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I'PAOUYECKUE PED®EPATDI

OBILIAS, HEOPTAHUYECKASA U ®UBNYECKASA XUMUSA

O BO3MO:KHOCTH CHHTe3a B-“sapa” moauoxkcumoaunodaara sxejesa (111) B
BOJHBIX PaCTBOPax
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Reactions of diphenyl selenide and diphenyl selenoxide with cumene

hydroperoxide
ROOH
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Synthesis and ANTICONVULSIVE activity of new
1,3-diazaadamantane derivatives
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Synthesis of aniline fragment containing polimers linked with
different groups
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OBLIAS, HEOPTAHUYECKASA U PUSNYECKASA XUMUA

O BO3MOXHOCTHU CHUHTE3A B-“AAPA” IIOJIMOKCUMOJIUBJIATA
JKEJIE3A (III) B BOJHBIX PACTBOPAX

A.A. KAPATIETSH, 3.X. AWUPHSIH, H.A. OTAHSIH, J.A. MUP3OSIH,
JI.C. BATJACAPSIH

WucTtuTyT 001Iel 1 Heopranndeckoi xumuu uM. M.I'. ManBensHa
HAH Pecny6muku Apmenust
Apwmenus, 0051, Epesan, yi. ApryrsHa 2 nep., 1. 10
@axc: (374 10)231275, e-mail: hairiyanelza@gmail.com
IToctynuio: 06.07.23

B paHHOW paboTe BrnepBble OMUCLIBAIOTCA YCMOBUS CMHTE3a YCTOMYMBOIO B BOAHbIX pacT-
Bopax B-“agpa” nonuokcumonubaata (MOM) xenesa (lll) B Buae HoBow monekynsipHon ("saepHon™)
¢dopMbl B MOHOMEPHOM cocTosiHuKM. OnTumanbHble ycrnoBusi obpasoBaHus [MOM xenesa (lll)
yCTaHaBnuBanu MNo CBETOMOIMOLLEHWI0 NpoAyKTa B3auMoAeWcTBus Monubaata ¢ kaTuoHamu
xenesa (lll) B ynbTpaduoneToBor obnactu cnektpa. YcTaHoBreHa o6racTb CBETOMOrMoLLEeHUs
MOM xenesa (lll), knHeTMKa M onTUMarnbHasi KUACMOTHOCTb MO OTHOLUEHUD K W3MEHEHUIO
KMCINOTHOCTW, MONMMBAAT MOHY U BPEMEHW BbIAEPXKKM MOCNe ero Konu4yectBeHHoro obpasoBaHus.
MokasaHo, 4to MMOM xenesa (lll) obpasyetca npu pH 3,4+54, nNpu COOTHOLIEHUM WUCXOOHbIX
konuyects v (Felll) : v (MoVI) = 1:6 u yctonume go 96 4yacos. Brnepsble yctaHoBneHo, 4to NOM
xenesa (lll) B pa3paboTaHHbIX ONTUMAanbHbLIX YCIOBUSX OOpasyeT ManopacTBOPVMMbIN B BOAE
KOMMIIEKCHbI accoumaT C  LeCTbil0  acCOLMMPOBaHHbIMW  KaTMOHaMW  KpUCTamnnu4eckoro
¢duoneTtoBoro (K®), obpasyss BecbmMa ManopacTBOPMMbIA B BOAE KOMMIIEKCHbIA accoumar.
MonyyeHHble AdaHHble CBUAETENbCTBYIOT 06 obpasoBaHuy Hosoro B-“agpa” NMOM xenesa (llI)
coctasa (OH)6[H3FeMo6018].

Puc. 6, 6ubn. ccbinok 11.

I'erepononmmokcumertamuibl (ITIOM) oTHOCSATCS K OOMIMPHOMY KIIacCy
COEIMHEHM, Ha3bIBAEMbIX MeETAJLI-KUCIOPOAHBIMU Kiactepamu [1]. Onu
ABIIIOTCS KOMIUIEKCHBIMU COEIMHEHUSMU BECbMa CIOKHOIO COCTaBa U
crpoenusi. [ TIOM mupoko MPUMEHSIOTCS B TaKUX OOJACTSX, KaK KaTaylus,
AQHAJINTUYECKAs] XUMHUS, METMLIUHA, JIEKTPOHUKA, JJAKOKPACOYHAS TIPOMBILI-
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JICHHOCTH U 11p. [2]. OHaK0, HECMOTPS Ha OOJIBIIION 00beM HHPOPMAITUH TT0
reTepONOINCOCTUHEHUSIM, BOIPOCHl O XMMU3ME X 00pa30BaHUs B BOJTHBIX
pacTBopax, MaKCUMaJIbHOW OCHOBHOCTH M BHYTPEHHOT'O COCTaBa, OCTAIOTCS
JMCKYCCUOHHBIMU. DTOMY UMEIOTCS OOBEKTUBHBIE TPUUNHBI: MHOTOOOpa3ue
($hopM MOTMOKCUMETAIIOB, BapUallui MPH U3MEHEHUH YCIIOBUI UX CHHTE3a,
BBIp@)KEHHAS] CKJIOHHOCTh K TIOJTMKOHJICHCAIIMN M 00Pa30BaHHUIO KOHTIIOME-
paToB B BOAHBIX pacTBopax [3].

W3 mpocteix ¢opm Hambosee H3y4eHBI HACHIIICHHBIE TOJIHOKCUME-
TaJUTBI TaK HA3bIBAEMBIX JBEHAIIATHIX PANOB [4], OMHAKO O HU3KUX psiax
Hay4Has HHQOpMAaIHs OrpaHuYCHa.

B nanHolt paboTe onmMCHIBalOTCS yCIOBUS CHHTe3a B-“dapa” MOJIUOKCHU-
mombnena (ITOM) sxenesa (III) B BogHOM pacTBOpe B BHIE HOBOM
MOJIEKYJIIpHOM (“aaepHOi’”) (OpMbI B MOHOMEPHOM COCTOSIHUHM, KOTOpas
HAMHU TIPEJICTaBIsETCS KOMIUIEKCHBIM —acconmatoM(KA) mecroro 1o
Monubaeny psna. [lomyuennsiii KA BecbMa yCcTOHYMB JUIMTENBHOE BpeMs,
HE TOJIBEpPraercs MOJMKOHACHCAMU U He 00pa3yeT MajopacTBOPHMBIX B
BOJI€ KOHTJIOMEPATHBIX (POpM.

JKcnepuMeHTAIbHAs YaCcTh U 00Cy:KIeHHe Pe3y/IbTaTOB

PearenTbl, amnmapaTtypa m MeTOAUKA HccieqoBaHus. Vcnonap3oBanu
0,01M pactBop FeCls-6H2O(“u.n.a”), 0,1M pactBop NaxMoOs-2H20
(“u.0.a”), 0,1% BOAHBIN pacTBOpP peareHTa KpacUTENsl KPUCTAUIMYECKOTO
¢wuoneroBoro (K®) (“u.x.a”), kornm. HNO3 (“o.c.u.”), (m1. 1,41) u aneron
(“a.x.2””). Pabouune pacTBOphI TOTOBUIIM pa30aBICHUEM UCXOJHOTO PACTBOPA
JMCTUITMPOBAHHOW BOJOW M XpaHWJIM B MOJHITHIIEHOBOH mocyxae. Onru-
YEeCKYI0 IUJIOTHOCTh (A) HCCIEAyeMBIX PACTBOPOB H3MEPSUIM CIEKTPOodo-
tomeTpoM “C®-26" mpu L = 1,0 cm (rne L tonmuna xroBetsl), 00beM (V)
UCCIIeyeMbIX pacTBOpoB goBoauau Bogoit mo 10 mz (V = 10 mx). Pas-
HOBeCHOe 3HaueHwe pH BOIHBIX PAcTBOPOB M3MEPSUIH IMOTCHIIMOMETPOM
“pH -340”. OqHOBpEMEHHO NPOBOAMIM “XOJOCThIE” OMBITHI C LIETIBIO yCTa-
HOBJICHUSI CTENEHHM OO0pa30BaHUs HM3OMOIMMONIHOIATOB (MX ONTHYECKas
IVIOTHOCTh —  AXo0i1.). Ocagku coeIMHEHUH 0TI UEHTPU(YTUpOBaHUEM
Ha JlabopaTtopHo# nearpudyre [IJIK-1.

KucioTHoCTh M KOHIHETPALMOHHBIE YCJOBHS NoJdydeHus f-“sgpa”
IMOM :kene3a(Ill). Ha mytu ycTtaHoBieHHs] XUMH3Ma 00pa30BaHUs TOJIHOK-
CUMETAJUIOB OJIHUM M3 Ba)KHBIX HANpPaBICHUH SBISETCS CHHTE3 UX Iep-
BUYHBIX CTPYKTYPHBIX €IUHHI-SJEP B BOJIHBIX pacTBopax. OnHAKO 10
HACTOAIIET0 BPEMEHU HET JINTEPATYPHBIX JAHHBIX O BO3MOKHOCTH CHHTE3a
[IOM xene3a (III) B BomHbIX pacTBopax. OmnucaHbl JUIIb KJIacTepbl IMO-
JUKOCUMONINO1aToB 1 TonuokcuBoibppamatoB Fe(Ill) [5,6], koTopeie B

BUJIE OCAJKOB BBIIEISIOTCS M3 HACBILIEHHBIX PAcTBOPOB M IO CYLIECTBY
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SIBIIAIOTCS. HEOPraHUYECKUMHU IOJIMMEpPaMU IIEPEMEHHOI0 COCTaBa, B KO-
TOPBIX YUCIO (PYHKIMOHATBHBIX THIPOKCOIPYIIN CHUXKEHO 3a CYET MX ydac-
THS B PEAKIMIX MOJMKOHACHCALMU MPH OOpa30BaHUM KOHIJIOMEPATHBIX
¢opM. B 31ux paboTax HEe YCTAaHOBJIEH MCTHUHHBIA COCTaB COCAMHEHUH, U
TOJIBKO TpeJICTaBIeHbI NpeanoiaraeMeie Gopmynbl. OIHAKO U3BECTHO, YTO
oOpa3zoBaBiuecss B BOAHBIX pacTBopax IIOM Moryr cyliecTBeHHO OTJIH-
4aThCsl U COCTAaBOM, U cBoiicTBamu oT IIOM B TBepaom cocrostuuu [7,8].

B nannoii paboTe BrHepBble OMMUCHIBAIOTCS YCIOBUSI CHUHTE3a YCTOMYU-
BOTO B BOJAHBIX pactBopax B-“supa” I[IOM xeneza (III), xoropelii Hamu
NPEJCTAaBISIETCS KOMILUIEKCHBIM COEIMHEHUEM IIECTOr0 IO MOIHOAEHY
psnaa.

O6pazoBanue nonanokcumonudaara xenesa (I1I) nzyqanocs B mmpokom
untepsane pH 0,5+7,0 npu pa3nuuHOi UCXOIHON KOHIIEHTpAIMK MOJIHOIAT
HMOHA M Pa3IMYHON BBIIEPIKKE PAacTBOPOB BO BpemeHH (0T 3 muw 10 96
yacog). ONbITHl NPOBOAWINCH TPH KOMHATHOM Temnepatype. OmHOBpe-
MEHHO OBUIM MOCTaBJIEHBI KOHTPOJbHBIE OMBITH (Axon < 0,03). OnTumans-
Hble yclioBusi oOpazoBanusi [IOM »xenesa (II) ycrtanaBnuBamu 1o cCBETO-
MOTJIONICHHIO MPOAYKTA B3aUMOJEHCTBUS MOIMOAaTa C KAaTHOHAMH JKene3a
(IIT) B ynpTpadmoneroBoii 00IacTH CIIEKTPa MPHU COOTHOIMIEHUH HCXOIHBIX
kommuectB v (Fell') : v (MoVl)= 1:6.

AA

0,8 -

0,7 A

0,6

0,5 -

0,4 -

0,3 A

0,2 -

0,1 4

2

210 220 230 240 250 200 270 A BM

Puc. 1. Kpusble cBeTonornoLeHnst BoaHbIx pacteopos xenesa (l1l) (kp. 1), monnbaat noHa
(kp. 2) 1 nonvokcumonuéaata xenesa (kp. 3 u 4) CFe'= 2 -10°M (kp. 1 1 3) u 3-10°°M (kp. 4);
CMoV = 1.2:10™M (kp. 2,3) n 1.8:10°M (kp. 4); v (Fe"):v(Mo"") = 1:6, L = 1,0 cm;

V =10 mn

CornacHo MOJIy4€HHBIM JTaHHBIM, YCTAaHOBJIEHO OTKJIOHEHHE CBETOIIOT-
JIOUICHUS] KOMIUIEKCAa OT aJIUTUBHOCTH. MaKkcHMaibHOE CBETO-
MOTJIONICHUE KOMIUIEKCa HaOI01aoch py JytnHe BoJiHbI 250 Hy (puc. 1)
U HE M3MEHSJIOCH IPH BBIAECPIKKE PaCTBOPOB OoJjiee yaca, YTO TOBOPUT O
Oob1Io# ycToitunBocTr HOBOW Gopmbl [IOM sxkenesa (I11).
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breuto YCTAHOBJICHO, YTO IPU YKAa3aHHOM COTHOLICHHWU KOMIIOHCHTOB
MaKkcuMajbHOe 0o0pa3oBaHHe KomIuiekca HabOmromamock mpu pH 3,1+54

(puc. 2).

AA
07
06 -
05 -
0.4
0.3
02 -

0,1
0 ‘ . . .
0 2 4 6 pH

C(Fe Ill) =3-10-5 M

Puc. 2. 3aBucumocTtb obpasoBaHusa nonnokcumonubaara xenesa (lll) oT KUCNOTHOCTK.
C(Fe ")y=3-10°°M; C(Mo V') =1.8-10 * M ; L =1,0 cm; V = 10 mn, A = 250 Hm

ITo pe3yabpTaTam HaIUX UCCICAOBAHUNA MPU TIOBBIINICHUU COOTHOIICHUS

v (Mov) : v (Fen) 6onbmre uem 6:1 (12:1 u 24:1) o6macTh MaKCUMaIbLHOTO
MIOTJIONICHHSI HA CIIEKTPE COXpaHsjach W He HaOMoaiIcs pOCT WHTEH-
CHUBHOCTH OKpacKd pacTBOpPOB (puc. 3). DTUM JaHHas CHCTEMa OTJIMYaeTCs
ot ananornunbix cucrem Cr'"', Ga''u A1 [9, 10]. DTO rOBOPHUT O TOM, YTO,
M0 BCEH BEPOSATHOCTH, B M3YYCHHBIX YCIOBHUSAX OOpa3yeTcs JIMIIL OJHO

COCIMHEHHE C COOTHOIICHHEM V(Fe”') Y (MoV') =1:6.

AA
0,8 -
0.7 -
0.6
0,5 -
0,4 -
0,3 4
0,2 -
0.1 4

0

230 240 250 260 270 280 A M

Pwuc. 3. Kpueble ceeTonornowenusinonmokcumonuéaata xenesa (111) npy pasnmyHom
COOTHOLIJeHMI/lllll/ICXO,D,HbIX Konu4yecTts FeIII n MoVI C (Fe mn )=3-10 -5 M; C(Mo VIy=3.10-5 M;
v(Fe ):v (MoVI) =1:4 (kp. 1), 1:5 (kp. 2), 1:6 (kp. 3), 1:12 (kp. 4), 1:24 (kp. 5);

L=10cm; V=10 mn
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Sophia
Typewriter
C(Fe III) =3·10-5 М


C nmpakTu4ecKoi TOYKU 3pEHUsS BaXKHO, UYTO NPHU BBIIEPKKE pPaCTBOPOB
[IOM xene3a (II) no 96 uacos onTueckas MIOTHOCTb UCCIEAYEMBIX pacT-
BOPOB MaKCHUMallbHa W TOCTOSIHHA B IIMPOKOM HWHTEPBAJIE KHCIOTHOCTH:
pH 3,4+5.,4 (puc. 4).

AA -
0,7 A
0,6 +
0,5 ~
0.4
0,3 -
0,2
0,1 -

0 T : )
0 2 4 pH
Puc. 4. KpuBble cBeTONoOrnoLleH1s BOAHbIX pacTBOPOB nonunokcumonubaara xxenesa(lll) ot
pH, nonyyYeHHbIX NpY pasnM4yHON BblAEPXKE PACTBOPOB BO BPEMEHM (T)
C (Fe)=3.10 5 M; C(Mo V') = 1.8:10™* M; pH 4.45;
1=1-10 MuH, 2 - 20+30 MuH, 3—24 4,4 —-96 4; L =1,0 cm; V = 10 mr7; A = 250 Hm

Bbumn poBeeHsl TakKe UCCIEeIOBAaHMS AT ONpPENeNIeHNsI OCHOBHOCTH
HoBo# ¢opmbl [IOM xenesa (III). BriepBrie moka3ano, 4to oOpasyroiieecs
KOMILJIEKCHOE COEMHEHHE pearupyer ¢ KaTHOHAMHM OCHOBHOTO KPacHUTEJIs
KPHUCTAJITNYECKOT0o (PUOJIETOBOTO, 00pa3ys MaJIOpaCTBOPUMBIN B BOJIE KOMII-
JIEKCHBIN accouuar ¢ 30J0THCTHIM O1eckoM. Ilocnie ero BbleneHNs IEHTpU-
¢GyrupoBaHueM M pacTBOPEHHEM B aleToHe, nojakucieHHoM HNOs, momy-
YaeTcsl SIPKO OKpAIICHHBIH MCTUHHBIA pacTBOp. CBETOIMOTNIONIEHUE aleTo-
HOBBIX pacTBOopoB KA, monyueHHBIX B pe3ynbraTe coiieoOpazoBanus [IOM
xkenesa (I1) ¢ KO MoxHO MCTIONB30BaTh IS ONPECIICHIS] OCHOBHOCTH MeE-
TOZOM HACBIIICHHS.

0,7 A
0,6 -
05 4
0,4 1
0,3 A
0,2
0,1

0

0 2 4 6 a8 10 12 aaza0dm
p-pa K®

Puc. 5. KpuBasi HacblLeHns nonuokcumonubaarta kpuctannuyeckoro guonetosoro (K®)

C(Felll)=3-10-5 M; C(Mo V') =1.2:10* M ; Cke=2-10°M,;
pH 4.8; L =1,0 cm; V = 10 ms; A = 595 HMm; v(komnn. aHnoHa) : v (K®) = 1:6
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CornacHo gaHHbBIM puc. 5 MonbHoe cooTHoueHne K® u [IOM xenesa
(IIT) paBHO 6:1. DTO COOTHOLIEHNE JIETKO OOBSACHSIETCS, €CIIU NMPUHUMATD,
YTO B M3Y4YEHHBIX ycioBusx nonuokcumonudaar Fe (III) naxomurcs B mo-
HOMEPHOM cOCTOsIHMU. [losyueHHbIE JaHHBIE IO COCTaBy BHELIHEH KOop-
JMHAIMOHHOM c(epbl CBUAETENBCTBYIOT 00 00pa30BaHMM HOBOTO IOJIMOK-
cumosnbaata xenesa (II1) cocraa (OH) ¢ [H3FeMosO1s].

B pa6ore [10] npencraBnena monens HoBoit [IOM, koTOpast MOJIHOCTHIO
OOBSICHSIET MOJIy4YE€HHBIE ONBITHBIE JAHHBIE.

(0H)5 [H3FeM06013]

Puc. 6. Moziens B-“aapa” MOM-a TpexBaneHTHOro anementa (3")

CoriacHo TIpeICTaBIICHHON MOJIENIA,  HaJu4ue 6-U MIeCTHAaTOMHBIX
IIUKJIOB B cuHTe3upoBanHOM IIOM, 00ycnoBiIuBaroT TBEPAYIO CTPYKTYPY U
00JIbIIYI0 €r0 akTUBHOCTS. [llecTs ruapokcorpym, HEIOCPEICTBEHHO
CBSI3aHHBIX C SIPOM, 0OYCIIOBIUBAIOT OCHOBHOCTh, PaBHYIO ILIECTH, M ITO TE€
IpyIIIB, KOTOpBIE YUacCTBYIOT B cOJIe00pa3yIomiel peakiiui ¢ KAaTHOHOM
K®. [Monyuyennsriii noarnokcumoauoaar sxemnesa (111) yKa3aHHOT'O COCTaBa
SIBJIIETCS HOBOM YHUKAIIbHOM (DOPMOM, KOTOpas Kak Mo XMMHUYECKOMY COC-
TaBy, Tak U Mo (opMe paHee He ONUCaHa,CUHTE3UPYETCSl HETIOCPEICTBEHHO
B BOJITHOM PacTBOpPE B BUJI€ HOBOM MOJIEKYIApHO# (B-“saepHoit’”)  (hopMbI B
MOHOMEPHOM COCTOSIHMM, KOTOpas B PACTBOPE BECbMa yCTONYMBA JUIUTENb-
HOE BpEMsi, HE MOJIBEPTasiCh MOJMKOHACHCAIIMU 1 HEe 00pa3ysi MaJopacTBO-
PUMBIX B BOJI€ KOHIJIOMEPATHBIX (OpM.
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ON THE POSSIBILITY OF SYNTHESIS OF THE g-“CORE” OF IRON(III)
POLYOXYMOLYBDATE IN AQUEOUS SOLUTIONS

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

This work describes for the first time the conditions for synthesizing a stable form
of B-"core™" iron (I11) polyoxymolybdate (POM) in aqueous solutions in the form of a
new molecular ("nuclear") state in a monomeric state.

The optimal conditions for the formation of iron (111) POMs were determined from
the light absorption of the product of the interaction of molybdate with iron (I111) cations
in the ultraviolet region of the spectrum.

The range of light absorption of POM iron (1), kinetics and optimal acidity
concerning changes in acidity, molybdate ion and exposure time after its quantitative
formation were established.

It has been shown that POM of iron (III) is formed at pH 3.4+5.4, with the ratio of
initial amounts v (Fe"") :v (Mo"") = 1:6 and is stable up to 96 hours.

It has been established for the first time that, under the developed optimal
conditions, iron(l11) POM forms a complex associate with a low water solubility with
six associated crystal violet (CV) cations, forming a very low water soluble complex
associate. The obtained data indicate the formation of a new “B-core” of iron (III)
POM with the composition (OH)s[H;FeMogO ]
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HNCIIOJB30BAHUE XBOCTOB KAJJZKAPAHCKOI'O
MEJIHO- MOJIUBJAEHOBOI'O KOMBUHATA (XKMMK) J1JIA
CHUHTE3A CTEKOJ C MATHUTHBIMU CBOMCTBAMUA

M.A. IOI'OCSIH, M.C. CAPT'CSIH

WuctuTyT 00mmelt u Heoprannveckoid xumun uM. M.I'. ManBensaa HAH PA,
Epesan, 0051, yn. Apryrsna, 2 niep., 10
E-mail: pogosyanmanuk01@gmail.com

Hocrtymumo: 31.05.23

M3yueHa obnactb cTeknoobpasoBaHus B cuctemax XKMMK - Li,O — B,O3; u XKMMK — LiFesOg
- B,O3. OnpepeneHbl Hanbonee MHTepecHbIe COCTaBbl U UCCReAoBaHbI NIIOTHOCTb, TeMNepaTypHbIN
KoadhdpuumeHT nuHerHoro pacwvpenus (TKITP) ctekon. BeisBrneHo, 4Tto cTekna cnabomarHuTHble.
WccnepoBaHve MarHWTHOW MPOHWLAEMOCTM 3aKpUCTarnmn3oBaHHbIX 0Opas3LoB CTEKOoNn nokasaro,
YTO KpUCTannmsaums CUMbHO yCUNMBaeT MarHUTHbIE CBOWCTBA, AOCTUraloWMnX A0 3HAYEHWUI npak-
TMYECKOro NpUMeHeHns brarogaps BbiNageHuo NUTMeBoro deppoLunvHens B obpasuax. Wccne-
[oBaHVe yaenbHOro 06bEMHOro 3NeKTPOCONPOTUBIIEHNS 3aKPUCTaNNM30BaHHbIX 06pa3LoB NUTUIA-
eppUTHOM CUCTEMBI MOKa3ano, YTO OHU UMEIOT SPKO BbIPaXEHHble MO3UCTOPHbIE 3MdEKTbI Mpu
pasHbIX TemnepaTtypax, YTo No3BOMMT UCNOMb30BaTh UX B AaTyYMKax pasfuyYHOro HasHaveHwus. MNpo-
BefeHHas paboTa nokasblBaeT, YTO XBOCTbl KamxapaHckoro mMeaHo-MonubaeHoBoro kombuHata

MoryT ObITb YyCneLwHOo UCNofb30BaHbl AnA Nnofly4eHUa 351eKTPOHHbIX MaTepuanos.

Bnbn. cceinok 6, puc. 11.

Knrwoueswie cnosa: XBoCTbl, CTEKIIO, MATHUTHAS! IIPOHULIAEMOCTb, JINTHE-
BBIH (heppOLINHHEINb, TIO3UCTOP.

Oxpana u 3(p(peKTUBHOE UCNONIB30BAaHUE HEAP SIBIISETCS OJHOW U3 aK-
TyaJbHEUIINX MPOoOJIeM COBpeMEHHOCTH. 10 TaHHBIM HEKOTOPBIX OTKPBITHIX
UCTOYHUKOB, Hampumep, B [1, 2], ectb uH(poOpMaIMsi O CyLIECTBOBAaHUU B
Apmenun 19 xpaHuiIuil XBOCTOB, KOTOpble 00Opa30BajiCh OT NepepaboTKu
MEIHO-MOJMUOICHOBBIX U JPYTruX MecropoxaeHuil. B wactHoctn, B Kan-

KApaHCKOM MEIHO-MOJMOIEHOBOM KOMOWHATe WMeeTcs 4 XpaHWIHIa
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XBOCTOB, M3 KOTOPBIX CaMOE KPYITHOE APIBAHUKCKOE CONEPKHT 95 min. m°

XBOCTOB. 3 CKa3aHHOTO OYEBHJHO, YTO YTWJIM3ALUUS 3TUX OTXOJOB $B-
JSeTCSl OYEHb BAXHBIM HKOJOTMYECKUM, MPUPOIAOOXPAHHBIM MEPOIpPHUs-
THEM.

Hwuxe, B Tabmuue | mpeacraBieH MpUMEPHBI XUMUYECKHH COCTaB
9THX XBOCTOB, YTO C HEKOTOPHIMH HECYILECTBEHHBIMU Pa3IN4YMSIMH BbIpa-
JKaeT MOJIHYI0 KapTHHY XUMUYECKHX COCTAaBOB BCEX MMEIOLINX XBOCTOB.

Ta6muna 1

KomrmoneHT Mo Cu Fe FeO | Fe,03 SiO, AlLO; | CaO | MgO
Conepxanue, macc. % | 0,013 | 0,13 9,0 3,2 3,89 54-57 16-18 1,45 2,98

Kommnonent MnO | P,Os S

Conepxanwue, macc. % | 0,12 | 0,12 | 21

MOKHO KOHCTaTHpPOBATh, YTO OCHOBHBIE KOMIIOHEHTBI COCTaBa IpE-
CTaBIICHBI B BUI€ OKCHJIOB KPEMHUs, aIIOMUHUS, KeJe3a, Kalblus, MarHus
u cepbl. Takxke HaZl0 OTMETUTh, YTO XBOCThI COAEPKAT 3HAYUTEIBHOE KOJI-
JIMYECTBO TaKUX 3JIEMEHTOB KaK PEHUil, BUCMYT, CEJIeH, TeJLIyp, cepedpo u
30JI0TO, KOTOPbIE OY€Hb BaXXHbI VI IOJYNPOBOJAHUKOBON TEXHUKH.

be3 mononHHUTENBHONW KOPPEKTUPOBKH COCTaBa 3TH XBOCTBHI MPU TEM-

neparype 1500-1550 °C 00pa3yroT cTeksio, KOTOpOe MOXHO HCIOJB30BaTh
JUIL YTUIM3AIUH SICPHBIX OTXOJOB, JJIS TOJyYEHHS CTEKJIOBOJOKHA H
CTEKJIOBATHI.

OpaHako, Kak BUJIHO M3 TaOJHMIIBI, XBOCTHI cojaepkaT okono 10 macc. %
okcupa xemnes3a B epecuere Ha Fep,Oz. OT0 maeT ocHOBaHME MpennosaraTh,
YTO UX MOKHO HCIIOJIb30BaTh ISl TIOYUYEHHS CTEKOJ U CTEKJIOKOMIIO3UTOB
C MarHUTHBIMU CBOMCTBaMH, KOTOPBIE B HACTOSIIEE BPEMsI CTAHOBSITCS BaX-
HBIMH MaTepuajaMH Ui Pa3BUTHS COBPEMEHHOM 00JIAaCTH DJEKTPOHUKU -
CIMHTPOHUKH (MarHETPOHUKH).

Ilenpto HacTosAmel pabOTHI SBUIOCH HCCIIEAOBAaHHE CTEKI000pa3oBa-
HUSl, MAarHUTHBIX W PO (PU3HKO-XUMHUYECKUX CBOHCTB CTEKOJ CHCTEM
XKMMK - leo — B,0O3 u XKMMK — LiF9508 - B,Os.

CuHTE3 CTEKOJ MPOBOAWIM C HWCHOIb30BaHHMEM XBocToB KamkapaH-
CKOTO MEIHO-MONHOJeHOBOTO KomOmHata, H3BO; mapkum «b» (I'OCT
18704-787), Li,CO3 mapku «XY» (TY 6-09-3728-74). B cucteme XKMMK
— LiFesOg - B,O3 B3sumn Li,CO3; u Fe 03 mapku «U» (TY 6-09-563-74) u
npeaBapuTenbHo cuaTe3npoBanu LiFesOg o metoay, onrcaHHOMY B paboTe
[3], m3 Li,CO3 u Fe,O3 B MosiekynsipHOM COOTHOIIEHUH 1/5 B KOPYHIOBBIX
tursx npu remmeparype 1100 °C ¢ Beiaepxkoi 2 vaca.

Bapky crekon B konmmuectBe 35-40 o, mpoBOAMIM B 3IEKTPUYECKOM
NeYr ¢ KapOUJOKPEMHUEBBIMU HArPeBATENSIMH B KOPYHJOBBIX THUIJISAX, IPU
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temneparype 1350 °C, ¢ Bbimepxkkoit 25-30 mun. OOpasipl CTEKOI IS
WCCJIEIOBAHMS TOJIyYaIH IMyTeM OTJIMBKH PAcIUIaBOB B CTaJIbHBIE (DOPMBI U
oTXHraiu B MydeabHO# meun npu Temmeparypax 500-550 °C.

Temnepatypubiii k03 dumment nmuueitHoro pacmmpenus: (TKJIP) cre-
koJ1 u3Mepsiiu Ha guinatomerpe JIKB5-A mo crangaptHoi meTtonuke (I1o-
rpemHOCTh M3Mepennit 3 107 2pao.™) Temmeparypy Hauama gedopmarmn
OIPEAEIISUIN U3 JUIATOMETPHUECKUX KPHUBBIX.

[110THOCTH CTEKOJ ONpeAessuId METOJIOM THAPOCTaTUYECKOTO B3BEILU-
BaHus B auctuwiuimpoBanHod Bojae cornacHo ['OCT 9553-2017. MonbHbie
00BEMBI PACCUUTHIBAIN 0 M3BECTHOW (OpMyIlle Ha OCHOBE AAHHBIX IUIOT-
HOCTEW U MOJICKYJSIPHBIX COCTaBOB COOTBETCTBYIOIIMX CTEKOI. M3mepenus
MarHUTHON MPOHHMLAEMOCTH OOpPa3lOB MPOBOIWIN 1O METOAY MAarHUTHBIX
BecoB Dapajiest B MoJie MOCTOSTHHOTO MarHnuTa ¢ uaayknuei moist 10 »7n. B
KauecTBe 3TaJOHHOro obOpasma ciayxui deppur 2000HM. JlepuBatorpa-
(¢udeckue uccaeIoBaHUS TPOBOIWIM Ha jaepuBatorpade mapku Q-1500.
Hagecka o6pasuoB coctaBuiaa 700-1000 me, ckopocth HarpeBa 10 °Clmun.
PentrenodazoBelii aHamu3 3aKpHCTAUIM30BAaHHBIX O0Pa3IOB CTEKON OBLI
MPOBEJICH ¢ Ucnoib3oBaHueM nudpakrtomerpa IPOH-1,5 mpu koMHaTHOU
temmeparype. Hcronp3oBanock MeaHoe m3nyuenne (A = 1,542 A), orpuist-
poBanHoe uepe3 Ni — GpuiibTp. CKOPOCTh CUETUHKA COCTABIISLIA 2 */MuUH.

TemnepaTypHy0 3aBUCHUMOCTb JIEKTPOCOIPOTUBIIEHUSI B TBEPAOM COC-
TOSIHUU U3MEPSIIH 110 OOIMICTIPUHATON METOMKE TPH TIOMOILIH TepaoMMeTpa
E6-13 Ha kommbroTepr30BaHHOM ycTaHOBKe. OOpasIibl MPECCOBAHHBIX Tep-
M00OpabOTaHHBIX TAaOJIETOK, U3TOTOBICHHBIX B BUJIE TUIOCKONApAIIIEIbHBIX
JMCKOB TOJINMHOM 1-2 MM ¥ AuaMeTpoM 7-8 yMm NMOKPBIBATIH CepeOpsHBIMU
3JIEKTPOJIaMU METOJIOM BaKyyMHOTO HambieHUs1 Ha yctaHoBke BYII-2K, Ha
00e cTopoHBbI. PacueT a5eKkTpoconpoTHBICHHS POBOIMIH 110 (hopmyie:

p—=RyS/b,
rae: p, - yaelnbHoe oObeMHOoe comportuBiieHne B Om.cm; R- oOwbemHOE
conpotuBierre B Om; S - MOBEPXHOCTh BIEKTPOIOB B cM?, b - TommmHa
00pasIoB B M.

JMdIeKTprUuecKyro MPOHUIIAEMOCTh B IMAJICKTPUIECKUe moTepu o0pas-
LIOB U3MEPSAJIU B aBTOMAaTHYECKOM peXHMME 3amucu Ha nperusnonHom LCR
meTpe moaenu 1920 ¢upmsr Quad Tech CIIIA omHOBpeMEHHO Ha 4YacTOTe
10? I'y. Benuunua JUDJIEKTPUUYECKON MTPOHULIAEMOCTH JUAJIEKTPUKA OLEHU-
BaJIM KaK OTHOIIEHUE €MKOCTH KoHjaeHcaTopa Cy, Mexay OoOKJIaJKaMu KO-
TOPOr0 HAXOAWJICS JaHHBIA AMAJIEKTPUK, K €MKOCTH KoHjaeHcatopa C,
OOKJIQZIKK KOTOPOTO pa3[eNieHbl BO3AyXOM (TOYHEe BaKyyMOM, T.K.
Eno3nyxa—1.0006):

e=C,/C

T.e. peanbHO M3MEPSIIACHh TOJIIBKO €EMKOCTh HCCIIEIyeMOTO AUAIEKTPHKA,

HOPUHUMAS Egosnyxa ~1. HCTIONB30BaNM 00pa3Lbl, IPUTOTOBICHHBIE I U3ME-
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PEHHUSI 3JIEKTPOCONPOTHUBIICHHS. J{MANIEKTpHUYECKHE MOTEPH, a Yalle BCETOo
yroJl AUDIEKTPUUECKUX MOTEPh WM TAaHT€HC ATOTO yIiia, MPUHATO CUUTATh
OTHOLICHNWEM BEJIMYUHBI PACCESHHON MOITHOCTH €IWHHIBI 00beMa KOHJCH-
caTropa K HalpspKeHHIO, YaCTOTE U EMKOCTH TOTO e KOHJIEHCaTopa:
tg6 = O/UPv C,

rrae: Q - MOIHOCTb, TMOTJIOIeHHas! KOHAEHCATOpOM B kem; U - HanpspkeHue
nonst B kB; C - emMKoCTh KOHAEHcCAaTopa, nd; v - 4acTOTa JIEKTPUIECKOTO
o, 1 y.

Ha puc. 1 mpencraBieHa o0JIacTh CTEKIOOOpa30BaHUS B CHCTEME
XKMMK - Li,O — B,0s.

O6nacTh cTeknoo0pa3oBanus B 1BorHOM cucteme LiO — B,O3 B3siTa U3
pabotsl [4]. Kak BuHO, TP MPUHSTHIX YCIOBUSAX OMpeAesieHns (CM. METO-
JMKY TPOBEICHHS DKCIIEPHUMEHTa) 00JIaCTh CTEKJIIO0Opa30BaHUS B IICEBO-
nByxkomnonentHoi cucreMe XKMMK — B,03 orpannuuBaetcsi conepixa-
nueM XKMMK nopsiaka 35 mon.%. Comectnoe npucyrctBue XKMMK u
Li,O npu uX MOJEKYJISIPHOM COOTHOWICHHH 1/3, B MPHUHATBHIX HAMH YCJIO-
BUSAX HCCIEIOBAaHUS CTEKI000pa30BaHMs, MO3BOJIAET MOJYyYUTHh CTEKIIO C
MUHUMAaJIBHBIM cozepxanueM B,03, mopsnka 10-12 mon. %.

BaOg

o - HECReqOBAHHE] 2
CTERTa

XNMMK ® 0 @ 8 10
ML o

Puc. 1. O6nactb cTeknoobpasoBaHus B cucteme XKMMK - Li,O — B,Os.

Ha puc. 2 npencTaBieHsl M3MEHEHHUS TUIOTHOCTH U MOJISIPHOTO 00bheMa
crexon cuctembl XKMMK - Li,O — B,0;3 mo pazpesy XKMMK/Li,0=1/3.
Kak BHHO, ¥ BeTHYHMHA [UIOTHOCTH, U BEIMYMHA MOJILHOTO 00beMa CTEKOI
C yBeIM4YeHHEeM KOHIeHTparmu B,03 yBeInInBaroTCs.
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Puc. 3.1.2. MnoTHOCTb U MOnbHbI 06Bbem ctekon cuctembl XKMMK - Li,O — B,O3
no paspesy XKMMK/Li,O=1/3.

O4eBHIHO 3TO CBSI3aHO C TEM, YTO OTHOCUTEIHHO MAaJOMy W3MEHEHUIO
MJIOTHOCTH OT UCXOJIHOTO cocTaBa 1o KoHeuHoro (Bcero 0,09 eauHMI) cOOT-
BETCTBYET JOBOJIbHO PE3KOE YBEJIMUYEHUE MOJIEKYJIIPHOTO Beca CTEKOJ OT
3HaueHus 44,5 no 57,1 enunun. Takum oOpa3oM, MOKHO KOHCTaTHPOBATH,
YTO HEKOTOPOE YBEJIMYEHHE MNIOTHOCTH HE MPUBOAUT K YIUIOTHEHHIO CTPYK-
TYpHI C yBennueHueM KoHreHTpanuu B,O3. O6 3ToM CBUACTENBCTBYIOT TaK-
ke mmeHenuss TKJIP u temmepatypel Hadana nedopmarmu (t,,) ITHX
CTEKOJI, IPUBEJCHHBIX HA puUC. 3.

VYmenbmenne TKJIP crekon ¢ yBennueHuem konnenrpauuu B,Oz cBu-
JIETeIbCTBYET 00 YIPOYHEHWH XMMHUYECKHX CBsi3eil B cTpykrype. C apyroi
ctoponbl, ymeHblieHue TKJIP 10mxHO conpoBOXKIaTHCS YBEIMUEHUEM TEM-

.5 199 107 rpax’
150 :

1]
160 gy, C
140 600
120 :
w0 | -\‘\.\.\. 1

100 .

80 : : - | [ 400 i i

10 20 30 40 20 60 10 0 30 40 50 G0
B»0s, M0L% B> 05, M0

Puc. 3. NameHeHne TKIIP n TemnepaTypbl Havana gedopmMaLmn CTEKON CUCTEMBI
XKMMK - Li,O — B,O3 no paspesy XKMMK /Li,O=1/3.

neparyp Havana aedopmammu ctekosn. OgHaKo, Kak BUIHO U3 pHC. 3, TEM-
nepaTtypa Hadana jedopMaiuu CTEKOJI TI0 Mepe YBEIWYEHUS! KOHIICHTPAIlUN
B,03; ymenbpmaercs. 10T GakT MOKHO OOBSCHUTH TEM, YTO HECMOTpPS Ha
HEKOTOPOE YIPOYHEHUE CTPYKTYPHI M YCUIICHHUE CHJI CBS3H MEXIy aTOMaMHu
¢ yBeauueHueM cojepxkanus B,O3, kak 3TO 0TMe4YaeTcst BO MHOTHX padoTax,
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TaK W B KJIACCMYECKOW pabore ArmmeHa [5], CTpyKTypa CTEKOJ M3 TpeX-
MepHO-clIUThIX [BO]Js TETpasapoB MOCTENEHHO NEPEXOAUT B JIABYXMEPHO
CBSI3aHHYIO LI€Mb, CTPYKTYPHOW E€IWHHUIIEH KOTOPOU SIBISIOTCA TPEYTrOJb-
Hukn [BOJ3, MeXOy CIIOSMH KOTOPBIX CBSI3M HECKOJIBKO ociiabiieHbl. Kak
yKa3aHHBIA CTPYKTYpHBIM (akTop, Tak W (akTop aJJIUTUBHOTO BKIJIAJA
6onee serkoruiaBkoro B;O3 NpuBOAST K HEKOTOPOMY CHIDKEHHIO TeMIIepa-
Typ nedopmaruu crekoi. Takoi xapakrep m3meHenus TKJIP u Temme-
paTypbl Hayana aegopManru MOXKeT ObITh JKelaTeIbHBIM MPU PEIICHUHN Ta-
KUX 3a/ad, TJe HY>KHO couderaTh Hu3koe 3Hauenue TKIJIP ¢ nerkomnas-
KOCTBIO.

UccnenoBanue MarHUTHOM MPOHUIIAEMOCTHU JIAHHOTO pa3pesa MoKas3ao,
YTO ATH CTEKJIa HEMarHUTHbIE. DTOT (aKT CBUAETEILCTBYET O TOM, YTO MPH
CHUHTE3€ CTEKOJ B3aUMOJCHCTBHE MEXIY OKCHIOM XKeJle3a, CONEPKaAIMMCS
B XKMMK, u kommnonentom Li,O mo 3TomMy pa3pe3y COCTaBOB HE COIpPO-
BOJKIaeTcsi oOpa3oBaHueM MarHUTHOU (a3bl. [losaTOMy [T mpumaHus CTeK-
JlaM MarHUTHBIX CBOMCTB B JajibHEWIIeM Obla HCCIIEOBaHa CTEKJIOOOpa-
syromast cucteMa XKMMK — B,0; - LiFesOg Ha puc. 4. npencrasiena 00-
nacThb crekioodpasoBanus B cucteMe XKMMK — LiFesOg - B,Os.

B0y

< - ICCIEN0E aHHEBIS
CTena

NINVME 20 40 60 S0 LiFesOg
nMoJLYe

Puc. 4. O6bnacTb cteknoobpasoBaHus B cucteMe XKMMK — LiFesOs - B,Os.

Creknoobpa3oBanue B nBoitHON cucteme LiFesOg — B,O3; orpanunun-
BaeTcs cojlepkaHueM nutueBoro ¢deppura 25 mon%. 3amena Li,O Ha
LiFesOg 3HaunTenbHO CyXaeT 00JacTh CTekiooOpa3oBaHus. boiee Toro,
OHa noayvaetcst BBITAHYTOM B cTopoHy XKMMK 1 makcumanbsHOe KoOIu-
yectBo coBMmecTHOro npucyrctBuss XKMMK ¢ LiFesOg coBnamaer ¢ ux
cootHomeHueM 5/1, mpu stom conepxkanue B,O3 cocraBisier mopsaka 50
mon.%. Bce 3TO TPOMCXOAWT W3-3a BBICOKOM TyromiaBkocTh LiFesOg
(mopsimka 1600+15 °C cormacHo [6]) MO CpPaBHEHUIO C JPYTHMMH KOMIIO-
HEHTaMH.

[Tpn wmccnenoBanun (U3UKO-XMMUYECKUX CBOHCTB B ITOH CHCTEME

204



HanboJiee ONTUMAJILHBIMH OKa3aiuch cTekia paspeza XKM/LiFesOg=5/1.
CocTaBbl MCCIICIOBAaHHBIX CTEKOJI Ha JUarpaMMme CTeKI000pa3oBaHHs yKa-
3aHbl MPO3PAYHBIMUA TOYKAMH Ha JIMHUH JAHHOTO pa3pe3a. MaKkcHMalbHOE
komaecTBO B,O3 B 3THX cTekiIax cocTaBisuio nmopsaka 83-85 mon. %, Beiie
9TOro COACPIKaHUA YKE UMEIN MECTO JIMKBAIMOHHBIC ITPOLECCHI.

Ha puc. 5. npencraBieHbl U3MEHEHHUS TUIOTHOCTH M MOJIBHOTO 00BbeMa
crekon cucteMbl XKMMK — LiFesOg - B,O3 1o pa3pesy ¢ MOJCKYIISIPHBIM
cootHomenneM XKMMK/LiFesOg = 5/1.

r
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1\'*-.. Ny \-
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B, 05, mon%
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Puc. 5. MNnoTHocTb 1 MorbHbIM 06bem cTekon cuctembl XKMMK — LiFesOg -B,03

no paspedy XKMMK/LiFesOg = 5/1.

Kak BupHO M3 pHCyHKa, C yBeIMYeHHEM KOHIeHTpauuu B,03 miot-
HOCTb YMEHbILIAETCs, YMEHBIIAETCS TAKKE MOJIbHBIA 00BEM, UTO CBS3aHO HE
YIUIOTHEHUEM CTPYKTYpBI, @ 3HAUUTEIbHBIM YMEHBLIEHUEM MOJIEKYJISIPHOTO
Beca crekoi (¢ 96,6 mo 79,6).

N3menenne TKIJIP u temmeparyp Havana aedopmammu (t,,) CTEKOI
cuctembl XKMMK - LiFesOg - B,03 no pazpesy XKMMK /LiFesOg=5/1,

MOKAa3aHO Ha PUCYHKeE 6.

7 1
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Puc. 6. NameneHne TKIP n TemnepaTyp Havana gecdopmaumm (tu,) CTEKON CUCTEMDI
XKMMK- LiFesOsg - B,0O3 no paspe3dy XKMMK /LiFesOg=5/1.

W3 pucyHka BUIHO, 9TO 4eM OoJblle 3HaYeHue KoHIeHTparuu B,03 B
cucreme, TeM Oombiue 3HaueHue TKIIP. Yeenuuenune TKJIP crexon ¢ yBe-
nuueHneM KoHreHTpauun B,O3; cBuaerenscTByeT 00 ocnabieHnn Xumudec-
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KHX CBSI3€H B CTPYKType. DTO XOPOIIO COTJIACYETCS C JaHHBIMUA H3MCHCHHS
mI0THOCTH. COBOKYIMHOCTh TUX JIAHHBIX TOBOPUT O TOM, YTO UMEET MECTO
HEKOTOpOe ocliabJieHNe U JACCTPYKTYPHPOBAHHUE TTOJUMEPHOH e CTEKOJ.
OO0 >TOM CBHIETEIBCTBYET W 3HAYUTEIILHOEC CHIDKCHHE 3HAUCHUH TemIe-
patyp Havaya aedopMariy CTeKOJL.

UccnenoBanne MarHUTHOM NPOHHUIIAEMOCTH CTEKON JAHHOW CUCTEMBI
MOKa3ajI0, YTO OHM UMEIOT HHU3KWE 3HAYeHUs (MarHUTHAs MPOHHUIIAEMOCTh
MeHnsieTcs B nipeaenax 50-80 equnu).

W3 MHOTOYHCIICHHBIX JUTEPATYPHBIX MCTOYHUKOB M3BECTHO, YTO Clia-
00e MpOosIBIICHWE MarHeTH3Ma MOXKHO YCHIIMBATh, €CIIM CTEKJIO 3aKpHCTAI-
nu3oBarh. [Ipu 3TOM HaxopsIuecs B COCTaBE CTEKOJ MarHUTHBIC KOMIIO-
HEHTBHI MOTYT BbINIaaTh B BUjae ¢GepputoB. s onpenencHusi TemMmepaTyp
KPUCTAJLTU3AIUH CTEKOJI OBUTH MPOBEICHBI IepUBATOrpahUICCKUE UCCIIEI0-
BaHUs JIBYX COCTABOB CTEKOJI JIUTHEBOM M JUTUH(EPPUTHON cUCTeM, Nepu-
BaTOTPaMMbl KOTOPBIX MPEICTABICHBI Ha pUC. 7.

DKk303¢hGeKThl KpUCTAIM3AMNA HaxoaaTcs B mpeaenax 650-680 °C.
[Ipu cpaBHEHHHU 3TUX TeMIiepaTyp C TeMIepaTypaMu Havaja aedopMaiiuu
CTCKOJI 00eHX CHCTeM, Obljla yCTAaHOBIICHA TeMIIepaTypa KPUCTAJUIH3AIHH
nopsika 680-700 °C mist Becex crekod. [anee Bce cTekia ObUTH U3MENIbYCHBI
Y TIOJIBEPTHYTHI KPUCTAIUIM3AIMH TPU ITHX TeMIepaTypax ¢ BBLACPKKOH 1

Hac.
535

680 759
% 11 XKMMEK- 33 Li,0 - 56B;03

825
G50
490
13,3 XKMMEK- 2.7LiFesOg" 84 B304
520 &00
T30

Puc. 7. JepvBaTtorpamMmmbl AByX COCTABOB NIMTUEBOW U NUTUAEPPUTHON CUCTEM

V3MeHeHne OTHOCUTENILHOW MarHUTHOW MPOHUIIAEMOCTH CTEKOJI COOT-
BETCTBYIOILINX Pa3pe30B IIOKa3aHO HA PHC. 8.

Cucrema XEMME - LizO - BaOy

1 XEWME /Li:0 =143
1400 Creresa XEMWME = LiFed0y = B0y
. 1 XEMME / LiFes0y = 51
1200 160
1000
s00 L0y
600 1200
400 1000
W $00
0 0 30 40 S0 &0 e &0 0 S0 90
B3 03, Mo B:0;, Mon"o

Puc. 8. MIameHeHne OTHOCUTENBHOW MarHUTHON NPOHNLAEMOCTN CTEKOJT COOTBETCTBYHOLLNX
pa3pe3oB nUccriegoBaHHbIX CUCTEM MOCTe Kpuctannmsaumn.
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CpaBHEHHE 3THX KPUBBIX MOKA3bIBACT, YTO, KAK U CJICIOBAJIO OXKUIATH,
BBeJicHUE (eppHuTa JUTHS NMPUBOAMT K IMPOSBICHUIO 0OJIee CHIIbHBIX Mar-
HUTHBIX CBOMCTB, HECMOTPSI Ha TO, YTO COCTAaBBI CTEKOJ 3TOW CHCTEMbI 0O-
nee OoraThl HEMarHWUTHBIM KoMmmoHeHToM B,0s;. Heckombko cimabee mpo-
SIBJIIETCS MarHeTH3M JIMTHEBBIX CTEKOJ, TMOCKOJIBKY, KaK IMOKa3ajld PEHT-
reHodas3oBbie HcciaeqoBaHus (pUC. 9.), YacTh JIMTHS CBS3BIBACTCS B ajio-
mocunukat autus LisAlSiOs.

I, % 11 XKMME- 33 Liz0 - 56805 1%
100 . 100
30 . + - LiFesOy 80+ * ~ LiFesiOy
| Li;A1560: |
60", o~ Lialsi 60
0] . . 40! ,
20+ T I . t ’ . . 20 ¢ I * s T K H
Z S 1 N N - N e L. I D B
18 22 26 30 34 38 42 46 50 54 58 62 B6 18 22 26 30 34 38 42 46 50 54 58 B2 6B
o 28, °

13,3 XKMMK: 2,7 LiFe Og* $4B,04

Puc. 9. UJTpVIX-peHTFeHOrpaMMbI CUNbHOMArHUTHbIX 3aKpUCTanmM3oBaHHbIX

COCTaBOB NCCnenoBaHHbIX CTEKOI.

VYcuneHne MarHUTHBIX CBOMCTB C YMEHBIIEHHEM KOHIEHTpAlMM Mar-
HUTHOHU (ha3bl MOXKHO CBSI3aTh C TE€M, YTO NPU ITOM YBEIUYMBAETCS JIETKO-
miaBkas (asa, 6orarast okcuaoM Oopa. JlerkomaBkast ¢daza obnerdaet dop-
MHUpOBaHUE 00Jiee KPYIHBIX U COBEPIIEHHBIX KPUCTAJUIOB MArHUTHOTO KOM-
MIOHEHTA.

PenTrenorpammbl CHIIbBHOMAarHUTHBIX COCTABOB CTEKOJI MOCJIE KPUCTAI-
JU3aluy, KOTOpbIe NPUBEIEHBI HAa PUC. 9, MOKA3bIBAIOT, YTO MATrHUTHbIE
CBOWCTBA B 00€MX CHCTEMax MPOSBISIOTCS 3a c4eT 00pa30BaHUs JIUTHEBOTO
dbeppommunens - LiFesOg.

WHTepecHbIMH OKa3aJICh U JaHHBIE 1O DJEKTPOPH3MUECKUM CBOMCT-
BaM 00pa3IloB, MOJYYEHHBIX MPU KPUCTATU3AIUN COOTBETCTBYIONINX CTE-
KoJI. VI3 TUTHEeBOM cHCTEMBl ONpPEAeIIn yaAeIbHOe 00BEMHOE AIIEKTPOCOI-
pOTHUBJICHUE TP KOMHATHON TeMIiepaType Toibko s coctaBa 11 XKMMK
-33Li,0 - 56B,03, koTopoe coctaBuiio 2,8 - 102 Om “cm.

Ha puc. 10 npeacraBneHO n3MEHEHUE YACTLHOTO 00BEMHOTO COIIPOTHB-
JICHUsI 3aKPUCTAJUTU30BAHHBIX CTEKOJI JTUTUH(PEPPUTHON CHCTEMBI MO pas-
pe3sy XKMMK/LiFesOg=5/1.

Kak BumHo, ¢ yBenmueHnem konueHTpauuu B,O; mpoucxomut ociab-
JIEHHME XUMHUYECKHX CBSI3€H MEXIy CTPYKTYPHBIMHM €IUHHMIIAMH, O YEM KOC-
BEHHO CBHJIETEIBCTBYET TAKKE YMEHBIICHHE TEMIEpaTyphl Havana nedop-
Manuu u ysenndeHue TKJIP coOTBETCTBYIOIIMX CTEKOJ, YTO U MPUBOIUT K
YBEJIMYEHHUIO TOJIBUKHOCTU HOCHUTENEH 3apsiia U YMEHBIICHUIO YAEIbHOTO
00BEMHOTO COIIPOTHBIICHHUS.
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Puc. 10. UameHeHne yaenbHOro 06 beMHOro areKTpoconpoTUBIEHUS
3aKpUCTanNNM30BaHHbIX CTEKOMN NUTUAMEPPUTHON CUCTEMBI MO paspesy
XKMMK / LiFesOg=5/1.

Ecnu cpaBHHBATH 3IIEKTPOIPOBOAHOCTH 00PA3IIOB HCCIIEJOBAHHBIX CUC-
TeM, TO NMPH OAMHAKOBOW KOHUEHTpanuu B,03 3aKkpucTayiM30BaHHOTO JIU-
THUEBOI'0 CTEKJIA C COOTBETCTBYIOIUM COCTABOM JINTHH(EPPUTHOI CUCTEMBI,
TO TIEPBBIA UMEET MOYTH Ha JBA MOpsIKa Ooyiee BBICOKYIO MPOBOIUMOCTD,
YTO MOXKHO CBSI3aTh C IPUCYTCTBHEM OTHOCHUTEIHHO OOJIBIIEr0 KOJMYECTBA
MOHOB JIUTHS.

Ha TemnepaTypHOil 3aBHCHMOCTH YAEIHHOTO OOBEMHOTO COIPOTHUBIIE-
HUS 3aKPHCTAIIM30BaHHBIX 00pa3I0B JTUTHH(EPPUTHON CUCTEMBI, Ha BCEX
oOpa3iax HaOII0AAITCA SPKO BBIPAKEHHBIE HU3KO- U BBICOKOTEMIIEpATYp-
Hble mo3ucTopHbie dddexTrl. st mpumepa Ha puc. 11. mokazaHa KpuBas
TEMIIEPATYPHON 3aBUCUMOCTU YJEIBHOIO OOBEMHOIO COMPOTHUBICHUS IS
kpuctauinzoBanHoro cocrasa 13,3XKMMK - 2,7LiFesOg - 84B,0;3; mpu
Hamnpsixenuu 0,5 B.
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Puc. 11. TemnepaTypHas 3aBUCMMOCTb 3aBUCMMOCTU yAENbHOro 06 bEMHOIro
CONpOTUBMEHUS Ansa 3akpucTannuaoBaHHoro coctasa 13,3XKMMK.
2,7LiFesos . 84B203
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Ha kpuBbIX 3aBUCHUMOCTH p(t) OCTaJIbHBIX COCTaBOB MMEIOTCS IO JBa
MaKCHUMyMa, KOTOpbIe IO Mepe yMeHblIeHus coaepxanus B,O3 cmematorcs
B HHU3KOTEMIIEPAaTypHYIO 00JIaCTh, U MUHUMAJIbHAS TEMIEpaTypa IMposiBie-
HUSI TIpH 3TOM cocTtasisiet 55 °C.

VY Bcex 3aKpUCTAJUIM30BaHHBIX 00pa30B 00EUX CUCTEM JAUIIEKTpUYEC-
Kast IPOHMI[AEMOCTh IpH Temmepatype 25 °C u gactote 10% 'y n3mensercs
B nipeaenax 4-11 egunun. TaHreHC yria AMAIEKTPUIECKUX MOTEPh NPU TEX
K€ YCIOBHSAX OCTAaeTCs Ha OYEeHb HHM3KOM ypOBHE, B mpeaenax (1-5) 10
€/IMHUII.

3axnouenue.

IIpogedenvl credyrowue pabomoi:

- HCCIIeI0BaHO cTekiooOpa3oBanue B cucteMax XKMMK - Li,O — B,0;
u XKMMK - LiFesOg -B,03 1 ycTaHOBICHBI UX IPaHMIIBI IPH TEMIIEPAType
1350 °C;

- oImpejesieHbl ONTUMANbHBIE pa3pe3bl ITHUX CHCTEM C Haubosee HH-
TEPECHBIMHU COCTaBaMH CTEKOJI;

- WCCIIEIOBAHbl U YCTaHOBJIEHBl 3aKOHOMEPHOCTH W3MEHEHHUsS IUIOT-
HOCTH, MOJIbHOTO 00bema, TKJIP, remnieparyp Hauana aedopmammu cTeKos
3THX Pa3pe30B;

- MPU KCCJIENOBAaHUM MAarHUTHOM NMPOHUIIAEMOCTH YCTAHOBIIEHO, YTO
CTEKJIa OYEHb CI1a00MAarHUTHBI. MarHuTHas MPOHULAEMOCTh CUJIBHO YBEJU-
YUBAETCs, JOCTUTrasi 3HAYCHUH MPaKTUYECKOr0 NMPUMEHEHHUs, IIPU UX KpHUC-
TaJUIA3AIHY;

- OJIHOBPEMEHHO C MAarHUTHBIMHM CBOMCTBAMM 3aKPUCTAJUIM30BAHHBIE
COCTaBbl JIMTHH(EPPUTHON CUCTEMBI HUMEIOT SIPKO BBIPAKEHHBIE IO3HC-
TOpHBIE 3(P(EKTHI NMpPHU pasHBIX TeMIIepaTypax, 4TO MO3BOJUT B OyaylieM
MCIOJIb30BaTh UX B AATYMKAX TEMIIEPATYphl Pa3IMYHOr0 Ha3HAYEHUS;

- CTEKJa HCCIIEJOBAHHBIX CHCTEM IO3BOJSAT IMOJIYYUTh IUJIEHOYHbIE
CTPYKTYpBI Ha Pa3IMYHBIX MOJIOKKAX, & CAMHM IUICHKaM TMPHUAATh OIpe-
JICJICHHbIE MAarHuTHbIE M 3JIEKTPUYECKHE CBOWCTBA IOCIE MX KPHUCTaJIU-
3alUu;

- TpoBeNieHHasi padoTa MOKa3bIBAET, YTO XBOCTH KamkapaHckoro men-
HO-MOJHOAEHOBOIO KOMOMHATa MOTYT OBITh YCIICUIHO HCIIOJIB30BAHbI IS
MOJIy4YEHUS] MaTepUAJIOB JIEKTPOHUKH.
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USE OF TAILINGS OF THE KAJARAN COPPER-MOLYBDENUM COMBINE
(TKCMC) FOR THE SYNTHESIS OF GLASSES WITH MAGNETIC
PROPERTIES

M.A. POGOSYAN, M.S. SARGSYAN

Institute of General and Inorganic Chemistry. M.G. Manvelyan NAS RA
Yerevan, 0051, st. Argutyan, 2 lane, 10.
E-mail: pogosyanmanuk01@gmail.com

The area of glass formation in the systems TKCMC - Li2O - B20s and
TKCMC -LiFesOs - B20s has been studied. The most interesting
compositions have been determined and the density and temperature coefficient
of linear expansion (TCLE) of glasses have been investigated. It was found
that the glasses exhibit weak magnetic properties. The study of the magnetic
properties of crystallized glass samples showed that crystallization greatly
enhances the magnetic properties, reaching values of practical application due
to  the  precipitation  of  lithium  ferrospinel in the  samples.
Research on the specific volume electrical resistivity of crystallized lithium
ferrite system samples showed that they exhibit pronounced positive
temperature coefficient effects at different temperatures, which will allow their
use in various types of Sensors.
The work done shows that the tailings of the Kajaran copper-molybdenum
production can be successfully used to produce electronic materials.
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REACTIONS OF DIPHENYL SELENIDE AND DIPHENYL SELENOXIDE
WITH CUMENE HYDROPEROXIDE
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The reaction products of selected organoselenium compounds, diphenyl selenide and
diphenyl selenoxide with model lipid hydroperoxide, cumene hydroperoxide, were studied using gas
chromatography-mass spectrometry and high-performance liquid chromatography methods, as well
as the release of free radicals was determined by the inhibitor method. It has been established, that
the reaction products of the studied organoselenium compounds and cumene hydroperoxide are
dimethylphenylcarbinol, acetophenone and a-methylstyrene, and the reaction sequentially continues
until the formation of diphenylselenone. It was also confirmed by the inhibitor method that these
reactions proceed without the formation of free radicals.

Ref. 6, fig. 3, tabl. 1

Keywords: diphenyl selenide, diphenyl selenoxide, cumene hydrope-
roxide, antioxidant.

Introduction

In living organisms natural and synthetic organoselenium compounds
exhibit antioxidant, anticancer, antimicrobial and antiviral properties [1-4].
They mainly act as two-electron reducing agents in reaction with toxic
hydroperoxides, which are the main lipid oxidation products by dioxygen,
converting them into relatively non-toxic alcohols. Synthetic selenic
compounds (e.g. Ebselen, which is widely used as a selenium containing
medical drug) structurally similar to the organoselenium compounds
considered in the current article are analogs of the enzyme glutathione
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peroxidase. They exhibit high bioactivity, haven't negative distinctive
properties, that are mainly associated with the presence of other heteroatoms
in the molecule (nitrogen, oxygen, etc.) and conjugated unsaturated
chemical bonds [5]. However, detailed information on the chemical
mechanisms of the antioxidant action of these organoselenium compounds is
insufficient.

The study of the reactions of organoselenium antioxidants with organic
hydroperoxides (reactive oxygen species formed during lipid oxidation) is
considered relevant.

Experimental

The organoselenium compound diphenyl selenoxide (DSeO) was
synthesized by the method described in [6], and diphenyl selenide (DSe)
was purchased from the chemical company Sigma-Aldrich (USA). Other
chemicals: cumene hydroperoxide (CgHsC(CH3),O0H), a-methylstyrene
(CsHsC(CH3)=CHy,), dimethyl phenyl carbinol ((CH3),C(OH)CsHs), acetop-
henone (CH3;COCgsHs), s-naphthylamine (C1oH;NH,), solvent chlorobenzene
were also purchased from the same company.

The reactions between organoselenium compounds (Fig. 1) with model
lipid hydroperoxide, cumene hydroperoxide (CHP), as well as the reaction
products’ analysis were studied by gas chromatography system coupled
with a mass spectrometry detector (GC-MS system CLARUS 680 GC-MS,
Perkin Elmer, USA) and high performance liquid chromatography system
coupled with UV spectrometry detector (LC 300 HPLC system, Perkin
Elmer, USA). The GC-MS system was equipped with a Thermo TR-5MS
fused silica capillary column (30 m x 0.25 mm) with 0.25 um film thickness
of coated material. Helium was used as the carrier gas, with a flow rate of 1
ml/min and a split flow of 25 ml/min. The transfer line temperature was set
at 250°C. In HPLC system C18 column (4.6 mm x 250 mm i.d., 5 pm) was
used for the separation and the mobile phase was consisted of water (A) and
acetonitrile (B) and the flow rate was 1 ml/min. The mobile phase was
programmed consecutively in a linear gradient as follows: 0 min (80% A);
20 min (20% A). The multi-wavelength detector was monitored at 230 and
254 nm, the injection volume was 1 ul for each sample solution. The oven
temperature was maintained at 35°C.

CQA

|
O
DSe DSeO

€

Fig. 1. Structural formulas of the diphenyl selenide and diphenyl selenoxide.
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The experiments were carried out at T=37+0.1°C temperature for 3 h.
The studied antioxidants’ and cumene hydroperoxide concentation were
1.5%x10 mol/I.

The release of free radicals in the reaction of the studied
organoselenium compounds, DSe, DSeO with cumene hydroperoxide in the
presence of p-naphthylamine (neozone-D) was determined by inhibitors’
method using fluorescence spectrometer Perkin-Elmer MPF-44B (USA).
The S-naphthylamine concentration was 3x10°® mol/l, and a change in signal
intensity over time was recorded at 453 nm.

Results and Discussion

The study of the reactions between DSe, DSeO and model lipid
hydroperoxide, CHP, shows that the main product of the reactions
mentioned above is dimethyl phenyl carbinol. Acetophenone (APh) and o-
methylstyrene are also formed, but in relatively smaller quantities.

It follows from the table that in the case of diphenylselenide, the
consumption of cumene hydroperoxide is greater than in the case of
diphenyl selenoxide.

The CHP consumption in relation with consumption of studied
organoselenium compounds are given in Table 1.

Table 1
CHP consumption in relation with consumption of DSe and DSeO
compounds
Se-Org DSe DSeO
A[ROOH] . i
A[Se-Org] 0.8+£0.1 1.9+£0.05

From the data given in Table 1 it follows, that in the case of DSe, the
consumption of CHP is greater than in the case of DSeQ, that is the reaction
is sluggish.

The HPLC analysis results for reaction of DSeO with CHP are given in
Fig. 2.
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Fig. 2. HPLC chromatograms of reaction products of DSeO with CHP.

The detailed analysis of the given chromatogram shows, that along with
the reaction products mentioned above, the diphenyl selenone (DSeO,) is
also formed.

It is also clear from the obtained data that the signal intensity of g-
naphthylamine (neozone-D) did not decrease, which means that in the
reactions of the studied organoselenium compounds, DSe, DSeO with CHP
no free radicals are formed (within the accuracy of the used method). The
yield of radicals in the reaction is estimated as < 10°. The dominance of
reactive radical-free conversion of hydroperoxide is an important
characteristic of the antihydroperoxide activity of antioxidants.

Based on the results, the antihydroperoxide scheme of selected
organoselenium compounds can be presented as follows:

N N ROOH N N

_Se (/SeO) \—\ _SeO (/SeOZ)
ROH
Ph(CH;3)CO

Ph(CH3)C=CH, + H,0

/\Se —>/\SeO —>>Seoz

Fig. 3. Proposed scheme of chemical transformations of the antihydroperoxide action of
selected organoselenium compounds.
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Conclusion

Thus, it can be concluded that the studied organoselenium compounds,
have antihydroperoxide action in the reaction with CHP, turning them into
relatively non-toxic stable products without detecting the formation of free
radicals. The revealing of the mechanism of the antihydroperoxide action of
organoselenium compounds will make it possible to predict new selenium-
containing bioactive structures with a greater antioxidant potency, which
will have high bioavailability and will be non-toxic to living organisms.
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HccnenoBanbl MpOAyKThI peakIMK M30paHHBIX CEIEHOPTAaHMUECKUX COCTUHEHUN —
nudeHuwiceneHnaa U Au(GEeHWICETICHOKCHIAa C MOJCIbHBIM JIMITUAHBIM THIPOICPOK-
CHJIOM — THAPOIIEPOKCHIOM KyMOJIa METOJIaMH Ta30BOM XPOMATO-MAaCcC-CIIEKTPOMETPHH
U BBICOKOA((PEKTUBHOI KHUIKOCTHOW Xpomarorpaduu, U TaKKe ONpPEIENeH BBIXOI B
peakiu CBOOOMHBIX PAJUKAJIOB METOAOM HHICHOUTOPOB. YCTAaHOBJCHO, YTO IPO-
Z[yKTaMI/I peaKL[I/II/I H3y‘IeHHbIX CeHeHOpFaHH‘IeCKI/IX COGI[I/IHGHI/Iﬁ C FHZ[pOHepOKCI/II[OM
KyMOHa SABJIAKOTCA )II/IMeTI/IJ'l(peHI/IHKap6I/IHOH, aHeTO(beHOH nu a—MeTHHCTHpOJ’I, HpI/I 3TOM
peaxIms MOCIeI0BaTEIbHO MPOIOIDKACTCS 10 00pa3oBanus audeHmIceIeHOHa. TaKke
METOJIOM HMHTHOWTOPOB, YCTAaHOBIIEHO, YTO B YyKa3aHHBIC DPEAKIMH MPOTEKAlOT 0e3
o0pazoBaHusi CBOOOHBIX PAJUKAIIOB.
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PAZPABOTKA COCTABA I'NIMHO3EMUCTO-BEJIMTOTO IEMEHTA U3
HE®JINHOBBIX CHUEHUTOB

Bb.B. MOBCUCSIHY, E.M. MOBCECSIH?, 3.P. APAKEJIOBA?, P.A. ABETSIH?

"MucTuTyT 06MmCH M HeopraHmueckoit xumuu uM. M.I. Mausensaa HAH PA
Apwmenus, 0051, Epesan, yn. ApryTsHa, 2nep., 1om 10
E-mail: chembagrat@gmail.com
2 Haumonansusiii [onurexHudeckuii YHuBepcuTeT ApMEHUU
Apwmenus, Epesan, Tepsn 105
Email: info@polytechnic.am

. B pabore uccnenoBansl HedenuHOBbIe cHEHUTHI Paznmanckoro Tex-capckoro
MECTOPOXKICHHUSA KaK CBIPhE Al MPOHM3BOJCTBA TIIMHO3EMHCTO-OSIUTOBOrO IIEMEHTA.
Ilo pe3ysibTaTaM KOMIIJIEKCHBIX (I)I/ISI/IKO-XI/IMI/I‘IeCKI/IX I/ICCHGI[OBaHI/Iﬁ HU3BCCTHAKA-
TpaBepTHHA W CHEHHWTOB ApapaTcKOr0 MECTOPOXAEHHS pAacCUUTaHa BYXKOMIIO-
HEHTHas [IEMEHTHas ChIpheBas cMech. OTHOBPEMEHHO pacCYMTaH COCTaB LIEMEHTa Ha
OCHOBE KIIMHKEpA, TOIYYEHHOTO U3 M3BECTKOBO-CHEHHUTOBOW CMECH, THIICA H
MHHEpaJI000pa3yromero KoMInoHenTa. B tepmoobpaboTaHHOM 000XOKEHHOM KIMHKEpe
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B Ka4Y€CTBC OCHOBHBIX (1)33 ObLIH I/IZ[CHTI/I(l)I/IHI/IPOBaHLI OEIUT W HHU3KOOCHOBHEIC
AJIIOMHUHATBI KaJIbIHUs.

Knrwuesvie cnoesa: HeqbeﬂuHoean CUerum, U3eeCmHaKoeble mpasepmunsvl, KIUHKep,
6efzum, aAJlloMuHamsl Kajaivbyus

PROCESSING OF ALUMINA CEMENT COMPOSITION
FROM NEPHELINE SYENITES

B.V. MOVSISYAN?, E.M. MOVSESYAN?, E. R. ARAKELOVA?, R. A. AVETYAN?

! M.G. Manvelyan Institute of General and Inorganic Chemistry NAS RA
10, Argutyan str, 2 lane: E-mail: chembagrat@gmail.com
2 National Polytechnic University of Armenia 105 : Teryan St, Yerevan
E-mail: info@polytechnic.am

The paper studies the nepheline syenites of the Hrazdan Tezh Mountain
deposit as a raw material for the production of alumina-belite cement. Based on the
research results, a two-component raw material mixture was calculated using limestone
travertines from the Ararat deposit, with the addition of gypsum and a mineral-forming
additive to the composition of the charge from limestone and syenite. Belite and low-
basic calcium aluminates were identified as the main phases in the clinkers fired from
these components.
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OPITAHUYECKASA U BUOOPTAHUYECKAS XUMUA

DOI: 10.54503/0515-9628-2023.76.3-228

CHUHTE3 U AHTUBAKTEPUAJIBHASA AKTUBHOCTD ITPOU3BO/JIHBIX
3-AJJINJI-5,5-AUMETUWII-2-TUOKCO-2,3,5,6-
TETPATUAPOBEH30[h]XNHA3OJNUH-4(1H)-OHA

AJM. MAPKOCSH, A.C. AIBA3STH, C.A. TABPUEJISTH, M.IO. IAHT STH,
A.I'. APAKEJISIH

Hay4uHO-TeXHOIOrHYeCKHil IEHTp OpraHudeckol 1 papmaneBTndeckoit xumnun HAH
Apwmenunsi, 0014, Epesan, np. AzaryTss, 26. Ten: (+37410)288443,
E-mail: ashot@markosyan.am
IMocrynuno: 28.03.23

3-Annun-5,5-gumeTun-2-tmokco-2,3,5,6-tetparngpobensofh]xnHaszonun-4(1H)-oH (TokcobeH-
30XMHA30MMH) B LUENOYHOW cpefe ankunvpoBaH ranoreHmaamy pasnuyHoro CTPOEHWs, YTO Mpw-
BENO K MOMyyYeHuto 2-cynbdaHunaamelleHHbix 3-annun-5,5-gumetun-5,6-aurugpobersolh]xuHa-
30nuH-4(3H)-oHos. KoHaeHcauven TUOKCODEH30XMHa3onmmMHa € MMApasnH rmapaToMm CUHTE3MpPOBaH
3-annun-2-rmapasunHun-5,5-gumetun-5,6-gurnapobensofh]xmHasonui-4(3H)-oH, ogHako aHanoruy-
Hble peakuyun ¢ 2-3TaHoNamMnHOM 1 3-MponaHonamMmMHOM NpoTekany aHomarnbHO ¢ obpa3oBaHvem 2-
(2-rmppokcunatun)amuHo-5,5-gumeTun-5,6-aurnapobensolh]xnHasonun-4(3H)-ova ©  2-(3-rmgpok-
cunponun)aMmuHo-5,5-aumeTun-5,6-gurnapobexso[h]xmHasonux-4(3H)-oHa cooTBeTCTBEHHO. B3awn-
MOAENCTBME YKa3aHHOrO TUOKCOBEH30XMHa3onuHa, ¢ OeHannamuHOM npoTekaeT MOCPEeACTBOM
BHYTPUMOMNEKYNAPHON Luknusaumm ¢ obpasosaHvem 6,6,10-Tpumetun-9,10-gurnapo-5H-6eH-
3o[h]Tnasono[2,3-b]xmHa3onuH-7(6H)-oHa.

V|3y‘~|eHbI aHTM68KTepVIaJ'IbeIe CBOWCTBa CUHTE3MPOBaHHbIX COeQUHEHNA B OTHOLLEHMU rpam-
NONOXUTENbHbLIX U rpamMoTpuuaTesribHbIX MUKPOOPraHM3MOB. B pesynbTaTte uccregoBaHuin ycTa-

HOBJIEHO, YTO N3y4YeHHble COeaANHEHNA obnagatoT aHTMGGKTepI/IaﬂbHOIZ aAKTUBHOCTbH.

Bubn. ccbinok 25, Tabn. 1, cxema 2
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Knwouesvie cnosea. ankunupoBaHHe, THOKCOOEH30XMHA30JIMH, BHYT-
pUMOJNIEKYJIIpHas TUKIN3alus, Cyab(haHuI3aMelIeHHble, aHTHOAKTepUalb-
Has aKTUBHOCTB.

Benso[h]xuHa301MHOBBIE COeIUHEHHsT O0JIAAAIOT IIEHHBIMH OHMOJIOTH-
yeckuMH cBoiicTBamu [1-18]. CBemenus o 3-3aMeIIEHHBIX 5,5-muMeTwHiI-
Oen3o[h]xuHa301MH-4-0HaX OTPAHUYMBAIOTCS HALIMMHU PabOTaMu, pe3yiib-
TaThl KOTOPBIX YKAa3bIBAIOT Ha MEPCIEKTHMBHOCTh HCCJICIOBAaHUA B 3TOMH
obmactu [19-24]. B mpencraBieHHON paboTe MPUBOAATCS TaHHBIE O CHH-
Te3e, HEKOTOPHIX MPEeBPANICHHUSX 3-auTiI-5,5-1uMeTnin-2-Tuokco-2,3,5,6-
tetparuapobenso[h]xunazonun-4(1H)-ona u anTHbakTepHaIbHONW AKTHB-
HOCTH CUHTE3UPOBAHHBIX COCIMHCHUH.

ANKuupoBaHue — 3-aJUTWI-5,5-TUMETHII-2-THOKCO-2,3,5,6-TeTparuapo-
oenso[h]xunazomun-4(1H)-ona (1) (TmokcobeHzoxuHazonuu) [19] B mpu-
CYTCTBUU €JIKOTO KaJi C TaJIOTEHUJIAMH Pa3IMYHOTO CTPOCHUS B cpeje ao-
COJIIOTHOTO 3TAHOJIAa MPUBEJIO K 00pa30oBaHMI0 2-CyJsib(haHUI3aMEIICHHBIX 3-
ammn-5,5-mumerun-5,6- muruapobensol h|xunazonun-4(3H)-onos  2-10 ¢
BeIXOmaMu 61-78%.

W3ydeHnne B3auMOIEHCTBUS THOKCOOCH30XMHA30MHA 1 ¢ aMUHOCOEIN-
HEHHMSMH TO0Ka3ajio, 4To peakims 1 B M30BITKE THApa3WHA 3aBEpIIACTCS B
TE€YCHHE 4 4acOB C 00pa30BaHUEM 3-aJLTHII-2-THIPA3UHII-5,5-mumMeTHI-5,6-
nuruapooenso[h]xunazonun-4(3H)-ona (11) ¢ Beixomom 77%. AHamoruy-
HbIC KOHJICHCAIIMH THOKCOOEH30XMHAa30MHa 1 ¢ 2-3TaHOJaMHHOM U 3-TIpo-
MAHOJAMUHOM IIPH TEMIIEpaType KHIICHUS TMOCISAHUX IPOTCKAIOT aHO-
MajabHO. WX KOHIEHCAIMsi COINPOBOXKIACTCS OTHICTUICHUEM aJUTHIBHOMN
IPYNIBL M BMECTO OXHMAAEMBIX 3-aiuinii-2-(2-ruapoKCHITHI)aMHUHO-5,5-
auMeTrit-5,6-auruapoodensolh|xunazonun-4(3H)-ona u  3-ammun-2-(3-rua-
POKCHIIPOTIHI)aMUHO-5,5- iuMeTii-5,6- nuruapoden3o[ hxunazonuu-4(3H)-
OHa TMOJTYYCHBI MPOIYKTHI 0€3 aJUTMIIBHBIX TPYMI - 2-(2-rHAPOKCHITHII)aMH-
HO-5,5-mumMetni-5,6-auruapoodensol h|xunazonun-4(3H)-on (12) (coeaune-
Hue 12 HaMu OBLTO TIOJYYEHO paHee KOHACHCAIUEH 5,5-TMMEeTHII-2-THOKCO-
2,3,5,6-terparuapobenso[h]xunazonmnu-4(1H)-ona ¢ 2-3ranonamunaom [20])
U 2-(3-ruapoKCUIpOnuI)aMiUHO-5,5- tuMeTrI-5,6- muruapobenso[ h|xuHazo-
auH-4(3H)-on (13), koTophIii B HacTosmIeld paboTe MOJYyYeH M OIKCaH
BIIepBbIe. B pe3ynbrate B3ammozencTBus coeauHeHus 1 ¢ n30GbITkOM OeH-
3WJIaMUHA TIPH TEMIIEPAType KUIICHUS TIOCIICIHEr0, BMECTO OXKHIaeMOTo 3-
aITHII-2-0eH3MIaMUHO-5,5- iuMe THII-5,6- muruapobeH3o[ h | xuHazonuH-
4(3H)-ona, ObLT MONY4YEeH MPOAYKT BHYTPHUMOJCKYISIPHOW NUKIU3ALUH
HCXOHOTO THOKCOOEH30XMHAa30MHa - 6,6,10-Tpumernin-9,10-nuruapo-5H-
oenso[h]tuazono[2,3-b]xunazonun-7(6H)-on (14) mo cxeme 1.
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Cxema 1
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NH

TR

14

2. R= CHjz: 3. R= CyHs: 4. R= C3Hy: 5. R= uz0-CsH;: 6. R=
CH,CH,0H: 7. R= C4Hg: 8. R= CH,CgHs: 9. R= 4-CICsH,CH,: 10. R= 4-
CH3CsH4CH,.

MoXxHO cKa3arh, 4TO (POPMAIBLHO TMPOUCXOAUT BHYTPHUMOIIEKYISPHOE
MPUCOEAMHEHNE MEPKANTO TPYIIBl K JBOWHOW CBSA3H TMOJAOOHO MpPaBHITY
MapkoBHUKOBa — BOAOPO TMPUCOEIUHSETCS K HAaubosee TUaApOTreHU3Upo-
BaHHOMY aTOMY yriepoja. (cxema 2)

CxeMma 2.
H S N SH N s
X S
T = -
(o] (o) o
1 14

AHTHOAKTEpUATTbHYIO aKTHBHOCTh CHHTE3MPOBAHHBIX COCAMHECHUI U3Y-
qaau MetoaoM ‘nuddy3us B arape” mpu MHKpOOHOW Harpyske 20 ain
MUKpPOOHBIX Ten Ha 1 mz cpenbl. B kadecTBe TeCcT-00bEKTOB OBLTH UCIIONb-
30BaHbl IPAMITOJIOKHUTEIbHBIC cTadumokokku (Staph. Aureus 209p, Bac.sub-
tilis ATCC-6633) u rpamoTpuiiarenbubie nanouku (Sh.dysenteriae Flexneri
6858, E. Coli 0-55) [25]. [auHbie 00 aHTHOAKTEpUAILHON AKTUBHOCTH
CHUHTE3WPOBAHHBIX COSAMHEHH TIPUBE/ICHBI B Ta0muie 1.
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Taoauna 1

JlaHHbIe aHTHOAKTEPHAJIBbHON AKTHBHOCTH CHHTE3MPOBAHHBIX

coeMHeHuH

No St. Aureus Bac.subtilis Sh.dysenteriae E. Coli 0-
COEJIMH. 209 p ATCC-6633 Flexneri 6858 55
1 14 16 13 13
2 14 15 14 13
3 0 15 14 14
4 12 14 14 14
5 13 18 17 18
6 0 0 15 15
7 0 0 16 17
8 14 14 15 18
9 13 17 13 18
10 10 12 10 13
11 24 26 20 18
12 20 18 18 15
13 18 19 14 16
14 15 16 15 12
dypazonuaoH 25 24 24 24

Cpenu npou3BOAHBIX 5,5-muMeTnOeH30[ 2] XUHA30IMHA BBISBICHO COE-
nuHeHne 11 ¢ BbIpaKeHHBIM aHTHOAKTEpUATIbHBIM JEHCTBUEM, OJNM3KUM K
aKTUBHOCTH TIpernaparta cpaBHEHHs (ypa3oJIMI0Ha, YTO YKa3bIBaeT Ha IIejie-
CO00pPa3HOCTH MPOIOJIKEHUS MTOUCKA B IAHHOM PSY.

3KCH€pHMeHTaJ’[LHaﬂ 4acTb

UK cnektper cHaThl Ha cnekTpodoTomerpe «FT-IR NEXUS» B Baze-
nuHOBOM Macie, criektpsl IMP *H (300 MI'y, DMSO-d6/CCl, 1/3) u **C
(75 MTIy, DMSO-d6/CCl, 1/3) 3aperucrpupoBansl Ha mpubope «Varian
Mercury-300», BayTpennue crangaptel - TMC wiu 'MJIC. TCX nposeze-
Ha Ha iactuakax «Silufol®y, nposiBurens - mapsr Hoxa.

3-Anana-5,5-numeTni-2-Tuokco-2,3,5,6-rerparuapodenso[h]xuna-
3oaun-4(1H)-ou (1), 3-ammmn-5,5-qumernn-2-metuncynbhanui-5,6-1uru-
po6enso[h]xunazonun-4(3H)-on (2) u 3-ammun-2-6ensuicyabhanui-5,5-
auMeTwin-5,6-nuruapodensol h]xunazonuu-4(3H)-ou (8) nomyuenst mo [19].

2-Cyabpanui3aMemieHHble 3-aauii-5,5-1umernin-5,6-1uruapodex-
30[h]xuna3zommu-4(3H)-onb1 (3-10) (o0masi MmeToauka). B peakinnoHHYIO
KOJIOY ¢ 0OpaTHBIM XOJOIMILHUKOM momemarT cmech 2.10 & (7 mmons) 2-
tuokcobenso[h]xunazonuna 1, 0.45 2 (8 mmonw) ruapokcuaa xamus, 30 mu
a0c. aTanona u kunAtaT 10 mun, 3aTeM 100aBISIOT 7.5 Mmob TaToOreHuaa u
MIPOAOJKAIOT KunsiueHue euie 10 u. PeakiMoOHHYIO0 cMech OXJIaXIaroT, J0-
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6asisrot 20 mz Boapl. Ocamok OTGMIBTPOBBIBAIOT, IPOMBIBAIOT BOJIOM, Tie-
PEKPUCTAIUTM30BBIBAIOT U CYIIAT HA BO3YXE.
3-Anauia-5,5-mumeTna-2-3Tuicyibpanuia-5,6-muruapodensol h]xu-
HazoumH-4(3H)-on (3). [Tonyyen B3ammoneiictBueM 2-tHokcodenso[h]xu-
HasonuHa 1 ¢ st omumom. Beixox 1.4 2 (61 %), 1. mn. 95-97 °C, Rf 0.56
(stunanerar-6ensod, 1:10). UK-ciektp, v, cv™: 1605 (C = C Ar), 1649 (C =
0). Cnexmp IMP *H: 1.34 (6H, c, 5-Me,); 1.48 (3H, 1, J = 7.3, SCH,CH>);
2.76 (2H, ¢, 6-CH; ); 3.30 (2H, k, J = 7.3, SCH,CHj3); 4.60 (2H, ar, J = 5.7,
1.4, NCH; ); 5.23 (1H, nmar, J = 10.2, 1.5, 1.4, =CH_y); 5.26 (1H, mnat, J =
17.2, 1.5, 1.4, =CHy); 5.88 (1H, mnat, J = 17.2, 10.2, 5.7, =CH); 7.11-7.17
(1H, M, Ar); 7.22-7.33 (2H, m, Ar); 8.0-8.04 (1H, m, Ar). Cnexmp AMP C:
13.7 (CHg); 25.5 (5-Mey); 25.7 (SCHy); 32.9 (5C); 44.2 (6-CHy); 45.4
(NCHy); 117.9 (=CHy); 120.3; 124.6 (CH); 125.9 (CH); 127.3 (CH); 129.5
(CH); 130.5 (=CH); 131.7; 136.3; 150.8; 158.2 (CO); 159.7 (CS). Haiineno,
%: C 70.08; H 6.95; N 8.42; S 9.64. C19H»N,OS. Brruucieno, %: C 69.90;
H 6.79; N 8.58; S 9.82.
3-Anana-5,5-guMeTHaA-2-nponujcyiabpanunia-5,6-qurua-
pooen3o[h]xunazonun-4(3H)-ou(4). Ilonyuen B3aumo-neicTBreM 2-
tHokcobenso[h]xunazonuna 1 ¢ ammmn 6pomuaoM. Beixon 2.0 2 (78 %), T.
wr. 112-114 °C, R 0.81 (stmnarnerar-6enzon, 1:10). UK-cmektp, v, em’t:
1605 (C = C Ar), 1652 (C = O). Cnexmp AMP 'H: 1.10 (3H, 1, J = 7.3,
SCH,CH,CHs); 1.34 (6H, c. 5-Mey); 1.84 ( 2H, cekc, J = 7.3, SCH,CH,CHj3
); 2.75 (2H, ¢, 6-CHy); 3.27 ( 2H, 1, J = 7.3, SCH,CH,CH3); 4.61 (2H, ar, J
=5.7,1.4,NCH,), 5.22 (1H, nar, J = 10.2, 1.5, 1.4, =CHy); 5.27 (1H, nar, J
=17.2,1.5,1.4,=CH,); 5.88 nar (1H, J = 17.2, 10.2, 5.7, =CH); 7.11-7.16 m
(1H, Ar); 7.22-7.33 (2H, m, Ar); 7.98-8.03 (1H, M, Ar). Cnexmp AMP C:
12.9 (CHjg); 21.7 SCH,CH,CHj3); 25.5 (5-Mey); 32.9 (5-C); 33.2 (SCHy);
44.2 (6-CHy); 45.4 (NCH,); 117.9 (=CHy); 120.3; 124.5 (CH); 125.9 (CH);
127.3 (CH); 129.5 (CH); 130.6 (=CH); 131.7; 136.3; 150.8; 158.3 (CO);
159.7 (CS). Haiineno, %: C 70.72; H 7.34; N 8.35; S 9.24. CyH24N,0S.
Brramcneno, %: C 70.55; H 7.10; N 8.23; S 9.42.
3-AJUIHII-5,5-TUM e THII-2-U30-TIPONIJICYAb(PaHNI-5,6-TUruAposeH-
30[h]xunazommu-4(3H)-on (5). TlonyueH B3aumoaeiicTBHEM 2-THOKCOOEH-
3o[h]xunazonuna 1 ¢ uzo-nponun 6pomuaom. Beixox 1.8 2 (71%), 1. mn. 74-
75 °C, R; 0.77 (stunanerar-6enson, 1:10). UK-criextp, v, cm™': 1606 (C = C
Ar), 1665 (C = O). Cnexmp AMP *H: 1.33 (6H, ¢, 5-Me,); 1.52 (6H, 1, J =
6.8, SCH(CHj3),); 2.76 (2H, ¢, 6-CH, ); 4.14 (1H, cemn, J = 6.8, SCH(CH3),);
458 (2H, ar, J = 5.7, 1.4, NCH;); 5.21 (1H, aar, J = 10.2, 1.5, 1.4, =CHy);
5.26 (1H, ant, J = 17.2, 1.5, 1.4, =CHy); 5.87 (1H, nar, J = 17.2, 10.2, 5.7,
=CH); 7.12-7.17 (1H, m, Ar ); 7.22-7.33 (2H, m, Ar); 7.97-8.02 (1H, m, Ar).
Cnexmp AMP **C: 22.2 (CHCHj3),),; 25.6 (5-Me,); 32.9 (5-C); 37.0 (SCH);
44.2 (6-CHy); 45.4 (NCH,); 117.9 (=CHy); 120.3; 124.5 (CH); 126.0 (CH);
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127.3 (CH); 129.5 (CH); 130.6 (=CH); 131.7; 136.3; 150.9; 158.3 (CO);
159.7 (CS). Haiineno, %: C 70.36; H 7.22; S 9.61. CyH24N,OS. Brruuc-
neno, %: C 70.55; H 7.10; NS 9.42.

3-Anaui-2-(2-ruApoKCcHd THIICYab(anma)-5,5-1umeTna-5,6-qurua-
pooenso[h]xunazonuu-4(3H)-on (6). Ilomyuen B3aumopelcTBuem 2-
tHokcoben3o[h]xunazonuua 1 ¢ 2-6pomatanonom. Beixon 1.77 2 (67 %), T.
wi. 147-149 °C, Ry 0.77 (3tunaunerar-6enson, 1:10). MK-cnektp, v, emt:
1600 (C = C Ar), 1632 (C = 0), 3431 (OH). Cnexmp IMP “*H: 1.33 (6H, c,
5-Mey); 2.75 (2H, ¢, 6-CHy); 3.40 (2H, 1, J = 6.5, SCHy); 3.76 (2H, T, J =
6.5 u 5.5, OCHy); 4.64 (2H, nr, J = 5.7 u 1.3, NCHy); 4.71 (1H, yur.1, J =
5.5, OH); 5.24 (1H, ok, J =10.2, 1.4 u 1.3, =CH,); 5.28 (1H, nx, J =17, 1.4
u 1.3, =CHy); 5.90 (1H, mar, J = 17,1 10.2, 5.7, =CH); 7.10-7.17 (1H, m,
Ar); 7.25-7.33 (2H, M, Ar); 8.01-8.09 (1H, m, Ar). Cnexmp AMP **C: 25.6
(5-Mey),; 32.9 (5-C); 34.1 (SCH); 44.2 (6-CH,); 45.4 (NCHy); 59.4 (OCHy);
118.0 (=CHy); 120.2; 124.9 (CH); 126.1 (CH); 127.2 (CH); 129.5 (CH);
130.6 (=CH); 131.7; 136.2; 150.8; 158.5 (CO); 159.8 (CS). Haiineno, %: C
66.46; H 6.65; N 8.04; S 9.49. C19H»,N,0,S. Brruncaeno, %: C 66.64; H
6.48; N 8.18; S 9.36.

3-Anaui-2-oyTicyabpaui-5,5-1mumeTni-5,6-muruapoodoenso[h] xu-
Ha3zouH-4(3H)-on (7). [Tonyuen B3aumomeicTBueM 2-trokcober3o[h]xu-
HasonauHa 1 ¢ Oyruin Opomuaom. Beixox 1.8 2 (68 %), T. mi. 82-83 °C, R¢
0.57 (sTunauerar-6enson, 1:10). UK-ciektp, v, cn™: 1603 (C = C Ar), 1647
(C = 0). Cnexmp AMP *H: 1.00 (3H, 1, J = 7.3, CH3); 1.33 (6H, c, 5-Mey);
1.46-1.60 (2H, m, CH,CHg); 1.74-1.86 (2H, M, SCH,CH,C,Hs); 2.76 (2H, c,
6-CHy); 3.29 (2H, 1, J = 7.3, SCH,CH,CH,CH3); 4.61 (2H, ar, J = 5.7, 1.4,
NCH,); 5.22 (1H, axr, J = 10.2, 1.4, 1.3, =CH,); 5.26 (1H, mar, J = 17.2,
1.4, 1.3, =CHy); 5.88 (1H, anar, J = 17.2, 10.2, 5.7, =CH); 7.11-7.16 (1H, m,
Ar); 7.22-7.33 (2H, m, Ar); 7.98-8.03 (1H, m, Ar). Cnexmp AMP **C: 13.2
(CH3); 21.4 (CHy); 25.5 (5-Mey); 25.7 (CHy); 30.3 (CH,); 32.9 (5-C); 33.2
(SCHy); 44.2 (6-CHy); 45.4 (NCHy); 117.9 (=CHy,); 120.3; 124.5 (CH);
125.9 (CH); 127.3 (CH); 129.5 (CH); 130.6 (=CH); 131.7; 136.3; 150.8;
158.3 (CO); 159.7 (CS). Haiineno, %: C 71.02; H 7.57; N 7.77; S 9.22.
Cy1H2N,0S. Brerancneno, %: C 71.15; H 7.39; N 7.90; S 9.04.

3-Anaui-5,5-rumerna-2-(4-xaopoeH3micyabpanni)-5,6- 1uruapo-
oenso[h]xunazoaun-4(3H)-ou (9). Ilonydyen B3aMMOIEHCTBHEM 2-THOK-
cobenso[h]xunazonuna 1 ¢ 4-xnopoensun xmopuaoM. Beixon 1.94 2 (61 %),
T. . 90-92 °C, R 0.77(3tunanerar-6enson, 1:5). UK-cmektp, v, em’t: 1604
(C=C Ar), 1671 (C = O). Cnexmp AMP *H: 1.36 (6H, ¢, 5-Me,); 2.77 (2H,
¢, 6-CH, ); 4.56 ( 2H, ¢, SCH, ); 4.60 (2H, ar, J = 5.7, 1.4, NCH,); 5.22
(1H, mar, J = 10.5, 1.4, 1.3, =CHy); 5.26 (1H, aur, J = 17, 1.4, 1.3, =CH,);
5.87 (1H, anr, J = 17, 10.5, 5.7, =CH); 7.13-7.18 (1H, ™, Ar); 7.21-7.34
(4H, M, Ar); 7.39-7.44 (2H, m, Ar); 8.01-8.05 (1H, ™, Ar). Cnekmp AMP
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13C: 25.5 (5-Mey); 33.0 (5-C); 34.7 (SCHy); 44.1 (6-CHy); 45.5 (NCHy);
118.1 (=CH,); 120.7; 124.7 (CH); 126 (CH); 127.4 (CH); 128.1 (2CH);
129.6 (CH); 130.1 (2CH); 130.5 (=CH); 131.5; 132.5; 134.8; 136.3; 150.8;
157.7 (CO); 159.6 (CS). Haiizeno, %: C 67.96; H 5.63; N 6.79;S 7.35.
C24H23CIN,OS. Beruunciieno, %: C 68.15; H 5.48; N 6.62; S 7.58.
3-Anaui-5,5-rumerna-2-(4-meruadensuicyabdanmnn)-5,6-1urua-
po6en3o[h]xunazommu-4(3H)-on (10). Ilonywen B3aumojeiicTBuem 2-
tnokcobenso[h]xunazonmuua 1 ¢ 4-metunbensun xmopuaoM. Beixon 2.29 2
(76 %), 1. mn. 82-83 °C, Rf 0.817 (3tmnanerar-6enson, 1:5). UK-ciektp, v,
em™: 1604 (C = C Ar), 1672 (C = O). Cnexmp AMP *H: 1.34 (6H, c, 5-
Me,); 2.33 (3H, ¢, CH3); 2.77 (2H, ¢, 6-CH,); 4.52 ( 2H, ¢, SCH, ); 4.60
(2H, ar, J =5.7, 1.4, NCH;); 5.21 (1H, nar, J = 10.5, 1.4, 1.3, =CH,); 5.26
(1H, nar, J =17.2, 1.4,1.3, =CHy); 5.87 (1H, xat, J = 17.2, 10.2, 5.7, =CH);
7.03-7.17 ( 3H, m, Ar); 7.22-7.34 (4H, m, Ar); 8.01-8.05 (1H, m, Ar).
Cnexmp SIMP °C: 20.5 (CH3); 25.5 (5-Mey); 33.0 (5-C); 35.6 (SCH,); 44.2
(6-CHy); 45.5 (NCHy); 118 (=CH,); 120.5; 124.8 (CH); 126 (CH); 127.3
(CH); 128.5 (2CH); 128.7 (2CH); 129.6 (CH); 130.5 (=CH); 131.6; 132.3;
136.2; 136.3; 150.8; 158.2 (CO); 159.6 (CS). Haiineno, %: C 74.42; H 6.44;
N 6.81; S 7.86. CsHz6N,0S. C 74.59; H 6.5; N 6.96; S 7.97.
3-Aumnn-2-ruapasuaui-5,5-numerni-5,6-muruapodenso[h] xuna3zo-
JuH-4(3H)-on (11). Cmech 4.48 2 (15 mmons) THOKCOOCH30XHMHA30IMHA 1 U
15 2 (30 mmonw) ruapasvHa rHapaTa KUISATAT ¢ 0OPaTHBIM XOJIOAMIBHHUKOM
B Teuenue 4 u. K peakuuonHoii cmecu a06aBisitor 30 mz JeAssHON BOABI,
BBINABLINHA 0CAJOK OT(HIHTPOBHIBAIOT, MPOMBIBAIOT BOJOH M IEPEKpHUC-
Tamu30BbIBatOT U3 70% sTanona. Beixon 3.4 2 (77%), T. . 166-168 °C R¢
0.64 (xmopodopm-meranon, 1:10). UK-crextp, v, em™ 1604 (C = C Ar),
1640 (C = 0), 3100-3320 (NH, NH,). Cnexmp AMP *H: 1.30 (6H, c, 5-
Me,); 2.71 (2H, ¢, 6-CH,); 4.25 (2H, m, NHy); 4.56 (2H, ar, J = 5.4, 1.5,
=CHy); 5.13 (1H, mar, J = 10.2, 1.6, 1.5, =CH,); 5.21 (1H, axr, J = 17.2,
1.6, 1.5, =CHy); 5.82 (1H, mar, J = 17.2, 10.2, 5.4, =CH); 7.08-7.13 (1H, m,
Ar); 7.19-7.23 (2H, m, Ar); 7.95 (1H, m, NH); 8.11-8.18 (1H, m, Ar).
Cnexmp SMP 2C: 26.1 (5-Me,); 32.7 (5-C); 40.9 (6-CH,); 44.8 (NCH,);
114.3; 116.4 (=CHy,); 124.9 (CH); 125.6 (CH); 127 (CH); 128.9 (CH); 131.6
(=CH); 132.5; 136.5; 151.6; 153.6; 160.3. Haiineno, %: C 68.97; H 6.90; N
18.71. C17H29N4O. Brruncieno, %: C 68.89; H 6.80; N 18.90.
2-(2-TuapokcudTHI)aMUHO-5,5-1uMeTHI-5,6-1uruapooenso[h]xuHa-
30mmH-4(3H)-on (12). Cmech 4.48 2 (15 mmonv) THOKCOOCH30XMHA30MMHA 1
1 20.4 2 (30 MMm01b) AMHUHOITAHOJA KUTSITAT C OOPATHBIM XOJIOIMILHHKOM B
teuenne 20 vy, oxnaxmaroT, Ao06aBiusaoT 100 amz Boapl. Beimammime kpuc-
Ta/uIbl OT(UIBTPOBBIBAIOT M IEPEKPUCTAIUIN30BBIBAIOT M3 60% sTaHoINa.
Beixon 2.0 2 (47%), T.mn. 170-172 °C, R; 0.68 (xnopodopm-meranon, 6:1).
UK-criektp, v, ev™: 1604 (C = C Ar), 1640 (C = O), 3100-3400 (NH, OH).
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Cnexmp SIMP *H: 1.28 (6H, c, 5-Me;; 2.66 (2H, ¢, 6-CH,); 3.49 (2H, ar, J
=5.3, 5.0, NHCH,CH,0H); 3.62 (2H, T, J = 5.0, NHCH,CH,0H); 4.64 (1H,
ur, OH); 6.21 (1H, ymr.T, J = 5.3, NHCH,); 7.03-7.08 (1H, m, Ar); 7.16-7.23
(2H, m, Ar); 7.99-8.04 (1H, M, Ar); 10.38 (1H, wm, 3-NH). Cnexmp AMP
13C: 26.4 (5-Me,); 32.9 (5-C); 42.8 (6-CH,); 44.9 (NCH,); 60.1 (OCH,):
114.9; 125.2 (CH); 125.7 (CH); 127.1 (CH); 128.9 (CH); 133.0; 136.6;
152.6; 154.2; 162.1. Haiineno, %: C 67.19; H 6.55; N 14.89. CisH19N30s.
Brruncieno, %: C 67.35; H 6.71; N 14.73.

2-(3-T'uapoxcurponii)aMuHo-5,5-1umMeTuI-5,6-muriapodenso| N[ XuHa30/MH-
4(3H)-ou(15). [Tony4yaroT aHAJIOTHY-HO METOIUKE COeAUHEHHS 12 MCIOb3YsI
22.5 2 (30 mmonw) 3-amunomnponanona. Beixox 1.5 2 (33%), T. mi. 82-83 €
R 0.46 (xnopodopm-meranon, 6:1). UK-crektp, v, en™: 1589 (C = C Ar),
1637 (C = 0), 3150-3400 (NH, OH). Cnexmp AMP *H: 1.28 (6H, c, 5-
Me,); 1.70-1.80 (2H, m, CHy); 2.66 (2H, ¢, 6-CH,); 3.47-3.57 (4H, m, NCH;
u OCH,); 4.30 (1H, w, OH); 6.04 (1H, yurT, J = 5.6, NHCH,); 7.03-7.10
(1H, m, Ar); 7.16-7.23 (2H, m, Ar); 7.99-8.05 (1H, m, Ar); 10.37 (1H, m1, 3-
NH). Cnexmp AMP C: 26.3 (5-Me,); 31.8 (CH,); 32.8 (5-C); 37.2 (6-
CH,); 44.9 (NCHy); 58.3 (OCH,); 114.7; 125.1 (CH); 125.7 (CH); 126.9
(CH); 128.8 (CH); 133.0; 136.5; 152.5; 154.1; 162.0. Haiineno, %: C 68.40;
H 6.89; N 14.18. C;7H,;N30,. Berumcieno, %: C 68.20; H 7.07; N 14.04.

6,6,10-Tpumerna-9,10-quruapo-5H-6en3o[h]Tuazono|2,3-b]xunaszo-
JuH-7(6H)-on (14). Cmech 2.0 2 (6.7 mmonv) THOKCOOCH30XMHA30IMHA 1 U
21.4 2 (20 mmonw) OGeH3UITAMHUHA KUTSITUINA ¢ OOPaTHBIM XOJIOTHUILHUKOM B
TeueHue 18 u. [locie oTroHkM M30BITKa OCH3MIAMUHA OCTATOK IEPEKPHC-
Tayun3oBbIBaM 13 75% stanona. [lonyunmu 1.2 2 (60%) coenuuenus 14 .
mn. 204-206 °G Ry 0.79 (xnopopopm-meranon, 6:1). UK-crektp, v, cm'™:
1603 (C = C Ar), 1648 (C = O). Cnexmp AMP *H: 1.32 (3H, c, 6-CHy);
1.34 (3H, ¢, 6-CHj3); 1.58 (3H, x, J = 6.4, 10-CHj3); 2.74 (2H, c, 5-CH,);
4.00-4.16 (2H, m, 10-CH, 9-CH,); 4.47 (1H, nx, J = 11.8, 6.6, 9-CHy); 7.08-
7.16 (1H, m, Ar); 7.19-7.32 (2H, m, Ar); 7.97-8.05 (1H, M, Ar). Cnexmp
AMP C: 20.5 (10-Me); 25.6 (6-Me,),; 32.9 (6-C); 37.6 (10-CH); 44.2 (5-
CHy); 55.0 (9-CHy); 120.7; 125.2 (CH); 125.9 (CH); 127.1 (CH); 129.5
(CH); 131.4; 136.0; 153.3; 159.4; 161.1. Haiineno, %: C 68.20; H 6.25; N
9.53; S10.91. Cy47H1gN-OS. Brruncneno, %: C 68.42; H 6.08; N 9.39; S
10.75.

HccnenoBanue BBIMONHEHO TpH (HUHAHCOBOM Mo iepxke Komurera no
Hayke PA B pamkax HayuHoro npoekTa M 21T-1D061
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF 3-ALLYL-5,5-
DIMETHYL-2-THIOXO-2,3,5,6-TETRAHYDROBENZO[h]QUINAZOLINE-
4(1H)-ONE DERIVATIVES

A.l. MARKOSYAN, AS. AYVAZYAN, S.H. GABRIELYAN, M.YU. DANGYAN,
A.G. ARAKELYAN

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

Alkylation of 3-allyl-5,5-dimethyl-2-thioxo-2,3,5,6-tetrahyd-robenzo[h]quinazo-
line-4(1H)-one (thioxobenzoquinazoline) was alkylated in an alkaline medium with
halides of various structures, resulting in the formation of 2-sulfanylsubstituted 3-allyl-
5,5-dimethyl-5,6-dihydrobenzo[h]quinazolin-4(3H)-ones.

The condensation of thioxobenzohquinazoline with hydrazine hydrate yielded 3-
allyl-2-hydrazinyl-5,5-dimethyl-5,6-dihydroben-zo[h]quinazoline-4(3H)-one. However,
analogous reactions with 2-ethanolamine and 3-propanolamine proceeded anomalously,
resulting in the formation of 2-(2-hydroxyethyl)amino-5,5-dimethyl-5,6-dihydroben-
zo[h]quinazoline-4(3H)-one and 2-(3-hydroxypropyl)amino-5,5-dimethyl-5,6-dihydro-
benzo[h]quinazoline-4(3H)-one, respectively. Interaction of the mentioned thioxoben-
zohquinazoline with benzylamine occurs through intramolecular cyclization, forming
6,6,10-trimethyl-9,10-dihydro-5H-benzo[h]thiazolo[2,3-b]quinazoline-7(6H)-one.

The antibacterial properties of the synthesized compounds were studied against
both Gram-positive and Gram-negative microorganisms. The research results revealed
that the investigated compounds possess antibacterial activity.
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The work is devoted to the synthesis and study of the neurotropic activity of some derivatives
of 3,7-diazabicyclo/3.3.1/nonanes. For this, various 5,7-dialkyl, methylphenyl, diphenyl 1,3-diazaa-
damantanes 1 were synthesized, which, upon interaction with acid chlorides of aliphatic, aromatic
and heterocyclic acids, were converted into the corresponding 3,7-diazabicyclo/3.3.1/nonanes. The
anticonvulsant activity of the synthesized compounds was studied. Among them, substances with
pronounced anticorazole activity were identified.

References 7.

Thanks to recent advances in molecular biology, our understanding of
the nature of memory impairments, the processes underlying brain aging,
and the disorders that occur during brain injuries and strokes has sig-
nificantly expanded, which has made it possible to more purposefully
approach the search for new means of correcting these disorders.

It has been shown that some adamantane derivatives, in particular,
memantine hydrochloride (1-amino-3,7-dimethyladamantane), amantadine,
are widely used in the treatment of Alzheimer's and Parkinson's diseases [1-
3]. Derivatives of 1,3-diazaadamantane differ from adamantane derivatives
by the presence of two nitrogen atoms in the framework of the molecule and
may have similar pharmacological activity. Previously, we synthesized
some 1,3-diazaadamantane compounds with anticonvulsant activity [5].

The aim of this work is a comparative study of the neurotropic activity
of some derivatives of 1,3-diazaadamantanes, in particular 3,7-diazabi-
cyclo/3.3.1/nonanes. To obtain these compounds, various 5,7-diakyl-,
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methyl-phenyl-, diphenyldiazaadamantanes 1 were synthesized [6], which
were converted into the corresponding 3,7-diazabicyclo/3.3.1/nonanes by
reactions with aliphatic, aromatic, carbocyclic acid chlorides. nonanes 2-20.
The synthesis was carried out according to Scheme .

Scheme
R

X R"
R X N—C—R"
o N—c—a »

H,CO

R COR"O /O D
6H5
R=R'=CH,, X=CH,, R"= CH,CN5, /O
7,

R=CH,;, R'=C,H5,X =C=0, R" G <:> @

R =R'= C,Hs, X =C=CH-OH, R" = C4H; 11,

R =CH;, R' = C¢Hs, X = C=0, R" = CH; 12, R" = C;H, 13,

OCH3 14,/@ 15, C6H5, 16,

(8]

R=R'=C¢Hs, X = C=0, / \
R'" = C,Hs, 17, 18,
O
R=R'=C¢Hs;, X=CH-OH, R" = CHj, 19, [> 2
9

The structure of the synthesized compounds was confirmed by ele-
mental analysis data of IR, *H and **C NMR spectra.

The study of the anticonvulsant activity of compound 2-20 was carried
out on 50 white mice weighing 18-24 g of both sexes.

The effect of compounds on corazole convulsions induced by subcu-
taneous administration of corazole at a dose of 90 mg/kg was studied. Side
neurotoxic effects were judged by the phenomena of myorelaxation, viola-
tion of the coordination of movement, using the test. "rotating rod"[7]. When
analyzing the data, it was found that all compounds exhibit anticonvulsant
activity to one degree or another. Compounds 1-methyl-5-ethyl-9-oxo-3,7-
di-(1-chlorophenylcarbonyl)-3,7-diazabicyclo/3.3.1/nonane (10), 1-methyl-
240



5-phenyl-9-oxo0-3,7-di-(4'-methylphenylcarbonyl)-3,7-diazabicyclo/3.3.1/no-
nane (14), 1-methyl-5-phenyl-9-oxo0-3,7- x"( dipropylcarbonyl)-3,7-diazabi-
cyclo/3.3.1/nonane (13), 1,5-difenyl-9-oxo-3,7-di-(furylcarbonyl)-3,7-diaza-
bicyclo/3.3.1./nonane (18), 1-methyl-5-phenyl-9-oxo0-3,7-di-(furyl)-3,7-dia-
zabicyclo/3.3.1/nonane (15) prevent corazole convulsions in 40% of
experimental animals. Compounds 1,5-dimethyl-9-0xo0-3,7-di-(3'-methoxyp-
henylcarbonyl)-3,7-diazabicyclo/3.3.1/nonane (2), 1,5-dimethyl-3,7-(1'-phe-
nylcyclopentylcarbonyl)-3,7-diazabicyclo/3.3.1/nonane (7), 1,5-diphenyl-9-
hydroxy-3,7-di-(cyclopropanecarbonyl)-3,7-diazabicyclo/3.3.1./nonane(20)
prevented corazole convulsions in 20% of experimental mice. The rest of the
compounds have no neurotoxic effect at the studied doses.

Experimental part

IR spectra were recorded in vaseline oil on a Nicolet Avatar 330 FT-IR
spectrophotometer; *H and **C NMR spectra were recorded on a Varian
Mercury-300 instrument (300 MHz) in DMSO-d¢/CCl,, 1/3, internal
standard TMS. The progress of the reaction and the purity of the substances
were monitored by TLC on "Silufol UV-254" plates in propanol-water
systems, 7:3. Melting points were determined on a "Boetius" apparatus.

General procedure for the preparation of 2-20. To 10 mmol of 1 in a
mixture of 100 m benzene, 30 ml of water and 50 mmol of NaHCOs;,
benzene 25 mmol of the corresponding acid chloride is added dropwise with
stirring at room temperature. After all the acid chloride has been added, stir
for a further 2 hours (TLC monitoring). Then the benzene layer is separated,
washed with water, dried over MgSO, and distilled off. The residue is
recrystallized from isopropanol.

1,5-Dimethyl-9-ox0-3,7-di-(3"-methoxybenzoyl)-3,7-diazabicyclo/3.3.1/nonane (2).
Prepared from 1.8 g (10 mmol) of 5,7-dimethyl-6-0x0-1,3-diazaadamantane
(1) and 3.41 g (20 mmol) of m-methoxybenzoyl chloride. Yield 2.70 g
(62%), R 0.80, mp. 213-253 °C. IR spectrum, v, cm™: 1634 (C=Carom),
1729 (C=0). 'H NMR spectrum, ( 300 MHz, CDCls) &, ppm, (J, Hz): 0.94
(6H, s, 2 x CH3); 3.00 (2H, br. d, J = 13.7, CH,); 3.36 (2H, br. d, J = 12.9,
NCH,); 3.85 (6H, s, 2 x OCHj3); 3.91 (2H, br.d, J = 12.9, NCHy); 4.80 (2H,
br. d, J = 13.7, NCH,); 6.92-6.98 (4H, m, 2H-4.6, CsH, ); 7.08 (2H, dd, J =
2.4, 1.4, 2H-CgH,); 7.31 (2H, dd, J = 8.2, 7.6,C¢Hy);. *C NMR spectrum (
100 MHz, CDCIg) 6, ppm: 16.2 (2CHj3); 45.3 (2C); 52.0 (2xC); 54.7
(2xOCHjy); 58.5 (w. s); 111.9 (2xCH); 115.3 (2xCH); 118.6 (2CH); 128.7
(2CH); 136.6 (2C); 158.9 (2xC); 169.1(2xCO); 210.6 (CO). Found,%: C
68.87; H 6.48; No. 6.37. CxsHxsN,Os. Calculated,%: C 68.80; H 6.42; N.
6.42.
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1,5-Dimethyl-9-ox0-3,7-di-(2'-furancarbonyl)-3,7-diazabicyc-
lo/3.3.1/nonane (3). Prepared from 1.8 g (10 mmol) of 5,7-dimethyl-6-oxo-
1,3-diazaadamantane (1) and 2.61 g (20 mmol) of furan-2-carboxylic acid
Cl-anhydride. Yield 2.3 g (65%), R 0.78, mp. 220-221 °C IR spectrum, v,
cm™: 1565 (fur); 1610, 1629 (truck), 1720 (C=0); 3098 (truck). *H NMR
spectrum, ( 300 MHz, CDCly) 8, ppm, (J, Hz): 1.01 (6H, s, 2 x CHj); 3.41
(4H, br. s, 2 x NCH,); 4.62 (4H, br.s, 2 x NCHy); 7.02 (2H, dd, J = 3.3, 1.6,
2H-4fur); 7.38 (2H, dd, J = 3.3, 1.6, H-5fur); 7.48 (2H, dd, J = 3.3,1.6, 5fur).
3C NMR spectrum ( 100 MHz, CDCls) &, ppm: 16.1 (2CHs); 45.7
(4xNCHy); 66.1 (2xC); 126.9 (2xC-4-truck); 128 (2xC-3-trucks); 129 (2xC-
5, truck); 136.2; 162.5; 210.4 (CO). Found,%: C 59.11; H 5.66; N 7.91.
C19H20N,Os. Calculated,%: From 59.06; H 5.62; N 7.86.
1,5-Dimethyl-9-o0x0-3,7-di-(2'-thiophenecarbonyl)-3,7-diazabicyc-
lo/3.3.1/nonane (4). Prepared from 1.8 g (10 mmol) of 5,7-dimethyl-6-oxo-
1,3-diazaadamantane (1) and 3.68 g (25 mmol) of thiophenecarboxylic acid
Cl anhydride. Yield 2.2 g (57%), Rs 0.42, mp. 205-206 °C. IR spectrum, v,
cm: 1522; 3103; 3081 (thiophene); 1719 (C=0). *H NMR spectrum, ( 300
MHz, CDCI;) 8, ppm, (J, Hz): 1.02 (6H, s, 2 x CHj3); 3.42 (4H, br. s, 2 x
NCH,); 4.64 (4H, br.s, 2 x NCHp); 7.05 (2H, dd, J = 3.5, 1.6, 2H-3
thiophene); 7.36 (2H, d, J = 3.3, H-4 thiophene); 7.49 (2H, dd, J = 3.5, 5
thiophene). *C NMR spectrum ( 100 MHz, CDCls) &, ppm: 16.1 (2CHs);
45.7; 53.2; 58.3; 125.9; 128.7; 129.1; 136.7; 162.5; 210.4 (CO). Found,%: C
58.70; H 5.20; N 7.26; S 16.42. C19H»N,0,S,. Calculated,%: C 58.76; H
5.15; N 7.21; S 16.49.
1,5-Dimethyl-9-o0x0-3,7-di-(cyanocarbonyl)-3,7-diazabicyclo/3.3.1/-
nonane (5). Obtained from 1.8 g (10 mmol) 5,7-dimethyl-6-oxo0-1,3-dia-
zaadamantane (1) and 2.31 g (20 mmol) Cl-anhydride cyanoacetic acid.
Yield 1.2 g (40%) and b 1.7 g (56%), R¢ 0.71, mp. 256-266 °C. IR spectrum,
v, em™: 1675, 1720 (C=0); 2259 (C=N). *H NMR spectrum, ( 300 MHz,
CDCls) 8, ppm, (J, Hz): 0.92 (6H, br. s, 2 x CH3); 2.84 (2H, br. d, J = 12.5,
NCHy); 3.2-3.26 (2H, m, NCH,); 3.88-4.1 (6H, m, 3xNCH,); 4.82 (2H, brd,
J = 12.5, NCH,). *C NMR spectrum ( 100 MHz, CDCl3) &, ppm: 15.2
(2CHg3); 25.2 (2xCH,CN); 45.2 (2xCHy); 54.2 (2xC); 55.9 (2xC); 115.4(C);
162.2 (2C); 208 (CO). Found,%: C 45.35; H 4.58; N 18.48. C;5H15N,0s.
Calculated,%: From 45.30; H 4.53; N 18.54.
1,5-Dimethyl-3,7-di-(2'-furancarbonyl)-3,7-diazabicyclo/3.3.1/nonane  (6).
Obtained from 1.66 g (10 mmol) of 5,7-dimethyl-6-0xo0-1,3-diazaada-
mantane (1) and 2.61 g (20 mmol) of Cl-anhydride of furan-2-carboxylic
acid. Yield 2.1 g (63%), R; 0.78, mp. 164-165 °C IR spectrum, v, cm™: 1565,
1629 (furyl); 1610, (furyl), 3098 (furyl). 'H NMR spectrum, ( 300 MHz,
CDClIs) 8, ppm, (J, Hz): 0.98 (6H, s, 2 x CHg); 1.46 (2H, s, CH,); 2.84 (4H,
br.s, 2 x NCH,); 4.30 (4H, very br. s, 2xNCH,); 6.42 (2H, s, 2H-4fur); 6.86
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(2H, dd, J = 3.3, 2H-3fur); 7.48 (2H, s, 2H-5fur). *C NMR spectrum ( 100
MHz, CDCl3) 8, ppm: 24.5 (2CHs); 30.5 (CHj3); 46.4, 52.7 (2xC); 110.4 (2C-
truck); 114.7 (2C-truck); 142.6 (2C-truck); 147.6 (2C-truck); 157.9 (CO).
Found,%: C 68.31; H 6.63; N 8.32. C19H2,N,0,. Calculated,%: C 68.28; H
6.57; N 8.38.
1,5-Dimethyl-3,7-di-(1'-phenylcyclopentylcarbonyl)-3,7-diazabicyc-
lo/3.3.1/nonane (7). Prepared from 1.66 g (10 mmol) of 5,7-dimethyl-6-0xo0-
1,3-diazaadamantane (1) and 4.17 g (20 mmol) of 1-phenylcyclopen-
tylcarboxylic acid Cl anhydride. Yield 2.5 g (52%), R 0.71, mp. 256-266 °C
IR spectrum, v, cm™: 1619 (arom), 1731, 1932 (C=0); 3055 (cyclopropane).
'H NMR spectrum, ( 300 MHz, CDCls) &, ppm, (J, Hz): 0.64 (6H, s, 2 x
CHjg); 1.05 (2H, s, NCH,); 1.35 1.58 . (6H, m), 1.65-1.88 (6H, m), 1.92—
2.05 (2H, m), 2.24 (2H, br.l, J = 13.3), 2.39-2.51 (2H, m), 2.60-2.71 ( 2H,
m), 3.21 (2H, br. d, J = 13.3, 12 CH,) and 4.26 (2H, br. d, J = 13.3); 7.02-
7.08 (4H, m, 2H-2, 2'ph); 7.09-7.16 (2H, m, 2H, 4H ph); 7.21-7.29 (4H, m,
2H, 3'ph). *C NMR spectrum ( 100 MHz, CDCls) 8, ppm: 24.5, 24.7, 25.9,
30.0, 34.2, 42.1, 45.8, 51.5, 55.5, 57.5, 124.2, 125.2, 128.1, 145.2, 1 73.4.
Found, %: C 79.08; H 8.69; N 5.21. C32H42N202. Calculated, %: From
79.02; H 8.64; N 5.76.
1-Methyl-5-ethyl-9-o0x0-3,7-di-(3'-methylbenzoyl)-3,7-diazabicyc-
l0/3.3.1/nonane (8). Prepared from 1.94 g (10 mmol) of 5-methyl-7-ethyl-6-
0xo0-1,3-diazaadamantane (1) and 3.08 g (20 mmol) of m-methylbenzoyl
chloride. Yield 2.6 g (62%), R;0.80, mp. 187-188 °C. IR spectrum, v, cm™:
1602 (C=Carom), 1642.1729 (C=0). 'H NMR spectrum, ( 300 MHz,
CDClg) 6, ppm, (J, Hz): 0.83 (2H, t, J = 7.5, CH3CHy); 0.93 (3H, s, CHy);
1.40-1.56 (2H, m, CH,CHj3); 2.43 (6H, s, 2 x CHz-arom); 2.99 (2H, br. s),
3.33 (2H, br. s), 3.94 (2H, br. s), and 4.79 (2H, br. s, 4 x CHy); 7.20 - 7.33
(8H, m, 2HxCgHs). *C NMR spectrum (100 MHz, CDCls) 3, ppm:
7.1(CHjs), 16.2(CHj3), 20.9(2CHs); 23.3 (CH,); 45.3, 50.1 (br.s), 53.0 (br.s),
58.5 (br.s), 135.3, 137.0, 169.4 (NCO), 210 (CO). Found, %: C 74.70; H
7.24; N. 6.63. CysH3oN,O3. Calculated, %: C 74.64; H 7.17; N 6.69
1-Methyl-5-ethyl-9-o0x0-3,7-di-(4'-methylbenzoyl)-3,7-diazabicyc-
l0/3.3.1/nonane (9). Prepared from 1.94 g (10 mmol) of 5-methyl-7-ethyl-6-
0xo0-1,3-diazaadamantane (1) and 3.08 g (20 mmol) of 4-methylbenzoyl
chloride. Yield 2.7 g (65%), R; 0.33, mp. 138-139 °C. IR spectrum, v, cm™:
1602 (C=Carom), 1642.1719 (C=0). ‘*H NMR spectrum, (300 MHz, CDCls)
3, ppm, (J, Hz): 0.83 (3H, t, J = 7.5, CH3CH,); 0.95 (3H, s, CH3); 1.38-1.56
(2H, m, CH,CHg); 2.40 (6H, s, 2 x CHs-arom); 2.98 (2H, br. s), 3.07 (2H,
br. s), 3.96 (2H, br. s), and 4.74 (2H, br. s, 4 x CH,N); 7.21 (4H, d, J =5.9,
CeHa); 7.38 (4H, d, J = 5.9, C¢H,). **C NMR spectrum ( 100 MHz, CDCls)
3, ppm: 7.2 (CHj3), 16.2 (CHg3), 20.8 (2CHj3); 23.3 (CH,); 45.4; 47.6; 51.1
(br.s), 53.1 (br.s), 56.7 (br.s), 58.7 (br.s); 128.2 (CH); 128.2 (CH); 132.4
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(CH); 138.5 (CH); 169.3 (N-CO), 210.9 (CO). Found, %: C 74.58; H 7.12;
No. 6.64. C,6H3oN,O3. Calculated, %: C 74.64; H 7.17; N 6.69
1-Methyl-5-ethyl-9-ox0-3,7-di-(2'-chlorobenzoyl)-3,7-diazabicyc-
l0/3.3.1/nonane (10). Prepared from 1.94 g (10 mmol) of 5-methyl-7-ethyl-
6-0xo0-1,3-diazaadamantane (1) and 3.48 g (20 mmol) of 2-Cl-benzoyl
chloride. Yield 2.8 g (61%), R; 0.33, mp. 197-198 °C. IR spectrum, v, cm™:
1620 (C=Carom), 1645.1724 (C=0). *H NMR spectrum, ( 300 MHz, CDCls)
3, ppm, (J, Hz): 0.80 (3H, t, J = 7.6, CH3CHy); 0.94 (3H, s, CH3); 1.37-1.60
(2H, m, CH,CHs); 3.02 (2H, dt, NCHy); 3.34-3.41 (2H, m, NCHy); 3.58-3.68
(2H, m, NCH,); 4.79 (2H, ddd, J = 13.8, 5.0, 2.4, NCH,); 7.40-7.50 (6H, m)
and 7.67-7.73 (2H, ppm, 2 x CgH4CI). *C NMR spectrum ( 100 MHz,
CDClg) 8, ppm: 7.0, 16.0, 23.1, 44.97, 45.03, 47.2, 50.2, 52.3, 55.0, 57.0,
127.1, 128.6, 128.8, 128.9, 1 29.4, 129.9, 134.7, 166.5, 209.8. Found, %: C
62.80; H 6.32; N 6.14.; Cl 15.51; C,6H,4N,Cl,03. Calculated, %: C 62.74; H
6.17; No. 6.10; Cl 15.46.
1,5-Diethyl-9-hydroxy-3,7-di-(benzoyl)-3,7-diazabicyclo/3.3.1/nona-
ne (11). Prepared from 2.1 g (10 mmol) of 5,7-diethyl-6-hydroxy-1,3-
diazaadamantane (1) and 2.8 g (20 mmol) of benzoyl chloride. Yield 2.70 g
(62%), R; 0.80, mp. 218-219 °C. IR spectrum, v, cm™: 1609 (C=Carom),
3057 (OH). *H NMR spectrum, ( 300 MHz, CDCl3) 8, ppm, (J, Hz): 0.8 (3H,
t, J = 7.6, CH3CHy); 0.92 (3H, s, CH3CH,); 1.2-1.4 (4H, s, 2 x CHzg); 2.76
(1H, br. d, J = 12.5, CH); 3.02 (2H, dt, J = 13.8, NCHy,); 3.21-3.38 (3H, m,
NCH,) and 3.61 (1H, NCHy), 4.22 (1H) and 4.41 (1H, NCH,); 4.90 (1H, d, J
= 5.0, CH-OH); 7.40 (10H, s, 2xCgHs ). *C NMR spectrum ( 100 MHz,
CDCly) 8, ppm: 6.44; 25.5; 36.7 16.2 (2xC,Hs); 44.4; 48.2; 50.2; 54.2; 71.1,
126.6; 126.7; 127.5; 127.6; 128.2; 128.3; 136.2; 136.7; 169.1; 169.2. Found,
%: C 73.84; H 7.33; N .6.84. C,sH39N,Os. Calculated, %: C 73.89; H 7.37;
N. 6.89.
1-Methyl-5-phenyl-9-o0xo0-3,7-di-(methylcarbonyl)-3,7-diazabicyc-
lo/3.3.1/nonane (12). Prepared from 2.42 g (10 mmol) of 5-methyl-7-
phenyl-6-oxo-1,3-diazaadamantane (1) and 1.57 g (20 mmol) of acetyl
chloride. Yield 2.8 g (89%), R; 0.41, mp. 138-139 °C. IR spectrum, v, cm™:
1606 (C=Carom), 1644.1722 (C=0). *H NMR spectrum, ( 300 MHz, CDCls)
3, ppm, (J, Hz): 1.02 (3H, s, CHg); 3.22 (2H, br. d, J = 14.5, NCH,); 3.57-
3.62 (8H, m, 2xCHs, NCH,); 4.41 (2H, br.s, NCH,); 4.82 (2H, br.s, NCH,);
7.21-7.40 (5H, m, C¢Hs). *C NMR spectrum (100 MHz, CDCls) &, ppm:
16.3; 45.6; 52.3; 54.7; 55.1; 126.8; 127.1; 127.4; 135.9; 154.4; 208.4 (CO).
Found, %: C 62.47; H 6.48; N 8.14. C13H2,N,0,. Calculated, %: C 62.42; H
6.42; N 8.09.
1-Methyl-5-phenyl-9-oxo0-3,7-di-(propylcarbonyl)-3,7-diazabicyc-
l0/3.3.1/nonane (13). Obtained from 2.42 g (10 mmol) of 5-methyl-7-
phenyl-6-oxo0-1,3-diazaadamantane (1) and 2.13 g (20 mmol) of butyric acid
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chloride. Yield 2.5 g (68%), R;0.61, mp. 108-110 °C. IR spectrum, v, cm™:
1610 (C=Carom), 1639, 1721 (C=0). 'H NMR spectrum, ( 300 MHz,
CDClg) 6, ppm, (J, Hz): 0.93 (3H, t, J = 7.4, CH3CHy); 0.96 (3H, t, J = 7.4,
CH3CHy); 1.06 (3H, s, CH3); 1.46-1.61 (4H, m, 2xCH,CHj3); 2.17-2.32 (2H,
m, CH,C;Hs); 2.36-2.48 (2H, m, CH,C,Hs); 2.91 (1H, dd, J = 13.5, 2.4);
3.29 (1H, dd, J = 13.5, 2.4); 3.35 (1H, dd, J = 13.3, 2.4); 3.79 (1H, dd, J =
13.3, 2.7), 4.25 (1H, dd, J = 13.3, 2.4), 4.37 (1H, dd, J = 13.3, 2.7), 5.02
(1H, dd, J = 135, 2.6 ); 5.37 (1H, dd, J = 13.3, 2.6, 4xCHy); 7.26-7.40 (5H,
m, CgHs). *C NMR spectrum (100 MHz, CDCls) 8, ppm: 13.45; 13.48;
16.41; 17.55; 33.99; 34.1; 45.3; 51.6; 51.9; 52.3; 55.8; 56.0; 126.8;
127.2(C); 127.4(C); 136.1; 170.6; 170.8; 208.5 (CO). Found, %: C 71.40; H
8.14; N 7.50. CH3oN,05. Calculated,%: C 71.35; H 8.10; N 7.56.
1-Methyl-5-phenyl-9-oxo0-3,7-di-(4'-methylbenzoyl)-3,7-diazabicyc-
l0/3.3.1/nonane (14). Prepared from 2.42 g (10 mmol) of 5-methyl-7-
phenyl-6-oxo-1,3-diazaadamantane (1) and 3.08 g (20 mmol) of 4-
methylbenzoyl chloride. Yield 3.0 g (66%), Rs 0.57, mp. 231-232 °C. IR
spectrum, v, cm™: 1610 (C=Carom), 1639, 1721 (C=0). *"H NMR spectrum, (
300 MHz, CDCI3) 6, ppm, ( J, Hz): 1.00 (3H, s, CH3); 2.39 (3H, br.s, CHs-
arom); 2.42 (3H, br. s, CHz-arom); 3.18 (1H, br. d, J = 12.6); 3.52-3.65 (2H,
m), 3.93-4.09 (2H, m), 4.23 (1H, br. d, J = 11.6), 4.83 (1H, br. d, J = 13.2),
and 5.15 (1H, br. e, J = 12.8, 4xCHy); 7.18-7.35 (9H, m) and 7.38 - 7.44
(4H, m, H-arom). *C NMR spectrum ( 100 MHz, CDCls) 3, ppm: 16.6
(CHs), 20.8 (2xCHj3); 45.5; 52.2; 52.4 (br.s), 52.9 (br.s), 58.5 (br.s), 58.7
(br.s); 58.9 (br.s); 126.8(CH); 127.0 (2xCH); 127.4 (4xCH); 127.5 (2xCH);
128.2 (4xCH); 132.2; 135.8; 138.6; 169.4 (C CO), 208.5 (CO-adam.).
Found, %: C 77.32; H 7.78; N 6.04. C3yH3,N,Os. Calculated, %: C 77.26; H
7.73; N 6.09.
1-Methyl-5-phenyl-9-oxo0-3,7-di-(2'-furancarbonyl)-3,7-diazabicyc-
l0/3.3.1/nonane (15). Prepared from 2.42 g (10 mmol) of 5-methyl-7-
phenyl-6-oxo-1,3-diazaadamantane (1) and 2.61 g (20 mmol) of furan-2-
carboxylic acid Cl-anhydride. Yield 2.5 g (60%), R¢ 0.70, mp. 170-171 °C.
IR spectrum, v, cm™: 1565, 1610, 1629 (furyl); 1710 (C=0). 'H NMR
spectrum, ( 300 MHz, CDCls) 6, ppm, (J, Hz): 1.12 (3H, s, CHg3); 3.41 (2H,
br's, CH,); 3.75 (2H, br.s, CHy); 4.81 (2H, br. s, CH,); 5.10 (2H, br s, CH,);
6.48 (2H, br. s, 2H-4fur); 6.91 (2H, br. d, J = 13.3, 2H-3fur); 7.28-7.42 (5H,
m, CgHs); 7.52 (2H, br. s, 2H-5fur). *C NMR spectrum ( 100 MHz, CDCls)
3, ppm: 16.5 (CHj3); 45.8(C); 52.5(C); 52.0-57.0 (br.s, 4xCH,); 110.7 (2C-
4truck); 116.2 (2C-3truck); 126.9 (C-4ph); 135.9 (C-ipso); 143.4 (2C-
5truck); 147.1 (2C-2truck); 157.9 (2NCO); 208.1 (CO). Found, %: C 54.60;
H 5.31; N. 6.73. C4H2N»Os. Calculated, %: C 54.54; H 5.26; N. 6.69.
1-Methyl-5-phenyl-9-o0x0-3,7-di-(benzoyl)-3,7-diazabicyclo/3.3.1/no-
nane (16). Obtained from 2.42 g (10 mmol) of 5-methyl-7-phenyl-6-oxo-
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1,3-diazaadamantane (1) and 2.81 g (20 mmol) of benzoyl chloride. Yield
3.0 g (68.5%), R; 0.45, mp. 228-229 °C. IR spectrum, v, cm™: 1619
(C=Carom), 1644, 1726 (C=0). *H NMR spectrum, ( 300 MHz, CDCls) 3,
ppm, (J, Hz): 1.01 (3H, s, CHs3); 3.22 (1H, br.d, J = 13.7); 3.57-3.68 (2H,
m), 4.02 (2H, br. d, J = 13.0), 4.21 (1H, br. d, J = 13.2); 4.87 (1H, br.d, J =
13.7) and 5.18 (1H, br. d, J = 13.5, 4xCHy); 7.20-7.36 (5H, m), 7.37-7.50
(6H, m) and 7.51-7.59 (4H, m, 3ph). *C NMR spectrum ( 100 MHz, CDCls)
3, ppm: 16.5 (CH3), 45.5 (C); 52.1(C); 52.4 (br.s, CH,); 52.8 (br.s, CH,);
58.4 (br.s, CHy); 126.8(CH); 127.0 (2xCH); 127.3 (4xCH); 127.5 (2xCH);
127.6 (4H) 128.9 (2xCH); 135.2 (2% Cipso); 135.7 (Cipso); 169.3 (2xNCO),
208.4 (C=0). Found, %: C 76.7732; H 5.94; No. 6.44. CygHN,0s.
Calculated, %: C 76.71; H 5.90; N. 6.39.

1,5-Diphenyl-9-oxo0-3,7-di-(ethylcarbonyl)-3,7-diazabicyclo/3.3.1/no-
nane (17). Prepared from 2.82 g (10 mmol) of 5,7-diphenyl-6-0x0-1,3-
diazaadamantane (1) and 1.85 g (20 mmol) of propionic acid Cl anhydride.
Yield 3.1 g (76%); R; 0.80, m.p. 188-189 °C. IR spectrum, v, cm™: 1610
(C=Carom), 1639, 1720 (C=0). 'H NMR spectrum, (300 MHz, CDCl5) 3,
ppm, (J, Hz): 1.2 (6H, s, 2 x CH,CH3); 2.1-3.8 (2H, m, CH); 1.51-2.65 (2H,
m, CH,); 3.52 (2H, br. d, J = 13.7, NCHy); 4.08 (2H, br. d, J = 13.7, NCH,);
4.51 (2H, br. d, J = 13.5, NCH,); 5.42 (2H, br. d, J = 13.5, NCH,); 7.26-7.42
(10H, m, 2xCgHs). *C NMR spectrum ( 100 MHz, CDCls) &, ppm: 8.6
(2CHs); 25.4 (2xCHy); 51.7 (2xNCHy); 52.1 (3xNCHy); 55.7 (2xNCH,);
126.7 (2C); 127.3; 127.4; 136.3; 171.6; 206.5 (CO). Found, %: C 74.30; H
6.94; N. 6.88. Cy5H,5N,04. Calculated, %: C 74.25; H 6.90; N. 6.93.

1,5-Diphenyl-9-oxo-3,7-di-(furancarbonyl)-3,7-diazabicyclo/3.3.1/-
nonane (18). Prepared from 2.82 g (10 mmol) of 5,7-diphenyl-6-0x0-1,3-
diazaadamantane (1) and 2.61 g (20 mmol) of furancarboxylic acid CI
anhydride. Yield 3.12 g (63%), R;0.56, mp. 220-221 °C. IR spectrum, v, cm’
11571 (fur); 1613 (C=Carom), 1720, 1731 (C=0). *H NMR spectrum, ( 300
MHz, CDCl3) 8, ppm, (J, Hz): 3.90 (2H, br. s), 4.15 (2H, br. s), and 5.19
(4H, br. s, 4 xCHy); 6.49 (2H, dd, J = 3.3, 1.6, 2H-4fur); 6.95 (2H, br. d, J =
3.3, 1.6, 2H-3fur); 7.29-7.45 (10H, 2ph). 7.52 (2H, br. s, 5 trucks). *C NMR
spectrum ( 100 MHz, CDCl;) 8, ppm: 52.7 (4CHy); 66.1 (2xC); 110.7 (2xC-
4-truck); 116.4 (2xC-3-truck); 126.9 (2CH, ph); 127.3 (4CH, ph); 127.5
(4CH, ph); 136.2; 143.5 (2xC-3-truck); 147.1; 158.0; 206.1 (CO). Found,%:
C 52.55; H 5.06; N 5.77. Cy9H»4N»Os. Calculated,%: C 52.50; H 5.01; N
5.83.

1,5-Diphenyl-9-hydroxy-3,7-di-(methylcarbonyl)-3,7-diazabicyc-
lo/3.3.1/nonane (19). Prepared from 2.82 g (10 mmol) of 5,7-diphenyl-6-
hydroxy-1,3-diazaadamantane (1) and 1.57 g (20 mmol) of acetic acid
chloride. Yield 2.4 g (64%), R;0.45, m.p. 255-256 °C. IR spectrum, v, cm™:
1606 (C=Carom), 1640 (N-C=0); 3326 (OH). 'H NMR spectrum, ( 300
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MHz, CDCls3) 8, ppm, (J, Hz): 1.96 (3H, s, CH3); 2.18 (3H, s, CH3); 2.86
(2H, br. d, J = 13.5, NCHy); 3.32 (1H, br. d, J = 12.5, NCH,); 3.48 (1H, br.
d, NCHy); 3.81 (2H, br. d, J = 13.5, NCHy); 4.18 (1H, br. d, J = 125,
CHOH); 4.78 (2H, br. d, J = 12.5, NCH_); 5.15 (1H, d, J = 7.1, CHOH);
7.21-7.65 (10H, m, 2xCgHs). **C NMR spectrum (100 MHz, CDCls) 8, ppm:
20.8; 21.4; 40.1; 41.3; 41.4; 42.0; 47.4; 51.2; 56.6; 71.01; 125.9 (2CH, ph);
126.02 (2CH, ph); 126.13 (2CH, ph); 127.9 (2CH, ph); 128.0 (2CH, ph);
141.3; 141.4; 167.7; 168.7. Found, %: C 74.96; H 5.90; N 7.49. C3H5N,0s.
Calculated, %: From 75.00; H 5.85; N 7.44.
1,5-Diphenyl-9-hydroxy-3,7-di-(cyclopropanolcarbonyl)-3,7-diaza-

bicyclo-/3.3.1/nonane (20). Prepared from 2.4 g (10 mmol) of 5,7-diphenyl-
6-hydroxy-1,3-diazaadamantane (1) and 1.57 g (20 mmol) of acetic acid
chloride. Yield 2.4 g (56%), R;0.68, mp. 218-220 °C. IR spectrum, v, cm™:
1606 (C=Carom), 1640 (C=0); 3326 (OH). *H NMR spectrum, ( 300 MHz,
CDCl3) 8, ppm, (J, Hz): 0.51-1.02 (8H, m, 4xCHy); 0.71 (1H, br. d, J = 13.5,
CH); 1.90 (1H, br. d, J = 13.9, CH); 2.88 (2H, br. d, J = 13.5, NCHy); 3.4
(2H, t, J = 6.8, NCHy); 3.84 (1H, br. d, J = 12.9, CHOH); 4.16 (1H, br. d, J
=12.9, CHOH); 4.56 - 4.96 (4H, m, 2 x NCHy); 7.21-7.45 (6H, m, H-arom);
7.62 (4H, br. d, J = 13.9, H-arom). *C NMR spectrum ( 100 MHz, CDCls)
3, ppm: 6.57 (CHy); 6.8 (CH,-pr); 10.4 (CH,-pr); 11.0 (CHy-pr); 43.2
(NCH,); 46.1 (NCHy); 52.3 (NCH,); 55.8 (NCHy); 7.03 (C-OH); 125.9
(2CH, ph); 126.1 (5CH, ph); 127.9 (5CH, ph); 170.3 (2N-CO); 171.3(2C).
Found, %: C 75.39; H 5.02; No. 6.46. C,7H3N,05. Calculated, %: C 75.34;
H 6.97; N. 6.51.

CHUHTE3 U ITIPOTUBOCYJOPOXHAA AKTUBHOCTb HOBBIX
IPOU3BOJHBIX 1,3-TUAZAATAMAHTAHOB

A. 1. APYTIOHSIH, K. A. TEBOPKSIH, M. B. T'AJICTSIH,
P.I'. MAPOHUKSH u U. E. HABAPSAH

HayuHo-TexHoMorn4eckuii 1eHTp
opranuueckoi u ¢apmanestuyeckoit xumun HAH Pecny6nuku Apmenust
Apwmenus, 0014, Epesan, rp. A3arytsH, 26
E-mail: galstyan.mariam91@mail.ru

Pabora mocBelieHa CHHTE3Y M W3YyYEHUIO HEHPOTPOITHOW aKTHBHOCTH HEKOTOPBIX
MPOU3BOMHBIX 3,7-Aua3aburiukio/3.3.1/nonanos. s 3TOro OBUIM CHHTE3UPOBAHBI
pasiuynbie S,7-nuankwi, MetwideHw -, nudeHmwi-1,3-nuazaanamMmanTansl 1, KOTOpbIE
pu B3aumoeiicteuu ¢ Cl-aHrunpugamu annpaTHIecKux, apoMaTHIECKuX, KapOoInK-
JIMYECKUX M TeTePOLMKIMYECKUX KHCJIOT MPEBpalieHbl B COOTBETCBYIOIIUE 3,7-aua-
3a0ummkio/3,3,1/Honansl. M3ydeHa MpOTHBOCYIOPOXKHAS aKTHMBHOCTH CHHTE3MPOBAH-
HBIX COCJMHEHHH, CPEId HUX BBISBJICHBI BEIIECTBA C BBHIPAKEHHOW aHTHKOPA30JIOBOU
AKTHBHOCTBIO.
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Ha ocHoBe maHHBIX OUOJIOTHYECKUX HCCJICAOBAHUAX MOKHO NPEANOJIONKHUTH, YTO
Ha aHTUKOPA30JIOBYIO aKTUBHOCTH BEPOATHO 0oJIbIIIE BIMSHOM 3aMeCTUTEIU B 1-0M U 5-
OM IIOJIOKCHHAX 6I/IIII/IKJ'IOHOH3HOB, 4YCM OCTATOK COOTBeTCTByIOHII/Iﬁ KHUCJIOTHI.

1,3-+hU.2UU. LUV LSULLEMP U.OULE3ULLE P UPLRGAL b,

LrMUL8 LUul.8L8NhUL.8h T LUShYNRE8U.Y NRUNKTLUURPAREBNRLL

U..% &U.rnkhR-8Nhu80.%, £. U.. 464.0M%-80.%, U. 4. ¢U.LUS8U.C,
M. &. MW.rNThu30%y, b. b. LUQULMr3LYL

Upuplg by ki 5 7-gppplpnid mwpplp wylfy, wghpy$lbipy, ghpbipy fulphp
wppfunnply, wpndunply, juppngplypl, SEnbpngplypl pEncbbpf pyn- pubShqppyhbph
qullll‘l[lil ull[m[u[nLﬁ‘lanl.’

(1]
(2]
(3]

(4]

(5]

(6]

[7]
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SJIEKTPOHHOE BJIUAHUE APOMATHUYECKOTI'O KOJIBIIA B
MMOJIOXKXEHHUH 2 HA H/D OBMEH METWIBbHbBIX IPOTOHOB B
INMPUMHUJIUHE

I'.T. IAHATYJSIH*® BK. TAPUBSIH* ", I A. TAHOCSIH  n AT
JNTAHATYJISIH

# Poccuiicko-ApmsHckuii yausepeutet, 0051, r. Epesan, yi. Oscena DMuna 123
b Hay4HO-TeXHOTOTHYECKHil IEHTP OPraHUYECKON U (hapMaleBTHIECKOH XUMUH
HammonanpHoii akanemun Hayk Pecniyonuku Apmenus, 0014, r. Epesan, mp. AzarytsH 26
E-mail: gdanag@email.com
Hocrynmio 15. 09. 2023 r.

MN3yyeH H/D obmeH aTomMOB BOAOPOAA METWMbHBLIX PYNN B NUPUMWAMHAX, COAEpXaluuX B
NONIOXEeHUN 2 DEHNNBHOE UMK 3aMeLLEHHOEe MMPa3oNibHOE KOMbLO, @ UMEHHO, B 2-beHunn-4-meTur-
5-aTokcukapbonun-, 2-cpenun-4-metun-5-auetun- u  2-(3,5-gumetunnupasonun-1-)-4-metun-5-
aueTunnupummamHax. NokasaHo, 4TO CKOpPOCTb AenTepoobMeHa 3aBWCUT OT JNIEKTPOHHOMO BMWSA-
HMA GOKOBOro apoMaTU4ecKoro Kosbla, CBA3AHHOTO C MUPUMUOMHOM, @ BBEAEHWE JNeKTpo-
HOOOHOPHOIO 3aMecTUTeNns — 3MNeKTPOHOM3ObLITOYHOTO MUPAa30NbHOTO  KOMbLA, YCWUNEHHOrO
Hanuumem B a3one ABYX METWUMbHbIX Pynn, 3aTPyAHAET HyKneodunbHYI0 ataky ds-MeTOKCUNbHOW
rpynnbl, Y4TO MNPEnATCTBYEeT NpOTEeKaHulo AeTepoobMeHa MNPOTOHOB METUIBHOM [pynnbl B

nmpuMmngnHe.

bubn. cebinok 3, duaepamm 3.

Knwouesvie cnoea: nvpumuaunH, H/D-oOMmeH, Hykieodus, mHpaszod,
METUJIbHAS IPyMIIa.

Ha psine mpumepoB Mbl panee mokaszanu, uTo B pactBope CD3ONa B
CD3;OD arombl BOJIOpO/ia QJIKHJIBHBIX TPYII, HAXOISAIIUXCS B MUPHUMHUIU-
HOBOM KOJIBbIIE KOH/IEHCUPOBAHHBIX CHUCTEM, JIETKO, YaCTO JIaXe MPaKTHIeC-
KM MTHOBEHHO, 3amernarorcs aromamu nedrtepus [1, 2]. Tlogobubiii u3o0-
TOMHBIA OOMEH MBI HAONIOAAIN TAaKKEe B OUIIMKINYECKON HEKOHIEHCHUPO-
BaHHOW cucreme 2-OeH3mi-6-metuin-4-(5'-merun-4'-srokcukapoonu-1'-mu-

249


https://doi.org/10.54503/0515-9628-2023.76.3-249

Pa30JInI)IUPUMUIMHA, YTO OIIMCAHO B CTaThe, KOTOpask HEJaBHO IPUHSATA K
onyonukoBaHuto [3].

[Tpu m3ydeHnn Bo3MOXKHOTO W30TONMHOro H/D oOMeHa B HEKOTOPHIX
HEKOH/ICHCHPOBAHHBIX MUPUMHUIUHAX Mbl OTMETHIIN 3HAYUTEIbHOE BIIUSHUE
Ha 3TOT MPOLECC apOMATHUECKOTO KOJIbIIA, CBSI3aHHOT'O HENOCPEACTBEHHO C
MUPUMUIUHOBBIM SIIPOM.

beut usyden H/D oOmen B 2-henun-4-metuin-5-3rokcukapoonmi- (1), 2-
denmn-4-metun-5-anerun- (2) u 2-(3,5-mumerwnnupasonu-1-)-4-mMeTui-5-
aNeTIIMUPUMUINHAX (3), KOTOPBIE COACP AU OAMHAKOBBIN 4-METHITHPH-
MHJIUHOBBIN KapKac.

Oxkazasioch, 4TO TpU BBEACHUU B MOJOKeHUE 2 (EHWIBHOM TpYMIbl B
coeauHeHMsIX 1 M 2 mpakTUYECKU cpasy mociie 100aBIeHUs B PacTBOpP Jeii-
tepupoBanHoro mMetuinata Harpus (CD3;ONa/CD30D), Habmomaetcs ucues-
HOBEHHE CHUTHAJIOB IPOTOHOB, COOTBETCTBEHHO, CIOKHOA(UPHOW W are-
TunbHOW Tpymm. [Ipuuem, ecim B coenmHEHHMH 2 3TO CBsI3aHO C Jeiire-
pooOMEHOM, TO B COeAMHEHHMH 1, KaKk MbI MMOKa3aJd M Ha psle IPYyrux
MpUMEpOB, HAbIOJaeTCs nepedTepuduKamms, MPUBOAAIIAs K 00pa30BaHUIO
5-(d3)-meTtminoBoro 3¢upa 4 W WMCYC3HOBCHUIO CHTHAJIOB AITOKCHKAPOO-
HWIBHOH rpynmsl B coenquHennn 1. Jlamee mbl HaOmomganmn H/D-oO6Men B 4-
METWJIbHON rpymnme. Hmke npuBeneHbl auarpaMmbl  KHHETHYECKHX
WCCIICIOBAaHUN HM30TOMMHOTO OOMEHa MPOTOHOB METHWJIBHOH  TPYIIIBI
coenquHeHn 1 (KoppekTHee roBOpPUTH 4, MOCKOJBbKY KaK OBLJIO OTMEUEHO
BBIIIIE, U3y4alics ero d3-MeTHIIOBBIN 3¢up) (puc. 1) u aleTUINPONU3BOTHOTO
2 (puc. 2). OnbITHl MMOKa3aJH, YTO OOMEH MPOTOHOB METWJIBHBIX TPYII B
HCCIIEyEMbIX MOJIEKYJIaX, KaK M 0KHUJAJI0Ch, UJET, OJHAKO, 3HAYUTEIbHO
MeJUIeHHEe, YeM B paHee M3y4eHHbIX cucteMax [1]. B adupe 4, mo manHbpIM
criektpoB SIMP 'H u nu3smenenuo HWHTETpajia CUTHAJIOB METUJIBHBIX TPYII 32
155 mun H/D oOmeny noasepraercst uytb Oonee 44,3 % mpoToHOB, TOraa
Kak B coequHeHnu 2 6onee 36,4% 3a 60 ymur HaOIIOLEHNNA.

COCHj3 COOC;Hs
A COCHs CZHSOHC:< NH CZH5OHC:< N COOC;H;
’\“ COCH; e COCH; N‘
- B
)\ 7 )\ 7
CeHs™, N CH3 NH; CeHs™) N CH,
CD3ONaJCD3OD CD3ONa | CD;0D
COCD; COCD3 N COOCD; COOCD;
H o0 N‘/j /’\{I o0 N‘ D
= CD;0D )\ = = CD50D /K —
CgHs N CHs ? CeHs N CD,4 CgHg N CD3 CgHs N CHs
4

B coemmnHennu 3, copep)kamieM 3aMENIEHHOE IHPA30JIbHOE KOJBIIO,
0OMEH NMPOTOHOB 4-METHJIBHON TPYMIBl NPAaKTHYECKU HE UJIET, B OTIMYHE OT
coeauHeHN 1 U 2, B KOTOPBHIX B TOJIOKEHUH 2 MHUPHUMHUIMHOBOTO KOJIbIIA
HaxoauTcs (GeHmnbHas rpymma. Kak ciexyer u3 muarpammsl 3 (puc. 3), a
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TaKKe JaHHBIX HW30TOMHOTO OOMEHa TPOTOHOB METWIBHOM TPYIIIBI
aneTuwsapHOro (parmenra B crekrpe SMP 'H, 3a 9 CYmMOK TPOTOHBI 4-
METHJILHOM TPYNIIBI HE TOABEPraoTcsi OOMEHY BOBCE, a M30TOIHBIA OOMEH
IIPOTOHOB ALETHJIBHOM Tpynmbl 3a T€ ke 9 cymox NpOoTEeKaeT JMIb Ha
53,3%.

HsC

HsC
COCH;
C,HsOHC N N
/ \ 2HsOH =< Ny CH,
N%N

N
N COCHj3 N CHs
N CHa CD3;ONa )\
—_—
/ N

N
)\ CD;OD N

HN NH,

N CHs N CHs

COCHj COCD;3

Msl cuuTaeM, 4TO 3HauuTenbHOEe 3ameieHne H/D oOMeHa mpoTOHOB
alleTWIBHOM TPYIIIBI, & TAKXKE OTCYTCTBUE TaKOro OOMEHa MPOTOHOB 4-Me-
THJIBHOHM TPYNIIBI B CIydae MUPa3OTINMUPUMHINHA 3, 00BICHIETCS JOHOP-
HOCTBIO 3JIEKTPOHOM30BITOYHOTO MUPA30JIBHOTO KOJIbLA, YCUICHHOTO HAaJIH-
YueM B a30jie ABYX METWIbHBIX TpYII, KOTOPOE 3aTpPyAHSET aTaKy
d3-MeTOKCHIBHOM Tpymmbl. B cpaBHeHHU ¢ coequHeHHEM 3 IEHTEpOOOMEH
METHJIBHBIX TPy B 2-(heHuinpou3BoaHbiXx 1 (4) u 2 uaer Jjerue, Imo-
CKOJIbKY (peHMJIbHAS TPyINIa SABIsSETCs 0osee caadbiM TOHOPOM IIEKTPOHOB
B IUPUMHIUHOBOE KOJIBIIO, Y€M THPA30IbHBIH IIUKIL.

B skcnepuMeHTalbHON YacTH MPHUBEIEHO OMHCAHUE CHUHTE3a BEILECTB
1-3, a Takke MaHHBIC WX CHCKTPaJbHBIX HcciaeaoBanuii (IMP 1H) B pacTt-
Bope CD3OD, u u3MeHeHHs CIEKTPOB Iocie 00aBleHHs B PacTBOP
CD3;ONa.

Hccneoosanue svinonneno 6 Poccuticko-ApmMaHcKkom yHusepcumeme 3a
cuem cpeocms, blOeNeHHbIX 8 pamkax cyocuouu Munoopnayku Poccuu na
@unancuposanue nayuno-ucciedosamenvckoul dessmenvnocmu PAY (Jlabo-
pamopus. cumme3a U UCCIe008AHUS OUOAKMUBHBIX A3A2eMePOYUKIO8 -
23PR:NS-chem-63321), a maxoce npu ¢punancosoii noooeprcrke I'ocKom-
Hayrxu PA u PO®U /PH®/ (npoexm 20RF-138, / 20-53-05010 Arm_af).

SKCIIEPUMEHTAJIBHAS YACTb

Bce cnextpsl AMP (*H, *C) 3anucans na cnexrpomerpe Varian Mer-
cury-300VX (300 u 75 MTIy coorBerctBerHo) B pactBope JIMCO-dg-CCly,
1:3, a Taxke B CD30OD, npu temneparype 298 K. DneMeHTHBIN aHamu3
BbINoJHeH Ha npubope Eurovector EA 3000. Temneparypbl muiaBieHUs

M3MEPEHBI Ha MPUOOpax JJisi OMPEICICHUS TOYKH TUIABJICHUS OPTaHUYECKUX
Bemtects SMP 11 (STUART) u SMP 30 (STUART) /Benukobputanusi/.

251



YucToTa M MHAMBUAYAIBHOCTH BELIECTB MOJITBEPXK/IEHA HAa BBICOKOA(dEK-
THBHOM IpernapaTUBHOM HIKOocTHOM xpomarorpage SENMIPREPARA-
TIV HPLC (HPLC Knauer AZURA PREP + Analitical UV Detector)
/T'epmanus/, a Takxe TCX Ha cunydone (UV-254).

Cunrte3 2-eHna-4-Mmermi-5-3Trokcukapoonmwanupumuauaa (1). B
pactBope 3THiIata Hatpus, npurotosieHHoro u3 0.1 2 (0.0048 monw) HaTpus
B 10 mn abGcomtoTHOro 3tanoia, pactBopsitor 0,75 2 (0,0048 monv) run-
poxmopuaa Oensmnamuanta. K pacteopy mobasisror 0.9 2 (0.0048 monw)
STHIIOBOTO 3(Upa STOKCHMETHINIECHAIETOYKCYCHOW KHUCIOTHI M KUISTST
12-16 u. ¢ oOpaTHBIM XOJOIWJIBHUKOM W XJIOpPKaJbIIMeBON TpyOKoi. Jlanee
pacTBOpUTEINb OTTOHSIOT U K Ocaiky npuinBatoT 20 mr Bonbl. Beinapmunii
0caZiok OT(GHUIBTPOBBIBAIOT M BhIcymuBaroT. Beixox 0,7 2 (60%), R 0.87
(6enson : aneron, 4:1), T. mr. 90-93 °C. Cnextp IMP 'H, §, m. 1. (DMSO-
d6): 1.43 (3H, T, J = 7.1, CH,CHj3); 2.85 (3H, c, 4-CH3); 4.39 2H, x, J =
7.1, CH,CHg); 7.42-7.52 (3H, m, CgHs); 8.47-8.51 (2H, m, CgHs); 9.14 (1H,
¢, 6-H). Crextp SIMP °C, §, M. 1. (DMSO-d6): 13.8 (CHa); 24.0 (CHy);
60.5 (CH,); 120,4 (C); 127.8 (2CH); 128.3 (2CH); 130.8 (CH); 136.0(ipso);
158.4(CH); 163.7(C); 164.4 (C); 167.7 (C). Haiineno, %: C 69.41; H 5.85;
N 11.56. C14H14N>0O,. Beruucieno, %: C 69.66; H 5.62; N 11.36.

Cnektp SIMP 'H, 8, M. 1. 8 CD30D: 1.43 (3H, 1, J = 7.1, CH,CHy3); 2.85
(3H, ¢, 4-CHgy); 4.39 (2H, k, CH,CHs); 7.42-7.52 (3H, M, CgHs); 8.47-8.51
(2H, M, CgHs); 9.14 (1H, ¢, 6-H).

Crnextp SAMP 'H, 8, M. 1. B CD30D ¢ no6asiernem CD3;ONa yepes 2
mun: 1.43 (2.6H, 1, J = 7.1, CH,CHz); 2.85 (3H, c, 4-CHj3); 4.39 (1.74H, x, -
CH,CHs); 7.42-7.52 (3H, m, CgHs); 8.47-8.51 (2H, M, C¢Hs); 9.14 (1H, c, 6-
H).

Cnextp AMP 'H, 8, M. 1. B CD30D ¢ no6asnennem CD;ONa yepes 40
mun: 2.85 (2.25H, c, 4-CH3); 7.42-7.52 (3H, M, C¢Hs); 8.47-8.51 (2H, m,
Ce¢Hs); 9.14 (1H, ¢, 6-H).

Cnextp AMP 'H, 8, M. 1. B CD30D ¢ no6asnennem CD;ONa yepes 65
mun: 2.85 (2H, ¢, 4-CHg); 7.42-7.52 (3H, m, C¢Hs); 8.47-8.51 (2H, m, CgHs);
9.14 (1H, c, 6-H).

Cnextp AMP 'H, 8, M. 1. B CD30D ¢ no6asiennem CD;ONa yepes 155
mun: 2.85 (1.67H, c, 4-CHs); 7.42-7.52 (3H, M, C¢Hs); 8.47-8.51 (2H, m,
Ce¢Hs); 9.14 (1H, ¢, 6-H).
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Pwuc.1. Onarpamma H/D o6meHa NpoTOHOB 4-MeTUrbHOM rpynnbl B coeanHeHun 1 (4).

Cunre3 2-gennia-4-mernia-S-anernanupumuanna (2). B pacreope
sTHIaTa HaTpus, npurotosieHHoMy u3 0.1 2 (0.0048 moaw) Hatpus u 10 mn
abcomotHOro 3tanosa, pacteopsitor 0,75 2 (0,0048 monw) rumpoxiopuma
oensunamuauna. K pactsopy nobasmstor 0.75 2 (0.0048 monw) sTokcume-
TUIHCHACTUIIAETOHA U KUIATAT 12-16 4. ¢ 0OpaTHBIM XOJIOAUIBHUKOM H
XJIOpKaJIbLIMEBOM TpyOkoii. Jlanee pacTBOpUTENb OTIOHSAIOT M K OCaIKy
npuwinBaroT 20 mz Boabl. BeimaBmmii ocaqok oTGUIBTPOBHIBAIOT U BBICYIIH-
BatoT. Beixoz 0,7 2 (70%); R¢ 0.78 (6ensom:anetoH, 4:1), T. mn. 110-112 °C
Crnekrp SIMP 'H, 8, m. 1. (DMSO-d6): 2.65 (3H, ¢, COCHs); 2.78 (3H, c, 4-
CHj3); 7.45-7.50 (3H, m, CgHs); 8.47-8.50 (2H, m, CgHs); 9.19 (1H, ¢, 6-H).
Crextp SIMP °C, 3, m. 1. (DMSO-d6): 24.2 (CH3); 28.5 (COCHs); 127.1
(C2); 127,8 (2C); 127.8 (2CH); 128.3 (2CH); 130.8 (CH); 136.0(ipso);
158.4(CH); 163.7(C); 164.4 (C); 167.7 (C). Haiineno, %: C 73.56; H 5.70;
N 13.20. C13H1sNyg. Beruncneno, %: C 73.45; H 5.60; N 13.30.

Crniextp SIMP 'H, §, M. 1. 8 CD;0D: 2.67 (3H, ¢, COCHj); 2.78 (3H, ¢, 4-
CHj3); 7.45-7.50 (3H, m, CgHs); 8.47-8.50 (2H, m, CgHs); 9.19 (1H, c, 6-H).

Coextp AMP 'H, §, M. 1. CD3OD ¢ nmo6asnennem CD3;ONa qepes 2
mun: 2.78 (3H, ¢, 4-CHg); 7.45-7.50 (3H, m, C¢Hs); 8.47-8.50 (2H, m, CgHs);
9.19 (1H, c, 6-H).

Coextp SAMP 1H, o, M. 1. CD30D ¢ nobasnennem CD3ONa uepes 20
mun: 2.78 (2.6H, ¢, 4-CHg); 7.45-7.50 (3H, m, C¢Hs); 8.47-8.50 (2H, M,
C6H5); 9.19 (lH, C, 6-H)

Coextp SAMP 1H, o, M. 1. CD30D ¢ no6aBnennem CD3ONa uepes 50
mun: 2.78 (2.06H, ¢, 4-CHs); 7.45-7.50 (3H, M, C¢Hs); 8.47-8.50 (2H, m,
C6H5); 9.19 (lH, C, 6-H)

Coextp SAMP 1H, o, M. 1. CD30D ¢ no6aBnennem CD3ONa uepe3 60
mun: 2.78 (1.91H, ¢, 4-CHg); 7.45-7.50 (3H, M, CgHs); 8.47-8.50 (2H, M,
C5H5); 9.19 (lH, C, 6-H)
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Pwnc.2. Qnarpamma H/D obmeHa NpOTOHOB 4-MEeTUMNBbHOW rpynnbl B COEANHEHWUM 2.

Cunre3 2-(3,5-auMermiinmupa3zonmni-1-)-4-MeTHia-5-ane THINMAPUMHE-
nuHa (3). B pactBope stunara Hatpus, npurotosiennomy u3 0.06 2 (0.0026
monv) Hatpust U 10 mn abcomroTHoro 3TaHona, pacteopsitor 0,5 2 (0,0025
monv) 3,5-numertnii-1-nupaszonmipopMaMuINH a30THOKUCIBIA. K pacTBopy
nob6asisaor 0.45 2 (0.0025 monb) 3TOKCHMETHIMICHAIIETHIIAIICTOHA U KH-
mATAT 12 v ¢ 0OpaTHBIM XOJIOAWIBHUKOM U XJIOpKalbIMEeBOW TpyOKkoi. [la-
Jiee PacTBOPUTENb OTTOHSIOT U K OCAJKY MPHJIMBAIOT 3 M BOJbI, aKTUBHO
MOMEIINBAsE CTEKISTHHOW TaJ04Koil. BeimaBimmii ocagok oTGMIBTPOBBIBAIOT,
npombiBatoT 10 Mz Boabl U BbicymmBaioT. Beixon 0.25 2 (43.5%); R 0.46
(6ensom:aneron, 2:1), T. mr. 100-101 °C Cnextp SIMP 'H, §, m. 1. (DMSO-
d6): 2.27 (3H, ¢, CHg3); 2.65 (3H, ¢, COCHg); 2.67 (3H, yur, CH3); 2.76 (3H,
¢, CH3); 6.04 (1H, yur, 4H- mupason), 9.16 (1H, ¢, N=CH). Cnekrp SIMP
3¢, 8, M. 1. (DMSO-d6): 13.1 (CHs); 14.9 (CHs); 24.1 (CHs); 28.1 (CHs):
110.0 (CH); 126.0 (C); 142.3 (C); 150.1 (C); 156.3 (C); 159.6 (N=CH);
168.8 (C); 195.8 (C=0). Haiimeno, %: C 62.59; H 6.13; N 24.33.
C13H13N30,. Beruucieno, %: C 62.74; H 6.22; N 24.11.

Cnektp SIMP 'H, 3, m. 1. B CD;0D : 2.31 (3H, ¢, CH3); 2.66 (3H, c,
CHj3); 2.72 (3H, ymr, CHg); 2.79 (3H, ¢, CHg3); 6.19 (1H, ym, 4H-nmmpaszon),
9.17 (1H, ¢, N=CH).

Cnextp AMP H, 8, M. 1. B CD30D ¢ no6asienrem CD3;ONa yepes 2
aust: 2.31 (3H, ¢, CH3); 2.66 (2.9H, ¢, CH3); 2.72 (3H, yur, CHs); 2.79 (3H,
¢, CH3); 6.19 (1H, yu1, 4H-nimpasomn), 9.17 (1H, ¢, N=CH).

Cnextp AMP H, 8, M. 1. B CD30D ¢ no6Gasiennem CD3ONa yepes 5
aueit: 2.31 (3H, ¢, CH3); 2.66 (2.3H, ¢, CHs); 2.72 (3H, ym1, CH3); 2.79 (3H,
¢, CH3); 6.19 (1H, yu1, 4H-nimpasomn), 9.17 (1H, ¢, N=CH).

Cuextp AMP 'H, &, m. 1. B CD30D ¢ no6asnennem CD3;ONa yepe3 9
aueit: 2.31 (3H, ¢,CHj3); 2.66 (1.4H, ¢, CHa); 2.72 (3H, ymi, CH3); 2.79 (3H,
¢, CHs); 6.19 (1H, yu1, 4H-nimpason), 9.17 (1H, ¢, N=CH).
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Pwnc.3. Onarpamma H/D obmeHa NpoTOHOB 5-aueTurnbHOM rpynnbl B coeanHeHnn 3.

sruarn,® e rANRT ¢S4 N, B.rNUTUSPY 0104k ELEUSINTU.8R L
U.2968NRA8NRLL AP PRUR PP UERPLUSRL AMrNSNLLErE H/D
PNbUTLULLYULT 4L

%.Z. MLoU.4NRL3U, 4.4, LU.rPALY, .U ¢ULNU3LY, U9 H.OU.GNRL3BUL

Qbmmgmniby L wypppdpypisgph oqulnid quifny dkfFpy fudpbpp 9pumdhp
wnndbpp H/D sprfuwlwlynedp 2-$lisfy-4-dbjopy-5-4 o puplymppnify -, 2-pbify-4
dbfafy-O-mybmfy-  le 2-(3,5-qfilbfdpymppusg ngpy-1)-4-dli By - 5wy bnfoy wyppfod o -
flenLlf.'

Uwpugneguws §, np qhjnbpufinpuubwldol wpuogn@yncp spuydwbodnpdws
§ wpppdpylupy dfugwd fngdiagpl wpndumpl o oquhf bykhmpnlghl wg-
gbynefFyudp, puly §iblmpnimgnting mbgwlwpsh ppdbfFpyppagnfy fofpp Bbp-
dnidnidp puwbqupned § dyedbfopuf fudpp Unclybnpfy Swpdwldwip b wpgb-
(g & ypppdfyplugpl oqulnid qulifng dbpy fudpf wpronibbphoqhymlbpo-
shafuasbimlnedp:

ELECTRONIC INFLUENCE OF THE AROMATIC RING INPOSITION 2 ON
THE H/D EXCHANGE OF METHYL PROTONS IN PYRIMIDINE

G.G. DANAGULYAN*" V.K. GARIBYAN*"* G.A. PANOSYAN® and
A.G. DANAGULYAN®

#Russian-Armenian University, 0051, Yerevan, st. Hovsep Emina 123
b Scientific and technological center of organic and pharmaceutical chemistry National Academy
of Sciences of the Republic of Armenia, 0014, Yerevan, Azatutyan Ave. 26
E-mail: gdanag@email.com

The H/D exchange of hydrogen atoms of methyl groups in pyrimidines containing
a phenyl or substituted pyrazole ring in position 2, namely, 2-phenyl-4-methyl-5-
ethoxycarbonyl-, 2-phenyl-4-methyl-5-acetyl and 2-(3,5 dimethylpyrazolyl-1-)-4-
methyl-5-acetylpyrimidines was studied. It has been shown that the rate of deuterium
exchange depends on the electronic influence of the lateral aromatic ring associated
with pyrimidine. When a phenyl group is introduced into position 2 of the pyrimidine
ring almost immediately after adding deuterated sodium methoxide (CD3;ONa) to the
CD;0D solution, the signals from the protons of the ester or acetyl groups disappear.
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The introduction of an electron-donating substituent, an electron-rich pyrazole ring
containing two methyl groups, into the same position 2 hinders the nucleophilic attack
of the ds-methoxy group, which prevents deuterium exchange of protons of the methyl
group in the pyrimidine and sharply slows down such exchange in the acetyl group.
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®dpoHTanbHOW nonMMepu3aumen, npoTekalwend B pexuMMe pacnpocTpaHeHWst TensioBon
BOfHbI, Ha4yanu 3aHumaTtbces B 70-x rogax npowunoro ctonetusi B MX®, B Haykorpage YepHoronos-
ka. OCHOBHble WCCreaoBaHWA MO TEOpUM U MPaKTUMKe 3TOro MeToAa MPOBOAWMMMCH MOA PYKO-
BOACTBOM npodpeccopa CesaHa [laBTAHa, rae Obina co3gaHa cepbesHas HayyHas Lwikona no
Hen3oTepMmnyecKon nonuMepusaummn B aguabartnyeckom 1 poHTanLHoOM pexvmax. Ha ocHoBaHum
HaKOMMEeHHOro onblTa B COTPYAHMYECTBE C MaTemaTuyeckum oTAenom, Guomnornyeckon nabopa-
TOpMen M onbiTHEIM 3aBofAOM B YepHoronoBke Obinu pa3paboTaHbl Hay4YHble OCHOBbI M CO3AaHbI
NpeanockINki AN NPakTUYECcKoW peanusauny CMHTe3a nonuMeTunmeTakpunata B HenpepbiBHbIX
LMMMHAOPUYECKMX peakTopax (pOHTanbHOro [AEenCcTBUS Ha OnbITHOM 3aBode B Haykorpage
YepHoronoBka 1 Ha 3aBofe MO CUHTe3y MonuMepoB B ropoge [l3epxuHcke. Beuagy cneumdukn
[aHHOro MeTOAa, C LUMPOKMMU BO3MOXKHOCTAMW €ro NPUIOXKEHUs K BbICOKMM TEXHONOIUAM, uccne-
[0BaHNA Ha pPa3HbIX MOHOMEPaX U B pa3HbIX YCNOBUSIX PAacnpoCTPaHUNCL MO MHOMMM CTpaHaMm. B
AaHHON CTaTbe KpaTKO U3NOoXKeHa XPOHOMOorusi passutua «PpoHTanbHOM NonNMMepuaaumnm» n Heko-
TOpble OCHOBOMOMNaratLLMe pacyeTHble 1 AKCNepYMeEHTanbHble UCCNEA0BaHUSI MO CO34aHNI0 HOBbIX
NOAXOAOB M MEXaHW3MOB MWCCINENOBaHUS KWHETUKM HEeM30TepMUYECKON Monumepusaumn, Kak B
Apgnabatuyeckom pexume, Tak M B pexume poHTanbHon nonumepusaumun. [peactaBneHbl
COBpPEMEHHbIE 3KCMepUMEHTalbHbIE NCCIEeA0BaHNSA N pacyeTHblE MeXaHU3Mbl MO CO3AaHMI0 HOBbIX

Mogeneu, 3anoXeHHbIX B MeToaUuKY (t)pOHTaJ'IbHOIZ nonumMepnsaummn 3a cHeT KOTOpbIX B HAcTosLlee

257


mailto:atonoyan@mail.ru
https://doi.org/10.54503/0515-9628-2023.76.3-257

BPEMS NPOBOAMTCA NpakTU4eckas peanv3aums CMHTe3a nonvakpunaMmuaHblX rugporenen ¢ 3agaH-
HbIMW CBOMCTBaMW B (PPOHTarbHbLIX peakTopax HEenpepbiBHOrO AENCTBUS C perynvpoBaHMEM Kak
KMHETUYECKUX, TaK U MaKPOKMHETUYECKMX napameTpoB. MccnegoBanuchk B 3aBUCUMOCTM OT YCIO-
BWWA CUHTE3a CBOWCTBa [vaporenew kak no MOrMOWEHWIO BOAbI, Tak U MO PUINKO-MEXAHUYECKUM
CBOWCTBaM. ViccrnegoBanoch BNUSIHME Kak CKOPOCTU MOTOKa, aanabaTnyHOCTU OKpy»KatoLLen cpeabl,
TaK U KUHETUYECKMX NapaMeTpoB, CMOCOBHbIX HAPYLLUTL NIMHENHOCTb U CTAaLMOHApHOCTb npoLecca
BOJb peakTopa Npu TEXHONOMMYECKON peanunsaumm.

Bubn. cceinok 54, puc. 12.

Knrouesvle cnosa: amuabatudeckas v (QpoOHTAIBHAS MOJMMEpU3AIUS,
HapyIICHHE CTAlIMOHAPHOCTH MPOLIECcca, OTHAKPUIAMHIHBINA THAPOTEIb.

BBenenue

B Hacrosimee Bpemsi Mbl 3aHUMAaeMCs HCCIIEJOBAHMSIMH, CBSI3AaHHBIMHU C
HIOAHCAMU PETYJIHPOBAHMS KHHETUYECKUX W MAaKPOKMHETHYECKHX TIapa-
METPOB U CHHTE3a IMOJUAKPWIAMUIHBIX CyNepaOCcoOpOeHTOB THApOreNnei
(ITAT') meronom ¢ponTtanpHOl nomumepusanuu (PII) kak TeopeTHUYECKH,
TaK M SKCIEPUMEHTAJIHHO C MCIOJIb30BAHUEM HAYYHBIX OCHOB PAcueTOB U
MoJIesiel, TPOBEICHHBIX 3a MEePHOJ CTAHOBJICHUS U Pa3BUTHA MeTonaa (ppoH-
TanbHOM TexHooruu [1 -8].

Ucrtopus pazsutus PII

C 70-x u 7o 90-ro roga ®II Mbl 3aHMMaAIUCh MOHOIIOJIBHO, B MEXKIY-
HApOJHON JHUTEpaType TOT BOIPOC BOOOIIE He BbI3bIBaI MHTepeca. [locie
1991-ro roma HeckonbKO yueHHKOB mpodeccopa Cepana JlaBrsiHa (Buranuit
Bonbnept, Cranucnas ConobeB u np.) nepeexanu B CLIA x Ixony Iloii-
MaHy B Muccucunckuii YHuBepcuter U mnepsble pabotel mo PII, BbI-
MOJIHEHHBIE 3a pyOekoM, Obutn onyOnukoBanbl JlxoHoM Iloiimanom [9] u B
COABTOPCTBE C HamMMu yueHukamu [10-12].

Hainee padotsr mo @I pacmmpsumick o Bcemy mupy [13-17]. B nactos-
mee Bpemss DIl 3aHMMaroTCs BO MHOTMX KpPYIHBIX Hay4HO-HCCIIEIO0Ba-
TEJIbCKUX MHCTUTYTAX M By3-aX mupa. McciaenoBanust mpoBOAATCS B IEPHO-
JMYECKUX YCIIOBHMAX M Ha pa3HbIX MoHoMepax. IIpoBomsTcs Taxke uccie-
noBanus 1o cuHTe3y [IATD B pexxume OII Toxke B MEPHOJUIECKUX YCIOBUSIX,
KOTOpPbIE€ HEBO3MOXKHO BOCIIPOM3BECTH B PEAKTOPAX HEMPEPHIBHOTO MOTOKA,
OHH TIPECTABIIAIOT HAYYHBIH MHTEPEC, HO JUISI MPAKTHUYECKOTO BHEIPCHHS
HEJ0CTaTOYHBI.

B nHacrosmiee BpemMs nCClIeOBAHBI U MPOJODKAIOTCS B MEPUOTUIECKUX
YCIOBHUAX JUIS CO3/IaHUSl OCHOBOIIOJIATAIOUIMX JAHHBIX IS pean3aliuu
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PEaKTpOB Pa3HOIl FEOMETPHH, COTIACHO crenn(UIecKUM TpeOOBAHUAM IS
CHUHTE3a KOHKPETHOTO MOJMMepa U MepeBOja IMOJyYEeHHBIX JAHHBIX B yC-
JIOBHSI HEMPEPBHIBHOTO Tporecca B pexkume PII B motoke. Emie pa3z otmMeTnm,
YTO 10 Hacrosiero BpemeHu peanusanuss PII B HenmpepbIBHBIX YCIOBUAX
OCYILIECTBIISUIACh TOJBKO HAMHU U CIEAYIOUIUM 3TarioM MPOBOJSATCS HCCIe-
JIOBaHMA JUIsl BHEAPSEMOro B IIPOU3BOJACTBO INpouecca cuHresa IIAIT B pe-
xume OIT [18-20]. Hamu ucciaeayroTess BOSHUKAOIIME B MPOIECCE HIOAHCHI,
KOTOpBIE HHTEPECHBI HE TOJBKO ISl IPOMBIIINIEHHOTO BHEIPEHHUSI, HO U IS
HAy4YyHOT'O Pa3BUTHs CTENECHH BIIMSHUSA AJIEMEHTApHBIX aKTOB Ha IPOLECC U
CBOWCTBA MMOJIyYEHHBIX 00pPa3LOB.

Uctopus paszsutus PII npexacraBiseT uHTEpeC IUIsl YUEHBIX, BOOOIIE
3aHUMAIOIUXCS HEM30TEPMHUUECKON MOIMMEpPHU3aLeil, TOCKOIbKY paHee (B
Hayane 60-X) MHOrMe HM3HayajbHble KMHETHUYECKUE 3aKOHBI M IOCTYJIATHI
BOCIPUHUMAINCh €IUHBIMU IS U30TEPMUYECKHX W HEH30TEPMHUYECKHUX
MIPOLIECCOB MOJUMEPU3ALINY, HO KaK BBIACHWIOCH [1,2], OHM CyIIECTBEHHO
MEHSIOTCS B CHJIY CIEHU(PHKH KUHETUKU MPOIECCOB MOJMMEPH3AIHH B
Pa3HBIX TEIJIOBBIX PEKUMaX U MOMYUHSIOTCS YacTO MPOTHUBOMOJOKHBIM U
HEOKUJAHHBIM KMHETUYECKUM 3aBHCHUMOCTSIM U OTJIMYMEM IO MOJTYYEHHBIM
cBolicTBaM 00pa3uoB. I1oaToMy, XOTS HampaBI€HHE WCCIICAOBAHHUN B JaH-
HOH cTaThe KacaeTcs B OCHOBHOM mpoueccoB DI, npoucxoadiux B peakTo-
pax HempepbIBHOTO AeicTBUs ¢ cuHTe30M [TAL', MBI B JTaHHOM 0030pe Takxe
KpaTKO pacCMOTPUM OCHOBOIOJIATalOLINe PacyeThbl, SKCIEPUMEHTHI U, BHE-
CEHHbIE HAaMU M HAIIUMH COABTOPAMU HA Pa3HBIX MOHOMEpAX U B Pa3HbIX
yCIIOBUSX (NEPUOJAMYECKUX U HENpPEephIBHBIX), B anuadbarndyeckux u Il ¢
u3MeHeHusMu it OIT o cpaBHEHUIO ¢ HOpMalTbHON KUHETHKOM [21-28].

AnmnadaTuyeckasi NoJUMepU3 AU

CrienanbHO OTMETHM, YTO MPOLECCHl HEM30TEPMUYECKOM MoTUMepH3a-
[IM BO ()POHTAIBHOM PEKUME aHAIIOTHYHBI TI0 CBOUM KHHETHYECKHM 3aKO-
HaM C anabdaTHYeCKUMH NPOIeCCaMy C TOM JIMIIb Pa3HUIEH, 4TO BO (hpOH-
T€ MPOMCXOAUT MOBTOPEHHUE TEMIIEPATYPHBIX KPUBBIX aIMa0aTUKU COTIACHO
pacnpocTpaHeHHIO BOHBI (ppoHTa. Takum 0Opa3oM, HMest 3aKOHOMEPHOCTH
MOJMMEPH3aIMY B a1uabaTHYECKOM PEXHME, Mbl MOXKEM HCIIOJIb30BaTh X
JUIsSL pacueTOB KUHETUKUM M MEXaHHM3Ma BO (PPOHTE, YTO SIBISUIOCH OCHOBO-
nonararomum npu cozaanuu C.I1. JJaBTaHOM ¢ coaBTOpaMu Mojenei u pac-
yeToB 1o kunetuke PIT [1-8].

Haunem ¢ KpaTKOrO MpeACTaBICHMs MEPBBIX IIArOB TMOSBJICHUS B
JUTEpaType NAHHBIX M, HAKOHEI, KPaTKO 000OLIMM IOCTHXKEHHS U MpoO-
JeMbl B 3TOM MHOroob6emaromeii 0061acTi MoJMMepU3aluy Kak B aBTOBOJI-
HOBOM DEeXHME MoauMepu3anuu, Tak u B pexume PII pacrnpocrpaneHus
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TEIUIOBOM BOJIHBI C LIEJbIO JaTbHEHIIero NCClIeI0BaHUs KaK HIOAHCOB (hpOH-
TAJIbHOTO PEKHUMa B NEPUOJUYECKUX YCIOBUSX , Tak U IIAT" B @Il pexume
HENpPEephIBHOM IMOJa4yl MOHOMEpA JUIsl HPOMBILUIEHHOW peanu3aluu C
YYETOM HIOAHCOB IMOTEPH CTAOWJIBHOCTH W JIMHEHMHOCTH PACHpPOCTPAHEHHS
BOJIHBI ()POHTA B peaKTOpax HEMPEPHIBHOTO IEHCTBUS.

SIBieHMs aBTOBOJIHOBOI'O PacIpOCTPAHEHUS TEIUIOBOW BOJHBI MOJIMME-
pHU3aLuy B JINTEPATYpe OTMEUYAIHCh ¢ 60-X roJ0B, MOSIBUBIIMECS €LIE 3a/10J1-
r'o JI0 KOHKPETHOTO O0HAPYKEHUS METO/1a, Ha3BaHHOTO B 70-X (poHTaILHOM
noJuMepHu3anueii, u OoJble SBISICS NMOMEXOH B pacueTax KHHETUKU H
MEXaHM3Ma NPOTEKAIUINX peakuuil. BriepBbsle 0 pacnpocTpaHEeHUH TEIUIo-
BOW BOJIHBI MPU KPUOTCHHOW MOJMMEPHU3AIMK areTalbJernia OblIo 3asB-
aeHo B pabotax [29,30]. Bompoc coctosi B TOM, YTO B MpOLECCE IMOJIH-
MEpH3aLIH MOSIBUINCH HEIMHEHHBIE OTKIIOHEHHS OT KUHETHUKH.

T,K
140

120

Bpems i

Puc. 1. TemnepaTypHble npocunu TBepagodasHon nonumepusaunn auetansgernaa [29,30].

Ha puc. 1 mpencraBieHsl TemmepaTypHbIe KPHBBIE MOJIMMEpPU3ALNU
aleTanbAeru/a, MPoTEeKaIoUe M0 PEeKUMY aBTOBOJHOBOIO PACIPOCTPaHE-
HUS BOJIHBI MOJUMEPHU3ALMY, MPUYEM, HECTAIIMOHAPHO C HApYIICHUEM JIH-
HEHHOCTH PpacCHpOCTpaHEHHs] TEeMIEpaTypHOW BOJHBI. Cremyronie 3asB-
JICHUSI 0 HEM30TEPMHYCCKOM MPOTEKAHUHU TOJUMEPHU3AIMU B peKuMe (HPOH-
TaJbHOTO PACIPOCTPAHEHUS TeMIlepaTypHO BoiHBI [31] mosBHUIKCH B
JTUTEepaType MPUMEPHO Yepe3 AECATH JIET.

IMocne 3asBnenuii H.C. Exaukononosa [31], rae nporiecc, MpOTEKarOIINI
B aBTOBOJIHOBOM PE&KHME PACIpPOCTPAHCHUS TEIIOBOM BOJIHBI, OB Ha3BaH
(GpoHTANBHON MoNMMMepHU3aIuei, mepel HaMHu BCTala 3a/1a4a UCCIEOBAHMS
KUHETUKH W 3akoHomepHocTedt DIl mporecca Ha pa3HbIX MOHOMEpax.
ABTOpaMu NPOBOAMINCH JCTAILHBIE UCCIIEAOBAHMS KHHETUKH U MEXaHU3Ma
cHavasa B aguabaTuueckux ycioBusix [32-38], 3areM mpoBepsuUCh BCe
MOJICIM B PEXKHUME pacnpocTpaHeHHus BoiHBI ¢ponta [39-41]. Takum
obpazoM ocHoBa B Teopur u mnpakTuke PII Obuta 3aoXxkeHa Ha JAETATBHOM
WCCIICIOBAaHUH TIPOIECCOB MMOJIMMEPHU3AIMN B aauabaTHYecKOM pPEKUME.
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CoOTBETCTBEHHO, B JaHHOM 0030pe KpaTKO pPacCMOTPUM OCHOBOIIOJIA-
rarolMe pacyeTbl, SKCIEPUMEHTHl M, BHECCHHbIE HAMHM W3MEHEHHUS s
kuHeTukH PIT o cpaBHEHMIO ¢ (HOpMaTBHONH M30TEPMUYECKON KHHETUKOMN
MOCKOJIbKY, HMMesl 3aKOHOMEPHOCTH MOJMMEpH3alud B aanabaTH4ecKoM
peXuMe, MOKHO MCIOIb30BaTh UX JJISl PACUETOB KHHETHUKU U MEXaHU3Ma BO
($poHTE C YCTAaHOBICHHEM MAaKPOKHHETHYECKUX HIOAHCOB JUISI TE€XHOJIOTH-
YEeCKOro BHEJPEHUs] CTaOWIBHOTO JHMHEHHOTO (PpoHTa B TEUeHHE Hempe-
PBIBHOH MOJIMMEPHU3ALINH.

Jlnst aTOTO, KaK CKa3aHO BBIIIE, HAMU OBLIO NMPOBEACHO AETAIBHOE H3Y-
yeHrne 3akoHoMepHocTer DIl mporeccoB moaMMeprus3aldd pa3IHYHBIX MO-
HOMepoB B AnnabaTtuueckom Pexume, 3atem nposepsuiock B @I pexxume
[39-41]. Hago yuecth, 4To aguabaTHka, MPaAKTHUYECKH, 3€PKaIbHOE 0TOOpa-
xenue mporecca @II, Ho 6e3 MOBTOpa ero aBTOBOJIHOBOTO PACIpPOCTpa-
HEHUS, YTO 00JIeryaeT yCTaHOBJICHUE TJIABHBIX KWHETHUYECKUX U MaKpOKH-
HETUYECKHMX 3aKOHOB M MapaMeTpoB Ul HEU30TEPMHUUECKON MOIMMEpHU3a-
UM, Kak B pexuMme anuadbatuku, Tak U B pexxume PII. Kunermueckue
3aKOHBI, UCCIICJIOBAHHBIE U YCTAHOBJICHHBIE B PEeKUME anabaTHYEeCKON 10~
JUMEpPU3aLMH, IBUIKNCH U ABISIOTCS OCHOBOM JIJIs1 YCTAaHOBJIEHUS HIOAHCOB U
JeTanell KMHETUKU NMpoTekaHus Henzorepmuueckol PII monumepuzanuu.
[TockonbKy mosTydyeHHBIE B aina0aTHYECKOM PEKUME PE3YyIbTaThl SBUIHCH
OCHOBOM 1711 Hem3oTepmuueckoi kuHetuku PII, ans ycTtaHOBIEHHS KuHe-
TUYECKUX 3aKOHOB IMOJIMMEPHU3ALUH B HEHM30TEPMHUECKOM DPEKUME, OTIH-
YarOMMXCs OT (OPMATbHON KHHETHKH M30TEPMHUYECKHUX MPOIECCOB, B JaH-
HOM 0030pe JaeTcs KpaTKoe OMHCAaHuE pa3BUTHA padoT Mo anmabaTudec-
KOMY METOJly CHHTE3a Pa3IMYHbIX MOJUMEPOB. PabOTBl 3TH MPOBOAMIUCH
Ha TPOTSHKEHWHW MHOTHX JIET COBMECTHO C YYEHBIMH M3 YepHOTOIIOBCKOMN
yactu UXO®, yuensiMu n3 UDTT, MockoBckoit yactu MUX®D u cneuua-
JIUCTOB MOJIMMEPIIIMKOB U3 IPYTUX HHCTUTYTOB [42-44].

Kak yxe ObLIO BBINIE CKa3aHO, MCCIEAOBAaHUS KWHETHKH B aguabaTu-
YECKOM PEXUME MO3BOJISIET MUHOBATh HIOAHCHI HApPYLIEHMs JIMHEHHOCTU B
®II u perynupoBaTh Kak TEXHOJIOIMUECKUN MPOLIECC, TaK U CBOWCTBA IMOJIY-
gaemoro npozaykra. OcHosa Teopun aguadatuueckoit u OII 6b1a 3amoxkeHa
Ha MNPOTSHKEHUU MHOTHX JIET C Pe3yJIbTaTOM IMPOMBIIIJIEHHOTO BHEAPEHUS
@Il B LlunuHApUYECKUX pPEaKTOpax, B HACTOALIEE BPEMs HCCIETYIOTCS
Hioancsl DI gna cmaTe3a IIAIT. Heckonbko KHMHETHYECKMX 3aKOHOB,
OTBETCTBEHHBIX 3a TpeOyeMble CBOMCTBA NMPEJCTABICHbl HUXKE HAa OCHOBA-
HUU UCCIIEJJOBAHUN € MapTHepamu pas3HbIX MHCTUTYTOB B AKaaemropone
Yepuoromnoska [44-54].

W3BecTHBII B KMHETHKE METOJ KBa3HCTAllMOHAPHBIX KOHLEHTpaLui
(KCK) Bopnenmreiina — CeMeHOBa IHIMPOKO MCIOJB3YETCS B PA3IUYHBIX
3a/1la4ax XUMHUYECKON KHHETHUKU. ECTECTBEHHO, 4TO I M30TEPMHUECKUX
MPOLECCOB MoJiMMepu3alu ucnoibzoBanue merona KCK, nocrarouno
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00OCHOBAHO M TIO MPAaBY SBJISETCS OCHOBHBIM aCHUMITOTHYECKHUM METOJIOM
pellIeHus] ypaBHEHUM XMUMHUYECKOW KUHETHKU. [[711 HEeU30TEpMUUECKUX Ke
MPOIIECCOB BO3HMKIIA HEOOXOIMMOCTH MEPECMOTpa JOMYCTUMOCTH M TIpe-
neinoB npumenumoctd meroaa KCK, BBuay crnenuduuHOCTH HEM30TEp-
MHUYECKOTr0 MpoLecca U, B CBSI3U C 3TUM, HEOOXOAMMOCTH YTOUHEHHUS HO-
myctuMmoctr ucrnoiib3oBanuss KCK, uTo HeoOXomumMo It Ipe1oTBpaIeHIS
omrOOK M HEKOPPEKTHOCTH ero nmpumeHenus [1, 2, 24]. YcnoBuem, nomyc-
karommmM ucnosibzoBanne Metoga KCK, saBiseTcs cpaBHUBaHUE CKOPOCTEN
o0Opa3oBaHMs paJMKaIOB U CKOPOCTH TuOenu neneid. [Tpu nzorepmudeckoit
MOJIMMEPH3aIMK BBIXOJ Ha KBA3HUCTALMOHADP MPOUCXOIUT B OYCHb HEOOJb-
IOM HMHTEpBaJie BpEMEHH OT Hayaja MpoLecca, 4TO M MO3BOJSET C A0CTa-
TOYHOM TOUHOCTHIO Mcmonb3oBaTh KCK. Ilpu amnabaTtndeckoid, COOTBETCT-
BeHHO, U nipu OII [1, 2, 24], napactaHue TeMIepaTypbl peakIIMOHHON cMecH
MO-pa3HOMY OTpa)kaeTcsi Ha CKOPOCTH 0Opa3oBaHUs paguKajioB U THOETH
nenei (3TO CBS3aHO C PAa3HOCTBIO MEXIY SHEPrHsIMH aKTHUBAIMid oOpa-
30BaHMS aKTUBHBIX IIEHTPOB U OMMOINEKYIIsIpHOM ribenbto ux). [ToBeimenue
TEMIIEpaTyphl TOpa3l0 CHIbHEE OTpa)kaeTcsi Ha CKOPOCTH pacrajga HHH-
MaTopa, pe3Ko yBEJIMYHBas €€, TOrja Kak Ha CKOPOCTh T'MOENH MpakKTH-
YecKu He BiuseT. M mocie HEeKOTOpPOro MHTEpBala OT Havyajla Peaxiuu
IIPOUCXOAMT pe3Koe oTKIoOHeHHEe oT oxkuaaeMoi KCK u ero ucnosns3oBanue
CTaHOBUTCS HEKOpPpeKTHbIM. IIpu 3TOM Hanmo yuects, uto npu PII moxer
MIPOU30MTH MOJHOE WM YAaCTUYHOE U3PAacXOJ0BaHHE MHHUIIMATOPA 3a70Jr0
JI0 MCYepIaHusi MOHOMEpa MMEHHO 3a CUeT YBEJIMUYEHHUSI CKOPOCTHU pacraja
MHUIMATOPA MIPU MOBBILIEHUH TEMIIEPATYPHI.

B apnabarnueckux u @I ycrnoBusix HapacTaHue TEMIIEPATyphI SBIISET-
Csl IPUYMHOM eIlle OJTHOTO SIBJIICHUS HEOOBIYHOTO I M30TEPMUKH — TIOBBI-
LIEHHE TeMIepaTypbl IPUBOAUT K MOBBIIIEHUIO THOKOCTH 00pa30BaBIINXCS
MaKpOMOJEKYJ, 3HAUYUT, K YMEHBUICHHIO BA3KOCTU IOJIMMEPU3ALUOHHOM
CUCTEMBI M CMEIICHUIO Telib-3¢)()eKTa B CTOPOHY BBICOKMX TIIyOWH TpeBpa-
HICHUSs, TM0O0 BOBCE K €ro OTCYTCTBHIO.

Kak Obuto moka3aHo B aaua0aTHYeCKHX HCCIEIOBAHUAX, 3aT€M IPO-
BepeHo B @I, B 3aBUCMMOCTH OT KOJIMYECTBA MHHUIIMATOpA BBIXOJA 00Opa-
30BaBIIUXCS MOJMMEPOB MPAKTUYECKH HE MEHSETCs,, NOCKOJIbKY HMpPOLECC
3aBHCHUT OT CKOPOCTH paclaja MHUIMATOpPA, a 3Ta CKOPOCTh MEHSETCS B
OYeHb Y3KOM HMHTEpBAJIC TEMIIEPATyp B CBSI3U C TEM, YTO IMPOLIECC pacraaa
WHUIIMATOPA MPOUCXOIUT A0 ONPEIENICHHOW TeMIEepaTyphl, 3aT€M MHHULIUA-
TOpP MOJHOCTBIO PACXOAYETCsI «BBIFTOPAET», HO 37€Ch HAJ0 UMETh B BUIY,
YTO BO3MOKHO YBEJIMYUTH CKOPOCTH IMOJHMMEPHU3AIMN M BBIXOJ MOJIHMEpa
MIPU MCIIOJIb30BAHUM CMECH Pa3HbIX MHULMATOPOB. AnnabaTuyeckas Mmoju-
MepH3alus MpeAcTaBisieT 0coOblil MHTEpeC Ul OMpeeNieHUs] dJeMeHTap-
HBIX KOHCTAHT. Takas BO3MOXKHOCTH TOSIBIISIETCSI B CHITY CTIeM(HUKU aana-
0aTUYEeCKOM MNOJMMEpU3alliY, CBA3aHHOM C «BBITOPAaHMEM» WHUIMATOPA.
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IIpomecc, mpakTUYECKH NPOUCXOAANIMHA B KBAa3HCTAIHOHAPHOM pEXUME,
MEPEXOJUT B HECTAI[MOHAPHOE COCTOSIHUE, KOrja OOJbllie HET MCTOYHUKA
00pa3oBaHMs aKTUBHBIX MEPBUYHBIX PAJMKAJIOB U MPOIECC MPOJOKACTCS B
ycroBusX noctaddexra - 00pa3oBaHUs PaJUKAIOB HET, a THOETh aKTUBHBIX
ueneit ectb. Takum oOpa3oM, B aguabaTUYECKUX YCIOBHSIX OTIEIHB dJie-
MEHTapHbIe aKThl 00pPa30BaHMs ¥ THOEIH U CO3/1aB YCIOBUS IS IPOTEKAHUS
TOJIBKO OJHOTO W3 HUX (THOENH), JIETKO MOXHO BBIYUCIUTH CKOPOCTH 00pa-
30BaHMs AKTUBHBIX PAIUKAIIOB ¥ THOEIH, YTO MO3BOJISET PACCUMTATh, KOT/Ia
U B KaKOM HHTEpBaJe B HEU30TEPMUYECKHUX YCIOBHUSAX MOXKHO BOCIIOJIb-
3oBatbes 3akoHOM KCK.

[Tony4yeHHble B aqua0aTUYEeCKUX YCIOBUSX 3aKOHOMEPHOCTH OBbLIH
WCCIIE/IOBaHbI U MPOBEPEHBI HE TOJIBKO B aIuabaTHYECKUX YCIOBUSX, HO U
HCCIIEIOBaHbI M IPOBEPEHBI Takke U B ycinoBusax @I Ha pa3HBIX MOHOMEpax
BUHIJIOBOTO PsAJia, TAKXKE HAa MPUMEPE TMOJIUMEPU3AIMH e-Kalpoiakrama, a
Janee Ha aKpuiaMue, KOMIDIEKCAaX aKpuIaMuia ¢ MeTaJIaMU TIEPEX0IHOTO
psia UIsl CUHTE3a HE TOJBKO JIMHEHHBIX MOJIMMEPOB, HO U CHIMTBHIX TPEX-
MEPHBIX ITOJIMMEPOB U KOMITO3UTOB.

@poHTANbHAS NOJTUMEPHU3ANNS

B ycnoBusix npu HaJMYUKM ¥ OTCYTCTBUHU IIOTOKOB MCXOJHBIX BEILIECTB B
peakTopax HempepbIBHOTO JedcTBUs uccienoBaHa PII Ha nmpumepe BUHU-
JIOBBIX MOHOMEPOB. JlJisl CTAallMOHAPHBIX TEIJIOBBIX BOJH IPOBEACH AHAIU3
KOHBEPCHOHHBIX M TEMIIEPAaTYPHBIX Mpo¢umiel U MMoKa3aHo, YTO B 3aBHUCHU-
MOCTH OT KMHETHMUYECKUX XapaKTEPUCTUK Mpolecca, MOIUMEpU3alus MpoTe-
KaeT Ju00 B y3KOM TeMIepaTypHOM HMHTEpBaJle, IPU TeMIeparypax, Oiau3-
KHUX K aguabaTHYecKoMy pa3orpeBy, MO0 MpH NepeMeHHON. 3aKOHBI T'ellb-
a¢dexTa, BHITOpaHUS MHUIMATOPA U 0Opa30BaHUsI CTPYH MOHOMEpa uyepes
paciiaB MoJMMEpa MPEACTaBACHBI B cTaThix [2, 24, 37 - 44] u npu 3ToM
MOKA3aHO, YTO IPHU Y30CTH PeakUUOHHOW 30HbI DIl MOXKHO BOCIOJIB30-
BaTbCs KJIACCUYECKUMU KPUTEPUSMH, a IPU IIMPOKON 30HE PEaKIMH, KOrjaa
OCHOBHOM MpPOLIECC NPEBPAIIECHUs MPOUCXOAUT MPHU LIUPOKOM H3MEHEHHUH
TeMIepaTypbl IMOJUMEPHU3ALMOHHON BOJHBI, HEOOXOAMMO HCIIOJIb30BaTh
KpUTEpUaIbHbIE YCIOBUS, MOJYYEHHbIE B YCIOBUAX ana0aTUYECKON MOJu-
MEpH3aLHH.

OtmeTnMm, 9To Hazmexaa co3narbk PII peakrop TpyOuaToii reomeTpuu ¢
MOTOKaMU HMCXOJHBIX BEIIECTB C BBIXOJIOM WX B KOHIE peakTopa Mocie
TEOPETUYECKUX PACUETOB OKa3ajach HEOCYIIECTBUMOM M3-3a 00pa30BaHUs
CTPyH MOHOMepa 4epe3 paciuiaB nonmmepa [1,2]. MccnenoBanue paauaib-
HBIX IIpoQuiIell CKOPOCTH TEUEHUsI BO3MOXKHO B JIByMEPHOW IOCTaHOBKE. B
9THX paboTax 3ajgaBajics HauyaldbHBIM Mapaboindeckuil mpouib CKOPOCTH
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TeyeHus. Ha ocHOBe aHanmu3a pe3ysabTaToB YHCIEHHOTO CYETA ITOKA3aHO, YTO
MIPUCTEHOYHBIE CJIOU pearupyrouieil cpeapl HaXOoAsITCA B PEaKTOpe YpEe3BbI-
YJaiiHO JuMTenbHOe BpeMsd. [lonmmMepusanuss B 3THX CIOSX JOXOAMT 10
BBICOKUX TIIyOWMH TpEBpPALICHUs, T.€. 00pa3yIOTCS O4YEHb BSA3KHE MPOIYKTHI
MpeBpalIeHHs] U TEUCHUE Y CTEHKH 3ameasisercs. BeiencTsue nmoctosHcTBa
pacxoja yCKOpsIeTCsl TeYeHHE B OCEBOW 30HE peakTopa. Bpems nmpeObiBaHuA
MCXOJHBIX BeIIeCTB (BOJIM3M OCH PEAKTOpa) COKPAIIAETCs, CIEeI0BATEIBHO,
YMEHBIIAIOTCSl TJIyOWHA TPEBPALEHUS] U BA3KOCTb CpPEIbl, YTO, B CBOIO
ouepenb, BEIET K elle 00iblIeMy YCKOPEHHIO TEUEeHHs B OCEBOI 30HE U T.1I.

|
!
'.:-__‘,__ .

Puc.2. Npodunu oceBbix CKOPOCTEN TEHEHUsI B TPYOYaTOM NONMMMEPU3ALMOHHOM peakTope
Npu pasnuyHbIX 3Ha4YeHusX pacxoga: a—1; 6—ckopocTb nogayn B 10 pas BbllLe, YEM B Criydae
a u B— 50 pas; nyHKTMPOM Moka3aHa rpaHuua crnosi BA3KMX NpOAYKTOB.

B pesynbrate hopmMupyroTcs ABE pe3KO pasrpaHUYEHHbIC 30HBI Teye-
HUSL: IPUCTEHOYHBIH CII0M BSI3KUX, MEJICHHO MEPEMEIAI0IINXCS IPOAYKTOB
NOJMMEpHU3allMd U CTPYs MAJIOBSI3KUX PEareHTOB, COCPEJOTOUYCHHBIX B
0CEBOH 30HE peakTopa, MPOOUBAIOIINXCS Yepe3 TOJILY MPOIYKTOB (puc. 2).
CooTHOIIEHHE 3THX JIBYX 30H 3aBHCUT OT pPacxo/a, T.e. OT CKOPOCTH MOJauu
peareHToB. /1711 moy4eHus! OHOPOAHBIX MIPOIYKTOB MOJIMMEpPU3ALMU HE00-
XOAMMO YMEHBIIUTh PacXo]l TaK, 4ToObl CTPYsl HENPOpearupoBaBLIeH KU -
KOCTH HE BBIXOAMJIA 32 Ipefeiibl peakropa. OHAKO JaJbHEWNINM BO3BpAT K
UCXOIHOMY pacxofy ele OOoJIbIlIe OCI0XKHAET CUTYalHI0 U B UTOre MPOUC-
XOAMT «BBITATMBAaHUEY Npoduieil ckopoctu TeueHus (puc. 2, 6) (ckopoctb
TEYEHHUS] Ha OCH INPEBOCXOJIUT CPEJHIO B JECIATKU pa3). B pesynbrare B
HECKOJIBKO pa3 YMEHBIIAETCS PACXOA, U CTPys HENpopearupoBaBIIUX HC-
XOJTHBIX BEIIIECTB BHIOpACHIBACTCS U3 peakTopa (puc. 2, B).

KpaTtko ocTaHOBHMCS KOHKPETHO Ha TEOPHUHM M TPAKTHUKE CO3JIaHHS
PEAKTOPOB HENPEPBIBHOIO NEHCTBUSA HAa NMPUMEPE Pa3IMYHBIX MOHOMEPOB
panuKaIbHOM MOJMMEPH3ALMU OISITh K€ C Hadaja HCCIEIOBAaHMM MeXxa-
HU3Ma HENPEPHIBHBIX PEAKTOPOB B MOTOKE C PAa3HOM reoMeTpHel B 3aBU-
CUMOCTH OT ONTUMAJIbHOI'O CTALlMOHAPHOIO OCYILECTBJIEHUs Ipolecca ¢
WCTIOJIb30BaHUEM OCHOBHBIX BBIBOJIOB B IPOLIECCE MCCIIEOBAHUS aanadbaTu-
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YeCKOM monuMepu3anuu U ux npuinoxkenuil k OII, npoBeneHHBIX, HAYNHAA C
70-x roaoB MPOILIOIO CTOJICTUA U MPOAJOJIKAOIIUXCA IOHBIHE YXKC B CBA3U
C peanuzaliyeil MpoMBINIIIEHHOTO mpoliecca 1o cunresy [1Al-oB.

Kak yka3zaHO BbIlle M3HAYAJIBHO BCE KHHETHYECKHE OCOOCHHOCTH H
3aKkoHOMepHOCTH mpolecca PII BUHMWIOBBIX MOHOMEPOB YCTaHABIMBAIHCH
B aaua0aTHYECKOM PEeXUME M PacdeThl KMHETHUKH MPOBOIMINCH B JAHHOM
pexume. Ilocne ycTaHOBIIEHUS! KMHETHUYECKUX 3aKOHOMEPHOCTEH IpH TEO-
PETHYECKUX pacueTax Mbl YCTAHOBWIIM, YTO B TPyOYaTOM peakTope u3-3a
HEPABHOMEPHOCTH CKOPOCTH BOJIHBI Y CTEHOK pEaKkTopa U B LIEHTPE, UMEET
MeCTO 00pa30BaHUE CTPYH MOHOMEpA Uepe3 paciuiaB mojauMepa (pu padbote
peakTopa B HENPEPBIBHOM PEXHMME — C OJHOIO KOHLA peaKTopa IMOAACTCs
MOTOK MCXOJHBIX BEIIECTB, C APYroro KOHIA BHIBOJAUTCS MOJYYEHHBIH Ipo-
nykt) Bompoc 06 ocymiecTBieHnr mporecca B TpyoYaToM peakTope TaKHM
o0pa3oM ObLI UCKIIIOYEH Ul METHJIMETAaKpuiaTa U peaau30BaH MpoLecc B
LWIMHIPUYECKOM PEaKTOpe, TJe MOTOK IIeNl B paJlalbHOM HAIpaBICHUU U
npoOIeMbl ¢ BEIOPOCOM yxke He cymiecTBoBaio. Otcioaa ObLI clenaH OKOH-
yaTeJbHBIA BBIBOJ O HEBO3MOXKHOCTHU peanu3aiuu peakropo @I B Hemnpe-
PBIBHBIX YCIOBHSX Ul KUJAKUX MOHOMEPOB M, B yacTHOCTH, it MMA. B
LWIMHAPUYECKUX pEeaKTopax ¢ paguabHO-CUMMETPUYHBIMU IOTOKaMHU
(puc.3) uccnemoBanuck 3akoHomepuoctH mporecca OI1 B moroke [44-48].

Puc.3 Cxema unnmHapuyeckoro peaktopa anst ppoHTansHon nonumepnsaumm. 1-noTpy6ok
ONS BBOAA B peakTop CMeCcu MOHOMepa C MHMLMaTopoMm, 2-nepdopupoBaHHas NoBEPXHOCTb
Tpyb4yaTon chopmbl, 3-pacnnae nonuMmepa ¢ ocTaTto4HbLIM MOHOMEPOM, 4-NOBEPXHOCTb
¢poHTa nonumepusaunu, 5-anekTpoHarpesaTtenu, 6,7,8-kanunNnapHole MeTannmyeckmne
TpyOKU ANa nepeaBWXKHbIX TepmMonap, 9-BeHTUMb AN PerynnpoBaHns nepenaga gaBneHun.

OtMmetum, uto mocine toro, kak ®II BeI3Basla MHTEpEeC BO BCEM MHpE,
MHorue BY3-bl u HaydHbIE LEHTpPHI NOAKIIOUMWINCH K JAHHOM TeMe, Mpo-
JOJDKEHHE HAIIUX MHOIMX MCCIEI0BAaHUM IIPOBOAMIIOCH COBMECTHO C yue-
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HBIMHU JIPYTHX CTpaH, TJ€ BO3HUKAIM MHTEPECHI 10 (PPOHTAILHOMY METOIY
CHUHTE3a U MEXaHU3My. 3aJoKeHHbIe HaMHU B UepHOT0JI0BKE U TPOBOIUMBIE
HeiHe B EpeBane paOoThl, OCTarOTCS B aBaHTap/e MPOMBIIUICHHON peau-
3anuu OII 1 nccnenoBanmii 3TOro CrenUPpUIHOrO METOa B MEKIUCLUILIN-
HapHOM COTPYIHHYECTBE C YYEHBIMU Ouosnoramu u3 MarneOyprckoro u
¢u3ukamu U3 POCTOKCKOro yHHUBEPCUTETOB. 37€Ch MPEICTABICHBI HEKOTO-
pble COBMECTHBIE C pa3HbIMHU ydeHbIMU ['epmanuum, Poccum, crarbu mo
WCCJIEIOBAaHUIO TEMBbl TOJMMEpPU3ALMU B YCIOBHUSIX TEXHOJOTHUYECKOU
peanuszaru OI1 [48-54] u pa3BuTHs uccienoBaHui B o0nactd Bhicokux
Texuonoruii [4].

Uccnenys HIOAaHCHl peajiv3alliy HAalIMX pe3yibTaToB Mo cuHTe3y IIAT
MeTtonoM DII, B yclioBUsSX NOTOKA, Mbl CTOJIKHYJIUCH C BHEILIHUM BIIUSTHUEM
MaKpOKMHETHYECKUX JaHHBIX B CBA3M C PE3KUM M3MEHEHHEM KakK TemIlepa-
TYpbl OKpY>KalolIell cpeipl, TaK M C AJIEMEHTapHBIMH PEaKLUsSIMHU, COIpPO-
BOXKJIAIOLIMMU TIPOLIECC B JIAHHBIX YCIOBHAX. MBI OCO3HaeM, 4TO B Hajla-
KEHHON MPOMBILUIEHHOCTH BEPOSATHOCTb OTPAKEHUS Kapbl WIM XO0JI0Ja Ha
TEXHOJOTHYECKHUI TPOIleCC HEeBEJINKa, HO HEOOXOAUMO JIeTaJIbHOE MMOHNMA-
HHUE BO3MOXKHOCTH HapyIICHUsI CTAOMIIBHOCTH IpOLIecca, WK KayecTBa Mpo-
NYKTa B T€YEHHE HENPEPBIBHOTO CHUHTE3a, KOTOPHIE MOTYT OTPa3HTbCA Ha
BOCIIPOM3BOAMMOCTH U cBoicTBax mnoisyyaemoro ITAI'. IToatomy MBI cTamu
CTHELUAIBHO CO3/1aBaTh YCJIOBHS HapyIIEHHs aguaOaTHYHOCTH, MOTEPU BBI-
JeNsIeMOro Terla WM HaoO0OpoT, pa3orpesa. PaccmarpuBaiu BEpOSTHOCTD
BIUSTHUS TUIOTHOCTH TOJTY4aeMOro MPOAYKTa MO CPABHEHUIO C UCXOJHBIMHU
BELIECTBAMM, YTO MOXKET CTaTh NPUYMHOM OOpa30BaHUS KOHBEKTHUBHBIX
MOTOKOB MK ycaaku [8].

Cunres ITAI'B pesxkume @II ¢ 3apaHee 3aJaHHBIMHM CBOHCTBAMHU

W3BecTHO, YTO MOJUMEPHBIE THAPOTENIN B MOCIEIHNE HECKOJIBKO J1ECs-
TUJICTHHA TPECTABIAIOT OOJBIION MHTEPEC IS MEKIYHAPOIHOW HAydHOU
OOIIIECTBEHHOCTH B CBSI3U C MIMPOKUM CIIEKTPOM BO3MOXKHOCTEH X UCIOJNb-
30BaHUsl OHM BOCTpPEeOOBaHbI B CaMOM LIMPOKOM JHAra30HE HAPOJHOTrO
XO34HCTBA: B CEIbCKOM XO3siiCTBE, B OMO-UH)XEHEepuH, B (hapMaKoIOTuy, B
MEIHLUHE, B KOCMETOJIOTUH, B TUIACTHYECKOW XUPYPrUH, B HE(PTAHOU TIpO-
MBIIIEHHOCTH. MMeeTcs 0onbllioe KOIMYECTBO HAYYHOH JUTEpaTypbl Ha
TeMy CHHTE3a U HCCJIEIOBAHUS CBOMCTB IMOJYYEHHBIX ruaporeneit [2,5,13-
17].

I'mpporenu momy4aroT Ha OCHOBE PA3JIMYHBIX IOJIMMEPOB M COIIOJIH-
MEpPOB C PA3IUYHBIMU JJOOABKaMH, BKIIIOYast © HAHOPa3MEpHBIE C IENIbIO pe-
TyJMPOBAaHUS MOMVIONIAEMOCTH U OTJAa4YM BOJbI U AKTHBHBIX BEIIECTB, COOT-
BETCTBEHHO TPeOYEeMbIM (PU3UKO-MEXaHUYECKHM CBOWCTBAM.
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W3 nMeromumxcs Ha CeroAHsIHUI 1€Hb JaHHBIX MOXKHO CAENaTh BBIBOJ,
yro nosmakpuwiamuaasie ruaporenu (ITAIY) obmamaroT mydmuMu CBOWCT-
BaMH II0 CPaBHEHUIO C OCTAJILHBIMU KaK B O0JIACTH BIUTHIBAEMOCTH M OT-
Jla4u BOJBI U AKTUBHBIX BEIECTB, TAK U 10 HEOOXOIUMBIM (PU3NKO-MEXaHU-
YECKHM CBOWCTBaM.

Kak yxe OoTMe4eHO, TPaJULUOHHO IOJUAKPWIAMHUIHBIA TUAPOTEIh
[TAT momywatoT B iBa dTama: Tana — CUHTe3a JMHEHHOro MoJuaKpuIaMuia
(ITA) u nanee, cuvBKa JTUHEHHBIX MAaKPOMOJIEKYJ C MOJYy4YEHHEM TpeXMmep-
HOM ceT4atoi cTpykTypsl [TAT.

EctecTBeHHBI OMCKM METOAOB CHHTE3a THApOreNneil 6ojee JOCTyITHBIM
U SKOHOMHMYECKUM IyTeM. B HacTosdiee Bpemsi BO MHOTHX CcTpaHax OoJib-
IO MHTEPEC BbI3bIBAET HETPAJULMOHHBIA METOJ CHUHTE3a IOJIMMEPOB —
@II. DToT MeTox ObUT OCHOBaH B Havase 70-X TOI0OB MPOLLIOTO CTOJETUS Ha
OCHOBE HCCJIEIOBaHMIA B 00JaCTH ainabaTHYeCKO MOIMMEpU3alliy B coYe-
TaHUU C aBTOBOJIHOBBIMU mpoueccamu B Poccun, Akanemropone Yepho-
rOJIOBKA, TaM MbI, TIPAKTHYECKH MOHOMOJIbHO, 3aHuManuch OII go 1991
rona [1-8] u tonbko ¢ 1991 roga CIHIA u 3aTem B pa3HBIX CTpaHax CTalH
3anumarbcs OIT [9-12].

MHorue ydeHble M3 pa3HbIX CTpaH ObUIM BOBJICYEHBI B HCCIIEIOBAHUE
3aKOHOMEpPHOCTEH CHHTE3a pa3HbIX rujaporesied v, B yactHoctH, [TAI me-
tonom DI, ucxons u3 ero BICOKO -3((EKTUBHOCTH, SKOHOMHUYHOCTH, KO-
JIOTHYECKOU YnUCTOTHI [25-28].

HetictBurensHo @I B moToke, M0 CpaBHEHUIO C TPAAULIMOHHBIM NIEPHUO-
JMYECKUM METOJIOM CHHTE3a THIPOTeliei, OKa3aJcsi HEeCpaBHEHHO OoJjee
BBITO/IHBIM, XOTs Obl IOTOMY, YTO MPOTEKAJ 32 OJMH 3Tall, HAMHOI'O OBICT-
pee, SKOHOMUYHEE U HKOJIOTUYHEE, U C JTyYIIMMH MTOKA3aTEISIMH.

bbulo moka3zaHo, YTO KpOME€ TEXHOJIOIMYECKOW BBITOJbI MPOTEKAHUS
mpolecca 3a OJUH MK, METOJ SKOHOMUYECKU 00Jiee BBIFOJIEH, TOCKOJIBKY
MIPOUCXOINT 32 CUET BBIICISEMOTO B PE3yNIbTaTe AK30TEPMUUYECKOTO TEra
MOJIMMEPU3ALIMH U HE HYKIAeTCs B 110/1aBa€MOM U3BHE TEIlIE, JIETOK B OCY-
LIECTBJIEHUH U, CAMOE IJIaBHOE, MOJIyY€HHBIE THPOrein 10 CBOUM IOKa3a-
TEJISIM JTy4Ille, YeM MOTy9CHHbIE TPAJAUIIMOHHBIM METOIOM.

Ho 3nech xoTenoch ObI OCTAaHOBUTHCSI HA OYEHb BAKHOM JETau, MpH-
cymieit @I, sBisromielics, MPakKTUYSCKU, HEOOXOIUMOM, U HECOOII0ICHUE
KOTOPOH NPHUBOAMUT K CYIIECTBEHHBIM Ipobiemam. Jleno B Tom, 4To crie-
muduka OIT 3akarouaeTcs B peann3anny MoJIMMEpU3allmOHHOTO poIiecca, B
OTJIMYME OT TPAJAULMOHHBIX METO/OB, HE BO BCEM 00BEME pearupyrouiei
MAacChl, a BJIOJIb PEAKIIMOHHON aMITyJIbI TI0 MEXaHU3My aBTOBOJHOBOTO pac-
MPOCTPAHEHUs MPOIIecca OT OJHOTO KOHIA K apyromy [9-17, 21-28].

WU sta cneuuduka TuKTyeT HEOOXOAUMBIE YCIOBHS ISl KaKJO0TO KOHK-
PETHOTO Cciydasl TOJIMMEpPHU3alliH, 371eCh HEOOXOANMBI CEPbE3HBIE TEOPETH-
YECKHUE U IKCIIEPUMEHTAJIbHbIE UCCIIEA0BAHNUS M0 pealln3aluy npouecca npu
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YCIOBUM YY€Ta BCEX KHHETHYECKHX M MAKPOKMHETHMYECKUX I1apaMeTpoOB,
COIIPOBOXKAAIIIUX €r0 TEXHOJIOIMYECKOE ocyllecTBiIcHUe. [IoCKONIBKY B
JTaHHOM cirydae it mporecca ®PIT B TpyOUaToil reoMeTpuu yCTaHOBIICHUE
YCTOMYMBOTO (CTaOMIBHOTO) CTAIIHOHAPHOTO (PPOHTA MPOUCXOTUT HE TOJb-
KO B HaIpaBJIEHUM PACIPOCTPAaHEHUs (PPOHTA 110 JUIMHE PEAKTOpa, HO U 110
pamuycy peakTopa, KOrzJa BO3MOXHBI IIEPEXOIBl aBTOBOJHOBOIO PACIpO-
CTpPaHEHHUs U3 OAHOTO COCTOSHHS B APYTO€ B 3aBUCHMOCTH OT pa3jINYHBIX
KMHETUYECKUX IapaMETPOB PEAKLUUU U MAKPOKUHETHYECKOTO BO3JAEHCTBUS
Ha miporiecc @II, B pesynbrare, momoOHOE H3MEHEHHE B XapaKTepe BOJIHBI
JI0 YCTaHOBJICHHsI ONITUMAJIbHOM CKOPOCTH PacCIpOCTPAHEHUS OTPakaeTcs U
HA CBOMCTBAX IOJIY4YE€HHOT'O IPOIYKTa.

Hamu uccnenoBanuck Bo3moxHoctu cuHTe3a ITAI B ycnoBusix OII ¢
3apaHee 3aJaHHBIMH CBOWCTBaMH, BO3MOXHOCTh MX PETYJIMPOBaHHS B 3a-
BUCUMOCTH OT BOCTPEOOBAaHHOCTH MIPOAYKTA.

B nacTosmiee BpeMst Ha MWIOTHON ycTaHOBKe 1o cuHTe3y [TAD B mabo-
PaTOPHBIX YCIOBUSAX MBI PErYJIUMPYEM HIOAHCHI MPOTEKaHUA Ipolecca B
HENPEPBIBHBIX YCJIOBUAX C IOTOKAMHU MCXOAHBIX BEILIECTB C OAHOIO KOHLA
peakTopa 1 BbIBOAA NpoAyKTa ¢ apyroro. B nponecce ®II cuHTe3a BO3MOXK-
HBI pa3IMYHbIe HAPYIICHUS! CTAOMIBHOCTU U JTMHEHHOCTH PacIIpOCTPaHEHHUS
TEIUIOBOM BOJIHBL. HEKOTOpPBIE OTKJIOHEHMS 10 CTALIMOHAPHOCTH IIpoLEecca U
JUHEHHOCTH HaAMH ObUIM OOHapyXeHbI U ydTeHbl. Hike (puc. marorcs rpa-
(GUKU U PUCYHKH HapyIIeHUH CTaOMIBHOCTH, U pEIIeHHE MPOOIEeMbl HA TH-
JIOTHOM YCTAHOBKE C PEryJIMpOBaHMEM CKOPOCTH IIOTOKA, a TaKKe Hapy-
HICHUS] aAMa0aTUYHOCTH MPOIecca MPU PE3KOM YBEIWYCHUH TEMIIEPaTyphl
OKpY’KaIoIe cpefpl WM O0mydaromux ycTpouctB. XoTsi cunte3 [1AT,
IIPEJICTaBICHHBIN B IUTEpaType nposesieH B yeaosusax @I, Ho npouece ocy-
LIECTBJEH B MEPUOANUYECKUX PEAKTOpax-aMIlyJIax W, MOJTYYEHHBIA MPOAYKT
CWJIBHO yCTyHaeT Mo CBOMCTBaM 00pa3loB, CHHTE3UPOBAHHBIX B HENPEPbIB-
HBIX ycnoBusx. He rosops o ToM, 4TO METOA CHHTE3a B MEPUOJUYECKHUX
YCIIOBHSIX JIMILIEH MHOTMX JOCTOUHCTB HENPEPBIBHBIX PEKUMOB.

HccnenoBanock BIMSHUE PETYJIHPOBAHUS KMHETHUYECKMX U MAaKpPOKH-
HETUYECKHX [1apaMeTPOB Ha CBOMCTBA NOJIUMEPOB U KOMIIO3UTOB. J{1s1 CHUH-
Te3a MOJIMMEPOB C 33JlaHHBIMH CBoWcTBamMH B ycnoBusax DIl HeoOxoammo
YCTaHOBUTb BCE€ TOHKOCTH MOTEPU JTUHEHHOCTH (CTAOMIIBHOCTH aBTOBOJIH) B
Ipoliecce CUHTE3a, YTO Kak ObLIO MOKA3aHO BHIIIE, MOXKET OBITh CBSI3aHO KaK
C BBITOPAaHWEM WHHULMATOPA, TAK U C BO3MOXXHBIM MacCOIIEPEHOCOM, I€Jib-
3¢ peKToM, HapylleHHEeM aJAua0aTUYHOCTU TIOJ BO3ACHCTBHEM OKpYKaro-
el cpenbl, pABHOMEPHOCTH IOAAYU M HUCKAKEHUEM JIMHEHMHOCTH IOJAa4Yu
[0 paZlyCy W MO JJIMHE PEaKTOpa U IPYrUMH KHMHETHUYECKMMHU U MakKpo-
KMHETUYECKUMH HECTAOUIILHOCTSAMU.

IIpu BHEnpeHnU B pou3BOACTBO cuHTe3a PII MeTmIMeTaKpuUiIaTa 4nc-
JICHHBIE PacyeThl MPOBOJWINCH B JBYMEPHOM H3MEPEHUU M OOXOIUTHCS
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n300pakeHHEM BOJIHBI TIOJIMMEPH3ALUH B IByMEPHOM M3MEPEHHU OKa3bIBa-
JIOCh HEIOCTAaTOYHBIM, IOCKOJbKY JIMHEMHOCTh MOJKET HapylIaTbCsl HE
TOJIBKO B HAIIPABJICHUH PACHPOCTPAHEHHs BOJHBI 110 HANPABICHHIO JJTHHBI
peakTopa, HO HeOOXOIUMBI H300paKCHUsI BOJIHBI M B PaJHaIbHOM HaIlpaB-
JeHun 1o paauycy. K mnpumepy, nans pacnpocTpaHeHHs BOJIHBI W3
HAvYallbHOM TOYKHM NOAAa4YH K KOHI[y PEaKIMOHHON aMIyJbl Mbl HMENN
nBymepHble Tpadhuku 2D pacnpocTpaHeHHS TeMIiepaTypbl BOJHBI BO
BPEMEHU.

20 ¢ cex

Puvc. 5 PaccmoTpeHHble B Halwmx paboTax HapyLeHusl TMHEAHOCTY U CTauMoHapHOCTH
hpoHTa. Bo3aMOXHOCTb Gonee BU3yanbHON KapTWHBI CTanu Ham co3daBaTb YUCTIEHHbIe
pacyeTbl B 3D namepeHun. Haim pacyeThbl No NpoTEKaHWIO B CTaLMOHAPHOM U
HecTauuoHapHOM pexumMe B 3 D namepeHun NpoBoAUIIMCE BuAe rpadmyecknx KpUBbIX C
pasnMYHbIM XapakTepom NoTepu CTabUNbHOCTU U IMHEHOCTMW.
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UccnenoBanus pa3nuyHblX HroaHcoB cuHTe3a IIAIT B munoTHO# ycTa-
HOBKE ITO3BOJIWJIM MMETh PEAIbHYIO0 OCHOBY JUISl IPAKTUYECKOIO0 CHHTE3a B
texnonoruu [1AI' ¢ pasnuyHbIMH CBOWCTBaMHM M, caMO€ TJIaBHOE, B BOC-
IIPOU3BOJUMBIX YCIIOBUSX C BBIIIOJIHEHUEM IIOJIyYEHUS IPOAYKTA C 3apaHee
TpeOyeMbIMU CBOMCTBAMHU.

Hwxe nokaszanbl 3D pucyHKH 1711 pa3HBIX MaKpOKWHETHYECKHX YCIO-
Buii cunresa [TAI ¢ peryaupoBanreM He TOIbKO MAaKpPOKUHETUYECKUX Napa-
METPOB, HO M C YYETOM DJIEMEHTapHBIX AaKTOB HEU30TEPMHUYECKHX IPO-
[IECCOB, MCCJIEIOBAHHBIX B alMabaTHUECKUX YCIOBHUAX C MPHIOKEHHEM K
¢ponty. Kak ObU10 cKka3aHO BbIILE, I HEM30TEPMUUECKUX MPOLECCOB I10-
JUMepU3alud ObUIM YCTAHOBJIEHBl KMHETUYECKHE YpPAaBHEHUS M 3aBHCHU-
MOCTH, OTJIMYAIOIIUECS OT UCIOJIB3YEMBIX JI0 ATOTO 3aKOHOB (POPMaTBHOM
KMHETHKH. B 3aBHCHMOCTH OT TeMmepaTypbl Ha CTEHKAaX peakTopa KpUBbIE
MOTYT OBbITh JTMHEHHBIMU (CTAIlMOHAPHBIMH) TJ€ aMIUIUTyAa U (a3a BOJIHEI
KaK 10 paauycy, Tak U MO JUIMHE PeakTopa MPOTEKaeT CTaObWIbHO C JH-
HEHHBIM PacHpOCTpaHEHUEM BOJH M OJMHAKOBOM ajnabaTHdeckoil Temrie-
patypoil BoaH. Ho HapyieHue momaBaeMoro CHapy:ku TeIla MOXET Mpu-
BECTU M K yBelndeHHI0 ckopocTd DIl y CTEHOK M yMEHBIIEHHIO BBICOTHI
BOJIHBI 10 HAIIPABJICHUIO IIOJA4YU IIOTOKA, OJHOBPEMEHHO BBICOKAs TEMIIE-
paTypa CTEHOK peaKkTopa MOKET IMPUBECTU K BHITOPAHUIO MHUIIMATOPA, YTO
npuBeneT K ocnabnenuto PII y CTEHOK, YMEHBIICHUIO IJIUHBI U BBICOTHI
BOJIHBI, TOT/Ia KaK B IIEHTPE 10 HAINPABJICHUIO MOTOKA OyAEeT MMETh MECTO
YBEJIMYEHHUE BBICOTHI M CKOPOCTH pacipocTpaHeHus BOIHbI DII.

Belie ObUTO OTMEUYEHO, YTO YBEIMYEHHE BSI3KOCTH IOJIUMEpa, OCO-
OeHHO B cityuae resib-3QQeKTa MPUBOANT K MPUINIAHUIO BA3KOTO MOJIUMEpPa
K CTEHKaM pPEeakTopa, YTO MPUBOJUT K O0Opa30BaHUIO HEPABHOMEPHOIO I0-
TOKa MOHOMEpPA U HE JIOKOHIIA 3a[I0JMMEPHU30BaHHOrO MOJIMMEpa Ha BbIXOJIE
MoJl BIUSHHUEM IOJaBaeMoOro mnoTroka MoHomepa (puc.2). Hamm Obuio
oOHapyxeHo, uyTo npu cuHTe3e [IAl' Takke B 3aBUCUMOCTH OT CKOPOCTH
pacnpocTpaHEHHsI IPOLEcca B HEMPEPHIBHOM PEKUME YEPE3 ONpeAETICHHbIN
NIPOMEXKYTOK BPEMEHH 00pa3zyercss CTpys IOTOKa, KOTOpas Hapylaer
PaBHOMEPHOCTh PACIPOCTPAHEHHUSI aBTO-BOJIH B pa/MalbHOM HalpaBiICHUU.
[ToaTomy B HacTosiliee BpeMs OCYLIECTBIIsIEM BbIBOA moiydeHHoro ITAI ¢
BBITSDKKOW Ha BBIXOZE, COBMENIAas C AAHHBIMHM IO CKOPOCTH IOJAa4yd HUC-
XOIHOU CMECH.

OTMmeTuM enie OJWH MHTEPECHBI (DaKT, MONyuyeHHBI HAMH HEIABHO.
ITpu ®II nonmMepusanuy MeTauUI-KOMIUIEKCOB aKpUJIAMMJIA, Pa3HbIE aBTO-
pBl, B TOM YHUCJIE U MBI, OOHAPYHUBAJIMA MOCTOSTHHbIE PABHOMEPHbBIE CITMHbI
no HanpasieHuto OII cBepxy BHU3. Y CTaHOBUTH MPUUUHY HCCIEI0BATEISIM
HE yJIaBaJIOCh, @ 3TH MOHOMEPHI CHIILHO BOCTPEOOBaHBI B Pa3HBIX 00JIaCTAX
TEXHUKU U DJIEKTpOHUMKH. HemaBHO HaM ynanoch HailTH, McCleoBaTh U
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ony6nukoBaTh [8] MpUUMHY MOTEPH CTAOMIBHOCTH MOJUMEPHU3AIMHA KOMII-
JeKca akpuwiampaa ¢ kobampToM. OKaszanoch, 4TO MPHU PaCHpPOCTPAHEHHU
BOJIHBI TOJIMMEPU3ALUHN MPOUCXOINT ycaJKa IMOJIMMEpa ¢ COCKOKOM OIpe-
JIEICHHOTO 3aIlOJIMMEPH30BaHHOIO CJIOS HaBepX, Iepefada TeIuia Hapy-
IIaeTCsl O Halla)kKUBaHUs B PE3yJIbTaTe BBIIEJIAEMOIrO TEIIa CIEAYIOIIEro
ciost OIT u TakuM 00pa3oM MPOUCKOIUT CIIMHOBBIA PEKUM MTOJTUMEPH3AIHH
JaHHOTO MOHOMepa. Ha pucyHke BHH3Y IpeACTaBICHBI CIIMHOBBIE PEKUMBI
@Il akpuIaMHIHBIX KOMIUIEKCOB C MeTajjilaMu (MapraHel, KoOaiabT, HH-
KeJb), HIDKE MX COINOCTAaBJICHHE C KPUBBIMH YCAIKH KOOAJIBTOBOTO IOJIH-
Mepa akpunamuga B @I ycmoBusx.

|

Temperature

Time

Ampoule length

Pwuc.6 ConoctaBneHne ycagku ¢ kpuBbiMy ®I1 npyu CMHTE3€ NONMMEPHbIX KOMMNO3UTOB Ha
OCHOBE KOGarnbTOBbIX KOMMIIEKCOB akpunamuaa B pexvme Orl.

Puc. 7. HapyweHune agnabatukn. TemnepaTtypa OKpyKatoLLen cpefbl B ABa pa3a Bbille
TemnepaTypbl BxoasLen cmecu. KpacHeiM oTMedeHa obnacTb pasorpeBa MOHOMepa, Havano
PPOHTaNbLHON NONMMEPU3aLn, XXeNTo — 3eNeHHas 30Ha - CTabunbHOro ppoHTa, CUHEro
LBeTa -30Ha UCXOOHON CMECH.

271



Puc. 8. HapyweHune agnabatukm. CKOpocTb NOTOKa yBeNuyeHa Ha AecAaTb NPOLEHTOB Mo
OTHOLLIEHMIO K pac4eTHOW CKOPOCTU pacnpocTpaHeHns poHTa 1 yBennyeHa Temnepartypa
OKpy>KatoLLien cpefbl Ha ABaALaTb NPOLEHTOB MO OTHOLLEHMWIO K TeMnepaType BxoasLen
CcMecu.

Punc.9. B 3aBcMmocTun OT TeMnepaTypbl Ha CTEHKaX peakTopa BO3MOXHO YBENNYEHNE
CKOPOCTM MOTOKa Y CTEHOK C MOCNEeAyOLWNM CHUXEHNEM CKOPOCTU B LIGHTPEe peakTopa, B
pesynbTate renb apdekta unm BoiropaHns nHULMaTopa.

Pwuc.10. 3acToliHble 30HbI B 06bEeME peakTopa.

272



BaxxHbIM (hakTOpOM, BIHSAIOIINM Ha reoMeTpuueckyro (Gopmy dpoHTa,
SIBJISIETCSl BOSHUKHOBCHHE 3aCTOMHBIX 30H B 00beMe peakropa. O4eBHIHO,
YTO MOAOOHOE SIBIICHHE MOXET NMPHUBECTU K YBEIHMUCHHIO PAJUATBHON CKO-
POCTH HIOTOKA B IIEHTPAJIHHOM YaCTH PEaKTOpa BILIOTH 10 00pa30BaHUs MPO-
00eB (Jepe3 pacIuiaB IMoJmMepa).

Puc. 11. HapylweHue nMHenHOCTN pacnpoCcTpaHeHUs BOMHbI 3@ CHET OAHOBPEMEHHOIO
yBenuYeHnst TemnepaTypbl U CKOPOCTU NOTOKa

Puc. 12. PacnpocTtpaHeHune ®I1 B NMNOTHOM YCTaHOBKE HEMPEPLIBHOIO NOTOKa

SrNLSUL MNLPUBMLSTL L BLULUUNY, ULLLTLUS RedPUNRT
1MNLFUYMPLUUTPTRU8ER L LR HPNGELEMP URLAERR LMANREBNhLLEMNE

u.. . SNLN8L.L, *+. U. H0.4,F8U.%, U..2. 4 U.MH6MBUBL.T, U.. ¢. AES8UT

Rbpidugfie wyfpph wwpuddwh nbhdpdnod puftugny Ppoiunuy uynfullipugdwip
ulpuly b gpugfby wigwd qupl 70-whul @fujuibbppy ROP—ncd, Qiningngny-
fos wilpilistpusquupnid: Ugy dbffngh Spdhmluts mbuulul b wpolnpl $hnwgn-
nnefFynlbpl ppwluiwgly by wypep. Ukwls badgwip qbludwpndfdjude, nf b
&pniluuul n.lﬂf[uffllipnuf.’
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1P EP b yppypnfs wfufFhgf qpualpnpl ppaluiisgdel Qudup $paiinwg qnp-
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fpurts grpdwpubincd b Mepdfluhf ynfulbphbpl upuf@hgp gupdupuind:

Pupdp nbpulingngfonynid ffppundwd jugh Shupunpndyudp s gd oo np-
Jud wifyuy dbfngp wnwbdbwlwmynfjul Qunppy mwppbp dabndbpibpny b
mupplp wuydubibpncd Shnwgnnnefynbibpp wupuddly by wmpphp bphpbi-
prcid: Uyu §npfwdnid Quilipps Ubplugyuyfms b ppnbmwy wyngpilbpugduot gqup-
qugdwl pifdugpp b npny Spdhmpup Quipfmplugfi b sfpnpduspupulyl b n-
[yl Snp dnnbygnodibpf b Sbpwlpgdubpp o pgnf@bpd ungpdbpgdu
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NUANCES OF THE SYNTHESIS OF POLYACRYLAMIDE HYDROGELS BY
THE METHOD OF FRONTAL POLYMERIZATION IN CONTINUOUS MODE

A.O.TONOYAN, D.S. DAVTYAN, A.Z. VARDERESYAN, A.G. KETYAN

National Polytechnic University of Armenia,
Yerevan, Teryan str. 105
atonoyan@mail.ru

Frontal Polymerization, which proceeds in the mode of heat wave propagation,
began to be explored in the 1970s at the Federal Research Center of Problems of
Chemical Physics and Medicinal Chemistry RAS in in the Science Town of
Chernogolovka. The primary research on the theory and practice of this method was
spearheaded by Professor Sevan Davtyan, who established a prominent scientific school
dedicated to non-isothermal polymerization in both Adiabatic and Frontal modes. Based
on the accumulated experience in collaboration with the Mathematical Department,
Biological Laboratory, and the Pilot Factory in Chernogolovka paved the way for the
scientific underpinnings and set the stage for the practical execution of the Synthesis of
Polymethylmethacrylate in Continuous Cylindrical Frontal Reactors, both at the Pilot
Factory in Chernogolovka and the Polymer Synthesis Factory in Dzerzhinsk.

Due to the specificity of this method, with its vast application potential in High
Technologies, research involving various monomers and conditions has proliferated
across numerous countries. This article briefly outlines the chronology of the
development of Frontal Polymerization and highlights some foundational calculations
and experimental studies that have birthed new strategies and mechanisms for studying
the Kkinetics of non-isothermal polymerization in both Adiabatic and Frontal
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modes. Modern experimental studies and calculation mechanisms for creating new
models are presented, which are incorporated into the methodology of Frontal
Polymerization, due to which practical implementation of Polyacrylamide Hydrogel
synthesis with specified properties is currently carried out in Continuous Action Frontal
Reactors with regulation of both kinetic and macrokinetic parameters.

The properties of Hydrogels, both in terms of water absorption and physico-
mechanical properties, were investigated depending on the synthesis conditions. The
properties of Hydrogels, both in terms of water absorption and physico-mechanical
properties, were investigated depending on the synthesis conditions. Additionally, the
study examines the impacts of flow rate, environmental adiabaticity, and kinetic
parameters that could affect the linearity and stationarity of the process along the
operating reactor.
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Utilizing cost-effective and readily available monomers in conjunction with industrially
employed methodologies, novel electroactive polymers have been successfully synthesized. These
polymers incorporate aniline oligomers covalently linked through triazenarylene groups. The
resulting polymers effectively combine the distinctive features of polyaniline (PANI) and linking
group, thus expanding the range of polyaniline applications. To carry out the syntheses p-
phenylenediamine, benzidine were used as monomers, the applied methods are oxidation-
condensation and diazotization, azocombination. It has been shown that the electrical conductivities
of iodine-doped polymers are approximately of the same order as the electrical conductivities of
polyaniline, determined in the same way. Polymers containing 1,4-ditriazen-3-yl benzidine units
have been shown to have higher electrical conductivity for the same length of oligoaniline chains.
The resulting polymers exhibit fluorescent properties.

References 8, schemes 6, figures 1, tables 1

Keywords: oxidative polymerization, diazotation, azocoupling, p-pheny-
lenediamine, benzidine, triazene

Introduction: By the nature, the creation of intrinsically conducting
polymers (ICP) and/or the improvement of the properties of these materials
is in great scientific interest and is being studied by various scientific groups
worldwide. It is known from the literature that polymers with conductivity
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can be obtained only from a monomer with a certain structure. However, the
problem of the synthesis of conductive polymers with well defined chemical
structure and interesting properties can be solved by synthesizing oligomers
of the conductive polymers and then modifying them by various methods
with their subsequent incorporation in main polymer chain [1]. In case if the
main chain remains conjugated, the polymers can show new properties
characteristic of the linking groups.

In the presented work, it was aimed to realize the synthesis of new
conductive polymers by connecting polyaniline oligomers with triazenaryl
groups. Polymers containing such groups are of great interest in the field of
optoelectronics.

It is known from the literature that PANI has 3 main structural forms
(oxidation levels): leucoemeraldine (fully reduced), emeraldine (half
oxidized) and pernigranilin (fully oxidized). They differ from each other in
the ratio of benzene and quinone rings in the repeated structural unit
(Scheme 1).

Leucoemeraldine is a fully reduced form of PANI

g \ [ —\
/ \ / \
£ >N—L )N /N N—( >:
\':‘ /4 H N\ //’/ H \—/ \—x/
m n
X

Semi-oxidized form of emeraldine

HO A e

Pernigranilin is a fully oxidized form of PANI
Scheme 1. Chemical structure of PANI in different oxidation states [2].

The triazene, HN=NH-NH,, is not stable under normal conditions, but
was found as an intermediate product during the electrolytic treatment of
hydrazine between high-voltage electrodes. In recent years, organic
polymers have received considerable attention as materials used as various
optical components in many modern technologies, such as holographic
image recording devices, optical memory devices, optical waveguides, etc.,
280



because of their superior properties and reasonable prices to inorganic
materials [3].

The triazene group has a unique structure, E-, Z-isomerism (Scheme 2),
oxidation and complexing properties. Based on these properties, it is
assumed that conjugated polymers containing the triazene group may be of
some interest as electroactive polymers.

R1/ 2 &N\ 3a 1.7 27 T\ 3a

Scheme 2. Isomerism of triazene group

Based on previous works, conjugated polymers containing a triazene
group in the main chain were obtained using the benzidine and p-
phenyldiamine (p-FDA) monomers, as well as diazotatioan and azopoupling
method for the synthesis of target polymers [4, 5].

Results and discussion. The synthesis of polymers with a new structure
was carried out by connecting the corresponding oligomers of already used
conductive polymers with different groups. The industrial method of
synthesis were chosen: oxidation-condensation and diazotization, azo-
coupling. As a cheap and available monomers p-phenylenediamine, ben-
zidine were used, aiming to obtain polymers in the structure of which the
oligomers of the aniline are connected to each other by triazenarylene
groups.

The triazene group has been chosen due to the fact that conjugated
polymers containing such groups in the main structure are scarce studied and
have received considerable attention as in various optical components in
many modern technologies. The triazene group, with the ability to undergo
cis-trans isomerism under the influence of a certain wavelength, belongs to
the number of groups that can find application in these fields.

Trimers and pentamers with amino/amino end groups of aniline were
chosen as oligomers. The presence of amine end groups makes it possible to
use them as starting materials in further synthesis. The synthesis of the latter
was also carried out by the method developed by us: the oxidation-
condensation of p-phenylenediamine with potassium persulfate in a 1:4
molar ratio of acetic acid. This method is a one-step and convenient method
for the synthesis of compounds with a pernigraniline-like structure (Scheme
3).
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n=1 - trimer, n=2 - pentamer
Scheme 3. Synthesis of pernigraniline-like structure

The resulting aniline oligomers were used as monomers to obtain
polymers containing 1,3-triazendiyl group. In order to obtain a soluble
polymer, the reaction was carried out using p-FDA:trimmer: NaNO, in a
molar ratio of 1:1:1.9. Such a reaction is carried out for the first time, and
therefore diazotization and azocoupling of p-FDA with N,N’-di(4-ami-
nophenyl)-1,4-benzoquinonediimine (trimer) was carried out according to
the method developed for the preparation of polymer containing triazene
groups based on p-FDA [6, 7] and the resulting mixture was kept at room
temperature for 2 days. Assuming that the quinonediiminium groups
present in the structure of the polymer have high reactivity, the reaction
mixture was kept at -4 °C after carrying out the azocoupling in subsequent
conversions.

In order to clarify the structural issues and to find out the accuracy of
the chosen method, a model compound containing triazene groups was
synthesized by carrying out the diazotization and azocoupling of aniline
with the trimer in the molar ratio of aniline:NaNO, 1:1.12 and aniline:trimer
in a 2:1 molar ratio (Scheme 4).

+
— G OO OO
Scheme 4. Synthesis of model compound

During the azo coupling with the trimer, the temperature of the reaction
mixture was maintained within -5°C. After treatment with ether, the ether-
insoluble fraction was extracted with methanol. The methanol-insoluble
phase (86.4 % of initial mass) was also insoluble in chloroform, but soluble
in DMSO. The latter does not melt up to 290 °C. The UV-Vis spectrum was
compared with the UV spectra of the starting trimer and a polymer con-
taining a triazene group obtained from diazotization of p-FDA and azo-
coupling with p-FDA [7]. The spectrum contains both absorptions of the
original trimer, which underwent a "blue™ hypsochromic shift, and absorp-
tions due to newly formed triazene groups. The obtained results indicate that
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under the mentioned conditions (at low temperature) the reaction really
proceeds and side reactions can be avoided at the same time.

Under the same conditions, p-FDA diazotization with p-FDA:NaNO,
1:2 molar ratio and azocoupling with trimer and pentamer with p-
FDA:trimer (pentamer) 1:1 molar ratio were studied and according to
the spectral data, the expected polymers containing aniline oligomers
connected by triazene groups were obtained (Scheme 5).

+ + pr— —
— .'rl'_\ _r_\‘ ¥
cru=n— NENCF 4+ HN @—[—u =a,‘=r}:n _{:’ ‘}g_:-:r:H_.

— = ——N=N ‘}‘:"_H‘G)—[_”:“E}:”@HTH_

n=1 — polymer 1, n=2 - polymer 2

Scheme 5. p-FDA diazotization and azocoupling with trimer and pentamer amd further linking
aniline oligomers by triazene groups

The UV spectra of the obtained polymers were compared with the
corresponding spectra of the starting trimer and the polymer obtained by p-
FDA diazotization and azocoupling, which confirmed the structure of the
obtained polymers. A comparison of the UV-Vis spectra shows the simi-
larity of the spectrum of the obtained polymer 1 with the UV-Vis spectrum
of the polymer obtained from p-FDA diazotization and azocoupling with p-
FDA (Fig. 1).

Fig. 1. Comparison of UV-Vis spectra. 1) Trimmer; 2) Model compound; 3) Polymerl and p-
FDA diazotized and p-FDA azocoupling.

Further studies of structure-properties of aniline oligomers connected
with triazene groups continued with the introduction of a benzidine fragment
into the polymer structure, obtaining polymer in the structure of which
benzidine units are connected with triazene groups to aniline oligomers,
particularly trimers (Scheme 6).
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Scheme 6. Introduction of a benzidine fragment into the polymer structure

The dependence of the electrical conductivity of the resulting polymers
on iodine doping was determined (Table 1). At a doping depth of 3.2, the
specific electrical conductivity of polymer 1 was 9x10° S/cm. It should be
noted that at a doping depth of 1.0, the electrical conductivity of the polymer
containing triazene groups obtained from the p-FDA and p-phenyle-
nediazonium chloride is approximately 10“S/cm. When comparing doping
depths, it should be kept in mind that the molar mass of the repeating
structural unit of the polymer obtained from trimer is much larger than that
obtained from p-FDA. Polymer 2 was doped with iodine, at a doping depth
of 3.5 and the specific electrical conductivity was 6x10° S/cm. Can be
noticed that polymer 1 and 2 have approximately the same electrical
conductivity. The specific electrical conductivity of polymer 3 at a doping
depth of 4.5, was 1x 10 S/cm. From the results can be noticed that the
polymer 3 exhibits the highest electrical conductivity.

The resulting polymers were also doped with hydrochloric acid, but it
was found that their salt form is soluble in acids, thus the measurements of
electroconductivity of dry polymers was impossible. A method is now in the
stage of developed for determination of the electrical conductivity of
polymers after doping with hydrochloric acid [8].

Table 1.
Electrical conductivities of polymers doped with iodine
tetrachloromethane solution

Polymer Polymer : Polymer J, I CCly Doping depth Specific
doping mole, Solution according to electrical
agent molar mmol volume, mass | Tltra- | conductivi-
ratio ml . ty, S/cm
tion

Polymer 1.7 0.0252 35 3.2 3.3 9 x10®
1

Polymer 1.7 0.0299 4 3.8 3.2 6.1x10 °

2 1:8.6 0.0315 5 4 3.6 2.5x10 ®

Polymer 1.7 0.02705 4.3 4.2 4.5 9.3x10°

3 1:8.6 0.02425 478 45 4.7 8.4x10 ™

284



Conclusion. It has been shown that aniline oligomers with amino/amino
end groups can be used as monomers for the synthesis of further
electroactive polymers at low temperatures. A new low molecular weight
compound containing new bistriazenphenylene groups was synthesized. It
has been shown that polymers containing a biphenylene group when doped
with iodine have higher electrical conductivity than polymers containing a
phenylene group with a similar structure. With such a structure, the elect-
rical conductivity of polymers containing a longer oligomer chain is higher.

Experimental. Equipment: UV-Vis spectrometer - SPECORD 50,
resistance meter - Applent AT512. For the synthesis the p-FDA is purified
by sublimation (T = 143-145 (), the sulfuric salt of p-FDA is purified by
recrystallization from the water, other materials is used as received.

Preparation of oligomers. 0.9 g (8.5 mmol) of p-FDA, 0.565 g (2.77
mmol) sulfuric salt of p-FDA, and 6.3 ml of acetic acid at 15 °Care added to
0.997 g (3.67 mmol) of potassium persulfate and mixed for 25 hours. A
solution of 7.8 g of Na,COs in 58 ml of ice water (pH=9) is added to the
reaction mixture and left in the refrigerator. It is then filtered, washed with
distilled water until pH=7 and free of sulfate ions. The separated material, by
filtration, is extracted with diethyl ether and methanol. 0.25g

is recrystallized from alcohol (T e, = 227-230 °C).

Preparation of polymers. Diazotization of p-FDA with sodium
nitrite and azocoupling with trimer in (1:2:1) molar ratio. To 0.0863 g
(0.79 mmol) of p-FDA is added 0.48 ml of 35% hydrochloric acid solution
over 45 minutes at room temperature. After the temperature is decreased to -
10 ¢, 0.1109 g (1.6 mmol) of sodium nitrite is dissolved in 0.4 mL of water
and very slowly is added dropwise. After the completion of the reaction,
0.215 g (0.75 mmol) of dry trimer is added to the diazotized p-FDA solution
and the temperature is increased up to -5 °C. After 15 minutes, a solution of
1.7 g of sodium acetate, dissolved in 1.8 ml of water, at a temperature of -5
°C is slowly added to the mixture until the pH=5, left for 30 minutes and
moved to refrigerator (in the preliminary experiment, according to the
developed method, it is kept at room temperature for 2 days). After 4 days,
the reaction mixture is neutralized with sodium bicarbonate solution to pH >
7. The solution is filtered, and the precipitate is washed with water to pH=7,
then with ether, methanol, successively. Obtained: 0.15 g (polymer 1).

The materials are dried to constant weight in an oven at 50-70 °C'and a
pressure of 2 kPa.

Diazotization and azocoupling of aniline with trimer at aniline:narium
nitrite (1:1.12) molar ratio, aniline:trimer (2:1) molar ratio (model
compound). The experiment is carried out analogously to the previous one
using: 0.091 g (0.978 mmol) of aniline, 0.21 ml of 35% hydrochloric acid
solution, 0.07 g (1.01 mmol) of sodium nitrite is dissolved in 0.15 ml of ice
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water, 0.141 g (0.49 mmol) of trimer, ~0.49 g of sodium acetate is dissolved
in 0.5 ml of water. 0.1 g is obtained.

Dianitrogenation of p-FDA with sodium nitrite and azocoupling
with the pentamer in a (1:2:1) molar ratio. To 0.07375 g (0.683 mmol) of
p-FDA, 0.44 mL of 35% hydrochloric acid solution is added over 45 minutes
at room temperature. After lowering the temperature from -10 °Cto -14 <,
0.09425 g (1.366 mmol) of sodium nitrite, dissolved in 0.85 ml of water, and
very slowly is added dropwise. 0.31965 g (0.68 mmol) of the dry pentamer
is added to the resulting diazotized p-FDA solution and the temperature is
increased up to -5 °C. After 15 minutes, solution of 1.553 g of sodium
acetate is dissolved in 1.65 ml of water at a temperature of -5 °C and slowly
added to the mixture until the pH=5, left for 1 hour and placed in a
refrigerator. The next day, the reaction mixture is stirred for 3 hat 0 °C. The
reaction mixture is filtered and the precipitate is washed with ice water until
pH=7. The reaction mixture is neutralized with sodium bicarbonate solution
to pH > 7. The solution is filtered and the precipitate washed with water
until pH=7. It is then washed with methanol. Obtained: 0.39 g. (polymer 2).

Diazotization of benzidine with sodium nitrite and azo coupling
with trimer in a (1:2:1) molar ratio. The experiment is carried out
analogously to polymer 1 using 0.068 g (0.37 mmol) benzidine, 0.2 ml 35%
hydrochloric acid solution, 0.051 g (0.74 mmol) sodium nitrite is dissolved
in 0.45 ml water, 0.107 (0.37 mmol) trimer, 0.9 g of sodium acetate is
dissolved in 1ml of water. 0.15 g is obtained (polymer 3). The materials are
dried to constant weight in an oven at 50-70 °Cand pressure of 2 kPa.

Doping of polymers with iodine. A certain volume of 0.178 N iodine
tetrachloromethane solution is added to a certain weight of the polymer, left
at room temperature, in a dark place for 3 days. It is then filtered, the filter
with precipitate is washed once with a small amount of carbon tetrarch-
loromethane, then placed in a desiccator containing phosphorus pentoxide
and dried under a water vacuum to constant weight. The residuw is titrated
with sodium thiosulfate solution in the presence of starch. The procedure is
repeated for all polymers.

Doping depth (Y) is calculated from both titration and polymer weight
by equation 1,

Dopant mole
Y = P

Triazene structural unit mole
oy
Moles of repeating structural units are calculated assuming that dia-
zotization and azocoupling reactions proceeded quantitatively.
Conductivity measurement. 4- and 2-wire resistance measurement
methods are applied to obtain the resistance of polymers. The specific elect-

rical conductivity of the polymers are calculated by equation 2.
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l
O'—M (2)

Where | is the thickness of polymer sample between copper electrodes,
R is the resistance measured via equipment, A is the surface of the copper
electrodes.
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CHUHTE3 NIOJIMMEPOB, COJEPKAIINX AHUJIMHOBBIE ®PAT'MEHTHI,
COEJIEHEHHBIE PAZHBIMHU I'PYIIIIAMHA

M.C. TOPOCSH, H.1II. MAPTUKSAH, H.A. IYPTAPSIH

! YMucruryr papmauestuxu EL'Y,
EpeBanckuii rocynapcrBeHHbl yHHBepcuteT, 1 Aneka Manyksaza, Epesan 0017, Apmenus
E-mail: mikayel.torosyan.5@gmail.com
2 Kagenpa opranudeckoii xumuu, Faculty of Chemistry,
EpeBaHckuii rocynapcTBeHHbIH yHHBepcuteT, 1 Aneka Manyksna, Epesan 0017, Apmennus
E-mail n.durgaryan@ysu.am

Ha ocHOBe JHemIeBBIX U JOCTYIHBIX MOHOMEPOB U METOJOB, UCIOJb3YEMBIX B
IIPOMBIIIJIEHHOCTH, CUHTE3UPOBAHBI HOBBIE 3JIEKTPOAKTUBHBIE IIOJIMMEPBL, B CTPYKTYpE
KOTOPBIX AHWJIMHOBBIE OJHMIOMEPHI CBS3aHBI MEXKIy COOOH TpHAa3eHAPHICHOBBIMU
rpynmnamu. IToka3aHo, 9TO MONydYeHHBIE TOJUMEPHI COYETAIOT B cebe XapakTepHBIE
CBOMCTBA MOMMAHWJIMHA W CBS3YIONIMX TPYII, PacIIUpsAs OOJIACTH NPUMEHEHHS I10-
JIMaHKUIWHA. [ IpOBENEHHs CHHTE30B B KayeCTBE MOHOMEPOB MCIIOJIB30BAIU JOC-
TYIIHBIE MOHOMEpPH N-()eHWICHANAMUH, OCH3WIONH, NPUMEHIEMBIE METOAbl — KOH-
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ACHCAIUsA C OKUCJICHUEM U AUA30TUPOBAHUEM, a30COUCTAHUC. HOKa3aHO, YTO DBJICKT-
PONPOBOAHOCTD JICTUPOBAHHBIX Hoaom MOJMMEPOB MPHUMEPHO TOT'O K€ IMOpAJAKa, YTO U
QJICKTPOIIPOBOJAHOCTL MOJIMAHWIIMHA, OHNpeAcACMas TaKHUM KE o6pa30M. beio mo-

Ka3aHo,

YTO IOJHMMEPHI, COJAepXalue 3BeHbs 1,4-murpuazeH-3-uidOeH3nuaAnHa, obOia-

JaloT 0ojee BBHICOKOW 3JIEKTPONPOBOJHOCTBIO MPU TOH K€ JUIMHE OJMIOAHWIMHOBBIX
uerneil. [loxydeHHBIE TOTUMEPHI MIPOSIBISIIOT ()IIyOpECIIEHTHBIE CBOMCTBA.

(1]

(2]

(3]

(4]
(5]

(6]
(7]

(8]
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AHAHUT OI'AHECOBHA TOHOAH

Cratbs IOJrOTOBJIECHA KoJlleraMu 6a30BOH Hay4HO-HCCIIEJ0BATEICKOM JlabopaTopuu
«Xumuueckue mexnono2uu u NOIUMEPHbBIE HAHOKOMNOZUNBLY
HanumonansHoro [Tonutexandeckoro YHuBepcuTeTa ApMEHUH U PeJKOJIIETHEN
Xumuueckozo yncypuana Apmenuu, OTBETCTBEHHBIM PeJIaKTOPOM KoToporo 6nl1a A.O. ToHosin

T TR B nr060i#i s1oxe UMErOTCs JII0AM, SIBHO TIpe-
BBIIIAIOIIKE M0 MaciTaly ypOBEeHb OOBIKHO-
BeHHOro. MMeercs BBUIY Ta “O0KbsS HCKpa®,
KOTOpasi BCEJIMBLINCH B YEJIOBEKA, 03apsieT €ro
BCIIBIIIKOM  HAWBBICLIET0, HMMEHHO TaKOM
Anautr OranecoBHa TOHOSIH oOcTaHeTcsl B
namsITH U Cyap0e JoJeH, UMEIOIINX CUaCThe
ObITh 3HAKOMBIMH C SIPKOM M HCKPEHHEH
muyHocthio. YUUTEJID, koTopas napuiia BCrO
MOIIb CBOEH SHEpIruu, yma, AyIid, CUIY JII0OBU
K POI[I/IHC K Hayke. Kpemko pnepxa 3a pyKy CBOMX YYEHHMKOB, OHa
MPUBHBAJIa TOHKUH BKYC K TBOPYECKOMY CO3HM/IaHHUIO, Bella UX B O€3TOHHBIN
OK€aH HayK, M0 CBETJIOMY HayyHOMY IIyTH, BB€Ja B MHpP HCKYCCTBa,
MY3bIKH, 11033UH. E€ IIeHHOCTH BEAyT MO CBATOMY M YECTHOMY IyTH. DTOT
IyTh Ka3aJIC HECKOHYAEMBIM.....

Ho 7-ro wmions 2023 roma obGopBasnack ku3Hb AHAuUT OraHECOBHBI
ToHOsH.

Amnant ToHosiH poamnack 16 urons 1942 rona B r. Epesane. B 1960 om
rony noctynuia B EpeBanckuii rocymapctBenusiii yauBepcuret (EI'Y) Ha
xumuueckuit ¢pakynprer. B 1965 roay, okonuus EI'Y nmoctynuia B ouHyro
acriupantypy Mucturyra xumuueckoir ¢pusuku (MXD) AH CCCP. B 1974
I. 3allUTWIA KaHJUJATCKYIO JHUCCEPTALHI0 HAa TeMy: «3aKOHOMEPHOCTH
annabaTUYeCcKo MOTUMEPH3aIMd CTHPOJIa M METHIMETaKpHiaTa» U Ipo-
nomkuia HayuHyto padory B UX®D Uepnoromnosku. B1996 r. yxe B EpeBane
B MHcturyre xummnueckor ¢pusukun HAH PA 3amumTuna gokTtopckyro auc-
ceprauuio no teMe «KuHeTmueckue 3aKOHOMEPHOCTH HEU30TEPMUYECKOM
MOJIUMEPU3ALII.

MexnuciurinHapHabie  pyHIaMEeHTaJdbHBIE WCCIEAOBAHUS CYNpPYroB
JlaBTSH SIBUJIUCH OCHOBOHM ISl CO3/1aHHs HETPAAWLMOHHOIO METOJA MOJU-
MEpHU3aliK, KOTOPbIi ObLT Ha3BaH «DpoHTanbHON oauMepu3anueiiy (PIT).
Uccnenopanusimu @I 1o 90-x rogoB MOHOMOJIBHO 3aHMMAIIUCH TOJIBKO B
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Poccun, B UXD AH CCCP, rae Obliia co3naHa cepbe3Hasi HaydHasl IIKoJia ¢
nox pykoBoacTBoM Cesana JlaBTsiHa u AHaut ToHOsiH. OHU - OCHOBAaTEIU
HoBoro HampasneHus «[lomumepusanus B anuabaTHyecKux U GpOHTATBHBIX
ycnoBusix». B Tsokensie nnst Apmennn 90-e roJibl, 0ocTaBUB B UepHOTOJIOBKE
UHTEPECHYIO U JIOOMMYI0 paboTy, CYNpYrH MOCIENIWIM Ha momoils Po-
JMHE, YTOOBl CBOMMH 3HAaHHMSMHU M MHOTOJIETHUM OIIBITOM COJIEHCTBOBAThH
CTaHOBJICHHIO 00OPOHOCHOCOOHOCHOCTH CTpaHbl. VIMesi aBTOPUTET B Hayd-
HBIX Kpyrax, Cylnpyru AeMCTBOBaJIM aKTUBHO U CaMOOTBEP)KEHHO, IOMOTast
penreHuto mpoodiieM Apiaxa.

B EpeBaHCKOM MOJUTEXHUYECKOM HHCTUTYTE Y4YEHBIE MPOIOJKHIN
cBou paboThl. JlokTop Xumuueckux Hayk, mpodeccop A.O. ToHosiH 3aBe-
JI0Bajia Hay4YHO-HMCCIIEI0BATENbCKOM 0a30Bol aboparopueil «XuMudeckue
TEXHOJIOTMM U IOJIMMEPHbIE HAHOKOMIIO3UTHI», HAYYHOE HAIPABIEHUE KO-
TOpo# (u3HuecKkas XUMUS MOJUMEPHU3AIMOHHBIX IMPOLECCOB, KUHETHKA U
MaKpPOKHWHETHKA aAHa0aTU4eCKON W (POHTAIBHOW MOJIMMEPH3ALNH, MOJHU-
MEpHbIE HAHOKOMITO3UTBI, TOJIMMEP-KEPAMUYECKHE CBEPXIIPOBOIHUKU, CUH-
T€3 TUAPOTeNeH U MOJMMEPHBIX TPAAUEHTHBIX MaTepHajoB BO (POHTAIIb-
HBIX YCJIOBUSX, UCCIEIOBaHUS B c(pepe HAHOTEXHOJIOTMH M HOBBIX Mare-
puasioB. A.O. ToHosiH aBTOp Tpex MoHorpadwuii, 6osee 350 HaydHBIX cTa-
Tei, OOJBIIMHCTBO KOTOPHIX HameyaTaHbl B JKypHAIaX C BHICOKUM HMITAKT
(dakTopoM, B MEKIYHApPOIHBIX KHUTAxX omyOiukoBaHO Ooiee 14 rias, 20
MATEHTOB, HAYYHbIN PYKOBOAUTENb 14 KaHIAUAATCKUX IUCCEPTALU.

A.O. ToHOsH fABIIANAch pelieH3eHTOM HaydHoil Komlermu 3KCnepToB
n3narenbctBa Elsevier B cepe moarmMepHOil XUMUM M KWHETUKH HEU30Tep-
muueckux mpoueccoB, Lead Guest Editor of Special Issue in Science
Publishing Group, uneH koseruu, OTBETCTBEHHBIN peAakTOp XUMHUECKOTO
KypHasla ApMEHHH, YJ€H HAy4YHOIrO CHelualn3upoBaHHOro cosera 057 B
HITYA, novernsiit unen oOuiectBa xumukoB ['pysun, Unen [lpesuanyma
AMEpHKaHCKOro LEHTpa IO HAYYHBIM JSHUMKIONEAUAM. AHauT TOHOSH C
2000 roma opraHM30BBIBaJia €KETrOJHBIC MEXIyHApPOIHbIE KOH(EpEeHIUH
«EHHKOJI0MOBCKHUE YTEHUS» IO 3auroi «Cracu6o Tedbe, Yuurtenn!»

A.O. ToHOsIH pyKOBOIUTENL MEXKAyHapoHbIX rpaHToB: CRDF- BRAU,
ISTC A-122, INTAS, SOROS-MQ-000, BTCII.

B 2015 rogy A. O. Tonosn Harpaxnaena npemuei [Ipesunenra Pec-
ny6sukn Apmenust: C.I1. latsan, A. O. TonosiH «Teopus n npakTuka ajua-
Oatuyeckoi U (PpOHTANTBHON MoMMepu3anuny, Palmarium Academic Publi-
shing 2014, pp. 660, 2018 roxy — 3omotoit menansio HITY A, 2019 r. ARPA
Institute Invention Competition Certificate for the second place.

Heonennum Britag A.O.ToHosiH B HayKy. OHa ocTaBHMjia HEM3TJIaAUMBbIi
clie]l B MaMATH BCEX €€ 3HAIOUIMX JIIOJEeH, KOJUIEr, YYEHbIX UM YYEHHUKOB
CBOEH NPHHLIMIHAIBHOCTHIO, JTI000BBIO K Hayke, Poaune, crpaBeniu-
BOCTbBI0, BBICOKUMH HPAaBCTBEHHBIMU LIEHHOCTSIMHU.
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wupifyugpl Sudwlupgbpnod mbypwluydul nbulghuubph, bbpubph
opufipmgdwl b Sphypopupfdfiubbpnid oquiljmgduyfs uwmwnciwmndbpfru g f
[rinfpubpph: Qupmimpkply b prcflunnpfli- Bl fl Quipmnpnugfo g f
bplenyfop b prguplyfms 0-Lblpnp: PuguQupnby § wynmwlul [Fff]n]
bpbpubph opufpugdut nhuwlgfuibph opfiugufine [ynitibpp: Uy ulyhy
§ fpmprum@]fy wmmgdub dwanglyly byquliadp pygnoyphbf wpag-
prflyuy Pufnibpp Sfpdwl pu: Lbpdph mwppbkph §huwgnun.-
Pynitbibpp Sppdws Lt pudfpulbpf, wppyfybb-, §fdopufilbdfyfiybh-f-
pplupprippugpt dpugncFymiibph (froggeiibp) by bagpy C-H
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[f@ncubpf shnfumgpbgnd[dyniviubpf neuncdwufpnc[dyncuibpphl, npf wp-
gyrchipnid fp Quipn By phply pugdufpy fuppa- bowgqughlyf o
nnigfudph pugdwdniilghnimy wmbguwluy s dhwgndfdnciibpf ufii-
[Phgfp unp, dungbyp bguwinulubp: q'[luuul[wfl gapdnibnfdjup grogu-
{hn lfnl.zlﬂl Uulpll_ll'll.llilﬂ quuwfunubly 22 FUU q‘[lmwl[pﬁwl[wil -
Dwgguyfrs llbflmpnflnl_d" it wiig by <<0[ul_ulfuul[ulfl pldfw>» wnwp-
fuits: Uful_uufwllgbl £ dwohwgfinwlwi b gfunwlwl funpnopgubph:
7;[1111 qblwmpn [dpudp wuymupuinfby k 7[5‘bliiu.u&nu.ullwi: v bl fun-
uncfdynci, 9 Swgfpumpnuwljul [Fhg: u. Uwpll.quflE Shyfiiwly [ 125
g frmwlput wzﬁlwmwﬁpﬂbpﬁ‘ Snpifwdubph b Shyfwlmhy fhuwjugpbph:

U‘HLZITIZ Ul.ulul_uJ:.uilfl odufwd bp dwpgluwp jufwgne gl Quimlpu-
il[lzillipn:[ wgbfn [Fpudp, jwiunboncpudp, dupplwhy ogubyne gul-
ynofdyudp, npny by Juwybynid bp qopépulbpubph, Qupugunibpf uhplh
ne Qupguwlipp: u'llzul[lu[lil b b hdbw ppky Swhwgngubpp Sfipngne-
[JJnLilfl[i[lnLlff

22 ¢UU O~ 98y opguwhiwlm phdfiuwyfy puvmnfinnn
«zw‘,wuuuuil[l .g[uf[uullulil 4ulinl_liul1» [lufluuq_luullulil [1"1[14:11_11:1_
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MMPABWIA 1JIs1 ABTOPOB

O0mue no10xKeHUs

K ny6nukanuy B «XUMHYECKOM XKypHalle ApMEHHM» HNPUHUMAIOTCS MaTepualbl, Coaep-
XKalllue Pe3yNbTaThl OPUTHHAIBHBIX HCCIEAOBaHUH, o(opMIICHHBIE B BHAE O030PHBIX (TeMa-
TUYECKUX WM aBTOPCKHX) U TIONHBIX CTaTel, KPaTKUX COOOIIEHHH M THCEM B PEIaKLUIO.
CTaTbH JOKHBI CO/lEPKATh MaTepHAlIbl, MOCBSILEHHbIe CHHTe3y HOBBIX BellecTB, 1100
pa3padoTKe NMPUHIMIHAJILHO HOBBIX METOJ0B CHHTe3a, WCCJEIOBAHHS M HOBBIM XHMH-
YeCKHM CBOHCTBaM (TPeBpPAIEHHSIM) HM3BECTHBIX BeIIECTB, 2 TAK)Ke H3YyYeHHI0 HOBBIX
(pU3HKO-XMMHYECKNX CBOWCTB M CTPYKTYPhI CHHTe3HPOBAHHBIX MaTepPHAJIOB/ BeIECTB.
KypHan myOmukyer pabGoTEl Ha aHIJIMICKOM, PYCCKOM M apMSHCKOM SI3BIKax II0 BCEM HalpaB-
JICHUSAM XUMHYECKOH HayKH, B TOM YHCJIE 110 OOIIel, HEOPraHNIECKOH U aHATMTUIECKOW XUMUH,
($u3UUECKON XMMHUH M XUMHYECKOH (U3UKE, OPraHWYEeCKOW XUMHUH, METaJUIOOPTaHHYECKOH U
KOOPIMHALMOHHON XUMUH, XMMHM MOJIUMEPOB, XMMHH HPUPOIHBIX COEAMHEHHH, OMoopraHu-
YecKOM XHUMHH M XUMHU MatepuanoB. CTaThM, Npe[araeMble K INyONUKalUM B pasjele
OMOOPraHUYIECKOH XUMHUH, JTOJDKHBI OBITH ITOCBSIICHBI ITOJYYEHHIO HOBBIX ITOTEHIHAIBEHO OHO-
JIOTWYECKH aKTHBHBIX COCIMHEHHUH, B TOM YHCIIE U BBIJEICHHBIX U3 IPHPOIHBIX 00bekToB. [Ipn
ONMCAaHUM HOBBIX BEIIECTB, OOJAAIOIMX 3HAYNUTENHHOH (B CpPaBHEHMH C NPHMEHSEMBIMH B
MEeJUIIMHE JIEKapCTBaMU) OHOJIOTHMYECKO aKTHBHOCTBIO, CTaThsi MOXKET COJEpKaTh Pe3yibTaThl
OHMOJIOTUYECKNX HCCIEJOBAaHUH, BKIIOYAIOMINX CCBUIKM HA HCHONB30BAHHBIE METOIBI U3yUEHHS
OHOJIOTHYECKOH aKTUBHOCTH, HH(POPMAIHIO O THIIE WCIONB30BAHHBIX OMOOOBEKTOB, aKTHBHOCTH
U TOKCHYHOCTH CHHTE3HMPOBAHHBIX IIPEHapaTOB B COMOCTABIEHHH C COOTBETCTBYIOIIMMH
MOKAa3aTeJIIMUA MPUMEHAEMbIX B MEAUIMHE JIEKapCTB. B 3akimodeHnn cieayeT MpUBECTH KPATKHH
apryMEHTHPOBAHHBIN BBIBOJI O CBS3M MEXIY CTPYKTYpoil W OHONOTHYeCKOH aKTHBHOCTBHIO
HCCIIEIOBAaHHEIX coeanHeHnH. OmyOnMKoBaHHBIE MaTepHajbl, a TaKKe MaTepHalbl, NpeCTaB-
JICHHbIE JJIsI ITyOJHMKAIMU B IPYTHX JKypHANaX, K PaCCMOTPEHHIO HE NPUHUMAIOTCS. ABTOPCKHUE
0030pbl (10 25 cTp.) MPEACTaBISAIOT CO00H 00OOMICHHWE W aHAU3 PEe3yabTAaTOB IUKJIA HCCIe-
JIOBAaHUI OJTHOTO WJIM HECKOJBKHX aBTOPOB IO €IMHON TEMaTHKe, a TeMaTHYeCKHue 0030phI —
JIOJDKHBI OBITH TIOCBAIIEHBI aHATHM3Y pabOT MO OTAEIBHBIM KJIaccaM COEIMHEHMI WM peakmuil.
[onHpIe cTaThPU MPUHUMAIOTCS 00BEMOM 10 12 cTpaHuI, 00bEM KpaTKOTO COOOIICHHS — HE
Ooree 5 cTpaHUI] MAIIMHONKCHOTO TekcTa. [lucbma B pegakuuio (00eMoM 110 3 CTp.) HOKHBI
COJIepKaTh M3JIOKEHHBIE B KpaTKoil (hopMe HaydHbIE Pe3yabTaThl MPUHIUIIHATGHO Ba)KHOTO
XapakTepa, TpeOyIoIe CpoyHoi myoauKanuu. Penakius ocrapiser 3a co0oi mpaBo COKpaInath
CTaThH HE3aBUCHMO OT UX o0bema. [ myOnuKanuu cTaTby aBTOpaM HEOOXOANMO TPECTaBUTh
B PEIAKIIMIO CIICAYIONINE MAaTepPHaNbl U JOKYMEHTHI*: 1) HampaBieHue oT opranu3aiyu (B 1 3k3.);
2) MOANMCAHHBIM BCEMHM aBTOPAMH TEKCT CTAaThM, BKIIOYas aHHOTALMIO, TAOJNWIbI, PUCYHKH M
MOJNKCH K HUM (Bce B 2-X 3K3.); 3) rpaduueckuii pedepar (B 2-X 3k3.); 4) aHHOTAIIMU HA JIBYX
SI3BIKAX, OTIMYHBIX OT S3bIKa CaMOM CTaThW (HAIIPUMEp, €CIH CTaThsi HA PYCCKOM, TO JOJDKHBI
OBITH TAakKe AaHHOTAIIMY HA aHTIMHCKOM M apMSHCKOM, IIPUYEM TeKCT aHHOTAIIMU Ha aHTJINICKOM
SI3BIKE HE JIOJDKEH OBITh MeHbne 0,5 cTp); 5) 3IeKTPOHHYIO BEpCHIO CTAaThU, C aHHOTAIMAMH,
JUTEPaTypoii ¥ rpaduueckum pedeparom.

*B cryuae He60O3MONCHOCHU OOCMABKU MAMEPUAN08 HENOCPEOCMBEHHO 8 PeOaKyuio, OHu
Mozym Obimb 8bICIANLL 6 dNeKmpoHHOM 6ude. Taxdice 6 saekmponHol hopme asgmopam Oyoym
npeodoCcmasiienbl peyeHsun, 3amedaniis U PeKoMeHOayuu no UCHPAsIeHUIo CMAMbU.

CraTps oJDKHA OBITH HANMCaHA CKATO, aKKypaTHO O(QOpMIIEHa M TIIATENHHO OTPEIaKTH-
poBana. He momyckaercs nyOnmpoBaHHE ONHHMX M TeX K€ JAaHHBIX B TaONHIAX, B CXeMax H
pHCyHKax. ABTOP HECET HOJHYI0 OTBETCTBEHHOCTD 3a JIOCTOBEPHOCTh SKCIEPHMEHTAIBHBIX JaH-
HBIX, IPUBOANMBIX B CTaThe.

Bce cratbu, HampapiseMble B PElaKIMIO, MOJBEPralOTCsS PELEH3MPOBAHUIO U HAYIHOMY
penaktupoBanuto. CTaThs, HaNpaBlIeHHas aBTOpaM Ha JOPa0OTKy, AOJDKHA ObITh BO3BpAILlEHA B
HCIIPaBJICHHOM BHJIE BMECTE C €€ TIepBOHAYAIbHBIM BAPHAHTOM B MaKCHMAJIbHO KOPOTKHE CPOKH.
K mnepepaboTaHHON PYKOIHCH HEOOXOIMMO HPHIOXKUTH IHCbMO OT aBTOPOB, COJEpIKallee
OTBETHI Ha BCE 3aMEYaHUs, KOMMEHTApPHUHU U IIOSCHSIONIEe BCe BHECCHHBIE M3MeHeHHs. CTaTbs,
3ajepXKaHHasl Ha UCIIPABICHUH 0oJiee OJJHOTO MecsIia WM TpeOyIomas MOBTOPHOH MepepaboTKHy,
paccMaTpuBaeTCsl Kak BHOBB ITOCTYNHBINAs. Pemakums mMockUIaeT aBTOPY Iepex HabopoM I
MIPOBEPKU OTPEIAKTHPOBAHHBIN K3EMIUIIP CTATHH U KOPPEKTYPY.

Crpykrypa myomukanmii. [TyOnukanust 0630poB, MONHBIX CTaTel M KPaTKUX COOOIICHUIA
Ha4YMHACTCA C 3arjlaBus CTaTbU, AAJIECC NPUBOAATCA WHHALUAIBI U (I)aMI/IHI/lI/l aBTOPOB, HasBaHUA
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HaYYHBIX yIPEXKICHUH, TOJTHBIC OYTOBBIC aJ[peca ¢ HHIEKCAMU ITOYTOB IOYTOBBIX OTACICHUI U
azpeca 3JIEKTPOHHOM IIOYTHI aBTOpa, OTBETCTBEHHOTO 3a IIEpeNHCKy. Bcmenm 3a stuM maercs
KpaTkas aHHOTauus (He Oosiee 12 CTpOK) C yKa3aHHEM KOHKPETHBIX pe3yJbTaTOB pabOThl U
BBITCKAIOIINX U3 HUX BBIBOJOB, IIPH 3TOM CIEAyeT M30erars IyOJIMpOBaHMs HA3BAHMS CTATBU U
TeKCTa aHHOTalMH. [lajee IpUBOAATCS KitoueBble cioBa (5-7 cioB). OTMETHM, YTO B Ha3BaHUU
CTaThU CJEIyeT N30erath COKpaIleHui U GopMy.

B mepBbIx a03amax OCHOBHOTO TEKCTa KpaTKO OOCYKIAeTCs W3BECTHAs JINTepaTypHas WH-
¢dopmanust mo uccexyeMoMy Bompocy. Jlamee OOBSCHSETCS CYHNIHOCTh pPabOTHI, YETKO YKa-
3BIBAIOTCS [IEJIb U 3a][a4M UCCIIEOBAaHMs. 3aTeM cIeayeT OOCYaNUTh U OOBSICHATH BCE IOy YCHHBIE
B paboTe BakHeilmme pe3ynsTaTsl. OCHOBHON TEKCT CTAaThH 3aBepIIaeTcs KPATKHUMH BBEIBOJIAMH O
MOJIy4eHHBIX Pe3yJIbTaTax MIPOBEJCHHOTO UCCIICIOBAHMUSL.

B 3aKimroyeHHM NPUBOJMTCS SKCIICPHUMEHTANIbHAs WIIM METOAMYEcKas 4YacTb. B Tekcre
000011al0TCS. ¥ Pa3bACHSAIOTCS TOJNBKO TE CIEKTPAIbHBIC JaHHbBIE, KOTOPHIE MOATBEPIKAAIOT
CTPYKTYpY TOJIY4YEHHBIX COCIMHCHUN. PUCYHKN U TaOIMIbI MOTYT OBITh BBEICHBI B TEKCT.

I'paghuueckuii peghepam npwnaraetcs Ha OTIAeHbHON cTpanmie (120x55 mm) u
IIpeCTaBIsIeT MHPOPMATUBHYIO MILTIOCTPAIMIO (KIIOYEBYIO CXEMY HIIM CTPYKTYPY COCIMHEHUS,
rpaduk W T.I.), OTPaKAIOUIyI0 CyTh CTaTbu B rpaduueckom Buzae. IlpuBeneHHas cxema B
COYETaHUM C 3arjaBHeM pYKOIHMCH [OJDKHA IIPUBJIEKaTh BHUMAHHME 4YUTaTelIsd W JaBaTh
BU3YaJIbHOE IIPE/ICTABICHUE O COJCPKAHUM CTaThu. [Ipumep epaguueckozo pepepama:

CHHTe3 HOBBIX IPOU3BOIHBIX H3ATHHA, cojep:kamux 1,2,3-Tpua3oiibHOe KOJIbIO
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T.B. Kouuksix

R=H 2-Cl 3-ClL4-C]

Xum.owe. Apmenuu, 2022, m.75, Ne 1, c. 92

B «nmucpMax B pegaKnMIo» aHHOTALMS Ha PYCCKOM sI3bIKE HE IMPHBOIUTCS M pa3OUBKa Ha
paznensl He TpeOyercda. Bemen 3a Ha3zBaHMeM CTaThM JAlOTCS KIIOUEBBIE CJIOBA, jaliee
MIPUBOANTCS OCHOBHOW TEKCT, C ONUCAHHEM SKCIIEPUMEHTAIBHBIX JAHHBIX, MMOATBEPIKIAIOMINX
BBIBO/IBI U PE3YJIbTAThl. B KOHIIE MPHBOIATCS MHUIMAIEI H ()aMUIINK aBTOPOB, Ha3BaHHE HAYYHBIX
yUpexIeHHH M HUX ajapeca, ajapec SJICKTPOHHOI MOYTHl Ul MEPeNUCKH, a Ha OTACIbHBIX
CTpaHMIIAX - PE3OME Ha JIBYX sI3bIKaX U rpaduueckuil pedepar.

ITpu HecoOIIOJCHUH YKa3aHHBIX BBILIE IIPABUII CTaThsl HE NPHHUMACTCS K MyOIMKAIHH.

IIpumep oopmnenusn 3aenasus cmamvl, CRUCKA A8MOPO8, AOPECO8 VYPetCOeHUll, aHHO-
mayuu.

B3AMMO/JIEMCTBUE METHJINPOU3BOJIHbBIX MOHO- U BULIMKJIMYECKHUX
MUPUMMJIAHOB C APOMATHYECKHAMH AJbJIETUIAMHA
I'.[. JAHALVJISIH 12" I A. TAHOCSIH?, T.3. TEOPI'SIH 2, O.C. ATTAPSIH 2 u
M.P. APAKEJISIH 2

! Poccniicko-Apmsrckuii (ClaBIHCKHI) YHHBEPCUTET ApMEHHS,
0051, r. EpeBan, yn. Ocena Omuna ,123
Hay4Ho-TeXHOIOrMYECKHiA LIEHTp OPTaHMIECKOMN 1 (papMaLEBTHYECKOl XUMHHI
HamvonaneHoii akanemun Hayk Pecniyonnku Apmenus, 0014, r. EpeBan, np. AzatyTsH 26
E-mail: gdanag@email.com

M3yyeHbl peakuuMm pasnuyHbIX 3amMeLleHHbIX MeTUINMUPUMWAMHOB W OULMKIK-
yeckux 1,2,4- Tprnasono[1,5-alnMpumMmnanHoOB, coaepXalmx MeTUnbHble rpynnbl B NUpU-
MUOMHOBOM KOfblLie, C 3aMelleHHbiMU OeHsanbaervgamu u reTepoumKnMyYeckuMmmn
anbaerngaMmm nuMpasornbHOro u dypaHosoro paaa. B pesynbtate cuHTesmposaHa cepus
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CTUPUN- U BUHUINPOM3BOAHbBIX MUPUMUAMHAE, cOoAepallasi COMpshKeHHble TT-cBA3n. B
HEKOTOpbIX MpUMepax, B 4acTHOCTWU, NPW B3auMOAENCTBUU 2-TMAPOKCU-4-MeTun-6-ce-
HUNMUPUMUAMHA C Napa-guMeTUNaM1Ho- 1 napa-guatunammHobeHsansaerngamm 6oinm
BblENEHbl He CTUPUIMPON3BOAHbIE, @ MPOAYKTbI NMPUCOEAVHEHUS UCXOOHbIX peareHToB
—  2-rvgpokcmn-4-[(2-(4-(anankmnamuHo)-hbeHnn)-2-rmapokcrmaTun)]-6-deHnnmpummnamn-
Hbl, TO €CTb NPOAYKThI rMApaTaunm 0XuaaemblX CTUPUI NPOU3BOOHbBIX.

Bnbn. cebinok 10, puc. 2, Tabn. 1.

Knwuesvie cnoea: nupuMunuH, anpaeruisl, 1,2,4-tpuaszonoll,5-a]nMpuMuUnH, CTHPHI-
MIPOU3BOIHBIE, TETEPOIUKINUECKUE AlTbIETUIBI.

Teker craTbu meyartaercsi depes 1.5 mHTepBana (6e3 MOMapoK M BCTaBOK) Ha Oeroit
Oymare craHmapTHOro pasmepa (popmar A4) ¢ moassMu 3 cum ¢ JIeBOi cTOpoHBI, 1.5 cu ¢ mpaBoi
CTOpPOHEI, 2.5 cm cBepxy, 2.5 cm cHu3y, pasmep mpudra — 12. Bce cTpaHHIBI pyKOIHCH,
BKJIIOYAsl CIIHCOK JINTEPATypHl, pe3loMe Ha JBYX sI3bIKax M rpaduueckuil pedepar, HyMepyloTcs.
VYpaBHEeHHUs, CXeMBbI, TaOJIHIBI, PUCYHKHA U CCHUIKH Ha JIUTEPATypy HYMEpYIOTCS B IOPSAKE HX
yrmoMuHaHus B TekcTe. CHHCOK IUTHPYEeMOH JHTepaTypbl JODKEH BKJIIOYATh CCBHUIKM Ha
Hanbolee CyIIeCTBEHHBbIE pabOTHI IMOCIEAHUX JET 10 TeME CTaThH, HMPUYEM CTAaThbH CaMHUX
aBTOPOB (CaMOLMTHUPOBAHUA) He MOKHBI mpeBbimath 40 % oT Bcex ccbulok. B aBTOpCKHX
0030pax caMOIUTHPOBaHMSA MOTyT nocturatb 60 %, HO, Kak W B TeMaTHYECKHX 0030pax,
LUTHPYEMbIE CTaTbU IOJDKHBI BKIIOYATH B OCHOBHOM paboThl mocinenuux 10—15 mer. B texcre
CTaTbW JIOJDKHBI OBITH YHOMSIHYTBHI BCE CCHUIKH, IIPUBEICHHBIC B CIHMCKE JIUTEpaTypsl. CIHCOK
JIUTEpaTyphl IeYaTaeTcsl Ha OTACNIBHOM CTpaHHWIE C YKa3aHHEM HHUIMAIOB M (aMHIMH BCeX
aBTOPOB.

CnMCcoK JIMTepPaTyphbl J0/KeH ObITH 0(hopMIIeH cileyIoIMuM 00pa3om:

Ilpyn nmTHpoBaHMM cTaTel, ONMYOJINKOBAHHBIX 6 HAYYHBIX JCYPHANAX, BCIEN 3a Iiepe-
yrcieHneM Bcex aBTopoB (PMO) crnemyer mpuBOOUTH HA3BAaHHWE CTAaThH, Jajee Ha3BaHHE KYp-
Hajla, ToJ, TOM, HOMep (ecnu MMeeTcs) M CTpaHUUbl (mepBas-mociendss). [Ipu muTupoBaHHH
PYCCKOSI3BIYHOTO JKypHalla, NEPeBOAMMOTO Ha AaHINIMHCKUHA, HEOOXOANMO TaKXKe INPHUBOIUTH
CCBUIKY M Ha aHTJIOS3BIYHYIO BEPCHIO.

IIpumepul ccoliok Ha cmamvi:

Das K., Konar S., Jana A., Barik A.K., Roy S., Kar S.K. - Mononuclear, dinuclear and 1-D
polymeric complexes of Cd (Il) of a pyridylpyrazole ligand: Syntheses, crystal structures and
photoluminescence studies // J. Mol. Struct., 2013, v. 1036, p.p. 392-401.

Jlaiikos /[.H., Ycmuiniok FHO.A. - CuctemMa KBaHTOBO-XUMHYECKUX mporpamm '"Ilpupona-
04". HoBbIe BOBMOYKHOCTH HCCIEAOBAHUS MOJIEKYIISIPHBIX CHCTEM C TIPIMEHEHNEM MapalIeTIbHBIX
Beraucnenuit. // 3s. AH, Cep. xum., 2005, 1. 54, 3, c.c. 804-810 [Russ. Chem. Bull., Int. Ed.,
2005, 54, 820-826].

Knueu: byuauenxo A.JI., Baccepman A.M. CtabunbsHble pagukansl. M., Xumus, 1973, 58 c.

Ipu oOCyXIeHNN YaCTHBIX BOIPOCOB YKA3bIBAIOT KOHKPETHYIO CTPAHHILY HJIH TJIaBy KHHTH.

A. @. Ioaxcapcruii. TeopeTuuecKkrue OCHOBBI XUMUU TeTepoInKIIoB, Xumusi, Mocksa, 1985,
c. 57-58.

Cmambu 6 cOopHUKax:

Ona M., @apyx O., Ilpakaw /. K.C. B KH: AKTUBaIUsA W KaTaJUTHYECKHE PEAKIHH
ankaHoB / mox pen. K.M. Xwmna. M., Hayka, 1992, c. 39.

IMpn nuTHpOBaHWM MEPEBOAHBIX H3NAHMI IIOCTE BBIXOIHBIX JAHHBIX PYCCKOSI3BITHOM
BEpCHM B KBQJIPaTHBIX CKOOKax HEOOXOAMMO yKa3aThb BBIXOJIHBIC NaHHBIE OPUTHHAIBHOTO
n3nanus. Hampumep: BHyTpenHee Bpamienne mojekyn./ mon pen. B.Jl. Opsumi-Tomaca. M.,
Mup, 1974, 374 c. [Internal Rotation in Molecules, Ed. W. J. Orville-Thomas, Wiley, New York,
1974, 329 pp.].

Ilamenmui: Ccputasch Ha TATEHT WM aBTOPCKOE CBUJIETENHCTBO HEOOXOAMMO YKa3aTh
WHHIHANIEL ¥ haMITHN n300peTaTeneil mim GpupMy-naTeHToiepKaTelist, HoOMep IaTeHTa U AaTy.

O. E. Hacakun, E. I'. Hukonaes, A. c. CCCP 1168554; b. H., Ne 27, 90 (1985). J. E.
Dunbar, J. W. Zemba, US Pat. 4764608, 05.01.1994; Chem. Abstr., 100, 14852 (1994).

Juccepmayuu: Kosanes B.I'. Asroped. aucc. nokT.xum.Hayk. «Hazeanue», I'opon,
UHCTUTYT, I'oA, CTP.
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Ipozpammur: Sheldrick G. M., SHELXL93, Program for the Refinement of Crystal
Structure, Gottingen University, Gottingen (Germany), 1993.

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

CchUIKM Ha HEOIyOJIMKOBAHHBIE pE3YyNbTaThl U YAaCTHBIE COOOIIEHUS MAIOTCS MHCKITIO-
YUTEIHHO B BUJIE CHOCOK, a B CITUCKE JINTEPATyphbl HE IPHBOIATCS U HE HyMEPYIOTCSI.

3arnaBue CTaThH JOJDKHO MAaKCHMalbHO MH(GOPMATUBHO pacKpbiBaTh CyTh pabotsl (Bold,
3ariaBHble, 12). [locne 3aronoBka cienyloT HHUIMANE U Gamiumin aBTopoB (A.I. [TanosH, Bold,
cTpounsle,12), OpraHusanuu (CTpodYHBIe, WTAINK, 12), SIEKTPOHHAS MOYTa JUIS IEPEHHCKH.
KpaTKas aHHOTalus, B KOTOPOH cooOmIaeTcss O IeIM HCCIICNOBAaHMS M HPUBOAATCS OCHOBHBIC
pe3yabTaThl M BEIBOABI PAabOTHL. AHHOTaIMsl HE JOJDKHA COJAEPXKaTh HOMEPOB COCIUHEHHH,
JKCIIEpHMEHTalbHbIE JAHHBIE W CCBUIKM Ha JIUTepaTypy. B KOHIle NPHBOIUTCS YHCIO
JIUTEPATYPHBIX CCHUIOK, PUCYHKOB W Tabmui. Jlanee NpUBOIATCS KioueBbie cioBa (5-7),
OoTpakaromue oOMUi THII H3yYaeMBIX COCAMHEHHUI U XapaKTep PeaKIHi.

IToBTOpEHNE OAHUX U TEX K€ JAHHBIX B TEKCTE, TAOIUIAX U Ha PUCYHKAX HE JOMyCKaeTCs.
Kaxnast tabmuma M pUCYHOK JODKHBEI OBITH O3aryIaBJICHBI M CONPOBOXIATHCS ITOJIIUCHIO, HE
IyOnupyroneil OCHOBHOM TekcT. KonmuecTBO pHCYHKOB IOJDKHO OBITH CBEJEHO K MHHHUMYMY.
[IpuBeneHne OAHUX U TEX JKE CTPYKTYPHBIX (HOPMYIT HECKOIBKO pa3 He JOITyCKaeTcsl.

B Havasme OKCrepMMEHTAIBHOM YacTH NPHBOIATCS Ha3BaHHs INPHUOOPOB, HAa KOTOPBIX
MOTy4YeHbl (DU3UKO-XMMHYECKHE XapPAKTEPHCTHKU BEIIECTB, YKA3bIBAIOTCA JTHOO HCTOYHUKH
HCTIONB30BAHHBIX HETPUBHAIBHBIX PEareHTOB (HAaIpHMep "KOMMEpUecKHe Mpenaparsl, Ha3BaHHe
¢upmbl"), TOO IAIOTCS CCBUIKM HAa METOAWKH MX nomydeHua. Kamablii maparpadg skcme-
PUMEHTAJIbHON 4YacTH, ONMHCHIBAIOIIMII MOTy4YeHHe KOHKPETHOI0 COeJIHHEHHs, MAO0JKeH
coliep:KaTh ero ImoJjiHoe HauMeHoBanue no HomeHkJatype MIOIIAK u ero mopsiakoBbIii
HoMmep. [ BceX BIEpBBIE CHHTE3MPOBAHHBIX COCIUHEHMH, OIMCHIBAGMBIX B JKche-
PpumeHmanvholi Yacmu, HeoOXOAUMO IIPHBECTH JT0KA3aTENbCTBA IPUITUCHIBAEMOTO M CTPOCHUS
U JTaHHBIE, MTO3BOJIIONINE CYIUTh 00 MX MHAWBHIYaJbHOCTH M CTEIIEHH YUCTOTHL. B wacTHOCTH,
JIOJDKHBI OBITH TPEICTABICHBl JAHHBIE 3JEMEHTHOIO aHalIW3a MM MacC-CIIEKTPHl BBICOKOTO
paspemerns u crektpsl “H SIMP (npn Heo6xomumocTh crektpsl ~C SMP). Jlmst H3BECTHBIX
BEIECTB, CHHTE3MPOBAHHBIX OITyOJMKOBAHHBIM pPAHEE METOJOM, JOIDKHA OBITh IPHBEACHA
CCBIIKAa Ha JUTEpaTypHbIC HaHHbIE. /7SI H3BECTHBIX BEIIECTB, MOTYyYSHHBIX HOBBIMHU MIIM MOJH-
(GULIUIPOBAaHHBIMM METOJAMH, JOJDKHBI OBITH TIPEICTaBICHBI WX (U3UYECKHE M CIEKTpOC-
KOIIMYECKUE XapaKTEePUCTHKH, UCIONb30BaHHBIC JUIS IOATBEPIKACHHS UIACHTHYHOCTH CTPYKTYPEL,
METOJ] CHHTE3a M JINTepaTypHble AaHHBIC. [IpH ONMMCAHWM SKCIIEPUMEHTOB, XapaKTEPHCTHK
COE/IMHEHHH, CHEKTPOCKOIMYECKUX U KPUCTAIUIOrpaduueckuX TaHHBIX CIEIyeT PYKOBOACTBO-
BaTbCsl YKa3aHHUSMH, M3JI0KEHHBIMU HIDKE B HacTosmux [IpaBunax.

Ecnn, mo MHEHHIO peleH3eHTa WM PelakTopa, HOBBIE COSJMHEHUS He ObIIM yJOBIIETBO-
PHUTEIBHO OXapaKTEePU30BAHEI, JTHOO CTaThsi HE COJEPIKUT HOBBIX METOJOB CHHTE3a M HOBBIX
XMMHYECKHX TPEBPAIICHHH, a TakKe CHHTE3HPOBAHHBIE BEIIECTBA HE SBIAIOTCS HOBBIMH, CTAThs
He OyZeT MpHHSATa K MeYaT.

Cratbs 3axkanunBaeTcsi Cnuckom aumepamypet. CCbUIKM Ha JTUTEPaTypHbIE NCTOYHUKN
B TEKCTE U HOMepa CCBHUIOK B CIIUCKE JIUTEPATyphl, NMPHUBOIATCS B KBaAPAaTHBIX CKOOKax H
HYMEPYIOTCSl CTPOTO B IOpsIKE MX yrmoMHHaHus. [1og oIHMM HOMEpOM MOXKET OBITh yKa3aH
TOJIBKO OJIMH WCTOYHHUK. Y CJIOBHBIE COKpAICHUs Ha3BAHMH PYCCKOS3BIYHBIX )KYypPHAJIOB U CIIpa-
BOYHHKOB TIPHBOJISITCSI B COOTBETCTBUH C COKPAIICHUSIMH, IPUHATHIMA B PedepaTHBHOM KypHaie
XWMus; aHITIOA3BIYHBIX U JPYTHX HHOCTPAHHBIX JKyPHAJIOB — B COOTBETCTBHHA C COKPAICHASMH,
pexomernyembiMu Chemical Abstracts WM HCOTB3YEMBIMH CAMAMHE STHMH KyPHATaMH.

Bce ccputkm naloTcs B OPUTHHANBHOM TPAaHCKPUIINH; HEPOTIH(HIECKHE TEKCTHI MOTYT
LIUTUPOBATECS KaK B PyccKoii (cM. PedepaTHBHBIN sKypHaI XMMUHK), Tak U B JaTHHCKO# (cM. Che-
mical Abstract) TpaHCKpHITIMY, HO eAnHOOOpa3Ho. [IpeanouTHTebHEe TaTHHCKASL.

Tonpko B TEKCTE MOXXKHO HCIIONIb30BAaTh PycCKUe abOpeBHATYphI Uil PAacIpOCTPaHEHHBIX
pearenToB, pactBoputened u nurannos: Hanpumep ['M/IC — rekcamerunaucunokcan, [ M®A —
rekcametmnpocorpuamun, JMCO — numernncynspoxeun, AMPA — mumernnpopmamunz, TI'O
— rerparuapodypan, TMC — TeTpameTHIICHIaH, C pacI(POBKOI TP NEPBOM YIOMHUHAHHH.

Pexomennyercs mpuMeHATh B (opMynax cIemyrolue YCIOBHbIE OOO3HAuUCHUS: ANkl —
Alk, apun — Ar, rerepun — Ht, ranoren — Hlg, CH; — Me, C,Hs — Et, CsH; — Pr(i-Pr), C4Hg — Bu
(cootBercTBeHHO s-Bu, i-Bu, t-Bu), CgHs — Ph, CH3CO — Ac, me3un — Ms, to3ui — TS.
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IIpn coueranun mudpoBsIX mH(GPOB C OyKBEHHBIMH HHAEKCAMH HCIONB3YIOTCS OYKBEI
natuHcKoro andasura. CoeqMHEHUs POACTBEHHOW CTPYKTYpH IIMQPYIOTCsS obmeil nudpoi,
Hanpumep RX (2); s 0603HaueHUs UX HPOM3BOJHBIX, COACPIKAIINX PA3IUYHBIC 3aMECTHTEIIH,
HCTIOJIb3YeTCs Ta ke nudpa ¢ OyKBEeHHBIM HHAEKCOM, HanpumMep, coupt X = OH (2a), anerat X =
OAc (2b), Tosunar X = OTs (2c). [Ipi ynoOMHHAHHH TIOJHOTO HA3BaHHUs COCAMHEHHS AP
naetcs B ckoOkax. Henb3st ymotpebisits mmdpsl 6e3 06o0imaroniero ciosa (HapuMmep, peakiiis
coelMHEHHs 2¢, HO HEe peakuus 2C).

JKCHepUMEHTAJbHAs YacTh JOJDKHA OBITh HalMCaHa B HACTOSIIEM BpeMEHH (KHISTHAT,
CyIaT, yAaJIsiioT | T. 11.). Jis BuepBble ONMMCAaHHBIX COSANHEHHUH MPUBOIUTCS ITOJHOE Ha3BaHHE
no HoMmeHknatype UFOITAK. B DxcnepuMeHTalbHOM 4acTy MPU yKa3aHUM Macchl (Pa3MepHOCTb-
Italic) BBemeHHBIX B peakLHIO PEareHTOB OJHOBPEMEHHO IIPUBOIUTCS UX MOJIPHOE KOJIUYECTBO,
Hanpumep: " .. 0103 2 (L0 mmom) 2-3THHWIMHpHAMHA...". B 4ucIax IeCATHYHBIC pPa3psIbl
ormensitorest Toukoil (). B smmupuueckux OpyTTo-hOpMyaax 3JI€MEHTHI PACIONAralTcsl MO
cucteme Chemical Abstracts: C, H u pmamee cormacHo jaTuHckomy andaButy. Dopmyisl
MOJIEKYJIIPHBIX COSANHEHHH U OHUEBBIX cojiel maroTcst yepe3 Touky (Harmpumep CgHioNo*2HCI).
[pu onucaHuy MCIOJIB30BAaHUS TOHKOCIOWHOM XpoMaTorpaduu sl OYUCTKU TIPOIYKTa PEaKINH,
JIOJDKHBI OBITh YKa3aHBI KaKk COPOEHT, Tak W 3oeHT. Onu3nueckne KOHCTAHTHI U CIIEKTPAIbHBIE
XapaKTepUCTUKH PEKOMEHAYyeTCs CBOAWTH B TaOJMIBL. YIIOMHHAaeMble B 3aroyioBkax rpad
TaONMUIbl BENUYHHBI JOJDKHBI COMPOBOXIATHCS OTHENCHHBIM 3aISITOM yKa3aHHEM, B KaKHX
€AVHUIAX OHU BbIpaxkeHB! (Hampumep: "Boxox, %"). PU3HKO-XMMHYECKHE XapaKTEPUCTHKH
BEIIECTB HEOOXOMMMO yKa3aTb B HIDKENIPUBEJCHHOM MOpsAAke. TemmepaTypa IUIAaBICHUS H
KuneHus. Jlpama3oH TeMIeparypsl IJIaBICHHS BMECTE€ C PacTBOPHUTENEM, UCIOIb3YEMBIM IIpH
MePEKPUCTALIM3AIMY, CIEAYyeT YKa3blBaTh ST KaXXIOTO KPUCTAJUIMYECKOTO IPOXYyKTa, Hall-
pumep, "xémbie ubL, T. . 78-79 °C (BtOH) (1. . 79-80 °C (EtOH) [12])". AnanorudHo Ajs sKHIKAX
MPOAYKTOB — TeMIIepaTypa KUIEHUs, Harmpumep "GecliBeTHOe Macio, T. kum. 127-128 °C (10 mm
pT. ct.)".

UK n Y® cnektpsl. B sxcriepumenTansaoi yact it UK n YO cnektpoB 10mKHBI OBITH
YKa3aHbI TOJIBKO XapaKTePUCTHUECKUE JACTOTHI MOJIOC U JUTMHBI BOJIH MAKCUMYMOB MOTJIOIICHUSL.
UK crekrp (ToHKHH cioi), v, cu—1: 1650 (C=N), 3200-3440 (O-H). Y@ cnektp (EtOH), Amax,
uM (Ig €): 242 (4.55), 380 (4.22).

Cnextpst IMP 'H u BC. JlomxHs! GBITH yKa3aHBI 4acTOTa MPHOOPA, HCIOTb30BAHHbIH
cTaHJapT U pactBoputens. Ecou g IMP 'HuBC ucnons3yercss He TMC, 1o cienyer ykas3arh
XMMHYECKHH CIBHI CTaHIapTa B mikajie o. [y o0o3Ha4YeHWs IIOJIOXKEHHs aTOMOB BOJOpOJa
ClIelyeT UCTIOJIb30BaTh 0003HaueHus Tuna H-3. TIpoToHBI B cocTaBe CIOXHBIX TPYII, K KOTOPBIM
OTHOCHTCSI CHTHAJ, CIeAyeT MOA4YepkHyTh cHu3y [3.17-3.55 (4H, m, N(CH,CH,),)]; mis
MOJIOKEeHUs1 3amecTuTenerd oOo3HaueHuss 3-CHjz; nmns o0O3HA4YeHHs TOJOXKEHHS aTOMOB
ucnons3oBatk: C-3, N-4 u 1. 1. Eciin xakoi-miubo cUTHaN B CIIEKTpe OMUCHIBaeTCS Kak AyOJer,
TPUIUIET U T. M. (a HE CHHIVIET WM MYNBTHILIET), TO HEOOXOANMO NPHUBECTH COOTBETCTBYIOIIEE
konmaecTBO KCCB (J5 ). CHUrHANBI HOIDKHBI OBITH TPUBEAEHBI IS KaXK[0TO HOBOTO COEHHECHUSL.
Ecnan mpoBeneHsl MOIpOOHBIE HMCCIEIOBAHUS JUIsl YCTAHOBIEHMS CTPOCHHS WJIM IPOCTPAHCT-
BEHHBIX B3aHMMOJIEHCTBHUI aTOMOB, JIOJDKHBI OBITH YKa3aHbl HCIIOIb30BaHHBIe 2D MeTo bl

[Ipumeps! 3anucu:

Cnexmp AMP *H (400 MTI'y, CDCly), 8, m. 1. (J, I'y): 0.97 (3H, T, J = 7.0, CHy); 3.91 (2H,
K, J = 7.0, COOCH,); 4.46 (2H, 1, J = 6.1, NCH,); 7.10-7.55 (9H, m, H-6,7,8 + NHCH,CsHs);
7.80 (1H, ¢, H Ar); 7.97 (1H, ¢, H-5"); 8.13 (1H, &, Js = 8.2, H-5); 11.13 (1H, c, NH). Cnextp
SIMP *°C (100 MI'y, CDCly), 8, m. 1.: 16.8 (CH;); 36.3 (CH,); 48.5 (C-5); 121.6 (C-3); 123.0 (C-
9); 125.8 (C-3',5"); 128.9 (C-6); 134.4 (C-5a); 143.4 (C-10a); 148.3 (C-8).

Macc-cnekmpubl TPUBOJATCS B BUJIE YHCIOBBIX 3HAYEHUH M/Z U OTHOCHTENIBHBIX 3HAUCHUI
HMOHHOTO TOKa B IOCTPOYHOIl 3amucH win B Bujae TaOmunbl. HeoOXomuMo ykasblBaTh HCHOJNb-
30BaHHYIO Pa3HOBHJHOCTh METOJAa MOHM3AIMH, YHEPTUI0 MOHU3ALMH, MAacCOBBbIE YHCIIA Xapak-
TEPUCTHYECKUX HOHOB, X T'€HE3NC M HHTEHCHUBHOCTD 110 OTHOIICHUIO K OCHOBHOMY MOHY. Macc-
crextp (DY, 70 9B), m/z (Lo, %): 386 [M]™ (36), 368 [M-H,0]" (100), 353 [M-Me]" (23).
Macc-cniextp (XU, 200 3B), m/z (15, %): 387 [M+H]* (100), 369 [M+H- H,0]" (23).

Ilpumep 3anucu oanuvix macc-cneKmpa évicokozo paspeuwienusn: Haitneno, m/z: 282.1819
[M+Na]*. C;7H,sNNaO. Bsrancieno, m/z: 282.1828.

Ilpumep 3anucu dannsix nemenmnozo ananuza: Haiineno, %: C 55.22; H 4.09; Br 20.42;
C19.04; N 7.18. C1gH16BrCIN,O. Beruucneno, %: C 55.19; H 4.12; Br 20.40; C19.05; N 7.15.
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JlaHHbIE PEHTTEHOCTPYKTYPHOTO HCCIIEIOBAHUS CIEAYeT MPENOCTABIITH B BHJIE PHCYHKA
MOJIEKYJIbI C IPOHyMepoBaHHBIMH aToMamy, HarpuMmep C(1), N(3) (110 BO3MOXXHOCTH B ITpEACTAaB-
JICHMH aTOMOB 3JUTMIICOH/IaMH TEIUIOBBIX KojteOaHuii). I[TosHble kpucTaiuorpaduieckue qaHHbIe,
TaOJIMIBI KOOPAMHAT aTOMOB, JUIMH CBsI3€il M BaJICHTHBIX YIJIOB, TeMIIEpaTypHbIe (haKkTOphI JeTo-
Hupyotcs B KemOpumkckoM OaHKe CTPYKTYPHBIX JAHHBIX (B CTaThe YKa3bIBAETCS pPErUCTpa-
LIMOHHBII HOMEP CIOHEHTA) WK IPUBOAATCS B (haidyie CONpOBOUTENBHBIX MATEPUAJIOB.

Jnst opopmieHus XUMHYECKHX (GOpMyT M CXeM MpeBpamieHHH CIeayeT HCIONb30BaTh
nporpammsl SIS Draw umn ChemDraw, dout — Times New Roman.
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