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Hayunas cmamos
VIIK 661.71:547.534.1

3AKOHOMEPHOCTU ASPOBHOTO OKNC/IIEHWA
STVWIBEH3OJIA IO IMIPOIIEPOKCUIA
B ITPUCYTCTBUN @TATMMUIHDBIX KATAJIM3BATOPOB

E. A. Kypranosa', E. 1. Baés', A. C. ®ponos’, B. C. KaGanosa',
I. H. Komenn', A. A. ITeryxos?

Exarepuna AnatonbeBHa KypraHoBa, n-p xmm. Hayk, mpodeccop; Erop Uropesuu Baés, cryneHrt;
Anekcanpp Cepreemuy ®ponoB, KaHj. XMM. HayK, foleHT; Bukropusa Cepreesna KabaHoBa, accucreHT;
T'eopruit Hukonaesmu Komens, g-p xum. Hayk, npodeccop; Anekcanap Anekcanpposud Ileryxos, n-p xum.
HaykK, mpodeccop

!SIpocmaBckmit rOCYAapCTBEHHBII TEXHMYECKIIT YHUBEPCUTET, SIpocnasis, Poccust, kurganovaea@ystu.ru
*KasaHCKuMiT HAalMOHATbHBII MCCIEfOBATEIbCKIIT TEXHOIOTYIeCK il yHIBepcuteT, Kasanb, Poccus, petukhov-
aa@yandex.ru

Kniouesvie cnosa: Annomauus. Vccnedosanvl 0CHO8HbIE 3AKOHOMEPHOCHU NPOLECCA
amusnbeH3on, HuokogpasHoe aspobHoe a3apoOH020 HUOKOPAZHO020 OKUCTIEHUS IMUNOEH3071A 00 2UOPONePOK-
okucneHue, 2U0pOnepoKCcUO SMunbeH- cuda. Ycmanosneno, umo npumexerue GmanumuoHoLx Kamaniusa-
3ona, N-eudpoxcudmanumuo, dgmanu- mopos (N-2udpoxcugmanumud u ezo npou3so0Hbvle) N0360AEM NO-

MUOHbIE KAMANU3amopsl, OKCUO NPONU-  BbICUMNb CKOPOCb OKUCTIEHUST 0aHH020 yene6000poda 6 1,5-2 paza no

7ieHa, CMmuporn CPABHEHUI C UHUYUAMOPAMY PASIUUHOL npupodsl. TTpu amom co-
XPAHAEMCS 8bICOKAS CeNIEKMUBHOCb 00PA308AHUS 1€71e6020 2UOPO-
nepoxcuda - oxono 90%. Ha ocHosanuu skchepumenmanvHulx 0aH-
HbIX PEKOMEHOO0BAHDL YCTIOBUS OCYULECTNBIIEHUS PEAKU UL OKUCTIEHUS
aMUNOeH30na 6 NPUCYMCMEUU PMATUMUOHBIX KAMATUAMOPOS.
ITonyuennvle pesynvmarmvt Mozym 6vimb UCHONL308AHDL O YCOBED-
WEHCMBOBAHUS MEXHONIO2UU COBMECIH020 NPOU3BOOCHBA OKCUOA
NponuneHa u crupona — yeHHvlx NPoOyKmMos 0CHOB8HO20 OpeaHuye-
CK020 U He(MexumMuueckozo cuHmesa.

T nuTHpoOBaHMA:

Kypranosa E.A., baés E.J1., ®ponos A.C., Kabanosa B.C., Kowens I'H., [TeryxoB A.A. 3aKOHOMepHOCTH a3P06-
HOTO OKVICIIEHVS STUIOEH30/Ia IO TUPONIePOKCHIA B TIPUCYTCTBUM (TaTMMUIHBIX KaTanusatopos // Om xumuu
K mexHonozuu wae 3a wazom. 2023. T. 4, Boim. 2. C. 8-16. URL: http://chemintech.ru/index.php/tor/2023-4-2

BBenenmne

Oxcuyy mponmieHa SAB/IAETCS LeHHbIM MOTYIPOAYKTOM Ji/Isi OCHOBHOTO OPTaHMYeCKOro
CMHTe3a MOJTy4YeHMs ONMMMepoB. Tak B pacIIypeHny pOM3BOACTBA IIOMIMEPOB 3alIHTEPECo-
BaHbl TaKMe KpyTnHejimme kommanuy, kak O00 JIYKOWI» u OAO "CUBYP Xommauur" [1].
Oxcup mponuieHa B OCHOBHOM IIOJIYYAIOT 10 XIOPTUAPUHHOMY METORY MU 3TIOKCUAMPOBa-
HIfeM TIPONNJIeHa OPTaHNYeCKMMI IIePOKCUIAMI WIN TIePeKUChio Bogoposaa [2]. VisBecTHO 0O

© E. A. Kypranosa, E. U. Baés, A. C. ®ponos, B. C. Kabanosa, I'. H. Kowens, A. A. ITeryxos, 2023
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elé OJJHOM MHTEPECHOM CII0co0e IOTydeHnsa OKCUAA IPOINIeHa, B KOTOPOM MCIIONb3YeTCs
TUZAPOTIEPOKCH]] KYMO/A IJIA IepeHoca KMUCIOopofa. DTOT MpoliecC peann3oBaH KOMIAaHMeN
«Sumitomo Chemical» [3]. «XamkoH»-IIpolecc mosy4eHns OKcyuya MponmieHa u CTupona, oa-
3VPYIOLINIICA HAa MCIONMb30BaHNN TuAiporniepoKcnuaa aTunbensona (I'Tl 9b), peannsosan kak 3a
pybexxom, Tak 1 y Hac B cTpaHe komnanueii OAO «HmwxHekamckHedTexum». Pexxum okuce-
HUA 3TII6eH3o0ma (9b), mpu KOTOpOM NMPOBOAAT MpOIecC Ha MPeAIPUATIN, II03BOJIAET IIOITy-
4yaTb I'TI 9b c cenextuBHOCTBIO He BhilIe 70-75% Mac. MakcumanbHas KoHueHTpanys [T 9b,
KOTOPYIO yJaeTcA IOMy4INUTh, COCTaB/AeT 7-10% Mac. YKasaHHBI PeXXMM OKucnenud 9b npu-
BOJUT K 00pa3oBaHMIO OOJIBIIOTO KOIMYECTBA IIOOOYHBIX TPOAYKTOB U CBSI3aH CO 3HAYMTE/Ib-
HBIMU 3aTpaTaMy S9HEprOHOCKUTesIel (BOAa, 37IeKTPOIHEPrus, Iap u Ap.).

Ilo HacTosAIIero BpeMeHN He HalifieHO 3 deKTUBHOIO KaTaI3aTopa, B IPUCYTCTBIUM KO-
TOPOTO MOXXHO OBIIO OBI JOCTUYb BBICOKON KOHBepcuy OB U ceneKTMBHOCTY 0Opa3oBaHMs
[TI3b (6omee 90%), 4TO, 6GE3yCIOBHO, CIOCOOCTBOBANIO ObI CHVDKEHUIO Ce0ECTOMMOCTU
OpOAyKUMM. B 9TOi CBA3M, aKTyanbHBIM ABIAETCA IMOMCK YCIOBMII ITPOBefleHMs IIpoliecca
oxucnenns Ob (B ToM uncre u ucnonb3opanue 3¢GeKTVBHBIX KaTal3aTOPOB), KOTOpbIe ObI
MO3BOJIV/IY YBE/IMYUTb KOHBEPCHUIO OB, IOBBICUTD CKOPOCTb PeaKI[uy, COKPaTUTh BpeMs peak-
VIV IIPY COXPAaHEHNV BBICOKMX IIOKa3aTelell CelIeKTUBHOCTY ero obpasoBaHus. B janHoI pa-
60Te IpencTaBIeHbl Pe3y/IbTaThl VICCTICIOBAHMII, HAIIPaB/IEHHBIX Ha MHTEHCUPYKALINIO TIPO-
necca okucnenusa 9b ¢ ucnonb3oBaHMeM B KadecTBe Karanyusaropa N-IMapokcupTammMuza
(N-IT'®W), koTopsIil 3apeKoMeHI0Bas ce0s Kak 9 PeKTUBHBIN KaTanu3aTop peakuil OKucie-
Hus [4].

OcHOBHasA 4acTh

MHorme nporecchl, HallpaB/IeHHbIe Ha MOJTy4YeHNe [IeHHBIX KICTOPOACOAEPIKalUX CO-
eIVIHEHWIT, OCHOBAaHbI Ha XXIJAKO(]a3HOM a9pOOHOM OKMCTIEHUY apOMATUYeCKIX YITIEBOJOPO-
noB [5]. Tak, HanpuMep, B 0OCHOBe «Xa/IKOH»-IIpoLecca JIEXKUT OKMC/IeHIe STUI0eH3071a IO T/ -
pOIepOKCH/ia, KOTOPBIIL 3aTeM MCIIONIb3YeTCsl B PeakLuy SMOKCUPOBaHusA nponwieHa. [1o-
Jly9aeMblil B TOC/IeTHEN peakiuy MeTUIPeHNTKapOMHOI TOABEPTaeTcs JerNAPUPOBAHNUIO, Ta-
KIM 00pa3oM, B XOfje TIpoljecca IOIyYaoT B [[eHHBIX COeVIHEHV — CTUPOJI M OKCUJ, IIPOTIN-
neHa. VIX IpOM3BOACTBO SIBJISIETCSI OJHUM 13 OCHOBHBIX HAIIPAB/IEHNIT XMMIIECKOI IIPOMBIIII-
neHHOCTY B Poccum u 3a pybesxoM.

O—OH
/
CH
Kar., t° \
CHjy

CH=CH,
/
H4C

/OH /C{-Iz
,O C\H + HC—O
H;C

B Hmxuekamcke mo ,‘E[aHHOIU/[ TEXHOJIOTUN IIPON3BOAUTCA OKOJIO 70 TBICSIY TOHH OKCHMaa

KaT., t°

nponwieHa u 170 ThIcAY TOHH cTMpona exerogHo [6]. IIpum aTom Ha poccMilcKoM pBIHKE
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CyILIeCTBYeT HEYLOB/IETBOPEHHBIN CIIPOC HA OKCUJ IIPOINIEHA, KOTOPBI COCTaB/IAET IpU-
MepHO 100 TBICSY TOHH ¥ BOCIOJHSETCS 3apyOeXKHbIMU HocTaBKamyu [7]. TexHomorus cos-
MECTHOTO IIPOM3BOACTBA CTUPOJIA ¥ OKCY/IA IIPOIIJICHA MCIIOIb3YeT JOCTYIIHBIN U IIPOV3BOAM-
MBIiI B OOJIBIINX KOMNYECTBAX STUI0EH30/I B KaUueCTBe ChIPbs. JTa TeXHOIOTUA 00ecreynBaeT
OIHOBpPeMeHHOe ITOTyYeHle HECKOIbKIX IIe/IeBBIX IIPOAYKTOB M ITO3BOJIAET MOy4aTh CTHUPOIT
¢ 6071ee BBICOKMM KauecTBOM, YeM IIpY AeTUAPUPOBAaHNN. bosbIas 4acTh CTHMPO/IA UCIOIb3Y-
eTCs U IPOV3BOACTBA MOMCTPOIIA U COOMMMEPOB (OyTa/iyieH-CTUPOJIbHbIX, U30IPeH-CTHU-
POJIBHBIX U Jp.), KOTOpPbIE SIB/IAIOTCSA Ba>KHBIM 9/IEMEHTOM COBPEMEHHOI IPOMBILITIEHHOCTI
Omarogaps cBoeil IMPOKOIL IPUMEHNMOCTH B Pas3/IMIHBIX 00/1aCTAX, pyrad 4acTb — /IS Kay-
YYKOB, JIAT€KCOB ¥ CMOJI [6, 8]. BaxkHOE 9KO/IOTMYeCKOe 3HaUeHNEe MEIOT MTOTy4aeMble U3 CTH-
poOJ/Ia MarHUTHBIE KOMIIO3MTHbBIE MaTepyabl, IpUMeHAeMble KaK afcOpOeHTHI [ Pas3BOB
Hedu [9]. Oxcup mponmieHa ABJAETCS CBIPbeM /I IPOM3BOACTBA MHOTUX IIPOJYKTOB HedTe-
XUMUM: HONYPETAHOB, ITIMKO/EH, KOCMETUYECKMX CPeACTB ¥ MEeAUIVHCKUX IIpenaparos.
JKecTtkuit neHomomrypeTaH, IOTy4aeMblil HA OCHOBE OKCH/ja PONVIIEHA, IIMPOKO VCIIONb3Y-
€TCsl BO BCeM MMpe B Pas/IMYHBIX OTPAC/IAX, TAKUX KaK CTPOUTENbCTBO, TPAHCIIOPT, 0OyBHAA U
Meb6e/TbHas IPOMBIIITIEHHOCTD [6]. OK0710 5% OKCMfia IpoIIeHa HallpaB/iAeTcs Ha IIPOM3BOJ-
CTBO METW/IIPOIA30/1a — METMIOBOTO 3¢upa MPONVIIEHIINKO/A, KOTOPbIN MCIOIb3YeTCs s
CO3/IaHMI HETOKCMYHBIX TEIUIOHOCKUTeEJIel, X/TaJJaTeHTOB M OPraHMYeCKMX pPacTBOPUTEIIEIL.
OcraBurascs 4acTh OKCHAA IPOINJIEHA MCIONb3yeTCsl B OTHOCUTENIBHO HeOOMbIINX KOmnde-
CTBax JyIA IPOM3BOJICTBA HeMOHOTeHHBIX [TAB, M3onponaHoIaMHOB, a/UIMIOBOTO CIMPTA,
IponyIeHKapOoHaTa ¥ HeHAChIeHHbIX nomadupHbx cMon [10]. OAO «HikHekaMckHed-
TeXVM» OCYILIEeCTB/IAET «XaJTKOH»-IIPOIeCC C MCIIO/Ib30BaHMEeM KOMIUIEKCHOTO KaTalIn3aTopa,
IIO/Ty4aeMOTO B pe3y/IbTaTe B3ayMOJEIICTBIUA METa/UINIeCKOr0 MOMMOeHa Y IUAPOIIepOKCH/ia
3TWI0eH3071a B 3TWIOBOM crvpTe. OJHAKO OIBIT 9KCIUTyaTallM IIPOM3BOJICTBA BBIABIII HAJIM-
qJie HeJOCTaTKOB KaTa/lIM3aTopPa, a MIMEHHO HM3KOe cofiep>KaHye MombaeHa B pactBope (ot 0,4
1o 0,7% Mac.), 3SHaUNTEIbHBIN Pacxof, TUPONePOKCHA STUI0EH30/1a /I IIepeBOfia MeTalIn-
YeCKOro Mo/mmbeHa B pacTBOP, @ TAK>Ke HeCTabMIbHOCTD KaTanuaaropa [11].

Tax Kak MOMMOJEHOBLIN KAaTaMN3aTOP MMeeT IepeylCcIeHHbIe HeTOCTATKY, BbI3bIBAIOT
MHTEepeC MCCIeIOBAHNA M TONCK PYIUX KaTATUTUIECKUX CUCTeM Y MHUIMATOPOB IIpoliecca
okmcneHns atmnbeHsona. B 2003 rogy MenoHe ¢ COTpyAHMKAaMM YCTaHOBWIM, YTO a9pOOHOE
OKIIC/IeHMe TWIOEH30/Ia B YKCYCHOJ KIC/IOTe B IPUCYTCTBUU KATIUTUYECKOTO KOMIUIEKCa
L,/N-T' OV npuBOANT K KOMMYECTBEHHOMY BBIXORY MeTmideHmIKapouHoa [12]. B Toxxe Bpemsa
okucnenne b B anierounTpuie B npucyrcrsum N-I'OV n aneranbaernsia B KayecTBe MHUIMA-
Topa rpu 25 °C B TedeHMe 6 YacoB IPUBOAUT K 00pa3s0BaHNIO CMeC TUAPOIIePOKCH A STUIOEH-
3071a, arleTrogeHoHa U MeTwIpeHnIKapoHoIa. B 3aBMcMMOCTY OT YCIIOBMIT IPOBEeHUS IIPO-
necca KouBepcys b cocrasnsger oT 15 0 30% [13]. VI3BecTHBI pabOTHI IO TeTEPOTeHHO-KaTa-
MUTIYeCKoMy oKMcieHnto Ob mo anerodeHOHa B IPUCYTCTBUM HAaHOKATA/IN3aTOPA, TOTyYeH-
HOTO Ha OCHOBE JIOMOCU/IMKATA, Ha IOBEPXHOCTY KOTOPOTo OBUIN afcopOMpOBaHbI KOOAIbT
u N-T®U [14]. B Teuerne 10 yacoB Ha 3TOM KaTanmsarope ypaercs goctudb 80% KoHBepcun
9B, oHaKO, OCHOBHBIMM IIPOAYKTaMM PeaKIUy SABJIA0TCA aleTopeHOH 1 MeTundeHnnKapomu-
Hos. B 2005 roxy B pabore J.L. Fierro ¢ corpygamkamu 6bu1a M3ydeHa BO3MOXKHOCTD JOCTIKe-
HUS BBICOKOI cenieKTrBHOCTU 0bpasoBanus [TI b (mpu kouBepcun b 1o 10%) mpu oxucie-
Huu Db B npucyrcTBum coemyvHeHuyt 6Gapus [15]. B 2009 ropmy mpm mcronb3oBaHUYM
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KaTa/mTudeckoil cucrembl N-I'OV u cneoBbIX KOMMYECTB IMAPOKCHU/IA HATPUA UM YAAIOCH
noBBICUTD KOHBepcuio b 0 15% npu cenextuBHOCTN 06paszoBanms [T b okomo 80% [16].

ITopBO/A UTOT BBIIIEV3/IOKEHHOTO MOYXHO OTMETHTD, YTO IOTEHIIaTbHbIE BO3MOXKHO-
cTU MHTeHcuuKanuy mponeccos okucnenns Ib no ero I'Tl ¢ ncnonb3oBaHNeM KaTaamsarTo-
poB (B TOM uymcne u (PpTaMMMUIHBIX) JaeKo He ycdyepnaHbl. [lo HACTOAILIEr0 BpeMeHU He
HalijeHo 3¢ (eKTUBHOTO KaTaln3aTopa, B IPUCYTCTBUY KOTOPOTO MOKHO OBIJIO OBl JOCTNYD
BBICOKOJ ceNleKTMBHOCTU obpasoBanus ['TI Ob u kouBepcum 3B mpu BBICOKOI CKOPOCTU €TO
OKIIC/IeHN S, TIPYIeM/IEMBIX JUI IPOMBIIUICHHOJ pean3anyi. B JaHHOI cTaTbe IpelcTaBIeHbI
VICC/IefIOBAHMS 3aKOHOMEPHOCTel BIIVAHNUA Pas3/IMYHBbIX ITaPaMeTPOB Ha IPOLECC OKMCICHMS
9b: TeMmeparypbl, CTPYKTYpBl ¥ KOHI[EHTpal[uM KaTaln3aTopa, MpOJO/DKUTETbHOCTI peak-
LUN.

IKCcIepUMeHTAaTbHAs 9aCTh

3yuenue nusanus memnepamypol U 6pemeHuy peakyu Ha nPpoyecc OKUCIEHUS IMunbeH-
30714 8 NPUCYMCMBUU KAMANUZAMOPA U UHUUUAINOPA

VIsy4eHne BNMAHKA TeMIIEPATypPhl Ha IPOLECC OKMCIEHNA Db MpoBoaMIN KaK B IPUCYT-
crBunM crangapraoro nannyaropa [Tl MIIB, Tak n B npucyrcrun N-I'OV B nHTEpBane teM-
neparyp 110-130 °C. Kax BupHO (puc. 1, a, 6) XxapakTep KMHETUYECKUX KPUBbIX ITOTIOLIEHIS
Kucnopopa npu okucinennn b B npucyrcrsun N-I'OV u T'TI VIIIb ananornyssl.

40 ° 70
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Puc. 1. BrusiHue Temmeparypsl Ha peakuyio skuakogassoro okucinennst 96 B npucyrcrsum: a — [TI IIB, 6 - N-TO.
Temmneparypa, °C: 1 - 110; 2 - 120; 3 — 130; cogep>xanue I'TI VIITB 2,5% mac.; cogep>xanue N-I'OU 3,0% mac.

V1 B TOM, 1 B IpyroM CiIy4ae Ipy MOBbIIeHNy Temueparypsl co 110 o 130 °C (tabn. 1)
Habsomanoch yBemrdenue copiepxxanuda [TI Ob npumepro B 2 pasa. Tak, HarpuMep, B IIPUCYT-
creuu I'TI MIIb copepxanue I'TI MIIb yBemmuunocs ¢ 5,7 mo 10,3% mac., a B IpUCyTCTBUMA
N-T'®U - ¢ 7,6 po 15,1%, mpu 3TOM CceneKTMBHOCTb o6pasoBanyuA I'TI b ocraBamach okomo 90%.

ITpoBenenne nccnepoBanuii B npucyrcrsumu naunyaropa I'Il VIITb nossommno ycrano-
BUTb, YTO HAWIYYIINMX Pe3y/IbTaTOB yAaeTcsa Bobuthbca npu Temueparype 130 °C, koHBepcusa
YITIEBOJOPOJia B 3TOM C/Ty4ae cocTapjsieT 11,6% Ipy CeleKTUBHOCTY 00pasoBaHus IMAPOIIe-
poxcuza 89,0%. B cnyuae okucnenns 95 ¢ N-T'OV xousepcus 95 u ceneKTMBHOCTb 06pa3oBa-
HuA ero I'TI cocraBwmm 16,5 1 91,5% cooTBeTcTBeHHO. TakuM 06pasoM, IIpK UCIIONTb30BAHUY
BMecto [Tl VITIB N-I'®V HabmromaeTcs MOBBIIIEHE CKOPOCTY OKMC/IeHNs ¥ KoHBepcuu Ob B
1,5-2 pasa npu COXpaHEHMUM JOCTATOYHO BBICOKOI CEIEKTUBHOCTY IPOIieCca.
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Ta6muuna 1. BrusaHue TeMIepaTyphl 1 BpeMeHM peaKIuy Ha KOHBepcuio b 1 celleKTMBHOCTh 06pa3oBaHMA ero

I'TI 8 mponecce oxkucnenns. Copepxanne I'TI MIITB 2,5% mac., N-T'®U 3,0% mac.

CopepsxaHne
CeneKTBHOCTD
WMunnmarop / Temmneparypa, Bpems I'TI 9B B mpo- obpasosarus KonBepcusa
KaTaJn3aTop °C peakuum, 4 IYKTax OKMCIIe- ITI 9B, % 3b, %
Hus, % Mac.
110 5,7 88,0 6,5
I'TI ITb 120 3 8,0 88,5 9,0
130 10,3 89,0 11,6
110 3 7,6 89,3 8,6
120 14,4 93,0 15,5
N-TOoU 1 10,0 93,3 10,7
130 2 13,2 92,5 14,3
15,1 91,5 16,5

Vicxopmsa M3 XapakTepa KPUBBIX «KOJNMYECTBO IOIJIOIMIEHHOTO KUC/IOPOAAa — BpeMsi»
(cM. puc. 1) MOXXHO 3aMeTUTh, YTO YIVIEBOZOPOJ B HAaYa/TIbHBI IIPOMEXYTOK BpeMeHU Ooree
aKTVMBHO B3aMIMOJIEIICTBYET C KVCTIOPOJOM, a C/IelOBAaTe/IbHO, CKOPOCTh OKycneHns b Bo Bpe-
MEHM VI3MEHSIETCs, O YeM CBUJIETe/IbCTBYIOT Pe3y/IbTaThl MccnefoBanuit. [Ipu aToM, Kak BUTHO
u3 Tabmuupl 1, cpenHas ckopocts HakomreHus [T OB ymeHbinaercs mpuMmepHO B 2 pasa
¢ 10,0 mo 5,0% mac. B yac, B TO ke BpeMs Hab/oaeTcss HeOOIbIlIoe CHVDKEHE CETIEKTUBHOCTY
obpasoBanus I'T1 9b ¢ 93,3 no 91,5%.

Hccnedosarnue 6nusHus cmpykmypol kamanuzamopa unu(u) uHuyuamopa Ha npouecc
OKUCTIEHUS SMUI0eH30714

V3yuenne BIMAHNA Pa3INIHbIX KaTaTM3aTOPOB ¥ MHUIIMATOPOB Ha MPOLecC OKUCIeHNA
9b ocymectnsamm npu temneparype 120-130 °C, B KauyecTBe MHMUIIMATOPOB MCIIOTb30BAIN
I'TI UII1b, AVIBH u I'TI 9B, B kauectsBe KaTtanm3aTopoB — N-I'OU n 4-metun-N-I'OV, a Takxke
uccnenosany copMmectHoe aeiictBue N-I'OV ¢ I'TI 9b u N-T'®Y ¢ AVIBH (puc. 2).
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Puc. 2. 3aBUCHMMOCTD CKOPOCTHU OKMCTIeHNA OB OT CTPYKTYpBI KaTamusaTopa Wwin(y) MHUIUATOPA.

Temnepatypa 130 °C; copep>xanne: uaniatopos (I'TI MIIB, TTI 9B, AUBH) 2,5% Mac., katanusaropa (N-T®I)
3,0% mac. Mannumartop/katanusatop: 1 — I'll 9b; 2 - AVIBH; 3 - TTI UIIb; 4 — N-T®U + AUBH; 5 — N-TOU;
6 - N-TOU + I'TI 9B
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V3 maHHBIX Tabmuibl 2 BUHO, 4TO oKucnenne b ¢ nanimatopom [Tl OB mporekaer ¢

MeHbIIel CKOPOCTBIO IT0 cpaBHeHMIO ¢ ucnonb3oBanueM I'TI VB, Ho mpu aTom HabmoaeTcs

He3HaYUTeTbHOE YBeMMYeHe celeKTMBHOCTY obpasoBanus [TI 9b. Hanbonbiuee cogeprxanme

I'Tl 3b (15,1%) pocturaercs npu okucnenun b mpu Temneparype 130 °C B mpucyTcTBUN

N-T'®H. CoBmectnoe pevictBue N-I'OV ¢ I'Tl 9b nmosponsAer momyduTh OKCUAT C COTEPIKa-

HueMm [Tl 15,8%, ogHako Ipy 5TOM HAOMIOAETCA CHIDKEHNE CeNIeKTMBHOCTV 0Opa3oBaHNA

I'TI ¢ 91,5 go 89,0%.

Tabmuma 2. BiussHye pasnMyHBIX KaTanM3aTOPOB ¥ MHULMATOPOB Ha Ipolecc okucneHus Ob. Bpems peakiyn

3 4; Temneparypa 130 °C

Copepxxanne I'TI 9b

CenekTNBHOCTD

CpenHsist CKOpOCTb 06pa-

Vannuarop/karanusaTop B IIPOZIYKTax obpasosars TTI 9B, % soBanus I['TI 95,
oKucnenus, % mac. % mac./4q
T'TI UI1b
OH
O|/
H;C—C—CH;, 10,3 89,0 34
AVIBH
s
<|3Ha N—(|3—CEN 10,0 90,0 33
NEC—(IZ—N CH,
CH,
I'TI 9b
OH
(|)/
HC—CHjy 8,7 90,1 2,9
N‘rq)M 15,1 91,5
6]
5,0
N—OH
(6]
I'TI 96 u N-TOU 15,8 89,0 52
AVIBH u N-T®U 14,9 90,0 5,0
N-TOU* 14,4 93,0 4,8
4-metun-N-TOU*
o]
J
14,2 92,0 4,7
N—OH
HsC
(o]

* — remneparypa 120 °C
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Wsyuenue npouecca oxucneHus smunbexsona 6 npucymcmeuu 4-memun-N-euopox-
cugpmanumuoa

VccnenoBaHuA 10 M3y4YE€HUIO BAVAHNA KOHLIeHTpauun 4-metun-N-I'OV nposoanv npu
temneparype 120 °C B Tedenne 1,5 4. VI3 Tabmuubl 3 BULHO, YTO C YBEIMYEHNEM COJEPIKaHNS
KaTa/mmsatopa oT 1,7 mo 3,3% Mac. HabIofaeTcs yBemMdYeHMe CKOpocTu okucneHusa Ib.
4-Metun-N-T'®V 1o cpaBHEHUIO ¢ MHULMATOPOM — M3ONPONNIOEH30/I0M — IPOSIBUN Hortee
BBICOKYIO KaTIUTUIECKYI0 aKTMBHOCTD B IIpo1iecce xupakogasnoro oxkncnennsa 9b mo I'TI.

Ta6nuna 3. BiusHue teMueparypsl i KoHLeHTpanyu 4-metun-N-I'OY na okucnenne Ib. ComeprxaHue KaTamu-
3aropa 4-metun-N-I'OU 3,3% mac; Bpems peakuun 1,5 4

CopeprkaHue KaTannsaTopa Copepyxanne I'TI 9b
Temmneparypa, °C B % Mac. OT 3arpy3Ku B IIPOZIyKTaxX OKMC/IEHNA, CeeKTHEHOCT
. o6pasosauus [Tl 9B, %
yTIeBogoposa % Mac.
110 33 91 91,0
1,7 11,3 90,0
120 2,5 11,9 91,5
3,3 13,6 92,3
130 33 15,2 89,8

Dbt mpoBefieHBl MCCIENOBaHMSA IO M3Y4EeHNIO SKMAKOQAsHOro okucneHus Ib
B npucyrctBun 4-mMetun-N-I'OV. Ilpu usydeHnu BIUAHUA TeMIIEPATYphl ObIIO YCTaHOBJIEHO,
uyto mpu eé mosbimennn co 110 go 130 °C Habmomaercs: mossiiieHne copepkanust I'TI 9B
¢ 9 mo 15% mac., pu COXpaHEHUM CETEeKTUBHOCTU ero obpasoBanHms okono 90% (tabm. 3,
puc. 3). Vsyuenne BIMsHMS KOHLEHTpanyy Karammsatopa nposopmmu mnpu 120 °C, Tak Kak
npu 130 °C HabmofaeTcs yMeHbIIeHVe CeJIeKTMBHOCTY, yBe/TndeH)e KOHLEHTPaLuy KaTam-
3aropa ¢ 1,7 1o 3,3% Mac. npuBOANT K NoBbIIeHNI0 copepkanus I'TI 9b ¢ 11 go 13%.
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Puc. 3. Bimsanue TeMneparypbl Ha peakiyio xxupgkodasHoro okncnenus 3b B mpucyrcrsun 4-Metmn-N-I'O.
Copepxanne 4-metun-N-I'OU 3,3% mac.; Temneparypa, °C: 1 - 110; 2 - 120; 3 - 130

B Tabnuie 4 npencraBieH MaTepuaabHbI 6aaHc okucnenus Db B Hanbonee mpueme-

MbIX YCITIOBUAX.
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Ta6muma 4. MarepuanpHbli 6amanc >xupkodasnoro okucnenusa Ob. Temnepatypa 130 °C; comepyxaHue KaTamu-
3aropa N-I'OU 3,0% Mac.; IpOfO/DKUTEIBHOCTD peaKuyu 3 4

MonekynspHas 3arpy>keHo ITonmy4eno
KommnoneHTbI
Macca, I/MOjb r MOJIb r MOJTb
9b 106 43,35 0,409 36,20 0,341
Kucnopopn 32 0,09 0,003 - -
N-TOUN 163 1,30 0,008 1,30 0,008
I'TI 9b 124 - - 6,76 0,055
Iotepu - - - 0,50 0,016
Bcero - 44,74 0,420 44,74 0,420
BriBoabl

B xope paboTsl 6bUIM M3yYeHBI 3aKOHOMEPHOCTY OKVCTIEHUs 3TWIOEeH30/1a B IIPUCYT-
CTBMM MHUIIVIATOPA — M3OMPONMIOeH30/1a ¥ PTATVMUIHBIX KaTa/lIN3aTOPOB, a TAKOKe BIMSAHIE
PasNMYHBIX IIAPaMETPOB: TeMIIepaTypbl, BPEME€HM peaKIuy, KOHIIEHTpalluy KaTanansa-
Topa/MHuIMaropa. Takum 00pasoM, UCXOfA U3 IPOBEEHHBIX VICC/IEAOBAHMIL, MOXXHO PeKO-
MEHJIOBATh C/IeAYIOIye YCIOBYSA MIPOBefeHNA peakiuu okucneHns Ob: comeprxanue dpram-
MUJHOTO KaTann3aTopa 3% Mac. OT B3ATOTO Ha OKVC/IEHNE YTI/IEBOOPOJa, TeMmepaTypa 130 °C,
Bpems peakiy 3 4. Cogeprkanne obpasyrommerocs I'TI 9B cocrasmser 15,1% Mac., cenekTus-
HoCTh o6pasoBanus [Tl 9B - 91,5%, uto moyTu B 2 pasa HmpeBbILIAET [TOKA3aTeMN Mpoliecca
oxucnenna Ob Ha HypkHekaMcKOM XMMIYecKOM KOMOMHaTe. Y CTAHOBJIEHO, YTO IIPUCYTCTBYE
N-TOW B mpouecce XUAKopasHOTO OKNCIEHUSA ITUIOEH30/1a II03BOJIAET IPUMEPHO
B 1,5-2 pasa TOBBICUTH CKOPOCTb OKMC/IEHUA YITIEBOAOPOJA IPU COXPAHEHMM BBICOKON
(6omee 90%) cemeKTMBHOCTM 0Opa3oBaHMsA THUPOIEpOKcKAa. JlokasaHO, YTO IpUMEHEeHNe
4-metnn-N-I'OV B peakiyy oKycieHNs 9STUI0EH3071a O3BOJISAET JOCTUTATD TeX XKe KayeCTBEeH-
HBIX II0Ka3aTesIel CeIEKTUBHOCTY, KOHBEPCUM YITIEBOLOPOAQ, YTO U npu npuMeHeHun N-I'ON,
C COKpallleH/eM BpeMeH) peakiuy B 2 pasa. beur mpoBesieH 6alaHCOBBIIL OIBIT ¥ COCTAaBJIEH
MaTepuasbHbIi 6a/laHC, KOTOPbI BayKeH A IPOMBIIIIEHHOTO OCYIIeCTB/IEHN JAaHHOTO IIPO-
1[eCCa, TaK KaK OH IIO3BOJISAET OTC/IEKNBATh MaTe€pMalbHble TIOTOKM CHIPbS, IOTYIPOSYKTOB,
IUIAaHVMPOBATb 3aTPAThl HA peareHTsl 1 GOPMIPOBATD IIpefiCTaB/IeHNE O ce0eCTOMMOCTY KOHed-
HOJI IPOJYKLMM ¥ KOIMYECTBA OTXOJIOB.

Ha ocHOBaH!Y U3/T0)XEHHOTO BbIIIIe MO>KHO CIETaTh BBIBOZ O TOM, UTO IIpMMeHeHme (ra-
JMMUHBIX KaTa/lIM3aTOPOB MO3BO/IAET ITOBBICUTD 3PPEKTUBHOCTD MOTYyYEHNA TUAPONEPOK-
Cufa 3TMIOEH30/1a, YTO B CBOIO OYepelb MOXKET OBbITh VICIIONIb30BAHO i1 yCOBEPIIEHCTBOBAHS
TEXHOJIOTUM MTPOMU3BOJICTBA OKCY/IAa NPONNIEHA U CTUPOJIA — IIEHHBIX NMPOJYKTOB OCHOBHOTO
XMMIYECKOTO 1 He(pTeXMMIYEeCKOTO CHHTe3a.
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IVACTEPEOHAIIPAB/IEHHOCTDb CMHTE3A
XPOMEHO[4,3-D]IINPUMVIVNHOB

A. M. Ypaposa, E. C. Makaposa, C. V1. DunnmoHoB

Amnacracua MuxaiinoBHa Ypanosa, ctyfeHT; Enena Cepreesna MakapoBa, aclipaHT, aCCUCTEHT;
Cepreit IBanoBIY @1IMMOHOB, I-p XUM. HayK, Ipodeccop
SIpocmaBckmit rOCyapCTBEHHBI TeXHUYECKUIT YHUBEPCUTET, SIpocnasib, Poccus, filimonov@ystu.ru

Kniouesvie cnosa: Annomauus. Viccnedosamna ouacmepeoHanpasnenHocmy CuHmesa
eexcazudpoxpomeno[4,3-dnupumu- xpomeno[4,3-dnupumudunos nymem 6videneHuss U YUKAU3AUUU 00-
OUHHbL, PE3OPUUH, KUCTOMHO-KAMANU-  MUHUDYIOULUX OUACTHEPEOMEPHO HUCTNDLX NPOMENCYMOUHBIX NPOOYK-
3upyemas KOHOeHCAYUS, JuacmepeoHd- 106 NPUCOeOUHEHUST OULUOPONUPUMUOUHOB K Pe30pUyuHy. Ycmanos-
npaeneHHoCcMb JIEHO, YO BANHBIM PAKMOPOM S6IAEMCT 00PAMUMOCb PeaKUUU

NPUCOeOUHEHUS, KOMOPAT MONem HUBETUPOSANL OOMUHUPYIOUlee
006pazoeaniie 00H020 U3 NPOMENYMOUHBIX OUACIIEPEOMEPOB.

T nuTHpoBaHMA:

Ypapgosa A.M., Makaposa E.C., ®uwmmonos C.J. [InacrepeoHanpaB/IeHHOCTb CUHTe3a XpoMeHO([4,3-d]nupumn-
IVHOB // Om xumuu k mexHonoeuu wae 3a wazom. 2023. T. 4, Beim. 2. C. 17-23. URL: http://chemintech.ru/in-
dex.php/tor/2023-4-2

BBenenmne

B nocegHee BpeMsA Bce 60IblIie BHUMAHNMA YAeAETCA BOIPOCAM AMACTEPeOCETeKTIBHOCTI
CMHTE30B MMPYMUAMNHOB ¥ XPOMAHOB [1, 2]. 9T0 cBA3aHO ¢ 60/MbIINM pa3mnyyeM B papMaKo-
JIOTMYECKOJl AaKTMBHOCTU MAHHBIX CTPYKTYP, MMEIOIIMX CTE€PeOreHHble IIeHTpPBI, a TaKXke
C Ha/IM4MeM XVMPATbHOCTY B MX IPUPOJHBIX aHanorax [3, 4]. Tak, Hanpumep, (S)-sHaHTHOMED
MOHacTpona obnagaer B 15 pas 6Oosee CUIBHOI IPOTMBOPAKOBON aKTMBHOCTBIO, 4YeM
(R)-monactpon [5, 6]. Yame Bcero mid HOMydeHMs OUTUAPONMPVMUAVHOB M XPOMAHOB C
XVpPaJTbHBIMY ATOMaMI IIPYMEHSIOTCA CTIO>KHbIE KaTaIMTIYeCKe CUCTeMBI [7-9].

Panee Hamy ObIIV CHHTE3MPOBaHBI XPOMeHO[4,3-d| mMpyMUANHBI HA OCHOBE MOYEBVHBI I
TrioMo4eBuHSBI [10, 11] ¢ McIoNb30BaHeM HOCTYIHBIX KMCTOTHBIX KaTalIN3aTOPOB Y PACTBOPH-
TeJIel, a TAK)Ke OIIpefie/ieHa AMacTepeoce/IeKTMBHOCTD X obpasoBanus [12]. OpHako, Mcxons u3
IIPeJ/IO>KEHHOTO IyTU IPOTeKaHMsl peaKLuyl, He OYeBUIHBIM OCTABA/IVICh OOJIbIIVIE PA3TINYNS
B JIMAaCTEPOMEPHOM COCTaBe 3aMeIeHHBIX 2-THMO- U 2-OKCOXpOMeHO[4,3-d|mpumupnHos.
[TosToMy s onpefeNieHUsl CTepeOHANPaB/IEHHOCTY CMHTe3a XpOMeHO[4,3-d]mupuMnanHoB
B)XHBIM fIBJISIOCH BbIJieIeHNe VI OIpefieieHIie CTPOEHNS IPOMEXXYTOYHBIX HeIMKINYeCKUX
COEeIVIHEHNI U IIPOAYKTOB MX JIa/IbHEMIIEN LVIK/IN3aLN.

C 31011 11e/bIo ObUIa pa3paboTaHa CrielanbHas METOAMKA, 3aMeIJIAI0IIas IPOLecC VK-

mmsauyy. I 3Toro peakuyuo JUIMApONMpPUMUANHOB la-g 1 pesopuyHa 2 NPOBOAVIN IIPU
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temneparype 30-40 °C, 6onee HM3KOJ 4eM B aHAJIOTMYHBIX cuHTesax [10, 11], u pomonHu-
Te/lbHO K KaTamutndeckoit cucreme AcOH/MeSO;sH pob6asmsamu CCL (puc. 1). Ilpu atom 3Ha-
YYTE/TbHO YBE/IMYMBATIOCh BpeMs peakiuy 1o 11-18 4, 4To Mo3BoJIAIO B 60JIbIIEM KOMNYECTBE
HaKaIl/IMBaTh B peaKLUMOHHOM Macce IPOMEXYTOYHbIE IIPOAYKTHL. BblfleNleHre peaKimoHHOM
CMecHu B BOJY IIepeBOAMIO B TBEpAYyI (GOpMy Bce MMEIOLMecs B Hell CTPYKTYPHI, BKIIOYas
HEIIpOpearupoBaBIle MCXOJHbIE KOMIIOHEHTDI, IPOMEXYTOYHbIE COeuHenN 3 U 4 1, KaK
IIPaBUIO, [iBa AMacTepeoMepa XpoMeHo[4,3-d]nupuMnuanaoB 5 u 6. CTOUT OTMETUTD, YTO AJIS
XPOMaHOB Ha OCHOBE TMOMOYEBVHBI I MOYEBVHbI HAa0/TIOAMICh CXOXKIE Pe3y/IbTaThl, OHAKO
HaKOINTb MTPEMMYIIECTBEHHO IIPOMEXYTOYHbIE IPOYKThI OKa3a/I0Ch C/IOXKHOM 3a/jadeil n3-3a
OJJHOBPEMEHHOTO IIPOTEKaHMA B XOJ€ peaKluy HEeCKONbKMX IpolueccoB. Hecmorpsa Ha 3To,
Ha6JII0/1a/I0Ch IOMUHIPOBaHME TOJIbKO OfHOTO HEIVIK/INYECKOTO AyacTepeoMepa 3, a coefiiHe-
H1e 4 GUKCUPOBAIOCD JINIIb B C/IEOBBIX KOMYECTBAX, BEPOATHO 13-3a JIY4IIell pacTBOPUMO-
CTHU B BOfie. B pe3ynbraTe 04McTKY IyTeM Iepeocax/ieHNs 13 C/1aboIe/IOYHOTO PacTBOpa yia-
JIOCh BBIJIE/INTD JOMVUHMPYIOLMIL IacTepeoMep 3 ¢ HUSKMMM BbIxofilaMu 10 37% u gyacrepeo-
MepHOoIT uncToToit 60mee 90% mo ganHbIM IMP ciekTpockonmm.

HO HO o__oO

H
3CHN NH

cel, “Mcoo N
H,C R Ho OH CCls = 3COOH, 3, \ﬂ/ CH,COOH, \ﬂ/
\%\( + CH;SO;H 9 . CHsoH  Sabcde
~30-20 °C 80-100 °C
30-40 "C HO HO o o

2 OEt H
R

H.C"
*HN  NH

6a,b,c,d,e

1,3,4,5,6: R = CHs, X =S (a); R = 4-Me-C¢Hy, X = S (b); R = 4-MeO-CsHy, X = S (¢); R = CeHs, X = O (d);
R =4-Me-C¢Hs, X = O (e); R = 4-MeO-C¢Hy, X = O (f); R = 3-NO,-C¢Hy, X = O (g)
Puc. 1. CxeMa peaxkiuy UMKIN3alUyM JUTHPONMPUMULVHOB 1a-g 1 pe3opLnHa 2

Crpoenne coemuHeHMit 3a-g ompegneneHo ¢ nomoumpbio AMP-cnexrpockonum n Macc-
criektpoMetpun. KimoueBpiMu curnanamu B ciekrpe SIMP 'H apnsanuce amudarndeckue mpo-
TOHBI IMPUMUANHOBOTO LKK/a B 06/mactu 3.8-4.1 m.a. ¢ Hebonmpinmu KCCB okomo 3.5-4.8 Ty
u curHansl a¢upHoit rpynnsl. C momombio NOESY criekrpa coegunenns 3d ypanoch 3apuk-
CHPOBATbh KPOCC-TIMK MaJIOi MHTEHCUBHOCTY IIpOoTOHa 5-H npy kap6oKcuIpHOI rpyIime ¢ mpo-
TOHaMM 4-Me rpymnmnel, Hapsmy ¢ OTCYTCTBMEM Kpocc-MKoB 5-H ¢ mporoHamu ¢eHMIbHON
rpynmbl. B NOESY cnekTpe Taxoke HabIIOmamich CMMMeTpUYHble Kpocc-iukn 6-H ¢ mpoto-
Hamy peHMIBbHOM rpymnmel u ¢ 1-NH rpymnmoit. 9To m03BomiIo HaM OIpefe/nTh IIOTy4eHHOe
coeguHeHne 3 Kak (4R*,55%,6R*)-nuactepeomep, rae mpoToHs! 6-H, 4-Me rpynis! HaXO#ATCA B
3KBAaTOPMA/IbHOM IOJIOKEHUM OTHOCUTEIBHO IJIOCKOCTY IMPUMUIVMHOBOTO IIMKJIA.

Vcnionp3oBanme uncThix (4R*,55*,6R*)-nnacrepeomepos 3a,b,c,d,e 1 ux nyknmsanum
B XpoMeHO[4,3-d]nMpUMMAVHBI IHO3BOMMIO  ONpPERENUTb AUACTEPEOHANPABICHHOCTD
IIpoIlecca, TaK KaK CTpOeHMe 3 MCK/II0YAeT 3MMMEPU3ALNIO TI0 ONPENE/AIIEMY ITOT0XEHNIO
C(4) mupuMupmHOBOTO VKA. Hawrydmme ycmoBys IUKIN3aluy ObIIM OIIpefie/IeHbl paHee
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(10, 11]. ITo manHBIM SIMP-CIIeKTpOCKOIINY OTC/IEKMBAIICH OTHOCUTE/IbHBIE N3MEHEHN B CO-
CTaBe IPOAYKTOB, a 3a efUHUIY Opancs curHai mpotoHa H-4 ocHoBHOrO Aauacrepeomepa 5,
KOTOPBI/I HE NEPEKPBIBA/ICA APYTMMM CUTHamamMu. B cioydae mukmmsanum coefuHeHMs 3a
[IMIaCT€PEOMEPHBIN COCTaB XPOMAHOB 5a:6a I3SMEHMJ/ICA He3HAYNTE/IbHO, 10 UUK/IN3aL I UX CO-
oTHouIeHne cocTasysano 10:1, moce - 10:0.7 (puc. 2). IIpu aTOM IpOMeXYTOYHBII AMACTEPEO-
Mep 3a wuspacxofoBajcsA Oonblie 4YeM HANOJOBMHY, a JOMUHMPYIOIIMM OCTaBasCs
(4R*,4aS*,10bR*)-IpoAyKT 5a, COOTBETCTBYIONINI KOHPUTYPAIMM IIPOMEKYTOUHOTO COENVHE-
HuA 3a. B ciaydae CTpyKTyp Ha OCHOBE MOYEBMHBI, U3 JOMUHMPYIOUIETO HELMKINYECKOIO
fuacrepeoMepa 3e 06pasoBBIBANNCH IBA AuacTepeoMepa XpoMeHo[4,3-d| mupuMmuaHoB 5e u
6e B cooTHOLIeHNY NTpUMepHO 1:1 (puc. 3). DToT pesynbrar UMKIN3aLUy 3e, BepOsITHO, CBSI3aH
C ero 0OpaTMMBIM pacIajjoM Ha VICXO/JHbIe KOMITOHEHTHI C ITOCTIeAyolell IOBTOPHOIT peaKiyei
MIPUCOEMHEHNA pe30pLMHa 2 110 ABOMHON CBA3Y BUTMApONMpUMKUANHA 1, KOTOpasg IpuUBO-
[ivjia K BBIpaBHMBAHUIO JYIaCTEPEOMEPHOIO COCTaBa IIPOAYKTOB 5 1 6, JaXke B CIy4dae IepBOHa-
JaJIbHOTO 00pa3oBaHNA MIHOPHOTO AMacTepeoMepa 4 B MeHbIlleM KonndectBe. Ha mporeka-
HJle 00paTMMOro pacrajia CTPYKTYpbl 3e yKa3bIBaJlo HAKOIIEHVEe B IPOAYKTAX LIMK/IM3ALINN
VICXOITHOTO NMupMMMAVHA le (MHTerpanbHas IUIOMIANb CUTHAIA YBEIMYMBAIACh IPYMEPHO B
2 pasa). B oT/mmume oT NpoRyKTOB Ha MOYEBMHE, /L1 CTPYKTYP € TMO-(PparMeHTOM ObIIO 3a-
(UKCHPOBAaHO He3HAUMTEIbHOE M3MEHEHNe CUTHA/IA VICXOJHOTO AUTMAPONMMpUMUANHA. [
TOTO 4TOOBI IIPOVM3OLIIO BHIPABHVBAHME COOTHOIIEHMs OKCO-IIPOAYKTOB 5:6 1o cocrasa 1:1,

CTIeflyeT TaKoKe JOITYCTUTD, YTO MMHOPHBIN iuacTepeoMep 4 UK/IN3yeTcs ObICTpee CBOEro KOH-

KypeHTa 3.
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Puc. 3. Crexrpst SIMP 'H npu nnxsmsarym 3e B 5e 11 6e

B pesynbTaTe npoBefieHNA pAfa OMKIN3ANNii ObUIO YCTAHOBJIEHO, YTO BaKHBIMU (PaKTO-
paMu I JYacTePeOHAIPaBIeHHOCTY Peakyy 00pasoBaHNUsA XPOMEHONVPUMUVHOB SIBJIs-
eTCsl COOTHOIIEHNE AMacTepeoMephix 3(pupoB, obpasymoleecs Ha CTagyy IIepBOHAYAIBHOTO
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IPUCOeVHEHVS pe3OpLMHA K JUTMIPOIVPUMUINH-2-THOHAM IO [JBOVIHOII CBSI3MU, U 00paTH-
MOCTb 3TOJI peakuuu. DTy PaKTOPHI SABIAIOTCS KITIOUYEBBIMI NIPY OLIPeie/IeHNI COOTHOIIEHNS
[acTepeoMepOB B KOHEUHBIX ITPoAyKTaX. Tak B c/Iydae TMOXPOMEHOIMPYMUVHOB JOMUHI-
PYIOIMM SIBJISIETCS COOTHOLIEHYE MacTepPeOMepPOB IIPOMEXYTOUHBIX 3p1poB. OOpaTMMOCTh
peaxuyyu B JaHHOM C/Iydae He OKasbIBaeT CYILIECTBEHHOTO BIMAHMA. B ciydae gurnaponmpu-
MUJVH-2-OHOB 0OoJblllee BVsHN/E Ha BbIPAaBHMBAaHUE COOTHOIIEHMs [UACTEPEOMEPOB
XpOMeHO[4,3-d| mupyMuIMHOB OKa3bIBaeT 0OPaTUMOCTD peaKLuy, TaK JaXke IPYU UCIIO0/Ib30Ba-
HUM I LMKIM3alMM OFHOTO AmacrepeoMepa adupa obpasyercsi CMech A1MacTepeoMepoB
XpoMeHo[4,3-d]mipumMumHOB B cooTHOLIeHuN 1:1.

SKCHCPI/IMCHTa}IbHa}I qacTh

VIK-cnieKTphI 3anucpiBanu B oTpaxkeHHOM cBeTe Ha VIK-Dypbe ciekTpoMerpe Spectrum
Two PerkinElmer ¢ gnmmnuoit Bomasr 700-4000 cm™'. Cnextper IMP perucrpupoBanm Ha mpu-
6ope «Bruker DRX-400» myst pactBopoB IMCO-d; ipu 30 °C. B kauecTBe 9Ta/ioHa /151 OTCYETA
XMMUYECKNX CBUTOB JCIIOJIb30Ba/Ml CUTHAIbI OCTATOYHBIX IIPOTOHOB PpacTBOPUTENA B
AMP 'H (8u = 2.50 m.1.) wu SIMP BC (8¢ = 39.5 M.1.), B KauecTBe MapKepa MCIIOIb30BaIN
curnan terpameriacunana (MOX PAH r. Mocksa). Macc-CeKTpbl perncTpypoBaIy Ha Macc-
criektpoMerpe «FINNIGAN MAT.INCOS 50» npu monmsanmoHHoM HampspKkeHuu 70 3B u
TeMIepaTtype B kamepe nonusanum 100-220 °C (JIOX PAH r. MockBa). DneMeHTHBIIT aHAIN3
npoBogwIcss B aHamuTudeckon snaboparopum VIHOOC PAH r. MockBa Ha mnpubope
«PerkinElmer 2400». Temnepatypa miaBieHNs onpefe/nsach Ha allapare Jisg OInpeie/e s
TOYKY IUTaB/eHus U kunenus BiichiM-560.

[MupuMupnsoH(THOH) la-g (1 MMonb) ¢ 1,3-6enzonanonom 2 (2 mmonb) B cmecn CCly
(5 M) m AcOH (0.5 m) B mpucyrcrBun 50 mx1 MeSO:H (7.710* M) HarpeBamm ipu 30-40 °C
B TedeHMe 11-18 wyacoB. 3aTeM PpeakUUMOHHYI0 CMeCh OXJIXHaauM ¥ BBUIMBAIM B
TpexmnpoueHTHbI BogHbI pactBop NaHCO; (10 ). BeimaBumit ocagok oTduibTpoBbIBay,
IIPOMBIBa/IM BOROI. [l OYMCTKM PEeaKLMOHHOM MacChl OT MCXOJHOTO NUPUMUAMHA K
HOTy4eHHOMY 0cCazKy fobasmsam 1 M 6%-Horo pactBopa NaOH, HepacTBOpUBIIYIOCS YacTb
oTmersu QUIbTPOBaHMEM, 3aTeM K (QUWIbTpaTy NpwaMBamu 1-2 MJI IIECTUIPOLIEHTHOTO
pacrBopa HCI o nonuoit Heltpamsauym wenoun. O6pasoBaBLINiics 0CajoK GpUIbTPOBAIN,
IIPOMBIBA/IV BOZION ¥ CYyUIV/IM Ha BO3JyXe IpY KOMHATHON TeMIlepaType.

Itun (4R*,58*,6R*)-4-(2,4-qurnapoxcudennn)-4-meTmn-6-peHnn-2-TnoreKcarugpo-
nMpuMuUANH-5-Kap6okcunar (3a). Beixon 58 mr (15%), T.11. 182-184 °C. Cnextp SAMP 'H
(400 MI'u, 8, m.x., J/Tn): 0.82 (tp, 3 H, COOCH.CH;, ] = 7.0), 1.46 (¢, 3 H, C(4)CH,),
3.76 (xB, 2 H, COOCH,CHs, ] = 7.0), 3.89 (», 1 H, C(5)H, ] =4.2) 4.01 (z, 1 H, C(6)H, ] = 4.2),
6.26 (o, 1 H, C(5)H, J = 8.6, 1.8), 6.39 (1, 1 H, C(3)H, ] = 1.8), 6.92 (5, 1 H, C(6')H, ] = 8.6),
7.06 (n, 2 H, C(2"6")H, ] = 8.1), 7.22-7.33 (M, 3 H, C(3",4",5")H), 8.22 (yurc, 1 H, NH),
8.49 (¢, 1 H, NH), 9.32 (¢, 1 H, OH), 9.71 (¢, 1 H, OH). Cuektp AMP *C (100 MI, §, m.z1.):
13.72, 23.13, 48.72, 54.34, 57.99, 59.25, 104.10, 106.14, 121.57, 126.35, 126.46, 127.66 (2 C),
128.53 (2 C), 138.14, 157.75, 168.51, 175.90, 176, 75. Haiigeno (%): C, 61.91; H, 5.71; N, 7.22.
C20H2N,0,S. Berancneno (%): C, 62.16; H, 5.74; N, 7.25.
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9tun  (4R*,58%,6R*)-4-(2,4-gurnapoxcudennn)-4-meTnn-6-(4-mernndennn)-2-Tmo-
reKcarngponupuMuanH-5-kapo6okcmnar (3b). Beixox 109 mr (27%), T.1w1. 221-223 °C. Criektp
SMP 'H (400 MTI, §, m.z., J/T1): 0.86 (tp, 3 H, COOCH,CH;, ] = 7.1), 1.45 (¢, 3 H, C(4)CHs),
2.24 (¢, 3 H, C(4")CHa), 3.76 (xB, 2 H, COOCH,CHs, J = 7.1), 3.89 (5, 1 H, C(5)H, J = 4.7),
3.97 (n, 1 H, C(6)H, ] = 4.7), 6.22 (m1, 1 H, C(5)H, J = 8.6, 2.2), 6.41 (1, 1 H, C(3)H, ] = 2.2),
6.88 (m, 1 H, C(6)H, ] = 8.6), 6.93 (1, 2 H, C(2".6")H, J = 8.3), 7.08 (m, 2 H, C(3",5")H, J = 8.3),
8.14 (c,1H,NH), 8.41 (¢, 1 H,NH), 10.30 (ymr.c, 2 H, OH). Cnextp AMP *C (100 MI'y, §, m.11.):
13.75, 20.60, 23.19, 48.77, 54.29, 58.02, 59.30, 104.10, 106.17, 121.63, 126.37 (2 C) 128.56 (2 C),
128.69, 135.09, 136.68, 148.25, 153.67, 158.42, 165.29. Haitmeno (%): C, 62.81; H, 6.01; N, 6.96.
Cx1H24N,O,S. Berancieno (%): C, 62.98; H, 6.04; N, 6.99.

9tun (4R*58*6R*)-4-(2,4-purngpoxcudennn)-4-meTnn-6-(4-merokcudeHmn)-2-

THOTEKCATNAPONMPUMUANH-5-KapOokcunar (3c). Beixom 108 mr (26%), T 180-182 °C.
Coextp SIMP 'H (500 MTIu, §, m.pg., J/Tm): 0.89 (tp, 3 H, COOCH.CH;, | = 7.0),
146 (¢, 3 H, C(4)CHs), 3.71 (c, 3 H, C(4")OCHs3), 3.80 (xB, 2 H, COOCH,CH;, J = 7.0),
3.84 (1, 1 H, C(5)H, J = 5.0), 3.96 (1, 1 H, C(6)H, J = 5.0), 6.26 (m1, 1 H, C(5)H, J = 8.5, 2.4),
6.39 (1, 1 H, C(3)H, J = 2.4), 6.84 (1, 2 H, C(2".6")H, J = 8.3), 6.93 (1, 1 H, C(6)H, J = 8.5),
7.08 (1, 2 H, C(3"5")H, J = 8.3), 8.13 (¢, 1 H, NH), 8.41 (¢, 1 H, NH), 9.33 (¢, 1 H, OH),
9.72 (¢, 1 H, OH). Criextp AMP BC (126 MTI'ny, §, m.1.): 13.71, 48.74, 53.73, 54.99, 59.20, 104.01,
106.05, 113.34, 121.53, 127.55, 128.57, 129.83, 153.58, 157.65, 158.59, 168.63, 176.48. HaiineHo
(%): C, 50.27; H, 5.78; N, 6.69. C,1H.4N,OsS. Beruncieno (%): C, 60.56; H, 5.81; N, 6.73.

9mun  (4R*,58*%,6R*)-4-(2,4-purugpoxcudennn)-4-MeTuI-2-0Kco-6-peHnnrexca-

IMAPONMPUMUANH-5-Kapookcunar (3d). Boixon 136 mr (37%), T.11. 248-250 °C. VK cniektp,
v/em: 3442 (OH), 3298, 3214 (NH), 1726 (COOEY), 1650 (NH-C=0), 1596, 1518 (C=C), 1223,
1184 (C-0O). Cuextp SIMP 'H (400 MTI'y, §, m.x., J/T1): 0.82 (1p, 3 H, COOCH,CHs;, ] = 7.1),
1.41 (¢, 3 H, C(4)CHs), 3.76 (x8, 2 H, COOCH,CH;, ] = 7.1), 3.85 (1, 1 H, C(5)H, J = 3.9),
4.04 (m, 1 H, C(6)H, J = 3.9), 6.26 (mn, 1 H, C(5)H, ] = 8.6, 2.2), 6.38 (1, 1 H, C(3)H, J = 2.2),
6.60 (yr.c, 1 H, NH), 6.79 (yir.c, 1 H, NH), 7.06 (1, 1 H, C(6)H, J = 8.6), 7.09 (5, 2 H, C(2",6"H,
J=7.8),7.21 (tp, 1 H, C(4")H, ] = 7.8), 7.29 (tp, 2 H, C(3",5")H, ] = 7.8), 9.26 (ymc, 1 H, OH),
9.62 (yurc, 1 H, OH). Cnextp SIMP *C (100 MIy, §, m.x.): 13.81, 24.10, 49.96, 53.83, 56.84,
58.98, 104.00, 106.06, 122.69, 126.39 (2 C), 127.28, 127.97 (2 C), 128.51, 139.57, 153.87, 156.02,
157.56, 168.92. Haitmeno (%): 64.67; H, 5.97; N, 7.53. C;0H»N,Os. Borancieno (%): C, 64.85;
H, 5.99; N, 7.56.

ATun (4R*,58*,6R*)-4-(2,4-gurnpgpoxcudennin)-4-metnin-6-(4-metnndennn)-2-

OKCOTeKCarugponupuMuanu-5-kapookcmnar (3e). Beixon 62 mr (16%), T 216-218 °C.
VIK cmextp, v/em™: 3500, 3401 (OH), 3206 (NH), 1724 (COQOEt), 1644 (NH-C=0), 1600, 1511
(C=C), 1191, 1181 (C-O). Cmektp AMP 'H (400 MTIu, 6, m.g., J/Tr): 0.86 (tp, 3 H,
COOCH,CH;, J = 7.0), 1.41 (¢, 3 H, C(4)CHs), 2.24 (¢, 3 H, C(4")CHs;), 3.76 (xB, 2 H,
COOCH,CH;, J=7.0),3.82 (m, 1 H, C(5)H, J = 3.7), 4.00 (&, 1 H, C(6)H, J = 3.7), 6.26 (mm, 1 H,
C(5)H,J=7.8,24),6.37 (z, 1 H, C(3)H, ] = 2.4), 6.48 (yurc, 1 H, NH), 6.73 (ym.c, 1 H, NH),
6.97 (n, 2 H, C(2",6")H, ] = 7.8), 7.02 - 7.11 (m, 3 H, C(6,3",5")H), 9.23 (ym.c, 1 H, OH),
9.59 (¢, 1 H, OH). Cniextp AMP *C (100 MI'w, §, m.z.): 13.81, 20.57, 24.10, 49.97, 53.57, 56.85,
59.00, 103.98, 106.03, 106.17, 126.28 (2 C), 128.50 (2 C), 129.63, 136.36, 136.51, 153.83, 156.01,
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157.53, 169.00. Haitneno (%): C, 65.47; H, 6.26; N, 7.25. C;;H,4N,Os. Beruncieno (%): C, 65.61;
H, 6.29; N, 7.29.

9tun (4R*58*,6R*)-4-(2,4-gurngpoxcudennn)-4-meTnn-6-(4-merokcudeHmn)-2-
OKcorekcarugponupumMuanu-5-kapookcmnar (3f). Beixox 70 mr (17%), T.mn. 181-183 °C.
Coextp SIMP 'H (400 MTI'1y, §, m.p., J/T1): 0.87 (tp, 3 H, COOCH.CH;, J = 7.1), 1.39 (¢, 3 H,
C(4)CHs), 3.70 (¢, 3 H, C(4"YCH3), 3.79 - 3.81 (M, 3 H, COOCH,CH;, C(5)H), 3.97 (z, 1 H,
C(6)H, J = 4.5), 6.25 (nm, 1 H, C(5)H, ] = 8.5, 2.0), 6.36 (1, 1 H, C(3)H, J = 2.0), 6.43 (c, 1 H,
NH), 6.68 (c, 1 H, NH), 6.83 (1, 2 H, C(2",6")H, J = 8.5), 6.97 (m, 2 H, C(3",5"H, ] = 8.5),
7.04 (m, 2 H, C(6')H, ] = 8.4), 9.25 (¢, 1 H, OH), 9.60 (¢, 1 H, OH). Cnextp AMP *C (100 MI,
0, m.1.): 13.86, 24.11, 50.07, 53.25, 55.06, 56.80, 58.99, 103.99, 106.01, 113.39 (2 C), 122.75,
127.50, 128.47 (2 C), 131.41, 153.83, 155.93, 157.51, 158.53, 169.06. Haitgeno (%): C, 62.73; H,
6.01; N, 6.97. C,;H,4N,Os. Beruucneno (%): C, 62.99; H, 6.04; N, 7.00.

ATun (4R*,58*,6R*)-4-(2,4-purngpoxcudennn)-4-metnn-6-(3-uurpodennn)-2-

OKCOTeKCarngponupuMuanu-5-kapookcmnar (3g). Boixonm 35 mr (8%), t.mn. 195-197 °C.
VIK criextp, v/em: 3378, 3316 (OH), 3245 (NH), 1710 (COOEL), 1649 (NH-C=0), 1605, (C=C),
1525, 1348 (NO»), 1225, 1181 (C-O). Criextp SIMP 'H (400 MTw, 8, M.1., J/Tw): 0.79 (tp, 3 H,
COOCH.CH;, J = 7.0), 1.41 (¢, 3 H, C(4)CH,), 3.75 (xB, 2 H, COOCH,CH;, J = 7.0),
3.92 (1, 1 H, C(5)H, J = 3.4), 4.18 (1, 1 H, C(6)H, J = 3.4), 6.26 (m1, 1 H, C(5)H, J = 8.4, 1.8),
6.39 (m, 1 H, C(3')H, ] = 1.8), 6.86 (ymr.c, 1 H, NH), 8.90 (ymrc, 1 H, NH), 7.05 (n, 1 H, C(6")H,
J=84),7.52 (m, 1 H, C(6")H, ] =7.8), 7.59 (tp, 1 H, C(5”)H, ] = 7.8), 8.01 (¢, 1 H, C(2”)H),
8.11 (m, 1 H, C(4”)H, ] = 7.8), 9.21 (yurc, 1 H, OH), 9.73 (yurc, 1 H, OH). Cuexrp IMP “C
(100 MT', 8, m.11.): 13.69, 24.15, 49.75, 53.20, 56.85, 59.31, 104.09, 106.15, 121.20, 122.20, 122.38,
128.35, 129.68, 133.52, 142.08, 147.46, 153.92, 155.78, 157.66, 168.69. Haitgeno (%): C, 57.61;
H, 5.07; N, 10.08. C;0H2:N;0O;. Beruncneno (%): C, 57.83; H, 5.10; N, 10.12.

[yknmsanmio coefyHeHN 3 TPOBOAVIIN IIO COOTBETCTBYIOIMM MeToukam [10, 11].
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PACCIIEMOBAHUE OTKJIOHEHUI ITPU KOHTPOJIE ITPEITAPATA
ITO ITIOKA3ATEIIO "POOCTBEHHDBIE IPUMECH" METOJOM B9)KX
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Kntouesvie cnosa: Annomauus. Vi3yueno paccnedosanue OMKIOHeHUl NPU KOHMpPose
CAamumbl, eunonunudemueckoe oeii- Jlexapcmeentozo npenapama no nokasamenio «Poocmeentvie npu-
ceue, 8biCOKOIPPEKMUBHAT HUOKOCH-  MeCU» Memo0OM 8blCOK0IPPeKMUBHOU HUIKOCMHOL XpOoMAmozpa-
Has xpomamozpagus, poocmeeHHuie Puu (BOXKX). Msyuenvr podcmeenHvie npumecu nexapcmeeHHoz0
npumecu, paccnedosarue OMKIOHeH U npenapama. Paccmompervt mpu eunome3sbvi, KOMopvie MO NOBIU-

AMb HA KOHeuHbLll pesynvmam. Buiseneno, umo npu svinonHeHuu
npoyedypvL n0020MosKU NPoObl OUIUOKY COBEPULATI NEPCOHAIL.

T nuTHpoBaHMA:

Kosak T.P., TopsiueBa O.C. PaccieoBaHue OTK/IOHEHNI IIpY KOHTPOJIE IIpenapaTa 1o IokasaTeo "PojicTBeHHbIe
npumecu’ Merogom BOXKX // Om xumuu x mexuonosuu wae 3a wazom. 2023. T. 4, o 2. C. 24-28.
URL: http://chemintech.ru/index.php/tor/2023-4-2

BBenenne

Bo Bpems mpon3BojCcTBa IeKapCTBEHHBIX IIPEIapaToB, CyOCTaHINA ITOfBepraeTcsa pas-
JIMYHBIM BO3/IEVICTBMAM, B PE3y/IbTaTe KOTOPBHIX BO3MOYXHBI IIPOLIECCHI pacIiajja Uy IpyT1e 110-
6ouHble peakiyuy. B cyOCTaHIIMY ¥ TOTOBBIX IEKapCTBEHHBIX IIpelapaTax MOTYT IPYUCYTCTBO-
BaTb IIPMMeCH — IIPOAYKTHI pacliajia 1 TeXHoIorndeckue mpyumecu [1]. B coorBercTBum ¢ Tpe-
6oBanmamu T'ocypapcrBennoit ®apmakornenu Bce apMaleBTHYECKue CYOCTaHILMY JODKHBI
HIOZIBEPraThCs MCIBITAHMAM IIO ITOKasareno «PopcTBeHHble pyuMec». JJODKHBI ObITH yCTa-
HOBJIEHBI UfIeHTUUIPYeMble ¥ HeVeHTUIIMpYyeMble IIPYMecH. Y CTaHABIMBAIOTCA IIpe-
Jiesbl MX cofiep>KaHusA. B cimydae o6HapyKeHMA OTKIOHEHMUIT OT 3a/laHHBIX IIpefieIoB Heo0Xo-
VMO IIPOBECTY pacCieloBaHle OTKIOHEHMI IIPY KOHTPOJIE KauyeCTBa JIEKAPCTBEHHOTO IIpera-
para. OTa Ipoleaypa AB/IAETCA HeOTbeM/IEMOIl JacThi0 (papMalleBTIYECKOI CHCTeMBI Kade-
CTBa.

BbImyck eKapcTBEHHBIX IIpeIapaToB U CyOCTaHIUI B paMKax TpeboBanmit Penepan-
Horo 3akoHa oT 12 ampens 2010 roga Ne 61-®3 «O6 obpamjeHny meKapcTBEHHBIX CPEICTB»
IIpeJiII0/IaraeT, YTO B HUX He MOXeT OBITh MHBIX IIpUMeceii, KpOMe TeX, YTO eCTeCTBEHHBIM 00-
PasoM BO3HMKAIOT B PaMKaX HOPMaJTbHOTO TEXHOJIOTMYECKOIO Ipoliecca. TakKe He JODKHO
OBbITb IIpyMeceli, KOTOpble NOMaMN CIy4aliHbIM 00pa3oM, HalpuMep, M3-3a IUIOXOM OYMCTKYU
TEXHOJIOTMYeCKOT0 000pY0BaHNsA, TaK Ha3bIBaeMble IIOCTOPOHHMe TpumecH [1, 2].

IIpoananusupoBaTh Ha/MYMeE TEX UM MHBIX IOCTOPOHHMX IIPMMeECEN B JIEKAPCTBEHHOM
Iperapare MM CyOCTaHIVIM ITOMOTAaeT METOJ BbICOKOI(QEKTUBHOI >XMAKOCTHOI XPOMATO-
rpadun |3, 4].

© T. P. Kosax, O. C. l'opsiuesa, 2023
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OcHoBHasA YacTh

B xauecTBe 00beKTa MCCIeOBaHNA BBIOpaHa aKTMBHAA papMaljeBTU4IecKast CyOCTaHIA
(ADC) nexapcTBEHHOTO IpenapaTa, 00IafaoIero IMIOMUIIeMIYecKuM aeiictBueM. [Ipu
VICIIBITAHMAX MCCIefyeMoil (papMalrieBTIUECKO CyOCTaHIIMY IO IoKaszaTemo «PojcTBeHHbIe
IpuMecy» ObUI OOHAPY)XEHBI OTK/IOHEHMsI OT 3HAUeHMIT, YKa3aHHBIX B per/laMeHTPYIOLIeit
nokyMeHTanyy. COI/IAaCHO CYIIeCTBYIOIIUM Ha (apMaleBTMYeCKOM HpPeANpUATUN IIPOLeRy-
paM HeOOXO[VIMO PEelINTD ABE 3aJadi:

® YCTaHOBUTD, ABJIAIOTCA IPYMECH MAECHTU(UIVPYEMBIMI WV HeUAEeHTUPUIVPYeMbIMII;

* YCTAaHOBUTD NIPMYMHY OTK/IOHEHNA YKa3aHHOTO ITOKa3aTesls.

[l pemieHMs mepBoOIT 3aauy HEOOXOAMMO pa3oOparThcs, Kakye ImpuMecu OYAyT poj-
crBeHHBbIMU 1 ucnbiTyeMoit ADC. O6beKT ucceoBaHNs OTHOCUTCS K TPYIIIIe CTaTUHOB.
CTaTuHBI — 3TO TPYIIA IpenapaToB, OCHOBHBIM MEXaHM3MOM [eiCTBMA KOTOPBIX SAB/IAETCA
MHrubupoBaHue 3-rufpokcu-3-metmn-rnyrapuin-KoA-pegykrassr (IMI-KoA), depmenra,
Y4acTBYIOILIETO B CHHTe3€ X0/IeCTeprHa (B OCHOBHOM, B Ile4eHN). VIHrubupys KmodeBoil sTam
OMoCHHTe3a CTEpPOIOB, CTATVMHBI ABJIATCSA OCHOBHBIMI IIpeIlapaTaMy, CHYDKAIOLIVIMY YPOBEHD
XOJIeCTepyHa U MPOGIIAKTUPYIOLIVMMY CEPAeIHO-COCYAUCTbIe COOBITHSA [5].

MexaHN3M IeTICTBUA pacCMAaTPUBAEMOTO0 IEKaPCTBEHHOTO IIperapaTa 00yCIOB/IeH IHT -
6uposanuem 'MI'-KoA penykrasel — ¢pepMeHTa, TMIMUTHPYIOLIETO CTa[My CUHTe3a XOJIecTe-
puna (XC), cHIpKaroliero BbIpaboTKy MeBanoHoBoN KucinoTsl 13 'MI'-KoA. VHrubuposanme
I'MI'-KoA penykTaspl IpMBOAUT K YBEIMYEHNIO KOIMYECTBA PELleITOPOB IMIIOIPOTEVHOB HU3-
ko1t wiotHocty (JIITHIT) Ha MeMOpaHax remaTonuToB M cTMMyAnuu karabomama JIITHIT, a
TaKKe K CHIDKEHUIO YPOBHA BBICOKOUYBCTBUTE/IbHOTO C-peakTuBHOro 6enka. [loMmnmo rumonm-
NVJIeMITYeCKOTO JIeVICTBMA PO3yBacTaTUH 00/1afjaeT U IVIeMIOTPOIIHBIMY CBOVICTBAMU, BK/IIOYAs
MHIMOMpPOBaHNe arperaiyy TPOMOOLNTOB, aHTUKOATY/IAHTHOE JeliCTBIeE, YMEHbIIeHe BOCIIa-
JIeHVSI B aTePOCK/IEPOTNYECKON OJIAIIKe U yny4iieHue QyHKIUM SHROTeNuA [6).

AHanmu3 MUTepaTypHBIX JaHHBIX [6] IOKa3bIBaeT, 4To 1A uccnefyemor @ C xapakTepHbI
crefymole poJCTBEHHbIe IPUMeCH:

7-[4-(4-¢propdennn)-6-nsonponnun-2- [ N-metnn(N-MeTnncy1bOHNIT)aMITHO | I PUMU -
nuH-5-un]-(3R,5R)-3,5-purnppokcu-(E)-rent-6-eHoBas kucmora nam aHtu-usomep (3R,5R).
JlaHHOE BeleCTBO ABJIAETCA TEXHONTOTMYECKOI IPUMEChIO.

7-[4-(4-dpropdennn)-6-usonpomnmn-2- [ N-metun(N-MeTnncybpOHMIT)aMITHO | I PUMU -
nnH-5-un]-3R-gurugpokcu-5-okco-(E)-rent-6-eHoBass Kucnora WM 5-KeTOKUCIOTa — IIPU-
MeCb ABJIAETCS MPOLYKTOM Jerpafalinin.

6-[(E)-2-[4-(4-dropdennn)-6-nusonpommn-2-[N-merun(N-mernncynbdoHnI)aMIHO] -
NV PYMUAVH-5- W] -BUHWUI ] -4-TUIpOKCcUTETparuapo-2H-nmpaH-2-0H Wi IaKTOH — TeXHOJIO-
ryecKasi MpUMech.

[TpoBeneHMe NCIBITAaHNIT HA OOHAPY)XEeHNe IPUMeceil OCYIeCTB/IAIT METOOM BBICOKO-
3¢ deKTUBHO >XUAKOCTHON Xpomarorpaduu. IIad aHamM3a IPUTOTOBIEHBI PACTBOPBI /A
KaXX/IOJI CepMIL: PacTBOP IS IPOBEPKM IPUTOLHOCTY CUCTEMBI M pacTBOP IJIA MAeHTU(UKA-
I[UY TTOJTy4eHHBIX Ha XpOMAaTOIpaMMaXx IIMKOB.

B mcnbITyeMOM pacTBOpe IiepBOJi cepuy OOHApY>KeHbI iBe HeUJeHTU(UIMPOBaHHbIE
npumMecn. Bpemsa ypepxusanus (RT) nmepsoit 35 munyT, oHa cocrasnger 0,40% mac. Bpems
yaep>XuBanus BTopoii 40 MunyT, oHa cocrasser 0,37% mac. VicpiTanus BTOpOii cepum Bbl-
SABVIY QHAJIOTMYHbIe HeufleHTNpuuypoBaHHble mpuMecn: npuMech RT 35 munyT - 0,42% mac.,
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¢ RT 40 munyt - 0,40% Mac. B HOpMaTMBHBIX JOKyMEHTaX YCTAaHOBJIEHO, YTO IIPUCYTCTBIE He-
UIeHTUUIVPOBAHHO IPUMeCH JO/DKHO OBITh He 6071ee 0,2% Mac. Takum o6pas3om, Ipu 1po-
BeJleHMM VICIIBITAaHMII 110 MokKasaTento «PofcTBeHHbIe IpyMecH» OOHapy)KeHbI TOCTOPOHHIE
IMKM, KOTOPBIX paHee He ObUIO IIPYU MCHBITAHMAX aHAJIOTMYHBIX cepuil. VX mosBieHne B pe-
3y/AbTaTaxX VICIIBITAHUI AB/ISETCA OTKIOHEHMEM U IOIJIEXXKUT PACC/IeJOBAaHUIO COITIACHO yCTa-
HOBJICHHOJI Ipoleaype. [JaHHbIe MOAB/IEHNA HeMAeHTU(UIMPOBAHHBIX IIPUMecell Ha XpoMa-
TOrpaMMax IIpe/ICTaB/IeHbl Ha puc. 1 u 2.

- man
@

T T
a3 zh Y cee ece am s Tl e 1ok '

Puc. 1. XpomarorpamMma MCIIBITYyEMOTO PacTBOpa cepun 1

T

-

!

Puc. 2. XpomaTorpaMma UCIIBITYEMOTO pacTBOpa cepuu 2

Ilna mposepku mpuropHocTy Xxpomarorpadudeckoitr cucremsl (IIIIXC) [7] mposeneno
JIOTIO/THUTENIbHOE MCCIefoBaHye. XpoMaTorpaMMa MPOBEPKU IPUTOJHOCTY CUCTEMBI Ipefi-
CTaBjIeHa Ha puC. 3, XpoOMaTorpaMMa pacTBOpa /I MAEHTUPUKAIMY IpYMeceil — Ha puc. 4.
Ha xpomarorpamMmax OTCYTCTBYIOT IMKM, OOHapy>KeHHbIe Ha XPOMATOTPaMMaXx MCIIBITyeMbIX
cepuii. CrieoBaTe/IbHO, OHM He SABJIAIOTCSA CUCTEMHBIMM.

(s

il
——— RmrasE=—

[
Syelem reat 2.2 247
&

Puc. 3. XpomaTtorpamMma IpOBepKM IIPUTOFHOCTH CUCTEMbI
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Puc. 4. XpomarorpaMma pacTBopa /s ufeHTUGKAN TpUMecet

AHau3 N0/Ty4eHHbIX JaHHBIX [T03BOJISIET CHleIaTh BHIBO, YTO MIOTyYeHHbIE VKV He sIB-
JISIFOTCS TIPOLYKTOM Pas3/ioXKeHNsI aKTUBHOTO BelleCTBa. MOXKHO MPEAIOI0XKIUTD, YTO IPUMECH
HOSIB/IAIOTCS B IIPOIiecce MPOOOMOATOTOBKN.

BbIZBUHY/IM HECKONBKO TMIOTE3 MOSBIEHUS HeUJEHTUPULUMPYEMBIX MpuUMeceit B pe-
3y/IbTaTe 3arpsi3HEHNs Ha 9Tare IpoOOIOATOTOBKIA:

3arpsi3sHeHMe IPOUCXOANUT Ha CTaAUM PUIBTPOBAHMS.

[Tocyna ms or6opa npob (mumerku) 6pUIM HELOCTATOYHO OYMIIIEHBI.

[Tpu ucTIbITaHUAX TIPOUCXOANIIO 3aTPsI3HEHNE PACTBOPUTEIISL.

I/t IpOBepKYM BBIBUHYTBIX IMITOTE3 OTHE/IOM KOHTPOJISI Ka4eCTBa MIPOBEJEHO paccie-
JOBaHIE.

[l IpOBEPKY TIePBOIT TUIIOTE3bl MCXOJHbIE PACTBOPBI OBUIM MTOBTOPHO IPOPUIBTPO-
BaHbI Yyepe3 GpUIbTP, KOTOPBII VICIIONb30BA/ICS /I BCEX VICHIBITYeMBIX pacTBOpoB. Takxe Io-
BTOPHO IIPUTOTOBJIEHBI KOHEYHbIE PACTBOPHI 1 3aK00THL. Ha XpomaTorpaMmax HOBBIX 3aKO-
JIOB JaHHbIe IIVKY He IOSIBUINCD, YTO JOKA3bIBaeT YMCTOTY MCXORHBIX MCIIBITYeMBIX pacTBO-
poB. BeposiTHO, 3arpsi3HeHMe TPOU3OLIIO B IIPOIlecce IPUTOTOBIEHNST KOHEYHBIX PACTBOPOB.

Il/1s1 IpOBepKM BTOPOIT TUIIOTE3bI IIPOBEfIeH aHA/IN3 MCIIOIb30BAHNS ITOCY/BI /IS 0TOOpa
1po6sl. [ pa3HBIX JO3MPOBOK MCCIEyeMOro Ipenapara MUIeTKM MCI0/Ib30Ba/IICh pasHbIe,
COOTBETCTBEHHO, €C/TU OBl MCIIONIb30BAIN OHY IIUIIETKY, TO 3arpsi3HeH1e ObIIO OBI OHOI Ce-
pun. CrenoBaTebHO, BIMsIHIE IUIIETOK He [OKa3aHO.

Tpetbs rumoresa siBysieTCs: HanboIee BEPOSTHON — 3arpsI3sHEHHBI pacTBopuTenb. [Ipesn-
MIOJIOKVJTHU, YTO MOT OBITD 3arpsI3HEH PACTBOPUTETb, HATUTHIN B MEPHBII I/TACTUKOBBIN CTAaKaH
JUIsI IPUTOTOBJIEHNS UCIIBITYyeMOTO pacTBopa. Ha xpomarorpamMmax 6/1aHKa, CTaHJAPTHBIX pac-
TBOPOB M IIOBTOPHO OT(WM/IbTPOBAHHBIX MCIIBITYeMbIX PACTBOPOB VKM, OTHOCSIIVECS K He-
ueHTUGUIVPOBAHHBIM IPUMECSIM, OTCYTCTBYIOT. ITO JOKA3bIBAET, YTO MCXOJHBII PaCTBOPH-
Te/Ib He COJEP>KUT HNaHHBIX IpyMeceil. ITO MOATBEP>KAAeT YMCTOTY MCXOHBIX MCIIBITyeMbIX
PacTBOPOB U 3arpsi3HeHNEe KOHEYHBIX PACTBOPOB B Ipoliecce mpurotosyenust. [Ipu ompoce co-
TPY/AHUKOB BBISICHVIN, [/Is1 JOOAB/IEHsI PACTBOPUTEIIS B MICXO/{HbIE U KOHEYHBIE MCIIBITyeMbIe
PacTBOPBI UCIONIb30BANMNCh Pa3Hble CTaKaHbL. 3aMeYeHO, MEPHBIl CTaKaH MOAMICAH MapKe-
POM, KOTOPBIiT CMBIBA€TCsI He O4€Hb XOPOIIO. Tak Kak B COCTaB PaCTBOPUTETISI BXOAUT METAHOIT
V1 ALleTOHUTPWI, TO MapKep MOT XOPOLIIO PaCTBOPUTHCA. B pacTBOp Mapkep MOT ITONIacThb IyTeM
CKOIUTEHMsI Y HOCMKA CTaKaHa [Py HOMaJaHNy PACTBOPUTE/IS HAa BHEIUIHIE CTEHKM, YTO 4acTO
CTy4aeTcs Ipy foOaBIEHUY PacTBOPUTEs B KOOy. [y MOATBEP>KAEHMS 9TOTO IIPEAIIOTIoXKe-
HIsT OBUI 3aKOJIOT PAacTBOPUTENIb, KOTOPBHIM ObITa CMBITA CO CTaKaHa HAAINICh MapKepa.
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B nocypmoMoe4HoIT MalHe ¢ iepykaTtesieM /sl MEPHBIX KOJIO CTaKaHBI IAfJAI0T C JlepyKaTesei 1
OCTAIOTCS HeJOMBITBIMI. TakuM 06pa3oM, B pe3y/bTaTe pacciaefloBaHNA OTKIOHEHNII IToKa3a-
tensa «PoncrBenHble mpuMecu» ADC BbIAB/IeHa OmMOKa epCOHAIA Py IPUTOTOBIEHUN VIC-
IBITyeMbIX pacTBOpOB. CormacHo dapMalleBTIYECKOIl CcTeMe KauyecTBa He0OXOIMMO IIpoBe-
CTU ITIOBTOPHOE 00y4YeHNe IepCOHasIa MpOoIiefype IPUTOTOBICHVA NCIIBITyeMbIX PAaCTBOPOB.

BriBonb1

[Tpu nposenenun ucnbiTannit ADC rekapcTBEHHOTO IIperapara, 00/1aaolero Iunom-
NVJIeMIYeCKIM JeViCTBYEM, ObUIM OOHAPY>KeHBI OTKIOHEHVIA IO HeU/IeHTUPVIVPYEMBIM IIpH-
MecsAM. B xozie mpoBeeHHOTO pacciiefoBaHus ObUIO BBIABUHYTO U IIPOBEPEHbI TPY TUIIOTE3BL.

BoraBiieHa Hanbos1ee BepoATHAA MIPMUYNHA — IJIOXO IIPOMBITHI IVIACTVKOBbIE CTAKAHYVKI,
B KOTOpbIe ObUI HAJIUT PacCTBOPUTE/Ib, KOTOPBIIL B Ja/IbHENIIeM JMCII0/Ib30BaJICA [/Is IPUTOTOB-
JIEHNSA VICIIBITYEMBIX PaCTBOPOB.

Takum o6pasom, ueHTUPUIVPOBAHHBIM OTKJIOHEHMEM IPU IPOBENEHNM VICIIBITAHUI
10 IIOKa3aTemo «PoficCTBeHHbIe IpUMecH» ABJIAETCA OMMOKa IepCoHaIa Ipy MOATOTOBKE JIC-
IBITYeMOTO pacTBopa. [I/11 pefoTBpalleHNst YKa3aHHOTO OTK/IOHEHVSI HeOOXOAVMMO IIPOBECTH
IIOBTOpPHOE 00y4eHue JaHHOI IIpoLiefiype.
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PA3PABOTKA PEIEIITYPHI BOJHOM ®A3bI
/11 HETOKCUYHBIX KPACOK

10. A. Bopounna’, 0. A. Kpsiiosa?, A. E. Tepemko®

IOmna Anexceesna Boponuna; HOnua AnmexcangpoBHa KpeitoBa; Anacracus EBrenpeBHa Tepemiko, kaHf.
XVIM. HayK, JOLeHT.

000 «Kpeon», Ipocrasns, Poccust

*000 «Jlopuron», Ipocnasnb, Poccus, KrylovaUA@yandex.ru

*SIpocmaBCcKuit TOCY[apCTBEHHBII TEXHITIECKNIT YHUBepcuTeT, SIpocnasyb, Poccns, tereshkoae@ystu.ru

KnroueBbie cmoBa: Annomayus. Ompabomana peyenmypa nonyueHus 600Ho Pasvi O/ He-

BOJOpa3baBIseMas Kpacka, MoKcUuuHbIX Kpacok. Vccnedosarvl peonoeuneckue c60iicmea 600HOT 8a3vl

BOJHas (asa, peonorndeckme 6 3a8UCUMOCIIU O COOMHOUIEHUS KOMNOHEeHMO06. V3yueHo 6nusHue 3azy-

XapaKTePUCTUKH, PELENTypa, cmumens (FLOGEL 700) na peonoeuueckue xapaxkmepucmuxu 600HOL

BA3KOCTB, pH dasvl, a makie nposedeHd oueHkd HAumyuuiezo 3HaveHus pH 800Hoi
dasoL.

T nuTupoBaHMA:

Boponuna 10.A., Kpsutosa 10.A., Tepenxo A.E. Pazpa6oTka penjentypsl BogHOI ¢as3bl /I HETOKCUYHBIX KPacOK
/I Om xumuu x mexuonoeuu waez 3a wazom. 2023. T. 4, Bbm. 2. C. 29-34. URL: http://chemintech.ru/in-
dex.php/tor/2023-4-2

BBenenmne

B coBpemMeHHOM IIPOM3BOJCTBE XyNOKECTBEHHBIX KPACOK Pa3BMBAETCA TEH/IEHIUA K 3a-
MeHe JIETy4MX OpTaHNYeCKUX PacTBOPUTETIEN BOJOI, YTO OOBSCHAETCA MX BBICOKON TOKCUY-
HOCTDIO, ITOXKapo- ¥ B3PbIBOOIACHOCTBIO. JIMIIIEHHbIE STUX HEOCTATKOB BOJOPACTBOPMMBbIE
KPacKy IPeACTAB/IAIT 06011 yIOOHBIe B 9KCIUTyaTaIlVIV COCTaBBI, KOTOPbIE, K TOMY >Ke, IIpaK-
TUYECKN He IMEIOT CIIen(pIIecKoro 3armaxa.

Kpome TOrO, aKTyanbHO HalnpaBjieHNe NMPOU3BOJICTBA HETOKCUYHBIX KPACOK Ha BOJHOI
OCHOBE, KOTOpPbIe MOTYT KOHTAKTUPOBATb C KOXKell YeJIOBeKa, YTO 0COOEHHO BaKHO B YCIOBVIAX
VIHTEHCUBHO Pa3BMBAIOIIENCA KOCMETMYECKON IPOMBIIIJIEHHOCTM M HallpaBJIeHUI TBOpYe-
CTBa, CBA3aHHBIX C HAHECEHMEM KPACKM Ha KOXXY Ye/IOBeKa.

Kpacka, npumeHsdeMas g KOXM 4Ye/lTOB€Ka, COCTOMT 13 IMUIMEHTOB B COYETAaHUU
C HOCUTeIeM — BOAHOI (a3oit. YacTuIbl MUTMeHTa AB/ATCA TBEPABIMI U HEPACTBOPUMBIMU
B Boje. Hambornee pacrpocTpaHeHHbIE BeIeCTBA, MCIIONb3yeMble [IA IOTYyYeHUA BOJHOIN
¢aspl - 3TO OUMIEeHHAA AUCTIUIMPOBAHHAA BOJA, TIMIEPVH, COVPT WM SKCTPAKT raMMaMe-
nuca [1-4]. OCHOBHBIM TpeOOBaHMEM I HUX SIB/IAETCA 0€30I1aCHOCTD UX IPUMEHEeHNS.

OcHOBHasA 4acTh

B cBs13u € 9TMM 11e/1bI0 pabOTHI ABJISIETCS pa3pab0oTKa METOAMKIA U PELeITYPhI IOTyIeHNs
BOJIHOII (has3bl J/IsI XyL0>KeCTBEHHBIX KPacOK, 0€30MIacHBIX /IS KOXKY Ye/IoBeKa.

© I0. A. BoponnHa, IO. A. Kprninosa, A. E. Tepemiko, 2023
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B xauecTBe OODBEKTOB MCCIeOBaHNUII BBIOpAaHbI HETOKCUMYHBIE Bel]eCTBA: IINMLIEPUH
(TOCT 6259-75), mponunenrnukond (TY 2422-069-05766801-97), M30IpONMIOBBIN CIIUPT
(ATIC) (IT'OCT 9805-84), monmuatunenrnukons [19I-400 (TY 2483-167-05757587-2000), B ka-
YecTBe 3aryCTUTe VCIOIb30BaIach nomakpunosas kucnora Mmapku FLOGEL 700.

KoMmnoHeHTHI BOZHOT ¢assl (AMCTI/UIMPOBAHHAS BOJA, M3OMPOIIOBLI CIMPT, T/INIe-
PUH, IpomvieHrmKomnb, [19I-400) cMmemmBanich B pacyeTHBIX COOTHOILIEHMsX. BBemeHme
FLOGEL 700 B BofHYy10 a3y OCyILIeCTB/ANOCH IyTeM €ro AUCIIeprpoBaHK:A B BOFHOI (ase ¢
noMo1plo aboparopuoro gucconbBepa Homoge (ITonpima) o6vemom 250 cM?, cHabKeHHOM
IVICKOBOJ MeLIaIKoN auaMeTpoM 40 MM ¢ MaKCMMaIbHOI 9acToTOM Bpatienus 230 ¢! B Teve-
HYe 1 MUHYTHIL.

[/1 mony4eHN s penenTyphl BOAHON (a3bl HAMM ObIIV pacCYMTAHbI TAPaMeTPhl PacTBO-
pumocTu cmecu Bopl, VIIIC, rauiepyHa 1 NponmaeHINMKoIs 1o oTHomeHuo k [191-400. Kak
ClIefyeT U3 IUTEPATYPHBIX JaHHBIX [2-7], comeprxanne [19T-400 B Takmx MaTepuanax JODKHO
6bIThb B ipefenax 10-12%. Takum 06pa3om, UCXO/s1 U3 3HAYEHMIT TapaMeTPOB PaCTBOPUMOCTHI
JUIS TIOJTyYeHysl BOZHOM (a3bl, OblTa paccunTaHa perentypa (tabmmma 1).

Ta6muma 1. CooTHOIIeHNe KOMIIOHEHTOB BOHOII dasbl. Penentypa 1

KoMnoneHT MaccoBas mons, % mac.
Bopa 8,82
I'munepnn 6,17
[TponuneHrmmKonIb 20,27
HIIC 52,89
I19T-400 11,85

[l BogHOI (asbl, MOTYyYEHHO 110 pelenType TabMuIbl 1, IpOBefjeHbl PeoIornYecKye
uccregoBanus (puc. 1). IIns Takoit cucremst pH paBeH 6,015, 4TO JO/HKHO 06eCrieynBaTh COB-
MeCTUMOCTD C IIMTMeHTaMI U KO>Kell 4YeToBeKa.

11 0,0106
10 b4 0,0104
o 0,0102
0,0100
. § 0,0098
c 7 o 0,0096
= ©
6 & 0,0094
. £ 0,0092
0,0090
4 0,0088
3 0,0086
300 400 500 600 700 800 900 1000 1100 300 400 500 600 700 800 900 1000 1100
D,c?! D,c!

Puc. 1. 3aBucHMOCTb HaIpsDKEHUS CABUIA OT CKO-  Pumc. 2. 3aBUCHMOCTD BA3KOCTH OT CKOPOCTY CIABUTA /1A
POCTY COBUTa AJIs1 BOGHOI (assl BOZHOIT (pasbl

Kak BuziHO 13 rpaduKOB Ha pyCyHKax 1 1 2 [y IIO/Ty4eHHOIT BOZHOM (a3bl HAOTI0KaeTCs
BO3pacTaHye BS3KOCTY U HAIPsDKEHMS CHIBUTA OT CKOPOCTY CHABUTIA, YTO CBUIETE/NIBCTBYET O
IVIOTAaHTHOM XapakTepe TedeHMs1. [/ Xyo)KeCTBEHHOTO TBOPYECTBa, CBA3aHHOTO C HaHece-
HIfeM KPacKy Ha KOXY 4e/loBekKa, 60Jiee IPeANOYTUTE/IeH TUKCOTPOIIHBII XapaKTep TeYeHs.
B cBsA3M ¢ 9TMM HaMy ObUIa paCCMOTPEHA BO3MO>KHOCTD BBEJIEHS 3aryCTIUTeE IS B BOGHYIO (asy.

B kagecrtBe 3arycTutens i BOfOpa3baBIsgeMbIX KPacOK, KOTOPbIe MIPUMEHAIOTCS IS
KOXI 4YejloBeKa, Ie7leco00pasHO IPMMEHATb IOMMAaKpyIoBbll monumep. Hamm BbiOpaH
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HOPOIIKOOOpasHbIl oMnakpunoBsbii 3aryctutens Mmapku FLOGEL 700. On 6bicTpo fucrep-
TUPYeTCs, MOXKET NIPUMEHATHCA B BOJHBIX ¥ HEBOJHBIX cUcTeMaX. MaKcMyM BsA3KOCTU BOJ-
Hoit amynbcuy FLOGEL 700 gocturaercs npu pH = 5-11 [8], yTo 1103BO/IAET MOMY4YNTD IIPO-
3payHble PacTBOPBI ¢ HU3KOII ITeHO. OH 6MO/IOrMYecKy He aKTVBEH, IOTOMY COBMEIAETCS C
TOOBIMI KOMITOHEHTaM, He TOKCHYEH.

Ina onpepenennsa ontuManbHOM KoHneHTpauyy amynbcuy FLOGEL 700 mccnepoBanmn
peosornyeckyie CBOMCTBA €ro BOJHBIX SMY/IbCUI Pa3INIHON KOHIjeHTpauyn (puc. 3).

25 0,09 1
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20 o \
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a 6
Puc. 3. 3aBucumocts peonoruu BogHbIx amynbcuiit FLOGEL 700 ot KOHLIeHTpanuu:
@ — 3aBUCUMOCTD HAIIPSDKEHMUA CABUTA OT CKOPOCTH CABUTA; O — 3aBUCUMOCTD BASKOCTH OT CKOPOCTH CIBUTA

ITpencraBneHHble 3aBUCUMMOCTI peonornueckux cpoiicts amynbcuit FLOGEL 700 ot
KOHIIeHTpal[ 1M NOKa3bIBAOT, uTO cofiepKannue FLOGEL 700 B cucreme o 0,5% Mac., BA3KOCTb
BO3pacTaeT HE3HAYUTE/IbHO, HO Y)Ke IIpU ero cofiep>kaHun 1% HampsiKeHue CABUTA BO3pacTaeT
nouty B 6 pas. [Ipmaem BogHaA smynbcns ¢ cogepsxanneM FLOGEL 700 1% umeet TukcoTpon-
HBIIT XapakTep TedeHysi. COOTBETCTBEHHO IS Ha/IbHENIINX VICC/IeJOBaHMIl BBIOPAHbI BOJIHBIE
pactBopbl FLOGEL 700 ¢ xonuentpanueit 0,5% n 1%.

Taxkum o6pa3oM, BMeCTO AMCTVUIMPOBAHHOI BOABI B BOAHYIO a3y BBOAVIU PAaCTBOP
FLOGEL 700 c pasnoit koHjeHTpauueii. Vcxonsa ns napameTpoB pacTBOPUMOCTH, PeOIoTuye-
CKVIX XapaKTepUCTUK ¥ paHee IOMy4eHHBIX Pe3yIbTaToB [9] I JanbHENIINX UCCTIeIOBaHNIA,
KpPOMe PacCMOTPEHHOI BBILIE pelleNITypbl BOJHON (asbl, elle 6bUI0 BBIOPAHO COOTHOIIEHIE
KOMITOHEHTOB € OO/IBLINMM COfiep>)KaHVeM BOABI B cucTeMe. TakuM 06pasoM, [/Is Ja/IbHENIINX
VICCIIe[IOBaHMIT ObIIV BBIOPAHbI COOTHOLIEHNSI KOMIIOHEHTOB BOZIHO (a3bl (Tabmuia 2).

Ta6muia 2. CooTHOLIeHNEe KOMIIOHEHTOB BOLHOI (hasbl

MaccoBas mons, %

KomnonenTs Penenrtypa 2 Penenrypa 3 Penenrypa 4 Penentypa 5
0,5% FLOGEL 700 1% FLOGEL 700 0,5% FLOGEL 700 1% FLOGEL 700

Bopnasa smynbcusa
drorens 8,82 20,83
I'munepun 6,17 6,26
ITponmneHrnmKonb 20,27 20,83
UIIC 52,89 41,49
I12T-400 11,85 10,59
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Kak cnemyer n3 Texumdeckoit xapakrepuctuku FLOGEL 700 [3], makcumanbHas BA3-
KOCTb U, CTIefJOBaTeIbHO, paboune 3Ha4eHys pH /1 ero BOfHBIX pacTBOPOB HaXOAATCA B CJIa-
6omrenodHoi 06/macT. B CBA3M ¢ 3TMM MBI MCCIEOBAIN PEOJIOTMYECKIe CBOJICTBA BOJHOI
¢aspl, cogepxameir amynbcnio FLOGEL 700 pasHoi KOHI[eHTpauuy B 3aBUCMMOCTM OT pH

(puc. 4-7).
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Puic. 4. 3aBUCHMOCTD PeOTIOTMYECKMX XapaKTePUCTUK BOTHOII dasbl Ay perentypsi 2 (0,5% FLOGEL 700) ot pH:
- 3aBUCUMOCTD HaIIPsDKEHNS CABUTA OT CKOPOCTY CIBUTA; 6 — 3aBUCUMOCTD BA3KOCTY OT CKOPOCTY CIBUTA
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Puc. 5. 3aBUCHMOCTD peoIOrMIecKIX XapaKTepUCTIK BOHOI (asbl i1 penentypst 3 (1% FLOGEL 700) ot pH:
a — 3aBUCUMOCTD HAIIPSDKEHNS CABNTA OT CKOPOCTY CABNUTA; 6 — 3aBUCUMOCTD BSISKOCTY OT CKOPOCTH CABUTA

11 0,0105

10 0,01

0,0095

0,009

0,0085

,Na
n,Ma-c

0,008

0,0075

0,007

0,0065
250 350 450 550 650 750 850 950 1050 350 450 550 650 750 850 950 1050
-1
D, cN(-1) D,c

®pH=5,283 ApH=5305 MpH=6,024 xpH=7,066 ¢ pH=5,283 MpH=5305 A pH=6,024 pH=7,066
a 6
Puc. 6. 3aBuCHMOCTD peoIOrNYecKIX XapaKTepUCTUK BOJHOM (asbl ayr perentypsr 4 (0,5% FLOGEL 700) ot pH:
a — 3aBMCMMOCTD HaIPsDKEHM CIBUTA OT CKOPOCTHU CABUTA; 0 — 3aBMCYMOCTD BA3KOCTU OT CKOPOCTH CIABUTa
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Puc. 7. 3aBUCHMOCTD peoTOTMYECKIX XapaKTePUCTUK BOIHOM ¢asbl s penentypsl 5 (1% FLOGEL 700) ot pH:
@ — 3aBUCUMOCTD HAIIPSDKEHUA CABUTA OT CKOPOCTH CABUTA; O — 3aBUCUMOCTD BASKOCTY OT CKOPOCTH CIBUTA

V3 maHHBIX puc. 4-7 cmenyerT, 4yTo ucxonHbll pH BogHOI ¢assl ¢ 6,015 npu BBeieHNN B
cucremy FLOGEL 700 caBuraercs B 6onee kucnyto obnacts (pH=4,852). ITpu nossiennu pH
cucreMsl mpouicxoaut Henrpammsanyy FLOGEL 700, yTo mpuBOanT K M3MeHeHUIo KoHopMa-
IIUIV €TO MOJIEKY/I: MaKPOMOJIEKYJIbI 13 CBEPHYTON KOHPOPMALINN IIEPEXOAAT B IMHENHYIO, YTO
CIIOCOOCTBYET IOBBIIICHMIO BASKOCTM. [IpyyeM MaKCMMyM BSASKOCTM IS BCEX pELENTyp
Habmopaercs npu pH okorno 6, a ipu fanpHeleM noBbieHny pH BA3KOCTb CHOBa HaYMHAET
CHMKAThCA.

BriBonb1

Takum o6pasom, HauboJIblIIee 3HAUEHME BASKOCTM YAAeTCA JOCTUYb /ISl PeLienTyphl 3
npu pH, paBHoM 6,013. Pententypsr 3 1 4 ¢ 60/1bIIMM cofiep>kaHueM BORHOM aMynbcuu FLO-
GEL 700 umeroT 3Ha4eHMs BA3SKOCTU HKe. CieoBaTe/IbHO, /1A JaTbHENIINX MCCIef0BaHMIl
U TIOJTyYeHN I MUTMEHTVPOBAHHBIX HETOKCMYHBIX BOLOPa30aB/IgeMbIX KPACOK IIe7eco00pasHo
UCIIONIb30BaTh penentypy 3 (¢ comeprxanmeM 1% mac. FLOGEL 700) u ycraHaBmmBaTh 3Haue-
Hue pH Takoit BogHOI ¢as3sl 0K0JIO 6.
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VMHBEPCMOHHO-BOJIbTAMIIEPOMETPMYECKOE OIIPENEJTEHVE
TSOKETBIX METAJVIOB B OBPA3ITAX IEKAPCTBEHHBIX PACTEHUN

E. A. Jleittec, M. E. MepeHKoBa

Enena AnaronpeBHa JlejiTec, KaHf. XMM. HayK, oLleHT, MuneHa EBrenbeBHa MepeHKOBa, CTy[leHT

AjnTarickuii rocygapcTBeHHBII YHUBepCUTeT, bapHayi, Poccus, leites-elena@yandex.ru

Kntouesvie cnosa:

msHcernvle Memasiivl, Meob,
UUHK, KAOMUTL, CBUHEU,
JleKapcmeentble pacmenus,
mpaesaHvie 4au, UHEePCUOHHAS
60/1bMAMNEPOMEMPUST

JUIs HUTUPOBAHNA:

Annomauyus. Bospacmarowuil 6 Hacmosuee spems uHmepec K UCHONb3064-
HUI0 7IeKAPCMBEHHbIX PACTeHUll Unu ux cmeceli (mpaesHulx uaes) npu npogu-
NIaKmMuKe u sederHuu 3a60ne6anuli mpedyem noomeepioeHus 6e3onacHocmu
UCNOTIb3YeMbIX PACMEHUT], MAK KaK 6Mechie ¢ NOJIe3HbIMU BeU4eCmBamul 6 op-
2AHU3M HesI08eKA MO2Y HONA0AMb COOEPHAULUECS 6 HUX MANETIble MEMAlbL.
Ljenv pabomui — onpedenetiue cOOEPHAHUL HEKOMOPLIX MAHENLIX MEMAITIOB
8 JIeKAPCIMBEHHbIX pacmeHUsx npoussooumereti «AnmatiBuma» 2. Bapuayn,
«KUMA» 2. Bapnayn u «Dapmalleem», 2. Mockeéa memodom UH8epcUOHHOT
sonvmamnepomempuu. B pabome onpedeneHo codepianue MAKENbIX
memannos & 10 00pasyax exapCMeeHHbIX PpacHeHuti Npoussoourmens
«AnmatiBumay. IIpedsapumenvHo onpedeneHa 67aiHOCHYb UCCTEDYEMO20 Cbl-
pos. Codepwcanue Cd cocmasuno 0,16-0,50 mxe/ke, Pb - 0,33-0,85 mke/ke,
Zn - 0,010-0.043 mke/xe, Cu - 10,1-55,9 me/ke, umo He npesviuiaem npeoenvHo
donycmumoeo codepianusi no Hopmam I'ocydapcmeennoti dapmaxoneu 0ns
nexapcmeentoix pacmenuti u CanlluH 2.3.2.1078-01 onst BAL (cyxue uau).
ITo HopMUPOBAHUIO COOEPHAHUS 8 PACEHUIX (HOPMATIbHOE, CPedHee U MOK-
cuuHoe codepicarue meOu NPesvliieHo noumu 6 écex oopasuax (kpome nan-
uamxu benoti). [Iposedero cpasHerie cOOePHAHUS MANCETbIX MEMATOB 8 00-
pasuax nexapcmeenHvlx pacmenuti npouzsooumens «AnmatiBuma» ¢ o6pas-
yamu npoussooumeneii «KMMA» u «@apmal]eem». Cooepacanue Cd, Pb, Zn
6 obpasyax «KMMA» u «Papmallsem» Ha nopsook u 6onee npesviulano co-
depacanue Imux memannos 6 00pasuax «AnmaiiBumot», codepuarue Cu 6 06-
pasuax «AnmaiiBumol» cpasHumo unu 8 2 paza meHviude, uem 8 00pa3uax
«KUMA» u «Papmallsem».

Jleittec E.A., MepenkoBa M.E. VIHBepcnoHHO-BONbTaMIIepOMETPUYECKOe OIpefieieHNe TsXKeNbIX MeTa/lnoB

B 00pasiiax eKapCTBeHHbIX pacTeHuii // Om xumuu x mexHonoeuu waz 3a wazom. 2023. T. 4, Boim. 2. C. 35-43.
URL: http://chemintech.ru/index.php/tor/2023-4-2

BBenenne

MHorye BUAbBI IeKApPCTBEHHBIX PACTEHNUII UCIIONB3YIOT B KauecTBe 00e300/1MBAIOIIX,

>KapOIIOHIDKAIOIIMX, IIPOTUMBOBOCIAIATENbHBIX CPEACTB. BO MHOIMX cTpaHax Mupa, B Ka4yeCTBe

© E. A. Jleittec, M. E. Mepenkosa, 2023
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npopUIaKTUKA psAfa 00Je3Hell IPUMEHSIOT TPaBsHble Yay, TaK KaK 4ail — 9TO OJJVH U3 CaMbIX
pacIpoCTpaHeHHBIX HAIIMTKOB, YHOTpeb/sieMbIX yenoBekoM [1]. B To >xe Bpems BMecTe ¢ 1o-
JIe3HBIMY BellleCTBaMIi B OPTaHM3M Ye/I0BeKa MOTYT IIONaJaTh COflep>Kallyecs B paCTeHUAX TA-
JKeJible MeTajulbl. [2].

AKTyanpHOCTb pabOThI 00YCIOB/IeHa BO3PACTAIOIIVM HTEPECOM K VICIIOTIb30BAHMIO JIe-
KapCTBEHHBIX PACTEHMII VI/IU UX CMeceil (TpaBsHBIX YaeB) MpY MPOQUIAKTIKE U JIedeHUN 3a-
6oneBaHuIL.

Ilenp paboThl — ompefeneHNe COfep)KaHMsI HEKOTOPBIX TsDKEIBIX META/UIOB B JIeKap-
CTBEHHBIX pacTeHNAX IPOU3BOAUTENel «AnTaiiBuTa» METoOM MHBEPCUOHHOI BOIbTaMIIepPO-
MeTpUIL.

B xauecTBe 06bEKTOB MCC/IEOBaHMs BbIOpaHbl 10 06pasI[oB TeKapCTBEHHBIX PAaCTEeHUI
pou3BoauTeNs «AnTaiiBuTa» I. bapHays. [l cpaBHeHMA cofep>KaHNA TSKEbIX MeTa/l/IoB B
obpasiax JIeKapCTBEHHBIX pacTeHuil MpoBepeHbl 3 obpasna npomssoputens «Dapmallser»
r. MockBa n 2 o6pasna npoussoputens «KKMMA» r. bapHayi.

Kak usBecTHO, pOpMUpOBaHIe XMMIYECKOTO COCTABA PACTEHMII IIPOVICXOUT IIPY OJHO-
BPEMEHHOM BO3JIeVICTBMM OOJBIIOrO KOMM4ecTBa (pakTOpOB BHEIIHEN Cpefibl, HO 0000 BaX-
HYIO poJib UTpaeT cocTaB nouBbl. Hanpumep, o ganubiM Anraiickoro HMVCX, noyseHHbIN
IIOKPOB Ha TeppUTOpUM AJITAliCKOTO Kpas CJIOXeH 0ojiee YeM TPUALATBIO THMIIAaMM HOYB [3].
B 3aBMCHMOCTH OT MCTOYHMKA 3aTPA3HEHIA CYLIeCTBYIOT 3aMeTHBIE Pas3Indis B Ipoduie pac-
Ipefie/IeHN s TSDKETIbIX MeTaVIOB B 1TouBe [4]. HesaB1ucuMo OoT MCTOYHMKA 3arpsA3HEHNS Teppu-
TOPUM TSDKEIBIMY MeTa//IaMy IIOBBILIEHVE VIX YPOBHS B II0YBE IIOYTY BCETa IPUBOANUT K YBe-
JIMYEHVI0 KOHLIEHTPALMy TOKCUYHBIX B pacTeHUsX. [5-7]. AHTponoreHHOe BO3JIeJICTBIE BIIN-
AeT He TO/IbKO Ha JIeKapCTBEHHbIE PAaCTeHNA, HO Y Ha Ye/T0BEKa, KOTOPBII MCIIO/Ib3yeT HaCTOM,
HOJTyYaeMble 3 9TUX pacTeHuit (8, 9].

IlyHK HakanMBaeTcs B Hauboee 60TaThIX BUTAMMHAMM YacTsAx pactenuii [10]. [Ipu ot-
CYTCTBUY VIV HE[JOCTAaTKe L[HKA HapyIlIaeTcsi OMOCHHTE3 BUTAMMHOB 1 POCTOBBIX BEIIECTB -
ayKCMHOB. B 00/IbIINX KO/MMYECTBAX LIMHK MOXKET OBITh KaHIIEPOTE€HOM, OH OTHOCUTCSA K IIep-
BOMY KJIACCy OIACHOCTYM HapsAy C MBIIIbSAKOM, OepuieM, KagMyeM, PTYThbIO, CEIEHOM U
cBUHIIOM [9].

Mepb yaacTByeT B pery/aLuy BOFHOTO OaaHca pacTeHuii, 06/1aaeT BBICOKMMMU OMOXVIMU-
YeCKVIMM CBOVICTBaMM, 3P PEKTUBHO HaKaIIMBAETCs, 00pasysi KOMIUIEKCHbIe coefiHenns [11],
HO, KaK ¥ IIVHK, MO>KeT OBITb TOKCMYHOI. Meflb OTHOCUTCA KO BTOPOMY K/IACCy ONACHOCTIA.
EcrecTBeHHBIE YPOBHU COflepyKaHNsA CBUHIIA B PACTEHNAX 13 He3arps3HEHHbIX PailOHOB HAXO0-
parcsa B auamasoHe 0,1-10,0 MI/KT cyxoro Beca Ipu CpefiHENl KOHLEHTpaluu 2 MI/KT.
J136bITOK CBUHIIA IOAABIIsAET AbIXaHue, GOTOCHHTES, CHIDKAET ITOCTYIUIEHIEe IIHKA, KaTbLus,
dbocdopa, cepsr [12].

HopmanbHoe copeprkaHue KaiMus B pacteHuAX cocrasysgeT 0,05-0,2 MI/Kr BO3[yLIHO-
cyxoit Maccel. Kagmuit He sAB/IA€TCA 971€MEHTOM, HEOOXOAVIMbIM JIIA KM3HE[eATeIbHOCT pac-
TEHUII, HO 3TOT MeTa/UI aKTUBHO YCBaMBaeTCsA pacTeHMAMN. Kak XyMudecknit aHaIor IMHKa
KaJIMMI1 MO>KET 3aMEHNTD eTo B pepMEHTATUBHO CCTeMe, Heobxomumoit s pochonmpusa-

LIV TJTIOKO3BI U COITYTCTBYIOIETO Ipoljecca 00pa3soBaHysl U paclelyieHys yIIeBomoB [13].
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Mopdonornyeckast U3MEHYMBOCTD HOJ BO3ZIEIICTBIEM TSDKE/IBIX METATIOB MOXXET IIPO-
ABJIATBCSA KaK MOMMMOP(U3M IIBETKOB IOJ, BO3IENCTBIEM CBUHI[A, LIMHKA WM MONUOMEHa,
HapyllIeH)e U M3MeHeHNe MMTMeHTAIN JIMCTheB T10/] BO3JeICTBIEM LIHKA, Meau ¥ fip. [14].

Pacrenns, ciocoOHble HAKAIUIMBATh B HA/I3eMHBIX OpraHax 0oJIbliyie KOMM4YeCTBa TsKe-
JIBIX MET/UIOB, BO MHOTO pa3 IIpeBbILIAoNIe VX KOHIJEHTPaLluy B II0UBe, Ha3bIBAIOTCS pacTe-
HISIMM-aKKyMy/iATopaMu [15], KoTopsle B Ipoljecce 9BOTIOLMY CPOPMUPOBAIY MEXaHI3MBbI
YCTOMYMBOCTH K TsDKEJIBIM MeTa/UaM. 110 Ha/IMuuio pacTeHui-uHANKATOPOB, B KOTOPBIX KO-
JINMYEeCTBO MeTA/Ia B PAaCTEHUY YBEIMUYMBAETCA C YBEIMYEHVEM KOHLIEHTPALMyM 3/IeMeHTa B
II0YBe, MOXXHO CY[AUTDb 00 yBe/IMUYEHUN COflep)KaHNs OIpe/ie/IeHHBIX 3JIEeMEHTOB B IIMTAIOLIEN
ux cpepne [16-18]. Moaudukarys HEeKOTOPBIX PacTeHMIT, B TOM YJCIIe OTXO/JOB CeIbCKOTO XO-
3sJICTBA pa3/IMYHBIMU BelllecTBamMM [19], HampuMep, MbHAHOTO BOJOKHa L-apruuumHom [20],
II03BOJIsIeT pa3pabaThiBaTh 6MOCOPOEHTHI, ITpejHa3HAYEeHHbIE [I OYMCTKI OT TsKEIbIX MeTasl-
JIOB.

[lyis1 onperienieHNsl KOHLIEHTPALUY TSKETIBIX METa/UIOB B JIEKAPCTBEHHBIX PACTEHUAX VIC-
HO/Mb3YIOT (PUSUKO-XMMMYECKUe MeTOAbl aHamM3a (MHBEPCUOHHAs BOJIbTAMIIEPOMETPUS;
aTOMHO-a0COPOIVIOHHAs CIIEKTPOCKOINS; Macc-criekTpomerpus) [21]. B ganHoit pabote mc-
II0/Ib30BA/IY METOJ, MTHBEPCMOHHOI BO/IbTaMIIEPOMETPUY, OT/INYAIOLINIICS BBICOKOIL YYBCTBI-

TEJIBHOCTBIO 11 9KCIIPECCHOCTRIO (22, 23].
OcHoBHaA 9acTh

VIsMepeHus IpOBOAMIN Ha aHaAM3aToOpe BojbTamIiepoMmerpmdeckoM TA-Lab B xowm-
miekTe ¢ IBM-coBMeCTHBIM KOMIIBIOTEPOM. B KauecTBe MHMKATOPHOIO MCIIO/Ib30BaIN PTYTHO-
IUICHOYHBII 9JIEKTPOJ, XIOpy/cepeOpsIHble 9TeKTPOAbI, CPABHEHNS U BCIIOMOTATe/NbHbIN. Iy
paso>xeHus1 06paslioB MPUMEHSIM IPOrPaMMUPYEMYIO IByXKaMepHyto meub [T1/1T1-Lab.

B xadecTBe 00'beKTOB McCIejoBaHNs BbIOpaHbl 10 06pasIioB TeKapCTBEHHBIX PACTEHMIT
npousBoautens «AnraiiBura» r. bapuaym: pomamuka (mat. Flores Chamomilla officinalis),
qabpen (nmat. Thymus serpyllum), mara (nat. Mentha piperita), THICAYETMCTHUK OOBIKHOBEH-
Hbl (nat. Achillea millefolium), nymmua (nat. Origanum vulgare L.), mykura (mat. Empetrum
nigrum L.), cabenbHuk 60noTHbli (1at. Comarum palustre), mamdarka 6enas (nat. Potentilla
alba), VIBan-uaii (nmat. Chamaenerion), pacronuia nsataucras (nat. Silybum marianum L.).

[lnA  cpaBHEHMA COAEp)KaHMA TsDKENIbIX MeTa/UIOB B 00pasljaXx JIeKapCTBEHHBIX
pacTteHuil mpoBepeHbl 3 ob6pasua mpomsBogutens «®Dapmaller», r. MockBa: VIBaH-4aii
(nat. Chamaenerion), 4abpen (mat. Thymus serpyllum), pomaiuka (nar. Flores Chamomilla
officinalis) u 2 o6pasua mpoussopurens «KVIMA» r. bapnayn: gymuna (nat. Origanum vulgare
L.), mara (nat. Mentha piperita).

O6pas1bl XpaHWINCh B 3aCYIIEHHOM BYJje B OYMa)KHBIX YIIAaKOBKAX, KaXK/blil BUJ, Xpa-
HIWICA OT/Ie/IbHO IPYT OT Apyra. Ha kaXkzoit ymakoBKe yKasaHa faTta 1 Mecto cbopa. Cpok xpa-
HEeH 1IBETKOB, INCTheB, KOPHEl, KOPHEBUIL] 1 KOPBI 2-3 roja, IVIOf0B U sArof 3-4 ropa [13].
ITocme BcKppITHA 00pa3Libl XPAaHWIM B CTEK/ISTHHON Tape C IJIOTHO IPUKPBITON KPBILIKOiL. Bee
yKa3aHHbIe 00pa3libl JIeKAPCTBEHHBIX PACTEHMII MMeNIM aKTYalIbHBI CpoK ropHocTi. Ilepen
OIIpefie/ieHeM TsDKEJIbIX MeTa/IoB (Mefy, IVIHKA, CBUHLIA U KaJMMsI) OIIpee/IsIV BTaKHOCTDb
PacTUTEIBHOTO CBIPHSL.
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Onpedenerue 61axHocmMu

Mertop onpefieneHNs BTa)KHOCTY OCHOBAH Ha OIIpefie/IeHN) ITOTepy B Macce 3a CYeT IUT-
POCKOIIMYECKOIT B/IaTY ¥ JIETY4MX BEIIeCTB IPY BBICYIIMBAHUA CBIPbs IO aOCOTIOTHO CyXOTO
cocrostHus [24].

ITpo6y BBICYLIIEHHOTO PACTUTENIBLHOTO ChIPbs NPEeABAPUTEIbHO M3MeIbYaI B CTYIIKE U
HOMeLIaIN B IIPeJiBAPUTE/IbHO BBICYLIEHHBIN IO IIOCTOSHHOI Macchl 610KC. BpicymmBanue 1 1
JIEKapCTBEHHOTO PaCTUTE/IbHOTO CHIPbs IIPOBOJVIIN B OTKPBITHIX OI0OKCaX B CyHIMIBHOM HIKady
npu TeMiepatype 105 °C 1o mocTosiHHOM Macchl [25].

Brnaxxaoctn (X) CbIPbs B IIPOL€HTAaX BbIYMIC/IAIOT I10 (bopMy)Ie:
X= (ml—mz)IOO/m3,

I7ie m; — Macca 6I0Kca C HaBeCKOI! IO BBICYIIMBAHUA, T; 1, — Macca OI0Kca ¢ HaBeCKOIl IOocIe
BBICYIIMBaHN, T; 13 — MacCa HABECKY JIO BHICYIIMBAHNS, T.
B Tabmmuax 1-3 npuBefeHbl pe3y/lbTaThl OIpe/elleHNs BIaKHOCTU B 00pasliax jaeKap-

CTBEHHBIX PACTEHUII Pa3HbIX IPOU3BOAUTENEN.

Ta6mua 1. PesyrbraTs! Onpee/e s BIaXKHOCTH B 00pa3Ijax 1eKapCTBEHHbIX PaCTeHMIT IIPOV3BO/CTBa « AsrTaitBura»

Macca (HaBecka Macca (HaBecka
Ne mpo6er | HammeHoBaHMe po6st Bnaxnocrs, %
IO BBICYLIMBAHMNA), T I10C/Ie BBICYIIMBAHUA), T
1 Hymmma 1,0041 0,9518 5,21
2 MsTa 1,0039 0,9357 6,85
3 Yabpen 1,0002 0,9428 5,20
4 Pomamxka 1,0015 0,9552 5,35
5 VIBaH-yait 1,0087 0,9360 5,59
6 Mnkina 0,9982 0,9532 4,51
7 Pacropomnia natHucras 1,0031 0,9636 3,94
8 CabenbHUK 60IOTHBII 1,0027 0,9562 4,64
9 Jlamuatka 6enas 1,0091 0,9459 6,26
10 TrICA4YeNMCTHUK 1,0031 0,9410 5,74

/13 Tabmuibl 1 BUIHO, 9TO COflepyKaHue BJIary COOTBETCTBYeT HOpMe, IIPY STOM HalIMeHb-
IIee coflep>KaHMe BIaru B pacropomie — 3,94%, a Hanbobliee B MATe — 6,85%.

Ta6mmia 2. OtperenieHne BIKHOCTI B 2-X 00pasijax TeKapCTBEHHbIX pacTenuit ot ponsBomuterst «KVMIMA» r. Mocksa

Macca (HaBecka Macca (HaBecka
Ne ipo6bt | HammenoBanme mpo6st Bnaxxuoctb, %
[I0 BBICYLUIMBAHUA), T | [IOC/IE BBICYIIMBAHWS), T
Hymma 0,9826 0,9167 6,71
2 MsTa 1,0311 0,9477 8,09

Ta6muua 3. OnpepeneHne BIXXHOCTI B 3-X 06pasliax IeKapCTBEHHbIX pacTeHmit oT mpoussopurens «Dapmallser»

r. bapnayn
Ne mpo6sr | HammenoBanme mpo6st Macca (nasecia Macca (masecka Brnaxxnocts, %
IO BBICYIIMBAHMNA), T II0C/Ie BBICYIIVBAHNA), T
Yabpen 1,0459 0,9742 6,95
Pomamxka 1,0840 1,0180 6,09
VIBaH-yvait 1,0234 0,9552 6,66

V3 tabnuy 2, 3 BUAHO, YTO COfiep)KaHMe BJIary COOTBETCTBYET HOpPMe.
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[Tpu cpaBHeHNMM 00pa3I[OB JIEKAPCTBEHHBIX PACTEHNI Pa3HbIX IPOU3BOAMUTEINIEN, MIPef-
CTaBJIeHHBIX B Tabmuiie 2 1 3, OIpe/e/ieHo, YTO BIaXKHOCTb 00pas3IjoB yabperia, pOMaIIKy 1
uBaH-yas mpousBopurens «Papmaller» M 00pasLoB AymIMIBI ¥ MATHl IPOU3BONUTENSI
«KVIMA» HEMHOTO BBIIIIe, 4eM Y TeX XKe 00pa31ioB pousBoguTens «AnraiiBurar.

ITpo6OIOATOTOBKY /IS OIpefie/ieHNs] TsDKEIbIX MeTa/UIOB IIPOBOJVIIN CIEAYIOIUM 00-
pasoM. B umcThie KBapieBble CTaKaHYMKM BMECTMMOCTBIO 20-25 cM’ moMmemnanyu mpenBapu-
Te/IbHO M3Me/IbYeHHbIE U B3BELIIeHHbIe HAa aHA/IMTUYEeCKIX BecaX HaBeCKM JIEKapCTBEHHBIX pac-
TeHnit Maccoit 1,000 r. O6pabaTbiBamy KOHIIEHTPUPOBAHHON a30THOM KIUCIOTON 1-2 cM?, BBI-
HapuBaIM Ha 91eKTPOIUINTKe npu Temiepatype 130 °C o TpeTu nmepBOHa4alIbHOTO 06bEMa,
He JIOITyCKasi pa3OpbI3ruBanms. B KaXaplil crakaHuMK J06aBysm 1o 1,0 cM® KOHIeHTpUpOBaH-
HOIT a30THOM KucnoTsl 1 0,5 cM® o kamsam 30%-11 pacTBOp MepOKCH/a BOZOPO/A U BHIIAPU-
Ba/IM JIOCYXa, ITOCTENIEHHO NOJHMMasA TeMiiepaTypy ot 150 go 350 °C, mo nmpexpalleHns Bbijie-
JIeHMsI IBIMOB. 3aTeM Ipo6ObI 030/ B Ieuy Ipu Temneparype 450 °C B Teuyenue 20 MUHYT.
Omnepaunio 1o f06aBIeHNI0 KOHIIEHTPYPOBAHHO a30THOI KMC/IOTHI C HEPOKCUIOM BOLOPOJA
¥ BBIJIep)KVIBAHWIO B TI€4M TIOBTOPSIIM JIO TIO/Ty4eHNsI OHOPOJHOI 3071bI 0€/I0T0, CEpOro VN
pBDKeBaToro nBeTa (6e3 YepHBIX YTOIbHBIX BKIIOYeHNI) [23].

[Tonmyuennsiit ocagok pactBopsmu B 1,00 cM’ KOHIIEHTPUPOBAHHON MypaBbIHON KIIC-
JIOTBI, JOBOAVIN OUAMCTIIMPOBaHHON Boztoll 1o 10,0 cM® u mepeHec B NEHUIV/UTTHOBBIE
(1aKkoHBI.

J1J1s1 KOHTPOJISAL YMCTOTHI MICIIOJIb3YeMbIX PEAKTVBOB ITO/ITOTAB/IVBAJIN «XOIOCTYIO IPOOY»,
QHAJIOTMYHO NPOOOIIOATOTOBKE aHAIM3NPYeMOro 0ObeKTa, HO He COAepiKallell aHamuThde-
CKyI0 1po0y.

Onpedenerue cooepranusi msicenvix memannos (KaomMus, C6UHUA, MeOU U UUHKA) Memo-
0oM UHBEPCUOHHOL 80TbIMAMNEPOMEMPUL

Amnanus nposopunu cormacio MY 31-04/04 «Onpenenenye 1MHKA, KaAMWA ¥ Me[IU B TN -
IMeBOJ TMpopykuum» [26]. B paboTe ucmomb3oBamm OCHOBHBIE PAacTBOPBI, COZEp Kallye
100,0 mr/pM® KafgMus, CBUHIIA, MM M LIMHKA, IpurorosneHHble 13 'CO ¢ aTTeCTOBaHHBIMMU
KOHIIeHTpalusMu s7eMeHToB 1,00 mr/cm? (1000 mr/pm?).

ITo mpu4YMHe CyIIECTBEHHBIX Pa3/IN4Nil COLEP)KAHNA OINpeNe/AeMbIX METAIOB aHA/IN3
IpoOBI IIPOBOAVIIN M3 OFHOTO PAcTBOPA IO CIIEAYIOLell CXeMe: BHavYajle OIpe/ie/isii KOHIeH-
tpauyu Cd u Pb, 3aTem koH1eHTpanuio Cu U B TOCTENHIOK OYepe/ib KOHIIeHTparuy Zn.

B xax[iplil cTakaHYMK BHOCWIN @IMKBOTY IpobObl o6bemoM 0,5-1,0 cm®. Bpems mopro-
TOBKM ycTaHaBmyBamu 30 ¢, 3HaUYeHMsI TapaMeTpoB MPOOBI: BUL ITPOO — TBEpAble C MUHEPa/In-
3a1yieit; pa3MepHOCTDb — MI/KT; Macca IpoobI 1 T; 00beM MIUHepanusaTa — 00'beM, IOTy4eHHBII
nocste pactTBopennsi 307bl 10 cm?®; 06bem amukBoThI — 0,5-1,0 em?.

[TpoBogMIN perncTpaluio BoabTaMeporpamMm mpob u mpob ¢ fo6aBKOIt ATTeCTOBAHHOI
cMecH. AHaIM3 «XOJIOCTON IPOOBI» IPOBOMSAT AHATOTUYHO.

PesynbraThl cofepskaHusA TsDKEIBIX META/UIOB B 00pasIiax JeKapCTBEHHBIX PACTeHMIT C

y4eToM IlepecyeTa Ha CyXoe Bell[eCTBO II0Ka3aHbl B Tabmmax 4 u 5.
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Ta6mima 4. ComeprxaHIe TsOKEIbIX META/UIOB B 00pa3ljaX TeKapCTBEHHBIX pacTeHMIit IPOU3BOANTeINA «AnTaiBura»

Ne Cd Pb Cu Zn
HaumeHoBaHue po6sI
TIPOOBI MKT/KT MKT/KT MI/KT MKT/KT

1 Hymmiia 0,16+0,02 0,85%0,05 21,7£0,8 0,017+0,006
2 Msra 0,29+0,02 0,33%0,02 22,7£0,9 0,027+0,005
3 Yabpern 0,16+0,03 0,43+0,03 37,9+2,7 0,027%0,003
4 Pomammka 0,34+0,02 0,38+0,02 20,4+0,5 0,020%0,005
5 VBaH-yait 0,65+0,04 0,45%0,03 18,2+0,8 0,034+0,002
6 Mnkira 0,38+0,06 0,57+0,03 26,2+1,1 0,012+0,002
7 Pacropomnia naTHuCTaA 0,19+0,02 0,58+0,05 56+7 0,011+0,003
8 CabenbHIUK 6OTOTHBII 0,29+0,03 0,76+0,03 5745 0,043+0,003
9 Jlammyatka Genas 0,27+0,03 0,68+0,02 10,1+0,5 0,038+0,002
10 ThIcAYeNMCTHUK 0,50+0,02 0,81+0,06 39 £3 0,010+0,003

8 Cyxne qau, MI/KT 1,0 6,0 - -

% g I'® 3 usmanme, Mr/xr 1,0 6,0 - -

g "= HopwmarnbHoe, Mr/Kr 0-0,5 2-14 6-15 25-250

E ToxcnuHoe, MI/Kr >100 - >20 >400

/13 mpuBefieHHBbIX pe3yIbTaTOB BUAHO, uTO cofiepxanue Cd cocrasuo 0,16-0,50 MKr/kT,
Pb - 0,33-0,85 mkr/kr, Zn - 0,010-0,043 mkr/kr, Cu - 10,1-55,9 mr/kr. Hanbornbiree copepxa-
HIe KaiMuA B o6pasije VBaH-uas 0,65 MKI/KT, a HauMeHblee B gyumie 0,16 Mxr/kr. Han6ons-
IIee Cofep>KaHMe CBUHIA — B 06pasie gymmis! 0,85 MKI/KT, a HayMeHblilee B 00pa3iie MATHI —
0,33 mxr/kr. CopepxaHnue Meayu Hambonbliee B obpasie cabenrbHuMKa OOMOTUCTOTO —
55,9 MKI/KT, a HaIMEHbIIIEE y JIAITYaTKN 6emoit — 10,1 mkr/kr ComepskaHue IHKa B 0Opasije
cabenbHMKa 60morucroro Beiuie — 0,043 MKr/Kr, a B ThicuenucTHuKe - 0,010 MKI/Kr.

Ta6muna 5. CpaBHUTEIbHOE COfiep)KaHMe TSDKEIBIX METa/IOB B 00pasliaX JIeKapCTBEHHBIX PacTeHMIl Pa3sHBIX

IIpOU3BOAUTENIEN
Ne HaumenoBauue Cd Pb Cu Zn
[TpoussonuTenn
Ipo6LI Ipo6LI MKI/KT MKI/KT MI/KT MKI/KT
KIMA 3,44+0,02 5,59+0,05 23,5%0,7 0,43%0,04
1 Hymma »
«AnTaiiButa» 0,16+0,02 0,85£0,05 21,7+0,8 0,017+0,006
) M KMMA 3,15+0,02 3,15+0,03 35,3+2,3 0,17+0,03
ATa
«AnraiiBura» 0,29+0,02 0,33£0,02 22,7%0,9 0,027+0,005
3 a6 Qapmallser 5,96+0,04 22,3+0,02 40,1£1,5 0,12+0,03
abpe
pet «AnraiiBura» 0,16:0,03 | 043+003 | 37,9427 | 0,027%0,003
®apmallser 3,47+0,03 3,01+0,02 57+5 0,10+0,02
4 Pomamika
«AnraiiBura» 0,34+0,02 0,38+0,02 20,4%0,5 0,020+0,005
. Qapmallser 13,4+0,2 7,47%0,06 32+7 0,65+0,05
5 VBan-vai -
«AnTaiiButa» 0,65+0,04 0,45£0,03 18,2+0,79 | 0,034+0,002
Cyxne 4ay, MI/Kr 1,0 6,0 - -
I'® 3 usmanne, Mr/xr 1,0 6,0 - -
Hopmuposanue
HopmanbHoe, MI/Kr 0-0,5 2-14 6-15 25-250
TokcnaHoe, Mr/Kr >100 - >20 >400

VI3 cpaBHUTENBHOTO aHamM3a BUIHO, YTO B oOpasmax npomsBoputens «AnraiiBura»

copepxanme TspKenbix MetauioB Cd, Pb,

Zn HmKe, 4eM B 00paslax MPOM3BOJUTENEN

«Dapmallser» u «KVIMA», a cogep>xanne Cu CpaBHMMO WIN B 2 pa3a MeHbIIIE.
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3HauMTeNbHASA PAa3HUIIA B COJEP>KaHUM KaiMus HaO/IIOanach i 00pasLjoB AyLINIBI 1
MATH npoussogutens «KMMA», B 21,5 pas un 10,9 pas cooTBeTCTBEHHO; LIMHKa 25,3 1 6,3;
CBUHIA B 6,6 pa3 u 9,5 paza u mexu 1,1 1 1,6 coorBeTcTBeHHO. B 06pasnax yabpera, pomaniku
U MBaH-4as npousBopuTeneit « AnrariBura» u «®apmallBer» Hab/II0aIOCh 3HAYUTEIBHOE YBe-
JIYeHNe KOHLIeHTpauuit Kagmusd B 37,2; 9,3; 20,6 pasa; ceunHna B 37,3; 7,9; 20,6 pas; megu B 1,1;
2,8; 1,8; umHKa 4,4; 5; 19 pa3 cOOTBETCTBEHHO.

Han6onpmree cofepxanne Cd = 13,4 Mxr/kr, Zn = 0,65 MKI/KT onpefie/ieHo B VIBaH-4ae
(mpousBopurens @apmallBer), a Pb = 22,3 mkr/kr B yabpeue (nmpoussopurens @apmallser).

Copnepsxanne Cd, Pb, Zn He mpeBbIIaloT npefe/ibHO JOMYCTUMOTO COIEeP>KaHuUs 10 HOP-
maM ['ocymapcrBennoit ¢papmoxornen n CanllnH 11-63 Pb 98.

Copep>xanme Cu B JIEKapCTBEHHBIX PACTEHUAX IPEBBILIIA€T HOPMUPOBaHME IPEETbHO
IOIIyCTUMOTO COflep>KaHN A KOHIIEHTPAlMM META/UIOB COIIACHO TOCYAAPCTBEHHOI (papMOKOIIENL.

O6pazer; Ne 9 («AnraitBura») — namuaTka 6emas BXOAMT B VIHTEpBal HOPMAaJIbHOTO
copep>xannA Cu 1 He IPEBBIIIAET TOKCUYHYIO KOHLIEHTPALIMIO.

O6pasen Ne 5 («AnraitBura») — nBaH-4ail IpeBbILIaeT MHTEPBaI HOPMATBHOTO COfepiKa-
HuA Cu, HO He NpeBbIlIaeT TOKCMYHYIO KOHIIEHTPaLMIo.

B ocrampHBIX 00pasIiax IpeBBILIEHO COAep KaHMe TSKEIBIX MEeTA/UIOB, YTO CBA3AHO C
BO3MOXXHBIM HeO/IaronpuATHBIM TE€PPUTOPUAIBHBIM PacHOIOKeHNeM MecTa cbopa JieKap-
CTBE€HHBIX PaCTEHMI, OKOJIO aBTOMAryCTpasieil ¥ MPOMBILIUIEHHbBIX 30H, YTO IIPUBOJANT K Ype3-
MEPHOMY HaKOIIJIEHUIO TSXKEJIbIX META/IOB.

BriBonb1

OrmpenerneHo cofepykaHue TsDKENbIX MET/UIOB B 10 0Opasijax eKapcTBeHHbIX PacTeHNI IIpo-
usBoputens «AnraiBura». Copepsxarme Cd cocrasmno 0,16-0,50 mxr/kr, Pb - 0,33-0,85 MKr/kT,
Zn -0,010-0,043 mkr/kr, Cu - 10,1-55,9 MI/KT, 4TO He IpeBbILIAeT MpPefie/IbHO JOIyCTUMOTO
copiep>kaHus 1o HopMaM ['ocymapcTBeHHoOI papMakorien Jist IeKapCTBEHHBIX pacTeHmit [27]
u CanllnH 2.3.2.1078-01 gya BA]L (cyxue yan) [28]. [To HOpMupOBaHUIO COREP>KaHUA B pac-
TeHUsAX (HOpMaJbHOE, CpefiHee U TOKCMYHOe [29] copeprkaHye Meny IIPEBBIIIEHO IOYTH BO
Bcex obpasiax (kpome nam4atky 6em1oii).

[TpoBeneHO cpaBHEHUe COAEP>KaHMs TSDKENTbIX METAIOB B 00pasliax JIeKapCTBEHHBIX
pacteHmit mpousBogutens «AnraiiBura» ¢ obpasuamm mnpowmssBogutenein «KVIMA» n
«Dapmallser». Copepxanne Cd, Pb, Zn B o6pasnax «KIMIMA» n «®Papmallser» Ha mopARoK u
6oJ1ee IPEBBINIATIO COTEpKaHMe STUX META/UIOB B 00pasiax «AntariButel», cogepxanne Cu B
obpasuax «AnraiBurel» cpaBHMMO WIn B 2 pasa MeHblle, 4eM B oOpasuax «KVIMA» n «Dap-
mallBeT».
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Kntouesvie cnosa: Annomauus. Paccvompenv cnocobvl u3eneveHus ITUmMus us 2eo-
2eomepmanvHvie 600bl, TUMULL, mepmanvHoix 600. [IpedcmaesneHa mMexHonN02UHeCKAs Cxema nomyHe-
adcopbuyusi, adcopbeHm, usomepma HUS TUMUesbIX NPoOyKmoe U3 6blCOKOMUHEPANUI0BAHHBIX PACCOTIOB
adcopbyuu, 06vemHuili KOIPPuLyUeHm U npusedeH pacuem Konu4ecms Hoayuaemvix npooykmos. Paspabo-
Maccoomoauu, 8pems HACLIUEHUS mMana Ho8AsI KOHCMPYKUUS adcopOepa O71si NOIOUEHUS UOHOB U~

HAYANLHOZ0 CeHeHUst CT0S, BbICOMA CNIOST  MUsi 2UOPOKCUOOM anomunus. Paccuuman Heo0xodumvlii pacxod
adcopbenma, 8pems adcopOuuu 2e0MePMAnLHBIX 800, NPOX0OULUTL Hepe3 adcopbep.

s quTpoBaHuA:

Jleontnes B.K., Kopabnesa O.H., I'mp6a E.A., Makapues [I.B. IIpumeHeHne nporecca afgcopbunn B nepepabotke
reoTepMajIbHBIX BOf, // Om xumuu k mexHonozuu wiae 3a wiaeom. 2023. T. 4, Boin. 2. C. 44-50. URL: http://che-
mintech.ru/index.php/tor/2023-4-2

BBenenne

OrmunrenpHble QU3MYecKue ¥ XMMUYECKMe CBOJICTBA MUTUA OOYCTOBWIIN IIVPOKMUI
CIIEKTP €er0 MCIIO/Ib30BAaHNsA B TaKUX 00/IaCTSAX IPOMBIIIIEHHOCTY, KaK aBTOMOOW/IECTPOEHEe
I TIPOU3BOJICTBE AKKYMY/LATOPOB, YEPHOIL U 1[BETHOI META/UTypIUy [/I PaCKUCTICHUA U U3-
MeHeHMsl PU3MKO-XMMUIECKX CBOVICTB CIUIABOB, SI/IEPHOI U aTOMHOJI 9HEpreTyKe MY IIpo-
u3BofcTBe TpuTHs. Ilo MporHosam sxcnepToB oOIIeMUpoBoe HoTpebnenne mutusa K 2025 T.
yBemuutcs o 200000 1/t [1].

OCHOBHBIMU VICTOYHUKAMM JOOBIYM ATV SIBJISIOTCS KOMIUIEKCHBIE PeJKOMeTa/l/IbHbIe
TPaHUTHBIE IETMATUTOBBIE MECTOPOXK/ICHNA VI IOBEPXHOCTHASA VM Me)XX3epHOBas palla COITHbIX
OT/IOKeHMIT U 03ep. Ha ceropHAIIHMII leHb MUTUIT OOBIYHO JOOBIBAIOT 13 3eM/IU B IIpoliecce,
TpeOylo1eM 60/IbIIOT0 KOIMYeCTBa BOJIBI VIV 113 COTIEHOT BOZBI, BHICYIIIEHHO B 60/IbIINX Oac-
CeifHax Ji/Is BBITapUBaHUA comu [2].

B cBA3M ¢ OBICTPBIM POCTOM JIUTUEBOI 3KOHOMUKMU U OTCYTCTBMEM Ha CETONHAIIHUI
TileHb JOOBIUM COeVIHeHWIT TUTKs Ha Tepputopun Poccuiickoit @enepary NosABseTCs He0O-
XOJVIMOCTD Pa3paboTaTh METO/bI M3B/ICUEHNA INTUA U3 IMAPOMIHEPATTBHOTO CBIPbSL.

© B. K. Jleontnes, O. H. Kopabnesa, E. A. I'mp6a, [I. B. Makapues, 2023
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OcHoBHasA YacTh

[TepcrieKTMBHBIM Ha CETORHALIHUI IeHb SIB/IAETCS IOTyYeHNe IUTHS U3 Fe0TePMa/IbHBIX
BOJ. Ba)XHO OTMeTUTD, 4TO 78% IIPMPOSHBIX 3aIIACOB JIUTUA COCPEJOTOYECHO B TeOTePMaIbHBIX
Bojax [1]. Dtu 3amacel, 67arofapss CBOMM XapaKTepHBIM (U3UKO-XMMIYECKUM CBOJICTBAM,
IIVPOKO VICIIO/B3YIOTCS B Pas/IMYHbIX OTPAC/IAX IPOMBIIIIEHHOCTU B Poccuu u 3a pybexxom,
BK/IIOYast OTPAC/IN, MIMeEIOIIVIe CTPATern4ecKoe 3HaueHue.

B 3A0 «9KOCTAP HAYTEX» B HoBocnbupcke paspaboTaHa TeXHONIOTHMS U ammnapa-
Typa, KOTOpbIe II03BOJISIOT MOTYYNUTh HOCTIE AeCOpOLY MUTHs C COpOeHTa pacTBOpa X/I0pUAa
mntus ¢ npumecsimu Mg, Ca 11 OCyILecTB/IATD X IepepaboTKy Ha BOCTpeOOBaHHBIE COefIHE-
HUS TUTUS: XJTOPUJ, TUIPOKCH]], KapOoHat, 6pomuyi, PTopuz. ITO CylIeCTBEHHO CHIDKAET Ce-
6eCcTOMMOCTDb TOBAPHBIX IIPOJIYKTOB 32 CYeT KOMIUIEKCHOTO VICIIOIb30BaHMsI YKa3aHHOTO ChIPbsI
C U3BJIeYeHVeM OpoMa, MarHusi, KalbLiys ¥ APYTUX IIeHHBIX KOMIIOHEHTOB [3].

TeoTepmanbHble BOAbI, HoOBIBaeMble Ha TeppuTopun SpocniaBckoit o6macTu, 06magaoT
HI3KVM 3HaUeHVEeM TeIUIO9HePreTNYeCcKOro IOTeHI[MaIa U B HACTOsIIlee BpeMs MCIIO/Ib3YITCS
KaK aHTUTOJIO/IeHbII peareHT. AHa/mu3 coctaBa Me[ArMHCKON CKBaKVHbI IOKa3bIBAeT Ha/IU-
qJe IIeHHBIX XVMMMUYeCKUX 97IEMEHTOB U COeMHEHNIT I, KaK CIeICTBNUE, aKTYalIbHOCTD 3a/a4n
KOMIUIEKCHOJI TTepepaboTKM TepMajIbHbIX BOJL He BBI3bIBaeT COMHEHNA. VICXOfst 13 MaccoBOIt
IOV V1 IPOM3BOJMTE/IbHOCTY CKBXKVIHBI, IEPCIIEKTUBHBIMY XVMUYIECKVMIU COEAVHEHUAMNU B
OTHOIIEHNY BO3MO>XKHOJI IIPOMBIIUIEHHON TepepabOTKI SBJISIOTCA XIOPU/bI HATPUsI, Kajlb-
IVIs1, MarHUA, Ka/Ius, a TAK>Ke OpoMuy| Kamust Y IOAWA Kaius, PeaKTUBHBI OpOM U JIOZ.

Hamnboree 1jeHHBIM COeflIHEHMEM TeOTepMalIbHBIX BOJ, MesATrMHCKON CKBaKMHbI SIBJLS-
eTCsl XTIOPUJL JINTHSA.

S¢deKTUBHBIM CIIOCOOOM M3B/I€YEHNS TUTHUSA U3 BOJHBIX PACTBOPOB SIBJISIETCS aficopo-
VISl C MCIO/Nb30BaHMEM aITIOMOCOZIEPIKALVX MaTepuanoB (BK/IOYas aKTVBHBIN IMAPOKCUT
QIIOMMHMSA) B KadecTBe cOpOEHTOB. SIB/IeHMe afcopOouyy CBA3aHO C HAMMYMeM CUJI IIPUTSIKe-
HIA MEXJY MOJIEKy/TaM aicopOeHTa U MOJIeKy/IaMy IIOI/IONaeMoro BemlecTBa. KommiekcHoe
paccMOTpeHMe PaBHOBECHBIX 3aKOHOMEPHOCTel! T03BOJISIET BBISBUTD ONTIMA/IbHBIE YCIOBMUSA
OCYIIeCTBIIEHN TIpoIiecca.

Apcopbunsa B c0e HENMOABIKHOTO afcopbeHTa SABIIA- Dan
€TCsl HeIIPEPBIBHBIM IIPOLIECCOM, ¥ KOHLIEHTpaLs MOT/IOLIa-

€MOTO BellleCTBa I3MEHSIETCSI 10 BPEMEHN U B IPOCTPAHCTBE.
[TpuMeM, 4TO >XMAKOCTb B KommdecTBe G, NMPOXOAs uepes dH
coit BeIcoTOVl dH, M3MeHseT CBOI KOHIeHTpauuio Ha dY
(puc. 1).

JKnpgkocTs oTaer nmornouaeMoro KoMmnoHenTa (IL.K.) 3a
Bpems dt: —GdY dt.

3a BpeMs dT KOHIIEHTpAl[Us B BBbIIETIEHHOM 3JIEMEHTe '
yBermuntcs Ha dX: S, dHp, dX. G

CoBMeCTHOe pellleHNe 9TUX YPaBHEHMIT TO3BOJIACT MO-  pyc. 1. K BHIBOZY yPABHEHILS Ma-
JIy9UTDb YpaBHEHVEe MaTepUalTbHOTO OalaHCa I NePUOANYe-  TepuaqbHOTO GalaHca MepUOmH-
cKoro TIporiecca afcopbunu: —GdYdt = S,,dHp,dX. 4eCKOro IIPOLecca afcopoumu
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[TocnenHee ypaBHeHMe VICIONB3YeTCA /I ONpefe/leHNsT M3MEHEHUs OTHOCUTEIbHON
MacCOBOJI KOHIIEHTpAIUY TIOT/ION[AeMOTO KOMITOHEHTa B UKot dase dY.

B 3aBucMMOCTM OT CKOPOCTY >KUAKOI cMecy, GOpMBI M30TePMBI aficopOLuy, pasmepa,
¢dbopMBI U YKIA[IKU 3epeH afcopOeHTa, KOHIIEHTpauun aficopOTMBa, a TakoKe PYIUX YCIOBUI
IIpOBeJIeHM s ITPOljecca B HEMOJBVKHOM C/Ioe aicopOeHTa, ONpefiesiioliee BIsIHIE Ha OOIIYI0
CKOPOCTb aficOpPOIIVM MOXKET VIMETb CKOPOCTb BHEIIHETO MaccollepeHoca (XapaKTepyusyeMas
Be/IMYMHON f3,v) WIM CKOPOCTb BHYTpeHHero MaccorepeHoca fPy. O4eHb 4acTO BVSHNE
BHeIIHe- ¥ BHYTpUAKN(PY3MOHHOTO COPOTMBIIEHN Ha BeMMIMHY K,y COM3MEpPUMO, IpuIeM
MIX OTHOCUTE/IbHOE B/IVIsSIHYUE M3MEHETCS 110 JIMHE 30HbI MacCoTlepeadi.

Hecmotps Ha TO, 4TO aficopOLmst MTUTHSI aKTVBHBIM I'MPOKCULOM TIOMIHNSA U3Y4aiach
Ha IIPOTSDKEHNM IIUTE/IbHOTO BPEMeHH, Pe3y/IbTaThl Pa3HbIX aBTOPOB He BO BCEM COBIIAJIAIOT,
a B HEKOTOPBIX C/Ty4asix MPOTUBOPEYAT APYT APYTY.

Konnenrpauus LiCl B reorepmanpHOIT Bojie, Z0oObIBaeMoii 13 MeArMHCKON CKBaXKMHBI,
cocrasiset 0,059 kr/m’. IIpou3BoOAUTENBHOCTD 9TOV CKBOXKVMHBI COCTAB/IAET 5 M°/4 Boabl. s
6oree 3¢HeKTMBHOTO U3BIEYEHUST MOHOB JIATYUS U3 T€OTePMaTbHBIX BOJ HEOOXO/[MIMO yBe/IN-
unTh KoHLeHTpanuio LiCl B 7-10 pas. [Tocre mpenBapuTenbHOTO yaneHNs 9acT pacTBOPH-
TesIs1 (BOJBI) B BBIIIAPHOM aIIapaTe JOBOAUM KOHIeHTpario o 0,5 r/n [4-6]. IIpu aTom HeoO-
XxozMMo BbIaputh 4,41 M*/4 Bopbl. Torpa pacxoy; KOHIIEHTPUPOBAaHHBIX T€OTEPMAaTbHBIX BOJ
4yepes agcopbep coctaBut 0,59 M*/4.

[Tpu paspaboTke TeXHOIOTUY MepepabOTKY reoTepMaIbHBIX BOJI, JOOBIBaeMbIX Ha Tep-
putopuu SIpocnaBckoit 06/macTy, ObUIV BbIJeIEHBI CIeAYIOII/e STAIbL: IOTyYeH)e KOHIIEHTP-
aTa ITyTeM BBIIIAPMBAHVA YaCTV PaCTBOPUTEIA, afjcCOPOLs MOHOB IATUSA aKTUBHBIM I'MPOK-
CUIOM QIIOMUHYA, IOTy4YeHNe IPYIUX [IeHHBIX IIPOAYKTOB € MCII0/Ib30BaHMEM IIPOLIECCOB OT-
XKUIMa, 00XKUTa M CYIIKIL.

Ha puc. 2 npepcraBiieHa TeXHOMOTMYeCKasi CXeMa MOTydeHNs Pa3INuHbIX BUJIOB IIPOAYK-
LIV 13 TeOTepPMa/IbHBIX BOJ, [2].

pEEEEEEEEEmEEE=EE- T
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I yBemmuenns 3¢ eKkTMBHOCTY Ipolecca agcopbunm Ha Kadeape "Xummdeckas Tex-
HOJIOTVIS1 OPTaHMYECKUX BelllecTB" SIpOoC/IaBCKOTO TOCyIapCTBEHHOTO TEXHIYECKOTO YHUBEPCH-
TeTa ObUIa pa3paboTaHa HOBask KOHCTPYKIMS aficopbepa i M3B/IeYeHsI MOHOB JIUTUS U3 I'e0-
TepMa/bHbBIX BOZ (puc. 3) [7]. Anmapat npeiosKeHHO! KOHCTPYKLUU MOXKET OBITh UCIIO0/Ib30-
BaH /I Y/IaB/IVMBaHNA [JeHHBIX U BPEJHBIX BEIIECTB VIV MOHOB M3 XXMJKIX TOMOT€HHBIX CH-
CTeM B HeTeXMMIYECKON, XMMIYEeCKO, MAIIMHOCTPONUTE/IbHOM, TAKOKPACOYHOI 1 APYTUX
OTPAC/IAX IPOMBIIIIEHHOCTIL.

Apncop6buys IpoTeKaeT Ha HENOABIDKHOM C/I0€ 3€PHICTOTO aficOpOeHTa aKTVBHBIM TH/-
POKCH/IOM aTIOMIHUST, KOTOPBIT HAXOJUTCS B BUJIE «CTALMIOHAPHOTO» C/IOSI BHYTPU allliapara.
BcnencrBue 60/b110I TOBEPXHOCTY Ha eAMHUIY 00beMa aficOpOeHTa JaHHbII CIIOCO0 M3BIe-
YEeHUsI IOHOB JINTUS ABJIAETCA 9P PEKTVBHBIM.

3

Puc. 3. BoicokoaddekTUBHBIN aficopbep ¢ KacKafHOI yapHO-CTPYIHON GOPCYHKOIL: 1 — KOPIYC; 2 — JIIOK ML
BBITPY3KI HACBILIEHHOTO aCOPOeHTa; 3 — BBIXOFHOI MAaTPyOOK [/Is BHIBOAA KUAKOCTI; 4 — HVDKHSASL PEIIeTKa;
5 — BepXH: pellleTKa, BBIIIOTHEHHas B BUJIe YCeYeHHOTO KOHYCa; 6 — BEPXHUII TaTPYOOK; 7 — TepMETUYHBII 3aTBOP
8 - maTpy60K BBOZIa reOTepMaIbHBIX BOJ; 9 — KacKajHas yAapHO-CTpPYyiHas GOpCyHKa

O6pabarpiBaeMasd TOMOT€HHasA KUAKOCTb Yepe3 MaTpyOoK 8 IMOCTyIaeT B KaCKagHYIO
YHEAQpPHO-CTPYIHYIO (POPCYHKY I PAacIbUIEHNA SKUAKOCTH 9, MMEIOIIYI0 O0/IbIIIOe KOMNYECTBO
OTBEPCTUIA 1 BhIXOofa XXuakocTu. [Ipoiinsa yepes 9Tu 0TBepCTUA HACALKM, XKUIKOCTD pacIia-
laeTCs Ha KAy ¢ oO6pa3oBaHMeM MOMAVCIEPCHOTO (aKesna ¥ paBHOMEPHO pacIpefie/sieTcs
10 BceMy oObeMy aficopbeHTa. VI3BIexaeMblil KOMIIOHEHT IIOTIOMIAeTCA aficOpOeHTOM, a 0bpa-
60TaHHaA >KUAKOCTb IPOXOAUT Yepe3 HIDKHIOI PELIeTKY 4 U BbITeKaeT yepe3 BBIXOTHOI IIa-
Tpy60K 3. UTOOBI He HOMYCTUTD BBIXOZIa 0O pabaThIBaeMON KIIKOCTH Yepe3 MaTpyobokK 6, Ha HeM
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YCTQHOBJIEH TepMeTUYHbI 3aTBOP 7. ITocie HackIeHns aficopbeHTa U3BIeKaeMbIM (I11e/IeBBIM)
KOMIIOHEHTOM OH BBITPY’)KaeTCs yepe3 JTIOK 2 ¥ IIOCTYINAeT Ha JaJlbHENIIYI0 IepepaboTKy
(mecopbiuio).

TexHNYeCKMM pe3y/nIbTaTOM IIpeJlaraeMoii KOHCTPYKLMY SABJISIeTCs pellleHye pooiem,
CBSI3aHHBIX C IIOBBILIEHVIEM CTEIIeHM ITOTIONIEeH IIe/IeBOTO KOMIIOHEHTA 32 CYeT YMEHbIICHVA
3aCTOJIHBIX 30H B aIIapare. ITO JOCTUTAETCSA YCTAHOBKON KaCKa[HOM YIapHO-CTPYItHOM dop-
CYHKI B aficopbep B BepXHell 4acTy YCTPOJCTBA /I PacIIbICHNA KUAKOCTIL.

Omnmpasch Ha TUTepaTypHble TEOPETUYECKIIEe U SKCIIEPYMEHTA/IbHbIE IbIHHBIE TPOBeeH
pacder paspaboTaHHOTO afcopOIVOHHOrO ammapara [5]. Pasmepsl amcopbepa: BbicoTa
Hy= 200 MM, D = 150 MM. AIcOpOeHT — TUAPOKCHL, ATIOMVUHMS.

ITo muTepaTypHBIM HaHHBIM [9] ObITa MOCTpOeHa M30TepMa afncopOLUY I CUCTEMBbI
Li* - Boga — AI(OH)s;, 3aBMCHMOCTb PaBHOBECHOJ KOHIIEHTPAL[MY M3BI€KaeMOTr0 KOMIIOHEHTa
OT KOHI[eHTpaL[uy aficOpOMPyeMOTo BellleCTBa B CMeCH IIPY IIOCTOSIHHON TeMIlepaType, KOTO-

pasd npencTaBeHa Ha puc. 3.
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Puc. 3. 3aBucumoctsb paBHOBeCHOI/uI KOHHCHTpaLU/II/I M3BJIEKA€MOIo KOMIIOHEHTa OT KOHHCHTpaLU/H/I
amcopbupyeMoro BeliecTBA B CMeCM IIpM IIOCTOSHHON TeMieparype (M30TepMa afcopOumm i CUCTEMBI
Li* - Boga — AI(OH);)

KoHInjeHTpanms afgcopbupyeMoro BeliecTBa B CMECY 3aBMCUT OT JaB/IeHMs U TeMIlepa-
TYPBI, C YBe/IUEHMEM TeMIIePaTyphbl — YMEHBIIAETCs, C YBeTMYEHVEM JJaBIeHNs — YBeIN4MBa-
ercsi. OCHOBHOJ XapaKTepUCTHUKOI aficOPOEHTa SABJIAETCS €r0 aKTMBHOCTD, KOTOpasi BbIpaka-
€TCs1 BECOBBIM KO/TMYECTBOM ITOT/IONAEMOTO BelljeCTBa B IIPOLIEHTaX OT Beca Min obbeMa mo-
[JIOTUTEIA.

Hamu 6511 mpoBefieH pacueT BpeMeH! afcopounm iisi pa3paboTaHHOTO BEPTUKAIBHOTO
ajcopbepa.

Maccosbrit pacxop BoibL: Gy,o = p * Vi, 0,

ITo n3orepme agcop6bimu (cm. puc. 1) mpu Yy = 0,0005 Kr/Kr paBHOBeCHas1 KOHIIEHTPAL[ s
LiCl B ruppoxcupe amomuuusi coctaBut X = 0,00096 xr(LiCl)/xr(agcopbent). Ilpunumaem
KOHI[EHTPAI[MI0 HACBILIEHNs B HauanbHOM cedeHuu cnos X,=0,98-X=0,00094 kr (LiCl)/xr (ag-
COpOEHT).

[Tpomo/mKUTENbHOCTD HACHIIEHNST C/IOST afcOpOEeHTa BBICOTO 1 M PacCIMTHIBAETCS IO

YPaBHEHUIO:

_S-py-Xy

k= .
Guy,o 11
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Bpems HachIleHNA HAYaIbHOTO CceyeHms cnos (C):

- PH Xu dX
0 Bos f 0 Yl_Yl*’

KT KT

rfie Bos— 06EMHBIN KO3 PUIMEHT MacCOO/[auy MOHOB INTUSA B BOfie, — * € * —.
M KT

[lna onpenenenns koadduimeHTa MacCOOTAAYM MOHOB IUTHS B BOJie PaCCIMTBIBACTCS
K0appuienT MonexyrapHon anddysun agcopOTMBa B XXMAKOCTY IPK TeMIIepaType IIpo-

1ecca (MIOHOB IMTHUA B BOfie) IO YpaBHEHMIO [9]:

11076 1 1
r= e T
A-B-\/ﬁ'(VAl/ +VBl/) Mg Mp

rge A u B - monpaBouHble K03dpuumeHTsL: it Boxbl B=4,7; mna mutusa A=1;

Va, Vi - ynenbHble MO/IbHBIE 00'beMbI KOMIIOHEHTOB, CM*/MOJIb
Mau; M — MOJIAPHBIE MACCHI 111 BOZIBI M [JIA JINTUA COOTBETCTBEHHO.
Koadppuiunent monexynapHoit audQysun ncronb3yeTcs A/ XapaKTepUCTUKI TepeHoca
VIOHOB JINTUA B BOJE.
HenocpencTBeHHO pacyeT ko3¢ uIyenTa MacCOOT/auM JiI IOHOB INTHA B BOJiE IIPOBO-

JIUTCS U3 KPUTEPUAIBHOTO YpaBHEeHNs (1711 TypOY/IeHTHOTO pe>kuMa iBVKeHus — Re > 10000):
Nu, = 0,53 - Re%>*. Pr%2,

rie Pr - xpurepuit Ilpantna (suddysnonnsiin): Pr = Dl,

r

oD w-d
Re - xpurepuit PeitHonbica: Re = H—SKB,
CM
W — maccoBasi CKOPOCTb: OIpefie/IsIeTCsl OTHOLIEHEM MacCOBOTO PAacXofia Cpefbl Ha I0-
Qp
PO3HOCTBD cy10s1 afjcopbenta W = TCM,

. N N 4-g
d>xs — 9KBYBAJICHTHBIN AMaMeTp (XapaKTepHBI IMHEHBI pa3Mep): dyy = E f - ynenb-

Has TIOBEPXHOCTD aficopbenTa, M%/Mm>.,
Nu-D,
Koadduument maccoornaun onpegenseM mno ypasHeHuto [9, 10] By = %.
9KB
GH,0
BfS
Haxopuwm Boicoty H cnost ancopbenta: H = n - h, n — 4ucno eguHu nepeHoca (omnpee-

BbicoTa €105 IOTIOTUTEIS, SKBUBAJIEHTHAA OJJHOI eAMHMNIIEe IepeHoC: h=

steTcs rpadUUecKy € UCHONb30BaHME IMHUY paBHOBeCHs (CM. puc. 1) u mHuM pabounx KOH-
teHTpanuii). Pa3HOCTh KOHI[EHTPALNIT OTIPeIeseT ABIDKYIIYIO CUTY HPOL[ecca.
[Tpono/mKuTeNbHOCTD Tpotiecca agcopbunn: T = 7y + k - (H — Hy).
I[Tpouecc amcopbumy MpeKpaIiaT, KOria KOHIIEHTPAIVsI MOHOB JIMTUSI Ha BBIXOJE U3
anmapara JOCTUTaeT 3apaHee 3alaHHOI BeIMYMHbI IPOCKOKA.

Vcnonb3ys nMCXOMHbIE JaHHbIE I pacyeTa, II0/Iy4aeM CIeAyIol/e Pe3yabTaThl:
k=121,5405 c/m; B,6=0,00149 % “C- g; 170=1805 ¢; H=47,3385 mM; 7=7534 c = 2 4.

B pesynbrare mponecca agcopbuym nony4daerca JIAK — nuTrmeBo-anrOMIHNEBBIT KOH-
LEHTPAT, KOTOPBI ABIAETCA VCXOMHBIM ChIPbEM JIA ITOTyYEHM YMCTOTO IUTUA VIA TIATHE-

BBIX IIPOJYKTOB.
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BriBonb1

ITpu oTcyTCTBUY paBHOBECHBIX JJAHHBIX ObITa IIOCTPOEHA M30TepMa afcopOLuu i Ch-
crems! Li* - Boga - Al(OH); ¢ ncnonpsoBannem xoadpduunenta adpdrHHOCTY, KOTOPHIN OB
OIIpefie/ieH KaK OTHOIIEeHNe afCOPOLMOHHBIX TOTEHI[MA/IOB TPV OAMHAKOBBIX 3HAYEHUAX afi-
COPOIVIOHHOTO 00BeMa aficOpOIM BYX Pa3HbIX afcopOaTOB Ha afcopOeHTe — TUAPOKCULE
QTIOMVHMSL.

[l paspaboTaHHOV HOBOV KOHCTPYKIIMY BBICOKO3(G(deKTUBHOTO afcopbepa ompene-
JIeHa paBHOBeCHasi KOHIIEHTpALMs, PACCYMTaH OCHOBHOJ ITOKa3aTe/lb Ipolecca — BpeMs afi-
copbuyu, onpezeneHbl OCHOBHbIE KOHCTPYKTVMBHbIE pa3Mephl — MiaMeTp U BBICOTA allllapaTa.
PacyeT mpousBefieH MCXOMsl U3 MPOU3BOAUTEIBHOCTY U COCTaBa MeIsATMHCKOM CKBa>KMHBI
SIpocnaBckoro permosa.
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CUHTE3 3BAMEIIEHHDbBIX 4-APVMJIOKCU®TAJIEBBIX KMICIIOT
HA OCHOBE 4-HUTPO-N-METU/IOTAJIMMUIA

B. B. Byxamuu', B. JI. Bakmarun’, A. JI. Koros?, 1. T. A6pamoB'

Bragumup Bmagumuposuyu byxammH, cTyfeHt; BadecmaB JleonmmoBuy bakmarm, acnyupaHT; AneKcaHAp
Omurpuesnd Koros, 1-p xuM. Hayk, mpodeccop; Miropp I'enHagbeBud A6paMoB, -p XUM. HayK, Ipogeccop
SIpocmaBckmit TOCYHapCTBEHHBI TEXHMYECKWUIT yHMBepcuteT, Spocmasns, Poccus, abramovig@ystu.ru,
baklaginvl@ystu.ru

*SIpocmaBcKuit TOCYfapCTBEHHBIN Ieparorndeckuit yHuBepcuter nMm. K.JI. Ymmuckoro, fpoctasms, Poccus,

kotad@mail.ru

Kniwouesvie cnosa: Annomayus. Ha ocHoée peakyuu akmueuposaHHoz0 apoma-

4-nHumpo-N-memundmanumud, aKmueupo-  Mu4ecKoz0 HyKneoPunvHo20 3ameuseHUs, npomexasuiesi mexcoy

8aHHoe apomamuieckoe HyKneoPunvHoe 3a-  4-Humpo-N-memunmanumudom u eHonamu, cooepuauumu

MeujeHue, 3amelerHole APUIOKCUPmMAnesvle  PA3NIUMHbIE 3AMECTUIMENY, NOTY4eHbl U36eCtHble U He ONUCAH-

Kucnomol, apuneHouokcupmanesvie Kuc- Hovle 8 numepamype 4-apunoxcu-N-memundmanumuoovl, 6 pe-

nomol, apunoxcu-N-memundmanumuon 3ynvmame wenouHo20 2UOPONIU3A KOMOPBIX ObiU HOMYHeHDbL
4-apunoxcugmarnesvie KUCIOMoL.

T nuTHpoBaHMA:

Byxamuu B.B., Baknarux B.JI., Kotos A.Jl., A6pamos VI.T. CrHTes 3aMeleHHBIX 4-apuIoKcu(TaneBbIX KICIOT Ha
ocHOBe 4-HuTpo-N-Metundranumupa // Om xumuu K mexHonozuu wiaz 3a wiazom. 2023. T. 4, Bpim. 2. C. 51-57.
URL: http://chemintech.ru/index.php/tor/2023-4-2

BBenenne

®ranesbiit anruapup 1 u pranuMuz 2 Ha ero OCHOBE SIB/IAIOTCS YIOOHBIMM MCXOXHBIMMI
peareHTamu pmsA nonydeHus 4-umrpodramonnrpuna (4-HOH) 3 u 4-xmop- / 4-Hutpo-
N-merundrammuga 4(a,b) coorBercrsenHo [1]. B pesynbTaTe B3aMMOpelicTBIA YKa3aHHBIX
CyOCTpaToB ¢ pa3IMYHBIMM MOHO- U 6MyHKIMOHAIBHBIMM O-HYK/IeO(MU/IbHBIMY peareHTaMu
U TIOCIeayIowieil nxX GyHKIMOHAIM3ALMY 00pa3yIOTCs IieHHbIe [l IIPAaKTUYeCKOTro IpyMeHe-
Hus 4-(apunokcu)dranessie 5(c-g) u 4,4 -(apwieHanokcu)pudraneBbie 6 KUCIOTH (B cIydae
UICTIO/Ib30BaHNA BMECTO pe30puMHa Apyrux 6ucdeHomnos) (puc 1) u AMaHIMAPUIBI HA UX OC-
HoBe [2].

He cexper, 4T0 Ha ocHOBe 4-HOH 3 mony4eHO U ONNUCAHO B INTEPAType 3HAYUTEIBHO
6osblllee KOMMYECTBO AMAPUIOBBIX 9(DUPOB — 3aMeIIEHHBIX (PTaIOHUTPUIOB, MCIOTb30BAH-
HBIX JyI ITONTy4eHVsI PTATOIVIAaHVHOB, O3 UPUMUIOB U PYTUX MaTePUaIOB MePCIIeKTUB-
HBIX JU/IsI IPUMEHEeHsI B PAa3/IMYHbIX OTPAC/IAX HayKy u TexHMkH [3-9]. Kpome Toro, ocobeHHO-
CTU IIPOTeKaHMsI yKa3aHHON SNAr peakiuy ¢ pasnudHbIMK S- 1 N-Hykaeoduaamu, IpUBOJs-
VX K [TOJTYYEHNIO I]e/IeBbIX (PTATOHUTPUIOB C XOPOIIMMY BBIXOJJaMM JOCTATOYHO ITIOAPOOHO
omucanbl B paborax [10-13].

© B. B. byxanus, B. JI. Baknarus, A. [I. Kotos, 1. I'. A6pamos, 2023
51


mailto:abramovig@ystu.ru
mailto:baklaginvl@ystu.ru
mailto:kotad@mail.ru
http://chemintech.ru/index.php/tor/2023-4-2

OT XHMHHN K TEXHOJIOTHW ITEYREZNITEA Y TOM 4, BbINYCK 2, 2023
HOOC 0 O\©iCOOH
HOOCD/ \©/ COOH
6
o] / 0 0 \
CN
- — O ~ O —, (X
X | O,N CN
(¢} (0]
4(a, b) \ 1 2 /
0] COOH
R/©/ \©iCOOH

X = NO, (a), Cl (b) Sc-9)

3

R = COOH (c), NHCOCH, (d), Br (e), OC,Hj (f), i-Pr (g)
Puc. 1. Cxema nonyuennus 4-(apunokcu)dranessix 5(c-g) u 4,4’-(apunenanoxcn)gudraneBbx KUCTIOT 6

Peaxuym ¢ yaactrem 4-uutpo-N-metvndramumupa 4a u 4-xmop- N-mMetundrammuga 4b
B JINTepaType BCTPEYaloTCs 3HAYUTENbHO pesxe [14, 15]. ITo MHeHNUIO aBTOPOB 3THX paboT, oba
yKa3aHHBIX CyOcTpaTa ABJIAOTCA XOPOUIMM CBIPbEM I IIONy4eHMS HOTYHpPOAYKTOB LA
AuaHruapuzaa P npu ycnoBuy npuMeHeHMs a3e0TPOIHOM OTTOHKY 00pasyolleiicsi B Xofie pe-
aKIVM BOABL B KayecTBe JOKa3aTe/IbCTBA B CTATbAX IPUBOJATCA BBICOKVE TEXHOIOTMYECKIe
TIIO0Ka3aTe/mu (XOPOIINIT BBIXOJ, BBICOKAsi KOHBEPCYS, BO3MOXKHOCTD 3aITyCTUTh II000YHBIE TIPO-
IYKTBI peaKL[My B PEIVK/I Ha TeHepaLIIO ICXOZHOTO PpTaIMMIaa 1 T.1.).

B macroameit paboTe 00CyXHaeTcs BO3MOXKHOCTb alIbTEPHATUBHOTO MeTOfia
HOTy4eHN pa3INYHBIX (PeHOKCHQTaNIeBbIX KIC/IOT HAa OCHOBE PeaKIUV B3aMMOJEVICTBUA
4-Hutpo-N-Metundranumusa 4a u saMeIéHHbIX PpeHosnos 6(c-h) (puc. 2).

HN oK
o + o
o o
O,N ON
10 A 11 HN__
;] =
N— K,CO,4 7%
ON DMF o
4a (0] R
KCO, T
KNO, Ar-OH N—
6(c - h) o
HNT 7(c-h) ©
o} ” HN
R 1. KOH
o} o COOH
Ho @ ° |2k
12 oK o
© © g COOH
8(c-h) OK
4a \K,CO + 14(c - g)
0 o oK oK
o R
—N ° \©\ o)
o o 0
o}
13 AN 9(c-h) HN-_

R = COOH (c), NHCOCH; (d), Br (e), OC,H; (f), i-Pr (g), CH; (h)
Puc. 2. Peakuyn c ygactueM 4-Hutpo-N-MeTnndranumuna 4a
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[Tpu mpoBepeHNM ykazaHHOI reTepodasHoit peakiuny npu 120-140 °C B cpege IM®DA B
npucyrctBun K,CO; 6e3 a3e0TpOITHOI OTTOHKM BOZIbI, 00Pa3yoIeyicst IIpy AeIpPOTOHM3AINN
(dbeHoMoB U THAPOIM3e UCXOZHOTO 4a U LeneBbIX pramumuzos 7(c-h) mia Bcex ncnonpb3oBaH-
HBIX peareHToB 6(c-h) ObIT 3adUKCHpOBaH OYeHb HM3KMII BBIXOJ, Ie/ieBbIX IPoAyKToB 7(c-h).
Xop peakuyy KoHTpormposamu MeTofioM TCX (amoeHT: renTan/stunanerar = 2,5/1). Ilpn pe-
TaJIbHOM aHa/INM3€e PeaKIMOHHOI Macchl HapARy ¢ umupgamu 4a, 7(c-h) 6sum npentnduunpo-
BaHbI pasnuyHble aMuokucnoTsl 8(c-h) n 9(c-h), a Takke psn APyrux MoOOYHBIX MIPOAYKTOB
(cM. puc. 2). DTo cormacyercs ¢ pedynbraTaMu pabotel [15], B KOTOpoit 6bIIO ITOKa3aHO, 4TO
4-autpo-N-metundrammug 4a 8 npucyrcrsun K,COs, JM®DA n napa-xpesona 6h pacxony-
eTCs 3HaYMTEIbHO OBICTpee MCIOIb3yeMoro ¢geHoma 6h 1 KpoMe 11e/1eBOro MPOyKTa MOHO3a-
MeIIleHNs] HUTPOTPyIIIbl 7h 113 peakIoHHOI Macchl ObIIV BbIIE/IeHbI COOTBETCTBYIOIIVIE M30-
MepHbIe 4-HUTpoaMuokucnoTs! 10, 11, o6pasoBaBiinecs U3 He YCIIEBIIETO BCTYIIUTh B peak-
IVII0 ICXOTHOTO 4-HUTpo-N-MeTnndTammmuya 4a.

JlaHHBIN PaKT MO>KHO OOBACHUTD OJHOBPEMEHHBIM B/IMAHNEM Ha IPOTEKaHVe PeaKInu
HECKOJIbKIX (DAKTOPOB: PeaKIVs IPOXOANT B reTepodasHbIX YCTIOBUAX, HU3Kas CKOPOCTD I, KaK
pe3y/IbTart, TONbKO YacTUYHAA NeIPOTOHM3ANNA PEeHOIOB, HAYIE PaBHOBECYA MEXY (rasmi-
MUJIOM 42 ¥ COOTBETCTBYIOUIIMM COMAMU 4-HuTpoammpokucinor 10 n 11 (cm. puc. 2) [16].
JHTepecHO TO, 4TO C yBeMMYeHNeM BpeMeH) IIPOBeeHNsI PeaKIuy 10 7-9 4 BO3pacTaeT BBIXOJ,
IPOAYKTOB peakiuy. IJTOT (aKT MOXXHO OOBACHUTD [BYMA HpUYMHAMMU. Bo-IlepBBHIX,
4-Hutpo-N-MeTundranumuz 4a HOBTOpHO 0Opasyercs u3 4-HUTpoaMugokucioT 10 u 11, conn
KOTOPBIX HEaKTVMBHBI B SyAr peakumy 3aMellleHus HUTPOTpyNnbl. Bo-BTOphIX, 06pa3oBas-
mmiics mpu fenpotonusanyy ¢penonos 6(c-h) n Henocpencrsenno npu SyAr peakuyu KHCOs
npu Temneparype 120-140 °C pasnaraercs ¢ obpazoBanmeM K,COj;, KOTOPBII CHOBA y4acTBYeT
B JlellpoTOHM3anuy ¢eHosa, IpUBOAsIell k obpasoanuio O-Hykneodwna [17-18] (puc. 3).
Kpome Toro, cpegy mpofyKTOB MOOOYHBIX peaKLNil MOTYT HAXOAUTHCS He3HAYNTE/TbHbIEe KO-
mdecTBa 4-TupoKcuaMugokucioT 12 n gudenmnokcnaos 13, o6pasoBasiecs B pe3ynbTaTe

peakuny HUTPUT-MOHA C ICXOHBIM cyOcTpaToM 4a [19].

A-OH + K,CO, =—= [Ar-OHK,CO,]

[Ar-OH-K,CO,] ——  [Ar-OK-KHCO,]

[Ar-OK-KHCO,] + Ar-NO,—— Ar-O-Ar + KNO, + KHCO,
> 120°C A

2KHCO, —— K,CO, + CO, + H,0

Puc. 3. Peakuun ¢ yqactueM kapboHaTa Kamus U ruapokapboHara Kamus [18]

OcoOeHHOCTBIO 11 TIPEVIMYILECTBOM IIpe/IaraeMOTO MeTOfIa CUHTe3a 4-apunokcudrare-
BBIX KMC/IOT 14(c-g) AB/sIeTCS BO3MOXKHOCTD IIPOBENEHMsI TUPO/IN3a BCEX BBIJIe/IEHHBIX IIPO-
IyKTOB SyAT peakiuy 6e3 JOIOTHUTETIbHON O9MCTKI. Bee Tpu 06pasoBaBIIecs COefMHEHNA —
4-apunokcudramumupel 7(c-g), u 4-apmnokcuaMuokucinors 8(c-g), 9(c-g) — npu KunssdeHnn
B BoiHOM pacTBope KOH KonmuecTBEHHO I'MAPOIM3YIOTCA O COOTBETCTBYIOINX AVKA/TNEBBIX
coreit 4-apunokcuraneBbIX KICIOT, Tocte nopgkucnenna kotropeix HCI BeigenaeTcsa Tonbko
opnHa LenteBas 4-apunokcudranesas Kucinora 14(c-g). HesnaunrtenpHble mpuMecy COeTHEHUN
4a, 10-13 Taxoke TUPONMN3YIOTCS JO COOTBETCTBYIOLINX (PTa/eBBIX KUC/IOT, HO OC/IefHNE, 00-
nafast 60JIbIIIel paCTBOPUMOCTBIO, OCTAIOTCS B UIbTpaTe.
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PaspaboTaHHbIT MeTOJ|, CMHTe3a 4-apuIoKcudTaneBbIX KUCIOT He HOAXOAUT AJIs HOy-
yeHus 4,4 -(apuaeHanokcy)reTpadraeBbIX KUCTIOT (HaIpumep, 6) — MOTYyNPOAYKTOB B CHH-
Tese 4,4’-(apwieHIMOKCY)ATaIeBbIX AHTUPUAOB. JTO OOBACHSIETCS OONBLIIMM KOMude-
CTBOM IIPOMEXXYTOUHBIX IIPOJYKTOB MOHO3aMellleHVs B 61ceHoIe, OTAEeMNThCS OT KOTOPBIX
Ha ITOC/IeAYIOMMNX CTafMAX IMAPO/N3a 1 IIOTy4eHN MOHOMEPOB MIPAKTINYECK) HEBO3MO>KHO.
[TosTomy Hambonee 3¢dpdeKTUBHBIM CIIOCOOOM MONyYeHUs pasIUyHbIX 4,4 -(apuieHnn-
oKc)anTaneBbIX KUCIOT SB/ISIETCS METOJ C MICIIOIb30BaHMeM 4-HuTpodTamoHuTpuia [6].

SKCHCPI/IMCHTa}IbHa}I qacTh

VK-cnextpsnl 3anuceiBamu Ha VIK-@yppe criekrpomerpe «PerkinElmerRX-1» ¢ mmnoin
BosHbl 700-4000 cm~! (KBr).

Cnektpsl 'H NMR perncrpuposamu va npubope «Bruker DRX-500» /1t IATUIIPOLIEHT-
HBIX pacTBOpoB 06pasnoB B JMCO-ds npu 30 °C. B xauecTBe 9TajoHa 1 OTCYeTa XMMMYe-
CKMX C[IBUTOB JICIIO/Ib30BA/IM CUTHAIbI OCTATOYHBIX IIPOTOHOB PacTBOPUTE/NA B IPOTOHHBIX
criekTpax (Ou 2.50 M.z1.) win curdan JIMCO-ds B yrnepopsbix criekTpax (8¢ 39.5 M.1.).

OneMeHTHBIe aHamM3bl BeionHeHs! Ha C, H, N-anamsarope «Hewlett-Packard HP-85B».

4-Hwurpo-N-metnndrammug 1, deHonsl 6(c-g), a TakKe Apyrue peareHTsl ¥ pacTBOPU-
Te/ KOMMEePYeCKI JOCTYITHbIE.

4-Apunokcu-N-mermwidramumuabl 7 (c-g). Cnoco6 A (o6buras meropuka). B konby,
CHaO>XEHHYIO0 MeIIaIKOl, 0OpaTHBIM XOMTOAV/IBHUKOM ¥ TepMOMeTpoM, 3arpyxamu 0.01 Mo
4-untpo-N-metundranumupa 4a, 0.01 monb dpenona 6(c-g), u 15 cm’ [IMDA. Ilocne pacTBo-
PEHUS peareHTOB NPV MHTEHCHBHOM II€PeMeIIVBAaHMM K PeaKLMOHHOI CMeCU NpUOaBysiim
(0.012 monb) K,COs (B cryqae monyuenns 6¢ — 0,022 monb). Peakmyio IpoBoavIu py TeMIre-
patype 120-140 °C B Teuenue 7-9 4. Xop peakyun KoHtponuposamy Merogom TCX. ITo okoH-
YaHUY peaKL[My COIEP>KMMOoe KOIObI OX/IaXKAaIN 1O KOMHATHOJ TeMIIepaTypbl 1 BBUIMBAIA B
100 cm® xomogHOI Bofel. BeimaBmmit ocayox (7¢-g) OTGMIbBTPOBLIBAIN, IPOMBIBA/IN BOJOI
(3x50 cm?) n cymmmm npu 70 °C. BpigeneHHBI IPOAYKT MePEKPUCTAIN30BBIBAIN U3 CMECH
nsonponanon / IM®A (1:1). LleneBbie npopyKTsI (7¢-g) mony4danu ¢ BeixogoM 14-29 % ot teo-
UM

Crnoco6 B (o6mas metopnka). CuHTe3 IpOBOAMIN aHATTOTMYHO criocoby A. ITo okonua-
HUM peaKIUV COREp>KMMOe KOMObI OXTaXK/Ia/M JO KOMHATHOJ TeMIepaTypbl U BBUIMBAIN B
nopxucnennyo HCl Boxgy (pH1). BemmaBumit ocagok oT¢MIbTPOBBIBA/IN, IIPOMBIBATIN BOJON
(3x50 cm?®) m cymmmm pu 70 °C. CMech npopykToB (7c-g, 8c-g, 9¢c-g) Momydany ¢ BBIXOLOM
78-91% OT Teopuy, CUUTASA HA UMUJ, ¥ 6€3 OUMCTKIM HAIIPAB/IS/IM Ha CTa[VIo ITUAPOTIN3a.

4-(Apunoxcu)dranesnie Kucnorsl 14(c-g) (obmas meroanka). B konby, cHabxEHHYIO Me-
IIAJIKOJT, OOPAaTHBIM XOJIOAM/IBHIKOM Y TEPMOMETPOM 3arpy>kamy 30 cM? BOZIbI, IIECTUKPATHBIN
MornbHbI 13061TOK KOH 1 ipy nepemermBanuy npuceinamu 7(c-g) wm cmecs (7-9 c-g). Iocne
2-X 9acOB KUILTYEHIS PeaKIVIOHHAs Macca TOMOTeHN3upyercs. KumadeHnne npomospkaioT 1o Tex
IO, [TOKA He IIepecTaHeT BBIIeIAThCA MeTV/IaMVH. 110 OKOHUaHMY peaKI COfiep>KIuMoe KOIObI
OXJTX/Ja/IM 10 KOMHATHOI TeMIIepaTypsl, oT¢mnbTpoBbiBamy, Gpuabrpar nogkucasum HCl no
pH 1. BermaBumit ocapok (14¢-g) oTguabTpoBbIBaM, IPOMBIBAIN BOfoil (3x50 cM?) m cymmm
npu 70 °C. Llenesble npopykTsl (14¢-g) momydanu ¢ BeIxogoM 62-70% ot Teopuin.
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7c: Benpnit mopouok. Beixop 14%, Ty = 216,5-217,2 °C. VIK (Umax, KBr): 2672-2552
(Ban. COOH), 1697-1682 (C=0), 1279 (C-O-C), 935 (med. COOH). Haitneno, %: C 64.68;
H 3.78; N 4,74. CsH;1NOs. Paccunrano, %: C 64.65; H 3.73; N 4.71. AMP 'H (400 MT,
IMCO-ds, 8, m.zi.): 2.71 (¢, 3H, N-CH;), 7.12 (m, ] = 8.2 T', 2H), 7.27 (m, J = 8.1 T'u, 1H),
7.52 (¢, 1H), 7.99 (1, ] = 8.7 Ty, 2H), 8.27 (1, J=7.5 T, 1H).

7d: Benpiit mopomok. Bexon 23%, Ty = 207,6-209,0 °C. MIK (Uma KBr): 3371 (NH),
1699 (C=0), 1224 (C-O-C). Haitneno, %: C 65.84; H 4.57; N 9.06. C,;H4N,O,. Paccunrano, %:
C 65,80; H 4.55; N 9.03. IMP 'H (400 MT'1, IMCO-ds, 8, m.11.): 2,09 (¢, 3H, CH3), 2.88 (c, 3H,
N-CH;) 7,22 (g, ] = 8.1 T, 2H), 7.29 (m, ] = 8.1 I'y, 1H), 7.50 (¢, 1H), 7,92 (1, ] = 8.7 'y, 2H),
8,35 (1, ] = 7.1 T, 1H), 10.29 (c, 1H, NH).

7e: Benbiit mopomok. Bexon 25%, Tur = 133,5-134,3 °C. VK (Uma, KBr): 1704 (C=0),
1235 (C-O-C), 1067 (C-Br). Haigeno, %: C 54.26; H 3.05; N 4,21. C;sH,,BrNOs. Paccunrano,
%: C 54.24; H 3.03; N 4.22. IMP 'H (400 MT1, IMCO-ds, §, m..): 2.88 (c, 3H, N-CH.),
7.10 (m, J = 8.2 T'u, 2H), 7.27 (@, ] = 8.15 I'u, 1H), 7.54 (¢, 1H), 7.89 (m, ] = 8.1 T'u, 2H), 8.27
(m, ] =7.4Tu, 1H).

7f: Benpiit mopouiok. Beixon 29%, Tuy = 134,3,-135,5 °C. VIK (Umax, KBr): 1700 (C=0),
1239 (C-O-C). Haitgeno, %: C 68.73; H 5.13; N 4,80. C;;H;5NO,. Paccunrano, %: C 68.68;
H 5.09; N 4.71. IMP 'H (400 MT'1, IMCO-ds, 8, M.1.): 1.91 (1, 3H, CHs), 2.89 (c, 3H, N-CHs),
3.70 (m,2H, CH,),7.12 (g, ] =8.2 T, 2H), 7.20 (¢, 1H), 7.31 (&, ] = 8.5 'y, 1H), 7.35 (1, ] = 8.3 I'y,
2H), 7.85 (1, ] = 8.13 T', 1H).

7g: Benbiit kpucraumdecknii nopomok. Beixon 28%, Ty, = 90-91 °C. VIK (Umaw KBr):
1698 (C=0), 1229 (C-O-C). Haitgeno, %: C 73.22; H 5.84; N 4,77. Ci;sH1;NOs. Paccunrano, %:
C,73.20; H, 5.80; N, 4.74. IMP 'H (400 MT'y, IMCO-ds, §, M.11.): 2.5 (1, 6H, 2CHs), 2.95 (m, 1H,
CH), 3.00 (c, 3H, N-CH;), 7.08 (m, ] = 8.0 ', 2H), 7.21 (¢, 1H), 7.27 (m, ] = 8.5 T', 1H), 7.35
(m, ] =8.3Tu, 2H), 7.83 (1, ] = 7.59 I'u, 1H).

14c: BexxeBnlit mopoiok. Beixon 66%, Ty = >300 °C. VIK (Umax, KBr): 2481 (Ban. COOH),
1713 (C=0), 1254 (C-0O-C), 942 (ged. COOH). Haripeno, %: C 60.00; H 3.39. C;5sH100;. Pac-
cunrano, % C, 59.61; H, 3.33. AMP 'H (400 MI't;, IMCO-ds, 6, m.z1.): 7.12 (m, ] = 8.7 'y, 2H),
7.21 (g, ] =8.7Tu, 1H), 7.72 (¢, 1H), 7.95 (g, ] = 8.7 I'u, 2H), 8.22 (1, ] = 8.7 ', 1H).

14d: Benwrit mopomok. Bexop 70%, Tux = >300 °C. MK (Uma, KBr): 1690 (C=0),
1554 (COO"), 1263(C-0O-C),). Haitgeno, %: C 61.59; H 4.11. C4H;;NOs. Paccunrano, % C,
61.54; H, 4.06. AMP 'H (400 MI'ty, IMCO-de, 6, m.71.): 6,72 (11, ] = 8.1 'y, 2H), 6.99 (1, ] = 8.2 'y,
1H), 7.30 (¢, 1H), 7,62 (1, ] = 8.3 T', 2H), 7,98 (1, ] = 7.2 Ty, 1H).

14e: Benpiit mopomuok. Berxon 65%, Trx = 188-190 °C. VIK (Vmax, KBr): 2474 (Ban. COOH),
1710 (C=0), 1250 (C-0O-C), 1060 (C-Br), 940 (ned. COOH). Haiineno, %: C 49.92; H 2.72.
C.14sHsBrOs. Paccumrano, %: C, 49.88; H, 2.69. AMP 'H (400 MI'u, IMCO-ds, 6, m.n.):
7.14 (g, ] =8.0 T'u, 2H), 7.25 (m, J = 8.15 'y, 1H), 7.57 (¢, 1H), 7.93 (m, ] = 8.9 I'u, 2H),
8.33 (1, J=7.1 Ty, 1H).

14f: Cgeto-6exeBblil nopomok. Bexon 67%, T = >300 °C. VIK (Uma, KBr): 2479
(Bar. COOH), 1713 (C=0), 1253 (C-O-C). Hargeno, %: C 63.90; H 4.69. CsH,,0s. Paccunrano,
C, 63.57; H, 4.67. IMP 'H (400 MTt, IMCO-ds, 8, M.1.): 1.94 (1, 3H, CH,), 3.65 (M, 2H, CH.,),
6.98 (g, ] = 8.60 I', 2H), 7.10 (¢, 1H), 7.25 (m, ] = 8.51 I'u, 1H), 7.31 (m, ] = 8.30 I'u, 2H),
7.75 (m, ] = 8.12 T, 1H).
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14g: Caet0-6exeBblll mopomok. Berxon 62%, T = >300 °C. VIK (Umaw KBr): 2470

(Ban. COOH), 1711 (C=0), 1261 (C-O-C), 941 (zed. COOH). Harizeno, %: C 68.09; H 5.42.
Ci7H160s. Paccunrano, %: C, 67.99; H, 5.37; O, 26.64. IMP 'H (400 MI't;, IMCO-ds, 6, m.7.):
2.44 (m, 6H, 2CH;), 2.90 (M, 1H, CH), 7.10 (1, ] = 7.44 Tu, 2H), 7.22 (¢, 1H), 7.31 (g, ] = 8.54 I'11,
1H), 7.44 (1, ] = 8.27 Ty, 2H), 7.89 (1, ] = 8.10 Ty, 1H).

10.

11.

12.

13.

14.

CnMcoK MCTOYHIIKOB

ITat. 2044726 Poccuiickas ®egepauysa, MIIK CO7D 209/00. Crioco6 nomydenus 4-untpo-N-meTmndramm-
mupa / J1.B. Pagbko, B.M. VBanosa, C.H. Tapanosa, M.B. [loporos, E.JI. Bynax, [I.C. bapk. Omy6:1. 27.09.1995.
Rajasekar S., Venkatesan D. Synthesis and characterization of poly(amideimides)s from 4-(p-carboxyphe-
noxy)phthalic anhydride and 4-(p-carboxybenzoyl)phthalic anhydride // Polymer. 2013. Vol. 54, no. 21.
P. 5626-5633. DOI: 10.1016/j.polymer.2013.08.037.

. IIar. 2459803 Poccuiickaa ®emepamysa, MIIK C07C 253/30, C07C 255/51, C07C 255/54. Crocob nomyde-

Hus 4,4’-(M-pennnennuokcn) pudramonurpuna / B.B. Ilnaxtunckuit, VI.I. A6pamos, B.VI. Musnbto, I'.I'. Kpa-
cosckast, O.B. Jo6poxoros. Omy61. 27.08.2012.

Botnar A.A., Domareva N.P., Kazaryan K.Y., Tikhomirova T.V., Abramova M.B. Vashurin A.S. Synthesis
and spectral properties of tetraphenoxysubstituted erbium phthalocyanines containing peripheral phenyl and
cyclohexyl fragments // Russian Chemical Bull. 2022. Vol. 71, no. 5. P. 953-961. DOI: 10.1007/sl1172-022-3496-0.
3Hoitko C.A., Emmsaposa A.IL., Kycrosa T.B., HakoHeunas A.H. Komiekcs! sp6us U IIOTELsA «COHABHU-
4eBOTO» TUIIA, COfiepoKalliyie pparMeHThbl TeTpaaHTPaXMHOHOMOP(UpPasNHa ¥ 3aMelleHHbIX (TaTOLNaHNHOB
/1 U3e. 6yso06. Xumust u xum. mexnonoeus. 2021. T. 64, Boim. 4. C. 42-51. DOI: 10.6060/ivkkt.20216404.6380.
Orlova A.M., Alentiev A.Yu., Kolesnikov T.I., Tsegelskaya A.Yu., Monakhova K.Z., Chirkov S.V,,
Nikiforov R. Yu., Abramov I.G., Kuznetsov A.A. Novel organo-soluble poly(etherimide)s based on diethyl-
toluenediamine: Synthesis, characterization and gas transport properties // Polymer. 2022. Vol. 256. P. 125258
DOI: 10.1016/].polymer.2022.125258.

Soldatova A.E., Tsegelskaya A.Yu., Semenova G.K., Bezsudnov L.V., Polinskaya M.S., Abramov I.G,,
Kuznetsov A.A. Synthesis of tetraarm stars with polyetherimide-polyether block copolymer arms // Russian
Chemical Bulletin. 2022. Vol. 71, no. 4. P. 777-786. DOI: 10.1007/s11172-022-3478-2.

Orlova A.M., Tsegelskaya A.Yu., Kolesnikov T.I., Abramov I.G., Kuznetsov A.A. Novel Polyetherimides
Based on 5-Methyl-1,3-phenylene-bis-4-oxyphthalic Acid Dianhydride: Synthesis and Physicochemical Prop-
erties // Polymer Science, Series B. 2022. Vol. 64, no. 1. P. 17-25. DOI: 10.1134/51560090422010031.

Berezin D.B., Makarov V.V., Znoyko S.A., Mayzlish V.E., Kustov A.V. Aggregation water soluble octaan-
ionicphthalocyanines behavior and their photoinactivation antimicrobial effect in vitro // Mendeleev Commu-
nications. 2020. Vol. 30, no. 5. P. 621-623. DOI: 10.1016/j.mencom.2020.09.023.

Ao6pamos IL.T., IInaxtuackuii B.B., A6pamosa M.B., CMmupnosB A.B., Kpacosckasa I'.T'. Cunres rerepundra-
NOHUTPWIOB // Xum. eemepoyuxs. coedunenuti 1999. Ne 11. C. 1537-1539.

A6pamos JLI., I'yceBa B.B., Banaryposa E.B., 3axapkus JI.JI. IlepBblit mpuMep peaxijuy HYK/IeOpUIbHOTO
3aMellleHNsI HUTPOTPYIIIBI B 4-HUTPODTAIOHVPIIE Ha KapOOPaHWIbHYIO TPYIITY IPH AelicTBuU B-iponsBog-
Horo kap6opana // XKypuan obwieit xumuu. 1999. T. 69, Boim. 10. C. 1753.

Aépamos JI.T., baknarun B.J1., Makaposa E.C., KieitkoBa [1.9. Vicnionp3oBaHme a30Tcofep Xalinx reTepo-
myxndeckux O-, u S-HyKeopUIoB B peakuax ¢ 4-HUTPOPTATOHUTPUIOM U 4-6pOM-5-HUTPODTaTOHUTPU-
nom // Om xumuu Kk mexHonoeuu waz 3a wazom. 2021. T. 2, Bwm 4. C. 43-49.
DOI: 10.52957/27821900_2021_04_43. URL: http://chemintech.ru/index.php/tor/2021-2-4

Malyasova A.S., Kostrova E.A., Abramov I.G., Maizlish V.E., Koifman O.I. Synthesis, acid-base interactions,
and photostability of copper(Il) tetrakis(3,5-di-tert-butylbenzoyloxy)phthalocyanine // Russian Chemical
Bulletin. 2021. Vol. 70, no. 12. P. 2405-2415. DOI: 10.1007/s11172-021-3360-7

Munsro B.M., Tapacos A.B., Hoxuun H.A., llnenes P.M., CBernuunbiit B.M., Opun B.E. PaspaboTka
7MabOpaTOPHOI TEXHOIOTUM CUHTe3a AMaHTuApusia P — MoHOMepa /I TePMOITACTMYHBIX O3 GUPUMIIOB

56



OT XHMHHN K TEXHOJIOTHW ITEYREZNITEA Y TOM 4, BbINYCK 2, 2023

/I Hosvle nonumeprvie KOMno3uyuoHHvle mamepuanvt. Muxumaescxue umenus: cooprux mpyoos XVI Mexc-
OyHapoOHoti HayuHo-npakmuyeckoti konpepernyuu. Hampunx: Vsg-so «Ilpuut entp», 2020. C. 292-295.

15. Munsto B.M., Hoxxuuu H.A., Tapacos A.B., Ppi6una I'.B. PaspaboTka ImpuMKIagHOTO MeTOfa CHMHTe3a
4,4 -(M-¢ennnenayokcn)-N-MeTmnpTanuMuia — DONYIPOAYKTa LA HoMydeHNs nonuadupummnos // Msee-
cmus Kabapouro-6ankapckozo eocydapcmeentozo ynusepcumema. 2023. T. XIII, Ne 1. C. 69-73.

16. Relles, HM. D.S. Johnson, B.A. Dellacoletta. Diaryl Ether Formation via Nitro Displacement with
4-Methylphenol and Potassium Carbonate on 4-Nitro-N-methylphthalimide // J. Org. Chem. 1980. Vol. 45.
P.1374-1379.

17. Joporos M.B., IBanosckmit C.A., KpacoBckas I.I'., A6pamos JVL.I. Vicrionp3oBanue rugpokapboHaTa Ka-
TMA KaK MCTOYHMKA AKTMBHOTO NI POTOHMPYIOIETO areHTa B PeaKIiy apoMaTU4IeCKOTro 3aMeIlleH1s HUTPO-
rpynmnel Hykneodunamu // Vse. sy306. Xumus u xum. mexnonoeus. 1999. T. 42, oim. 6. C. 69-71.

18. IInaxTunckuii B.B., Kaunuckuii I1.C., Muponos I'.C., Acunckuit O.A., A6pamos JI.I. 3amelenne HUTPO-
TPyIIBL B 4-HUTPOQTAIOHUTPIIE C UCIIOIb30BAHIEM CUCTEMBI (PEHOT — KapOOHAT MeTa/la B KadeCTBe HyK-
neoduna // 2KypH. opean. xumuu. 1992. T. 28, o 6. C. 1232-1235.

19. IInaxtuackmii B.B., Ycruaos B.A., Muponos I'.C. ApomaTideckoe HyKneop1IbHOe 3aMelleHIe C y9acTieM
HUTPUT-MOHA // V36. 8y306. Xumus u xum. mexnonozus. 1985. T. 28, Ne 1. C. 3-18.

ITocmynuna 6 pedaxyuio 25.05.2023
Ooobpena nocne peyenzuposarus 29.05.2023
IIpunama x onybnuxosanuio 16.06.2023

57



FROM CHEMISTRY TOWARDS TECHNOLOGY b1l g 14 VOL. 4, ISSUE 2, 2023

Scientific article
UDC 661.71:547.534.1

PRINCIPLES OF AEROBIC OXIDATION OF ETHYLBENZENE
TO HYDROPEROXIDE UNDER THE PRESENCE
OF PHTHALIMIDE CATALYSTS

E. A. Kurganova', E. I. Bayov', A. C. Frolov', V. S. Kabanova', G. N. Koshel',
A. A. Petukhov?

Ekaterina A. Kurganova, Doctor of Chemical Sciences, Professor; Egor I. Bayov, Student; Alexander S. Frolov,
Candidate of Chemical Sciences, Associate Professor; Viktoria S. Kabanova, Assistant Lecturer;
Georgiy N. Koshel, Doctor of Chemical Sciences, Professor; Aleksandr A. Petukhov, Doctor of Chemical
Sciences, Professor

'Yaroslavl State Technical University, Yaroslavl, Russia, kurganovaea@ystu.ru

*Kazan National Research Technological University, Kazan, Russia, petukhov-aa@yandex.ru

Keywords: ethylbenzene, liquid- ~ Abstract. The article describes a study of basic principles of aerobic liquid-

phase aerobic oxidation, phase oxidation of ethylbenzene to hydroperoxide. According to the research,
ethylbenzene hydroperoxide, the use of phthalimide catalysts (N-hydroxyphthalimide and its derivatives)
N-hydroxyphthalimide, can increase the oxidation rate of this hydrocarbon by 1.5-2 times compared

phthalimide catalysts, propylene  with initiators of different nature. At the same time, high selectivity of target

oxide, styrene hydroperoxide formation is still present - about 90%. The authors recommend
conditions for oxidation of ethylbenzene in the presence of phthalimide cata-
lysts based on experimental data. The results obtained can be used to improve
the technology for co-production of propylene oxide and styrene, valuable
products of the main chemical and petrochemical synthesis.
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Introduction

Propylene oxide is a valuable intermediate product for the basic organic synthesis of pol-
ymers. Thus, such major companies as LUKOIL and SIBUR Holding are interested in polymer
production expansion [1]. Propylene oxide is mainly produced by chlorohydrin method or by
epoxidation of propylene with organic peroxides or hydrogen peroxide [2]. Another interesting
process for producing propylene oxide is known, too. They use cumene hydroperoxide to trans-
fer oxygen. This process has been implemented by Sumitomo Chemical [3]. "Halcon" is a pro-
cess for production of propylene oxide and styrene, based on use of ethylbenzene hydroperox-
ide (EB HP). It is implemented abroad. Domestic implementation is provided by OAO "Nizh-
nekamskneftekhim". The ethylbenzene (EB) oxidation process conducted at the plant produces
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EB HP with a selectivity not exceeding 70-75% wt. The maximum concentration of EB HP that
can be obtained is 7-10% wt. This mode of EB oxidation produces a large number of by-prod-
ucts and is associated with significant energy consumption (water, electricity, steam, etc.).

Nowadays, there is no effective catalyst which allows us to achieve high conversion of EB
and selectivity of formation of EB HP (more than 90%). These would certainly reduce the pro-
duction cost. In this regard, search of conditions of EB oxidation process (including use of ef-
fective catalysts), which would allow us to increase EB conversion, increase reaction rate, reduce
reaction time at preservation of high indicators of its formation selectivity, is an actual task.
This paper presents the results of studies aimed at intensifying the oxidation process of EB using
N-hydroxyphthalimide (N-HPI) as a catalyst, which has proven to be an effective catalyst in
oxidation reactions [4].

Main body

Many processes aimed at production of valuable oxygen-containing compounds are based
on liquid-phase aerobic oxidation of aromatic hydrocarbons [5]. For example, oxidation of
ethylbenzene to hydroperoxide, which is then used in propylene epoxidation reaction, is the basis
of "Halcon"-process. Methylphenylcarbinol obtained in the latter reaction undergoes dehydro-
genation, thus two valuable compounds - styrene and propylene oxide - are obtained in the pro-
cess. Their production is one of the major areas of the chemical industry in Russia and abroad.

— O—OH
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CH, —2»> CH
\ cat.,t° \ / \
CH3 CH3
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CH
/ 2

CH
4 2
CH /N

H4C
OH
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CHy;  HsC

About 70 thousand tons of propylene oxide and 170 thousand tons of styrene are pro-
duced annually in Nizhnekamsk using this technology [6]. At the same time on the Russian
market there is an unsatisfied demand for propylene oxide, which is about 100 thousand tons
and is filled by foreign supplies [7]. Technology of joint production of styrene and propylene
oxide uses available and produced in a large scale ethylbenzene as a raw material. This technol-
ogy provides simultaneous production of several target products and makes it possible to obtain
styrene of higher quality compared with dehydrogenation process. Most of styrene is used for
the production of polystyrene and copolymers (butadiene styrene, isoprene styrene, etc.), which
are an important element of modern industry due to their wide applicability in various fields.
Also styrene is used for producing rubbers, latexes, and resins [6, 8]. Magnetic composites de-
rived from styrene are of great environmental importance as adsorbents for oil spills [9]. Pro-
pylene oxide is a raw material for production of many petrochemical products: polyurethanes,
glycols, cosmetics, and medical preparations. Solid polyurethane foam derived from propylene
oxide is widely used worldwide in various industries such as construction, transportation, shoes
and furniture industry [6]. About 5% of propylene oxide is used to produce methylpropazole, a
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methyl ester of propylene glycol, which is used to make non-toxic coolants, refrigerants, and
organic solvents. Also propylene oxide is used in relatively small amounts for production of
non-ionic surface-active agents, isopropanolamines, allyl alcohol, propylene carbonate, and un-
saturated polyester resins [10]. OAO "Nizhnekamskneftekhim" implements "Halcon" process
using complex catalyst produced as a result of interaction of metallic molybdenum and
ethylbenzene hydroperoxide in ethyl alcohol. However, experience in production operation has
revealed disadvantages of the catalyst, namely low content of molybdenum in solution (0.4 to
0.7% wt.), significant consumption of ethylbenzene hydroperoxide to transfer molybdenum
metal into solution, as well as instability of the catalyst [11].

Since the molybdenum catalyst has the above disadvantages, there were researches for
search another catalytic systems and initiators of ethylbenzene oxidation process performed.
In 2003 Melone et al. found that aerobic oxidation of ethylbenzene in acetic acid in the presence
of catalytic complex I.,/N-HFI leads to a quantitative yield of methylphenylcarbinol [12].
Whereas, oxidation of EB in acetonitrile in the presence of N-HPI and acetaldehyde as initiator
at 25 °C for 6 h leads to the formation of ethylbenzene hydroperoxide, acetophenone, and
methylphenylcarbinol. Depending on conditions of the process conversion of EB is from 15 to
30% [13]. Additionally, there is the heterogeneous catalytic oxidation of EB to acetophenone in
the presence of aluminosilicate-based nanocatalyst with cobalt and N-HPI adsorbed on its sur-
face [14]. This catalyst achieves 80% conversion of EB within 10 hours, but the main reaction
products are acetophenone and methylphenylcarbinol. In 2005, J.L. Fierro et al. studied the
possibility of achieving high selectivity of EB HP formation (with EB conversion up to 10%) by
oxidation of EB in the presence of barium compounds [15]. In 2009, using catalytic system
N-HPI and trace amounts of sodium hydroxide, they managed to increase the conversion of EB
to 15% with a selectivity of formation of EB HP of about 80% [16].

Therefore, it is possible to conclude that potential possibilities of intensification of pro-
cesses of EB oxidation to its HP using catalysts (including phthalimide catalysts) are actual ones.
The effective catalyst in the presence of which it would be possible to achieve high selectivity of
formation of EB HP of EB and conversion of EB at high speed of its oxidation, acceptable for
industrial realization, has not been found yet. This paper presents studies of the patterns of
different parameters influence on the EB oxidation process: temperature, structure, concentra-
tion of the catalyst, duration of the reaction, etc.

Experimental part

Study of the effect of temperature and reaction time on the oxidation of ethylbenzene under
the presence of catalyst and initiator

We studied the influence of temperature on the process of EB oxidation both under the
presence of the standard initiator IPB HP and under the presence of N-HPI at the temperature
range of 110-130 °C. As can be seen (Fig. 1, g, b) the character of kinetic curves of oxygen uptake
in the oxidation of EB in the presence of N-HPI and IPB HP are similar.

We observed an increase in the EB HP content by a factor of about 2 in both cases when
the temperature was increased from 110 to 130 °C (Table 1). For example, under the presence of
IPB HP, the IPB HP content increased from 5.7 to 10.3% wt. and under the presence of N-HPI
from 7.6 to 15.1%, while the selectivity of formation of EB HP remained approximately 90%.
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Fig. 1. Influence of temperature on the liquid-phase oxidation reaction of EB under the presence of: a - IPB HP,
b - N-HPI. Temperature, °C: 1 - 110; 2 - 120; 3 - 130; IPB HP content is 2.5% wt.; N-HPI content is 3.0% wt.

Studies under the presence of IPB HP initiator have shown that the best results are
achieved at a temperature of 130 ° C, the conversion of hydrocarbon in this case is 11.6% with
a selectivity of hydroperoxide formation of 89.0%. The conversion of EB and the selectivity of
its HP formation were 16.5% and 91.5%, respectively, in case of oxidation of EB with N-HPL
Thus, using N-HPI instead of IPB HP, an increase in the oxidation rate and conversion of EB
by 1.5-2 times is observed, while maintaining a fairly high selectivity of the process.

Table 1. Influence of temperature and reaction time on the conversion of EB and the selectivity of its HP formation
during oxidation. IPB HP content is 2.5% wt., N-HPI content is 3.0% wt.

Initiator/catalyst Tempera- | Reaction | The EB HP content in the Selectivity of for- | Conversion
ture, °C time, h oxidation products, % wt. | mation of EB HP, % EB, %

110 5.7 88.0 6.5

IPB HP 120 3 8.0 88.5 9.0

130 10.3 89.0 11.6

110 7.6 89.3 8.6

120 > 14.4 93.0 15.5

N-HPI 1 10.0 93.3 10.7

130 2 13.2 92.5 14.3

3 15.1 91.5 16.5

Based on the nature of the curves "amount of absorbed oxygen - time" (see Fig. 1), it can
be seen the more active interaction of hydrocarbon with oxygen in the initial period of time,
and, consequently, the rate of oxidation of EB over time changes, as evidenced by the results of
studies. In this case, as can be seen from Table 1, the average rate of accumulation of EB HP
decreases about 2 times from 10.0 to 5.0% wt. per hour. At the same time there is a slight de-
crease of selectivity of formation of EB HP from 93.3 to 91.5%.

Study on the effect of catalyst and/or initiator structure on the oxidation of ethylbenzene

We studied the effect of different catalysts and initiators on EB oxidation process at
120-130 °C, using IPB HP, AIBN and EB HP as initiators, N-HPI and 4-methyl-N-HPI as cata-
lysts, and investigated joint action of N-HPI with EB HP and N-HPI with AIBN (Fig. 2).
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Table 2 shows the oxidation of EB with the EB HP initiator proceeds at a slower rate com-
pared to the use of IPB HP. Indeed, there is a slight increase in the selectivity of the formation
of EB HP. The highest content of EB HP (15.1%) is formed by oxidation of EB at 130 °C in the
presence of N-HPI. Combined action of N-HPI with EB HP allows us to obtain oxidate with
15.8% HP content, however at that decrease of selectivity of formation of HP from 91.5 to 89.0%

is observed.

Table 2. Effect of different catalysts and initiators on the oxidation process of EB. Reaction time is 3 h; temperature

is 130 °C
Initiator/catalvst The EB HP content in the Selectivity of Average rate of formation
nitiator/catalys
4 oxidation products, % wt. | formation of EB HP, % of EB HP, % wt./h
IPB HP
OH
(|)/
HiC—C—CHs 10.3 89.0 3.4
AIBN
i
¢Hs N—C—C=N 10.0 90.0 3.3
N=C—C—N" Ch,
CH,
EB HP
OH
?/
HC—CH;, 8.7 90.1 2.9
N-HPI
/O
15.1 91.5 5.0
N—OH
o}
EB HP and N-HPI 15.8 89.0 5.2
AIBN and N-HPI 14.9 90.0 5.0
N-HPI* 14.4 93.0 4.8
4-methyl-N-HPT*
0
/
14.2 92.0 4.7
N—OH
HaC
o

* — temperature 120 °C
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Study on the oxidation of ethylbenzene under the presence of 4-methyl-N-hydroxy-
phthalimide

We investigated the effect of the concentration of 4-methyl-N-HPI at 120 °C for 1.5 h. By
Table 3, the increase of catalyst content from 1.7 to 3.3% wt. increases the oxidation rate of EB.
4-Methyl-N-HPI in comparison with initiator - isopropylbenzene showed higher catalytic ac-
tivity in the process of liquid-phase oxidation of EB to HP.

Table 3. Effect of temperature and concentration of 4-methyl-N-HPI on the oxidation of EB.
4-Methyl-N-HPI catalyst content is 3.3% wt.; reaction time is 1.5 h

Catalyst content, % wt. The EB HP content in the Selectivity of
Temperature, °C - .
of hydrocarbon feed oxidation products, % wt. formation of EB HP, %
110 33 9.1 91.0
1.7 11.3 90.0
120 2.5 11.9 91.5
33 13.6 92.3
130 33 15.2 89.8

We investigated liquid-phase oxidation of EB under the presence of 4-methyl-N-HPIL
When studying the effect of temperature, the authors found that increasing it from 110 to
130 °C increases the content of EB HP from 9 to 15% wt. while keeping its formation selectivity
of about 90% (Table 3, Fig. 3). We studied the effect of catalyst concentration at 120 °C because
at 130 °C a decrease of selectivity is observed, an increase of catalyst concentration from 1.7 to
3.3% wt. leads to an increase of EB HP from 11 to 13%.
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Fig. 2. Dependence of the oxidation rate of EB on the Fig. 3. Influence of temperature on the liquid-phase
structure of the catalyst and /or initiator(s). oxidation reaction of EB under the presence of
Temperature is 130 °C; content: initiators (IPB HP, 4-methyl-N-HPIL 4-methyl-N-HPI content is 3.3% wt.;
EB HP, AIBN) 2.5% wt., catalyst (N-HPI) 3.0% wt. temperature, °C: 1-110;2 - 120; 3 - 130
Initiator/catalyst: 1 - EB HP; 2 - AIBN; 3 - IPB HP;

4 - N-HPI + AIBN; 5 - N-HPI; 6 - N-HPI + EB HP.

Table 4 shows the material balance of EB oxidation under the most appropriate condi-

tions.
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3.0% wt.; reaction time is 3 h
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Molecular input output
Components .

weight, g/mol g mol g mol
EB 106 43.35 0.409 36.20 0.341

Oxygen 32 0.09 0.003 - -
N-HPI 163 1.30 0.008 1.30 0.008
EB HP 124 - - 6.76 0.055
Losses - - - 0.50 0.016
Total - 44.74 0.420 44.74 0.420

Conclusions

We studied principles of ethylbenzene oxidation under the presence of isopropylbenzene
initiator and phthalimide catalysts as well as influence of different parameters: temperature,
reaction time, concentration of catalyst/initiator. Thus, based on the studies conducted, it is
possible to recommend the following reaction conditions of EB oxidation: phthalimide catalyst
content of 3% wt. of hydrocarbon taken for oxidation, temperature is 130 °C, reaction time is
3 h. The content of formed EB HP is 15.1% wt., the selectivity of formation of EB HP is 91.5 %,
which is almost 2 times higher than the parameters of the oxidation process of EB at the Nizh-
nekamsk chemical plant. The authors realized, that the presence of N-HPI in the process of
liquid-phase oxidation of ethylbenzene allows us to increase the speed of hydrocarbon oxida-
tion at maintenance of high (over 90%) selectivity of hydroperoxide formation approximately
by 1.5-2.0 times. Consequently, application of 4-methyl-N-HPI in the ethylbenzene oxidation
reaction provides the achievement the same qualitative indices of selectivity, hydrocarbon con-
version, as in the case of application of N-HPI, with reduction of reaction time by 2 times.
We conducted a balance experiment and compiled a material balance, which is important for
the industrial implementation of this process. It allows us to monitor the material flows of raw
materials, semi-products, plan the costs of reagents, and form an idea of the cost of the final
product and the amount of waste.

Hence, the use of phthalimide catalysts increases the efficiency of ethylbenzene hydrop-
eroxide production. It can be used to improve the technology of propylene oxide and styrene
production - valuable products of basic chemical and petrochemical synthesis.
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Introduction

Nowadays, the diastereoselectivity of pyrimidines and chromanes syntheses is a relevant
issue [1, 2]. It is due to a great difference of the pharmacological activity of these structures hav-
ing stereogenic centres and also with the presence of chirality in their natural analogues [3, 4].
For example, (S)-enantiomer of monastrol has 15 times stronger anticancer activity than (R)-
monastrol [5, 6]. Most commonly, complex catalytic systems are used to produce dihydropy-
rimidines and chromanes with chiral atoms [7-9].

We have previously synthesized chromeno[4,3-d] pyrimidines based on urea and thiou-
rea [10, 11] using available acid catalysts and solvents, and determined the diastereoselectivity
of their formation [12]. However, based on the proposed reaction pathway, large differences in
the diastereomeric composition of the substituted 2-thio- and 2-oxochromeno[4,3-d]pyrim-
idines remained unclear. Therefore, the isolation and determination of the structure of noncy-
clic intermediates and their further cyclization products was important to determine the stere-
oadjoint synthesis of chromeno[4,3-d]pyrimidines.

We developed a special technique allowed us to slow down the cyclization process. There-
fore we reacted dihydropyrimidines 1a-g and resorcinol 2 at 30-40 °C, which is lower than in
analogous syntheses [10, 11]. Additionally, we added CCl, to catalytic system AcOH/MeSOsH
(Fig.1). The reaction time increased significantly to 11-18 h, which allowed more intermediates
to accumulate in the reaction mass. Extraction of the reaction mixture into water transferred all
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the presented structures into solid form, including unreacted starting components, intermedi-
ates 3 and 4, and, as a rule, two diastereomers of chromeno[4,3-d]pyrimidines 5 and 6. It is
worth noting that similar results were observed for thiourea- and urea-based chromenes but
the accumulation of predominantly intermediates proved to be difficult due to the simultaneous
occurrence of several processes during the reaction. Indeed, despite this, only one non-cyclic
diastereomer 3 was dominant and compound 4 was fixed only in trace amounts, probably due
to its better solubility in water. The purification by re-purification from weakly alkaline solution
resulted in the isolation of the dominant diastereomer 3 with low yields up to 37%, and a dia-
stereomeric purity of more than 90% according to NMR spectroscopy.

HO o 0O
H COOEt H
R
H
COOEt 3CHN NH
3ag

H,C R Ho OH cal,, “Hycoom, CH3C00H \ﬂ/
= N CH3SO3 CH3803 5a,b,c,d,e
HN NH
30-40 oc HO ~80-100 °C Cx
2 H COOEt
1a-g
3C\ H3C\
da-g 6a,b,c,d, e

1,3,4,5,6: R =CesHs, X =S (a); R = 4-Me-C¢Hy, X = S (b); R = 4-MeO-CeHs, X = S (¢); R = CeHs, X = O (d);
R = 4-Me-CsH,, X = O (e); R = 4-MeO-C¢H., X = O (f); R = 3-NO,-CeH,, X = O (g);
Fig. 1. Scheme of the cyclisation reaction of dihydropyrimidines 1a-g and resorcinol 2

We determined the structure of the 3a-g compounds by NMR spectroscopy and mass
spectrometry. The key signals in the "H NMR spectrum were the aliphatic protons of the py-
rimidine cycle in the range of 3.8-4.1 ppm with small spin-spin coupling constants (SSCC)
around 3.5-4.8 Hz and the signals of the ether group. Using the NOESY spectrum of compound
3d we recorded a low intensity cross-peak of the 5-H proton at the carboxyl group with protons
of the 4-Me group, along with the absence of 5-H cross-peaks with protons of the phenyl group.
The NOESY spectrum also showed symmetrical 6-H cross-peaks with phenyl group protons
and with the 1-NH group. This allowed us to define compound 3 as a (4R*, 55*, 6R*)-diastere-
omer, where protons of the 6-H, 4-Me group are in the equatorial position relative to the py-
rimidine cycle plane.

The use of pure (4R*,58*,6R*)-diastereomers of 3a,b,c,d,e for their cyclization into
chromeno(4,3-d]pyrimidines allowed us to determine the diastereone-directed process, as
structure 3 excludes epimerization at the defining C(4) position of the pyrimidine cycle.
The best cyclization conditions were determined previously [10, 11]. The relative changes in the
composition of the products were monitored by NMR spectroscopy. The signal of the
proton H-4 of the main diastereomer 5, which was not overlapped by other signals, was taken
as the unit. In the case of cyclization of compound 3a the diastereomeric composition of
chromanes 5a:6a changed insignificantly; before cyclization their ratio was 10:1 and after it was
10:0.7 (Fig.2). The intermediate diastereomer 3a was more than halved and the
(4R*,4aS*,10bR*)-product 5a corresponding to the configuration of intermediate 3a remained
dominant. In the case of the urea-based structures, two chromeno[4,3-d]pyrimidines 5e and 6e
diastereomers were formed from the dominant non-cyclic diastereomer 3e in a ratio of
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approximately 1:1 (Fig. 3). This result of the cyclization of 3e is probably due to its reversible
decomposition into its original components followed by the reattachment of resorcin 2 to the
double bond of dihydropyrimidine 1. This led to an equalization of the diastereomeric products
5 and 6, even if the minor diastereomer 4 was initially formed in smaller amounts. Reversible
decomposition of the 3e structure was indicated by the accumulation of the initial pyrimidine
1e in the cyclization products (the integral signal area increased by approximately 2-fold). Un-
like the products on urea, the structures with thio-fragment exhibited an insignificant change
in the initial dihydropyrimidine signal. For an alignment of the oxo-product ratio 5:6 to a 1:1
composition to occur, it should also be assumed that the minor diastereomer 4 cycles are faster
than its competitor 3.
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Fig. 2. '"H NMR spectra when cyclizing 3a to 5a Fig. 3. 'H NMR spectra when cyclizing 3e to 5e and 6e

Through a series of cyclizations we have found the important factors for the diastereona-
tion reaction of chromenopyrimidine formation. They are the ratio of diastereomeric esters
formed during the initial attachment of resorcin to dihydropyrimidine-2-thiones via the double
bond and the reversibility of this reaction. These parameters are key for determining the dia-
stereomer ratios in the final products. Thus, the thiochromenopyrimidines the diastereomer
ratio of the intermediate esters is dominant. The reversibility of the reaction in this case has no
significant influence. In the example of dihydropyrimidin-2-ones the reversibility of the reac-
tion has a greater influence on the alignment of the diastereomer ratio of the chromeno[4,3-
d]pyrimidines. Therefore, even using one ester diastereomer for cyclization a mixture of
chromeno([4,3-d]pyrimidine diastereomers in the ratio 1:1 is formed.

Experimental part

We recorded IR spectra in reflected light on a Spectrum Two PerkinElmer FT-IR spec-
trometer at 700-4000 cm™. Also we recorded the NMR spectra on a "Bruker DRX-400" instru-
ment for DMSO-d; solutions at 30 °C. As reference for the chemical shifts we used the signals of
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the residual solvent protons in "H NMR (8x = 2.50 ppm) and *C NMR (8¢ = 39.5 ppm). We used
tetramethylsilane signal (IOC RAS, Moscow) as a marker. We recorded mass spectra on a FIN-

NIGAN MAT.INCOS 50 mass spectrometer at an ionization voltage of 70 eV and a temperature
of 100-220 °C in the ionization chamber (IOC RAS, Moscow). Elemental analysis we conducted
in analytical laboratory INEOS RAS Moscow on analyzer "PerkinElmer 2400". To determine
melting and boiling points we used apparatus BiichiM-560.

We heated pyrimidinone(thione) 1a-g (1 mmol) with 1,3-benzoldiol 2 (2 mmol) in a
mixture of CCls (5 ml) and AsOH (0.5 ml) in presence of 50 ul MeSOsH (7.7%10* M) at 30-40 °C
for 11-18 hours. Then we cooled the reaction mixture and poured it into a three per cent
aqueous NaHCO:s solution (10 mL). We filtered off the precipitate and washed it with water. To
purify the reaction mixture from the initial pyrimidine, we added 1 ml of a 6% NaOH solution
to the obtained precipitate, separated the insoluble part by filtration. Then we added 1-2 ml of
a 6% HCI solution to the filtrate until the alkali was completely neutralized. After it, we filtered
the resulting precipitate, washed with water, and dried on air at room temperature.

Ethyl (4R*58*6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-6-phenyl-2-thiohexahydro-
pyrimidine-5-carboxylate (3a). Yield 58 mg (15%), m.p. 182-184 °C. NMR spectrum 'H
(400 MHz, §, ppm, J/Hz): 0.82 (mp, 3 H, COOCH.CH3, ] = 7.0), 1.46 (s, 3 H, C(4)CHs), 3.76 (qu,
2 H, COOCH,CH3,]=7.0),3.89(d, 1 H, C(5)H, J=4.2) 4.01 (d, 1 H, C(6)H, ] = 4.2), 6.26 (dd,
1 H,C(5)H,]=8.6,1.8),6.39(d, 1 H, C(3)H, ] =1.8),6.92 (d, 1 H, C(6')H, ] = 8.6), 7.06 (d, 2
H, C(2",6")H,J=8.1),7.22-7.33 (m, 3 H, C(3",4",5")H), 8.22 (br.s, 1 H, NH), 8.49 (s, 1 H, NH),
9.32 (s, 1 H,OH),9.71 (s, 1 H, OH). NMR spectrum **C (100 MHz, §, ppm.): 13.72, 23.13, 48.72,
54.34, 57.99, 59.25, 104.10, 106.14, 121.57, 126.35, 126.46, 127.66 (2 C), 128.53 (2 C), 138.14,
157.75, 168.51, 175.90, 176, 75. Found (%): C, 61.91; H, 5.71; N, 7.22. C,0H»,N,O.S. Calcu-
lated (%): C, 62.16; H, 5.74; N, 7.25.

Ethyl (4R*58*6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-6-(4-methylphenyl)-2-thio-
hexahydropyrimidine-5-carboxylate (3b). Yield 109 mg (27%), m.p. 221-223 °C. NMR spec-
trum 'H (400 MHz, §, ppm, J/Hz): 0.86 (tr, 3 H, COOCH,CHs;, ] = 7.1), 1.45 (s, 3 H, C(4)CHs),
2.24 (¢, 3 H, C(4")CHs), 3.76 (qu, 2 H, COOCH,CH;, ] = 7.1), 3.89 (d, 1 H, C(5)H, ] = 4.7),
3.97(d, 1 H, C(6)H, ] =4.7),6.22 (dd, 1 H, C(5)H, ] = 8.6, 2.2), 6.41 (d, 1 H, C(3)H, ] =2.2),
6.88 (d, 1 H, C(6')H, ] =8.6),6.93 (d, 2 H, C(2",6")H, ] = 8.3), 7.08 (d, 2 H, C(3",5")H, ] = 8.3),
8.14 (s, 1 H, NH), 8.41 (s, 1 H, NH), 10.30 (br. s, 2 H, OH). NMR spectrum "*C (100 MHz, 6,
ppm): 13.75, 20.60, 23.19, 48.77, 54.29, 58.02, 59.30, 104.10, 106.17, 121.63, 126.37 (2 C) 128.56
(2 C), 128.69, 135.09, 136.68, 148.25, 153.67, 158.42, 165.29. Found (%): C, 62.81; H, 6.01;
N, 6.96. C21H2:N,O4S. Calculated (%): C, 62.98; H, 6.04; N, 6.99.

Ethyl (4R*58*6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-6-(4-methylphenyl)-2-thio-
hexahydropyrimidine-5-carboxylate (3¢c). Yield 108 mg (26%), m.p. 180-182 °C. NMR spec-
trum 'H (500 MHz, §, ppm., J/Hz): 0.89 (mp, 3 H, COOCH,CHj3,J=7.0), 1.46 (s, 3 H, C(4)CH3),
3.71 (s, 3 H, C(4")OCHs), 3.80 (qu, 2 H, COOCH,CHs, ] = 7.0), 3.84 (d, 1 H, C(5)H, ] = 5.0),
3.96 (d, 1 H, C(6)H, ] =5.0), 6.26 (dd, 1 H, C(5)H, ] = 8.5, 2.4),6.39 (d, 1 H, C(3)H, ] = 2.4),
6.84 (d, 2 H, C(2",6")H, J = 8.3), 6.93 (d, 1 H, C(6)H, J = 8.5), 7.08 (d, 2 H, C(3",5")H, J = 8.3),
8.13 (s, 1 H, NH), 8.41 (s, 1 H, NH), 9.33 (s, 1 H, OH), 9.72 (s, 1 H, OH). NMR spectrum "C
(126 MHz, 6, ppm.): 13.71, 48.74, 53.73, 54.99, 59.20, 104.01, 106.05, 113.34, 121.53, 127.55,
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128.57, 129.83, 153.58, 157.65, 158.59, 168.63, 176.48. Found (%): C, 50.27; H, 5.78; N, 6.69.
C.1H24N,OsS. Calculated (%): C, 60.56; H, 5.81; N, 6.73.

Ethyl (4R*,58*,6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-2-oxo0-6-phenylhexahydropy-
rimidine-5-carboxylate (3d). Yield 136 mg (37%), m.p. 248-250 °C. IR spectrum, v/cm™:
3442 (OH), 3298, 3214 (NH), 1726 (COOEt), 1650 (NH-C=0), 1596, 1518 (C=C), 1223,
1184 (C-O). NMR spectrum 'H (400 MHz, §, ppm., J/Hz): 0.82 (tr, 3 H, COOCH.CHj, ] = 7.1),
1.41 (s, 3 H, C(4)CHs), 3.76 (qu, 2 H, COOCH,CHs, ] = 7.1), 3.85 (d, 1 H, C(5)H, J = 3.9),
4.04 (d, 1 H, C(6)H, ] = 3.9), 6.26 (dd, 1 H, C(5)H, ] = 8.6, 2.2), 6.38 (d, 1 H, C(3)H, J = 2.2),
6.60 (br.s., 1 H, NH), 6.79 (br. s., 1 H, NH), 7.06 (d, 1 H, C(6)H, ] = 8.6), 7.09 (d, 2 H, C(2",6")H,
J=78),7.21 (tr, 1 H, C(4")H, ] = 7.8), 7.29 (tr, 2 H, C(3",5")H, ] = 7.8), 9.26 (br. 5., 1 H, OH),
9.62 (br. s., 1 H, OH). NMR spectrum "*C (100 MHz, §, ppm.): 13.81, 24.10, 49.96, 53.83, 56.84,
58.98, 104.00, 106.06, 122.69, 126.39 (2 C), 127.28, 127.97 (2 C), 128.51, 139.57, 153.87, 156.02,
157.56, 168.92. Found (%): 64.67; H, 5.97; N, 7.53. C,0H»N,Os. Calculated (%): C, 64.85; H, 5.99;
N, 7.56.

Ethyl (4R*,558%,6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-6-(4-methylphenyl)-2-
oxohexahydropyrimidine-5-carboxylate (3e). Yield 62 mg (16%), m.p. 216-218 °C. IR spec-
trum, v/cm™: 3500, 3401 (OH), 3206 (NH), 1724 (COOQOEt), 1644 (NH-C=0), 1600, 1511 (C=C),
1191, 1181 (C-O). NMR spectrum 'H (400 MHz, §, ppm., J/Hz): 0.86 (tr, 3 H, COOCH,CH;,
J=7.0), 1.41 (s, 3 H, C(4)CHs), 2.24 (s, 3 H, C(4")CHs), 3.76 (qu, 2 H, COOCH,CHj;, ] = 7.0),
3.82(d, 1 H, C(5)H, ] =3.7),4.00 (d, 1 H, C(6)H, ] = 3.7), 6.26 (dd, 1 H, C(5')H, ] = 7.8, 2.4),
6.37(d,1H,C(3)H,J=2.4),6.48 (br.s., 1 H,NH), 6.73 (br.s., 1 H,NH), 6.97 (d, 2 H, C(2",6")H,
J=7.8),7.02-7.11 (m, 3 H, C(6,3",5")H), 9.23 (br. s., 1 H, OH), 9.59 (s, 1 H, OH). NMR spec-
trum “C (100 MHz, §, ppm.): 13.81, 20.57, 24.10, 49.97, 53.57, 56.85, 59.00, 103.98, 106.03,
106.17,126.28 (2 C), 128.50 (2 C), 129.63, 136.36, 136.51, 153.83, 156.01, 157.53, 169.00. Found
(%): C, 65.47; H, 6.26; N, 7.25. C51H24N>Os. Calculated (%): C, 65.61; H, 6.29; N, 7.29.

Ethyl (4R*,58*,6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-6-(4-methoxyphenyl)-2-
oxohexahydropyrimidine-5-carboxylate (3f). Yield 70 mg (17%), m.p. 181-183 °C. NMR spec-
trum 'H (400 MHz, §, ppm., J/Hz): 0.87 (tr, 3 H, COOCH,CHs;, ] = 7.1), 1.39 (s, 3 H, C(4)CHs),
3.70 (s, 3 H, C(4")CHs), 3.79 - 3.81 (m, 3 H, COOCH,CHs;, C(5)H), 3.97 (d, 1 H, C(6)H, ] = 4.5),
6.25(dd, 1 H, C(5)H, J=8.5,2.0),6.36 (d, 1 H, C(3")H, ] =2.0), 6.43 (s, 1 H, NH), 6.68 (s, 1 H,
NH), 6.83 (d, 2 H, C(2",6")H, ] = 8.5), 6.97 (d, 2 H, C(3",5")H, ] = 8.5), 7.04 (d, 2 H, C(6)H,
J=8.4),9.25 (s, 1 H, OH), 9.60 (s, 1 H, OH). NMR spectrum "*C (100 MHz, §, ppm.): 13.86,
24.11,50.07, 53.25, 55.06, 56.80, 58.99, 103.99, 106.01, 113.39 (2 C), 122.75, 127.50, 128.47 (2 C),
131.41, 153.83, 155.93, 157.51, 158.53, 169.06. Found (%): C, 62.73; H, 6.01; N, 6.97. C51H24N>Os.
Calculated (%): C, 62.99; H, 6.04; N, 7.00.

Ethyl (4R*,558*,6R*)-4-(2,4-dihydroxyphenyl)-4-methyl-6-(3-nitrophenyl)-2-oxohex-
ahydropyrimidine-5-carboxylate (3g). Yield 35 mg (8%), m.p. 195-197 °C. IR spectrum,
v/cm™: 3378, 3316 (OH), 3245 (NH), 1710 (COOEt), 1649 (NH-C=0), 1605, (C=C), 1525,
1348 (NO>), 1225, 1181 (C-O). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 0.79 (tr, 3 H,
COOCH.CHs, ] = 7.0), 1.41 (s, 3 H, C(4)CH3), 3.75 (qu, 2 H, COOCH,CHs, ] = 7.0), 3.92 (d,
1H,C(5)H,J=34),4.18 (d, 1 H, C(6)H, J = 3.4), 6.26 (dd, 1 H, C(5)H, ] = 8.4, 1.8), 6.39 (d,
1 H, C(3)H, J=1.8), 6.86 (br.s., 1 H, NH), 8.90 (br/s., 1 H, NH), 7.05 (d, 1 H, C(6')H, ] = 8.4),
7.52(d, 1 H, C(6”)H, ] = 7.8), 7.59 (tr, 1 H, C(5")H, J = 7.8), 8.01 (s, 1 H, C(2”)H), 8.11 (d, 1 H,
C(4")H,]J=7.8),9.21 (br.s., 1 H, OH), 9.73 (br. s., 1 H, OH). NMR spectrum "“*C (100 MHz, 9,
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ppm.): 13.69, 24.15, 49.75, 53.20, 56.85, 59.31, 104.09, 106.15, 121.20, 122.20, 122.38, 128.35,
129.68, 133.52, 142.08, 147.46, 153.92, 155.78, 157.66, 168.69. Found (%): C, 57.61; H, 5.07; N,
10.08. C20H21N307. Calculated (%) C, 5783, H, 510, N, 10.12.

10.

11.

12.

Thus, we cyclized compounds 3 according to the corresponding procedures [10, 11].
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Introduction

During the production of medicines, the substance is subjected to various influences,
which may result in decomposition processes or other adverse reactions. Substance and finished
pharmaceuticals may contain impurities - breakdown products and processing impurities [1].
The Russia State Pharmacopoeia requires all pharmaceutical substances be subjected to testing
for 'Related substances' in order to identify the impurities. All the identifiable and non-identi-
fiable impurities should be identified. There are limits to their content. If deviations from the
prescribed limits are found, an investigation into the deviations is required during quality con-
trol of the pharmaceutical product. This procedure is an integral part of the pharmaceutical
quality system.

The release of pharmaceuticals and substances within the requirements of Federal Law
No. 61-FZ of 12 April 2010 "On Circulation of Medicines" implies no other impurities except
as naturally occurring in the regular manufacturing process. There also should not be any im-
purities introduced accidentally, e.g. due to poor cleaning of the processing equipment, the so-
called foreign impurities [1, 2].
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High-performance liquid chromatography (HPLC) is a method to analyse the presence
of any impurities in a pharmaceutical product or substance [3, 4].

The main body

The active pharmaceutical ingredient (API) of a hypolipidemic drug was chosen as the
object of study. When testing the investigational pharmaceutical substance for "Related sub-
stances”, we detected the deviations from the values given in the regulatory documentation.
According to the existing procedures in a pharmaceutical company, two challenges should be
considered:

1) Determine whether impurities are identifiable or non-identifiable ones.

2) Identify the reason for such deviations.

To solve the first problem, it is necessary to determine which impurities will be related to
the test API. The subject belongs to the group of statins. Statins are a group of pharmaceuticals
with the primary mechanism of action being the inhibition of 3-hydroxy-3-methylglutaryl-CoA
reductase (HMG-CoA), an enzyme involved in cholesterol synthesis (mainly in the liver).
By inhibiting a key step in sterol biosynthesis, statins are the main medicines reducing choles-
terol levels and preventing cardiovascular events (5).

The mechanism of action of the medicine under study is determined by inhibition of
HMG-CoA reductase, an enzyme limiting the cholesterol (cholesterol) synthesis stage, which
reduces the production of mevalonic acid from HMG-CoA. Inhibition of HMG-CoA reductase
leads to an increase of low density lipoprotein (LDL) receptors on hepatocyte membranes, stim-
ulation of LDL catabolism, and a decrease of high-sensitivity C-reactive protein. In addition to
its hypolipidemic action, rosuvastatin has pleiotropic properties, including inhibition of platelet
aggregation, anticoagulant effect, reduction of inflammation in atherosclerotic plaque, and im-
provement of endothelial function [6].

An analysis of the references [6] shows the following related substances are characteristic
of the PI under study:

7-[4-(4-fluorophenyl)-6-isopropyl-2-[N-methyl(N-methylsulfonyl)amino] pyrimidine-
5-y1]-(3R,5R)-3,5-dihydroxy-(E)-hept-6-enoic acid or anti-isomer (3R,5R). This substance is a
processing impurity.

7-[4-(4-fluorophenyl)-6-isopropyl-2-[N-methyl(N-methylsulfonyl)amino] pyrimidine-
5-yl]-3R-dihydroxy-5-oxo-(E)-hept-6-enoic acid or 5-keto acid impurity is a degradation im-
purity.

6-[(E)-2-[4-(4- fluorophenyl)-6-isopropyl-2-[N-methyl(N-methylsulfonyl)amino]piri-
midin-5-yl]-vinyl]-4-hydroxytetrahydro-2H-piran-2-one or lactone is a processing impurity.

The impurity detection tests are conducted by high-performance liquid chromatography.
Solutions for each series are prepared for analysis: a solution to check the system suitability and
a solution to identify the peaks obtained in the chromatograms.

Two unidentified impurities were detected in the test solution of the first series. The re-
tention time (RT) of the first one is 35 minutes, it is 0.40% mass. The retention time of the
second one is 40 minutes, it is 0.37% mass. Tests of the second series revealed similar unidenti-
fied impurities: the RT of 35 minutes is 0.42% mass., with an RT of 40 minutes it is 0.40% mass.
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The normative documents stipulate the presence of unidentified impurity should not be more
than 0.2% mass. Thus, the tests for "Related substances” revealed extraneous peaks which were
not present in the tests of similar series before. Their appearance in the test results is an excep-
tion and should be investigated according to an appropriate procedure. The occurrence of un-
identified impurities in the chromatograms is shown in Fig. 1, 2.
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Fig. 1. Chromatogram of test solution in series 1
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Fig. 2.Chromatogram of test solution in series 2

We conducted the system suitability test [7] as an additional study. The chromatogram
for checking the suitability of the system is shown in Fig. 3; the chromatogram of the solution
for identifying impurities is shown in Fig. 4. There are no peaks on the chromatograms found
on the chromatograms of the test series. Therefore, they are not systematic.
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Fig. 3. Chromatogram system suitability test
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Fig. 4. Chromatogram of the solution for the impurities identification

The analysis shows the peaks obtained are not a product of the API decomposition. It can
be assumed the impurities occur during sample preparation.

A few hypotheses have been put forward for the appearance of unidentifiable impurities
as a result of contamination at the sample preparation stage:

1) Contamination occurs at the filtration stage.

2) The sampling dishes (pipettes) were insufficiently cleaned.

3) During the tests solvent contamination occurred.

To verify the hypotheses put forward, the quality control department conducted an in-
vestigation.

To test the first hypothesis, the initial solutions were re-filtered through a filter that was
used for all tested solutions. Final solutions are also re-prepared. These peaks did not appear on
the chromatograms of the re-prepared solutions, which confirm the purity of the initial test
solutions. Contamination probably occurred during the preparation of final solutions.

To test the second hypothesis, we conducted an analysis of the sampling utensils. The
pipettes used were different for the different dosages of the test substance. Accordingly, if one
pipette had been used, the contamination would have been of the same series. Consequently,
the effect of pipettes has not been confirmed.

The third hypothesis is probably the using of contaminated solvent. Assumed the solvent
poured into the plastic measuring cup to prepare the test solution might have been contami-
nated. The chromatograms of the blank, the standard solutions, and the re-filtered test solutions
show no peaks related to unidentified impurities. It confirms the purity of the original solvent.
It also confirms the purity of the original test solutions and the contamination of the final solu-
tions during the preparation process. When interviewing the personnel, it was found out dif-
ferent cups were used to add the solvent into the initial and final test solutions. It is noticed the
measuring cup is signed with a marker which does not wash off very well. Since the solvent
includes methanol and acetonitrile, the marker may have dissolved well. The marker could have
entered the solution by pooling at the spout of the cup when the solvent hit the outer walls,
which often happens when solvent is added to the flask. To confirm this assumption, the solvent
with which the marker was washed off the cup was stabbed. In a dishwasher with a measuring
flask holder, cups fall off the holders and remain unwashed. Thus, as a result of the laboratory
investigation on the indicator "Related substances" of the API, personnel error in the
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preparation of test solutions has been identified. According to the Pharmaceutical Quality Sys-
tem it is necessary to re-train the personnel on the procedure for preparation of test solutions.

Conclusions

Thus, we detected abnormalities of unidentifiable impurities during an API investigation
of a pharmaceutical product with a hypolipidemic effect. Three hypotheses were put forward
and tested in the course of the investigation.

The most probable explanation is a poorly washed plastic cup in which solvent was
poured. These particular cups were then used to prepare the test solutions.

Thus, the identified deviation during the tests according to the indicator "Related sub-
stances" is the personnel error during the preparation of the test solution. To prevent this devi-
ation, it is necessary to re-train the laboratory personnel to perform this procedure.
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Introduction

Nowadays modern art industry has a trend to replacing volatile organic solvents with wa-
ter ones due to their high toxicity and fire and explosion hazards. Water-soluble paints are pref-
erable, easy to use and, moreover, almost odourless.

Furthermore, the production of non-toxic, water-based paints which can contact with
human skin is relevant. It is especially important in terms of the intensively developing cosmet-
ics industry and creative activities involving the human contact with paints.

Human skin dye consists of pigments combined with an aqueous phase medium. The
pigment particles are solid and insoluble in water. The most common substances used for the
aqueous phase are purified distilled water, glycerin, alcohol, or gamma mellifera extract [1-4].
The main requirement for them is the safety of their application.

Main body

Therefore, the purpose of this study is to develop a method and formulation for the pro-
duction of an aqueous phase for artistic paints which are safe for human skin.

We chose the following non-toxic substances for our research: glycerine (GOST 6259-75),
propylene glycol (TU 2422-069-05766801-97), isopropyl alcohol (IPA) (GOST 9805-84),

© Yu. A. Voronina, Yu. A. Krylova, A. E. Tereshko, 2023
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polyethylene glycol PEG-400 (TU 2483-167-057587-2000), polyacrylic acid FLOGEL 700 was
used as a thickening agent.

We mixed the components of the aqueous phase (distilled water, isopropyl alcohol, glyc-
erine, propylene glycol, PEG-400) in the calculated ratios. We added FLOGEL 700 to the aque-
ous phase by dispersing it in the aqueous phase using a 250 cm® Homoge (Poland) laboratory
dissolver with a 40 mm diameter disk stirrer with a maximum speed of 230 s for 1 minute.

We calculated the solubility parameters of a mixture of water, isopropanol, glycerol and
propylene glycol in relation to PEG-400 to obtain the aqueous phase formulation. As follows
from references [2-7], the PEG-400 content in such materials should be within 10-12%. Thus,
we calculated the formulation based on the solubility values for the aqueous phase (Table 1).

Table 1. Water phase component ratio. Recipe 1

Component Mass content, mass %
Water 8.82
Glycerine 6.17
Propylene glycol 20.27
Isopropanol 52.89
PEG-400 11.85

We conducted rheological studies (Fig. 1) for the aqueous phase obtained from the for-
mulation of Table 1. The pH of such a system is 6.015, which should ensure compatibility with
pigments and human skin.
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Fig. 1. Dependence of shear stress on shear rate for Fig. 2. Dependence of viscosity on shear rate for the
the aqueous phase aqueous phase

The graphs in Figures 1 and 2 show an increase of viscosity and shear stress with shear
rate for the resulting aqueous phase, indicating a dilotant nature of the flow. The thixotropic
nature of the flow is more preferable for the artwork associated with the application of paint to
human skin. We therefore considered the possibility of introducing a thickening agent into the
aqueous phase.

A polyacrylic polymer is suitable as a thickening agent for water-disperse paints for
human skin applications. We have selected the powdered polyacrylic thickening agent
BIFLOGEL 700. It disperses rapidly and can be used in aqueous or non-aqueous systems. The
maximum viscosity of FLOGEL 700 aqueous emulsion is reached at pH 5-11 [8], which allows
obtaining transparent solutions with low foam formation. It is not biologically active, so it is
compatible with all components and is not toxic.

We studied the rheological properties of FLOGEL 700 water emulsions of various con-
centrations in order to determine the optimum concentration of the emulsion (Fig. 3).
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Fig. 3. Dependence of rheology of FLOGEL 700 aqueous emulsions on concentration: a - is dependence of shear
stress on shear rate; b - is dependence of viscosity on shear rate

The presented concentration dependencies of rheological properties of FLOGEL 700
emulsions show the insignificant increasing of viscosity due to introducing FLOGEL 700 into a
system up to 0.5 mass %. However, already at 1% of its content, the shear stress increases by
almost 6 times. Moreover, a water emulsion containing 1% of FLOGEL 700 has a thixotropic
flow character. For further studies we have selected aqueous solutions of FLOGEL 700 with a
concentration of 0.5% and 1%, respectively.

Therefore, we added FLOGEL 700 solution with different concentrations to the aqueous
phase instead of distilled water. The ratio of components with high water content in the system
based on solubility parameters, rheological characteristics, and previously obtained results [9]
was chosen for further studies. Additionally, the aqueous phase formulation discussed above,
the aqueous phase component ratios were also selected (Table 2).

Table 2. Water phase component ratio

Mass content, %

Components Recipe 2 Recipe 3 Recipe 4 Recipe 5
0,5% FLOGEL 700 | 1% FLOGEL 700 | 0,5% FLOGEL 700 | 1% FLOGEL 700
Flogel aqueous emulsion 8.82 20.83
Glycerine 6.17 6.26
Propylene glycol 20.27 20.83
Isopropanol 52.89 41.49
PEG-400 11.85 10.59

The maximum viscosity and hence the operating pH values for its aqueous solutions are
in the slightly alkaline range as follows from the FLOGEL 700 data sheet [3]. Therefore, we
studied the rheological properties of the aqueous phase containing FLOGEL 700 emulsion of
different concentrations as a function of pH (Fig. 4-7).
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Fig. 4. Dependence of rheological characteristics of the aqueous phase for formulation 2 (0.5% FLOGEL 700)

on pH: a - dependence of shear stress on shear rate; b - dependence of viscosity on shear rate
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According to the data of Fig. 4-7, after FLOGEL 700 is added into the system, the initial
6.015 pH of the aqueous phase becomes more acidic (pH=4.852). As the pH of the system in-
creases, FLOGEL 700 is neutralized, and the conformation of its molecules changes: macromol-
ecules change from collapsed conformation to linear, which contributes to an increase in
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viscosity. The viscosity of all formulations peaks at a pH of approximately 6 and begins to de-

crease again as the pH is raised further.

Conclusions

Thus, the highest viscosity value can be achieved for recipe 3 at a pH value of 6.013.

Recipes 3 and 4 with a higher content of FLOGEL 700 water emulsion have lower viscosity

values. Consequently, for further research and the production of pigmented, non-toxic water-

dispersion paints, it is advisable to use recipe 3 (with 1 mass % of FLOGEL 700) and set the pH

value of this aqueous phase to approximately 6.

S e
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Abstract. Increasing interest in the use of medicinal plants or their mixtures
(herbal teas) in the prevention and treatment of diseases requires confirmation of
the safety of the plants used. The reason is the heavy metals they contain can enter
the human body together with the useful substances. The purpose of this paper is
to determine the content of some heavy metals in medicinal plants produced by
AltaiVita, Barnaul, Russia; KIMA, Barnaul, Russia, and PharmaCvet, Moscow,
Russia by inversion voltammetry. The content of heavy metals we determined in
10 samples of medicinal plants from producer "AltaiVita". We preliminarily de-
termined the moisture content of the examined raw material. The Cd content was
0.16-0.50 pg/kg, Pb - 0.33-0.85 ug/kg, Zn - 0.010-0.043 pug/kg, Cu - 10.1-55.9 mg/kg,
that does not exceed maximum allowable content by standards of State Pharma-
copoeia for medical plants and SanPiN 2.3.2.1078-01 for dietary supplements
("dried tea"). According to the standard content in plants (normal, average and
toxic content of copper) exceeded in almost all samples (except for Cinquefoil
white). We compared the content of heavy metals in samples of medicinal plants
from AltaiVita, KIMA, and PharmaCvet. The content of Cd, Pb, Zn in KIMA
and PharmaCvet samples was an order of magnitude or higher than the content
of these metals in AltaiVita samples; the content of Cu in AltaiVita samples was
comparable or 2 times lower than in KIMA and PharmaCbvet ones.

Leites, E.A. & Merenkova, M.E. (2023) Inversion-voltamperometric determination of heavy metals in medicinal
plant samples, From Chemistry Towards Technology Step-By-Step, 4(2), pp. 82-89 [online]. Available at: http://che-
mintech.ru/index.php/tor/2023-4-2

Introduction

Many types of medicinal plants are used as analgesics, antipyretics, anti-inflammatory

agents. Worldwide, herbal teas are used as prevention of a number of diseases, as tea is one of

the most common drinks consumed by humans [1]. At the same time, along with useful sub-

stances, heavy metals contained in plants can enter the human body [2].

The relevance of the study is due to the increasing interest in the use of medicinal plants

or their mixtures (herbal teas) in the prevention and treatment of diseases.
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The purpose of the study is to determine the content of some heavy metals in medicinal
plants from the producers of "AltaiVita" by inversion voltammetry.

We chose 10 samples of medicinal plants from the manufacturer "AltaiVita"“, Barnaul,
Russia. In order to compare the content of heavy metals in the samples of medicinal plants, we
tested 3 samples of the producer "PharmaCvet", Moscow, Russia and 2 samples of the producer
"KIMA", Barnaul, Russia.

It is known the formation of the chemical composition of plants occurs under the simul-
taneous influence of a large number of environmental factors, but soil composition plays a par-
ticularly important role. For example, according to the Altai Federal Scientific Center of Agro-
biotechnology, the soil cover on the territory of Altai Krai is composed of more than thirty types
of soil [3]. Depending on the source of pollution there are noticeable differences in the distri-
bution profile of heavy metals in the soil [4]. Regardless of the source of heavy metal pollution
in an area, an increase in their levels in the soil almost always leads to an increase in the con-
centration of toxic ones in plants. [5-7]. Anthropogenic impact affects not only medicinal
plants, but also humans who use infusions derived from these plants [8, 9].

Zinc is accumulated in the most vitamin-rich parts of plants [10]. In the absence or defi-
ciency of zinc, the biosynthesis of vitamins and growth agents, auxins, is impaired. In large
quantities, zinc can be a carcinogen; it belongs to the first class of danger along with arsenic,
beryllium, cadmium, mercury, selenium and lead [9].

Copper is involved in regulating the water balance of plants, has high biochemical prop-
erties, accumulates effectively, forming complex compounds [11], but, like zinc, can be toxic.
Copper belongs to the second class of hazard. Natural levels of lead in plants from uncontami-
nated areas range from 0.1-10.0 mg/kg dry weight with an average concentration of 2 mg/kg.
Excess lead suppresses respiration, photosynthesis and reduces the intake of zinc, calcium,
phosphorus and sulphur [12].

The normal content of cadmium in plants is 0.05-0.2 mg/kg air-dry weight. Cadmium is
not an essential element for plant life, but the metal is actively absorbed by plants. As a chemical
analogue of zinc, cadmium can replace it in the enzymatic system required for glucose phos-
pholysis and the accompanying process of carbohydrate formation and decomposition [13].

Morphological variation caused by heavy metals can appear as flower polymorphism
caused by lead, zinc or molybdenum, disruption and changes in leaf pigmentation caused by
zing, copper, etc. [14].

Plants capable of accumulating large amounts of heavy metals in their above-ground or-
gans, many times exceeding their concentrations in the soil, are called accumulator plants [15].
They have formed mechanisms of resistance to heavy metals in the process of evolution. The
presence of indicator plants, in which the amount of metal in the plant increases with the in-
crease in the concentration of the element in the soil, can be used to indicate an increase in the
content of certain elements in their nutrient environment [16-18]. The modification of some
plants, including agricultural waste, with various substances [19], e.g. linseed fibre with L-argi-
nine [20], allows the development of biosorbents for the treatment of heavy metals.

83



.X&ROM CHEMISTRY TOWARDS TECHNOLOGY E1I3: e8] 133 VOL. 4, ISSUE 2, 2023

To determine the concentration of heavy metals in medicinal plants, physico-chemical
methods of analysis (inversion voltammetry; atomic absorption spectroscopy; mass spectrom-
etry) are used [21]. In this study we used the method of inversion voltammetry which is char-
acterized by high sensitivity and expressiveness [22, 23].

Main body

We measured on a TA-Lab voltammetric analyser complete with IBM compatible com-
puter. We used a mercury-film electrode, a silver chloride electrode, a reference electrode, and
an auxiliary electrode as an indicator electrode. For sample decomposition we used a program-
mable dual-chamber PDP-Lab oven.

As objects of the study we chose 10 samples of medicinal plants of the manufacturer
"AltaiVita" Barnaul: chamomile (lat. Flores Chamomilla officinalis), thyme (lat. Thymus serpyl-
lum), spearmint (lat. Mentha piperita), milfoil (lat. Achillea millefolium), marjoram (lat. Origa-
num vulgare L.), chinquefoil (lat. Empetrum nigrum L.), marsh cinquefoil (lat. Comarum palus-
tre), white cinquefoil (lat. Potentilla alba), Willow-herb (lat. Chamaenerion), Saint-Mary-thistle
(lat. Silybum marianum L.).

In order to compare the content of heavy metals in samples of medicinal plants, 3 samples
of producer "PharmaCvet", Moscow were tested: Willow-herb (lat. Chamaenerion), thyme (lat.
Thymus serpyllum), chamomile (lat. Flores Chamomilla officinalis) and 2 samples of producer
"KIMA", Barnaul: marjoram (lat. Origanum vulgare L.), peppermint (lat. Mentha piperita).

The samples were stored dried in paper packages, each species stored separately from the
other. Each package had the date and the information about the place of collection. The shelf
life of flowers, leaves, roots, rhizomes, and bark is 2-3 years, fruits and berries — 3-4 years [13].
After opening, the samples were stored in a glass container with a tightly closed lid. All the
samples of medicinal plants above had a current shelf life. Before the determination of heavy
metals (copper, zinc, lead, and cadmium), the moisture content of the plant material was deter-
mined.

Determining moisture

The moisture determination method is based on the determination of the loss in weight
due to hygroscopic moisture and volatile substances when drying raw materials to an absolutely
dry state [24].

We preground a sample of dried plant material in a mortar and placed it in a pre-dried
blotter to constant weight. Drying of 1 g of medicinal plant material was conducted in open
beakers in a desiccator at 105 °C until weight constancy [25].

The moisture content (X) of the raw material in per cent is calculated according to the

formula:
X= (ml—mz)IOO/n’b,

where m, is the weight of the sample bag before drying, g; m, is the weight of the sample bag
after drying, g; ms is the weight of the sample before drying, g.
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Tables 1-3 show the results of moisture determination in medicinal plants samples from

different manufacturers.

Table 1. Results of moisture determination in medicinal plants samples produced by "AltaiVita"

Sample No. Sample name Weight .(pre—drying Weight (Weight after Moisture, %
weight), g drying), g
1 Marjoram 1.0041 0.9518 5.21
2 Spearmint 1.0039 0.9357 6.85
3 Thyme 1.0002 0.9428 5.20
4 Chamonmile 1.0015 0.9552 5.35
5 Willow-herb 1.0087 0.9360 5.59
6 Crowberry 0.9982 0.9532 451
7 Saint-Mary-thistle 1.0031 0.9636 3.94
8 Marsh cinquefoil 1.0027 0.9562 4.64
9 Cinquefoil white 1.0091 0.9459 6.26
10 Milfoil 1.0031 0.9410 5.74

Table 1 shows that the moisture content corresponds to the norm, with Saint-Mary-thistle

having the lowest moisture content at 3.94% and Peppermint having the highest one at 6.85%.

Table 2. Moisture determination in 2 samples of medicinal plants from the manufacturer "KIMA" Moscow

Weight -dryi Weight (weight aft
Sample No. Sample name c8 rr.l(pre g =6 (Yvelg aner Moisture, %
weight), g drying), g
1 Marjoram 0.9826 0.9167 6.71
2 Spearmint 1.0311 0.9477 8.09

Table 3. Moisture determination in 3 samples of medicinal plants from the manufacturer "PharmaCvet" Barnaul

Sample No. Sample name Weight .(p re-drying | Weight ('weight after Moisture, %
weight), g drying), g
1 Thyme 1.0459 0.9742 6.95
Chamomile 1.0840 1.0180 6.09
Willow-herb 1.0234 0.9552 6.66

Tables 2, 3 show the normal moisture content.

When comparing the samples of medicinal plants from different manufacturers pre-
sented in Table 2 and 3, we determined the moisture content of samples of thyme, chamomile,
and willow-herb from manufacturer "PharmaCvet" and samples of marjoram and peppermint
from manufacturer "KIMA" are slightly higher than that of the same samples from manufac-
turer "AltaiVita".

We performed the sample preparation for heavy metal determination as follows. We put
pre-cut and weighed on analytical scales 1.000 g of medicinal plants into clean quartz beakers
with a capacity of (20-25) cm’. Then we treated it with concentrated nitric acid (1-2) cm?, evap-
orated on an electric stove at 130 °C to one third of the original volume, avoiding splashing. We
added 1.0 cm® of concentrated nitric acid and 0.5 cm® of 30% hydrogen peroxide solution drop-
wise to each beaker and evaporated to dryness, gradually raising the temperature from 150 °C
to 350 °C, until no more fumes were emitted. We then ashed the samples in an oven at 450 °C
for 20 minutes. The operation of adding concentrated nitric acid with hydrogen peroxide and
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incubation was repeated until homogeneous white, grey or reddish ashes (without black carbon
inclusions) were obtained [23].

We dissolved the resulting precipitate in 1.00 cm® of concentrated formic acid, topped up
with bi-distilled water to 10.0 cm® and transferred to penicillin vials.

To ensure the purity of the reagents used, a "blank sample" was prepared, similar to the
sample preparation of the analysed object, but containing no analytical sample.

Determination of heavy metals (cadmium, lead, copper, and zinc) by inverse voltammetry

We analysed according to MU 31-04/04 "Determination of zinc, cadmium and copper in
foodstuffs" [26]. In our study we used basic solutions containing 100.0 mg/dm? of cadmium,
lead, copper and zinc prepared from state standard samples with certified concentrations of
elements of 1.00 mg/cm’ (1000 mg/dm?).

Due to the significant differences in the content of the metals to be determined, the sam-
ples were analysed from a single solution according to the following scheme: Cd and Pb con-
centrations were determined first, followed by Cu concentrations and then Zn concentrations.

In each beaker we added an aliquot of the sample with a volume of (0.5-1.0) cm?® We set
the preparation time to 30 s, sample parameter values are following: sample type - solid with
mineralisation; dimension - mg/kg; sample mass 1 g; mineralisation volume - volume obtained
after dissolving ash 10 cm?; aliquot volume - (0.5-1.0 cm?).

We recorded the voltammetry of samples and samples with the addition of a certified
mixture. The analysis of the "blank sample" is conducted in the same way.

The results of the heavy metal content of the medicinal plant samples including the con-
version to dry matter are shown in Tables 4 and 5.

Table 4. Content of heavy metals in samples of medicinal plants from producer "AltaiVita"

Sample Sample name Cd Pb Cu Zn
No. mkg/kg mkg/kg mg/kg mkg/kg
1 Marjoram 0.16+0.02 0.85%0.05 21.7+0.8 0.017%0.006
2 Spearmint 0.29+0.02 0.33+0.02 22.7+0.9 0.027+0.005
3 Thyme 0.16+0.03 0.43+0.03 37.9+2.7 0.027+0.003
4 Chamonmile 0.34+0.02 0.38+0.02 20.4+0.5 0.020+0.005
5 Willow-herb 0.65+0.04 0.45+0.03 18.2+0.8 0.034+0.002
6 Crowberry 0.38+0.06 0.57+0.03 26.2+1.1 0.012+0.002
7 Saint-Mary-thistle 0.19+0.02 0.58+0.05 56+7 0.011+0.003
8 Marsh cinquefoil 0.29+0.03 0.76+0.03 5745 0.043+0.003
9 Cinquefoil white 0.27+0.03 0.68+0.02 10.1+0.5 0.038+0.002
10 Milfoil 0.50+0.02 0.81+0.06 3913 0.010+0.003
Dried teas, mg/kg 1.0 6.0 - -
4 State Pharmacopoeia
‘g . 1.0 6.0 - -
3 3rd edition, mg/kg
S Normal, mg/kg 0-0.5 2-14 6-15 25-250
Toxic, mg/kg >100 - >20 >400

The results above show Cd content was 0.16-0.50 ug/kg, Pb was 0.33-0.85 pg/kg, Zn was
0.010-0.043 pg/kg, and Cu was 10.1-55.9 mg/kg. The highest cadmium content was 0.65 ug/kg
in a sample of willow-herb, while the lowest was 0.16 pg/kg in marjoram. The highest lead
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content was in the marjoram sample 0.85 pg/kg, and the lowest was in the peppermint sample
0.33 pg/kg. The copper content is the highest in the marsh cinquefoil sample at 55.9 pg/kg, and
is the lowest in the white cinquefoil sample at 10.1 pug/kg. The zinc content is higher in the marsh
cinquefoil sample at 0.043 pug/kg, while the milfoil sample is 0.010 pg/kg.

Table 5. Comparative content of heavy metals in samples of medicinal plants from different producers

Sample Sample name Produser cd Pb cu Zn
u
No. P mkg/kg mkg/kg mg/kg mkg/kg
. KIMA 3.44+0.02 5.59+0.05 23.5+0.7 0.43+0.04
1 Marjoram - —
AltaiVita 0.16+0.02 0.85+0.05 21.7+0.8 0.017+0.006
. KIMA 3.15+0.02 3.15+0.03 35.3+2.3 0.17+0.03
2 Spearmint —
AltaiVita 0.29+0.02 0.33+0.02 22.7+0.9 0.027+0.005
3 Th PharmaCvet 5.96+0.04 22.3+0.02 40.1+1.5 0.12+0.03
me
Y "AltaiVita" 0.16+0.03 0.43+0.03 37.9+2.7 0.027+0.003
. PharmaCvet 3.47+0.03 3.01+0.02 57%5 0.10+0.02
4 Chamomile ———
AltaiVita 0.34+0.02 0.38+0.02 20.4+0.5 0.020+0.005
. PharmaCvet 13.4+0.2 7.47+0.06 3247 0.65+0.05
5 Willow-herb ————
AltaiVita 0.65+0.04 0.45+0.03 18.2+0.79 0.034+0.002
Dried teas,
1.0 6.0 - -
mg/kg
State Pharma-
Rationi copoeia 3rd edi- 1.0 6.0 - -
ationing tion, mg/kg
Normal, mg/kg 0-0.5 2-14 6-15 25-250
Toxic, mg/kg >100 - >20 >400

The comparative analysis shows that the content of the heavy metals Cd, Pb, Zn is lower
in the samples of producer "AltaiVita" than in the samples of producers "PharmaCvet" and
"KIMA", and the content of Cu is comparable or 2 times lower.

The significant difference in cadmium content was observed for samples of marjoram and
peppermint from producer "KIMA", 21.5 and 10.9 times, respectively; zinc 25.3 and 6.3 times;
lead 6.6 and 9.5 times and copper 1.1 and 1.6 times, respectively. In samples of thyme, chamo-
mile and willow-herb from producers "AltaiVita" and "PharmaCvet" was observed a significant
increase of cadmium concentrations by 37.2; 9.3; 20.6 times; lead by 37.3; 7.9; 20.6 times; copper
by 1.1; 2.8; 1.8; zinc by 4.4; 5; 19 times, respectively.

The highest content of Cd = 13.4 pg/kg, Zn = 0.65 pg/kg was found in willow-herb (pro-
ducer PharmaCvet) and Pb = 22.3 pg/kg in thyme (producer PharmaCvet).

The content of Cd, Pb, Zn does not exceed the maximum allowable content according to
the norms of the State Pharmacopoeia and SanPiN 11-63 RB 98.

The Cu content of medicinal plants exceeds the maximum allowable metal content ac-
cording to the state pharmacopoeia.

Sample No. 9 ("AltaiVita") - cinquefoil white is in the normal Cu content interval and
does not exceed the toxic concentration.

Sample No. 5 ("AltaiVita") - willow-herb exceeds the interval of normal Cu content, but
does not exceed the toxic concentration.
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The other samples exceeded the content of heavy metals, which is due to the possible
unfavourable territorial location of the medicinal plant collection site, near highways and in-
dustrial areas, leading to an excessive accumulation of heavy metals.

Conclusions

The content of heavy metals was determined in 10 samples of medicinal plants from pro-
ducer "AltaiVita". The content of Cd was 0.16-0.50 ug/kg, Pb was 0.33-0.85 ug/kg, Zn was
0.010-0.043 pg/kg, Cu was 10.1-55.9 mg/kg, which does not exceed the maximum allowable
content according to the standards of State Pharmacopeia for medicinal plants [27] and SanPiN
2.3.2.1078-01 for dietary supplements (dry teas) [28]. According to plant standards (normal,
average and toxic) [29], copper content was exceeded in almost all samples (except cinquefoil
white).

We compared the content of heavy metals in samples of medicinal plants from producer
"AltaiVita" with samples from producers "KIMA" and "PharmaCvet". The content of Cd, Pb, Zn
in "KIMA" and "PharmaCvet" samples was an order of magnitude or higher than the content of
these metals in "AltaiVita" samples; the content of Cu in "AltaiVita" samples was comparable or
2 times lower than in "KIMA" and "PharmaCvet" ones.
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Introduction

The specific physical and chemical properties of lithium have led to its wide application
in the automotive industry for the production of batteries, ferrous and non-ferrous metallurgy
for deoxidizing and changing the physical and chemical properties of alloys, and nuclear and
nuclear power generation for the production of tritium, etc. According to expert forecasts, the
global consumption of lithium will increase to 200000 t/year by 2025 [1].

The main sources of lithium extraction are the complex rare-metal granite pegmatite de-
posits and the surface and inter-grain rapa of salt deposits and lakes. Today, lithium is usually
extracted from the ground by the process requiring large quantities of water or from salt water
dried in large salt evaporation pools [2].

There is a need to develop methods for extracting lithium from hydromineral raw mate-
rials due to the rapid growth of the lithium economy and the current lack of extraction of lith-
ium compounds in the Russian Federation.
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Main body

The production of lithium from geothermal waters is highly promising nowadays. Mean-
while, 78% of natural lithium reserves are concentrated in geothermal waters [1].
These reserves, due to their characteristic physical and chemical properties, are widely used in
various industries in Russia and abroad, including the strategic ones.

ZAO "ECOSTAR NAUTECH", Novosibirsk, Russia has developed technology and equip-
ment allow ones to receive lithium after desorption it from sorbent a solution of lithium chlo-
ride with impurities Mg, Ca, and perform processing on demanded compounds of lithium:
chloride, hydroxide, carbonate, bromide, fluoride, etc. It essentially reduces cost price of com-
modity products due to complex use of the specified raw materials with extraction of bromine,
magnesium, calcium, and other valuable components [3].

Geothermal waters mined on the territory of Yaroslavl region have a low thermal energy
potential and are currently used as an anti-icing agent. The analysis of Mediaginskaya well com-
position shows the presence of valuable chemical elements and compounds and, as a result, the
task of thermal waters complex processing is relevant one. Based on the mass fraction and well
capacity, promising chemical compounds with respect to possible industrial processing are so-
dium, calcium, magnesium, potassium chlorides, potassium bromide, potassium iodide, reac-
tive bromine, and iodine.

The most valuable compound in the geothermal waters of the Medjaginskaya well is lith-
ium chloride.

Adsorption using alumina-containing materials (including active aluminium hydroxide)
as sorbents is an effective way to extract lithium from aqueous solutions. The phenomenon of
adsorption is related to the existence of attraction forces between the molecules of the adsorbent
and the molecules of the absorbed substance. A complex consideration of the equilibrium reg-
ularities makes it possible to identify the optimum conditions for the process.

Adsorption in a fixed adsorbent layer is a continuous process, and the concentration of
the absorbed substance varies in time and space. We assume that a
liquid of quantity G passing through a layer of height dH changes D an

its concentration by dY (Fig. 1).
The liquid releases the absorbed component (a.c.) over the -
time: dt: —GdYdr.
Over time d7 the concentration in the extracted element will I dH
increase by: dX: S,,dHp,dX.
The combined solution of these equations gives the
material balance equation for the periodic adsorption process:
—GdYdr = S,,dHp,dX.
The latter equation is used to determine the change in the
relative mass concentration of the absorbed component in the lig- '
uid phase dY. G
Depending on the speed of the liquid mixture, the shape of  Fig. 1. On deriving a material
the adsorption isotherm, the size, shape and packing of the adsor- ~ balance equation for a peri-

bent grains, the adsorbent concentration as well as other odic adsorption process
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conditions of the process in the fixed adsorbent bed, the external mass transfer rate (character-
ized by the value f3,v) or the internal mass transfer rate .y may have a decisive influence on the
overall adsorption rate. The influence of the external and internal diffusion resistances on the
K,v value is very often comparable, with their relative influence varying along the length of the
mass transfer zone.

The adsorption of lithium by active aluminium hydroxide has been studied for a long
time. Indeed, the researches results do not coincide and in some cases they contradict each
other.

The concentration of LiCl in the geothermal water extracted from the Medjaginskaya well
is 0.059 kg/m’®. The capacity of this well is 5 m*/h of water. For more efficient extraction of
lithium ions from geothermal water it is necessary to increase the concentration of LiCl by
7-10 times. After preliminary removal of part of the solvent (water) in the evaporator we in-
crease the concentration to 0.5 g/l [4-6]. This requires evaporation of 4.41 m*/h of water. The
flow rate of concentrated geothermal water through the adsorber will then be 0.59 m*/h.

The following stages were identified in the development of the technology for processing
geothermal water extracted in the Yaroslavl region: obtaining the concentrate by evaporating
part of the solvent, adsorption of lithium ions by active aluminium hydroxide, obtaining other
valuable products using the spinning, roasting and drying processes.

Figure 2 shows a technological scheme for obtaining different types of products from ge-
othermal water [2].

~ Evaporation 1 Adsorption of lithium ions
 (production of geothermal | —r—a

water concentrate)
. Lithium-aluminium concentrate

& (LAC)

Preparation of other

1

t

1

1

1

1

; mineral salts !
| (pressing, roasting, drying) I
| 1
1

1

I

1

I

~ Extraction |
{
I Precipitation
Implementation ~~ ~————— (LLCOY
o
N PR a

Fig. 2. Technological scheme for geothermal water processing

To increase the efficiency of adsorption process, a new design of adsorber for extraction
of lithium ions from geothermal water was developed at the Department of Chemical Technol-
ogy of Organic Substances at Yaroslavl State Technical University, Yaroslavl, Russia (Fig. 3) [7].
The apparatus of the proposed design can be used for capturing valuable and harmful sub-
stances or ions from liquid homogeneous systems in petrochemical, chemical, machine build-
ing, paint, varnish, and other industries.
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Adsorption takes place on a fixed layer of granular adsorbent with active aluminium hy-
droxide, which is located as a "stationary” layer inside the apparatus. Due to the large surface
area per unit volume of the adsorbent, this method of lithium ion extraction is effective.

Fig. 3. High efficiency adsorber with cascade shock-jet nozzle: 1 - housing; 2 - door for saturated adsorbent dis-
charge; 3 - outlet pipe for liquid discharge; 4 - bottom lattice; 5 - top lattice made as a truncated cone; 6 - top pipe;
7 - hermetic shutter 8 - geothermal water inlet pipe; 9 - cascade shock-jet nozzle

The homogeneous liquid flows through nozzle 8 into the cascade jet spray nozzle 9, which
has a large number of holes for the liquid to escape. By passing through these nozzles, the liquid
separates into droplets to form a polydisperse plume and is evenly distributed throughout the
volume of the adsorbent. The extracted component is absorbed by the adsorbent and the pro-
cessed liquid flows through the bottom grid 4. Then it flows out through the outlet nozzle 3. To
prevent the processed liquid from escaping through nozzle 6, a sealed shutter 7 is installed on
it. Once the adsorbent is saturated with the extracted (target) component, it is discharged
through door 2 and enters for further processing (desorption).

The technical result of the proposed design is to solve the challenges associated with in-
creasing the degree of the target component absorption by reducing stagnant zones in the ap-
paratus. This is achieved by installing a cascade shock-jet nozzle in the adsorber at the top of
the liquid spraying device.

Based on theoretical and experimental data from the previous researches, we calculated
the developed adsorption apparatus [5]. Adsorber dimensions are: height Hy, = 200 mm,
D =150 mm. The adsorbent is aluminium hydroxide.

An adsorption isotherm for the system Li* - water - AI(OH)s, the equilibrium concentra-
tion dependence of the extracted component on the adsorbed substance concentration in the
mixture at constant temperature was constructed according to the researches [9] and is shown
in Fig. 3.
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Fig. 3. The equilibrium concentration dependence of the extracted component on the adsorbed substance concen-
tration in the mixture at constant temperature (adsorption isotherm for the system Li* - water - AI(OH)s)

The concentration of the substance to be adsorbed in the mixture depends on pressure
and temperature. It is decreasing as the temperature increases and increasing as the pressure
increases. The main characteristic of an adsorbent activity, which is measured by the weight of
the substance absorbed as a percentage of the absorbent weight or volume.

We calculated the adsorption time for the developed vertical adsorber.

Mass flow rate of water is: Gy,o = p * Vi, 0,

According to the adsorption isotherm (see Fig. 1) at Y, =0.0005 kg/kg the equilibrium
concentration of LiCl in aluminium hydroxide is X =0.00096 kg (LiCl)/kg (adsorbent).
We take the saturation concentration in the initial cross section of the layer as
X, =10.98-X" = 0.00094 kg (LiCl)/kg (adsorbent).

The duration of saturation of a 1 m high adsorbent layer is calculated according to the

equation:
I = S pu- Xy
Gu,o0' 11
The saturation time of the initial cross-section of the layer (s) is:
0

B f0 vi-vy
. . . cils . . k k
where f,.. is a volumetric mass transfer coefficient of lithium ions in water, m—% ‘S k—i.
To determine the mass transfer coefficient of lithium ions in water, the molecular diffu-
sion coefficient of the adsorbent in the liquid at the process temperature (lithium ions in water)

is calculated using the equation [9]:

1-107° 1 1
r = " 3 5 P _|_ —,
ABIL (V413 +v51/3) My, Mg

where A and B are correction factors: for water B=4.7; for lithium A=1;
Va, Vi - specific molar volumes of components, cm?*/mol
M; Mg are the molar masses for water and for lithium respectively.
The molecular diffusion coefficient is used to characterize the transport of lithium ions in water.
The direct calculation of the mass transfer coefficient for lithium ions in water is con-
ducted in accordance with the criterion equation (for turbulent mode of motion - Re>10000):
Nu, = 0.53 - Re®>*. pro2,

where Pr is the Prantle (diffusion) criterion: Pr = Dl;

T
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i e . w-d
Re is the Reynolds criterion: Re = " ckv,
sm
W is the mass flow rate: determined by the ratio of the mass flow rate of the medium to

the porosity of the adsorbent layer W = —Q'pg sm,

. . . 1 . . 4e . .
dei, is the equivalent diameter (characteristic linear dimension): d gy, = 78, fis the specific

surface area of the adsorbent, m?/m?>.

. . . . . . Nu,-D;
The mass transfer coefficient is determined using equation [9,10] B _, = :—D.
ekv
G
The height of the absorber layer equivalent to one unit of transfer is: h= ﬁH—fZ(S)

We calculate the height H of the adsorbent layer: H = n - h, n is the number of transfer
units (determined graphically using the equilibrium line (Fig. 1) and the working concentration
line). The concentration difference determines the driving force of the process.

The duration of the adsorption processis: T = 1y + k - (H — Hy).

The adsorption process is stopped when the concentration of lithium ions at the appa-
ratus outlet reaches a predetermined overshoot value.

Using the initial data for the calculation, we get the following results:

k =121,5405 s/m; f,,.=0,00149; 70=1805 s; H=47,3385 m; 7=7534 s)~ 2 h.

The adsorption process produces a lithium-aluminium concentrate (LAC), which is the
raw material for the production of pure lithium or lithium products.

Conclusions

Hence, we constructed an adsorption isotherm for the system Li* - water - AI(OH)s in the
absence of equilibrium data using the affinity coefficient . This coefficient was defined as the
ratio of adsorption potentials at equal values of adsorption volume for two different adsorbates
on the adsorbent - aluminium hydroxide. Also we developed new design of high-efficiency
adsorber, determined the equilibrium concentration, calculated the main indicator of the pro-
cess - adsorption time, as well as the main design dimensions - diameter and height of the unit.
The calculation was made on the basis of capacity and composition of Medyaginskaya well,
Yaroslavl region, Russia.
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Introduction

Phthalic anhydride 1 and phthalimide 2 based on it are convenient starting reagents for
the production of 4-nitrophthalonitrile (4-NPN) 3 and 4-chloro- / 4-nitro-N-methyl-
phthalimide 4 (a, b), respectively [1]. As a result of these substrates interaction with various
mono- and bifunctional O-nucleophilic reagents and their subsequent functionalization,
4-(aryloxy) valuable for practical use are formedphthalic 5(c-g) and 4,4’-(arylenedioxy)diph-
thalic 6 acids (if other bisphenols are used instead of resorcinol) (Fig. 1), and dianhydrides based
on them [2].

Indeed, based on 4-nitrophthalonitriles there were obtained a lot of diaryl esters - substi-
tuted phthalonitriles for producing phthalocyanines, polyethyrimides, and other materials
promising for use in various branches of science and technology [3-9]. In addition, the features
of this reaction course SyAr with various S- and N-nucleophiles leading to the production of
desired phthalonitriles with good yields are described in details in [10-13].

Reactions involving 4-nitro-N-methylphthalimide 4a and 4-chloro-N-methyl-
phthalimide 4b are much less common in the literature [14, 15]. According to the authors of
these works, both substrates are good raw materials for preparing intermediates for dianhydride
P, under the condition of azeotropic water distillation formed during the reaction. On the

© V. V. Bukhalin, V. L. Baklagin, A. D. Kotov, I. G. Abramov, 2023
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evidence papers, high process parameters (good yield, high conversion, ability to run reaction
by-products in the recycle to generate the initial phthalimide, etc.) are given as proof.

HOOC

: : 0. : ,o\©:coon4
HooC

COOH

6
0 / 0 0 \
CN
ok ot —
X ON CN
0 o) 0
4(a, b) \ 1 2 /
O\@COOH
R i

COOH

3

X = NO, (a), Cl (b) S(c-9)
R = COOH (c), NHCOCH, (d), Br (e), OC,H; (f), i-Pr (q)

Fig. 1. The scheme of obtaining 4-(aryloxy)phthalic 5(c-g) and 4,4’-(arylenedioxy)diphthalic acids 6

In this paper, the possibility of an alternative method for obtaining various phenoxy-

pthalic acids based on the reaction of interaction of 4-nitro- N-methylphthalimide 4a and sub-
stituted phenols 6(c-h) is discussed (Fig. 2).
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Fig. 2. Reactions involving 4-nitro-N-methylphthalimide 4a
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When conducting this heterophase reaction at 120-140 °C in a DMFA in the presence of
K>,COs without azeotropic distillation of water formed during deprotonization of phenols and
hydrolysis of the initial 4a and desired phthalimides 7(c-h), a very low yield of desired reaction
products 7(c-h) was observed for all used reagents 6(c-h). The reaction path was controlled by
TLC (eluent: heptane/ethyl acetate = 2.5/1). Detailed analysis of the reaction mass showed a
number of by-products (see Fig. 2), imides 4a, 7(c-h), and various amide acids 8(c-h) and
9(c-h), It correlates with the results of work [15], which shows more significant utilizing of
4-nitro-N-methylphthalimide 4a in the presence of K,COs, DMPA and para-cresol 6h than the
phenol 6h used. Additionally, the desired product of monosubstituting the nitro group 7h, the
corresponding isomeric 4-nitroamide acids 10 were isolated from the reaction mass, 11, formed
from the initial unreacted 4-nitro-N-methylphthalimide 4a.

It can be explained by the simultaneous influence of several factors on the reaction: the
reaction takes place under heterophase conditions, low speed and, as a result, only partial
deprotonation of phenols, the presence of equilibrium between phthalimide 4a, and the corre-
sponding salts of 4-nitroamide acids 10 and 11 (see Fig. 2) [16]. Characteristically, the yield of
the reaction products increases as the reaction time increases to 7-9 hours. It can be explained
as follows: Firstly, 4-nitro-N-methylphthalimide 4a is reformed from 4-nitroamide acids 10
and 11. Their salts are inactive in the SyAr substitution reaction of the nitro group. Secondly,
formed during the deprotonation of phenols 6 (c-h) and directly during the SyAr reaction of
KHCO:; at a temperature of 120-140 °C decomposes to form K,COs, which again participates in
the deprotonation of phenol, leading to the formation of an O-nucleophile [17-18] (Fig. 3).
However, among the products of side reactions, there may be insignificant amounts
of 4-hydroxyamide acids 12 and diphenyl oxides 13 formed as a result of the nitrite ion reaction
with the initial substrate 4a [19].

Ar-OH + K,CO, === [Ar-OH-K,CO,]
[Ar-OH-K,CO,] ——>  [Ar-OK-KHCO,]
[Ar-OK-KHCO,] + Ar'-NO,— Ar-O-Ar' + KNO, + KHCO,

> 120°C A
2 KHCO, ——= K,CO, + CO, + H,0

Fig. 3. Reactions involving potassium carbonate and potassium bicarbonate [18]

The feature and advantage of the proposed method for the synthesis of 4-aryloxyphthalic
acids 14(c-g) represents the possibility to perform hydrolysis of all the isolated products of the
SvAr reaction without the additional purification. All three formed compounds - 4-arylox-
ypthalimides 7(c-g), and 4-aryloxyamide acids 8(c-g), 9(c-g) - are quantitatively hydrolyzed to
the corresponding dikali salts of 4-aryloxypthalic acids when boiled in an aqueous KOH solu-
tion, after acidification of which HCl is released only one desired 4-aryloxypthalic acid 14(c-g).
The insignificant impurities of compounds 4a, 10-13 are also hydrolyzed to the corresponding
phthalic acids. But they have greater solubility, therefore remain in the filtrate.

The developed method of synthesis of 4-aryloxypthalic acids is not suitable for obtaining
4,4’-(arylenedioxy)tetraphthalic acids (for example, 6) — intermediates in the synthesis of
4,4’-(arylenedioxy)diphthalic anhydrides. It is due to the large number of monosubstituting in-
termediates in bisphenol. Indeed, it is almost impossible to separate the monosubstituting
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intermediates at the subsequent stages of hydrolysis and monomer production. Therefore, the
most effective way to obtain various 4,4’-(arylenedioxy)diphthalic acids is the method using
4-nitrophthalonitrile [6].

Experimental Part

IR spectra were recorded on a PerkinElmer RX-1 IR Fourier spectrometer with a wave-
length of 700-4000 cm™* (KBr).

'"H NMR spectra were recorded on the Bruker DRX-500 for five percent solutions of sam-
ples in DMSO-ds at 30 °C. The signals of residual solvent protons in proton spectra
(8u 2.50 ppm) or the DMSO-ds signal in carbon spectra (8¢ 39.5 ppm) were used as a reference
for counting chemical shifts.

Elemental analyses were performed on the C, H, N analyzer "Hewlett-Packard HP-85B".

4-Nitro-N-methylphthalimide 1, phenols 6(c-g), as well as other reagents and solvents are
commercially available ones.

4-Aryloxy-N-methylphthalimides 7 (c-g). Method A (general technique). 0.01 mol of
4-nitro-N-methylphthalimide 4a, 0.01 mol of phenol 6(c-g), and 15 cm® DMFA were loaded
into a flask equipped with a stirrer, a reverse refrigerator, and a thermometer. After dissolving
the reagents under intensive stirring, (0.012 mol) K,CO; was added to the reaction mixture
(in the case of obtaining 6¢ — 0.022 mol). The reaction was conducted at a temperature of
120-140 °C for 7-9 hours. The reaction path was controlled by TLC. At the end of the reaction,
the content of the flask was cooled to room temperature and poured into 100 cm’ of cold water.
The precipitate (7c-g) was filtered, washed with water (3x50 cm?) and dried at 70 °C. The iso-
lated product was recrystallized from a mixture of isopropanol / DMFA (1:1). The desired re-
action products (7c-g) were obtained with a yield of 14-29% of the theoretical one.

Method B (general technique). The synthesis was conducted similarly to method A.
At the end of the reaction the content of the flask was cooled down to room temperature and
poured into acidified HCI water (pH1). The precipitate was filtered, washed with water
(3 x50 cm?®) and dried at 70 °C. A mixture of products (7c-g, 8¢c-g, 9c-g) was obtained with a
yield of 78-91% of the theory, counting on imide, and without purification subjected to the
hydrolysis.

4-(Aryloxy)phthalic acids 14(c-g) (general procedure). 30 cm® of water, a senary molar
excess of KOH was loaded into a flask equipped with a stirrer, a reverse refrigerator and a ther-
mometer, and 7 (¢c-g) or a mixture (7-9 c-g) was sprinkled with stirring. After 2 hours of boiling,
the reaction mass is homogenized. Boiling is continued until no methylamine is released. After
the reaction was finished, the content of the flask was cooled down to room temperature, fil-
tered off and the filtrate was acidified with HCI to pH 1. The precipitate (14c-g) was filtered,
washed with water (3 x50 cm?®) and dried at 70 °C. The desired reaction products (14c-g) were
obtained with a yield of 62-70% of the theoretical one.

7c: White powder. Yield - 14%, m.p. = 216.5-217.2 °C. IR (Vmax, KBr): 2672-2552
(val. COOH), 1697-1682 (C=0), 1279 (C-O-C), 935 (def. COOH). Found, %: C 64.68; H 3.78;
N 4.74. CisHiiNOs. Calculated, %: C 64.65; H 3.73; N 4.71. NMR' H (400 MHz, DMSO-ds,
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8, ppm): 2.71 (s, 3H, N-CH ), 7.12 (d, ] = 8.2 Hz, 2H), 7.27 (d, ] = 8.1 Hz, 1H), 7.52 (s, 1H),
7.99 (d, ] = 8.7 Hz, 2H), 8.27 (d, J=7.5 Hz, 1H).

7d: White powder. Yield - 23%, m.p. = 207.6-209.0 °C. IR (Uma, KBr): 3371 (NH),
1699 (C=0), 1224 (C-O-C). Found, %: C 65.84; H 4.57; N 9.06. C;7H14N,O.. Calculated, %:
C 65.80; H 4.55; N 9.03. NMR! H (400 MHz, DMSO-de, 8, ppm): 2.09 (s, 3H, CH 5), 2.88 (s, 3H,
N-CH 3) 7.22 (d, ] = 8.1 Hz, 2H), 7.29 (d, ] = 8.1 Hz, 1H), 7.50 (s, 1H), 7.92 (d, ] = 8.7 Hz, 2H),
8.35 (d, ] = 7.1 Hz, 1H), 10.29 (s, 1H, NH).

7d: White powder. Yield - 25%, m.p. = 133.5-134.3 °C. IR (Umax, KBr): 1704 (C=0),
1235 (C-O-C), 1067 (C-Br). Found, %: C 54.26; H 3.05; N 4.21. C;sH;(BrNOs. Calculated, %:
C54.24; H 3.03; N 4.22. NMR! H (400 MHz, DMSO-ds, 8, ppm): 2.71 (s, 3H, N-CHs),
712 (d, ] = 82 Hz, 2H), 7.27 (d, ] = 8.1 Hz, 1H), 7.52 (s, 1H), 7.99 (d, ] = 8.7 Hz, 2H),
8.27 (d, J=7.5 Hz, 1H).

7f: White powder. Yield - 29 %, m.p. = 134.3-135.5 °C. IR (VUmav KBr): 1700 (C=0),
1239 (C-0O-C). Found, %: C 68.73; H 5.13; N 4.80. C;;H;sNO,. Calculated, %: C 68.68; H 5.09;
N 4.71. NMR! H (400 MHz, DMSO-ds, 8, ppm): 1.91 (t, 3H, CHs), 2.89 (s, 3H, N-CH), 3.70 (m,
2H, CH,), 7.12 (d, ] = 8.2 Hz, 2H), 7.20 (s, 1H), 7.31 (d, ] = 8.5 Hz, 1H), 7.35 (d, ] = 8.3 Hz, 2H),
7.85 (d, ] = 8.13 Hz, 1H).

7g: White crystalline powder. Yield - 28%, m.p. = 90-91 °C. IR (Vmas, KBr): 1698 (C=0),
1229 (C-O-C). Found, %: C 73.22; H 5.84; N 4.77. C;sH7;NOs. Calculated, %: C 73.20; H 5.80;
N 4.74. NMR' H (400 MHz, DMSO-ds, 8, ppm): 2.5 (d, 6H, 2CHs), 2.95 (m, 1H, CH),
3.00 (s, 3H, N-CH,), 7.08 (D, J = 8.0 Hz, 2H), 7.21 (s, 1H), 7.27 (d, ] = 8.5 Hz, 1H),
7.35 (d, ] = 8.3 Hz, 2H), 7.83 (d, ] = 7.59 Hz, 1H).

14c: Beige powder. Yield - 66%, m.p. = >300 °C. IR (Uma, KBr): 2481 (val. COOH), 1713
(C=0), 1254 (C-0O-C), 942 (def. COOH). Found, %: C 60.00; H 3.39. C;5H,,0-. Calculated, %.
C 59.61; H 3.33. NMR! H (400 MHz, DMSO-ds, 8, ppm): 7.12 (d, J = 8.7 Hz, 2H),
7.21(d, ] = 8.7 Hz, 1H), 7.72 (s, 1H), 7.95 (d, ] = 8.7 Hz, 2H), 8.22 (d, ] = 8.7 Hz, 1H).

14d: White powder. Yield - 66%, m.p. = >300 °C. IR (Uma KBr): 1690 (C=0),
1554 (COO"), 1263(C-0O-C),). Found, %: C 61.59; H 4.11. C,sH;;NOs. Calculated, %. C 61.54;
H 4.06. NMR! H (400 MHz, DMSO-ds, 8, ppm): 6.72 (d, ] = 8.1 Hz, 2H), 6.99 (d, ] = 8.2 Hz,
1H), 7.30 (s, 1H), 7.62 (d, ] = 8.3 Hz, 2H), 7.98 (d, ] = 7.2 Hz, 1H).

14e: White powder. Yield - 65%, m.p. = 188-190 °C. IR (Umax, KBr): 2474 (val. COOH),
1710 (C=0), 1250 (C-O-C), 1060 (C-Br), 940 (def. COOH). Found, %: C 49.92; H 2.72.
Ci4sHoBrOs. Calculated, %: C 49.88; H 2.69. NMR' H (400 MHz, DMSO-ds, 8, ppm):
7.14 (d, J=8.0 Hz, 2H), 7.25 (d, ] = 8.15 Hz, 1H), 7.57 (s, 1H), 7.93 (d, ] = 8.9 Hz, 2H),
8.33 (d, J=7.1 Hz, 1H).

14f: Light beige powder. Yield - 67%, m.p. = >300 °C. IR (Umax, KBr): 2479 (val. COOH),
1713 (C=0), 1253 (C-O-C). Found, %: C 63.90; H 4.69. C1sH.40¢. Calculated, %. C 63.57; H 4.67.
NMR' H (400 MHz, DMSO-ds, 8, ppm): 1.94 (t 3H, CH:), 3.65 (m, 2H, CH,),
6.98 (d, ] = 8.60 Hz, 2H), 7.10 (s, 1H), 7.25 (d, ] = 8.51 Hz, 1H), 7.31 (d, ] = 8.30 Hz, 2H),
7.75 (d, ] = 8.12 Hz, 1H).

14g: Light beige powder. Yield - 66%, m.p. = >300 °C. IR (Vma, KBr): 2470 (val. COOH),
1711 (C=0), 1261 (C-O-C), 941 (def. COOH). Found, %: C 68.09; H 5.42. Cy;;H;sOs.
Calculated, %: C 67.99; H 5.37; O 26.64. NMR' H (400 MHz, DMSO-ds, §, ppm): 2.44 (d, 6H,
2CH3), 2.90 (m, 1H, CH), 7.10 (d, ] = 7.44 Hz, 2H), 7.22 (s, 1H), 7.31 (d, ] = 8.54 Hz, 1H),
7.44 (d,] = 8.27 Hz,2H), 7.89 (d, ] = 8.10 Hz, 1H).
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