektp IMP 'H (AMCO-dg), §, m. a.: 2.07 (¢, 3H, CHj),
3.22 (¢, 2H, CH,), 3.39-3.39 (M, 2H, CH,NH), 3.52-3.57 (M, 2H, OCH,), 4.65
(mr.c, 1H, CH,OH), 6.27 (yur.c, 1H, NHCH,), 10.80 (m.c, 2H, OH, COOH).
6-MeTui-5-(2-npomuicynabpanuidrokcumernin)-1,2,3,4-rerparuapo-2,4-nupu-
vuauH-2,4-quon (16). Cmecwy 0.47 2 (3 mmons) S-TUAPOKCUMETUA-G-METHA-
1,2,3,4-TeTparuppo-2,4-nupuMupnHATOHa (12€), 5 ma 2-mponuAcyAbdaHmUA-1-
sTaHoAd [10] u | KanAM COAIHOM KHUCAOTBEI KHUIATAT 6 u ¢ OOpPATHBIM XOAO-
AUABHUKOM, Pa30aBASIOT 5 M CYyXOTro 3(Upa W OCTaBASIIOT Ha HOYb B XOAO-
AUABHUKE. BBINIAaBIINI IIPOAYKT OT(PUABTPOBBIBAIOT, IIPOMBIBAIOT 3(UPOM U
U BHICyIIMBAIOT. Beixop 0.6 2 (77.9 %), T. ma. =300°C (anokcaH-BoAa), Ry 0.54.
Hatipeno, %: C 51.30; H 72.22; N 10.65; S 12.58. C;1HgN,O3S. Brrunucaeno,
%: C 51.14; H 7.02; N 10.84; S 12.41. UK-cmekTp, v, ecx’l: 1731 (CO), 1636
(C=C-C=N). Cnektp IMP 'H (AMCO-dg), 8, M. A., Ty: 0.98 (1, 3H, 3] =
7.3, CHj), 1.58 (ckc, 2H, 3] = CH,), 2.15 (¢, 3H, CHj3), 2.48 (1, 2H, 3] = 7.2,
SCH,), 2.59 (t, 2H, 3J = 6.8, SCH,), 3.51 (t, 2H, 3] = 6.8, OCH,), 4.18 (c,
2H, OCHy), 10.70 (p, 1H, 4 = 1.7, NH), 10.75 (a, 1H, 4] = 1.7, NH).
2-Tuapokcu-3-(2-uuknonenruicyibpanunadtun)-4H-nupuno[1,2-a|nupumu-
auH-4-oH (21). K pactBopy 4.0 2 (0.1 mons) NaOH B 50 mrn 80% sTaHOAA OpU-
OaBagioT 7.8 2 (0.1 mona) 2-cyabcpanHua-1-stanona 17 u 16.4 2 (0.11 mona) 1-
OpoMITUKAOTIeHTaHa 18, KUmATAT 5 v ¢ 0OPATHBIM XOAOAUABHUKOM, OTTOHSIIOT
3TAHOA, OCTATOK pacTBOpsAOT B cmecu 200 mr 6eH3ora u 50 ma BOABI, OeH-
30ABHBIM CAOM OTAEASIOT, BBICYIINBAIOT Nap,SO, U pacTBOPUTEAM OTTOHSIOT
Ip4 KOMHATHOU TeMIreparype A0 oO0bema 100 i, K ocTaTky A0O@BASIOT IIOP-
musmu 15.5 2 (0.13 mona) SOCIl,;, 4TO CONMPOBOKAAETCS OOUABHBIM BBIAEAE-
HHEeM ra3oB, IIOCAe Yero KUIaTIT 1 y um OTTOHSIOT OoKOAO 80 msn Oemsona. K
OCTAQTKy TEMHOTO IjBeTa HIPHOABASIIOT HECKOABKMMM IIOPIUSIMM IIpeABapH-
TEeABHO NPUTOTOBAEHHYIO cMech 24 2 (0.15 moas) amsTHAOBOTO 3hupa Manro-
HOBOM KUCAOTHI U 3.45 2 (0.15 moasn) meTarrmdeckoro HaTpus B 150 ma abco-
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AIOTHOTO 3TQHOAA W COAEPIKUMOE KUIISTAT C OOPATHBIM XOAOAMABHUKOM 8 y.
OTaHOA YIIApUBAIOT B BAKyyMe, OCTATOK PacTBOPSAIOT B cMecHu 150 mz GeH30-
Aa m 50 Mz BoABI, OEH30ABHEBIM CAOM OTAEATIOT, BRICYIINBalOT NaySOy4 1 OTro-
HSIOT NIPY KOMHATHOM TeMIlepaType Bce JKUAKHE IIPUMecH, KUISIIHUEe AO
200°C. K TeMHOOKpaIIeHHOMY HEOUYUIIeHHOMY MaAOHOBOMY 3dupy 19 mpu-
0aBAsiioT 6 2 (0.064 mons) 2-nmupuavHaMuia 20 U cMech HarpeBalOT Ha OaHe
Bypa 4 v mpu 200°C ¢ OAHOBPEMEHHON MEAAEHHOU OTTOHKOWM 3TUAOBOTO
cnupra. [Tocre oxaakpeHUS K OCTaTKy NpubaBaAgioT 20 ma 3TAHOAQ, OCTaB-
AJIOT Ha XOAOAE, IPOAYKT OT(PUABTPOBHIBaIOT. Brixop 5.6 2 (30.1%, cumrtas
Ha 2-TUPUAUHAMUH), CBETAO-’)KEATBHIM IMOpOUIOK C T. mA. 200-202°C (3TaHOA),
Rf 0.32. Haripeno, %: C 62.30; H 6.17; N 9.40; S 11.23. C;5HgN,O,S. Brrunc-
AeHO, %: C 62.04; H 6.25; N 9.65; S 11.04. UK-cnekTp, v, cm’l: 3413 (OH),
1654 (CO), 1615 (C=C-C=N). Cnekrp AMP 'H (AMCO-dg/ CCly : 1/3), 3,
M. A, [y 1.44-1.80 (M, 6H) n 1.98-2.09 m (2H, 4xCH,), 2.57-2.73 (M, 4H,
SCH,CH,), 3.17-3.27 (M, 1H, SCHCH,), 722 (ta, 1H, H-7 1J = 6.8, 2] =
6.8), 7.40 (pap, 1H, H-9, U = 8.7, 2 = 6.8, 3J = 0.8), 7.91 (aan, 1H, H-8,
=287 2 = 6.8, 3 = 1.6), 897 (aan, 1H, H-6, 1J = 6.8, 2] = 1.6, 3] =
0.8), 11.05 (u1, 1H, OH).

LAFGLEN2P LB USPULRY LU TR LUEYLELL 1,6-
2bNPYEO-ONPLPU R LLELE GULLOLUD-, GULLOLUPULGUDL -
6Jd. ULYPLUNFLHULPL WoUWL33ULLE L

U W NULOFE-30FL3TL

Upftligefly B nbigqulpuspifims 5-wfpplfppiluppniufdfddf, pugupuuf@df b wgpmgo-
laufHfiffs, fruguplin Tl G-dbkfFpynepugpyp wylfyang oy wdutgguyblbp: Qumun-
s by np bl nd 2-mpmuyfyuncy Guify-5-wppflfuyfimsgpoogpi @ddf - finfusggb-
grufdynitp S-dbfHfy-2-wpppyfludfif b spupu-mnyncfyfif Sk plpky & S5-dbfdy-2-
wifoppophtomngpruputidpobbpp b 2-(4-mngnpoghton)-5-ufppd prypimgpngpoi@fddp -
Qegdeep:

ACYCLIC NUCLEOSIDES ANALOGS: CARBOXY-, CARBOXYALKYL-AND
ALKYLSULFANYL DERIVATIVES OF THE 1,6-DIHYDROPYRIMIDINES

A. A. HARUTYUNYAN

The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
A. L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: harutyunyan.arthur@yahoo.com

The syntheses of 5-pyrimidinylcarboxylic-, acetic- and propanoic acids and their
derivatives have been described. It is established that reaction of the substituted 2-
propylsulfanyl-5-pyrimidinylpropanoic acid with 5-methyl-2-pyridineamine and p-
toluidine proceeds in different manner to give substituted 5-methyl-2-
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pyridinylpropanamides and 2-(4-toluidino)-5-pyrimidinylpropanoic acids. In addition, 2-
alkylsulfanylethyl derivatives of 6-methyluracyl and pyrido[1,2-a]pyrimidine have been
synthesized.
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KoHpaeHcaumen xnopaHrnapuaoB 3ameLLEHHbIX 1-eHnnumknoneHTaH-1- n 1-eHunumknorek-
caH-1-kapOOHOBbLIX KWUCMOT C MPOM3BOAHBIMU M-aMUHOBEH30nCyNbhamuaa CUHTE3NPOBaHbI COOT-
BETCTBYIOLUME CyNnbaHunamuabl, a peakumen Tex xe XnopaHrMapuaoB ¢ psigoM aMUHOB MOMyYeHbl
3amelléHHble 1-(3,4-gumeTokcudeHnn)umknoankaHkapbokcammabel. BocctaHoBneHnem Hutporpyn-
nbl  4-HUTpOo-N-[(1-heHnnumkno-neHTUn)MeTun]6eH3aMmgoB aTomMapHbIM BOAOPOAOM  MOSyYeHbl
aMuMHoOeH3aMuabl, B3aUMOAENCTBUEM KOTOPbIX C XMOpPaHrmapyaamMu 3aMeLleHHbIX 1-cbeHnnumkno-
neHTaH-1-kapboHOBbLIX KUCIOT B cpefe xrnopodopma B MPUCYTCTBUM MUPUAMHA BblAeNeHbl COOT-
BETCTBYIOLUME CUMMETPUYHbBIE AnamMuabl.

I/Isyqua Bbuonornyeckasi akTMBHOCTb NOJTlyH4eHHbIX CoeUHEHUN.

Bubn. ccbinok 15.

M3BecTHO, YTO aMHABI COCTABASIOT CTPYKTYPHYIO OCHOBY MHOTHX Ae-
KapCTBEHHBIX CPEACTB KaK PACTUTEABHOTO, TaK U CHUHTETUYECKOTO MPOUC-
XOKAEHUS, U SABASIOTCS OOBEKTOM M3y4YeHHs MHOIUX MCCAepOBaTereu [1-7].
Panee HamMm cOOOIIIAaAOCEH O CHMHTE3e U OMOAOTHYECKOM aKTHBHOCTU OOABIIIO-
TO KAACCa Pa3AWYHBIX aMUAOB B PIAY @30T- M KMCAOPOACOAEPIKAIUX TeTepo-
OUKAOB [8-11].

B nmpoporKeHMe MCCAEAOBAHUM B 3TOU OOAACTH M C LEABIO BBISIBAECHUS
CBI3M MeXAY CTPYKTYpOM M OHOAOTHMYECKON AKTUBHOCTBIO OCYIIECTBAEH
CUHTE3 PgAd aMUAOB U AMAMHUAOB Ha OCHOBE XAOPAHTUAPUAOB 3aMeIEHHBIX

111



1-permATIIRAOTIEHTAH- U 1-(peHUATIMKAOTEKCAH-1-KapOOHOBEIX KUCAOT (1-4).
Amvuppr  5-10, Brarowaromme (QparMeHT CyAb(PaHUAAMUAHBIX IIPENapaToB
(cTpenToIua, HOPCYABGA30A, CYAb(DAAUME3UH), MOAYYEHBI C BBIXOAOM 55-
70% KoHAEHCAIed XAOPaHTUAPHUAOB 1-3 [10,12] ¢ n-aMuHOOEH30ACYABDaAMU-
AOM UM €ero IPOU3BOAHBIMU B cpeAe Oe3BopHOTO 1,4-pmokcaHa. Peakiuel
XAOPAHTUAPUAOB 1-(3,4-AMeTOKCUPEHUA)ITUKAOIIeHTaH-1- 1 1-(3,4-AUMeTOK-
cuEHMA) TUKAOTeKCaH-1-kKapboHoBEIX KucaoT (3,4) [13] ¢ 3amemeHHBIMH
QHUAWHAMH, a TaK)Ke C TeTePUA-, TeTEPUAAPUA- U FeTePUAAAKUAAMUHAMHU II0-
Ay4ueHBI aMuABL 11-26 ¢ BeIxopA0OM 65-80%.

(CHy), o (CHy), (CH,),
R? U I R! 40 CH,0
YO — S — e
R2 ﬂ) |(|) R? CH,0 0
5-10 1-4 11-26

n=4, R'=R2=H(1); n=4, R'=H, R2=CH,;0 (2); n=4, R'=R2=CH;0 (3); n=5, R'=R2=CH;0 (4).
n=4,R'= R2=R3=H (5); n=4, R1=R2=H, Ra:/L',\‘_\S (6); n=4, R1=R3=H, R2= CH,0 (7);
s
CH,
N N N =
n=4,R'=H, R2=CH,0, R =X _\B (8); n=4, R"=R2=CH,0, R? =u _\B (9); n=4,R'=R2=CH,0, R®=—4 z (10).
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CH,
— ' _ _ N—N ) _ —/ .
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N NH CH,

© CH,
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CH, CH,00C
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n=4, Am = NHO (17); n=4, Am =NH—©—ﬁ (18); n=4, Am= NH@ (19); n=5 Am=N N-CH, (20);
—
cl o]
CH,
n=5 Am= NH—CH:Q (21); n=5 Am= NHQ (22); n=5 Am= NH@—OCHB (23);

CH,0 CH,0

CF,

O CH, o N,
n=5 Am= NH—CHZ—CHZ—C}—O cH, (24); n=5, Am= NH‘@—CHG (25); n=5 Am= NHO (26).
CH,O
Panee [11] moaydyeHHBle aMuABI 27,28 OBIAM HCIIOAB30BAHBI HAMU AASI
nepexopa K AMaMHBAaM, BKAIOUAIOMIUM (pparMeHT n-aMUHOOEH30UHOU KHCAO-
TBI, KOTOPBIN SIBASIETCSI ONPEAEASIONIUM B CTPYKTypaX MHOTHUX AeKapCTBEH-
HbIX npenapaToB [14]. C 3TOM IIeABIO IIPOBEAEHO BOCCTAHOBAEHHE 3a-
MENIEHHBIX 4-HUTPOIMPOMU3BOAHBIX 27,28 aTOMapHBIM BOAOPOAOM (IIMHKOM B
COASHOM KHCAOTe). B3auMopelcTBHEeM BBIAEGAEHHBIX 4-aMUHO-N-[(apHUAITUKAO-
eHTUA)-MeTuA|6eH3amMupoB 29,30 ¢ XAOpPaHTHAPUAAMM 3aMeleHHbIX 1-de-
HUA- U 3,4-AUMETOKCU(PEHUATITMKAOIIEHTaH- 1 -KapOOHOBEIX KMCAOT (2,3) B cpe-
Ae xaopodopMa M B NPUCYTCTBUU NMUPUAWHA CUHTE3WPOBAHBI IIEAEBHIE AW-
AMUABI #1-aMUHOOEH30MHOM KHUCAOTHI 31-33 ¢ BEIXOAOM 63-66%.
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31-33
R=H(27,29); R=CH,0 (28,30); R=R!=CH,0 (31); R=CH,0,R'=H (32); R=H,R'=CH,0 (33).

CTpoeHHe IOAYYEHHBIX COEAVMHEHUNW U HX HHAUBUAYAABHOCTDL IIOA-
TBepXAeHBl AaHHEIME VK- m AMP !H-cnekrpos, uucrtoTa mpoBepeHa TOH-
KocAoMHOM xpomarorpaduent (TCX).

H3yuyeHO AeHUCTBUE IIOAYyYEHHBIX COEAUMHEHUN HA XAOPHUAKAABLIAEBOU
MOAEAU apuUTMUHU y OeABIX KpbIC 00oero moaa maccou 200-250 2 [15]. Okcme-
PUMEHTHI TTOKAa3aAM, YTO HEKOTOpLIe M3 M3YYEeHHBIX BeIecTB IIpW BHYTPU-
BEHHOM BBEAEHUU B A03e 5 wme/ke NMPOSIBASIIOT cAaboe aHTHApUTMUYECKOoe
AEVICTBHE: coeprHeHUs1 6 u 26 mpeAynmpeskpaioT TMOeAb KMBOTHBEIX OT (pub-
PUAAAIIUN CepAlla IIPU MCIOAB30BAHHM apUTMOTeHa (XAOpuA Kaabiug, 200
Me/ke, BHYTpUBeHHO) B 50% caydaeB, a coepuHeHud 5, 7, 8, 16 u 19 — aumb B
25%. B aHAAOTMUYHBIX YCAOBUIX 3KCIIEpHMMEHTa BBIKUBAET TOABKO 10% KOHT-
POABHBIX JKUBOTHBIX. VI3yueHmMe IPOTHMBOBOCHAAUTEABHOW M aHaAbreTHhye-
CKOM aKTHMBHOCTU CHUHTE3UPOBAHHBIX BeIeCTB IIPHM OCTPOM BOCIAA€HUU B
A03ax 5 U 25 me/ke M TpU XPOHUYECKOM BOCIIAAEHHWHU B AO3e 5 Mme/ke He BBIS-
BHUAO AOCTOBEPHOM aKTUBHOCTH.

3KCHepl/lMeHTaJH)Haﬂ 4acTb

UK-crekTpol cHATH Ha crnekTpoMeTpe “Nicolet Avatar 330 FT-IR" B Ba-
3€AMHOBOM MacAe, CHekKTphsl AMP 'H — ma “Varian Mercury-300" B DMSO-
dg, BHyTpeHHUN cTaHAapT — TMC. TeMnepaTypbl IIAABA€HUS OIpPeAEAeHBI
Ha MUKpOHarpeBaTeAbHOM cToAMKe "Bosnmyc”. TCX npoBepeHa Ha MAACTUH-
kax "Silufol UV-254". TTposiBuTeAb — Taphl MOAQ.

Xnopauruapuasl 1-penunmknoankan-1-kapoosospix kucaot (1-4) moayue-
HBI IT0 MeToAMKaM [10,12,13].

3ameménnpie 4-HuTpo-N-[(1-(peHnauuxaonenTun)Mernia]oenzamuanr (27,28)
MIOAYYeHBI IO MeTopuKe [11].

Oomas meronuka moaydyenuss amuaoB 5-10. K pactBopy 0.003 mons coot-
BETCTBYIOIETO n-aMUHOOeH30ACyAbdaMupa U 0.003 mons 6e3BOAHOTO IHUPH-
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pauHA B 80 mn abc. 1,4-pmokcaHa npubaBagioT npu BerpaxuBaHum 0.003 mona
COOTBETCTBYIOIIETro XAopaHruapraa 1-3 B 50 mz abc. 1,4-pAMOKCaHa U KUMSATST
10 u. Tlo oxha>kKAeHUM K PeakIUOHHOU cMecu A00aBASIOT 150 mz BOAHI,
(UABTPYIOT 00pa30BaBIINECS KPUCTAAABI, IPOMBIBAIOT OCAAOK Ha (DUABTpE
10% pacTBOpPOM €AKOro HaTpa, 3aTeM BOAOM A0 HeMTpaabHOM peakuuu. Cy-
IIaT ¥ [epeKPUCTaAM30BBIBAIOT H3 3TaHoAa. TCX B cucreme OEH30A —
aretoH, 1:2.

N-(4-Cyanpamouspennin)-1-penmnuukiaonentankapookcamux  (5). Bbixop,
56.7%, T.mA. 210-212°C, R; 0.49. Hatipeno, %: C 62.56; H 5.68; N 8.02, S 9.22.
CigH99N2O3S. Brrumcaeno, %: C 6277, H 585, N 8.13, S 9.31. Cnekrp
AMPIH, §, m.a.: 1.67-1.79 (M, 4H), 1.91-2.03 (M, 2H) u 2.60-2.70 (M, 2H,
CsHg); 6.92 (yur.c, 2H, NHy); 7.15-7.21 (M, 1H), 7.26-7.32 (M, 2H) u 7.37-7.41
(M, 2H, CgHj5); 7.66-7.75 (M, 4H, CgHy); 9.14 (ymr.c, 1H, NH).

N-[4-(N-Tuazon-2-ua)cyabpamonsipernni]-1-peHINUKIONEHTAHKAPOOKCAM U
(6). Beixop, 54.5%, T.mA. 221-223°C, R; 0.47. Hatipeno, %: C 58.71; H 4.73; N
9.58; S 14.91. CyHyN303S,y. Brruucaeno, %: C 58.99; H 4.95; N 9.83; S
15.00. Crextp AMP!H, §, m.a., Ty: 1.67-1.76 (M, 4H), 1.90-2.01 (M, 2H) u 2.58-
2.69 (M, 2H, C;Hg); 6.57 (A, 1H, J = 4.6, =CHS); 6.99 (a, 1H, J = 4.6,
=CHN); 7.14-7.20 (m, 1H), 7.24-7.31 (M, 2H) u 7.35-7.40 (M, 2H, CgHg); 7.63-
7.75 (m, 4H, CgHy); 9.13 (ymr.c, 1H, NH); 12.50 (ymr.c, 1H, NH).

N-(4-Cynbpamonsndenni)-1-(4-meroxcndeHII) IUKIONEHTAHKAPOOKCAMU/L
(7). Beixop, 61.3%, T.mA. 140-142°C, Ry 0.52. Hatipeno, %: C 60.75; H 5.81; N
7.29, S 8.23. C1gH»9N,O,S. Brrumcaeno, %: C 60.94; H 5.92; N 7.48, S 8.56.
Cnektp SIMP!H, §, m.a.: 1.66-1.77 (M, 4H), 1.87-1.99 (M, 2H) u 2.56-2.66 (m,
2H, CsHg); 3.76 (c, 3H, OCHgy); 6.78-6.84 (M, 2H) u 7.27-7.32 (M, 2H, CgHy);
6.91 (ymr.c, 2H, NHy); 7.66-7.74 (M, 4H, CgH4S); 9.04 (c, 1H, NH).

N-[4-(N-Tuazoxa-2-un)cyabpamonnapenn]-1-(4-MmeTokcu e HUIT) IUKIONEHTAH-
kapOokcamua (8). Boixop 58.2%, T.ma. 153-154°C, Ry 0.44. Haiipeno, %: C
57.56; H 4.91; N 9.02; S 14.88. C9yHy3N304S,. Brruucaeno, %: C 57.75; H
5.07; N 9.18; S 14.02. Crnekrp AMP!H, §, m.a., Ty: 1.63-1.76 (M, 4H), 1.85-1.97
(m, 2H) u 2.55-2.64 (M, 2H, CsHg); 3.75 (c, 3H, OCH3); 6.57 (ao, 1H, J = 4.6,
=CHS); 6.77-6.82 (m, 2H) u 7.25-7.30 (M, 2H, CgHy); 6.99 (a, 1H, J = 4.6,
=CHN); 7.63-7.74 (v, 4H, CgH,4S); 9.03 (c, 1H, NH); 12.51 (yur.c, 1H, NH).

N-[4-(N-Tuazoxa-2-un)cyaspamonadenn]-1-(3,4-xumeTokcu heHNIT) IUKJIO-
neHTankapookcamua (9). Boixop 61.3%, T.mA. 238-240°C, Ry 0.47. Hatipeno, %:
C 56.32; H 4.95; N 8.33; S 12.96. Cy3H,5N305S,. Beruucaeno, %: C 56.67; H
5.13; N 8.62; S 13.14. Cnextp AMP!H, §, m.A., Iy: 1.64-1.76 (M, 4H), 1.86-1.99
(M, 2H) u 2.55-2.65 (M, 2H, CsHg); 3.76 (¢, 3H, OCHj); 3.80 (¢, 3H, OCHy3y);
6.56 (A, 1H, J = 4.6, =CHS); 6.78 (o, 1H, J = 8.3) u 6.86-6.91 (M, 2H,
CeHjg); 6.99 (a, 1H, J = 4.6, =CHN); 7.63-7.73 (M, 4H, CgH,S); 9.02 (c, 1H,
NH); 12.52 (ym.c, 1H, NH).

N-[4-(N-4,6- TumeTuanupumuan-2-ua)cyibpamvousapenni]-1-(3,4-1umerok-
cuennmn)uukaonenrankapookcamua (10). Boixop 58.2%, T.mA. 222-223°C, Ry
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0.50. Hatipeno, %: C 60.95; H 5.72; N 10.83; S 6.05. CoH39N4O5S. Beruncae-
HO, %: C 61.18; H 5.88; N 10.98; S 6.27. Cnextp AMP!H, §, m.a., Ty: 1.63-1.74
(M, 4H), 1.86-2.00 (M, 2H) u 2.54-2.65 (M, 2H, CsHg); 3.78 (¢, 3H, OCHzy); 3.82
(c, 3H, OCH3); 6.58 (a, 1H, J = 4.7, =CH); 6.78 (p, 1H, J = 8.4) u 6.87-6.92
(M, 2H, CgHy); 7.71-7.78 (M, 2H) u 7.87-7.96 (m, 2H, CgHy); 9.03 (c, 1H, NH);
11.02 (yur.c, 1H, NH).

Oobmas meronuka mosaydenuss amuaoB 11-19. K pactBopy 0.004 wmona
cooTBeTcTByMOLero aMmuua u 0.004 mona 6e3BopHOTO nupupuHaA B 80 mn abc.
OeH3ona npubaBASiOT Tpu BeTpsaxuBauuu 1.1 2 (0.004 mons) XAOpaHTUAPHAA
1-(3,4-AmMeTOKCU(EHUA) ITUKAOTIEHTaH- | -KapOOHOBOM KUCAOTHL (3) B 50 mx
abc. OeHzona m KuOATAT 7 u. [lo oxAa>kA€HMU K PeakUMOHHOM CMecHu
MpUOAaBASIIOT 5% PpPacTBOpP COASHOM KHCAOTHI A0 pH 2. OTaeasitoT caowu,
OeH30ABHBIM IPOMBIBAIOT 50 mn BOAEL, 3aTeM 10% pacTBOPOM eAKOTO HaTpa
A0 pH 10 um cHOBa BOAOM AO HEUTpPaAbHOM peakiuu. OTTOHSIOT OEH3O0A,
OCTATOK KPUCTAAAM3YIOT U3 3(hUpa U NepPeKPUCTAAAM3OBBIBAIOT U3 OeH30Aa.
TCX B cucreme 0eH30A— areToH, 4:1.

N-[(2,3-Aumernii-5-okco-1-pennn)nupazonuu-4-un|-1-(3,4-numeroxcudenn)
nuKiIonenTankapookcamuy (11). Beixop 75.8 %, T.mA. 145-146°C, R; 0.42. Hati-
AeHO, %: C 68.73; H 6.51; N 9.43. Cy5H99N304. Brruucaeno, %: C 68.97; H
6.67; N 9.66. Cnextp AMP!H, §, m.a., Ty: 1.65-1.78 (M, 4H), 1.85-1.96 (M, 2H)
u 2.53-2.63 (M, 2H, C5Hg); 2.00 (¢, 3H, CHy); 3.05 (c, 3H, NCHj); 3.79 (c, 3H,
OCHyjy); 3.81 (¢, 3H, OCHgy); 6.78 (o, 1H, J = 8.5) u 6.87-6.95 (M, 2H, CgHj3);
7.18-7.48 (M, 10H, 2CgHs;); 8.08 (¢, 1H, NH).

N-[(5-Meruna-1,3,4-ruaaunazos-2-ua)nupasonun-4-uil-1-(3,4-numeroxcude-
HUJI)UMKJIoneHTankapookcamua (12). Boeixop 73.6%, T.ma. 182-183°C, Ry 0.52.
Hatipeno, %: C 58.67; H 5.83; N 11.92; S 9.08. C7H51N303S. Brruucaeno, %:
C 58.79; H 6.05; N 12.10; S 9.22. Cnekrp AMP!H, §, m.a., Ty 1.62-1.78 (M,
4H), 1.91-2.05 (M, 2H) n 2.62-2.75 (M, 2H, CsHg); 2.60 (c, 3H, CHjy); 3.79 (c,
3H, OCHj3); 3.81 (c, 3H, OCHj3); 6.79 (a, 1H, J = 2.3), 6.88 (apn, 1H, J; = 8.4,
J, = 2.3) m6.92 (p, 1H, J = 8.4, CgHjy); 11.65 (c, 1H, NH).

1-(bensuinunepa3un-1-ui)-1-(3,4-qrumeroxcudeHnT) IMKIONEHTAHKAPOOKC-
amuj (13). Beixop, 67.5%, T.mA. 78-80°C, R; 0.51. Haiipeno, %: C 73.27; H 7.68;
N 6.71. Cy5H39N,O3. Brerumcaeno, %: C 73.53; H 7.84; N 6.86. Cnektp
SAMPIH, §, m.a., Ty: 1.62-1.74 (M, 4H), 1.80-1.92 (M, 2H) u 2.25-2.37 (M, 2H,
CsHg); 1.80-2.41 (M, 4H, N(CHy)9); 2.97-3.67 (M, 4H, CON(CH,),); 3.37 (c,
2H, NCH,CgHs); 3.76 (c, 3H, OCHj); 3.77 (c, 3H, OCHj); 6.57 (a, 1H, J =
2.2), 6.63 (ap, 1H, J; = 8.3, J, = 2.2) u 6.74 (p, 1H, J = 8.3, CgHy); 7.12-7.25
(M, 5H, CgHs).

N-[(2-(Mopdoannstui)]-1-(3,4-1umMeToKCHPEHUT) IUKIOMEHTAHKAPOOKCAMMT
(14). Beixop, 64.7%, T.ia. 111-112°C, R 0.54. Haiiaeno, %: C 66.08; H 7.93; N
7.56. CooH39N,Oy. Brruucaeno, %: C 66.30; H 8.29; N 7.73. Cuekrp SIMP!H,
o, m.A., Iy 1.61-1.80 (M, 6H) m 2.53-2.61 (M, 2H, CsHg); 2.32-2.39 (M, 6H,
N(CHj)3); 2.68 (1, 2H, J = 6.1, NHCHjy); 3.56-3.60 (M, 4H, O(CHy),); 3.76 (c,
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3H, OCHj); 3.79 (c, 3H, OCHjy); 4.16 (yumc, 1H, NH); 6.74 (a, 1H,J = 82) u
6.81-6.87 (M, 2H, CgHj).

N-[(®ypan-2-un)merni]-1-(3,4-mumeToKkcHdeHII) IMKIONEHTAHKAPOOKCAMUL
(15). Brixop, 78.3%, T.mA. 88-90°C, Rs 0.52. Haripeno, %: C 69.08; H 6.81; N
4.03. C19Hy3NO,. Beramncaeno, %: C 69.30; H 6.99; N 4.26. Cnextp AMP!H, 3,
M.A., Ty 1.64-1.77 (M, 4H); 1.85-1.95 (M, 2H) u 2.28-2.35 (M, 2H, CsHg); 3.77
(c, 3H, OCH3y); 3.78 (c, 3H, OCHjy); 4.25 (a, 2H, J = 5.5, NCHy); 5.94 (aa,
1H, J; = 3.4, J, = 09, =CH); 6.22 (pp, 1H, J; = 3.4, J, = 1.9, =CH); 6.74-
6.85 (M, 3H, CgHj); 7.10 (1, 1H, J = 5.5, NH); 725 (aa, 1H, J; = 1.9, J, =
0.9, =CH).

N-(4-U3onponokcudensui)-1-(3,4-mumeToxkcnd eHII) IMKIONeHTAHKapooKCe-
amun (16). Boeixop, 74.3%, T.mA. 68-70°C, R; 0.48. Hatipeno, %: C 72.38; H 7.67;
N 3.45. Cy4H3NOy4. Brorumcaeno, %: C 72.54; H 7.81; N 3.53. Cunektp
SAMP'H, 3, m.a., Ty: 1.28 (A, 6H,J = 6.0, 2CHg); 1.61-1.71 (v, 4H), 1.78-1.89
(M, 2H) m 2.45-2.54 (M, 2H, CsHg); 3.75 (¢, 3H, OCHj); 3.77 (c, 3H, OCHyjy);
4.13 (p, 2H, J = 6.0, NCHjy); 4.48 (cm, 1H, J = 6.0, OCH); 6.64-6.69 (M, 2H)
u 6.91-6.96 (M, 2H, CgHy); 6.75 (A, 1H, J = 8.6) m 6.81-6.85 (M, 2H, CgHj);
7.23 (1, 1H,J = 6.0, NH).

N-[2-Xa0p-5-(Tpudropmermit)penni]-1-(3,4-numMeToKcHeH NI ) IMKITOTEHTAH-
kapOokcamua (17). Beixop 76.7%, T.ma. 108-110°C, Ry 0.48. Haiipeno, %: C
58.83; H 4.78; N 3.03; Cl 8.11; F 13.25. CyHyCIF3NOg3. Brruucaeno, %: C
58.95; H 4.91; N 3.27; C1 8.30; F 13.33. Cnekrp AMP!H, §, m.a., Iy: 1.67-1.92
(M, 4H); 2.02-2.13 (m, 2H) u 2.50-2.60 (M, 2H, CsHg); 3.81 (c, 3H, OCHg3); 3.82
(c, 3H, OCH3y); 6.86 (p, 1H, J = 8.3), 6.90 (p, 1H, J = 2.2) u 6.96 (pp, 1H, J;
= 8.3, J, = 2.2, CHCgH3); 7.29 (ap, 1H,Jy = 8.4, J, = 2.1), 749 (p, 1H, J =
8.4) m 8.45 (p, 1H, J = 2.1, CgHy); 8.03 (ymr.c, 1H, NH).

N-(4-Kap6okcodenui)-1-(3,4-numeTokcHPeHIIT) HUKIONEHTAHKAPGOKCAMMU/T
(18). Beixop, 72.5%, T.mmA. 129-130°C, R; 0.51. Hatiaeno, %: C 71.86; H 6.59; N
3.75. CyoHy5NOy. Brramcaeno, %: C 71.93; H 6.81; N 3.81. Cnekrp IMP!H, §,
M.A., [y 1.66-1.78 (M, 4H); 1.89-2.00 (M, 2H) u 2.57-2.66 (v, 2H, CsHg); 2.49
(c, 3H, CHjy); 3.77 (c, 3H, OCHgy); 3.80 (c, 3H, OCH3); 6.79 (a, 1H, J = 89) u
6.88-6.92 (M, 2H, CgHj3); 7.68-7.74 (M, 2H) u 7.76-7.82 (M, 2H, CgHy); 8.99 (c,
1H, NH).

N-[1-(2-Kapooxcumeruit)penni]-1-(3,4-numeTokcn e HUIT) IUKIONEHTAHKAP-
ooxcamua (19). Beixop 65.8%, T.mmA. 136-137°C, R; 0.48. Hatipeno, %: C 68.81;
H 6.47;, N 3.45. CyyH95NOs. Beruucaeno, %: C 68.93; H 6.53; N 3.66. CrekTp
AMPIH, §, m.a., Ty: 1.68-1.80 (M, 4H); 1.94-2.19 (M, 2H) m 2.55-2.68 (M, 2H,
CsHg); 3.76 (c, 3H, OCHgy); 3.81 (c, 3H, OCHjy); 3.82 (c, 3H, OCHg3y); 6.80 (a,
IH, J = 8.7) u 6.90-6.95 (m, 2H, CgHy); 6.98-7.02 (v, 1H), 7.45-7.50 (M, 1H),
7.90-7.95 (M, 1H) u 8.60-8.68 (M, 1H, CgHy); 10.95 (c, 1H, NH).

Ofmas Meroguka mnoJjydyenust amuaoB 20-26. Amupabl 20-26 1moaydaroT
aHanrormyHo amMupaM 11-19 u3 3KBUMOABHBIX KOAWYECTB COOTBETCTBYIOIIETO
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aMMHA U XAOpaHTUApuAA 1-(3,4-pAuMeTOKCU(EHUN)IUKAOTEKCaH-1-KapOoOHO-
BOU KUCAOTHI (4).
1-(4-MeruanunepasuH-1-ui)-1-(3,4-numeroxkcn ¢ e HIII) IUKIOreKCAHKAPHOKC-
amuj (20). Beixop, 65.5 %, T.mA. 81-82°C, R; 0.46. Hatipeno, %: C 69.07; H 8.59;
N 7.88. CyoH39N,03. Brpumcaeno, %: C 69.36; H 8.67; N 8.09. Cnektp
AMP!H, §, m.a.: 1.17-1.30 (M, 1H), 1.48-1.69 (M, 7H) m 2.15-2.24 (M, 2H,
CeHyg); 1.95-2.05 (M, 4H) m 3.21-3.32 (M, 4H, C4HgN,); 2.08 (c, 3H, NCH3y);
3.77 (c, 6H, 20CH3); 6.61-6.77 (v, 3H, CgHj3).
N-[(®ypan-2-un)merni]-1-(3,4-mumMmeToKcHeHHI) IMKIOreKCAHKAPHOKCAMMU/L
(21). Beixop, 64.7%, T.mA. 110-112°C, R 0.44. Haiipeno, %: C 69.75; H 7.05; N
3.93. CyoHy5NOy,. Beruucaeno, %: C 69.97;, H 7.29; N 4.08. VIK-cekTp, v, emt:
3395 (NH); 1667 (C=0); 1600 (C=C apom.). Cnekrp SIMP'H, §, m.a., Ty
1.21-1.34 (M, 4H), 1.44-1.74 (m, 7H) u 2.27-2.38 (M, 2H, CgH;p); 3.75 (c, 3H,
OCHyjy); 3.77 (¢, 3H, OCHygy); 4.23 (a, 2H, J = 5.7, NCHy); 591 (aa, 1H, J; =
3.2, J, = 0.8, =CH); 6.20 (pp, 1H, J; = 3.2, J, = 1.8, =CH); 6.71-6.86 (M,
3H, CgHj); 7.08 (ymt, 1H, J = 5.7, NH); 7.24 (pa, 1H, J; = 1.8, J, = 0.8,
=CH).
N-[(2-MeTtokcn-5-mernn)pennin]-1-(3,4-1umMerokcudeHUT) IHKIOreKCAHKAP-
ooxcamua (22). Brixop 71.6%, T.mA. 84-85°C, R 0.48. Hatipeno, %: C 71.93; H
7.41; N 3.39. Cy3H»9NO,. Brruucaeno, %: C 72.06; H 7.57; N 3.66. CnekTtp
AMP!H, §, m.a., Ty: 1.38-1.71 (v, 6H), 1.94-2.05 (M, 2H) u 2.22-2.34 (M, 2H,
CgHyg); 2.27 (c, 3H, CHj); 3.68 (c, 3H, OCHj3); 3.80 (¢, 3H, OCHj3); 3.81 (c,
3H, OCHyzy); 6.65-6.72 (M, 2H) u 7.96 (p, 1H, J = 2.0, CgHj); 6.84-6.97 (M, 3H,
CgH3C); 7.69 (yurc, 1H, NH).
N-(2,4-Tumeroxcudenn)-1-(3,4-mumerokcneHII) IUKIOreKCAHKAPOOKCAMUT
(23). Beixop, 72.5%, T.mia. 133-134°C, R; 0.47. Haiiaeno, %: C 67.01; H 7.16; N
3.38. C93Hy9NOs. Beruuicaeno, %: C 69.17 H 7.27; N 3.58. VIK-cneKkTp, v, em't:
3379 (NH); 1675 (C=0); 1600 (C=C apom.). Cnekrp SIMP'H, 3, m.a., Ty
1.37-1.71 (m, 6H), 1.91-2.02 (M, 2H) n 2.23-2.35 (M, 2H, CgH;p); 3.70 (c, 3H,
OCHj3); 3.73 (¢, 3H, OCHy); 3.80 (c, 3H, OCHjy); 3.81 (¢, 3H, OCHyjy); 6.34-
6.40 (M, 2H) u 7.90 (p, 1H, J = 8.6, CgHj); 6.83-6.97 (M, 3H, CgH3C); 7.57
(ymr.c, 1H, NH).
N-[(3,4-Tumeroxcudenna)rTui|-1-(3,4-1uMeToKCH(PEHUIT) IUKIOreKCAHKAP-
ooxcamua (24). Beixop, 73.8%, T.mmA. 102-103°C, Ry 0.44. Hatipeno, %: C 70.08;
H 7.57; N 3.02. Cy5H33NO;5. Breruucaeno, %: C 70.26; H 7.73; N 3.29. VK-
CIIEKTD, V, em™: 3370 (NH); 1679 (C=0); 1585 (C=C apom.). Chnekrp
AMPIH, 8, m.a., Ty: 1.24-1.34 (M, 1H), 1.44-1.55 (M, 5H), 1.63-1.74 (M, 2H) u
2.19-2.28 (M, 2H, CgHyp); 2.57 (1, 2H, J = 7.0, CH,CgHj3); 3.21-3.29 (M, 2H,
NHCHo,); 3.73 (c, 3H, OCHjy); 3.75 (c, 3H, OCHj); 3.76 (¢, 3H, OCHz3y); 3.78
(c, 3H, OCHy); 6.31 (yurT, 1H,J = 5.8, NH); 6.41 (ap, 1H, J; = 8.1, J, =
2.0), 6.57 (o, 1H, J = 2.0) m 6.61 (o, 1H, J = 8.1, CgH3C); 6.72 (a, 1H, J =
8.2) u 6.77-6.82 (M, 2H, CgHy).
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N-[(2-Xmop-3-meTnit)penuni]-1-(3,4-1umeToKcH( e HII) IUKIOTreKCAHKAPOOKC-
amuja (25). Beixopa 76.7%, T.mA. 162-163°C, Ry 0.54. Hatipeno, %: C 68.04; H
6.53; CI 8.93; N 3.45. C9yH9sCINO3. Brruricaeno, %: C 68.13; H 6.71; CI 9.16;
N 3.60. Cnekrp AMP!H, §, m.a., Iy 1.35-1.68 (M, 6H), 1.88-1.97 (M, 2H) u
2.15-2.24 (M, 2H, CgHyp); 2.28 (c, 3H, CHj); 3.79 (¢, 3H, OCHsy); 3.81 (c, 3H,
OCHg3); 6.35 (ym.T, 1H, J = 5.7, NH); 6.43 (pa, 1H, J; = 8.2, J, = 2.2), 6.58
(A 1H,J = 2.2) m 6.64 (p, 1H, J = 8.2, CzgH3C); 6.75-6.81 (M, 3H, CgHj).

N-[(2-MeTtoxcu-5-uurtpo)denuni]-1-(3,4-mumMmeToKrcnd eHIIT) IIUKIOTeKCAHKAP-
ooxcamua (26). Beixop, 80.5%, T.1A.148-150°C, Ry 0.44. Hatipeno, %: C 63.61; H
6.13; N 6.68. C9yHysN,Og. Brrumicaeno, %: C 63.77;, H 6.28; N 6.76. CrnekTp
AMPIH, §, m.a., Iy: 1.36-1.71 (v, 6H), 1.92-2.05 (M, 2H) u 2.21-2.34 (M, 2H,
CeHyg); 3.75 (¢, 3H, OCHgy); 3.80 (c, 3H, OCHygy); 3.81 (c, 3H, OCHjy); 6.32-
6.41 (M, 2H) n 791 (o, 1H, J = 8.5, CgHj); 6.85-6.95 (M, 3H, CgH3C); 7.55
(yur.c, 1H, NH).

Oo0mas meroanka nmosaydenusi amuHoamunoB 29-30. Cycnensuto 0.025 wmona
HuTpoamMmpa 27,28 B 120 mr 3TaHOAA HarpeBalOT Npu NepemernuBaHum (60-
65°C) A0 MOAHOTO PAcTBOPeHUsI aMUAAd. K peaKIMOHHOM Macce IMPUOaBASIIOT
0.35 e-am nuHKa u, HopAep>kuBas TeMnepaTypy 70°C, MeAAEHHO IPUKAIIBI-
BaIOT 75 M1 COASSHOUW KMCAOTHI (~6 u). IIpopoakaroT HarpeBaHue 8 y mOpu
75°C, AEKaHTHUPYIOT OT M30BITKA IIUHKA M MaKCHMaAbHO OTTOHSAIOT CMeCh
9TAHOAA U BOABI. 3aTeM IpubaBAsiioT 10% pacTBOp eAKOTo HaTpa AO IIEAOU-
Ho¥ peaknmu (pH 10) u 3KCTparupyrooT AUXAOP3ITaHOM. Ilocae NPOMBIBKHU
BOAOM OTTOHSIIOT PaCTBOPUTEAb, OCTATOK KPUCTAAAM3YIOT M3 3dupa U Iepe-
KPUCTAAAM30BHIBAIOT U3 OeH30Aa. TCX B cucreMe OeH30A — aneToH, 1:4.

4-Amuno-N-[(1-(penunuuraoneHTua)merwi]oensamun (29). Brixop 62.5%,
T.A. 168-170°C, R; 0.54. Hatipeno, %: C 77.38; H 7.36; N 9.31. C;9H5,N50.
Beraucaeno, %: C 77.55; H 7.48; N 9.52. Cuekrtp IMP!H, §, Mm.A,., Ty: 1.61-
2.09 (M, 8H, CsHg); 3.42 (a, 2H, J = 6.1, NCHy); 5.08 (ymi.c, 2H, NH,); 6.47-
6.53 (M, 2H) u 7.27-7.31 (M, 2H, CgHy); 6.68 (ym.t, 1H, J = 6.2, NH); 7.12-
7.18 (M, 1H) u 7.34-7.40 (M, 4H, CgHj).

4-Amuno-N-[(1-(3,4-mumeroxcudenua)uukaonenrmn)mermi|oenzamua  (30).
Breixop, 58.3%, T.mA. 122-123°C, Ry 0.53. Hatipeno, %: C 71.01; H 7.22; N 7.83.
C91HoeN9O3. Berumcaeno, %: C 71.19; H 7.35; N 7.91. Cnekrp SIMP!H, §,
M.A., Ty: 1.60-2.03 (M, 8H, Cs5Hg); 3.40 (p, 2H, J = 6.2, NCH,); 3.77 (¢, 3H,
OCHj3); 3.78 (¢, 3H, OCHs); 4.93 (yurc, 2H, NHy); 6.49-6.54 (M, 2H) u 7.36-
7.41 (M, 2H, CgHy); 6.72 (yurT, 1H,J = 6.2, NH); 6.77-6.83 (M, 3H, CgHj).

Obumas meroauka moaydenuss nuamunoB 31-33. K pacrtBopy 0.002 mons
coorBeTcTByIloIero ammuobensamupa 29,30 m 0.002 mons ©Ge3BOAHOTO
nupuprHa B 80 mn cyxoro xaopodopma NIpPUOABASIOT NPU BCTPIXUBAHUU
0.002 mons COOTBETCTBYIOIIETO XAOPAHTUAPHAA 2,3 B 60 mz CyXOro XAOpO-
dopma u KungaTat 8 v. O6paboTKa peaKIIMOHHON CMeCU aHaAOTUYHO OMNBITaM
11-19. KpucCTarrusyioT U IepeKpPUCTaAAN30BBIBalOT U3 OeH3ona. TCX B
cucteMe xAopodgopM — aretoH, 1:1.
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4-[1-(3,4-IumeTokcupenua)uukaonentankapookcamuao]-N-[(1-(3,4-aumerok-
cuennn)uukaonenTwi)meruia|oensamun (31). Beixop 63.5%, T.ma. 133-135°C, R¢
0.41. Hatipeno, %: C 71.58; H 7.03; N 4.67. C35H4»N,Og. Boiuricaerno, %: C
71.67; H 7.1% N 4.78. Cnekrp AMP'H, §, m.a., Ty 1.62-2.03 (M, 14H) u 2.55-
2.65 (M, 2H, 2C5Hg); 3.40 (p, 2H, J = 6.2, NCHy); 3.77 (c, 9H, 30OCHy3); 3.80
(c, 3H, OCHg3); 6.76-6.92 (M, 6H, 2CgH3); 7.19 (ymr.t, 1H, J = 6.2, NHCH,);
7.57 (c, 4H, CgHy); 8.87 (yurc, 1H, NH).

4-[1-(3,4-AumeTokcupennn)uukaoneHTankapookcamuao]-N-[(1-penmanuriio-
nenTuia)Merui]oenzamua (32). Boixop 65.7%, T.A. 154-156°C, R 0.41. Hatipe-
HO, %: C 75.03; H 7.11; N 5.07. C33H35N,0,. Beruucaeno, %: C 75.29; H 7.23;
N 5.33. Cnekrp SIMP'H, &, m.a., Iy 1.64-2.04 (v, 14H) u 2.58-2.67 (v, 2H,
2C;Hg); 3.40 (a, 2H, J = 6.3, NCH,); 3.77 (c, 6H, 20CH3); 6.75-6.83 (M, 3H,
CeHa); 7.12-7.18 (v, 1H) u 7.22-7.39 (v, 5H, CgHs u NHCH,); 7.58 (c, 4H,
CgHy); 8.97 (ymr.c, 1H, NH).

4-(1-®ennauuriaonenrankapooxcamuao)-N-[(1-(3,4-1umeroxcudenu) HuK-
goneHTuia)Merwi|oenzamua (33). Brixop 64.8%, T.ma. 148-149°C, Ry 0.40.
Hatipeno, %: C 75.08; H 6.92; N 5.04. C33H3gN;0,. Beruucaeno, %: C 75.29;
H 7.23; N 5.33. Cnekrp AMP!H, §, m.a., Ty: 1.63-2.08 (M, 14H) u 2.55-2.66 (M,
2H, 2CsHg); 3.44 (p, 2H, J = 6.1, NCH,); 3.76 (¢, 3H, OCHyjy); 3.80 (c, 3H,
OCHa); 6.77-6.81 (v, 1H) u 6.88-6.92 (M, 2H, CgHa); 7.10-7.16 (v, 1H) u 7.21-
7.32 (M, 5H, CgHs u NHCH,); 7.54 (¢, 4H, CgHy); 8.87 (ymurc, 1H, NH).

SEALUUULLUD 1-bELPLSPULAULGU L-1-UUL LA LER-EG-NFLELD NPUTEL
MU UP SUrL var WUh-LvECh 64 +pUUPELELP UPLEGAL BUL
LLULS GELURATLUGTL UGSPINFE-3WL NFUNFULUUPLOFE-3AFLL

d. U. UN-NFUSUU UL, (k- E. UULrUrs3uy, U W 116u3ty, 0 6 UNHu3uy,
S. 0. QUusSr3uvy, W 6. -NFUUR3UL I L. U. UhLUEU3UL

Stinqualpusyfmd 1-Plifygplynybinnub-1- o 1-Gbufygflyndbpunie1-ljmppoiFdnbpp
errpbSpgppgbibpl yrlgbiumgnodnd  pwdflinpbigopung $uidfuf wdwligpugubpp Sha
ufufdligifmd Bl Quidunguimmafuns uny Gulbifyudfgbibp, ol gl piapabfugpfiyilbpf
nbulygpuym| dp yupp wilplibpf b wmugwd b nbyulopfud 1-(3,d-ypulbfFopufrph-
ifey) gy lpusts fuppopunlfupibp: 4-Ufunpn-N-[(1-phifygplymybinnfy) dkFy | phiguif-
hpl bfunpnfudpl dbpulpalghnudm] senndwp Ypeadiing mnwgud ki phiquolfugibp, npnhy
sprpussglign fFyudp nbgulymyfms 1-GEufygplyng b 1-hopprio@dakph - ppopb-
Slppbbpl S ppapn$npdp dpufuypnd b gnp wppfugfih wndpyoGyudp ofb(@hgdus
bl Lardurnpunmunfusts afiflanplly qfodfigbbp:

Neundbimuppud § uflsfFhgfus ynfbpf jihmputulpnl wlpnfofncfyncdp :
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SYNTHESIS AND STUDY OF BIOLOGICAL ACTIVITY OF ANUMBER
OF NEW AMIDES AND DIAMIDES OF THE SUBSTITUTED
1-PHENYLCYCLOALKAN-1-CARBOXYLIC ACIDS

Zh. S. ARUSTAMYAN, R. E. MARKARYAN, A. A. AGHEKYAN, R. E. MURADYAN,
T. H. ASATRYAN, A. E. TUMAJYAN and N. S. MINASYAN

The Scientific Technological Centre
of Organic and Pharmaceutical Chemistry NAS RA
A. L. Mnjoyan Institute of Fine Organic Chemistry
Molecule Structure Research Centre
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: nanraifoc54@mail.ru

By condensation of substituted 1-phenylcyclopentane-1- and 1-phenylcyclohexane-
1-carboxylic acid chlorides with derivatives of p-aminobenzensulfamide the
corresponding sulfanilamides are synthesized, and by reaction of the above-mentioned
acid chlorides with a number of amines the substituted 1-(3,4-
dimetoxyphenyl)cycloalkancarboxamides are obtained. By hydrogenation of 4-nitro-N-
[(1-phenylcyclopentyl)metyl]benzamide  with  zinc  in  hydrochloric  acid
aminobenzamides are produced. By interaction of the latter with substituted 1-
phenylcyclopentane-1-carboxylic acid chlorides in chloroform in the presence of
anhydrous pyridine the corresponding symmetric diamides are synthesized.

The biological activity of synthesized compounds has been researched.
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CUHTE3, IPEBPALIEHUS U U3YUEHUE BUOJIOTMYECKON
AKTUBHOCTHU HOBBIX ITPOU3BO/JHbIX 4-OEHWJI-, BEH3WJI-
N AJVNTWIBAMEIIEHHBIX 4H-1,2,4-TPHA30J10B
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[MocTtynmao 25 XI 2015

BHyTpumonekynapHon umknusaumen 4-(3-meTokcudeHoken)meTun-1-penun-, 6eHsun-, annun-
3-Tnocemmkap6asmaoB B LLEMNOYHOW cpede CUHTE3UpOBaH psig HOBbIX 4,5-3ameleHHbix 4H-1,2,4-
Tprason-3-T1onoB. M3yyeHbl peakumm Ux ankunmpoBaHusl, aMMHOMETUIUPOBAHUSE U LMaHITUNMPO-
BaHus. BbisiBNeH aHoOMarnbHbIN XO4 peakuuy npu NomnbITKE ankunMpoBaHWUs Ha3BaHHbIX Tpuason-3-
TMOMOB 3TUINEHXIIOPIMOPVHOM B LLEMOYHON cpefe. Bbicka3aHo npeanonoxeHne o NpoTeKaHum Hyk-
NeoUNBLHON aTakn MMAPOKCUIEHBIM aHMOHOM C° MONOXEHNs TPUA30MLHOTO KoMbLia, NpuBeaLleit K
obpasoBaHuo 3-meTokcudeHokcumeTaHona (A). ViccnenoBaHbl NPOTUBOCYAOPOXHbBIE U aHTMDaKTe-

puanbHbie CBOWCTBaA psAna CUMHTE3NPOBAHHbIX COELIMHEHWIA.

Bubn. ccbinok 17.

WM3BeCTHO, 4TO NATHUYAEHHOE IeTepPOIUKANYEeCKoe KOAbLO 1,2 4-Tpuazoaa
COCTaBASIET CTPYKTYPHYIO OCHOBY MHOTHX OHMOAOTHMYECKH AaKTHUBHBIX, B TOM
YUCAe AeKapCTBEHHBIX CPEACTB. McCcAaepOBaHMS IO CO3AAQHUIO HOBBIX IIPOM3-
BOAHBIX 3TOTO psipa MHTEHCHBHO IPOAOAXKaoTcd [1-4]. Panee Hamu coobija-
AOCBH O CHUHTe3e, IpeBpalleHUsIX W OUOAOTHUYECKOU aKTHUBHOCTU OOABIIOTO
pPsA@ IPOM3BOAHBEIX 1,2,4-TpHa3ona, copepsKalluxX pa3andHble (papmMakodop-
HBle parMeHTH B 3, 4 U 5 IOAOKEHHUIX reTepoliikia [5-10]. HekoTopeie u3
HUX, copepsKaliue 4-MeTOKCUABHBIN, 4-IPONOKCUABHBIN, 3- AN 4-TarOTeHO-
O€H3UABHBIN, (DYPUABHBIN, MIUPUAUABHBINA 3aMECTUTEAHN, OOAAAQIOT BBIPA’KEH-
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HOU HAM YMEPEHHOU HNPOTUBOOIIYXOAEBOU, AHTUOAKTEPHUAABHOU, & TaK’Ke
BAUSIONIeN Ha MeTuAaupoBaHue AHK aKTHBHOCTEIO.

HacTosimaa paboTa SBASIETCSI IPOAOAKEHUEM 3THX HUCCAEAOBAHMWM, Hall-
PaBAEHHBIX Ha CO3AaHMe Oonee 3(p(PeKTUBHBIX OMOAKTUBHBIX CPEACTB BBeAe-
HUEM B KAueCTBe 3aMECTUTEASl B TeTePOLUKAE 3-MeTOKCU(EHOKCHUMETUAb-
HOU I'PYIIIEL

MeO
OCH'Zﬁ:NHNHﬁNHR
2-4 cs,
KOH
MeO ' MeO
NN R'HIg N——N
o\)\ ©
N SH '|\‘ SR
FL R
CH,=CHCN
57 z 8-15
CH,0
)
N MeO
MeO H —N o e . N/CHZCHZCN
N——N _/ |
OQ'\ /& O\)\ /g
N s
N s |
| R
R
16-18 19-21

R=CgH; (2,5, 16, 19); R= CH,CgH; (3, 6, 17, 20); R= CH,CH=CHj, (4, 7, 18,
21); R=CgHs, R’= CH,CH,OH (8); R= CgHs R’= CH,CONH, (9);
R=CgHs;, R’= CH,COOH (10); R= CH,CgHs R’'= CH,CH,OH (11); R=
CH,CeHs, R’= CH,CONH, (12); R= CH,CgHs, R’= CH,COOH (13); R=
CH,CH=CH,, R’= CH,CONH, (14); R= CH,CH=CH,, R’= CH,COOH
(15)

VcXOAHBIME COEAWHEHUSIMH AAG HaMeYeHHBIX CHUHTE30B CAyKUAU 1,4-
AU3aMellleHHble 3-THOoCeMHUKapOa3uabl 2-4, IOAyUYeHHBIE B3aUMOAEUCTBHEM
TrUApa3rpa 3-MeTOKCU(PEHOKCUYKCYCHOM KUCAOTHL (1) [6] ¢ denMA-, OeH3uUA-
U aAAUAM3OTHOIIMAHATaMU IIPYU KUIGYeHUNU B 3TaHOAe. BHYTPHUMOAEKYASp-
HOM IMKAU3AITUEN TUOCeMUKapOa3up0B 2-4 B BOAHO-IIIEAOYHOM CpeAe U II0C-
AEAYIOUIUM ITOAKUCAEHHEM DPEaKIMOHHOM CMECU AEAIHOU YKCYCHOM KHUCAO-
TOM OBIAM IIOAYUYeHHB! 4,5-pnu3amelrieHHble 4H-1,2,4-Tpua3on-3-tuoasl (5-7) B
BHUAE YCTOMUYUBBIX OECIIBETHBIX KPUCTAAAOB. C IJeABIO MCCAEAOBAHUS peak-
IUU S-aAKMAMPOBAHHUS TPUA3OATHOAOB 5-7, @ TaK’Ke pacUIMpeHUs Kpyra Ho-
BBIX ITPOM3BOAHBIX 3TOM CUCTEMBI, HEOOXOAUMBIX AAS OMOAOTUYECKUX HCITHI-
TaHUM, TOCAepAHUEe OBIAM BBEAEHBI B PeaKIMU C Pa3AMYHBIMM TaAOTE€HUAAMU,
COAEp KAIIUMU KapOOKCUABHYIO, TUAPOKCHUABHYIO U KapOOKCAaMUAHYIO I'PYII-

ubel. Hamu HOAO6paHbI OIITUMAABHBIE YCAOBUA ANST KAKAOT'O AAKHUAUDPYIOIIETO
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peareHTa, obecneumBaloliye BBICOKUE BBIXOABI (70-80%) arKHMAMPOBAHHBIX
IPOAYKTOB peaknuu. OAHAKO CAeAyeT OTMETHUTb, 4TO IIPU aAKMAMPOBAHUU
COeAMHEHUU 5-7 3TUAEHXAOPIUAPUHOM B3aMMOAENCTBUEM 3KBUMOABHBIX KO-
AUYECTB PeareHTOB IPOAYKT aAKUAUPOBAHUSA 8 OBIA IOAyYeH TOABKO U3 4-
deHMAZaMeIIeHHOTO Tpra3oaa 5. B caydae ke Tpra3onoB 6 u 7 HabAIOAAACS
HEOOBIYHBIM XOA PeakIny, IPUBEAIINN K 00pa30BaHUIO 3-MEeTOKCU(PEHOKCH-
MmeTaHoAa (A). [To Bceli BepOSTHOCTH, B II[EAOYHOM Cpepe IPOUCXOAUT Iie-
pEerpynnmupoBKa OKHMAAEeMOTo coepuwHeHUs: 11, 1 BMeCTO S-aAKMAMPOBAHUS
HMeeT MeCTO HyKAeOo(HUAbHAs araka TMAPOKCHABHOTO aHMOHA y aroma C°
TPUA30ABHOI'O KOABIIa C OOpa3oBaHUEM COEAWHEHUS A.

MeO
OCH,OH

A

IIpn n3MeHeHUU YCAOBUU PeakIlUU, B YaCTHOCTH, IPOBEAEHUM IIpoliecca
0Oe3 HarpeBaHUs NP KOMHATHOU TeMIIepaType YAAAOCH BBIAGAUTH AAKHUAMPO-
BaHHBIM IPOAYKT 11 13 Tpruasoaa 6, copepskalero 0eH3UABHYIO I'PYIIY B IIO-
AOKeHUM 4 KOABIIQ, a B CAydYae 4-aAAHA3aMellleHHOTO TpHa3oAad / OBIAO BHI-
MEAEHO TOABKO COepVHeHUe A. AHAAOTUYHBINM @aHOMAABHBIN XOA PeakIuu Ha-
MU paHee HAOAIOAAACS U TPU THUAPOKCUITUAMPOBAHUU O-(MUPUAUA-3)-4-de-
HuA-4H-1,2,4-Tpuaszon-3-tuonra [11]. PaccMoTpeHne COOTBETCTBYIOUIEN AUTe-
paTypsl MO3BOASET IIPEAIOAOKUTDH, YTO IIOAOOHBIM XOA Peakluu SBASETCS
YAaCTHBEIM CAydYaeM OTKPBITOM CMaMACOM BHYTPHUMOAEKYASPHOM IIe€perpyniu-
poBku [12].

CTpoeHmue coepAWHEHUsI A YCTAHOBAEHO Ha OCHOBAHUU COBOKYIIHOCTH
pAaHHBIX UK- n SIMP-cnekrpockonuu. B MK-cnekTpe coeprHeHUs A IIpu-
CYTCTBYIOT y3Kas IIOAOCA BAaA€HTHBIX KoAeOaHuM cBg3aHHOM OH rpymnnsl B
obnractu 3275 cm’! m moaoca pedpopManuoHHEIX KoAebGaumit OH ImepBUYHEBIX
cupToB B obAactu 1045 cvl.

B cnektpax AMP 'H coepnHeHwMit, MOAYYEHBIX ITPU THAPOKCUITUAMPOBA-
HUU TPUA30A0B 6 M 7, OTCYTCTBYIOT CUTHAABI IIPOTOHOB TPUA30ABHOTO (par-
MeHTa OXMAAEMBIX CTPYKTyD, HO HAOAIOAQIOTCS CHHTAETHBIE CHUTHAABI IIPO-
ToHOB OCHy 1 OH rpynn B obaactax 5.20 u 5.91 M.A., COOTBETCTBEHHO, KO-
TOpBle TOATBEPIKAQIOT IIPeAIllonaraeMoe CTPOeHHe IIPOAYKTA pacllelAeHUs
— IeperpynIupOBKU COEANHEHUd A.

HecMmoTpss Ha TO, YTO peakIuM aMHUHOMETUAMPOBaHUSA 1,2,4-Tpra30on0B
HaMU paHee OBIAM YCIIENIHO OCYILECTBAEHBI B DPAAY 4,5-3aMelneHHBIX 4H-
1,2,4-Tpua3on-3-tuoHOB [5-7], B caydae 5-(3-MeTOKCU(DEHOKCU)METUABHOTO
3aMeCTUTeAs] B TPUA30AAX 5-7 TPeOYIOTCS OTHOCUTEABHO AAUTEABHOE Ilepe-
MeIlIMBaHMEe PeaKIMOHHOM CMeCH IIpM KOMHATHOMN TeMueparype (12 u) u
TIIaTeAbHasi KPUCTAAAN3AIIMS KOHEUHOI'O IMPOAYKTA PeaKIuU AeASTHOM BOAOH.
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LuaH3TUAMPOBAHUE TPHUA30A0B 5-7 MPOBOAMAOCE WX HArpeBaHWEM CO
CBeJKelleperHaHHbIM aKPUAOHUTPHUAOM B IIPUCYTCTBHHM OCHOBHOTO KaTaAM3a-
TOopa TPUATHUAAMUHA.

Takum oOpa3oM, B pe3yAbTaTe IIPOBEAEHHBIX MCCAEAOBAHUM HaMU pas-
paboTaHbl AOCTYIHBIE CIIOCOOBI IIOAYYE€HHMS HOBBIX IPOM3BOAHBIX 4H-1,24-
TPHa30Aa, KOTOPHIE M3-3a HAAWYHMS B CTPYKTypaxX (papMako(OpHBIX I'PYIII
NIPEeACTaBASIOT IIPAKTUUECKUM MHTEpeC AAS AQABHEUIINX NCHBITaHUMN OGHOAO-
TUYEeCKUX CBOUCTB. [IpU T'MAPOKCUITUAUPOBAHUU 5-[(3-MeTOKCHU(PEeHOKCH)Me-
TUA]-4-0eH3uA(arrnun)-4H-1,2,4-Tpra3oa-3-THOAOB  HAOAIOAAAOCH  pacIielAe-
HUe C MeperpynmnupoBkoi y C° aToMa TPHUA30ABHOTO KOABIIA OKHAAEMOTO
IIPOAYKTA.

CTpoeHne U 4MCTOTa ONMCAHHBLIX B CTAaThbe BEIleCTB IIOATBEPIKAEHH! (u-
3UKO-XUMHYeCKUMU MeTopamm ¥ TCX, a TakKe AQHHBIMM DAEMEHTHOTO
QHaAW3a.

HccaepoBaHne IPOTUBOCYAOPOSKHOM aKTUBHOCTU coepnHeHun 12, 15, 16
TTPOBOAUAM Ha OeABIX OeCHOPOAHBLIX MEIIaX 00oero ImoAa Maccou 18-24 o,
CoepnHEeHUsT BBOAVAM BHYTpPUOPIOMIMHHO B Ao3e 100 me/ke B BHAe CycleH-
3uu ¢ TBUH-80 3a 45 mun AO BBeAeHUSA Kopas3orad. [IpoTHBOCYAOPOKHYIO ak-
TUBHOCTBL OIIPEAEASIAM IIO TeCTy KOPa30AOBBIX cypopor. Kopa3oa BBOAUAU
MOAKOKHO B A03e 90 me/ke U OIpPeAeAsiAU IIpeAyIpeskAeHHe KOPa30AOBBIX
KAOHHMUYecKux cypopor [13]. CoepmHeHUS HM3y4YaAWM Ha 5 JKUBOTHBIX. KOHT-
POABHBIM JKMBOTHBIM BBOAVWIAML OMYABIaTOp. B yKazaHHOU A03e M3ydaau Tak-
>Ke MHOpeAaKcalliio IO TecTy “Bpaiatolierocs crepskHs' [13]. Pe3yabTaThl
OIBITOB IIOKa3aAW, YTO BCe M3yUeHHBIE COEAVMHEHHsS B YKa3aHHBIX A03aX He
BBI3BIBAIOT MHOpeAakcanuu. [1o aHTaroHn3My C KOPa3oAOM HEKOTOPYIO IIPO-
THUBOCYAOPO’KHYIO aKTUBHOCTE (40%) mposaBAdeT coepuHeHUe 15.

AHTHOAKTepHAABHYIO aKTHMBHOCTb COeAUMHeHuH 8-21 u3ydaam MeTOAOM
"auddysun B arape” [14] npu 6akTepuarbHON Harpyske 20 man MUKPOOHBIX
TeA Ha 1 w1 cpeabl. B onbITaX MCIOAB30BaAM TPAMIIOAOKUTEABHBIE CTa()UAO-
KOKKHU (Staphylococcus aureus 209 p, 1) u rpamoTpuniaTeAbHBIe TaAOYKU (Sh.
dysenterial Flexneri 6858, E coli 0-55). PacTBOpsl COepAMHEHUM TOTOBHUAU B
AMCO B pa3BepeHun 1:20. B KauecTBe IOAOKUTEABHOT'O KOHTPOAS KUCIIOAb-
30BaAM M3BECTHBIM A€KapCTBEHHBIN IpenapaT gypa3oAupoH [19].

HcchrepoBaHUsST TTOKA3aAW, YTO WCIIBITyEMBIE BeIleCTBA IPOSIBASIIOT CAA-
OyI0 aHTHOAKTepPHAAbHYIO aKTMBHOCTb B OTHOIIEHUHM BCeX MCIOAB30BAHHBIX
IITaMMOB, MOA@BASS POCT MUKPOOPraHM3MOB B 30He AuameTpoM 10-13 am.
CAeAyeT OTMETHUTH, UYTO W3y4YeHHBIE BeIleCcTBa 10 aKTUBHOCTHU CYIIECTBEHHO
YCTyHaOT KOHTPOABHOMY IIpernapaTy ypa3oAupony (d=24-25 wum).

BKCHepI/IMeHTaJIbHaﬂ 4acTb

HK-cnekTphl 3aperucTpUpOBaHbl Ha ciekTpoMerpe "Nicolet Avatar 330
FT-IR" B BaszearmHoBoM MacAe. Crekrpul SIMP !'H cuarol Ha npubope
"Varian-Mercury-300" 8 AMCO-dg/CCly — 1:3 c pabouelt uwactrortoit 300
MTy, BayTperHun cranpapt — TMC. TemneparTypbl IAABACHUS ONPEAEAEHEL
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Ha MUKpOHAarpeBaTeAbHOM cToAMKe "Boetius 72/2064". 3a xop0OM peaknuu u
WHAUBUAYAABHOCTBIO MOAYYEHHBIX COEAMHEHUU caepuau MetopoM TCX Ha
naactuHKax “Silufol UV-254" B cucrtemax AnokcaH — 0eH30A (2:1) uau (1:1),
nposiBaeHue — Y®-cBeToM.

1,4-InzamenmienHbIe-3-THOCEMUKAPOa3UABI 2-4 TTOAYYIEHEI TI0 [6].

1-(3-MerokcupeHokcuMeTWIKApOoHMI)-4-Ppermnit-3-Tuocemuxapoasun (2). Boi-
xo0p, 98.5%, T.mA. 147-149°C. Haripeno, %: C 57.79; H 5.19; N 12.74; S 9.57.
C16H17N303S. Brruucaeno, %: C 57.99; H 5.17 N 12.68; S 9.68. Criektp AMP
H, 8, m.a.: 3.77 (¢, 3H, OCHs); 4.59 (¢, 2H, OCH,); 6.45, 6.57 (M, 3Hapom.)i
7.08, 7.17 (M, 2Hqapon.)i 7.25, 7.33 (M, 2Hpon )i 7.48, 7.57 (M, 2Hgpen )i 9.50 (1,
1H, NH); 9.59 (w1, 1H, NH); 10.10 (ymr. ¢, 1H, NH).

4-Ben3ua-1-(3-merokcudeHokcHMeTUIAKAPOoHUI)-3-THocemMukap6asun (3). Bri-
xop 98.0%, T.mAa. 157-158°C. Harmipeno, %: C 59.19; H 5.63; N 12.24; S 9.18.
C17H19N303S. Brruucaeno, %: C 59.11; H 5.54; N 12.1%7; S 9.28. Cnekrp AMP
'H, 8, m.a., I'y: 3.76 (c, 3H, OCHjy); 4.54 (c, 2H, OCH,); 4.76 (a, 2H, J = 6.0,
NHCH)); 6.40, 6.55 (M, 3Hpon )i 7.07, 7.33 (M, 6Hgpoy )i 8.28 (yurt, 1H, J =
6.0, NH); 9.28 (ymr. ¢, 1H, NH); 9.96 (yur. c, 1H, NH).

4-Ammi-1-(3-mMerokcupeHoOKCHMeTHIKAPOOHMII)-3-THOceMuKkap0asun (4). Broi-
xop, 83.2%, T.mA. 141-143°C. Haripeno, %: C 52.80; H 5.87; N 14.17; S 10.91.
C13H7N303S. Brruucaeno, %: C 52.86; H 5.80; N 14.23; S 10.86. CnekTtp
SAMP H, §, m.a., Iy: 3.77 (c, 3H, OCHs); 4.10-4.17 (M, 2H, NHCH,); 4.53 (c,
2H, OCH,); 5.06 (ax, 1H, J; = 10.2, J, = 1.5, =CHy); 5.12-5.21 (m, 1H,
=CHy); 5.85 (paT, 1H, J; = 17.2, J, = 10.2, J3 = 5.7, =CH); 6.40-6.54 (M,
3Hapon.)i 7.09-7.16 (M, 1Hypoy )i 7.77-7.90 (v, 1H, NH); 9.20 (ymrp, 1H, J =
10.1, NH); 9.91 (ymr. ¢, 1H, NH).

4,5-Tuzamemennnie 4H-1,2,4-Tpua3oma-3-tuoJbl (5-7) TOAYUYEHBI IO CIIOCOGY,
ONMCaHHOMY B [6].

5-[(3-Merokcudenoxcu)meruia|-4-penni-4H-1,2 4-tpuazon-3-tuon (5). Brrxop,
97.1%, T.mA. 145-147°C. Hatmipeno, %: C 61.41; H 4.92; N 13.38; S 10.17%.
C16H15N30,S. Breruucaeno, %: C 61.32; H 4.82; N 13.41; S 10.23. Cnektp
SIMP H, §, m.a., Iy: 3.72 (¢, 3H, OCHjy); 4.88 (c, 2H, OCH,); 6.34 (apn, 1H,.
poms 91 = 2.4, 3, = 2.3); 6.37 (aAaA, 1Hgpon, 1 = 8.0, J; = 2.4, J3 = 0.8); 6.44
(A 1Hgpon, J1 = 8.2, Jp = 2.3, J3 = 0.8); 7.06 (1, 1Hapon, J = 8.1); 7.37-
7.57 (M, 5Hapoy )i 13.75 (m, 1H, SH).

4-Ben3un-5-[(3-meroxcupenoxcu)meruii]-4H-1,2 4-rpuazosn-3-tuoa (6). Buixop
91.2%, t.ma. 139-141°C. Hatipeno, %: C 62.25; H 527 N 1277, S 9.71.
C17H13N30,S. Brruucaeno, %: C 62.36; H 5.23; N 12.84; S 9.79. CnekTp AMP
H, §, m.a., Iy: 3.73 (¢, 3H, OCHj3); 4.90 (c, 2H, OCH,); 5.33 (¢, 2H, NCH,);
6.33 (T, 1Hgpom, J =2.3); 6.39 (AA, 1Hgpon, J1 = 8.2, J, = 2.3); 6.48 (ap, 1H,.
poms J1 = 8.0, I, = 23); 7.10 (1, 1Hypou, J =8.2); 7.24-7.31 (M, SHypou )i
13.83 (yur.c, 1H, SH).

4-Annua-5-[(3-meroxcudenoxcu)mernn]-4H-1,2,4-tpuazon-3-tuoa (7). Berxop,
85.3%, T.mAa. 127-129°C. Hatipeno, %: C 56.41; H 5.38; N 15.27; S 11.49.
C3H5N30,S. Breruncaeno, %: C 56.30; H 5.45; N 15.15; S 11.56. Cnexktp
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AMP H, §, m.a., Iy: 3.77 (c, 3H, OCHj); 4.70 (aT, 2H, J; = 5.7 J, = 1.5,
NCHy); 5.06 (c, 2H, OCHy); 5.16 (ax, 1H, J; = 17.0, J, = 1.5, =CH,); 5.21
(ak, 1H, J; = 104, J, = 1.5, =CHy); 5.91 (aaT, 1H, J; = 17.0, J, = 10.4, J;
= 5.7, =CH); 6.47-6.57 (M, 3Hapon)i 7.11-7.18 (M, 1Hypon )i 12.96 (1, 1H,
SH).

O6mas Meroauka ajaxkuaupoBanus 4,5-nu3amemensbix 4H-1,2 4-tpua3o.-3-
THoJ0B (8-15). PacTBOp 1 Mmmonn Tpuasoaa 5, 6 uau 7, 0.056 2 (1 mmons) KOH B
15 mn sranHora Kungatat 20-30 muwn, 3aTeM TpubOaBASIIOT 1 MmMmoab COOTBET-
CTBYIOIIIETO TAaAOTe€HUAA. B CAydae 3TMAEHXAOPTHAPHHA PEaKIMOHHYIO CMeCh
OCTaBASIOT CTOSATH IPU KOMHATHOU TeMmneparype Ha 10-12 u, a B caydae xao-
paleTaMupa KUISITIT 4-5 u. PacTBOpUTEAD OTTOHSIIOT, K OCTaTKy TPUOABASIIOT
20-30 Mz BOABI, BHIAGAMBIIIEECS MaCAOOOpa3HOe BeIeCTBO ABA’KALI ITPOMBI-
BAIOT BOAOM U CyLIAT. AAKUAUPOBAHNE XAOPYKCYCHON KMCAOTOM IIPOBOAAT 4-
5 y xunA4YeHUeM B 15 ma BOABI B IPUCYTCTBUU TpPeXKpaTHOro m30sITkKa KOH
C TIOCAEAYIOIINM IIOAKMCAEHHEM YKCYCHON KHCAOTOM U BHIIIEONHCAHHOU 00-
paboTKOM.

2-[5-(3-Merokcudpenoxkcu)merni-4-pennn-4H-1,2,4-Tpua3on-3-uiucynbpa-
Hua|3TaHoa (8). BrIxop MachrooOpasHOro mpopykTa 67.1%. Hampeno, %: C
61.30; H 5.39; N 11.94; S 9.21. CgHgN303S. Brruuicaeno, %: C 61.34; H 5.43;
N 11.92; S 9.10. Cnextp IMP H, §, m.a., I'y: 3.26 (T, 2H, J =6.4, SCH,); 3.70
(t, 2H, J =6.4, CH,OH); 3.73 (c, 3H, OCHjy); 4.75 (w1, 1H, OH); 5.00 (c, 2H,
OCHyj); 6.39-6.46 (M, 3Hgpow)i 7.07 (T, 1Hgpow, J =8.1); 7.40-7.56 (M,
SHGPOM.)‘

2-[5-(3-Merokcupenoxkcu)merni-4-penns-4H-1,2,4-Tpuazon-3-uncyianpa-
Hua]aneramug (9). Beixop MacrooOpas3Horo nmpoaykra 77.5%. Hatvipeno, %: C
58.21; H 4.83; N 15.26; S 8.71. C;gHgN4O3S. Buruucaeno, %: C 58.36; H 4.90;
N 15.13; S 8.66. Cuektp IMP H, §, m.a., I'y: 3.73 (c, 3H, OCHs); 3.89 (c, 2H,
SCHy); 5.01 (¢, 2H, OCHy); 6.39-6.46 (M, 3Hqpoy )i 6.99 (yurc, 1H, NHy); 7.07
(T, 1Hapom., 4 =8.0); 7.41- 7.58 (M, SHpon. 1 1H, NH)).

2-[5-(3-Merokcupenoxkcu)mernin-4-penni-4H-1,2,4-Tpuason-3-uiucynnpa-
HUI|ykcycHas kucjaora (10). Beixoa MacaooOpas3Horo nmpopykra 71.2%. Hatipe-
HO, %: C 58.31; H 4.58; N 11.44; S 8.72. C;gH{3N30,4S. Brruucaeno, %: C
58.22; H 4.61; N 11.32; S 8.64. Cmekrp SIMP 'H, §, ma., I'y: 3.73 (c, 3H,
OCHj3); 3.97 (¢, 2H, SCHy); 5.01 (c, 2H, OCHjy); 6.39-6.46 (M, 3Hapon); 7.06
(T 1Hgpom., I =8.2); 7.43-7.59 (M, SHypoy )i 12.15 (mmp., 1H, COOH).

2-[4-Ben3nn-5-(3-merokcupenokcu)mermwii-4H-1,2, 4-Tpuazon-3-umicynnha-
Hui]atanoa (11). Beixop 65.7%, T.mA. 95-97°C. Hatipeno, %: C 61.40; H 5.82; N
11.28; S 8.60. C1gH91N303S. Brruucaeno, %: C 61.43; H 5.70; N 11.31; S 8.63.
Cnmektp SIMP 'H, §, m.a., Iy: 3.25 (1, 2H, J = 6.4, SCH,); 3.65-3.72 (M, 2H,
CH,OH); 3.73 (¢, 3H, OCHgy); 4.76 (T, 1H, J = 5.7, OH); 5.12 (c, 2H, OCH,);
3.23 (¢, 2H, NCHy); 6.40-6.49 (M, 3Hapoy )i 7.09-7.15 (M, 1Hgpon.); 7.25-7.34 (M,
5Hap0M‘)-

3-Metokcudenokcumeranoa (A). PactBop 1 mmons Tpuaszona 6 uam 7,
0.056 2 (1 mmons) KOH B 15 mn sraHOAa KUnATAaT 20-30 muwm, IprOaBASIOT
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0.081 2 (1 mMmonb) STUAEHXAOPIUAPMHA U IIPOAOAKAIOT KUllgueHue 4-5 u. 3a-
TeM OTTOHSIOT PACTBOPUTEAB, K OCTATKy IpuOaBAdioT 20-30 mz BOABL, OCApOK
(PUABTPYIOT, TPOMBIBAIOT BOAOM U IMEPEKPUCTAAAM3OBLIBAIOT M3 3TAHOAA.
Beixop coepvHeHusi A u3 Tpuasoaa 6 — 22.4%, u3 Tpuasora 7 — 31.2%,
T.IA. 159-162°C, cMemaHnHaa npoba He AQeT AeIIPEeCCUU TeMIIepPaTyphl IIAAB-
Aenus. UK-cmextp, v, em™ 3275 (OHg), 1590 (C=C), 1270 (=C—0—),
10.45 (OH,eq). Cmektp AMP 'H, 8, m.a., I'y: 3.78 (¢, 3H, OCHjg); 5.20 (c, 2H,
OCHpy); 591 (¢, 1H, OH); 6.49 (aa, 1Hypon, 1 = 8.3, J2 = 2.1); 6.61-6.70 (v,
2Hapon)i 7.15 (1, 1Hgpon, J =8.3).

2-[4-Ben3ni-5-(3-meroxcudenoxcu)mermi-4H-1,2,4-Tpuazon-3-uicyiabda-
Huia]ameramua (12). Buixop 81.2%, T.ma. 145-147°C. Hatipeno, %: C 59.30; H
5.19; N 14.50; S 8.29. C{gH5,N,O3S. Brruucaeno, %: C 59.36; H 5.24; N 14.57;
S 8.34. Cuextp AMP 'H, §, m.a., ITy: 3.73 (c, 3H, OCHj); 3.86 (¢, 2H, SCH,);
5.13 (¢, 2H, OCHy); 5.27 (¢, 2H, NCHy); 6.40-6.48 (M, 3Hpoy )i 6.97 (ymrc,
1H) u 7.52 (yurc, 1H, NHy); 7.10 (1, 1Hgpon, I =8.2); 7.13-7.18 (M, 2Hpon )
7.23- 7.34 (M, 3Hpon.)-

2-[4-Ben3unn-5-(3-merokcudenoxcu)mermwi-4H-1,2,4-Tpuazo-3-nicynbha-
Huia]ykeycnas kucaora (13). Brixop 98.2%, T.ma. 146-148°C. Hatipeno, %: C
59.31; H 4.90; N 10.81; S 8.44. C1gHgN30,4S. Brruuicaeno, %: C 59.21; H 4.9%
N 10.90; S 8.32. Cnexktp AMP H, §, m.a., I'y: 3.73 (c, 3H, OCHg3); 3.95 (c, 2H,
SCHy); 5.13 (¢, 2H, OCHy); 5.26 (c, 2H, NCHy); 6.40-6.48 (M, 3Hgpon); 7.10
(t, 1Hapom., 3 =8.2); 7.13-7.17 (M, 2Hqpon)i 7.24-7.34 (M, 3Hgpon)i COOH
CHUABHO VIIVPEH.

2-[4-Anaua-5-(3-merokcudenoxcn)mermia-4H-1,2 4-rpuazon-3-uiacyabdanui]-
aneramua (14). Beixop 75.2%, T.mAa. 107-109°C. Hatipeno, %: C 53.80; H 5.48;
N 16.69; S 9.63. C15HgN,O3S. Brruucaeno, %: C 58.88; H 5.43; N 16.76; S
9.59. Cnektp SIMP !H, §, m.a., I'y: 3.77 (c, 3H, OCHs); 3.85 (c, 2H, SCHy);
4.68 (at, 2H, J; = 5.5, J; = 1.5, NCHy); 5.08 (ak, 1H, J; = 17.1, J, = 1.5,
=CH,); 5.18 (c, 2H, OCHy); 5.24 (ak, 1H, J; = 10.3, J, = 1.5, =CHy); 5.92
(aaT, 1H, J; = 17.1, J; = 10.3, J3 = 5.5, =CH); 6.47-6.59 (M, 3Hypou.)i 6.96
(yurc, 1H) u 7.52 (yur.c, 1H, NHy); 7.14 (1, 1Hqpou., J =8.5).

2-[4-Anaua-5-(3-merokcudenoxcn)mermia-4H-1,2 4-rpuazon-3-uiacyabdanui]-
ykcycHasi kucjora (15). Beixop, 84.1%, T.ma. 61-63°C. Hatipeno, %: C 53.81; H
5.20; N 12.44; S 9.51. C5H7IN30,4S. Beruucaeno, %: C 53.72; H 5.11; N 12.53;
S 9.56. Cnextp SIMP !'H, §, m.a., Iy: 3.77 (c, 3H, OCHs); 3.95 (¢, 2H, SCH,);
4.68 (aT, 2H, J; = 5.5, J; = 1.5, NCHy); 5.08 (ak, 1H, J; = 17.1, J, = 1.5,
=CH,); 5.18 (c, 2H, OCHy); 5.24 (ak, 1H, J; = 10.3, J, = 1.5, =CHy); 5.92
(aar, 1H, J; = 17.1, J; = 10.3, J3 = 3.5, =CH); 6.47-6.59 (M, 3Hgpon); 7.14
(T, 1Hapou., I =8.5); COOH cuabHO ymupeH.

Oo0mas MeToguka aMuHoOMeTwiIupoBaHusi 4,5-1u3amemennbix 4H-1,2,4-Tpu-
a3zos-3-tuosoB (16-18). 1 mmons COOTBETCTBYIONIETO TpHUaszoAa 5, 6 uau 7 pact-
BOpAIOT B 8-10 Mz MeTaHOAA U TIPUOABASIOT 1.2 mmons MopgoamHa. 3aTeM 1o
KanAsIM IIpu IepeMemnuBaHuu npuambaror 0.14 2 (1.6 mmons) dopmaruHa.
Peaxkiiusi cOMpOBOKAAETCSI BHIAGAEHUEM TellAa. [locAe mepeMelivBaHus mpu
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KOMHATHOM TeMIlepaType B TeueHue 12 y npubaBagioT 15-20 mz AepsIHOU BO-
MBI, BBITIABIIAM OCAAOK OT(PUALTPOBHIBAIOT U IMIEPEKPUCTAAU3OBBIBAIOT U3
9TAHOAQ, @ B CAydae MacAOOOpPa3HOTO MPOAYKTa TIIATEABHO IIPOMBIBAIOT Ae-
ASTHOM BOAOU U BBICYIIHMBAIOT.

3-[(3-MeTokcudenokcu)merna|-1-(mopdoaunomerni)-4-penma-1H-1,2,4-
Tpuaszoi-5-(4H)-tuon (16). Berxop 85.2%, t.ma. 112-113°C. Hatipeno, %: C
61.89; H 6.21; N 13.11; S 7.48. C91H94N4O3S. Brruucaeno, %: C 61.14; H 5.86;
N 13.58; S 7.77. Cuextp IMP 'H, §, m.A., I'y: 2.75-2.79 (M, 4H) u 3.58-3.62 (M,
4H, -N(CH,CH,),0); 3.72 (¢, 3H, OCHj); 4.91 (c, 2H, OCH,); 5.09 (c, 2H,
NCHN); 6.32-6.39 (M, 2Hgpon)i 6.43-6.47 (M, 1Hgpon)i 7.06 (T, 1Hqpou., J
=8.1); 7.42-7.56 (M, SHapon)-

4-Ben3ui-3-[(3-meTokcudenoxcun)meruia]-1-(moppommuomerni)-1H-1,2,4-
Tpuazon-5-(4H)-tuon (17). Beixop MacAooOpa3HOro MpoAyKTa 64.5%. Haiipeno,
%: C 61.89; H 6.21; N 13.11; S 7.48. C9H9sN,O3S. Brruucaeno, %: C 61.95; H
6.14; N 13.14; S 7.52. Cunektp SIMP H, §, m.a., ITy: 2.70-2.76 (M, 4H) u 3.56-
3.62 (M, 4H, -N(CH,CH,),0); 3.74 (c, 3H, OCHs); 4.96 (c, 2H, CH,); 5.09 (c,
2H, CHy); 5.39 (¢, 2H, NCHy); 6.34 (T, 1Hzpon., J = 2.3); 6.40 (an, 1Hqpon.s J1
= 82 J; = 2.3); 6.50 (aAA, 1Hapow, d1 = 8.2, I, = 2.3); 7.11 (1, 1Hzpon, I =
8.2); 7.21-7.35 (M, SHapowm)-

4-Anana-3-[(3-Merokcudenoxcu)merui]-1-(moppoannomerni)-1H-1,2,4-
TpHua3oa-5-(4H)-tuon (18). Beixoa mMacrooOpa3HOro npopykra 71.2%. HaliaeHo,
%: C 57.38; H 6.39; N 14.82; S 8.48. C1gH4N,O3S. Breruucaeno, %: C 57.42; H
6.43; N 14.88; S 8.52. Cuektp SIMP 'H, §, m.A., Ty: 2.67-2.72 (M, 4H) u 3.54-
3.99 (M, 4H, -N(CH,CH,),0); 3.77 (c, 3H, OCHgjy); 4.76 (aT, 2H, J; = 5.7, J;
= 1.5, NCHy); 5.03 (c, 2H, OCH,); 5.10 (c, 2H, NCHy); 5.17 (ak, 1H, J; =
17.1, J, = 1.5, =CHy); 5.23 (ak, 1H, J; = 10.3, J, = 1.5, =CHj,); 5.93 (aaT,
IH, J;y = 171, J; = 103, J3 = 5.7, =CH); 6.49-6.58 (M, 3Hapoun): 7.15 (T,
1Hapom., J =8.1).

O6mas MeToanka MuAHITUINpoBanus 4,5-mu3amemennbix 4H-1,2 4-tpuasou-
3-tuogos (19-21). 1 Mmoas COOTBETCTBYIOIIETO TPUA30Aa 5, 6 UAU 7 KUIATAT C
1.6 2 (30 mmoneii) cBe>KeIleperHaHHOI'O aKPUAOHUTPUAA B 4 ma BOABI B IIpU-
cyrctBuu 3.0 2 (30 mmorner) TPUITUAAMUHA B TedueHUe 6-8 u. PacTBOp BhIIApU-
BAIOT, MACAOOOPA3HBIM OCTATOK TIATEALHO IPOTHUPAIOT AEASHOM BOAOU U
BBICYIIIMBAIOT Ha BO3AYyXeE.

3-[(3-MeTokcudenoxcu)mernia|-1-(2-unan3atuin)-4-pennn-1H-1,2,4-rpuazon-5-
(4H)-tuon (19). Beixop MacroOoOpa3HOroO HPOAYKTa 67.6%. Havipeno, %: C
62.31; H 4.92; N 15.19; S 8.79. C19HgN4O,S. Brruncaeno, %: C 62.28; H 4.95;
N 15.29; S 8.75. Cnextp SIMP H, §, m.a., I'y: 3.09 (1, 2H, J = 6.7, CH,CN);
3.73 (¢, 3H, OCHg); 4.49 (1, 2H, J = 6.7, NCH,); 4.95 (c, 2H, OCH,); 6.37-
6.47 (M, 3Hapow )i 7.07 (1, 1Hapow., I =8.2); 7.44-7.56 (M, SHypon)-

4-Ben3nn-3-[(3-Merokcudenokcu)Mernaa]-1-(2-umansruin)-1H-1,2,4-rpuason-
5-(4H)-Tuon (20). Brixop Macaoob6pa3Horo mpoaykra 69.5%. Haiipeno, %: C
63.21; H 5.25; N 14.71; S 8.39. C9oHyoN4O,S. Brrunicaeno, %: C 63.14; H 5.30;
N 14.73; S 8.43. Cunexrp AMP H, §, m.a., I'y: 3.06 (1, 2H, J = 6.5, CH,CN);
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3.73 (c, 3H, OCHj); 4.48 (1, 2H, J = 6.5, NCH,); 4.99 (c, 2H, OCH,); 5.38 (c,
2H, NCHy); 6.33 (1, 1Hypon, J = 2.3); 6.40 (ap, 1Hgpon, J1 = 8.2, I, = 2.3);
6.49 (AA, 1Hapow, J1 = 8.2, 3, = 2.3); 7.10 (1, 1Hapon, J = 8.2); 7.22-7.32 (m,
5Hap0M.)-

4-Annui-3-[(3-Merokcupenoxcn)mernii]-1-(2-unandtun)-1H-1,2 4-tpuaszo-5-
(4H)-tuon (21). Breixop Macroobpa3HoOro mpopykra 71.2%. Hatipeno, %: C
58.22; H 5.39; N 16.89; S 9.81. C;gHgsN4O,S. Brruucaeno, %: C 58.16; H 5.49;
N 16.96; S 9.70. Cnextp IMP H, §, m.a., I'y: 3.03 (1, 2H, J = 6.6, CH,CN);
3.78 (¢, 3H, OCHy); 4.43 (1, 2H, J = 6.6, NCH,); 4.75 (atr, 2H, J; = 5.7, J, =
1.5, NCHy); 5.13 (c, 2H, OCH,); 5.18 (ak, 1H, J; = 17.1, J, = 1.5, =CH,y);
524 (ak, 1H, J; = 103, J, = 1.5, =CHy); 5.92 (aaT, 1H, J; = 17.1, J, =
10.3, J3 = 5.7, =CH); 6.50-6.58 (M, 3Hpon )i 715 (T, 1Hgpon., I =8.0).

4-HGULDL-, LELYDL-, ULLPLSGAUUULLUO 4H-1,2,4-SCPUQNLLELD LAL
UoUULS3ULLELD UPLREQL, PNRELUNFULELL B UG LUTLTLUEUTL
SUSUNFES3NFLLELP NFUNFULUURPOFR-3NFLL

(-0 NOLUGP3UWL, ULAPLUL3TL, UL NTENL3TL, L.U. UPLEU3UTL,
NG NULNLPE3UL, O d. MUCALPE3UWL BUL 0-.G- UBLPL-0NT LU L3UL

4-(3-UbfFopuppliiopup) dbfdfy-1-pbify-, phivgfy-, wyyfsy-3-fmubidpluppugfyibpf Skp-
dmpbilynejuyfs gllypqugpuyny Spdumypl dpfufuypocd ufbfdbgfms b df qupp Bnp 4,5-
wnbiquiluyfund 4H-1,2,d-inpfusgny-3-Phnbbp b nconoflunfpfud b Gpuby gy db,
wilplunidbfFpyugduts b ghuwbl@pjugdwl nbuolgpubbpp: Rubplyfus § 4-phighy- b 4-
wiypfp-4H-1,2,d-npfusgny-3-[Ffghbpf LfFpylipynpdfopphin wyhfyugdut nbubgfugp wp-
sunppp Sumspunfnp Shqpocd-ifbpusfudpusfnpnedp :

Neancdivmuppdly B wnwgims dpmgneflynibbpp Salpughgneduypl b Qulpmpoulpnk-
sy SunenlncfGym vibibipp :

SYNTHESIS, TRANSFORMATIONS AND STUDY OF BIOLOGICAL
ACTIVITY OF NEW DERIVATIVES OF 4-PHENYL-,
BENZYL- AND ALLYLSUBSTITUTED 4H-1,2,4-TRIAZOLES

T.R. HOVSEPYAN? S.V. DILANYAN? M.R. HAKOBYAN? N.S. MINASYAN®,
R.G. PARONIKYAN? R.V. PARONIKYAN? and R.G. MELIK-OHANJANYAN?

The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
aA. L. Mnjoyan Institute of Fine Organic Chemistry
b Molecule Structure Research Center
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: tag.hovsepyan@mail.ru

By the intramolecular cyclization of 4-(3-methoxyphenoxy)methyl-1-phenyl-,
benzyl- and allyl-3-thiosemicarbazides in alkaline medium a series of new 4,5-
substituted 4H-1,2,4-triazole-3-thioles have been synthesized and their alkylation,
aminomethylation and cyanethylation reactions have been studied. The rearrangement of
the SH-alkylated product from the reaction of 4-benzyl- and 4-allyl-4H-1,2 4-triazole-3-
thioles with ethylenechlorohydrin was described.
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The anticonvulsant and antibacterial properties of the new 3,4,5-substituted 4H-
1,2,4-triazole derivatives have been investigated.
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CHHTE3 4-S - U N- ®YHKIIMOHAJIBHO 3AMEIIEHHbBIX 3-XJIOPBYT-
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CuHTesnpoBaH psp 4-ankaHtno- n 4-N-3,5-aumetunnupasono- u -ummnpgasono-3-xnopbyr-2-
eHMNochOoHW 6POMMUAOB C BLICOKMMU BbIXOAaMW ankunvpoBaHNeM ankaHT1onos, a Takke 3,5-au-
MeTunnupasona u uMmaasona B NPUCYTCTBUMM SKBMMOSILHOIO KOMNMYecTBa TpuatunammHa 3-xmnop-4-
H6pombyT-2-eHunTpudeHun- n Tpubytundocdonni Gpommaamu. Bnepsble ocyuectsneHo 1,4-
3neKTpogdunbHoe nNpucoeanHeHne 6poma K HeHachIWeHHbIM (POCEOHMEBBIM CONSIM, B HaCTHOCTH, K
6pommnagam 3-xnopbyTa-1,3-gneHTprankundocdoHns, a Takke NofyyYeHbl Ux Komnnekcbl ¢ CuBrs.
BbisiBneHa Bbicokast aHTUbakTepyanbHas aKTMBHOCTb OTHOCUTENBHO CTaUOKOKKOB W AVU3EeHTEpWiA-
HOW Nano4kn NpPon3BosbHO BbIBpaHHbLIX TPeX cepycopepxaLlnx pocthoHNeBbIX Comnen.

Bubn. cebinok 10.

BasxkHelilllee NIOAOKEHUE B apCeHaAe CUHTETUUYECKUX OMOAOTHYECKHU aK-
TUBHBIX COEAMHEHUM 3aHUMAIOT (pochopopraHruuecKre COeAMHEHUs, HaIlleA-
1¥e IIUPOKOe IIPUMEHEHMEe B CEABCKOM XO034HCTBe B KadeCTBe IIEeCTUITUAOB,
repOUIUAOB M POCTPETYASITOPOB PAaCTeHUM, a TaKKe B MEAUIINHE B KaueCTBe
AEeKapCTBEHHEIX IIpenapaToB. Cpeprd HUX 0cOO0e MeCTO 3aHUMAIOT AOCTaTOY-
HO 3(Q@{eKTUBHBIE M MAAOTOKCHUYHBIE (PHU3MOAOTMUECKH AKTHBHLIE 4YeTBep-
TUYHBIe (POC(OHMEBBIE COAM, COAepKalllie pasAudYHble (PYHKIMOHAABHBIE
3aMecTtuTeAu [1-3].

C 3TOM TOYKM 3pEeHUsI CUHTE3UMPOBaHHble HaMu Ha Oaze 1,4-pAuOpoMupa
XAOPOIIpEHa YeTBepTUUHBIEe TpU(peHUA- U TpuOyTuA(OCHOHMEBEIE COAH, CO-
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AeprKalllie aAAUABHBIM aToOM OpoMa, MPEeACTaBASIAM, Ha HAIl B3TASA, IIOTEH-
OUAABHBIA IPAKTUYECKUU MHTEPEeC C TOYKU 3peHHud UX (PYyHKIUOHAAM3ALWH.
W, AeHCTBUTEABHO, UCCAEAOBAHMS TOKa3aAM, YTO KaK TpudeHua- (1), Tak u
TPUOYTUA-4-OpoM-3-XA0pOYT-2-eHUAGOCHOHUM (2) OPOMUABI AETKO pearu-
PYIOT y’Ke IIpH KOMHATHOM TeMIlepaType C aAKaHTHOAAMU B IIPUCYTCTBUU
CTEXMOMETPUUYECKOTO KOAWYeCTBa TPUITUAAMMHA C oOOpa3oBaHUEM COOT-
BETCTBYIOIUX 4-aAKHUACYAB(AHUAIIPOU3BOAHBIX TPUMEHUA- U TPUOyTUAGOC-
doHmeBLIX cored 3-8 ¢ xopommmu BhIxopamu. CIieruarbHO TOCTaBAEHHBIM
OIIBITOM IOKAa3aHO, YTO B OTCYTCTBHE TPUITUAAMMHA peaKIUu He UMEeIOT
MecTta. O6pa3oBanme PocPOHMEBHIX CoAel 3-8 mpeacTaBASeTCS HaM IIpOTe-
KaWIIUM II0 CXeMe HYKAeO(HABHOIO 3aMellleHus aTtoMa Opoma B ocdo-
HHUEBBIX COAgX 1 U 2 reHepUpPyeMBIMU M3 aAKaHTHMOAOB IIOA AeMCTBUEM TPU-
3TUAAMUHA TUOASIT-aHUOHAMM.

P Br R'SH, TOA A SR’
+
R}p-'/VI\/ Toamer Rzp/\/l\/

Br Cl Br Cl
1,2 3-8
R=C¢H;(1); R=C,Hy(2); R=C¢Hs, R'=CH,CH,0H(3); R=C¢Hs, R'=C,H;(4); R=C¢Hs, R'=mpem-C5H,,(5);
R=C,H,, R'=CH,CH,0H(6); R=C,Hy, R'=C,H;(7); R=C4H,, R'=mpem-C5H,,(8)-

ChepyeT oTrMeTuTh, 4TO B MK-cmeKTpax CHHTEe3UPOBAHHEIX 4-S-(pyHK-
IIMOHAABHO 3aMeIleHHBIX 3-XA0pOyT-2-eHUA(POCHOHUEBEIX COAeN HabAlo-
AaroTcsl 3aHMKeHHBle Ha 20-30 cum’! wacTorel moraomenus CH = CCl-pABoii-
HBIX cBfi3el 1o cpaBHeHUio ¢ CH=CH-cBga34MH, 4TO O0OyCAOBAEHO, IIO-BHU-
AUMOMY, OTPHUIIATEABHBIM MHAYKIIMOHHBIM 3(@eKToM aToMa XAopa IIpH
ABOMHOM CBSI3MU.

TeopeTmyeckyn He HCKAIOYAAACh BO3MOKHOCTH OOpa3oBaHusi coaen 3-8
IO CXeMe, BKAIOYarollel B ceOs Ha IepBOM CTapuu OOpa3oBaHUE B PE3YAb-
TaTe 1,4-paciienreHus ocdoHUeBHIX coael 1,2 cooTBeTcTByMOMUX (docdo-
HUEBBIX HHTEPMeAUaToB C 3-xAopOyTa-1,3-AMeHOBOM TI'pPYyHNIUPOBKOM, IIpU-
COEAMHSIONINX Aaree THOABL. OAHAKO HaMM 3KCIIepUMEHTAABHO ITOKa3aHO Ha
npuMepe 3-xaopOyTa-1,3-AueHUATPUNPONIUADOCPOHUN OPOMUAE, UTO B OT-
CYTCTBUE TPHUITHUAAMUHA IIOCAEAHUU He IIPUCOEeAMHSET aAKaHTHOABL. Cam 3-
xAopOyTa-1,3-pueHuATpunponuAdocoHuit Opomup (9) HaMKU CHHTE3WPOBaH
u3 4-6poM-3-xAr0pbyT-2-eHunTpunponurdochonuit 6pomupa (10) peictBuem
TpUsTHAAMUHA B XxAopodopme npu 09C 1Mo aHarorumM C paHee MOAYYEeHHBIM
TPUOYTUABHBEIM aHAAOTOM [4].

g/\/y\/Br T3A, 0C M N )
Pry —>CHC13 Pr, Et;N HBr

Br Cl Br Cl
10 9

C 1eABIO0 OAYYEHHUSI CXOAHO IIOCTPOEHHOTO §-TUOYPOHHEBOT'O IIPOU3BOA-
HOTO TPUOYTUADOCHOHUEBON COAU 2 IOCAEAHS OblAa BOBA€UEHA B PeaKIUio
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C THOMOYEBHHOUW B IPUCYTCTBUM TpuUdTHAAMUHA. OAHAKO B KadecTBe
€AMHCTBEHHOTrO IIPOAYKTA PEaKIMUU OBIA IIOAYYEH IPOAYKT 1,4-paciienieHus
— 3-xnopbyTa-1,3-auenTpudytusdocdonnt 6pomup (11). TeopeTnuecku He
HMCKAIOYAEeTCsI BO3MOJKHOCTL oOpas3oBaHms dochonHmeBoi coanm 11, ¢ yaeTom
BBICOKOUM PEaKIMOHHOCIOCOOHOCTH THOMOYEBUHBI, U3 O’KHAAEMOTO THOYPO-
HIEBOT'0 MHTepMeAMuaTa Mo cxXeMe:

N NH-HBr
1/\/'\/9“ (NH,),C=S , TAA Vl\/’\/scf —
B“g- & — 7y Bué_ ) & 4 TNH, -T3A- HBr,
" roH (NH,),C=S
Bu3M
Br Cl

11

Aaree ¢ IeABIO NOAYYEHHUSI CMENIaHHBIX (POoCchHOHMOCYAB(POHUEBBIX CO-
Aell ObIA@ CAeAdHA IIONBITKA S-aAKUAWPOBAHUS CHHTE3WPOBAHHBIX HaMU
dochoHUEBBIX COAeH 3-8 TaKMMM PeaKIMOHHOCIIOCOOHBIMU SAEKTPOPUAAMH,
KaK anVA- ¥ IponapruabpoMuabl. OAHAKO TTOCTABAEHHBIE ONBITHI HE yYBEH-
YaAUCh YCIIeXOM, IIO-BUAMMOMY, M3-3a IIaCCUBAIlUK ABYXBAA€HTHOI'O aTOMa
Cephl DAEKTPOOTPULIATEABHBIM (POCHOHMEBBIM (DParMeHTOM.

CxopHO € POCHOHUEBLIMU COASIMU 3-8 HaM YAAAOCH OCYINECTBUTH TaK-
Ke cuHTe3 3-XA0p-4-N-3,5-AUMeTUATINPa30A00yT-2-eHUATpUdeHUADOCHO-
HUHM 6pommpa (12) BlaummopercTBreM dochonHmeBoM coam 1 u 3,5-puMeTmA-
Mpa3oAa B IPUCYTCTBUU TpudTUAaMuHA. OAHAKO IIPU UCIIOAB30BaHUU B Ka-
JecTBe peareHTa B TOW JKe pPeaKIUM UMUAA30Aa BMECTO OKHMAAEMOTO IIPO-
AVKTa HYKAEO(UABHOTO 3aMeIleHUs OBIAM IIOAYYEHBI AMIIL TpugeHUAdOC-
(pUHOKCUA ¥ TPUITUAAMHUH OPOMTHAPAT, OOpa30BaBIINECS, IO BCEH BEPOSIT-
HOCTH, BCAEACTBHE HYKAEO(MHUABHON aTaKd aMMHA II0 IIOAOKUTEABHO 3apsi-
>KeHHOMY aToMy docdopa coau 1 ¢ nmocaepyromiel pparMeHTalell IpeAmo-
AaraeMoro WHTEepMeAraTa C MSITUKOBAAEHTHBIM aToMoM docdopa. OpHAKO
HaM yAAAOCH IOAYUUTHL OPOMTHAPAT MMUAA30ABHOTO IIPOM3BOAHOTO 13 B3au-
MopencTBueM (pochoHMEeBOM COAM 1 ¢ MMHAA30AOM B OTCYTCTBUE TPHUITHUA-
aMuHa.
N N=

N

\ , TRA + / ,L /
;Phﬂ’/\ﬂ\/

Br H Br Cl
N
PhSV\/y\/ ) 12

g W
> TIA
Br @ =" (CeHs);PO + (CHs);N-HBr

¥ =
4_&@ Ph M\/QQ
]%r- Cl o
13

Tpubyruarbabie aHaroru POCPOHUEBLIX cored 12 u 13 ¢ MMpa30ABHBIM U
UMUAQ30ABHBEIM IMKAAMH 14 u 15 HaMU CHHTEe3UpPOBAHBI C IIOMOIIBIO peak-
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OUM HYKACO(DUABHOTO NPUCOEAMHEHUS A30TUCTBIX HYKACO(MHUAOB K 3-XAOp-
Oyta-1,3-pmeHurTpudyTUAdOChOHUM OpoMmupy (11).

X N=
A Al
; Bu3N\/
Br cl
Bué};,_/\/ll\ — ! 14 N
r 11 N =
LU B/\/l\/v

Br Cl

15

PaHee OBINO yCTAHOBAEHO, UTO AueH(pocdoHUeBas coab 11 Aerko pearu-
pyeT ¢ (hbeHUATHAPA3MHOM C OOpa3oBaHHEM INPOAYKTa 1,4-IpucoepuHeHUs,
TIOABEPTAIOIIErOCd B IIpPOIlecCe PeaKIUU CaMOCTOITEABHOMY AETHUAPHUPOBA-
Huto [9]. Hamu ocyimecTBaeHa Ta >Xe peakuusa ¢ 3-xaropb6yra-1,3-AHeHuA-
TpunponuAdocdoHult 6poMuAoM (9), IPUBEAIIas K COOTBETCTBYIOIIEMYy (e-
HUATHAPa30HOBOMY ITPOU3BOAHOMY 16.

e VN E—/\/I\/NHNHPh L
Pr; + PhNHNH, —> |Pr3P”
Br Cl Br ¢l
9
N
— Pr35“/\/l\/ “NHPh
Br Cl

16

Hamm 6BIAM M3y4YeHBI TaKKe peaknum (pochoHmMeBON coam 9 U C psIAOM
apyrux NH- nm CH-HykaeodHAOB, Kak, HalpuMep, He3aMellleHHBIU T'HMApa-
3UH, THAPOKCHUAAMUH, alleTUAAlleTOH. Bo Bcex cayuasax B SIMP H CIIEKTPax
TIOAYUYEHHBIX COEANHEHUM HAOAIOAQIOTCS HApSAAYy C APYTUMU HEM3BECTHBIMU
XapaKTepHble CUTHAABI O’KHAQeMBIX aAAYKTOB, OAHAKO, K COJKAAeHUIO, BBIAe-
AUTBH U UAeHTUPUIINPOBATH UX B YHCTOM BUAE HE YAAAOCH.

ChepyeT OTMETUTh, YTO B OTAWYME OT HEeHACHII[eHHBIX aMMOHHMEBBIX CO-
Aell B AMTepaType INPaKTUYeCKU OTCYTCTBYIOT AQHHBIE IO PeaKIUsIM dSAeK-
TPO(PUABHOIO NIPUCOEAWHEHUS, B YaCTHOCTH, TAaAOT€HHUPOBAHMS, T'MAPOTaNo-
TeHUPOBaHUA U Ap. o,B-HeHacHIIeHHBIX (POCHOHUEBBIX COAEHM, UTO OOBsC-
HSETCS, MO-BUAUMOMY, HaAuWuMeM OOABIIOTO d-OpOHUTAABHOTO PpPe30HAHCa,
CIIOCOOCTBYIOIIETO PEeaKOUIM HYKAeO(UABHOIO NPUCOEAWHEHUS. B AuTepa-
Type MBI HAllIAM AWNIL OAHO coobmjeHme Kioxa m I'pelicoHa, mocBsinieHHOE
OpOMUPOBAHUIO TPUOYTUABUHUADOCPOHUN OpPOMUAA MOAEKYASIPHBIM OpoO-
MoM [6]. OpHAKO, K COJKaAeHUIO, B 9KCIIEPUMEHTAABHON 4aCcTHU HeT HUKAaKUX
apryMeHTUPOBAaHHBIX AQHHBIX OTHOCUTEABHO CTPYKTYPhl KOHEYHOTO IIPOAYK-
Ta. [To3pHee B aaboparopun OOC MOX HAH PA na npumepax TpudeHU-
Aarrmagocdorur 6poMuaa, a Takxke 1,4-6ucdocdonmeBbix coreit ¢ 1,3-pue-
HUAEHOBBIM OOIIMM pAAUKAAOM OBIA@ YCTAHOBAEHA IIOAHAS WHEPTHOCTH
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ABOMHBIX CBsSI3€l IO OTHOLIEHUIO K MOAEKYyASIpHOMY Opomy. B obomx cay-
yasix B pe3yAbTaTe IIPOBEACHHBIX PeaKIMM aTaka OpoMa HalpaBASeTCS Ha
TaAOHMAHBIE QHWOHEI, BCAEACTBHeE 4Yero o0pa3yioTcs (ocOoHHMEBBIE COAU C
KOMIIAeKCHBIMU aHmoHamu Bry™ [7].

B oTAmure OT BBIIIECKA3aHHOTO, HAIIW IIOCAEAYIOIINE NCCAEAOBAHUS I10-
KazaAM, YTO TPUNPONMA- U TpudbyTHuAdochonueBsle corn 9 u 11 ¢ 3-xropOy-
Ta-1,3-AMeHOBOM I'PYNIIMPOBKOM AETKO IIOABEPraroTca OPOMUPOBAHUIO MOAe-
KyAsIpHBIM GpoMoM mipu Temmepatype -5°C B xaopodopMe ¢ o6pa3oBaHueM
IpOAYKTOB 1,4-mpucoepnHenus 17 u 18. B3aumopeticTBueM ke ¢ocdoHue-
BeIX conert 9, 11 ¢ CuBry B MeTaHOABHOM pacTBOpe HaMU IIOAYYEHBI COEAU-
Hennsa 19, 20, B Y-cmekTpax KOTOPBHIX MMEIOTCS XapaKTepPHBIE AAS KOMII-
AEKCHBIX COEANHEHUMN IOTAOMIEHUS IPU A/ HM 345 1 350, COOTBETCTBEHHO.

e Yl - R3P+_/I\/I\/Br

Br cl Br Br Cl
9,11 17,18
CuBr, ’
X
R3p_/\/l\ © CuBr,
Br Cl
19, 20

R=C3H, (9, 17, 19); R=C,H, (11, 18, 20).

[MTpou3BoABHO BEIOpPaAHHBIE HAMM CepycoApepsKalliie coepmHeHus 3, 7 u 12
UCIBITHIBAAUCH Ha AHTHOAKTEPHUAABHYIO aKTUBHOCTb IO MeTopuKe [8] mpu
OaKkTepuarbHOMN Harpys3ke 20 man MUKPOOHEBIX TeA Ha 1 ma cpeppl. B ombrTax
HUCIIOAB30BAAMCH  TPAMIIOAOKUTEABHBIE  CTA(UAOKOKKU  (Staphylococcus
aurens 209p, 1) u rpamoTpuniatTeArbHble marouku (Sh. Flexneri 6858, E. Coli
0.55). PacTBOpBI COepMHEHHM U KOHTPOABHOIO IIpelapaTa TOTOBHAMCH B
AMCO B passepenun 1:20. Ha gamkax IleTpu ¢ moceBamMu BBIIIEYKa3aHHBIX
IITaMMOB MHUKPOOPTAHU3MOB HAaHOCUAMCH PACTBOPHI UCIBITYEMBIX BEIECTB B
obweme 0.1 mz. YueT pe3yAbTAaTOB IIPOBOAMACS IIO AmMaMeTpy (d, mm) 30H OT-
CYTCTBMSI POCTa MUKPOOPraHM3MOB Ha MeCTe HaHeCeHHS BeIeCTB IIOCAe CY-
TOYHOTO BBLIPAIIMBAHMS TeCT-KyAbTYp B TepMocTtaTe npu 37°C. B kauecTse
IIOAOSKUTEABHOI'O KOHTPOASI UCIIOAB30BaACS AeKapCTBEHHEBIN IIpenapaTr dypa-
30AMAOH [9].

B pesyabTaTe mMpoBEAEHHBIX MCCAEAOBAHUM BBHIIBA€HA BHICOKAs aHTHUOAK-
TeprarbHasi aKTUBHOCTH MCIBITYEMBIX BEIeCTB B OTHOIIEHWU CTa(PUAOKOKKOB
W AM3EHTEPUUHOMN NMAaAOYKHU B 30He AuaMeTpoM 28-31 mm, HECKOABKO IPEBOC-
XOAAIagd aKTUBHOCTE (pypasornpoHa (d = 23-25 mm), a OTHOCHUTEABHO KHU-
meuyHo¥ narouku (E. Coli 0.55) — ymMepeHHasd akTUBHOCTB (d = 15-17 mwm).
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JKCIepUMEHTAIbHAA YaCTh

®QocdonreBbie coan 1 m 2 CHUHTE3WPOBAHLI IO M3BECTHON METOAUKE
[10]. UK-cnekTpel peructpupoBaHbel Ha npudope «Specord UR-75» B xaopo-
dopme, YO-cnekTpsl — Ha npubope «Specord UR-50». Crnekrpsl IMP 'H u
31P cmaTel Ha cmekTpoMeTpe «Varian Mercury-300» [300.077 MI'y (*H) n
121.47 MI'y (3'P)] mpu 303 K C MCIOAB30BAaHMEM B KadyeCTBE PACTBOPUTEAS
cMecs DMSO-dg-CCly (1:3). XumMuueckue CABUTHU IIPUBEAEHBI OTHOCUTEABHO
TMC (1H) u 85% H3;PO, (3!P).

4-[(2'-Tuapoxcn)dTUaA| cyabdpanua-3-xaopoyT-2-enuarpudeHuadocponuii
opomun (3). K pactBopy 1 2 (2.0 mmona) cormn 1 u 0.16 2 (2.0 mmonsa) 2-cyabda-
HUADTAHOAA B 15 M xA0podopMa, oxaakaeHHOMY A0 -50C, mpukamnaau 0.2 2
(2.0 mMmona) TpUaTHMAAMUHA. PeakIIMOHHYIO CMeCh IIepeMEelINBaAd B TedeHUe
8 u 1 obpabotaru BOAHBIM pacTBOpoM NayCOj. OpraHuyecKuu CAOM OTAEe-
AuAY, BeicymmAu Hap CaCly, OTUABTPOBAAU M PACTBOPUTEAb YAAAUAU B Ba-
KyyMe. OCTaTOK NPOMBIAM O€H30A0M, abC. 3(DUPOM U BBICYUIIMAU B BaKyyMe.
I[Moayumam 0.85 2 (83.7%) coam 3. Hamipeno, %: P 6.42; Br 15.49.
Cy4Hy5BrCIOPS. Brruucaeno, %: P 6.11; Br 15.76. MIK-cniekTp, Vv, et 1555,
1590, 1620, 3020, 3050, 3300. Cnektp AMP H (8, m.a., Iy ): 2.33 (1, 2H,
J=7.4, SCH,CH,OH ); 3.49 (t, 2H, J=%.4, SCH,CH,OH u a, 2H, J=3.3,
=CCICH,S); 4.55 (ym.c, 1H, SCH,CH,OH); 4.72 (aan, 2H, J;=16.3, J,=7.6,
PT*CH,CH=); 6.08 (ta, 1H, J;=7.6, J,=6.6, PtCH,CH=); 7.66-7.98 (m,
15H, P*Phj). Cnekrp AMP 31P: § 27.05 (c).

4-Otuncyabpanui-3-xyopoyT-2-enmiarpupenniapocponunii 6pomun (4). OubIT
TIPOBOAUAU @HAAOTMYHO IIpepbipyiieMmy. M3 1 2 (2.0 mmona) coanm 1, 0.12 2
(2.0 mmona) srantrora u 0.2 2 (2.0 mmons) TpusTUAaMuHa B 15 mr xaopodop-
Ma noayumaum 0.8 2 (81.4%) coam 4. Hatipeno, %: P 6.09; Br 15.97.
C,4HysBrCIPS. Borumcaeno, %: P 6.31; Br 16.28. MK-cmekTp, v, en’™: 1570,
1595, 1620, 3020, 3050. Cnektp SAMP 'H (8, ma., Ty): 1.11 (1, 3H, J=7.4,
SCH,CH3 ); 2.28 (k, 2H, J=7.4, SCH,CH3); 3.42 (a, 2H, J=3.3, =CCICH,S);
471 (ap, 2H, J;=16.2, J,=7.6, Pt*CH,CH=); 6.00 (ta, 1H, J;=7.6, J,=6.6,
P*tCH,CH=); 7.68-7.93 (M, 15H, P*Ph;). Cunexrp SIMP 31P: § 27.03 (c).

4-(2-Metuadyrui)cyabpanui-3-xaopoyr-2-eannrpudenuiadochonnii Gpomua
(5). OUBIT TPOBOAMAM aHAAOTUYHO TpeAbipyIemy. M3 1 2 (2.0 mmons) coan 1,
0.21 2 (2.0 mmona) 2-metundbyrantuora u 0.2 2 (2.0 mmona) TpusTHUAAMUHA B 15
mn xpropodopma nmoayuuau 0.8 2 (74.9%) coam 5. Havipeno, %: P 6.03; Br
14.78. Co;H3,BrCIPS. Beruucaeno, %: P 5.81; Br 14.99. Cnekrp AMP H (3,
m.A., Ty): 088 (r, 3H, J=%3, (CHj3),C(CH,CH3)S); 1.18 (c, 6H, 2.28
(CH3),C(CH,CHjy)S); 1.45 (x, 2H, J=7%.3, 3(CHj3),C(CH,CHj3)S); 3.40 (a, 2H,
J=3.3, =CCICH,S); 4.70 (ap, 2H, J;=16.4, J,=7.6, PTCH,CH=); 6.00 (Ta,
1H, J;=7.5, J,=6.5, PTCH,CH=); 7.68-7.97 (M, 15H, P Phs). Cnekrp IMP
31p: § 26.61 (c).
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4-[(2-Tuapoxcu)raTHi]cyabhanui-3-xXJaopoyT-2-eHuaTpudyruiadochonuii 6Gpo-
Muj (6). OIBIT IPOBOAUAU @HAAOTUYHO IpeAbipymiemy. M3 1 2 (2.2 mmons) co-
A 2, 0.17 2 (2.2 mmona) 2-cyabpanmastanora u 0.22 e (2.2 mmons) TPUITHUA-
amuHa B 15 ma xropodopma noayuuau 0.6 2 (60.9%) coam 6. Hatipeno, %: P
6.81; Br 17.53. C1gH33;BrCIOPS. Briuucaeno, %: P 6.93; Br 17.88. IK-cnekTp,
v, em't: 1620, 3400. Cunektp SIMP 'H (5, m.a., Ty): 1.0 (T, 9H, J=7.1, CHj,
C4Hy); 1.4-1.64 (v, 12H, B,y-CHy C4Hg); 2.32-2.45 (v, 6H, a-CHy, C4Hg); 2.54
(r, 2H, J=7.4, SCH,CH,OH ); 3.40 (ap, 2H, J;=16.3, J,=7.6, P*CH,CH=);
3.598 (T, 2H, J=7.4, SCH,CH,OH u a, 2H, J=3.2, =CCICH,S); 4.70 (ymu1.c,
1H, SCH,CH,OH); 6.30(ta, 1H, J;=7.6, J,=6.6, PTCH,CH=). Cnekrp AMP
31P: § 40.05 (c).

4-Otuncyabpanui-3-xJ10poyT-2-eHuaTpudyTuiadoconunii 6pomun (7). OnbT
IIPOBOAMAM @HAAOTHYHO Mpepbiayimemy. M3 1 2 (2.2 mmons) coam 2, 0.14 2
(2.2 mmona) stantuora u 0.22 2 (2.2 mmons) TpuaTUAaMuHa B 15 mn xaopodop-
Ma noayuuau 0.78 2 (82.2%) coam 7. Hatipeno, %: P 7.35; Br 18.22.
C,gH3;BrCIPS. Brorumcaeno, %: P 7.18; Br 18.54. MK-cmekTp, v, cm™: 1635,
3020. Cnektp SAMP H (8, m.a., ITy): 1.0 (T, 9H, J=7.1, CH;3, C4Hg); 1.27 (T,
3H, J=7.3, SCH,CHj3 ); 1.4-1.63 (M, 12H, B,y-CH, C4Hyg); 2.32-2.43 (M, 6H, a-
CH,, C4Hyg); 2.55 (x, 2H, J=7.3, SCH,CH3); 3.40 (apn, 2H, J;=16.3, J,=7.5,
PTCH,CH=); 3.54 (p, 2H, J=3.2, =CCICH,S); 6.21 (ta, 1H, J;=7.6, J,=6.6,
P*CH,CH=). CuexkTp SIMP 31P: § 40.10 (c).

4-(2-Metuadyruia)cyibpanui-3-xa0poyr-2-eHuarpudyruidochonnii Gpomus
(8). OTBIT TPOBOAMAM aHAAOTUYHO TpeAbipyIemy. M3 1 2 (2.2 mmons) corn 2,
0.23 2 (2.2 mmona) 2-metmnaOyTaHTHOAA M 0.22 2 (2.2 Mmons) TpUITHAAMUHA B
15 mn xnopodopma moayumam 0.7 2 (67.2%) coam 8. Hatipeno, %: P 6.83; Br
17.01. CoHy3BrCIPS. Beramcaeno, %: P 6.55; Br 16.89. Cnekrp IMP 'H (3,
m.A., Ty ): 099 (1, 9H, J=7.1, CH3, C4Hy); 1.27 (c, 6H, (CH3)2C(CH,CHj3)S);
1.34 (1, 3H, J=7.3, (CH3),C(CH,CHs3)S); 1.4-1.63 (M, 12H, B,y-CH, C4Hg u K,
2H, J=7.3, (CHj3),C(CH,CHj3)S); 2.31-2.44 (M, 6H, a-CH,, C4Hg); 3.40 (aa,
2H, J;=16.1, J,=7.7, P*CH,CH=); 3.51 (p, 2H, J=3.1, =CCICH,S); 6.20
(ta, 1H, J;=%7, J,=5.7, PYCH,CH=). Cnektp IMP 31P: § 40.21 (c).

B3aumopneiicteue 1,4-1udpom-3-xy10poyT-2-eHa ¢ Tpunponwidochunom. K
3cuprOMY pacTtsBopy 6.1 2 (3.81 mmona) TpunponurdocduHa Npu TeMuepary-
pe -109C npukanmaaum 9.9 2 (4.0 mmons) 1,4-Au6poM-3-XxA0pOyT-2-eHa. Peak-
IIMOHHYIO CMeCh IlepeMellIUBaAl B TeUeHue 5 4, PaCTBOPUTEADL OT(PUABTPOBA-
AH, OCTATOK HNPOMBIAM O€H30A0M, abc. 3(pupoM U BEICYIIMAM B BakyyMe. [To-
ayuuam 11.8 2 (75.8%) 4-6pomM-3-xA0pOyT-2-eHUATpUIponuAdochoHUuit 6po-
mupa (10). Hatiaeno, %: C 38.35; H 6.12; P 7.31; Br 19.87. C3HBr,CIP. Bri-
uncaeHo, %: C 38.19; H 6.36; P 7.59; Br 19.58. MIK-cnekTp, Vv, emt: 1620, 3030.
Cnektp AMP H (3, m.a., Ty): 1.12 (T, 9H, J;=7.2, J,=1.4, CH3, C3Hj); 1.49-
1.78 (M, 6H, B-CH,, CsHy); 2.33-2.54 (M, 6H, a-CH,, C3Hy); 3.45 (an, 2H,
J;=16.3, J,=7.6, PTCH,CH=); 4.42 (ym.c, 2H, CH,Br); 6.63 (r.a, 1H,
J1=7.6, J,=6.2, PYCH,CH=). Cnextp SIMP 3!P: § 39.56 (c).
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3-Xnopoyra-1,3-muennarpunponuiadochonnii 6pomun (9). K pacrsopy 1 e
(2.4 mmonsa) corm 10 B 15 mn xropodopma, oxraxaenHomy ao 0°C, mpukama-
Am pactBop 0.24 2 (2.4 mmonsn) TpUITUAAMHUHA B 5 mr xAopodopMa. PeakinoH-
HYIO CMeCh IlepeMeIllIUBaAU B TeueHue 6 y U oOpaboTarn BOAHBIM PAaCTBO-
poM Nay,COs3. OpraHumdyecKuM CAOU OTAeAuAH, BeIcymuau Hap CaCly, ot-
(PUABTPOBAAU U PACTBOPUTEAB YAAAUAU B BaKyyMe. OCTaTOK IPOMBIAU OeH-
30A0M, abc. 3PUPOM M BEICYIIMAU B BakyyMe. [Toayumam 0.65 2 (82.7%) coam
9. Hatipeno, %: P 9.77, Br 24.09. C;3H,sBrCIP. Brruucaeno, %: P 9.47; Br
24.43. UK-cmiekTp, Vv, et 1550, 1595, 3080. Cmekrp AMP 'H (5, m.a., Ty):
1.13 (ta, 9H, J;=7.2, J,=1.4, CHj3 C3Hy); 1.51-1.67 (M, 6H, B-CH, CsHjy);
2.47-2.59 (M, O6H, o-CH,; CsHy); 591 (aa 1H, J3;=26, J,=1.1,
CCl=C(Ha)Hy); 6.30 (ym.c, 1H, CCl=CHa(Hy)); 6.40 (tr, 1H, J=17.0,
PTCH=CH-CCIl); 8.01 (ap, 1H, J;=18.7, J,=17.0, P*CH=CH-CCl). Cuektp
SMP 31P: § 32.70 (c).

B3aumopneiicteue 4-6pom-3-x0p0oyT-2-eHUATpUOYTHWIGOCchoHMit OGpomuma ¢
THOMO4YeBUHOI. K pacTBOpY 1 2 (2.2 Mmoas) corm 2 B 15 ma xropodopma npu-
kanaam 0.22 2 (2.2 mmona) tpusturamuta u 0.17 2 (2.2 mmonss) THOMOUEBUHEL.
PeaxkinonHyio cMech NPOKUISATUAU B TeueHHe 14 y u oOpaboTaru BOAOM.
OpraHmyeckuil cAOM OTAeAuAd, BeicymmAu Hap CaCly, orduasTpoBaru u
PacTBOPUTEAb YAAAUAU B BakKyyMe. OCTATOK NPOMBIAM OeH30A0M, abc. 3du-
poM U BBICYHUIUAM B BakyyMe. [Toayuuau 0.75 2 (76.5%) 3-xropbyTta-1,3-pue-
HUATpUOyTHAGOChOHUN Opomupa (11). Hatipeno, %: P 8.15; Br 21.98.
C,6H3,BrCIP. Berumcaeno, %: P 8.39; Br 21.65. MK-cmekrp, v, cw’: 1560,
1600, 3090. Cmekrp SIMP 'H (5, m.a., Ty): 1.00 (T, 9H, J=7.2, CHj, C4Hy);
1.39-1.65 (M, 12H, B,y-CH,, C4Hyg); 2.42-2.59 (M, 6H, a-CH,, C4Hg); 5.92 (aa,
1H, J;=2.6, J,=1.1, CCl=C(H,)Hy); 6.28 (ym.c, 1H, CCl=CH,(Hy)); 6.39 (T,
1H, J=17.0, PTCH=CH-); 799 (pa, 1H, J;=18.7, J,=17.0, PTCH=CH-).
Cmektp SIMP 31P: § 33.81(c).

3-Xiop-4-N-3,5-nuMeTnanupa3onodyr-2-ennarpupenniapochonnic.  Gpomug
(12). PactBop 0.7 2 (1.4 mmonst) dochonueBont coarm 1, 0.13 2 (1.4 mmons) 3,5-
AuMeTuaniupaszona u 0.14 2 (1.4 mmonn) TpusTuaamMuHa B 15 mr xpopodopma
nepeMelInBaAld IPU KOMHATHOU TeMIlepaType B TedeHHe 6 u U oOpaboTaru
BOAHBIM pacTBOpoM Na)COs. OpraHUYeCKUU CAOM OTAEAUAHU, BBICYIIMAU HaA
CaCly, oThUABTPOBaAM W PACTBOPUTEAb YAAAMAM B BakyyMe. OCTaTOK IIpO-
MBIAM OeH30A0M, abc. 3(hbUpPOM M BBICYHIMAM B BaKyyMe. [Toayumam 0.53 2
(72.04%) coam 12, Tama. 166-1679C. Hatipeno, %: P 6.12; Br 15.49.
Co7Ho;BrCIN,P. Brrumcaeno, %: P 5.89; Br 15.22. Cnexrp SIMP H (5, m.a.,
Iy): 205 u 2.13 (c, 6H, 2xCHjs-ttupa3oa); 4.69 (ap, 2H, J;=16.4, J,=7.6,
Pt*CH,CH=); 4.75 (yu. a, 2H, J=4.2, =CCICH,N); 5.62 (ta, 1H, J;=7.6,
J,=6.3, PTCH,CH=); 571 (c, 1H-iupa3soa); 7.68-7.94 (M, 15H, P*Phj).
Cmektp SIMP 31P: § 26.60 (c).

Bpomruapar 3-xsop-4-N-umuaazo100yt-2-ennarpudenusipocdonnii Gpomuaa
(13). PactBop 0.7 2 (1.4 mmons) docdonueroit coru 1 u 0.1 2 (1.4 mmonn) nmu-
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paszona B 10 mn xropodopMa nepememmnBaru B TeueHue 10 v mpu TeMuepary-
pe 409C. PacTBOpHTEAb YAAAMAM B BaKyyMe, OCTATOK IIPOMBIAM GEH30AO0M,
abc. 3pUpoM M BBEICYIIUAM B BakyyMe. [Toayunuanm 0.6 2 (74.1%) coan 13, T.mA.
126-128°C. Hatipeno, %: P 5.72; Br 27.31. Cy5Ho4BryCIN,P. Brruncaeno, %: P
5.36; Br 27.66. Criektp IMP 'H (5, m.a., Ty): 4.72 (pa, 2H, J1=16.5, J,=7.6,
Pt*CH,CH=); 541 (p 2H, J=3.2, =CCICH,N); 6.80 (ta, 1H, J;=7.5,
J;=6.2, PYCH,CH=); 7.63-8.0 (M, 18H (15H P*Ph3 u 3H-ummpazon)); 9.4 (c,
1H, N*H). Cnekrp SIMP 3!P: § 27.25 (c).

3-Xu0p-4-N-3,5-1uMeTHANHPa30100yT-2-eHUATPUOYTHIDochonmii opomMun
(14). K pactBopy 0.74 2 (2.0 mmons) pocdonueroit coau 11 B 15 mz anleToHUT-
punra npumbasuau 0.2 2 (2.0 mmona) 3,5-pMMeTHMATIEPA3OAd. PeakIIMOHHYIO
CMeCh IIPOKUIISTUAU B TeueHUe 9 u. PaCTBOPUTEADL YAQAUAU B BaKyyMe, OCTa-
TOK IIPOMBIAM O€H30A0M, abc. 3(pUpoM U BBICYIIMAM B BakyyMe. [Toayumau
0.76 2 (81.6%) coam 14. HatipeHo, %: P 6.38; Br 17.47. Cy1H39BrCIN,P. Br-
yncaeHo, %: P 6.66; Br 17.19. MK-cnekTp, Vv, emt: 1620, 1640. Cuexktp SAMP
'H (8, m.a., Iy): 0.98 (1, 9H, J=7.4, CH;3, C4Ho); 1.40-1.64 (M, 12H, B,y-CH,,
C4Hg); 2.1 u 2.15 (c, 6H, 2xCHj-nnupa3oa); 2.30-2.47 (M, 6H, o-CH,, C4Hy);
3.45 (pa, 2H, J,=16.4, J,=7.6, PTCH,CH=); 4.82 (a 2H, J=3.1,
=CCICHyN); 573 (¢, 1H-mupasoa); 6.01 (ta, 1H, 3 =77 J,=6.3,
P*tCH,CH=). Cnexkrp SIMP 3!P: § 40.77 (c).

3-Xiop-4-N-umMmnaaz0s100yT1-2-eHuarpudyruiadoconnii 6pomua (15). OmnwiT
TIPOBOAWAU @HAAOTHMYHO IIpepbipyineMy. M3 0.6 2 (1.6 mmona) dpocdoHMeBOM
conm 11 u 0.11 2 (1.6 mmona) mMmupazora noayuuam 0.55 e (78.6%) coam 15.
Hartipeno, %: P 7.33; Br 17.91. C gH35BrCINyP. Breruucaeno, %: P 7.09; Br
18.29. Cmektp SAMP H (§, m.a., [y): 0.98 (T, 9H, J=7.4, CH;, C,Hg); 1.34-
1.61 (m, 12H, B,y-CH,, C4Hyg); 2.29-2.49 (M, 6H, a-CH,, C4Hg); 3.40 (an, 2H,
J;=16.3, J,=7.5, PTCH,CH=); 5.04 (ymurc, 2H, =CCICH,N); 6.6 (ta, 1H,
J1=7.6, J,=6.3, PYCH,CH=); 7.14 (yurc, 2H, CH=CH-umupazon ); 7.80 (c,
1H-umMupazon). Cuoexrp SIMP 31P: § 40.66 (c).

4-N-®ennaruapa3zono-3-xaopoyra-1,3-nuennarpunponniadochonnic  oGpommn
(16). K pactBopy 0.8 2 (2.4 mmons) dpochouueBont coan 9 B 15 i alleTOHUTPU-
Aa npubasuau 0.26 e (2.4 mmons) deHUATUAPA3UHA. PeaKIIMOHHYIO CMeCh Ile-
peMelBaAu B TedeHue 7 u npu Temneparype 509C. PacTBOpUTEAb YAAAUAK
B BaKyyMe, OCTaTOK ITPOMBIAM O€H30A0M, abc.3(pUPOM U BBICYIIUAM B BaKy-
yme. [Moayuuau 0.8 2 (76.9%) 4-N-denurrnppaszono-3-xaopoyra-1,3-pArieHHA-
rTpunponuAdocdouuit 6pomuaa (16), T.ma. 148-1499C. Haiipeno, %: P 7.36; Br
18.12. CgH3;BrCIN,P. Brruncaeno, %: P 7.15; Br 18.45. Cnekrp SIMP H (3,
M.A., Ty): 1.10 (T.p, 9H, J;=7.2, J,=1.4, CH3, C3Hj7); 1.52-1.75 (v, 6H, B-CH,,
CsHy); 2.3-2.48 (M, 6H, o-CH, Cs3Hy); 3.59 (aa, 2H, J;,=16.3, J,=7.7
PT*CH,CH=); 6.3 (Ta, 1H, J;=7.6, J,=6.1, P*CH,CH=); 6.71 (1, 1H, J=6.9,
p-Hpn, ); 7.05-7.18 (M, 4H, o-u M-Hpy); 7.81 (¢, 1H, CH= N); 10.12 (yur c,
1H, NH). Cnekrp IMP 31P: § 39.19 (c).
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1,4-In6pom-3-x10poyT-2-eHnarpunponuipocdonunii 6pomua (17). K pacrso-
py 0.5 2 (1.5 mmonsa) docdhonuesot coru 9 B 10 sz xropodopMa IpUKaNard
0.24 2 (1.5 mmons) 6poma npu Temuepatype -5°C. TeMIlepaTypy peakIMOHHOM
CMeCH IIOAAEPKUBAAM TIPH IIepeMelIVBaHuM B TeUeHUe 5 4, a 3aTeM AOBEAU
MO KOMHATHOU. PacTBOpPUTEADL YAQAMAU B BaKyyMe, OCTaTOK IIPOMBIAM OeH30-
AOM, abc. 3(UPOM U BHICYIIUAM B BakyyMe. [Toayunanm 0.45 2 (61.5%) docdo-
HueBol coam 17. Haiipeno, %: P 6.08; Br  16.65. C;3H,5Br3CIP. Brruucaeno,
%: P 6.36; Br 16.41. Cmekrp SIMP 'H (5, m.a., Iy): 1.13 (tp, 9H, J;=7.3,
J,=1.4, CHjs, C3Hy); 1.48-1.79 (M, 6H, B-CH,, C3Hy); 2.49-2.63 (M, 6H, a-CHj,
CsHy); 4.48 (ym.c, 2H, CHyBr); 589 (@A 1H, J=16.3, J,=76,
PT*CHBrCH=); 7.1 (an, 1H, J;=18.7, J,=16.0, PTCHBrCH=). Cnekrp AMP
31p: § 45.72 (c).

1,4-In6pom-3-x10poyT-2-eHuaATpUOYTHIOoCchonmii dHpomua (18). OnwrT 1pO-
BOAUAU @HAAOTHMYHO Npepbipayiiemy. M3 0.8 2 (2.2 mmons) pocdhoHMEBOM COAU
11 u 0.35 2 (2.2 mmons) Opoma noayuuau 0.73 2 (62.7%) docdhoHUEBON COAU
18. Hatipeno, %: P 6.07; Br' 15.44. C,gH3;Br3CIP. Brruucaeno, %: P 5.85; Br’
15.11. Cnekrp SIMP H (8, m.a., Ty): 1.0 (1, 9H, J=7.4, CH3, C4Hg); 1.39-1.72
(M, 12H, B,y-CH, C4Hg); 2.52-2.69(M, 6H, a-CH,, C4Hg); 4.5 (ym.c, 2H,
CH,Br); 5.88 (aa, 1H, J1=16.4, J,=7.5, PTCHBrCH=); 7.1 (ap, 1H, J;=18.7
J,=16.0, P*CHBrCH=). Cnektp SIMP 3!P: § 46.88 (c).

3-Xaop06yra-1,3-quenuarpunponuiidochonuii Tpudbpomkymnpar (19). K pacrt-
Bopy 0.34 2 (1.0 mmonsa) pocchonmenBort cornm 9 B 10 mr MeTaHOAa TPUOABUAUM
pactBop 0.22 2 (1.0 mmoasn) 6pomupsa mepu (II) 8 10 mr metanora. CMech nepe-
MeIllUBaAUu B TedeHHe 10 y IpM KOMHATHOM TeMIlepaType U OCTaBUAU Ha CYT-
Ku. MeTaHOA YAQAMAM B BaKyyMe, OCTATOK IPOMBIAM CyXMM OeH30A0M, alc.
3¢upoM u BHICYIIUAM B BakyyMme. [Toayumawm 0.56 2 (100%) coepwnenwust 18,
IIPEeACTABAKIOLIEro COOOU BA3KYyI0 Maccy depHoro nsera. Hampeno, %: C
28.44; H 4.31; Cu 11.65; P 5.78. C3Hy5Br3CICuP. Brruucaeno, %: C 28.29; H
4.53; Cu 11.60; P 5.62. YO-cuekTp (MeOH), A\ ax/Hm: 345.

3-Xaopoyra-1,3-quennarpudyrmwidochonnii Tpudpomkynpar (20). OmbwiT
TIPOBOAUAU @HAAOTHMUYHO TpepbiayiieMy. M3 0.4 2 (1.0 mmons) dpocdoHMeBOM
coan 11 u 0.22 2 (1.0 mmona) Opomupa Mepu noayumau 0.6 2 (96.8%) coepmHe-
Hug 19, mpeacTaBasitoniero coOOM BSI3KYIO Maccy 4epHoOro IiBerta. HaripeHo,
%: C 32.73; H 5.01; Cu 10.84; P 5.45. C;gH3Br3CICuP. Bwruucaeno, %: C
32.35; H 5.22; Cu 10.78; P 5.22. YO-cuertp (MeOH), A\pax/Hm: 350.
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4-S- GU. N-HNFLESPALUL SEOUGUL U U0 3-LLALLNFS-2-
GULPLSCPRANFSPL- 6U -SCPOELPLHNUDN LPAFUUSPL UG P
UhULEEAL: ALAUD 1L, 4-ELEUS/NDPL UhUSNAFUL
L,3-+bELHNUDNLPAFUUSPL TGP

U. & SNULUUhU3U, 9-.0.9-.UUNUL3TL, U U. AhRUEK23UL, U. U. MN1.NU3TL,
. U. LPLA3UEYL, O €L MUELNLPYSTL U Q- U USEHUL3UL

Upftgfty & dp yupp d-uylyutsfdfn-, pligughu Gl 4-N-3,5-whullifd fyufppugnyn- b -fulf-
gy n=3-pynppacin-2-kify prupaiifncd ppndpghbp pupdp byplpm wylub@pnibpp , fig-
wpbu Sle 3,5-qpulbifIpyfrpugrip b pdpugnyf wphfydudp 3-pinp 4-ppndpocn-2-Eifympp-
plupy- b npppnenpyGruaifincd ppndfgbibped, Lidfuln puliwlnd wpplfdfyudfip bbp-
plunpsfms bpkp Sdnudp wpmpniiuhny dfgn ynidibpp gneguphpned B pupdp winf-
puddpmbipfusy wlpnfufnc o wnmpyulnlbbpp b gpgpiunbppsy &ogplibpp g dudp:
Ursus s wibssgasssd pposslyustossgifliy § ppodp 1,4-Eililpnpndfy dpugned §Qmalgud $nupniif-
dusyfris wgbipfhs, dwdbmfnpugbo” oppughfy -3-pyapprcnw-1,3-ghbify $ou$nipncd ppo-
dpibppi:

SYNTHESIS OF 4-S AND N-FUNCTIONALLY SUBSTITUTED
3-CHLOROBUT-2-ENYLTRIBUTYL- AND -TRIPHENYLPHOSPHONIUM
SALTS. 1,4-ELECTROPHYLIC ADDITION OF BROMINE
TO 1,3-DIENEPHOS-PHOSPHONIUM SALTS

M. Zh. OVAKIMYAN, G. Ts. GASPARYAN, A. S. BICHAKHCHYAN,
A.S. POGHOSYAN, F. S. KINOYAN, R. V. PARONIKYAN and G. M. STEPANYAN

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

A number of 4-alkanethio- and 4-N-3,5-dimethylpyrazole- and imidazole-3-
chlorobut-2-enylphosphonium bromides have been synthesized in high yields by
alkylation of alkanethioles, 3,5-dimethylpyrazole and imidazole with 3-chloro-4-
bromobut-2-enyltriphenyl- and tributylphosphonium bromides in the presence of
equimolar quantity of triethylamine. The high antibacterial activity of three randomly
choosen synthesized sulfur-containing compounds has been revealed. For the first time
1,4-electrophylic addition of bromine to o,B-unsaturated phosphonium salts has been
realized, in particular, by interaction of trialkyl-3-chlorobuta-1,3-dienylphosphonium
bromides with bromine in chloroform the appropriate 1,4-addition products were
obtained.
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IMocTtynmao 8 II 2016

Llenbto gaHHon paboTbl SBMANOCH CPaBHUTENbHOE WU3yYEeHUE aHTUpPauKarbHOW akTUBHOCTW
(NaBoOHOMAHbIX KOMMOHEHTOB COLIBETUN GeCCMepTHMKa KpacHOBAaTOro, MiofAoB PacTOPOMLM MHAT-
HUCTOWM M MakIopbl OPaHXeBOW CNekTPopoTOMETPUYECKMM METOAOM C NMpUMEHEeHWeM cBOOOLHOrO
pagvkana —2,2-andeHnn-1-nukpunrmgpasuna. NokasaHo, YTO NPEeHUNMPOBaHHbIA U30NaBOH —
nomMudepuH, MOMyYeHHbIA M3 MakMiopbl OPaHXEBOW, W ero CMeCb C APYrMM MPeHUNIMPOBaHHLIM
1n30(priaBOHOM — OCauHOM, MMEIT Oornee BbIPaXEHHYI aHTUpaguKanbHYl akTUBHOCTb, YeM
ocTanbHble nccnegyemble obpasupi.

Puc. 4, Tabn. 2, 61bn. ccbinok 7.

Cmech (PAABOHOUAHBIX COeAMHEHUMN ((pAaMuH), BbIpeAsieMas U3 COIlBe-
TN G6eccMmepTHHKA IlecuaHoro (Helichrysum arenarium /L./ Moench,), uc-
TIOAB3YETCS AAG AeUeHUS XOAEIIUCTUTOB, rellaTOXOAEIUCTUTOB, a TakXe ApPY-
rux 3a0OAeBaHUM ME€YEHU U JKEeAUHBIX IIyTed. OCHOBHBIMM AKTUBHBIMM HH-
rpepveHTaMu (hAAMUHA SABASIOTCS (PAAGBOHOUABI CAAUIypIio3up (1), msocanu-
nypno3up (2), anureHuH (4), HapuHreHUH (5) U Kemidepon (3) (puc. 1) [1].
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Puc. 1. OcHoBHble KOMNOHEHTLI NpenapaTta gnamuH: 1. canunypnosug, 2. usocanunypnosug,
3. kemndpepon, 4. anureHvH, 5. HapUHreHVH.

Panee [2] OBIAO NTOKA3aHO, YTO B KAaUeCTBE CHIPbSI AAS IIOAYYEHUS Aa-
MHMHQ, KpoMe OecCcMepTHHKAa IIeCYaHOTO, MOJKHO HMCIOAB30BaTh U HGeccMepT-
HUK KpacHoBaTeM (Helichrysum rubicundum (C. Koch) Takht.).

B kauecTBe 3(p(PeKTHUBHBLIX IellaTONPOTEKTOPHBEIX CPEACTB B COBPEMEH-
HOW MeAWIVHEe NPU3HAHBI IIpeNapaTthl, CoAepsKallye cMech (PAABOAWTHAHOB
(cmAmMapuH), KOTOpasli IIOAYYaeTCs W3 TAOAOB PACTOPOIIIN IISITHUCTOU
(Silybum marianum /L/ Gaertn.) [3]. [AaBHBIMM KOMIIOHEHTaMU CHAUMapuHa
SIBASIIOTCSI (DAQBOAUTHAHBI CUAUOUWH (pUC. 2 &) U CUAUAMAHUH (pUC. 2 0).

Puc. 2. KoMNoHeHTbI cunumapuHa: a) cunmbuH, 6) cunuanaHuH.

B naopax Makaropel opaHkeBol (Maclura pomifera (Raf.) Schneid.) co-
AepKaTcsd OUOAOTUYECKM aKTUBHBIE MIPEHUAMPOBAHHBIE W30(PAaBOHOUABI
ocauH u noMmudepun (puc.3). HacTolku, moaydaemble M3 TIAOAOB, HCIIOAB-
3YIOTCS B HAPOAHOU MEAUMIIVHE AAS A€UEHUS LIMPOKOrO CIIeKTpa OOAe3HeH, a
TIAOABI MAGKAIOPHI CAY’KAT CHIPbEM AAS IIPUTOTOBAEHUS TaK’Ke Pa3AWUHBIX Ae-
JyeOHBIX Ma3eln.
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Puc. 3. CtpyktypHas copmyna ocauHa (R=H) u
\/\l R Nomudepura (R=OH).

3a
4a

52 OH

W3BecTHO, 4TO (PAABOHOMAHBIE COEAWHEHMd, OAaropaps COAEP’KaHUIO B
CBOEU CTPYKType (PEHOABHBIX TMAPOKCHUABHBIX T'PYHI, OOAQAQIOT aHTHMOKCH-
DAHTHOM, aHTHUPAAUKAABHOM aKTHUBHOCTBHIO, OOYCAOBAMBAIONIEN IMTUPOKUU
CIIEKTP UX A€YeOHBIX CBOMUCTB. [IpepACTaBASIAOCH MHTEPECHBIM M IleAecO00-
PasHBEIM NIPOBECTH CPAaBHEHUE aHTUPAAUKAABHON AKTHUBHOCTH BBIAEAEHHBIX
HaMmu paHee paamMuHa [2], cuauMapuHa [3] u cMecu ocauH-ioMudepuH [4].

3KC1’[epl/IMeHTa.TILHaﬂ 4acTb

MarepuaJibl M METOAbI

AAS UCCAeAOBAaHUSA aHTUPAAUKAABHOU aKTHMBHOCTU B KaueCTBE HCIEBITYe-
MBIX BeIlJeCTB MCIIOAB30BAAUCH (DAAMUH, IIOAYUEHHBIN U3 1IBETKOB OeccMepT-
HMKa KpacHOBATOTO, PAacCTyIllero B ApMEHWUM, CHUAMMApWH, BBIAGACHHLIN M3
CeMSH PacTOPOIIY ISTHUCTOM, COOPAHHBIX B Aplaxe, NoMU(MEPUH U CMeCh
ocavHa U NoMU(EepPUHa, IIOAYUYeHHBIX U3 IIAOAOB AepeBa MAaKAIOPHI OpaHiKe-
BOY, MHTPOAYLIUPOBaHHON B EpeBaHe, a Tak’Ke cMeCh CUAUMapuHA U (pramMu-
Ha.

AAsT U3MepeHUsT aHTHUPAAUMKAABHOM aKTHUBHOCTH MCIIOAB30BaH paHee
ONMCAHHBIN cHeKTpodoToMeTpudecKu MeTop [5]. OnpepereHUS ITPOBOAU-
aucek crnekrpodortomerpom “Helios (Termo Electron corp.)” mpu AAmHeE BOA-
HBL 515 Hm. B KauecTBe CBOOOAHOIO pajpMKaAa MCIIOAB30BAACH 2,2-AM(EHUA-
l-murpuaruapasun (ADIIL, CigH9N504, Sigma Aldrich GmbH, M=2394).
AAS IPUTOTOBAEHHUS PACTBOPOB HCIIOAB30BAACSH ABA’KABI IIepPEerHAHHBIN, BHI-
CYILIEHHBIM MOAEKYASIPHBIMU CUTAMU, aOCOAIOTHBIA METAHOA.

HcneiTyeMble BelllecTBa U3y9aAUCh TpeMs TPYINaMy B pa3Hble AHM.

W3BecTHO, 4TO Me>XAY KOHIIEHTpalued U ONTUYeCKOM NAOTHOCTBIO Be-
LIeCTBa CYLIeCTBYET AMHEWHAsA 3aBUCUMOCTB [0], IIO3TOMY AAS KOPPEASAIUOH-
HBIX PacyeTOB OBIAM HCIIOAB30BaHBI ABA METAHOABHBIX pacTBOpa C M3BECT-
HeMu KoHUeHTpanusymu ADTIT (20x107° u 2x107 2/1), a AAST pacyeToB ypas-
HEeHUM KOPPEASIIMOHHBIX IPIMBIX IIPUMEHSIAU ypaBHEHHe IIPSIMOU 10 KOOp-
AMHaTaM ABYX TodeK [7]. Tak KakK AAS KOPPeASIMU UCIOAb30BaAacCh 3aBUCH-
MocThb KoHIleHTparuu (C, ock Y) oT ontudeckou naotHocTtu (D, ock X), To B
HallleM CAyYae YpaBHEHUE BBITASIAUT CAEAYIOIIMM 00pa3oMm:
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rae D; — omrmyeckas IAOTHOCTH pacTBopa ADIII ¢ KoHmeHTanmuei 2x107
e/n (Cq); Dy — ontmueckas maoTHOCTE pactBopa A®DIII ¢ KoHIleHTaruen
20x10° 2/1 (C9); D — wu3MepeHHass ONTHYECKAas IIAOTHOCTbH METaHOABHOTO
pactBopa cmecu A®II ¢ umcnbityembiMu ob6pasiamu; C — paccuyuTaHHas
BEAWYMHA KOHIIEHTPAIMK, COOTBETCTBYIOIIEN ONTUYECKOMN IIAOTHOCTHU D.
BcTaBuB onpepereHHBIe HaMU ONTHYECKUE IIAOTHOCTU AASI METaHOABHBIX
pacTBopoB 20x10° m 2x10° 2/7 B ypaBHeHHe, MBI IIOAYYHAH VIIPOIIEHHOE
YpaBHEHHE KAAMOPOBOYHOU IIPSMON:
15-D 15 -0,
_(D: -D, D,-D,

+ E:I -107%

(1)

Aanee pacCUUTHIBAAUCE KOPPEASIIIOHHBIE YPaBHEHUS AASI KasKAOU TpyII-

MBI BEIeCTB, OMPEAEASIAMCH KOHIIEHTPAIUM OCTATOYHOTO KoAamdyecTBa ADIIT

B cMecax(C), Ha OCHOBe KOTOPBEIX — AKTUBHOCTH WUCHBITYEMEBIX BeIJeCTB B
nponeHTax(A).

C-100

- - 2
20 -10-% ?

A=100 -

OnpenesieHue AaHTUPATUKAIBHON AKTUBHOCTH

Mast ipuroroBaenus ADIIT B mMeTaHoAe ¢ KOHIeHTparmen 20 X 107 2/
pactBopuau 2 me ADIII B 100 sz aBCOAIOTHOTO METAHOAQ, U MO METOAUKE
[5] HA Ka)RABIM HCCAeAyeMEBIN oOpasen, OpaAu IO 2 mi IOAYYEHHOTO PacTBO-
pa.

AAsT RoppeasiiuoHHOro Tepepacuyeta K 1 mz pactBopa ADIIT KoHIEHT-
panuu 20 X 107 2/n p06aBA€HO 9 M1 METAaHOAA, IPUTOTOBACHO 10 mz pacTBopa
¢ rournentpanuenn ADIIT 2 x 10 2/z, u3MepeHa ONTUYECKast MAOTHOCTb KC-
XOAHOTO M pa30aBAE€HHOTO pPacTBOPOB Ipu 515 um (Tada. 1).

Tabauya 1
JlaHHBIE VISl pac4yeToB KOppesuuii
CMech cuauMapuHa U (aa- Homugepus, cmeck Dramuna
ocauHa U
MHUHa U CUAMMAapUH
noMmudeprHa
KOHIIEHT- | OITUYe- | KOHIEeHT- | OITUYe-
KOHIIeHTpaIus
AT ONTAYECKAas | panus cKas panusa cKasg
(x 10°5 2'/ﬂ) IAOTHOCTBD AOTIT, TIAOT- ADITT, TIAOT-
(x10%52/1) | moctb | (x10%2/1) | HOCTh
20 0.496 20 0.348 20 0.404
2 0.084 2 0.068 2 0.071
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Ha ocHoBe paHHBIX TaOA. 1 1 ypaBHeHUs (1) OBIAM pacCUUTAHBEI KOppe-
ASIMOHHBIE ypaBHEHUS 3aBUcHMOCTH KoHneHTpanui AT oT onTuueckon
TIAOTHOCTH.

AAS MCCAeAOBaHUSI OBIAM B3BEIIE€HHI (C TOYHOCTBIO A0 0.1 me) 1 um 3 me
nomudepuHa, 1 u 3 me ocanHa, cMecu ocamHa U noMmudepuHa (mo 1 m 1o
3 me), 3me cuamMaputa, 3 me pAaMUHaA, a TakKKe CMeCH CHUAMMapHHa C (QaAa-
muHOM (1o 1 m mo 3 me). HaBecku Ka>kporo obpaslia ObIAM PacTBOPEHHI B
10 mn MeTaHOAQ; M3 pacTBOpPOB Opaau 1o 0.1 mr, cMemuBaAu C 2 M1 pPacTBO-
pa ADIIT ¢ xoHuenrtpanuein 20 X 100 2/1, ¥ M3MEPSIAM ONTHUYECKYIO IIAOT-
HOCTb Ka’XAOM IIOAY4YeHHOU cMecH 4depes 1, 5, 20 mun A0 HEM3MEHHOCTHU Be-
AMYUHBL IAOTHOCTHU (AO “IIAQTO").

Hcxopss U3 MOAYYEHHBIX AQHHBIX OINTHYECKONW HAOTHOCTH IIO KOPPEeAsd-
UOHHBIM ypPaBHEHHUSIM PACCUUTHIBAAUCH COOTBETCTBYIOIHWE KOHIIEHTPAIlMU
ADIIl m aHTUpapWKaAbHasg aKTUBHOCTH OOpAa3I[OB, BhIpa>KeHHas B ITPOIleH-
Tax 1o opmyAre (2).

Pe3yabTaThl 1 MX 00Cy KIeHUE

Hcxopst u3 A@HHBIX TabA. 1 paccuMTaHHBIE YPaBHEHUS KOPPEASIIUOHHBIX
MIPSIMBIX UMEIOT CAEAYIOIIUM BUA!

C = (43.6893204-D-1.66990291)-107 (pAst CMeced CMAMMApWHA ¢ (PAAMUHOM)
C = (54.0540541-D-1.83783784)-10" ( ars hAGMUHA M CUAMMAapHHA)

C = (64.2857143-D-2.37142857)-10~ (aArst mOMHUQ. U CMecell OCalHa C IOMHM-
depuHOM)

HcnbelTaHusa ocavHa Kak B A03e 1, Tak U 3 me He BBIIBUAM YMEHBIIEHUS
routeunrparuu ADTIT.

Pe3yapTaThl M3MepeHUN ONTHYECKOM HAOTHOCTH CMeCeM MCIBITYeMBIX
obpa3suos ¢ ADIII" B 3aBUCUMOCTH OT BpeMeHU, KOHIIeHTpalluy, pacCYuTaH-
HBIe C IIOMOIIBIO COOTBETCTBYIOIIUX KOPPEAIIIMOHHBIX YPaBHEHHUM, a Tak’Ke
COOTBETCTBYIOIIYE IIPOIIEHTHl aKTUBHOCTH OOPAa3IlOB IIPEACTABAEHBI B TaOA.
2a, 20 u 28B.

Tabauya 2a
Pe3yabTarsl HccenoBanus (pJIaMUHA U CHIINMAPHHA
Bpewms, mun
1 5 20
D 0.222 0.182 0.155
®raMuH 3 me C x 10, o/n 10.162 8 6.541
APA, % 49.189 60 67.297
D 0.357 0.311 0.286
Cuaumapus 3 me | CX 103, o/n 17.459 14.973 13.622
APA, % 12.703 25.135 31.892
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Tabnuya 26

PesyabTarsl necnegoanus cmeceii JiaMHHA M CHIMMAapHHA

Bpewmsa, mun
1 5 20

D 0.341 0.328 0.317

Lme+ 1 me C %10, o/n 13.228 12.660 12.180
APA, % 33.859 36.699 39.102

D 0.259 0.22 0.203

3me + 3 me C x 10, o/n 9.646 7.942 7.199
APA, % 51.772 60.291 64.005

Tabauya 26

Pe3yabTarsl ucciieqoBaHus noMudeprHa U cMeceil ocanHa ¢ noMugepuHoM

Bpewms, mun Bpewms, mun
1 5 20 1 5 20
D [0.193] 0.132 | 0.132 D 0.221 | 0.131 | 0.131
-5 -5
Momudp. |CX 107146 351 6114 | 6114 | 12 + |CX10%044 836| 6.05 | 6.05
1 me Y} 1 me o/
APA, % |49.821] 69.429 | 69.429 APA, % |40.821| 69.75 | 69.75
D |0227] 0.112 | 0.112 D 0.053 | 0.053 | 0.053
-5 -5
Hommcp. | CX 10115 501 | 4809 | 4829 | 342+ [CX102 1 436 | 1036 | 1.036
3me Y} 3 me o/
APA, % |38.893| 75.857 | 75.857 APA, % | 94.821 | 94.821 | 94.821

W3 paHHBIX TaOAMIl OAHO3HAUYHO BHAHO, YTO (PAAMUH HPEBOCXOAUT IO
CBOeM aKTHMBHOCTH KaK MHAWUBUAYAAbHBIN CUAMMAapHH, TaK M CMeCh CUAWUMA-
puHa ¢ aaMuHOM. [ToKa3aHO, YTO M3 MCIBITAHHBIX (PAQBOHOMAHBIX COEAU-
HeHUN HaubOoaee 3PDPEKTUBHBIM AHTHUPAAUKAABHBIM CBOMCTBOM OOAaAaeT
noMu@epuH, AEUCTBAE KOTOPOIO IPOSIBASIETCS OBICTPO M IIOTEHIIUPYETCSA
IPUMECBhI0 OCaWHa, XOTSI CaM OCauH He BBIIBHA aHTHUPAAUKAABHYIO aKTUB-
HOCTB.

Haunbonaee HaArAsipAHO BBIIIECKA3aHHOE OTpaykaeTcsd Ha rpaduke ukca-
UM aHTUPAAMKAABHOM aKTUBHOCTH (puc. 4). I'paduK YeTKO HOKa3bIBaeT
MOCTIDKeHUe "IAaTO" cpa3sy, B TeueHHe MHHYTHL B CAydae cMecu IoMudepu-
Ha C OCAaWHOM (IO 3 Mme, aKTUBHOCTE 94.8%), U Ha IATOM MUHYTE B CAyYae IO-
mudepuHa 3 me (AKTUBHOCTBL 75.9%), a Takke moMudepuHa 1 me (aKTUB-
HOCTh 69.4%), cMecu ocamHa u nommueeprHa (mo 1 me, akKTUBHOCTH 69.8%).
OcTanbHBIEe 00pa3lbl AOCTUTAIOT NAATO K 20 MUHYTe, IpUYeM CMeCh CUAMMA-
puHa ¢ paamMuHOM (110 1 me, aKTUBHOCTD 39.1%) u 3 me cuauMapuHa( aKTHUB-
HOCTB 31.9%) NPOABAGIIOT HU3KYIO aKTUBHOCTb.
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KoHueHTpauma,

5,6

40 45
Bpenn, aain

Puc. 4. I'padumk dmkcaunm aHTUpagukanbHOM akTUBHOCTU: 1 — cunumapuHa (3 me);

2 — cmecu cunumapuHa ¢ conammHom (1 me); 3 — cmecu cunumapuHa ¢ nammHom (3 ma);
4 — onamuHa (3 me); 5 — nomudbepuHa (1 me); 6 — cMecu ocavHa ¢ noMmudpepuHom (1 me);
7 — nomucpepuHa (3 me); 8 — cmecun ocavHa ¢ noMudepuHoMm (3 me).

Ha ocHOBe ITOAYYEHHBIX PE3YABTATOB MOJKHO CAEAATb CAEAYIOIIUE BBIBO-
Abl. V3 M3yYeHHBEIX B AaHHOU paboTe (PAABOHOMAHBIX COEAMHEHUY TOABKO
OocCamH AWIIEH aHTHUPaAUKaAbHOM aKTHBHOCTH, B TO BpeMs KaK APYTOH IIpe-
HUAVMPOBAHHBLIU M30(PAABOH MAKAIOPHI (HOMUMEPUH) IBAsIeTCS Hauboaee ak-
TUBHBIM U OBICTPOAEUCTBYIOIINM aHTHPAAUKAABHBIM coepviHeHmeM. ITokasa-
HO, 4TO (PAAMHUH yCTyIaeT II0 aKTUBHOCTU NOMHUMEPHHY, X ero MaKCHUMaAb-
Hasg aKTUBHOCTBL HacTymaeT Ha 20-0M MUHYTe, a TaK)Ke IPOSBASET OOABIIYIO
aKTHUBHOCTDb, YeM CHUAWMApPHUH U CMeCU CHUAUMapuHa ¢ daaMuHOM. [Ipeamnona-
raeTcsi, YTo CMeChb OCavHa C IOMU(EPUHOM IIOTEHIUPYEeT aHTUPAANKAABHYIO
aKTUBHOCTH TTOMU(epHHA.

UQYLOFCY LUMLRUANF3 LD, UUE-LUPAFS NOFSTUIALh NSAFLLELD
U ULEUAUU YU U MEILAFLP oUGUQUU A3SNFLLELD
SLULALOPMUSHL AULTALELELD NUYEA-UYPYULUSPL
UGShINFE-3UL NUUGBUUESUGUL NFUAFU LUUPLOFT

N UL TLuuLhy3uy

Upfsesrustoph rnspussrnnlyl b Quunibledvnnley duslyymepons SossprhyQoussprneglf be fpsfFirnasfney wyne-
s npfy wpummibpf, fiigagbo Sl wbfunad hupdpodncp Sugqugudpgnegibph pun-
Infupuypls pusquigppgibph Sulpunugplugugfpl o @yncp: Qbmwgmnndyniblbpp
bpudlpuitiagdly Bl wqblynpn$munndlanphly by, npogbe wqun nogfiljug oqugnps-
fby & 2.2-nplipy-1-mplppySprpmgpyp: Upgynipncd gnygg & mpdly, np apbipjuggws
b @yt wyndfppbphlp b qpa pranhmpgp dwlyncpegf ol ugdp d6Y dibimg g
wypbbfyugus fgnpunfnh ouwplify Shin goeguphprod B unfbyf pupdp Sulppmngfilju-
Legfrs wilpnpefnefFynihs, pusts dlugud nuncdbwfipyfud prynp opfillibpp :
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COMPARATIVE ANTIRADICAL ACTIVITY ANALYSIS OF FLAVONOIDAL
COMPOUNDS OF MACLURA POMIFERA, SILYBUM MARIANUM FRUITS
AND HELICHRYSUM RUBICUNDUM FLOWERS

H. S. ANANIKYAN

The Scientific Technological Center of Organic
and Pharmaceutical Chemistry NAS RA
A.L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
Tel. + 37410281754, E-mail: hrach63@mail.ru
National Polytechnic University of Armenia
105, Teryan Str., Yerevan, 0009, Armenia

The aim of this work was a comparative investigation of antiradical activity of
flavonoidal components of Maclura pomifera, Silybum marianum fruits and
Helichrysum rubicundum flowers. The comparation was realized by spectrophotometric
method, as free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used. It is shown that
prenyl isoflavone pomiferin and its mixture with other isoflavone osain have better
antiradical activity than other studied samples.
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IMocTtynmuao 12 XI 2015

PaspabotaHa mMeToauka MonyyYeHUst OnMroMepHbIX Buc-akpunammnaoB peakuuen 1,6-rekcame-
TUNeHAMaMVHa C XnopaHrugpvaamy cebauuHOBOW M aKpUMoOBOWM KUCIOT B YCIOBUSX Mexda3sHoro
CuHTe3a B cucteme Tonyorn—soaa. OcyLecTBeHbl MONMMepU3anmnsa 1 CononMmepusanmns nonyyeH-
HbIX ONTMFOMEPOB Ha KEPaAMUYECKOM MOHOMUTE U CUnMKarene ¢ Lernbio Noy4YeHnsi KOMMO3ULMOHHbBIX
copbeHTOB. M3yyeHa CTpykTypa nonyyeHHbIX matepmanos: COM CHUMKM nokasanu, YTO CLUMTBIN MNo-
nMep paBHOMEPHO pacnpegeneH B obbeme kepamuyeckow noanoxku. MccnepgosaHbl nopucTble
XapaKTepUCTMKM NOMyHYEHHbIX MOAUULMPOBAHHBIX OPraHO-KEPaMUYECKUX MOHOSUTOB 1 CUNMKarens
C NonMamMuaHbIM NOKpbITUEM.

Puc. 1, Tabn. 2, 616n. ccbinok 5.

B To BpeMs Kak CHHTe3 M IMOAMMEpHU3alius OAUT03(UPaKPUAATOB AOCTa-
TOYHO XOPOIIO M3y4YeHH! [1,2], AaHHBIEe O CHMHTE3€ M IIOAUMEPU3ALUU OAUTO-
MEpHBIX OHUC-aKPUAAMHUAOB NPAKTHYeCKU OTCYTCTBYIOT B AUTepaType. B ma-
TEHTHON AWUTepaType HUMeIOTCS CBEAEHHS II0 IOAYYEeHUIO IOAUMEPHBIX IIO-
kpeiTu¥i Ha ocHoBe N,N- (C;-Cyj)arkureHOUCAKPUAAMUAPOB [3], omucaH
TaK’)Ke METOA MOAYy4YeHHS (PYHKIIMOHAABHBIX IIOAMMEPHBIX CAOEB Ha OpraHu-
YeCKUX M HeOpTraHWYEeCKUX IIOAAOKKAX (IOAMMepaX, OKMCAaX MeTaAAOB,
CTeKAe, KBaplle, MeTaAAaX, IIOAYIIPOBOAHUKAX) [4]. B mocaepHeM caydae AAg
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MOAYYEHUS IIOAUMEDPHBIX TMAPOMUABHO-TUAPO(OOHBIX CAOEB HCIIOAB3YIOTCSI
pasanuHble OHC-aKpUAAMUABL, B TOM uncAe N,N-MeTureHOHCAaKPUAAMUA,
N,N-(1,6-rekcamMeTUAeH)OMCAKPUAAMUA, AVBTUAEHTPUAMUHTPUCMETAKPHUA-
aMup, OuC(MeTaKpUAaMHUAOIPOIIOKCH)3TaH, M COOOIaeTcsa O BO3MOXKHOCTU
HCIIOAB30BAHUS A TeX JKe IleAel OUC-aKPUAAMUAOB, IOAYUYEHHBIX Ha OCHO-
BE€ OAWTOAMHAOB C KOHIIEeBLIMM aMHMHHBIMU TpyImamMu. B aApyrom mnaTeHTe
CLHA [5] coobiaeTcsl 0 MOAYYEeHUM IPEeABaPUTEABHO HAIpPS)KeHHBIX 3A€MeH-
TOB C IIOAUMEPHBIM IIOKPBHITHEM Ha OCHOBE aHAAOTHUYHBLIX MOHOMEDPHBIX U OAU-
TOMEPHBIX OMC-aKPUAAMHUAOB, OAHAKO HUKAKWX KOHKDPETHBLIX AQHHBIX IO OAU-
TOMEPHBLIM OHC-aKpUAAMUAAM HU B TOM, HU B ADYTOM CAy4Yae He IIPUBOAWTCS.

MopaudurpoBaHre ITOBEpPXHOCTH HEOPraHWYECKHUX HOCUTEAeM IIoAuMe-
paMu CyIIeCTBEHHO paclinpseT 0OAaCTh X NpUMeHeHUs, B YaCTHOCTH, B Ka-
4yecTBe COPOEHTOB AASL XpoMaTorpaduu OMOTIOAUMEPOB.

LleApro HAIIMX UCCAEAOBAHUMN OBIA CUHTE3 OAMTOMEPHEIX OMC-aKpUAAMU-
AOB U papMKaAbHas IIOAMMEpU3alys IIOAYUYEeHHBIX OAMTOMEPOB Ha KepaMu-
YeCKOM MOHOAMTE U CHUAMKAreae C IIeABbI0 IIOAYYeHUS KOMIIO3UIIMOHHBIX
COpPOEHTOB U MCCAEAOBAHUSA BAMSHUA PA3AWYHBIX 10 XUMHUYECKOMN IIPUPOAE
(PYHKIIMOHAABHBEIX TPYII Ha MOPUCTHIE M COPOIMOHHBIE CBOMCTBA MOAUMDU-
IIUPOBAHHLIX ITIOAUMepaMu COPOEHTOB.

IKCNePUMEHTAJNBHAA YaCTh

B mccaepOBaHUAX HCIOAB30BAAM CHUAHUKAreAb ¢ padMepom uactun 100-
180 mxmM W MOHOAUTHYIO IIOAAOJKKY, IPEACTABASIOLLYI0 COOOM apMUPOBAH-
HYI0O HEOpTraHWYeCKHMMU BOAOKHAMHU BBICOKOIOPHUCTYIO AAIOMOCUAUKATHYIO
KepaMUuKy C 00Iel NOPUCTOCTBIO He MeHee 85%, IIOpUCTasd CTPYKTypa KOTO-
poO¥M COCTOUT W3 COOOIIAIONINXCS MaKpOIIOp MHKPOHHBIX pa3MepoB IIpHU
OAM3KOM K HYyA€BOMY 3HAUEHUIO YAEABHOTO OO0beMa COPOLIMOHHBIX IIOD.

AASL CUHTe3a OAWUTOMEpOB, IIOAUMEPOB U COIOAMMEPOB HCIIOAB30BAAU
CBesKeNeperHaHHyl0 MEeTaKpPUAOBYIO KHCAOTY (T.kum. 161°C/760 mm, np20
1.4314), MetuamerakpuaaT (T.kum. 100°C/760 mm, np20 1.4142), cTupoa
(T.Kum. 62°C/60 mm, nD201.5465), 1,6-reKcaMeTUAEHAVAMUH, XAOPAHTUAPUABL
AKpPUAOBOU M Ce0AIMHOBOM KHUCAOT PeakKTHUBHOU 4muCTOTHL (pupMbl Aldrich
HUCIIOAB30BaAU 6e3 MPeABapUTEABHOM OYMCTKH.

Memoouku cunmesa duc-aKpui0aIUZ0amMuoos.

Cunrte3s  o,0-akpui(l,6-rexcamermiierHcedannaamuao)l,6-rexcameTniieHama-
muaa, N=1. K 0.02 mona 1,6-rekcametrureHpuamMuta u 1.6 ¢ (0.04 mons) Tuppoo-
kucu Hatpusd B 90 mi1 AUCTUAAMPOBAHHOUW BOABI IIPU INepeMelluBaHuU 3¢-
(hbeKTUBHON MeIIaAKOM, IIPU CKOPOCTH IiepeMellinBaHus He MeHee 500 06/mun
B TeUeHNe HEeCKOABKUX MUHYT IPUOABASAU M3 KalleAbHOM BOPOHKM PacTBOP
2.39 2-2.15 mn (0.01 monsa) cebanuaxropupa u 2 ma (0.024 monss) aKPUAOUAXAO-
puaa B 90 mr CyxXoro TOAyoAa (BBICYILIEHHOTO HajA METAAAMYECKHAM HaTpUEM).
Cpasy oOpasyeTcsa CycHeH3Hs, KOTOPYIO IIEpEMEIINBAIOT IOCAe IIpubOaBAe-
HUS BCEro KOAWYECTBA TOAYOABHOI'O pacTBOpa ellle B TeueHue 5 mun. Ob6pa-
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30BABUINNCSA TBEPABIM IIPOAYKT OEAOTO LBETA IIE€PEHOCHUAM Ha CTEKASIHHBIN
¢puabTp IIloTTa ¥ THIATEABHO IIPOMBIBAAM AWUCTHUAAUPOBAHHOU BOAOH, 1%
PacTBOPOM TMAPOOKUCU HATPHUSI U CHOBA AUCTHUAAMPOBAHHOM BOAOU AO HEWT-
ParbHOM peaKUMU U CYUIMAUW CHadaAd Ha BO3AyXe, 3aTeM B BaKyyMe IIpHU
TeMIepaType He BhllIe 60°C. Beixoa oauroammupa 65%.

Cunre3 o,0-akpuia-6uc-(1,6-rekcamermieHcebanmiamMmugo)-1,6-rexcaMmeTuieH-
auamuaa, n=2. K 0.015 moas 1,6-rekcametrureHpuamua u 1.2 2 (0.03 mosns)
TUApPOOKUCHU HAaTpud B 90 mi AUCTUAAMPOBAHHOM BOABI IIPU IepeMelluBaHun
3 (PeKTUBHON MENMIaAKONW, IIpU CKOPOCTU IlepeMellIuBaHUsg He MeHee
500 06/mun B TedyeHNE HECKOABKHMX MUHYT IPUOABASIAU M3 KAIEABHOM BOPOH-
K1 pacTtBop 2.39 2-2.15 ma (0.01 mona) cebanuaxaropupa u 1 mz (0.012 monn)
akpuAoOUAXAOPHAA B 90 ma CyXOro TOAyOAa (BBICYLIEHHOTO Hap MeTaAAnde-
ckuM HaTpmeM). Cpa3y o0pasdyeTcs CYyCIeH3Us, KOTOPYIO I[IepeMeNnBaoT
mochae IpubOaBAEHUST BCETO KOAMYECTBA TOAYOABHOI'O PAcTBOpA eIlfe B Teue-
Hue 5 mun. OOPa30BABUINNICS TBEPABINM NMPOAYKT O€AOro IjBeTa NepPeHOCUAU
Ha CTEeKASHHBIN (PUABTP LlloTTa M TIIATEeABHO NTPOMBIBAAU AWCTUAAMPOBAH-
HOM BOAOH, 1% pacTBOPOM THMAPOOKMCHU HATPHUS U CHOBA AUCTUAAMPOBAHHOM
BOAOM AO HEUTPAABHOU peakIluM U CYIIMAW CHavana Ha BO3AYXeE, 3aTeM B Ba-
KyyMe IIpu TeMIeparype He Bbie 60°C. Boixop oanroamupa 61%.

Cunres  o,0-akpuwi-Tpuc-(1,6-rekcameruiiencedanuaamuao)-1,6-rexcamern-
Jenguammaa, N=3. K pactsopy 2,32 2 (0.02 mozrs) 1,6-reKcaMeTUAEHAVIAMUHA U
1.6 2 (0.04 mona) ruppoorucu HAaTpusd B 90 M1 AMCTUAAMPOBAHHOU BOABI IIPU
nepeMenuBaHuM 3(P(HEeKTUBHON MelIaAKON, IPU CKOPOCTU IIepeMelIMBaHUs
He MeHee 500 06/mun B TedeHUe HECKOABKUX MUHYT NPUOABAIAM U3 KalleAb-
HOM BOpOHKHU pacTBop 3.59 2-3.2 mz (0.015 mons) cebarmmaxaropupa u 1 wun
(0.012 mons) axpuroumaxsopupa B 90 mr Cyxoro TOAyOAa (BBICYIIIEHHOI'O Hap
MeTaAAMYeCKUM HaTpueM). PeakIIMOHHYIO CMeCh IlepeMelINBaAU ellle B Te-
YyeHHe 5 MuH TIOCAe NPUOaBAEHUSI BCErO KOAWUECTBA TOAYOABHOTO pacTBOpa
XAOPAHTUAPUAOB. OOpa30oBaBIIMUCA IIAACTUYHBINM IIPOAYKT OeAOoro IIBeTa
TITAaTEABHO TPOMBIBAAM AUCTUAAMPOBAHHOM BOAOH, 1% pacTBOPOM THAPO-
OKMCU HATpUd U CHOBA AUCTUAAMPOBAHHON BOAOU AO HEUTPAABHOU peakluu
U CYIIMAM CHavaAa Ha BO3AyXe, 3aTeM B BaKyyMe IIpU TeMIlepaType He BhbI-
mre 60°C. Brixop oauroamuaa 30%.

BEIXOA ¥ CBOICTBA CMHTE3WPOBAHHBIX OAUTOAMUAOB MPUBEAEHBI B TabOA. 1.

Tabnuya 1
CuHTe3 0HC-aKpHI0JIUT0AMHUI0B
ITpoaykT Ber- Ty, °C BpoMHOe uncao N, %
X0, % Haupe- BBIUMC- | HAMAEHO | BBIUMC-
HO A€HO A€HO
oMoAA L 65 | 180-185 | 643 63.07 10.87 11.06
OMTA 61 | 210220 | 434 40.49 10.10 10.65
OMIONT A 30 | 240250 | 202 29.54 9.98 10.36
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T'omomosiuMepu3anus ¥ CONMOJUMePH3ALUS CHHTE3UPOBAHHBIX OJIMTOMEPHBIX
ouc-akpmiaMunaoB. ['OMOTIOAMMEpPHU3alui0 CUHTE3UPOBAHHBIX OAUTOAMHUAOB C
KOHIIEBBIMY aKPUAAMUAHBIMM TPYIIaMU M CONOAMMEPHU3AIUI0 C MeTHUAMEeT-
aKpUAATOM, METAaKPUAOBON KMCAOTON U CTUPOAOM IIPOBOAUMAU Tipu 70-115°C
B OAOKe MAM Ha KepaMHUYEeCKOU IOAAOKKE U MOPOIIKEe CUAMKAreAs B YKCYC-
HOU KHACAOTEe B IPUCYTCTBUU 1.5-2 Bec.% nepeknucru O€H30UAQ.YCAOBUS IIOAU-
MepHu3aliy U COIOAUMEepU3alluyd Ha KepaMHUUeCKON IOAAOKKEe U CHAMKare-
A€, BECOBOe COoApeprKaHUe ITOAUMEPOB U COIIOAUMEPOB B COCTaBe MOAUDUIIM-
POBAHHBIX COPOEHTOB IPUBEAEHEI B TaOA. 2.

HMK-cnekTpel cHuMaru Ha crnekrpoMmerpe “FTIR Avatar Nicolet”. COM
CHUMKM TIOAYUYEHBI Ha CKAHUPYIOUIEM 3AeKTpPOHHOM Mukpockoie “TESCAN
3115".

O0cy:xaeHne pe3yabTaToOB

PazpaboTaH MeTOA IIOAYYEeHUSI CaMOCIINBAIONIUXCS IIPU IIOAUMepPU3aliun
OAVUTOAaMHUAOB C KOHIIEBBIMM aKpHMAAMUAHBIMU rpynnaMu. Ha npumepe 1,6-
reKCaMeTUAEHANAMHUHE, CeOAllMAXAOPUAA U AKPUAOUAXAOPHUAA IIOAYYEH PSAA
OAMTOAMMAOB C KOHIIEBBIMM aKPHUAAMUAHBIMU rpynnamu. CHHTe3 OAUTOaMU-
AOB IIPOBOAMAM Me>XK(a3HBIM CIIOCOOOM Ha TpaHHUIle paspera AByX (as: BOA-
HOU M T'MAPO(OOHON OpTraHuYeCcKOM (has3bl (TOAYOA).

B BopHOU dra3e pacTBOpPSIAM BOAOPACTBOPHUMEBIE (TUAPOQUABHBLIE) pea-
TreHTHI: 1,6-TeKcaMeTUAeHAMAMUH U TUAPOOKMUCH HATPUSA, @ B TOAYOAE — THUA-
podoOHBIE peareHTHl: XAOPAHTUAPUABI CeOAIMHOBOM U aKPUAOBOM KHCAOT.
CxeMa peakIUU CUHTe3a NpUBeAeHa HUKE:

NCICO(CH)3COCI + (n+1)H,N(CH)sNH, + 2CH,=CHCOCI + 2(n+1)NaOH—>
—— CH,=CHCONH(CH,)sNH[CO(CH,)sCONH(CH,)sNH], COCH=CH, + 2(n+1)H,O +

+ 2(n+1)NacCl
n=1-3

I[ToaydueHHBIE OAUTOAMUABI IIPEACTABASIOT COOOM BBICOKOIIAABKUE TBEp-
Able TIOPOINIKKU OeAOTO IIBeTa, He PacTBOPUMBIE MAM TAOXO PacTBOPUMBIE B
OpPTaHUYECKUX PACTBOPUTEASX, B TOM UHCAE TOASIPHBIX, BEPOSATHO, U3-3a 00-
pPa3oBaHUS NTPOYHBIX MEXMOAEKYAIPHBIX BOAOPOAHBIX CBS3elM, aHaAOTHUYHO
noanaMupaM. OAHAKO OHU PacTBOPUMEBI B KAPOOHOBBIX KMCAOTaX (YKCYCHOH,
MYPaBbUHOU M ApP.), B KOTOPBIX IPOUCXOAUT pa3pylleHNe BOAOPOAHBIX CBSI-
3e¥ MeXXAY MOAEKYAaMH OAWTOAMMAOB M PacTBOPeHUEe MOAEKYA B 3THUX Cpe-
A@X.

Kak BupHO 13 TaOA. 1, HallA€HHBIE U BBIUMCAEHHBIE 3HAUEeHUsI OPOMHOTO
YUCAQ A OAUTOMEPOB C N=1 U n=2 AOCTAaTOYHO OAM3KH, UTO, HAPSAY C
MAHHBIMH 3A€MeHTHOI'O aHaAM3a a30Ta, IIOKa3bIBaeT, YTO YKa3aHHBbIE COeAM-
HEHHUS AOCTATOUYHO OAM3KU K MHAUBHAYAABHBIM BeIllleCTBaM, TOI'Ad KaK B CAY-
Jyae OAUTOAMHUAA C TIPEAIIOAOKUTEABHOM CTeIleHbIO OAUTOMepHU3aluu n=3
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HaOAIOAQeTCST CYIIeCTBEHHOE PACXOKAeHWEe HAWAEHHBIX W BBIYMCAWHHBIX
3HAQUYEHUM OpPOMHOIO UYHMCAQ, & 3TO TOBOPUT O 3HAYUTEABHOU IOAUAMUCIIEDPC-
HOCTH OAUTOMepa, CUHTE3UPOBAHHOTO B BHIIIIEYKA3aHHBIX YCAOBHUSIX.

B UK-cnektpe ¢ Dypne npeoOpa3zoBaHUEM OAMroaMuAa ¢ n=1 mpu-
CYTCTBYIOT IOAOCHI noraomieHuss C=O cBA3el B aCCOIMUPOBAHHOU (opMe
aMMAHOM Tpynnsl B obracTax 1633 CM'l, BaAeHTHEIe KoAeOanus N-H B acco-
UUpPOBaHHOU opMe B obractu 3296 em’, AeOopMaIMOHHLIX KoAeOaHmi N-
H B acconumpoBaHHO# ¢opme B obractu 1538 e, ITpucyrcTByIOT HOAOCA
BHEIIAOCKOCTHBIX  Ae(OPMAIIMOHHBIX  KOAeOaHUM, XapakKTepHas AAG
CH=CH, rpynner B obaactu 990 cm’', OAOCA BaAeHTHHIX KoAeGammit C-H
cBg3el oredUHOBOM rpynnsl B ooractu 3068 em™.

HcchrepoBaHBI TOMONIOAUMEPH3alUsg CHUHTE3UPOBAHHBIX OAMTOAMHAOB C
n=1 1 n=2 B AepAdHOMN YKCYCHOU KHCAOTE, @ OAMIOaMHAA C n=1 Takxe B
AMO® (orpanmyenHo pactBopuM B AM® mpu HarpeBaHWHN) M WX COIOAWME-
pHu3alus co CTUPOAOM U aKPUAOBBIMM MOHOMepaMU B OAOKe B IIPUCYTCTBUU
1.5-2% mnepekucu Oenzounra npu 70-80°C. HalipeHO, YTO OAUTOMEPHI AETKO
TOMOIIOAUMEPHU3YIOTCSI ¢ 00pa3oBaHVMeM HENAaBKUX W HEePaCTBOPUMBIX CIIIU-
TBEIX NoAUMepoB. OAuroMep ¢ n=1 HCCAEAOBAH B COIIOAMMEpU3AlUU C Me-
TUAMETAaKPUAQTOM, METAaKPUAOBOM KHCAOTOM U CTHPOAOM (BECOBOE€ OTHOIIIE-
HUe oauromMepa K MoHoMepy 1:10). ITokasaHO, 4TO TOMOIIOAMMEpPHU3aLUd U
coloAuMepH3anys ¢ o6pa3oBaHUEM TBEPABIX OAOKOB IIPOTEKAlOT B TeueHUe
20-30 mun, mpu 3TOM 06PA3yIOTCS HENAABKME M He pacTBopuMmbie B AMOD u
YKCYCHOM KHCAOTE ceTdaThle MoAuMephl. CIIUTBEIN COIOAMMEP METaKPHAO-
BOU KHCAOTHI OOAAQAAET 3HQUUTEABHOU HaOyxaeMOCThIO B Boae. [TonydeHHEBIE
MAQHHBIE YKa3bIBAIOT Ha TO, YTO CMHTE3MPOBAHHBIE OAWUTOMEPHI SIBASIOTCSI HO-
BBIMH CHIMBAIOIIVMU areHTaMU AAS ITIOAMMEDPOB Ha OCHOBE aKPUAOBBIX M BU-
HUAOBBIX MOHOMEPOB.

CH-CH . i CH—CR
co R'

n=1,2
NH p=0 (homopolymer)

(f|3 Ha)s copolymers:
NH R=H, R'=

R=CH,, R'=COOCH;

R=CHs, R'=COOH
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HccaepOBaHBEL TOMOIIOAMMEPH3alUd OAUTOMepa ¢ n=1 Ha KepaMuue-
CKUX IIOAAOJKKAX U IIOPOIIKE CUAUKATeAs U ero COIIOAUMEpH3alnus CO CTHU-
POAOM, METUAMETAKPHUAATOM M MeTaKpPHUAOBOM KHUCAOTOM mpu 70-1150C B 5-
10% pacTBOpE YKCYCHOM KHCAOTE B IIPUCYTCTBUM 2 BeC.% NepeKUcu OeH30u-
Aa B TedeHMe Su. MopudUIIMPOBAHHBIE MOHOAUTEHI OTMBIBAAMCH ITOCAEAOBA-
TEABHO AUMeTHUA(DPOPMaMUAOM UAM YKCYCHOU KUCAOTOM, CIMPTOM, AMCTUAAU-
POBAaHHOM BOAOM, CHOBAa CIMPTOM M CymmAMCh mpu 100-1200C. TMopuctbie
XapaKTEePUCTUKU MTOAYYEHHBIX MOAMMUINPOBAHHBEIX KEPaMUYEeCKUX MOHOAU-
TOB U CUAMKATeAsd IPUBEAEHEl B TaOA. 2.

B HK-cnekTpe TOMONOAMMEDPE, IIOAYYEHHOI'O MOAMMEpPHU3AIUer OAUTO-
aMppa ¢ n=1 B OAOKe U Ha KpPeMHEe3eMHOMN IIOAMOJKKE, IIPUCYTCTBYIOT BCe
TIOAOCHI TIOTAOIIEHHUS, XapaKTepHble aMUAHOM I'pylie B obaacTax 1633, 3290-
3330, 1540 czw'l, IIPUCYTCTBYIOIINE M B UCXOAHOM OAUTIOMEPE, U TOABKO CA@-
Gasi MoAOCa TIOTAOIIEHMsST HaGAIopaeTcss B o6aactu 990 et (CH=CH,), uro
CBSI3@HO C UX PACKPBITUEM (PacXOAOM) IIPU INOAMMEPU3AlUU C y4acTHeM aK-
PUAAMUAHEBEIX Tpynn. B cIekTpe cuAuMKaread W KepaMHUUECKOTO MOHOAMTA,
MOAUMUITMPOBAHHBEIX TOMOIIOAUMEPOM, ITPUCYTCTBYET TaK’kKe IOAOCA IIOTAO-

mjenuss B oobaractu 1077 em’t

, XapakTepHas AAS BaAeHTHBIX Koaebanuit Si-O
CBSI3€M.

Ha pucynke npusepeHEl COM CHUMKU NPOAOABHOTO KM IIOIIEPEYHOTO
Cpe30B KepaMH4eCKOI'O MOHOAUTA, MOAUMUIIMPOBAHHOIO T'OMOIIOAUMEDPOM
OAMTOaMHAA C N=1, MOAYYEHHBIMM Ha CKAHUPYIOIIEM 3AEKTPOHHOM MHKPO-

ckome "TESCAN 3115".

7oum

Pruc. COM CHUMKM NPOAONBbHOIO U NOMEPEYHOro CPE30B KEPaMUYECKOrO MOHOMNWUTA, MOAUM-
LIMPOBaHHOro roMonoiMmMepoM onuroamuaa ¢ n=1.

Kak BHAHO M3 IOAYUYEHHBIX CHHMMKOB, IIOAMMED PABHOMEPHO DPacIpepe-
A€H BO BCeM 0OOBbeMe MOHOAUTHOW KePaMHUKH, IPUYeM AOBOABHO UETKO IIPO-
CMaTPHUBAETCS IIOPUCTasI CTPYKTypa UMMOOUAN30BaHHOIO IIOAUMEDA.

B 3akatoueHHe caepyeT OTMETUTh, YTO HaMM pa3pabOTaH MeTOA MOAyde-
HUS CAMOCIIMBAIOIINXCS IIPU IIOAMMEPU3AIlUM OAUTOAMUAOB C KOHIIEBBIMU
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AKpUAAMHUAHBIMM TPYIIIAMH Ha OCHOBe 1,6-TeKcaMeTHAEHAMAMWUHE, ceba-
IIUAXAOPUAQ U aKPUAOHUAXAOPHAA B KauecTBe TeAoreHa. [lokasaHO, UTO CUH-
Te3UPOBAaHHBLIE OAMTOAMUABI CIIOCOOHBLI K PAAMKAABHOM TOMOIIOAUMEPU3aluu
W CONOAMMEPHU3alM C aKPUAOBBIMU U BUHUAOBBIMU MOHOMepaMHu C 00pa3zo-
BaHUEM CHINUTHIX ITOAUMEPOB M SIBASIIOTCSI HOBBIMU KPOCC-ar€HTaMH AAS 1O-
AUMepOB. MccaepoBaHBI YCAOBHUSL MOAUMDUKAIINKU M HaMAEHBI OINTHMaAbHBIE
YCAOBHS (PacTBOPHUTEAB, TeMIlepaTypa NOAMMEPHU3alluM, KOHIIEHTpAIusd MO-
HOMEPOB U OAMTOMEPOB) HAHECEHUS ITOAMMEPOB U CONOAMMEPOB Ha Heopra-
HUUYeCKHe MIOANOKKU. MccaepoBaHNE MOPUCTHIX XapPaKTEPUCTUK ITOAYUEHHBIX
KOMIIO3UTOB ITOKA3aA0, YTO CUAUKAreAb, MOAUMUIIMPOBAHHBIM I'OMOIIOAUME-
POM U COIOAMMEPAMM CO CTHUPOAOM, METHUAMETAKPUAATOM M METAaKPUAOBOU
KHCAOTOM, a TakK)Ke KepaMUYeCKUU MOHOAUT, MOAMMUIIUPOBAHHBIA COMIOAM-
MepOM C METAKPUAOBOU KUCAOTOM, OOAAAQIOT BEICOKUMU 3HAUEHUIMU YAEAb-
HOTro oOBeMa Mop o OEeH30AY U, OAAropaps HAaAWYHUIO OIIPEAEAEHHOro OaraH-
ca THAPOMUABHO-TUAPO(POOHBIX CBOMCTB, MOTYT IIPEACTAaBUThL MHTEepeC B Ka-
yeCcTBe IOTEHIIMaAbHBIX COpPOEHTOB B Ouoxpomarorpacdgpuu. B HacTosiiee
BpeMSI IIPOBOAUTCSI TeCTHUPOBAHHUE IIOAYUYEHHBIX KOMIIO3MIIMOHHBIX COPOeH-
TOB Ha OpeAMeT BhIAeAeHUS M ouucTKU AHK 13 pasauuHBIX OGMOAOTHUYECKUX

cpea.

OLPA-NUGMrU3PL APU-UUCPLUU R LELD UPLEG2L UL GUNUNNQPSPNL
UNLAELSLELP USUSAFUL OLPGNUELLELE NALPUELPQUSPU3NYL
TLO G LUYTL SUYERLP U LU

U. G- &-rPa-Nr3U0, L. 6. STitLun, U. U. TLE-ULAPL3UL,
W G- AULBUUGU L N. G- AULUBUL

Uyuilyfind & oyfpgridlipusyfiis plou-wlypfymdfugisbiph upbsfdligiduts dbfngp 1,6-kpumidbfdf-
(Eunpundfupf nllghuynd sbpugfiaf@ddh b wlppypm@@dh ppepabSpgppybbph $bn dpp-
pouguyple ufifligl spmyduiiibpnod mngpenpfnp Qudulpapgncd: Gy nchilnmg
wnuiliy fymduyngfgfints unppbiniibp, ppoluimgdby § ofifdlgfuws ojpgndbpibph uynyfulb-
phgugfusts Yepudplpulypts dubingfunp b opyplmglyf dwlbpbep dpo: eoncdippfws §
ufisftligifmd bynfHhpl funnigfudpp: ULU wuunlbphbpp gnygy B by, np mnuggws
fpupefrd eqryplopialipp Sunfusmmpugunfs puspfufud B jlpudplulud unpplionf ngd suw-
usyridd: MNesnidnfipnd B wynyfpundfupuypls Swdln G duypplpmgus ufyflugbyp b
opgutinlbipudflyulyuts dulinyfuntibpp Sulmnlbl Sunnlyn [FymSbpp :
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SYNTHESIS OF OLIGOMERIC BIS-ACRYLAMIDES AND PREPARATION
OF COMPOSITE SORBENTS BY POLYMERIZATION OF OLIGOMERS
ON INORGANIC SUBSTRATE SURFACE

S. G. GRIGORYAN, L. E. TKACHENKO, S. S. AVTANDILYAN,
A. G. BALEKAEV and H. G. BALAYAN

The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
A.L.Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: grigstepan@yahoo.com

A method for the synthesis of oligomeric bis-acrylamides has been worked out by
the reaction of 1,6-hexamethylenediamine with sebacic and acrylic acid chlorides under
conditions of interphase synthesis in toluene-water system. In order to obtain composite
sorbents, polymerization of the synthesized oligomers on a ceramic monolith and silica
gel surface was performed. The structure of the obtained composite materials was
studied. SEM images showed that the crosslinked polymers uniformly were distributed
in the bulk ceramic substrate. Porous characteristics of the modified silica gel and
organo-ceramic monoliths with polyamide coatings were studied.
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PEJJAKCAIIMOHHBIE ITPOLHECCHI B
PAJUALTMOHHO-MOJUPUITUPOBAHHOM INOJINDTUJIIEHE
BBICOKOI'O JABJIEHUS

C. C. CAPKHUCSH

ApMSIHCKHM TOCyAQPCTBEHHBIN IEAQTOTUYECKUN yHUBepcuTeT M. X. AOOBsIHa
Apwmenns, 0010, EpeBan, np. Turpan Menu, 17
E-mail: Sargsyan_ Susan@yahoo.com

MeTogoM AMaNeKTpUYecKor CnekTPOCKONMM uccneaoBaHbl penakcaumMoHHbIe NPOLEeCChl B K-
pokoM TemnepaTypHom (1305430 K) 1 yacToTHom (10°%10° [y) HTepBanax B paauaLMoHHO-Moau-
dULUMPOBAHHBIX MONU3TUNEHax Bbicokoro Aasnenus (M3B[), obny4eHHbIX Y-n3nyyeHnem gosamm 1,
5, 15, 25 n 35 Mpad. N3 nonyyeHHbIX TeMNepaTypHO-4aCTOTHbIX 3aBUCMMOCTEW AUNINEKTPUYECKMX
notepb (tgd) 1 npoHuLaemocTel (£) BbiSBNEHbl 06NAcTM penakcauun B paamaLyoHHO-MoandULmM-
posaHHoM M3B[. MNonyyeHHble pe3ynbTaTbl MOKa3anu, YTo ¥ - U3Ny4YeHue NpUBOAUT K PE3KOMY W3-
MEHEHMIO penakcauMoHHbIX napameTpoB, 0COOEHHO B 06NacTy Bblle TeMnepaTypbl CTEKMOBAHMS.
OHM Takke NOCNyXMn OCHOBOW AN YCTaHOBNEHNS pexuma clumaHus NM3B[] ¢ 4OBOMBLHO BbICOKOM
creneHbto cwmekn (M= 79%).

Puc. 2, Tabn. 2, 61bn. ccbinok 9.

Pa3BuTHe SiA€pHOM SHEPTETHUKM INPEABSIBASIET Cepbe3Hble TPeOOBaHUS K
KaOeABPHOU TeXHUKE B CBSI3W C U3TOTOBAEHUEM M Pa3pabOTKOU CIIeUAABHBIX
KaOeABHBIX H3AEAUNM, B MEePBYIO odyepeAb, IIPOBOAOB M Kabeael, obecreyu-
BAOIIMX AAWUTEABHYIO, HAAEKHYIO U 0e30MacHyI0 paboTy Kak SIAePHBIX JHep-
reTUY4eCKUX YCTAHOBOK (IDY), Tak U CUCTEM KOHTPOAS, YIIPABACHUS U 3alllU-
TBHI GA€PHOTO peakTopa. Kak m3BecTHO, B 3TOM cayuae (B A2Y u ASC) mpo-
BOAA U KabeAr TIOABEPrarOTCsI BO3AEWCTBUIO PA3AMYHBIX BUAOB M3AYUYEHUU C
coueTaHVeM U3MEHEHUsS TeMIIepaTyphbl, AABA€HUS, BAAKHOCTH M T. A., UTO
OTPUIIAaTEABHO CKAa3bIBAETCS Ha OKCIAYATAaIlMOHHBIX CBOWCTBAX W3AEAUM.
[Tpu sTOoM HabAIOAGEMBIE CTPYKTYPHBIE U3MEHEHUS MIPOMCXOAAT B OCHOBHOM
u3-3a BAUMSHUSA }-m3rydeHuii. [lochepHee BHI3BIBaeT BO3HUKHOBEHUE Aedek-
TOB KPUCTAAAMYECKON peIleTKY, M3MeHeHWe CTPOeHUs M3-3a TpaHcdopMa-
MY XUMUYECKUX CBSI3eU M T.A. B CBSI3M C 3TMM aKTyaAbHa 3ajAava mo paspa-
OOTKe M3OAAIMOHHBLIX MATEPHAAOB C y4eTOM TpeOyeMBIX 3AeKTPHUYECKUX,
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(PU3UKO-MEeXaHUIECKUX U TEXHOAOTMYECKHUX OJKCIAYATAI[MOHHBIX CBOMCTB
[1-3]. C aTOM TOYKU 3peHHsS BeCbMa NEePCIEKTUBHBIMU 3AEKTPOU3OAAIINOH-
HBIMU [TOAUMEPHBIMHU MaTepHaraMU C Hallepep 3aAaHHBIMU CBOMCTBAMM SIB-
ASIOTCS CHUIMTBIM C IIOMOIIBIO IIePEKUCH AMKYMHUAQ M OCOOEHHO papvalMoOH-
HO-MOAUM(UIUPOBAHHBIM  IIOAUSTHUAEHBI, TEPMOCTAaOMAU3UPOBAHHEBIE —CIIe-
IIMAaABHBIMU AOOaBKaMU.

ChepyeT OTMETUTH, YTO NIPU OOAYUYEHUU B HEKOTOPHIX IIOAMMEpAax (IIOAH-
TeTpaTOPITUAEHE, IIOAUU300yTHAEHE, IIOAUMETHAMETaKpuaaTe U T.A.)
IpeoOAAAQIOT AECTPYKIJMOHHEBIE IIPOIIECCH], @ B IIOAMITHAEHE (@ Tak’ke B IIO-
AUIIPONUAEHE, IOAUCTUPOAE U T.A.), IO KpallHel Mepe B ONPEAEAEHHEIX IIpe-
AEAAX AO3BI OOAYUYEeHUs, TPe0oOAaAQIOT IIPOIIECCHl CIINBAHUSA, BCAEACTBUE Ue-
ro yayuiaioTcs cBorcTBa [10 [4]. [Ipu oOAyUYeHMU NMOAUITHAEHA raMMa-n3-
Ay4eHHEM aTOMBI BOAOPOAA OTIIENASIOTCS OT IIOAMMEPHEIX IIellOYeK, a Hec-
KOMIIEHCHUPOBAHHBEIE CBOOOAHBIE CBSI3M @TOMOB YTAE€POAQ TYT K€ CTPeMITCA
BHOBb BCTYIUTH B peaKIlMIo, HO yKe He C BOAOPOAOM, a APYT C APYIOM,
"cmmBasich’, 00pa3ysa MeKAY COOOM AONOAHUTEABHYIO IIPOYHYIO CBSI3b.
"Annrare” aTOMBI BOAOPOAA TaK’Ke B3aMMOAEHCTBYIOT MEKAY COOOM, BBHIAE-
ASISICH B BUAE MOAEKyAsIpHOro Bopopoaa (Hj). Tak, B mpolecce oOAyueHUS
YBEAWUMBAETCSA TPAHC-BUHUAOBAS HEHACHIIEHHOCTh, NOBBIIIAETCI AAWHHO-
IIenloYevyHas Pa3BETBACHHOCTh M IIOIBASETCSA NPOYHAs TPEXMepHas CeThb U3
TIOAUMEPHEBIX IlelloYeK 3TUAeHA. BCAeACTBUe BAUSHUS paAUAllUM CIIMBaHUeE
U, CA€AOBATEABHO, OOpa30BaHHAsA CETOYHAsA CTPYKTypa OTPaHUYMBAET IIOA-
BIJKHOCTE MaKpPOMOAEKYA, 0COOeHHO B aMopdHOU ¢ase, a B KpUCTAAAUUEC-
KUX 0OAACTSIX NMPOUCXOAUT pa3pyllleHne KPHUCTAaAAUTOB, BO3HUKAeT Oecropsi-
AOK, Pa3yIAOTHEHHUE M IOBBIIIAETCS IIOABHUXXHOCTH Ilellell B KpUCTaarax. Pa-
AMAITMOHHO-UHAYIIMPOBaAHHBIE CTPYKTYPHBIE N3MEHEHUS BAMAIOT Kak Ha u-
3UKO-MeXaHWUeCcKHe, TaK M AUIAEKTpUUYecKHe cBoOMCTBa cimurtoro [13[5].
[MTocae CIHIMBKHM TOAMATHAEH IIpHoOOpeTaeT HOBOe IIeHHOe CBOWCTBO — 'ma-
MSATE" (DOPMBI, HAarPEBOCTONUKOCTD IIPU IAEKTPUUECKUX IIePEerpy3Kax U IOBBI-
LIEHHYIO JAACTUYHOCTb (AakKe IIpu TeMueparype 423K cOoXpaHgeT YIpYy-
TOCTB), YTO MCIOAB3yeTCd B IIPOU3BOACTBE TEPMOYCA’KMBAEMBIX M3AEAWH.
Kpome sTOrO, CAepyeT MMeTh B BUAY, UTO IOAy4YeHHe cimtoro [19 ¢ mo-
MOIIILIO PAAMAIIMOHHOTO OOAydYeHUsI OOAapaeT ABYMSI Ba>KHBIMH AAS IIPO-
MBIIIAEHHOT'O IIPOM3BOACTBA NPEUMYIeCTBAMM — BBICOKOUW IPOM3BOAUTEAB-
HOCTBIO U TEXHOAOTHUYHOCTEIO.

Papmanyonuo-cummteiyi 10 npuoOpeTaeT Bce Bo3pacTalolilee NpUMeHe-
HUe KaK B COBPeMeHHOM KabeAbHOMN IIPOMBIIIANEHHOCTH, TaK M B APYTUX OT-
pacasax[6], MO3TOMY HCCAEAOBaHUE AMUIAEKTPUUYECKUX CBOMCTB OOAYUEHHOI'O
ITSBA, mpeacTaBAsieT OIPEAEACHHBIM HAYYHBIM M NPAKTUYECKUU HHTEpPEC.
YuuThIBag BBINIEM3AOKEHHOE, C IIeABbI0 IOAYUYeHHS HarpeBO- U pajpHUallioH-
HO-CTOMKUX MU3OAAIMOHHBIX ITOAUITHUAEHOBBIX IOKPBITUN C OOAee YAyYIIEeH-
HBIMU DAEKTPO(PU3NUYECKUMU CBOMCTBAMM METOAOM PEAAKCAIlMOHHOU CIIEeKT-
poMeTpUM OBIAM MCCA€AOBAHBl AUBAEKTPUUYECKHEe CBOMCTBA MOAUMUIIUPO-
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BaHHOro II9(MIIJ) y-u3ayueHHeM, a Tak’Ke YCTAHOBAEHBI 3aBUCHUMOCTHU OO-
Hapy’>KeHHBIX PEAAKCAIlMOHHBIX OOAACTEN OT MOAEKYASIPHOU CTPYKTYpPHI 113,

3KCHepI/IMeHTaJ'IbHaH 4acTb " oﬁcyme}me pe3yjbTaToB

B KauecTBe O00BEKTa MCCAEAOBAHUS BHIOPAAU PAAMALMOHHO-CIIUTEIE 00-
pas3ubl MHOAMdTHAEHA. AAS 3TOTO IOAYUYEeHHBIe HaMHU MCXOAHBle OOpasIlbl
I[MTOBA Mmapku 107-02K B BHAE HAEHOK TOAITUHOIO S0MKM IMOABEPraAu raMma-
obayuenuio po3amu 1, 5, 15, 25 u 35 Mpad. Anst OIIEHKHM SAEKTPOPU3UIECKUX
cBorictB MIID ompepeAnAn CTelleHb CIIMBAHUS HCCAEAYEMBIX 00pasIoB
[TOBA, 1o MeToAUWKe TPSIMOTO KUIISYEHHUS B IIapa-KCUAOAE U B 3aBUCUMOCTU
OT AO3BI OOAYUEHHS IIOAYYHUAU CAeAyiollinme 3HadeHuda: I'=0, 54, 66, 70 u
79%. Takue CpaBHUTEABHO HHU3KUe 3HAUEHUs CTElleHM CIIMBaHUS CBSI3aHBI C
pasBeTBAeHHOCTHIO [1OBA, TAe papuanuoHHO-AECTPYKIIMOHHBIE IIPOIECCHI
MMeIOT 3aMeTHO OOABIIUU BKA@A (B MECTaxX pPa3BETBAECHUM IIPOUCXOAAT AECT-
PYKIMOHHEBIE IIPOIIeCChI) B CPaBHEHUM C AMHEMHBIMHM NoAuMepamu [7]. Ao-
TIOAHUTEABHO OBIAO MCCAEAOBAHO M3MEHEHHE MOAEKYAIPHOM CTPYKTYPBI MO-
AMDUNUPOBAHHO-CIIUTEIX 00pa3noB [IOB/A B 3aBUCHUMOCTH OT AO3BL OOAyUe-
Husa MeTopoM MK-cnekrpockonuu. ComnocTaBaeHHe AQHHBIX 1o VIK-cnekTpy
MIT3 nokasano, 4TO HaOAIOAQETCS IPIMas KOPPEAdlUsa MeXKAY AO30M OOAy-
YyeHUsI M MPOIleccoM cImmBaHUs. Kak BUAHO, IOAYYEHHBIE YKa3aHHBIMU Me-
TOA@MM AQHHBIE COBIIAAQIOT U CaMas BBICOKAas CTelleHb CIINBKU IIOAyYaeTCs
y obayueHHOro ITOBA c po301 35 Mpao. TlpeapnioaaraeTcs, 4TO IMOAYYEeHHBIN
pe3yAbTaT CBI3@aH C OCOOEHHOCTAMU HCXOAHOM CTPYKTyphel [TOBA. Kpowme
3TOro, aHaams MK-ceKTpoB MCXOAHOIO M ODAy4YeHHBIX 0Opa3nos I1O moka-
3aA pe3Koe YBeAWUeHUe IOAIPHBIX I'PYII C IOBHIIIEHUEM AO3BI OOAYYEHUS.
BAugHMe papManMOHHOM CIIMBKM Ha JAeKTpodU3ndYecKue CBOMCTBA AAD
BCcex 00pa3noB MIID mpoBOAVMAM METOAOM AUSAEKTPUUECKOM CIIEKTPOCKO-
nuu Tpu TemrepaTypax 1205440 K u wactotax 102+10° [y Ha MocTe mepe-
MeHHOro Toka TR-9701. IloaydueHHBIe 3KCIepHMeHTAAbHBIE AQHHBIE U Ae-
TaAbHOE HCCA€AOBaHUE AeUCTBUA T-U3AydeHUd Ha [1OBA mpu pas3HBIX A03ax
0OAyYeHUs MOKa3zaAW, 4YTO IPU MAABIX A03ax (1-5 Mpad), XOTa U MPOUCXOAAT
PU3UKO-XMMHUUECKHe Mpollecch, HO HabOAIOpAaeMble H3MeHeHUs He3Hauu-
TEABHBL.
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Puc. 1. 3aBucumoctu £/(f=10 «ly) n t=f ot Temnepatypsbl Ansa NMIBL (no3a15 Mpad)
npu yactotax 1, 10 n 50 «/y.

B paHHOU paboTe MBI COYAU IIeAeCOOOPA3HBIM IIPEACTABUTH PE3YABTATHI
AUBAEKTpUYecKuX uaMepeHurt MITO mpu pozax obayueHus 15 u 35 Mpao.
IToayuyeHHBIE TEMIIePAaTypPHO-YACTOTHBIE 3aBUCHUMOCTH AUIAEKTPUUECKUX IIO-
Tepb(tga) AT papmariuoHHo-cituToro [IOBA, ¢ po301t 15 Mpao npu purcupo-
BaHHBIX yacTtoTax 0.5, 5, 10 u 50 x/y, a TakyKe TeMmIepaTypHas 3aBUCUMOCTb
AMDAEKTPUYECKOU mpoHuiaeMoctu (¢') mpu vyactore 10 x/y mpeAcTaBAEHBI Ha
puc.1l, 13 KOTOPOro BUAHO, UTO AeHCTBHe }-U3AyUeHMs IIPUBOAUT K PE3KOMY
U3MeHEeHHUI0 MHTEeHCUBHOCTH, TeMIIePaTypPHOI'O IIOAOXKEHMS M IOAYUIMPUHEI
MaKCUMyMOB HaOAIOAQE€MBIX PeAaKCAIMOHHBIX IepexopoB. CpaBHeHUE AM3-
AEKTPUUYECKUX CIEKTPOB MCXOAHOTO(HEOOAyUeHHOro)[8] 1 00AyUeHHBIX (pHC.
1) obpasnor I[19BA, mokasblBaeT, 4YTO MAaKCHUMyM PeAaKCalMoOHHOro ¥-
Iepexopa CMeIlaeTcss B 0OAacTb 6oaee BBICOKMX Temieparyp (160+213 K),
YBEAWUMBAETCS BBICOTA M IOAYIINPHHA MaKCUMyMa AWUIAEKTPUYECKUX IIO-
Teps (t20), a TakKe MOBLINAIOTCS 3HAYCHUS AMAACKTPUUECKON MPOHHIIAE-
MOCTH(g'), UTO CBSI3aHO C YBEAMUYEHWEM IMAOTHOCTHA W TIOSBAEHUEM HeHaChI-
meHHOCTH B I13. IloanydyeHHBIE AQHHBIE MO3BOASIOT IIPEAIIOAOKUTH, YTO W3-
MeHeHHMe XapakKTepa KPUBBIX thDI ={(T) B oOracTu ¥-mlepexopa CB43aHO C IIO-
AGPHBIMH TpPyNIaMu, B YacTHOCTH, KapOOHUABHBIX C=O U MeTUABHBIX
CH;—rpynn B XOA€ OKHCAMTEABHO-AECTPYKIMOHHEBIX IponeccoB. Kak us-
BECTHO, pOoCT KoHIeHTpanuu rpynn C=O OOoBHIIIaeT AUIOALHO-TPYIIOBBIE
IIOTepH, He U3MEHSs IIOAOJKeHHEe MaKCHUMyMa thJ II0 TeMIlepaType U 4acTo-
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Te, & yBeAWUYeHNe MEeTUABHBIX I'DYNIl IPUBOAUT K IIOBBIIIEHUIO AWIAEKTPU-
YeCKHX IIOTepb W BPEMEHU PEeAaKCalliM BCAEACTBHE YBEAWUYEHUS Me>KMOAe-
KYASIPHBIX B3aUMOAEWCTBUN U, CAEAOBATEABHO, K CMeIIeHWI0 MaKCHMyMa
th)K OoAee BBICOKOM Temmeparype [9], 4To HaOAIOAQAOCH B PEAAKCAIJUMOH-
HBIX crnekrpax [TOBA, npuBepeHHBEIX Ha puc. 1. CrepyeT OTMETHTH TaKXKe,
YTO papUallMOHHLBIE NIPOIECCH], B YaCTHOCTU CIIMBaHUe, 06pa3yloT CEeTOUHYIO
CTPYKTYpPYy, YTO IPUBOAUT K POCTY AedeKTHOocTH (oOpa3oBaHHe Ae(deKTOB
Kak B amMop(gHOU (¢a3ze, TaK M B KOHIIe Ilellell B KPUCTAAAUTAX), CTEIEeHU
Pa3BETBAEHHOCTH U AOKAABHBIX HANpS>KeHUM B IOAMMepHOU cucteMe. Ta-
KHM 00pa3oM, CIIMBKA OTPAHUYMBAET ABUJKEHHE MAaKPOMOAEKYA, OCOOEHHO B
aMopdHOMU dasze, U NPUBOAUT K TeMIepaTypHOMY CABUIY MakcuMyma ¥ -
perAakcalnuy, a TakKe YBeAMUYeHUIO SHepruu aKTUBAIlUM HU3KOTeMIIepaTyp-
HOTO Ilepexopa. OHeprud aKTUBAllUM, BBIUYNCAEHHAs U3 HAKAOHA IIPIMOU
lng=E|I'(1a"'rI:], Mst ¥-perakcaruu U=53.6 k/orc/mons (Taba. 1). OcHOBHEIE ITa-
paMeTpel OOHAPY>XEHHBIX PEAAKCAIlMOHHBEIX IIepexOop0B arga MITOBA, mpu
po3e 15 Mpao ipepcTaBAeHEBL B TaOA. 1. YUUTHIBas BBHIIIEU3A0KEHHOEe U 0600-
1miag IIOAy4YeHHBIEe AAQHHBIE, MOJXHO IIPUMTH K BBIBOAY, 4YTO }-peaakcanus
OOYCAOBAE€HA AMIIOABHO-TPYNIIOBBEIMU IIOTEpSAMU B aMopdHON da3se, T. e.
ABIDKEeHUEM KOPOTKMX OTpe3KOB OCHOBHOM IenM, copepikalled 3—4
TIOCAEAOBaTEABHO PacIoAOKeHHEBIe TPYIIIBL CHj(ABM>KeHMe  THIA
KOAEHUYATOr'0 BaAa), IepeopueHTallell NHOPOAHEBIX IIOASIPHBIX I'PyII B OOKO-
BBIX OTBETBAEHMSAX U KOHIIEBBIX METUALHBIX I'PYII B aMOpdHOU dase, a Tak-
Xe pedeKTaMu B KPUCTAAWYECKON (pase, IMOSIBAEHHE KOTOPBIX CBI3aHO C
ABIDKeHHeM KOHIIOB Ifelleii. Kpome 3TOTO, MCCAEAOBaHMA ITOKA3aAW, 4TO yBe-
AWYEeHMEe Pa3BETBAEHHOCTH BCAEACTBHE OOAyUeHMs IIOBBIIIAET KaK ITOABUIK-
HOCTb, TaK U YHCAO KHUHETHUYECKUX eAVHMI], YU4aCTBYIOIIUX B MOAEKYASIPHOM
perakcanum. M3 puc.l Tak>ke BUAHO,UTO B AUDAEKTPUYECKUX CIIEKTpax o00-
ayuyeHHoro [I9BA, B obOaactu Temmeparyp 258+318K, mnposgBaseTrcsa
OTYETAUBO BBIPA’KEHHBIM MaKCUMyM B-penakcanuu. VICXOAs M3 AQHHBIX,
TIOAYYEHHBIX HaMU, A HeoOAaydeHHOTO [TOBA [8] OBIAO NIPEATIOAOKEHO, UTO
MOAEKYASIPHBIM MeXaHUu3M 3-perakcanuy OGBICHIETCS ABHKEHHEM CPaBHH-
TEeABHO OOABIIINX CErMeHTOB, OOKOBBIX NPUBECKOB, KOHIIOB Ilellel, Yy3AO0B
BETBAEHUM U BpallleHueM Ilernel Kak B OCHOBHOM aMop@HOM dase, Tak U B
Me>X(da3HbIX 00AaCTaX. V3 IOAYyYEeHHBIX AQHHBIX AAS OOAydeHHOTrO [TOBA Ha
TeMIIepaTyPHBIX 3aBUCHUMOCTSIX AUSAEKTPUUECKUX IIOTEPh tg5 HabAIOAaeTCa
CMellleHue TeMIIepaTypHOro IIOAOJKEHUS MaKCHUMyMa £ -penakcarun B 06-
A&CThb BBICOKHX TEMIIEPAaTyp, Pe3KO YBEAMUMBAIOTCS AUIAEKTPHUUYECKHe IIOoTe-
PY U 3HaUeHUSI AVUIAEKTPUYECKOMN NPOHUIIAeMOCTH. TaKue M3MeHeHUs AUI-
AEKTPUUECKUX CBOMCTB MMEHHO B O0OAACTH B -riepexopa OOBSICHSIOTCS TeM,
4YTO HM3MeHeHUe IMOABMKHOCTH KHHETWYECKUX eAMHMUI], OKHUCAEHHe, AeCTPYK-
U U CIIMBKA, B IIEPBYIO OYEpPEAb, IIPOUCXOAAT B aMmopdHou dase. B obay-
yeHHOM [1D Bo3pacTaeT Me)KAaMeAsipHOe IIPOCTPAHCTBO C YBEAWUYEHHEM CTe-
[IeHM Pa3BETBACHHOCTH, B CBS3H C 4eM [3-perakcallds CTaHOBHTCS 3HAUM-
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TEeABHO BBIDaXEHHOU. I3 TeMIepaTypHBIX 3aBUCUMOCTEU AUSAEKTPHUYECKUX
norephb (puc.l) TakKe BUAHO, uTO [3-IIepexop MMeeT KOOTepaTHBHBINA XapakK-
TEep U CBA3aH C IIPOLIECCOM CTEKAOBAHUS. BBIUMCASAS 3HEPrHUIO aKTUBAIIUU
AAST ﬁ-nepeona, noayumam U=175 x/c/mons (Taba.l). Takoe 3HaueHUE
SHEPruu aKTUBAIIUU YKa3bIBAET Ha KOOIEPATUBHOCTH ABUJKEHUS MOAEKYAIP-
HBIX Ilelle}, KaK M B CAydae IlepeXxojpa TeMIlepaTyphl CTEKAOBAHUS B OOAACTH
MeHee BBICOKHX Temmeparyp. C MOBEIIIEHHEM TeMIepaTypbl HaMH TaKKe
oGHapy’KeHa aCHMMETPUYHOCTh KPHMBOH B OBAACTH [3-MaKCHMyMa BCAEACT-
Bre HAAOJKEHUs (4-penrakcallid CO CTOPOHEBI BHICOKMX TemiepaTyp. dopma
KPUBEIX (puc.l) MOKa3bIBaeT, YTO OOAyYeHHe OKa3hblBaeT CIelu(UUYHOE BAUSA-
HHe TaK)Xe B 00AacTHU ffy-Tiepexopa. CpaBHeHNE AUIAEKTPUUECKUX CIIEKTPOB
ob6pa3snoB ucxopnoro (puc. 1) [8] u cmutoro ITOBA (puc.l) mokasbiBaeT, 4To
BCAEACTBUE OOAYUEHUS IIOAOJKEeHMe f4-peAraKcalluy 3HaUYUTEeABHO CMelljaeTcs
B CTOPOHY BBICOKHX TeMIIEpATyp M IposiBasgeTcsa B obOaactu 313+348K c¢
OAHOBPEMEHHBIM YMeHBIIEHUEM ero BEICOTEL. KpoMe 3TOTro, caepyeT OTMe-
TUTh, YTO MHTEHCHUBHOCTb MOAEKYASPHON peAaKCalUM yYMeHBIIaeTcd C yBe-
AWYeHUEeM YacTOTHL. ODTOT (PaKT OOBSACHSAETCS CIIUBKON B MeK(Pas3HOU 30HE
Ha IMOBEPXHOCTIX CKAQAOK, BCAEACTBHE UYero yYMeHBIIAIOTCS IOABHKHOCTB
neney B CKAQAKAX M, CA€AOBATEABHO, MHTEHCUBHOCTE £&i-MakcuMmyMma. OleH-
Ka 5Hepruu akTUBaluM E4-IIpolecca M0 AQHHBIM AUSAEKTPUUECKUX H3Mepe-
Hul (puc. 1) mmeer 3HaueHme U=92 x/oc/mons (Taba. 1). VI3 moaydeHHBIX
AAHHBIX CAEAYET, YTO C HOBHIIEHHEM YaCTOTHI (1- U 3 -peraKCaIlMOHHEBIE
TIPOIIECCH CTAHOBATCS AyUllle pa3pelleHHBIMH, U CYIIeCTBYeT OrpaHUYeHHBIN
WHTEPBaA TEeMIEepaTypbl M YacCTOTHl, IPU KOTOPOM MOJKHO HAOAIOAQTH 06a
npoiecca B MITOBA,. V3 BBIIEN3A0KEHHOTO CTAHOBUTCS SICHO, UTO ABUKe-
HUe (HepeopUeHTallNd) IeTeAb CKAQAOK M BpallaTeAbHO-IIOCTyNaTeAbHOEe
ABUDKeHUe nenell B MeX@a3Hou 30He [0 mpu &i-perakcanuy BAUSIOT Ha
TIOABMJKHOCTE Ileniell U Ae(eKTOB B KPHUCTAAAUYECKOU (ha3e U C IIOBHIIIE-
HHUEeM TeMIepaTyphl OOABIIIe BTATHUBAIOT B ABMJ)KEHHE COOTBETCTBYIOIINE KU-
HeTHUYeCKUe eAVHUIILI, YTO NPUBOAUT K IOSIBAEHUIO &3-MaKCUMyMa B peAak-
callMOHHBIX crnekTpax 139 B obaactu TeMmnepatyp 373+403 K (Taba. 1). @3-
IMTepexop o CylleCcTBY OTBedYaeT HAauyaAy PeAaKCAllMOHHBIX SBAE€HUMN, NPHUBO-
MAIIUX K IAaBAeHMIO [13, M yKasblBaeT Ha MOBHINIEHHE TeMIepaTyphl IIAaB-
AeHmng MIIO.
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Tabauya 1
OcHoBHbIe XapakTepucTukn oosnydennoro IIIBA(A=15Mpao)

TTSBA, MIT3 —2 (15Mpao) cTeneHs cuimBKY, (%) — 66
AHTIOABHO-TPYIIIL. AUTIOABHO-CETMEHT.
4 -perakcanus
peAakcanus peraxkcanus
“acTo- | speprus akTHB., SHeprusi akTHUB., SHeprus
T;’ x/[ic/monn-53.6 x/lic/monn-175 aKTUB., K/{owc/monb- 92
KLy
tgd ' tgd ' tgd !
T, K £ T, K £ T K £
x10*% x10*% X10%

5 181 3.5 2.292 | 282 7.25 2.169 | 317.5 5.5 2.085

10 184 3.7 2.292 | 285 7.0 2.163 | 325 4.6 2.072

50 194 | 4.85 |2.286 | 292 8.65 |2.143| 343 4.9 2.007

C TOYKM 3peHHs TeXHOAOTHUUYECKOM 3HAUMMOCTH OCOOBIM HUHTepec
NIpeACTaBAdIeT HMCCAeAOBaHMe OOAy4YeHHEBIX oOpasnoB [1OBA, obaaparoniux
MaKCHMaAbHOU cTeneHbio cmmBaHusa (A=35 Mpad, I'=79%). Ilostomy ObIAM
NIPOBEAEHBI AUDAEKTPUUEeCKUe U3MepeHus: oopasnos [19BA, oOAyYeHHBIX AO-
304 35Mpad, B IIHPOKOM TeMmIepaTypHOM wuHTepBare 120+440K mpwu
dukrcupoBaHHbIx yactorax 0.5, 5, 10, 50 u 100 x/y. [ToryyeHHBIE TeMIepa-
TypHBEIE 3aBHCHMOCTH AMIAEKTPHUECKMX TOTepb 180 1 AMarekTpHuecKoit
IPOHUIIAEMOCTHA g MI1D TPUBEAEHBl Ha PUC. 2, a peAaKcallMoOHHbIE Mapa-
MeTpHl HaOAIOA@eMBIX IpolnjeccoB B MITO mpeacTaBAeHBEI B TaOA. 2. CpaBHe-
HUe AMSAEKTPHUYECKUX CIEeKTPOB (puc. 1 U 2) B yKa3aHHOM TeMIepaTypHOM
UHTepBaAe IIOKa3bIBAeT, UYTO HAOAIOAAETCSI Pe3KOe IIOBBIIIEHHEe HWHTEHCUB-
HOCTU peAaKCallMOHHBIX IIPOIECCOB, UTO OOBACHSAETCA OOpa3oBaHMEM M Ha-
KOIIA€HHEeM B 0OAy4eHHOM [1D IOAAPHBIX KUCAOPOACOAep Kamux rpymi. Co-
IIOCTaBAEHVE 3KCIEePUMEHTAABHBIX AQHHBIX IO OIIPEAEAEHMIO CTEIeHU CIIIH-
BaHusA U MK-CIEeKTPOCKONMU IOKA3aA0, YTO YBEAWYEHHE AO3bl OOAYyUYEHUS
MOBLINIAEeT KOAMYECTBO TOASPHBIX TPYII M TeAb- Qpakiuu. Tak, Ha Temie-
PaTypPHO-YaCTOTHBLIX 3aBUCHMOCTSIX AMUIAEKTPUUECKUX moTepb MIIO mposs-
AdeTCsT MIUPOKUM HU3KOTEMIEepPaTypHBIM MakCUMyM B OOAAQCTH TeMIIepaTyp
163+203K. Ha mpeaCTaBAEHHBIX KPUBBIX tg5=f(T) HaOAIOAQIOTCS TeMIlepa-
TYPHBIM CABUTI MaKCHUMyMa F-Iepexopa B CTOPOHY BBICOKMX TeMIlepa-
Typ(amopdusamnusa), a TakXe yBeAWYeHUEe BBICOTHI U IIOAYIIUPUHBL ¥ -
MakcuMyMma. Ha ocHOBe IIOAYYEeHHBIX PEe3YABTATOB OBIAO YCTAHOBAEHO, UTO
V-penrakcanus uUMeeT KOMIIAEKCHYIO IPHUPOAY, T. €. COCTOHUT W3 ABYX Fi- U
¥ -PEAAKCAIIMOHHBIX IIPOIIEeCCOB, IPU 3TOM ¥:-peArakcalud CBg3aHa C AOKAAb-
HBIM (MEAKOMAcCIITaOHBIM) ABU>KeHHEeM B aMop(HOU (dase, a ¥, - perakcanmug
— C ABWKeHHEeM Ae(eKTOB B KpHUCTaarndeckux odaacTax. CaepyeT oTMe-
166



TUTbH, YTO TEMIIEPATypPHBINA CABUI U aCUMMETPHUYHOCTDL ¥ -MaKCHMyMa yKa3bl-
BAIOT Ha CAOJKHOCThb CTPYKTypHI ¥-perakcanuu. [Ipepnoaaraercs, 4To CMe-
IIeHWe TEeMIEPATyPHOTO MOAOKEHUA ¥ -MaKCUMyMa CBSI3aHO C BO3AENCTBUEM
papuanuy Ha KpUCTaarndeckKue oOaactu [135, 4TO MPUBOAUT K HM3MEHEHUIO
COOTHOIIEHUSI MeXKAY BKAAAAMH F:- U Fy-Perakcallud B CyMMapHBINH }-
MakcuMyM. Kak BHAHO M3 KPHUBBIX tg5=f(T) Ha pUC. 2, IPU NOBHIIIEHUN
AO3Bl OOAYUEeHUSI PaAUAIlMOHHO-UHAYIIMPOBAHHBIE M3MEHEHUsS CTaHOBATCA CY-
II[eCTBEHHBIMU B OOAACTH BBICOKUX TeMIlepaTyp. TaK, HaOAIOAQIOTCS CMellle-
HUe TeMIepaTypbl ﬁ-MaKCHMyMa B CTOPOHY HU3KHX TeMIepaTyp (OTHOCH-
TeAbHO Ty ﬁ—nepeXOAa npu A=15 Mpad) n uckaxenre (POpMBI KPUBHIX CO
CTOPOHBI BBICOKUX TEMIIEPATYP, BCAEACTBHE Uero yBeAWUMBAETCS IIPOsSBAse-
Masd aCUMMETPUYHOCTb. CAepyeT OTMETHUTh, YTO B 3aBHCHUMOCTH OT AO3BL 00-
Ay4YeHHs 10 Mepe YBEeAWUYEeHUd CTeleHU Pa3BETBAEHHOCTH Ilenert B MIID
YBEAUUMBAIOTCS AUSAEKTPUYECKHe IIOTepH, a TaKKe BeAWUYMHa TeMIlepaTyp-
HOTO cABHTa [3 -MakcuMyMa. Kpome 3TOTO, ¢ yBeAMdeHUEM YacCTOTHI SA€KTPHU-
YEeCKOT'0 IOASI CUABHO MEHSIOTCS WHTEHCHUBHOCTb M IIMPHHA MaKCUMyMa B-
peaakcanuu. [TorydeHHBIe A@HHBIE IO UCCAEAOBAHUIO CTPYKTYPHBIX U3MeHe-
HUMl B MITO moKa3bIBaIOT, YTO KOAMYECTBA MOAIPHBIX I'PYIN U reAb-(ppak-
UM YBEAWUYMBAIOTCSI C yBEAWYEHUEM IIOTAOIEHHOM AO3BI, YTO IIPUBOAUT K
U3MEeHEHHUIO AUBAEKTPUYECKUX CBOUCTB, a U3MeHeHHe (popMbl KPUBHIX 0OyC-
AOBAEHO yBeAWMUYeHHeM aMop(dHOM (a3el, KOH(MOPMOIUOHHOU IOABUK-
HOCTBIO YYaCTKOB OCHOBHBIX Ielled MeKAY TOYKaMM PAa3BETBACHUS HUAU Y3-
AaMU IIPOCTPAHCTBEHHOM CETKH, OOABIIMM KOAWYECTBOM OOKOBEIX (pparmeH-
TOB MAKpOIlelle U yMeHBbIIeHUEeM CAEP’KUBAIONMIEr0 BAUSHUSA KPUCTAAAUTOB.
IToBrIllIeHME TOTAOILIEHHON AO3BI yCHUAWBAET KOOIEPATUBHOCTH ABUYKEHUS
nenen B amopdHou dasze MIID. BansaHue yBeAndeHUs AO3Bl OOAyUYEHUSA
NIPOgBASIeTCS M B OOAacTH (i-perakcanuu. Tak, ££4-MaKCUMyM BCAEACTBUE
YBEAWUEHHUd CTelleHU CIINBAHUY CABUTAETCd B CTOPOHY BBICOKMX TeMIlepa-
TYyp U NpoaBAdeTcd B uHTepBare 318+348K. Tlpu s3ToM C yBeAMYeHHEM
YacCTOTHl IIOBBIINIAETCS WHTEHCHUBHOCTH (j-peAraKkcallid C OAHOBPEMEeHHBIM
YMeHBbIIIEHUEM 3HAYEeHUN AUINEKTPUYECKOM IIPOHMUIIAEMOCTH. OTO OOCTOS-
TEABCTBO OOBACHSETCS TeM, UTO B Me)X(a3HOU 30He Ha IIPUIIOBEPXHOCTIX
KPHUCTAaAAUTOB IIPOMCXOAAT KaK CIIMBAIOIUe, TaK M AECTPYKIIMOHHEBIE IIPO-
1ecchl ¢ 00pa30BaHUEM IIOASIPHBIX I'PYII, BCAEACTBUE Yero U3MeHSeTCs OT-
HOIIIEHVE B3aWMOAEUCTBUN BHYTPH- U MEXMOAEKYASIPHBIX CHUA. PacueTHoe
3HaueHUe JHEPTUM aKTUBAIMU IoAayueHO 87.7x/oc/mons. KpoMe 3TOrO, CAe-
AyeT OTMEeTHUTh, UTO YMEeHbIIIeHUe 3HePruM aKTUBAIlUM peAaKCalli{d C IIOBBI-
IIeHreM TeMIlepaTyphl yKa3blBaeT Ha IIOCTEIIeHHOe YMeHbIIleHHe Koollepa-
TUBHOCTU ABUJKEHMS BCAEACTBHE YMEHBIIEHUSI MEeKMOAEKYAIPHOTO B3anMO-
AeticTBus. B obaacTu F4-perakcaliiyl pa3MOpa>kUBaHUE ABUXKEHUU B CKAQA-
KaxX KPUCTAAAUTOB CIIOCOOCTBYeT IIOBLIIIEHHWIO IIOABUJKHOCTH Ilellel B
KPUCTAaAAMYECKUX OOAACTAX U IIPU IOBBIIIEHUU TeMIlepaTypbl OOYCAOBAU-

BaeT AaAbHeUIlee pPa3BUBAIOIIEECS ABUJKEHWE Ilelle B KPUCTAAMUYECKUX
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dazax. [loaToMy C MOBBIIIEHUEM TeMIePaTyphl B AMIAEKTPUYECKUX CIIEKT-
pax ITO B obaactu 393+413K nposBageTcs ellé OAUH BBICOKOTEMIIEpaTyp-
HBII MAaKCHMyM, CBSI3QHHBIM C ABUJKEHUEM Ieled B KPUCTAAWYECKHX O0-
AacTax. COrAacHO IPEATIOAOKEHMIO, TeMIIlepaTypHas OOAaCTh AQHHOIO MakK-
CHUMyMa COOTBETCTBYeT Ha4daAy IAABA€HHS KpUCTaAAuToB [10. M3 KpuBHIX
tgd = f(T) BUAHO, UTO TIPM TOBHINIEHUM AO3BI OOAYUEHHUS TeMIIepaTypHOE
IIOAOJKEHHE IIepeXxoAd CABHUIAeTCS B CTOPOHY OOAee BBICOKHX TeMIepaTyp,
YTO O3HAYaeT IMOBHIIIeHHe TeMIlepaTyphl NAaBAaeHus [10.

2,5 f=10KrL|.

1,75 -

1,5 T T T T T T T T T T T T T T T T
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440T’K

13 tgé x 10* wemeee (=0 5K
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10 o e — = 10Ky
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Puc. 2. 3aBucumoctun E(f=10kuy) n tzd ot TemnepaTypbl ans MOBL (mnosa 35 Mpad) npw
yactoTax 1,10 u 50 kly.

Tabauya 2
OcHoBHbIe XapakTepucTuku ooaydennoro 9B/ (1=35 Mpao)

IMSBA, MIT3 —4 (35Mpao) creneHb cimBKY, (%) — 79
AWTIOABHO-TPYIIIL. AUTIOABHO-CETMEHT. -
peArakcanus peArakcanus 1-perakcanmi
4acTo- 9HEprusi akTUB., 9HEPrus akTus., SHEprus
Tﬁ’ korc/monb-48 korc/monv-219 aKTUB., k/[oc/monn- 92
Y ) & &
T, K xtijljﬁ g | Tk ti’04 g | T K xtij[ﬁ g
5 183.5 4.85 2.305 | 280 9.6 2.208 | 321 7.6 2.115
10 187.6 5.15 2.305 | 283 10 2.205 | 329 7.5 2.093
50 200 6.8 2.305 | 287 12.5 2.203 | 346 8.8 2.031
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O60611as1 MoAyYeHHBIe pe3yabTaTel MITOBA, 6su10 yCTaHOBIEHO, YTO 06-
pasnsl [TOBA Ooaee UyBCTBUTEABHBI K }-M3AYUEeHUIO, YeM AMHENHBIE IIOAU-
Mephl, U IpU 0DAyUYeHHU € A030¥ 35 Mpao cTeneHb ciimBaHusg B [10 nmpunHu-
MaeT MaKCHMaAbHOEe 3HaueHHue. JTO IIPUBOAUT K YAYUIIEHUIO CBOMCTB I1D, B
YaCTHOCTH K IIOBBLIIIEHHWIO TEMIIEPATypPhl NMAABAEHUS, T. €. TEIIAOCTOHKOCTH
MITI3. Tak, ars moAaydeHus [10 ¢ yAYUIIIeHHBIMU AUSAEKTPUUECKUMU CBOMCT-
BaMHu OBIA BBIOpAH METOA PaAMAIMOHHOTO CIIWBAHUS B WHEPTHOM Cpeae C
A030M obayueHusa 35 Mpao npu 293 K.

NGLULUESPAL MLASEULELE NFUNFULEURLOFUL
SUNUQUSRUE3LALEL UNAPSPUESLUD AUL2L SLSAFUUESPL
MOLPERPLELULELNFU (RGME)

U. U. UUrq-usuu

Shyneduyply wmpbdpyEibibpnod (REME) 130+430 U hpdunmnplutmypi b 10°+10° g
Cwﬁm[zlwl[wilnL[JJnl_flflbpﬁ llllJil lﬂ[IanJ[aiIbanlr.' Ulﬂlllgl{lllé’ Il_ﬁé‘lblllnliﬁllluqulil Iinpnl_um-
uhpf (1g) b [Fupuwbiglpfo Byt (€) YhpdunmnfiwbimSuufuulyubugple Jusfufudon [Fync-
Luqlz.bgnLﬁJl.uil Cblnb.lllil#l‘"[ lllnpl‘qu lfll1l[1l1[ZIlZI1Lljl bil n_b[l.u.gulugﬁnfl FilnLﬁLull_Ppr, Cuun—
Rd”]b—ﬁ lllu[nflufl n_liollnf.'

RELAXATION PROCESSES IN RADIATION MODIFIED HIGH PRESSURE
POLYETHYLENE

S. S. SARGSYAN

Kh. Abovyan Armenian State Pedagogical University
17, Tigran Mets Str., Yerevan, 0010, Armenia
E-mail: Sargsvan_Susan@yahoo.com

The molecular relaxation behaviour of the radiation modified high-pressure
polyethylene (HPPE), exposed gamma radiation by various absorbed doses (1, 5, 15, 25
and 35 Mrad), has been investigated in large temperature (130+430K) and frequency
(10?+-10° Hz) ranges by dielectric loss (tand) analysis. The obtained temperature-
frequency dependencies of dielectric loss (tgd) and permittivity (¢') allow us to reveal the
relaxation areas of radiation-modified HPPE, as well as their dependence on the
molecular structure of irradiated PE. The results showed that y-radiation led to a sharp
change in the relaxation parameters, especially those above the glass transition
temperature (in high temperature region T > Tg), and also served as a basis for setting the
mode of HPPE high degree of crosslinking (7= 79%).
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Nwywuypuith phipwlwi hwinbu
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MACHMA B PEJAKLIMIO

YAK 547.792.1 + 547.792.6

CUHTE3 HOBBIX BUC-1,2,4-TPUA30J10B

WM3BecTHO, YTO mnOpou3BOoAHBIe 1,2,4-Tpua3oA0B 00AAAQIOT IIMPOKUM
CIIEKTPOM OMOAOTHYECKOT'O AEMCTBHUY, a CPeAr HUX 0CODOO BBIAEATIIOTCS TreTe-
PHUACOBMeEIleHHBIE TPOM3BOAHBIE. B uwacTtHOCTH, 1,2,4-TpHasoabl, copeprka-
e B KayecTBe 3aMecTuTeArell 0eH30TUa3MHOHOBBIM, OeH30KCa30AWHOBBIY,
THA30ABHBIA (PPArMeHTHl, IIPOSIBASIIOT SIPKO BBIPA’KEHHYIO IIPOTHUBOBOCIIAAU-
TeABHYIO [1], aHaABreTHUecCKyio [2], IpOTUBOTyOepKyAe3HyIO [3], a Oucrma-
30A0TPUA30ABl U OUCTPUA30ABI — AQHTHMOAKTePHUaAbHYIO [4] B aHTHOKCUAAHT-
HYIO [5] @KTHMBHOCTBH. AKTUBHBLIMU arAMKOHAMM HEKOTOPHIX AEKapCTBEHHBIX
CPEACTB SIBASIOTCS TaK)Ke TeTepUAcOoBMellleHHble 1,2,4-Tpua3oAbl — pubaBu-
PUH (aHTUBUPYCHBIM Ipenapar) [6], pu3arpuntas (IpenapaT IPOTUB MHUIpe-
HU) [7], aHACTPO30A (IPOTHUBOOIYXOAEBHIM IIpenapar) [8] u T.A.

Brelmensao>KeHHOe TOATBEPKAAeT AaKTYaAbHOCTh U IeAecOOOpa3HOCTH
HNCCAEAOBAHUM B 0OAACTH a30A0B. PaHee OBIAO ITOKa3aHO, 4TO 3,4-AM3aMe-
1leHHble-1,2,4-TpHUa30Abl A€TKO BCTYIIAIOT B peakIuio Muxasagd CO CAOKHEBI-
My 3UpaMU U HUTPUAAMHU 0,p-HEHACHIIEHHBIX KHUCAOT [9]. [NoayueHHBIE
P 3TOM IIPOAYKTHL IO CYTH SBAJIOTCS aHaAOTraMU [-araHWHA M MOTYT
IPEACTaBUTH MMPAKTUYECKUM MHTepec B (papMaKOAOTHUHM, MEAUITUHE, & TaKKe
B TOHKOM OpPT@HMYECKOM cuHTe3e. VI3BecTHO, UTO MmenTuAbl HeOeAKOBBIX [3-
aMUHOKHUCAOT SIBASIOTCSI aKTUBHBIMHM arAMKOHAMU W3BECTHBIX IITpelapaToB —
KalpeoMUIIMHa U OAEOMUIIMHGE, a P-araHUH M N-aIuA-B-araHUH — THIIEeBHI-
mu BAA,. Mcxopd M3 CKa3aHHOTO MOYKHO OBIAO ITPEAIIOAOKUTH, YTO IIPeAAa-
raeMble HaMM ITPOU3BOAHBIE TE€TEPUA3AMEIeHHBIX ITPOITUOHOBEIX KUCAOT MO-
T'yT TPEACTaBUThH MHTEPEC C TOUYKM 3PEeHUsT (PapMaKOAOTHUU.

C 1eAbIO pacHIMpeHus acCOPTHUMeHTa 3(PHUPOB B-TpUa30AMA3aMellleHHBIX
TPONIHMOHOBBIX KHUCAOT, OMCTETEPOIIMKANYECKUX COEAMHEHUM Ha OCHOBE IIOC-
AEAHVX, @ TaKJKe ITOMCKA HOBBIX OMOAOTMYECKU aKTUBHBLIX COEAMHEHUH B Psi-
Ay 1,2,4-Tpra3on0B HaMU OCYIIECTBAEH PsIA IIPEBPAlleHUM, MPUBOASIINX K
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TeTEePOIMKANYECKUM COEAVMHEHUSIM HOBOI'O CTPOEHMS, paHee He ONMCAHHBLIM
B AUTEpPAType, 0 HUKEIIPUBEACHHON CXeMe.
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YcTaHOBAEHO, UTO 3aMECTUTEAM B ITOAOKEHUM 3 TPUAa30AbBHOTO KOAbIIA
He BAUAIOT Ha XOA NPUCOeAMHeHud 1,2,4-Tpua3on0B K METUAAKPUAATY. Peak-
UM IPOTEKAIOT XeMOCEAEKTUBHO C 00pPa30BaHUEM HCKAIOUUTEABHO IIPOAYK-
TOB N-aAKUAUPOBaHUA — MeTHA 3-(3,4-AM3aMelleHHBIX-5-TUOKCO-4,5-AUTHA-
po-1H-1,2,4-tpuazoa-1-ua)nponroHaTtos (3,4).

DOyHKIIMOHAAU3AIAST HCXOAHBIX 5-CyAbdaHUA-1,2,4-Tpra30A0B pacKpHI-
BaeT ITUPOKHE BO3MOKHOCTU AAS TIPUMEHEHUs coepVHeHWU 3,4 B TOHKOM
OpTraHWYEeCKOM CHHTe3e. B dYacTHOCTHM, HaMHM NOKa3aHO, UYTO THAPA3MHOAM3
TOCAEAHUX ITeAecOo00pa3HOo MPOBOAUTH B pacTBOpe 3TaHOAa 85% TUApa3UH-
ruppaToM. IIpu 3TOM IpoIllecc 3aBepliaeTcss 3a KOPOTKUU CPOK, NMPUBOAS K
ruppasvpaMm  3-(3,4-au3aMelleHHBIX-5-TUOKCO0-4,5-pauruapo-1H-1,2,4-tpuazon-
1-MA)TPOTTMOHOBLIX KUCAOT (5,6) ¢ BBICOKMMM BBIXOAAMH. Aanee MOCAeAHUe
Mo u3BecTHBIM MeTopwKaM [10,11] ObiAM TTIepeBeAeHBI B COOTBETCTBYIOIIUE
1,4-pn3amelieHHBIe THOCeMUKapOa3uAnl (7,8) u 6uctpuazoan (9,10) ¢ atuae-
HOBBIM MOCTOM.

Crpoenne coepmuennit 3-10 ycranosaeno SIMP !H, 13C u UK cnoekr-
ParbHBIMU METOAAMH, & MHAMBUAYAABHOCTB IIpoBepeHa MeTopoM TCX.

CKpPUHUHTOBEIE HCCAEAOBAHUS TOKa3aAuW, 4To coepmHenus 7-10 obaa-
MAIOT YMEPEeHHON aHTUMHUKPOOHOMN aKTUBHOCTBIO.
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JKCIepUMEHTAIbHAA YaCTh

Crnektpsl IMP 'H u 13C pacteopos Bemects 3-10 8 DMSO:CCly 1/3 no-
Ayuenwsl mpu 30°C Ha cmekTpomerpe “Varian Mercury-300" (300 (H) u
75(13C)) MI'y, BuyTpennuit cranpapt — I'MAC. MK-CIeKTphI CHATHI Ha TIPU-
oope "Nikolet Ftir Nexus" B cycneH3mu Ba3eAMHOBOTo Macia. Aaga TCX
npuMeHsiau naactuHbl “Silufol UV-254". IIposaBaenne — mapaMu Hopa. Tem-
epaTyphbl MAABAEHUST OIPEAEASIAM Ha MHUKPOHArpeBaTeAbLHOM CTOAWKE Map-
Ku “Boetius".

MeToarKa CHMHTe3a MCXOAHBIX coepAmHeHUY 1, 2 omucana B pabote [11].

O0mast MeToaMKa moay4yenust MeTua 3-(3,4-1u3amMenmeHHbIX-5-THOKCO-4,5-1H-
ruapo-1H-1,2 A-tpuazon-1l-un)nponnonatoB(3,4). K cmecu 8 mmoneii cooTBeTcCT-
Byrolllero tpuaszoaa B 40 mr ameroHuTpuisa pobaBagioT 0.8 mr 1 M pacTBOopa
MeTHAaTa HaTpUsl B MeTaHoAe, 9.7 mmoiel METMAAKPHUAATA U II€PEMENINBAIOT
4 y Tpu KOMHATHOM TeMmeparype M 5 u npu 50-60°C. CMech 0OXAaKAQIOT,
PacCTBOPUTEAL VAAASIIOT B BaKyyMme. OOpa3oBaBIIMECs KPUCTAAABL Ilepe-
KPHUCTaAAU30BBIBAIOT.

Merun 3-(3-0en3uii-4-penna-5-ruokco-4,5-auruapo-1H-1,2,4-rpua3zodn-1-ua)npo-
nuoHart (3). Beixop 82%, T.ma. 54-55°C. R; 0.49 (CoHsOH : CgHg : v-CgHyy —
1:5:2). Cnektp AMP 'H (DMSO-dg/CCly 1/3, 8, m.a., Ty): 2.90 T (2H, J=7.2,
NCH,CH,); 3.68 ¢ (3H, OCHjy); 3.85 ¢ (2H, CH,Ph); 443 T (2H, J=7%.2,
NCH,CH,); 6.83-6.95 m (2H, Ph); 7.09-7.23 m (5H, Ph); 7.39-7.53 m (3H, Ph).
Cnektp AMP 13C, §, M. 31.1; 31.7; 44.0; 51.0; 126.4; 127.8; 128.0; 128.7;
128.9; 133.5; 133.7; 149.2; 167.1; 169.7. UK-cmekTp, v, e 1252 (C=S); 1569,
1585 (C=N); 1598 (C=C); 1741 (C=0); 3042, 3051, 3059, 3095, 3184
(=CH). HatipeHo, %: C 64.42; H 5.55; N 11.96; S 8.99. C9H9N30,S. Brruuc-
AeHO, %: C 64.57; H 5.42; N 11.89; S 9.07.

Merui 3-(3,4-audennn-5-ruokco-4,5-quruapo-1H-1,2 4-rpuazo-1-ua)npo-
nuonat (4). Beixop 91%, T.ma. 140°C (EtOH). Rf 0.55 (CoHsOH : CgHg : n-
CgHyy — 1:5:2). Cnektp AMP 'H (DMSO-dg/CCly 1/3, 8, m.a., Ty): 297 T
(2H, J=7.3, NCH,CH,); 3.73 ¢ (3H, OCHs3); 4.52 T (2H, J=7.3, NCH,CH,);
7.26-7.31 M (6H, Ph); 7.47-7.52 M (4H, Ph). UK-cmekTp, v, ex’: 1251 (C=S);
1570, 1584 (C=N); 1599 (C=C); 1742 (C=0); 3041, 3051, 3060, 3097, 3183
(=CH). Hatipeno, %: C 63.78; H 4.96; N 12.50; S 9.49. C;gH7N30,S. Brrunc-
AeHo, %: C 63.70; H 5.05; N 12.39; S 9.45.

Oo0mas meronuka ruapasuHousa >¢upoB 3,4. K cmecu 6 mmonei COOT-
BeTCTByIOIero spupa B 20 mz 3TaHOAa pobaBAsgioT 0.34 mn 85% pacTBOpa
TMApa3WHa, IepeMeNnBaloT 5 ¥ Tpu KOMHATHOM TeMnepaTtype u 2 y mnpu 50-
60°C. CMech OXAA’KAQIOT, PACTBOPHUTEAb YAAAFAIOT B BakyyMme. OOpa3oBas-
mrecs KPUCTAAABI TIEPEKPUCTAAAN30BBIBAIOT.

Tuapasun  3-(3-6en3uin-4-penuii-5-tuokco-4,5-quruapo-1H-1,2,4-rpuason-1-
WI)NIPONMUOHOBOI KHCJIO0THI (5). Beixop 86%, T.oa. 113°C (HoO:EtOH — 40:1). Ry
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0.66 (C,H5OH : CgHg : u-CgHyy — 2:4:1). Cnektp SIMP 'H (DMSO-dg/CCly
1/3, 8, m.a., Ty): 2.65 ap (2H, J=8.2, 7.0, NCH,CH,); 3.63-4.30 ym.c. (2H,
NHNH,); 3.86 ¢ (2H, CH-Ph); 4.39 ap (2H, J=8.2, 7.0, NCH,CH,); 6.82-7.00
M (2H, Ph); 7.07-7.27 m (5H, Ph); 7.36-7.54 m (3H, Ph); 9.06 ym.c. (1H,
NHNH,). Cuekrp AMP 13C, §, m.a.: 30.6; 31.2; 31.7% 44.8; 126.4; 127.9; 128.1;
128.7; 128.9; 133.7; 133.9; 149.1; 166.9; 168.4. MK-cmekTp, V, emt 1250
(C=YS); 1565, 1581 (C=N); 1596 (C=C); 1640 (C=0); 3027, 3057, 3084,
3106 (=CH); 3206, 3298, 3329, 3519 (NHNH,). Hatipeno, %: C 61.09; H 5.38;
N 19.91; S 9.07. CgH{9N50S. Brruucaeno, C 61.17; H 5.42; N 19.81; S 9.07.

Tugpasun 3-(3,4-audenni-5-ruokco-4,5-guruapo-1H-1,2,4-rpuazon-1-ua)mnpo-
NnMoHOBOM KucJa0ThI (6). Boixop 72%, T.ma. 194°C (EtOH). Rf 0.72 (C,H50H :
CgHg : u-CgHyy — 2:4:1). Crnexrp SIMP 'H (DMSO-dg/CCly 1/3, 8, Mm.A., Tuy):
2.65 T (2H, J=7.5, NCH,CH,); 4.00 ym.c. (2H, NHNH,); 4.48 T (2H, J=7.5,
NCH,CHy); 7.25-7.40 m (7H, Ph); 7.46-7.51 m (3H, Ph); 9.08 ymrc. (1H,
NHNH,). Cmekrp SIMP 13C, §, m.a.: 31.6; 452; 1252; 127.6; 127.8;
127.9;128.0; 128.1; 128.7; 128.8; 128.9; 129.0; 129.8; 134.7; 148.5; 167.6; 168.4.
VK-cektp, v, ev’: 1251 (C=S); 1567, 1587 (C=N); 1597 (C=C); 1641
(C=0); 3028, 3056, 3083, 3105 (=CH); 3207, 3299, 3330, 3520 (NHNH,).
Hatipeno, %: C 60.08; H 5.12; N 20.75; S 9.40. C7H;7N50S. Brruucaeno, %:
C 60.16; H 5.05; N 20.63; S 9.45.

O0mass mMeTroAMKAa mNOJIydYeHHsl THOceMuKapOasuaoB. K cmecu 4.5 mmonn
COOTBETCTBYIOLIEro ruapasupa B 10 mrz sTaHOAa A0OaBAGIOT 4.95 mmons de-
HUAM30TUOIIMAaHAaTa, ITIepeMelInBaoT | ¥ Ipu KOMHATHOM TeMmIiepaType U 4 u
npu 75-80°C. Cmech OXAA’KAQIOT, BBINABIINNM OCAAOK OT(PUABTPOBLIBAIOT,
MIPOMBIBAIOT 3TAHOAOM U CYIIaT.

2-(3-(3-beusua-4-penna-5-ruoxco-4,5-qguruapo-1H-1,2 4-rpuazosn-1-ua)mpo-
nuoHwI)-N-pennarugpasnn-1-kapéoruoamun (7). Brixop 89%, T.ma. 137-139 °C
(HyO:EtOH — 2:1). R; 0.68 (CoH5OH : CgHg : u-CgHyy — 2:2:1). CmekTtp
SAMP 'H (DMSO-dg/CCly 1/3, 8, m.A., Ty): 2.82 T (2H, J=7.2, NCH,CH,);
3.80 ¢ (2H, CH,Ph); 4.48 T (2H, J=%.2, NCH,CH,); 6.83-6.93 M (2H, Ph);
7.05-7.22 m (6H, Ph); 7.28 m (2H, Ph); 7.39-7.49 m (3H, Ph); 7.54 m (2H, Ph);
9.18-9.68 m (2H, NH); 9.77-10.17 M (1H, NH). Cnektp AMP 13C, §, ma.: 31.1;
31.8; 44.5; 126.4; 127.5; 127.9; 127.9; 128.1; 128.7; 128.9; 133.7;, 133.8; 138.9;
149.3; 166.9; 180.6. UK-cnekTp, Vv, en’t: 1259 (C=YS); 1548, 1573 (C=N); 1599
(C=C); 1675 (C=0); 3022, 3034, 3049, 3059, 3085, 3137 (=CH); 3251, 3396,
3456 (NH). Hatipeno, %: C 61.56; H 4.88; N 17.36; S 13.20. C95H94NgOS,.
Brruncaeno, %: C 61.45; H 4.95; N 17.20; S 13.12.

2-(3-(3,4-Iudennn-5-ruoxco-4,5-quruapo-1H-1,2 4-rpuazo-1-un)npomnuo-
Hua)-N-annuarugpasun-1-kapéoruoamuny  (8). Brxop 94%, T.oa. 200°C
(HyO:EtOH — 1:1). R; 0.72 (CyH50OH : CgHg @ v-CgHyy — 2:2:1). CmekTp
SAMP 'H (DMSO-dg/CCly 1/3, 8, m.A., Ty): 290 T (2H, J=7.4, NCH,CH,);
4.56 T (2H, J=7.4, NCH,CH,); 7.07-7.12 m (1H, Ph); 7.22-7.34 m (9H, Ph);
7.46-7.53 m (5H, Ph); 9.47 ym.m (2H, NH); 10.03 yur.m (1H, NH). Cnektp
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AMP 13C, §, m.a. 31.6; 44.8; 125.1; 127.4; 127.5;127.9; 128.0; 128.1; 128.8;
128.9; 129.8; 134.7; 138.9; 148.7 167.6; 180.6. MK- cmekTp, v, cm™ 1275
(C=YS); 1533, 1591 (C=N); 1597 (C=C); 1691 (C=0); 3047, 3053, 3063,
3100 (=CH); 3265 (NH). Ha#ipeno, %: C 60.65; H 4.61; N 17.93; S 13.56.
Cy4H99NgOS,y. Brruucaeno, %: C 60.74; H 4.67; N 17.71; S 13.51.

OO0mas MeToANKa HUKJIN3ANUU THOceMuKkap6a3uaoB. K pactBopy 4 mz 10%
KOH po06aBagioT 3.5 Mmoo COOTBETCTBYIOILIIEr0 THOCEMUKAPOA3nuAQa, IepeMe-
IIMBAIOT 2 Yy IPU KOMHATHOM TeMmeparype U 4 u npu 85-90°C. IMocae ox-
AQKAEHUSI CMeCh Pa30aBASIIOT BOAOW U TIOAKUCASIOT COASTHOM KMCAOTOU AO
pH 2-3. BeimaBmime KpUCTaAABl OT(OUABTPOBBIBAIOT, IIPOMEIBAIOT BOAOU, CY-
aT ¥ IePeKPUCTAANU30BEIBAOT.

5-Ben3ui-2-(2-(5-mepkanto-4-penui-4H-1,2,4-rpuazon-3-wi)dtui)-4-peHu-
2,4-muruapo-3H-1,2 4-tpuason-3-tuon  (9). Bexop 93%, T.ma.  113-114°C
(HyO:EtOH — 2:1). Rf 0.72 (CyH5OH : CgHg : u-CgHyy — 2:2:1). Cmektp
AMP 'H (DMSO-dg/CCly 1/3, 8, m.a., Ty): 3.03 T (2H, J=7.2, NCH,CH,);
3.82 ¢ (2H, CH,Ph); 4.38 T (2H, J=%.2, NCH,CH,); 6.80-6.93 m (2H, Ph);
7.07-7.22 m (5H, Ph); 7.37-7.49 m (5H, Ph); 7.56 m (3H, Ph); 13.67 c (1H, SH).
Cnextp SAMP 13C, §, m.a.: 24.0; 31.2; 44.8; 126.5; 127.9; 128.0; 128.2; 128.8;
129.1; 133.4; 133.6; 133.7; 148.2; 149.5; 167.5; 167.9. UK-cmekTp, v, cm™: 1263
(C=S); 1570, 1591 (C=N); 1597, 1614 (C=C); 3031, 3057, 3105 (=CH);
3423 (SH). Hatipeno, %: C 63.72; H 4.65; N 17.99; S 13.64. C45H9,NgS,. Bri-
yucaeno, %: C 63.80; H 4.71; N 17.86; S 13.63.

5,4-Tudennn-2-(2-(5-mepkanro-4-amnmnn-4H-1,2 4-rpuazosn-3-ui)rrui)-2,4-1u-
ruapo-3H-1,2 4-tpuazon-3-tuon (10). Brixop 97%, T.ma. 230°C (EtOH). Rf 0.8
(CoH50H : CgHg : n-CgHyy — 2:2:1). Cumextp SIMP 'H (DMSO-dg/CCly 1/3,
S, m.A., Iy): 3.08 T (2H, J=7.2, NCH,CH,); 4.50 T (2H, J=7.2, NCH,CH,);
7.22-7.40 m (7H, Ph); 7.45-7.61 M (8H, Ph); 13.67 ¢ (1H, SH). Cuekrp SAMP
13C, 8, m.a: 23.9; 45.0; 124.9; 127.8; 127.9; 128.0; 128.1; 128.9; 129.0; 129.9;
133.3; 134.6; 148.1; 148.8; 167.9; 168.1. MK-cmekTp, v, cx’: 1270 (C=S); 1540,
1577 (C=N); 1589, 1595 (C=C); 3039, 3047, 3060, 3104 (=CH) 3242 (SH).
Hatipeno, %: C 63.00; H 4.51; N 18.55; S 13.94. Cy4Hy9NgS,. Brruncaeno, %:
C 63.13; H 4.42; N 18.41; S 14.05.

uvne AbU-1,2,4-SCPE2NLLELP U LEGQ
S. 4. 1.02p43UL, W. U. GULUS3UL, UL W. UUUWEL3UL L 1. 0 dLULI-3UL

Neuncdivuuppfly & 3,4-bplpnbquilyuyfund-1,2,d-wppugnpibph jrigbloncdp dfgpyul-
plypnnp b yunnpfincdp dbFfyuant bpluynfdyudp Uppisgbyp nbulgfugf opoydubb-
procd: [Meuslygfusts pifFutined § plidfpoubyblpnfu]” phpbyng N-ubgulugfuwd-B-upwbpip k-
[Phibufplipibipp wnmdugidus: Upbfdlgyws buftbphbpp bufduplby b Spqpugpingpap Sy
prugfulpuppunnn: Ummgiws  Spppughgblbppy  ofi@hgfly B Qudusgumufub - pfo-
1.2 dmnppugnpibp: Uinwgifms dpugnfFyniiskpp whpplplquypb nooncdbufpo @y k-
e greyy bl by, np qpuaibp goegupbpoed Bl guifudnp Quilppdulipbuy i il fdyn :
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SYNTHESIS OF NEW BIS-1,2,4-TRIAZOLES

T.V. GHOCHIKYAN, A. S. GALSTYAN, M. A. SAMVELYAN and V. R. FRANGYAN

Yerevan State University
1, A. Manoukyan Str., 0025, Yerevan, Armenia
E-mail: a_ galstyan@ysu.am

The Michael reaction of some 3,4-disubstituted-1,2,4-triazoles with methyl acrylate
in the presence of sodium methylate has been realized. It has been found that the reaction
proceeds chemoselectively with formation of methyl esters of N-substituted — 3-alanine.
Hydrazinolysis of the obtained compounds affords hydrazides of 3-(3,4-disubstituted-5-
thioxo-4,5-dihydro-1H-1,2,4-triazolyl)propionic acids. The latter were transformed into
the corresponding 1,4-disubstituted thiosemicarbazides and bistriazoles with ethylene
bridge.
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NE3UUSULP NULAUNGSNAFE-3UL GPSOFE-3NFL LGP
T24-U3rL UHYU1EULY
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Nwywuypuith phipwlwi hwinbu
Xumuueckuit xypuar Apmenun 69, Ne1-2, 2016  Chemical Journal of Armenia

YAK 543.635.3

HEJECOOBPA3HOCTBH OIIPEJAEJIEHUSI COAEPXKAHUS OMEI'A-3
HEHACBIIIEHHBIX KUCJIOT B Z/KUPHbBIX MACJIAX METOJOM
SIMP 'H CIIEKTPOCKOITUU

W3BecTHO, YTO AAST HOPMAABHOTO (DYHKIIMOHUPOBAHUSA 4YEAOBEUYECKOI'O
OpraHm3Ma KpaWHe Ba’KHOe 3HaueHHe UMeeT COaAaHCUPOBAHHBIM IIpHEM Ha-
CBIIIIEHHBIX U HEHACHIIeHHBIX KUPOB. B 0COOEHHOCTU 3TO KAcaeTcs COAep-
JKaHUSI B JKHPaAX OITHMAABHOTO COOTHOIIEHHUS oMera-3 W oMera-6 >KUpHBIX
KuCAOT [1]. OMera-3 KUCAOTEI HEOOXOAUMEBI KaK A POCTa M Pa3BUTHS Opra-
HU3MQ, TaK U MOTYT OBITh MCIIOAB30BAHBI AAS NIPEAOTBPAIEHUS U AeUeHUs
UIIeMUYecKod OOAe3HM cepAlla, TUIIePTOHUHU, AuabeTa U pspa APyrux 3abo-
AeBaHUM [2,3]. OTUM O0OYCAOBAEHBI UX BOCTPEOOBAHHOCTH, @ TAK)Ke aKTyaAb-
HOCTBb IIOMCKA W HU3y4YeHUs HOBBIX IOTEHIIMAABHBIX CBIPBEBBIX MCTOYHUKOB
oMera-3 KHUCAOT B KayeCTBe BO3MOJKHBIX 3aMEHUTEAEU TAaKUX OOIIen3BeCT-
HBIX THINEBBIX U A€KAPCTBEHHEBIX JKUPOB, KaK PHIOMU >KUDP, ABHAHOE U KO-
HOIIAIHOe Macha. McXopsd M3 CKa3aHHOro AabOpaTOpUM XMMHUM AeKapCTBEH-
HBIX pacTeHUU MHCTUTyTa TOHKOU OpraHmueckou xuMuu um. A.N.MHAKOA-
Ha OBIAM NIPEANIPUHATHI UCCAEAOBAHUA IO M3YUEHUIO KMPHBIX Macea CeMSH
(IAOAOB) psiA@ AOCTYHIHBIX BO (haope ApMeHUM pacTeHui. B dacTHOCTH, Ha-
MU HCCAEAOBAHEBI CeMeHa 55 pacTeHuM, 3KCTpakKLOuel (reKCaHOM) KOTOPBIX
OBIAU BBIAGAEHBI JKMPHBIE MAacAd, M INOABEPTHYTHI, KaXAOe€ B OTAEABHOCTH,
SIMP 'H uccaepoBanmio (Ha mpubope “Varian Mercury-300VX" B pacTBOpe
auMetuacyabdokrcup ¢ CCly B cooTHoIeHuu 1:3).

NsBecTHO, yTo IMP !H CHneKTpHl )XMpPOB (JKUPHBIX MaceA) OAHOTHITHEL U
COCTOST W3 BOCBMH TPYIII CUTHAAOB, COOTBETCTBYIOIIUX OIIPEAEACHHBIM
CTPYKTYPHBIM (PparMeHTaM >KUPHBIX Macea [4-6]. Pacmonro’keHme CHUTHAAOB
CTPYKTYPHBEIX (pparmeHToB Macea B IMP !H cnekrpax mpeacraBaeHO B Tab-
AHILE.
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Tabnuya

PacnoJioskeHne CHTHAJI0B CTPYKTYPHHBIX (pparMeHTOB
sKMPHBIX MaceJ1 B SIMP 'H CIeKTpax

I'pynner
1 2 3 4 5 6 7 8
I
i i | B-CHa- A -CH,- " 2CH,- (=) u CH-
CHg | -(CHy) kC=0| CH, ¢, [ kC=0 1 ’ TAMIIEpUHA | TAUIlEpUHA
0.85- 1.58- 2.28- 2.70- 5.20-
1.05 1.22-1.40 1.70 1.98-2.20 .37 .82 4.08-4.35 540
M.A. M.A. M.A.
M.A. M.A. M.A. M.A, M.A,

ITpuBepeHHOE B TaOAWIle PACIOAOKEHHE CUTHAAOB BOAOPOAHBIX aTOMOB
CBOMCTBEHHO TOABKO >XMpaM U XapaKTepHu3yeT OOIIHOCTb UX XUMUYECKOM!
(TPUALIUATAUIIEPOAOBOM) CTPYKTYPhI. COCTaBBI JKUPOB PAa3AMYAIOTCS UHTET-
PaAbHBIMM MHTEHCHBHOCTSIMU CUTHAAOB BCEX TPYII, 3@ UCKAIOYEHVEM TPYII-
nel 7. OAHUM M3 CaMbIX HEM3MeHHBIX M IIOCTOSHHBIX CHUrHaroB B IMP 'H
CIIEKTPaxX JKUPOB SBASIOTCSI CUTHAABL TPYINBI 7 ABYX METUAEHOBBIX IPYII
TAUIIEPUHOBOM YaCTH KMPOB, IPOSBASIONINECS B BUAE ABYX CHUMMETPHUYHBIX
MYABTHIIAETOB B oOAacTu 4.10-4.20 m.a. (2H) u 4.24-4.34 m.p. (2H). IToayuen-
Hble CHUTHaABI, IO BCeM BHUAMMOCTH, MOTYT OKa3aTbCs BeCbMa IIOAE3HBIMH
IIPY M3YYeHWHM M CTPYKTYPHOM aHAAWM3€ KHPHBIX MaceAa metopoMm SIMP 1H
CIIEKTPOCKONINU. B mepByl0 ouepepb 3TU CUTHAABI MOI'YT OBITH HCIIOAB30Ba-
HBI AASL OIIPEAEAEHUs COAEpP’KaHUS B MacAe oMera -3 KUCAOT CpaBHEHHEM
WHTErPaAbHBIX MHTEHCUBHOCTEN CUTHAAOB TPYINLI 7 C THTEHCUBHOCTLIO CHT-
HaAa MEeTUABHOM TpPYNIBI oMera-3 KUCAOT, IPOSIBASIIONIErocs IpU UX HaAU-
yuu B BUAe dYeTKoro tpumnaera npu 0.95-1.02 M.A. OTA€ABHO OT I'PYIIEBI CUT-
HaroB B obractu 0.85-0.95 m.a. (puc.).

Mt 55 e—

i CHSH
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: ' Puc. AMP 'H cnektp
. XKMPHOTrO Macna cemsH
| As e LUMNOBHUKA (Rosa
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B cnekTpax Macea, OUMIIEHHBIX OT AUIIO(PUABLHEBEIX IIpUMeECeN (CTepPUHOB
W CBOOOAHBIX >KUPHBIX KHCAOT), COOTHOIIIEHWE WHTEeTPAAbHBIX WHTEHCUB-
HOCTe¥d raunepuHoBblXx 2CH, rpynn U CyMMBI METHABHBIX TPYII TPUOAU-
JKaeTcs K COOTHoLIeHHIo 4:9. B 3TOM cAydae IO MHTErpaAbHBIM HMHTEHCHUB-
"HocTaM 2 CH, rpynnel (J3) u Tpunaeta omera-3 KHUCAOT (Ji) MOJKHO BBIYMC-
AUTH COAeprKaHMe 3TUX KUCAOT B MacAe B IIpepeAax OIIMOKY, 3aBUCAIIEN OT
Pacxo>KAE€HUS UHTEIPAAbHONM MHTEHCUBHOCTU CYMMBI METHABHBIX rpynn (Ji)
OT MHTEHCHUBHOCTH, CcOOTBeTcTByMoIler 9H. B mpepcTaBAeHHOM Ha pHUCYHKe
CIIeKTpe UHTerpaAbHasi MHTEHCHUBHOCTL oMera-3 Tpunarera J; paBHa 0.9,
cooTHouleHue J; : J; cocraBaser 2:4.7 (T.e. 4:9.4) m TakuM 0OOpPa3OM BBIUHC-
AEeHHOe coApep’kaHme oMera-3 KucAoT paBHO 0.9x2x100/9.4=19.1%. BmecTe
C 3TUM, VUUTHIBAs BO3MOXKHOCTH 3aBLIIIEHHOCTHM UHTETPAAbHOU HMHTEHCUB-
HOCTH CYMMBI METHUABHBLIX I'PYHII OaAAACTHBIMHU BeIeCTBAMH, TEOPETHYECKU
BO3MOJKHEIM COAep>RaHueM MoyKeT OBIThb 0.9x2x100/9=20% u, crepOBaTEAb-
HO, 60Aee pearbHBIM IIPEACTABASIETCS YCPepAHeHHass BeAMYWHA BBIUUCAEHHBIX
ABYX 3HAQUEHUM CcOAep>KaHUd, a UMeHHO, 19.5+0.5%.

I[TopOBGHBIM ke 00pa3zoM OIIPEAEAIAOCH COAep’KaHue oMera-3 KHUCAOT B
ceMmenax obOaenuxu (Hippophae rhamnoides L.), paBHoe 27.4+0.8 %, B ceMe-
"Hax KoHomAu (Cannabis sativa L) — 22.4%+0.2%, B ceMeHax MEAUCCHI
(Melissa officinalis L.) — 57.4=+0.6.

[TpuBepeHHBIE BBIIIE PE3YABTATHI CBUAETEABCTBYIOT O IleaecooOpas-
HOCTH HCIIOAB30BaHHA MeToad SIMP 'H cmekTpockonum AAS OTHOCHTEALHO
OIIePaTUBHOTO, OBICTPOrOo OOHAPY’KEHUS M KOAWYECTBEHHOM OIIEHKU COAEp-
>KaHUS B PACTUTEABHOM CHIphe oMera-3 HeHaChIIeHHBIX KHUCAOT.
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DETERMINATION EXPEDIENCY OF THE OMEGA-3 UNSATURATED
ACIDS IN FATTY OILS BY NMR 'H SPECTROSCOPY

H. S. ANANIKYAN

The Scientific Technological Center of Organic
and Pharmaceutical Chemistry NAS RA
A.L. Mnjoyan Institute of Fine Organic Chemistry
26, Azatutyan Str., Yerevan, 0014, Armenia
Tel. +37410281754, E-mail: hrach63@mail.ru
National Polytechnic University of Armenia
105, Teryan Str., Yerevan, 0009, Armenia

'H NMR spectra of fatty oils obtained from seeds of 55 plants were investigated 8
groups of signals were indentified in all NMR spectra. Omega-3 fatty acids CHs groups
signals were noticed in some of the spectra as a triplet in the area of 0.85-1.05 p.p.m. (oil
CHjs groups signals area). Integral intensities of omega-3 fatty acids CH3 groups signals
were calculated by using integral intensities of oils all CH3 groups signals. Percents of
omega-3 unsaturated fatty acids in each of the investigated oils were then calculated.
Theoretical percents of omega-3 fatty acids in oils were calculated. For that it was
assumed that the signals of 2 CH, groups corresponds to 4H signal and the signals of
3CHj; group corresponds to 9H signal. The experimental and theoretical percents of
omega-3 fatty acids calculations were compared, and the accuracy of omega-3 fatty
acids percent in oil was determined.
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CHUHTE3 KOMIIO3UTOB TIOJIMAHUJINHA
C IMTHOKUCBHIO CYPbMbI

KomniosuTtsl nmoananuAvHa (PAni) ¢ HeopraHW4eCKUMU HAIIOAHUTEASIMU
y>Ke HAlllAM NIpHMeHeHUe B 3AeKTPOHUKe U 3AeKTPOTeXHUKe. B uyacTHOCTH,
HaHoKoMIo3UuTsl PAni ¢ TiO, HCHOAB3YIOTCS AASI HU3TOTOBAEHUS TOIAMBHBIX
5AeMeHTOB [1], ceHCOpOoB aMMMaKa, aMHMHOB U APYTUX rasos [2-6] u Ap. Ha-
HOKOMIIO3UTEl SnO, ¢ PAni Tak)XKe UCIOAB3YIOTCS AAS U3TOTOBAEHUSI CEHCO-
poB aMMuaka [5]. MeToABl CMHTe3a HaHOKOMIIO3UTOB PAni ¢ okucaamu Me-
TaAAOB, B yacTHOCTH ¢ TiO,, B OCHOBHOM CBOASATCS K IIOAMMEpHU3alluM aHu-
AWHA (Ani) B CyCcIeH3UM IIOPOUIKOB HAIIOAHUTEAS 3aAaHHOTO pasMmepa [4, 5,
7], AmOO MeXaHHMUYeCKOMY IIepeMelIMBaHUIO YacTHul], OO0OMX KOMIIOHEHTOB,
"Hanpumep, PAni u TiO, [2, 3]. YcoBepIlIeHCTBOBAHHLIY METOA, ITO3BOASIO-
IIUNM pPeryAupoBaTh pa3Mepbl HAHOYACTHII, 3aKAIOYaeTCs B XMMHYECKOHU IIo-
AuMepu3anmu Ani B KHUCABIX Cpepax B IMPUCYTCTBUM HAaHOPa3MEPHBIX
yactun, HanpuMep TiO, m SnO,, noAaydeHHBIX (in situ) B Imponecce cuUHTe3a
[8]-

Hamm BnepBble TOAYYEHBI KOMIIO3UTHI ITOAMAHMAMHA C MSTHOKHUCHIO
cypbMbl (PAni/Sb20s). [ToamKoHAeHCanmsg Ani U CMHTE3 €ro KOMIIO3UTOB C
Sb20s coBMelleHbl B OAHOM peakTope. [IpeArosKeHHBIH in Situ MeTop 03BO-
AdeT IMOAYyYaTh KOMIIO3UTHEI ¢ IAPOM u3 Sb20s 1 o6oaoukoit u3 PAni, a Takke
peryaupoBars copepykaHue Sb20s B komnosurax. MccaepoBaHBEI 3aKOHOMEp-
HOCTU OKMCAeHHS Ani nepcyabdaToM aMMoHUSA (APS) B KHUCABIX BOAHBIX
cpepax B nmpucyrctBum Sb20s. M3yueHo BamsHUe Sb20s Ha CKOPOCTb peak-

ouu, OCOOEHHOCTU NOAMKOHAeHcanuu Ani. [TokazaHO, 4TO CKOPOCTb IIOAWII-
prucoeprHeHUsA Ani, B OTAWYME OT APYTUX OKHCAOB [8-10], mapaeT mpormop-

IIMOHAABHO KOAMYECTBY Sb20Os B peakIIMOHHOMN CpeAe, & MHAYKIIUOHHBIN IIe-

PHOA peakluu yBeAnumBaeTrcd (puc.l, 2).
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Puc. 1. KuHeTuka cmHTesa no-
nuanunuHa (1) 1 Komnoauta,
copgepxautero 50 Bec. %
Sb,0s5 (2), N0 n3meHeHuo no-
TeHuMana oTKpbITON Lienu.

Puc. 2. 3aBucMMOCTb CKO-
POCTU CMHTE3a KOMMOo3uTa OT
konuyectea Sh,0s.

OnpepeneHEBl COCTaB M CBOMCTBA NMOAYUYEHHEBIX TPOAYKTOB (TaOA.).

Tabnuya

ITapameTpbl cHHTE3a, BBIX0J H HEKOTOPbIe CBOIICTBA MOJTy4eHHbIX MPOAYKTOB

Copep-
HcxopHOe KOAH- CKOpPOCTD Brixop, JKaHue CremeHs
qecTBO SbeOs B | PeaKmmm, | KOMUOSHIA | o p |\ ormposa-
_ EMS/EM,
KOMIIO3UTE, 2 Mmonv/n mun 1074 2 KOMIIO3M- Hus, %
Te, 2/%
1.26 <3 2.24/1.84 1.09/60 18
0.95 3.75 1.76/1.48 0.73/50 16
0.63 5.5 1.51/1.24 0.49/40 18
0.42 6 1.42/1.05 0.3/30 26
0.25 8.75 1.19/0.9 0.15/15 24
0.13 14.5 1.08/0.82 0.07/10 24

[MoAyyeHHBIN KOMIIO3UT He pas3AeAsieTcsl Ha COCTABASIONINE MeTOAOM

dAoTauM, UYTO CBUAETEABCTBYEeT O Haudanre pocTta PAni Ha IIOBEpPXHOCTH

qJacCTuIg Sb20s, a Tak>Xe 0 TOM, UTO COCTaBAAIOIIINE KOMIIO3UTA CBA3AHBI dATe-

3MOHHBIM WA XUMHNYECKUM HyTeM

Panee HaMu OBIAO TTOKa3aHO, YTO IIPpU pOCTe IIOAMMepa B CYyCIIeH3UU Ha-

IIOAHUTEAsd C UCIIOAB30OBAaHHUEM HpeAAaraeMoﬁ MeTOAUKHN CHHTe3da KOMIIO3UTAa

PAni mocaepHUI COCTOUT U3 SIAPA HAMOAHUTEAS, Ha MTOBEPXHOCTH KOTOPOTO
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apcopOupoBanbl yactullbl PAni [8-10]. TakuM o0pa3oM, MOXXKHO 3aKAIOUUTD,
YTO CTPYKTypa KOMIIO3UTa OOYCAOBAEHA METOAOM €ro CHHTE3a.

MOALPTLPLP LD WNUNAQBSLEND U LE-EQ OULhLh MELSOLUMMD NES
S. (- IAUSr3WL
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SYNTHESIS OF POLYANILINE/ANTIMONY PENTOXIDE COMPOSITES
T.T. KHACHATRYAN

For the first time we have obtained polyaniline/antimony pentoxide core-shell
composites. Proposed in situ method allows to obtain composites with a core of Sb,0s5
and shell of PAni, as well as to adjust the content of Sh,O5 in the composites. The rate
of Ani polyaddition, unlike other oxides, falls in proportion to Sh,Os in the reaction
medium, and the reaction induction time increases.
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IIPABUJIA J1JIS1 ABTOPOB

OO0mme nonoxxeHNs

K ny6muxaiyu B «Xumuueckom sicypuane Apmenuuy» IpUHIMAIOTCS MAaTEPUAIIB, COJAeprKa-
IIMe Pe3yJIbTaThl OPUTHHAIBHBIX MCCIIEIOBaHUM, 0OPMICHHBIE B BH/E HMOJHBIX CTaTeil, KpaT-
KHX CO00LIeHHIi M MuceM B PelaKIHIo.

Kypnan mybmukyer paboTsl 0 BCeM HANPABJeHUSAM XHMHYeCKOH HAYKH, B TOM YHCIIE TI0
o01e 1 HeOpraHMYEeCKOH XUMHUH, PU3NIECKOH XUMHU M XUMHYECKOH (hU3MKe, OpraHMIecKON XH-
MHH, METAIJIOOPraHMYECKON M KOOPANHAIIMOHHOM XHUMHH, XHMHH TTOJIMMEPOB, XMMHUH IIPHPOIHBIX
COeIMHEHNH, ONOOPTraHNIECKOH XUMUH U XMMHH MaTEePHAJIOB.

Cratby, npeularaeMble K MyOJIHKalMy B pasjesie OMOOPraHWYeCKOH XMMHH, JOJDKHBI OBITh
MOCBSIIIEHB! MONTYyYEHHIO HOBBIX NOTEHIHMANIBPHO OMOJIOTHYECKH AKTHBHBIX COCAWHEHHH, B TOM
YHCIIC U BBIICIICHHBIX U3 IPUPOAHBIX 00beKkTOB. IIpH onMcaHni HOBBIX BelecTB, 00/1a1aI0IHNX
3HAYUTEJILHOI (B CPaBHEHUH ¢ MPUMeHsieMbIMHM B MeJULMHE JIEKAPCTBAMHU) OHOJI0TrHYeCKOM
AKTHBHOCTBIO, CTaThg MOXET COJCpXKaTh pe3ylbTaThl OMOJIOTHUECKHUX HCCIIEIOBaHHUIA,
BKJTIOYAIOIINE CCHIIKM HAa HCIIOJIB30BAHHBIE METOJBI M3ydEeHHs OMONOTHYECKONH AaKTHBHOCTH,
nHpopManMI0O O THIE HCIOJIB30BAaHHBIX OHOOOBEKTOB, AKTMBHOCTH M  TOKCHYHOCTH
CHHTEC3MPOBAHHBIX IMPENapaToB B CONOCTAaBIEHHM C COOTBETCTBYIOIIMMH IOKa3aTelsIMU
MIPUMEHSEMBIX B MEMIHHE JTEKapCTB.

B 3akiroueHun ciienyeT NPHUBECTH KPATKUH apryMEHTHPOBAaHHBIH BBIBOJ O CBSI3H MEXIY
CTPYKTYpOH M OHOTOTHUECKOH aKTUBHOCTBIO MICCIIEIOBAHHBIX COeUHEHHH. OmyOInKoBaHHBIE Ma-
TepHaibl, a TAkke MaTepHaibl, MPEACTABICHHbIE ISl MyONMKalWu B APYTHX JKypHaIax, K pac-
CMOTPEHHIO HE TIPHHAMAFOTCSL.

ABTOpCKHE 0030PbI TOJDKHBI IPEICTABIATE 000K 0000IIEHHE U aHAJIH3 PE3YNIbTAaTOB UK
paboT 0JTHOTO MJIM HECKOJIBKUX aBTOPOB MO €AWHOI TeMaTHKe.

IMonHbIe cTATBH IPUHUMAIOTCSI 00BEMOM 10 12 cTpaHuIl, 00beM KPaTKOT0 COO0IIeHnsT —
He Oosiee S5 CTpaHMIl MalIMHOMUCHOTO TekcTa. [IuchbMa B pegaKmuIo TOJDKHBI COAEPKATh U3JI0-
JKEHHbIE B KpaTKol (opMe HaydHbIe pe3yNbTaThl MPUHINIHAILHO Ba)XKHOTO XapakTepa, Tpedyro-
mye CpovHOH myOmKkanuy. Pemakmust ocTaBiseT 3a cOO0H MMpaBoO COKPAIIATh CTaThH HE3aBUCHMO
0T uX o0BeMa.

J1st myGJuKanMK CTATBH aBTOPaM Heo0XO0AMMO NMpPeACTABUThL B PEJAKIHIO cleaAylolue
MaTepUaJIbl 1 JOKYMEHTBI:

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

2) skcniepTHOE 3aKioueHue (s rpaxaan PA) (B 1 9k3.);

3) noanucaHHBIN BCEMU aBTOPaMH TEKCT CTaThbU, BKJIIOYAsl aHHOTAILMIO, TAOIHUIIbI, PUCYHKH U
HOJMHUCH K HUM (Bce B 2-X 3K3.);

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

Cratps JODKHA OBITH HaNMCaHa CKaTo, aKKypaTHO O(OpPMIICHA M TIIATEIBHO OTPENAKTHPO-
BaHa. He nomyckaercst my0impoBaHue OHHUX M TEX XKe JaHHBIX B TaONUIIaX, B CXeMaX M PUCYHKaX.

ABTOp HeceT MOJNHYI0 OTBETCTBEHHOCTH 3a JOCTOBEPHOCTH SKCIIEPHMEHTAIBHBIX JaHHBIX,
IMPUBOJUMBIX B CTAThHE.

Bce CTaTby, HANIPABJISIEMBIC B PEAAKIINIO, MTOABEPTAOTCSA PELECH3UPOBAHNUIO U HAYYHOMY pe-
JAKTHPOBAHUIO.

Crartbsi, HallpaBJeHHasi aBTOpaM Ha JA0pabOTKy, TODKHA OBITH BO3BpAICHA B UCIIPABICHHOM
BHJIe BMeECTe ¢ ee MepPBOHAYAIBLHBIM BAPHAHTOM B MaKCHMaJIbHO KOpoTKHe cpoku. K mepepado-
TAHHOH PYKOIIHCH HEOOXOANMO IIPHIOKHUTH MUCHMO OT AaBTOPOB, COJIeprKalee OTBETH! Ha BCE 3a-
MeuaHUs] ¥ KOMMEHTapHHU U MOSCHSIONIee Bce BHECCHHBIE n3MeHeHns. CTaThs, 3a/iep:KaHHast Ha
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HcNpaBJieHHN §oJiee IBYX MecsilieB HJIM TPeOYIOIasi IIOBTOPHOIT nepepadoTKH, paccMaTpH-
BaeTcsl KAK BHOBb MOCTYNHBLIAS.

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

Crpykrypa ny0aukanui

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

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

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

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

Ipumep odopmiIeHHst 3arJaBUsI CTATHH, CIIHUCKA ABTOPOB,
AIPeCcoB yUpPeKIeHMIl, AHHOTAIMM.
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IIpumeps! opopmirenus rpadpuyeckux pedeparon

O B3aumopeiicrBuu N-aJKHJIIMMHHOB € alETOYKCYCHBIM 3 HpOM

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

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

KuneTHKa BBICOKOTEMIIEPATYPHOI0 230THPOBAHUS TAHTAJIA B H30TePMHYECKHUX

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

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

Odopmienne crateil B «XHMHYeCKOM KypHaJie ApMeHUN»

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

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

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

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

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

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

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

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

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

IIpy HUTHPOBAHNM PYCCKOSI3LIYHOTO KYPHAJIa, MepeBOIUMOro 3a pyoexom, HE0OX0u-
MO HPHBOJHUTH CCHIIKY M Ha aHINIOA3bIYHY0 Bepcuio. Hampumep: Jlaiikos JI. H., Ycreiniok HO.
A.// H36. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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Iamenmor: A.c. 9854 CCCP // F./., 1978, 61. unu: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Kosanes b.I'. ABroped. aucc. «....» JOKTOpa XUM. HayK. ['opox, HHCTHUTYT,
rox, cTp.

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

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

CchIIIKH Ha HeoNmyO0JIMKOBAHHBIE Pe3yIbTATHI H YaCTHBIE COOOLIEHHsI TAIOTCS HCKITIOH-
TENBHO B BUJIE CHOCOK, a B CIIUCKE JIMTEPATyphl HE IPUBOATCS U HE HyMepyloTcs. IIpu nutuposa-
HUH HEOMyOJIIMKOBaHHBIX pa0OT U YAaCTHBIX COOOLICHUI HEOOXOJMMO MPEICTaBUTh PAa3peIICHUE OT
JIMIA, Ha YbH JJAaHHBIC NPHBOJMTCS CCBHIIKA.

MMamsaTka s aBTOpPOB

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

Obuiue nonosceHus

Marepuainsl, IpeICTaBIsIEMbIE B PEIAKIIHIO:

[J ¢aMumsi, ©Ms1, OTIECTBO U KOOPAMHATHI JINLA, C KOTOPBIM pelaKus T0JDKHA BECTH Iepe-
MUCKY (IIOYTOBBIN agpec, HOMep TenedoHa, HoMep (akca, aapec JMEKTPOHHON NoUTh). DaMuus
aBTOpa, OTBETCTBEHHOTO 32 MEPENHCKY, JOIDKHA OBITh OTMEUYCHA 3BE3A0YKOM.

[] HampaBJIeHHE OT OpraHU3aIUU

[] skcnepTHOE 3aKiIodyeHue (11 rpaxaal PA)

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

[ rpaduyeckuii pedepar

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

[J magexc YK

[] HazBaHMe cTaThu

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHE HayYHOUH OpraHU3aluu

[ moYTOBBIH azpec ¢ UHAEKCOM

[ dpaxc

[l agpec 3MeKTPOHHON MOYTHI

[] arHOTanNA

[] coOOCTBEHHO TEKCT CTATbH

[] BBeIeHME

[] mocraHoOBKa 3a7a4n

JJIs1 cTaTel (PU3MKO-XUMHYECKOI TEMATHKU:

[] sKCIIepUMEHTaNbHasl YacTh

[] 00CyXIeHHE TTOJIyYSHHBIX PE3Y/IbTAaTOB C 3aKII0OUEHUEM

JJIS cTaTeil, MOCBSIIEHHBIX CHHTE3Y:

[J o0CyXIeHHE TTOTyYeHHBIX PE3YJIBTATOB C 3aKITIOUYCHUEM

[J BKCTIepUMEHTANbHAs YacTh

[J bmaromapHOCTH

[] cnMcoK JuTepaTypsl
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Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

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

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

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

[1Ha ocsx rpaMKOB JOJDKHBI ObITh YKa3aHbl HAMMEHOBAHUS Y eIUHUIbI H3MEPEHHUs COOT-
BETCTBYIOIUX BEJIMYMH.

[/PucyHKH CHEKTPOB HE JOJDKHBI OBITH BHIITOIHEHEI OT PYKH.

['Bce ucrone3yemble a06peBHATYPBI U COKPALIEHHs] JOIDKHBI COOTBETCTBOBATH IIPHBE/ICH-
HoMy B [IpaBminax s aBTOPOB CIHCKY WM paclIi(ppOBEIBATHCS NP MIEPBOM YIIOMHHAHUH.

[]laHHBIE PEHTI€HOCTPYKTYpPHOTO HCCIIEJOBAaHMS CIEIyeT IPEACTaBISATh B BUAE PUCYH-
Ka(KOB) MOJIEKYJBI (C IPOHYMEPOBAaHHBIMU aTOMaMH) HJIM KPUCTALUTMYECKON YIaKOBKH U TaOiHI,
coZiep)KalnX Heo0XO0AMMble FeOMETPUYECKHIE XapaKTEPUCTHKU MOJIEKYJ (OCHOBHBIE JTMHBI CBS-
3¢if, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

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

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

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