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MuKpOBOJHOBBIA CHHTE3 OPTOCHINKATA CBUHIA
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[IpuMeHeHNEe METOI0B KBAHTOBO-XUMHYECKAX PACYETOB ISl HCCIIET0BAHMS
NOBEPXHOCTEH MOTEHIMAIBLHOI YHEPTUH CHCTEM, COIEPKAUINX ITHIIEH, ATOMbI
BO/IOPO/Ia W KHCJIOPOIa
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YcioBus CHHTE3a U CBOICTBA YCTOMYHUBOIO B BOJAHBIX PACTBOPAX
B-sapa noamoxcumosméaara rajsaus (111)
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HCl-)) H® + °Cl,
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Assessment of self-purification chemical processes

L.A. Margaryan
S.S. Hayrapetyan
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A.l. Martiryan

of the river Hrazdan in Armenia
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Kinetic features of nickel oxide reduction by methane and hydrogen

V.S. Vardanyan
H.A. Chatilyan
S.L. Kharatyan

at nonisothermal conditions
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The reduction mechanism of copper molybdate at nonisothermal conditions
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Cunre3 1-nponaprui-3(5)-mernn-4-HuTponupasonos B yciaousax MOK
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CuHTe3 AMUHONIPOU3BOAHBIX NUPAHO[3,4-C|NIMPUANHOB H
nupano([4',3':4,5|nupuno[2,3-d|nupumMuauHOB

R_R!

! e B e B0 ?ﬁ

Rf‘j one pot Rm one pot . Sn

E.T. [TapoHuksn R™N0 |
LI, JTamssa
_one pot >C¢(

r

A.C. ApyTioHsIH

Xum. oc. Apmenuu, 2021, m. 74, Ne3-4, c. 295

Synthesis and study of antioxidant activity of some 2-substituted 1,3-
diazaadamantanes containing indole fragment
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{UsUUSULL LULMAUMNGSNMEF3UL GhSAMI3NFLLELH
U2aU3hLv UTUUAGURU
HALHUMOHAJIBHASI AKAJJEMUSA HAYK PECIIYBJIUKU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

{wjwuwmwbh phihwlw hwlnbu
XUMHUUYECKHU# )KypHAT APMCHAH 74, Ne3-4, 2021 Chemical Journal of Armenia

OBIIASA, HEOPTAHUYECKAA U PU3NYECKASA XUMUA

VK 546.562:548.736

MHUKPOBOJIHOBBIII CUHTE3 OPTOCUJIUKATA CBUHIIA

B. B. BATPAMISIH, A. A. CAPI'CSH, H. b. KHS35H,
A. A. KA3APSIH u T. B. TPUT'OPSIH

WuctuTyT 0011eit n Heoprannveckor xumun uM.M. Mansenssna HAH PA
Apwmenus, 0051, Epesan, AprytsH || nepeymnok, nom 10
E-mail: v_bagramyan@mail.ru

Pa3paboTtaH rugpoTepmarnbHO- MUKPOBOSHOBLIA METOA CUMHTE3a ruapoopTocunukaTa CBUHLA
13 BOAOPaCTBOPUMBIX COEAMHEHWUN CBMHLA W CUMMKata HaTpus, MOSTyYEHHOro MUKPOBOMHOBOM
obpaboTkoi ropHbix nopog. OnpeaeneHbl XapakTepUCTUKN CUHTE3NPOBAHHOTO rMapoopTocHnnkaTa
CBMHU@ W CTekna Ha ero OocHoBe MmeTojamu AuddepeHumansHo-Tepmuyeckoro (OTA),
peHTreHodaszoBoro (PPA), UV-VIS u UK-cnekTpockonuyeckoro aHann3os. MUKpOBOMNHOBbLIA MeTOA
obecneyvBaeT Nony4yeHue HaHOAMCMEPCHOro MOpOoLLKa MMApoopTOCUIMKaTa cBuHUa. lNpoBeaeHsbl
nccnefoBaHnsa No MoslyYeHMIo NMErkonnaBKMX CTEKON Ha OCHOBE rMApOoOpTOCUIMKaTa CBMHLA Npu
Temnepatype 900°C. MNpoBeneHHblE MCCnenoBaHUst Noka3biBaloT adpdekTnBHOCTL MB 06paboTkun
npu NONy4YeHnn rmapoopTocunmKaTa CBMHLA U CTeKna Ha ero oOCHOBe.

Puc. 5, 6ubn. ccbinok 52.

Bonbiioit uHTEpeC K cUIMKaTaM CBHHIIA WM CTEKOJ Ha €ro OCHOBE
00yCJIOBJICH UX LIEHHBIMH (DU3UKO-XUMHUECKUMH cBoiicTBamHu [1-4]. Cunu-
KaTbl CBUHIIA U CBUHIIOBOE CTEKJIO, O1aro/iapsi CBOMM crieliu(puyecKum CBOM-
CTBaM, B HACTOslIEe BpeMs MOJYYWIM IIMPOKOE MPUMEHEHUE B KauyecTBE
cTabunm3aTopa IIacTMACC, MCIOJB3YEMBIX ISl M3TOTOBJICHHS 000JI0YeK
JNEKTpUYEecKUX Kalenel, Kpacok mo ¢apdopy u aApyroi Kepamuke, AJs
noJiyuyeHus: onrtuyeckoro creksia, MK-mpo3padyHbIX CTEKON, 3IEKTPOHHBIX
KOMIIOHEHTOB W 3alIUTHOTO MaTepualna Jjisg ramma-usnyudenus [5-7]. Hano-
CTPYKTYphl CHJIMKATa CBHHIIA HCIOJB3YIOTCS B KaueCTBE OCHOBBI ONTHYE-
CKUX MpeoOpa3zoBateneld, Kak (poToKaTanuzaTop ISl yIaJdeHHUs 3arpsA3HsIO-
ITAX BEIIECTB U3 BOJHI [8].
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Cpean pazHOOOpPa3HBIX CIIOCOOOB MOTYYEHHS CUIIMKATa CBUHIIA CIIEAYyeT
BBIJICJIUT CJIEIYIOUIHE: CIEeKaHWe OKCHIA CBUHIA M JUOKCHAA KPEMHUS,
oOMeHHasi peakuusi MKy HUTPAaTOM CBHHIIA M METAaCHJIMKATOM HATpus U
30J1b-TeNb MeTObI [9-13]. OnHa U3 BaXKHEUIIUX 3a7a4 COBPEMEHHOW HEOp-
raHUYeCKON XMMHUU M MaTepHaJOBEICHUs — pPa3paboTKa HOBBIX METOJOB
CHUHTE3a BEUIECTB, MO3BOJISIOIINX CHU3UTh SHEPro3aTpaThl U COKPATUTh Bpe-
Ms 00pa30BaHUs KOHEUHBIX MPOIYKTOB. K TakuM MmepcrnekTUBHBIM METOAAM
OTHOCUTCS MUKPOBOJIHOBBIN (MB) HarpeB peaknuonHbsix cMmeceil. [Ipu atom,
CYUIECTBEHHO CHIIKAIOTCS SHEPTrEeTHUECKUE 3aTPaThl IO CPABHEHHIO C TPAIU-
[IMOHHBIMM CIIOCO0aMU TMPOBEACHUS ATUX mporeccoB [14-18]. MukpoBoii-
HOBasg 00paboTKa MMEeT psA] NPEUMYIIECTB MO CPABHEHUIO C OOBIYHBIMHU
METOJIaMU HarpeBa KOHIECHCUPOBAHHBIX Cpell (TBEpPAbIX Tel M >KUIKOCTEH):
OBICTPOTa W Majiasi MHEPLUUOHHOCTh HAarpeBa, OJHOPOAHOCTh HarpeBa mare-
puana 1mo BceMy o0BbeMY, BO3MOXKHOCTh M30HMPATENbHOTO HArpeBa KOMIIO-
HEHTOB CMECH BEIIECTB W BBICOKHMI KOA(P(GUIIMEHT IMOJIE3HOTO ACHCTBHA.
DHepruu MHUKPOBOJIH MOKET OBITh HCIIOJIb30BAH TaKXKe MPU TepMOOOpa-
OOTKE CHHTE3MpPOBAHHBIX MPOAYKTOB, TJE BBICOKAS CTEMEHb YHNAKOBKH
CTPYKTYPHBIX MOTHBOB €IMHHUI] MOXET OBITh TOCTUTHYTa TPU KOPOTKUX
BpEMEHax.

Llens maHHOM pabOTHI — THAPOTEPMATIHLHO-MUKPOBOIHOBBIN CHHTE3 TH/I-
pPOOPTOCWIIMKATA CBUHIIA M3 BOJHBIX PACTBOPOB, U3yUeHHUE (HU3HKO-XUMHUE-
CKHX TPOIIECCOB, MPOTEKAIONINX MPH UX TEPMOOOPAOOTKE U MOIYICHUE JIeT-
KOIUIaBKHUX CTEKOJI Ha ero ocHOBe mpu temreparype 900°C.

3KCHepl/IMeHTaJIbHaﬂ HacTb

CuHTE3 THAPOOPTOCHIIMKATA CBHUHIIA OCYLIECTBIISUIM B3aUMOJICHCTBHEM
paccTBOPOB HUTpATa CBUHIIA M CHIIMKATA HATPHSL.

Ilonyuenue zudpooprocunukama ceunya. JIjis CUHTE3a UCIOIb30BAIN
nutpat ceunia PO(NO3), Mapku “X.4.” W OUHUINEHHBIN OT KpaCsIIUX MPHUME-
ceit pactBop optocunukata Hatpus 2Na0-SiO,. Pactop 2Na20-SiO;
NOJYYUIIN THAPOTEPMAIbHO-MHUKPOBOJIHOBOM 00paOOTKON KpeMHE30MCOo-
JeprKalux ropHbIX mopoA [19-21]. OuncTky CHIMKAaTHOrO pacTBOpa OT Kpa-
CALIMX NpUMecei (COeAMHEHUWH >kenme3a W Jp.) OCYLIECTBISUIM CHOCOOOM,
pa3pabotanHbiM Hamu [22]. KoHIeHTpaMyu MCXOIHBIX BOJHBIX PAaCTBOPOB
Pb(NO3)2 u 2Na20-SiO; cocrasmsuiu 0,5-1,0 moas/n. KonmnyecTBa HCXOIHBIX
pPEareHTOB PacCYUTAHBI COTTIACHO PEaKIHH.

2Pb(NO3)2 + 2Na;0-SiO2 — 2PbO SiO; + 4NaNOs.

CuHTe3 THAPOOPTOCHIMKATA CBHUHIIA OCYIICCTBISUIA B MHUKPOBOJHOBOM
neun mapku “CE1073AR” ¢dupmbr “Samsung”, B OTKpPHITOH CTEKISTHHON
KoJIOe, CHAOKEHHON OOpaTHBIM XOJIOJAWIBHUKOM M MEIIANIKOH. Y CIOoBUS
CUHTE3a. 9acToTa MUKpoBONH — 2,45 [Ty, Temneparypa -95-100°C, nmasie-
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Hue — atMocgepHoe, BpeMs: — 30 mun. CHHTE3 OCYIIECTBIISUIA B3aUMOJICHCT-
BHEM PACCTBOPOB HUTpATa CBUHIA U OPTOCHJIMKATA HATPUs, MOJAEPKUBAs
pH cpenst 7,0. [punuBanue nepesix xe nopuuit PO(NO3)2 k pactBopy opTto-
CWJIMKAaTa HaTpUsi MTHOBEHHO MPHUBOJIWIO K 00pa3oBaHUIO O€JI0ro XJombe-
BuaHOro ocazaka. Ilocnme Beigepxku 30 mum 0cagok OTGUIBTPOBHIBAIU U
TiareabHo otMbiBaian oT HoHOB Na* u NO3™ ropstueil Bogoi myTeM pemnyiib-
MaIyM, Mocje Yero BeicymuBany npu temneparype 100°C go BnaxHocT 3-
4%. Ilocne cymKkHu IpOBOJMIN TEPMOOOPAOOTKY THAPOOPTOCHINKATA CBHUH-
na B anekrpuueckoir meun mapku LHT 08/17 dupmer “Nabertherm” mpu
pa3IMYHBIX TeMIIEpaTypax B TeueHHUe ABYX 4yacoB. /s ycranoBnenus oopa-
30BaBIIMXCA (a3 MpoBeneHbl peHTreHodas3oBbie aHanusbl (POA) Tepmoo06-
paboTaHHBIX 00PA3LOB.

Ilonyuenue ceunyo6ozo cmekna. J{ns 1nomydyeHUs CTEKJIA MPOBOAMIH
BapKy CHHTE3MPOBAHHOTO THUAPOOPTOCHIMKATA CBHHLA NPU TEMIIEPaType
900°C.

Memoowt ananusza. Onpenenenune SiO2 u PbO B pacTBopax u B ocamke
npoBoaMIIM BecOBBIM MeTojoM. Ompenenenne Na,O npoBoauian anuIumer-
puueckum, Fe;03 — criekTpodoTOMeTpHUECKUM MeToJaMH aHaIn30B. CIeKT-
podoTomMeTpuuecKHii aHaTW3 TPOBOAWIM Ha crekrpodoromerpe AAS-1.
Pentrenoga3oBsiii aHamu3 TepMooOpadboTaHHbIXx 00pas3noB Ph.SiOs4 mposo-
JIMJTU TIOPOIIKOBBIM MeTo/ioM Ha npubope “URD-63” B CuKa-u3ny4yennn, a
g hepeHInaTbHO-TEPMUYECKIIT 1 TEPMOTPAaBUMETPUYCCKHI aHAIN3 0
temneparypsl 1000°C — na npubope “ZlepuBarorpad” Benrepckoit ¢pupmbl
MOM. Koadpdurmmentsl aud@y3HOro OTpakeHUs ONMpeaeNieHbl Ha CIIEKT-
podoromerpe ®MII-56M u SPECORD-M-40-UV VIS, cBetonpomnyckanue
B obmactu UV-VIS ompeznenenst Ha cnekrpodoromerpe HACH DR/4000U,
MK-crekTpsl TpomyckaHus o6pasnoB B obmactn 400-4000 cw? — mHa
cnektpomerpe SPECORD-IR-80. TKJIP crexon B uHTepBaje Temmeparyp
20-300°C onpenensuii Ha BepTHKaibHOM guiaatomerpe JIKB-5A koHCT-
pykuuu ['MC. [{ng u3mepenus: npuMeHsuin o0pasipl B BUAE CTEpKHEH aua-
meTpoM 3,5-4 mm u ymHOM 50 M.

Pesynomamut u ux oécyyicoenue. XMUMUUECKUN aHAIU3 MOKa3aj, 4TO
COCTaB MOJIyYEHHOTO THIPOOPTOCUIMKATA CBUHIIA COOTBETCTBYET (opMyJie
Pb2Si04-nH>0, Bnaxuocts — 68-70%, a mocine cymiku 4-5%. CornacHo naH-
HBIM (PU3UKO-XMMHUYECKUX aHAIN30B, OPTOCHIMKAT CBUHIIA TPEICTABIISCT
co0oif Oemnblii, MOCIIe CYIIKM YaCTUYHO 3aKPHCTAILUTU30BAHHBIA TOHKOIHC-
MIEPCHBIN MOPOLLIOK.

PesynbraThl  TEpMHMYECKOrO  aHajM3a  BBICYIICHHBIX  00pa3loB
Pb2Si04.nH20 mpuBenens Ha puc. 1. DHAOTEpMIUECKHE dPPEKTH 00YCII0-
BJICHBI TOCTENICHHBIM yAajieHueM Bojbl. [llupokuii TemmepaTypHbIii HHTEp-
BaJl yJNaJCHUS BOJbl YKa3blBa€T Ha TO, YTO BOJA B CHUHTE3MPOBAHHBIX
THIPOCHIMKATAaX HAXOAUTCS B CPYKTYPHO HEAIKBUBAICHTHBIX Mo3unusax. Kak
BUJIHO U3 MPUBEIAEHHOW TEPMOTPaMMBbl, B PEKUME HETPEPHIBHOTO IMOBHIIIIE-
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Hus Temnepatypsl 10 500°C uccnemyeMblii oOpaserl TepsieT aacopOIUOHHYIO
BOJly, YTO NPUBOJUT K Pa3pyIICHUIO M MEPECTPONKH CTPYKTYpHl. AHaIH3
KPUBBIX IOTEPh Macchl 00pa3lOB YKa3blBaeT HAa TO, YTO CTPYKTYPHO
CBSI3aHHAsE BOJA yAalsieTcss mpu Oojiee BBICOKMX Temmeparypax. [loteps
Maccel obpasua BcneacTBue yaainenuss OH rpynm mpoucxogut 1o temie-
patypsl 900°C. Ilpu Bbicokux temmneparypax Ha JITA naOmrogarorcs sKk30-
a¢dekThI, 00ycnoBIeHHBIMUA TBEPAO(DA3HBIMU MPEBPALICHUSIMH — KPHCTa-
Tu3anmen oopasIoB.

TG(mg) DTA(aw)
718 - 15

360 446

500

220 636 661 L 10
706
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690
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T T -15
800 1000

682 T T

Puc. 1. QuddepeHumnanbHo-TepMmmyeckme kpueble obpasua Pb,SiO4-nH,0.

UtoObl OIICHUTH BIUSHHE TEPMOOOPAOOTKH HA CTPYKTYPY OPTOCHIIMKATA
CBHHIIA, POBEHA TepMooOpaboTka npu Temneparypax 100, 200, 700°C. Ha
pucC. 2 MOKa3aHbl PEHTICHOTPaMMbI ATHX 00pa3IoB. PeHTrenorpamma opro-
cwirkara cBuHIA (puc. 2, Kp. 3) yka3siBaeT Ha 0Opa3oBaHUEC KyOMUYECKOMN
dasbt Pb2SiO4 (JCPDS Ne 30-0723) mpu 700°C.

MHTeHcuBHOCTb (a.u.)
N

T T T ik T 1
10 20 30 40 50 60 70
20

Puc. 2. PeHtreHorpamma Pb,SiO, . 1-100°C; 2-200°C; 3-700°C.
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Ha puc. 3 nokazansl UK-cniektpel opTocunmkara ceunua (1), crekia Ha
€ro OCHOBE (2) W opTOCWIMKAaTa CBUHIA, TepMooOpadboTanHoro mpu 700°C.
UK-cniexkTpsl ruipoopTOCHINKaTa CBUHIA U cTekia (puc.3, kpubie 1 u 2)
MOKA3bIBAIOT MOYTH OJMHAKOBBIE TIOJOCHI TOTJIOMIEHUS] C pa3HULEH B
NPOILIEHTaX TpoNycKaHus. Ilomocsl mormomenus npu 3435 u 1628 cm™
00yCIOBJIEHBI MOJAaMH BAJICHTHBIX U JA€(POPMALMOHHBIX KOJEOAHUN BOMIO-
poaHo-cBs3aHHbIX OH Tpynm aacopOMpOBaHHOW BOJBI COOTBETCTBEHHO.
Ionocs! norsomenus B paiione 1040-1080 cy™® oTHOCATCS K aHTHCHMMET-
PUYHBIM BaJleHTHBIM KosiebanusiM Si-O. Ilonockl mormomeHus B [uana3oHe
940-885 cm 06ycnOBIEHBI CHMMETPUUYHEIM BaleHTHEIM KonebanumeMm Si-O.
[Tomock! morsomeHust Mo AedopMaMoHHbIX Kosiebanuit Si-O-Si u Si-O
HabmonaroTes pu 655-660 u 515 cut coorBercTBenHO [26,27]. Xapak-
TepHbIE MONOCH MOJ Kosebanuit Pb-O-Pb u Pb-O Bumus! ipu 660-665 cv™.

IMponyckanue,%

4000 3000 2000 1500 ‘ 1000 L 400
U, e

Puc. 3. NK-cnekTpbl rmgpoopTocunukaTa ceuHua: 1-100°C; 3-700°C u ctekna (2).

Mudpdy3Hoe orpaxkenme M3mepensl korpduuuentsr auddysHoro
otpaxenus obpasios PbySiO4 B obmactu 350-950 wm. Pesympratsl mpen-
cTaBieHbl Ha puc. 4. Koappuiuentsl oTpaxeHuss CUHTE3UPOBAHHBIX 00pa3-
OB OPTOCWJIMKATa CBHHIIA B BUAMMOM oOmactu u Ommwxaeir MK oGmactn
cniektpa coctapisier 85-96%. Pe3ynbraThl MOKa3bIBAIOT, YTO KOA(PUIIHMEHT
oTpaxkeHus: 00pa3ioB, TepmoodpadoTanubix npu 200°C, BbIlIe, 4eM KyOuue-
ckoit ¢asel, momydenHo nmpu 700°C. OueBuaHO, 9TO CHHTE3NpOBaHHBI MB
METOJIOM OPTOCHJIMKAT CBHHIIA MMEET BBICOKYIO OTPa)KaTeJIbHYI0 CHOC00-
HOCTb.
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Puc. 4. Cnektpbl agnddysHoro otpaxeHus (€) TepmoobpaboTaHHbIX 06pa3uoB rMapoopToCH-
nukaTa cemHua: 1 — 200°C; 2 — 700°C.

Bapka oprocuiaukara cBuHHA. [Ipu HarpeBanun oOpas3oB OPTOCHUIH-
kara cBuHLA HauuHasg ¢ 100°C HaOnronaeTcs MosiBIEHUE Pa3InYHbIX (HOopM
KpHUCTauTHuecKuXx cuinkaToB cBuHIa (PhsSiOs, PhsSi>O7, PhSiOs, Pb,SiOa),
kotopeie ucue3zaroT Boime 700°C (puc.l). Haunnas ¢ 730°C nabmiogaercs
TUTaBJIGHUE OPTOCWIIMKATa CBUHIIA ¢ MakcumyMoM 753°C. Bapka oprocuiu-
KaTta CBUHIIA TpoBoamiack nmpu Temmepatype 900°C. OcBeTIICHHOE CTEKIIO
MOJIy4eHO 3a 2 u.

Taxum obpazom, MB cunTe3 oprocuiamnkara CBUHIA NPUBOAUT K TOMY,
yto npu 900°C opTocuiIMKaT CBUHLA IpOBapUBaeTcs B 2-2,5 pa3a ObICTpee B
CPaBHEHUHU C TPAAMIIMOHHBIM (TBEpIO(a3HbIM) METOIOM IOJyUYEHUS] CBUH-
IIOBOT'O CTEKJIa TOTO K€ COCTaBa.

[IpoBeneHHBIE HCCIEIOBAHUS CBUACTEIBCTBYIOT O TOM, UTO JO0Ast MINX-
Ta, IPUTOTOBJICHHAS THAPOTEPMAJIBHBIM CIIOCOOOM, IO CBOMM BapOYHBIM Xa-
paKTepUCTHKAM HMMEET OIpEe/eNICHHbIE PEUMYIEeCTBAa B CPAaBHEHUHU C Tpa-
JMIMOHHOW HIMXTON. Y CKOpEHHUE Mpolecca CTEKIOBAPEHHS 110 CPAaBHEHHUIO C
TPaIUITMOHHON MUXTON OOBICHIETCS TEM, UTO MPU HArPEBaHUH TPAJIUIINOH-
HOW IIMXTHI MPOUCXOIUT IUIABJICHUE OKCHJIOB CBHMHIIA U PACTBOPEHHE pa3-
JUYHBIX (HOpM KpeMHe3eMa ¢ 00pa30BaHUEM CHIIMKATOB MPHU BBICOKUX TEM-
nepaTypax, a B THAPOTEpMAIbHOW IIMXTE 3Ta CTaaus YK€ 3aBeplICHa B
JTarne CUHTe3a Mpu Ooyiee HU3KHUX Temmeparypax (20-100°C), u nmpu Bapke
MPOUCXOIUT IUTaBlIeHHE roTOBIX cuimukatoB [20-25]. Dto moarBepxmaetcs
takxke MK-cnexkTpockonmuueckumMu MCCIeIOBaHUSIME OPTOCHIMKATa CBHHIIA
u crekia Ha ee ocHoBe. Mnentnunocts UK-cnekrpoB ((puc. 4, kpussie 1 u
2) CBUJIETEJILCTBYET O TOM, YTO B MPOLIECCE MOTYUYEHHUS] OPTOCUIIMKATAa CBUH-
na MB cnoco6om ocyiecTBisieTcs MOoJHOE CHIIMKaTooOpa3oBaHue, odecre-
9YHBas TOMOT'€HHOCTh IUXTHL. [Ipu Bapke TpaJuIIMOHHON IIUXTHI IPOUCXOAUT
yJAETY4MBaHUE HEKOTOPHIX KOMIIOHEHTOB, B JAHHOM CJIy4ae JIOpOroro M TOK-
CHYHOTO CBHHIIA, YTO MPUBOJUT K HAPYIICHUIO HCXOJAHOTO COCTaBa CTEKIA, K
3arps3HEHUI0 OKPYIKAIOMIEH Cpebl M MOTEPH JOPOTOCTOSIIIUX MAaTepHAIIOB.
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IIpu cuHTE3e OpTOCHUIMKAaTa CBUHIIA MPOUCXOAAT PEaklud B3aUMO/IEH-
CTBUSI KOMIIOHCHTOB C JKHIIKHM CTEKJIOM C 00pa30oBaHHWEM THAPOOPTOCHIIN-
KaTa CBHHIIA, YTO CIIOCOOCTBYET CHIDKCHHIO MOTEPhH JIETKOJETYUYUX KOMIIO-
HEHTOB IIIUXTHL.

[Tpu Bapke opTOCHIMKATa CBHHIIA BEIOPOCHI B aTMOC(Epy COCTaBISIOT
1o 1-2% B BUie BOJSHBIX MMAPOB, B TO BPEMS KaK aHAJIOTUYHBIN IMOKa3aTeNhb
JUTSL CTEKOJT, TIOJTYYCHHBIX TPATUITMOHHBIM CITIoco00M, coctaBisieT 8-10%.

[TorydeHHOE CBHHIIOBOE CTEKJIO MMEET CJICAYIOIIHE XapaKTePUCTHKU:
10 XWMHYECKOW CTOMKOCTH OTHOCHTCS K |V THAPOIUTHYECKHH Kiaccy;
cpennnii TKJIP B wmuTepBane Temmeparyp 20-300°C =106107 zpao’,
tg=370°C, tun=394°C, wiotnocts d =7,65 2lem®, mokazarenp MPETOMIICHUS
Np =2,28. Cserompomyckanue o0pasnos cBUHLOBOrO crekna (Pb2SiOs)

pasznuaHoi ToMmuHEl B Y@, Buaumon u OmmwkHedr MK oGmactu criektpa
[0Ka3aHa Ha puc. 5.

T,%
80
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40 +
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Puc. 5. MponyckaHune ceuHuoBoro ctekna (Pb.SiO4) B YO 1 Bugnmon n 6nmxHen MK obnactn
cnekTpa. TonwuHa obpasuos: 1-2,0 mm; 2-3,14 mm.

IIpoBeneHHbIE HCCIEIOBAaHUS CBUAETEIbCTBYIOT O TOM, YTO IIMXTa-
OPTOCHJIMKAT CBUHIIA, IPUrOTOBICHHAs: MB crioco6om, o cBoMM BapOYHBIM
XapaKTEepUCTUKAM MMEET OIPEJEJICHHbIE MPEUMYLIECTBA B CPAaBHEHHU C
TPaIULMOHHOM MMXTOH. CHHTE3MPOBAHHBI OPTOCUJIMKAT CBHHL@A MOXKHO
OpHKETHUPOBATH, TPAHYIUPOBATH, IEPKATh JITUTEIBHOE BPEMsI, TPAHCIIOPTHPO-
BaTbh Ha JIOObIE PACCTOSIHUSA, COXPAaHUB €€ FOMOreHHOCTb. MB cuHTe3 obecre-
YMBACT M0Jy4YEHUE HAHOAUCIEPCHOIO MOPOLIKA OPTOCWINKATAa CBUHIIA, KOTO-
pbIii mMeeT BbICOKMI K03 ¢urment auddy3sHoro orpakeHHs, 4TO JenaeT
€ro LIEHHbIM MaTepUaJIOM IS TIOJIy4EHHs TEPMOPETYIUPYIOIUX TOKPBITHH.

MB cuHTe3 opToCHIMKaTa CBUHIA HA OCHOBE FOPHBIX MOPOJ IEPCIEK-
TUBEH M YKOHOMUYEH.

Taxum 00pa3oM, MUKPOBOJIHOBBIN CHUHTE3 AT JIydllMe pe3ybTaThbl B
CPaBHEHMHU C U3BECTHBIMU METOAAMU: BPEMs CUHTE3a U BapKU COKPAILAIOTCS
B 2-3 pa3a, CHIXKAIOTCSI TAK)KE MOTEPU KOMIIOHEHTOB BO BPEMs BapKU.
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HccnenoBanue BhIMONHEHO MpH (hrHAHCOBOU moanepxkke Komurera mo
Hayke PA B pamkax Hayanoro npoekta Ne20DP-1D05.
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MICROWAVE SYNTHESIS OF LEAD ORTHOSILICATE

V. V.BAGHRAMYAN, A. A. SARGSYAN, N. B. KNYAZYAN,
A. A. KAZARYAN and T. V. GRIGORYAN

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

A hydrothermal-microwave method for the synthesis of lead hydroorthosilicate
from water-soluble lead compounds and sodium silicate obtained by microwave
treatment of rocks has been developed. The characteristics of the synthesized lead
hydroorthosilicate and glass based on it are determined by differential thermal (DTA),
X-ray phase (XRD), UV-VIS and IR spectroscopic analyses. The microwave method
provides the production of a nanodispersed powder of lead hydrosilicate. Studies have
been conducted to obtain low-melting glasses based on lead hydrosilicate at a
temperature of 900°C. The conducted studies show the effectiveness of MV treatment in
the production of lead hydroorthosilicate and glass based on it.
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W3YYEHUE B3AUMOJIEMCTBUA COEJIUHEHUM TEJLUTYPA (1V)
C AJUIVITAOMOYEBUHON METOJAMHU CHEKTPO®OTOMETPUH
N AMIIEPOMETPUYECKOI'O TUTPOBAHUA

I'.T. JAPBUHSIH

EpeBanckuii rocynapCcTBEHHbIN YHUBEPCUTET
Apwmenus, 0025, EpeBan, yn. A.MaHyksHa, 1
E-mail: h.darbinyan@ysu.am

WccneposaHo noesepenne Ternypa (IV) v annmMnTMOMOYEBMHbI Ha TBepAbIX 3nekTpodax
(nnatuHa, rpaduT) B cCpede cepHon u congHom kucnoT. OnpepeneHbl OnNTUMarnbHble YCroBUS
B3aMMOJENCTBUSA: KOHLEHTpaumn peareHTa u hOHOBbIX pacTBOPOB. BbISBNEHb! KOHLEHTPaLVOHHbIE
npegensl NOAYUMHAEMOCTM OCHOBHbIM 3aKOHam amnepomeTpum u doTtomeTpun. [lonyyeHHble
3KcnepuMeHTanbHble AaHHble NMOABEPrHYTbl MaTeMaTUYeckon cTaTucTudeckon obpaboTke.

Tabn. 2, puc. 2, 6ubn. ccbinok 5.

Jlns ammepomerpudeckoro ompenenenus temwrypa (1V) mpemnmosxeHsr
TookcuH [1], kcanToreHar [2], nuMmepkanTotuomnepoHsl [3] u mp.
COEJIMHEHMSI, C KOTOPBIMH OH 00pa3yeT KOMIUIEKCHble coequHeHus. Llenb
JAHHOW paboThl — pACHIMPEHHE CIIHUCKa CEepOCOJEpIKallluX peareHTOoB,
NPUMEHSIEMBIX IS CIEKTPO(OTOMETPUYECKOTO M aMIEPOMETPUYECKOTO
onpenenenus temrypa (1V), uro, B cBOr0 odepenb, SBISETCS JIOTHUECKUM
MIPOIOJKEHNEM paHee OITyOJIMKOBaHHBIX HAMHU paboT.

BKCHepI/IMeHTaHLHaﬂ 4acTb

1-10 M cranpgapTHEIi pactBop Temtypa (IV) rotroBuan pacTBopeHHEM
TOYHOW HAaBECKU METAJUIMYECKOTO TEIUTypa MapKH «X.d.» MPH yMEPEHHOM
HarpeBaHWU Ha BOJSHOW OaHe B CMECH KOHIICHTPUPOBAHHBIX COJISTHOM M
a30THOM KHCIIOT C MOCHEAYIOUIEH IECHHTpPAlME WIN K€ PacTBOPEHHEM
okcuaa temrypa (IV) (TeO2) B pa3Benennoit 1:1 constHoit kucinore. Paboune
pacTBOpPhI HY)KHOW KOHIICHTPAIMU TOTOBWJIM COOTBETCTBYIOIIUM pa30aBie-
HUeM 3amacHoro pactBopa Temtypa (IV) 2N consHol kucioroit. PabGoune
pacTBOpbl ANMUATHOMOYEBUHBI (ATM) roTOBWIM pPAacTBOPEHHWEM TOUYHBIX
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HABECOK MEPEKPHUCTAUIN30BaHHOrO MpenapaTa B AUCTUIMPOBAHHON BOJeE.
Jnst creKTpoOTOMETPUYECKHUX OIpEeNeNIeHN UCTonb30Bal Takxke 1,5 %
pactBop ATM. TpeOyeMast KHCIIOTHOCTh CpeJibl oOecIieunBaiach paszoasie-
HUEM KOHIIEHTPUPOBAHHBIX COJITHOM M CEpHBIX KHMCIOT. OnTHYecKas IUIOT-
HOCTh PacTBOPOB M3Mepsuiach Ha criekrpodoromerpe UT-60, a ammepomer-
pHUECKOE TUTPOBAHUE OCYIIECTBIEHO Ha COOpaHHOM aMIepoOMeTpHUYECKON
YCTaHOBKE C TUIATUHOBBIM WM IPa(QUTOBBIM MHAUKATOPHBIMU JIEKTPOAAMHU
B [Iape ¢ MEPKYPHOAMIHBIM 3JIEKTPOJIOM CPAaBHEHHUSI.

AMnepomerpuueckoe TUTpoBanme Teurypa (1V) anauiaruomoueBu-
HOM. DnexTpoxumuyeckoe noseaeHue temrypa (IV) u ATM Ha miaTHHOBOM
1 rpaUTOBOM DIIEKTPOJIaX M3JI0KEHO HaMu B pabdortax [4] u [5]. Mcxons u3
3TOro, aMIEPOMETPUYECKOE TUTPOBAaHHE C IPUMEHEHHEM IUIaTHHOBOI'O
MHUKpPO3JIEKTpoia HpoBoAwiIock mnpu noreHuuane +0,2-0,4 B mo Toky
BoccraHoBieHus tewtypa (IV). KpuBas tutpoBanust umeer \ - oOpasHbIi
BuJ. TurpoBanue 1o aHogHOMY TOKY okucieHus ATM craHOBUTCS HEBO3-
MO>KHBIM U3-3a HaJM4Ms METJIM TUCTepe3nca, KoTopas o0ycioBiieHa aacopo-
IUOHHBIMH SBJICHUSIMH Ha MOBEPXHOCTHU ITUIATUHBI. DTOTO MOYKHO H30€KaTh,
€ClIM B Ka4eCTBE MHIUKATOPHOT'O HCIOJIb30BATh I'PAQUTOBBIN 3IEKTPOJ, Ha
KOTOPOM OTCYTCTBYET aJCOOLHMs KHCIOPOJa; MOSBISIETCS BO3MOXKHOCTh
paborate B oOmactu Oojee OTpUIATEIbHBIX MOTCHLIHUANOB, 1€ MpPU THUT-
pPOBaHUM IO KAaTOJHOMY TOKY YCTPAaHSAETCS MEIIalollee BIMSHUE BOJHbI
BOCCTAQHOBJICHHUSI HOHOB BOJOpOJa; OOJbIIas IOBEPXHOCTh IOBBIIIACT
YYBCTBUTEJIBHOCTh ONPEACNEHUs, a CcaM OJJIEKTPOJd JIErKO OYHILAETCs
Mexanuuecku. KpuBasg TUTpoBaHMSA IO aHOJHOMY TOKYy okucieHuss ATM
umeer /- o0pasHblii Bua. B o6oux ciydasix neperu0 Ha KpUBBIX TUTPOBAHUS
(bUKCUpYyeTCsl MPHU MOJBHOM COOTHOIICHHH PEarupyrolIux KOMIIOHEHTOB
1:4. Cnemyet OTMETHTD, YTO MpH MOCTEIeHHOM j00aBnennu ATM, B Hagarne
TUTPOBAaHUS 00pa3yeTcst JKENTOBAaThIH OCaJ0K, KOTOPBHIH IOJHOCTHIO
pacTBopsieTcsl BOJMU3M TOYKM DKBUBAJIEHTHOCTH C OOpPA30BAHHUEM IKEITOTrO
pacTBopa.

TurpoBanue Temtypa (IV) ATM na pasnuunbix GoHAX CEpHOU U COIs-
HOM KHCJIOT 110Ka3aJ10, YTO COOTHOIIEHUE PEarupyroluX KOMIIOHEHTOB 1:4 1
BUJ KPHUBBIX TUTPOBAHUS OCTAIOTCS HEM3MEHHBbIMH B mpezaenax 1,0-6,0 M
s comstaor u 2,0-10,0 M s cepHoli kucnot. JlaHHBIE THTPOBAHHS Ha
CEpHOKHCIBIX (poHAX OoJsiee BOCIPOM3BOAUMBI, UEM HA COJSTHOKUCIBIX, YTO
MPEIOI0KNATENIFHO, CBI3aHO KAaK ¢ KOHKYPHPYIOIIUM BIUSHHEM XJIOPH]I-
MOHOB IPHU PEaKIMH KOMIUIEKCOOOPa30BaHMs, TaK U C UX aHOIHBIM OKHCJIE-
HUeM. B kauecTBe onTUMaNbHOM KUCIOTHOCTH CPEAbl HAMU PEKOMEHTYETCs
3,0 M consirast umm 5,0 M cepHast KHUCIIOTBI.

[Ipenensr KoHIEHTparuu pactBopoB Temwrypa (1V), momumHsIOmMMECS
OCHOBHOMY 3aKOHY aMIIEpOMETPHUHU IIPUBEIEHBI B Ta0II. 1.
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Tabauya 1

KonuenrpanuoHHble npeaesibl NOIYMHIEMOCTH PACTBOPOB TeJIJIypa

(1V) ocHOBHOMY 3aKOHY aMIIepOMETPHH

OnexTpon Hanaraemsiii OneKTpoIHbII OmnpenensieMble
norennuan E, B npouecc KOHIIEHTPAIMH TeJLTypa
(), M
I'paduTOBBI 0--02 KaTOIHOE BOCCT. 2,0:10°-3,0-10°
I'paduTOBBI +14-12 AQHOJ/IHOE OKHCIL. 1,0-10°-2,0-10%
[TnaTHHOBBIH +0,2 KaTOHOE BOCCT. 1,5-10°-2,0-10%

MaremaTtuueckast ctaTucTHyeckast 00paboTKa HIKCIIEPUMEHTANIBHBIX JJaH-
HBIX NpejcTaBieHa B Tabia. 2. IIpuBeneHHbIE pacyeThl CBUAETEIbCTBYIOT O
JOCTaTOYHOW TOYHOCTH M BOCIPOU3BOJMMOCTH IpEAIaraéMoro Merojna u
AUTMITHOMOYEBHHA MOXKET OBITh NpeIoKeHa B KadecTBE HOBOT'O peareHTa
IUIsL aMIIepoMeTpuUecKoro onpenenenus remtypa (1V).

Tabnuya 2

MartemaTHyecKasi CTATHCTHYECKASE 00padoTKA IKCIEPHMEHTATBLHBIX
mannbIx (N =5; P =0,95; t, = 2,78)

C
Te(1V),
me/Ma

Haiineno
Te (IV),
me/Ma

Beeneno
Te (IV),
me/Ma

_ [rei—cy
=Tt

S
Jn

S
S == 100%]|S¢ s

h=—
c

+ 100%

0.0640
0,0630
0,0625
0,0650
0,0680

0,0638 0,0645 2,19-103 3,40 9,78-10* 3,30

0,1280
0,1282
0,1285
0,1290
0,1310

0,1276 0,1289 1,21-10°3 0,94 5,4-10* 1,17

0,2100
0,2200
0,2250
0,2180
0,2280

0,1914 0,2202 7,68-10° 3,48 3,43-10°° 4,32

HN3zyuenue B3aumoneiicreus tesutypa (1V) ¢ ATM cnekrpodoromert-
pudeckuM MeToaoM. CHsITHE CIEKTPOB TOIJIOMICHUS BCEX B3aUMOJICH-
CTBYIOIIMX KOMIIOHCHTOB (PacTBOPBI CEPHOM, COJSHON KHCIIOT, TeuTypa
(IV), ATM) noka3zano, uro B obmactu qiud BoaH 250-400 #m cBeTomorio-
mieHreM 00J1aaeT TOMBKO MpoAyKT B3aumMoaeicteus Temypa (IV) ¢ ATM,
KOTOPBI HMMEeT JKENTYl0 OKpacKy, a MaKCHMyM CBETOIIOTJIOMICHUS
HaOmromaeTcst MpH Amax=320 xam. J{st BBIOOpa ONTHUMAaIbHON KOHIICHTPALIUU

peareHTa B 25 Mz MepHBIX Kojbax k pactBopy Temurypa (1V), moctosHHOM
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xounentparuu (1,0 mz 1-10° M Te (1V)), npubasnsu ot 0,5 10 12,0 mx
1-10° M pactopa ATM. O6BeM pacTBOpa JOBOAMIM 10 MeTKu 5,0 M
cepHoi KucIoTOW. ONTHYECKYIO MIIOTHOCTh PACTBOPOB MOJYYEHHOTO psiAa
usmepsuti nipu Juuae BoiHbl 320 um (I = 1 cm). MakcumanbHoe 3HaYCHHUE
HaOmomaetcs, HaunHast ¢ 4,0 mz ATM um ocraeTcsi TOCTOSIHHBIM TIpH
JandbHEHIIeM A00aBJICHUU peareHra. IJTO OOCTOSITENBCTBO JIA€T BO3MOXK-
HOCTh HWCITOJIb30BaHUsl M30bITka ATM B IMIMPOKOM HHTEpBaJIC KOHIICHTpA-
muii. MeToaoM MOJSPHBIX OTHOLICHWH OMpPEAENEHBl CTEXHOMETPUUYECKHE
kodpurmenTsl. [lepernd Ha KpUBOW HACKHIIICHUS OTMEUYACTCS TIPH MOJILHOM
COOTHOLIEHHH pearupyroumx kommnoneHtoB temtyp (IV):ATM = 1:4, gro
COBIAJIAET C JaHHBIMU AMIIEPOMETPUUECKOT0 TUTpoBaHus (puc. 1).

12

0.8 ~

0.2 +

0 T T T T - VATM, M/
0 2 4 6 8 10

Puc. 1. KpvBas HacblLleHWsl (MeToL MOMAPHBIX OTHoweHwit) 1,0 ma 1-10° M Te (IV); [ATM] =
1-10° M ;1=1cm; V =25 mm; A = 320 HM; poH — 5 M H,SO,.

A
0.7
0.6

0.5 2
03 ',.—o—\.
03 |é

0.2

0.1

0 T T T T T T T 1 CHMM.,MOﬂb
0 2 4 6 8 10 12 14 16

Puc. 2. OnpegenexHne onTMmarbHOM KucnoTHocTu cpedbl 1,0 ma 1-10° M Te (IV); 8,0 mn
1-10° M ATM; | =1 cm; V = 25 msz; A = 320 HM 1) HCI; 2)H,S0,.

MakcuMyM CBETONOIJIONICHHsI 00pa3ylomerocss KOMITIeKca Teurypa
(IV) ¢ ATM nabmronaercs B npucyrcteuu 1,5-7,0 M comnstnoit u 2,0-11,0 M
CEpHOM KHCIIOT. Bee manpHEWme onpeaeieHuss IpOBOAWIACH MPA CPETHUX
3HAYCHUAX ycTaHoBieHHOro wuHtepBana: 3,5 M HCl u 5,0 M H>SO.a.
MakcumanbHasi OKpacka aUTMITHOMOYEBUHHOTO Komiuiekca testypa (IV)
pa3BuBaercs 4epe3 S5-7 mun mocie A00aBICHHUS peareHTa M OCTAeTCsl Hen3-
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MeHHOM B TeueHue 35-40 mun. Tlo rpagyrpoBouyHOMY rpaduKy ONpeaesieHo
CpemHee 3HAYCHHE MOJISIPHOTO KOX(PQOUIIMEHTa CBETOIOTJIONICHHS —
£320=12500 monwt-1-cm. KoHIEHTpaBHHEBIE TIPE/eIbl PACTBOPOB TEILTypa
(1V), moguunsromumecs 3akony bepa 1,5-10* —4,0-10° M.

Ucxonss w3 Bcero BhINIE HW3I0XKEHHOTO, TPOIECC B3aMMOJCHCTBUS
temtypa (IV) ¢ ATM MOXHO NpeCTaBUTh CIEAYIOUIEH CXEMOIA:

AIIyIHNYNHz _— AIIyIHN\(NH
S SH
AllylHN\_,NH
2A||y|HN—{:: -2 —= S+ 2H*

S

HN/\AIIyIHN

TeO,> + 6H* + 26 —= Te?* + 3H,0

NH NH
* Te2+ + 2AIIyIHN-{ — Te |:AIIyIHN—< } + 2H*
SH S

2

* Te?* = TeCl,; TeSO,; H,[TeCl,]; H,[Te(SO,),]

AIIyIHN\(NH

NH
TeO,2 + 4H* + 4AIIyIHN\(NH —= Te AIIyIHN—‘{ + S + 3H,0
s |
SH 2 S
HN/\AIIyIHN

UWLPLE-PAUPQUL3NFE-DP NES SELAFE (IV)-h NUEQLYHESNFE-3UL
NFUNFULUURLOFE-3AFLL UNEUSLULNFUEUOULUTL
BU4 UUMG rTUOUYRL ShSAU UL BT LUGLELOYT,

NN HUCLLPL3UTTL

pupfmdncfdyntip, dpQuifuwypp [Ff@fuyin fdynchp, wippp bplupnyncp: Snygg & gk,
ﬂnLﬁJnLil.'

[Puplpfbyne riigkiunpugpnt awSdwlbibpp: Chplpupmgdly & phdfulul nbudghoygh bb-
ﬁl.url.ﬂ/ull u[uln.fluil.'
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SRECTROPHOTOMETRIC AND AMPEROMETRIC DETERMINATION
OF TELLURIUM (1V) BY ALLYLTHIOUREA

H. H. DARBINYAN

Yerevan State University
1, A. Manukyan Str., Yerevan, 0025, Armenia
E-mail: h.darbinyan@ysu.am

The interaction of tellurium (1V) with allilthiourea has been studied by means of
srectrophotometric and amperometric titration methods. The optimal conditions for
chemical and electrochemical process have been determined.

Voltamperometric characteristics of the components in reactions — Te (IV), ATU
have been studied against sulfuric and hydrochloric acid backgraunds to choose
appropiate of the potential providing significant diffusion current. It is necessary to
mention that the reagents give anodic oxidation waves at + 1.2 — 1.4 V potentials. Thus
it is possible to carry out amperometric titration within + 0.2 — 0.4 V range by reducing
of Te (1V), while at + 1.2 — 1.4 V by oxidation current of the reagents.

Amperometric titration of Te (IV) by ATU has been carried out both in cathodic
and anodic fields. The diffusion current values were established rapidly, molar ratios
between the interacting components are as follows: Te (IV) : ATU = 1 : 4. The
conformity with amperometry main law is adhered for 1,5-10- — 2,0-10° mol/I solutions
of Te (1V).

New experimental techniques of srectrophotometric and amperometric titration of
Te (IV) by the above ATU have been elaborated on the basis of experimental data
described. Allyltiourea has been applied for determination of tellurium (IV) in standard
solutions. Relative deviation values do not exceed 4.32%.
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IMMPUMEHEHUE METO/IOB KBAHTOBO-XUMHUYECKHAX PACYETOB
JUISI UCCJIEJOBAHMSI TOBEPXHOCTEM MOTEHIUAJILHOM
SHEPT'UM CUCTEM, COJEPKAIMX STUJIEH, ATOMBI BOJIOPOJA
U KUCJOPOJA

A.T. JABTSH, C. 1. APCEHTBEB u A. A. MAHTAIISITH

WnerutyTr xumudeckoit ¢pusuku uM. Hanbannsna A. b., HAH Pecriy6nuku Apmennsi, ApmeHus,
0014, Epesas, yu. I1. CeBaka, 5/2
E-mail: aramdav@ichph.sci.am

C uenblo uccrnegoBaHUs MOBEPXHOCTEW MOTEHUManbHOM 3HEPrMn CUCTEM, COAepXKaLlmx
3TUNEH, aToMbl BoAOpOA4A W KWCMOpPOAa OCYLUECTBIEHbI KBAHTO-XMMUYECKME pacy€Tbl, C
ncnonb3oBaHWeM rmMbpuaHbix MetogoB B3LYP Teopuu dyHkumoHana nnotHoctu (DFT) un
KomnoauTHoro metoga CBS-QB3. lNMokasaHo, YTO MpUCOEAMHEHWE aToMa BOAOpoAa K ITUMEHY C
obpasoBaHMEM STUNBHOrO pajukana npoucxoout 4Yepe3 obpasoBaHue BaH-gep-BaanbcoBoro
Komnnekca. Bsavmogencteme sTuUnbLHOro pagmkana ¢ aToMOM KUCopoAa NpuBoanT k obpa3oBaHuio
3TOKCUNbHOrO pagukana. [nobanbHbiM  MuHUMymom [M3  cuctembl C,H,+H+O  siBnsietcst
MMAPOKCUITUMBHBIA pagukarn, a KaHanom npeBpalleHnst 3TOKCUIIbHOTO pagukana C HavMeHbLUMM
aHepreTuyecknm 6apbepom siBnsieTcst obpasoBaHune dopmanbaermaa 1 METUMBHOIO paavkana.

Tabn. 4, puc. 3, 6ubn. ccbinok 39.

[Tporiecchl OKUCIICHHS YTIIEBOJOPOJOB OTHOCSTCS K KJIACCY CJIOKHBIX
XUMHUYECKHUX PEaKIUi, MPOTEKAIINX C Y4acTHEM CBOOOIHBIX PaIUKaJIOB.
HccnenoBanus B maHHOM 00JacTH HMMEIOT OOJBIIOE 3HAYECHHE C TOYKH
3peHus] Pa3BUTHS TEOPUHU IEMHBIX peaknuii. OcoO0ro BHUMaHUS 3aCITyKH-
BaeT 3aj[aya YCTAHOBJICHHSI CBS3M MEXIY CTPOCHHEM YIJIEBOAOPOJA U €ro
PEaKIMOHHOMN CTIOCOOHOCTHIO.

OueBUAHO, YTO BO3MOKHOCThH YIPABJICHUS IMPOIECCOM OMPEACISICTCS
ypOBHEM HH(OpMAIIMK O €ro JeTalbHOM MexaHu3Mme. [lonmydyeHue skcnepu-
MEHTaJIbHOH HH(pOpMAIK 0OBIYHO CBS3aHO C TIPEOIOJIEHUEM PsIIa TEXHUYE-
CKHX CJIOKHOCTEH, a MHOT/Ia HEBO3MOXKHO. B Takux CllydasXx MCIOJIb3YOTCS
HE JKCIIEPUMEHTAIbHBIC METOJIbI, @ TCOPETUYCCKUE, B YACTHOCTH MaTeMaTH-
4eCcKOe MOJCIMPOBAHUE M PACUYEThI, MCIOJIB3YIOIIME ammapar KBaHTOBOM
MEXaHUKH, OCHOBaHHBIC Ha pemieHud ypaBHenus Ll pénunrepa [1-2].
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OanuM M3 Hambojee YacTo MPUMEHAEMbIX B KBAaHTOBO-XMMHUYECKHUX
pacuérax MmeromoB sBisieTcss rubOpumHbii Meron B3LYP (Becke, 3-
parameter, Lee—Yang-Parr) teopuu ¢yukimonana miotHoctu (Density
Functional Theory — DFT), KOTOpBIii XOpOIIO OIKMCHIBAET IMPOIECCH U
CTPYKTYpHBIC XapaKTEPUCTHKH OOJIBIIMHCTBA KJIAacCOB coenuHenuit [3-5]. B
TO K€ BPEeMs K HEJJOCTaTKaM METO/a OTHOCSTCSI HE BCEIr/la TOUHOE OIMCAHUe
MIPOLIECCOB, B KOTOPBIX CYLIECTBEHHYIO POJIb UTPAIOT 3 (HEKTHI, CBI3aHHBIE C
BaH-gep-BaanbcoBCKkHM B3aUMOJEHUCTBUEM, a TAKKE HEIOOIEHKA DHEPTHl
0apbepOoB OMpPE/ICTICHHBIX PEAKIUH.

C nenpio 0ojiee TOUHOTO OMUCAHUS TEPMOXMMHYECKUX KOJIUYECTBEH-
HBIX XapaKTePUCTUK MOJIEKYJSIPHBIX CHCTEM pa3paboTaHO CEeMEHCTBO
Kommo3uTHBIX @b initio metomoB Beicokoro yporus — CBS (Complete Basis
Set) [6-11].

DjeMeHTapHasi peakuusl MPUCOCTUHEHUS aTOMa BOAOPOJAA K ITHIICHY
H+C2H4 — CiHs sBisieTcst mpocTeiiiei peakiueil ¢ yqyactueM one(ruHOBBIX
yIJ1eBO10po10B. BenencTBue 3Toro oHa BBI3BIBAE€T OOJIBIION HMHTEpeEC, Tak
KaK MOXET pacCMaTpUBaThCs B KayecTBe (DyHIaMEHTAIbHOW MOJAETIH pearu-
pOBaHMS paAMKAIOB C ojepuHaMu. i SHEPTHUH aKTUBALMK ATOW PEAKIHH
SKCIIEPUMEHTAJILHO MOJIyYeHO olleHouHoe 3Hadenue AH" ~ 0.5-7 xxan/monw
[12-14]. Atopsl [15] npeanoXuid MoIedb MEPEXOIHOrO COCTOSIHUS IS
cucrtembl H+CoHs—>CoHs, koTopass yumThiBala BCE HWMEIONIMECS DJKCIIe-
pUMEHTaNIbHBIC JaHHBIe. AKTHBAIMOHHBIE Oaphepbl auccormanmu CoHs u
peakuus npucoeaunenuss H+CoHs coctaBumm 38.0 u 2.5 kkan/mons cooTBeT-
CTBEHHO, IIPY SHTAJIBINK peakuuu 35.5 kkan/mous.

Peakiss mpucoequuenust tpurmietHoro aroma O k aBoiiHoit (C==C)
CBSI3U NPUBJIEKAET 0COO0E BHUMAHHE KaK TEOPETUKOB, TaK U HKCIICPUMEHTA-
TOPOB, MOCKOJIBKY UTPAET BAXKHYIO POJIb B aTMOC(HEPHON XUMHH, B TPOIIEC-
cax OKMCJEHHUS M TOpeHHH yrieBojoponoB. C (yHIaMEHTaIbHOW TOYKH
3pEHHs 3Ta PEAKILIUS MOXKET PACCMAaTPHUBATHCS KaK MOJIEIb MHOTOKaHAJIbHON
peakuuu, KOTopas MPOTEKaeT Ha TMOBEPXHOCTH TOTEHIIMAIBHOW JHEPTHUU
(TIT132), ompenensieMoil HaTMYKMEM pa3HBIX CIMHOBBIX COCTOSIHMH. Pacuéram
JHEPreTUYECKUX MapaMeTPOB ITOM peakiuu MOCBSIICHBI paboThl [16-23].
DKcIepuMeHTaNbHOE 3HaueHue, npuBoauMoe B 6a3e manueix NIST, cocras-
nser AH? = 2 kkan/mons [24].

Henbto mpeactaBneHHONW pabOTHI SBISIOCH HCCIEIOBAHUE IMOBEPXHO-
CTE€ NOTEHIMAJIbHOM JSHEPIUU CHCTEM, ONMUCHIBAIOIINX B3aUMOJIEHCTBHE
STHUJIEHA C aTOMaMH BOJIOpPOJa M KHCJIOPOJIa, a TAK)KE Peaknuii 00pa3oBaHUs
u npeBpanienus paaukana CoHsO.

MeToanka pacyeToB

UccnenoBanus [I1D mnpoBogwnuce rubpugHeiM  meromom B3LYP
teopun pynkimonana mwiotHoctd (DFT) u kommo3uTHeIM @b initio meTooM
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CBS-QB3 u3 cemeiictea CBS, BxoasmmMu B cCOCTaB MpOrpaMMHOTO MakeTa
Gaussian 16 [25]. Busyanuzaius pe3yiabTaToB C4éTa OCYIIECTBIISIIACH
nporpammoit GaussView 6 [26].

OxcrpemyMbl [IIID yka3aHHBIX cHCTEM IE€PBOHAYAIBHO JIOKAJIM30Ba-
muck Metonom B3LYP ¢ mpumeHeHmeM cTaHmapTHOTO Habopa 0a3HCHBIX
byukimii 6-31G(d), KOTOPBIH yCIEIMHO MPUMEHSIETCSI B PACUYETax CHUCTEM C
OTKPBITHIMU JJIEKTPOHHBIMH OOoJoukamu [27, 28]. B cBsizu ¢ Tem, 4to
meton B3LYP Moxxer nmpuBoauTh K apre)akTHOMY OTPHIIATEIIPHOMY 3HAYE-
HHUIO BEJIMYMH 0aphepoB peaklui ¢ MepEeHOCOM aTOMOB Boaopoa [29], reo-
METPHUYECKUE MapaMeTpbl BCEX MOJEKYJSPHBIX CTPYKTYp B TOYKax JHEpre-
THYECKUX IKCTPEMYMOB, HaimeHHBIX MeTonoM B3LYP, mepecuuthiBaimnch
metozom CBS-QB3, xoTopslii mo3BosIsIeT NOTy4aTh 00Jiee TOUHbIE 3HAUECHUS
JUIS TEPMOXMMHYECKUX IapamMeTpoB B Ipoleccax C MepexoJaMH aTOMOB
BOJIOpOJIA.

IMoucku mepexoaHoro cocrosinus (Transition State — TS) ocyrmecTBis-
muck nocpenctsom metonoB bepan u STQN-QST2 [30,31], 3am0keHHBIX B
nporpaMMHbIi ko Gaussian 16.

Bce pacuetst npoBoamiuch st T = 298.15 Ku P = 1 amm.

Pe3y.]'II)TaTI>I H UX oﬁcyme}me

Hccnenosanus 1113 cucremsr H + C2H4 mokazanu, uro nprcoenHeHne
aToMa BOJIOPOJia K 3TWJIEHY IO peaKkIuu

H + CoHs - CoHs Q)

MPOMCXOJUT Yepe3 IMPeIpeaklMOHHOE COCTossHuE — BaH-aep-BaanbcoBblit

komruieke [HeCoH4] (cm. puc. 1). Jlist 3T0#t peakumu ObUTO JIOKATM30BAHO
Takxke TS.

Puc. 1. lMpocTpaHCTBEHHbIE CTPYKTypbl: @ — BaH-aep-BaanbcoB komnnekc [HeCzH4], 6 —
nepexofHoe COCTOosHME peakumm 1.

Pacuetst Metomom B3LYP/6-31G(d) mokasamu, 4To i peakiwu 1
obOpazoBanme TS sk3orepmuuno Ha 0.4 kxar/mons, a TerioBod 3¢dekT

peakuuu paBeH -39.6 kkan/monw. Ilepecué€r sxctpemymoB Meromom CBS-
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QB3 npuBOIUT K 3HAYEHHSIM JJISl SHEPTUU aKTUBAIMK TpsiMoid peakiuu 0.6
kxan/mons 1 36.1 kxkan/mons 1t 0OpaTHOM.

Pesynbrarhl pacuéToB OTHOCHTENBHBIX dHepruil ['mb0Oca M sHTANBNHMA
skctpemymoB I1I19 cucremsr H + CoHs mpuBeeHs! B Tadm. 1.

Tabauya 1

IMapameTtpsol 3kcTpemymoB Ha IIIII cucrembr H + CoHa, paccuurannbie
metonamu B3LYP/6-31G(d) u CBS-QB3

AG?, kxan/monw AHZ?, krxan/monw vid, cut
Cucrema B3LYP/ B3LYP/ B3LYP/
eato() | CBSQB3 | S lh | CBS-QB3 | garle | CBS-QB3
H
C2oH4
H+CoHa 0 0 0.0 0.0
[H-CH | 36 25 0.08 0.06
TS 49 6.2 -0.4 0.6 -203.88 -309.2
C2Hs -34.1 -30.0 -39.6 -36.1

! — OrtHOCHTENBHBIE K HCXOMHBIM PEareHTaM BEIMYUHEI SHeprun [ m66ca mpu 298.15 K;
2 _ OTHOCHTEJIbHBIE K MCXOIHBIM peareHTaM BeIHYHHEI SHTAIBIUN 1pu 298.15 K; 3 _
MHHMBIE YaCTOTHI, YKa3bIBAIOIIME HA HATMYIHNE TIEPEXOTHOTO COCTOSIHUSL.

[Tonyuyennsiii Hamu MetogomM B3LYP/6-31G(d) teruoBoii 3ddekt
npsimor peakumu (AHmn = -39.6 xxan/mons) OIM30K K 3HAYEHHUIO YHEPTHH
aKTUBalMu oOpaTtHO# peakmmu (38 kkar/monv), pacCUUTAHHOMY B paboTe
[15]. bnu3ocTe pe3ynabTaTOB CBUAECTEILCTBYET O KOPPEKTHOM OINPEAEICHUH
metogom B3LYP/6-31G(d) »sHepruii HM30JMpPOBAHHBIX pEarcHTOB U
MIPOJIYKTOB.

Teopernueckue uccielOBaHUsA, NPOBeJeHHbIE B [32], AaOT 3HAYEHHUS
AH* = 5.1 kxan/mons (AHxn= -43.4 kxan/monv), a B [33] AH*= 3.1 xxan/monw
(AHixn Bapbupyercst B mpenenax -37.4+-40.1 xxan/monw). Kak Buanm,
HaOII0JaeTCsl HEKOTOPOE OTJIMYME HAIUX PE3yJbTaTOB OT JAHHBIX PadOT
[32, 33], ocoberno 3amernoe misi AH*. OueBmmno, 310 sBIsETCA
CJICZICTBUEM MPUMEHEHHS PA3IMYHBIX METOJIOB.

3nauenns AH” u AHn 1 paccmatpuBaeMoii peakiuu 1 GbLTH onpejie-
JICHBI TaKXKe JKCIIEpUMEHTanbHO. B wacTHOCTH, B [34] OLIeHEHBI mpenenbl
AH* = 0.5+7.0 xxan/mons, a B [35] onpenenena AHn= -40.1 xxan/mons.

[IpencraBneHHble BBINIE PE3yJabTAaThl IMOKA3bIBAIOT, 4YTO, KAaK H
OXXHJAJIOCh, B3aMMOJAEHCTBHE aToMa BOJOpOJA C ITHICHOM HPUBOIHT K
00pa3zoBaHMIO ATHIBHOTO paaukana CoHs.

Ou4eBUAHO, YTO, B MPHCYTCTBUU aTOMApHOTO KHCJIOPOAA, OJHUM M3
HanOoJiee BEPOSITHBIX KAaHAJIOB MX B3aWMOJCHCTBUS SBISIETCS MPUCOEIHHE-
HUE ¢ 00pa30BaHUEM 3TOKCHIBHOTO paJIiKaia Mo peaKkiuu

O + C,Hs — CH3CH-0. (2)
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Pesynbrathl pacduéToB OTHOCUTENBHBIX 3Hepruiéi ['m60ca m 3HTANBIHIA
skctpemymoB [1I13 cuctemsr O + CoHs nmpuBenenst B Tabm. 2. Kak BugHO U3
Taby. 2, MepexoAHOe COCTOSHUE HAXOIUTCS HAa TOM K€ IHEPreTHUYECKOM
YPOBHE, YTO ¥ UCXOJIHbIE PEareHThl, T.€. IPUCOEIMHEHNE aTOMa KICIOpoa K
ATHIIEHY MTPOUCXOINUT O3 IPEOT0ICHHS aKTUBAIIMOHHOTO Oaphepa.

Tabnuya 2

IMapameTtpsbl 3xcTpemymoB Ha III1I cuctem O + CoHs, paccunTanHbie
meroxamu B3LYP/6-31G(d) u CBS-QB3

AG?, kxan/monw AH?, kxan/monw
Cucrema B3LYP/ B3LYP/
sato@ | CBS-QB3 | il | CBS-QBS
O +CyHs 0 0 0 0
TS(—CH3CH0) 0 0 0 0
C;HsO -83.68 -83.66 -93.21 -92.71

! — OrHOCHTENBHBIE K MCXOHBIM PEAreHTaM BeMYUHbI Hepruu ['nb66ca npu 298.15 K;
2 _ OTHOCHTENBHBIE K MCXOHBIM PEareHTaM BeJIMYHHBI 3HTANbIMK ripu 298,15 K.

O1oT (akT MOATBEpPKIACTCS pe3yibTaraMu ckanupoBanus 111D
cuctembl CoHsO o koopaunate Re.o merogom B3LYP. [lo 3Hauenuit Re.o=
3,85A mpoMcXoauMT MOHOTOHHOE BO3PACTAaHHE TOIHON SHEPrUU CHCTEMBI H
AKCTpPEMyMa, COOTBETCTBYIOIIECTO TS He 0OHApyKUBACTCSI.

B Tabn. 3 mpuBeneHbI IKCIEPUMEHTAIBHO ONpEACIICHHBIC 3HAYCHUS

TEIJIOT 00pa30BaHMs PEAreHTOB PEAKIMU 2, MU3BECTHBIE U3 JINTEPATYPHBIX
UCTOYHUKOB.

Tabnuya 3
JKcNepUMeHTATIbHbIE 3HAYEHHUsI TEIJIOT 00pPa30BaHHUsl ATOMAPHOT0
KHCJIOPO/1a, a TAKKe ITHJILHOT0 H I TOKCHJIBHOI0 PAIHKAJIOB

Cocras TemnoTa oOpa3oBaHus R P
AH?8K wxan/mons
0] 59.57 [36]
CoHs 28.90 [37]
CoHs0 -3.25 [38]

TeruoBoit »¢dekr peakmuu 2, BBHUUCICHHBIH Ha OCHOBE JaHHBIX
tabiu. 3 cocraBnseT AHmn= -91.72 xxan/monw, 4TO XOPOIIO COTJIACYETCS C
[OJTy4YE€HHBIM HAMHU PE3YIbTATOM.

B cBsizu ¢ TeM, YTO STOKCHIIBHBIA PaJMKal UIPAcT BaXKHYKO POJIb Kak
MIPH OKUCJICHWW TapadUHOBBIX, TaK M OJIC(HHOBBIX YTIIEBOJIOPOIOB, ObLIA
uccnenoBana [IIID storo paaukana, ¢ LENbIO YCTaHOBICHHS BO3MOXKHBIX
KaHaJIOB €ro MpeBpamieHus. B Tabn. 4 mpuBeIeHb OTHOCUTEIBHBIC YHTANIb-
iU U cBoOoaHBIE SHEeprun [ mobca sxcTpemymoB Ha [I1D cucremsr CoHs0,
paccuntanibie metogamu B3LYP/6-31G(d) u CBS-QBS3.

210



Tabauya 4

OTHoCHUTeIbHBIE JHTAJIBINHU U CBOOOAHBIE SHeprun ['udoca
akcTpemymoB Ha ITIII cuctemul CoHsO, paccuuTanHbie MeTOTAMH

B3LYP/6-31G(d) u CBS-QB3

AHY, kxanlmons AG2, kxanlmonw vi3, eut
Cucrema B3LYP/ CBS- B3LYP/ CBSs- B3LYP/ CBS-
6-31G(d) | OB3 | 6-31G(d) | OB3 | 6-31G(d) | OB3
C2oHsO 0.00 0.00 0.00 0.00
CoHs+H 132.79 128.16 117.63 114.75
[HeC2H4] 132.87 128.22 121.08 117.20
TS 132.36 128.79 122.58 120.91 -203.81 -309.15
C2Hs+0 93.16 92.70 83.54 84.76
H2 + CH2CHO 7.07 5.32 -1.38 -1.93
CHs3 + CH20 14.70 11.58 2.99 1.14
H + CH3CHO 19.01 15.41 11.43 9.04
OH + CoH4 33.62 25.42 23.76 16.78
CH2CH20H 4.40 -2.69 3.97 -1.90
TS1 17.73 16.21 16.63 16.42 -301.86 -340.61
TS2 22.59 20.09 22.16 20.81 -815.03 -813.73
TS3 31.39 27.98 31.92 29.71 -2019.62 -1986.17
TS4 22.39 23.22 21.85 23.83 -1388.79 -1304.39

! — OTHOCHTENBHBIE K MCXOHBIM PEAreHTaM BEJIMYMHBI SHTANbNUK npu 1=298.15K; % —
OTHOCUTENLHBIE K HCXOAHBIM peareHTaM BelMuuHb SHeprun ['u66ca mpu 298.15 K; 3 —
MHHMBIE YaCTOTBHI, YKa3bIBAIOI[ME HA HAJTMYHE TIEPEXOJHOTO COCTOSIHUSL.

Ha ocHOBe naHHBIX MO SHTAIBNNAM, IPUBEACHHBIM B Ta0I. 4, Ha puc. 2
MOCTpOEHA Auarpamma, orpaxaromas 1119 »toit cucremsl.

C,H+H+(0)
A AH, kxar/monv
130—_128.16 12822 1288
- _-----——/——
TS !
-+ GH,+H [H-C,H,] :
120 4 '
| (+0)
110 —— :
100 —— i
L92.7
4
90 —— C,Hs+0!
30—— ' 28.0
: 25.4 p—
4 i 232 —-- 1 TS34
! 20.1 ‘ OH+GH;! ‘
20 —— ! — 7. TS4 ! |
‘ 16.2 booiTS21 154 ' '
— ! i —) | !
T 116 ! TSI H+CHCHO : ;
— ' o | t[28.11
10 —4— CH;+CHO0 ' ' | 153 | '
' ! ' —
T+ ; b H,+CHCHO
. 2.7 —_—
1 C,HsO _r C,Hs0
C,H,(OH)
-0

Puc. 2. Ouarpamma 3HTanbnuu Ansi CUCTEMbl, CoAepXKallel 3TuNeH, aToMbl Bogopoda u
kucnopoga. Cuctema paccumtaHa metogom CBS-QB3. OHeprum nokasaHbl OTHOCUTEMbHO
CH3CH,0.
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Kak BHIHO M3 MpUBENEHHBIX JAHHBIX, YTOKCHWIBHBIA paaukan CpHs0,
00pa30BaBIINICS B pe3yIbTaTe IMOCIEI0BATEIBHOTO IPUCOEINHEHNS aTOMOB
H u O k »TuieHy, Oka3bIBaeTCsi B NOTEHIUAIBHOM siMe TIyOWHON B
128 kxan/mons. OueBUIHO, YTO OH O0JIaaeT M3OBITKOM SHEPTUU U MOXKET
MOJBEPTHYTHCS AATbHEUITMM TPEBPALICHUSAM.

Hamu wuccrienoBaHbl BO3MOXKHBIC MYTH TPEBPAIICHUS 3TOKCHIBHOTO
paauKanta u MpoayKTOB dTHX PEaKIIHIA:

H + CH3CHO — H2+ CH.CHO (3a)
CoHs0 — CH3 + CH20 (30)
C2HsO — H + CH:CHO (3B)
C2HsO — OH + C2H4 (3r)
C2HsO — CH2CH20OH (3m)

Ha puc. 2 npuBenena nuarpamma sHTanenuu uis cucremsl CaHsO,
paccuntanHas Mmetogom CBS-QB3. MoxHO BUAETh, YTO THAPOKCHITHILHBIN
panukan, oOpasytomuiics mo peakuun (3n) ¢ AHwn=-2.7 kxair/mons
OKa3bIBaeTcs riodabHBIM MUHUMYMOM Ha [1I10.

[Tepexomubie coctostaus (TS) ynanock JoKalIn30BaTh IS peakiuii (3a)
c oHeprueil akrtuBauuu 7.8 kkan/monv, (30) C dHepruel aKTUBALUU
16.2 kkan/monb, (3B) c sueprueit aktuBamuu 20.1 xxan/more m (3m) ¢
sHeprueit aktuBanuu 28,0 xkxar/monw. 1ns peakuun (3a) B [39] npuBoautcs
3HaueHue 8.04 kxkan/mons.

Pacuérel mokazanu, 4TO C HAMMEHBIIUM HHEPTETHYECKUM OapbepoM
(AH#=16.2 xxan/monb) TPOMCXOAMT pacHai STOKCHIBHOTO pajuKama Ha
¢dbopmanbaeru U MeTWIBbHBINA paaukan. Ha puc. 3 npezncrasiena cTpykTypa
MEPEeXOJHOTO COCTOSIHMS JTOM peakuuh C YyKa3aHHEeM MeEXaTOMHBIX
paccrosiHuii (R, arcrpem).

R(1,2) 1.1029
R(1,3) 1.1029
R(1,4) 1.2251
R(L5) 2.1427
R(L6) 2.5599
R(L,7) 2.5497
R(2,5) 2.42

R(3,5) 2.4201
R(4,5) 2.7067
R(5.,6) 1.082
R(5,7) 1.080
R(5.,8) 1.080

Puc. 3. Ctpyktypa nepexogHoro coctosiHusa peakuumn C,HsO — CHjz; + CH,O ¢ ykasaHuem
MEeXaTOMHbIX PacCTosiHUM (R, aHrcTpem).

Peakmuu pacnajga 3TOKCHIBHOTO pajgukaia Ha GopMaabaerua U METHIIb-
HBIM pagukan (30), a Takke B3aMMOJICHCTBUSI aTOMa BOJIOPO/Ia C alleTajb/e-
THJIOM SIBIISIFOTCS Ba)KHBIMHM PEAKLHMAMH IPOAOKEHUS LIETIEH MPU OKUCIIe-
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HUU yrieBoAopoaoB. B uwactHoctH, B [39] mia peakuuu (3a) naérest 3Ha-
YeHHE aKTHBAIMOHHOTO Oapbepa 8.04 kxar/monv, a mis peakuuu (30)
17.09 kxan/monw, 9TO coracyercs ¢ MOJYyYCeHHBIMU HAMU BEJTMUYMHAMMU.

BriBoabl

Takum obpazom, uzyuenue I[1I1D cucremsl, cogepxaiieid STUIIEH, a Tak-
K€ aTOMBI BOJOPOAA U KUCIOPOA, TO3BOJIAET 3aKIIIOYUTh CIEAYIOIIEE:

[Tpucoenunenue aroma BOXOpOJA K ATHICHY ¢ 0Opa30BaHUEM 3THIIb-
HOTO paJiuKaia MPOUCXOIUT uepe3 0Opa30BaHUE MPOMEKYTOUHOTO COCTOSI-
Hus (Ban-nep-BaanscoB komiekc) [HeCoHa]. B3aumopeiictBrue 3THIBHOTO
panukansa ¢ aTOMOM KHCJIOPOAa MOKET IPUBECTU K 00Pa30BAHUIO ATOKCHUIIb-
HOrO pajuKajia, KOTOPbIM HMeeT H30bITOK 3Hepruu B 128 kkar/mons wn
MOKET IOJIBEPraThCsl NAJbHEMIINM IIPEBPAILECHUSAM II0 PEAKLUAM pacrana
wn n3omepuzanun. ['mobdansueiM MuaumymomM [II19 cuctembr CoHa+H+O
SBJIAETCS TUAPOKCUITUIIBHBIN paJvKall, a KAHAJIOM IIPEBPALCHHS TOKCHIIb-
HOTO PaJyKalla C HAUMEHBIINM YHEPreTHUECKUM OapbepoM sBisieTcs o0pa-
30BaHHe (hOpMaIbAETHIA U METHIIHLHOTO pajiuKaia.

LYULSTLPUPIYTL NUSLULTESDPL AW LUGLELP Uh UNNFE-3AFLEL
EQR-PLEL, 20UWO LD B B-@-LUO LD USAULEL NULAFLETNN,
SuUuyuresrr nASELSPUL ELBMAPUSE URUGLEULNF3E-LELP
NESUQNSAFE-3UL NUUue

W \. HUUE-3U0, U. 2. ULPUGLSEU U UL N, UULEUS3UL

Lppyln, pumdnf b [Ffdfudlf wunndubp wpupnclnyg Sondulupgbpf sgmnblgfoy
Lubpgfuyf dwlbplng@ubpp (VBU) {bmmgnndwl byunnwlngd Gaussian 16 Spugpuygfin
spousfFbfEfr ifpprsnddusdp fppuslyurbig by B pifurbinusplulfuuts Quyupliibp: Gppun]ly b
fponcffyuwls Gnihlgpntuyp  wboancdpey (DFT)  B3LYP  {pippfpuyps I CBS-OB3
fyridigngpunuypls dbfFnghbpp: Qayfupluyfl wpgyncpbbpp mbuudbppnSocfFynci ppa-
futngfby § GaussView 6 Spuwgpmf: Snuyy & wnpifly, np Lofybipls Jpudisfy dpugnedp b
L pyusyfrs musnplyuyfr quyugnedp wbgf § nciblincd date-qhp-Yupugul §oduybpuf umn-
Qugdusdp: Brfdfumdtufy wnmmdfy Sl Gfdfyyyfits muspflyunyp spnfumglgne [y Sutiqhghmned
b Lfopupjuypts nunplpyf wnwugduti: CzHy + H + O Swduwlppgf MEU" gynpuy
Infurgquignegl wpdlpp SpuppopuplbfFpyuyfhs nunplpugh §: Bfdopupyuyfis mufljuyf ffusgu-
gyl Khbpghnfly wpglypmf spofumpldul wgpynepp $opdugghfoh b dbfdfyuypl numgp-
fpoyfr amssuusgrddts £ :

APPLICATION OF METHODS OF QUANTUM CHEMICAL CALCULATIONS
FOR THE STUDY OF POTENTIAL ENERGY SURFACES OF SYSTEMS
CONTAINING ETHYLENE, AND ATOMS OF HYDROGEN AND OXYGEN

A. G. DAVTYAN, S. D. ARSENTEV and A. A. MANTASHYAN

In order to study the potential energy surfaces of systems containing ethylene, and
atoms of hydrogen and oxygen, quantum-chemical calculations were carried out using
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the hybrid B3LYP density functional theory (DFT) methods and the CBS-QB3
composite method included in the Gaussian 16 software package. Visualization of
counting results was carried out by the GaussView 6 program. It was shown that the
addition of a hydrogen atom to ethylene with the formation of an ethyl radical occurs
through the formation of a VVan- der-Waals complex. The interaction of an ethyl radical
with an oxygen atom leads to the formation of an ethoxy radical. The global minimum
of the PES of the C;Hs+H+O system is the hydroxyethyl radical. The most energetically
favorable channel for the transformation of the ethoxy radical is the formation of
formaldehyde and methyl radical.
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PaspaboTaHbl ycnoBus Ansa cvHTe3a rekcamonubaeHoson retepononukucnotel ranmus (MK
Ga(lll)) B pasbaBneHHbIX BOAHbLIX pacTBopax. B oTnuume OT M3BECTHbIX METOLOB MNOMyYeHUS
HepacTBOPMMbIX B BOAE MONMMEPHbIX hOpM, paspaboTaHHbI HaMU MeToA MOo3BONAeT nomnyvaTb
IMIC B pasbaBneHHbIX BOAHbIX pacTBOpax B MOHOMEPHOM cocTosiHun. Obpa3oBaHve npocnexu-
BaeTCs Mo ero COOCTBEHHOMY CBETOMOIMOLLEHNIO B yNibTpaduoneToBor obnactu cnekrpa.

YcraHoBneHa obnactb ceetonormowerus MM, knHeTuka u onTuManbHas KUCMOTHOCTb
0o6pa3oBaHns, YCTOWYMBOCTb MO OTHOLUEHWIO K M3MEHEHMWIO KUCIIOTHOCTM MOCMe ero KONM4ecTBeH-
Horo obpasoBaHusl.

ConeobpaasytoLlasi cnocobHOCTb sapa MoNMbAEHOBOW reTEPONOSNIMKUCIIOThI ranims ¢ OCHOB-
Hblm kpacutenem (OK) kpuctannunyeckum cuonetoBbim (KP) ncnonb3oBaHa Ans yCTaHOBMEHWS
OCHOBHOCTM sgpa. [MokasaHo, 4yTo K® B paspaboTaHHbIX OMTMMAarbHbIX YCINOBUAX OOpasyeT
MariopacTBOPUMBI B BOAE KOMMMEKCHBIN accoumaT C LLUECTbIO acCoLMMpOBaHHbIMU KaTnoHamu K.
OCHOBHOCTb ffipa paBHas LUeCTW, yCTaHOBIEHA Takke METOAOM MN3OMOIAPHBIX Cepuii, a Takke no
MHTEHCUBHOCTM CBETOMOITOLLLEHUST 0OpasyoLLencsi Conu.

lMpenapaTyBHLIM aHanW3oM YCTaHOBMEH XMMUYECKU/ COCTaB BbIAENEHHOro TBepaodas3Horo
coeavHeHus Ha cogepxanune Ga(lll), Mo(VI) n K®. MonyyeHHble pe3dynbTaThl, a Takke AaHHblE NO
COCTaBy €ero BHELUHeW KOOPAMHALUMOHHOW cdepbl CBMAETENbCTBYOT 06 0Opa3oBaHWM HOBOTO
nonvokcumonubaata (MOM) coctaBa (HO)s[H:GaMogO1g].

Puc. 5, 6ubn. ccbinok 8.

OO0nacTh MPAKTHYECKOTO HCIIOIB30BAHUS TTOJMOKCHMETAIUIOB HEIpe-
PBIBHO pACIIMPACTCA, YCTO HCJIb34d CKa3aTb O HOBBIX IPCJACTABIICHUAX O
XMMHU3ME MX 00pa30BaHUsI B BOJHBIX PAaCTBOPaX. ITO OTYACTH OOBSICHIETCS
BBIPQ)KEHHOW CKJIOHHOCTBIO MOJMOKCUMETAJIOB K MOJIMKOHICHCAUU U 00-
pa30BaHUIO0 MHOTOOOpa3HBIX KOHIIIOMEPATOB, HAOIO1aeMBbIX 0COOCHHO TIPH
UX TIOBBIIIEHHBIX KOHIIEHTPAIMAX B BOJHBIX pacTBopax [1,2].
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B nanHoif pa®oTe OMMCHIBAIOTCS YCJIOBHS CHHTE3a [-spa IOJNOKCH-
monubaara (ITOM) rammus (111), koTopoe mpencTaBiseTcss KOMIIEKCHBIM
acconuatoM (KA) mecToro mo MonmbaeHy psjaa.

B oTinumne OT MCHOJB30BAHHBIX IPYTMMHU HCCIIENOBATENSIMUA TBEPJIBIX
I'TIK Ga (Ill) siBisromuxcst Mo CyIIeCTBy HEOPraHUYECKHUMHU MOJHMEPaMH
[3], manHBIA mpenapaT CUHTE3UPYETCS HAMHU HETIOCPEJCTBEHHO B BOJHOM
pacTBope B BUE HOBOW MOJIEKYJISIPHOU «SepHOI» (HOPMBI B MOHOMEPHOM
COCTOSIHUM.

JKCNEePUMEHTANbHAS YaCTh M 00CYy:KIeHHe Pe3yibTATOB

HcnonbzoBamu: 0,1M pacteop GaClsz; 0,24M pacteop NaM00O42H,0
(«a.m.a»); 0,1% Bogubrit pactBop K@ («u.»); ko, H2SO4 («oc. 4.»); KoHII.
HNO3 («oc. 4.»); u aneToH («4.1.a»). Paboune pacTBOpsI Moxy4anu pa3zoas-
JICHUEM MCXOJHbIX PACTBOPOB AUCTHIUIMPOBAHHOMN BOIOH.

Bce peareHTsl XpaHWiIM B HOJUAITUICHOBOM nocyne. ONTHYECKYIO MI0T-
HOCTh alleTOHOBBIX pacTBOpoB coeanHeHuit [IOM rammus, KO ¢ TIOM u
M30MOJIMMOINOaT MOHAMU M3MepsuId Ha criekTpodoTtomerpe «CD-26» npu
A = 250 #m, A = 600 nm, a 3HaYeHHs PH BOJHBIX pacTBOPOB — CTEKIISTHHBIM
anektponoMm (morenmuomerp PH 340). Ocanku coemvHEHWN OTACISIN
nenTpudyrupoBanuem B TeueHue 3 mun npu 3000 o6/mun.

Kuc10THOCTD M KOHIEHTPAIIMOHHBIE YCJIOBHS MOTyYeHUs
B-sapa IIOM ranaus (111)

Momubnenossie rereponoiaukuciaotsl (I'TIK) m ux conu mepcrneKTUBHBI
B aCMEKTE€ MX HWCIOJb30BaHMUS B COBPEMEHHBIX TEXHOJIOTHAX, OCOOCHHO B
MEJUIIMHE, B KAa4eCTBE AKTHUBHBIX MPOTHBOOITYXOJIEBBIX W AHTUBUPYCHBIX
npenapatos [4,5]. TpyIHOCTH, B OCHOBHOM, OOYCIJIOBJIEHBI CJIOKHBIM, 710 CUX
nop He BbIsICHEHHBIM cTpoeHueM ['TIK u, cnenoBatensHO, nanbHeiee pas-
BUTHE HcchenoBannii B ooactu xumuu [ TIK nmeeT BakHeliiee 3HaYCHHE.

B srom mnane cunte3 HoBoro B-sapa IIOM ramnmusa (l1l) u uccneno-
BaHUE €ro CBOMCTB MOKET UMETh OOJIbIIIOE 3HAUEHUE /I YCTAHOBJICHUS HC-
tuHHOTO cTpoenust [IOM. JluteparypHble JaHHbBIE OCBSIIEHHBIE 00pa30Ba-
auto [IOM ramms (111) moka ouens ckyanbie [4] u, B OCHOBHOM, OHH OBLTH
MOJIyY€HBI B BHJIE€ HEPACTBOPUMBIX B BOJI€ KOHIIIOMEPATOB. B 3THX padoTax
HE YCTAaHOBJIEH WCTHHHBIM COCTaB COEAWHEHHWS, M TOJIBKO IPEICTaBJICH
npocreiiient popmynoit: NH3[Ga(Mos(OH)s01s)]- 7H20 [1,2].

Opnako OOLIEM3BECTHO, YTO MHOTHE IIEHHbBIE MPAKTUYECKHE CIOCO0-
HocTu [IOM 4eTKo MposBISAIOTCS UMEHHO B BOJAHBIX pacTBopax. O6pa3oBaB-
muecss B BOAHBIX pacTtBopax [IOM Moryr CymecTBEHHO OTIMYAThCS H
coctaBoM, U cBoiictBamu oT [IOM B TBepoM cocTosiHUH [5,6].

218



Jlo cux mop HaM He U3BECTHBI PaOOTHI, MOCBSIICHHBIC MOTYYCHHUIO
I[TOM ramms (I1l) kakoro mu60 psima Mo MONMOACHY, KOTOpbIE ObUTH OB
pacTBOpUMBI M CTaOWIbHBI B Bojie. OCHOBHAsI MPUYMHA B TPYAHOCTH (DUK-
cupoBaHus obOpazoBaHus B Boje 3Toro [IOM-a u B OeCLBETHOCTH 3TOrO
COCIMHEHUS, & WX CHEKTPHI CBETONOIJIOMICHNS MACKHPYIOTCS CIIEKTPOM
ceromnoromieHust nonos mMonubdaena (VI).

Ham ynanoch HENOCPEACTBEHHO B BOJHBIX PAacTBOpax CHHTE3HPOBATh
HOBYIO snepHyo ¢opmy B-sapa IIOM rammus (ll), koropast ycroiiunBa B
BOJIC M BO BPEMCHH, YCTAaHOBHUTh M KOHTPOJIMPOBATH YCIOBHUS €€ 00pa3oBa-
HMU:L.

Hamu 6b10 ycTanoBieHo, uto B-saepHas popma [IOM rammus (I11) B
BOJHBIX PACTBOPaX KOJMYECTBEHHO 0Opa3yercsi B KOHLCHTPAIHOHHOM
coornomenuu Ga":Mo"' — 1:6 u npu BeLIEpIKKE pacTBOpa He MeHee 15 mun.

Ha puc. 1 npuBeneHbl KpUBBIE CBETONOIVIOLICHHS HCCIIEyEMBIX PacTBO-
poB B ynbrpaduoneroBoit (YD) obnactu cHekTpa MpH paziH4YHbIX 3HAYE-
HUAX KUCIIOTHOCTU CPEAbI.
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Puc. 1. KpuBble CBETOMNOIOLWEHNS NPU Pas3fMYHbIX 3HAYEHUAX KUCMOTHOCTM cpeabl C (Ga'') =
2:10° M; C (Mo¥) = 1,210 M: kp. 1,2, 3,-pH 3,0; kp. 4, 5,6 - pH 4,0, kp. 7,8, 9 -pH 5,0 | =
1cm.

CornacHo TpPUBEACHHBIM JaHHBIM MaKCHMaJlbHOE 3HAUYEHUE CBETOIIO-
TJIOIIEHUSI B CHCTeMe HaOJrofaeTcs MpH UIMHE BOJHBI paBHOW 250 Hm, H
MMOCTOSTHHO TIPH Pa3JIMYHBIX 3HAUYEHUSX KUCIOTHOCTH cpeanl — mpu pH 3,0;
pH 4,0; pH 5,0 (xp. 3, 6, 9), 9TO CBHIETENBCTBYET O MaKCHMaJIbHOM 00Opa-
3oBanu B-sapa [IOM ramms (111).

Ha puc. 2 npuBenena 3aBucumocts o0pazoBanus B-sapa [IOM ramms
(1) ot xucmotHocTH cpenbl. COrjlacHO MPUBEICHHBIM JTaHHBIM MOJINO/ICH-
HOBbIH [TIOM rammus (1) obpasyercst makcumansHo B unTepBaie pH (3,0-

5,2) HSy‘IaHaCL TAKXC MHTCHCHUBHOCTDH CBCTOIIOTJIOMICHUA 3TUX paCTBOPOB B
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JTAHHOM WHTEpBaJIe KUCIOTHOCTH BO BPEMEHHU, U OHO HE MEHSETCS MPU BBI-
nepxkke Oomee 30 mun. DTO TOBOPUT O OOJBIION YCTOWYMBOCTH HOBOU
dopmbl monuberoBoi [TOM rammus (111).
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Puc. 2. O6pasosaHue p-sgpa NOM Ga'' B 3aBucumocTM OT kucnoTHocTu cpegbl C (Ga') =
2:10° M; C (MoY") = 1,2:10* M; t = 30 MuH; A = 250 HM; | = 1 cm.

bbb mpoBenieHb! TaKkke MCCIeNOBAHUSA IS ONpPEIesIeHUs] OCHOBHOCTH
HOBO# (opmbl MonubaenoBor [TOM rammus (111). Ins pemenust nanHon
3aJaui, HaMHU BIIEpBbIE ObUIM HCIIOJIB30BaHbI COJICOOPA3yIOIINE pPEaKLIUU
3THX KOMILIEKCOB ¢ OCHOBHbIMH Kpacutensimu (OK), koTopbie npuBOAAT K
00pa30BaHHIO MaIOPACTBOPUMOTO B BOJIE U JIETKO OTIEJISIOUIETOCS IEHTPU-
¢yrupoBanuem komruiekcHoro acconuara (KA) [7]. st aToit nenu ucnoms-
3oBanu OK-K®. BericHunocs, 4to B pesynbrare peakuuu mexay [TOM
ramus (111) u KO obpasyercsa KA ¢ 3omotucteim 6ieckom. Ilocne ero Boize-
JIeHUs LEHTpU(YTUpoOBaHHUEM M PACTBOPEHHUEM B allETOHE, MOJIKUCIEHHOM
HNOs, noydaeTcst Apko OKpaIleHHbI HCTUHHBIM PacTBOP.

VHTEeHCUBHOCTh CBETONOIVIOLIEHUs IIOJIyY€HHOTO DPACTBOpa SIBISETCS
KputepreM ocHoBHOcTH MonuOneHoBoro [IOM rammus (111). Ceeronorio-
IICHHE AIlETOHOBBIX PACTBOPOB, MOJYUYEHHBIX B pE3ylbTaTe cojeoOpa3oBa-
Hust [TOM ramnus (111) ¢ KO MoxHO Takke UCIOJIb30BaTh I ONpeaeICHUs
OCHOBHOCTH (PM3UKO-XMMHYECKMMH METOAAMH, B TOM YHCIIE METOAOM H30-
MOJISIPHBIX CEpHUU.

Ha puc. 3 npuBeneHa kpuBas 3aBUCUMOCTH CTEIIEHU COJ€00pa30BaHUs
I[TOM rammus (111) ot konnentparmun K®. Meron HachIeHHns yKa3bIBaeT,
YTO KOJMYECTBEHHOE CONICO0pa30BaHME 3aBEpIIACTCS MPU COOTHOUICHUH
koHueHtpauu [IOM:K® = 1:6.
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Puc. 3. 3aBucumocTb coneobpasosarus NMOM Ga' ¢ K& ot koHueHTpauum K. oC (Ga') =
1-10° M; pH 4,0; A = 600 Hm; v = 10 M7, 1 = 0,1 cm.

Ha puc. 4 npuBenens! rpaduyeckue AaHHbIE U30MOJISIPHBIX CEpPUI CHC-
teMbl [IOM ramnus (111) u K®. DxkctpemyM Ha HaHHBIX KPUBBIX COOTBETCT-
ByeT cootHomeHuto: C(ITOM):C(K®) — 1:6.
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Puc. 4. N3omonsipHble cepun cuctem MNMOM Ga'- Ko, V(MOM) + V(K®) =10 mnkp . 1. Z Crowm
+ Cko=510°M Kkp . 2. = Cnom + Cko = 1-10*M cp — 26; pH 4,0; A = 600 Hm; | = 0,1 cm.

[ToryueHHbIe JaHHBIE TMOKA3BIBAIOT, YTO COCTAB BHEIIHEW KOOPIMHA-
uuoHHo# cepsl Tepaodasnbx KA — v(Ga''): v(Kd) = 1:6. PesympTatsl,
MOJTy4YeHHBbIE Pa3HBIMU (U3UKO-XMMHYECKHUMH METOJaMH aHajiu3a, IoJ-
HOCTBIO COBMAJAIOT M OJTHO3HAYHO YKa3bIBAIOT, YTO CHHTE3UPOBAHHBIN Ipe-
napatr — rexkcamonuoaoraueBsiii [IOM, U ero MOXHO HpPEJICTaBUTH Clie-
nyromeit xumuaeckoii popmymnoit — (HO)s[HsGa''"MogO1s].

[IpencraBnena moxens HOBoW [IOM, KoTOpas TMONTHOCTHIO OOBSCHSIET
MOJTYYCHHBIC OIBITHBIC IAHHBIE.
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CornacHo mpencTaBIEHHON MoAenH, Haiuuue O-TU IEeCTHAaTOMHBIX
IUKIOB cuHTe3upoBaHHOM IIOM o00ycioBiIMBaIOT TBEPAYIO CTPYKTYpY H
OobLIyIO ero ycToWduBocTh [6]. LllecTs ruppokcorpymi, HenocpeICTBEHHO
CBSI3aHHBIX C SIIPOM, O0YCJIOBJIMBAIOT OCHOBHOCTb, PABHYIO IIECTH, U 3TO T€
IpYIIBI, KOTOPbIE YYacTBYIOT B COje00pasyrollel peakiuu ¢ KaTHOHAMHU
K®. bnarogaps, HenocpeICTBEHHO CBSI3aHHBIM C SIIPOM THAPOKCO-TPYIIIAM,
monuoaeHoBslit [IOM rammus (1) moxer pearnpoBaTh ¢ MOIHOAEHOBOM
KHUCJIOTON M 00pa30BaTh BTOPOM MOJMOJEHOBBIN €10l BOKpyr saapa [IOM,
o0pa3zys TeM caMbIM 0oJiee BBICOKHE 1o MoauOaeny psiabl. [1o aToit mpuunne
HaMH OBUIM MPOBEIEHBI HCCIIEJOBAHUS U B 3TOM HAIPABJICHUH.

Ha puc. 5 mpuBeneHsl KpuBble 3aBUCUMOCTH cBeronoriomeHus [1I0M
ranmus (1) or konnentpamuu MoY'. OueBumHO, UTO yike IPH COOTHOMEHUN
C(Ga'"):c(Mov") = 1:6, Ga"' makcumansHo cBs3an B [IOM. Tem He MeHee,
COIJIAaCHO NPHMBEJCHHBIM Ha PUC. 5 JAHHBIM, IPU MOBHIIIEHUH KOHLIEHTpa-
UM MOJIMOIaT-MOHA, HAOII0IaeTCSl POCT MHTEHCHUBHOCTH CBETOIOTIIOMICHUS
HCCIIETyeMbIX PaCTBOPOB.
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Puc. 5. Kpueble 3aBucmumocTy ceeTonornoweHnsa NOM Ga'' ot koHueHTpauum MoV'. C (Ga')
=110°M; pH 4,01 =1 cm C (Mo"") M-10“. kp. 1 —0,6; kp. 2 —0,9; kp. 3 —1,2.
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[Ipu mNOBBINICHUH KOHIIEHTpauu KoMiuiekcHoro [IOM-a, Gnaromaps
THIPOKCOTPYIIaM, OTACIbHBIC «IIepHBbIe» (OPMBI, MOTYT 00pPa30BBIBATH
MyTeM MOJIUKOHEHCAIH, BHICOKOMOJIEKYJIbHBIE KOHIJIOMEpaTHbIE (OPMBI,
KOTOpPBIE M IO OCHOBHOCTH, M IIO IMOJABHXXHOCTH, M IIO yCTOﬁ‘IHBOCTH B
BOJIHBIX PAcTBOpax, CHJIBHO OTJIMYAIOTCS OT MOHOMEPHBIX «SIICPHBIX)
hopm.
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THE SYNTHESIS CONDITIONS AND PROPERTIES OF
B-NUCLEUS OF POLYOXYMOLYBDATE GALLIUM (111)
STABLE IN AQUEOUS SOLUTIONS

E. Kh. HAYRIYAN, L. A. MIRZOYAN, A. A. KARAPETYAN,
N. A. OHANYAN and L. S. BAGHDASARYAN

M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
10, d. 2, Argutyan Str., Yerevan, 0051, Armenia
Fax: (374 10) 231275, E-mail: hairiyanelza@gmail.com

The conditions for the synthesis of gallium hexamolybdenum heteropoly acid
(HPA Ga (I11)) in dilute aqueous solutions have been elaborated. In contrast to the
known methods for the preparation of water-insoluble polymer forms, the method
developed by us makes it possible to obtain HPA in dilute aqueous solutions in the
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monomeric state. The formation can be traced by its own light absorption in the
ultraviolet region of the spectrum. The range of light absorption of GPG, kinetics and
optimal aciity of formation, resistance to changes in acidity after its quantitative
formation have been established.

The salt-forming ability of the nucleus of gallium molybdenum heteropoly acid
with the basic dye (BD) crystal violet (CV) was used to establish the basicity of the
nucleus. It was shown that under the optimal conditions developed, CV forms a poorly
soluble in water complex associate with six associated CV cations. The basicity of the
nucleus, equal to six, was also established by the method of isomolar series, as well as
by the intensity of light absorption of the formed salt.

The results obtained, as well as the data on the composition of its outer
coordination sphere, indicate the formation of a new form of polyoxymolybdate
(HO)s[H3:GaMo0sO15]. The model of the structure of this polyoxymolybdate has been
offered that can be used to establish the real structure of the synthesized
polyoxymolybdate with quantum chemistry methods.
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AKYCTHUYECKAS AKTUBAIIUSA XUMHUYECKHUX PEAKIIAIA

S1. 0. LIABJIOBCKHUI

T'omenbckuit rocynapcTBeHHbIH TexHuueckuil yausepeureT um. [1.0. Cyxoro
benopyccust, 246746, r. 'omens, npoct. OkTs0ps, 48
E-mail: ya.shablowsky@yandex.ru

MpoaHanuanMpoBaHbl  KayeCTBEHHble U  KOMNMYEeCTBEHHble  3aKOHOMEPHOCTU  BIUSIHWS
ynbTpa3Byka Ha XUMWUYECKMe NPOLECCHI B TOMOTrEHHbIX U B reTeporeHHbIX cuctemax. MokasaHo, Yto
3BYKOXUMUYECKMIA 3PHEKT MOXKET BbITb HE TOMBKO MOMOXUTENbHLIM (MHULMMPOBAHWE XUMUYECKO
peakuuu), HO W oTpuuaTenbHbiM (NofaBsneHue peakuun). COOTBETCTBEHHO, B 3KCTPEMAasibHOM
criyyae BO3MOXEH 3BYKOXMMWYECKUA PE30HaHC (MakcuMyM 3deKTUBHOCTM aKyCcTU4YecKoro
BO3[ENCTBUA) NGO 3BYKOXMMUYECKUA aHTUPE3oHaHC (MUHUMYM 3((EKTUBHOCTU aKyCTU4ECKOTO
BO3[ENCTBUA). YNbTpa3sBykoBasi 06paboTka KOHAEHCUPOBaHHBIX Cpefl B PEXUME CTOsiYei BOIHbI
NO3BOSSIET KOHTPOMNMPOBATL XapaKTEPHbLIA pa3Mep YacTUL, MIOTHBIX (hpaKUMiA: YKPYMHATb YacTuLbl
KpUCTanmnuMyeckoro ocagka (COHOMHAYUMPOBaHHbIN 3adpcpekT TaHaHaeBa) nmbo, HaoGopoT,
u3MernbyaTh NMoTHYt0 hady 6e3 UCMoNb3oBaHUA MenoLLmX Ter.

Bnbn. ccebinok 28.

BBenenune

Xopomo H3BECTHO, 4TO BIUSHHE (PU3MUECKHX (PAaKTOPOB HA XUMHYE-
CKHE PEaKIIMU MOKET OBbITh PEIIAIOIIUM U JJaxke Ou(pypKaTUBHBIM: OCTATOU-
HO YMOMSIHYTh peaKklliu, y KOTOPBIX MPHUPOJIa MPOIYKTA 3aBUCUT OT T€OMET-
pun peakropa [1]. M3BecTHBI LieNbie KJIacChl XUMHUYECKUX PEAKIIMMA, MPOTe-
KalOIIMUX TOJBKO MpPH OIpEeNeeHHOM (PU3MUEeCKOM BO3JEHCTBUM Ha peak-
LUMOHHYIO cMmech [2]. Takue peakuuu MpeiCTaBIsAIOT OCOObIM MHTEpeC AJs
XUMHYECKON TEXHOJIOTHH, TIOCKOJIBbKY HETEpPMHUYECKas aKTHBAIUsS BEChMa
BbICOKOCEIEeKTUBHA. KpoMe Toro, akrtuBupymomme (pu3ndeckue BO3JEHCT-
BUA, KaK MpaBWJIO, OYEHb JIETKO BapbHpOBaTh B LIMPOKUX MpEJesiax, uTo
MO3BOJISIET CTOJIb K€ JIETKO KOHTPOJIMPOBATh XMMUYECKUH mporecc. Panee
[3] Hamu ObuM 0000IIEHBI pPE3yabTaThl HCCIEAOBAHUS BO3MOKHOCTEH
yhnpaBjieHHs NPOTEKAaHHWEM pEaKIMii MOCPEeICTBOM BO3ACHCTBHSA CTaTHde-
ckux moneid. [Ipeamer manHoro o630opa — aKycTHUecKas aKTHBALUS XMMU-
YECKHUX PeakLui.
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VYbpTpa3BykoBO€ BO3/CICTBHE Ha PEAKIIMOHHYIO CMECh CITIOCOOHO 0bec-
MEYUTHh BOCIPOM3BOAMMBIN albTEPHATHBHBIN IyThb CHHTE3a LEJIEBOTO IPO-
aykta [4, 5]. Oneitel [6, 7] HArISAHO MPOAEMOHCTPUPOBAIIH, YTO B YJIbTpa-
3BYKOBOM I10JI€ BO3MOKHbl XMMHUYECKHE pEaKLHHU, HEOCYIIECTBUMBIE B
OOBIYHBIX ycJOBUSX. JlmUTEnpHOE BpeMsl TeopeTHYecKHM (pyHIaMEeHTOM
3BYKOXHMHHU (OYEHb YaCTO HA3bIBAEMOM TaK)KE COHOXUMUEH) CITy)KUJIa KaBH-
TalMoOHHasT Teopus [8], HO 3a MOcienHUEe JABa JACCATHICTHS MpoOIeMaTHKa
3BYKOXHMHH PACTIPOCTPAHUIIACH HA TeTeporeHHbie cuctemsbl [9]. Jlanee mbl
MIPOAHAIIM3UPYEM 3BYKOXUMHUECKUE MPOLECCHl B TOMOTE€HHBIX U B I€TEPO-
TEeHHBIX CUCTEMAax, OMUpPasCh Ha OOIUe 3aKOHBI akycTHkH [10].

OO01mas 3ByKOXuMusi

PacnipocTpansromasncs B BELIECTBE aKyCTHYECKas BOJIHA C HHTEH-
cuBHOCTBIO | u wactoroll f BEI3BIBaeT ympyrue oObeMHbIe AedopManuu
BELIECTBA C aMIUIUTYI0M1

8 = 1 ﬂ, (1)
2R, f
rac Q{, — aKyCTH4YCCKOC COIIPOTHUBJICHUC BCUICCTBA. Takue ,ue(bopMauI/m OK-

BUBAJICHTHBI BOSIICI\/’ICTBI/II-O NEPUOAUYCCK H3MCHAIOUICTOCA JOaBJICHUSA C

aMILTATY0M
Pm =+/2IR.. (2)

ITpu 5TOM B IPOM3BOJIBHBI MOMEHT BpEMEHU t
W, +W,, =W, = const,
rae
2 232
M»~d 2 Moo, . 2
W, =——cos“ot, W, = ——™sin“ot (3)
2 2
— COOTBETCTBEHHO KHMHETHYECKass M IOTEHIMaJdbHas HHEPIus YIpyrux
nedopmanuii, M — MonspHas macca BemecTsa, o = 2.

OHeprus Wy [UKJIMYHO OOpaTHMO HepepaclpeessieTcss MEXKAy pery-

JSIPHO YEPEeAYIOUTUMHUCS OOJIACTIMU Pa3peKeHHUS U CKATHSA, MOITOMY TpH
aHaJIn3e 3ByKOXMMHUYECKHUX MPOLIECCOB JIOJKHA OIICHUBATHCS HE DHEPrus, a
JKCEprusl PEaKLUOHHOM CMECHM — YacTb €€ DHEPIrud, AOCTyHHas s
nmpeoOpa3oBaHusi B JpyrHe BHIBI JSHEPTUU. B OTCYyTCTBHE CTAaTHYECKHX
BHEILIHUX TI0JI€N 3KCEPrusi = MMEET TEPMHUYECKYI0 U XHUMHUYECKYI) COCTaB-
nsromme [11]. Tlpu ymepeHHBIX 4acTOTax MOIJIONIEHUE aKyCTHUYECKUX BOJH
HE3HAYUTEIbHO, U B YJIBTPAa3BYKOBOM IIOJI€ U3MEHSETCS IPEUMYIECTBEHHO
XUMUYECKast SKCePrus Sy, — dHEepreTuueckas 00ecredeHHOCTb POTEKaHUsA

XUMHUYECKOMU p€akuuu B ﬂaHHOﬁ CHCTEMC. HpI/IHSIB BO BHUMAHHE, YTO KOJIC-
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OarenpHas CKOPOCTb ILC(IJOpMaLII/Iﬁ 1 UX KojebaTenpHOoe YCKOPCHHUE UMCIOT
COOTBETCTBCHHO aMIIJIUTYAbI

=\/2:',Em=4nf i @)
R 2R,

mw (1), (3), (4) HaxomuM: XUMHUYECKass IKCEpPrus N-KOMIIOHEHTHOMN
PEaKIIMOHHON CMECH B yJIBTPa3BYKOBOM I10JI€ BRIPAXKAETCS PABEHCTBOM

- —_ _ - 1
ch = (:'ch )o +AEy = (Dch)o + Egpt, 0<t < T’ (5)

[1]

rac
. n
o =8l £y VM (6)

— CpemHSAS CKOPOCTh aKyCTOMHIYIIMPOBAHHOTO HM3MCHCHHS XHMHYECKOM
3KCEpruu, V — YUCJIO MOJIEH BEIEeCTBa, (Ech)o — XMMHYECKasi 3KCeprus

pPEaKLMOHHON CMeCH B OTCYTCTBHE YIbTPa3BYKOBOro Bo3zelcTBus. I[Ipum
aKyCTHYECKUX pacueTax 0OBIYHO MOJIaraioT

RO = 2o g\/—

rae g — KOHCTaHTa JUCIIEPCHH, QE = R| ¢ _, o- Honcrapmss (7) B (6), oxoHUa-

(7)

TCJIbHO IOJIy4acM:

= Vl M,
Zgn =811y 1-gy/f 8)
1=1
[lepelinem k peranbHOMY 060y>1<)16Hm0 KayeCTBEHHbBIX U KOJIMUYECTBEH-
HBIX 3aKOHOMEPHOCTEN 3BYKOXUMUYECKUX PEAKLIUI.

3BYKOXI/IMI/IH IreTePOr¢cHHbIX CUCTEM

PaBenctsa (5), (8) mO3BOJISAIOT cAETATH CIEAYIONINE BHIBOIBI.

|. AKycTrdeckoe BO3JEHCTBHE MOKET HE TOJIBKO MHHIUHPOBATH XHMHU-
YeCKUE peakluy (TIOJIOKUTENbHBIN 3ByKOXUMUYECKUH 3 (eKT), HO U MoAaB-
JSTh UX (OTPHUIIATEBHBIN 3ByKOXUMHYECKHA P (HEeKT).

Il. 13-3a HEOOXOAMMOCTH HAKOIUIEHHUS B PEAKIIMOHHON CMECH XUMHYe-
CKOH 9KCEpruu 0 €€ MOPOroBOro 3HaAUCHMs, OTBEYAIOIIEr0 HHULIUHPOBAHHIO
1100 TOAABICHUIO PEAKIMH, 3BYKOXUMHUYECKUH 3(h()eKT BO3ZMOKEH TOIBKO
IPY HAAMTOPOTOBBIX 3HAYCHUSX pou3BeneHus | f.

[1l. 3aBucumocts Z(f) mommskcrpemanbha, BCleACTBHE 4ero Cy-

HIECTBYIOT YacTOThl 3BYKOXMMHUYECKHX PE30HAHCOB M AHTUPE3OHAHCOB —

MaKCHMyMOB U MUHUMYMOB 3P (QEKTUBHOCTH aKyCTHUECKOTO BO3ICHCTBUSI.
CyI1ecTBEHHO, YTO 3BYKOXHMHYECKHE PE30HAHChl M aHTHPE30HAHCHI
MOT'YT HaOMIOATHCS He TONbKO npu u3Menenuu f. 13 (8) BuaHo, 4to ’KcTpe-
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MaJbHblE 3BYKOXMMHUYECKUE YACTOTHI 3aBUCAT OT B3aUMHOTO COOTHOIICHHS
XapaKTePUCTHK KOMIIOHEHTOB cucTeMbl. [Ipu mpoBeneHun 3ByKOXUMUYE-
CKOM peakLuyu B KHJKOI cpelle cMeHa pacTBOPUTENS BbI3bIBAET U3MEHEHHE
XapaKTEepUCTUYECKUX YacTOT PEAKIMOHHOM CUCTEMbI, B pE3yJlbTaTe Yero
94acToTa yIbTPa3ByKa MOMKET OKa3aTbcs ONM3KOM K PE30HAHCHOM MO0 K
aHtupe3oHaHcHOU. IlocnenHee, Hanpumep, UMEIO MECTO IIPU OCYILECTBIIE-
HUM B aKyCTUYECKOM I10JI€ KOHAEHCAIUU albJIeTUA0B U KETOHOB C 3(pupaMu
0-TaJIOTEHKapOOHOBBIX KHCJIOT B ANpPOTOHHOM pacTBOpHTENe (peakuuu
Pedopmarckoro). A nMeHHO, 3P deKT BO3ACHCTBUS yIbTpa3ByKa Ha peaKIuu
Pedopmarckoro Ob1 0OHapy»eH TOJILKO TMPU HCIIONB30BAHWN B KAa4eCTBE
pactBopuTenst auokcaHa [12]; mpu ucnons3oBaHuu 3¢pupa u O6eH307a STOT
3¢ eKT He IPOSBUICS, T.€. UMEJI MECTO 3ByKOXMMUYECKUN aHTUPE30HAHC.

3BYKOXMMHUYECKHUI pe30HaHC Obl1 0OHapyXeH JuIlb HepaBHo [13, 14],
xots eme M.A. Maprymuc [15, . 207], oTMETHB pe3KOe CHUKEHUE CKOPO-
CTH COHOMHAYIIMPOBAHHOTO KMIKO()A3HOTO OKHCICHHS aJTKAaHOB MPH MOBBI-
LICHUH 4YacTOThI yJIbTpa3ByKa oT 1 no 16 x/y, npeamnonoxul cymecTBoBa-
HUE ONTHMAJbHOW YacTOThl 3BYKOXMMHYECKOrO Ipouecca. Brocnenctsuu
aHAJOTUYHOE MPEANOJI0KEHUE BBIABUHYJINW aBTOphl [16], aHanu3upysa pe-
3yJIBTaThl YJIBTPa3BYKOBONH 00paObOTKU MPUPOIHBIX BOJ.

[Tpsimbie m3mepenus (cM., HampuMmep, [17]) moka3sIBalOT, YTO COHOUWH-
TyUMpoBaHHbIE M3MeHeHHs APH BOIOpOAHOTO MoOKa3aTessi BOJHBIX CHCTEM
BEChbMa 3HAYMTEIbHBI, HO HeoaHo3HauHbl: — 3 < ApH < 3. Astopsr [18] 06-

paTHIM BHUMAHHUE, YTO PE3YJILTAT 3ByKOXMMHUYECKOTO MPOIECCa 3aBUCHT OT
BHIOOpPa COYETaHHMs AaAMIUIMTYAbl (T.e. WHTEHCUBHOCTH) M  YacCTOTHI
yABTPa3ByKa. ITO 3aKOHOMEPHO, MOCKOJIBKY MPU 3aJaHHOM TepMobaprye-
CKOM COCTOSHMM PEAKIIMOHHOW CMECH 3aJaHHOTO COCTaBa 3BYKOXHMHYE-
ckuit 5QPeKT BO3MOXKEH TOJIBKO MPH HAAMOPOrOBBIX 3HAUCHHUSX MIPOU3BEIE-
nus If. [IpoaHanmu3upyeM XMMHUYECKYIO MPUPOJY YIbTPa3ByKOBO# 00paboT-
KH BOZBI 00JI€€ JeTaNbHO.

Ilpu Eg, = 232,8xHK/MOJIb  IpeooneBaeTcss TEPMOANHAMHYCCKUIH

MOPOT NPOTEKAHUS peaKLUU

2H20 + 02 = 2H,0.. ()

OOpa3oBaHue TMEPOKCHIIa BOJIOPOJA TPUBOAUT K CBSI3BIBAHHIO PaCT-

BOPEHHOTO B BOJIE a30Ta:

N2 + 4H202 = HNO; + HNO3 + 3H30. )

W3BectHO, uTo ecnu peakuus (1) mporexaer npu KOMHATHOHN Temiepa-

Type, TO a30THCTasi KUCIOTa 00pa3yeTcsi B XMMUYECKH HEaKTUBHOM TayTo-

mepHoi Gopme N(H)O2. B cBoro ouepens, a30THasi KUCIOTa B3aUMOACHCT-
Byet ¢ kanbiuToM CaCO3z u maruesutom MgCOs:

2HNOs3 + CaCO3 = Ca(NO3); + CO,T + H,0, ()
2HNO3+ MgCO3z = Mg(NOs), + CO,T + H,0. (V)
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IIpu mpoBeaeHUM yALTPa3BYKOBOH 0OpaOOTKU BOJHOW CHUCTEMBI B 3aK-
pBITOM 00BEMe BOJa HACBIMIACTCS YIJIEKUCIBIM Ta30M, OOpa3yIOIIUMCS B
pesynbtate peaknuit (1) u (V). Hamwm nccnenoBanus mokaszaiu: B gvana-
30He KoHueHTpauuii —9,75<log Cc02 <-1

pH =1+6,5136 (-2 —logCo, )",

pH = : 0.2375
0.1026+0.008481p2%

rze [ Pco 2] = [Ia. Ilpu 3TOM O Mepe HarpeBaHus BOABI OT TOYKH ILIABIIE-

HUS 10 TOUYKU KUTCHHUS MIPU aTMOC(EPHOM TaBJIIEHUU PACTBOPUMOCTD yTIIe-
KHCJIOT0 ra3a B Bojie yOBbIBAaeT C POCTOM TE€MIIEpaTyphl [0 3aKOHY

_ 1
1+ 0,03238t + 0,00074t* ’

rae [t] = °C. B cuiny 3THX 3aBUCHMOCTEN HACBIIIEHUE BOJIbI YIIIEKHCIBIM
razoM topmo3ut nporekanue peakuuit (111) u (IV) u onnoBpemenHo 3amen-
JSIET pa3lloKEHUE THAPOKapOOHAT-HOHOB

2HCO; — CO3™ + CO,T + H,0, (V)

SIBIIAIOIEECS] TEPBOM CTYNMEHBI0 KPUCTAJUIM3AIMKM KapOOHATOB KaJbLUS H
MmarHus. Eciam ke ynpTpa3BykoBas 00paOOTKa MPOBOIMTCS B OTKPHITOM
o0beMe, TO yAalleHHe PACTBOPEHHOTO YIIIEKUCIIOTO ra3a BOJHAMHU aKyCTHYe-
ckoro nasieHus (2) uarencupunupyet mnpouecc (V) U TeM caMbIM yCKOPSIET
kpuctammmzanuo CaCOsz 1 MgCOs B 00beme pacTBopa. BmecTo monukpuc-
TAJUIMYECKUX OTJIOKEHUH Ha MOBEPXHOCTAX KApOOHATHI KAJIbLUS U MarHus
00pa3yroT BBICOKOAMCIIEPCHBIN IIIaM, JIETKOPACTBOPUMBINA B a30THOM KHC-
nore [peaxiuun (1) u (IV)]. Briarogapst tomy, uro pasaosecus (I11) u (1V) B
JTAHHOM CJIy4ae TaKKe€ CMEIIEHbl BIPaBO, BCIEA 3a KapOOHATHBIM ILJIaAMOM
pacTBOpSOTCS KapOOHATHBIE OTIOKEHHUS HA TIOBEPXHOCTSIX.

VrabTpazBykoBas 00pabOTKa pEaKIMOHHBIX CMECeH, Kak MpaBHJIO,
MPOBOAMTCSA JJISl AKTUBALMM LEJIEBOT0O MPOIIecca, MO3TOMY B MOAABIISIOIIEM
OOJIBIIMHCTBE JINTEPATYPHBIX UCTOYHUKOB OMTUCAHBI TIOJIOKUTEIIEHBIE 3BYKO-
xumuueckue 3pdextel. O HaOIIOJEHUN OTPULATENFHOTO 3ByKOXUMHYECKOTO
addexTa M0 HACTOANETO BPEMEHH COO0OMmanu TOJBKO aBTophl [19, 20].
Mexny TeM, 3ByKOXMMHYECKHE PEAKLUH "TpeapacioioKeHbl" K MpoTeKa-
HUI0O B KOJIEOATEIbHOM pPEXHUME: TMOJIOKUTENbHBIN 3BYKOXUMHUYECKHMA
3 deKT IerKko cMeHseTcs OTPHIATeIbHBIM U 00paTHOo. B ocobeHHOCTH 3TO
OTHOCHTCS K KUAKO(PA3HBIM 3BYKOXHUMHUYECKUM PEAKITHSIM.

B BoaHBIX pacTBOpax B yJIbTPa3BYKOBOM IOJ€ MPH OTCYTCTBHU KaBH-
Tauuu nportekaer peakuus (l), a B KaBUTAIMOHHOM DPEKUME MPOUCXOTUT
COHOJIHN3 BOJIHI [2]

Ceo,

H,O0—H*+"OH, (V1)
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COTIPOBOXK/IAIOIIUICS PEKOMOMHAIIMOHHBIM 00pa30BaHUEM MEPOKCH]Ia BOJO-
pona
*OH + *OH — H,0,. (Vi)

VY mepokcuaa BOIOpOJa OKUCIUTENbHBIE U BOCCTAHOBUTEIBHBIE CBOMi-
CTBa IPOSIBIISIIOTCS B paBHOW Mepe, Onarofapsi 4emy MpH 3ByKOXHUMUYECKHUX
peakuusx B BOJHBIX CHUCTEMAaX BO3MOXHBI KOHIIEHTpAI[MOHHBIE KOJeOaHUs
tuna bpes-JIu6asckoro mb6o Bpurrca-Paymrepa.”

WuBepcust 3ByKOXUMUYECKOTo 3P deKTa B KUAKOPA3HOW pEeaKIIMOHHON
CMECH MOXET BBI3bIBAaTbCSI M3MEHEHHEM YCIIOBHI razooOMeHa. Tak, Hanmpu-
Mep, OJMHAKOBas (IT0 MHEHHIO aBTOpPOB [22]) yibTpasBykoBas oOpabOTKa
IBYX 00pa3loB XJEOHOTo KBaca Jaja JUaMEeTPAIbHO IMPOTHUBOIOIOKHBIE
pe3yibTaThl: y OJHOrO 00paslia OpraHoJIENTHYECKUE MOKA3aTeNu OLIyTHMO
YIAYUYIIWIIACH, @ Y IPYroTo — YXYAIIUIUCH 10 HelpUueMIIeMbIX. ABTOPHI [22]
HE KOMMEHTHPOBAJU ATH PAa3IN4Ms, UICTHHHOW MPUYUHON KOTOPBIX SBHIIOCH
pasznuuue YCJIOBUH IPOTEKAHHWS COHOMHIYLIMPOBAHHOM CaxapOaMHHHON
KoHAeHcanuu (peakmuu Maiispa). Ilepseiii oOpaszermr Obul 0OpaboTaH B
3aKpBITOM 00BEME, YTO HCKIIOYMIO CBOOOIHBIA ra3000MeH C BO3IYyXOM H
TE€M CaMbIM BOCTIpensITCTBOBajIO nporekanuto peakuuit (1) u (11), moeimaro-
HIMX KUCJIOTHOCTH pacTBopa. Ilpu aTom ynbTpa3BykoBas oOpaboTka obecre-
Yujga yIaJeHUEe W3 PAacTBOpPA YacTH COJAEPIKAILErocsi B HEM YIJIEKHUCIIOTO
rasa, 4To MOBBICHJIO MIEJTOYHOCTH pacTBopa. Kak mussectno [23, p. 150-151],
MOBBIIIIEHHAS IIEIOYHOCTh ONArONpHUATCTBYET peakuuu Maiispa, B pe3yiib-
TaTe Yero MMesia MECTO COHOMHAYIIMPOBAHHAS Kapamenu3alus npoaykra. B
TO K€ BpeMsi, BTOpPOil oOpa3zer; oOpabaTeIBajcs B OTKPHITOM 00beMeE, T.€. B
YCIOBUSIX HEOTPAaHMYEHHOTO Ta3000MeHa C BO3IYXOM. DTO 00yCIOBHIO
nporekanue peakiuii (1) u (I1) 1 B KOHEUHOM UTOrE MPUBENIO K OKUCICHUIO
JUTIA]IOB.

B o0mem ciryyae 3aBHCHMOCTh MOJIBHOH JIOJIM X PACTBOPEHHOTO ra3a OT
Temneparypsl 1 ONpeaesseTcsl ypaBHeHUEM

dinx _ AH_ ©)
dT  RT?

3nece R — yHuBepcanmbHas Ta3oBas moctosiHHas, AH — un3MmeHeHue
MOJISIPHOM SHTAJIBIIMU Ta3a MPH €ro Mepexoje U3 CBOOOTHOTO COCTOSHUS B
HACBIIICHHBIA 3TUM ra3oM pactBop. [IpumMeM BO BHMMaHHE COOTHOIICHHUEC
AH = AG + TAS, tne AS u AG — COOTBETCTBEHHO M3MEHEHHS MOJISPHOM
SHTPOIHUM Ta3a U €ro MOJIIpHOH sHeprum ['mbOca mpu TOM ke mepexone.
Bocnonap3oBaBmNCh paBEHCTBOM

) TIpsAMyI0 PeruCTpalHio TPOTEKAHHS 3BYKOXMMHUYECKOH PEaKiMH B KOJNeGATeTbHOM

pexume ocymectsun C.JI. Apcentres [21].
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S| __| NV

op J; oT o

rae V — MoisipHblii 00beM, p — JaBJi€HHE, HETPYAHO BBIPA3UTh U3MEHEHHE
MOJISIPHOM SHTPOIINH T'a3a IIPY H3MEHEHNH €0 NMapIUaJIbHOIO JaBJICHUS:

P2
S-S =— | &£ | dp,
or
Py p
1€ HM)XHHUEC HHJICKCBI 1 u?2 COOTBCTCTBYIOT Ha4YaJIbHOMY H KOHCYHOMY
COCTOSIHUMSIM. {7151 uaeanbHOro ra3a 3T0 ypaBHEHUE IPUHUMAET BUJL

S,—~S,=—RIn2. (10)
Py
[IpuMeHHTENBHO K paccMaTpUBacMOMYy CIIy4ar0 IO 3akoHy bois-
Mapuotta BMecto (10) OymeM uMeTh:
V !
AS =-RIn-2

.

(11)

rae Vg u V' — COOTBETCTBEHHO MOJISIPHBIC 00BEMBI I'a3a HaJl PACTBOPOM H B

pactBope. Bo3Bpamascs ¢ yuetom (11) k ypaBaenuto (9), nomyyaem:
!
dinx_ AG_ 1pYo, (12)
dT RT? '

[TpaBast yacte ypaBHeHHs (12) — HEMOHOTOHHAs (QYyHKIHMS TeMIIEpaTy-
pBl, BCIEACTBHE 4YEro B OOLIEM Ciydae TemIepaTypHas 3aBHCUMOCTh
pPacTBOPUMOCTH Ta30B MMeeT dKcTpeMyM. Ocoboe 3HaueHHEe UMEET TO 00-
CTOATEIBCTBO, YTO TAKOW IKCTPEMYM MOXKET OBITh TOCTHTHYT IPH YJIbTpa-
3BYKOBOH 00pabOTKE JKUAKOCTH B 3aMKHYTOM OOBEME B JJOKABHTAI[HOHHOM
pexume.

H3MeHeHnne mapuuandbHOTO JABIICHUS Ta3a HAJl PAcTBOPOM H3MEHSET
MOJIIpHBIA 00BEM rasza B pacTBOpe. DTO BJIEYET 3a COOOM M3MEHEHHE aKy-
CTHUYECKHUX CBOWCTB pacTBOpPa M T€M caMbIM OOYyCJIOBIIMBAET U3MEHEHHE Be-
JUYAHBI COHOWHIYIIMPOBAHHOTO TMPHUPANICHHS] €T0 XUMHUYECKOW IKCEPTrUuu
[bopmyibl (5), (8)], YTO B KOHEYHOM HUTOre MPHUBOAUT K JUHAMUYECKUM
n3MeHeHusM BenmnmunHbl AG, Bxomasmei B ypaBHenue (12). Takum oOpazom,
IIpU MMOPOTOBOM JIaBJIEHUM HAarHETaeMOro ra3a BO3MOXHAa MHBEPCHUS TeMIIe-
paTypHOro KO3 PUIMEHTa ero paCTBOPUMOCTHU B YIBTPa3ByKOBOM HOJIE.

Pesynbrar BO37€CTBHS yIBTPa3BYKOBOTO TOJISI HA KOHJIECHCUPOBAHHBIC
Cpelibl CYIIECTBEHHO 3aBUCHT OT XapaKTepHoro pasmepa | oOmactu, 3aHu-
MaeMol JJaHHOW KOHJICHCUPOBAHHOU (a30i.

Ipu | <A/4, rme A — JIMHA aKyCTHYECKO BOJHBI, JCHCTBHE YIbTpa-

3ByKa Ha KOHJCHCHUPOBaHHBIC (pakiuy sBIsIETCS Hawmboyee ''mmaismuMm',
T.K. YIBTPa3ByK Orudaet 3Tu npenstcTBrs. OTHAKO eClTU yKa3aHHBIC MEJIKHE
(Gpakuuu CKIOHHBI K arperupoBaHHIO, TO B YJIbTPA3BYKOBOM Toje OyneT
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UMETh MECTO MX Je3arperanus, 00yCIOBJICHHAs NEHCTBUEM MEPUOTUUECKU
M3MEHSIOIIETOCS IaBIICHUS C aMITUTY 10 (2).

Ecnam maxopsmieecs nmpu Temmneparype T BEMIECTBO 001aaaeT MoJMMOp-
dusmom, a masnenne P=P< P, cMew@er To4Ky 7i €ro MoIMMOpPHHOro

npespauienns 10 temneparypbl T,(P) <T, To nomynepros cKaTus MHIYyLH-

pyeT monumop(dHOEe MPEeBpalleHNe 3TOr0 BEHIECTBAa. AKYCTHYECKOE HaBie-
HHE HE TOJBKO NEPHOJMYECKH U3MEHSETCs CO BPEMEHEM, HO U IIEPUOUIHO
pacmpeneneHo B 00beMe BEHIECTBAa, IIOATOMY B TEYEHHE KaxJOro
MOJTyIepruoaa CXaTusl MOIMMOPQHOE MpEBpalleHHe HCIBITaeT HEKOTOpas
JoNs BellecTBa. B pesynpTare moj AEHCTBHEM YIbTpa3ByKa HPOUCXOAUT
MIOCTEIIEHHOE 3aMELICHUE OJHOM CTPYKTYpPHOM MOAM(DUKAIMM MOJIUMOPQ-
HOTO BeIeCTBa JAPYrod CTpyKTypHOH Moau¢ukamuei. Takoil mpomecc
yIaJoCh OCYLIECTBHTH IPH YIBTPAa3BYKOBOIl 00paboTke okcumoB ZrOz u
PbO [24]. Tlpu sTtoM coHOMHAYIHPOBaHHKI mepexon a-PbO — B-PbO
npecTaBisieT ocoOblil MHTepec Kak nposiBieHne coHodddexra Xeapauia —
YCWJICHHSI PEaKLIHOHHOM CITIOCOOHOCTH KPHCTAJUIMYECKOTO BEIECTBA BOIHM3H
TOYKH €ro IOJMMOP(HOro TpeBpalleHHus B YyIbTPa3ByKOBOM moie. B
00BIYHBIX yCIIOBHSX 0-PDO ycroiituns BILIoTh 10 Temmeparyp ~490°C, Torna
KaK B ynbTpasBykoBoM moje yxke mpu 90°C kpacubii 0-PbO maxe Ge3
JanpHeWIero Harpea mnpeBparuaercst B xentslil B-PbO ¢ mocnemyrommm
okucnenuem 10 Pb3Os.

[pu | >A/4 axycruueckas BONHA OTPAAETCs OT MOBEPXHOCTH JIKOOOH
KOH/IeHCUpoBaHHOU (a3l npoTsukeHHocThio |. Ecnu oTpaaromas moBepx-
HOCTB NEPIEHIUKYIISIPHA HAPABJICHUIO PACIIPOCTPAHCHHUS BOJHBI, @ MEXITY
U3JIydaTesIeM U OTpaXkaTelIeM YKJIAIbIBAeTCs IEJ0€ YUCIO IOIYBOJIH, TO
BO3HMKAEeT CTOSYasl BOJIHA, B ITyYHOCTSX KOTOPOH [aBIICHWE TOCTHIAET

BEJIMYHUHBI
p=yBIR. (13)

N3 (13) cnenyert, 4TO B pexXUMe CTOSTYEH BOJTHBI IPH
=2
1> P (14)
8R,
yIBTPa3BYKOBass 00OpaOOTKa TBEPIOTO BEIIECTBA C IUIOTHOCTBIO P M TIpe-
JeTIOM NPOYHOCTH [ BBI3OBET pa3pyIICHHE 3TOrO BEIIECTBa HA (YparMeHTHI

C MaKCHMaJIbHBIM JINHEHHBIM pa3MepoM L B mpoMexxyTke 3HaYeHUI

4of 2pf
3TO MO3BOJIAET U3MEIHLYATH KOHJACHCUPOBAHHBIC Q)paKIII/H/I II000M TBEP-
A0CTHU, HC HCIIOJIB3ysd MEIIOHUE TEIa, T.C. HC 3aCopdad JUCHCPIUPYyCMYIO

thazy.
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Kpurepuzauus (14), (15) taxke ompenenser pexkuM oOpaOOTKH KpH-
CTAJUIM3AIMOHHOTO pacTBOpa Ui YIy4dlIeHUS (QUIBTPYEMOCTH OCaaKa
MyTeM COHOMHIYLUPOBAHHOTO MpeoOpa3zoBaHMs KOJJIOUWJA B KPYIMHO3EPHU-
CTBII OCaZoK. YIIbTPa3ByKOBbIC KOJIEOAHUS pPa3pyLIa0T KOAryJsSLIUOHHYIO
CTPYKTYpY HEPBHYHOrO (KOJUIOMJIHOrO) ocajgka. MecTa HapylUIEHHBIX KO-
aryJIAlUOHHBIX KOHTAKTOB YaCTHUI[ OCaJKa CTAHOBATCS 30HAMH Te€TEPOTeH-
HOW KpUCTAJUIM3aLUK OCAXJaeMOro BeriecTsa. [l reTeporeHHoi kpucra-
JU3alUu JOCTaTOYHO MUHUMAJIBHOTO MEPECHIEHMS, T03TOMY KpaTKOBpe-
MEHHOE YJIbTPa3BYKOBOE BO3/CHWCTBUE HA MEPBUYHBIN OCAJOK MepeHarnpaB-
JSIeT JajbHEeNIee OcaX/IeHHe BEIECTBA B PYCIIO AJOCTPAUBAHUSA YK€ UMEIO-
LIMXCA KPUCTAUIUTOB, T.€. OOECIEUMBAECT HapallMBaHHE YacCTUL[ OCaJKa.
KauecTBo mosiy4yaemMoro ocajka JONOJHUTEIBHO MOBBIIIAETCS 33 CUET TOTO,
YTO KOJeOaHusl aKyCTUYECKOTO JaBIICHUS BBI3BIBAIOT "TpexMepHoe" mnepeme-
IIMBaHUE pacTBOpa. JTO CO3JaeT OJHOPOAHOE pACHpEENICHUE Mepechile-
HUSl B 00beMe, B OOBIYHBIX YCIOBHUAX BO3MOKHOE TOJIBKO MPH OCAXKIECHUH U3
TOMOI'€HHOT'0 pacTBopa. B pe3ynbrare npu yapTpa3ByKoBOH 00paboOTKe KpU-
CTAJUTM3AL[MOHHOTO PacTBOpa B peXUME, ompezensieMoM yciaoBusamu (14),
(15), Oyner mMeTh MeCTO COHOMHIYLHMpOBaHHBIN 3(dekT TananaeBa (cM.

[25]).

KaBI/ITaI[I/IOHHaﬂ 3BYKOXUMMUSA

[pu [ > 1 Bm/cu* BO3EHCTBHE YIIBTPa3ByKa YMEPEHHBIX YaCTOT
(f = 20 = 500 xI'y) BBI3BIBAET B HHU3KOBS3KUX KHIKOCTAX aKyCTHUYCCKYIO
kaBuTanuio [26]. CxyomnpIBaHuEe KaBUTAIIMOHHOW TOJOCTH, OOBIYHO MMEIO-
wei paguyc I ~10-+50mxm, conpoBokaaeTcst aHOMAIBHO OBICTPBIM (10°

K/c wu BbIlie) OXJTaXICHUEM COOTBETCTBYIOIIEH MHUKPOOOIACTH YKHIKOCTH.
[Tpu TakuX CKOPOCTSAX OXJIAXKICHUS PETYISPU3ALUS PACTIONOKEHHS aTOMOB,
HeoOXoauMasi JUlsl KpUCTAJUTU3aluKi, HeBO3MOXxHA. [10 ykazaHHO!N mpuunHe
TBEp/IOE BEIECTBO, OOpasylolieecs B pe3yiibTaTe XUMHIECKOTO Mporecca B
YCJIOBHUSIX aKyCTUYECKOH KaBUTAIIMH, MPEACTABISAET co0oi amopdHyto a3y
U3 TBEPBIX MUKPOYACTHII C XapaKTEPHBIM Pa3MepoM .

AKycTHYeCKass KaBUTAIMs YacTO COMPOBOXIACTCS COHOJIOMHUHECIICH-
LU, TPOSIBIICHHUS KOTOPOI ONpeAesIOTCS 0COOCHHOCTSIMH BO30YKICHHOTO
COCTOSIHUSI MOJICKYJ B KABUTAIIMOHHOW MONOCTH. Ecim pexoMOMHAINU
MOJICKYJISIPHBIX PATUKAJIOB MPUBOJIAT K BO3SHUKHOBCHHIO BO30YXKICHHBIX
MOJIEKYJI B CHHIJIETHOM COCTOSIHHH, TO B 00BEME KHIKOCTH HAOIIOIAI0TCs
OTJIIeNbHBIE TOYEYHBIE BCIBIMIKH (coHO(Iyopectenius). Eciu ke Bo30yk-
JICHHBIE MOJIEKYJIBI 00pa3yloTCs B TPUILUIETHOM COCTOSIHUH, TO COHOJIIOMHU-
HECIIEHTHOE M3JTyYeHUE YCTOMYMBO U HEMPEPHIBHO (COHO(OChHOpecLeHIus).
[Tpu 5TOM B MOCIIEAHEM ClTydae COHOTIOMHUHECIICHITHIO JIETKO MOJaBUTh Mar-
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HUTHBIM TIOJIEM, BO3JICHCTBHE KOTOPOTO TPaHC(HOPMHUPYET TPHUILICTHBIE pe-
KOMOMHHPYIOIIHE NIAphl B CHHIJICTHEIE.

TemmepaTypa B KaBUTAIIMOHHOM TOJIOCTH HAMHOTO NMPEBHIIIACT KPUTH-
YECKOEe 3HAYCHUE JJIs JTIF0OOT0 PacTBOPUTEIS, IIOITOMY aKyCTHUYECKash KaBH-
Talus BBI3BIBAET COHOJHU3: MOJIEKYJIBl PACTBOPUTEINSI U PACTBOPEHHBIX Be-
IIECTB pasiararoTcs, 00pa3ys paJuKaibHbIe Mapbl. CXJIOMBIBAHUE OJTHON Ka-
BUTAIIMOHHO# nostoctH nopoxaaer ot 10% 1o 10° pagukaneubix map [26],
T.€. TI0 CBOGH YAEIBbHOW MPOU3BOJUTENHHOCTA COHOJIM3 CYIIECTBEHHO Mpe-
BOCXOJIUT (DOTOJIU3 W paguosiu3. Bpems cyliecTBOBaHHMS paguKaaoB
7,~107>+ 107%¢, Torma Kak CXJIONLIBAHME KAaBUTALMOHHOM IIOJOCTH
MPOMCXOANUT 32 BPEMs, OTrPaHUYCHHOE TMOIYNEPUOJOM aKyCTHYECKOTO
KoseOanusi, a To4yHee, monmymnepuonoM cxarus. Ipu 21, f <1 xummueckn

aKTUBHbBIC PAJMKAJbl, BOSHUKIINE B KAaBUTALIMOHHOW IIOJIOCTH, IOCIE ee
CXJIOIIBIBAHUS NIEPEXOIAT B )KUIKYIO CPEly, PE3KO MOBBIIIAS €6 XUMHUYECKYIO
aKTHUBHOCTH. biaromapst 3ToMy pacHIMpSIOTCS BO3MOXXHOCTH PAaCTBOPEHUS
KHUCJIOTOYIIOPHOI'O MHUHEPAIBHOTO ChIPbs. [ MONMHOTHI 0OCYXIEHHs 3TOM
po0JeMbl HauHEM ¢ HauboJjee MPOCTOro NMpUMepa — ¢ MOJIydyeHHs TepMa-
HUICO/IePIKAIINX PACTBOPOB.

[Tpu mpombllIEHHOM HpoM3BOACTBE repManust Ge celppe 00pabaThl-
BalOT COJSHOW KHUCJIOTOW IJIsi TOCJIEAYIOIEH OTTOHKM HU3KOKUIISILErO
xnopuza repmanust (1V), HO OCYIIECTBICHHUIO 3TOTO MpoIecca MPENsITCTBYET
THJPOJIN3 IPOIYKTA BhIIIEIAYUBAHUS:

GeCly + Ho0 = GeO, 4 + 4HCI. (Vi)

ITpu co3manum B pacTBOpE BBINIEIAYMBAHUS aKyCTUUYECKOM KaBUTALUU
MOBBIIIAeTCs KUCIOTHOCTH pactBopa [peakmuu (1) u (VI1)], aro mogasmser
Hexxenarenbuyto peaknuio (V). TlpumedatensHo, uTo aBTOphI [28], Hemo-
CPEeICTBEHHO HAOJIOAABIINE TaKOe MOAABICHHUE, HE TIPUAAIN €My 3HAUYEHUs,
MOCKOJIKY ~ paclEHUBAIM  YIBTPa3BYKOBYIO  00pabOTKy  pacTBopa
BBIIEJIAYMBAHUS JIMIIb KaK albTEPHATUBY MEXaHUYECKOMY IepeMeIInBa-
HUIO.

B BblmeonucanHoM ciiyyae paBHOBECHE OCHOBHOM pEakIM pacTBOpPE-
HUS TIOABMIKHO, U JEHCTBUE, OKA3bIBAEMOE AKYCTHMUYECKOW KaBUTAalUEH, SIB-
JSieTCs BCIIOMOTATENbHBIM. 3HAU€HHE aKyCTHYECKONW KaBHUTAIlMH CYIIECT-
BEHHO BO3PACTAET, €CJIM B €€ OTCYTCTBHE HEOOXOMMasl PEaKIHs OKUCICHUS
npakTh4ecku He uaet. Knaccuueckuil npumep — niaatuHouaHoe coipbe. Ero
nepepaboTka TpeOyeT repeBoia IIATHHOWIOB B pacTBOp, HO RU, Rh, Ir 1 Os
HE pacTBOPSIOTCS Aaxke B kumsmed "nmapckoi Boake". Ilo coBokynHocTH
TEXHOJIOTUYECKUX (PaKTOPOB NPEANOUYTUTENbHBI PEAKIIH

4Rh + 24HCI + 302 = 4H4[RNhCl¢] + 6H20, (IX)

IT + 6HCI + O, = H,[TICIg] + 2H0, (X)

“) Takoe nozasnenue Habmozan J. B. Young ¢ coasr. [27].
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{rme T1T = Pt, Pd, Ru, Ir nu6o Os}, mporekaromiye Npu BbINICIAYUBAHUH
IUTATUHOMJIOB THAPOXJIOPUPOBAHHEM B aBTOKJIABHBIX YCIOBUAX. Mexay
TeM, MPHU aKyCTHUECKON KaBUTALMU JIETKO PEATU3YIOTCS HEIOCTUKHMBIE B
aBTOKJIAaBE CBEPXKPUTHUECKHUE TEMIIEPATypbl M IABJICHUS, a XUMHUYECKYIO
9PO3HUI0 JOMONHAET (PU3HUYECcKas Ipo3usi, ycKopstomas pactsopenue. Ocoboe
3HaYEHHE UMEET TO OOCTOSTENBCTBO, YTO (POKyCHpOBaHHE yIbTpa3ByKa Ha
HaXOZAIIEMCS B )KHUJKOCTH TBEPJOM BEILECTBE IIPEBPAIIAECT KaBUTHPYIOIINN
MIPUIIOBEPXHOCTHBIN CIOW KUIKOCTH B "M30HMpaTEeIbHO arpecCUBHBIN" pacT-
BOPUTEIb, AEHCTBYIOIINI NPEUMYILIECTBEHHO Ha pacTBOPSIEMOE BEILLECTBO, a
HE Ha CTEHKH PEeaKTopa.

VYkazaHHast U30MpaTeIbHOCTh 00€CNeUnBAETCs TEM, YTO PHEPTHs, MOj-
BOAMMAS K YJIBTPa3BYKOBOMY H3ITydaTeNI0, COCPEIOTOYMBAETCS B (hOKaIb-
HOM IIATHE. DTO NATHO yJIAJ€HO OT U3JIydarTesis Ha pacCTOsSHUE

F-—D _ (16)
2tg(w/2)
1 UMECT 1LIoIIaab
2
sp ~4,6734 5, (17)
()

rae D u @ — cOOTBETCTBEHHO NTMHEHAS U YIJIOBas anepTypa U3Iydarens, ¢
— CKOpOCTh 3BYKa B XKHUIKOW cpene. Bo m3bexxanue morepb Ha OTpa)KeHHE
uis obpasiia pacTBOpseMOil TBepAOW ¢aszbl ¢ XapaKTEPHBIM JIMHEHHBIM
pa3zMepoM L JOKHO BBITIOHATHCS TpeOOBaHKE
Lf<S. (18)
4
Torna u3ny4arens mourHocThio W co3znaer B pOKabHOM MATHE WHTEH-
CHUBHOCTb

2
5aWf*° . 2
I »=———sin (@/2). (19)
6c
HauGonbimas 3¢p¢peKTUBHOCTh PacTBOPEHHsI TOCTUTAETCS NMPH KaBUTA-
[IMOHHOM COHOJIM3€ COJITHOM KHCIOTHI, 6apOboTupyemorl xjopoM. B stom

ClIydac MpoOTCKarT pCaKIUun
HCl —» H* +°ClI,

Cl, > 2CI’,
H® + Cl, — HCI + °Cl.

Harneranue xyiopa ciBUraeT BIpaBO paBHOBECHE PEAKIMU AUCMYTALUU
XJIopa B BOJIE
H20 + Cl2 — HCI + HCIO.
Xopomio M3BECTHO, YTO B OOBIYHBIX YCIIOBHSAX (B OTCYTCTBHE KaBUTa-
LIMU) B CWJIBHOKUCJION CpeJie XJIOPHOBATUCTAasl KUCIIOTa pachagaaercs corjiac-
HO YpaBHEHUIO
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HCIO — HCI + Q°.

B kaBUTanMOHHBIX 00JACTSIX €€ pachaj MPOMCXOIUT COTJIACHO YpaB-

HEHUIO
2HCIO — 2CI° + 0% + H,0.

B urtore npu 6apOOTHpPOBaHUU COJISTHOW KHCIIOTHI XJIOPOM B YCIOBHAX
AKyCTHYECKOM KaBUTAIIMM BMECTO TPYAHOOCYIIECTBUMBIX peakiuii (1X) u
(X) mpoTekaroT "TeXHOJOTUYECKH PABHOICHHBIE" UM PEaKIUK 00pa30BaHHUs
reKCaxJIOpOIIaTUHATOB BOJIOPO/Ia

2Rh + 12HCI + 30° = 2H{JRhClg] + 3H:0,
IT + 6HCI + 20° = H,[IICI¢] + 2H:0.

[Ipu 3TOM AJ1s1 cO3/1aHUs aKYCTUYECKON KaBUTAIlMM B COJISTHOM KHUCIIOTE

ONTUMAJICH Jrana3oH KoHmeHntparwmii 38,4 + 38,9 mac.% HCI.

3akaouyeHue

AKkycTH4ecKoe BO3AECHCTBHE MOXKET HE TOJBKO MHULMUPOBATH XUMM-
YeCKHe peakluy (II0JI0KUTEIbHbIN 3ByKOXUMUUecKuil 3pdekr), Ho U 1moaB-
JATh UX (OTpHLATEIbHBIN 3ByKOXUMHYECKUH 3 deKT). Xumuueckas sKcep-
rust E, N-KOMIIOHEHTHOHN PEaKIMOHHOM CMECH B yIbTPa3BYKOBOM I10JI€ BbI-

paxkaercsi paBeHcTBaMH (5), (8). M3-3a HEOOXOIMMOCTH HAKOIUJICHHUS B PeaK-
[IMOHHOW CMECH XMMHYECKOW SKCEPrHy JI0 €€ IMOPOroBOr0 3HAYECHUS, OTBE-
YaIOIIEero MHULHUUPOBAHHIO JIMOO MMOJABICHHUIO PEAKIMHU, 3ByKOXHMHUUECKHUIT
3¢ deKT BO3MOKEH TOJIHKO MPU HAAMOPOTOBBIX 3HaYCHUIX Npon3BeaeHus | f.

3aBUCHMOCTD Ech(f) MNOJIM3KCTpEeMaAJIbHA, BCJICACTBUC YCTO CYLICCT-

BYIOT YacTOTHl 3BYKOXMMHYECKHX DPE30HAHCOB M aHTHPE30HAHCOB — MakK-
CUMYMOB ¥ MUHUMYMOB 3((GEKTUBHOCTH aKycTH4ecKoro Bosaeiicteus. Cy-
IIECTBEHHO, YTO 3BYKOXHMHYECKHE PE30HAHCHI W AHTUPE30HAHCHI MOTYT
HaOMIOAaThCsl HE TONBKO NpU HM3MEHeHWW f, HO W TpH BapbUPOBAHUH
KayeCTBEHHOI'0 M KOJINYECTBEHHOI'O COCTaBa PEaKLIUOHHOM CMECH.

B sxnaxodasznoil peakimoHHONH cMeCH M3MEHEHHE YCIOBHUM ra3oo0MeHa
MOJKET BbI3bIBaTh MHBEPCUIO 3ByKOXUMHUECKOro 3¢ ¢dekra. B obmeMm ciyuae
TeMIepaTypHas 3aBUCHUMOCTb PAcTBOPUMOCTH Ta30B HMEET JSKCTPEMYM
[ypaBHenue (12)], 1 mpu HOPOroBOM JIaBICHUH HATHETAEMOTO ra3a BO3MOXK-
Ha MHBEpCUs TEMIIEPAaTYypHOTO KO3(Q(HUIMEHTa €ero pacTBOPUMOCTH B
yJIBTPa3ByKOBOM IIOJIE.

VYnpTpa3BykoBas 00paboTKa KOHIACHCUPOBAHHBIX CPEJl B PEXKHUME CTOSI-
4el BOJIHBI II03BOJIIET KOHTPOJIMPOBATh XapaKTEPHBIN pasMep 4acTull II0T-
HbIX ¢pakiuil. CyliecTBeHHO, YTO, BBIOUpas pexuM oOpabOTKU B COOTBET-
ctBum ¢ ycioBusimu (14), (15), MOXKHO YKPYITHSATH YaCTHUIIBl KPHUCTAJLTHYC-
CKOTO ocajika (COHOMHIYLIMpOBaHHbIN ekt Tananaera) 1160, HAOOOPOT,
u3MenbyaTh INIOTHYI0 (pazy 1000 TBepHOCTU 0€3 HCIOJIb30BaHUS MEII0-
IIUX TEI.
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VYabsTpa3BykoBasi 00paboTKa KUAKOCTEH B peKUME aKyCTHUECKOM KaBH-

CAl)

TaIM IMO3BOJISIET MOMYYHUTh "M30MPATENbHO arpecCHBHBIN" PacTBOPHUTEINb,
JEHUCTBYIOLIMN MPEUMYILIECTBEHHO Ha PacTBOPSEMOE BEIIECTBO, a HE Ha
CTEHKH peakTopa. Takas H30MpaTEeIbHOCTh OOECIEUMBACTCS TEM, YTO
SHEprus, MOABOAUMAS K yJIbTPAa3ByKOBOMY H3IIy4aTeNl0, COCPENOTOUNBAET-
cst B pokanbHOM misitHE [popmyst (16)-(19)].

LhUPIYUL N-EUGSPULELP WUNFUShY UGS USAFUL
3.0. CULLNIUGUDL3

Sbuwl[l.uimpbfl Lbnwgninfwd by gnigbbhuwgdws dfuwduypbpnod nopnpo &gl
wunnuwbncdubph shnfumgnbgn @yl nmwppbp wuyblpnhbpp phdfiulut wlpnff Syacfdbpf
Qb I"[uul[wiuugl[w& E S{binbpngby b {ndnghy {udwlhwpgbpnod noumpudwybp wgpbgne-
[Fywils fbppncdncfdynihip phdfunluts wpngbutbpnod: znll.l{l.l.la'l‘lLlf gnyy b onpfwd, np
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puduyiip wanbgnofdyncip wbyf dun b wpnwupagdwd: f]-luu Qb dblpnky Sumpunfnp £
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ACOUSTIC ACTIVATION OF CHEMICAL REACTIONS

Ya. O. SHABLOVSKY

Gomel State Technical University
Byelorussia, 246746, Gomel, October av., 48
E-mail: ya.shablowsky@yandex.ru

The review deals with qualitative and quantitative characteristic features of
sonoinduced chemical processes in homogeneous and heterogeneous systems. A
sonochemical effect can be either positive (promoting a reaction) or negative
(suppressing a reaction). In an extreme case a sonochemical resonance or a
sonochemical antiresonance can occur. Ultrasonic processing condensed media in a
standing-wave regime enables to control the grain size of dense fractions. Namely, the
sediment grain size can be enhanced (Tananayev sonoinduced effect) or, vice versa, a
dense phase can be comminuted without grinding.
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ASSESSMENT OF SELF-PURIFICATION CHEMICAL PROCESSES OF
THE RIVER HRAZDAN IN ARMENIA
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In this study the chemical self-purification processes were investigated based on the changes
in the concentration of dissolved oxygen and organic compounds in the form of 5-day biochemical
oxygen demand (BODs). The correlation between the dissolved oxygen, BODs, ammonium nitrogen,
nitrate nitrogen was assessed for the downstream of the Hrazdan River. It has been identified that
the Hrazdan River has a high level of self-purification capacity. Due to natural chemical processes,,
in the river water the amount of organic pollutants is reduced by about 2-10 times, and the content of
dissolved oxygen is recovered by up to 25 times in 13 km of the river part.

Fig. 1, table 1, ref. 13.

Introduction. One of the significant capacities of the ecosystems is their
ability to reduce the amount of contaminants discharged to the water body
through inter-chemical biological and physical processes. The further
behavior of organic compounds discharged to natural waters depends not
only on their reactivity, physicochemical and biological factors, but also on
the characteristics of the water ecosystem, such as the pH, redox reaction,
concentration of dissolved oxygen (DO), temperature, and so on. Natural
water systems have reserves and the ability to regulate or absorb additional
amounts of pollutants. This ability is called self-purification capacity or
buffer capacity of a water body [1-4].

In the process of self-purification within rivers, more importance is
given to the chemical processes, which differ from physical and biological
types by the variety of processes, at the same time by the possibility to be
measured [3]. The concentration of dissolved oxygen is considered to be a
direct factor for chemical processes taking place in water body. Oxygen, as
an oxidant, in the form of both molecular and radicals, participates in the
decomposition reactions of organic contaminants in a water body, oxidation
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reactions, abiotic catalytic and photochemical processes occurring by the
formation of reactive particles [4].

The intensity and efficiency of self-purification chemical processes can
be assessed by the absolute values of the concentrations of DO in a water
body [3-4].

There are several studies conducted to assess the self-purification
capacities of rivers in Armenia [5-6]. Rivers in Armenia are mountainous,
fast flowing, of medium to small size. Due to the peculiarities of large
mountain slopes, riverbeds, climatic conditions, as well as vast fluctuations
in river flow during a year, rivers in the country are characterized by the
ability to absorb a sufficient amount of oxygen, which ensures the intensity
of oxidation processes in a water body [7]. This shows that the rivers in the
country have a high ability to be self-purified. However, there are a few if
any investigations to clearly describe the behavior of organic compounds
discharged to a river and their correlation between the content of dissolved
oxygen in the water of rivers in Armenia [5].

For this purpose, this study aims to investigate self-purification chemical
processes by assessing the correlation between DO, 5-day biochemical
oxygen demand (BODs), and nutrient changes. The results will help assess
the overall ability of the Hrazdan River to reduce organic pollution and find
the pressure threshold.

This study should allow to deeply understanding the actual ecological
state of the Hrazdan River, to assess the anthropogenic pressure by organic
pollution and their consequences, as well as estimate the changes in
ecological conditions within the water body.

Study of area. The efficiency of self-purification chemical processes
was assessed in the downstream Hrazdan River. The Hrazdan River is one of
the largest and most abundant left tributaries of the Araks River. The length
of the river is 141 km, catchment area — 7310 km? (without the Lake Sevan
basin - 2560 km?). The average annual runoff is 0.71 km?® [8]. The source of
the river is considered to be a canal that diverts water from Lake Sevan to
the underground Kanaker hydroelectric power station (as a result of the
creation of the Sevan-Hrazdan hydropower-irrigation complex). The river
flows in a bound bed through a densely populated area, and, irrigating the
fields of the Ararat valley, flows into the Araks River. The city of Yerevan,
the capital of the Republic of Armenia, is located on the lower reaches of the
Hrazdan [8]. The urban wastewater of the city discharged in the river is not
adequately treated and pollutes the river by high level of organic compounds
and nutrients [9].

Materials and research methods. The research study was conducted
for two points at the Hrazdan River, located as follows: Ne55 — 6 km below
the city of Yerevan, near the village of Darbnik, Ne56 — at the mouth of the
river. The length between the sampling points was around
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13 km. The assessment was conducted each month in 2018-2020. The water
samples were taken in accordance with 1ISO 5661 requirements [10]. In the
water samples dissolved oxygen, pH and BODs, ammonium and nitrate
nitrogen were analyzed. HACH Portable pH, Conductivity/TDS Dissolved
Oxygen Meter was used to measure pH and dissolved oxygen in water
samples [11]. Determination of ammonium and nitrate ions was carried out
by spectrophotometric method, using Griess and Nessler's reagents,
accordingly [12-13]. BODs was determined by the test tube method at a
temperature of 20 + 1°C. BODs was measured as an indicator of the content
of easily degradable organic pollutants in a water body [13].

Results and Discussion. According to the water analyses data, the
monthly and annual changes in the concentration of DO were identified for
two points in the Hrazdan River: near discharging partly treated urban
wastewater into the River (sampling point Ne55) and 13 km after this
discharge, at the river mouth (sampling point Ne56). The data show that in
both sampling points the relatively high oxygen content is observed during
the flooding of the river (spring, then autumn), when the river flow is quite
large and the degree of water aeration is increased (Table 1).

During spring months (April-May), the content of BODs in the river
water decreased up to 6-10 times in the 13 km downstream. Due to the
relatively high content of DO in water, the oxidation of the ammonium ion
into nitrates also passed intensively. The concentration of ammonium
nitrogen in the sampling point Ne56 decreased by 7-10 times compared to the
sampling point Ne55. As a result of this oxidation, the nitrate content in the
water, on the contrary, increased relatively by about 2-3 times (Table 1).

The minimum content of DO was observed during summer times, due to
high air and water temperature, minimum river flow and very low water
aeration. In summer, with the same level of wastewater discharge, the
content of organic compounds and ammonium ions is maximum.

Fig. 2 shows a direct link between DO concentration and decrease of
BODs and ammonium nitrogen for 13 km river section, downstream the
Harzdan River. It was identified that during three years of observations the
self-purification capacity of the river decreased 2.5 times both for BODs and
N-NH4* (correlation ratio decreased from 19 to 8 and from 27 to 11 in 2018-
2020, accordingly), and no significant changes were recorded for N-NOs
(correlation ratio was constantly 2 in 2018-2020).
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Table 1
Change of several hydro-chemical parameters for the Hrazdan River

Parameter 2018 2019 2020

Ne55 Ne56 Ne55 Ne56 Ne55 Ne56

DO, mg/l

maximum conc. 7.60 8.63 8.54 8.47 9.47 11.02

minimum conc. 0.16 4.01 0.08 2.06 0.18 2.36

average conc. 2.77 5.82 3.20 4.63 3.71 5.62

pH

maximum conc. 7.74 8.26 7.95 8.32 8.10 8.00

minimum conc. 6.94 7.11 7.01 71.22 7.00 7.35

average conc. 7.51 7.66 7.45 7.68 7.56 7.71

BODs, mg/I

maximum conc. 32.6 5.70 45.2 3.12 27.0 450

minimum conc. 3.05 1.06 2.52 1.35 1.30 1.50

average conc. 19.60 2.14 17.33 2.08 13.05 2.62

N-NH4*, mg/I

maximum conc. 80.08 5.38 37.42 457 47.44 5.85

minimum conc. 1.95 0.25 454 0.92 6.06 1.18

average conc. 27.95 2.19 19.21 2.26 21.74 3.08

N-NO3", mg/Il

maximum conc. 2.54 5.84 3.49 6.08 2.62 5.25

minimum conc. 0.07 2.27 0.07 2.48 0.06 2.40

average conc. 1.12 4.01 1.26 3.82 1.02 3.41

Ratio unit DO — —BOD5 — - = N-NH4 N-NO3
14
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Fig. 2. Ratio of changes of hydro-chemical parameters in observation points Ne55 and Ne56.

Conclusion. It was shown that the high level of self-purification
capacity for downstream flow of the Hrazdan River was due to the high
ability to solve oxygen in water. As a result, the concentrations of organic
pollutants and ammonium nitrogen have decreased up to 10 times in the 13
km section of the river. However, due to the continuous impact of partially
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treated urban wastewater discharge, the self-purification capacity decreased
2.5 times in 2018-2020. Based on the findings of this study, water
management agencies should contribute to minimizing by at least 2.5 times
the impact of urban wastewater reducing the amount of BODs and
ammonium nitrogen in the wastewater discharge permits.

OLEHKA XUMHWYECKHUX TPOIECCOB CAMOOYHNIIEHUA
PEKHU PA3JIAH B APMEHUU

JI. A. MAPTAPSIH, C. C. AMPATIETSH, JI. C. BAHSIH u A. I. MAPTHPSIH

EpeBanckuil rocyjapcTBeHHBIH yHUBEPCUTET
Apwmenus, 0025, EpeBan, yi. A. Manyksna, 1

B pabote m3ydanuce npoueccs! XMMHIECKOTO CaMOOYHIIIEHHS BOJIOEMa, HAa OCHOBE
N3MEHEHHH KOHIIEHTPAaINi pacTBOPEHHOTO KHCJIOPOJA M OPraHMYECKHX COCAWHECHUH B
¢dopme Omoxmmmueckoro morpebieHus kuciopona 3a 1Atk cyrok (BIIKs). Beum
OLIEHEHBI KOPPEISLMH MEXAY pacTBOPeHHBIM KkuciopoaoMm, bBIIKs, aMMoHHIHBIM
a30TOM M HUTPATHBIM A30TOM B BOJIC B HIDKHEM Te4eHHH peku Pazman. YcrtaHoBieHo,
yro peka PasmaH oOnamaeT BBICOKOH CIOCOOHOCTBIO K caMooduineHuio. biaromaps
€CTECTBEHHBIM XHMHYECKHM TIIPOIECCaM B PEYHOH BOAE KOJMYECTBO OPTraHWYECKUX
3arpsi3HATENeH cHibkaercs B 2-10 pas, a Taxke coiepKaHHe pacTBOPEHHOTO KHCIOpoa
BOCCTaHABJIMBAETCA A0 25 pa3 Ha pacCTOSSHUM 13 kv 1O TEUEHHUIO BHU3.
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In the work the results on the kinetics of NiO reduction by methane and hydrogen at
nonisothermal conditions, based on in situ measurements of the reaction rate, as well as on periodic
measurements of sample weight loss, and XRD and SEM examinations during reduction are
presented. Based on the data obtained within a wide range of the heating rates (1+1000 K/s) and
methane/hydrogen pressure (5+300 torr), heating rate (Vi) - gaseous reducer’'s pressure (Pgas)
diagrams of the reduction thermal regimes were constructed. According to these diagrams at low
heating rates and high methane pressure the reaction occurs mainly during heating stage
(nonisothermal conditions). On the other hand, at high heating rates and low methane pressure, the
process fully takes place under isothermal conditions (after the maximum temperature of the
sample, Tma, iS established). In the case of hydrogen reduction, regardless of the hydrogen
pressure, at low heating rates the reaction proceeds completely in the heating stage, and at high
heating rates, on the contrary, the process takes place completely under isothermal conditions (at
Trmax)-

Figs. 9, references 18.

1. Introduction

Kinetics of chemical reactions is often studied under the isothermal
conditions, i.e. at constant temperatures in space and time. This is primarily
due to the fact that the theory of kinetics of the isothermal processes is well
developed for both the simple and complex reactions [1-3]. Besides,
isothermal experiment seems to be simpler from the view point of data
processing too. However, over the last decades, the interest in the
nonisothermal methods of studying the kinetics of chemical reactions has
increased [4,5]. Their necessity comes from the acquisition of kinetic data at
high temperatures which are needed to solve a number of applied and
scientific problems. It should be noted that obtaining of such data by
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conventional isothermal methods is associated with principal difficulties.
First of all, it is a certain conversion of the reaction mixture up to the
reference temperature and its possible role in the follow-up process. Since
the reaction time decreases with increasing temperature and can become
commensurable with the duration of heating stage, the considerable amount
of reaction mixture is converted at the heating stage and very often under
uncertain temperature conditions, which can lead to significant errors during
data processing. Obviously, the process under such conditions can not be
considered as isothermal.

On the other hand, if the reaction under study is sufficiently exothermic,
during the fast heating the overheating of the reactive mixture at the initial
stage is inevitable. Unlike isothermal, non-isothermal experiments are more
convenient and easier to carry out, since there is no need for an initial jump-
like rise in temperature and, as a rule, they are more informative.

Currently the most popular method for studyng non-isothermal
processes is the thermal analysis, and the most common approach is the
linear heating, when the sample is placed in the furnace, the temperature of
which varies linearly.

However, it should be noted that the heating rate of the sample in most
setups of thermal analysis (thermography, thermogravimetry, differential
scanning calorimetry, etc.) is limited to a maximum of 100+150°C/min.
Meanwhile, for a number of technological processes of practical and
scientific importance, the behavior of the chemical reaction is extremely
interesting at high heating rates [6].

Thus, for most combustion processes, namely for self-propagating high
temperature synthesis (SHS) the rate of substance heating in the combustion
wave reaches to 102+5.10%°C/s [7]: Particularly, just for the reduction of NiO
under combustion mode by hydrocarbonic reducers, the heating rates in the
combustion wave is about 100-500°C/s [8].

To fill this gap, two new setups: high-speed scanning
electrothermography (HS SET) [9-14] and high-speed temperature scanner
(HSTS) [15-17] have been developed and constructed in the laboratory of
Macrokinetics of solid phase reactions of the Institute of Chemical Physics
of NAS RA. They enabled to obtain new data on high-temperature kinetics
for a number of solid phase reactions, including fast-heating conditions.

In [13,14] the reduction of NiO taken in the form of thin wire 100 ' In in
diameter was performed by hydrogen [13] and methane [14] at strongly
isothermal conditions utilizing electrothermographic setup. It was found that
at T>800°C the rate of hydrogen reduction is practically independent of gas
pressure, and the loss in the wire weight can be described by the parabolic
law. In contrast to hydrogen reduction, the reduction by methane is
characterized by existence of a clearly marked induction period, followed by
rapid acceleration of the process. As a result, the weight loss curve has a S-
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shaped form, which is specific for the topochemical reactions proceeding via
stages of nucleation. Besides, the increase of methane pressure significantly
reduces the induction period, and shifts the whole reduction process to the
shorter time region.

In this work the results on the kinetics of NiO reduction by methane and
hydrogen at nonisothermal conditions based on in situ measurements of the
reaction rate, as well as on periodic measurements of the sample weight loss,
XRD and SEM examinations during reduction are presented.

2. Materials and Methods

The experiments were carried out by high-speed scanning
electrothermography setup [9-11] over a wide range of linear heating rates
using nickel wire of the NP-2 trademark (99.5%) 100 um in diameter, 8.5 cm
long and the wieght of about 10 g. The electrical resistance of the wire was
measured at room temperature, which usually was used to detect mechanical
defects in the wire and to check that it is installed correctly. Nickel wires
were preliminary oxidized in air at T = 1300°C during 150 s, yielding a NiO
oxide layer of about 6 um thick. The mass growth of the wire, Am, in this
case was about 0,2 mg. To obtain a thinner (6=3 um, Am ~0.1 mg) or thicker
(6=12 um, Am =0.38-0.4 mg) oxide layers, in some experiments, oxidation
was performed at T=1300°C with duration t=30 and 700 seconds
respectively. Fig. 1 shows XRD pattern of the oxidized nickel wire (a), its
cross-section (b) and SEM image of the wire surface (c).

The oxidized nickel samples were placed into a stainless steel reactor,
which was sealed, evacuated, followed by purging with reactive gas and
filled to required pressure. Then samples were heated at various rates to a
reference temperature, which was then kept constant. The temperature
ranges of the study were 800-1300°C and 800-1050°C for reduction by
hydrogen and by methane, respectively. Gas pressure was varied from 5 to
300 Torr, and the heating rates have changed in a wide range, from 1 to
1000 K/s. Special purity grade methane (>99.99%) was used, and high purity
hydrogen was obtained from titanium hydride by heating it to T = 600-
700°C.
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Fig. 1. Diffractogram (a) of the NiO/Ni wire, its cross section (b) and surface microstructure (c).

The temperature of the wire was determined by optical method, based on
the measurement of the light radiation intensity of the wire in the near-
infrared region (A=0.8-1.5 um). Silicon solar photocells placed in front of the
reactor windows (the reactor and photocells were thermostated at T=20°C)
served as light radiation detectors. The relationship between the actual
temperature of the sample and photosignal was obtained by means of a
special calibration procedure based on the use of a reference wire (Pt, W, or
Mo) with the same geometry, for which the temperature dependence of the
electrical resistance is known [18]. In experiments platinum was mainly used
as a reference wire.

To study the chemical, phase, and structural transformations, the process
was automatically interrupted by swiching off the power after a given time
and the measurements and analyses were performed on samples cooled to
room temperature. Cooling rates reach up to 10,000 K/s. The samples
obtained from this way were first weighed and then examined by SEM/EDS,
(Prisma E), XRD (Dron 3.0) methods The surfaces of the wires and their
cross sections were subjected to microscopic examinations. An analytical
balance (KERN 220-5DNM) with an accuracy of 10 g was used to weigh
the wires.

248



During experiments the temperature of the wire, T, electrical power, W,
and electrical resistance, R, were continuously recorded (up to a frequency
of 10 kHz) by a computer connected to the setup, through which continuous,
in situ calorimetric conductometric measurements were performed. Figure 2
shows the characteristic curves of the T, W and R values recorded during the
linear heating of the NiO/Ni wire in methane atmosphere.
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Fig. 2. Dependencies of temperature (T), electrical power (W) and electrical resistance (R) of
NiO/Ni wire vs time at NiO reduction by methane. V=50 K/s, Tnax=1050 °C, Pcnsa=50 Torr.

3. Results and discussion

3.1. NiO reduction by methane

The heat release rate due to NiO reduction by methane is determined on
the basis of non-stationary equation of thermal balance as a difference of
electrical powers, released on the wire at the first — reactive, Wa(t), and the
second — inert (after the reduction reaction is complete), W>(t), heating (with
the same temperature-time history): Wr(t) = [Wa(t) - W2(t)] [9].

Indeed, at the first heating (with chemical heat release):

1 dT dq
chdE:EJrWl(t)—h(T). (1)
Second heating (when reaction is completed: dg/dt=0):
1 dT
chdE=W2(t)—h(T)_ )

From these equatios for the chemical heat evolution rate one can derive:
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" (T, 1) =W, (t) W, (). ©)

Eqg. (3) is true for both the isothermal and nonisothermal interaction
regimes.
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Fig. 3. NiO/Ni sample temperature (T), reaction rate (W,), and conversion degree (o)
dependencies vs time at the reduction by methane. V=500 K/s, Pcns=50 Torr.

In Fig. 3 Wr(t)=Wa(t)-W-(t) depicts heat release rate during the
reduction reaction, and the conversion degree, «, is defined as:

Jw,0dt [0 -w, o
a(t) — Q(t) 0 -0

Qi fw,dt w0 -w, o1

As shown in Figure 3, the nonisothermal reaction of NiO reduction with
methane, similar to the isothermal one [14], is characterized by a well-
defined induction period followed by a sharp self-acceleration of the process.
As a result, the a(t) curve obtained from both the in situ measurements of the
electrical power (solid line) and gravimetric measurements (round dots on
the a(t) curve) has S-shape form for both the isothermal and nonisothermal
regimes, and is described by the well-known Avrami equation [1]:

o = 1-exp(-kt").
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Fig. 4. SEM images of NiO/Ni wire surfaces at various stages of reduction by methane: initially
oxidized Ni wire (a); t=1 s, T=900°C (b); t=2 s, T=1000°C (c); t=3 s, T=1050°C (d); t=4 s,
T=1050°C (e, f). Pcns=50 Torr, V1=100 K/s, Tmax=1050°C.

In parallel with the kinetic measurements, XRD and SEM examinations
of the samples at different stages of the process were performed to reveal the
reason of the specific shape of the kinetic curve. It has been established, that
in the induction period, before intensive chemical interaction, nickel nuclei
are formed on the surface of the nickel oxide, which subsequently extend
and grow into the volume of the oxide, forming highly porous nickel layer
(see SEM images of NiO/Ni sample surfaces at various stages of reduction,
Fig. 4). Thus, appearance of the S-shaped kinetic curve and presence of the
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induction period are caused just by the nucleation and further growth of the
formed nuclei.

As it follows from the data presented in Fig. 5, increasing the heating
rate moves the reaction from the heating stage (nonisothermal interaction) to
the isothermal region. Thus, at V1=50 K/s (Fig. 5a), the reduction occurs and
finished at during the heating stage. At V1=100 K/s (Fig. 5b) the reduction
proceeds at transition from the nonisothermal to isothermal period, while at
Vh=200 K/s (Fig. 5c) the reaction completely occurs at the reference
temperature.

T.°C| a) Vi=50°/s 76 |[T.°C| b) V=100 s w,, Jis| [T, °C
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Fig. 5. Dependencies of the sample temperature, T, and the reaction rate, W, vs. time at
reduction of NiO by methane at various heating rates: V=50 (a), 100 (B) and 200 (c) K/s.
Pcha=50 torr.

It was shown that the increase of methane pressure significantly reduces
the induction period and moves the whole reduction process to the shorter
time region (Fig. 6 a-c). At that, in the case of linear heating up to certain
reference temperature, depending of methane pressure and heating rate, the
reduction occurs either at heating stage or fully at the reference temperature,
i.e. at isothermal conditions.
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Fig. 6. Dependencies of the sample temperature, T, and reaction rate, W,, vs. time at reduction
of NiO by methane at various pressures: Pcus=10 (a); 50 (b) and 100 (c) Torr. V,=100 KI/s.
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Fig. 7. Pcua—Vh diagram of NiO reduction regimes by methane.

Based on the data obtained at various heating rates and methane
pressures, a heating rate — methane pressure diagram of NiO reduction
regimes was constructed (Fig. 7), according to the which at low heating rates
and high pressures the reaction occurs mainly at heating stage. On the other
hand, at high heating rates and low methane pressures, vice-versa, the
process fully takes place at isothermal conditions.

3.2. NiO reduction by hydrogen
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Fig. 8. Time dependencies of the NiO/Ni sample temperature (T) and conversion degree (o)at
reduction by hydrogen. V=5 (a), 200 (b) K/s; Tmax=1230°C.

The reduction of NiO/Ni wires with hydrogen was performed from
T0=800°C to Tmax=1300°C, and the heating rates were changed in the range
from 1 to 1000 K/s. Because no changes in electrical power related to the
process Kinetics were observed in NiO reduction experiments, unlike
methane reduction, we followed the reduction kinetics based only on mass
loss measurements. On the other hand, based on our previous results that the
rate of nickel oxide reduction with hydrogen at T> 800°C doesn’t dependent
on hydrogen pressure [13], all experiments were performed at hydrogen
pressure value of 10 Torr.
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Fig. 9. Pu2 - Vi, diagram of NiO reduction regimes by hydrogen.

According to the data shown in Fig. 8, in the first case, the reduction
process completely takes place during the heating stage, while in the second
case, it begins after the reference temperature was reached.

The simplest diagram VP2 obtained for different heating (Fig. 9)
demonstrates that regardless of the hydrogen pressure, at low heating rates
(Vr<100 K/s) the reaction proceeds completely in the heating stage, and at
high heating rates (Vr>150 K/s), on the contrary, the process takes place
completely under isothermal conditions (at Tmax).

Conclusion

Data obtained at various heating rates of the partially oxidized nickel
wires in the methane and hydrogen atmospheres at various gas pressures
testify that heating rate of the sample plays crucial role in the mechanism of
reduction processes. For both the reducing gases heating rate (Vh) - gas
pressure (Pgss) diagrams of reduction regimes were constructed,
demonstrating that depending on the heating rate value two extreme regimes
of the reduction may be realized, when practically complete reduction of the
oxide takes place under isothermal (low heating rates) or nonisothermal
(high heating rates) conditions.
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B pabote mpeacTaBieHbl pe3ysbTaThl KHHETHKU BoccTaHoBieHus NiO merta-
HOM M BOJOPOIOM B HEM30TEPMHUECKHMX YCIIOBHMSX, OCHOBaHHBIE Ha in Situ m3me-
PCHHUH CKOPOCTH PEaKIMU, a TakkKe MEPHOAMYCCKOM B3BEIIMBAHHK OOpa3IoB H
HCCIICIOBAHUH TIOCIICHUX METOJaMHU PEHTIeHO(a30BOT0 aHAIN3a U CKAHUPYIOLICH
3JIEKTPOHHOM MUKpOCKonuH. Ha OCHOBE JaHHBIX, MOJYYCHHBIX NPH Pa3IUIHBIX
CKOPOCTSIX HarpeBa W JAaBJICHUH Ta3a, MOCTPOCHBI JHArpaMMbl PEKHUMOB BOCCTaHO-
BJICHHS B KoOpauHaTax ckopocts Harpesa (Vh) — maBimenue rasa (Pgass), cOriiacHo
KOTOPBIM TIPH HU3KHUX CKOPOCTSX HArpeBa M BBHICOKHX JIABJICHHSX METaHa PEaKIus
BOCTAHOBJICHHUS MPOTEKACT NMPEHMYIICCTBEHHO HA CTaJHH Harpea (HEM30TepMUYe-
ckue ycnoBus). C Apyroil CTOPOHBI, TIPH BRICOKUX CKOPOCTSIX HAarpeBa M HU3KUX Ja-
BJICHUSX METaHa, Hao0OPOT, MPOIECC MOJHOCTHIO MPOTEKAET B HU30TEPMUUECKUX
yCIIOBUSAX. B cilydyae BOCCTaHOBIICHHUS BOJOPOJIOM, HE3aBUCHUMO OT JABJICHHUS Ta3a,
MPY HU3KHAX CKOPOCTSX HArpeBa Peakids IMOJHOCTHIO MPOTEKAeT HA CTAAMU Ha-
rpeBa, a MPU BBICOKUX CKOPOCTSAX HArpeBa, HA0OOPOT — IMOJHOCTHIO MPOTEKAET B
HU30TEPMHUIECKHX YCIOBHUSX (IPU T may).
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The mechanism of interaction in the CuMoO.-xMg-yC system was studied at low and high
heating rates by thermal analysis technique to reveal the reduction pathway of the copper molybdate
by combined Mg/C reducing agents.

According to the obtained results, the process initiates directly from the salt reduction and
proceeds in two successive stages, first is a low and second is a strong exothermic interaction.
Moreover, depending on the heating rate, a merging of different stages can be observed. The
effective activation energy of the magnesiothermic reduction reaction for the CuMoO,4+1.2Mg+2.2C
mixture was calculated to be 199.5 + 7.2 kJ/mol.

Fig.4, references 15.

Due to the high conductivity of copper and low thermal expansion
coefficient of molybdenum, Mo-Cu alloys are widely used in various fields
of modern technology, in particular, for the manufacturing of super-powerful
electronic contacts and welding electrodes, vacuum technologies, military,
aviation and a number of other leading fields [1,2].

Numerous studies have been conducted in the last decade to improve the
sinterability of Mo-Cu composite powders, considering growing interest in
the variety of applications as well as to meet the requirements for the
production of compact sintered parts.

Among them are the mechanical alloyaing, the addition of sintering aids,
as well as hydrogen reduction of oxygen-containing compounds of
molybdenium and copper [1-6]. One of the most effective methods to obtain
fine-grained and high sinterability Mo-Cu nanocomposite materials is the co-
reduction of metals from oxides (MoOs, CuO) and/or salt (copper
molybdate) by Mg + C reducing mixture via energy-saving self-propagating
high-temperature synthesis method [7,8].
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However, considering that combustion processes are characterized by
high temperatures and high self-heating rates of substances in the
combustion front [9-11], considerable difficulties arise for exploring the
interaction mechanism of reactions in combustion wave.

One of the approaches to study the mechanism of fast processes is to
extend the process within the time, model it at programmed and moderate
heating conditions (in this case slow heating mode) using various methods of
thermal analysis, such as derivatographic analysis and high-speed
temperature scanner [12,13].

As a result, it becomes possible to reveal the interaction mechanism,
identify endothermic and exothermic effects of different stages, determine
the kinetic parameters of the individual stages or the total process.

In this work, the mechanism of reduction of copper molybdate under
slow and high heating rates by Mg/C combined reducers was investigated,
utilizing DTA/TG method of thermal analysis (low heating rates region from
2.5 to 20°C/min) and High-Speed Temperature Scanner (HSTS). The latter
allows to examine powdered mixtures in a wide range of heating rates (from
10 to 10000°C/min) up to 1300°C temperature, which, being closer to the
heating rates and combustion temperatures of the material in the combustion
wave, provides a greater opportunity to disclose the sequence of reactions in
the combustion wave [12,13]. Combining the results derived from the
thermograms with XRD examinations of the quenched samples at different
characteristic temperatures, it is possible to determine the nature and
sequence of reactions in the complex system under study.

Experimental part

The following powders were used as raw materials: copper molybdate,
magnesium (MPF-2, pure, 150-300 um) and carbon black (P-803TM, granul,
particle size less than 1 pm, S=35 m?/g). Copper molybdate was prepared
from the mixture of MoO3z and CuO powders with a molar ratio of 1:1,
which were homogeneously mixed in a ceramic mortar and calcined in air at
700°C for 3 hrs. The obtained copper molybdate was milled for 5 min using
a Vibratory Mill machine (model 75T-DrM). After the milling process
yellow brown flour-like powder was obtained with <300 nm average size

(Fig. 1).
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Fig. 1. XRD pattern (a) and SEM micrograph (b) of copper molybdate.

The mechanism of interaction in the CuMoOs-xMg-yC system by
thermal analysis at low (DTA/TG) and high (HSTS) heating rates was
investigated for the determination of the reduction mechanism of copper
molybdate by Mg/C combined reducing agent. Derivatographic studies were
performed using “Derivatograph Q1500”7 MOM instrument in argon
atmosphere (120 ml/min flow rate) by linear heating of 200 mg powder
mixture at a heating rate of 2.5-20°C/min until the required temperature was
reached.

The principle of operation of the HSTS system is based on the direct
electric heating of a cell made of thin metal foil. The reactive powder
mixture (50 mg) was placed into the metallic envelope made from thin nickel
foil with 0.1 mm thickness, and a K-type thermocouple (chromel-alumel)
spot-welded directly to the foil in the central area of powder location. All
measurements were conducted at 0.1 MPa argon (>99.98 %, O - <0.01%)
pressure.

At the both low and high heating rates, the process was interrupted at
different characteristic stages and the quenched samples were analyzed by
XRD analysis (XRD, DRON-3.0, Burevestnik, Russia)

Results and discussion

Interaction mechanism in the CuMoOs-xMg-yC system at low
heating rates

The mixture of CuMo004+1.2Mg+2.2C composition was experimentally
selected to be optimum for the reduction of copper molybdate in the
combustion mode [8]. The results of the DTA/TG studies of the
CuMo004+1.2Mg+2.2C mixture are presented in Figure 2. The process was
interrupted at characteristic temperatures (490, 625, 920°C), taking into
consideration the completion of the stages proceeding by carbon and
magnesium, and XRD analysis of the quenched products from those
temperatures was performed.
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Fig. 2. DTA/DTG/TG curves of the CuM00,4+1.2Mg+2.2C mixture, m=200 mg, V=20°C/min.

Based on the results derived from the DTA/TG curves, it can be seen
that there is no interaction detected in the CuMo0O4+1.2Mg+2.2C mixture up
to 420 °C, and starting from 420°C (up to 490°C) the first carbothermal
reduction of copper molybdate takes place, which is accompanied by a
decrease in the sample wieght (5.08%, vs to the calculated value of 3.81%).
According to XRD analysis (fig. 3), copper molybdate is reduced up to non-
stoichiometric salts (some copper oxide is also present).

The second carbothermic stage of copper molybdate reduction continues
from 490°C and ends at about 600°C. According to the XRD examinations
of the quenched sample at 625°C, the partially reduced salts were converted
to Cu and MoO,. The third stage is a strongly expressed exothermic
interaction (690-810°C), where, according to the TG and DTG curves, there
is N0 mass change. This stage occurs after the melting of magnesium and
based on the aforementioned observations refers to the magnesiothermic
reduction of MoO; to molybdenum. Note that according to the XRD patterns
of the sample quenched at 920°C, MoO. is not completely reduced to
molybdenum, and some amount of the no reducted dioxide remains in the
product.
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Fig. 3. XRD patterns of the intermediates and products quenched from different characteristic
temperatures: CuMoQO4+1.2Mg+2.2C reactive mixture. A — T=490, B — 625, C — 920°C.

Interaction mechanism in the CuMoOs-xMg-yC system at high
heating rates

In order to clarify the role of the heating rate on the interaction
mechanism in the CuMo0O4-xMg-yC system and to model the processes
under similar conditions to the combustion wave, experiments were
performed in the range of high heating rates (Vh=100-1200°C/min, Tmax=
1300°C). In the region of high heating rates, in contrast to slow heating, the
reduction process initiates after the melting of magnesium. As can be seen
from the thermograms presented (fig. 4), the carbothermic reduction is not
expressed at 100°C/min heating rate, but the magnesiothermic reduction is
strongly expressed in the form of highly exothermic interaction. The increase
in the heating rate leads to approaching of the mentioned stages up to their
merging. In the case of heating rates up to 600°C/min, there are low and high
exothermic stages due to the carbothermic and magnesiothermic reduction
processes, respectively observed in the thermograms. At higher rates
(>600°C/min), these two stages combine and the process is expressed only
by one exothermic peak.
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Fig. 4. Heating thermograms of the CuMoO4+1.2Mg+2.2C mixture at various heating rates. A -
V4=100, B - 150, C — 300, D — 600, E — 1200°C-min‘*.

Given that the high heating conditions are quite close to the interaction
conditions (heating rate and temperature) in the combustion mode, the
corresponding data was processed and used to calculate the effective values
of the activation energy of the magnesiothermic reduction process using
Kissinger equation [14]. The calculated value is 199.5£7.2 kJ/mol, which
exceeds the activation energy (155+10.7 kJ/mol) of the combined reduction
of oxides by 1.3 times [15]. The observed difference in activation energy
values is probably connected to the fact that the reduction process of oxides
begins before the melting of magnesium, with the carbothermic reduction of
copper oxide (560°C), while the reduction process of the salt begins after the
melting of magnesium.

Experimental studies have shown that in contrast to low heating
conditions, individual stages of salt reduction are shifted to a higher
temperature range under high heating conditions. Particularly, at 100°C/min
heating rate, the temperature of magnesiothermic reduction is shifted to a
higher temperature zone by 170°C as compared to that at 20°C/min.

It should also be noted that in the case of high heating, the carbothermic
interaction begins after the melting of magnesium, as opposed to low heating
rates. Moreover, a relatively higher degree of salt reduction occurs at high
heating conditions as compared to low heating mode.

Based on the results, the mechanism of interaction in the CuMo0O4-Mg-
C system can be represented according to the following scheme.
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1. CuMo0QO4+ C — Cu20 + CusxM03012 +CO/CO; T, °C

2. Cus-xM03012 + Cu0 + C — Cu + MoO;, + CO/CO;, DTA HSTS

1 | 420-480 | 550-610
3. MoO; + Mg —» Mo + MgO 500-590 | 670-810

N

3 >680 >940

Thus, the reduction of copper molybdate begins with the formation of
copper-poor molybdates without pre-decomposition to oxides. Moreover, in
contrast to low heating rates, at high heating rates, a relatively higher degree
of salt reduction takes place. Besides, at high heating rates the reduction
process takes place immediately after the melting of magnesium. The
reduction begins with a weaker (C) and ends with a stronger (Mg) reducers.
Increasing the heating rate results in the approaching of carbothermic and
magnesiuothermic stages (up to Vyh=600°C/min) and merging (starting from
Vh=1200°C/min). In the studied system, the process of copper reduction
takes place at lower temperatures, exclusively with carbon. And the
reduction of molybdenum initiates with carbon up to the formation of MoO>,
which is then reduced to molybdenum by magnesium at higher temperatures.
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MEXAHUW3M BOCCTAHOBJIEHUA MOJIMBJATA MEJIA
B HEM3O0TEPMUNYECKHUX YCJIOBUAX

A. B. KHPAKOCSIH

Nuctutyt xumnueckoit ¢pusuku um. A.b. Hanbanasna HAH PecniyGnuku Apmenus
Apmenus, 0014, Epesan, yn. I1. CeBaxa, 5/2

B pabore u3yuyeH MmexaHu3M B3aumojeicTBus B cucremMe CuMoOs-XMg-yC B
IIMPOKOM JAHana3oHe CKOPOCTeH HarpeBa METOAOM TEPMHYECKOrO aHalu3a C LeJbIo
BBISIBJICHUS TTOCJICIOBATEIFHOCTH MIPEBPAIICHIH IPH BOCCTAHOBJICHUS. MOIMOIaTa MEaN
€ TIOMOIITHI0 KOMOMHUPOBAHHBIX BoccTaHOBUTENEeH Mg/C.

CornacHo MOJNY4YEHHBIM pe3yJbTaTaM YCTAQHOBJCHO, YTO BOCCTAHOBJICHHE MO-
mmbnaTta MeId HadyuHAeTCs ¢ OOpa30BaHUS Pa3IMIHBIX MOJMOAATOB C HU3KUM CONEP-
XKaHHeM Mean 6e3 IpeIBapUTeIbHOTO PA3I0KeHHU Ha OKCHBI B IBE IIOCIIEIOBATEIILHbIC
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cTamuu: mepBasi — ciaboe, a BTopas — CHIIBHOE 9K30TepMHYECKOe B3aumoeiicteue. [lpu
3TOM C TOBBIIICHHEM CKOPOCTH HarpeBa MMEET MECTO MEePEKPhIBAHHE YMOMSHYTBIX
craauii. PaccunTana 3HEprys akTHBALUK CTa{UH MarHe3HOTEPMUYECKOTO BOCCTAHOBIIC-
Hus 1 cmecu CuMoO4+1.2Mg+2.2C: E=199,5 + 7,2 k/oic/monb.
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B3AMMO/JIEICTBUE METHJINPOU3BOJAHBIX MOHO-
W BUIUKJIMYECKUX MAPUMHAINHOB C APOMATHYECKUMH
AJIBJETAIAMH
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MN3yyeHbl peakuun pasnuyHbIX 3aMeLLeHHbIX MeTUINMPUMUAMHOB U Guumknndeckux 1,2,4-
Tprasono[1,5-ajnMpumMnanMHOB, codepXalumMx MeTuIbHble rpynnbl B MUPUMUOVHOBOM KOfblie, C
3amelleHHbIMK BeH3anbaerngaMmu n reTepoLmMKIMYecKUMn anbaernaamm NpasonbHoro n gypaHo-
BOro psiga. B pesynbTate cuHTEsupoBaHa cepusi CTUPWI- U BUHWMMPOM3BOAHLIX NUPUMUAMHAE,
copepxallas ConpshkeHHble T-CBA3WN. B HEKOTOpbIX Nnpumepax, B 4acTHOCTU, NPU B3auMOJENCTBUM
2-ruppokcu-4-meTun-6-peHmnnupumnanHa ¢ napa-guMeTUnaMmmMHo- 1 napa-guatunaMmuHobeHsans-
aervgamy 6binyu BblAENEHbl He CTUPUMNPOM3BOAHbIE, @ MNPOAYKTbl MPUCOEAUHEHUS WCXOAHBIX
peareHToB — 2-rmapoKcu-4-[(2-(4-(amankmnammHo)-deHnn)-2-ruapoKenaTnn)]-6-eHnnnMpuMmnanHel,
TO eCTb MPOAYKTHI TMAPaTaLuM OXuaaemMbiX CTUPUIT NPOU3BOAHbIX.

Bubn. cebinok 10.

Peakuyuy MeTMINPOU3BOJIHBIX TI'€TEPOAPOMATUYECKHX CUCTEM C apo-
MAaTUYECKMMH M TE€TEPOLUKIMYECKUMHU albACTUAAMHU SIBISIOTCS OJHUM U3
nyTel BBeneHHs ABOMHBIX C=C-cBs3eil, a Takke pazIu4HbIX (papmakodop-
HBIX U OMOAKTUBHBIX ()ParMEHTOB B MOJIEKYJIBI TeTeponukios [1, 2]. Takue
peaKLuK CTaau OCOOEHHO BOCTPEOOBAHHBIMU B CBETE IOMCKA HOBBIX XEMO-
CEHCOPOB ISl OIpPENEICHHUS HUTPOAPOMATUYECKHX COCIUHEHHM — KOM-
MIOHEHTOB MHOTHX B3pBIBUaTBIX BEHICCTB, a TAK)XKE Pa3IM4YHBIX ITyLI-IIyJIb-
HBIX CHCTEM, COJAEPKAIllUX B MOJEKYJIe IOHOPHBI apoMaTH4eCKHH U

aKHeHTOpHBIﬁ a3UHOBBIN (I)paFMeHTBI, CBA3AHHBIC COIIPSKCHHBIMU HBOﬁHBI-
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MU cBs3siMH. [1o100HbBIE CHCTEMBI MEPCIEKTUBHBI Ul CO3JaHHsI COBPEMEH-
HBIX IOJIyIIPOBOJHUKOBBIX ONTHUYECKUX YCTPOMCTB, B YaCTHOCTH, COJIHEY-
HBIX Oatapeil, opraHnueckux cperomsnydarommx auoaos (OLED) u momu-
HECILIEHTHBIX CeHCOPOB [ 1, 3-6].

B npexncraBienHol paboTe M3ydeHBl pEaKIMH HEKOTOPBIX MUPUMHUIH-
HOB, a TaK)K€ aHHEIUPOBAHHBIX MUPUMHIUHOB, COJEPKAIIMX MOCTHKOBBIN
(y3noBoii) atom a3ora, ¢ OEH3AIbJACTHIAAMH, BKIIOYAOIIUMHU DSJICKTPOHO-
JIOHOPHBIE TPYIIBI, @ TAaKXKE C albACTHIAMH IMHPa30JIbHOrO U (hypaHOBOTO
psaa.

B3aumoneiictBueM 7-MeTHI-6-3TOKCUKApOOHMWI- U 7-METHII-5-3TOKCH-
kapOonmi-1,2,4-tpuazono[ 1,5-ajmupumuauaoB (1 u 2) ¢ 3aMelNICHHBIMH
OeH3asbJeruaMu, a TaKxke S-HUTPoPypdyposioM CUHTE3UPOBaHbI COEIHHE-
HUS, coJieprKalllue MPOJOHTUPOBAHHYIO LIeNb T-conpspkeHus. KonneHncaunu
OCYILIECTBJIEHBI [TOJ1 IEHCTBUEM COJISTHOW MM OOpHOM KucaoT. B pesynbrare
peakuuil BBIACIEHBI COOTBETCTBYIOLIME CTUPUINPOU3BOAHBIE 1,2.4-TpHua3o-
no[1,5-a]mupumunusos (3-7).

N//‘S\ ON/@CHO /‘/\ //—‘i\

N
h P - N Aryl-CHO SN N
“ |
OZN’@ NSSS X1 Al‘yl RS AN x1
o 7 COOC,Hs 1,2 3-6 X2
1) X'=H,X?=COOC,H;s ; 3) Aryl = 4-(CH3),N-C¢Hy- , X! =H, X2=COOC,H;s .
2) X! =COOC,Hs, X?=H . 4) Aryl = 4-OH-3-OCH;-C¢H;- , X' = H, X?= COOC,Hs.

5) Aryl = 3-OH-4-OCH;3-C¢H;3- , X' = H, X?=COOC,H;s.
6) Aryl = 4-(CH3),N-C¢H-, X' = COOC,Hs, X2=H.

B cnektpax SIMP 'H, npomykToB, cojepiamux B TMOJOXKEHHH 6
coxHOAGUpHYIO Tpynny (3-5 u 7), OTMEUeHBbI CUTHAJIBI B BUJC TyOJICTOB
nByx nporonoB CH=CH nBotinoii cBsi3u B oomactu 8.2 u 9.1 m.1., moaTBep-
xmaromue ¢akt nporekanus korneHcamuu (KCCB 16.0-16.2 I'y). OtmeTnMm,
YTO CHTHAJBI T€X K€ MPOTOHOB B M30MEPHOM TPHA30JIONMUPUMUINHE 6, cO-
JieprKalleM CI0KHOA(PHUPHYIO TPYIY B MOJOKEHUU 5, CMELIEHbl B CHIIbHOE
noje (COOTBETCTBEHHO, B obmacth 7.48 u 8.31 m.1.). IlpumedarensHo, 4TO
aHAJIOTHYHOE CMEIEHUE CUTHAJIOB B CIIEKTPE COSIMHEHHUsI 6 XapaKTepHO U
apoMaTHYECKUM MPOTOHAM MUPUMHUIUHOBOTO U TPHA30JBHOTO KOJIEIl.

B peakmusax 4-muMeTwiaMuHO- U 4-IHATHIIAMUHOOCH3AIBICTUIIOB C 2-
THIPOKCHU-4-MeTHII-6-(peHUIMUPUMUAMHOM, B MPUCYTCTBUU OOPHOM KHCIIO-
Thl, HAM HE YJAaJOCh MOJYYUTh MOAOOHBIE CTUPWINPOU3BOJIHBIE U OBUIH
BBIJICJICHBI JIMIIb COOTBETCTBYIOLIUE MPOAYKTHI MPUCOEAMHEHNS HCXOIHBIX
peareHTOoB —  2-ruapokcu-4-[(2-(4-(auankuaaMuHo )heH )-2-THAPOKCH-
aTHN)|-6-pernnmupumuannsl (8, 9), uto moaTBepkaeHO ciektpamu SIMP. B
gacTHOCTH, B crektpe SIMP 'H 4-1uMeTHIaMHHONPOM3BOAHOTO 8, Kpome

0XKHNJACMbIX CUTHAJIOB ABYX MCTUJIBHBIX I'PYIIIl, CHUHIJICTAa IHPUMUIUHOBOT'O
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npotoHa (5.96 M.J.), CUTHAJIOB, OTHOCSIIMXCS K Tapa-3aMelieHHOMY OeH-
30JIbHOMY KOJIbILY, a TAK)K€ XapaKTePHOTO MYJIbTHILIETa (PCHUIHHOMN TPYIIITBI
Y TPOTOHA TUAPOKCHIIA MUPUMUAMHOBOTO Koibia (11.33 m.x1.), oTMeueHsbl
YIIMPEHHBII cUrHaJ MpoToHa ruapokcuibHoi rpynmnsl CH-OH (7.63 m.a.), a
TaK)K€ pacUleIUIEHHbIe CUTHaibl cBsizaHHOro ¢ OH meTnHOBOro mnporoHa
(4.56 m.1.) u mermieHoBeix mpoToHoB CHz B obmactu 2.77 m 2.9 m.n.
[Tomo6upIil cniekTp 3aperucTpupoBaH Takxke ais coenuHenus 9. I[Iposs-
neHre B 000MX coequHEHHAX 8 M 9 METHIICHOBOH TpynIbl B MOCTHKOBOM
OKCHATaHOBOM (hparmMeHTe, B BHJIE JIBYX MHOKECTBEHHO-PACIIEIUIEHHBIX
CUTHAJIOB, MO-BUAMMOMY, OOBSICHSIETCS HAJIMYUEM B 3TOM (parMeHTe ONTHU-
YEeCKM aKTHUBHOI'O aTOMa yriepoja (coceiHeld OKCUMETHMHOBOW TpyMIIbl), a
TaK)Ke Pa3IMYHOTO (HEUACHTUYHOIO) PACIOJIOKEHUSI MPOTOHOB METHIICHO-
BOH TpyMIbl B MPOCTPAHCTBE, YTO COOTBETCTBEHHO, MPUBOIAUT K YCIOKHE-
HUIO, HO YETKO MHTEpPHpPETHpyeMOMY (B CHIIy Pa3IMYHBbIX 3HAYEHWHA KOH-
CTaHT CIHMH-CIMHOBOTO B3aUMOJICHCTBHS), PETHCTPUPYEMOTO CIIEKTpa Kak
10 METUJIEHOBOM, TaK ¥ 10 METUHOBOM I'PyIIIaM.

CgHjs CeHs
R
NN \ N
J|\ + /N CHO — J|\ R
— = /
HO™ S\ ey, R HO™ ™y ¢ —?H@N\
2
C6H5 X OH R
1
N Xy 8,9
R=CH,, C,H J|\ _ R
- 3y L2H5 .
HO N >c=c N
H H R

B peakuusx Apyroro OKCHINUPUMHIUHA — THAPOXJIOpUAA 2-THIPOKCH-
4,6-TUMeTWIIMUPUMHIMHA C AJbJIETHIAMHU TTHPA30JIBLHOTO pslla Takke ObLn
MOJYYeHbI COOTBETCTBYIOIINE BUHHJIMPOU3BOIHBIC, COUYCTAIOUINE SJICKTPO-
HOAKIIECNITOPHBI MUPUMHUINHOBBIA W 3JEKTPOHOJOHOPHBIA MHPA30JIbHBII
¢dparmeHThl MoJIeKyJibl. [loKa3aHO, YTO KOHJEHCAIIUS OTMEUYEHHOIO THJIPO-
XJIOpUIa TUPUMHIUHA C 1-(2-TuaApOKCHITHN)-3,5- TMMe THIITUpa30Ii-4-alibie-
rugoM (R = OH) B cootHomiennu 1:1 mpusoaur k (E)-4-(2-(1-(2-ruapokcu-
aTI)-3,5-auMe T - 1H-nmpazon-4-uin ) BUHIN ) -2-THAPOKCU-6-MEe THIITTUP MU -
nuny (10), Torna xak B cooTHomennu 1:2 oOpasyercsi OUC-TIPOIYKT, 3a CUET
KOHJIEHCAIUU (OPMUIHPA301a ¢ OOOMMHU METHIILHBIMU TPYIIIAMU TTUPHMU-
JIMHA, YTO MPUBOIUT K mosyueHuto ouc-4,6-[(E)-4-(2-(1-(2-ruapokcusTi)-
3,5-mumerni- 1H-niupazon-4-mn)BuHmn) |-2-ruapokcunupumuania (11).
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Peaxiueit Toro jxe MAPUMHIMHA C 3TUIOBBIM ddupom 3-[3,5-mumeTHi-
4-popmunmupazon-1-mi|nponanoBoit kucnotel (12, R = COOC;Hs) 6pun
cuHTe3upoBaH ATwioBbiid 3¢up (E)-3-[4-(2-(2-ruppokcu-6-meTunnupumu-
TUH-4-1i1)BUHIN )-3,5-1uMe TriI- 1 H-niupa3zon- 1-min | mponanoBoit KHUCJIOTHI
(13).

OTMeTHM, YTO 1O JaHHBIM CIIMH-CIIMHOBOTO B3aMMOJECHCTBHS B CIIEKT-
pax SIMP 'H Bcex mepedmucIeHHBIX MPOIYKTOB, COAEPXKAIIMX B JIMHKEPE
CH=CH nBoiiHy10 CBsI3b, MOXHO 3aKJIIOUNTH 00 00pazoBannu E-n3omMepos.

Beenenne B peakuuio ¢ 1-(2-ruapoxcudtiin)-3,5-aumMeTrinupason-4-
anpaeruiom 2-ruapasuto-4,6-numeruanupumuaraa (X = NHNHz, R = OH)
CMECTWJIO HalpaBlIeHHE aTakd (POPMUIIBHON TpyNIly ¢ METHJIBHOM Ha TH[-
pa3WHOBBIA (PparMeHT, YTO TPUBEIO K OOpa30BAaHUIO MHUPUMHIAHUI3A-
MEIIEHHOTO TUAPA30HA B3ATOrO MUpaso-4-anpaeruaa — 4,6-1uMeTuinupu-
MUJIMH-2-WI)ruapa3ona  3,5-numetun-1-(2-ruapokcudti)-1H-nupason-4-
anpreruna (14).

HeoxxunanHoe mnpeBpaiieHue ObLIO OTMEYEHO B PEAKLUU 3TUIOBOTO
apupa  4,6-TUMETIIITUPUMUAINH-2-YKCYCHOH KHCIIOTBI C 3KBUMOJBHBIM
Kom4ecTBOM 1-(2-ruapokcusTiun)-3,5-mumernin-4-popmunupaszosna. [Tomu-
MO OXHJIa€MOT'0 B3aUMOJICHCTBUS (POPMUIIBHOM IPYIIIBI C OJTHOM U3 METUIIb-
HBIX TPYII NUPUMUIMHOBOTO KOJBLA (KaK 3TO OTMEYAJIOCh B ONMMCAaHHBIX
BBIIIE TPUMEpax), Mbl HE HCKIIIOYAIN TAK)KE MPOTEKAaHUs PEaKkIMH, C BO-
BJIeUeHHEM B mporiecc oOpazoBaHuss C=C-1BOITHOI CBSI3M aKTHBUPOBAHHOMN
METHJICHOBOW TPYNIBI B MOJIOKEeHNH 2 a3uHa. OHAKO, HAaMH ObUT BBIJIENICH
MPOAYKT KOHJEHCALMU IO METWJIBHOM IpylIe, HO MpPU 3TOM peakuus co-
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MPOBOXKJIATACh THIPOIU3OM CIO0XKHOI(DUPHOM TPYNIBI U MOCIEIYIOIUM Jie-
KapOOKCHJIMPOBAaHUEM, YTO TpHBEIO0 K mupumMuanHy 15. O mporekaHuu
peaKkuy HE IO TOJOKEHHWIO 2, a C BOBJICYEHHUEM OJIHOM M3 METWIBHBIX
TPYII CBHAETENLCTBYET mposiBieHne B crektpe SIMP 'H 1ByX MeTHIBHBIX
Ipynn NMPUMHUIMHOBOIO KOJIbIIA B BUJE OTAEIbHBIX CHHIJIETOB.

CH,

H,C” N7 CH, < =~ l\ll \
J C,H500C_ cg\ Z
L N N CH;
|
CH,CH,0H e LN
|
}( CHZCH20H
cat00c. xﬁ
CH,CH,-OH )\
7{\COOC2H5
HOH,CH,C N Aoy,

OTMeTuM, 4TO BEpCHUsl O BO3MOXKHOM IPEBPAILEHUN ITOKCUKAPOOHHUIIb-
HOW TPyNIbI HE B MpPOLECCE CaMOM peakluH, a A0 Hee, Oblsla OTBEPrHYyTa,
MOCKOJIBKY YMCTOTa M WACHTHYHOCTh BBEIEHHOTO B peakuuio 3¢upa mupu-
MUIMHUITYKCYCHON KHCJIOTBI ObUTa MpOBEpeHa W MOCiIe OOHapY)KEHUs JaH-
HOTO TPEBPAILCHUSI.

Hccneoosanue evinonneno 6 Poccuiicko-Apmanckom (Cnassinckom) yHu-
gepcumeme, 3a cuem cpeocms, 8blOeleHHbIX 6 pamkax cyocuouu MOH P®
Ha uHaHcuposanue HAy4YHO-UCCIe008amenbckou oeamenvHocmu PAY u
npu @unancosoi noooepacke nayynou memvt I KH PA u PODOU (POH)
20RF-138.

IJKCIEepUMEHTAIbHAA YACTh

Crextpel SIMP 'H u BC 3apeructpuposamsl Ha mpubope “Varian
Mercury-300” ¢ paGoueit uwactoroir 300 MIy B pactBope JIMCO-ds/
CCl4:1/3, Buyrpennwmii crangapr — TMC. TCX mpoBesieHa Ha IUIaCTHHAX
mapku “Silufol UV-254” B cucreme Oenszon — anerod (3:1) (B ciydae
coeauneHuit 3-9), MPOSBUTENIb — Mapbl HOJAa U PEAKTUB DpiHxa, a TaKKe
KoHTposib B Y®-cBete (254). Temnepatypsl M1aBlieHUs] BEIIECTB OIpeene-
ubl Ha npudope SMP 30 (STUART, BenukoOpuranusi), Y4UCTOTA ¥ UHHBHU-
IyalbHOCTh BELIECTB MPOBEPEHA Ha BBICOKOA((EKTHBHOM HpenapaTHBHOM
xuakoctHoMm xpomatorpape SENMIPREPARATIV HPLC (HPLC Knauer
AZURA PREP + Analitical UV Detector), /I'epmanus/, a 3IeMEHTHBIN
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aHaJM3 OCYIIECTBJICH HA aBTOMATHYECKOM 3JIEMEHTHOM aHanu3arope (Euro
EA 3000 (Eurovetktor, Utanus).

1,2,4-Tpuazono[1,5-a]mupumunus 1 cuHTe3upoBaH mo MeTonuke [7],
STUIOBBIA 3pup 4,6-TUMETHIMUPUMUIUHIII-2-YKCYCHOM KHCIOTHI 1o [8],
nupazoi-4-anpaerus 1o [9, 10]. Mcmonb30BaHb TakKe 3aMEIICHHBIC THPH-
MUIUHBI Ipou3BoacTBa Gupmbl "Sigma-Aldrich”,

O60mas meronnka moaydenus 1,2.4-tpuazono[l,5-ajmiupumMuanHoB
3-7. A) CmemmBaror crnuptoBbie pactBophl (Bcero 8 mz) 0.5 2 (0.00243
mons) 1,2,4-tpuazono[ 1,5-a]mupumuaunos 1 wium 2 ¢ 0.00243 monsamu coort-
BETCTBYIOIIUX QJIBJCTUAOB, fanee n00aBisroT 0.4 i CONSHOW KHUCIOTHI U
kuraTAT 14-16 u. Xox peakumu KOHTPOJHPYETCS XpOoMaTorpaduuecKu
(TCX). ITo oxoHUaHMM OXJIAXKJAIOT, BHIIABIIUI 0Ca0K OT(GUIBTPOBBIBAIOT,
K 0CaJIKy J00aBIISAIOT HEMHOTO BOJIbl M HEWTpaiau30BbeIBa0T 10% pacTBOpomM
K2COs, ocasok OTHUIBTPOBHIBAIOT, TPOMBIBAIOT BOJIOW M TOPSYUM TeKca-
HOM. B cnyyae OoTCyTCTBMSI Ocajka 3TaHON YHAISIOT, HedTpanuzyot 10%
pactBopom K>COs, skcrparupyror xmopodopmom u cymar CaCly. IMocie
ynaneHus: XjaopodopMa OCTaTOK 00padaThIBAIOT TOPSYMM T'€KCAaHOM. ¥Yja-
JISIFOT TeKCaH U MOJIy4aroT MPOAYKT KOHJeHCcauu 3-7.

b) Amnanornuno cmemmBaiot 0.1 2 (0.48 mmons) 1,2,4-tpuaszono[l,5-
aJmupumuanaoB 1 wim 2 ¢ 0.48 mmonsamu COOTBETCTBYIONIMX abIACTHIOB,
nanee mobasmsitor 0.15 2 (2.4 mmons) H3BOs u marpeBaror Ha Gane w3
crmaBa Byna npu temneparype 150-170°C B teuenue 2 u. [locne oxmaxne-
HUs o0aBisaoT 3wz dTaHona. Ha crnemyrommii geHb OT(UIBTPOBBIBAIOT,
MPOMBIBAIOT BOJOW M CymIaT. BeIXoI MpoayKTa MPUMEPHO PaBEH BBIXOIY,
MOJTy4€HHOMY OITMCAaHHBIM BBIIIIE CTIOCOOOM.

(E)-7-[4-(mumeTrnamMmuHo)cTUpHI]-6-3TOKCHKapOOHMa-1,2,4-
TpuasoJo[l,5-ajmupumuaun (3). Brixox 63%, Kpucramibl BUITHEBOTO
uBeta, T. . 213-215°C, Rf 0.37. Criextp SIMP 'H: 1.48 (1, 3H, J=7.1, CH3);
3.1 (c, 6H, N(CHa)2); 4.46 (x, 2H, J=7.1, OCH); 6.70-6.75 (m, 2H, 3-H- u 5-
H-apom); 7.56-7.61 (m, 2H, 2-H- u 6-H-apom); 8.20 (n, 1H, J=16.0, CH=);
8.57 (c, 1H, 2-H); 9.15 (c, 1H, 5-H); 9.16 (n, 1H, J=16.0, CH=). Cnektp
SIMP C: 13.8 (CHs); 39.5 (N(CHs)2); 60.9 (OCHz); 108.9 (CH); 109.4;
111.5 (2-CH); 123.2 (CH); 130.2 (2-CH); 146.2; 149.2 (CH); 151.8; 154.7
(NCH); 155.8 (NCH); 163.6. Haiineno, %: C 63.89; H 5.79; N 20.55.
C1sH19NsO2. Berauciaeno, %: C 64.08; H 5.68; N 20.76.

(E)-7-[(4-ruapokcu-3-mMeTokcu)cTHpHII]-6-3TOKCHKAPOOHNA-1,2,4-
TpuazoJo|1,5-ajnupumunun (4). Boixon 51%, kpuctamisl KOpUIHEBOTO
nBera, T. . 213-215°C, R 0.6. Cnextp SIMP 'H: 1.48 (t, 3H, J=7.1, CH3);
3.94 (c, 3H, OCHg); 4.48 (x, 2H, J=7.1, OCH>); 6.88 (1, 1H, J=8.7, apom);
7.2-7.24 (m, 2H, 2-H- u 6-H-apom); 8.22 (1, 1H, J=16.1, CH=); 8.62 (c, 1H,
2-H); 9.11 (1, 1H, J=16.1, CH=) 9.2 (c, 1H, 5-H); 9.42 (c, 1H, OH). Cnektp
SMP BC: 13.9 (CHs); 55.6 OCHs; 61.8 (OCHy); 111.4; 111.6 (CH); 112.1
(CH); 116.1 (CH); 122.9 (CH); 127.0; 145.9; 147.7 (CH); 148.1; 150.2;
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155.4 (CH); 155.8; 156.8 (CH); 164.1. Haiineno, %: C 59.78; H 4.79; N
16.31. C17H16N4O4. Beruucneno, %: C 59.99; H 4.74; N 16.46.

(E)-7-[(3-ruapoxcu-4-merokcu)cTupui]-6-3Tokcukapoonni-1,2,4-
Tpuaszojo[l,5-ajnupumunnn (5). Beixog 53%, KpuCTaIbl OpaHKEBOTO
nBera, T. . 211-213°C, Rf 0.62. Criextp SIMP H: 1.49 (1, 3H, J=7.1, CH3);
3.90 (c, 3H, OCHy); 4.47 (x, 2H, J=7.1, OCH>); 6.92 (1, 1H, J=8.7, apom);
7.16 (M, 1H, H-apom); 7.21 (m, 1H, 2-H-apom); 8.2 (n, 1H, J=16.2, CH=);
8.62 (c, 1H, 2-H); 8.96 (y.c, 1H, OH); 9.05 (1, 1H, J=16.2, CH=) 9.2 (c, 1H,
5-H). Cnextp SIMP C: 13.3 (CHas); 54.7 (OCHs); 60.8 (OCHy); 110.0;
110.9 (CH); 111.6 (CH); 112.9 (CH); 121.4 (CH); 128.0; 145.4; 146.6 (CH);,
148.0 (CH); 150.1; 154.3; 155.1; 155.6 (CH); 163.0. Haiineno, %: C 59.81;
H 4.83; N 16.58. C17H16N4O4. Brruucaeno, %: C 59.99; H 4.74; N
16.46.

(E)-7-[4-(mumeTHaMuHO)CTHPHI]-5-3TOKCHKapOoHnI-1,2,4-Tpu-
azoso[1,5-aJnupumuann (6). Beixon 43%, BblneneH pas3zielieHHEM peak-
[IHOHHOW cMecH Ha Kosonke (cwmukarens L 40/100, ¢upmer Chemapol,
3I0EHT — OeH30I-aneToH, 3:1), KpucTamipl BUITHEBOTO IiBeTa, T. Tl 218-
219°C, R 0.55. Cnextp IMP 'H: 1.49 (r, 3H, J=7.1, CHs); 3.09 (c, 6H,
N(CHzs)2); 4.48 (x, 2H, J=7.1, OCH>); 6.71 (m, 2H, 3-H- u 5-H-apom); 7.48
(m, 1H, J=16.2, CH=); 7.58-7.64 (M, 2H, 2-H- u 6-H-apom); 8.01 (c, 1H, 2-
H); 8.31 (m, 1H, J=16.2, CH=); 8.57 (c, 1H, 5-H). Cnextp IMP C: 13.8
(CHs); 39.5 (N(CHs)2); 61.4 (OCHy); 104.2 (CH); 109.5 (CH); 111.4 (CH);
122.5; 129.9 (CH); 143.5 (CH); 146.5; 150.0; 151.6; 154.7; 156.0 (CH);,
163.2. Haiineno, %: C 64.01; H5.77; N 20.51. C1gH19N50O,. Beruncieno, %:
C 64.08; H 5.68; N 20.76.

(E)-7-[(5-nuTpodypan-2-ua)BuHMI]-6-3TOKCHKAPOOHMI-1,2,4-TpH-
azouso[1,5-a|lmupumuann (7). Beixon 45%, Kpuctauibl TEeMHO-KOPHIHEBOTO
useta, T. . 218-219°C, Rr 0.55. Cniextp SIMP 'H: 1.52 (1, 3H, J=7.1, CH3);
4.52 (x, 2H, J=7.1, OCHy); 7.31 (mn, 1H, J=3.8, H-dypan); 7.62 (2, 1H, J=3.8,
H-bypan); 8.45 (n, 1H, J=16.2, CH=); 8.73 (c, 1H, 2-H); 8.97 (u, 1H,
J=16.2, CH=); 9.28 (c, 1H, 5-H). Cnextp SIMP C: 13.7 (CHs); 61.9
(OCHy); 112.6; 113.6; 117.4; 118.4; 131.1; 143.5; 152.1; 152.8; 155.1;
155.6; 156.6; 162.9. Haiineno, %: C 51.20; H 3.15; N 21.41. C14H11N50s.
Berauciieno, %: C 51.07; H 3.37; N 21.27.

2-I'mapokcu-4-[(2-(4-(mumeTHIIAMHHO) peHIT)-2-THIPOKCHITHII ) | -6-
¢penmmmupumuann (8). Cmech 0.2 2 (1 mmons) 2-ruapoxcu-4-metuin-6-de-
wunupumuauia, 0.15 ¢ (1 mmonsn) napa-auMeTHIaMMHOOSH3AIBICTHIA U
0.3 2 (5 mmonst) GOpHOI KUCIIOTHI HArpeBarOT B OaHe W3 ciutaBa Byna mpu
temrieparype 150°C 2 u. [lo OKOHYaHUN PEAKIIMOHHYI0 MAcCy OXJIaXIAoT,
N00aBISAIOT 3TAHOJ, HEPACTBOPHUBIIYIOCSA YaCTh OT(UIBTPOBBIBAIOT, IPOMBI-
BAaIOT BOJIOH U cymiat Ha Bo3ayxe. [lomyuatot 0.21 2 coenunenus 8 (62.7%),
KPHCTAIUIBI KEITOBATOTO 1BeTa, T. . 205-207°C, Rf 0.57. Criextp IMP ‘H:
2.77 (n.n.n, 1H, J=16.0, J=7.8, J=1.0, CH2); 2.9 (n.n.x, 1H, J=16.0, J=5.0,
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J=1.0, CHy); 2.93 (c, 6H, N(CH3)2); 4.56 (n.n.n., 1H, J=7.8, J=5.0, J=2.1,
CHOH); 5.96 (1, 1H, J=1.0, 5-H); 6.64-6.70 (M, 2H, 3-H- u 5-H-apom); 7.12-
7.18 (m, 2H, 2-H- u 6-H-apom); 7.39-7.51 (M, 3H, CesHs); 7.63 (u.c, 1H, CH-
OH); 7.86-7.91 (M, 2H, CeHs); 11.33 (urc, 1H, 2-OH). Cnektp SIMP C:
35.5 (CH2); 39.9 (N(CHs)2); 50.8 (CH); 94.2 (CH); 112.1 (2CH); 126.4
(2CH); 127.0 (2CH); 127.8 (2CH); 127.9; 131.2 (CH); 138.3; 149.6; 151.2;
154.4 (CH); 189.2. Haiineno, %: C 71.45; H 6.24; N 12.67. CoH2:N30Oo.
Brruncieno, %: C 71.62; H 6.31; N 12.53.
2-T'uapokcu-4-[(2-(4-(mudTHIAAMIHO) (PeHUIT)-2-THAPOKCHITHI) ] -6-
¢ennamupumuaun (9). Ananoruuno npeasiaymemy u3 0.2 2 (1 mmons) 2-
THAPOKCH-4-MeTr-6-pennnnupumuanta, 0.18 2 (1 mmonsn) napa-mudTui-
amuHoOen3anbaeruaa u 0.3 2 (5 mmos) GOpHOI KUCIOTHI IPH HATPEBAHUH B
TeueHne 2 y B Oane crutaBa Bynma mpu temmeparype 140-150°C, mocne
OXJIQXKJICHHsI 100ABIAIOT 4 M STaHOINA, Ha CIECIYIOMNHA IeHb OTQUIBTPOBBI-
BalOT, MMPOMBIBAIOT BOJIOMW, CYILAT M Jajiee MPOMBIBAIOT TOPSYUM T€KCAHOM.
[Tomyuator 0.17 2 (46.1%) coenunenust 9, KpUCTAIIIBI OPAHKEBOTO I[BETA, T.
1. 185-187°C, Rf 0.57. Cnextp SMP H: 1.14 (1, 6H, J=7.0, CH3); 2.78
(m.m, 1H, J=16.0, J=7.9, CH2); 2.91 (n.x, 1H, J=16.0, J=5.0, CH2); 3.34 (x,
4H, J=7.0, N(CH2)2); 4.54 (n.n.1., 1H, J=7.9, J=5.0, J=2.0, CHOH); 5.96 (c,
1H, 5-H); 6.57-6.63 (M, 2H, 3-H- u 5-H-apom); 7.08-7.14 (m, 2H, 2-H- u 6-
H-apom); 7.39-7.52 (M, 3H, CeHs); 7.56 (mr.c, 1H, CH-OH); 7.86-7.91 (m,
2H, CeHs); 11.34 (m.c, 1H, 2-OH). Cnexrp SIMP 3C: 12.1 (CHas)z; 35.5
(OCH); 43.6 (NCH2)2; 50.9 (CH2); 94.2; 111.2 (CH); 126.7 (CH); 127.0
(CH); 127.7 (CH); 127.9; 131.2 (CH); 138.3; 146.7; 151.1; 154.4 (CH),
189.2. Haiineno, C 72.54; H 6.77; N 11.43. %: C22H25N30.. Beruucineno, %:
C 72.70; H 6.93; N 11.56.
(E)-4-(2-(1-(2-rugpoxcudTi)-3,5-numerna-1H-nupazon-4-ui)Bu-

HWJI)-2-ruapokcu-6-merwimmupumuaun (10). K cmecu 1.2 2 (0.0075 mons)
ruapoxjopuaa  2-ruapokcu-4,6-aumerunnupumuauaa u 1.26 2 (0.0075
mons) 1-(2-ruppokcndtin)-3,5-aumetuin-4-popmunupaszona B 20 maz 3ta-
Hoa nobasisui 1.5 mz xoHn. HCI, peakiimoHHyr0 cMech KUTISITHIIN B TeYe-
HUE 3 ¥ ¢ OOpaTHBIM XOJIOJMJIBHUKOM, OXJIQXKIAU 0 KOMHATHOM TeMIiepa-
TYpPbI, BBIMABIINA OPAHKEBO-KPACHBIH OCAJ0K OT(QHIBTPOBBIBAIN, CYLIHIN
Ha Bo3ayxe. Jlamee nmomydeHHbIi ocanok oopadareBaim 10% BogHO-CIIMPTO-
BbIM pacTBopoM K>COs. BrinmaBmmii mpoayKT RKeENTOro BeTa OT(HUIBTPOBBI-
Banmy, cymid Ha Bo3ayxe. Berxom 1.0 2 (48.6%), 1. . 190°C, Rf 0.2
(6ensomn-aneron, 1:2). Crextp AMP 'H: 2.21 (c, 3H, 5-CHs); 2.31 (c, 3H, 3-
CHs3); 2.40 (c, 3H, 6-CHa); 3.65 (u1, 2H, 20H); 3.72 (t, 2H, J = 5.5, OCH>);
4.01 (t, 2H, J = 5.5, CHy); 6.16 (ymrc, 1H, 5-H); 6.32 (n, 1H, J=16.2, =CH);
7.58 (m, 1H, J=16.2, =CH). Cnextp IMP 3C: 9.8 (5-CHs); 13.9 (3-CHy);
20.7 (6-CHs); 50.8 (OCH?2); 60.0 (CH.); 100.6; 104.6; 113.1; 119.9; 130.0;
140.6; 146.0; 158.1. Haiineno, %: C 61.09; H 6.45; N 20.19. C14H18N4Os.
Brruncireno, %: C 61.31; H 6.57; N 20.44.
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Buc-4,6-[(E)-4-(2-(1-(2-ruapoxcmyTii)-3,5-1umernii- 1H-nupazou-4-
WI1)BUHWI)]-2- ruapokcunupumMuauna (11). OnvcanHbIM BBIIIE CIIOCOOOM
u3 0.08 2 (0.0005 monst) Tuapoxopuaa 2-ruapoKcu-4,6- TMME THIITUPUMUIH-
Ha u 0.168 2 (0.001 mons) 1-(2-runpoxcudtuin)-3,5-aumerni-4-popmui-
nupasoyia KUMsS4YeHueM B TedeHue 14 u B 5 mn 3taHona, ¢ poOaBieHHEM
0.5 mn xoui. HCI mony4eHo Grc-CTUPUIIITPOU3BOAHOE SIPKO-)KEJITOrO [[BETA.
Beixon 0.1 2 (48.1%), T. . 133-134°C, R¢ 0.13 (aneron). Crexrp SIMP H:
2.23 (c, 6H, (5-CHz3)2); 2.3 (¢, 6H, (3-CHs)2); 3.75 (1, 4H, J=5.5, OCHy,);
4.03 (T, 4H, J=5.5, CH>); 4.46 (m, 2H, OH); 6.18 (c, 1H, 5-H); 6.35 (n, 2H,
J=15.0, =CH); 7.63 (1, 2H, J=15.0, =CH). Haiineno, %: C 62.43; H 6.41; N
19.65. C22H2sN6Os3. Brruncneno, %: C 62.26; H 6.63; N 19.81.

Otwioblii  3pup (E)-3-(4-(2-(2-ruapoxcu-6-MeTuanupumMmuu-4-
WI)BUHWI)-3,5-1uMeTHI-1H-nupaszon-1-ua)nponanoBoii kucjaorsl (13).
K cmecu 0.48 2 (0.003 mons) rumpoxiopuaa 2-ruapoKcu-4,6-1uMeTHIIIH-
pumuauna u 0.67 2 (0.003 mons) atunoBoro sdupa 3-[3,5-qumernin-4-pop-
Mul-1-H-nupason-1-wi|nponanoBoil kuciaotel B 20 Mz 3TaHONa 100aBISUITH
1.5 mn xou1. HCI u peakiimoHHYI0 cMeCh KHISITHIN C OOPATHBIM XOJIOIHIIb-
HUKOM B TedeHHe 35 vu. Jlajmee oxJyiaxaanu A0 KOMHATHOM TEMIIEpaTyphl,
BBINABIINKA (PUOIETOBO-KPACHBIA 0OCaIOK OT(GHUIBTPOBBIBAIN, CYIIMIH Ha
Bo3ayxe. [lomyueHnslit ocanok oopadatsiBanu 10% BOAHO-CIIUPTOBBIM pacT-
BopoM K>COs. BrimaBmimii ocagok KeNTOTO 1BeTa OTGUIBTPOBBIBAIH, CY-
mun Ha Bo3ayxe. Beixonm 0.45 2 (45.5%), 1. mn. 23°C, Rf 0.15 (ameron).
Crmextp IMP 'H: 1.23 (t, 3H, J = 7.1, OCH2CHs); 2.19 (c, 3H, 5-CHs-
nupazon); 2.28 (¢, 3H, 3-CHs-mupazon); 2.38 (¢, 3H, 6-CHz-nmupumuann);
2.81 (t, 2H, J=6.7, CH>); 3.78 (um, 1H, OH); 4.08 (x, 2H, J=7.1, OCHy); 4.18
(T, 2H, J=6.7, CH.CO); 6.11 (c, 1H, 5-H); 6.31 (a, 1H, J=16.2, =CH); 7.53
(m, 1H, J=16.2, =CH). Cniextp SIMP *C: 9.4 (CH3CH0); 13.6 (CHs); 13.7
(CHa); 33.5 (CHs3); 40.3 (CH2); 43.1 (CH>); 59.6; 78.48; 100.7; 113.3; 145.9;
163.8; 169.8. Haiineno,%: C 61.71; H 6.59; N 17.06. Ci7H22N40:s.
Brruncieno, %: C 61.80; H 6.71; N 16.96.

4,6-IuMeTHINMUPUMUANH-2-WI)ruapa3on 3,5-mumMernin-1-(2-ruapok-
cdTII)-1H-mupa3zona-4-aapaerunga (14). Cmecw 0.138 2 (0.001 mons) 2-
ruapasuno-4,6-mumermmupumuania u 0.17 2 (0.001 mons) 1-(2-ruapoxcu-
9THII)-3,5-TMMeTHI-4-hopMIIIIIHpa3oia B 5 M 3TaHOJA KUISTHIN ¢ 00paT-
HBIM XOJIONMWJIBHUKOM B TeueHue 12 u. BpimaBmmii >kenToBaThlil Ocagok
OT(UIBTPOBBIBAJIH, CYIIMIN HAa BO3yXe, NEPEKPUCTAIIIM30BbIBAIN 13 OCH-
3o07a. Beixon 0.24 2 (83.3%), 1. mn. 168-169°C, Rf 0.4 (6eHzom-aneToH, 1:2).
Cnextp IMP H: 2.29 (n, 6H, J=0.4, 4,6-CHs); 2.31 (c, 3H, 5-CHs); 2.48 (c,
3H, 3-CHs); 3.72 (x, 2H, J=5.6, OCHy); 3.99 (t, 2H, J=5.6, NCH>); 4.51
(m.t, 1H, J=5.6, OH); 6.36 (m, 1H, 5-H); 8.00 (x, 1H, J=0.6, CH=N); 10.22
(u, 1H, NH). Crextp SIMP C: 9.8 (5-CHa); 12.4 (3-CHs); 23.2 (4,6-CHy);
50.2 (CH>); 60.1 (OCHy); 109.8 (5-C); 112.1 (4-C-mmpa3omn); 136.1(2C-CHz-
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mupumuauH); 137.9 (CH=N); 145.4; 159.6; 166.2. Haiineno, %: C 58.20; H
6.75; N 29.38. C14H20N6O. Brruuncneno, %: C 58.31; H 6.99; N 29.15.
(E)-4-[2-(1-(2-ruppokcudTiia)-3,5-numerna-1H-nupason-4-

wi)BuHWI|-2, 6-mumermnupumuaud (15). Cunresuposan u3 0.1 2 (0.5
MMOJ11) ATIIIOBOTO 3dupa 4,6- TMMETHITUPUMHUINH-2-YKCYCHOW KUCIIOTHI U
0.084 2 (0.5 mmonsn) 1-(2-rumpoxcudTii)-3,5-mumeTia-4-hopMunnupasona
KUIITYEeHHeM B TedeHue 45 y B 5 mn 3Tanomna, ¢ modasinenreM 0.5 mi KOHII.
HCI. Beixon 0.07 2 (42.8%), cBeTio-kenTble Kpuctamibl, T. 1. 129-130°C,
Rf 0.2 (6ensomn-aneron, 1:1). Cnextp SIMP 'H: 2.34 (¢, 3H, 5-CHs); 2.39 (c,
3H, 3-CHa); 2.42 (c, 3H, 6-CHz); 2.56 (c, 3H, 2-CHz3); 3.72 (x, 2H, J=5.6,
OCHy>); 4.02 (T, 2H, J=5.6, CH>); 4.56 (1, 1H, J = 5.6, OH); 6.49 (1, 1H,
J=16.1, =CH); 6.96 (c, 1H, 5-H); 7.69 (a, 1H, J=16.1, =CH). Haiineno %: C
62.67; H 6.77; N 16.45. C15H20N4O. Beruuciieno %: C 62.79; H 6.98; N
16.28.

Unuva 64 AhShULU3PL NMhLAUP-PLULELD UBE-PLUCU LS SULLEL D
®NUNESNFE-3NFLL AU ESPY ULYBNPYLELD NEBS

Q.. . LU LUGNFL3UL, N. U. #ULAUSUYL, S. E. 961N 93U,
<. U. URRUL3TYL L U 0 UN-ULEL3UL

Neuncdvmuppofly by wppplfpgfigph oqulyncd dbfdfy pulphp spupnculng mwpphp
wnbipulpuyfws  wpppidpypibph ko phyplypuyp 1,2, 4-mppagngn|1,5-a] whppdpybiibpp
sprfurgplgn Gy bibilpp ibgulpyfnd phiguyqbSpyibph b oappoegngugflne $ocpuigpb
quppf Skuwbipnghlyuyfl wyghSpqbbph Sbn: Upgynchpnod fbfthgdly B wpppdpgbih
gregnppfwd T-fuiylbp wpwpnulng wnpppy- e ffipymdwigugilp: pny opflulubph
plgprd, dusuliwsfnpungbo, spupu- gfudbfdpypudfln b ugupuoe-g L3 fyudfipbiguy gbSfuy-
hpp® 2-&pupopup-4,6-nfullifFppypppdffif Sk dinfumgybyn Fyude wpgynpad, wb-
Qunnifliy i ng [Fh wnpppy wduhigpuybbp, wyy bpaiync@hpp dfgdu mpgaappibp 2-
Sfppropup-A-[ (2-(4-spfrusglyfyyrsidpisss) plipy)-2- S fpoppro pufrb [Py ] -6- P lsfoyugppsfrifogriotals,
wiyufibpl wilillyusptfng wnpppyudulggugilph Spoypunnugfud wpquafpllbpp:

INTERACTION OF METHYL DERIVATIVES
OF MONO- AND BICYCLIC PYRIMIDINES WITH AROMATIC ALDEHYDES

G. G. DANAGULYAN*?, H. A. PANOSYAN?, T. E. GEORGYAN?!?,
H.S. ATTARYAN!? and M. R. ARAKELYAN?

!Russian—Armenian (Slavonic) University
123, Hovsep Emin Str., Yerevan, 0051, Armenia
2The Scientific Technological Center of Organic
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26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: gdanag@email.com

The reactions of various substituted methylpyrimidines and bicyclic 1,2,4-
triazolo[1,5-a] pyrimidines containing methyl groups in the pyrimidine ring with
substituted benzaldehydes and heterocyclic aldehydes of the pyrazole and furan series
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have been studied. As a result, a series of styryl- and vinyl pyrimidine derivatives
containing conjugated w-bonds were synthesized. In some examples, in particular, in the
reaction of 2-hydroxy-4-methyl-6-phenylpyrimidine with para-dimethylamino- and
para-diethylaminobenzaldehydes not styryl derivatives were isolated but the addition
products of the starting reagents — 2-hydroxy-4-[(2-(4-dialkylamino)-phenyl)-2-
hydroxyethyl)]-6-phenylpyrimidines, i.e. the hydration products of the expected styryl
derivatives.
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CHUHTE3 1-lMPOMAPT WJI-3(5)-METHJI-4-HUTPOIIUPA30JIOB B
YCJIOBUAX M®K U B CUCTEME NMO/H,0. U3YUEHHUE
TEPMHUUYECKOM U KATAJTUTUYECKOM NOJIMMEPU3ALINU
IMOJYUYEHHBIX IPONAPTMIIIUPA30JIOB

A.T. AIEKCAHSHY, K. C. BATAJISIHY, JI. A. BHYAXYSIHY, A. T'. ACPATSIHY,
A.T.IHAXATYHUL, I. T. TAHATYJISIH? u O. C. ATTAPSIH!?

! Hay4Ho-TeXHOMOTHYECKHIA IEHTP OpraHuYecKoil M (hapMalleBTHIECKOH XUMUU
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OcyluecTBneHo ankunupoBaHue 4-HuTpo-3(5)-metunnupasona B ycrnosusax MOK u B cucreme
N-meTtunmopdponmH  N-okenpga/H,O  (NMO/H;O). YcTtaHoBneHo, 4TO BbIxodbl  MpoaykTa
ankunpoBaHUsi 3aBUCAT OT OCHOBHOCTU 4-HUTPO-3(5)-MeTunnupasona. MayyeHa katanutnyeckas
nonvmepusaums B npucytcteun PdCl, 1-nponaprun-3(5)-metun-4-Hutponvpasona. lonyyeHHble
nonunponapriunnupasonbl  NPeacTaBnsioT  coboi  XOpOWO  pacTBOpMMblE B OpPraHWYeckux
pacTBOPUTENSIX MOPOLLKM TEMHO-KOPUYHEBOTO LBETA. BbISIBNEHO, YTO NpW HanuuumM HATPO rpynnbl B
NMpa3sofibHOM UMKIE (B OTNIMYME OT He3aMeLLEHHbIX HUTPO NMPa3orioB), NOMyYeHHble MonuMepbl

an06peTa|0T AnanekTpudeckme CBOWCTBA.

Bubn. ccbinok 9.

Cunre3 N-miponapruizaMenieHHbIX TeTePOIMKIIOB, a TakKe pa3paboTka
JIOCTYTHBIX ¥ TEXHOJIOIMYECKHU MOJCIHUPYEMBIX MPOLIECCOB UX MOJIYYEHUS —
OJIHA U3 3a/1a4 OPraHU4eCKON XMMUHU, TOCKOJIBKY 3TU COCIUHEHUS SIBIISIFOTCS
WCXOIHBIMU MaTepUAIAMU JJIs TTOTyYEHUS TIOJTMCOPSHKEHHBIX TTOTMMEPHBIX
COEIMHEHM, 00Jaal0IuX MOJIYIPOBOAAIIMMU CBOMCTBAMU U KOMIIOHEH-
TOB, MCIIOJIb3YEMBIX B CUHTE3€ PA3IMYHbIX (hapMalleBTUYECKUX IMpernapaToB
[1, 2].

W3BecTen cnocod mosyuyeHus: MpOomapruinrpa3oioB B YCIOBHIX MEX-
¢aznoro xaranmuza (M®K) [3], ogHako, Kak MMOKa3ajad HAIIU OMBITHI, OTME-
YEHHBIM CIIOCOOOM BMECTO OHaaeMbIX N-mponapruinupasoaoB MOIydaroT-
sl IPOAYKTHI UX U3oMepHu3anuu — N-ajuieHuInupasosl.
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CymHocTh apyroro crnoco6a nonydeHus N-TponapruinupasosioB co-
CTOUT B AJKWJIMPOBAHUU COOTBETCTBYIOIIMX HATPUN MHPa30JaToB OpOMU-
CTBIM TpOMaprwiioM B abconoTHOM TeTparuapodypane [4]. [Ipumenenue
HAaTpUi MUPA30JATOB MCKIIOYAET OO0pa30BaHHE MPOAYKTAa H30MEPH3AIMH.
OTMEUYeHHBIX HEIOCTaTKOB YAAloch HM30ekaTh B pabote [5], B KOTOpOit
aBTOPHI B KAYECTBE PEAKLIMOHHOM CpeJbl HCII0JIb30BaIN BOHBINH pacTBOp N-
MetunmMopdoauH N-okcuaa, 4To MO3BOJIWIO TONYyYHTh N-Npomnapruimupa-
30J1bI € BBIXOZIOM 65-75%.

[pu nepexoxe ot nupaszona K 4-autpo-3(5)-metunnupasony (1) BbisB-
JICHO, YTO OMpPEEISIIOIINUM (PaKTOPOM MPH MPONAPTUIMPOBAHUU B YCIOBHIX
MO®K sBasiercst ux ocHOBHOCTH. [Ipu nepexose ot 3(5)-merunmnupazona (pKa
— 3.55) k 4-autpo-3(5)-merunmupaszony (pKa — 0.87) mox Bo3aeiicTBueM 1ie-
noun (KOH) nerko mportekaer IenpoTOHUpPOBaHHE U 0Opa3yeTcsl KajlueBas
COJIb COOTBETCTBYIOLIETO HUTpOmHUpasona 1, yto u 6JokupyeT oOpa3oBaHue
AJICHWITTPOU3BOIHBIX MHPA30JIa.

Wcxost U3 BIIEU3I0KEHHOTO, 4-HUTpo-3(5)-MeTrnupasonst (1) Moxk-
HO YCHEIIHO aJKWJIMPOBATh NponapruwiopoMuoM B ycnoBusix MOK, a tak-
xe B cucreme NMO/H0, naxe npu temneparype 60°C (cxema 1).

Cxema 1
OaN /CH3 ~ *NMO/H,0 78%  ON /CH3
_\ Br N
/ /\N S NekICeHgH,0 55% / _/\\N
T 82% N
Ho g MSK**/H,0 \
2a, 2b
o
*0 +N/ N-memuamopdoauH N-okcua
' e

.-
“TOBAX (PhCH,NCI)Ety

OTHOCHTENBHO HU3KUH BBIXOJ MPOJAYKTa IIKMIMPOBaHUs mupasona 1 B
ycnoBusix MOK cBsizaH ¢ TeM, 4TO npu A00aBICHUU OCH30JIa B PEAKIIMOH-
HYIO Cpeiy oOlias KOHIIGHTpAIMsl PearcHTa B OPraHHUuYecKoi (aze yMeHb-
[IaeTCs, M KaK CIICJACTBUE ATOTO, TIOHMKAETCS M CKOPOCTh PEAKIIMU aTKUIH-
poBanus. Tak, B OIMHAKOBBIX YCJIOBUSX PEAKIMH, KaK CIEIyeT U3 pe3ybTa-
TOB XPOMATO-MacC-CIEKTPOMETPUIECKOTO KOHTPOJIS, TIPU T00aBICHUU OCH-
30J1a pacxo/1 MponapruidpomMuaa ymeneiiaercs B 1.5 pasa.

AnxunupoBanue 4-uutpo-3(5)mernnnupazona (1) npomaprundpomu-
JIOM, KaK ¥ 0KHJAJIOCh [6], MPUBEIO K 00pa30BaHUIO CMECH 3-MeTHII- (TIpe-
00JIaJaroIuil) M 5-METHIITHPA30JIOB 2.

Cornacuo crektpam SIMP 'H, BC, DEPT u NOESY coenunenue 2 B
pactBope JIMCO-de/CCls-1/3 HaxomuTcst B BUJIE CMECH JBYX H30MEPHBIX
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dbopm 3-Me- u 5-Me-npou3BOIHBIX, B MPOIEHTHOM cooTHomeHun 2.3:1,
COOTBETCTBEHHO.

Nzomepubie popmbl 3-Me 1 5-Me uaeHTHGHUIUPOBAHbI O KPOCC-TTUKaM
METHJICHOBOM TPYIIIBI C TPOTOHOM MUPA30JIBHOTO KOJbIA (COeTuHEHHE C 3-
Me) u ¢ METHIIBHON TpyNIol (CoeAuHEHNE ¢ METHJIBHOW TPYyMNIou B 5-om
TTOJIOYKEHNH ).

B nurepatype onucaHo HECKONBKO pabOT Mo TepMUYeckou [7] u kaTa-
nutudeckor [8] monmmMmepuzanuu mnponaprusiamMuHoB. [lomydeHHble mpu
STOM HOJUMNPONAPTHIAMUHBI 00JIAAI0T YACIBHOM AJIEKTPOIPOBOJHOCTHIO B
npenenax 10°-10% Ow*-cu. TIpencraBnsanoch HHTEPECHBIM BBISBUTH BIIHS-
HUE HHUTPO TPYNIBI B MUPA30JLHOM KOJBIE Ha 3JIEKTPONPOBOIHOCTD, TaK
Kak u3BecTHO [9], uto 1-mponaprui-3(5)-MeTHIIHpa30Ibl MPOSBIISIOT MOJY-
IIPOBOASIIUE CBOWCTBA.

C oro#t menbto cuHTe3upoBaHHble Hamu N-mpomapri-3(5)-merui-4-
HUTPOIUPA30IbI (2) OBUIH MONIUMEPU30BAaHBI TEPMUUECKH TPH TEMIIEpPAType
150-160°C, a Takxe KaTalUTUYECKU B MPUCYTCTBUM XJIOPUCTOIO HauIaHsl
(cxema 2).

Cxema 2
O2N CH,4
/ 4 —\\N PdCl, oS
N~ A N
N/
N \\_/ /
2a, 2b H,C

Pe3ynbTaThl TEPMHUYCCKON MOJIMMEPH3AIMH POMAPTUITUPA30JIOB 2
nokasayii, 4to B otcyrcTBuu Karaiuszaropa (PdCly) mpouece nonmmepusa-
UK HE MpoTeKaeT, a B mpucyrctBur PACl, monyyaroTes moaumnponapruinm-
pazouibl (3), IpeICTaBISIONIUE COO0H MOPOIIKK OT TEMHO-KOPUYHEBOTO JI0
YEepPHOT'O I[BETA, XOPOIIO PACTBOPHUMBIC BO MHOTHX OPTaHUYECKUX PACTBOPH-
tensx (anetoH, xaopodopMm, [IMCO, JIMDA), 4To naeT BO3ZMOXKHOCTH BbI-
JICJIATH TIOJYYCHHBIC TIOJTMMEPBI U3 PEAKIIMOHHOM CPEJIbI.

WK crniekTpaiibHble HCCIICIOBAHUS MOJIMMEpa 3 MOKa3aliv, YTO KaTaTuTH-
Yyeckas nmojuMepusanus coeaunenus 2 B npucyrcreun PACly mporekaer mo
TPOMHON CBs3M MPONMApruinmupasojia 2, HE 3aTparkBas ITHPa30JbHOIO
KOJIBILIA.

Tak, mo ganHbIM UK CIEKTPOCKOIHK B MOAYYEHHBIX IMTOJIMMEPAX MOJIHO-
CTBhIO OTCYTCTBYIOT TIOJIOCHI BAJICHTHBIX KOJICOAHHM, XapaKTepHbIE JJIs TPOM-
Hoit cBsi3u — 2100 cm, omHako, B obmacti 1668 cm™ mosiBiasercs: HoBas
10JI0Ca TOTJIOMICHHMSI, XapaKTepHas Il BUHWIBHON TPYIIIbI, M, HAKOHEI, B
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UK crekTpax MOJMBUHHUINHUPA307a 3 COXPAHSIOTCS TMOJIOCHI, XapaKTepHBIC
JUIS BaJIGHTHBIX KOJEOaHHi MIpa30IbHOro Koybla mpu 1549 cut.

UroObl BBISIBUTH BJIMSIHHUE HUTPOTPYMNBI B MHUPA30JIbHOM KOJIbLIE Ha
QJICKTPOIPOBOAHOCTD IMOJIYUYCHHOT'O ITOJIMALCTHUIICHA 3, MOJYUCHHBIC II0JIH-
Mepbl 0buTH morpoBankl B 0,1 N rekcaHoBoM pactBope |2, mocie gero ObutH
BBICYIICHBI O IIOCTOSHHOI'O BECA. U3 AOIMMPOBAHHOI'O IMOJIMMEpA IMOJIyUHn-
JUCHh TaOJETKU U Ha PUOOpe U3MEpeHa 3IEKTPONPOBOIHOCTD. [loyueHHbIe
pe3ybTaThl MOKA3aIH, YTO JAHHBIC MOJIMMEPHI 3 HE MPOSBISIIOT MOIYIPO-
BOJSILIIUE CBOMCTBA.

Takum 00pa3oM, Mpu HAIWMYUM HUTPOTPYIIBI B MHPA30JIbHOM LIUKJIIE B
nonuMmepax 3 1o cpaBHeHuto ¢ 1-mpomnaprui-3(5)-MeTHImIpa3onoM MoJH-
Mep 3 mpuoOpeTaeT AMIIEKTPUUECKUE CBOMCTBA M COMPOTUBICHUE COCTAB-
nstet Beme -10° O

IKCIePUMEHTAJIbHAA YaCTh

UK-criexTpsl 3apeructpupoBanbl Ha criektpomerpe “Termo Nicoletion
Nexus” B BasemuHoBO# Macne. Criektpsl IMP 'H n C 3apeructpupopaHs
Ha npubope Varian “Mercury-300X” (300 u 75 MIy, COOTBETCTBEHHO) NPH
temmeparype 300K B pactBope DMSO-d4/CCls:1/3, BHYTpeHHUIA CTaHAaPT-
TMC. DnemeHTHBIN aHalIM3 BBINOJIHEH Ha pubope “"Eurovector EA 3000”.

Xpomaro-macc-criekTp 3anucan Ha npudope "GC MS Bruker EM 640"
I). B uccnenoBanusix ucnons3zoBad NMO, 4-aurtpo-3(5)-meTusmnupason mpo-
u3BojcTBa Gupmel "Ariac" (Apmenus), nponapruadopomua Gupmsr "Sigma-
Aldrich".

AnxuiaupoBanue 4-autpo-3(5)-mernanupasona (1) nponapruiaopo-
muaoM B cucreme NMO/H20. Cmech 12.7 2 (0.1 mons) 4-uutpo-3(5)-
metumupazona (1), 5.6 2 (0.1 monsn) enxoro kamm, 50 mrn 50% BomHOTO
pactBopa NMO nepemenmBaroT B Teuenue 1 u nmpu temmneparype 60°C. 3a-
TEM PEaKUUOHHYIO CMECh MPH 3TOM TEMIIepaType MO KaIuisiM J00aBIISIOT
19.3 2 (0.15 moss) mponapruaOpoOMuI, TOCHIE Yero MepeMenIMBaHue MPoI0JI-
XaroT emie B TeueHue 5 u. [Ipoaykt peakuuu sxctparupyror CH2Clo. TTocne
yJaJIeHUs] PACTBOPUTEJISI OCTATOK MEPETOHSIOT MPU MOHMKCHHOM JIaBJICHUU.
Beixon 1-nponaprui-3(5)-metnn-4-uutponupasona (2a, 26) 12.7 2 (78%), T.
kurr. 120-125°C/1 mm pm. cm., KOTOPBIA CO BpEMEHEM KPHUCTALUTU3UPYIOTCS,
T. 1. 49-50°C. MK-criektp, v, em™: 1530 (xomb1io), 2100 (C=C).

2a-Cnextp SIMP 'H, (DMSO-ds:CCls-1/3), &, M. 1., Ty: 2.47¢ (3H,
CHa), 3.07t (1H, J=2.6, =CH), 4.96x (2H, J =2.6, CH>), 8.62c (1H, CH).
Crextp SIMP C (CD30D), 75.5 8, m. 1.: 12.7 (CHs), 41.5 (CHy), 75.5 (=C),
76.3 (=C), 130.3 (CH), 138.9 (C-CH3s) 144.9 (C-NO).

2b-Criextp SIMP 'H, 1 (DMSO-ds:CCls-1/3), &, m. 1., T'y: 2.71c (3H,
CHs), 3.00t (1H, J=2.6, =CH), 5.03x1 (2H, J =2.6, CH>) 8.62c (1H, CH).
SMP BC (CD30D), 75.5 8, m. a.: 10.2 (CHs), 39.8 (CHy), 75.5 (=C), 75.9
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(=C), 132.8 (C-CHa), 135.1 (CH) 144.9 (C-NOy). iineno, %: C 49.85; H
4.44; N 25.21; C7H7N302. Beruucneno, %: C 50.90; H 4.24; N 25.45.

AaxuiaupoBanne 4-HuTpo-3(5)-Mermimupaszona (1) B ycJoBsX
M®K. a) Cmech 12.7 2 (0.1 monn) 4-autpo-3(5)-metuanupasona (1), 5.6 2
(0.1 mons) eaxoro xanu, 50 mz Bomsl 1.0 2 (TEBAX) nepemeniiBaroT B Teue-
Hue 1 u npu Temnepatype 60°C. 3areM peakIIMOHHYIO CMECh OXJIAKIAIOT 10
60°C u no kamsim gobasisitot 19.3 2 (0.15 mons) nmponaprundpomua, mo-
clie ToJa4Yy IPONapruiiOpoMua MepeMeInBaHie MPOJODKAIOT B TCUCHHE
5 u. lIpoaykt peakuun sxctparupytoT CH2Clo. Iocne ynanenust pactBopu-
TEJsE OCTATOK MEPETOHSIOT MPU MOHIKEHHOM JiaBjieHuu. Beixox 1-mpomap-
rwit-3(5)-meTmwi-4-aurpormpasona (2) 13.2 2 (82%), t. . 49-50°C.

0) ITomydaercst aHaIOrMYHO MpEAbIIYyIIEMY IPUMEPY, C TOM pa3HULEH,
YTO B pEakUMOHHYIO cMmech aoOaBmsaoTr 50 mz Oenzona. Beixomg 1-
nponaprui-3(5)-metun-4-aurponupasona (2) 9.0 2 (55.0%) 1. mn. 50-51°C.

IMosumepu3zanus 1-nponaprui-3(5)-MeTnii-4-aurponupaso.a (2).

1-TIpomaprun-3(5)-metun-4-autpo-nupasona (2) ABaXIbl MEPETOHSIOT
oJT BaKyyMoM. XJIOpHCThIi namwtaauii cymar npu 50°C/10 mm pm cm. B
CTEKJISIHHYIO ammyiy 3arpyxatot 2.4 2 (0.015 mons) nponaprunmupaszona 2
u 0.008 2 (0.000047 mons) xnopucroro namtaaus. Ilocie merasanuu moj
BaKyyMOM C TI0OAa4yei a30Ta, 3alassHHYI0 aMIyJly IIOMEIAI0T B TepMoIIKad 1
mpu 150-160°C BeigepkuBatot 24 u. [Tocie BCKPBITHS aMITyJbl, €€ CoJepiKa-
HUe (TEeMHO-KOpHYHEBasi Macca) pacTBopsioT B JIMDA u ocaxnaror BOIOMA.
Brimasmwmii ocagiok oTaensroT u3 Boasl v cymat npu S0°C/10 mm pm. cm. no
MOCTOSTHHOW Macchl. Berxoa momumnponaprumupaszona (3) (55%), 1. . 110-
120°C, xapaxrepuctuueckas BsizkocTh (1) 0.043dl/g, 31meKTponpoBOAHOCTD
nonmMmepa 3 ompeaencHHo B npubope AT-512 (Kurait). Buckosumerpuye-
CKHE U3MEPEHUs TOJIMMEPOB MPOBEACHBI B BUCKO3UMETpe Y 00enoe.

Hccneoosanue gvinonneno 6 Poccuticko-Apmanckom yHugepcumeme 3a
cuem cpedcms, evloeneHnbix 8 pamkax cyocuouu MOH Poccuu na ¢unancu-
posanue HayuHo-uccireoogamenvbckou oesmenvrHocmu PAY, a maxorce npu
Gunancosoui nodoepaicke I ocyoapcmeennozo komumema no nayke MOH PA
6 pamkax Hayurnoeo npoexma Ne 21T-1D020.

1-nLOAMNULGDL-3 (5) -UGE-DBL-4-LhSCONPLUENLLELP UPLEEQ UdU-b
MU3UULLELOFU - NMO/H20 NUUUGUCM9-NFU: USUSJUO
MNeANUCEPLNPLUENLLELP Q6LUUSEL GBI WUSULPShY
MALPUG UESU UL NFUNFULURUPLOFE-30FL

U 1. ULELUUL3UY, b. U. ATUL3UY, L. U. AP2UL23UL, U. 9. NUULrUE-83U0L,
U. 9. SUNUE-NFULD, G G- U LUGNAFL3UYL i N, U. UE-E-Ur3UWL

I N—Jbﬁ[lllfnpq)nl[ﬂl N—ogu[uz_/HzO (NMO/HZO) Cuufl.ullullnl.nuf.' u1[[[1[luglfu.lil
1{17[12flwflJnL/¢7[1 bl#ﬂ LIIWJJwiIWl[npl[w& £ 4-u ml1n-3(5)-lﬂi/¢7[1[ul[llumlnl[l C[uﬁuwflm.ﬁ]m:
lluunull[un[ll[ PdClz-[l LurLl[LUJnL/JJLULfF.' Uuuugl[l.ub‘ llln[[llllpnllllupq,ﬁlui[lpulqnlilbpﬂ lfnl_rl(_
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SYNTHESIS AND POLYMERIZATION
OF 1-PROPARGYL-3(5)-METHYL-4-NITROPYRAZOLES
IN THE NMO/H20 SYSTEM AND UNDER PTC CONDITIONS

A. G. ALEKSANYAN Y K. S. BADALYANY, L. A. BICHAKHCHYAN ¢,
A. H. HASRATYAN, A. G. SHAHKHATUNIL,
G. G. DANAGULYAN!? and H. S. ATTARYAN?!?

Institute of Organic Chemistry of the Scientific-Technological Center
of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Ave., Yerevan, 0014, Armenia
2 Russian-Armenian (Slavonic) University
Hovsep Emin str., 123, Yerevan, Armenia, 0051
E-mail: ani_hasratyan@mail.ru

Alkylation of 4-nitro-3(5)-methylpyrazole was carried out under phase transfer
catalysis (PTC) conditions and in the N-methylmorpholine N-oxide/H,O (NMO/H-0)
system. It was found that the yields of the alkylation product depend on the basicity of
4-nitro-3(5)-methylpyrazole. On going from 3(5)-methylpyrazole to 4-nitro-3(5)-
methylpyrazole, deprotonation under the influence of alkali (KOH) proceeds easily and
the resulting potassium salt of the corresponding nitropyrazole prevents the formation of
allenylpyrazoles. The relatively low yield of pyrazole alkylation is due to the fact that
when benzene is added to the reaction medium, the total concentration of the reagent in
the organic phase decreases, as well as the rate of the alkylation reaction. Thus, under
the same reaction conditions, with the addition of benzene, the consumption of
propargyl bromide decreases by a factor of 1.5. The catalytic polymerization in the
presence of PdCl, of 1-propargyl-3(5)-methyl-4-nitropyrazole has been studied. The
obtained polypropargylpyrazoles are dark brown powders that are readily soluble in
organic solvents. It has been found that in the presence of a nitro group in the pyrazole
ring (in contrast to unsubstituted nitropyrazoles), the resulting polymers acquire
dielectric properties.
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CHHTE3 HOBBIX TPOU3BOIHBIX a-AMUHOKHCJIOT,
COJEPKAIUX y-TAKTOHHOE KOJIbIIO

M. A. CAMBEJISIH, A. C.TAJICTSAH u T. B. KOUUKSIH

EpeBanckuii rocyjapcTeHHbIH yHUBEPCUTET
Apwmenus, 0025, yn.A.ManyksHa, 1
E-mail: msamvelyan@ysu.am

Ha ocHoBe a-aMWHOKMCNOT CUHTEe31pOBaHbl HOBble MPOU3BOAHLIE, CoAepXallne Y-NakToHoe
KOJbLUoO. CMHTe3MpoBaHHbIe CcoeMHEeHNA paHee He 6bInu onucaHbl B nutepartype.

Bubn. ccbinok 5.

W3BecTHO, YTO TETEPOIMKINYECKUE COSAMHEHHUS WTPAIOT BaKHEHUIITYIO
poJb, Kak B chepe MEAMIMHBI, TaK U NPU TOJTYYEHUH HOBEHWIIMX MaTepHa-
70B. B psany 3THX BemecTB 0coOblil HHTEpeC MPEACTaBISAIOT Y-JTaKTOHBI, KO-
TOpbIE 00JaJa0T IHUPOKUM CIEKTPOM OHOJIOIMYECKOro JEeWCTBUS, BCIIEAC-
TBUU YEro OHW HAIUIM HIMPOKOE MPUMEHHE B MEIUIMHE U TapproMepun
[1,2]. Panee HaMu OBLIO MMOKA3aHO, YTO MPOU3BOIHBIC Y-TAKTOHOB, B YaCTHO-
CTH, UX TPONApTHJI 3aMEIICHHBIEC SBISIOTCS MHTMOMTOPAaMH OCHOBHBIX (poc-
¢ata3 [3]. YuuThiBasi BBIIICH3IOKEHHOE U C IIEJbI0 PACHIMPEHUS aCCOPTH-
MeHTa OWOJIOTUYECKH AaKTHBHBIX COCJIMHEHWN MBI W3yYWIH TOBEICHUE
(YHKIIMOHATBHO 3aMEIICHHBIX Y-JIAKTOHOB B PEAKIIUH C 0-aMHUHOKHCIIOTAMHU:
[JIMOUHOM U L-ajaHMHOM, KOTOpbIE UMEIOT HIMPOKOE MPUMEHEHHUE B MEIH-
uHe [4].

B xadecTBe GyHKIIMOHAIEHO3aMEIICHHBIX Y-TAKTOHOB MCITOJIH30BaH 2-
(5,5-aumetnn-2-okcorerparuapodypan-3-un)ykcycuywo (1) u 2-(5,5-aume-
THJI-2-0KCOTEeTparuapodypan-3-ui) MPOIMUOHOBYIO KUCIIOTHI (2).

R H
Me ™NCOOH /k gz(lz\loggf Me N R
Me TN DScoon M
o 2 0 o) COOH
o n=1,2 o]
1,2 R=H,Me 3-6

Peaxmuro nmpoBoanim B TeTparuapodypane, B Ka4eCTBE OCHOBAHUS HC-

MMOJIb30BAJIM TPUITUIIAMHH, @ B KaUC€CTBC AKTHUBHUPYIOLICTO arcHTa — 3TWII-
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xsoppopmuar. [Tokazanu, 4To HAMIYYIIHE PE3yIbTaThl MOIYYAIOTCs, KOTaa
peaknus npotekaet mpu 0-5°C.

3KCHepI/IMeHTaHLHaﬂ qacTb

Crextpsl IMP *H n *C nonyuens! na crexrpomerpe Varian “Mercury-
300” [300 (*H) u 75 (*3C)] MTI'y, DMSO:CCls — 1:3 mpu 30°C. Jlna TCX
npumensun mwiactuael “Silufol UV-254”. TIposiienne — napamu iona. Tem-
nepaTyphl IUIABJICHHUS OINPEeIsIM HA MUKPOHArpPEeBaTEIbHOM CTOJIMKE Map-
ku “Boetius”.

Coenunenns 1 U 2 cUHTE3UPOBAHBI 110 METOJY, ONMCAaHHOMY B paboTe
[5].

OO0mmii cnocod mosyvyenusi 2-(5,5-mumernia-2-okcorerparuapody-
paHn-3-mwin)auerus)-amuaoB. Cmech 0.05 mona 2-kapbokcumeti-4,4-mume-
tunbyranonuaa u 100 mz TeTparuapodypana nepeMennBaoT npy TeMIepa-
type 0°C 10 mun, noGasistor 0.15 mons TpudTUIAMUHA |, TIPOIOJIKAsE TIEpe-
MEIINBATh B T€X Ke YCIOBUAX 5 mun, noOaBistoT no karsM 0.07 mona stu-
JIOBOTO 3(pHpa MypaBbUHOW KHCIIOTHI, HE JOMYCKas MOBBIIICHHS TEMIIEPaTYy-
pol. Ilocrme okOHYaHMS JK30TEPMUYECKOH pEaKIMU IMEePEeMEUIMBAIOT TPU
koMHaTHOU Temmnepatype 30 mun. [locne AOBOISAT peakLMOHHYIO CMECh J10
0°C u Tpems yacTsMHU 100aBJISAIOT 3apaHee MPUTOTOBJICHHBIA BOJHBIN pacT-
Bop 0.075 Mo COOTBETCTBYIOIIEH aMHUHOKHUCIIOTHI M TIPOJIOJDKAIOT MEpeMe-
mwuBath 45 mun. [locne ynaneHus: pacTBOPUTENS U OXJIAXKACHHUS K CMECH JI0-
0aBIIAIOT pa3z0aBIICHHBIA PACTBOP COJITHOM KUCIOTHI, 10 PH 3-4. Dkcrparu-
PYIOT AMXJIOPMETAHOM H cymaT 0e3BOJHBIM cynbpaTom Maruus. [locne mpu
MOHM)KEHHOM JIaBJICHUU YAAJISIOT PACTBOPUTEIT.

2-(5,5-numeTna-2-oxcorerparuapopypan-3-wi)anernarauus - (3).
Beixon 75%; T. mn. 99-100°C (auatunossiii 3¢up); Re0.55 (3tanon : 6eH3on
—1:2). Cexrp SIMP *H (5, m.x1., I'y): 8,01 T(1H, J = 5.8, NH); 3.74 1 (2H, J
= 5.8, NCH2); 3.08 arn (1H,J = 11.4, 9.0, 3.9, CH B nukne); 2.65 mn (1H?, J
=15.4, 4.0, CHCH,); 2.30 m (1H?, 1H°, CHCH>, CH;B muxie); 1.81 T (1H®,
J =12.0, CH2 B mkie); 1.44 ¢ (3H, CH3); 1.37 ¢ (3H, CH3). Crextp SIMP
3¢, §, m.o.: 176.5(C=0), 170.7(C=0), 169.7(C=0), 81.2(C), 40.4(CH,),
40.3(CH2), 37.0(CH), 35.3(CH.), 28.4(CHa3), 26.7(CHz). Haiineno,%: C
52.39; H 5,59; N 6.15. C10H15NOs. Beruucneno,%: C 52.40; H 5,60; N 6.11.

2-(5,5-numeTna-2-okcoTeTparuApoPypaH-3-uji)NponuoOHUITIHIHH
(4). Beixox 77%; t.mn. 120-121°C (muatunossiii 3¢up); R 0.50 (sranon :
6emson — 1:6). Ciextp IMP *H (8, m.z1., I'y): 7.90 T (1H, J = 5.8, NH); 3.74
1 (2H, J = 5.8, NCH2); 3.08 arx (1H, J = 11.4, 9.0, 3.9, CH B nukie); 2.65
an (1H? J = 15.4, 4.0, CHCHy); 2.38-2.34 m (2H, CH2CH>y); 2.30 m (1H?%
1H®, CHCH>, CH; B tuxite); 1.81 1 (1H, J = 12.0, CH2 B mukie); 1.44 ¢ (3H,
CHs); 1.37 ¢ (3H, CHs). Cmextp SIMP *C, §, m. n.: 176.5(C=0),
170.8(C=0), 169.6(C=0), 81.1(C), 40.4(CHz), 40.3(CHz), 37.0(CH),
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35.5(CH>), 35.3(CH>), 28.4(CHs3), 26.7(CHs). Haiineno,%: C 54.39; H 7.00;
N 5.80. C11H17NOs. Berancneno,%: C 54.31; H 7.04; N 5.76.

2-(5,5-mumeTna-2-okcorerparuapodypan-3-mwi)anernn)ananun  (5).
Brixon 65%; Bsaskoe BemiecTBo; Np2° 1.6098; R 0.51 (3ranom:6enzon— 1:7).
Cnextp AMP H (8, m.x., T'y): 7.99 T (1H, J = 5.6, NH); 3.74 m (1H, NCH);
3.08 arn (1H,J = 11.3, 9.1, 3.9, CH B umkie); 2.6611 (1H%, J = 15.6, 4.1,
CHCHy); 2.32 M (1H?, 1H®, CHCH,, CH; B umkie); 1.80 t (1H®, J = 11.9,
CH: B nmkne); 1.47-1.46 n (3H, J = 13.3, 3.1, CH3); 1.37 ¢ (3H, CH3); 1.33 ¢
(8H, CHs). Cmextp SAMP 3BC, §, m.u: 176.5(C=0), 170.7(C=0),
169.7(C=0), 81.2(C), 40.4(CHz), 40.2(CHz), 37.1(CH), 35.3(CH>),
28.3(CH3), 26.7(CHz3), 24.2(CHa). Haiineno,%: C 54.29; H 7.01; N 5.76.
C11H17NOs. Beruuncneno,%: C 54.31; H 7.04; N 5.76.[a]o= —39.49 (C 0.83,
MeOH).

2-(5,5-mumeTna-2-okcoreTparuApoypaH-3-ui)NponuoOHUI)aJAHUH
(6). Beixon 65%; Bsi3KO€ BEIIECTBO; np?° 1.6398; R 0.51 (aTaHOMI:0eH30T —
1:7). Cnextp SIMP H (5, m.x., I'y): 8.00 T (1H, J = 5.8, NH); 3.73 m (1H,
NCH); 3.06arx (1H, J =11.2, 9.1, 4.0, CH B nukie); 2.65 mx (1H?, J = 15.4,
4.0, CHCH>); 2.36-2.33 m ( 2H, CH2CH ); 2.32 m (1H? 1H®, CHCH,, CH; B
mukie); 1.80 T (LHP, J = 12.0, CH2 B mukie); 1.45-1.44 1 (3H, J = 13.3, 3.1,
CHs); 1.38 ¢ (3H, CH3); 1.34 ¢ (3H, CH3). Cmektp SIMP BC, §, m.n.
176.5(C=0), 170.7(C=0), 169.7(C=0), 81.2(C), 40.4(CH>), 40.3(CH»), 37.1
(2CH), 35.3(CH>), 28.4(CH3), 26.7(CHz3) , 24.2(CHz3). Haiineno,%: C 56.00;
H 7.40; N 5.50. C12H19NOs. Beruuncneno,%: C 56.02; H 7.44; N 5.44. [a]p =
—51.14 (C 0.83, MeOH).

y-LUGSALU3PL ONUY NULAFLUENN, o-BUPLUR-EB-NFLELD
LA ToULS3ULLELP UPLO-6Q

U. W. UQUYEL3U, W. U. RULUS3UL i S. 4. 1.02hu3UL

Uk pnasfHfriisbiph Sbbpfr ofpus uftaftlegqfly b Guspulfincsd gt Gyt J5) ghlju-
g, Qughgud pulpnnbyfil oquly wupniiilny QwdfinadfFncibpl unp wduiiguy-
ihp: fpugbu wdflifdincibp oqnugnpdily b, wpplkl pul pdolyncfdyuts db juyb hpp-
nncflynchs qunwd” qifghiyp b L-vguibifbp: Qeoncfopply § Jbpdpiibppu fuppp 2-(5,5-
il foy-2-opumntunpu B puusts-3-fy) pusguspusfdfiffs e 2-(5,5-ighitbfFpy-2-o0punnbunpur-
Prpusts-3-py) yprgprbiufFddp S ufougplgn Fyuh uduinl: Guuunoluy i dfio-
gouflymlivkpp wmugdwls Quidwp dyuildly b nbulighuyp pifdugph oupufuduy uguydut-
bbpp, griyy & mpsfliy, np pupdp bphp wnugdnd b nlupuSfypn o pubf dffusfuypoed,
wnpfifFbpypadplfs Whplsy e Jyuaddp, wlpnffugling wqblunf Lafypinpnpdfunnf ffppundudp
L 0-5°C zblllrululnﬁﬁluil[l uil.qufuliIiIb[lnLlf.'
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SYNTHESIS OF NEW DERIVATIVES OF a-AMINO ACIDS
CONTAINIG y-LACTONE RING

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

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

On the basis of a-amino acids new derivatives, containing the y-lactone ring have
been synthesized. The synthesized compounds have not previously been described in the
literature. The aim of this study was the synthesis of new potentially bioactive
derivatives of a-amino acids. The following a-amino acids, which are widely used in
medicine, were chosen as starting compounds — glycine, L-alanine. We used 2-(5,5-
dimethyl-2-oxotetrahydrofuran-3-yl)acetic acid, 2-(5,5-dimethyl-2-oxotetrahydrofuran-
3-yl)propionic acid as substituents. The reaction was carried out in tetrahydrofuran,
triethylamine was used as a base, and ethylchloroformate was used as an activating
agent. It has been shown that the best results were obtained when the reaction proceeded
at 0-5°C.
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AJIKMJIMPOBAHME 1,2,4-TPHA30JIA B BOJIHO-IIIEJIOYHOM CPEJIE
B MIPUCYTCTBUU N-METHJIMOP®OJINH N-OKCUJIA U HEKOTOPBIE
HNPEBPAIIEHUA ITIOJTYUYEHHBIX ITPOAYKTOB
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B pabote m3yveHo ankunuposanue 1,2,4-Tprasona pasnuyHbiMU ankunranoreHvpamu (1,2-
AvxnopaTaH, nponaprunépomua, 1,4-auxnopbyT-2-eH) B BOQHO-LLENOYHON cpefde B cucteme N-
MeTunmopdonuH N-okenpga/H,O (NMO), 6e3 npumeHeHUst opraHndeckux pactsoputenei. HangeHo,
4yTO onpeaensowmM akTopoMm npu ankunuposaHun 1,2,4-tpuasona B cucteme NMO /H,O c
ncnonb3oBaHnem MO®K aBnseTcsi ero oCHOBHOCTb a3ona. B Ton e cucteme usyyeHo aernppo-
XropuvpoBaHue Momny4veHHbIX NpoaykToB. MccnepgoBaHbl TpaHcdopmauuu 1-nponaprun-1,2,4-tpu-
asona B BOAHO-CMMPTOBbLIX pacTBOpax noratua.

Bubn. ccbinok 28.

B mnacrosimiee Bpemsi 0oJbIIO€ BHUMAHUE YJENSETCS IMOMCKY HOBBIX
METOJI0B NOJTy4YeHHs MPOU3BOAHBIX 1,2,4-Tpuasona [1, 2], Tak Kak TpHUa3oib-
HBIH (parMeHT 00yCIaBIMBAET IIUPOKUH CHEKTP (PU3HOIOTHIECKON aKTHB-
HOCTHU MHOTUX CUHTETHYECKUX U MPUPOJIHBIX COETUHEHUH |3, 4].

OcoOblif nHTEpEC MPEACTABISAIOT UX BUHWIbHBIE MPOU3BOJIHBIE — MOJH-
Mephl Ha MX OCHOBE MIMPOKO UCTIOIB3YIOTCS B TIPOMBIIIUICHHOCTH, MEIUIINHE
U CeJIbCKOM Xo3stiicTBe [5-8].

W3BecTHble MeTOIBI BBEIACHHMS BUHWIBHBIX TPYII [0 aTOMaM a30Ta
1,2,4-Tpuazona METOMUYECKH HECOBEPIICHHBI U HE 00ECTIEUNBAIOT XOPOIIINE
BbIX0 161 [9-10].

[lepcieKTHUBHBIM SIBJIIETCSL CIIOCOO MPSIMOTO BUHMJIUpoOBaHus 1,2,4-
Tpuasoja aneTuieHoM noj aasieHuem [11]. Ognako, mmpokroe pacupocTpa-
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HEHHUE MOJIyyaloT, KaK MpaBWiIO, T€ CHMHTE3bl Ha 0asze aleTuieHa, KOTOpble
MIPOBOSTCS MTPH aTMOChepHOM naBieHuH [12].

B nurepaType u3BECTEH TakKe ABYXCTAaIWWHBIN METOH MonydeHus 1-
BuHMI-1,2,4-Tpuasona B yclnoBusax Mexdasnoro karanuza (M®K) [13, 14].

B Buay Toro, 4to ankwiMpoBaHHBIE NPOAYKTHI 1,2,4-Tpuazoia XOopouio
pPacTBOPSIIOTCS B BOJAE M UX BbIICJICHUE U3 PEAKIIMOHHON CpeJibl 3aTPYAHEHO,
BCE PEAKIMU MO AJIKWIMPOBAHUIO, KAaK MPABUIIO, MPOBOIST B allPOTOHHBIX
pactBoputensx [10, 13-15].

B Hacrosmieit pabore paccMaTpHuBacTCs BO3MOXKHOCTh aJKUJIMPOBAHUS
1,2,4-Tpuasona aJKUITAIOTCHHUJIAMHU 03 TIPUMEHEHHUS OpPraHUYeCKUX
pactBopuTteneil. HeooxoauMocTs pa3paboTKH TaKOro MeToja AMKTOBAJIACH
TE€M, YTO AJKWJIUPOBAHHBIE MPOIYKTHl PEAKIUNA OJHOBPEMEHHO SIBISIOTCS
MPOMEKYTOYHBIMU BEIIECTBAMH B CHHTE3€ BaXKHBIX KJIACCOB COSAMHEHUN —
1-Bunnn- u 1-0yraguenuntpuaszonos [11, 15].

B npenpiaymem coobmennu [16] 6b110 MoKa3zaHo, YTO PU TPUMEHEHUU
mexdaznoro katammza (MOK) B cucteme N-mermnmopdonun N-okcuma
(NMO) ummumazon ycmemHo aimkuiupyercs 1,2-auxiopstanoMm ([IXD) wu
AIKHJTMPOBAHHBIN MPOYKT iN Situ neruapoxiopupyercsi ¢ oOpazoBaHueM 1-
BUHWJIMMHJIA30J1a.

Haiineno, uto ompenenstouM (HakTopoM Npu alkuiupoBaHuu 1,2,4-
tpuazona (1) smBusercs ero ocHoBHOCTh (pK. — 2.2). B cpaBHenun c
nmugazonom (pKa — 6.95) oH nerko AempoTOHUPYETCs MO BO3ACHCTBHEM
menoyn (KOH), BcneacTBUe 4ero alKUIMPOBAHWE AJKWITAJIOTCHUIAMH, B
gactHOCTH, peakius ¢ [1X3, B cucreme MOK/NMO mnporekaer 6e3 kakux-
00 OCTIOKHEHH, B OTIIMYME OT PEaKINK ¢ uMuaa3oioM [16] (cxema 1).

Cxema 1
N N
41\,\] o ¢ 4j\N
N MeK/NMO/KOH N 55-60%
H 1 _al
2

DOKCTEpUMEHTAILHO HAWIEHO, YTO ONTHUMAJIBHBIM SBISIETCS MOJBHOE
cootHomieHre pearentoB — Tpuazom:KOH:JIXD, B cucreme M®PK/NMO/
KOH 0.1:0.1:0.6, B Teuenne 6 u obecmeumBaer 55-60% BeIXOA 1-(2'-
xyopatuin)-1,2,4-tpuazona (2).

B otnuume ot 1-(2'-xmopatun)nupaszonos [17] merumpoxiopupoBaHie
1-(2'-xnopatun)-1,2,4-rpuazona B cucteme 50% Bomnoro pactBopa NMO B
HIETIOYHOH cpejie, MPOTeKaeT B ropa3fo Ooyiee MATKUX YCIOBHUSX, IIPU TEM-
neparype 20-25°C (cxema 2), a Beixon 1-Bunmi-1,2,4-tpuasona (3) cocras-
nsiet 70%.
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Cxema 2

Zj\ NMO/H,0 Zj\"‘

N~ KOH N~
km K
2 3

Cunte3 N-mpomapruiizaMerieHHbIX TeTepPOIUKIIOB, a TakKe pa3padoTka
JIOCTYTHBIX ¥ TEXHOJIOTMYECKHU MOJECIUPYEMBIX MPOLIECCOB UX MOIYUYECHUS —
OJlHA W3 3a/]a4 OPraHMYECKON XHMMHUU B BHJy TOTO, YTO OHH SBIISIFOTCS
MCXOIHBIMA MOHOMEPAaMH IS TIOYYSHHS TTOJUCOTPSKEHHBIX TTOJIMMEPHBIX
COEJMHEHHH, 00JIafaoIMX MOTYIPOBOAHUKOBBIMU CBOMCTBAMHM, a TaKXKe
KOMITOHEHTaMH, MCIIOJIb3YEMBbIMH B CHHTE3€ paanodapMaleBTUYECKUX Mpe-
napatos [17-20].

W3BecTHBIE METOBI BBECHHSI MPOTIAPTUIIBHBIX TPYIII 110 aTOMY a30Ta y
a30JI0B (MUPa30J1, TPUA30J1) METOAUYECKH HecoBepieHHbI [21-25]. Mcmonb-
3oBanue B kadectBe cpeapl NMO wu rumpokcuma kKamus Mo3BoJAio [26]
MOJYYUTh HPONAPTuiIa3oibl (MUpasoll, 3-MeTUINHUPa3oi, 3,5-TuMeTHInupa-
3011, 3-HUTpO-1,2,4-Tpuazon) ¢ BeIxogoM 53-79%, npu 3ToM 00pa3oBaHUs
M0OOYHOTO aJUIEHOBOTO NMPOU3BOIHOTO HE HAOIIOAATIOCH.

[Toka3aHo, 4TO B OTMEYEHHOH BBIIIE CHCTEME JIETKO MPOTEKAEeT TAKKE
nponaprunuposanue 1,2,4-Tpuaszosna mponapruiopoMuIoM. ITO TO3BOIMIO
nony4yuts 1-nponaprui-1,2,4-tpuazon (4) ¢ Berxogom 51% (cxema 3).

Cxema 3

N N—
4 \\N B ~ZF 4 \N

v

N~ NMO/H,O/KOH N
H
1 N
4

C uenbl0 MOJydyeHUs HOBbIE T€TEPOLUKINYECKHe coeauHenus 1,2,4-
TPHUA30JBHOTO Psi/ia, KOTOPhIE MOTYT OBITh MPUMEHEHBI B Ka4eCTBE 100aBOK
K B3pbIBUaTHIM BeliecTBaM [27], HaMu u3yudeHa TpaHchopMmaius 1-mpomnap-

run-1,2,4-tpuaszona (4) B BOAHO-METAaHOJILHOM PAacTBOpPE MoTaria (cxema 4).

Cxema 4
N N N N
Kj\"‘ K,COs 4T\N K,COs 4T\N . 4T\N
N i-PrOH N MeOH/H,0 N N



Moaudukanuss TPOHHON CBS3M Y aroMa a30Ta TPUA30JILHOTO KOJIbIA
YCIIEIIHO TpOTeKaeT ¢ oOpasoBanueM 1-(2-metokcuammwn)-1H-1,2,4-tpu-
azona (5) u E[1-(2-merokcunpon-1-en-1-un)]-1H-1,2,4-tpuazona (6) ¢ 06-
UM BBIXoJ0M 75% (cxema 4).

[Tocne otneneHus COeOUHEHUS 5 OT coelMHEHMs 6, aHATU3 CIIEKTPOB
SIMP 'H noxkas3an, uto coemuHenne 6 spusercs cMechio muc (Z) u tpanc (E)
H30MEPOB.

N
A
Lon

N
7o\
Lo X

o NS
62) 6E) O

[Tpu mepexosme OT METaHONA K M30-NIPOMAHOIY BBISICHWIOCH, YTO TPOW-
Hasi CBsA3b 1-mpomaprui-1,2,4-Tpua3ona XeMOCENEKTUBHO IIpeTepreBaeT
MPOTOTPOITHYIO TIEPErpyNIUPOBKY ¢ oOpa3oBanueM |-amienun-1H-1,2,4-
Tpuasona (/) (cxema 4).

B ornuuue ot 1-Bunmi-1,2,4-tpuaszona (3) cunre3 u cBoiictea 1-(1,3-
Oyramuennn)-1,2,4-rpuazona B JUTEpaType OMUCHIBAIOTCS JIUIIb B paboTax
[15, 28].

B pa6ore [28] cuntes 1-(1,3-Oyrammenn)-1,2,4-Tpraszona oCymiecT-
BJSIETCSL B T€TEPOreHHON cucTeMe TBepnas ¢aza — XKHUIKOCTh (IMOKCaH —
KOH-TOBAX), ankunupoBanuem 1,2.4-tpuasona uuc- v Tpanc-1,4-nu-
xnopoyt-2-enamu (1,4-IXb) u mnocienyrounmM JIeruapoXJIOpUPOBAHUEM
MPOIYKTOB AIKWIMPOBAHHS IN SitU, MOCKOJIBKY MPOAYKTHI MOHOAJIKHIHPO-
BaHUs TPU NEPErOHKE TMOABEPraloTCsl CIOHTAHHOW MOJMKBATEPHU3AIMHU T10
atomy N4 Tpna3oiapHOTO K0Jjblia ¢ 00pa3oBaHUEM MOJIMCONIN Tpraszoma [28].

B npencraBnenHol paboTe Mbl HCKITIOYMIH IPUMEHEHHE OPraHHYECKUX
pacTBOpUTEIiCi, B YaCTHOCTH, AUOKcaHa, W cuHTe3 1-(1,3-OyTramuenmn)-
1,2,4-tpuazona (9) ocymectBmwiu B cucteme NMO/H,O ankunmupoBaHuem
1,2,4-tpuazona (1) Z- u E-4-puxnopOyr-2-enamu (1,4-J1XB) u nocriemyro-
M JETHIPOXJIOPUPOBAHHEM MPOAYKTOB alKWiupoBanus 8 in  situ
(cxema 5).

Cxema 5
N o O N N
/‘\\ E, Z /‘\\ -HClI /‘\\
AN ’ N/N - N/N
N NMO/H,0 OH
H 1 %C| M
8 9
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IMo maumem SIMP ‘H cnekrpockonuu 1-(1,3-6yraguennn)-1,2,4-tpu-
azout (9) sensercs cmechro muc (Z) u tpane (E) n3oMepoB B COOTHOIIEHUHU
1:2.

N
9(2) U 9 (E) Q\

3Kc1’[epI/IMeHTaJH)Haﬂ qacTb

WK-criekTpbl 3aperucTpupoBanbl Ha criekrpoMeTpe "Thermo Nicolet On
Nexus’’ B BazenmHoBoM Macie. Criektpsl SIMP 'H 3anmcansr Ha npuGope
Varian "Mercury-300"’ (300 Mey) npu temmeparype 300K B pactBope
DMSO-d4/CCl4:1/3, BuyTpennwuii crangapt-TMC.

DjeMeHTHbIN aHaIu3 BBIOJIHEH Ha npubope ’Eurovector EA 3000°°. B
uccienoBanusix wucnonb3oBaan NMO npoussoactBa ¢upmbr  "Ariak’’
(Apmenus), nponaprwiopomun, 1,2,4-tpuazodn, 1,4-muxmop0yr-2-eH Gupmbl
" Sigma-Aldrich’’.

1-(2'-Xumopatuin)-1,2,4-tpuazoa (2). Cmecs 6.9 2 (0.1 mons tpuaszona
1), 5.6 2 (0.1 mons) eaxoro kamu, 50 mz 50% Boanoro pactBopa NMO mepe-
MemmuBaroT B TeueHne 1 u. [Ipm temmeparype 70°C. 3atemM peaknHOHHYIO
cMech OXJIaKIaT U 100aBistioT 49.5 2 (0.5 mons) 1,2-muxnoparana. [epe-
MEIIMBaHKUE MPOAOIDKAIOT B TeueHue 5 u npu temneparype 70°C. Peakunon-
Hyto cMmech skcTparupyiotT CH2Clo. TMocte yaanenust pacTBOPUTENST OCTATOK
MEPETOHSIOT MPHU TOHKCHHOM jaBieHun. Beixon 1-(2'-xmopatun)-1,2,4-
Tpuasona (2) 7.8 2 (60%), T.xui1. 85°C /2 mm pm cm, n3°=1.503 [14].

1-Bunna-1,2,4-rpuazon (3). Cmecs 13.1 2 (0.1 mons) 1-(2'-xmopatun)-
1,2,4-tpuazona (1), 11.2 2 (0.2 mons) KOH u 50 mz 50% BogHOTO pactBopa
NMO wunTeHcuBHO nepememmBaioT 5 u. [Ipu 20-25°C. 3arem skcTparupo-
Banu xsopodopmom. [locne ymanenus xsopodopMa OCTATOK MEPErOHSIOT
1Py MOHMKEHHOM JaBiieHud. Beixon 1-punmi-1,2,4-tpuaszona 6.6 2 (70%),
1. ku11. 58°C/1 mm pm em, n3° 1.5200. JIuteparypusie nannsie [14]- 1. kum.
58°C/10 mm pm c¢m, n5° 1.5120.

1-Tlponaprui-1,2,4-tpuasou (4). Cmech 6.9 2 (0.1 monsn) 50% BoaHOTO
pactBopa NMO mnepemermBator B Teuenne 1 u, mpu temmneparype 70°C.
3aTeM peaKkIHOHHYI0 CMECh OXJIAKAAIOT 10 Temreparype 40°C u mo kamisim
no6asisitor 19.3 2 (0.15 mons) nponaprunbpomuaa, mocie 100aBICHUS PO-
napruyiopoMua nepemernuBanie npoaosnkaror npu 40°C B tedyeHue 5 u.
[ponykr peakuuu sxcrparupyior CHyCly. Tlocne ynanenust pactBoputens
OCTaTOK TEPETOHSIOT MPH TMOHEKEHHOM JaBieHuU. Breixon 1-mpomapru-
1,2,4-tpuazona (4) 5.4 2 (51%) ¢ 1. xun. 69-70°C (1 ymm pm cm) T. M. 39-
40°C. UK cmiekTp, v, cvt: 2100 (C=C), 1500 (xonbuo). Crextp IMP H, 1
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(DMSO-ds : CCls-1/3), 3, m. 1., ['y: 3.05 T (1H, =CH, J=2.6), 5.06 1 (2H, N-
CHz, J=2.6), 7.81 ¢ (1H, 3-H), 8.40 ¢ (1H, 5-H). JlureparypHsic naHHbBIE
[15]- 1. xum. 69°C (1 mm pm cm) T. 1. 39-40°C.

1-(2-Metokcuaumn)-1H-1,2,4-tpuazon(5) u 1-(2-meroxcunpon-1-
en-1-wn)-1H-1,2,4-tpuazoa (6). K cmecu 10.7 2 (0.1 mons) 1-nponaprii-
1,2,4-tpuazona(4), 6.8 2 (0.05 mons) KoCOs moGasnsiror 1.0 mz Boasl u
50 mz MeTaHOJIA M HATPEBAIOT C OOPATHBIM XOJIOAUILHUKOM B TEYCHUE S5 u.
MetaHon ynaNsIOT MPH NOHWKEHHOM JABJICHUH, ITOCIE Yero J00aBIISIFOT
10 mn Bombl u skctparupytor CH2Cly. Tlocne ymanenuss CH2Clz, octatok
MEPETOHSIOT IPHU NOHMKEHHOM JaBieHud. Breixon 10.3 2 (75%), T. kum. 97-
100°C (1 mm pm cm) n3°=1.4950. VK crextp, v, e 1510 (kombIo), 1640
(C=C). Hatigeno, %: C 52.38; H 6.3; N 30.68; CsHoN3O. Beraucneno, %: C
51.79; H 6.47; N 30.21. [Tocne pa3neneHus COEAMHEHUS 5 OT COeTUHEHHS O,
ciektp SIMP 'H mokasan, 4to coenunenue 6 coctout u3 E U Z n3omepos.
Cnextp AMP 'H, 1 (DMSO-ds : CCls-1/3), 8, m. 1., I'y: E-u3omep: 2.06 1
(3H, OCHs, =1.0), 3.78 ¢ (3H, OCHz), 6.21 k8 (1H, =CH, j=1.0) 7.70 ¢ (1H,
3-H), 8.75 ¢ (1H, 5-H). Cnextp SIMP H, 1. (DMSO-ds:CCl4-1/3), 5, m. 1.,
ri; Z-m3zomep: 1.81 ym. c¢. (3H, OCH3), 3.56 ¢ (3H, OCH3), 6.3 xB (1H,
=CH, J=1.0) 7.8 ¢ (1H, 3-H), 8.18 ¢ (1H, 5-H). Cnextp SIMP 'H, 1 (DMSO-
ds : CCls-1/3), 6, m. 1., I': Coenunenue 5: 3.70 ¢ (3H, OCHs), 4.09 u 4.14
an (1H u 1H, =CHz, J= 2.7), 4.75 ¢ (2H, NCH2) 7.74 ¢ (1H, 3-H), 18.23 ¢
(1H, 5-H).

1-Anenuna-1H-1,2,4-tpuazoa (7). K cmecu 10.7 2 (0.1 wmons) 1-
nponaprui-1,2,4-tpuaszona (4), 6.8 2 (0.05 mons) KoCOz nob6asnstor 2.0 ma
Bobl M 50 Mz u30-PrOH u marpesaror npu temmneparype 80°C B TeueHwue.
N30-PrOH ypanstor npu NOHMKEHHOM MAaBJICHUW TOCIE Yero J00aBIISIOT
10 mn H20 wu skcrparupytor CH:Cly. Tlocne ynmanenuss CH2Cl> octatok
MIEPETOHSIOT MPH MOHIKEHHOM JaBiieHnu. Boixox 6.9 2 (65%), 1. kum. 65°C
(1 »mm pm em) n3°=1.5050. UK crextp, v, cx’: 1510 (komsio), 1590 (C=C-
C=C). Cnextp SIMP 'H, nmn (J, I'y): 5.61 x1 (2H, =CHy, J=6.5), 7.05 T (1H,
=CH, J=6.5), 7.82 ¢ (1H, 3-H), 8.18 ¢ (1H, 5-H). Haiineno, %: C 56.21; H
4.91; N 39.69; CsHsN3. Berurciieno, %: C 56.07; H 4.67; N 39.25.

1-(Byraguen-1,3-um)-1,2,4 tpmaszoaa (9). Cmeco 6.9 2 (0.1 mons)
1,2,4-tpuazona, 5.6 2 (0.1 mons) ruapoxcuna kamust 50 mz 50% BomHOTO
pacteopa NMO, Beigepskusaror 30 mun npu 70°C. Ilocie oxiaxkacHus K
cmech 106aBisitot (0.5 mons) 1,4-1Xb-2 u nepememmuBatot 5 u. Ipu 60°C.
[Tocite OXJaICHUs PEaKIMOHHBINA cMech 10 Temmeparypbl 20°C 1o6aBisioT
eme 11.2 2 (0.2 mons) ruapoKCcHaa KAk, MPU 3TO TEMIepaTypa PeakKiHoH-
HO# cpenu noanumMaercst 10 60°C, mpu 3Toi TeMIepaType HHTEHCUBHO Tie-
pememmuBaioT eme 2 y. [locae oxmaxaeHus: peakIMOHHYI0 CMECh IKCTparu-
pytor CH2Clz. Yaanstor pactBoputens u u3bbitok 1,4-JIXB-2, ocratok
MIEPETOHSIOT NMPU MOHWKEHHOM JaBieHuu. Beixon 2.2 2 (35%), T. xun. 72-
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75°C (1 mm pm cm) n5°=1.5600. UK crextp, v, cmt: 730 (C=C, muc), 970
(C=C, tpanc), 1510 (xomb10), 1640 (C=C). Cnextp SIMP 'H, §, m. 1., T11:

Coedunenue 9 (yuc) — 5.21 n (1H, =CHo, J=10.2), 5.45 n (1H, =CHo,
J=17.1), 591 nn (NCH=CH, J=11.0 u 9.6), 6.351 (1H, NCH, J=9.6), 7.69
ann (1H, CH=CHy, J=17.1,11.96), 7.65 c (1H, 3-H), 8.63 ¢ (1H, 5-H).

Coedunenue 9 (mpanc) —5.15 n (1H, =CH>, J=10.0), 5.38 1 (1H, =CHo,
J=17.0), 6.58 ann (1H, CH=CH, J=17, ] = 101 10.8), 6.70 a (1H,
NCH=CH, J=14 u 10.8), 7.251 (1H, NCH, J=14.0), 7.60 ¢ (1H, 3-H), 8.58 ¢
(1H, 5-H). Haiineno, %: C 58.95; H 5.34; N 34.99; CsH7Ns. Borurcieno, %:
C 59.50; H5.78; N 34.71.

Hccneoosanue gvinonneno 6 Poccuticko-Apmsnckom yHugepcumeme 3a
cuem cpeocms, BBIICIEHHBIX 8 pamkax cyocuouu MOH Poccuu na ¢unan-
cuposamnue HayyHo-Uucciedosamenbekou deasmenvrocmu PAY, a maxoce npu
Gunancosotii noooepacke I ocyoapcmeennozo komumema no nayke MOH PA
6 pamkax Hayunoeo npoekma Ne 21T-1D020.

1,2,4-SCPUQNLE WLYPLUSAFUL QLUNPULUSPL UPQUUUSLNFU N-
UGR-PLUNCDHALPL-N-OLUPYP UN-YU3NFE-3UUL 6 USUSIUO
JELQLUL3NFE-GLP NMNTS PNVEMYNFULEL

U. 1. UL6LUUL3UL, L. U. ARUIL23UT, W. \. NUUL rUE-3UL,
Q. Q- Y LUSGNFL3UL b N. U. UR-R-Ur3uL

Sfyuy wppsunnuiipnid meunediwufpfned £ 1,2, 4-nppugnf wphppugnodp mwppbp
Susynalibmyuibiibpn, fligufuppl B 1,2-whpnpbfduwip, wpnympgfyppodfyp b 1,4-gf
prrpprfd-2-Ei-p,  wnwhy  opgutuululs  jnidpghbpp ffipunduts,  Ypudpdimgfl o dp-
Quirfusypmd, Nibbofafyyiinppryfrts=N-opufp/Ynep Susfuslpuspugh wlyusynefFyundp: Npnyfuws &,
np 1,2 4= mppugnyfe whfyduls npnypg qrpdnh b Qutugfumimnd fbpffiif - Spaimgfine-
duilpupgned swiplfysduity nbolygfutbph phfFubncd b wniy npld puppn Fpab: negl Qe
dulppgnd mamdingofypfwd b ol wmugdwd fbpuuiyncfdhph qhSpqpnppnpugmdp:
Nesncilmfipefby & sqrunusgfs Jposs=susyfrpumsy s ooy Fabipned 1-wpmupgpy-1,2,4-nph-
wigryfy drusghpfrlyusg fruata:
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ALKYLATION OF 1,2,4-TRIAZOLE IN AN AQUEOUS ALKALINE MEDIUM
IN THE PRESENCE OF N-METHYLMORPHOLINE N-OXIDE AND SOME
TRANSFORMATIONS OF THE OBTAINED PRODUCTS

A. G. ALEKSANYAN? L. A. BICHAKHCHYAN?, A. H. HASRATYAN?,
G. G. DANAGULYAN!? and H. S. ATTARYAN??

! Russian-Armenian (Slavonic) University
Hovsep Emin str., 123, Yerevan, Armenia, 0051
2 The Scientific-Technological Center of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Ave., Yerevan, 0014, Armenia
E-mail: ani_hasratyan@mail.ru

In this work, we have studied the alkylation of 1,2,4-triazole with various
haloalkanes, such as 1,2-dichloroethane, propargyl bromide, and 1,4-dichlorobut-2-ene,
without the use of organic solvents in an aqueous-alkaline medium in the N-
methylmorpholine N-oxide/H,O system. It was found that the determining factor in the
alkylation of 1,2,4-triazole is its basicity, which leads to deprotonation under the
influence of alkali, and the alkylation reactions in the PTC/NMO system proceed
without any complications. It was experimentally found that the optimum is the molar
ratio of the reagents — triazole: KOH: dichloroethane, in the PTC/NMO/KOH system is
0.1: 0.1: 0.6, which 55-60% yield of 1-(2'-chloroethyl)-1,2,4-triazole. In contrast to 1-
(2'-chloroethyl)pyrazoles, the dehydrochlorination of 1-(2'-chloroethyl)-1,2,4-triazole in
a 50% aqueous solution of NMO in an alkaline medium proceeds in much milder
conditions, at a temperature of 20-25°C, and the yield of 1-vinyl-1,2,4-triazole is 70%.
The modification of 1-propargyl-1,2,4-triazole in aqueous-alcoholic solutions of potash
has been studied. The modification of the triple bond at the nitrogen atom of the triazole
ring proceeds successfully with the formation of 1-(2-methoxyallyl)-1H-1,2 4-triazole
and E [1-(2-methoxyprop-1-en-1-yl)]-1H-1,2,4-triazole with a total yield of 75%. When
passing from methanol to isopropanol, it was found that the triple bond of 1-propargyl-
1,2,4-triazole chemoselectively undergoes prototropic rearrangement with the formation
of 1-allenyl-1H-1,2 4-triazole.
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CHHTE3 AMUHONIPOM3BOIHBIX MUPAHO[34-c|]TMPUINHOB
W MIUPAHO[4',3":4,5]ITAPUJIO[2,3-d TIMPUMUIUHOB

E. . MAPOHUKSH, II. 1. JAIISH" u A. C. APYTIOHSIH

Hay4no-TexHOTOTHYECKHIT IEHTP OPTaHUYECKON U (hapMaeBTHYECKON XUMUH
HammonanpHoii akanemun Hayk PecnyOniku ApMeHus
Apwmenns, 0014, Epean, mip. AzatyTsH, 26
*E-mail: shdashyan@gmail.com

PaspaboTtaHbl 0gHOpeakTOpHble METOAbl MOMyYEeHUs MPOM3BOAHBIX 7-apui3ameLleHHbIX-6-
amuHo-nmpaHo|[3,4-clNMpANH-8-TMOHOB 1 COOTBETCTBYIOLMX NupaHo[3,4-clnupuanH-8-oHos. U3y-
YEHO B3auUMOAENCTBUE TeTparnaponMpaH-4-oHoB C ManoHOHUTPUIIOM U apunusoTMoumaHatamu, a
Takke B3aumogencTeue nmpaHo[3,4-clnMpuanH-8-TMOHOB C AMMETUNCYNbGAToOM U METaHOMbHbIM
pacTBOPOM rmapokcuaa kKanus, npvBoAsdllee K obpasoBaHMIO COOTBETCTBYKLUMX nupaHo[3,4-
c]nupnaunH-8-oHOB. Ha ocHoBe mocnefHWX CUHTEe3MPOBaHbl MPOU3BOAHbIE HOBOW reTepoCcucTeMbl —
nupaHo[4',3":4,5]nnpuao[2,3-d] nupumuamHa.

Bubn. ccbinok 9.

[TpousBoansle nupaHo[3,4-c|nIUpUINHOB, B OCHOBHOM BBIJECJICHHBIE U3
pacTeHHi, IPOSIBISAIOT THIIOTEH3UBHOE, TPOTUBOCYJOPOKHOE U IPOTUBOBOC-
nanutenbHoe neiictBue [1-3]. CuHTeTHUECKHME METOABl WX MOJYYCHHS
JOBOJIBHO OTpaHHYEHBI. B TO e BpeMms mpousBoaHbie nupuao[2,3-d]mpu-
MUJIMHOB MHTEPECHB! KaK B XMMHUYECKOM IUIaHE, TaK U B KauecTBe OMOJIO-
TMYECKH aKTUBHBIX coequHeHuil [4-7]. IIpon3BoaHbIe K€ TPULUKIMYECKON
rerepocucTeMsl — mupano-[4',3":4,5 jmmpuno[2,3-dnupruMuanHa B TUTEpaTY-
p€ HE OIMCAHBI.

Hcxons U3 BBIIEU3I0KEHHOTO, HAMH pa3pabOTaHbl METObI NOIY4YEHUS
HOBBIX IPOU3BOJHBIX NupaHo[3,4-clnupuauHoB u nupano[4',3":4,5|nupu-
10[2,3-d|mupUMHIINHOB Ha UX OCHOBE.

B xadecTBe HCXOAHBIX COEMHEHUM AJIs1 CUHTE3a CIIYXKWIU TETparuapo-
nupan-4-ousl 12,0 [8]. B3aumopeiicTBreM MocieTHuX ¢ MATOHOHUTPUIIOM U
apUWIM30THOLMAHATAMU OJHOPEAKTOPHBIM METOJOM CHUHTE3MPOBAaHbI MUPU-
IUHTUOHBI 3a,0. [Ipennonaraercs, 4To peakuus NPOTEKaeT Yepe3 IpoOMeKy-
TOYHOE 00pa3oBaHue aaykTa 2 (cxema 1).
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Cxema 1

o CN CN
1 = 1
one pot R g =N R X NH,
R! —_— R | A —» R
ArNCS o) N 0 N
R™ "0"  CH,(CN), AT “Ar
S S
1396 2 3a-B

R = Me, R! = Et (1a, 3a)_; RR! = CH(Me); (16, 36,8); Ar = CgHs (3a); Ar =
4-Me-CeHa (36); Ar = 3-Me-CgHa (3B).

AHaJIOTHYHBIC COSAWHEHHUS 3T,]] MOJydYeHBbI B3aUMOJCHCTBHEM METO-
cyiabdaTta 6-aMuHO-8-THO-MeTUINHpaHO|3,4-c|tTnomupmnus 4 [9] c 3ame-
HIeHHbIMU aHWIMHaMu. Kak mokazaHo B pabote [9], B kauecTBe IpOMEXKY-
TOYHOTO COCTUHCHHSI 00Pa3yIOTCs HMUHOCOSAMHEHUS 5, KOTOPBIE B MPHUCYT-
CTBUHM TPHUATWIAMHHA TIOABEPTaIOTCS TEPETPYIIUPOBKE C 0Opa3oBaHUEM
MUPUIUHTHOHOB 31,11 (cxema 2).

Cxema 2
CN CN
one pot Me X NH, Me X NH,
T
A, (ML — Me N
| Ar
5 N-ar 3,

Ar = 4-COMe-CoHa (3r); Ar = 4-COOEt-CeHa (311).

B UK cnekrpax coenuHenuii 3a-1 NIPUCYTCTBYIOT IIOJOCHI OIIOLICHHUS,
XapakTepHbIC JUIsl HUTPUILHOU Tpymnmbl B oOmactu 2215-2220, amuHHON
rpynnsl — 3250-3460, TonHo# Tpynmbl — 1120-1150 cut. B SIMP 'H
cnekTpax curHaisl nmpotoHoB NHz rpynmsl nposiBistoress B oOmactu 6.44-
7.59 M.z

Jns momydeHus 7-apui3aMelleHHBIX-6-aMUHONUPUANH-8-0HOB 74,0
pa3paboTaH OJHOPEAKTOPHBIM METOJ, CyTh KOTOPOTO 3aKJII0YacTCs BO
B3aMMOJICHCTBUM THOHOB 33,0 ¢ TUMETHICYIb(haTOM U 00pabOTKE MUPUIH-
HHUEBBIX COJIel 6 METaHOJBHBIM PACTBOPOM T'MIPOKCHIA Kajus, 0e3 Bbliese-
HUS MTOC/IeaHMX (cxema 3).
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Cxema 3

CN CN
1 1
R X 2 (Me),SO KOH R N
R — o Ro My
\Ar MeOH \Ar
S o]

72,0

R = Me, R! = Et, Ar = C¢Hs (7a); RR! = CH(Me)z, Ar = 4-Me-CsHa (76)

B UK cnekrpax coeauHeHni 7a,0 MPUCYTCTBYIOT MOJOCHI ITOTIIOIICHUS
CO rpynmst — B ob6mactu 1660, CN rpymmer — 2210, NH2 rpymmer — 3250-
3430 cmt. B cnextpax AMP *H nocnemuux curnanst nporosos NH, rpymm
HAOJIIOIAIOTCS B BUJIC YIIUPESHHBIX CUHTIICTOB IpH 6.21 1 6.19 M. ..

Konpencanueit coequHennii 7 a,0 ¢ popMaMHIOM CHHTE3HPOBAHBI S5-
OKCO-6-apunnupuio 2,3- NupUMUANHEI 8 a,0 1o cxeme 4.

Cxema 4
B R! 7 R_R!
CN R
R] NH (0] - (0} NHZ
R = HCONH, C=N
o N 7 AN - = = SN
SAr A, 4 | *NH, | /l
| =
o 07 N7 “N=CH 07 NTON
7a,0 Ar Ar g
a,0

R = Me, R! = Et, Ar = CsHs (8a); RR™ = CH(Me)a, Ar = 4-Me-CgHs (86)

B UK cniektpax coenuHeHHH 8 8,0 IMEIOTCSI TIOJI0CHI MOTJIONIEHUS B 00-
nactu 3350-3420 u 1650 cy™ xapaxtepusie ans NH, u CO-rpynm cooTBer-
CTBEHHO M OTCYTCTBYIOT TIOJIOCHI TIOTJIOIICHHUSI XapaKTePHbBIE IS HUTPHIIb-
Hoii rpynmel. B crnektpe SIMP 'H cunrners: nporonos CH B mupumunu-
HOBOM KOJIblIe HaxoasTcsa B obmnactu 7.97 u 7.94 m.a., a NH2 rpynmnsl npu
6.97 u 6.86 m.11.

BKCHepI/IMeHTaJIBHaH 4acTb

UK-cnextps! cHaThI Ha ciektpodoTomerpe "NicolatAwatar 330 FT-IR”
B BasenmuHoBoM Macie. Crextpsl SIMP 'H u *C momyuensr ma mpubope
Varian "Mercury 300WX" ¢ pabounmu uactoramu 300.088 u 75.465 MIy,
pactBoputenb— IMCO-ds-CCls (1:3), Buyrpennuii cranmapt — TMC. Tem-
neparyphl IJIaBICHUS OMpe/IelicHbl Ha cTouke "Boetius”.

O0mas MeToauKa NMOJYYEeHHUS 7-apHiI3aMelleHHbIX 6-aMHUHOIMPAHO
[3,4-c]nupunun-8-tuonos (3a-B). Cmech 0,01 mons mmpanona 1 a0,
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0,01 mons manononutpuia, 0,01 mors apunuzoruonuanata, 2 ma JM®PA u
1 mn TpudTHITamMuHa HarpeBatoT 1 y mpu 50°C. [Tocne oxJakIeHus: K CMeCH
npubaBisioT 10 mr metanona. OOpa3oBaBIIKECs KPUCTAIIIBI OT(QUIBTPOBBI-
BAIOT, IPOMBIBAIOT BOJOM U cymiat. [lepekpucTamin3oBbIBalOT U3 3TAHOJIA.

6-AMHHO-3-3TIJI-3-MeTHII- 7 -(peHnJ1-8-Tuokco-3,4,7,8-rerparuapo-
1H-nupano[3,4-Clnupuaun-5-kapoonurpuia (3a). Beixon 71.4%, 1. m.
255-256°C. Haiigeno, %: C 66.55; H 5.81; N 12.78; S 9.72. C1gH19N30S.
Brruncieno, %: C 66.43; H 5.88; N 12.91; S 9.85. Cnexktp AMP H, ™, m.11.,
I'y: 1.00 (1, 3H, CH2CH3, J = 7.5); 1.23 (c, 3H, CHs); 1.46-1.79 (m, 2H,
CH2CHz); 2.48 (n, 2H, 4-CH, J = 17.1); 4.37 (1, 2H, 1-CHz, J = 17.1); 6.45
(m, 2H, NHy); 7.13 - 7.21 (m, 2H, 2CHa); 7.47 — 7.70 (m, 3H, 3CHay).

6-AMuHO-3-u3onponui-7-(4-meruidenui)-8-ruokco-3,4,7,8-terpa-
ruapo-1H-nmupano|3,4-Clnupuaun-5-kapoonurpui (36). Beixox 65.2%, T.
. 242-243°C. Haiineno, %: C 67.38; H 6.17; N 12.25; S 9.53. C19H2:N30OS.
Boruncneno, %: C 67.23; H 6.24; N 12.38; S 9.45. Cnektp SIMP H, ™ M.,
I'y: 1.03 (o, 3H, CHCHa, J =6.8); 1.04 (o, 3H, CHCHgs, J =6.8); 1.82 (okT,
1H, CHCHa, J =6.8); 2.42-2.63 (M, 2H, 4-CHy); 2.46 (¢, 3H, CCHj3); 3.26
(mmm, 1H, 3-CH, 1J =10.2, 2 = 6.4, ) = 3.5); 4.17 (ar, 1H, OCHH, 1J =
15.7,23 = 1.8); 4.69 (n, 1H, OCHH, J =15.7); 6.44 (m, 2H, NH>); 6.99 — 7.04
(M, 2H, 2CHar); 7.36 — 7.41 (M, 2H, 2CHar). Cnektp SAMP Be, ™, moa:
17.8; 20.8; 29.3; 32.0; 67.2; 77.1; 78.4; 115.1; 124.1; 127.5; 127.8; 130.6;
130.7; 134.9; 138.5; 142.3; 153.9 (C=S).

6-AmMuno-3-uzonponui-7-(3-meruiagenni)-8-rnokco-3,4,7,8-rerpa-
ruapo-1H-mupano|3,4-clnupuann-5-kapoouurpuia (38). Bexon 75.2%, T.
. 237-238°C. Haiineno, %: C 67.09; H 6.31; N 12.23; S 9.52. C19H2:N30OS.
Beruncneno, %: C 67.23; H 6.24; N 12.38; S 9.45. Cnektp SIMP H, ™ m.1.,
I'y: 1.02 (o, 3H, CHCHa, J =6.7); 1.04 (n, 3H, CHCHa, J =6.7); 1.80 (okT,
1H, CHCHs3, J =6.7); 2.40-2.61 (M, 2H, 4-CHy); 2.45 (c, 3H, CCHa); 3.24
(nmm, 1H, 3-CH, 1J = 10.2, 2 = 6.5, 3] = 3.5); 4.13 (ar, 1H, OCHH, 1J =
15.7, 23 = 1.8); 4.65 (n, 1H, OCHH, J =15.7); 6.46 (1, 2H, NH); 6.95 — 7.01
(M, 1H, CHar); 7.34 — 7.47 (M, 3H, 3CHar).

O0mass MeroaMka MOJYy4YeHHs] 7-apW/3aMelleHHBIX 6-aMHHOIM-
pano[3,4-c]JmupuauH-8-TuonoB (3 r,a). Cmech 0,01 monst THOMUPUITHEBOU
comu 4, 0,05 Mo COOTBETCTBYIOIIETO aHWIMHA W 1 M7 TPUDTWIAMHUHA B
20 mn abc. DraHONA KUMATAT ¢ 0OpaTHBIM XonoamwiabHUKOM 1 u. [locie ox-
JaxaeHus K cMecu npuOaBisitoT 50 mz BOABI, BBIMABLIME KPHUCTAIBI OT-
(UIBTPOBBIBAIOT, MPOMBIBAIOT BOAOW M cymiar. [lepexkpucTamin3oBbIBalOT
13 TaHoJA.

7-(4-Auernadenmnn)-6-amuno-3,3-1umMeTHII-8-Tuokco-3,4,7,8-rerpa-
ruapo-1H-nupano|3,4-Clnupuaun-5-kapoonurpui (3r). Beixon 68.2%, T.
m1. 260-261°C. Haiineno, %: C 64.65; H 5.48; N 11.72; S 9.18.
C19H19N302S. Borumcneno, %: C 64.57; H 5.42; N 11.89; S 9.07. Cnektp
AMP H, ™, m.1., I'y: 1.30 (c, 6H, C(CH3)2); 2.58 (c, 2H, 4-CH>); 2.67 (c,
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3H, CCHs); 4.38 (c, 2H, 1-CH2); 6.74 (w1, 2H, NH2); 7.23-7.34 (m, 2H,
2CHar); 8.12-8.18 (M, 2H, 2CHay).

Otun 4-(6-amuHo-5-uHaH0-3,3-TuMeTHII-8-THOKCO-4,8-Turuapo-1H-
nupano[3,4-clnupuaun-7(3H)-mn)oensoar (31). Boixonx 67.8%, 1. 1. 284-
285°C. Haiineno, %: C 62.51; H 5.46; N 10.88; S 8.27. Cz0H21N303S.
Brruucneno, %: C 62.64; H 5.52; N 10.96; S 8.36. Cnektp SIMP H, ™ m.1.,
I'y: 1.26 (¢, 6H, C(CHs)2); 1.37-1.42 (m, 3H, CHz); 2.41 (c, 2H, 4-CHy);
4.27-4.36 (m, 2H, OCH>); 4.43 (c, 2H, 1-CH,); 6.82-6.90 (M, 2H, 2CHa);
7.59 (u1, 2H, NH2); 7.96-8.08 (M, 2H, 2CHar).

O0mas Meno0THKA TMOJIyYeHUs] 7-apuji3aMelieHHbIX 6-amMuHONMpa-
Ho[3,4-c]nupuaun-8-onos (7 a,6). Cmeco 0,01 mora nupunuuaTHOoHa 3 2,0 U
1,52 (0,012 mons) numetuncynbdara narpearot 10 mun npu 100-110°C.
[Tocne oxnaxkaeHUs K CMECH NMPHOABIAIOT pacTBop 1,2 2 eAKkoro xamus B
30 mn MeTanosa. CMeCh KUIATAT ¢ OOPATHBIM XOJIOAWIBHUKOM 2 4. 3aTeM K
cMmecu 106aBisioT 20y BOfbl, 00pa30BaBIINECs KPUCTAILIBI OTGUIBTPOBBI-
BaIOT, IIPOMBIBAIOT BO/IOH U cymat. [lepekpucTaiin30BpIBalOT U3 HUTPOME-
TaHa.

6-AMMHO-3-3TIJI-3-MeTHI-8-0KCo-7-pennii-3,4,7,8-rerparuapo-1H-
nupano[3,4-c|mupuaun-5-kapoonurpun (7a). Bexon 83.2%, 1. 1
276-278°C. Haiineno, %: C 69.86; H 6.26; N 13.62. C1g8H19N30-. Bberuucie-
HO, %: C 69.88; H 6.19; N 13.58. Cniektp SIMP H, ™ m.x., T'y: 0.98 (t, 3H,
CH2CHs, J = 7.4); 1.24 (c, 3H, CHs); 1.45-1.78 (m, 2H, CH2CHs); 2.44 (x,
2H, 4-CHy, J = 17.1); 4.23 (1, 2H, 1-CH, J = 17.1); 6.21 (ymrc, 2H, NHy);
7.11-7.14 (m, 2H, 2CHar); 7.45 - 7.62 (M, 2H, 2CHay).

6-AMuHo-3-u3onponui-7-(4-meruiadenmni)-8-oxco-3,4,7,8-terparua-
po-1H-nupano|3,4-c]nupuaun-5-kapoonntpua (76). Boixon 81.3%, 1. mut.
273-274°C. Haiigeno, %: C 70.48; H 6.46; N 12.94. CioH21N30O..
Brraucneno, %: C 70.57; H 6.55; N 12.99. Cnextp SAMP *H, ™, m.x1., [y:
1.02 (m, 3H, CHCHs3, J =6.6); 1.03 (1, 3H, CHCHj3, J =6.6); 1.81 (okT, 1H,
CHCHs, J =6.6); 2.33-2.54 (M, 2H, 4-CHy); 2.45 (c, 3H, CCHg); 3.20-3.29
(M, 1H, 3-CH); 4.16 (at, 1H, OCHH, 1J = 15.0, 2 = 2.2); 4.46 (n, 1H,
OCHH, J =15.0); 6.19 (c, 2H, NHy); 7.04 — 7.10 (M, 2H, 2CHay); 7.33 - 7.39
(M, 2H, 2CHar). Cnextp SAMP 3¢, ™, . 17.8; 17.9; 20.7; 29.0; 32.0;
63.8; 70.2; 77.5; 110.9; 116.0; 128.0; 128.1; 130.3 (2C); 131.4; 138.5; 144.5;
154.2; 158.1 (C=0).

Oobmas Meronuka mnoaydenusi 10-amuHonupuno|2,3-d|mupumuman-
HoB (8 a,0). Cmecp 0,01 mons coequuenust 7 a,6 u 30 mn popmamuna
KHIATAT ¢ 0OpaTHBIM XOJIOAWIBHUKOM 4 u. [locie oxyaxieHus BbITIABIINE
KPUCTaJUTBl OT(QUIBTPOBBIBAIOT IMPOMBIBAIOT BOJAOH, ITaHOJIOM H CYIIIAT.
ITepexpucrannuzopsiBatoT u3 JIMDA.

1-AMuHO0-9-3THA-9-MeTHII-5-penni-5,7,9,10-rerparuapo-6H-nupa-
Ho[4',3":4,5|nupnno|[2,3-d|mmpumuann-6-on (8a). Beixoxm 76.7%, T.mu.
324-325°C. Haiineno, %: C 67.90; H 6.06; N 16.78. C19H20N4O-. Beruncie-
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HO, %: C 67.84; H 5.99; N 16.66. Criextp IMP H, ™, 1., I'y: 0.99 (T, 3H,
CH:CHs, J = 7.4); 1.22 (c, 3H, CHas); 1.49-1.76 (m, 2H, CH,CHz3); 2.86
(yur.zo, 1H, 10-CHH, J = 17.3); 3.03 (ympg, 1H, 10-CHH, J = 17.3); 4.41
(ym.g, 1H, 7-CHH, J = 17.8); 4.45 (ym.a, 1H, 7-CHH, J = 17.8); 6.97 (ym.c,
2H, NH2); 7.07-7.13 (m, 2H, 2CHar); 7.37-7.51 (M, 3H, 3CHar); 7.97 (c, 1H,
3-CH).

1-AmuHo-9-m3onponui-5-(4-meruadennn)-5,7,9,10-rerparuapo-6H-
nupano[4',3":4,5|mupuno|2,3-d|jmupumuaun-6-on  (86). Brixon 75.8%,
T.aur. 315-316°C. Haﬁ/:[eHo, %: C 68.62; H 6.46; N 15.88. ConzstOz.
Brrancneno, %: C 68.55; H 6.33; N 15.99. Crextp AMP 'H, ™, m.x., I'y:
1.06 (x, SH, CH(CHz3)2, J =6.7); 1.80-1.96 (M, 1H, CH(CHs3),); 2.45 (c, 3H,
CCHs3); 2.83 (ymra, 1H, 10-CHH, J =16.3); 3.05-3.24 (m, 2H, 9-CH u 10-
CHH); 4.35 (yurg, 1H, 7-CHH, J =17.0); 4.69 (ym.na, 1H, 7-CHH, J =17.0);
6.86 (yu. c, 2H, NHy); 6.93 — 6.98 (M, 2H, 2CHa/); 7.23 — 7.28 (M, 2H,
2CHar); 7.94 (c, 1H, 3-CH). Cnektp SAMP B¢e, ™, moo.: 17.7; 18.1; 20.7;
30.1; 31.9; 65.0; 77.9; 97.4; 124.0; 128.2 (2CH); 128.8 (2CH); 134.1; 136.4;
140.3; 154.6; 155.2; 159.2; 160.4.

YacTh nccinenoBaHmid BHITIOTHEHO MPH (PUHAHCOBOM moxanepkke Komu-
TeTa 1o Hayke PA B pamkax HayuHoro npoekra Ne20TTSG-1D011.

MpLPULA[3,4-c] NPLPYPLULELD GO MPLTLA [4,3':4,5]MPLPYN [2,3-d]
Mp-PRUBDPLLELD WP LAUOULS3ULLELD UPLREQL

6. G&. MUrNLhE3Uy, &. ¢. HUS3UL b W U. NULNFE-3NAFL3TL

Vyulpfums b 7-uspfypnbgulyusyfms  6-uilfonuyfrputin] 3,4-c | wfppuypi-8-fFpnbubpp L
wpfypnbquiljuyfuwd G-wilfbingppuwtin3d-cJuppfyfb-S-nibpp upb@bgp dbfnyibp k-
S ppryppati-d-nikph finfusgybgnFudp dwpphnlfunppyf beowppyfrgnf@ g bbb
pb $tn: Neuncdvunfpdud § wppuwbin]3,4-c|yppfofb-S-[nibbpf nbulgpob gfpdb@df-
uncyfunnp b fuyfrdf Sppnpuff dbfFubnpuypl jpbngfFf S, npp wpggncpned
wugfby bl i 3,4-cufppyfi-8-nibp: Lbpfpubbppu Spdwl fpw upif@hgdly b
i Sbunbipngllyfly Swduljupgl wpputin/4',3':4,5] qppfpn]2,3-d]wpppdpgfpbp wsuiy-
Juslibp:

SYNTHESIS OF AMINO DERIVATIVES OF PYRANO[3,4-c]PYRIDINES
AND PYRANO[4',3":4,5]PYRIDOI[2,3-d]PYRIMIDINES

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

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

One-pot methods for the synthesis of derivatives of 7-aryl-substituted-6-
aminopyrano[3,4-c]pyridine-8-thiones  and  aryl-substituted  6-aminopyrano[3,4-
c]pyridine-8-ones have been developed by interaction of tetrahydropyran-4-ones with
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malononitrile and aryl isothiocyanates. The reaction of pyrano[3,4-c]pyridine-8-thiones
with methanolic solution of dimethylsulfate and potassium hydroxide to obtain
pyrano[3,4-c]pyridine-8-ones was investigated. Based on the latter, derivatives of a new
heterocyclic system — pyrano[4',3":4,5]pyrido[2,3-d]pyrimidine have been synthesized.
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SYNTHESIS AND STUDY OF ANTIOXIDANT ACTIVITY OF SOME
2-SUBSTITUTED 1,3-DIAZAADAMANTANES CONTAINING INDOLE
FRAGMENT

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

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

Condensation of 9-hydroxy-, 9-oxo-, 1,5-dialkyl-3,7-diazabicyclo[3.3.1]nonanes with various
indole-3-aldehydes synthesized a new series of 1,3-diazaadamantanes and studied their antioxidant
activity. According to the results of biological tests, some derivatives of this series have moderate
antioxidant activity, especially compounds, containing a hydroxyl group in 6-th position of the
diazaadamantane ring.

References 8.

Indole derivatives have been studied for a long time as prodrugs that
provide transport across the cell membrane. Known antiemetic,
antiarrhythmic, antiviral, ophthalmic drugs: Propindol, Pinalol, Arbidol,
Metisazon [1]. On the other hand, there are known effective antiviral drugs,
derivatives of adamantine: Amantandine, Remantadine [2]. The presence of
nitrogen atoms in the adamantane ring can lead to unique properties in the
derivatives of this class.

The aim of this work is to synthesize a new series of compounds, where
fragments of these two biologically active substances are combined.

The starting compounds were 9-hydroxy-, 9-oxo- and 1,5-dialkyl-3,7-
diazabicyclo[3.3.1]nonanes 1, the synthesis of which is given in works [3,4]
and substituted indole-3-aldehydes 2, synthesized according to the methods
described in work [5].
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The structure of the synthesized compounds was confirmed by the data
of elemental analysis, IR, *H and *C NMR spectra.

The antioxidant activity of the synthesized compounds was investigated,
which was studied in homogenates of rat brain tissue in in vitro experiments
according to the method [6,7]. Determination of the level of lipid peroxides
was carried out in a non-enzymatic system by peroxidation according to the
yield of one of the final product malonic dialdehyde (MDA), which forms a
complex compound with thiobarbituric acid in the form of a pink
chromogen. The optical density of the colored product was recorded taking
into account the absorption density at a wavelength of 534 nm, which
corresponded to the amount of the formed peroxide. Compounds were
studied at a concentration of 10-10 M and added to the incubation medium
immediately before incubation. A test with induced lipid peroxidation (LPO)
was used as a control, where a solvent was added instead of compounds. The
antioxidant activity was judged by the percentage changes in the amount of
MDA in the experimental samples compared to the control ones.
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According to the results of biological studies, only compounds 2-(1'-
benzyl-2'-methyl-3'-indolyl)-5,7-diethyl-6-hydroxy-1,3-diazaadamantane
(26) and 2-(2'-methyl-3'-indolyl)-5,7-diethyl-6-hydroxy-1,3-
diazaadamantane (28) exhibit an antioxidant effect at a concentration of 107
M, reliably inhibit the process of lipid oxidation in the form of a decrease in
the amount of MDA within 26 and 17%, respectively, compared with the
control. The rest of the compounds of this series do not show an inhibitory
effect. It was found that at a concentration of 10* M compounds 6, 14, 15
slightly increase the level of MDA, which indicates the ability of these
compounds to increase the intensity of peroxide reactions, i.e. have a
prooxidant effect.

Thus, a weak antioxidant effect was found in two compounds containing
a hydroxyl group in the structure, which is located in 6-th position of the
diazaadamantane ring.

Experimental part

IR spectra were recorded on a “Nikolet Avatar 330 FT-IR” spectrometer
from samples dispersed in mineral oil. The *H and **C NMR spectra were
recorded on a Varian “Mercury-300VX” instrument at 303 K with a
frequency of 300.078 and 75.46 MHz, respectively. In the assignment of
signals, the methods of double resonance, DEPT and HMQC were used.
Chemical shifts are given in ppm relative to the internal TMS for DMSO-
de/CCls 1/3 solutions. The progress of reactions and the purity of products
were monitored by TLC on Silufol UV-254 plates using propaol-water (7:3)
as eluent, development with iodine vapor.

General procedure for the preparation of 6-hydroxy-, 6-oxo-, 5,7-
dialkyl-2-indolyl-1,3-diazaadamantanes (3-31). To an alcoholic solution
of 10 mmol of the corresponding 1,5-dialkyl-3,7-diazabicyclo[3,3,1]nonane
1 add 10 mmol of the corresponding indole-3-aldehyde 2 and the reaction
mixture is boiled for 5-8 h. During this time, a precipitate forms. After
completion of the reaction the precipitate is filtered, washed with ethanol and
recrystallized. If there is no precipitate, ethanol is evaporated, the residue is
recrystallized from a mixture of ETHANOL:DMF (2:1).

2-(3'-Indolyl)-5,7-dimethyl-6-0xo0-1,3-diazaadamantane (3) published
in [8].

2-(6"-Chloro-3'-indolyl)-5,7-dimethyl-6-0xo0-1,3-diazaadamantane
(4) was synthesized from 1,5-dimethyl-9-oxo0-3,7-diazabicyclo[3.3.1]Jnonane
and 6-chloroindolyl-3-aldehyde. Yield 1.9 g (58%), R 0.25, mp. > 250°C. IR
spectrum, v, cm™: 1618 (C=Carom), 1651 (C=0), 3455 (NH). 'H NMR
spectrum, o, ppm, Hz: 0.62 s (3H, CHs); 0.84 s (3H, CHs); 2.74 br. d (2H, J
= 12.5, NCHy); 3.18 br. d (2H, J = 12.5, NCHy); 3.51 br. d (4H, J = 12.8,
2xNCHy); 5.30 s (1H, NCHN); 6.86 d (1H, J = 8.0, Harom); 7.18 s (1H,
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Harom); 7.36 s (1H, Harom); 7.82 d (1H, J = 8.0, Harom); 10.98 br. s (1H, NH).
13C NMR spectrum &, ppm: 15.7, 15.9, 44.8, 45.0, 59.2, 66.4, 76.0, 110.7,
111.9, 118.7, 121.6, 124.3, 124.4, 126.0, 136.8, 210.1. Found, %: C 65.08; H
6.50; N 12.60; CI 10.76. C1gH20N3CIO. Calculated, %: C 65.15; H 6.55; N
12.66; C1 10.70.
2-(1'-Cyanoethyl-3'-indolyl)-5,7-dimethyl-6-0x0-1,3-
diazaadamantane (5) was synthesized from 1,5-dimethyl-9-o0xo0-3,7-
diazabicyclo[3.3.1]nonane and 1-cyanoethylindolyl-3-aldehyde. Yield 2.1 g
(60%), Rf 0.75, mp. 215-217°C. IR spectrum, v, cm™: 1620 (C=Carom), 1697
(C=0), 2230 (C=N). *H NMR spectrum, &, ppm, Hz: 0.65 s (3H, CH3); 0.88
s (3H, CHs); 2.78 br. d (2H, J = 12.5, NCHy); 2.96 dd (2H, J = 8.1, 1.2,
NCH); 3.18 br. d (2H, J = 12.8, NCH>); 3.48-3.61 m (4H, 2xNCH>); 4.51
dd (2H, J =8.0, 7.1, NCH>); 5.32 s (1H, NCHN); 6.88 ddd (1H, J = 8.0, 7.0,
1.1, Harom); 7.10 t (1H, J = 8.0, Harom); 7.31 s (1H, Harom), 7.41d (1H,J=5.8,
Harom); 7.82 d (1H, J = 8.0, Haom). Found, %: C 72.60; H 7.0; N 16.24.
C21H24N40O. Calculated, %: C 72.66; H 6.93; N 16.18.
2-(1'-Carboxyethyl-3*-indolyl)-5,7-dimethyl-6-0xo-1,3-
diazaadamantane (6) was synthesized from 1,5-dimethyl-6-0x0-3,7-
diazabicyclo[3.3.1]nonane and 1-carboxyethylindolyl-3-aldehyde. Yield 2.5
g (65%), Rf 0.72, mp. 230-231°C. IR spectrum, v, cm™: 1608 (C=Carom),
1713 (C=0), 3144 (COOH). *H NMR spectrum, &, ppm, Hz: 0.62 s (3H,
CHs3); 0.88 s (3H, CH3); 2.76 br. d (4H, J = 12.5, 2xNCH); 3.18 br. d (2H, J
=12.5, NCH); 3.42-3.60 m (4H, 2xCH); 4.40 dd (2H, J = 8.0, 7.1, NCH>);
5.31s (1H, NCHN); 6.88 ddd (1H, J = 8.0, 7.0, 1.1, Harom); 7.05 ddd (1H, J =
8.0, 7.1, 1.2, Harom); 7.21 s (1H, Harom), 7.38 br. d (1H, J = 5.8, Harom); 7.85 d
(1H, J = 8.0, Harom); 11.25 br. s (COOH). Found, %: C 68.73; H 6.88; N
11.25. C22H25N30s. Calculated, %: C 68.66; H 6.81; N 11.20.
2-(2'-Methyl-3'-indolyl)-5-methyl-7-ethyl-6-oxo0-1,3-
diazaadamantane (7) was synthesized from 1-methyl-5-ethyl-9-0xo0-3,7-
diazabicyclo[3.3.1]Jnonane and 2-methylindolyl-3-aldehyde. Yield 2.1 g
(65%), Rr 0.68, mp. 212-213°C. IR spectrum, v, cm™: 1610 (C=Carom), 1715
(C=0), 3450 (NH). 'H NMR spectrum, &, ppm, Hz: 0.65 t (3H, J = 6.8,
CHs); 0.97 t (3H, J = 6.1, CH3); 1.18-1.42 m (2H, CH,CHs); 2.58 s (3H,
CHs-ingote); 2.72-2.81 m (2H, NCH); 3.15-3.25 m (2H, NCH); 3.39-3.60 m
(4H, 2xNCH>); 5.31 s (1H, NCHN); 6.76 ddd (1H, J = 8.0, 7.0, 1.2, Harom);
6.88 ddd (1H, J = 8.0, 7.0, 1.1, Harom); 7.20 d (1H, J = 5.8, Harom); 7.84 d
(1H, J = 8.0, Harom); 10.25 br. s (1H, NH). Found, %: C 74.50; H 7.78; N
13.07. CxoH25N30. Calculated, %: C 74.43; H 7.73; N 13.00.
2-(5'-Methoxy-3'-indolyl)-5,7-dimethyl-6-ox0-1,3-diazaadamantane
(8) was synthesized from 1-methyl-5-ethyl-9-0x0-3,7-
diazabicyclo[3.3.1]Jnonane and 2-methoxyindolyl-3-aldehyde. Yield 2.1 g
(62%), R 0.71, mp. 256-257 °C. IR spectrum, v, cm™: 1622 (C=Carom), 1676
(C=0), 3308 (NH). 'H NMR spectrum, &, ppm, Hz: 0.62 s (1.5H) and 0.72 t
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(1.5H,J=7.5,CHs); 094t (3H,J =75, CHs); 1.21 q (1H,J=7.5) and 1.41
q (1H, J = 7.5, CH,CH?3); 2.78 d (2H, J = 5.9, NCH,); 3.20 dd (2H, J = 8.1,
7.1, NCHy); 3.58 br. d (4H, J = 12.9, 2xNCHy); 3.76 br. s (3H, OCHj3); 5.28
br.s (1H, NCHN); 6.55 d (1H, J = 5.9, Harom); 7.16 s (1H, Harom); 7.22 d (1H,
J =5.9, Harom); 7.33 s (1H, Harom); 10.60 br. s (1H, NH). Found, %: C 70.85;
H 7.43; N 12.31. CooH25N30>. Calculated, %: C 70.79; H 7.37; N 12.38.

2-(1'-Benzyl-2'-methyl-3'-indolyl)-5-methyl-7-ethyl-6-oxo0-1,3-
diazaadamantane (9) was synthesized from 1-methyl-5-ethyl-9-o0xo0-3,7-
diazabicyclo[3.3.1]nonane and 1-benzyl-2-methylindolyl-3-aldehyde. Yield
2.4 g (58%), R 0.78, mp. 195-196°C. IR spectrum, v, cm™: 1608 (C=Carom),
1710 (C=0). 'H NMR spectrum, &, ppm, Hz: 0.71t (3H, J = 7.5, CHs); 0.94
t (3H,J =75, CHs); 1.18 q (1H, J=7.5) and 1.43 q (1H, J = 7.5, CH,CH);
2.80t (2H, J = 7.5, NCH); 2.88 s (3H, CHa); 3.22 t (2H, J = 7.5, NCH>);
3.41 br. d (2H, J = 12.8, NCH); 3.55-3.61 m (2H, NCH); 5.38 s (2H,
CH>CeHs); 5.42 d (1H, J = 5.8, NCHN); 6.82-7.1 m (4H, Harom); 7.19-7.22 m
(4H, Harom); 8.05 d (1H, J = 7.1, Harom). *C NMR spectrum 3, ppm: 6.85 and
7.15, 10.66, 15.71 and 16.06, 23.2 and 23.4, 44.8 and 45.2, 45.3 and 45.4,
46.9, 47.4 and 47.5, 57.5, 59.6, 64.1, 66.2, 77.5, 95.4 and 95.5, 95.6, 107.3
and 108.2, 118.6 and 118.7, 120.3 and 121.2, 125.2 and 125.3, 126.4 and
126.5, 128.0 and 128.1, 133.9, 136.2, 137.6, 137.7, 210.3. Found, %: C
78.53; H 7.56; N 10.11. C»7H31N30. Calculated, %: C 78.45; H 7.50; N
10.08.

2-(1'-Carboxyethyl-3'-indolyl)-5-methyl-7-ethyl-6-oxo-1,3-
diazaadamantane (10) was synthesized from 1-methyl-5-ethyl-9-0xo0-3,7-
diazabicyclo[3.3.1]Jnonane and 1-carboxyethylindolyl-3-aldehyde. Yield
2.5 g (65%), Rr0.72, mp. 230-231°C. IR spectrum, v, cm™: 1610 (C=Carom),
1708 (C=0), 3441 (COOH). *H NMR spectrum, &, ppm, Hz: 0.72t (3H, J =
7.5, CH3); 0.88t (3H,J =75, CHs); 1.16 q (1H,J=7.6) and 1.42 q (1H, J =
7.1, NCH2); 2.61-2.82 m (4H, 2xNCHy); 3.16 br. d (2H, J = 12.9, NCHy);
3.42-3.60 m (4H, 2xCHy); 4.40 dd (2H, J = 8.0, 7.1, NCH>); 5.31 s (1H,
NCHN); 6.86 ddd (1H, J = 8.0, 7.0, 1.1, Haom); 7.1 dd (1H, J = 8.1, 7.1,
Harom); 7.2 s (1H, Harom), 7.36 d (1H, J = 8.1, Haom); 7.84 d (1H, J = 8.0,
Haom); 11.4 br. s (COOH). Found, %: C 69.34; H 7.14; N 11.08.
C22H27N30s3. Calculated, %: C 69.29; H 7.08; N 11.02.

2-(3'-Indolyl)-5,7-diethyl-6-oxo0-1,3-diazaadamantane  (11)  was
synthesized from 5,7-diethyl-9-ox0-3,7-diazabicyclo[3.3.1]nonane and
indolyl-3-aldehyde. Yield 2.0 g (62%), R¢0.67, mp. 221-222°C. IR spectrum,
v, cm™: 1608 (C=Carom), 1710 (C=0), 3440 (NH). *H NMR spectrum, 3,
ppm, Hz: 0.72 t (3H, J =7.5, CH3); 0.94 t (3H,J = 7.5, CHs); 1.16 q (2H, J =
7.5, CHoCH3); 1.43 q (2H, J = 7.5, CH,CH3); 2.77 br. d (2H, J = 12.9,
NCH); 3.19 br. d (2H, J = 12.9, NCH>); 3.49-3.58 m (4H, 2xNCHy); 5.33 s
(1H, NCHN); 6.88 ddd (1H, J = 8.0, 7.0, 1.0, Harom); 7.01 ddd (1H, J = 8.1,
7.0, 1.2, Harom); 7.17 dd (1H, J = 2.4, 1.4, = CHN); 7.32 dt (1H, J = 8.1, 1.0,
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Harom), 7.85 br. d (1H, J = 8.0, Haom); 10.78 br. s (1H, NH). ¥C NMR
spectrum o, ppm: 6.9, 7.1, 23.1, 23.4, 38.9, 39.5, 40.1, 47.2, 47.5, 57.3, 64.5,
76.8, 110.8, 111.6, 118.0, 120.0, 120.6, 123.3, 125.5, 136.4, 210.1. Found,
%: C 74.35; H 8.15; N 13.06. C20H2sN30. Calculated, %: C 74.30; H 8.07; N
13.0.

2-(3'-Indolyl-5'-methoxy)-5,7-diethyl-6-0x0-1,3-diazaadamantane
(12) was synthesized from 5,7-diethyl-9-oxo0-3,7-diazabicyclo[3.3.1]nonane
and 5-methoxyindolyl-3-aldehyde. Yield 2.2 g (61%), R¢ 0.71, mp. 201-
202°C. IR spectrum, v, cm™: 1611 (C=Carom), 1708 (C=0), 3310 (NH). H
NMR spectrum, 8, ppm, Hz: 0.72 t (3H, J = 7.5, CH3); 0.94 t (3H, J = 7.5,
CHs); 1.18 q (2H, J = 7.5, CH2CHs3); 1.42 q (2H, J = 7.5, CH,CHBa); 2.78 br.
d (2H, J =12.9, NCH>); 3.19 br. d (2H, J = 12.5, NCHy); 3.48-3.58 m (4H,
2xNCHy); 3.98 br. s (3H, OCHg); 5.33 s (1H, NCHN); 6.56 d (1H, J = 5.9,
Harom); 6.82 ddd (1H, J = 8.0, 7.0, 1.2, Harom); 7.10 br. s (1H, = CHN); 7.45
br. d (1H, J = 12.5, Harom); 10.80 br. s (1H, NH). *C NMR spectrum §, ppm:
6.9, 7.2, 23.1, 23.4, 40.0, 40.3, 47.2, 47.5, 57.3, 64.3, 76.8, 100.8, 112.2,
113.7, 118.4, 123.2, 126.5, 127.1, 145.5, 210.1. Found, %: C 71.43; H 7.72;
N 11.82. C21H27N30». Calculated, %: C 71.38; H 7.68; N 11.89.

2-(1'-Ethyl-2'-methyl-3'-indolyl)-5,7-diethyl-6-o0xo0-1,3-
diazaadamantane (13) was synthesized from 5,7-diethyl-9-0xo0-3,7-
diazabicyclo[3.3.1]nonane and 1-ethyl-2-methylindolyl-3-aldehyde. Yield
2.5 g (61%), Rf0.76, mp. 158-159°C. IR spectrum, v, cm™: 1605 (C=Carom),
1693 (C=0). 'H NMR spectrum, &, ppm, Hz: 0.76 dd (3H, J = 7.1, 1.4, CHa);
0.94dd (3H,J=7.1, 1.4, CHs); 1.18 q (2H, J = 7.5, CH,CH3); 1.31-1.45 m
(5H, CH2CHs3); 2.58 s (3H, CH3); 2.82 br. d (2H, J = 12.5, NCH>); 3.18 br. d
(2H, J = 13.5, NCH?>); 3.36 br. d (2H, J = 13.5, NCHy); 3.58 br. d (2H, J =
13.5, NCHy); 4.18 dd (2H, J = 8.1, 5.9, NCHy); 5.31 s (1H, NCHN); 6.86
ddd (1H, J =8.1, 7.0, 1.1, Harom); 7.02 ddd (1H, J = 8.1, 7.0, 1.1, Harom); 7.18
d (1H, J = 7.1, Harom); 7.91 d (1H, J = 5.9, Harom). *C NMR spectrum §,
ppm: 6.93, 7.2, 10.3, 14.6, 23.1, 23.5, 36.6, 38.9, 47.1, 47.5, 57.6, 64.1, 77.9,
106, 107.7, 118.3, 119.8, 121.2, 126.4, 133.0, 135.2, 210.2. Found, %: C
77.02; H 9.32; N 9.92. C27H31N30-. Calculated, %: C 76.95; H 9.26; N 9.91.

2-(1'-Carboxyethyl-3'-indolyl)-5,7-diethyl-6-0xo0-1,3-
diazaadamantane (14) was synthesized from 5,7-diethyl-9-0x0-3,7-
diazabicyclo[3.3.1]nonane and 1-carboxyethylindolyl-3-aldehyde. Yield 2.4
g (61%), Rr 0.78, mp. 220-221°C. IR spectrum, v, cm™: 1608 (C=Carom),
1712 (C=0), 3440 (COOH). *H NMR spectrum, &, ppm, Hz: 0.71t (3H, J =
6.8, CH2CHg); 0.95t (3H, J = 7.0, CH,CHg); 1.19 q (2H, J = 7.5, CH>CHy);
141 q (2H,J =7.5, CH2CHz3); 2.76 br. d (4H, J = 12.5, 2XxNCH>); 3.18 br. d
(2H, J = 12.5, NCH); 3.42-3.60 m (4H, 2xCH>); 4.40 dd (2H, J = 8.0, 7.0,
NCH>); 5.32 s (1H, NCHN); 6.88 ddd (1H, J = 8.0, 7.0, 1.1, Harom); 7.05 ddd
(1H,J=8.1, 7.1, 1.1, Haom); 7.21 s (1H, Harom); 7.38 d (1H, J = 8.0, Harom);
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7.86 d (1H, J = 8.0, Harom); 11.30 very br. s (COOH). Found, %: C 69.91; H
7.39; N 10.65. C23H29N303. Calculated, %: C 69.87; H 7.34; N 10.60.
2-(1'-Ethyl-2'-methyl-3'-indolyl)-5-methyl-7-propyl-6-oxo-1,3-
diazaadamantan (15) was synthesized from 5-methyl-7-propyl-9-0xo-3,7-
diazabicyclo[3.3.1]nonane and 1-ethyl-2-methylindolyl-3-aldehyde. Yield
2.2 g (60%), Rf 0.68, mp. 165 °C. IR spectrum, v, cm™: 1608 (C=Carom), 1698
(C=0). 'H NMR spectrum, &, ppm, Hz: 0.62 s (0.8H) and 0.78 dd (2.2H, J =
8.0, 7.1, CHa); 0.91 s (2.1H) and 0.94 dd (0.9H, J = 12.5, 3.4, CHz); 1.08-
1.21 m (3H, CHjs); 1.31-1.40 dd (4H, J = 13.9, 1.2, CH>CH,CHj3); 2.58 s
(3H, CHs); 2.80 d (2H, J = 12.5, NCHy); 3.21t (2H, J = 7.5, NCH>); 3.4 br.
d (2H, J = 12.5, NCHy); 3.54 br. d (2H, J = 12.5, NCH>); 4.16 dd (2H, J =
8.1, 7.0, CH,CHs3); 5.34 br. s (1H, NCHN); 6.86 ddd (1H, J = 8.0, 7.1, 1.0,
Harom); 7.02 ddd (1H, J = 8.1, 7.0, 1.2, Harom); 7.20 d (1H, J = 8.1, Harom);
7.94 d (1H, J = 8.0, Harom). °C NMR spectrum &, ppm: 10.9, 14.4, 14.6,
15.3, 15.6, 15.7, 16.0, 33.0, 40.1, 44.8, 47.5, 57.9, 59.5, 64.4, 77.7, 106.6,
118.3, 119.9, 121.1, 126.4, 132.9, 135.1, 210.2. Found, %: C 75.68; H 9.01;
N 11.55. C23H31N30». Calculated, %: C 75.61; H 8.94; N 11.50.
2-(1'-Benzyl-3'-indolyl)-5-methyl-7-propyl-6-oxo-1,3-
diazaadamantane (16) was synthesized from 5-methyl-7-propyl-9-0xo-3,7-
diazabicyclo[3.3.1]Jnonane and 1-benzylindolyl-3-aldehyde. Yield 2.2 ¢
(60%), Rr 0.68, mp. 165°C. IR spectrum, v, cm™: 1608 (C=Carom), 1710
(C=0). 'H NMR spectrum, &, ppm, Hz: 0.65 s (0.4H) and 0.84 s (2.6H,
CHz3); 1.01 br. s (3H, CHa); 1.08-1.10 m (4H, CH>CH>CHa); 2.82 t (2H, J =
6.8, NCH>); 3.30 t (2H, J = 6.7, NCH>); 3.64 q (4H, 2xNCH>); 5.36 s (2H,
CH>CsHs); 5.50 s (1H, NCHN); 7.2-7.4 m (9H, Harom); 8.0 br. d (1H, Harom).
Found, %: C 78.51; H 7.56; N 10.12. C27H31N30. Calculated, %: C 78.45; H
7.50; N 10.16.
2-(3'-Indolyl)-5-methyl-7-butyl-6-ox0-1,3-diazaadamantane (17) was
synthesized from 5-methyl-7-butyl-9-oxo0-3,7-diazabicyclo[3.3.1]nonane and
indolyl-3-aldehyde. Yield 2.4 g (71%), R 0.74, mp. 185-187°C. IR
spectrum, v, cm™®: 1612 (C=Caom), 1708 (C=0), 3325 (NH). 'H NMR
spectrum, 8, ppm, Hz: 0.64 s (1.5H) and 0.30 s (1.5H, CHz3); 0.83 t (1.5H, J =
7.0) and 0.96 t (1.5H, J = 6.7, CH3(CH?>)3); 1.06-1.23 m (3H) and 1.29-1.41
m (3H, CH3(CH>)3); 2.72 br. d (1H, J = 13.0), 2.78 br. d (1H, J = 12.9),
3.13-3.23 m (2H) and 3.50-3.59 m (4H, 4xNCHy); 5.33 br. s (0.5H) and 5.34
br. s (0.5H, CH); 6.88 ddd (1H, J = 8.0, 7.0, 1.0); 7.16 t (0.5H, J = 1.3) and
7.17 t (0.5H, J = 1.3, = CHNH); 6.98-7.04 m (1H), 7.32 d (1H, J = 8.0) and
7.84 br. d (1H, J = 8.0, Harom); 10.78 br. s (1H, NH). **C NMR spectrum §,
ppm: 13.5 and 13.6 (CHs), 15.8 and 16.0 (CH3), 22.9 and 23.1 (CH>), 45.0
and 45.3 (CHy), 47.2 and 47.2 (C"), 57.8 (CHa) , 59.3 (CH,), 64.8 (CH>),
66.5 (CH>), 76.6 and 76.7 (CH), 110.9 (CH), 111.7 and 114.7 (CH), 118.2
(CH), 120.4 (CH), 120.7 (CH), 123.4 and 123.5, 125.6, 136.5 (=CHN),
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210.2 and 210.3 (C=0). Found, %: C 74.83; H 8.08; N 12.51. C21H27N30.
Calculated, %: C 74.77; H 8.01; N 12.46.
2-(1'2'-Dimethyl-3'-indolyl)-5-methyl-7-butyl-6-oxo-1,3-
diazaadamantane (18) was synthesized from 5-methyl-7-butyl-9-0xo0-3,7-
diazabicyclo[3.3.1]nonane and 1,2-dimethylindolyl-3-aldehyde. Yield 2.2 g
(62%), Rt 0.75, mp. 208-209°C. IR spectrum, v, cm™: 1606 (C=Carom), 1688
(C=0). H NMR spectrum, &, ppm, Hz: 0.65 s (2.6H) and 0.89 s (0.4H,
CHs3); 0.83t (0.4H, J = 6.9) and 0.96 t (2.6H, J = 6.8, CH3(CH>)3); 1.07 m
(1H) and 1.25-1.43 m (5H, (CH,)3sCHz); 2.59 br. s (3H, CHz); 2.75 br. d (2H,
J=12.7),3.22 br. d (2H, J = 12.5), 3.35-3.43 m (2H) and 3.50-3.60 m (2H,
4xCH>); 3.69 br. s (3H, NCHz); 5.35 br. s (0.86H) and 5.37 br. s (0.14H,
CH); 6.86 ddd (1H, J = 8.0, 7.0, 1.0), 7.01 ddd (1H, J = 8.1, 7.0, 1.2), 7.20
br. d (1H, J = 8.1) and 7.94 br. d (0.5H, J = 8.0, Harom). *C NMR spectrum
o, ppm: main isomer 10.7, 13.6, 16.0, 23.1, 24.6, 28.6, 30.3, 40.1, 45.2, 47.0,
59.5, 64.4, 77.5, 106.5, 107.8, 118.3, 119.9, 121.0, 126.2, 133.9, 136.3,
210.3. Found, %: C 75.68; H 8.55; N 11.43. C23H31N30. Calculated, %: C
75.61; H 8.49; N 11.50.
2-(1'-Benzyl-2'-methyl-3'-indolyl)-5-methyl-7-phenyl-6-oxo0-1,3-
diazaadamantane (19) was synthesized from 5-methyl-7-phenyl-9-o0xo-3,7-
diazabicyclo[3.3.1]nonane and 1-benzyl-2-methylindolyl-3-aldehyde. Yield
2.6 g (56%), R 0.78, mp. 251-252°C. IR spectrum, v, cm™: 1620 (C=Carom),
1720 (C=0). *H NMR spectrum, 8, ppm, Hz: 0.74 s (3H, CHa); 2.57 s (3H,
CHz3); 3.00 br. d (2H, J = 12.8), 3.53 br. d (2H, J = 12.8) and 3.83-3.98 m
(4H, 4xCH>); 5.39 s (2H, CH2C¢Hs); 5.52 s (1H, NCHN); 6.90-7.04 m (4H),
7.16-7.29 m (7H), 7.33-7.40 m (2H) and 8.07 br. d (1H, J = 7.9, Harom). 1*C
NMR spectrum 6, ppm: 10.7 (CHz), 16.4 (CH3), 45.2, 45.4 (CH>), 50.9, 59.4
(CHy), 64.6 (CHy), 77.2, 107.1, 108.3 (CH), 118.7 ( CH), 120.3 (CH), 121
(CH), 125.3 (2xCH), 126.1, 126.4 (2xCH), 126.5, 127.4 (2xCH), 128.1
(2xCH), 134.0, 136.3, 137.6 , 138.2, 208.1 (C=0). Found, %: C 80.74; H
6.77; N 9.18. C31H31N30. Calculated, %: C 80.69; H 6.72; N 9.11.
2-(3'-Indolyl)-5,7-dipropyl-6-oxo-1,3-diazaadamantane  (20) was
synthesized from 5,7-dipropyl-9-oxo-3,7-diazabicyclo[3.3.1]nonane and
indolyl-3-aldehyde. Yield 2.2 g (63%), R¢0.76, mp. 161-162°C. IR spectrum,
v, cm™: 1618 (C=Carom), 1708 (C=0); 3440 (NH). 'H NMR spectrum, 3,
ppm, Hz: 0.79 t (3H, J = 6.8, CHz3); 0.97 t (3H, J = 6.1, CH2CH.CH3); 1.02-
1.19 m (4H) and 1.28-1.41 m (4H, 2x(CH).CHz); 2.75 br. d (2H, J = 12.5),
3.19 br.d (2H, J = 12.5), 3.54 br. d (4H, J = 12.5, 4xNCH); 5.32 br. s (1H,
NCHN); 6.88 ddd (1H, J = 8.0, 7.0, 1.0), 7.01 ddd (1H, J = 8.0, 7.0, 1.2),
7.32 br.d (1H, J=8.0) and 7.84 br. d (1H, J = 8.0, Harom); 7.16 d (0.5H, J =
1.3) and 7.17 d (0.5H, J = 1.3, =CHN); 10.77 br. s (1H, NH). *C NMR
spectrum &, ppm: 14.5 and 14.7, 15.4 and 15.8, 33.0 and 33.3, 47.5 and 47.7,
57.7, 64.8, 76.9, 110.9, 111.7, 118.2, 120.4, 120.6, 123.4, 125.6, 136.5,
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210.2. Found, %: C 75.29; H 8.32; N 11.90. C22H29N30. Calculated, %: C
75.21; H 8.26; N 11.96.

2-(1'-Methyl-3'-indolyl)-5,7-dipropyl-6-oxo-1,3-diazaadamantane
(21) was synthesized from 5,7-dipropyl-9-0xo0-3,7-diazabicyclo[3.3.1]
nonane and 1-methylindolyl-3-aldehyde. Yield 2.2 g (61%), Rt 0.70, mp.
225°C. IR spectrum, v, cm™ 1610 (C=Caom), 1708 (C=0). 'H NMR
spectrum, 6, ppm, Hz: 0.78 t (3H, J = 6.8) and 0.97 t (3H, J = 6.8,
2xCH2CH2CHz3); 1.02-1.20 m (4H) and 1.26-1.40 m (4H, 2x(CH,),CHj3);
2.50 s (3H, CHa); 2.78 br. d (2H, J = 12.6, NCH>); 3.20 br. d (2H, J = 12.6,
NCHz2); 3.35-3.54 m (4H, 2xNCH); 5.35 s (1H, NCHN); 6.78 ddd (1H, J =
8.0, 7.0, 1.1, Harom); 6.88 ddd (1H, J=8.1,7.0,1.2, Harom); 7.20 br. d (1H, J
= 8.1), 7.92 d (1H, J = 8.0, Harom); 10.56 br. s (1H, Haom). *C NMR
spectrum J, ppm: 12.9 (CHs), 14.5 (CHs), 14.7 (CHz), 15.4 (CH), 15.7
(CHy), 33.1 (CHy), 33.3 (CHy), 47.3 (CHy), 47.7 (CH,), 58.0 (C"), 64.5 (C"),
77.2 (CHy), 77.9 (CH>), 78.0 (CH>), 106.1 (C"), 109.6 (C"), 117.8 (C"), 119.8
(C", 120.5 (C"), 127.5 (CH), 127.1 (CH), 132.8 (CH), 135.2 (CH), 210.4
(CH). Found, %: C 75.69; H 8.55; N 11.56. Cx3H3:N3O. Calculated, %: C
75.61; H 8.49; N 11.50.

2-(1'-Ethyl-3'-indolyl)-5,7-dipropyl-6-oxo-1,3-diazaadamantane (22)
was synthesized from 5,7-dipropyl-9-oxo-3,7-diazabicyclo[3.3.1]nonane and
1-ethylindolyl-3-aldehyde. Yield 2.3 g (60%), Rs 0.68, mp. 130-131°C. IR
spectrum, v, cm™®: 1613 (C=Carom), 1698 (C=0). *H NMR spectrum, §, ppm,
Hz: 0.8 t (3H, J = 6.8), 0.98 t (3H, J = 6.9, 2xCH>CH>CHa); 1.01-1.20 m
(4H); 1.26-1.40 m (4H, 2x(CH,),CHz3); 1.41-1.52 m (3H, CHs); 2.81 br. d
(2H, J = 12.5, NCHy); 3.20 br. d (2H, J = 13.9, NCHy); 3.5 br. d (4H, J =
13.9, 2xNCHy); 4.21 dd (2H, J = 7.1, 3.4, NCH>); 5.31 s (1H, NCHN); 6.90
dd (1H, J = 7.1, 5.9, Haom); 7.06 dd (1H, J = 7.1, 5.8, Haom); 7.18 s (1H,
Harom); 7.26 d (1H, J = 12.5, Harom); 7.82 d (1H, J = 12.5, Harom). *°C NMR
spectrum o, ppm: 14.4, 14.7, 15.0, 15.4, 15.7, 32.9, 33.3, 40.1, 47.4, 47.6,
57.7,64.7, 76.8, 95.5, 108.5, 111.5, 118.4, 120.7, 125.9, 126.2, 135.8, 210.0.
Found, %: C 76.6; H 8.77; N 11.14. C24H33N4O. Calculated, %: From 76.00;
H 8.70; N 11.08.

2-(1'-Ethyl-2'-methyl-3'-indolyl)-5,7-dipropyl-6-oxo-1,3-
diazaadamantane (23) was synthesized from 5,7-dipropyl-9-0xo0-3,7-
diazabicyclo[3.3.1]nonane and 1-ethyl-2-methylindolyl-3-aldehyde. Yield
2.4 g (61%), R 0.68, mp. 152-153°C. IR spectrum, v, cm™: 1605 (C=Carom),
1693 (C=0). 'H NMR spectrum, &, ppm, Hz: 0.8 t (3H, (CH2),CHs); 0.97 t
(3H, CH3C2H4); 1.02-1.20 m (4H, 2xNCH>), 1.23-1.38 m (4H, (CH,), and
3H, CHg); 2.60 s (3H, CHz3); 2.80 br. d (2H, J = 13.5, NCH_); 3.20 br. d (2H,
J =12.9, NCHy); 3.38 br. d (2H, J = 12.9, NCHy); 3.56 br. d (2H, NCH,);
4.18 dd (2H, J = 12.5, 3.4, CH,CHs); 5.38 s (1H, NCHN); 6.82 dd (1H, J =
7.1, 3.4, Harom); 7.0 dd (1H, J = 7.1, 3.4, Harom); 7.20 d (1H, J = 5.9, Harom);
7.90 d (1H, J = 5.9, Harom). ®°C NMR spectrum &, ppm: 10.4, 14.4, 14.7,
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15.6, 15.7, 32.9, 33.7, 36.6, 38.9, 47.3, 57.9, 64.4, 77.9, 95.5, 106.7, 107.7,
118.3, 119.9, 121.1, 126.4, 132.9, 135.1, 210.1. Found, %: C 76.39; H 8.96;
N 10.74. C2sH3sN30. Calculated, %: C 76.33; H 8.90; N 10.68.

2-(1',2'-Dimethyl-3'-indolyl)-5,7-dipropyl-6-oxo-1,3-
diazaadamantane (24) was synthesized from 5,7-dipropyl-9-oxo-3,7-
diazabicyclo[3.3.1]Jnonane and 1,2-dimethylindolyl-3-aldehyde. Isomer
50:50. Yield 2.3 g (60%), R¢ 0.76 , m.p. 167-168°C. IR spectrum, v, cm’™:
1608 (C=Carom), 1698 (C=0). 'H NMR spectrum, &, ppm, Hz: 0.79t (3H, J =
6.8) and 0.97 t (3H, J = 6.0, 2xCH.CH.CHj3); 1.01-1.19 m (4H) and 1.28-
1.40 m (4H, 2x(CH>),CHs3); 2.58 s (1.5H) and 2.59 s (1.5H, CHs); 2.78 br. d
(2H, J = 12.6, NCH); 3.20 br. d (2H, J = 12.6, NCHy); 3.35-3.43 m (2H)
and 3.50-3.58 m (2H, 2xNCH>); 3.69 s (3H, NCHa); 5.35 br. s (1H, NCHN);
6.86 ddd (1H, J = 8.0, 7.0, 1.1), 7.01 ddd (1H, J =8.1, 7.0, 1.2), 7.20 br. d
(1H, J=8.1) and 7.93 br. d (1H, J = 8.0, Harom). *C NMR spectrum 3, ppm:
10.7, 14.4, 14.7, 15.4, 15.7, 28.6, 33.0, 33.3, 47.2, 47.6, 57.9, 64.4, 77.8,
106.6, 107.7, 118.4, 119.9, 121.0, 126.2, 133.8, 136.3, 210.2. Found, %: C
76.05; H 8.75; N 11.14. C24H33N3O. Calculated, %: C 75.98; H 8.70; N
11.08.

2-(1'-Benzyl-3'-indolyl)-5,7-dipropyl-6-oxo-1,3-diazaadamantane
(25) was synthesized from 5,7-dipropyl-9-0xo0-3,7-diazabicyclo[3.3.1]
nonane and 1-benzylindolyl-3-aldehyde. Yield 2.6 g (59%), Rs 0.71, m.p.
157-158°C. IR spectrum, v, cm™: 1601 (C=Carom), 1690 (C=0). *H NMR
spectrum, 8, ppm, Hz: 0.79 t (3H, J = 6.8, CH3); 0.98 t (3H, J = 6.1, CH53);
1.02-1.19 m (4H, CH>CH,CHj3); 1.25-1.41 m (4H, CH,CH>CHz); 2.75 br. d
(2H, J =12.5), 3.18 br. d (2H, J = 12.5), 3.54 br. d (4H, J = 12.5, 4xNCH>);
5.32 br. s (2H, CH,CeHs); 5.32 s (1H, NCHN); 6.88 -7.25 m (9H, Harom);
7.84d (0.5H, J = 1.3); 7.88 d (0.5H, J = 1.3, =CHN). *C NMR spectrum §,
ppm: 14.5 and 14.7, 15.4 and 15.7, 33.0 and 33.2, 47.5 and 47.7, 49.2, 57.5,
64.7, 76.6, 109.1, 112.0, 118.6, 121.0, 121.1, 126.2, 126.3, 126.8, 127.2,
128.0, 136.4, 136.5, 137.5, 209.9. Found, %: C 78.97; H 8.0; N 9.59.
C29H3sN30. Calculated, %: C 78.91; H 9.3; N 9.52.

2-(1'-Benzyl-2'-methyl-3'-indolyl)-5,7-diethyl-6-hydroxy-1,3-
diazaadamantane (26) was synthesized from 5,7-diethyl-9-hydroxy-3,7-
diazabicyclo[3.3.1]nonane and 1-benzyl-2-methylindolyl-3-aldehyde. Yield
2.6 g (61%), R 0.80, mp. 120-121°C. IR spectrum, v, cm™: 1619 (C=Carom),
3521 (OH). 'H NMR spectrum, &, ppm, Hz: 0.66 t (3H, J = 7.2, CH3); 0.85
dd (4H, J = 7.1, 5.9, 2xNCH>); 1.05 t (3H, J = 7.5, CH3); 1.38 dq (1H, J =
12.9, 7.5, NCHy); 2.45 s (3H, CHz); 2.58 dd (1H, J = 12.9, 3.1, NCHy); 2.65
d (1H, J = 12.8, NCH2); 2.98-3.08 m (2H, NCH); 3.18 d (1H, J = 5.8,
NCH); 3.38 dd (1H, J = 12.8, 3.1, NCHy); 3.55d (1H, J = 5.87, OCH); 3.55
d (1H, J=5.9, NCHy); 4.12d (1H, J =5.4, CHOH); 5.11 d (1H, NCHN); 5.3
s (2H, CH2CsHs); 6.80-6.96 m (4H, Harom); 7.1-7.28 m (4H, Harom); 8.08 d
(1H, J = 5.9, Harom). *C NMR spectrum &, ppm: 5.8, 5.9, 10.4, 18.2, 25.5,
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25.7, 31.3, 31.4, 45.2, 50.5, 54.1, 56.0, 58.2, 61.5, 78.4, 95.5, 107.6, 108.9,
119.3, 119.9, 121.7, 125.2, 126.3, 126.9, 128.0, 133.5, 136.1, 137.9. Found,
%: C 78.38; H 8.20; N 9.72. C29H3sN30. Calculated, %: C 78.32; H 8.15; N
9.79.

2-(6'-Chloro-3'-indolyl)-5,7-dimethyl-6-hydroxy-1,3-
diazaadamantane (27) was synthesized from 5,7-dimethyl-9-hydroxy-3,7-
diazabicyclo[3.3.1]Jnonane and 6-chloroindolyl-3-aldehyde. Yield 2.1 g
(63%), R 0.25, mp. 250-25°C. IR spectrum, v, cm™: 1618 (C=Carom), 3301
(NH), 3325 (OH). 'H NMR spectrum, &, ppm, Hz: 0.42 s (3H, CHs); 0.68 s
(3H, CHs); 2.71-3.20 m (8H, 4xNCHz); 3.38 dd (1H, J = 5.8, 5.9, CHOH);
4.41d (1H, J=5.9, CHOH); 5.02 s (1H, NCHN); 6.82 d (1H, J = 8.0, Harom);
7.10 s (1H, Harom); 7.22 s (1H, Harom), 7.82 d (1H, =CHN); 10.78 br. s (1H,
NH). ¥C NMR spectrum &, ppm: 19.9, 20.2, 30.1, 50.2, 57.3, 58.4, 65.0,
76.7,79.0, 110.3, 113.5, 118.2, 121.9, 124.1, 124.5, 125.6, 136.7. Found, %:
C 65.21; H 6.61; N 12.60; Cl 10.76. C1sH22N3CIO. Calculated, %: C 65.15;
H 6.55; N 12.66; Cl 10.70.

2-(2'-Methyl-3'-indolyl)-5,7-diethyl-6-hydroxy-1,3-diazaadamantane
(28) was synthesized from 5,7-diethyl-9-hydroxy-3,7-diazabicyclo[3.3.1]
nonane and 2-methylindolyl-3-aldehyde. Yield 2.1 g (62%), Rs 0.79, mp.
235-236°C. IR spectrum, v, cm™*: 1610 (C=Carom), 3310 (NH), 3521 (OH). 'H
NMR spectrum, 6, ppm, Hz: 0.65 t (3H, J = 7.2, CHz3); 0.85t (3H, J = 7.5,
CHs3); 0.68 m (1H) and 1.31 dc (1H, J = 13.9, 7.5, CH>); 1.03-1.23 m (2H,
CH>); 2.46 s (3H, CHs); 2.58 dd (1H, J = 13.1, 3.1, NCHy); 2.69 dt (1H, J =
12.8, 1.4, NCHy); 2.81-2.90 m (2H, NCH); 2.98 dd (1H, J = 13.1, 2.2,
NCH,); 3.02 dd (1H, J = 13.1, 3.1, NCHy); 3.15 dd (1H, J = 13.0, 2.3,
NCH2); 3.34 dd (1H, J = 12.8, 3.1, NCH); 3.54 d (1H, J = 5.9, OCH); 4.12
d (1H, J =5.4, CHOH); 5.03 d (1H, NCHN); 6.75ddd (1H, J=8.1,7.1, 1.3,
Harom); 6.85 ddd (1H, J = 8.1, 7.1, 1.3, Harom); 7.12 d (1H, J = 7.9, Harom);
7.88d (1H, J = 8.1, Harom); 10.27 br. s (1H, NH). 3C NMR spectrum &, ppm:
5.4,5.8,12.8, 25.5, 25.6, 31.2, 31.3, 50.7, 54.2, 58.2, 61.5, 72.8, 78.6, 107.6,
109.3, 117.5, 119.0. Found, %: C 74.39; H 8.61; N 12.43. C21H2x9N3O.
Calculated, %: C 74.33; H 8.55; N 12.38.

2-(5'-Methoxy-3'-indolyl)-5,7-dimethyl-6-hydroxy-1,3-
diazaadamantane (29) was synthesized from 5,7-dimethyl-9-hydroxy-3,7-
diazabicyclo[3.3.1]nonane and 5-methoxyindolyl-3-aldehyde. Yield 2.0 g
(60%), Rr 0.79, mp. 256-257°C. IR spectrum, v, cm™: 1627 (C=Carom), 3142
(OH), 3308 (NH). 'H NMR spectrum, &, ppm, Hz: 0.43 s (3H, CHs); 0.68 s
(3H, CHg); 2.86 br. s (6H, 3xNCHy); 3.11-3.20 m (3H, NCH>, 1H, OH); 3.96
s (3H, OCHzs); 4.38d (1H, J = 5.8, CHOH); 5.01 s (1H, NCHN); 6.48 d (1H,
J = 5.9, Harom); 6.76 ddd (1H, J = 8.0, 7.0, 1.0, Harom); 7.01 s (1H, Harom);
7.42 d (1H, J = 8.0, Harom); 10.60 br. s (1H, NH). 3C NMR spectrum &, ppm:
20.0, 20.2, 30.1, 30.2, 50.2, 54.5, 57.3, 58.5, 65.1, 76.9, 79.2, 100.6, 113.7,
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114.2, 118.0, 123.1, 126.4, 127.4, 145.4, Found, %: C 69.77; H 7.71; N
12.78. C19H25N30;. Calculated, %: C 69.72; H 7.64; N 12.84.

2-(2'-Methyl-3'-indolyl)-5,7-dimethyl-1,3-diazaadamantane (30) was
synthesized from 5,7-dimethyl-3,7-diazabicyclo[3.3.1Jnonane and 2-
methylindolyl-3-aldehyde. Yield 2.0 g (67%), Rf 0.67, mp. 199-200°C. IR
spectrum, v, cm*: 1610 (C=Carom), 3315 (NH). 'H NMR spectrum, §, ppm,
Hz: 0.43 s (3H, CHs); 0.68 s (3H, CHz3); 1.48 s (2H, NCH>); 2.95-3.21 m
(11H, 4xNCH: and CHa); 5.08 s (1H, NCHN); 6.68 ddd (1H, J = 8.0, 7.0,
1.1, Harom); 6.85 ddd (1H, J= 81, 70, 12, Harom); 7.12 br. d (1H, J= 81,
Harom); 7.86 d (1H, J = 8.0, Harom); 10.38 br. s (1H, NH). Found, %: C 77.35;
H 8.53; N 14.30. C1gH2sN3. Calculated, %: C 77.29; H 8.47; N 14.23.

2-(1',2'-Dimethyl-3'-indolyl)-5,7-dimethyl-1,3-diazaadamantane (31)
was sinthesized from 5,7-dimethyl-3,7-diazabicyclo[3.3.1]Jnonane and 1,2-
dimethylindolyl-3-aldehyde. Yield 2.0 g (67%), R¢ 0.73, mp. 260 subl. °C. IR
spectrum, v, cm™: 1608 (C=Carom). *"H NMR spectrum, &, ppm, Hz: 0.43 s
(3H, CHz3); 0.68 s (3H, CHz3); 1.46 br. s (2H, NCH>); 2.60 br. s (3H, CHa);
2.78 br. s (2H, NCHy); 3.20 br. d (6H, J = 12.5, 3xNCH); 3.66 s (3H,
NCHs3); 5.12 s (1H, NCHN); 6.81 ddd (1H, J = 8.0, 7.1, 1.1, Harom); 6.98 ddd
(1H,J=8.1,7.1, 1.2, Haom); 7.18 br. d (1H, J = 8.1, Harom); 7.93 br. d (1H, J
= 8.1, Harom). Found, %: C 77.55; H 8.75; N 13.59. C2oH>27Ns. Calculated, %:
C 77.48; H8.70; N 13.54.

PULEALUSPL NUSUUO MULNPLEENA, 1,3-+PUQUUEHRTUULSTLLENR
UhLE-GAL GU 1L ULS NUTHOLUM-ULSU3PL NUSUNFE@-3AFLLELD
NpUNPULUUPLOFR-3OFLEL

£. U &610r9-3U00, U % NUCLNFE-30FL3NL, UL 4. Q-ULUS3U,
U. M. Q-UUNUr3TL, . U. AOFLPUE-3UTL U 0- 6. UNPLE3TTL

9-Lfmpropup-, 9-opun=, 1,5-tghusglyfyy-3,7-npuqupfyplyn/3-3-1intutibpf b wwpphp
byl (wlfy, wilopups, pbigly, Suynght) flqng-3-wppblpybbpp fnigbbdwdp
ufiufFhgily b Gnp 2—mb:lull[wl:{w& 1,3—11.[1w11ww1}w1fwilmwililb[1: Uuuugl[wbr dfiugne-
[Pyriitbipls Quilymsopufupuitimuyfrls Sunnlym fJymibiibipfy muncdymmppncffyncip gnegg & wfly,
np puilighy npmyibpp gnegupbpky B gudp b dfph whmfnfdynch: bpubp wgb dfgne-
[Fyrmiiiubpts b, npnliy qhugquisguduionuboy i oquilp 6-py ghppncd wnlju £ Shypopufy
[unLlf[z.'
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CHUHTE3 U U3YUYEHUE AHTHOKCUJAHTHOI AKTUBHOCTH
HEKOTOPBIX 2-3AMEIIEHHBIX 1,3-TUA3AAJJAMAHTAHOB,
COJIEPKAIIIUX UHIOJILHBII ®PATMEHT

K. A.TEBOPKIJIH, A. 1. APYTIOHSH, M. B. TAJICTSH, C. I1. TACIIAPSIH,
K. M. BYHUATSH u P. E. MYPAISIH

Hay4uHo-TeXHOMOrHYeCKHil IEHTP OpraHNYecKor U (papMareBTHIECKOH XUMUHI
HAH Pecny6mixu Apmenust
Apwmenus, 0014 Epesan, np. Azatytss, 26
E-mail: galstyan.mariam91@mail.ru

Konnencanueit 9-ruapokcu-, 9-okco-, 1,5-nmuankmi-3,7-nuazadbuiukino[3.3.1]HoHa-
HOB C pa3J'II/I‘IHI)IMI/I HH}IOH-g-aJ’II)ZleFI/IZ[aMH CI/IHTeSI/IpOBaH HOBLIfI pHZ[ 1,3-L[1/1a3aa)1aMaH-
TAHOB M UCCJIEJOBAaHA UX aHTHOKCHIAHTHAsT aKTUBHOCTH. COTJIACHO Pe3ysbTaTaM MpoBe-
JICHHBIX OMOJIOTMYECKUX HCIBITAHUH, HEKOTOPBIE MPOU3BOIHBIE 3TOr0 psAaa 00IamaroT
cnaboii ¥ yMEPEHHON aHTHOKCHIAHTHOM aKTMBHOCTBIO, OCOOEHHO COETHUHEHHMS, COIEP-
JKallye B 6-OM TOJIOKEHUH Ma3aaJaMaHTaHOTO KOJIbla THAPOKCHIbHYIO TPYIIITY.
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CHUHTE3 U UCNTOJIb3OBAHUME 'MJIPOT'EJIEH B CEJIbCKOM
XO3SMCTBE U ®APMAKOJIOI'TA METO/IOM ®POHTAJILHOM
HHOJIMMEPU3ALINN
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B paboTe npeactaBneHbl faHHble MO CHUHTE3y M UCMOMb30BAHUIO MONMakpUnaMuaHbIX
ruaporernen, NonyyYeHHbIX B YCMOBUAX pacrnpoCTpaHeHUsl BOMHbI OPOHTANbHOM nonvMepusaumm B
peakTopax HenpepbIBHOrO AeicTBUS. KpaTko nNpefcTaBrieHa XpPOHONOrvst pa3BUTMSl TEXHOMOTUIA Mo
BHEApPEHUI0 B NPOM3BOACTBO TpybuaToro peakTopa B MOTOKE B PEXMME (DPOHTArbHOM
nonvMepu3aumMM  OnNs CUHTe3a  TPEeXMepHblX  ceTyaTbiX  MOMMMEepoB, B  YaCTHOCTH,
nonuakpunamugHoro rugporens.. C y4eTtom cneunduvk hpoHTamnbLHON NonuMepusaumm M camoro
npouecca CuHTe3a rugporeneil yaanock paspaboTaTb YCNoOBUSi MpPOBedeHUst Mnpouecca BO
(pOHTarnbHbLIX peakTopax HEeNpepbIBHOMO AENCTBUS, YTO OBEcneyuno pelueHue MocTaBeHHO
3afauM — nonyyaTb MoONMakpurnaMuaHele renu COorMmacHo 3apaHee 3aAaHHbiM TpeGoBaHWSM.
MonyyeHbl nonvakpunamugHble TrMAporenM C  LUMPOKAM  CMEKTPOM CBOWCTB. B paGote
NpeacTaBreHbl 3KCrepUMeHTanbHble [daHHble M0 BO3MOXHOCTU WCMOMb30BaHUs  MOMYYEHHbIX
ruaporernen B CerlbCkOM X035CTBE, MeauLyHe, hapMakonorum u ap.

Puc. 14, 6ubn. ccbinok 21.

ITonumepHBle THAPOTENM UMEIOT CaMoe NIMPOKOe MPUMEHEHHE. ITO
CIIUTHIC TTOJIMMEPHBIE CTPYKTYPBI — TPEXMEPHBIE TMOJMMEPHBIE CETKH, CIIO-
cobHple HaOyxaTh, TOTJIONMAs OOJIBIIIOEC KOJIMYECTBA BOJBI M AKTHBHBIX BE-
mecTB 0e3 paspylieHusi opuruHaIbHON (popmbl. Ocoboe TOCTOMHCTBO TH/I-
poreneil — CIOCOOHOCTh BO3BpAIIaTh B OKPY)KAMOIIYIO Cpeay BOAY W TIO-
rnoménneie BemecTBa. CeTdaras CTpyKTypa NpUAaéT UM 3JACTUYHOCTb,
MEXaHWYECKYIO YIPYTOCTh, CIIOCOOHOCTh BBIJICP’KUBATH BHICOKHE MEXaHHUYC-
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CKHE€ Harpy3ku. DTHU THIpOreNu (Ha3blBaeMble T'HJIIPOTeNIIMU-Cynepadcop-
OeHTamMM) BOCTPEOOBAaHBI BCEIBCKOM XO3SHCTBE,IJISI OPOIICHHUS IIOYBBI, B
MeIUIMHE (B IJIACTMYECKOW XUPYpruu W (hapmMakoyioruu, AJis MOJTy4eHUs
SHIONPOTE3a — HANOJHUTENS MATKUX TKaHeH, M KOCMETHYECKOW U
PEKOHCTPYKTHUBHOM XUPYpPrUM, JJsl JICUECHUS HEAEpKaHUs MOYM, apTpUTa,
MJJACTUKA MOJIOYHOM KeJIe3bl, B 00NaCTH CO3JaHUs MPEIMETOB OOIEeH TH-
THEHBI, BKJIIOYas MOATY3HHUKH, MaMIlepCchl U B HEPTSIHON MPOMBIIUIEHHOCTH
I OYUCTKU TPyOONIpoBOAOB T. 1. B mocnennee Bpems rHIporeian akTHBHO
WCIONB3YIOT JUIsl OTBOJA HAKOMUBIIEHCS SAOBUTOM KHUIKOCTH IO MYCOp-
HBIMH CBaJIKaMHU.

OTMeTHM, YTO THIPOTeNd 3a HNOCIEAHHUE AECATUIETHS HCCIEI0BAINUCH
JI0OCTaTOYHO TIIyOOKO, MMEeTCs OECKOHEYHOE KOJIMYECTBO MATEHTOB U CTaTel
M0 CHHTE3y M CBOWCTBAM THUIpPOTeNed B TPAIUIMOHHBIX YCIOBHUSAX, WX
CBOMCTBAM M NPHUMEHEHUIO, 3aT€M BBI3BAJl MHTEPEC CUHTE3 TMApOreneil Bo
¢ponTtansHoM pexkume (PII) [1-9] B maboparopubix ammynax. Mccnempopa-
HUA poBoauiuCh 1o crangaptHoit mertoauke OII. K amnynam ¢ ucxomHsbi-
MU BELIECTBAMH JIOKAIBHO TOAABaJIOCh TEIUIO, MPOUCXOANIO 0Opa3oBaHue
rejii B aBTOBOJIHOBOM pexume PII. 3pecs nposBUINCH BakKHEHHIME [10-
crounctBa @Il mo cpaBHEHHIO C TPAaJUWIMOHHBIM CHHTE30M — B TpajaH-
LIMOHHOM CHHTE3€ MPOLECC OCYILECTBISIETCS B BA ATala: meppasi CTagus —
o0Opa3oBaHHe JIMHEHHBIX TOJIMMEPOB, BTOpasi — CHIMBKA STUX MOJIMMEPOB C
oOpa3oBaHreM TpexMepHbIX ceTok. [Ipu ®II mporecc uaer B oauH dTam —
00pa3oBaHHbIC JTHMHEHHBIE MOJUMEPHBIE IENOYKH OJHOBPEMEHHO CIIHMBAIOT-
csi ¢ oOpa3oBaHMEM TPEXMEPHOM ceTKH. DTO M o0JerdeHue mpouecca, H
OBICTPOTa, U SKOHOMHYHOCTb, M JHEPreTHYECKas BBIT0Jla, HO KaK IMOTOM
BBISICHUJIOCH, 3/I€Ch UMEJIM MECTO €Ille€ U JPyTrue BhIFOJHBIE MPOLECCHI, UCK-
JOYAIOIINe HEAOCTATKH MPU CUHTE3€ B TPAJAUIIMOHHBIX YCIIOoBUAX. OIHOMN 13
TNIaBHEHIIMX OKa3ajlach WCKIIOYUTENIbHAS OKOJOTUYHOCTh THAPOTENCH,
nonydeHHbIX B DI ycnoBusx.

W3 nmonydaeMbIX M IIMPOKO HCIOJIB3yeMbIX rumporenei Ilommaxpui-
amuanbie ['uaporemn (ITADY) mpeacrapnsitor coboii Hanboee BoCTpeOOBaH-
HBIE U IIMPOKO UCIOJb3yeMble B pa3HbIX chepax. OTMETUM, UTO B IPUHIIMIIE
B MHpE MPOU3BOMATCS Pa3uyHbIe THAPODUIHHBIE (TIOTJIOMAONINE BOTY) U
rupodoOHbIe (OTTANKUBAIOIIME BOJY, BOJAOHEPACTBOPUMEBIC BEIIECTBA) Te-
mu. Ho HeoOXonuMbIMHM CBOMCTBaMH, KaK C TOYKHM 3pEHHUS (PU3UKO-MeXa-
HUYECKNX (YCTOMYMBOCTH K Pa3HBIM TeMIlepaTypaMm, KHUCIOTHOCTH CPEIbI,
OmMopasnaraeMocTh, AIACTUIHOCTD, A0COMOTHYIO O€30TTaCHOCTD ISl YeI0Be-
Ka U OKpYXarolle cpelpl) Tak U M0 OMOCOBMECTUMOCTH C YEJIOBEYECKUM
opraam3moM obmianatot [TAT. Ho mipu 5TOM HIMEHHO ¢ TTOJTHAKPIIIAMUTHBIMHU
THIIPOTEIISIMA UMeeTCs cepbE3Has mpobiema. Jlemo B Tom uto ITAT abco-
JIOTHO O€30MacHbI JUISl YEJIOBEYECKOT0 OpraHu3Ma M OKpPYXKArollel Cpesbl
(HEeTOKCHYHBI, ONOCOBMECTHMBI 1 UMEIOT COOTBETCTBYIOIINE (DU3UKO-XHMH-
YeCKHe CBOMCTBA JJISI UCIOJIB30BAaHUsS B OBITY), HO MCXOIHBIA MPOIYKT W3

316



KOTOpOTO €T0 IMOJIYy4aroT, aKprjlaMuJl, 3TO BBICOKOTOKCHUYHOE BelecTso. Jle-
JI0 B TOM, YTO TIOJIYYCHHBIA B TpaJulMOHHBIX ycioBusax [TAI' cBs3biBaeT B
IIPOLECCE peaKLUU HEKOTOPOE KOJUYECTBO SIIOBUTOIO MOHOMEpPA aKpUII-
aMy/a YU MOJYYEHHBI THMAPOrelb OKa3bIBAETCS NOIMYCTUMBIM HE KO BCEM
NPUIOKEHUSIM, 0COOEHHO HEIONMYCTHMO €ro HCIOJb30BAHHE B YeEJIOBEYe-
CKOM OpraHu3Me. XOTs MOJyYeHHbIN B TpaAulMOHHBIX ycioBuax [TAT Tma-
TEJIbHO OTMBIBAIOT, HO OCTAaBIIMECA CIIEABI SIIOBUTOrO aKpUIaMHUIA BCE PaB-
HO SIBJISIOTCSI HEXKEJIATEJIbHBIMU IIPU McIosib30BaHuu 3toro ITAIT B Meguum-
He, (hapmakosoruu U BooOIIEe B cdepe KU3HEISATEILHOCTH 4YejioBeka. B
OTIIMYHE OT 3TOT0 CEPbE3HOT0 HENOCTaTKa B TPAJULMOHHOM IIPOU3BOJCTBE
[TAT', Hamia TeXHOJIOTUSL UMEET OOJIBLIOE MPEUMYIIECTBO — B CHILY MEXaHU3-
Ma PACIpPOCTPAHECHUS MOJUMEPU3ALMH B YCIOBUAX aBTOBOJHOBOIO pacIpo-
CTpaHEHUs TEIIOBOM BOJHBI ()POHTA, MOJIyUYEHHBIH IPOAYKT YKe B Ipoliecce
CHUHTE3a OYMILAETCS OT BCEX OCTATOYHBIX BELIECTB M Ha BBIXOJIE MOJIy4aeTCs
abcomoTHO uucThii ITAT'. PammaH cnekTpsl U renb XpomaTtorpaguueckue
JaHHBIe TpeacTaBieHbl Hke. lmeer Ooiblloe 3HAYEHUE TaKXKe U He-
MIPEPBIBHOCTH 0JIaYM UCXOJHBIX BewecTB U oTBoja IIAI' B HenmpepbIBHBIX
peakropax ®II B motoke [10-15].

B03M0OXHOCTB OCyIIECTBIIEHUS TOJA0OHOTO MpoIecca 0Ka3ajlach peallb-
HOM Oyarofaps MHOrojgeTHUM uccienoBanusM PII B peakTopax pa3inyHON
TFEOMETPHUH U JI€TAIBHBIM pacueTaM 0 MOAEIUPOBAHUIO JaHHOIO IpoLecca,
poBoAUMBIM npodeccopom CeBaHoM JlaBTSHOM, yIIEIIIUM OT HAC MOJITOpA
rojia Hasaja ot koponasupyca [10,16-20].

M3HayvanbHbIe MOMBITKYA MO OCYLIECTBICHUIO HENPEPHIBHBIX TPYOUaThIX
peaktopoB PII B moToke, KOTOpBIE PACCUMTHIBAIMCH Ul MOJIMMEPHU3ALUH
KHMJKOr0 METUIMETaKpuiaTa nokasanu, 4yro i GII xunkux MoHOMEpPOB B
peakTopax TpyOuaToil reoMeTpur HEBO3MOXHO OCYIIECTBUThH BBHLy 00pa30-
BaHUS IOJ JABJICHHEM IIOTOKA CTPYH MKHJIKOIO MOHOMEpa 4epe3 paciulaB
MOJTY4EHHOTO ToJIuMepa. 3Aech NMpeJcTaBlIeHa cXxeMa paboThl HETPEPHIBHOTO
peakropa ®II ayisa cuHTe3a nonmMeTmMerakpuiara. Kak BUIHO U3 pucyHka
1 u pacueroB [10,16-20], ObuT OCyIIECTBIIEH IMIMHAPUICCKUI pEaKToOp C
pajualbHBIM HANpPABICHUEM IIOTOKOB Ul IMOJUMEpPHU3alMU METHIMETa-
kpuiata. OZHOBPEMEHHO ObUIO TOYHO YCTAHOBJICHO, YTO CHHTE3 MOJIUMEPOB
B TpyOUaThbIX pEaKTOpax BO3MOXKEH TOJBKO JUII MOHOMEpOB, IpEICTa-
BJSIFOILUX COOOM JOCTAaTOYHO BSI3KUE CHCTEMBI, KOTOPbIE HEBO3MOXKHO pa3-
PYLIUTH HENIPEPBIBHBIM TOTOKOM MCXOIHOM CMECH.

Puc.1. CTpys MOHOMepa Yepes nonmmep B Tpybyatom peaktope Orl.
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NMenno wucxons W3 3TUX COOOpakeHUi, HaMHM ObLTHM pa3pabOTaHBI
mMHApUYeckue u chepuueckue peakropa PII, rae momaBnseMblii TOTOK
HCXOJHBIX BEIECTB HAIMpaBJSETCA IO pPaguyCy peakTopa, B paluaibHOM
HaANpaBJIEHUW, B OTJIMYHME OT IMOTOKA B TPyOUaTOM peakTope, /e MOTOK
HaIpaBJIEH M0 JAJIUHE peakTopa.

Hwuxe mpencraBiena cxema HUIMHIPHYECKOTO pEakTopa, KOTOPBINA ObLI
BHEJIpEH Ha 3aBoje ropoja Jlzep:xkuHcka U Ha ONbITHOM 3aBoje AKaJeMIo-
ponka YepHOronoBka.
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Puc. 2. Cxema uunuHgpudeckoro peaktopa ans ®I1, 1- notpybok ans BBoga B peaktop
MCXOAHbIX peareHToB, 2- nepdBpupoBaHHas NOBEPXHOCTL TpybyaTon dopmbl, 3- pacnnas
nonumepa ¢ HenonMMepn3oBaHHLIM MOHOMEPOM, 4-NMOBEPXHOCTb (hpoHTa nonumepusaumu, 5-
aneKkTpoHarpeBaTtenu, 6- kKanunnapHble MeTannuyeckne Tpyoku Ans NnepeaBwkHbIX TepMmonap,
7- BEHTUNb NS perynupoBaHus nepenaga gaBneHust.

umuanpuueckuil peakrop ®II B moToke, HalpaBIEHHOM PaIHAIBHO OT
[IEHTpa peaKTopa K CTeHKaM C nephOoprupOBaHHBIMH TPYOKaMH Jis BBIBOJA
MOJIYYEHHOTO MOJIUMETHUIIMETAKPUIIATA.

BKCHepI/IMeHTaﬂbHaﬂ 4acTb

B mpornecce cuntesa [TAI, KoTophIil U3 cedsl MpenCTaBIsSeT TpeXMep-
HBIA CETYaThIil MOJIMMEP, COOTBETCTBEHHO, B TOM Cllyyae, MCKIIFOYAIOTCS
sSBIIeHUST TenbdddeKTa, MacCONEepPeHoca, pACIIUPEHUs MOJICKYISIPHO-
MAacCOBBIX paclpesieIeHIi 1, caMoe TIIaBHOe, 00pa3oBaHUE CTPYH MOHOMEpa
4yepe3 paciuiaB TPEXMEPHOTO THAPOTEINs, YTO TO3BOJIMIO BEPHYThCS K peak-
TOpaMm TpyOUaTOl T€OMETpPHH, CO3/IaTh M HCCIIEA0BAaTh TPYOUaTHIl peakTop
JUIs CHHTE3a TUAPOTeNeil B pekuMe PpoHTa MOJMMEPH3AIUU B TIOTOKE, KOT-
Ja ¢ OJJHOTO KOHIIA TPYOUYaTOro peakTopa IMOJAeTCs CMECh MCXOJHBIX Be-
IIECTB, C IPYroro KOHIIA PeakTopa B peKuMe (PpOHTATBHOMN MOIUMEPHU3aLuN

OTBOJUTCS THAPOTEC]Ib.
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Puc. 3. CxemaTtnyeckoe nsobpaxeHune cuHTesa Al B HenpepbIBHOM TpybGyaTtom peakTtope
on.

[upoKHM CHEKTPOM CBOKMCTB THApOreneil 0OyCIIOBI€HAa HX BOCTpE-
O0oBaHHOCTH BO BceM Mupe. Kak cka3aHo BbIIIe, 32 MMOCTIEIHUE AECATHUICTHS
MOJIy4€HO MHO’KECTBO MATEHTOB HA MCIOJb30BAaHUE MOJIMMEPHBIX THIpOre-
neit. OHaKo MpeAToKEHHBINA U pa3padoTaHHBIA METOA (GPOHTAILHON TOJH-
Mepuzauuu [21] OTKpBUT BOSMOXKHOCTH CHHTE3a THIpOTeneid B Hamboiee
ONarompHUsTHBIX TEXHOJIOTMYECKHX YCIOBHUSIX — BBICOKOW MPOU3BOIUTEIHHO-
CTH, dHEProcOeperaeMoCTH, 3KOJIOTHYHOCTH KaK CaMoro Ipolecca CUHTe3a,
TaK U NOJyYEHHBIX TPOYKTOB.

Metogom @II momyuensr TIAI co cremyronmumu CBOWCTBaMH: BIIH-
ThiBaeMocTh BoAbl OT 0,1 mz Boawsl Ha oauH rpamm cyxoro IIAI' u go
5000 mz Ha TpamMM CyXOro TUAporens. BnuTeiBaeMOCTh M OTa4a BOJIBI U
AKTUBHBIX BEIIECTB PETyJUPOBAIMCH U OCYILECTBISUIUCH C pacyeTaMu Ku-
HETHUYECKHX JTaHHBIX, C MCIIOJIb30BAHUEM HAHOJ00aBOK B MPOIECCE CHHTE3a
[TAT', mo3BOJIAIOMIKX PErYIUPOBATh MIIOTHOCTH MOP, OTBETCTBEHHBIX 3a BIH-
ThIBaeMOCTh. [IpoBoAMIIOCH TaKkKe pPeryaupoBaHNEe MAaKPOKMHETHYECKUX Ma-
pameTpoB (pa3Mepbl U (GopMa peakTopa, AaBICHHE U TeMIleparypa OKpy-
JKaIOIIEeH Cpeibl).
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Puc. 4. MakcumanbHas 1 MMHMMarnbHas normnoLLaemMocTb 1 otaada Boapbl MNAIM-om.
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Heob6xomumo 0co60 OTMETUTH OJJHO M3 HauboJjee BaXKHbBIX JOCTHXKEHUN
JAHHOW TEXHOJOTMU — aOCOOTHAS AKOJOTMYECKass YHCTOTA IOJy4YSCHHOTO
npoaykra — B noiydeHHbIX IIAIT oTCyTCTBYIOT naxe cienbl MCXOJHOTO
akpwiamuza, 4yTo odyciosieno cnerudukoir @I, npu Hanuuuu ynapHoit
BoNHBL. Taxke HaMK OBUIM TPOBENIEHB! JONOJIHUTENFHBIC aHAIU3BI MO YHC-
tote ITAT. Ha pucynkax 5, 6 npezacrasiensl gaHHble 10 Pamman Criektpo-
CKOIIMU — Ha PUC. 5 CIEKTPOCKOMUYECKHUI aHAJIU3 CIIEKTpa aKpujiaMuia, Ha
puc. 6 — cnextp [TAT
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Puc. 5. PamaH CnekTpbl akpunamuga.
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Puc. 6. PamaH cnektpbl AT

Hannbie no yucrore [TAI" ObUTH TOTOHUTENHHO MPOBEPEHBI TEIb-XPO-
MaTorpapuuIecKuM METOJIOM.
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Column 2.5um SQ 100A 10cm
Gradient A: H20, B: Acetonitrile / A :95% ->5 % in 30 min
Flow Rate : 0.5 mi/min
UV detection @ 210 nm
Temperature : ambient
Sample : (black) PAM-extraction via H20
background (red) 1. Uracil 2. Acrylamide

065 oumawAGim  Owmcw Agem) 800N 100
— Sang vy -
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0054
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0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

Puc. 7. Tenb xpomotorpacwmss Al (1) Ha d¢oHe [aHHbIX NO renb Xpomarorpadum
akpynamuga (2).

B cenbckoM xo3siicTBe mcmnonb3yercsi ciocoOHocTh [TAIT mormomiars
BOJly Y 3aT€M OTJ[aBaTh €€ B OKPYXKAIOIIYIO CPEAY, YTO OCOOCHHO aKTyaJlbHO
JUTS 3aCYILIUBBIX PETHOHOB. [ MapoOTenr BHOCSATCS B TIOYBY U PETYIUPYIOT €€
BIIYKHOCTh. B TOXIJIMBYIO TIOTO/Y UK TIPU MTOJIMBE THAPOTEIN MOTIJIONIAI0T
BOJly W 3aTe€M IO Mepe BBICHIXaHHS MOYBBI BBIACISIOT ee. [Ipu aTom Hamo
MMETh B BHIY, YTO TIOTJIONICHWE W OT/a4a BOJBI B IMOYBAX C Pa3HOU BIaX-
HOCTbIO cpaBHUTENbHO Onm3kas. Ha puc. 8, 9, 10 mpencraBieHbl KpHUBbIE
MOTJIONICHMS U 0TAauu Bojwl ajst yactuil [TAI™ pasznoro pazmepa (0,03, 0,06,
0,09 2). KpuBsie uccienoBanbl Ha BOCIPOU3BOAMMOCTE (Kp.1,2,3), Bce wuc-
XOJIHbIE KOMIIOHEHTHI MOBTOPSIOTCSA. M3 KpUBBIX BUAHO, 4TO pazbpoc mo
BIIMTHIBAEMOCTH M OTJIa4€ BOJbI OUCHb MaJICHbKUH.
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Puc. 8. Pasbpoc kpvBbIX NOrAoLWeHust u otaavm Bogbl Ans Yactuu MNAI pasmepom 0,03 2 npu
Bria)XHOCTU noysbl 33-35%.
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Puc. 9. Pa3bpoc kpuBbIx nornoLieHns n otaadm sogpl ang yactuy MAIT pasamepom 0,06 e npu
BNaXXHOCTK noyBbl 33-35%.
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Puc. 10. Pa3bpoc KpuBbIx MOrMoLLeHs 1 oTaaum Boabl Ansa vactuy MAI pasamepom 0,09 rp.
npv BNaxHocTun no4sbl 33-35%.

OTMETHM, YTO UMEET MECTO TAK)KE 3aBUCUMOCTb TOIJIOIAEMOCTH U OT-
a4y BOJBI B [TOYBY U3 YAaCTUYEK rejieil pa3HbIX pasmepos. Kak BUnHO u3 pu-
CYHKOB 8, 9, 10 morinonaeMocTs MEHbIIE U3 KPYIHBIX YaCTUYEK.

Ourytumsliii 3¢ (eKT 1aeT UCHoIb30BaHUE MOIMMEPHBIX TeIei 1 1 jie-
YeHHsI KOPHEH pacTeHui J0 TOro, Kak BHECTH B MOYBY, ruaporeian odopada-
TBIBAKOTCSI BOJHBIMU PAaCTBOPAMU C IMUTATEJIBHBIMU U JIEKAPCTBEHHBIMU IS
KOpHEeH pacTeHMs 100aBKaMU M 3aT€M 3TU HaOyXIIHE IeId BHEAPSIOTCA B
MIOYBY.

[anee uccienoBanock BIMSHAE KWHETHYECKUX [TapaMETPOB HAa CBOKCTBA
[TAT mo mornoniaemocTy U OTAaue BiIard. B 3aBucumocTH OT peryaupoBa-
HUSl KUHETHYECKUX IapaMeTPOB UCXOJHOM CMECH IOJIyYEHBI CIIEAYHOIIHE
KpPHBBIE I10 MOIVIONIAEMOCTH.
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Puc. 11. Mornowaemoctb MAlN npyu pasHOM COOTHOLUEHWM MCXOAHbIX MOHOMepoB. (Kp.1.
AAM:Akpunat Na=21.875%:21,875%, kp.2. AAm:Akpunatr Na=21.875%: 12,5%, «p.3.
AAM:AkpunaT Na=12,5%:21,875%).

OrpoMHbI€ IEPCIIEKTUBBI CBSA3aHbI C IPUMEHEHHEM TOJIMMEPHBIX THAPO-
reneil B ¢papmakosoruu. VX MOXXHO MCHOJIB30BAThH I M3TOTOBJICHUS Karl-
CyJl, BIUTBHIBAIOIINX JIEKAPCTBEHHBIE MPENapaThl U MOCTENEHHO (IIPOJIOHTHU-
POBAHHO) BBIIEJSIONIMX WX B OPraHW3M IO 3apaHee 3aJaHHON Iporpamme.
OTH BO3MO>XHOCTU MOTYT OBITh MCIIOJIb30BaHbI JJIsl MOJIEPKAaHUsST HEOOXO-
IMMOTO YpPOBHSl MHCYJIMHA Yy AMAOCTHKOB, MEJIATOHUHA s CTPaJarOLIMX
OeCCOHHUIIEH, a TaKXKe MPU JICYCHUN HAPKOMaHUM WIM alkoroiausma. Beap
3TO Ta, 0cobasi KaTeropusi OOJIbHBIX, KOTOpas HE CTAHET PEeryJsipHO MPHUHU-
MaThb IpenapaThbl, a OJHOW Kalcyibl TaKOW JIEKAPCTBEHHOM (POPMBI MOKET
XBAaTUTh HA 3a/laHHOE BpeMs, YTO0 yAep:KaTh JIFOJeH OT BBITUBKU WM MPHU-
HATHS HApPKOTHKA.

HccnenoBanack BO3MOXKHOCTb IIPOJIOHTUPOBAHHOIO JIEHCTBUS JEKapCT-
BEHHBIX CpEJCTB, BHeApeHHbIX B Marpuny ITAI'. Ha puc.12 npeacraBnenst
KMHETHYECKHE KPHBBIC BIUTHIBAHHUSA M OTAAYM HEKOTOPBIX JIEKAPCTBEHHBIX
CPEICTB B KAaueCTBE MOKa3aTels JUIsl CHELMAIUCTOB B 00sacTH (hapMakoo-
MU ¥ MEJUIINHBI.
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Puc. 12. MNornowaemocTb U oTgaya nekapcTBeHHbIX npenapaToB [MAl-om (kp. 1 pacTtBop
TeTpaumMKIMHa 1 Kp. 2 pacTBOp raHrrnepoHa).

BnutsiBaeMocTh W OTJa4ya BOJBI T'eJISIMH, KaK CKa3aHO BbIIIE, PEryJiv-
pyercs Kak KMHETHMYECKMMH, TaK U MaKpPOKMHETUYECKHMMH IapameTpamH.
Korna Bonpoc kacaercs nekapcTBeHHbIX HocuTened u3 I1AIL, To ucnomns3o-
BaJlaChb BO3MOJKHOCTb PETYJIUPOBaHUS BIUThIBaOIIMX cBOWCTB ITAIT mpu
CHUHTE3€ 3THUX Tejieil, TO BONPOC MOIJIOIIAeMOCTH U OTAAauH JIETKO PeIaeTcst
C MOMOIIBI0 J00AaBOK HAHOYACTHUI] (KOJUIOMIHBIX PacTBOPOB OEHTOHMTA) B
nonuMmepusytomryrocs cpeny ITAIT u perymupyercss cnocoOHOCTh JIeKapCT-
BeHHoro Hocutens IIAI' oTmaBarh B OpraHu3Me 4eJOBEKa BHEAPEHHOE
JIEKapCTBO € 33JaHHOW CKOPOCTBbIO M B 33JJaHHOM BPEMEHHOM HHTEpBaJe.
Kak BugHO u3 puc. 13 mornomniaeMocTh U OTAaya Biard 3aBUCHUT OT ILIOT-
HOCTHU MOP UCHOJIb3yEMbIX THIPOTeIIEH.

2 2 3 2 1 2 2 1) ' T |

20um 20p.m
A B

Puc. 13. Mukpockonudeckue ¢oto nonumepHon cetku MATT, nornowatowert 3000 r (A) n 1600
r (B) Bogbl, pacymMTaHHomM Ha 1 r cyxoro rugporens.
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s ymenbiienus 3toro ¢axkrtopa npu ucnosnb3oBanuu [TAI' B kauecTBe
HOCHUTENS UL JIGKapCTB ObUI HCIIONB30BaH KOJUIOMIHBIA pacTBOp OEHTO-
HuTa. Kanbluesble MULIEIUTBI U3 Cpeibl OCHTOHUTA, MPOpEearupoBas ¢ PyHK-
LHMOHAIBHBIMY IPYNIaMU, OTBETCTBEHHBIM 3a MOIIOLIAEMOCTh, YMEHBIIAIOT
nornouiaemMocts AanHoro ITAI'. DtoT mponecc perynupoBaics 3apaHee, B
3aBHCHUMOCTH OT TpeOoBaHmii cepsl, Kyna Hampasiugercs [IAl. Hanpumep,
IUIs. HOCUTENEH JIEKapCTB MCIOIb30BAIUCH J0OABKH KOJUIOMIHOTO PacTBOpa
B 3aBHCHUMOCTH OT COCTaBa UCXOJIHOM CMeCH.

Py

Lo s ot 0 ]

20um
A B

Puc. 14. Mukpockonuyeckne ¢oto nonumepHon cetkm MAI 6e3 (A) n ¢ (B) konnomgHbim
pacTBopoM BeHToHUTA.

Ha puc. 14 npencraBnensl mukpockonunueckue (oro ITAIT ¢ pasnoit
BIIMTHIBAEMOCTBIO: ¢ KOJUIOZAHBIM pactBopoM OeHtonuta 0,1 /2 u 5000 o/e
0e3 KOJIOJHOTO pacTBopa OCHTOHHTA. MPUTOTOBJIECHHBIE IPU PETYIUPOBa-
HUM KUHETUYECKHUX MapaMeTpoB MCXOAHOH cMmecu. Kak BUIHO U3 pHCyHKa
14 (B), rae Hapymaercsi paBHOMEPHOCTD I10pP, UMEET MECTO CBSI3bIBAHHE aK-
TUBHBIX (YHKIMOHANBHBIX Ipynn B cTpykrype IIAI, pearupys ¢ HaHouac-
TUL[AMU 3aMBIKAOT NOpbl TpexmepHou ceTku IIAI' u TeM caMblM yMeHb-
HIaloT ee norjomaemMocts. B nanHom ciydae 1 2 cyxoro ITAI' BnuteiBaeT
0,12 M1 aKTHBHOTO pacTBOpa JEKAPCTBA M BBIACISET €r0 B TEUEHHE CYTOK.
OTOT HpoLEecC MOKHO PEryaupoBaTh, COINIACHO KOJIMYECTBY U BPEMEHU
TpeOyeMoro JuIsi BO3JIEHCTBHS HA COOTBETCTBYIOLIUI OpraH OOJBHOTO, YTO
BXOJMT B ()YHKLHUIO CIIEUATUCTOB (papMaKOIOrOB U Bpaueil.

3akjaueHue

B pabote kpaTko mpuBezcHa XPOHOJOTHS CO3/IaHUS PEAKTOPOB Pa3HOM
reoMeTpuu Jisi ocyuiecTBieHus: cunre3a [TAIl ¢ 3apanee 3aiaHHBIMU CBOM-
CTBaMH C IIETIBI0 UCIIOJIb30BAHMS MTOJIYYEHHBIX Tejeil B CEILCKOM XO3SMCTBE
u ¢apmakonoruu. B craThe NpHUBEACHBI 3KCIIEPUMEHTALHBIC JIAHHBIE IO
WCTIONB30BaHn0 TexHoyoruu (m s cuHre3a 1A ¢ 3amaHHBIMU CBOH-

CTBaMH U MPEACTABJICHbBI KHHCTUYCCKHWEC KPHBLIC BIIMTBIBAHUA W OTAAYU
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ITAT" BOJBI B CENBCKOM XO3SUCTBE W MPOJOHTUPOBAHHOW OTHaye JIEKapCT-
BEHHBIX TIpenapatoB B (apmakosoruu. [lokazaHo, 4To OTAada BIIaTH B
MOYBY 3aBUCUT OT KHCJIOTHOCTHM M KaudeCTBa MOYBHI, OT €€ IUIOTHOCTH,
TeMmneparypbl okpyxkatwowmeid cpeasl. Ilokazano, uyrto IIAI' MoXHO
WCIIONIh30BaTh B KAa4yeCTBE HOCHUTENEH MPOJIOHTHPOBAHHOTO THUJIPOTEISIMU
JICKapCTB C 3aJaHHBIM MEPUOJOM UX OTJIa4l B OPraHU3M.

SLNLSUL MALPUELUSUTUL BULTNd NP NSGELELP URLE-BAL
G4 Gh M UNNFE-3NAFLL &-3NFLUSLSEUNFE-3TL
64 +6UGN ONFER-3UL UBR

W\, SNLA3uy, W 2. JUuMMEL5U30YL, W. Q- LES3UL L UL 4. UUreU3uL

Uppuunnuitpnid biplpusyusgifmd b wbipbiglunn qnpdnqnofdyuls nbulpnnphbpnod $pni-
sy wynpfdbpugduls wypph wupuddu wuyduwibbpnod aogpopfyodpyog e Spypngb-
thpf uffFbgp b hppundw afjuibp: Chploguggus § Snnpned pamgnfulufnp nbuljn-
o g fynhind Shpghilyne mbfulinnqpabbph quipgugaodp Gty gngfulbpeg-
dusle nbdflmd” braugupy guiliguyfls wyryfdbphlpp, dusbusdnpungbo, ogngfulppyoodfge i
Shuppmalybiph upbfFlgh Sudwp: Qupfp wnbiliynyg $pninnuy wynypdlbpugdui b $pgpngbybpp
upbfFlgh wypnghup b &Sl fdyn iy, Sudngdfby § dyudly wypngbufs frpudpuiog-
duls sy duiibilipp” whphquin gapdnqndfdyuwl $potunuy nlwlmnphbpncd, [lgh wogmln-
by & qpfmd prligpfe predndp” wnotiy spngfulppypudfipoy i Spapnglibp Quidw &y -
[yl snpifs QunnlymfFyniiiliph: Unusgdfly B Qunnlpncfdymibbph jugh augllpmpng
wynipulpppudppaypl - Spppnglbybp: Ugfuwnnubpncd  ubplhuyugws B spnp &bl
wnifyuplibip wmgmd Spapngbybpp qprequunlinbuncfdpul, pdylynfFyut, ghpugapdnfdyut
b sy plrngunfwniihpoid Yfypandul Shopunfnpncfyncibbpf fbpuphpgog:

SYNTHESIS AND USE OF HYDROGELS IN AGRICULTURE AND
PHARMACOLOGY BY THE METHOD OF FRONTAL POLYMERIZATION

A.O. TONOYAN? A. Z. VARDERESYAN? A. G. KETYAN2and A. V. SARGSYANP

2 National Polythechnic University of Armenia
105, Teryan Str., Yerevan, 0009, Armenia
E-mail: atonoyan@mail.ru
b Artsakh Scientific Centre
Republic of Artsakh, Stepanakert, Tigran Mets 26
E-mail: anyuta.sargsyan@mail.ru

The paper presents the data on the synthesis and use of polyacrylamide hydrogels
obtained under conditions of frontal polymerization wave propagated in continuous
reactors. The chronology of the development of technologies for the introduction into
production of a tubular reactor in flow in the frontal polymerization mode for the
synthesis of three-dimensional cross-linked polymers, in particular, polyacrylamide
hydrogel, is briefly presented. Taking into account the specifics of frontal
polymerization and the process of synthesis of hydrogels itself, it was possible to
develop the conditions for carrying out the process in frontal reactors of continuous
operation, which ensured the solution of the problem posed — to obtain polyacrylamide
gels according to predetermined requirements. Polyacrylamide hydrogels with a wide
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range of properties have been obtained. The paper presents experimental data on the
possibility of using the obtained hydrogels in agriculture, medicine, pharmacology, etc.
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XUMHUYECKHUE TEXHOJIOI'MHN

YK 577.19:602.4

PA3BPABOTKA TEXHOJIOI'MA BBIJIEJIEHUA 1 OYUCTKHU
BUOUHI'MBUPYIOUIEI'O ITPOJAYKTA U MEJIAHUHA U3
KYJIbTYPAJIbHBIX )KHJIKOCTEN U U3YUEHUE UX CBOMCTB

A. E. ATAJUKAHAH*, I'. )K. OTAHECSIH, K. U. ET'USH u C. B. ABETUCSIH

HIIL] "Apm6uorexunonorus” HAH PA
Apwmenus, Epesan, 0056
E- mail: aghajanyanarmen@yahoo.com

WcecneposaH npouecc COpOLIMOHHOIO BblAENEHUsI N O4UCTKM BUOMHIMBMPYIOLLEro NpoayKTa n3
KynbTypanbHbIX xuakocten (KXK) monovHokucnbix Gaktepuii U onpeaeneHsl onTumanbHble napa-
MeTpbl npouecca. [na O4MCTKM LieneBoro npofdykrta OT COMyTCTBYIOLMX NPUMEcei W3 anoaToB
MNOHOOBMEHHBIX KOMOHH MCMOMb30BaH JKCTPAKUMOHHBIA cnocob. OnbITel Moka3anu, YTo Mpu 3ToM
BUOUHTMOUPYIOLLYI0 aKTMBHOCTb MOMYYEHHOro MpoAykTa ypdaeTcs gosectu o 28000 ea/mn.
YcTaHoBMeHO, YTo 3eKTUBHbIMU AkcTpareHTamu sisnisitotest AMK, 09K un aueToHuTtpun. Bbixoa
LeneBoro NpoaykTa M3 cyrnepHaTaHTa C y4eTOM BO3BpaTa PacTBOPOB B TEXHOMOTMYECKWM LMK
cocraBnseT ~64 %.

CyTb paspaboTaHHOro KOMGUHMPOBAHHOIO crnocoba BbIAENEHUS U OYUCTKM BUOMHIMBUpPYtO-
wero npoaykta n3 KX sakntoyaetcs B TOM, 4TO C MOMOLLbIO MOHHOTO O6MeHa 13 cynepHaTaHTa Bbil-
[ensieTcst YaCTMYHO OYMLLEHHBIN PacTBOP aHTUMWKPOBHOrO NPOAYKTa, M3 KOTOPOro Janee aKCTpak-
LMOHHBLIM CMocobom yaaeTcs NonyyvTb LierneBon MPoAyKT C BbICOKOW GUOMHIMOMpYIOLLEe akTuB-
HOCTbIO.

Pa3paboTtaH copOLMOHHbI MeToA BblAeneHust MenaHuwHa 3 cynepHataHTta KX B 3aBucumo-
CTW OT TUNa npumeHsiemoro copbeHTa unu cmonel, pH pacteopa 1 pa3mep rpaHyn cmornbl. Jlyyive
pe3ynbTaTbl cOpbUMM MenaHuHa W3 cynepHaTaHTa W JMiMPOBaHWE CO CMOIMbl MOMyYeHbl npu
ncnonb3oBaHuUK cnabo-ocHoBHoro aHuoHuma WA-1p B Cl -cbopme.

CHaTbl OMP-cnekTpbl MenaHvHa M nokasaHo, YTO YMCMO HEeCnapeHHbIX JNEKTPOHOB B HeEM
coctaensieT 10%8-10% cnunle. YcTaHOBMNEHO, YTO B CTPYKTYpe MenaHuHa ecTb ABa TUna napaMarHuT-
HbIX LIEHTPOB, OAWH 13 KOTOPbIX SABNSETCS NabunbHbIM, a APYron — CTabunbHbIM.

MN3yyeHo Takke BNMsIHWE TemMnepaTypHOro BO34eNCTBUA Ha CBOWCTBA MeNaHMHa U ero anekT-
POMNpPOBOAHOCTb.

Puc. 5, Tabn. 3, 6ubn. ccoinok 35.
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Oco0oe MecTo B OMOTEXHOJIOTHYECKOM TIPOHM3BOJCTBE OHMOIOTHYECKU
akTuBHBIX BemlecTB (BAB) 3aHnMaeT BbIJielieHHE U OYHMCTKA IEJIEBOTO MPO-
nykra n3 KK,

Jl1s MUKpOOHOIOrMYECKUX MPOIIECCOB XapaKTEePHO, KaK MpaBuio, oopa-
3oBanne KOK, comepkanmmx Kpome IIENIEBOTO TMPOMYKTa OOJBIIOE KOJIUYE-
CTBO COITYTCTBYIOIIMX MPUMECEN.

ITosromy B miporiecce BoiAeneHus: u ounctk BAB u3 KK vactro npuxo-
JUTCS CIIOKHBIE U, KaK MPaBUIIO, HECTAHIAPTHbIE MHIUBUAYAJIbHbIE TEXHO-
JIOTUYECKHE TMOIXOMbI, TO3BOJSIOLUINE TOIYYUTh LIEJIEBbIE IPOAYKTHI BBICO-
KOW CTEIIEHH YUCTOTHI.

CornacHo OIEHKaM 3KOHOMHCTOB cebecrommocTh BAB mpumepHo Ha
60% omnpenensieTcss 3aTparaMu Ha CTaausIX BblaeneHUs u ounctku u3z KOK.
Hcxons u3 aToro, pa3padborka 3PEeKTUBHBIX METOJOB BBHIACICHHUS U OYHCT-
k1 BAB, npeacTaBigomuX KOMMEPUYECKH MUHTEPEC, SBISETCS aKTyalbHON
3amaueit [1].

Lenpro mpennmaraeMoil paboThI SIBJISIIOCH UCCIIEIOBAHNE TIPOIIECCOB BBI-
JeNICHUs. U OYUCTKH HEKOTOphIX BAB (MHKpOOHOrO MenaHuHa ¥ OMOWHTH-
oupyromiero npoaykra) u3 KX u pazpadorka 3¢ppekTuBHBIX TEXHONIOTHI UX
BbIIeNieHus 1 ouncTKU 3 KK mukpoOHOro cuHTe3a.

Boigenenne u ouncrka omomHruoupyomero npoaykra u3 KK

BuonHrnbupyomme BemecTsa, B OCHOBHOM, MPECTABISIFOT COO0I CHH-
Te3upyembie OakTepusMu (OaKTEPHOIMHBI) WM IPOAOKAMU (MHUKOILMHBI)
MPOAYKTHI, KOTOPBIE OTIUYAIOTCSA JIPYT OT APYyTa MO MOJEKYJISIPHOMY BECY,
XUMUYECKOMY COCTaBY U MO CIIEKTPY BIUSHUS [2].

[Tonmy4yeHne HOBBIX OMOMHTHOMPYIOMIMX MPOAYKTOB Ha OCHOBE MpoOHO-
TUYECKUX MUKPOOPTraHU3MOB SIBJIICTCS aKTyaJbHOW 3ajJadeil. 3a MocieqHue
7iBa JecsTWiIeTus: npobiema mpuoOpena O6osee akTyallbHBIH XapakTep, Tak
KaK yBEJIMYMIIOCh YUCIIO OaKTepuid, yCTOMUMBBIX K BIUSHUIO aHTHOMOTHUKOB,
YTO MPUBOAUT K YBEIMYEHHUIO DPACIPOCTpaHEeHUs Ooye3Hel Kak cpenu
HAaCEeJeHUs, TaK U CPeid KUBOTHBIX [3].

Bbrounnrubupyromnue BeniecTsa IMEIOT Pa3INuHyIo npupoxay [4].

B nureparype cymiectByeT OOJbIIOE YHCIO OMyOJUKOBAaHHBIX padoT,
MOCBAIIEHHBIX KiIaccuPuKkanuu OakTepuonrHOB [2-5], a Takke OMOCHHTE3Y
W WX BBIIETCHWIO W3 KynbTypanbHbIX skupoctedt (KXK). B HekoTopsix
paborax BeiieneHue Oakrepuoraa n3 KXK ocymecTisiroT neHTpudyrupo-
BaHMEM, MOCJE Yero ueHTpudyrar moaseprarwt yiabrpadunstpanuu [5-8].
Jlanee OakTepUOLMH OCAXKIAIOT M3 MEpMeara BbICAJMBAHUEM CYylb(aTom
aMMOHHSI, a BBIJCIUBIIMICS OCAJOK pPACTBOPSIIOT B pacTBOpe LUTpaTa
HATpUs M Juanu3yioT. Jmamusat moxasepraioT renb-¢uistpanun. Cobpan-
Hble (Gpakuu OOBEAMHSAIOT M JHUOGWIbHO BbicymuBaioT. Cyxylo maccy
pacTBOPSIOT B BOJE U MPOMYCKAIOT Yepe3 KOJOHKY, 3alOJHEHHYIO KapOoK-
CUMETHIILEITI0NI0301. CO CMOJIBI 1ENIeBOM MPOJYKT SIIOMPYIOT PacTBOPOM
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xsopuna Hatpus. CoOpaHHbIe aKTUBHBIE (PPAKIUK CMEIINBAIOT, IOIBEPTal0T
a3y U GpakiruoHUPYIOT ¢ oMotk BOXKX. AxkTuBHBIC Qpakiuu cMme-
[IMBAIOT, JIMO(PUIBHO BBICYUIMBAIOT U IMOCJIE PACTBOPEHHS B BOJE IMPOBE-
PSIOT OaKTEPUIIMIHBIE CBOMCTBA.

UzBecten cmnoco0 Bwigenenusi OakrepuoumHa w3 KK, momyuenHoi
KynbTHBHpOBaHueM Imtamma Lactobacillus plantarum F1 u Lactobacillus
brevis B nutarensHo#t cpene [9]. CornacHo crnocoOy, BHavae KXK monsep-
raroT LHEHTPUPYTHUpOBaHHIO, LIEHTpUDyTaT yabTpaguabTpyOT U U3 NepMea-
Ta cynbpaToM aMMOHHS OcaxgaroT OakrepuouuH. OcaZok pacTBOPSIOT B
¢docharaom Oydepe m moasepraroT nuannsy. V3 auaam3upoBaHHOTO PAcCT-
BOpa OaKTEPHOLMH 3KCTPArUPYIOT OPraHUYECKHMMHU PACTBOPUTEISIMH, SKCT-
pakT BBIMAPUBAIOT, MOJYYEHHBINH ocamok pacTBopstoT B pactBope NaCl u
OTPEACISIOT OAKTEPHIUAHYI0 aKTHBHOCTH IOJTYYEHHOTO BeIlecTBa. AHa-
JIOTHYHBIN MOAXO0J] K BBIACICHUIO U OYHCTKE OaKTEPHOIMHA M3JI0KEH B pa-
0ote [4]. OKOHYATETBHYIO OYHCTKY 0oOpasiia IeJIEBOTO MPOIYKTa OCYIIECT-
BIISAIIOT ¢ moMonibio BOXX.

Bbinenenne OMOMHTHOMPYIOIIUX MPOAYKTOB M3 CYIIEPHATAHTOB B JIUTE-
parype, B OCHOBHOM, IPEAJIaraloT OCYIIECTBIATh CIEAYIONIMM 00pa3oM: BbI-
caJluBaHHEM CyJIb(aToM aMMOHUS, PACTBOPEHUEM 00pPa30BaBIIETOCS OCaaKa
B Oy(hepHOM pacTBOpe, TUAIN30M, Iellb-(pUabTpanueil, HOHHBIM OOMEHOM U
BD2XX [4-7].

[IpenosxeHHbIE TOAXObI K BBIIEICHUIO U OYUCTKE OMOMHTUOUPYIOLINX
npoaykToB u3 KK, B OCHOBHOM, MMEIOT HCCIIEIOBATEIbCKHI XapakTep U
SIBIISTFOTCSI HETEXHOJIOTMYHBIMH.

Ilensto mpennaraemMoil paboOTHl sBIsIACHE pa3paboTka 3((HEeKTUBHOTO
TEXHOJIOTUYECKOT0 CIOC00a BBIACICHUS M OYHUCTKH OHOMHTHOMPYIOIIEro
npoaykTa u3 KK MosouHOKHCIBIX OaKTepHii, UMEIOIIETO BHICOKOE OaKTepH-
LUIHOE JEUCTBHE.

Boigesienue u ouncTtka MUKpoOHoro Mmesianuna u3 KK
U M3Y4YeHHUe ero (pu3nKo-XUMHYECKHUX CBOICTB

MenaHuHBI — TEMHOOKpAIIEHHBIE BEICOKOMOJIEKYJISIPHBIC HEPETYJIISIPHBIE
MOJIMMEPBI, O0pasyroulrecss B OopraHu3dMax IMpu (pepMEHTATHUBHOM OKHC-
JICHUH a30TcoAepkKallnuxX U 0e3a30TUCThIX NojudeHosoB [18,19]. Onu obna-
JIAIOT PaHONPOTEKTOPHBIMUA U AHTHOKCHUIAHTHBIMH CBONCTBaMH, SIBIISTIOTCS
copOeHTaMU paJMOHYKIIUIOB M TSKEIBIX METANIOB U CIIOCOOHBI Y PEKTUB-
HO 3alllMIIaTh )KUBbIE OPTraHU3MBI OT YIBTPA(PHOIETOBOTO U3TyYEHUS.

SBasisick MHTMOUTOpaMU CBOOOIHOPAIUKAIBHBIX peaKluil, MeTaHUHbI
CIIOCOOHBI TTOJIABIIATH POCT 3JIOKAYECTBEHHBIX OIMYXOJIeH, OKa3bIBaTh 3aINT-
HOE JEHCTBHE INPH JETAIBHBIX J103aX MOHU3UPYIOUIMX H3IY4EHHH, TOPMO-
3UTh MPOLECCHl MEPEKHUCHOTO OKHUCIEHUS JIUMUAOB, CTUMYJIMPOBATh POCT
pactenuii [19]. MenaHuHBl KCHOJB3YIOTCS B MeIMULUHE, (hapMaKOJOTHUH,
CEJIbCKOM XO3SMCTBE U B Ipyrux odmactax [20].
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Jlig mosryyeHusl METaHMHOB UCTOJB3YIOT CIEAYIONINE TEXHOJIOTUU: XU-
MHUYECKUI CHHTE3, IPEIYyCMOTPHUBAOLINI OKICICHUE TUPO3HHA U €T0 MPOU3-
BOJHBIX [21], 3KCTpakIuiO0 W3 >KMBOTHOTO MaTepuala U PAaCTUTEIHLHOTO
ChIpbs [22,23], MuKkpoOHBIi cunTes [24,25].

BcenenctBue GoNBIIOrO0 XMMHUYECKOTO pPa3HOOOpasusi OMOJOTHYECKHX
MaTepHaJOB, SBISIOUIMXCS CBHIPbEM JUIS TOJXYYEHHUS MEJaHUHA, €JHHOTO
CTaHJAPTHOTO METO/A BBIJIEJICHUS M OYUCTKU HE CyIIECTBYET [26].

YciaoBus IKCIepUMeHTa

Panee Obuta moka3aHa aHTUMHKpOOHas akTtuBHOCTh KOK mtammoB
Lactobacillus acidophilus 1991 BKIIM 6257 [10] u Lactobacillus
rhamnosus 2012 UTHMHA 9614 [11], oOycnoBieHHass CHHTE30M 0aKTepuo-
[MHA.

KK OnoMHruOMpyoommx BEIIECTB BBIINICYKA3aHHBIX INTAMMOB, IOJY-
YEeHHYIO Mociie BhipammBanus B cpene MRS npu temmeparype 37°C B Te-
yeHue 48 u, moaBepragu LEeHTpuUyrupoBaHuto B Tedenue 20 mun npu
2900 g. CynepHaraHT NOABEPraiu yabTpa@uiIbTpalMU IIyTeM IpPOINyCKaHUs
qyepe3 pa3esuTeNbHbIN YIbTpaUIbTPAIIMOHHBIN annapar ¢ MOJIBIMU BOJIOK-
Hamu niepuoandeckoro aecteust AP-02 (Poccus). PaGouas cmech mupkynu-
poBasia 1o 3aMKHYTOMY KOHTYpY. [lanee mepmeaT moaBepraiu ynapuBaHUIO
B Bakyyme nipu 36-38°C u ocrarounom aasiiernu 0,01 MITa 10 10CTHKEHUS
conepxkanus cyxux BeuiectB (CB) B mepmeare 27-30%. s ocaxneHus
nesneBoro npoaykra Kk 30 msz ynmapeHHOro nepMeara Hpu NepeMelIMBaHUU
no0aBsud  cynb(ar aMMOHUS KBATH(DHUKAIMH «X9» 10 JIOCTHIKEHUS
CTETIeHH HacChIIeHHs pacTBopa paBHOU 30-80%. 3nauenne pH ymapeHHOTO
pactBopa coctaBimsuio 3,5 u 6,5. Ilocne 20-MHHYTHOTO mNepeMeNTUBaHUS
maccy BoiaepkuBanu npu 4°C B teuenne 20 u. OOpa3oBaBHIMIiCS OCATOK
OTIENSTA OT pacTBOpa LEHTpU(YyrupoBaHWEM B TedeHue 15 mun npu
5400 g. AHaNOTUYHBIN MOAX0 ObUT MPUMEHEH NPH OCAKICHUU OMOMHIHOU-
PYIOILIETO BELIECTBA U30MPONaHoIoM. OObEMHOE COOTHOIIEHUE YIIAPEHHOTO
pacTBopa K u3omnponanoiy cocrasisuio ot 1:0,5 no 1:10. M3 obpa3oBabiiie-
rocst ocajKa roToBwIM 5% BOJHBIN PacTBOP U B HEM ONPEAEISIM aHTUMHUK-
pOOHYIO aKTUBHOCTb.

CopOuunoHHBIN npoliecc BbIAEIECHNS OMOMHIHMOMPYIOLIEro BELeCTBa U3
cynepHaranta KOK ocymiecTBisinm mnpomyckaHHeM pacTBOpa 4Yepe3 JBe
MOCIIEZIOBATEIHbHO COeTMHEHHBIE HOHOOOMEHHBIE KOJIOHKH. [lepBas KomoHka
3amotHeHa katnoHuToM KY-2-8 (Poccus), a Bropas — anmonutom 2J123-1011
(Poccust) B H" u OH" dpopme, coorBeTcTBenHO. JIMHEHHAS CKOPOCTH MOTOKA
CylepHaTaHTa MO HAMpaBlICHUIO CHHU3Y BBepx cocraBmsuia 0,034 cm/c. B
nporiecce copOIUH MEepBYI0 KOJIOHKY MCTIOIB30BAIH I peryaupoBanus pH
pacTBopa B ¢a3e annonnta. O0beM KaTHOHWTA B KOJIOHKE coctaBisit 0,12
obbema, a aaroHuT — 0,35 oObema oT 001Iero 0ObeMa MPOMYIIEHHOTO CY-
nepHaranta. Tak kak OMOMHTHOUpYIOIEE BEIIECTBO, B OCHOBHOM, MMEET
aHMOHHYIO TIPHPOJLy, OHO copOupyeTrcst Ha aHHOHHTE. [locie npekpamenus
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MoJa4M CyIlepHaTaHTa CMOJBI MPOMBIBAIM BOZOH 10 conepxanus CB B
BBIXOJISIIIEH CO CMOJIBI JKUAKOCTH, paBHOro ~0%, 3areM copOMpPOBaHHBIM
LEJIEBOM MPOIYKT CO CMOJIBI SJIIOUPOBATIN aMMHAUYHBIM PACTBOPOM IIPH CKO-
POCTH IMOTOKA JIFOCHTA MO HAMPABICHUIO CBepXy BHU3, paBHOH 0,02 cwm/C.
Opakmuu, obnagaromme OWOMHTHOMPYIOIUM CBOWCTBOM, OOBEIWHSIIN W
MIOJIBEpPrajii BaKyyMHOMY ynapuBanuto 10 CB pactBopa, paBHbIX 50-52% u
nocsie pa3daBieHus ONpeaesii OMOMHTMOUPYIONTYI0 aKTUBHOCTD TMOJTY4YEH-
HOTO IIPOJIyKTa.

DKCTpakinio OMOMHTHOUPYIOMIETO MPOAYKTA U3 3JTF0aTa HOHOOOMEHHON
KOJIOHKHM OCYILIECTBIISUTH J00aBiIeHrneM K 20 mr 3IroaTa ONpeieieHHOrO KO-
nrdecTBa (OOBIYHO OJMH 00BEM K OJTHOMY O00BEMY DIIF0aTa) OPraHUYECKOTro
pacTBOPUTEIISE COOTBETCTBYIOIIETO TUIIA U TIOCTE JECITUMUHYTHOTO 3KCTpa-
THPOBaHUs Maccy OCTaBILIM HA pacciioeHue B Teuenue 20 muH, IOcie 4ero
OpTraHUYECKUH CIOM OTACISIIN OT BOAHOT0. BakyyMHBIM ynapuBaHueM Opra-
HUYECKHI PacTBOPHUTENh OTAEISUIM OT AKCTPAKTa M BOIHOTO CJIOS M OII-
penensui OMOMHTHOMPYIOLTYI0 aKTHBHOCTh YIIAPEHHBIX PACTBOPOB. YTapeH-
HBI BOJIHBIA PAacTBOP MPHUCOEAUHSIIA K UCXOJHOMY CYIEpHATAHTY IS HO-
HOOOMEHHOH OYHCTKH.

Copnepxanre OMOMHIHMOMPYIOIIETO MPOAYKTAa B pa3iM4YHbIX 00pa3max
OTIpEICTISUTH METOJIOM 00pa30oBaHMsI WHTMOUPYIOUIEH 30HBI HA TECT-KYJIb-
Typax.

B pabGore ycnoBHOW enuHUIEH aHTHOAKTEPHUATLHON aKTHMBHOCTH
(Au/mz) cauranacek BeauvnHA pa30aBICHUS, TIPH KOTOPOM 00pas3er] MpOsIBIIsLI
MUHUMAJIbHYIO 30HY (2 MM) TIOAABICHUS pOCTa TECT-KYIbTYp [12].

B kadecTBe mMccaeqyeMbIX TECT-KYJIbTYP MCHOJIB30BAIHM YCIOBHO-TIATO-
rennbie Gaktepuu poaos Escherichia coli K-12, Salmonella typhimurium 7-
38 u Bacillus subtilis 7-17-89, naxozsmuecs B KOJUISKIIMH MHUKPOOPTaHU3-
moB HIIL[ «ApmOuoTexnonorus». BeipamuBanue TeCT-KyJabTyp MPOBOIMIN
B niurarenbHoi cpene npu 30°C B Teyenue 18 4. B KoHIlE, B 3aBUCMMOCTH OT
KyJbTyp, TUTp coctapisit 10°-10° KOE/m.

s ycTpaHeHUs NEWCTBUS OPTaHWYECKUX KHCIOT Ha TECT-OPTraHU3MBI
pH ananmu3upyembix 00pasmoB ObT cKoppekTHpoBaH a0 6,0 pacTBOpoM
NaOH.

KK menanuna ObLia mosyueHa NpU KyJIbTUBUPOBAHHHU ILITAMMA-TIPOJY-
nenra Bacillus thurigiensis K1 na nuratenshoii cpene [25]. Coxepkanue
menanuna B KK cocrasisiio 4-6 /.

Cop0Ouuio MenaHWHa B TUHAMUYECKHX YCIOBHUSX MPOBOAWIM Ha KOJO-
HKe (6x70 cm) pu TMHEWHOW CKOPOCTH TIOTOKA CyTIIepHATAHTA 110 HAIIpaBJIe-
HHIO CHHU3Y BBepX, paBHoii 0,034 culc.

DJIOMpPOBaHUE MENaHWHA CO CMOJBI TPOBOAWIN 3,5% aMMHaYHBIM
PacTBOPOM IPH CKOPOCTH MOTOKA 3JTIOCHTA Yepe3 KOJIOHKY MO HAIPABJICHUIO
cBepXy BHM3, paBHoit 0,015 cumlc.
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KoHieHTpanuio MenaHnHa onpeaessuii U3MEpPEHHEeM ONTUYECKOH TUIOT-
noctH (OII) pactBopa nipu 315 nm 1 cpaBHEHHEM MOTYYEHHON BETUYHHBI CO
3nayenueM Ol crangapTHOro pacTBOpa MeJIaHUHA.

Cuekrpsl DIIP perucrpupoBanu npu temrneparype 20°C Ha criekTpo-
metpe tuna SE/X-2543 «Radiopany (ITosbiia) ¢ BBICOKOYACTOTHOM MOYJIsI-
mueit 100 x/y na gacrore 9,4 I1Ty.

CriekTpajbHbIC U3MEPEHHUs MPOBOAWIN Ha criektpomerpe Perkin Elmer
550S UV-VIS (CIIA).

Pe3yabTarsl U 00CyKIeHHE

[TpoBeneHHBIE HAMU UCCIIEIOBAHUS MTOKA3AIH, YTO C IOMOIIBIO BBICAJIH-
BaHUS Cylb()aToM aMMOHHS WU OCAKICHHS M3OMPOIAHOJIOM IPH pa3sind-
HBIX 3HaYeHusx PH pactBopa neneBoro mpoaykra u3z KXK nByx mcmnomb3ye-
MBIX IITAMMOB HE YAAeTCsl KOJMYECTBEHHO MPOBECTH OCAXKICHUE OMOUHTH-
OMpPYIOIIEro MPOAYKTa W3 YIAPEHHOTO IepMeaTa He3aBUCHUMO OT CTENEHH
HacwImeHus pactsopa (ot 35 10 80%) u 06beMHOT0 COOTHOLIEHHS PACTBOP:
nzonponanoia (ot 1:0,5 mo 1:10) coorBercTBeHHO. OYEBUAHO, YTO OTCYTCT-
BUE 00pa3oBaHMs OcajKa OMOMHTUOMPYIOUIETO MPOAYKTa MOXKET OBITH CBSI-
3aHO ¢ HEOOJIBITUM MOJISKYJIIpHBIM BecoM (~700-1400 D) u BbICOKOH pacT-
BopuMocTbIo [13].

VYuuteiBas BhIIIECKa3aHHOE, ISl BBIIEJICHHS 1IEJIEBOTO MPOIYKTa U3 CY-
nepHataHTa ObUI NPUMEHEH METOJ MOHOOOMEHHOH Xpomartorpaduu. OO6-
MeHHas eMKOCTb annonuTa JJ13-10I1 k GMoMHrnoUpyroIEeMy IPOIYKTY CO-
craysiet ~ 1280 ed/ ma.

B coGpannbix smoartax onpenensuin CB, pH u Guonnrubupyromnryro ak-
TUBHOCTB. Dpakiyu, 00saaaoNnme aHTAMUKPOOHBIM CBOUCTBOM, OOBE I HS-
nu. [TonydeHHBIH TPOAYKT UMEHOBAM aHTUMUKPOOHBINH mpenapaT — AMII
[14-15].

O0beM IPOMYIIEHHOTO Yepe3 MOHOOOMEHHBIE KOJIOHKH CYyIepHATaHTa,
cocrasisin 5,2 (pH 3.,4; CB 7,0%, xucnoraocts 220 1o TepHepy, coseBoit
coctaB 0,34 2-5x6, aHTUMUKPOOHAsT aKTUBHOCTb cyrnepHatanta 600 Au/r).

OMnBITHI MMOKA3aJM, YTO M3 CYXHX BEIIECTB, COACPKAIMNXCS B UCXOTHOM
cynepratante (364 2) — 279 2, kKak IPUMECH NEPEXOIAT B COPOLMOHHBIN
cToK U uib ~85 2 CB copbupyercs Ha aHHOHUTE.

Takum o0pazom, Ha cTaguu MOHHOTO 0OMeHa ~76,6% ot ob1ero Konm-
gectBa CB UCXOMHOTO CyliepHaTaHTa KaK MPUMECH OYHMIIAIOTCS OT OMOWHTH-
OMpYIOIIETO MPOIYKTA.

B nponiecce copbumm 79% OMOMHTHOMPYIOIIETro MPOyKTa COpOnupyeTcs
Ha CMoJax.

[Tocme BOAHOM MPOMBIBKHA CMOJIBI, COPOMPOBAHHBINA HA CMOJIaX IEIeBOM
MIPOAYKT MIOUPOBAIH 3% pacTBOPOM AMMHAKOM.

@pakiuu 10aToB 00X KOJOHOK, HMMeElue OWOMHTrHOUpYyrolee
CBOMCTBO, 00BEIMHSIIMCH U MOIBEPraJIuCh BAaKYyMHOMY YIapUBaHUIO JI0 CO-
nepxanusi CB B pactBope, paBHOM 52%. O0beM MOIYUYEHHOTO YHAPEHHOTO
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pactBopa coctasisii 360 ma (~7% oT 001Iero ooObemMa HCXOHOTO CyMepHa-
TaHTa), a aKTUBHOCTH 1EJIEBOTO MpoayKTa B HeM 5800 Au/a.

BeIxos 1mesneBoro mpoaykTa Ha CTaIuM MOHHOTO OOMEHa COCTaBIISET
~67%.

PazpaboranHbiii cOpOIIMOHHBIA CIOCOO MO3BOJIIET OYMCTUTH IICICBOM
MPOAYKT OT IMOJIOKHUTEIHHO 3apsSHKCHHBIX HEOPTAaHUYECKMX U OPTaHUYEeCKHX
COCIIMHEHH, a TAK)KE OT OCHOBHOTO KOJIMYECTBA COMYTCTBYIOMINX IIEJICBOMY
MPOAYKTY HE3apsHKEHHBIX KOMIIOHEHTOB.

YcraHoBIEHO, YTO MPU HOHOOOMEHHOM BBIJICJICHUHW OHOMHTUOUPYIO-
IIeTO MPOJIYKTa W3 CyMepHATaHTa IEJIEBOW MPOAYKT yHAETCS OYHCTUTH OT
COITYTCTBYIOIINX TpPUMECEH TOIBKO YacTH4YHO. J[Is TOOYMCTKH IOITY4eH-
HOTO 3JIH0aTa OT NpHUMece HaMM NPUMEHSJICS SKCTPAKIMOHHBIM CHoco0.
Hcxons u3 Toro, 4ro OMOMHTHOMPYIOUIKE MPOAYKTHI YCTOMYUBBI B CPEIeC
OpPraHWYECKUX pacTBopuTenei [16], sl MX SKCTPAKIIUKM M3 AIIF0ATOB OBLIH
WCIIBITaHbl OPTaHUYECKHE PACTBOPUTEIIN PA3IMYHON MPUPOABI. Pe3yibraTe
UCCIIEZIOBAaHUN 110 BBIIEIECHUI0 OMOMHTHOMTOpa U3 3JIH0aTa MOHOOOMEHHOH
KOJIOHKH METOJIOM 3KCTPAKIIMH MPEICTaBJICHBI B Ta0I. 1.

Tabnuya 1

Pe3ynbTaThl ONBITOB MO IKCTPAKIUM OHOMHTUOMPYIOIIEro MPOIYKTa
U3 JII0ATOB OPraHUYeCKHMM PacTBOPUTEISIMU PA3JIMYHON NPUPOABI

Hazganuue ez = & oz . @
SKCTpareHTa '5 % E S _é’: 3 5 % g § §
S ) S| 88 & e g 3 E =
5] = = > 2= =
= Q. = B o b Y Q ; ~ = 3] = H < /m
8E5| 2 & ES | 223 a9 ~ g8
T g X o B ‘g = © ¥ eS| o S o é 3 =
22| 272 2| EEST Ee3 Sz 2
v 2B 5 o ) = 2 T T s 5 Q
A S| & § 35 EZo s 8 5 5 3
o 2 o 8 28 o = =)
S E|QE S 2| = S 3 2
o [da) n < M g
T'ekcau 1:1 2,3 17,6 6500 5740 0.08
Tenran 1:1 2,5 17,9 7000 5300 —
Jumermnbup 1:1 2,2 16,0 6000 6200 1,3
Jlnokcan 11 2,5 17,0 6700 5350 0,45
Xnopodopm | 4.4 2.0 181 | 8000 5600 | 1,15/17
/MeTaHOI
JAMK 11 2,7 16,8 28000 2420 2,84
JIMK 1:1 2,8 17,0 26800 2750 "
JIMK 1:0,7 2,8 17,7 25100 2600 "
JIMK 1:0,5 2,3 17,5 22400 3700 "
JIDK 1:1 2,6 17,0 27200 2600 —
ATCTOHUTPHI 1:1 2,6 17,5 27800 2500 3,2
DTunauerar 1:1 2,3 17,3 7300 5700 1,78
Tonyon 1:1 2,1 16,8 6900 6000 0,36
Jumetundopm Paccio-
p 1:1 CHMHE He 3,82
aMu
Haer
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Kax BunHo u3 Tabi. 1, u3 npuMeHseMbIX OPraHnYecKUX pacTBOpUTENIEH
6onee >PEKTUBHBIMHA OKA3aIUCh AUMETHII- U JAUITUIKETOHBI U AlleTOHMT-
pwi. Beicokasi skcTparupyromas CrnocoOHOCTh BBILIICYKAa3aHHBIX COEIUHE-
HUU CBsI3aHa, O-BUAMMOMY, C BBICOKON BEJIMYMHOU MX JUIOJIBHBIX MOMEH-
TOB.

Hecmotpst Ha TO, YTO U3 MCMOIB30BAHHBIX OPTaHUYECKHX PacTBOPHUTE-
el HauOoNIbLIYI0 BEJIIMYMHY MAMIOIBHOIO MOMEHTa HMEeT JAUMETHII-
dopmamuy (JIMD), ero ucnonap30BaHUE I SKCTPAKIIUU HEIEIeCO00pa3HoO,
[IOTOMY 4TO OH HE 00€CIeUnBAaET PAaCCIOCHUS C BOJAHBIM pacTBOPOM OMOMH-
rHOUPYIOLIETO MPOAYKTA.

W3 MCcronp30BaHHBIX 3KCTPAreHTOB BHITOJHEE MPUMEHSTH AUMETHI- U
JUATUIIKETOHBI 110 MPUYMHE UX HU3KOH CTOMMOCTH 10 CPABHEHUIO C aleTo-
HUTpUIOM. YTO Kacaercs BbIOOpa KETOHOB, TO Ul HKCTPAKIUM LEJIEBOr0
MIPOAYKTA, UCXOMS U3 AOCTYIMHOCTH, IPEANOUTHTEIbHEe uconb3osath JJMK
[17].

MuUKpOOHOIOrMYECKUM aHAIU30M YCTaHOBJIEHO, YTO IOJY4EHHBIH
yIapeHHbIH SKCTPAKT MOJABIseT pocT ycioBHo-matoreHueix (E. coli, S.
typhimurium u B. subtilis) u matorennsix (Staphylococcus aureus-21G,
Pseudomonas aeruginossa-12, Klebsiella sp., Proteus mirabilis 597)
KynbTyp B 200-KkpaTHOM pa30aBIeHUN MOIYYSHHBIX 00Pa3IoB.

VccnenoBanus MoKas3aid, 4TO MPH IKCTpaKuuu ~62-65% OuonHrnbu-
PYIOLIEro MpOJYyKTa MEPEeXOJUT M3 3oara B opraHudeckyio (aszy. Ecim
y4ecTh, YTO OCTAaBIIMECS B BOJHOM pacTBope ~35% OMOMHIHOMPYIOLIETO
MPOJYKTa TOCJIe OTTOHKH SKCTPAareHTa BO3BPAIIAIOTCS HA CTaJUI0 HOHHOOO0-
MEHHOW OYMCTKH, BBIXOJI LIEJIEBOTO MPOYKTA HA CTAIUN YKCTPAKIIMA MOKHO
noBecTu 10 97%.

Beixon 1eneBoro npoaykra U3 CymepHaTaHTa ¢ y4eTOM BO3Bpara pacT-
BOPOB B TEXHOJIOTHYECKUI LIUKJI COCTABIAET ~64%.

Pa3pabotanHblii KOMOMHUPOBAHHBIA CIIOCOO BBIICICHUS U OYHCTKU aH-
TUMHUKPOOHOTO MPOAYKTa OBII MPUMEHEH sl MOTy4eHUs] OMOMHTHOUpYIO-
mux npoaykTos u3 KK pasnmuunsix MKb u npoxokeit. OTinuuune cocTosuio B
KOJIMYECTBEHHOM BbIX0/i€ OMOMHIHMOUPYIOLIUX MPOIYKTOB, CBA3AHHOM C MX
conepxanuem B KIK.

Tax kak KoHLEHTpanus MenannHa B mosrydeHHOM KK Hu3ka, Haubornee
3¢ (}EeKTUBHBIM SBJISIETCS MPUMEHEHHE COPOIMOHHOIO Crocoba BBIACIECHUS
MMUTMEHTA U3 CylIepHATaHTa.

HccnenoBanue mporiecca copONMM MeJaHWHA W3 CyIepHAaTaHTa B
CTaTMYECKUX YCIIOBUSX MMOKA3aJI0, YTO PABHOBECHOE COCTOSIHUE B U3YUEHHOM
crcTeMe, B OCHOBHOM, YCTaHABIMBAJIOCH Yepe3 2-4 y B 3aBHCUMOCTH OT TUIIA
MIPUMEHSIeMOTro copOeHTa (Tadr. 2).

Kax BugHO U3 1aHHBIX Tabi. 1, KOIUYECTBO COPOMPOBAHHOTO MEJaHUHA
CYIIECTBEHHO 3aBHCHUT OT THIIA aHHOHUTA M €r0 T'PaHYJIOMETPHYECKOTO
coctaBa (ombIThI 1,8). [ToaTomy mis mydmiedd copOIMM MUTMEHTA KpPYITHBIE
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TpaHyJbl aHWOHUTA pa3MalbIBAIM W HcTonb3oBanu ¢pakmun (-0,63—
+0,2 mm).

Tak Kak M3 UCTIBITAHHBIX MOHUTOB IO TEXHOJOTMYECKUM IOKA3aTENsIM
(o copOumu W aecopOIuM) JTydIIue pe3yabTaThl MOJYyYEHBI TIPH HCIOIb-
30BaHMU aHUOHHMTA copOeHta MA-1p, TO s BblAENEHUS MEJTaHWHA U3
CylepHaTaHTa MPUMEHEH 3TOT TUIl HOHHTA.

Cop6must menanuHa Ha cmoiie A-1p oOycioBieHa, mo-BUIUMOMY, Ce-
JIEKTUBHBIM B3aMMOJEHCTBUEM MEXIy cOpOaTOM M MaTpHlel cMOJbl, 0Opa-
30BaHHON B pe3yJbTare MOJUKIACHCAUUH (GopManbaeruaa, M-QeHuIeHIu-
aMrHa 1 pe3opiuHa [27].

PaBHOBecHY0 00MeHHYIO eMKOCTh cMoutbl MA-1p (Cl™-dopma) mo mena-
HUHY 1pH BeanmuuHe pH ucxomHoro pactBopa 5,0 B CTATUYECKUX YCIOBHAX
OIpeAessUTH B BUIEe n30TepMbl (puc. 1).

Tabnuya 2

Pe3yabTaThl COPOLMM MeJTAHUHA U3 CYIIEPHATAHTA B 3aBUCHMOCTH OT
THIIA IPUMEHSIEMOTr0 cOp0eHTa WM CMOJIbl, BeinunHbl pH pacTBopa u
pPa3MepoB rpaHyJ1 CMOJIbI

—
/M < < = =® =R Ol 0
£ 5l EZ 254 32q ey
2 < SQ S & O a SRS =z
g HanmeHoBaHHe copOeHTa TS T 8§88 EEE EEH 29 &
= T 3 I I = Exm AR T
% o a o o o O < >C< O S g S 8-1 g
) 9] g5 95 H5 9 & Ol
2 S Eg ESH EYE 203
T o o E = 2”9 385
HA-1p CI" popma -0.63++0.2 um | 4.0 4.3 3.10 0.75 79.0
HA-1p CI" popma -0.63++0.2 um | 5.0 51 3.30 1.03 75.8
HA-1p CI" dopma -0.63++0.2 um | 6.2 6.9 3.20 1.59 53.8
HA-1p CI" dopma -0.63++0.2 um | 7.5 7.3 3.20 1.76 48.0
HA-1p CI" dopma -0.63++0.2 um | 8.9 8.4 3.20 2.10 37.6

WA-1p CI' hopma -0.63++40.2 um | 12.4 | 118 | 310 | 270 | 116

AB-17 CI" popma -0.75++0.5 mm 54 5.8 3.20 2.52 22.6

Dowex CI" dopma 100-200 merr. 54 6.2 3.20 1.13 69.2

APA-8P CI" popma — 50 55 3.30 2.25 35.0

0.75++0.5 mm
APA-8P CI" dpopma —

0.25540.1 auns 5.0 55 3.30 1.85 48.3
DA2-10I1 CI” dpopma —

07540 5 110 5.4 5.8 3.20 1.85 45.0

VYroub akTuB. Mmapka OY-B 5.0 6.6 3.30 1.00 76.6

VYronb aktu. Mapka AI'T[-4 54 6.2 3.20 2.90 3.3

KVY-2x8 H* ¢popma -0.75++0.5um | 5.4 1.6 3.20 2.25 28.3

KY-2x8 NH4" dopma - 54 | 61 | 410 | 398 | 40

0.75++0.5 mm
Iosucop6 1 5.0 5.7 3.30 3.26 1.4
KM unemmnonosza KM-32 5.0 5.7 3.30 3.25 1.7

Cunukarens 11-25U, 5/40 mxlm 5.0 5.6 4.20 4,12 2.7
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Puc. 1. Usotepma copbuum MenaHwHa, roe ¢ — paBHOBECHAs KOHLEHTpauus MenaHuHa B
pacTtBope, 2//7; g- copbupoBaHHOE KONMYECTBO MeNnaHnHa Ha aHNoHuTe, melmr.

Kak BumHO U3 puc. 1, momydyeHHas M30TepMa UMEET BBIYKITYIO (opMmy,
YTO CBHIETENBCTBYET 00 m3buparensHol copbumu. M3 3aBucHMMOCTH COpO-
LIMOHHOM CIIOCOOHOCTH CMOJIbI OT PABHOBECHOM KOHIIEHTPALMM MEJIaHWHA
CIIEZlyeT, YTO YBEJIMYCHHE KOHICHTPAIUU MEJIaHWHA B PAaBHOBECHOM pacT-
BOpE MPUBOIUT K BO3pacTaHuio copouuu [28].

Hcxons U3 MOy4eHHBIX JTaHHBIX, B TUHAMHUYECKHUX YCJIOBUSX Ha aHHO-
nutre VA-1p mpoBonwin BbIeeHUe MeJaHWHA U3 cynepHartanTa. CHavana
pH cynepnaranTa cHmxanmu ot 8,9 1o 3,5, 3aTeM pacTBOp MPOIYCKaIN Yepe3
MOHOOOEHHYIO KOJIOHKY, 3anoiaHeHHyro cmonoi MA-1p B Cl™-dopme. [anee
CMOJTy TIPOMBIBAII 00ECCOJICHHOM BOJIOH, TIOCIIE YETO MEJIAHUH AITIOUPOBAIIH
3,5% pacTBOpOM aMMHaKa.

Kak BuznHO U3 puc. 2, npu >moupoBaHuu ~97% copOUpPOBaHHOTO Mela-
HUHA KOHIICHTPHUPYETCS B 2,5 KpaTHOM O0BbeMe dJIroaTta OT OAHOTO o0bema
CMOJIBI.

0.8 1
0.6 1

0.4 1

CteneHb anmwouun, %

0.2 1

Vamoa'rlvcmona

Puc. 2. CteneHb anoupoBaHuWs MenaHuHa co cmonbl MA-1p B 3aBMcMMOCTM OT obbema
NPOMNYLLEHHOrO 3MHEHTA.

BBIHBHCHO, 4TO B PE3YyJIbTATC BO3BpaTa B TEXHOJIOTHUECKUM UK pas-
0aBJIIEHHOIr'0 3JIF0aTa MeEJaHWHA M aMMHA4YHOIO KOHACHCATa, ITOJYYCHHOIO
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MocJjie BaKyyMHOI'O BbIIapUBaHUsI «Ooratroro» »siroata, ynaercs Ha 25%
CHHU3UTh Pacxoj] aMMHAYHOTO pacTBOpa Ha CTAJAMM SIIOUMPOBaHUA U Ha 4,0-
4,5% yBEeTUYUTH BBIXOJ IIEJIEBOT0 MPOAYKTA.

CoOpaHHblii aMMHaYHBIN 3J1H0AT MOJIBEPTalid BaKYyMHOMY yIapHUBaHHUIO
10 KoHueHTpanuu Menanuaa 200-250 o/ w1 pacTBOp BBICYIIMBAJIU B CYy-
IUILHOM IKady ¢ MPOAyBKOit ropsaero Bo3ayxa (50-55°C). B pesynsrate
BBICYIIMBAHMSI TIOJy4aeTCsl YepHO-KOPHUUHEBasi aMop(Has Macca ¢ MeTalIu-
yeckuM Os1eckoM [25].

Jliga ycTaHOBIIEHUS MPHUHAJJICKHOCTH MOJTYYEHHOTO NMUTMEHTa K Meja-
HMHAM UCIOJIB30BaIM KaueCTBEHHBIE peakiuu ¢ okucaurensmu [18]. Pes-
yJIbTaThl YKa3aHHBIX pEaKUUi MOKa3ajJu MPUCYTCTBUE B IMOJYYEHHOM IIUT-
MEHTE XUHOUIHBIX U (EHOJBHBIX CTPYKTYP, YTO MOJITBEPKIAET €T0 MEJIaHH-
HOBYIO mpupoay [18-19].

ITpu conocraBnennun MK-cnekTpoB BUHOIpaJHBIX MTUTMEHTOB, MUIMEH-
TOB, BBIJICJICHHBIX W3 MPHUPOJHON M KyJbTUBUPOBAHHOW Yaru, CUHTETHYE-
CKOT0 M TOJIyYeHHOTO HAMU MHUKPOOHOTO MejlaHMHA OOHAapy»XUBAaeTCs UX
CXOJICTBO B OTHOIIICHHH OCHOBHBIX 1oJIOC moronenus [29-30].

Oco0eHHOCThI0 METAHUHOB, KaK MPUPOJHBIX MOJIMMEPOB, COJEPKAIIIX
pa3BUTBHIE CUCTEMBI COTIPSHKEHHBIX CBS3EH, SBISIETCA HAMYME HECTIAPEHHBIX
JJIEKTPOHOB.

Bce menanunbl, 0e3 uckmrouenus, umeror OIIP-moriomieHne B BHe
CJIeTKa aCHMMETPUYHOTO CHHTJIETHOTO CHTHasla 0€3 CBEPXTOHKOW CTPYKTY-

pol (puc 4) ¢ BenuuuHOW Q-(dakTopa, Bapeupyromero B npenenax 2,003-
2,004 [26].

N S S I A S SN N
3300 3350 3400
Ho(Gs)

Puc. 4. Cnektpbl MNP MmenaHWHOB MUKPOGHOTO (1) 1 CUHTETUYECKOTO (2) NPONCXOXKAEHWS.

[TapamarseTu3smM HPHUPOIHBIX MEJIAHMHOB OKAa3bIBAET CYLIECTBEHHOE
BIUSHUE Ha MHOTHE Ba)XKHBIE CBOMCTBA: 3JIEKTPONPOBOJHOCTb, OOMEHHYIO
€MKOCTh, XMMHUYECKYI0 PEaKIMOHHYIO CIIOCOOHOCTh, aHTHOKCHIAHTHbIC
CBOMWCTBA, OMOJIOTUYECKYIO aKTUBHOCTD H T.II.
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UHcno HecHapeHHBIX IEKTPOHOB B HeM cocTapisior 10%8-10'° cnumlz
[30].

[TomryuyeHHBI HAMU MHUKpPOOHBIN MEIaHWH XOPOIIO PAacTBOPUM B BOJE,
YTO IMO3BOJIMIIO 3aperucTpupoBaTh ero cuekTpsl JIIP B pacTBope B 3aBUCH-
MOCTH OT pa30aBJICHUSI.

Tak kak ymanoch npoBectd uzMepenust JIIP-nanubIX B xuakoit dase,
MPEXJIe BCETO HAMO0 ObLIO yOEIUTHCS, YTO HAOIIOJAeMbIi CUTHAJ JCHCTBU-
TEJIHHO MPUHAMICKUT MeanuHy. C 3Toi 11enpio ObuT mpuroToBiieH ~20 MM
pacTBOp MeJaHKWHA B BOJIE, a KaX/IbIil MOCIeNyomuid oopaser pa30asisiia B
J1Ba pasa.

Ha puc. 5 npencrasnenst cnextpsl DIIP ncxonHoro pacteopa MenanuHa
(1) u pactBOpOB, pa3dasieHHbIX B 2 (2), 4 (3), 8 (4), 16 (5) u 32 (6) paza no
OTHOLLIEHUIO K UICXOTHOMY.

=

3320 3340 3360 3380
Ho (Gs)

Puc. 5. CnekTpbel OIMNP BopgHOro pactBopa MWKPOOHOrO MenaHvHa B 3aBMCUMOCTM OT
pasbaBnenust: 1- ncx. — 20 mM; 2 — 10 mM; 3-5mM; 4 - 2,5 mM; 5 - 1,25 mM; 6 - 0,625 mM.

Kax BunHo u3 puc. 5, nocne paz0aBieHHs UCXOAHOTro obpasua B 2 paza
OTHOCHTENbHAS MHTCHCHBHOCTH CHWTHAlla yMEHbBINANach 03 W3MEHEHUS
¢dopmbI curHana, a mocieaykiee pa3oaBieHne B 2 pa3a MPHUBEIO K TOMY,
YTO, KaK BUJIHO U3 puC. 5, crekTp (3) mpeAcTaBisieT CyNepHo3UIMI0 ABYX
curHanoB DIIP: nepBbIit — CUHITIETHBIN, HA KOTOPbII HAJIO0XEH TPUILICTHBIN
CUTHAJI C OJAMHAKOBBIMU MHTEHCHUBHOCTSAMHU TPEX MCXOJHBIX KOMIIOHEHTOB.
[lIupyna nuHUM WCXOAHOTO cHUHIIETHOro curHama OIIP coctaBmsieT
5,2 I'aycca, a 3Hauenue g-dakropa paBHO §=2,002; KOHCTaHTa CBEPXTOHKO-
IO pacHIMpeHusl y TPUIUIETHOIrO curHana paBHa 17,4 eaycca, a 3HaueHHe

g-dbakropa paBHo (=2,004. Takas BenWYMHA KOHCTAHTHI CBEPXTOHKOMH
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CTPYKTYpPBhl OJHO3HAYHO CBUJETEIBLCTBYET O TOM, YTO HECIapeHHbIN
3JIEKTPOH B3aUMOJIEUCTBYET C smpom azota [31]. B coorBeTcTBUUM C M3iH0-
JKEHHBIM MOXXHO CYMTaTh, 4TO CHEKTp (3) HeceT Takyro HHGPOPMAIHIO: B
CTPYKType MeJaHHHA IpU 3TOM KoHUeHTpauu (~5 MM) umerorcst 1Ba Tumna
napaMarHUTHBIX HEHTPOB, OJUH M3 KOTOPBIX JOJDKEH OBITH JIOKAIW30BaH B
CONPSKEHHOM LIENM MEJIAHWHA, a BTOPOM — Ha OJHOM aTroMme a3ora. Takum
o0pa3oM, B CTPYKType MHUKPOOHOTrO MeJaHMHA UMEIOTCS J[Ba TUIIA Iapamar-
HUTHBIX IIEHTPOB, OAMH U3 KOTOPBIX SIBJISUICS JAaOWIBHBIM, a IPyroil — cra-
owtbpHBIM (puc. 5) [30].

N3yyeHo Takke BIMSHHE TEMIIEPATYpHOrO BO3JEUCTBUS HAa CBOWCTBO
MUKpoOHOTO MenanuHa [32]. YcraHoBiieHO, 4TO aMOpP(HBIH 0CaJI0K METaHH-
Ha ycroituus npu 120°C. TIpu noBkmeruy TemMmepatypsl cpesst (1o 200°C),
MO-BUIMMOMY, HAaUMHAJACh JEeTpajalds MeJlaHWHA, YTO MPHUBOJWIO K Yac-
TUYHOMY HapyIICHUIO €T0 CTPYKTYPHI.

Hcxons U3 maHHBIX renb-xpomaTtorpaduu (MOJEKyJIspHas Macca MHUK-
poOHOro MenaHWHa cocTaBislia 4 x/[a) U 3JIEMEHTHOTIO aHajIu3a, BOJOpacT-
BOpUMBIN MenmanuH u3 KyiabTypsl Bacillus thuringiensis serovar K1 umeer
creayroryro smnupudeckyro Gopmyiy: CigsH257062 NaoS [33].

Tak kak MeJaHMH SBJISETCS aMOP(HBIM BEIIECTBOM, NPHU BHICOKOM
nasnenuu (1,0-1,2 MIla) 3 ykazaHHBIX 00pa3LlOB NPUTOTOBWIN TaOJIETKU
auametp (D), Tommuua (L) 1 moBepXHOCTH (S) KOTOPBIX MpHBEIcHA B Ta0II.
3. ConporuBnenne paccuutbiBaam o (opmyrie p = RS/L; a smextporpo-
BOJHOCTH — G = 1/p. Pe3ynbTathl pacuera npuBeaeHs! B Ta0II. 3.

Tabnuya 3
L(m) R (om) D (m) S (m?) p.1078 c.10°
(om.m) (Lom.m)

1,45.10° 170.10° 10 0,785.10-* | 9,2.10-° 1,1.10°?
2,2.10° | 270.10° 10 0,785.10-* | 9,6.10- 1,0.10°
0,7.10° | 300.10° | 0,7.10° | 0,384.10-* | 27,5.10-* | 0,36.10%

Kak BuaHO 13 manHbIX Tabi. 3, mogydeHHbIe 00pa3iibl MEJTaHMHOB 00Ja-
JAI0T AMAIICKTPUUECKHMH CBOMCTBAaMH, HO Ha TPaHH ITOIYIPOBOIHUKOB[34].
Hcxond 3 3TUX CBOMCTB, MEJTAHWHBI UCIIOJIB3YIOTCA B ITPOU3BOJICTBE COJI-
HEYHBIX AJIeMeHTOB [35].

YNFLSAFCUL N6LNFELELPS GELUUUN G- BLUEYPY UL3NFE-P
G4 UGLULPLP ULQUSU UL 64 UHLMU UL SEuLALNGPULELD
UcuunNrU AF LrULS NUSUNFE-3NFLLEMP NFUNFULRURLOFTT

U 6 T1UQUL3UL, & & NAINULLhUSUL, G b. 5A3UYL L U. A. TILESPU3UL
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DEVELOPMENT OF THE TECHNOLOGY FOR ISOLATION
AND PURIFICATION OF BIOINHIBITING PRODUCT AND MELANIN
FROM CULTURE LIQUIDS AND STUDY OF THEIR PROPERTIES

A. E. AGHAJANYAN, G. Zh. HOVHANNISYAN,
K. 1. YEGHIYAN and S. V. AVETYSYAN

Scientific and Production Center “Armbiotechnology” NAS RA
14, Gyurjyan Str., Yerevan, 0056, Armenia
E-mail: aghajanyanarmen@yahoo.com

The process of sorption method for isolation and purification of bio-inhibitory
product from culture liquids (CL) of lactic acid bacteria has been studied and optimum
parameters of the process have been determined. To purify the target product from
related admixtures of exchange columns eluates, the extraction method was used. The
experiments showed that the bio-inhibitory activity of the obtained product could be
brought to 28000U/ml. It was established that DMK, DEK and acetonitrile were
efficient extractants. The yield of the target product from supernatant is ~64 %
considering return of the solution to the technological cycle.

The essence of the developed combined method for isolation and purification of a
bioinhibiting product from CL is that using ion exchange, a partially purified solution of
an antimicrobial product is isolated from the supernatant, which after extraction affords
a target product of high bio-inhibitory activity.

A sorption method for the isolation of melanin from the CL supernatant was
developed, depending on the type of sorbent or resin used, the pH of the solution, and
the size of resin granules. The best results for the sorption of melanin from the
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supernatant and elution from the resin were obtained using the weakly basic anionite
IA-1p in the Cl-form.

The EPR spectra of melanin were taken and it was shown that the number of
unpaired electrons in it was 108-10%° spin/g. It was found that there were two types of
paramagnetic centers in the structure of melanin, one of which was labile, and the other
was stable.

The effect of temperature exposure on the properties of melanin and its electrical
conductivity was also studied.
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<UBUUSULL {ULAUMGSNFE3UL GhSNRE3NFLLELR
024U3hL UUUAGURU
HAIIMOHAJIBHASI AKAJEMUSA HAYK PECIIYBJIUKHU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

{wjwuwmwbh phihwlwl hwinbu
XUMHUUYECKHU# )KypHAT APMCHUH 74, Ne3-4, 2021 Chemical Journal of Armenia

HEKPOJIOI'

IHAMSATH CAAKSAH CHJIbBbBI CPAITMOHOBHBI

30-ro urons 2021 roga He crano CaaksH CunbBsl CpanmMOHOBHBI, OTBET-
CTBEHHOI'0 ceKpeTaps « XMMHUUECKOro xypHaia ApmeHun». B 1969-om roay
CunpBa CaaksiH Ha TOJIBEKa, TOYHEEe Ha 52 roja, CBs3aia CBOKO Cynb0y C
«XUMHUYECKUM XypHaioM ApMmenum» — uzaanvem Axanemun Hayk Torma
em€ CoBeTcKoil ApMEHHH.

C. Caaksn pommnachk 16-ro despans B 1945-m romy. Caaksa CuibBa
y4uIIach Ha JTUHTBUCTa B EpeBaHCKOM rocyiapcTBEeHHOM yHUBepcuTeTe. bol-
Jla OJHOW M3 JYy4YIIMX CTYACHTOK M TFOTOBWJIACh NPOAOJIKATh Kapbepy. Ho
cyab0a crenana ee MaMol, KOTOPOH MPHUIIIOCH CAeNaTh May3y B Mpogeccro-
HaJIBHOM JesiTenbHOCTH. [lay3a 3aKOHYMIACh T€M, YTO MOJIOJIasi MamMa IpPHII-
Jla YCTpauBaThCs Ha pabOTy B HAIll KypHAJL.
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CunpBa CpannoHOBHa OblIa CaMHUM BOIUIOIIEHHUEM OEpexHOro u je-
JMKATHOTO OTHOIIEHHs K jroasM. Ee mpodeccrnonanpHOe HacTaBHHYECTBO
MTOMHST BCE, KTO OB MOJIOJIBIM, HAUMHAIONTUM aBTOpOM KypHaia. Cama C.
CaaksiH Bcerga M BCEM BBICOKO HECIAa MMS CBOEH MpeAIIeCTBEHHHIIBI U
HactaBHUIBI Codbu ApkanbeBHbl Tep-/lanmensH. Ot Hee ke B3su1a dCTa-
¢deTy mo OTHOUIEHHIO K padoTe — MOJHas OTJada: el 3BOHWIM B JH000€
BpeMsi. 3aMmeuaTesibHOe 00pa30oBaHUe M BOCIIUTAHUE, BPOXKICHHbBIE MHTEIIH-
TeHTHOCTh W aurioMatust no3Bomwin CuibBe CpanmuoHOBHE OOBEAMHATH
OIIMOHEHTOB U MPUBJIEKATh K COTPYAHUYECTBY OECKOMIPOMHUCCHBIX MPOTH-
BOOOpIIEB.

E#l mocyacTiIMBUIOCH BUJETh U CIIOCOOCTBOBATh PACLBETY XUMHUECKON
HAyKH W MPOMBIIIJICHHOCTH B ApMEHUH, NEPEKUTH NaieHne otpaciu B 90-x.
XKypHan OblT TEM JIAKMYCOM, Ha KOTOPOM OTIEYaTallaCh UCTOPHS XUMUU B
ApmeHun.

[locnennue auu >ku3HU CwiibBbl CpallOHOBHBI MPUILIUCH OIMSTH Ha
BOiHY, BoiiHy ¢ Covid-19. I'oToBmics k Bblycky 1-2 caBoeHHBIN HOMeEp
2021 roma. Cpoku MOPKUMAIIH, B ¢ COO0H B OOJILHUILY B3sUIa MAaTCPHAIIBI T10
Homepy. Jlaxe B peanumanuu CuipBa CpanvoHOBHA OTJaBaja pacrops-
KEHUs 1o XypHaiy.. Homep ypHana Obl1 omyOJMKOBaH yXe IOcie ee
KOHYMHBI.

[Mamsite 0 CunbBe CpanronoBHe CaaksiH — 4YECTHOM, OTBETCTBEHHOM U
MOPSIIOYHOM YeJIOBEKEe, HABCETJa OCTAHETCS B CepAlax ee OJIM3KHUX, 3HAKO-
MBIX U KOJUIET.

Omoenenue xumuu u Hayx o 3emne HAH PA
Peoxonnecusn “Xumuuecxoeo socypnana Apmenuu”
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BHumaHuio aemopos/

Iloopobnyto ungopmayuro o «Xumuueckom dxnicypuaie Apmenuu», cooepiicanue
HOMepO8 JCYPHANLA 8 epaghuueckoli popme u aHHomayuu cmamei, 20008bie AGMOPCKUE
VKazamenu, a maxdice pazeepHymole Npasuia O dgmopos MOJICHO NOIYUUMb & Cemu
Humepnem no aopecy: http://chemjournal.sci.am u www.flib.sci.am

IIPABUJIA J1JIS1 ABTOPOB

O0mme nosnoxeHNs

K my6mukanuu B «Xumuueckom sncypuane Apmenuu» IpUHAMAIOTCS MaTepHAIBI, COJeprKa-
Imye pe3yabTaThl OPUTHHAIBHBIX HCCIIEN0BaHUH, 0QOpPMIICHHEIE B BUAE MOJHBIX cTaTei, KpaT-
KHX cO00IIeHUi 1 uceM B peaKIHIo.

XKypnan mybnaukyer paGoTHI 10 BceM HANPABJIeHHAM XHMUYeCKO HAyKH, B TOM YHCIIe MO
o01el 1 HeOPraHWYECKOH XUMUH, HH3HMIECKOI XUMHUU U XUMUUECKOH (DH3HKe, OPraHNIecKOH Xu-
MHH, METaJUIOOPTaHUYECKOH M KOOPIMHAIMOHHOW XMMHH, XUMHUHU HOJUMEPOB, XHUMHH IIPUPOJ-
HBIX COCIMHEHUH, OMOOPTaHMYEeCKON XUMHUN M XUMUH MaTepHAJIOB.

Cratby, npeyiaraeMble K IMyOJUKanuy B pasjelie OMOOPraHMYeCKOi XMMHH, TOJDKHBI OBITH
TIOCBSIIIEHB! MOJYYEHHIO HOBBIX IOTEHIHATbHO OHMOJIOTMYECKHM AKTUBHBIX COCIUHEHHH, B TOM
YHCIIC U BBIICICHHBIX U3 MIPUPOIHBIX 006eKTOB. IIpH onMcaHny HOBBIX BelllecTB, 00.,1aJa0UX
3HAYUTEJILHOIi (B CPABHEHHH ¢ MPUMeEHsIeMbIMHM B MeIUIIUHE JeKapCTBaMM) OMOJI0rH4ecKOoii
AKTHBHOCTBIO, CTaThs MOXKET COAEPKATh PE3yIbTAThl OMOIOTMIECKUX UCCIEAOBAHHMN, BKIIFOUA0-
K€ CCBUIKM HA UCIONB30BAHHBIE METOBI H3yIEHHs OHOIIOTHIECKOl aKTUBHOCTH, HH(OpMAIHIo
0 THIIE HCIIOJIb30BAHHBIX ONOO0OBEKTOB, AKTUBHOCTH U TOKCHYHOCTH CHHTE3MPOBAHHBIX Ipernapa-
TOB B CONOCTABJICHUH C COOTBETCTBYIOIIMMH MOKA3aTeJIIMU IPUMEHAEMBIX B METUIINHE JICKApPCTB.

B 3akioueHHMn cienyeT NPUBECTH KPaTKMH apryMEHTHPOBAHHBIA BBIBOJ O CBSI3H MEXIY
CTPYKTYpOH M OHOJIOTMYECKOH aKTHBHOCTBIO MCCIEIOBAHHBIX coeanHeHHiH. OmyOIMKoBaHHbIE
MaTepHaibl, a TAKXKE MaTepUalbl, IPECTaBICHHbIE Ul IMyOIMKanuy B APyTHX JKypHanax, K pac-
CMOTPEHHIO HE TIPHHAMAIOTCS.

ABTOpCKHE 0030pbI TOJDKHBI NIPECTABIATE cO00H 0000IIeHe 1 aHATN3 PE3YIIbTAaTOB LIUK-
712 paboT OHOTO MM HECKOJIBKHUX aBTOPOB 10 €IMHON TEMAaTHKe.

IMoxnbIe cTaThH NPUHUMAIOTCS 00beMOM 10 12 cTpaHHuI], 00bEM KPaTKOro COOOIIeHNsT —
He OoJyiee 5 cTpaHMI] MaNIMHOIMCHOTO TekcTa. IlMchbMa B perakIuIo JOIKHBI COJIEpPIKaTh H3JI0-
JKEHHbIE B KpaTKoil (hopMe HayuHbIe pe3y/bTaThl MPUHIMIIHAIBHO BAKHOTO XapakTepa, TpeOyro-
mye cpouHoit mybnukanmu. Pegakims octaBiseT 3a co0oif MpaBo COKpamaTh CTaTbl HE3aBUCHMO
0T uX 00beMa.

Jnst my0JIuKanuu cTaThbH ABTOPAM He00X0AMMO NMPeACTABHTHL B PeJaKIHUIO cIeAyIolne
MaTepHUaJIbl ¥ JOKYMEHTBI:

1) HampaBieHUe OT opraHu3anuy (B 1 9K3.);

2) skcniepTHOE 3aKitoueHue (s rpaxaad PA) (B 1 9k3.);

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

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

Cratbs IoJDKHA OBITH HAITFCaHA CXKATO, aKKYpPaTHO O(OPMIIEHA M TIIATEIEHO OTPEJaKTHPO-
BaHa. He momyckaercst my6nmpoBaHue OJHHX M TeX K€ JaHHBIX B TaOIHIaX, B CXeMax M PHCYH-
Kax.

ABTOp HECET TOJHYI0O OTBETCTBEHHOCTh 3a JOCTOBEPHOCTH AKCIEPHMEHTAIBHBIX ITAHHBIX,
MIPUBOAUMBIX B CTaThe.

Bce craTbu, HampapisieMble B PEJAKIUIO, TOJBEPTAIOTCSA PEIEH3UPOBAHUIO U HAYYHOMY pe-
JAKTHPOBAHUIO.

Crartbs, HalpaBJIeHHAs: aBTOPaM Ha J0pabOTKy, A0JKHA OBITh BO3BpAIIEHA B UCTIPABICHHOM
BUJIC BMeECTe € ee ePBOHAYAIbHBIM BAPHAHTOM B MaKCHMaJbHO KOpoTKHe cpoku. K mepepabo-
TAQHHOU PYKOITHCH HEOOXOIUMO MPMIIOKHUTH MHCBMO OT AaBTOPOB, COJICpIKalee OTBETH! Ha BCE 3a-
MeJaHUs 1 KOMMEHTapuH U MOSICHSIONIee Bce BHECEHHBIE n3MeHeHns. CTaThbs, 3a1ep:KaHHAs Ha
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ucnpaBJieHHH §oJiee IBYX MecsilieB WM TPeQyIolasi OBTOPHOIi NMepepadoTKH, paccMaTpu-
BaeTCsl KAK BHOBb MOCTYIMBLIAS.

Penakiys ockuiaeT aBTopy Iepen HabopoM Ul HPOBEPKH OTPEAAKTUPOBAHHBII SK3EMILIAP
CTaTbH ¥ KOPPEKTYPY.

Crpykrypa ny0aukanui

[Ty6nvkanyst 0630poB, MOJHBIX CTaTeld M KPATKHX COOOIIEHMIl HadMHAETCS C HHAEKCA
VJIK, 3aTeM crnenyroT 3aryiaBue CTaThbH, HHALMAIB X (paMIINK aBTOPOB, pa3BEpPHYTHIC Ha3BaHUS
HAYYHBIX YYPEXJICHHUH, MOJHBIE MTOYTOBBIE aJpeca ¢ MHAEKCAMHU IOYTOBBIX OTAENEHUH, HOMepa
(akcoB U angpeca 3IEKTPOHHOM mouTsl. [lanmee mpuBOIUTCSA KpaTkas aHHOTanusa (He Ooiee 20
CTPOK) C yKa3aHHEM KOHKPETHBIX Pe3yJIbTaTOB pabOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B cratesax Teopernyeckoro M GU3HKO-XHMHYECKOI0 XapaKTepa MPHUBOJITCS CKAaTOe BBe-
JIeHHEe B IPOOJIEMy U IOCTAHOBKA 33/1a4 MCCIIEOBAHUS, SKCIIEpUMEHTAIbHAS UM METOUYecKas
9acTh, 00CY)XIEHHE IOJydeHHBIX pe3yJIbTaTOB C 3aKJIIOUYeHHEeM, a B CTAaThiX, NMOCBSIIEHHBIX
CHHTe3y, — 0011as 4acTh (BBEICHUE M 3a]1a4a UCCIICJOBAHUs), 0OCYKICHHE MOITy4EeHHBIX Pe3yJlb-
TaTOB C 3aKJI0YeHHEeM U SKCIePUMEHTaIbHAas 4acTh. PUCYHKN C MOAPHCYHOUHBIMHU ITOJIHUCSIMU H
TaONUIBI MOTYT OBITH BBEJCHBI B TEKCT. B mMHChbMax B pelakmMIo aHHOTAIMS Ha PYCCKOM SI3BIKE
HE TMPHUBOAUTCS U pa3OMBKa Ha pa3zieibl He Tpedyercs; narotcs uHaekc Y K, Ha3BaHHe CTaThH,
MHHIMANGEL ¥ (aMUIMU aBTOPOB, Ha3BaHHE HAYyYHBIX YUPEXKICHUH M MX ajpeca, pe3toMe Ha ap-
MSHCKOM U aHTJIHHCKOM SI3BIKaX.

I'paduueckuii pedepar nmpunaraercs Ha otaenabpHON cTpanune (120%55 MM) u mpeacraBiseT
c000if HHPOPMATHBHYI0O WJLTIOCTPANMI0 (KIIOYEBYIO CXEMY, CTPYKTYPY COCIMHEHUs, ypaBHe-
HHE pPeakiyy, rpaguK U T.I1.), OTPaXKAIOIIYIO CYTh CTaThH B rpadpmueckom Buze. Texcr B rpadu-
4yeckoM pedepare JOIMycKaeTcs TOIBKO B Cllydae KpalHeil HeOOXOXMMOCTH, IIPU 3TOM CIIElyeT H3-
Oeratb nyONMpPOBaHMS HA3BaHUS CTAThU M TEKCTA aHHOTAIIUH.

IIpu HecoO/I0IcHHH YKa3aHHBIX BbIlIe MPABHJI CTAThbsl He MPHHUMAaeTc K MyO/nKa-
IHH.

Ipumep odopmienust 3arJaBusi CTaThbH, CIUCKA ABTOPOB,
aIPecoB yUPeKACHUIT, AHHOTAIIMM.

ACHUMMETPHUYECKHUI CUHTE3 -TETEPOLIMKJINYECKU
3AMEIIEHHBIX L-a-AMUHOKHUCJIOT

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

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

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

5 IHCTUTYT 371EMEHTOOPTaHNYECKUX COSTMHEHNH

M. A. H. HecmestHoBa Poccuiickoii akagemun Hayk
Poccuiickas @enepanus, 119991, Mocksa, yi. BaBunosa, 28
daxc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
® MactutyT opranmdeckoro karanmmsa IFOK Yausepcurera r. Poctok
I'epmanmst, Poctok, /I-180055, byxOunnep mrpacce, 5-6
daxc: E-mail:

Pa3paboTaH HOBbI 3(PHEKTUBHBIN METOL aCUMMETPUYECKOTO CUHTE3a [-reTepoLMKInYecku
3aMelLeHHbIX L-a-aMUHOKUCIIOT NocpeAcTBOM NpucoeanHeHns 3-amunHo-1,2,4-tnaguasona n 5-mep-
KanTo-1,2,4-Tpna3onos, coAepXallux pasnuyHble 3amMmecTuTenu B nonoxeHusix 3 n 4, k C=C casasu
Ni(Il) komnnekca ¢ ocHoBaHueM LLndpdpa aervagpoananuHa u (S)-2-N-(N’-6eH3nnnponun)ammHobeH-
30¢beHoHa.
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IIpumeps! opopmirenus rpadpuyeckux pedeparon

O B3aumopneiicTBuu N-aJKHJIMMHHOB € alleTOYKCYCHBIM 3()HpOM

M. C. Caprcsn i 0 0 R o !
C. C. Avonsu i ' !
A. X. Xayatpsin i RAN/R + OEt 20°C EtO OEt !
A. 3. bamacsu i aTaHon o
C.T. KonskoBa i o HO NHR :

Xum. orc. Apmenuu, 2011, m. 64, Ned, c. 511

Kuneruka BBICOKOTEMIIEPATYPHOI'0 a30TUPOBAHUSA TaHTAaJJa
B U30TEPMUYECKHUX YCJTI0BUSAX

II. A. Agamsa 25 1 d
E. H. Crenansn Tz MKM
A. A. Yatumnsan 20 1
C. JI. Xapatsn 15 3
10
Xum. oc. Apmenuu, 5 4 - —4 >
2011, m. 64, Ne3, c. 316
0 e e ——
0 5 10 tLc 15

Odopmitenne cTateil B «XHMHYeCKOM KypHaJle ApMeHUN»

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

Bce crpanmisl pykommucH, BKITIOYAsi CHHCOK JIMTEPATypsl W rpadudecknit pedepar, Hyme-
pytoTcsi.

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

Cnucok mUTHPYeMoii JUTEpPaTyphbl JODKEH BKIIOYATh CCHUIKM Ha HanboJiee CYIIECTBEH-
HBIC pa6OTbI 10 TeMEe CTaThu. B TekcTe craThu JOJI?’KHBI OBITh YHOOMSHYTHI BC€ CCBUIKHM, ITPUBE-
JICHHBIE B CIIMCKE JUTEPATYpPHL. B TekcTe CCHIIKM Ha JIUTEpaTypy AAOTCS B KBaJPaTHBIX CKOOKaxX
1 HyMEpYIOTCSl CTPOTro B MOpsiike X ynoMuHaHus. CIIMCOK JIUTepaTyphl edaTaeTcs Ha OTASTb-
HOH CTpaHUIe ¢ YKa3aHHEM HHHUIAIOB 1 (haMIIHl BceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH ClIeTyIOMmUM 00pa3oM:

Knueu: Byuauenxo A.JI., Baccepman A.M. Ctadbunbhbie paaukansl. M., Xumus, 1973, 58 c.

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

ITpn nMTHPOBaHMH MePEeBOIHBIX M3/IAHMIA [TOCIIE BHIXOAHBIX JaHHBIX PYCCKOSI3BIYHOM Bep-
CHH B KBaJPATHBIX CKOOKaX HEOOXOIMMO yKa3aTh BEIXOAHBIC JaHHBIC OPHTHHAIBHOTO HM3JAHUSL.
Hampumep: Buympennee spawjenue monexyn./ nox pex. B.J1.Opsumn-Tomaca. M., Mup, 1974, 374
c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York, 1974, 329 pp.].

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

IIpu UNTHPOBAHUHU PYCCKOSA3BIYHOIO KYPHAJIa, MepeBoMMOro 3a pybesxkom, HeoOXoau-
MO TIPHBOAUTH CCHUIKY U Ha aHIVIOS3BIYHYIO Bepcuto. Hampuwmep: Jlaiiko J{. H., Ycreiniok 0.
A.// H3s. AH, Cep. xum., 2005, ¢.804 [Russ. Chem. Bull., Int. Ed., 2005, 54, 820].
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IHamenmui: A.c. 9854 CCCP // b.1., 1978, 61. nnn: US Pat. 55973 // Chem. Abstrs., 1982,
97, 150732.

JMuccepmayuu: Kosanes b.I'. ABroped. auce. «....» JOKTOpa XUM. HayK. [ opoa, HHCTHTYT,
rof, CTp.

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

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

CcblUIKH Ha HeOHyﬁJIl/lKOBaHHble pe3yjabTaThbl M YaCTHBIC coo6u1emm JAar0TCA UCKIIHOYH-
TEIbHO B BUJE CHOCOK, a B CIIUCKE JIMTEPATyphbl HE MPUBOJATCS U HEe HyMmepytoTcs. Ilpu nurupo-
BaHHM HEONMYOJIMKOBAaHHBIX Pa0OT M YaCTHBIX COOOIIEHUH HEOOXOUMO MPEACTABUTh pa3pelIcHue
OT JIMLa, HA YbH JAHHBIC IIPUBOJUTCH CCHIIKA.

MMamsaTka s aBTOpPOB

Jnst MaKCUMAJIBHOTO COKPAIIEHHsI CPOKOB MyOJIHKAIMH PENaKIMs IIPOCUT aBTOPOB obOpa-
TUTH 0CO00E BHUMaHHE HA 0)OpMJIeHHe CTAThH.

Obugue nonoxicenus

Marepuansl, IpeACTaBIsIEMbIE B PEIAKIIHIO:

[ ¢hamMmtust, IMsI, OTYECTBO M KOOPMHATHI JINNA, C KOTOPBIM PEAAKIMS AOJDKHA BECTH Iepe-
MUCKY (TIOYTOBBINA azpec, HoMep TenedoHa, HoMep (akca, aipec IEKTPOHHOM mouThl). PaMumms
aBTOpa, OTBETCTBEHHOT'O 32 IIEPENHNCKY, JODKHA ObITh OTMEUCHA 3BE3MOUKOM.

[] HampaBJieHHE OT OpraHU3aIuu

[] skcnepTHOE 3aKimodeHne (11 rpaxaad PA)

[J TeKCT cTaTbU, aHHOTALUM Ha PyCCKOM, aHIVIMMCKOM U apMSHCKOM SI3bIKaX Ha OTAEIbHBIX
cTpaHunax (JIMbo B TEKCTE), PUCYHKH U Tabnubl (Bce B 2 9K3.)

[ rpaduueckuii pedepar

[] moc/1e10BaTeJIbHOCTh PACHOJIOKEH s YacTell cTaTbH (KpOMe IHCEM B PEJAKIINIO):

[J magexc YK

[] Ha3BaHME CTATHU

[] aBTOp(BI)

[] pa3BepHyTO€ Ha3BaHHUE HayYHOU OpraHu3aluu

[] mOYTOBBIH afipec ¢ UHAEKCOM

[ dpaxc

[ agpec 3MeKTPOHHON MOYTHI

[l aHHOTALMA

[J cOOCTBEHHO TEKCT CTATBH

L] BBEIEHNE

[] mocTaHoOBKa 3a71a4n

IJ1s cTaTeil GU3NKO-XMMHYeCKOH TeMAaTHKU:

[] sKcriepuMeHTalIbHAs YacTh

[J o0cyxIeHHE TTOJTy4EHHBIX PE3YNbTaTOB C 3aKII0UCHUEM

IS cTaTeil, MOCBSIIEHHBIX CHHTE3Y:

[] obcyx/IeHre TIOJTyIeHHBIX Pe3yJIbTaToOB C 3aKITIOUCHHEM

[} sKCHepUMeHTaIbHas 9acTh

[J brmaromapHOCTH

[] criucok uTepaTypbl
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Tpebosanusa Kk oghpopmaenuio u no0zomoexe pykonucu

[1B 3KCNepMMEHTAJIBbHONH YaACTH JOJDKHBI OBITh IPEACTABIICHBI J0KA3aTe/ILCTBA CTPOECHUS
U YHCTOTHI BCEX HOBBIX COCMHEHMIH, HICTOYHUKH MCIIOJIb30BaHHBIX HETPUBHAJIbHBIX pPearecHToB
WM MeTOAMKH HMX NMOJYYeHHsI, a TaKKe YCIOBHUS JOMOJHHTEJIbHON MOATOTOBKH PEareHTOB H
pacTBopuUTECH.

[Ins BceX CHHTE3MPOBAHHBIX COCIWHEHUH ClIefyeT IaTh HA3BAHMsS 10 HOMEHKJIaType
IUPAC. MertamioopraHi4yeckie KOMIUIGKCHI MOTYT ObITh Ha3Banel mo cucreme Chemical
Abstracts.

[1Bce Tad/1Mubl, CXeMbl, PHCYHKH, COe/IMHEHUS H CCHIVIKH HA JIUTEPATyPy JODKHBI HyMe-
POBATHCS CTPOTO B MOPSAAKE YIOMUHAHUS B TEKCTE.

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

[/PuCyHKH CHEKTPOB HE JOJDKHBI OBITH BBITOJIHEHEI OT PYKH.

[1Bce ncronbp3yeMble aG0peBHATYPBI U COKPALIEHHSsI JOJDKHBI COOTBETCTBOBATh MIPUBEICH-
HoMy B [IpaBuiax U1 aBTOPOB CIHCKY MJIM paciIn(pOBEIBATHECS MPH IEPBOM YIIOMHHAHUH.

[1laHHBIE PEHTIEHOCTPYKTYPHOTO HCCIEIOBAHUS CIEAYeT INPEACTABISATh B BHUJE PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAHHBIMH aTOMaMH) FJIH KPUCTAIIIMYECKOH YIIaKOBKU M TaOIIHIL,
coziepKalnX HeoOXouMble FeOMETPUUCCKUE XapaKTEePUCTHKU MOJIEKYJT (OCHOBHBIE JUIMHBI CBS-
3eif, BaJICHTHBIC 1 TOPCHOHHBIC YIJIBI).

[] JIyist OCHOBHOTO TEKCTA CTAThH 00sI3aTENBHO UCIONB30Banue mpudra Unicode, skenarens-
Ho Times New Roman, miist rpedeckux 6ykB — mpudt Symbol.

[1CuMBOJIBI IIEPEMEHHBIX (M3WYECKUX BEJIMYMH (HAmpuMep, TeMmiieparypa — 1), eJUHHIBI
nx mmepenns (K), crepeoxumuueckue neckpunropst (yuc, Z, R), noxantsl (N-metmi), GykBeH-
HBIe (HO He UU(POBBIC) CUMBOJIBI IPH 0003HAYECHHUH TPYII CHMMETPUH JOJDKHBI OBITH Haleyara-
ubl kypcusom (C2v, Ho He C2V).

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