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Y po6oTi mpoBefeHO CUHTE3 Ta eIeKTPOXIMIYHI FOCTIKEHHS MEePCIIeKTUBHUX aHOTHIX
MartepiasiB 3i CTPyKTypOI MepOBChKiTy Ximiunoro ckmamy Lila, TiO, (x = 0.35 Ta 0.5).
[opiBuaHo 3 Matepianom cknany Li, Ti,O,,8i ctpykryporo mapysaroi umineni, Li La, ,  TiO,
IIPOJEMOHCTPYBAB HIDKYE 3HAUEHHA POOOYOro IOTEHIIiaTy, IO O3BOINTD JOCATTY BUIIUX
3HaueHb poOOYOI HANIPYTY HA aKyMY/IATOPi IIpU BUKOPUCTAHHI TUX CaMMX KaTOJJHUX MaTepi-
ajIiB, Ta BUIIY PO3PANHY €EMHICTD, 1[0 JO3BOMUTD MiIBUIIVTI MUTOMI IIOTY>KHICTb Ta €Hep-
riro akymynAaTopa. OfepkaHi pe3ynbTaTyl € MiJCTaBOIO /71 MOAAIBIINX JOCTIPKEHDb Y IbOMY

HaNpAMKY, CIIPAMOBaHUX Ha OHTI/IMi3aI_IiIO METONY Ta YMOB CMHTE3Yy 3 METOIO NOCATHEHHA

AKOMOTa BUIIVX €IeKTPOXIMIYHUX XapaKTEePUCTUK.

Knrouosi cnosa: JIIA, aHomHNIT MaTepias, MiTili-IIPOBiJHI IEpPOBCHKITH.

BCTYII. Jlirint-ionni akymynatopu (JIIA)
HMIMPOKO BMKOPUCTOBYIOTH Y TIOPTaTMBHUX
e/IEKTPOHHMX IPUCTPOSIX, 3acobax 3B'A3KY,
e/IEKTPOMOOIIAIX 1 CTalliOHapHMX CUCTeMax
30epiranns eHeprii [1-5]. I]e mop’s3aHo 3 Be-
JIMKOIO KinbKicTio nepesar JIIA, a came Buco-
KOI0 TYCTMHOIO €Hepril, BMCOKOI €MHICTIO i
TPUBAINM TEPMiHOM eKCITyaTanii [6].

OpHMM i3 KII0YOBMX KOMIIOHEHTIB aKyMy-
NATOpA € aHOA. 3a/IsA 3abe3IeYeHHs BUCOKUX
xapakrepuctuk JIIA aHomHMIT MaTepian 1mo-
BYHEH MaTy BVCOKY €MHICTb, BMCOKi iOHHY
Ta €/IeKTPOHHY IPOBIJHOCTI Ta HU3bKY Bap-
TicTh [7]. ¥V niTill-ioHHMX aKyMynIATOpax 3a-
3BMYall BUKOPMCTOBYIOTh aHO/JHi MaTepiain Ha
ocHOBI rpadiry. OpHak IinbHA IMacuBaIiliHa
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I/IIBKA 3 OpPTaHiYHMX | HEOPTaHIYHUX CIIONYK,
1110 YTBOPIOIOTHCA HA IOBEPXHi YaCTMHOK I'pa-
¢iTy B pesynbrari i1oro B3aeMofii 3 eeKTpo-
JIITOM, 1 3HaYHi 3MiHU o6’eMy IiJ 4yac iHTep-
KaJALil/feiHTepKanAnil ioHiB JITiI0 CyTTEBO
ob6MexyroTh xapakTepuctuku JIIA Tta Kinb-
KiCTb 3apAA-po3pAnHMX IMKIiB. KpiMm 1poro,
aHOJIaM Ha OCHOBI rpadiTy TakoXX IpUTaMaHHi
BE/IMKi BTPATy €Hepril Ta CTpiMKe IOTipIIeHHs
XapaKTEPUCTHK 3a BMCOKMX IIBUIKOCTEN 3a-
pany/pospany [8-10]. Oxpim ByreneBux Ma-
TepiajiB AK aHOJHUII MaTepian /i MiTiin-ioH-
HUX aKyMY/IATOPIB IIMPOKO BUKOPUCTOBYIOTb
Li,Ti,O,, (LTO) si ctpykTypoto mmineni yepes
JIOTO BUCOKY CTabi/IbHICTD IIpM iHTepKayALii/
IeiHTepKaALil iOHiB JIiTiI0 Ta HE3HAYHY 3Mi-
Hy 06’eMy B mponeci ekcruryaranii (61m3bko
0,1%). ITpote Li Ti,O,, mae HU3bKYy TeopeTu4-
HY IUTOMY €MHICTb (175 MATOA/T), a J10TO Xa-
PaKTEepUCTUKM 3a BICOKOI IIBUIKOCTI 3apAny/
PO3pAAYy 3HaYHO NOTipIIYIOTbCA Yepe3 HU3BKY
e7eKTpOHHY mpoBipHicTh (107°-10° Cm/cm)
i Huspky mBuUAKicTb aMysii iomiB miTiio
(1.6x10" cm?/Cwm) [11, 12]. ns mogomaHHsS
UMX HEMOJIKIB Ta MOJA/bIIOrO MOKpaleHHA
XapaKTepUCTUK aKyMy/IATOpiB Oyno pospo-
6eHo 6e3miv migxoxis: Moudikalisa moBepx-
i Li Ti,O, oxcumamu [13, 14], meramamm
[15-17], ByrmeneBuMu marepiamamm [18-21],
a TakoX jieryBaHHA cTpykTypu LTO kariona-
MU TIEepeXiJHNUX, MOCTIEPEeXifHNX Ta pifKic-
HO3eMeIbHUX MeTaliB [22-25] abo a”HioHamMmu
F [26] i Br [27]. OpHak Bci 1i migxopy mnpu-
3BeflyTh O CYTTEBOrO 30i/bIIEHHA BapTOCTi
BUPOOHUIITBA.

Takum 4MHOM, NMOIIYK aHOZHMX Marepia-
JIiB i3 BUMCOKMMM €MHICTIO Ta IIBUAKICHUMU
XapaKTepPUCTHUKAMU, a TaKOXK MajOKl 3MiHOI
06’eMy mpu iHTepKaALii/feiHTepKanALil i-
Til0 3a/IMIIAETbCA AKTYa/JIbHUM 3aB/IAaHHAM.

Bapro sasmaunTy, 110 MakcuManbHa BUXiHA
IOTY>KHICTh 1 MiHIMa/IbHMII Yac 3apAly aKy-
MY/IATOpA 3a7eXXaThb fAK BiJj i0HHOI, TaK 1 Bif
e7IeKTPOHHOI IpoBigHOCTeN [28, 29]. PyHpa-
MEHTa/IbHMM OOMEXeHHAM IIBUAKOCTI po6o-
TU AKYMY/IATOPA IIPU 3apAAi i po3psA/i 3a3Bu-
Jait € nudysis i0HIB BCepeANHi YaCTMHOK aK-
TuBHOrO Marepiany [30]. OgHum i3 edexTns-
HIIX CITOCOOiB, 1[0 MOXKe 3MEHIINTY OBXKUHY
mIAxiB gudysii ioHis iTito Ta 3abesmeunTu
30i/IbIIIeHHS IUIOLII KOHTAKTy MIX eleKTpo-
JIOM Ta €JeKTPOJITOM, € 3MEHIIEHHA PO3Mi-
Py 4YacTMHOK aHOZHOro Matepiamy [31-33].
Kpim 1poro, apTepHaTMBHUM ILJIAXOM MOXKE
OyTM BUKOPMCTaHHA MarepiasiB, [0 MaiTh
IHTEpKa/ALIHY IICEBIOEMHICHY IIOBENIHKY
HaKOIMYEHHA 3apAnY, AKa BUHMKAE 3a Paxy-
HOK iHTepKa/Auil ioHiB y TyHem a6o mapwn
aKTUBHUX MarepianmiB 6e3 kpucramorpagiu-
Horo ¢asoBoro nepexopy [34-37]. Ocobmu-
BICTIO IHTEPKAJIALIHOI IICEBJOEMHOI peaKIil
€ WBUJKI Ipolecu iHTepKaALii/meiHTepka-
JALI HOCIIB 3apAfy, 10 JO3BOIUTD BOJHOYAC
HBOCATTY BMCOKOI EMHOCTI Ta IIBUJLKOTO 3aps-
ny akymynaropa. LiLa . TiO, mo6pe Bifo-
MU AK CYNE€PiOHHMII NPOBITHNUK i3 BICOKOIO
ioHHOIO TpoBizHicTIO 0 & 10~ CM/cM 32 KiM-
HaTHOI TeMiiepaTypu [38]. Bin kpucramisyers-
CA B CTPYKTYpi TUITYy IIEPOBCHKITY, 1[0 CKIa-
JlaeThCsA 3 Kapkacy okraeapis TiO,, cTabinizo-
BAaHOro aromMaMnu La, i Mae BeIMKy KibKiCTh
BaKaHTHUX MiCLIb y He3aHATUX M03KLiAx 18d
i 6a, AKi MOXYTb OpaTy y4acTb y HAKOIMYEH-
Hi Ta pudysii ionis mitiro [39]. Kpim nporo,
mia Lila,  TiO, € xapakTepHuM eneKkTpo-
HHMUII TIepeXif Bifl fielIeKTpMKa IO METaly 3a
BUCOKMX PIBHIB iHTepKasALil /IiTiio, 10 Bifi-
MOBifae moTeHIliaaM Huk4e 1,5 B BimHOCHO
Li*/Li [39]. BuiiesasnadeHi nepeary poo/iaTh

LiLa, . ﬂ3T1O3 MIePCHeKTVBHUM KaH[NUJATOM
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Ha po/ib aHOZHOrO Matepiany g JIIA Buco-
KOI IIOTY>KHOCTI.

Tomy meroto 1iiei po6oTu 6yno gocmimken-
H: e/IEKTPOXIMIYHMX XapaKTePUCTUK aHOJHUX
marepianis ckmany LiLa, . TiO, (x = 0.35 Ta
0.5) 31 CTPYKTypOI0 IEPOBCHKITY i TOPiBHAHHSA
iX 3 e/eKTPOXIMIYHMMM XapaKTepUCTUKAMU
Li, Ti,O , 31 cTpyKTypOIO 11apyBaToi MiHeIi.

EKCIIEPMMEHT I OBI'OBOPEHH/ PE-
3YJIBTATIB. Hanowactuuku Li Ti,O , (LTO)
ta Li La,, .TiO, (LLTO), 3 axux Hapmani 6yno
BUTOTOBJICHO aHOAM JTA0OPaTOPHMX HalliBese-
MEHTiB, Oy/I0 CHHTE30BaHO 30JIb-Te/Ib-Me-
TOSOM. fIK BMXifHI peareHTU JjiA CUHTE3IB
BMKOPUCTOBYBa/mM KapOonar mirio Li,CO,
(x.4.), pnanerunaneronarauizonpominar (IV)
mnrany C, H OTi (~75% B isonpomnano-
i) (0c.4.), BOGHWUIT PO3YMH HIiTpaTy JAaHTaHY
La(NO,), (u.m.a.), 65%-By a30THy KUCIOTY
HNO, (oc.4.), 25%-it BoHMi1 pO3uMH amia-
xy NH,OH (x.4.), TMMOHHY KUCNIOTY (X.4.) Ta
eTuneHrmikonp (x.4.). CxeMy cuHTe3y Ipefi-
craBieHo Ha puc. 1. CrexiomMmeTpMyHy Ki/b-
KiCTb KapOOHATy JiTil0 PO3YMHANM B 5 MII
a30THOI KUCNIOTU. [I0 po3uMHy JoflaBaau Bifi-
MHOBIiHI KiTbKOCTi IMMOHHOI KMC/IOTU Ta €TU-
TIeHITIiKOMIo i HarpiBamm cymim 3a 120 °C npnu
IIOCTIIHOMY IlepeMilllyBaHHi. Y BUIIA/IKy CUH-
tesy LLTO o posumnny nirtito ofpasy fogaBa-
I CTeXIOMeTPpUYHUI 06’€M pO34MHY HiTpary
NMaHTaHy. JIManeTnIaneToOHATAMi3ONpOIinaT
(IV) turany npunmBamy micis BULIAPIOBaHHS
PO3YMHY BIPOAOBXK 8 TOAVH, II00 YHUKHYTH
jioro rigponisy. Yepes roguHy micns fogaBaH-
Hs PO3YMHY TUTAHY JOAAaBa/Ii BOGHNI PO34YMH
amiaky s gocarnennsa pH=10. Cunres npo-
noBxyBamu 10 roguH 3a temneparypu 135 °C
no ¢opmysanna remwo. IIpekypcopu LTO Ta
LLTO 6yno oxeps>kaHo mic/s miposisy remis 3a
temnepatrypu 350-450 °C. JInsa popmyBaHHA

https://ucj.org.ua

KPUCTAJYHUX CTPYKTYP YaCTUHOK IIPOBO-
AU TePMOOOPOO/IEHH IPOAYKTIB Miposisy
3a temneparypu 850 °C Bnponosx 1 ropuun
Ta 3a 900 °C Bupopmosx 6 roguH ana LTO Ta
LLTO BignosigHo.

Hapani i3 ofep)xaHMX HAHOYACTUHOK OYI10
BUTOTOBJIEHO €JIEKTPOAY i Tab0paTOPHUX
JIiTiEBUX HamiBeneMeHTiB. /I 1IbOTO HaHO-
YaCTUMHKM aHOJHMX MaTepiajiB 3MilllyBamu 3
posunaoMm [IBJI® (monisininigendropun) y
N-MeTun-miponifioni, caxxero Ta rpadirom 3a
criBBifHOImEHHA 85: 7: 4: 4 mac%. OTpuMany
CYCIIEH3i10 HAHOCUM/IM Ha MIZHUI CTPYMOBUIA
KOJIEKTOP TOBIIMHOK 17 MKM 3a JIOIIOMOIOIO
armikatopa Doctor Blade. [Insa BupanenHs
OpPraHiYHOrO PO3YMHHMKA KOJIEKTOP i3 HaHe-
CEHOI0 MACOI0 CITOYATKY HarpiBajy BIPOJOBX
30 xB. 3a temneparypu 100 °C. Enexrpogny
Macy BMPIBHIOBaIM Ta YIUUIbHIOBAAM IIJIA-
XOM IIPOKATKM 4epe3 Banbli. Enekrponu 6yno
BUTOTOBJIEHO 3a IOIIOMOTOK IPOCIYKM Y BU-
I7IA1 IUCKiB fiameTpoM 16 MM. Burortosneni
e/IeKTpoAM Cyman 3a Temmneparypu 120 °C
BIIPOZIOBX 12 rop. Sk mpormeneKkTpon B ycix
HaliBe/IeMeHTaX Oy/I0 BMKOPUCTAHO MeTaje-
BUIi J1iTiit. JlaboparopHi HaniBeneMeHTH 6y10
No6yIOBaHO 3 BMKOPUCTAHHAM KOPITYCHUX
meTanell IEepBUHHMUX €IeMEHTIB MOHETHOI
KoHCcTpyKwil CR 2016. Mix enekTpogamu 1o-
MillJa/i IIPOCOYEHMI PiIKUM €eKTPOTiTOM
(1 M posumnom LiPF_ y cymimi posumnum-
KiB — eTulIeHKapOOHaT / IVMMeTIIKapOoHaT /
AVeTVIeHKapOoHaT y criiBBifHOImIeHHi 1 : 1: 1)
cenaparop Celgard 2400 TOBIIMHOIO 25 MKM.

Obnaonanns. ®a3oBuii cKiay 3pasKiB BCTa-
HOBJTIOBA/IM IIVIAXOM PEHTTeHO0(pa30BOr0O aHa-
nizy (P®A) na pudpakromerpi « TPOH-4-07»
(CuKo-BunpominenHs) B inTepsani 20 = 10—
70° i3 kpokoM 3HiMaHHA 0,02° Ta eKCIIO3UIIi€0
10 c.
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JIMMOHHA KHCIIOTa Ta CrexioMeTpHYHa
CTHJICHTIIKOIb Y kinpkicts Li,CO;, CrexiomerprdHa
cmiBBigHOMIEHH] 1:4 posunHenoro B HNO; kinbkicTs La(NOs),

A 4 A A

ITepeminryBanns cymimi 3a 120°C,

moJiecTepu(ikaIiist Ta yTBOpEHHS
HOJIMEPHOTO KOMILIEKCY

BBenieHHS CTEX10METPHIHOTO
00’emy C,cH,30,Ti

OpnepxaHHS IPEKYPCOPY
(mipomni3 3a 350-450°C )

TlonpiOHEHHS IPEKypPCOPY B
dapdoposiii crymi

l Y.
—_———— —_——— —

I TepmooOpoOIeHHs 3a | TepmooOpoOIeHHs 32
| Temmeparypu 850°C | temmneparypu 900°C

— — — — — — —

A4

LiyLa, 3 43 TiO;

Puc. 1. Cxema cMHTe3y aHOIHMX MaTepialiB 3i CTPYKTypaMU IIIiHesli Ta IePOBCLKITY 30/Ib-Telb-Me-
TOZIOM (CYLI/IBHMM KOHTYPOM BUAI/I€H] CIII/IbHI J/IA BCIX CMHTE3iB eTam; ITPUXOBYM — eTaIll, IPUCYT-
Hi ume mig yac cunresy Li, Ti, O, mynkrupom - Li La, .  TiO,)

Fig. 1. Scheme of the synthesis of anode materials with spinel and perovskite structures by the sol-gel
method (the solid line indicates the stages common to all syntheses; the dashed line shows the stages
present only during the synthesis of Li Ti,O ; the dotted line - Li La, , .TiO,).

Busnadenns posmipiB Ta Mopdomnorito TiB ARBIN (MITS Pro Software MSTAT 32,
CMHTE30BaHNMX HAaHOYACTMHOK mpoBogwy 3a Arbin Corporation, USA) i VMP3 (Bio-
JIOTIOMOTOl0  TpaHCMiciltHoro enekTpoHHoro Logic-Science Instruments, ®panuis). [Ins
Mmikpockoma JEM-1230 (pipma JEOL, SAnoHis1). BCTaHOB/IEHHsS ITOBTOPIOBAHOCTI Ofep>KaHMUX

BumiproBaHHA ~ 3apAny/pospsAmy  mabo-  pe3ynbTatiB 6y10 HOCTiIKeHO cepil 3 3-X Ko-
PaTOpPHUX HaIliBeJIEMEHTIB MNPOBOAMIM 3a MIpOK 3 OJHAKOBMM CK/IaflOM €JIEKTPOJHOIO
JIOTIOMOTOl0 OaraTOKaHaJIbHUX IOTEHI[iOCTa- Marepiainy.
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Puc. 2. Pesynvratn POA pocnimxysanux marepianis: 1 — Li 4TiSO

Ha puc. 2 mnokasaHo pe3ynbTaTu pEHT-
reHogasosoro auamisy spaskis Li Ti.O,
Li ,La TiO, i Li La TiO,, opepxanux
3071b-T€/Ib-METOMIOM. fIK BUIHO 3 PUCYHKY, BCi
mudpakuiitni miku spaskis Li, Ti,O , (mupak-
Torpama 1) BillOBiZaloTh CTPYKTypi KybiuHOI
mninesni 3 mpocroposo rpynoo Fd-3m, Toxi
Ak yci mikm Li  La  TiO, (nudpakrorpama 2)
i Lij.La TiO, (nmudpaxrorpama 3) - Terpa-
TOHAJIbHI CUMETPIii 3 MPOCTOPOBOIO TPYIIOI0
P4/mmm (JCPDS #87-0935). 3a momomorowo
nporpamHoro 3abesmnedenHs Origin Pro 9.0
i3 BUKOPMCTAaHHAM OJep>XKaHUX PEHTTEHO-
rpaM Oy/I0 IPOBEEHO BM3HAYEHHS CTYIIEHS
KPUCTAIIYHOCTI Oflep>KaHMX 3pasKiB 3a METO-
VKO0, omicaHow B pobori [41]. [TpoBeneni
PO3paxyHKM IIOKa3ajy, IO CTYIeHi KpUcTa-
JIYHOCTI Ofiep>)KaHMX 3pas3KiB CTAHOBJIATb

https://ucj.org.ua

T I
20 10 20

2-Li,,La

TiO; 3 - Li, La, TiO,
Fig. 2. XRD patterns of the studied materials: 1 - Li .0, ;2 -Li La TiO; 3 -Li La TiO,.

12° 0.55

79,05, 83,00 Ta 82,80% s spaskis Li Ti.O ,,
Li ,La TiO, Ta Li La TiO, BinmosigHo Ta
CBil4aTh IPO BUCOKMII CTYIiHb BIOPAJIKOBA-
HOCTI KpUCTA/IIYHOI CTPYKTYPU.

Ha puc. 3 nHaBegeno pesynbratu TEM-Mmik-
pockomivHux jocnimpkensb 3paskis Li Ti,O,,
LiO'SSLaO_ssTiO3 i LiO_sLaO_STiO3, oflep>KaHUX
30JIb-Te/Ib-MeTOIOM IIiC/I TEPMOOOPOOIEHH
3a temneparypu 850 Ta 900 °C. IIpencrabne-
Hi MikpodoTorpadil (puc. 3) BKasyoTh Ha Te,
IO BCi 3paskM € KPUCTATIYHUMU, OfHAK Ha
MikpogoTorpadisx CHOCTepiraeTbcsi 3HaYHA
aryioMepallis HAaHOYaCTMHOK MiX c00010, 1110
IIOB’13aHO 3 BIICOKOIO TEMIIEPATYpPOIO IXHBOTO
TepMOOOPOOIEeHHS; TIPY 1IbOMY CEepelHi po3-
MipM YaCTMHOK CTaHOBIATH ~ 200 HM [1d
spaska LTO Tta 3HaxopATbCca B Mexax 70—

120 am g1 spaskis LLTO.
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' Kpusi 3apsajy/pospsmy HariBeleMeHTIB,
nobynosBanux Ha ocHoBi LTO Ta LLTO, B ni-

amazonax Hamnpyr 1.0-2.5 B ta 0.0-3.0 B Bin-
HocHO Li/Li* BifilmOBiHO 3a TyCTUMHU CTPyMY
20 MA/r moxasaHo Ha puc. 4. 3 pUCYHKY BUJHO,
1110 IT0YaTKOBI pO3PAHI EMHOCTI JOC/TI/KYyBa-

\ HJIX 3Pa3KiB, Oflep>KaHNX 3071b-T€/Ib-METOMIOM,

e macrymuumu: Li, Ti,O, - 132,33 mAron/t,
LiOSSLaO.SSTiO3 - 87,88 MmArop/T, LiO'SLaO_f_)TiO3 -
167,98 mAron/r. HesBopoTHa BTpaTa €MHOCTI
Ha IIE€PIIOMY LMK IS €IeKTPOJIiB, BUTOTOB-
JIEHUX i3 JOCIIJPKyBaHUX MaTepiasiB, CTaHO-
Buth 1,51%, 2,99% T1a 2,37% mna Li Ti,O,,
Li,La TiO, rta Li_ La TiO, BigmosigHo.
SIK BUTHO 3 pO3PaxyHKiB, eeKTUBHICTb 060X
3paskiB LLTO pmemo nocrymnaerbcsa aHanoriv-
HOMY 3HadeHHI0 711 LTO, ogHak, ocKinbku 1e
3HaYeHHs He IepeBUIIye HEe3BOPOTHY BTpa-
Ty €MHOCTI 1 TpadiToBUX eneKTpofiB [42],
pO3po6IeHHsI MOBHOI e/IeKTPOXiMiYyHOI cuc-
TeMI Ha OCHOBI aHofiB i3 LLTO 3anuiaerbcs
MOX/IMBUM. BapTo 3asHaumTy, mo pospsap-
Ha eMHicTb 3paska LTO e sHauHO HIKYOIO,
HDK TeopeTuMYHa €MHICTh IJbOro MaTepianmy
B (~175 mArop/r). 3rigHo aHamidy iTeparyp-
HIUI JAHUX, €IeKTPOXiMiuHI XapaKTepUCTUKA
LTO, ogep>KaHOTo 30/b-Te/Ib-MeTOJOM, 3Ha4-
HOIO MipOI0 3a/IeXaTh Bifi KOMIITIEKCOYTBOPIO-
BauyiB, AKi BUKOPUCTOBYIOTb Yy IIPOLIeCi CHHTe-
3y. ABTopu pobotnu [43] mokasanm, 10 KOMII-
JIEKCOYTBOPIOIOYMIT aT€HT Ma€ 3HAYHUI BIIJIUB
Ha po3Mip, popmy, MOPGOJIOTilo YaCTHHOK Ta
CTYIiHb IXHBOI arjomMepanii, i TAKUM YMHOM
3HAYHOI0 MipOI0 BIUIMBA€E Ha €IEKTPOXIMiuHi
— 1111 BJIACTMBOCTI IpOAYKTiB. HaiBuii enexrpoxi-
MiYHi XapaKTepUCTUKM aBTOpaM poboTu [43]
BJja/IOCA OCATTY IIPY BUKOPMUCTAHHI TpueTa-

eI

Puc. 3. TEM-mixpodororpadii gocmifmKyBanmx
marepianis: a - Li,Ti,O 6 - Li ,.La .TiO

B - Li La TiO, HOJIaMiHY K KOMIUIEKCOYTBOPIOIOYOIO areH-
Fig. 3. TEM images of the studied materials: a - Ty. ¥ 3a3HadeHiit po60Ti aBTOpM IiiecrIpsAMO-
Li,Ti,0 ;6 - Li ,La TiO; B - Li La TiO,. BaHO BMKOPUCTOBYBA/IM IMMOHHY KIUC/IOTY K
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KOMIIJIEKCOY TBOPIOIOUMIL areHT ITiJf 9ac CUHTe-
3y BCiX BOCIPKYBaHUX MaTepialiB 3a71s KO-
PEKTHOTO IOPIBHAHHA IXHIX €/IeKTPOXiMIiYHUX
XapaKTepuCTUK. Mo)KHa NPUITYCTUTH, 1O B
nponeci cunTesy LLTO kommiekcoyTBopro-
Bad TaKOX OyJe 3HAYHOI MipOI0 BIUIMBATU
Ha po3Mip, popmy, MOpP(OJIOTiio YaCTNHOK Ta
CTYIIiHb IXHBOI arjaoMepalil i, AK HacCIifIoK,
Ha eJIEKTPOXIMiYHI XapaKTepUCTUKN aHOJHO-
ro matepiany. TakuM YMHOM Hajjami BAACTbCA
nigBUIUTH piBeHb Xapakrepuctuk LLTO sk
AHOMIHOTO MaTepiajy IIIAXOM ONITUMi3allil
BUXITHUX peareHTiB, KOMIUIEKCOYTBOpIOBaYa
Ta yMOB cuHTe3y. [lopiBHAHO i3 3apsapn/pos-
papaumy kpusumy mmineni Li Ti,0 , (puc. 4,
KkpuBa 1), obunsa 3paskn LLTO (puc. 4, xpu-
Bi 2 Ta 3) XapaKTepu3yIOTbCA HIDKIMM pobo-
YUM IIOTEeHIia/IoM, opiBHAHO 3 LTO, 1o mo3-
BOJIMTD 301/IBIINTY HAIIPYTU aKyMy/IATOpa Ha
1,2 B npyu BUKOPUCTAaHHI TUX CaMUX KaTOGHUX
Marepiais.
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2,4

2,0

S 16

[=}
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0,4

0,0-

[ ]
w

[

Han

2 3

0 30 60 9 120

€MHicTh, MATOA/T

150 180
Puc. 4. 3apan/pospsAnHi KpMBi nepmmnx NUK/IiB
7MabOpaTOPHMX HAIliBelIeMEHTIB Ha OCHOBI JOC-
NipKyBaHMX Matepianis: 1 - Li 4Tisolz;
2- Lio.35Lao.55Tioa; 3- Lio.sLao.sTioa
Fig. 4. Initial charge/discharge curves of labo-
ratory half-cells based on the studied materials:
1-LiTiO,;2~-Li  La TiO;3-Li La TiO.,.
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[Ipore pospsinna emuictb Li La TiO, me-
peBuiye pospsanny emHicts Li  La . TiO, ~y
1,5 pasu. OcKinbKu IepOBCHKITHA CTPYKTypa
ckmazaerbest 3 okraenpis TiO, To BHY TpilIHii
IIPOCTIP MK AKVMMI MOXXYTb 3alIMaTy SIK i0HM
Li*, rak i La**, a ionHa npoBigHicTh MarepiasniB
iy Li La, . TiO, 3Ha4HO0 MipOI0 3a/1eKUTD
BiJl CIIiBBiJHOLIEHHA Ta BIIOPAJKOBAHOCTI Ka-
TioniB Li* Ta La** y xpucraniuHiit cTpykrypi.
Y BunajKy 3HaXO[pKEHHA B IIbOMY ITOJIOKEHHI
aroMa Li, «BiKHO» Mi>K aTOMaMM KMCHIO 3JaTHe
Opatu y4yactp y andysii ionis Li*, Toxi Ak npu
3HAXO/PKEHHI B IIbOMY IIOJIOKEHHi aToMa La
mndysisa ioHiB J1iTiI0 Yepes «BIKHO» HEMOXIIN-
Ba [44]. lle mosACHIOE HIDKYY €MHICTb Marepi-
any Li0_35La0_55Ti03 IIOPiBHAHO 3 LiO_SLaO.STiOy
OCKIJIbKM TIpM 3MEHIIEHHI KOHLIEHTpAL|l /1aH-
TaHy 301/IbITYETbCA KiNIbKIiCTh MTOIO>KEHb, B AKi
3[aTHi iHTepKamoBaTy aToMu Li.

Ha puc. 5 HaBefeHO 3a/IeXKHICTb NUTOMOI
€MHOCTI BiJj TyCTMHU CTPyMYy 3apApy/posps-
my mia Li, Ti.0 ), Li , La TiO,iLi La TiO,
Oflep)KaHMX 3071b-TeNb-MeTomoM. g pos-
PaxyHKy CTPYMOBOTO HaBaHTaXeHHA OY/IO
BUKOpUCTaHO 3HadeHHA C, sAKe BifNoBifgae
(bakTUYHOMY pO3psly HaIliBeJIeMEeHTy 3a
1 ropuHy. K BUHO 3 PUCYHKY, EMHICTb yCiX
HOCI/PKYBaHUX MaTepiajliB 3MEHIIYETbCA 3i
361/IbIIIEHHAM TYCTUHY CTPyMy. Bapro 3a3Ha-
4nuTH, 1O 3pasok Li 4Ti5012’ BUTOTOBJIEHU
30/1b-T€/Ib-METOOM, XapaKTepU3yeTbCA Hail-
611bIIMM IANiHHAM €MHOCTI. BogHo4yac 06u-
nBa 3pasku LLTO xo04 i ;eMOHCTPYIOTh IeBHe
3HVDKEHHS €MHOCTI 32 BUCOKMX T'YCTUH CTPY-
My, IPOT€E BOJIOAII0Th 3HAYHO KPALVIMU HIBUJ-
Kicaumu xapakrepuctukamu, Hix Li, Ti,O ..
HajimeHIuM mapiHHAM €MHOCTI mpu 30imb-
LIEHHI TYCTMHU CTPyMYy Cepefi JOCiPKEHUX
3paskiB  xapaktepusyerbcsa  Li La TiO,,
IO CBIfYMTHb PO 3HAYHO Kpalli MBUAKICHI
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xapakrepuctuku 3paska LLTO 3 Bucoxkum
BMICTOM JIiTi10, IIOPiBHAHO 31 3pa3KOM i3 HU3b-
KM BMIiCTOM JIiTi10.

100 s, , aasey
0.3C~'Z'Z$A AA “V-Y-y-v—
0.6Ce s " tana 0.3C
801 1C -v-v ELA?A A-A-A /
B | :
-, 60 -
=
=]
=
< 40-
=4
201——LTO e
——LLTO 035055 120C |
0{——LLTO 0,5/0,5 3600C
0 5 10 15 20 25 30

Homep mukny
Puc. 5. 3mina nuToMoi éMHOCTI 1abopaTopHUX
HaIliBeJIEMEHTIB HAa OCHOBi JOCIiIPKYBaHUX Ma-
TepiasiB 3a Pi3HUX IYCTUH CTPyMy
Fig. 5 The specifc capacity of laboratory half-
cells based on the studied materials at the different
current densities.

3MeHIIIeHHs €MHOCTI MaTtepiany npu 36imb-
IIeHHi CTPYMOBOrO HaBaHTa)KeHHA IIOB’s3a-
He fK 3 JIOr0o i0HHOW, TaK i 3 €IEKTPOHHOIO
NpOBiJHOCTAMU. ENeKTpoHHa IpPOBiJHICTDH
000X HoCTi/pKeHNX MarepiasiB NIepoBCbKITHOT
CTPYKTypu cTaHOBUTH ~ 10 Cm/cm [45]. On-
HaK XapaKTep iOHHOI IPOBITHOCTI MOXKe 3Ha4-
HO BifipisHATHCA. fIK BXe 3a3HavanocA paHi-
11e, ioHHa npoBigHicTh LLTO 3HauHOI0 Miporo
3aJIeXUTH Bif posmnopiny karionis Li* ta La’*
Mix okraegpamu TiO,. OCKinbKu B Kpucramiv-
Hill CTPYKTYPI JiTill-NIPOBiAHNX NI€POBCHKITIB
CIIOCTepiraeTbcs 4epryBaHHsA 30aradeHux Ta
30i{HeHNX TaHTAaHOM IIapiB [46], 30iTbIIEHHS
KOHIIEHTpaIil JIiTiio i, IK HAC/TiJOK, 30i/IbIIIeH-
HA KIJIBKOCTI BaKaHCIiil, TO 1ie IPU3BOJUTD He
nuire Ko 30iMbLIeHHA KilTbKOCTi 10H-IIPOBif-
HUX KaHAJIB, a i1 10 iXHbOTO OinblI piBHOMIp-

10

HOTO PO3MNOJAINYy B KPUCTAMi4HI CTPYKTYypi
LLTO. 3rigHo aHanisy jmiTepaTypHUX [JaHUX,
y MaTepianax i3 HU3bKMM BMICTOM JIITiIO IIPO-
SABNIAETbCA IBOBUMipHa Audysis ioHiB niTito,
TOJIi AK Yy MaTepianax i3 BUCOKMM BMICTOM JIi-
Tifo mudysia ioHiB Li* BifOyBaeTbca y Tppox
HanpsMKax [47]. Le mosicHioe 3HaYHO Kparii
IIBUAKICHI XapaKTepUCTUKM MaTepiany XiMid-
Horo ckmany Li  La . TiO,. Bci Buinesasnaveni
nepesaru pobnarp Lij La TiO, nepcnexktns-
HJIM MaTepia/ioM I OAA/IbIINX JOCTiKEHb.
BJYICHOBKH. Y po6oTi npoBefieHO TOPiB-
HAHHA eJIEKTPOXiMIYHNX XapaKTEePUCTUK IBOX
TUIIB aHOJHMUX MaTepianis, a came Li, Ti,O ,
3i crpykryporo mmmineni ta Li La TiO, i
Lij La TiO, 3i cTpyKkTypow TEpOBCBHKITY.
[IokasaHo, WO cepef JOCHTIIKEHUX MaTepi-
aniB  Li La TiO, xapaktepusyerbcsa Haii-
BUIIOI0 IIOYaTKOBOK PO3PAJHOI0 EMHICTIO
(167,98 MAron/r) Ta Mae HajiKpali MBUIKiC-
Hi XapakTepuCTUKM. TakoXX BapTO 3asHauu-
T, IO 3aBAKY 3HAYHO HIDKYOMY poOodoMy
norenuiany, nopisasauo 3 LTO (0,6 B nmporn
1,6 B), BUKOpUCTaHHA MTiN-TMPOBifHUX IIe-
POBCBKITIB AK aHOZHMX MaTepiasliB JO3BOIUTD
3011pIINTY pOOOYY HAIIPYTY aKYMY/IATOPIB Ha
1,2 B npy BUKOpUCTAaHHI TUX CaMUX KaTOGHUX
Matepiazis. Onep>kaHi pe3ynbTaTyl € MifCTaBO0
1A TIOJA/IBIINX NOCTI/IKEHb y IIbOMY HaIIPAM-
Ky, CIPSIMOBaHMX Ha OINTMMIi3allil0 METORY Ta
YMOB CUHTE3y 3 METOK JOCATHEHHS SJKOMOTra
BUIIVX €/IEKTPOXIMIYHMX XapaKTEPUCTHK.
E/, Po60Ty BHMKOHaHO 3a IiATPUMKN
HanionanbHoro ¢poHay mocmimKkeHn
Ykpainu, npoekt «Po3pobneHHs HOBUX TH-
IIiB TBEPAOTIIbHMX JTiIEBUX aKyMYIATOPiB
BIICOKOI €EMHOCTI /11 3a06e3mevyeHHs eHepre-
TUYHOI Oe3meKku YKpaiHm» (peecTpaniitHumii
HOMep HpoeKTy: 2022.01/0154).
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Lithium-ion batteries (LIBs) are widely used
in electronic devices due to their numerous ad-
vantages, namely high energy density, high ca-
pacity, and long service life. One of the impor-
tant components of a battery is the anode. In
order to ensure high characteristics of LIB, the
anode material must have high capacity, high
ionic and electronic conductivities, and low
cost. However, commonly used anode materi-
als in lithium-ion batteries have a number of
disadvantages. For example, a graphite-based
anode is characterized by significant changes in
volume during intercalation/deintercalation of
lithium ions, high energy losses, and rapid de-
terioration of characteristics at high discharge/
charge rates; Li Ti,O,, have a low theoretical
specific capacity, low electronic conductivity
and low diffusion rate of lithium ions.

https://ucj.org.ua

Thus, the search for anode materials with
high capacity and capability rate, as well as
small volume change during lithium interca-
lation/deintercalation, remains an urgent task.
A promising way may be the use of materials
with intercalation pseudocapacitive behavior
of charge accumulation, which occurs due to
the intercalation of ions in tunnels or layers
of active materials without a crystallographic
phase transition. Li La, . TiO, is well known
as a superionic conductor with a high ionic
conductivity o = 10~ S/cm at room tempera-
ture. It crystallizes in a perovskite-type struc-
ture that consists of a framework of TiO, oc-
tahedra stabilized by La atoms, and has nume-
rous vacancies in the unoccupied positions
18d and 64, that could participate in the stora-
ge and motion of Li ions.

Electrochemical characteristics of
LiLla,,  TiO, (x=0.35and 0.5) anode mate-
rials with a perovskite structure were investi-
gated and compared with the electrochemical
characteristics of Li, Ti,O , with a layered spi-
nel structure.

Key words: LIBs, anode materials, Li-con-
ductive perovskite.
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PERIODIC MESOPOROUS ORGANOSILICAS WITH CHEMICALLY

IMMOBILIZED B-CYCLODEXTRIN MOIETIES
FOR BILE SALTS SORPTION
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Mesoporous silicas of MCM-41 type with surface silanol, 3-aminopropyl, and B-cyclo-
dextrin-containing groups were prepared by hydrothermal-assisted base-catalyzed sol-gel
condensation of structure-forming silanes in the presence of micelles of long-chain quaternary
ammonium salt. Characterization of synthesized silica materials was realized by low-tempe-
rature nitrogen adsorption-desorption and chemical analysis of surface layer. It was found
that addition of B-cyclodextrin-containing silane into the sol-gel reaction mixture causes
formation of MCM-41-type organosilica with higher surface area and hexagonally arranged
uniform mesoporous structure. Sorption ability of synthesized silica materials towards sodi-
um cholate and sodium taurocholate was studied in dependence of solution pH and concen-
tration. It was found that sorption increases due to chemical immobilization of oligosaccha-
ride moieties in the surface layer of silica, and achieves maximal values in the pH regions of
molecular forms of bile acids prevailing. Experimental sorption results were analyzed using
Freundlich, Redlich — Peterson, and Brunauer — Emmett — Teller models. The formation of
island-type structures of bile salts with B-cyclodextrin-containing surface sorption centers
due to cooperative interactions between sorbate moieties was proved.

Keywords: sol-gel synthesis; MCM-41; chemical modification; B-cyclodextrin; bile salts
sorption.

INTRODUCTION. Bile acids (BAs) are
steroid substances with four rings, a five- or
eight-carbon side chains terminated with car-
boxylic group, and hydroxylic groups, whose
position and number varies among the acids.
The primary BAs (cholic (CA) and chenode-
oxycholic) are synthesized from cholesterol in
the liver, secreted along with their conjugated

18

glycine or taurine forms into the bile, concen-
trated in the gallbladder, and released into the
upper intestine. Primary BAs are converted to
the secondary ones (deoxycholic, lithocholic,
and ursodeoxycholic) at bacterial actions in
the colon. BAs play the important role as bio-
logical surfactants for dietary fats and oils solu-
bilization. They transport in the small bowel
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and undergo almost complete reabsorption in
the distal ileum with subsequent reuptake from
portal blood by the liver [1]. But, the effect of
BAs is not restricted by gastrointestinal tract
and can involve different tissues throughout
the organism. Along with the ability to partici-
pate in lipids digestion due to the reduction of
the interfacial tension, BAs can serve as signa-
ling molecules influencing metabolic process-
es [1]. Enterohepatic circulation of BAs affects
cholesterol metabolism and plays crucial role
in pathogenesis of atherosclerosis. Therefore,
development of strategies for precise control
of BAs content and cholesterol excretion in the
form of neutral sterols or BAs has noticeable
importance in treatment of hypercholestero-
lemia.

Despite of many efforts made in the past
decades to improve accuracy and sensitivity
of analysis methods or enhance the efficiency
of BAs content regulation, design of sorption,
separation and detection approaches is still of
current interest. Low content of BAs, which
varies from micromolar in serum and urine to
millimolar in gallbladder bile, and noticeably
different physicochemical properties compli-
cate their separation and detection.

Among variety of materials used in BAs
sorption silica belongs to the most promising
one because of its attractive properties such as
large surface area and pore volume, easy surface
functionalization, possibility of regeneration.
Along with hydroxylated silica gel [2, 3], iden-
tification and separation of steroid substances,
in particular cholesterol and bile acids, can be
realized using impregnated [2, 4] and chemi-
cally modified silicas [5, 6]. Combination of
contribution from hydrophobic interactions
arising between steroid skeleton of BAs and
hydrophobic areas of sorbent with geometric

https://ucj.org.ua

complementarity of sorbate and sorption sites
on silica surface can be considered as the most
suitable approach for creation of highly effec-
tive sorbents. Silica surface can gain the ability
to recognize steroid substances selectively after
chemical immobilization of cyclodextrin (CD)
macromolecules. Cyclodextrins (CDs) are cy-
clic oligosaccharides consisting of D-(+)-glu-
copyranose units bounded together by a(1—4)
linkages. Due to the hydrophilic outer surface
and hydrophobic central cavity CDs are able to
form water-soluble inclusion complexes with
many lipophilic compounds, including cho-
lesterol and BAs, via host-guest interactions.
The stability of supramolecular complexes is
highly influenced by the polarity of the guest
compound and its steric complementarity with
CD cavity. It was proved that CDs retain their
ability for binding of steroid substances after
chemical immobilization into surface layer of
silica carrier [7, 8].

In the present work, mesoporous silica na-
noparticles (MSNs) of MCM-41 type with sur-
face f-CD-containing groups were prepared by
base-catalyzed sol-gel condensation of struc-
ture-forming silanes in the presence of cetyl-
trimethylammonium bromide (CTAB) as tem-
plate. To identify the pH region most suitable
for selective recognition of bile salts (BSs) and
elucidate the contribution of f-CD-containing
sites in sorption efficiency of synthesized mate-
rials in the conditions of gastrointestinal tract,
sorption of sodium cholate (NaC) and sodium
taurocholate (NaTC) was studied in depen-
dence of pH value and sorbate concentration.

EXPERIMENT AND DISCUSSIONS OF
THE RESULTS. Materials. Tetraethyl orthosili-
cate (TEOS) (Merck, purity > 99 %), 3-amino-
propyltriethoxysilane (APTES) (Merck, puri-
ty = 99 %), cetyltrimethylammonium bromide
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(Merck, purity = 97 %), 1,1'-carbonyldiimi-
dazole (CDI) (Merck, purity > 98 %), sodium
cholate (Frontier Scientific, purity > 98 %),
sodium taurocholate (Frontier Scientific, puri-
ty = 98 %), aqueous ammonia 25 % (Reakhim,
analytical grade), ethanol 96 % (Reakhim,
chemical grade), hydrochloric acid 37 % (Re-
akhim, chemical grade), phosphoric acid 85 %
(Reakhim, analytical grade), sulfuric acid 98 %
(Reakhim, chemical grade), disubstituted so-
dium phosphate (Reakhim, analytical grade),
and monosubstituted potassium phosphate
(Reakhim, analytical grade), sodium car-
bonate (Reakhim, analytical grade), sodium
hydroxide (Reakhim, analytical grade), potas-
sium ferricyanide (Reakhim, analytical grade),
glucose (Reakhim, analytical grade) were

employed without preliminary purification.
B-Cyclodextrin (Fluka, purity > 99 %) was
used after drying in an oven at 373 K for 2 h.
N,N’-dimethylformamide (DMF) (Reakhim,
analytical grade) was dried by activated NaA
molecular sieves for 24 h.

Sol-gel synthesis of mesoporous silica mate-
rials. The high-quality mesoporous silicas of
MCM-41 type were prepared by hydrother-
mal-assisted base-catalyzed sol-gel conden-
sation of structure-forming silanes in the
presence of micelles of long-chain quaternary
ammonium salt as structure directing agents.
Molar compositions of the initial gel reaction
mixtures at synthesis of silica materials are rep-
resented in Table 1.

Table 1.

Molar compositions of reaction mixtures at synthesis of silica materials.

Silica Molar composition of reaction mixture
MSN-C 0.1 TEOS:0.02 CTAB: 0.54 NH,OH : 0.56 CH.OH : 14.4 H,O
NH,-MSN-C 0.096 TEOS : 0.004 APTES : 0.012 CTAB: 0.54 NH,OH : 14.4 H.O

CD-NH,-MSN-C

0.098 TEOS : 0.002 B-CD-silane : 0.012 CTAB : 0.54 NH,OH : 14.4 H,O

MSNs with surface silanol and 3-amino-
propyl groups were synthesized using CTAB
as pore-forming agent (Table 1). For this, the
batch of CTAB was placed into a conical ves-
sel and dissolved in mixture of deionized water
and ethanol. After that, 25 % aqueous ammo-
nium solution was poured into the reaction
vessel and TEOS or its mixture with APTES
was slowly added during 15 min under vigo-
rous stirring. The resultant reaction slurry was
stirred at 293 K for 2 h, then transferred into a
polypropylene bottle and aged at 373 K with-
out stirring for 24 h. After hydrothermal treat-
ment synthesized MSN-C .and NH,-MSN-C,
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silicas were filtered, washed with deionized
water and dried in air at 373 K for 2 h.

Silica material of MCM-41-type with chemi-
cally immobilized p-CD-containing moieties
was synthesized according to the described ear-
lier procedures using B-CD-silane along with
TEOS as silica source (Table 1). For B-CD-si-
lane synthesis, the batch of f-CD was dissolved
in minimal volume of DMF and treated with
equimolar quantity of CDI (taken with 5% ex-
cess) dissolved in DMF at 293 K for 2 h. Then,
equimolar quantity of APTES was added into
the reaction flask at continuous stirring to link
with activated oligosaccharide. The solution

ISSN 2708-129X. YKp. xim. XypH., 2023



N.V. Roik, L.0. Belyakova

was stirred at 293 K for 20 h and used for sol-
gel synthesis of CD-NH,-MSN-C__silica.

Removal of long-chain quaternary ammo-
nium salt from the pore volume of mesoporous
silicas was realized by extraction in acid-etha-
nol medium. Briefly, the batch of the as-syn-
thesized material (1 g) was stirred with a solu-
tion of hydrochloric acid (8 ml) and ethanol
(92 ml) at 293 K for 24 h. After separation of
silica particles from solution by filtration the
extraction procedure was repeated two more
times. The resulting mesoporous silica was fil-
tered, washed with deionized water until the
absence of halogen ions in filtrate (negative
probe with silver nitrate), and dried in the air
at 373 K for 5 h.

Characterization of mesoporous silica ma-
terials. Nitrogen adsorption-desorption iso-
therms were measured at 77 K with a Kel-
vin-1042 Sorptometer. Prior to the analysis,
silica materials were outgassed under vacuum
at 413 K for 20 h. The values of Brunauer — Em-
mett — Teller (BET) specific surface area were
calculated using adsorption data registered in
the region of relative pressures from 0.06 to
0.99 in increment of 0.015. The pore size dis-
tribution curves were obtained from analysis
of the adsorption branch of the isotherms by
density functional theory (DFT) algorithm.
The total pore volumes of synthesized MSNs
were determined from the amount of adsorbed
nitrogen at a relative pressure of about 0.99.

The content of surface 3-aminopropyl groups
was determined from the results of the poten-
tiometric titration with 0.01 M HCL. Briefly, the
batch of mesoporous organosilica (0.5 g) was
placed into a volumetric flask and poured with
0.01 M HCI (25 ml). The resulting suspension
was stirred at 294 K for 24 h to attain equilib-
rium. pH of starting and equilibrium solutions
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were measured by an Ionometer 1-120.1. The
content of 3-aminopropyl groups chemically
immobilized on silica surface was calculated
by the equation:

(1077 107" )

Cuy, = ,
m

(1)

where C,, is the content of 3-aminopropyl
groups of silica, mol-g™'; pH, and pH, are the
pH of starting and equilibrium solutions, cor-
respondingly; V is the volume of solution, I;
m is the batch of silica, g.

The content of B-CD moieties introduced
into the MSNs at the process of sol-gel synthe-
sis was estimated by acid hydrolysis of surface
[-CD-containing groups to glucose. For this,
the batch of silica (0.1 g) was refluxed with
1 M H,SO, (15 ml) at 373 K for 2 h. Then, the
solution was neutralized with 5 M NaOH up
to pH 7, filtered, and diluted up to 50 ml with
water. Aliquot of this solution (2 ml) was held
in the boiling flask with of 0.05 % K ,Fe(CN),
(25 ml) dissolved in 1 % Na,CO, water solution
at 373 K for 10 min. On cooling concentra-
tion of glucose was determined as its coloured
complex with potassium ferricyanide from the
value of optical density of the absorption band
at A = 420 nm. The glucose calibration curve
was plotted over the range 0-0.888 mmol-I™".
Content of grafted 3-CD was calculated by the
equation:

[B-CD] = (2)

where [-CD] is the content of B-CD on the
silica surface, mmol-g'; C is the concen-
tration of glucose in the solution, mmol-1";
V is the volume of solution, |; m is the batch of
-CD-containing silica, g.

Sorption studies. UV-Vis spectra of BSs
in phosphate buffer solutions (PBSs) were

cr
7-m’
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recorded in 200—600 nm spectral range with
a Specord M-40 using quarts cells with 5 mm
path length. All spectroscopic measurements
were made with temperature-controlled cell
holder and water bath. pH of solutions were
measured by an Ionometer [-120.1 that was
calibrated for optimal precision using standard
buffer solutions.

Sorption of BSs on synthesized mesoporous
silica materials in dependence of pH was car-
ried out from 0.18 mmol-1"! solutions in PBS.
Briefly, batches of silicas (0.02 g) were placed
in 50 ml glass beakers and solutions of BSs in
PBSs (10 ml) with predetermined pH in the
range from 1.0 to 8.0 were added. Prepared
suspensions were shaken at 297 K for equilib-
rium attainment. Supernatant solutions were
separated by filtering through a 0.22 um PVDF
syringe filter, treated with concentrated sulfu-
ric acid to obtain coloured complex [9] and
analyzed at A = 389 nm. The amount of NaC
or NaTC sorbed on silica surface was calculat-
ed using calibration curves plotted for each pH
value by the equation:

600

_(C-C)T

Mm-Sy

4 , (3)

where A is the content of BS sorbed on silica
surface at equilibrium, mmol-m™ C and C_
are the concentrations of BS at initial moment
and at equilibrium, correspondingly, mmol-1";
V is the volume of solution, |; m is the batch of
silica, g; S, .. is the specific surface area of silica,
m?*g.

Equilibrium sorption of BSs on synthesized
MSNs was studied from 0.06—-0.3 mmol-l™
solutions with pH 5.0 and 7.4 as described
above for sorption in dependence of pH.

Sorbents characterization. Low-temperature
nitrogen adsorption-desorption isotherm of
MSN-C, silica is represented in Figure 1. The
profile of MSN-C,  isotherm belongs to the
type IV with hysteresis loop of the type H4 as
defined by IUPAC classification (Fig. 1). Ac-
cording to the pore size distribution plot cal-
culated by the DFT model, formation of silica
framework with two prevailing pore diameters
takes place (Fig. 2, Table 2).

BET
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Fig. 1. Isotherms of low-temperature nitrogen adsorption-desorption on MSN-C, (a), NH,-MSN-C

(b), and CD-NH,-MSN-C,  (c)
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Addition of APTES in sol-gel reaction mix-
ture has noticeable influence on structural pa-
rameters of resulting NH, -MSN-C, = material.
Transformation of isotherm into the type IV
with hysteresis loop of the type H3 is observed.
As can be seen from the pore size distribu-
tion curve, mesopore diameter controlled by
CTAB template is prevailing (Figs. 2, Table 2).
It should be mentioned that increase of meso-
pores size is observed (Table 2). Obviously, po-
rous structure of synthesized material is prede-
termined not only by the long-chain alkyltri-
methyl ammonium salt as structure directing
agent but in the great extent by the presence of
functional silane, which functionalities inter-
act with template and participate in condensa-
tion process.

Introduction of B-CD-silane, obtained by
coupling of oligosaccharide with equimolar
quantity of APTES, in reaction mixture of sol-gel
synthesis causes formation of CD-NH,-MSN-C,
material with higher surface area in compari-
son with NH -MSN-C  (Table 2). Moreover,
it should be mentioned, that the profiles of
low-temperature nitrogen adsorption-desorp-
tion isotherm obtained for CD-NH,-MSN-C,
is similar to that one for MSN-C  (Fig. 1).
Analysis of pore size distribution curve proves
that addition of B-CD-silane as structure-form-
ing agent in sol-gel reaction mixture results in
organosilica with homogeneous mesoporosity
(Figs. 2, Table 2). Thus, B-CD-silane has posi-
tive impact on structural characteristics of syn-
thesized CD-NH,-MSN-C,  material.

0.5 ~ 0.25 4 1.0 -
<044 <0.20 * <70.81
g ° g % g °
g & i K j
,,I)°-° 0.3 - ;QD 0.15 .,-1. ;QD 0.6 :
I : | :
= 027s g. £ 0.10- . & .44 |
SRS S ) S :
S ke S : s S
= O'l-.l ,’ \. = 0.05 4 ® .. ~ 0.2 1
14 % b
0.0 +—o Nma , 0.00 -—‘L—\ 0.0 __—;—-_-_\
1 10 100 1 10 100 1 10 100
D (nm) D (nm) D (nm)
a b c
Fig. 2. Pore size distribution in MSN-C,  (a), NH,-MSN-C, (b), and CD-NH,-MSN-C _(c).
Table 2.
Structural characteristics of MCM-41-type silicas.
Low—temPerature nitrogen Chemical analysis of surface layer
Sil adsorption-desorption
ilica
S,pm>gt |V, cm’g! D, nm [NHJ - {/3 CDJ =
BET mmol-g” | umol'm | mmol-g" | pmol-m™
MSN-C 995 0.75  127;3.54 = = - -
NH,-MSN-C 515 0.91 3.78 0.28 0.54 - -
CD-NH,-MSN-C 758 1.08 3.78 0.34 0.45 0.029 0.038
https://ucj.org.ua 23
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Sorption of bile salts by mesoporous silica ma-
terials. The effect of the solution acidity on the
sorption of BSs by synthesized MSNs was stu-
died in PBSs with predetermined pH in the range
from 1.0 to 8.0 (Fig. 3). It was found that sorp-
tion of NaC by MSNs with surface silanol and
3-aminopropyl groups is insufficient (Fig. 3).

The profiles of NaTC sorption curves
on MSNs differ from that ones obtained for

0.04
3
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g °
|
g
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g
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N
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0.01 4 2
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pH
a

NaC (Fig. 3). Slight decrease of MSN-C,  and
NH,-MSN-C,  sorption is observed in acidic
medium. Obviously, this is related with the
difference in physico-chemical characteristics
reflecting protolytic (acid ionization constant
K) and hydrophobic/hydrophilic properties
(critical micelle concentration CMC, oc-
tanol-water partition coefficient P ) of BSs
(Table 3).
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Fig. 3. Effect of pH on NaC (a) and NaTC (b) sorption by MSN-C (curve I), NH,-MSN-C, (curve 2),
and CD-NH_-MSN-C,  (curve 3) from PBSs at 297 K.

Table 3.
Physico-chemical parameters of bile acids.
Bile CMC, logP logP
acid Structure PRAOT T ol [11] | mBA)Y T12] | (BA) [12)
CA 4.6 11-13 2.02 1.1
not

TCA 1.4 6-10 determinable -0.50
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Lower values of CMC and octanol-water
partition coefficients for molecular and disso-
ciated species of conjugated TCA in compa-
rison with unconjugated CA indicates its less
pronounced tendency to self-association and
higher affinity to hydrophilic surface groups of
sorbent. At the same time, conjugation of CA
with taurine reduces the pK value and enhanc-
es solubility of product in aqueous medium
drastically. So, contrary to the CA, for which
molecular protolytic form is predominant be-
low pH 4.6, negatively charged dissociated form
of TCA is prevailing in all studied pH range.
Analysis of the effect of pH on BSs sorption in
the context of protolytic properties of sorbate
and sorbent evidences that increase of NaC and
NaTC sorptionby MSN-C, and NH,-MSN-C
is mainly associated with hydrogen bonds for-
mation and electrostatic interactions between
non-ionized silanol (pK, = 6.9) and protonat-
ed 3-aminopropyl groups (pK = 3.8) of silica
surface, correspondingly, and anionic forms of
BAs (Fig. 3). Further accumulation of bile acids
anions in solution and negatively charged
functional groups on silica surface at pH > 5
causes reduction in their sorption on MSN-C,
and NH,-MSN-C,_ as the result of electrostatic
repulsion arising between negatively charged
sorbate and silica surface (Fig. 3).

Chemical immobilization of p-CD-con-
taining moieties in the surface layer of
MCM-41-type silica results in noticeable in-
crease of BSs sorption on CD-NH,-MSN-C,
in comparison with parent materials (Fig. 3). It
can be related with the formation of inclusion
complexes between surface 3-CD-containing
groups and molecular or anionic forms of BSs
supplied from solution. As seen from Figure 3,
NaC and NaTC sorption on f-CD-containing
MSNs in dependence of solution pH differ no-
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ticeably. Contribution of surface supramolecu-
lar complexes formation in total NaC sorption
on CD-NH,-MSN-C_ is more pronounced in
acidic medium than in neutral one. Obvious-
ly, cholate anions, which prevail in a solution
with pH exceeding pK (Table 3), form weaker
surface inclusion complexes with p-CD-con-
taining groups as theirs localization in the
B-CD cavity is less favorable due to the lower
hydrophobicity in comparison with molecu-
lar form of CA. Decrease of NaTC sorption on
CD-NH,-MSN-C, begins at much lower pH
values than for NaC (Fig. 3). Such differences
in pH-dependent curves are due to the appear-
ance and accumulation of taurocholate anions
in strongly acidic medium.

It should be pointed out that substantial
difference in sorption of NaC and NaTC by
B-CD-containing silicas, which is observed at
pH~2, gradually decreases with pH rise. So,
the ability of CD-NH,-MSN-C _ silica for se-
lective sorption of BSs can be considered only
in highly acidic medium and reduces signifi-
cantly at pH values from 4 to 8 (Fig. 3). This
phenomenon can be clarified by comparison
of inclusion complexes formation on silica sur-
face with that ones in a solution. Quantitative
estimation of “B-CD-BS” inclusion complexes
stability in solutions by means of isothermal
calorimetric and spectroscopic titrations as
well as 'TH-NMR and “C-NMR measurements
was realized by authors [13, 14]. The maximal
sorption efficiency of BSs by MSNs, which is
achieved in the pH range from 4 to 5 for NaC
and at pH 2 for NaTC, is predetermined by
their protolytic properties and formation of
stable supramolecular inclusion complexes.
Whereas, the absence of drastic difference
in sorption ability of p-CD-containing silica
material towards NaC and NaTC in neutral
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medium is in a good agreement with the ex-
perimental results obtained for inclusion com-
plexes of BSs with B-CD in PBS, according to
which the same order of stability constant val-
ues was observed.

In the human small intestine, the pH level
varies from 4.0 to 8.3. The mean pH in the
proximal small intestine consists of 6.6, where-
as in the terminal ileum it equals to 7.5. Al-
though the highest values of BSs sorption were
achieved in weakly acidic and acidic medi-
um for NaC and NaTC, correspondingly, the
sorption studies were performed at pH 5.0
(BAs are present in different protolytic forms)
and pH 7.4 (both BAs are fully dissociated),
to provide useful information for simulation
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of BSs sorption in the gastrointestinal tract.

As seen from the experimental data ob-
tained for BSs sorption on MSNs, isotherms
have different shape reflecting influence of
sorbate and sorbent nature and affinity arising
between them on sorption process (Figs. 4, 5).
Extremely low values of BSs sorption by
MSN-C,, and NH,-MSN-C,  at concentra-
tions up to 0.17 mmol-I"! is indicative of weak
sorbate-sorbent interactions at pH 5 and 7.4
(Fig. 4, 5). Increase of NaC and NaTC concen-
trations results in gradual rise of isotherms.
This phenomenon may be caused by coope-
rative interactions of BSs sorbed on silica
surface with that ones supplied from solution
(Figs. 4, 5).
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Fig. 4. Isotherms of NaC (a) and NaTC (b) sorption by MSN-C  (curve 1), NH -MSN-C,  (curve 2),
and CD-NH,-MSN-C,  (curve 3) from PBSs with pH 5.0 at 297 K.

CD-NH,-MSN-C  demonstrates enhanced
affinity to sorbate at both studied pH values.
Complexity in structure of surface layer of
CD-NH,-MSN-C, in comparison with parent
silica materials causes substantial changes in
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the profiles of BSs sorption curves (Figs. 4, 5).
Noticeable enhancement of BSs sorption by
MSNs with chemically immobilized oligosac-
charide moieties begins in the region of small
concentrations of sorbate and acquires rapid
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growth above 0.2 mmol- 1" (Figs. 4, 5). It can
be attributed to the formation of inclusion
complexes with participation of surface f-CD-
containing groups reinforced by cooperative
interactions of sorbed BSs with supplied from
solution ones. Thus, even negatively charged
cholate and taurocholate anions, which pre-
vail in solution at pH 7.4, participate in surface
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inclusion complexes formation and make no-
ticeable contribution to the total sorption on
CD-NH,-MSN-C, . It should be noted that
NaC sorption on CD-NH,-MSN-C_ is slightly
higher than that of NaTC. It can be explained
by the differences in BSs structure and physi-
co-chemical properties (Table 3).
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Figure 5. Isotherms of NaC (a) and NaTC (b) sorption by MSN-C, _ (curve 1), NH,-MSN-C, _(curve 2),
and CD-NH,-MSN-C  (curve 3) from PBSs with pH 7.4 at 297 K.

The experimental isotherms were analyzed
using Freundlich, Redlich — Peterson, and Bru-
nauer — Emmett — Teller (BET) equations. The
Freundlich isotherm theory describes mon-
olayer sorption on heterogeneous surface with
energetically non-equivalent sorption sites.
Redlich — Peterson model can predict sorption
either on heterogeneous or homogenous sites
of silica surface for which the mechanism of
sorption has hybrid character. The modified
BET isotherm equation for multilayer sorp-
tion from liquid phase assumes that solvent is
weakly sorbed on silica surface.
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To find out the isotherm model that can de-
scribe experimental sorption isotherms in the
best way and give precise values of equilibri-
um sorption parameters, analysis of the line-
ar form of Freundlich equation or nonlinear
regression analysis of Redlich — Peterson and
BET equations was realized (Tables 4-7). Es-
timated statistical error function, the correla-
tion coefhicient (R?), of linearized Freundlich
model is significantly lower compared to that
ones obtained at non-linear modeling of ex-
perimental results with Redlich — Peterson and
BET equations.
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Table 4.
Parameters of BSs sorption on MSNs at pH 5.0 (the Freundlich and Redlich — Peterson
models).
Equilibrium sorption model Freundlich Redlich — Peterson
1 KrCo
Linear form of equation lgA, =IlgK, +;lg C, oy = m
Sorption parameters K, n R’ K, a, B R X
MSN-C,, 0.035 0.876 0915 0.036 0.002 4.6:10"* 0.719 11.136
NaC NH,-MSN-C 0.091 0.505 0.646 0.061 6.674-10* 1-10** 0.529 17.849
CD-NH,-MSN-C . 0.055 2.112 0811 0.167 3.9-107" 0.01 0.862 19.312
MSN-C,, 0.077 0.645 0989 0.036 1.7-107*° 0.01 0918 2.397
NaTC NH,-MSN-C, 0.166 0.751 0.943 0.130 0.191 1-107'  0.790 0.790
CD-NH,-MSN-C,,  0.038 3.086 0.784 7.97-10° 9.41-10* 0279 0.797 14.758

A, — amount of BS sorbed on silica surface, pmol-m~ C,_ — concentration of BS in the solution after
equilﬁ)rium attainment, mmol/l; K, - the Freundlich constant that indicates the extent of surface heteroge-
neity, 1-m™ 1/n — measure of sorption intensity, which can be between 0 and 1; K, and a, — the Redlich —
Peterson isotherm constants, I-m™ and I-mmol™, correspondingly; f — exponent that lies between 0 and 1

Table 5.
Parameters of BSs sorption on MSNs at pH 7.4 (the Freundlich and Redlich — Peterson
models).
Equilibrium sorption model Freundlich Redlich — Peterson
1 KrCo
Linear form of equation lg4, =IgK, +;lg C, oy = m
Sorption parameters K, n R? K, a, B R X
MSN-C,, 0.055 0.777 0.835 0.046 0.124 1-107*  0.810 6.866
NaC NH,-MSN-C 0.077 0.897 0.784 0.091 0.127 1-107¢  0.705 12.656
CD-NH,-MSN-C,,  0.054 1.762 0.953 3.32:10° 4.244-10* 0.234  0.929 4.069
MSN-C,, 0.035 1251 0.847 0.053 0.023 1-107'¢  0.852 5.382
NaTC NH,-MSN-C, 0.077 1.212 0941 0.110 4.021-10°° 4.1-10®° 0.914 2.684
CD-NH,-MSN-C . 0.084 1.108 0.980 0.113 0.096 1-107'¢  0.943 3.624
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Table 6.
Parameters of BSs equilibrium sorption on MSNs at pH 5.0 (the Brunauer — Emmett —
Teller model).

Equilibrium sorption model Brunauer — Emmett — Teller
Eoua . 4,KC,
quation “ " (1-K,C, )(1-K,C, +K,C,, )
Parameters K, K, A R 1
MSN-C,, 0.049 1.957 0.207 0.919 3.213
NaC NH,-MSN-C, 0.089 3.787 0.016 0.999 0.003
CD-NH,-MSN-C 220.217 3.379 0.01 0.941 8.262
MSN-C,, 0.028 1.110 0.708 0.967 0.974
NaTC NH,-MSN-C, 2.832 2.772 0.014 0.989 0.597
CD-NH,-MSN-C 2.923-10° 2.898 0.01 1 3.228-10™*

K — term for the energy of interaction with the surface, I'mmol™; K, — equilibrium constant for sur-

face sorption-desorption, I-mmol™.

Table 7.
Parameters of BSs sorption on MSNs at pH 7.4 (the Brunauer — Emmett — Teller model).
Equilibrium sorption model Brunauer — Emmett —Teller
_ 4,KC,
Fauation KGN -K,C T KC,)
Parameters K, K, A R 1
MSN-C,, 0.021 1.816 0.638 0.939 2.214
NaC NH,-MSN-C, 0.059 2.414 0.290 0.946 2.299
CD-NH,-MSN-C 120.785 2.721 0.009 0.988 0.662
MSN-C,, 1.152-107 3.442 0.003 1 2.904-10™
NaTC NH,-MSN-C, 82.704 3.360 0.007 0.988 0.368
CD-NH,-MSN-C 23.635 2.855 0.009 0.979 1.318
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High R* values obtained for Freundlich
model clearly indicates a pronounced hetero-
geneous nature of BSs sorption on MSNs.
Whereas, close values of the correlation co-
efficients estimated by Redlich-Peterson and
BET models prove ambiguous nature of BSs
sorption on synthesized silica materials due
to the hydrogen bonds formation or electro-
static interactions between different surface
functional groups of silica sorbents and BSs
as well as surface inclusion complexes forma-
tion followed by stacking of sorbed moieties of
BSs and supplied from solution ones. In most
cases, the highest values of correlation coeffi-
cients were obtained at applying of BET mo-
del to the isotherms of BSs sorption on MSNs
(Tables 6, 7). To ensure the suitability of BET
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s 5 &
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C (mmol-17"
a

model for precise description of experimental
sorption isotherms, the results of Chi square
test (x*) were analyzed. According to the data
represented in Tables 4-7, application of BET
theory gives smaller x* values than modelling
of experimental isotherms with Redlich-Pe-
terson equation. So, an assessment of statisti-
cal error functions proves that the best fit for
BSs sorption process on MSNs is attained at
BET model application. It can be assumed that
sorption of BSs proceeds due to the formation
of island-type supramolecular structures with
B-CD-containing surface centers in which
cooperative interactions play crucial role.
Comparison of sorption data calculated by
BET model with experimental ones is repre-
sented in Figures 6, 7.
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Fig. 6. Isotherms of NaC (a) and NaTC (b) sorption by MSN-C_ (curve 1), NH,-MSN-C, (curve 2),
and CD-NH,-MSN-C (curve 3) from PBSs with pH 5.0 calculated by nonlinear regression analysis of

BET equation.
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Fig. 7. Isotherms of NaC (a) and NaTC (b) sorption by MSN-C, , (curve 1), NH -MSN-C  (curve 2),
and CD-NH,-MSN-C  (curve 3) from PBSs with pH 7.4 calculated by nonlinear regression analysis of

BET equation

CONCLUSIONS. 1In the present paper,
sorption of NaC and NaTC by periodic me-
soporous organosilicas with chemically immo-
bilized p-CD was studied. It was established
that introduction of oligosaccharide moieties
in surface layer of silica sorbent leads to the
substantial enhancement of BSs sorption. The
most pronounced difference in NaC and NaTC
sorption was registered in highly acidic medi-
um (pH~2) with different protolytic forms of
BAs. Substantial increase of pH leads to the ac-
cumulation of cholate and taurocholate anions
in solution and causes convergence of NaC and
NaTC sorption values. Slight prevailing of NaC
sorption on CD-NH_-MSN-C,  in comparison
with NaTC which is observed at pH 5 and 7
was explained by differences in surface inclu-
sion complexes stability. Sorption of BSs on
synthesized silica materials was analyzed using

https://ucj.org.ua

Freundlich, Redlich-Peterson, and BET mo-
dels. An assessment of statistical error func-
tions showed that the best fit for BSs sorption
process is attained at BET model application.
Obtained results let us assume formation of
island-type supramolecular structures of BSs
with B-CD-containing surface sorption centers
in PBSs with pH 5.0 and 7.4.
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BMOPSAAKOBAHI ME30IMOPUCTI OPTAHO-
KPEMHE3EMMW 3 XIMIYHO IMMOBII30BA-

HUM B-LIMKNOAEKCTPUHOM ANS COPBLYI
COJIEN XKOBYHUX KNUCNOT

H. B Poix*, /1. O. benakosa

Incmumym ximii nosepxni im. O. O. Uyiika
Hauionanvhoi akademii Hayk Ykpainu,

eyn. lenepana Haymosa, 17, Kuie 03164,
Yxpaina

* E-mail: roik_nadya@ukr.net

Opep>kaHO Me30IOPUCTi  OpraHOKpeMHe-
semu Ty MCM-41 3 moBepXHEBMMM CHJIA-
HOJIbHVMY, 3-aMiHOIIPOIIIbHUMHA Ta [3—1.[1/11()10-
NEKCTPUMHBMICHUMU TPyIaMU 30/1b-T€/Ib-KOH-
JEHCALIEI0 CTPYKTYPOYTBOPIOIOYMX CUJIAHIB
Yy IPUCYTHOCTI Millell JOBrOJIAHIIIOIOBOI YeT-
BEPTMHHOI aMOHI€BOI COJi 32 YMOB Jy>KHOTO
KaTajiisdy Ta IOfAJIbIIOrO TipOTEPMabHOTO
06po6nenHsa. CuHTe30BaHi KpeMHe3eMHi Ma-
Tepia/y oXapaKTepU3OBaHO 3 BUKOPUCTAH-
HSM METOJiB HM3bKOTEMIIepaTypHOi aficopo-
1ii-gecop6buii a3oTy Ta XiMiYHOro aHami3y no-
BepxHeBOro mapy. Ilokasano, mo gofaBaHHA
B-IVK/IOfeKCTPHBMICHOTO CHJIaHY Y peak-
IiitHy cymim 3ymoBmoe GpopMyBaHHA KpeM-
HezeMy Tuiry MCM-41 i3 6i1bII00 IMTOMOIO
IIOBEPXHEI0 Ta I'€KCAaroHaJbHO BIIOPAJKOBA-
HOKI0 OJHOPIJHOK Me30IIOPUCTOK CTPYKTY-
poto. CopOuiiiHy 3[aTHICTP CUHTE30BaHUX
KpeMHe3eMHUX MaTepiajiB BiZHOCHO XOJaTy
Ta TAyPOXOJIATy HATPil0 OY/I0 BUBYEHO 3aTIeXK-
HO Bif pH posuymHy Ta if0oro KoHIeHTpalii.
BcTaHoBeHO, 10 cop6Iif 3pocTae 3aBisd-
KM XiMiuHilt iMMOO6iTisarii omirocaxapumgHmx
TPYIl y IOBEPXHEBOMY IIapi KPEMHE3EMY Ta
JOCATA€ MaKCHMa/IbHIX 3HAY€Hb Y lialla30HaxX

32

pH, nme mepeBakaroThb MoeKyIApHi popmu
JKOBYHUX KUCIOT. EKcieprMeHTanbHO ofep-
KaHi pesynbraTy copb6buii mpoaHaai3oBaHO 3
BUKOpUCTaHHAM Mofeneit Opeitninixa, Pen-
nixa — Ilerepcona ta bpynayepa — Emmera —
Tennepa. [loBemeHo GopMyBaHHS CTPYKTYp
OCTPiBKOBOTO TUITY COJIEN YKOBYHUX KUCTIOT 3
B-IMKIONEKCTPVHBMICHUMY  IIOBEPXHEBUMMU
COPOLIIHMMY IIeHTpaMM 3aBASIKM Koollepa-
TUBHMUM B3a€EMOJIAM MDK MOJIEKY/IaMIU COP-

oary.

KnrouoBi cmoBa: 30/1b-Te/Ib-CUHTE3;
MCM-41; ximiyHe Mom/[(l)iKyBaHH,q; [S—LU/{KHO—
JIEKCTPUH; COPOIList COrelt )KOBYHUX KUCTIOT.
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COMPARISON OF THE PROPERTIES OF CoW AND CoMo ALLOYS

DEPOSITED BOTH FROM ALKALINE CITRATE AND
CITRATE-PYROPHOSPHATE ELECTROLYTES

Yu. S. Yapontseva*, T. V. Maltseva, V. S. Kublanovsky

Vernadsky Institute of General and Inorganic Chemistry of National Academy of Sciences of Ukraine,
32/34 Acad. Palladin ave., 03142 Kyiv, Ukraine
‘e-mail: juliya_yap@ukr.net

The chemical composition, current efficiency and some properties of galvanic binary CoMo
and CoW alloys, deposited from both alkaline citrate and citrate-pyrophosphate electrolytes,
were studied. It is shown that the main difference between mono- and polyligand electrolytes
is the mechanism of the electrodeposition process and the rate of passage of limiting stages
preceding the formation of an electrochemically active complex. During electrolysis in a citrate
solution, the limiting step is the mass transfer of [CoCit,]*" complexes, while in the citrate-py-
rophosphate one, the process proceeds with kinetic control, and the hydrodynamic regime does
not significantly affect the content of metals and the rate of their deposition. The use of a polyli-
gand electrolyte makes it possible to increase the current efficiency for CoW alloys from 32.1
to 45.5% in the convective mass transfer mode and from 5.9 to 35.7% in the diffusion transfer
mode. During electrodeposition from citrate-pyrophosphate electrolytes of the same compo-
sition of alloys of two different refractory metals, it was found that the current efficiency of
the CoMo alloy is on average 20% higher than that of CoW. It has been found that at a close
value of the content of the refractory component in X-ray amorphous alloys, the differences in
the magnetic and corrosion properties of the coatings are determined by the nature of the re-
fractory metal. Thus, during electrodeposition from a polyligand electrolyte, CoMo alloys have
Ms 300-380 emu-cm™ and Hc 60-72 Oe, while CoW alloys have Ms 22-45 emu-cm™ and
Hc 50-70 Oe. Both types of alloys are characterized by Mr/Ms - 0.2-0.3. The properties of CoW
alloys deposited from a monoligand citrate electrolyte approach hard magnetic materials with
Mr/Ms - 0.6-0.7.

Key words: alloy, cobalt, tungsten, molybdenum, electrodeposition.

INTRODUCTION. The study of the pro- from researchers. First of all, that is to obtain
cesses occurring during the formation of elect-  information about the composition and struc-
rolytic alloys of refractory metals with metals ture of coatings those are deposited from solu-
of the iron subgroup receives much attention tions of various complex compositions, as well
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as to determine the dependence of functional
properties of the alloys on electrodeposition
conditions. The functional properties of such
coatings are very diverse [1, 2], but the most
demanded for industry are heat resistance,
hardness, and corrosion resistance [3-5].

It is known that for the formation of alloys,
it is necessary to bring the precipitation po-
tentials of two metals closer, i.e., in our case,
to increase the overvoltage of cobalt precipi-
tation due to the formation of a strong com-
plex compound in the solution [6]. The search
for new and better complexing agents for this
process is associated with the impossibility of
foreseeing the impact that a previously unused
complexing agent or a mixture of already stu-
died coatings will have on the composition and
quality of coatings, since no correlation has
yet been found between the parameters of the
metal complex of the iron subgroup (size, spa-
tial configuration, stability constant) and alloy
parameters (composition, crystal structure
and physicochemical properties).

The conditions for electrodeposition of bi-
nary alloys of refractory metals with metals
of the iron subgroup are considered in detail
by the authors of [7]. Among the electrolytes
that are considered promising for the deposi-
tion of alloys with tungsten and molybdenum,
one can single out citrate [8], pyrophosphate
[9, 10], and alkaline polyligand electrolytes
containing organic complex polyhydroxy acids
(salts) with carboxyl groups; indicated by the
authors of [7], alkalization of the solution with
ammonia also leads to a change in the com-
plex composition of the electrolyte. An impor-
tant feature of multicomponent complex elec-
trolytes is the possibility of the formation of
polymetallic and/or polyligand complexes in
the bulk of the solution, which can also signi-
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ficantly affect the kinetics of alloy deposition.

The citrate-pyrophosphate electrolyte pro-
posed by us combines the advantages of citrate
and pyrophosphate electrolytes and makes it
possible to obtain functional coatings of the
required quality with a high deposition rate.
Coatings are deposited with a rather high con-
tent of refractory metal and higher values of
current output compared to citrate electrolyte
[11, 12]. The authors of works on the electro-
deposition of binary alloys of metals of the
iron subgroup with tungsten [13] showed that
coatings containing 17-24 at.% tungsten have
the highest corrosion resistance. This ratio of
components approximately corresponds to the
composition of the Co,W intermetallic phase.
Also important is the transition from the poly-
crystalline to the amorphous structure of the
coatings, which occurs when exactly this con-
centration of tungsten is reached in the binary
alloy.

The purpose of the work is electrochemical
synthesis, study of the composition, structure
and physicochemical properties of binary al-
loys of cobalt with tungsten and molybdenum,
depending on the complex composition of the
electrolytes and the hydrodynamic regime.

EXPERIMENT AND DISCUSSION OF
THE RESULT. CoW alloys were deposited from
both alkaline electrolytes (solution pH 9.0): cit-
rate (Cit) and citrate pyrophosphate (Cit-PPi),
CoMo alloys were deposited from alkaline
Cit-PP1i electrolyte. Coatings were obtained in
a thermostated cell in a galvanostatic mode us-
ing a direct current source LIPS-35 under nat-
ural convection conditions, as well as with stir-
ring (magnetic stirrer rotation speed 300 rpm).
A copper plate with an area of 1 cm*was used
as the working electrode; platinum was the an-
ode.

35




PHISICAL CHEMISTRY

COMPARISON OF THE PROPERTIES OF CoW AND ColMo ALLOYS DEPOSITED BOTH
FROM ALKALINE CITRATE AND CITRATE-PYROPHOSPHATE ELECTROLYTES

Table 1.
Composition of electrolytes for electrodeposition of alloys, mol-1"

For alloy CoSO, Na,WO, | Na,MoO, Na Cit K,PO, Na,SO,
CoW 0.1 0.2 - 0.2 - 0.3
CoW 0.1 0.2 - 0.2 0.2 0.3
CoMo 0.1 - 0.02 0.2 0.2 0.3

The citrate-pyrophosphate electrolyte was
prepared by adding a solution of potassium
pyrophosphate to an already prepared citrate
electrolyte at a temperature of 70 °C. Then the
pH was adjusted to a value of 9.0.

The morphology and chemical composition
of samples were studied by using a JSM-6700F
field emission scanning electron microscope
equipped with a JED-2300 energy-dispersive
spectrometer (JEOL). The operating condi-
tions were as follows: 20 kV accelerating vol-
tage, 0.75 nA beam current, 1 um beam size.
The counting time for EDS analyses was 60 s.
Pure Co and Re were used as standards. The
raw counts (Co,Ka; W,La; Mo,La) were cor-
rected for matrix effects with a ZAF algorithm
implemented by JEOL. Three to five spots per
each sample were analyzed.

X-ray patterns were recorded on a diffrac-
tometer (DRON-3.0) with the Bragg-Bren-
tano geometry and using Cu-K radiation
(= 1.54183A°) operating at 30 kV and 30 mA
at a constant scan rate of 0.02-2 s'. The study
of corrosion was carried out by voltammetry.
These measurements were carried out using
an MTech PGP-550F potentiostat-galvanostat
[13] in a IM KOH solution at a temperature
of 20 = 1 °C in a cell assembled by a working
copper electrode, a silver reference electrode,
and an auxiliary electrode, which is a plati-
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num grid. Voltammetric studies of corrosion
included of obtaining cathodic and anodic po-
larization curves with a potential sweep rate of
1.0 mV s. As a result of the analysis of polari-
zation measurements in the region of station-
ary potential (+100 mV), the corrosion resis-
tance was calculated.

Magnetic properties of the obtained de-
posits were determined using a magnetometer
with a vibrating sample in magnetic fields up
to 2 T in SI units (20 kG in Gaussian-cgs units)
at room temperature.

Fig. 1 shows the results of studying the
chemical composition and current efficien-
cy for CoW alloys and its components dur-
ing electrodeposition from Cit and Cit-PPi
electrolytes at a deposition current density of
10 mA-cm? both in the mode of convective
mass transfer (with intensive stirring) and
under conditions of natural diffusion, as well
as the composition and current efficiency
during the electrodeposition of CoMo alloys
from Cit-PPi-electrolyte under different hy-
drodynamic conditions. Based on previous
studies on the electrodeposition of CoW al-
loys from a polyligand Cit-PPi electrolyte
under conditions of intensive mixing, it is
known that CoW alloys contain 22-25 at. %
tungsten over the entire range of deposition
current densities studied [15].
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Fig. 1. Dependence of the chemical composition (a), current efficiency of the CoW and CoMo alloys,
as well as their components (b) on the deposition conditions.

Let us consider the effect of intense me-
chanical mixing on the chemical composition
and current efficiency of CoW alloys at depo-
sition from these electrolytes. A comparison of
mono- and polyligand electrolytes was carried
out to demonstrate the key role of the compo-
sition of cobalt complexes on the formation of
an electrolytic alloy. It is known that [CoCit,]*-
complexes predominate in an alkaline (pH 9.0)
citrate electrolyte with a twofold excess of the
ligand [16, 17]. When electrolysis is carried out
in such an electrolyte, the overvoltage of cobalt
evolution becomes greater than the overvolt-
age of hydrogen [18] so that it is not possible
to obtain a coating of metallic cobalt in an
amount sufficient for gravimetric determina-
tion of the current efficiency, while the deposit
turns out to be loose. Probably, in an alkaline
citrate electrolyte, not only tungsten, but also
cobalt can’t be individually reduced to metal.
These metals are capable of being reduced only
simultaneously with the formation of an elec-
trolytic alloy. Since cobalt is in solution in the
form of very strong complex compounds with
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citrate, the formation of bimetallic complexes
in the volume of the solution is unlikely, but
the result obtained indirectly confirms the hy-
pothesis that reduction occurs from complex
compounds formed precisely on the electrode
surface [19].

During the deposition of the CoW alloy
from a citrate electrolyte, the mass transfer
regime has a significant effect on the compo-
sition of the resulting alloys: the tungsten con-
tent in the coating (9 at.%) and the current
efficiency of the alloy (6 at.%) in the absence
of forced convection are much lower than
when the electrolyte is stirred (23 and 33 at.%,
respectively). Based on the mechanism of in-
duced co-deposition of the metals presented
in [19], the necessary condition for the forma-
tion of electroactive complexes on the surface
is the presence of [CoCit]" particles, which can
be formed as a result of dissociation of the ad-
sorbed [CoCit2]* complex on the cathode sur-
face according to equation (1):

[CoCit,]* — [CoCit]", + [Cit]* (1)

ad;
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During electrodeposition from a citrate-py-
rophosphate electrolyte, convection in the elec-
trolyte has practically no effect on its chemical
composition, but contributes to an increase in
the current efficiency of the alloy up to 35.7%.
A feature of the polyligand electrolyte is the
formation of a cobalt complex [Co(PPi)(Cit)]*,
as was shown in [20]. Thus, for the formation
of the [CoCit]" complex, it is necessary to dis-
sociate the adsorbed complex on the electrode
surface according to reaction (2):

[Co(PPi)(Cit)]*" = [CoCit]_ + [PPi]* (2)

After that, in both cases, it becomes possible
to form an electroactive complex according to
reaction (3):

WO* + [CoCit] , +2H,0 +2¢& -
- [CoCitWO,] , +40H  (3)

Taking into account the fact that the [WO,]*
concentration is high, and [CoCit] is formed
directly on the surface (1), the low current ef-
ficiency in the citrate electrolyte in the natural
convection mode can be explained with the dif-
fusion of cobalt citrate complexes [CoCit,]* ,
with the rate of reaction (1), or with a large
number and insufficiently fast removal of the
formed bubbles of gaseous hydrogen, blocking
the active centers of the surface.

When comparing alloys of two refractory
metals, it should also be noted that the cur-
rent efficiency of the CoW alloy is lower than
that of the CoMo alloy during convective mass
transfer in a polyligand electrolyte and even
lower at deposition in a monoligand electro-
lyte. Such a difference may be due to the nature
of the refractory metal, its concentration in the
electrolyte, and its electrocatalytic activity in
the hydrogen evolution reaction. It was shown
in [21] for the electrodeposition of CoMo al-
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loys that an increase in the concentration of
molybdate ions in a solution and a change
in the ratio of metal concentrations from
Co: Mo = 5:1 to Co: Mo =1:1 leads to a signi-
ficant decrease in the current efficiency of the
alloy. Therefore, based on the analogy of the
properties and deposition processes of these
metals, it can be assumed that with a 10-fold
excess of tungstate ions compared to the con-
tent of molybdate ions (in deposition electro-
lytes), a decrease in the current efficiency of
the CoW alloy is also possible.

On fig. 2 shown that the CoW coating de-
posited from the Cit electrolyte under natural
convection conditions is smoother and has al-
most no spherulites. Coatings deposited from
a polyligand electrolyte are more stressed and
cracked.

The main problem of electrolytic alloys of
molybdenum is significant internal stresses in
coatings, which lead to cracking [22, 23]. To
solve this problem, several options have been
proposed: the addition of surfactants [24, 25],
the usage of pulsed electrolysis [26], the se-
lection of fundamentally different deposition
electrolytes [27], and the use of a constant
magnetic field [28, 29].

Comparing the cracking of CoMo coatings
deposited at a current density of 10 mA-cm™ in
natural and forced convection, we can draw a
similar conclusion that a coating growing at a
slower rate is less stressed. On the diffraction
patterns shown in Fig. 3, it is shown that, re-
gardless of the mass transfer regime and the
complex composition of electrolytes (for the
CoW alloy), all coatings are X-ray amorphous.
When the same amount of electricity is passed,
the CoW coatings from the alkaline citrate elec-
trolyte, which are released with a small current
efficiency, are deposited in a small thickness,
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and therefore, sharp peaks related to copper
can be seen in the diffraction pattern. Only
for the CoMo alloy deposited from the Cit-PPi
electrolyte, a peak of the Co,Mo intermetallic

A0pm. -, ,,ﬁ

Fig. 2. Surface morphology of CoW alloy coatings deposited from Cit (a, d) and Cit-PPi (b, e) electro-

compound is observed. The broad peak ob-
served for all samples in terms of the diffrac-
tion angle also corresponds to the formation of
Co,Mo and Co,W intermetallic compounds.

110 pm

lytes, as well as CoMo alloys (c, f) in the convective mass transfer mode (a, b, ¢) and without mixing (d, e, f).

A (Cit) convection

CoW/|(Cit) diffusion
CoW|(Cit-PPi) convection
—— CoW/|(Cit-PPi) diffusion
—— CoMo (Cit-PPi) convection
—— CoMg¢ (Cit-PPi) diffusion

Co,Mo

Intensity

20 60 80
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Fig. 3. X-ray diffraction patterns of CoW and
CoMo alloys coatings deposited from Cit and
Cit-PPi electrolytes under various mass transfer
conditions.
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The dependences obtained in the study of
the influence of the mass transfer mode and the
conditions of deposition of coatings by tung-
sten and molybdenum alloys with cobalt on
their magnetic properties are shown in Fig. 4.

60 1

-3

(@)

M, emu cm

1,0
H, kOe

—— Cit - convection
—+— Cit - diffusion
—<+— Cit-PPi - convection
—+— Cit-PPi - diffusion

-60 -

It can be seen from the results that, despite the
similarity of the chemical composition and
structure, the coatings deposited from electro-
lytes of different complex compositions have
fundamentally different magnetic properties.

-_ 400 1

(b)

emu cm

= 200 A

—— convection
—— diffusion

-400 -

Fig. 4. Magnetic hysteresis loops for CoW(a) and CoMo(b) alloys.

Table 2.

Magnetic hysteresis parameters of CoW and CoMo alloys.

CoW-Cit CoW-Cit-PPi CoMo-Cit-PPi
Parameter
stirring dift. stirring dift. stirring dift.
Ms, emu-cm? 30 3.8 45 22 380 300
Hc, Oe 85 275 50 70 72 60
Mr/Ms 0.73 0.61 0.20 0.37 0.25 0.32

First of all, it should be noted that the sa-
turation magnetization of molybdenum alloys
Ms (300-380 emu cm™) is an order of magni-
tude higher than that of tungsten alloys. Such
alloys reach saturation magnetization in low
strength fields, have a relatively low coercive
force (60-72 Oe), and are classified as magne-
tically soft materials in terms of their proper-
ties. In addition, the saturation magnetization
of all coatings obtained by mixing is signifi-
cantly higher than for alloys deposited under
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natural diffusion conditions. For CoW alloys,
there is also a difference between the proper-
ties of coatings deposited from electrolytes of
different complex compositions. For example,
the coatings obtained in the Cit electrolytes
are distinguished by a significantly higher
coefficient of loop rectangularity, i.e., their
properties are close to those of hard mag-
netic materials. Particularly distinguished is
the alloy deposited under natural convection
and having the lowest tungsten content, the
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properties of which are closest to those of
pure cobalt.

The magnetic properties of electrolytic co-
balt depend on its crystal structure [30] and,
consequently, on the conditions of deposition
and composition of electrolytes. The coercive
force of cobalt coatings varies over a wide range:
from 15 Oe for amorphous films to 380 Oe for
coatings with an hcp structure and a preferred
(002) orientation. The high coercive force and

the rectangular shape of the hysteresis loop in-
dicate that coatings with the crystal lattice of
hcp are deposited from the citrate electrolyte,
but the size of the crystals (2-3 nm) does not
make it possible to accurately identify and con-
firm this assumption by XRD.

The corrosion resistance of coatings de-
posited at current density of 10 mA-cm™ in a
corrosion solution of 1M KOH are presented
in table. 3.

-171gj, A em?

22 A

3

4
—— CoW - Cit-PPi convection

-5 1 CoW - Cit-PPi diffusion

CoW - Cit convection

—— CoW - Cit diffusion

-6 1 ~——— CoMo - Cit-PPi convection
—— CoMo - Cit-PPi diffusion

-7 T T L}

-1,0 -0,8 -0,6 -0,4 E,V

0,2

) Fig. 5. Voltammetric curves of corrosion
of alloys in a solution of 1M KOH.

Table 3.

Corrosion resistance of coatings with CoW and CoMo alloys.

CoW-Cit CoW-Cit-PPi CoMo-Cit-PPi
Parameter
stirring diff. stirring diff. stirring diff.
-E, B -0.772 -0.801 -0.742 -0.760 -0.627 -0.637
g, Acm? 4.9 4.1 4.6 45 4.7 4.9
R, xOm-cm? 3.6 0.9 3.0 2.4 33 3.6

It can be noted that during the deposition
of alloys from polyligand electrolytes, the
mass transfer regime has practically no ef-
fect on the corrosion resistance of the alloys.
In terms of their corrosion resistance, alloys
deposited from the same electrolyte, but in
different hydrodynamic conditions, are very

https://ucj.org.ua

similar to each other. The only exception is
the coating containing the least amount of re-
fractory component and being the least cor-
rosion resistant. It should also be noted that
tungsten alloys are more prone to passivation
in an alkaline solution than molybdenum
alloys.
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CONCLUSIONS.

— The composition of cobalt complexes
in solution plays a key role in the formation
of electroactive particles on the cathode. In a
polyligand electrolyte, the deposition of me-
tals proceeds with kinetic control, regardless of
the presence or absence of mechanical mixing.
The deposition rate of alloys under these con-
ditions is much higher, with a slight increase
in the cracking of the coatings, which is typical
for such alloys.

— In alkaline citrate electrolyte, the hy-
drodynamic regime has the greatest influence
on the chemical composition and current ef-
ficiency of CoW alloys. Thus, the amount of
tungsten in the alloy during stirring increases
3 times, and the current efficiency of the alloy
increases 6 times compared to natural convec-
tion mode.

—  All obtained coatings are X-ray amor-
phous and it is not depend on the conditions
of deposition and the content of the refractory
component

—  Given the close chemical composition
and structure of the coatings, the differences in
magnetic and corrosion properties can be at-
tributed to the influence of the nature of the
refractory metal: for example, molybdenum al-
loys are magnetically soft materials, and tung-
sten alloys are close to magnetically hard.
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MOPIBHAHHA BNACTUBOCTEA CMJIABIB
CoW TA CoMo, OCAJXEHUX I3 JTYXXKHOI0

LINTPATHOIO TA LINTPATHO-MIPO®OC-
®ATHOI0 ENEKTPOJITIB
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Y po6oTi BUBYEHO XiMiYHMIT CK/Iafl, BUXif
3a CTPYMOM, BJIaCTMBOCTi OiHapHUX CIUIaBiB
CoMo ta CoW, 110 0cajiKeHi 3 Ty>KHOTO LIUT-
patHoro (Cit) Ta nurparHo-nipogocdarHoro
(Cit-PPi) enextponitiB. IlokasaHo, mo oc-
HOBHAa BIIMiHHICTb MOHO- Ta MOJiMTiraHTHUX
€/IEKTPOJITIB IIO/IATaE Y MeXaHi3Mi Ipolecy
Ta MBUJKOCTI IIPOXOJYKEHHA JIIMITYIOUMX CTa-
JIii1, 1110 IIEPERYIOTh YTBOPEHHIO €/IEKTPOXiMiY-
HO aKTMBHOIO KoMIUIeKcy. IIpu enekrponisi B
LUUTPATHOMY PO3YMHI JIMITYIOUOK CTafi€l0 €
MaconepenecenHs kommnekcip [CoCit ]*, a B
UTpaTHO-IipodochaTHOMY — IpoLieC IPOXO-
IUTD i3 KIHETUYHNMM KOHTPOJIEM, 3aBJAKN YOMY
TiApOAVHAMIYHNIT PEXMM HE3HAYHO BIUIMBAE
Ha BMICT MeTajiB Ta IIBUOKICTh IXHBOT'O OCa-
mxeHHA. [Tpy 1bOMy OKPUTTA CIIaBaMu, SAKi
OCaJPKYIOTbCA 3 MEHIIOK IMIBUJIKICTIO, € MEHII
TPILMHYBATVMI Ta HAIIPY>KEHUMI.

HesanexxHo Bif pe>XXuMy MacoIepeHOCY Ta
KOMIIJIEKCHOI'O CKJIaJjy €lIeKTPOJIITiB IIOKPUT-
TS CIUTaBaMu € peHTreHoamopduumu. lnpo-
KW MK, 110 CIIOCTEPIra€ThCsA /i1 BCiX 3pasKiB
3a BeIMYMHOI0 KyTa mudpakuii, Bifmosigae
yrBOpeHHI inTepmeranifis Co,Mo ta Co,W.
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3HaiiileHo, 0 Ipy OMM3bKOMY 3HA4YeHHi
BMICTy TYTOII/IABKOTO KOMIIOHEHTA B PEHTTe-
HOaMOp(HUX CIIaBaX BiIMIHHOCTI B MarHiT-
HUX Ta KOPO3IHMX B/IACTUBOCTAX IIOKPUT-
TiB BU3HAYAIOTbCA NMPUPOJOI TYTOIIABKOTO
MeTany. HamarHidyeHicTb HacCM4YeHHA CIIABiB
Moni6neny Ms (300-380 emu-cm™) € 3HauHO
BUIIIOK0, HDXK cItaBiB Bonbgpamy. Taki cra-
BJ [OCATAlOTb HAMaTrHi4YeHOCTi HACMYEHHA B
IIOJIAX MAJIOl HAIIPY>KEHOCTi, MalOTh BiTHOCHO
HU3bKY KoepuuTuBHy cuny (60-72 Oe) Ta 3a
CBOIMM B/IaCTUBOCTSAMM HajIeKaTh 10 MarHiTo-
M’sAKux MatepianiB. Kpim nporo, Hamaruive-
HiCTh HACMYEHHSA BCiX IOKPUTTIB, OTPUMaHUX
Ipy IepeMillyBaHHi, € 3HaYHO BUIOI0, HIX
I CIUIABiB, OCA[PKEHMX 32 YMOB IPUPOJHOI
mudysii. Ona cmasiB CoW Takox crocrte-
piraerbcsa BiZMIHHICTD MK BIACTUBOCTAMMU
IIOKPUTTIB, 110 OCA[KEHi 3 €JIeKTPOJIITIB Pi3-
HOTO KOMIIJIEKCHOTO CKaafy. Tak, MOKpHUTTA,
orpumani B Cit-eeKTpOIiTi, Bifpi3HAIOTbCA
3HaYyHO OimbIIMM Koe(illieHTOM NpPsAMOKYT-
HOCTI 1eT/i, ToOTO 3a CBOIMU B/IACTUBOCTAMMU
HaO/IVDKAIOTbCS 10 MarHiTOTBEPAMX MaTepi-
aniB. Oco6MMBO BUJINAETHCS CIUIaB, 11O OYB
OCa/PKEHUI 32 YMOB IIPMPOJHOI KOHBEKILii Ta
Ma€ HajlMeHIIN BMICT Bonbdpamy, BIacTu-
BOCTI AKOTO HalOi1bII 6/IM3bKI 4O BIACTUBOC-
Tell 4MCTOro KOOABTY. 32 CBOEI0 KOPO3ilTHOIO
CTIMIKICTIO CITaBU, IO OCaJKEeHi 3 OJHOro
€/IEKTPOJIITY, ajie B PiSHUX TigpojMHaMid-
HIIX PEeXMMAX, € JyXKe CXOXIMM MiX co00Io.
BUHATOK CTaHOBUTH uIle IOKPUTTA, IO
MICTUTDh HaMIMEHINY KiJIbKiCThb TYTOIIIABKOTO
KOMIIOHEHTA Ta € HaJIMEHII KOPO3illHOCTiii-
kuM. Cr1ijf 3a3Ha4NTY, 1O CIUIaBY BOIbPpaMy
6ibllle CXMIBHI 0 TacUBAallii B Ty>)KHOMY PO3-
YIHi, HDK CIUIaBU MOTIiOfieHy.

KmrouoBi cnoBa: cruraB, KoOajbT, BOJIb-
dbpam, MonibneH, eneKTPOOCaKEHHS.
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Karanis cionykamu ¢pocdopy P(III) i xpemniro Si(IV) nmpu aninoBansi aHininy 3-okcn-
2-HadTOIHOIO, 1-0KCK-2-HaTOIHOW0, 2-0Kcu-1-HadTolHOW Ta 1-0KCK-4-HAPTONHOIO KIC-
JIOTaMM IPU3BOAUTD IO OTPUMAHHA aHI/i/IiB BiNOBITHNX OKCMHADTONHUX KIC/IOT y M SAKUX
ymoBax (opmo-kcunon, 146.5-147 °C) mpakTU4YHO 3 KiIbKiCHIM BUXOJOM.

Cepep P(III) akTBHMMM KaTatisaTopaMy BUABWINCS TPUXIOPU], Ta Tpubpomixn dpocdo-
py; docdopucra, 1-oxcnernnigennupocdonosa, nipodocdopucra, ta meradpocdopucra
KUCIIOTY; TPUMETWI-, JuMeTII- Ta guetundocdirn; docd(Ill)asan; cepen Si(IV) — akTusHi
TPUXIOP(METWI)CUIAH, JUXIOp(eTna)cuias, Auxaop(AMMeTII)CUIaH, TeTPAaXJIopCUIaH i
TETPAETOKCUCH/IAH.

Karamisaropu 3acTocoByBamm B KiTbKOCTi Bcboro ymire 2% MOJBH. Bifj OKCMHADTONHOT
KICIIOTH, 10 Y 15-35 pasiB MeHIlle, HK 3arabHONPUITHATE BUKOPUCTAHHA TUX CaMUX CII0-
JTyK AK KOHZIEHCYIOUNX areHTiB y CMHTe3i apuIaMifiiB KapOOHOBMX KICTIOT.

[TpakTNYHO He BUABIAIOTH KAaTalIiTMYHOI aKTMBHOCTI crionyku P(V), xmopuctuit TioHin
Ta XTIOPUCTUI CYyNbypuL.

HaasnicTb KaTanmiTuynoi akTMBHOCTI Tinbknu y cionyk P(III), 3paTHUX yTBOpIOBAaTH B pe-
aKIiiHiN Maci pocopuCTy KUCTIOTY, He CyllepeduTh paHillle 3allpOIIOHOBAHOMY I Peak-
1ii 3amMileHNx 6€H30MHMX KIC/IOT 3 aHI/IIHOM, 1110 KaTaJli3y€eThCs PCI3, MexaHismy P=0O-Hyk-
neodinbHOrO KaTaisy.

3arasoM 3acTocyBaHHA 5K Karanizaropis crionyk P(III) i Si(IV) npu orpumanHi aHiniznis
OKCUOEH30MHNX i OKCMHADTONHUX KUCTIOT BAAIO OTIOBHIOE Psiji KaTali3aTopiB Ha OCHOBI
crionyk Ti(IV), Axi BukopucToByBay paHillie Ipy yTBOPEHHI aHiTiAiB 3aMileHnx O6eH3oit-
HUX 1 HaTOMHYX KUCTIOT (110 He MIiCTATh apOMATUYHO 3B'sI3aHOI OKCUTPYIIN), JO3BOISAIOUN
CTBOPUTH YHIBE€PCa/JIbHUI METOJI IXHbOI'O CHTESY.

KmrouoBi cmoBa: tpuxnopuctuit pocdop, docdopucra Kucinora, YOTUPUXIOPUCTUI
KPeMHiil, OKCMHATONHI KMCIIOTH, aHiTiiM OKCMHADTOMHUX KUCTIOT, aHi/TiH, KaTaIis.
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BCTYII. Apunamingy okcuHaTONHNX KIIC-
not (OHK) mmpoko BUKOPUCTOBYIOTD B a30-
inHOMy dapOyBaHHi, y BUpOOHUIITBI OpraHiy-
HUXIIIrMeHTiB [ 1], Ak MeguuHi mpenaparn 2, 3]
i mecTunom [4].

Tpaguuiiamit MeToy IXHbOrO OTPUMAHHA —
e B3aemopia OHK 3 apomarnynaumMy aminamn
B HEIOJLIPHMX OPTaHiYHMX PO3YMHHMKAX 33
IIPUCYTHOCTI CT€XiOMEeTPUYHMX KiIbKOCTEN, a
qacTo i HaymiKy (35-50 % MOJIbH. CTOCOBHO
OHK), konpencylounx arentis (KA), mo mic-
taTh xn0p (PClL, PCl, POCI,, COCl,, SOCL,
SO,CL, SiCl,) [1,5]. 3a jtoro peanisanii B mpo-
MUC/IOBOCTI BUJI/NAETbCA 3HAYHA KiIbKiCTb
XJIOPUCTOTO BOJIHIO, IO BMKIMKAE CUTbHY
KOpO3il0 00/afiHaHHA Ta BUMAarae HeMTpaii-
3aril Ta/abo ynosnroBaHHA [6]. [HKOMN € He-
0OXiTHMM CKTaJHe MOCTYIIOBe A03yBaHHA KA
[7], a TakoXX copoBe PO3BapIOBAaHHS KiHIIEBOI
peaxkuiiiHol Macyu 1 IPOMMBAHHA BEIUKOIO

C OOH

KiZbKiCTIO BOZY, 11100 BiJOKpeMUTV IPOJYKTH
IXHIX IIepeTBOPEHD BiJj LII/IbOBUX PEYOBMH, 1110
yTBOPIOIOTHCA [8].

Paninie BcTaHoOB/IEHO [9], IO KiBKICTH
PCI3 MO>KHA 3MeHIIUTHU nuiile 0o 2% MOJIbH.
Bif 3-okcy-2-HadroitHoi kucnoru (3-O-2-HK)
i oTpuMaru 1i a”i/liJ y mpoueci B3aEMOJII Liel
KUC/IOTY Ta aHUIIHY B 0pmo-KCUJIOII 3 BUXO-
noM 98%. Lleit MeTox CMHTE3y Ma€ KilbKa Iie-
peBar i Bupimye KIr04oBi Ipobrmemm «3ene-
HOI» Ximii [10], Taki K ogHOCTaIiliHa KOH/IE€H-
canisg 6e3 IOIepeNHbOI aKTHUBALLil Kap60HOBo'1'
K1cnotu xnopyrounmu KA, sHauHe 3HIKEHHA
KIZIBKOCTI TOKCUYHUX TMOOIYHNUX IIPOAIYKTiB,
110 YTBOPIOKOTHCH, 1 BIICYTHICTh IXHBOI TPy-
moMicTKoi i He6esneyHol yTutisamii.

MeTa OpOro AOCTiIKeHHS — BUBYEHHS Ka-
Tasisy cionykamu gocdopy Ta iHIMX HeMeTa-
niB y peakuii OHK 3 anininom, pospo6renns
yHi(iKOBaHOTO MeTONy CHTe3Y iXHIX aHiTifliB:

CONH

. O (0 o

(1)

Cat = P(III), P(V), Si(IV), S(IV), S(VI).

EKCIIEPMMEHT I OBI'OBOPEHHA PE-
3VJIPTATIB. Awuinin, 3-O-2-HK, 1-okcu-2-
HadroiHy (1-O-2-HK), 2-okcu-1-HadToitHy
(2-O-1-HK) Ta 1-okcu-4-nadroitny (1-O-4-
HK) xucnotu; opmo-xcunon, puetungdocdit,
tpudenindocdin, TpuxmopuUcTHil, TpUOPO-
MUCTHUIA i T ATUXIOPUCTUIT HOCHOpP; XTTOPOKIC
Ta TneHTaokcuy ¢ocdopy, Tpudeninpocdar,
tpubytmndocdar, 1-oxcrernigenmudpocdo-
HOBY(OEDP), dochopny, pochopucty Ta me-
Tadocdopucry ((HPO,) ) kucnoru; pocd(II)
asan (PhN=PNHPh),, rekcaxmopumxmodoc-
dasorpien (PNCL),, okraxmopuuknodpocda-
sorerpaen (PNCL),, xnopucroBopHesuit aHi-
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7iH, rekcameTnIdochopTpraMiz, cipyaHy Kuc-
noty, Terpabyrokcuturan (TBT) ounimysanu
i BuKopucTOBYBa!M fIK y poborax [9, 11, 12].
[Tipodocdopucty Kucnory cuHTesyBamm Ta
inentudixkysamm 3a 1. wi. (38-39 °C) srigHo
[13]. Oudeninxnopdocdar, pumernndocdir,
nipopochopHy Kucnory, TpuMeTnnpocdit,
puxnopdeningocdar, xmopuctuit cynbpypu,
AVXJIOpMeTIIeHICUIAH, TPUXIOPMEeTUICH-
JIaH, XJIOPUCTUI TIOHI, JUXTOPAUMETUICAJIAH,
TeTPAeTOKCUCWIAH, TeTPAaXIOPCIIaH, OeH3iMi-
Iason, MpuAMH, [3-MiKOMiH, TpMUeTaHONMAMiH,
OpOMUCTOBOHEBUII aHI/TIH, XTTOPUAN Ka/bLiI0
Ta MarHilo BMpOOHMITBa KoMmmaHiit Merck,
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Sigma Aldrich, Alfa Aesar i Starshine Chemical
Ltd. Co. BukopucToByBanu Ak Taxi. JJogaTtkoBo
HiflaBaay 3HEBOJAHEHHIO XJIOPU/J] Ka/IbIIif0 IIPK
Ha-rpiBanHi 1o 200 °C i pocopucty kucmory
IpY BUTPUMYBaHHI Hap cuiikarenem. ®ocdir
anininy (PhNH,"O,(H)POH) orpumysamu Ta
aHaJli3yBalIM 3a METO[MKOIO, ONJCAHOK B poO-
oori [14].

Ompumanns aninioie OHK. Y xon6y, 3 Ha-
cagxoto Jlina - Crapka, 3alI0BHEHOIO 0p110-KCU-
JIOJIOM; 3BOPOTHUM XOJIOAV/IbHMKOM, 3aBaH-
Taxysamu 2.97 T (31.92 Mmmornb) aHinminy, 5.0 T
(26.6 mmonb) OHK, 40 cm® opmo-kcumnony, Ha-
rpiBa/m macy no 40-45°C 10 IOBHOTO po34n-
nenns OHK, gomaBamu 0.532 MMo/b KaTaisa-
topa (PCl, sacrocoBysanmu y Burmazi 20%-Horo
PO3UNHY B 0p110-KCWIO), HIBUAKO HArpiBasm
Macy po kumiHHA (146.5-147 °C), BuTpuMYy-
Ba/M II€BHUI 4YacC, IHTEHCUBHO BifiraHAKNYN
a3e0TpOIl BOfIa — OPMO-KCUJION JIA 3CYBY PiB-
HoBary y 6ik mpopykriB peakuii. [lorim macy
oxonomxysanu fo 30-40 °C, Bigransamm mip Ba-
KYYMOM Opmo-KCU/IOI 1 aHi/TiH, 10 He IIpope-
aryBas, IpoMuBay ocaf 20 M’ po34MHY COMA-
HoI k1cnoty, 40 cm® copoBoro posunny, 20 cm?
BOZM, BifibiIbTPOBYBA/IM i CYLINMIN 3a/TMIIOK 32
120 °C. 3 06'egHaHOrO BOJHO-COIOBOrO (ib-
TpaTy MiKMC/IE€HHAM COJIAHOKI KHCIOTOKI IO
pH=1 Bupimamm OHK, mo ne mpopearysana,
npoMuBanu ii Bogoro, cymmmm 3a 105-110 °C.
TounicTb BumipiB craHoBmIa +1.0% abcomot-
HUX. [HTEHCUBHICTD Ta PIBHOMIPHICTb KUITIHHA
peaxiiliiHol Macu KOHTPOJIOBAIM, IifATPUMY-
104J1 TEMIIEpaTypy TeIUIOHOCiA B OaHi Ha piBHI
159.0 °C, sx y pobori [11].

InenTndikaniro OTpMMaHMX INPORYKTIB
IIPOBOJAMIN 3a T. IL, IIOPIBHIOIYM 3 JIiTepa-
TYPHUMM JaHVMM; METOJaMI TOHKOIIApOBOI
xpomarorpadii (THIX), I9- Ta SAMP-crekrt-
pockorii, eleMeHTHUM aHanizoM. T. 1. cun-
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tre3oBanux a”inigis OHK (t. 1., °C, OHK, ni-
TepaTypHe mxeperno): 246-248, 3-O-2-HK [7];
172-173, 2-O-1-HK [4]; 155-156, 1-O-2-HK
[1]; 145-146, 1-O-4-HK [15].

Cnextpn SIMP'H peectpyBamm Ha crek-
TpoMmeTpi Varian MR-400 (400 MI1y) y peiire-
posanomy IMCO a6o CDCI, 3a 25°C, sik BHY-
TPILIHIN CTaHJApT 3aCTOCOBYBaIU TeTpaMe-
Tuacunad. [Y-crekrpy sanmcyBany Ha Ipu-
napi Specord UR-75 y Tabnetrkax KBr. T. mm.
Bu3Havyanu Ha npuiagi Kodnepa HMK.

AHaji3 peakLiliHuMX CyMilllell Ta aHiTi/liB
OHK merogom THIX npoBopnau 3 BUKOPUC-
TaHHAM IUIACTUH, IOKPUTUX CHUJIIKarenieM
60 F254 (Merck). PisHi miiamu BiyanisyBanm
3a pgornomoron Y®-mammu (254 HM), y HM3Li
BUIIAJKIB — i3 HACTYIHMM IIPOABOM II€pMaH-
raHaToM KaJiito abo iiogom. Emoenty — nuxio-
reKkcas : eTmianerar : Mmetanon = 20 : 9 : 1 abo
H-TeKCaH : sTwnanetar = 4 : 1 abo aleToH :
xnopbenson = 1 : 4 (06'emMHi CIiBBifHOIIIEHHS).

Ha npuxnapi peaxuii (1) 3-O-2-HK 3 ani-
JiHOM BUBYM/IM KaTaJiTUYHY aKTUBHICTD pi3-
HUX CcIOTYK ¢ocdopy, AKi BUKOPUCTOBYIOTH
3a3BMyYall AK BomoBigHiMaroui 3acobm i KA [1],
a TaKOX IXHIX CyMmillleil 3 MOXK/IMBUMU aKTH-
BaTOpaMy aMiJyBaHHA, oOpaHMMU 3TifHO Ja-
HuX [16-18] (Tabm.).

B ycix mocnigax, kpim animigy 3-O-2-HK, 3
peaKLifiHOI Macy BUJINEHO aHi/MIH Ta BUXIiJ-
Hy 3-O-2-HK, mo He nmpopearyBanu, — iHIINX
IIPOJYKTIB HEMAE.

HekaraniTyna peaxiiia nporikae 3 HU3b-
KUM BUXOZIOM aHinify (tabm., gocn. 1). Edex-
TUBHMMU KaTajli3aTopaMy € CIIONYKM TpUBa-
NeHTHOTO (pocdopy: TpUXIOPUCTUIL Ta TPU-
opomuctuit pocdop; TpUMETHI-, JUMETUI-
ta puetwidocdity; dbocd(Ill)asan, docdo-
pucra, OEDP, mipodocdopucra ta (HPO,)
xkucnoty; PANH,*O_(H)POH (mocn. 2-13).
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Tabnunsa

3anexHictp Buxony (B, %) aninigy 3-O-2-HK Big npupongu Cat (2% MonbH.

Bipg 3-0-2-HK), opmo-xcunon, 146.5-147°C, yac peakuii 5 rognH

Ne mocr. Cat B, % Ne nocr. Cat B, %
1 - 2-3 25 PhNH, HCl ~ 4-5
2 PCl, 46-57(98) 26 PhNH,-HBr 4-5
3 PBr, 71(98)° 27 PCl, 12
4 P(OCH,), 55 (98)° 28 (PNCL), 23
5 HP(O)(OCH,), 45 29 (PNCI), 21
6 HP(O)(OCH,CH,), 46 30  O=P(OCH,), 4
7 H,PO, 54-80(98)° 31 O=P(OPh), 5
8 H,PO, (30% Bopyi.) 37 32 O=PCI(OPh), 5
9 H,P,0, 75 (98)° 33 O=PCL(OPh) 12
10 (HPO,) 35 34 H,PO, 6
11 (PhN=PNHPh), 50 (98)° 35 H,P.0, 10
12 OEDP 52 (98)? 36 POCI3 8
13 PhNH, "0, (H)POH 60 37 POCI+H,S0, 11
14 P(Ph), 7 33 O=P[N(CH,)], 10
15 PCl, + H,0* 36 39 PO, 8
16 PCI, +2 H,0* 20 40  CHSi(CL)CH, 32
17 H,PO, + H,S0,° 49 41 CHSICl,  48(95)
18 H.PO,+6ensimigason’ 49 42 (EtO),Si 52 (98)®
19 H,PO,+rpueranonamin’ 25 43 EtSi(H)CI, 38
20 H,PO, + mipupnn® 46 44 SiCl, 47 (98)?
21 H,PO, +B-mtikoiH® 42 45 (CH,) SiCl, 32
22 PCl, + TBT 30 46 SO,ClL 6
23 H3PO3 + MgClz6 14 47 SOCI2 3
24 H,PO, + CaCL® 19

IIpymitkn. *Y my>kkax laHO BUXij aHimigy 3a 12 rop. *MonbHe criBigHomenHs Cat :

aktuBarop = 1: 15y gocn. 21 - PCL, : TBT = 2 : 1. *Tigponis posunny PCl, Booro B 0pmo-Kcumoni.
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(HPO,) (rabm., gocn. 10) i OEDP (rab6mn.,
om. 12) paHiure He BifoMi Hi K KaTani3aTopu,
Hi Ak KA B cunTesi amigis. Ilepma yTBOpIO-
€TbcA 32 PochasHUM METOJOM CHHTE3y aMi-
IiB, 3aBXX/[IM BBa>KaJlacs BiJXO[OM i BilOKpeM-
JIOBajacAd y BUITIAJLL Ocajy IOMapaHY€BOIO
xombopy [19]. Toxi ax OEDP Bigoma sk kaTa-
Mi3aTop KOHpeHcalil KapOOHIIbHUX CIIONMYK
3 aMiHaMM, HaIIpUK/IaJ, CyMilli 3aMileHoro
Oensanpperiny i 1-(2-rigpoxcudenin)-2-Hit-
POETaHOHY 3 CEYOBMHOIO, 1110 NPU3BOAUTD /10
OTPMMAHHSA HiTpofirigponipuMignHis [20].

OO + H,4P,0s
OH

Haii6inpury katamiTM4Hy aKTUBHICTh Mae
nipodocdopucra kucmora (tabn., mocm. 9),
10 MOKe OyTU IOB'SI3aHO 3 HAsIBHICTIO Y Hel
B MOJIEKY/Ti IBOX aKTUBHUX atoMiB ¢ocdopy,
[0 YTBOPIOIOTH ABi MojeKymt pochopucToi
kucnoTu. Bimomo [12], o kap60OHOBI KMCIOTH
y M'IKMX YMOBaX B3a€MOJIIOTH i3 mipodocdo-
PUCTOIO KUCTIOTOI0, @ OTpuMaHi anmndocditu
MIBUZIKO pearyiTh 3 aMiHaMy 3 YTBOPEHHSIM
BifIMIOBifHMX aMifiB KapOOHOBMX KMCIOT. [1st
3-O-2-HK 1e Mo)XHa 3ammcaTyi TaKUMU PiB-
HAHHAMMU:

C(O)OI:\OH
H 4 H;PO;

OH
)

—CONH
() + PhANH, — O@ \© + H;PO;
OH

I3 nux piBHAHD BMIHO, 1O (OPMaNbHO
Ki/ZIbKICTb KaTanisaTopa, H3POS, i BUIIYETD-
¢ BABIiYi — mo 4% monbH. Big 3-O-2-HK, mo,
3TifHO 3 JaHUMM poboTH [14], Mae mpusBoOxK-
TH [0 36inbIIeHHA BUXOJY aMifjiB.

Cepep ycix cronyk TpuBaneHTHOro ¢oc-
¢$bopy HEaKTMBHUM fK KaTa/li3aTop BUABUBCA
tpudenindocdin (rabm., gocn. 14), xoua BiH
Bimomuit sk KA B cunTesi aminis [16, 21]. 3a-
3HAYMMO, L0 IOMY IIPMTaMaHHi I1eBHi BiIMiH-
HocTi. Yci akTuBHI Karamisaropu ¢popmManbHO
MAIOTb CTYIiHb OKMCIeHHA P°* [22] 1 MOXyTB
neperBopooBaruca B Maci B P-OH xucnory,
TO6TO Y HUX € MOX/IUBicTh P=0-HyKneodins-
HOTO KaTajli3y 3 yTBOpeHHAM anmadocdiris,
K 1okasaHo B [11]. Topi sk cTymiHb OKMCIEH-
Ha pocdopy B rpudenindocdini € P*- [22], i
P-OH xucnot y Maci BiH He yTBOpIOE€.
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Hasshictp xmopy un 6pomy y P(III) € He-
00OB'SI3KOBOIO /ISl YCIIIIIHOTO OTPVMAaHHS
animigy 3-O-2-HK (ta6m., gocn. 4-13).

Panime npu xaranisi PCl, y cunresi 6en-
3aHiTAy mokasaHo [12], mo B mepuri XBun-
HY peakiii BUAIAETbCA ocaf, ineHTndikopa-
Huit 3a T. Wi (197-198°C) ta [Y-cnekrpom
AK xyoprifipat anininy. Te came 3asHaueHO B
mocmimKkyBaHiil peakuii (1) pama Bcix kara-
Ni3aTOpiB Ha OCHOBi XJIOPOBMICHUX CIIONTYK
docdopy. IIpu karanisi TpubpommcTum poc-
dopowm (tabm., foc. 3) TakoXK BUII/IEHO Ocaf,
inenTndikoBanmit sk 6poMmrigpar aHinmiHy 3a
[Y-criektpoMm i T. 1. = 282-283 °C [23]. O6u-
IBa OCaay BUABUINCI HEAKTUBHUMM SIK KaTa-
nizatopu (Tabm., focn. 25, 26).

JlomaBaHHA [0 aKTMBHUX KaTajli3aToOpiB Bi-
INOMMX aKTMBATOPIB He IiIBUIIYE BUXIiJ| aHITiY
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3-0O-2-HK (tabn., mocn. 17-21), a mob6aBku
CaCl, i MgCl, (rabn., nocn. 23, 24) cyTT€BO
JI0TO 3HIKYIOTh. TakoX He BUABJIEHO CUHEp-
riYHOTO e(eKTy IpV BMKOPMCTAHHI SK KaTa-
nisaropis mapu (PCL+TBT) (ta6n., focn. 22).

IlikaBuM € BIUIMB BOAy Ha eeKTMBHICTD
nii H PO, ta PC13. BcranoBneno, mo Buxipg
animipgy 3-O-2-HK y nopiBHAHHMX yMOBax
sMeHuyerbeA Bif 80 1o 54% y mipy BUKOpuC-
TaHHA CYyXOi H3PO3 YIPOJOBX OJHOIO — IBOX
MicauiB (tabim., gocn. 7). He BukiroueHo, 110
Ile MOB'S3aHO 3 IOCTYNOBUM IOITIMHAHHAM
Bogu 3 TOBITpsA (pochopucTorw Kucaororo,
sKe, SIK BijoMo [24], MOXXe HpPOTiKaTu B iH-
TepBasli TeMIlepaTyp Bif kiMHaTHOI 70 118 °C
i, BiITIOBi[JHO, HEKOHTPOJIbOBAHUM IIOCTYIIO-
BMM 3MEHIIEHHAM il O3yBaHHA /I CUHTE3Yy
aninmigy 3-O-2-HK.

BopgHo4ac npy BUKOPUCTaHHI fIK KaTanlisa-
Topa 30% BogHoro posuuny H,PO, Buxin aHi-
TRy € icTOTHO HIDKYMM (Tab71., ZOCTL. 8).

Panimre nokasano [11], mo ouniennit op-
mo-kcunon moxke mictutu 0.028% mac. Bogu,
0 B ~1.03 (Mo/bH.) 6i/IbIlle IO BiJHOIIEHHIO
no P(III), sskmit BUKOPUCTOBYIOTH JIsI KaTajli-
3y. Y pasi sactocyBaHHA 30% BOIHOIO po3yn-
HY H3P03 BOJIa Y BUXifIHiJl peakIilHii Maci

IepeBeplIye KaTaaisatop Bxe B 11.67 pasu.
He BukmoueHo, 10 Ipy LbOMY MOXKe Ol
iHTeHCMBHO TpoTiKaTK MOobGiYHA peakilis po3-
KIagaHHsa pochopucToi Kucnotu [24], i Kinb-
KIiCTb KaTajisaropa B Maci iCTOTHO CKOpOYy-
€TbCA:

H3P03 + H20 = H3PO4 + Hz.

3a TpUBA/IOro, MPOTATOM OFHOTO — ABOX
MICALIIB  BMKOPUCTAaHHA OPTOKCHUJIONBHOTO
posuuny PCl, (1abmn., focn. 2) Ta, BignosigHo,
JIOTO TIOBi/IBHOTO TifipOMi3y CIOCTEPIraeTbCA
301/IbIIIEHHS, a ITOTIM 3HVDKEHHS KaTaiTUIHOT
aKTMBHOCTI. 3 ypaxyBaHHAM BOJMY, 1JO 3HAXO-
OUTbCA CYMAapHO B OPoO-KCUONI, AKUI BU-
KOPUCTOBYIOTb JiA IPUTOTYBAaHHA PO3UYMHY
KaTajlisaTopa Ta IIPOBEJEeHHs peaKllil, MOJIbHE
cuissignomennsa H O : PCl, cknape 1.04.

3a ToIepegHbOro Tifgpomisy PCl3 BiTHOC-
HO BEJIMKOIO KibKicTio Bogu (Tabi., mocn. 14,
15) i10ro aKTMBHICTb 3HAaYHO 3MEHIIYETHCH, A
MonbHe criBBifHomenHsa H O : PCI3 CKJape,
BigmoBinmHO, 1.3711.71.

Bimomo [25], mo rigponis PCl,, sanexxHo
BiJ KiZIbKOCTi BOIM, IKY BUKOPUCTOBYIOTb, Ta
IHINMX YMOB, MOK€ NPOTIiKaTy PiSHUMM ILJIA-
XaMI:

PCl;+ 3 H,O=H;PO;+ 3 HCI

2PCls+5 H,0 = HO(O)P(H)-P(0)(OH),+6HCl

4PCl;+3H,0=(Cl),P-O-P(C1)-0-P(C1)-0-P(Cl),+6HCl

Cl

ASIAN

3PCly +3H,0 =0
\\
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- /P—Cl + 6HCI
|
Cl

0
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He BuK/II04€HO, 110 IPY I[bOMY YTBOPIOTb-
s IPOAYKTH, SIKi He € eeKTUBHUMM Y CUHTe-
3i aninigy 3-O-2-HK.

KaranmiTyHo He aKTUMBHMMM BUSBUIN-
cs BCi CHONYKM I ATMBaJeHTHOro Qocdopy
(tabmn., om 27-39), xoua BoHM Bimomi sk KA,
aKTMBATOPM CUHTE3y aMijiiB KapOOHOBMX KIIC-
ot [1, 16, 26-28].

BigHocHO BucOKMIT Buxij aHimipy 3-O-2-
HK cnocrepiraerbca nuire 3a IpuUCyTHOCTI
(PNCl,), ra (PNCL,), (Tabmn., gocn. 28, 29). Lle
MOXXHA TOSCHUTU TUM, IO OCTAaHHI crpus-
I0Tb YTBOPEHHIO X/IOPAHTi/IpNAiB KapOOHOBUX
KUCIOT [29] Ta/abo 3MilmaHUX aHTiAPUAIB i3
MOiA/IbIIMM IIBUAKMM OTPUMAHHAM aMifiB
KapOOHOBUX KUCIOT [30]:

0 0
R—( yx
a N a
: 0 " )
Vi > o §P< N e
R + a | a 0~ P| T\o
OH N A > ‘ ‘ —>
\/P\/ R '\\P/'\ >/~——R
a o /\ ©
0 0O o 0
R=An al ¥ T
H R R A

+ 6 NH,Ph ——> 6RCONHPh

Ak crae ovyeBMpgHUM i3 HajaHOI cxemu, 3
IpUKIafy rekcaxaopdocdasorpuena, Ha 2%
mornbH. B3sToro (PNCIL), Moxe yTBOproBaTH-
cs o 12 1 6inbie % aHinigy kap6oHOBOI Kuc-
JIOTU 1€ [0 TOro, AK BUXIJHMUI KaTaji3aTop
4yepes Tifposii3 BOOK IEPETBOPUTHCA Ha CY-
mim NH,CI n H,PO, [29].

ITo Buxopy aninigy 3-O-2-HK B opmo-

KCWJIOJI, 3TifHO 3 OTPUMMAHUMM Pe3y/lIbTaTa-
MU Ta faHuMu poboTu [9], cnocrepiraerbes
HACTYIIHUI PpAJ 3MEHIIEHHA KaTaliTUYHOI
aKTMBHOCTi, HIDKY€ SAKOTO Il OKpeMUX
cat posramoBaHi ixHi Biomi sHaueHHs pK,
[31-33] (mnsa 6araTOOCHOBHUX KMUC/IOT [IaHO
3HayeHHsA pK Jyis mepuioi KOHCTaHTU [{UCO-

mianii):

H,PO; >H,P,05 >PBr;>PhNH;~0,(H)POH >PCl;> P(OCH;)>

pK, 1.8 1.5

6.2

13.0

OEDP>>HP(0)(OCH,CH;),>HP(0)(OCH;),>(PhN=PNHPh), >

pK, 2.8 13.0

13.0

H3P03! BOHH.)dmO;)n >(PNC12)4 >(PNC12)3 >PC15>H4P207>H3PO4

pK, 1.8
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Cymsyu 3 1boro pAny, y CUHTe3i aHimi-
ny 3-O-2-HK 4uctuit KMCIOTHMII KaTamis He
npucyTHin. Karanituyni BmactuBocTi B3arai
BifICyTHi y BiTHOCHO cunbHUX PocdopHiit Ta
nipodocdopHiit kucnorax. Bognouyac Bigomo
[34], mo, Ha BigMiHy Bii eQeKTMBHOrO Kara-
nisaropa — gochopuctoi kucnotn, pochopua
KIC/IOTa He Ma€ 37aTHOCTI o docdopuio-
BaHHSA Ta TAyTOMEPHNX IIePETBOPEHb.

Tpuranorenipy  pocpopy Ta (PhN=
PNHPh)Z, 4K MokasaHo B [11, 12, 14], micnsa
IIOYaTKOBOI B3aEMOJIil 3 BOAOIO, Kap6OHOBOIO
KUCIOTOK Ta AHUIIHOM Y peaKUiifHiin Maci
MOXYTb IIepeTBOpIOBaTICA Ha (docdopucty
kucnotry. Lle Moxxe OyTu mpuramMaHHe iHIIMM
KaTajli3aTopaM.

Tak, Tpiankingocdity B M'SAKuMX ymMoBax
pearymTh 3 BOZIOK0 i KapOOHOBOIO KMC/IOTOIO B
Maci, yrBoproroun giankingocdirnu [22]:

(ALkO);P+H,0=(ALkO),P(O)H+AIkOH
(ALkO);P+RCOOH=(AIkO),P(O)H+RCOOAIK;

mati rifponis 3a remneparypu nuiue 70 °C mo-
CIiJOBHO TPOXOANUTDH [0 MOHOANKinpocdiry
Ta pocdopucroi kucnoru [35]:

(ALkO),P(O)H + 1,0 = HO(AIkO)P(O)H + AkOH
HO(AIKO)P(O)H + H,0 = H3PO; + AkOH.

Bigomo posknaganHs MeTadochopucTol
KUCTIOTY 3a IPUCYTHOCTi BOJIOTM TAaKOX IO
docdopucroi kucnotu [36].

AHIiIH MOXXe a/KiTyBaTUCA TPUAKIN- Ta
nuankindocdiramy, HaUpUKIAL, TPUMETUII-
docditom, guetnndocdirom, 3a mifgBuUILEHOT
TeMIIEPAaTypy 3 OTPYMAHHAM MOHO- Ta JMasl-
KiTaHiMiHIB Ta yTBOpeHHAM (docdopucrtoi
kucmoru [37].

TakuMm 4uMHOM, BCi KaTali3aTopu CUHTE3y
animipy 3-O-2-HK y peakuinniin maci nocmi-

https://ucj.org.ua

JOBHO 3JIaTHi mepeTBOproBaTiCcsA Ha Qocdo-
PUCTY KUCTIOTY.

Paninie Ha 0CHOBI BMBY€HHA BIUIMBY 3aMic-
HIKIB y peakiiii 3aMileHnx 6eH30/HIX KICIOT
3 aHUIIHOM, 1IIO KaTa/li3yeTbCcs PC13, 3aIIpoIIo-
HOBaHO MeXaHi3M P=0O-HykneodinbpHoro kara-
i3y B CMHTe3i 3aMilneHnx OeHsanimigis [11].

Otpumani gani mopo karanizy P(III) y cun-
tesi a”inmigy 3-O-2-HK He cynepeuyaTtph TakoMy
MexaHismy peaxkuil. [Ipn npomy pochopucra
KJC/IOTa B Maci CIIOYATKY I1epeTBOPIOETHCA HA
docdit anininy (A), AKUit yTBOPIOE KOMIIIEKC
(B) 3 3-O-2-HK, o

. H—P_0H (4

H;PO; + PhNH,

O® ® H3NPh
IEepEeXOJUTb B AKTUBHMUII 3MILIAHUI aHTigPUL,
(9)
4
HO COOH + (A - —
@) ‘— C \O/H (B)
@) i
H
O S
_l_
0" 'NH;Ph
- /O + H,0
B) — —cC =

OcraHHIl y peaklii 3 aHITIHOM yTBOPIOE
komitekc (D), mo posnagaerbes Ha KiHIeBU

(C) + NH,Ph
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aninig 3-O-2-HK rta Buxigauit docdir anini-
Hy (A)

0— OO -

CONHPh

Ockinbky, 3a BUHATKOM Tpudeningocdi-
Hy, Bci Bunpo6bysani P(III) epexTuBHO KaTa-
Mi3yI0Th yTBOpeHHA aHinigy 3-O-2-HK, 6yno
IIEPEBIPEHO MOXX/IMBICTh CHUHTE3Y aHiMifiB
inmmx OHK. Y mopiBHAHHMX yMOBax B op-
mMOo-KCUIoni 3a mpucyTHOCTI 2% monbH. PCI,
abo H,PO, orpumano Takox awimigu 1-O-2-
HK, 2-O-1-HK i 1-O-4-HK (peakuis 1) i3 Bu-
xomoM 95-97% 3a 12 rop.

Y po6ori [9] Bubip PCl, sk xaranisaropa
cunTedy aHimigy 3-O-2-HK 6ymo spobmeno
Ha OCHOBi TOrO, IO BiH He BUABISAE OKNC-
HUX BJIACTMBOCTEN BiTHOCHO (PEHOKCM/IbHUX
paaMKaliB Ha BiMiHYy BiJj IHIIMX aKTUMBHUX
KaTanisaropiB cuHTesy Oensaninmimy (SbCl,,
TiCl,, PCL,) i €, A 3a3Ha4YeHO BuIIe, BifoMUM
KA.

barato cmomyk kpemsilo Si(IV) Takox €
KA i BMABALIOTH BIiIHOBJIIOBA/IbHI BJIACTU-
BoCTi [38, 39]. Buxopsun 3 nporo, nepesipu-
M KaTaliTUYHY akTuBHICTD paAxy Si(IV) npu
B3aemopii 3-O-2-HK 3 anininom (peakis 1).
BcranoBneHo, 1m0 CHOMYKM KpEeMHil0, B3ATi
B KinbKocTi muire 2% monbH. Bifg 3-O-2-HK,
KaTa/li3yloThb YTBOpPeHHA aHimigy 3-O-2-HK
(Tabmn., gocn. 39-44) Ha pisHi cionyk P(III).

Cepen Hux MoxkHa BiggHauntu SiCl " paHi-
me BUKopuctanuit Ak KA mia cunTesy pany
aMiziB y mipuauHi, 0 MpOTiKae 3a pPiBHAH-
HaMm [39]:

2 RCOOH+2 R'NH,+SiCl, =
=2 RCONHR '+(-8i0,-),+4 HCL
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[Ipy nboMy BMCOKMII BUXIifi aMifly OTpUMY-
Ba/IM 3a3BMYAll IIPY BUKOPUCTAHHI MOJISIPHO-
T'O HA//IMIIKY TETPAXJIOPULY KPEMHIIO.

BBakarorp [39], 1m0 KOHOEHcAllisd MOXKe
IPOXOANTHU Yepe3 mpoMiKHMit Komiekc (E),
AKMI Ma€ alMIOKCK- Ta aMiHOTPyIN, IPUEN -
HaHi ;O OJHOrO i TOTO X aTOMa KPEMHIIO:

al
/s J

(E)

Lleit BUCHOBOK 3p00/IeHO aBTOPOM Ha OC-
HOBI €KCIEPYMEHTA/IbHUX JIaHUX IIPO Te, 1O
B TIOPiBHAHHMX YMOBax 3a mpucyTtHocTi SiCl,
peax1iisf aHiNTiHY 3 TapaoKCMOEH30HOW KYIC-
n0TOK MpoTikae Ha 50%, a 3 caminuIoOBOO
KJIC/IOTOI0 B3araji He MpoTikae. BBaxkaeTbcs,
IO CaIilMIoBa KHUCIOTA pearye 3 TeTPaxJIo-
PUIOM KPEMHII0 3 YTBOPEHHAM MiIJHOTO Xe-
MaTHOTO AMcaninmnary kpemsimo (F), B akomy
He MO>Ke BiOyBaTucs B3aeMofis

f

R |
— RCONHR' + (-Si-0-),

()

KapOOKCM/IATHOTO Ta aMiHHOTO JIraHjiB 3a
tunom (E), Toxi sk i3 mapa-TifpokcubeH3oii-
HOIO KJC/IOTOIO BIATIOBiJHA CIIIPOCIIONYKa He
YTBOPIOETHCH.

Bpaxosytoun Te, mo 3-O-2-HK mo>xHa pos-
I7IA0ATU AK aHAJIOT CaIilMI0OBOI KUCIOTY, HE
3a3HaueHO iHribyBaHHA II peaklil 3 aHiTIHOM
3a npucyTHocTi SiCl,, KinbKicTh fKOTO Maiike
B 100 pasiB MeHIIIa, HiX B351TO B poboTi [39].

Cynsaunu 3 HaABHOCTI KaTa/liTMYHOI aKTUB-
HOCTi y TeTpaeTokcucuany (Tadm., focm. 42),
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IPUCYTHICTb XJIOPY, HIpPUENHAHOTO n0 Si,
He € O0OB'SI3KOBOIO MJIs1 YCHILIHOTO KaTa-
nisy B peakuil (1). BogHowac Bimomo [40],
mo (EtO),Si Buxopucrosyiors y 200-250%
MOJIbH. HAaJUIMIIKY Ji/I1 YTBOPEHHA aMifliB y
KuIyAa4oMy Ttonyoni. Ilpy npomy 0faTKOBO
TOBOIUTBCA BiIraHATH 3 Macy Ha KOJIOHIII 3a
3HIVDKEHOTO TUCKY BENMKY KIIbKICTh €TaHOIY,
1110 BUITUBCA.

Cnpoba cunresysaru aninip 3-O-2-HK 3a
IPUCYTHOCTI CHONYK cipku (Tabn., mocn. 46,
47) BUABMIACA HEBAJION.

BVCHOBKJ. TakuM 4YMHOM CIONYKU
P(III) i Si(IV), y Tomy umcni i Bimomi KA,
MOXXHa YCIIIIIHO 3aCTOCOBYBaTU B 3HA4yHO
MEHIIIN KiJIbKOCTI AK KaTaji3aTopyu CUHTE3Yy
aninigiB OHK peakui€eto ocTaHHIX 3 aHiTiHOM
y BiTHOCHO M'AIKMX ymMoBax (146.5-147°C, op-
Mo-KCuIon). 30iMbLIEHHsAM 4Yacy alVIIoBaH-
HA BIAETHCA AOCATTH O/mmsbkoro mo 100%-
Horo Buxopy auinmigis 3-O-2-HK, 1-O-2-HK,
2-0O-1-HKi 1-O-4-HK.

HaaBHicTh KaTaMiTMYHOI aKTVMBHOCTI Ti/lb-
ku y cronyk P(III), spaTHMX yTBOprOBaTU B
Maci dochopucty Kmuciory, Ha BigMmiHy Bif
conyk P(V) He cynepeuntdb panime npuiry-
IIEHOMY /I peakiil 3amiljeHnx OeH30MHMX
KUC/IOT 3 aHIMIHOM, L0 KaTa/li3yeThcs PC13,
MexaHisMy P=0O-nykneodinbHoro katamisy.

3arajoM 3acTOCyBaHHA AK KaTa/li3aTOpiB
conyk P(III) i Si(IV) npm orpumanHi animi-
J1iB OKCMOEH30HNX i OKCMHAPTONHUX KICTOT
BJIaJI0 JOIIOBHIOE P KaTaai3aTOpiB Ha OCHOBI
crionyk Ti(IV), sixi BukopucToByBamy paHiue
IIpY YTBOPEHHI aHiNiAiB 3aMileHnx OeH30il-
HUX i HATOVHMX KMCTIOT (1[0 He MiCTATh apo-
MaTUYHO IIOB A3aHOI OKCUTPYIIN), JO3BOJIAIO-
Yy CTBOPUTHU YHiBE€pCa/AbHUI METOJ IXHbOTO
CUHTE3Yy.

https://ucj.org.ua

ABTOp BUC/IOB/IIOE OJSIKY CHOHCOPY —
NPUBATHil HAYKOBO-BUPOOHNYiiT KO-
mepuiitHiit ¢ipmi (ITHBK®) «Texno-
cepBic», 3a [OMOMOry B HaNMCaHHi
po6oTu Ta mpoBeneHHi aHami3iB (KopucTy-
BaHHA apXiBoM, XypHanbHUM ¢GoHOM, Ha-
JaHH:A MaTepialiB, IPWIaJOBOTO MAPKYy).

CATALYSIS BY PHOSPHORUS AND SILICON

COMPOUNDS IN THE SYNTHESIS
OF OXYNAPHTOIC ACID ANILIDES

L. Ya. Shteinberg

The Scientific-technical institution «Institute of
chemical technology and industrial ecology»,

3 8q. of Chemists, 93010 Rubizhne, Luhansk re-
gion, Ukraine;

e-mail: leon.shteynberg@gmail.com

Catalysis of the acylation of aniline with
3-hydroxy-2-naphthoic,  1-hydroxy-2-naph-
thoic, 2-hydroxy-1-naphthoic and 1-hydroxy-
4-naphthoic acids by phosphorus P(III) and
silicon Si(IV) compounds leads to the forma-
tion anilides of the corresponding hydroxy-
naphthoic acids under mild conditions (or-
tho-xylene, 146.5-147 °C) in almost quantita-
tive yield.

Among P(III) phosphorus trichloride and
tribromide; phosphorous, 1-hydroxyethylide-
ne-diphosphonic, pyrophosphorous and meta-
phosphorous acids; trimethyl-, dimethyl- and
diethylphosphites; phosph(IlI)azan proved to
be active catalysts; among Si(IV) - trichloro-
(methyl)silane, dichloro(ethyl)silane, dichlo-
ro(dimethyl)silane, tetrachlorosilane and tet-
raethoxysilane are active.
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The catalysts were used in an amount of only
2% mole. from hydroxynaphthoic acid, which
is 15-35 times less than the conventional use
of the same compounds as condensing agents
in the synthesis of carboxylic acid arylamides.

P(V) compounds, thionyl chloride, and sul-
furyl chloride practically do not exhibit cata-
lytic activity.

The presence of catalytic activity only in
P(III) compounds, capable of forming phos-
phorous acid in the reaction mass, does not
contradict to the previously proposed mecha-
nism of P = O-nucleophilic catalysis for the re-
action of substituted benzoic acids with aniline
catalyzed by PCI..

In general, the use of P(III) and Si(IV)
compounds as catalysts in the preparation of
hydroxybenzoic and hydroxynaphthoic acid
anilides successfully complements the range
of catalysts, based on Ti(IV) compounds, pre-
viously used in the formation of substituted
benzoic and naphthoic acid anilides (contain-
ing no aromatically bonded hydroxy group),
allowing to create a universal method for their
synthesis.

Key words: phosphorus trichloride, phos-
phorous acid, silicon tetrachloride, hydroxy-
naphthoic acids, hydroxynaphthoic acid ani-
lides, aniline, catalysis.
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AMIHYBAHHS NOXIAHUX 2-(2-0KCO-2-APUIETUNTIO)-

VOK 547.7/.8  doi: 10.33609/2708-129X.89.01.2023.60-67

MIPUMIANH-4(3H)-0HIB I3 BAKOPUCTAHHAM

CYNIb®OHATHOI0 METOAY

A. O. Aeonoscvkuii, A. C. [lasman, /1. B. Ipuwyx, C. M. IInyxcnux-Inaoup,
I. M. Paxinos, IO. E. Ieanos, /1. I. Yixiuin, I. JI. Kamanos

Disuxo-ximiunuti incmumym im. O. B. boeamcvkozo HayionanvHoi axademii Hayk Ykpainu,

Odeca 65080, /Trocmoopgcovra dopoea, 86
email: sergey_pluzhnik@ukr.net

[lInsaxom aMiHyBaHH: aMifHOI PpyHKIUIi OXigHNUX 6-R-2-(2-0Kkco-2-apineTunTio)-nipnumi-
nvH-4(3H)-oHiB eTaHONMaMiHOM Ta l-amiHOIpoOmnaH-2,3-71i070M i3 BUKOPUCTAaHHAM Cynbdo-
HaTHOTO METOJy CMHT€30BaHO i 0XapaKTePM30BAHO CIEKTPAJIbHUMM METOaMI HOBI CIIO-
TyKU pARY 6-R-2-(2-0kco-2-¢peninernnrio)-nipuminuuis. O6roBopeHoO mepeBary 1jboro Me-
ToAy (YyTBOpPEeHHs IPOMDKHMUX Cy/l1b(OHATIB Ta CTafis aMiHyBaHHS He MOTpeOye KOPCTKUX
YMOB i 3[i/ICHIOIOTBCA 13 3a[JOBITBHMMM BUXOHAMI).

KnrodoBi cmoBa: 2-(2-oxco-2-deninernntio)-mipumiguam, aMiHyBaHHA, Cyl1b(OHATHUI

METO[I,.

BCTVYII. Tloxigni 2-Tioypaumny Bifj3Ha-
YalOTbCA LIMPOKUM CIIEKTPOM 0ionoriqHol
aKTMBHOCTI, IO IpUTaMaHHa OilbIIOCTI
IpeJCTaBHMKIB IJbOTO KJ/IaCy TeTepOLMKIIB.
Hampuknan, 2-(2-okco-2-deninetnnrio)-mi-
puMinnH-4(3H)-0oHU HajeXaTb O TPYIM He-
HYK/ICO3U/JHMX 1HTiOITOPIB 3BOPOTHBOI TpaHC-
kpuntasu BIJI-1. [Ina cnonyku-nigepa (puc. 1.)
BJja/I0CA NOCATTY AaKTMBHOCTI 33 HAHOMOJIAP-
HOI KOHLleHTpanii [1, 2].

TakoX B OCTaHHI pOKM aKTMBHO BMBYa-
I0Tb aHTUMAa/APIVHI BIACTUBOCTI IOXiZHUX
2-(2-okco-2-deninernnrio)-4-R-nipuminuHis,
0 BUABWINCA epeKTUBHUMM iHTribiTOpamm
CIpP npoteasu Plasmodium falciparum [3].

60

Cl

OMe
ECs50=0.4 1M
Puc. 1.

3BepTAYNCh 1O XiMiYHOTO acNeKTy, CHifl
BiJI3HAUMTH, IO BigoMi mpukaagu Mmoaudika-
nil  2-(2-okco-2-deHnineTnnrio)-mipuMignHiB
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3a TIOJIOKEHHSAM «4» TeTepPOLMKIYy OoOMexe-
Hi BUKOPUCTAHHAM 4-X/JIOPOIOXifHUX, AKi,
CBOEI0 4EProl, yTBOPIOKTHCA 3a K/IACMYHUM
criocoboMm peakiiiero nipumiguH-4(3H)-oHiB 3
POCI, sa Temmeparypy KuIiHHS peakIiitHol
cymii [3].

META. Y uiit po60Ti HaMM IpefCTaBICHO
a/JIbTepHATUBHUI BapiaHT Mopudikanii 3a3Ha-
YEHOT0 BUIIIE K/Iacy CIOMYK i3 3aCTOCYBaHHAM
cynbdoHatHOro Metony. Lleit Bubip 3ymosie-
HO TIM, 110 CYy/IbOHAT-I0OHM BijoMi K 3py4Hi
Ipyny, 110 JIETKO BiJXOAATH y peaKliaX HYK-

neodinpHOro 3aMmimieHHs abo eniMiHyBaHHS,
a YyTBOpeHHA Cynb(OHATIB, SIK NPaBU/IO, He
noTpebye XOPCTKUX YMOB i 3[ilICHIOETbCA 3
BUCOKVMU BUXOfaMu [4, 5].

EKCIIEPMIMEHT I OBI'OBOPEHHA PE-
3YJIbTATIB. Buxigui 6-R-2-(2-oxco-2-apin-
eTwnTio)-nipumingnu-4(3H)-oun la-d [6, 7] ot-
puMaHo 3a Metogukamu [7]. Hami peaxuiero 3
N-TONYONCYNTbGOXTOPUIOM 32 KiMHATHOI TeM-
neparypu la-d nmeperBoproBamics y BifmosigHi
cynbdoHaru 2a-d (posunn TT'D, ekBimonsapHa
Ki/IbKiCTb TPMeTW/IAMIiHY K OCHOBA) (puc. 2).

R,
OTs NH
R
HN TsCl, Et;N N)j\ ZB;\NHZ HO N7 |
—_ >
O x O X
s)\ N7 R © s)% N7 >R s* N7 R
1 a-d 2 a-d 3 a-h
1 R R;

R=Me, R =H (la, 2a); R=Me, R{=Ph (1b, 2b); R=Ph, Ry=H (Ic, 2c); R=Ph, R{=Ph (1d, 2d);
R=Me, R|=H, R,=H (3a); R=Me, R;=H, R,=CH,OH (3b); R=Me, R;=Ph, R,=H (3c¢);
R=Me, R;=Ph, R,=CH,OH (3d); R=Ph, R;=H, R,=H (3¢); R=Ph, R{=H, R,=CH,OH (3f);
R=Ph, R;=Ph, R,=H (3g); R=Ph, R;=Ph, R,=CH,OH (3h).

Puc. 2. 3aranpHa cxema aminyBaHHA crionyk la-d

Crpo6a BUKOpPUCTATK B PO/ pO3UMHHMKA
1 OCHOBM MipUAVH IIpU3BeNa [0 YTBOPEHHA
NO0OiYHUX NPOAYKTIB i, B MACYMKY, JO OCMO-
JIEHHs peaKUiifHOl CyMmini.

Peaxkuiis cynbdoHaris 2a-d 3 eTaHomaMiHOM
3aKiH4y€eTbCs MPOTAroM 4—6 1i6, a 3 1-amiHo-
nponas-2,3-pionom npotsarom 10-20 ni6 6e3
HarpiBaHHA peakuiiHoro cepegosuma. Lli-
nboBi mpoxpykTy 3a-h Bupineno 3 cepegHivMm

https://ucj.org.ua

BuxopaMmy. Cilif 3a3HauMUTH, O cepen Mpo-
OYKTiB peaxiiil, OKpiM IPOAYKTIB aMiHOMi3Y,
3a(ikcOBaHO TAKOX IPUCYTHICTb IPOAYKTIB
rigpormisy — 6-R-2-(2-okco-2-apinernnrio)-mi-
puMinnH-4(3H)-oHiB. Tomy 11 3anob6iranss
BTpAT i MiIBUIEHHA BUXOAY IIpU NPOBEEHHI
peaxiiii JoLiTbHO BUKOPKCTOBYBATH 6€3BOJHI
peareHTy i pO3YMHHMK Ta 3a11006iraTy JOCTyIy
BOJIOTHL.
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AMIHYBAHHSA NOXIAHUX 2-(2-0KCO-2-APINETWUTIO)-MIPUMIANH-4(3H)-OHIB

13 BUKOPUCTAHHAM CYNIb®OHATHOI0 METOAY

KoHTponb 3a X0OfOM peaklii i 4McTOTOI0
CHHTE30BAaHMX PEYOBUH 3[IiJICHIOBA/IN METO-
goM TIIX nHa nnactuHax Silufol UV-254-VIS,
eTI0eHT XJTI0pOodOpM-alle TOHITpUI-TeKcaH 5:2:1
Ta MeTAaHOJ-alleTOHITpMI-xnopodopm 1:2:5.
Mac-cnektpu (FAB) oTpumaHo Ha Mac-CIieKT-
pomerpi VG Analitical 7070 ED. Cnextpnu
SMP 'H i “C orpumaHo Ha cHeKTpoMeTpi
Varian WXP-500 (po6ova uvactora 499.88 i
125.71 MIn BipmoBifHO), BHYTpilIHIN cTaH-
maprt - SiMe,.

6-Memun-2-((2-okco-2-eninemun)mio)ni-
pumioun-4-in 4-memunbenszocynooram (2a)

Ho posunny 0,8 r (3 mmonb) cronyku la
y 60 cm® TT'® i 3,5 cM® TpueTnnaminy fopma-
Bam 0,7 r (3,6 MMO/b) TO3WIXIOPUAY, Iie-
peMillyBany O PO3YMHEHHA 1 3anminanu
Ha 7100y 3a kiMHaTHOI Temmneparypu. [lotim
peaxuiiiHy cymim BifdinpTpoByBamm i mpo-
MUBaIM HEBENMKOK KiJIbKICTIO TeTpariipo-
¢ypany. ®@inbrpar HeiTpamisyBamm OITO-
BOI0O KICIOTOK 1 BifiraHANM PO3YMHHUK Ha
pOTOpPHOMY BUIIApHUKY. [lo 3anumiky popa-
Barmm 100 cM® Boay, 3anminany Ha Hid, GinbT-
pyBamm dyepe3 ¢inprp Illorra, mpomuBa-
JIM HEBEIMKOKI KiJIbKiCTI0O BOAM. 3aIMIIOK
po3unHAIM y 6eH3ormi, cymmim 6e3BOXHUM
cynbdaroM Harpilo, BindinbrpoByBamu Bif
OCyllyBaya i BiJraHANNM PO3YMHHUK Ha pPO-
TOPHOMY BUIIAPHUKY. 3a/JMILIOK PO3THpPaIn
3 TeKCaHoM, BifdinbTpoByBamm i Kpucrai-
3yBajM i3 cymii 6eH3ony 3 rentaHoMm (2:1).
Buxig 0,73 r (56%), 6e3b6apBHi kpucranu,
1. nnasn. 80°C. Cnextp AMP 'H (CDCL),
8, m.i.: 2.30 ¢ (3H, CH,), 2.33 ¢ (3H, CH,),

4.48 ¢ (2H, CH), 6.52 ¢ (IH, . ), 7.23 1
(2H,,J8.1Tu),7.441(2H, ] 7.6T), 7551
(1H, ., ] 7.6 Tw), 7.80 5 (2H, ] 8.1 Tu),

7.96 1 (2Hap0M, J 7.6 Ity). Cnektp SIMP C
(CDCI3): 21.22, 23.24, 38.02, 105.20, 127.97,

62

128.17,128.25,129.33,132.83,133.08, 135.71,
145.71, 163.29, 170.07, 171.08, 193.08. Mac-
criektp: 415 [M+1]*. 3naiyeno, %: C 57.89,
H4.42,N6.71.C H N O S .Pospaxosano, %:
C 57.96, H 4.38, N676

2((2-([1,1’-bigenin]-4-in)-2-okcoemusu)
mio)-6-memunnipumioun-4-in 4-memunbenso-
cynvgponam (2b)

OTpumyBanyu aHamoOrivHO 3 pedoBMHNU 1b.
Buxin 75%, 6e36apBHi Kpucramy, T. IUIaBIL
140-142°C. Cnextp AMP 'H (CDCL), 6, m..:
2.36 ¢ (3H, CH,), 2.36 ¢ (3H, CH,), 4.54 ¢ (2H,
CH,),6.51c(1H . ,7.275(2H, ,J8.1Ti),
7391 (1H, ,J741),7.46 1 (2H, ] 7.6 ),
7.62n(2H, ] 7.4T), 7.69 5 (2H, ] 8.1 Tiy).
7845 (2H, . ,J8.1Tu),8.07 5 (2H, . J8.1Th).
Crexrp SMP BC (CDCL): 2125, 23.59,
38.00, 105.21, 126.80, 127.95, 128.22, 128.56,
128.65, 129.34, 132.88, 134.29, 139.19, 145.43,
145.71, 163.24, 170.24, 170.87, 192.75. Mac-
criektp: 491 [M+H]*. 3naitgeno, %: C 63.60,
H4.55,N5.68.C, H, N O,S,. Pogpaxosano, %:
C63.65, H4.52, N 5.71.

2-((2-Oxkco-2-geninemun) mio)-6-peninni-
pumioun-4-in 4-memunbensocynvdonam (2c)

OTpumyBanyu aHajoOrivHO 3 peyoBMHM lc.
Buxin 68%, 6e36apBHi Kpucramy, T. IUIaBIL

133-135°C. (6enson-rentan, 1:1). Cmektp
SIMP'H (CDCL,), 8, m.z1.:2.39 ¢ (3H, CH, ), 4.58 ¢
(2H, CH,), 7.04 ¢ (1H, . ), 7.28-7.33 M
(4H, ), 7427 (1H,,J74Tu), 7481 (2H,
J7.4Th), 761T(1H " ]7.6Tu), 7790 (2H,
J8.0Tu).7.89 5 (2H, _ ,J8.0Tu),8.01 5 (2H, .
J 8.0 Iiy). CrexTp HMP PC (CDCl,): 193. 24
170.99, 167.80, 164.33, 145.95, 135.99, 135.21,
133.63, 133.27, 131.61, 129.79, 128.89, 128.86,
128.79, 128.51, 127.27, 101.65, 38.50, 21.66.
Mac-cnektp: 477 [M+H]*. 3naiimeno, %:
C 63.00, H 2.25, N 5.80. C, H, N,O,S. Pospa-
xXoBaHo, %: C 63.01, H 2.23, N 5.88.
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2((2-([1,1’-Fipenin]-4-in)-2-oxkcoemus)

mio)-6-eninnipumioun-4-in __4-memunben3o-

cynvgponam (2d)

OtpumyBanu aHamoriyHo 3 peyoBuHu 1d.
Buxin 46%, 6e36apBHi Kpucramy, T. IUIaBIL
130-133°C. (6enson-renran, 1:1). Coextp
SIMP 'H (IMCO-d,), 8, m.ni.: 2.27 ¢ (3H, CH,),
4.89¢(2H,CH,),7.65¢(1H,, . ,7.11-8.17 M
(18H,,). Crexrp AMP “C (IMCO-d,): 21.23,
38.22, 102.26, 125.97, 127.16, 127.40, 128.63,
128.74, 129.56, 130.57, 130.88, 132.40, 133.05,
135.16, 136.05, 138.53, 139.28, 145.37, 146.59,
164.68, 167.38, 170.95, 193.14. Mac-cnekrp:
553 [M+H]". 3uanpgeno, %: C 67.30, H 4.35, N
5.00. C, H, N.O,S. Pospaxosano, %: C 67.33,
H 4.38, N 5.07.

2-((4-((2-T'idpokcuemun)amino)-6-memusn-

nipumioun-2-in)mio)-1-enineman-1-or (3a)

Hlo Hacuyenoro pos3unny 0.5 r (1.2 MMOIB)
pedoBuHn 2a B TI'® pgomaBamm i 0.5 cm’
(2.4 MMOmIb) eTaHO/MAMIHY i 3a/MIIANN y 3a-
KPUTIV IIOCYAVHI 32 KIMHATHOI TeMIepaTypu
10 3HUKHEHHs BUXiZHOI CIIONMYKM (KOHTPOIb
3a THIX). Peakuijiny cymimr BumapoByBajn
Ha pOTOpHOMY BuIapHUKy. Kprcranisysamm 3
isonmpominosoro crimpty. Buxin 69%, 6e36aps-
Hi Kpucrtany, T. maasa. 154-157°C. Cnoektp
AMP 'H (IMCO-d,), 8, m.zi.: 2.01 ¢ (3H, CH,),
3.10c(2H, CH,), 3.26 posmr. ¢ (2H, CH,), 3.42 ¢
(1H,OH), 4.59 ¢ (2H, CH,),6.01c (1IH . ),
7.32posur. ¢ (1H,NH), 751 t (2Hap0M, J7.611),
7611 (1H, ,J7.6Tu),8.02 8 (2H, ,J7.6 ).
Cnextp AMP “C (IMCO-d,): 23.05, 37.46,
42.38, 59.48, 100.22, 128.23, 128.55, 133,05,
136.43, 162.29, 162.68, 167.78, 194.60. Mac-
criextp: 304 [M+H]*. 3naitneno, %: C 59.35,
H 5.70, N 13.80. C ,H N.O,S. PospaxosaHo,
%: C 59.39, H 5.65, N 13.85.

2-((4-((2,3-queidpoxcunponin)amino)-6-
Memunnipumioun-2-in)mio)-1-penineman-1-
ot (3b)

https://ucj.org.ua

Ilo Hacuyenoro posunny 0.5 r (1.2 MMOIB)
pedoByHn 2a B TI'® pgomaBamm i 0.2 1
(2.4 mmonb) 1-amiHo-2,3-pomanpiony (8] i
nepeminlyBaay Ha MarHiTHi mimanni y 3a-
KPUTIiN ITOCYAVHI 32 KIMHAaTHOI TeMIlepaTypu
[0 3HUKHEHHS BUXiJTHOI CIIONMYKM (KOHTPOJIb
3a TIIX). PeakuiitHy cymim BHUIapoByBau
Ha POTOPHOMY BMIIAPHUKY. 3aJMIIOK PO3YM-
HAMM Y MiHIMaJIbHI KiZIbKOCTi €TU/IaleTary,
JoJaBa/Iy OGHAKOBY Ki/IbKICTh BOAM i Iiepemi-
LIyBa/lM y BiJKPUTOMY CTaKaHi Ha MarHiTHii
Millaani JO NPUNVHEHHS BUMITIEHHA OCapy.
Ocap BigdinprpoBysanu yepes ¢inprp lloTTa
i BuCymyBaimm y BaKyyMi BOZOCTPYMMHHOIO
Hacoca. Buxig 0.17 T (41%), 6e36apBHi kpuc-
Tamy, T. wiasn. 150-152°C. Cnextp AMP 'H
(IMCO-d,), 6,m.11.:2.00 ¢ (3H, CH,), 2.96-3.01
m, (1H, CH), 3.19 ¢ (2H, CH,), 3.26 posmL. ¢
(2H, CH,), 3.34 posmt. ¢ (1H, OH), 3.51 posu. ¢
(1H, OH), 4.61 c (2H, CH,), 6.05 ¢ (lHnipMMi):(MH)’
7.25 posu. ¢ (1H, NH), 7.52 T (2H3P0M, J 7.6
), 7.63 T (lHaPOM, ] 7.6 Ti), 8.02 1 (2Hap0M, ]
7.6 Im). Cnextp AMP “C (IMCO-d,): 22.83,
37.52, 39.96, 43.19, 63.67, 70.11, 100.48,
128.25, 128.85, 133,14, 136.29, 162.59, 167.79,
194.72. Mac-cniextp: 334 [M+H]*. 3naitgeno,
%: C57.60, H5.79, N 12.10. C, H 'N.O,S. Pos-
paxoBaHo, %: C 57.64, H 5.74, N 12.16.

1-([1,1’-Bigpenin]-4-in)-2-((4((2-2idpokcu-
emun)amino)-6-memunnipumioun-2-in)mio)
eman-1-ot (3¢)

OtpumyBamu 3 pedoBuHM 2b anamoriuxo
nponykry 3a. Kpucramisysanm 3 isompormi-
noBoro cnmpty. Buxin 65%, 6e36apBHi kpuc-
Tamy, T. wiasn. 162—-164°C. Cnextp SIMP 'H
(IMCO-d,), 8, m.i.: 2.05 ¢ (3H, CH,), 3.15 m
(2H,CH,), 3.32 posr. ¢ (1H, CH,), 3.43 posu. ¢
(1H, OH), 4.64 ¢ (2H, CH,), 6.05 c (1HnipMMi)1MH)’
7.35 posur. ¢ (1H, NH), 741 (lHaPOM, ] 7.6
I), 7.49 1 (2HaPOM, J7.6Tu), 7.74 (2HaPOM, ]
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7.6Tu),7.82 1 (2H, ,J7.6 ), 8.12 1 (2H, ,
J 7.6 It1). Ciextp HMP PC (IMCO-d,): 23. 13
25.39, 37.36, 42.40, 59.76, 100.21, 126.81,
126.98, 128.40, 129.02, 129.09, 135.06, 138.67,
144.69, 162.22, 167.73, 194.10. Mac-cnekrp:
380 [M+H]". 3uaiimeno, %: C 66.40, H 5.50,
N 11.00. C, H, N,O,S. Pospaxosano, %: C 66.47,
H 5.58, N 11.07.
1-([1,1’-Bigpenin]-4-in)-2-((4((2,3-0ueio-
pokcunponin)amino)-6-memunanipumioun-2-izu)
mio)eman-1-on (3d) OTpumyBanu 3 peyoBn-
H1 2b ananoriuno npopyxty 3b. Buxin 47%,
6e3b6apBHi Kpuctaimy, T. Iiasn. 142—145°C.
AMP 'H (IMCO-d), 6, mp: 203 c
(3H, CH,), 2.99-3.04 m, (1H, CH), 3.22 ¢
(2H, CH,), 3.30-3.39 m (2H, CH,, 1H, OH),
3.54 ¢ (1H, OH), 4.65 ¢ (2H, CH,), 6.07 ¢
( rIipmwm), 7.27 posur. c (1H,NH),7.41 1 (1H_
pOM,]7.6Iﬂu),7.48T(2H ,J7.61),7.73m(2H apon?
J7.6Tu),7.81 1 (2H, "77.6Tu),8.11 1 (2H, .,
J 7.6 I1). Ciextp HMP PC (IMCO-d,): 22. 04
36.68,37.41,43.04,63.77,70.14, 100.39, 126.86,
127.00, 128,39, 129.03, 129.09, 134,96, 138.92,
144,62, 162.43, 167.83, 194.24. Mac-cnekTp:
410 [M+H]". 3uaitneno, %: C 64.48, H 5.70,
N 10.16. C,H N,O,S. Pospaxosano, %: C 64.53,
H 5.66, N 10.26.
2-((4-((2-Tidpoxcuemun)amino)-6-deninni-
pumioun-2-in)mio)-1-pernineman-1-ou (3e)
OTpumyBanu 3 pev4oBMHM 2C aHAJIOTiYHO
nponykry 3a. Kpucranisysanm 3 isonpormisno-
BOro cnupty. Buxin 63%, 6e36apBHi kpucranm,
T. wiasn. 173-175°C. Cnextp AMP 'H (M-
CO-d,), 8, m.i.: 3.26 posur. ¢ (2H, CH,), 3.40
posur ¢ (2H, CH,, 1H, OH), 4.72 ¢ (2H, CH,),

6.71c(1H, 730t (2H,,,,J7.6Tu),7.387
(1H, . J7. "6 I11), 7.57-7.53 M (4HapOM), 7.67 T
(lH ]7.6 I11), 7.76 posur. ¢ (1H, NH), 8.09 1
QH ., J 7.6 Tiy). Crextp SMP °C (IM-

aOM

CO- d) 37.57, 42.73, 59.51, 97.28, 126.23,
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128.32, 128.52, 128.73, 129.99, 133.32, 136.23,
136.73, 159.71, 162.81, 168.89, 194.32. Mac-
criextp: 366 [M+H]*. 3naiigeno, %: C 65.70,
H 530, N 11.45. C, H /N.O,S. PospaxosaHo,
%: C 65.73, H 5.24, N1150
2-((4-((2,3-ueidpoxcunponin)amino)-6-

deninnipumioun-2-in)mio)-1-denineman-

I-on (3f) OTpuMyBanu 3 pe4oBUHM 2C aHa-

norivyHo mpopykry 3b. Buxin 44%, 6e36apBHi
KpucTany, T. masi. 133—-135°C. Cnexrp AMP
'H (IMCO-d,), 6, m.z1.: 3.12 posmt. ¢ (1H, CH),
3.27 ¢ (2H, CH,), 3.40 posm. ¢ (2H, CH,, 1H,
OH), 3.59 ¢ (1H, OH), 4.72 ¢ (2H, CH,), 6.74 ¢
(1H ), 7.28 T (2H , ] 7.6 1Im), 737 1

Hlp]/[Ml/:U/lH

(1H,,,, J 7.6 Tiy), 7.54- 745 u (4H, ), 7.66 1
(IH ]7.6 I11), 7.72 posu. ¢ (1H, NH), 8.07 i
(2Ha ] 7.6 Tu). Cuextp SIMP “C (JIM-

CO- d) 29.77, 37.62, 43.43, 63.77, 97.41,
126.20, 128.33, 128.51, 128.74, 129.99, 133.33,
136.21, 136.72, 159.80, 162.8, 168.77, 194.49.
Mac-cnektp: 396 [M+H]'. 3Hnaitneno, %: C
63.70, H 5.40, N 10.60. C, H, N.O,S. Pospaxo-
BaHO, %: C 63.78, H 5.35, N 10.63.

1-([1,1’-bigpenin]-4-in)-2-((4((2-eiopoxcue-
mun)amino)-6-gdeHinnipumioun-2-in)mio)
eman-1-on (3g)

Otpumysanu 3 peuoBuHM 2d aHanoOTivHO
npopykry 3a. Kpucranisysanu i3 cymimi ane-
ToHiTpin-6enson (1:2). Buxin 50%, 6e36aps-
Hi KpucTamu, T. IIaBa. 144-145°C. Cnektp
AMP 'H (IMCO-d,), 6, m.i.: 3.29 posur. ¢
(2H, CH,), 3.42 posm. ¢ (2H, CH,, 1H, OH),
472 ¢ (IH, CH,), 6.72 ¢ (1H., MWH) 7.28 T
(2H , ] 7.6 Iy), 735T(1H ]76Fu), 7.41
r (IH, ] 7.6 ), 7.49 v (2H,_, ] 7.6 ),
7.57 & (2HP ,J7.61Iu),7.73 n 2QH__,] 7.6
Iy), 7.78 posw. ¢ (1H, NH), 7.81 2Ha e )
7.6 Iy), 8.15 1 (2H__ , ] 7.6 I11). Criextp HMP
BC (IIMCO-d,): 37.67, 42.59, 59.57, 97.35,
126.26, 126.87, 126.99, 128.42, 128.48, 129.08,
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129.12, 129.98, 135.06, 136.69, 138.90, 144.57,
159.87, 162.77, 168.94, 193.94. Mac-cnekrp:
442 [M+H]". 3naiigeHo, %: C 70.70, H 5.30, N
9.50. C, H,)N.O,S. Pospaxosano, %: C 70.73,
H 5.25, N 9.52.

1-([1,1-Bigpenin]-4-in)-2-((4((2,3-0ueiopox-
CUNPonin)amino)-6-geninnipumioun-2-in)mio)
aman-1-on (3h)

Otpumysanu 3 peuoByuHM 2d aHanoOTivHO
npopykTy 3b. Kpucramisysamm i3 cymimii are-
ToHiTpin-6enson (1:2). Buxin 41%, 6e36apBHi
KpucTany, T. wiasi. 148—151°C. Cnexrtp AMP
'H (IMCO-d,), §, m..: 3.18 posut. ¢ (1H, CH),
3.33 ¢ (2H, CH,), 3.46 posm. ¢ (2H, CH,, 1H,
OH), 3.65 ¢ (1H, OH), 4.75 ¢ (2H, CH,), 6.79 ¢
IHHMPMMWH), 7.27 T (2HaPOM, J 7.6 Tn), 734 1
(lHaPOM, J 7.6 T), 741 T (lHaPOM, J 7.6 Im),
7.47-7.50 M (4HapDM), 7.73 1 (2HaPOM, J 7.6 Iy),
7.77 posu. ¢ (1H, NH), 7.81 (2Hap0M, J7.6
I), 8.15 1 (2Hap0M’ J 7.6 Tr). Ciextp SIMP “C
(IMCO-d,): 29.68, 38.19, 43.90, 64.28, 70.62,
97.91, 126.67, 127.33, 128.84, 128.91, 129.52,
129.55, 130.41, 135.46, 137.18, 139.37, 145.14,
160.19, 163.33, 169.30, 194.43. Mac-cnexTp:
472 [M+H]". 3naitneno, %: C 68.70, H 5.40,
N 8.85. C,_H, N.O,S. Pospaxosano, %: C 68.77,

277725

H 5.34, N 8.91.

BVMICHOBK/. Bsaemopist 6-R-2-(2-0kco-2-
apinerunrio)-nipuminuu-4(3H)-oHiB i3 n-to-
JIyOTICYIb(MOXIOPUIOM TIPU3BOAUTD JIO YTBO-
peHHs 4-MeTnn6eH30CcynbPOHATIB, AKi y M s-
KX yMOBaXx Hifj fi€ro eTaHoNMaMiny abo 1-ami-
HOIIpOIaH-2,3-/1i0/1y IIepeTBOPIOIOTLCA Y Bifi-
noBifHI 4-amiHoMOXifHI 2-(2-0Kco-2-deHin-
eTWITIO)-MipUMiANHIB. 3aIIpOIIOHOBAHNUI Me-
TOJl MOYKHA PEKOMEH/IYBaTy y BUIIafIKaX, KON
BUXigHUI cybcTpaT BMilye (yHKIiOHa/MbHI
rpymy, MabinbHI 3a BUCOKMX TeMIleparyp i
9yT/IMBi 10 KMCJIOTO CEPENOBUIIIA.

https://ucj.org.ua

= Po60Ty BUKOHAHO B paMKaxX IPOEKTY
HAH VYkpaian «IIpogyktu TOHKOro
OPraHiYHOTO CMHTEe3y Ha OCHOBi Ka-
TANiTUYHUX NePeTBOPEHD ITillepUHY
Ta Jioro moxigamx» 0119U002032.

AMINATION OF 2-(2-0X0-2-ARYLETHYLTH-

10)-PYRIMIDIN-4(3H)-ONE DERIVATIVES USING
THE SULFONATE METHOD

A. A. Yavolovskii, A. S. Davtian,

L. V. Grishchuk, S. M. Pluzhnik-Gladyr,
I. M. Rakipov, Yu. E. Ivanov,

D. G. Chikhichin, G. L. Kamalov.

A. V. Bogatsky Physico-Chemical Institute of Na-
tional Academy of Science of Ukraine,
Lustdorfska doroga, 86, Odessa, 65080, Ukraine,
e-mail: sergey_pluzhnik@ukr.net

A Derivatives of 2-thiouracil are characteri-
zed by wide spectrum of biological activity,
which is characteristic of most representatives
this heterocycles class. In particular, 2-(2-oxo-
2-phenylethylthio)-pyrimidin-4(3H)-ones be-
long to the group of non-nucleoside inhibitors
of HIV-1 reverse transcriptase. The antimalar-
ial properties of 2-(2-oxo-2-phenylethylthio)-
4-R-pyrimidine derivatives, which proved to
be effective inhibitors of CIpP protease of Plas-
modium falciparum, are being studied. Known
examples of 2-(2-oxo-2-phenylethylthio)-
pyrimidines modification at the "4" position
of the heterocycle are limited to use 4-chloro
derivatives, which, in turn, are formed accord-
ing to the classical method by reaction of py-
rimidine-4(3H)-ones with POCI, at boiling
point of reaction mixture. In this work, we
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present an alternative version of modification
the above-mentioned class of compounds. By
amination amide function of 6-R-2-(2-ox0-2-
arylethylthio)-pyrimidin-4(3H)-ones derivati-
ves of with ethanolamine and 1-aminopropa-
ne-2,3-diol using sulfonate method, synthe-
sized and characterized new compounds a
6-R-2-(2-0x0-2-phenylethylthio)-pyrimidines
series by spectral methods. The advantages
of this scheme are discussed (the formation
of intermediate sulfonates and the amination
stage do not require harsh conditions and are
carried out with satisfactory yields). The pro-
posed scheme can be recommended in cases
where the original substrate contains functio-
nal groups that are labile at high temperatures
and sensitive to an acidic environment.

Key words: 2-(2-oxo-2-phenylethylthio)-
pyrimidines, amination, sulfonate method.
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