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Investigation of the dynamic-mechanical properties of polyacrylamide hydrogels
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Oco0eHHOCTH TEXHOJI0ruii KOMILJIEKCHOI mepepadoTK 00J1enuXu KPyIIMHOBHI-
Hoii (Hippophae), pactopommuu naruuctoii [(Silybum Marianum (1.) Gaertn)] n
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NE3UUSULPh NULAUNGSOAFE-3UL 9PSOFE-3AFLLELD
T24-U3rL UHYU1EULY
HAINIMOHAJIBHASI AKAJJEMUSA HAYK PECITYBJIUKU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

Nwywuypuith phipwlwi hwinbu
XUMHYECKHUil )KypHal ApMEHHN 73, Nel, 2020 Chemical Journal of Armenia

VIIK: 541.64:543.573/421/424

UCCJIENOBAHUE B3AUMO/IEVCTBUA NOJUAKPUJIIOHUTPUJIA
C JMMETWICYJIb®@OKCHUJIOM METOJAMM
ATA/TT 1 UK-CHEKTPOCKOIINHN

3. JI. TPUT'OPSH u 1I. A. MAPKAPSIH

EpeBanckuii rocyjapcTBEHHBIN YHUBEPCUTET
Apwmenns, 0025, Epean, yn. A. ManyksHa, 1
E-mail: shmarkar@ysu.an
Ioctymumo 20 XI11 2019

Metogamu OTA/TT n UK-cnektpockonuu nccnefoBaHbl MEXMONEKYNSIPHbIE B3aUMOAENCTBUS
NonnakpuIoHUTpuna ¢ AUMeTUNICcynbdokcnaoM. BeibpaHbl pasHbie obpasLibl MoNMakpunoHMTpuna B
BMAE Kak MopoLLKa, Tak U nneHkn. N3 aanHbix T cneayeT, YTO BO3MOXHOW NMPUYMHON pasnuyuns Tep-
MOCTOWMKOCTEN UccrnenoBaHHbIX 06pa3sLoB, BUOAMMO, SBNSIETCS NpUcyTcTBUE pacTBoputens. Mo Bcen
BEPOSITHOCTU, MOMeKyrbl AUMEeTUNCynbgoKcnaa ocTalnTcs Mexay LensMu nonuakpunoHuTpuna,
o6pa3sysi KOPOTKME MOCTUKM B pesyrnbTaTe AWMOoNb-AUMONbHbLIX B3aumoaencTsuin mexagy —C=N n
>S=0 rpynnamun. 3To 0BCTOATENLCTBO NposBrseTcs Takke B VK-cnektpax nossrneHneM xapakrep-
HbIX nornowenni S=0 rpynn v caguramm nonoc —C=N n S=O rpynn B CTOPOHY HU3KMX 4acCToT.

Puc. 3, 61bn. ccbinok 37.

W3BectHo, uto nomuakpuwionutpun (ITAH) mmpoko npumensiercs B
MPOU3BOJICTBE TEKCTHJIBHBIX BOJOKOH [1-5] M B MPOMBIIIICHHOCTH ILIACTH-
gyeckux macc [6-11]. Hammame B monekynax [TAH HUTpUIBHON MOJSPHOMN
rpymnmnsl (—C=N) o00ycioBiInBaeT B3aMMOJAEHCTBHE C TAKMMHU HOJSPHBIMHU
pactBopuTtensamu, kakumu sABIstoTess N,N-mumermndopmamun (IMD) u nu-
metuicynbpokenn (AMCO) [12]. Bnusuue pactBopuTenel BO BpeMsl Mpo-
necca oopabotku [TAH BeIpakaercs He TOJIBKO B CTPYKType, HO U B (husu-
YeCcKUX CcBOMCTBax NpoAaykToB [13-32]. IloaTomy wucciemnoBaHue B3anMO-
neiictBust [TIAH ¢ pactBopurensiMu nMeeT kak (yHIaMEHTAJIbHOE, TaK U
MPAKTHYECKOE 3HAUYCHUE.

OcoObIif MHTEpEC MPeACTaBIsAET cchenoBanue B3anmoaeiicteus [1AH ¢
CyIb(OKCUAHBIMHU pacTBOpaMu. B yacTHOCTH, 3TO OTpaskaeTcs Ha peryiaupo-
BaHUU MPOLECCOB reieodpazoBanus u kpuctamnuzanuu [TAH [16, 26-32]. B
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nanHoit pabore meromamu JTA/TTT m HMK-cmekTpockomuu HMCCieI0BaHO
B3auMoJeiicteue Mexay mojiekyinamu [IAH u IMCO.

3KCHepI/IMeHTaJIBHaﬂ 4acThb

Mamepuanwi. Ucnons3osauer: JIMCO (Aldrich Chemical Co. 99.5%)
0e3 manmpHeiimer ounctku, akpuwionutpuwia (AH) — (Aldrich Chemical Co,
>99%), sranon (Aldrich Chemical Co, 99.7%) u OGuaucTUIIMPOBaHHAS BO-
Ja.

THonumepuzayus AH. Tlomamepusanuss AH Obuta mpoBeneHa B BOJHOM
pacTBOpe METOAOM DPAJUKaIbHON MOJIMMEPHU3alUU C UCIOJIb30BaHUEM Iep-
cyibgaTta ammoHus B kauectBe nHuiparopa (0.95% or oobema AH) ¢ ncxo-
oM peakiuu 96-97%. B mensx GJIOKMPOBKH MMOJTMMEPHU3AIUU 110 HUTPUIIb-
HBIM TIpyIIaM UCHOoib30BaHa cepHas kuciorta (1% ot xonmuecta AH). ITo-
JMMEpH3alliI0 IPOBOJMIN B IIpoliecce MepeMelIMBaHus peareHToB npu 20-
30°C. TTony4ueHHBI MOJUMED BBIICISIIA OCAKICHUEM M3 PEaKIHOHHON CMe-
cu 3TaHojoM. [lomumep oTUIBTPOBAIM, HECKOJIBKO Pa3 MPOMBIBAJIN BOAOH
U cymmii Ha Bo3ayxe mpu 60°C, 3ateM B BakyyMe JI0 MOCTOSIHHOI MaccChl.

Tlpuecomosnenue oopaszyos ITAH. Jlna tepmorpaBumerpudeckoro u MK-
CIEKTPOCKOMMYECKOI0 aHAIN30B OBbLIM MPUTOTOBJIEHBI TPU BUIAa 00pa3LOB
ITAH.

ITAH-1 — Genplii MOPOIIOK, TOJYYCHHBIH paJUKAIBHON MOJMMEpH3a-
I[1el BBIICYIOMSHYTBIM METOOM 0Oe3 JajbHeiei 00paboTKy.

ITAH-2 — Genblil MOPOIIOK, NOTYYEHHBIN OCAXKICHUEM U3 AUMETHIICYIIb-
¢doxcuanoro pacrBopa ITAH. Jlns mpuroroBienus 3toro oOpasma ITAH
pactBopsi B JIMCO 1ipu temnepatype 60°C, 1mociie 4ero noammep ocax/ia-
JIX 3TAHOJIOM, OCAJ0K 3 pas3a MPOMBIBAJIN JUCTUIUIMPOBAHHON BOAOW U CY-
Tk Ha Bosayxe mpu 60°C, 3ateM B BakyyMe 10 OCTOSTHHON MacChl.

[TAH-3 — nonumepHasi TIeHKa, IJIs MPUTOTOBIEHUS KOTOPOU orpee-
JICHHOE KOJINYECTBO TOJIMMEpa, NHTEHCUBHO IepeMelnBas U Harpenas 0
60°C, pactBopsiir 8 IMCO. PactBop 3anuiu B yamiky [leTpH, mocTaBuiid Ha
POBHOE MECTO M OCTAaBWJIM HA HECKOJBbKO AHEW. [Imenky BeICymwim npu
60°C na BO31YXE, @ IOTOM B BaKyyM-3KCHKATOPE.

Memooul uccnedosanus. JlepuBatorpapuueckoe UCCIeJOBaHUE POBO-
iy Ha ycraHoBke “Derivatograph MOM Q-1500 (Benrpust), MOAKIIFOUYCH-
HOW K IEepCOHAIILHOMY KOMIBIOTEPY, YTO MO3BOJIMIIO MPOU3BECTH OJHOBpE-
MEHHYIO 3aIIUCh BCEX MapaMeTpoB mpoliecca u 00padOTKy MOJTYYEHHBIX JaH-
HBIX. JIaHHBII METOJ aHAJIM3a TIO3BOJIMII OJHOBPEMEHHO CJIEIUTH Kak 3a (Qu-
3UKO-XUMHUYECKUMH TPEBPAICHUSIMH, POUCXOASIIMMU B 00pasie ¢ Morio-
mienueM uiaM BelaenenueM teruia (ATA), Ttak u ¢ukcupoBaTh U3MEHEHHE
Mmaccel obpasna (TT') u ckopocts n3menenus: nocneanet (JTI) mpu moBeI-
HIEHUN TEMIEPaTyphl C MOCTOSHHON CKOPOCTHIO. DKCIIEPUMEHTH! POBOIM-
JM B YCJIOBUSX JIMHEMHOIO HarpeBa UCCIEAYEMbIX 00pa3loB CO CKOPOCTBIO
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narpea 10°/mun B moTOKe asora (dmcrora 99.97%, ckopocTh moToka 120
m/mun). Jnddepennmansueie, Tepmorpaumerpudeckue (JTI) u JATA
TOYKH PErHCTPUPOBAIN Yepe3 KXyl cekyHay. OmnpeneneHHOe KOTUIeCT-
BO oOpasmos (100 me) moMecTwsiv B TUTENb 00beMOM | Mz M HarpeBaiu 10
300°C ¢ 3amanHOl THHEIHHOM CKOPOCTHIO. B KauecTBe KOHTPOJIBHOIO Mare-
puaia ucnob30Baiu mopoiok Al,O3. UToObI 0OCTAHOBUTH PEAKIIUIO H MTOJTY-
YHUTh MPOMEKYTOUHBIC U KOHEUHBIE TIPOIYKTHI JJIsl JaIbHEHUIINX HCCIIeI0BA-
HUM, HarpeBaTeIb aBTOMATUYECKH OTKIIIOYAJICS TP 3aJaHHOM TeMIeparype,
a oOpaszel oXJIa)1ajacs MIOTOKOM HHEPTHOTO Tasa.

HUK-cnexktpsl  peructpupoBanun Ha  crnekrpodoromerpe  “FT-IR
NEXUS/Nicolet” ¢ npumMeHeHHEM TEXHUKH OJIHOTO BHYTPEHHETO OTpaKe-
nust (ATR, attenuated total reflection) ¢ ucnons3oBannem KpuctaioB ZnSe:
nmanason m3mepenust — 4000-600 cu™ ¢ paspeurennem 4 ey, uncio Hakon-
neHust — 32.

Pe3yJ'II)TaTI>I H UX oﬁcymne}me

HTA/TI uccreoosanue. JlepuBarorpaguueckuM METOIOM ObUIH U3Mepe-
HbI U3MEHEHUs Macchl 00pa3uoB [TAH, noayyeHHbIX pa3iIndHbIMU cIIOCO0a-
mu (ITAH-1, TIAH-2, TIAH-3) no 300°C. JlepuBarorpaduuecKue KpHBbBIE
IIpUBEIEHBI Ha puc. 1.

UzBectHO, uTo ITAH siBnsieTcss TEpMOCTOMKUM M YCTOMYHMBBIM TOJIUME-
POM M CIIy’KUT OCHOBOH JUUIsl OJyYEeHHUsI Hanbosee MPOYHbIX YIIIEPOAHBIX U
rpaUTOBBIX BOJIOKOH, a Takke 3(h(HEeKTUBHBIX JKapoCcTOMKuX (punbTpoB. Ha-
YanbHOU cTajuel TepMudeckux npespaiiennii [IAH, npuBoasimyx B KoHeU-
HOM MTOre K OOpa30BaHHIO BBICOKOMOIYJIBHBIX U TEPMOCTONKHX BOJIOKOH,
sBisieTcst 00acTh Temnepatyp a0 300°C, rae mpoTekaeT peakiids BHYTpH-
MoJiekyisipHod nukim3zaiun [32]. Kak mokasan TepMorpaBUMETpHYECKUN
aHanu3, TepMorpamma obpasua noiauMepa [TAH-1 xapakrepusyercs y3kum
IK30TEPMHUUECKUM MaKCUMyMOM Mipu 267°C, KOTOpBIA COBMAIaeT ¢ JUTEpa-
TypHbiMA JaHHBIMHU [32]. Tloteps maccel oOpasua [TAH-1 naumnaercs c
200°C, a cKOpOCTh TMOTEPH MACChI AOCTHraeT Makcumyma mpu 267°C. B or-
nuune ot [TAH-1, [TAH-2 u I1AH-3, nony4eHHble ocaXkJIecHUEM B BHUJIE TIO-
pOLIKa U BBICYIIMBAaHUEM B BUJIE IJIEHKH U3 TUMETWICYIb(OKCUIHOIO pacT-
Bopa I[TAH, xapakTepu3yroTcsi MEHbILIEH TEPMOCTOMKOCTBIO.
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Puc. 1. ATA/TT/OTT kpuBble o6pa3uos MNAH (MAH-1; MAH-2; MAH-3).

Kak BumHo u3 puc.l, moreps maccel oOpasua ITAH-2 naumnaercs c
110°C u mpoTekaeT B JABYX CTaausX, MPUYEM BO BTOPOM CTaIvM PEaKI[Hs
IpOTEKaeT ¢ BblAeIeHHUEM Teria. CKOpOCTh MOTEPU MacChl JOCTUTAET MakK-
cumyma tipu 274°C.

Ha puc. 1 npexacrasnens! Taxxe kpusble TT u ITT pa3noxenus [TAH-3
B aHAJOTWYHBIX ycioBusxX. Kak BuaHo, pasznoxenue obOpasua ITAH-3 no
150°C mpakTuuecku He MPOMCXOIUT, 3HAYUTEIbHAS TOTEPS MACCHI MPOSB-
asercs naynnas ¢ 210°C.

CpaBuenue TI' kpuBbIx pasubix oOpasuoB IIAH (puc. 2) npuBoautr K
BBIBOJY, YTO TIPUIMHON ITUX Pa3IMUUil MOXKET OBITh MPUCYTCTBUE OCTATKOB
pactBoputens (AMCO) B oopasnax [TAH-2 u [TAH-3.
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Puc. 2. Kpueble TI" ans o6pasuos MNAH.

ITo Bce#t BepostHocTH, Monekynbl JIMCO ocTaroTcs MexAy UensIMu
ITAH, o0pa3ysi KOpOTKHE MOCTHKH B PE3yJIbTaTe IUIOIb-IUIIOIBLHBIX B3aH-
moaetictBuit Mmexxny —C=N u >S=0 rpynmnamu [21]. Bonee toro, B oOpasie
ITAH-2 octatku JIMCO coxpaHsitoTcs Jlaxke Ipu MHOTOKPATHOM ITPOMBIBA-
HUU M BBICYIIMBaHUU pacTBOpa. CleayeT OTMETUTh, YTO TOTEPS MAaCCHI
[TAH-2 nabmonaercsa npu 110°C, 4To coBIamaer ¢ IMTEPATyPHBIMU JaHHbI-
Mmu [33]. TepMmorpaBumMeTprudeckuii aHam3 TieHkn (oopasen [TAH-3) noka-
3a11, 4To 10 150°C u3MeHeHus: Macchl HE IIPOUCXOAUT. DTO CBUJETEIILCTBYET
o ToM, uto B obOpasue [TAH-3, mo cpaBuenuio ¢ [TAH-2, MmakpoMoeKyJbl
IMTAH ¢ monexynamu JIMCO 006pa3yroT mpodHbIe acCOIMATHI, KOTOPbIE 00-
paTuMo pa3pylalTcs TOJIBKO MpH 0ojiee BHICOKUX Temrmeparypax. To ects
Mmoutekynbl JIMCO B miieHkooOpa3HoM nosiumepe, 00pa3yst KOpOTKHE MOCTH-
KM, MPOYHO CBS3bIBAIOT Makpomoisiekynsl [TAH, B pe3ynabTare uero oOpa-
3yeTcs ceryaras cTpykrypa (puc. 3) [21].

UK-cnexmpockonuyeckoe uccaedosanue. llpeanonaraemoe BbIle B3au-
MozelcTBue noaTeepxkaaercsa ganubiMu MK-cnekrpockonuu.

B cnexrpax ITAH-1 oT4eTnuBo mposBIISAIOTCS MOJIOCHI NMOTJIOMIEHMS Ba-
nenTHbIX Konebauuit CH, (2924 cu™), CH (2854 cu™) u CN(2244 cvn™), a
Taoke gedopManuoHHbIX konebanuit CHy (1450 cy™t) u CH (1384 cv™).

B cniextpax 00pa3noB, MOIy4YEHHBIX OCAXICHUEM IOJIMMEpa U3 PacTBO-
pos IMCO, nomumo noriouieHuid, xapakrepabix st [IIAH, BugHbI 1 nosno-
Cbl, O0YCJIOBJIEHHbIE OCTaBUIMMMCS B MOJUMEPHBIX OOpa3lax MOJEKyJIaMu
JIMCO, B wactroctn, 1050 ey ans S=O rpynmsl. U3 cpasrenns UK-crekT-
POB MOJMMEPHBIX TUIEHOK co criekTpoM uuctoro JIMCO cnenyer, 4To umeet
MECTO C/IBHT TOJIOCHI TToromenus S=O rpynmsl Ha ~ 8 cu™ B CTOPOHY HH3-
KHX 4acToT. OHOBPEMEHHO TaK)Ke HAOII0JaeTCsl M HeOOIBIION CIBUT MOJIO-
cot st CN Tpymimsl Ha ~ 2 ¢ B CTOPOHY HU3KHX YacToT. MHTEpecHo oTMe-
TUTh, YTO AHAJOTMYHOE MoBeaeHue Habmonaercs u B UK-cnekrpax nume-
THIICYJIb(OKCUIHBIX pacTBOpOB arieronutpuia (AuH) u AH [34-37].
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Takum 00pa3oMm, Ha OCHOBAaHMM JAHHBIX, IOJYYEHHBIX METOJaMU
ATA/TT" u UK-cnekTpockonu, ciieayer, yTo Makpomosekyisl [TAH c
JIMCO 006pa3yroT acconuaTsl, KOTOPBIC HE pa3pymaTCs Py 0OBIYHON Tep-
MHYECKOH 00paboTKe.

MNOALPRUCPLOLPSCPLD 6U YbUGE-DPLUNFLDO-LURYD UhQGUL
PN NFE-3NFLLELP NFUNFULUUPLOFE-3AFLL
EELUNALULPUBSPUEYTL B PY-UNGESLAUGTNNPUEYTEL
UGE-NYLELO
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THE STUDY OF INTERMOLECULAR INTERACTION BETWEEN
POLYACRYLONITRILE AND DIMETHYLSULFOXIDE USING
DTA/TG AND IR-SPECTROSCOPY METHODS

Z.L.GRIGORYAN and S. A. MARKARIAN

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

The interaction between polyacrylonitrile and dimethylsulfoxide was studied with
the use of DTA/TG and IR spectroscopy methods. Various PAN model samples were
used in the form of powder and film. The TG data of these samples confirm that the
difference between their thermostability is due to the presence of solvent molecules. The
remaining in the samples DMSO molecules form short bridges between PAN chains by
dipole-dipole interaction between —C=N and >S=0 groups. Also the IR-spectra of these
samples show low frequencies shift for bands of —-C=N and >S=0 groups.
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O MOJIEJINPOBAHUU SIBJEHUI NEPEHOCA NOHOB
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[MpepnoxeHa matematuyeckas Mogenb aneKTpoanddy3nm MoHoB B AN AY3MOHHOM crioe
MeMBpaHHOWN CUCTEMbI C YCIIOBMEM 3MEKTPOHENTpanbHOCTM pacTBopa. CTaBunack 3agada novcka
KpUTEpus OLeHKM Bbibopa napameTpoB npouecca, 06xoAa Npu 3TOM YUCTIEHHbIE CMOCcobbI €€ pelue-
Hus. MNprBOASITCS BO3MOXHOCTW MOAENW Ans ONUCaHWs CBOWCTB 3reTPOXUMUYECKOW CUCTEMbI C 1O-
HOOOMEHHBIMU MemMbBpaHamu.

Puc. 5, 6ubn. ccbinok 5.

[Tpu snmexkTpoauanuse B pa30aBICHHBIX pacTBopax 3PQPEeKTUBHOCTH HC-
[I0JIb30BAaHUSL IEKTPOIHEPTUU COCTaBISIET 10 95%, HO 3TOro Bce ke He-
JIOCTaTOYHO, YTOOBI 3TH NPOLECCHl MPUMEHSINCh B KPYIMHOMACIITAOHbBIX
TEXHOJIOTHAX, IOCKOJIBKY Ha IMPAKTUKE 4Yalle NPUXOAUTCI UMETh JEN0 C
pacTBOpamMu ¢ OOJIBIIMMHU KOHIIEHTPALMSAMHU coiieil, pa30aBieHHe KOTOPHIX
JUIS IPUMEHEHHUS B 3JIEKTPOMEMOpPaHBIX MPOLECCaX HEBBITOIHO C TOUKH 3pe-
HUs sHeproaddexrnBHocTH. M3-32 3TOr0 37mekTpoMeMOpaHHbIE MPOLECCHI
[I0OKa MMEIOT OTPAHUYEHHOE NPUMEHEHHE B NPOMBIIUIEHHOCTH, CEIbCKOM
XO34HCTBE, 3/[pABOOXPAHEHNH, OXPAHE OKPY>KaIOLIEH CPebl, JHEPIeTUKE U B
JPYTUX 00JIACTSIX.

B snexTpoMeMOpaHHBIX TpoIleccax MBHXKYIIEH CHIIONH MOHOB SBIISCTCS
IPaJIuEHT BJIEKTPUYECKOr0 MOTEHLMANa, & UCTOYHUKOM PHEPIrUM — MOCTaB-
JI1€EMOE ANIEKTPUYECTBO.

Llenp maHHOW PAaOOTHI — MPEIJIOKHUTH TEOPETHUECKUE TIOAXOBI IS
obecredeHus B MPOLECCe AMEKTPOAUAIN3a ONTUMAIbHOE U3BIEYEHUE HOHOB
U3 2JIEKTPOJIMTA IyTEM ILIEJICHAIPABIEHHOIO KOHTPOIMPOBAHMS DJIEKTPOXH-
MHUYECKUMH NapaMeTpaMH.
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B nacrosee Bpemst c(OpMHUPOBAIIMCH OCHOBHBIE, HO OYEHb OOIIHE TEO-
pETHUYECKHE TOIXO/bI ATl ONMCAHUS SIBJICHUN NEpeHOca HOHOB B MeMOpaH-
HBIX CHCTEMaX.
I[J'IH OIIMCaHUs 3HeKTpOMCM6paHHBIX IpouecCoB B 3TUX CUCTEMaAX HC-
nonb3yercs ypaBHenue HepHera-Ilnanka kak BHyTpu MeMOpaH, Tak U B IIpHU-
Jeralomux K HUM obnactsam. OHaKo MepeHOC MOHOB BHYTPU MeMOpaH U B
NOrpaHUYHBIX CJIO0AX OIMUCBIBACTCA PA3JIMYHBIMU XapPaKTCPHUCTUKAMU, YTO HE
MO3BOJISIET paccMaTpUBaTh CHCTEMY KakK OAHO Iienoe. s u3BiedeHUus H
KOHLIEHTPUPOBAHUS MOHOB U3 MHOIOKOMIIOHEHTHBIX CUCTEM IIpH IPUMEHE-
HHH 3JIEKTPOMEMOPaHHBIX METO/I0B IIaBHbIE IPOOJIEMBI CIIEAYIOIIHE:
® OTCYTCTBHE HaJIe)KHOI TeopeTHuecKoi 0a3bl, KOTOpas MO3BOJIMIIA ObI
OLICHUBATh U NPE/ICKa3bIBaTh MEXaHH3MbI U3BJICUCHUS HOHOB, UX KO-
JIMYCCTBCHHBIC U KAYCCTBCHHBIC XaPAKTCPUCTHUKU B 3aBUCUMOCTU OT
KOHLEHTPAIUH, IUIOTHOCTH TOKOB, HMPWJIOKEHHOTO HANPSHKEHUA U
CTPYKTYPHBIX [TapaMeTpOB;

® OTCYTICTBHE NPOrpaMMHOI0 oOecredeHHs, ¢ IMOMOILbBI0 KOTOPOro
MOXHO OBbLIO ObI ONPENEIUTh PEKUMbl U3MEHEHUSI OCHOBHBIX Iapa-
METPOB B MEMOPAHHBIX MPOLECCAX.

C oT0#i TOUKHM 3peHHst KpaiiHe He0OX0IMMO pa3paboTaTh M UCCIIEI0BAThH
TaKyl0 MaTeMaTH4YeCKyl0 MOAEejb, KOTopas OyAeT ONUCHIBATh IPOLECCHI
anexTpoauddy3un mpu mepeHoce MOHOB, ONPENENATh OCHOBHBIE UYBCTBH-
TEJIbHBIE MapaMeTpbl BO3ICHUCTBHS Ha CHUCTEMY, a TaKXKe CO3[aBaTh alro-
PUTM [T pacdeTa U3MEHEHUHM XapaKTEPUCTHK CHUCTEMbI B 3aBUCUMOCTU OT
HN3MCHCHU OCHOBHBIX BHCITHUX MAPaMETPOB.

Jns noctikeHus ey paboThl HAIll MTOJIXO/ CIEAYIOIINI: He00X0AUMO
HOCTPOUTH MAaTEMAaTUYECKYI0 MOJIEIb JUIS ONMCAHUS B CTAlIMOHAPHOM PEXKHU-
M€ IMEepPeHOCca MOHOB B MOHOOOMEHHBIX MeMOpaHax M B Onmziesxaiueil 00-
JACTH TIOJ] BO3ACHCTBHEM 3JIEKTPUUECKOTO IIOJIS, & TAKXKE ONPENENUTh CKO-
POCTb PIEKTPOMUIPALIMY MM CBSI3aHHBIE C HEW Jpyrue mapameTpsl B 3aBU-
CHMOCTHU OT OCHOBHBIX ITapaMETPOB IEKTPOIIUMTUUECKOro ycTpoicTBa. Ocy-
IIECTBJICHUE KOHTPOJIS 332 CKOPOCTBIO 3JIEKTPOMHIPALMH Yepe3 YIPaBiIsio-
e TapaMeTpbl CUCTEMbI KOHTPOJIS MO3BOJIUT B XOJE PEAKLUH PEryIupo-
BaTh Pe3yJIbTATHI MIPOLECCA.

COBpeMeHHbIe METOAbI MOACJIMPOBAHUA

OcHoHble MexaHusMbl MUspayuu U ORUCaHue no0xXo008 K mpaHcnopmy
UoHO8 yepe3z membpansl. B cucreme, copeprkaieli HOHOOOMEHHbIE MeMOpa-
Hel (MOM), nporniecc nepeHoca NpoUCXOIUT Kak yepe3 MeMOpaHy, Tak U ye-
pe3 OKpykaromui ee 3eKTponuT. CTpyKTypa MOHOOOMEHHOM MeMOpaHbI
TaKOBAa, YTO OHA HE MPEIATCTBYET CEIEKTUBHOMY MEPEHOCY MOHOB OIpee-
JIEHHOTO 3HaKa (3apsiia).
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W3-3a HaKoIUIeHUS! HOHOB MOJ JEHCTBUEM AJIEKTPUYECKOIO MO Ha I0-
BEPXHOCTH MEMOpaHbl MPOUCXOAUT MOJISIPU3aLUs, KOTOpas OrpaHUYHBAET
CKOpPOCTb IIEPEHOCA HOHOB B CHCTEME.

UToOBI BBISICHUTH 3aKOHOMEPHOCTH MEPEHOCA B CHUCTEME, CcozepIKaIeit
NOM, HeoOxoauMo 3HATh CTPYKTYPY MEeMOpaH, MEXaHU3MbI IEpeHOca Ho-
HOB 4Yepe3 MeMOpaHbI U AJIEKTPOIHUT M 3aKOHOMEPHOCTH TOJIAPH3AIINH.

Cnoxwnas crpykrypa MOM sBnsercs nepBbiM MpoOIeMHBIM (PakTOpoM
JUI MOAETUPOBAHUS, T. K. HOHOOOMEHHBII MaTepHasl COCTOMT U3 HEPaBHO-
MEPHO pacHpeesIEHHBIX 110p, a 3TH IOPbl UMEIOT pa3Hble pa3Mepsl (OT Hec-
KOJIBKUX HAaHOMETPOB 0 HECKOJIBKUX MUKpomeTpoB). Kpome Toro, yBemnu-
yuBaeTcs AUcOaiaHC MEMOpPAHbBI ¢ TOYKH 3PECHHSI MPOSBICHUS TUIPOQUIL-
HBIX ¥ TUAPOPOOHBIX CBOWCTB MO OTHOIICHHUIO K 3JIEKTPOJIHTY, OCOOCHHO B
ciydae HaOyxImx MeMOpaH, IPUBEICHHBIX B pabodee cocTosiHue. DT (ak-
TOpPBHI BBI3BIBAIOT HOBBIE SIBJICHUS IMEPEHOCA MOHOB M3-32 OCMOTHYECKOTO
JIaBJICHUS, KOTOPbIE TAK)XKE HENb351 HTHOPHUPOBATb.

Jnis onucanus npolecca NepeHoca HOHOB UCIIOJIb3YIOTCS Ba OCHOBHBIX
MexaHu3Ma: aneKkTpoauddysus u koHBekuusa. B mepBom ciyyae ckopocTh
IepeHoca OIpenesieTcs MOJABHKHOCTbIO HOHOB M UX KOHIIEHTpalMel, a BO
BTOPOM — KOJIMYECTBOM TPAHCHOPTHUPYEMBIX HOHOB B 3aBUCHMOCTH OT CKO-
POCTH ITOTOKA 3JIEKTPOJIMTA.

Yame Bcero, OnucaHue MepeHoca 4yepe3 MeMOpaHbl OCHOBBIBAETCS Ha
CIIEIYIOIUX JABYX MOIXOJaX: HEpaBHOBECHAs TEPMOJMHAMHKA U CTATHCTH-
yeckas mexanuka [1]. HepaBHoBecHast TepMoaHaMuKa — yIOOHBIN MOAXO0/
JUIs. ONMCAHUSI TPAHCHOPTHBIX IMPOIECCOB Yepe3 MeMOpaHy, MOCKOJIbKY OH
He TpeOyeT 3HaHHS CTPYKTYphl MEMOpaH M MEXaHW3MOB TPAHCIIOPTA IJIEK-
TposiuTa yepe3 MmeMOpany. OHaKO MPH TAKOM IOJXOJE HE YAAeTCs CBA3ATh
CTaTMUYECKUE M KUHETUYECKUE CBOMCTBA MEMOpaHBbI ¢ MapaMeTpaMH, Orpeie-
JSIOIIMMHU ee CTPYKTypy. boree Toro, B 3ToM ciiyuyae HEBO3MOXKHO TaKXe
OIIPEIeNINTh MAKpPOIIapaMeTPhl IEPEHOCa, OCTABIISIS 3TO TOJIBKO IKCIIEPUMEH-
Ty. Bo BTOpOM cilyyae B HEKOTOpPOIl CTENEHH YUUTBHIBAIOTCS CTPYKTYpPHbIE
0COOCHHOCTH MEMOpPAaHBI, MCIIOJIB3YIOTCA TEPMOIMHAMHYECKUE MapaMeTphl
PaBHOBECHON CHCTEMBI, HO HEBO3MOKHO BBISICHUTH, HACKOJBKO MBI yJa-
JIieMCsl OT pElIeHUs pealibHOM 3ajaud MpHU NPUHATHIX NpuUOmKeHusx. B
nocaeaaue roasl MOM onuchIBaeTCsl Kak CUCTEMA, COEprKalasi HECKOJIBKO
THICSTY YACTHII, TIPH 3TOM JIBIDKEHUE ITHX YACTHI[ OTPEIEISIIOCh 3aKOHAMH
Herorona [2]. Cunbl B3auMOJEHCTBUSI MEXAY aTOMaMH B 3TOM Cllydyae siB-
JISTFOTCSL KITACCHYECKUMU TTOTSHIIMAIBHBIMU CHJIAMH, PEIIEHUE KOTOPHIX YXKe
SIBIIIETCSL PE3YJIbTATOM WHAWBHYyaTbHBIX MOIXO0I0B B MOJIEKYJISIPHOW TWHA-
Muke. B 3Tol Monenu 3apspKeHHBI pacTBOP 3aIlOJIHAET MOPUCTBIE YacTH
rupooOHON MAaTPUIIBI, PACTBOP M MATPHIIA Pa3ICISIOTCS HETIOABIKHBIMH
noHamu. BOmm3n pUKCHpOBAaHHBIX NOHOB MATPHIIBI IIPOUCXOIAT JTOKAIBHBIC
CKOIUICHUS! MOHOB, Ilie (PUKCUPOBAHHBIM MOH pa3fensercs oT CBOOOJHOIO
HMOHA OJHOM WM HECKOJBKMMH MOJIEKYJIAMH BOJbl. OTH BO3HMKAIOLIHE
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HCOJHOPOAHOCTU OYCHDb YCJIOXKHAKOT TCOPETUUYCCKOC OIMMCAHUC IICPECHOCA
HOHOB, a UX npeHe6pe>I<eHHe YKE€ CTaBUT 1104 COMHCHHUE TOCTOBEPHOCTH Ma-
TEMATHYCCKOI'O OIIMCaHM.

YpaBHenne Hepucra-Ilinanka: ydeT KOHBEKTUBHBIX IIEPEHOCOB

[TepBoil MOZIENTBIO, UCTTONB3YEMON 1T MATEMAaTHYECKOTO OMHMCAHUSA Tie-
peHoca MOHOB B MEMOpaHHBIX Mpolieccax, sBiseTcs ypaBHeHue HepHcra-
IInanka [3], KOTOpPO€ MO3BOJISIET YYUTHIBATh TAKXKE€ KOHBEKTHBHBIE MOTOKH
noHoB. Ilocineqnee oueHb BaKHO, OCOOEHHO IMPH JIEKTPOANUAIN3E KOHILIEHT-
PUPOBAHHBIX PACTBOPOB.

PaccmoTpuM MaTeMaTn4ecKyro MOJeIb, B COOTBETCTBHH C KOTOPOU TPO-
[IECC CTAllMOHAPEH: B KATHOHOOOMEHHOW MeMOpaHe 3eKTpoan(y3nOHHBIH
MPOIIECC pacTBOpa M30TepMudeH, TU(PPy3MOHHBINA CIION U TUAIIEKTpUIECKas
MIPOHUIIAEMOCTh TOCTOSIHHBI Ha TpaHUIle 3JieKTpoiauT/memOpana. [Ipomecc
MPOMCXOJUT IO/ BO3JEHCTBHEM BHEIIHETO AJIeKTpudeckoro mois. Taxke
CUUTAETCS, YTO 3JIEKTPOJIUT HENOABIKEH B AM(PPY3MOHHOM C€JI0€, COACPIKUT
MOJIOXKHUTEIBHBIC U OTPHUIIATEIIbHBIC HOHBI, KOTOPhIE XMMUYECKH HE B3aUMO-
JEUCTBYIOT APYT C APYTOM.

Paccmotpum ciyuait ogHOMEpHOTO 37eKTpo ¢ Gy3HOHHOTO MepeHoca
nonoB (monxon ITupca-Posenbepra-Tupens). Hagamom pacuera cucteMsl
BbIOpaHa BHEIIHSS TrpaHuna JUy3MOHHOTO CIIOS, HAIPABJICHUE OCU X COB-
MajaeT ¢ HampaBJICHUEM HIEKTPUIECKOro Toka (puc. 1).

Karaonoobmennas memGpana

O6nacre
KOHIEHTPHPOBAHHA

i)

ObracTs
obeccoraBamng

_ _'H:;C_
HOHHEIH CJIO!

(zuddys

X

Puc. 1. OnektpoanddysmoHHas cxema pacnpe- Puc.2. MIsmeHeHne aneKTpuYecKoro no-

AeneHvs NoHoB B GMHapHOM 3MeKTponuTe y Ka- TeHumana [ABOWHOro 3neKkTpocTaTude-

TMOHOOOMEHHO MembpaHbI. CKOTO cnosi B MexxmembpaHHoi obnacTu
B 3aBMCHMOCTU OT KOOpPAMHATBI.

Cucrema ypaBHEHUH IS OTIMCAHUS AIeKTpoaudPy3noHHOTO TIpoIiecca,

cocrosiimas W3 ypaBHEHHMI OanaHca MacChl MHOTOKOMIIOHEHTHOW CHCTEMBI
Hepucer-1Tnanka u ITyaccona, umeer cnenyromui BU:

ﬂ: | =
L= 0,(i=1,2)

1)

i i Gy ,
f:' :_%Diciﬁ'_f— id_?J(LZ 1!2j (2)
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EL_TZ_FEEHZ&C&' 3)
rne ¢;, [; — KOHIeHTpalys U IIOTHOCTH AekTpoauddysuonHoro nmoroka; V
—CKOPOCTh JIBHDKCHUS AJIEKTPOIHTA (Cpelibl); S; — CKOPOCTh BOSHUKHOBEHUS
W HCYE3HOBEHHUS 1-0f KOMITOHEHTHI BCJICICTBUE TOMOT€HHOM peakium; 1 —
YHCJI0 KOMIIOHEHTOB B cucteme; Dy, z; — koapduuuent auddysuu u 3apsn
i-0if KOMIIOHEHTHI, COOTBeTCTBeHHO, £ = 1.6 - 10%¥° Ky — 3JIEMEHTaPHBIN
snextpudeckuii 3apsax; kK = 1.38 - 107 Iwc/K — nocrosiuuas Bosnbimana;
@ — DJIEKTPUUYECKUI OTEHIHAI.

['pannunbie yciaoBus GOpMYIUPYIOTCS B COOTBETCTBHH CO CIEAYIOLIH-
MU COOOpaKEHUSMHU: M3BECTHBI KOHIICHTPALMHN BCEX TUIIOB MOHOB HA BHEIII-
Hel rpanuie AU QPy3MOHHOTO CIIOS U HAYaJbHOE 3HAUYEHHUE IEKTPUIECKOTO
MOTEHIIMAIa C TOYHOCTHIO MTOCTOSTHHOTO KOA(dUIINEHTA.

x=0: c,(0) = (i = 1,2), @(0) = 0. (4)

Ha BHyTpenHel rpanuie 1ud@y3uoHHOTO CIIOs 3JIEKTPOIUT/MeMOpaHa
IUIOTHOCTH JU((Y3HOHHBIX NMOTOKOB MOXKET OBITH ONpEesieHa Ha OCHOBE
YCIIOBUH HENIPEPBHIBHOCTH TPAHULIBI AJIEKTPOIUT-MeMOpaHa, 1aBasi KOJIN4ecT-
BEHHBI KPUTEPHI CENEKTHBHOCTH MEMOpaHbI, B KaueCTBE KOTOPOTO CYH-
TaeTcst KoIN4ecTBO 3¢ (HEKTUBHOIO IEPEHOCa HOHOB B MEMOpaHe.

Kpome Toro, mpenmosaraercsi, YTo M3BECTHO IaJ€HUE HANPSOIKEHHS B
¢ Gy3UOHHOM CIIOE:

x=8:], = gtt =12), ¢(8) = —Ag,. )

3nece &gy = 0 — BenuuMHA MAACHUS JJIEKTPUYECKOrO MOTCHIMAIA B
1 Py3MOHHOM CJIO€ MPH YCIOBHHM, YTO BO BHEIIHEM CJIO€ €ro 3HAYeHUE
PaBHO HYIIIO; | — IUIOTHOCTh AJICKTPUYECKOTO TOKA MO/ BO3ACHCTBUEM IOJIS,
UCIIONB3yeMOro B cHcTeme; *; — 3(QQEKTHBHOE 4YHCIO MepeHoca i-oro
KOMIIOHeHTa d4epe3 MeMOpaHy. Kak Obul0 TOKa3aHO, B TakKoW CIOXHOH
cucreMe ObLJIO CAETAaHO MHOTO NMPHUOIMKEHUH IS ONpPEeeNeHUs KOIUYecT-
BEHHBIX MapaMeTpoB B 3amade. [loMrMO 3TOro, rpaHUYHBIE YCIOBHS H3-3a
CJI0KHOCTH CHUCTEMbI HEBO3MOKHO YETKO ONPEAEIUTh, a HEONPEAEIEHHOCTh
MOCJIETHUX CHUJIBHO BIIMSIET HA PE3yJbTaThl PELICHUH cUCTeMbl Tuddepen-
TUaJIbHBIX ypaBHeHHﬁ. B wnrore IMOJIy4aeTCd, 4TO AaX€ IIPpU TOYHOM pCUIC-
HUU TMOJYYEHHON CUCTEMBbl ypaBHEHHUH y HAac OyAyT COMHHUTENIbHBIE OLIEHKH
MIPOIIECCOB B CUCTEME.

Yacro mist obecriedeHHs CENEKTHBHOW JJIEKTPOMHUTPAIMA HOHOB HE
CTOJIb Ba)KHO OMNPEJICNIEHUE KOJUYECTBEHHBIX BEJIMYMH KOHLEHTpALUil, a uxX
OTHOCHUTENIFHOE pacmlpe/esiecHne B MEKMEMOpaHHBIX O0JIACTAX W B CamMou
MeMOpaHe.

3Hast 3TU OTHOCUTEJIbHBIE pacipeaeNeH s, MOXKHO SKCIIEPUMEHTAIbHBIM
IIyTeM ONPEIETUTh KOJINYECTBEHHbIE 3HAYCHNSI KOHIIEHTPAIM HOHOB. 3/1€Ch

19



BaXXHO HE ONpEAETICHUE 3TUX KOHILEHTPALUN IIyTEeM TEOPEeTHUECKUX pacde-
TOB, a BbISIBJIEHHE OOl KapTUHBI ITyTE€M COIIAaCOBAHMS IapaMeTPOB, MOJTY-
YEeHHBIX B pe3yJbTaTe TEOPETHYECKOM MOIEIM U SKCHEPUMEHTOB. TOJIbKO
Onarojaps 3TOH CBSI3U MPHOOPETAIOT CMBICT (PU3UKO-XUMHUYECKHE ITapaMeT-
pBI B CIIOXKHOM cucteMe. Ecnu ypaBHEHHUs1, ONTUCHIBAIOIINE CUCTEMY B HEPaB-
HOBECHOM T€pMOJMHAMUKE, SIBISIOTCSA NIPUEMIIEMBIMH, U B 3TUX YPaBHEHUSX
napaMeTpsl HE UMEHOT HUKAaKOIO MPAKTUYECKOro 3HAYeHMs, TO MbI Oylem
UMETh TOJBKO SKCIHEPUMEHTAIbHO CKOPPEKTHPOBAaHHBIE IapamMeTpbl MAJIs
IPUMEHEHHUS B PABHOBECHOM COCTOSHUU.

WHTepecHbIMU NOAXOAAMU Ul PELIEHUs 3TOH 3aJauu MOTyT OBbITh TaK-
e IIPUMEHEHNE METOJI0B PErPECCUOHHOI0 aHaIN3a U BapUallMOHHOTO ITPUH-
IIUIa, OJHAKO 3T METOAbI TaKKe€ HMEIOT CBOM HCTOYHMKH HAKOIUICHUS
omKOOK U IPOOJIEMbI OLIEHKU 3TUX OLIMOOK.

BaxHbIM 1OAXOJOM MOTYT OBITH CHOCOOBI, IJIe HE HAJ0 COCPEeIOTauM-
BaThCs Ha 00ECIICUEHUU TOUYHOTO PEILICHNSI MaTeMaTHYECKO Tpo01eMbl, Kak
OIMCAaHO B BBIIIENPUBEACHHBIX METOJIaX, BKIIOYAs MPEOA0JIEHHE MpooiieM,
CBSI3aHHBIX C YHMCJICHHBIMH METOAAMH, YEro HPaKTUYECKH HEBO3MOXKHO
JIOCTHYb M3-3a CIETaHHBIX MHOXECTBEHHBIX MPHOIMKEHUH, HO CIeqyeT Io-
IBITAThCS MyTEM YJIYUIICHUS! KOHKPETHBIX KPUTEPUEB MOHATh, KaK HOIYYUTh
JKEJIaeMbIil KOHEYHBIN pe3yJIbTar.

OnHuM U3 croco00B nM30eXkaTh PeIIeHNs] YPaBHEHUS NEPEHOCOB HOHOB
ABIISIeTCA NMpUMEHeHHe npuHuuna nuaBapuanTHocTu (I11) B aTux mponeccax.
Kak u3BectHO, mpuHIIMIT MHBapuaHTHOCTH B. AmOapitymsiH pa3padoran mis
pelIeHus 3aJaull pacCesHUs CBeTa MPH MPOXOXKIEHUU €ro 4epe3 MyTHbIe
cpensl. [lepBonawansHo I[IM dopmynupoBancs ciemyommMm o0pa3oMm: B
IUIOCKOIIApasIesIbHOW (OECKOHEUHOM) cpesie BBIXOASAIIAs pajauanus HHBA-
pPHAHTHA 110 OTHOLIEHHIO K J00aBICHUIO CIIOE€B KOHEYHOH ONTHYECKOl TO-
IIMHBL, 00Jaa0IINX TEMH K€ ONTHYECKHMMHU cBoiicTBamu. Mcnonp3oBaHue
[N no3Bonmino n3dexarTh 3aTpyAHCHUN TIPU PEIISHUH 3a7ad IepeHoca, Ko-
TOpble TpeOOBaIM MHTETPUPOBAHHS BEJIUUYUH, XaPaKTEPU3YIOLIUX MOJIE M3-
JIy4eHUs Cpeabl.

YroObl NPUMEHNUTH MPUHLIUI WHBAPUAHTHOCTHU JUIS HAILIETO Cilydas, pa-
300b€M 3a/1a4y Ha JIBE 4aCTH.

e 3apspKeHHas 4acTHULlA ABMKETCS MOJ| IEHCTBUEM JIEKTPUYECKOrO M0-

751 B AKHMJIKOM TOMOT€HHOM 3JIEKTPOJIUTE B MEKMEMOPAHHOM IPOCT-
panctBe. ClieyeT onpeAeanTb BEpOSTHOCTb IPEOA0JIEHHS] IBOMHOTO
anekTpudeckoro cios (I2C).

e 3apspKeHHAs 4acTHIA MOMAAaeT 0] BIUSHUEM JIEKTPUIECKOTO I0-

751 B TOMOT€HHYIO HOHOOOMEHHYI0 MeMOpaHny. Crienyer onpeaenuThb
BEPOSTHOCTH MIEPEX0/1a 4epe3 MeMOpaHy.

Ecmn Mbl pemaeM 3agady, MMes KOHKPETHbIE MEMOpPaHBI, TO HUMEET
CMBICJI PELIUTh TOJIBKO TEPBYIO 3aaady. BTopylo 3amady HyxHO Oyzer pe-
IINTh B CIIy4ae, KOTJa HEOOXOAMMO BBIACHUTH XapaKTEPUCTHKH MeMOpaHbI
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JUIS TIOJIy4€HHUSI HAaWITy4llero pe3yibTara. B mepBoM ciaydae npoOiema nepe-
HOCa yacTHLbl A B 3JieKTpoiuTe Oblla pelieHa ¢ ucnosb3oBanueM [1U B
ciy4yae mpocToil omHoMepHou moxaenu [4,5]. TlomoxkurenbHO 3apspKeHHAS
yacTula A Moj JAEMCTBHEM 3JIEKTPUUYECKOro MOJIs MOMajaeT B JABOMHOMN
3JEKTPUYECKUH CIION C TOJIIMHOW X, KOTOPBII COCTOUT U3 OJMHAKOBBIX 3a-
PSOKEHHBIX YacTUL A ¢ OIpeNeIeHHOHN IUIOTHOCTIO. 3apsKEHHBIE YaCcTULbI B
3TOM Clly4ae HE B3aUMOJEICTBYIOT, 4, HAIPOTHUB, YAEPKUBAIOTCA MO IEUCT-
BUEM BHELIHETO JICKTPUYECKOro Mmojst. PaccMoTpumM nepeHoc gactuipl A B
cioe [X, X+h] (puc. 3), npu 3TOM 100aBICHHBIN CJIOH TOJNIMHON I HAMHOTO

MEHBIIIe, YeM X, U CTPEMUTCS K HYIIO, Kak 3Toro Tpedyet 1.

L——1(x) T(x) ——— Puc. 3. MNepeHoc 3apsxeHHON
A \ : B : yactuubl A B X+h (B ogHomep-
x+h X HOM crioe).

OmpenenuM Tocie BBEICHHS B CHUCTEMY 3apsDKEHOM dacTuipl A
BEPOATHOCTh €€ OTPaKEHHs OT closl (X)), BEpOATHOCTH Mepexoja clos
T(x) B mepuon Habmonernus AT 1oy neficTBreM nmekTprueckoro mons (E).
OueBuaHo, uto T(x) = 1 — r(x).

3anuiieM BEpPOATHOCTh OTpaKeHHs yacTULbl A oT cinost X + R | ncnons-
3ys ITH, rie r(x) ocraeTcs HEM3MEHHEIM B CIIO€ X TIPU T0GABICHHH K HEMY
TOHKOTO ¢J104 1 .

r(x+ h) = kyh + (1 — kyh)r(x), (6)

e ku. — BEPOSITHOCTh PACCEsHUSI YaCTUIIBl Ha €lIWHMUIIE JJIMHBIL. B mpaBoii
YaCcTH YpaBHEHMs MEPBOE CIAraéMoe — 3TO BEPOSITHOCTh OTPAXKEHUS YaCTH-
bl A OT c1ost mUpHHOI h, a BTOpoe ciiaraeMoe — BEPOSITHOCTD €€ MPOXO0XK-
JCHUSI B TOM CJIy4ae, KOTja 4acTHia MPOHUKIIA Yepe3 ciioil h u otpasuiack
OT CJ10s1 IIUPUHOM X.

[Tocne HekoTOpBIX Tpeobpa3oBanuii U3 (6) morydnm:

dr
& kyr(x) )
Uurerpupys (7) npu ycnosuu +(0) = 0, momyunm:
r(x) = 1— exp (ko). ®)

DJIEeKTpUUEcKoe 1osie OECKOHEYHOM MIIOCKOCTH C IOBEPXHOCTHOM IUIOT-
HOCTBIO 3apsja & oNpenensercs ciaenyoueil popmyoi:

E=—", )

e
&g

Irae £y — AMDJICKTpHUYCCKas MPOHUIIAEMOCTh,

.ICD:CI'AN — (10)
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MaKpOCCUCHHE paccesHus 3apsokeHHoi dactuipl A; Ny — moBepXHOCTHAs
IUTOTHOCTh YacTHIl A Ha OJHOPOJHO 3apsHKEHHON OECKOHEWYHOW IOBEpX-
HOCTH; 04 — MHUKPOCEUECHHE.

JlBrokeHre yacTuibl A BO BHEHmIHEM 3JeKTpuueckom mnone E_ ...
MEPIEHANKYIISPHO MOBEPXHOCTH OECKOHEYHOM TUIOCKOCTH ¢ TOBEPXHOCTHOM
IUTOTHOCTBIO 3apsijia ¢ MPOMCXOIUT B PE3YIbTHPYIOIIEM IOJIE

E=E,., —0/28, (11)

rne  E,.,=U/d d — rTommuEa 5IEKTPONUTHYECKOH  SYEHKH;
U = (¢ — ©,) pa3sHOCTb IIOTEHIUAIIOB, IPUIOKEHHBIX Ha SAYEHKY, UIH HMC-
M0JIb3yEMOE HaIpPSKEHHE.

Ompenenum AauHy cBOOOAHOTO mpobera B 3aBUCHMOCTH OT 3apsija,
YHClIa 3aPSHKEHHBIX YACTHIL M TIPHIIOKEHHOTO MTOTEHIHAIIA.

[Mycts oy N; — makpoceueHue 3apspkeHHbIX vactui A, tme Ny —
IUIOTHOCTH YacTuI] A, a @; — MUKpoceueHre 5TuX yacTuil. Torja JuinHa CBO-
GomHoro mpobera onpenenurca kak A = 1/ay - Ny Jlng mmotHOCTH 3apsi-
JKEHHBIX YAaCTHIl Ha OECKOHEYHO IUIOCKOW IMOBEPXHOCTH MOJIYYHM:
og=dg/ds.

[Ipurumas, yro d) = qny,, rae M, — 9UCIIO YACTHUIL C 3apAJIOM ( Ha T10-
BEPXHOCTH, TIOJTY4HM:

dS = 4mi? (12)
n, = N, -4mwi? (13)
o =gq-N,-4mwA®/4ni? (14)
¥ OKOHYATEIIHHO:
c=q-4-Ny=gq/g,. (15)
CrenoBaTeiabHo,
u 5
E=-— q/(8meyd”), (16)
U3 KOTOPOTO MOJIy4aeTCst
h = [qd/8ne, (U — Ed)]*. (17)
B IDC Ed << U, 109T0My MOYKHO NIPHHSTH:
h = [qd/8mre, U], (18)
TOT/Ia TTOIYYUM:
T(x) = exp (—=- U°S), (19)

e @ = qd/(8mwey)**h — Tonmunua cnos J2C.

Hama 3amaga BeIOpate U Takum o6pasoM, utoObl T(X) GbUIO ObI
MakcHMaJIbHbIM. Kak y)Ke 0TMeuanoch, Halmel Hebo SBISETC HE PEIEHHE
KJIACCHYECKMX YPABHEHUIA, a BBISBJICHUE TIPOCTHIM CIIOCOOOM O0IIEN KauecT-
BEHHOM 3aBUCHMOCTH (CBS3M) MEXIy MapaMeTpaMy, BIHMSAIOIMMH Ha TIepe-
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HOC  HMOHOB B  cucreme. PaccmorpuMm  rpadukd  (YHKIHA:
R

T(x) = exp (——- U®®) B 3aBucumocTy ot napamerpos i, a n U.
o

.

viz) Puc. 4. y(X)=exp(-x), x=h/a-U®®. Tpu
ycTaHoBneHHOM pexume [O3C 3aBucu-

z MOCTb BEPOSITHOCTU MepeHoca MOHOB ye-
pe3 cnov h ot napameTtpoB a u U.
BeposiTHOCTb MPOXOXAEHUA YBENUYMBAET-
¢S npu yBenuyeHnn a n U.

2 Puc. 5. y(x)=exp(-x), x=h/a-:U®® Tpn
cVMKCMpOBaHHLIX napameTpax a u U
3aBMCMMOCTb BEPOSITHOCTM NepeHoca M1o-
HOB Yepes crioit h OT TOMWMHLI 3TOro

\ cnosi. BeposiTHOCTL NPOXOXAEHUS YMeHb-
) LwaeTcs npu ysenuuyeHuu h.

Crnenyer oTMeTHUTh, 4TO TpH npeogonenun JIOC nomaydaeM KauecTBEH-
HO aHAJIOTUYHBIE PE3yNbTATHI IO CpaBHEHMIO ¢ Teopuer ['yu-Uenmena, co-
IJIACHO KOTOPOH, BHYTpHU IU((y3HOTo €l10si HOTEHIMAT MOXKHO PacCUUTATh

0 ypaBHEHHMIO: § = @ eXp [— ?) , & — TonmmHa 1udQy3HOro Cos.

o noctmwxenust IC ckopocTh jpetida sBIsIeTCss OCHOBHBIM TapaMeT-
pPOM JUIsl ONpeJeleHrs CKOPOCTU Tpolecca. MHPOpMaLuio 0 CKOPOCTH B
J2C nonyunm yxe u3 T(h). s toro, uro6sr Tommmaa J[9C Obiia Ob1 Mu-
HMMAIILHOU, HEOOXOIMMO BBHIOUpATh HE TOJBKO MapaMeTpbl HOHOOOMEHHOM
MeMOpaHbl COrIaCHO TPEOOBAHUAM 3aJauk, HO TAKIKE PEryIUpOBaATh IOTOK
pacTBopa, MeXXMEMOPAHHOE PACCTOSHUE, IPHIOKEHHOE DIIEKTPHYECKOE HaIl-
psoxenne u ero popmy. To ecTh HONy9aeTces, YTo, XOTs npodieMa pparMeH-
THUpPOBaHa, €€ CJIeAyeT pacCMaTpuBaTh Kak OxHO Ienoe. OnHaKo Takoe Jud-
(epeHIMpOBaHKE MO3BOJSET COCPENOTOYUTHCS HA ONTHMM3AlMU KOHKPET-
HBIX [IApPAMETPOB, PELIEHUH OOIIEel 3a1aun 0e3 CIOKHBIX MaTeMaTHUECKMX
pacuetoB. Bce 3T cyKeHus BEpHBI I JAMUHAPHOTO pexxuma. Jiis pere-
HHs B TypOYyJIEHTHOM pEXHMME KapTHHA MHAs B 3aBUCHMMOCTH OT F€OMETPH-
YECKUX IapaMeTPOB MEKMEMOPAHHOM MPOKIAAKH M CKOPOCTH JBMIKEHUS
DIIEKTPOJINTA.

Takum 00pa3oM, MPU PENICHUH KOHKPETHBIX 3314, CBA3AHHBIX C SIBJIE-
HUSIMU T[IEPEHOCa MOHOB B CHCTEME HMOHOOOMEHHBIX MeMOpaH, 4ToOBl HE
npuleraTh K peieHUsIM C IIOMOIIBIO OOIIENPUHSTBHIX YPAaBHEHHI IIEPEHOCA B
cpene, Leaecoo0pasHo WCIONB30BaTh KPUTEPHH, OIMCHIBAIOIINE BEPOST-
HOCTH IIPOXOX/ICHHS HOHOB 4epe3 JIDC Wiu sxke KOppelupyolMe ¢ HUM T1a-
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pameTphl. B kadecTBe anbTepHATHMBHOIO MOJAXOAA HCHOJIB30BAaH MPUHIUI
WHBapuaHTHOCTH B. AMOapirymsiHa.

Pe3ynbratrel, mojlydeHHbIE IPU PELIECHUM 3aa4M MPOXOXKACHHUS HMOHOB
ckBo3b JIDC, KauyeCcTBEHHO aHaJOTUYHBI PE3YJIbTaTaM, OCHOBAaHHBIM Ha TE€O-
puu I'yn-Yenmena.
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The article proposes a mathematical model of the ion electrodiffusion in the
diffusion layer of the membrane system under the condition of electroneutrality of the
solution. The task was to search for criteria for evaluating the choice of process
parameters, while avoiding numerical methods for solving it. The possibilities of the
model for describing the properties of the system are given.
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OcyLuecTBNEH YACMEHHBIN KMHETUYECKNIN aHanu3 npouecca ropeHus Bogopoga ¢ gobaskamu
SO, rasa B LUMPOKOM AuanasoHe Temnepatyp 350-1500°C. AHanm3 ocyLuecTBreH Ha OCHOBE Mofe-
v npouecca, oxeaTbiBatoLen 30 OCHOBHbIX BO3MOXHbIX 3MEMEHTapHbIX pPeakLuii, A KOTOPbIX CY-
LLEeCTBYIOT HadeXHble [OaHHble M0 KOHCTAHTE CKOPOCTW. AHanu3MpoBanmncb CMecu COCTaBOB
H2:0,:S0; = 1:5:1 n 4:1:1 npu paBsneHnm 1 amm.

YcraHoBneHo, 4To SO, oka3biBaeT pasHOe BO3AEVICTBME Ha NPOLIECC rOPeHUst B aHanmavpye-
Mol obnactu TemnepaTyp. PacuyeTbl cornacyloTcsi C paHee 3KCNepUMEHTANbHO YCTAHOBMEHHbIMU
dakTamm no xummdeckomy npespatleHnto SO, B npouecce ropeHus. BoisiBrneHa BaxHas pornb Tpu-
MOTEKYNSPHbIX 3NIEMEHTapPHbIX peakuuii B pa3BuTymM npoLecca.

Puc. 2, Tabn. 3, 61M6n. ccbinok 38.

Jlrokcua cepbl — ra3, KOTOpbIH B HANOOJIBIINX KOJIMYECTBaX 00pa3yeTcs
B METAJUTyPTUYECKUX MPOM3BOACTBAX M B MPOIECCAaX TOPEHMS HA TEIUIOBBIX
craniusix. OH ¢ OTXOMSAIIMMU Ta3aMHU 3TUX NPOHM3BOJCTB BHIOpPACHIBACTCS B
atMocepy U co3maeT OOJBIIYI0 HKOJIOTHYECKYI0 TIpobiiemy. B psime pador
[1-6] ycranoBneHo, uto SO, OKa3bIBaCT TAKKE 3aMEISIOIICE BO3ICHCTBHE
Ha TMpolnecchl ropenus. MccnenoBanusi, HarpaBieHHbIE HAa pa3paboTKy mpo-
[IECCOB YTHMJIM3AIMM 3TOTO Ta3a, MHTEHCHBHO DPAa3BHBAIOTCS B PA3TUYHBIX
Hay4YHBIX IIeHTpax. [Ipm 3TOM yzmensercs Goibplioe BHUMaHHE KaTaluTHYe-
ckomy npeBpamienuto SO; B aneMeHTapHyto cepy no peakuuu 4H,; + SO; —
S +2H,0 [7-11].

B T0 ke Bpems B uTepaType UMEIOTCS JaHHBIE, YTO THOKCH]I CEPhI OKa-
3bIBAaET TAK)KE YCKOpSIOIee BO3JCHCTBHE Ha IETHbIE PEaKIUU MEAJICHHOTO
ropenus (OKuCIEHHs) YriaeBoaopogoB [12-13] m MenneHHOTO TOpeHUs
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(oxucnenwus) Bogopona [14-15]. Ilpu a3ToM caM AMOKCH CEPbl OKHUCIISAETCS B
SO;. B oGmactu camOBOCIIIaMEHEHHS BOJOPO-KHCIOPOAHBIX CMECei U, B
YaCTHOCTH, B HUX Pa3peKEHHBIX HU3KOTEMIIEPATYpHBIX IUIaMEHAX JOOaBKU
SO, yckopstoT mpolecc XxumMuueckoro npespaieHus [14-15]. Mnarepecno
OTMETUTBH, YTO Tipu 3TOoM SO, B 3THUX Mpoleccax MOJBEPraeTcsi XUMUIECKO-
My MpPEBpalleHHI0 ¢ 00pa3oBaHMEM 3JeMEHTapHOW cepbl. Kunermueckuit
aHaJIu3 MOKAa3bIBAET, YTO OOPA3yIOIIMECs B 3TOM MPOIIECCE aTOMBI CEPhI pea-
rUpyoT ¢ kuciopoaom (S+0, — SO + O:), oka3biBas JOMOJHUTENBHOE, Ha-
pAMy ¢ OCHOBHOM peakmueld paspersienus nemneit (H + O, — OH + O:), yc-
KOpSIIOIIee BO3/ACHCTBUE HA Pa3BUTHE COIPSIKEHHOTO MPOIecca XUMUYECKO-
r'0 IPEeBpaIleHUs M0J1 BO3JCHCTBUEM LIEMTHON PeaKIMi OKUCICHHUS BOAOPOIA.

PazBuTHe uccnenoBaHuii 3THUX MPOIECCOB MOKazano Takxke [16], uTto
peakuusa 2H; + SO, — S + 2H,0 sBnsiercss OpyTTO-peakiyeidl 1 MOXeT ca-
MOCTOSITEJIBHO MPOTEKATh MO LEMHOMY MexaHu3Mmy. [1o cymiecTBy 3Ta peak-
sl SIBJSIETCSl “HETTHOM peakiyell OKUCIIEHHsI BOJIOpPOJa AMOKCHIOM Cepbl”
[16], T.e. uenHON Hepa3BETBIEHHOW peakLMel OKHUCIEHUs BOAOpPOAa “‘CBs-
3aHHBIM"* KuCIOpoAoM. Kuciopos B JaHHOM citydae He CBOOOJECH — OH “‘CBA-
3aH” ¢ cepoil B Mojiekyine SO, W MOITOMY OrpaHMYEH B CBOUX BO3MOXK-
HOCTSX. B WacTHOCTH, OH HE MOKET OKa3bIBaTh YCKOPSIOIIEEe BO3ICHCTBHE
Ha pa3BHUTHE IEMHOTO npouecca. llenHas peakuus ¢ ee ydacTueM B TaHHOM
cllydae — Hepa3BeTBIICHHAs PEAKLUsl OKUCIICHHS BOJOPO/IA.

N3yuenue 310 peakunu MpeacTaBiisieT HHTEPEC KaK ¢ TMO3ULUN TeOpUH
LEMHBIX PEAKINiA, TaK U MOUCKa d()HEKTUBHBIX MyTEH €€ OCYIIEeCTBICHHS Ha
npaktuke. Kak yke OTMETWIHM, BOCCTaHOBIIECHHE CEpbl BOJOPOIAOM H3 €€
JIMOKCH/IA B HACTOSIIEE BPEMSI OCYIIECTBISIOT KaTATUTHYECKH. JTOMY IPO-
[IECCY MOCBSIIEHO MHOTO padoT [7-11] n maTeHToB.

T'oBopst o BnustHuu SO, Ha TpoLIecChl TOPEHHS, CIeAYEeT OOPaTUTh BHH-
MaHHUe Ha TO OOCTOSTENHCTBO, YTO OTMEUYEHHBIE MCCIICIOBAHUSA, B KOTOPBIX
HaAOJII0TAIOCH KaK MHTHOUpYIOIIee, TaK U yckopsitoiee Bo3zaeiicteue SO, Ha
MPOIIECChl TOPEHHUS, TIPOBOAMINCH MPH Pa3HBIX TeMIepaTypax — KaK BBICO-
KUX, TaK U OTHOCUTEIIbHO HM3KHX [15].

B nannoii pabote nmocrasieHa 3a/1a4a — OCYIIECTBUTh YNUCIICHHbBIN KUHE-
TUYECKUH aHalu3 TOpeHus Bojoposa ¢ jobaBkamMu SO, B MIMPOKOH 00IacTu
TEeMIepaTyp, HAYMHAsT OT HHU3KHUX, IPHU KOTOPHIX OIMPEACISIONIYI0 POJIb B
MPOIIECCe WUTPAET NEMHOW MEXaHW3M, OTBETCTBEHHBIM 3a CaMOBOCILIaMEHE-
HHE BOJOPOJI-KUCIOPOAHBIX CMECEM, U 10 BBICOKUX, gocTHraromux 1500°C,
pEeaNbHO OCYIIECTBISIEMBIX HA TIPAKTUKE B PA3TMYHBIX TIETISX.

MeTOIll/lKa KHHECTHYICCKOT0O aHAJIn3a

Kunetnueckuii aHaius MMPOBOAMJICA C HUCIIOJIb30BAHHUEM BBIYMCIIUTCIIb-
Hoit mporpammbl SENKIN:CHEMKIN-II [17]. U3y4anuck Bogopoa-KUCIIo-
pOJIlHBIE CMecH, OOraThle KUCIOPOAOM, KOTOPBIE IO COCTaBy OJU3KH K YCIIO-
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BUSIM FOPEHUS BOJOPOJI-BO3IYLIHBIX CMECEH, B TOM YHCIIE TOPEHUSI BOJOPO-
J1a B OTKPBITOM BO3/yLLIHOM IIPOCTPAHCTBE (Ha BO3IYyXeE).

Jlig pemieHust MOCTaBJIEHHOW 3a/ladyd pacCMOTPEHAa MOJEIb Ipolecca,
cocrosimas u3 30 snemMeHTapHBIX peakuuii (Tabn. 1), KOTOpble, Ha Hal
B3IJISJ, MOTYT UI'PaTh CYLECTBEHHYIO POJIb B XMMUYECKOM IPEBpAILEHUH B
IIpoLIECCEe TOPEHMS TOILIMBA, B JAHHOM CJly4ae, BOJOPOJa, U UIsl KOTOPBIX B
JUTEpaType €CTh HAJEeKHbIE JJaHHbBIE 110 KOHCTAHTE CKOPOCTHU JIaHHOT'O 3Jje-
MEHTapHOT0 akTa. Pe3ynbTaThl pacyeToB CBEAEHBI B TAaOJIHIIbI, KOTOPbIE HH-
TEPHPETUPYIOTCS O TEKCTY CTaThHU.

B Momenu — peakiimoHHOM cxeMe XUMHUYECKOro TIpeBpalleHusl mpoiecca
TOPEHUs BOJIOPOA-KHUCIOPOJHBIX CMecel, OJIOK TMEepBBIX § 3JIeMEHTapHBIX
peakuuii, o CyIecTBY, OTPaKaeT MEXaHU3M LEMHOM peaklUu OKHCICHHS
BOJI0pOJ1a, o0ecreunBaroNMii 00pa3oBaHUe aTOMOB BOJOPOAA U KUCIOPO/a,
a taxke pagukanoB OH. C ygacTueM 3THX aKTHBHBIX LIEHTPOB Pa3BUBACTCS
LenHasl peakuusi OKHCIEHHUs] BOJOPOJa U BECh MPOIecC TopeHus ¢ 1o0aBKa-
MU SOy, B KOTOPOM JTMOKCH]] CEpPbI MOABEPraeTcsi XMMUIECKOMY MpeBpalie-
Huto. Ilonseprasce xumuueckoMmy mnpepaiieHuo, SO,, B CBOIO ouepensb,
OKa3bIBa€T Ha pa3BUTHUE Mpoliecca FOPeHHs TO WK uHoe BozneincTue. Co-
BOKYITHOCTB 3JIEMEHTAapHBIX peakuuii oT (9) mo (21), KoTopsie OpraHUuYHO
BKJIFOUYAIOTCSl B OOIIHI TPOIECC COMPSKEHHOTO MPEBpAIICHUs TUOKCUAA Ce-
pBI, ONHCHIBaeT XUMHUYeCcKoe mpeBpamieHue SO, B aHATH3UPYEMOM COIIpPS-
KEHHOM IIpo1iecce.

Tperuit 6510K MEeMEHTAPHBIX peakuui, HaunHas ¢ (22) mo (25) Brmroun-
TEJIBHO, — 3TO JIEMEHTAPHBIE PEaK1H, KOTOpPbIE Hapsay ¢ peakuueil (5) mo-
I'YT OKa3aTh TOPMO3sIee BO3/IEHCTBUE HA PA3BUTHE CONPSHKEHHOTO Mpoliec-
ca xumudeckoro npespamieHuss SO, 1moJ BO3ACHCTBHEM IEMHOM peakiuu
OKHCJIEHUS BOJIOPO/A U, TEM CaMbIM, Ha IIPOLIECC TOPEHUs B LeoM. Peakius
(26), ¢ omHOI CTOPOHBI, MOXET OBITH PACCMOTPEHA KaK PEeaKIUs MOJIOXKHU-
TEJIBHOTO B3aMMOJACUCTBHUS LIENEH, B pE3yJIbTaTe Yero MEHEe aKTUBHBINA pa-
mukan HO, nepexonut B 601ee aktuBHYyto yactuiyy OH. C qpyroit cTopossl,
B 9TOU peakmmu auokcun cepbl SO, nepexoaut B SO3 KOTOPHIH B paccMmart-
pUBaEeMOIl MozienH CrocOOCTBYET JUIb OOPBIBY LIENEH B pe3yiabTaTe peak-
muu ¢ aktuBHOM wactuueit SO — peakums (30). Peakumu (27)—(30),
Ipe/CTaBICHHbIE B Ta0n. 1, ABISAIOTCA peakuusMu OOpbIBa ILEmeil, B TOM
qHcie, Ha TOBEPXHOCTH PEAKIIMOHHOM CPEIbI.
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Tabnuya 1

Ha6op ocHOBHBIX 3JIeMEHTAPHBIX PeaKIHii, XapaKTePU3YIOIINX rOpeHne
BOJIOPO/IA ¢ 100aBKAMH THOKCH/IA CEPBI

Ne Peaxiuu K = AT"exp(-E/RT) Jluteparypa
A n E

1 H,+0,—20H 7.95-10" | 0.0 | 44950.0 18
2 OH+H,—H,0+H 220-108% | 0.0 5140.0 19
3 H+0,—0OH+0 9.75-10% | 0.0 14850.0 20
4 O+H,—OH+H 478 -10° | 2.67 6290.0 21
5 H+0,+M—HO,+M 1.10-10® | 0.0 0.0 22
6 HO,+HO,—H,0,+0, 2.00- 10 | 0.0 0.0 23
7 H,0,—OH+OH 3.00-10" | 0.0 | 50700.0 21
8 H,0,+M—OH+OH+M 1.21-10" | 0.0 | 47500.0 21
9 H+S0,—SO+0OH 1.35:10% | -2.30 | 30965.0 24
10 H+S0,—HSO0, 531-10° | 159 | 2470.0 24
11 H+S0,—HOSO 233-10° | 1.63 | 7300.0 24
12 HSO,+M—SO+0OH+M 3.01-10% | 0.0 0.0 25
13 HOSO—OH+SO 1.66:10™ | -0,32 | 67724.0 26
14 SO+S0—S+S0, 1.21-10" | 0.0 0.0 27
15 SO+0—S+0, 2.05:10% | 0.0 14150.0 28
16 SO+0+M—S0,+M 1.81-10" | 0.0 0.0 29
17 S+0,—S0+0 5.1810% 2.4 -1907.0 30
18 SO+0,—S0,+0 9.63-10%° | 0.0 4531.0 31
19 S+50,—S0+S0O 5.88-10% | 0.0 9034.0 32
20 S+S+M—S,+M 7.18-10" | 0.0 -407.0 33
21 S0,+0—S0+0, 5.00:10% | 0.0 19460.0 29
22 H+HSO,—H,+S0, 1.57-10% | 0.0 0.0 34
23 OH+HS0,—H,0+S0, 45810% | 0.0 0.0 34
24 SO,+0+M—S0z+M 1.80-10® | 0.0 0.0 35
25 SO,+0—S0; 3.68:10™ | 0.0 1700 36
26 HO,+S0,—S04+0OH 5.3610° 0.0 0.0 37
27 H—0.5 H, 7.94-10° 0.0 0.0

28 OH—0.5 H,+0.5 O, 7.94-10° 0.0 0.0

29 0—0.50, 7.94-10° 0.0 0.0

30 SO4+ SO—2S0, 1.20-10’ 0.0 0.0 38

* K = AT exp(-E/RT)

*A, moaw-cmc-K; B, kanlvono

VYckopsiroliee Bo3AeCTBUE Ha pa3BUTHUE MPOLIECCa B pacCMaTPpUBAEMOM
O510Ke, HapsAIy C OCHOBHOW peakmmel pa3BeTBiieHUs meneit (3), obecneun-
BAIOT TaKXe 3JieMeHTapHbie peaknun (17) u (18).

BesyciioBHO, HA0OP PIEMEHTAPHBIX PEaKIMii B pacCMaTPUBAEMOM OJIOKE
MOJHO paciuputh. OHAKO B TO e BPEMsi COBOKYITHOCTh MPHUBEICHHBIX B
Tabn. | peakiuii, Kak MOKHO 3aKJIFOYUTh U3 MPUBEICHHOTO BEIIIE PACCMOT-
PEeHHUST MOJIENH, JOCTATOYHO MOJTHO MOXKET OTPa)XaTh CYTh aHAIU3UPYEMOTO
mporiecca.
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[Ipu 0OTHOCUTENBHO MOHMKEHHBIX TEMIIEpaTypax 0co00 3aMETHOE YCKO-
psitoliee BO3ICHCTBUE HAa Pa3BUTHE MPOLIECCa MOXKET OKa3aTh peakius (3).

Pe3yJILTaTBI KHHECTHYICCKOI'o aHa/JIn3a U uxX 06cymelme

Nzyuamuce cmecu H:0,:SO, nByx coctaBoB — 2:5:1 m 4:1:1. Ilepsas
cMech, Oorarasi KHCIOPOAOM, UMUTHPYET YCIIOBHS TOPEHHsS BOJIOpOJa Ha
OTKpBITOM BO31yXe. PacyeTbl OCyIIeCTBISUINCh B MHTEpBAJIe TEMIIEPATyp,
HauuHas ot 350°C po 1500°C wepe3 kaxasie 50 wim 100°C. PesynbTarsl
pacyeToB, nosrydeHHbIe Tipu P = 1 amm, cBenensl B Tabn. 2 u 3 1y cMecei
coctaBoB H3:0,:SO; = 2:5:1 u 4:1:1, cooTBeTcTBeHHO. PacyeTHpIM MyTeM
OTpeAeIsIoCh BpeMst — T, pacxoja 50% Bomopoaa. CpelHIOI0 CKOPOCTh pac-
X0J1a BOJIOPOJIa K 3TOMY MOMEHTY MOXKHO IIPEICTaBUTh Kak oTHoueHue 50%
M3pacxogoBaHHOrO Bojoponga — AH, ko BpeMeHH — T, pacxona BOJOpPOAA:
W, ~ AHy/t, T.e. cKOpOCTb, KaK BEIMYMHY, IPONOPIHMOHANBHYIO 1/T. DTa
xapakTepuctuka (1/1), Kak U camo BpeMs T, MO3BOJISIIOT CyIUTh O CKOPOCTH
TOPEHHUs] paccMaTpUBAEMbIX CMECEH NMpH Pa3IUYHBIX TemIieparypax. Bemm-
yuHa 1g(1/t), kak u cama BenuumHa 1/t, Oyay4u MPONMOPHUOHAIBHOM CKO-
POCTH pacxofla peareHToB, B JaHHOM cliyyae yaoOHa IMpH TpauuecKoM
MOCTPOCHUHU 3aBUCUMOCTH CKOPOCTH Tpoliecca OT Temmepatypsl (puc. 1 u
2). Ucxons u3 aTuX cooOpaxkeHuil, B Taba. 2 U 3 MpUBOAATCS 3HAYCHUS T U
Ig(1/7) kak mapameTpbl, XapaKTepH3YIOIINE CKOPOCTh MPOIecca CMECei, co-
nepkanmx u He conepkamux SO, Mpu pa3IUuHBIX TEMIIepaTypax.

Nurubupyromee BozaeiictBue SO, ans o0enx cMeceil OTIMYHO BUAHO
HauuHast oT 900°C u Beime (tabdn. 2 u 3). Ilpu sTux Temmneparypax B Ipu-
cyrctBun SO, T pacxona 50% Bomopoaa Kak it cMecH, 60TaTol KHCIopo-
noMm (tabm. 2), Tak U Apyroii, boratoit Bogopoaom (tad:m. 3), Bceraa Oosblie,
YeM B Cllydae cMeceil, He conepxkamux 106aBky SO,. Hanpumep, mpu 900°C
wist emecu 2:5:1 6e3 no6asok SO, 1 = 9.6-10° ¢, a U CMECH, COJIepKallleH
S0y, 1 =1.39-10" ¢ (tabum. 2, cTpoka 8). OTa Pa3HOCTh CYIMIECTBEHHO YBEIIH-
YHMBAETCS, €CIIM U3 MOJENM TOPEHUsI BOJOPOI-KHCIOPOAHBIX CMECEH C J10-
6aBkamu SO; u3bsaThl peakimu (17) u (18). IIpu Bcex TemmnepaTtypax, Hauu-
Has oT 350°C u BbIllIe, TAKOE OTIMYME BO BpeMeHu T pacxoaa 50% Bogopona
ocTaeTcs Kak JJis TOM, Tak u 1pyroit cmecu (Tadi. 2 u 3). Peakuus (17), kak
u peakums (3), sIBisieTCs peakuuen paspeTBieHMs Ienedl. OpHako, eciu
peakuus (3) UMeeT MECTO C caMOro Hauaia rnpouecca, To peakuus (17) Ha-
YUHAeT paboTaTh MO Mepe Pa3BUTHUS NpOLECCa, HAUWHAS C TOTO MOMEHTA,
KOT/Ia B COIPSDKEHHOM IIPOIIECCE B PE3YNIbTaTe XUMUIECKOTO TIPEBPAIICHHUS
SO, mosiBIIsItOTCS aTOMBI cepbl. Takoe pa3BEeTBICHUE YCHUIIMBACTCS 10 Mepe
pa3BUTHUS MIPOLIECCA BO BPEMEHH, YCUIIUBASCh MO MEPE BO3pACTaHUsI HE TOJIb-
KO KOHIIGHTpAIlud aTOMOB Cephl, HO U Temrieparypbl. Peakmus (18) momxna
OKa3bIBaTh TAKOE K€ BO3JICHCTBHE Ha Pa3BUTHE COIPSHKEHHOTO Mpoliecca Mo
Mepe MpeBpaLIeHUs BOJOPOI-KUCIOPOAHBIX cMecel, uTo u peakuus (17).
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Puc. 1. ameHeHne WMHTEHCUBHOCTW MpeBpa-
LeHMs BOAOPOA-KMCIIOPOAHOW CMECU cocTa-
Ba H;:0,:S0; = 2:5:1 ¢ noBbILEHNEM TEMMNE-
paTtypbl npouecca; P = 1 amm: 1 — pearvpyto-
wen cmecu, He copepxawen SO,; coctas
pearvpytowent cmecn Hp:0,:SO, = 2:6:0; 2 —
pearvpyiowen cmecu, cogepxawen SOo;
coctaB pearupyrowen cmecn Hy:0,:SO, =
2:5:1; 3 — pearupytoLien cmecu, cogepxa-
wen SO, cocTaB pearvpylowen cmecu
H,:0,:S0, = 2:5:1, koraa 13 mogenu npouec-
Ca WUCKIIoYEeHbl areMeHTapHble peakumu (17)
n (18).

g (})

350 500 700 900 1100 1300 1500 T,°C

Puc. 2. \ameHeHne MHTEHCUBHOCTW npeBpa-
LEeHNa BOOOPOA-KMCIOPOAHON CMecu cocTa-
Ba H,:0,:S0; = 4:1:1 ¢ noBbILLEHNEM TEMIE-
paTtypbl npouecca; P = 1 amm: 1 — pearvpyto-
wen cmecu, He copepxawen SO,; cocTaB
pearvpytowen cmecn H,.0,.SO, = 4:2:0; 2 —
pearupytolien cmecu, cogepxawen SOo;
coctaB pearupywowen cmecn H,0,.SO, =
4:1:1; 3 — pearvpyiloLLlen cMmecu, copepxa-
wen SO, cocTaB pearvpylrowen cmecu
H2.0,.S0, = 4:1:1, korga U3 Moaenu npouec-
Ca WCKIoYeHbl aneMeHTapHble peakumn (17)
n (18).

Ha puc. 1 u 2 rpadudecku npeacTaBieHbl U3MEHEHHS BPEMEHHU Pacxoia
50% Bomopona — T, C MOBBIIIEHUEM TEMIIEPATYPHI IS Pa3THYHBIX CIIyYaeB:
Kp. 1 mns pearupyromieit cmecu 6e3 no6aBok SO, , kp. 2 — ¢ nobaBkamu SO,
u Kp. 3 — ¢ nob6aBkamu SO, mpH UCKIIOYEHHUH U3 Mojenu peakuuit (17) u
(18). Ha aTux pucyHkax Ha OCH OpAuHAT oTioxeHa Benuuuna |g(1/t) mpu
pa3nuYHbBIX TeMreparypax B uatepsaie 350-1500°C.
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Tabnuya 2

Bpems pacxoga 50% ucxoaHOro BO0OPOIA B pouecce ropeHust Ajs
pearupyiomeii cmecu coctaBa H,:0,:5S0,=2:5:1 npu P=1 amm

Ne H,:0,:S0,=2:6:0 H,:0,:S0,=2:5:1¢c H,:0,:S0,=2:5:1
T, °C | SO, 3amenén Ha O, SO, ¢ SO, 6e3 peaxunit
(17) u (18)

T,C lg(1/7) T,C lg(1/7) T,c Ig(1/7)
1 350 | 5.31-10™ | -4.725 | 1.22-107 | +0.914 | 2.16°10" | -4.334
2 | 400 | 3.53.10™ | -3.548 | 9.17-10% | +3.038 | 1.33.10" | -3.124
3 500 | 1.19+10™ | -1.076 | 1.44-10* | +3.842 | 1.58-10"" | -1.199
4 550 3.58:107 | +0.446 | 8.95¢10° | +4.048 | 2.62.10° | -0.418
5 600 3.06010% | +3.514 | 6.16°10° | +4.210 | 5.09-10T | +0.293
6 700 4320107 | +4.364 | 3.41-10° | +4.467 | 3.05¢10° | +1.516
7 800 2.11210° | +4.675 | 2.11-10° | +4.678 | 2.16°10° | +2.666
8 900 9.60°10° | +5.018 | 1.39¢10° | +4.857 | 1.06°10% | +3.975
9 | 1000 | 5.8310° | +5.234 | 9.55¢10° | +5.020 | 2.39:10° | +4.622
10 | 1100 | 3.84+10° | +5.416 | 6.69+10° | +5.175 | 1.13+10° | +4.947
11 | 1200 | 2.69:10° | +5.570 | 4.74+10° | +5.324 | 6.44-10° | +5.191
12 | 1500 | 1.16-10° | +5.936 | 1.78+10° | +5.750 | 1.92:10° | +5.717

* (1/t) — BenuumHa, MPOMOPIHOHANBHAS CPETHEH CKOPOCTH MpoIiecca.

Tabnuya 3

Bpems pacxona 50% uncxogHoro Bogopoaa B mpouecce ropeHust 1Jis
pearupyiomeii cmecu coctaBa Hy:0,:SO,=4:1:1 npu P = 1 amm

No H,:0,:50,=4:2:0 H,:0,:50,=4:1:1 H,:0,:50,=4:1:1
T, °C | SO, 3amenén nHa O, ¢ SO, ¢ SO, 6e3 peakunit
(17) u (18)
1, C lg(1/ 7) T,c lg(1/ ) T,C lg(1/ 7)

350 | 4.37410° | -5.640 | 7.00°107 | +3.155 | 1.78.10"™ | -5.750
400 | 3.16°10% | -4500 | 3.30+10% | +3.481 | 1.1710™ | -4.068
500 | 3.52¢10° | -2.547 | 1.15¢10% | +3.939 | 1.30:107 | -2.114
550 | 3.41-10" | -1.533 | 8.19¢10° | +4.086 | 1.84¢10"" | -1.269
600 | 2.42:10% | +1.616 | 6.17-10° | +4.210 | 2.56-10° | -0.408
650 | 1.63°10* | +3.789 | 4.84.10° | +4.315 | 3.68-107 0.434
700 | 7.03°10° | +4.153 | 3.90-10° | +4.409 | 935102 | +1.029
800 | 2.61-10° | +4.583 | 2.70°10° | +4.569 | 9.10-10° | +2.041
900 | 1.32¢10° | +4.879 | 1.95.10° | +4.710 1.20-10° | +2.921
10 | 1000 | 7.67+10° | +5.115 | 1.44+10° | +4.842 | 2.07-10% | +3.684
11 | 1100 | 4.90+10° | +5.310 | 1.06°10° | +4.975 | 5.03+10° | +4.298
12 | 1200 | 3.33+10° | +5.478 | 7.6510° | +5.116 1.75°10° | +4.757
13 | 1500 | 1.38+10° | +5.860 | 2.6710° | +5.573 | 3.1810° | +5.498

OO NOOOAWN -

*(1/ 1) — BenuuMHa, MPOMOPIMOHATBHAS CPETHEH CKOPOCTH Tpoliecca.

W3 nannapix Tabn. 2 u 3, a Takke puc. 1 U 2 OTYETIMBO BUAHO, YTO YCKO-
pstoriee  Bo3zeiicTBue 100aBok SO, MMEET MECTO MpH TeMIIepaTrype Mo
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800°C BxmrounTenbHO Kak mist cmeceit Hy:0,:S0, = 2:5:1, tak u 4:1:1. B
000MX CiTy4asXx WHTHOMpYIOIee BO3/ICHCTBHE OTYETIMBO BUIHO TIpH Ooiiee
MOBBILICHHBIX TeMIiepatypax. [Ipu oTHOCUTENBHO HU3KHUX TeMIepaTypax xa-
pakTep Ipolecca ONpenesieTcss CHOCOOHOCThIO BOJOPOJ-KHUCIOPOIHBIX
cMecei CaMOBOCILIAMEHATHCS. 37IeCh PEIIAIONIYI0 pOJIb UTPAOT peakuuu (3),
(17) u (18) mpu HaJIMUWU B pearupyroiieit cmecu g106aBok SO,.

[Tpu noBbIIIEHHBIX TemIepaTypax pouib peakuuii (3) u (17) cHuxkaercs,
T.K. B 3THUX YCIIOBHSX YCHJIMBAETCS BIUSHHE JPYTUX PEAKIHUN — peakiuid ¢
BBICOKMMH SHEPTUSMU aKTHUBAIHH.

Topmo3siiee Bo3AeHCTBIE Ha pa3BUTHE Tpoliecca Kak ¢ JoOaBKaMu, TaK
n 6e3 mob6aBok SO,, mpH BceX TeMIeparypax HMEIOT TPUMOJICKYISIPHBIC
peakuuu rudenu akTUBHBIX HEHTPoB (5), (16) u (24).

Kak u3BecTHO, KOHKypeHIuei peakuunii (3) — pa3BeTBiIeHus Lemnei, u (5)
— o0OpbIBa 1IeTIell B 00BEME OmpenenseTcsi BTOPO BEPXHHUU Mpeaes caMo-
BOCIUIaMEHEHHs BOJOPOI-KUCIOPOAHBIX cMeceil. [Ipu aToM 3pdekTuBHOCTD
TPUMOJIEKYJISIpPHOM peakuuu (5) ompeaesnsercss NpUpoaoi TpeTbeil yacTuIlbl
— M, B 3TOif peakiyu, ee COCOOHOCTHIO OTOMPATh BBILACISIOIIYIOCS dHEp-
ruro obpazoBanus panukana HO, npu B3aumozieicTBUM aTromMa BOAOpPOJA C
KHCTIOpOJIoM. M3 Tpex 4acTuIl B CaMOBOCILIAMEHSIFOIICHCS CMECH — MOJIEKYJT
BOJIOPOJIa M KUCIIOPOJA, & TAK)KE MOJIEKYJ MPOIYKTa PEaKUUH — MOJIEKYI
H,0, naunbonee 3¢ppextuBHON TpeTheit yactuieit M B peakimu (5) sBisercs
MoJieKya Boabl. Ee akTHBHOE ydacTue B 3TOH peakluy yCHJINBAETCS M0 Me-
pe ee HAaKOIUICHUs B Pearupyromieil CMecH Mo XOAy pa3BUTHS Ipolecca ca-
MOBOCIIJITAMEHEHUSI.

B mpoBenennsix pacyerax (tadm. 2 u 3) mwis gactuipl M npuMeHsiach
HEKoTOpasi cpefHss BenuunHa d(dexkTuBHOCTH. [IsI MPOBEPKU BIMSAHUS
ATOrO TapaMeTpa Ha pa3BUTHE Mpolecca ObLIM BHITIOJHEHBI TOTIOTHUTEIh-
HBIE PAcUeThl C MAKCUMAIIBHBIM 3HAUEHUEM CEUEHHS YaCTHUIIB M.

Kak nokasamu pacuersi, pu Hu3kux temmeparypax (350-400°C) B pe-
3yJlbTaTe€ TOPMOKEHUSI PEAKIIMH OKWCICHHS BOJOPOJAa B CMECSX, OOraThix
kucnoponioM (Tabi. 2) u Bogopogom (tabm. 3), Bpems t npespamieans 50%
BOJIOPOJIa CTAHOBUTCSI HEAOCTIKUMBIM. MHade ToBOps, Mpoiiecc OKa3bIBaeT-
cs 3aTOpMOXKEeHHBIM. OTCIO/1a BBIBOJ: TPUMOJEKYIsipHbIe peakuuu (5), (16)
u (24) OynyT 3HAYUTENHFHO YCHIIMBATHCS MO MEPE BO3PACTAHHS CTETICHH
MIPEeBpAICHAS PEarupyromeil CMecH, T.€. M0 Mepe YBEIHMUEHUS COACPKAHUS
BO/bI (ITPOAYKTA MpEeBpalleHusi) B pearupytouieit cucrteme. Takum oOpazom,
MOJXKET CIIOKUTBHCS CUTYAIHsI, KOT/Ia TAKOE caMO3aMeUISIoIIee BO3eCTBHE
MOXKET OKa3aThCsl HE MEHEE CYIIECTBEHHBIM, YeM TOPMO3SIIEe BO3CHCTBHE
JMOKCHJIA CEPbl. DTOT UHTEPECHBIN BBIBOJ, CIAEAYIOIIMNA U3 JaHHBIX OLICHOY-
HBIX PAacyeTOB, 3aCTy)KHBAeT BHUMAHHUS U MOXET CTaTh B aJbHEHIIIEM TIpeI-
METOM HAIpaBJICHHBIX HMCCIEIOBAaHUN MO BBISBICHUIO (AKTOPOB, OTPHUILA-
TEJIBHO BIMSIONIMX HA MPOLIECC TOPEHUSI.
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PaccmatpuBaemblie B pabotax [1-5] peakiuu ru6enn akTUBHBIX LIEHTPOB
(22) u (23) ABASAIOTCSI OCHOBHOWM MPUYHUHOW TOpMO3siiero Bo3zaeicteus SO;
Ha mpouecc ropenus. VICKIroueHust uX U3 aHAJIU3UPYyEeMOil MOJIeNH He MpH-
BEJIM K pe3ysbTaTraM, KOTOPbIE JOJKHBI OBbLIM HAOIONATHCS COTJIACHO ATOM
Bepcuu. [Ipu 3TOM mporeccsl paccMaTpuBaeMbix cocTaBoB Hy:0,:50,=2:5:1
1 4:1:1 mo ananm3upyemoi Mojenu (Tadn. 1) He mpeTepneBarT KaKUX-JIH00
n3MeHeHuit. OLeHKH Ha OCHOBAaHUM JaHHBIX MO KOHCTaHTaM CKOPOCTH 3THUX
peaknuii (Tabm. 1) u mapameTpoB Iporiecca (CocTaB, TaBJICHHUE, TEMIIEpaTy-
pa) mokasbIBaioT, yto pamukaiasl OH u atomblr H OpicTpee pearupyroT ¢ uc-
XOJIHBIM BOJZIOPOJIOM M KHUCJIOPOJIOM 110 peakiusaM (2) u (3), 4eM ¢ IpoMexy-
TOYHO 0Opazyroteics B mponecce yactuiein HSO, o peakmusm (22) u (23).
OrneHky MoKa3bIBaoT, 4To peakiuu (22) u (23) MoryT OBITh KOHKYpPEHTO-
CIIOCOOHBIMH JIUIIb NP KOoHLIeHTpauusax yactul] HSO,, nocturarommx Hese-
posiTHO Bhicoknx Benmmuns — 1017-10" vacm.fer®.

Takum o0pas3om, Topmo3simee BozzeiicTBue SO, Ha pa3BUTHE Mpolecca
TOpPEHHSI BOJIOPO/Ia MOKET HAOJI0JaThCsl JINIIH MPU BBICOKHX TeMIIepaTypax,
a TIpU TOHIKEHHBIX TeMmmeparypax ¢ gpodaBkamu SO, B mpolecce TopeHust
peanu3yeTcsi CONpPsHKEHHBIA IMpolecc XuMudeckoro mnpeBpamenus SO; B
SOs;. B wactHocTH, Takoe HabmogaeTes npu nodaBkax SO, B mpoIecch Mea-
JIEHHOT'O TOPEHUs] MEeTaHa U MEJUICHHOTO TOpPEHHs BOJAOPOAa B 00JIacTH JaB-
JICHUH ¥ TeMIepaTyp HaJ BTOPBIM MPEIEIOM CaMOBOCILIAMEHEHHSI BOAOPO/-
KHCTIOPOJIHBIX cMecell. B aTtux cimyuasix mo6aBku SO; 0Ka3bIBalOT aKTUBHU3H-
pyroiee BO3AEHCTBHE HA OKHUCIUTENBHBIA IMPOIECC, NEPEeBOAs MacCUBHBIE
nepokcuanbie pagukansl CHzO, 1 HO, B aktuBHbie panukansl CH3O u OH,
TEM CaMbIM YCKOpsAs IPOLECCHl OKHciaeHus MeraHa [12,13] u meaneHHOro
okucienus Bogopona [14]. bonee aktuBHOe Bo3zaelicTBue nob6aBku SO, oka-
3BIBAIOT HA MPOIECC B PEKUME HU3KOTEMIIEpaTYPHBIX TUIaMeH, oOecrieunBast
riy0okoe xumuueckoe npespamieHne SO, ¢ 00pa3oBaHHEM aTOMAPHOM cepbl
[15]. CnenctBuem Takoro rixybokoro npespamieHust SO, sBISIETCS TaKKe SB-
JIeHHe “TIPEPBIBUCTHIX IUIaMEH”’, HAOJII01aeMOe B 3TUX YCIOBUSX.

QELUUUSPATLUSPL LU3L SPLOF3E-NFU SO,-b NULELOAFULELOL
H,-0, U-LAFMYLELP USLU UL NLNSEUD YUhLESPGULTL
JELLNFoNFE-3NFL
W N UULEUS3UL, k. UL UEUUL3UL, U U ELRL3UL b N, 6. SUuNesuy

Osidpf bplopufinys” SOy ugp, npp ks putiulihpr] winwQuiincd § dlinuyne gt
wpnghubibpncd b wpupncduslpfncd § il dffunnpn wpaabbadng qaghpncd, sabydhynd
db& Lhynprafulyuis prigppibp: Up quipp wppunutpbbpncd byfnisd £y np SOz=p nibifs Tk
ity wypnglulbipp quinpegbging wqgbyndync: Uyy qugf fbusmglpdddwt b b
ynpgiduwts meqniefpudp Shumgmnn fyniihpp qupgebinud b mwpphp qfunulpwl fhlin-

prilbpnod: Uks noywgpnefdyncy £ rl_wP&l[nLLf qunnuyfunply byguwinlng SO, qugpy Suidu-
&wlil 4H+SO,—S+2H,0 nhuljghuyp mwppulpul S-f wnwgduip: i;lipél.u wiyfuniinial-
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prd Yhpidusnfifudiuy il pupls nfpgFacd (350-1500°C) puutinugly § SOz quigf Sw-
byl wpwpmbiling Ypudbfs wypdwl wpnghbefs Pfugfh ipbboflulut Jbppnedne-
[Pyt

Usrayfrgp ppulyutigyby & SEufbpm] wpugn [Fyut Sumunnncp Sunfunnnfy wpdbphbp
nitibgny Shupufnp 30 Spdimlputs nbulgpubbpp dogbyp fpa: Rituplfby b Sl
FW’IW’I»[’”L[JJ‘”L n[ilul[y[lnil [uuulflnL[nlll[i[IE‘ H3:05:S05 = 1:5:1 L 4:1:1. P = 1 lfﬁfl
Shigulusts g duibiihpnd: Sneyy b inpfmd, np SOz-p ypnghuf fpu ncip wwpplp wgyhgne-
Pyt Yepibusmenfrustiony s wmspplip snfpngFubipnod: Quoduplibpp jfulunmp Qodug-
wnwufuuiancd b SOy quigpy Supulfuncd Epunlbppufbinmy bywSulny wypful wpngbuib-
prdd mnugfud SO qugh phidfulputs hopumplyncdibph funugp afjugibpp S Q-
rupliubpp gy B by o Swpin pliply piiaplpfng wypdul qpagbuncd bndngblnggup
byfsdbimup nbuwlgfutibpl fuplonp qlipp:

KINETIC ANALYSIS OF THE COMBUSTION PROCESS
OF HYDROGEN-OXYGEN MIXTURES CONTAINING SO, ADDITIVES
IN AWIDE TEMPERATURE RANGE

A. A. MANTASHYAN, E. M. MAKARYAN, M. A. EVINYAN and H. G. HAKOBYAN

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

Sulfur dioxide is the gas that is produced in greatest quantities in metallurgical
industries and in the combustion processes in thermal plants with exhaust gases from
these plants and is released into the atmosphere and creates a big environmental
problem. In a number of works it has been established that SO, also has a slowing effect
on combustion processes. Research aimed at developing the utilization of this gas is
being intensively developed in various research centers. At the same time, much
attention is paid to the catalytic conversion of SO, to elemental sulfur by the reaction
4H2 + SOZ - S + 2H20

In this work a numerical kinetic analysis of the process of hydrogen combustion
with the addition of SO, gas was carried out in a wide temperature range 350-1500°C.
The analysis was carried out on the basis of a process model covering 30 basic possible
elementary reactions for which reliable data on the rate constant exist. The reaction
mixtures of the compositions H,:0,:0,=1:5:1 and 4:1:1 at a pressure of 1 atm were
analyzed.

It was found that SO, had a diverse effect on the combustion process in the
analyzed temperature range. The calculations are consistent with previously
experimentally established facts on the chemical conversion of SO, during combustion.
The important role of trimolecular elementary reactions in the development of the
process is revealed.
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STUDY OF THE COMPLEXATION OF GOLD (I1) WITH
1-VINYLIMIDAZOLE
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It has been found by X-ray diffraction that the crystal structure of the complex of 1-
vinylimidazole with HAUCI, consists of AuCl,~ polyanions and (CsH;N,)** polycations. Herewith, the
interaction between polyanions and polycations, in addition to the ionic bond, is also carried out by
hydrogen bonds of the Cl""H-C type [the length of the donor-acceptor bond is 3.7049 (7) A] and
CI"H-N [the length of the donor-acceptor bond is 3.2727 (7) A], forming infinite chains [100]
alternating in the directions [011] and [0-11]. The vinyl fragment of 1-vinylimidazole is not involved in
coordination.

To assess the thermal stability and possible pathways of the complex decomposition, a
thermal study was conducted under dynamic heating. The decomposition of the complex proceeds
at a temperature above 88°C and ends at 300°C with a loss of 21.5% of the mass, which
corresponds to the cleavage of one ligand molecule.

Figs. 4, table 1, references 22.

N-vinylazoles are an important class of azole derivatives that can form
radical polymerization and copolymerization products [1-3]. Many azole-
based complex compounds exhibit biological activity and serve as effective
drugs [4-7].

In [8-9] articles, we showed that the alkylation reaction of azoles in the
N-methyl-morpholine N-oxide/H,O (NMO/H,O) system to the site of

37


mailto:hovelenatt@mail.ru
mailto:ani_hasratyan@mail.ru
mailto:rafael@msrc.am

various phase transfer catalysts is not inferior in reaction yields during phase
transfer catalysis (PTC). Further, our studies on the alkylation of imidazole
with dichloroethane using phase transfer catalysts (quaternary ammonium
salts) in an aqueous solution of N-methylmorpholine-N-oxide (NMO/H,0)
were carried out.

According to published data, there are many examples of N-alkylation
of imidazole (1) under PTC conditions [10-13], but there is no alkylation of
imidazole with dichloroethane.

The need for development was dictated by the fact that 1-(2-
chloroethyl)imidazole (2) is simultaneously an intermediate product in the
synthesis of an important class of 1-vinylimidazole, on the other hand, 1-
vinylimidazole and its derivatives are still obtained under acetylene pressure
at a temperature of 130°C and higher [14].

It is known from the literature that 1-vinylimidazole (1), when
interacting with transition metal chlorides, forms donor-acceptor complexes
due to the free pair of electrons of the nitrogen atom in position 3 and the
vacant metal orbital [15-18].

Coordination compounds of gold* in HAuCI, with 1-vinylimidazole, in
contrast to transition metal complexes, are not known in the literature.

A simple route for the synthesis of 1-vinylimidazole (1) in the
PTC/NMO system [19] motivated us to study its complexation with HAuCl,.

At room temperature, when mixing an ether solution of HAuCl, with an
ether solution of 1-vinylimidazole (1), ion-type complexation instantly
proceeds according to the scheme:

— + — — —_

N N

\ N

1 2

The study of the IR spectra of 1-vinylimidazoles (1) has shown that the
complexation of the latter with HAuCl, is manifested in large displacements,
the vibration frequency of the hetero ring from 1530 to 1550 cm™. A change
in the vibrational frequency of the vinyl group (v=1680 cm™) is not observed
in the IR spectra, although the intensity of the double bond band decreases.
According to published data [20], this indicates that the vinyl fragment of 1-
vinylpyrazole is not involved in the coordination with HAuCl,. Despite this,
the results of X-ray diffraction analysis show that the vinyl fragment binds to
chlorine atoms by non-classical hydrogen bonds. The short-wavelength
shifts of the vibrational band of the hetero ring of compound 2 indicate the
coordination of the heterocycle with HAuCl4, which is consistent with the
results of X-ray diffraction.
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In the *H NMR spectrum of complex 2, a weak-field shift of the 3-H and
5-H protons is observed (Ad 0.79; 0.95). Weak-field shifts are also observed
for the proton signals of Ha, Ng, and N¢ of the vinyl substituent (Ad 0.15;
0.48; 0.29, respectively) compared with ligand 2.

Weak-field displacements of hetero ring proton signals confirm the
participation of the imidazole cycle in HAuCl, coordination [7, 20].

The results of X-ray diffraction analysis show that, in the crystal
structure, AuCl, polyanions bind to (CsH;N,)** polycations with CIH-C
type bonds (the length of the donor-acceptor bond is 3.7049 (7) A) and
Cl"H-N (the length of the donor-acceptor bond 3.2727 (7) A). Herewith,
each polyanion is, on the one hand, bound to a vinylimidazole molecule by a
ClH-C type hydrogen bond, and, on the other hand, a Cl~"H-N type
hydrogen bond. Violation of the alternation of types of hydrogen bonds leads
to a disordered distribution of vinylimidazole molecules in two positions
(Fig. 1).

In 3D, using hydrogen bonds, infinite chains alternating in the direction
are formed, spreading in directions (Fig. 2). The bonds between the chains
can mainly be described by the Van der Waals interactions.

Thermogravimetric analysis of the synthesized complex 2 was
performed on a TG/MS NETZSCH STA 449 (TG), QSM403 (MS)
instrument, under dynamic heating conditions (Fig. 3). The initial stage of
sample mass loss (green curve) begins at 88°C and ends at approximately
112°C. It is interesting that it is in the temperature range 88-112°C that very
distinct exothermic effects with maximum values appear on the DSC curve
(blue curve). We suppose that in this stage, the ligand is cleaved and then
polymerized. The decomposition of complex 2 ends at 300°C, and the
weight loss of the sample corresponds to the amount of vinylimidazole in the
complex of ~ 21.5%, which matches with the mass spectrum data.

The character of the thermogravimetric curve with an increase from
112°C to about 300°C has a complex form, and, possibly, both the
decomposition of the HAuCl, salt and partial oxidative decomposition of the
formed polymer take place. According to the TG curves after
300°C, the residue is approximately 39.83%, which corresponds to the
percentage of Au in the complex.

Thus, X-ray diffraction analysis shows that in compound 2 there is no
covalent bond of the donor-acceptor type, in contrast to transition metal
chlorides. AuCl, binds to the molecules of 1-vinylimidazole by hydrogen
bonds of the type ClI-"H-C and CI-"H-N.
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Fig. 1. Scheme of a disordered
vinylimidazole molecule depending
on the types of hydrogen bonds. For
clarity, one orientation of the
molecule is represented by dark
colors (black, blue), and the other
by light colors (gray, light blue).

Fig. 2. 3D packaging of the AuCl,?,
(CsH;N2)** complex. The chains
formed by hydrogen bonds are
visible.

Fig. 3. Thermogravimetric analysis
curves for complex 2.

Fig. 4. Atomic model of the structure of
the AuCls! complex with the
vinylimidazole molecule (CsH7Ny)*™.
For clarity, only one orientation of
disordered vinylimidazole is shown.
Ellipsoids of anisotropic thermal
vibrations are carried out at the level of
50% probability.



Experimental Section

IR spectra were recorded on a Termo Nicolet Nexus spectrometer in
liquid paraffin. ‘H NMR spectra were recorded on a Varian Mercury-300VX
spectrometer (300 MHz) at a temperature of 300 K in a DMSO-dg-CCly, 1: 3
solution, internal standard TMS. Elemental analysis was performed on an
Evrovector EA-3000 instrument. X-ray diffraction studies were performed
on a “CAD4 Enraf-Nonius” diffractometer. Thermogravimetric studies were
carried out on a “TG/MS NETZSCH STA 449 (TG), QSM403 (MS)”
derivatograph, heating rate 5 deg/min, temperature range 20-500°C.
Imidazole and HAuUCI, were purchased from Sigma-Aldrich and used
without further purification.

Synthesis of the complex [HAuUCI,] (2). To 0.55 g (0.00126 mol) of
HAUCI,;, 50-100 ml of dry ether was added until HAuCIl, was completely
dissolved. Then, 0.15 g (0.016 mol) of 1-vinylimidazole (1) was added. The
resulting yellow crystals were filtered off and dried, mp. 35-120°C. The yield
of complex 2 is 0.3 g (45%) based on 1-vinylimidazole. IR spectrum, v, cm™:
1530 (ring), 1650 (C=C). *H NMR spectrum, ppm, J (Hz): 5.40 dd (1H,
=CH,, J =8.8 and 2.2), 5.97 dd. (1H, =CH, J = 15.7 and 2.2,), 7.31 dd. (1H,
=CH, J = 15.7 and 8.8,), 7.80 br.s. (1H, NCH), 8.18 br.s. (1H, NCH), 9.41
br.s. (1H, NCHN). Spectrum *C &c, ppm: 105.2 (C=CH,), 120.5 (C=H),
130.6 (N-CH), 131.2 (N=CH), 140 (NCHN). Found, %: C 13.53;
H 1.72; N, 6.61. CsHgN,Cl,Au. Calculated, %: C 13.79; H 1.60; N 6.43.

X-ray diffraction analysis of compound 2 was carried out at room
temperature on an Enraf-Nonius CAD-4 autodiffractometer (graphite
monochromator, MoKa radiation, A = 0.71069 A, 6 / 20 scan). Unit cell
parameters were determined and refined by 25 reflections with 12.0° < 6 <
15.5°. The absorption was calculated using the y-scanning method [21]. The
structure was decrypted by the direct method. The coordinates of the
hydrogen atoms were determined by geometric calculations and refined
according to the riding model: C-H = 0.93 A, Uiso(H) = 1.2Ueq(C) and for
N-H = 0.86 A, Uiso(H) = 1.2Ueq(N). The parameters of non-hydrogen
atoms were refined by full-matrix least squares in the anisotropic
approximation. All structural calculations were performed using the
SHELXTL software package [22]. The atomic coordinates and other
structural parameters of the AuCly™?, (CsH;N,)™ complex were deposited
with Cambridge Crystallographic Data Centre (CCDC Ne 1860896);
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk/data_request/cif. The
main crystallographic data of the AuCl,™, (CsH/N,)** complex are shown in
Table. The structure of complex 2 is shown in Fig. 4.
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Table

Crystallographic data, experimental parameters, and structure
refinement of AuCly™, (CsH;N2)™ AuCl,?, (CsH/Ny)*

Parameter Value
Syngonia Monoclinic
Space group P2/n
a, A 10.633(2)
b, A 4.1689(8)
c,A 12.364(3)
B, deg 93.61(3)
v, A° 547.0(2)
Z 2
p(calc.), g/lem® 2.634
u(MoK,),mm* 14.374
T mind Tmax 0.49892/0.89506
F(000) 396
Crystal size, mm 0.3x0.06x0.06
Temperature, K 293
0 data collection area, deg 2.5-30.0
Reflection index intervals 0<h<14, -5<k<5, -17<I<17
The number of measured reflections 3322
The number of independent reflections 1585
The number of observed reflections with I> 26(1) 1225
The number of specified parameters 88
R, WRy, S 0.0281, 0.0720, 1.16
Apmax/Apmim eA’ -1.35/0.71

The study was carried out at the Russian-Armenian University at the
expense of funds allocated under the subsidy of the Ministry of Education
and Science of Russia to finance research activities of RAU. The research
was supported by the RA MES State Committee of Science in the frames of
research project N°18T-2E151.
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Metogom PCA ycraHOBIEHO, YTO KpHUCTAJTUYECKas CTPYKTypa Komruiekca |-
punmmmugazona ¢ HAUCI, cocrour u3 mommannonoB AUCl, ¥ moaukarHoHOB
(CsH;N,)™. TIpu sToM B3amMMOACHCTBHE MEXIy MOIMAHHOHAMH M MOIHKATHOHAMI,
MMOMHUMO MOHHOM CBSI3M, TAK)KE OCYIIECTBISETCS BOJOPOAHBIMU cBsizsimu Trmna Cl"H-C
[mmmHa noHOpHO-akmenTopHON cBszu 3,7049(7) A] u ClI"H-N [mnuHa pmoHOpHO-
akienTopHoit cmssu 3,2727(7) A], obpasys uepemyiommecs B HampasieHun [100]
OeCKOHEUHbBIC IICTOYKH, pachpocTpaHsiomuecss B Hampaemenusx [011] u [0-11].
BuHUNBHBIN (parMeHT |-BUHHIMMHAIA3071a HE YIaCTBYET B KOOPAMHAIIHH.

Jiss OLEHKH TepMOCTAaOMIBHOCTH W BO3MOXKHBIX ITyTeH pacmaga KOMIUIEKca
MIPOBEACHO TEPMHUYCCKHE HCCICAOBAHUE B YCIOBUSIX NTUHAMHUYECKOTO HarpeBa. Pacman
komruiekca nporekaer Boinie 88°C u 3akamumBaercs npu 300°C ¢ morepeit 21.5%
MACCBI, YTO COOTBETCTBYET OTHICILICHHUIO OJTHOW MOJIEKYJIBI JIUTaH/Ia.
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A review is given on the synthesis and biological activity of new derivatives of substituted
quinoline-4-carboxylic acids used in the synthesis of biologically active substances. Known
information and new up-to-date data on the preparation, properties, structure and biological activity
of new derivatives of substituted quinoline-4-carboxylic acids are provided.

References 42.

Introduction

Quinolines are becoming increasingly important due to their wide range
of biological and pharmacological activities [1]. A number of biological
activities are associated with quinoline-containing compounds, such as
antimalarials [2, 3], especially those containing chalcone [4], an anti-
inflammatory agent. Various quinolines have been reported as anti-
asthmatic, antibacterial [5, 6], antihypertensive, anticancer [7] agents; they
are also known as tyrosine Kkinase inhibitors and anti-nuclear
immunodeficiency virus inhibitors [8]. In addition, quinoline derivatives are
used to prepare nanostructures and polymers that combine improved
electronic, optoelectronic or non-linear optical properties with excellent
mechanical properties [9].

Isopropylamides of substituted -4-quinolinecarboxylic acids with
anti-inflammatory, analgesic and antimicrobial activity

This work presents the synthesis of a large number of isopropylamides
of 2-hetarylamino-quinoline-4-carboxylic acids 2a-j by the reaction of
isopropylamide-2-chloroquinoline-4-carboxylic acid 1 with heterocyclic
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amines in  dimethylformamide at 150°C  with vyields of
74-83%. Acute toxicity, anti-inflammatory and cytotoxic activities of the
synthesized compounds have been noted (Scheme 1) [10].

Scheme 1
0,01mol, Het-NH,,
X DMFA X
= > =
1 2a-j

Het=1,3,4-thiadiazolyl-2 (a), 1,2,4-triazolyl-1 (b), 1,2,4-triazolyl-3 (c),
2,6-dichloropyrimidyl-4 (d), 2,4-dioxopyrimidyl-6 (e), pyridyl-4 (f), 2-
hydroxy-3-carboxypyridyl-5 (g), 5-methylpyridyl-2 (h), antipyryl-4 (i), 3-
ethoxycarbonyl-4,5,6,7-tetrahydro-1- benzo[b]thiophenyl-2 (j).

Patent work relates to a method for producing pharmaceutical
preparations: isopropylamides of 2-(4-chloroanilino)- and 2-(2,4-
dimethylanilino)-4-quinolinecarboxylic acids 3 and 4 with pronounced anti-
inflammatory and analgesic activity. The synthesis was carried out by
heating the corresponding reagents in DMFA in the presence of anhydrous
potassium carbonate (Scheme 2) [11, 12].

Scheme 2

CONHCH, -iso
HZN—Q—CI
X
. \ NH@—CI
DMFA

CONHG;H; -iso 3
N _
N Cl y CONHC3H5 -iso
+ e
1 —_—— > AN
DMFA N NHQMe
4 Me

The authors identified pharmaceutical compounds 7j,k with anti-
inflammatory and analgesic activity from a series of 2-oxo-1,2,3,4-
tetrahydro-4-quinolinecarboxylic acid amides. The synthesis of the target
compounds was efficiently performed from alkyl, arylamides of 2-chloro-4-
quinoline-carboxylic acid 5a-g by boiling with dilute hydrochloric acid
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(method 1), or by heating ethyl ester of 2-oxocinchoninic acid 6 with alkyl
and arylamines in ethylene glycol (method 2) (Scheme 3) [13].

Scheme 3
COOH CONHR
N +1) SOCI, HCI
N
_ M 1 CONHR
N C| ~
N~ Cl |
5a- —_—
&9 N0
COOH  +H,SO COOEt H
2o+4 RNH, 7 a-i
+C,HOH
| L — | L 2
N0 Nighe)
H H g

5a-g: R = (CH,),0H (&), (CH>)s0H (b), (CH2).N(CzHs) (c), CH2CsHs (d),
C6H4CH3-4 (e), C6H4NHCOCH3-4 (f), (CH2)15CH3 (g), 7a-i: R = (CHz)QOH
(a), CHZCH = CHz (b), (CHz)gOH (C), C5 Hll-CyC|0 (d), CHZN(C2H5)2 (e),
CH2C6H5 (f), C6H4CH3-4 (g), NHCOCH3 (h), (CH2)15CH3 (I), C3H7-| (J),
CsHia-1 (K).

As a result of studies of a series of isopropylamides of 2-substituted-4-
quinolinecarboxylic acids, a pharmaceutical compound, isopropylamide of
2-(p-2,4-dinitrophenylhydrazino)cinchoninic acid 11b with pronounced
antimicrobial activity was revealed. The synthesis was carried out under the
conditions indicated in Scheme 4 [14, 15].

The work presents the synthesis of amides of 2-alkoxycinchoninic acids
12a-h, acid hydrolysis of which with 10% hydrochloric acid yields
isopropylamide of 1,2-dihydro-2-oxo-4-quinolinecarboxylic acid 13, which
was also obtained by reacting 1 ¢ with sodium acetate in concentrated acetic
acid. Isopropylamides of 2-methoxy- and 2-ethoxy-4-quinolinecarboxylic
acid 12a,b showed anti-inflammatory and analgesic activity (Scheme 5)
[16].

The patent work presents an operationally simple process for the
synthesis of isopropylamide of 2-[4-(4,6-dimethyl-2-pyrimidylsulfamyl)ani-
lino]cinchoninic acid 15 with anti-inflammatory and analgesic activity. The
synthesis was effectively performed by the interaction of equimolar amounts
of isopropylamide of 2-chlorocinchoninic acid with 2-(4-amino-
benzenesulfamido)-4,6-dimethyl-pyrimidine (sulfadimidine, sulfadimesin)
14 for 6 hours when heated in DMFA (Scheme 6) [17].
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Scheme 4
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N "NHNMe,
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CONHR
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Scheme 5
, CONHC H-i
CONHC 3H-i CONHC 3H7-i
N + AIKONa N 10% HCl N
—_—— —_— \o
_ + AIKOH N/ OAIK N
N~ Cl 12a-h H 13
‘ + CH3COONa + CH3COOH ‘
Scheme 6
CONH(C 5H,)-i CONH(C 3H,)-i
DMFA \
oS +H N@—S NH \ 0 N=
A Ly i
1 15 o N

8a-f: R = C3H7-|: R' = (CHZ)ZNHZ (a), pyrldy|-4 (b), C6H3(N02)2-2.4 (C),
CeH4NO,-4 (d), CsH4NO,-3 (e), antipyryl-4 (f), 1,3,4-thiadiazolyl-2 (g), 1,2,4-
triazolyl-1 (h), 1,2,4-triazolyl-3 (i), 2,6-dichloropyrimidyl-4 (j), 2,4-dioxopy-
rimidyl-6 (k), pyridyl-4 (1), 2-hydroxy-3-carboxy-pyridyl-5 (m), 5-methylpyri-
dyl-2 (n), 3-ethoxycarbonyl-4,5,6,7-tetrahydro-1-benzo[b]- thiophenyl-2 (0); 9,
10: R = C3H+-1. 11 a-f: R = C3H+-i: R "= C,H;5 (a), CeH3 (N02)2-24 (b), CeHs
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(C), R= C6H4N02'4, R” = C5H3 (NOZ) 2'2.4 (d), R = C6H4N02‘3, R 7= C6H3 (NOz)
2'2.4 (9), R = C4H9, R” = CgH5 (f), 12a-h: Alk =CH3(a), C2H5 (b), C3H7'i50 (C),
CaHo-n (d), CaHo-is0 (€), CHa-tert (f), cyclohexyl (g), (CHa)oN(CoHs)s (h).

The authors present the synthesis of derivatives of (4-
carbamoylquinolyl-2)cyanoacetic acid 16a-f by heating equimolar amounts
of reagents, at a temperature of 150-160°C for 6 hours in DMFA in the
presence of anhydrous potassium carbonate. Target compounds were tested
for anti-inflammatory activity (Scheme 7). By heating the isopropylamides
of 2-hydrazino-4-quinoline-carboxylic acid 17a-d in dioxane with the
corresponding aldehydes in the presence of catalytic amounts of
hydrochloric  acid, isopropylamides of  2-(B-ylidenehydrazino)-4-
quinolinecarboxylic acid 18a-i are obtained. Under similar conditions, the
interaction of compound 17b with 4-substituted acetophenone,
cyclopentanone and cyclohexanone gave compounds 19a-g and 20a, b
(Scheme 8) [18].

Scheme 7
CONHR
= K,CO,, DMFA
N §
Nl o” 150-160°C, 6h
1
Scheme 8
o CONHR CONHC 3H-i
NH,NH,.H,0 RCHO N
N EOH ~ NZCHR'
P N7 -NHNH, dioksan, HCI N7 NHN=CHR
N~ CI 18a-i
O\ CeHaR: 17ad al
r S N0 (et
\(~5?>‘\‘ %‘ CH,
&°
CONHC 3H-i CONHC 3H-i
o @ﬁ\l
NH-N N/ NH-N=C©CH2)n
20ag 19a, b

16a-f: R =C3H7-i: R"= CsHs (a), C5H4CH3-4 (b), CH2C5H5 (C), C6H4OC2H5-
4 (d), R = C5H4CH3-4Z R":C3H7-i (E), C5H4COOC2H5-4 (f), 17a-d: R =
thiazolyl-2 (a), CsHsiso (b), CgHisNO,-4 (c), CgHsCHs-4 (d),
CsHsNHCOCH;-4 (8), (CH,)1sCHs (d); 18a-i: R'=(CH,),CHs (), furyl-2 (b),
C5H4Br-4 (C), C5H4 Br-3 (d), C5H3(Br-5)OH-2 (E), C6H4C|-4 (f), C6H4N02-4
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(g), CH = CHC4Hs (h), CsHaN (CHz) »-4 (i); 19 a, b: n=2 (a), n=3 (b); 20 a-
g: R"= Br-4 (a), Cl-4 (b), NO-4 (c), H (d), OH-4 (e), NH,-4 (f), CHa- 4 (g).

The isopropylamides of 2-(B-acylhydrazino)-4-quinolinecarboxylic
acids 2la-c were obtained. Upon boiling, the latter in acetic anhydride
produced N-{[4- (N'-isopropyl carbamoyl)quinolyl-2]-amino}maleimide
22a, succinimide 22b and phthalimide 23 with good yields (Scheme 9). The
isopropylamides of 2-(B-aroylpyruvoylhydrazino)- and 2-(B-anthranoyl-
hydrazino)-4-quinoline- carboxylic acid 24a-c and 25a-c were obtained,
respectively. Compounds 24a—c were obtained by reacting equimolar
amounts of the corresponding reagents upon gentle heating in dry dioxane
and 25a-c upon boiling in alcohol for 4 hours (Scheme 10) [19].

Scheme 9
CONHC gH-i
x Q
P N)\x
N~ NH , v
CONHC 3H-i CONHC gH-i 2ab 0
I +1),2).3) 4 (CH4C0),0
_— )
N7 “NH-NH, NZ "NHNHCOR CONHC3H-i
Nig NHNi:©
23 o
Scheme 10
.0 CONH(C 3H),-i
: r/[l X
A o 0
CONH(C 3H;),-i N7 ~NH-NH-C(0)-C(OH)=CH-C(0)-Ar
N 24a-c
—
N™ NHNH, 2 CONH(C 3Hy) i
o)
17 Cr2 S
N~ O
+ H > N7 NH-NH-C(O)-Ar

25a-c
2la-c: R: CH = CH-COOH (a), CH,CH,COOH (b), CsH,COOH (c); 22 a, b: X
=Y, -CH, = CH,- (a), -CH, —CH,- (b); 24 a-c: Ar = C¢H4CI-4 (a), CsHs (b),
Ce¢H4sCH3-4 (c); 25 a-c: Ar= CgH3(Br-5)NH,-2 (a), CsH3(CI-5)NH,-2 (b),
C6H4NH2'2 (C)

It was found that when boiling amides of 2-hydrazinocinchoninic acid
with urea in a ratio of 1:2 in ethylene glycol for 4 hours, amides of 3-oxo-
1,2,4-triazolo[4,3-a]quinoline-9-carboxylic acid 26a-c were formed. On the
other hand, keeping the 2-hydrazinocinchoninic acid amide with sodium
nitrite in an acidic medium at a temperature of 1-3°C leads to the formation
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of 1,2,3,4-tetrazolo- [4,3-a]quinoline-9-carboxylic acid amides 27a,b
(Scheme 11). Boiling equimolar amounts of the starting amides of 2-
hydrazino-4-quinolinecarboxylic acid with ethylorthoformate in dioxane
leads to unsubstituted at position 3 amides of 1,2,3-triazolo[4,3-a]-quinoline-
9-carboxylic acid 28a,b (Scheme 12). As a result of the oxidative cyclization
of amides of 2-(p-ylidenehydrazino)- cinchoninic acids 18c,i with iron
chloride (FeCls), amides of 1,2,3-triazolo[4,3-a]quinoline-9-carboxylic acid
30a,b are isolated in DMF (Scheme 13) [20].

Scheme 11
CONHR
CONHR CONHR NaNo, §
N NH,CONH,, N
P CH,COOH N™=N
N7SN N”" NHNH, 3 R
] ] N=—7=N
O0=——NH 17 b, d
' 27a,b
26 a-c
Scheme 12
CONHR CONHR CONHR
N CH3COOH N CH(OC 2Hs); AN
-~ —_—
NS N7 ~NHNH, N
R./I=N N
29a,b 28a,b
Scheme 13
CONH(C ;H-)-i
CONH(C 5H.) i s
\ BN
Z NH-N=CH-R el NN
N I—4
18¢c, i R
30a,b

26a-c: R = C3Hy-i (8), CeHsCH3-4 (b), (CH,)sCHs (c); 27 a, b: R = CsH-i (a),
C6H4CH3' 4 (b), 283, b:R= C3H7'i (a), R= C6H4CH3'4 (b), 29a, b:R= C3H7'i:
R = CHs (a); R = CsH,CHsz-4: R = CH; (b); 30a, b: R = CgH, Br-4(a),
CsHaN(CH3),-4(b).

Synthesis of hydrazides of 2-substituted 4-quinolinecarboxylic acids
and their derivatives

Studies relate to the synthesis of hydrazides of multisubstituted
quinoline-4-carboxylic acids 31la-m, 32a-f by the reaction of esters of the
corresponding acids with hydrazine hydrate as potential viral inhibitors
(Scheme 14) [21, 22].
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Scheme 14

CONHNH, CONHNH,
X R AN
=
N~ R NZ R
3la-m 324 -f

3la-m: R = 4-nitrophenyl (a), 3-nitrophenyl (b), diphenyl-4-yl (c), 5-nitro-2-
furyl (d), 2-thienyl (e), 5-nitro -2-thienyl (f), 5-nitro-2-thienyl vinyl (g), 2-
thienyl vinyl (h), 2,2-bitienyl-5-yl (j), 5-nitro-2,2-bitienyl-5 -yl (K), 2,2-bitienyl-
5-vinyl (1), 5-nitro-2,2-bitienyl-5-yl vinyl (m) as viral inhibitors; 32a-f: R =
CHs, R’=H (a); R = R’= CH; (b); R = CHs, R’ = CH;0 (c); R = Ph, R*= H (d);
R = Ph, R’= CHjs (e); R = Ph, R’= CH;0 (f).

The paper presents the interaction of 2-piperidinocinchoninic acid
hydrazide with succinic and phthalic anhydrides at room temperature, which
leads to compounds 33a,b, and in dioxane or glacial acetic acid at 100°C to
compounds 34c, d (Scheme 15) [ 23].

Scheme 15
(0]

Q o)
\ B\ x
CONHNH - CO - X - COOH 0>/X CONHNH, oyx CONHN
U 7
— b =
N h@ <80°C N N

334, b (65.9, 50.8 %) 34c, d (40. 6, 68.5 %)
34a, ¢: X=CH,CHs>; 34b, d: X=0-C¢H4

The authors describe methods for the synthesis of chlorides of 2'-
(pyridinioacetyl)hydrazides of 2-arylamino-cichoninic acids 35a-k by
boiling in dioxane the N-chloroacetyl derivatives of hydrazides of 2-
arylaminocinchoninic acid and pyridine or its derivatives. Pyridinium salts
have an antimicrobial effect (Scheme 16) [24].
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Scheme 16

cl
CONHNHCOCH ,ClI CONHNHCOCHzT\J/ \
X 3R CgHy N X — R
N7 Nig NHCH,R

NHCgH,R
35a-k(32.5-90.0%)
35a-k: R=H, R=H (a); R= 4-CHs, R=H (b); R= 3-CH;0, R=H (c); R= 4-CH;0,
R=H (d); R=3-CH;O0, R=(C,Hs),NCO (e); R=4-CH;0, R=(C,Hs),NCO(f):;
R=H, R=NH,CO (g); R=4-CH3;, R=NH,CO (h); R=4-CHs;, R=COOC,H (i);
R=4-CH;0, R=COOC;H;s (j);R= 4-CHs;, R=(C,Hs),NCO (K).

This work relates to a method for producing 2*-(2-carboxyanilino-
acetyl)hydrazides with 2-arylaminocinchoninic acids 36a-c by the reaction
between chloroacetyl hydrazides of 2-arylaminocinchoninic acid and
potassium salt of anthranilic acid, when heated in an aqueous-alcoholic
medium (Scheme 17) [25].

The authors present the synthesis of 2-R-4-ethoxycarbonylaminoquino-
lines 39a-c by the diazotization reaction of hydrazides of 2-substituted 4-
quinolinecarboxylic acids 37a-c with sodium nitrite in hydrochloric acid,
followed by boiling in alcohol. Among them, compounds with high
antimicrobial activity and also antifungal activity were detected (Scheme 18)
[26].

In this work the authors present a one-step method for the synthesis of 2-
R-6-R'-(5-X-2-0x0-1,2-dihydro-3H-indol-3-ylidene)quinoline-4-carbohydra-
zides 40a-q by condensation of hydrazides of 2-R-6-R'-4-quinolinecar-
boxylic acids with substituted 5-X-isatins upon boiling in dioxane
(Scheme 19) [27].

Scheme 17
COOK
Oy, ~NHNHCOCH ,Cl @ Ox_NHNHCOCH ,NH
NH,
N T X HO N
N7 SNHCGH,R N >SNHCH,R O
36a-c: R=H(a), 4 CH, (b), 3-CH;O (c)
Scheme 18
CONHNH, CON, NHCOOEt
N NaNO, + HCI N C,H,OH N
—
N7 R N7 R N7 R
37a-c 38a-c 39a-c
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Scheme 19

Rl
CONHNH, 4 X
R X \ P
b SN X
z N NI/ VW

N” R H R \

s0a-g O N

d H

37-39a-c: R:2-thienyl (a), 5-(2,2"-bithienyl)yl (b), 4-(1,1'-biphenyl)yl (c).

Synthesis of 4-hetarylquinolines

This work describes the preparation of 1,3,4-oxadiazoles 41a-g with
yields of 75-94% by boiling hydrazides with an excess of orthoform ether for
20 hours, and by the interaction of cyanogen bromide with hydrazides of 2-
R-6-R'-4-quinolinecarboxylic acids in the medium of absolute ethanol, 5-
amino-substituted 2-R-1,3,4-oxadiazoles 42a-g were obtained (Scheme 20)
[28].

Scheme 20
NH,
N=¢( N=\
Ny O CONHNH, Ny ©
R N BICN R' N ( 2 5)3 R N
- —
~
N” R N” R N~ R
42a-g 4la-g

4l1a-g: R = CH3: R=H (a), CHs (b), OCHj3 (c), R=Ph: R=H (d), CHs (e),
OCHjs (f), R = 2-thienyl: R=H (g); 42a- g: R=CHs: R=H (a), CHs (b), OCHj
(c), R=Ph, R'=H (d), CHs (e), R=Ph: R=OCHjs (f), R=2-thienyl: R =H (g).

The synthesis of 5-phenyl substituted 1,3,4-oxadiazole 45 was carried
out by cyclization of N'-benzoyl-2-methylquinoline-4-carbohydrazide 44 in
the environment of chloroxydaphosphorus, the latter obtained by acylation of
2-methyl-4-quinolinecarboxylic acid hydrazide 43 with benzoyl chloride in
aqueous dioxane in the presence of Na,COj3 (Scheme 21) [29].
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Scheme 21
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Authors presented a method for producing 2-methyl-4-(5-phenylamino-
1,3.4-oxadiazol-2-yl) quinoline 47 from 2-[(2-methylquinolin-4-yl)car-
bonyl]-N-phenylhydrazinecarboxamide 46, which was obtained by exposure
to 2-methyl-4-quinolinecarboxylic acid hydrazide 43 with phenylisocyanate

in absolute ethanol; subsequent dehydration with POCl3 led to compound 47
in 72% yield (Scheme 22) [30].

Scheme 22
NHC:H
N=("
CONHNH, CONHNHCONHCHs Ny &
XN
XNy CHeNCO POC,
. N/ —_— X
~
N 46 ~
43 N

47

It was found that the reaction of hydrazide with allyl isothiocyanate led
to the formation of 2-[(2-methylquinolin-4-yl)carbonyl]-N-prop-2-en-1-
ylhydrazinecarbothioamide 48, which, under the influence of an alkali
solution, when boiled for 1 h formed 4-allyl-3-(2-methyl-4-quinolyl)-4,5-
dihydro-1H-1,2,4-triazole-5-thion 49 (Scheme 23) [32].

Scheme 23
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.. - (0] NH NH—|-|—NH
S—__j | N
/%/ > N
N || él\ 4|\ 2. H30+

N/ o~ N N/

48 49

54



Puc. 1. CTpoeHue monekynbl 5e ¢ Hawewn HymepaLumel aToMoB. Jnnunconabl aHU30TPOMHbIX
TennoBbIx konebaHui nsobpaxeHsl Ha ypoBHe 50% BepoATHOCTU.

Puc. 2. Llenodvka Bgonb [0 1 0], o6pa3oBaHHas ¢ NOMOLLBH MEXMOMEKYNAPHbIX BOOOPOOHbLIX
cBA3ew, kogd cummeTpuu (i= X; -1+y; z, ii= X; 1+y; z). BogopogHble CBA3K nokasaHbl MyHKTUpa-
MU.



Synthesis of 2,3'-biquinoline systems

The paper presents the condensation reaction of 2-methyl-6-R-4-(1,3,4-
oxadiazol-2-yl) quinolines 50a-c with 2-nitrobenzaldehyde in acetic
anhydride with the liberation of a series of 2-[2-(2-nitrophenyl)-1-ethenyl]-6-
R-4-(1,3,4-oxadiazol-2-yl)quinolines 51a-c, which with preparative yields,
are reduced to the corresponding amino derivative 52a by hydrazine hydrate
in ethanol (Scheme 24) [ 33].

The authors cyclized compound 53a under the conditions of the
Vilsmeier reaction, the result is 4-(1,3,4-oxadiazol-2-yl)-2,3'-biquinoline 54a
(Scheme 26) [34].

This paper presents a new series of 2-[2-(2-nitrophenyl)-1-ethenyl]-6-R-
4-quinolinecarboxylic acids 56a-f, the synthesis of which was carried out by
the condensation of 2-methyl-6-R-4-quinoline carboxylic acids or ethyl
esters 55a-f with 2-nitrobenzaldehyde in acetic anhydride. In the treatment
of compounds 56a-f with hydrazine hydrate, the simultaneous reduction of
the nitro group and multiple bond 57a-c proceeds (Scheme 27) [35].

Scheme 24
N=\ N
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O\)il - U
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~
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Scheme 25
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Scheme 26
COOEt
COOEt COOEt N,H, . H,0
2-NO,C,H,CHO N
A > AN — _
1 (cHCO0),0 _ -C,Hs0H N
N N™ = CH CgHy NOy-2
55 a-c, 55 d-f 56 a-c, 56 d-f CH C6H4 N02-2 57a-c
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The authors developed a procedure for the synthesis of 6-R-2-styryl-4-
quinolinecarboxylic acids 58a-m by the reaction of 2-methylquinoline-4-
carboxylic acids with aromatic aldehydes in the presence of a catalyst of
acetic anhydride or piperidine (Scheme 27) [36].

Scheme 27
COOH COOH
R N RCHo R N
N7 + Kat N R

58a-m

58a-m: R=Br, R’= CeHisNO,-4 (a), CeH3NO»-2,4 (b), CeH4BIr-3 (C), CeH4BIr-
4 (d), C¢H3;0OHBIr-2,5 (e), Ce¢H30OH-OCH53-3,4 (f),, C6H30H-N02-2,4( g),
C6H4Br-3 (h), C6H3(OH)2-3,4 (l), R:H, R’= CﬁHgOHNOz-2,4 (J), C6H4Br-3
(K), CeH3(OH)2-3,4 (1).

2-(4-Aminopheny)quinoline-4-carboxylic acids
and their derivatives

The synthesis of 2-(4-aminophenyl)-6R-quinoline-4-carboxylic acids
59a-c in the form of bipolar ions is reported. Diazotization of the latter led to
the corresponding aryldiazonium salts 60a-c, which were involved in azo
coupling reactions with aromatic hydroxy and amino derivatives to form (4-
hydroxycarbonyl-6-R-quinolyl-2)-(4-hydroxy)azobenzenes 6la-c-64a-c
(Scheme 29) [37].

This work describes the synthesis of 5-(4-hydroxycarbonylquinolyl-
2)isatines 67a,b from the corresponding isonitroso acetanilides 66a,b,
obtained by condensation of 2-(4-amino-phenyl)quinoline-4-carboxylic acid
and its 6-bromo derivative 65a,b with chloral hydrate and hydroxylamine
hydrochloride, followed by cyclization of isonitroso acetanilides to the
corresponding isatins. From isatin derivatives 67a,b with ketones in an
aqueous-alcoholic medium in the presence of caustic potassium, previously
undescribed derivatives of 2, b'-diquinolines 68a-d were synthesized in 38-
82% yields (Scheme 30) [38].

This work presents the synthesis of previously unexplored 2-
ethoxycarbonyl-3-methyl-5-(4-hydroxycarbonylquinolyl-2)indoles 70a,b
with a yield of 83-91% by cyclization from intermediates 69a,b obtained
from diazonium salts 59a,b with 2-ethylacetoacetate. The obtained
compounds are of interest as biologically active substances, dyes, and also as
starting materials for the synthesis of various five- and six-membered
heterocyclic compounds (Scheme 31) [39].
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Scheme 29
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R, R’, R " =N.CH;s, CH; (a); H, H, CsHs (b); H, H, ferrocenyl (c); Br, H,
CeHsNH,-4 (d).

Scheme 31
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R=H(a), Br(b)

Recovery of a number of substituted quinoline-4-carboxylic acids

The recovery method of 2-methyl- and 2,6-dimethylquinoline-4-
carboxylic acids was investigated. Upon reduction by Raney alloy, Z-2-
methyl- and 2,6-dimethyl-1,2,3,4-tetra-hydroquinoline-4-carboxylic acids
7la,o were obtained in 84-85% yields, respectively. When
2-cyclopropylquinoline-4-carboxylic acid is reduced, a mixture of products
is formed -2-propyl- and 2-cyclopropyl-1,2,3,4-tetrahydroquinoline-4-
carboxylic acids in the ratio 1.7:1, 72a, 73b, respectively. The most
successful for the preparation of 2-oxo- and 2-oxo-6-methyl-1,2,3,4-
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tetrahydroquinoline-4-carboxylic acids 75a,b is the zinc reduction method in
acetic acid. The yields are 80% and 73%, respectively (Scheme 51) [40-42].

Scheme 51
Ni- Al < Z : H
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@;J 4 3 Me
NaOH HOOC Hge
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“NaOH N
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Oﬁi - > R
X
N/ OH m (6]
74a, b 75a, b

R=H(a), CH 3(b)(b)
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HOBBIE TPOU3BO/JHBIE XUHOJINMHKAPBOHOBBIX KUCJIOT
B CUHTE3E BUOJIOI'MYECKU AKTUBHBIX BEIIIECTB

A. Y. UCAXAHSH, A. A. APYTIOHSH u H. C. APYTIOHSIH

Hay4aHo-TexHOMOTHYECKHIl IEHTP OpPraHNIecKON U (hpapMaeBTHIECKOH XUMUHI
HAH Pecny6imku ApmeHust
Apwmenns, 0014, Epesan, nip. AzatyTsH, 26
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OHOJIOTMYECKU AKTHUBHBIX BCIICCTB. HpC,Z[CTaBJICHa HU3BCCTHaAsA, a TaKXC HOBada
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nHpOpPMANUsA O TOITYYCHHH 3aMEMICHHBIX XHHONWH-4-KapOOHOBBIX KHCIIOT, MX HOBBIX
MIPOU3BOIHBIX, UX CBOWCTBAX, CTPYKTYpE W OMOJIOTHIECKON aKTUBHOCTH.
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Ioctymumo 20 XI11 2019

MokasaHo, 4TO B3anmopencTBne apunammao3adrpoB ManoHOBOW KUCMOTbl C 3TOKCUMETUMM-
AEeHManoHOAVHUTPUIIOM MpoTekaeT B abCOMOTHOM 3dTaHoMe B MPUCYTCTBAW TPUITUNAMMHA Mpu
KOMHaTHoW Temnepatype. CornacHo aaHHbiM AMP u UK cnektpockonuu u PC aHanusa, o6pa3sytoT-
CA paHee He M3BeCTHble ankvn 1-apun-6-aMuHO-2-0KCo-5-UmnaHo-1,2-aurnaponupuanH-3-kapbokeu-
naTtbl ¢ Bbixogamu 31-78%.

Puc. 2, Tabn. 2, 6ubn. ccbinok 16.

HykneodunbHOe BUHWIBHOE 3aMEIICHUE SIBIISICTCS aKTHBHO Pa3BHUBaIO-
mieicsi 00JIacThI0 OPraHMYECKOH XUMHHU, 00CCIICUMBAIONICH BO3MOMXKHOCTH
MOJYYCHHUSI YHHBEPCAJIBHBIX TETCPOLUKIMYCCKIX CUCTEM, CPEIH KOTOPBIX
HEMaJIO 00JIaJaroIMUX OWOJOTHYECKOW aKTHBHOCTHIO [1-3], B WacTHOCTH
MPOTHBOOITYXO0JIEBOH [4]. DTO B paBHOI Mepe OTHOCUTCS U K CHHTE3Y MPOU3-
BOJIHBIX TUTHUAPOIUPUINHA, TIOCKOJIBKY TOCICIHHE IIUPOKO PACcIpOCTpaHe-
HbI B nipupoje. OJHUM U3 METOJOB CHHTE3a MPOU3BOJIHBIX M- H TETParuj-
POIUPUIMHOB SIBIISICTCS BHYTPUMOJICKYJISIpHAST IMKIU3AMS aJJyKTa peak-
1 Muxassisi B TOM Cilydae, KOTa HCXOAHbIC JIOHOPBI M aKICTITOPBI COMEp-
KaT COOTBETCTBYIOIIME (PYHKIIMOHAIBLHBIC TPYIIILI [S]. B kadecTBe 31eKTpo-
HogoHOpHOTO (pparmenta (C-H kucmoTa) MCIONB30BANIKCH aMUABI Pa3lIny-
HBIX KUCIIOT. B 3TOM psily OZTHUMU M3 HAMMEHEE MCIIOIb30BAHHBIX SBIISICTCS
aMHu103(UPbI MATIOHOBOM KHUCIIOTHI [6-11].
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B nannoil pabGote uccinenoBaHO B3aWMOJAEHCTBUE apUIaMUI03(UPOB
MaJIOHOBOW KHCIOTHI (1) ¢ 3TOKCHMETHIHICHMAIOHOUHUTpIIIoM (2). Hc-
CJIEZIOBAHMS TIOKA3alM, YTO JAHHOE B3aMMOJICHCTBHE pean3yeTcsl B IpU-
CYTCTBUU TPUATUIIAMHHA B a0COJIFOTHOM 3TaHOJE MPU KOMHATHON TeMIepa-
Type. TeopeTnyeckn MOKHO OBLIO 0KHMJIATh, UTO MPH 3TOM MOXKET 00pazo-
BaThCs MPOIYKT peakiuu Jmbo ¢ ydactuem C-H kucmothl (cxema, myTh A
umu b), mu6o ¢ yuactuem N-H kucnors! (myts B wiu I') wnn naxe o6a nan-
paBieHus. B npuBeneHHON cxeMe ObUIO YYTEHO, YTO KaK 3JICKTPOHOIOHOP-
Held (1), TaKk W DIIEKTPOHOAKIENTOPHBIA (2) peareHThl coaepkar MO JBa
peakUMOHHBIX LeHTpa. B ciyuae, ecnu HykieopuibHas aTaka OCYIIECT-
BIsieTcs 1o nmyTd A wiu I', To JOIKHBI 00pa30BaThCS MPOU3BOIHBIEC AUTH-
ponupuINHA 5, a €CIIU aTaka OCyIIeCTBIsAeTcs 1Mo nmyTu b nim B, To nomkHbI
o0pazoBaTbcs MPOU3BOAHbBIE AuruaponupuanHa 6. CorinacHo gaHHeM SIMP
(*H,BC), UK-cnexrpockonuu, a tTakke PCA, o0Opa3yrorcsi paHee He U3BECT-
HbIC aJKWI |-apui-6-aMHHO-2-0KCO-5-1InaHo-1,2-muruaponupuanH-3-Kap-
6okcmiiaTsl Sa-3 ¢ Beixonamu 31-78%, T.e. pakTHuecku peanusyroTcs IyTb
A wmnyrs I
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a. Ar=4-CH;CgH,, R=C,Hs; 6. Ar=2-CHyCgHy, R=C,Hs; B. Ar=4-CH;0CgH,, R=CoHs; T. Ar= 4-NO,CgH,,

R=C,Hs; A. Ar=2-CH;0CgH, R=C,Hs; e. Ar=3,5-(CH3),CeHs, R=CoHs; X. Ar=2,4-(CH3),CgH3, R=CHs;

3. Ar=2-CH;CgH,, R=CHs

OO0pa3oBaHue COECOMHEHUH S5 M3 MPOMEXYTOUHBIX COCTUHEHHUIl 3, 1O
BCEH BEPOSTHOCTH, IPOUCXOIUT Yepe3 H30MEPH3ALUI0 HIMUHOIIPONU3BOIHOTO
B COOTBETCTBYIOIINIT eHaMUH 4, KOTOPBIH MOABEpraeTcs OTIIEIUICHUIO MOJIe-
KyJIBl 9 TaHOJIa ¢ 00pa30BaHKWEM TUTHIpONHpHINHA 5. MIHaue roBopsi, H3oMe-
puzanus UMHHA 3 B eHaMUH 4 CIOCOOCTBYeT OTIICIJICHHIO 3TAaHOJA, a HE
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HaoOopoT. Kak Obu10 mokazano Hamu panee [12], 006 3ToM CBUIETENBCTBYET
TOT (PaKT, YTO MPHU 3aMEHE STOKCUTPYIIbI HAa apUIbHYIO YKa3aHHas MU30Me-
pH3aIus TaKKe MPOUCXOINT.

JudpakroHHble U3MEPEHUs MPOBEACHBI TP KOMHATHON TeMIlepaType
na asroaudpaxromerpe “Enraf-Nonius CAD-4” (Mo-K, uznydenue, rpadu-
TOBBI MOHOXpoMaTop, 0/20-ckanupoBanue). [lapamMeTpbl TPUKIUHHOM 1€-
MEHTApHOM SYEWKH OIpeneseHbl W YTOYHEeHbl Mo 24 pediekcam ¢
11.97<6<13.86. CtpykTypa pacmmdpoBana npsMeiM MeToaoM. KoopauHa-
Thl aTOMOB BOJIOPOJA YACTUYHO OIPENIEICHbl W3 PA3HOCTHBIX CHHTE30B
®ypbe 1 yrouHeHsl cB0OOHO. KoopauHaTel aTOMOB BOIOpOJa METHIIBHBIX
IPYII ONpPEJeNeHbI 10 TEOMETPUUECKUM pacueTaM U YTOYHEHBI IO MOJENIU
«HAe3HUKA» CO CJIEAYIOIMMU YCIOBHAMH: jumuHA cBsseii C-H=0.96A,
Uiso(H)=1.5U¢y(C). CtpykTypa yrounena nonnomarpuunsiv MHK B annzor-
POITHOM HPUOJIMKEHUH JUIsI HEBOJOPOJIHBIX aTOMOB M M30TPOIHOM — JUIs
aTOMOB Bojopona. Bce cTpyKTypHBIE pacdyeTbl NMPOBEICHBI 10 KOMILIEKCY
nporpamm SHELXTL [13].

Kpucramnorpapuueckue nanusle B ¢opmare CIF nenmonupoBanbl B
KeMOpumKcKoM LEHTpe KpUCTAIUIOTPaPHUUECKUX JaHHBIX, HOMEP JEMNO3HTa
CCDC 1969745.

OcHOBHBIE KpUCTAJUIOTpaUyecKkue W SKCIEPUMEHTAJIbHbIE JaHHBIC
npuBeAeHsI B Tab. 1.

CrpyKTypa MOJIEKYJIbl COeIMHEHUs Se npejcTaBieHa Ha puc. 1. Pe3ynb-
tatel PCA mnokasanu, 4yTo He3aBHCHMMAas 9acTh JJIEMEHTapHON suyeiiku co-
ZeP>KUT JIBe MOJIEKYJIBI COSMHEHU Se, a 0011ee YUCI0 MOJIEKYI B DJIEMEH-
TapHoii sueiike Z=4. CornacHO KOH(QOPMAIIMOHHBIM pacyeTam, BCE LUKIH-
Yyeckue (parMeHTHI INIOCKHE, MAKCHMaIbHOE OTKIIOHEHUE aTOMOB HE TIPEBbI-
mraet 0.0295(4)A.

B TpexmepHOii ynakoBKe MOJEKYJbl COCTUHEHUS Se 00paszyroT Oecko-
HeuHy0 1ienouky Baoib [0 1 0] ¢ momMoIbo MeXMOIEKYISIPHBIX BOAOPOI-
HeIX cBs3eil mexay aromamu N33-H33B010, N33-H33B 020, N3-
H3B040', N3-H3B"050" (puc. 2). [eoMeTpus BOZOPOAHBIX CBS3€i IPH-
BeZieHa B TaOi1. 2. CBA3b MEXAY LIENOYKAaMHU B OCHOBHOM OITMCBIBACTCS BaH-
JIepBaaJIbCOBCKMMH B3aUMOJEHCTBUSIMH.

HccnenoBana anTnOaKkTepuaibHas aKTUBHOCTh CHHTE3MPOBAHHBIX COE-
IUHEHUH Sa, B, e, Kk MeTofoM "muddysum B arape" mpu OaxTepHaIbHOMN
Harpy3ke 20 min MUKpOOHBIX Ted Ha 1 ma cpefbl Ha TPamMIoIOKUTENbHbIE
cradunoxokku (Staphylococcus aureus 209p, 1) u rpamoTpuIaTeIbHbIC Ma-
nouku (Sh.flexnezi; 6858, E. Coli 0-55) [14].

AHTHOaKTepuaNbHbIE MCCIEA0BAaHUS MOKAa3alHh, YTO CHHTE3UPOBAHHBIC
COEMHEHHS MPOSIBIIAIOT CIIa0yI0 aKTUBHOCTb.
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Tabnuya 1

OcHoBHbIE KpHCTAJJIOTrpaduyecKne XapaKTepUCTUKH
¥ JKCIIePUMEHTAJIbHbIE JaHHbIE

Kpucramnorpapudeckue xapakTepuCTHKH
CoenuHeHue Se
prTTO-(bOpMyJIa C17H17N303
MonekynspHbIl BeC 311.33
Cunronus Tpuknunnas
ITpocTpaHncTBeHHas rpymmna P-1
a, b, c[A] 8.1808(16), 14.128(3), 14.513(3)
a, B, v [rpax.] 100.95(3), 102.09(3), 94.03(3)
V [A%] 1599.7(6)
Z 4
IInotHOCTH(BBIW.) [elcm’] 1.293
uw(MoK,) [ mm™] 0.091
F(000) 656
Pa3mep kpucrasmia [yn] 0.45x0.21x0.18
OKcnepumenmanvhvle OanHvle
Temmnepatypa (K) 293
Nznyuenue [A] 0.71073
Omin, Omax [Tpaz.] 1.5: 30.0
O0651acTh CKAaHNPOBAHMS 0<h<l11; -19<k<19; -20<I<19
Yucno n3MEepeHHbIX OTPAKECHUN 18646
Yucno Habm0gaeMbIX OTPaKEHUH ¢ 6050
[1>2.00(1)]
PacueTHble 1aHHbIE
Nref, Npar 9329, 485
R, wR2, S 0.0516, 0.1500, 1.02
Tabnuya 2
I'eomeTpusi BOIOPOAHBIX CBSI3EH
ATOMBI D-H(A) | HA(A) D A(A) D-
H~A(rpaz.)
N3-H3B~040' 0.86(2) 2.10(2) 2.8129(19) 140.4(17)
N3-H3B050' 0.86(2) | 2.214(19) 2.887(2) 135.0(16)
N33- 0.89(3) 2.28(3) 2.930(2) 131(2)
H33B 010
N33- 0.89(3) 2.25(3) 2.960(2) 138(2)
H33B 020

ko cummerpu (i= X; -1+y; z)
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OCTpyr0 TOKCUYHOCTh M MIPOTUBOOIYXOJIEBYIO aKTUBHOCTh COSAMHEHUN
M3y4aiu 1o oomenpuHaTeiM Metogam [15.16]. TokcuyHOCTh BeLIeCTB orpe-
JeNSTM Ha OerbIX MBImax o0oero moja BecoMm 19-21 2 mpu ogHOKpaTHOM
BHYTPUOPIOIIMHHOM BBeJIeHUU. /{111 KaXKJ10ro coeiMHEeHus! ObUIH YCTaHOBJIe-
HbI abcomoTHO cMmepTenbHas (JI100) 1 MakcumanbHo nepeHocumast (MITI)
10361, M3yyeHne npoTUBOOIYX0JIEBOM aKTHBHOCTH MPOBOAMIN HA MBIIIAX C
[IPUBHUBAEMON OMYXO0JIbl0 — capkoMoii-180. B xumMuoTepaneBTHUECKUX OMbI-
Tax COCIUHEHMS BBOJMUIN BHYTPUOPIOIINHHO, €KEIHEBHO B TeUeHHE 6 THEH
B 103ax ~1/15 ot JId1g0.

ITopomnbITHRIE U KOHTPOJIBHBIE TPYIINIBI COCTOSUIA U3 6-8 KUBOTHBIX. [1o-
JydyeHHbIE Pe3yJabTaThl MOJBEPrajl CTATUCTHUECKONH 00pabOTKe MO METOIy
Crerogenta-Oumepa. [lpu u3ydeHHMH OCTPOM TOKCHYHOCTH COEAMHEHUI
Se,sx ycranomineno, uto ux JI/jp0 cocraBmsier 1500 me/ke a MIIJ -900 u
925 me/ke. XuMHOTEpaneBTHUECKUE ONBITHI Ha capkoMe-180 mokasanu, 4ro
o0a coeMHEeHHUs B 7103aX 75 Me/ke POSABISIOT c1a0yro MPOTHBOOITYXOJIEBYIO
aKTUBHOCTb, OJIABIIsIs pocT omyxoiu Ha 31-34.6% (P=0.05).

Taxkum o06pazom, HAMU Hal/IeH METOJ] CHHTE3a paHee He M3BECTHBIX all-
K |-apuii-6-aMuHO-2-0KC0-5-11nano-1,2- turuaponupuanH-3-KkapooKkcHia-
TOB ITYyTEM B3aUMOJCUCTBUS aNKWII 3-0KCO-3-apUIIaMUHOTPOIIHOHATA C STOK-
CUMETHJIUICHMAJIOHOAUHUTPUIIOM B MIPUCYTCTBUH TPUAITUIIAMHUHA MPH KOM-
HaATHOM Temreparype.

BKCIIepI/IMeHTaJIBHaﬂ 4acTb

HK-crnektpsl cusaThl Ha ciektpodoromerpe “Nicolet Avatar 330 FT-IR”
B BasenmHoBoM Macie. Crextpsl SIMP 'H u B¢ MOJTy4eHbl Ha mpudope
Varian “Mercury 300V X” ¢ pabounmu gacroramu 300.077 u 75 My, pact-
Bopurens — JIMCO-d-CCly (1:3), Bauyrpennuii cranmapt — TMC. Temmepa-
TYpBI TIaBJICHHS OTIPEIeIICHbI Ha cTonuke “Boetius”.

O0mas MeToAUKA NMPOBEAeHUs B3aMMO/IeHCTBUS apujaMua03(pupos
MAJIOHOBOI KHCJIOTHI 1 ¢ 3TOKCMMETHINAEHMAJIOHOAMHUTPUIOM (2). AO-
COJIIOTHBIN ATAaHONBHBIN pacTBOp 1.5 mmons coenunenus 1 u 1.5 mmons coe-
JMHEHUS] 2 B NPHCYTCTBUM KATAJTUTUYCCKOTO KOJMYECTBA TPUITHIAMUHA
OCTaBJISIIOT HA TPU JHs NMPU KOMHATHOM Temmeparype. BreimaBime kpucran-
J6I OTHIBLTPOBBIBAIOT, MPOMBIBAIOT a0COIIOTHBIM 3(DUPOM U TIEPEKPUCTAI-
JTU30BBIBAIOT W3 a0COFOTHOTO dTaHOJIA.

9T 6-aMHHO-5-IMaHO-2-0KCc0-1-p-Touia-1,2-muruaponupuanH-3
kapookcuaar (5a). Bexox 0.28 2 (64%), 1. . 277°C (aranom). UK-
criekTp, v, cm' - 3424, 3313 (NH,), 2214 (CN), 1734 (COOC), 1650 (CON).
Crextp SIMP 'H, 8, m. 1., I'y: 1.30 T (3H, J=7.1, CH3); 2.46 ¢ (3H, CHs);
4.17 x (2H, J=7.1, CHy); 7.05-7.10 m (2H, CgHy); 7.15 ym (2H, NH,); 7.35-
7.40 m (2H, CgHy); 8.16 ¢ (1H, =CH).Criextp SIMP **C, 8, m. 1.: 14.0 (CHa);
20.8 (CHj3); 59.1 (CHy); 71.4 (CCN); 104.8; 116.1 (CN); 127.9 (2CH, CgHy);
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130.4 (2CH, CgH,); 131.5; 138.7; 147.1 (=CH); 157.2; 157.3; 162.7. Haiine-
Ho, %: C 64.37; H 5.12; N 13.93. C1¢H15N303. Brruncieno, %: C 64.64; H
5.09; N 14.13.

ITUa  6-aMMHO-5-MAaHO0-2-0KC0-1-0-ToTHI-1,2-TurugponupuInH-3-
kapookcuiaar (56). Beixon 0.21 2 (48%), 1. mn. 210°C (3ranon). UK-
criexTp, v, cm - 3290, 3184 (NH,), 2216 (CN), 1732 (COOC), 1669 (CON).
Crextp SIMP H, 8, m. 1., I'y: 1.30 T (3H, J=7.1, CH3); 2.09 ¢ (3H, CHs);
4.18 x (2H, J=7.1, CH,); 7.07-7.13 m (1H) u 7.35-7.45 m (3H, CgH,); 7.24
yur (2H, NH,); 8.17 ¢ (1H, =CH). Cnektp SIMP C, §, M. 1. 14.0 (CHa);
16.6 (CHj3); 59.1 (CHy); 71.4 (CCN); 104.7; 116.0 (CN); 127.4 (CH); 128.1
(CH); 129.4 (CH); 131.3 (CH); 133.2; 135.7; 147.5 (=CH); 156.7; 156.8;
162.7. Haiineno, %: C 64.41; H 5.13; N 13.85. C16H15N303. Beraucneno, %:
C 64.64; H5.09; N 14.13.

ITHA  6-aMHHO-5-uMaHo-1-(4-MeTokcndennn)-2-okco-1,2-guruapo-
nupuauH-3-kapoé—oxcuiaar (5B). Bexon 0.31 2 (66%), 1. 1. 305°C. K-
criextp, v, cm' - 3437, 3315 (NH,), 2216 (CN), 1731 (COOC), 1651 (CON).
Crektp SIMP 'H, §, m. x., I'y: 1.30 T (3H, J=7.1, CH3); 3.87 ¢ (3H, OCHy);
4.17 x (2H, J=7.1, CH,); 7.04-7.13 m (4H, CgH,); ) 7.20 yur (2H, NH,); 8.13
¢ (1H, =CH). Cnekrp SIMP °C, 5, m. 1.: 14.0 (CHs); 54.9 (OCH3); 59.0
(OCHy); 71.3 (CCN); 104.7; 115.1 (2CH, CgH,); 116.1; 126.4; 129.3 (2CH,
CeHa); 147.1; 157.4; 157.5; 159.7; 162.7. Haiineno, %: C 61.04; H 5.01; N
13.62. C16H15N304. Beraucneno, %: C 61.34; H 4.83; N 13.41.

O1tui  6-aMUHO-5-nHaHO-1-(4-HUTpOPeHNT)-2-0KCOo-1,2- TUuruaponu-
puaun-3-kapéokcuaar (5r). Beixoxg 0.15 2 (31%), 1. mn. 330°C. UK-
criexTp, v, cm: 3406, 3306 (NHy), 2213 (CN), 1726 (COOC), 1645 (CON).
Cnextp SAMP H, 5, m. o, T'y: 1.30 T (3H, J=7.1, CH3); 4.18 k (2H, J=7.1,
CH,); 7.48-7.56 m (2H, CgHy); 7.62 ym (2H, NHy); 8.16 ¢ (1H, =CH); 8.35-
8.43 M (2H, CgH,). Criexrp SIMP °C, 8, m. 1. 14.0 (CH3); 59.1(CH,); 71.9
(CCN); 104.3; 115.9 (CN); 125.0 (2CH, Cg¢Hy); 130.3 (2CH, CgH,); 140.4;
147.7; 148.1; 157.0; 157.1; 162.6. Haiineno, %: C 54.61; H 3.34; N 17.28.
C1sH12N4O:s. Brraucneno, %: C54.88; H 3.68; N 17.07.

Otui  6-amMuHO-5-1MaHo-1-(2-MeTokcupenun)-2-okco-1,2-Turuapo-
mupuann-3-kapookcuaar (5x). Beixon 0.32 2 (68%), 1. . 179°C. UK-
criextp, v, em: 3300, 3187 (NH,), 2213 (CN), 1729 (COOC), 1652 (CON).
Crextp SIMP 'H, &, m. 1., I'y: 1.30 T (3H, J=7.1, CHj3); 3.82 ¢ (3H, OCHy);
4.17 x (2H, J=7.1, CH,); 7.04-7.12 m (2H), 7.15-7.19 m (1H), 7.45-7.53 m
(1H, CgHg); 7.23 m (2H, NH,); 8.15 ¢ (1H, =CH). Criextp SIMP °C, §, m. 11.:
14.0 (CH3); 55.3 (OCHj3); 59.0 (OCH,); 71.3 (CCN); 104.4; 112.7 (CH);
116.2 (CN); 120.9 (CH); 122.3; 129.4 (CH); 130.8 (CH); 147.4 (CH); 154.6;
156.7; 157.2; 162.7. Hatineno, %: C 61.10; H 5.02; N 13.62. C15H15N30,.
Breraucneno, %: C 61.34; H 4.83; N 13.41.

Ot 6-aMmuHO-5-mMano-1-(3.5-1umeTHaAdeHn)-2-0Kc0-1,2- TUIrKI-
ponupuann-3-kapookcuaat (5e). Berxog 0.36 2 (77%), 1. . 178°C. UK-
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criekTp, v, cmt: 3470, 3460, 3286 (NH,), 2216 (CN), 1726 (COOC), 1623
(CON). Criextp SIMP *H, &, m. 1., I'y: 1.30 T (3H, J=7.1, CH3 CH,0); 2.40 k
(6H, J=0.6, 3,3"-CH3 CgHsMe,); 4.17 x (2H, J=7.1, OCH,); 6.80 ym (2H,
2,2'-H CgHsMey); 7.12 ymr (1H, 4-H CgHsMe,); 7.15 w (2H, NH,); 8.13 ¢
(1H, =CH). Cnexrp SIMP °C, §, m. x.: 14.0 (CH3); 20.7 (3,3'-CHjs
CsHsMe,), 59.1 (OCH,); 71.3 (CCN); 104.8; 116.0 (CN); 125.6 (2,2'-H
CeHsMey); (CH); 130.7 (4-CH CgHsMey),); 133.9; 139.2 (3,3'-C
CeHsMe,),147.1(=CH); 157.1; 157.2; 162.7. Haiineno, %: C 65.19; H 5.38;
N 13.81. C17H17N303. Beraucneno, %: C 65.58; H 5.50; N 13.50.

Metua 6-amuHO-5-uano-1-(2,4-mumernadenna)-2-okco-1,2-qurua-
ponupuaun-3-kapookcunar (5:xk). Beixox 0.29 2 (66%), 1. ur. 209-210°C.
UK-crextp, v, en™: 3293 (NH,), 2213 (CN), 1735 (COOC), 1650 (CON).
Cnektp SIMP 'H, &, m. 1., I'y: 2.03 ¢ (3H, CHs); 2.42 ¢ (3H, CH3); 3.71 ¢
(3H, OCHgy); 6.96 n (1H, J=7.9), 7.15 m (2H, NH,); 7.18 o a (1H, J=7.9,
1.8), 7.22 1 (1H, J=1.8 3H- CgHs), 8.18 ¢ (1H, =CH). Cniextp SIMP *C, §, m.
a.: 16.5 (CHg); 20.7 (CHs), 50.5 (OCHj3); 71.4 (CCN); 104.3; 115.9 (CN);
127.7; 128.0; 130.4; 131.9; 135.2; 138.8; 147.5; 156.6; 156.9; 163.2. Haiine-
o, %: C 64.31; H 5.29; N 14.43. C16H15N3O3. Brruncieno, %: C 64.64; H
5.09; N 14.13.

Metua  6-amMuHO-5-uMaHo-1-0-Tosma-1,2-quruaponupuaun-3-Kap-
doxcnat (53). Boixox 0.36 2 (45%), 1. 1. 168-170°C. UK-criextp, v, cm™:
3281, 3181 (NH,), 2212 (CN), 1728 (COOC), 1664 (CON). Crektp SIMP
'H, 5, m. 1.: 2.08 ¢ (3H, CHy); 3.72 ¢ (3H, CHy); 7.08-7.12 M (1H) u 7.35-
7.43 M (3H, CsHy); 7.25 ur (2H, NH,); 8.19 ¢ (1H, =CH). Cnextp SIMP *C,
3, M. 1.: 16.6 (CH3); 50.5 (OCHs); 71.5 (CCN); 104.3; 115.9 (CN); 127.4;
128.0; 129.3; 131.2; 133.1; 135.6; 147.6; 156.5; 156.8; 163.2. Haiineno, %:
C 63.25; H 4.95; N 15.09. C45H13N303. Beruucaeno, %: C 63.60; H 4.63; N
14.83.

ULUbL 1-UC PL-6-QU P LN-2-0-LUN-5-5 T LA-1,2-60UNP L ONP LR YD -
3-GUrLOLUPLUSLELDP UPLE-6Q

U. U. UUrQ-U3UL, b U TLUG-3UL, U U UULQU3UL, U. k. AELEUSTEL,
U . hUEQUS,3UL, U. Q. UTLAFU3UYL U U. 9. U31LUQ3UL

Bnigy b npefliy, np dugrbnf@@ifp wppjudpynbufbpibpf fnfooggbyn@yndp Lfopufr-
db [yl wspuitnaliplilfunplyfe S bndfdppudfufs bplppyofyudp pufubincd b pogup-
&lu[[ L‘[Jwilnlnl_lf, 20-300C Zlilufluum[nfluilillipnl_lf.' zlulful&l.utlil U'Uﬂ, hYy uuilillmpnulin-
wippsgf b (P wibigfgp afpuibpf, wnmuincd Bowghfy 1-uphy-G-wilfin-2-opun-5-
ghutin-1,2-bply S pupprugpppupht-3-luppopupyunntbip 31-77% byplpnd :

Quilpsiluitspbuy s newncdimappncfdyndibikpp gnyg Bowdby, np aflfligud dpuogn-
[yriiubipp gnegupbpned Bl [Fncgy wlpfufm g :
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SYNTHESIS OF ALKYL 1-ARYL-6-AMINO-2-OX0O-5-CYANO-1,2-
DIHYDROPYRIDINE-3-CARBOXYLATES

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

*The Scientific Technological Centre of Organic
and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
bCrisis Management State Academy
1 Bldg, Acharyan Str. (Avan adm. district), Yerevan, 0040, Armenia
E-mail: mushegh.sargsyan@yahoo.com
Tel.: +37493284843

It was established that the interaction of malonic acid arylamido esters with
ethoxymethylidene malonodinitrile proceeded in the presence of triethylamine in
absolute ethanol at room temperature, and, according to NMR, IR and XRD
spectroscopy,  previously  unknown alkyl 1-aryl-6-amino-2-oxo-5-cyano-1,2-
dihydropyridine-3-carboxylates were formed in 31-78% yields.

The formation of the latter occurs by intramolecular azacyclization of the
intermediate adduct, in all probability followed by the isomerization of the imino
derivative to the corresponding enamine, which is cleaved to form dihydropyridine. In
other words, the isomerization of the imine into enamine promotes the removal of
ethanol, and not vice versa. This is evidenced by the fact that when the ethoxy group is
replaced by the aryl one, the indicated isomerization also occurs. Antibacterial studies
have shown that the synthesized compounds exhibit weak activity.
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Iocrymumo 4 X1 2019

WcecnepoBaHa neperpynnupoBka CTMBEHCA aMMOHMEBLIX COMEN, coaepxalimx ase OyT-2-
MHUNbHbIE rpynnbl. [Toka3aHo, 4To B pe3ynbraTte npoucxoadar 3,2- n 1,2-neperpynnunpeku CTuBeH-
ca, NpuBoAsLLME K CMECU aMUHOB C ansieHOBON M KOHLIEBbIMW aueTUNEHOBLIMU rpYNNMPOBKaMu.

Bubn. ccbinok 8.

CTHBEHCOBCKasl MEpPEerpymnnupoBKa aMMOHHEBBIX COJEH, COJEepKalluX
IPYIIIBI MPONAPrUIbHOIO THIA, B YACTHOCTH, OyTHHHIBHYIO IPYIIITY, UCCIIe-
J0BaHa JA0BOJILHO riyO0oko [1-7]. OgHako B muTepatype OTCYTCTBYIOT JTaH-
HbI€ O MEPEerpynInupoOBKE aMMOHHMEBBIX COJIEH, COJIEPKAIIUX OJHOBPEMEHHO
1Be OyT-2-MHWIbHBIE TPYTIIHI.

Llenbto paboTh! OBIIO MCCIEOBAHUE CTUBEHCOBCKOMN MEPErpyNnInupoOBKU
aMMOHHEBbIX conelt (1-4), cHHTe3MpOBAHHBIX B3aMMOJEHCTBHEM OyTHHUII-
OpoMua ¢ COOTBETCTBYIOIIMMH TPETUYHBIMU aMHHaMu. [leperpynnupoBky
OCYIIECTBIISUTH d(PHUPHOA CyCIIEH3MEW MeTusiara HaTpusi NP KOMHATHOW
temrneparype. CoriacHo JIMTepaTypHBIM JaHHBIM, B JIAaHHOM CJIy4ae BO3-
MOXKHO mpoTrekanue 2,3- u 1,2 neperpynnupoBok CtueHca. [lomydenHsie
JaHHBIE TIOATBEPIMIIN TPABOTY 3TOTO MPEATNONoKeHs. B pedynbTare nepe-
TPYIIUPOBKY BO BCEX ClIydasix ObLIa MOJy4eHA CIOXKHAs CMECh aMHUHOB. B
HOJIb3y MPOTEKAaHHsI 000MX BO3MOXKHBIX BapUAHTOB MEPErpyNIUPOBKU TOBO-
PAT MHTeHCHBHbIE Hornomenus B MK-crekrpax B o6mactu 1960-1970 cut,
XapaKTepHble [UIsl alUIEHOBOM rpymmupoBkH, 2220 u 2270 eyt — st nByx
pa3sHBIX 3aMEIICHHBIX ALETHJICHOBBIX TPYIIHMPOBOK, a TAKXKE CHUTHAJIBI B
ciextpax SIMP *H npu 4.65 m.z1. 1 *C mpu 206.9 M.z, (amieHoBas rpymmi-
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poBka) . O mpoTekanun 00OMX HANPABJICHUH MEPErPYNIHUPOBKH TOBOPST U
naunbie DEPT SIMP 3C, B KOTOpBIX OTHYETIMBO MPOSBISIOTCS CHTHAIBI
nByx tunoB CH rpymnm ipu 56 u 60.5 m.1., 9T0 moaTBepkIaeT oOpa3oBaHue
o0oux mpoaykToB. COrjiiacHO MHTETPATbHOW aKTUBHOCTH CUTHAJIOB aJJIEHO-
BO#1 rpynmupoBkH, B crektpax SIMP *H B o6mactu 4.65 M.1. B ciyuae coeit
1-3 umeeT MecTo 0OpazoBaHNE HA3BAHHBIX MPOAYKTOB B COOTHOIICHNH 1:1,
a B ciyvae 4 — 2:1.

—
/ CH,ONa
f
RZN, (C,H5),0
1-4 -
1,2 D
— = R,N%
\E —
H

3,2 n/
L %" g R,N%
\E;
H
— 3 R,N —
5-8
———» R,N —
—+==C
9-12

R=CH; (1,5,9),C,Hs (2,6,10), R,N=(CH)sN (3,7,11) O(CH,)4N (4,8,12)

BKCHepI/IMeHTaHLHaﬂ 4acTb

Cnextpsl SIMP nomyudensr Ha crektpomerpe Varian "Mercury-300”
(300.075 MI'y mis *H) u (75.453 MI'y mas °C) B IMCO-dg. Xummaeckue
CIIBUTH MPUBEICHbI OTHOCUTEIHFHO BHYTpeHHero cranmapra—IMC. Anamnus
meronoM TCX ocymectBinen Ha miactuakax “Silufol UV-254” B cucteme
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pactBopuTeneil #-0yTaHOI-3TaHOI—YKCyCHas Kuciora—Bona,10:7:6:4 (mpos-
BUTEJb — Mapsl oaa). Temneparypsl IUIABICHHS U3MEPSUIA HA MUKPOHArpe-
BaTeNIbHOM cTojirKe “Boeitus” ¢ nabmogarenbHbiM ycTpoiictBoM “PHMK-
0.5”. UK-criextpsi cHsIThI Ha ipubope “Specord IR-75” B Ba3emMHOBOM Mac-
JIe WM B TOHKOM CJIO€.

N-(byT-2-un-1-uia)-N,N-1aumeTni0yT-2-un ammonunii 6pomua (1) mo-
Jy4eH B3auMOJICHCTBUEM AUMETUIOyTHHIIaMuHA [8] u OyTuHHIOpOMHIa B
abcomotaoM 3¢upe. Beixox 70%, T.mur. 141-142°C. R; 0.66. Cnexrp SIMP
'H (IMCO-dg), 5, m.x1.: 2.00 (6H, ¢, N*'CH3), 3.25 (6H, ¢, C-CH3), 4.59 (4H,
¢, N*CH,). Haiineno, %: N 6.15; Br 35.00. C1oH1NBr. Boruucneno, %: N
6.09; Br 34.72.

N-(ByT-2-un-1-wi1)-N,N-1udTHiaoyT-2-ud aMmmoumii 6pomua (2) mo-
Jy4eH B3aUMOJICHCTBUEM TUATWIOYTHHIIIAMHHA ¥ Oy THHIJIOpOMUIA B abCo-
motHOM >dupe. Beixog 75%, t.awi 160°C. R 0.60. Cnexkrp SMP 'H
(AMCO-dg), 6, m.x., I'y: 1.40 (6H, T, CH3CH>, J=7.0),2.01 (6H, T, =CCHj,
J=2.3), 3.48(4H, x, CH,CHj, J=7.0),4.4.(4H, ¢, CH,C= ). BC (IMCO-ds),
de, 3.4 (CH3=C), 7.8 (CH3CHy), 48.5 (CH,C=C), 53.5 (CH3CH,), 66.8
(C=C), 87.8 (C=C): Haiimeno, %: N 5.60; Br 32.00. Cj;;Hyo NBr.
Brrancieno, % : N 5.42 : Br 30.95.

1,1-In(0yT-2-un-1-nan)nunepuauauii 6pomua (3) mnosnyueH B3aUMO-
neiictBueM nunepuauH-N-OyTnHWIaMrHa U OyTHHHIOpOMHIA B aOCONIOT-
HoM sdupe. Beixox 73.5%, T.m1. 167°C. R;0.46. Crexrp SIMP *H (JIMCO-
des), 8, m.a.: 1.65-2.01 (12 H, m, N*(CHy); u C-CHs), 3.68 (4H,m, N*-
CH,CH,), 4.48 (4H, ¢, N"CH,C=). Haiineno, %: N 5.20; Br 29.50. Cy3H-
20NBr. Beruncaeno: % : N 5.18; Br 29.57.

4,4-u(0yT-2-uH-1-wa)mopdoaunuii opomua (4) moaydeH B3auMO-
nevicteueM MopdonuH-N-OyruHunamuaa u OyTHHHWIOpOMHIA B aOCONIOT-
HoM odupe. Breixog 65%, t.mr 209-210°C. Ry 0.71. Cnekrp SMP 'H
(IMCO-dg), 6, m.a., Iy: 2.01 (6 H, T, CHs, J= 2.3), 3.69-3.73 (4H,m,
O(CH,),), 3.99-4.04 (4H, ¢, N'CH,CH,) 4.71(4H,x, J= 2.3, CH,C=). BC
(IMCO-dg), 8., *C (IMCO-dg), 8, 3.4 (CHs), 50.2 (CH,C=C), 55. 4(NCH,,
mopd.), 59.5(0OCH,, mopd.), 66.4 (C=C), 88.9 (C=C). Haiineno, %: N 5.60;
Br 30.00. Beruucineno, %: N 5.15; Br 29.36. C1oHgNBr.

O0ee onucanue CTUBEHCOBCKOM meperpynmupoBku cogeii (1-4). K
cycrien3un 0.03 mons ammonueBbix coneit (1-4) B 40 i abe. adpupa mobas-
s 2.0 2 (0.03 moss) cyxoro 3TuiiaTa HATPUS W TIIATEIBHO PACTHPAIIH.
Jlnis Havasia peakiuy B Ka4eCTBE MHUIIMATOPA JTOOABIISTH HECKOJIBKO Karelb
METaHOJIa ¥ HArpeBaju peakiuoHHylo cMech g0 30°C B Teuenme 3-4 u.
OunbTpOBaHUEM OTIEISUIM OCAJO0K, KOTOPBI HECKOJBKO pa3 MPOMBIBAIU
abc. apupom (3x50 mz). OcraTok 0OpabaThIBaId BOIOH, IKCTArHpOBAIU
a¢upoM. DPUPHBIE BBITSHKKU CYIIWIN CYJb()AaTOM MarHus, Mociie yAaaeHus
pacTBOPUTEIIS MIEPETOHSITH B BAKYYME WJIM MTPU HOPMAaJIbHOM JIaBJICHHH.
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B cinyyae comm (1) momydena cmech N,N-mumerniiokra-2,6-1uuH-4-
amuHa (5) m N,N,3-tpumernirenra-1,2-nueH-5-un-4-amuna (9). Beixos
66 %, T.xum. 50-51/4 mum, nd®® 1.4888. Haiineno, % N 9.65. C1oHisN. BbI-
yucieno, %: N9.39.

B citydae conu (2) monyuena cmech N,N-au3Tiii0KkTa-2,6- 1uHH-4-aMu-
Ha(6) m m N,N-gmdyTHa-3-MmeTnirenta-1,2-quen-5-un-4-amuna (10). Boi-
xoxt 60 %, T.kum. 60-61/2 mm, nd®® 1.4770. Haiineno, %: N 8,00. C1,HioN.
Beruucieno, %: N 7.90.

B ciyuae conu (3) monydena cmech 1-(0kTa-2,6-aAMH-4-HUa)IATIEPHIH-
Ha(7) u 1-(3-meTmiarenra-1,2-1ueH-5-un-4-ua)nunepuauna(ll). Beixox
70 %, T.xum. 95-98/ 680 mum, nd”® 1.5088. Haiineno, %: N 7. 25. CyzHiN.
Brruncieno, %: N7.40.

B cnyvae comu (4) nonydeHa cmech 4-(0KTa-2,6-a1MH-4-11)IATIEPUIN-
Ha (8) u -(3-MeTmarenra-1,2-nuen-5-un-4-mn)mopdosmmna (12). Beixox 65
%, T.kum. 50-51/ 4 ym, nd® 1.5057. Haiineno, %: N 7.45. C1,H;;NO. Bhi-
yucieno, %: N 7.32.

LUk ANFS-2-PLPL U RGN NULAFLEENY. TUNLPOFUE3SPL TGP
UShJU5LUSUL 1L MU U RTILALAFTL

U. fu. &3NFLLUQUL3UL, G- S. UUraU3UL L UL L. BULEShU3UL

Nesmuedfimnuppofby § dfpduntubiunly bplne pron-2-fhfy podphp spopncung wdoifne-
duyfits wnlpf wnfofluguts Jbpupilpufnpnedp: Snyy & npby, ne wyy qhypnd ikbyp b
aclilincd winfuf g wl 1,2- L 3,2-1{[7[uu[1ufw[1uu[nl1nuﬁlbl1, apnlip Qulighghncd b wygh-
buygfils b Suypuyfl mghinfyblighl fudphp qpupncasng eolfiibph psnbincpgl wnsfuyg-
LfLuflE.‘

THE STEVENS REARRANGEMENT OF AMMONIUM SALTS CONTAINING
TWO BUT-2-YNYL GROUPS

A. Kh. GYULNAZARYAN, G. T. SARGSYAN and M. N. AVETIKYAN

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

Ammonium salts, containing along with the piperidinium, morpholinium, dimethyl
and diethyl ammonium groups, simultaneously two butyn-2-yl groups were synthesized.
The Stevens rearrangement of these salts was studied under the influence of ether
suspension of sodium ethylate. It was shown that as a result, Stevens 3.2- and 1.2-
rearrangements took place, leading to a mixture of amines with allene and terminal
acetylene groups. The FTIR and *H NMR spectroscopy data support the above.
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SNwywuypuih phipwljui hwinbu
XUMHYECKHUi KypHal ApMEHHN 73, Nel, 2020 Chemical Journal of Armenia

VJIK 547.473+547.789.1

CHUHTE3 2-MEPKANTO-3-METHJIAJLINII-7,10-TUMETHJI-3H-
CIIUPO[BEH30[h]XUHA30JUH-5,1"-IIUKJIOTEKCAH]-4(6H)-OHA
U ErO0 HEKOTOPBIE IPEBPAILIEHUS

H. II. TPUTOPSH, A. U. MAPKOCSIH, A. C. TPUT'OPSIH u P. I'. TAPOHUKSIH

Hay4no-TexHONMOrN4YecKuii HEHTp OPraHNYECKON U (papMaLeBTHYECKON XUMUHI
HAH Pecny6iuku Apmenus
Apwmenns, 0014, Epesan, np, AzatyTsH, 26
E-mail: nver-55@ mail.ru

Ioctymumo 5 X1 2019

B3savmopgerictBnem aTtunosoro adupa 4'-amuHo-5',8'-gumeTtun-1'H-cnupo[umknorekcaH-1,2-
HadTanmH]-3'-kapboHOBOM KUCNOTbI C METUNANNAM30TMOLMAHATOM CUHTE3UPOBAH 2-MepkanTo-3-
MeTunannun-7,10-aumetun-3H-cnupo[6eHso[h]xnHasonuH-5,1'-umknorekcan]-4(6H)-oH,  peakuumen
KOTOPOro C pasnuyHbIMK ankun(6eHann)ranoreHnagamm nonyyeH HoBbIN psip 6eH3o[h]xMHa3onMHOB,
a ¢ rmgpasuHrugpaTom — 3-(2-metunannun)-2-rmgpasvHun-7,10-gumetun-3H-cnnpo[6eH3o[h]xmHa-
30nuH-5,1'-umknorekcan]-4(6H)-oH. M3 nocnepHero nony4eHbl Npou3BoaHble cnupo[6eH3olh]xuHaszo-
NVHa v Tpuasona, coaepxalie B TpeTbeM MOMOXEHUN METUNANNUMbLHYIO rpynmny, a B 6eH301bHOM
KonblLie — MeTUNbHble 3amecTuTenu. MayyeHbl aHTUAENpeccuBHas U NPOTMBOCYAOPOXHAA aKTWB-
HOCTW CUHTE3MPOBaHHbIX COeANHEHUA. BbisiBNEHO, Y4TO BOMbLUMHCTBO CUHTE3NPOBAHHbLIX COeANHe-
HWI NposiBNsSeT ymepeHHoe aHTu-MAO-geiicTeue.

Tabn. 1, 6ubn. ccoinok 11.

JlutepaTypHble TaHHBIE CBUACTEIBCTBYIOT O TOM, YTO IPOM3BOJIHBIC
ciupoOeH30[h]XuHA301MHOB 00JIaAAI0T MPOTUBOOIYX0JeBbIMH [1-5] 1 micu-
XoTpomnHbiMu [6,7] cBoiicTBaMu.

B mponomkenne m3ydeHWs cuHTe3a crmpoOeH3o[h]xuHazonuHoOB ObLia
MOCTABJICHA 3aj[ada CHHTE3MPOBaTh 2-Mepkanto-3-(2-merwmamwimi)-7,10-au-
metuin-3H-crmpo[6ensol hxunazonun-5,1'-nuknonenrau|-4(6H)-ou (4) u usy-
YUTh OMOJIOTUYECKYIO0 aKTMBHOCTh €ro Mpou3BOAHBIX. C 3TOH 1eNbi0 ObLIO
WCCIIEZIOBAaHO B3aMMOJICHCTBHE JSTHIOBOTO 3¢upa 4'-amuHO-5',8'-mumeTni-
1'H-ciupo[umkionenran-1,2'-nadranuu]-3'-kapoonoBoit kucnoter (1) [8] ¢
MeThnaan3otuounanarom. [Ipu 18-4acoBoM HarpeBaHuu peakLMOHHOM
CMECH TIPOMCXOJHUT BHYTPUMOJEKYJSpHAs NUKIM3aLUs C 0Opa3oBaHHEM 2-
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MepkanTo-3-(2-meruaamiun)-7,10-aumeTrn-3H-criupo[ 6en3o h|xunazonun-
5,1-tknonentad]-4(6H)-ona (2). D10, MO-BUAUMOMY, MOXHO OOBSICHUTH
MPOUCXOISIINM TIPH JUTHTEIILHOM HAarpEeBaHUU BHYTPUMOJICKYJISIPHBIM TIepe-
HOCOM IIPOTOHA Ha KapOOHWIBHYIO TPYIIy C OJHOBPEMEHHBIM OTIIETIIe-
HHUEM 3TaHOJIA.

[Tpy ankuIMpOBaHUM COCIMHEHUS 2 aJKWITaJOTeHUIaMH B a0C. 3TaHO-
Je o0pa3yroTcst ankui(OeH3M)MepKanTo3aMelleHHble criupooen3olh]xuna-
3omuHbl 3a-h, cojepikaiue B TpeThbeM MOJOKEHHH crupoben3o[h]xunazo-
JUHA METAJUIMIBHYIO Tpymniy. B3zaumopeiictBueM crimpobenso[h]xunazomnu-
Ha 2 ¢ TUAPA3UHTUAPATOM CHHTE3MPOBaH 3-(2-MeTHIaIUTHI )-2-THAPa3HHHUII-
7,10- mumetnin-3H-crupo[ 6en3o [ h|xunazonun-5,1 - muknorexkcan]-4(6H)-ox

(4).

CH,=CCH,CH,NCS
2

3a: R:C2H5, 3b: R:CH2CH2CH(CH3)2, 3c: R:CHQCOOCHg
3d: R=CH,CONH,, 3e: R=2,5-mumernnoensun, 3f: R=CH,CH=CH,,
39: R=CH,=CCHj3-CH;, 3h: R=CH,C¢HsHIg=Cl, J

[eTepormKkIM3anus THAPA3HHIPOU3BOAHOTO 4 C CepOoyriepooM B IH-
puarHe NpUBOAUT K 4-(2-metunamnin)-1-mepkanto-8,11-numernn-4H-cu-
po[6en3o[h][1,2,4]tpuazon[4,3-a]xunazonun-6,1-uukiorexcan]-5(7H)-ony
(5), a c opromypaBbUHBIM 3PUPOM (TIPU TPEXTHEBHOM KHUIISIUCHUH) — K 4-(2-
meTunamwmn)-8,11- numernn-4H-crmpo[6en3o[h][ 1,2,4]rpua3on[4,3-a]xuHa-
3onuH-6,1"-nmksnorekcan]-5(7H)-ony (6). Ilpu 8-uacoBoM kumsueHuu 4 B
ATaHOJIBHOM PAaCTBOpPE C TpeXKpaTHBIM KosmdectBoM KOH mpowncxoaut ot-
HIeTUIeHNE THAPA3HILHON TpyNIbl ¢ oOpasoBanueM 7,10-mumerwin-3-(MeTu-
amunn)-3H-cnimpo[6en3o[h]xunazonuu-5,1"-uknorekcau]-4(6H)-ona (7).
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3KHepHMeHTaJ’leaH OHoJIOrnYecKas 4acThb

Hctounnkom wmoHoamuHokcuaasbel (MAQO) caoyxun 50% romoreHar
MO3ra KpbIC, KOTOPBIN MOJIYYHUIIH ITyTEM TOMOTEHU3UPOBAHUS MO3Ta B CTEK-
JISTHHOM TOMOT€HHU3aTOpe C paBHBIM (110 Becy) oo0beMoM 2.5% pactBopa "ap-
konan". B nomyuenHom 50% romorenate omnpenensuim aktuBHocTs MAO [9].

Haceiienre kucinopoiom npoBoauiv B Teuenue S mun npu 37°C u na-
nee mpoObl MHKYOHpPOBaJIM B aTMoc(hepe KUCIopoaa B TeueHue 45 mun npu
37°C. Peakuuto ocranaBiauBayii gooasienuemM 0.2 mr 50% Tpuxiiopykcyc-
HOW KkucaOoThl. Ocamok Oenka OTHeNsIM LEeHTPU(GYTHPOBHUBAHUEM TIPU
3000 06/mun. B 6e30e1K0BO# HATOCAJOTHON KHUIKOCTH OIPEICIISIIA COICP-
KaHHe aMMHAaKa METOJI0M U30MEPUYECKON OTTOHKH B TeueHue 24 y ¢ nocie-
ayrouiel Hecciepuzanuend u GoTomeTpupoBaHueM Ha (oToMeTpe-Hedeno-
MmeTpe “PIK-56-2”. AktuBHOCTE MAO BBIpaXeHa B % K KoHTpouto. Kaxk-
JI0€ COeJAMHEHHE HCIBIThIBAIM B 3-4 ombiTaXx. B KauecTBe KOHTPOJIBLHOTO
mperapara UCIoJIb30BaIl HHIOTAH.

Tabruya

Bunsinue ucciie10BaHHBIX COeTMHEHU HA 1e3aMUHHPOBaHHe
ceporonnHa (5-OT) monoamunoxkcugazoii (MAQ) mo3sra in vitro*

Ne Coenunenne WurubupoBanue akTHUB- P
Hoctu MAO,
% K KOHTPOJIIO

1 2 78452 <0,05
2 3a 67+4,8 <0,05
3 3b 58+2,2 <0,05
4 3c 63+2,8 < 0,05
5 3d 59+ 2,1 < 0,05
6 3e 46 +1,5 < 0,05
7 3f 20* >0,05
8 4 78 £3.8 <0,05
9 5 56 £2.3 <0,05
10 6 67 £4,2 < 0,05
11 HWHIOMAaH 86+6 < 0,05

3a 100% npunsaTa aktuBHOCTS MAO B KOHTPOJIBHBIX po0ax.
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[TonmyyeHHbIe pe3yabTaThl MMOKA3aJlk, YTO COeauHeHus 2, 3a, 3C, 4, 6 B
koHueHTpaiuu 1.0 mrmons/mn IPOSBISIOT yMEpEeHHOE, a OCTallbHbie — 3D,
3d, 3e, 3f, 5 — nuwb cnaboe autu-MAQO-nelcTBHE.

HccnenoBanne nMpoTUBOCYIOPOKHON aKTUBHOCTH MPOU3BOJIHBIX 2-Mep-
kanTo-3-(2-merwrainn)-7,10-gumernin-3H-cnimpo [ 6en3o[ h|xuHa301MH-
5,1"-muknonentan]-4(6H)-oxa mpoBoauan Ha OebIX JTaOOPaTOPHBIX MBIIIAX
o0oux mosoB Maccoi 18-25 2. O mpoTUBOCYAOPOKHONW aKTUBHOCTH COEIH-
HEHUH CYAMJIHM TO TPEAYNPEKICHUIO KIOHHYECKUX CYAOPOT MPH IMOIKOXK-
HOM BBeJIeHUH Kopasoiia B g03e 90 me/ke [10]. BerectBa BBOAWIN BHYTPH-
OprommHHO B 103ax 50-150 me/ke BO B3BeCH ¢ KapOOKCHMETHIIIIEILIFOIO30H C
TBUH-80 32 45 Mmun 10 BBeleHUs1 Kopa3ona. KOHTpOJIIbHBIM KUBOTHBIM BBO-
IAIA SMynbratop. ns Kaxkmonl 1036l UCMOIB30BAIM MO 5 KUBOTHBIX. M3y-
YEHO TaK)Ke MHOPEJAKCAHTHOE JIeHCTBUE COSAMHEHHH B YKa3aHHBIX J103aX.
Muopenakcaluio Ucclie0BalIM [0 TECTY "Bpallalolerocsi CTEPKHs'" B OIbI-
tax Ha Mbimax [10]. Cratuctuueckas o6paboTKa pe3yabTaToB C Omperesne-
nuem D/150 (mpotuBocynopoxHblil 3ddext y 50% KUBOTHBIX) MPOBOIMIN
METOJIOM MpOoOUT-aHaau3a 1o Jiutapmibay nu Yunkokcony [11].

B u3yueHHBIX 103aX COeNMHEHHS POSBIISAIOT c1ab0e MPOTHBOCYA0POK-
Hoe neicTBre. OHU TPeayNpeXIaloT KOPa30I0Bble KIOHUYECKHE CYAOPOTH
y 20-40% sxuBoTHbIX. [Ipu 3TOM coeauHeHHs HE OOJNATAIOT TMOOOYHBIMU
MHOpPEJIaKCAaHTHBIMU CBOHCTBaMHU.

3KCHepHMeHTaJ'II)HaH XUMHNYECKadaA 4aCTb

HK-cnextpsl casaThl Ha ciektpoMetpe "UR-20" (B BazennHOBOM Macie),
cnektpel SIMP 'H-na criektpomerpe Varian “Mercury 300 VX” ¢ paboueit
qactoroit 300, 077 MI'y nns C B pacteoputene JIMCO-ds (BHyTpeHHMiIT
craugapr — TMC). Temmeparypsl IUIaBICHHS OIpeAeICHbl Ha Mpudope
"Boetius"

2-MepxkanTo-3-(2-meruaaummin)-7,10-numernn-3H-ciiupo[oen-
30[h]xuna3zonaun-5,1"-mukiaorekcan]-4(6H)-on (2). Cmech 6.26 2 (20 mmo-
netr) coenunenns 1 [1], 2.54 2 (20 mmoneil) MmeTHIAUIMIM30THOLMAHATA K-
NATHIM C OOpaTHBIM XOJIOMWJIBHUKOM 18 vy, 3arem nobGasmsmu 1.84 2
(33 mmons) enxoro kanu B 30 Mz Boabl ¥ 30 M 3TAHONA, CMECHh KUITSITHIIH C
00paTHBIM XOJIOJWIEHUKOM B TeueHue 5 u. [locne oxmakaeHus: peakioH-
HYI0 cMech OAKHUCIISITN 10% pacTBOPOM COJISTHOM KUCIIOTHI 10 CIIA0OKHCITION
peakiuu. BeinmaBiime KpucTaibl OT(OUIBTPOBBIBAIM, MPOMbBIBAINA BOJIOM,
CYIIWJIM U TIePEKPHUCTAIUTU30BbIBAIM U3 abc. 3TaHoia. Beixon 6.46 2 (85%),
1. 1. 210-215°C. UK-cmektp, v, cm’': 1585 (C=C apom), 1665 (C=0).
Crnektp SIMP H (AMCO-dg), 0, m. 1., Ty: 1.14-1.74 (m, 8H, CgHyp); 1.82
(ym.c, 3H, CH3C=CH,); 2.29-2.41 (m, 2H, CgH1o); 2.36 (c, 3H, CHj3); 2.54
(c, 3H, CHj); 2.85 (c, 2H, CHy); 4.59 (yur. ¢, =CH,); 4.78 (yur ¢, =CH,);
4,90 (yur c, 2H, N-CHy); 6.99 (n, 1H J=7.8, C¢Hy); 7.12 (n, 1H J=7.8,
CeHy); 11.44 (¢, 1H, SH). Criextp SIMP °C, §, m. 1.: 18.8 (CH3), 20.5 (CH3),
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21.1 (CHs), 21.7 (2.CHy), 25.1 (CH,), 29.9 (2.CH,), 32.3 (CH,), 36.0 (C -
CHy,), 49.6 (N-CH,), 109.3 (=CHy), 118.9, 125.5, 129.6 (=CH), 131.7 (=CH),
131.9, 132.3, 135.5, 138.2, 144.7, 158.2, 174.3. Haiineno, %: C 72.30; H
7.66; N 7.40; S 8.44. C,3H2sN,0S. Beruncieno, %: C 72.59; H 7.42; N 7.36;
S8.43

3-(2-Metmnamn)-2-(ankuin(oen3un)Tuo)-7,10-mumernin-3H-cnu-
po[6en3o[h]xuna3zonun-5,1"-uukiorexcan]-4(6H)-ount (3a-h) (06was me-
moouxa). Cmechb 3.80 2 (10 mmoneu) coequuenus 2, 0.56 2 (10 mmonen) en-
Koro kaiau u 60 mz abc. dTaHOJIA KHUIATHIA ¢ OOPaTHBIM XOJIOAMIBHUKOM
30 mun. NobGasmsu 10 mmoneu ankui(OeH3WI)raJoreHUIa U MpoI0JKaIn
KunsiueHue eme 8 u. Oxnaxnanu, npuwiusainu 10 sz BoAbl, BEIIABLUIMN Oca-
JIOK OT(UIBTPOBBIBAIIN U TIEPEKPHUCTAIUTM30BBIBATIN U3 ITAHOJIA.

3-(2-MeTunanaui)-2-ruaruo)-7,10-mumernia-3H-cnmpo[6eH-
30[h]xuHa3zomun-5,1"-nukinorexcan]-4(6H)-oun (3a). Brixox 2.68 2 (75%),
T. . 125°C. UK-cnextp, v, cv': 1610 (C=C apom), 1665 (C=0). Cnektp
SAMP *H (IMCO-dg), 8, m. x., I'y: 1.36 (1, 3H, J 6.6 , CH3); 1.20-1.70 (m,
10H, CGHlo); 1.80 (YIJ_I, 3H, C_HiQ:CHQ); 2.36 (C, 3H, CHg), 2.58 (C, 3H,
CHz); 2.85 (c, 2H, CHy); 3.21 (¢, 2H, J=7.7, S-CH); 4.56 (yu, 2H, N-CHy);
4.60 (ym, 1H, =CH,); 4.85 (ym, 1H, =CH,); 6.92 (n, 1H J=7.8, CsH,); 7.03
(n, 1H J=7.8, CgH,). Haiineno, %: C 73.44; H 7.80; N 7.00; S 8.79.
CosH3N,OS. Berancneno, %: C 73.49; H 7.89; N 6.86; S 7.85.

3-(2-MeTwraniani)-2-(u3oneHTuaATHO)- 7/,10-mumerni-3H-ciupo[6en-
30[h]xuna3zomun-5,1"-nukaorexcan]-4(6H)-on (3b). Beixox 3.82 2 (85%)
T. wi. 95°C. UK-cnektp, v, em™: 1610 (C=C apom), 1665 (C=0). Crekrp
AMP *H (IMCO-dg), 5, m. 1., I'y: 0.93 (1, 6H, J 6.6, 2.CHj); 1.20-1.76 (m,
9H, 4.CH; u CH); 1.80 (ym, 3H, CH3C= CH,); 2.36 (c, 3H, CH3); 2.45 (tn,
2H, J=13.0, 4.0, CHj, CgHyp); 2.58 (c, 3H, CH3); 2.85 (¢, 2H, CHy); 3.21 (T,
2H, J=7.7, S-CHy); 4.56 (yu1, 2H, N-CHy); 4.60 (yu, 1H, =CHy); 4.85 (ymu,
1H,=CHy); 6.92 (a, 1H, J=7.8, CgH,). 7.03 (n, 1H, J=7.8, CgH,). Cnektp
SIMP °C §, m. 1.0 19.0, 19.9, 21.7, 21.7, 23.2, 25.2, 27.0 28.9, 29.8, 32.1,
36.3, 36.9, 47.7, 110.6, 123.0, 129.5, 130.6, 131.5, 133.2, 135.3, 137.9,
154.5, 156.7, 159.3. Haiineno, %: C 74.50; H 8.62; N 6.34; S 5.69.
Cy3H3sN>OS. Brruncneno, %: C 74.62; H 8.50; N 6.22; S 5.71.

MetuaoBblii 3¢up 2-(7,10-gumerni-3-(2-meTmwnanini)-4-okco-4,6-
auruapo-3H-cimpo|[6enso[h]xunazonnn-5,1"-nuKkiaorekcan-2-niaTuo|yk-
cycHoii kucaothl. (3c). Beixon 3.52 2 (78%), T. . 105°C. UK-cnekTp, v,
em™: 1610 (C=C apom), 1665 (C=0). Cnexrp IMP *H (IMCO-dg), 8, m. 1.,
I'y: 1.47-1,53 (M, 10H, CgHyp); 1.82 (3ym, H, CH3C= CHy); 2.17 (c, 3H,
CHs); 2.23 (n, 2H, J=15.0, CH,); 2.41 (c, 3H, CHgy); 3.21 (1, 2H, J=7.7, S-
CHy); 4.56 (ym, 2H, N-CHy); 4.60 (ym, 1H, =CH,); 4.85 (ym, 1H,=CH);
6.92 (n, 1H, J=7.8, CsH,). 7.03 (n, 1H, J=7.8, C¢H,). Haiineno, %: C 69.10;
H 7.22; N 6.34; S 7.19. CxH3,N,OS. Brruncneno, %: C 69.00; H 7.13; N
6.19; S 7.08.
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2-(7,10-Anmerni-3-(2-meTunanini)-4-oxkco-4,6-qmuruapo-3H-cnu-
po[6en3o[h]xunazoaun-5,1"-mukiaorekcan-2-uiaruoJaneramua (3d). Bei-
xo1 3.70 2 (82%), 1. ut. 190°C. UK-cnektp, v, cu™: 1605 (C=C apom), 1660
(C=0). Criextp SAMP H (IMCO-dg), 0, M. 1., ['y: 1.22-1.76 (m, 8H, CsHyo);
1.78 (ym, 3H, CH3C= CHy); 2.26 (c, 3H, CHj3); 2.32 (c, 3H, CHj3); 2.41-2.52
(m, 2H, CgHyp); 2.87 (c, CHy); 4.38 (c, 2H, J=7.7, S-CH,); 4.55 (ym, 2H, N-
CHy); 4.61 (yw, 1H, =CHy); 4.85 (ym, 1H,=CH,); 6.92-7.06 (M, 2H, Cg¢H,);
7.19 (ym, 2H, NH,). Haiineno, %: C 68.50; H 7.22; N 9.54; S 7.39.
C25H3:N,0S. Beraucneno, %: C 68.62; H 7.14; N 9.60; S 7.33.
2-(2,5-numeTna0eH3uiITNo)-7,10-numerna-3-(2-mermmaniauin)-3H-
cnupo|[6en3o[h]xuzommu-5,1"-muknorexcan]-4(6H)-on (3e). Brixon 3.45 2
(79%), 1. m1. 120°C. UK-cnektp, v, cm™: 1610 (C=C apom), 1665 (C=0).
Crextp IMP *H (IMCO-dg), 8, m. ., [y: 1.22-1.76 (v, 8H, CgHig); 1.78
(ym, 3H, CH3C= CHy); 2.26 (c, 3H, CHa); 2.32 (c, 3H, CH3); 2.41-2.52 (m,
2H, CgHyp); 2.87 (¢, CHy); 4.38 (c, 2H, J=7.7, S-CH,); 4.55 (ym, 2H, N-
CHy); 4.61 (yw, 1H, =CHy); 4.85 (ym, 1H,=CH); 6.92 (1, 1H, J=7.8, CsH>);
7.04 (n, 1H, J=7.8, CgH,); Criextp AMP *C §, m. 1. 18.1, 19.0, 19.9, 20.2,
21.7, 23.4, 29.8, 32.1, 34.3, 36.3, 47.7, 110.6, 123.2, 128.2, 129.5, 129.9,
130.4, 130.6, 130.6, 131.5, 131.7, 133.1, 133.2, 134.7, 135.3, 137.9, 154.6,
156.7, 159.2. Haiineno, %: C 77.10; H 7.52; N 5.54; S 6.39. C3;H3N,0S.
Brruucieno, %: C 77.07; H 7.68; N 5.62; S 6.43.
3-(2-MeTmmaniui)-2-(anauiaruo)-7,10-mumerna-3H-cnupo[oen-
30[h]xunazomun-5,1"-nmukaorexcan]-4(6H)-on (3f). Brixox 3.57 2 (85%),
T. wt. 110°C. UK-cnektp, v, cu™: 1605 (C=C apom), 1660 (C=0). Crexrp
SMP *H (IMCO-dg), 8, M. 1., I'y: 1.20-1.75 (v, 8H, 4.Hy, CgHag); 1.80 (ym,
3H, C_HQC:CHQ); 2.36 (C, 3H, CHg), 2.45 (TI[, 2H, J=13.1, 4.2, CH,, CGHlO);
2.57 (c, 3H, CH3); 2.85 (c, 2H, CH,); 3.90 (T, 2H, J=6.9, 1.3, S-CHy); 4.57
(yur, 2H, N-CHy); 4.62 (ym, 1H, CH3C =CHy); 4.87 (yu, 1H, CH3C=CHy);
5.13 (mk, 1H, J=10.0, 1.3, CH=CHy,); 5.29 (uk, 1H, J=16.9, 1.3, CH=CHy);
5.89 (mat, 1H, J=16.9, 10.0, 6.9, CH=CH,); 6.92 (1, 1H, J=7.8, C¢H,). 7.04
(1, 1H, J=7.8, CgHy). Crexrp SIMP °C 8, m. x.: 19.0, 19.9, 21.7 (2.CHy),
23.3, 25.2, 29.8 (2.CHy), 32.1, 33.5, 36.3, 47.7, 110.7, 118.2, 123.1, 129.5,
130.5, 130.6, 131.5, 131.9, 133.2, 135,3, 137,9, 154.5, 156.1, 159.2. Haiixe-
o, %: C 72.30; H 7.70; N 7.50; S 8.59. C,sH3,N,OS. Brruucneno, %: C
72.59; H7.42; N 7.36; S 8.43.
3-(2-MeTtwnaniani)-2-(MeTuaanamiTno)-7,10-rumerni-3H-cnn-
po[6en3o[h]xuna3zonun-5,1"-mnkaorexcaun]-4(6H)-on (3g). Boixox 3.25 2
(75%), T. mn. 140°C. UK-cmektp, v, cm™: 1605 (C=C apom), 1660 (C=0).
Crnektp SIMP H (AMCO-dg), 6, M. 1., Ty: 1.20-1.74 (m, 8H, CsHyp); 1.81
(yur, 3H, CH3C=CHy); 1.82 (ym1, 3H, CH3C=CHy,); 2.36 (c, 3H, CHj3); 2.45
(tm, 2H, J=13.0, 4.0, CH,, C¢H10); 2.57 (¢, 3H, CH3); 2.85 (¢, 2H, CHy); 3.91
(ym, 2H, S-CH,); 4.59 (ym, 2H, N-CH,); 4.62 (ym, 1H, CH=CH,); 4.88
(ym, 1H, =CHy); 5.00 (ym, 1H, =CH,); 6.92 (a, 1H, J=7.8, CsH,); 7.04 (x,
1H, J=7.8,=CH,); Crextp SIMP **C §, m. 1.: 19.0, 19.9, 21.0, 21.7 (2.CH,),
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23.3, 25.2, 29.8 (2.CH,), 32.1, 36.3, 37.6, 47.7, 110.6, 114.6, 114,7, 123.1,
129.5, 130.5, 130.6, 131.5, 133,1, 135.3, 137,9, 138.7, 154.4, 156.3, 159.3.
Haiineno, %: C 74.50; H 7.0; N 6.36; S 7.40. C»;H34N,OS. Breraucneno, %:
C 74.61; H 7.88; N 6.45; S 7.38.
3-(2-MeTwranani)-2-(6en3uirno)-7,10-aumerna-3H-cnupo[6en-
30[h]xuna3zonaun-5,1"-nukiaorexcan]-4(6H)-on (3h). Beixon 5.98 2 (85%),
1. 1. 120°C. UK-cnekTp, v, cu': 1600 (C=C apom), 1670 (C=0). Cnextp
AMP *H (IMCO-dg), 8, M. 1., I'y: 1.22-1.74 (m, 8H, CgH1o); 1.82 (ymr, 3H,
CH3C=CHy,); 1.84 (ym, 3H, CH3C=CHy); 2.38 (c, 3H, CH3); 2.47 (tn, 2H,
\]=7.3, 40, CH2, C6H10); 2.58 (C, 3H, CH3), 2.87 (C, ZH, CHz), 4.38 (yLu, 2H,
S-CHy); 4.59 (ym, 2H, N-CH,); 4.60 (ym, 1H, CH=CHy); 4.85 (ym, 1H,
=CHy,); 6.92 u 7.03 (1H u 1H o6a x, J=7.7, CgH,), 7.26-7.40 (m, SH, CgHs).
Crektp SAMP BC (JIMCO-dg), 8, m. n.: 19.1 (CHj3), 23.6 (CHj3), 25.3 (2C,
CH,), 34.7 (2C,CHy), 35.4 (S-CHy), 38.6 (CHy), 43.0, 45.6 (N-CH,), 118
(=CHy), 123.6, 127.0 (CH), 128.1 (2C, Ph), 128.6 (2C, Ph), 129.6 (CH),
130.4 (CH), 130.6 (CH), 130.7, 131.6, 133.3, 134.9, 136.3, 154.2, 155.8,
159.2. Haiineno, %: C 76.49; H 7.10; N 6.00; S 6.70. C3yH34N,OS. Brrumuc-
neno, %: C 76.56; H 7.28; N 5.95; S 6.81.
3-(2-MeTwraniani)-2-ruapasuaui-7,10-numerna-3H-cimpo[6en-
30[h]xuna3zomun-5,1"-nukiorexcan]-4(6H)-on (4). K 3.52 2 (10 mmonet)
coequHeHHus 2 100aBisIM 16 i runpasuHruapara u kunsatwm 15 u. Tlo
OKOHYaHUH PEaKIMU 0CATO0K OTQUIBTPOBBIBAIH U MPOMBIBAIH BOmoi. Ile-
peKpuCTaIn30BbIBaId U3 abc. Oyranona. Beixog 3.00 2 (87%), T.
170°C. UK-cmektp, v, em™, 1585 (C=C apom), 1665 (C=0), 3300-3325
(NH). Crexrp SIMP *H (IMCO-dg), 8, m. 1., I'y: 1.25-1.36 (m, 2H), 1.55-
1.68 (m, 2H), 1.74-1.88 (M, 4H, CsHg), 1.82 (c, 3H, CHj3), 2.27 (c, 3H, CHj),
2.63 (c, 2H, CHy); 2.69 (c, 3H, CH3), 4.10 (ym, ¢,2H, NH,), 4.56 (ymr, 2H,
J=5.4, N-CH,), 4.61 (nx, 1H, J=10.3, 1.3, =CHy), 4.80 (ux, 1H, J=10.3, 1.3,
=CHy,), 6.89 (un, n, 1H J=7.8) u 7.00 (n, 1H J=7.8, C¢H;), 7.88 (ym. c,1H,
NH). Haiineno, %: C 72.70; H 7.69; N 15.23. C3,H2sN4O. Boraucneno, %: C
72.50; H7.74; N 15.37. H 6.71; N 18.65.
1-MepkanTo-4-(2-meTwranani)-8,11-numerni-4 H-cnupo|6en-
30[h][1,2,4] Tpua3oa-[4,3-a]xunazonuu-6,1"-uukaorexcan]-5(7H)-on (5).
Cwmech 3.64 2 (10 mmoneir) coequnenus 4, 11 mn nupununa u 11 mr cepoyr-
nepoaa KunATwIK B TeueHue 18 u. [locie ynaneHus pacTBOpUTENsl 0CaJOK
NepeKPUCTAIIN30BbIBAIN 13 OyTaHona. Bexon 2.97 2 (76%), 1. mn. 250°C.
UK-cniektp, v, cm’, 1600 (C=C apom), 1670 (C=0). Cnekrp SIMP ‘H
(AMCO-dg), 6, m. a., ITy: 0.20-0.90 (m, 1H, C¢Hyp); 1.09-1.57 (M, 5H,
CeHao); 1.66-1.77 (m, 3H, CgHyp); 1.80 (ym,3H, CH3C=CH,); 2.17 (c, 3H,
CHs); 2.23 (n, J=15, CHy); 2.41 (c, 3H, CHg); 3.14-3.25 (M, 1H, CgH1o); 3.56
(m, J=15, CHy); 4.45 (ym. n, 2H, J=15.5, N-CHy), 4.62 (ym. n, 2H, J=15.5 ,
N-CHy); 4.75 (ym, 1H, =CHy); 4.87 (ym, 1H, =CH,); 6.88 (un, 1H, J=7.8,
CeHy); 7.10 (m, 1H, J=7.8, C¢Hy); 13.68 (c, 1H, SH). Haiineno, %: C 67.79;
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H 6.36; N 13.77; S 7.57. C33H26N4OS. Boruucneno, %: C 67.95; H 6.45; N
13.78; S 7.89.

4-(2-Metunammn)-8,11-qnumerni-4 H-cnupo[6enso[h][1,2,4] Tpu-
a30J1[4,3-a]xuHa30aun-6,1'-mukiaorexkcan]-5(7H)-on (6). Cmecp 3.64 2
(10 mmoneir) coenunenus 4 u 12 ma opTOMypaBLHHOTO 3(Upa KUMATHINA B
teuenue 20 u. [Tocne ynaneHus: pacTBOpUTENSL OCAJOK NEPEKPUCTATUIU3OBBI-
Bau u3 Oyranona. Beixon 2.80 2 (78%), . . 245°C. UK-cmektp, v, cm™:
1605 (C=C apom), 1675 (C=0). Crextp SIMP *H (IMCO-dg), &, m. 1., Iy
1.22-1.73 (m, 8H, CsHg ); 1.84 (c, 3H, CHg); 2.34 (c, 3H, CHj3); 2.58 (c, 3H,
CHj3); 2.82 (yur ¢, 2H, CHy); 4.26 (ym. 1, 2H, J=5.4, N-CH,), 4.61 (yu1, 1H,
=CHy); 4.85 (yu1, 1H, =CHy); 6.97 (un, 1H, J=7.8 , CgH,); 7.10 (u, 1H, J=7.8,
CeH); 8.65 (¢, 1H,=CH).. Haiineno, %: C 73.52; H 7.34; N 15.00.
Cy3Hy6N4O. Beranciieno, %: C 73.77; H 7.00; N 14.96.

3-(2-Merwnammmn)-7,10-mumerni-3H-cnupo[6en3o[h]|xuHa3zonun-
5,1"-mukaorexkcan]-4(6H)-ou (7). Cmecs 3.64 2 (10 mmoneir) coequnenus 4,
1.68 2 (30 mmonerr) KOH u 30 mn abc. 3TaHOMa KUIATHIN B TeueHue 8 u. [o
OKOHYaHUH PEaKIMU JA00aBISUIH CONSHYIO KUCIOTY JI0 CITa0OKUCIION peak-
. Ocanok OT(QUIBTPOBBIBAIM, MPOMBIBAIM BOXOM M cymmid. Ilepe-
KPHUCTAJUTH30BBIBaIM U3 abc. 3tanona. Beixon 5.98 2 (85%), . min. 135°C.
UK-crextp, v, em™: 1600 (C=C apom), 1670 (C=0). Cnektp SIMP 'H
(AMCO-dg), o, m. n., Iy: 1.20-1.74 (m, 8H, CgHy); 1.82 (ym, 3H,
CH3C=CHy); 1.84 (ym, 3H, CH3;C=CHy); 2.38 (c, 3H, CH3); 2.47 (11, 2H,
J=7.3, 4.0, CH,, C¢Hyp); 2.58 (¢, 3H, CHg); 2.87 (c, 2H, CH,); 4.59 (yu1, 2H,
N-CHy); 4.60 (yu, 1H, =CHy>); 4.85 (yu1, 1H, =CH,); 6.92 u 7.03 (1H u 1H,
oba 11, J=7.7, C¢H,). Haiineno, %: C 79.49; H 7.81; N 8.00. C,,H2N,0. Boi-
yucieno, %: C 79.00; H 7.84; N 8.38.

2-UbruUNS$N-3-UbR-PLULPL-7,10-2-bUGRE-PL-3 H-UNDhCN-
[PELQN[h]P LUQNLPL-5,1'-8PULAN LU L]-4(6H)-NLh URLREIL
B4 LU NPNS PNRULUNFULELL

L. M. &LPANL3UL, W B UTEMENU3TL,
U. U. &CraNr3uy b - Jd. MUrnuha3u’n

A Ustpin=5',8 sl 1 H-sgpn gl s 1,2 S s 5] -3 -t B
Koy kuftbipl fmpousgbgn Ty STy pgn( g Shun apPaply & 2-ihp-
Yuussrrn-3-iile Gy foy-7,10-pfrilbofopy-3H-usyfrprn[ pltsgn[ ] puptomsgryfria-5,1 - ghly nd bpuut] -
A(6H)-nts, npfy pfumgybygn Fyudp mwppbp wplpy(pbigpy) Swppfpgbbpp b amugdl b
usgfpn| plitign[h] fupligmis-5,1"gflynd bpuwt]-4(6H)-nbfs Ynp wdwbgguybbp, pul $fo-
prusglulfpgunnfy Sk 3-(2-dbfifypuaypy)-2-8 g fisfy-7,10-hid bty -3H-uppn [ phii-
sl o5, gy s ] -4 (GH) -, mpfy St s apifhgly b5 gl
onuilpnid dbfdfy wnbyguluypsibp wupnholng wappnpbign[h]-fopiwgnfip booppugnh
w&wingwlil[ip:
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SINTHESIS AND SOME TRANSFORMATIONS OF 2-MERCAPTO-3-
METILALLIL-7,10- DIMETHYL-3H-SPIRO[BENZO[h]QUINAZOLINE-5,1'-
CYCLOHEXAN]-4(6H)-ONE

N. P. GRIGORYAN, A. I. MARCOSYAN, A. S. GRIGORYAN and R. G. PARONIKYAN

The Scientific Technological Centre of Organic and Pharmaceutical Chemistry NAS RA
26, Azatutyan Str., Yerevan, 0014, Armenia
E-mail: nver-55@mail.ru

Literature data show that the derivatives of spirobenzo[h]quinazolines posess
antitumor and psychotropic properties; therefore obtaining new functional and heterocyclic
derivatives on their basis is of interest. It was expedient to synthesize similar
spirobenzo[h]quinazoline compound 2-mercapto-3-methylallil-7,10-dimethyl-3H-
spirobenzo[h]quinazoline-5,1'-cyclohexan]-4(6H)-one containing benzyl group at position
3 and cyclohexane moiety and to carry out series of transformations based thereon. On the
basis of ethyl ester of 4'-amino-5',8'-dimethyl-1'H-spiro-[cyclhexane-1,2'-naphthalene]-3'-
carboxylic acid a method for the synthesis of 2-mercapto-3-methylallil-7,10-dimethyl-3H-
spirobenzo[h]quinazoline-5,1'-cyclohexan]-4(6H)-one was developed.

By reaction of the latter a variety of alkyl(benzyl)halides, a new series of
benzo[h]quina- zolines containing a 3-methylallil group at the third position and methyl
substituens in the benzene ring were synthesized. In order to obtain new heterocyclic
systems containing spirobenzo[h]quinazoline fragment, ethyl ester of 4-amino-5',8'-
dimethyl-1'H-spiro[cyclohexane-1,2'-naphthalene]-3'-carboxylic acid interacted with 3-
methylallilisothiocyanate. It should be noted that the 3-methylallilisothiocyanate is
formed using thioureido compounds, alkaline hydrolysis of which results in 2-mercapto-
3-methylallil-7,10-dimethyl-3H-spirobenzo[h]quinazoline-5,1'-cyclohexan]-4(6H)-one,
with 3-methylallilisothiocyanate under hating for 18 hours. Intramolecular cyclization
takes place to give 2-mercapto-3-methylallil-7,10-dimethyl-3H-spirobenzo[h]quinazo-
line-5,1'-cyclohexan]-4(6H)-one. This is apparently due to the intramolecular proton
transfer to a carbonyl group while splitting off ethanol under prolonged heating.
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XUMUA NIOJIMMEPOB

INVESTIGATION OF THE DYNAMIC-MECHANICAL PROPERTIES
OF POLYACRYLAMIDE HYDROGELS SYNTHESIZED
BY FRONTAL POLYMERIZATION

A. H. MINASYAN

National Polytechnic University of Armenia
105, Teryan Str., Yerevan, 0009, Armenia
E-mail: aramminas@outlook.com

The work is devoted to the study of the dynamic-mechanical properties of polyacrylamide
hydrogels synthesized by frontal polymerization method. Frontal polymerization is an autowave
process of self-propagating polymerization heat waves. It is a non-traditional method for the
synthesis of various polymers and polymeric composites.

Polyacrylamide hydrogels are three-dimensional polymers capable of absorbing and releasing
large amounts of water and active substances multiple times without changing their original form.
Due to their specific properties polyacrylamide hydrogels are necessary in agriculture, medicine,
plastic surgery, cosmetology, oil industry, diaper production, etc.

Polyacrylamide hydrogels with different water absorption properties were synthesized by the
method of frontal polymerization, the dynamic-mechanical properties of the obtained hydrogels at
dry and water-absorbed states were studied for a broad range of frequency applied on the samples.
The obtained samples of hydrogels were also examined with a microscope. The kinetic curves of the
water absorption and release capacity, the dynamic-mechanical curves of the synthesized
polyacrylamide hydrogels and the microscopic image of the polymer network of the hydrogels are
presented in the work.

It is shown that the density and size of the polymer network of polyacrylamide hydrogels define
the dynamic mechanical properties of the hydrogels. This, in turn, is dictated by the water absorption
and release properties of polyacrylamide hydrogels.

Figs. 4, references 8.

Introduction

Comparing to the traditional methods of polymer synthesis (including
hydrogels) frontal polymerization (FP) [1] has a number of advantages: FP is
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energetically effective, environmentally friendly, demands minimal amount
of resources, and yields better results [2-7]. As shown in Ref [8], FP is
currently the best method for the synthesis of polyacrylamide hydrogels,
since, in comparison to the traditional methods used nowadays,
polyacrylamide hydrogels synthesized by FP have better absorption of water
and active substances and physical-mechanical properties. FP allows
obtaining pure polyacrylamide hydrogels completely free of initial toxic
monomer — acrylamide. Furthermore, FP makes it possible to synthesize
polyacrylamide hydrogels with controllable properties [8].

As it has been noted, polyacrylamide hydrogels synthesized by FP
method have better absorption of water — from 0.1 to 5000 gram of water per
1 gram of dry hydrogel.

This paper is devoted to the investigation of dynamic-mechanical
properties of polyacrylamide hydrogels obtained by FP method and their
relation to the absorption and release of water.

Materials and methods

The reagents used for the synthesis of polyacrylamide hydrogels:
acrylamide (the main monomer, >99.5%), sodium acrylate (as a comonomer
99.8%) and potassium persulfate (as an initiator, 99.5%) The reagents were
obtained from Sigma-Aldrich. The synthesis of the hydrogels was carried out
by FP method [1].

From the resulting hydrogels two samples with the same properties were
chosen. One of them was completely dried, and the other one was preserved
with 50 wt% of absorbed water. For the dynamic-mechanical analysis the
samples were modified and 10 mm (width) x 20 mm (length) x 2 mm
(thickness) sized samples were prepared.

The dynamic-mechanical analysis of the samples was carried out on
Pyris Diamond DMA dynamic-mechanical analyzer. The experiments were
made at 20-180°C temperature and 0.1-10 Hz frequency ranges.

In order to investigate the kinetics of the water absorption and release of
the hydrogels, a dry sample of the obtained hydrogel was weighted in
advance, immersed in distilled water, and then was periodically weighted.

The obtained hydrogels were also examined with a microscope.
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Results and discussion

The kinetics of absorption and release of water of the synthesized
hydrogels is illustrated in Figure 1. As it can be seen from the kinetic curves,
FP method allows obtaining polyacrylamide hydrogels with an absorption of
up to SR=5000 g/g water, whereas traditional methods of polymer synthesis
do not achieve such absorption degrees.

In traditional conditions polyacrylamide hydrogels are prepared in two
steps. In the first stage the monomer (acrylamide) is polymerized to linear
polyacrylamide and afterwards the linear polyacrylamide is cross-linked to
form a three-dimensional polymeric network-hydrogel. At the same time,
however, FP allows performing the specified two stages in a single stage,
which describes the specifics of this method.

SR [g/g]
5000 s

L g
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1000

900

800

700

600
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400

-
-

0 1 2 3 4 5 6 7 t [day]

Fig.1. Kinetic curves of water absorption and release capacity of three different samples of
polyacrylamide hydrogel synthesized by FP (curve 1-650 g/g, curve 2-1100 g/g, and curve 3-
5000 g/g).

The curves obtained by dynamic-mechanical analysis of dry and 50 wt%
water containing samples of polyacrylamide hydrogels are shown in figures
2 and 3. The curves demonstrate the changes in storage (or elasticity E’) and
loss (or viscosity) moduli of the samples depending on the temperature and
frequency of the stress applied on the samples. For each sample the Figures
give five curves (for stress frequency of 0.5; 1; 2; 5 and 10 Hz):

The curves of dynamic-mechanical analyses and the image of the
polymer network of the 50 wt% water-absorbed sample of polyacrylamide
hydrogel (Figure 4) indicate that the dynamic-mechanical properties of
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Fig. 2. Curves of dynamic-mechanical analysis of the dry sample of polyacrylamide hydrogel
for stress frequency of 0.5, 1, 2, 5 and 10 Hz (E’-storage modulus, E”- loss modulus, tanD-
tangent of loss angle).
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Fig. 3. Curves of dynamic-mechanical analysis of the 50 wt% water-absorbed sample of
polyacrylamide hydrogel for stress frequency of 0.5, 1, 2, 5 and 10 Hz (E’-storage modulus,
E”- loss modulus, tanD-tangent of loss angle).



polyacrylamide hydrogels are dependent on the density of the polymer
network of the gels.

20 pm

Fig. 4. Polymer network of the 50 wt% water-absorbed sample of polyacrylamide hydrogel
under microscope.

The introduction of water into the polymer network of polyacrylamide
hydrogels leads to essential changes in the viscoelastic properties of
hydrogels: E’-storage modulus of the hydrogel drastically drops, while E*’-
loss modulus insignificantly increases.

Conclusion

In the work polyacrylamide hydrogels with different absorption
properties are synthesized by FP method, the kinetics of water absorption
and release, as well as the dynamic-mechanical properties of the synthesized
hydrogels are investigated.

It is shown that the dynamic-mechanical properties (E’ — storage
modulus, E*> — loss modulus) of polyacrylamide hydrogels obtained by FP
method dramatically change with the water absorption of the hydrogels,
which is due to the changes in the density and sizes of the polymer network
of the hydrogels.
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UCCJIENOBAHUE TUHAMUKO-MEXAHUYECKHX CBOMCTB
MOJMAKPUJIIAMUIHBIX THJIPOTEJEN, CAHTE3UPOBAHHBIX
METO/IOM ®POHTAJIbHOM IMMOJIUMEPU3ALIANA

A. A. MUHACSIH

Pa60Ta TMOCBAIICHA H3YYCHUIO JUHAMHKO-MEXaHUYCCKUX CBOWCTB MoJimaKpuia-
MUJHBIX TUIpOTeNed, CHHTE3UPOBAHHBIX METOJOM (PPOHTAIBLHON MOIMMEpU3aIINY.
OpoHTaNbHAS TIOTUMEPU3AIHS — aBTOBOJIHOBOW MPOIECC PACHPOCTPAHEHUST TEIIOBOM
BOJIHBI IMMOJIMMEPU3AINN U ABJIACTCA HETPAAUIMOHHBIM METOJIOM CHUHTE3a MOJIMMEPOB U
TIOJIMMEPHBIX KOMITO3UTOB.

[TonmaxkpunaMuaHbIe THAPOTETH IMPEACTABISIOT CO00I TpexXMepHBIE MOIHMEpHI,
CIOCOOHBIE MHOTOKDPATHO IMOMJIOIIATh U BBICBOOOXKIATh OOJIBIIOE KOJMYECTBO BOJIBI U
AKTUBHBIX BEIIECTB 0€3 W3MEHECHHUS MEePBOHAYATIBHOM (opMbl. Biaromapst 3Tum CBOMCT-
BaM MOJIMAKPUIAMHUJIHBIC TUAPOTCIN BOCTpe6OBaHBI B CEJIbCKOM XO3$II\/'ICTBC, MCIOUIUHC,
KOCMETOJIOTHH, IUIACTUYECKOW XHUPYpruu, HedTeqo0bIBalonel NPOMBIIUICHHOCTH,
MIPOU3BOACTBE MOATY3HUKOB U JIP.

MeronoM QpPOHTATBEHON MOJUMEPHU3AIMH CHHTE3UPOBAHBI TOJIHAKPHUIAMHUTHBIE
THAPOTEIN C pPa3HOW TIOTJIOMIAEMOCTBIO, WCCIEA0BaHbl JTUHAMUKO-MEXaHUIECKHE
CBOIiCTBa TITOJTYYCHHBIX rmlporenef/'l B CYXOM M BOAOIIOTJIOMIECHHOM COCTOAHHUAX B IIHUPO-
KOM JIMara3oHe 4acTOT BO30OykaeHus: oOpasna. B pabore mpeacTaBieHbl KUHETHIECKIE
KPUBBIC MOTJIOIICHUA W BBIACJICHUA BOJAbI, TMHAMHUKO-MCXaHNYCCKUE KPUBBIC CUHTE3U-
POBAHHBIX MOJIMAKPUITIAMUIHBIX rmlporeneﬁ 1 MUKPOCKOIMMYECKOC I/I306pa)KeHI/Ie I10JIU-
MEpHOU CeTH TuJiporese.

ITokazano, 4TO TUIOTHOCTh W pa3Mep MOJMMEPHOW CETH MOJUAKPUIAMHIHBIX TH/I-
poreneil ompeAeNAOT JUHAMHYECKHE MEXaHWYeCKHe CBOMCTBa THaporeied. ITo, B
CBOIO OY€pellb, MPOJAUKTOBAHO BOJOIMOTIIOMAIONIIMHI U BRICBOOOKJAIOIIMME CBOMCTBA-
MU IMOJIUAKPUIIAMUIHBIX rmlporeneﬁ.
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XUMHUYECKASA TEXHOJOI'UA

YJIK 665.335. 82: 543. 544.43
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2 EpeBanckuil rocyjapcTBeHHbIH yHUBEPCUTET
WuctutyT dhapmanun
Apwmenus, Epesan, 0025, yin. A.ManyksH, 1

Moctynuo 10 |1 2020

PaspaboTaHbl addekTBHbIE U 6e30TXOAHbIE TEXHOMOMMM KOMMMEKCHOW nepepaboTtku obne-
nuxu kpylmHosuaHow (Hippophae), pactoponwu natHucton [(Silybum marianum (I.) Gaertn)] n
MuHAans obbikHoBeHHoro (Prunus dulcis). Noka3aHo, YTO C NpUMEHEHEM MOANMULIMPOBAHHOIO U
HEeOOopPOroCToALEro MeToa MHOroSAePHON penepKonsiLmMn MOXHO OHOW TEXHONOMMYECKON CXEMOWN
nony4ntb 06nennxoBbIv COK, Macna obnenuxu ¢ cogepxaHnem kapotnHonaos ot 23 Ao 180 m2% u
dypaxa c cogepxaHMemMm MUKPO- 1 Makpo3reMeHToB 1 BuTamuHoB E, F, K, P.

MogoBHOM TEXHONMOTMYECKOM CXEMOW, METOAOM XOSIOOHOIO NPEeCCOBaHNsi U3 CeMSIH pacTopon-
LM NATHUCTOW MOJTyYEHO BbICOKOKa4YE€CTBEHHOE MAcro, a U3 LpoTa CeMeYeK C NMOMOLLbH0 YeTbIpex-
ANEPHON PENEPKONSILMOHHON YCTaHOBKN B Ka4eCTBE BTOPUYHOIO MPOAYKTa BbIAENEH LUMPOKO Mpu-
MeHsieMbI B ouToTepanumn 6onesHen nevyeHn KpucTanimyeckuii CUImmmapuH.

EQWHOM TEXHOMOrMYECKON CXeMOW, METOLOM XOJSIOAHOMO OTXXUMa MOMyYeHbl LLIMPOKO NpumMe-
HsieMoe B KOCMETOSIOMNM Macno 06bIKHOBEHHOrO MUHZAnNS, a U3 WpoTa siaep - ButamuH B-17, koTo-
pbIfl NOA TOProBbIM Ha3BaHWeM «JlaaTpuny» nponaraHaupyeTcs NpPeacTaBUTENSMU HETPaAVLMOHHOM
MeauUMHbl Kak NpOTMBOPakoBOe CpPeAcTBO W B kadyecTBe 6OoneyTtonsiowlero cpepctsa oOT
XenygovHow 6onu.

AHanM3 Y MOHWUTOPUHI XMMWYECKOro COCTaBa MEAULUMHCKUX Macern obnenuxu, pacTopomnLiu
NSATHUCTON Y MUHAANSA OGbIKHOBEHHOIO MCCIeAoBaHbl METOAOM TUTPUMETPUM U HEKOHTAKTHOM U He-
paspyLuatoLLe paMaHOBCKOWM CMEKTPOCKOMUMHON TEXHOMNOTUN.
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Ons ycTaHOBNEHUS XMMUYECKOTO COCTaBa, CTPYKTYPbl U ONTUYECKOW YUCTOTbI BUTaMuHa B-17
W KPUCTANMMYECKOTO CUMMMAPUHA BbIN NCMONb30BaHb! MeTofsl AMP *H cniekTpockonum 1 nonsipu-
MeTpuH.

Puc. 3, Tabn. 1, 61bn. ccbinok 24.

OCHOBHBIM HAaNpaBICHUEM PAa3BUTHUSl TEXHOJOTMI KOMIUIEKCHOM mepe-
paboOTKH TJI0J0BO-SITOJAHOIO PACTUTEIBHOTO CHIPBS C MOBBIIICHHBIM COAEP-
KaHUEM IHLIEBBIX NPOAYKTOB U JAECUCTBYIOUIMX BELIECTB, [O3BOJISIOIINE
YBEJIMYNUTh UX BBIXOJBI U Ka4eCTBO, CHU3UTH CEOECTOMMOCTh U peHTalbeb-
HOCTb MPOU3BOJICTBA, SIBJISETCS] COBEPILICHCTBOBAHHUE YK€ U3BECTHBIX TEXHO-
soruil. Takol moaxoj MpexycMaTpUBacT NPUMEHEHHE HOBEHIINX METOIIOB
(U3UKO-XMMUYECKON TEXHOJIOTHH JJIsl pa3felieHns] M OUYUCTKH BBIIEIISIEMBIX
BENIECTB U UCTOJIb30BaHue 1mpoTa [1].

BaxxnedmuMu TEHACHUMSAMHU B MPOM3BOJACTBE SKOJOIMYECKH YHCTHIX
MUIIEBBIX MPOAYKTOB U KOPMOBBIX J1I00aBOK C BBICOKMM COJIEp)KaHHEM Oelr-
KOB, MaKpO- U MHKpPO3JIEMEHTOB Ha 0a3e mnepepabOTKH MPUPOJHOIO PacTH-
TEJBHOTO CHIPBS SBJISIOTCS €r0 palMoHaIbHOE U 3()(PEeKTHBHOE HCIIOIB30BA-
HUe. B muiieBoil MpOMBIIIIEHHOCTH B PEIICHUH 3TOH MpOOJIeMbl NPUHATO
CUNTaTh, NPEXKIE BCEro, KOMIUIEKCHYIO IMepepadoTKy ILI0A0BO-SrOAHOTO
CBIPbSI M3-32 €r0 OMOJIOTHYECKOH aKTUBHOCTHU U BO3JICHCTBUSI OMOKOMILIIEKCA
Bertects [2,3].

C »TOl TOYKM 3peHHs O0C000 OTIMYAIOTCA OOJIeNHMXa, TPABSIHUCTOE
pacTeHue pacTopoIllla MATHUCTAs, JIEH, MUHAAIb, KOTOPbIE SBISIOTCS LIEH-
HBIMU UCTOYHUKAMHU IIEJIOT0 Psiia OMOIOTHYECKH aKTUBHBIX COSAMHEHHN [4-
6]. B ux mnonax cogepxarcs BOAHO- U )KUPOPACTBOPUMBIE BUTAMUHBI, JIH-
NUbI, TONU(EHONBI, YrIIeBOIbl, AMUHOKHCIOTHI, MUHEpaJIbHbIE BELIECTBA
[4-6]. Biaromaps HajguumiO MKUPOKoro crekrpa BAB 3T pacTeHus B HaCTOSI-
11ee BpeMs MPEICTaBISAIOT OIPOMHBINA HHTEPEC B IJIAHE UX UCIOJIb30BAHUS B
¢dapmaryy, OMOTEXHOJIOTHH M B TIPOU3BOICTBE KOPMOB ISl MEJIKO- U KPYII-
HOPOTaToro CKOTa, ppIOHOTO XO35CTBA U MTHIIEBOJICTBA B KAYECTBE IKOJIOTHU-
4eCcKM 4YHUCThIX N00aBoK. [Ipu sToM s mepepabOTKH HCIONB3YIOTCS Kak
KyJIbTYpHBIE, TAK U JUKOPACTYIIHE COPTa, (PUTOXMMUYECKUH COCTAaB KOTO-
PBIX UCCIIeZIOBaHbl HENOCTaTO4HO [7,8]. C TOUKM 3peHusi KOMIUIEKCHOHU Ie-
pepaboTKH pacTUTENBHOTO CHIPbSA, B YAaCTHOCTH, OOJIEMMXH, PACTOPOIIIIN
MATHUCTOM U T.J., 00JBIION MHTEPEC BHI3BIBAET TEXHOJIOIMUECKas cXema Ie-
pepabotku obnenuxu buiickoro 3aBoaa (r. buiick, P®), koHeYHbIM MPOIYyK-
TOM KOTOpOW siBNIsieTcst obnenmxoe macio [9]. TexHomormueckuid mporecc
nepepaboTKy 00JENMXU OCYUIECTBISETCS B MATh CTaAMii: ApoOJIeHHe U OT-
UM IJI0JI0B 00JIeNUXH, MOJTYYEHHE CeNapupOBAHHOTO COKa, Me3ru U Qy3a,
HKCTPAKIIUH CYXOT0 KOMa MOICOJHEUHBIM MaciIoM 1oA nasienuem 0.7 amm
MIPOTUBOTOKOM. B 3aK/IIOUNTENbHOM cTaquu MyTeM cMelleHus (Kynax) aud-
(y3MOHHBIX Macell MOJy4yaroT O0JIEUXOBOE MACIO.

Takast TeXHOIOTHYECKask CXeMa, HapsIy ¢ OY€BUIHBIMU MTPEUMYIIIECTBA-
MU, UIMEET U CYIIECTBEHHbIE HEJOCTATKH.
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1. Tak, mporiecc BBICYIIMBAHUS OOJIEIMXH JJISi pa3pyLICHHs] MOIIHOU
(epMEeHTalMOHHON CUCTEMBl PACTEHUH CcelyeT BECTH TaK, YTOObI OCHOB-
Hble neicTBytomme BAB cripbs (cMech kapotuHOU0B, BuTaMuHOB E, C, K,
P, MUKpO371€MEHTOB, aMHUHOKHUCIIOT, HEHACBILIIEHHBIX )KUPHBIX KUCIIOT) B Ha-
TUBHOM BUJI€ COXPAHSUIUCh U B KOHEYHOM IIPOAYKTE.

2. lpenpsiBnsiemble TpeOOBaHUA K TEXHOJIOTMYECKHM O0OpPYIOBAHUSAM
CJIMIIKOM TOBBILIAIOT CEO0ECTOMMOCTh KOHEYHOI'O NMPOAYKTa, IOCKOJIBKY OC-
HOBHBIE IPOLECCHI MHOTOCTAUIHBI ¥ MPOTEKAOT MPU MOBBIIIEHHBIX J1aBJe-
HUSX.

3. Ha HEKOTOpPBIX TEXHOJOIMUECKUX ITANaxX B KAUeCTBE IKCTPAreHTa uc-
MOJIB3YETCS] XJIOPUCTBIN METHUJICH, KOTOPBIM HEKeJIaTelbHO YNOTpeOsaTh B
MIPOM3BOJICTBE MUILEBBIX MPOAYKTOB, KOPMOB IS CKOTA M JOOABOK K HUM.

B nocnennue necsarunerus NpoBOISATCS HHTEHCUBHBIE HCCIIEIOBAHUS 110
NOUCKY 3¢ (EKTUBHBIX TeNaTONPOTEKTOPHBIX IPErnapaToB Ha OCHOBE PacTH-
TEJIBHOIO CBIPBS, B MIEPBYIO 04Yepeab, O0YCIOBIEHHOMY OTCYTCTBHEM y HUX
NOOOYHBIX MATOr€HHBIX BO3JEHCTBUM, KOTOpBIE MOBBIMAIOT 3aIIUIIEHOCTh
MIEYEHH OT NATOI€HHOTI'0 BO3/1eHCTBUS KCEHOOMOTHKOB.

C 5TOl TOYKM 3peHHs MIMPOKO M3BECTHHI (pUTOINpenapaTsl HA OCHOBE
(1aBaHOJIMTHAHOB, BBIJCICHHBIX U3 JIEKAPCTEHHOTO PAcTEHUsI PAaCTOPOIIIN
ISATHUCTON, KOTOPBIE YIYYIIAIOT JeTOKCUIMPYIOLIee CBONCTBO II€YEHU BBU-
Ny TIOBBIIIEHUS YCTOMYMBOCTH MEMOpaH IeNnaToOLMTOB U aHTUOKCHIAHTHO
akTUBHBIX (hepmenToB [10-12].

CrnenoBarenbHO, MCXOJs M3 BBIIICYKa3aHHOTO AKTyaJlbHOW OCTaeTcs
TaKke pa3paboTka OE30TXOAHOW TEXHOJOTMHM KOMIUIEKCHOH mNepepadoTKu
JIEKApPCTBEHHOT'O PACTUTEIBHOTO CHIPbS PACTOPOIIIM MATHUCTOM C IIEIbIO
MOJIyYEeHHUsI Maclla XOJIOAHOTO OTXKHMMA, a U3 )KOMa MPOU3BO/ICTBA — CHIIMMA-
puHa (cMech (IaBaHOJIMTHAHOB CHIIMANAHNHA, CUIIOMHA U CUJIMKPUCTHHA) B
HaTUBHOM BHJIE.

Oco00 BakeH BTOPUYHBIA MPOJIYKT NEPepabOTKU CKOPIYIbl KOCTOUEK
MUHAAJIS TpU MOJTYYEHUH JIEYEOHOTro Macia XOJOJHOrO OT)KUMa — BUTAMUH
B-17 (amurmanun) B HaTHBHOM BHAe. Macino MUHIAIA 00JiajaeT MPOTHUBO-
BOCTIQJIMTENIbHBIM, OOJICYTOJSIONIUM, YCIOKAMBAIOUIMM M CMSATYarOIUM
CBOMCTBAMH, a TAKXKe SIBJIIETCSI XOPOLIMM CPEICTBOM OT METEOpHU3Ma C Msr-
KUM CITa0UTENbHBIM JICHCTBHEM, YKPEIUIsIeT MaMsITh M HEPBHYIO CHCTEMY,
oMoraeT npu OeccoHHuIle. MHUHAATbHOE Maciio OBICTPO M MPAKTHUECKU
MOJHOCTBIO MPOHUKAET BIUIYOb IEPMBI, YTO 00YCIJIaBIMBAET YCKOPEHHYIO pe-
TEHEPALUIO KJIETOK KOXKH, HOPMAJIHM3aIMI0 BOAHOTO M JIMIHIHOTO OanaHca,
TOHM3UPOBAaHUE KOXHM U YCTpaHEHHE BocHmanuTenabHbIX ovaros [13]. Ilox
TOProBbIM Ha3BaHHEM «JladTpuil» aMUTJalIMH MpoNaraHAupyeTcs MpeacTa-
BUTEIISIMU HETPAJUIMOHHON MEIMIMHBI KaK BUTAMHHOIIOJOOHBIN IpenapaT
(t. 1. BuUTamMuH B17) 1 mpoTrBOpaKoBoe cpecTBo.

Uro xkacaercss mepepabOTKH PaCTUTEIBHOIO ChIPbsi, HEOOXOAMMO
OTMETUTh, YTO CYLIECTBYIOINE TEXHOJIOIMUECKHUE CXEMBI HE ITO3BOJISIFOT I10-
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Jy4aTh OJHOBPEMEHHO BECh BO3MOKHBIM aCCOPTUMEHT MPOJIYKTOB (KOHCEp-
BUPOBAHHbIE BHJIbI NMPOIYKTOB, Macia, OM0J00aBKM, BUTAMHUHBI U Jp.) C
o0ecre4eHneM BBICOKOM COXPAaHHOCTH HPUPOAHBIX OHOJOTMYECKH AKTHB-
HbIX BelecTB. PalMOHanbHOE HMCIOJIB30BAHUE PACTUTENBHOIO ChIPbS BO3-
MOKHO C Pa3pabOTKON HOBBIX O€30TXOJHBIX TEXHOJIOTUYECKUX MPUEMOB TIe-
pepaboTku. B CBS3M ¢ 3THM LENbI0 HACTOSINEr0 MCCIEIOBAHUS SBISUIOCH
CO3/1aHHEe MAaJOOTXOJHBIX TEXHOJIOIMYECKUX CXEM KOMIUIEKCOW mepepadoT-
KM PacTUTEIBHOTO CHIPhS, a TAKXKE HOBBIX IMPHUEMOB, MO3BOJISIFOIINX MaKCH-
MaJbHO COXPAaHUTh B MPOAYKTaX LEIUTEIbHbIE CBOWCTBA.

MarepuaJjbl 1 MeTOIbI

CoOop u npenBaputeabHasi 00padoTka odjenuxu. [locne co3peBanus
AroJibl OOJIENIUXU NPUOOPETAIOT OpaH)XXeBYIO OKpacky. Ilpum 3Tom oHM Tak
IUIOTHO HAaca)K€Hbl HA BETKH, YTO HAMOMHUHAIOT MOYATKH KyKypy3bl. [lms
MIPUTOTOBJICHUSI COKA ATOJBI OOJICTTUXU JKEJIaTeIbHO COOMpaTh B CaMOM Ha-
yane co3peBanus (B ['erapkyHuHckom map3e PA) npuxoaurcss B KOHIE OK-
TsA0ps1, 4TOOBI HE MOBPEAUTH HEXHYIO KOXKHILY. B 3TO Bpems Habionaercs B
aroje HanOompInas KoHUeHTpauus sutamuaa C. s npuroroBieHus o0Je-
IIMXOBOI'0 Maclia Jiyd4ile Bpems — KoHel Hos0ps. K sTtomy Bpemenu srona
XOPOILIO HAJIMBAETCSl COKOM, HAaMOOJIBIIUM KOJIUYECTBOM KapOTUHOUOB, U C
JiepeBa MOIyduTCs ropa3ao Oosnblie npoaykra. HexenatensHo cO6op ypokas
OCYLIECTBIIATh OOpE3aHneM WIM OOJIaMBIBAHMEM BETOK, YTO MOXET Mpu-
BECTH K PE3KOMY COKPAIIIEHUIO YPOKas B CJIEAYIOIINE TOJIBI.

B mpompbinuieHHBIX MacmTadax cOop ypokas OOJEeNUXH MEePeHOCIT Ha
3UMy. 3aMOpO’KEHHBIE SITOJbl JIETKO OOphIBatoTCS M He jomnatotcs. [lox me-
PEBBSMHU PACCTUIIAIOT TOJIUATUIICH U HAYMHAIOT OOCTYKHMBATh MAJIKOW CTBOJI
U KpyMHbIE BETBU. 3aMep3IIHUE AT0/bl OCBINAIOTCSA Ha 3€MJII0, OCTaBasiCh MPU
3TOM LIEJTBIMH.

XpaHenue siroabl o0enuxu. bobiiie BCEro moyib3bl MPUHOCST STOJBI,
KOTOpBIE HE MOJABEPrajuch TepMUUecKoM 00paboTke. Cpe3aHHbIe BeTBH
00/1enM X1 MOKHO COXPAHUTH 10 BeCHBbI. [JI1 TOTO HY)KHO Pa3BECUTH UX B
MIPOXJIaTHOM MOMEIIEHUH, TEMIIepaTypa Bo3ayXa KOTOPOTO HE IMOIHUMAETCS
seime 0 °C rpamgycoB. Baxno, 4TOOB TaM ObLIO CyXO, H3OBITOYHAS BIIAXK-
HOCTB Cpa3y CIIPOBOILMPYET MPOIIECCHl THUCHUS. Y YUTHIBASI 3TH HEIOCTATKH
crocoba TPaAMIMOHHOTO XPAaHEHUs yporKasi, )KeJaTeabHO MPOBOJIUTH yMe-
PEHHYIO TEPMUYECKYIO 00paboTKy (t < 60°C) B CyIIMIBHBIX KOMHATaX C WH-
TEHCUBHOU BeHTWIIsAMEH. Takas 06padoTKa MO3BOJIUT HE pa3pylIuTh MOII-
HYIO (pepMEHTAIIMOHHYIO CHUCTEMY pAcTeHHs (STOIbl), COXPAHUB OCHOBHBIC
neiicteyromue BAB cbipbst (CMech KapOTHMHOMIOB, BUTAMUHOB, MUKpO3Jie-
MEHTOB, aMUHOKHCIIOT, HEHACBIIIIEHHBIX KUPHBIX KUCJIOT ¥ T.J.) B HATUBHOM
BUJIE M BBIJCIUTH BBICOKOKAYECTBEHHOE MAcyI0 OOJIEUXHU C 3a/laHHBIM CO-
JiepKaHEeM KapOTHHOU/IOB.
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YcTaHOBIEHO, YTO TOCTE TaKOW MpeaBapUTEIbHON MepepadOTKU C MpH-
MEHEHHEeM MOAN(PHUIIMPOBAHHOTO U HEIOPOTOTr0 MEeToAa 6-s11epHOM pernepKo-
JISIAN OJTHOM TEXHOJIOTMYECKOW CXEMOH MOXKHO IOJIYYUTh OOJICTTUXOBBIIM
COK, Macjo oOJenuxu ¢ coaepkanueM KapoTuHousoB oT 23 1o 300 me% u
dypaxa ¢ conepkaHeM MUKPO-, Makpo3JjieMeHToB u ButamuHoB E, F, K, P.
(cxema 1).

Cxema 1

MOI[I/ICDI/IIIP[pOBaHHaﬂ TEXHOJIOTHUYECKasl CXeMa KOMIUICKCHOM NepepaBOTKH SIF0 L
OBJICTINXH

SAroAbl OBJICIHXH

[Hpecconal—me " cenapHpOBaHHeJ

COK OBJICTTHXH
MPECCOBAHHE BLICYIIECHHOTIO
WAcJ0 OBJICHHXH, Bbixoa 10%,
cozepxanue KapotHHonnos 300 mMr%

9KCTpareHT

LIPOT SIrObI

mpora npu 60 0c

HacTauBaHHE WPOTalB NOACONHEUHOM
acnie H npeccoBanne npu 60 0C

Maclio OBJICTIHXH, BbIXoa 50%,
cozepKaHHe KapOTHHOH.IOB 23 MI

9KCTpareHt 9KCTpareHt SKCTparcHr

9KCTpareHT SKCTpareHT SKCTpareHtT
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wpor 3

1Hpor - TpoT2+1poT3)-pypax ¢ conepKaHHE] MacJIo OBJICTIHXH C CO/IePKaHHEM KapOTHHOHIOB
QOJIHBHTAMHHOB H MHKPO3JIEMEHTOB >180Mr%

CoOop u mpenBaputebHasi 00padoTka ceMsiH PacTOPONIIM WSAT-
HHUCTOM. IL]'IS[ HCIIONB30BAaHUs B JIEUCOHBIX LEIIX 3aroTaBjJIMBAarOT IPAKTHU-
YEeCKU BCE YaCTH PACTEHUS: CEMEHA, JUCTbS U KOpHU. CeMeHa pacTeHHs B
PecniyOnmke Apriax coOuparoT mpUMEpHO B cepenuHe uroHs. OrpenenuTh
MOJTHYIO 3PEJIOCTh CHIPhSI MOKHO IO TIOSIBJICHHUIO Ha BEPXYIIKaX KOP3MHOK
KENTOBATO-0€I0ro myxa 70 TOro, Kak CEMEHHbIE KOPOOOUYKH PACKPOIOTCS, C
MOMOIIBI0 HOXKHUI] MJIM CeKaTopa. B MpOMBIIIIEHHBIX eisx cOOpKy BEIyT
xJ1e00y00poYHbIMU KOMOaliHaMu. KopHH 3aroTaBiMBarOT OCEHBIO, KOTIa BCE
CeMEHa IMOJIHOCTBIO CO3PEIOT U MOKUHYT MaTEPUHCKOE PACTCHHUE.
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Xpanenue cbipbs. CoOpaHHbIE YacTH pacTeHUN HEOOXOAMMO I'pPaMOT-
HO BBICYILIUTh, YTOOBI OHU HE YTPAaTWJIM CBOUX IOJIE3HBIX CBOMCTB. CemeH-
HbIE KOPOOOUYKH CIIEAYeT CYIIUTh HA YacTOM CETKe MM PeuI€TKe, Mo KOTOo-
poii pacronaratoT MPOTUBHHU, JIUCTHl OyMaru, KapTOHa WIH APYTroro mojao0-
Horo Marepuana. Kop3mHOUKM YKIaJbIBAIOT B OAWH CJIOH B TMOMEIIECHUU,
MMEIOILEM XOPOIIMKA BO3yX000MEH, HO M30erasi Mpu 3TOM CIHUIIKOM CHIIb-
HBIX BO3AYIIHBIX TIOTOKOB, YTOOBI CEMEHA HE pa3jieTaIMCh Ha CBOMX «Iapa-
LIIOTHKaX». ['0TOBOE CHIPEE MOKHO XpPaHUTh KaK B T€PMETHUYHO 3aKpBITON
Tape U3 CTeKJa, TaK M B BO3JYXOIPOHHUIAEMBIX KapTOHHBIX KOPOOKax Win
MOJIOTHSIHBIX MEIIKaX.

C ucnonp3oBaHueM 4-s1€pHOHN peNepKOIAUMOHHON YCTAHOBKA METOA0M
XOJIOJHOTO MPECCOBAHUS U3 CEMSIH PAacTOPOIIIMN MATHUCTON BBIJIEIECHO BBI-
COKOKaYeCTBEHHOE Maclio, a M3 IIPOTa CEeMEYeK B KayecTBE BTOPUYHOTO
MPOAYKTa — IIUPOKO MPUMEHSIEMBbIH B (UTOTEpanuu 3a00JeBaHUI MEYSHH
KPUCTAJUTMYECKUI CHIIMMapyH (cxema 2).

Cxema 2

Mo auduuuponaHHasl TEXHOJOMHUECKas cXxeMa KOMIIIEKCHOH NepepabOTKH PACTOPOIIIIH
ISITHUCTOR

CEMEUKH PacTOPOIIIH

[ npeccosanue npu 70 °C ]

w‘

HIPpOT CEMEUKH

MacJj0 pacTOPOMIIH
BbIXOI ~ 45 %

nacransanne mpota 1 B CH,Cl, nomyuenne i

BblllapKa OpraHH4eCcKoi ppakuuu

MacJio pacToponurH
~45 %

SKCTpareHT 9KCTpareHT 9KCTpareHT

Boinapka pactsopa CH,Cl, u ocaxxaeHue
TEXHHUYECCKOro CHJIIMMapHHa 3TaHOJIOM

-2 11-3 -4

mpor 2
mpor 2

H3C

| | Kp“CTaJ'lJ'lI/I(IeCKHﬁ CHIIHMapHH
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Coop n npenBapurebHas o6padoTka sroabl MuHaaas. Coop ypo-
’asi — C KOHIA aBrycra no ceHts0pb. O nmocneBaHUM yKa3bIBaeT OTKPHITHE
OKOJIOIIJIOJHUKA IUIOAOB. Sipa MUHIANS ClIeAyeT CYIIUTh HAa YacTOW CeTKe
WM peIéTKe, Mol KOTOPOH pacroiaratoT JUCThl OyMaru win kaproHna. Anpa
YKJIaJIbIBAIOT B OJMH CJIOW B MOMEILEHUH, UMEIOIIEM XOPOIIN BO3yX000-
MeH. BiIa)kHOCTh FOTOBBIX si7iep MUHAAJS HE H0JKHA npeBbimats 10%. Xpa-
HSAT BBICYIICHHYIO IPOAYKIIMIO B IPOXJIQAHOM KJIaI0BKE TaK, YTOObI HA MUH-
JlaJib HE TOMAJaId COJIHEYHbIE JIydd. Tapoil MOXKET CIyKUTh CTEKJISIHHAS
0aHKa, KOTOpas IUIOTHO 3aKpbIBaeTcs. HegonycTuMo cMemmBaTh HECKOJIBKO
Pa3HOBHUIHOCTEN MUHAJSA. XPAHUTh OUUIICHHBIE SApa B OOBIYHOM MaKeTe U
Mpy KOMHATHON TemmepaTrype Heib3s. Opexu CTaHyT FOPbKUMH M yTpaTsT
TIOJIE3HBIE CBOWCTBA.

EnuHoii TeXHOIOrM4ecKoil cXeMoi, METOOM XOJIOJHOTO OT>KMMa TOJIy-
YEeHBI IHUPOKO MPUMEHSIEMOE B KOCMETOJIOTMH MAacCJIO MUHJIAIST OOBIKHOBEH-
HOro, a M3 LIpoTa saep — BUTaMuH B-17, KOTOpbIN 1moa TOProBbIM Ha3Ba-
Huem «JlasTpui» mpomaraHAMpYeTCS MPENCTAaBUTENSAMUA HETPaTUIIMOHHON
MEJUIMHBI KaK TMPOTHBOPAKOBOE CPEACTBO M B KauecTBE OOJICYTOJISIOIIETO
mpernapara npH 0oJIsixX B Jkenyake (cxema 3).

CxeMma 3

Mozmcpnunponaannaﬂ TEXHOJIOTHUECKasl cXxeMa KOMIIJIEKCHON nepepasbOTKH MHUHAAJIST

A
[ npeccoBaaHue npu 70 oc ]

MacJio MUHAAJISL,
BbIx0.1 ~ 90 %

HacTtauBaHue mpora B 90 % sTaHolIe, B MAaCCOBbIX
cooTHoleHusiX 1:10 1 KusiueHHne pacTBopa B TEUEHHE 2 UacoB

BbLACJICHHE HHAKTHBHPOBAHHOTO
SMyJICHHA

BblIIapKa pacTBopa STaHOJIa 10 MMOJIYUYEeHHsI MaC/IsIHUCTOH
MaccChbl, JA0BABJICHHE JIH3THJIOBOTO Qcpﬂpa B COOTHOILICHH AX
1:2 u BbLAETICHHE aMOPHOIO AMHI IAJIHHA,

BuTaMuH B17

[(6-O-B-D-rinoKonupaHo3ui-3-rioKOMHPaHO3HI)OKCH |
(cheHHIT)alleTOHUTPHIT
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[lepexucHoe 4MCI0, YUCIO OMBUICHUS, HOJTHOE YHCIIO, COJIEPIKaHUE BH-
TaMuHOB A ¥ E, mIOTHOCTH, MaccoBOM /J0dM BJIark M JIETYYUX BEILECTB,
KHCJIOTHOE YHWCIIO M TOKAa3aTeN NPEJOMIICHHS, NMPUBEICHHBIE B TaOIUIe,
OIPEAEISIIN 10 U3BECTHBIM MeToauKaM [ 14-22].

Tabnuya

XuMHn4eckuii cOCTaB, OprasoJienTu4eckue 1 PU3NKo-xuMHUecKue
MoKAa3aTeJ M MaceJl 00JIeNuXH, PACTOPONIIHN NATHUCTOH M MUHIAISA

HaumeHnoBanus Macno, nonydyenHoe | Macino pactopon- | Macno MuHaans,
[MoKa3aTess U3 BBICYIIICHHOM 00Jie- | IIU, MOJYYCHHOE | MOJIyYEeHHOE W3 ST
maxu np# t < 60 °C 13 CeMEUeK pa KOCTOYeK
Buenrnuii Bupg Macaguucras xxuma- Macasguucras Macasauucras
KOCTb OpaH)KeBO-Kpac- | KHIKOCTh CBET- | KHAKOCTH CBETIIO-
HOTO I[BETA C XapaK- | JO-)KEJNTOTO I[Be- | JKEITOTO IBETA C
TEPHBIM 3aMaXOM U Ta ¢ XapakTep- XapaKTePHBIM 3a-
BKYCOM HBIM BKYCOM MaXOM U BKYCOM
Yuciio OMBIICHHS 193.32 195.14 193.05
[NepekucHoe uuco, 6.54 5.6 2.79
mmonb Oylke
Hommoe YHCIIO0, M2 142.85 95.29 80.48
J»/100 2
IInotHOCTE TIPH 0.915 0.919 0.913
20°C, 2lem
MaccoBas 107 Bia- <0.12 <0.056 0.075
TH U JICTY4YHX BE-
mecTB, %
KucnorHoe uucio, <4.76 <1.49 0.18
me KOH/ 2
[Toxa3zaTens mperom- 1.478 1.472 1.468
JICHUS IIpU 20°C

OOcy:xaeHne pe3yJabTaTOB. AHaIM3 U MOHUTOPUHT XUMHYECKOTO
COCTaBa MEIUIMHCKUX Maces O0JIeNUXH, paCTOPOIIIIH MSTHUCTOW U MUHJIA-
7151 OOBIKHOBEHHOTO MTPOBEICHBI METOIOM HEKOHTAKTHON M Hepa3pyIlIaoeit
PaMaHOBCKOW CIIEKTPOCKOIMIHONW TEXHOJIOTMH, KOTOpast He TpeOyeT HUKa-
KoM HpO6OHOI[I‘OTOBKI/I 1 MO3BOJICT COXpPAHATH MOJYYCHHBIC HAaHHBIC JId
TaNbHEHIIero aHaIu3a OJHUX M TeX e 00pasloB ¢ LEIbI0 MOATBEPKIACHUS
pesynbTaroB (puc. 1,2).
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Puc. 1. CnekTpbl KOMGMHALMOHHOTO PACCEesHUA HaTyparibHbIX Macesl, HAaHECEHHbIX Ha KpeM-
HWEBYIO MMaCTUHY.

OTa TEeXHOJOTHs BBICOKOUYBCTBHTEIBbHA K HEOOJBIIUM PA3TUUUSAM XH-
MHUYECKOr0 COCTaBa MCCIEAYEMBIX paCTBOPOB (B TOM uucie, Macen). Meroa
ycnemHo npumensiercs B CIIIA st KoHTpoJs mpoiiecca mpou3BoACTBa (ap-
MAaIeBTUYECKHX MPENapaToB B COOTBETCTBUH C TPEOOBAaHUSAMU ATEHTCTBA 110
KOHTPOJIIO 3a MPOAYKTaMU IMUTAHUSA U CUIbHOJACHCTBYIOIMMU JIEKAPCTBAMU
[23, 24]. 1ns ycTaHOBIEHUS CTPYKTYPBI M a0COIFOTHOH KOH(pUTIYpaluy BH-
tamuHa B-17 6bumn rcnons3oBanbl Metonsl IMP-"H (puc 3) u nongpumert-

pun (o).

Hippopheae oil in Hexane

[19.95 %)
(3759 %]

79%|
Peak area in 355-515 nm (A x nm)
Hippopheae 19.95 % in Hexane23.291
Hippopheae 3.99 % in Hexane 235.02
Hippopheae 0.79% in Hexane 101.13
Hippopheae 0.157% in Hexane 20.061

0.167 %)

o

190 300 400 (447 78) 500 600 700
nm

(610
ool

Puc. 2. Mukun nornowenns UV / VIS npu pa3nuyHblx KOHLEHTpaumsax macna Hippophae.
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Puc. 3. AMP-'H cnektporpamma BuTamuHa B-17. [a]DZOWT_ =-35.51° (¢ = 5.0, CH3COOC;Hs):
[0052pos. = -35.63° (C = 5.0, CHsCOOC,Hs):

Ha

OCHOBaHUHM MPOBEACHHBIX I/ICCJICI[OB&HI/Iﬁ MOXHO CACIaTh Claenmyro-

I BBIBOJBI.
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[Toka3ana mpUHOMNHATBHASA BO3MOXKHOCTH Pa3pabOTKU APQEeKTHB-
HBIX U 0€30TXOJHBIX METOJ0B KOMIUIEKCHOU MepepaboTKH IJI0I0BO-
STOMHOTO PACTHTEILHOTO ChIPhs [(00JEMUXH KPYIIUHOBHIHOM
(Hippophae), pacropormm nstauctoii [(Silybum marianum (l.)
Gaertn)] u munagans ooeikHoBeHHOTO (Prunus dulcis)] ¢ npumene-
HUEM MOJIU(ULIHMPOBAHHOTO W HEAOPOTOCTOSIIEr0 METO/Ja MHOTO-
AJIEPHOIN penepKOISALMH.

C npumeHeHneM MOIU(PHUIIMPOBAHHOTO U HEIOPOTOCTSIIIEr0 METOAA
6-s11epHOI PENEepPKOAMOHHON YCTAaHOBKM MOXKHO OJHOM TEXHOJIO-
THYECKOW CXEMOH IMOIyYUTh OOJETMXOBBIA COK, MAaCJI0 OOJEIHXH C
coniepkanueM KapoTHHOUAOB oT 23 mo 180 me% u dypax ¢ comep-
JKaHUEM MHKPO- U MaKpOodJieMeHTOB 1 ButamuHoB E, F, K, P.
AHANOrMYHOM TEXHOJOTMYECKOW CXEMOM, METOAOM XOJOJHOTrO
MPECCOBAHUS U3 CEMSIH PACTOPOIIIHN MATHUCTON MOJTYYEHO BBICOKO-
KaueCTBEHHOE MAacjo, a U3 IIPOTa CEMEYEK C MOMOIIbI YeThIpeX-
AJIEPHOIN PENepKOIALMOHHON YCTAaHOBKM B KAaueCTBE BTOPUYHOIO
MPOAYKTA BBIZCIICH IITMPOKO TPUMEHSEMBI B UTOTEpanuu 0ome3-
HEW MeYEeHU KPUCTATNYECKUN CUITUMAPHH.

EnunHoil TEXHOJIOrMYECKOW CXEMOM METOIOM XOJIOJHOTO OTKHUMA T10-
JTy4eHbI ITHPOKO MPUMEHSIEMOE B KOCMETOJIOTUH MacCJIO0 OOBIKHOBEH-
HOTO MHUHJIAJIS, a U3 IMPOTa AAep — ONTHYECKN YUCTHIH (B HATUBHOM
BUJE) BUTaMUH B-17 koTopblil moj TOproBeiM Ha3BaHHeM «JIasT-
pWwI»  MpONaraHgupyercs MNPEACTABUTEISIMA  HETPAJUIIMOHHON
MEJIUIIMHBI KaK MPOTHBOPAKOBOE CPEJCTBO, & TAaKKE B KadecTBE
00JIEYTOJSIOUIETO CPEACTBA MPHU OOJU B JKETYIKE.

Pa3paboTaHHBIBIE TEXHOJIOTUYECKHUE CXEMBl YHHBEpPCAJIbHBI H C
HE3HAYUTEIbHBIMA MU3MEHEHUSIMHM IPAKTHYECKH MOXHO IPUMEHSTH


https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%82%D1%80%D0%B0%D0%B4%D0%B8%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%82%D1%80%D0%B0%D0%B4%D0%B8%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B0

JUISL BCEX BHJIOB IIOJIOBO-STOJJHOTO PACTUTENBHOTO Chipbi. [Ipume-
HsieMble 000PYJ0OBaHUS HEJOPOTOCTOSIINE, MPOLECCHl BEIyTCS MPU
HEBBICOKHX TEMIIEPATypax, sIOBUTHIE BELIECTBA HE MPUMEHSIOTCS, a
TaK)K€ OTCYTCTBYIOT HEKeNaTelbHbIE BBIOPOCH B OKPY)KAIOIIYIO
cpeny.
Hccnedosanue svinonneno npu ¢punancogotl noodepaicke Komumema no
nayxe MOH PA 6 pamkax nayunozo npoexma Nel8T-21168.
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(PRUNUS DULCIS) NUUULPL USUUUUL SGluLNLNG-hUSD
UNUL2LUSUSUNFRB3AFLLELE
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FEATURES OF INTEGRATED PROCESSING TECHNOLOGIES OF SEA
BUCKTHORN (HIPPOPHAE), MILK THISTLE [(SILYBUM MARIANUM (L.)
GAERTN)] AND ORDINARY ALMONDS (PRUNUS DULCIS)

A.S. DADAYANY?, L. A. STEPANYAN?, H. R. PETROSYAN?, A. S. POGHOSYAN?,
G. Ts. HOVSEPYAN, S. G. GHAZARYAN and S. A. DADAYAN?

! The Scientific and Production Center "Armbiotechnology” NAS RA
14, Gyurjyan Str., Yerevan, 0056, Armenia
Fax: (374-10) 654183 E-mail: anidadayan@yahoo.com
2 Yerevan State University
Institute of pharmacy
1, A. Manoukyan Str., 0025, Yerevan, Armenia

Efficient and non-waste technologies for the integrated processing of buckthorn
(Hippophae), milk thistle [(Silybum marianum (l.) Gaertn)] and ordinary almond
(Prunus dulcis) have been developed. It is shown that using a modified and inexpensive
method of multicore repercolation one processing circuit can afford buckthorn juice, sea
buckthorn oil with carotenoids from 23 mg% to 180 mg% and the forage containing
micro- and macroelements together with vitamins E, F, K, P.

Using a similar technological scheme, high-quality oil was obtained from the seeds
of milk thistle by cold pressing, and crystalline silymarin, widely used in phytotherapy
of liver diseases, was obtained from the meal of seeds with the help of a quad-core
recolation unit.

To produce ordinary almond oil, widely used in cosmetology, common almonds
cold-pressed, were used; and vitamin B-17, which is marketed under the brand name
“Laetrile” as an antitumor drug and as a stomach pain reliever, was obtained from kernel
meal.

Analysis and monitoring of the chemical composition of medical oils of sea
buckthorn, milk thistle and ordinary almonds were conducted by the method of
titrimetry and non-contact and non-destructive Raman spectroscopy.

To establish the chemical composition, structure, and optical purity of vitamin B-17
and crystalline silymarin, *H NMR spectroscopy and polarimetry were used.
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MccnepoBaHbl GUONorMyecky akTMBHbIE BELLECTBA M aHTMOKCUAAHTHAs aKTUBHOCTb CMUPTO-
BbIX 3KkcTpakTtoB (30, 50 n 70%) NUCTbEB M COLBETUIA ropua NepeyHoro — npeactaBuTensi po-
na Poligonacea, npou3pacTatoLlero Ha tepputopun ApMeHumn B ['erapkyHukckon obnactu. Cnupro-
Bble 3KCTpaKTbl Obinn Nomny4eHbl Nog BaKyyMOM B MOTOKE YINEKUCNOro ra3a U B HOpMaribHbIX YCro-
Busx (He Gonee 20 °C n aTMocdepHOM AaBnenun). MccnenoBanus nokasarnu, YTo aKCTPaKLMs nop
BaKyyMOM MNpu KOMHaTHOW TemnepaTtype B cpefe razoobpasHoro CO, NpMBOAUT K YBEMUYEHUIO KO-
nunyectBa BAB 1 aHTUMOKCMOAHTHOM akTMBHOCTU. OCHOBBLIBAsCb Ha MOMNyYEHHbIX pe3yrbTaTtax, IKCT-
parmpoBaHue B MOTOKE YrNEKUCIIOro rasa MOXHO MPeAioxXnTb Kak Hanbonee NepcnekTUBHLIN METOA,

AOna 3KCTPaKumn paCcTUTErNbHOro CbipbA.

Puc. 2, Tabn 1, 61ubn. ccbinok 10.

CpencTBa paCTUTENIBHOTO IPOUCXOXKACHUS IIUPOKO NPUMEHSIOTCS B JIe-
yeOHO-TIpopUIaKTHYECKUX HemsX. [IpemapaTrbl Ha OCHOBE JIEKapCTBEHHOTO
PacTUTENBHOTO CHIPhSI TOpIAa MEPEYHOro 00JaNal0T JAUYPETHYECKHM, KpO-
BOOCTAHABIMBAOLIUM, 00€300JIMBAIOIIMM M  MPOTUBOBOCHAIUTEIbHBIM
nevicteuem [1-2]. Illmpoko pacmpoctpaHeHHble BHIbI poxaa Poligonacea
MMEIOT BBICOKHE MOKA3aTelIH COACP)KaHUs OHMOJIOTHYECKH AaKTHBHBIX Be-
LIECTB, SABJSIOTCA (PapMaKONEHHBIMY PACTEHUSIMU U IPUMEHSIOTCS B TPaau-
IMOHHOM W HapojHOW MenuiuHe [2]. KonmuecTBo OMOIOTHYECKN aKTUBHBIX
COECIMHEHHNH B TaKUX CPEICTBAX MOXKET 3HAUUTEJILHO BapbUPOBATh KaK B 3a-
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BUCUMOCTH OT IIPOLIECCOB 3arOTOBKH, CYILKH ChIPbs, TAK U OT METOJOB JKC-
TPAaKIIUK.

JlokazaHo, 4TO MCIOJIB30BAHNE BAKYyMHOH SKCTPAKLIWHU 110 CPAaBHEHHUIO
C IpyT'MMHU METO/IaMU aKTUBaLuK (MHppaKpacHas, MUKPOBOJIHOBAs, HaJKpHU-
TUYECKasl SKCTPAKIMs) MO3BOJIAET MOJYyYUTh Pa3HbIe SKCTPAKTHI C yBeJHYe-
HUEM MacCOBOM KOHIICHTPALMU OMOJIOTMYECKH aKTUBHBIX BEIIECTB ((heHOIb-
HBIC COCJMHCHUs, TyOWIbHbIC BELIECTBA, KAPOTHHOW/bI, BUTAMHHBI U T.X)
[3].

Llens paboThl — Hccne0BaTh OMOIOTUYECKH aKTHBHBIE BEIIECTBA U aH-
TUOKCHJAHTHYIO aKTUBHOCTb CIUPTOBBIX 3KCTPAKTOB JIUCTHEB U COLIBETUM
ropua mepeyHoro — mpejacraBuress pona Poligonacea, mpouspacraromiero
Ha TeppuTopur ApMeHuu B I erapkyHUKCKOH 001acTy.

C nensio yBenndyeHus koiaudectsa bAB B ciMpTOBBIX 3KCTpaKTax ropua
NEPEYHOr0 HaMM ObLI UCIOJIb30BaH TAKXKe METOJ BaKyyMHOM 3KCTpakIUH B
MOTOKE YTJIEKHUCIIOTO ra3a nmpu KoMHaTHOH Temnepatype (18-20°), uro obec-
MIEYNBACT COXPAHHOCTb JIAOMJIBHBIX KOMIIOHEHTOB U IPEJOTBpAIaeT mepe-
XOJl B PACTBOPUTENb COIMYTCTBYIOIMX HEAKTUBHBIX BEIIECTB (BOCKOB) U ApY-
THX COCIMHEHUH. DTUM JOCTUTAETCS BBICOKAS YUCTOTa KOHEYHOTO MPOIYK-
Ta, 00eCIeYnBaIOIET0 CTAOMIBHOCTh BCEX IMOKa3aTeNlel MOJIyuYeHHbBIX 3KC-
TpakToB [4].

J11st IoTy4eHus SKCTPAKTOB BBICYLICHHOE ChIPhE M3MEIbYalld B KEpaMH-
YeCKOH CTYyIKe JI0 MOPOLIKOOOPa3HOT0 COCTOSHUS (pa3mep dacTu <1 wu) u
MPOIYCKAIN Ye€pe3 CUTO C TUaMETPOM OTBepCTHiA | mm.

Jl1s monmy4eHusi COUPTOBBIX SKCTPAKTOB Topiia nmepednoro (puc. 1. 30%
—00p. 1, 50% — 06p. 2, 70% — 06p. 3) k¥ 1 2 (TOUHAs HABECKA) CHIPbHS MPHIIHU-
BatoT 1o 50 mz 30, 50 u 70% 3THNI0BOrO CiMpTa U ¢ 0OpaTHBIM XOJIOAUIBHU-
KOM 3KCTparupyroT B Teuerne 30 mun nipu HarpeBanuu npu 50-70°C. 3atem
COZIEPKUMOE KOJIOBI ¢ TIOMOIIbIO OyMa)kKHOTO (GUIBTpa UIBTPYIOT, OXJIaXK-
Jal0T ¥ 00bEeM M3BIICYEHUS HKCTPAreHTOM pacTtBopa noBoasiT 1o 50 ma. C
LEJIBI0 YCKOPEHMs Tpoliecca MPOHUKHOBEHMS SKCTPAreHTa U YBEJIWYECHUS
CYMMapHOT'O BBIXOJ]a SKCTPAAaKTHUBHBIX BellecTB nmpuMmepHo Ha 15% (30% —
o0p. 4, 50% — o0p. 5, 70% — o0p. 6), a TakKe CpaBHEHUs COCTaBa U COJIEP-
XKaHus SKcTpaakTHBHBIX BemiecTB (BAB) mporecc sKCTpakiuu MpoBOIST
IpY KOMHAaTHOW TeMmrieparype B MoToke yriekucioro rasa (CO,), KoTopblit
U3 «KaIWUIAPOBY» ChIPbs BBITECHSAET HE PACTBOPUMBII B BOJIE€ BO3AYX. Takas
TEXHOJIOTHYeCKasi 00paboTKa ChIPhsI MPUBOANT K PACIIUPEHUIO CIIEKTpa H3-
BJIEKA€MBIX BEIIECTB, MPEAOTBPAIIECHHUIO ITpolieccoB okuciaenus bAB, cokpa-
IICHUIO BPEMEHH TEXHOJIOTMYECKOro nukia (puc. 1).
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Puc. 1. KonnyectBeHHoe copepkaHue OMOonornyeckn akTMBHbLIX BELLECTB 3KCTPaKTOB ropua
nepeyYHoro, Nosly4eHHbIX NP HOPMaribHbIX YCNOBUSIX.

Omnpenenenne xonmuyectBa BAB (oOmas cymMMa SKCTPaaKTHBHBIX Be-
IECTB — (pJIABOHOUIOB, NyOMIIBHBIX BEIECTB, KAPOOHOBBIX KHCIIOT, MPOSIB-
JSIOMUX HAHOOJBINYI0 (PU3UOJIOTHUECKYIO M TEPANeBTHYECKYI0 aKTHBHOCTD
B aHAJIM3UPYEMBIX 00pa3iax) MpOBOAWIOCH IO OOIICTIPUHATHIM METOIUKAM
[5-7]. Pe3ynbrats! uccnenoBanuii npuBeaeHsI Ha puc. 1 u 2.
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KoHueHTpayuna BAB mr%
o

E lybunbHbIE BELWECTBa B NepecyeTe Ha TaHHMH, %
i KapboHoBble KMCOTEI
Ld SKCcTpaaKTUBHbIE BellecTBa %

Puc. 2. KonnyecteBeHHoe cogepxxaHue OMONOrnMyeckn aKkTMBHbLIX BELLECTB B JKCTpaKTax ropua
nepeYyHoro, nony4eHHbIX B NOTOKe COs,.

I/I3yqua TaKKC 3aBUCHUMOCTb KOJIMYCCTBCHHOI'O BBIXOJAa BUTAMHWHOB P,

C 1 KapOTHHOMIOB OT MPEABAPUTEIBHON 00PAOOTKH CHIPbsl YTIICKHUCIBIM Ta-
30Mm [8,9]. Pesynbrars! ncciaeq0BaHni MPUBEACHBI B TaOJIHIIE.
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Tabnuya

KoauyecTBeHHOE coep:kaHNe BUTAMIUHOB U KADOTHHOUI0B
B HAQ/I36MHOJi YaCTH ropla MepevaHoro

bronorndyecku akTuBHOE IIpu HOpMANTBHBIX
ITox Bakyymom
BEIIECTBO YCIIOBHSIX
Butamun P, me% 8 9.04
Buramuu C, ve% 146 151
Kaporunounsl, B nepecuere 12.9 14.15
Ha -kapotuH, m2%

Hcxons u3 pe3ynbTaToB, MPUBEICHHBIX Ha puc. 1, 2 u B Tabmuie, Hab-
Jrof1aeTcs yBennueHue konudyectsa bAB mpu npensapurensHoit 00paboTke
CBIPbSI YTJIEKHUCIIBIM Ta30M.

C yuyeToM mofydyeHHBIX JaHHBIX (puc. 1,2, Tabn.) A onpenaeneHus aH-
TUOKCHJAHTHOW aKTUBHOCTH TOplLia NEpevyHOro HaMHU HCCIEeI0BAIUCH 3KC-
TpakThI (00p. 4-6).

C 9TOM LIEBI0 B CTaKaH BMECTUMOCTBIO 50 1 HaIUBAKOT 8 M1 CBEXKEIe-
pEerHaHHOW KUIITYE€HOM BOABl KOMHATHOU Temmneparypsl, 1 ma 20% pacTtBopa
cepHoii kucnotel, 1 vz 0.05 N pacTBopa mepmanranara Kaius, 3aTeM Iepe-
MEIIMBAIOT U TUTPYIOT AKCTPAKTaMH ropua rnepedHoro (0op. 4-6) u3z Mukpo-
oropetku (o0bemom 1 ma ¢ ieHo#t aenenus 0.01 ar) 10 MCYE3HOBEHUS PO30-
BOM OKpPACKH.

s xoHTponbHOTrO omnbita mpumepHo 0.05 2 (Tounas HaBecka) KBeple-
tuHa (OC 42-1290-79) pactBopsitoT B 40 M STUIOBOTO CIIUPTA, IEPEHOCAT B
MEpHYIO KoJ0y BMecTUMOCTHIO 100 A7, TOBOASIT 10 METKH CITUPTOM M TIepe-
MeIuBalOT. B crakaH A TUTpOBaHMSI BMECTUMOCTBbIO 50 Mz HAJIMBAIOT
8 M CBEKEKUITIUCHON U OXJIaX/I€HHON TUCTUIUINPOBAaHHOM Bobl, 1 mn 20%
pactBopa cepHoii kucaotsl, 1 mz 0.05 N pacTBopa mepmanranata Kauus, me-
PEMEIINBAIOT M TUTPYIOT U3 MUKPOOIOpeTKH (00beMoM | mi ¢ 1eHOH nere-
Hust 0.01 mz) pacTBOpOM KBEpLETHHA 1O UCYE3HOBEHHSI pO30BOil OKpacku. 1
mn 0.05 N pactBopa nepmanranata kanus coorBerctByet 0.25 me KBepreTu-
Ha.

Pacuer mokasarensi aHTHOKcHIAaHTHONW akTHBHOCTH (AOA), KoTOpomy
COOTBETCTBYET KOHIEHTpauuss bAB BoccTaHaBIMBaIOLIEro Xxapakrepa B I1e-
pecdere Ha KBepEeTHH (B mele), mpoBomsT 1o Gopmye: B=CiXVXV/Vyxm,
rae B — xonnenTpamus bAB BoccTaHaBiMBaroIero xapakrepa uccieayemMo-
ro o0bekTa, nzpacxonoBaHHoro Ha TurpoBanue 1 mz 0.05 N pactBopa mep-
MaHTaHata Kanmus, me/2; Cyx — KOHIIEHTpamus KBEpIETHHA B pacTBOpE, U3pac-
xonoBaHHasg Ha tutpoBanue | mz 0.05 N pacTBOpa mepmaHraHara Kamwus,
me/mn (0.5melmn); Vi — 00beM pacTBOpa KBEpILETHHA, H3PACXOI0BAHHOTO Ha
turpoBanue 1 mz 0.05 N pactBopa nepmanranara xamust, ma (1.4 mn); V, —
0o0BbeM ucciieayemMoro pactopa, mia(50m); Vi — 00beM pacTBopa uccieaye-
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MOro 00beKTa, m3pacxomoBanHoro Ha tutposanue | mz 0.05 N pactBopa
nepmanranara kamus, w1 (0.4 mi); M — Macca HaBECKH HCCIEIyeMOro
o0bekTa, 2(1e).

B = 0.5x1.4x50/0.4x1 = 87.5 me/e.

Omnpenemnsuu obmiee konmndecTtBo bAB BoccTaHaBIMBAIOIIETo0 XapakTepa
B IepecyeTe Ha KBepUeTHH B 1 mz unu 1 2 npenapara.

B cooTBeTCTBUM C MMOIyYEHHBIMH Pe3yJbTaTaMH BO BpeMsl TUTPOBAHUS B
ciydae KBepretrnHa pacxon Obur Oosbmie (1.45 mr), 4eMm mpu KCIIONIb30Ba-
HUU SKCTpakToB ropua nepeynoro (0.65, 0.8 u 1.05 mz, COOTBETCTBEHHO),
YTO YKa3bIBAET Ha TO, YTO IKCTPAKT rOplia MePEeYHOTo, NOJyYeHHBIN MO/ Ba-
KyyMOM U TIpH KOMHATHOH Temmeparype, MOXKHO paccMaTpuBaTh Kak 3¢-
(exTuBHOE MPOPUIAKTUYECKOE CPEICTBO TSI aHTUOKCHIAHTHOTO CTapeHUs
opranusma [10].

Takum 00pa3oM, HccaeI0BaHUS MMOKa3ald, YTO 3KCTPAKLHUSA MOJ BaKy-
YMOM IIpHM KOMHAaTHOW TeMIlepaType B cpelie Ta3000pa3HOro YIJIEKUCIOro
rasa MpUBOJAMT K YBEJIMYEHUIO KojinyecTBa bAB.

Hccredosanue svinonneno npu gunancosoti noooepoicke Komumema no
nayke MOH PA 6 pamkax nayunoeo npoexma 18T-21168.

NUE3UUSULAFU UaNI, UUSPhSE (-0-2LUSP LD E-LUS UGS LELOFT
YELUULTLALEL WGSPU ULSNFE-GMP NSUUBUUSUTUTL
NESUQNSNFE-3NFLL

N = MESLAU3UTL, W UL 23U, L. W USEPUL3UL, U. U. MN1AU3UuL,
U. \. bULUGL3UL L U. U 2-U2-U3UWL

dunnpunbyuggfiibpf plunulpppl sunljuting dunnfunky [Fogiuypbf dbpgbnbyo dwebkphy
bymfbpp  npulpululs b pulilululs poqugpncfymp b Quljuso pufpudimg i
uilpnpefne [Fyntsp: Yuppnoypls Gumpulpibipp wnwgdby By fwhnencd sppgduiidipned,
wfuuftfpne qugh (CO) Snupp wuly b wnwby qpu: Lbmugmnn Fynibikpp gnyy b
sy, s fuslpme et sy spssguagpts COfo i Qussfgumesd oo Sl sip plopmesd & YU -l
el wfbpugduds b Suilpmopufupuilimuyfls  wlpfnefdyuts  dbdugduiti: - Gylbym)
s ifusd sy toplibpy  quguyfts COfy dpussfupmid fuslymeme gt e Susiiqibust
bquililgp  fusplyls & mnadumplly apuhe proswSnodph probundqdul Shnalpapuyfl
lnluliuul[.‘
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COMPARATIVE INVESTIGATION OF THE CONTENT
OF BIOLOGICALLY ACTIVE SUBSTANCES IN EXTRACTS
OF POLYGONUM HYDROPIPER GROWING IN ARMENIA

H. R. PETROSYAN!? A.S. DADAYANY? L. A. STEPANYAN?,
A.S. POGHOSYAN?, M. H. ISRAYELYAN! and S. A. DADAYAN!?

! Scientific and Production Center “Armbiotechnology” NAS RA
14, Gyurjyan Str., Yerevan, 0056, Armenia
E-mail: slavik_dadayan@yahoo.com
ZYerevan State University
Institute of Pharmacy
1, A. Manoukyan Str., Yerevan, 0025, Armenia

The biologically active substances and antioxidant activity of alcoholic extracts
(30, 50, 70%) from the leaves and flowers of the Polygonum hydropiper representative
of the genus Poligonacea, growing on the territory of Armenia in the Gegharkunik
region, were studied. Alcohol extracts were obtained under vacuum conditions in a
stream of carbon dioxide (CO,) and under normal conditions. Studies have shown that
extraction under vacuum conditions at room temperature in a stream of carbon dioxide
CO, leads to an increase in the amount of biologically active substances and antioxidant
activity. Based on the results obtained, extraction in a stream of carbon dioxide can be
proposed as the most promising method for the extraction of herbal raw materials.
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NE3UUSULP NULAUNGSAFE-3UL 9PSNAFE-3NFLLELD
T24-U3rL UHYU1EULY
HAINIMOHAJIBHASI AKAJJEMUSA HAYK PECITYBJIUKU APMEHUSA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

Nwywuypuith phipwlwi hwinbu
XUMHYECKHUi KypHal ApMEHHN 73, Nel, 2020 Chemical Journal of Armenia

UriNdhnuuuayy
Nre IrUsLuub 20eTL3TL

2019 p. phjmbdptiph 3-h6 Gpuwpwwmb hhwlnmpniihg htimn 75
nwnbjwlnid dwhwgt] £ hwy hwymbGh phihynu, phihwlwl ghnnipjnil-
Gtph ngnyunp dnpw UpdtGwyh Onpwlywln:

d.U.Onpwljwln oGyt & 1944 p. thtmpwph 15-hG Upgwhuh Uwp-
nwltpump powbh Quppuiuwy gminnui: 1970 p. qpwqulgnipjudp
wywput] £ Gplwlh Mbnmwywl hwdwjuwpwGh phdhwywl wynijunt-
np, huy 1974 p. << GUU OpqubulwG phshwgh hGunhwnunp wuuh-
pwlunipwG: 1979 p. ywpmuwily £, GGhGwjhG hwngtGhnbtph ytpw-
JuGqbhs nhwmnphitpdwl L opuhnhs wdhGnihgh ntwlyghwGbppt pb-
dwjyny ghnwlwl ptig L unwgt] phihwlwb ghnnpynGitph ptiyGwonth
ghnwywl wumpdwG: 2006 p. yquywmwuwihb) b, “FhtGwjhl L wmgbwpyb-
(wjhlG hwiwyunpgtph thnfuwpynudGtpn dwlqub- L uGnhlopqubwlwb
dhwgnipyniGGtph Jhpwniwdpb phdwny ptq L unwgb] phihwjul gh-
nnipjniGGaph gnuinph ghnwlyuwl wunhdw:

Gnwp nmwphlbp dnpw Onpwljwln wyfuwnmt L shwqbgwd hwdw-
Junqgtinph Juwwwihwmhly thnjuwpymiGiph yuwpqupwidwl b pGwyub
YtGuwlwnpquynphysGhph, wyn pynd tipninGGhph vhGptigh npnpunty:

d.UW.Onpwljubp 120-hg wytih ghnwjul wpfuwwmwbpltph L wp-
unlwqptiph htnhGuwy t, Gpw nijujupnpjwip yuwyunwwiyy £ 5 phl-
(wonwyuwa phq:

1970 p. dpGys 2018 p. d.W.Onpwljubp wyluwwmby k£ <L Q-UL O9-L
Q.SU OLbh-nui (whu npytu Ypunutip, wyw wjuq ghnwfuwwnnn b jw-
pnpwwnnphwjh quphg, Jujtihp qnpopGytpGeph hwpquipp L hwdw-
Ypwbpp:

{wjwunwGh ghnmwliwl hwlpmpynilGp owlp Ynpnuwnm L Ypb:
d". Onpwljwulh hhpwwnmwyp huybtpd YuGw gnpoplybtpltph L dnbphuGt-
nh upnbtipnud:
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Buumanuio asmopos!

Hoopobuyro ungopmayuro o «Xumuveckom dxcypuaie ApmeHnuu», cooepiscanue
HOMepOs JHcypHana 8 epaghuueckoli popme u anHomayuu cmameti, 20008bie A6MOPCKUE
yKazamenu, a maxce pazeepHymvle Npasuna Ois Aemopos MONCHO NOAYHUMb & Cemu
Hnmepnem no aopecy: http://chemjournal.sci.am « www.flib.sci.am

IIPABUJIA 1JIS1 ABTOPOB

Of1mue Mo10KeHUs

K my6nukanmu B «Xumuueckom sncypuane Apmenuuy IPUHIMAIOTCS MaTepHAIB, COJIeprKa-
mye pe3yabTaThl OPUTHHAIBHBIX HCCIIEN0BaHNM, 0QopMIICHHBIE B BUIE MOJHBIX cTaTei, KpaT-
KHX cO00IIeHHUi 1 muceM B peaKIHIo.

Kypnan my6mukyer paboTHI 10 BceM HANPABJIEHHSIM XUMUY€CKOi HAYKH, B TOM YHCIIE 110
o011el 1 HEOPraHNYECKO XUMHH, (PH3MIECKOI XUMHN U XUMUYECKOH (DH3HKe, OPraHNIeCcKOH XH-
MHH, METaJUIOOPTaHUYECKOH M KOOPIMHAIMOHHOW XMMHH, XUMHHU MOJUMEPOB, XHUMHH MPUPOJI-
HBIX COCJJMHEHUH, OHOOPTaHMYECKON XUMHUN M XUMUH MaTepHAaJIOB.

CraTbH, mpeiaraeMble K MyONIMKamuy B pazfene OHOOPraHMYeCKOH XMMUH, JOJDKHBI OBITh
MOCBSIIIEHB! MOJyYEHHIO HOBBIX ITOTEHIHATBHO OMOJIOTMYECKH aKTHBHBIX COEAMHEHHH, B TOM
YHCIIC U BBIICNICHHBIX U3 IPUPOIHBIX 005eKTOB. IIpH onMcaHnyu HOBBIX BelllecTB, 00.1aJa0LUX
3HAYUTEJILHOI (B CPABHEHHH ¢ MPUMEHsSIeMbIMH B MeIUIIUHE JeKapCTBAMH) 0HO0JIOrHYeCKOi
AKTHBHOCTBIO, CTaThs MOXKET COAEPKATh PE3yIbTAThl OMOIOTMIECKUX UCCIECAOBAHMUM, BKIIFOUA0-
IIMe CCBUIKM Ha UCIIOIb30BAHHBIE METOIB! N3yUYeHHs OHOJIOTMYECKOI aKTHBHOCTH, HH()OPMALHIO
0 THIIE UCIIOJIb30BAHHBIX ONO0OBEKTOB, aKTUBHOCTH U TOKCHYHOCTH CHHTE3MPOBAHHBIX IIpernapa-
TOB B COIIOCTABJICHHHU C COOTBETCTBYIOIMMH [TOKA3aTEJIIMU IPUMEHIEMBIX B MEIUIINHE JICKAPCTB.

B 3akiouyeHun cienyeT NPUBECTH KPAaTKMH apryMEHTHPOBAHHBIA BBIBOJ O CBSI3H MEXIY
CTPYKTYpOH M OHOJIOTHYECKOH aKTMBHOCTBIO HCCIEJOBAHHBIX coeanHeHHH. OmyOInKoBaHHbBIE
MaTepHaibl, a TAKXKe MaTepHabl, IPeCcTaBIeHHbIE Ul ITyOIMKaluy B APyTUX KypHANax, K pac-
CMOTPEHHIO HE TIPHHAMAFOTCSL.

ABTOpCKHE 0030pbI TOJDKHBI MIPECTABIATE 000K 0000IIeHNe U aHAIN3 PE3YIIbTATOB LIUK-
J1a paboT OZHOTO IV HECKOJIBKHX aBTOPOB I10 €IUHOW TeMaTHKe.

IMonHbIe cTaThH NpUHUMAIOTCS 00beMOM 10 12 cTpaHull, 00beM KPaTKOro cOOOIIeHns —
He OoJyiee 5 cTpaHMI] MalIMHOIMCHOTO TekcTa. IlMchbMa B peAaKIuIo JOIKHBI COJIEpPIKaTh H3JI0-
JKEHHbIE B KpaTKO# ()opMe HaydHbIe pe3y/bTaThl MPUHIUIHAILHO BAKHOTO Xapakrepa, TpeOyro-
mye cpouHoil myOmuKarmy. Pegakiys ocTaBiseT 3a co0oif MpaBo COKpAIaTh CTaThH HE3aBHCHMO
0T uX o0BeMa.

Jnst my0IuKanuu cTaThbH aBTOPaM He00X0AMMO NMPeACTABUThL B PeJaKIHUIO cleyloe
MaTepHUaJIbl ¥ JOKYMEHTBI:

1) HampaBjIeHUe OT opranuzanuu (B 1 3k3.);

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

3) noanucaHHBIl BceMHU aBTOpaMU TEKCT CTAaTbU, BKIIOYask aHHOTALUIO, TAOIMLIbI, PUCYHKH U
MOJIMTUCH K HUM (BCE B 2-X 9K3.);

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

Cratbs IOJDKHA OBITH HAITHCAHA CXKATO, aKKYpaTHO O(OPMIIEHA M TIIATEIEHO OTPEIAKTHPO-
BaHa. He momyckaercst myOnmpoBaHKe OJHHX M TeX )K€ JaHHBIX B TaOIHWIAX, B CXeMax M PHCYH-
Kax.

ABTOp HECET IOJHYI OTBETCTBECHHOCTH 3a JOCTOBEPHOCTH JKCIIEPUMEHTAJIBHBIX HJaHHBIX,
IMPUBOJUMBIX B CTAThHE.

Bce CTaTbH, HAIIPABJIAEMbBIE B PEAAKIUIO, MTOABEPTAOTCA PELUCH3UPOBAHUIO U HAYYHOMY pe-
JaKTHPOBAHUIO.

Crartbs, HalpaBJIeHHAs aBTOPaM Ha JOpabOTKy, HOJDKHA OBITH BO3BpaIleHa B HCIIPABICHHOM
BHUJIC BMeCTe C ee MePBOHAYAIbHBIM BAPHAHTOM B MaKCHMaJIbHO KOpoTKHe cpoku. K nepepabo-
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TaHHOW PYKOIMCH HEOOXOANMO NPHIIOKUTH MHCBMO OT aBTOPOB, COZIEPIKalllee OTBEThI HA BCE 3a-
MEYaHHS MU KOMMEHTapHH U HOSCHSIOIIEE Bce BHECCHHbIC M3MeHeHUs. CTaTh, 3a1ep:;KaHHAsS HA
HcnpaBJieHHN §oJiee IBYX MecsilieB WM TPeOyIolasi IOBTOPHOIi NepepadoTKH, paccMaTpu-
BaeTcsl KAK BHOBb MOCTYNHBLIAS.

Penakiys IocsuiaeT aBTopy mepen HabopoM Jlsi IPOBEPKH OTPEAAKTHPOBAHHBII SK3EMILISP
CTaThH ¥ KOPPEKTYPY.

CrpykTrypa nyoaukanui

[Ty6nukarys 0030poB, MOJHBIX CTaTell M KPATKHX COOOMIEHMIl HAUMHAETCS C MHAEKCA
VJIK, 3aTtem cieyroT 3ariaBue CTaThbM, MHUIMANIB U (DaMUIMH aBTOPOB, Pa3BEPHYThIE HA3BAHHS
HAYYHBIX YYPEXJICHUH, MOIHbIE TOYTOBBIE agpeca ¢ MHAEKCAMH IOYTOBBIX OTACICHUH, HOMepa
(akcoB U amgpeca 3IEKTPOHHOM mouThl. [lanmee mpuBOIUTCSA KpaTkas aHHOTanus (He Goiee 20
CTPOK) C yKa3aHHeM KOHKPETHBIX Pe3yIbTaTOB PAOOTHI U BHITEKAIONIUX U3 HUX BBIBOJIOB.

B craThsx TeopeTH4eckoro u (PM3NKO-XMMHYECKOI0 XapaKTepa MPUBOAATCS CKAaTOE BBe-
JICHHE B IIPOOJIeMy U IIOCTAaHOBKA 3a/1a4 MCCIIEJOBAHNS, SKCIICpIMEHTAIbHAS HIIM METOINIecKast
4acTh, 0OCY)XJEHHE IIOJydeHHBIX Pe3yJIbTaTOB C 3aKJIIOUYEHHEM, a B CTATHIX, MOCBSIIEHHBIX
CHHTe3y, — 00m1as 4acTh (BBEICHUE M 3a]]a4a UCCIICIOBAHUS), 0OCYKICHHE MOTyYEeHHBIX Pe3yJlb-
TaTOB C 3aKJIOYeHHeM U SKCIepUMEHTaNbHas 9acTh. PUCYHKH ¢ HOAPHCYHOYHBIMU TOJIHUCSIMU U
TabnuIBI MOTYT OBITH BBEJICHBI B TEKCT. B mMHChbMax B peaklMI0 aHHOTAIMS HA PYCCKOM SI3BIKE
HE TMPHUBOAUTCS U pa3OMBKa Ha pa3zieisl He Tpebyercs; matoTca uHaekc Y K, Ha3BaHHWe CTaThH,
MHHIMANGEL 1 (aMIJINU aBTOPOB, Ha3BaHHE HAYyYHBIX YUPEXKACHUH U MX ajpeca, pe3toMe Ha ap-
MSHCKOM M aHIJIMHCKOM SI3BIKaX.

I'padmueckuii pedepar npunaraercst Ha OTAeNbHON cTpanune (120x55 MM) u mpeacTaBisieT
c000if HHGOPMATHBHYI0 WJLTIOCTPANMIO (KIIOYEBYIO CXEMY, CTPYKTYPY COCIMHEHUs, ypaBHe-
HHE peaKIyy, rpaguK U T.IL.), OTPaXKAIOIIYIO CYTh CTaThH B rpadmyeckom Buzae. Tekcr B rpadu-
4ecKoM pedepare I0IycKaeTcs TOIBKO B CiIydae KpaiHed HeoOX0IUMOCTH, IPH 3TOM CIEIyeT U3-
Oerath TyOnMMpOBaHMS HA3BaHUS CTAThU M TEKCTA aHHOTAIWH.

IIpu HecoO/10lcHUH YKAa3aHHBIX BbIlIe MPABHJI CTAThbs He MPHHUMAeTCA K My0/aHMKa-
IHH.

Ipumep odopmiIeHHst 3arJIaBUsI CTATHH, CIUCKA ABTOPOB,
AIPecoB yUpPeKIeHMIl, AHHOTAIMM.

ACHUMMETPAYECKHI CUHTE3 -TETEPOLMKJINYECKU
3AMEIIEHHBIX L-a-AMUHOKHUCJIOT

A. C. Carnsin,” 10. H. Beroxonn® u K. ®umep *

* EpeBaHCKHIi rOCYIapCTBEHHBIH YHUBEPCHUTET
Apwmenus, 0025, Epesan, yi. A. ManyksHa, 1

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

S MHCTUTYT 37eMEHTOOPraHNYECKHX COeIHHEHHUIT

M. A. H. HecmestHoBa Poccuiickoii akagemun Hayk
Poccuiickas @enepanust, 119991, Mocksa, yin. BaBunosa, 28
dakc: (495) 135 6549. E-mail: yubel@ineos.ac.ru
® Uucruryt oprannueckoro karaiausa IFOK Yuausepcurera r. Poctok
I'epmanus, Poctok, /I-180055, byx6unnep mrpacce, 5-6
daxc: E-mail:

PaspaboTtaH HOBbIi 3h(EKTUBHBIN METO4 aCMMMETPUYECKOrO CUHTE3a [B-reTepoumKIINYecKu
3aMeLLeHHbIX L-a.-aMUHOKMCNOT NOCPeACTBOM npucoeamHeHns 3-amuHo-1,2,4-tnaguasona v 5-mep-
KanTo-1,2,4-Tpna3onos, coaepxallumx pasnuyHblie 3amecTuteny B nonoxerusix 3 u 4, k C=C cBsan
Ni(Il) komnnekca ¢ ocHoBaHueM LLndpda germgpoananvHa u (S)-2-N-(N’-6eH3unnponun)ammHobeH-
30¢peHOHa.
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IIpumepsl opopmiienns rpadguueckux pedeparon

O B3aumopeiicTBuu N-aJKHJIMMHHOB € alleTOYKCYCHBIM 3()HpOM

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

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

Kunernka BBICOKOTEMIICPATYPHOI'0 a30TUPOBAHUSA TAHTAJIA B U30TCPMHUYECKHUX yCJI0-

BUSIX
II. A. Agamsu

E. H. Crenausu

A. A. Yatunsau

C. JI. XaparsH

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

Odopmienne crateil B «XHMHYECKOM KypHaJie ApMeHUN»

Tekcr cTathu neuaTaeTcs vepe3 1.5 unTepBasa (6e3 MOMapoK U BCTaBOK) Ha Oenoil Oymare
cTa"gapTHOTO pa3Mepa (popmar A4) ¢ OISIMU 3 CM ¢ JIEBOH CTOPOHEIL, 1.5 ¢M ¢ IpaBOW CTOPOHEL,
2.5 cM cBepxy, 2.5 cM cHH3Y, pa3mep mpudTa — 12,

Bce cTpaHMIBI PyKOIHCH, BKIIOYAs CIIMCOK JUTEpaTyphl W rpaduueckuil pedepar, Hyme-
pyroTcs.

VYpaBHeHHs, CXeMBbI, TaONUIIBI, PUCYHKH U CCBUIKM Ha JIMTEPaTypy HYMEpYIOTCS B TMOPSIAKe
HX YIIOMHHAHHUSI B TEKCTe.

Cnucok mUTHPYeMoO# JUTEPATYPhI JJODKEH BKIIOYATh CCHUIKM Ha HanboJiee CyIIeCTBeH-
HBIE PabOTHI 10 TEMEe CTaThH. B TeKcTe CTaThbM NOKHBI OBITH YIOMSHYTHI BCe CCBHIJIKH, NPHBeE-
JICHHBIE B CITHCKE JUTEPATyphl. B TEKCTE CCHUIKM Ha JUTEPATypy JAlOTCs B KBAaJPATHBIX CKOOKax
U HYMEPYIOTCSI CTPOro B MOPsiike UX ynoMuHaHus. CIIHCOK JIMTepaTyphl Ile4aTaeTcs Ha OTIeb-
HO#1 CTpaHuIe ¢ yKa3aHHEM HHHUIHAIOB U (aMHIIHil BCceX aBTOPOB.

Cnucok JuTepaTyphl T0JDKeH OBITh 0hOPMIIEH CIIeTyIOmnM 00pa3oM:

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

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

ITpy nMTHPOBaHNY MePEeBOIHBIX U3AHMI MOCIIE BHIXOIHBIX JaHHBIX PYCCKOS3BIYHOM Bep-
CHU B KBaJPaTHHIX CKOOKax HEOOXOAMMO yKa3aTh BBIXOJIHBIC JaHHBIC OPUTHHAJIBHOTO W3JAHHS.
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CchIIIKH HA HeOMyOJHKOBAHHBIE Pe3yJbTATHI H YACTHBIE COODIIEHHSI TAl0TCsl UCKIFOUH-
TENBHO B BUJE CHOCOK, @ B CIIMCKE JIMTEPATyphl HE MPUBOIATCA U He HyMmepytoTcs. [Ipu mutupo-
BaHUH HEOMYOJIMKOBAaHHBIX PA0OT M YaCTHBIX COOOIIEHHH HEOOXOUMO MPEACTABUTD pa3pelicHue
OT JIMIIA, HA YbU JJAHHBIC IPUBOAUTCS CCHUIKA.

MMamsaTka s aBTOpPOB

JI1st MaKCUMAJIBHOTO COKPAIIEHHsI CPOKOB MyOJHKAIMH PEJAKIMs IPOCUT aBTOPOB o0pa-
TUTH 0c000€ BHUMaHHE HA 0)OpMJIeHHe CTATHH.

Obuiue nonosceHus

Marepuansl, IPeACTaBIAEMbIE B PEIAKIIHIO:

[ hamMunust, UM, OTYECTBO M KOOPAMHATHI JINIA, C KOTOPBIM PeAaKIMs A0JDKHA BECTH Iepe-
MUCKY (TIOYTOBBIN ajpec, HoMep TenedoHa, HoMep (akca, apec NEKTPOHHOM MouTh). DaMuns
aBTOpa, OTBETCTBEHHOT'O 32 TIEPEMHUCKY, JOJDKHA OBITh OTMEUCHA 3BE3IOUKOH.

[] HampaBJIeHHE OT OpPraHU3aLUU

[] skcnepTHOE 3aKiIodyeHue (s rpaxaal PA)

[J TeKCT cTaTbu, aHHOTALUM Ha PYCCKOM, aHIJIMMCKOM U apMsSHCKOM sI3bIKaX Ha OTAENbHBIX
cTpaHunax (JImbo B TEKCTE), PUCYHKH U TabiuIbI (Bce B 2 9K3.)

[ rpaduyeckuii pedepar

[] moc/1e10BaTeJIbHOCTh PACHOJIOKeH s YacTell cTaTbH (KpOMe ITHCeM B PEJaKIHIO):

[J magexc YK

L] Ha3BaHME CTATbU

[] aBTOp(BI)

[] pa3BepHyTOE Ha3BaHHE HayYHOUH OpraHU3aluu

[ moYTOBBIH azpec ¢ UHAEKCOM

[ dpaxc

[l agpec 3MeKTPOHHON MOYTHI

[l aHHOTaNMA

[J cOOCTBEHHO TEKCT CTATBH

L] BBEIEHUE

[] mocraHoOBKa 3a7a4n

IJ1s cTaTeil GU3NKO-XMMUYeCKOH TeMATHKHU:

[] sKCrIepUMEHTaNbHas YacTh

[] o0CyXJIeHHE TTOJIyYSHHBIX PE3YIbTaTOB C 3aKII0OUEHUEM

A5 cTaTeil, MOCBAIEHHBIX CHHTe3Y:

[] o6cyx/IeHne TOTyYeHHbBIX Pe3yIbTaTOB C 3aKIIOUYCHUEM

[} sKCIeprMeHTaIbHAs JacTh

[J brmaromapHOCTH

[] cnMcoK JuTepaTypsl

112



Tpebosanusa Kk ogpopmaenuio u no0zomoeKe pykonucu

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

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

[1Bce Tad/1Mubl, cXeMbl, PHCYHKH, COeIHHEHHUS M CCHIJIKH HA JINTEPATYPY JODKHBI HyMe-
POBATHCS CTPOTO B MOPSAAKE YIOMUHAHHUS B TEKCTE.

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

[/PucyHKN CHEKTPOB HE JOJDKHBI OBITH BHITTOIHEHHI OT PYKH.

[/Bce ncrons3yeMble aG0peBHATYPBI X COKPALEHHsT JOJDKHBI COOTBETCTBOBATh IIPUBEICH-
HoMy B [IpaBmiax s aBTOPOB CIMCKY MM paclIi(pOBEIBATHCS P [IEPBOM YIOMHHAHUH.

[1laHHBIE PEHTIEHOCTPYKTYPHOT'O HCCIEIOBAHUS CIEAYeT INPEACTAaBIATh B BUJIC PHCYH-
Ka(KOB) MOJIEKYJIBI (C IPOHYMEPOBAaHHBIMH aTOMaMH) HJIH KPUCTAIIIMYECKON YIIaKOBKU U TaOIIHIL,
coziepKalinX HeoOX0qUMbIe TCOMETPHICCKUE XapaKTEPUCTUKU MOJIEKYJT (OCHOBHBIE JUTHHBI CBS-
3eif, BaJICHTHBIC 1 TOPCHOHHBIE YIJIBI).

[] JIyist OCHOBHOTO TEKCTA CTAThH 00sI3aTeNBHO UCTONb30BaHue mpudra Unicode, skemarens-
Ho Times New Roman, miist rpedeckux 6ykB — mpudt Symbol.

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

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